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Abstract
Objective
Identifying genes with large effects on economically important traits, has been one of the
important goals in chicken breeding. The present study aimed to conduct a genome wide
association studies (GWAS) based on Gene-set enrichment analysis for identifying the loci

associated with egg weight in Rhode Island Red chicken using the high-density SNPs.

Materials and methods

Phenotypes records and genotypic data were obtained from the Figshare online public
repository. The gene set analysis consists basically in three different steps: the assignment of
SNPs to genes, the assignment of genes to functional categories, and finally the association

analysis between each functional category and the phenotype of interest. Genome wide
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association study for 1,078 hens was performed with egg weight including first egg weight,
eggs weight at 28, 36, 56, 66, 72, and 80 weeks of age using GenABEL software. Using the
biomaRt2 R package the SNP were assigned to genes if they were within the genomic

sequence of the gene or within a flanking region of 20 kb up- and downstream of the gene.

Subsequently, gene enrichment analysis was performed with the goseq R package and
bioinformatics analysis was implemented to identify the biological pathways performed in
GO, KEEG, DAVID and PANTHER databases.

Results

In this research, 9 SNP markers on chromosomes 3, 4, 6, 7, 8, 9, 19, 20 and 22 located in
MC3R, LEPR, ECT2, SH3GL2, KCNMAL, SPP1, PCK1, MMP9, PPP1CB, ACOX1, and
IGFBP2 genes were identified. Some of the genes that were found are consistent with some
previous studies related to egg weights. According to pathway analysis, 28 pathways from
gene ontology and biological pathways were associated with the egg weight (P<0.01).
Among these pathways, the regulation of feeding behavior, positive regulation of the
apoptotic process, positive regulation of protein phosphorylation, osteoblast differentiation,
positive regulation of gluconeogenesis, cell-cell junction, and focal adhesion have important
functions in creating the egg weight and process production through the development and

ovulation of the oocytes, the formation of albumen, and the formation of eggshell.

Conclusions

In total, this study supported previous results from GWAS of egg weights, also revealed
additional regions in the chicken genome associated with these economically important
traits, using these findings could potentially be useful for genetic selection in the breeding

programs.
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Table 1. Descriptive statistics of egg weight traits at different ages
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Table 2. Association significant SNPs with egg weight traits
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PCK1I lusls slayys sls S 5,8 65l Cell junction 4 Protein dephosphorylation (gluconeogenesis
Ois b B ye o) 4l IS a58 e pe 5 bl shailis pleld Gus b sladlas 53 3 XIRP1, CTDSPL
(Dong et al. 2019) cusl onis slolis PCKL (5 Jolis & popss

s e olioly 453, LT3, 515 30 0393 S 5 559 £y 30w b Ladiye (o5 gy (S sadllas 13
dilate (M55 §pop55 Sl b b3yl )3 (GGAL) pojgessS 55y F5Y MDD asl )5 g odds plosil o puiie 5 Laliseo
polo Gimgh 50 (kB Al cundYl b kS FY) ous ololus adlate L oS (Liu et al. 2019) 54 oss (555 )l sime
5L 5 aljgy Lhpae Shgd L sy sl clay ololid Gua b esij JS s sl j3 .cudly lysean
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Table 3. Gene set enrichment analysis significantly associated with first egg weight

Sad S ddw wlly) e 0B sl U5 2 0 sl sy p-dsyl

sl (150 23290 Term XN
GO ID GO Term N Term _ Candidate genes in Adjusted p-
0. genes in value
the GO term each of the Term
Biological process
s Sl
GO: 070830 Bicellular tight junction 4 CLDN1, CLDNS, 1.21E-05
assembly ECT2, MPP5
GO: 0030036 Actin cytoskeleton 8 BCL6, DNAJBG, 2.45E-03
organization WASF2, CORO1C,
DOCK?2, FLNB,
PALLD, XIRP1
GO: 0001649 Osteoblast differentiation 8 IBSP, IFT80, NOG, 1.96E-03
PSMC2, RRAS2,
SPP1, SEMATA,
TMEM119
GO: 0043065  Positive regulation of 11 BCL6, BID, BARD1, 4.29E-06
apoptotic process RNPS1, CSRNP3,
CTLA4, ECT2, FRZB,
KCNMAL1, RHOB,
ERBB4
GO: 0010762 Regulation of fibroblast 3 WDPCP, CORO1C, 4.18E-03
migration RAC1
Molecular Function
Foge 3Slos
GO: 0008565 Protein transporter activity 8 USO1, VPS29, AP1S3, 4.08E-03
COG2, IPO13, IPO7,
KPNA4, KPNA5
Cellular component
ok i
GO: 0005911 Cell-cell junction 9 WASF2, WTIP, 2.05E-03
CLIC4, LCP2,
MAGI3, NRCAM,
PKD2, SLC2A2,
TENM2

Llods yaswie Codbla 9 Sl Jﬁ.w & &)op:u Oly Caw L Jaa)).a slusls Lghadj
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Table 4. Gene set enrichment analysis significantly associated with egg weight at 28 week

of age

e S (5150 s oliol ) puno o S5 U5

20 slusls gy p-ejyl

ol GO Term 2 39290 Term W I
GO ID Term . . Adjusted p-
No. genes in Canﬂld?ﬁ ge1[1e:rrl1n value
the GO term each orine 1€
Biological process
R
GO: 045722 Positive regulation of 3 ARPP19, PCK1, PTPN2 3.41E-02
gluconeogenesis
GO0: 0071333  Cellular response to glucose 4 NOX4, SIN3A, 8.84E-04
stimulus PIK3CA, PCK1
GO: 0006470  Protein dephosphorylation 4 CTDSPL, FBXW11, 9.76E-04
BTRC, UBLCP1
GO: 0043065 Positive regulation of apoptotic 11 BCLS6, BID, BARD1, 6.58E-03
process RNPS1, CSRNP3,

CTLAA4, ECT2, FRZB,

KCNMAL, RHOB,

ERBB4
Molecular Function
550 3yl
GO: 0004712  Protein 4 AURKA, PRKAA2, 3.16E-04
serine/threonine/tyrosine kinase RELN, TNK2
activity
Cellular component
oo sl
GO0:0030054  Cell junction 11 EPB41, GABRE, 7.43E-04
GABRD, GTF2A2,
GPHN, GRIN2B,
GLRA3, NFIA, SDK1,
TENM2, XIRP1
GO: 0005911  Cell-cell junction 9 WASF2, WTIP, CLIC4, 2.93E-03
LCP2, MAGI3,
NRCAM, PKD2,

PANTHER Pathways
PANTHER (s e

P00021 FGF signaling pathway 7

SLC2A2, TENM2

FGF12, MAP2K2,  1.22E-02
PLCG2, FGF13,

MAP2K4, PIK3C2G,

PRKCZ

Llodds  yastie codbla 5 S I 4 EronSS )y Cuo L g sy sl

V.0

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500

3, N,



Erere—

(\Yiﬂﬂ )ﬁb Y b)l.o.w NY D)sb) ‘_5”31....5 tﬁ)?“?‘“%" Abno

S92 Y (i 33 E 0 059 (339 U L po I3 ro (I sracgeome (g5lw S8 Julod g 41500 0 Joa
Table 5. Gene set enrichment analysis significantly associated with egg weight at 36 week
of age

ol (G 35 Al bl ) e U GOS0 gl gy p-ds)y!

GO ID (&51’9 2 39290 Term W I
GO Term Term . . Adjusted p-
No. genes in Candld?iige_lpes in each value
the GO term orthe term
Biological process
(s )b
GO: 0006886 Intracellular protein transport 8 GRIK2, MYO6, PDCD6, 2.48E-03
RPH3A, RHOB, STX16,
STX18, SNX6
GO: 0035994  Response to muscle stretch 4 RAF1, JUN, PXN,  7.93E-04
SLC8A1l
GO: 0006915  Apoptotic process 10 BID, TRAF7, WWOX, 4.59E-04
BIRC6, EGLN3,
FGFR3, MAP3KS,
PDCD6, TGFBR2, TP63
GO0: 0001934  Positive regulation of protein 6 ROCK2, WDFY?2, 1.61E-001
phosphorylation DVL1, FLCN, MMP9,
PRR5
Molecular Function
J5Uge 3,Slos
GO: 0005515  Protein binding 9 CDH2, CNTN1, ITGB1, 3.12E-04

LEPREL, MYOS,
KCNMAL, TENM1,
TGFBR2, ETS1
G0:0044877 Protein complex binding 4 FLCN, LEPRE], 4.41E-03
KCTD5, KCTD2
Cellular component

ok 13!
GO: 005923 Bicellular tight junction 9 CLMP, BVES, CLDN1, 9.83E-07
CLDN16, CLDN19,
CLDN3, ECT2, MPP7,
PARD3
GO: 0005911  Cell-cell junction 9 WASF2, WTIP, CLIC4, 4.45E-06

LCP2, MAGI3, NRCAM,
PKD2, SLC2A2,
SLC2A6
PANTHER Pathways
PANTHER (¢l pse

P00021 FGF signaling pathway 7 FGF12, MAP2K?2, 3.80E-02
PLCG2, FGF13,
MAP2K4, PIK3C2G,
PRKCZ
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5 APOPLOIC ProCESS yiwe & plgicse (Sihn Y5 (s 13 Eransd (1jg b ladye 0 sine (ol (sl 105
5 TGFBR2 FGFR3 (slysils slayj g0 (slubls slagys e 515, o sl intracellular protein transport
axwg 5 28y b FGFR3 (lasls’ 15 o )bisine byl singy Eraesd 0g b ssime L)l oy sl SNX6E
Jebessa et al. ) s)ls u > Joho dnwg g iS5 5 S i 0 cpl &S sl 00l (515 Epe o Sl Mae
2 yas Shg b cops cao L TGFBR2 (clusils 15 9 s9290 bsiz o )bisine bl (izran (2018
DR s 53 (10yS 98] witans 3,Sdes 5 axwgi > TGFBR2 gy uils” 5 (Rasal et al. 2015) cul sas (3,155 &0
LT 35 305 ey 53 Epan5 g b basiye lio b o (g o bawgie (S) (Stuwed & 4295 L (GeNECardS) 3>
3l 38,56 eadgs fyee5S (i 2 e TGFBR2 (5 & 5 axs olsi oo (ToNgsiri et al. 2015) »,

sob> a5 5y pb 1y Cell-cell Junction yue glgs Lo (s gwn Jolo linl (250 1 oo (sl e ]
sl 55 s & sl e g Y¥ L SLC S5 edlgls 5 i 5 el SLC2A2 § SLC2A6 (luils (cla
Eewy b Qo (gl 5 SV g0 (IS Jed ) slod S Yl (Kjglon I (S edlgls (pl s
ey Sl b 4 2295 L (UNIPIOKB) 5l S ciliseo (Sgulio (sl e 5 33955 (1g0y98 35k ccs3to dlso |
g s Sl (ool (Sfslon e 4 (55 APl ] bl Gay] (355 pelail (5 edlgls ol (BT slag
S5 bl s Jao oluly o3y 22T 3, 005 e 555 30 055 g b basiye Slao e Glagr LB sadllas
(GGAL) V pyisagss 59y (Sain Y5 oy 13 Eyo 055 (39 b bl > sl 003 plosl GEMMA 1331 o5 dluasgy oiie
Oigh 0 ok olwlid adaie b a5 (Liu et al. 2018) cuwl sas ()15 VAN B AEY/FY asb 34+ Kb anl
il Slasan ol

PANTHER (sl 5 (ol (i iliie (3,Slas lik 1 S50 TN 9 0T (pw )3 E 0059 (39
& o 23> &S TOCAl AANESION puo .l 00 1)1V 9 & Jolis )3 (Ssin 55 9 0F (pw ) §ren55 (yj9 b by
O3 om0l 314 39 (55 degemme cnl 3 05 Ve (sl el sy (Saim 5 5 OF (tes 53 §y0p58 (i b Ly o st
oS col Bland (55 (5 03lgls 532 PPPICB (5 .85 1l )3 Eree5 ()js b ey olise |, PPPICB (sl
{UniProtkB) »)ls (i&5 1S5l (Sl (slasial )b )3 5 iy 5iius 5556 mualprlio ( Jobo o ) (s0lS° ii5
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Table 6. Gene set enrichment analysis significantly associated with egg weight at 56 week

of age

olind (gamd oS (o1 y0 dleabis oleol ) jaunno @B g3 U5 b 3 sl glayy;  p-d;)l

GO ID GO Term 2 39290 Term PR I
Term . . Adjusted
No. genes in Candlg?ﬁgeﬁeersn:n each p-value
the GO
term
Biological process
sy Al
GO: 0006486  Protein glycosylation 7 NPC1, ST3GALS, 3.02E-04
B3GNT4, GALNT1S6,
WBSCR17, FUT11,
TRIP11
GO0: 0018108  Peptidyl-tyrosine 6 EPHAS3, EPHB6, ROS1, 1.03E-03
phosphorylation FGFR2, MAP2K2,
PTPNG6
GO: 0048146  Positive regulation of fibroblast 5 PDGFC, PDGFA, 1.03E-03
proliferation RNASEH2B, SIRTS,
ZMIZ1
Molecular Function
Hge 2 )Slee
GO: 0005515  Protein binding 9 CDH2, CNTN1, ITGB1, 6.28E-06

LEPREL, MYOS6,
KCNMAL, TENM1,

IGFBR2, ETS1
Cellular component
ok 132!
G0:0005925 Focal adhesion 10 ARF1, LIMS2, LPP,  1.98E-03
LIMK1, RAB21,

SLC9A3R2, DOCK?7,
PPP1CB, PPP1CC,
RHOB
PANTHER Pathways
PANTHER (¢ls puo
P00021 FGF signaling pathway 7 FGF12, MAP2K?2, 1.65E-04
PLCG2, FGF13,
MAP2K4, PIK3C2G,
PRKCZ

Llodds yaswie Codbla 9 Sl Jﬁ.w & &)op:u Oly Caw L Ja.u).a slusls Lghadj

5503 5 s e 5 A dlaw b e j sladinl 3 cla o I CElUlAr response to estrogen stimulus yo..

lolid Ban b )00 315 Glepe 13 (0gi) U5 lug adllae 3 oAb (glulid ErepS (g b B 55 &S 390 (b jrne
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Table 7. Gene set enrichment analysis significantly associated with egg weight at 66 week

of age

wwbad s 85 dldas wlw‘).g) QU Wy JS 2 lanls gy P— 3!

GOID (uﬁ‘)a Term ,5 39540 Term X Wl T
GO Term No. genes in . . Adjusted
the GO term  Candidate genes in each p-value
of the Term
Biological process
(s Sl B

GO: 0071391  Cellular response to estrogen 3 WBP2, BCAS3, SFRP1 7.03E-03
stimulus

GO: 0035372  Protein localization to 3 CHAMP1, DVL1, 1.87E-03
microtubule MAPRE1

GO: 0007519  Skeletal muscle  tissue 5 FLNB, FOXP1, KLHL31, 1.50E-05
development SVIL, IGFB2

Molecular Function
F9ge 3 Slas
GO: 0004672  Protein kinase activity 7 FASTKDZ2, JAK1, TBCK, 1.76E-03
MYLK, TRIB2, ERBB4,
VRK1
Cellular component
Fobe Gl
G0:0005925 Focal adhesion 10 ARF1, LIMS2, LPP,  3.75E-02
LIMK1, RAB21,

SLCY9A3R2, DOCK?7,
PPP1CB, PPP1CC,

RHOB
PANTHER Pathways
PANTHER (¢l yune
P00018 EGF  receptor  signaling 8 PEBP1, MAP2K2, 4.57E-02
pathway RASA2, ERBB4,

MAP2K4, GAB1,
PIK3CG, MRPL38

Llodds yaswie Codbla 9 Sl Jﬁ.w & &)op:u Oly Caw L Ja.u).a slusls Lghadj
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[(Darzi Niarami et al. 2014) ol o0

PANTHER (s s 5 (ol (o Gilis (53,Shas Slidb 3 S50 Ae o VY (o )3 & 50055 (339
"5 0y b b e j3dne g wae Gl pee Il 003 LI 9 A Johi 53 (Siim A g VY (3 E 30055 (g b Lasi e
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ool 0k 555 ErensS jg b d ©ldlas ;5 LEPR g MC3R (glussls slayi o syldiine blo) cppme ol
CSERYY 5 ¥+ YA (eias 33 Erp55 05 650e Slio L MCBR lulS 03 53 3990 (S22 ot 5yl sine bl
Mohammadifar & Mohammadabadi 2018; Moazeni et al. ) cul ois (55 85k 5 o)l og e e
B S Bpas ( Splio Cllad 350 (S 9ilgy98 laiigeson 5l sibwgan mlas ;> MC3R (5 .(2016
Sl B % e g 485 (5l il (Bran STigh w3 ) (geyen ) S e el § (555l
U5 Exe 2 o g9 L LEPR lusls o5 0 (JSauis o s)bdme b3yl opien (Moazeni et al. 2016) )l
(Nie et al. 2005) !l oais

sk 1! o 51 CRII-CEIl JUNCHON jio &y plsic oo 50 055 (1j5 b e om0 w9 (ol gl jons ||
3 o U SH3GL2 (clusls 13 o )b sime blo,l g conl )38 5L cuwgel dawgs 9 a3y » SHIGL2 (5 5,5 o)Ll
POSItIVE & ()55 o &r0055 (9 b L pe o dxe sl pune I (XU €L AL 2011) ol oad 5)55 ()18 055
03500l (6l oo 53 39390 slays oy 3l 45 3905 oLl Catabolic process lipid 4 regulation of proteolysis
FGFR4 3 PLCB4 (lysls slayj om s )bosine byl 5g05 0,3l FGFR4A s PLCB4 dla il clayi & s e
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Table 8. Gene set enrichment analysis significantly associated with egg weight at 72 week
of age

owld (gmd oS Al wlml).g) s U s S Term i o glusils by P-9;))

GOID (150 JLETCSY B0 gt
GO Term Term Candidate genes in each Adjusted
No. genes of the Term p-value
in the GO
term
Biological process
sy Aoy
GO: 0031647 Regulation  of  protein 8 FBXO7, SUGT1, VPS35, 2.51E-03
stability AURKA, CDC42,
DACT1, QRSL1,
TADA2A
GO: 0060259 Regulation of  feeding 3 LEPR, MC3R, PCK1 3.73E-02
behavior
GO: 1903076 Regulation of protein 3 KALRN, STX8, VTI1B 1.25E-002
localization to  plasma
membrane
GO: 0045862 Positive regulation of 4 FGFR4, FBXW11, 2.03E-002
proteolysis AURKAIP1, BTRC
Molecular Function
950 3, Slas
GO: 0003707 Steroid hormone receptor 8 ABHD2, NR2E1, 2.52E-002
activity NR2E3, NR5A2,

PPARD, PPARG,
PAQR7, PAQRS
Cellular component

ol 13!
G0:0005925 focal adhesion 10 ARF1, LIMS2, LPP, 4.68E-02
LIMK1, RAB21,
SLC9A3R2, DOCK?,
PPP1CB, PPP1CC,
RHOB
GO: 0005911 Cell-cell junction 6 ADAM17, FGFR4, 2.01E-03

FLRT2, SH3GL2,
PIKFYVE, PRKCD
PANTHER Pathways
PANTHER (l» e

P00021 FGF signaling pathway 7 FGF12, MAP2K2,  4.95E-05
PLCG2, FGF13,
MAP2K4, PIK3C2G,
PRKCZ
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Table 9. Gene set enrichment analysis significantly associated with egg weight at 80 week
of age

S A abudis olwl ) oo oG sy a3 gl slany p-dyl

b (150 23920 Term e
GO 1D GO Term N(Iegr;;es Candidate genes in each “""
in the GO of the Term Adjusted
p-value
term
Biological process
(s N2l 3
GO: 0043406 Positive regulation of MAP 4 FGF18, MIF, PIK3R5, 8.26E-03
kinase activity PDGFB
GO: 0060259 Regulation  of  feeding 3 LEPR, MC3R, PCK1 9.60E-03
behavior
GO: 0016042 Lipid catabolic process 7 LIPI, PNPLA2, PCK1, 1.82E-03

PLA2G1B, PLA2GI1BL,
PLCB4, PLCL2
Molecular Function

990 3 Slos

GO: 0004364 Glutathione transferase 4 GDAPI1L1, GSTA, 3.35E-03

activity GSTK1, HPGDS

Cellular component
ol 2!

GO: 0015629 Actin cytoskeleton 7 RAB22A, ARHGAP6, 2.99E-02

ABL1, KLHL17,

NPFFR2, SLC16A3,
SNCA

GO: 0005911 Cell-cell junction 6 ADAM17, FGFR4, 1.95E-02

FLRT2, SH3GL2,

PIKFYVE, PRKCD
PANTHER Pathways
PANTHER (¢ls e

P00018 EGF receptor signaling 7 FGF12, MAP2K2, 4.13E-05
pathway PLCG2, FGF13,
MAP2K4, PIK3C2G,
PRKCZ
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