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ABSTRACT. Colombian creole cattle have important adaptation traits 
related to heat tolerance and reproductive and productive efficiency. 
Romosinuano (ROMO) and Blanco Orejinegro (BON) are the most 
common breeds used by Colombian cattle breeders. Growth traits are 
of prime importance in these animals, which are mainly raised for 
beef production. Genes encoding growth hormone, growth hormone 
receptor, homeobox protein, insulin growth factor binding protein 3, 
leptin, and myostatin have been associated with physiological growth 
pathways in cattle and other species. We therefore aimed to identify 
single nucleotide polymorphisms (SNPs) within these genes in ROMO, 
BON, and Zebu cattle. DNA regions of these genes were sequenced in 
386 animals; 47 new SNPs were found, of which 14 were located in the 
exonic regions, thereby changing the protein sequence. An association 
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of SNPs with weaning weight (WW), daily weight gain at weaning 
(DWG), and weight at 16 months (W16M) traits was deduced. The 
genetic analysis revealed several SNPs related to these traits. The SNP 
GhRE06.2 had a significant association with WW and the SNP Lep03.4 
was highly associated with DWG and W16M. Other polymorphisms 
were significantly associated with WW and DWG, although they did 
not surpass the Bonferroni significance threshold. The new mutations 
identified may indicate important points of genetic control in the DNA 
that could be responsible for changes in the expression of the analyzed 
traits. These SNPs might be used in future breeding programs to 
improve the productive performance of cattle in beef farms.

Key words: SNP; Growth traits; Blanco Orejinegro; Romosinuano; 
Creole cattle

INTRODUCTION

Growth traits in livestock animals are quantitative variables, often controlled 
by a large number of genes. Several studies have identified candidate genes associated 
with phenotypic variations in growth traits that might be responsible for the differences in 
productive performance observed among animals maintained under the same environmental 
conditions. Growth hormone (GH) and insulin-like growth factor-I (IGF-I) are molecules 
released from the pituitary and liver, respectively, which, along with their associated carrier 
proteins (IGF-binding proteins) and receptors, form the somatotropic (GH-IGF) axis that is 
thought to control growth and lactation (Pereira et al., 2005; Lucy, 2008).

High plasma GH levels have been detected in animals selected for increased growth 
rate. However, GH itself does not directly affect the growth rate. Instead, it interacts with 
a number of other hormones and growth factors, such as GH receptor (GHR) and insulin 
growth factor binding protein 3 (IGFBP-3), during various processes of synthesis, regulation, 
and molecule binding (Houba and te Pas, 2004). In cattle, different genes coding for proteins 
of the GH-IGF system have been implicated in physiological processes involved in energy 
homeostasis, growth regulation, and performance (Tuggle and Trenkle, 1996; Breier, 1999; 
Grochowska et al., 2001a; Biswas et al., 2003; Chagas et al., 2007; Velazquez et al., 2008; 
Arango et al., 2014). Interactions of the GH-IGF system with genes like HESX1 (homeobox 
protein) have been reported to be associated with GH deficiency or combined pituitary 
hormone deficiency (Takagi et al., 2016), as well as with cellular differentiation during the 
embryonic stage (Lai et al., 2009).

Other genes influencing the growth in animals have weaker interactions with the 
GH-IGF axis; however, they have been associated with important physiological functions 
and special muscle conditions. In bovine adipose tissue, growth hormone regulates the gene 
expression of leptin (Houseknecht et al., 2000), a hormone that functions as a lipostatic signal 
to regulate body weight (BW), feed intake, expenditure energy, reproduction, and functions of 
the immune system (Houseknecht et al., 1998; Larsson et al., 1998; Lord et al., 1998; Woods 
et al., 1998; Cunningham et al., 1999; Delavaud et al., 2002; Garcia et al., 2002; Nkrumah 
et al., 2004). Genomic variations in leptin (LEPT) gene have been associated with growth 
traits in goats (Wang et al., 2015) and beef cattle (Tian et al., 2013). The phenomenon of 
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excessive muscle fiber formation in Belgian Blue and Piedmontese cattle, known as “double-
muscling,” has been associated with myostatin (MSTN) gene (Rehfeldt et al., 2004). Several 
polymorphisms have been reported in the MSTN gene in Bos indicus cattle (Grisolia et al., 
2009) and few single nucleotide polymorphism (SNPs) have been associated with growth 
traits in Marchigiana cattle (Sarti et al., 2014).

Blanco Orejinegro (BON) and Romosinuano (ROMO) are Colombian creole cattle 
breeds used in beef farms (Martínez, 1992, 1998). These animals have better fertility (Rocha et 
al., 2012) and productive performance than the overseas breeds, probably because of more than 
500 years of adaptation to tropical conditions, leading to lower mortality rates, heat tolerance, 
and disease resistance (Vásquez et al., 2007; Martínez et al., 2009). Genome wide association 
studies have identified numerous SNPs associated with growth traits in these breeds (Martínez 
et al., 2014). However, the high genetic diversity reported in BON (Martínez et al., 2013) and 
ROMO (Bejarano et al., 2012) suggests the need for identification of new SNPs in candidate 
genes associated with growth traits for these creole breeds, which might not be present in the 
common set of SNPs covered by the existing genotyping arrays in cattle. The aim of this study 
was to identify SNPs in GH, GHR, HESX1, IGFBP-3, LEPT, and MSTN, evaluating their 
association with growth traits in Colombian Creole cattle breeds, BON and ROMO.

MATERIAL AND METHODS

Population

The study included 386 BON and ROMO individuals, which were the descendants 
of 32 bulls, whose germplasm is kept in the germplasm bank of the Colombian Corporation 
for Agriculture Research, Mosquera, Colombia. All the steers were weaned at 8 months and 
fed on grass for up to 24 months. Subsequently, they were maintained under a strict, monthly 
controlled weighing program in the experimental units of Turipaná (Monteria, Cordoba), El 
Nus (San Roque, Antioquia), and Aguazul (Casanare). These animals were selected from a 
population of 950 candidates using breeding values for weaning weight (WW) and weight at 
16 months (W16M). Mineral salt, fresh roughage, and water were offered ad libitum to the 
animals. Live weights were determined before slaughtering the animals. The genotyping only 
included animals with the highest and lowest breeding values, equally distributed among the 
groups within the breeds.

The present study did not require ethical clearance from the Animal Care and Use 
Committee because the data were extracted from existing herd books and the biological 
samples and genetic materials had been obtained for previous studies and were stored in 
germplasm banks.

DNA extraction and polymerase chain reaction

Blood samples were obtained from 386 animals (186 ROMO, 171 BON and 29 Zebu). 
DNA was extracted following a standard commercial protocol (MoBio Laboratories, Inc., Carlsbad, 
CA, USA) whereas a phenol-chloroform protocol (Sambrook and Russell, 2001) was used for 
extraction from thawed straws. After extraction, the quality and quantity of DNA samples were 
estimated by a spectrophotometer (Nanodrop 2000®, Thermo Scientific, USA) and each sample 
was diluted to 50 ng/µL and stored at -70°C, until further use in polymerase chain reaction (PCR).
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For amplification and sequence analysis, sixty sets of primers were designed, based 
on GenBank sequences, using the ENSEMBL database1 and the Btau_4.0 (October 2007) 
assembly (GenBank accession No. ENSBTAG00000011082). Bovine specific PCR primers 
were designed using Primer3 program (Rozen and Skaletsky, 2000). The NCBI primer BLAST 
tool2 was used to amplify approximately 1000-bp fragments of the gene flanking the SNPs 
identified in ENSEMBL.

Sequencing analysis

The genotyping reaction was based on a multiplex PCR followed by a template-
directed single-base extension using a probe. The products were separated and detected by 
mass spectrometry (MALDI-TOF MS) (Ehrich et al., 2005). The genotyping analysis was 
carried out by Sequenom® iPLEX® Gold Technology at the Genome Quebec Innovation 
Center, Canada. The call rate was close to 92% and the error rate was less than 0.1%.

The edited sequences were analyzed using the BLAST tool from NCBI to confirm 
their position on corresponding bovine chromosome. The sequences of six genes were 
deposited in the GenBank database and included in the Sequin software. The sequences were 
submitted and released on December 2012. The SNP positions were based on the sequences 
with GenBank accession No. JQ711177 for GHR, JQ711178 for HESX1, JQ711179 for LEPT, 
JQ711180 for MSTN, and JQ711181 for IGFBP-3.

Several SNPs from sequences of the six genes were studied using the Phred/Phrap/
Polyphred/Consed pipeline (Nickerson et al., 1997; Ewing et al., 1998; Ewing and Green 
1998; Gordon et al., 1998). In total, 965 contigs were obtained after assembling with the 
Phred and Phrap programs (Ewing et al., 1998; Ewing and Green 1998) from the Genome 
Sciences Department of Washington University and the Howard Hughes Medical Institute 
(http://www.phrap.org). Contigs containing two or more sequence reads were selected for 
analysis with Polyphred, obtaining 47 high-quality candidate cSNPs from a total of 129 
contigs. All the SNPs were confirmed visually. Finally, multiple alignment was done to 
compare the obtained sequences with those in the public database for all the six genes for 
Bos taurus and B. indicus, using BLASTn (NCBI). The SNPs and insertions or deletions 
were identified using the software PolyPhred 6.18 and PolyScan. The polymorphisms 
identified were compared among the breeds and among the groups within the same breed. 
The sequence information was used to define the coding and non-coding regions and to 
establish the number of SNP variants on each gene.

Genotype analysis and genomic association

The chi-square tests were used to determine whether an individual variant was in 
equilibrium at each locus in the population (Hardy-Weinberg equilibrium). The linkage 
disequilibrium (LD) was measured between all the pairs of bi-allelic loci, D’ [the correlation 
coefficient (Delta, |D’|)], LOD (logarithm of odds), and r2. The strength of LD between pairs 
of SNPs was measured as D’ using Haploview.

The phenotypic information was adjusted by age at each weight, from birth up to 
16 months. The breed, group (high vs low breeding values), and sex were used as the fixed 
effects. Fifty-six significant SNPs were analyzed, all located on coding regions of the six 
genes, GH, GHR, HESX1, IGFBP-3, LEPT, and MSTN.
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The association analysis was performed using a regression approach implemented in 
the SNPassoc package (González et al., 2007) of the statistical software R (CRAN, ver. 2.10.0, 
2011). Five genetic inheritance models were tested. Each SNP was considered a categorical 
variable with one level for each possible genotype (co-dominant model), one level for the 
dominant genotype, and other level for the heterozygote and homozygote genotypes (dominant 
or recessive model) and one level for each additional copy of allele (additive model). To 
estimate the association between phenotype Y [BW, daily weight gain (DWG), and W16M] 
and one SNP, a lineal general model was used:

where, α is the intercept, Xi is the ith subject’s genotype score for a given marker, and ei is the 
error that has a normal distribution with expectation 0 and variance d2. Under an additive model, 
Xi indicates ith subject’s number of minor alleles. Under the dominant model, Xi denotes, with 
coded values 1 and 0, whether the ith subject has at least one minor allele. Likewise, under the 
recessive (or over-dominant) model, Xi is codified as either 1 or 0 depending on whether the ith 
subject has two minor alleles (or, in the over-dominant model, two minor or two major alleles).

Proportions of probability, differences, and confidence intervals were estimated 
for each genetic model using the variance values for every single parameter. The statistical 
significance of each SNP was assessed by comparing the polymorphism effect with one null 
model (which only included the intercept) through the likelihood ratio test

where “other” refers to the genetic model. When this test was not sensitive enough to discriminate 
between the models, the Akaike information criterion (AIC) was useful in choosing the right 
inheritance model and the optimal model was attributed to that with the least AIC. AIC = -2 log 
Lik + 2q, where q denotes the number of parameters for the fitted model.

The evaluation of the interaction among SNPs implies the study of more than one SNP 
simultaneously, which can be estimated with the interaction Pval function. For each pair of 
SNPs (i,j) this function calculates: Liknull, the likelihood underlying the null model, Liki and 
Likj, the likelihood under each of the single-SNPs, Likad(i;j), the likelihood under an additive SNP 
model, and Likfull(i;j), the likelihood under a full SNP model (including the SNP-SNP interaction). 
Here, SNPassoc uses the object-oriented features of R (classes and methods) to plot interaction 
analysis. The upper triangle in the matrix contains the P-values for the epistasis log-LRT.

The diagonal has the LRT P-values for the raw effect of each SNP

(Equation 1) Yi Xi eiα β= + + ( )  2  –   null otherLRT log Lik log Lik=;

(Equation 2)( )  2  –   null otherLRT log Lik log Lik=

(Equation 3)( )( ; ); ) ( – 2  –  ij full i j ad i jLRT log Lik log Lik=

(Equation 4)( ) – 2  –  ii i nullLRT log Lik log Lik=
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The lower triangle comprises the LRT P values, comparing the two-SNP additive 
likelihood to the best of the single-SNP models.

RESULTS

Forty-seven new polymorphisms were identified within the exons, 14 of which produced 
changes in the protein sequence they encoded, and 24 SNPs were found in the non-coding regions. 
Ten polymorphisms (not previously reported in cattle) were found in the coding regions of the 
GH gene, with three of them generating changes in the protein sequence, as shown in Table 1. 
Three polymorphisms located between 2047 to 2246 bp on exon V, caused changes in the protein 
sequence. The first SNP at 2050 bp (C>G) produced the amino acid change (Ala > Gly), the second 
SNP (2167C>T) caused the change (Pro > Leu), and the last one (2200A>C) produced a change 
(Glu > Ala). The SNP 2192C>T represented a synonymous mutation (Table 2).

(Equation 5)( )( );( ) – 2  –  ;ji ad j i jLRT log Lik log max Lik Lik=

Table 1. Amino acid changes and allele frequencies caused by SNP polymorphisms in the GH, LEP, MSTN, 
GHR, HESX1, and IGFBP-3 genes of BON and ROMO cattle. 

Gene-SNP name Change Position Amino acid change Allele Frequency 
Gh-SNP 1 C>G Exon V Ala (GCT)>Gly (GCT) C (67.9%) G (32.1%) 
Gh-SNP 2 C>T Exon V Pro (CCG)> Leu (CTG) C (91.0%) T (9.0%) 
Gh-SNP 3 C>T Exon V Synonymous substitution C (98.7%) T (1.3%) 
Gh-SNP 4 A>C Exon V Glu (GAG)> Ala (GCG) A (76.9%) C (23.1%) 
Lep-SNP 1 A>T Exon I Tyr (TAT)>Phe (TTT) A (87.5%) T (12.5%) 
Lep-SNP 2 T>C Exon II Cys (TGC)>(Arg (CGC) T (91.4%) C (8.6%) 
Lep-SNP 3 C>T Intron N/A C (90.3%) T (9.7%) 
Lep-SNP 4 C>T Exon II Ala (GCG)>Val (GTC) C (76.3%) T (23.7%) 
Lep-SNP 5 C>T ExonII (Gly) synonymous C (72.4%) T (27.6%) 
Lep-SNP 6 T>C ExonII (Val) synonymous T (71.1%) C (28.9%) 
Lep-SNP 7 T>C ExonII (Ala) synonymous T (61.8%) C (38.2%) 
Lep-SNP 8 C>T ExonII (Pro) synonymous C (69.7%) T (30.3%) 
Mstn-SNP 1 G>C Exon (Gly) synonymous G (94.9%) C (5.1%) 
Mstn-SNP 2 A>G Exon Glu (GAA)>Asp (GAC) A (87.2%) G (12.8%) 
Mstn-SNP 3 A>G Intron N/A A (70.8%) G (29.2%) 
Mstn-SNP 5 T>C Exon (Cys) synonymous C (59.5%) T (40.5%) 
Mstn-SNP 6 Insertion T Intron N/A Normal (55.1%) Insertion (44.9%) 
Mstn-SNP 7 A>C Exon (Ile) synonymous A (78.6%) C (21.4%) 
Mstn-SNP 8 C>T Exon (Tyr) synonymous C (73.1%) T (26.9%) 
Mstn-SNP 9 G>A Exon (Lys) synonymous G (89.3%) A (10.7%) 
Mstn-SNP 10 T>G UTR N/A T (92.9%) G (7.1%) 
rGH-SNP 1 C>T ExonV (Tyr) synonymous C (97.2%) T (2.8%) 
rGH-SNP 1 T>C ExonV (Ser) synonymous T (86.1%) C (13.9%) 
rGH-SNP 1 A>G ExonV (Thr) synonymous A (94.4%) G (5.6%) 
rGH-SNP 1 G>A Exon X Ser (AGC)>Asn (AAC) G (97.4%) A (2.6%) 
rGH-SNP 2 C>T Exon X Pro (CCC)> Ser (TCC) C (97.4%) T (2.6%) 
rGH-SNP 3 A>G Exon X Asn (AAC)> Asp (GAC) A (92.3%) G (7.7%) 
rGH-SNP 4 A>C Exon X Asn (AAC)> Thr (ACC) C (52.6%) A (47.4%) 
rGH-SNP 5 G>A Exon X Ala (GCC)> Thr (ACC) G (98.7%) A (1.3%) 
rGH-SNP 6 A>G Exon X Ser (AGC)> Gly (GGC) A (56.4%) G (43.6%) 
Hesx-SNP1 C>T Exon II Pro (CCT)>Leu (CTT) C (89.7%) T (10.3%) 
Hesx-SNP2 G>A Exon (Pro) synonymous G (89.7%) A (10.3%) 
IgfBP-3-SNP1 C>G Intron N/A C (89.2%) G (10.8%) 
IgfBP-3-SNP2 C>A Intron N/A C (64.9%) A (35.1%) 
IgfBP-3-SNP3 C>T UTR N/A C (63.9%) T (36.1%) 
IgfBP-3-SNP4 T>C Intron N/A T (60.3%) C (39.7%) 
IgfBP-3-SNP5 Deletion G Intron N/A Normal (89.7%) Deletion (10.3%) 
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Table 2. SNPs located within GH gene in ROMO and BON cattle breeds.
 

SNP1 SNP2 SNP3 SNP4 
Genotype C>G C>T C>T A>C 
Position Exon Exon Exon Exon 
AA Change Ala (GCT) Pro (CCG) No change Glu (GAG) 

Gly (GCT) Leu (CTG) Ala (GCG) 
Allele Frequency C (67.9%) C (91.0%) C (98.7%) A (76.9%) 

G (32.1%) T (9.0%) T (1.3%) C (23.1%) 
Genotype Frequency 14 (35.9%) 32 (82.1%) 38 (97.4%) 24 (61.5%) 

0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (7.7%) 
25 (64.1%) 7 (17.9%) 1 (2.6%) 12 (30.8%) 

 

Three exons encoding the LEPT gene were sequenced and eight variants were 
identified (Table 3). There was a high frequency for the polymorphisms SNP5, SNP6, SNP7, 
and SNP8, located on the exon II (>0.27). Among these, only three showed amino acid changes 
in the protein sequence: the SNP 12730bpA>T in exon I produced an amino acid change (Tyr 
> Phe), whereas the SNPs 14706bpA>T and 14863bpC>T in exon II produced the amino acid 
changes (Cys > Arg) and (Ala > Val), respectively.

Table 3. SNPs located within the LEPT gene in ROMO and BON cattle breeds.

 SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 SNP8 
Genotype A>T T>C C>T C>T C>T T>C T>C C>T 
Position Exon I Exon II Intron Exon II Exon II Exon II Exon II Exon II 
AA change Tyr (TAT) vs 

Phe (TTT) 
Cys (TGC) vs 
(Arg (CGC) 

N/A Ala (GCG) vs Val 
(GTC) 

No change 
(Gly) 

No change 
(Val) 

No change 
(Ala) 

No change 
(Pro) 

Allele frequency A (87.5%) T (91.4%) C (90.3%) C (76.3%) C (72.4%) T (71.1%) T (61.8%) C (69.7%) 
T (12.5%) C (8.6%) T (9.7%) T (23.7%) T (27.6%) C (28.9%) C (38.2%) T (30.3%) 

 

Nine variants were found in the MSTN gene (Table 4), of which six were identified 
in the coding regions, two in the non-coding regions, and one in an untranslated region. 
However, only the SNP2 1000bpA>G in exon I caused an effective amino acid change (Glu > 
Asp). Other variants were synonymous substitutions, with no effect on the protein sequence. 
Likewise, a thymine insertion was identified at 5263 bp of an intronic region of MSTN.

Table 4. SNPs located within the MSTN gene in ROMO and BON cattle breeds respectively.

 SNP1 SNP2 SNP3 SNP5 SNP6 SNP7 SNP8 SNP9 SNP10 
Genotype G>C A>G A>G T>C Insertion T A>C C>T G>A T>G 
Position Exon Exon Intron Exon Intron Exon Exon Exon UTR 
AA change No change 

(Gly) 
Glu (GAA) vs 

Asp (GAC) 
N/A No change 

(Cys) 
N/A No change 

(Ile) 
No change 

(Tyr) 
No change 

(Lys) 
N/A 

Allele frequency G (94.9%)  A (87.2%) A (70.8%) C (59.5%) Normal (55.1%) A (78.6%) C (73.1%) G (89.3%) T (92.9%) 
C (5.1%) G (12.8%) G (29.2%) T (40.5%) Insertion (44.9%) C (21.4%) T (26.9%) A (10.7%) G (7.1%) 

 

Thirty-seven SNPs were found in the GHR gene, of which 22 were located within the 
intronic regions, 2 in the 3'-UTR region, and 13 in the coding regions. Only six variations were 
non synonymous and produced an amino acid change (Table 5).

Polymorphisms and allele frequencies found in the HESX1 and IGFBP-3 genes 
are shown in Tables 6 and 7, respectively. Only one SNP in HESX1 was a nonsynonymous 
substitution, whereas all the polymorphisms identified in IGFBP-3 were located in the non-
coding regions, including a guanine deletion and a mutation (SNP3) located on the 3'-UTR 
region, with a frequency of 0.63 for the native allele and 0.36 for the new allele.
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Table 5. SNPs located within the GHR gene in ROMO and BON cattle breeds.
 

SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 
Genotype G>A C>T A>G A>C G>A A>G 
AA change Ser (AGC) Pro (CCC) Asn (AAC) Asn (AAC) Ala (GCC) Ser (AGC) 

Asn (AAC) Ser (TCC) Asp (GAC) Thr (ACC) Thr (ACC) Gly (GGC) 
Allele frequency G (97.4%) C (97.4%) A (92.3%) C (52.6%) G (98.7%) A (56.4%) 

A (2.6%) T (2.6%) G (7.7%) A (47.4%) A (1.3%) G (43.6%) 
Genotype frequency 37 (94.9%) 37 (94.9%) 33 (84.6%) 7 (17.9%) 38 (97.4%) 8 (20.5%) 

0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (12.8%) 0 (0.0%) 3 (7.7%) 
2 (5.1%) 2 (5.1%) 6 (15.4%) 27 (69.2%) 1 (2.6%) 28 (71.8%) 

 

Table 6. SNPs located within the HESX1 gene in ROMO and BON cattle breeds.
 

SNP1 SNP2 
Genotype C>T G>A 
AA change Pro (CCT) No change 

Leu (CTT) (Pro) 
Allele frequency C (89.7%) G (89.7%) 

T (10.3%) A (10.3%) 
Genotype frequency 31 (79.5%) 31 (79.5%) 

0 (0.0%) 0 (0.0%) 
8 (20.5%) 8 (20.5%) 

 

Table 7. SNPs located within the IGFBP-3 gene in ROMO and BON cattle breeds.
 

SNP1 SNP2 SNP3 SNP4 SNP5 
Genotype C>G C>A C>T T>C Deletion G 
Position Intron Intron UTR Intron Intron 
Allele frequency C (89.2%) C (64.9%) C (63.9%) T (60.3%) Normal (89.7%) 

G (10.8%) A (35.1%) T (36.1%) C (39.7%) Deletion (10.3%) 
Genotype frequency 29 (78.4%) 13 (35.1%) 12 (33.3%) 9 (23.1%) Normal (79.5%) 

0 (0.0%) 2 (5.4%) 2 (5.6%) 1 (2.6%) Delhomo (0.0%) 
8 (21.6%) 22 (59.5%) 22 (61.1%) 29 (74.4%) Delhet (20.5%) 

 

Association analysis

The association analysis was performed on the whole set of polymorphisms found in the 
six analyzed genes, which were compared to the deregressed breeding values for WW, DWG, 
and W16M. Figures 1, 2, and 3 show the -log10 P values for each marker affecting WW, DWG, 
and W16M, respectively, assuming five different models of genetic control, namely codominant, 
dominant, recessive, overdominant, and log-additive. Two threshold lines are shown in the 
figures, representing the statistically significant associations at nominal level (pink line; P < 
0.05) and at Bonferroni correction level (red line; P < 0.001). A value below this P value can be 
accepted as a significant association between the SNP marker and the trait under study.

The analysis of WW showed 13 variants having significant association (P > 0.05) 
with this trait. The SNP GhRE06.2 showed a P value close to the Bonferroni threshold. 
Under a dominant model, the significance of the association increased (P < 0.001) and 
surpassed the Bonferroni threshold. Similar results were obtained when overdominant 
and additive models were used, indicating the important effect of this variation on WW. 
In the individual analysis for this variant and after correcting for the fixed effects of sex 
and breed, the highest significant association (P = 0.0002) and the lowest AIC value were 
obtained under a dominant model. 
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Figure 1. Effect of new variants on the genetic value of weaning weight in Colombian creole cattle breeds.

Figure 2. Effect of new variants on the genetic value of daily weight gain in Colombian creole cattle breeds.

Figure 3. Effect of new variants on the genetic value of weight at 16 months in Colombian creole cattle breeds.
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Animals with the homozygous TT or heterozygous CT genotypes demonstrated a 
lower mean value for WW than animals with the homozygous CC genotype, with a mean 
difference of 124.15 kg between the genotypes (Table 8). A similar situation was observed 
when an overdominant model was assumed, in which the animals with CC and TT genotypes 
had a higher value compared to the animals with the heterozygous genotype (P = 0.0009). The 
effects of SNPs on DWG and W16M are shown in Figures 2 and 3, respectively.

Table 8. Effect of the SNP GhRE06.2 on WW variation in BON and ROMO cattle breeds.

Model N Means ± SE Difference Range P value AIC 
Codominant       
C/C 51 -1.2 ± 5.8 0.0  0.00140 1097 
C/T 35 -40.4 ± 30.6 -124.83 -192.4 to -57.3   
T/T 3 13.3 ± 0.8 -103.63 -247.4 to 40.2   
Dominant       
C/C 51 -1.2 ± 5.8 0  0.00028 1095 
C/T-T/T 38 -36.2 ± 28.2 -124.15 -191.2 to -57.1   
Recessive       
C/C-C/T 86 -17.1 ± 12.9 0  0.93247 1108 
T/T 3 13.3 ± 0.8 6.05 -134.0 to 146.1   
Overdominant       
C/C-T/T 54 -0.4 ± 5.5 0  0.00090 1097 
C/T 35 -40.4 ± 30.6 -104.74 -166.6 to -42.9   
log-Additive       
0,1,2   -92.21 -151.5 to -32.9 0.00232 1098 
 

Several polymorphisms were associated with DWG. Among them, the SNPs GhR07.3, 
LepE03.1, LepE03.2, and Lep03.4 had the highest significant levels of association (Table 9). 
Animals with heterozygous genotypes for LepE03.1 showed better performance, with a mean 
difference of 53.02 g over the mean value in the homozygous animals. LepE03.2 also had a 
significant P value (P = 0.003) but a lower difference between the genotypes (35.06 g). The 
marker with highest effect on DWG was LepE03.4 (P = 0.0001), which was a synonymous 
substitution. The performance of animals with heterozygous genotypes was better (49.64 g) 
than that of individuals with homozygous genotype.

Table 9. Effect of LEPT gene polymorphisms on DWG variation in BON and ROMO cattle breeds assuming 
a codominant model.

Codominant N Mean ± SE Difference Range P value AIC 
LepE03.1       
C/C 57 -28.9 ± 19.4 0.0  0.05 1104 
C/T 32 6.7 ± 1.3 53.0 -1.8 to 107.8   
LepE03.2       
C/C 24 -9.5 ± 16.8 0.0  0.003435 952 
C/T 65 23.2 ± 3.7 35.1 11.6 to 58.6   
LepE03.3       
T/T 31 1.2 ± 13.5 0.0  0.03686 956.1 
T/C 58 21.4 ± 4.1 24.5 1.5 to 47.5   
LepE03.4       
T/T 17 -25.5 ± 22.7 0.0  0.000124 946.4 
T/C 72 23.8 ± 3.4 49.6 24.3 to 74.9   
LepE03.5       
C/C 23 -12.9 ± 17.3 0.0  0.00117 950.2 
C/T 66 23.9 ± 3.7 38.9 15.4 to 62.4   
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For W16M, the variants GhRE08.4, IgBP3E02.2, and LepE03.2 were significantly 
associated with this trait (P < 0.005), without exceeding the threshold imposed by the 
Bonferroni threshold. Only the SNP LepE03.4 was found to be highly associated with this 
trait and surpassed the threshold imposed by the Bonferroni test (Table 10). In the association 
analysis for the breeding values of W16M, deregressed by breed and sex effects, the SNPs 
GhRE08.4 and IgBP3E02.2 had significant effects (P < 0.005), but could not surpass the 
Bonferroni threshold. Only the former was observed to be significant under a codominant 
model whereas the latter was significantly associated with all the tested models except for 
the additive model. Likewise, two variants in LEPT (LepE03.2 and LepE03.4) demonstrated 
a significant effect (P < 0.005) on this trait, but only LepE03.4 surpassed the threshold of the 
Bonferroni threshold, indicating its high association with W16M. Under the codominant model 
(P = 0.029), individuals with a heterozygous genotype showed the highest performance with 
a difference of 5273 kg compared to the mean value obtained for the homozygous genotypes.

Table 10. Effect of the SNP LepE03.4 on W16M variation in BON and ROMO cattle breeds.

Model N Mean ± SE Difference Range P value AIC 
Codominant       
T/T 17 -46.6 ± 50.2 0.0  0.02985 1059 
T/C 72 8.3 ± 1.1 52.7 5.1 to 100.3   
log-Additive       
0,1,2   52.7 5.1 to 100.3  1059 

 

DISCUSSION

New SNPs were identified in Colombian BON and ROMO cattle breeds. Several 
polymorphisms were located within the coding regions of genes involved in the physiological 
pathways. Molecular mechanisms regulating the expression of phenotypes of the growth traits 
were analyzed. Some of these new genomic variations influenced the amino acid composition 
of proteins, such as growth hormone, growth hormone receptor, leptin, myostatin, and the 
homeobox protein ANF. However, all the SNPs identified in the gene that codes for the 
IGFBP-3 were located in the non-coding regions of DNA.

Several studies have reported genomic mutations within genes involved in the 
expression of proteins of the GH-IGF axis. Lagziel and Soller (1999) identified a transversion 
on the exon V of GH. The mutation C>G causes an amino acid substitution (Leu > Val) at 
position 127 of the polypeptide and the association study revealed that animals with the VV 
genotype displayed a lower growth rate than the individuals with LL or LV genotypes. The VV 
individuals showed a lower DWG, BW, and carcass yield (Grochowska et al., 2001b). In the 
present study, three of the 10 SNPs found in GH changed the amino acid composition of the 
growth hormone, although none of them was associated with growth traits at the significance 
level set by the Bonferroni test. Similarly, Di Stasio et al. (2002) did not find any significant 
association between polymorphisms on GH with meat production traits in Piedmontese cattle. 
Likewise, other mutations located in genes of the somatotropic axis like IGFBP-3, were not 
associated with growth in BON and ROMO, which contrasts with other reports. Choudhary et 
al. (2007) observed a significant effect of an IGFBP-3 polymorphism on birth weight and BW 
at 12, 18, and 24 months of age in crossbred calves, with an improved growth performance 
observed in heterozygous individuals. The lack of association between SNPs producing 
amino acid substitutions and growth traits in BON and ROMO might be due to breed-specific 
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epistatic interactions in which the expression of proteins with new coded sequences depends 
on the expression of other proteins to reach threshold levels of these molecules, limiting the 
effective variation in the phenotype of the analyzed growth traits.

In contrast, some polymorphisms located in other genes involved in the GH-IGF 
axis were associated with growth traits in BON and ROMO. From the high number of SNPs 
identified on GHR, the mutation GhRE06.2 was significantly associated with WW, being the 
only trait, statistically significant as determined by the Bonferroni test, under at least two 
different genetic models. Furthermore, the SNPs GhRE05.2 and GhRE07.3 were significantly 
associated with WW and DWG, respectively, and despite not surpassing the Bonferroni 
correction threshold, they were significant under multiple genetic models tested. It might be 
possible that genomic variations in the genes coding for this receptor played a more important 
role in the expression of growth traits in BON and ROMO, rather than the genomic variations 
in genes coding for carrier proteins and molecules like the growth hormone or the insulin-
like growth factors of the somatotropic axis. Other studies have found associations between 
some substitutions in the amino acid sequence of this receptor and major effects on milk 
yield and composition (Blott et al., 2003; Viitala et al., 2006). Moreover, several other bovine 
GHR sequence polymorphisms (Falaki et al., 1996; Ge et al., 2000; Ge et al., 2003; Sherman 
et al., 2008) and a microsatellite marker (GT repetition) in a promoter region of this gene 
(Hale et al., 2000) have been identified, with the larger allele (16 to 20 GT repetitions) of this 
last polymorphism having a significant association with the WW and carcass weight. In the 
present study, the SNPs GhR4 and GhR6 in the exons IV and VI, respectively, showed similar 
allelic frequencies that were near to the equilibrium, indicating their potential importance for 
association analysis. Other variations (SNP rGH1, SNP rGH2, SNP rGH3, and SNP rGH5) 
showed a high disequilibrium between the frequencies of their alleles.

Some mutations identified in genes not directly involved in the GH-IGF axis were also 
associated with growth traits. The eight new variants identified in LEPT were located at positions 
different from those reported by Buchanan et al. (2002). Lagonigro et al. (2003) and Nkrumah 
et al. (2005) have also reported mutations in other regions of this gene. In some cases (Nkrumah 
et al., 2004), the variants have been found within the exon II, as was found in our study, and 
sometimes in the promoter region (Nkrumah et al., 2005). Several of these polymorphisms have 
been associated with feed intake, milk yield, carcass weight, and reproduction-related traits 
(van der Lende et al., 2005). In the present study, the SNP Lep03.4 showed a significant effect 
on DWG, surpassing the significance level set by the Bonferroni test (P = 0.0002), under a 
codominant model. Similarly, three SNPs located near this variation showed a significant effect 
on DWG but the significance was below the Bonferroni threshold. These markers might be in 
LD with the SNP LepE03.4. Furthermore, there was a significant association between the SNP 
LepE03.4 and W16M, although the significance did not surpass the Bonferroni threshold. The 
significant association of this SNP with both DWG and W16M suggests that it might be located 
close to a DNA region with a key role in the genetic control of growth traits.

Significant associations between growth traits and polymorphisms in LEPT have 
also been reported in goats (Wang et al., 2015), whereas other studies have demonstrated the 
associations of LEPT mutations with the carcass and meat quality traits in cattle (Tian et al., 2013). 
These associations are possibly explained by the role that leptin plays in the energy metabolic 
regulation through its action on the hypothalamic-pituitary-adrenal axis, with subsequent effects 
on the growth process of different species (Delavaud et al., 2002). Several polymorphisms in 
LEPT and GHR that have been associated with growth traits in cattle are shown in Table 11. 
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Most of the mutations in both GHR and LEPT have been reported within the same chromosome 
and genomic regions where the SNPs in these genes were identified in the present study.

Table 11. Polymorphisms on the GHR and LEPT genes associated with production traits in beef and dairy cattle.

Gene SNP DNA Position Traits/Comments P value References 
GHR 20: 31,890,736-32,064,200 GhRE06.2 20: 31916336 WW 0.0003 Present study 

GhRE08.4 20: 31909580 W16M 0.005 Present study 
rs109203152 20: 32079536 Fat thickness at the 12th rib, 

intramuscular fat, longissimus muscle 
area in Brangus 

0.0618 (Baeza et al., 2011) 

rs41638175 20: 9732487 Carcass weight, lean meat yield in 
Holstein 

0.001 (Doran et al., 2014) 

rs109203152 20: 32079536 Fat thickness at the 12th rib 0.0204 (Garrett et al., 2008) 
rs109563545 20: 15870897 Shear force in Charolaise, Hereford, 

Limousine 
<0.05 (McClure et al., 2012) 

Leptin 4: 93,249,874-93,266,624 LepE03.1 4: 93263980 DWG 0.05 Present study 
LepE03.2 4: 93264136 DWG 0.003 Present study 
LepE03.3 4: 93264139 DWG 0.04 Present study 
LepE03.4 4: 93264151 DWG 

W16M 
0.0001 
0.0299 

Present study 

LepE03.5 4: 93264235 DWG 0.00117 Present study 
UASMS2 
rs29004488 
 

528 bp in the bovine leptin 
promoter (Accession No. 

AB070368) 
4:93262056 

Serum leptin (ng/ml) 
Marbling score 
Feed intake 
Growth rate 
Metabolic BW 
Backfat thickness (mm) 

0.001 
0.01 

<0.001 
<0.05 
<0.05 
0.001 

(Nkrumah et al., 2005) 

Carcass yield and backfat thickness <0.05 (Corva et al., 2009) 
UASMS3 1759 bp in the bovine leptin 

promoter (Accession No. 
AB070368) 

Feed intake 
Growth rate 
BW 

0.001 
<0.10 
<0.01 

(Nkrumah et al., 2005) 

LEP-2470 4: 95675400 Milk protein concentration (Holstein) 
Milk yield (Holstein) 

<0.05 
<0.1 

(Giblin et al., 2010) 

LEP-1238 4: 95676628 Milk fat and protein concentration 
(Holstein) 

<0.05 

LEP-963 4: 95676903 Milk fat and protein concentration 
(Holstein) 

<0.05 

R25C 4: 95690050 Milk fat and protein concentration 
(Holstein) 

<0.05 

Y7F 4: 95689996 Angularity (Holstein) 
Milk protein yield (Holstein) 
Body condition score, milk yield 
(Holstein) 

<0.01 
<0.05 
<0.1 

 

Mutations located in genes like HESX1 and MSTN were not associated with growth 
traits in BON and ROMO, with the exception of the SNP MstnE01.1 that was found to be 
significantly associated with WW, but without surpassing the significance threshold in the 
Bonferroni test. Moreover, as with other SNPs located in GHR, these mutations were significant 
only under a codominant model. In contrast, a gradual decrease in the significance levels 
was observed, with a higher number of variants showing association with WW compared 
to DWG and W16M. This might suggest that the growth traits expressed later (like W16M) 
are characteristics whose phenotypic expression cannot be easily predicted from the genetic 
profile of the individual, because they depend on the permanent and temporary environmental 
effects to a greater extent than the traits expressed earlier in life (like WW).

The SNPs significantly associated with growth traits in the present study could 
represent a pool of molecular candidates with high potential to improve the productivity in 
beef farms, through the implementation of breeding programs and the use of Colombian 
creole breeds. Moreover, all the SNPs identified, including those that were not significantly 
associated with the analyzed traits, might be considered in future studies to analyze different 
productive characteristics with other growth-related genes in livestock.
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