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Abstract—Genetic structure and diversity of 3789 animals of the Brahman breed from 23 Colombian regions
were assessed. Considering the Brahman Zebu cattle as a single population, the multilocus test based on the
HW equilibrium, shows significant differences (P < 0.001). Genetic characterization made on the cattle pop-
ulation allowed to examine the genetic variability, calculating a H, = 0.6621. Brahman population in Colom-
bia was a small subdivision wthin populations (F;; = 0.045), a geographic subdivision almost non-existent or
low differentiation (F; = 0.003) and the F calculated (0.042) indicates no detriment to the variability in the
population, despite the narrow mating takes place or there is a force that causes the variability is sustained
without inbreeding actually affect the cattle population. The outcomes of multivariate analyses, Bayesian
inferences and interindividual genetic distances suggested that there is no genetic sub-structure in the popu-
lation, because of the high rate of animal migration among regions.

DOI: 10.1134/S1022795413070041

INTRODUCTION

Indicus breed have different geographic origins and
suffered various mixtures to over the centuries, con-
fronted with processes of environmental adaptation,
selection, migration and reproductive [1, 2]. Accord-
ing to existing data in the information system of
domestic animal diversity (DAD-IS), 25 cattle breeds
are reported in Colombia including the Brahman cat-
tle. The origin of Brahman is the result of crossbreed-
ing of taurine (presumably Shorthorn) and zebu
(indubrasil, Gyr and Guzera), but most of their phe-
notypic and genetic characteristics [3, 4] correspond
to the latter. The Brahman cattle arrived in the Cauca
Valley region of Colombia in the 1900s where it was
crossed with Creole breeds to obtain racially mixed
animals (Pinzon, 1984). These cattle are known for
having the highest genetic quality in the word. Cur-
rently about 90% of meat production in Colombia
comes from Zebu, which highlights the Brahman cat-
tle and theirs crosses, as the ideal breed for meat pro-
duction in tropical countries. In 1946 was created the
Asociacién Colombiana de Criadores de Ganado-
Cebu (Asocebul), an entity with a systematic and clear
target for improvement and purification of different
zebu breeds, which has an evident development of beef
and milk cattle throughout Colombia, particularly in
tropical areas.

! The article is published in the original.

Currently, most reports in population genetics at
the species has focused on taurine breeds [5—10] and
to a lesser degree zebu breeds [1, 11—15]. Genetic
characterization in tropical zebu breeds are underage
[16—19], reporting a single population analysis to
Colombian Brahman breed [4]. The goal of this work
was perform an allelic characterization and estimation
of population genetic parameters of Brahman breed
raised in Colombia by using microsatellites markers,
nine of which are approved by the international Soci-
ety of Animal Genetic (ISAG) and determine the
structure population of Brahman breed in Colombia.

MATERIALS AND METHODS

Animals. Samples obtained were pure Brahman
cattle registered in the Asociaciéon Colombiana de Cri-
adores de Ganado Cebu (Asocebu). These samples
were sent to the Laboratorio de Biotecnologia y
Genética (BIOTECGEN S.A.) to perform genotyping
test. A total of 3789 unrelated cattle of both sexes
(3594 males and 195 females) were analyzed. The
breeds studied came from 23 different Colombian
regions.

STR genotyping. DNA extraction was made from
hair follicle according to the modified protocol of Troy
etal. [10]. We analyzed a total of 11 microsatellites loci
(TGLA227, BM2113, TGLAS53, ETH10, SPS115,
TGLA122, TGLA126, INRA23, BM1824, ETH3 and
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ETH?225). Nine of these markers are recommended by
ISAG for paternity testing in cattle and have been
widely used in other studies of genetics characteriza-
tion.

The StockMarks® for Cattle Bovine Genotyping
Kit of Applied Biosystems® (Foster city, CA, United
States) and Bovine GenotypesTM-Panel 3.1 of
FINNZYMES Diagnostics were used to make multi-
plex PCR. PCR reactions were carried out according
to the commerecial kit instruction. The amplified prod-
ucts were evaluated in the automated genetic analyzer
ABI PRISM 310 and HITACHI 3500 (Applied Bio-
systems®). The allocation of alleles was carried out by
FlexiBinV2 software [20] and Applied Biosystems
GeneMapper v. 3.2. and v. 4.1 software (Applied Bio-
systems®). The nomenclatures of the alleles were
assigned according to size in base pairs (bp) of each
allele, using as reference samples of the ISAG.

Measures of genetic variability. Allele frequencies
for all loci as well as the number of population-specific
alleles found (private alleles, PAs) was determined
with Fstat v. 2.9.3. The software Genetix v. 4.03 was
used to estimate observed (H,) and unbiased within-
breed expected (H,) heterozygosities, and mean num-
ber of alleles (MNA) by population. An exact test for devi-
ations from Hardy—Weinberg equilibrium (HWE) was
performed using the GENEPOP package, version 3.0
[21]. Both global tests across populations and loci and
tests per locus per population were done using the
method of Guo and Thompson [22], and the P values
were obtained using a Markov chain of 10 000 demem-
orization steps, 500 batches, and 5000 iterations.
Genotypic linkage disequilibrium (LD) was also cal-
culated with this software and the same Markov chain
settings. Significance levels were adjusted using the
sequential Bonferroni method to take into account
multiple tests on the same data set.

Differentiation, structure and population’s subdivi-
sion. Fstat v. 2.9.3 was used to estimate the F'statistics
per locus by Weir and Cockerham [23] and P values
were obtained based on 1000 randomizations. These
values were compared with results obtained with
GENEPOP v. 3.0 [21]. CERVUS v. 2.0 [24] was used
to estimates the probability of exclusion and the com-
bined probability of exclusion according to Jamieson
and Taylor [25] and the polymorphic information
content (PIC) was determined as described by previ-
ous workers [25]. Standard genetic distance (DS) [26],
chord distance (DC) and stepwise-weighted genetic
distance (DSW) [27] were calculated from allele fre-
quencies. Dendograms were constructed from the dis-
tance matrix using the unweighted pair group method
with arithmetic mean (UPGMA) and the Neighbor-
Joining (NJ) algorithms. Bootstrap values were calcu-
lated from 1000 replications of resampling loci. Dis-
tance and trees were computed using the POPULA-
TIONS v. 1.2.28 software. The trees were visualized
using TREEVIEW [28]. Genetic structure and the
degree of admixture of 23 different Colombian regions
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of Brahman cattle were investigated using the Bayesian
clustering procedure of STRUCTURE v. 2.0 software
[29], with burn-in length and MCMC iterations of
50000 and 100000, respectively. The parameter alpha
(degree of admixture) was inferred from the data using
the default settings and an admixture model with cor-
related allele frequencies [30]. The most probable
number of populations (K) given the observed geno-
typic data was estimated according to the monophyl-
etic groups in the phylogenetic tree generated from
genetic distance computed by POPULATIONS
v. 1.2.28 software.

RESULTS

A total of 153 alleles were detected among 11 loci
evaluated, there were 17 private alleles present in
Antioquia (7), Cérdoba (4), Cesar (2), Tolima (2),
Santander (1) and Guaviare-Meta (1). The allelic fre-
quencies and the private alleles are summarized in the
Table 1. The average number of alleles for these loci
was 13.9 which is considered high. The gene diversity
was calculated using the observed heterozygosis (H,)
compared with the expected heterozygosis (H,) in the
11 loci tested (see Table 5), in the 23 regions analyzed
and the average number of alleles per locus or Na. In
general, gene diversity was low in most of the markers
with an H, and H, mean of 0.6621 and 0.6929 respec-
tively, but without significant differences (P < 1; o =
0.05) between these two values. The ETH225 is the
only marker with a lowest H, of 0.3142. Concerning to
the 23 regions analyzed, its shows that the H_  was low
in all regions with a slight increase in Narifio, Putu-
mayo and Sucre (H, ~ 0.7) but without significant dif-
ferences (P > 0.909; o = 0.05) between H, and H,
parameters.

HW equilibrium analysis in each region shows sig-
nificant differences between regions and the total pop-
ulation. Specifically we can see that in 3 different
regions (Caquetd, Arauca, Cauca and Casanare) only
show highly significant HW disequilibrium (P << 0.01;
o= 0.05) for a single locus of the 11 analyzed (ETH10,
TGLA227 and ETH10 respectively). In these regions,
in the other 10 loci evaluated, multilocus test is not
significant (P> 0.05; oo = 0.05). Considering the Brah-
man cattle population as a single population in
Colombia, the multilocus test shows that have highly
significant differences (P < 0.001; a = 0.05). After
analyzing linkage disequilibrium, there were detected
seven pairs of loci in linkage disequilibrium (Table 2);
however, these couples do not have a physical linkage,
because they are in different chromosomes.

The polymorphic information content (PIC) cal-
culated showed that zebu Brahman population evalu-
ated in Colombia have high information content in
five polymorphic loci (TGLAI122, INRA23,
TGLA126, BM2113 and TGLAS53), but the average is
less than 0.6531 PIC. This value is reduced by other
systems that have small PIC (Table 3). In all cases, the
Vol. 49
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Table 1. Allelic frequencies and private alleles by locus of the Zebu Brahman in Colombia

Allele# | Size | Freq. Private Allele# Size Freq. Private
TGLAS3 10 123 0.0001 Coérdoba
1 154 0.0302 11 125 0.0182
2 156 0.0004 12 127 0.0001 Antioquia
3 158 0.0089 13 129 0.0001 N. de Santander
4 160 0.4006 BM2113
5 162 0.0870 1 121 0.0020
6 164 0.0399 2 125 0.0032
7 166 0.0400 3 127 0.0368
8 168 0.2815 4 129 0.1542
9 170 0.0199 5 131 0.0004
10 172 0.0039 6 133 0.0510
11 173 0.0003 7 135 0.1266
12 174 0.0046 8 137 0.0098
13 176 0.0004 9 139 0.1158
14 178 0.0003 Sucre 10 141 0.4251
15 180 0.0035 11 143 0.0747
16 182 0.0047 12 145 0.0003
17 183 0.0004 13 160 0.0003 Antioquia
18 184 0.0222 SPS115
19 185 0.0001 Cundinamarca 1 244 0.0046
20 186 0.0069 2 246 0.2677
21 188 0.0303 3 248 0.3946
22 190 0.0061 4 250 0.1640
23 192 0.0010 5 252 0.0061
24 194 0.0003 6 254 0.0434
25 196 0.0028 7 256 0.0853
26 198 0.0028 8 258 0.0112
27 200 0.0008 9 260 0.0225
28 290 0.0004 10 262 0.0005
BM 1824 11 264 0.0002 V. del Cauca
1 172 0.0001 Antioquia TGLA227
2 178 0.0346 1 77 0.6433
3 180 0.4619 2 79 0.0394
4 182 0.4205 3 81 0.1961
5 184 0.0008 4 83 0.1116
6 188 0.0462 5 85 0.0018
7 190 0.0001 Cundinamarca 6 87 0.0012
8 192 0.0357 7 89 0.0005
ETH3 8 91 0.0004
1 101 0.0008 9 93 0.0025
2 103 0.1013 10 95 0.0018
3 109 0.0020 ETHI10
4 111 0.0001 Antioquia 1 209 0.2760
5 113 0.0040 2 211 0.1815
6 115 0.4301 3 213 0.4778
7 117 0.4273 4 215 0.0001 Valle del Cauca
8 119 0.0152 5 217 0.0172
9 121 0.0007 6 219 0.0456
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Table 1. (Contd.)

Allele# Size Freq. Private Allele# Size Freq. Private
7 221 0.0011 9 210 0.0764
8 223 0.0003 Cundinamarca 10 212 0.0004
9 237 0.0003 Antioquia 11 214 0.3317

TGLA122 12 216 0.1063
1 137 0.1642 13 218 0.0016
2 141 0.0020 14 222 0.0022
3 143 0.0763 ETH225
4 145 0.1138 1 140 0.0204
5 147 0.0160 2 142 0.0071
6 149 0.1038 3 144 0.0097
7 151 0.1646 4 146 0.0009
8 153 0.1486 5 148 0.1633
9 155 0.0023 6 150 0.0326

10 157 0.0311 7 152 0.0008
11 159 0.0017 8 154 0.0214
12 161 0.0609 9 156 0.0045
13 163 0.0124 10 158 0.0012
14 165 0.0003 11 160 0.7320
15 167 0.0655 12 162 0.0060
16 169 0.0340 13 164 0.0001 Coérdoba
17 171 0.0011 TGLA126

18 173 0.0001 Antioquia 1 109 0.0176
19 175 0.0009 2 113 0.0003
20 194 0.0004 Cundinamarca 3 115 0.1680

INRA23 4 117 0.1288
1 122 0.0001 Antioquia 5 119 0.1241
2 194 0.0334 6 121 0.0827
3 196 0.1691 7 123 0.2533
4 198 0.1024 8 125 0.2189
5 202 0.0491 9 127 0.0039
6 204 0.0445 10 129 0.0005
7 206 0.0102 11 131 0.0016
8 208 0.0726 12 137 0.0003

Table 2. Pairs of loci in linkage disequilibrium in the pop-
ulation of Brahman Zebu cattle in Colombia evaluated
the P-value (a: 0.05)

Locus 1 Locus 2 P-value
BM1824 ETH3 0.02778
ETH225 ETH3 0
ETH3 TGLA126 0.04165
BM1824 INRA23 0.00491
BM2113 INRA23 0.0011
ETH225 INRA23 0.0162
ETH3 INRA23 0.00888

exclusion probability for pairs of parental and identity
was higher in TGLA122 followed by INRA23 and
TGLA126 (0.975, 0.951 and 0.943 respectively) and
the probability of exclusion accumulated was 0.9999.
Similar behavior was observed for the probability of
exclusion identity (Table 4).

The analysis of population structure of Brahman
cattle in Colombia (as one) showed an undetected
preferential inbreeding (F; = 0.042). Only for
ETH?225 locus, there was a visible variation coefficient
0f 0.277 F,. On the other hand, Brahman cattle popu-
lation in Colombia there sowed a small subdivision
within populations (£, = 0.045) and a geographic sub-
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Table 3. Estimates of Brahman Zebu cattle in 11 microsatellite PIC values, Probability and Non-Exclusion Probability of

identity
Markers | N.alelles! | N.ind.2 PIC? NE-1P* | NE-2P° | NE-PP® | NE-TI’ NE-SI? H-W’

BM 1824 8 3784 0.526 0.805 0.672 0.515 0.235 0.506 NS
BM2113 13 3777 0.731 0.618 0.434 0.235 0.085 0.393 ok
ETHI10 9 3494 0.604 0.761 0.598 0.424 0.172 0.463 NS
ETH225 13 3778 0.404 0.898 0.754 0.596 0.350 0.620 NS
ETH3 13 3761 0.546 0.796 0.656 0.497 0.219 0.494 NS
SPS115 11 3292 0.696 0.664 0.487 0.298 0.109 0.409 ok
TGLA122 20 3717 0.873 0.382 0.235 0.085 0.025 0.314 ok
TGLA126 12 3741 0.796 0.532 0.358 0.180 0.057 0.354 o
TGLA227 12 3783 0.489 0.848 0.693 0.524 0.262 0.549 ok
TGLAS3 28 3610 0.714 0.632 0.454 0.255 0.096 0.401 NS
INRA23 14 3787 0.805 0.507 0.335 0.151 0.049 0.351 sk

I Number of alleles, 2 Number of individuals, 3 Polymorphic Information Content, 4 Non-Exclusion Probability (first parental), 3> Non-

Exclusion Probability (second parentg,
clusion Probability (paired identity),

Non-Exclusion Probability (parental pair),
Test of Hardy-Weinberg Equilibrium, NS = not significant, *P < 0.05, ***P < (0.001.

7 Non-Exclusion Probability (identity), 8 Non-Ex-

Table 4. Writght Fstatistic of the 11 loci of Brahman Zebu cattle population evaluated. The coefficients F};, F and Fi esti-
mated by Weir and Cockerham [23], the coefficient is the ratio relat estimated according to Queller & Goodnight [35];
relatc relationship is corrected according to Pamilo [36, 37]; sig_a, sig_b and sig_w are the components of variance between
samples, between individuals within samples and within the total population respectively

Markers F Fy F Relat Relatc Sig_a Sig_ b Sig_w Nm
BM1824 0.029 0.004 0.025 0.009 —0.050 0.003 0.015 0.587 4.8339
BM2113 0.020 0.003 0.017 0.005 —0.035 0.002 0.013 0.741 7.7327
ETHI10 0.012 0.002 0.010 0.003 —0.021 0.001 0.007 0.652 7.8875
ETH225 0.279 0.003 0.277 0.005 —0.767 0.001 0.120 0.313 6.9351
ETH3 0.018 0.003 0.016 0.005 —0.032 0.002 0.010 0.609 5.2470
SPS115 0.032 0.001 0.031 0.003 —0.064 0.001 0.023 0.712 4.8055
TGLA122 0.023 0.002 0.021 0.003 —0.043 0.002 0.018 0.862 5.8965
TGLA126 0.004 0.002 0.002 0.004 —0.004 0.002 0.002 0.816 5.0845
TGLA227 0.076 0.008 0.069 0.015 —0.147 0.004 0.036 0.493 5.6682
TGLAS3 0.099 0.001 0.099 0.002 —0.219 0.001 0.073 0.668 5.8749
INRA23 0.009 0.002 0.007 0.003 —0.015 0.001 0.006 0.815 6.4126
TOTAL 0.045 0.003 0.042 0.005 —0.015 0.019 0.323 7.268 5.8738

division almost non-existent or low differentiation
(F, = 0.003). This means that the population of these
cattle in Colombia is not structured and that the
present flow between the populations analyzed is
moderately high (Nm = 5.8738). These results are
summarized in Table 5. Considering the 23 subpopu-
lations (K = 23), the Bayesian analysis confirmed that
all subpopulations tend to form a single population
structure, which is visible in the clustering analysis by
using genetic distances of these subpopulations. This
result is consistent with the analysis of population
structure, using the F;, coefficient found for this same
population.

RUSSIAN JOURNAL OF GENETICS
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Using the matrix of genetic distances from sub-
population in general, a dendrogram was generated to
display the population hierarchy. Although it is not
presented a defined population structure using Baye-
sian analysis and the coefficient of F,;in Brahman cat-
tle population in Colombia there is a small structure of
4 well-defined populations (Fig. 1). This phylogeny
showed two monophyletic groups that shared a com-
mon ancestor. Furthermore, this phylogeny showed a
close genetic link between geographically close popu-
lations, while others do not. This could be explained
because of the constant marketing of this breed
between distant regions and between them. Addition-
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Fig. 1. Dendrogram based on genetic distance [34] and constructed with the UPGMA method with the distance of 11 microsat-
ellite allele frequencies of the 23 regions of Brahman cattle in Colombia.

ally, this analysis showed the subpopulation of Norte
de Santander as the population that possesses the
genetic ancestral type. Based on the results obtained in
the previous phylogenetic tree (Fig. 1), we performed
a new analysis of population structure using the pro-

Table 5. Values of genetic variability of 11 loci evaluated for
Brahman cattle. Expected heterozygosis (H.), observed het-
erozygosis (H,) and the number of individuals (V) analyzed
by locus in Brahman cattle population. P> 0.05; a: 0.05

Markers H, H, P (0.95) N
BM1824 0.6052 0.5880 1.000 3784
BM2113 0.7563 0.7413 1.000 3777
ETHI10 0.6602 0.6523 1.000 3494
ETH225 0.4354 0.3142 0.897 3778
ETH3 0.6217 0.6107 1.000 3761
SPS115 0.7359 0.7123 1.000 3292
TGLA122 | 0.8838 0.8639 1.000 3717
TGLA126 | 0.8205 0.8174 1.000 3741
TGLA227 | 0.5338 0.4941 0.952 3783
TGLAS3 0.7464 0.6726 0.908 3610
INRA23 0.8230 0.8159 1.000 3787
TOTAL 0.6929 0.6621 1.000

RUSSIAN JOURNAL OF GENETICS

gram STRUCTURE, but now considering only four
subpopulations of Brahman cattle in Colombia (K =
4). This analysis is summarized (Fig. 2).

DISCUSSION

The 11 markers tested ranged between 8 and
28 alleles, the average number per locus was 13.9,
which is within the parameters recommended by the
Food and Agricultural Organization of the United
Nations (FAO), that suggest at least 5 different alleles
per locus to estimate genetic distances. The higher val-
ues are compared with data from other studies [4]. The
distribution of allele frequencies shows that the popu-
lation is represented by a few alleles at some loci, like
allele 160 in the ETH225 system with a frequency of
73.2%, allele 77 in the microsatellite TGLA227 with a
frequency of 64.37%, among others alleles in other
systems with percentages close to 60%. Similarly, the
frequencies of the most frequent alleles for each sys-
tem are similar to the presented by other authors [4],
although they used a more reduce populations. On the
other hand, 19 of 23 regions had a H, lower than H,
indicating that the number of heterozygotes is low
compared with the number of alleles detected. Such
conduct could be explained by preferential cross-
breeding between individuals with similar alleles in the
Vol. 49
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population sampled, resulting in the absence of the
less common alleles. At the same time, this event leads
to an increased formation of homozygotes and the
corresponding decrease in the diversity indicators.
Comparing the alleles of each of the 11 markers with
those reported in American Zebu breeds including the
Brahman, the number of alleles, their frequencies and
the inbreeding coefficient (F}), are different. By com-
paring the observed and expected heterozygosity in
observed with that reported in other analyzes, it
appears that behave similarly (Table 6).

Comparing the observed heterozygosity between
our study with other studies described [4, 19], it was
found that this value in our study is slightly higher than
the other two studies. This small difference may be
associated with the impact that generates a larger sam-
ple size. There are alleles of 3 loci (ETH225: 153, 157
and 159, TGLA227, 79 and TGLA122, 136), charac-
teristic of Zebu Brahman by being in a high frequency
in this breed and absent in the breeds of taurine origin
[31]. However, our study were conducted with individ-
uals identified like pure and the frequency for these
alleles was less than 15%. The absence of these alleles
characteristic of Zebu, may be due to mixing with
other races ancient. As the maintenance of pure Zebu
has few years in Colombia, may have been altered the
allele frequencies characteristic of this breed. Another
option that cannot be ignored is that the allelic assign-
ment made between studies would not be similar, so
this would explain the differences detected.

Genetic characterization made in Brahman cattle
population from different regions of Colombia
allowed to examine the genetic variability, calculating
an H, = 0.6929 with 11 markers remain high when is
compared with other Zebu breeds, taurine [9, 32] and
native breeds of cattle [33]. Most of the allelic diversity
evaluated would be explained because when entering
the Brahman cattle in the country could not have had
a strict control on their mating, crossing with other
breeds. However, the Brahman cattle are a breed that
comes from the recent mixing of Nelore, Gyr and
Guzerat. Therefore must be regarded as Bos indicus
has a contribution from the Bos faurus breed according
to studies of mtDNA [3].

When all loci were evaluated for the whole sample,
there was a high deviation from HWE (P < 0.0001;
a = 0.005 with Bonferroni correction), so statistical
test rejected the null hypothesis of random union of
gametes in the population and for the 11 systems in
general. This fact can be explained by the deficit of
heterozygotes considering both populations as evalu-
ated microsatellite systems. Linkage disequilibrium
was detected for seven pairs of loci, although this link-
age is not physical because the loci are on different
chromosomes. The most probable explanation for
these imbalances is that the alleles of a locus have fre-
quencies showing a statistical association, without
requiring a physical connection or selection close to a
locus. Therefore, when making the joins between the
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All others

Cluster 1 Cluster 3

Fig. 2. Analysis of triangle points in the 4 subpopulations
(K = 4) of Brahman cattle in Colombia. The points of the
same color represent an individual of the same subpopula-
tion.

alleles of higher frequency could be estimated as
dependent, and therefore may be considered a rating
on the association of alleles at these loci for the popu-
lation.

The inbreeding coefficient is strongly influenced by
the pedigree of the obtained data, since this measure is
calculated by the genetic information provided in
accordance with this the F; calculated indicates no det-
riment to the variability in the population, despite nar-
row mating takes place or if there is a force that causes it
to hold the variability without inbreeding actually affect
the cattle population. The inbreeding level expected is
high under the addressed reproduction system of these
animals. Nevertheless, the inbreeding coefficient (F)
shows low levels. These results may be explained con-
sidering the migration rate resulting from the commer-
cialization of individuals between the estates, the repro-
ductive processes of artificial insemination, in vitro fer-
tilization and embryo transfer, the samples brought
from other countries, among other components, would
lead to homogenize the frequencies between different
regions. To assess inbreeding more accurately, particu-
larly in the sense of identity by descendent, it would be
necessary to estimate F (individual inbreeding coeffi-
cient) from pedigree information.

Parentage tests are based on the genetic character-
ization of each system in a reference population to cal-
culate the probability of exclusion of the population.
We observed a probability value stored under exclusion
at loci BM 1824, ETH225 and TGLA227, which do
not favor the exclusion, while TGLA122 and INRA23
TGLA126 markers are more effective. This efficiency
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Table 6. Number of alleles sampled locus both in the 11 and the 23 regions of the Colombian Brahman cattle population

—

BM1824 71 5| 5| 5| 5| 5| 4| 5 5/ 7| 5| 5| 5 5/ 4] 3| 4| 3 51 5| 6| 5| 2|110| 4.783
BM2113 12 8 7 9 9| 7| 7| 9| 10| 11| 10f 7| 8| 10| 7| 5| 4| 8| 12 7| 10| 9| 5(191| 8.304
ETHI10 71 5|1 5] 6| 6| 4| 3| 4 6| 6| 6 3| 3 5| 4| 4| 3| 5 5/ 4] 6| 4| 3(107| 4.652
ETH225 12 2| 6| 5| 9| 3| 7| 4| 11| 11| 10| 4| 6 8| 5 1 501 4| 10| 4| 9| 6| 2[144| 6.261
ETH3 11| 4 4| 5| 6| 5| 5| 5 91 8| 8| 3| 3 71 6| 2| 3| 3 71 4| 6| 5| 5[124| 5.391
SPS115 100 6| 8| 8| 7| 6| 7| 7 9] 10| 9| 4| 6 9] 6| 4| 6| 3 9| 6] 11 7| 5|163| 7.087
TGLA122| 18 12| 12| 14| 13|12 10| 11| 16| 18| 13| 9| 11| 14| 11 50 8| 9| 15| 11| 16| 12| 8|278]12.087
TGLAI126| 12| 7| 6| 8|10| 6| 7| 7 81 10| 8| 6| 9 8 6| 5| 6| 5| 10| 6| 8| 8| 6[172| 7478
TGLA227| 10| 4| 6| 7| 6| 4| 5| 5 8| 8| 7| 4| 4 71 4| 4| 4| 3| 11| 4| 6| 5| 3{129| 5.609
TGLAS53 | 231 9| 9|16 16| 12| 9| 12| 19| 24| 18| 8| 8| 16| 11 6| 5| 7| 19| 11| 17| 12| 8|295|12.826
INRA23 13(10 9|11 (10| 9| 11| 9| 13| 11| 12| 9| 8| 12 9 7| 7| 8| 13| 9| 10| 10| 7|227| 9.870
TOTAL (135 72|77 (94|97 | 73| 75| 78 |114|124|106| 62| 71 |101| 73| 46 | 55| 58 [116| 71(105| 83|54

depends on the marker polymorphism and genetic
variability of the breed. Therefore, ETH225 affects the
exclusion probability because most of the population
has the same genotype and polymorphic information
content is low as well as PE. The calculation of the
probability of exclusion would help establish the reli-
ability of these systems as tools in the resolutions of
paternity test as well as other indicators such as the
paternity index and probability of paternity (W). The
last, calculates the probability that the pair examined
share alleles because there is a consanguineous rela-
tionship rather than by chance. In Colombia has not
been established a value of accumulated exclusion
probability (AEP) for farm animals. This genre study
of 11 systems showed an AEP = 0.9999, that is trans-
lates as the exclusion of 999 cattle at random from
1000 individuals tested. This is similar to the P-value >
0.99 that is generally used in other species such as
horses, which has similar conditions of breeding and
reproductive management. This similarity in the val-
ues of AEP between two different species occurs due to
the use of polymorphic systems for prescribing a case
of filiation as exclusion.

The results of this study confirm that the Brahman
breed in Colombia is a strong artificial selection pro-
cess, in search of an optimal genotype and phenotype
compared to different environmental conditions and
trade of the country. This selection process is evi-
denced by the increasing trend of consanguinity by
nonrandom mating of animals that has been going on
for many years. Furthermore, evidence in this study
suggests the existence of a single genetic Brahman
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population in Colombia. This would allow reliable
paternity tests in all the territory because there is not a
substructure in the population.
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