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Introduction: The goal of genome-wide association (GWA) studies of quantitative traits is to identify genomic
regions that explain a substantial proportion of the genetic variation for the trait, with the ultimate goal to identify
causal mutations underlying the genetic basis of the trait. The standard GWA approach is to genotype a population
that has been phenotyped for the trait(s) of interest and genotyped for many genetic markers across the genome
and to analyze these data by estimating and testing the effects of marker genotypes on phenotypes using a
regression-type of analysis for each single nucleotide polymorphism (SNP), one at a time. Bayesian methods such
as Bayes A and Bayes B assume a heavy tail prior distribution for SNP effects and use Markov Chain Monte
Carlo (MCMC) to sample from the posterior distribution. Although the objective of these methods was to predict
the breeding value of selection candidates (genomic breeding values), they do that by estimating the effects of all
SNPs. The estimated SNP effect, the proportion of variance explained by a SNP, or the number of times the SNP
fits in the model with non—zero effect can be used as criteria to identify locations or genomic regions that affect
the trait of interest. Results have shown that these Bayesian methods can effectively detect QTL in simulated and
real data. Recently, a new methodology has been developed to address this limitation and allow for a better
understanding of the genetic architecture of complex traits through a gene network analysis. For this purpose, to
identify genomic regions and candidate genes associated with egg weight (EW), a genome-wide association study
(GWAS) was performed in the present study using Affymetrix 600 K high density SNP array in 1,078 hens of
11th generation of Rhode Island Red.

Materials and methods: Data available for 1,078 pedigree-recorded hens were used to collect phenotypic EW-
related data. Seven traits, including egg weight at the first laying of hens, and egg weight at 28, 36, 56, 66, 72,
and 80 weeks of age were collected for each bird. The analyses were performed using GenSel v4.73R, by fitting
covariates for haplotype alleles in BayesA and BayesB models. A single Markov chain Monte Carlo (MCMC)
chain of length 41,000, including burn-in of 1,000 first iterations, was computed for each analysis to obtain
posterior estimates of covariate effects. These were used to obtain a direct genetic variance for animals. The
primary analysis showed that correlations and regression coefficients had converged at this chain length.
Annotation terms and pathway analyses were conducted using protein analysis through evolutionary relationships
of PANTHER software version 10.0.

Results and discussion: The results showed that the BayesA method performed better in explaining additive
genetic variance compared to BayesB method. Nine markers obtained from BayesA with the highest additive
genetic variance were located on chromosomes 1, 3, 5, and 20. Genes that overlap in regions of interest were
identified with the Ensembl BioMart data mining (http://www.ensembl.org/biomart/) based on the Galgal6
assembly and the Ensembl Genes 96 database. The detected SNPs were located close to 35 genes, among which,
the candidate genes of BPIFB2, OCX36, CPTIA, TCF15, CECR2, SIAH3, FADSI, FADS2, and SGKI play
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important functions in the egg production process through the albumen protein formation, fatty acids metabolism,
and eggshell formation. It is noteworthy that the present study has detected an association in regions different
from that reported by previous studies. This can be because of flock particularities, such as the extent of linkage
disequilibrium, allelic frequencies, and statistical approaches.

Conclusions: The results of the present study showed that when the genetic architecture of studied traits follows
infinitesimal model assumptions, the BayesA method usually performs better than BayesB. Moreover, considering
the identification of new genome regions and the key role of the mentioned genes on the development of egg
weight, the efficiency of the BayesA method can be confirmed for GWAS in egg weight traits.
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Table 1. Descriptive statistics of egg weight traits at different ages

Trait (g) Number Mean SD CV Min Max
First egg weight (FEW) 1052 42.44 5.06 11.92 17.00 75.00
Egg weight at 28 weeks of age (EW28) 1063 57.19 3.47 6.07 46.80 68.80
Egg weight at 36 weeks of age (EW36) 1063 59.35 3.28 5.53 54.00 69.70
Egg weight at 56 weeks of age (EW56) 1027 60.98 4.54 7.44 35.50 77.00
Egg weight at 66 weeks of age (EW66) 960 60.83 4.50 7.39 42.00 78.00
Egg weight at 72 weeks of age (EW72) 847 60.97 4.50 7.39 42.00 86.00

Egg weight at 80 weeks of age (EWS80) 852 62.33 5.07 8.13 39.00 84.00
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Table 2. The proportion of explained genetic variance related to egg weight trait based on Bayes A

Trait Posterior mean of Posterior mean of Estimated total Proportion of variance
residual variance genetic variance variance explained by markers

FEW 17.9340 8.4827 26.4177 0.3210

EW28 7.6351 4.6871 12.3224 0.3803

EW36 6.6622 4.4014 11.0636 0.3978

EW56 15.1484 5.8920 21.0405 0.2800

EW66 17.7181 3.6744 21.3925 0.1717

EW72 24.7831 49173 29.7004 0.1655

EW80 22.2677 4.6570 26.9247 0.1729

FEW: First egg weight, EW28: Egg weight at 28 weeks of age, EW36: Egg weight at 36 weeks of age, EW56: Egg weight at
56 weeks of age, EW66: Egg weight at 66 weeks of age, EW72: Egg weight at 72 weeks of age, EW80: Egg weight at 80

weeks of age
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Table 3. The proportion of explained genetic variance related to egg weight trait based on Bayes B

Trait Posterior mean of Posterior mean of Estimated total Proportion of variance
residual variance genetic variance variance explained by markers

FEW 18.9340 6.2043 25.2564 0.2452

EW28 8.6351 3.5719 12.2904 0.2906

EW36 7.6622 3.7291 11.3747 0.3271

EW56 17.1484 4.5275 21.6618 0.2086

EW66 19.7181 2.3276 21.9987 0.1052

EW72 26.7831 3.8239 30.6804 0.1246

EWS80 21.2677 3.3476 24.6292 0.1356

FEW: First egg weight, EW28: Egg weight at 28 weeks of age, EW36: Egg weight at 36 weeks of age, EW56: Egg weight at
56 weeks of age, EW66: Egg weight at 66 weeks of age, EW72: Egg weight at 72 weeks of age, EW80: Egg weight at 80

weeks of age
ﬁt?u‘ L: S| 00 U"’)‘; ¥ J9A> ) LQL)" l.: .Ia.u;o
o b LU )3 A G gy obel 2 (o098 Gl 4525
O S E 155 039 9 SIS eSS (sl 50 €0 055 039
oslbly o ian Gl Klad e olasy (( Kas YF
Ve g0 lapgisessS 59, 00d 4 gs (alidl (S
<3, 15312483104 Silas (F Jsaz) auxdls 13
59505 gelon VPA (058 CuaBga 10 9 ) pgig09)S
o5 S ol s mly 63lskeS FYF alols o 5 o5
SIAH3 layailS o5 ol 45,8 )5 SIAH3 glayils
BRI I CRS T S Y SRR POV PG C RPN W L s
San b Fy Sumex Loy )3 (oo9) 5 G s
55 Sz 035, Job b Lo o (sl sl Ll
Ozmad ol 0alds 3155 s S 5 leie 4y SIAH3
PV axl 0 ) pgjees,S (g9, 15314470919 Slis
Ol cewdYl g5bekST WYY alols o 5 0e (oL
eils 1,3 CECR2 glayils 5 o, Silss
055 059 b b pe Slio (oe9i) Gl (b3 (om0
bt Jae ool 2 o5 5, AT o) o5 §ye (g5, £
WOy oA r:L?u‘ GEMMA )|),9| ey L 0 R S el
G5y (ip Y7 s )0 g0 035 (3s b BLSY 50

“a S gy Ak o9 G 4 @l 5l al
ol gl L a5 cuwl a5l wie del cuwo
Az g (ool Bl (SB35 Guibly Gl (oisid s oS
Alsiie o] LYs 5 a8 (¥ Jgoz) ol aily ialS oo
5 oloyen jsbay o Silas BT poles 285 i jo 4,
Lo 3ge o,Lal i sladoe jo bagl pog (Bolas
ool 500 o 5wl oo el cds cdigad ojlasl ialS
Ol Fsmgyy il (S5 ohalidd BT Wy oo £929s
2 il wegiy Sl G,y S g0 b
@l ool f5e odes o5 ppaiz &5 Slao ogas
SO e 099y 3 e S ey s el onls
De Los ) sS o Jos (GBLUP) 0555 > <o)lU
ool 3l eslazul b puen (Campos et al., 2013
syl plitds slagls jo el £ 5 b 0y
O S S s b il el mls pog bt Lo
OF dhaad) (S35 (6 laxe o 0935 (Mol 5] sl
35 BT Jlyi @is 9 (5 6T misd 9 oo 55 1S

(Colombani et al., 2012) sl ools yis,135
4295 (S35 g i LSNP (sla S0lis ool
Gluals (5 S b oolyer (g gy 5l ol



&

(FV-OF) VE Y 5allpg o ladpassly Jlof ol lodg cliio

o2 Pl A5 oiiwd FADS 55 00l 51 (g S oy uils
O 0 2z sladal poged glidlpd oaiSpalai sla
05 B8z (e 6,0 s BL | (samgly 5o s
G g e 03 035 oz el hlgn L FADSI
Rl %y g e 1 £ e 055 03,5 ;3 1-6/0-3 Cas
.(Matsui and Takahashi, 2017) cel ool i)l58
lusls o) Aoz Go )lsgie bl izeen
o, ol Cas 5 0y slaanwl bldg L FADS2
o i35 sl ez yals p55 00,5 0 F Kl 4y ¥ Kl
4>l o ISsais a0 (Khang ef al, 2007) ool
Sl gme blijlols (Las FADS2 ) cwsgis, (sonkas
5wz el SlaS 55 4l Gl )3 9250 SNPs
(opl pogdle (Zhu et al., 2014) 5)ls 5429 o, Slaws
slagy 2 d9zee iaiz o lsgee bl
oy sl Ly L FADS2 5 FADSI lauls
Sl oo 158 Hinai-dori ol £,6 j0 ClbeS
4o 18315873171 Kles .(Rikimaru et al, 2016)
Ero 155 )9 b 1o 5 0 pgjgeg S (63LKe VY Coadse
GbekS 0F0 o a5 wh plulis Sas YA w0
Glaails o5 o5l 1B CPTIA (5 ,Slid cpl (SewsYl
sliad o s I8 Jasl ST, 58 oS o 51 CPTIA
Sldel HglannST Ly 2alS g (g S gie S

Syl Oy

4B 5o Ssks 3+ 46 K (GGAD) | pyisesS
wlolis dilato b a8 0g o0l 5155 V2A/0Y B PY/FY
bl g Geizren Sl JlgPpa pol> agh ;0 end
P Er oS Uis 83y S e 4l g s
05 &S del Cawsdy LKL £V axl o (6 138 050 (gl
Liuet) 09 S yiino (L3 asllas L CECR2 slayuils
(al., 2018

Osekee 00 Cosbge ;5 15315627283 o s LSl
2 Ere5S 0j9 b badze 9V pgjeg)S (695 s lS s
—omb GbeS Ve f Al o g ad olols Siae 0F
O aasle 18 SGKT slayails 5 ,Klad cpl (gws
30 (s )S gl bl & Slae 5 axwgs ;0 SGKT (glayails’
Sozge (ISiaiz G g )loge LLI gl 2E
3 Syl drng  condais o e ;0 SGKT 5 4o
(Song et al., 2011) el oals )38 € 0

slean T ganaies dw ol p G5 Ceale 429
S0 ol sk a5 JsSge o Shat o
b o) mlid g 28 @l w4V 5V ) o
3 8bes Sy sloanlp sases s 4w sl
ol ¢ oedle aams oo plis (Jsko szt 5 (JsSse
SOLE (K TF ()3 £ 50 035 (39 b L e S0LES
Osedae VY 4l )0 O pgjeey,S (59, 5315873171
FADSIT slslS” (5 59 4 o055 o sodsilS'ss
sl ol &5 ols 13 (3bslS TYA) FADS2 o

0dd dazr g8 (S5 by Ol bl E0 035 09 Slio L dai e SIS sl ys 9 SNP CuaBge —F 5o
Table 4. Position of SNPs and candidate gene related to egg weight traits based on the proportion of explained
genetic variance

Trait SNP ID Chromosome Percent of Position  Allele Candidate Position
genetic variance (bp) gene and distance
explained (bp)
EW28 15313127156 20 0.04 10287881 T/C BPIFB2 Bottom-
9416
EW28 15313127156 20 0.03 10287881 T/C 0CX36 Bottom-133
(BPIFB3)
EW28 rs315873171 5 0.03 17479328  A/G CPT14 Top-565174
FEW 15313127156 20 0.02 10287881 T/C TCF15 Top-360242
FEW 1314470919 1 0.02 61795431 A/C CECR2 Top-112570
FEW 15312483194 1 0.01 168792881  T/C SIAH3 Bottom-
424231
EW36 rs315873171 5 0.01 17479328  A/G FADSI Top-504316
EW36 1315873171 5 0.02 17479328 A/G FADS2 Top-438204
EWS56 1s315627283 3 0.02 55899473  A/G SGK1 Bottom-
306062

FEW: First egg weight, EW28: Egg weight at 28 weeks of age, EW36: Egg weight at 36 weeks of age, EW56: Egg weight at

56 weeks of age
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Fig. 1. The Gene Ontology classification of the biological process, the color guide along the graph shows the
details of the types of biological processes
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W bLinding (G0:00054£8)

B catalytic activity (GO:0003824)
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M {ran=cription regulator activity {60:0140110}
transporter activity (G0:0005215)

Fig. 2. The Gene Ontology classification of the molecular function, the color guide along the graph shows the
details of the types of molecular function
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M supramolecular complex (GO:0099080)

Fig. 3. The Gene Ontology classification of the cellular component, the color guide along the graph shows the
details of the types of cellular component
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