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Study on the Polymorphism of ESR1,TENM1 and THEM4 and Their Correlation with the Reproductive Traits of Goats
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Abstract [ Objective] To analyze correlation between single nucleotide polymorphisms (SNPs) of ESR1,TENM1 and THEM4 and the repro-
ductive traits of goats. [ Method ] SNPs loci of ESR1,TENM1 and THEM4 were typed by using MassARRAY ®SNP typing technology ,and their
genetic characteristics in three populations( Yunshang Black Goat, Jining Grey Goat and Liaoning Cashmere Goat) were detected. The correla-
tion between their polymorphism and the reproductive traits ( litter size, litter weight at birth, litter weight at weaning) of goats were analyzed.
[ Result ] The population genetic results showed that ESR1 g. 76097125C>T locus was low polymorphic ( PIC<0.25) in Jining Grey Goat and
Liaoning Cashmere Goat,and it was moderately polymorphic (0.25<PIC<0.50) in Yunshang Black Goat. ESR1 g. 76139051A>G was moder-
ately polymorphic (0.25<PIC<0.50) in Yunshang Black Goat,Jining Grey Goat and Liaoning Cashmere Goat. TENM1 g. 17333655C>T and
g. 17372494A>G loci were low polymorphic ( PIC<0. 25) in the three goat populations. The polymorphism of TENM1 g. 17236451G>C and
g. 17586866T>C loci was 0. 05-0. 36 in the three goat populations. THEM4 g. 101275605G>A locus was low polymorphic (PIC<0.25) in the
three goat populations. The chi-square test showed that ESR1 g. 76139051A>G and THEM4 g. 101275605G> A loci were in Hardy-Weinberg
equilibrium (P>0.05) in Yunshang Black Goat,Jining Grey Goat and Liaoning Cashmere Goat. The results of correlation analysis showed that
the litter weight at birth of the goats with CT and TT genotypes in ESR1 g. 76097125C>T locus was significantly higher than that with CC geno-
type( P<0. 05). The litter size and litter weight at weaning of the goats with GC genotype in TENM1 g. 17236451G>C locus were significantly
higher than those with GG genotype (P<0.05) ,the litter size of the goats with CC genotype in g. 17333655C>T locus was significantly higher
than that with CT genotype ( P<0. 05). The polymorphism of the other loci had no significant correlation with the litter size, litter weight at
birth, litter weight at weaningin Yunshang Black Goat (P>0.05) . [ Conclusion] TENM1 g. 17236451G>C locus could be used as a potential
molecular marker for selecting the litter size and litter weight at weaning in Yunshang Black Goat. TENM1 g. 17333655C>T locus could be used
as a potential molecular marker for the selection of the litter size in Yunshang Black Goat. ESR1 g. 76097125C>T locus could be used as a po-
tential molecular marker for selecting the litter weight at birth in Yunshang Black Goat. The results of this study could provide the theoretical
basis for the molecular breeding and marker-assisted selection in goats.
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Table 1 The breeds of test goats and their sampling information
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Yunshang Black Goat(YS)
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Jining Grey Goat(JN) et (LR s

ST HIIES UTHILEFFMPOLGZT 91

Liaoning Cashmere Goat(LN) BILRETT)
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Table 2 Sequences of the primers
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No. Loci Sequences of the primers(5'—3")

1 ESR1 g.76097125C>T F 25 ACGTTGGATGGCAAGAAACAAACTATTACC,
R & ACGTTGGATGACTTGCCGCATGATGTTGTC

2 ESR1 g.76139051A>G F >4 ACGTTGGATGGCAAGAAACAAACTATTACC,
R 24 ACGTTGGATGAAATGGTCCATCCCTTGTCC

3 TENM1 g. 17236451G>C F >4 ACGTTGGATGTAATCTCTGAGCTGGTGTGG,
R & ACGTTGGATGCTGGACAGCACCTACAGTTC

4 TENM1 g. 17333655C>T F >4 ACGTTGGATGTCGTGGGCTATTCAGTGAAG,
R 5 ACGTTGGATGTGATCAGTGCCTGCCCTTTG

5 TENM1 g. 17372494A>G F & ACGTTGGATGAACCACTTCTGTGTGAGTCG,
R 5 ACGTTGGATGCGGATCCTTCTAACACATTC

6 TENM1 g. 17586866T>C F 24 ACGTTGGATGCCAACCAGTAGAACAGTGAC,
R & ACGTTGGATGGACTGCTTAGACCCCATGTG

7 THEM4 g. 101275605G>A F 24 ACGTTGGATGTTTAGGAAGGTCCGGGTTAG,

R & ACGTTGGATGGAAGAAGCAGTTGTCTCCAG
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Fig.1 The locus typing results of ESR1 gene
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Table 3 The genotype frequency of 7 polymorphic loci of ESR1,

TENM1 and THEM4 genes in high-fecundity and low-fecun-
dity goat breeds

Genotype frequency
(A= FE R Y Y R EH P{A
Loci Genotype S BER FIREA P value
High fertility Low fertility
population  population

ESR1 g.76097125C>T CC 0.94 0.76 9.6x107°
CT 0.05 0.23
TT 0.01 0.01

ESR1 g.76139051A>G AA 0.38 0.32 0.57
AG 0.44 0.52
GG 0.18 0.16

TENM1 g. 17236451G>C GG 0.96 0.89 0.19
GC 0.03 0.10
CC 0.01 0.01

TENM1 g. 17333655C>T CcC 0.77 0.77 0.42
CT 0.16 0.20
TT 0.07 0.03

TENM1 g. 17372494A>G AA 0 0.05 0.01
AG 0 0.02
GG 1.00 0.93

TENM1 g. 17586866T>C TT 0.59 0.40 0.04
TC 0.28 0.40
CC 0.13 0.20

THEM4 g. 101275605G>A GG 0.91 0.98 0.04
GA 0.09 0.02
AA 0 0

TE:P<0. 05 KR 2257 B3, P<0. 01 FIR ML
Note ; P<0. 05 indicated significant difference,P<0. 01 indicated extremely
significant difference.
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Table 4 The allele frequency of 7 polymorphic loci of ESR1, TENM1
and THEM4 genes in high-fecundity and low-fecundity goat

breeds
Gene frequency
gt ST
fi N WY I p
o Allele A A

High fertility Low fertility
population  population

ESR1 g.76097125C>T C 0.96 0.88 1.76x107°
T 0.04 0.12
ESR1 g.76139051A>G A 0. 60 0.58 0.78
G 0.40 0.42
TENM1 g. 17236451G>C G 0.98 0.94 0.57
C 0.02 0.06
TENM1 g. 17333655C>T c 0.85 0.87 0.70
T 0.15 0.13
TENM1 g. 17372494A>G A 0 0.06 8.51x107°
G 1.00 0.94
TENM1 g. 17586866T>C T 0.73 0.60 0.01
C 0.27 0.40
THEM4 g. 101275605G>A G 0.96 0.99 0.04
A 0.04 0.01

TE:P<0. 05 £ 22w 3%, P<0. 01 FoR 22 il B3
Note : P<0. 05 indicated significant difference,P<0. 01 indicated extremely
significant difference.
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Fig.2 The locus typing results of TENM1 gene
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Table 5 The population genetic analysis of 7 polymorphic sites of ESR1,TENM1 and THEM4 genes in different goat breeds

7 15, S FEH A R . ;
Loci Breeds Genotype Allele frequency PIC H. N. P
ESR1 g.76097125C>T TT CT cC T C
YS (n=540)  0.66 0.30 0. 04 0.81 0.19 0.26 0.31 1.44 0.59
IN (n=130)  0.94 0.05 0.01 0.96 0.04 0.07 0.07 1.07 0.01
LN (n=91)  0.76 0.23 0.01 0.88 0.12 0.19 0.22 1.28 0.66
ESR1 g 76139051A>G GG GA AA G A
YS (n=533)  0.49 0.42 0.09 0.70 0.30 0.33 0.42 1.72 0.89
IN (n=122)  0.18 0. 44 0.38 0.40 0.60 0.36 0.48 1.92 0.38
LN (n=83)  0.16 0.52 0.32 0.42 0.58 0.37 0.49 1.95 0.54
TENM1 g. 17236451G>C GG GC cC G C
YS (n=535) 0.53 0.38 0.09 0.72 0.28 0.32 0. 40 1.68 0.18
JN (n=97)  0.96 0.03 0.01 0.98 0.02 0.05 0.05 1.05 0.00
LN (n=73)  0.89 0.10 0.01 0.94 0.06 0.11 0.11 1.13 0.14
TENM]1 g. 17333655C>T cC CT TT C T
YS (n=523)  0.80 0.11 0.09 0.86 0.14 0.22 0.25 1.33 1.89x107%
IN (n=132)  0.77 0.16 0.07 0.85 0.15 0.22 0.26 1.34 2.33x107°
LN (n=89)  0.77 0.20 0.03 0.87 0.13 0.20 0.23 1.29 0.21
TENM1 g. 17372494A>G GG GA AA G A
YS (n=532)  0.99 0.01 0 0.99 0.01 0.01 0.01 1.01 0.97
IN (n=122)  1.00 0 0 1 0 0.00 0.00 1.00 —
LN (n=81)  0.93 0.02 0.05 0.94 0.06 0.11 0.11 1.13 1.43x107"2
TENM1 g. 17586866T>C TT TC cC T C
YS (n=539)  0.70 0.26 0. 04 0.83 0.17 0.24 0.28 1.39 0.14
IN (n=126)  0.59 0.28 0.13 0.73 0.27 0.32 0.39 1.65 0.00
LN (n=77)  0.40 0. 40 0.20 0.60 0.40 0.36 0.48 1.92 0.16
THEM4 g. 101275605G>A GG GA AA G A
YS (n=540)  0.98 0.02 0 0.99 0.01 0.02 0.02 1.02 0.79
IN (n=128)  0.91 0. 09 0 0.96 0.04 0.08 0.09 1.09 0.93
LN (n=86)  0.98 0.02 0 0.99 0.01 0.02 0.02 1.02 0.96

TEH, NG PIC AL MG B &1 N, ARG YS ks RN IN AP 773 10 LN AT 7401 3 P>0. 05 FoRfir sifE
Vil AR F Hardy-Weinberg -G .
Note : H, . Heterozygosity ; PIC. Polymorphic information content;N,. Number of effective alleles;YS. Yunshang Balck Goat;JN. Jining Grey Goat; LN. Liaoning
Cashmere Goat; P>0. 05 indicated that the locus in this breed was in Hardy-Weinberg equilibrium state.

% 6 ESR1.TENM1 71 THEM4 ERE3 = F R ILEF=2 48R 00
Table 6 Effects of ESR1,TENM1 and THEM4 genes on the lambing performance of Yunshang Black Goat

firs S P e Wises
Loci Genotype Litter size//H thte‘r weight Litter V‘velght
g at birth/kg at weaning//kg
ESR1 g.76097125C>T CcC 1.917+0. 113 6.146+0.375 a 33.134+1.958
CT 2.073+0. 041 6.946+0.097 b 37.142+0. 740
TT 2.026+0. 027 7.197+0.142 b 35. 588+0. 506
ESR1 g.76139051A>G AA 2.051+0.074 7.014+0. 254 35.969+1.332
AG 2.033+0. 035 7.105+0. 123 35.980+0. 646
GG 2.024+0.032 6.848+0. 113 35.780+0. 592
TENM1 g. 17236451G>C GG 1.977+0.030 a 6.998+0. 120 35.115+0. 662 a
GC 2.108+0.036 b 7.019+0. 120 37.037£0.622 b
cC 2.061+0.074 ab 6.910+0. 232 35.367+1.200 ab
TENM1 g. 17333655C>T CC 2.052+0.025 b 7.012+0. 087 35.806+0. 451
CT 1.862+0. 067 a 6.821+0. 318 35.887+1.653
TT 2.001+0. 075 ab 6.623+0. 341 36.860+1.773
TENM1 g. 17372494A>G GG 2.035+0. 022 7.003+0. 080 36.033+0.418
AG 2. 125+0. 365 7.215+1.076 35.775+1. 598
TENM1 g. 17586866T>C TT 2.013+0. 027 6.982+0. 098 35.650+0. 512
TC 2.064+0. 043 6.941+0. 145 36. 150+0. 756
cC 2.155+0. 115 6.994+0. 369 37.242+1.922
THEM4 ¢. 101275605G>A GG 2.034+0.022 6.964+0. 079 35.855+0. 413
GA 1.952+0. 149 7.015+1.511 36.123+1.223

T < [F)— 7 5 ] —HEFR AN [R) B N R B A (RN R 22 5 .35 (P<0. 05) ¢

Note ; Different lowercase letters marked in the same locus of the same index indicated significant differences among different genotypes ( P<0.05).



84 B A

2023 £

3 iFig

ESR1 #mt e R 2K 1 SHEM RSG5, fEMErE S
BRI B ) A K R B R PR AR ARSI,
ESR £ 5/ NRIEFE R Z 6 R iiAr e x1
JIRE BT S BRIP4 RE 2R ESR1 AE TP L Eiﬂi%a_iftza
TETE kR AR A il S s 2 SR R
FAK I T M$L$Ek?§ﬂﬁﬂlﬂﬂfmﬁ%xﬁ%%§
WIRENL S 323k, I ESRY 76 F B0l 1 Bz Wi b pz i 8
PN B AT T LA P AR A v 2404 63k IESE T ESR1 2 587
FE NS UZ RSG5 Ao A HEPE /N B ESR S PR i
BRJG , ESR SRpEmErE /N BLH PR 8 PR A Bl 2% 8 2580 O L
AHETEB G, JETTSEN T /N B R H " . # ESR1 i
FERTTRESEEN A B . MOk ESRT T REXT LAY
B — M, ZAFR AR R s bR RE AR
ESR1 g.76097125C>T {3 5 TT %1 CT ?jﬂLUjéé/\J%J]éEﬁif%
T CC Y, RHAEIZ A 5 C>T AR BEX T = BRI E RS
il 52— MER R, . ﬁ%é@fé&maé%ﬂéh% EHEN
TENM1 J& T Tenm/Odz J:R ¥ IRE L F5, Hije T TENM1
XL EFE s A 5D . DFSE SR, TENM1 [ 2k AT
BB A RGE K 7, AE4R HUh TENM Bl 52 2 0 ik
6K CEF AN & T R AT R A 3R B A K A P b T
(U R g 45 B % W], TENM1 g. 17236451G > C FlI
g. 17333655C>T i M Z B S = FRINFER ™ B8 &
I, Bt g, 17236451G>C v 5 GC B A r= 26801 GG
FIE 0. 131,G5C (%78 A FI T 72 26 1 5878 ;. 17333655C>
T {3745 CC H L ZE =224 b CT AU 0. 190, C>T 2878 33
FEAEBUR) R W, R R 278, 25 b Tk, TENM1 3[Rl
g. 17236451G>C Fil g. 17333655C>T {7 45 0] 1 = |- S 111 2
JR %1 Grirz e S 0¥ o R A Tu

4 #ig
W9 45 R R W, TENM1 BE B g 17236451G > C Al

g. 17333655C>T v 5 525 b B 1L 2 7= S B e W AR OG 1T
YERr 2 b Bl 2 7= S BOR BE W 78 4> FAR i, ESR1 LA
g. 76097125C>T {3 s 575 1 B 1L 2400 A 8 L A7 AF 35 A1 G
AER 2 BRI R A B8 RV AE S TAid
Sk

(1] HER, 500, TR, 25, 452E SMAD] FERAHH A N H g A 5=

RO ] rrEfLRLE:,2019,52(4) 1 755-766.

[2] PATERNI I,GRANCHI C,KATZENELLENBOGEN ] A et al. Estrogen re-
ceptors alpha (ERa) and beta (ERB) :Subtype-selective ligands and clin-
ical potential [ J]. Steroids,2014,90.13-29.

[3] GARRIZ A ,MENENDEZ-HELMAN R J,MIRANDA L A. Effects of estra-
diol and ethinylestradiol on sperm quality, fertilization, and embryo-larval
survival of pejerrey fish ( Odontesthes bonariensis ) [ J]. Aquat Toxicol ,
2015,167:191-199.

[4] FINDLAY J K,BRITT K,KERR J B,et al. The road to ovulation : The role
of oestrogens[ J]. Reprod Fertil Dev,2001,13(7/8) :543-547.

[5] TAO L,HE X Y,JIANG Y T,et al. Combined approaches to reveal genes
associated with litter size in Yunshang black goats[J]. Anim Genet,2020,
51(6) :924-934.

[6] LAI F N,ZHAI H L.,CHENG M, et al. Whole-genome scanning for the lit-
ter size trait associated genes and SNPs under selection in dairy goat ( Ca-
pra hircus)[J]. Sci Rep,2016,6(1) ;1-12.

[7] ALKELAI A, OLENDER T, HAFFNER-KRAUSZ R, et al. A role for
TENM1 mutations in congenital general anosmia[J]. Clin Genet,2016,90
(3):211-219.

[8] BAUMGARTNER S, MARTIN D, HAGIOS C, et al. Tenm, a Drosophila
gene related to tenascin,is a new pair-rule gene[J]. EMBO J, 19%4,13
(16) :3728-3740.

[9] Bk, WL0ime, TTARRE, 5. < b B LA RO A B SR 1 44
MrLI). SR AR, 2020,41(7) :18-22.

[ 10] ek, Lt TLREE, 5. = b 2A LSRR SRR S AAR S 55

HrL]. e imiR,,2020,36( 1) :108-112.

[11] ELLIS J A,ONG B. The MassARRAY ® system for targeted SNP genoty-
ping[ J]. Methods Mol Biol ,2017,1492,77-%4.

[12] Bemeht iR, G, 5. /NI Fm EIH DRG] ESR fINFY

[J]. M%7, 2005,32( 10) :1060-1065.

[ 13] FEcHs. W17 ESR SRR AR MR R S 2 61 RERY AR [ D] A
PN TR, 2009,

[14] LI X,LI H,JIA L,et al. Oestrogen action and male fertility ; Experimental
and clinical findings[ J]. Cell Mol Life Sci,2015,72(20) :3915-3930.

[15] YUﬁk~ B LETE RGO BRSO NVE E RAl [ D .

&K ALl AR, 2014,

[16] B[R, A1, 55 BF B 1L EIN ERa ERB A PR (9537
K H: mRNA %’%J_E’Jfaulq AR [T ], EHeEEE A, 2013,44(10) 11539
-1546.

[17] HEWITT S C,KORACH K S. Oestrogen receptor knockout mice ; Roles for
oestrogen receptors alpha and beta in reproductive tissues| J|. Reproduc-
tion,2003,125(2) :143-149.

[18] PAULOSE T,HANNON P R,PERETZ J,et al. Estrogen receptor alpha
overexpressing mouse antral follicles are sensitive to atresia induced by
methoxychlor and its metabolites[ J ]. Reprod Toxicol ,2012,33(3) ;353—
360.

[19] DRABIKOWSKI K, TRZEBIATOWSKA A, CHIQUET-EHRISMANN R.
TEN-1,an essential gene for germ cell development, epidermal morpho-
genesis, gonad migration,and neuronal pathfinding in Caenorhabditis ele-
gans[ J]. Dev Biol ,2005,282(1) :27-38.

[20] TUCKER R P, KENZELMANN D, TRZEBIATOWSKA A, et al. Te-
neurins ; Transmembrane proteins with fundamental roles in development

[J7.Int J Biochem Cell Biol,2007,39(2) :292-297.



