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Abstract: The objective of this study was to identify molecular marker loci and candidate genes
associated with body weight and size traits in Dabieshan cattle, thereby elucidating their genetic

mechanisms. A total of 515 healthy Dabieshan cattle aged between 30 and 36 months were selected,
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phenotypic measurements of eight traits were performed, including body weight, withers height, body

slanting length, chest circumference, abdominal circumference, cannon bone circumference,
hucklebone width, and hip width. Genotyping was performed using the Neogen 100K SNP chip, and
a genome-wide association study (GWAS) was conducted using a mixed linear model (MLM). The
results revealed 44 single nucleotide polymorphisms (SNPs) loci significantly associated with body
weight and size traits, which were annotated to 426 candidate genes. Among these, 6 candidate genes
(WFIKKN2, MMP2, MATN1, PUM1, VKORCI1, and VKORCI1L1) related to muscle development,
chondrogenesis, and bone metabolism were of particular interest. Functional enrichment analysis
using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) further
indicated that the VKORC1 and VKORCIL1 genes are involved in key biological processes such as
vitamin K metabolism, which warrants further investigation. In conclusion, the findings of this study
provide clear molecular targets and valuable insights for the genetic improvement of the Dabieshan cattle.
Keywords: Dabieshan cattle; SNP; body weight and size traits; whole-genome association study
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Fig.1 Phenotypic distribution histogram of body weight and body size traits
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Fig.2 Chromosomal SNP density distribution map after genotyping quality control
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6 6_58539931 58539931 C/A 1.59E-07 RPL9.TLR10 .FAM114A1,WDR19 .KLB.LIAS,
SMIM14 ,UBE2K . TLR6 . TMEM156 .KLHL5.
RFC1.UGDH .PDS5A
14 1413955770 13955770  A/G  2.69E-07 LRATD2.U6
10 10_94086276 94086276 A/G  2.83E-07 WDR36
2 2_37903309 37903309 G/A  6.46E-07 Ul12.U6 .DAPL1.UPP2.CCDC148 . PKP4
6 6_86551834 86551834 A/G 1.62E-06  UTP3.GRSF1.MOBIB.DCK.GC.RUFY3,
SLC4A4
13 1334005489 34005489 C/A 1.67E-06 ARHGAP12.ZEB1 . ZNF438
19 19_16265564 16265564 G/A 1.81E-06 CCL1,CCL8.CCL11,CCL2.U6 U4 ASIC?2

(BT,

Carried forward)
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(#£% 2 Continued )

Py
#m e o : p S ppy S
. SNP E N .
Phenotype Chromosome Locus P-value Gene
Allele
16 16_41118210 41118210 A/G 2.53E-06 TNFSF18 .SNORAS9A . TNFSF4 AADACLA,
TNFRSF1B . TNFRSF8 .DHRS3.VPS13D
16 16_51796918 51796918 G/A  3.59E-06 RNF223.1SG15 HES4 .NOC2L . TMEMS2
UTTLL10 AGRN.PERM1 .SAMDI11.ZBTB17
FBLIM1 .SLC25A34 . PLEKHM2 . AGMAT.
DNAJC16 .CASP9 .CTRC .EFHD2 .KAZN .
KLHL17 .SPEN.CELA2A .FHAD1 . TMEMS5]1
C16H1orfl59
29 29_1207110 1207110 A/G  3.99E-06 SNORDS5 .SNORA8 .SNORD6 .SNORA25 .

HEPHL1.VSTM5 MED17 .C29H11orf54 .
TAF1D .CEP295.SMCO4 .DEUP1 SLC36A4

25 25.33092922 33092922 G/A 4.03E-06 RFC2.TMEMZ270 .CLDN.CLDN3 . ABHDI11,

DNAJC30,VPS37D . TBL2.7SK . TRIM50 .
NSUN5.U6.CCL26 ,CCL24 . TMEMI1Z20A |

HSPB1.RCCIL .GTF2IRD2.GTF21 .GTF2IRD1.
CLIP2 LATZ2 .EIFAH .LIMK1 METTL27.
BUD23 MLXIPL .BCL7B .FZD9 .FKBP6 .

RHBDD2 .STYXL1 MDH2 .SRRM3.YWHAG .
SSC4D \NCF1.ELN .BAZ1B .HIP1.POR

STXI1A

10 10_95545955 95545955 G/A  4.07E-06

11 1112841755 12841755 A/C  4.95E-06 U6.CYP26B1 . EXOC6B .DYSF . ZNF638 .
PAIP2B

15 1550327842 50327842 G/A 5.02E-06 OR52E1.0OR5213D .OR51P1 . OR51L1C |
OR51P1B \OR51L1B U6 OR51H9B .OR51H5 .

OR51S1B .OR51A8 OR52R1E OR51F1B |

ORS1IFS5C (OR51F5B \ORS1F23D \OR51EZ

OR51A25.0OR51A57 .OR51E1 . OR51D1,
OR52I1B (\OR5211 ,OR52111 \OR52M2 ,OR52K1
OR52M1.0OR52P2 OR51R1.OR52B3 .OR52B4

C.OR52B4K \OR51G2 . TRIMG68 . TRIMG6S |

OR51A49

21 21_41411828 41411828 G/A 6.78E-06 SNORAG62.GPR33.U6.Vault .G2E3 ,COCH
HECTD1 . HEATR5A \ARHGAPS . ARHGAPS,
STRN3.AP4S1 NUBPL . AKAP6

10 10_ 102180727 A/G 7.45E-06 PSMC1.TDP1 . KCNK13 NRDE2 .CALM1,
102180727 TTC7B .RPS6KAS

22 2233101195 33101195 A/G 7.92E-06 TAFA4 . TAFA1

28 28_26472060 26472060 A/G 8.71E-06 AIFM?2 .SARIA .PPA1.LRRC20 NODAL .

PRF1.TBATA MACROH2A2 .EIFAEBP2
PALD1 ADAMTS14.SGPL1.COL13A1

11 1112860734 12860734 A/G 9.50E-06 U6.CYP26B1 . EXOC6B .DYSF . ZNF638 .
PAIP2B

J15 18 1823256421 23256421 A/G 1.43E-11 IRX5,IRX6,MMP2

Abdominal 19 19_35683912 35683912 A/T 5.67E-06  TOB1.WFIKKN2 . ANKRD40CL .DHRSTB .

circum- TMEM11,KCNJ12 . UTP18 NME2 NME1

ference LUCTL3 . ABCC3,CACNALG,EPN3 MAP2K3
MBTD1 ., ANKRD40 .SPATAZ20 .SPAGY

(% TT1 Carried forward)



14

5 XA A DR 2 S I A3 B 7 25 DR L A AR A R AR A 96 20 e

189

(4% 2 Continued )

Py
#m e o : p S ppy S
. SNP E N .
Phenotype Chromosome Locus P-value Gene
Allele
A B Sty B 21 2142348918 42348918 A/G 1.18E-08 GPR33.U6.G2E3.COCH .HECTD1 HEATR5
Hucklebone A ARHGAP5.SCFD1.STRN3 . AP4S1,
width NUBPL ,AKAP6
1 1139763834 139763834 A/C 3.57E-07 U6 .B3GALT5 HMGN1.GET1 .LCASL .
BRWD1.SH3BGR.IGSF5.PCP4 .DSCAM
5 5_28112145 28112145 C/A 2.16E-06 ~ SMIM41.ATG101 ANKRD33 .FIGNL2.U6
CELA1.DAZAP2 . KRT7.KRT80.NR4A1,
TAMALIN ACVRI1B ACVRL1 .SCN8SA .BIN2 .
SMAGP . TFCP2 .GALNT6 . POUG6F1 .SLC4A8
20 2012736223 12736223 T/A 2.36E-06
25 2533933997 33933997 A/G 6.93E-06 RFC2.TMEM?270 .CLDN4 .CLDN3 . ABHDI11,
DNAJC30,VPS37D . TBL2 7SK . TRIM50
NSUN5.U6.CCL2.CCL24 . TMEM120 .HSPB1
RCC1.GTF2IRD2 .GTF21 .GTF2IRD1.CLIP2 .
LAT2 .EIFAH LIMK1 METTL27 .BUD23 .
MLXIPL .BCL7B .FZD9 .FKBP6 .RHBDD?2 .
STYXL1 .MDH2.SRRM3.YWHAG .SSC4D
NCF1.ELN.BAZ1B .HIP1 .POR .STX1A
M2 £ i 10 1012252829 12252829 A/G  4.06E-09 KBTBD13 U5 .PTGER2 .SPG21 MTFMT .
Hip width SLC51B.RASL12 .PDCD7.CLPX .IGDCC3.
DPP8 INTS14 .SLC24A1 .RAB11A .UBAPIL,
PARP16.IGDCC .HACD3 .DENND4A
2 2122442807 122442807 G/A 4.80E-07 SNORA70 .HCRTR1
8 8_5938128 5938128  G/A 8.18E-07 HMGB2.SAP30 .HAND2 U6 .SCRG1 .GALNT7
8 85955286 5955286  G/A 1.13E-06 HMGB2.SAP30 .HAND2.U6 .SCRG1.GALNT7
25 2527502658 27502658 A/G 1.42E-06 CTF2 .ORAI3 .HSD3B7.STX4 .ZNF646 ,
VKORC1 ,KAT8 ,PRSS36 . FUS.PYCARD
TRIM72.COX6A2 . ARMCS5.SLC5A2 . AHSP .
ORT7TA53 ,ORTA153 . ZNF713 .CCT6A .SUMF2 .
CHCHD2 NUPR2 .ASL .FBXL19 .SETDI1A |
ZNF668,.PRSS53 .BCKDK .PRSS8 ITGAM .
ITGAD . TGFB111 .SEPTIN14 NIPSNAP2 .
PSPH .PHKG1.VKORCI1L1 .PHKG1.STX1B
RUSF1 .MRPS17 .GUSB
12 12_9967477 9967477  A/G  1.99E-06
1 1152507074 152507074 G/A  4.40E-06 FAF1.COLQ.HACL1.BTD .SH3BP5,
METTL6 ANKRD28
19 19_11684567 11684567 A/G 8.87E-06 TBX2.INTS2.TBX4 .BRIP1 .BCAS3.CCL1

RO AR DL A FEGE | XA RE S K Ll AR AR S A
SRR A - Bl TR AR e R R v i £ B
(9 M R 5t 1 Z2 AR PR VAR OG o [R)BF, SR A 4 2
PR 2] B 43 M ik 9 22 57, 0 nT BB S BUBT L K
M RN Z —

ARG 22 3L T BB 2 T 426 45 KA 4 R E
A RO R AH DG 4 i 3 36 R, JE S OQ T T 24 52 i i
Bl OIR B e gk 3% R, B WEIKKN2 fil MMP2.,

WFIKKN2 A Sy — Fft K B 40 i &b 45 #3251, He 4
T 11 28 1A 3 3k O 96 2 45 0 R S v 4 A LI A
A 2R S FLwT A A A A 3 P T O
BRI AERMEF ™, Lee FE "5t i — 4
UESZ A2/ BB v WEIKKN2 J K ) il 5 5 25 ik
E NP e TR | BN Sl 11 N = N A |
B, e BE R e S WEIKKN2 5 LR R &
FRE 7 TR VAR O, Bl 25 58 S 52 W % ) P AR 1
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RAESLNY inflammatory response] R 5
AL Kﬂfr’" regulation of heart rate I 5
22 i B AR 0 PR T T T R A 1 r"hFH“" % positive requlation of ryanodi itive lease channel activity { INEG—_G——— 4
LA 4 H AL 745 regulation of cardlac muscle cell action potential|  INESEG—_—_—_—
22 J2 BB S P O Tl 1 5 A B I’JIFH“' % negative regulation of ryanodi iti channel activity I ¢
B 2 BRI S0 v)ﬁ% calcineurin-mediated signaling [
UL i TR R B T 785 B 1410845 regulation of release of sequestered calcium ion into cytosol by sarcoplasmic reticulum I ¢
5 25 F A3 detection of calcium ion I 4
LK% regulation of cardiac muscle contraction [ T
Zirt 3 K AR3HE vitamin K metabolic process I
453838 5 £5) caleium channel complex 5
U2 BB IE{A U2-type prespliceosome 5
115 sarcomere 5
Ul /MEAZHIEE B0k UL snRNP N 5
U12 B AE A4 Ul2-type spliceosomal complex 5
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U7 /MM FUBURL U7 snRNP 4
BYEIA =/ NE R T A1 spliceosomal tri-snRNP complex 4
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SMN-5 m ZE 14 44 SMN-Sm protein complex 4
AHIR) A 5454 identical protein binding |
R BRI R BRI 5% M protein serine/threonine kinase activator activity [ 6
IR T 7 enzyme regulator activity B
LI F 3% 1 chemokine activity . H
PR AR LRGSR 15 4 adeny! late cyclase activator activity{ IR 4
I 2 (1454 titin binding I ¢
AT R B & adem late cyclase binding I ¢
H F R B RR RS T protem phosphatase activator activity I 4
CCR #4fbHFZ A% 4 CCR chemokine receptor binding1 T
CCR3 fﬁﬂ:lﬁ%i‘ﬁizﬁﬁ CCR3 chemokine receptor binding I :
4 2 0 10 20
—log (P value Gene count
A

Bs5 GOEEINgEER

Fig. 5 GO genes functional annotation

I 4% T Olfactory transduction
3 £ 0 5 AN R - A A RS2 R AT R

Viral protein interaction withcytokine and cytokine receptor
)R- A EF Drug metabolism-other enzymes

AN -2 R T2 A1 LA ] Cytokine-cytokine receptor interaction
A N J2 2% Leukocyte transendothelial migration

12 1 S A2 -1 254 4145 1 Ubiquinone and other terpenoid-quinone biosynthesis
PUER IR RIS Ascorbate and aldarate metabolism

AN B A K 5 5% VEGF signaling pathway

RAEST TN TRP FIEH T Inflammatory mediator regulation of TRP channels

R BE N 7 A B ER A 1 5% 1k Pentose and glucuronate interconversions

HELIz Y SNARE M1 AE ] SNARE interactions in vesicular transport

a- AV FRIERICI) alpha-Linolenic acid metabolism

% Pathway

mEREACIE Pyrimidine metabolism
Sl MAPK{E 54 MAPK signaling pathway-fly
FEVERRE R PRI 25 50 GnRH signaling pathway

6 KEGGEBHE&ESH
Fig. 6 KEGG pathways enrichment analysis
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U Ji 1 2 J 35 1 2 W A AR AR B Y
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F YA R 2, T A 28 38 W) £ 4 400 M #5251
OB RBUBEIR

TR Ly A A RO bR A 32 3 PR 32 B 4 B 4k R
2 KA BB 5) . WFsR R, 48 = KER
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2 K 2 100 B2 Ak RN, X S R AR R A
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B WOEEAS R ML Gla sk (1, HAE WS 5 R I i
KA A R R DR, DO B B R B R
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S R ) - 4 T L R Y Rk L R BLAE L
P 7 T, 4 A2 3 K5 U0IA) T AL A0 i 1% 3 5 AN T
B8 AH ¢, AT GE A 2k o UL P A e AR R e UL P 2
RES . H AR Y S, 5 M AR e IR R OC R Y
SNPs fir i 3 B 2] 5 4k A R QK 3 o A 2w
VKORC1 Ml VKORCIL1 %K . E A5 &N,
VKORC1 1 VKORCI1L.1 % 5 1) il 2 M — RE 0% {8
b4 2 R K2, 3- 7 S AL W i 17 5 3 AL VE T
i T A S B IR R R R K AERIE X S
BB R B LR A

ZN A DOl IV SR G e NE N R 2 NN e
R Ia) 8, R G T i T R 3 AR RO R %) 4 JE DR 4 ¢
B3 BT, 7 JE FE R £ 5 PR 43 ) 6 5 B 24> F0 8 A
i # SNPs {7 o5, i 1% %] 6 4~ (WFIKKN2 . MMP2 |
MATN1.PUM1.VKORC1 1 VKORC1L1) 7] fig &
A R E AR ROM G i i JE . R R 0 I 5
PR 2 8] 7 A o 35 IE AR DG 78 & R b O S ik I
FRE R AU, T AT SHE AR E IE EER
A B TP 5K M8 2R, DT o B I8 e o 5 4 3
KA gy E LA S EREE R AT
23 A0 DT i R Rk T Ak R R0 . axX — HILHY
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