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ABSTRACT: The objective was to study the effectiveness 
of an 11 molecular panel for paternity testing in Mexican 
Jersey cattle. Seventy blood samples were collected from 
four sires, 32 dams, and 34 progeny. Commercial kit Max-
well 16 LEV blood AS1010 was used to extract DNA. 
Microsatellites were amplified using StockMarks for Cat-
tle® Bovine Genotyping Kit. Results were read and ana-
lyzed using GeneMapper 4.0 and Cervus 3.0 software. The 
11 microsatellites had: high polymorphic information con-
tent (0.66), combined probability of exclusion (CPE) of 
0.9957, CPE for one candidate parent of 0.9917, CPE for 
one candidate parent given the genotype of a known parent 
of the opposite sex of 0.9997, average number of alleles per 
locus of 8.73, and frequency of the most common allele 
varied from 0.29 to 0.86. The 11 microsatellite panel evalu-
ated yields enough information to test paternity in Jersey 
dairy cattle. 
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Introduction 
 

Genetic evaluations for milk yield for Mexican 
Jersey cattle are being carried out since 2004, using data 
bases from the Mexican Jersey Breeder Association. Predic-
tions of breeding values with the animal model assume 
correct pedigree and performance data are utilized. Howev-
er, paternity errors have been reported in several studies, 
ranging from de 5.2% in cows and 2.9% in bulls in Israel 
(Ron et al. (1996)), 13.2% in Germany (Geldermann et al. 
(1986)), and 20% in Ireland (Beechinor and Kelly, (1987)), 
to 27.5% in Brazil (Curi and Lopes (2002)). In a study of 
Charolais cattle in Mexico, Sifuentes et al. (2006) reported 
24% pedigree errors. Pedigree errors may bias estimates of 
genetic parameters and prediction of breeding values, and 
reduce the selection response. Banos et al. (2001) reported 
that with 11% of paternity errors a reduction of genetic 
progress of 50 kg of milk, 3 kg of fat and 1.7 kg of protein, 
is expected; additionally, the genetic trend for milk traits is 
reduced in 11 to 15% in US dairy cattle.  

 
Molecular genetic techniques, particularly mi-

crosatellite markers, allow for paternity tests in cattle with 
high degree of confidence (Gomez-Raya et al. (2008)). A 
microsatellite panel of markers tested in a population or 
breed may not be adequate in another population, since 
their efficacy depends on how informative are the markers 
in term of number and frequency of alleles (Curi and Lopes 
(2002); Carolino et al. (2009)). Thus, the objective was to 

determine the efficacy of a panel of eleven molecular mark-
ers to be used for pedigree testing in Mexican Jersey cattle.  

 
Materials and Methods 

 
Blood sampling. Seventy blood samples were col-

lected from four sires, 32 dams and 34 progeny registered at 
the Mexican Jersey Breeder Association. Blood samples 
were obtained from the caudal vein using 4 mL vacutainer 
tubes with EDTA and were conserved at 4°C for their anal-
ysis during the following seven days. 

 
DNA extraction. Blood DNA extraction was done 

using Maxwell 16 LEV blood AS1010 (Promega) commer-
cial kit according to the manufacturers' protocol. To test the 
quality and quantity of DNA, 1 µL of each sample was put 
in a spectrophotometer ultralow volume (Nanodrop 1000, 
thermo Scientific) and concentration and absorbance at 
260/280 nm were evaluated. Finally, all samples were dilut-
ed at 10 ng µL-1 concentration and saved at -20°C. 

 
DNA amplification. The “StockMarks for Cattle® 

Bovine Genotyping Kit” (Applied Biosystems Inc.) was 
utilized to amplify 11 loci of microsatellites (TGLA227, 
BM2113, TGLA53, ETH10, TGLA126, TGLA122, 
INRA23, ETH3, ETH225, BM1824 and SPS115), that 
ranged from 75 to 265 pb. DNA amplification was per-
formed using PCR (GeneAmp® PCR system 9700 thermo-
cycler, Applied Biosystems, Foster City, USA) with the 
following PCR program: an initial denaturation of 10 min at 
95°C, followed by a series of 31 cycles, with denaturing at 
94°C for 45 s, 45 s with 50% speed of ramp at 61°C, 60 s 
with 80% speed of ramp at 72°C, an extension at 72°C for 
60 min and a final elongation step for two hours at 25°C. 
The PCR products were saved at 4°C until running PCR 
analyses. 

 
Fragment analysis. Polymerase chain reaction 

products were subjected to capillary electrophoresis on a 
Genetic Analyzer 3130 (Applied Biosystems) using the 
recommended protocols. Sizing of DNA fragments was 
performed with GeneMapper version 4.0 (Applied Biosys-
tems). The genotypes of dams, daughters and sires were 
identified at the 11 microsatellite loci.  

 
Statistical analysis. Based on the results from the 

11 microsatellite markers, the Cervus software version 3.0 
was used to obtain: number of alleles and their average 
value; observed (Ho) and expected (He) heterozygosity; 
and polymorphic information content (PIC). Two exclusion 



probabilities were calculated for each microsatellite marker: 
average exclusion probability for one candidate parent 
(PE1); and average exclusion probability for one candidate 
parent given the genotype of a known parent of the opposite 
sex (PE2). The combined probability of exclusion for all 
marker loci was obtained as Jamieson and Taylor (1997). 

 
Results and Discussion 

 
Amplification rate, alleles and heterozygosity. 

Average amplification rate was 99.5% (Table 1). Nine out 
of 11 markers were fully amplified, and four samples from 
two markers were excluded from the study due to low DNA 
quality. Kios et al. (2012) reported an average amplification 
rate of 95.3% using similar markers as in the present study 
and seven out of the 11 markers had amplification rates 
higher than 97%. All loci were polymorphic and the num-
ber of alleles varied from five (for ETH3 and TGLA126 
markers) to 14 (for SPS115 marker), with an average of 8.7. 
This average is similar to those reported by other authors 
(Řehout et al. (2006); Zhang et al. (2010)) within a range of 
8.35 to 9.16 alleles. A higher average (14.2 alleles) was 
published by Hernández et al. (2009) in Zebu cattle and 
smaller (5.82 to 9.00) by Czerneková et al. (2006) for vari-
ous breeds. The number of alleles for a specific marker may 
vary among breeds. In the present study, ETH3 and 
TGLA126 had five alleles each, whereas Curi and Lopes 
(2002) reported four in Gyr, Hernández et al. (2009) 12 in 
Zebu and Stevanovic et al. (2010) six in Simmental cattle. 
The frequency of the most common allele (FCA) across 
marker loci varied from 0.29 (allele 167 of TGLA53) to 
0.86 (allele 115 of ETH3), which is different from other 
studies where the FCA in ETH3 varied from 0.29 to 0.51 
(Cervini et al. (2006); Stevanovic et al. (2010)), and the 
FCA in TGLA53 ranged from 0.24 to 0.75 for various 
breeds (Cervini et al. (2006); Hernández et al. (2009); Ste-
vanovic et al. (2010)). This result indicates that the infor-
mation provided by microsatellite markers in terms of num-
ber of alleles and their frequency depend on the breed and 
specific population studied.  

 

The He ranged from 0.25 to 0.83 with an average 
of 0.70, whereas Ho varied from 0.19 to 0.81 with an aver-
age of 0.60. These results are similar to those published by 
Czerneková et al. (2006), Carolino et al. (2009), and Kios et 
al. (2012) for different breeds. How informative is a marker 
is dependent on its value of heterozygosity and these values 
are functions of the number of alleles and their frequency. 
Observed vs expected heterozygosity were in agreement to 
Hardy-Weinberg equilibrium in nine out of 11 loci, but this 
test was not done for two loci due to few individuals. Aver-
age PIC was 0.66, which is similar to values of 0.69 report-
ed by Kios et al. (2012), and 0.63 by Sepúlveda et al. 
(2012). PIC varied from 0.24 to 0.81 which is in agreement 
with ranges reported by Cervini et al. (2006) 0.39 to 0.84, 
and Stevanovic et al. (2010) 0.58 to 0.88. The SPS115, 
TGLA53, INRA023, TGLA122, ETH225 and ETH10 
markers showed the maximum polymorphism with PIC 
values greater than 0.73. These values were similar to those 
reported by Zhang et al. (2010) and Sepúlveda et al. (2012). 

 
Probability of exclusion. Looking at exclusion 

probabilities for each marker, PE1 ranged from 0.03 to 
0.49, and PE2 from 0.13 to 0.67 (Table 1). Higher values of 
ranges for PE1 (0.40 to 0.68) and PE2 (0.58 to 0.85) were 
reported by Řehout et al. (2006), but similar to ranges cal-
culated by Sepúlveda et al. (2012) for PE1 (0.02 to 0.46) 
and PE2 (0.11 to 0.63). Combined probabilities of exclu-
sion for PE1 (CPE1) and PE2 (CPE2) were 0.9917 and 
0.9997, respectively. These probabilities were similar to 
those reported by Kios et al. (2012), who used the same 
panel of 11 markers. Other studies using different number 
of microsatellite markers for dairy cattle (Řehout et al. 
(2006); Zhang et al. (2010)) reported a CPE1 ranging from 
0.990 to 0.999. The SPS115, TGLA53, INRA023, 
TGLA122 and ETH225 markers, which had the highest PIC 
and probabilities of exclusion, and the lowest FCA, were 
among the most informative in this study. Two of these 
markers (TGLA53 and INRA023) were reported by Steva-
novic et al. (2010) as the ones with more alleles and high 
PIC, and low FCA.  

 

Table 1. Parameters& of microsatellite markers in Jersey cattle. 
Markers Number k Suc, % FCA Ho He PIC PE1 PE2 HW 
BM1824 70 7    100.0  0.429 0.514 0.729 0.685 0.323 0.502 NS 
BM2113 70 9    100.0  0.421 0.629 0.751 0.714 0.356 0.539 NS 
ETH3 70 5    100.0  0.864 0.186 0.249 0.238 0.032 0.134 ND 
ETH10 70 11    100.0  0.421 0.686 0.763 0.731 0.383 0.567 NS 
ETH225 70 8    100.0  0.314 0.786 0.783 0.743 0.389 0.568 NS 
INRA023 69 10      98.6  0.319 0.812 0.804 0.770 0.431 0.609 NS 
SPS115 67 14      95.7  0.313 0.657 0.832 0.806 0.494 0.665 NS 
TGLA53 70 11    100.0  0.293 0.529 0.823 0.794 0.472 0.645 NS 
TGLA122 70 9    100.0  0.321 0.714 0.796 0.762 0.418 0.597 NS 
TGLA126 70 5    100.0  0.743 0.386 0.412 0.365 0.085 0.208 ND 
TGLA227 70 7    100.0  0.350 0.657 0.761 0.718 0.359 0.537 NS 
&k = number of alleles; % Suc = amplification success as percentage; FCA = frequency of the most common allele; Ho = observed heterozygosity; He = 
expected heterozygosity; PIC = polymorphic information content; PE1 = average exclusion probability for one candidate parent; PE2 = average exclusion 
probability for one candidate parent given the genotype of a known parent of the opposite sex; HW = significance of deviation from Hardy-Weinberg 
equilibrium: NS = not significant; ND = not done. 



Conclusion 
 
The most informative microsatellite markers in the 

Jersey population studied were SPS115, TGLA53, 
INRA23, TGLA122 and ETH225. It is possible to carry out 
pedigree tests in Mexican Jersey cattle with eight markers 
(SPS115, TGLA53, INRA023, TGLA122, ETH225, 
ETH10, BM2113 and TGLA227), since they reach a com-
bined probability of exclusion larger than 0.99.  
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