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Development and application of molecular markers for
growth traits in Haimen goats

LU Jiafeng, ZHANG Zhen,SU Yalong,ZHOU Xiaohua, WANG Feng, FAN Yixuan "

(Institute of Sheep Science,Nanjing Agricultural University , Nanjing 210014 , China )

Abstract ; [ Objectives | This study aimed to identify molecular markers closely associated with growth traits in Haimen goats,
including SNPs and InDels. By conducting an in-depth analysis of the relationships between these molecular markers and growth
traits, the study seeked to elucidate their impact on the growth and development of Haimen goats. The findings will provide a
foundation for establishing precise marker-assisted selection methods in goat breeding. [ Methods ] This study focused on Haimen
goats, leveraging in-depth mining and analysis of existing whole-genome resequencing data to identify molecular markers linked to
growth traits( body weight,body length,body height,chest circumference, chest depth and chest width). PCR-based genotyping was
used to screen for relevant markers. Additionally, the study analyzed the association between different genotypes at candidate loci and
the growth traits of Haimen goats, aiming to identify molecular markers with significant effects on these traits. [ Results ] Five loci
within the MGAM ( maltase-glucoamylase ) , PPPIR13B ( protein phosphatase 1 regulatory subunit 13B) , and SMAD9( SMAD family
member 9) genes had been identified to significantly influence the growth and development of Haimen goats. For the MGAM gene : at
the weaning stage ,individuals carrying the ID genotype of the 12 bp InDel exhibited significantly greater chest depth and chest width
compared to those with the DD genotype. At the six-month stage , Haimen goats with the ID genotype showed significantly higher body
weight,body height, chest circumference, and chest depth than those with the DD genotype. Conversely, individuals with the DD
genotype of the 38 bp InDel displayed significantly greater body weight and body height at the six-month stage compared to those with
the ID and II genotypes. Additionally, at the six-month stage, individuals carrying the CT genotype of MGAM g.15143541 T>C
demonstrated significantly higher body weight and body length than those with the CC and TT genotypes. For the PPPIR13B gene : at
the weaning stage, individuals with the ID heterozygous genotype of the 58 bp InDel exhibited significantly greater body length, body
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height,and chest depth compared to those with the DD and Il homozygous genotypes. For the SMADY gene: at the weaning stage,
individuals with the II homozygous genotype of the 16 bp InDel showed significantly greater chest width than those with the DD and
ID genotypes. [ Conclusions ] The five loci identified in the MGAM , PPPI1R13B ,and SMAD9 genes which play a significant role in the
growth and development of Haimen goats.

Keywords : Haimen goat ; molecular marker ; growth traits ; MGAM ; PPP1R13B ; SMAD9

TR TR E AL G, Dy s A . FRE LA AR F o PREEIE R R TRPRLAA , S 3% Mk ik Je e
BT IRSTRCAN VL MR = A L R R B AL R 2 R I AR S EBR DN
PR T L A, AL TN, TR A2 98 5 5 2% , R BRI R ™ i i) — DR R . ARk T TIL R E IR AL
AL RN TR T P RS A 7l S5, A VT = B B A i & R BRI £ Sz —
SR B [T 1L b A R et Rt vt T i o 3 22 PR, v AR A N A A T A i ) 24 7l s Jo
RIBHSCHF R FEi TR H 258K 008 SCF, Inam g 5P i 17102 0 & R T, B2 i T o
RO KB 4 0 SR A R 30, BRI T I AR e R R S 45 2 &L 4 T hnic Gl B 2%E £8 ( marker-assisted
selection, MAS ) HE AR A 5 HRHIR B2 & 810 70 FARiC , W3 7K 7 b PR s b 4 A I st A% 21
B, SEBUGS BE DA R B e R, DR 0 TR R B4 i, RE A8 IR AME S8 B RIS M BE R A5 AN I, ] 52 3
RLH TR TP R AR e R, RIER R B A AR Rk R Y AT ARiD s AT IR 2
A4k (single nucleotide polymorphism , SNP ) Fl4di A 2 FR1C (insertion/deletion , InDel ) , i i3 4 #1 H: 5 H
DR 22 ) (4 S0k, T LAKE 3ok R (67 7 e A ) AR DX, DA S B O B AR A i i 420 it
FTIEE R b SR T AR Ic i By e PR EOR | i e 5 A R AR SC R BRTC , 7T LS BIRT A A P bR 0 G o ik
e AR ERRCEN 0 0BRSS (ASTP) 2R N & 7 LI-BT JoFr3E A B 578 1135 R el 24
{18 ) 0 0 R DG PR AR D) KT (KT Js g o P 32 AR 1 S 19 G ) 366 81 B 4y = 0 17 O e R 4 3
AR DI R T 2T T W MR R R . PNLIPRPL 26 bp ) Indel 35 52 W0 ¥ 1] 1L
RE"

R, AT 84D R F SNP I InDel AR 28 518 1 1L A A HRIRAH DG 19 73 Fhmic, I T 1y st f%
R PR AR AR T BRI BRI ARHE , LAHESTRE T TLL =7l 0% g o e A i

1 #RIERZE

1.1 REHRRE

VRO [T 5 & B R B H R L JRA BRA I 421 F T T2, b 65 185 SBT3 1] (i = A1l
236 H 6 I T, aRg B g O T SR A R MR R AT A 1 10 S, AR R E AR
Rl M M5 . TRIE, SRAE 4 AR I SE A S KIAL 5 mL, B T35 A EDTA HUsEH R0+, -20 CH%
17, TSN 4 DNA $25¢,
1.2 REHE
1.2.1 EFEH DNA =RE R b5 28 Y HOR By A BR 2 W) i9 1 9 5& 40 DNA 42 B0 &
(EE121-01) $2HUE P20 DNA | I 7248 F27 R U A 584
1.2.2 HFHRICAARE R ARBH AT 60 FIE T 30 HI R 1L 3 54 3 8 41 700 4%
TR A3 ARG BT T LU 2E 12 702 649 /> SNP A7 A5 1 630 983 > InDel 2875 /R 1LZE 11 520 106 /> SNP
A7 EFN 1423 891 /> InDel 2875 FifiJ5 , 481 FH] SnpEff(3.0) %X 26 SNP #il InDel AT RE ., 7EXH> FhRic i
S AR SRAILATE 2 Fp 52 1) 7R RER i i 46 A/ B8R BER T 5 bp BIALAL;2) 7E GO Ml
KEGG %iH 122 k5 5 A R I B A DG (0 6 PR, 7 e R P A U2 5 S M DG BE IR B 28 A 7 i 7
1.2.3 5|¥i%it . PCR #'18 7E NCBI(https://www.nchi.nlm.nih.gov/ ) #1 Ensembl ( Ensembl genome browser
113) B4 P ik — DA 5728 6 s AL B A5 8, B DR S 50 MER 1 A AT HE4% . T SnapGene 15115147,
FREEFRALAE TR 1000 bp B8, 5IHi% iS40 GC & i 40% ~ 60% , IR 50~60 °C ,PCR =¥ A
KF 350 bp, PCR 48R Z K 20 pL, fU4% 2xTag Master Mix (FMERE) 10 WL, FEKZH DNA B4 (25 ng-ul™")
1 pL, E RIS (10 wmol - uL ™" ) 4% 0.6 pl,ddH,0 7.8 L, PCR ¥ HEFEF .95 C WA 5 min; 98 °C AR
P£ 10 5,55 CiRk 30 5,72 CHEAH 1 min, £ 35 PMFFR;72 CIEM 7 min; PCR 459 )5 4 CLR-FF, PCR 453
JEHUS WL PCR 7290, I 2 g« L B0 5 g Fh o I G e e 3
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1.2.4 EEDE XFHH A/ KT 8 bp B9 InDel , v] 38 i % 5 HL ik BLHEHEA T3 R 70 505 X5 SNP R/l
T8 bp 19 InDel , U T3 i PCR 950 - 45 A AU [T BEA T 6 R 70, InDeel 5 PR3 AR 00y e ] 4474
o Y InDel St AR 25 HBRALE 2 SHE 1 U6 1 X 15 S M B i 58, )5 SC oAy 11 6 DRI 3RY R096 1T 1l 2444
A R 1 SRR BRI , WIS 1D F 5 5 DR AU 5 o W 151 v JE 48 R 0 BOBE , U DD 45 SR A, Y
InDel Sy B IN  25 AR E 2 S50 e (R S4Bk % 1 B B W) o SO T BE PRS2 A 1 R B 28 I Bk
BE WS ID Ao Ak R s W [ v JE Bk A BEBUES , J Shy DD 45 BE PR Y LSNP 5 PR3- 8 [ A A 4 N e e
PIEATHI5E o 210 P e 1 52 JROOUMEE I | 8 I, AR SRS i SOR A B PRI Y 5 e R 2 L B DU AR A
SNP 33 B {5 B AW 45 B 2R B AMARIE SR 25 2B RN, 2 el G B A Y g o CC R PRI 2
NG IR WE LR TT HEPIAL,
1.3 Zito

FH] Excel 2016 B35 16 5 A2 A i AU REAR IS 15 2 880, £ 45 56 PR BUBTA A o 56 R R ali 5 J&E
(homozygosity , Ho ) 7446 i (heterozygosity , He ) A3 %S5 FE AL ( number of effective alleles ,N.) ZEEAR
5 1t (polymorphic information content, PIC) VA S MG AR AFI4% V-1 P {H (hardy weinberg balance , P-value) , 7
JH SAS(8.0) B GLM FEFF#EATSEIT o3 M7, 20 B i e (87 s A ] ik PR R 55 08 17 1) 3 2R R 1 5B, A8
HLY, =G +E, . ST Y, IR AR A BT B 1L E RO AR R PR 2
(B AREARIIE ; G, S HEP BRI s R BEALIR2E . SR I S 28 07 28 3 M7 J5 125, W AN [ 6k A B 24 1] )
AR MARFAE AT AL

2 HRESH

2.1 InDel % SNP ffik 45 R
AGRE LI E 3 A RGER, 2t 5 AL, BT [ T PCR 4731, JF38 2o BORE A 68 it R K
SEA o B A RIS O, BlS 45 G T 1L SR AR R MR T S AT, 45 R ow , RS MGAM .PPPIR13B F
SMAD9Y 3 NHERY 5 AL TILE AR AT BA BETm, 5 MU EFE R G IER L 1,
BBy ) Sl R SRR, R LB B A (B 1)
®1 HFRIZHEBERIIMER

Table 1 Molecular marker positions and primer information

HH 7B A RABRH (AL FIIX 5 TR/ bp
Gene Type of variation Type of mutation Location Primer pair sequence(5'—3") Amplification product length
. et , . F:CCATGGTCTCACTGTCCAAGG
MGAM InDel Insertion(5'-GTCCCCCTCTTT-3") Chr4 ;15117320 R.GCCCAGTCTCAAAGGGTTTG 194
Deletion(5'-GGGATGGAGGGCT F;GCAAACATGAAGCATGTGGAGA
heam InDel GGAGGAACCAGTACCTGATACAGGA-3') Ched S I88317 G AGTGAGTCAGAATTAAGCCA 213
. . . . F:ACGTCAGGTTTCTGCTAAGGG
MGAM SNP T>C Chrd ;15143541 R AGGCAAGGACACACAACTCCTA 271
Insertion(5'-TGAGGATTTGACCTTTTAATGAATACA F;AGCATCTGGGATGATGCTTGTA
PPPIRISE InDel AATCATAAGCATTGTATTTTCTGTICTACAG3)  CMHO7616252 b rremmoceeTaAAGCCGETC 78
SMAD9Y InDel Deletion(5'-CTCTCGCAGGGGCTCC-3") Chr12,61917508 F: CCCAAAGCATGGCATGGGATA 191

R:GTAACTAACTCCGCAGTTACGG

2.2 MGAM 12 bp InDel IEE R 55 TILFEERKMEREBE S
2.2.1 MGAM 12 bp InDel HI¥ETE MR IZINEHEERE LUK S5 R i B A R 2 Fh LAY . DD (194 bp/194
bp) F1 1D (194 bp/206 bp) , LT HEIE , 2848 B K AR P A TR (1 1) .
2.2.2 MGAM 12 bp InDel 58I TIFEERKMRKEDHT  MGAM 12 bp InDel fii T 4 S YL AR N & T
X, W TILEERTTIRY B MGAM 12 bp InDel R SEAUNT 465 B (Ho) M 0.85, 245 1% (He) 4 0.14,
ARCFRIIEFE(N,) N 116, 2845 B &R (PIC) 7 0.13, PIC<0.25, 454 Hardy-Weinberg V- (% 2) ,
FEWFW B B, TD AU L2 (4 B R Fn i 58 4. 2 = T DD A ( P<0.05) (% 3)

WFITILE 6 A B Be MGAM 12 bp InDel (IREIA S AL S50 Ho N 0.81,He 4 0.18,N, Jy 1.23 PIC K
0.17,PI1C<0.25 ,f74 Hardy-Weinberg V- (£ 2) ., 7€ 6 H#&B B, ID ZEH ARG 111 AR AR L i
FIFIBO VR I 0 2 5 T DD R TR (R 3)



55 4 1 FEFGF TR R R SE S FARCTT & B H] 897

A M ID DD DD DD DD ID ID ID B
GAAAT TGAACAAATTTTTTTITTT TCCCCCTCTTTJTCCCCCTCTTCTGCTCCC

GAAATTGAACAAATTTTTITTTT ?D CCCCCCCTTCTGGTTTCTTTTGGCCCCA,

205 by
194 bp

1 MGAM 12 bp InDel IRASHER R EBEIK(A) FINFLER(B)
Fig.1 MGAM 12 bp InDel agarose gel electrophoresis( A ) and sequencing results(B)
M. DNA marker. The same as follows.

% 2 MGAM 12 bp InDel TR M R B K RS
Table 2 Genetic parameters of MGAM 12 bp InDel populations at different stages

% Frequency aif bl ARG A AR
N ol e

(%e {S\lll:: ﬁﬁi R Genotype SFHEA Allele Horrfol'j;g)osily Helei(zi;osily ?jflfe]:o)f PF:JITi(iéﬁi)c ij g@iiﬁlrg
DD(CC) ID(CT) I(TT) D(C) IL(T) effective alleles information content  halance
lzﬂgﬁﬁ)el 15117320 W%szng (nOQS:s) (n0;1168) 092 008 085 0.14 1.16 0.13 >0.05
lzﬂﬁﬁ)el 15117320 6I:Oﬁhz?old (n(i'7126> (”(134) 089 010 081 0.18 1.23 0.17 >0.05
3811{5/%%1 15188317 6méo§§dd (n0;3768) (n0;3756) (noff?z) 054 046 050 0.50 1.99 0.37 0.04
ﬂgApM 4. 15143541T>C slfojfold (ng) (”0;4751) (3;5708) 028 072 0.59 0.40 1.66 0.32 0.10
;P 5;11111;1:1 67616252 W%ang <Sf§) (nofg) (n0;7740) 0.4 08 075 0.24 132 021 0.94
165}11 Aﬁ%el 61917508 W%fong (”0;437) (noil()) (213) 070 030 057 0.42 172 0.33 0.57

H:P=0.05 /R E Hardy-Weinberg i, P<0.05 /R AT Hardy-Weinberg £
Note: P=0.05 indicates that the Hardy-Weinberg equilibrium is conformed and P<0.05 indicates that the Hardy-Weinberg equilibrium is not

conformed.
3 MGAM 12 bp InDel R EEFEE 5RE MG LFE KSR KBRS
Table 3 Association analysis of MGAM 12 bp InDel genotypes with growth performance of

Haimen goats at different stages

[ Bz e A ﬁiﬁ/kg K/ em %5/ em e 61/ em W/ em K 5%/ cm
Stage Genotype Body weight Body length Body height Chest circumference Chest depth Chest width
W 474 DD 8.46+0.36 41.64+0.46 42.17+0.48 47.64+0.49 16.71+0.30" 9.95+0.41"
Weaning 1D 9.31+0.86 41.83+1.06 43.83+1.13 49.77+1.15 18.72+0.71* 12.19+0.97*

6 Ak DD 19.60+0.51" 50.53+0.52 49.88+0.45" 56.22+1.19" 23.09+0.41" 22.69+1.07

6 months old 1D 23.13£1.00* 53.04+1.02 52.34+0.89* 65.23+2.35° 26.02+0.80" 17.70+2.11

T [ —FUAR R/ NG T3 R 2253 835 (P<0.05) o Bl DL {EpRifERR (2+SE) FR . T,
Note : Different lowercase letters in the same column indicate significant difference(P<0.05). All data are presented as the mean+standard error

(SE). The same below.
2.3 MGAM 38 bp InDel BIEFER 55 TLFEERKMERKES
2.3.1 MGAM 38 bp InDel FJ5ETE  BiiSHEBEI HL UK 45 R oKk iz B A 3 A ALK AL . DD (213 bp/213
bp) \II(175 bp/175 bp) A ID(175 bp/213 bp) , MFLERFEW RN B N RZFITCR(E 2)

A i DD ID DD ID D M B CTenTAcAGoAEREETEENEEEI TR TR CCAET AT TR AT TN

GGCTGGCAGGG C

213 bp
175 bp

2 MGAM 38 bp InDel ZBEFELER K (A) FAMFELER(B)
Fig.2 MGAM 38 bp InDel agarose gel electrophoresis( A ) and sequencing results(B)
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2.3.2 MGAM 38 bp InDel 5 TILFEKMEIREXBEDHT  MGAM 38 bp InDel i F 4 S YR & T
DIk, VLU EAE MGAM 38 bp Indel £7 #5630 1 DD 1D 111 3 FhJLA AL Hoh DD RUOMARHIER AL D Ky
AL, 6 A IRBBIRHA B LSBT : Ho 4 0.50,He 4 0.50,N, } 1.99, PIC ) 0.37, £ N h
JEZNE(0.25<PIC<0.5) , AFFE AU IARS - (P<0.05) (£ 2) . 1 6 AR B, DD He ATl
AR TR R R T ID R T SRR AT TSR (R 4)
&4 MGAM 38 bp InDel 5 6 BB TILFERK KKK IELER
Table 4 Association results of MGAM 38 bp InDel with growth traits in Haimen goats at six months of age

FE A A I/ kg K/ em PRI/ em Jt [/ cm MR/ cm M55/ cm

Genotype Body weight Body length Body height Chest circumference Chest depth Chest width
DD 19.53+0.81° 49.62+0.75* 49.85+0.80" 61.80+0.96" 22.80+0.66" 17.48+0.48"
ID 17.730.82" 49.76+0.76* 49.38+0.81" 61.22+0.97* 22.55+0.66* 17.84+0.48°
I 15.64+0.91° 48.19+0.85" 46.62+0.90° 60.87+1.07° 22.85+0.74° 16.83+0.53"

2.4 MGAM g.15143541 T>C NEEREBITLUFERKER KBS

2.4.1 MGAM g.15143541 T>C WETE B EEEM FIK S5 R (18 3-A) 7R, 7E 271 bp A0F 1 477G M7
SR LIS I, R SRR AS 5 (18] 3-B) K I MGAM g.15143541 T>C(1s639869084) 45 3 Fi
FEARL A5 CCLCT Al TT JEPRAY

A M B
bp
500
400
300

BICGTTCCATCT GG TCAACATACCC

CATACCCA

T T T g |
ce C CA CTCAACATACCCAACGTTCC
1

271 bp
200
150
100

50

' A A
3 MGAM g.15143541 T>C IREHEEERC Bk (A) FIMF 4R (B)
Fig.3 MGAM g.15143541 T>C agarose gel electrophoresis( A ) and sequencing results(B)
2.4.2 MGAM g.15143541 T>C 5§ TWWFEERKMERXEST  MCAM ¢.15143541 T>C i T 4 5§ Ak
FFMEF X3, W TILSETE MGAM ¢.15143541 T>C 7 s B CC CT A1 TT 3 AL &L o CT B R
IR T RIRHENIER , 6 A BB B BHABE ST :Ho 24 0.59,He 7 0.40,N, } 1.66,PIC
0.32, KI NP EZ BN (0.25<PIC<0.5)  FF A - A% P (P>0.05) (£ 2) . 78 6 AIEHIBr, CT %%
PRI 1] 1L 2 B A B R 12 353 T CC I TT BRI RSB TILE (£ 5) .
R5 MGAM g.15143541 T>C 5 6 RikiBITLFEKMRE KB SR
Table 5 Association results of MGAM g.15143541 T>C with growth traits in Haimen goats at six months of age

R A 1R/ kg K/ em KB/ em Ji L/ cm MR/ cm 6 5/ cm

Genotype Body weight Body length Body height Chest circumference Chest depth Chest width
CcC 17.45£2.32¢ 51.50+1.79¢ 49.25+2.28 57.00+4.70 24.75+1.74 24.75£4.99
CT 19.51+0.78" 60.90+0.60" 49.42+0.76 60.07+1.58 24.12+0.58 21.54+1.67
TT 16.67+0.74¢ 48.79+0.57°¢ 48.74+0.73 58.24+1.50 23.20+0.56 20.56+1.60

2.5 PPPIRI3B 58 bp InDel FIEER 5 TILEAKERXEBES T
2.5.1 PPPIRI3B 58 bp InDel Y5 E  BUISHHGEI Uk &5 R B , %L HA 3 ML AL . DD (278 bp/
278 bp) \11(336 bp/336 bp) F1 ID(278 bp/336 bp) . i T 45 RIAIE , S M 58 ¥ 5 TCik (K 4) .

A M DD ID 1D DD DD DD ID ID ID DD DD I ID " FERCEATTTOACTTT] FTRATORATA TYYNL CATAR TERITET A TTTTCTeTTCTACAGATICOT

P A GTA C G « a,.:.(';l'f" CGTAACCA C CAA

\AAMMAsAALA? J\I\ A AAAA A AAMAAAMA
B 4 PPPIRI3B 58 bp InDel FRf5HE SR Ik (A) FAIMFLER(B)

Fig.4 PPPIRI3B 58 bp InDel agarose gel electrophoresis( A ) and sequencing results(B)

2.5.2 PPPIRI3B 58 bp InDel 5[ TWWFAERKMRKESHT  PPPIRI3B 58 bp InDel fii T 21 5§ fafk
9 67 616 252 bp b ZA AR TILErR BN DD ID A1 IT 3 FpJEpI 8L Horb 1T B g By A0 T Ky

bp
1000
800
500
300

ATCA

AA G CA

G ACCAGG
200
100
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AL, W B B i A8 % S50 R :Ho 4 0.75, He 24 0.24 N, 7 1.32,PIC 3 0.21, J& TR
ZBME(PIC<0.25) FFATE A -TRAAMS - (P>0.05) (2 2) . FEWTYIRTBE, 1D Z 43 2 R A T T L0+
FERK: R R 7 T 2 3 85 T DD I IT 4045 3 R i TR (3R 6)
% 6 PPPIRI3B 58 bp InDel 5 TILFEERKMERPKBEHELER
Table 6 Association results of PPPIRI3B 58 bp InDel with growth traits in Haimen goats

FL R 7 AT/ kg A K/ em 1A%/ em Hfi FEl/ em MR/ cm i B/ em
Genotype Body weight Body length Body height Chest circumference Chest depth Chest width
DD 4.30+£2.57* 33.50+3.32° 34.50+3.21° 42.00+5.86* 14.00+2.44* 6.00+9.16"
1D 9.17+0.76* 42.61+0.98" 43.13+0.95" 47.91+1.73° 18.69+0.72" 13.78+2.70°
11 7.34+0.44° 40.44+0.56¢ 40.60+0.54° 46.01+0.99° 16.79+0.41°¢ 12.28+1.55*

2.6 SMADY 16 bp InDel HEER 5B TLFERKERXBES
2.6.1 SMADSY 16 bp InDel FIEE  IEfRWEEER B UK S R R 2 A 3 FhE A A . DD (207 bp/207
bp) JI1(191 bp/191 bp) M ID(207 bp/191 bp) , 1t FE5 R KHIE , 5848 B M 2P H ik (K 5) .

A DD 1l DD ID DD DD M bp Brercnse 666 6G6CCATG G CT 6 G AGCACCAG TGAGTG AG T
1000 X

e 00600 A A NN Mo A AN
o0 ( 0 ! WA M AN VY

500
400
300

200

000006000 MM
B5 SMAD9 16 bp InDel 25 #EREAIFE K (A) FAMF 4R (B)
Fig. 5 SMADY 16 bp InDel agarose gel electrophoresis( A ) and sequencing results( B)
2.6.2 SMADY 16 bp InDel 5T WLFEEKMEIRKEES T  SMADY9 16 bp InDel fii T 12 5 Je A (& 1)
61 917 508 bp Ab, %A AR TILZE R A7AE DD JID AT 3 Rk Horf DD B SASE R L D {34
SERLIER . T BE R REARIEAE S HUNT < Ho 24 0.57 , He }y 0.42,N, }y 1.72,PIC 2 0.33, & F I E £
P(0.25<PIC<0.5) ,IFFF A IR A -IRAAME P8 (P>0.05) (£ 2) , TEWTWSBB 11 265 5 AL A 11T 10 375
8 5 7 1T 2 3 T DD A ID BRI R AT IR (R 7))
&7 SMADY 16 bp InDel £ InDel i 255 TILFEERKERMKEBRESER
Table 7 Association results of the SMADY 16 bp InDel gene InDel site with growth traits in Haimen goats

100

FE[R 7Y 1R/ kg KK/ em 1A%/ em 5 FEl/ em KR/ cm i %/ em
Genotype Body weight Body length Body height Chest circumference Chest depth Chest width
DD 8.60+0.53 41.82+0.60 42.40+0.68 48.00+0.69 17.11+0.40 10.07£0.58*
D 8.76+0.58 42.70£0.65 42.37+0.73 48.75+0.75 17.22+0.43 9.65+0.63"
I 10.05+1.22 42.55+1.37 44.11£1.55 49.00+1.59 16.44+0.92 14.00+1.33¢
3 i

L 2E A R AR AL R FE T A% O 22 B e A , Haast A% 20 RO T B2 T L0 = 77 b 3 25 A 2 [ (R 22 0%
K EA R X, 8 5L R D F A S B2 AT, © 4% ) SNP (InDel I CNV (#5 D1
RS S 2R AR T ORISR AT IR LR AL TR ARk ISR R A
AHIEIE A 53 F IR SE AR WIER A, 10 MSTN 3k PR 2 1) 2 2 HE LA S 4l o W o T WLIRL & B AH G 3%
TR, MR R A K IR FHLER A T 2% | InDel A1 SNP {0 S AR N 45075 5, B
e A CEERE R RARE Y R T HAEF R A EZE

AHIFGE AT XU 1] L 2 4 3 PR 0 A PR A S B A BT, e A 2 T MGAM  PPPIRI3B Fil
SMAD9 3 ALY 5 A 5 58 T 1L EA R MR B 5CHE . BRI, MGAM 12 bp InDel 37 5 1) 1D &
IR 6 A WS B 02k TS AR i LRI TR 1) % B s MGAM 38 bp InDel i £ 1Y) DD JE P AITE 6
A WA B E 0 T R EE AT s MGAM g.15143541 T>C i 5 (%) CT JERRINAE 6 F I I 5 21 1 (K &
FAL . PPPIRI3B 58 bp InDel( Chr21:67616252) 7 i 7£ % 1] LU = Wi B B A R 4% e F I R 0 TH 3=
U 2 22 5 1D F A SRR AR K Oy L B W L35 SMAD9 16 bp InDel( Chrl12:61917508 ) {3 1 7E iff
FTILEERT B B, 11 406 35 DRSS R 14 g e 3 35 1 DD AN ID SEPR AU
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ViR PR 38 A5 728 S ARG B8, PIC N, RN He {ELfE 05 & IE R R Y AR A a8 A5 TR) IR PR /K7, 2ok gt
SRR T, RIATHARPIAATE & WA S AU B 7 o o P45 A Ak 14938 17 BE 7, [) o B 7
PRAEERE B Al A b B O R R A e 08 ) A B TR st B o R, AR B, AR iR B 24 A e
A2 ol B A 0 P R kg ] A A 2 2R AR SR A R R T T2 MGAM 12 bp InDel 7 55 1l
PPPIRI3B 58 bp InDel fii /5, PIC /NT 0.25 , FHAIX 2 M7 5 10 2 B EEAR, R BER I 20 & T80, A%
Al FEAR R TEASK R AT LM SEIE#EIX 2 N imi s T340, FEARTRGE ' MGAM 38 bp InDel {7 sl AN FF &
AR =R AR -, T e R R R T FP R A AN JE IR Bl R A R AR A T B

MGAM J&:77 2 — W T My i, 32 B /N RDIR G5 B 1 k') H F= BTl B IR K A 22 26 % DA B e
Ky KA P AR IC R SE M P Y a1, 4 B AR MGAM £ b s 3 F R BE i 28
A ] REE I PR MGAM HE IR F2 3k B3 8 58 R A WS P, DT 38 R s S ek i 1 IR AMA A iF 55 %
W] MGAM LR B2 1 AN 22 SEBR S H 5 19 MGAM T5 M, MGAM A 15 (il e 2 52 Ry ShBEPE L2 A5 s 17
TAAN , MGAM FEIR ) CNV 75 S SR 3 40 SR AT B 3 BOARSCE . FEATF ST, MGAM 12 bp InDel {3 15 1)
1D 3 PR AT BEAE R 1T 1L F A4 RS W A R AL & & RT3 11T MGAM 38 bp InDel {37 55 1) DD J& P A
MGAM ¢.15143541 T>C i g5 1) CT JEPRI BRI 52w, ph BL A5 I, MGAM FE R 5828 v] g PR i i 1k R 46
MR AR R . AR E R TAERT DU e e 5% 3 R (0 20 T b e X Ll 2 10 A R iR A 7
MR,

PPPIRI3B(ASPP1) J& T p53 456 8 I 505, i1k S0 18 2 A AR R T8I 3 PR 1) pS3 e sV R R MG 5 20
JagaT=  CARFSE R, PPPIRI3B JEN A Bk £ W& R IR IG R AR IR R 2 WAh, i A7 WF 5t 2
B PPPIRI3B L 4% miR-9-5p M EHEALE B2 . 7EAHISE T, PPPIRI3B 58 bp InDel {3 5 7E18 110
LW B A K R B R B VR, 0] PPPIRIZB FEN AT A2 1L F A K R T B G LR B W
FERE RN, SMADY B IEA LA E MG 516 S i i — R B S8 3 7Y HbRie T — 1B i
BT AR R A B AT T RS A S R TR B AR RN SMADY 1E K
P BB O A ) S AU S A6 R R O AN R A ST B SMADY JE[H th— > SNP 2848t i
A JER PR T RS, SMADY 16 bp InDel 4 5 767 1T 1L E W By Be iy A= K & & b B T
YER . Iz s AT e B A ME, T P ISR KRR e R

A ST SR BRE EEALRE LT 3 A1« 1) SZAEAS B, UL 2 A 85 by s g /N, T REE — e R R I
SN GE TR AR a5 2 ) REAOIIEAI X B — | BRI T B 28 4518 O AN I 3) SGE B2 W 01 A 6 A i 2
AN TE] T o AR R, R RE AT S B K R B I shAS LB, ol RERE W Bs o T B R I . X B R R
P, SR SEREGE N M AR 5 T R PR AR - B 58, 7 KAEA R I I J 2 ot kg, AR AR SRt 4t
T8 B S 3 LU, SRS S AP IR | 2R GE VA AN 5 BT 48 5E 4 A AE A TR L 2 i R b (458
FPESRGEPE , ISRt 4518 M M s i e, B UTE S SR s TR Al 12 H A AR A A ROBHE 1A 7 DG B
3T, MR TH o FAric e A= R MR Fum v g i iR 4

25 EPOR AT a3 4 3 A S SR B0 960 E , 2 KB R T MGAM  PPPIR13B Fl SMADY J:[K
() TnDel F1 SNP 37 45 5 T Ll 2R AR MR 2 1) B9 38 5Bk, i R B0 AT L 2 AR K B B I 4 F IR s LI
PEAE TR A B , I T T 2 s AL o R AR S TR FE M 7 FARIC . JE TR 4y FARIC T R bR i
B ERE A S A KRB R A AR RS VRO 326, Jon i A AR o A K T PR 4 9 1) L S e )
B, 4 AR BRI AE P AR I SR e TR AR
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