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Plenary Session |

OP1  Trans-acting gene regulation drives the omnigenic pat-
terns of trait inheritance. Y. Li*, Department of Human Genetics,
University of Chicago, Chicago, IL, USA.

Early genome-wide association studies (GWAS) led to the sur-
prising discovery that, for typical complex traits, most of the heritability
is due to huge numbers of common variants with tiny effect sizes. Pre-
viously, we argued that new models are needed to understand these pat-
terns and proposed the Omnigenic model. In this talk, I provide a formal
model in which genetic contributions to complex traits are partitioned
into direct effects from core genes, and indirect effects from peripheral
genes acting in trans. We propose that most heritability is driven by
weak frans eQTL SNPs, whose effects are mediated through peripheral
genes to impact expression of core genes. In particular, if the core genes
for a trait tend to be co-regulated then the effects of peripheral variation
can be amplified such that nearly all of the genetic variance is driven
by weak trans effects. Thus our model proposes a framework for under-
standing key features of the architecture of complex traits.

Key Words: genome-wide association studies (GWAS)

OP2  Can molecular genetics help improve breeding for com-
plex traits? H. Simianer®, Animal Breeding and Genetics Group,
Center for Integrated Breeding Research, University of Goettingen,
Goettingen, Germany.

Complex traits, or, more precisely, traits with a complex genet-
ic background are typically improved by classical breeding, being a
combination of 3 key elements: performance testing, breeding value
estimation and selection. Molecular genetics have made a major contri-
bution toward improving efficiency of breeding by providing tools for
genomic selection. Most theoretical approaches are based on Fisher’s
‘infinitesimal” model and attempts to conceptually reduce the number of
effective loci to a smaller number (e.g., by using Bayes’ian alphabet or
conditional methods) have led, if at all, only to marginal improvements
at the cost of increased computation time and reduced robustness. With
the advent of efficient gene editing methods like CRISPR/Cas9 it was
suggested that editing of selection candidates at a set of top targets may
further increase efficiency of breeding programs. We showed in a sim-
ulation study, that the critical step in this concept is the identification
of suitable targets for editing, which will not be easy to overcome. Re-
cent results from studies of adaptation point to a high non-additivity
in the pathways underlying complex traits, including phenomena like
epistasis, canalization, genetic redundancy and buffering, or even an
‘omnigenic’ inheritance. It will be illustrated with an example that even

if a gene is identified by GWAS, is physiologically plausible, and is
functionally validated (e.g., by a knockout model), this does not mean
that editing such a gene will have a predictable and desired outcome on
the phenotype under a complex genetic architecture. While molecular
genetic approaches including gene editing will continue to play a major
role in breeding for monogenic traits and improving our understanding
the genetic architecture underlying complex traits, it is hard to foresee
another ‘quantum leap’ in breeding efficiency comparable to the ge-
nomic revolution for complex traits.

Key Words: complex traits, genetic architecture, gene editing

OP3  Genome editing tools—Update and novel applications. L.
Montoliu*, CNB-CSIC and CIBERER-ISCIII, Madrid, Spain.

Genome editing has boosted the field of genetic modification of
animals. Initially through Zinc-Finger Nucleases and TALEN and, in
the last 6 years, through the use of CRISPR-Cas9 tools, genome editing
approaches have revolutionized all aspects of biology, including animal
genetics. It is now possible to move selected traits, known to be associ-
ated with certain genetic variants, between strains, directly, editing on
the genome of the intended recipient strain to be modified and imple-
menting the aimed allelic difference detected in the donor strain, there-
by avoiding the tedious and inefficient process of moving a trait be-
tween strains through standard breeding techniques, an endless project
full of problems and suboptimal outcomes. Genome editing is therefore
providing a simpler, more direct and more effective way of modifying
an animal genome at will in just one generation, microinjecting ribonu-
cleoprotein CRISPR-Cas9 complexes into 1-cell embryos and detecting
the intended changes in the progeny. Of course, the process is not free
of unexpected variability. The on-target and/or off-target genome modi-
fications can occur and result in genetic noise and/or the birth of mosaic
individuals carrying multiple alleles, among which there will always be
the planned allele. On-target and off-target will normally be segregated
through meiosis in subsequent generations. The systematic genotyping
of all individuals obtained from F| would enable to select those carrying
the desired modified allele, while discarding the rest. In addition, once
the edited allele has been fixed, any other off-target allele should be seg-
regated away and, if co-linked, a sufficient number of progeny should
be analyzed to be able to come across of at least a single individual
where the planned mutation and the potentially confounding off-target
mutation have been effectively separated. In this talk, I will illustrate
the process with graphics and will provide numerous examples of ge-
nome-edited animals, their uses, advantages and limitations.

Animal Epigenetics

OP4  Comparative analyses of cattle DNA methylome provide
insights into tissue specific patterns, epigenomic evolution, and
complex traits. G. Liu*, Animal Genomics and Improvement Labora-
tory, ARS, USDA, Beltsville, MD, USA.

Although sperm DNA methylation has been studied in hu-
mans and other species, its status in cattle is largely unknown. Using
whole-genome bisulfite sequencing (WGBS), we profiled the DNA
methylome of cattle sperm through comparisons with human and mouse
sperm, as well as with 3 cattle somatic tissues (mammary gland, brain,
and blood). Large differences between cattle sperm and somatic cells
were observed in the methylation patterns of global CpGs, pericentro-
meric satellites, partially methylated domains (PMDs), hypomethylated
regions (HMRs), and common repeats. The sperm-specific HMRs also
targeted to distinct spermatogenesis-related genes, including BOLL,
MAEL, ASZ1, SYCP3, CTCFL, MNDI, SPATA22, PLD6, DDX4,
RBBPS, FKBP6, and SYCE1. By comparing sperm DNA methylomes

and large-scale genome-wide association signals (GWAS) between hu-
man and cattle, we aimed to examine the DNA methylome evolution
and its associations with complex phenotypes in mammals. We vali-
dated our findings using sperm-retained nucleosome, preimplantation
transcriptome, and adult tissue transcriptome, as well as sequence evo-
lutionary features, including motif binding sites, mutation rates, recom-
bination rates and evolution signatures. Additionally, we showed that
DNA methylation alterations induced by aging impacted male fertil-
ity in cattle. In conclusion, our results demonstrate importance roles
of epigenome evolution in shaping the genetic architecture underlying
complex phenotypes, hence enhance signal prioritization in GWAS and
provide valuable information for human neurological disorders and
livestock genetic improvement.

Key Words: sperm DNA methylation, epigenome evolution,
hypomethylated region, large-scale GWAS, cattle complex traits
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OPS  Identification of orthologous tissue-specific enhancer-gene
pairs across chicken, pig and cattle. M. M. Halstead*!, C. Kern!,

Y. Wang!, X. Xu!, G. Chanthavixay', P. Saelao', S. M. Waters', J. F.
Medrano', A. L. Van Eenennaam', M. E. Delany!, H. H. Cheng?, C. K.
Tuggle’, C. W. Ernst*, H. Zhou', P. J. Ross!, 'University of California
Davis, Davis, CA, USA, *USDA, ARS, ADOL, East Lansing, MI, USA,
Slowa State University, Ames, IA, USA, *Michigan State University,
East Lansing, MI, USA.

Distal regulatory elements, such as enhancers, contribute ex-
tensively to phenotypic differences between species. However, efforts
to identify enhancers and link them to their target genes have prov-
en difficult, as enhancers tend to evolve rapidly and their target genes
can be hundreds of kilobases away. In mammals, Villar et al. (2015)
observed that conservation of enhancer activity generally did not cor-
relate with overall sequence conservation, although enhancers with
conserved activity did show enrichment for shorter motifs, such as
transcription factor binding sites (TFBS) — especially for transcription
factors with tissue-specific functions. In liver, the subset of enhancers
that demonstrated conserved activity across 20 mammals were enriched
for liver-specific TFBS and flanked genes with liver-specific functions.
It remains unclear why some enhancers are more conserved than oth-
ers, given that most are not subject to strong evolutionary constraint.
Here we identify orthologous tissue-specific enhancer-gene pairs across
chicken, cattle, and pig in 5 tissues — adipose, brain, liver, lung, mus-
cle and spleen. Active enhancers were predicted based on the presence
of H3K27ac, H3K4mel, and chromatin accessibility. To narrow down
the search space for potential target genes, topologically associated
domains (TADs) were predicted from CTCF binding sites, determined
from ChIP-seq, and tissue-specific enhancers were linked to ortholo-
gous genes with conserved tissue-specific expression within the same
TADs. Nearly all orthologous genes with tissue-specific expression oc-
curred in TADs containing tissue-specific enhancers, which were then
characterized for TFBS enrichment and synteny. Broadly, tissue-spe-
cific genes and enhancers tended to co-occur in the same TADs. TADs
containing more genes with conserved tissue-specific expression were
enriched for enhancers with specific activity in the same tissue. These
results indicate that conserved enhancers are not limited to mammals,
and span more broadly across vertebrates. The functional conservation
of this subset of enhancers over more than 300 million years of evolu-
tion suggests that they may be integral for modulating tissue-specific
expression of orthologous genes.

Key Words: epigenetics, enhancer, conservation, livestock

OP6  Whole-genome DNA methylation profiles in the central
nervous system of sheep naturally infected with scrapie. A. Her-
naiz*!, S. Sentre', R. Bolea?, O. Lopez-Pérez'?, A. Sanz', P. Zaragoza',
J. J. Badiola?, J. M. Toivonen', H. Filali?>, and 1. Martin-Burriel',
'LAGENGIO, Faculty of Veterinary, IA2, University of Zaragoza,
Zaragoza, Spain, *CIEETE, Faculty of Veterinary, IA2, University of
Zaragoza, Zaragoza, Spain.

Scrapie is a transmissible spongiform encephalopathy (TSE)
that affects sheep and goats and it is considered a good natural animal
model to study prion diseases. Although changes in DNA-methylation
occur in the central nervous system (CNS) in many neurodegenerative
diseases, potential DNA-methylation alterations have not been investi-
gated in any TSE models or naturally infected cases. We present here a
whole-genome sequencing analysis of bisulfite treated DNA (WGBS)
obtained from thalamus of 4 naturally scrapie infected sheep and 4 con-
trols. All animals were female, carried the ARQ/ARQ genotype for the
PRNP allele and were sacrificed with similar age (4 to 6 years old). No
differences in the genomic percentage of methylated cytosines (5SmC)
were observed between the scrapie group and the control. As expected,
the highest genomic percentage of SmC was found in the CpG regions.
Although genomes displayed similar average methylation levels, we
identified 39 differentially methylated positions (DMP) in promoter
regions and a total of 8,907 differentially methylated regions (DMR)
of which 7,511 were located in intron regions, 2,426 in exon regions

and 955 in promoter regions. Gene Ontology enrichment revealed that
hypomethylated DMRs were enriched in genes involved in transmem-
brane transport and cell adhesion whereas hypermethylated DMRs
were related with intracellular signal transduction genes. The cellular
prion protein (PrP€) seems to act as an important regulator of cell ad-
hesion and membrane barrier function. Therefore, the enrichment ob-
served in these cellular processes when PrP¢ has lost its function after
the conversion to PrP%¢ could be indicative of an epigenetic regulation
of these mechanisms. KEGG Pathway Enrichment Analysis of DMP or
DMR related genes displayed Calcium signaling and ABC transporters
as the most enriched pathways for hypermethylated DMR; and calci-
um binding, circadian entrainment and cAMP signaling pathways for
hypomethylated DMR. The effect of differential methylation on the ex-
pression of some of these genes will be confirmed in further studies as
well as the functional implication that the methylation changes could
have.

Key Words: genome sequencing, DNA methylation, prion, brain,
sheep

OP8  The genome-wide RNA-chromatin interactions revealed
by GRID-seq in skeletal muscle of three pig breeds. L. Fu, J. Li*,
Y. Liao, P. Zhou, X. Li, and S. Zhao, Key Laboratory of Pig Genetics
and Breeding, MOA China, Huazhong Agricultural University, Wuhan,
Hubei Province, China.

Chromosomes of eukaryotes are bound by a large number of cod-
ing and non-coding RNAs, providing an additional layer of epigenomic
information. Therefore, the ability to identify these RNAs from actively
transcribing genes associated with enhancers and promoters will ad-
vance understanding of the relationship between TF binding, chromatin
status and the regulation of gene expression. Global RNA interactions
with DNA by deep sequencing (GRID-seq) is a recently developed
technique used to capture the entire repertoire of chromatin interacting
RNAs and their respective binding sites. In this study, we use GRID-seq
to capture the whole collection of chromatin-binding RNAs of 2-week
skeletal muscle tissues in 3 pig breeds, Duroc, Large White and En-
shi Black, focusing on the breed-specific landscape of the identity and
binding-sites of essential functional RNAs during muscle growth. The
number of detected RNAs varied in 3 breeds, with 189 novel RNAs
highly enriched on chromatin in Enshi Black, while 300 and 287 novel
RNAs were identified in Duroc and Large White, respectively. To fur-
ther characterize these newly identified chromatin-interacting RNAs,
we categorize their chromatin-interactions into local (10 Kb from their
encoding genes), cis (in the same chromosomes), and trans (across dif-
ferent chromosomes) and noted that the majority of RNAs exhibited
local and cis-interacting preference, only a few exceptions of specific
RNAs were highly engaged across the genome. However, compared
with Large White and Duroc, we observed a much lower degree of
global trans-interaction preference in Enshi Black, 37% compared with
42% of Duroc and 54% of Large White, suggesting potential regulatory
differences of skeletal muscles between Asian and European breeds.
Furthermore, single-nucleotide polymorphisms (SNPs) were also in-
tegrated to reveal potential key variants of RNA-interacting sites. To-
gether, these findings demonstrate a novel RNA-chromatin interacting
model in skeletal muscle tissue, where a large set of newly identified
RNAs could be further characterized with LncRNA identification and
histone modification.

Key Words: pigswons

OP9 Tissue-specific characterization of the ovine methylome.
A.J. Caulton*'?, R. Brauning?, B. M. Murdoch?, and S. M. Clarke?,
"University of Otago, Dunedin, New Zealand, *AgResearch, Invermay
Agricultural Centre, Mosgiel, New Zealand, *University of Idaho,
Moscow, ID, USA.

Over the past decade, the application of genomic technologies
to animal breeding has significantly advanced the profitability and sus-
tainability of agricultural breeding programs by facilitating selection
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of genetically superior animals. However, genomic information alone
explains only part of the phenotypic variance in quantitative traits. A
portion of this so called ‘missing variance’ is embedded within the
epigenome, a promising yet relatively unexplored resource to identify
missing causality and heritability in complex traits and diseases. As one
of the most common and stable epigenetic marks, DNA methylation
plays a fundamental role in the regulation of growth and development
in mammals. While the importance of DNA methylation is well estab-
lished, tissue specific signatures of methylation have not been exten-
sively characterized at the genomic level. We have employed a combi-
nation of whole genome bisulfite sequencing (WGBS) and 2 reduced
representation methylation profiling assays to achieve single nucleotide
resolution of DNA methylation across blood, muscle and skin tissue
in sheep. This work sheds light on the level of conservation of DNA
methylation between tissues and individuals and highlights the tech-
nical considerations when choosing an appropriate methylation profil-
ing technology for research or commercial applications. In addition, as
part of the Ovine Functional Annotation of Animal Genomes (FAANG)
Project, we will be extending the WGBS work to characterize the meth-
ylome of over 60 tissue samples from a Rambouillet ewe whose DNA
has previously been used for the de novo construction of the ovine ref-
erence genome (Oar_rambouillet v1.0). The methylation data sets will
be superimposed with gene expression profiles and chromatin archi-
tecture analyses to enhance functional annotation of the sheep genome
and obtain a comprehensive picture of the ovine epigenetic landscape.
Determining the functional potential of genetic variants will inform our
understanding of the biological processes underlying phenotype and
has application in animal breeding for use in weighted genomic selec-
tion predictions and the construction of genomic relatedness matrices
using causative variants.

Key Words: methylation, sheep, functional annotation, animal breed-
ing, epigenetics

OP10  Regulatory polymorphisms associated with allele-spe-
cific expression (aseQTL) in Nelore (Bos indicus) muscle. J. J.
Bruscadin'?, M. M. de Souza®, K. S. de Oliveira', A. Zerlotini Neto®,
and L. C. A. Regitano*!, 'Embrapa Southeast Livestock, Sdo Carlos,
Sdo Paulo, Brazil, °Graduate Program on Evolutionary Genetics and
Molecular Biology, Federal University of Sdo Carlos, Sdo Carlos, Sdo
Paulo, Brazil, *Department of Animal Science, lowa State University,
Ames, 1A, USA, *Embrapa Informatics Agriculture, Campinas, SP,
Brazil, *Department of Animal Science, University of Sdo Paulo, Pira-
cicaba, Sdo Paulo, Brazil.

Identification of regulatory mutations is important to elucidate
the molecular mechanism responsible for phenotypic variation. In pre-
vious studies we identified single nucleotide polymorphisms (SNPs)
showing allele-specific expression (ASE) in the Longissimus dorsi
muscle of Nelore cattle (Bos indicus). This expression pattern may re-
sult from aseQTLs (allele-specific expression quantitative trait loci),
which are supposed to be cis-acting regulatory SNPs associated with
ASE. Thus, this study identified aseQTLs within 1Mb of the SNPs with
ASE (ASE SNPs). For this, the candidate SNPs were tested for their
relationship to allelic expression, associating the genotypes to the mea-
sure of allelic expression imbalance in each ASE SNP for each ani-
mal. In addition, possible regulatory mechanisms involved with ASE
were investigated, such as the location of these aseQTLs overlapping
methylation in CpG islands, regions of topological association domains
(TAD) and transcription factor binding sites (TFBS), particularly the
CCCTC-Binding factor (CTCFs), which can promote long-range regu-
lation in TADs. We identified 547 aseQTLs, associated with 47 different
ASE SNPs. Of these, 9 aseQTLs were methylated in our population and
515 aseQTLs were within TADs. Furthermore, we found 35 different
significant TFBS, present in 231 aseQTLs from which 8 were located
within CTCFs biding sites. Comparison against the Cattle QTL Data-
base revealed that 434 aseQTLs were within 302 QTL regions. These
results indicate potential regulators distributed in the genome and asso-
ciated with ASE that can act through specific regulatory mechanisms to
influence the expression of the parental alleles. This approach is inter-

esting for future studies aiming at the modulation of phenotypes such as
animal production and meat quality.

Key Words: ASE, imprinting, SNP, bovine

OP11  Can we predict an animal biological age: A study on DNA
methylation from bovine tail hair and liver tissues? L. T. Nguy-
en*, E. M. Ross, and B. Hayes, Queensland Alliance for Agriculture
and Food Innovation, The University of Queensland, St Lucia, QLD,
Australia.

DNA methylation occurs predominantly on the cytosine nucle-
otide in CpG dinucleotides. In humans, the methylation states of CpG
sites changes with age and can therefore be utilized as an accurate bio-
marker for aging. In cattle, biological age prediction based on meth-
ylation status could provide key information for genetic improvement
programs. For instance, this could help to avoid the difficultly of re-
cording chronological age (time since birth) in large animal populations
for association studies. Additionally, comparing chronological age with
biological age (based on methylation status) can provide important in-
formation about the stress an animal has been under during its lifetime.
However, relatively little is known about DNA methylation patterns in
livestock. We aimed to gain a better understanding of genome wide
DNA methylation in cattle, to ultimately derive age predictions from
methylation patterns. To achieve this goal, we apply a combination of
different techniques including long-read Nanopore sequencing, reduce
representation bisulfite sequencing, whole genome bisulfite sequenc-
ing (coverage > 30x) and Human Methylation EPIC array (>850K
methylation sites) to study genome-wide bovine DNA methylation pat-
terns. Seven tail hair and 2 liver tissue samples from cattle with known
chronological age were selected and used for all 4 approaches. The
set of CpG sites generated will now be used to perform age predic-
tion analyses. Furthermore, high-resolution DNA methylation maps of
bovine tail hair and liver can also provide critical insights for further
epigenome studies.

Key Words: DNA methylation, whole genome bisulfite sequenc-
ing, reduced representation bisulfite sequencing, Oxford Nanopore
sequencing, human methylation EPIC array

OP12  Allele-specific chromatin accessibility and histone mod-
ifications in an F, cross of MD resistant and susceptible chicken
lines. C. Kern*!, Y. Wang!, P. Saelao', K. Chanthavixay', M. E. Dela-
ny', H. H. Cheng?, P. Ross', and H. Zhou', 'Department of Animal Sci-
ence, University of California, Davis, Davis, CA, USA, “USDA-ARS,
Avian Disease and Oncology Laboratory, East Lansing, M1, USA.

Marek’s disease (MD), a T cell lymphoma induced by the highly
oncogenic Marek’s disease virus (MDV), is estimated to cost the world-
wide poultry industry between $1 and $2 billion per year. As part of the
FAANG pilot project at UC Davis, 8 tissues were collected from 2 male
F, crosses of 2 highly inbred chicken lines with relative susceptibility
and resistance to MD. Data were collected using RNA-seq, DNase-
seq for open chromatin regions, and ChIP-seq to identify H3K4me3,
H3K4mel, H3K27me3, and H3K27ac histone modifications as well
as CTCF binding sites, and then analyzed to detect allele-specific epi-
genetic regulation of gene expression. A y* test with FDR correction
(g-value < 0.01) found 39,746 SNPs with allele-specific gene expres-
sion and 1,868 SNPs with allele-specific chromatin accessibility. For
allele-specific histone modifications, 1,499 SNPs for H3K4me3, 73 for
H3K27me3, 279 for H3K27ac, and 171 for H3K4mel were identified.
Finally, 369 SNPs were found with allele-specific CTCF binding. Us-
ing DNA sequencing of the parental lines, the allelic bias of each SNP
was attributed to the maternal (resistant) or paternal (susceptible) line.
Bias toward the maternal allele accounted for 80% of the allele-spe-
cific RNA-seq SNPs, and between 60% and 70% of the epigenetic-as-
sociated SNPs. Previous research into allele-specific expression of the
same F, cross line under MDYV infection (Perumbakkan et al., 2013)
identified 4,528 SNPs of which 75% were identified from at least one
epigenetic assay in our analysis using a p-value cut-off of 0.05. Future
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work will identify allele-specific epigenetics unique to each tissue col-
lected and correlate allele-specific epigenetics with tissue-specific and
allele-specific expression.

Key Words: epigenetics, histone modification, Marek’s disease,
allele-specific, poultry

OP13  Epigenome-wide skeletal muscle DNA methylation pro-
files at the background of distinct metabolic types and ryanodine
receptor variation. S. Ponsuksili*!'2, N. Trakooljul'?, S. Basavaraj'?,
F. Hadlich'?, E. Murani'?, and K. Wimmers'?, /Leibniz Institute for
Farm Animal Biology (FBN), Dummerstorf, Germany, *Institute for
Genome Biology, Dummerstorf, Germany.

Epigenetic variation may emerge from selective breeding of traits
related to metabolic processes or as an adaptive response to exogenous
stressors. In particular, the methylation state of specific loci may be
driven by a genetic variant, linking epigenetic and genetic variation.
We examined DNA methylation in skeletal muscle of pig breeds differ-
ing in metabolic type, Duroc and Pietrain. More than 2000 differently

methylated sites were found between these breeds. We found evidence
that DNA methylation variation could be related to metabolic type (fat
or lean), as shown by the change in methylation profiles and associated
expression pattern of METRNL, IDH3B, COMMDG6, and SLC22A418,
genes involved in lipid metabolism. We included F, crosses of these
breeds to get a first clue to DNA methylation sites that may contribute to
breed differences. Moreover, we compared DNA methylation in muscle
tissue of Pietrain pigs differing in genotypes at the gene encoding the
Ca?" release channel (RYRI) that profoundly affects muscle physiology.
Alternative genotypes at RYR/ exhibited 1060 differently methylated
sites in functionally related genes, such as CABP2 and EHD, which play
a role in buffering free cytosolic Ca®* or interact with the Na*/Ca*" ex-
changer. This study shows that DNA methylation differs between these
specific breeds and that there are distinct differences in metabolic type
and genetic background. The divergence in the level of methylation be-
tween breeds is probably the result of the long-term selection process
for quantitative traits involving an infinite number of genes, or it may
be the result of a major gene mutation that plays an important role in
muscle metabolism and triggers extensive compensatory processes.

Key Words: DNA methylation, pig, RRBS, genetic variation, RYR

Animal Forensic Genetics

OP7 Comparing two commercial domestic dog (Canis famil-
iaris) STR genotyping Kits for forensic identity calculations in

a mixed breed dog population sample. S. Kanthaswamy*, Evolu-
tionary and Forensic Genetics Laboratory, Arizona State University,
Glendale, AZ, USA.

Abstract not provided.

OP14  Application of mtDNA for determining species of forensic
traces. M. Natonek-Wisniewska* and A. Radko, National Institute of
Animal Production, Balice, Poland.

The aim of the study was to present the possibility of using mi-
tochondrial DNA to determine the species origin of animal traces.The
study included biological traces of unknown animal in the form of blood
spots, which were secured on the car of a person suspected of taking
part in a theft of pig. DNA was isolated in several replication using the
method specific to the DNA matrix.DNA of sample was amplified us-
ing the PCR reaction and starters which ware specific for mammalians.
The resulting DNA extracts were characterized by concentrations under
25ng / 11/41 with a purity of A260/280 from 1.7 to 2.2.For all DNA sam-
ples, reaction products were obtained, which then were sequenced using
an ABI Prism BigDye Terminator v1.1 Cycle Sequencing Kit and sub-
jected to capillary electrophoresis with an automated ABI Prism 3130
sequencer (Applied Biosystems). The obtained sequences were com-
pared with those available in GenBank, using BLAST.The sequencing
reaction gave consensus forward and reverse sequences and enabled a
common consensus sequence of 512 bp for the mammals primers. The
sequence was 99% homologous to the bovine sequence (Bos taurus).
The results allowed excluding the analyzed sample as the sample com-
ing from pig and showed the suitability of mitochondrial DNA for the
analysis of forensic traces.

Key Words: forensics, genetic identification, DNA sequencing

OP15  Multiplex PCR assay for identification and quantifica-
tion of bovine and equine in minced meats using species-specific
nuclear DNA sequences. X. Zhou*, W. Wang, and B. Liu, Huazhong
Agricultural University, Wuhan, Hubei, China.

The 2013 horsemeat scandal demonstrated the importance and
significance of constantly developing new analytical methods to accu-
rately identify and quantify bovine and equine components in meats.
The species-specific nuclear DNA sequences were screened based on
comparative genome analysis of different species. The primers and

probes designed from bovine- and equine-specific nuclear DNA se-
quences were critically analyzed against 50 species through available
bioinformatics software, and then detected against 23 species through
PCR to evaluate the specificity. The conservation of primers and probes
binding regions was tested in 44 different individuals of bovine or
equine. There was no cross reaction between the primers and probes,
and the limit of detection is 0.05 ng in conventional PCR and real-time
PCR. Real-time PCR confirmed bovine- and equine-specific nuclear
DNA sequences are present as fixed copy number in the genome. A
multiplex conventional PCR method was established to effectively dis-
criminate bovine (223 bp) and equine (197 bp) DNA. A multiplex re-
al-time PCR was developed and confirmed in 5 binary mixtures of cat-
tle and horse DNA, exhibiting adequate parameters of trueness (R.E. <
9.35%) and precision (R.SD <8.88%). Its application to 4 artificial meat
samples comprising different weight ratios of cattle and horse showed
our method holds good result and potential in the detection of meat
products in real life. The method and strategy developed in this study
will play an important role in combating adulteration and maintaining
a fair market.

Key Words: comparative genome analysis, meat, bovine, equine,
multiplex PCR

OP16  Patterns of SP-InDels for mammalian species identifica-
tion in forensic casework. M. L. Lopez Diaz, E. J. Santillana, and D.
Parra*, Departamento de Medio Ambiente, Servicio de Criminalistica,
Direccion General de la Guardia Civil, Madrid, Madrid, Spain.

Species determination is an important issue in Forensic DNA
Labs to determine the donor specie of the sample under investigation.
The SP-InDel assay (Species Identification by Insertions/Deletions)
is a fast test for identification of mammalian species. It is based on
the analysis of the mitocondrial ribosomal RNA genes (Pereira et al.,
2010; Carneiro et al., 2012) by the simultaneous study of 6 highly con-
served regions that contains events of insertion/deletion (InDels) which
are very polymorphic between species. Genotyping is based in a one-
step multiplex PCR of 17 primers (6 of them labeled with 6-FAM) and
fragments are electroforetically analyzed as the microsatellite typing
avoiding Sanger sequencing as the study of Cytochrome b or COI. Each
sample is identified by a pattern of a numeric profile of the combination
of the length of the hypervariable regions, allowing the species dis-
crimination. The characteristic patterns of >25 species of casework and
wildlife forensic species was determined. These included domestic spe-
cies as dog (Canis familiaris), cat (Felis catus), horse (Equus caballus),
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donkey (Equus asinus), cow (Bos taurus), water buffalo (Bubalus bub-
alis), sheep (Ovis aries), goat (Capra hircus), swine (Sus scrofa), rabitt
(Oryctolagus cunniculus), alpaca (Lama pacos), game species as red
deer (Cervus elaphus), roe deer (Capreoulus capreoulus) and fallow
deer (Dama dama), wild autochthonous species as lynx (Lynx pardi-
na), bear (Ursus arctos), hare (Lepus granatensis), fox (Vulpes vulpes),
gineta (Genetta genetta), stone martens (Martes foina), mouse (Mus
musculus) badger (Meles meles), and human (Homo sapiens). The suc-
cessful use in some forensic casework in our lab has shown satisfactory
results in the identification and discrimination of mammalian species
and is the main technique for detect the origin of the biologic samples.

Key Words: multispecies, genotyping, biodiversity, forensics

OP17  Analysis of the cross-reactivity of the canine ISAG 2.0
kit. M. L. Lopez Diaz*, E. J. Santillana, and D. Parra, Departamento
de Medio Ambiente, Servicio de Criminalistica, Direccion General de
la Guardia Civil, Madrid, Madrid, Spain.

The analysis of DNA in Forensic caseworks is an important tool
when animals are involved. An increasing number of cases, about in-
juries or deaths caused by dogs, required the study of the biological
traces to identify the guilty dog. The canine ISAG 2.0 microsatellite
kit (Thermo Fisher) was evaluated in terms of cross-reactivity with
human DNA. Some artifacts were observed in the electropherogram.
Because of that we had difficulties to identify the genetic profile of the
donor dog. An in vitro study of sensibility and reproducibility of the kit
was performed in a mix of dog/human DNA to check the capability of
discriminate them and was valuated in some forensic casework of the
Criminalistic Service of the Guardia Civil from Spain.

Key Words: dog, forensics, genotyping

OP18 A robust and in-depth analysis and validation provides
multiple metrics supporting use of the proposed Neogen canine
parentage and profiling SNP set. O. Forman*!, K. Lytle?, R. Mou-
ridsen*, E. Laurell?, and J. Donner?, ' Wisdom Health, Waltham on the
Wolds, Leicestershire, UK, *Wisdom Health, Vancouver, WA, USA,
SWisdom Health, Helsinki, Finland, *Eurofins, Galten, Denmark.

Use of Single Nucleotide Polymorphism (SNP) markers in par-
entage testing provides an attractive alternative to the use of Short Tan-
dem Repeats (STR) markers as they can be easily multiplexed, analysis
is easy to automate and they are generally suited to high-throughput
testing. SNP sites also have an extremely low mutation rate, and the
chance of Mendelian inconsistencies due to formation of new alleles
is far lower than for STR markers. With careful SNP selection, high
power of exclusion values can be achieved and null alleles limited. Us-
ing a multi-analysis approach we demonstrate the suitability of the pro-
posed Neogen SNP marker sets (A primary and secondary panel both
of 100 SNPs — P1 and P2) for DNA profiling and parentage analyses
by 1) comparing genotypes of the ISAG comparison test samples on
2 independent array platforms and a genotyping-by-sequencing (GBS)
platform; 2) analysis of 50 trios with STRs and SNPs to demonstrate
consistent Mendelian inheritance; 3) power of exclusion and power of
discrimination (match probability) calculations across 60 breeds using
at least 20 samples per breed; (Minimum values: Power of exclusion
for 2 parents 1 offspring: P1 & P2 = 1.000; 1 parent, 1 offspring cal-
culation: P1 & P2 =0.996; Random match probability: P1 =1 in 8.6 x
10%); 4) manual raw genotyping data quality review in a 15,000 sam-
ple data set covering a diverse set of breed and mix breed dogs; 5)
demonstration that parentage cases that could not be resolved using the
current ISAG STRs, could be resolved using SNPs. We conclude that
the proposed Neogen canine parentage and profiling SNP sets can be
successfully used for such analysis purposes, equalling or surpassing
STRs in performance. Use of a SNP-based genotyping system for DNA
profiling is therefore justified.

Key Words: canine, parentage, profiling, identification, SNPs

OP19  Canine-specific STR typing of traces on the attacked
cat. J. Zabavnik Piano*!, M. Gombac?, and M. Cotman', ‘Institute
of Preclinical Sciences, Veterinary Faculty, University of Ljubljana,
Ljubljana, Slovenia, *Institute of Pathology, Game, Fish and Bees,
Veterinary Faculty, University of Ljubljana, Ljubljana, Slovenia.

According to legislation a dog that has bitten a man or an ani-
mal is qualified as a dangerous dog, therefore their owners must ensure
the physical protection, in public places they should be on a leash and
wearing a muzzle to avoid attacks. A corpse of a male pet cat with many
lacerations was found on a street. The owner thought it was killed by a
dog, therefore she reported this incident to the veterinary inspection and
submitted the cadaver for the forensic necropsy. At the necropsy, the cat
was severely anemic and numerous bite wounds, a comminute fracture
of the sternum, pulmonary laceration and a duodenal perforation were
discovered. The samples of the swabs around the bite wounds, presum-
ably dog’s hair caught in cat’s claws and the cat’s claws were taken
for molecular investigation to determine whether these traces belong
to a dog. Genomic DNA was extracted by QIAamp DNA Investigator
Kit (Qiagen). The presence and identity of DNA in the samples was
determined by PCR amplification of 18 short tandem repeats (STRs)
and amelogenin gene using a set of Canine Genotypes, Panel 1.1 (Fin-
nzymes Diagnostics, Espoo). The fluorescently labeled products were
separated on an automatic ABI 3130 Genetic Analyzer (Applied Bio-
systems). The genetic profiles were determined by GeneMapper v 3.7.
software. For all the examined samples canine specific STR profiles
were obtained. The STR profile determined in the sample from claw
belongs to more than one canine animal, STR profiles from the other
samples were weaker with some peaks dropouts. On amelogenine locus
only profile for X chromosome was obtained. The use of dinucleotide
repeats in forensic genetics is not recommended, except for those mark-
ers that are already used widely in animal genetic studies. We were us-
ing commercially available canine genotyping kit with 17 dinucleotide
markers and one tetranucleotide STR that are recommended for parent-
age testing and is routinely used in our laboratory. From the results we
conclude that the attacker was a female dog and probably more than one
dog was involved in the attack.

Key Words: animal forensics, dog attack, saliva stain, canine short
tandem repeats profiling

OP20 Investigation of SNP marker combination for new Kore-
an native chicken breeding stocks identification using high-density
SNP chip data. S. H. Cho*!, D. Seo!, H. Kim?, S. H. Lee', and J. H.
Lee!, 'Division of Animal and Dairy Science, Chungnam National
University, Daejeon, Republic of Korea, *Insilicogen Inc, Yongin-si,
Gyeonggi-do, Republic of Korea.

Korean native chicken is a unique genetic resource, which has
considered for the conservation of their genetic diversity and devel-
oping commercial native chicken breeds. The Korean government has
launched a project to develop new chicken breeding stocks to meet
the needs of consumers. On the other hand, researchers have started to
develop genetic markers that can distinguish new commercial native
chicken breeds from other breeds. In this project, high-density SNP ar-
ray data were used to identify breeds and finding a minimum number
of optimized markers for commercial use. A total number of 285 (15
Korean chicken lines and 5 commercial chicken lines) genomic DNA
samples were extracted from chicken blood and genotyped by 600K
high-density SNP array. A total number of 96 candidate markers for
breed identification was selected by case-control association test using
PLINK 1.9 software from 580,961 SNPs that have undergone a QC
process. In this approach, the Korean chicken H and F lines, which are
the essential lines for the production of new chicken breeding stocks,
were assigned into case group and the other chicken lines were assigned
to the control group. To organize optimized marker combinations based
on the selected candidate markers, we generated 200 virtual offsprings
from existing genotype data and selected 7 sets of markers through
supervised machine learning models. Additional genotyping informa-
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tion from 190 chickens was obtained and evaluate the accuracy of the
marker combination by a blind test. Two kinds of optimal models were
selected, which are Random Forest and AdaBoost among the 7 tested
machine learning models. These 2 models suggested that the optimized
marker combination were 40 and 36, respectively, and the accuracy of

identification was 93.30% and 99.36%, respectively. These results can
provide useful information for the identification of new chicken breed-
ing stocks in the market with further verifications.

Key Words: Korean native chicken, SNP, new breeding stock, breed
identification

Applied Genetics and Genomics in Other Species of Economic Importance

OP21  Invited Workshop Presentation: American mink genome
sequencing project. Y. Miar*!, G. Plastow?, Z. Wang?, and M. Sargol-
zaei**, 'Dalhousie University, Truro, Nova Scotia, Canada, *Univer-
sity of Alberta, Edmonton, Alberta, Canada, *University of Guelph,
Guelph, Ontario, Canada, *Select Sires Inc, Plain City, OH, USA.

The fur industry is one of the oldest and the most historically
significant industries in Canada. The industry has used American mink
(Neovison vison) as the major source of fur for decades because of their
high-quality fur and wide range of colors. This project will seek to (1)
create the first accurate whole-genome sequence assembly of mink us-
ing next-generation sequencing technology to help understanding the
biology and evolution of the order Carnivora, (2) design a robust and
informative SNP assay (50-60K) for genomics discovery in mink, (3)
discover genome structure and signature of selection as well as identi-
fy new genetic variants explaining variation in economically important
traits, and (4) identify the genetic relationships among these econom-
ically important traits including feed efficiency, fur quality, reproduc-
tive performance, growth rate and pelt size. One hundred mink DNA
samples from the Canadian Centre for Fur Animal Research (CCFAR)
at Dalhousie Agriculture Campus (Truro, Nova Scotia), and 2 breeding
populations (Blackstone Ridge Farm Inc., Berwick, Nova Scotia, and
Parkinson Fur Farm, Rockwood, Ontario) have been sequenced using
next generation whole-genome sequencing to high coverage (>30x) to
create the first SNP assay for American mink. A DNA panel composed
of 100 American mink from 7 to 10 breeds will be assembled to identify
the most homozygous individual as the reference animal for whole-ge-
nome sequence assembly development. The phenotypic data and DNA
samples from 1,606 animals were collected and these mink will be
genotyped using the customized assay for designing a marker assisted
selection (MAS) approach and assessing the potential of genomic se-
lection (GS) in mink production systems. The ultimate objective is to
develop the new tools for implementation of MAS or GS in mink breed-
ing programs for development of superior, highly efficient, and healthy
animals. This approach will help improve the overall performance of
the Canadian mink industry, which is now in difficulty due to several
economic factors such as declining fur prices, and high feed costs.

Key Words: American mink, genomics, feed efficiency, fur quality,
growth and reproduction traits

OP22  Development of a new multiplex system for analysis of
16 microsatellite markers of reindeer (Rangifer tarandus). O. V.
Babayan', Y. A. Stolpovsky?, M. V. Kholodova®, and V. A. Orekhov*!,
!GORDIZ Ltd., Moscow, Russia, *Vavilov Institute of General Genetics
Russian Academy of Sciences, Moscow, Russia, °A.N.Severtsov Insti-
tute of Ecology and Evolution Russian Academy of Sciences, Moscow,
Russia.

Reindeer breeding is essential part of life for the native ethnic
groups of the North. The genetics structure of reindeer populations is
not studied well. Published data is mainly based on different sets of
markers and cannot be compared. There is no recommended standard
marker panel for reindeer. We combined a set of previously published
markers that can be amplified simultaneously in one reaction. We re-
viewed 41 known microsatellite markers to choose the most suitable
marker set for the multiplex system. Fifteen markers were previously
used in the study of reindeer. Twenty-six tetranucleotide markers were
previously described in the study of California elk. We selected markers

that meet the following requirements: high amplification efficiency and
specificity in presence of primers of other markers in the same reaction,
high level of polymorphism and allelic range suitable for combination
with other markers in one multiplex to avoid overlapping. Eight mark-
ers appeared to be monomorphic for reindeer. After optimization stage
we selected 16 markers including 10 dinucleotide (Rt6, BMS1788,
Rt30, Rtl, Rt9, Rt7, Rt24, FCB193, BMS745, NVHRT16) and 6 tetra-
nucleotide (OheQ, C217, C32, T40, C276, C143) markers. We used
new developed 16-plex system for genotyping of 288 reindeers from
7 populations from different regions of Russia including 2 wild pop-
ulations from Yamalo Nenets region and 5 domestic populations from
Tuva, Yakutia, and Yamalo Nenets region. Seven most polymorphic
loci (Rt6, BMS1788, Rtl, Rt9, Rt24, FCB193, OheQ) have PIC value
> 0,800. Only one locus has PIC < 0,4 (C217 with PIC 0,195). Overall
heterozygosity was quite high for all populations (>0,600) which indi-
cates a high level of genetic diversity in studied populations. Private al-
leles were identified for each population. Obtained data allowed clearly
differentiate the wild reindeer from domestic animals. There was signif-
icant difference (Fst) between domestic reindeers from geographically
distant regions. Obtained results show that developed multiplex system
can be used for genetic monitoring of breeds, studies of interbreed dif-
ferentiation and paternity testing of reindeers.

Key Words: reindeer, microsatellite, genotyping

OP23  Association analysis of coat color in blue wildebeest. R.
Van Deventer*!2, R. Roodt-Wilding?, and C. Rhode?, Unistel Medical
Laboratories, Tygerberg, Western Cape, South Africa, *Stellenbosch
University, Stellenbosch, Western Cape, South Africa.

The blue wildebeest (Connochaetes taurinus) is an economically
important African antelope species that is widely utilized in the South
African wildlife industry. The golden color variant has become one of
the most common variants that wildlife ranchers breed with. To facil-
itate breeding management, it has become important to determine the
genetic underpinning of the golden coat color. Despite the economic
importance of blue wildebeest, very few genomic resources are current-
ly available for this species that can be used for management and re-
search. In this study a genotyping-by-sequencing (GBS) approach was
used to discover and genotype SNPs in blue wildebeest, which were
then used in a case-control genome-wide association study (GWAS) to
identify putative candidate genes involved in pigmentation. The study
population consisted of 94 blue wildebeest, including 36 blue wilde-
beest with the golden coat color variation. The DArTseq genotyping
platform was used for SNP discovery and a total of 20,563 SNPs were
generated. The SNP marker sequences were mapped to the assembled
Bos taurus genome to identify putative cattle orthologous genes. The
GWAS identified 453 SNPs that were significantly associated with coat
color in blue wildebeest (P-value <0.001). Of these, five of the SNP
sequences mapped to B. taurus genes that could possibly be involved in
pigmentation based on previous literature reports. An additional three
SNPs, with an association P-value <0.05 that mapped to well-known
pigmentation genes, were also considered. Based on the reported bi-
ological function, the MYOSC, MYO7A, SLC643, SLC28A42, FZDA,
TYR, and DRD?2 genes are promising candidate genes for coat color
determination in blue wildebeest. This is the first large genetic polymor-
phism discovery study performed in an African antelope species that is
farmed commercially, and provides a foundation to further investigate
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the causative mutations and biological pathways that contribute to coat
color variation in this species.

Key Words: blue wildebeest (wild species), genome-wide association,
SNP, coat color, management

OP24  Estimation of genomic breed composition of individual
animals in composite beef cattle. Z. Li'?, X.-L. Wu*!3, W. Guo?, J.
He'#4 H. Li'3, G. Rosa’, D. Gianola®, R. Tait Jr.!, J. Parham', J. Genho',
T. Schultz', and S. Bauck', 'Biostatistics and Bioinformatics, Neogen
GeneSeek, Lincoln, NE, USA, *Department of Animal Science, Univer-
sity of Wyoming, Laramie, WY, USA, *Department of Animal Scienc-
es, University of Wisconsin, Madison, WI, USA, *College of Animal
Science and Technology, Hunan Agricultural University, Changsha,
Hunan, China.

Three statistical models (admixture, linear regression, ridge re-
gression BLUP) and 2 strategies for selecting SNP panels (maximum
Euclidean distance and uniform spacing) were compared for estimat-
ing genomic breed composition (GBC) in 2 composite breeds: Bran-
gus (62.5% Angus and 37.5% Brahman) and Santa Gertrudis (62.5%
Milking Shorthorn and 37.5% Brahman), respectively. Each animal was

genotyped with a GeneSeek Genomic Profiler bovine 50K SNP chip.
Estimated GBC were consistent among uniformly spaced SNP panels
of varying sizes and highly comparable between the 3 methods, but es-
timated GBC showed considerable differences between the 3 methods
when less than 10,000 reference SNP panels were selected by maxi-
mizing Euclidean distance of allele frequencies between the ancestry
breeds. Of the 3 methods, the admixture model performed most con-
sistently among various SNP panel sizes, regardless of the 2 strategies
for selecting these SNP panels. For the remaining 2 models, optimally
spaced SNP panels needed to be 20,000 SNPs or more. Based on uni-
formly spaced 20K SNP panels, estimated genomic breed composition
on average was 0.689 of Angus origin and 0.311 of Brahman origin for
the Brangus cattle, and 0.612 of Shorthorn origin and 0.388 of Brahman
origin for Santa Gertrudis cattle. Estimated genomic breed composition
of ancestries for the Santa Gertrudis cattle roughly agreed with their
pedigree estimated expected ratios, but estimated genomic breed com-
position for the Brangus cattle was 10.24% more Angus origin than
the expected ratio. The latter could possibly be due to the selection of
Brangus cattle for phenotypes where the Angus breed has an advantage.

Key Words: beef cattle, composite breeds, genomic breed composi-
tion, SNP, statistical models

Genetics of Immune Response and Disease Resistance

OP25  From phenotype to gene discovery: A case study of host
genetics influencing porcine circovirus 2 susceptibility. L. Walker!,
H. Wijesena!, K. Sutton', H. Vu!, D. Nonneman?, T. Smith?, G. Plas-
tow?, S. Kachman', and D. Ciobanu*!, !University of Nebraska-Lin-
coln, Lincoln, NE, USA, °USDA, ARS, U.S. Meat Animal Research
Center, Clay Center, NE, USA, *University of Alberta, Edmonton, AB,
Canada.

Porcine Circovirus type 2 (PCV2) is the etiological agent of a
group of associated diseases (PCVAD) that impact production effi-
ciency and can lead to mortality. The objective of this research was
to characterize the role of host genetics in susceptibility to PCV2. A
genome-wide association of experimentally infected pigs (n = 974)
genotyped with Porcine SNP60 BeadArray, provided evidence that host
genetics has an important role in PCV2 susceptibility. The SNP gen-
otypes combined explained 64% of the phenotypic variation for viral
load with 2 major QTLs identified on SSC7 and SSC12. Gene annota-
tion in the QTL regions was integrated with RNA/genome sequencing,
high-density genotyping and in vitro siRNA/gene editing models to un-
cover genes and functional polymorphisms that could explain variation
in susceptibility to PCV2. A missense polymorphism (SYNGR2 p.Arg-
63Cys) located in SYNGR2, was found to be responsible for the effect
mapped on SSC12. The direct role of SYNGR2 in PCV2 replication
was demonstrated by in vitro siRNA and gene-editing models. The QTL
mapped on SSC7 is located near the swine leukocyte antigen complex
class II (SLAII) locus, a region involved in antigen recognition and im-
mune response in a variety of infectious diseases and characterized by
extended LD and highly polymorphic genes. Since the Porcine SNP60
BeadArray is relatively scarce in SNPs located in SLAII region, a nov-
el Affymetrix Axiom myDesign SNP array was designed (SowPro90,
103,476 SNPs) which saturated the SLA locus with over 3,100 SNPs
(70X fold increase). This information provided critical knowledge of
the effective genetic diversity in pigs and the role of this locus in viral
disease susceptibility. Together this research will aid in the develop-
ment of genetic tests for early identification of genetic susceptibility
to PCV2 and ability to monitor genetic diversity that could lead to im-
provement in the general health and welfare of pigs. USDA is an equal
opportunity provider and employer.

Key Words: pig, circovirus, disease resistance, virus

OP26  Genetic markers for improved resilience to PRRSV-in-
duced abortions in sows. R. N. Pena*!, C. Fernandez?, M. Blasco-Fe-
lip®, L. J. Fraile!, and J. Estany!, ‘Departament de Ciéncia Animal,
Universitat de Lleida, Lleida, Spain, ’INZAR, S.L, Zaragoza, Spain,
$Veterinarian, Zaragoza, Spain.

The concept of resilience is used in production systems to define
the capacity of animals of overcoming internal and external stressors.
In pig production, responses to the porcine reproductive and respiratory
syndrome virus (PRRSV) has been intensively studied as this infec-
tion cannot be efficiently controlled through vaccination. An epidemic
PRRSV outbreak causes severe losses to the industry. In the reproduc-
tive case, there is an increase in the number of death and mummified
piglets at delivery, and in the number of spontaneous abortions, partic-
ularly at the end of pregnancy. The individual response of the sow to
the infection has a clear genetic component. Therefore, it is possible to
select for females more resilient to the infection. In an effort to identi-
fy genetic markers associated with better ability to cope with PRRSV
infection, we have tested a panel of 8 markers in 2 commercial pig
populations with a high rate of abortions (about 30%) during a PRRSV
outbreak. A subset of 180 (population 1) and 71 (population 2) sows
were used for the analysis. The markers included 2 partially linked SNP
markers (WUR1000125 in GBPI and rs340943904 in GBP5) in chro-
mosome 4; 2 SNP markers in CD163 (¢.3534C > T and ¢.2494G > A); 2
in HDAC6 (¢.35G > A and ¢.2360C > T); a 275 bp insertion in the pro-
moter of MX1; and a SNP substitution in the USPI8 promoter —1533G
> A. A logistic regression was used to estimate the probability of abor-
tion for each genotype. The USPI8 marker did not segregate in these
populations. The rest of the markers segregated with a MAF ranging
from 0.20 to 0.32. The abortion rate was significantly different (range
1.5 to 9 times) in the homozygous sows for the minor allele of GBP1I,
GBP5, MX1, CD163:¢.2494G > A and HDAC6:¢.35G > A markers.
Heterozygous sows behaved like minor homozygous sows for GBP1,
GBP3, CD163:¢.2494G > A and HDAC6:¢.35G > A but not for MX1.
In addition, we also investigated the association of these markers with
prolificacy traits using information of 592 farrowings from sows in pop-
ulation 1. Sows homozygous for the major allele of the HDAC6:¢.35G
> A marker had 0.88 piglets born dead less and 0.90 weaned piglets
more (P < 0.05) than the other genotypes. These results are currently
being validated in an independent and larger sow population surveyed
for 6 years over PRRSV endemic and epidemic phases.

Key Words: pigs, resilience, reproduction, PRRS, abortion
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OP27  Genomic factors affecting host resistance to highly
pathogenic avian influenza. W. Drobik-Czwarno*'?, C. Donnelly?, A.
Wolc*#, J. E. Fulton®, J. Arango®, J. Smith?, and J. Dekkers?, ' Warsaw
University of Life Sciences, Warsaw, Poland, *lowa State University,
Ames, I4, USA, *The Roslin Institute, Easter Bush Campus, Midlo-
thian, UK, *Hy-Line International, Dallas Center, 14, USA.

Highly pathogenic avian influenza (HPAI) has a profound effect
both on the global poultry industry and public health. Although host
resistance to HPAI is still not fully understood it is known to have a
substantial genetic component. In this study, DNA samples from survi-
vors and genetically matched controls from an HSN2 outbreak in 2015
in lowa and an H7N3 outbreak in 2016 in Mexico were analyzed using
full genome sequence information on 70 Iowa samples (15X) and 34
samples from Pedigreed individuals in Mexico (30X). Raw reads were
mapped to the chicken reference genome, build 5. After marking du-
plicates, indel realignment, and base quality score recalibration, Single
Nucleotide Polymorphisms (SNPs), along with short Insertions and De-
letions (INDELSs) were called using GATK 3.8. Variants obtained with
joint genotyping were recalibrated based on 1 million known validated
SNPs and filtered. For additional quality control, common SNPs were
compared with variants genotyped with a 600k Affymetrix array for all
individuals from the lowa data set. Genotype concordance (GC) was
above 90% for the majority of individuals, with mean GC equal to 92%
and ranging from 76.7 to 97.3%. Imputation of missing genotypes was
performed with Beagle 5 for the lowa data set with 88% concordance
for reference homozygotes, 86% for heterozygotes, and 77.7% for al-
ternate homozygotes. Imputation to full sequence was then performed
for an additional 85 Iowa samples genotyped on the 600k array. Files
before and after imputation from both outbreaks were screened for al-
lele frequency differences between controls and survivors. Addition-
ally, predicted functional impact of variants, known biological infor-
mation, and expression data were used to prioritize variants. Several
variants and associated genes were identified that may be contributing
to resistance mechanisms. Selected candidate genes and mutations are
currently being functionally tested in vitro. The observed variation in
resistance to HPAI can be further capitalized on through genomic selec-
tion or by providing targets for genome editing and improved vaccine
design.

Key Words: highly pathogenic avian influenza, chicken, whole-ge-
nome sequencing

OP28  Differential H3K27ac peaks within bursa tissue of two
inbred chicken lines under NDV infection and heat stress. G.
Chanthavixay*!, C. Kern!, Y. Wing!, P. Saelao!, S. Lamont?, R. Gal-
lardo®, N. Chubb*, R. Gonzalo*, and H. Zhou!, 'Department of Animal
Science, University of California, Davis, CA, USA, *Department of
Animal Science, lowa State University, Ames, I, USA, *School of
Veterinary Medicine, University of Califo, Davis, CA, USA, *Zoetis
Inc, Kalamazoo, Mi, USA.

Poultry within developing countries are greatly impacted by
Newecastle Disease (ND), and additional abiotic stressors upon those
birds are increasing due to global warming. B cells that develop with-
in the avian-specific organ, bursa of Fabricius, aid in the clearance of
pathogens and are crucial for future protection upon later infections of
the same pathogen. Our project aims to study the genome-wide H3K-
27ac histone modifications within the bursa tissue to observe changes of
activity in promoters and enhancers in response to treatment, and also
to explore different H3K27ac profiles due to genetics. Therefore, we
subjected 2 genetically distinct chicken lines, Leghorn and Fayoumi, at
the age of 3 weeks to both infection with Newcastle Disease Virus and
chronic heat stress, then performed ChIP-seq for H3K27ac on the bursa
tissue collected at 6 d post infection (6DPI) for 2 individuals from each
treatment-line group (4 groups). H3K27ac peaks were called using the
MACS?2 peak caller (q value < 0.01) for each sample, called peaks were
confirmed between the 2 biological replicates for each group, and all
sets of peaks were merged for one total set of 67,122 peaks. Read depth
was quantified for each peak region in each sample and differential

peaks were determined using DESeq2 (FDR < 0.05). There were many
more differential peaks between treatment groups within Leghorn (n =
912) than within Fayoumi (n = 120). The majority of the peaks, 99% in
Leghorn and 70% in Fayoumi, have decreased levels of H3K27ac in the
non-treated group when compared with the treated group. Contrasting
the lines, there were twice as many differential peaks between nontreat-
ed birds (n = 4,579) than treated birds (n = 2,113). The target genes of
proximal H3K27ac peaks (within 2000 bp of transcription start site)
were identified and used for GO term and KEGG pathway analysis.
Additionally, all peaks from each differential analysis were used for
transcription factor motif discovery using HOMER. Our data analysis
suggests that H3K27ac changes due to treatment are affecting genes
and pathways crucial to B cell differentiation and that the 2 lines have
distinct bursa tissue response to treatment.

Key Words: poultry, epigenetics, Newcastle Disease, ChIP-seq,
H3K27ac

OP29  ChHIB promotes ubiquitination and degradation of
MyD88 to suppress innate immune response. F. Wang, Q. Li*, Q.
Wang, and G. Zhao, Institute of Animal Science of Chinese Academy
of Agricultural Sciences, Beijing, China.

Uncontrolled immune responses to bacterial infection have been
shown to induce pathological damage. Homeostasis regulation of im-
mune responses to bacteria is critical for avoiding excessive production
of proinflammatory cytokines and type I interferon. Here, we report
that the E3 ubiquitin ligase, ChHIB, was induced by bacterial lipo-
polysaccharides(LPS) infection in chicken macrophage cell line HD11.
Knockdown of ChHIB augmented the interleukin-1f and interleukin-8
response to LPS. Biochemical analyses showed that ChHIB interact-
ed with the central adaptor MyD88, which converts the signal from
toll-like receptors to activate following pathways. Overexpression of
ChHIB promoted the degradation of MyD88 via K48-linked ubiquiti-
nation at Lys118, Lys 124 and Lys 143 through a proteasome-dependent
pathway. These findings indicate that E3 ligase ChHIB is an important
negative-feedback regulator of innate immune responses to bacterial li-
popolysaccharides by targeting MyDS88.

Key Words: poultry and related species, innate immunity, animal
health

OP30  MicroRNA expression in thymus from calves in a coin-
fection study challenged with bovine viral diarrhea virus and
Mycoplasma bovis. E. Casas*, S. M. Falkenberg, R. P. Dassanayake,
K. B. Register, and J. D. Neill, USDA, ARS, National Animal Disease
Center, Ames, 1A, USA.

T cells are an important component of the adaptive immune re-
sponse and play a critical role in memory response. The thymus is the
primary site for maturation of T cells, but is susceptible to pathogen-as-
sociated depletion. BVDV is known to cause reduction of the thymus.
The objective of this study was to determine differences in microRNA
(miRNA) expression in the thymus of calves challenged with bovine
viral diarrhea virus (BVDV), Mycoplasma bovis, or both pathogens.
Eleven calves approximately 2 mo of age were randomly assigned to
one of 4 groups: Coinfection (CO; n = 3), bovine viral diarrhea virus
(BV; n = 3), Mycoplasma bovis (MB; n = 3), and Control (CT; n =
2). On d 0, calves in groups CO and BV were intranasally challenged
with BVDV and group MB with Mycoplasma bovis. On d 6, CO calves
were challenged with Mycoplasma bovis. Calves were euthanized 17 d
post-challenge and appropriate tissues were collected at necropsy. MiR-
NAs were extracted from the thymus and sequenced on the Illumina
3000 Hi-Seq sequencer. A total of 262,698,223 sequences were identi-
fied as miRNAs. A total of 313 miRNAs were analyzed. No differences
in expression were observed between groups CT and MB. Calves in
group CO had greater expression of miR-200b (P = 0.0017), miR-9-5p
(P =0.0044), and miR-147 (P = 0.003), and had the lowest expression
of miR-2285p (P = 0.0045), when compared with the calves in groups
BV, MB, CT. Calves in groups CO and BV had greater expression of
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miR-141 (P = 0.0074), miR-29¢ (P = 0.0086), and miR-22-5p (P =
0.0051), and had lower expression of miR-154b (P = 0.0037), when
compared with calves in groups CT and MB. Differential expression of
miRNAs was detected in groups that were challenged with BVDV or in
coinfection with Mycoplasma bovis. 1t is possible that BVDV could be
responsible for the differential expression of these miRNAs in the thy-
mus. MiR-2285p and miR-154b were downregulated in CO, but their
function is unknown. These differences in miRNA expression could po-
tentially be responses to pathogens in the thymus during colonization
and production of respiratory disease.

Key Words: cattle, infectious disease, microRNA, non-coding RNA

OP31  Identification of ovine serum biomarkers during bacteri-
al endotoxin challenge to characterize stress resilience. D. Naylor!,
A. Sharma*!, A. Canovas', B. Mallard?, and N. Karrow', 'Department
of Animal Biosciences, University of Guelph, Guelph, ON, Canada,
’Department of Pathobiology, University of Guelph, Guelph, ON,
Canada.

Livestock industries have become reliant on antimicrobials to
help mitigate the effects of microbial stressors. Genetic selection of
animals for enhanced stress resilience could be a possible strategy to
reduce their usage. The cortisol response to the microbial stressor lipo-
polysaccharide (LPS) endotoxin is variable and moderately heritable
(h2=0.3) in sheep. The present study used a population of 112 Rideau
Arcott sheep to identify High (>300 nmol/L, n = 5), Middle (150-280
nmol/L, n=5) or Low (<100 nmol/L, n = 5) stress responders based on
their peak cortisol response to systemic LPS challenge. A panel of se-
rum cytokines (pro- and anti-inflammatory cytokines and chemokines),
as well as microRNAs (miR-132, miR-223, miR- 1246 and miR-145)
and rectal temperature, were measured over time (0 (pre-challenge) and
2,4,6 post-challenge) to identify potential biomarkers that may be used
to characterize stress resilience. Rectal temperatures coincided with
cortisol levels and remained distinctive among the stress responding
groups at all-time points. Pro-inflammatory cytokines levels (IL-6,
IFN-y, IP-10, TNF-a, chemokine CCL3) were comparatively higher 2
and 4 h post LPS challenge in the H stress responders, and the anti-in-
flammatory cytokines IL10 and IL1RA were also comparatively higher
at 4h post challenge in H stress responders. IL1p, IL-8, CCL2 and IL-4
did not exhibit any changes among groups over time. The expression of
miR-132, which targets the TLR-4 pathway, was 186-fold upregulated
in H stress responders, and 75-fold upregulated in the M and L stress re-
sponders 2 h post LPS challenge. Similarly, miR-223, known to regulate
granulopoiesis, was upregulated 2 h post LPS challenge, whereas the
expression of miR-1246, an apoptosis regulator, was downregulated at
both 2h and 4h post LPS challenge. Our results demonstrate that serum
cytokines and miRNAs are differentially expressed in variable stress
responding sheep, and these may serve as future biomarkers of stress
resilience in sheep.

Key Words: serum, immune response, LPS challenge, microRNA
expression, sheep

OP32  Whole-blood transcriptomic signatures after intra-
mammary challenge with Staphylococcus aureus. U. Thom*!,

A. Heimes!, J. Brodhagen', R. Weikard', W. Nolte!, J. Giinther!, F.
Hadlich!, H. Zerbe?, W. Petzl>, M. M. Meyerholz?, M. Hoedemaker?,
H.-J. Schuberth?, S. Engelmann®®, and C. Kithn'7, /Leibniz Insti-

tute for Farm Animal Biology (FBN), Institute of Genome Biology,
Dummerstorf, Germany, *Clinic for Ruminants with Ambulatory

and Herd Health Services, Centre for Clinical Veterinary Medicine,
Ludwig-Maximilians-University Munich, Oberschleissheim, Germany,
3Clinic for Cattle, University of Veterinary Medicine Foundation, Han-
nover, Germany, *Immunology Unit, University of Veterinary Medicine
Foundation, Hannover, Germany, *Institute for Microbiology, Tech-
nical University Braunschweig, Braunschweig, Germany, *Microbial
Proteomics, Helmholtz Centre for Infection Research, Braunschweig,

Germany, "Agricultural and Environmental Faculty, University Ros-
tock, Rostock, Germany.

In cattle farming, mastitis is a major issue for animal health. It
is also of high relevance to consumers due to potential zoonoses and
impact on antimicrobial drug resistance promoted by frequent antibi-
otic treatment of intramammary infections. Although mastitis is the
global term of mammary gland inflammation, the host response against
distinct pathogens can differ significantly. S. aureus is considered a
pathogen eliciting subclinical mastitis restricted to the mammary gland.
However, in a previous study, we noted a specific hepatic response to S.
aureus mammary infection including innate immune reactions as well
as metabolic adaptations. For the current study, we took advantage of
the same animal model with first lactation halfsib heifers having inher-
ited an alternative paternal BTA18 subregion haplotype either favor-
able or unfavorable regarding somatic cell count, a surrogate trait for
mastitis incidence. Five weeks after parturition, 2 udder quarters of 24
animals were challenged with S. aureus,,,. Blood samples were col-
lected before and 96 h after challenge at the peak of inflammation. After
RNA isolation, stranded mRNA libraries were prepared for paired-end
sequencing. After alignment to the bovine genome assembly and read
assembly to transcripts guided by the reference annotation, a custom
annotation file was generated. Based on the newly established project
specific annotation, read counts per gene were established and submit-
ted to differential expression analyses. 28,955 loci were expressed in
the whole blood transcriptome. At a significance threshold of q < 0.05,
170 loci showed differential expression with 142 loci upregulated and
28 loci downregulated 96 h after challenge. Our data indicate that S.
aureus infection elicited a coordinated increase in defensin gene ex-
pression in circulating whole blood cells. SI00AS8, an important danger
associated molecular pattern (DAMP) molecule, is one of the most up-
regulated genes in those cells. This demonstrates that at least in early
lactation S. aureus infection elicits an immune reaction not restricted to
the location of infection, which is in line with our data obtained for the
liver transcriptomic response.

Key Words: cattle and related species, immunogenomics, RNAseq,
adaptive immunity, animal health

OP33  MicroRNA alterations in circulating blood plasma,
cerebrospinal fluid, and isolated exosomes of sheep naturally
infected with classical scrapie. O. Lopez-Pérez'?, D. Sanz-Rubio',
S. Goémez-Redrado', A. Sanz'!, A. Hernaiz-Martorell', P. Zaragoza', J.
Badiola?, R. Bolea?, JM Toivonen', and I. Martin-Burriel*'%, 'Labora-
torio de Genética Bioquimica (LAGENBIO), Universidad de Zara-
goza, 142, IIS Aragén, Zaragoza, Spain, *Centro de Encefalopatias y
Enfermedades Transmisibles Emergentes, Universidad de Zaragoza,
142, 1IS Aragon, Zaragoza, Spain.

Transmissible spongiform encephalopathies (TSEs), or prion
diseases, are fatal neurodegenerative disorders that include scrapie in
sheep and goats. As no simple diagnostic tests are yet available to de-
tect TSEs in vivo, it is of crucial importance to identify an easily ac-
cessible source of biomarkers to provide useful alternatives for current
diagnostic methodology. For this purpose, we analyzed by quantitative
reverse transcription PCR a selected set of candidate microRNAs (miR-
NAs) in circulating blood plasma, cerebrospinal fluid (CSF) and exo-
somes derived from both biofluids of naturally scrapie-infected sheep
that demonstrated clear classical scrapie symptoms and pathology.
Significant scrapie-associated increase was repeatedly found for miR-
342-3p and miR-21-5p in blood plasma, but only miR-21-5p was also
increased in plasma-derived exosomes. Similarly, miR-342-3p, miR-
146a-5p, miR-128-3p and miR-21-5p showed higher levels in CSF
from scrapie-infected sheep, but none of them displayed detectable ex-
pression changes in exosomes derived from CSF. Although exosomes
did not display any enrichment of miRNA levels, the analysis of over-
expressed miRNAs in the total biofluid could help in scrapie diagnosis
once the presence of the disease is suspected. This is the first demon-
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stration, to our knowledge, of miRNA alterations in circulating blood
plasma and CSF in any animal suffering from naturally occurring TSE.

Key Words: sheep, microRNA, qPCR, prion, biofluids

OP34  Single-cell RNA-seq (scRNA-seq) analysis of porcine
peripheral blood mononuclear cells identifies replicating B, af-T,
and 79-T cells, as well as all major known circulating cell types. H.
Liu', K. Byrne?, C. Loving?, and C. Tuggle*!, '‘Department of Animal
Science, lowa State University, Ames, I4, USA, ?‘USDA-ARS-National
Animal Disease Center, Ames, [A, USA.

We are interested in the RNA expression profile and gene reg-
ulatory network controlling porcine immune responses. Recently de-
veloped scRNA-seq technologies provide unprecedented opportunities
to study the diversity and dynamics of the pig immune system at sin-
gle-cell resolution. As part of the FAANG project, we profiled the tran-
scriptome of approximately 16,000 peripheral blood mononuclear cells
(PBMC:s) from 5 healthy pigs using the 10X Genomics Chromium and
the Illumina Hiseq3000 platforms. From 84 to 161 million reads were
obtained for each of the 5 libraries, of which ~90% were mapped to the
Sscr 11.1 genome assembly. This resulted in 24—54,000 reads/cell. Ap-
plying graph-based clustering of scRNA-seq expression data imputed
by using a low-rank approximation algorithm (ALRA), we identified
21 cell clusters that group together due to a similar expression pattern.
These clusters were then annotated using genes known to have cell-type
specific expression in human and other species. We identified clusters
containing 5 major blood cell types (B, T, monocytes, natural killer, and
dendritic cells) and multiple sub-populations of B, af-T, and y5-T cells
were recognized at the transcriptome level for the first time in pigs.
Replicating B, af-T, and y5-T cells were also identified. We then used
the expression data in each cluster to identify lists of genes specifically/
preferentially expressed in each cluster, with tens to hundreds of such
genes identified. The identification of cell type-specific gene markers
will be a useful resource to develop reagents for pig immunological
studies. Our study sheds light on the pig peripheral immune system
and provided important resources for further study of each subtype of
circulating mononuclear immune cells.

Key Words: pig, immunity, sc-RNAseq, peripheral blood mononucle-
ar cells, transcriptomics

OP36 Lightning Talk: Use of genetic and epigenetic tools to
refine a genetic marker of host resilience to ovine lentivirus infec-
tion. A. T. Massa*!, M. R. Mousel*3, B. M. Murdoch?, J. B. Taylor?,
D. P. Knowles!, and S. N. White'2, ‘Department of Veterinary Microbi-
ology and Pathology, Washington State University, Pullman, WA, USA,
?Animal Disease Research Unit, Agricultural Research Service, USDA,
Pullman, WA, USA, *Paul G. Allen School for Global Animal Health,
Washington State University, Pullman, WA, USA, *Department of An-
imal and Veterinary Science, University of Idaho, Moscow, ID, USA,
SRange Sheep Production Efficiency Research, Agricultural Research
Service, USDA, Dubois, ID, USA.

Ovine lentivirus (OvLV), a retrovirus related to human immuno-
deficiency virus, causes maedi-visna in sheep. Economic losses are in-
sidious since the incurable, chronic infection has long incubation and no
effective treatment yet surveys demonstrate up to 80.7% of open range
flocks in the US contain seropositive sheep. The best strategy to combat
morbidity and mortality from OVLV is prevention. Previously we dis-
covered an insertion/deletion associated with 50% decreased proviral
concentration in the blood of multiple breeds. Proviral concentration
correlates with severity of histological pneumonia, arthritis, and mas-
titis so this validated marker predicts resilience to disease. The marker
is located near 4 zinc finger transcriptional repressor genes. None of
the 26 mutations predicted to create amino acid substitutions or possi-
ble splice site mutations in these 4 genes were significantly associated
with resilience in Rambouillet sheep. Our hypothesis is that the resil-
ient phenotype is explained by a mutation within a regulatory element
that influences gene expression of these zinc finger genes. Chromatin

immunoprecipitation with high throughput sequencing (ChIP-seq) for
histone 3 lysine 27 acetylation (H3K27ac) was completed for alveolar
macrophages to identify active enhancers in sheep on a genome-wide
level. An active enhancer region 1500 base pairs in length was identi-
fied approximately 3000 base pairs upstream of ZNF389. The current
insertion/deletion marker lies within this active enhancer element.
Three single nucleotide polymorphisms were also identified within this
enhancer that are significantly associated with resilience (P < 0.002) in
147 Rambouillet. This led to our current model that ovine lentivirus re-
silience is explained by mutations in enhancer elements that alter gene
expression of zinc finger transcription factors. Zinc finger transcription-
al repressor genes have been shown to co-evolve with retroviruses in
other vertebrate species. Future work includes validating these SNPs
in multiple breeds which may lead to a commercially viable genetic
test and confirming the enhancer with additional ChIP-seq biological
replicates.

Key Words: ovine lentivirus, marker-assisted selection, ChIP-seq,
sheep

OP37  Lightning Talk: Integrative functional genomics of the
bovine host response to infection with Mycobacterium bovis. T.
Hall*!, M. Mullen?, C. Correia', G. McHugo', K. Killick', J. Browne!,
N. Nalpas*, S. Gordon?3, and D. MacHugh'?, 'Animal Genomics
Laboratory, UCD School of Agriculture and Food Science, University
College Dublin, Belfield, Dublin, Ireland, *Department of Life and
Physical Sciences, Athlone Institute of Technology, Athlone, Ireland,
SQuantitative Proteomics and Proteome Centre Tiibingen, Interfaculty
Institute for Cell Biology, University of Tiibingen, Tiibingen, Germa-
ny, *UCD School of Veterinary Medicine, University College Dublin,
Belfield, Dublin, Ireland, *'UCD Conway Institute of Biomolecular and
Biomedical Research, University College Dublin, Belfield, Dublin,
Ireland.

Bovine TB (BTB), caused by infection with Mycobacterium
bovis, is a major endemic disease affecting global cattle production.
The key innate immune cell that first encounters the pathogen is the
alveolar macrophage, which we have previously shown to be substan-
tially reprogrammed during intracellular infection by M. bovis. In the
current study we used differential expression with correlation- and in-
teraction-based network approaches to analyze the macrophage tran-
scriptional response to infection with M. bovis to identify core infec-
tion response pathways and gene modules. These outputs were then
integrated with genome-wide association study (GWAS) data sets to
enhance detection of genomic variants for susceptibility/resistance to
M. bovis infection. The host gene expression data consisted of bovine
RNA-seq data from alveolar macrophages infected with M. bovis at 24
and 48 h post-infection. These RNA-seq data were analyzed using 3
distinct analysis pipelines; novel response pathways and modules were
further refined using cross-comparison and integration of the results.
First, a differential expression analysis was carried out to determine
the most significantly differentially expressed (DE) genes between
conditions at each time point. Second, 2 networks were constructed at
each time point using gene correlation patterns to determine changes
in expression across conditions. Functional sub-modules within each
correlation network were selected by statistical criteria for modularity.
Third, a gene interaction base network of the mammalian host response
to mycobacterial infection was generated using the GeneCards database
(www.genecards.com) and InnateDB (www.innatedb.com). Differen-
tial gene expression data were superimposed on this base network to
extract functional modules of interconnected DE genes. Bovine GWAS
data was obtained from a published BTB susceptibility/resistance study.
The results from the 3 parallel analyses were integrated with this data
to determine which of the 3 approaches identified genes significantly
enriched for SNPs associated with susceptibility/resistance to M. bovis
infection. Our results indicate distinct and significant overlap in SNP
discovery and demonstrate that network-based integration of relevant
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transcriptomics data can leverage substantial additional information
from GWAS data sets.

Key Words: tuberculosis, macrophage, bovine, GWAS, transcriptome

OP38  Lightning Talk: Whole genome re-sequence analysis
reveals tick resistance and heat tolerance genes in Iraqi cattle
breeds. A. Alshawi*!'?, A. Essa’, S. Al-Bayatti®, A. Tijjani'#, S. Sal-
man®, and O. Hanotte'*, ‘School of Life Sciences, Faculty of Medicine
and Health Sciences, University of Nottingham, UK, *Department of
Internal and Preventive Medicine, College of Veterinary Medicine,
University of Baghdad, Iraqi Ministry of Higher Education and Scien-
tific Research, Baghdad, Iraq, *Animal Genetics Resources Depart-
ment, the Ministry of Iraqi Agriculture, Baghdad, Iraq, *International
Livestock Research Institute (ILRI), Addis Ababa, Ethiopia.

In spite of the historic global importance of cattle in Iraq, a
country at the crossroad of the species domestication centers, their ge-
nomes have not yet been characterized. Here, we present the results
of full genome sequence autosomal scan of 20 native Iraqi cattle from
2 breeds (Jenoubi, n = 10; and Rustaqi, n = 10) for candidate signa-

tures of positive selection associated with environmental adaptation,
including acquired and adaptive immunity (e.g., tick resistance) and
thermotolerance. Candidate selected regions and genes were uncovered
following 2 within population (Hp and Tajima’s D) and 2 among pop-
ulations (XP-EHH and Fst) analysis. Gene’s functions ontology anal-
ysis at significant regions were performed using PANTHER, KEGG
and DAVID tools. In Jenoubi, we identified T-cell and B cell activation
genes (CD3D, CD3E, CD3G and PTPN6), while B2M and LIPH genes
were found in Rustaqi. These genes may play significant role into the
resistance to tick infestation, a major external parasitic burden in Iraq.
Heat tolerance genes were also identified in Jenoubi (e.g., DNAJBI)
and Rustaqi (e.g., DNAJC4). Furthermore, we noticed HOX genes (e.g.,
HOXC11 and HOXC12) that are related to thermoregulation activity in
Jenoubi. Genes involved in the animal physiological responses to exter-
nal stimulus and stress are detected in both breeds. Our results provide,
the first full genome insights on the genome adaptation of Iraqi cattle
enlightening the importance to conserve and utilize these adaptations
to control diseases and breeding improvement programs in the country.

Key Words: Iraqi cattle, genome sequencing, adaptive immunity,
genomic selection

Horse Genetics and Genomics

OP40  The horse X chromosome: Old tricks, new insights. T.
Raudsepp*!, C. Castaneda', A. Hillhouse!, A. Dubrow!, M. Jevit!, R.
Juras!, R. Bellone?, and B. W. Davis!, !Texas A&M University, College
Station, TX, USA, *University of California Davis, Davis, CA, USA.

The most common chromosomal cause of mare sterility is
X-monosomy, found in 25% of mares with reproductive problems.
X-monosomy is also relatively common in humans, where 0.04% of all
live born and 10% of spontaneous abortions carry the condition. In con-
trast, X-monosomy is rare among other species that have been investi-
gated. Since the mammalian X chromosome is evolutionarily conserved
and largely collinear between species, species differences in X-mono-
somy are likely related to differences in X chromosome regulation, and
involve genes that escape X inactivation (XCI). These include pseudo-
autosomal (PAR) genes, functional X-Y gametologs, and a largely un-
known species-specific and tissue-specific set of other escapees. Prior
studies show that horse and human PARs are smaller than PARSs in spe-
cies where X-monosomy is rare. However, because XCI in mammalian
females is random, identification of other XCI escapees requires eval-
uation on an individual cell level. Here, we accomplish that using sin-
gle-cell (SC) RNaseq from lymphocytes and fibroblasts of one female
horse and searched for biallelic variants. Among XCI escapees were
known PAR genes, some but not all X-Y gametologs, and several novel
genes. We also observed differences in XCI escape patterns between the
2 tissues/cell types. We expand SC RNaseq on additional horse tissues,
but also to other mammalian taxa for comparison. Another intriguing
feature of X-monosomy is a bias of X retention depending on parental
origin. In human live-born X-monosomy, 75-90% cases carry maternal
X, whereas paternal X is more prevalent among spontaneous abortions.
Likewise, our initial survey in horses also indicates predominant re-
tention of maternal X, suggesting either more errors in male meiosis,
early embryonic imprinting events before XCI, or both. Finally, human
studies claim that pure X-monosomy is rare and most cases are mosaics
for an XX or XY cell line. Our preliminary survey by X-genotyping and
FISH analysis in 63 X-monosomic horses does not support prevalent
mosaicism. In conclusion, species-specific patterns of X-monosomy in
mammals present an excellent opportunity to gain better knowledge of
the molecular features and regulation of the X chromosome.

Key Words: horse, X-monosomy, single-cell RNAseq, parental ori-
gin, mosaicism

OP41  Whole-genome sequencing reveals the genetic mecha-
nisms underlying the high-altitude adaptation in Tibetan horses.

X. Liu*, Y. Ma, and L. Jiang, Institute of Animal Science, Chinese
Academy of Agricultural Sciences (CAAS), Beijing, China.

Chinese horse breeds had experienced a very long history of
breeding, with good adaptation to extreme environments. We tried to
detect genome-wide selective signatures toward the high-altitude adap-
tation of Tibetan horse. Tibetan horse populations have evolved mech-
anisms that allow them to survive and perform as the major transporter
for local farmers at an altitude of 4500 m on the Qinghai-Tibetan Pla-
teau. We performed whole genome resequencing of about 138 horses
from all around China, including Tibetan horses (65), lowland horses
(61), Przewalski (5) and Thoroughbreds (7). A composite of multiple
signals from fixation index (Fst), ZHp (Heterozygosity), pi-ratio (nu-
cleotide diversity), and Tajima’s D-test revealed the top candidate re-
gion for the altitude adaptation reside the gene of EPASI, which has
been identified in many species, including human, goat, sheep and yak.
We found 2 significant SNPs in EPAS1 (HIF2a) gene. Interestingly, the
overexpression of these 2 EPAS1 mutants in A549 cells showed signifi-
cantly increased activities than the wild type protein. In large horse pop-
ulations (n = 948) these 2 EPAS1 SNPs showed even more remarkable
genetic differentiation between Tibetan breeds and lowland horses. By
measuring the blood samples on spot, we found significant physiologi-
cal difference between Tibetan (n = 88) and lowland (n = 85) horses, in-
cluding lower HMG level and HCT but higher MCHC in Tibetan horse.
We also found the metabolic difference between Tibetan and lowland
horses, including higher LDH and higher a-HBDH, suggesting a greater
capacity for anaerobic lactate production in Tibetan horses. These re-
sults suggest that mutations in EPAS1 gene contribute to a hematology
and metabolic basis in Tibetan horses, implying a quite similar adaptive
mechanism of the Sherpa. Therefore, we tested the downstream target
of EPASI1 gene, such as VEGFA, EDN, VHL, EGLN, and GLUT]1 after
the overexpression of 2 EPAS1 mutants separately in A549 cells. Both
mutations lead to upregulation of all these 5 targets. Our study suggests
that the 2 missense EPAS1 mutations represent key evolutionary chang-
es underlying the adaptation to high-altitude hypoxia in Tibetan horses.

Key Words: Tibetan horse, hypoxia adaptation, EPAS1, genomic
selection signatures, metabolic basis

OP42  Upstream regulators of gene and protein expression
influencing glycogen repletion in horses. D. Vélez-Irizarry*!, K. Al-
drich’, V. Mesquita?, J. Pagan?, and S. Valberg', ‘Department of Large
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Animal Clinical Sciences, Michigan State University, East Lansing,
MI, USA, *Kentucky Equine Research, Versailles, KY, USA.

Successful performance in horses depends on substrates such as
glycogen for energy to power muscle contraction, yet replenishment
of muscle glycogen following exercise occurs at a slow rate in horses
compared with other mammals for unknown reasons. Our goal was to
identify upstream genomic regulators (UpR) among differentially ex-
pressed genes (DEG) and proteins (DEP) identified in horses during
glycogen depletion and repletion to elucidate factors limiting glycogen
resynthesis. Five Thoroughbred horses fed an isocaloric diet of either
high starch (HS: 36% NSC, 4% fat) or low starch, high fat (LS-HF:
12% NSC, 8% fat) performed 3 d of glycogen-depleting exercise, fol-
lowed by 3 d to allow for glycogen repletion in a randomized crossover
design. Total muscle RNA was extracted from gluteal muscle biopsies
at pre-depletion, glycogen depletion, 24 and 72h post-depletion. Whole
gene and protein expression were quantified with Illumina HiSeq 4000
and TMT LC-MS/MS, respectively, and mapped to EquCab3.0. Dif-
ferential expression (DE) was determined with weighted least squares;
time points were nested within horse and diet. Across time points there
were 2,285 DEG on HS and 4,776 DEG on LS-HF compared with 129
DEP on HS and 160 on LS-HF (FDR <0.05). RcisTarget was used to
find enriched UpR among the DEG on HS and LS-HF. A total of 349
UpR were enriched for the HS and 211 for LS-HF. Overlapping DEG
and DEP were identified and focus given to enriched UpR. Among
the 93 DEG that also had DEP, there were 2 genes enriched as UpR
(AKR1A1, PGAM2), which involved the 72h repletion time point in
both diets. KEGG pathways enriched for the target genes of AKR1A1/
PGAM2 include ¢cGMP-PKG, cAMP and PI3K-Akt signaling (FDR
<0.05) which impact insulin sensitivity, glucose uptake, and thereby
rapid glycogen resynthesis. Upregulation of DEGs involved in insu-
lin-stimulated glucose uptake were not identified at any time point.
There was regulation of DEG/DEPs involved in gluconeogenesis, par-
ticularly in horses on the LS-HF diet. Results suggest that the horses in
this study rely more on the multiple steps required for gluconeogenesis
than on rapid glucose-uptake for glycogen resynthesis.

Key Words: glycogen, transcriptome, proteome, upstream regulators,
horse

OP43  Neocentromere formation and karyotype evolution in
equids. F. M. Piras, E. Cappelletti, M. Corbo, S. Faravelli, E. Rai-
mondi, S. G. Nergadze, and E. Giulotto*, Department of Biology and
Biotechnology, University of Pavia, Pavia, Italy.

In the genus Equus, speciation occurred rapidly in an evolution-
ary time scale and was marked by exceptionally frequent centromere
repositioning events and fusions involving centromeres. Consequently,
the karyotypes of these species contain centromeres at different matu-
ration stages, ranging from satellite-less evolutionarly “young” neocen-
tromeres to completely “mature” satellite-based centromeres.We iden-
tified, by ChIP-seq with an antibody against CENP-A, the epigenetic
mark of centromeric function, a total of 84 satellite-less centromeres
in 8 equid species: horse, donkey, kiang, onager, Hartmann’s zebra,
Burchell’s zebra and Grevy’s zebra. A comparative genomic analysis
of the ChIP-seq results coupled with cytogenetic approaches allowed
us to trace the phylogenetic history of specific groups of orthologous
chromosomes. In some cases, a neocentromere was observed in a single
lineage. In other cases, the same neocentromere was found in separate
lineages, suggesting the presence of hotspots for neocentromere for-
mation. Interestingly, the phylogenetic history of some chromosomes
allowed us to describe, at the DNA sequence level, different stages of
centromere evolution from its birth to its complete maturation. In par-
ticular, at several neocentromeres, DNA sequence amplifications were
observed suggesting that they may represent an intermediate stage to-
ward the formation of new satellite DNA families. In many instances,
centric fusion events led to the inactivation of the original centromeres
and to neocentromere formation in a different position. These neocen-
tromeres can be located very close to the fusion point or several mega-
bases away. One of the fusion junctions was sequenced revealing that

relics of pericentromeric satellite sequences were maintained while the
major centromeric satellite was lost. Our discoveries proved that, in
equids, neocentromere formation is a driving force of karyotype evolu-
tion and can be used as a marker to investigate the phylogeny of these
species.

Key Words: horses and related species, evolutionary genomics, ChIP-
seq, chromatin, chromosomal rearrangement

OP44  Methylome sequencing of tissues and cell-lines of Pol-

ish Coldblood horses. T. Zabek*!, T. Szmatola', W. Witarski!, E.
Semik-Gurgul', A. Gurgul', and M. Bugno-Poniewierska?, ‘National
Research Institute of Animal Production, Krakow, Poland, *Institute of
Veterinary Sciences, University of Agriculture, Krakow, Poland.

DNA methylation is responsible for cell and tissue identity across
the development and adulthood. Because of this DNA methylation pro-
files are able to differentiate between particular cell-types and tissues.
However the unclear matter are interrelations between DNA methyla-
tion and gene expression patterns which are of functional importance
for the given biological target. The majority of loci showing tissue-re-
lated methylation profiles reveal great variability of tissue-specific tran-
scription. The solid interrelation between differential methylation and
gene expression patterns are the question of heterogeneity of studied
biological target and its physiological stage. Relying on the results of
RRBS methylome sequencing and locus specific bisulphite sequencing
of horse tissues and cell lines we found a couple of loci which differ-
ential methylation is relevant for tissue- or cell-type specific gene ex-
pression. Six Polish Coldblood Horses of the same age were the donors
of biological material. The target panel of tissues included left ventricle
of heart (LVH), left lung (LU), left lateral lobe of the liver (LI) and
articular cartilage from metacarpal joints which were also used to ob-
tain chondrocyte cell lines in prolonged monolayer culture. We found
methylome differences between tissues relevant more to their embry-
onic lineage than being individual-specific. A group of differentially
methylated regions were associated with tissue specific transcription
mainly in the liver tissue. We have also found CpG sites of differential
methylation between differentiated and dedifferentiated chondrocytes.
Observed methylation increase along with the growing number of pas-
sage of obtained cell-lines was associated with transcriptional decline
being the sign of the loss of primary chondrocyte potential. Obtained
results confirm that both tissue- and cell-type specific differences of
DNA methylation might be linked to differential expression important
for the functioning of particular biological system.

Key Words: RRBS, tissue- and cell-specific transcription

OP45  Identification of shared and species-specific k-mers in
Equids and Caballines to characterize adaptive introgression
events. K. de Silva*!, E. Bailey? and T. S. Kalbfleisch?, 'University
of Louisville, Louisville, KY, USA, *University of Kentucky, Lexington,
KY, USA.

In a recent study, an allele was reported for the equine gene
CXCLI16 that conferred susceptibility for persistent shedding of the
Equine Arteritis Virus. It is comprised of non-synonymous variants at
4 positions in exon 1 of the gene producing 2 alternative proteins, one
susceptible CXCL16S and the other resistant CXCLI6R (1). The sus-
ceptibility allele contains a haplotype block that differs by between 15
to 18 SNPs from the resistant haplotype in the horse within the 1000bp
window containing it. The susceptibility allele differed by far fewer
SNPs (3 to 4) from corresponding locus in non-caballine equids. As
such, this allele is likely the result of adaptive introgression from a
non-caballine species. We are developing a method whose objective is
the identification of the likely species of origin of this introgressed seg-
ment. Our method is a k-mer-based analysis which aims to provide new
biological insight in our search for evidence of historical gene transfer
events between species. The data consists of whole genome sequence
from 5 female thoroughbreds including Twilight (the reference animal
for the equine genome) and 8 non-caballines (Somali ass, Donkey, Ki-
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ang, Grevyi, Onager, Zebra, Quagga and Boehmi). We used Jellyfish
v2.2.6 to count 21 bp canonical k-mers in [llumina WGS data with no
bloom filter or high or low cut-off. We counted all k-mers, including
those with low frequency to ensure a high proportion of unique k-mers
between sample groups. K-mers from 4 caballines including Twilight
were compared against the k-mers of 8 non-caballines to identify the
caballine specific k-mers and those shared among all equids. Of a to-
tal 8,308,928,880 k-mers analyzed from caballine whole genome we
identified 4,101,987,596 k-mers (49.37%) specific to caballines and
4,206,941,284 k-mers (50.63%) shared between both groups. When
we compare k-mers in EquCab3 chrll, out of 250,865,144 k-mers
172,167,721 k-mers (68.63%) specific to caballines and 78,697,423
k-mers (31.37%) shared between both groups. We will identify k-mers
specific to each species and those shared between horse and only some
of the other non-caballines species and finally the corresponding genes
which are ancestrally shared. The data will guide us to a more complete
understanding of the CXCL16 introgression event and provide a foun-
dation to study other events that have contributed to the evolution of the
modern horse.

OP46  An ancient mutation at 7TBX3 enhancer contributes to
the small body size in Chinese ponies. X. Liu, Y. Zhang, Y. Li, Y.
Ma, and L. Jiang*, Institute of Animal Science, Chinese Academy of
Agricultural Sciences (CAAS), Beijing, China.

The domestic horse is one of the species exhibiting greatest body
size variation. The genetic changes underlying body size variation
have been recently identified in multiple domestic animals but remain
unknown in Chinese native horses. Here, we combined the complete
genome of 210 ponies (<107 cm, wither height) and 308 other horses
(>130 cm) to uncover the genetic basis for the small body size selection
in Chinese native ponies. We identified that 7-box 3 gene (TBX3) shows
the strongest signature for positive selection in the pony genome. A reg-
ulatory mutation at the enhancer region of this locus appear strongly
associated with average body size in a large panel of 908 Chinese native
horses. Intriguingly, we found that this mutation is the same as the an-
cestral allele of Przewalski’s horses but different from that of Shetland
miniature horses, indicating the origination of the mutation is likely
ancestral and independent with the foreign ponies. Functional valida-
tion through nucleotide mutagenesis shows that this mutation abrogates
the binding of unknown transcription activators and thus decreases the
transcription of TBX3 gene. Our study demonstrates that the TBX3
regulatory mutation provided key evolutionary molecular variation to
the small body size of Chinese ponies. It reveals possible targets for
genomic selection programs aimed at increasing body size in livestock
and provide new insights to the regulation of TBX3 gene.

Key Words: Chinese pony, T-box3, WGS, regulatory mutation, posi-
tive selection

OP47 Genetic diversity and relationships among native Japa-
nese horse breeds and horses outside of Japan using genome-wide
SNP data. T. Tozaki*'*¢, M. Kikuchi', H. Kakoi', K.-I. Hirota', S.-I.
Nagata', D. Yamashita?, T. Ohnuma?, M. Takasu?®, I. Kobayashi®, S.
Hobo’, D. Manglai®, and J. Petersen’, 'Genetic Analysis Department,
Utsunomiya, Tochigi, Japan, *Japan Equine Affairs Association,
Chuo-ku, Tokyo, Japan, *Department of Veterinary Medicine, Faculty
of Applied Biological Sciences, Gifu University, Gifu, Gifu, Japan,
“Sumiyoshi Livestock Science Station, Field Science Center, University
of Miyazaki, Miyazaki, Miyazaki, Japan, *Joint Faculty of Veterinary
Medicine, Kagoshima University, Kagoshima, Kagoshima, japan,
*College of Animal Science, Inner Mongolia Agricultural University,
Hohhot, Inner Mongolia, China, "Department of Animal Science,
University of Nebraska—Lincoln, Lincoln, NE, USA.

Eight horse breeds, Hokkaido (HK), Kiso (KS), Misaki (MS),
Noma (NM), Taishu (TS), Tokara (TK), Miyako (MY), and Yonaguni
(YN), are native to Japan and relatively free of artificial selection. Al-
though Japanese native breeds are believed to have originated from
ancient Mongolian horses, the phylogenetic relationships among these

breeds are not well elucidated. In this study, we compared genetic di-
versity among 32 international horse breeds previously evaluated in the
Equine Genetic Diversity Consortium (733 horses) and the 8 Japanese
native breeds (HK: 42, KS: 23, MS: 21, NM: 24, TS: 25, TK: 24, MY:
35, YN: 24) using genome-wide SNP genotype data (20,287 SNPs
pruned by LD from the EquineSNP70 BeadChip). The expected hetero-
zygosity showed the 8 Japanese breeds (0.158-0.267) have low diversi-
ty compared with the other international breeds (all breeds: 0.277). The
polymorphic proportion showed the 7 Japanese breeds (0.437-0.792)
except for HK (0.864) have relatively low diversity compared with the
other international breeds (all breeds: 0.833). Phylogenetic and cluster
analyses demonstrated relationships among the breeds that largely re-
flect their geographic distribution in Japan. These data support historic
records, suggesting a Mongolian origin of native Japanese horses, and
refute the prior assumption that the northern and southern lineages were
derived from separate founder populations. These data help to explain
the history of the Japanese native horses, identify uniqueness within
the breeds, and will also serve as a baseline from which to monitor
future breed diversity and make conservation decisions for endangered
populations.

Key Words: horse, equine, Hokkaido, SNP

OP48  Genomic studies of stallion fertility: comparing fertility
records with FKBP6 genotype and copy numbers of Y multi-copy
genes. C. Castaneda*!, A. Hillhouse?, S. Teague®, C. Love?®, D. Varner?,
and T. Raudsepp!, 'Texas A&M Department of Veterinary Integra-

tive Biosciences, College Station, Tx, USA, *Texas A&M Institute for
Genome Sciences and Society, College Station, TX, USA, *Texas A&M
College of Veterinary Medicine, Large Animal Hospital, College
Station, TX, USA.

Stallion fertility is an economically vital element of the equine
industry. However, despite the recently improved horse reference se-
quence and continuing progress of equine genomics, molecular tools
for evaluating stallion fertility remain sparse. The FK506 binding pro-
tein 6 (FKBP6) gene in chr13 is among the few genes that have been as-
sociated with stallion fertility. A double homozygous AA-AA genotype
of 2 SNPs in FKBP6 exon4 is a susceptibility genotype for subfertility
due to impaired acrosome reaction (IAR). However, molecular mech-
anisms between FKBP6 and IAR remain enigmatic. Here we studied
168 Thoroughbred breeding stallions to determine the prevalence of the
AA-AA genotype and correlate this with breeding record data, such as
the number of mares bred per season, per-cycle pregnancy rate (PR) and
seasonal PR. We developed Tagman allelic discrimination assays for
the 2 SNPs and proved those as reliable, cost- and time-efficient alter-
natives to genotyping by Sanger sequencing. We found that 3 of the 167
stallions carried the susceptibility genotype, which agrees with the re-
ported 2% prevalence among Thoroughbred males. Notably, all 3 stal-
lions had poor fertility (per-cycle pregnancy rate of 25 + 17%), while
144 stallions with fertility data and without the double homozygous
AA-AA genotype had a higher per-cycle pregnancy rate (62 + 10%).
Another putative candidate region for stallion fertility is the Y chro-
mosome, which carries several multi-copy and testis-specific genes.
Here we investigated copy number (CN) variation of selected Y genes
in relation to stallion fertility. We quantified CN of 4 multi-copy genes
(TSPY, ETSTY1, ETSTY2, and ETSTYS) by digital droplet PCR in 22
of the 168 stallions, representing 3 fertility groups: per-cycle PR below
40%, between 40% and 70%, and over 70%. Preliminary analysis does
not suggest correlation between Y gene CNs and per-cycle PR in this
study cohort. Both studies underscore that any progress in the genomics
of stallion reproduction requires systematic collection of fertility data
combined with advanced genomics analyses.

Key Words: stallion, fertility, genotyping, subfertility

OP49  Population structure analysis of the Persian horse
breeds and their comparison to worldwide populations using
genome-wide SNP genotypes. N. YousefiMashouf'?, J. L. Petersen?,
H. Mehrabani Yeganeh®, A. Nejati Javaremi®, T. S. Kalbfleisch!, M.
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Bagher Zandi*, and E. Bailey*', 'University of Kentucky, Lexington,

KY, USA, *University of Nebraska-Lincoln, Lincoln, NE, USA, *Uni-
versity of Tehran, Karaj, Alborz, Iran, *University of Zanjan, Zanjan,
Zanjan, Iran.

Horse domestication may have occurred in or near the region of
Persia. Investigation of Persian horse breeds may provide insights re-
garding the genetic diversity among horses and the early domestication
events. Four Persian breeds are subject of this study: Kurdish, Persian
Arabian, Caspian and Turkoman. At the first phase of the study, DNA
samples from 58 Kurdish horses, 38 Persian Arabians and 84 Ameri-
can Thoroughbred horses were genotyped across 670,796 SNP mark-
ers (Affymetrix). The data set was pruned resulting in 9,170 SNPs in
50 Kurdish, 24 Persian Arab and 59 Thoroughbred horses. The data
were analyzed using principal component analysis, F statistics, clus-
ter analyses, analysis of molecular variance and genetic distance. The
first eigenvector explained 6.84% of the variance, discriminating Thor-
oughbred from Persian breeds, and the second explained 2.06% dis-
tinguished between Kurdish and Persian Arabian populations. Pairwise
F_ between the 2 Persian breeds was calculated as 0.014, several fold
less than that between the Thoroughbred and either of Kurdish or Per-

sian Arab populations (0.054 and 0.063 respectively), reflecting a close
genetic relationship between the Persian Arabian and Kurdish and dis-
tance from the Thoroughbred. Cluster analysis assigned Kurdish and
Thoroughbred horses to distinct clusters (0.95 and 0.95 respectively),
but the Persian Arab’s genome formed a partially (0.53) distinct cluster
with several individuals overlapping those in the Kurdish population.
The results imply a gene flow between the Persian Arab and Kurdish
horses. The expected heterozygosity was 0.328, 0.324 and 0.341 for
Thoroughbred, Persian Arab and Kurdish populations, respectively.
Treemix software, employed to infer migration events, found no evi-
dence of migration between the Kurdish and Persian Arabian, contra-
dicting our expectation based on cluster analysis. These results have
implications for developing conservation strategies to achieve sound
breeding goals while maintaining genetic diversity. At the next phase,
we will extend our analyses to another SNP data set on the 2 other Per-
sian breeds (Turkoman and Caspian) genotyped with Illumina SNP70
array, together with a select of divergent breeds world-wide which have
been genotyped with [llumina SNP50.

Key Words: horse, population genomics, genotyping, breed diversity,
conservation

Applied Genetics of Companion Animals

OP50  An evaluation of a 118-SNP marker panel for feline iden-
tification and parentage verification. M. de Groot*, T. Ras, and W.
van Haeringen, VHLGenetics, Wageningen, the Netherlands.

Cat parentage verification based on STRs is widely applied in
parentage verification and forensic casework, as several cat STR panels
have been developed and validated, including a 15 STR panel approved
by ISAG. With an increasing focus on genetic health of pedigree cats,
the opportunity arises to include a SNP panel for parentage verification
and identification to a genetic trait and health panel. However, no inter-
national standard for a feline SNP panel for parentage verification and
identification is formally acknowledged by a body like ISAG today.
However, a trial SNP (n = 118) panel was distributed earlier for com-
parison testing. The aim of this study is to evaluate the performance of
the SNP panel for identification and parentage verification. Feline sam-
ples from over 40 different breeds were collected over a course of one
year and DNA was extracted using LGCs sbeadex chemistry according
to manufacturer’s protocol. Sample were genotyped on the 118 SNP
markers using Thermo Fisher’s Ion S5 Target GBS technology. Samples
with a minimum sample call rate of 0.85 (n =3748) were included in the
analysis. A coverage of 20X was accepted. Performance characteristics
were determined with the program CERVUS v3.1.3 (Marshall et al.,
1998; Kalinowski et al., 2007). Markers with a marker call rate lower
than 0.9 and an HO (observed heterozygosity) lower than 0.250 were
excluded from the final analysis. From the first analysis, 113 markers
were selected meeting the test criteria. Genotyping the remaining 113
markers across breeds, a mean expected heterozygosity of 0.4516, a
NE-1P (combined non-exclusion probability, first parent) of >0.9999
and a NE-I (Combined non-exclusion probability, identity) of >0.9999
was observed. Testing 113 SNP markers results in a highly usable pan-
el for identification and parentage verification for felines. Combining
markers with high heterozygosity creates a panel that is widely applica-
ble among multiple breeds.

Key Words: cats and related species, genetic identification, SNP,
genetic marker, parentage

OP51 A recommendation for a SNP marker panel for canine
identification and parentage verification. M. de Groot*, T. Ras, and
W. van Haeringen, VHLGenetics, Wageningen, the Netherlands.

Kennel clubs play an important role keeping track of canine ped-
igrees and issuing pedigree certificates. Some kennel clubs, like the
Dutch and Belgian kennel club, require mandatory parentage verifica-

tion for a puppy before a pedigree certificate is issued. So far, kennel
clubs accept only STR profiles for parentage verification. However, the
advantage to combined SNP markers for parentage verification with ge-
netic trait and disease markers and thereby decreasing the cost price, is
an argument for kennel clubs to switch from STRs to SNPs for iden-
tification and parentage verification. Lacking an internationally recog-
nized standard however, is an argument that keeps kennel clubs from
switching. The aim of this study is to make a recommendation for a pri-
mary panel based on 200 SNPs and a secondary panel of 100 additional
SNPs. In this research, 3 previously defined marker panels, referred to
as the Orivet (n = 125), NeoGen (n = 197) and AKC (n = 88) panel,
were evaluated. Canine samples from over a hundred different breeds
were collected over a course of one year and DNA was extracted using
LGCs sbeadex chemistry according to manufacturer’s protocol. Sample
were genotyped on the combined 410 SNP markers using Thermo Fish-
er’s lon S5 Target GBS technology. Samples with a minimum sample
call rate of 0.85 (n = 2145) were included in the analysis. Performance
characteristics were determined with the program CERVUS v3.1.3.
Markers with a marker call rate lower than 0.9 and an HO (observed
heterozygosity) lower than 0.250 were excluded from the final analysis.
From the first analysis, 350 markers were selected meeting the test cri-
teria. Genotyping the remaining 350 markers, a mean expected hetero-
zygosity of 0.4261, a NE-1P (combined non-exclusion probability, first
parent) of > 0.9999 and a NE-I (Combined non-exclusion probability,
identity) of > 0.9999 was observed. Combining the different marker
panels results in a highly usable panel for identification and parentage
verification for canines. Combining markers with high heterozygosity
creates a panel that is widely applicable among multiple breeds.

Key Words: dogs and related species, genetic identification, SNP,
genetic marker, parentage

OP52  Development of targeted GBS panels for breeding and
parentage applications in cats. A. Burrell*, P. Siddavatam, M.
Swimley, C. Willis, H. Suren, K. Gujjula, and R. Conrad, Thermo
Fisher Scientific, Austin, TX, USA.

Parentage testing and genomics-assisted breeding are critical as-
pects of successful veterinary management. Due to its highly accurate
and reproducible results, targeted GBS is becoming an increasingly fa-
vored technology for SNP genotyping. With the utilization of next-gen-
eration sequencing, labs can test hundreds of samples across thousands
of SNPs simultaneously in a simple high throughput workflow starting
from either extracted nucleic acid or crude lysis samples. We devel-
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oped a targeted sequencing panel, one for the combined detection of
feline genetic defect/trait detection and parentage verification. Utilizing
the AgriSeq™ HTS Library Kit, a high-throughput targeted amplifica-
tion and re-sequencing workflow, the panel’s performance was tested
on >96 diverse DNA samples. Libraries were sequenced on the Ion
S5 using an lon 540 chip with genotyping calling generated using the
Torrent Variant Caller (TVC) plugin. The mean genotype call rate of
markers across the samples was >95%. Concordance across replicate
library preparations and independent sequencing runs was >99% for
both panels. Panel results also were compared with genotyping results
from qPCR, and/or CE sequencing for orthogonal confirmation of ac-
curacy and the genotype calls were 100% concordant with the AgriSeq
workflows. The data demonstrates the utility of the AgriSeq targeted
GBS approach for feline SNP genotyping applications. For Research
Use Only. Not for use in diagnostic procedures.

Key Words: feline, AgriSeq, parentage, GBS, NGS

OP53  Development of targeted GBS panels for breeding and
parentage applications in dogs. A. Burrell*, P. Siddavatam, M.
Swimley, C. Willis, H. Suren, K. Gujjula, and R. Conrad, Thermo
Fisher Scientific, Austin, TX, USA.

Parentage testing and genomics-assisted breeding are critical as-
pects of successful veterinary management. Due to its highly accurate
and reproducible results, targeted GBS is becoming an increasingly fa-
vored technology for SNP genotyping. With the utilization of next-gen-
eration sequencing, labs can test hundreds of samples across thousands
of SNPs simultaneously in a simple high throughput workflow starting
from either extracted nucleic acid or crude lysis samples. We developed
2 targeted sequencing panels, one for canine parentage verification and
one for canine genetic defect/trait identification. Utilizing the AgriS-
eq™ HTS Library Kit, a high-throughput targeted amplification and
re-sequencing workflow, each panel’s performance was tested on >96
diverse DNA samples. Libraries were sequenced on the Ion S5 using
an lon 540 chip with genotyping calling generated using the Torrent
Variant Caller (TVC) plugin. The mean genotype call rate of markers
across the samples was >95% for both panels. Concordance across rep-
licate library preparations and independent sequencing runs was >99%
for both panels. Each panel’s results were compared with results from
an Axiom Canine HD array, qPCR, and/or CE sequencing for orthog-
onal confirmation of genotype accuracy and the genotype calls were
>99% concordant with the AgriSeq workflows. The data demonstrates
the utility of the AgriSeq targeted GBS approach for canine SNP geno-
typing applications. For Research Use Only. Not for use in diagnostic
procedures.

Key Words: canine, breeding, AgriSeq, ISAG, parentage

OP54  Can-ID: A SNP-based genetic Identification system to
evaluate canine samples on two platforms: Open Array and AgriS-
eq targeted GBS. O. Ramirez*', K. R. Gujjula?, A. Sanchez'?, H.
Suren?, O. Francino'?, R. Ramadhar?, and L. Altet', ' Vetgenomics, Bar-
celona, Spain, *Thermo Fisher Scientific, Austin, TX, USA, *Molecular
Genetics Veterinary Service (SVGM), Veterinary School, Universitat
Autonoma de Barcelona, Barcelona, Spain.

Genetic identification establishes a secure and permanent DNA
profile that is very useful in cases of lost or stolen dogs or to prove
parentage. SNP-based genetic data overcome STR limitations which
can negatively influence the downstream analysis (higher rate of er-
rors in genotyping due to presence of artifacts and scarce reproduc-
ibility between laboratories or over time). These limitations increase
in paternity testing and in the analysis of forensic samples due to high
mutation rate and the use of long amplicons. To overcome all these lim-
itations, we have developed Can-ID for use on 2 genotyping platforms
AppliedBioSystems Open Array and AppliedBioSystems AgriSeq tar-
geted GBS. Can-ID panel contains 3 types of SNPs. First, contains 92
highly polymorphic SNPs to obtain a unique DNA profile for each dog.
Second, 15 mitochondrial highly polymorphic SNPs that allow Can-

ID discard biological samples that contains DNA from more than one
animal (e.g., feces contaminated with the urine of another dog), and so
avoid false positives. And third, 13 SNPs associated with phenotype
traits allow obtaining for a “composite picture” of the individual from
forensic samples. Can-ID have been validated in more than 5 thousand
of dog samples (invasive and non invasive). Also we have performed
a comparative study between 2 platforms: AppliedBioSystems Open
Array and AppliedBiosytems AgriSeq targeted GBS. The probability
of identity, calculated under the assumption that individuals may be re-
lated, of Can-ID panel was 1.3 x 1072, Can-ID is the method used in
10 villages from Catalonia (Spain) aimed at reducing the problems of
canine excrement in public places. Of 603 feces samples analyzed, 68
(11.27%) were discarded because it contains DNA from more than one
individual and in 176 (29.51%) the dog, and therefore the in-civic own-
er, was identified. Results herein support the use of Can-ID panel for
identify testing for forensic casework and parentage testing following
the National Research Council’s recommendations. Notably, Can-ID
panel is also capable of genotyping wolf (C. lupus) samples, making it
useful in conservation studies as well.

Key Words: dog, identification system, Open Array, AgriSeq

OPS5  End-to-end AgriSeq targeted GBS long indel solution.
H. Suren!, C. Willis*!, K. Reddy Gujjula', P. Siddavatam', J. Wall',
C. Carrasco', R. Conrad!, and J. Schmidt?, ‘Thermo Fisher Scientific,
Austin, TX, USA, *Thermo Fisher Scientific, Santa Clara, CA, USA.

AgriSeq targeted genotyping-by-sequencing (GBS) is success-
fully being used as a high throughput, customizable and cost effective
genotyping solution in animal and plant breeding studies, parentage
testing and genetic purity. One of the powers of this technology is its
capability to support different types of markers including single nu-
cleotide polymorphisms (SNPs), multiple nucleotide polymorphisms
(MNPs), insertions and deletions (InDels), and other structural variants
(e.g., inversions, duplications). InDels markers longer than 50bp can
be a challenge for amplicon based GBS. The inclusion of these marker
type require a different strategy during the panel design and genotype
calling. We employed a 3 amplicon strategy to facilitate genotype calls
from both the alleles and developed a new pipeline to automate the
generation of present/absent calls. We successfully developed a cus-
tom canine SNP genotyping panel with 16 long InDels and evaluated
the performance with known true genotype samples. The robustness
of this technology has been demonstrated across 384 samples using 20
canine long indel markers whose length ranges from 62bp to 6Mbp.
Overall, 90% call rate across samples and 100% concordance calls
with true genotypes were observed. We found that primer design and
down-stream analysis were not impacted by the indel size. High call
rate across multiple samples with varying indel size indicates the re-
producibility and flexibility of the method. AgriSeq targeted GBS of-
fers customers end to end solution for genotyping diverse marker types
simultaneously using same workflow. For Research Use Only. Not for
use in diagnostic procedures.

Key Words: AgriSeq, targeted GBS, long indel, data analysis, bioin-
formatics

OP56  High-resolution melt analysis for detecting the causative
point mutation for the prcd-PRA in the Bolognese dog breed.

C. Previtali*, S. Arabi, G. Bongioni, R. Capoferri, A. Pozzi, and M.
Montedoro, Istituto Spallanzani, Rivolta d’Adda, Cremona, Italy.

The Bolognese is an ancient breed originating from the North
of Italy belonging to the Bichon family group. In 2017, the Italian Bo-
lognese population counted 3291 males and 3305 females for a total of
6596 live animals, while the subpopulation that generated offspring was
composed of 1022 live animals. The Bolognese is a rather healthy breed
with very few genetic health issues. Despite this reassuring aspect, great
attention has been devoted to a specific type of oculopathy, the prcd-
PRA (progressive rod-cone degeneration-PRA). This form of PRA de-
scribed in more than 30 canine breeds is an autosomal recessive trait
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caused by a point mutation located on Chromosome 9. The objectives
of this work were the development of an alternative molecular assay
for detecting the point mutation and the evaluation of the incidence of
the disease in the Italian Bolognese population. To this aim, the High
Resolution Melt Analysis (HRMA) was used to identify carrier (GA),
clear (GG) and affected (AA) animals. Several 110 blood samples was
collected from 42 males and 68 females, and the DNA was extracted.
The samples represented about 2% of the living animals correspond-
ing to 11% of the breeding subpopulation. A PCR was conducted in
the presence of a dsDNA-binding dye followed by a melting step. The
analysis is based on the detection of fluorescence changes associated
with the release of dye following dissociation of the dSDNA into single
strands. The output is a melt curve profile, which is characteristic of a
specific genotype. The results showed that the causative mutation was
present for 30% in heterozygosity (carrier) and for 1% in homozygosity
(affected). The samples were further submitted to Sanger sequencing
analysis. The results confirmed the totality of genotypes detected by
HRMA thus providing for the validation of the HRMA protocol as a
valid method for the detection of the mutation responsible for prcd-
PRA. Moreover, given the number of animals sampled in the present
work with respect to the current population, it is possible to conclude
that the results are representative of the real incidence of the disease in
the Italian Bolognese population.

Key Words: oculopathy, Bolognese, dog, prcd-PRA, HRMA

OP57  Analysis of clinical samples from Doberman and Toy
Poodle dogs with a targeted next-generation genotyping system.

A. Arizmendi'?, L. S. Barrientos!, J. A. Crespi', G. R. Garces!, G.
Giovambattista', and P. P. Garcia*!, nstituto de Genética Veterinaria
(IGEVET), Facultad de Ciencias Veterinarias, Universidad Nacional
de La Plata (UNLP), La Plata, Buenos Aires, Argentina, *Sevicio de
Cardiologia, Facultad de Ciencias Veterinarias, Universidad Nacional
de La Plata (UNLP), La Plata, Buenos Aires, Argentina.

Next-generation sequencing (NGS) is a powerful tool to study
DNA or RNA samples. New methods and protocols based on NGS have
been developed to carry out the analysis of genetic variation for ani-
mal parentage testing, disease screening and trait detection. Targeted
NGS is aimed at achieving ‘targeted enrichment’ of genome subregions
to reduced significantly the sequencing of genomic loci of interest, as
well as costs and efforts, compared with whole-genome sequencing
(WGS). We generated genotyping information of 387 targets from 95
clinical canine samples (76 Doberman and 19 Toy Poodle dogs) and 3
control samples using AgriSeq Targeted GBS. Based on these data, we
calculated the exclusion power of 228 parentage markers with Cervus
3.0 software. Furthermore, we detected disease/trait markers present-
ing polymorphism and calculated their allele frequencies within each
breed. In the case of parentage markers, the assigned parents showed a
higher LOD score (>1.22 x10'®), and the available pedigree data of off-
spring agreed with the assigned parent information. Interestingly, full

siblings were also assigned like parents. On the other hand, we found 19
polymorphic disease/trait markers in the total sample, 3 of which (pro-
gressive rod-cone degeneration, von Willebrand disease 1 and dilated
cardiomyopathy) were validated by pyrosequencing with 100% concor-
dance. The mutant allele for cone-rod dystrophy3 (CRD3) was found
in both groups, a variant which had not been reported in either breed
to date. Sequencing of genomic loci of interest, costs and efforts can
be reduced significantly with targeted NGS as compared with WGS.
The AgriSeq Targeted GBS is a very good alternative for the massive
genetic evaluation of animal populations.

Key Words: dogs and related species, animal breeding, high-through-
put sequencing (HTS), polymorphism, genomic selection

OP58  First steps in animal genetic testing in Bulgaria. S.
Tincheva*!, S. Atemin'?, R. Toshkov?, T. Todorov', and A. Todorova'?,
!Genetic Medico-Diagnostic Laboratory “Genica,” Sofia, Bulgaria,
’Department of Medical Chemistry and Biochemistry, Medical Univer-
sity, Sofia, Bulgaria, *Veterinary clinic “Kakadu,” Sofia, Bulgaria.

Molecular genetic testing can be a powerful tool for identifica-
tion of autosomal recessive mutations to avoid crossbreeding between
carriers, inborn predispositions aiming to prevent or at least delay the
development of a disease or eventually for determination of the sex of
an individual. Here we resume our work representing as far as we know
the first genetic testing experience of animals, more precisely compan-
ion animals and birds, in Bulgaria. Having a solid background in human
molecular genetics, we decided to expand our interests and enter the
field of animal genetics. So far, we have implemented basic genetic
tests for variations with well-known correlation to a pathological con-
dition and thus with a high practical value. The Multi-Drug Resistance
Gene (MDR1, ABCBI) has been our first target. We successfully per-
formed genetic testing for identification of the ¢.227 230delATAG mu-
tation in a control group and identified the ABCB1-1? genotype in a
pair of Australian Shepherd dogs — the one being a heterozygous and
the other a homozygous carrier. Concerning the feline genetics, so far,
we have focused our work on the Polycystic Kidney Disease (PKD).
Optimization of the molecular genetics assay and application of the pro-
tocol to a control group of cats of different breeds has been executed.
The ¢.10063C > A variant in the PKDI gene was as expected detected
in Persian cats. Using a widely known primer set (Lyons et al., 2004)
for PCR amplification and Sanger sequencing, we even observed an
allele drop-out of the wild type allele reminding us of the necessity to be
careful when implementing new protocols. Lastly but not least, we de-
termined the sex of different species of birds: domestic chicken (Gallus
gallus domesticus) and parrots (Serinus canaria, Nymphicus hollandi-
cus, Melopsittacus undulatus). For the future, we plan expanding our
activities in canine and feline genetics by identifying typical for certain
breeds mutations. A test for Lagotto Storage Disease (LSD, Lysosomal
Storage Disease) is currently in a process of introduction.

Key Words: cats, dogs, genetic disorder, avian, Bulgaria

Avian Genetics and Genomics

OP59 Initiative for Global Chicken Genome Project (GCGP).
M.-S. Peng*!, J. Han>?, O. Hanotte*, D.-D. Wu!, and Y.-P. Zhang',
'Kunming Institute of Zoology, Chinese Academy of Sciences, Kun-
ming, Yunnan, China, *International livestock Research Institute,
Nairobi, Kenya, *Institute of Animal Science, Chinese Academy of Ag-
ricultural Sciences, Beijing, China, *International livestock Research
Institute, Addis Ababa, Ethiopia, *University of Nottingham, Universi-
ty Park, Nottingham, UK.

As the most abundant and widespread domesticates, the charac-
terization of genomic diversity of chickens at a global scale are indeed
required for the sustainable conservation and utilization of these valu-
able resources. The Kunming Institute of Zoology - Chinese Academy
of Sciences (KIZ, CAS) has been leading a 2-phase international collab-

orative project to improve our current knowledge on chicken genomics.
Through collaboration with the International Livestock Research Insti-
tute (ILRI), Zoological Survey of India, and the University of Oxford
among many others, we have completed the phase one project in gener-
ating around 1000 genomes of chickens and wild junglefowls sampled
from East Eurasia where the putative center of chicken domestication
is located. The population genomic analyses revealed a remarkably
complex picture of the early domestication and subsequent dispersal of
chickens in this region. In the phase 2 project, the topic will be the ge-
nomic changes of chickens during their global dispersal out of the East
Eurasia. We plan to generate at least 2000 genomes of different indig-
enous populations/ecotypes, improved lines, and fancy chickens from
Asia, Africa and Europe. The genomic data will be important resourc-
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es for depth studies on their demographic trajectory, dating and wide
geographic spread, as well as the genetic mechanisms underlying their
breeding and response to natural/artificial selection for rapid adaptation
to diversified environmental, climatic and management conditions. The
development of genomic technology, multi-function database, and bio-
informatic tools will be expected to facilitate data sharing and mining.
We have been therefore trying to establish a world-wide collaborative
network of scientists from multidisciplinary fields, to work together and
contribute to this important initiative.

Key Words: chicken, genome, diversity, adaptation, history

OP60 A new 55K SNP genotyping array for the chicken. R.
Liu*!, S. Xing'2 R. P. M. A. Crooijmans’, G. Zhao', and J. Wen',
!Chinese Academy of Agricultural Sciences Institute of Animal Sci-
ence, Beijing China, *’Animal Breeding and Genomics, Wageningen
University & Research, Wageningen, the Netherlands.

Background: China has the richest local chicken breeding re-
sources in the world, and is the world’s second largest producer of
meat-type chickens. Development of a moderate-density SNP array
for genetic analysis of indigenous chickens and breeding of meat-type
chickens is urgently needed for conventional farms, the breeding indus-
try and research areas. Results: Eight representative local breeds and 2
commercial broiler lines with 3 pools of 48 individuals within each line
were sequenced and supplied the major resource of SNPs. There were
7.09 million - 9.41 million SNPs detected in each breed/line. After fil-
tering using multiple criteria such as preferred incorporation of trait-re-
lated SNPs and uniformity of distribution across the genome, 52.18 K
SNPs were involved in the final array. It consists of: (i) 19.22 K SNPs
from the genomes of white-feathered, yellowfeathered,and cyan-shank
partridge chickens; (ii) 5.98 K SNPs related to economic traits from the
Illumina 60 K SNP Bead Chip, which were found as significant asso-
ciated SNPs with 15 traits in an F, resource population, Beijing-You-
crossed Cobb, by genome-wide association study (GWAS) analysis;
(iii) 7.63 K SNPs from 861 candidate genes of economic traits; (iv) the
0.94 K SNPs related to residual feed intake; and (v) 18.41 K from chick-
en SNPdb. The economic traits mentioned in the categories (ii) and (iii)
included growth, feed efficiency, meat quality, immune traits, etc.The
polymorphisms of 9 extra local breeds and 3 commercial lines were
examined with this array, and 40-47 K SNPs were polymorphic (with
minor allele frequency >0.05) in those breeds. The multidimensional
scaling result showed that those breeds can be clearly distinguished by
this newly developed genotyping array. Conclusions: We successfully
developed a 55 K genotyping array designed using SNPs segregated in
typical local breeds and commercial broiler lines, and 14.55 K SNPs
associated with economic traits were incorporated. The array has a wide
range of application potentials such as breeding with genomic selection,
genome-wide association studies of traits of interest, and investigation
of diversity of different chicken breeds.

Key Words: genotyping array, SNP, indigenous chicken, ge-
nome-wide

OP61  An open chromatin region on GGA1 has an important
effect on regulating chicken growth. X. Cao*!'?, Y. Wang?3, and X.
Hu'?, /College of Biological Sciences, China Agricultural University,
Beijing, China, *State Key Laboratory of Agro-biotechnology, China
Agricultural University, Beijing, China, College of Animal Science
and Technology, China Agricultural University, Beijing, China.

Body weight is one of the most important economic traits of
chickens. Exploring the genetic mechanism of body weight has vital
significance for chicken meat industry. In our previous study, a 1.2
Mb QTL and a 12 Kb haplotype in the QTL interval associated with
body weight were detected on the chicken (Gallus gallus) chromo-
some (GGA) 1 using an advanced intercross population constructed
by Huiyang Beard Chicken (a slow-growing domestic breed) and High
Quality chicken Line A (a fast-growing broiler). In current study, we
explored the 12 Kb haplotype block and its effect on regulating gene

expression and chicken growth in duodenum at 7 weeks, as the diges-
tion and absorption of food play an important role in gaining weight.
The favorable allele for high body weight was defined as H haplotype
utilizing 6 tag SNPs, in contrast to L haplotype for low body weight.
Progeny test demonstrated that HH genotype chickens had a significant-
ly higher body weight comparing to LL genotype chickens. In the 1.2
Mb QTL region, 3 genes presented different expression in duodenum
between HH and LL individuals, which have been proved involving in
gastrointestinal motility or energy metabolism. Through ATAC-Seq, we
detected an open chromatin region containing 2 tag SNPs in the hap-
lotype block and it suggested that 1) the open chromatin region might
affect the expression of genes in the QTL region, and 2) the SNPs in the
open chromatin region lead to the change of gene expression. Consid-
ering the effect of energy metabolism on growth, we measured protein
levels of AMP-activated protein kinase (AMPK), the key regulator in
energy regulation,through Western Blot. The increasing expression of
both AMPK and phosphorylated AMPK in LL chickens comparing to
HH chickens, suggested that the open chromatin region in the 12 Kb
haplotype block might affect the body weight of chicken in a way of
regulating energy metabolism.

Key Words: chicken, animal breeding, duodenum, genotyping,
ATAC-Seq

OP64 Transcriptome sequencing reveals key potential long
non-coding RNAs related to duration of fertility trait in the
uterovaginal junction of egg-laying hens. A. Adetula*', L. Gu', C.
Nwafor?, X. Du?, S. Zhao', and S. Li', ‘Key Laboratory of Agricultural
Animal Genetics, Breeding, and Reproduction, Ministry of Education,
Key Laboratory of Poultry Genetics and Breeding of the Ministry

of Agriculture and Rural Affairs, Huazhong Agricultural Universi-

ty, Wuhan, Hubei Province, China, *Faculty of Agriculture, Benson
Idahosa University, Benin, Edo State, Nigeria, College of Informatics,
Huazhong Agricultural University, Wuhan, Hubei Province, China.

Duration of fertility (DF) is an important functional trait in poul-
try production and IncRNAs have emerged as important regulators
of various process including fertility. In this study we applied a ge-
nome-guided strategy to reconstruct the uterovaginal junction (UVJ)
transcriptome of 14 egg-laying birds with long- and short-DF (n =
7); and sought to uncover key IncRNAs related to duration of fertility
traits by RNA-sequencing technology. Examination of RNA-seq data
revealed a total 0f 9,977 IncRNAs including 2,576 novel IncRNAs. Dif-
ferential expression (DE) analysis of IncRNA identified 223 IncRNAs
differentially expressed between the long- and short-DF groups, with
81 upregulated and 142 downregulated. DE-IncRNA target genes pre-
diction uncovered over 200 IncRNA target genes and functional enrich-
ment tests predict a potential function of DE-IncRNAs. Gene ontology
classification and pathway analysis revealed 8 DE-IncRNAs, with the
majority of their target genes enriched in biological functions such as
cellular response to cytokine, response to protein homodimerization,
reproductive structure development, developmental process involved
in reproduction, regulation of protein modification, osteoblast differ-
entiation and ossification, in utero embryonic development, response
to cytokine, carbohydrate binding, chromatin organization, response
to growth factors, and immune pathways. Differential expression of
IncRNAs and target genes were confirmed by qPCR. The discovery
of these 2,576 novel IncRNAs in this study significantly expands the
utility of the UJV transcriptome and our analysis identification of key
IncRNAs and their target genes regulating DF will form the baseline for
understanding the molecular functions of IncRNAs regulating DF and
extend the knowledge of the molecular mechanisms underlying fertility.

Key Words: duration of fertility, long non-coding RNAs, egg-laying
hens, uterovaginal junction, RNA-seq

OP65  Sauropsida ribosomal repeat: Deciphering of the inter-
genic spacer in chicken and terrapin. A. Dyomin'?, S. Galkina*!,
V. Fillon3, S. Cauet?, C. Lopez-Roques®, N. Rodde?*, C. Klopp®, A.
Vignal®, A. Sokolovskaya!, A. Saifitdinova'’, and E. Gaginskaya',
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!Saint Petersburg State University, Saint Petersburg, Russia, *Saratov
State Medical University, Saratov, Russia, ’INRA-GenPhySe, Castanet
Tolosan, France, “French Plant Genomic Center CNRGV-INRA, Cas-
tanet Tolosan, France, ’INRA-GeT-PlaGe, Castanet Tolosan, France,
°INRA-Sigenae, Castanet Tolosan, France, "Herzen State Pedagogical
University, Saint Petersburg, Russia.

Each ribosomal repeat (rDNA unit) consists of a pre-rRNA gene
cluster (5'ETS, 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA, 3'ETS)
transcribing in a single molecule and intergenic spacer (/GS) containing
regulatory elements. In chicken Gallus gallus rDNA units are situated
in the only Nucleolar organizer region (NOR) on chromosome 16. As in
many other eukaryotes, chicken rDNA repetitive units are missing in the
current version of assembled genome (GRCg6a). Our previous attempt
to assemble a full rDNA unit using Illumina data was not successful
due to the complex structure of repeats in /GS, only transcribed rRNA
gene cluster has been deciphered (NCBI Nucleotide: KT445934). Here,
we describe a chicken /GS structure basing on PacBio single-molecule
sequencing of a BAC clone WAG137G04 containing chicken NOR
fragment with 3 complete /GSs from one White Leghorn individual.
Also, Red jungle fowl contig NT 456123.1 was included into analysis.
We identified several novel tandem repeats, which form regular high-
ly organized structures. Most of repeats are highly GC-rich (65-81%)
contributing to the total IGS high GC composition (68% vs. 52% in
human). /GS is heterogeneous in length due to a copy number varia-
tion of some repeats. The alignment of transcriptome reads from dif-
ferent chicken tissues against the most complete rDNA sequence from
WAG137G4_utg0 contig has revealed a weak transcriptional activity
at certain central sites of /GS We have compared the /GS organization
between chicken and terrapin (Malaclemys terrapin); the complete ri-
bosomal repeat sequence of terrapin was assembled using the raw data
of sequencing. In both species, the /GS contains very long conservative
GC rich tandem repeats and lack of the inverted sequence copies capa-
ble to form hairpins. It turned out that on contrast to /GS of mammals,
amphibians and fish, the /GS in chicken and terrapin are GC-enriched
and contain many putative CpG islands. These common features in the
1GS structure appear to be significant when considering the genome
evolution in the Sauropsida group. Financial and technical support:
RFBR (#18-04-01276), “Chromas” and “Molecular and Cell Technol-
ogies” Resource Centres of Saint Petersburg State University, SPbU
project 1.40.1625.2017.

Key Words: Gallus gallus, Malaclemys terrapin, nucleolus organizer
region (NOR), rRNA genes, tandem DNA repeats

OP66  Genome-wide association study of dwarf phenotypes in
Dutch chicken breeds. Z. Wu*, C. Bortoluzzi, M. F. L. Derks, M.
A. M. Groenen, and R. P. M. A. Crooijmans, Animal Breeding and
Genomics, Wageningen University & Research, Wageningen, the
Netherlands.

Body size is a phenotypic trait studied in many species. One of
the extreme forms of this phenotype is dwarfism, which occurs in many
forms and many species. In chicken, dwarfism is known in different
forms, including autosomal dwarfism, sex-linked dwarfism and, ban-
tam. Of these, the bantam phenotype is the most common form. In the
last decades, fancy breeders in the Netherlands have utilized traditional
bantams to “bantamize” the Dutch large fowls to produce dwarf versions
of the original native breeds. Hence, for every large form of the tradi-
tional breed there is now also a bantam form with the same appearance
as the large fowl. The resources of the historical Dutch large fowls and
their small-sized counterparts offer a powerful opportunity to study the
complexity of bantam phenotype and human-mediated selection. Using
whole-genome sequence data we conducted Genome-Wide Association
Study (GWAS) on 136 chickens from 38 breeds, including traditional
bantams, like Dutch bantam. Based on the bantamization breeding his-
tory, the chickens were grouped into 3 groups according to the bantams
used for the bantamization procedure. Here, each GWAS were per-
formed on the group of chickens from the traditional large breeds, their
bantam counterparts, and the true bantam breeds used as the bantam
origin. Results of GWAS did not show any commonly shared genomic

region between these 3 groups potentially associated with dwarfism,
which suggests that the bantam trait within Dutch population is not a
simple trait caused by a single underlying gene. Despite that, 2 of the
studies revealed a shared significant locus, potentially regulates body
size. Further validation of the associated locus is ongoing. Our findings
reveal the novel genetic nature underlying the bantam phenotype in tra-
ditional Dutch breeds, providing significance in the breeding of dwarf
chickens.

Key Words: chicken, body size, bantam, GWAS

OP67 Runting and stunting syndrome in sex-linked dwarf
chicken is associated with mitochondrial DNA depletion. H. Li*, Q.
Nie, Q. Luo, W. Luo, and X. Zhang, Department of Animal Genetics,
Breeding and Reproduction, College of Animal Science, South China
Agricultural University, Guangzhou, Guangdong, China.

Runting and stunting syndrome (RSS), which is characterized by
low body weight, generally occurs early in life and leads to consider-
able economic losses in the commercial broiler industry. Our previous
study has reported that RSS is a kind of mitochondrial disease with
mtDNA depletion in poultry. However, the molecular mechanism of
RSS remains unknown. In this study, we identified a homogeneous mu-
tation ¢.409G > A (p. Alal137Thr) of TWNK gene in RSS chickens from
strain N301. Bioinformatics investigations supported the pathogenicity
of the TWNK mutation, which is located on the linker region of Twinkle
primase domain and might further lead to mtDNA depletion in chicken.
In addition, we also found that overexpression of the TWNK wild-type
can increase mtDNA content in LMH and DF-1 cells, whereas overex-
pression of the TWNK A137T can cause mtDNA depletion in LMH and
DF-1 cells. In conclusion, we demonstrated for the first time that the ho-
mogeneous TWNK c. 409G > A (p. Ala137Thr) mutation is associated
with Runting and Stunting Syndrome and mtDNA depletion in chicken.

Key Words: mitochondrial DNA, mitochondrial DNA depletion syn-
drome, runting and stunting syndrome, SLD chicken, TWNK mutation

OP68  Discovering lethal alleles across the turkey genome
using transmission ratio distortion approach. E. A. Abdalla*', S.
Id-Lahoucine'?, B. J. Wood'?, A. Canovas', J. Casellas?, and F. C.
Baes!, /Centre for Genetic Improvement of Livestock, University of
Guelph, Guelph, ON, Canada, *Departament de Ciéncia Animal i dels
Aliments, Universitat Autonoma de Barcelona, Bellaterra, Barcelona,
Spain, *Hybrid Turkeys, Kitchener, ON, Canada.

Reproductive efficiency is one of the most important challenges
in livestock production and with the availability of large genomic data
sets there are research opportunities available to discover lethal alleles
that have an impact on reproduction. For instance, it is possible to trace
the inheritance of both alleles and allelic combinations inherited from
parent to offspring using genotype trios. A trio is the information of
sire, dam and offspring genotypes together. Tracing lethal alleles can
be achieved using transmission ratio distortion (TRD) methodologies
which are observable difference in the expected inheritance pattern. The
objective of this study was to assess TRD in a turkey population to
define potential lethal haplotypes, followed by finding the functional
evidence that may support the impact of those haplotypes on reproduc-
tion. Genomic data of 56,393 single nucleotide polymorphisms (SNP)
from 23,242 turkeys were used (11,047 offspring-trios, 500 sires and
2,013 dams). Sliding windows of 4, 10 and 20 SNP haplotypes were
used to scan autosomal chromosomes. Classical recessive inheritance
patterns, those lethal only in the homozygous state, were found for 14
haplotypes displaying additive and dominance TRD effects. There were
12 haplotypes identified showing a complete or near-complete absence
(lethality) for homozygous individuals, but also an under-representa-
tion for carrier (heterozygous) offspring. Within these regions, only one
showed parent-specific TRD where dam penetrance was high and sire
penetrance was low. The functional and positional analyses showed po-
tential candidate genes involved in fertility and embryo development.
The results of this study revealed novel candidate lethal haplotypes and
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candidate genes that could be managed within a turkey breeding pro-
gram.

Key Words: lethal haplotypes, reproduction, transmission ratio distor-
tion, turkey

OP69  Effect of gga-miR-1612 and gga-miR-6701-3p on ALV
induced lymphoma cell line DT40 by targeting BCL11B. L. Qiu*!,
L. Zhao', X. Liv?, and G. Chang', 'Yangzhou University, Yangzhou,
Jiangsu, China, *Poultry Institute, Chinese Academy of Agricultural
Science, Yangzhou, Jiangsu, China.

Avian leucosis viruses (ALVs) are retroviruses that induce malig-
nant neoplasms in poultry, which results in tumor formation, immuno-
suppression, with ensuing high mortality rates and seriously threatened
the prosperity of Chinese poultry industry. Previous transcriptome anal-
ysis showed regulating networks between differentially expressed (DE)
noncoding RNAs (ncRNAs) and mRNAs involved during ALV-J-in-
duced tumorigenesis, in which B-cell chronic lymphocytic /lymphoma
11B (BCL11B) gene was significantly downregulated in ALV-J-infect-
ed chickens, and gga-miR-1612 and gga-miR-6701-3p were predicted
to be the potential targets. Many investigations have focused on the
role of Bcelllb in the regulation of immunology and tumorigenesis in
human. However, the mechanisms of Bcll1b underlying the differenc-
es in ALV-J-infected and uninfected chickens are not well known. In
this study, we further investigated the relationship between miR-1612
and miR-6701-3p and Bcl11b and the function of miR-1612 and miR-
6701-3p. The cloning assay showed 4 kinds of alternative splicing of
Bcll1b in ALV-J-infected chickens and 3'UTR of Bell1b was cloned by
3’ rapid amplification of cDNA ends assay (RACE) based on primers
designed from CDS sequences, then the vectors of Luciferase expres-
sion and mutation was constructed according the prospective miRNAs
targeting sites analyzed by Targetscan and MiRDB bioinformatics da-
tabase. The dual luciferase reporter assay system showed miR-1612
and miR-6701-3p can bind to Bcl11b in chickens. The gain/loss assay
showed miR-1612 and miR-6701-3p inhibited cell proliferation by tar-
geting Bell1b in DT40 cells which is an ALV induced bursal lymphoma
cell line. As expected, the effects triggered by BCL11B overexpression
were in accordance with that triggered by miR-1612 and miR-6701-3p
inhibitors, suggesting that Bcl11b was a regulator of ALV-J-induced tu-
morigenesis and miR-1612 and miR-6701-3p played roles in regulating
Belllb.

Key Words: subgroup J avian leukosis virus, Bcl11b, microRNA,
tumorigenesis, chicken

OP71 Integrated metabolomic and transcriptomic analysis
evaluating heat and feed stress in layer chickens. D. Laloé', F.
Jehl?, C. Desert?, M. Boutin?, S. Leroux®, D. Esquerre?, C. Klopp®, D.
Gourichon®, F. Pitel’, S. Lagarrigue?, and T. Zerjal*!, /INRA, GABI,
Jouy-en-Josas, France, ’INRA-AGROCAMPUS OUEST, Saint Gilles,
France, ’INRA, GenPhySE, Castanet Tolosan, France, “INRA, Plate-
forme GENOTOUL, Castanet-Tolosan, France, °’INRA, SIGENAE,
Castanet-Tolosan, France, °INRA, PEAT, $Nouzilly, France.

Highly productive animals are sensitive to ambient temperature
and feed quality changes. A better understanding of the mechanisms
underlying animal adaptation to suboptimal production environments is
needed to promote innovation in farm animal production. We used liver
metabolomic and transcriptomic approaches to identify discriminatory
metabolites and genes between layer chickens fed, for 14 weeks, a 15%

energy-depleted diet versus a commercial diet and between layer chick-
ens reared, for 4 weeks, at high ambient temperatures (32°C) versus
thermos-neutrality. A total of 48 Rhode Island Red hens from 2 lines di-
vergently selected for residual feed intake were used in this study. Liver
samples were collected from animals of 31 weeks of age at the end of
the stress period. The samples were analyzed by '"H-NMR spectroscopy
and NMR spectra were reduced to 142 buckets. The same samples were
sequenced using [llumina HiSeq3000, yielding an average per sample
of 90 million paired-end reads. The reads were mapped to the Gallus
gallus-5 reference genome by STAR software and counted by RSEM
software using the Ensembl V87 GTF annotation. A multivariate analy-
sis know as redundancy analysis (RDA) was used to model the impact
of the line and stress on the metabolomics and transcriptomics profiles.
Both the line and the stress significantly affected the metabolomics
and transcriptomics but the impact was, in large part, stress dependent.
Co-inertia multivariate method analysis (ColA) was used to identify
significant covariations existing between metabolomic and transcrip-
tomic data. Covariation was observed, in both stresses, in genes and
metabolites involved in lipid and amino acids metabolism. Under heat
stress, covariation was also observed among genes and metabolites with
activity in carbohydrate metabolism and energy production. Under feed
stress it was observed for genes and metabolites involved in cell cycle
and growth.

Key Words: chicken, metabolomic, transcriptomic, adaptation, abiotic
stress

OP72  Candidate signatures of positive selection in Ethiopian
chicken. A. Kebede'?, K. Tesfaye!, G. Belay!, A. Vallejo*>, T. Dessie?,
N. Sparks?, O. Hanotte*3, L. Raman®, and A. Gheyas*®, 'Addis Ababa
University (AAU), Addis Ababa, Ethiopia, ’Amhara Regional Agricul-
tural Research Institute (ARARI), Bahir Dar, Ethiopia, 3International
Livestock Research Institute (ILRI), Addis Ababa, Ethiopia, *Center

for Tropical Livestock Genetics and Health (CTLGH), The Roslin

Institute, University of Edinburgh, Edinburgh, UK, *School of Life
Sciences, University of Nottingham, Nottingham, UK.

Selective breeding for genetic improvement is expected to leave
distinctive selection signatures within genomes. The identification of
selection signatures can help elucidate the mechanisms of selection
and accelerate genetic improvement. Ethiopia has several chicken eco-
types, which have evolved in different ago-ecologies. Here, we assess
the footprints of candidate signatures of positive selection from whole
genome autosomal sequences comprising 14,857,039 SNPs genotyped
in Improved Horro, Local Horro, Hugub, Arabo and Jarso chicken pop-
ulations of Ethiopia. We identified selection signals in 20 kb windows,
with sliding steps of 10 kb based on estimators of pooled heterozygosity
(Hp) and F-statistics (Fsf). Selective sweep analyses using Hp and Fst
identified genomic regions associated with production and reproduc-
tion. A total of 595 candidate genes showed high evidence of positive
selection in indigenous chicken populations, including genes that were
related to traits such as growth and egg production. Gene ontology
analysis displayed several biological processes and KEGG pathways
involved in estrogen biosynthesis, nervous system development pro-
cesses, calcium signaling, and biosynthesis of unsaturated fatty acids.
The regions identified in this study are expected to provide genomic
landmarks to enhance the ongoing breed improvement operations in
improved Horro and for the other 4 chicken populations.

Key Words: indigenous chicken, Improved Horro, signature of selec-
tion, SNP
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Genetics and Genomics of Aquaculture Species

OP73  Invited Workshop Presentation: Characterization of the
putative host-parasite interactome in the salmon-louse relation-
ship. L. Braden*!?, J. Poley?, W. Cai?, and M. Fast?, ‘AquaBounty
Canada, Souris, PE, Canada, *Hoplite Lab, Department of Pathology
and Microbiology, Atlantic Veterinary College-UPEI, Charlottetown,
PE, Canada, 3Centre for Aquaculture Technologies, Souris, PE, Can-
ada.

The host-parasite relationship between the salmon louse Lep-
eophtheirus salmonis (Lsal) and its host involves the skin-attachment
site where there is an attack response by the parasite and a defense re-
sponse by the host. Lsal-derived proteins secreted at the attachment site
have been predicted to be immunosuppressive, however, little is known
about the impact they have on consequent host responses. Furthermore,
there is no information as to the relative contribution of louse virulence
to variability in host susceptibility, or the host proteins involved in this
interaction. Host-parasite protein interactions (HPPIs) play a critical
role in initiating pathogenesis and maintaining infection. Thus, both a
characterization of putative Lsalvirulence factors in addition to identi-
fying HPPIs would greatly enhance our understanding of this host-par-
asite relationship and facilitate discovering novel pharmacological/
vaccine targets or identifying biomarkers of resistance. Here we use a
combination of transcriptomics and proteomics to predict the interac-
tome of Lsal-salmon. We identified a cluster of Lsalgenes associated
with feeding using consensus lists across 6 different studies and apply-
ing a correlational analysis to the parasite transcriptomes. These genes
were annotated by predicted ORFs, adding UniProt, GenBank and Lice-
Base accessions, identifying conserved protein domains and signal pep-
tides, and determining orthologs to known virulence factors in Ixodes
spp. Using LC-MS/MS, we identified a suite of proteins in Lsalsecreto-
ry/excretory products to produce a list of interacting louse proteins that
were concordant with the transcriptome. The genome of the suscepti-
ble host, Atlantic salmon, was mined for predicted interacting proteins
that would be involved in the host-parasite interaction. Using interolog
and domain-based approaches, interactions between louse and salm-
on proteins were inferred. Expression patterns of key Lsal interacting
proteinsprofiled after parasitizing susceptible or resistant hosts, in situ
localization, and RNA interference experiments support the importance
of these virulence factors as mediators of the host-parasite interactions.

Key Words: salmon lice, interactome, protein:protein interactions,
immunomodulation, transcriptomics

OP74  The molecular basis of salmon sexual maturation: An
integrative multi-omics approach. A. Mohamed*!, M. Sanchez', M.
Menzies!, A. Reverter!, B. Evans?, H. King?, and J. Kijas!, ‘CSIRO
Agriculture, St Lucia, Queensland, Australia, *Tassal Group Ltd.,
Hobart, Tasmania, Australia, 3CSIRO Agriculture, Hobart, Tasmania,
Australia.

Early onset of sexual maturation in Atlantic salmon presents an
ongoing challenge for the salmon aquaculture industry due to negative
impacts on growth rate and product quality. Consequently, a signifi-
cant amount of research aims to understand the biological mechanisms
driving early salmon maturation. We performed a dedicated animal ex-
periment to elucidate genes and regulatory networks associated with
the apparent “decision” of animals to commence sexual maturation.
Samples from 3 tissues (pituitary gland, ovary and liver) were collected
before and after application of a photoperiod trigger designed to initiate
maturation. Deep RNA sequencing (RNA-seq), whole genome bisulfite
sequencing (WGBS) and Assay for Transposase-Accessible Chromatin
using sequencing (ATAC-seq) were performed to profile genome-wide
gene expression, DNA methylation and open chromatin during this
time-course experiment. Transcriptomic analyses identified clusters of
differentially expressed genes (DEGs) in the analyzed tissues, which
described their physiological roles. The identity of the DEGs, in re-
sponse to the onset of maturation, revealed the key players involved

in the earliest triggers into maturation such as gonadotropins genes in
the pituitary along with genes implicated in follicular development and
energy homeostasis in ovary and liver, respectively. Analyzing the sta-
tus of the methylome and accessible chromatin elucidated the epigene-
tic mechanisms underlying the observed transcriptomic remodeling in
these tissues. Gene regulatory networks were constructed by combining
the results from these multi-tissue/omics analyses along with results
from GWAS and predicted transcription factors in salmon. These net-
works revealed key genes and regulators that will improve our under-
standing of the mechanisms of salmon sex maturation and potentially
pave the way to new strategies to control the timing of maturation in
Atlantic salmon.

Key Words: transcriptome, methylome, ATAC-seq, salmon, puberty

OP75 Different transcriptional response of susceptible and
resistant fish hints at the mechanism of KHYV disease resistance

in carp. R. Tadmor-Levi!, A. Doron-Faigenbaum?, G. Hulata?, and L.
David*!, ‘Department of Animal Sciences, R.H. Smith Faculty of Agri-
culture, Food and Environment, The Hebrew University of Jerusalem,
Rehovot, Israel, *Agricultural Research Organization, Bet Dagan,
Israel.

Infectious diseases challenge production and further develop-
ment of the aquaculture sector. Breeding of disease resistant strains is a
sustainable solution to this problem. Identifying the mechanism confer-
ing resistance will enhance breeding of resistant strains and understand-
ing bony-fishes immunity. Cyprinid herpes virus-3 (CyHV-3or KHV)
is a dsDNA virus damaging production of common carp, one of the
top produced fish worldwide. Applying family selection, we have been
breeding resistant carp strains. By analyzing viral loads in host tissues
during infection, we found that resistant fish restrain the viral spread
in their bodies better than susceptible fish, suggesting that in this case,
resistance reflects a difference in their immune response. To further un-
derstand the mechanism, RNaseq was applied to characterize the tran-
scriptomic response to infection in the spleen of susceptible and resis-
tant fish. Distinct profiles were found for susceptible and resistant fish
at d 0 before infection, reflecting genetic background differences. More
importantly, a distinct transcriptional response to infection was elicited
between these fish types. In susceptible fish, over 4 times more differen-
tially expressed genes were upregulated between d 0 and 4 to infection
compared with resistant fish. Upregulated genes in susceptible fish were
significantly enriched for interferon and interferon induced genes. Up-
regulated genes in both susceptible and resistant fish were enriched for
leukocyte migration function, but different chemokines were elicited
by each fish type. Chemokines are a large gene family with multiple
homologs in bony-fishes and with specific paralogs in the duplicated
genome of the common carp. Interestingly, some degree of functional
divergence in expression levels due to infection was observed between
homologs of these chemokines and also between carp-specific paralogs.
Analyses of further time points for specific genes from these pathways
indicated that resistant fish mount a neutrophil-assisted response that
susceptible fish were lacking. The transcriptomic response is concor-
dant with the differences between these fish types in tissue viral loads
and mortality. Our results hinted at some of the differences between
susceptible and resistant fish and highlighted some genes and pathways
taking part in the disease resistance mechanism.

Key Words: fish, immunogenomics, RNA-seq, infectious disease,
aquaculture

OP76  Analysis of adaptive plasticity of pikeperch (Sander lu-
cioperca L., 1758) after temperature change based on gene expres-
sion data. T. Goldammer*!, F. Swirplies!, S. Wuertz?, B. BaBmann?,
A. Orban?*, N. Schifer', R. M. Brunner', F. Hadlich!, A. Rebl', and
M. Verleih!, 'Fish Genetics Unit, Institute of Genome Biology, Leibniz
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Institute for Farm Animal Biology (FBN), Dummerstorf, Germany,
’Department of Ecophysiology and Aquaculture, Leibniz Institute of
Freshwater Ecology and Inland Fisheries (IGB), Berlin, Germany,
‘Aquaculture & Sea-Ranching, Faculty of Agricultural and Environ-
mental Sciences, University of Rostock, Rostock, Germany, “Food
Chemistry and Food Biotechnology, Justus Liebig University Giessen,
Giefsen, Germany.

The pikeperch is an uncommon aquaculture species so far (900t;
FAO 2018) that is characterized as fast growing fish and by its excellent
flesh quality. However, pikeperch is also considered a highly stress-sus-
ceptible domestic species. Therefore, the success of pikeperch breed-
ing in aquaculture depends on optimal rearing conditions. Until now,
only little information has been published yet on the adaptive plasticity
and resilience of pikeperch, specifically on temperature change. Water
temperature is doubtlessly one of the most important factors affecting
the well-being of fish. An ambient water temperature of significant-
ly more than 20°C has been suggested as optimal for the growth of
pikeperch in aquaculture farms, although natural habitats of pikeperch
seldom reach such temperatures. We profiled the response of juvenile
pikeperch exposed to gradually increasing water temperatures between
15°C and 25°C within 11 d. Multiplex-qPCR assays with 38 genes and
liquid chromatography/mass spectrometry were used for recording
a broad spectrum of potential stress-marker indicators. The analyzed
genes characterizing heat shock and hypoxia response, immune acti-
vation, energy supply and development. In addition, the suitability of 8
potential reference genes for data normalization has been assessed. The
data revealed that pikeperch do not develop severe responses to ambi-
ent temperatures between 15 and 25°C, although particular parameters
indicated a phased restriction of optimal conditions, above all the heat-
shock genes SERPINH1, HSP90AA1, HSPAS8b; the acute-phase genes
HP, C3, SAA; and the transcription factor-encoding gene HMX1. This
report paves the ground for future assessment studies on the imbalanced
homeostasis of pikeperch by means of molecular tools. (Project coor-
dination: Campus bioFISCH-MV; funding: European Maritime and
Fisheries Fund (EMFF) and the Ministry of Agriculture and the Envi-
ronment in Mecklenburg-Western Pomerania; grant: MV-II1.1-RN-001).

Key Words: fish, functional genomics, functional assay, biomarker,
animal health

OP77  Optimising genotype imputation strategies for genomic
selection in farmed Atlantic salmon. S. Tsairidou*', A. Hamilton?, D.
Robledo!, J. Bron®, and R. Houston!, ‘The Roslin Institute and Royal
(Dick) School of Veterinary Studies, University of Edinburgh, Edin-
burgh, UK, *Hendrix Genetics Aquaculture BV/ Netherlands Villa ‘de
Korver’, Spoorstraat 695831 CK Boxmeer, The Netherlands, Institute
of Aquaculture, University of Stirling, Stirling, UK.

Genomic selection is increasingly applied in aquaculture breed-
ing to expedite genetic gain for key production and disease resistance
traits. However, effective application in breeding programmes depends
on large training data sets of phenotypes and genotypes. In livestock
breeding, genomic information on large populations can be achieved
in a cost-effective manner through genotype imputation. In typical
aquaculture breeding programmes where large full-sibling families are
available, the value of imputation is yet to be fully assessed. The aim
of this study was to evaluate strategies for genotype imputation in At-
lantic salmon breeding programmes, by assessing the trade-off between
the cost of genotyping at a given density and the impact on genomic
prediction accuracy. Optimal high density (HD) SNP panels were iden-
tified and imputation accuracies for a range of low density (LD) SNP
panels were systematically assessed. Then, genomic prediction accura-
cies were compared. Analyses were performed via a software pipeline
using: (a) PLINK and in-house built software in R and Shell for selec-
tion of HD and LD SNP panels and calculation of genomic relationship
matrices; (b) Flmpute for genotype imputation; and, (c) ASReml for
estimating breeding values and cross-validated prediction accuracies.
The study focused on (i) a Scottish Atlantic salmon breeding program
population challenged with L. salmonis, and (ii) a Chilean population

challenged with C. rogercresseyi (both Landcatch). Genomic predic-
tion was assessed for sea lice resistance and growth traits, known to
have polygenic genetic architecture. Relatively low density panels are
sufficient to give near-maximal prediction accuracy in the absence of
imputation, due to close relationships between training and validation
populations. Although imputation to HD is likely to benefit the discov-
ery of quantitative trait loci and fine-mapping of regions identified by
genome-wide association analyses, genomic prediction appeared to
reach near-maximum accuracy with less than 1,000 SNPs. However,
the value of genotype imputation in genomic selection varies depending
on the population and the trait.

Key Words: fish, animal breeding, bioinformatics, aquaculture

OP78  Genomic tools for an efficient management of genetic
resources in Atlantic salmon. M. Saura*', A. Chtioui'®, M. Gabian?,
P. Moran?, A. Caballero?, E. Santiago®, Al Fernandez', M. P. Kent*,

L. Covelo-Soto?, A. Fernandez', and B. Villanueva', 'INIA, Madrid,
Spain, Universidad de Vigo, Vigo, Spain, 3Universidad de Oviedo,
Oviedo, Spain, *Center for Integrative Genetics, Norwegian University
of Life Sciences, As, Norway, *Georg-August-Universitit Géttingen,
Gottingen, Germany, °Red CIBER, Madrid, Spain.

Human activity and environmental factors have caused a consid-
erable depletion in wild populations of Atlantic salmon during the last
century. These populations are at increased risk because of reduction in
genetic variability and increased rates of inbreeding depression. An effi-
cient management of genetic resources requires controlling factors that
reduce effective population size, such as unequal sex ratio. However,
sex determination in fish is not straightforward at early stages of devel-
opment. In this study, we have used high-dense genotyping information
to (1) evaluate the genetic status of wild Atlantic salmon populations
from 6 Spanish rivers (Miflo, Ulla, Eo, Sella, Urumea, Bidasoa), and to
(2) investigate the genetic regulation of sex determination in this spe-
cies, with the last aim of optimising the conservation programmes of
these populations. For the first objective, we inferred current and histor-
ical series of effective population size from the analysis of the spectrum
of linkage disequilibrium. Current estimates for the different popula-
tions were between 100 and 600. Historical estimates evidenced reduc-
tions in effective population time. The combined results from regional
heritability mapping and genome-wide association analyses showed
that chromosomes Ssa02 and Ssa21 explained the highest proportion of
heritability for sex, and harbored important genes related to sex in oth-
er species of the class Actinopterygii. In summary, our results suggest
that the genetic status of these populations, although safe for avoiding
inbreeding depression in the short term, may be critical in the long term,
particularly in this area that represents the South distribution limit of
the species in Europe, thus conservation strategies are recommended.
Our findings also support previous studies indicating that Ssa02 is the
predominant sex-determining chromosome in Atlantic salmon, but also
provide new knowledge on how sex determination operates in this spe-
cies, highlighting the potential of genomic tools for managing genetic
resources in fish.

Key Words: fish, conservation genomics, genome-wide association,
biodiversity

OP79  Determination of genetic structure and selection sig-
natures in Coho salmon (Oncorhynchus kisutch) populations by
genome-wide SNP analyses. M. E. Lopez*!2, A. Barria?, E. Rondeau?,
B. Koop?®, and J. M. Yaiiez?, 'Swedish University of Agricultural Sci-
ences, Uppsala, Sweden, *Universidad de Chile, Santiago, RM, Chile,
3University of Victoria, Victoria, BC, Canada.

Coho salmon (Oncorhynchus kisutch) is one of the 3 most im-
portant species of farmed salmon in the world, and Chile is the main
producer of this species. Phenotypes of farmed population have evolved
due to the combined influence of domestication and selection through
reproduction in captivity and human directional selective breeding.
These events might have shaped the genetic diversity of these species
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throughout history, and their present genomes may contain traceable
signatures of selection. Detecting genomic selection signatures is a
main goal of modern population genetics as it enhances our knowledge
of the molecular mechanisms shaping the genome as well as providing
functional information on specific genomic regions that might have bio-
logical or productive interest. In this study we evaluate genetic diversity
and structure and identify signatures of selection among the most im-
portant domestic strains of coho salmon in Chile using a medium densi-
ty SNP array (~130K). Population structure and signatures of selection
were examined using principal component analysis (PCA), admixture
analysis, pairwise distances (FST), integrated haplotype score (iHS)
and runs of homozygosity (ROH). Based on the results of our study, we
discuss the ability to detect genomic regions that may underlie import-
ant traits of practical interest for aquaculture and to better understand
the effect of domestication in Coho salmon.

Key Words: fish, genotyping, animal domestication

OP80 Identification of a major locus determining a coloration
defect in gilthead seabream (Sparus aurata). F. Bertolini'?, A.
Ribani®, F. Capoccioni*, L. Buttazzoni?, V. J. Utzeri®, S. Bovo®, M.
Caggiano®, L. Fontanesi*3, and M. F. Rothschild?, 'National Institute
of Aquatic Resources, Technical University of Denmark, Lyngby,
Denmark, *Department of Animal Science, lowa State University,
Ames, I4, USA, 3Department of Agricultural and Food Sciences,
University of Bologna, Bologna, Italy, *Centro di ricerca di Zootecnia
e Acquacoltura, Consiglio per la ricerca in agricoltura e [’analisi
dell’economia agraria (CREA), Roma, Italy, ’Panittica Italia Societa
Agricola Srl, Brindisi, Italy.

Cultivated gilthead seabream (Sparus aurata) are affected by sev-
eral phenotypic abnormalities that span from skeletal malformations,
lack of operculum and coloration defects. Fry that do not fulfill specific
standards are discarded causing major economic losses. Their frequen-
cy seems to increase in inbred populations supporting that genetic fac-
tors might be causative, at least in part and for some of these defects.
The S. aurata genome has been recently sequenced and a preliminary
assembled genome version for this species, which is publicly available,
could help the identification of the genetic factors associated with these
abnormalities. In this study, a whole genome resequencing approach
was used to identify a major locus causing a coloration defect that has
been recently observed among cultivated fry of this aquaculture spe-
cies. Two equimolar DNA pools were constructed using DNA extracted
from 30 normally colored and 30 defective fry. Fish were sampled from
the same commercial hatchery. Then whole-genome re-sequencing was
carried out from the 2 DNA pools using [llumina paired end technology
at about 90X. Variant calling and allele frequencies were obtained using
the CRISP software. Fst was calculated on sliding windows of different
sizes (ranging from 100 kb to 2 Mbp). Only one sharp Fst peak, located
on chromosome 6, was identified from this genome scan, suggesting
the presence of a major locus in this region that may affect fish color.
Comparative functional analyses across fish species of the identified
genome region did not reveal any obvious candidate genes, suggesting
that the causative mutation(s) might involve novel mechanisms not yet
described or that the annotation of this region should be refined. A de-
tailed analysis of this region is underway with the aim to identify mark-
ers that could be used to eradicate the defect in the analyzed gilthead
seabream population. This study was supported by the Ensminger fund,
State of lowa funds and University of Bologna RFO funds.

Key Words: fish, genome sequencing, functional genomics, coat
color, aquaculture

OP81  From sea to plate: Genomically enabling the Austral-
asian snapper (Chrysophrys auratus) for aquaculture. M. Wellen-
reuther*!?, D. Ashton', E. Hilario®, R. Crowhurst®, P. M. Whittle!,

A. Catanach?, J. Le Luyer®, C. Deng*, C. David*, P. Ritchie®, and L.
Bernatchez’, 'The New Zealand Institute for Plant & Food Research
Ltd., Nelson, New Zealand, *School of Biological Sciences, University
of Auckland, Auckland, New Zealand, *The New Zealand Institute for

Plant & Food Research Ltd., Auckland, New Zealand, “The New Zea-
land Institute for Plant & Food Research Ltd., Lincoln, New Zealand,
Ifremer, UMR 241 Ecosystémes Insulaires Océaniens, Centre Ifremer,
Tahiti, French Polynesia, *School of Biological Sciences, Victoria Uni-
versity of Wellington, Wellington, New Zealand, "Institut de Biologie
Intégrative et des Systemes (IBIS), Pavillon Charles-Eugene March-
and, Université Laval, Québec, Canada.

The Australasian snapper (Sparidae: Chrysophrys auratus) has
been identified as a promising candidate for aquaculture, and a breed-
ing program was initiated in 2016 to select for faster growth. Here we
report on recent developments to genomically enable this species for
aquaculture breeding by 1) presenting a high-quality genome assembly
— which integrates short-insert and mate-pair sequencing reads along
with optical mapping and a linkage map - that represents a valuable
resource to aquaculture programmes around the world using closely re-
lated bream species. We further present 2) a catalog of SNPs and struc-
tural variants across the genome from 12 whole-genome re-sequenced
wild snapper to both characterize the extent of genetic variation in this
species and to quantify the extent of variant overlap with coding re-
gions as well as those under putative selection. We then 3) use a GBS
data set of a hatchery reared and phenotyped pedigree to describe the
first QTLs for growth in this species, and highlight some of the key
findings from a growth-temperature rna-seq experiment on wild and
domesticated snapper to elucidate the genes responsible for growth un-
der different temperatures regimens. Phenotyping in this species was
conducted with automated image-based software that can both identify
and track individuals over time and extract trait parameters with high
precision. Finally, we will discuss how these genomic findings can be
used to inform the future research directions of the breeding program in
this commercially and culturally important species.

Key Words: genome assembly, SNPs, structural variation, gene
expression, growth

OP82  Challenges and opportunities for genomics in selective
breeding programs for marine mass-spawning fish species. J. M.
Yanez*!, M. E. Lopez?, P. Caceres!, and G. M. Yoshida!, ‘Facultad de
Ciencias Veterinarias y Pecuarias, Universidad de Chile, Santiago,
Chile, Department of Animal Breeding and Genetics, Swedish Univer-
sity of Agricultural Sciences, Uppsala, Sweden.

Marine mass-spawning fish species represent an important
source for aquaculture diversification worldwide. The reproductive bi-
ology of these species represents considerable challenges for the de-
sign and establishment of selective breeding programs. For instance,
the impossibility of carrying out individual crosses (i.e., using artificial
strip spawning of broodstock) makes pedigree traceability and control
over the number and size of families in the progeny cohorts difficult.
Genomic information can be used to overcome these issues and assist
the establishment of breeding programs in marine mass-spawning fish
species. Here we present a case study in which we develop and imple-
ment genotyping-by-sequencing tools and low-density single nucleo-
tide polymorphisms (192 SNP) panel for the evaluation of broodstock
genetic variability, diversity and structure, pedigree reconstruction,
genetic parameter estimation and genomic predictions for growth in
cobia (Rachycentron canadum). Low-density SNP genotypes were ob-
tained from one thousand fish, including broodstock and production
animals. This information was used for family inference and estimation
of heritability for growth (h?> = 0.31). A linkage map spanning 599 ¢cM
across 22 linkage groups was also built. In addition, genomic prediction
models are compared with traditional predigree-based approaches for
genetic evaluation of growth. Finally, we discuss about the potential
use of genomic information to assist the practical implementation of a
genetic improvement program and their implications on the design of
the breeding plan.

Key Words: genotyping-by-sequencing, genomic selection, heritabili-
ty, genetic correlation, growth
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Pig Genetics and Genomics

OP83  Suina genomes and phylogenomics. L. Eory!, A. Warr!, H.
A. Finlayson', S. J. Girling®, K. Gharbi?, T. Watson!, T. Burdon', A. A.
MacDonald!, E. Okoth’, A. Djikeng*!, M. Watson'!, and A. L. Ar-
chibald*!, /The Roslin Institute and R(D)SVS, University of Edinburgh,
Edinburgh, UK, Edinburgh Genomics, University of Edinburgh, Ed-
inburgh, UK, 3The Royal Zoological Society of Scotland, Edinburgh,
UK, “Centre for Tropical Livestock Genetics and Health, Nairobi,
Kenya, °International Livestock Research Institute, Nairobi, Kenya.

The pig family of animals (Suidae) and the related peccary fam-
ily (Tayassuidae) together constitute the Suina suborder also known as
Suiformes. The wild Suina species are found in Europe, Asia, Africa
and South America. Several Suina species are endangered and others
represent potential reservoirs of pathogens that pose serious risks to
domestic pigs (e.g., African Swine Fever virus). For domestic pigs
(Sus scrofa) genome sequence resources included: 2 highly contiguous
annotated genome sequences (Sscrofall.l; USMARCV1.0) as well as
several other genomes assembled to contig or scaffold level plus multi-
ple re-sequenced genomes. There are also some whole genome shotgun
sequence data available for Sus barbatus, Sus cebifrons, Sus celebensis,
and Sus verrucosus and Phacochoerus africanus. We have sequenced
and assembled the genome of 3 African Suidae species at contig level.
For the Common Warthog (Phacochoerus africanus) we generated ~60x
genome coverage in long reads using the Pacific Biosciences Sequel
platform from a single female individual from whom we also generated
60x genome coverage in Illumina short reads and RNA-seq data from
15 tissue samples. The long read data were assembled with Falcon-un-
zip which yielded a phased draft genome of 2.42 Gbp in 1,454 contigs
with a contig N50 of 4.1 Mbp and a longest contig of 26.5 Mbp. We are
currently scaffolding these contigs using Dovetail’s Hi-C and Hi-Rise
approach. We have also generated Illumina short whole genome se-
quence data from several other warthogs to characterize genetic diver-
sity in this species. For the Red River Hog (Potamochoerus porcus) and
Bushpig (Potamochoerus larvatus) we used the DISCOVAR approach
based on 97x and 84x genome coverage respectively in [llumina 250 bp
paired end reads. The assembly statistics are: Red River Hog 2.51 Gbp
genome, 124,126 contigs, contig N50 160,454 bp, longest contig 1.69
Mbp; Bushpig 2.55 Gbp genome, 182,846 contigs, contig N50 108,171
bp, longest contig 1.31 Mbp. We are generating long reads for the Red
River Hog genome using Oxford Nanopore Technology to establish a
more contiguous assembly for this species. Finally, we have established
a phylogenetic tree for these and other Suina species based on our own
sequence data together with sequence data in the public databases.

Key Words: genome, suina, phylogenomics

OP84  Loss of function mutations in the pig causing embryonic
lethality. M. F. L. Derks', A. B. Gjuvsland?, M. Bosse!, M. S. Lopes*
M. van Son?, B. Harlizius®, E. Grindflek?, H. J. Megens!, and M. A. M.
Groenen*!, 'Wageningen University & Research, Animal Breeding and
Genomics, Wageningen University & Research, Animal BreedingWa-
geningen, the Netherlands, *Norsvin, Hamar, Norway, 3Topigs Norsvin
Research Center, Beuningen, the Netherlands, *Topigs Norsvin, Curi-
tiba, Brazil.

Lethal recessive alleles can result in pre- or postnatal death in
homozygous affected individuals and in reduced fertility in the pop-
ulation. Especially in small size domestic and wild populations, such
alleles might be exposed by inbreeding, caused by matings between
related parents that inherited the same recessive lethal allele from a
common ancestor. We have screened commercial pig populations for
recessive lethal mutations and have identified 6 recessive lethal muta-
tions that occur at relatively high minor allele frequencies (up to 7%) in
commercial pig populations. While these lethal mutations have a large
effect on carrier-by-carrier matings and decrease litter sizes by 15 to
22%, the mutations are maintained at stable frequencies within the pop-

ulation. These lethal mutations include 2 splice-site variants (POLRIB,
TADA2A), one large deletion (BBS9), one frameshift (URBI), and one
missense (PNKP) variant, resulting in a complete loss-of-function of
these essential genes. Moreover, we show that the deletion within the
BBS9 gene is maintained in the population because of a strong positive
effect on growth in heterozygotes (i.e., balancing selection), while the
other lethals are likely the result of genetic drift. Together, the recessive
lethal alleles affect up to 3% of the litters within a single population and
are responsible for the death of 0.5% of the total population embryos.
Moreover, we provide compelling evidence that the identified embry-
onic lethal alleles contribute to the observed heterosis effect for fertility
(i.e., larger litters in crossbred offspring). All mutations identified are
population specific and therefore, no embryonic losses are expected in
the crossbred offspring from these breeding lines. These observations
provide a unique model to better understand fertility and heterosis in
livestock.

Key Words: pig, genome sequence, lethal variation, heterosis, SNP

OP85  Pig transcriptome analysis suggests a global regulation
mechanism enabling temporary bursts of circular RNAs. A. Ro-
bic*!, K. Feve!, T. Faraut, S. Djebali!, R. Weikard?, and C. Kuehn?3,
!GenPhySE, University of Toulouse, INRA, ENVT, Castanet Tolosan,
France, *Institute Genome Biology, Leibniz Institute for Farm Animal
Biology (FBN), Dummerstorf, Germany, *Faculty of Agricultural and
Environmental Sciences, University Rostock, Rostock, Germany.

Although the functions of most of circular RNAs (circRNAs)
are not characterized, they likely impact many biological processes.
Indeed, in addition to generating a linear transcript many protein-cod-
ing genes produce circRNAs that are tightly regulated.By analyzing
Total-RNaseq from 7 pubertal testis samples we detected 126 introns
in 114 genes able to produce intronic circRNAs and 5,236 exonic cir-
cRNAs produced by 2,516 genes. Comparison of Total-RNaseq data
sets from porcine testis, embryonic cortex and postnatal muscle stages
revealed a high abundance of intronic and exonic circRNAs for 2 sam-
ples from pubertal testis and embryonic cortex, respectively. In pubertal
testis with circRNAs in abundance, 24% of protein-coding genes pro-
duced linear and circular transcripts. This abundance was due to higher
production of circRNA by the same genes than in other testis samples
rather than to the recruitment of new genes. No global relationship be-
tween exonic circRNA and mRNA productions was found in pubertal
testis. We showed that exonic circRNAs are typically produced by large
genes that are also able to produce mRNAs. We suggest ExoCirc-9244
(origin: SMARCAS) to be a marker of circRNA abundance in testis.
Among 76 pubertal testes analyzed by RT-PCR, we identified 12 tran-
scriptomes containing a large quantity of ExoCirc-9244 and which are
therefore suspected to have an overall high circRNAs abundance. By
qRT-PCR, we confirmed results concerning ExoCirc-9244 and showed
that samples expressing ExoCirc-9244 had low steroid synthesis poten-
tial (confirmed by plasma estradiol level).Even though our data indi-
cate that this massive production of circRNAs is much more related to
the structure of genes generating circRNAs than to their function, we
highlighted with ExoCirc-9244, a particular stage of pubertal testis de-
velopment characterized by a low steroid production and an abundance
of circRNA. We suggest that bursts of circRNAs might be linked to an
abrupt switch of the cellular metabolism: a distinct stage in develop-
mental processes of embryonic cortex or pubertal testis may require
circRNAs. In these circumstances the number of circRNAs would be
more important than their individual characteristics, which would be a
unique feature in the transcripts world.

Key Words: circular RNAs, pig, RNAseq, physiological genomics,
non-coding RNA
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OP86  Characterization of A-to-I editing events in fetal pig
tissues. R. J. Corbett*!, S. A. Funkhouser!, D. J. Nonneman?, T. P. L.
Smith?, and C. W. Ernst!, ‘Michigan State University, East Lansing,
MI, USA, *U.S. Meat Animal Research Center, Clay Center, NE, USA.

RNA editing results in alterations to RNA molecules, produc-
ing transcript sequences that are inherently different from the parent
DNA molecule. Adenosine-to-Inosine (A-to-I) editing is widespread in
metazoans, and is carried out by adenosine deaminase acting on RNA
(ADAR) enzymes. The extent to which A-to-I editing influences tran-
script diversity in the pig has been evaluated; however current studies
have been conducted primarily in adult tissues, limiting understanding
of how editing processes or patterns change during pig development.
The objective of this study was to assess A-to-1 editing dynamics in 4
pig fetal tissues (whole brain, liver, skeletal muscle, and placenta) at 30
and 70 d gestation (dg). RNA-sequencing data from each tissue as well
as whole-genome sequencing data for a single 70dg White-Composite
x Meishan pig were used to identify A-to-G DNA-to-RNA mismatch-
es—indicative of putative A-to-I edits—using the editTools R package.
High-confidence sites were subsequently scanned in RNA-seq data
from tissues of 3 additional pigs (1 70dg, 2 30dg) to identify conserved
mismatch sites. We identified a total of 618 putative shared A-to-I edit-
ing sites, with 249, 60, 110, 199 sites identified in brain, liver, muscle,
and placenta, respectively. We observed a significant increase in mean
editing level across sites in brain (P =0.011), and a significant decrease
in mean editing level of sites in muscle (P = 0.045) from 30dg to 70dg.
Consistent with changes in mean editing level, brain tissue exhibited
an increase in ADAR?2 transcript abundance at 70dg (log2FC = 0.82, P
= 0.06), while muscle exhibited a decrease in ADAR1 abundance (log-
2FC = —0.377, P = 0.03). We identified 22 differentially edited sites
between stages, the majority of which were brain-specific and exhib-
ited increased editing at 70dg, and resulted in variants in intronic, 3’
UTR, and coding sequences. Our results suggest dynamic global and
site-specific editing patterns in tissues with differential ADAR expres-
sion throughout development. Future work will assess editing patterns
at high-confidence sites identified in adult pig tissues in the fetal tran-
scriptome. USDA is an equal opportunity provider and employer.

Key Words: pig, RNA editing, development

OP87  Whole-genome sequencing reveals population struc-
ture and diversity of Nigerian indigenous pigs. A. C. Adeola*!?,

S. Khederzadeh!s, D. H. Mauki'?, C.-P. Huang'?, C. Yan'?, O. O.
Oluwole?, S. C. Olaogun®, L. M. Nneji'?, P. M. Dawuda®, O. G. Omi-
togun’, L. Frantz!, R. W. Murphy’, M.-S. Peng'?, H.-B. Xie'?, Y.-P.
Zhang"!, State Key Laboratory of Genetic Resources and Evolution
& Yunnan Laboratory of Molecular Biology of Domestic Animals,
Kunming Institute of Zoology, Chinese Academy of Sciences, Kun-
ming, Yunnan, China, *Sino-Africa Joint Research Center, Chinese
Academy of Sciences, Nairobi, Kenya, *Kunming College of Life
Science, University of Chinese Academy of Sciences, Kunming, Yun-
nan, China, *Institute of Agricultural Research and Training, Obafemi
Awolowo University, Ibadan, Oyo State, Nigeria, *Department of
Veterinary Medicine, University of Ibadan, Ibadan, Oyo State, Nige-
ria, ‘Department of Veterinary Surgery and Theriogenology, College
of Veterinary Medicine, University of Agriculture Makurdi, Makurdi,
Benue State, Nigeria, "Department of Animal Sciences, Obafemi
Awolowo University, Ile-Ife, Osun State, Nigeria, *The Palaeogenom-
ics and Bio-Archaeology Research Network, Research Laboratory for
Archaeology, University of Oxford, Oxford, UK, *Centre for Biodi-
versity and Conservation Biology, Royal Ontario Museum, Toronto,
Canada, ’State Key Laboratory for Conservation and Utilization of
Bio-Resources, Yunnan University, Kunming, Yunnan, China.

The population structure and evolutionary history of African in-
digenous pig is of particular interest and fundamental for understanding
its genetic diversity. Herein, we analyze whole-genome sequences of
51 Nigerian Indigenous pigs (NIP) from 3 different geographic regions
plus 210 wild and domestic pigs from Far East, Near East and Europe.
We found that the NIPs clustered into 3 distinct subpopulations with

varying levels of European and East Asian pig ancestry. Evidences from
phylogenetic, PCA and ADMIXTURE analyses revealed that 2 subpop-
ulations clustered closer to European Wild boar and domestic pigs, and
the remaining one to East Asian wild and domestic pigs. Significant
gene flow was detected from European wild boar into the NIPs, indi-
cating that majority of NIP are of European ancestry. The 2 NIP sub-
populations with substantial European ancestry showed a high level of
genetic diversity and rapid LD decay, while the subpopulation with East
Asian ancestry showed a lower genetic diversity and slower LD decay.
It indicates that the NIP with East Asian ancestry might have a smaller
effective population size, consistent with our observation of its contri-
bution to the small fraction in the sampled NIPs. And the related gene
flow occurred recently. Our study provides insights into NIP population
structure and diversity, and would aid in future conservation efforts

Key Words: Nigerian indigenous pigs, population genomics, popula-
tion structure, admixture, conservation

OP88  Genetic heterogeneity of wattles in sheep and pigs. J. Par-
is*!, A. Grahofer?, A. Letko', I. Haefliger', N. Hirter', P. Ciaramella’,
G. Leuhken*, and C. Droegemueller!, ‘Institute of Genetics, Vetsuisse
Faculty, University of Bern, Bern, Switzerland, *Clinic for Swine,
Vetsuisse Faculty, University of Bern, Bern, Switzerland, University
of Naples Federico II, Department of Veterinary Medicine and Animal
Production Veterinary, Napoli, Italy, *Institute of Animal Breeding and
Genetics, Justus Liebig University, Gieflen, Germany.

Wattles are dominantly inherited thumb-shaped appendages on
the ventral throat and has been known for a long time in different spe-
cies as goat, sheep or pig. Even if wattles in sheep and pig are not as
common as in goats, there are some rare domestic breeds known which
show this phenotype. In goat, the responsible locus was mapped to a
region on chromosome 10 containing a functional candidate gene for
limb development and outgrowth. In this study, we investigated the
genetic background of the wattles in German East Friesian sheep and
Ouessant sheep originating from France, and Italian Casertana pigs and
Kune Kune pigs originating from New Zealand. Ovine 600k array gen-
otype data of 94 sheep was used for the investigation in sheep. This data
contained 48 East Friesian sheep (24 with and 24 without wattles) and
46 Ouessant sheep (23 with and 23 without wattles). Within-breed and
multi-breed GWAS detected a single highly associated genome region
on chromosome 18. Furthermore, WGS of 4 sheep, a case and a con-
trol of each breed, was performed. Filtering for private variants in the
2 cases showed no evidence for shared protein-changing SNV, but 7
non-coding SNVs and a 4.5 kb tandem duplication. In pigs, porcine 51k
array genotypes of 35 animals were available, including 10 Casertana
pigs (5 with and 5 without wattles) as well as 25 Kune Kune pigs (18
with and 7 without wattles). Similar analysis was carried out as in sheep.
GWAS revealed a significantly associated region on chromosome 1 and
a 2.5 Mb-sized haplotype present in all cases of both breeds. WGS of
4 pigs, a case and a control of each breed, was carried out. Filtering for
private variants revealed a list of non-coding SNVs including a single
protein-changing SNV present in both cases. In conclusion, this study
revealed different genomic loci harboring variants causing wattles in 2
different species. We report 2 variants that are likely to cause this her-
itable phenotype. Interestingly, the affected genes differ from the gene
associated with wattles in goats. This indicates an unexpected genetic
heterogeneity causing this unique morphological trait across domestic
animal species.

Key Words: pigs and related species, sheep and related species, ge-
nome-wide association, SNP, genome sequencing

OP89  The little Pygmy hog (Porcula salvania), a big piece in
resolving the fascinating history of the complex speciation of the
Suidae. L. Liu*!', M. Bosse', H-J. Megens!, L. Frantz?3, Y. Lee', E.
Irving-Pease’, G. Narayan*’, M. Groenen', and O. Madsen', Animal
Breeding and Genomics, Wageningen University & Research, Wagen-
ingen, the Netherlands, *School of Biological and Chemical Sciences,
Queen Mary University of London, London, UK, *Palaecogenomics and

ISAG 2019 Abstract Book

24



Bioarcheology Research Network, Research Laboratory for Arche-
ology and History of Art, University of Oxford, Oxford, UK, *Durrell
Wildlife Conservation Trust, Jersey, Channel Islands, UK, °Pygmy
Hog Conservation Programme, Guwahati, Assam, India.

Wild boar (Sus scrofa) colonized mainland Eurasia and North Af-
rica, most likely from East Asia during the Plio-Pleistocene (2—1 Mya).
Extensive fossil evidence from Eurasia suggests that this expansion
resulted in the replacement of multiple suids species. Recent reports,
based on genome-wide information, however, suggested that wild boar
did not replace the species it encountered, but instead exchanged genet-
ic materials with them through admixture. The incorporation of these
lineages into the gene-pool of wild boar has been hypothesized to be
one of the keys to its successful expansion. The pygmy hog (Porcula
salvania) is the only suid species, in mainland Eurasia, known to have
outlived this wave of expansion. This highly endangered species thus
provides a unique opportunity to test the hypothesis that wild boar inter-
bred with local suid species as it expanded across Eurasia. Analyses of 6
pygmy hog genomes, combined with additional suid genomes, indicate
that despite large phylogenetic divergence (~2 My), wild boar and pyg-
my hog did indeed interbreed as the former expanded across Eurasia.
Moreover, it sheds further light on a genealogical discordance observed
on the X chromosome of pigs, which is caused by post-speciation ad-
mixture. The donor of this admixture pertains to a now-extinct species
with a deep phylogenetic placement between pygmy hog and sub-Sa-
haran suids. This suggests that, the rapid spread of S. scrofa across the
old world might have been facilitated through inter-specific admixture.
Overall, our analysis demonstrates the importance of inter-specific ad-
mixture during rapid range expansion.

Key Words: phylogenetics, speciation, introgression, population
demography

OP90  Sexing in pigs by using gene editing. S. Kurtz*, A. Frenzel,
A. Lucas-Hahn, P. Hassel, R. Becker, H. Niemann, and B. Peters-

en, Institute of Farm Animal Genetics, Friedrich-Loeffler-Institute,
Mariensee, Neustadt am Riibenberge, Germany.

Sexing by gene editing in pigs is an alluring alternative to the
surgical castration of piglets. Current alternatives like boar fattening,
immunocastration and sperm sexing are often economically not well
applicable or lack consumer acceptance. In mice, the SRY-gene was
first described as a genetic developmental switch for the male pheno-
type. The knockout of the murine SRY-gene by TALEN suppressed tes-
tis development in the fetal gonadal ridges and generated a female phe-
notype. In addition, the knockout of the 5 flanking region of rabbit SRY
gene results in an equal phenotype as in mice. In our study, we aim to
generate a knockout of the porcine SRY-gene to investigate its function
in pigs. Therefore, we constructed a CRISPR/Cas9 vector causing a de-
letion within the SRY locus upstream of the HMG-box region. Mutated
cells served as donor cells in SCNT. Alternatively, the same CRISPR/
Cas vectors targeting the SRY locus were microinjected into porcine
zygotes. The production of SRY-knockout pigs by cytoplasmic micro-
injection resulted in offspring with a deletion of ~72bp. However, the
expected sex reversal did not occur. In ongoing experiments, we want to
induce a larger deletion, which targets the HMG-box region of the SRY
gene. This could reveal the potential role of the HMG-box for the func-
tionality of the porcine SRY protein and its sex-determining function.

Key Words: SRY gene, CRISPR/Cas9, sex determination, pig

OP91  Integrative genomics analysis of blood and microbiota
data suggests a NAFLD-related disorder in SLAdd minipigs. M.
Moroldo*!, P. Munyaka?, J. Lecardonnel', G. Lemonnier', E. Ventu-
1i3, C. Chevaleyre?, J. Estellé!, and C. Rogel-Gaillard', 'GABI, INRA,
Jouy-en-Josas, France, *University of Alberta, Edmonton, AB, Cana-
da, ’ISP, INRA, Nouzilly, France.

Minipigs are a group of small-sized swine lines (i.e., 20 to 90 kg)
with major physiological differences compared with conventional pigs,

and most of them tend to be obese. The inbred SLAdd (DD) minipig
line is homozygous at the MHC locus (Hp4.4 haplotype) and is espe-
cially susceptible to obesity. Non-alcoholic fatty liver disease (NAFLD)
is a common cause of chronic liver disease in Western countries that
is linked to obesity, type 2 diabetes mellitus and cardiac pathologies.
Minipig lines could be useful animal models to study this disease. To
characterize the metabolic disorders that affect DD pigs, we measured
intermediate phenotypes from blood and feces and used Large White
(LW) pigs as controls. Three data sets were produced, i.e., complete
blood counts (CBCs), microarray-based blood transcriptome, and fecal
microbiota characterized by 16S rRNA sequencing. Compared with LW
pigs, several NAFLD-related blood parameters such as hematocrit, he-
moglobin, and platelet distribution were higher in DD pigs. Transcrip-
tome profiling identified 3,046 differentially expressed genes (DEGs),
many of which were found in NAFLD-related pathways, such as ‘ad-
ipogenesis’, ‘insulin resistance’, ‘sirtuin signaling’, ‘hepatic fibrosis’,
‘mTOR signaling’ and ‘endoplasmic reticulum stress’. 16S rRNA se-
quencing confirmed these findings, but highlighted obesity more clear-
ly. The Firmicutes to Bacteroidetes ratio was higher in the DD (2.7)
than in the LW group (1.6). The Clostridiaceae and Prevotellaceae fam-
ilies and the Clostridium and Streptococcus genera were more abundant
in DD pigs, while Prevotella was less abundant. To refine this analysis,
we used integration methods. A first SPLS analysis highlighted associ-
ations between CBCs and DEGs such as RAB40B and VNN2. A second
sPLS identified links between genera such as Prevotella and DEGs such
as FUTI, STX12 and DIRAS?2. Lastly, an MFA analysis showed that the
data structure was mainly determined by the breed. Our results show
that DD pigs present symptoms of a NAFLD-related disease. Thus, ex-
ploring intermediate phenotypes of minipig lines could identify new
models to study metabolic diseases.

Key Words: minipig, NAFLD, transcriptome, microbiota, integration

OP93 A first insight into the boar sperm microbiome. M.
Godial, S. Lopez®, J. E. Rodriguez-Gil? S. Balasch®, C. Lewis*, A.
Castello!, A. Clop*!', and A. Sanchez!?, 'Centre for Research in
Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Cerdanyola

del Valles, Catalonia, Spain, *Universitat Autonoma de Barcelona,
Cerdanyola del Valles, Catalonia, Spain, *Grup Gepork S.A, Masies de
Roda, Catalonia, Spain, *PIC Europe, Sant Cugat del Vallés, Catal-
onia, Spain, *University of Barcelona, Barcelona, Catalonia, Spain,
®Consejo Superior de Investigaciones Cientificas (CSIC), Barcelona,
Catalonia, Spain.

The microbiome has emerged as a major contributor to many
phenotypes including semen quality and male fertility in animals. The
objective of this study was to obtain a preliminary characterization
of the boar sperm microbiome and the correlation between bacterial
abundance and semen quality traits (viability, motility, acrosome, 0s-
motic resistance, measured at 5 and 90 min after incubation at 37C,
and morphological abnormalities). We obtained 40 ejaculates, each
from a different boar. Samples were diluted in extender with antibi-
otics and purified by gradient centrifugation with Bovipure™. RNAs
were extracted and sequenced in Illumina HiSeq2000 systems to gen-
erate 75 base pair long paired end reads. After mapping the reads to the
swine genome (Sscrofall.l) using HISAT, 19% of the reads remained
unmapped. The unmapped reads were filtered by removing these that
matched to repeat elements annotated in RepBase. The remaining reads
were aligned to the Kraken microbial genomes using the devoted Krak-
en software. Despite the facts that the ejaculates contained antibiotics
and that bacteria had been filtered out by gradient centrifugation, we
still identified a bacterial population in all the samples. The most abun-
dant phyla were Proteobacteria (39.1% of bacterial reads aligned to the
genomes of this phyla), Firmicutes (27.5%), Actinobacteria (14.9%)
and Bacteroidetes (5.7%). The most abundant bacteria were from envi-
ronmental or intestinal origin, indicating that these contaminated sperm
after ejaculation. Neither obvious pathogens nor antimicrobial resis-
tance genes were identified. We also evaluated the correlation between
bacterial abundance and semen quality traits and several connexions
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were identified. Most effects involved traits measured after incubation
of the samples at 37C during 90 min, while few correlations were found
for traits measured after only 5 min incubation, thus suggesting that
incubation favored the proliferation of bacteria and hence their impact
on phenotypes. Some correlations involved bacteria already related to
semen quality or fertility in humans (e.g., Lactobacillus crispatus) and
pigs (e.g., Pseudomonas aeruginosa).

Key Words: pig, sperm, microbiome, semen quality

OP94  Gene editing for resistance against diseases in pigs—
What are the consequences of alternative strategies? E. Jonas*,
Swedish University of Agricultural Sciences, Uppsala, Sweden.

Classic selection depends on the presence of variants relevant for
the breeding goal in the population. In some cases crossbreeding can be
applied to introduce advantageous traits from other populations of the
same species. Alternatively changes can be artificially introduced into
the genome by methods of genetic engineering. While classical genetic
modifications (GM) have been applied in plant breeding, they were less

successful in animal breeding. The more recent suggested method of
gene editing however, has now opened new possibility also in livestock
populations. But several issues are yet to be explored such as the legis-
lation on gene editing, traceability of gene edited animals, improvement
of technical details as well as ethical validity. Traits with large hope
for improvement using gene editing are related to diseases resistance.
Infectious diseases cause economic and welfare problems in livestock
production. Even though genetic factors (e.g., certain levels of herita-
bility) have been identified for resistance to some diseases, breeding for
improved resistance is not straightforward. African swine fever (ASF)
is currently spreading into Europe causing large losses in pig produc-
tion. The project presented here aims to simulate backcrossing and gene
editing to introduce resistance to ASF in Swedish pig herds. We will
later also simulate the spread of ASF when different scenarios, includ-
ing resistant animals, culling or vaccination, apply. Input and output
from the simulations will be discussed with an ethicist specialized in
questions of animal production. As learned from hurdles using classical
GM in plant breeding, it is relevant to be open and inform the public
about applications of gene editing in livestock and to ethically discuss
consequences of gene editing but also of the alternatives.

Ruminant Genetics and Genomics

OP95  Local ancestry and functional genomics of trypanotol-
erant and trypanosusceptible admixed African cattle breeds. G.

P. McHugo!, G. M. O’Gorman?, E. W. Hill', and D. E. MacHugh*',
'UCD School of Agriculture and Food Science, University College
Dublin, Belfield, Ireland, *National Office of Animal Health Ltd.,
Enfield, UK, 3UCD Conway Institute of Biomolecular and Biomedical
Research, University College Dublin, Belfield, Ireland.

African cattle represent a complex mosaic of Bos taurus (taurine)
and Bos indicus (zebu) ancestry with most breeds containing varying
levels of taurine-zebu admixture. The 2 types of cattle diverged at least
500,000 years ago and significant genomic differences have accumu-
lated since that time. One important evolutionary adaptation in certain
African taurine populations is a genetically determined tolerance to in-
fection by protozoan trypanosome parasites (7rypanosoma spp.), which
are transmitted by infected tsetse flies (Glossina spp.) and cause African
animal trypanosomiasis (AAT) disease. The annual financial burden of
AAT is approximately $4.5 billion, and AAT is one of the largest con-
straints to livestock production in the areas of sub-Saharan Africa with
significant tsetse densities. The West African taurine N’Dama breed is
trypanotolerant; they have a capacity to control parasite loads and to
limit disease pathology compared with trypanosusceptible zebu breeds.
However, zebu or zebu-taurine hybrid animals are generally larger,
produce higher milk yields and are therefore favored by many farm-
ers. Using local ancestry analysis of genome-wide high-density SNP
data, we have examined hybrid West African cattle populations to study
sub-chromosomal admixture. A sliding window approach was used and
genes within 1 Mb up- and downstream from the top ancestry windows
were used in gene set enrichment analyses. Results from this study
demonstrate that the top physiological system development and func-
tion pathways for genes located within taurine local ancestry windows
include immunobiology pathways, while the top zebu pathways are
related to growth and development. These local ancestry results were
also integrated with gene expression data from bovine trypanosome in-
fection studies to further explore the functional biology of differentially
introgressed genomic regions in African hybrid cattle.

Key Words: cattle and related species, integrative genomics, admix-
ture, disease resilience

OP96 Resequencing the most Northern cattle breeds provides
insight into their history and adaptation to cold. L. Buggiotti', A.
Yurchenko?, H. D. Daetwyler®4, C. J. Vander Jagt®, and D. M. Lar-
kin*'2, 'Royal Veterinary College, London, UK, *Institute of Cytology
and Genetics, Novosibirsk, Russia, >Agriculture Victoria, Bundoora,

Victoria, Australia, *La Trobe University, Bundoora, Victoria, Austra-
lia.

Studying genetics of native animal populations formed in ex-
treme environments is important to understand mechanisms of adapta-
tion and to help designing productive livestock breeds adapted to severe
climates. Here we report whole genome resequencing of 2 cattle popu-
lations adapted to cold climates of Russia. These breeds have different
histories. While the Kholmogory cattle was formed in the European
part of Russia by admixing local landraces with the dairy cattle brought
from Europe starting in the 17th century, the origin of the Yakut cat-
tle is still unknown. Our earlier data show that the Yakut cattle shares
common origins with the taurine breeds from Asia, such as the Korean
Hanwoo and Japanese Wagyu. Here we used 40 resequenced Kholmog-
ory and Yakut cattle combined with published genomes of Holstein and
Hanwoo breeds and additional native breeds from China and Africa to:
a) better understand origins of the Yakut cattle and the genetic mech-
anisms of its adaptation to extremely cold climates of Siberia where
occasionally winter temperatures fall below —50°C, b) identify com-
mon adaptations of the Kholmogory and Yakut cattle which made them
adapted to the climates of Russia, c¢) identify candidate genetic variants
which could be used to make future generations of productive breeds
adapted to cold climates. We identified over 20 million high quality
SNPs in our sequencing data set. Based on the historical demography
analysis (MSMC) the Yakut cattle indeed diverged more recently from
Hanwoo than from Holstein while the Kholmogory shared a more re-
cent ancestor with Holstein suggesting that the Asian and European
taurine breeds could represent genetically different populations. The
Treemix analysis implied admixture between the Yakut and some of
the Chinese native breeds suggesting that the ancestors of these breeds
could form at the same territory. Strong signatures of selection in the
Yakut cattle was found near the gene GRIA1 involved in thermoregula-
tion and in the region of RETREG in Yakut and Hanwoo breeds known
to be related to inability to feel cold temperatures in humans providing
insights into the mechanisms of extreme cold adaptation. This work was
supported by the Russian Foundation for Basic Research (RFBR) grant
18-016-00185.

Key Words: local breeds, resequencing, adaptation to cold, cattle,
signatures of selection

OP97  Trends of CNV research in ruminants. G. Liu*, Animal
Genomics and Improvement Laboratory, ARS, USDA, Beltsville, MD,
USA.

Abstract not available.
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OP98  Multi-level conservation of chromosome conformation
across livestock species reveals evolutionary links between genome
structure and function. S. Foissac*!, S. Djebali', N. Vialaneix?, M.
Zytnicki®, A. Rau*, S. Lagarrigue?®, H. Acloque*, and E. Giuffra*, 'Gen-
PhySE, INRA, Toulouse Auzeville, France, MIAT, INRA, Toulouse
Auzeville, France, >PEGASE, INRA, Rennes, France, ‘GABI, INRA,
Paris Jouy-en-Josas, France.

The spatial conformation of the chromatin in the nucleus of ani-
mal cells is highly organized at several levels. Little is known, however,
about its evolution, mainly because of the limited number of species in
which chromosome conformation experiments have been performed. In
the context of the FAANG pilot project FR-AgENCODE, we realized
Hi-C experiments on tissue samples from 3 livestock species (pig, goat
and chicken livers) and integrated the resulting data with those from
other assays on the same samples (RNA-seq and ATAC-seq). Within
each species, general features of the genome organization -like To-
pologycally Associating Domains (TADs) and genome A/B compart-
ments- could be identified. They display functional properties in line
with previous reports on other model organisms like human and mouse.
By comparing these structural features across species we further inves-
tigated the connections between genome conformation and function. In
particular, we found a significant conservation of the gene distribution
among active and inactive compartments of the chromatin throughout
evolution. In addition, comparing 3D interaction profiles of orthologous
regions showed that conserved TAD boundaries have stronger insula-
tion properties than recent ones, supporting a specific selective pressure
on structural components of the genome. Accordingly, various blocks
of synteny contain conserved elements from several levels of organiza-
tion that contribute to the gene regulatory network: sites of chromatin
accessibility, orthologous genes, TADs and A/B compartments. Alto-
gether, these results shed new light on the conservation of genome con-
formation from birds to mammals and illustrate the various degrees of
connection between genome structure and function.

Key Words: 3D genome architecture, multispecies, Functional Anno-
tation of Animal Genomes (FAANG), comparative genomics, Hi-C

OP99  Epigenetic factors to face environmental variations in
small ruminants. L. Denoyelle*!, P. de Villemereuil', F. Boyer!,
M. Khelifi!, C. Gaffe!, F. Alberto!, B. Benjelloun®!, and F. Pompa-
non!, Univ. Grenoble Alpes, Univ. Savoie Mont Blanc, CNRS, LECA,
Grenoble, France, *Institut National de la Recherche Agronomique
Maroc (INRA-Maroc), Centre Régional de Beni Mellal, Beni Mellal,
Morocco, *GenPhySE, INRA, INPT, ENVT, Université de Toulouse,
Castanet-Tolosan, France.

Species can optimize their fit to environmental conditions. Indi-
viduals can move to places with better conditions, or populations can
adapt by natural selection of the best suited traits. Adaptation is a long-
term evolutionary mechanism requiring several dozens to hundreds
generations to increase the frequency of the adapted alleles. Besides
this genetic-based response short-term mechanisms based on pheno-
typic plasticity may mediate the response to environmental stresses.
Phenotypic plasticity, which is the ability of a same genotype to ex-
press different phenotypes in different environments, may rely on the
presence of epigenetic marks (such as DNA methylation) in the ge-
nomes, that regulate gene expression. This presentation focuses on the
environment-related variation of DNA methylation patterns along the
genome in goat (Capra hircus) and sheep (Ovis aries), living in field
conditions in Morocco. For each species, we studied 2 groups of ani-
mals from environments with contrasted ambient temperatures (desert
vs. Mediterranean climates). For this purpose, individuals methylomes
were generated by sequencing of DNA methylated fragments, previous-
ly retrieved by immunoprecipitation. Then, we identified 5 and 2 dif-
ferentially methylated genomic regions between the 2 groups for goat
and sheep, respectively. We didn’t find any homologous regions that are
differentially methylated between the 2 species. Finally, we identified

4 genes for goats and 2 genes for sheeps that could be differentially
expressed in relation to the variation of ambient temperatures.

Key Words: DNA methylation, Ovis aries, Capra hircus, local accli-
matation

OP100 A scalable pipeline to scan for selective sweeps in
whole-genome sequences: Application to bovine. D. F. Cardoso*!?,
L. R. Porto-Neto?, M. Naval-Sanches?, H. Tonhati', and A. Reverter?,
!Department of Animal Science, School of Agricultural and Veterinar-
ian Sciences, Sao Paulo State University (UNESP), Jaboticabal, SP,
Brazil, ?CSIRO Agriculture & Food, St. Lucia, Brisbane, Australia.

Past and ongoing selection creates selective sweeps in the genome
and a variety of methodologies exists to detect them. It is postulated that
a composite method combining distinct approaches into a single metric
may improve the resolution in detecting selective sweeps. Here, we in-
troduce an early version of a tool directed toward scan for signatures of
selection at the sequence level, which runs in Linux operating system.
This pipeline performs 8 methodologies for the detection of selective
sweeps using whole-genome sequences as input. Five of the methods
are performed within-population (Tajima’s D, iHS, CLR, Fu and Li’s
D* and F*), while 3 are based on across population differentiation (F,
XP-EHH and XP-CLR). Additionally, results from the 8 analyses are
combined into a single composite metric (DCMS). A quality control in
the first step checks the adequacy of the input files and generates a de-
fault parameter’s file that can be then modified if not all methods are to
be ran, or default parameters are to be changed. Then, a further execut-
able invokes the methods set in the parameters’ file, by systematically
calling a collection of R and shell scripts handling some available tools/
software (e.g., Selscan, Sweepfinder, vef-kit). We applied the described
pipeline to a bovine data set of 30 taurine (Bos primigenius taurus) and
20 indicine (Bos primigenius indicus) samples, and 34,671,856 autoso-
mal SNVs. This process spent 24h14m, running in parallel each metric
per chromosome on a 5-core and 1Gb of memory in the Intel® Xeon®
E5-2600 processors. The CLR tests limited the runtime by spending
~23h for large chromosomes, such as BTA1 and BTA2. We detected,
with DCMS, known regions to be under selection in beef cattle e.g., vi-
cinities of PLAGI and CRH genes. The absolute pairwise correlation of
individual metrics ranged from 0.04 (XP-CLR and iHS) to 0.89 (Fu and
Li’s F* and Fu and Li’s D*), whereas the pairwise correlation involving
DCMS ranged from 0.34 (CLR) to 0.66 (Fu and Li’s F*), suggesting a
composite score well-weighed by the distinct individual metrics. Fur-
ther efforts to optimize the runtime are in progress.

Key Words: cattle, population genomics, computational pipeline,
selection

OP101 Identification of novel haplotypes and recessive lethal
alleles affecting reproduction and its pleiotropic effects in cattle.
A. Canovas*!, S. Id-Lahoucine', A. Suarez-Vega', P. Fonseca', S. P.
Miller?, M. Lohuis?®, F. Schenkel!, M. Sargolzaei'#, F. Miglior', J. F.
Medrano®, and J. Casellas®, 'University of Guelph, Department of
Animal Biosciences, Centre for Genetic Improvement of Livestock,
Guelph, ON, Canada, *Angus Genetics Inc, Saint Joseph, MO, USA,
3Semex Alliance, Guelph, ON, Canada, *Select Sires Inc, Plain City,
Ohio, USA, *University of California-Davis, Department of Animal
Science, Davis, CA, USA, *Universitat Autonoma de Barcelona, Bella-
terra, Spain.

The availability of genomic data has enabled the screening of
homozygous haplotypes and recessive lethal alleles that could affect
reproductive performance in cattle. Here, we propose an alternative ap-
proach based on tracing the inheritance of alleles from heterozygous
parents to offspring to identify genomic regions with transmission ratio
distortion (TRD). The TRD refers to the significant departure from the
expected Mendelian inheritance of alleles from heterozygous parents to
offspring. This phenomenon has been attributed to various biological
mechanisms, which are related to a decline in fertility and reproductive
success. The newly developed TRDscan software was used to identi-
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fy genomic regions with TRD using 436,651 genotyped Holstein dairy
cattle. SNP-by-SNP analysis was performed using 132,990 SNPs. The
TRD haplotypes were identified using a sliding windows approach of
2-,4-,7-,10- and 20-SNP from 373,793 trios of genotypes of Holstein
cattle (including sire, dam and offspring). A total of 109 SNPs and 495
haplotypes were identified with very significant TRD (Bayes factor (BF
>100)). Genomic regions with strong evidence of TRD were located
in previously known regions with recessive lethal alleles (e.g., HHO,
HH1, HH3, HHS). Novel genomic regions with significant TRD were
also identified. A total of 302 genes within significant TRD were func-
tionally clustered into specific phenotypes related to male and female
infertility and postnatal lethality. Among them, the 5 highest enriched
gene ontology/biological processes where embryo development, circu-
latory system development, heart development, positive regulation of
gene expression and chromosome organization. Approximately 18% of
all QTLs mapped around the TRD regions were fertility related QTLs,
such as calving ease, scrotal circumference, fertility index, non-return
rate and number of inseminations per conception. These results rein-
force the usefulness of combining the TRD approach with functional
genomics to precisely target genomic regions associated with fertility,
embryonic development processes, gestation losses and post-natal le-
thality in cattle.

Key Words: cattle and related species, comparative genomics, func-
tional genomics, genotyping, complex trait

OP102 Involvement of PRAMEY in the bovine sperm develop-
ment and maturation. W. Liu*, C. Kern, and W. Feotosa, Depart-
ment of Animal Science, Center for Reproductive Biology and Health
(CRBH), College of Agricultural Sciences, The Pennsylvania State
University, University Park, PA, USA.

The preferentially expressed antigen in melanoma, Y-linked
(PRAMEY) gene subfamily is a cancer/testis antigen (CTA) and is ex-
pressed predominantly in spermatogenic cells, playing an important
role during bovine spermatogenesis. The objective of this study is to in-
vestigate PRAMEY dynamic in spermatozoa, fluid and tissues from tes-
tis, caput and cauda epididymis, and its subcellular localization during
sperm maturation. Four different isoforms of the PRAMEY protein in-
cluding the 58, 30, 26, and 13 kDa isoforms were identified by Western
blot with a PRAMEY-specific antibody. The 58 kDa protein, which is
the predicted molecular weight for the intact PRAMEY, was weakly
expressed in different age of testis (20d, 4m, 8m and 2y) and in adult
testicular sperm and fluid, while the 30 kDa isoform was highly ex-
pressed only in 8m and 2y testis as well as in adult testicular sperm and
fluid, suggesting their involvement in spermatogenesis. In contrast, the
highly expressed 26 kDa was an epididymal sperm-specific isoform and
the 13 kDa isoform was marked in sperm, fluid and tissue from the cau-
da segment of the epididymis, suggesting their involvement in sperm
maturation. When head and tail of epididymal sperm were analyzed
separately for the 30, 26, and 13 kDa isoforms, we found a remarkable
decrease of 10.9, 5.4, and 3.8 fold, respectively, in protein expression
from the caput to cauda epididymis in sperm heads, but there was a
small decrease in the expression for both the 30 and 26 kDa isoforms
in sperm tail (1.9 and 1.2 fold respectively). In contrast, the 13 kDa
isoform increased 4 fold in sperm tails from caput to cauda, suggesting
this isoform may have a significant role in tail function. Corroborating
with that, evaluation of the mitochondria isolated from caput and cauda
sperm revealed that the 30 and 26 kDa isoforms decreased in sperm mi-
tochondria from caput to cauda, whereas the 13 kDa isoform increased.
Taken together, our data suggest the involvement of the 58 and 30 kDa
isoforms in spermatogenesis and of the 26 and 13 kDa in sperm matura-
tion, especially the 13 kDa isoform, in sperm motility.

Key Words: PRAMEY, spermatogenesis, testis, epididymis, cattle

OP103  Investigating emerging inherited diseases in Austra-
lian livestock: A snapshot. S. A. Woolley*!, E. R. Tsimnadis', R. L.
Tulloch!, P. Hughes!, B. Hopkins', S. E. Hayes!, M. R. Shariflou!, A.

Bauer?, V. Jagannathan?, C. Drogemiiller?, T. Leeb?, M. S. Khatkar!,
C. E. Willet, B. A. O’Rourke?, I. Tammen', 'The University of Sydney,
Faculty of Science, Sydney School of Veterinary Science, Camden,
NSW, Australia, *The University of Bern, Institute of Genetics, Vet-
suisse Faculty, Bern, Switzerland, *The University of Sydney, Sydney
Informatics Hub, Core Research Facilities, Sydney, NSW, Australia,
“The Elizabeth Macarthur Agricultural Institute, NSW Department of
Primary Industries, Menangle, NSW, Australia.

The advancement of animal breeding in the last few decades has
enabled desirable traits and elite genetics to be disseminated through-
out livestock populations within relatively short periods of time. Small
effective population sizes and inbreeding poses a risk for the inheri-
tance of deleterious alleles and can lead to the emergence of recessive
inherited diseases. Emerging inherited diseases not only impact pro-
duction efficiency and profitability, but can also cause numerous animal
welfare concerns. This study investigated several emerging inherited
diseases with a predicted recessive mode of inheritance in Australian
cattle and sheep for which the causative mutation had not been char-
acterized. This study aimed to characterize disease-causing mutations
and to develop diagnostic DNA tests to enable improved management
decisions to be made for at-risk populations. Regions of interest and
novel variants were identified through SNP-based homozygosity map-
ping using an 80K SNP chip for affected and obligate carrier animals
as well as positional candidate gene sequencing approaches. Inherited
diseases with no defined region of interest or novel variants identified
within candidate genes were re-sequenced via whole-genome sequenc-
ing at 30X coverage with 150bp paired-end reads. Standard bioinfor-
matics pipelines were used to identify novel variants across the genome
and within other candidate genes. Candidate disease-causing mutations
were identified for congenital mandibular prognathia in Droughtmaster
cattle, ichthyosis fetalis in Shorthorn cattle, Niemann-Pick type C in
Angus cattle, brachygnathia, cardiomegaly and renal hypoplasia syn-
drome in Merino sheep, ovine dermatosparaxis in Merino sheep and
pulmonary hypoplasia with anasarca in Persian sheep. These candidate
disease-causing mutations are currently being validated. The outcomes
from this study showcase the ability to identify rare candidate dis-
ease-causing mutations with limited sample size and pedigree informa-
tion. The communication of these results will help provide awareness of
emerging inherited diseases in livestock populations.

Key Words: genetic disorder, genome sequencing, cattle and related
species, sheep and related species

OP104 A de novo mutation causes polledness and a modified
shape of the skull in Fleckvieh cattle. L. Gehrke', M. Upadhyay*?,
K. Heidrich?, E. Kunz?, D. Seichter’, A. Graf?, S. Krebs?, A. Capitan®,
G. Thaller', and I. Medugorac?, 'Christian-Albrechts-University Kiel,
Kiel, Schleswig-Holstein, Germany, *Ludwig Maximillians Univer-
sity Munich, Munich, Bavaria, Germany, *Tierzuchtforschung e.V.
Miinchen, Grub, Bavaria, Germany, ‘GABI, INRA, AgroParisTech,
Paris, France.

Genetic heterogeneity refers to the phenomenon where mutations
in different loci (locus heterogeneity) or within the same locus (allelic
heterogeneity) lead to a similar phenotype. In cattle, allelic heteroge-
neity is observed for the polled condition. In fact, at least 3 different
alleles at the polled locus have been identified in cattle. In this study,
we describe a case of a polled Fleckvieh bull born to horned parents that
also implies locus heterogeneity of polledness. Genotyping of the case
bull, its sire, grandsires and its polled and horned offspring was carried
out using the bovine50K SNP array to determine the genetic basis of
the de novo polledness condition. Additionally, Illumina paired-end and
Oxford Nanopore sequencing technologies were employed to identify
the exact candidate mutation for the polledness. Later, sanger sequenc-
ing technology was also used to validate the candidate mutation. The
approach identified an 11-bp de novo deletion as the candidate mutation
for the polled condition that first arose in a Fleckvieh bull and later
passed onto its offspring. The 11-bp deletion event encompassed the
second exon of the ZEB2 gene and led to a translational frameshift. The
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frameshift caused a premature termination of translation, leading to a
truncated protein. Compared with the wild type, the truncated ZEB2
protein is predicted to be shortened by about 91%. Mutations in the
ZEB2 gene cause multiple congenital anomalies in humans as well as
in cattle. However, apart from displaying polledness, a modified shape
of the skull and presumably a short stature, the individuals carrying the
11-bp deletion in ZEB2 gene did not display any other clinical symp-
toms. Because the ZEB2 gene encodes a Smad Interacting Protein 1
(SIP1) that plays a vital role in epithelial-mesenchymal transition, it
can be hypothesized that the truncated ZEB?2 protein might have lacked
essential domains associated with the differentiation of horn buds. To
conclude, the results of this study point toward a complex genetic path-
way involved in bovine polledness that requires further investigation.

Key Words: cattle, polledness, ZEB2 gene, de novo deletion, frame-
shift

OP105  Graph-based variant genotyping reveals natural
sequence variants (NSVs) for targeted genome editing to enhance
genetic resistance to Mycobacterium bovis infection in cattle. C. N.
Correia*!, D. Crysnanto?, T. S. Sonstegard?, S. V. Gordon*®, T. J. Hall',
J. Bostrom?®, D. F. Carlson?®, D. A. Simpson®, A. Margariti®, S. Kelaini®,
H. Pausch?, and D. E. MacHugh'?, 'UCD School of Agriculture and
Food Science, University College Dublin, Dublin, Ireland, *Animal
Genomics, Institute of Agricultural Sciences, ETH Zurich, Zurich,
Switzerland, *Recombinetics Inc, St Paul, MN, USA, ‘UCD School

of Veterinary Medicine, University College Dublin, Dublin, Ireland,
SUCD Conway Institute of Biomolecular and Biomedical Research,
University College Dublin, Dublin, Ireland, *Centre for Experimental
Medicine, Queen's University Belfast, Belfast, UK.

Mycobacterium bovis infection, the cause of bovine tuberculosis
(BTB), costs more than $3 billion to global agriculture annually and the
primary financial burden of BTB in developed countries is the control
of infection. Our group has previously described the impact of M. bovis
infection on gene expression in the mammalian alveolar macrophage,
the key innate immune cell that encounters the pathogen in the lung. In
this regard, we have demonstrated that the bovine alveolar macrophage
transcriptome is substantially reprogrammed as a consequence of both
host-driven defense responses and mycobacterial-induced perturbation
and manipulation of cellular processes. The overall goal of this project
is to identify natural sequence variants (NSVs) in key genes and ge-
nomic regulatory elements associated with the bovine host macrophage
response to infection with M. bovis. In this context, graph-based variant
genotyping offers a robust framework to identify NSVs that segregate
in cattle breeds and populations that have been shown to be resilient
to BTB; in particular, indicine cattle and taurine x indicine hybrids.
Graph-based methods for NSV identification facilitate systematic com-
parison of sequencing reads to a population variation-aware genome
graph for a particular species or subspecies. Here we report application
of this approach to whole-genome sequence (WGS) data from Nelore
(Bos taurus indicus) and Holstein-Friesian (Bos taurus taurus) cattle.
Our analyses have identified promising candidate NSVs for BTB re-
silience in a range of genes associated with the macrophage response
to mycobacterial pathogens, including M. bovis and M. tuberculosis,

the primary cause of human TB. These NSVs will be used for genome
editing of bovine induced pluripotent stem cell (iPSC)-derived mac-
rophages (iPSCDM), which can be used to evaluate the impact of the
edits on the transcriptional activity of the mammalian macrophage in
response to in vitro challenge with M. bovis.

Key Words: WGS, graph-genotyping, cattle, tuberculosis, genome
editing

OP106  Variants in the bovine X chromosome are relevant

to predict bull fertility. M. R. S. Fortes*!?, L. R. Porto-Neto®, N.
Satake?, L. T. Nguyen?, A. C. Freitas®, T. P. Melo®, B. Hayes?, F. S.
Raidan’, A. Reverter®, and G. B. Boe-Hansen*, 'School of Chemistry
and Molecular Biosciences, The University of Queensland, Bris-
bane, Qld, Australia, *Queensland Alliance for Agriculture and Food
Innovation (QAAFI), The University of Queensland, Brisbane, Qld,
Australia, CSIRO Agriculture and Food, Brisbane, Qld, Australia,
“School of Veterinary Science, The University of Queensland, Gatton,
QOld, Australia, °Universidade Estadual de Sao Paulo, Jaboticabal, SP,
Brazil.

Bull breeding soundness evaluations are standard industry prac-
tice to assure that bulls are fertile before the mating season. Recent
work by our group and others confirmed that at least some bull fertility
traits are moderate to highly heritable (approx. Twenty to 50%) and cor-
related with female fertility traits. Genomic selection for bull fertility
traits might benefit from strategies that consider their genetic architec-
ture. However, the identification of mutations underlying the variation
in these traits has been complicated by the fact that many suggestive
QTL mapped to the X chromosome and its assembly was not ideal until
recently. The objective of this study was to explore the genetics un-
derpinning bull fertility, through identifying QTL across the genome,
including the X chromosome. To this aim, 25 fertility-related pheno-
types were measured in 1,099 Brahman and 1,719 Tropical Composite
bulls. Measurements included standard bull breeding soundness indi-
cators, as well as sperm morphology, sperm DNA fragmentation, and
protamine deficiency. We performed association analyses and identified
thousands of significant polymorphisms (P < 107#) for scrotal circum-
ference (SC) and a range of sperm morphology traits. Confirmed across
breeds, the significant variants suggest a polygenic architecture for bull
fertility, but one that is biased toward at least 3 distinct QTLs on the X
chromosome. We identified evidence for pleiotropy, as some QTL were
associated with multiple phenotypes, which could be expected as var-
ious phenotypes were genetically correlated (r> ~0.30-0.50). Genetic
correlations and shared QTL indicate that these phenotypes arise due to
variants that affect the underlying developmental physiology: the pro-
cess of puberty and the consequential sperm production. Annotation of
the discovered QTL, in terms of genes and causal mutations, will ex-
pand our knowledge of bull fertility biology, with potential insights for
other mammals. Mutations associated with male fertility accumulate in
the bovine X chromosome, as they do in humans and mice suggesting
an evolutionary conversion through specialization of this chromosome.

Key Words: X chromosome, quantitative trait loci, male fertility, beef
cattle, genomics

Cattle Molecular Markers and Parentage Testing

OP107 Development of targeted GBS panels for breeding and
parentage applications in cattle and swine. A. Burrell', P. Sidda-
vatam', M. Swimley!, C. Willis*!, M. de Groot?, R. Ferretti®, and R.
Conrad!, ‘Thermo Fisher Scientific, Austin, TX, USA, °VHL Genetics,
Wageningen, Netherlands, ’Neogen GeneSeck, Lincoln, NE, USA.

Parentage testing and genomics-assisted breeding are critical as-
pects of successful herd management. Due to its highly accurate and
reproducible results, targeted GBS is becoming an increasingly favored
technology for SNP genotyping. With the utilization of next-genera-

tion sequencing, labs can test hundreds of samples across thousands
of SNPs simultaneously in a simple high throughput workflow starting
from either extracted nucleic acid or crude lysis samples. We devel-
oped targeted sequencing panels for both cattle parentage, based on 200
SNP markers selected by the International Society of Animal Genetics
(ISAG), and swine breeding using a 1500 SNP imputation panel. Uti-
lizing the AgriSeq™ HTS Library Kit, a high-throughput targeted am-
plification and re-sequencing workflow, each panel’s performance was
tested on >96 diverse cattle and swine DNA samples. Libraries were
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sequenced on the Ion S5 using an Ion 540 chip with genotyping call-
ing generated using the Torrent Variant Caller (TVC) plugin. The mean
genotype call rate of markers across the samples was >98% for the
cattle panel and >96% for the swine panel. Concordance across repli-
cate library preparations and independent sequencing runs was >99.9%
for both panels. Panel results were compared with results from a DNA
array and the genotype call concordance was >99% with the AgriSeq
workflows. The cattle panel was also used on field samples by a Neth-
erland service lab to successfully determine the parentage relationships
of 45 calves with 48 potential mother cows. The data demonstrates the
utility of the AgriSeq targeted GBS approach for cattle and swine SNP
genotyping applications. For Research Use Only. Not for use in diag-
nostic procedures.

Key Words: cattle, swine, breeding, AgriSeq, ISAG

OP108  Poll diagnostics, scur genetics, and production concur-
rence in naturally hornless cattle. I. A. S. Randhawa*!, M. R. Mc-
Gowan', L. R. Porto-Neto?, B. J. Hayes?, and R. E. Lyons!, ‘School of
Veterinary Science, University of Queensland, Gatton, QLD, Austra-
lia, *Agriculture and Food, CSIRO, St Lucia, QLD, Australia, *Centre
for Animal Science, Queensland Alliance for Agriculture and Food
Innovation, University of Queensland, St Lucia, QLD, Australia.

Horned cattle are equipped for self-defense and to compete for
feeding and mating opportunities. In modern commercial production
systems, horned animals are potential hazards for other animals, during
transport, in feedlot, and to farm workers. To manage the problem, cat-
tle can undergo various procedures to surgically or chemically remove
the horns, or breeding strategies can be developed to enable selection
for naturally hornless (polled) cattle. Physical dehorning is a welfare
issue due to the distress it causes to the animals and workers. Disbud-
ding and dehorning procedures have negative effects on growth rate,
increased risks of infection and mortality, and there are risks to workers
and increased labor costs. The naturally polled status is a qualitative
trait mapped to bovine autosome 1, with 4 sequences variants identified
and linked to the hornless status, i.e., the Celtic, Friesian, Mongolian
and Guarani mutations. The underlying genes and causal mutations for
horns and polledness are unknown. While the polled status is domi-
nantly inherited, heterozygous animals may grow horns of varying
size which are not attached to the frontal region of the skull; these are
termed scurs. To date, the genetic basis of scurs also remains unknown.
Selective breeding for genetically polled animals is an alternative ap-
proach to dehorning that can be assisted by a genetic test for polled
status. However, the current commercial test needs to be improved
given their ascertainment bias toward several breeds. We explored the
genetic variation across several cattle breeds of European (Bos taurus)
and Zebu (Bos indicus) ancestry, and their composites, matching with
the genetic test for polled, and correlated with some production traits.
Our investigations provide an optimized poll gene test with high effi-

ciency across multiple breeds, given its predictions relying on the ge-
netic linkage between the contiguous markers harbouring Celtic and
Friesian mutations. Furthermore, we present the genetic mapping and
inheritance of scurs, pliancy of polled and scurs with sex hormones and
genetic correlations between production and reproductive traits in beef
cattle. These findings will provide better insights for making progress
toward efficient selection for naturally polled cattle.

Key Words: poll gene testing, scur inheritance, animal welfare, beef
production, reproductive efficiency

OP109 Validation of the OpenArray SNP assays for cattle
parentage control. A. Piestrzynska-Kajtoch*, D. Rubis, A. Fornal,

A. Gurgul, L. Jasielczuk, and A. Radko, National Research Institute of
Animal Production, Balice, Poland.

The cattle SNP genomic evaluation has become a global stan-
dard. It led to designing the cattle SNP panel for parentage verification.
There are many instruments which could be used for SNP genotyping.
In this study, we used QuantStudio 12K Flex Real-time PCR System to
develop the SNP parentage verification method for those individuals,
which do not undergo genomic evaluation and as a supporting, alter-
native tool for difficult parentage cases. In addition, we attempted to
validate this method with results obtained from the Illumina genotyp-
ing assay. TagMan MGB genotyping assays (FAM and VIC fluorescent
probes with primer pair) were prepared for ISAG core and ISAG addi-
tional bovine SNP panels. Some additional assays were designed for
sex chromosomes and for ISAG panel SNPs with close, neighboring,
polymorphic sites. There were 246 assays in total. DNA was isolated
from blood or tissue of 285 cattle individuals (Holstein) and normalized
(£50 ng/ul). 167 samples were analyzed on both BovineSNP50 assay on
HiScanSQ (Illumina) and OpenArray plates on Quant Studio 12K Flex
Real-time PCR System (Applied Biosystems), according to manufac-
turer protocols. 118 samples were run on the OA plates in duplicate. The
primary analysis of the OA data files was performed with Genotyping
qPCR module (Thermo Fisher Scientific Cloud Environment). Thirteen
assays (mostly additional) have failed due to low amplification or seri-
ous clustering problems and have been omitted in further analysis. 86
data points were lost because of AccuFill mistakes (robot’s pipetting).
Two assays for SNP core panel need to be redesigned. The remaining
assays had a call rate above 95%, which is acceptable according to the
literature. We have also calculated OA assay’s accuracy on the basis
of the comparison with results from the Illumina platform — separately
for each assay and for both ISAG SNP panels. Five SNPs were mono-
morphic in the studied group, but we have investigated only Holstein
cattle. Our OpenArray based method for bovine SNP parentage control
is encouraging, but it still needs few assays redesigning to become fully
applicative. The study was financed by the Ministry of Agriculture and
Rural Development Multiannual Programme no. 03—17-27-90.

Key Words: cattle and related species, SNP, genetic marker, parentage

Comparative MHC Genetics: Populations and Polymorphism

OP110  Invited Workshop Presentation: IPD-MHC Database:
Improving analysis tools to promote MHC research. G. Maccari'?,
J. Robinson??, S. G. E. Marsh??, and J. A. Hammond*', ' The Pirbright
Institute, Pirbright, Woking, UK, *Anthony Nolan Research Institute
(ANRI), Royal Free Hospital, London, UK, *UCL Cancer Institute,
Royal Free Campus, London, UK.

The IPD-MHC Database and website (www.ebi.ac.uk/ipd/mhc/)
provides a centralized repository of manually curated sequences from
the major histocompatibility complex (MHC) of non-human species,
currently hosting over 9,000 alleles from 78 species. It also acts as
the official source of information and guidelines from the Compara-
tive MHC Nomenclature Committee. A new version of IPD-MHC was
released in 2016, which provided a universal cross-species data sub-

mission and display tool to address the increasing amount and com-
plexity of submitted data. This version also improved data presentation
and enabled better tools to interactively explore the large volume of
data available. These include a fast and intuitive alignment tool that
allows inter- and intra- locus comparison at different levels, present-
ing only the alignment region of interest. The integrated BLAST tool
allows users to find regions of sequence similarity within the entire
IPD-MHC data set and now includes human data from the IPD-IMGT/
HLA Database. As IPD-MHC continues to develop, it is essential that
submission and analysis tools continue to align with user requirements
and promote MHC research, while also maintaining MHC Committee
requirements. Based on user feedback, the IPD-MHC website is soon
to undergo a feature rich release, introducing new ways to visualize
and explore the data. This includes incremental inter- and intra- locus
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alignment of human and non-human alleles to allow efficient visualiza-
tion of alignments composed of thousands of sequences in real-time.
The incremental alignments will integrate all the current tools, plus the
ability to save and share the user’s bespoke visualization to facilitate
collaboration. Where available, curated haplotype information will be
linked to allele sequences and integrated with genomic browsers. This
will allow the overlap of IPD-MHC data with the currently available
EMBL genomic data. We are also developing a tool to visualize and
compare polymorphisms displayed on tertiary structure predictions for
all alleles, alongside classifications based on predicted peptide binding
as well as primary sequence. Feedback and suggestions from the re-
search community are encouraged and welcome.

OP111  Nomenclature for factors of the Swine Leukocyte An-
tigen (SLA) system: Update 2019. S. E. Hammer*!, J. K. Lunney?,
A. Ando’, C. Rogel-Gaillard®, J.-H. Lee®, L. B. Schook®, and S. Ho’,
!nstitute of Immunology, University of Veterinary Medicine Vien-

na, Vienna, Austria, *USDA, Beltsville, MD, USA, 3Tokai University
School of Medicine, Isehara, Japan, *GABI, INRA, Jouy-en-Josas,
France, *Chungnam National University, Daejeon, Republic of Korea,
*University of Illinois, Urbana, IL, USA, "Gift of Life Michigan, Ann
Arbor, MI, USA.

The SLA system is among the most well characterized MHC
systems in non-human animal species. A systematic nomenclature for
the genes, alleles and haplotypes of the swine MHC is critical to the
research in swine genetic diversity, immunology, health, vaccinology,
and organ or cell transplantation. The SLA Nomenclature Committee
was formed in 2002 as a joint ISAG/IUIS-VIC committee, with the pri-
mary objectives to validate newly identified SLA sequences according
to the guidelines established for maintaining high quality standards of
the accepted sequences; to assign appropriate nomenclatures for new
alleles as they are validated; and to serve as a curator of the IPD-MHC
SLA sequence database (https://www.ebi.ac.uk/ipd/mhc/group/SLA),
the repository for all recognized SLA genes, their allelic sequences
and haplotypes. In 2016, the Committee began re-designating each al-
lele an official number, adopting the HLA Nomenclature System with
colons as field separators (e.g., SLA-1*01rh28 * SLA-1*01:03). Phy-
logeny will remain the primary approach for assigning SLA-1, =2, =3,
DRA, DRB1, DQA and DQBI1 alleles into allele groups with similar
sequence motifs, while alleles of the other loci including SLA-4, 5,
-6, -7, -8, -9, —11, =12, DMA, DMB, DOA, DOB1, DOB2, DQB2,
DRB2, DRB3, DRB4, DRB5, DYB, MIC1, MIC2, TAPI and TAP2,
are designated sequentially as they are discovered. There are currently
266 class I (incl. SLA-9, —11, —12), 227 class II (incl. DRA, DRBI,
DQA, DQB1, DMA, DMB, DOA, DOBI, DRB2-5, DQB2, DOB2,
DYB), 2 SLA-related (MIC-1, MIC-2) and 2 non-SLA alleles (TAPI,
TAP2) officially designated. There are also 73 class I (SLA-1-3-2) and
52 class II (DRB1-DQB1) haplotypes designated at allele level reso-
lution. Recent evidence has suggested certain loci in the SLA system,
previously recognized as pseudogenes (e.g., SLA-9, SLA-11, DQB2,
DOB2), may be expressed at the transcript level. The committee will
consider reclassifying some of these loci as putative functional genes
as additional evidence accumulates. Continuous efforts on characteriz-
ing SLA alleles and haplotypes and their diversity in various pig pop-
ulations will further deepen our understanding of the architecture and
polymorphism of the SLA system and their role in disease, vaccine and
transplant responses.

Key Words: pigs, immunogenomics, databases/repositories or geno-
typing, adaptive immunity, animal health or biomedical model

OP112  Target resequencing for bovine major histocompatibil-
ity complex region. S.-N. Takeshima*'? A. Kawamura', A. Ishida/,

Y. Murakawa', G. Giovambattista®, and Y. Aida?, ‘Jumonji university,
Niiza, Saitama, Japan, *Nakamura Laboratory, Baton Zone Program,

RIKEN Cluster for Science, Technology and Innovation Hub, Wako,
Saitama, Japan, *UNLP, La Plata, Argentina.

Major histocompatibility complex (MHC) is one of most poly-
morphic regions in vertebrate genome. Bovine MHC (BoLA) region,
embedded at chromosome 23, and constructed by BoLA class IIb,
BoLA class Ila, BoLA class III and BoLA class I region. BoLA region
contain the genes in high density. Additionally, each quite polymorphic
BoLA genes frequently shows copy number variations. Therefore, it is
difficult to genotyping BoLA region by genome-wide re-sequencing.
For long time, UMD3.1 cattle genome reference was used in world-
wide for bovine whole genome study, but recently, newer bovine ge-
nome reference called ARS-UCD1.2 was published. In this study, we
tried to perform re-sequencing of BoLA region using 2 set of probes
designed based on UMD3.1 and ARS-UCD1.2 and compared the re-
sult. Genomic DNA were collected from 9 heads of Japanese black
cow and 1 Holstein cow. BoOLA-DRB3 genotyping were performed by
PCR sequence-based typing (SBT). DNA libraries were constructed
from each DNA using KAPA HyperPlus Kit, and selected the librar-
ies using SeqCap EZ and custom-made probes. Ten cows using for
this study were subjected to BoLA-DRB3 typing and the genotypes
were DRB3*012:01/014:01, *014:01/%016:01, *016:01/*016:01,
*005:03/*¥012:01, *002:01/*015:01, *007:01/%010:01,
*007:01/*¥009:02, *007:01/%014:01, *011:01/*012:01 and
*010:01/*011:01. Next, we constructed 4 kind of probes based on 2
bovine genome references. The target regions were as follows; set 1:
BoLA region excluded intron sequences using UMD3.1, set 4: Whole
BoLA region using UMD3.1, BoLA1: BoLA region excluded intron
sequences using ARS-UCDI1.2, and BoLA2; Whole BoL A region using
ARS-UCDI1.2. All of 4 result were compared with BoLA-DRB3 PCR-
SBT results and there are no conflicts between the result of PCR-SBT
and target resequencing result. The variant call result containing a lot
of SNPs which difficult to validated in single position. Therefore, we
compared the rate of the succession SNPs and average of sequencing
depth in each cow among 4 compared probes. Finally, we determined
that BoLA2 probe were most suitable for re-sequencing whole BoLA
region, and this result may be useful for study about the association
between various economical and disease and of BoLA region.

Key Words: bovine leukocyte antigen (BoLA), target re-sequencing,
cow, Japanese black (Wagyu), Holstein

OP113  Bovine leukemia virus proviral load were associated
with bovine MHC DRB3 and DQAT1 alleles in Japanese Holstein
population from 2011 to 2014. Y. Aida*'?, S.-N. Takeshima'?, A.
Ohno?, and L. Borjigin', ‘Nakamura Laboratory, Baton Zone Program,
RIKEN Cluster for Science, Technology and Innovation Hub, Wako,
Saitama, Japan, *Viral Infectious Diseases Unit, RIKEN, Wako, Saita-
ma, Japan, *Department of Food and Nutrition, Faculty of Human
Life, Jumonji University, Niiza, Saitama, Japan.

Bovine leukocyte antigens (BoLAs) are used extensively as mark-
ers of disease and immunological traits in cattle. BOLA-DRB3 gene is
most polymorphic gene among class II genes, and it is well known that
the polymorphism were associated with bovine leukemia virus (BLV)
infection. The association of BoLA-DRB3*009:02 allele with low pro-
viral load were predicted using low-resolution typing method, such as
PCR-RFLP, for Holstein cow. However, there is few association studies
using high-resolution genotyping method, such as PCR-sequence based
typing (SBT), for Holstein cow. Additionally, Yuan et al. suggested
that the cow which showed the proviral load over 14,000 copies/103
cells secrete BLV provirus into nasal sample and it suggested that these
cows were high-risk transmitter. Therefore, we here categorized the
cow which shows the proviral load over 10,000 as the high-risk BLV
spreader cow, and the cow which shows the proviral load under 10,000
as the low-risk BLV spreader cow. DNA samples were collected from
1290 Holstein cows belonging to BLV-positive commercial dairy farms
located in the 23 prefectures of Japan, from 2011 to 2014. BoLA-DRB3
genotyping were performed by PCR-SBT. BLV proviral load were cal-
culated by a quantitative real-time PCR method, BLV-CoCoMo-qP-
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CR-2. We collected 1,290 blood samples from 1,290 heads of cow and
there are 910 cows determined as BLV positive cow. The 910 cows
were separated into 341 heads of “low-risk spreader” and 569 heads
of “high-risk spreader.” BoLA-DRB3 allele frequencies of these 2
groups were calculated and estimated p-values compared with each Bo-
LA-DRB3 alleles and 2 spreader groups. From these 23 BoLA-DRB3
alleles, DRB3*002:01, *009:02, *012:01, *014:01 and *015:01 were
determined as BLV provirus associated alleles. BoOLA-DRB3*002:01,
*009:02 and *014:01 were determined as resistant alleles (O.R. > 1),
and BoLA-DRB3*012:01 and *015:01 were determined as susceptible
alleles (O.R. < 1). In this study, we confirmed that BoLA-DRB3 was
good marker for determine which cow spread the BLV and the result
may be useful for eliminate BLV from farm without separate the cow
into several cowshed.

Key Words: BoLA-DRB3, BoLA-DQA1, bovine leukemia virus,
proviral load, Japanese Holstein

OP114  Assessing the genetic diversity of MHC-linked and non-
MHC linked microsatellite markers in local chickens from four
geographical regions. P. Manjula*, S. H. Cho, D. Seo, and J. H. Lee,
Division of Animal and Dairy Science, Chungnam National Universi-
ty, Daejeon, Republic of Korea.

In poultry, microsatellite (MS) markers became a favorable ge-
netic marker, which largely used in genetic mapping, diversity analysis,
and population genetic inference. MS markers linked to the major his-
tocompatibility complex (MHC) have shown a direct relationship with
MHC-B haplotype in chicken. Especially, the LEI0258 marker could
provide a good indication of the variability of MHC-B haplotype in
different chicken populations. This study investigated the molecular
marker diversity of different ecotypes of indigenous chickens sampled
from 4 different countries based on the MHC linked and non-MHC
linked MS markers. The study population consisted of 381 DNA sam-
ples. Including local chickens from Sri Lanka, Bangladesh, Eastern part
of Nigeria, and South Korea. Five commercial chicken lines, sampled
from Korea were included for the comparison. Fifteen polymorphic
MS markers; including 14 non-MHC linked markers and one MHC-
linked marker were genotyped. All MS markers were polymorphic with
234 alleles, of which 38 alleles (193 bp ~489 bp) were identified for
LEI0258 marker. Mean number of alleles, effective allele size, private
alleles, heterozygosity, and polymorphic information content (PIC) was
higher for LEI0258 marker compared with other MS markers. Mean
observed heterozygosity (Ho) values per locus were ranged from 0.503
(LEIO141) to 0.793 (MCW104). Average Ho values for the population
was given between 0.632 (Hilly chicken) and 0.850 (Hy-line Layer
chicken). PIC values for all indigenous chicken groups were higher
(48.41% - 78.0%) than that of commercial chickens (41.5% - 52.8%).
Considerably high genetic diversity was observed within each indige-
nous population. Lowest gene diversity value of 0.621 and the highest
value of 0.807 were observed in commercial Lohmann brown chick-
en(LO) and Tabbowa group1(T), respectively. Wright’s inbreeding co-
efficient (F ) values for all loci were observed between 0.072 + 0.034
and 0.375 £+ 0.051. High genetic distance was observed between com-
mercial and local chicken breeds. This information may support the fu-
ture studies of these breeds and conservation of rare breeds considering
their contribution to the total genetic diversity. Particularly, high MHC-
linked LEI0258 allele diversity and heterozygous nature indicated the
presence of diverse MHC haplotypes and their importance in disease
resistance in local breeds.

Key Words: local chicken, genetic diversity, microsatellite, MHC

OP115  Effectiveness of bovine leukemia virus (BLV) infection
control strategies using cattle carrying resistant and suscepti-
ble bovine MHC DRB3 alleles. L. Borjigin*!, L. Bai?, T. Hirose',
H. Sato!, S. Watanuki', S. Yoneyama®, M. Inokuma*, K. Fujita*, Y.
Shinozaki®, R. Yamanaka®, A. Yasui®, Y. Sohei®, M. Baba®, S.-N.
Takeshima'’, Y. Aida', ‘Nakamura Laboratory, Baton Zone Program,
RIKEN Cluster for Science, Technology and Innovation Hub, Wako,

Saitama, Japan, *Photonics Control Technology Team, RIKEN Center
Jfor Advanced Photonics, Wako, Saitama, Japan, *Kenou Livestock
Hygiene Service Center, Utsunomiya, Tochigi, Japan, *Chuo Livestock
Hygiene Service Center, Chiba, Japan, *Nanbu Livestock Hygiene Ser-
vice Center, Chiba, Kamogawa, Japan, *Kumagaya Livestock Hygiene
Service Center, Kumagaya, Saitama, Japan, "Department of Food and
Nutrition, Jumonji University, Niiza, Saitama, Japan.

Bovine Leukemia Virus (BLV) infects cattle worldwide and is
causing serious economic damage. BLV mainly infects by horizontal
transmission. The cattle with high proviral loads (PVL) are considered
to be a major infectious factor in a population, while the cattle with
low PVL are difficult to transmit BLV to other cattle. Previously, we
identified “resistant (R) cattle” carrying bovine leukocyte antigen (Bo-
LA)-DRB3*009:02 and *014:01:01 alleles which associated with a low
PVL, and “susceptible (S) cattle” carrying BoLA-DRB3*015:01 and
*012:01 alleles which associated with a high PVL in Holstein cattle. In
this study, we investigated the distribution and actual PVL of these cat-
tle at 5 farms in the Kanto region of Japan, and then we conducted the
BLYV control strategies using the R and S cattle. PVL of a total of about
350 cattle from 5 farms were estimated by an accurate PVL measuring
system, CoCoMo-BLV-qPCR method, and BoLA-DRB3 alleles were
identified by PCR-sequence-based typing method. Among 5 farms, the
population of cattle carrying R and S alleles were 20.5% and 41.6%,
respectively. Interestingly, PVL of the R cattle (mean 3,281 copies/10°
cells) were significantly lower than that of the S cattle (mean 28,439
copies/10° cells). Next, we repeated the BLV control strategies twice
within 2 years under the field condition. We first investigated whether R
cattle are useful as a biological barrier to prevent new infection or not.
Interestingly, no new BLV-infected cattle were detected in 2 farms for
3 or 5 mo after we placed the R cattle between the other infected and
uninfected cattle. Second, we actively eliminated the S cattle with high
PVL from the farms. As a result, the average of PVL were significantly
reduced at all 5 farms and the BLV negative rate increased at the 4
farms. These results strongly suggest that concurrent approach of the
effective utilization of the R cattle as a biological barrier to prevent
new infection and the preferential elimination of the S cattle to decrease
PVL is useful for BLV infection control and development of effective
BLV eradication program.

Key Words: bovine leukemia virus, proviral loads, BoLA-DRB3,
resistant cattle, susceptible cattle

OP116  Characterization of bovine MHC DRB3 diversity in
worldwide cattle breeds focusing on Myanmar cattle. G. Giovam-
battista*'2, K. K. Moe', M. Palati', L. Borjigin', H. H. Moe?, S.-N.
Takeshima®*, and Y. Aida', ‘Nakamura Laboratory, RIKEN Baton Zone
Program, RIKEN Industrial Co-creation Program, Wako, Saitama,
Japan, ’IGEVET (UNLP-CONICET LA PLATA), Facultad de Ciencias
Veterinarias UNLP, La Plata, Buenos Aires, Argentina, *University

of Veterinary Science, Yezin, Nay Pyi Taw, Myanmar, *Department

of Food and Nutrition, Faculty of Human Life, Jumonji University,
Niiza-shi, Saitama, Japan.

Myanmar cattle population is mainly comprised by native breeds
and Holstein crossbreeds, which are composed of bovines highly adapt-
ed to the harsh tropical climates of this country. Myanmar native cattle
included different breeds that are defined by their geographical location
and coat color. The main aim of this work was to assess the genetic
diversity and genetic structure of the BoLa-DRB3 gene in the Myan-
mar cattle population at allele and molecular levels, a locus that play
a role in the immune response and resistence to infectious diseases.
Blood samples were obtained from 294 cattle from 6 regions of Myan-
mar (Bago, n = 38; Sagaing, n = 77; Mandalay, n = 46; Magway, n =
46; Kayin, n = 43; and Yangon, n = 44). Purified DNAs were genotyp-
ing by the SBT method and DNA electropherograms were analyzed
using Assign 400ATF software. 71 alleles were detected in Myanmar
cattle, including 4 new variants. AMOVA evidenced that intra- and in-
ter-breed genetic diversity in the BoLA-DRB3 gene of Holstein and
Native groups and inter-groups account for the 0.4% and 2%, respec-
tively of the genetic variances at BOLA-DRB3 gene, respectively, (F;
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range between 0 - 0.054). The gene diversity within population varied
between 0.976 in Kayin Native and 0.916 in Kayin Holstein, respec-
tively, while, the number of alleles ranged from 12 in Bago Holstein to
40 in Sagaing native. PCA and tree analyzes showed that Myanmar na-
tive populations grouped in a narrow cluster that diverges clearly from
the Myanmar crossbreed Holstein crossbred populations. Furthermore,
some Myanmar native populations (Bago, Mandalay and Yangon) seem
to be closer to Zebu breeds (Nellore, Gir, and Brahman), while others
(Kayin, Magway and Sagaing) are more related to Philippine native
in that BoLA-DRB3 gene. On the contrary, the Holstein population
showed a large dispersion, probably due to the different degree of mix-
ing with native populations. The results presented in the current work
will contribute to increase our knowledge about the genetic diversity
of BoLa-DRB3, and how this diversity is distributed among Myanmar
regions.

Key Words: cattle and related species, immunogenomics, genotyping,
breed diversity, breed/population identification

OP117  Determination of MHC haplotypes in pure-breed
Spanish horses using microsatellites. L. Barrachina*'2, A. Cequi-
er', A. Vitoria'?, C. Cons!, A. Sanz', P. Zaragoza', A. Romero'?, FJ
Vazquez'?, and C. Rodellar!, 'Laboratorio de Genética Bioquimica
LAGENBIO (Universidad de Zaragoza), Instituto Agroalimentario de
Aragon (Universidad de Zaragoza-CITA), Instituto de Investigacion
Sanitaria de Aragon (11S), Zaragoza, Spain, *Servicio de Cirugia y
Medicina Equina, Hospital Veterinario, Universidad de Zaragoza,
Zaragoza, Spain.

In horses, donor-receptor matching for major histocompatibility
complex (MHC) affects the immune response when transplanting allo-
geneic cells for therapy. MHC haplotype determination by serology has

limitations, but shows high correlation with polymorphic intra-MHC
microsatellites analysis. Besides, MHC genes are related with immune
functions and can reflect genetic diversity, making these regions worth
of investigation. This study aimed to analyze MHC diversity in pure
breed spanish (PRE) horses using a validated 10 markers-microsatel-
lite panel to gain insight into MHC variability in this breed. 44 PRE
horses (29 related, 15 unrelated) were analyzed. We identified 21 MHC
haplotypes in related animals (parent-offspring pairs/trios or half-sib-
lings), 8 of which were found in 13 unrelated horses, provisionally as-
signing 6 haplotypes to remaining constellations. Two unrelated horses
could not be assigned with any identified or previously known hap-
lotype. None of the identified 27 haplotypes was previously reported.
Haplotype frequencies in unrelated horses (n = 25, including animals
from related-group but unrelated among them) showed 12% frequen-
cy for the 2 most frequent haplotypes, followed by 2 haplotypes with
10% and 8% frequency. The other haplotypes only appeared 1-3 times
(2-6%). Eleven new alleles were found in 6 of the 10 markers, 4 of
them in COR112 region. Allelic frequencies showed 5-8 alleles per
region with no marked predominance except for region UMNJH-38,
where only 3 alleles were identified and 84% animals shared the same
one. Since recombination events are described, 2-subhaplotypes system
was proposed by grouping the 4 markers for MHC-I and III and the 6
markers for MHC-II. Among the 27 haplotypes some subhaplotypes
were observed: 6 I-III subhaplotypes and 8 II-subhaplotypes, plus 11
I-1II subhaplotypes and 8 II-subhaplotypes that seemed to be combina-
tions of the original ones. Larger sample needs to be examined, but this
study provides preliminary information to gain insight into the extent of
MHC-variability in PRE horses, which is relevant for genetic diversity
and future transplant-based therapies requiring donor-receptor MHC
matching in PRE and other horse breeds.

Key Words: major histocompatibility complex, equine leukocyte
antigen, polymorphism, haplotype, microsatellite panel

Domestic Animal Sequencing and Annotation

OP118  Invited Workshop Presentation: Navigating the ge-
nome with epigenome maps: Profiling cis regulatory elements at
high-throughput and single-cell resolution. J. Chiou*!, J. Y. Han?,
C. Zheng?, F. Cheng?, M. Schlichting®*, S. Huang*, J. Wang4, Y.
Sui**, A. Deogaygay?, M.-L. Okino®, Y. S. Sun?, P. Kudtarkar®, R. Fan’,
M. Sander**, K. Galton®?, S. Preissl**, and D. Gorkin?*, ‘Biomedical
Graduate Studies Program, University of California San Diego, La
Jolla, CA, *Center for Epigenomics, University of California San Di-
ego, La Jolla, CA, *Department of Pediatrics, University of California
San Diego, La Jolla, CA, *Department of Cellular and Molecular
Medicine, University of California San Diego, La Jolla, CA, *Institute
for Genomic Medicine, University of California San Diego, La Jolla,
CA.

Genetic variants associated with complex phenotypes are en-
riched in cis regulatory sequences, which can be mapped genome-wide
with epigenomic assays like ATAC-seq and ChIP-seq. Recent devel-
opments in single cell epigenomic technologies create exciting new
opportunities to dissect cell type-specific regulatory landscapes from
heterogeneous tissues, and provide new insights into the genetic archi-
tecture of complex phenotypes and disease. I will discuss recent ad-
vances in our ability to map cis regulatory sequences at high throughput
and single-cell resolution, with a focus on our recent efforts to use sin-
gle-cell ATAC-seq in human pancreatic islets to better understand islet
biology and the genetic architecture of Type II diabetes.

OP119  Update on the functional annotation of the equine
genome project with a focus on histone modifications across
tissues. R. R. Bellone*!2, J. L. Petersen’, N. B. Kingsley?, C. Creppe?,
S. Peng!, E. N. Burns!, T. Kalbfleisch®, C. Kern®, H. Zhou®, J. N.
MacLeod?, and C. J. Finno', University of California-Davis, School of
Veterinary Medicine, Department of Population Health and Repro-

duction, Davis, CA, USA, *University of California-Davis, School

of Veterinary Medicine, Veterinary Genetics Laboratory, Davis, CA,
USA, University of Nebraska-Lincoln, Department of Animal Science,
Lincoln, NE, USA, *Diagneode, Liége, Belgium, *University of Ken-
tucky, Gluck Equine Research Center, Lexington, KY, USA, *University
of California-Davis, Department of Animal Science, Davis, CA, USA.

A primary aim of the Functional Annotation of ANimal Genomes
(FAANG) initiative is to characterize tissue-specific regulatory ele-
ments across the genomes of several agricultural species including the
horse. Toward this goal, the equine FAANG community has developed
a biobank of over 80 tissues, 4 fluid types and 9 microbiome samples
collected from 2 adult Thoroughbred mares. This biobank has served as
a resource for the community and has enabled transcriptome profiling
of over 50 tissues, which aided in annotating the newest assembly of
the horse genome. Adipose, parietal cortex, heart, liver, lung, ovary, and
skeletal muscle were prioritized for functional annotation efforts to fa-
cilitate cross species comparisons. Lamina was also prioritized because
of'its important role in equine biology and health. Four histone modifi-
cations were evaluated in both horses by ChIP-seq to characterize active
promoter and enhancer regions (H3K4me3, H3K4mel, and H3K27ac),
or inactive regulatory regions (H3K27me3). Chromatin shearing, im-
munoprecipitation, and Illumina sequencing were performed by Di-
agenode’s Epigenomic Services. Single-end 50 bp reads of Illumina
Hiseq data were evaluated using the FAANG ChIP-seq Pipeline. Peaks
were called by MACS2 software for the activating marks and Sicer
for H3K27me3. Peaks enriched in both replicates were considered in
downstream analyses. When evaluating histone marks unique to each
of the 8 tissues, we identified 87K tissue-specific active enhancers and
19K tissue-specific active promoters. Lamina had the second highest
number of tissue-specific enhancer marks (H3K4mel and H3K27ac),
after liver, with over 16.6K unique peaks found across the genome.
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These data highlight the specialized function of this equine-specific tis-
sue and combined with further analyses may assist in our understanding
of the pathogenesis of laminitis and other connective tissue phenotypes.
CTCF ChIP-seq is underway to identify genomic insulators in the 8
prioritized tissues. Optimization of ATAC-seq, a method to character-
ize open chromatin, is ongoing in 2 select tissues. These data provide
a valuable baseline for understanding genome function in the healthy,
adult Thoroughbred mare and will contribute new insights into tissue
specific genome regulation.

Key Words: functional annotation, ChIP-seq, histone marks, equine

OP120  The Ovine FAANG Project: A high-resolution atlas of
transcription start sites in the new Rambouillet sheep genome.

E. L. Clark*', M. Salavati', I. Gazova', R. Clark?, T. P. Smith?, K.

C. Worley*, N. E. Cockett’, A. L. Archibald', and B. Murdoch®, 'The
Roslin Institute, University of Edinburgh, Edinburgh, UK, *Clinical
Research Facility, University of Edinburgh, Edinburgh, UK, *USDA,
ARS, USMARC, Clay Center, NE, USA, “Baylor College of Medicine,
Houston, TX, USA, *Utah State University, Logan, UT, USA, *Univer-
sity of Idaho, Moscow, ID, USA.

The overall aim of the Ovine FAANG project is to provide a com-
prehensive annotation of the new highly contiguous reference genome
for sheep Oar_rambouillet v1.0. The project has 3 objectives: 1) to de-
velop a deep and robust data set of transcribed elements and regulatory
features in the sheep genome; 2) to provide a high quality annotation of
the new ovine reference assembly; 3) to provide ovine FAANG data and
support to the livestock genomics community. To contribute to these
objectives we have generated a high-resolution atlas of transcription
start sites (TSS) for sheep. Mapping of TSS is a key first step in under-
standing transcript regulation and diversity. Using 56 tissue samples
collected from the reference rambouillet ewe Benz2616 we have per-
formed a global analysis of TSS using Cap Analysis Gene Expression
(CAGE) sequencing. CAGE measures RNA expression by 5’ cap-trap-
ping, and identifies the 5’ ends of non-polyadenylated RNAs including
IncRNAs and miRNAs and has been specifically designed to allow the
characterization of TSS within promoters to the single-nucleotide res-
olution. This level of sensitivity allows investigation of the regulatory
inputs driving transcript expression, and construction of transcriptional
networks. We have adapted an analysis pipeline for CAGE which uses
TagDust2 for clean-up and trimming, Bowtie2 for mapping, CAGEr
for normalization and clustering and IGV for visualization. Using this
pipeline we have been able to map genome-wide TSS for the 56 tis-
sues from Benz2616. Mapping of CAGE tags indicated that, for nu-
merous transcripts, TSS vary across tissues. The majority (>80%) of
these TSS were novel and did not overlap the current annotated 5’ end
of transcripts. As such this comprehensive global annotation of TSS in
sheep will significantly enhance the annotation of gene models in the
new ovine reference assembly. The CAGE data set will also be used
to validate and enhance gene expression data from Ilumina RNASeq,
miRNASeq and IsoSeq libraries that we have generated through the
Ovine FAANG project. These data sets will be analyzed in parallel to
confirm TSS and for novel isoform validation. This will provide one of
the highest resolution annotations of transcript regulation and diversity
in a livestock species to date.

Key Words: sheep and related species, Functional Annotation of Ani-
mal Genomes (FAANG), CAGE, functional assay, genome annotation

OP121  Genome-wide identification of functional DNA elements
in the pig genome. Z. Yunxia', H. Mingyang', H. Ye!, X. Yueyuan',
Z. Huanhuan', F. Yuhua!, Y. Hongbo?, Y. Feng?, L. Xinyun', and Z.
Shuhong*!, 'Key Lab of Agricultural Animal Genetics, Breeding,

and Reproduction of Ministry of Education, Huazhong Agricultural
University, Wuhan, China, *Department of Biochemistry and Molecu-
lar Biology, College of Medicine, The Pennsylvania State University,
University Park, PA, USA.

The swine genome sequencing project provides a valuable re-
source for further improvement of this important livestock specie as

meat producer and biomedical model. While the linear DNA sequence
is revealed and widely available, the cis-regulatory elements embedded
in the pig genome and their regulatory functions are largely uncharac-
terized. To fill this gap, we adopted a strategy similar to ENCODE and
Roadmap Epigenomics projects to identify the cis-regulatory elements
in the pig genome. RNaseq, ATAC-seq, and ChIP-seq for histone mark-
ers, H3K27ac and H3K4me3, were performed to generate a compre-
hensive map of transcriptomes, open chromatin regions, and regulatory
elements in a variety of pig tissues including skeletal muscle, spleen,
heart, kidney, liver, backfat, lung, thymus, small intestine (duodenum),
cerebrum and cerebellum isolated from 2 lean type breeds (Large White
and Duroc) and 2 fatty breeds (Meishan and Enshi Black). We identi-
fied more than 15,000 cis-regulatory elements, representing the most
comprehensive functional annotation so far in the pig genome. Among
these cis-regulatory elements, over 53% of them were functional con-
served with human cis-regulatory elements based on comparison of our
data to the data generated by human ENCODE and Roadmap Epig-
enomics projects. To further explore the 3 dimension (3D) structure of
pig genome, we performed high-throughput chromosome conformation
capture (Hi-C) experiment. A total of 2,393 and 2,305 boundaries and
topologically-associating domains (TAD) were identified in muscle tis-
sue respectively. Here, 19,736 significant long range interactions were
identified between distal cis-regulatory elements by using loop of HiC
matrix and cis-regulatory elements correlation analysis, which includ-
ing 15,844 enhancer-enhancer, 3,637 enhancer-gene (enhancer-promot-
er) and 255 gene-gene (promoter-promoter) long rang interactions. By
comparing our Hi-C matrix to human 3D genomic data, we found that
over 79% of the pig boundaries were also conserved in human, indicat-
ing the TAD were highly conserved. It is worth noting that 28 of above
conserved inter boundaries were rearranged as 14 TADs in human ge-
nome. Moreover, SNP distribution at the boundary and TAD regions
was mapped using a population of 490 pigs with available whole-ge-
nome sequencing data. Interestingly, the results revealed a significantly
higher SNP density in the boundary regions compared with that in TAD
regions.

Key Words: pig, cis-regulatory elements, Hi-C, topologically associ-
ating domain

OP122  The impact of the 1000 Bull Genomes Project and its
future. A. J. Chamberlain*!, C. J. Vander Jagt!, R. Xiang?, M. E.
Goddard'?, I. M. MacLeod!, R. D. Schnabel’, B. J. Hayes*, and H.

D. Daetwyler'?, ‘Agriculture Victoria, Centre for AgriBiosciences,
Bundoora, Victoria, Australia, *Faculty of Veterinary & Agricultural
Science, The University of Melbourne, Parkville, Victoria, Australia,
3Division of Animal Sciences, Informatics Institute, University of Mis-
souri, Columbia, MO, USA, *Centre for Animal Science, The Universi-
ty of Queensland, St Lucia, Queensland, Australia, *School of Applied
Systems Biology, La Trobe University, Bundoora, Victoria, Australia.

The 1000 Bull Genomes Project has provided a platform for de-
tailing the variation in the bovine genome. Starting with 133 animals
from 2 breeds in 2012 the project grew to 2703 animals from 121 breeds
in 2018. The project has had lasting impact on the identification of del-
eterious mutations, such as genetic recessive diseases and embryonic
lethals, enabling the screening of 100s of thousands of cattle. It has also
impacted the accuracy of genomic selection. At Agriculture Victoria
we have utilized various evolutionary and regulatory data, including
but not limited to expression and metabolite QTL, histone modifica-
tion marks, selection signatures and variant annotations, to determine
the contribution variants in these classes have toward the genetic vari-
ance of 34 traits important to dairy cattle. Seventeen million variants
from run6 were ranked according to their contribution to these traits
and a 5Mb sliding-window clustering analysis used to select 300K
informative variants. These were used for Bayesian genome mapping
in multiple traits, reducing the set to 80K informative markers. After
checking designability, 40K have now been included on an InfiniumXT
beadchip for validation in the Australian dairy cattle herd. Preliminary
tests with imputed genotypes show these variants generally increased
the accuracy of genomic prediction for milk traits compared with stan-
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dard 50K chip genotypes, particularly for animals less represented in
the reference population. Run 7 of the 1000 bull genomes project is a
major revision. First, the project has utilized the new bovine reference
ARS-UCDI1.2. This has required that all animals previously submitted
to the project be realigned. Second, the project has switched to using the
Genome Analysis Tool Kit (GATK) variant calling pipeline that utilizes
Haplotype Caller and Variant Recalibration based on true variants for
filtration. This pipeline has required the development of a new fastq to
bam file processing pipeline that follows GATK best practises. Align-
ment is still performed using BWA. Run 7 included 3998 animals, 3067
Taurus, 838 Indicus, and 93 out-species. A total of 182 breeds. These
animals have been contributed from 43 participating institutions from
22 countries.

Key Words: cattle, genome sequence, deleterious mutations, variant
detection, genomic selection

OP123  Analysis of alternative splicing events across cattle
tissues by genome-wide integration of PacBio Iso-seq and RNA-
Seq data. H. Beiki, J. Koltes, Z.-L. Hu, and J. Reecy*, lowa State
University, Ames, 1A, USA.

Alternative splicing (AS) is a primary mechanism of functional
regulation and protein diversity in the eukaryotic genomes. Long-read
transcript isoform sequencing analysis of the human and pig has re-
vealed that more than 80 percent of multi-exonic genes are alternatively
spliced. Despite the importance of cattle as a significant source of nutri-
tion to nearly 6.6 billion humans, our current knowledge of cattle tran-
scriptome is limited. To identify a more complete catalog of transcript
isoforms across cattle tissues, we processed 1197 high quality (min-
imum of 30 million high-quality reads with a median length >30 nu-
cleotides) Illumina short-read RNA-seq samples from 43 cattle tissues.
Tissue-specific transcriptomes were constructed based on this data and
integrated with error-corrected PacBio Iso-seq based transcriptomes.
Comparison of transcript structures across of major cattle tissues/or-
gans and analysis of tissue specific transcript/gene will be performed.
To get a comprehensive view of transcriptome-based phylogeny of live-
stock species, we will eventually add other species to this analysis. To
provide public access to the processed data, pipelines and results, we
have launched a new version of EpiDB database. The present study will
provide a unique resource for comparative genomics and will facilitate
the analysis of tissue specificity and cross-species conservation in high-
er organisms.

Key Words: cattle, gene expression, network analysis, genome anno-
tation

OP124  BovReg: An international consortium for functional
annotation of the bovine genome. C. Kiihn*!, J. Vanselow!, C. Notre-
dame?, D. Rocha®, D. Boichard?, D. Allaer*, C. Charlier®, H. Pausch®,
Y. deHaas’, M. Lund®, J. Vilkki’, H. Taniguchi'’, F. Meijboom!'!,

D. Zerbino', A. Rosati'?, G. Plastow'®, E. Clark', J. Prendergast's,

A. Bruce'®, M. Schmicke!'¢, A. Chamberlain'’, H. Daetwyler'’, V.
Blanquet'®, A. J. Amaral', and D. Bruce®, 'Leibniz Institute for Farm
Animal Biology (FBN), Dummerstorf, Germany, *Centre for Genomic
Regulation (CRG), Barcelona, Spain, 3Institut National de Recherche
Agronomique (INRA), Jouy-en-Josas, France, “DIAGENODE, Liege,
Belgium, *GIGA, Université de Liége, Liege, Belgium, °Eidgen-
oessische Technische Hochschule, Zuerich, Switzerland, "Stichting
Wageningen Research, Wageningen, Netherlands, *Aarhus University,
Foulum, Denmark, °Natural Resources Institute Finland (LUKE),
Jokioinen, Finland, "’Institute of Genetics and Breeding, Jastrebiec,
Poland, "University Utrecht, Utrecht, Netherlands, ">European Molec-
ular Biology Laboratory (EMBL-EBI), Hinxton, UK, *European As-
sociation for Animal Production, Rome, Italy, '*University of Alberta,
Edmonton, Canada, *The University of Edinburgh, Edinburgh, UK,
5Stiftung Tieraerztliche Hochschule Hannover, Hannover, Germany,
7 Agriculture Victoria, Centre for Agribiosciences, Bundoora, Austra-
lia, "®University of Limoges, Limoges, France, "Centre for Interdisci-

plinary in Animal Health, Faculty of Veterinary Medicine, University
of Lisbon, Lisbon, Portugal, *’Edinethics Ltd., Edinburgh, UK.

Despite the revolution in functional genome analysis a wide gap
in understanding associations between the (epi)genome and complex
phenotypes of interest currently remains and impedes efficient use of
annotated genomes for precision breeding. As part of the global FAANG
initiative and funded by a recent EU H2020 project call, the BovReg
consortium is set up to provide a comprehensive map of functionally
active genomic features in cattle and how their (epi)genetic variation
in beef and dairy breeds translates into phenotypes. This constitutes
key knowledge for biology-driven genomic prediction needed by sci-
entific and industry livestock communities. BovReg brings together a
critical mass of experts in ruminant research and beyond encompassing
bioinformatics, molecular and quantitative genetics, animal breeding,
reproductive physiology, ethics and social science. A total of 20 part-
ners from the EU, UK, Switzerland, Canada and Australia form a global
interdisciplinary team, which builds upon previous and ongoing nation-
al and EU-funded research and collaborations with industry partners.
BovReg is set up to generate functional genome data based on FAANG
core assays from representative bovine tissues and newly established
cell lines covering different ontological stages and phenotypes apply-
ing novel bioinformatic pipelines in a standardized and reproducible
fashion. Key traits for BovReg are phenotypes related to robustness,
health and biological efficiency. Data, metadata, knowledge and proto-
cols will be deposited in European biological archives, aiming to set up
and maintain a knowledge hub and establish gold standards. Long-term
availability of data, methods, targeted dissemination and communica-
tion activities are guaranteed by EMBL-EBI, FAANG and EAAP and
will follow ELIXIR guidelines. BovReg will develop biology-driven
genomic prediction tools by integrating biological knowledge of regu-
latory genomic variation and genomic selection methods for local and
global cattle populations. The results will enable more environmentally
sustainable cattle production, while respecting animal-welfare.

Key Words: annotation, genome, bovine, regulatory elements,
FAANG

OP125  Evolution of gene regulation in ruminants differs be-
tween evolutionary breakpoint regions and homologous synteny
blocks. M. Farré*!, J. Kim?, A. A. Proskuryakova**, Y. Zhang®, A. L.
Kulemzina?®, Q. Li% Y. Zhou®, Y. Xiong®, J. L. Johnson’, P. L. Perel-
man>*, W. E. Johnson®’, W. Warren'’, A. V. Kukekova’, G. Zhang®!":'2,
S.J. O’Brien’, O. A. Ryder'*, A. S. Graphodatsky*“, J. Ma>, H. A.
Lewin'®, D. M. Larkin*"1¢, 'Royal Veterinary College, University of
London, London, UK, *Konkuk University, Seoul, Korea, *Institute of
Molecular and Cellular Biology, Novosibirsk, Russia, *Novosibirsk
State University, Novosibirsk, Russia, *Carnegie Mellon University,
Pittsburgh, PA, USA, ‘BGI-Shenzhen, Shenzhen, China, "University
of Illlinois at Urbana-Champaign, Urbana, IL, USA, *Smithsonian
Conservation Biology Institute, Front Royal, VA, USA, *Smithsonian
Institution, Suitland, MD, USA, ""Washington University School of
Medicine, St. Louis, MO, USA, " Kunming Institute of Zoology, Kun-
ming, China, ?University of Copenhagen, Copenhagen, Denmark, '3St.
Petersburg State University, St. Petersburg, Russian Federation, '*San
Diego Zoo, Escondido, CA, USA, " University of California, Davis,
Davis, CA, USA, 'The Federal Research Center Institute of Cytology
and Genetics, Novosibirsk, Russia.

The role of chromosome rearrangements in driving evolution
has been a long-standing question of evolutionary biology. Here we
focused on ruminants as a model to assess how rearrangements may
have contributed to the evolution of gene regulation. Using reconstruct-
ed ancestral karyotypes of Cetartiodactyls, Ruminants, Pecorans, and
Bovids, we traced patterns of gross chromosome changes. We found
that the lineage leading to the ruminant ancestor after the split from
other cetartiodactyls, was characterized by mostly intrachromosomal
changes while the lineage leading to the pecoran ancestor (including
all livestock ruminants) included multiple interchromosomal changes.
We observed that the liver cell putative enhancers in the ruminant evo-
lutionary breakpoint regions are highly enriched for DNA sequences
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under selective constraint acting on lineage-specific transposable ele-
ments (TEs) and a set of 25 specific transcription factor (TF) binding
motifs associated with recently active TEs. Coupled with gene expres-
sion data, we found that genes near ruminant breakpoint regions exhibit
more divergent expression profiles among species, particularly in cattle,
which is consistent with the phylogenetic origin of these breakpoint
regions. Notably, this divergence was significantly greater in genes with
enhancers that contain at least one of the 25 specific TF binding motifs
and located near bovidae-to-cattle lineage breakpoint regions. Taken
together, by combining ancestral karyotype reconstructions with anal-
ysis of cis regulatory element and gene expression evolution, our work
demonstrated that lineage-specific regulatory elements co-localized
with gross chromosome rearrangements may have provided valuable
functional modifications that helped to shape ruminant evolution.

Key Words: genome evolution, gene regulation, rearrangements,
enhancers, chromosomes

OP126 eMIRNA: A comprehensive pipeline for discovery and
annotation of microRNAs in multiple species. E. Marmol-San-
chez*!, S. Cirera’, R. Quintanilla®, A. Pla*, and M. Amills'?, 'Centre
for Research in Agricultural Genomics (CRAG), CSIC-IRTA-UAB-UB,
Universitat Autonoma de Barcelona, Bellaterra, Barcelona, Spain,
’Department of Veterinary and Animal Sciences, Faculty of Health and
Medical Sciences, University of Copenhagen, Frederiksberg, Den-
mark, *Animal Breeding and Genetics Program, Institute for Research
and Technology in Food and Agriculture (IRTA), Torre Marimon,
Caldes de Montbui, Spain, *Department of Medical Genetics, Univer-

sity of Oslo, Oslo, Norway, *Departament de Ciéncia Animal I dels
Aliments, Universitat Autonoma de Barcelona, Bellaterra, Barcelona,
Spain.

MicroRNAs (miRNAs) are a group of small non-coding RNAs
widely recognized as key post-transcriptional regulators in many rele-
vant biological processes. Although the functional role of several miR-
NAs has been thoroughly studied in reference species such as humans
and rodents, these and other relevant species still lack an accurate and
complete miRNA annotation. The computational prediction of novel
miRNA candidates by applying Machine Learning algorithms consti-
tutes an emerging and active research field for improving miRNA an-
notation and several methods have been published over the past few
years. Despite these efforts, many tools for miRNA prediction suffer
from difficult implementation, cumbersome interpretation or are no
longer available to be used for straightforward novel miRNA detec-
tion. We present eMIRNA, a new comprehensive pipeline for de novo
miRNA recognition and homology-based comparison between species
that allows users to predict novel and already annotated miRNAs from
scratch. This user-friendly end-to-end pipeline allows the use of small
RNA-seq data or homology-based search in the species of interest. We
show the superiority of the eMIRNA pipeline compared with other
state-of-the-art similar tools. We further demonstrate its inter-species
exchangeability and applicability in a real case scenario by successfully
profiling novel miRNAs in the porcine genome.

Key Words: microRNAs, bioinformatics tools, machine learning,
multispecies

Genome Edited Animals

OP128 A genome-wide CRISPR library for high-throughput
genetic screening in pig cells. S. Xie*, C. Zhao, H. Liu, T. Xiao, X.
Cheng, X. Nie, X. Han, C. Li, X. Li, D. Zhang, and S. Zhao, Key Lab-
oratory of Agricultural Animal Genetics, Breeding and Reproduction
of Ministry of Education & Key Lab of Swine Genetics and Breeding
of Ministry of Agriculture and Rural Affairs, Huazhong Agricultural
University, Wuhan, China.

The simplicity of the CRISPR/Cas9-mediated genome editing
has opened up the possibility of performing genome-wide targeted
mutagenesis in cell lines, enabling screening for cellular phenotypes
caused by genetic aberrations. Recently, the GeCKO (genome-wide
CRISPR knockout) screening strategy has been utilized to investigate
virus-host interactions. Until now, there have been no reports on us-
ing genome-wide CRISPR/Cas9 knockout library to screening genes
in pig cells. Here, we designed a sgRNA library with high single guide
RNAs (sgRNAs) activity and specificity, we first evaluated the effects
of the 5"-end length of sgRNA and microsatellite on sgRNAs activity
and off-target effects. The results indicated that although the sequence
length is associated with on-target activity of sgRNA in site-dependent
manner, it did not affect the specificity of sgRNAs. The activity and
specificity of sgRNAs can be sensitively detected by Target capture se-
quencing in combination with in silico prediction, However, when ana-
lyzing CRISPR high-throughput sequencing data, it is necessary to rule
out the interference of microsatellite DNA when evaluating the off-tar-
get effects of sgRNA. Second, CRISPR-lib software was developed,
which is a high-throughput local tool for generation of genome-wide
sgRNAs. Subsequently, a pig genome-wide CRISPR library (Pig-
GeCKO) was designed by CRISPR-lib, which consisting of more than
85,000 sgRNAs. Further, PK-15 cells are transduced with Cas9-ex-
pressing lentivirus and selected to optimal Cas9 expression levels. The
pooled PigGeCKO library was then transduced into cells so that most
the cells receives only one sgRNA construct. Next, High-throughput
sequencing reads were first mapped to the PigGeCKO library sgRNA
sequences with the SeqMap program. Enriched genes were then identi-
fied via MAGeCK, a Model-based analysis of Genome-wide CRISPR/

Cas9 Knockout method for prioritizing sgRNAs and genes. Finally, us-
ing knockout library screens, we successfully identified the host genes
essential for the survival of cells by Japanese encephalitis virus (JEV)
infection, which were confirmed by functional validation. To sum up,
the broad application of this powerful genetic screening strategy in pig
will not only facilitate the rapid identification of genes important for vi-
rus infection but will also enable the discovery of genes that participate
in other biological processes.

Key Words: pig, genome-wide CRISPR knockout, Japanese encepha-
litis virus, bioinformatics tools

OP129  Precision editing for IAV resistance in pig cells. Y.
Du*!2, S. Lillico!, C. Proudfoot', and B. Whitelaw', 'The Roslin Insti-
tute, University of Edinburgh, Edinburgh, UK, *Radcliffe Department
of Medicine, University of Oxford, Oxford, UK.

Influenza A virus (IAV) is a highly infectious pathogen circulating
in avian, porcine and humans. Pigs are susceptible to both human and
avian [AVs, owing to the existence of 2 types of sialic acid (SA)-con-
taining host cell virus receptors, SA 02,6-gal and SA 02,3-gal. This en-
ables pigs to serve as intermediate hosts in the production of reassortant
TAV strains, which facilitates cross-species transmission, and can lead
to epidemics and pandemics. Current vaccines and antiviral drugs have
limited efficacy against newly emerging and re-emerging [AV strains.
With the aim of developing novel genetic approaches to combat AV,
we are exploring strategies for host resistance by reducing the expres-
sion of 02,6-SA-containing IAV receptors in pigs, such that they are less
susceptible to human IAV infections. $-galactoside 02,6-sialyltransfer-
ase 1 (ST6Gall) mediates N-linked a2,6-sialylation on cell surfaces by
catalyzing the addition of 02,6-SA to the terminal N-glycans. ST6Gall
is involved in a wide range of biological events, especially viral recog-
nition and immune regulation. ST6Gall is encoded by the STOGAL1
gene, which displays a tissue-specific expression pattern through the
predicted multiple promoter regions of the STO6GAL1 gene. Recogniz-
ing that inactivating the STOGAL1 gene could have adverse phenotypic
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effects given the widespread expression profile of STOGAL1 and the di-
versity of its biological functions, we pursued a more subtle approach to
engineering the STO6GAL1 gene — that of removing a single promoter
region to alter the expression profile using CRISPR/Cas9 genome edit-
ing. The resulting edited pig cells (STO6GAL1AP) were viable and ex-
hibited reduced 02,6-SA expression levels on the cell surfaces. Human
IAV was less to infect STOGAL1AP compared with non-edited cells,
suggesting that a strategy to reduce the biosynthesis of a2,6-sialylated
glycan structure exclusively on the airway could offer an antiviral strat-
egy, independent of inducing a humoral immune response. We propose
this work lays the foundation for generating engineered pigs for IAV
host resistance as a strategy to achieve improvement in pig herds.

Key Words: influenza, sialic acid, STOGAL1, CRISPR/Cas9, pig

OP130  Programmable base editing of the goat and sheep
genomes for genetic improvement. S. Zhou!, G. Li!, B. Cai', C. Li',
B. Ma!, H. Yu?, B. Petersen’, T. Sonstegard®, X. Huang®, Y. Chen', and
X. Wang*!, 'Northwest A&F University, Yangling, Xianyang, China,
’Guilin Medical University, Guilin, China, *Institute of Farm Animal
Genetics, Friedrich-Loeffler-Institut, Neustadt, Germany, *‘Recombi-
netics, Saint Paul, MN, USA, *School of Life Science and Technology,
ShanghaiTech University, Shanghai, China.

The ability to alter single bases without homology directed re-
pair (HDR) of double-strand breaks provides a potential solution for
editing livestock genomes for economic traits, which are often mul-
tigenic. Progress toward multiplex editing in large animals has been
hampered by the costly inefficiencies of HDR via microinjection of in
vitro manipulated embryos. Herein, we report our success in inducing
base pair changes in the genomes of 2 important livestock species, goats
and sheep. We designed sgRNAs to induce nonsense codons (C-to-T
transitions) in the goat FGF5 gene, to produce animals with longer hair
fibers. Five goat kids produced from Base Editor 3 (BE3) microinjected
single-cell embryos had alleles with a targeted nonsense mutation. The
phenotypic effects on hair fiber were characterized by H&E and immu-
nofluorescence staining, and Western blotting. Differences in morphol-
ogy were detectable, even though mosaicism was probably affecting
the levels of FGFS5 expression. PCR amplicon and whole genome rese-
quencing analyses for off-target changes caused by BE3 were low at a
genome-wide scale. In sheep, we targeted the p.96R > C variant in the
SOCS?2 gene, which has profound effects on body weight, body size,
and milk production in sheep. We obtained lambs with defined point
mutations by the co-injection of BE3 mRNA and a single guide RNA
(sgRNA) into zygotes. Observations of body size and body weight in
the edited group showed enhanced growth. Moreover, targeted deep
sequencing and unbiased family trio-based whole-genome sequencing
revealed undetectable off-target mutations in edited animals. This is the
first evidence of base editing in large mammals produced from micro-
injected single cell embryos. Our results support further optimization
of BEs for introgressing complex human disease alleles into large ani-
mal models, and to evaluate potential genetic improvement of complex
health and production traits in livestock.

Key Words: base editing, genome editing, SNP, off-target, whole-ge-
nome sequencing

OP131  Trio-based deep sequencing reveals rare off-target
mutations in Cas9-edited animals and their offspring. C. Li!, S.
Zhou!, Y. Jiang', B. Ma!, T. Sonstegard’, X. Huang®, B. Petersen*, Y.
Chen', and X. Wang*!, 'Northwest A&F University, Yangling, China,
’Recombinetics, Saint Paul, MN, USA, *School of Life Science and
Technology, ShanghaiTech University, Shanghai, China, *Institute of
Farm Animal Genetics, FLI, Neustadt, Germany.

Unintended off-target mutations induced by CRISPR/Cas9 nu-
cleases may result in unwanted consequences, and could possibly
raise regulatory concerns over the use of this technology for genetic
improvement. Here we took advantage of our previously generated
gene-edited sheep and performed family trio-based whole-genome

sequencing (WGS) which is capable of discriminating variants in the
edited progenies that are inherited, naturally generated, or induced by
genetic modification. Three family trios were re-sequenced at a high
average depth of genomic coverage (~25.8 x ). After developing a pipe-
line to comprehensively analyze the sequence data for de novo single
nucleotide variants, indels and structural variations from the genome;
we only found a single unintended event in the form of a 2.4 kb in-
version induced by site-specific double-strand breaks between 2 sgR-
NA targeting sites at the MSTN locus with a low incidence. Moreover,
we generated offspring from edited goats we obtained previously, and
sequenced the members of 4 family trios (gene-edited goats and their
offspring) to ~36.8 x coverage. Our results revealed that the incidence
of de novo mutations in the offspring was equivalent to normal popula-
tions. We further conducted RNA sequencing using muscle and skin tis-
sues from the offspring and control animals, the differentially expressed
genes (DEGs) were related to muscle fiber development in muscles of
MSTN-edited animals, skin development and immune responses in
skin tissues of FGF5-edited animals. Taken together, the result of pre-
diction and verification of off-targets sites in edited animals and their
offspring revealed almost negligible risk for off-target mutations. Our
work provides adequate molecular evidence to support the reliability of
conducting Cas9-mediated genome editing in large animal models for
biomedicine and agriculture.

Key Words: genome editing, CRISPR/Cas9, whole-genome sequenc-
ing, off-target, de novo mutation

OP132  Efforts to produce genetically edited goats that carry
the ovine callipyge mutation. T. Hadfield*!, M. Regouski', C. Re-
ichhardt!, C. Bidwell?, K. Thornton!, S. Fahrenkrug?, D. Webster?, D.
F. Carlson?, I. A. Polejaeva!, and N. Cockett!, 'Utah State University,
Logan, UT, USA, *Recombinetics Inc, St. Paul, MN, USA, 3Purdue
University, West Lafayette, IN, USA.

Goat meat is a major source of protein for people in developing
countries. Given that goats have a large impact on the socio-econom-
ic status of people in these countries, goats with enhanced meat pro-
duction would be beneficial. The callipyge (CLPG) mutation in sheep
results in muscle hypertrophy of fast twitch glycolytic muscle fibers
without requiring any additional feed or care. The goal of this project
is to introduce the CLPG mutation into goats using gene editing. The
CLPG mutation is a single A-to G nucleotide substitution located in
the intergenic region of 2 imprinted genes, DLK1 and MEG3. It is well
established that sheep inheriting the CLPG mutation from their sire and
the wildtype allele from their dam have 30% more muscling in the lon-
gissumus dorsi and gluteus medius muscles. Using the TALEN gene
editing approach, cell colonies that were positive for the ovine CLPG
mutation were derived from the fetal cells of a male Spanish goat. Two
cloned males were produced from the positive cells in 2016 and bred to
wild type (wt) female Spanish goats. PCR-RFLP testing revealed only
one of the resulting 8 offspring inherited the CLPG allele and none of
the offspring exhibited the expected phenotype. Because all 8 offspring
were expected to carry the mutation, 10.9 kb of sequence surrounding
the CLPG allele in the 2 male clones were analyzed. One chromosome
contained the CLPG mutation but the other chromosome had a 1500-
bp deletion flanking the CLPG mutation. Using PCR with primers that
flank the deletion and PCR-RFLP that differentiates between the wild-
type (+) and CLPG alleles, we determined that 7 of the 8 offspring
were del/+ and one was CLPG/+ (the offspring previously identified).
In 2018, we bred the original 2 male clones to wt female Spanish goats
which produced 11 CLPG/+ and 16 del/+, but none developed pro-
nounced muscling. Breeding across all genotypes was conducted in
Fall 2018 with anticipated births in Spring 2019. Characterization of
the muscle fiber type properties in the wt goat will provide essential
information needed to better understand the mechanism of the muscle
hypertrophy in goats.

Key Words: goats, callipyge, gene editing
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OP133  Generation of pigs with a Belgian Blue mutation in
MSTN using CRISPR/Cpfl-assisted ssODN-mediated homologous
recombination. Y. Zou'?, Z. Li%, Y. Zou?, H. Hao?, J. Hu?, N. Li%, and
Q. Li*2, State Key Laboratory of Silkworm Genome Biology, Key
Laboratory of Sericultural Biology and Genetic Breeding, Ministry of
Agriculture, College of Biotechnology, Southwest University, Chongq-
ing China, *State Key Laboratory for Agrobiotechnology, College of
Biological Sciences, China Agricultural University, Beijing China,
3College of Veterinary Medicine, China Agricultural University, Bei-
jing China.

CRISPR/Cpfl has emerged recently as an effective tool for ge-
nome editing in many organisms, but its use in pigs to generate precise
genetic modifications has seldom been described. Myostatin (MSTN)
is a well-characterized negative regulator of muscle development, and
natural mutations in this gene cause a double-muscled phenotype in
many species. However, to the best of our knowledge, no naturally oc-
curring mutation in MSTN has been found in pigs. In addition, no liv-
ing pig models with sophisticated modifications orthologous to natural
mutations in MSTN have yet been reported. In this study, we exploited
the CRISPR/Cpf1 system to introduce a predefined modification orthol-
ogous to the natural MSTN mutation found in Belgian Blue cattle (thus
known as the Belgian Blue mutation). We found that the cutting effi-
ciency of CRISPR/Cpfl was 12.3% in mixed porcine fetal fibroblasts
in drug free medium, and 41.7% in clonal colonies obtained using G418
selection. We co-transfected the Cpfl-sgRNA vector, ssODN template,
and a self-excision cassette into porcine fetal fibroblasts. After G418
selection, we examined 8 clonal colonies and found that 5 were geneti-
cally modified. Of these 5, 2 harbored the precise 11 bp deletion. Using
one heterozygous clonal colony, we successfully generated 2 cloned
Duroc piglets that were heterozygous for the Belgian Blue mutation.
In summary, our results demonstrate that CRISPR/Cpfl system can be
used efficiently to generate double-stranded breaks, and also to mediate
homologous recombination to introduce precise genomic modifications
in pigs.

Key Words: MSTN, CRISPR/Cpf1, Belgian Blue mutation, genetical-
ly modified pig, single stranded oligodeoxynucleotide

OP134  Transgene insertion site mapping in a goat TGF-f bio-
medical model of atrial fibrillation. A. J. Thomas'?, K. P. Morga-
do'?, M. Regouski?, R. Ranjan’, I. A. Polejaeva?, and C. J. Davies*!?,
!Center for Integrated BioSystems, Utah State University, Logan, UT,
USA, *Department of Animal, Dairy and Veterinary Sciences, Utah
State University, Logan, UT, USA, *Department of Internal Medicine,
Division of Cardiovascular Medicine, University of Utah, Salt Lake
City, UT, USA.

A transgenic goat model of atrial fibrillation, the most common
sustained human cardiac arrhythmia, was created by random insertion
of a construct containing either a mouse or goat a-Myosin Heavy Chain
promoter driving cardiac expression of a constitutively active human
TGF-B1 gene. Breeding of founder goats was used to produce progeny
carrying the transgene. Transgenic goats produced by random insertion
can have more than one integration site. Consequently, it is important to
identify the transgene integration site(s) in founder goats and track seg-
regation of the transgene in their offspring. To identify the transgene in-
sertion sites: sequencing libraries were constructed from genomic DNA
of 6 somatic cell nuclear transfer founder goats and 7 of their offspring,
subjected to target selection using RNA baits made from the transgene
construct, and sequenced on an Illumina MiSeq sequencer. Sequence
reads were aligned to the goat genome using the viral integration mod-
ule of the DNAStar SeqMan NGen alignment program. Alignment files
were visually scanned to identify transgene integration sites. True inte-
gration sites were identified by alignment of multiple sequences from
the library comprised of both goat genomic sequence and plasmid se-
quence. Four lines of TGF-f1 goats were produced (TGFB:12, 16/18,
F1 & G1/G2). Two of these lines (TGFB:16/18 & G1/G2) had multiple
founder animals, derived from the same fibroblast colony, with iden-
tical insertion sites. The TGFB:G1/G2 line had 6 founder goats with

the same TGF-f insertion sites: 2 on chromosome 4 (Chr4) and one in
a repeat element on Chr21. The Chr4 and Chr21 insertions segregate
independently in the offspring from this line. Polymerase chain reaction
(PCR) primers flanking each integration site were designed and validat-
ed. These primers were used to track segregation of the transgenes in 67
descendants of the founder goats. One descendant was not transgenic
while the other 66 inherited one or 2 chromosomes with transgene inte-
gration sites. This study demonstrates an effective method for mapping
transgenes inserted by random insertion or finding off-target insertion
events when targeted insertion methods are used.

Key Words: goats and related species, transgenics, sequence capture,
high-throughput sequencing, biomedical model

OP135 Loss of GHR in GHR knockout pig model leads to
hepatic steatosis via PPARa signaling. Q. Han, H. Chen, and R.
Zhang*, China Agricultural University, Beijing, China.

Laron syndrome is a rare genetic disease inherited in an autoso-
mal recessive manner and featured with insensitivity to GH. The disor-
der, which is characterized by obesity, dwarf, possibly hypolipidemia,
fatty liver and cardiovascular disease,is caused by mutations of the gene
encoding the corresponding growth hormone receptor (GHR). Previous
studies of Laron syndrome are conducted using GHR mutant mouse
model that showed some differences in lipid metabolism from humans.
Here we used pigs that are genetically, anatomical, and physiological
more relevant to humans compared with mice to study the relationship
between GHR mutations and lipid metabolism. We found that GHRKO
pigs have obvious dwarfism phenotypes, dyslipidemia, increased tri-
glyceride content in liver and hepatic steatosis. We then performed
RNA-seq analysis, followd by experimental verification to explain the
observed phenotypes in GHRKO pigs. We found that GHRKO pigs
exhibited downregulation in hepatic fatty acid p-oxidation, PPARA
signaling pathway, and fatty acid degradation pathway. Therefore, we
conclude that GHR mutations lead to reduced fatty acid oxidation in the
liver and increased lipid accumulation by downregulating the PPARA
signaling pathway, ultimately leading to hepatic steatosis. This study
suggested a new therapeutic target for the treatment of lipid metabolism
diseases caused by GHR mutation.

Key Words: GHR, hepatic steatosis, knockout pig model, PPARA

OP136  Transgenic chickens generating through targeting PGC
with antibody-directed lentiviral. Z. Jiang*'>, H. Wu'?, J. Tian'?,
and X. Hu'?, 'College of Biological Sciences, China Agricultural Uni-
versity, Beijing, China, *State Key Laboratory of Agro-biotechnology,
China Agricultural University, Beijing, China.

Recent advances in avian transgenesis studies highlight the pos-
sibility of utilizing the lentiviral vectors as a gene transduction tool in
both experimental and clinical settings that require long-term transgene
expression. However, both high gonadal chimerism rate and passage
efficiency are necessary for transgenic research, which stand in the way
for the broad usage of lentiviral vectors. In this work, we implemented
a simple strategy retargeting lentiviral vectors to primordial germ cells
(PGCs) through in vitro covalent modification of the virions using spe-
cific cell targeting proteins. The lentiviral vectors pseudotyped with a
modified chimeric Sindbis virus envelope (termed m168), which conju-
gated with antibody specific for PGCs membrane protein, were used in
our study. Conditions to optimize the efficiency of gene delivery were
established using the different virus packaging system and SSEA4 an-
tibody as the cell surface target, which was associated with primordial
germ cell phenotypes. We found that the m168 pseudotyped lentiviral
of 3-vectors system have higher p24 and better transduction levels than
the m168 pseudotyped lentiviral of 4-vectors system. By varying the
proportion of antibody, conjugation of p24 (1ng) viral particles with
1pg anti-HLA or anti-SSEA4 would result in targeted gene transfer into
293T or PGCs. Furthermore, SSEA4 mediated M 168 pseudotyped len-
tiviral vectors have higher targeting and infectious than vesicular sto-
matitis virus G (VSV-G) pseudotyped for the PGCs infection. Here,
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we reported successful targeting in chicken gonads through sub-em-
bryonic injection of a lentiviral vector pseudotyped with m168 and it
may provide a potentional strategy to improve the gonad chimeric and
passage efficiency. Further improvement of this targeting technology
will promote applications not only in transgenic but also genetic and
medical fields.

Key Words: M168 pseudotyped lentiviral, primordial germ cell,
targeted infection, transgenic chickens, SSEA4

OP137  In vitro transfection of chicken primordial germ cells
and generation of cell-chimeric chicken using the Sleeping Beauty
transposon system. S. Altgilbers*, S. Klein, W. A. Kues, and S. Wei-
gend, Friedrich-Loeffler-Institut, Institute of Farm Animal Genetics,
Mariensee, Neustadt, Germany.

Primordial germ cells (PGCs) are the precursors of the gametes
and pass genetic information from one generation to the next. In this
study, we established a stable transfected PGC cell line using the Sleep-
ing Beauty transposase in combination with a ubiquitously expressed
Venus reporter transposon plasmid. After transfection, the PGCs were
enriched using fluorescence activated cell sorting of Venus expressing
cells. We performed microinjection of the modified PGCs into eggs at
2.5 d of development. 3000 PGCs per embryo were injected into the
blood vessel and 76 treated recipients were incubated until hatching.
We were able to hatch 14 potential cell chimeric male chicks, which
are raised to maturity for sperm testing. A total of 16 female chicks
and the embryos, which died during the experiment, were used to esti-
mate the gonadal transfection efficiency. The gonads were isolated and
the fluorescence signal of the Venus reporter was detected in 81% of
the 16 hatched chicks. Overall, transfected primordial germ cells were
found in 89% of 46 investigated gonads. The fluorescence microscopy
data were verified by Venus-specific PCR. The maintained primordial
germ cell status of the Venus-positive cells in the gonads was verified
by co-staining with the SSEA1 surface marker. The results demonstrate
that the in vitro transfected primordial germ cells were able to colonize
the gonads. The male chicks will be grown up to maturity, and the pro-
portion of spermatozoa derived from the injected PGCs will be deter-
mined by FACS and PCR. Based on the preliminary gonad colonization

data, we believe that the Sleeping Beauty transposon system is an effi-
cient method for the production of cell-chimeric chicken, and that it will
allow germline transmission of desired genetic modifications.

Key Words: poultry and related species, cell culture, genetic engi-
neering

OP138  Genome modification in chicken for therapeutic protein
production. Y. M. Kim*, Y. H. Park, J. M. Kim, J. S. Park, H. J. Lee,
K.Y. Lee, and J. Y. Han, Department of Agricultural Biotechnology
and Research Institute of Agriculture and Life Sciences, College of Ag-
riculture and Life Sciences, Seoul National University, Seoul, Republic
of Korea.

Genome modification technology has been provided numerous
opportunities for basic research and industry. Recent progress in ge-
nome modification technology such as clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated protein 9
(CRISPR/Cas9) system combined with primordial germ cell (PG-
C)-mediated germline transmission system allows more potential appli-
cations in genome modified poultry for diverse purposes. Especially, the
practical use of these techniques was successfully adopted in produc-
ing genome edited chickens for application of industrial field including
bioreactor system. Since the relatively short generation time, sufficient
reproductive capacity and high egg production characteristics, chicken
has been considered as the most efficient animal bioreactor for recom-
binant protein production. In addition, a half of the chicken egg white
proteins was translated from the single egg white gene, Ovalbumin, the
mass production of functional proteins in eggs has been highly expect-
ed. In this regards, we have applied the modified egg white promoter
for development of an efficient chicken bioreactor system. As results,
the transgene was successfully integrated chicken genome, and the
products derived from genome modified chicken showed consistent ex-
pression level and higher efficacy compared with commercial counter-
part. The results suggest that chicken bioreactor developed by genome
modification technologies could be an alternative system for producing
human therapeutic proteins.

Key Words: poultry and related species, genetic engineering, trans-
genics, biomedical model
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OP139  Invited Workshop Presentation: Towards a sustain-
able management of farm animal genetic diversity in the era of
whole-genome data: The case of sheep and goats. F. Pampanon*!
and B. Benjelloun?, !Univ. Grenoble Alpes, Univ. Savoie Mont Blanc,
CNRS, LECA, Grenoble, France, *Institut National de la Recherche
Agronomique Maroc (INRA-Maroc), Morocco.

Characterizing farm animal genetic diversity is a major challenge
for developing sustainable breeding strategies and conservation actions
in the context of global change. As the ability of farm animals to face
environmental changes relies on their diversity and phenotypic plas-
ticity, we need to understand the genetic and epigenetic bases of adap-
tation to climatic extremes to predict livestock resilience and conserve
genomic resources. By developing population genomics and landscape
genomics approaches based on whole genome analyses of wild and
domestic sheep and goats, our research aims at deciphering the evolu-
tionary mechanisms responsible for the emergence of domestic breeds
and their local adaptation to extreme environments. Based on recent
results that we obtained, we will illustrate: (i) the discovery of genes
involved in shaping domestic breeds during early domestication and
further improvements; (ii) the variation of adaptive genetic diversity
along environmental gradients in indigenous breeds from Northern Af-
rica; (iii) the possible role of gene regulation through epigenetic marks
to face environmental stresses; (iv) the evaluation of whole genome
genotyping strategies to assess the genome diversity of livestock (e.g.,

SNP arrays vs whole genome sequences at various sequencing depth).
We will discuss the impact of such results for the definition, conser-
vation and valorisation of operational farm animal genomic resources.

OP140  Genetic characterization of cattle populations for
optimized performance in African ecosystems. R. Crooijmans*!,
N. Ghanem?, C. Ginja®, D. Kugonza*, L. Makgahlela®, and J. Kan-
tanen®, ‘Animal Breeding and Genomics, Wageningen University and
Research, Wageningen, the Netherlands, *Animal Production Depart-
ment, Faculty of Agriculture, Cairo University, Giza, Egypt, ’Centro
de Investigacdo em Biodiversidade e Recursos Genéticos, University
of Porto, Porto, Portugal, *Animal breeding and Genetics, Makerere
University, Kampala, Uganda, *Animal breeding and Genetics, Agri-
cultural Research Council, Pretoria, South Africa, °Natural Resources
Institute Finland, Jokioinen, Finland.

Traditional local cattle breeds are under severe pressure of ex-
tinction worldwide due to their low production performance compared
with commercial breeds, as well as new legislations. Breed replacement
or crossbreeding with commercial transboundary cattle is a threat to
these native breeds. One very big advantage of native cattle breeds is
the high adaptation to the ecosystems they have lived in. But how did
such adaptation shape the genome of these animals? Adaptation to an
ecosystem is already a collection of traits which result in resilient ani-
mals that survived in time. There are several stressors that have influ-
enced adaptation of ecotypes such as climate (change), heat, diseases,
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availability of feed and water. Within this project we defined standard-
ized protocols (SOPs) for phenotype collection in 6 different countries
(Finland, The Netherlands, Portugal, Egypt, Uganda and South Afri-
ca) on traditional cattle breeds. The derived phenotypes are used in
combination with whole genome sequence data of the same animals
to try to find association to different ecotypes. Over 700 animals will
be re-sequenced. Meanwhile, to promote communication, information
exchange and outreach, an App has been developed where farmers can
submit animal records and also access the database to get information/
reports on their animals and/or breed. In addition to selective sweep
analysis, an inventory on diversity will be obtained, in particular con-
cerning patterns of admixture and the degree of inbreeding.

Key Words: cattle, traditional, ecosystem, adaptation, WGS

OP141 Towards a complete genomic characterization of
African indigenous cattle. A. Tijjani*'?, K. Marshal®?, H. Kim*°, H.
Jianlin>¢, and O. Hanotte”$, 'International Livestock Research Institute
(ILRI), Addis Ababa, Ethiopia, *International livestock Research In-
stitute (ILRI), Nairobi, Kenya, *Center for Tropical Livestock Genetics
and Health (CTLGH), The Roslin Institute, University of Edinburgh,
Edinburgh, UK, *Department of Agricultural Biotechnology and
Research Institute of Agriculture and Life Sciences, Seoul National
University, Seoul, Republic of Korea, *C&K genomics, Seoul National
University Research Park, Seoul, Republic of Korea, SILRI-CAAS Joint
Laboratory on Livestock and Forage Genetic Resources, Institute of
Animal Science, Chinese Academy of Agricultural Sciences (CAAS),
Beijing, China, "LiveGene—CTLGH, International Livestock Research
Institute (ILRI), Addis Ababa, Ethiopia, *Cells, Organism and Mo-
lecular Genetics, School of Life Sciences, University of Nottingham,
Nottingham, UK.

Genetic and genomic variations in African indigenous livestock
populations remain huge resources, yet to be tapped. These resources
are prerequisite for a complete characterization of local breeds toward
genetic improvement contributing to food security and poverty reduc-
tion on the continent. The International Livestock Research Institute
(ILRI) is leading an unprecedented research effort aiming at harnessing
the genetic resources of indigenous cattle breeds across Africa. This is
being achieved through an extensive collaboration of African national
partners together with ILRI Livestock Genetics program, supported by
the University of Nottingham (UK), the ILRI - CAAS Joint Laboratory
on Livestock and Forage Genetic Resources (China), Seoul National
University (South Korea), and the Centre for Tropical Livestock Ge-
netics and Health (CTLGH) program based at the University of Ed-
inburgh and SRUC (Roslin Institute, UK). So far, samples have been
obtained from around 45 cattle breeds of zebu, taurine and admixed
origins and comprising of over 1,500 individuals. High coverage (up to
30x) of whole genome re-sequencing of more than 25 breeds consisting
of over 250 samples have now been completed. We aim to catalog the
entire functional diversity, including SNPs and structural variations, of
African cattle. Our current objectives include the identifications of the
most informative SNPs for designing the African cattle reference SNP
genotyping arrays to be applied to breeding improvement programs and
the genomic regions underpinning adaptation and productivity, as well
as the capacity building among African collaborating scientists through
training in bioinformatics and genomics. Future activities may include
de novo genome sequencing and assembly of African cattle breeds
and a transcriptome catalog of gene expression, paving the way to the
pan-genome analyses of African cattle.

Key Words: African cattle, functional diversity, adaptation, genomic
characterization, SNPs

OP142  Genomic diversity and differentiation of Iberian native
cattle. R. da Fonseca'?, I. Urefia®, S. Afonso’, A. E. Pires**, E. Jors-
boe?, L. Chikhi*¢, and C. Ginja*3, !Center for Macroecology, Evolu-
tion and Climate, Natural History Museum of Denmark, University
of Copenhagen, Copenhagen, Denmark, *The Bioinformatics Centre,
Department of Biology, University of Copenhagen, Copenhagen,

Denmark, CIBIO-InBIO, Centro de Investigagdo em Biodiversidade
e Recursos Genéticos, Universidade do Porto, Vairdo, Portugal,
‘LARC, Laboratério de Arqueociéncias, Direc¢ao Geral do Patrimo-
nio Cultural, Lisboa, Portugal, *Laboratoire Evolution et Diversité
Biologique, Université de Toulouse Midi-Pyrénées, CNRS, Toulouse,
France, ®Instituto Gulbenkian de Ciéncia, Oeiras, Portugal.

The complex origin of Iberian primitive breeds is reflected in their
high genetic diversity relative to their European counterparts despite the
geographic distance of this territory from the presumed Near-Eastern
domestication center. This renders Iberian livestock a great example for
investigating the genomic impact of the intricate processes of diversifi-
cation regarding the last 200 years of specific breed formation and ear-
lier admixture events. We sequenced 48 genomes, to between 1.4X and
2.3X depth of coverage, belonging to 8 breeds of Iberian native cattle,
namely the Portuguese breeds Alentejana, Arouquesa, Barrosa, Brava
de Lide, Maronesa, Mertolenga, Mirandesa and Preta. We described
genome-wide diversity and introgression in Iberian breeds in relation
to 60 previously published taurine (Bos taurus) and zebu (B. indicus)
cattle genomes from Europe, Africa and Asia, and sequence data from
one European aurochs (B. primigenius). We confirm that there is a clear
genetic distinction among Iberian cattle breeds, with 8 well-defined
clusters using NGSadmix, and observed high levels of breed differen-
tiation (average Fg, 9%). The principal components analyses showed
the high differentiation of Mirandesa and Brava due to genetic drift as
a result of drastic demographic changes, i.e., a significant reduction in
population size and reproductive isolation related to semi-feral breed-
ing conditions, respectively. D-statistics suggest significant gene flow
or admixture from African taurine cattle in all 8 breeds. Also, these
Iberian cattle included distinct mtDNA and Y-chromosome haplotypes
from multiple origins. We found no evidence of indicine introgression
or recent admixture with transboundary commercial breeds in Iberian
native cattle. We demonstrate that breed management and associated
demographic processes had profound effects on genomic diversity and
resulted in unusual patterns of genetic differentiation for autosomes
versus sex chromosomes. Our results indicate that genetic differen-
tiation measured using chromosome X might be more representative
of the native populations of domesticated cattle, and that comparisons
between breeds using autosomal data might be misleading without an
appropriate demographic model.

Key Words: Iberian primitive cattle, genome sequencing, breed diver-
sity, population genomics, introgression

OP143  Integrating in situ and ex situ genomic data of domestic
chicken breeds for conservation in China. M. Zhang* and K. Wu,
China Agricultural University, Beijing, China.

The effective conservation and use of farm animal especially for
chicken are vital for creating and maintaining sustainable increases in
the productivity of healthy food for mankind. In situ and ex-situ con-
servation are 2 main protection strategies for Chinese domestic chicken
breeds. However, few studies have compared the genomic diversity and
population structure of conserved chicken between ex-situ and in situ
populations in China. In the present study, a total of 361 individuals
including 3 Chinese domestic chicken breeds collected from in situ and
ex-situ populations were genotyped using genotyping-by-sequencing
(GBS) to compare the genetic diversity and population structure. After
sequence alignment, variant calling and quality control (QC), 1539911
high-quality SNPs were obtained for subsequent analysis. No matter
in situ or ex-situ population, all 3 chicken breeds maintained relatively
high genomic diversity in terms of heterozygosity (Ho, He), the propor-
tion of polymorphic markers (P)), allelic richness (A,) and inbreeding
coefficient based on runs of homozygosity (F, ). Population structure
of the 3 native chicken breeds was analyzed using principal component
analysis (PCA), neighbor-joining (NJ) tree, and STRUCTURE anal-
ysis, the results suggested that population stratification had occurred
in different conserved populations. All F  values between in situ and
ex-situ within a breed were higher than 0.05 (from 0.05 to 0.1), indicat-
ing that moderate genetic differentiation appeared. The Ne of the in situ
population was higher than the ex-situ, for instance, the average Ne (for
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ggal-5) was 129.44 in YBEC (in situ), while only 50.34 was calculated
in BEC15 (ex-situ). We concluded that being small and maintained in
controlled environments, ex-situ conserved chicken populations would
retain less genetic diversity than in situ. This study brought new in-
sight into conservation genomics used in the actual conserved chicken
population and provided the scientific basis for further optimizing the
conservation programs in in situ and ex-situ population of Chinese do-
mestic chicken breeds.

Key Words: Chinese domestic chicken, genomic diversity, conserva-
tion, in situ, ex situ

OP144  Investigating introgression of river-buffalo loci in the
genome of Brazilian Carabao swamp buffaloes. M. Barbato', L.
Colli', M. Milanesi*?, Y. T. Utsunomiya®?, J. R. V. Herrera*, L. Cruz®,
P. Baruselli’, M. M. J. Amaral®, M. G. Drummond’, J. F. Garcia®3, J. L.
W. Williams®, International Buffalo Consortium®, and P. Ajmone-Mar-
san*!, 'Department of Animal Science, Food and Nutrition - DIANA,
Universita Cattolica del S. Cuore, Piacenza, Italy, *Universidade
Estadual Paulista “Julio de Mesquita Filho,” Faculdade de Medicina
Veterindria de Aracatuba, Aragatuba, Brazil, *International Atomic
Energy Agency (IAEA), Colaborating Centre on Animal Genomics and
Bioinformatics, Arag¢atuba, Brazil, *Philippine Carabao Centre, Nueva
Ecija, Philippines, *Faculdade de Medicina Veterindria e Zootecnia,
Universidade de Sao Paulo, Sdo Paulo, Brazil, °Instituto de Biocién-
cias, Letras e Ciéncias Exatas, Universidade Estadual Paulista, Sdo
José do Rio Preto, Brazil, ’R&D Department, Myleus, Belo Horizonte,
Brazil, 5The Davies Research Centre, School of Animal and Veterinary
Science, University of Adelaide, Roseworthy, SA, Australia.

Water buftalo was domesticated about 5,000-6,000 years ago and
since then has become one of the most important livestock species in
tropical and sub-tropical environments providing labor, meat and dairy
products. There are 2 water buffalo species, swamp and river buffalo,
which differ in morphology, production attitudes, geographic range and
chromosome number. Despite the difference in chromosome number,
these 2 subspecies are inter-fertile and the river type is sometimes used
to upgrade milk production of the swamp type. Here we investigat-
ed admixture and local ancestry of 2 populations: Brazilian Carabao,
which were established hundreds of years ago in Brazil, and the re-
cently created Philippine cross bred population. Data were produced
using the 90K buffalo SNPs array (Axiom Buffalo Genotyping Array —
ThermoFisher scientific). In addition, worldwide pure river and swamp
breeds were genotyped and used as reference. We identified shorter
river type-derived haplotypes in Carabao compared with those found
in the Philippine population, confirming an older event of admixture.
Several genomic regions appeared to be conserved among Carabao in-
dividuals, which are putatively associated with adaptation and produc-
tion traits. Local ancestry analysis revealed preferential introgression of
river loci into the swamp genome in regions carrying genes related to
dairy production and fertility.

Key Words: river buffalo, swamp buffalo, introgression, admixture

OP145  Y-chromosomal haplotyping in horses—New achieve-
ments and future potentials. S. Felkel, V. Dobretsberger, D. Rigler,
C. Vogl, G. Brem, and B. Wallner*, University of Veterinary Medicine
Vienna, Vienna, Austria.

Polymorphic markers on the male-specific region of the Y chro-
mosome (MSY) are widely used to infer historic demography. Because
of its lack of recombination and the strictly male specific inheritance,
the MSY perfectly mirrors male genealogies. However, the low se-
quence variation on the horse MSY impeded fine-grained haplotyping
in this species. We recently established a workflow to predict the re-
gions on the highly repetitive Y-chromosome that are suitable for unam-
biguous variant calling from NGS data. We generated a MSY haplotype
tree based on biallelic variants ascertained from more than 200 horses
on about 6 MB of the MSY. This robust MSY topology served as a
backbone for a haplotype determination in a comprehensive data set.

By linking MSY haplotypes and pedigree information, we nailed down
the MSY haplotypes of several influential founder stallions — ranging
from the Thoroughbreds, to Arabian, Spanish and some coldblooded
sires. We show the potential of MSY haplotyping to trace the influence
of particular sires within and across populations and give examples how
MSY haplotyping can be revealing to illuminate the development and
origin of horses by studying rural populations and historic/ancient re-
mains. Our effort brings the accuracy of Y-chromosomal lineage tracing
in horses similar to that in humans and therefore sire line screening
could be implemented for forensic applications.

Key Words: horses and related species, phylogeny, sequence varia-
tion, Y chromosome, forensics

OP146 Introgression with domestic goats has expanded the
genetic variability of the Spanish ibex. T. Figueiredo-Cardoso', R.
Tonda?, M. G. Luigi-Sierra', A. Castell6', B. Cabrera'?, A. Noce/,
S. Beltran?, R. Garcia-Gonzalez*, A. Fernandez-Arias’, J. Folch®,

A. Sanchez'3, A. Clop', and M. Amills*'3, /Centre for Research in
Agricultural Genomics (CRAG), CSIC-IRTA-UAB-UB, Universi-
tat Autonoma de Barcelona, Bellaterra, Barcelona, Spain, *Centre
Nacional d’Analisi Genomica-Centre for Genomic Regulation (CRG),
Barcelona, Barcelona, Spain, *Universitat Autonoma de Barcelona,
Bellaterra, Barcelona, Spain, *Instituto Pirenaico de Ecologia (IPE-
CSIC), Spain, *Servicio de Investigacién Agroalimentaria, Spain,
SCentro de Investigacion y Tecnologia Agroalimentaria de Aragon,
Zaragoza, Zaragoza, Spain.

The Spanish ibex (Capra pyrenaica) is a wild goat species dis-
tributed in the Iberian Peninsula. Based on phenotypic criteria, 4 sub-
species have been defined: C. p. hispanica (CPH, south and east of the
Iberian Peninsula), C. p. victoriae (CPV, center and northwest of the
Iberian Peninsula), C. p. lusitanica (CPL, Galicia and north of Portugal)
and C. p. pyrenaica (CPP, Pyrenees mountains). Hunting, epidemics
and habitat loss caused the extinction of CPL (disappeared in the 19th
century) and CPP (extinct in the year 2000) as well as severe population
bottlenecks decreasing the diversity of CPV and CPH. By using a high
throughput genotyping approach, we have demonstrated that interspe-
cific hybridization with domestic goats has been an important source of
novel variability for Spanish ibexes living in Tortosa-Beceite. Individu-
al sequencing of one of the last CPP representatives ( x 16.6 coverage)
and Pool-sequencing ( x 39 coverage) of 30 CPH and 23 CPV individu-
als revealed an extensive sharing of SNPs (96%) between the CPP indi-
vidual and the extant CPV and CPH subspecies, thus suggesting that the
extinction of CPP did not cause a major loss of diversity in Capra pyre-
naica. Sequencing experiments also revealed that the genome of one of
the last CPP representatives contains stop-gained mutations, with het-
erozygous genotypes, in the WASF2, RBM17 and SERPINB10 genes.
The inactivation of WASF2 and RBM17 causes embryonic lethality,
while SERPINB10 belongs to a family of serin proteases with key roles
in immunity and other biological processes. Our results suggest that the
dramatic reduction of the CPP population during the19th-20th centuries
led to the progressive accumulation of mutations with harmful effects
(genomic meltdown) that probably contributed to its extinction by lim-
iting fitness and reproductive success.

Key Words: conservation, hybridization, goats and related species

OP147  Unraveling the genomic diversity and population
structure of 20 autochthonous European pig breeds. M. Mufioz*!,
R. Bozzi?, J. M. Garcia-Casco', Y. Nuiiez!, A. Ribani’, M. gkrlep“, R.
Quintanilla®, M. J. Mercat®, J. Riquet’, J. Estellé®, M. Candek-Potokar?,
A. I. Fernandez', L. Fontanesi®, and C. Ovilo', 'Departamento Mejora
Genética Animal, INIA, Madrid, Spain, °DAGRI, Animal Science
Section, Universita degli Studi di Firenze, Firenze, Italy, *Department
of Agricultural and Food Sciences, University of Bologna, Bologna, It-
aly, ‘Kmetijski institut Slovenije, Ljubljana, Slovenia, ’IRTA, Programa
de Genética y Mejora Animal, Barcelona, Spain, *IFIP — Institut du
Porc, Le Rheu, France, 'INRA, Génétique Physiologie et Systéeme
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d’Elevage, Castanet-Tolosan, France, *GABI, INRA, AgroParisTech,
Université Paris-Saclay, Jouy-en-Josas, France.

European autochthonous pig breeds are very relevant as a local
resource. They have common characteristics as good environmental
adaptation, high adipogenic potential, rusticity and excellent meat qual-
ity products. However, some of them are in great danger of becoming
extinct and development of conservation policies and promotion of
their sustainable use are needed. One key factor for the conservation
of these breeds consists in their genetic characterization. In the cur-
rent study, we assessed the genomic diversity of 20 European local pig
breeds (Alentejana, Apulo-Calabrese, Basque, Bisara, Majorcan Black,
Black Slavonian, Casertana, Cinta Senese, Gascon, Iberian, Krs?ko-
polje, Lithuanian indigenous wattle, Lithuanian White Old Type, Mora
Romagnola, Moravka, Nero Siciliano, Sarda, Schwibisch-Hallisches
Schwein, Swallow-Bellied Mangalitsa and Turopolje) from 7 countries
(Croatia, France, Germany, Italy, Lithuania, Portugal, Servia, Slovenia,
Spain) and wild pigs sampled in the Iberian Peninsula. A total of 992
DNA samples were genotyped with GGP Porcine HD Genomic Pro-
filer v1 chip (68,528 SNPs). Different SNP sets were used according
to the analyses performed to compute: genetic diversity parameters,
genetic distances, population structure, linkage disequilibrium and ef-
fective sample size. The results revealed that several breeds as Apulo
Calabrese, Casertana, Mora Romagnola and Turopolje have low genet-
ic diversity exhibiting low heterozygosity and very small population
effective size, therefore, strategies of conservation should be applied
in these breeds. Principal component analyses showed individuals be-
longing to the same breeds cluster together with overlapping between
several breeds, particularly marked for Iberian and Alentejana breeds,
which suggests genetic closeness. In addition, few breeds were clear-
ly isolated from the rest. These findings provide relevant information
for the implementation of further conservation and selection strategies.
This project has received funding from the European Union’s Hori-
zon 2020 research and innovation program under grant agreement No
634476. The content of this abstract reflects only the author’s view and
the European Union Agency is not responsible for any use that may be
made of the information it contains.

Key Words: genomic diversity, pig breeds, SNP chip, conservation

OP148 IMAGE: Innovative Management of Animal Genetic
Resources. O. Cortes*!, L. T. Gama?, S. Dunner!, IMAGE Con-
sortium?, and M. Tixier-Boichard?, 'Veterinary Faculty. University
Complutense of Madrid, Madrid. Spain, *CIISA, Faculdade de Me-
dicina Veterinaria, Universidade de Lisboa, Lisboa. Portugal, 3SINRA,
France.

IMAGE is a project funded by the Horizon 2020 Research and
Innovation Programme of the European Union. The ultimate goal of
the project is to demonstrate the benefits brought by gene banks to the
development of more sustainable livestock farming systems. Thirteen
EU countries are involved, together with Switzerland and 4 non-Euro-
pean countries (Argentina, Colombia, Egypt and Morocco), in a project
that unites 28 partners including 3 SMEs, 3 NGOs, FAO, 9 research
institutions, 11 higher education and research, and INRA Transfert. Im-
age has still one year to go (2016-2020) and significant progress has
been achieved on innovative approaches for animal gene banks. The
IMAGE Dialogue Forum, a platform designed to involve all stakehold-
ers in the discussion about the future of genetic management of animal
gene banks, has covered important topics such as sanitary regulations,
data/material sharing, ethics and standardization of gene bank manage-
ment in the 3 sessions celebrated so far, encompassing more than 50
participants from different origins. IMAGE surveys have obtained a de-
tailed information about the diversity of germplasm and genomic col-

lections across Europe from 61 organizations representing 20 different
countries. Improvement of cryopreservation of germplasm, strategies
toward breed conservation using genomic tools, genomic selection or
introgression of specific characteristics into another breed are some of
the topics of the papers already published with 15 articles in peer-re-
view journals and 2 book chapters based on avian, horse, pigs, goats
and cows species. New sequencing data are being produced that will
significantly improve the knowledge and attractiveness of gene bank
collections for research and breeding. Three post-graduate courses were
organized in Argentina, Colombia and Netherlands which gathered stu-
dents from Europe, America and Africa The presence of the IMAGE
project in social-media is wide and diverse. It has a youtube channel,
and is represented in twitter (@imageh2020) and periodically the proj-
ects news are disseminated through Newsletters fully available, as all
the documentation of the project, in the webpage (www.imageh2020.
eu).

Key Words: H2020, gene banks, genomic, livestock

OP149  Sequencing of reindeer (Rangifer tarandus) genomes:
Insights into evolution, domestication, and adaptation. M. Welde-
negodguad'?, K. Pokharel', Y. Ming?, M. Honkatukia'#, J. Peippo!, T.
Reilas', K. H. Roed’, and J. Kantanen*', Natural Resources Institute
Finland, Jokioinen, Finland, Department of Environmental and
Biological Sciences, University of Eastern Finland, Kuopio, Finland,
’BGI-Tech, Guangdong, China, *NordGen Nordic Genetic Resources
Centre, As, Norway, *Norwegian University of Life Sciences, Oslo,
Norway.

Semi-domesticated reindeer (Rangifer tarandus) have pivotal
economic, societal and cultural value for indigenous people and pas-
toralists in northern and subarctic regions in Eurasian. Currently, there
exist several semi-domesticated and wild Rangifer-populations, the tax-
onomic status of which has been actively debated. To examine genetic
diversity, domestication history, taxonomy and adaptation, we deep-se-
quenced and de novo assembled one reindeer genome, resequenced
23 other Rangifer sp. samples. Genomic DNA of a 1-year-old Finnish
male reindeer was sequenced at high coverage (100X) on the Illumi-
na HiSeq2500 and 4000 platforms. Seven paired-end DNA libraries
with insert sizes ranging from 170bp to 20kb were constructed. The
genome assembly, annotation, and orthology analysis were conducted
using a robust bioinformatics pipeline. In the resequencing approach,
23 semi-domesticated and wild reindeer and caribou were sequenced
(10X) using Illumina HiSeq2500 platform. The data were subjected
e.g., for the principal component analysis. A total of 300.5 Gb of clean
data was assembled using SOAP denovo resulting into 256,454 scaf-
folds (N50 = 502 Kb) with cumulative scaffold length of 2.66 Gb and
spanning 90% of the estimated (2.9 Gb) genome size of reindeer. Using
a homology based approach the reindeer genome was predicted to har-
bor 27,332 protein coding genes, 98% of which were functionally anno-
tated. The resequenced animals grouped into 2 main clusters: northern
European and northern Russian/northern American. The draft quality of
the reference genome along with the annotations will provide important
insights into the evolution and demographic history of the reindeer and
taxonomy of Rangifer sp. Our findings suggest that there have been at
least 2 domestication events in the history of reindeer.

Key Words: de novo sequencing, domestication, reindeer, resequenc-
ing, taxonomy
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Plenary Session Il

OP150 EMBL-EBI, changes in the reference genomes sequence
and archive. A. Frankish*, EMBL-EBI, United Kingdom.

Abstract not provided.

OP151  Evolutionary changes in sequence, regulation, and gene
expression between Bos taurus and Bos indicus. M. Naval-San-
chez*!, M. Menzies', L. R. Porto-Neto'!, D. F. Cardoso'?, C. Kern®, M.
Halstead®, M. R. S. Fortes*, A. Canovas®, B. J. Hayes®, H. D. Daetwy-
ler”®, P. J. Ross?, H. Zhou?, J. Kijas', and A. Reverter!, ‘CSIRO Ag-
riculture & Food, St. Lucia, QLD, Australia, ’Department of Animal
Science, School of Agricultural and Veterinarian Sciences, Sao Paulo
State University (UNESP), Jaboticabal, SP, Brazil, ’3Department

of Animal Science, University of California Davis, Davis, CA, USA,
“School of Chemistry and Molecular Biosciences, The University of
Queensland, Queensland, Australia, *Centre for Genetic Improvement
of Livestock, Department of Animal Biosciences, University of Guelph,
Guelph, ON, Canada, *Queensland Alliance for Agriculture and Food
Innovation, The University of Queensland, St Lucia, Queensland,
Australia, "Agriculture Victoria, AgriBio, Centre for AgriBioscience,
Centre for, Bundoora, Victoria, Australia, *School of Applied Systems
Biology, La Trobe University, Bundoora, Victoria, Australia.

The majority of world cattle population can be divided as Taurine
(Bos taurus) or Indicine (Bos indicus). Taurine cattle are mostly based
in temperate environments, while Indicine breeds are highly adapted to
environments where heat is a constant. Besides temperature, other ad-
aptation traits such as disease and parasite resistance, as well as differ-
ences in human herd management and selection processes have shaped
separate patterns of genetic variation in both cattle lineages. With the
aim to explore how selection and genomic differences impact the func-
tion of regulatory elements and gene expression, we performed a com-
parative analysis at the level of sequence, open-chromatin and gene
expression between these 2 cattle lineages. In particular, the genome
sequences of 185 Taurine and 103 Indicine individuals were analyzed.
Genome-wide detection of candidate selective sweeps based on site fre-
quency measures (Fst) and nucleotide diversity () resulted in 657 and
242 20Kb bins in the Taurine and Indicine genomes, respectively. A
major finding is a large selective sweep in the Indicine genome located
on chr5: 47,670,001-48,100,000 and spanning several genes including

HELB, IRAK3, GRIPI and part of HMGA2. In our quest to characterize
the functional impact of selective sweeps, as well as to improve the
annotation of regulatory elements in the cattle genome, we performed
ATAC-seq for 3 biological replicates of Brahman (Bos indicus) and 2
replicates of Hereford (Bos Taurus) breeds, and 4 tissues: muscle, adi-
pose, liver and hypothalamus. The comparative analysis of regulatory
elements provides insight on their evolutionary turnover and increases
our understanding of non-coding variation and its impact on regulato-
ry elements. Next, we assess the enrichment of previously identified
selective sweeps for regulatory features, and confirm that differences
between Taurine and Indicine breeds involve mostly coding and proxi-
mal regulatory elements. Finally, we explore the impact of selection at
the gene expression level by incorporating RNA-Seq information for
the same individuals and tissues as the ATAC-seq data was generated.

Key Words: cattle, selection, evolution, ATAC-seq, functional anno-
tation

OP152  Integrative genomics and network biology in livestock
species: New knowledge from existing (and elderly!) data sets. D.
E. MacHugh*, UCD School of Agriculture and Food Science, Univer-
sity College Dublin, Belfield, Ireland.

High-throughput genomics technologies are currently driving
significant change in animal biosciences research and how genetic
improvement is implemented in domestic species. During the past de-
cade, large single-nucleotide polymorphism (SNP) and whole-genome
sequence (WGS) data sets have been generated for many livestock pop-
ulations. In recent years, these high-density genome-wide genetic data
have also been complemented with high-resolution transcriptomics and
epigenomics data sets. We have been developing methods to integrate
these different types of genomics data with phenotypic data and lever-
age new knowledge from existing and archival data sets. Here I provide
some illustrative examples, highlighting integrative genomics studies
on 1) host-pathogen interactions for mycobacterial infections in cattle
and humans; 2) systems genetics of exercise physiology in Thorough-
bred racehorses; and 3) local ancestry and functional genomics of trypa-
notolerance and bioenergetics in African cattle populations.

Plenary Session Il

OP153  Transgenerational epigenetic inheritance: How strong is
the evidence? H. Khatib*, Department of Animal Sciences, University
of Wisconsin-Madison, Madison, WI, USA.

Transgenerational epigenetic inheritance is the transfer of epi-
genetic marks such as DNA methylation, histone modifications, and
non-coding RNAs across subsequent generations via the germline.
Although this phenomenon is well documented in different species
including plants, nematodes, flies, fish, and rodents, it is not clear if
it occurs in mammals. In contrast, intergenerational epigenetic inheri-
tance involves the transmission of epigenetic marks from the gametes
to the embryo for one or 2 generations. Many studies have reported that
epigenetic marks are plastic and can be altered in response to environ-
mental exposures such as nutrition, stress, smoking, and air pollution.
These epigenetic alterations can be inherited either intergenerationally
or transgenerationally. However, the mechanisms of the inheritance of
these epigenetic marks remain unclear. In several studies in sheep, beef
cattle, and dairy cattle we demonstrated that different maternal diets
supplemented before or during pregnancy altered the transcriptome and
the epigenome of the offspring tissues. Importantly, we found that ma-
ternal nutrition during pregnancy in sheep induces epigenetic changes
in the fetus, which in turn lead to alternations in gene expression of
imprinted genes and DNA methyltransferases. The response of imprint-

ed genes to different maternal energy sources in fetal tissues suggests
important roles in the adaptation to energy balance. The fact that some
imprinted genes have regulatory functions in both embryonic growth
and metabolism suggests important roles in fetal programming of these
genes. Furthermore, integrative whole-genome DNA methylation and
transcriptome analysis revealed an association between gene expression
and inter-/intragenic methylated regions in fetal tissues in response to
maternal diet during pregnancy. The findings of these studies imply that
maternal diet before and during gestation can shape the epigenome and
the transcriptome of fetal tissues, and putatively affect phenotypes of
the next generation. Therefore, future studies should focus on the long-
term effects of these epigenetic changes on production and reproduction
traits in livestock.

OP154  Whole-genome sequencing of 722 canids reveals novel
genomic regions under selection and variants influencing mor-
phology and longevity. J. Plassais', J. Kim!, B. W. Davis", D. M.
Karyadi', A. N. Hogan', A. C. Harris', B. Decker'?, H. G. Parker', and
E. A. Ostrander*!, 'National Institutes of Health, Bethesda, MD, USA,
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’Texas A and M University, College Station, TX, USA, *Brigham and
Women's Hospital, Boston, MA, USA.

Domestic dog breeds present an extraordinary diversity of mor-
phologic traits and breed-associated behaviors resulting from human se-
lective pressures. Most breeds were created within the last 200 years by
either reproductively isolating small numbers of founder animals with
specific characteristics or by combining founders from multiple breeds
of desired phenotypes. As a result, canines represent a remarkable
system for understanding and identifying genetic variants controlling
mammalian traits, especially those associated with morphologic varia-
tion. To identify the genetic underpinnings of such traits, we analyzed
722 canine whole genome sequences (WGS), documenting over 91 mil-
lion single nucleotide variants and small indels, thus creating the largest
public catalog of genomic variation for a companion animal species to
date. We undertook both selective sweep analyses and genome-wide as-
sociation studies (GWAS) inclusive of over 144 modern breeds, 54 wild
canids and 100 village dogs. Our results identify new sequence variants
of strong impact associated with several phenotypes, including longev-
ity, ear and tail position, leg length and size and body weight variation.
We show that genes found to date account for greater than 90% of breed
body-size variation. We also describe the genetic relationship between
regulatory mutations, body size and longevity, demonstrating that only
4 body size genes found to date, including LCORL, HMGA2, IGFI and
an unmapped locus on CFA26 contribute to lifespan. Finally, we used
WGS from wild canids and indigenous dogs to refine our GWAS results,
demonstrating that alleles which distinguish common breed-associated
traits have been under selection since early breed formation. We thus
show that GWAS and selection scans performed with WGS are pow-
erful complementary methods for expanding the utility of the dog for
studies of mammalian growth and biology. Almost 400 modern domes-
tic dog breeds exist, each with a unique history and genetic profile. Our
laboratory at NIH has assembled one of the largest and most diverse
data sets of domestic dog breeds, reflecting their extensive phenotypic
variation and heritage, to identify breed-defining loci. Our laboratory
has used genetic distance, introgression, and genome-wide haplotype
sharing analyses to uncover geographic patterns of development and
independent origins of common traits, revealing the hybrid history of
breeds. Most recently, we have assembled a large database of canine
whole genome sequence and demonstrated its utility in genome-wide
association studies for disentangling the genetics underlying breed-spe-
cific morphologic, behavior, and disease susceptibility traits. These
analyses characterize the complexities of breed development, resolving
long-standing questions regarding individual breed origination, the ef-
fect of migration on geographically distinct breeds, and by inference,
transfer of trait and disease alleles among dog breeds.

Key Words: genetics, GWAS, dog WGS, body size

OP155 Update on the analysis and applications of microbiome
information. C. Rogel-Gaillard*, GABI, INRA, AgroParisTech, Uni-
versité Paris-Saclay, Jouy-en-Josas, France.

Microbiomes interplay with their hosts, and more and more stud-
ies aim at studying the reciprocal links between their composition and
functionalities, and the host phenotype variability. A new biological
scale has emerged with the concept of holobiont defined as a living or-
ganism surrounded by its inner and outer symbiotic microbial commu-

nities. Thus, holobionts are complex ecosystems that interact dynami-
cally with the environment. Host and microbiome genomes have likely
coevolved resulting in species-specific microbiomes as revealed by the
information provided by the gene catalogs of gut microbiomes for hu-
mans, mice, pigs and for an increasing number of other species. There
is increasing evidence that gut microbiomes contribute to animal health
and performance, including the metabolism of nutrients, stimulation of
epithelium cell proliferation, maturation of immune system, protection
from pathogens, signaling to the brain. Indeed, microbiomes stand at
the crossroad of multiple functions that are potentially related to feed
efficiency, immune capacity, welfare, environmental footprint, etc. and
that are of upmost interest for sustainable animal breeding. Identifying
microbiomes that positively contribute to health and production is a first
big issue. Understanding how to modulate microbiomes is a second big
issue that requires deciphering the respective roles of the host genetics,
environment and feed diets in shaping individual microbiomes. Devel-
oping standardized methods for producing and analyzing microbiome
data is a third big issue. We will illustrate these questions by presenting
results obtained mostly in pig. We will further discuss how research
on microbiomes contribute to advances in animal biology and provide
opportunities for animal breeding systems.

Key Words: microbiome, genetics, pig

OP156  Making the best of large datasets when sequence
analysis methods do not scale. C. Notredame*, Centre for Genomic
Regulation (CRG), Barcelona Institute for Science and Technology,
Barcelona, Spain.

The evolutionary angle has probably been one of the most pro-
ductive way of looking at animal data. Because it reflects the constraints
that are to be fulfilled for survival, evolution provides an extremely
powerful entry point in the understanding of complex living systems.
The same rational applies to any organism exposed to strong pressure
of selection, such as domestic crops and animals selected for specific
types of productivity. While the theory behind this approach has been
carefully crafted over more than a century, it is only over the last de-
cade that sufficient data has been made available to start exploring the
most daring predictions of evolution, and more importantly to make the
best of this powerful conceptual framework to better understand a wide
variety of highly relevant issues such as improved breeding strategies,
parasite resistance and even cancer treatment. Unfortunately, the meth-
ods currently available do not scale with the current data output and
almost every link in the complex chain of analysis currently available
for data processing is under some kind of pressure to be improved. In
this seminar, [ will focus on homology based modeling methods such
as multiple sequence alignment and I will expose their limitations, re-
cent progresses and the challenges that are to be overcome if we want
to make the best of current data. This issue is critical at a time when
66.000 new animal genomes have been announced. I will take this oc-
casion to introduce the most recent developments of the T-Coffee mul-
tiple sequence alignment package (www.tcoffee.org) and present novel
large-scale strategies allowing unprecedented levels of data integration.
Large scale computation comes along with important reproducibility
challenges and I will introduce the Nextflow (www.nextflow.io) method
developed in our group that allows complex and intensive computations
to be deployed efficiently and reproduced at any relevant level.

Applied Sheep and Goat Genetics

OP157  Invited Workshop Presentation: AdaptMap project:
Exploring worldwide goat diversity and adaptation. L. Colli*!,

E. L. Nicolazzi', F. Bertolini**, C. P. Van Tassell’, M. F. Rothschild?,
B. D. Rosen®, T. S. Sonstegard®, B. Sayre’, P. Ajmone-Marsan', P.
Crepaldi®, G. Tosser-Klopp’, S. Joost'’, A. Stella'', and AdaptMap
Consortium'?, ‘DIANA Department of Animal Science, Food and Nu-
trition & BioDNA Research Centre on Biodiversity an Ancient DNA,

Universita Cattolica del S. Cuore, Piacenza, Italy, *Fondazione Parco
Tecnologico Padano, Lodi, Italy, *Department of Animal Science,
Towa State University, Ames, I4, USA, *National center of aquat-

ic resources, Technical University of Denmark, Lyngby, Denmark,
‘Animal Genomics and Improvement Laboratory, USDA, Agricultural
Research Service, Beltsville, MD, USA, *Acceligen Inc, St. Paul, MN,
USA, "Department of Biology, Virginia State University, Petersburg,
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VA, USA, *Dipartimento di Medicina Veterinaria, University of Milan,
Milan, Italy, °GenPhySE, INRA, Université de Toulouse, INPT, ENVT,
Castanet Tolosan, France, '’Laboratory of Geographic Information
Systems (LASIG), School of Architecture, Civil and Environmental
Engineering (ENAC), Ecole Polytechnique Fédérale de Lausanne
(EPFL), Lausanne, Switzerland, "'Istituto di Biologia e Biotecnologia
Agraria, Consiglio Nazionale delle Ricerche, Milan, Italy, "www.
goatadaptmap.org.

The AdaptMap project investigates worldwide goat diversity with
a focus on domestication, adaptation associated with local environmen-
tal conditions, and adaptation in response to selection for production
systems. The ultimate goal of the project is to enable sustainable goat
breeding by leveraging the use of genomic information. During the first
phase of AdaptMap, several analyses were performed to characterize
population genetics and history, to identify selection signatures and sig-
nals of environmental adaptation through landscape genomics, and to
devise a panel of SNPs for parentage assessment. Overall, our results
showed a close association between the distribution of diversity and
geography, with a clear partitioning of the populations into groups ac-
cording to the continental origin. The 3 major gene pools corresponded
to goats from Europe, Africa and western Asia, a pattern consistent with
the recognized paths of human migration out of the Fertile Crescent.
Within these major pools, further patterns of variation mirrored geo-
graphical sub-structuring, human history and animal husbandry practic-
es. Comparing the European and African gene pools, European breeds
tended to be more discreet, in line with the practice of creating breeds
through active human-controlled genetic isolation, while greater gene
flow was observed in Africa. Among the observed “hotspots” of runs of
homozygosity, some were unique across continental groups. The results
of selection signature analysis were generally consistent with previous
evidence from independent studies. Signals of adaptation to the envi-
ronment were also identified, showing the strongest association with
differences in mean annual temperature. Finally, a highly informative
marker panel for parentage assessment was developed to assist breeding
in goat populations worldwide. Taken together, our evidence outlines a
remarkable diversity occurring at the global scale, locally partitioned
and often affected by introgression from cosmopolitan breeds. This
provides a useful framework to direct improvement and conservation
actions, and to select breeding targets.

OP158  Flock54: A new targeted marker panel for the sheep
industry. L. Eidman!, J. Thorne?*?, M. Duan?*, S. Hunter®, K. Daven-
port?, G. Becker?, and B. Murdoch*?, ‘Superior Farms, Dixon, CA,
USA, *Animal and Veternary Science, University of Idaho, Moscow,
ID, USA, 3Texas A&M, ArgiLife Research and Extension Center, San
Angelo, TX, USA, *School of Molecular Biosciences, washington
Statew University, Pullman, WA, USA, *IBEST Genomics Resource
Core, University of Idaho, Moscow, ID, USA.

Genomic tools have enabled the acquisition of information to aid
and accelerate the rate of genetic improvement of agricultural livestock
species. With price still a limiting factor to widespread utilization in
the US sheep industry, there is a need for a lower density panel that
reports markers for Mendelian inherited traits and other well-known
traits relevant to sheep production. The objective of this project was to
design a genetic marker panel using amplicon targeted Genotyping By
Sequencing (GBS). A 1000 marker DNA panel was designed to provide
genotypic data for known single gene causative mutations, pedigree as-
signment and markers associated with quantitative trait loci common to
the Applied Biosystems Axiom Ovine Genotyping array (50K). These
markers are evenly spaced throughout the genome and located in ei-
ther a transcript or quantitative trait locus. The flanking sequences of
each of the markers were mapped to sheep reference genomes Oar_v3.1
and Oar_rambouillet v1.0 to ensure the unique mapping of sequencing
reads for data analyses. Sheep tissue or blood samples were collected
by Superior Farms producer members, DNA was extracted from 384
samples and sent to Thermo Fisher Scientific for next-generation se-
quencing using lon 540 chip. Both targeted and novel mutations within
the sequenced region were called using Ion Torrent Suite 5.10. Only
the markers with a minimum of 50X sequence coverage were retained.

After excluding under-performing samples and markers, 970 targeted
markers with 50X sequence coverage or greater and an overall average
call rate of 98% were included in the data set. Furthermore, novel ge-
netic mutations identified in these important targeted regions were char-
acterized. Data from this panel can be used to identify known causative
mutations, improve pedigree accuracy and assist in genetic selection for
the sheep industry at a cost of US$15. The application of this cost-ef-
fective sheep genomics marker panel can be used to promote improved
production, animal health and profitability of the US sheep industry.

Key Words: sheep, DNA-sequencing, genotyping, genetic improve-
ment, genomic selection

OP159  Effect of genotyping strategies in the sustained genetic
gain across multiple generations of selection using ssGBLUP. M.
Sanchez-Mayor*!, V. Riggio?, L. F. de la Fuente', B. Gutiérrez-Gil', J.
J. Arranz', and R. Pong-Wong?, 'Dpto. Produccién Animal, Universi-
dad de Ledn, Ledn, Spain, *The Roslin Institute and R(D)SVS, Univer-
sity of Edinburgh, Roslin, Midlothian, UK.

Single-step GBLUP (ssGBLUP) is a BLUP-type genomic evalu-
ation method, which uses a relationship matrix calculated using geno-
type and pedigree information, allowing to include both genotyped and
ungenotyped individuals into a single evaluation. The practical implica-
tion of this method is that the genotype information propagates across all
animals, improving the accuracy of the breeding values of ungenotyped
candidates. A simulation study was carried out to quantify the impact
of the genotyping strategy on the sustained genetic gain across multi-
ple generations. To mimic a sheep population, the population structure
was simulated with large paternal half sib and small maternal half sib
families, but discrete generations were also assumed to avoid changes
in generation interval affecting the results. Each generation was com-
posed of 900 individuals (300 males, 600 females) from which 30 males
were selected and, each mated to 10 selected females (300 females in
total). To create an initial reference population, the first 2 generations
were unselected with all animals being genotyped (i.e., initial popula-
tion of size 1800). Thereafter, a proportion of the candidate offspring
were genotyped and the genetic evaluation carried out using ssGBLUP
including all candidates plus all ancestor animals since the first gener-
ation. The scenarios compared were standard BLUP, GBLUP with all
genotyped animals and 5 ssGBLUP with the number of candidates gen-
otyped being 10%, 20%, 30%, 40% and 50%, respectively. The strategy
to select the proportion of genotyped animals were: random and the top
best animals based on their phenotypic record. The selection scheme
was carried out for 9 generations (11 generations simulated). Results
showed that the genetic gain of ssGBLUP increases almost linearly with
the proportion of individuals genotyped. The comparison between ge-
notyping strategies showed that the selection at random yielded greater
genetic gain than when genotyping the best animals in the first genera-
tion. However, in the following generations, the scheme where the best
animals are genotyped yielded grater cumulative response.

Key Words: ssGBLUP, genotyping, genetic gain

OP160 Genome-wide association with footrot in hair and wool
sheep. M. U. Cinar'? R. D. Oliveira!, T. S. Hadfield?, A. Lichten-
walner*®, R. J. Brzozowski®, C. T. Settlemire®, S. B. Schoenian’, C.
Parker®, H. L. Neibergs®!®, N. Cockett®, and S. N. White*!"!, ‘Depart-
ment of Veterinary Microbiology and Pathology, Washington State
University, Pullman, WA, USA, *Faculty of Agriculture, Erciyes Uni-
versity, Kayseri, Turkey, *Department of Animal, Dairy and Veterinary
Sciences, Utah State University, Logan, UT, USA, *Department of An-
imal and Veterinary Science, University of Maine, Orono, ME, USA,
SCooperative Extension, University of Maine, Falmouth, ME, USA,
SDepartments of Biology and Chemistry, Bowdoin College, Brunswick,
ME, USA, "Western Maryland Research & Education Center, Universi-
ty of Maryland, Keedysville, MD, USA, *Retired, Ohio, USA, *Depart-
ment of Animal Science, Washington State Universit, Pullman, WA,
USA, ""Center for Reproductive Biology, Washington State University,
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Pullman, WA, USA, "USDA-ARS Animal Disease Research, Pullman,
WA, USA.

Footrot is a polymicrobial disease of sheep in which Dichelo-
bacter nodosus and Fusobacterium necrophorum often play major
roles, and it results in severe lameness with hoof separation from the
underlying tissue. Economic losses have been estimated at more than
$20 million per year in the UK, which is the country with the best anal-
ysis; globally, footrot in the 975 million sheep outside the UK certainly
has much higher costs. There are a variety of treatment and prevention
methods, but many are labor-intensive and expensive. Genetic footrot
resistance and/or resilience would be a valuable tool to advance control
especially because it could help in prevention without the need for ex-
posure. A sample of 251 US sheep including Katahdin, Blackbelly, and
various European-influenced crossbred sheep from 9 farms with footrot
issues were scored for hoof condition. A large subset (200) were geno-
typed with the OvineHD array (>600,000 SNP per animal), and 51 oth-
ers were genotyped with the Ovine50K array (>50,000 SNP) and then
imputed up to create a uniform genotype data set. Mixed models were
used for genome-wide association, and they accounted for farm and
genotype-derived principal components in addition to a random term
for the genomic relationship matrix. Genome-wide significant loci were
observed on ovine chromosomes 1, 3, 16, 17, and 18 including loci near
genes involved in the immune response and in hoof development. This
is the first study to report multiple genome-wide significant loci asso-
ciated with ovine footrot. These results provide a strong foundation for
future work toward discovering functional mutations underlying footrot
susceptibility. With additional research, these data will improve tools
for selectively breeding healthy sheep.

Key Words: footrot, sheep, resistance, susceptibility, genome-wide
association

OP161  Genomic background of heat stress in Assaf sheep. M.
J. Carabafio*!, I. Urefia', J. H. Calvo?, M. A. Jiménez®, M. Ramon*, C.
Diaz!, F. Freire®, and M. Serrano', 'INIA, Madrid, Spain, °*CITA-ARA-
ID, Zaragoza, Spain, *ASSAFE, Toro, Spain, “IRIAF, Valdeperias,
Spain.

Extreme weather events pose a challenge for animal production
in the Mediterranean area. Highly selected breeds are expected to be
more susceptible than local breeds to environmental challenges. This
study aimed at researching the genetic background of heat stress re-
sponse in the Spanish Assaf population using milk recording informa-
tion and meteorological data from weather stations. A total of 1.1 mil-
lion of milk, protein and fat test day records from 150,000 ewes were
used to generate pseudo-phenotypes that characterize individual heat
stress response. Pseudo-phenotypes were obtained by fitting a random
regression model, which included environmental effects (herd-year and
season of lambing, parity and days in milk combination and number of
lambs born) and a random regression on heat load for each ewe. Heat
load was the average of the test day and the 3 previous days for daily av-
erage values of a temperature-humidity index (THI). A quadratic Leg-
endre polynomial regression was used to describe individual responses.
For rams, pseudo-phenotypes were obtained from a weighted average
of their daughters pseudo-phenotypes. Genotypes of a custom 50K SNP
Affymetrix microarray for 1,091 rams and 766 ewes were used in the
genome-wide association study (GWAS) with the GCTA software. For
milk, fat and protein yields, associations at the genome level (p, .
< 0.01) were found in chromosomes 5, 13, 17, 26 and X. Three known
genes were annotated in these regions. ADRB3 {3 3-adrenergic-receptor
(OAR206) is an obesity gene that is involved in the regulation of energy
balance and a variety of physiological functions by increasing lipoly-
sis and thermogenesis. ZNF182 Zinc Finger Protein 182 gene (OARX)
has roles in various cellular functions, including cell proliferation,
differentiation and apoptosis, being also, a high regulator of transcrip-
tion. In mouse, variation at this gene has been related with decreased
food intake. PPEF ] protein phosphatase with EF-hand domain 1 gene
(OARX) suppresses genotoxic stress response via de-phosphorylation

of PDCDS5. In Arabidopsis thaliana, this gene is involved in heat stress
tolerance.

Key Words: heat stress, GWAS, sheep

OP162  Functional fertility genomics in sheep (Ovis aries). K.
Pokharel*!, J. Peippo', M. Honkatukia?, M.-H. Li®, and J. Kantanen',
!Natural Resources Institute Finland, Jokioinen, Finland, *Nordgen —
The Nordic Genetic Resources Center; As, Norway, *Chinese Academy
of Sciences (CAS), Beijing, China.

In sheep, ovulation rate and litter size are complex, economi-
cally important traits affected by endocrinological, genetic and envi-
ronmental conditions. We have analyzed factors affecting fecundity
of the highly prolific native Finnsheep and less prolific cosmopolitan
Texel breeds and searched for related structural and functional changes
in their genomes. Total of 31 ewes representing the breeds and their
F1-crossbreds were included in the study. Experiments were focused
on 2 different time points during the establishment of pregnancy: fol-
licular growth phase (first phase) and early pregnancy before implan-
tation (second phase). In the first phase, one ovary from each ewe was
surgically removed during follicular growth phase of the estrus cycle
for transcriptomic study. The second set of tissues representing sec-
ond phase was collected from pregnant ewes in the slaughter house.
Approximately 21000 genes and 531 miRNAs were expressed in the
data set with few miRNAs differentially expressed between the breed
groups. We observed a cluster of miRNAs on ovine chromosome 18
that is homologous to the one present on Human chromosome 14. We
identified several putative markers (e.g., GDF9 V371M mutation) and
genes (e.g., CST6, MEPE, and HBB) with expression level significantly
different between the breed groups. Meanwhile several genes includ-
ing those that were differentially expressed between the breeds lacked
annotations. We observed that CASA was found to be always upregu-
lated in F1 cross-bred ewes compared with both pure-breeds. Our data
suggested a role of imprinting in the fertility performance in F1-ewes.
Taken together; our results will improve the knowledge of important
fertility traits as well as genomics of sheep reproduction in general.

Key Words: RNA-Seq, ovary, corpus luteum, endometrium

OP163  Genetic diagnosis of sex chromosome aberrations in
sheep based on parentage test by microsatellite DNA and analysis
of X- and Y-linked markers. J. A. Bouzada*, J. M. Lozano, M. R.
Maya, A. Trigo, L. B. Pitarch, T. Mayoral, and E. Anadon, Laborato-
rio Central de Veterinaria, Algete (Madrid) Spain.

Autosomal chromosome aberrations have little impact on animal
breeding since the carriers usually show abnormal body conformation
and are thus promptly eliminated by breeders. In contrast, anomalies
involving sex chromosomes are more tolerated by species due to ran-
dom X chromosome inactivation of one of the 2 X chromosomes in all
somatic cells for gene dosage compensation and the fact that Y chromo-
some carries few genes. Hence most carriers often show a regular body
conformation but abnormal sex development, mainly in females, caus-
ing sterility (most of cases) or subfertility. A reliable survey at an early
stage is therefore required because detection and characterization of sex
chromosome aberrations in newborn has important economic effects.
It is possible to identify profiles that are indicative of chromosome ab-
normalities, including additional X-linked markers in usual panels for
pedigree and parentage. Abnormal profiles of genetic markers located
on sex chromosomes can help identify animals with chromosomal de-
fects. Markers panel used for sheep DNA testing by Laboratorio Central
de Veterinaria (Madrid) consisting of 17 autosomal microsatellite mark-
ers (CD5, CSRD247, ETH152, HSC, ILSTS005, ILSTS011, INRA0OS5,
INRA006, INRAO023, INRAO049, INRAO063, INRA172, MAF65,
McM42, McM527, OarFCB20 and SPS115), 2 microsatellite markers
linked to sex chromosomes (ILSTS017 and OarAE133) and the Amelo-
genin marker, a gene with distinct X and Y alleles, has been proved as a
very useful tool for genealogical control and detection of chromosomal
abnormalities in sheep. A new markers panel with additional sex-linked
markers (OarAE25, OarCP131, INRA030 and SRYM18) was imple-
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mented for extended analyses of suspect cases. Detection at an early
age and understanding of the prevalence of sex chromosome aberra-
tions should assist in the diagnosis and management of sheep kept for
breeding.

164  Selection signatures in goat breeds reveal the molecular
basis for six different coat color phenotypes. J. Henkel*!, R. Saif'?,
V. Jagannathan', C. Drogemiiller!, C. Flury®, and T. Leeb', /Institute
of Genetics, Vetsuisse Faculty, University of Bern, Bern, Switzerland,
Institute of Biotechnology, Gulab Devi Educational Complex, Lahore,
Pakistan, 3School of Agricultural, Forest and Food Sciences HAFL,
Bern University of Applied Sciences, Zollikofen, Switzerland.

Domestication and human selection have formed diverse goat
breeds with characteristic phenotypes. This process correlated with
the fixation of causative genetic variants controlling breed-specific
traits within regions of reduced genetic diversity, so called selection
signatures or selective sweeps. We performed a comprehensive screen
for selection signatures in 20 genetically diverse modern goat breeds
and Bezoar goats, the wild ancestor of domesticated goats. We pooled
DNA from 12 animals of each breed and sequenced the obtained breed
pools to ~30x coverage. The sequence reads were mapped to the goat
reference genome (ARS1) and single nucleotide variants were called.
For each pool, heterozygosity scores within a sliding window of 150
kb were calculated and negative Z-transformed H_scores (-ZHP) were
plotted. This approach revealed on average 111 selection signatures per
breed with —ZH_ > 4. In 2 Pakistani goat breeds, the Pak-Angora and
Barbari, we found a strong selection signature in a region harboring the
KIT gene. KIT is a well known depigmentation gene and several previ-
ously discovered KIT variants result in diverse depigmentation pheno-
types. The selection signature in the Pak-Angora goat breed revealed a
copy number variant (CNV) downstream of K/7. The same locus in the
Barbari goat breed harbored an alternative variant of the CNV. These
CNVs could explain the white spotted phenotype of Barbari and the
completely white phenotype of Pak-Angora. Another selection signa-
ture in Swiss goat breeds with white markings or specific symmetric
color patterns was found at the 4SIP locus encoding the agouti signal-
ing protein. This selection signature revealed 4 different CNV alleles
most likely affecting region-specific expression levels of 4ASIP. One of
the CNV alleles corresponded to a previously published 4SIP allele in
Saanen goats, while the 3 other ASIP alleles have not been reported
before. In conclusion, this study revealed new loci under selection in
20 different goat breeds. We report 6 structural variants at the K/7 and
ASIP loci that are likely to cause differences in caprine coat color phe-

notypes.

Key Words: goats and related species, evolutionary genomics, ge-
nome sequencing, selection scan, coat color

OP165  Polled intersex syndrome (PIS) in goats—Nanopore
sequencing revealed a complex structural variant and made it pos-
sible to devise a simple genetic test for identification of intersexual
goats. R. Simon*!, H. Tschanz-Lischer?, 1. Keller?, I. Héfliger’, A. Pi-
enkowska-Schelling?, C. Schelling?, C. Drogemiiller’, and G. Liihken',
Institute of Animal Breeding and Genetics, Justus Liebig Univerity,
Giessen, Germany, *Interfaculty Bioninformatics Unit, University of
Bern, Bern, Switzerland, *Institute of Genetics, Vetsuisse Faculty, Uni-
versity of Bern, Bern, Switzerland, *Clinic for Reproductive Medicine,
Vetsuisse Faculty, University of Ziirich, Ziirich, Switzerland.

In goats the trait of polledness is, in contrast to other bovine spe-
cies, connected with disorders in sexual development. The so-called
polled intersex syndrome (PIS) is characterized by the fact that ho-
mozygous polled and genetically female (XX) individuals are infertile
due to phenotypically diverse intersexuality, making the identification
of such cases difficult. In 2001, a ~11.7 kb deletion was detected as
PIS-associated genomic variant. After trials to establish genetic testing
for PIS in goats with the existing molecular genetic information had
failed, it was decided to take a closer look at the known variant us-
ing Oxford Nanopore sequencing, an emerging long read sequencing
technology. We sequenced the whole genome of 2 goats, a PIS-affect-
ed polled and a horned goat as control. A genome coverage of 9x and
14x for the homozygous polled and the horned goat, respectively was
reached. Mapping against the current goat reference genome (ARS1)
was performed with Minimap2. Sequence data confirmed the presence
of the published deletion on chromosome 1 in the homozygous polled
goat but also indicated the presence of a more complex structural vari-
ant. Some of the around 4 kb long sequence reads map to the regions
flanking the PIS-deletion however not continuously. Significant parts of
the reads map to a region located about 20 Mb downstream on chromo-
some 1. In addition, within this particular region a copy number variant
was observed in the polled goat. A closer look revealed that a duplicated
copy of a segment (~500 kb size) is inversely inserted into the region of
the known PIS-associated deletion. We succeeded to validate this struc-
tural variant by fluorescence in situ hybridization using BAC clones.
Sanger sequencing confirmed the complex variant with PCR primers
flanking the chromosomal breakpoints. Finally, a practicable proof of
genetic horn status and sex of goats was established applying an easy
to use and robust multiplex PCR. Meanwhile, more than 1000 goats of
different known breeds, sex and horn status have successfully been test-
ed. In conclusion, this study revealed a more complex structural variant
causing PIS in goats based on whole genome long read sequencing. We
report a simple genetic test that allows the determination of the polled
genotype in goats for the first time.

Key Words: goats and related species, animal breeding, genome
sequencing, fertility

Companion Animal Genetics and Genomics

OP166 A comparative review of the deleterious variants burden
in the domestic cat. W. C. Warren*!, R. Buckley', F. H. G. Farias?, R.
Middelton®, W. J. Murphy*, and L. A. Lyons', 'University of Missouri,
Columbia, MO, USA, *Washington University School of Medicine, St
Louis, MO USA, *4Nestlé Purina Research, St Louis, MO, USA, ‘Texas
A&M University, College Station, TX, USA.

Substantial progress in the association of human sequence vari-
ation to detrimental health consequences has been made, but we still
have much to learn. A benign versus pathogenic variant identification
conundrum persists. In companion animals, our understanding of the
putative deleterious variant similarities to human gene orthologs is
missing, especially true for domestic cats. We have sequenced in-depth
(30x) > 200 cats, including fancy breeds, crosses, wild subspecies and
other felid species. Single nucleotide variants (SNVs) and indels were
called against the Felis catus 9.0 reference to classify their frequency,
orthology to human and putative pathogenic impact. In a subset of unre-
lated cats (n = 60) we estimated an average of 9.7 million SNVs per cat.

In total, we identified 85,350 missense mutations, of which 20,775 were
considered rare (allele frequency <1%). Also, within coding regions we
identified 8,648 indels, with 1,640 considered rare. For loss-of-func-
tion (LOF) SNVs, our sequenced cats carried 1,310, of which the stop
gain classification was highest. Importantly, we identified that 26% of
these LOF SNVs were rare (<1%) and thus valuable for feline disease
research in the future. Overall, we found 701 LOF SNVs in human gene
orthologs with 434 of these predicted to be in genes where LOF isn’t
tolerated. At allele frequencies < 10%, we found 46 SNVs in our human
LOF intolerant gene set displayed LOF homozygosity, suggesting these
cats should have some health consequence if these genes are intolerant
to LOF in the cat. This first whole genome study of the segregating
SNVs among cat populations represents a significant step toward using
this data to more confidently assign an allele disease causality, be it
cancer, common or rare designations.

Key Words: feline, disease, genomics
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OP168  Mining the 99 Lives cat genome sequencing initiative
database. L. A. Lyons*, R. M. Buckley, and 99 Lives Consortium,
College of Veterinary Medicine, University of Missouri, Columbia,
MO, USA.

The 99 Lives Project includes over 200 cat genomes. All the
whole-genome sequencing data has been produced by Illumina technol-
ogy with PCR-free libraries of 350 — 550 bp and 100 — 150 bp paired-
end reads. Genome coverages range from >15x to > 50x coverage, most
genomes are 30x coverage. Thirty-three cat breeds are represented
and >50 moggies from different world regions. A goal for 2019 is to
incorporate an additional 24 unrepresented cat breeds. Fifteen differ-
ent wild felid species are included with intentions to have at least one
representative from all the 37 cat species. Approximately 40 different
research institutions, zoological parks, pet food companies and animal
health companies are contributing and form the consortium. The larg-
est contributions have come from investigators at MU (~52%)), Cornell
University and the University of California, Davis. Variant calling has
been completed by MU using the new long-read cat genome assem-
bly Version 9.0. The variant call file and sequence data is available to
all consortium members. The genomes submitted by MU incorporate
over 59 different cat diseases and traits. Five projects have been pub-
lished and several addition studies are in preparation. Most recently,
the DNA variants causal for dwarfism, hydrocephalus, Chediak-Higashi
Syndrome and Ehlers-Danlos Syndrome have been identified. Mining
the 99 Lives data set supports genetic testing services by identifying
variants flanking known casual variants for traits and diseases. These
variants may disrupt primers for PCR- and sequencing-based assays
and cause allelic dropout or poor amplification of a specific allele, par-
ticularly in hybrid cat breeds (Bengals, Savannahs, Chausie). Potential
new causal variants may be identified as well. Additional variants are
suspected to cause white spotting phenotypes in cats, beyond the known
KIT variants. The 99 Lives data set contains 54 KIT, 5 KITLG, 22 ED-
NRB, and 9 MITF that could influence melanocyte migration. MLPH
has 23 missense variants besides the common dilution mutation, which
could alter tone of coloration. FGF5, which affects long length, has 32
variants including several LOF variants. Allele frequencies can also be
estimated, importantly for diseases. 99 Lives is a diverse resource for
the genetics community.

Key Words: domestic cat, genome, disease, Felis, companion animal

OP214  Precision medicine in dogs: Some new causative
variants for inherited diseases. Tosso Leeb*' and Dog Biomedical
Variant Database Consortium (DBVDC)?, !Institute of Genetics, Vetsu-
isse Faculty, University of Bern, Switzerland, >DBVDC (Gus Aguirre,
Catherine André, Danika Bannasch, Doreen Becker, Brian Davis,
Cord Drégemiiller, Kari Ekenstedt, Kiterie Faller, Oliver Forman,
Steve Friedenberg, Eva Furrow, Urs Giger, Christophe Hitte, Marjo
Hyténen, Vidhya Jagannathan, Tosso Leeb, Hannes Lohi, Cathryn
Mellersh, Jim Mickelson, Leonardo Murgiano, Anita Oberbauer, Shei-
la Schmutz, Jeffrey Schoenebeck, Kim Summers, Frank van Steenbeek,
Claire Wade).

Abstract not available.

OP170  An early onset retinopathy in Golden retriever dogs.

S. Mikeldinen*', K. Narfstrom?, B. Ekesten?, G. Andersson', and TF
Bergstrom', ‘Department of Animal Breeding and Genetics, Swedish
University of Agricultural Sciences, Uppsala, Sweden, *Section for
Comparative Ophthalmology, College of Veterinary Medicine, Uni-
versity of Missouri-Columbia, Columbia, Missouri, USA, *Department
of Clinical Sciences, Swedish University of Agricultural Sciences,
Uppsala, Sweden.

Progressive retinal atrophy (PRA) and other inherited retinop-
athies result in visual impairment and blindness in dogs and humans.
In Golden retriever dogs, 3 different forms of PRA and the genetics
behind them have been identified. We have recently observed a fourth
form of retinopathy that affects the photoreceptors; more severely rods
than cones. In comparison to classical PRA caused by variants in the

PRCD, SLC443 (GR PRA) and TTC8 genes (GR PRA 1), this previ-
ously undiscribed retinopathy appears to have an earlier onset. Further,
there is mainly a normal fundus appearance while clinical signs such as
pupillary light reflexes and night vision are abnormal. Here, we used
a whole-genome sequencing (WGS) approach of an affected dog, its
unaffected sibling and their unaffected parents using Illumina paired-
end sequencing with 150bp read length on a NextSeq500 platform. This
resulted in an average coverage of 16.9X and identification of 4,764
exonic indels and 48,366 exonic single nucleotide variants (SNVs). As-
suming an autosomal recessive mode of inheritance we used condition-
al filtering of the variants and identified 45 exonic indels and 842 SNVs.
We then filtered these variants against 33 additional whole-genome se-
quenced dogs respresenting 8 different breeds and found 9 indels and
113 SNVs private to the affected individual. Eight of the indels resulted
in frameshift insertions or deletions and one was a nonframeshift in-
sertion. 46 SNVs were nonsynonymous and 5 of these were considered
deletorious based on Polyphen-2 and Provean scores. These variants are
currently being functionally evaluated bioinformatically and by Sanger
sequencing of additional dogs. One of the nonsynonymous substitutions
is a particularly strong candidate as a causative variant for this novel
retinal disease.

Key Words: dog, monogenic disease, whole-genome sequencing,
retinopathy, animal health

OP171  Multi-breed comparison of canine lymphoma suscep-
tibility. S. A. Mortlock, M. M.-J. Chen, P. Soh, V. W. T. Hsu, M.-S.
Khatkar, P. F. Bennett, R. M. Taylor, and P. Williamson*, The Univer-
sity of Sydney, Sydney, NSW, Australia.

Lymphoma is a common malignancy seen in dogs with variable
incidence rates observed across different breeds. The identification of
breed as an epidemiological factor in lymphoma along with reports of
familial clustering of cases suggests a genetic factor is contributing the
etiology of the disease. Numerous breeds have been classified as hav-
ing a higher risk of lymphoma including the mastiff breeds, Bernese
mountain dogs, Doberman pinscher and Cocker spaniels, while several
other breeds have been reported as having a reduced risk. Using the
Illumina CanineHD Beadchip and GCTA, GWAS analysis of genotypes
from Bullmastiff cases (n = 44) and healthy controls (n = 88) revealed
2 regions on CFA13 and CFA33 were identified within the top ranked
SNP (FDR < 0.05). Five putative haplotypes on CFA13 were each as-
sociated with increased risk of early onset disease in Bullmastiff dogs.
Approximately 65% of cases were homozygous for all risk haplotypes
compared with 10% of control dogs. Strong linkage disequilibrium
and homozygosity across the region made fine mapping of the region
difficult. However, the region covers an interesting candidate complex
containing the Myc-PVT1 syntenic region and overlapping coding re-
gions for miR-1204, miR-1205 and miR-1206. This region has been
recognized for its involvement in a range of human cancers, including
lymphoma. The frequency of the CFA13 risk haplotypes was examined
in a further sub-population of Bullmastiff dogs and compared with 15
breeds with varied risk of lymphoma. Based just on the risk haplotypes,
Bullmastiffs clustered separately to other breeds. The frequency of risk
haplotypes was calculated for multiple breeds along with the proportion
of dogs homozygous for each haplotype and SNP-wise ROH frequency
across the genome. A difference in haplotype frequency and homozy-
gosity across risk haplotypes 2 and 4 was identified between high and
low risk breeds, highlighting these 2 regions as lymphomagenesis can-
didates.

Key Words: dog, cancer, GWAS, breed, lymphoma

OP172  Assessing the genetic contribution to complex be-
havioural traits in German Shepherd dogs. J. Friedrich*!, P. Arve-
lius?, E. Strandberg?, A. Talenti', E. Sdnchez-Molano', R. Pong-Wong',
J. Hickey', M. Haskell*, and P. Wiener', ' Division of Genetics and
Genomics, The Roslin Institute and Royal (Dick) School of Veterinary
Studies, University of Edinburgh, Midlothian, UK, *Swedish Armed
Forces Dog Training Center, MARSTA, Sweden, *Department of An-
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imal Breeding and Genetics, Swedish University of Agricultural Sci-
ences, Uppsala, Sweden, *Scotland’s Rural College, Edinburgh, UK.

The close co-existence with humans, favorable genetic structure
and intense selection for behavior characteristics resulting in a high di-
versity of behavioral features highlights the potential of dogs for study-
ing the genetic contribution to behavior variance. Results from these
studies can have implications for animal welfare and human conditions.
However, behaviors are complex traits, which have been shown to be
influenced by numerous genetic and non-genetic factors, complicating
their analysis and demanding innovative approaches. In this study, we
examined the genetic contribution to behavior variance by combining
quantitative and population genetics approaches. First, the association
between behavioral traits of German Shepherd dogs (GSDs) and genet-
ic variants was analyzed, while accounting for various environmental
factors. Several behavioral traits that were defined based on dog owner
responses to questions of the established Canine Behavioral Assessment
and Research Questionnaire (C-BARQ) exhibited moderate heritabili-
ties, with the highest estimates identified for Human-directed playful-
ness and Non-social Fear. Furthermore, we identified genomic regions
distributed over 17 autosomes that showed at least chromosome-wide
significant association with the analyzed traits; for several traits, mul-
tiple regions were identified, supporting the hypothesis that behavior
traits are influenced by multiple genes. Second, we exploited the dif-
ferent breeding backgrounds of the analyzed GSD cohorts to identify
signatures of recent selection for behavior. Several statistics, e.g., the
integrated haplotype score, the fixation index and the cross-population
extended haplotype homozygosity, were calculated to detect these sig-
natures within and between cohorts. Putative selection signatures with-
in cohorts were found in regions on CFA4 and CFA19, both of which
harbour behavior-related candidate genes. Target regions for divergent
selection between cohorts were found on CFA12 and CFA32, both of
which have been described previously to be associated with morpholog-
ical and behavioral variation in different dog breeds.

Key Words: GWAS, regional heritability mapping, C-BARQ, selec-
tion signatures, human-directed playfulness

OP173  An haplotype view of cystinuria in dog. S. Frattini*!,
M. Cortellari', A. Talenti?, A. Negro', C. Biagini', M. Polli!, and P.
Crepaldi', 'Department of Veterinary Medicine, University of Milan,
Milan, Italy, °The Roslin Institute, University of Edinburgh, Easter
Bush Campus, Midlothian, UK.

Canine cystinuria is an autosomal recessive disorder that affects
a dog’s ability to filter cystine out of urine. The Solute Carrier Family
3 Member 1 (SLC341) is a gene, coding for a portion of the mem-
brane protein that controls the reabsorption of dibasic amino acids at
renal level, pivotal in the pathology onset. Aim of the work is to deepen
the haplotype variability associated with cystinuria in English Bulldog
(EB), French Bulldog (FB), and some other afflicted breeds. Our work
started from a sample of 19 dog, 9 FB and 10 EB, genotyped at the
locus ¢.A2092G on the exon 10 of the gene SLC3A1 on chromosome
10. Samples were then genotyped with 230k SNPChip (Illumina) and
haplotypes, built around gene SLC3A1 (+1.0 Mb), were explored. We
investigated differences in haplotypes among 3 group of animals: dogs
homozygous for the mutation at the SLC3A1 locus (classified as PP),
heterozygous (NP) and wild type (NN). The 6 samples classified as
PP showed a unique and identical haplotype of 44 SNPs at + 1.0 Mb
around the gene, with a core haplotype of 4 SNPs within the gene. The
analysis was expanded to a partially public data set comprising some
of the most susceptible breeds for the pathology: Newfoundland, Lab-
rador Retriever, Australian Cattle Dog, Miniature Pinscher, Rottweiler
and Dachshund, in addition to further EB and FB. Of the 93 analyzed
animals, only 4 (3 EB and 1 FB) showed the same haplotype. Con-
sidering the core haplotype, 4 Newfoundland out of 10 in the data set
presented this haplotype. These results suggest that the severity of this
pathology could be evaluated not only at the known causal mutation but
as a conserved haplotype. The present work showed the applicability
of dense SNP panels in the identification of haplotypes linked to causal
mutations for canine cystinuria. The detection of target haplotypes asso-
ciated with major known pathologies afflicting canine species, for each
breed, could make possible the use of this versatile tool as a first general
health check control in dog. Aknoledgments: Authors thank Vetogene
Lab for the supply of the 19 samples genotyped

Key Words: dogs and related species, genetic identification, diagnos-
tics, breed diversity, animal health

Comparative and Functional Genomics

OP174 FAANGMine: A genomic data-mining warehouse for
domesticated animal species. C. G. Elsik*, M. Shamimuzzaman, D.
A. Triant, J. J. Le Tourneau, and A. T. Walsh, University of Missouri,
Columbia, MO, USA.

We are developing FAANGMine (http://faangmine.org), a ge-
nomic data mining warchouse for domesticated animal species, in-
cluding species of interest to the Functional Annotation of Animal Ge-
nomes (FAANG) Consortium. The first FAANGMine release contains
genomes of cat, chicken, cow, dog, goat, horse, pig, sheep and water
buffalo. Gene annotations of human, mouse and rat are also includ-
ed to facilitate comparison to model organisms. FAANGMine uses the
InterMine platform to integrate data from a variety of sources, includ-
ing reference genome assemblies, genes (NCBI, Ensembl), proteins
(UniProt), protein families and domains (InterPro), orthologs and par-
alogs (EnsemblCompara, OrthoDB, TreeFam), pathways (KEGG, Re-
actome), interactions (BioGRID, IntAct), Gene Ontology (GO), QTL
(AnimalQTLdb), variation (Ensembl) and publications (PubMed).
Simple and sophisticated search tools enable researchers without script-
ing skills to create and export customized annotation data sets merged
with their own research data for use in downstream analyses. Built-in
query templates provide starting points for data exploration, while the
QueryBuilder tool supports construction of complex queries. The List
Analysis and Genomic Regions search tools execute queries based on
uploaded lists of identifiers and genome coordinates, respectively. Data
can be exported in a variety of formats, including gff, fasta, json and

tab-delimited files. We plan to expand FAANGMine by incorporating
data generated by the FAANG Consortium to enable fine-grained data
mining of functional elements in combination with gene annotations
and additional biological data.

Key Words: multispecies, functional genomics, genome annotation,
bioinformatics tools, data mining

OP175  High-order gene-by-gene and gene-by-environment
interactions: Is there a need to consider them when dissecting the
genetic basis of complex traits? O. Carlborg* and Y. Zan, Depart-
ment of Medical Biochemistry and Microbiology, Uppsala, Sweden.

Most biological traits are the result of the actions and interac-
tions of multiple genes and environmental factors. Understanding the
genetic architecture of such complex traits is a grand challenge in biol-
ogy. Over the past 20 years, thousands of loci affecting e.g., complex
human diseases and agricultural production traits have been identified.
The standard way to model the genetic contributions by these loci is to
assume that i) they are bi-allelic and ii) the total genetic contribution
is the sum of the allelic effects. This additive modeling of genetic ef-
fects within and across loci is statistically powerful and useful to, for
example, estimate how much of the trait variation in a population is
due to genetics, map individual genes contributing to this variation and
predict the immediate response of a population to selection. Molecu-
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lar studies, however, find that the biological mechanisms contributing
to these traits are often complex and it has been shown that this com-
plexity is not reflected in the results of statistical quantitative genetics
analyses of experimental data. We have explored the polygenetic basis
of complex traits in animals, plants and microbes. The focus has been
to understand how non-additive genetic mechanisms contribute to the
phenotypic variation for complex traits in both experimental and natural
populations. Using the findings from these studies as a basis, it is shown
how the genetic effects of multi-locus genotype-phenotype maps asso-
ciated with networks of interacting (epistatic) loci emerge into different
statistical model parameters in quantitative genetics analyses. Using
empirical findings as a basis, it is illustrated which insights can, and
which cannot, be confidently inferred from such studies.

Key Words: quantitative genetics, population genetics, epistasis, gen-
otype by environment interactions, high-order interactions

OP176  Evaluation of RNA-Sequencing pipelines for optimized
power and accuracy of SNP and INDEL identification. S. Lam*!,
F. Miglior!, J. Zeidan', I. Gomez-Redondo'?, A. Suarez-Vega!, P. A. S.
Fonseca!, F. Schenkel', and A. Canovas', 'Centre for Genetic Improve-
ment of Livestock, Department of Animal Biosciences, University of
Guelph, Guelph, ON, Canada, *Spanish National Institute for Agricul-
ture and Food Research and Technology, Madrid, Spain.

Evaluation of RNA-Sequencing (RNA-Seq) pipelines is critical
to optimize power and accuracy of analysis for identifying genetic vari-
ants (SNPs and INDELSs) in coding regions. Variant calling pipelines
were compared with determine more optimized and accurate approaches
for variant detection using RNA-Seq data. The new developed pipeline
was used to identify unique variants associated with feed efficient beef
steers. The RNA-Seq data (NCBI accession numbers: PRIEB15314 and
PRJEB15314) used were from muscle and liver tissues from 12 Nellore
beef steers (n = 6 low-RFI, n = 6 high-RFI), selected from 585 steers
that had their residual feed intake (RFI) determined. Three multi-sam-
ple calling pipelines were compared including i) non-merged samples;
i1) merged samples for low-RFI and for high-RFI for each tissue, and
iii) merged samples for low- and high-RFI for both tissues. The data
was aligned against UMD3.1 (release 94) assembly using STAR. Vari-
ants were called using BCFtools and variant annotation was performed
using VeP and ToppGene. The approaches were compared by assessing
filters (Phred score quality, location of variants, minimum read depth)
and presence of variants unique to each approach using BCFtools. The
use of approach 1), i.e., non-merged calling, detected individual geno-
types (GT) for each biological sample, revealing variability between
individuals. The use of approaches ii) and iii) revealed greater read
depth and power for GT calling and detection. In further analyses, ap-
proach iii), which had the greatest read depth and power, was used to
detect variants within low- (SNPs: 13,145, INDELs: 371) and high-RFI
(SNPs: 14,663, INDELSs: 429) groups. Positional candidate genes locat-
ed within variants (2,828 in low-RFI, 2,979 in high-RFI) were signifi-
cantly (P < 0.05) associated with immune and metabolism pathways.
RNA-Seq pipelines applied to detect genetic markers to be used for
selecting for desirable traits in livestock should be chosen based on an
experimental strategy that would maximize power of detection and ac-
curacy of GT calling to increase confidence of variant detection.

Key Words: feed efficiency, RNA-Seq, SNP, transcriptome, cattle and
related species

OP177  Genetic control of temperament traits across species:
association of autism spectrum disorder genes with cattle tem-
perament. R. Costilla*!'?, K. Kemper!, E. Byrne', L. Porto-Neto?, R.
Carvalheiro’, D. Berry®, D. Purfield®, J. Doyle®, S. Moore?, N. Wray',
and B. Hayes?, Institute for Molecular Bioscience, The University of
Queensland, Brisbane, Australia, *Queensland Alliance for Agricul-
ture and Food Innovation, The University of Queensland, Brisbane,
Australia, *Queensland Brain Institute, The University of Queensland,
Brisbane, Australia, ‘Commonwealth Scientific and Industrial
Research Organization (CSIRO), Agriculture and Food, Brisbane,

Australia, School of Agricultural and Veterinarian Sciences, Sao
Paulo State University, Sao Paolo. Brazil, *Teagasc, Animal and
Grassland Research and Innovation Centre, Moorepark, Fermoy, Co.
Cork, Ireland.

Temperament (personality) traits are relevant to both human
and cattle well-being. In humans, they correlate with psychological
and psychiatric disorders. In cattle, they impact on animal welfare and
product quality and hence are of direct commercial importance. We hy-
pothesized that genetic factors contributing to variation in temperament
among individuals within a species will be shared across humans and
cattle and indeed mammals. We conducted a series of whole genome
sequence based genome-wide association studies on cattle flight time,
a temperament phenotype defined as the time taken for an animal to
cover a short fixed distance after being released from an enclosure, with
a total sample of 9223 animals. Significantly associated regions were
located on 4 bovine chromosomes and enriched in pathways related to
synaptic transmission, regulation of the circadian rhythm, and neuron
development functions. Given that human studies are better powered
than those in cattle, we investigated the association of cattle tempera-
ment with polymorphisms in bovine orthologous genes reported to be
associated with neuroticism, schizophrenia, autism spectrum disorders
(ASD), and developmental delay disorders. We found enrichment of
variants in, or close to, ASD susceptibility genes. These variants ex-
plained 7% of the total additive genetic variance in the biggest cattle co-
hort (randomized permutation test genome-wide P-value <0.02). ASD
genes with the most significant associations were GABRB3, CUL3, and
INTS6. We also confirmed these genes were highly expressed in bovine
brain cerebellum and caudal lobe. These findings provide quantitative
molecular evidence that genetic control of temperament traits might be
shared across humans and cattle and highlight the potential for future
analyses to leverage results between species.

Key Words: multispecies, genome-wide association, gene set enrich-
ment analysis, complex trait, biomedical model

OP178  Copy number variants reveal traces of recent selection
in two dairy cattle breeds. Y. L. Lee*!, A. Bouwman', M. A. M.
Groenen', E. Mullaart?, R. F. Veerkamp!, and M. Bosse!, ' Wageningen
University & Research, Animal Breeding and Genomics, Wageningen,
the Netherlands, *CRV B.V, Arnhem, the Netherlands.

Copy Number Variations (CNVs — gain or loss of DNA seg-
ments) are genetic variants that are known to play a role in shaping
a wide range of phenotypes. Using Illumina BovineHD Genotyping
BeadChip (770K) data from 2 major dairy cattle breeds, Holstein Frie-
sian (HF, n = 315) and Jersey (JER, n = 107), we aimed at exploring
the functional impact of CNVs, and to detect traces of selection us-
ing CNVs. Using the ARS-UCDI1.2 genome assembly, we identified
14,272 CNVs, consisting of 9,171 deletions (mean length = 44.2 kb)
and 5,101 duplications (mean length = 74.6 kb). These CNVs were ag-
gregated into 1,755 CNV regions (CNVR) based on 1 bp overlap. We
found that the bovine CNVRs overlapped with 1,739 out of 27,570 En-
sembl autosomal genes (6.3%). The number of genes overlapping with
CNVRs was significantly higher than expected by chance (permutation
test, P <0.001). Gene ontology enrichment analyses showed that these
overlapping genes were highly enriched for immune response (FDR =
0.001) and response to stimulus (FDR <0.001). Further, we calculat-
ed population differentiation index (Fst), on 1,471 bi-allelic CNVRs to
detect highly differentiated regions between HF and JER populations.
There were 42 highly differentiated CNVRs with Fst ranging between
0.1 and 0.43 (16 genic and 26 intergenic CNVRs). Among the 16 genic
CNVRs with high Fst, CNVR 380 (Fst =0.21) and CNVR 1458 (Fst =
0.15), contain the promising candidate genes under selection, MGAM
and ADAMTS17. The MGAM gene codes for a starch digestion enzyme,
while ADAMTS17 is associated with stature in various species. These
2 genes can explain the recent selection contributing to the breed for-
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mation of HF and JER. Our findings highlight the potential functional
impact of CNVs, and their role in recent selection.

Key Words: copy number variations, population divergence, dairy
cattle

OP179  Chromatin accessibility conservation across four live-
stock species. S. Djebali*!, S. Foissac!, N. Vialaneix?, K. Munyard?,
A. Rau*, T. Faraut', S. Lagarrigue®, H. Acloque?, E. Giuffra*, and
FR-AgENCODE Consortium'#, 'GenPhySE, University of Toulouse,
INRA, INPT, ENVT, Castanet Tolosan, France, ‘MIAT, INRA, Castanet
Tolosan, France, *Curtin University, School of Biomedical Sciences,
CHIRI Biosciences, Perth, Australia, *GABI, AgroParisTech, INRA,
Université Paris Saclay, Jouy-en-Josas, France, "UMR PEGASE,
INRA, Rennes, France and UMR PEGASE, Agrocampus Ouest,
Rennes, France.

Within the FAANG consortium, the FR-AgENCODE pilot proj-
ect has generated transcriptome (RNA-seq) and chromatin accessibility
(ATAC-seq) data in the liver and immune cells of 2 males and 2 females
of' 4 vertebrate species (cattle, goat, chicken and pig), in addition to Hi-C
data (see abstract #79896 by S. Foissac et al.). The first single-assay and
integrative analyses performed on these data were mostly done on each
species separately. Although these analyses provided several interesting
insights (https://www.biorxiv.org/content/10.1101/316091v1), they did
not take full advantage of our data richness, namely the availability of
the same kind of functional data on species belonging to different parts
of the phylogenetic tree. Here we have investigated the relationship be-
tween chromatin accessibility conservation across vertebrates and func-
tionality. We first defined orthologous accessible regions by projecting
accessible regions from our 4 species to the human genome. Two ac-
cessible regions are called orthologous if their projection on the human
genome overlap. In doing so we identified 19,982, 7,877 and 1,083
regions shared between 2, 3 and 4 species, respectively. Our main re-
sults are as follows: The level of accessibility of a region, measured by
ATAC-seq, increases with the number of shared accessibility-orthologs.
Regions with more shared accessibility-orthologs are more likely to be
close to gene promoters. The functional conservation of an accessible
region, measured by the number of species exhibiting a tissue-differen-
tial accessibility, is correlated with sequence conservation, measured
by phastCons. This confirms and reinforces previous findings in human
and mouse. A hierarchical clustering of ATAC-seq samples based on the
correlation between the accessibility of the 1083 orthologous regions
shared between 4 species shows that clustering occurs first by species
and then by tissue. This is different from what we found for RNA-seq
(i.e., all liver samples clustering together). Based on these findings, we
are currently working to define more precisely the functional regulatory
relationships in liver and immune cells in light of their conservation
during evolution. We anticipate that the comparison of these relation-
ships to known QTLs should provide interesting results.

Key Words: ATAC-seq, comparative genomics, bioinformatics, verte-
brate livestock species, FAANG

OP180  Meta-analysis of differentially co-expressed gene mod-
ules for high- and sub-fertile beef cows. P. A. de Souza Fonseca*,
A. Suarez-Vega, S. Lam, F. S. Schenkel, S. Id-Lahoucine, and A.
Canovas, University of Guelph, Guelph, ON, Canada.

Improved reproductive efficiency may lead to economic bene-
fits for livestock. However, several factors limit our understanding of
fertility traits, including genetic differences between populations and
statistical limitations. This study identified differentially co-expressed
(DcoEx) gene modules between 10 high- (HF) and 10 sub-fertile (SF)
beef cows (predominantly Angus heifers). The fertility status was based
on the pregnancy outcome ratio after successive high-quality embryo
transfers protocol of estrus synchronization (PG-6d-CIDR and GnRH)
where heifers that did not exhibit standing estrus received GnRH in-
jection on d 0. RNA-sequencing (RNA-Seq) data from endometri-
um of HF and SF cows were retrieved from Gene Expression Omni-

bus (ID: GSE81449, GSE107891). RNA-Seq data was aligned using
STAR software, read counts were obtained using RSEM software and
DESeq2 package was used to normalize and calculate the Fragments
Per Kilobase of transcript per Million mapped reads (FPKM) values.
The identification of DcoEx modules was performed by the R package
WGCNA using shared genes between HF and SF with an FPKM >0.2
in each group (16,439 genes). The R package km2gcen was used to real-
locate the genes within modules using a k-means clustering approach.
Three and 9 DcoExp modules were identified with a unique co-expres-
sion pattern in HF and SF cows, respectively. The genes within these
modules are associated with fertility-related processes, including fer-
tilization, decidualization, and steroid biosynthesis. In addition, SNPs
and INDELSs exclusive to HF or SF groups were called and annotated
(20,076 and 18,764, respectively). The top 10 hub-genes of each mod-
ule were scrutinized for variants identified exclusively in one of the
groups and the co-localization with previously reported fertility-related
female QTLs. Four and 21 top-hub genes in the HF and SF DcoExp
modules emerged as functional candidate genes, respectively. The iden-
tification of hub-genes in DcoExp modules for contrasting the fertility
based groups analyzed here may help to identify functional candidate
genes and biological processes associated with implantation and reten-
tion of the embryos in beef cattle.

Key Words: fertility, bioinformatics, WGCNA, RNA-seq, systems
biology

OP181 Broadening the miRNA catalogue in livestock species:
A contribution to the functional annotation of animal genomes.
A.J. Amaral*!, C. Anthon? G. Corsi?, A. Vasconcelos', S. Marthey?,
A. Hoffman®, J. Lagnel®, F. Haack®, K. Pokharel’, O. Palasca?, S.
Seemann?, L. T. Gama', M. A. M. Groenen®, J. Kantanen’, R. P. M. A.
Crooijmans®, M. Rijnkels’, T. Kalbfleisch'’, E. Giuffra’, P. F. Stadler?,
0. Madsen®, and J. Gorodkin?, 'Centre for Interdisciplinary Research
in Animal Health, Faculty of Veterinary Medicine, University of
Lisbon, Lisbon, Portugal, *Center for noncoding RNA in Technology
and Health, Department of Veterinary and Animal Sciences, Univer-
sity of Copenhagen, Frederiksberg C, Denmark, *GABI, AgroParis-
Tech, INRA, Université Paris Saclay, Jouy-en-Josas, France, *Bio-
informatics Group, Department of Computer Science University of
Leipzig, Leipzig, Germany, JINRA PACA, Montfavet Cedex, France,
SLeibniz Institute for Farm Animal Biology, Dummerstorf, Germany,
’Natural Resources Institute Finland, Jokioinen, Finland, *Wagen-
ingen University, Wageningen, Netherlands, *Veterinary Integrative
Biosciences,College of Veterinary Medicine and Biomedical Sciences,
Texas A&M University, College Station, TX, USA, "’Department of
Biochemistry and Molecular Genetics, School of Medicine, University
of Louisville, Louisville, KY, USA.

MicroRNAs play a crucial role in the regulation of gene expres-
sion. Their action is crucial in many biological processes and functions,
such as cell development and differentiation, and in response to dis-
ease. Moreover, it has been shown that polymorphisms in miRNAs can
be linked to diseases and complex traits. An improved annotation of
miRNAs in domestic animals is therefore required to acquire a com-
prehensive understanding of their impact on livestock traits. There are
a large number of published studies with public data sets across most of
livestock species and covering a wide range of tissues. However there
have been few resources to capitalize on these data to better understand
these features, distribution and biogenesis in these genomes. There-
fore, a working group was established for the development of analysis
pipelines and methods of data analysis of small-RNA-seq data in the
framework of COST-Action FAANG-Europe. A total of 846 quality ap-
proved small-RNA-seq data sets available from public repositories for 6
livestock species (Gallus gallus, Sus scrofa, Equus caballus, Ovis aries,
Capra hircus and Bos taurus) were used to quantify miRNA expression
in different tissues as well as to identify putative novel miRNA candi-
dates. Our analyses has identified across the 6 species a total of 1,404
novel pre-miRNAs, with a larger impact for Bos taurus and Sus scrofa,
in which these represent an increase of 50% for these species in com-
parison with miRBase v22. We will use these to perform large-scale
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analysis of miRNA function and biogenesis. These analyses will in-
clude global expression comparison, co-expression of miRNA clusters.
Additionally we will report for the first time in these tissues a global
analysis of miRNA epi-transcriptomic modifications and access their
prevalence across species and tissues. We believe these findings will
further contribute to the understanding of the functional genome of the
studied species. AJA is supported by a post-doctoral fellowship within
IMAGE H2020 project (REF 677353-2). This abstract is based upon
the work from COST Action FAANG-Europe (CA15112) supported by
COST (European Cooperation in Science and technology) and co-fund-
ed by FCT grant UID/CVT/00276/2013.

Key Words: FAANG, miRNAs, livestock, regulation of gene expres-
sion, bioinformatics

OP182  Detection of long non-coding RNAs from the differ-
ential transcriptomic analysis of abomasal lymph node from
resistant and susceptible sheep to the infection by Zeladorsagia
circumcincta. P. K. Chitneedi', C. Kiihn?, R. Weikard?, J. J. Arranz',
M. Martinez-Valladares**, and B. Gutiérrez-Gil*!, Departamento de
Produccion Animal, Facultad de Veterinaria, Universidad de Leon,
Ledn, Spain, “Institute of Genome Biology, Leibniz Institute for Farm
Animal Biology (FBN), Dummerstorf, Germany, *Departamento de
Sanidad Animal, Facultad de Veterinaria, Universidad de Leon, Leon,
Spain, *Instituto de Ganaderia de Montana, CSIC-Universidad de
Leon, Grulleros (Ledn), Spain.

Here we detected long noncoding RNAs (IncRNAs) in the tran-
scriptome of abomasal lymph node tissue extracted from adult sheep
classified as resistant or susceptible to the infection by the gastrointes-
tinal nematode (GIN) Teladorsagia circumcincta. A group of 18 ewes
naturally infected by GIN showing extreme high and low fecal egg
count (FEC) were dewormed and infected with 7. circumcincta larvae.
Based on their accumulative FEC at d 31 post-infection, 6 ewes were
classified as ‘Susceptible’ and 6 ewes as ‘Resistant’. After a second
deworming, the 12 selected ewes were infected again with 7. circum-
cincta larvae and sacrificed at d 7 post-infection to collect individual
abomasal lymph node tissue samples. The total polyA RNA extracted
from these samples was sequenced using an Illumina Hi-SEq 2000 se-
quencer by generating paired-end reads of 75 bp, with a depth of 30M
reads per sample. Using a standard bioinformatic pipeline, and after
quality assessment of the raw sequence data and trimming of adapter
and low-quality sequences, the obtained reads were aligned and sort-
ed against the sheep reference genome (Oar_v.3.1 ensembl release 95).
Then we detected potential transcripts by reference-guided transcript
assembly, merging and transcript annotation and finally counted the
number of transcripts in each sample in the annotated feature file. On
average, the data contained 44,203 genes with 77,039 transcripts. This
annotated feature file was used to detect the IncRNA with the FEEL-
nc package. In total 9,105 IncRNA were detected. Among them 2,092
were classified as novel with the gffcompare tool. After differential
gene expression with DESeq2 between susceptible and resistant ewes,
we found 440 genes differentially expressed with 158 upregulated and
282 downregulated in resistant sheep. Out of the 440 differentially ex-
pressed genes, 44 contain 63 IncRNA transcripts out of these 30 were
novel. Using BLASTN to perform a sequence similarity search against
the sheep reference genome, no overlapping genes were detected in the
regions of the 30 novel putative IncRNA transcripts.

Key Words: sheep and related species, non-coding RNA, bioinfor-
matics tools, RNA-seq

OP183  Circular RNA expression in turkey skeletal muscle and
response to thermal challenge. K. M. Reed*!, K. M. Mendoza', and
J. E. Abrahante?, ' Department of Veterinary and Biomedical Sciences,
University of Minnesota, St. Paul, MN, USA, *University of Minnesota
Informatics Institute, University of Minnesota, Minneapolis, MN, USA.

An emerging area in the regulation of gene expression is the dis-
covery of circular RNAs (circRNAs) which are novel, single-stranded

RNAs generated from exonic/intronic sequences joined head to tail.
Being circular, they lack the poly-A tail of traditionally processed mR-
NAs and are resistant to RNAase R digestion. Although their functions
are poorly understood, these RNAs can function as microRNA sinks
and regulators of splicing and transcription, and are thus potential mod-
ifiers of gene expression. The abundance of circRNAs has been un-
appreciated in conventional RNA-seq analyses. Analysis of this data
with new algorithms has found circRNAs to be widely expressed with
modest sequence conservation. In this study, we mined RNA-seq data
and tested for the presence of circRNA species in sequences obtained
from breast muscle of 2 lines of turkey. Sequencing data were gener-
ated from muscle tissues of turkey poults of the comparatively slow-
er-growing (randombred control 2, RBC2) line, and the faster-growing
body-weight selected (F) line, exposed to thermal challenge (31, 35 or
39? C) for 3 d post-hatch. RNA-seq reads from 28 paired-end libraries
(average 18,788,823 reads/library) were mapped to the turkey genome
(UMD5.0) and circRNAs were predicted using CIRI software. Data
mining of the RNA-seq data sets identified over a thousand potential
circRNAs. Differential expression analysis suggests that studies on the
presence, abundance and relative expression of these non-coding RNA
molecules will enhance our understanding of their function and poten-
tial role in the biological response to thermal challenge in muscle.

Key Words: poultry, functional genomics, RNA-seq, muscle, meat
production

OP184  Functional analysis of G-protein-coupled receptors
during porcine subcutaneous preadipocytes differentiation. M.
Taniguchi*!, A. Arakawa!, I. Nakajima', H. Uenishi?, and S. Mikawa!,
Institute of Livestock and Grassland Science, National Agriculture
and Food Research Organization, Tsukuba, Ibaraki, Japan, *Institute
of Agrobiological Sciences, National Agriculture and Food Research
Organization, Tsukuba, Ibaraki, Japan.

G-protein-coupled receptors (GPCRs) are membrane proteins that
enable cells to sense molecular signals and to respond in a broad range
of biological processes according to the external circumstances of cells.
Recent studies elucidated that short-medium chain fatty acids can stim-
ulate GPCRs to activate signaling pathways for adipocyte differentia-
tion. In order for the process of differentiation of Porcine Subcutaneous
Pre-Adipocytes (PSPA), it has been demonstrated that octanoate (C8:0)
supplementation in the differentiation medium is essential for growth
arrest which triggers the differentiation initiation of PSPA followed by
lipid synthesis and accumulation to develop into fully differentiated
adipocyte. We, therefore, aimed to elucidate GPCR genes expressed
at a semi-confluent phase of the PSPA using the Genome Sequencer
FLX to obtain 5’ end of messenger RNA sequence. Consequently, we
detected 11 candidate GPCR genes considered to be expressed before
the PSPA differentiation induction. Of 11 GPCRs, leucine rich repeat
containing G protein-coupled receptor 4 (LGR4) gene appeared to be
associated with preadipocytes differentiation by functional annotation
of those GPCRs. So, we intended to analyze gene knockdown effect
using transfection of small interfering RNA (siRNA) for LGR4 gene
into the PSPA followed by differentiation induction. The result indi-
cated that the knockdown of LGR4 gene obviously retarded the PSPA
differentiation and decreased lipid synthesis in the cells. Therefore, we
further investigated gene expression profiles of PSPA transfected with
LGR4 siRNA using a porcine custom 4 x 44K microarray. Our result
of the gene expression microarray indicated that larger numbers of
downregulated genes were detected more than upregulated genes by the
siRNA transfection. Gene ontology analysis elucidated that upregulated
genes by LGR4 gene knockdown were categorized in biological pro-
cesses of cell adhesion. Interestingly, downregulated genes, on the other
hand, were categorized in PPAR signaling pathway which is known for
the key pathway of adipogenesis and lipid synthesis. The adipocytes
differentiation of PSPA might be attributable to the alteration of gene
expression profiles regulated by LGR4 identified in this study.

Key Words: adipocytes, differentiation, G-protein-coupled receptor,
porcine
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Equine Genetics and Thoroughbred Parentage Testing

OP185 Development of an AgriSeq targeted GBS panel for
equine SNP parentage verification and sire/dam allocation. P. Fly-
nn*!3, R. Morrin-O’Donnell!, J. Carlsson’, P. Siddavatam?, S. Chada-
ram?, H. Suren?, C. Carrasco?, and R. Conrad?, ' Weatherbys Scientific,
Naas, Ireland, *Thermo Fisher Scientific, Austin, TX, USA, *University
College Dublin, School of Biology & Environmental Science, UCD,
Belfield, Dublin, Ireland.

Transitioning from STR to SNP molecular markers to perform
parentage verification is becoming an ever more discussed topic with-
in the global Equine community. A key area that requires exploration
is ensuring maintenance of test integrity when moving to SNP based
parentage. Due to its highly accurate and reproducible results, tar-
geted GBS is becoming an increasingly favored technology for SNP
genotyping. AgriSeq™ GBS with Ton Torrent NGS technology offers
a fast, flexible, multiplexing, customizable, cost-effective solution to
study hundreds of samples across 50 to 5 thousand markers within each
genotyping run using either extracted nucleic acid or crude lysis. We
developed a targeted ~500 SNP Equine GBS panel consisting of ISAG
parentage verification SNPs and an additional SNP panel for Sire/Dam
allocation. The panel design utilized latest reference genome build -
EquCab3.0, with corrections for markers mapping to previous reference
genomes EquCabl and EquCab2. Utilizing AgriSeq HTS Library Kit,
a high-throughput targeted amplification and re-sequencing workflow,
the panel’s performance was tested on a diverse set of Equine Thor-
oughbred DNA Sire/Dam/Offspring Trios. Libraries were sequenced on
Ion S5 using an Ion chip with genotype calls generated using Torrent
Variant Caller (TVC) plugin. All Equine animals were also genotyped
for 16 STR markers (inclusive of 12 ISAG STRs) which allowed for
comparative assessment of parentage efficacy and Sire/Dam allocation
accuracy between SNP and STR markers. Furthermore, previously
demonstrated flexibility of AgriSeq GBS panel design also facilitates
considerations for additional SNPs for diagnostic traits and STR im-
putations to future panel versions. Results of the panel performance
including mean genotype call rate of markers across samples, concor-
dance across replicate library preparations and independent sequencing
runs, parentage efficacy and Sire/Dam allocation accuracy results are
reported. The data demonstrates Equine SNP parentage in practice and
the utility of the AgriSeq targeted GBS as a platform to support Equine
SNP parentage verification genotyping needs.

Key Words: equine, parentage, GBS, AgriSeq, lonS5

OP186  Development of an equine SNP parentage panel which
complements historic and current high-density genotyping re-
sources. R. G. Tait Jr.*', D. J. G. Arts?, R. Ferretti!, H. Hofeneder-Bar-
clay?, B. Simpson', L. Kock', and J. Qiu', 'Neogen GeneSeek Opera-
tions, Lincoln, NE, USA, °KWPN Royal Dutch Sport Horse Studbook,
Ermelo, Netherlands, *Neogen Europe, Ayr, UK.

In the era of routine parentage verification programs and genom-
ic enhanced estimated breeding value (GE-EBV) genetic evaluations
it is important to have SNPs in common for both of these objectives
such that the SNP panel used for GE-EBVs is wholly informative for
the parentage testing process. Historically, relatively small SNP pan-
els (typically 100 primary and 100 supplemental SNPs) have been an
economically efficient way to capture SNP genotype information for
parentage verification. With transitions of commercially available high
density SNP genotyping arrays from Illumina EquineSNP50 to the
GGP Equine platform and limited distribution of previously proposed
equine SNP parentage panels, we found limited presence of the pre-
viously proposed SNPs included on the GGP Equine (80 SNPs). We
have expanded those 80 SNPs present on both EquineSNP50 and GGP
Equine to develop a panel of 200 SNPs present on both platforms to be
used for parentage verification. This 200 SNP panel has 3 to 17 SNPs
per chromosome. SNPs were identified to extend the coverage of each

chromosome and spacing between previously proposed markers as
well as achieve high minor allele frequencies. Distances between SNPs
ranged from 859,335 to 17,877,698 bp with average of 12,131,313 bp
and median of 11,942,131 bp (EquCab2.0). The small 859,335 bp dis-
tance was between 2 of the previously proposed parentage SNPs. In
a large sample of warmblood horses (n = 2,889) the minor allele fre-
quencies of the selected SNPs ranged from 0.293 to 0.500 with mean
of 0.452 and median of 0.463. The power to exclude a random one
parent one offspring relationship for the 80 previously proposed SNPs
with data across genotyping platforms is 0.999955744 (44 in 1 million
allowed). In comparison, the power to exclude the same relationship for
this 200 SNP panel is 0.999999999993790 (42 in 10 billion allowed),
a 10,000-fold increase in power. This SNP panel has now been used
for almost 16,000 parent-offspring comparisons in a commercial warm-
blood sporthorse population. This 200 SNP standalone panel is a very
powerful tool for parentage verification that leverages historical high
density genotyping on key animals within populations and facilitates
robust pedigree verification for genetic evaluations.

Key Words: horse, parentage, SNP

OP187  Potential methods of detecting indiscriminate genetic
manipulation in thoroughbred racehorses. T. Tozaki*!, A. Ohnu-
ma', M. Kikuchi', H. Kakoi', K.-I. Hirota!, K. Kusano?, and S.-I.
Nagata', Genetic Analysis Department, Laboratory of Racing Chem-
istry, Utsunomiya, Tochigi, Japan, *Ritto Training Center Racehorse
Hospital, Japan Racing Association, Ritto, Shiga, Japan.

Indiscriminate genetic manipulation for improvement of athletic
ability is evolving as a major threat to human sports and the horse rac-
ing industry. Gene doping (i.e., abuse/misuse of gene therapies) and ge-
netically modified racehorses should be prohibited to ensure fair horse
racing. Therefore, the development of methods for detecting such in-
discriminate genetic manipulations is urgently needed. In this study we
aimed to develop a highly sensitive method for the detection of horse
erythropoietin (EPQO) transgenes using droplet digital PCR (ddPCR).
Two TaqMan probe-primer sets were designed at the exon/exon junc-
tion and in different exons, respectively for detection of EPO trans-
genes. An EPO transgene cloned into a plasmid was used as a model
of gene doping material. The spiked £PO transgene was extracted from
horse plasma and urine by magnetic bead DNA isolation, followed by
ddPCR amplification for absolute quantification of detected transgenes.
The validated method produced a high recovery rate (at least 50%)
of spike transgenes. These results indicated that the spiked transgene
could be quantitatively detected at concentrations greater than 160 cop-
ies ml™! of plasma and urine. In addition, we succeeded in detecting the
EPO transgene from a horse injected intramuscularly with 20 mg of
EPO transgene. This is the first study to demonstrate detection of £PO
transgenes from plasma and urine of a horse administered £PO trans-
genes as a gene doping control. As another strategy for the detection of
genetically modified racehorses, we first collected the whole genome
sequence SNP and INDEL databases from 33 thoroughbred horses,
before ultimately collecting data on 100 horses. The average numbers
of detected filtered SNPs and INDELs were 4,975,186 and 694,386,
respectively, based on a reference genome sequence (Equcab2.0). The
SNP and INDEL information will be mined for information regarding
regions in which normal variations exist in genomes of thoroughbred
horses. Although this study is on-going, we are currently attempting to
analyze parentage using ultra deep sequencing data to detect mismatch
and de novo mutation.

Key Words: horse, equine, gene doping, genome editing, Thorough-
bred
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Livestock Genomics for Developing Countries

OP188 Investigating large structural variants in African cattle
using long-read sequencing and optical mapping. A. Talenti*!,

H. Hemmink?, E. A. J. Cook?, D. Wragg!, J. Powell!, C. Ezeasor?,

E. Obishakin?, A. Fisch’, R. Kelly®, I. K. Silwamba’, W. Amanyire?,
D. Muhanguzi®, M. Watson!, P. Wiener!, P. Toye?, L. Morrison!, T.
Connelley', and J. Prendergast! The Roslin Institute, University of
Edinburgh, Easter Bush Campus, Midlothian, UK, *The International
Livestock Research Institute, Nairobi, Kenya, *University of Nigeria,
Nsukka, Enugu State, Nigeria, *National Veterinary Research Institute,
Vom-Jos, Nigeria, °*University of Sdo Paulo, Sdo Paulo, Brazil, *Royal
(Dick) School of Veterinary Medicine, University of Edinburgh, Ed-
inburgh, UK, "School of Veterinary Medicine, University of Zambia,
Lusaka, Zambia, 3College of Veterinary Medicine, Animal Resources
and Biosecurity, Makerere University, Kampala, Uganda.

Infectious diseases, environmental conditions and the limit-
ed productivity of indigenous cattle pose challenges to African cattle
farmers. Despite this, several indigenous cattle breeds are adapted to
different environments and are naturally resistant to several lethal en-
demic diseases. The genetic changes underlying these phenotypes are
though generally unknown. In this context, large structural variants
(SVs) are of particular interest because they are more likely to show
a large effect on phenotypes than the more commonly studied single
nucleotide variants. However, compared with short variants, SVs are
more challenging to detect using the most common sequencing tech-
nologies. In this study, we detected novel SVs in African cattle breeds
using 2 approaches: i) assembly of a high-quality reference genome of
an African taurine breed; ii) detection of SVs across breeds using Bi-
onano optical mapping. We assembled the genome of an N’Dama bull,
an indigenous African taurine breed resistant to trypanosomiasis, using
40X PacBio long reads and the FALCON-unzip assembler. Following
polishing of the genome with 80X of Illumina short read data, the ge-
nome was scaffolded using a reference-assisted approach. Ultra-long
optical mapping molecules for 18 cattle, spanning both African and
European breeds, were obtained using the Bionano Saphyr platform to
map large SVs. The assembly produced a contig N50 = 3.3Mb and L50
=227, respectively. Genome completeness was 85% based on complete
universal orthologs (BUSCO), providing a high-quality reference ge-
nome for African taurine breeds. A total of 12Mb that does not align
to the current Bos taurus reference genome (Hereford, UCD-ARS1.2)
represents novel sequence from the N’Dama. Finally, the analysis with
the Bionano solve pipeline allowed us to detect an average of ~4,000
SVs per sample. These new resources will help us to exploit the genetic
resource of indigenous cattle breeds, and provide specific solutions to
the challenges of African livestock production. Acknowledgments: Au-
thors are grateful to BBSRC for project funding.

Key Words: cattle and related species, genome assembly, genome
sequencing, chromosomal rearrangement, animal health

OP189  The effect of allele ancestry on production traits of
tropical composite cattle. L. R. Porto-Neto*!, S. M. McWilliam', M.
Naval-Sanchez!, B. J. Hayes?, and A. Reverter!, !Commonwealth Sci-
entific and Industrial Research Organization (CSIRO), St Lucia, QLD,
Australia, ’Queensland Alliance for Agriculture and Food Innovation
(QAAFI), St Lucia, QLD, Australia.

Crossbreeding between Bos taurus and Bos indicus cattle is a
common strategy applied worldwide to make beef and milk production
more efficient in the tropics. The expectation is that taurine alleles as-
sist improvements in beef quality, milk yield, and fertility, while zebu
alleles contribute to heat and disease resistance and tolerance to poor
quality fodder, with the additional benefit of hybrid vigor. There are
several examples of crossbred cattle outperforming pure-bred cattle for
many production traits under tropical conditions — however, a fine map
of the effects of allele ancestry affecting production traits is yet to be
refined. Here we used data from the 1000 Bulls Genome Project (run6)

as a reference to impute, using Minimac3, SNP-array genotypes of
3,318 tropical composite cattle up to whole genome sequence (~22.6M
SNP). We then used ChromoPainter v2 to estimate the likelihood of the
alleles’ ancestry (taurine or zebu) and test the association between this
taurine likelihood and 36 production traits including measurements of
parasite load, growth, fertility, and conformation traits. Different traits
were affected differently by ancestry, some traits, e.g., coat length,
sheath score, tick load, and color had significant correlations, while
others, e.g., rectal temperature and body condition score seems not to
be affected by ancestry. The definition of genomic regions that are ad-
versely affected by zebu or taurine ancestry, in the future, could guide
crossbreeding to maximize its benefit, effectively breeding toward more
productive tropical cattle.

Key Words: adaptation, environment, harsh, disease, parasite

OP190  Autosomal genome evidence for introgression from
other Gallus species into African and Middle East indigenous
chicken. A. S. Al-Jumaili*!?, A. Gheyas**, A. Kebede®®, J. Smith4,
and O. Hanotte'?, ‘School of Life Sciences, the University of Notting-
ham, University Park, Nottingham, United Kingdom, *University of
Anbar, Anbar; Iraq, *The Roslin Institute and Royal (Dick) School of
Veterinary Studies, University of Edinburgh, Midlothian, UK, *Centre
for Tropical Livestock Genetics and Health, The Roslin Institute,
Edinburgh, UK, °LiveGene, International Livestock Research Institute
(ILRI), Addis Ababa, Ethiopia, *Addis Ababa University (AAU), Addis
Ababa, Ethiopia.

Across species, gene flow is increasingly being recognized as
playing an important role in the historical genetic background of a
species. In particular, adaptive introgression may be related to envi-
ronmental adaptation. Also, considering the geographic distribution
of related wild species, it could help to trace the history of dispersion
of a species. Here we investigate if introgression can be used to trace
dispersion routes of indigenous chicken outside its putative centers of
origins. Domestic chicken from 3 countries (Iraq n = 27, Ethiopia n =
283 and Saudi Arabia n =5 NCBI accession no. SRP142580) beside the
4 Gallus species (Ceylon = 8, Green n = 12, Grey n = 3 and Red n = 6)
were analyzed to assess their overall genetic background and frequency
of introgressed haplotypes using the 4 taxons ABBA — BABA approach.
All samples were analyzed using an Illumina HiSeqX sequencer and
SNPs data were generated following the GATK best practices protocol
restricted to bi-allelic sites. Haplotype maximum likelihood trees at 6
candidate introgressed regions were constructed allowing counting hap-
lotype frequency in the studied population. The results have found no
gene flow from Ceylon and Green junglefowl into the gene pool of Iraq,
Ethiopia and Saudi village chicken at the opposite of Grey junglefowl
introgression. Overall, the frequencies of the latter were low in Iraq and
Saudi Arabia, South Ethiopian populations, compared with the North,
Central-East and West Ethiopian populations. The results are adding
further support for an Indian subcontinent center of terrestrial disper-
sion for the Iraqi and Saudi village chicken. For Ethiopia, the situation
is likely more complex and, with the country having likely witnessed
both a terrestrial and maritime arrival of the domestic chicken, in agree-
ment with the today geographic dispersion of Grey junglefowl.

Key Words: introgression, dispersion routes, indigenous chicken

OP191  Single nucleotide polymorphism selection methods to
optimize imputation accuracy for South African Drakensberger
beef cattle. S. F. Lashmar'?, D. P. Berry*!, R. Pierneef?, F. C. Muchad-
eyi?, and C. Visser*!, !University of Pretoria, Department of Animal

& Wildlife Science, Pretoria, Gauteng, South Africa, *Agricultural
Research Council, Biotechnology Platform, Pretoria, Gauteng, South
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Africa, *Teagasc, Animal and Grassland Research and Innovation
Center, Fermoy, Cork, Ireland.

Incorporating genomic breeding values (GEBVs) into selection
decisions has become a key focus in the South African (SA) beef in-
dustry especially for local, commercial breeds. Using commercially
available high-density single nucleotide polymorphism (SNP) pan-
els for genomic selection (GS) is financially unfeasible, while many
lower-density panels are not optimized for SA breeds suffering from
ascertainment bias. The development of a low-density panel (LDP) op-
timized for SA breeds hence is necessary. The aim of this study was to
determine the most appropriate method of selecting SNPs for inclusion
on a LDP by establishing the minimal number and ideal SNP charac-
teristics required to achieve acceptable imputation accuracy to higher
density. Selection methods were based on 1) random sampling (RAN),
2) even dispersal across the genome (EVE), 3) maximizing minor allele
frequency (MAF) and 4) a combination of MAF and linkage disequi-
librium (MAFxLD) to construct 2.5K, 5K, 10K, 20K and 50K panels.
Unselected SNPs were masked and imputed for a 235-animal validation
population (youngest animals with no more than 3 paternal sibs) using
120 608 SNPs of 900 animals as reference. Across all SNP densities,
MAFXLD outperformed other methods. Mean + SD correlation-based
imputation accuracy per animal (COR,, ) ranged from 0.872 + 0.075
(2.5K) to 0.985 + 0.014 (50K) for the RAN method and from 0.908 +
0.063 (2.5K) to 0.988 + 0.011 (50K) for the MAFXLD method. Us-
ing the MAFXLD method, mean + SD allele concordance per animal
(ACR,,,,) exceeded 97% (0.970 + 0.022), 98% (0.982 £ 0.014) and
99% (0.992 £+ 0.007) when 5K, 10K and 50K SNPs were used. A strong
relationship (» = 0.712; P < 0.001) was observed between autosomal
length and mean SNP-based allele concordance (ACR ). High-MAF
SNPs (0.4 < MAF <0.5) displayed a 0.071 unit stronger SNP-based cor-
relation (COR,)and 0.039 lower ACR, than low-MAF SNPs (MAF
<0.1) using the RAN method. Results suggest an LDP of at least 5 000
to 10 000 SNPs would suffice in maintaining less than 3% imputation
errors for SA Drakensberger cattle and that SNP attributes such as MAF
and LD should form the basis of SNP selection.

Key Words: cattle and related species, genotyping, imputation, genet-
ic improvement

OP192  Accuracy of imputation from SNP array data to
whole-genome sequence data in cattle. Y. Jiang*!, Z. Zhang?, L. S.
Huang?, Q. Zhang®!, and X. Ding!, 'China Agricultural University,
Beijing, China, *Jiangxi Agricultural University, Nanchang, China,
3Shandong Agricultural University, Taian, China.

The cost for sequencing large number of individuals in high
depth is still high, despite the decrease per gigabyte data. But the same
density markers comparable to sequencing can be obtained by impu-
tation, which makes the most use of SNP array data and improves the
power of genome association analysis, genomic selection, meta-analy-
sis and fine-mapping. With the implementation of 1000 Bull Genomes
Project, a large database for imputation was provided for cattle. How-
ever, the accuracy of imputation was not fully investigated, which
varies greatly and measured differently across studies. Therefore, this
study was further to investigate the factors affect imputation accuracy.
In total, whole-genome sequencing data of 1585 Bos Taurus, 53 Bos
Indicus and 27 Chinese yellow cattle were provided by the 1000 Bull
Genomes Project (Run5.0). And the markers were masked to the Illu-
mina BovineSNP150 BeadChip for target individuals, then imputed to
the sequencing level by the new strategy, which we proposed based
on Beagle4.1. Only bi-allelic SNPs in chromosome 1 were used for
imputation, and all the sites with imputation and sequencing genotype
were used to evaluate the accuracy of imputation, which was evalu-
ated by the percentage of correctly imputed genotypes (PERCG) and
the squared correlation between most probable REF dose and true
REF dose (AR2). First, the 27 Chinese yellow cattle were used as tar-
get panel and the remaining individuals were used as reference panel,
the individual level of PERCG varied from 75.94% to 95.92%, among
which Mongolian achieved the highest imputation accuracy, followed

by Yanbian, Hasake, Xizang cattle, which was 95.92%, 95.06%, 93.04
and 91.51% respectively. The Nanyang cattle achieve the lowest impu-
tation accuracy, followed by Liping, Fujian, Dehong, values of 75.94%,
77.58%, 78.68% and 79.21% respectively. And other hybrid cattle, such
as Dengchuan, Guanling, Luxi, Qinchuan ranges from 84% to 90%.
Second, results showed that AR2 was sensitive to MAF. The variants in
higher MAF were imputed more accurately and changed greatly from 0
to 0.65 when MAF increased from 0 to 0.15.

Key Words: imputation, sequencing, cattle

OP193  Genome-wide identification and characterization of In-
Dels and SNPs in Black Bengal goat for breed identification. M. B.
R. Mollah*!, M. S. A. Bhuiyan', M. A. M. Y. Khandoker', M. A. Jalil?,
and G. K. Deb?, 'Bangladesh Agricultural University, Mymensingh,
Bangladesh, *Bangladesh Livestock Research Institute, Savar, Dhaka,
Bangladesh.

The goat is a predominant livestock species in Bangladesh and
it is land to the native Black Bengal goat (BBG), exotic breeds such
as the Sirohi, Beetal and Jamnapari, and crossbreds between the BBG
and exotics. The BBG is a dwarf-sized heritage goat, well known for its
high fertility, excellent meat and skin quality. Mislabeling and selling
of meat from exotic goats and crosses as BBG meat is evidently due
to high demand and premium price of BBG meat in specialty market.
Therefore, this study was carried out to find BBG breed specific SNPs
and indels for identification of BBG breed. We sequenced the whole
genome of a pedigreed BBG and Jamnapari goat by illumina Hiseq
platform. A total of 1,500,245,820 raw reads consisting of 222.54 Gb
nucleotides were obtained by sequencing a male BBG and Jamnapari
goat. After quality filtering, the sequence reads from BBG were aligned
to the San Clemente and the Yunnan black goat genome which result-
ed in 98.65% (properly paired, 94.81%) and 98.50% (properly paired,
97.10%) of the reads aligning, respectively. A total of 9,497,875 high
quality SNPs (Q = 20) along with 1,023,359 indels, and 8,746,849
SNPs along with 842,706 indels were identified in BBG against the
San Clemente and Yunnan black goat genomes respectively. Then we
compared these indels and SNPs between BBG and Jamnapari to find
unique indels and SNPs in BBG. Additionally, we utilized short read se-
quence data of 9 other goat breeds from NCBI short read archive (SRA)
and aligned them within the identified SNP and indels regions of BBG
by bwa-mem short read aligner, followed by visualizing in IGV brows-
er. Indels and SNPs regions were manually curated to find unambiguous
indels and SNPs unique in the BBG. By utilizing the whole genome
data from BBG, Jamnapari and other goat breeds, we unambiguously
identified 16,075 SNPs and 942 indels specific to BBG genome. These
BBG-specific SNPs and indels could serve as marker tags for Black
Bengal goat breed identification.

Key Words: goats and related species, genome sequencing, SNPs/
Indels, sequence variation, breed identification

OP194  Whole-genome sequencing unveils helmeted guinea fowl
(Numida meleagris) domestication in West Africa. M.-S. Peng'>3?7,
A. C. Adeola'>?, Q.-K. Shen"**?7, S, Duan*?’, Y.-W. Miao’, Y. Du?,
M.-S. Wang"#>2¢_ J. K. Lichoti®, O. S. Charles’, O. J. Sanke®, P. M.
Dawuda’, A. O. Okeyoyin', J. Musina'', P. Njoroge'!, B. Agwanda'’,
M. G. Strillacci'?, E. Gorla'?, A. Bagnato'?, S. Kusza'?, H. A. Nanaei',
R. Pedar'#, N. T. Abdulloevich">, M. E. Afanasevna'®, K. B. Ibrohi-
movich", S.-F. Wul, X. Chen'®"7, W.-K. Yang'®!”, N. O. Otecko'*?, R.
W. Murphy'®, L. M. Nneji'?, A. Esmailizadeh''%, Y. Dong'***?!, S. C.
Ommeh™"?2, and Y.-P. Zhang'?>3232* IState Key Laboratory of Genetic
Resources and Evolution, Kunming Institute of Zoology, Chinese
Academy of Sciences, Kunming, China, *Sino-Africa Joint Research
Center, Chinese Academy of Sciences, Nairobi, Kenya, 3 Kunming
College of Life Science, University of Chinese Academy of Sciences,
Kunming, China, *‘Nowbio Biotechnology Company, Kunming, China,
‘Faculty of Animal Science and Technology, Yunnan Agricultural
University, Kunming, China, °State Department of Livestock, Ministry
of Agriculture Livestock Fisheries and Irrigation, Nairobi, Kenya,
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"Department of Veterinary Medicine, University of Ibadan, Ibadan,
Nigeria, *Taraba State Ministry of Agriculture and Natural Resources,
Jalingo, Nigeria, *Department of Veterinary Surgery and Theriog-
enology, College of Veterinary Medicine, University of Agriculture,
Makurdi, Nigeria, "’National Park Service Headquarter, Federal
Capital Territory, Abuja, Nigeria, ' Department of Zoology, National
Museums of Kenya, Nairobi, Kenya, ’Department of Veterinary Med-
icine, University of Milan, Milan, Italy, *Animal Genetics Laboratory,
Institute of Animal Husbandry, Biotechnology and Nature Conserva-
tion, University of Debrecen, Debrecen, Hungary, '*Department of
Animal Science, Faculty of Agriculture, Shahid Bahonar University of
Kerman, Kerman, Iran, "E.N. Pavlovsky Institute of Zoology and Par-
asitology, Academy of Sciences of Republic of Tajikistan, Dushanbe,
Tajikistan, "“Research Center for Ecology and Environment of Central
Asia, Chinese Academy of Sciences, Urumgqi, China, '’Key Laboratory
of Biogeography and Bioresource in Arid Land, Xinjiang Institute of
Ecology and Geography, Chinese Academy of Sciences, Urumgqi, Chi-
na, "*Centre for Biodiversity and Conservation Biology, Royal Ontario
Museum, Toronto, Canada, *College of Biological Big Data, Yunnan
Agriculture University, Kunming, China, *’State Key Laboratory for
Conservation and Utilization of Bio-Resources in Yunnan, Yunnan
Agricultural University, Kunming, China, *'Key Laboratory for
Agro-biodiversity and Pest Control of Ministry of Education, Yunnan
Agricultural University, Kunming, China, **Institute of Biotechnology
Research, Jomo Kenyatta University of Agriculture and Technology,
Nairobi, Kenya, *State Key Laboratory for Conservation and Utiliza-
tion of Bio-resource in Yunnan, Yunnan University, Kunming, China,
?Center for Excellence in Animal Evolution and Genetics, Chinese
Academy of Sciences, Kunming, China,  Howard Hughes Medical
Institute, University of California Santa Cruz, Santa Cruz, CA, USA,
“Department of Ecology and Evolutionary Biology, University of
California Santa Cruz, Santa Cruz, CA, USA.

The domestication and evolution of the helmeted guinea fowl
(Numida meleagris) in Africa remains elusive. Herein, we report the de
novo assembly of the domesticated helmeted guinea fowl genome and
new whole-genome sequences for 135 helmeted guinea fowls including
domesticated ones, wild ancestors and closely related species. Samples
were collected from wild, feral and domestic helmeted guinea fowl
populations from Nigeria, Kenya and other reference samples. DNA
was extracted using QIAamp DNA Mini Kit (QIAGEN). The libraries
were constructed and sequenced with the Illumina HiSeq 2500 system.
This was followed by quality control, mapping and scaffolding and SNP
calling. Total RNA was extracted from tissue samples using TRIzol Re-
agent (Invitrogen) and then purified the RNA using RNAeasy Mini Kit
(QIAGEN). According to Illumina’s standard pipeline, RNA-sequenc-
ing libraries were prepared from the total RNA of each of the 10 tissue
samples, and then sequenced on the Illumina HiSeq 2500 platform. The
raw data was filtered for quality control and assembled. Comparative
genomic analyses with other avian species of economic interest re-
vealed signals of selection on genes related to pathogen resistance and
adaptation to harsh environments as those experienced in Africa. Infer-
ence on population history analysis indicates an origin in West Africa
around 4,000-7,000 years ago. Scanning for selective sweeps detected
a strong candidate gene GRIKI for neural change and behavior shift in
domestication. In addition to presenting a missing piece to the jigsaw
puzzle of domestication in poultry, our study provides valuable genetic
resources for researchers and breeders to improve breeding and produc-
tion of helmeted guinea fowls in Africa against a backdrop of climate
change. These authors contributed equally to this work: MS Peng, AC
Adeola, QK Shen and SC Duan.

Key Words: animal domestication, evolutionary genomics, genetic
improvement, genome sequencing, poultry and related species

OP195  Genetic diversity of the HSP70 gene in the native chick-
en (Gallus gallus domesticus L.) breeds of the Philippines. M. V.
Valdez Jr*R. V. F. Castillo', R. G. T. Romero!, C. S. Daljog', R. C.
Thomas Jr!, and R. C. Santiago?, 'Department of Biological Sciences,
Institute of Arts and Sciences, Far Eastern University, Manila, Philip-

pines, *National Swine and Poultry Research Center, Bureau of Animal
Industry, Department of Agriculture, Quezon, Philippines.

Climate change and population growth are major stressors on
livestock production. Heat stress caused by climate change leads to
high mortality and low productivity in the chicken livestock industry.
Mitigation measures are needed to be implemented and improvements
in the genetics of economically important livestock are considered as
one of the most sound programs. Thus, this study elucidated the genetic
diversity of the HSP70gene in 7 recognized native chicken breeds of
the Philippines based on molecular analysis as a prior step in develop-
ing breed improvement. The partial exon of HSP70 gene was amplified
using primers designed from red-jungle fowl HSP70 gene sequence
(J02579). The S'UTR fragment was cloned in pucl9 vector before DNA
sequencing. A total of 39 single nucleotide polymorphisms (SNPs) were
identified. There were 14 observed haplotypes; 9 were breed-specific
and 5 were shared between chicken breeds. The native chickens are
characterized by low nucleotide diversity (P = 0.003475) and high hap-
lotype diversity (k2 = 0.796). Haplotype distribution indicates unique
haplotypes prevalent in breeds from the Southern Philippines. Analysis
of molecular variance showed strong differentiation between breeds (£,
= 0.22738,P > 0.05). Lastly, the heat stress tolerant genotype A258A
reported from native chickens found in other countries was detected in
4 out of 7 native chicken breeds of the Philippines. Thus, these native
breeds of chicken from the Philippines might be a potential source pop-
ulation in developing heat stress tolerant chickens. Findings from this
study will provide crucial baseline information regarding the molecular
characteristics of the HSP70gene of the Philippine native chickens im-
portant in addressing the impacts of climate change on livestock pro-
duction.

Key Words: heat tolerance, 5’ UTR of HSP70 gene, SNP, haplotype
diversity

OP196 Indigenous African sheep genomes reveal insights on
fat-tail deposition and morphology. A. Ahbara*!2, H. Musa®, E.
Clark?, C. Robert*, M. Watson*, A. Abeba’, S. Latairish®, O. Hanotte’,
and J. Mwacharo®, 'School of Life Sciences, University of Notting-
ham, Nottingham, UK, *Department of Zoology, Faculty of Sciences,
Misurata University, Misurata, Libya, *Faculty of Medical Labora-
tory Sciences, Khartoum, Sudan, *The Centre for Tropical Livestock
Genetics and Health, The Roslin Institute, University of Edinburgh,
Edinburgh, UK, °Debre Berhan Research Centre, Debre Berhan,
Ethiopia, *Department of Animal Production, Faculty of Agriculture,
Misurata, Libya, "LiveGene, International Livestock Research Insti-
tute, Addis Ababa, Ethiopia, *Small Ruminant Genomics, International
Center for Agricultural Research in the Dry Areas (ICARDA), Addis
Ababa, Ethiopia.

African indigenous sheep represent 3 distinct tail phenotypes, fat-
tail, fat-rump and thin-tail with clear geographic distribution across the
continent. Current genetic data indicates that there is a strong genetic
basis for these tail phenotypes. We generated and analyzed genome data
from 60 long fat-tail, 32 short fat-tailed and 38 fat-rump sheep from
Ethiopia and Libya (~30x coverage) and 20 thin-tailed sheep from Su-
dan (~10x coverage). Our findings, based on selection signature anal-
ysis, reveal 14 candidate regions under selection. The strongest region,
spanning the HOXB13 gene, suggests selection for vertebrate develop-
ment and therefore tail length. Other candidate regions provide possible
evidence for selection for stature, immune competency, thermal-re-
sponse and fat-deposition. Our findings provide evidence implicating
both human mediated and environmental selection pressures in molding
genome variation associated with the tail phenotypes in sheep.

Key Words: genome, Ovis aries, Africa, fat-tail, thin-tail

OP197  Genomic selection: A pretentious paradigm needs im-
plementation for river buffalo production in developing countries.
M. Javed*, A. Nadeem, A. S. Hashmi, and W. Shehzad, Institute of

ISAG 2019 Abstract Book

56



Biochemistry and Biotechnology, University of Veterinary and Animal
Sciences, Lahore, Punjab, Pakistan.

Being an agrarian country, Pakistan and many other developing
tropical countries are dependent on the livestock commodities for live-
lihood. According to a survey, nearly 62% of the rural population is
directly or indirectly involved in livestock farming. River buffalo, being
an efficient converter of poor roughage into valuable products like milk,
is a unique animal which is well adapted to hot tropical climate. Ge-
nomic exploration of potentials of bovine resulted in many significant
makers in cattle. Few of them are equally significant in buffaloes as well
but many of them have not been found useful in buffalo. So there is dire
need to explore the novel genomic loci which can be useful for substan-
tial genomic improvement of buffalo. In the present research, the effect
of genomic regions was studied for immunity, disease resistance, fertil-
ity and milk fat content by using candidate gene approach (CYP11bl,
SCD, OLRI1, INFg, Leptin, CYP19al, OXT genes etc). Animal sam-
pling was conducted in different phases. For dairy traits, animals were
selected during the first month of second lactation and were categorized
into 2 groups for low and high fat content (n = 250 in each group). For
immunity against bovine tuberculosis (bTB), animals were selected af-
ter scanning the herds by tuberculin testing. For fertility (silent estrus
behavior), animal selection was done after observing the signs of estrus
for consecutive 3 cycles. After collecting blood samples, DNA was ex-
tracted by standard protocol. Then PCR amplification, by specific prim-
er sets, and DNA sequencing was performed on pool samples of river
buffaloes. Sequence alignment provided genomic variations in different
study groups. Two SNPs were identified in CYP11b1, 2 in SCD and 1

was found in OLR1 gene. Restriction enzymes were selected for the
genomic variants and PCR-RFLP was performed at larger population
(n = 457). Association by One Way ANOVA revealed P17H in OLR1
gene and K1581 in SCD gene was related to high fat content. Finally
3-D model of pertains was constructed and P17H was found in signal
peptide of the OLR1 protein and K158I was found in transmembrane
helix of SCD toward outer membrane of mitochondria and was found to
enhance fat metabolism. Outcomes of the study are presenting the novel
and informative genomic regions, which can be implemented in future
buffalo breeding for selection of superior dairy animals.

Key Words: river buffalo, genomic selection, dairy, immunity, fertility

OP198 Advancing livestock genomics education and research in
developing countries using strategies from the Virginia Tech PREP
and IMSD training programs. E. Smith*, Virginia Tech, Blacksburg,
VA, USA.

Between them, the PREP and IMSD programs have now yielded
64 PhDs who are pursuing careers in academia, research institutions, in-
dustry, and the government. Core strategies used to achieve this success
include a cohort approach to graduate and undergraduate education,
the use of Ombudspersons, peer and near-peer mentoring, active en-
gagement with team members for each participant/trainee/ scholar. The
demographics of our trainees, being from disadvantaged backgrounds,
may make our approach a model for increasing genomics expects in
developing countries.

Key Words: genomics education, developing countries

Microbiomes

OP199 A comprehensive strategy to assemble the rumen
metagenome with long reads and detect high methane emitters.

0. Gonzalez-Recio*'?, M. Gutiérrez-Rivas', R. Atxaerandio?, I.
Goiri®, J. Rey?, J. Tamames*, F. Puente-Sanchez*, C. Gonzalez!, J. A.
Jiménez-Montero®, and A. Garcia-Rodriguez?, 'INIA, Madrid, Spain,
’Departamento de Producciones Agrarias. Escuela Técnica Superior
de Ingenieria Agronomica, Alimentaria y de Biosistemas. Universidad
Politécnica de Madrid, Madrid, Spain, NEIKER-Tecnalia, Vito-
ria-Gasteiz, Spain, *Spanish Center for Biotechnology, CSIC, Madrid,
Spain, *CONAFE, Valdemoro, Spain.

To modulate the processes of fermentation in the rumen toward
greater feed efficiency and lower methane emissions, it is crucial to
understand the functions of these microbial genes and their relationship
with the host animal. Third generation sequencing Oxford Nanopore
Technology (ONT) provides long reads (several thousand bases), but
with lower base calling accuracy than that from the considered gold
standard (Illumina). The analysis of the microbiome presents 2 ad-
ditional main limitations: the lack of a standardized analysis of the
metagenome, and the peculiarity of dealing with compositional and
zero inflated data in the statistical analyses. In this study we present an
alternative to analyze the rumen metagenome obtained from ONT se-
quencing, and methods to analyze the compositional nature of the data.
The METALGEN project has sequenced 204 samples of ruminal fluid
with ONT from animals in 7 commercial farms, with individual meth-
ane emissions records during milking. A hybrid assembled metagenome
was obtained from Nanopore and Illumina reads using Canu and Pilon
with a total number of 24,818 contigs (N50 = 30,507bp). Subsequently,
SqueezeMeta v0.4.3 was used to analyze the quality of the assembly, as-
sign taxonomy, binning and gene detection. Sixty-one percent (15,125)
of the contigs were assigned at the phylum level, and 28% (6851) at the
genus level. The binning process assigned contigs in 71 genomes, 14
of which had a completeness >75%, with contamination < 10%, and
were assigned to the genera of Prevotella and Succiniclasticum. A total
of 420,555 genes were detected, but only 33% were assigned to genes
with known KEGG function. To analyze the association between the

metagenome and enteric methane, the compositional nature of the mi-
crobiota data was taken into account, performing a transformation of
Aitchison on the abundances of the contigs detected in the samples. The
centered log ratios of contig abundances were used to predict methane
production using machine learning methods. The contigs with larger
variable importance at classifying the high and low emitter animals
were assigned to both known and unknown taxa, obtaining a classifi-
cation accuracy between 60% and 95%. Our study confirms the lack of
knowledge in the databases about the microbial genes that populate the
rumen, but revealed that there is potential to use the information in an
agnostic manner to classify phenotypes.

Key Words: rumen metagenome, Nanopore, methane, compositional
data

OP200  Going full circle: Assembly of high-quality, single-contig
microbial genomes from the rumen microbiome using long-read
sequencing. A. Warr*!, R. Stewart', M. Aufrett’, A. Walker®, R. Roe-
he?, and M. Watson', 'The Roslin Institute, Edinburgh, UK, >SRUC,
Edinburgh, UK, 3The Rowett Institute, Aberdeen, UK.

Ruminants such as cows and sheep are important livestock spe-
cies. They convert low nutritional value plant matter into high-qual-
ity meat and dairy products. Within a specialized stomach called the
rumen, microbes ferment the plant matter producing short-chain fatty
acids from difficult to digest plant matter. The composition of the rumen
microbial community can affect the animal’s health, feed efficiency and
level of methane production. Species in the rumen are typically diffi-
cult to culture and despite its importance, it remains an underexplored
environment. DNA sequencing of the contents of the rumen offers the
potential to identify microbial species without culture techniques. Here
we sequence fluid from the rumen of a single cow using Nanopore se-
quencing. We show that despite these data coming from a highly com-
plex microbial sample we can assemble high-quality, single-contig
whole genomes and plasmids of known and novel species, including
numerous circular contigs. Additionally, we compare and validate the
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assemblies of these genomes with binned genomes generated from
short read Illumina assemblies of 282 cow rumen samples. We show
that the long read assembly outperforms the short read assembly in con-
tiguity and in the incorporation of AMR genes and marker genes.

Key Words: metagenomics, cattle and related species, microbiomics

OP201  High-throughput metagenome sequencing for predic-
tion of quantitative traits. M. Hess*!, L. Zetouni', J. Budel', T. Van
Stijn', H. Henry', R. Brauning', A. McCulloch', S. Hickey?, A. Hess!,
M. Kirk?, S. Kumar®, N. Morton*, H. Flay®, S. Kittelmann®, G. Hender-
son’, S. Hendy*, G. Wood!, G. Attwood?, J. McEwan!, and S. Rowe!,
!AgResearch Ltd., Mosgiel, New Zealand, ’AgResearch Ltd., Ruakura,
New Zealand, ’AgResearch Ltd., Palmerston North, New Zealand, *Te
Piinaha Matatini, University of Auckland, Auckland, New Zealand,
’DairyNZ, Hamilton, New Zealand.

The rumen microbiome plays an important role in feed digestion
and is associated with a range of economically and environmentally
important traits e.g., methane production. Our objective was to devel-
op a low-cost, high-throughput approach for metagenome sequencing
using restriction enzyme reduced representation sequencing to obtain
metagenome profiles for large-scale prediction of quantitative traits.
DNA was extracted from freeze-dried and ground rumen samples then
digested with the restriction enzyme Pstl. A library was generated from
between 118 and 330 samples, depending on the data set; after select-
ing 193-318 bp fragments, the library was sequenced in one lane on a
HiSeq2500. After demultiplexing and quality trimming, metagenome
profiles were obtained using either a reference-based (RB) or refer-
ence-free (RF) approach. The RB approach involved BLASTing reads
against the Hungate 1000 Collection of genome assemblies and assign-
ment to genus. The RF approach identified common 65 bp tags, present
in >25% of samples, within the data set and counted the frequency of
each tag in each sample. Our approach has been tested on 3 data sets:
D1) 236 sheep rumen samples from 118 high- or low-methane sheep;
D2) 205 rumen samples from New Zealand lambs; D3) 186 rumen sam-
ples from New Zealand dairy cattle. The average number of reads per
sample ranged from 760k to 2.7M, depending on the number of samples
per lane. On average, 6—10% of reads were assigned at the genus level
using the RB approach. On average 40-65% of the reads for each sam-
ple were captured in the metagenome profile using the RF approach. A
comparison between D1 and 16S rRNA gene sequencing on the same
samples showed more repeatable profiles with our approach than 16S
(0.62 + 0.06 vs 0.45 + 0.08). Data sets were visualized using network
analysis to identify relationships between samples or taxonomic groups.
A microbial relationship matrix was added to models of methane emis-
sions, showing the variance explained by the microbial component
outweighs the host genetic component. Our approach will be used to
sequence thousands of rumen samples over the next year and is easily
adapted to other sample types.

Key Words: metagenomics, high-throughput sequencing (HTS), envi-
ronment, network analysis, genomic prediction

OP202 Link-HD: A versatile integrative approach applied to
across-kingdom microbial communities. M. L. Zingaretti*', G.
Renand?, D. Morgavi®, and Y. Ramayo-Caldas®*, /CRAG, Bellaterra,
Barcelona, Espaiia, “INRA, Jouy-en-Josas, Paris, France, ’INRA,
Saint Genés-Champanelle, France, “IRTA, Caldes de Montbui, Barce-
lona, Esparia.

We present Link-HD, an approach to integrate heterogeneous data
sets, as a generalization of STATIS-ACT (“Structuration des Tableaux
A Trois Indices de la Statistique - Analyse Conjointe de Tableaux”), a
family of methods to join and compare information from multiple sub-
spaces. However, STATIS-ACT has some drawbacks since it only al-
lows continuous data and it is unable to establish relationships between
samples and features. To tackle these constraints, we incorporate mul-
tiple distance options and a linear regression based Biplot model to the
traditional approach. We illustrate the usefulness of Link-HD to inte-

grate ruminal metataxonomic communities (including bacteria, archaea
and protozoal data) from 65 Holstein cows of which methane yield
(CH4y, g CH4/kg feed intake) was individually measured. We assessed
the relationships of predicted interactions with CH4y and we compared
our results with predictions obtained with the integrative approach im-
plemented in MOFA (Multiple Omics Factorial Analysis). Link-HD
predicted a common sub-space composed by a mix of features from
the 3 communities that allowed us to classify samples into 3 subgroups
(C1, C2, C3). Sample cluster assignation was significantly associated
with CH4y as cows that clustered within C1 had higher emissions (P =
0.006). The latent factor of MOFA analysis, which captures the co-vari-
ation between the 3 data sets, was consistent with our results and also
classified samples into 3 clusters. Furthermore, MOFA confirmed the
relevance of 52% of bacteria, 58% of archaea and 100% of protozoal
features reported by Link-HD. According to both approaches, the rumi-
nal microbiota of higher CH4-emitter cows was dominated by OTUs
classified as Rumminoccaceae, Bacteroidales and Methanobrevibacter,
and these cows showed a lower abundance of Succinivibrionaceae and
Trichomitus. Consistent with literature reports, a co-exclusion between
Succinivibrionaceae and Methanobrevibacter was observed. In summa-
ry, our results allow identifying interactions between microbial com-
munities associated with CH4y emissions and suggest the usefulness of
Link-HD to integrate heterogeneous data sets and explorer the impact
of predicted interactions on socio-economical relevant traits.

Key Words: integrative genomics, microbiomics, computationalpipe-
line, cattle and related species

OP203 Metagenomic de novo assembly of Corynebacterium bo-
vis in lactating Assaf sheep: A preliminary study. C. Esteban-Blan-
co*!| F. Puente-Sanchez?, B. Gutiérrez-Gil', H. Marina', J. Tamames?,
and J. J. Arranz', !University of Leon, Ledn, Castilla y Leon, Spain,
’CNB-CSIC, Madrid, Madrid, Spain.

The sheep milk microbiota is a complex community, which may
have a major impact on host health and on the quality of the milk as
a food product. High-throughput sequencing enables comprehensive
microbial surveys with detection sensitivities higher than earlier mo-
lecular techniques as the 16S rRNA gene sequencing. In addition, the
computational tools recently developed for metagenomic sequencing
analysis attempt to classify the sequences present in a metagenomic
data set into different species. In this context, the aim of this work was
to characterize the milk microbiota retrieving taxa present in ovine milk
samples using the binning approach. In total, 14 Assaf dairy ewes from
a single flock (Zamora, Spain) and without clinical signs of mastitis
were included in this study. The samples were classified as derived from
healthy and subclinical mastitis dairy ewes based on somatic cell counts
(SCC). The SqueezeMeta software pipeline was used in this study for
retrieving individual genomes and for analyzing the structure and func-
tionality of microbiomes. After removing host sequence reads (contam-
ination), SqueezeMeta assembled 11.5 million bacterial raw reads into
31,902 contigs. After taxonomic assignment of contigs, the predomi-
nant phyla were Actinobacteria, Firmicutes and Proteobacteria. Some
contigs were assigned to a “Corynebacterium bovis” bin. Interestingly,
the contigs of 3 healthy samples (low SCC) make up almost the to-
tal of this bin. Our previous study based on 16S rRNA gene sequenc-
ing from 50 Assaf ewes reported that the Corynebacterium genus was
also one of the most prevalent genera in the microbiota of the sheep
mammary gland. In dairy cows, Corynebacteria are usually associat-
ed with low SCC milk, although specifically, Corynebacterium bovis
is frequently isolated from milk samples of infected mammary glands.
Here, we provide a recovered Corynebacterium bovis strain genome
from milk sheep samples with low SCC values, which are associated
with a healthy mammary gland status.

Key Words: sheep, metagenomics, high-throughput sequencing,
animal health

OP204 Genomic surveillance of gut microbiome of Dohne
merino sheep by Minlon sequencing. P. Soma*!, R. Pierneef?, B.
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Kooverjee!, and F. Muchadeyi?, 'Agricultural Research Council, Ani-
mal Production, Irene, Pretoria, South Africa, Agricultural Research
Council, Biotechnology Platform, Onderstepoort, Pretoria, South
Africa.

Dohne Merino sheep of South Africa are bred and selected for
high fertility, rapid lamb growth and wool production. The gastrointes-
tinal tract (GIT) of sheep contains complex microbes that influence its
health and development. Molecular approaches for microbial analysis
of gut samples have become a widely accepted method to characterize
microbial communities. The introduction of third generation sequenc-
ing platforms such as Oxford Nanopore Technologies (ONT) Minlon
platform, has resulted in long sequencing reads that can be used to study
human health, disease and antimicrobial resistance. Abomasum con-
tents from 7 sheep naturally infected with Haemonchus contortus were
collected and microbial DNA extracted using QlAamp DNA Micro-
biome Kit. Each DNA sample was barcoded and sequenced using the
Minlon system. The bacterial composition of the abomasum was inves-
tigated at phylum, class, order, family, genus, and species levels using
R packages. A total of 24 phyla were detected, where 16 were present in
all samples. Firmicutes (78.35%) and Bacteriodetes (13.03%) were the
most abundant phyla present in the GIT. Furthermore, Cyanobacteria
(0.23%), Patescibacteria (0.19%), Spirochaetes (0.18%), Epsilonbac-
teraeota (0.14%), Synergistetes (0.13%), Fibrobacteres (0.10%) and
Elusimicrobia (0.07%) were the least abundant phyla. A total of 39 gen-
era (n = 7) with operational taxonomic units (OTU) abundance greater
than 1% were identified across all samples. Christensenellaceace R-7
group (9.93%), Christensenellaceace R-7 group (rumen) (7.08%) and
Rikenellaceace RC9 gut group (5.18%) represents the top 3 core gen-
era. A total of 3404 species were detected in all samples, however, they
were dominated by uncultured bacterium of specific genera. Results
indicate that several genera contribute to the differences in community
composition between individuals. This is the first study to characterize
the abomasum contents of South African Dohne merino sheep by use of
ONT Minlon technology, expanding our knowledge of sheep microbi-
ota. This information may allow the possible use of symbiotic bacteria
as biocontrol of H. contortus.

Key Words: microbiomics, small ruminants, biodiversity, nematodes

OP205  Correlated responses to selection for intramuscular
fat in the metagenomic profile on three gut sites in rabbits. M.
Martinez-Alvaro, A. Zubiri-Gaitan*, A. Blasco, and P. Hernandez,
Instituto de Ciencia y Tecnologia Animal, Universitat Politécnica de
Valencia, Valencia, Spain.

This study reveals the effect of divergent selection for intramus-
cular fat (IMF) on the rabbit’s metagenomic profile. The novelty of this
work lies on the study of the observed correlated response in the micro-
bial genes abundances after a selection procedure, which implies a link
between the genes of the individuals and the genes of their microbes.
We considered 3 different gut sites, ileum, cecum and feces, to addition-
ally discover whether selection has had a stronger effect in any of these
sites. Samples were taken from 16 and 17 rabbits divergently selected
for high (H) and low (L) IMF during 10 generations. The selection pro-
cedure showed a mean response of 0.5 standard deviations per genera-
tion. Counts of microbial genes in a sample are compositional variables,
constrained by the sequencing depth of the instrument. This restriction
creates dependencies between the microbial genes, since an increase in
the abundance of one gene requires a decrease for some other genes.
For this reason, we analyzed our data with specific compositional data
statistic tools. We used Se/bal algorithm to find the linear combination
of the log-transformed microbial genes that better fits to the response
variable, H or L line, in each gut site. We will reference this solution as
the selected balance. Preliminary results showed that balances select-
ed on each of the gut sites showed a similar high classification ability
between H and L, showing R? ranging from 0.90 to 0.97 when being
tested in a log regression model. Selected balances were composed by
a low number of microbial genes in all sites, from 2 to 6. For instance,
in cecum, glucose 1-dehydrogenase (K00034) with other 2 microbial

genes from unknown pathways (K03439 and K03969) comprised the
numerator of the selected balance, and malate-CoA ligase subunit 3
(K14067) comprised the denominator. H animals were associated with
lower balance values; that is, larger relative abundances of K00034,
K03439 and K03969 referred to K14067, in comparison to L animals.
This preliminary analysis shows that selection for IMF led to a correlat-
ed response in the ileum, cecum and feces metagenomic profiles.

Key Words: metagenomics, selection, fat/lipid, compositional data,
rabbits

OP206 Unraveling the effects of the gut microbiota composi-
tion and function on horse endurance physiology. S. Plancade', A.
Clark?, C. Philippe?, J.-C. Helbling*, M.-P. Moisan*, D. Esquerre®, L.
Le Moyec®, C. Robert”3, E. Barrey’, and N. Mach*’, ‘MalAGE, INRA,
Université Paris-Saclay, Jouy en Josas, France, *Gastroenterology
Department, Vall d’Hebron Institut de Reserca, Barcelona, Spain,
SUMR 1319, INRA, AgroParisTech, Université Paris-Saclay, Jouy en
Josas, France, "UMR 1286, INRA, Université Bordeaux, Nutrition et
neurobiologie intégrée, Bordeaux, France, "UMR 444, INRA, Plate-
Jforme GET, Castanet-Tolosan, France, *Unité de Biologie Intégrative
et Adaptation a I’Exercise, UBIAE, EA7362, Université d’Evry, Evry,
France, "UMR 1313, INRA, AgroParisTech, Université Paris-Saclay,
Jouy en Josas, France, *Ecole Nationale Vétérinaire d’Alfort, Mai-
sons-Alfort, France.

An integrated analysis of gut microbiota, blood biochemical and
metabolome profiles in 52 endurance horses was performed. Clustering
by gut microbiota composition revealed the existence of 2 communities
that varied in taxa and functional composition. Community type 1 pre-
sented a low abundance of fibrolytic and cellulolytic bacteria as well
as anaerobic fungal loads, but a higher abundance of pathobionts and
the predicted lipopolysaccharide biosynthesis pathway. Moreover, its
microbial diversity was higher than community type 2, meaning these
individuals likely had a greater ability to respond to abiotic and biotic
stressors in the gut. Presumably, the 2 communities were mainly driven
by diet as host properties showed little effect. Community type 1 was
associated with lower estimated daily forage and energy intakes, but
higher proportion of acetate in feces and predicted pathways involved
in lipid metabolism. Conversely,community type 2 was related to high-
er proportions of propionate and butyrate in feces together with predict-
ed pathways related to carbohydrate metabolism, but also inflammation
and fatigue, evoking an adaptation of gut microbiota to mitigate the
effects of stress-induced gut dysfunction during endurance. However,
the higher butyrate proportion in community type 2 was not associated
with protective effects on telomere lengths. At resting time, commu-
nity type 1 correlated with some blood metabolites, which may reflect
compensatory mechanisms to render the gut mucosa less susceptible to
endotoxin translocation during the race. Unexpectedly, the gut micro-
biota was neither associated with the blood biochemical markers nor
metabolome during the endurance race, and did not provide a biomark-
er for risk of failure to finish the race or race ranking.The current data
supports that the gut microbiota may exert a direct or indirect influence
on physiological adaptations to endurance in horses.

Key Words: endurance, horse, microbiota, gut, systems biology

OP207 Microbiome and metabolome changes occurring in
early Salmonella Typhimurium infection in pigs. H. Arguello*', S.
Zaldivar-Lopez!, N. Bellido', F. Priego-Capote®®, A. Jiménez-Marin',
L. Morera!, and J. J. Garrido!, ‘Animal Breeding and Genomics Group,
Department of Genetics, University of Cordoba, Cordoba, Spain, *De-
partment of Analytical Chemistry, Annex Marie Curie Building, Cam-
pus of Rabanales, University of Cérdoba, Cérdoba, Spain, *Institute of
Biomedical Research Maimonides (IMIBIC), Reina Sofia University
Hospital, University of Cordoba, Cordoba, Spain.

Salmonella enterica infections, in particular those caused by the
serovar S. Typhimurium, are mainly known by their food safety rele-
vance. From a veterinary perspective, swine salmonellosis is character-
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ized in the early infection by clinical signs such as diarrhea and fever
associated with intestinal epithelial damage and the strong inflammato-
ry response, particular intense at the ileum. Sa/monella Typhimurium
infection in pigs prompts changes in the gut microbiota. After a 2-d in
vivo experimental infection with S. Typhimurium, metagenomic anal-
ysis of ileum mucosa and content (n = 12) was performed. Analysis of
changes in 16S operational taxonomic units (OTUs) revealed a con-
comitant drop of abundance of representatives of the genus Lactobacil-
lus, and other commensal beneficial bacteria such as Bifidobacterium
and normal gut microbiota such as Prevotella in the ileum (content and
mucosa). In addition, hierarchical clustering based on OTU abundances
grouped separately ileum mucosa samples from infected and control
samples. Anaerobic bacteria such as Clostridium spp., Ruminococcus or
Allestipes were linked to integrity of the ileum mucosa (healthy pigs).
Abundance of synergistic or opportunistic bacteria such as Akkerman-
sia muciniphila or Citrobacter were increased after infection and cor-
related with damage of the epithelium of the ileum mucosa. These mi-
crobiome changes must be linked to changes in the gut environment. To
accomplish this objective, we performed metabolomics (GC/MS-TOF
and QTOF LC-MS/MS) in ileum content samples from Salmonella-in-
fected and control pigs. More than 50 compounds linked to fatty acids,
glucose or amino acid metabolism as well as other metabolic routes
such as bile acids metabolism were detected in infected animals com-
pared with controls. Interestingly, families such as Desulfovibrionace-
ae, Pseudomonadaceae and Leptotrichiaceae abundance was strongly
correlated with variations in concentration of metabolites. At genus lev-
el, compounds such HODE linked to oxidative stress and inflammation
was positively correlated with Akkermansia abundance, Dihydroxybu-
tanoic acid was associated with the strict anaerobes Megasphaera or
Dialister. These results demonstrate the link between microbiome and
metabolome changes occurring within the intestine as consequence of
Salmonella infection in pigs.

208  Gut microbiome, birth weight, and productive traits in pigs
in Iberian X Duroc crossbred pigs. M. Vazquez-Gomez*!, J. Estellé?,
C. Garcia-Contreras’, R. Benitez’, S. Astiz*, J. L. Pesantez-Pache-

co’, C. Lopez-Bote!, A. Gonzalez-Bulnes*, B. Isabel, and C. Ovilo?,
!Faculty of Veterinary Medicine, UCM, Madrid, Spain, °GABI, INRA,
AgroParis Tech, Université Paris-Saclay, Jouy-en-Josas, France,
SDepartment of Animal Breeding, INIA, Madrid, Spain, *Department of
Animal Reproduction, Madrid, Spain, *School of Veterinary Medicine
and Zootechnics, UCuenca, Cuenca, Ecuador:

Low birth-weight (BW) animals, which resulted from intrauter-
ine growth restriction, have an altered intestinal microbiota at early
stages that might produce long-lasting effects on metabolism. During
the postnatal period, low birth-weight pigs show slow growth, metabol-
ic dysfunctions and different meat composition with differences by sex.
Thus, our goal was to study the effect of BW and sex on gut microbiome
in adult pigs at slaughter and its possible relationship with different
productive traits. In a commercial farm, the productive life of 52 Iberian
x Duroc crossbreed pigs, assigned to low BW (LBW, 0.83 + 0.07 g; 7
females and 6 males) and normal BW (NBW; 1.33 £ 0.23 g; 18 females
and 21 males) groups at birth, were followed until slaughter. Males
were surgical-castrated after birth and females were inmuno-castrated
during the growing-fattening phase. Fecal microbiota composition at
slaughter was analyzed by re-sequencing the V3-V4 region of the 16S
rRNA gene in an Illumina Miseq. Bioinformatic analyses identified a
total of 1,127 operational taxonomic units (OTUs), out of which 330
OTUs were new, distributed in 105 genera. LBW pigs showed a trend
for higher observed species richness than NBW pigs (P = 0.06). How-
ever, no differences were found between BW groups in B-diversity or
abundance analysis. On the other hand, the gut microbiota Bray-Curtis
dissimilarity among samples at slaughter was significantly related to
productive traits such as age at slaughter (P < 0.005), slaughter and
carcass weights (P < 0.01), final average daily weight gain (P < 0.01),
7 mo-old back-fat depth, and Q-6/ Q —3 ratio in subcutaneous fat (P <
0.05). Regarding sex effects, there were differences between females
and males using weighted-UniFrac distance (P < 0.05) and an OTU of
Clostridiales had greater abundance in males than females (P < 0.05).

Overall, no major effects of a low BW on gut microbiome were found.
However, the detected associations between microbiome and growth
and meat quality traits should be further explored.

Key Words: castration, Iberian pig, [UGR, metagenomics, slaughter

OP209 The gut microbiota composition at slaughter as a
potential certification tool for the Iberian pig traditional farm-
ing system. J. M. Garcia-Casco'!, M. Mufioz', G. Lemonnier?, J. M.
Babilliot?, O. Bouchez’, A. I. Fernandez', F. R. Massacci?, M. A.
Fernandez-Barroso!, A. Lopez-Garcia!, C. Caraballo', C. Ovilo', and
J. Estellé*2, 'INIA, Centro de I+D en Cerdo Ibérico, Dpto. Mejora
Genética Animal, Zafra, Badajoz, Spain, ’INRA, UMR1313 GABI, Ag-
roParisTech, Université Paris-Saclay, Jouy-en-Josas, France, INRA,
US 1426 GeT-PlaGe, Genotoul, Castanet-Tolosan, France.

The traditional raising system for Iberian pigs includes an open-
air fattening period performed in the Dehesa forest, where animals have
a diet dominated by acorns. This system allows obtaining dry-cured
products of unmatched quality like the ibérico ham with the bellota la-
bel, and contributes to the preservation of the legacy Dehesa landscape
and its socioeconomic viability. However, the advances on nutrition
science makes feasible to emulate bellota meat products in an indus-
trial farming environment (the so-called cebo quality label) and there
is a growing need for the identification of complementary certification
approaches. The objective of this study was to evaluate the potential
of gut microbiota composition analyses from fecal samples collected
at slaughter as a new discrimination method of the bellota production
system. To this end, the gut microbiota composition of 84 bellota and
131 cebo Iberian pigs sampled in 13 slaughter batches was determined
by re-sequencing the bacterial 16S gene in an Illumina MiSeq device.
NMDS and PERMANOVA analyses performed showed significant ef-
fects of diet and sampling batch on gut microbiota composition. The
microbiota of bellota animals showed also a tendency toward a reduced
microbial diversity. Differential abundance analyses confirmed these
differences and showed that abundances of 2 thirds of the 1703 OTUs
identified were significantly different between bellota and cebo pigs.
Finally, sPLS-DA analyses allowed the identification of a subset of 15
OTUs that were able to predict the production system with more than
99% accuracy. Overall, our results suggest that the gut microbiota com-
position of Iberian pigs sampled at the slaughter could be used as a
supplementary certification tool of traditional montanera Iberian pigs.
Funded by European Union’s Horizon 2020 (grant agreement 634476).
The European Union Agency is not responsible for any use made of the
information contained in this abstract.

Key Words: pig, microbiota, certification, Iberian ham, production
system

OP210  Lightning Talk: Identification of microbial profiles that
promote honeybee colony health. J. Gorrochategui*', A. Fernan-
dez', M. Muiioz-Colmenero',?, M. Parejo',?, M. Kovacic?, J. Filipi®,
R. Buechler®, A. Estonba', and 1. Zarraonaindia', 'Department of
Genetics, Physical Anthropology and Animal Physiology, University
of the Basque Country (UPV/EHU), Leioa, Spain, *Institute of Marine
Research, Vigo, Spain, 3Swiss Bee Research Center, Agroscope, Bern,
Switzerland, *Josip Juraj Strossmayer University of Osijek, Osijek,
Croatia, *University of Zadar, Zadar, Croatia, *Landesbetrieb Land-
wirtschaft Hessen, Kirchhain, Germany.

The European honeybee has suffered a constant decline. Main
contributors are both, the accumulation of pesticides used in apiculture
and agriculture, and a greater pathogen incidence. By modulating the
microbiome associated with bees and their hives, it is possible to rein-
force bee’s immune system, and consequently, improve their response
to chemical treatments and their susceptibility to diseases. The ERLE-
MIKRO project aims to characterize the microbial taxonomic and func-
tional diversity of the hive (bee’s gut, pollen bread, brood, ...) for the
identification of profiles that harbour symbiotic properties beneficial for
honeybee health, either because (1) they are involved in the defense
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against pathogens such as Varroa destructor, or because (2) they pro-
vide detoxifying functions against the commonly used chemical treat-
ments coming from beekeeping practices or agricultural management.
Those microorganisms, and or their genes, could be optimal candidates
for future probiotic development, that could be used as an alternative
strategy to the actual indiscriminate use of chemical treatments against
honey bee diseases. Next generation sequencing approaches, such as
16S amplicon rRNA and ITS sequencing, as well as metatranscriptom-
ics, will be used (1) to characterize and compare the taxonomic and
functional composition of bacteria and fungi present in the hive before
and after applying an organic anti-Varroa treatment (Oxalacetic acid),
(2) to monitor the microbial community of hives located in contrast-
ing environments (agricultural vs. pristine), ones treated and others
non-treated against Varroa, and finally, (3) to examine the microbiome
of hives that show natural tolerance to Varroa.

Key Words: honeybee resilience, Varroa, chemical residues, microbi-
ome, probiotics

OP211  Lightning Talk: Holofood: A holo’omic solution towards
sustainable animal food production. S. Marcos*!, I. Zarraonaindia',
D. Sandvang*, M. Limborg?, J. Zentek®, D. Jozefiak®, E. Johansen?,

J. Tarradas®, A. Estonba', T. Gilbert?, and A. Alberdi?, 'Department

of Genetics, Physical Anthropology and Animal Physiology, Univer-
sity of the Basque Country (UPV/EHU), Leioa, Spain, *Department
for Evolutionary Genomics at University of Copenhagen'’s (UCPH)
Natural History Museum of Denmark (SNM), Copenhagen, Denmark,
SInstitute for Food and Agricultural Research and Technology (IRTA),
Tarragona, Spain, *Chr Hansen A/S, Hoersholm, Denmark, *Depart-
ment of Veterinary Medicine Free University of Berlin (FUB), Berlin,
Germany, °Piast Pasze Sp. z o.o. (Piast Group llc.), Poland.

With the planet’s population approaching 9 billion, one of the
key global challenges of this century is to secure that the growing food

production is performed in a sustainable fashion and with a low-car-
bon signature. It is well known that gut microorganisms play a pivotal
role in the homeostasis of animals, and a balanced gut microbiota is
essential for an optimal food production. The gut microbiomes can be
manipulated through the use of feed additives such as prebiotics and
probiotics. However, the specific means of action of most additives on
the microbiome and host organisms is not acknowledged. HOLOFOOD
is a European H2020 Innovation Action comprised of 10 partners from
6 European countries that showcases a holistic approach to improve the
efficiency of food production systems by deciphering the biochemical
interactions between animals and their associated microorganisms. Ho-
loFood will be running until 2022. Newly developed holo’omic frame-
work will be implemented to understand the biochemical interactions
between broiler chickens and their intestinal microorganisms through
the analysis of whole animal genomes, deep intestinal transcriptomes,
microbial metagenomes, microbial metatranscriptomes and intestinal
metabolomes, all of them in relation to key performance indices. A total
of 1300 chickens will be biochemically, physiologically and phenotyp-
ically characterized through the analysis of over 15000 samples. The
knowledge generated will be used to optimize the feed additive admin-
istration strategies of already implemented products, by tailoring them
to the genetic background and developmental stage of the animals as
well as production environment. The ultimate goal is to improve the
quantity, quality and safety of the produced food, as well as sustain-
ability of food production and increased animal welfare. HoloFood will
also serve to raise awareness about the importance of microbiomes in
food production, and to establish bridges between companies and aca-
demia to foster science-based strategies.

Key Words: aviculture, hologenomics, microbiome, probiotics

Plenary Session IV

OP212  Analysis of the world’s sheep reveals contribution of
frequent genomic introgressions from congeneric wild species to
local climatic adaptation in domestic breeds. M.-H. Li*, Institute of
Zoology, Chinese Academy of Sciences, Beijing, China.

How animals, particularly livestock, evolve to adapt well to var-
ious climates or a changing climate over relatively short time periods
has been a fundamental question of evolution and ecology which re-
mained largely unsolved. Also, understanding the genetic mechanisms
underlying climatic adaptation for local livestock breeds is important
for enhancing sustainability of their production in an uncertain envi-
ronmental future. By examining genome-wide SNP data in the world’s
wild and domestic sheep, we conducted a comprehensive analysis of
interspecies introgression and climate-mediated selective sweeps. We
identified strong selective signatures in genes involved in climate-me-
diated pressures for adaptive importance. We detected clear and con-
sistent signals of genomic introgressions in adaptive genes from wild
species into sympatric domestic breeds, which are a source for climatic
and environmental adaptation. In particular, the gene PADI2 associat-
ed with ovine pneumonia shows significant signals of adaptive intro-
gression, which could account for the pneumonia-resistance in some
domestic sheep breeds. We conclude that genomic introgressions from
congeneric wild species have contributed important adaptive variants
in response of domestic sheep to various climates. Our results provide
important insights into how local livestock breeds could have success-
fully adapted to various climatic and environmental conditions across
the world after their migration out of their domestication center. The
variants associated with climatic adaptation and different production

traits are important resources for future breeding by combining adaptive
and productive advantages.

Key Words: Ovis species, genome-wide SNPs, resequencing, genom-
ic introgression, climatic adaptation

OP213  Application of genomics to resolve livestock production
and adaptation issues in developing countries. F. C. Muchadeyi*,
Agricultural Research Council-Biotechnology Platform, Onderste-
poort, South Africa.

Genetic mechanisms underlying biological traits for environmen-
tal adaptation are unclear but unravelling them would be essential when
designing methods to improve and sustain livestock breeds. In develop-
ing countries, indigenous animal genetic resources play a crucial role
in sustaining the livelihoods of rural and resource-limited farmers. Lo-
cal breeds thrive on adaptation to unfavorable environmental stressors
such as extreme temperatures, worsening droughts and disease chal-
lenges that characterize most low input production systems. Livestock
improvement programs strive to develop genotypes that are adapted
to local conditions and are able to produce optimally and sustainably
under constrained environments typical of most developing countries.
Elucidating the intertwined relationship between production environ-
ments and genetics of animals, with the aim of establishing selection
priorities and develop suitable improvement strategies, is critical. Pre-
viously, development of improvement programs has been stalled by the
absence of performance data and pedigree records and exacerbated by
such factors as uncontrolled livestock breeding practices on communal
pastures. Advances in livestock genomics have facilitated the produc-
tion of “big data” in genetics through the advent of genome-wide cover-
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age which, together with environmental data, allows in-depth studies of
the patterns of genetic diversity, identification of genes and clarification
of processes underlying genetic adaptation in various indigenous live-
stock. We shed more light on the opportunities and challenges of imple-
menting genomics programs in developing countries by presenting case

studies designed to understand the genetics of adaption in indigenous
livestock of Southern Africa.

Key Words: genetic adaptation, low-input systems, livestock im-
provement
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POSTER PRESENTATIONS

Animal Epigenetics

P1  Identification of epigenetic related genes associated with car-
cass traits in Nguni cattle using Illumina BovineSNP50 BeadChip.
K. T. E. Makua'?, A. A. Zwane?, K. A. Nephawe', and B. Mtileni*!,
!Department of Animal Sciences, Tshwane University of Technology,
Pretoria, Gauteng, South Afiica, *Animal Production Institute, Agri-
cultural Research Council, Pretoria, Gauteng, South Africa.

Nguni cattle play an important role in the South African beef
industry. Carcass improvement in traits related to beef quality is the
initial concern in beef production. Epigenetic changes such as DNA
methylation and histone acetylation provide new molecular informa-
tion that complements those obtained from genotyping data. The aim
of this study was to identify SNPs in epigenetic related genes associ-
ated with carcass traits in Nguni cattle. Purebred Nguni cattle (n = 60)
were sampled across South African provinces and genotyped using the
[llumina BovineSNP50 BeadChip. Data from the Afrikaner (n = 41),
Bonsmara (n = 46), and Holstein (n = 41) breeds were used as refer-
ence populations. Breed specific SNPs were identified using Reynolds
F_ and extended Lewontin and Krakauer’s (FLK) statistics. Five SNPs
were found to be significantly (P < 0.05) associated with carcass and
meat quality. Three SNPs were identified in epigenetic related genes
(DNMT1, DNMT3a and DNMT3b) while 2 SNPs were identified in
calpain 1 (CAPN1) gene. The SNP marker Hapmap43686-BTA-78412
found in DNMT1 gene was a silent mutation located in intron 2 of chro-
mosome 7 and was found to be highly associated with meat color score
(MCS). The SNP marker BTB-00455991 of DNMT3a located in intron
33 of chromosome 5 were found to be highly associated with carcass
weight (CW) and marbling score (MS). Marker BTB-015467689 of
DNMT3b located in intron 33 of chromosome 1 was found to be highly
associated with carcass weight (CW). Markers UA-IFASA-8199 and
BFGL-NGS-14073 of CAPN1 were found to be highly associated with
carcass weight (CW) and dressing percentage (DP) respectively. These
SNPs can be used to further investigate their functional effects on meat
quality traits.

Key Words: epigenetic, SNPs, Nguni cattle, genome-wide, identifica-
tion

P2 Unpredictable light schedule causes sex-specific epigene-

tic and transcriptional changes in the chicken’s pineal gland. F.
Pértille*!2, N. Mitheiss?, P. Lotvedt?, L. L. Coutinho!, P. Jensen?, and
C. Guerrero-Bosagna?, Luiz de Queiroz College of Agriculture from
University of Sdo Paulo (ESALQ/USP), Piracicaba, Sdo Paulo, Brazil,
’Linképing University, Linkdping, Ostegotland, Sweden.

The environment where production animals are reared is funda-
mental to determine their later health and wellbeing. Stress in production
animals generated by common production practices is a frequent issue
of concern. In animals undergoing distress, hormonal responses are pro-
duced. These include variations in testosterone, epinephrine, prolactin
and cortisol. Animals constantly subjected to stress and systemic hor-
monal changes have their epigenome affected in a variety of cell types.
The pineal gland is a region of vertebrate brains that regulates the circa-
dian rhythm of individuals through the secretion of melatonin according
to the patterns of light exposure they experience. These mechanisms
require gene activation dependent upon light exposures, which strong-
ly suggests the involvement of epigenetic mechanisms. To determine
whether sustained stressful rearing conditions of chickens can produce
long-term epigenomic effects in the pineal gland, we have investigated
epigenetic and transcriptomic response in this organ after exposure to
unpredictable light patterns. Hy-Line female (n = 18) and male (n = 16)
chickens were randomly divided into 2 groups after day one after hatch-
ing. The control group was kept at standard 12:12 light-dark cycle for

their entire life while the chronic light stress group was exposed to an
unpredictable light exposure on a randomized schedule with intervals
down to 3 h and up to 21 h. The pineal gland transcriptomic responses
to the treatment was carried out by RNA-seq and confirmed by qRT-
PCR. We found that the pineal gland of male chickens exhibits long-
term expression changes after exposure to unpredictable illumination
patterns. This effect was not observed in females. Moreover, we identi-
fied sex differences in the expression of autosomal genes in the pineal
gland. Interestingly, when analyzing the methylome through MeDIP we
found that normal sex differences in the pineal gland DNA methylation
disappear in the stress group. Light exposure stress produces long-term
sex-specific disruption both in methylomic and transcriptomic level in
chickens, which could also be of relevance for human health.

Key Words: chicken, epigenomic, livestock, transcriptomic, stress

P3  Genetics of epigenetics in sheep. L. Drouilhet*!, F. Plisson-Pe-
tit', D. Marcon?, F. Bouvier?, C. Moreno-Romieux!, S. Fabre!, and D.
Hazard!, Institut National de la Recherche Agronomique, UMR1388
GenPhySE, Castanet Tolosan, France, *Institut National de la Recher-
che Agronomique, UE0332 Domaine de la Sapiniere, Osmoy, France.

Recent studies highlighted that DNA or histone biochemical
modifications, called epigenetic marks, influence adaptation and pro-
duction traits. However, whether the epigenetic variations are under a
genetic determinism or not remains unknown. To answer this question,
we have considered DNA global methylation rate (DGMR) as a new
phenotype in sheep. DGMR was obtained by LUminometric Methyla-
tion Analysis (LUMA) using a pyrosequencing approach and its vari-
ability was explored in blood cells and other various tissues, within
breed and between breeds. Thus, 30 lambs from 2 sheep breeds (Ro-
mane and Martinik Black Belly; 16 males and 14 females) were bred si-
multaneously to share a common environment. At the age of 5 mo, they
were slaughtered and 17 tissues per animal were collected. Concern-
ing the non-reproductive tissues, the sex, breed and tissue effects and
their interactions were tested. The tissue effect was highly significant
(P < 0.0001), the sex effect was only significant for the pancreas and
the kidney cortex (sex*tissue interaction P value = 0.03), whereas the
breed effect was never significant. Concerning the reproductive tissues,
the breed and tissue effects were significant (P = 0.02 and P < 0.0001,
respectively), the DGMR in Martinik Black Belly being higher than
in Romane, whatever the tissue. The correlations between the DGMR
measured in blood cells and other tissues were low or not significant,
indicating that blood DGMR would not be a predictor of the DGMR of
tissue less accessible. The proof of concept of the existence of a genetic
determinism of DGMR considered as a quantitative trait was obtained
through LUMA measurement of 940 DNA blood samples from Romane
lambs genotyped on the 50K SNP chip. Blood DGMR was variable
between animals with an average of 70.7 + 6.0%. Among the tested
effects, the sex and the ram effects were significant. Blood DGMR was
heritable (0.20 £ 0.05) and joint analyses combining linkage disequilib-
rium and linkage revealed 2 main genomic regions influencing this new
phenotype. Such results indicate that blood DGMR could be used in
genetic selection, but before, further analyses are in progress to inves-
tigate relationship between blood DGMR and productive or adaptive
traits.

Key Words: sheep, genetics, epigenetics

P4  Epigenetic state of genes of immune responsiveness relevant
to bovine mastitis. T. Zabek*!, E. Semik-Gurgul', T. Szmatola', E.
Kawecka?, E. Kosciuk?, and E. Bagnicka?, 'National Research Institute
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of Animal Production, Krakow, Poland, *Institute of Genetics and Ani-
mal Breeding of the Polish Academy of Sciences, Jastrzebiec, Poland.

Pathogens are one of the environmental agents able to modify
methylation of regulatory elements of genes. For instance, the occur-
rence of mastitis might lead to changes of methylation-pattern of genes
which are involved in an immune response. The DNA methylation state
was investigated for genes previously found to be upregulated in re-
sponse to the inflammation of the cows’ mammary gland. The source
were tissue sections of mammary gland infected by coagulase-positive
(24 samples) or coagulase-negative staphylococci (13 samples) and 11
control samples of bacteria-free tissue. Prepared DNA were bisulfite
converted and PCR amplified using primers designed for converted
DNA sequence of predicted regulatory regions of genes of Chemokine
signaling pathway (CCL2, HCK), Cell adhesion molecules pathway
(F11R), Antigen processing and presentation pathway (CD8A, PDIA3,
LGMN, HSPA1A), and NOD-like receptor signaling pathway (IL18,
NFKBIA). Amplified DNA were sequenced using PCR primers. The
results of bisulfite SANGER sequencing showed hypomethylated state
of predicted regulatory sequences of all loci with no differences be-
tween determined groups of infected and noninfected samples. The hy-
pomethylated state of investigated DNA regions might be relevant for
the continuous activity of immune-related genes being often increased
in response to the inflammatory agents of mammary gland. Obtained
data may emphasize the importance of gene hypomethylation as the
epigenetic mechanism important for the preservation of immune re-
sponsiveness to chronic inflammation. The study were supported by the
grant of the Polish Academy of Sciences No. 2015/17/B/NZ9/01561

Key Words: cattle, mastitis, DNA methylation, immune-related genes
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P6  Epigenetic and transcriptomic characterization of pure
adipocyte fractions from obese pigs identifies candidate path-
ways controlling metabolism. M. J. Jacobsen', J. H. Havgaard',

C. Anthon', C. M. Junker!, S. Cirera', P. M. Serensen!, S. Pundhir!,

P. Karlskov-Mortensen*!, C. S. Bruun', P. Lesnik?, M. Guerin?, J.
Gorodkin!, C. B. Jergensen', M. Fredholm!, R. Barrés?, Department
of Veterinary and Animal Sciences, Faculty of Health and Medical Sci-
ences, University of Copenhagen, Frederiksberg, Denmark, 2INSERM
UMS 1166, Team A, Institute of Cardiometabolism and Nutrition
(ICAN), Pierre and Marie Curie University, Pitié-Salpetriere Hospital,
Paris, France, *Novo Nordisk Foundation Centre for Basic Metabol-
ic Research, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark.

Reprogramming of adipocyte function in human obesity is im-
plicated in metabolic disorders like type 2 diabetes. In this study, we
used the pig, an animal model sharing many physiological and patho-
physiological similarities with humans, to perform in depth epigenomic
and transcriptomic characterization of pure adipocyte fractions. Using
a combined DNA methylation capture sequencing and Reduced Rep-
resentation bisulfite sequencing (RRBS) strategy, we identified 2479
differentially methylated regions (DMRs) located at close proximity
to-, or within genes. By sequencing of the transcriptome from the same
adipocytes, we identified 276 differentially expressed transcripts with
at least one or more DMRs. These transcripts were over-represented
in gene pathways related to MAPK, insulin, and adipocytokine sig-
naling. Using a candidate gene approach, we further characterized 13
genes potentially regulated by DNA methylation and identified putative
transcription factor binding sites that could be affected by the differen-
tial methylation in obesity. The study show that the DNA methylation
profile of adipocytes differs between lean and obese subjects. Our data
suggest that methylation plays a role in the perturbation of the pathways
involved in obesity and obesity related metabolic diseases. The associa-
tion between methylation and expression of genes implicated in obesity
and obesity related metabolic diseases supports a role of methylation
in the development of obesity. Our cell-type specific analysis, using an
animal organism with strong common physiological characteristics to
humans, constitutes a valuable resource for future work investigating
further the role of DNA methylation in the etiology of obesity and as-
sociated disorders.

Key Words: pigs and related species, epigenomics, RRBS sequenc-
ing, metabolism, biomedical model

P7 Investigation of genetic variation in global DNA methyl-
ation in bull semen and its relationship with semen quality and
fertility parameters. Y. He!, C. Maltecca!, F. Tiezzi', A. Canovas?,

S. Bhattarai’, and S. McKay*?, Department of Animal Science, North
Carolina State University, Raleigh, NC, USA, *Department of Animal
Biosciences, University of Guelph, Guelph, ON, Canada, *Department
of Animal and Veterinary Sciences, University of Vermont, Burlington,
VT, USA.

As an important mediator of gene expression, epigenetic modifi-
cations, such as DNA methylation, affect transcription and cause varia-
tion among phenotypes. DNA methylation has received much attention
in studies of male fertility in human and livestock. In bulls, although
epigenetic modifications have been found to significantly influence se-
men quality, the mechanisms and patterns underlying these modifica-
tions are not fully understood. Therefore, the objectives of the study
were to determine the effects of global methylation on sperm quality
parameters and to investigate genetic variability in semen DNA meth-
ylation among sire families (n = 27) and paternal lines (n = 4). Semen
samples and semen quality parameters were obtained from bulls (n
= 402) selected on the basis of pedigree and relevance of phenotypic
information. From each sample, DNA extraction was performed and
global methylation was measured. A linear mixed model was utilized to
predict traits related to sperm morphology, motility, and viability, using
global sperm methylation and sires as fixed effects. Additionally, vari-
ance components and heritability (h?) were estimated for global meth-
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ylation of overall sire families and paternal lines respectively. Mean
methylation of the sampled bulls ranged from 0.383 to 1.994, and from
0.982 to 1.204 across sire families and paternal lines respectively. For
the analyzed semen parameters, methylation was a significant effect for
motility and normal spermatozoa (P < 0.10), while sire was a significant
effect for viability (P < 0.10). Estimated variance for sire family and
paternal line was 0.065 and 0.018 respectively. Heritability estimates
for global methylation was 0.179 for sire family variance and 0.053
for paternal line variance. The current study has established the first
association between overall methylation and semen quality parameters,
contributing to the selection of a new criterion for fertility in dairy bulls.

Key Words: DNA methylation, semen quality, genetic variation

P8 DNA methylation dynamics across the bovine genome.

B. Cantrell!, S. Bhattarai!, E. Stassen!, S. Liu??, T. Buttolph!, H.
Lachance', J. O’Neil', J. F. Garcia*, B. Murdoch?®, R. Schnabel®, J.
Taylor®, R. Funston’, R. Weaber®, G. Liu?, S. McKay*!, University of
Vermont, Burlington, VT, USA, *United States Department of Agri-
culture-ARS, Beltsville, MD, USA, *China Agricultural University,
Beijing, China, *Universidade Estadual Paulista, Aragatuba, Brasil,
SUniversity of Idaho, Moscow, ID, USA, *University of Missouri,
Columbia, MO, USA, "University of Nebraska, North Platte, NE, USA,
8Kansas State University, Manhattan, KS, USA.

The dynamics of DNA methylation is largely unknown in ag-
ricultural animals. Most studies have focused on differences between
animals and use only a single method of analysis for DNA methyla-
tion. We present multiple approaches to characterize the dynamics
of beef cattle methylomes in novel ways. The DNA methylome was
characterized in multiple brain regions unstudied in most agricultur-
al species. We quantified global DNA methylation, 5-mC, (n = 6) and
hydroxymethylation, 5-hmC, (n = 2) in 9 functionally distinct brain tis-
sues and blood using global 5-mC/5-hmC MethylFlash Kits (Epigentek,
Farmingdale, NY) to determine the total amount of 5-mC and 5-hmC.
To improve resolution, 5 of the 9 brain regions were sequenced in each
of 8 cattle, and methylation was determined using [llumina HiSeq 150
bp paired end Whole Genome Bisulfite Sequencing (WGBS) and the
BSseeker2 with bowtie2 program. Single nucleotide variations (SNV)
in the WGBS data set were identified using CGmapTools to determine
potential genetic relationships with DNA methylation. Furthermore,
conservation of DNA methylation was examined in the bovine AMPK
gene family using pyrosequencing of bisulfite converted DNA in liver
samples of multiple cattle breeds (Nellore, Angus and Charolais) and
bison. Global 5-mC levels were consistently higher than 5-hmC, but
brain tissues showed elevated 5-hmC levels compared with blood. This
indicates the importance of examining 5-hmC in cattle brain tissues. At
a nucleotide level, we found DNA methylation in similar regions of the
genome across samples and tissues, but the level of methylation at each
site was variable by tissue and animal. Across tissues, average methyla-
tion ranged from 71 to 73% (CpG) and ~1% (non-CpG) of the genome.
SNVs were identified at loci also variable in DNA methylation, indi-
cating a potential relationship between genetics and epigenetics. SNVs
were identified across the genome, including the PRKAAI gene of the
AMPK gene family. We found evidence of conserved DNA methyla-
tion in 36 CpG sites in PRKAAI and PRKABI genes across all breeds
and species. These data show the importance of diverse methodology
to interpret the complexities of DNA methylation in the cattle genome.

Key Words: DNA methylation, AMPK, SNV, WGBS

P9  Differential H3K27ac peaks within bursa tissue of two
inbred chicken lines under NDV infection and heat stress. G.
Chanthavixay*!, C. Kern!, Y. Wing!, P. Saelao!, S. Lamont?, R. Gal-
lardo®, N. Chubb*, R. Gonzalo*, and H. Zhou', ‘Department of Animal
Science, University of California, Davis, CA, USA, *Department of
Animal Science, Iowa State University, Ames, IA, USA, *School of

Veterinary Medicine, University of Califo, Davis, CA, USA, *Zoetis
Inc, Kalamazoo, Mi, USA.

Poultry within developing countries are greatly impacted by
Newecastle Disease (ND), and additional abiotic stressors upon those
birds are increasing due to global warming. B cells that develop with-
in the avian-specific organ, bursa of Fabricius, aid in the clearance of
pathogens and are crucial for future protection upon later infections of
the same pathogen. Our project aims to study the genome-wide H3K-
27ac histone modifications within the bursa tissue to observe changes of
activity in promoters and enhancers in response to treatment, and also
to explore different H3K27ac profiles due to genetics. Therefore, we
subjected 2 genetically distinct chicken lines, Leghorn and Fayoumi, at
the age of 3 weeks to both infection with Newcastle Disease Virus and
chronic heat stress, then performed ChIP-seq for H3K27ac on the bursa
tissue collected at 6 d post infection (6DPI) for 2 individuals from each
treatment-line group (4 groups). H3K27ac peaks were called using the
MACS?2 peak caller (q value < 0.01) for each sample, called peaks were
confirmed between the 2 biological replicates for each group, and all
sets of peaks were merged for one total set of 67,122 peaks. Read depth
was quantified for each peak region in each sample and differential
peaks were determined using DESeq2 (FDR < 0.05). There were many
more differential peaks between treatment groups within Leghorn (n =
912) than within Fayoumi (n = 120). The majority of the peaks, 99% in
Leghorn and 70% in Fayoumi, have decreased levels of H3K27ac in the
non-treated group when compared with the treated group. Contrasting
the lines, there were twice as many differential peaks between nontreat-
ed birds (n =4,579) than treated birds (n = 2,113). The target genes of
proximal H3K27ac peaks (within 2000 bp of transcription start site)
were identified and used for GO term and KEGG pathway analysis.
Additionally, all peaks from each differential analysis were used for
transcription factor motif discovery using HOMER. Our data analysis
suggests that H3K27ac changes due to treatment are affecting genes
and pathways crucial to B cell differentiation and that the 2 lines have
distinct bursa tissue response to treatment.

Key Words: poultry, epigenetics, Newcastle Disease, ChIP-seq,
H3K27ac
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P11  Inter-generational epigenetic inheritance patterns asso-
ciated with growth traits in chickens. J. A. P. Marchesi*!, C. G.
Verruma', J. Peixoto?, M. C. Ledur?, and E. S. Ramos', 'Universidade
de Sdo Paulo, Ribeirdao Preto, Sdo Paulo, Brazil, ’Embrapa Suinos e
Aves, Concordia, Sdo Paulo, Brazil.

Gene expression variations mediated by epigenetic mechanisms,
as DNA methylation, has been frequently associated with phenotypic
variations and may be transferred across generations in animals. This
study aimed to investigate if methylation levels of the growth genes
Beta-Carotene Oxygenase 2 (BCO?2), Leptin Receptor Overlapping
Transcript (LEPROT), Protein tyrosine phosphatase, receptor type S
(PTPRS) and RUN and FYVE domain containing 3 (RUFY3) differ be-
tween chicken populations phenotypically divergent for growth traits
originated from reciprocal crosses. Two experimental lines, broilers TT
and layers CC, were used to create 2 F, populations CT (male CC x
female TT) and TC (male TT x female CC). The crosses CT and TC
differed significantly for body weight, abdominal fat percentage and
breast yield at 41 d old. We used red blood cell samples for DNA ex-
traction, and the promoter methylation levels of the growth genes were
evaluated by the methylation-sensitive restriction endonuclease qPCR
method. Statistical analysis was made using an ANOVA test (P < 0.05).
In this study, no sex effect was found on promoter methylation of any
gene. BCO2 and LEPROT genes were hypomethylated showing no
significant statistical differences between the populations. Significant
difference was observed for PTPRS and RYFY3 methylation between
TT and CC lines. Furthermore, our results showed that for PTPRS (TC
=0.59 + 0.09;, CT = 0.67 £+ 0.06*; TT = 0.68 + 0.08"; CC = 0.59 +
0.08%) and RUFY3 (TC =0.71 + 0.08*; CT = 0.81 = 0.07*; TT = 0.85
£ 0.14% CC = 0.65 + 0.15%) genes, methylation of the F, populations
was significantly different from their respective fathers and similar to
their mothers. Evidence of the inter-generational effect in chickens has
been shown in gene expression of offspring. In our study, we confirm
that specific epigenetic patterns, in this case, DNA methylation, can be
passed from mother to offspring. We suggest that in some regions, epi-
genetic changes caused by strong selection may be associated with a
specific inter-generational epigenetic inheritance. This study provides a
new insight of general mechanisms by which epigenetic variation forms
phenotypic diversity of growth traits in chicken populations.

Key Words: poultry and related species, epigenomics, qPCR, trans-
generational inheritance

P12  Tissue-specific characterisation of the ovine methylome.
A.J. Caulton*!'?, R. Brauning?, B. M. Murdoch?, and S. M. Clarke?,
"University of Otago, Dunedin, New Zealand, *AgResearch, Invermay
Agricultural Centre, Mosgiel, New Zealand, *University of Idaho,
Moscow, ID, USA.

Over the past decade, the application of genomic technologies
to animal breeding has significantly advanced the profitability and sus-
tainability of agricultural breeding programs by facilitating selection
of genetically superior animals. However, genomic information alone
explains only part of the phenotypic variance in quantitative traits. A
portion of this so called ‘missing variance’ is embedded within the
epigenome, a promising yet relatively unexplored resource to identify
missing causality and heritability in complex traits and diseases. As one
of the most common and stable epigenetic marks, DNA methylation
plays a fundamental role in the regulation of growth and development
in mammals. While the importance of DNA methylation is well estab-
lished, tissue specific signatures of methylation have not been exten-

sively characterized at the genomic level. We have employed a combi-
nation of whole genome bisulfite sequencing (WGBS) and 2 reduced
representation methylation profiling assays to achieve single nucleotide
resolution of DNA methylation across blood, muscle and skin tissue
in sheep. This work sheds light on the level of conservation of DNA
methylation between tissues and individuals and highlights the tech-
nical considerations when choosing an appropriate methylation profil-
ing technology for research or commercial applications. In addition, as
part of the Ovine Functional Annotation of Animal Genomes (FAANG)
Project, we will be extending the WGBS work to characterize the meth-
ylome of over 60 tissue samples from a Rambouillet ewe whose DNA
has previously been used for the de novo construction of the ovine ref-
erence genome (Oar_rambouillet v1.0). The methylation data sets will
be superimposed with gene expression profiles and chromatin archi-
tecture analyses to enhance functional annotation of the sheep genome
and obtain a comprehensive picture of the ovine epigenetic landscape.
Determining the functional potential of genetic variants will inform our
understanding of the biological processes underlying phenotype and
has application in animal breeding for use in weighted genomic selec-
tion predictions and the construction of genomic relatedness matrices
using causative variants.

Key Words: methylation, sheep, functional annotation, animal breed-
ing, epigenetics

P13  The genome-wide RNA-chromatin interactions revealed

by GRID-seq in skeletal muscle of three pig breeds. L. Fu, J. Li*,
Y. Liao, P. Zhou, X. Li, and S. Zhao, Key Laboratory of Pig Genetics
and Breeding, MOA China, Huazhong Agricultural University, Wuhan,
Hubei Province, China.

Chromosomes of eukaryotes are bound by a large number of cod-
ing and non-coding RNAs, providing an additional layer of epigenomic
information. Therefore, the ability to identify these RNAs from actively
transcribing genes associated with enhancers and promoters will ad-
vance understanding of the relationship between TF binding, chromatin
status and the regulation of gene expression. Global RNA interactions
with DNA by deep sequencing (GRID-seq) is a recently developed
technique used to capture the entire repertoire of chromatin interacting
RNAs and their respective binding sites. In this study, we use GRID-seq
to capture the whole collection of chromatin-binding RNAs of 2-week
skeletal muscle tissues in 3 pig breeds, Duroc, Large White and En-
shi Black, focusing on the breed-specific landscape of the identity and
binding-sites of essential functional RNAs during muscle growth. The
number of detected RNAs varied in 3 breeds, with 189 novel RNAs
highly enriched on chromatin in Enshi Black, while 300 and 287 novel
RNAs were identified in Duroc and Large White, respectively. To fur-
ther characterize these newly identified chromatin-interacting RNAs,
we categorize their chromatin-interactions into local (10 Kb from their
encoding genes), cis (in the same chromosomes), and trans (across dif-
ferent chromosomes) and noted that the majority of RNAs exhibited
local and cis-interacting preference, only a few exceptions of specific
RNAs were highly engaged across the genome. However, compared
with Large White and Duroc, we observed a much lower degree of
global trans-interaction preference in Enshi Black, 37% compared with
42% of Duroc and 54% of Large White, suggesting potential regulatory
differences of skeletal muscles between Asian and European breeds.
Furthermore, single-nucleotide polymorphisms (SNPs) were also in-
tegrated to reveal potential key variants of RNA-interacting sites. To-
gether, these findings demonstrate a novel RNA-chromatin interacting
model in skeletal muscle tissue, where a large set of newly-identified
RNAs could be further characterized with LncRNA identification and
histone modification.

Key Words: pigs, epigenomics, GRID-seq, skeletal muscle,
RNA-chromatin interactions

P14  Identification of orthologous tissue-specific enhancer-gene
pairs across chicken, pig and cattle. M. M. Halstead*!, C. Kern!,
Y. Wang!, X. Xu!, G. Chanthavixay', P. Saelao!, S. M. Waters!, J. F.
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Medrano', A. L. Van Eenennaam', M. E. Delany', H. H. Cheng?, C. K.
Tuggle’, C. W. Emnst*, H. Zhou', P. J. Ross!, 'University of California
Davis, Davis, CA, USA, *USDA, ARS, ADOL, East Lansing, MI, USA,
‘lowa State University, Ames, IA, USA, *Michigan State University,
East Lansing, MI, USA.

Distal regulatory elements, such as enhancers, contribute ex-
tensively to phenotypic differences between species. However, efforts
to identify enhancers and link them to their target genes have prov-
en difficult, as enhancers tend to evolve rapidly and their target genes
can be hundreds of kilobases away. In mammals, Villar et al. (2015)
observed that conservation of enhancer activity generally did not cor-
relate with overall sequence conservation, although enhancers with
conserved activity did show enrichment for shorter motifs, such as
transcription factor binding sites (TFBS) — especially for transcription
factors with tissue-specific functions. In liver, the subset of enhancers
that demonstrated conserved activity across 20 mammals were enriched
for liver-specific TFBS and flanked genes with liver-specific functions.
It remains unclear why some enhancers are more conserved than oth-
ers, given that most are not subject to strong evolutionary constraint.
Here we identify orthologous tissue-specific enhancer-gene pairs across

chicken, cattle, and pig in 5 tissues — adipose, brain, liver, lung, mus-
cle and spleen. Active enhancers were predicted based on the presence
of H3K27ac, H3K4mel, and chromatin accessibility. To narrow down
the search space for potential target genes, topologically associated
domains (TADs) were predicted from CTCF binding sites, determined
from ChIP-seq, and tissue-specific enhancers were linked to ortholo-
gous genes with conserved tissue-specific expression within the same
TADs. Nearly all orthologous genes with tissue-specific expression oc-
curred in TADs containing tissue-specific enhancers, which were then
characterized for TFBS enrichment and synteny. Broadly, tissue-spe-
cific genes and enhancers tended to co-occur in the same TADs. TADs
containing more genes with conserved tissue-specific expression were
enriched for enhancers with specific activity in the same tissue. These
results indicate that conserved enhancers are not limited to mammals,
and span more broadly across vertebrates. The functional conservation
of this subset of enhancers over more than 300 million years of evolu-
tion suggests that they may be integral for modulating tissue-specific
expression of orthologous genes.

Key Words: epigenetics, enhancer, conservation, livestock
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P18  Systematic analysis of non-coding RNAs Involved in the
Angora rabbit (Oryctolagus cuniculus) hair follicle cycle by RNA
sequencing. B. Zhao*!, Y. Chen'?, S. Hu!, N. Yang', M. Wang?, M.
Liu', J. Li', and X. Wu'?, 'College of Animal Science and Technology,
Yangzhou University, Yangzhou, Jiangsu, China, *Joint International
Research Laboratory of Agriculture & Agri-Product Safety, Yangzhou
University, Yangzhou, Jiangsu, China.

The hair follicle (HF) cycle is a complicated and dynamic pro-
cess in mammals associated with various signaling pathways and gene
expression patterns. Non-coding RNAs (ncRNAs) are RNA molecules
which are not translated into proteins but are involved in the regulation
of various cellular and biological processes. In this study, we explored
the relationship between ncRNAs and the HF cycle by developing a
synchronization model in Angora rabbits. Transcriptome analysis was
performed to investigate ncRNAs and mRNAs associated with the var-
ious stages of the HF cycle. 111 long non-coding RNAs (IncRNAs),
247 circular RNAs (circRNAs), 97 microRNAs (miRNAs) and 1168
mRNAs were differentially expressed during the 3 HF growth stages.
Quantitative real-time PCR was used to validate the ncRNA transcrip-
tome analysis results. Gene Ontology (GO) enrichment and Kyoto En-
cyclopedia of Genes and Genomes (KEGG) pathway analyses provided
information on the possible roles of the ncRNAs and mRNAs during
the hair follicle cycle. In addition, IncRNA-miRNA-mRNA and cir-
cRNA-miRNA-mRNA ceRNA networks were constructed to reveal the
underlying relationships between the ncRNAs and mRNAs. We found
that LNC 002919 and novel circ 0026326 could act as ceRNAs, par-
ticipating in the regulation of the HF cycle as miR-320-3p sponges.
Our research comprehensively identified candidate regulatory ncRNAs
during the HF cycle by transcriptome analysis, highlighting the possible
association between ncRNAs and the regulation of hair growth. This
study will provide the basis for systematic further research and new
insights on the regulation of the HF cycle.

Key Words: rabbit, non-coding RNA, sequencing, hair follicle cycle,
ceRNA

P19  Analysis of candidate genes for the hygienic behaviour
regulation in honey bees (Apis mellifera). P. Modesto*!, C. Biolatti',
M. G. Maniaci', D. Laurino?, P. Mogliotti', F. Mutinelli*, A. Manino?,
P. Barzanti', F. Ingravalle', M. Caramelli', M. Porporato?, and P. L.
Acutis!, Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e
Valle d’Aosta, Turin, Italy, *Dipartimento di Scienze Agrarie, Forestali
e Alimentari, Turin, Italy, *Istituto Zooprofilattico Sperimentale delle

Venezie, Laboratorio nazionale di riferimento per le malattie delle api,
Legnaro (PD), Italy.

Hygienic behavior (HB) of honey bees is defined as the ability to
detect and uncap cells with dead or diseased brood and remove it from
the nest. HB is considered a major mechanism of resistance against
pathogens. Many genes seem to be involved in the regulation of this
complex behavior. Aims of the study were the molecular characteri-
zation of Long Sarah- sra and Odorant binding protein- ASPI genes,
previously correlated with HB and the identification of polymorphisms
associated with HB, to develop useful genomic tools for marker-assist-
ed selection (MAS). The study lasted 3 years. The first year (2013),
the freeze-killed brood assay, used to assess the HB, was performed
twice in the § apiaries selected. For each apiary, the 3 colonies with
the highest HB and the 3 with the lowest one were selected for the
study. Twenty workers were sampled from each colony and stored at
—80°C. The HB of the colonies that survived the winter were assessed
for HB and sampled twice in 2014 and again in 2015. Fifty-four colo-
nies were sampled in 2013, 43 in 2014 and 4 in 2015. HB decreased
between 2013 and 2014 while increased between 2014 and 2015. This
trend did not seem to be related to the variables studied. DNA and RNA
were extracted from 244 honey bees and the coding sequence region of
the sra and ASP1 genes were amplified, sequenced and compared with
the reference sequences available in GenBank. A descriptive statisti-
cal analysis was performed to evaluate how HB changed in correlation
with time, apiaries, locations and environmental conditions. A linear
mixed effect model was used to assess the associations between the
SNPs observed in gene ASP/ and the HB trend. Gene sra was amplified
in 67 samples, 5 SNPs and 2 insertions/deletions were detected. Sixty
complete sequences were available for ASP1, 8 SNPs were observed.
Two were correlated with HB (P < 0,05): 110 C > T with low HB and
360 C > T with high HB. Although the role of these 2 SNPs needs to
be confirmed with further studies, the high statistical significance found
on a relatively small population suggests that the ASP/ gene can be
a candidate gene for a MAS of HB in queen bees and, consequently,
resistance to pathogens.

Key Words: Apis mellifera, hygienic behavior, candidate gene, DNA
sequencing, genetic resistance

P20  Genetic variability of Russian reindeer populations
(Rangifer tarandus L., 1758) revealed by high-density SNP array.
V. Kharzinova*!, A. Dotsev', T. Deniskova!, K. Layshev?, T. Roma-
nenko?, 1. Okhlopkov?, K. Wimmers®, H. Reyer®, and G. Brem'®, /L.K.
Ernst Federal Science Center for Animal Husbandry, Dubrovitzy,
Moscow, Russia, >North-West Center for Interdisciplinary Researches
of Food Maintenance Problems, Federal Agency of Scientific Organi-
zations, St. Petersburg, Russia, *Federal Center for Integrated Arctic
Research (FCIARctic) Nenets Division, Agro-Experimental Station,
Federal Agency of Scientific Organizations, Naryan-Mar, Nenets AO,
Russia, *Institute for Biological Problems of Cryolithozone Siberian
Branch of RAS, Yakutsk, Russia, °Institute of Genome Biology, Leibniz
Institute for Farm Animal Biology [FBN], Dummerstorf, Germany,
SInstitute of Animal Breeding and Genetics, VMU, Vienna, Austria.

Russia has always been a leading country for reindeer popu-
lations, including 4 officially recognized breeds and the largest wild
reindeer population. The Nenets breed is the most numerous one with
covering the territory from the Kola Peninsula in the west to Taimyr in
the east. Wild reindeer are mostly concentrated in Taimyr and Yakutia
regions. Here, we aimed to address the genetic architecture and differ-
ences between domestic and wild reindeer, using the Bovine HD Bead-
Chip (Illumina Inc., USA). The domestic group was presented by 121
individuals of the Nenets breed of the Nenets (NEN, n = 75), Yamal-Ne-
nets (YML, n = 13), Murmansk (MUR, n = 20), Archangelsk (ARH, n
= 6) regions and Komi Republic (KOM, n = 7).The wild group included
70 reindeer of Taimyr (TAL n = 33) and Yakut (YAK, n = 37) popula-
tions. PLINK 1.07, STRUCTURE 2.3.4, SplitsTree 4.14.5 software, R
packages “diveRsity” and ‘ggplot2’ were used for statistical analyses.
After filtering, 6511 SNPs in domestic and 8801 SNPs in wild reindeer
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were remained. The level of genetic diversity was slightly higher for
the wild group (Ho = 0.183, He = 0.178, A, = 1.491) comparing to the
domestic one (Ho = 0.178, He = 0.172, 4, = 1.465). Neighbor-Net tree,
MDS and STRUCTURE analysis revealed the sharp distinctions and
clear differentiation of domestic and wild animals. The unbiased ob-
served heterozygosity in the Nenets breed ranged from 0.179 in ARH to
0.184 in MUR. Reindeer from Murmansk region were genetically dis-
tant from others, perhaps due to interbreeding with local reindeer and
thus affecting genetic relationships with the Nenets populations inhab-
iting other regions. Wild reindeer were characterized by similar values
of genetic diversity estimates and showed similar genetic background.
Here, we obtained more detailed information on genetic variability of
domestic Nenets breed, Taimyr and Yakut wild reindeer populations,
which might be considered as the first crucial step to develop genetic
improvement strategies and to design effective conservation programs
for this valuable resource for entire population of the huge Russian
North. The study was supported by Russian Science Foundation, Pr.no.
16-16-10068

Key Words: Reindeer, genetic variability, SNP

P21  Microsatellite markers based on next-generation DNA
sequencing for parentage of Asiatic black bear population rein-
troduced in South Korea. S.-H. Han*, J.-Y. Moon, S.-J. Jeong, T.-W.
Kim, J.-J. Kim, D.-H. Jeong, and D.-J. Song, Species Restoration
Technology Institute, Korea National Park Service.

The present study was aimed to establish a parentage diagnos-
tic system for the endangered Asiatic black bear reintroduced in South
Korea. Microsatellite (MS) DNA markers were developed from whole
genome sequences obtained by the next-generation DNA sequencing
(NGS), and determined their genotypes of released and housed animals.
After preliminary study, we selected a total of 15 MS markers for par-
entage test. MS markers consisted of 9 di-nucleotide (nt.), one tri-nt.,
2 tetra-nt., 2 penta-nt., and one hexa-nt. tandem repeat unit markers.
Mean number of alleles (k) was 6.267, and mean expected heterozygos-
ity (H,) was 0.724. The founder population reintroduced from Russia,
China and North Korea had 5.867 of k, 0.722 of H , the second gen-
eration had 5.867 of k and 0.721 of H , and the third generation 4.467
of k and 0.694 of H . The third generation had lower levels of genetic
diversity indexes than those of their parents, estimating that several su-
perior males dominate the breeding activity of this population in the
wild. Nineteen unidentified bears captured in the wild without visible
tagging system, radio-telemetric or GPS device were successfully iden-
tified their parents by parentage test. In addition, an individual hit by a
car on the highway in 2018 was also assessed by an identity test based
on MS genotypes. This MS marker system allowed excellent results in
both parentage and identity tests. The results of this study suggested
that this molecular system may contribute to analyzing genetic diversi-
ty and planning for future conservation and ecosystem recovery of the
Asiatic black bear restored in South Korea.

Key Words: Asiatic black bear, microsatellite, NGS, parentage

P22  Genetic association between residual feed intake and sub-
cutaneous fat thickness in Nelore cattle. A. M. Maiorano*!, R. A.

S. Faria!', M. E. Mercadante?, L. G. Albuquerque', and J. A. V. Silva®,
!Universidade Estadual Paulista, Jaboticabal, Sao Paulo, Brazil,
’Instituto de Zootecnia, Sertaozinho, Sao Paulo, Brazil, ’Universidade
Estadual Paulista, Botucatu, Sao Paulo, Brazil.

Residual feed intake (RFI) is a measure of feed efficiency that has
an impact on the profitability of production systems. RFI is defined as
the difference between the animal’s actual feed intake and its expected
feed requirements for maintenance and growth. The lower the RFI, the
more efficient the animal is. Quantifying correlations for RFI and oth-
er economically important traits will contribute to the development of
optimal selection indexes. The aim of this study was to estimate genetic
parameters for RFI and subcutaneous fat thickness measured at the end
of feedlot tests (BFT) in Nelore animals using a bivariate animal model.

Phenotypic records for RFI and BFT were obtained from 946 sires be-
tween 2010 and 2017, with approximately 120 animals being evaluated
each year in feedlot tests. A total of 956 animals were genotyped with
a panel containing 777,000 SNPs, including the 946 sires with RFI re-
cords. Pedigree information of 4,682 animals was available for 6 gener-
ations. The variance components and heritabilities for the traits studied
were estimated using the single-step genomic BLUP (ssGBLUP) meth-
od. The phenotypic and genetic correlations of RFI with BFT were of
low magnitude (0.13 + 0.03 and 0.05 + 0.02, respectively). Heritability
estimates were 0.26 + 0.08 for RFI and 0.42 + 0.08 for BFT. Selection
for low RFI or more efficient animals can promote genetic gains in fu-
ture generations without causing changes in subcutaneous fat thickness
profiles. Therefore, the use of a selection index is recommended when
genetic improvements in RFI and subcutaneous fat thickness are im-
portant for the breeding objective.

Key Words: cattle and related species, animal breeding, feed efficien-
cy, heritability, genomic selection

P23  Genome-wide association study on fatty liver weight and
body weight in geese using 2b-RAD. Y. Yang*'3, H. Wang!, C.
Wang!, S. Gong!, Y. Liu', G. Li', G. Cheng?, and D. He', 'Institute

of Animal Husbandry& Veterinary Science, Shanghai Academy of
Agricultural Sciences, Shanghai, China, *’Nanfeng Administration of
Husbandry and Veterinary, Nanfeng, Jiangxi Province, ’Department of
Medical Biochemistry and Microbiology, Uppsala University, Uppsa-
la, Sweden.

Geese were reported widely to be resistant to extreme hepatos-
teatosis. Resistance performance are economically and medically im-
portant both in poultry industry and human medicine. Many genetic
studies on this resistance have been carried out in last few years. The
aim of this study was applying IIB-RAD approach (46,183 SNPs from
enzyme BsaX1 and 26,420 SNPs from enzyme Fall) on Genome-Wide
Association Studies (GWAS) in an outbred geese population, in which
343 geese were sampled and phenotyped both on FLW and BW. GWAS
was carried out based on validated 62,023 SNPs after quality control.
The most significant SNP(AA_ 01358 01: P < 2.0e-5) contributing to
FLW were located in the gene with name of LOC106466 on scaffold
AA_01358. Liver weight of individuals with genotype CC(1,091.19 +
201.44 g, n=327) was significantly higher than those with CT(948.27 +
118.03 g,n=15)or CT(430 g, n=1). However, detailed characterization
of this gene remained unknow in geese but a gene with high sequence
identity (>90%) was found in duck which was located in immunoglob-
ulin (IGL) lambda light chain gene locus, inferring that LOC1064636
was possibly related to immunity in overfed geese. We also attempted
to find out genes that regulating body weight after overfeeding and ge-
nomic regions were located to scaffold AA 01358(9.07Mb ~11.91Mb)
overlapping with LOC106466 and AA_01377(2.75Mb ~4.24Mb). For
the most significant site in both regions was AA 01358 2(P < 7.0e-
12), body weight of individuals carrying TT(8,222.23 + 724.88 g, n
= 151) was extremely higher than CT(7,603.16 + 671.91 g, n = 88) or
CC(7,393.01 £ 630.33 g, n = 104). In conclusion, the most significant
SNPs contributing to FLW were located in gene LOC106466 which
is related to immunity possibly. Genomic regions regulating BW were
located on scaffolds AA 01358, AA 01377 and the former one was
overlapped with the gene LOC106466. The long range on these scaf-
folds found in this study suggests future searches for candidate genes
and QTL refinements as well as potential use of the most significant
SNPs in practical geese breeding programs.

Key Words: geese, fatty liver weight, body weight, 2b-RAD, GWAS

P24  Assessing inbreeding networks from partial correlations
and information theory in rabbits. S. T. Rodriguez-Ramilo*!, A.
Reverter?, J. P. Sanchez?, M. Velasco-Galilea’, O. Gonzalez®, and M.
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Piles®, 'INRA, Castanet-Tolosan, France, *CSIRO Agriculture & Food,
Brisbane, QLD, Australia, ’IRTA, Caldes de Montbui, Spain.

Accurate estimates of inbreeding (F) are crucial for the manage-
ment of populations in selection schemes. Traditionally, inbreeding
has been estimated from pedigree-based information. Currently, ge-
nome-based estimates of inbreeding can be obtained from SNP chip
data. The correlation between pedigree and different genome-based
estimates of inbreeding is usually discussed in the literature. However,
some of these correlations could be spurious. Using partial correlations
and information theory (PCIT) it is possible to distinguish a significant
association between 2 variables which is independent from associations
with a third variable. The objective of this study is to implement PCIT
to assess the relationship between different estimates of inbreeding and
phenotypes using a selected population of rabbits. Pedigree data and
genomic information from a 200K chip were available. After apply-
ing filtering criteria, the data set constituted 490 animals genotyped for
114,604 autosomal SNPs. Phenotypic records for average dairy gain
(ADG) were also accessible for full (f) and restricted (r) feeding. Ped-
igree-based inbreeding estimates (ped) were decomposed in ancient
(A), intermediate (I) and recent (R) inbreeding. Accordingly, genom-
ic estimates of inbreeding based on runs of homozygosity (roh) were
also decomposed in A, I and R. Other genomic estimates of inbreeding
were also evaluated: VanRaden (van), proportion of homozygous SNPs
(snp), proportion of homozygous SNPs for the minor allele frequency
(PHoMA) and the compression efficiency (CE). The results indicate
that FrohR is an essential node with 6 edges, one of which is nega-
tive with FrohA (=0.31). CE is a balanced node with 2 positive (Fsnp
and FrohR) and 2 negative (FrohA and FpedI) edges. Fvan is the less
related node with only one positive edge with PHoMA (0.70). When
including phenotypic information, FpedlI is correlated negatively with
ADGT (—0.11) and positively with ADGr (0.10). In addition, ADGr has
a negative edge with FrohA (—0.11). These results indicate that PCIT
approach allows inferring meaningful associations between estimates
of inbreeding.

Key Words: inbreeding, average genetic gain, rabbit, partial correla-
tion, network

P25  Valuation of polymorphism 22 STR markers used for
parentage control in pigeons in Poland. A. Radko*, A. Podbielska,
and A. Szumiec, National Research Institute of Animal Production,
Krakowska, Balice, Poland.

The aim of this study has been assessment the polymorphism of
22 microsatellite markers and their usefulness for parentage verification
in pigeons. Two panels STR markers were tested on 445 randomly se-
lected individuals. The first contained 17 /oci and second contained 6
additional /oci. The core panel involved the following STR: ClipD11,
ClipT43, CliuD01, PIGN57, ClipT13, CliuD16, CliuD19, ClinT02,
CliuD17, ClipD35, ClipT17, PIGN04, PIGN15, PIGN10, PIGN26,
PIGN12 and CHD marker to identify the sex of birds. The additional
panel contained: ClipD32, PG2, PG3, PG5, PG6, PG7. Genomic DNA
was extracted from feathers and buccal swabs. Extracted DNA were
amplified by PCR for the all microsatellites and CHD marker in 2 mul-
tiplex reaction. Primers was labeled with fluorescent dyes, respectively:
6-FAM, VIC, NED and PET. The alleles were amplified using the QIA-
GEN Multiplex PCR Kit, the amplified products were separated on ABI
PRISM® 3130x1 Genetic Analyzer and genotyped using GeneMapper
Software (Applied Biosystems). Based on the frequency of identified
alleles in all 22 microsatellite Joci we calculated average values for
expected heterozygosity (He) and observed (Ho) and were determined
as Ho = 0.61 and He = 0.67, respectively. The average polymorphism
information content (PIC) were 0.621. The lowest polymorphism in the
present study was noted for the ClipD35 (PIC = 0.28 and Ho = 0.31),
PGS (PIC = 0.31 and Ho = 0.32) and CliuD19 (PIC = 0.39 and Ho =
0.40).The polymorphism of the rest markers were above 0.4. The high-
est polymorphism we observed for PIGN26 (PIC = 0.9 and Ho = 0.88).
We estimated the cumulative probabilities of parentage exclusion, when
one parent is known (CPE)) and 2 parents is known (CPE,), for core

panel and for all 22 markers together. The cumulative probabilities
of parentage exclusion CPE, and CPE, for 16 loci (core panel) were
0.9987 and 0.9999, respectively and when we used all 22 loci increased
to 0.9998 and 0.999999, respectively.

Key Words: other species, genetic identification, parentage, microsat-
ellite

P26  Abstract withdrawn

P27  Phenotypic biodiversity of Carniolan honeybee (Apis
mellifera carnica) in Croatia. N. Raguz, B. Lukic*, M. Kovacic, P.
Margeta, and Z. Puskadija, Department for Animal Production and
Biotechnology, Faculty of Agrobiotechnical Sciences, J.J. Strossmayer
University of Osijek, Osijek, Croatia.

Extensive research of Carniolan honeybee (Apis mellifera carni-
ca) biodiversity in Croatia has not been conducted so far. In this study,
a total of 161 bee samples were collected in Croatia and 21 samples in
Slovenia (reference samples). One sample represents about 50 worker
bees from one hive on single apiary. For morphological analysis, the
left and the right fore wing of 20 workers from the sample were ana-
lyzed. In total, 3640 bees (7280 wings) were included in the analysis.
Wings were removed from the bees, photographed and stored as a 2400
dpi photo. With the DrawWing software 19 points of venation intersec-
tions were marked on each wing and used in the analysis of geometric
morphometry of shape and size of wings. Centroid size was calculated
by use of markings on the wings in millimeters. The principal com-
ponent analysis of the centroid size from 40 wings of the sample was
performed. The origin of the samples was attributed to one of the 3
regions in Croatia: the Pannonian, the Mountainous and the Mediter-
ranean region. Significant differences between the regions (F (2, 178)
=5.0727, P = 0.00720) were found in the PCA analysis. Specifically,
significant difference was found between Pannonian honeybees in re-
lation to Mountainous and Mediterranean, while differences between
Mountainous and Mediterranean were not found. Since the results of
morphological and genetic analysis with microsatellite markers often
coincide, it is recommended to analyze the distribution of ecotypes
using more precise genetic markers such as SNP-s, on the same pop-
ulation. For that reason, isolation of bee’s DNA was performed. The
soft tissue of the flight muscles was isolated and stored in insulating
protocol tubes. All samples were successfully isolated with sufficient
concentrations (=50pg/ml). The analyzed population will be used for
further genotyping and analysis of the ecotypes based on SNPs, with-
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in the VaroGen project funded by the Paying Agency for Agriculture,
Fisheries and Rural Development (PAAFRD) in Croatia.

Key Words: Carniolan honeybee, biodiversity, morphometry, SNP

P28  Identification of genomic signatures of divergent selection
for birth weight environmental variance in a mice experiment.
Preliminary analysis. I. Cervantes*!, N. Formoso-Rafferty', JP Guti-
érrez', and F. Goyache?, 'Departamento de Produccion Animal, Fac-
ultad de Veterinaria, Universidad Complutense de Madrid, Madrid,
Spain, Area de Genética y Reproduccion Animal, SERIDA-Deva,
Gijon, Spain.

A divergent selection experiment for birth weight environmental
variability in mice has been successfully performed during 20 genera-
tions. Genetic control of the birth weight environmental variability is
possible. Furthermore, this selection criterion had direct implications
in other interesting traits in livestock. Selection for low variability (line
L) was beneficial for production, welfare and robustness related traits,
with higher heritability when compared with the high variability line
(line H). This research aimed at the identification of selection signatures
on the genome caused by that divergent selection. A total of 384 DNA
samples belonging to 212 L-line and 172 H-line females were geno-
typed using the Affymetrix Mouse Diversity Genotyping Array. A pre-
liminary analysis has been performed using 417,172 SNPs and the XP-
EHH test as implemented in the software Selscan. As a complementary
approach, the nSL statistics was computed per line, separately, as well.
After normalization of the XP-EHH scores across chromosomes, a total
of 25,159 SNPs had scores higher than |2|, being 11,692 SNP under se-
lection in the H line and 13,467 in the L line. Regarding nSL test, 6,495
markers showed selection signatures in line L and 6,794 in line H. The
number of SNPs which coincides in both methods was 2,357, most of
them located on chromosome 17, 4 and 6. Some markers were in com-
mon with a previous GWAS analysis performed using these samples,
190 SNPs related with birth weight and its variation, 55 of these SNPs
were located on mice chromosome 7 confirming those genomic areas as
target for further identification of candidate genes involved in genetic
control of environmental variability. After comparing the genomic loca-
tions of the identified candidate regions of selection with the available
annotation of the reference mice genome, genes which putatively are
been involved in this divergent selection could be identified.

Key Words: rodents, animal breeding, selection scan, selection,
animal welfare

P29  Abstract withdrawn

P29  Abstract withdrawn

P30  Genomic regions associated with individual growth and
cage feed efficiency in rabbits under two feeding regimes. J. P.
Sanchez*!, A. Legarra?, M. Velasco-Galilea', M. Piles!, O. Rafel', O.
Gonzalez', and M. Ballester', ‘Animal Breeding and Genetics Pro-
gram, IRTA, Caldes de Montbui, Spain, ‘UMR 1388 GenPhySE, INRA,
Castanet-Tolosan, France.

Our objective was to identify genomic regions associated with
individual growth (ADGf), and cage feed intake (FIf), feed conversion
ratio (FCR{) and residual feed intake (RFIf) in ad libitum-fed rabbits;
as well as with individual growth (ADGr) in rabbits fed under restric-
tion. Three genome-wide association methods were used to analyze the
aforementioned traits on 438 rabbits genotyped for 114,604 SNPs. The
methods were: 1) regression on each SNP allele counting (Reg), ii) bi-
variate animal model between the performance trait and each SNP allele
counting (Bi) and iii) random QTL model combining LD and linkage
information (LDLA). LDLA returned the largest number of significant
associations. Bi and Reg yielded significant associations only at chro-
mosome (Chr) level. At this level, LDLA showed 22 chromosomal re-
gions on Chr2, 3,5, 6,7, 9, 12, 14, 15, 18, 19 and 21 associated with
ADGT. Reg yielded significant associations between ADGf and regions
on Chr3, 5 and 21. Lastly, Bi revealed significant associations on Chr3,
5 and 16. All methods identified the region 102—-113 Mb on Chr3 as
significantly associated with ADGf. At Chr5, the 19-20 Mb region was
associated with ADGf by Reg and Bi, while the 34-35 Mb region was
associated with ADGf by Bi and LDLA. One region (0—2 Mb) on Chr13
and 2 regions (29-32 Mb and 38-39 Mb) on Chr9 were significantly
associated with ADGr by Reg and Bi methods, respectively. Bi, the only
method used to analyze traits recorded at cage level, revealed signifi-
cant associations between FIf and region 3—4 Mb on Chr5, and between
RFIf and regions Chr8:108-110 Mb and Chr21:7-8 Mb. No signifi-
cant associations were identified for FCRv. A total of 36 chromosome
regions were significantly associated with the traits under study, one
of them (Chr21:7-8 Mb) having pleiotropic effect on ADGf and RFIf.
After gene and functional annotation, 29 candidate genes on 22 out of
these 36 significant regions were identified. It is remarkable that one of
the identified candidate genes (FTO) was previously associated with
growth in rabbits. In addition, candidate genes FEZF2 and PTPRG for
ADGir, are involved in the control of feeding behavior traits.

Key Words: genome-wide association, rabbits, growth and develop-
ment, feed efficiency

P32  Disentangling the genetic background of environmental
variance of litter size using whole-genome sequencing data in
rabbits. C. Casto-Rebollo*!, M. J. Argente?, M. L. Garcia?, A. Blasco!,
and N. Ibafiez-Escriche!, /Institute for Animal Science and Technology,
Universitat Politécnica de Valéncia, Valéncia, Spain, *Departamento
de Tecnologia Agroalimentaria, Universidad Miguel Hernandez de
Elche, Orihuela, Spain.

Massive data generated for whole-genome sequencing (WGS)
allow to identify large number of variants under selection. Thus, the
genetic background of complex traits could be better characterized.
Understanding the genetic background of the environmental variance
of complex traits (VE) is increasing interest in animal breeding. VE is
genetically determined and related to resilience. A divergent selection
experiment for environmental variance of litter size in rabbits showed a
clear response to selection and differences in mortality and health sta-
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tus biomarkers (Cortisol, Leukocytes and acute-phase proteins). Thus,
to identify variants underlying VE we sequenced the whole genome
of 27 pooled DNA samples of each line. Alignment of sequence reads
was performed using BWA algorithm and bam files were generated by
SAMtools. Duplicates and Illumina markers were removed with Picard
tools. The variant discovery and filtering were performed using GATK
programs. The annotation of discovered variants was done with SnpEft.
Result showed a total of 15,141,673 single nucleotide variants between
both lines and the reference genome. 3,202,487 of them showed differ-
ences between the low and high VE line. Most of them were variants
with low impact over the phenotype due their localization in intergenic
and intron regions. However, 6,964 SNVs were identified as non-syn-
onymous mutations with a higher impact over the amino acid coding
of proteins. These polymorphisms could partly explain the phenotypic
differences between the divergent lines. Potential loci of VE were iden-
tify in the chromosome 1, 3, 4, 8, 12, 13, 14 y 18 in the Oryctolagus
cuniculus genome. This is the first study using WGS to disentangle the
genetic background of VE.

Key Words: environmental variance, whole-genome sequences, single
nucleotide variants, rabbits

P33  Identification and analysis of differential expressed
microRNAs in subcutaneous of yak under nutrition pressure. M.
Chu*!2 P. Yan'?, C. N. Liangn'?, X. Y. Wu'?, X. Z. Ding'?, X. Guo'?,
L. Xiong'?, and J. Pei'?, ‘Key Laboratory of Yak Breeding Engineer-
ing, Gansu Province, China, *Lanzhou Institute of Husbandry and
Pharmaceutical Sciences, Chinese Academy of Agricultural Sciences,
Lanzhou, China.

Yak (Bos gruniens) are distributed in the Qinghai-Tibet Plateau
and adjacent areas. Influenced by high altitudes and special climatic, the

adipose tissue of yaks grow rapidly owing to plenty of pasture in warm
season, while in cold season, the adipose tissue of yaks suffered severe
weight loss under shortage of pasturage. In this study, high-throughput
sequencing technology was used, 4 small RNA libraries of yak were
successfully constructed, including subcutaneous fat from cold and
warm season, and late to identify differential expressed microRNAs
and analyze their functions so as to study the roles of microRNA in yak
fat metabolism under nutrient stress. The results showed that 450 mi-
croRNA were identified, 70 microRNA of which expressed significantly
different in tissues of 2 seasons. Among differential expressed microR-
NA, miR-335, miR-378, miR-378b, miR-200a, miR-200b, miR-200c
and miR-210 played roles in yak fat metabolism. And then the func-
tion of miR-200a in regulating adipocyte differentiation in the yak was
studied.Results showed that miR-200a increased the expression of adi-
pocyte-specific genes involved in lipogenic transcription (PPARy, EL-
VOL, and C/EBPa), fatty acid synthesis (ACC, ACS, SCD, and FAS),
and fatty acid transport (DGAT, LPL, and FABP4). We also found that
transfection of adipocytes with miR-200a resulted in suppression of
the levels of noncanonical Wnt signaling transcription factors (Wnt5Sa,
TAK1, and NLK). These results indicate that miRNA-200a plays an im-
portant role in promoting yak adipocyte differentiation that may operate
via the suppression of noncanonical Wnt signaling. In conclusion, The
results showed that microRNAs played important roles in regulating fat
metabolism of yak under nutritional stress, and to provide a scientific
basis and theoretical support for future study.

Key Words: yak, microRNAs, subcutaneous, nutrition pressure,
animal breeding

Applied Sheep and Goat Genetics

P34  Variations in ovine leptin gene of Cholistani and Sipli sheep
in Punjab, Pakistan. M. Safdar*!' and Y. Junejo?, Cholistan Univer-
sity of Veterinary & Animal Sciences, Bahawalpur, Punjab, Pakistan,
*Virtual University of Pakistan-Multan, Multan, Punjab, Pakistan.

The current study was carried to investigate the relationship of
polymorphisms in exon 1, 2 and 3 of the Leptin gene with significant
growth/economic traits in Cholistani and Sipli sheep breeds in Pakistan.
Economic traits have impact on livestock which can improve genet-
ically through marker assisted selection. The Leptin gene has a neg-
ative role in growth and skeletal muscle development. The genomic
DNA was isolated and amplification products were purified and then
sequenced. Mutations were found at exon 1 in Cholistani sheep as het-
erozygous G > T mutation while in a Sipli only synonymous T muta-
tions were identified at position 3995. The genotype combination AA,
AB and BB were defined, while allele frequencies A (0.2) and B (0.8)
were calculated in Sipli and AB (0.5) in Cholistani. The obtained re-
sults showed that the Leptin gene polymorphism in Cholistani and Sipli
sheep breeds were an important study to improve the sheep breeds in
Pakistan. This is the first report of polymorphisms in the Leptin gene of
the Pakistani sheep.

Key Words: polymorphism, leptin gene, Cholistani, Sipli, PCR

P36  Deciphering climatic conditions effect on the ovine sperm
transcription by RNA-seq. I. Urefia*!, C. Gonzélez', M. Ramon?,
M. Godia’, A. Clop*4, J. H. Calvo’, M. J. Carabafio', and M. Serrano',
!Department of Animal Breeding and Genetics, INIA, Madrid, Spain,
’IRIAF-CERSYRA, Valdepeiias, Ciudad Real, Spain, *Animal Genom-
ics Group, Centre for Research in Agricultural Genomics (CRAG)
CSIC-IRTA-UAB-UB, Cerdanyola del Vallées, Barcelona, Spain, *Con-

sejo Superior de Investigaciones Cientificas (CSIC), Barcelona, Spain,
SCITA-ARAID-IA2, Zaragoza, Spain.

Climate factors can have strong effects on livestock reproduc-
tive efficiency, with obvious consequences in animal’s fitness (Grazer
& Martin 2012), which can result in large economic losses for farmers.
In particular, sperm damage is influenced by the stage at which germ
cells are exposed to heat stress (Hales et al., 2005). Sperm RNA profiles
are proposed as a relevant source of markers for male fertility (Dadoune
2009, Hamatani 2012). To deepen these issues, this work investigates
the effect of climatic conditions on the ram’s sperm transcriptome using
next generation sequencing. Ejaculates from 40 rams were collected in
July under heat stress (Tmax = 37.4°C; 28 ejaculates) and in October
under comfort conditions (Tmax = 21.4°C; 36 ejaculates). Differential
gene expression analysis was measured using novel software for sin-
gle-cell RNA-seq analysis to take into account the sperm RNA partic-
ular features of (ZINB-WaVE, Risso et al., 2018) in conjunction with
Stringtie (Pertea et al., 2015) and DESEq2 (Love et al., 2014). Overall,
11,575 transcript genes were detected. Of these, 228 genes were differ-
entially expressed (adjusted p-value <0.05) between both conditions:
220 were downregulated and 8 were upregulated under heat stress.
Downregulated genes were significantly enriched for specific repro-
ductive (14.3%) and metabolic (57.1%) biological processes, being 105
genes involved in the response to stimulus and reproduction. In relation
to reproduction, we highlight Adam2, as it is involved in the binding of
sperm to the zona pellucida, fusion of sperm to egg plasma membrane
involved in single fertilization and positive regulation of gene expres-
sion. Among the downregulated genes related to response to stimulus,
we found Acodl, Chadl, Emc6, Fer, 1l17rc, Ncoa3, Sprtn, Tgfb3 and
Tmed. They are involved in immune and defense responses, protein
folding and phosphorylation, androgen receptor, DNA repair, and em-
bryonic development, among other functions. From these results, we
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can conclude that thermal stress induces a pronounced transcriptional
repression in sperm cells.

Key Words: sheep and related species, RNA-seq, gene expression
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P39  Genome-wide association study of sperm traits in Assaf
rams. M. M. Serrano*!, M. Ramén?, J. H. Calvo®, F. Freire*, J. M.
Vazquez®’, M. A. Jiménez', and J. J. Arranz®, 'Instituto Nacional de In-
vestigacion y Tecnologia Agraria y Alimentaria INIA, Madrid, Spain,
’Instituto Regional de Investigacion y Desarrollo Agroalimentario y
Forestal IRIAF-CERSYRA, Valepenas, Ciudad Real, Spain, *Centro
de Investigacion y Tecnologia Agroalimentaria de Aragon CITA-Fun-
dacion Agencia Aragonesa para la Investigacion y el Desarrollo
ARAID-IA2, Zaragoza, Spain, *“ASSAF.E Asociacion Nacional de
Criadores de la Raza Ovina Assaf, Toro, Zamora, Spain, ‘'OVIGEN
Centro de seleccion y mejora genética del ganado Ovino y Caprino,
Toro, Zamora, Spain, °Dpto. Produccion Animal Universidad de Leon
ULE, Leon, Spain.

In artificial insemination (Al) centers, the volume (VOL), sperm
concentration (CON) and the spermatozoa subjective motility (MOT)
of rams’ ejaculates are routinely evaluated before doses elaboration
to ensure the fertilizing capacity of the spermatozoa and its suitability
for Al. However, the relationship between these sperm parameters and
ram’s fertility is not clear. Moderate heritability estimates were found in
sheep (David et al., 2007) for VOL, CON and number of spermatozoa
(NSP) (0.12 to 0.33) and low for MOT (0.02 to 0.14). Current genomic
tools could help to identify genomic regions associated with such low
heritability traits, enabling to conduct a selection of the rams assist-
ed by markers. In this work, a GWAS analysis of sperm parameters in
Assaf rams was carried out using data of 27.886 ejaculates from 429
matured rams placed at OVIGEN Al center. A linear regression analysis
including the ram age and herd of origin, the date of semen collec-
tion, the jump number during semen collection and the ram permanent
environmental effects was conducted to obtain pseudo-phenotypes for
the GWAS. The association analysis was performed with the GCTA
software (Yang et al., 2011) using 342 rams genotyped with a cus-
tom 50K SNP Affymetrix microarray. The positional candidate genes
were identified in the 250 Kb region on both sides of the significant
SNPs. Genes and SNPs were mapped on the Oar v3.1 sheep genome.
For VOL, CON and NSP, associations (P < 0.01) were found at the
chromosome level. Putative causal genes were TET2 (OARG), SLC4A4
(OARG6) and DTNA (OAR23) related to spermatogenesis, fertility and
teratospermia, for VOL; SERPINE3 (OAR10) and SPEF2 (OAR16),
which play role in fertility, spermatogenesis and flagellar assembly,
for CON; and GALNT14 (OAR3), SNAP23 (OAR7), CDYL2 (OAR14)
and SPR54 (OARI18) related to infertility, asthenozoospermia, sperm
capacitation and gametogenesis, for NSP. For MOT, 5 genome regions
at chromosomes 3, 7, 16, 19 and 20 showed significant associations
(P < 0.01) at the genome level. Putative causal genes were SEMA4F
(OAR3), RBMS3 (OAR19) and HSPAIL (OAR20), which have been
related to sperm fertility, teratospermia and binding of sperm to zona
pellucida, respectively.

Key Words: sheep, genome-wide association, SNP, fertility, sperm
traits
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P40  Identification of variation in the growth differentiation
growth factor 9 (GDF9) gene associated with litter size in New
Zealand sheep (Ovis aries) breeds. H. A. Najafabadi*!, J. Hickford!,
H. Zhou!, and M. Khansefid?, 'Lincoln University, Christchurch,
Selwyn, New Zealand, *AgriBio Centre for AgriBioscience, Bundoora,
VIC, Australia.

Having the ability to control litter size is increasingly import-
ant for sheep farmers and breeders worldwide. Making genetic gain in
improving reproductive performance using traditional breeding meth-
ods that are based on phenotypic assessment is very slow, so attention
has turned to better understanding the genes that control reproductive
performance. Of these genes, research has focused on the Growth
Differentiation Growth Factor 9 (GDF9) gene (GDF9). In this study
a Single-Strand Conformation Polymorphism (SSCP) approach was
used to investigate variation in this gene in purebred Finnish Landra-
ce sheep, Finnish Landrace x Texel-cross sheep and some composite
sheep. Three GDF9 variants (named 4, B and C) were observed, with
the frequency of 4 (¢.978A, ¢.994G and ¢.1111G) in the Finnish Land-
race, Finnish Landrace x Texel-cross and composite sheep being 0.86,
0.78, 0.76 respectively. The frequency of B (defined by the presence
of ¢.994A, ¢.978G) was 0.01, 0.03, and 0.23, and for C (c.1111A) was
0.13, 0.18, and 0.01, respectively. Sequence analyses of the 3 variants
revealed 3 SNPs: ¢.978A > G, ¢.994G > A and ¢.1111G > A. Analysis
of fertility data for Finnish Landrace x Texel cross breed revealed an
association between litter size and the SNP ¢.1111G > A (P = 0.036),
but this was not observed for the Finnish Landrace sheep (P = 0.27)
and the composite sheep (P = 0.17). When all the sheep were analyzed
together, the presence of c.1111A was associated with increased litter
size (P < 0.05) compared with ewes that had c.1111G. Litter size did
not differ between sheep with and without SNPc.994A in all 3 breeds
investigated breeds. This study suggests that C.1111A is genetic marker
for improving fecundity in New Zealand sheep breeds, and that it could
be introgressed into other breeds, but analysis of more sheep may be
required to confirm the associations observed here.

Key Words: NZ sheep, growth differentiation factor 9 gene, Ovis
aries, litter size

P41  Differential selection patterns between sexes could be
revealed by ROH analysis in dairy goats. S. Demyda-Peyras'?, Y.
Pirosanto'?, M. Ramoén®, T. Ziegler'2, M. Sanchez’, M. E. Fernan-
dez'?, M. E. Muifioz*, M. Solé**, and A. Molina®, ' Departamento de
Produccion Animal, Facultad de Veterinaria, Universidad Nacional
de La Plata, La Plata, Buenos Aires, Argentina, ’IGEVET (CONICET,
UNLP), La Plata, Buenos Aires, Argentina, >CERSYRA-IRIAF, Valde-
penas, Espaia, *Departamento de Produccion Animal, Universidad
de Cordoba, Cérdoba, Spain, *Department of Animal Breeding and
Genetics Swedish University of Agricultural Sciences, Uppsala, Swe-
den, 97Departamento de Genética, Universidad de Cordoba, Cordoba,
Spain.

Runs of homozygosity (ROH) are becoming a valuable tool to
analyze the evolution and genomic characteristics in animal popula-
tions. Here, we determined ROH patterns of 624 goats of the Spanish
Florida breed to explore sex-related differences. Average ROH length,
count and F, . (as a measure of the proportion of the genome covered
by ROH) were obtained per individual, chromosome and sex group us-
ing DETECTRUNS package of R software, and differences were exam-
ined using general linear models (GLM) and LS preplanned comparison
tests. Our results showed that males have longer ROH than females
(2.559 vs 2.472 Mp respectively, P < 0.05), but with differences being
only significant at CHI6 and CHI17 (P < 0.01). At the individual level,
the number of ROH was highly variable and no significant differences
were found between sex groups and chromosomes. Only for the CHIS,
the number of ROH observed differed between males and females (1.54
and 1.85 respectively; P < 0.01). In a further analysis, the ROH counts
were also determined in ROH >8Mb, normally associated with recent
inbreeding events. It was noteworthy that only 36% of females showed
at least 1 ROH >8Mb in comparison with 43% of the males, but with
females showing an increased number of ROH in CHI4 (1.60 times

higher, P < 0.05). The analysis of F_ showed statistical differences
only in CHI23, where the mean value of males was 1.63 times higher
than females. In the case of recent F, (derived from ROH >8Mb),
differences were observed in CHIS8, where males showed a 3-times in-
creased coverage. Finally, we also performed the analysis of the ROH
incidence in an SNP basis which determined the existence of specific
genomic regions were males showed increased ROH percentages of in-
cidence than females and vice-versa. Those regions were more confined
in females (covering part of 14 chromosomes) than in males (which in-
cluded 17 chromosomes) in the general analysis. The analysis of ROH
>8Mb showed the opposite, with ROH distributed over 8 chromosomes
for females and only in 3 chromosomes for males, but with an import-
ant ROH concentration in CHI11 for the latter. The higher number of
ROH >8Mb in males and the fact that they are confined to certain re-
gions could be a consequence of recent selection (6 generations), with a
greater selection intensity in the males, and in regions possible linked to
productive traits. Our study suggests that ROH could be used to reveal
genomic differences between sexes in goats.

Key Words: ROH, inbreeding, sex, goats
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P43  Genetic diversity of Nubian ibex in comparison to other
ibex and domesticated goat species. L. Hassan*'2, D. Arends?, S.
Rahmatalla®4, M. Reissmann®, H. Reyer®, K. Wimmers®, S. Abukasha-
wa?, and G. Brockmann?®, !Wildlife Research Center, Animal Resource
Research Corporation, Federal Ministry of Livestock, Fisheries and
Rangelands, Khartoum, Sudan, *Faculty of Sciences, Department of
Zoology, University of Khartoum, Khartoum, Sudan, *Albrecht Daniel
Thaer-Institute for Agricultural and Horticultural Sciences, Hum-
boldt-Universitdt, Berlin, Germany, *Faculty of Animal Production,
Department of Dairy Production, University of Khartoum, Khartoum
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North, Sudan, ’Institute for Genome Biology, Leibniz Institute for
Farm Animal Biology (FBN), Dummerstorf, Germany.

Capra nubiana is a wild ibex species that is in danger of extinc-
tion. This study aimed at assessing the genetic diversity and popula-
tion structure of Nubian ibex (Capra nubiana, n = 8) in comparison
to Alpine ibex (Capra ibex, n = 8), Bezoar ibex (Capra aegagrus, n
= 4), and domesticated Taggar goats (Capra aegagrus hircus, n = 24).
All animals were genotyped with the 50K goat SNP chip. Since com-
mercial SNP chips are not designed for wild species, data analysis was
done in 2 ways: (1) using all callable SNPs (33,698) and (2) with a
reduced set of SNPs segregating within 3 out of 4 populations (662).
Using these 2 sets of SNPs, the observed heterozygosity in Nubian
ibex ranged from 0.02 to 0.44, in Alpine ibex from 0.01 to 0.38, and
in Bezoar ibex from 0.13 to 0.38, when analyzing 33,698 or 662 SNPs,
respectively. In domesticated Taggar goats, the values for the observed
heterozygosity using all 33,698 callable SNPs and the reduced set of
662 SNPs were similar (0.40-0.41). Pairwise FST values for the dif-
ferentiation between species ranged from 0.17 to 0.35 (Bezoar ibex vs.
Taggar goats) to 0.47-0.91 (Bezoar vs. Alpine ibex), and was 0.33-0.90
between Bezoar and Nubian ibex, respectively, to the 2 sets of SNPs.
The analysis of molecular variance among all animals revealed that
74-78% can be explained by differences between species, while the
residual 22-26% results from differences among individuals, respec-
tively. Cluster analysis of Nei’s genetic distance allowed to detected 2
distinct clusters comprising Nubian and Alpine ibex on one hand and
Taggar goats and Bezoar ibex on the other hand, and clear separation of
all 4 breeds. Principal component (PC) analysis confirmed and further
refined the clusters. SNPs thatContributed most to PC1 allowed us to
identify genomic regions accounting for the distances between species.
These regions contain known milk protein genes. The identification of
milk protein genes as contributors to the differentiation between species
provides insights into the domestication of wild Capra breeds.

Key Words: genetic diversity, Nubian ibex, Alpine ibex, Bezoar ibex,
goat, conservation

P44  Entropion in Swiss White Alpine sheep is associated with
the CTNNDI region on chromosome 15. N. Hirter*!, A. Letko!, I.
Hafliger', D. Greber?, and C. Drogemiiller!, /Institute of Genetics, Uni-
versity Berne, Berne, Switzerland, *Clinic for Ruminants, University
Berne, Berne, Switzerland.

Entropion is a known congenital disorder in different species in-
cluding sheep. Lambs with entropion have an inward rolling of one
or both lower eyelids since birth. The inward looking eyelashes and
hairs lead to a constant irritation of the cornea and, in extreme cases, to
blindness. In Switzerland, a recent survey showed that the most affected
Swiss White Alpine sheep (SWA) breed showed a prevalence of entro-
pion about 6%. Entropion in sheep is supposed to be heritable; howev-
er, so far no causative genetic variant causing this disease phenotype
has been identified. In this study, 150 mostly SWA purebred and some
SWA x Texel crossbreds were genotyped using the ovine high-density
600k SNP array. A genome-wide association study of 89 cases and 61
controls enabled us to identify an associated genome region on chromo-
some 15. The best-associated marker (p-value: 1.95 E-09) was located
close to the CTNND1 gene encoding catenin delta-1. In human, recent
studies have identified pathogenic variants in CTNND/! in blepharo-
cheilodontic syndrome 2, a rare autosomal dominant disorder character-
ized by eyelid anomalies. Therefore, CTNNDI represents an excellent
functional candidate for entropion in sheep. We sequenced the genomes
of 2 pairs of affected and normal full sibs of SWA, a single affected
SWA, and case-control full sib pair of Texel sheep. The sequence reads
were mapped to the latest sheep reference genome (Oar rambouil-
let v1.0) and single nucleotide variants were called. After filtering for
disease-associated variants using control genomes of other unrelated
sheep breeds, we found 2 intronic single nucleotide variants and one
missense variant in the CTNND! gene. Genotyping of more than 300
sheep with known phenotypes showed no association of these 3 vari-
ants with entropion in SWA sheep. In conclusion, this study revealed

a single locus associated with entropion in Swiss White Alpine sheep.
Further sequence analysis is needed to identify the causative variant.

Key Words: sheep and related species, genome-wide association,
SNP, genome sequencing

P45  Novel variants of growth differentiation factor 9 (GDF9)
gene affect promoter activity and their relationship with litter size
in Mongolia sheep (Ovis aries). B. Tong*'? Y. Yang'?, J. Wang'?, and
G. Li'?, State Key Laboratory of Reproductive Regulation & Breeding
of Grassland Livestock, Inner Mongolia University, Hohhot City,
Inner Mongolia Autonomous Region, China, *School of Life Sciences,
Inner Mongolia University, Hohhot City, Inner Mongolia Autonomous
Region, China.

In sheep, litter size is an important economic trait in breeding
and industry. Although several mutations increasing litter size or ovula-
tion rate have been identified in various sheep breeds, the genetic vari-
ants have still to be revealed for some other sheep populations. The
Mongolia sheep breed populations are the primitive sheep species and
widely distributed from Mongolia plateau to Central Asia. Recently,
the mutton of the Mongolia sheep is recognized as natural green food
and become more and more famous in China. However, due to low
prolificacy, the produce rate of Mongolia sheep was limited. The ob-
jectives of this study were to (1) perform association analysis between
the 10 well-known variants including the BMPR-IB (FecB®), BMP-15
(FecX®, FecXC, FecX", FecX' and FecX") as well as GDF9 (FecG",
FecG*, FecG" and G4) genes and litter size of the Mongolia sheep, (2)
identify novel variants in the candidate gene GDF9 and perform asso-
ciation analysis with litter size, (3) investigate the genetic diversity of
variants in 6 Mongolia sheep subspecies, and (4) validate the effects of
the variants in the promoter region of GDF9 on their promoter activity.
Association analysis showed that merely extra low allelic frequency of
the FecB® mutation was distributed in this Mongolia sheep population
and other 9 mutations were not detected. DNA sequence analysis iden-
tified 8 variants that exist in the promoter of GDF9. The mean litter
sizes of the ewes with the CT genotype at the g.41770932C > T SNP
(included in haplotype I) were significantly higher than those of the CC
genotype (P < 0.0001). All of these variants showed related low allelic
frequencies and polymorphism information content in each Mongolia
sheep subspecies. Moreover, GDF9 promoter activity analysis showed
that when the promoter was deleted to —177 bp, the promoter activi-
ty was significantly increased than to —460 from —1533 bp in H293T
cell (P <0.01). Furthermore, the T allele at the g.471770932C > T SNP
(included in haplotype I) could increase luciferase activity compared
with that of the C allele (P < 0.01). Our results may be applied to effec-
tive marker-assisted selection to increase the litter size in the Mongolia
sheep breed populations and other prolificacy sheep breed, also bring
new insights into the key role played by GDF9 in ovarian function.

Key Words: Mongolia sheep, little size, GDF9, variant, promoter
activity
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P47  Complete mitochondrial genome sequencing reveals new
extinct group of snow sheep (Ovis nivicola). A. V. Dotsev*!, E.
Kunz?, A. V. Protopopov?, I. M. Okhlopkov*, A. V. Shakhin', V. R.
Kharzinova', M. S. Fornara', S. Krebs>, J. Peters®, D. G. Medvedev’,
T. P. Sipko®, V. A. Bagirov', G. Brem'?, I. Medugorac?, N. A. Zino-
vieval, 'L.K. Ernst Federal Science Center for Animal Husbandry,
Podolsk, Moscow Region, Russia, Department of Veterinary Scienc-
es, Ludwig-Maximilians-University, Munich, Germany, *Mammoth
Fauna Study Department, Academy of Sciences of the Republic of
Sakha (Yakutia), Yakutsk, Russia, *Institute for Biological Problems of
Cryolithozone, Yakutsk, Russia, °Laboratory for Functional Genome
Analysis (LAFUGA), Gene Center, Ludwig-Maximilians-University,
Munich, Germany, ‘Department of Veterinary Sciences, Institute of
Palaeoanatomy, Ludwig-Maximilians-University, Munich, Germany,
"Department of Game Management and Bioecology, Irkutsk State
University of Agriculture, Molodezny Settlement, Irkutsk region, Rus-
sia, *Severtsov Institute of Ecology and Evolution, Moscow, Russia,
’Institute of Animal Breeding and Genetics, University of Veterinary
Medicine, Vienna, Austria.

The studies of fossils of snow sheep (Ovis nivicola) revealed dif-
ferent morphological characteristics from the animals of modern popu-
lations. To date, 3 extinct O. nivicola subspecies were described. Here
for the first time we compared the complete mitochondrial genome of
an ancient snow sheep with modern samples. The skull of the studied
historical specimen was found on the bank of Amga river in Yakutia
and it was carbon dated to be over 60,000 years old. The samples of
modern snow sheep taken for this work cover all major habitats within
its current distribution: Verkhoyansk Range, Chersky, Momsky, Sta-
novoy, Dzhungzhur and Suntar-Khayata ridges, Putorana Plateau and
Kamchatka Peninsula Mountains. The sequencing was performed us-
ing NGS platform HiSeq 1500 (Illumina). The complete mitogenome
sequences of the other Ovis species, O. candadensis, O. dalli and O.
ammon were taken from GenBank as outgroups. The alignment of the
sequences was done using the MUSCLE algorithm as implemented in
MEGA 7.0.26. PartitionFinder 2 was used to select the best partitioning
scheme and evolutionary models. Phylogenetic analysis based on the
concatenated data sets of 13 PCGs and 2 rRNAs using the Bayesian
inference method was performed in MrBayes 3.2.6. We found that the
ancient specimen does not belong to any of the present-day snow sheep
groups. In the phylogenetic tree it formed a sister branch to the current-
ly living populations clade. Apparently, the studied ancient specimen
inhabited the territory of Yakutia and went extinct during one of Pleis-
tocene glaciation periods, while all the modern populations of snow
sheep have the other ancestry. A similar evolution pattern was observed
between ancient and present-day arctic ground squirrels (genus Uroc-
itellus) which have the same habitat area as snow sheep. Thus, our work
showed that snow sheep currently inhabiting the territory of Yakutia
migrated to this area after extinction of the group to which belonged the
studied ancient specimen. This work was supported by Russian Foun-
dation for Basic Research (RFBR) grant 18-316-20009.

Key Words: snow sheep, Ovis nivicola, ancient DNA, mitochondrial
DNA, complete mitogenome

P48  Effects of aluminium hydroxide adjuvant in ovine enceph-
alon assessed by high-throughput RNA sequencing (RNA-seq). E.
Varela-Martinez*!, M. Bilbao-Arribas', N. Abendafio', J. Asin?, M.
Pérez?, L. Lujan?, and B. M. Jugo!, 'Faculty of Science and Technol-
ogy, University of the Basque Country (UPV/EHU), Leioa, Bizkaia,
Spain, *Veterinary Faculty, University of Zaragoza, Zaragoza, Aragon,
Spain.

Aluminum (Al) is one of the most widespread compound used as
adjuvant in both human and veterinary vaccines. Whereas they func-
tion as an excellent adjuvant, the underlying molecular mechanism and
pathways have remained unclear. In fact, various pieces of evidence
suggest that it has a propensity to accumulate in different compartments
after a high level Al exposure and it has been linked with some neu-
rodegenerative disorders such as Alzheimer (AD), amyotrophic lateral
sclerosis (ALS) and Parkinson (PD). To characterize the mechanism of
action of Al hydroxide as adjuvant, the molecular signature activated in
the encephalon of sheep samples after a long-term exposure to differ-
ent vaccines is analyzed. Animals were treated with either commercial
vaccines (vaccine group), Al hydroxide only (adjuvant group) or PBS
(control group), entailing a total of 19 inoculations through 475 d. Each
animal received a total amount of 81.29mg of Al hydroxide (except
control group). RNA was extracted from encephalon and total RNA and
miRNAs were analyzed by RNA-seq technology with a differential ex-
pression analysis, a functional enrichment analysis and a co-expression
analysis. In general, a dysregulation of different genes and miRNAs has
been seen in the adjuvant group (with a total of 63 genes and 38 miR-
NAs differentially expressed [DE]), but nearly no changes in the vac-
cinated group (13 DE genes and 2 DE miRNAs). The DE mRNAs and
miRNAs are clearly related to neuronal development, brain transport,
brain injury and neurodegenerative diseases associated with Al like AD,
ALS and PD. The top ranked enriched GO terms were associated with
mitochondrial function. Taking all into account, it seems that in the ad-
juvant group there is a dysregulation of mitochondrial function, leading
to oxidative stress. Moreover, miRNA pattern analysis links apoptosis
pathways, mitochondrial dysfunction and ECM related pathways to the
intensive vaccination with the adjuvant alone.

Key Words: sheep, RNA-seq, aluminum, brain, bioinformatics
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P50 Inferring the population structure of six North African
sheep breeds using a medium-density SNP chip. S. Ben Jemaa*!,

S. Kdidi?, A. M. Gdura®, A. S. Dayhum?, and M. Boussaha®, ‘Institut
National de la Recherche Agronomique de Tunisie, Ariana, Ariana,
Tunisia, *Arid Lands Institute, Médenine, Médenine, Tunisia, *Ministry
of Agriculture, Tripoli, Libya, *Faculty of Veterinary Medicine, Tripoli,
Libya, *GABI, INRA, AgroParisTech, Université Paris Saclay, Jouy en
Josas, Ile de France, France.

This study aims at providing a detailed assessment of the popu-
lation structure and the genetic origins of 6 North African sheep popu-
lations using the Illumina 50K ovine BeadChip and comparisons with
22 worldwide sheep and mouflon populations. To tackle this question,
we genotyped 35 Barbarine (23 from Tunisia and 12 from Libya), 19
Black Thibar (BT), 15 Sicilio Sarde (SS), 17 West Thin Tail (WTT)
and 6 D’man individuals on the OvineSNP50 Genotyping BeadChip.
A fine-scale assessment of the genetic structure of the populations was
provided using principal components Analysis (PCA), ancestry models
implemented in ADMIXTURE software and Discriminant Analysis of
Principal Components (DAPC). Patterns of splits and mixture of the
populations of the study were carried out using TreeMix software. Fur-
thermore, f3-statistics were used to provide further support for a past
admixture between populations. Regardless of the analytical method
used, patterns of multiple hybridization events were observed within
all North African populations leading to a heterogeneous genetic archi-
tecture which varies according to the breed. The Barbarine population
showed the lowest genetic heterogeneity with a major Southwestern
Asian ancestry bringing a further support on the Asian origin of the
North African fat-tail sheep. All other breeds presented substantial
Merino introgression ranging from 15% for D’man to 31% for Black
Thibar. We also identified several signals of ancestral introgression
between North African and South European sheep. In addition, mod-
el-based clustering analysis identified 2 opposite gradients of ancestry,
Southwestern Asian and Central European, occurring between North
Africa and Central Europe. Our results bring further evidence for the
weak global population structure of sheep resulting from high levels
of gene flow between breeds occurring worldwide. At regional level,
signals of recent admixture between North African populations were
also detected resulting in change of the original genomic architecture
of minority breeds.

Key Words: North African sheep, SNP, genetic structure, admixture

P51  Associations of single nucleotide polymorphisms in the
ovine prolactin and prolactin receptor genes with milk traits in
Assaf dairy sheep. M. R. Marques*'2, D. S. Ribeiro®, S. Gomes*, A.
T. Belo!, J. R. Ribeiro', A. P. Martins*®, and C. C. Belo!, 'UEISPSA,
INIAV Instituto Nacional de Investiga¢do Agraria e Veterinaria I.P,
Vale de Santarém, Portugal, >’CIISA, Centro de Investigac¢do Interdis-
ciplinar em Sanidade Animal, Lisboa, Portugal, SESAC, Escola Supe-
rior Agraria de Coimbra, Coimbra, Portugal, *UTI, INIAV, Instituto
Nacional de Investiga¢do Agraria e Veterinaria I.P, Oeiras, Portugal,

SLEAF, Linking Landscape, Environment, Agriculture and Food, ISA,
Lisboa, Portugal.

Milk production is a process coordinated by a complex endocrine
and nutritional signaling cascade in which genes from the somatotropic
axis play a key role. Among them, the prolactin (PRL) gene is known
to regulate mammary gland growth, lactogenesis, and galactopoiesis.
The actions of PRL, and also the ones of growth hormone and placental
lactogen, are mediated by PRL receptor (PRLR), which activate sever-
al intracellular signaling cascades. The aim of this work is to identify
single nucleotide polymorphisms (SNPs) in PRL and in PRLR genes as-
sociated with milk traits in Assaf ewes. Nine SNPs were genotyped by
SNapShot® analysis in 450 Assaf ewes. Data regarding 150 d adjusted
milk yield (P150d), total milk yield (PTotal) and lactation length from
2007 to 2017, and milk quality traits (fat, protein, lactose, total solids
and fat free total solids contents) evaluated in 184 ewes (one lactation),
were analyzed by mixed model procedure to disclose associations be-
tween genotypes and milk traits. The 9 genotyped SNPs were found to
be polymorphic (MAF ranging from 0.004 to 0.493). In the PRL gene,
AA ewes at rs412263261 had higher P150d (372.8 £ 35.56 vs 229.1 =
25.71 L/150d; P < 0.01), and PTotal (503.0 + 58.10 vs 318.5 + 42.02
L; P <0.05) than CA ewes. TT ewes at rs406266481 had higher PTotal
than GG ewes (412.5 £ 16.64 vs 346.8 + 11.04 L; P < 0.01), but GG
ewes presented shorter lactations (211.0 = 3.50 vs 230.1 +£5.23 d; P <
0.01). No associations were found between PRL genotypes and milk
quality traits. In the PRLR gene, CT ewes at rs604784916 had higher
PTotal (446.7 £ 31.17 vs 340.5 £ 32.22 L; P < 0.05), and longer lacta-
tions (241.1 +9.69 vs 208.4 + 10.70 d; P < 0.05) than TT ewes. Regard-
ing milk quality traits, CT ewes at rs600947105 produced milk with a
significantly higher protein content than homozygous ewes (P < 0.05).
The results suggest that SNPS rs412263261 and rs406266481 at the
PRL gene, and rs604784916 at the PRLR gene may be useful as early
selection markers for milk production traits in Assaf sheep. Funding:
Project financed by European Fund for Regional Development (ERDF)
[ALT20-03-0145-FEDER-000019]

Key Words: sheep, SNPs, milk traits, PRL, PRLR

P52 Effects of prolactin and prolactin receptor polymorphism
upon milk composition and milk coagulation properties in Assaf
ewes. M. R. Marques*!?, S. Gomes®, D. S. Ribeiro?, J. R. Ribeiro!, A.
T. Belo', A. P. Martins®®, and C. C. Belo', 'UEISPSA, INIAV, Instituto
Nacional de Investigacdo Agraria e Veterindria I.P, Vale de San-
tarém, Portugal, *CIISA, Centro de Investiga¢do Interdisciplinar em
Sanidade Animal, Lisboa, Portugal, *UTI, INIAV, Instituto Nacional
de Investigagdo Agraria e Veterindria I.P, Oeiras, Portugal, “ESAC,
Escola Superior Agraria de Coimbra, Coimbra, Portugal, Coimbra,
Portugal, ’LEAF, Linking Landscape, Environment, Agriculture and
Food, ISA, Lisboa, Portugal.

Associations of 5 SNPs of the prolactin (PRL) and 4 SNPs of
the PRL receptor (PRLR) genes with milk production, composition (fat,
protein, lactose, total solids and fat free total solids content), pH, and
coagulation properties assessed by Optigraph [clotting time (R), gel
firmness after 20 min (A20), and after a 2R (AR) period and rate of
firming (OK20)] were investigated in Assaf ewes. Milk production and
composition were evaluated monthly until the sixth month of lactation
in 184 ewes, and pH and coagulation properties were evaluated at the
first and third month of lactation in 92 ewes. Data were analyzed us-
ing a mixed-model procedure with fixed effects of SNP and month of
lactation, considering the linear and quadratic effect of ewe’ lambing
age covariate. In the PRL gene, SNP AMGL02030943.1:2.23731G>T
genotypes affected milk production throughout lactation (P <0.01). Re-
garding milk composition, rs406266481 genotypes influenced fat free
total solids content (P < 0.05). Moreover, PRL gene SNPs tended to af-
fect protein (rs406266481), and lactose (rs422713690) and fat free total
solids (rs422713690, rs412263261) contents throughout lactation (P <
0.10). pH tended to be affected by rs406266481 (P < 0.10). Considering
clotting time, R was affected by AMGL02030943.1:2.23731G>T (P <
0.05), rs412263261 (P <0.10), and by rs408430940 genotypes through-
out lactation (P < 0.05), and. PRL gene SNPs had no effect upon the oth-
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er coagulation properties, except for SNP AMGL02030943.1:2.23731G
> T which tended to affect A20 (P < 0.10). In the PRLR gene, SNP
1s600947105 genotypes affected protein content throughout lactation
(P < 0.05) and tended to affect total solids content (P < 0.10). It also
influenced pH (P < 0.05), A20 (P < 0.01), and AR (P < 0.01). Results
suggest that the aforementioned SNPs might be used in gene-assisted
selection programs for the improvement of milk quality traits and co-
agulation properties in Assaf sheep. However, analysis should be ex-
tended to a larger number of animals to validate this results. Funding:
Project financed by European Fund for Regional Development (ERDF)
[ALT20-03-0145-FEDER-000019]

Key Words: sheep, SNPs, milk traits, PRL, PRLR

P53  Genome-wide association studies for somatic cell count in
Assaf breed. Y. Oner*!, M. Serrano?, M. Ramén3, M. P. Sarto?, L. P.
Iguacel®, M. Joy*, M. Blanco*, O. Estrada®, T. Juan*, and J. H. Calvo?,
'Bursa Uludag University, Bursa, Turkey, ’INIA (Instituto Nacional
de Investigacion y Tecnologia Agraria y Alimentaria, Madrid, Spain,
3Centro Regional de Seleccion y Reproduccién Animal (CERSYRA)-
Instituto Regional de Investigacion y Desarrollo Agroalimentario y
Forestal de Castilla-La Mancha (IRIAF-JCCM), Valdeperias, Spain,
“Centro De Investigacion Y Tecnologia Agroalimentaria De Aragon
(CITA), Zaragoza, Zaragoza, Spain.

Alteration in somatic cell count (SCC) is widely used as indicator
of mastitis, being one of the most costly production-related infectious
disease in dairy industry. The aim of this study therefore was, to identify
SNPs and genes associated with somatic cell count in sheep by using
the Illumina AgResearch Sheep HD (680K). The animals for associ-
ation studies were selected from 3 flocks of the Spanish Assaf breed.
These flocks belong to the Teruel Association of Dairy and Cheese Pro-
ducers. Only multiparous ewes with 2 or more lactations and at least 3
test day records during one lactation were considered. In total, we used
6173 records from 1907 ewes with at least 3 test day records between
2 and 7 years old. SCC data were logarithmic transformed. The ani-
mal effects phenotype in the whole population (n = 1907) and the SCC
phenotype were estimated by fitting a Repeatability Mixed Model that
included the herd-test day, the number of lambs born and the days in
milk as fixed effects and the ewe herself as a random effect. One hun-
dred and 90 2 animals with extreme values for the animal effects for the
SCC phenotype were selected for GWAS analysis (n = 96 for low SCC;
and n = 96 for high SCC). The association analysis was performed with
the GCTA software. Significance of associations was assessed using
a false discovery rate (FDR) multi-test correction. Locations of SNPs
and genes were identified based on the sheep genome Ovis aries v 3.1.
Genes located within 250 kb on either side of the significant SNP were
annotated. After quality control with PLINK 559,762 SNPs were used
for association analyses. The MLMA analysis did not reveal any signifi-
cant SNP at genome level. However, 4 SNP on OAR19 were significant
at chromosome level (P < 0.01). The first SNP was located in NUP210
gene (rs419096188), and the other 3 SNPs (rs415580501, rs410336647,
and rs424642424) were close to ARPP21 gene, and mirl28-2, ex-
pressed in the mammary gland of lactating goats, localized in ARPP21.
These genes have been involved in viral response, cholesterol homeo-
stasis and stress response.

Key Words: Assaf sheep, GWAS, somatic cell count

P54  Identification of a new mutation responsible for epidermol-
ysis bullosa in Mouton Vendéen sheep. L. Chantepie®, L. Drouilhet,
C. Genét, F. Plisson-Petit, J. Sarry, G. Tosser-Klopp, F. Woloszyn,

and S. Fabre, GenPhySE, Université de Toulouse, INRA, INPT, ENVT,
Castanet Tolosan, France.

Junctional Epidermolysis Bullosa (EB) is a severe congenital dis-
ease affecting the skin at the extremities of the limbs and the mucous
membranes. In sheep, this recessive disease causes perinatal death of
affected lambs. Multiple observations of EB cases were recently report-

ed in the French Mouton Vendéen meat sheep breed. Skin biopsies of 6
affected lambs and when available, blood samples from the parents (n
= 7) and unaffected full-sib lambs (n = 4) were collected for genomic
DNA extraction. From a bibliography study and analysis of the OMIM
database (Online Mendelian of Human Genes and Genetic Disorders),
we have focused on 12 candidate genes mainly belonging to the colla-
gen, laminin, integrin and keratin families. Based on the hypothesis of
a recessive transmission of a deleterious variant, we have performed
whole-genome sequencing of 2 unrelated EB-affected lambs (supposed
homozygous carriers) and 1 unaffected full-sib (supposed heterozygous
or non-carrier). Using the GATK workflow on a Galaxy platform, we
have identified a novel SNP in the exon 23 of the /TGB4 gene of the
integrin family (OAR11 v4.0, g. 54799925 G > A (p.885 R > *)) whose
variant allele causes a premature stop codon. By a specific RFLP assay,
we have determined that all EB-affected lambs were homozygous for
this variant allele, their parents were heterozygous and the full-sibs were
either heterozygous or non-carrier, fitting well with the working hypoth-
esis. Following this primary discovery, a larger set of Mouton Vendéen
animals was genotyped. We estimated the population allele frequency
at 6.8% by genotyping a cohort of renewal ewe lambs (n = 1227). We
also found a 5.7% allele frequency among the breeding rams present in
2018 (n = 1007) in artificial insemination center, progeny-testing sta-
tion, and for natural mating in farms. Moreover, the specific genotyping
of producing ewes in the most EB-affected flocks revealed a variant
allele frequency up to 13.3%, due to overuse of inbreeding strategy. In
conclusion, the discovery of a new mutation in /7GB4 causing EB in
sheep will improve the selection scheme management of the Mouton
Vendéen breed to limit the dissemination of this disease.

Key Words: sheep and related species, genetic disorder, genome
sequencing, candidate gene
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P56  Identification of polymorphism in MC4R gene and its asso-
ciation with dry matter and crude protein intake in post-weaned
Bligon goats. L. Latifah*!, A. Kustantinah?, D. Maharani', and T.
Hartatik!, ‘Department of Animal Breeding and Reproduction, Faculty
of Animal Science, Universitas Gadja Mada, Yogyakarta, Indonesia,
’Department of Animal Nutrition and Feed Science, Faculty of Animal
Science, Universitas Gadja Mada, Yogyakarta, Indonesia.

Melanocortin-4 receptor (MC4R), a prototypical G-protein cou-
pled receptor (GPCR) that is highly expressed in the hypothalamus
plays an important role in regulating feed intake and energy balance.
The aim of this study was to identify the association between single nu-
cleotide polymorphism (SNP) in MC4R gene with dry matter and crude
protein intake in post-weaned Bligon goats. The dry matter and crude
protein intake were estimated by in vivo method. Genomic DNA from
Seventeen Bligon goats was extracted for genotyping analysis using
polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). One SNP (g.1079C/T) was identified by PCR-RFLP with
Kpnl restriction enzyme. The results revealed 2 genotypes (CC and
CT), with frequencies of 0.71 and 0.29, respectively. Statistical analy-
sis showed no significant association between MC4R genotype and dry
matter and crude protein intake. In conclusion, SNP g.1079C/T in the
MCA4R gene is only useful for animal genotyping, but it cannot be used
as a marker-assisted selection on dry matter and crude protein intake in
Bligon goats.

Key Words: MC4R gene, dry matter intake, crude protein intake,
Bligon goat

PS7  Haplotype diversity and maternal origin of Swedish goat
landraces. G. M. Tarekegn*!'%, E. Jonas', and A. Johansson', ‘Depart-
ment of Animal Breeding and Genetics, Swedish University of Agricul-
tural Sciences, Uppsala Sweden, *Department of Animal Production
and Technology, Bahir Dar University, Bahir Dar Ethiopia.

Despite the fact that Swedish goats are considered among the
highest milk yielders in the world, very little or no information is docu-
mented about their origin and level of diversity. We analyzed the control
region (808 bp length) of mitochondrial DNA (mtDNA) to assess the
maternal genetic variation and demographic dynamics of the indige-
nous goats in Sweden. In the study, 71 individuals from 3 populations
(Svensk Lantrasget: n = 60; Jamtget: n = 6; Lappget = 5) were included.
A total of 48 variable sites that generated 30 haplotypes were observed.
The average haplotype and nucleotide diversities, respectively, were
0.931 + 0.016 and 0.0134 for Svensk Lantrasget, 0.867 = 0.129 and
0.00668 for Jamtget and 1.000 + 0.126 and 0.01386 for Lappget. The
analysis of molecular variance (AMOVA) revealed 17.92% of variation
among the goat populations. This variation could possibly be attributed
by accumulation of inbreeding within the populations as supported by
neutrality test. The haplotype mismatch distribution analysis demon-
strated presence of a onetime population expansion event in Swedish
goats. To define the haplogroup of Swedish goats, we incorporated ref-
erence haplotypes from 6 globally defined haplogroups and the phylo-
genetic network revealed that all the haplotypes detected in Swedish
goats clustered only to haplogroup A. This indicates that a narrow gene
pool is available in the goat populations. However, genotyping the auto-
somal information may provide the full picture of the status of diversity.

Key Words: haplogroup, haplotypes, Swedish goat

P58  Unravelling ovine IncRNA expression in the presence of
aluminium hydroxide adjuvants. M. Bilbao-Arribas*!, E. Vare-
la-Martinez', N. Abendafio', J. Asin?>, M. M. Pérez?, R. Reina’, D. de

Andrés®, L. Lujan?, and B. M. Jugo', 'Faculty of Science and Tech-
nology, University of the Basque Country (UPV/EHU), Leioa, Basque
Country, Spain, *Veterinary Faculty, University of Zaragoza, Zara-
goza, Aragon, Spain, *Institute of Agrobiotechnology, CSIC-UPNA,
Pamplona, Navarra, Spain.

Long non-coding RNAs (IncRNAs), defined as transcripts with-
out coding capability and longer than 200 nucleotides, are increasingly
being linked to physiological and pathological processes of many kind.
Aluminum (Al) adjuvants have been added to vaccines for decades,
yet their mechanism of action for activating immune responses is not
fully understood. Recently, our group profiled the effect of aluminum
adjuvants in vaccines by transcriptome-wide analyses in sheep. In a
long-term experiment, sheep received commercial vaccines and ad-
juvant-only (Al-hydroxide) vaccines and their tissues’ transcriptomes
were sequenced by RNA-seq. Here, we study the expression profiles
of IncRNAs and their relations with mRNAs and miRNAs in 2 tissues.
Pairwise comparisons were made between the 3 groups in each tissue:
control, adjuvant-inoculated and vaccinated animals. We classified
2284 and 3004 transcripts as IncRNAs in peripheral blood mononu-
clear cells (PBMCs) and brain tissue, respectively. Genomic conserva-
tion analyses revealed low sequence conservation at sequence level but
several IncRNAs with syntenic conservation. In PBMCs, differentially
expressed (DE) IncRNAs comprise 304 transcripts in the 3 compari-
sons, where the adjuvant vs. vaccine comparison showed the lowest
number of DE genes. In the brain, 47 IncRNAs were DE and the ad-
Jjuvant vs. vaccine and adjuvant vs. control comparisons had the most
DE IncRNAs. In this tissue, the IncRNA TUNA, necessary for neural
differentiation and pluripotency, was downregulated in the adjuvant
group. Gene co-expression networks were constructed to determine
with which genes IncRNAs showed similarities and shared functions,
and interaction predictions were made in cis and trans. Globally, these
results indicate that Al adjuvants have an effect on IncRNA expression,
but in a different way depending on the tissue. The relevance of IncRNA
dysregulation in the presence of Al remains to be further analyzed by
functional studies, especially if it leads to or derives from Al-induced
toxicity.

Key Words: sheep, IncRNA, RNA-seq, aluminium, animal health

P59  The use of an animal linear model to predict genotypes at a
single locus of ungenotyped animals. M. N. Boareki*!, D. Kennedy?,
L. R. Schaeffer!, A. Suarez-Vega!, F. S. Schenkel', and A. Canovas',
!Centre for Genetic Improvement of Livestock, Department of Animal
Biosciences, University of Guelph, Guelph, ON, Canada, *2O0ntario
Ministry of Agriculture, Food and Rural Affairs, Elora, ON, Canada.

Allelic variation at a single locus could be associated with the
economically important monogenic traits. However, phenotypes may
not be available for these traits. For example, sex-limited traits are ex-
pressed in one sex, and disease resistance traits are expressed in the
presence of the infection. In such cases, the genotypic information at
the locus of interest could be used to select for the favorable homozy-
gous genotypes. However, in practice, the genomic information may be
missing, because not all animals are genotyped. In this study, we pro-
pose the use of animal linear model to predict the favorable genotype of
monogenic trait in ungenotyped animals. Pedigree and genotypes from
7,100 animals were simulated using QMSim software. The number of
copies of favorable alleles observed on animals’ genotypes (0, 1, or
2) were used as response variable in an animal linear model assuming
complete heritability. The model was tested in 4 scenarios considering
different sets of genotyped animals: 1) sires only; 2) 20% of animals; 3)
10% of animals; and 4) 5% of animals (randomly chosen out of 7,100).
The genotypes of ungenotyped animals were predicted based on the
additive relationship matrix. Correlations between the true genotypes
and the predicted for ungenotyped animals were 0.51, 0.56, 0.48, and
0.39, when genotypes were available for sires, 20%, 10%, and 5% of
the animals in the population, respectively. Selecting ungenotyped
animals with predicted number of alleles (>1.5 alleles) increased the
genotype frequency of favorable homozygous (>62.9%) and decreased
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the frequency of unfavorable homozygous (<1.2%) among the selected
group compared with the corresponding original genotypic frequencies
of 22.7% and 28.1%, respectively. Thus, the predicted genotypes could
be used for selection decisions to increase the frequency of favorable
alleles for the desired monogenic trait. Furthermore, animals that are
likely to have the favorable homozygous genotype could be identified
and genotyped before breeding to confirm their genotype status. There-
fore, an animal linear model could provide additional information that
could be used in a breeding program to select for monogenic traits.

Key Words: monogenic trait, animal linear model, genetic improve-
ment, selection
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P61  Association studies for the age at first lambing in Rasa Ara-
gonesa ewes. L. P. [guacel*!, K. Lakhssassi!, M. P. Sarto!, B. Lahoz',
J. Folch!, M. A. Jiménez?, M. Serrano?, J. L. Alabart', and J. H. Calvo®,
ICITA-IA2, Zaragoza, Spain, *Department of Animal Breeding and
Genetics, INIA, Madrid, Spain, 3CITA-ARAID-IA2, Zaragoza, Spain.

In sheep, delays in the age at first lambing (AFL) give rise to un-
productive periods and a decrease in productive life. Despite its proven
influence on economic profitability, in the Rasa Aragonesa sheep breed
the efforts in the last years to improve it have been scarce. The aim of
this study was to identify new SNPs/genes associated with the AFL trait
in sheep by using a SNP panel for parentage assigment that also include
functional SNPs. For this purpose 191,114 fist lambing records (ewes
mated without hormonal treatments) from 327 farms were analyzed us-
ing the GLM procedure (SAS), and were corrected for environmental

effects. The model included FecX® genotype, farm, month and year of
birth as fixed effects. Model residuals were used in the association stud-
ies. A total of 351 ewes from one farm were genotyped using KASP
technology with a panel of 172 SNPs that included 153 SNPs for parent-
age assignment and 19 functional SNPs. The association analysis was
performed with the GCTA software (Yang et al., 2011). Sixteen SNPs
were found associated with AFL traitatp . <0.05. These SNPs were
located in BMP15, KISSIR, MTNRIA, SPTANI, FA2H, TMEM154 and
MTUS!I genes. However, associations at the genome level (p, .. <
0.05) were only found for SNP rs421419167 (BMP15/FecX® allele). As-
sociations at genome-wise suggestive significance (pSuggestive < 1/n) were
found for SNPs 15421419167, rs398938610 and rs412567923 located
in BMP15 (FecX® allele), KISSIR and SPTAN1 genes, respectively. The
FecX® allele causes increased prolificacy in heterozygous and sterility
in homozygous ewes. The SNP rs398938610 is a non-conservative mu-
tation (p. C309F) located in KISS1R gene. This mutation was predicted
as tolerated but with a low SIFT value (0.06) by VEP software. Kiss-
peptin (KISS1) and its receptor (KISS1R) form a system that regulate
the release of GnRH that modulates the release of gonadotropins from
the pituitary. KISS1/KISS1R system appear to be important for aspects
of reproductive physiology, ranging from the initiation of puberty to the
induction of ovulation. These results have to be validated in a bigger
population before undertaking decisions about its management in the
selection program of this breed.

Key Words: sheep, age at first lambing, SNP panel, KASP technology

P62  Genome-wide association study (GWAS) identifies the
FecXCr allele in BMP15 segregating in Rasa Aragonesa sheep
breed. L. Chantepie!, M. Serrano?, M. P. Sarto?, L. P. Iguacel®, M.
A.Jiménez?, J. L. Alabart’, J. Folch?, B. Lahoz’, S. Fabre!, and J. H.
Calvo**, 'Université de Toulouse, INRA, Toulouse, France, *INIA,
Madrid, Spain, *CITA-IA2, Zaragoza, Spain, *CITA-ARAID-IA2,
Zaragoza, Spain.

Rasa Aragonesa is an autochthonous Mediterranean sheep breed,
mainly reared in extensive or semiextensive farming systems and ori-
ented to meat production. The Cooperative Oviaragon-Grupo Pastores
carries out since 1994 a selection program for prolificacy in this breed,
with 490,337 controlled ewes at present. A FecX-mutated allele called
FecX® in BMP15 gene was described in Rasa Aragonesa sheep breed.
This polymorphism causes increased prolificacy in heterozygous and
sterility in homozygous ewes. However, highly prolific ewes without
the FecX® allele have been found in the population. A genome-wide as-
sociation study (GWAS) was performed to identify other hyperprolific
genetic variants in the Rasa Aragonesa sheep breed. The GWAS was
performed with the GCTA software (Yang et al., 2011) using 158 ewes
(73 high prolific vs. 85 low prolific ewes) with the Illumina AgResearch
Sheep HD (680K) microarray. Ewes having at least 3 lambing records,
and without the FecX™® allele were selected from the whole Cooper-
ative Oviaragon-Grupo Pastores database. These ewes came from 33
and 36 different farms for high prolific and low prolific ewes, respec-
tively, and were selected as unrelated as possible based on their pedi-
gree information. A significant association at the genome level (p, .
< 0.05) was found for SNP oar3 OAR27 50971170 dup located in
BMPI5 gene (Oar3.1 X: g. 50971170C > T). This is the FecX® muta-
tion (NM_001114767.1: ¢.950C > T) associated with increased prolifi-
cacy in other sheep breeds. Only 14 heterozygous animals were found
(MAF = 0.04), all of them associated with high prolific ewes. These
animals were sequenced for BMP135, finding only the FecX“" allele. No
homozygous animals were found for this allele. This allele was first
described in Grivette (Demars et al., 2013), and recently in Mouton
Vendeen (Chantepie et al., 2018), Romanov, Dorper and Ovella Galega
(Vera et al., 2018) sheep breeds. These results could indicate the ances-
try of this variant in sheep. The selection program should implement the
genotyping of reproducers for the FecX®" allele, to know its frequency
and the size of its effects to be able to undertake decisions about its
management.

Key Words: FecX“", FecX®, BMP15, Rasa Aragonesa, prolificacy
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P63  Differential gene expression in pars tuberalis and hy-
pothalamus tissue from Rasa Aragonesa sheep with different
oestrous and anoestrous phases using RNA-Seq. K. Lakhssassi*!, 1.
Ureiia?, B. Marin®, M. P. Sarto', B. Lahoz', J. L. Alabart', J. Folch!, J.
H. Calvo'#, and M. Serrano?, 'CITA-IA2, Zaragoza,Spain, ’INIA, Ma-
drid, Spain, 3Centro de Encefalopatias y Enfermedades Transmisibles
Emergentes, Zaragoza, Spain, *CITA-ARAID-IA2, Zaragoza,Spain.

The mechanistic changes responsible for seasonal reproduction in
ewes happen primarily at the level of the brain, being the Pars Tuberalis
(PT) and Hypothalamus (HT) key tissues in sexual activity regulated by
photoperiod. For understanding the molecular events behind follicular
(F) and luteal (L) phases of oestrous cycle, and anoestrous phase (A),
the PT and HT transcriptomes of 21 Rasa Aragonesa ewes (7 for each
phase and tissue) were studied using RNaseq. Ewes were selected based
on weekly repeated measures of progesterone to determine the ovarian
phase, which was confirmed after animals sacrifice and ovary dissec-
tion. Sequencing was carried out through the [llumina Hi-Seq 2000 plat-
form, generating paired-end reads of 76 bp. For differential expressed
(DE) gene assessment, DESeq2 package was used (Love et al., 2014).
We performed GO and KEGG pathway enrichment analyses using the
DAVID online tool. In HT, 72 and 3 DE genes were found (p_adjusted
<0.05) in the comparisons between F vs A and L vs A phases, respec-
tively. Enrichment analysis of F vs A comparison showed significant
enrichments for the oxytocin signaling, smooth muscle contraction, and
focal adhesion KEEG pathways. Oxytocin signaling pathway regulates
hypothalamic-pituitary-adrenal axis, modulating behavioral response
toward stress and social behavior. Four DE genes downregulated in the
follicular phase compared with the anoestrus in HT (HTR2B, ITPR3,
LTA4H and PTGIS) have been related with oestrous behavior in dairy
cows (Kommadath et al., 2011). In PT, the magnitude of gene expres-
sion differences between the different phases was greater than in HT.
In PT, 6, 4 and 14 DE genes were found in the comparisons F vs A, L
vs A and L vs F phases, respectively. /TLN was upregulated in the fol-
licular (Log,FC = 17) and luteal phases (Log,FC = 20) compared with
anoestrus. By contrast, MRPL57 (Log,FC = —22) and IRX4 (Log,FC =
—20) were highly downregulated in the luteal compared with the follic-
ular and anoestrous phases. The DDC gene, related to LH regulation, is
upregulated in follicular phase (Log,FC = 1.92; F vs A).

Key Words: sheep and related species, RNA-seq, gene expression

P64  Analysis of the allelic sequences in the DNA microsatellite
loci used in parentage control in sheep: Preliminary studies. A.
Szumiec, A. Radko, A. Piestrzynska-Kajtoch, A. Koseniuk*, A. Pod-
bielska, and D. Rubis, National Research Institute of Animal Produc-
tion, Department of Animal Molecular Biology, Balice, Poland.

Allelic ladder is important for accurate genotype determination
and has been recommended by the International Society of Forensic
Genetics. They are necessary to compare sizing measurements obtained
from different instruments and conditions used by various laboratories.
Alleles in the ladder should be confirmed by sequencing. The determi-
nation of a given allele should be not only the number of base pairs of
the obtained PCR product, but above all the number of repeated motifs.
The objective of the research was to create allelic ladders for sheep
parentage control STR panel. To determine the allele’s sizing, we an-
alyzed polymorphism of 12 microsatellite markers recommended by
ISAG for sheep parentage control. At first, we studied the CSRD247
marker. Only homozygous alleles were used for amplification. The
PCR products were purified with ExoSAP-IT (USB Corporation) and
sequenced using BigDye Terminator v3.1 Cycle Sequencing Kit. The
sequencing reaction products were purified from residual dye termina-
tors using BigDye® XTerminator Purification Kit. Electrophoresis was
carried out on an 3500 Genetic Analyzer using POP-7 polymer. Data
were analyzed using Variant Analysis Software® (Thermo Fisher Cloud
Environment). Analysis of the CSRD247 sequences shown that the re-
peat motif consists of in AC nucleotides. Three alleles were sequenced
(223,227, 229) and we noticed that the AC-motif was repeated 20-, 22-,

23-times respectively. Next, other ovine STR markers recommended by
ISAG will be analyzed. The study is in progress.

Key Words: sheep and related species, genetic identification, DNA
sequencing, genetic marker, parentage

P65  Association of a nucleotide variant in Tenascin X with
objective milk production traits in US dairy sheep. K. M. Hemmer-
ling', T. W. Murphy?, M. K. Herndon', A. T. Massa'!, M. U. Cinar*',

D. L. Thomas?, S. N. White*¢, and M. R. Mousel*>7, 'Veterinary Mi-
crobiology and Pathology, Washington State University, Pullman, WA,
US4, °USDA, ARS, Meat Animal Research Center, Clay Center, NE,
USA, 3Animal Science Erciyes University, Kayseri, Turkey, *Animal
Sciences, University of Wisconsin, Madison, WI, USA, "USDA, ARS,
Animal Disease Research, Pullman, WA, USA, *Center for Reproduc-
tive Biology, Washington State University, Pullman, WA, USA, "School
for Global Animal Health, Washington State University, Pullman, WA,
USA.

With the world population growing by 83 million people annu-
ally, it is vital to select livestock that efficiently produce high quality
products to meet increasing worldwide nutritional needs. The US is the
largest importer of sheep milk cheeses in the world, and has a small, but
growing dairy sheep industry. Currently there is no genetic evaluation
program in the US Therefore, identifying genomic regions that posi-
tively influence milk quantity and quality would be beneficial. In meat
and wool breeds, a variation in the Tenascin X (TNXB) gene, E2004G,
was associated with subjective milk score and mature bodyweight. To
determine if there was an association between TNXB E2004G and ob-
jective 180 d adjusted milk production traits, 216 ewes originating from
a US dairy sheep research flock were genotyped. Ewes were 2 to 6
years old and consisted of East Friesian (E), Lacaune (L), Awassi (A),
and Katahdin (K) purebreds and crosses. The traits analyzed included
individual milk, fat, and protein yield, and fat and protein percentage. A
reduced mixed model was used with fixed effects of age, breed compo-
sition, and TNXB genotype and a random effects of sire nested within
breed type and year of lactation. The effect of genotype on protein yield
approached significance (P < 0.06) with AG ewes producing more pro-
tein than GG ewes. There was a numerical trend for each additional A to
increase milk, protein, and fat yield but the low number of AA animals
reduced the power to detect statistical differences. No genotype effects
for the other traits were observed (P > 0.10). As expected, age impacted
milk, protein, and fat yield (P < 0.01) with 5 year olds produced more
than 4, 3, and 2 year olds. EL crossbreds had greater milk yield than
ELA and ELK ewes (P < 0.04). Additional studies need to be conduct-
ed with more balanced genotype frequencies to validate these results.
Gene expression in mammary tissue is being evaluated to determine
whether differences in genotype affects expression. Understanding how
TNXB E2004G impacts milk production may allow producers to use
TNXB genotypes as a selection tool to improve dairy sheep production.

Key Words: dairy sheep, milk production, Tenascin X, breeds

P66  Framework for successful implementation of communi-
ty-based breeding programs in small ruminants in Ethiopia. A.
Haile*!, T. Getachew', M. Rekik?, A. Abebe?, and B. Rischkowsky',
!International Center for Agricultural Research in the Dry Areas
(ICARDA), Addis Ababa, Ethiopia, 2I[CARDA, Amman, Jordan, *Debre
Berhan Agricultural Research Center, Debre Berhan, Ethiopia.

Conventional breeding programs involving either nucleus
schemes and/or importation of exotic germplasm for crossbreeding
were not successful in most sub-Saharan Africa countries. Communi-
ty-based breeding programs (CBBPs) are suggested as alternatives for
genetic improvement of small ruminants. CBBP is different from oth-
er schemes in that it involves the various actors from the initial phase
of design up until implementation of the programs. Livestock keepers’
views are considered at each stage of the program design and imple-
mentation unlike the often-top down government run schemes. In Ethi-
opia, we piloted CBBPs since 2010 and the results show that CBBPs
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are technically feasible to implement and result in measurable genetic
gain and socio-economic impact. However, their successes depend on
the following: 1) identification of the right beneficiary following a clear
guideline on who should be a member; 2) clear framework for dissem-
ination of improved genetics and up/ out scaling strategy to make im-
pact at scale; 3) institutional arrangements including establishment of
breeders’ cooperatives to support functionality and sustainability of the
programs; 4) capacity development of the different actors on general
animal husbandry, breeding practices, estimation of breeding values
and financial management; 5) mobile application for data collection
and management that is easy to use and that works offline; 6) support
for long periods with committed technical staff (either extension or
research) mainly in data management, analysis and feedback of esti-
mated breeding values; 7) complementary services including disease
prevention and control, proper feeding, and market linkages for meat
and breeding animals; 8) a system for certification of improved rams/
bucks by an authorized body to ensure quality control which will sup-
port and create demand for the breeding animals; and 9) evaluation of
the program and assessment of impact of the scheme. The framework
we developed which integrates these elements has resulted in successful
and sustainable breeding programs in Ethiopia.

Key Words: small ruminants, genetic improvement, breeding schemes

P67  Use of whole-genome sequencing datasets to study the ge-
netic variability of the LALBA gene across different sheep breeds.
H. Marina, B. Gutierrez-Gil, C. Esteban-Blanco, R. Pelayo, and J.-J.
Arranz*, Departamento de Produccion Animal, Facultad de Veterinar-
ia, Universidad de Leon, Leon, Leon, Spain.

Sheep milk is mainly used to produce a wide variety of high qual-
ity cheeses. The amount of milk produced is controlled primarily by the
amount of lactose synthesized. Alfa-Lactalbumin forms the regulatory
subunit of the lactose synthase and is also one of the in whey proteins.
This protein is encoded by the LALBA gene located on sheep chromo-
some 3. In addition, a quantitative trait nucleotide (QTN) has been iden-
tified in the LALBA gene in relation to milk composition traits in Churra
sheep (milk protein and fat percentages). The aim of this study was to
assess the genetic diversity of the LALBA gene in relation to produc-
tion specialization based on Whole Genome Sequences of 144 ovine
genomes from 44 sheep breeds, and 3 wild sheep (O. canadiensis, O.
dalli, and O. orientalis). A total of 87 sequences were obtained from
the SRA archive whereas 57 were generated by our group. A variant
calling analysis was performed with the GATK software and SAMtools
software across the whole genome, to select those high quality variants
detected by both pipeline. The nucleotide diversity detected in LALBA
gene (1 = 0.00405) was higher than that found in previous autosomal
diversity studies in domestic sheep. In total, 40 variants were found
within the LALBA gene, 4 of which were located in coding regions.
Three of these variants were missense variants and were predicted to
have a moderate impact over the protein (p.Val27Ala; p.Aspl135Asn;
p-Leul42Phe) whereas the other one was a synonymous variant of low
functional impact. The rest of variants were located in UTR regions
and in introns, 2 of them involving splice sites. Nine out of 40 variants
were found only in the domestic sheep studied, of which 2 were located
within exons. Conversely, 5 out of 40 variants were found only in O.
canadiensis and O. dally, of which one was located in an exon and it
was not previously described. The variant identified as a QTN variant
(p-Val27Ala) for milk composition traits in previous studies was segre-
gating in 32 breeds and did not show a clear pattern in relation to the
production ability.

Key Words: sheep and related species, genome sequencing, bioinfor-
matics tools, sequence variation

P68 A follow-up study on the genome-wide relationships among
Merino and Merino-derived sheep breeds. S. Ceccobelli!, E. Ciani?,
E. Lasagna*!, F. S. Silva’, G. Liihken*, S. Kusza’, M. Spehar®, R.
Niznikowski’, M. Swiatek’, V. A. Balteanu®, G. Ciappesoni’, T. Kars-

1i'%, N. W. Kunene'!, F. Pilla'?, F. M. Sarti', Department of Agricultur-
al, Food and Environmental Sciences, University of Perugia, Perugia,
Italy, Department of Biosciences, Biotechnologies and Biopharma-
ceutics, University of Bari “Aldo Moro,” Bari, Italy, *Instituto Nacio-
nal de Investigagdo Agraria e Veterinaria, 1.P, Santarém, Portugal,
‘Institut fiir Tierzucht und Haustiergenetik, Justus-Liebig-Universitit,
Liebig, Germany, *Animal Genetics Laboratory, Institute of Animal
Husbandry, Biotechnology and Nature Conservation, University of
Debrecen, Debrecen, Hungary, ‘Croatian Agricultural Agency, Cro-
atia, "Department of Animal Breeding and Production, Warsaw Uni-
versity of Life Sciences, Warsaw, Poland, *Institute of Life Sciences,
University of Agricultural Sciences and Veterinary Medicine Cluj-Na-
poca, Cluj-Napoca, Romania, °Instituto Nacional de Investigacion
Agropecuaria, Las Brujas, Uruguay, "’Department of Animal Science,
Agriculture Faculty, Akdeniz University, Antalya, Turkey, " Department
of Agriculture, University of Zululand, Richards Bay, South Africa,
2Dipartimento Agricoltura Ambiente e Alimenti, Universita degli
Studi del Molise, Campobasso, Italy.

Prompted the growing renewal interest in the exploitation of
wool in various traditional as well as innovative application to the field,
the genetic relationships among 18 Merino and Merino-derived sheep
breeds from the Mediterranean, Central and Eastern Europe, South Af-
rica, North and South America, Asia, and Australia were investigated.
In this study a total of 44K SNP genotypes, that passed the quality con-
trol filters from the Illumina Ovine50 BeadChip, available for 408 ani-
mals were used. The multidimensional scaling plot of the IBS distances
is highlighted known as well as the novel evidences of genetic proxim-
ity. Chinese Merino clustered with American Rambouillet. Polish Me-
rino and German Merinofleischaf clustered close to each other, likely
due to some influence of German Merino sheep stocks into the Polish
one. Moreover, a strong influence of Australian Merino was detected in
Merino breeds from South Africa and Uruguay. In addition, the Roma-
nian Merino appeared close to the Australian group, which is consistent
with the major genetic contribution of Australian Merino to the Ro-
manian breed. The Croatian Paska was confirmed that have influenced
by stocks from the other side of the Adriatic coast (Gentile di Puglia
from Apulia). The Spanish Merino sampled in our study clustered in
2 separate groups, one corresponding to a current commercial popula-
tion (animals sampled in the Estremadura region) and the other to the
“historical” Spanish Merino population (animals preserved in the selec-
tion center, Andalusia). The Apulian sheep were those displaying the
highest proximity with samples from the old-type Spanish Merino, this
fact confirms the story of the Latin literature that described the importa-
tion of genetic material from Apulia in Spain. Interestingly, the Merino
Branco in Portugal, was split in 2 separate clusters: the large group (19
animals) falls, as expected, close to the Spanish Merino (notably, the
group from Extremadura), while the smaller (9 animals) branched close
to the Italian Merino breeds. This phenomenon deserves further inves-
tigation to understand whether the observed genetic sub-structuring in
the Iberian Merino population reflects recent or historical herd manage-
ment practices.

Key Words: SNPs, Ovis aries, wool, genetic diversity

P69  Identifying genetic structure and admixture in sheep

from terminal breeds in the United States. K. M. Davenport*!, C.
Hiemke?, S. McKay?, J. W. Thorne*!, R. M. Lewis®, T. Taylor®, and B.
M. Murdoch!, 'University of Idaho, Moscow, ID, USA, °Niman Ranch
& Mapleton Mynd Shropshires, Stoughton, WI, USA, *University of
Vermont, Burlington, VT, USA, *Texas A&M AgriLife Research and
Extension Center, San Angelo, TX, USA, *University of Nebraska-Lin-
coln, Lincoln, NE, USA, University of Wisconsin-Madison Arlington
Research Center, Arlington, W1, USA.

Selection for performance in diverse production settings has re-
sulted in variation across sheep breeds worldwide. Although sheep are
an important species to the United States (US), the current genetic re-
lationship among many terminal sire breeds has not been well charac-
terized. The objective of this study was to examine population structure
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and admixture of US sheep from terminal breeds. Suffolk, Hampshire,
Shropshire, Dorset, Oxford and Southdown (terminal) and Rambouil-
let (dual purpose) sheep (n = 256) sampled from different flocks were
genotyped using the Applied Biosystems Axiom Ovine Genotyping
Array (50K), and additional Shropshire (n = 26) using the Illumina
Ovine SNP50 BeadChip. After merging data from the 2 genotyping
platforms and excluding SNPs with a call rate of less than 0.90 and a
minor allele frequency of less than 0.01, 45,864 SNPs were included
in subsequent analyses. Relationships between breeds were investi-
gated by calculating observed heterozygosity, inbreeding coefficients,
eigenvalues, an identity by state (IBS) matrix and pairwise Wright’s
F,, estimates. The mean observed heterozygosity for each breed ranged
from 0.304 to 0.360 and is consistent with data reported in Australian
sheep. Eigenvalue plots and a rectangular cladogram constructed from
the IBS matrix revealed distinct clustering of Rambouillet away from
terminal breeds; Suffolk from 2 different regions (Midwest and West)
also clustered separately. These findings were supported by pairwise
F, estimates for Rambouillet and terminal breeds, 0.16-0.23, and for
Western Suffolk and Dorset and Southdown, 0.17-0.18, respectively.
Admixture between breeds was examined using STRUCTURE, and
based maximum likelihood estimates the best fit number of populations
(clusters) was K = 6. The most admixture was observed for Hampshire,
Suffolk, Shropshire, and Oxford breeds. When plotting eigenvalues, US
terminal breeds clustered separately in comparison to sheep from other
locations of the world. Understanding the genetic relationships between
terminal sire breeds will inform us about the potential utility of produc-
tion trait data derived from one breed for other closely related breeds.

Key Words: sheep, admixture, heterozygosity, breed diversity, popu-
lation structure

P70  Abstract withdrawn

P71  Runs of homozygosity patterns of distribution and level of
inbreeding in South African sheep breeds. E. F. Dzomba*' and F. C.

Muchadeyi?, 'University of KwaZulu-Natal, Pietermaritzburg, KwaZu-
lu-Natal, South Africa, *Biotechnology Platform, Agriculture Research
Council, Pretoria, Gauteng, South Africa.

Production system and within-breed selection pressure impacts
the genome architecture resulting in reduced genetic diversity and fre-
quency of runs of homozygosity islands. In the current study, we deter-
mined autozygous segments based on runs of consecutive homozygous
genotypes (ROH) for South African sheep breeds as well as various
other sheep breeds obtained globally. We tested the hypothesis that
production systems geared toward specific traits of importance such as
mutton, wool, pelt or multiple traits (as with some dual purpose breeds)
or absence of selection programs e.g., in non-descript breeds kept by
smallholder farmers, could influence the occurrence and distribution of
ROH. The Illumina OvineSNP50 BeadChip was used to genotype 400
sheep belonging to 13 breeds from South Africa. To gain insight into
the South African breeds relative to global populations, 623 genotypes
of sheep from worldwide populations were included in the analysis.
After standard filtering, a total of 1017 animals and 43 556 SNPs were
retained for analyses. Runs of homozygosity were computed at cut-offs
of 0-6MB, 6-12MB, 12-24MB, 24-48MB and >48MB, using the R
package detectRUNS. We identified 121 399 ROH in total with mean
number of ROH per animal per breed ranging from 51.10 (Karakas) to
222.33 (Nguni). The average length of ROH across breeds was 5.88
Mb and ranged from 2.60 Mb (Afrino) to 6.90 Mb (Nguni). For all
breeds, the majority of the detected ROH were in the smallest 0-6 Mb
in length category (88.2%). The biggest were the least (n = 108) with
most animals detecting no ROH in this category ROH >48 Mb. McAr-
thur Merino had the highest value of inbreeding on the basis of ROH
(Fron = 0-429), whereas Red Masai (F,,, = 0.0624) and Australian Poll
Merino (F ., = 0.0643) showed the lowest, and highest standard de-
viation values revealed high variability in autozygosity levels within
the Nguni breed. Overall, the patterns of distribution of ROH revealed
in this study showed peculiar patterns of inbreeding of sheep breeds
that corresponded with levels of selection pressure typical of trait of
economic importance as well as the production system typical of their
rearing. There are similarities of South African breeds with other breeds
reared across the world especially when comparing the Merino-type
breeds. We also identified 41 genomic regions harboring most ROH
across breeds as well as the associated candidate genes.

Key Words: sheep, production system, SNP genotypes, autozygosity,
inbreeding

P72 Genetic structure of the Canary goat using genome-wide
SNPs profiling. J. A. Bouzada*!, V. Landi’, A. M. Martinez?, M. E.
Camacho’®, J. Capote?, N. Darmanin?, M. M. Gémez?, A. Torres*, J.
V. Delgado®, and M. Fresno®, 'Laboratorio Central de Veterinaria,
Algete. Madrid. Spain, *’Animal Breeding Consulting S.L, Cérdoba,
Spain, *Instituto de Investigacion y Formacion Agraria y Pesquera
(IFAPA), Cérdoba, Spain, *Instituto Canario de Investigaciones
Agrarias (ICIA), Tenerife, Spain, *Dpto. de Genética, Universidad de
Cordoba, Campus Universitario de Rabanales, Cordoba, Spain.

This work aims to study the genetic structure and phylogenetic
relationships of 3 goat breeds of the Canary Islands: the Palmera, Ma-
jorera and Tinerfeia breed. In the archipelago the caprine production
represents an important economic sector both for the production of re-
nowned dairy products, inserted in the tutelage circuit, and because this
type of breeding, adapted to the ecosystem of the islands for centuries,
promotes the fixation of the human population in rural areas in par-
ticular internal ones, far from marine tourism. In terms of numbers of
animals, it is one of the largest goat populations in Europe. A total of 24
samples per breed were analyzed using the Illumina Goat SOK chip. The
Murciano Granadina, Granadina, Murciana, Malaguefia, Alpina and
Saanen breeds were used as comparisons. After the application of var-
ious quality filters (MAF <0.01; Mind <0.1; Geno <0.1; Hwe <0.001)
the final data set consisted of 49552 SNPs. The 3 Canary races appear
to be very divergent from other continental and cosmopolitan races and
a certain relationship can be observed between them (FST average 0.06)
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and in particular between Majorera and Tinerfefia (FST 0.03). There
is a considerable genetic distance with the rest of the breeds ranging
from 0.161 with the Tinerfefia to 0.140 with the Majorera and to 0.214
with the Palmera. The genetic differentiation measured across AMOVA
shows a variability of 11.14% (P < 0.01) between the groups (Canary
vs Continetal) and 5.32% (P < 0.01) among the population within the
group. The Baynesian analysis with FastStructure highlights the homo-
geneity of the 3 Canarian breed with an average membership coefficient
0f 0.96. The Palmera breed is still the most divergent evenly separating
itself from low K values (2).

P73  Polled intersex syndrome (PIS) in goats—Nanopore
sequencing revealed a complex structural variant and made it pos-
sible to devise a simple genetic test for identification of intersexual
goats. R. Simon*!, H. Tschanz-Lischer?, 1. Keller?, I. Hafliger?, A. Pi-
enkowska-Schelling?, C. Schelling?®, C. Drogemiiller®, and G. Liihken!,
!Institute of Animal Breeding and Genetics, Justus Liebig Univerity,
Giessen, Germany, *Interfaculty Bioninformatics Unit, University of
Bern, Bern, Switzerland, *Institute of Genetics, Vetsuisse Faculty, Uni-
versity of Bern, Bern, Switzerland, *Clinic for Reproductive Medicine,
Vetsuisse Faculty, University of Ziirich, Ziirich, Switzerland.

In goats the trait of polledness is, in contrast to other bovine spe-
cies, connected with disorders in sexual development. The so-called
polled intersex syndrome (PIS) is characterized by the fact that ho-
mozygous polled and genetically female (XX) individuals are infertile
due to phenotypically diverse intersexuality, making the identification
of such cases difficult. In 2001, a ~11.7 kb deletion was detected as
PIS-associated genomic variant. After trials to establish genetic testing
for PIS in goats with the existing molecular genetic information had
failed, it was decided to take a closer look at the known variant us-
ing Oxford Nanopore sequencing, an emerging long read sequencing
technology. We sequenced the whole genome of 2 goats, a PIS-affect-
ed polled and a horned goat as control. A genome coverage of 9x and
14x for the homozygous polled and the horned goat, respectively was
reached. Mapping against the current goat reference genome (ARS1)
was performed with Minimap2. Sequence data confirmed the presence
of the published deletion on chromosome 1 in the homozygous polled
goat but also indicated the presence of a more complex structural vari-
ant. Some of the around 4 kb long sequence reads map to the regions
flanking the PIS-deletion however not continuously. Significant parts of
the reads map to a region located about 20 Mb downstream on chromo-
some 1. In addition, within this particular region a copy number variant
was observed in the polled goat. A closer look revealed that a duplicated
copy of a segment (~500 kb size) is inversely inserted into the region of
the known PIS-associated deletion. We succeeded to validate this struc-
tural variant by fluorescence in situ hybridization using BAC clones.
Sanger sequencing confirmed the complex variant with PCR primers
flanking the chromosomal breakpoints. Finally, a practicable proof of
genetic horn status and sex of goats was established applying an easy
to use and robust multiplex PCR. Meanwhile, more than 1000 goats of
different known breeds, sex and horn status have successfully been test-
ed. In conclusion, this study revealed a more complex structural variant
causing PIS in goats based on whole genome long read sequencing. We
report a simple genetic test that allows the determination of the polled
genotype in goats for the first time.

Key Words: goats and related species, animal breeding, genome
sequencing, fertility

P74  Selection signatures in goat breeds reveal the molecular
basis for six different coat color phenotypes. J. Henkel*!, R. Saif'?,
V. Jagannathan!, C. Drogemiiller!, C. Flury?®, and T. Leeb!, /Institute
of Genetics, Vetsuisse Faculty, University of Bern, Bern, Switzerland,
2Institute of Biotechnology, Gulab Devi Educational Complex, Lahore,
Pakistan, *School of Agricultural, Forest and Food Sciences HAFL,
Bern University of Applied Sciences, Zollikofen, Switzerland.

Domestication and human selection have formed diverse goat
breeds with characteristic phenotypes. This process correlated with
the fixation of causative genetic variants controlling breed-specific

traits within regions of reduced genetic diversity, so called selection
signatures or selective sweeps. We performed a comprehensive screen
for selection signatures in 20 genetically diverse modern goat breeds
and Bezoar goats, the wild ancestor of domesticated goats. We pooled
DNA from 12 animals of each breed and sequenced the obtained breed
pools to ~30x coverage. The sequence reads were mapped to the goat
reference genome (ARS1) and single nucleotide variants were called.
For each pool, heterozygosity scores within a sliding window of 150
kb were calculated and negative Z-transformed Hp scores (-ZHP) were
plotted. This approach revealed on average 111 selection signatures per
breed with —ZH >4.1n 2 Pakistani goat breeds, the Pak-Angora and
Barbari, we found a strong selection signature in a region harboring the
KIT gene. KIT is a well known depigmentation gene and several previ-
ously discovered KIT variants result in diverse depigmentation pheno-
types. The selection signature in the Pak-Angora goat breed revealed a
copy number variant (CNV) downstream of KI7. The same locus in the
Barbari goat breed harbored an alternative variant of the CNV. These
CNVs could explain the white spotted phenotype of Barbari a