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ABSTRACT: The beef cattle industry has a significant role 
in the production of greenhouse gases which makes 
important to select animals with high feed efficiency (FE). 
The aim of this study was to identify genes in bovine 
chromosome 21 in linkage disequilibrium with SNP 
associated with FE in Nellore cattle. A genome-wide 
association study (GWAS) for residual intake and body 
weight gain was performed and SNPs associated with the 
trait were identified in two regions of this chromosome. 
These regions were analyzed for linkage disequilibrium and 
haplotype blocks were created. We found four haplotype 
blocks in region 1 and one in region 2 containing significant 
SNPs. We could identify eight genes that may be related 
with FE and one possible regulatory region.   
Keywords: Beef cattle; Haplotype; GWAS; Residual intake 
and body weight gain; SNPs 
 
 

Introduction 
 

The concern about the environmental impact of 
livestock is increasing, particularly with respect to its 
possible role in climate change. A recent report from Food 
and Agriculture Organization (Gerber et al. (2013)) 
highlights the contribution of the sector (14.5%) for the 
production of greenhouse gases (GHG), especially 
regarding beef cattle which represents 65% of livestock 
emissions. 

 
Feed efficiency in beef cattle is the animal’s ability 

to transform ingested food into meat. More efficient 
animals produce greater quantities of meat and generate less 
methane and manure per kilogram of ingested food 
(Nkrumah et al. (2006)). Therefore, feed efficiency is an 
important trait to be considered for reducing the emission of 
GHG as well as to increase productivity and improve 
profitability. 

 
Despite its relevance, selection for feed efficiency 

in beef cattle is a challenge to breeding programs. The 
measures of feed efficiency, as residual feed intake (RFI; 
Koch et al. (1963)) and the recently proposed residual 
intake and body weight gain (RIG; Berry and Crowley 
(2012)) are onerous and time consuming. One way to 
include this trait in breeding programs is the identification 
of molecular markers that may explain important part of the 
phenotypic variation among animals. This strategy assumes 
that SNPs are in linkage disequilibrium (LD) with genes 
that are responsible for the phenotypic trait and that the 
density of these markers is enough to represent all QTL 

(Espigolan et al. (2013)). Even not knowing the functional 
variants responsible for the trait, incorporating genotypic 
information into existing genetic evaluation systems has 
increased accuracy of EBV of young animals for commonly 
recorded traits within breeds (Lôbo et al. (2011)). Now, 
under a new approach called functional genomic selection, 
researchers aim to identify variants more likely to have 
functional effects so they may improve portability of 
genomic predictions across breeds and into crossbred 
populations (Snelling et al. (2013)).  

 
The objective of this study is to identify genes in 

bovine chromosome 21 in linkage disequilibrium with SNP 
markers associated with feed efficiency in Nellore, the most 
representative Brazilian cattle breed. 

 
Materials and Methods 

 
Phenotypic Records. The phenotype of feed 

efficiency from a total of 720 Nellore bulls and steers (B. 
indicus), were collected in different experiments in Brazil. 
The experiments lasted at least 70 days. The dry matter 
intake (DMI) was measured daily and the mid body weight 
of each animal was obtained by periodic weighing without 
fasting to obtaining the average daily gain (ADG). Residual 
feed intake (RFI) and residual body weight gain was 
calculated as the difference between the observed and 
expected DMI and ADG, respectively. Residual intake and 
BW gain (RIG) were calculated as proposed by Berry and 
Crowley (2012).  

RIG = (−1xRFI) + RG 

Genome wide association studies (GWAS). 
From the total of 720 animals, 384 were genotyped in 
Illumina® BovineHD BeadChip (777,962 SNPs), and 336 
in Illumina® BovineSNP50 v2 BeadChip (54,609 SNPs) 
according to the manufacturer’s protocol (Illumina Inc., San 
Diego, CA). 

 
In order to increase sample size, an imputation was 

performed to combine genotypes from the two panels in a 
single dataset. For that purpose, we used the software 
FImpute v2.2 (Sargolzaei et al. (2012)) and only genotyped 
markers with accuracy greater than 95% were considered 
for further analyses.  

 
After imputation, as quality control, we removed 

samples which did not present call rate greater than 90% 
and markers which did not present minor allele frequency 



greater than or equal to 2%, call rate of at least 95%, or 
Fisher exact test for Hardy-Weinberg Equilibrium greater 
than 1x10-5. 

 
The association analysis was based on a variance-

components method, namely Grammar-Gamma 
(Svishcheva et al. (2012)) . The phenotype chosen to 
describe the FE was the RIG. The model used was the 
polygenic and the association test included contemporary 
group and age as fixed effects. All the procedures were 
carried out in R v2.15.2, using the GenABEL v1.7-6 
package (Aulchenko et al. (2007)). 

 
LD analysis and genes identification. In order to 

perform LD analysis and identify the haplotype blocks 
where are located the SNPs found to be the most associated 
with RIG, we used a data set containing 1817 most 
representative Brazilian Nellore bulls genotyped in 
Illumina® BovineHD BeadChip. To perform these 
analyses, we used the software HAPLOVIEW (Barrett et al. 
(2005)). The r² represents the correlation between two loci 
and was chosen since it present an inverse relationship with 
the size of the sample, being better for small populations 
(Espigolan et al. (2013)). Haplotype bocks were created 
according to Four Gamete Rule  (Wang et al. (2002)). For 
the quality control of the SNPs used in this analysis we 
used software default (HW p-value cutoff: 0.001; genotype 
percentage ≥ 75%; minor allele frequency ≥ 0.001).  

 
The analysis described above was performed in 

two regions of bovine chromosome 21 containing the most 
associated SNPs with the phenotype (p < 7x10-4). Region 1 
comprised markers from position 70786215bp to position 
71149662bp and region 2 comprised markers from position 
56666198bp to position 56771134bp. 

 
After identifying haplotype blocks containing the 

significant SNPs, all SNPs from those blocks were tested by 
Variant Effect Predictor (VEP), an Ensembl on line tool 
(Mclaren et al. (2010))	   using as reference Bos taurus 
UMD3.1. Then, we used NCBI gene database (Geer et al. 
(2010)) and GeneCards database (Safran et al. (2010)) to 
search for gene functions. Bovine QTLs related with feed 
efficiency were searched in CattleQTLdb (Hu et al. (2013)). 

 
Results and Discussion 

 
GWAS. The results of association tests for RIG 

are shown in Figure 1 with threshold representing modified 
Bonferroni (Gao et al. (2010)) . The most significant SNP is 
located in chromosome 21 (BTA21). Similar results were 
found by Santana et al. (2014) in a GWAS of RFI and DMI 
in Nellore cattle which identify SNPs in same genomic 
region.  

 

 
Figure 1. Manhattan plot of –Log (p-value) for residual 
intake and body weight gain (RIG) 
The horizontal line represents the modified Bonferroni threshold (α = 9.27 
× 10-5). 

 
 
The most associated SNPs with RIG were located 

in two distinct regions of BTA21. Region 1 contained seven 
of these SNPs and a total of 72 markers in around 363kb 
length. Region two contained eight of the most associated 
SNP and a total of 32 markers in proximally 105kb length. 

 
Haplotypes. Linkage disequilibrium between 

SNPs in the two regions was calculated and blocks of 
haplotypes were constructed. For region 1, ten haplotype 
blocks were created, four of them containing the significant 
SNPs (blocks 2, 5, 6 and 8). For region 2, three haplotype 
blocks were created, one of them containing all the 
significant SNPs in that region (block 2, Figure 2). Six 
markers from each region did not pass the HW equilibrium 
quality control and were removed from analysis. All makers 
in LD with significant SNPs had their position and possible 
effect analyzed (Table 1). 

 
Table 1. Location and function of markers in haplotype 
blocks containing significant SNPs 

Region Block Marker 
Position SNP Variation               GWAS 

P            P -value 
1 2 70823120 G/A upstream_gene_INF2   

70833173 G/A intron_INF2   
70839866 A/G downstream_gene_INF2 0,0002216* 
70843161 G/A upstream_ADSSL1/downstream_INF2 0,8968790 
70843946 G/A upstream_ADSSL1/downstream_INF2 0,0000575* 

5 70901743 A/G upstream_ZBTB42   
70906532 A/C downstream_ZBTB42 0,0386042 
70909554 A/G downstream_ZBTB42   
70913914 A/C intergenic 0,0004149* 
70933315 G/A intron_KIAA0284 0,3257541 
70935231 A/C intron_KIAA0285   
70944748 G/A intron_KIAA0286   
70948071 G/A intron_KIAA0287 0,0059164 
70953209 G/A intron_KIAA0288 0,0038015 
70957902 G/A intron_KIAA0289 0,0297417 
70962191 G/A intron_KIAA0290 0,0006240* 
70965127 G/A intron_KIAA0291   
70972726 G/A intron_KIAA0292 0,0037884 
70975447 G/A intron_KIAA0293   
70980688 C/A intron_KIAA0294   
70986083 G/A downstream_KIAA0294   

6 70989585 C/A intergenic 0,0000565* 
70993979 A/G intergenic 0,0001466* 
70997271 C/A upstream_PLD4   
71003968 A/C intron/splice_region_PLD4   
71009665 A/G downstream_PLD4 0,2195140 
71013019 C/A missense_E/D_AHNAK   
71015528 A/C intron_AHNAK   

8 71045057 A/G missense_I/T_C14orf79   
71047034 G/A 3´UTR_C14orf79   
71051185 A/C downstream_C14orf79_CDCA4   
71055672 G/A upstream_CDCA4   
71063709 G/A intergenic   
71077483 G/A downstream_GPR132   
71083189 G/A upstream_GPR132   
71091607 G/A intergenic 0,0000002* 

2 2 56703480 G/A intergenic 0,0001438* 
56704681 G/A intergenic   
56706639 A/G intergenic 0,0001185* 
56709780 G/A intergenic 0,0006078* 
56713696 G/A intergenic 0,2199543 
56718723 G/A intergenic 0,0001438* 
56721424 G/A intergenic 0,0001438* 
56727989 G/A intergenic 0,0001438* 
56734961 G/A intergenic 0,0006078* 
56736171 A/G intergenic 0,0006984* 

* p-value < 7x10-4 
 



 
Figure 2. Haplotype blocks in region 2. 
Dark squares represent high r² values and triangles surrounding markers 
represents haplotype blocks under the Four Gamete Rule. Markers 
highlighted in green are the ones most associated with RIG (p-value < 
7x10-4). 

 
In region 1, many SNPs were located in introns or 

surrounding (upstream or downstream) some genes, which 
suggests that some of these variations may have a 
regulatory effect. Many of the genes are not well described 
in bovine so a human database was used to identify genes 
functions. Block 2 was composed by five SNPs, one located 
in intron of INF2 gene and the others surrounding genes 
INF2 and ADSSL1. Gene INF2 is related with 
polymerization and depolymerization of actin filaments and 
ADSSL1 is a component of the purine nucleotide cycle 
which plays a role in regulation of nucleotide levels in 
various tissues and which contributes to glycolysis.  

 
Block 5, the biggest one, contained 16 SNP, one in 

intergenic region, three surrounding ZBTB42, 11 in introns 
of KIAA0284 gene and one downstream the same gene. 
ZBTB42 gene encode a protein that is a transcriptional 
repressor and KIAA0284 plays a role in microtubule 
organization which are involved in a variety of cellular 
processes, including the movement of secretory vesicles, 
organelles and intracellular substances. Block 6 was formed 
by six SNPs, one of them located in an intron splicing 
region of PLD4 and other one in an exon of AHNAK gene 
resulting in an amino acid change from Glutamic acid (E) to 
Aspartic acid (D). PLD4 gene is part of ether lipid 
metabolism pathway in cow and AHNAK is a neuroblast 
differentiation-associated protein. Finally block 8 is 
composed of 8 SNPs, one responsible for a missense 
change from Isoleucine (I) to Threonine (T) in C14orf79 
and one in its 3´UTR region, the other ones are surrounding 
C14orf79 and GPR132 genes. C14orf79 encodes a protein 
that even in human is uncharacterized and GPR132 is 
Proton-sensing G protein-coupled receptors which is a 
receptor for oxidized free fatty acids. None QTL was 
reported for region 1 in cattleQTLdb. 

 
Region 2 presented one haplotype block 

containing all significant SNPs and the bock is located in an 
intergenic region. Interestingly, two QTLs for body weight 
were described in this region (#1358 and #11128) 

suggesting that maybe this region have a role in regulation 
of expression of important genes for feed efficiency 
phenotype. 

Some of the SNPs in Table 1 have missing p-
value. This means that these markers did not pass the 
quality control for GWAS.  

 
Conclusion 

 
We identify eight genes and one possible 

regulatory region in chromosome 21 that may be related 
with feed efficiency phenotype. Most of these genes are 
related with energy metabolism or have regulatory 
functions. Perform similar analysis in other chromosomes 
can help us to understand other physiological mechanisms 
regulating this trait and to identify powerful markers that 
can be used across breeds in a functional genomic selection. 
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