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Abstract - The aim of this study was to determine the 

genotype, allele frequencies and the effect of single 

nucleotide polymorphisms (SNPs) in genes CAPN, 

CAST and TG on the quality traits of Mexican 

commercial beef cuts. Longissimus dorsi samples 

(n=171) were collected and aged for 14 days before 

Warner Bratzler shear force (WBSF) and cooking loss 

(CL) were performed. Markers were analyzed by RT-

PCR and RFLP-PCR. Marker effect was evaluated by 

using a general linear model, additionally allelic 

substitution effect (α) and markers dominance 

deviation (d) were estimated. CAPN4751 marker 

showed the highest allele frequencies for favorable 

alleles (C) and an additive allele effect (α(T> C)= -0,368 

kg) on WBSF values (P=0.05). Dominant deviation in 

CAPN4751 was -0,210 kg. Presence of at least one T 

allele in TG5 marker could improve marbling in beef, 

since their genotypes showed an additive trend 

(P=0.07) on CL. Identification and selection of 

favorable alleles in quality traits of economic 

importance in Mexican beef may improve its quality 

and increase its commercial value. 

 

Key Words – Mexican beef, molecular markers, 

quality improvement. 

 

I. INTRODUCTION 

 

In the last years, the meat industry in Mexico has 

experienced sustained growth by the increasing 

demand for beef. However, the national beef 

production has not achieved self-sufficiency, 

which leads to the importation of meat products to 

support the domestic demand [1].  

In developed countries the increase in meat 

production and the improvement in quality is the 

result of cattle genetic improvement. This 

improvement is a result of the combination of 

animal productive testing and the implementation 

of molecular techniques that use genetic markers 

for the selection of animals with favorable allelic 

variants associated with quantitative traits (QTL's). 

These traits influence meat quality, in particular, 

tenderness and marbling [2, 3]. 

Meat tenderness is one of the main traits that 

affect beef consumer’s satisfaction. Beef 

tenderness has been associated with some SNP 

markers in CAPN and CAST (an inhibitor of the 

calpain system) genes [4,5,6]. Furthermore, other 

genes such as LEP and TG promote intramuscular 

fat deposition. In those genes, polymorphisms with 

effect on meat tenderness and marbling have 

already been identified and validated to be use to 

predict beef quality [7,8]. 

In Mexico, there is evidence on the significant 

associations of CAPN 316 and TG5 markers with 

WBSF and fat deposition, respectively, in 

commercial beef [9].  

So, the aim of this study was to estimate the allele 

and genotype frequencies in markers CAPN316, 

CAPN4751, CAST T1 and TG5 and estimate their 

association with some beef quality traits.  

 

II. MATERIALS AND METHODS 

 

Longissimus dorsi beef samples collected from 

Federal Inspection Type 171 (TIF) 

slaughterhouses located in northern, central and 

southern in Mexico were analyzed. The samples 

were aged during 14 days under refrigeration 

(4 °C) and further subjected to Warner Bratzler 

shear force (WBSF) and cooking loss as described 

by AMSA [10]. 

DNA was isolated from 40 g of lean meat, free of 

connective tissue, using the Genelute Mammalian 

Genomic DNA kit. Analysis of the TG5 marker 
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was carried out using the PCR-RFLP assay as 

reported by Barendse et al. [7]. CAPN316 and 

CAPN4751 genotyping were performed by allelic 

discrimination assays under the conditions 

reported by Bonilla et al. [9] and Parra et at. [11]. 

CAST T1 was determined after Van Eenennaam et 

al. [2]. 

 

Association analysis 

 

The variables were analyzed using a general linear 

model: Yij = μ + Gi + GGj + εij, where: Y = the 

dependent variables WBSF or CL, Gi = effect of 

genotype in CAPN316, CAPN4751, CASTD T1 

or TG5, GGJ= Genetic group, and εij= random 

error. 

Afterward, genotypes with significant effect 

markers (p<0.10) (CAPN4751 y TG5) were 

recoded with dummy variables: 0 (normal 

homozygote), 1 (heterozygote) and 2 (favorable 

homozygote), for the determination, by regression 

analysis, of the allelic substitution effect (α) and 

the dominance deviation (d). The allelic 

substitution (α) estimates the effect of replacing 

the normal allele by the favorable allele on a 

characteristic. The dominance deviation is 

estimated as the difference between the predicted 

value and the estimated one for the heterozygous 

genotype in each marker [12]. Analysis was 

performed using the statistical package 

MINITAB14. 

 

III. RESULTS AND DISCUSSION 

 

Table 1 shows the allele and genotype frequencies of 

the markers analyzed.  

 
Table 1. Genotypic and allelic frequencies of CAPN316, 

CAPN4751, CAST T1 and TG5 markers in Mexican 

beef 

Marker Genotype N 
Genotypic 

frequency 

Allelic 

frequency 
HW 

CAPN316 CC 

CG 

GG 

4 

31 

113 

0.03 

0.21 

0.76 

C= 0.13 

G= 0.87 

NS 

CAPN4751 CC 

CT 

TT 

23 

68 

73 

0.14 

0.41 

0.45 

C= 0.35 

T= 0.65 

NS 

CAST T1 AA 

GA 

GG 

88 

62 

14 

0.54 

0.38 

0.08 

A=0.73 

G=0.27 

 

NS 

TG5 CC 

CT 

TT 

138 

14 

8 

0.86 

0.09 

0.05 

T= 0.09 

C= 0.91 

 

** 

HW (Hardy-Weinberg), ** P<0.05; NS = P>0.05 

 

Allele frequencies were 0.13 for C and 0.87 for G in 

CAPN316. Van Eenennaam et al. [2] reported a 

frequency of 0.18 for allele C in U.S. Brangus, 

which was slightly higher than the frequency found 

in this study. In fact, it is shown a tendency of higher 

frequency of G allele in commercial bovine breeds, 

which is related to a lower favorable effect on meat 

tenderness [13] and it is probably due to the limited 

genetic selection of the cattle for this meat quality 

attribute.  

Since high frequency of G allele in CAPN316 was 

estimated in Zebu and crossbred cattle [4], 

CAPN4751 marker was designed to discriminate 

differences in tenderness among bovine breeds and 

their crosses, including those with Zebu influence. 

In this study a high frequency of heterozygous 

genotype (CT) (0.41) and frequency of 0.35 for C 

allele was found in CAPN4751. Pinto et al. [13] 

reported genotypic and allelic frequencies of 0.18 

and 0.32, respectively for C in CAPN4751 in 

Brazilian Nellore cattle. In Mexican commercial 

cattle Bonilla et al. [9] found higher frequency 

(0.49) of the favorable allele C in CAPN4751. 

This difference in allele frequencies in Mexican 

cattle could be related to the variability of beef 

origins across the country and the limited genetic 

flow directed to quality trait selection in their 

original populations.  

Least squares means, the effect of allelic substitution 

and dominant deviations for CAPN4751 marker on 

beef WBSF is shown in Table 2. 

The CC genotype showed a significant lower WBSF 

(P= 0.05) compared to the CT and TT genotypes. 

The effect of replacing T allele for C allele indicates 

decrease of 0.368 kg in WBSF of beef aged during 

14 days postmortem. 

 
Table 2. Least squares means, allelic substitution effect 

(α) and dominance deviation (d) of CAPN4751 on WBSF 

(kg/cm2) of Mexican beef 

 

Genotype n 

WBSF 

(Kg/ cm2) 

± S.E. 

α T>C d 
P 

value 

TT 70 6.48b±0.25 
-

0.368±0.21 

-

0.21 
0.05 

CT 65 6.38b±0.29    

CC 23 5.32a±0.41    

X = average; S.E. = standard error. Values with different 

superscript letters are significantly different (P<0.10). 
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CAPN4751 showed important dominant deviation 

effect; however, it was not higher than α value. 

White et al. [5] reported CAPN4751 dominance 

deviations on WBSF in Brahman, Bos taurus and 

Bos taurus-Bos indicus beef aged during 14 days, 

with values of -0.40±0.15, -0.27±0.10 and -

0.44±0.10kg, respectively. The replacement of T 

allele for C allele decreased WBSF by 4 kg. A 

decrease in WBSF by the replacement of T allele 

was also found in this study. Pinto et al. [13] also 

found association of CAPN4751 with lower 

WBSF in Nellore meat aged during 14 days and 

reported an additive effect of the favorable allele C 

of -0.27±0.09 kg and a dominant deviation of -

0.28±0.11 (P<0.05). This trend suggests that the 

presence of CAPN4751 marker is significantly 

associated with the decrease of WBSF in beef; and 

explains tenderness variation in meat of different 

bovine subspecies. 

Table 3 shows the effect of TG5 on the beef 

cooking loss. The TT genotype had higher cooking 

loss (32.97±2.66%) than CC and CT genotypes 

(27.15± 0.83% and 29.43 ± 2.16%, respectively). 

Since T allele is associated with the increase of 

intramuscular fat (IMF) deposition in the 

Longissimuss dorsi muscle, higher cooking loss 

might be due to the dripping of melted IMF along 

with meat juices during the cooking process [14].  
The α allelic substitution effect shown in Table 3 

indicates that animals showing at least one copy of 

the favorable T allele will have a CL increase of 

2.73% due to the higher IMF deposition. 
 

Table 3. Least squares means, allelic substitution effect 

(α) and dominance deviation (d) of TG5 on the cooking 

loss (%) of Mexican beef. 

Genotype n 
CL (%) 

±S.E. 
α C>T d P value 

CC 145 27.15b± 0.83 2.73±1.17 
0.4

0 
0.07 

CT 14 29.43b ± 2.16    

TT 8 32.97a ± 2.66    

CL= cooking loss. X = average; S.E. = standard error.  

Values with different superscripts letters are significantly 

different (P<0.10). 

 

Bonilla et al. [9] analyzed the frequencies of this 

single nucleotide polymorphism (SNP) in Mexican 

commercial cattle populations and determined the 

association of this marker with meat marbling. 

Those authors found that T allele significantly 

increased the IMF by 4.4 to 6.6 %.  

In a previous study reported by Casas et al. [15] 

evaluating Wagyu breed, TT homozygotes 

(Wagyu) animals had higher degree of marbling 

than those with TC and CC genotypes, suggesting 

that the functional variation of this allele is 

predominant in the Wagyu breed and occurs in 

lower frequencies in the other bovine breeds. 

IV. CONCLUSION 

 

CAPN4751 and TG5 markers have a significant 

association to WBSF and CL, respectively. The use 

of CAPN4751 for the selection of favorable genes in 

Mexican commercial cattle might be an efficient tool 

to the improvement of tenderness in beef produced 

in Mexico. Relationship showed by TG5 with 

intramuscular fat, measured indirectly through the 

CL, showed that those animals with at least one T 

allele may have higher marbling. The application of 

genetic marker selection to the identification and the 

selection of alleles that improve meat tenderness and 

marbling in combination with breeding programs 

could lead to an increase in the commercial value of 

the Mexican beef. 
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