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ABSTRACT: A genome wide association analysis for two 
carcass traits, hind shank and thick flank, in Simmental 
cattle was carried out using BovineHD chip included 
676,854 SNP on 29 BTA. Two different models applied to 
association test, general linear model (GLM) and com-
pressed mixed linear model (CMLM). At conservative Bon-
ferroni-corrected, the majority of significant SNPs heavily 
located around 38 to 40Mb on BTA6. Of these SNPs,there 
were 85 and 38 SNPs significantly associated with the traits 
thick flank and hind shank  respectively, 34 SNPs detected 
for both. 14 SNPs detected by two models on thick flank. 
Besides 16 SNP were close to LAP3, 6 SNPs nearby 
LCORL, and 3 SNPs adjacent to BT.94996 in commonly 
significant SNP. It provides available information for fur-
ther research into find candidate gene on carcass traits in 
beef cattle. 
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Introduction 
 

Carcass traits are important economic  traits in 
beef cattle, and hind limb has great influence on quantity of 
meat and body  conformation. Based on high throughput 
SNP  genotyping technologies Genome-wide  association 
studies have widely applied in domestic animal on multiple 
traits included carcass, meat quality , fertility, growth or 
milk production(Xiaoping Wu et al.(2013);Atsushi ISHII et 
al.(2013);Y.Kim et al.(2011); D. P. Berry et al.(2012)).The 
majority of studies using  Bovine50K SNP associated with 
traits found novel candidate gene to explain phenotype var-
iation. The present study selected 807 young Simmental 
bulls from our source population which were fed in the In-
ner Mongolia ulgai region. The Illumina BovineHD chip 
was used to investigate genotype data. Both General Linear 
Model (GLM) and Mixed Linear Model (MLM)  were per-
formed to analyze two carcass traits:  thick flank and hind 
shank. The objective of this study was to identify signifi-
cant SNPs associated with hind limb.	  The results of our 
research will support further information on carcass traits in 
beef cattle and helpfully locate on candidate genes . 
 

Materials and Methods 
 

Animal. Experimental animals consisted of 807 
Simmental bulls,selected from more than one thousand 
source population, born in 2009 to 2011, originated from 
Ulgai, located at Xilingol league, Inner Mongolia, China. 
After weaning, they were fattened under the same feeding 

and management in Jinweifuren cattle farm in Beijing. Each 
individual was observed for growth and development traits 
until slaughtered from 13 to 20 months old.	  According to 
Institutional Meat Purchase Specifications (IMPS) for fresh 
beef guidelines,we measured the carcass traits included 
thick flank, hind shank and so on.  

 
Genotype. The genotype database of source popu-

lation construct for years. The genotyping was performed 
on DNA extracted from blood. All animals were genotyped 
with the Illumina BovineHD BeadChip contained 774,660 
SNPs. We removed unqualified SNPs in each of chromo-
some genotypic data, according to  standards that mean 
Gene Call score less than 0.95, missingness more than 5%, 
MAF less than 0.01, SNP call rate less than 0.95, Mendel 
error rate more than 0.05 or a Hardy-Weinberg equilibrium 
test P less than 10−6.The SNP quality control was assessed 
using PLINK(Purcell et al. (2007)). After screening, total of 
676,854 SNPs on 29 BTA were used. 

 
Model. The analysis utilizated the GAPIT soft-

ware((Lipka et al.,2012)) package that  was run in the R 
software environment. There were two different models 
implemented in this study. The phenotypes and genotypes 
were fitted in a generalized linear model (GLM): 
y=snp+pc+e For both traits,fixed effects were years, farms, 
months of birth and three principle component. The popula-
tion structure was quantified using principle component 
analysis  and the first three eigenvectors were used as co-
variates in the model to control the population structure in  
association analysis.The other was  compressed mixed line-
ar model (CMLM): y=snp+pc+kinship+e. The information 
of kinshhip caculated by genotype was also considered. The 
Bonferroni correction set a severe threshold for multiple 
hypotheses testing  p value. Using Q-Q plot showed devia-
tion  between observed and expected to determine if there 
was an excess of extremely high observed values. 

 
Results and Discussion 

 
Phenotypic correlation between thick flank and hind shank 
was more than 0.83. Summary statistics for each of trait 
was in Table 1.Quality control removed 97,806 SNPs from 
BovineHD chip. There were 807 beef cattle with 676,854 
SNPs in this study. Using principal component analysis 
detected and corrected population stratification.Figure1 
utilization 2 dimensions(PCs) showed the population struc-
ture, revealed three subpopulations among our source popu-
lation because of different genetic backgrounds. Principal 
components and kinship matrix calculated by GAPIT cor-



rectted  population stratification. Quantile-quantile plots 
illustrated less deviation of observed P-value from the ex-
pected value by CMLM. however,  there was slight stratifi-
cation in GLM.With conservative Bonferroni-corrected 
significance criteri, total of 91 loci that most SNPs located 
in BTA6 (Figure2 Distribution of observed P-values of SNP 
on BTA6 (thick flank))have significant association(Table 2 
significant SNP associated with carcass traits in different 
models ).	  Of these SNPs, 85 SNPs were associated with 
thick flank , 38 SNPs for hind shank(Fig3 and 4 display 
significant SNP and Q-Qplot) and 33 common SNPs for 
both in GLM(Table3). While using CMLM only 27 SNPs 
relative to thick flank, 2  SNPs to traits. However, there 
were 14 common SNPs for both traits in GLM and thick 
flank in CMLM (Fig5 and Fig6 showed significan SNPs 
and population stratification).	  Hapmap26308-BTC-057761 
was significant associated with hind limb,	  suggested identi-
cal association with carcass traits in Japanese black steers 
(Nishimuraet et al. (2012)). The strongest concentration of 
SNPs associated with hind limb were between 38 and 40 
Mbp on BTA 6. This region was previsouly reported by 
D.Lu er al.(2013) for birth weight in Australian 
catttle,Snelling er al.(2010) for direct growth in crossed 
beef cattle. Moreover, 16 SNPs  were closed to LAP3, 6 
SNPs nearby LCORL recently reported that associated with 
body size in horses(Julia Metzgeret al.(2012)) and indicated 
as candidate locus(J. Tetens et al.(2012)). It was suggested 
that potential region of further study on cattle carcass traits. 
 
Table1. Descriptive statistics of  two carcass traits 
Trait	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  mean	  	  	  	  	  	  	  SD	  	  	  	  	  	  	  	  	  CV	  	  	  	  	  	  Min	  	  	  	  	  	  Max	  
Thick	  flank	   	  	  	  4.673	  	  	  	  	  0.641	  	  	  	  0.137	  	  	  13.1	  	  	  	  	  6.86	  
Hind	  shank	   	  	  	  3.926	  	  	  	  	  0.514	  	  	  	  0.131	  	  	  2.54	  	  	  	  	  5.60	  
 
 

 
Figure 1.	   Population stratification by two principal 
components in 807 individuals   
 
Table2. Summary of significant SNPs associated with 
carcass traits in different models  
 Thick flank Hind shank both 
GLM 85 38 33 
CMLM 
Common  

27 
14 

2 
2 

2 
2 

 
Figure2 Distribution of observed P-values of SNP on 
BTA6 (thick flank) 
 
 

 
Figure3 Genome-wide plots –log10(P-value) for an asso-
ciation of loci with thick flank in GLM(a) and CMLM(b) 
and hind shank in GLM(c) and CMLM(d) 
 



 
Figure 4 Q-Q plot of P-value on thick flank in GLM(a) 

and CMLM(b) and hind shank in GLM(c) and 
CMLM(d) 

 
 
Table3. Commonly significant SNPs on thick flank and 
hind shank in GLM analysis 
name chr Gene.Name 
Hapmap26308-BTC-
057761 6 LAP3 

BovineHD0600010713 6 FAM184B 
BovineHD4100004580 6 LCORL 
BovineHD1400007259 14 PLAG1 
BovineHD0600010716 6 FAM184B 
BovineHD0600010701 6 FAM184B 
Hapmap31285-BTC-
041097 6 LCORL 

BovineHD0600010660 6 LAP3 
BovineHD0600010729 6 BT.94996 
BovineHD4100004575 6 LCORL 
BovineHD4100004577 6 LCORL 
BovineHD4100004578 6 LCORL 
BovineHD0600010727 6 BT.94996 
BovineHD0600010655 6 LAP3 
Hapmap30134-BTC-
034283 6 LAP3 

BovineHD0600010661 6 LAP3 
BovineHD0600010680 6 BT.29898 
BovineHD0600010683 6 FAM184B 
BovineHD0600010685 6 FAM184B 
BovineHD0600010755 6 LCORL 
BovineHD0600010677 6 LAP3 

   

name chr Gene.Name 
BovineHD0600010684 6 FAM184B 
BovineHD0600010675 6 LAP3 
BovineHD0600010673 6 LAP3 
BovineHD0600010664 6 LAP3 
BovineHD0600010726 6 BT.94996 
BovineHD0600010665 6 LAP3 
BovineHD0600010670 6 LAP3 
BovineHD4100004566 6 LAP3 
BovineHD4100004565 6 LAP3 

 
 

Conclusion 
 
The analysis identified 86 significant SNPs in 807 simmen-
tal cattle with BovineHD chip, 34 SNPs associated with 
thick flank and hind shank. Most SNPs located on BTA6 
38-40Mb within or near previously reported genes and QTL 
regions. Morever BovineHD genotypetic data have poten-
tial to promote the capability of statistic because of high 
density. It is  provides potential region for further research 
into find candidate gene on carcass traits.  
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