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The aim of this study was to identify Single Nucleotide Polymorphism (SNP)
associated with selected reproductive traits in Holstein dairy cattle. The interval
between calving and the first insemination, days open, the interval between the first
and last insemination, and the number of inseminations per pregnancy were analyzed.
For this purpose, the hair samples of 150 cattle, born between 2012-2014 in one of the
cattle farms of Ferdous Pars company, were used for genotyping based on 30108 SNPs
chip. The data were analyzed using the least square variance analysis method using the
GLM. GWAS analysis was performed after controlling the quality of the data. The
results identified that 2 and 12 SNPs had a significant correlation with calving to
insemination interval and interval between first to last insemination traits(p<0.04),
respectively. In addition, 11 SNPs and 5 SNPs showed significant correlation for days
open and the number of insemination per conception traits (p<0.04), respectively. In
the Post-GWAS stage, some Quantitative Trait Loci (QTL) and various genes were
identified that affected or controlled the trait. Out of the related NUF2 gene on
chromosome 3 affects the development of the oocyte, ANAPC1 gene on chromosome
11, which affects sperm motility, PITX2 gene in chromosome 6, affects milk
production and ELOVL6 gene on chromosome 6 affects body weight. In general, it
can be concluded that chromosomes 3, 6 and 11 have SNPs that are more strongly
related to reproductive traits.
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Extended Abstract
Introduction

The main goal in dairy industry is to achieve maximum profitability and the goal of animal breeding is to
increase the economic efficiency of the system. Today, with vast advances in the field of molecular methods
and the identification of a large number of genetic markers, including Single Nucleotide Polymorphic (SNP)
markers, livestock breeders can investigate and find QTLs affecting these traits with higher accuracy. Genome-
Wide Association Studies (GWAS) as a procedure might be used to find loci correlated with reproductive traits

in Iranian Holstein cows.
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Materials and methods

For this purpose, the hair samples of 150 cattle, born between 2012-2014 in one of the cattle farms of
Ferdous Pars company, were used for genotyping based on 30.108 SNPs chip. The data were analyzed using
the least square variance analysis method using the GLM. GWAS analysis was performed after controlling the

quality of the data.

Results and Discussion

The results showed that 2 SNPs associated with the Days to first services and 12 SNPs associated with
Interval from First to Last Insemination (p<0.04). 11 SNPs in the Days Open and 5 SNPs for the Number of
Services per Conception showed significant correlation (p<0.04) with these traits. In the Post-GWAS stage,
some Quantitative Trait Loci and various genes were identified that affected or controlled the traits. QTLS,
were observed near the SNPs related to IFL, DO and NSPC traits, they are related to body weight traits. So the
heifer must have reached optimal weight at insemination time. In BTAZ20, near the SNP association on day to
the first insemination, 1 QTL was associated with the stillbirth trait and 1 QTL with high correlation Rump
angle trait was observed. Stillbirth and suitable Rump angle can be effective in returning the uterus to normal

conditions and improving reproductive traits. Several QTLs affected on mamma structure traits (Udder width,

Udder attachment, Udder height), milk production (Milk yield, Milk fat percentage) were observed in BTA20
and BTAZ27 in the vicinity of SNPs related to DFS traits. So in the near the SNPs identified, there are most
QTLs that are correlated with milk production, reproduction, physical index and health traits. Out of the related
genes, RHO gene on chromosome 28 is effected on ovulation, the length of the reproductive cycle and fertility.
CAMK?2D gene in chromosome 6 was related to the number of insemination per conception and fertility
techniques. In BTA21, GABRB3 gene was related to the beginning and end of lactation in cows, and lactation
is one of the effective traits for the number of inseminations per conception. NUF2 gene on chromosome 3 that
affects the development of the oocyte, ANAPC1 gene on chromosome 11, which affects sperm motility, PITX2
gene in chromosome 6, affected on milk production, ELOVL6 gene in chromosome 6 affects increases body
weight, CAMK2D gene in chromosome 6 is effective artificial insemination number trait and fertility
techniques.

Conclusion
it can be concluded that chromosomes 3, 6 and 11 have SNPs that are more strongly related to reproductive
traits.
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3 2lpS Ep i oS Fp Cds 9y p GNAIL pb a4 BTAS dilaio )3 (glosis @dly o5 Jous sl pol adlaio
WT Gl @ s Sl Cdo b pezmen o5 cpl 090,138 51H(DPR) 5 o8 15 (6595l £y Cdo pisron g o8
50 adllas oyl 45 a8 (Abdollahi Arpanahi et al., 2019) cusly gyl sxe byl b (sasg, 9 55 (555,L (NSC)

IDaughter Preghancy Rate
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Druet et ) BTAG  Daetwyler et al.,2014) BTA3 3 o159l O Olpun oldllas S 45 .08 sdalin
Slasl cas cpl b o)l sxe b3yl (Galliou et al., 2020) BTA20 4 (Galliou et al., 2020) BTA 94(al.,2014
2l cdslae dadllae pl 55 odel Cunds ol b oS

Number of Services per Conception

~logu(p)

1 23 4 5 6 7 8 9 10 12 14 16 18 21 24 27 30

Chromosome

Lt ) o8 ks g PVAlUE Jlxo Vo (sliso 1 o280 it Y psme cpgig0s)S (59 1) Sl (e X oo il sl o iaio slages ¥ JSUd
23b o Vo Lol ne il

b il alols o yige (cawisilSs S5 i & ygbre ;3 BTA20 5 ol olis post GWAS (el bl il
039 (b Lulyd & ) CllS L p oo Jelge dlox Sl lj 030 09 LS 55 (2030 o L QTL Y s (1l
g & 48 YU 5,Slas b Ly SlS 55 0 48 oy lis glaallas zols sl jise gl sl b olj alols y Wil e o5
53 odel Cawds gl b a5 (Fonseca et al,. 2022) xzily (s y5)b Slaw 9 2ljody0 p (65505 widgs (wbshla S
4 3l o caslio S ayglj Adoanlie LS asls cabo b YU (Sied b QTL 5 fpizmon 3)b cillas adllas )
3558 DFS (a8 yialisS casly 5 03)5 S8 (gl lailpd 4 gy €Sl o plaaly 5l am 0ad e 5 0lse yig 450
(Fonseca et al,. ) cusls OD s DFS L (gl xe bliyl LS al 55,55 (slasdllas o (Almeida et al,. 2017)
il adlls ol ol saS apls Wil e &5 2022

Elyid Syglome 13 BTA27 5 BTA20 55y ag ¢yl il Slio 5 jige QTL cpiis 35 adllas ol
Sygldgm 1 lio p yiane dlon 5l (6 pdglS )3 yliny HE3 Lo () Jgdo) A5 sdalie DFS o b e (ca5gilS o S5
s g pls 53 iy Coghe 4 Ml Jlots] sl 6yt pud Mg LB (6 pwlie lbbo Gliny d2ym 15
Zhou et ) pesadss (ling coodls Slao e bl p alss Gl gls el als (ials Sologw la oo
(Liuetal,. 2017) culosg Jioddy wlaw 4 (al,.2019

N i Sl b 48 wdesnlin wLQTL NSPCy IFL DO cliv b e a5l s S5 &yt & polore
O ol & ddbod) 398 Cgllas ()5 4 bl il Gloj )3 Al a5 A3l Lol 2 (RIS Wl e g S LS 5
wdly (6 ptwliol 559,k SYL (g b slagls o 31 915 5 Jle (lgic 4 g2l glite caliseo ladl 4y dten,
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CoS (b pas Slygd sbiledl Cuin Wb Cov Slgs o (559, &5 LEalS sad o LS ddllae ol gl .(Olson,.1993)
Al 1) 13y gej9m g5 g andliS Sl eadgi gl (lise p (31 ite (L. (OlSON,. 1993) 3,5, )13 b
SOy oo Sl > (Fenwick et al., 2008 ) s sales 508 IGF-1 i jials 4 e coles jd g 00l
il (Stuan STygs osilogdl cio b QTLS, (BTA8) cussils s

zbs (Fenwick et al., 2008 ) 59 Lls,l ;5 olplol céw b oS ws slolis (6,55 QTL pixens BTAG ,»
PV 035 b slagls oS (laigS & 0392 (o (9 581 08 uadgs gl 315 3 (2l ol &5 amd e (LS (gladllas
ylad oo caisllas adllas ) gl b a5 (GUO et al, 2012) cudlbsanles (oYl Uil dhold g ons oljcd o b
Strad Gy Coshs g b e cio b a8 toanlis QTL Y ¢ sidoss cisils i 5 it GlbI 13 BTA20 5
Ol Coghe Cpitmad g ol Cyaml 5 «6ylg s zgl 53 pls 4S5l 390yl oaimd Ui Wlg3 e aS (V) Jodn) Al
Sy adllas oyl 5 0 oanlie c05eiS 5 S5 pueis G 43 BTALL ;5 .l S 51 sy 0 390 (gldlols lius 5y
US54 ool; cQTL A pojses,S 53 (2021) Widmer et al asllas ;5 .ssosnlive ol3sl8 Aix 513551 QTL
lao ( (Stased & 45 B (pizmen elandly )l gme bl (ialj 5 6y9)b Glae b (olishls slacssh
2B G359dlS 8 S 5 b Gglne 13 BTAS 3 cuslosgy gllacl 5 ite 2ljglisia caw b )95k 9 il
yes alls) B8l yige Slio 5 b Ay Slas  yid 4 wdosalie QTL wix OD, IFLNSPC claw
Cho » QTL 5 BTA28 ;5 .50 cisllas (2021) Zhang et al gk L 45 () Jais) 38 18 51 (i s
&y o oS bl g cunl b U 55 50 S €5 wpe Jol 9l 85 () Joan) 092 IS op)le &5
S5 g S F p e0ST Nlgie QTL 92y sl (] (Sljl 0 il Slus Cdo (wSe 2l S
(Zhang et al,. 15,5 osnlie Jlusl JoSgd slass  Sge 6,500 QTL Jlg olad 5 ibosrs olulis cas4lS'y
Sk oLt Slas s See SBQTL wis Lluls cA3stlS s 5 @l &)alme ,» BTAB s BTA2 43 2021)
LQTLY (o3 a5 b yasls p jdse QTL 4 ogMs BTA2L o BTAB 15 uizeod b ¢l pud Mg
Slytd ©glbne 3 €S Gl (S psbo il (Stren (2 ool 5 b i (59 «(2l) E5us) o9k Slao
oMl g (S pald (Jioddgh ol Mg Clao b a5 )b dg2g QLQTL jidy b olulid gagelfy O
(i) 5> (Susa

STy ;(DFS) zeili 5l b Lol alols cio b (g dme (Stued & s056ilS 5 S5 0l b alols o 5 S35 3 &8 ol QTL LY Joua
25 (NSPC) i (1l @ geadls 3luss g (IFL) il o 31 9 gl alols (DO) 5L

Trait SNP name QTL trait QTL symbol
DFS Y/YVE-YYYY Rump angle RANG
Stillbirth SB
Somatic cell score SCS
Dairy capacity composite index DCCI
Udder attachment UA
Udder width UWDT
Udder height UHT
Milk yield My
Milk protein percentage PP
Milk fat yield FY
Rump angle RANG
DFS YY/E YT Somatic cell count SCC
Milk fat yield FY
Stature STA

Dystocia DYST
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Trait SNP name QTL trait QTL symbol
Bovine tuberculosis susceptibility BTBS
DO SIVEVY-YOY Body weight BW
IFL Milk protein yield PY
NSPC Marbling score MARBL
Fat thickness at the 12th rib FATTH
Calving ease CALEASE
DO Y- /YOYYFOA- Milk yield MY
IFL
Clinical mastitis CcM
DO VV/¥YArYY Multiple birth TWIN
IFL Scrotal circumference SCRCIR
NSPC Body weight BW
DO Y/0SYOVAS Somatic cell score SCS
IFL Abomasum displacement AD
NSPC Milk protein percentage PP
Interval from first to last insemination INSINT
Mpyristic acid content FA-C14:0
Milk fat yield FY
DO YAV -YEND Not Available
IFL
DO YAYESYN A Not Available
IFL
NSPC
DO AYAYYYO\SO Residual feed intake RFI
IFL
DO ANAYanOY\Y Milk capric acid content MFA-C10:0
IFL Milk myristic acid content MFA-C14:0
NSPC Udder swelling score uss
DO YAY-V\YES Pregnancy rate PREGRATE
IFL Udder cleft uc
NSPC Milk protein yield PY
Antral follicle number AFOLN
DO YIAFYFAVD Body weight BW
IFL Perinatal mortality PNMOR
IFL Y/$AVD. ¥ Semitendinosus muscle weight STMWT
NSPC Shear force SF
Silverside weight SLVWT
Perinatal mortality PNMOR
Tick resistance TICKR
Carcass weight CWT
Meat-to-bone ratio MTBR
Bone percentage BONEP
Fat percentage FATP
NSPC FARYZAN S Milk fat percentage FP
Milk alpha-S1-casein percentage MAS1CP
Body weight (weaning) WWT
Stearic acid content FA-C18:0
Longissimus muscle area LMA
Milk protein percentage PP
Body weight BW
NSPC SINYOVFAAY Milk protein yield PY
Calving ease CALEASE
Calving ease (maternal) CALEASE
Milk fat percentage FP
Body weight BW
Milk protein percentage PP
NSPC YV/FYYA-ay Heifer pregnancy HPG
Body weight BW
Somatic cell score SCS
Age at puberty PUBAGE




35 ol 0ee Kb 5 a5l 5 S5 55 ) 590 KD) Gl 131, 378 31w« 5 (olis (tun 5U] ol
slagy dox JHV Jgiz) 2 (s adlllae 3)90 Slao b )l (dne (555 6 S5 Ol (2590 9 ST 5 Cunsdge
Ady oS (dilaie oylod ) )l 550 (059 5 ST o Blybl 15) BTA20 ;s ACTBL2 ()5 & g5 o0 0 saalie
» BTA27 ,5 LOC782601 5 {2015) Costa et al adllas )5 5405 0 )Ll conl S50 bn gzl jlisle o Mie
Canlodgs go 35595l yeal X9y 10 Cpizmed 5 cpl ) Cbllas odel Conds gl b 4 03gr She (mdglS (6y95b Slaw
039 o3l g Ay peiomad 5 b )0 39390 oy duml pudailio  ELOVLG 5 BTAG ;> .(Costa et al,. 2015)
Of onldgr HlI8 31 s wJgr 5 BTAB dilate > 0l ololid 505 5 PITX2 .(Igbal et al,. 2022) cusl 30 oy
9 om959lsS My p PITXZ (5 cnl 2 ogde 2)ls (i judgmn 008 dlon 5l (3 SWiB)] (B damgs )3 (priomon
Alyd j5 a8 us cal DAB2 b 4 o5 < BTA20 5 (Charles et al,. 2008) cul (13551 (65, » coles p
(Cheng et al,. 2023) cusl S50 Jobo diz 1> S 1200 & Fwly 9 paudgilio

gl 65,k Slao s aS b 0033 ANAPCL 5 s ixe (605580555 (G yuss Blibol 153Y o)l pgjges,S o
£95909,5 (£9) 2 o odaliie (cba 5 oy LS ol S ysbo 4y (Greither et al,. 2023) cuwl )15 51 p yuusl olis ¢ 5
NUF2 . it S50 (5)5,b wlaw » (ANAPCL, TMEMS87B, FBLN7, LOC112448914, MERTK) 3\
[(Labrecque et al,. 2013) culazsls LH gy cpiorod g 0ole 51530 556 Johw JolSG (o 51 ¥ pgigegys )
Dong et al,. ) cusl 35 31 joie aunds a8 13 S'gd Slge 5 pgigeg)S b Cuis j5 ¢ anS Jlasl o NUF2 3
(Kommadath et al,. 2011) s (5155 o] iy 51388 31 sla 5 dtwd 13 IL33 5 < A pgjges,S 5> (2020
sl (sl (e (sl Js 2 IS Wl oo oyl 5 03905 st |y Jsbos GBLES 0 1 e 05
Sieddgr b ol (5135 Sz Wlg5 o YA pgjg09,S ;0 RHO (-5 (Kommadath et al,. 2011) wles skl 1,
(ORBASL) (6,55 o5 0 cwed Slybl 5 (McMullan and Nurrish, 2011) sl S50 (s59)b » Coled 1 g
Yol g Cuogane | 55 5le e Wlgoe (hgls ) 2list oo drwgi sl IS ST Qbg cbo oS Adosnlie
s -(Jang et al,. 2021) Wil 550 pld o> 13 39350 (oliowss dlgo b poows Sk (Sl 929 Judd & (s laias
5 g 59l JS8 it (slag o el pmmen 5 0391 IS 51 tasl i 3,Skes » BTAZ ailate > CALCRL
sddodalin slayj ;500 s UGGTL 5 . (Garvey, 2018) 35 oo pyg5 g il mlo (i8] «blo aliae ¢ 3q)e (oLl
M 90 (3t (1]9 ORI o gy zmed § (659 eddgilie 3,Sdes 5 (WDR33 5 SAP130) (5 ol Slibl
> b des jlicalisee slacdl JolSS ¢ aiy celb BTAG )5 ADGRA3 s KCNIP4 ((Serdo et al,. 2013)
(2010) Salilew-Wondim et al aslllae bl y .(Son et al, 2021) sizws 38 31 0 (58 Ciuo y g 0 lgsciunl
ool Conds ol b a8 iy bls)) (6y9,b sbSuSs g egmme pudl sl cho b Fpgiges)S ;3 CAMK2D 5
Suarez-Vegalet al., ) 55 bls)l 3 (695 ;5 (23, Ll g g9 o GABRB3 (5 BTA21 ;5 )b cisllas
aS ol s eSS ldlas g ol ot sl gl )l 4 gl sl 4 Pge Slas ales I (6)lg s a5 (2015
(VJse) Wlosgs HI38 311 bls,l j> dalllas 590 clao b oids sdnlive sla 5 S]]

1Gene ontology
2Artificial Insemination
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4ols (DO) jb slajg, (DFS) gl gl b iy aliold o b basye SNPS Gkl (slays (IMB) (5 S5 b luils” sla3 .Y g

(NSPC)@:MJ Gl & gl sl o(IFL) dls e g ol

Trait SNP name SNP position Ensembl gene ID Gene start Gene end Gene name
DFS Yo ITVF YT SR ENSBTAGO0000051426 ~ Y)AYYYVA YIAYYYA. MIR2285F-2
ENSBTAG00000046468 AANAN a4 AANAYARYS ACTBL2
DFS YV/E YT ARAAANA ENSBTAG00000048648 FYAYYOA YYAVEYA LOC782601
ENSBTAG00000049611 VOVORYYD VOVMAYFA LOC112447187
DO AL YaY ENSBTAG00000010564 VOVAREES VOYS - FYY ELOVL6
IFL AR NS ENSBTAG00000044354 AR raie V- FEFNY LOC112447232
NSPC ENSBTAG00000008332 AARRAZA AN AAaS\aras ENPEP
ENSBTAG00000009059 VFATAY-Y YYADYYOF PITX2
ENSBTAG00000016152 Yo« YAV Yo-£YaY) DAB2
Do V-I¥OYTYOA- AYTYOA. ENSBTAG00000016149 ¥DAVVY -0 YOVFE-Ya c9
IFL ENSBTAGO0000043592  YFAb-A%R YEADY VY u2
ENSBTAG00000043758 YYAAYYYY YFAATTIA 5S_rRNA
ENSBTAG00000045153 BYYYY BYYA- LOC112448914
DO ENSBTAG00000009230 YYooy. Yeyy.y FBLN7
IFL VV/¥YArYY YYayyYy ENSBTAGO00000005828 YA-AVS N7 MERTK
NSPC ENSBTAG00000027991 OYAVYY JAZEN ANAPC1
ENSBTAG00000012099 Yiava YEWV-A TMEM87B
DO
IFL Y/osYavAs OFYOYAS ENSBTAG00000007247 25 V5. 2N NUF2
NSPC
ENSBTAG00000005042 ADAYAYYY ADAYAYS SYN1
DO ENSBTAG00000016772 AOFFYY -+ PYYARV2N USP11
FL Yo /ASNYEND AYYEND ENSBTAG00000005039 ADVVAAYD ADAFYDOA ARAF
ENSBTAG00000002113 AQYY-aay AOYYYAND ZNF41
ENSBTAG00000038589 AOVYVOVY AOYYAVY- ZNF157
DO ENSBTAG00000042737 \WEES X0 \WEER 0.5 LOC112445214
IFL T /AYEEYY VA WESYY VA
NSPC ENSBTAGO0000027841  OWSYfsses  \YSSAfsys NLGN4X
ENSBTAG00000012168 YASYO¥YA YASYAYSS RANBP6
ENSBTAG00000020815 YAYY-\AY YAYAYY- ) UHRF2
DO NYAYYOAS AYOVSa ENSBTAG00000047550 YASAYYYY YAVAIYDY KIAA2026
IFL ENSBTAG00000025903 YAYIRAAR YAY-AYY - GLDC
ENSBTAG00000011160 YAYYVOYY YAYY- VO TPD52L3
ENSBTAG00000018347 YAFYY¥A? YAOFSY -0 L33
DO
IFL AAYR20Y VY V00T VY ENSBTAG00000048201 QA AT A QA+ -ATND U6-201
NSPC
DO
IFL VF/VARYY VY YAQVYEVY Not Available
NSPC
DO ENSBTAG00000018691 £AVYTA Y-SAY RHO
IFL YN -V\VES A AN%4
NSPC ENSBTAG00000011707 YYVOYD YYAYOY OR5AS1
ENSBTAG00000008483 AMAVVYY A-V-FYY CALCRL
'I:::? Y/AFYSAVD AFVEAVD ENSBTAG00000049919 AVYSAQY AAVDYYY TFPI
ENSBTAG00000042939 Yaasy. ¥ Vaasy-A LOC112443605
ENSBTAG00000008089 &Ny YEVY-XY AMMECR1L
ENSBTAG00000005987 YEVEAA YYAQOYY WDR33
NISFFEC VITAYD- ¥ FAYD: - ¥ ENSBTAG00000053244 FEVTEVY FSYVEY POLR2D
ENSBTAG00000005444 AARRA Y4 Fraa-mn UGGT1
ENSBTAG00000006003 YYOYAVY Yoy.-ay SAP130
NSPC SIEVESAFR s51$R ENSBTAG00000004653 FIAYYYD FYVVFANY ADGRA3
ENSBTAG00000047743 ¥eva.-vy FVOVEYAD KCNIP4
NSPC S/\YOYFAAY AYOTFAAY ENSBTAG00000014463 VA LYY AYVYVE . CAMK2D
T ENSBTAG00000013422 YASEYYY FAFFFY GABRB3
NSPC YYva.ay ENSBTAG00000043450 Yay-vvo Yav-AvY LOC112443372
ENSBTAG00000027081 YYOAVYY yay-¥-A ATP10A
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