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Extended Abstract

Introduction and Obijectives: Genetic architecture of sheep reproduction is increasingly
gaining scientific interest due to the major impact on sheep production systems. The present
study aimed to conduct for identifying the loci associated with total number of progeny born
and first lambing age in highly prolific Chios sheep using the 50K arrays.

Material and Methods: In this research, phenotypic and genotypic data related to total number
of lambs born and first lambing age in lifetime and first lambing age were obtained from 538
highly prolific sheep. 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 association study was performed with reproductive traits using GEMMA 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 15 kb up- and downstream of the gene.

Finally, a gene enrichment analysis was performed with the KOBAS platform from online
bioinformatics databases for the assignment of the genes to functional categories, the GO,
KEGG, DAVID and PANTHER databases were used.

Results: In this research, 11 SNP markers on chromosomes 1, 2, 5, 7, 8, 10, 13, 15, 17, 22 and
23 were identified. Also, we identified different sets of candidate genes related to reproductive
traits: QULP1, AURKA, TEX12, DLG1T, ACVR1, LCP2 and PPFIA2 in Chios sheep. Some of
these genes identified in this research were consistent with previous studies. In the enrichment
analysis of gene sets, 19 biological pathways related to reproduction traits were identified. Some
of these pathways have important role in fertilization, ovulation rate, estrogen biosynthesis,
conception rate, skeletal muscle development, early development of the fetus and puberty.
Conclusion: The results of this research can further reveal the role of genetic mechanisms
affecting reproductive traits. Considering the conformation of previous genomic region and the
new genomic regions identified in this study, the findings of this research can be used more
confidently in breeding programs for important economic traits in sheep.
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Trait Number of records Mean SD (%) Min Max
o 35 olass Sike P o] sl Sl
Db 2 bl 0ad gio gls JS ol 538 431 3.20 1.00 25.00
Total number of lambs born per ewe

wlier ool 2 hae 538 595.88 232.05 345.00 1454.00

Age at 1st lambing (days)

b candYL VKD b g o5 o 31 55 jlaid )90 SNP S5l
Bas eb bl wab S 5 o] cangmb
olib 4 bej bl -y (Clancey et al., 2019)
Slab s Co obesdon je 5 (90Sles
Sboj a5 Splie Glajs 5 (55 62,8es
ol Sl ol 5l s xe
KEGG  (/http://www.geneontology.org) GO
Panther {/http:/iwww.genome. jp/kegg)
http://www. ) BioCyc «(http://www.pantherdb.org)
(http:/Awww.reactome.org) Reactome 4 (BioCyc.org
lhosdon e 5 e Clib o Caa
by & cwl ol p (5,8 Aoy cpl ol edlal
G (55 degarme du I pols (93,Skes il Sy 3 oS
& g il 09,5 S plsisar wlgi oo Xl 5 el
I g =V ged el i ol o Sho )b
o yue ot Sobl)l tyme BT 4l osiS
39 @iy olatl b ey clino b b pe (63,Sles
)8 o905l 3,90 Fisher’s exact test oyl ¢ ' owiin
Wyl odlitnl b (55 dsgerme gilugd wpS 85
» .S sbol (Bu et al, 2021) KOBAS (¢,l58ls 5
il edel Cans @ glags 3,Sles yip gunds slp Cole
GeneCards Wl Sl elnolSoL
UniProtKB 5 (http://www.genecards.org)

54 eslawl (http://www.uniprot.org)

2l JS sl clio b g ye yinte s Q-Q (slacdy
odd Bl Y 9V USS  oliop ool oy g odd Wgte
() (Seog3 pog5 S8 a8 (slp b9y iz el
A el wle (3 pesd hg)y 3a855 Cpl 40 aS 3yl dgng
s2s 1)\ 5505 amer U5 g5 58S
A3 e Ui |y cuigf o sl b g (e sinaY
PLINK > (Stwgn Jdod 5 4325 Gobo 5l 1ae¥ 5956
M Slas (gl a5 45 dpole dallae 3y50 Slaw (4ly
9 VY ci & Qo gl (o g 0 gt gl S
VU il Ly 355 0 odalive a5 joblon 4 3y V/+0)
‘_gl).g (o> iy dg>g pIS LB u’w’ 9 Dy
P e o9 I ol sbddes g wps el
Gl Caol ¥ golue L VYl S o8 oY &S Sllllas
Hinrichs et al., ) caws Lumes Hlidlo Ol puoual &
(2009

oms 1 Jel gleedly cuas jl pluebl cae
e Jolpe g Wodk Jhalpg (S 025 ) oy
(VA a5es) PLINK 3l 5 51 oolial | cosS 8
Purcell et ) u plosl o cadgiy s adgl (slaodly (¢,
0 3l i b ol db e cpiwss o (al., 2007
LS Bl eam Ul ab, cuns )l cuig o
o &5 9 (MAF) 26 T Jlslhd Jels 93 51 g
9 0d duobre SNP S5l o (4l (Call rate) g
4 Call rate g MAF cl)ls Lpls gg0mx0 p> 45 &SNP
i Jolye jlag 8op3 Qe g aoyd 93 I a8 sy
oS oniladly (oo Sl g 55 4z3lE LS LUl
Oleedas il Blyzil Sile- o)l ol I conday
S 2l 3 el o sl )R Jlas
> p93909)S 59) & (WSNP (iren ud aslis
A ie slopdl ) wizals )3 wslisls oy b
ooly OVA slaws cuas 58 51 am colpd )0 Sud dnslis
2 o555 JS Gl sl bl gl SNP ¥OAYS slass 5 pls
Hle (Bl (S asgeme (giluis Jdo g ajes 4l
3929 pie b3y (oyp lp @S ol 3 oen
Gkl Swagy JpS by Sl edlitel b (ghmex sy
s 5 9 PLINK J33l 5 55 (A) (pman J 558 )55 55556
oy SNPEVGWIN_3.2 i3l 5 Q-Q cboedl,
My Jl bewisy b b bl car ad
/AN a5 (Zhou & Stephens, 2012) GEMMA
a blise s Juo 4l p oolaiwl 3y50 Jio i odlii]
D92 5 JSB

y=Wa+xf+Zu+e

Jols) ol wll jboy @ (L sd Claalin Hby iy o
oS5 g (Yo1A=Y++0) g Jho (S 0-Y) plo oo
U ygojl cos Sl glaceiss Jhp o () Ll
By Bolas claosile 3L 5l oy «Ss5h Il oy
ok L)l )b el le Z o W
lrasgazme Jlos g 438 4k (0w Glagy U
GWSNP Ko o (V 103,85 pbxl alsyo a0 S5
5 Ses Clib 4 by bls)l (Vo5 b e
oo 3BT a0y g2 (o935 S g (7 (tliossbgnr (5l ppmns
Jaie a5 SSNP o b WSNP lSe s —)
l38le s a5l odlazul b 5gs +/+0 I a8 Ll P-value
L § R Ly ,» (Durinck et al., 2009) biomaRt2
& olayi 4 (0ar_v3.1) LawsS a0 peij jl oolatl

1-Hypergeometric


http://dx.doi.org/10.61186/rap.14.41.70
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.7.2
http://rap.sanru.ac.ir/article-1-1380-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.22518622.1402.14.41.7.2 ]

[ DOI: 10.61186/rap.14.41.70]

Al el dozxo 5 (Shazme (g

Y¥ amﬂwa)‘vﬁilwuwa]a.y)AW)Judub)JLfoij};kﬂyd:JUaﬁ
A
< -
e
3 o
g
]
o o —
@
=
L E]
2
o — —
L=d 1.
T T T T T T
0 1 2 3 4 5

Expected —logalp)

B
w
w .
E -’ -
> - — ‘{:’
8 g
I
L= ] o« b |
@
c
@
a8 o =
[&]
o -
T T T T T T
0] 1 2 3 4 5

Expected —logy(p)

U»L;lf .,\..a.w; )2 (B) u.:l)b).: ‘J,Jsl O 9 (A) o AJ9§.A Cl.u J§ .)IA:u Slow dl).: Q-Q (_sLquM: -\ Ji-“’
Figure 1. Plots Q-Q for (A) total number of lambs born and (B) age at first lambing traits in Chios sheep.

sl (GO) o)f (b s Jdos bl
Agio gl JS sy f5e o) (ol (il (s
laass 5l odel Cuwddy gl b illas a5 A odalie o
olyondy (wolid (i slapy Jolf Sl 9 (i
el cwl sas @l ¥V Jads o Lol glayys ol
sl & cwol cpl oy i oo pl 1 ol
Ovarian follicle  .l,d L DLG1 4 AURKA
Calcium zw; 31,8 ;> QULPL 45 4 development
L ooad Moo gls IS ol b kg ,e channel activity
ol O\m,f_ 2 diud (Gilo S cups Jlde oy i
2 s Sl cnl glagi Sl (B b edalie oL
Jeadgi b b pe (glusilS slayj (o) Bl Slalllas
il byl ) (2ljglh dix pogat e,

095 Gblo 43 Tl gl o lwbid

ol aumgdubls 5 YV-OF jl o5 sae Y8V-Q olaw
&S b ool iudgr SNP (ola S0l dluwgdy didwsS 5o
V¥ wyp 3y90 3P 50 )b dxe slai Sl Hle (]
[0 5l yeS P-value L ,Solis & JBlas ixy didgy 5
VO Kb alold b 5 cpl casapsl L YL 0 L g U530 5
b sy jbiine slags glpear by ool wd)5 18
Sy wliey ol o 5 0ad Wate gl S sl claw
&5 s gesme Sl us Glesl GSEA-SNP 4, 10
s il YSF ol Galises (glools (glaolSyl j1 Lol
A5 oanlie KEGG ) ywwo VY g dol Cawnd 4y owlis
wadly of Yoo ) peS g 0f dw i o5 (e jes
WLl o yl8


http://dx.doi.org/10.61186/rap.14.41.70
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.7.2
http://rap.sanru.ac.ir/article-1-1380-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.22518622.1402.14.41.7.2 ]

[ DOI: 10.61186/rap.14.41.70 ]

A

L;‘(U‘MMSJ";’“M

VEY 5ol /FY o)ledds /omaylee Jlo (ools Sludg sleaingsy

4.43

2.95

2.21

1.48

Significance = log10(1/p)

0.74

Chromosome

6.6 B

5.90

5.16

4.43

3.69

2.95

Significance = logl0(1/p)

2.21

1.48

0.74

0.00

Chromosome

$9) 595 S 80 X jgme . wblS WS 53 alion gl (o g 00 Ugie gl S slaws Slas sl cyiie &M —Y S5

_ P-value (55,1 Ve lue p i)l (ile Y oo g lapgigesys _
Figure 2. Manhattan plot for (A) total number of lambs born and (B) age at first lambing traits in Chios sheep. X axis,
genotypes allels positions on chromosomes, Y axis, -Log10 P-value

o (Wang et al., 2021) > ond )55 AURKA
$edsbe joie mrad Spe b e DLGL (glanls
O3 S99 29 (FMeSS (g 5ten Mg g 03g gl
Ol (Sia o) posdinl 3 9 0390 (o SAY > 5y
llid (0935 JS Glagy adlas 3 ) o )
L)i;,{l)' S 5D ol Mgio GL’S S b biye sl sl
uliS DLGL gluusls o5 Pelibuey slp laiawsS 5

w95 S oleg adlke > AURKA (gluails 5

3 libwss ) (S) leasgerme (ile i LT 4l
) oo 0 2l 90 L ke 2l
transferase activity 5 phosphotransferase activity
(Esmaeili-Fard et al., 2021) cuwl oai o)l55
i b by 0g5) S logr adllee 3 pionen
sl oF s Gl e ead gt ladllep


http://dx.doi.org/10.61186/rap.14.41.70
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.7.2
http://rap.sanru.ac.ir/article-1-1380-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.22518622.1402.14.41.7.2 ]

[ DOI: 10.61186/rap.14.41.70]

UQ(U\MM5L5.\;>=AM

Ve ol Wgto o JS olus ©lao b las ey 3T b p (o093 JS gy adlllas

588 (a3 i8S 0aiS @lat o opl cwien
Jlodey LRPL (6,5 ko b (TGF-B) Ly oiad s A,
» TGF-B gl JiSew walali )3 (5330 (i g d9)0

2 less sl Jolu

Owcme (Hernandez-Montiel et al., 2020) cuol i
15 QLlld ¥ pojgag)S 59) SILE 93 pl> Budod gl
o3> oL j0 b ajed Mg e oliglus L &S
it b5 53 QULPL 15 b nySolis oyl & ol lis

ey lao b gy (0<0.05) jls gne (35 ladegorne gilo i Jdod g 4525 =Y o>
Table 2. Gene set enrichment analysis significantly (p < 0.05) associated with reproductive traits

P-adjust
P—UJ;‘?)')I Candidate genesl No. genes in the GO term Term GO GO ID
Ll oy 45 Sl L, U L s Olab

ol s L0 ) o )3 D990 () dldad (sl Gl jwe P (sl s Ol
Biological process
s Sl B
0.014 SCN1A, PTGIS 19 Reproductive structure development G0:0048608
0.011 HSD17B12 9 Embryonic skeletal system development GO: 0048706
0.015 HOXC9, HOXC11 8 Embryonic skeletal system morphogenesis GO: 0048704
0.026 DLG1, INHBA, AURKA 16 Ovarian follicle development GO: 0001541
0.001 FGF2 8 Regulation of protein processing GO0:0070613
0.029 DGKE, PPFIA2 7 Positive regulation of synapse GO: 0032926
Negative regulation of activin .
0.032 MAGI1, MAGI2 12 receptor signaling pathway G0:0055074
0.045 TEX11, TEX12 9 Hlston(le methylation G0:0031062
Actin polymerization or .
0.014 CHRNB2, GRIN3A, 11 depolymerization _ G0:0097305
0.005 ING2, QULP1 6 Calcium channel activity G0:0035556
0.008 Acgildl\cl:AAchl\lle' 13 Steroid hormone mediated signaling pathway G0:0043401
CHTOP, SNW1 11 Regulation of acute inflammatory response GO: 0002673
0.015 ACVi%CAGBlCAl’ 19 Estrogen response element binding G0:0034056
0.031 PIK3CD, PLCG1 21 Defense response G0:0051607
0.0015 ARHGEF4, DGKI, Intracellular signal transduction G0:0035556
Cellular component
Syl sl
0.006 CDH13, FRMD4A 6 Cell junction G0:0030054
0.003 BMP4, PDGFB 8 Cation channel complex G0:0034703
KEGG Pathways
KEGG (slbyuuune

0.008 FGF2, FGF6, LCP2 13 Rap1 signaling pathway 0as04015
0.012 PPP3R2, ITPR1 7 Calcium signaling pathway 0as04020

1. Candidate genes associated with trait are shown in bold.

leis oaly oL (K5, 3 s & o b b yo 1508 gl -)

RAPL SIGNALIMG PATHWAY

o

‘N
il
I
;
i)
I
LI
|
§
g
§
i
3
b

:1_?_
BRE FE
L
H
|

—
i%?ﬁ
" =
i

\,
e

T
—e

E3
e
=
&
i
#

=
E
H

(KEGG o3l ol55L) iesdg cuao b lagye (gl slays 9 RAPL JUSaw puune =Y S
Figure 3. Rap1 signaling pathway and candidate genes related to reproductive traits (KEGG database).
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