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ABSTRACT

Environmental variance of traits £V has recently been related with resilience. Thaigyreater
knowledge of the genetic background aof &buld help to understand better the animal remibe A
successful selection experiment in rabbits forgh lsind a low ¥ of litter size (LS) allowed to identify
differences in resilience between animals. Thewita a low \t of LS seemed to cope better with the
environmental disturbances than the line with @ hfg of LS. The aim of this study was to identify
genomic regions modified by selection of ¥nd that could affect the animal resilience. Huaat,t
genotypes from 91 does of base population, andoi42e line with a high Yof LS and 134 of the
line with a low \f: of LS at generation 11 were used to identify dsigres of selection. 93 genotypes at
generation 13 were used to validate the results.sldgnatures of selection were identified usingehr
complementary analysis: runs of homozygosity (RQkd)jations of linkage disequilibrium (VarLD)
and fixation index (k7). A whole-genome sequencing (WGS) analysis wafopred on 54 animals
at generation 10 to highlight the genes with fumwdl mutations. We identified 311 candidate genes
with relevant functional mutation in their trangation unit. 107 of them had functions related te th
stress response, reproduction and embryo develdproarohydrate and lipid metabolism, and/or
immune system. Functional mutations fixed in ohehe rabbit lines and absent in the other were
identified in the gene€3orf20, GRN, EPCAM, ENSOCUG00000017494, ENSOCUG00000024926,
ENSOCUG00000026560, MYLK, HECA and NMNAT3. The biological pathways of candidate genes
explain the differences found between the rablpiedi in immune response biomarkers (plasma
cortisol, leukocytes, and acute-phase protein &yveh plasma concentrations of cholesterol and
triglycerides, mortality and resilience. Also, thagsults could explain the correlated respongbeof
Ve of LS with embryo implantation, embryo survivaldabS. However, the real implications of these
genes for ¥ and animal resilience must still be unravelledtigh their functional analysis.
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INTRODUCTION

Environmental variance ¢ of traits has been recently related with anineailience (Berghof et al.,
2019). Resilience is the animal’s ability to maintar rapid recovery of its productive performance
after an environmental disturbance. Study resiecmuld help to improve the animal welfare in the
farms (Colditz and Hine, 2016). A recent study sédwhat lines successful selected for a high and a
low Veof LS in rabbits during 13th generations (Blascalgt2017) showed differences in biomarkers
of immune and stress response as well as in mgr{Aligente et al., 2019; Beloumi et al., 2020)isTh
suggested that the line with a low 9f LS cope better with the environmental stressioas the line
with a high \£ of LS. The aim of this work was to identify whatrgomic regions were modified due
to the pressure of selection applied during 13tiegations in these divergent rabbit lines. For, tivat
studied the signatures of selection identifyingtigurous homozygous segments (ROH), variations in
the extend of LD patterns (VarLD) and differencasallele frequencies ¢ between the rabbit
populations. According to Cadzow et al. (2014)esibn can generate different patterns of genetic
variation. So, multiple methods with different asgtions are needed to detect a wide range of the
genetic changes considered signatures of seledtars, the identification of signatures of selettio

in these rabbit lines could help us to understaedstlection process of the ®nd how it could affect
the resilience of the animals.
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MATERIALS AND METHODS
Data
We used rabbits from generation 11, 13 and baselgiign of a divergent selection experiment for a
high and a low ¥ of LS carried out by the University Miguel Hernaadn Elche, Spain (see Blasco
et al., 2017). Genotyping was performed with theédRQAffymetrix Axiom OrcunSNP Array
(ThermoFisher Scientific) from blood samples of 4¥@es: 96 from base population, 282 from
generation 11 (147 from the line with a high &f LS and 135 from the line with a lowg\of LS) and
95 from generation 13 (46 from the line with a highof LS and 49 from the line with a low VE of
LS). Quality control removed animals with a callera97% and SNPs with minor allele frequency
<0.05, missing genotype >0.05 and unknown posit@mnsabbit genome (OryCun v2.0.9). At the end,
452 animals and 97,155 SNPs remained in the data se

Signature of selection

Selection signatures were searched using 276 gee®fyom generation 11 (the inbreeding coefficient
of the lines with a high and a low VE of LS was 0884 and IC=0.087, respectively) and 91
genotypes from the base population (IC=0.077). ¥B@enotypes from generation 13 remained for
the validation analysis.

Detection of runs of homozygosity

The ROH was performed using the PLINK v1.90 sofsm@hang et al., 2015). The parameters used
to calculate a ROH were set based on Cebatlas (2018). The algorithm searched for homozygous
segments in each chromosome using sliding winddv0 kb with almost 50 SNPs. Heterozygous
SNPs and missing calls were not allowed. A homoaggsegment was considered a ROH if the
number of consecutives SNPs was >50 and the dewsisyabove 1 SNP in 30 Kb. A ROH was
considered a signature of selection if was a cangegenomic region in almost 50% of the animals in
the line with a low ¥ of LS, in 50% of the animals in the line with a hiye of LS, and was in the
base population.

Quantification of VarLD scores

Linkage disequilibrium patterns between populatiomese performed using the program VarLD (see
more details in Teo et al., 2009). VarLD scoresenglculated for pairwise comparisons between the
three populations (B/H, B/L and H/L) and quantiffed each window of 50 SNPs sliding by one SNP.
All scores were standardized within pairwise corigmar to reduce the effect of the window size and
the population LD background. Candidate selectignagures were those windows with a VarLD
score equal or higher to the VarLD score at perlee8.9% and presenting in the B/H and B/L
comparison. Windows shared between B/H or B/L afld ¢bmparisons were considered effect of
gene drift.

Estimating of fixation index

The fixation index was calculated using the Weid &ockerham’s pairwise estimator method (Weir
and Cockerham’s, 1984) implemented in VCFtools Malsoftware (Danecek et al., 2011). This
method was applied to identify selection signatiretsveen the lines with a high and a lowdf LS.
The FST values were calculated using overlappingdaivs of 500 kb sliding by steps of 250 kb.
Windows with less than ten SNPs were excluded. @sidered a candidate selection signature if the
window overcame the weighted FST value at peraef®.9%, and showed divergent changes in its
MAF between the rabbits’ lines, regarding the agaulation.

Validation

The candidate signatures of selections were validasing the base population and the animals from
generation 13, applying the methods described alidnby the candidates replicated in both analyses
(at generation 11 and 13) were proposed as treetsmi signatures.

Gene identification

Candidate genes were identified in the genomicoregiproposed as true selection signatures using
whole-genome sequencing (WGS) data to search fatifitnal mutations. WGS data belong to two
pools of DNA from all the sires of animals from geation 11 (27 animals per line). Data pre-
processing and variant calling were performed foihy Elstonet al. (2017) and the GATK Best
Practices pipeline (McKenna et al., 2010), respelsti Variants affecting the transcript unit of eng
were considered a functional mutation (for furtiformation see Casto-Rebolk al., 2020). The
gene ontologies of each candidate gene were extragith the R/Bioconductor package biomaRt
(Durinck et al., 2009).
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RESULTS AND DISCUSSION

A total of 726-candidate selection signatures weeatified in animals at generation 11, and 134 of
them were validated at generation 13; 129 ROH, W&d_D regions on OCU13 at 89.31-90.54 Mb
and OCU14 at 0.014-2.27 Mb, and the FST region®@0b/2 at 104.5-105 Mb (0.56), OCU12 at 8.75-
9.5 and OCUX at 81-81.75. Non-overlapping selecsmmatures between methods were identified.
The methods achieved a low correlation betweem tesults (Gonzalez-Rodriguez et al., 2016; Sosa-
Madrid et al., 2020), making difficult overlappifgtween selection signatures of each method. We
identified 815 genes in the 134 genomic regions wite selection signatures, but only 311 of them
presented functional mutations affecting their $a@ipt unit. These genes are involved in a widgean
of biological processes, hindering the identificatof the direct molecular mechanism involved ia th
Ve of LS. However, we highlighted 65 genes relatedh® immune response, five to the stress
response, and 50 to energy, carbohydrate and figithbolism. These genes could explain the
differences found on the rabbit lines for immunapanse biomarker, plasma concentrations of
cholesterol and triglycerides, mortality, and riesite (Argente et al., 2019; Beloumi et al., 2020).
Moreover, 29 genes involved in reproduction and rmldevelopment could justify the correlated
response of Yof LS with embryo survivor and implantation, antldi size (Argente et al., 2017;
Calle et al, 2017). Eight promising genes were ntified (C3orf20, GRN, EPCAM,
ENSOCUGO00000017494, ENSOCUG00000024926, ENSOCUG00000026560, MYLK,
HECA, andNMNAT3) with INDELs and/or SNVs with the alternative adidixed in one rabbit line
and absent in the other. The ger&N, MYLK, and NMNAT3 are also functions involved in the
immune response. Our results agree with genome-agdociations findings which would support a
relation between the inflammatory response and/thgung et al., 2019; Casto-Rebollo et al., 2020)
The immune system was also related with the aniesdlience (Colditz et al., 2016), so its contnotla
modulation could explain the relation between theakd the animal resilience.

CONCLUSIONS

In this study we identified several genes that d@xplain the differences found between the limes i
immune response biomarker, plasma concentratiorchaliesterol and triglycerides, mortality, and
resilience. We also identified promising genes Ime@d in the immune response. That genes had
functional mutations fixed in one of the rabbitdfand absent in the other. The molecular mechanism
related with the immune system could be the lintkeveen the animal resilience and the Yowever,
further studies are necessaries to know the rgaidation of these genes in the df LS.
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Objectives

Identifying signatures of selection in divergent lines to
better understand the molecular mechanisms and pathways

that control VE and animal resilience
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Signatures of selection were identified in genes with functional
mutation in their transcription units and are mostly implicated

in the immune response and stress response pathways
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