Received: 11 March 2020

Revised: 14 October 2020

W) Check for updates

Accepted: 16 October 2020

DOIL: 10.1111/tan.14120

ORIGINAL ARTICLE

HLA

Immune Response Genetics

WILEY

BoLA-DRB3 genetic diversity in Highland Creole cattle

from Bolivia

Guillermo Giovambattista'

| Shin-Nosuke Takeshima®? | Kyaw Kyaw Moe*’

Juan A. Pereira Rico® | Meripet Polat>® | Ariel Loza Vega® |

Orlando N. Arce Cabrera’

IGEVET—Instituto de Genética
Veterinaria (UNLP-CONICET LA
PLATA), Facultad de Ciencias
Veterinarias UNLP, La Plata, Argentina

“Department of Food and Nutrition,
Faculty of Human Life, Jumonji
University, Saitama, Japan

3Virus Infectious Diseases Unit, RIKEN,
Saitama, Japan

“Nakamura Laboratory, Baton Zone
Program, RIKEN Cluster for Science
Technology and Innovation Hub, Saitama,
Japan

*Department of Pathology and
Microbiology, University of Veterinary
Science, Yezin, Myanmar

SFacultad de Ciencias Veterinarias,
Universidad Auténoma Gabriel René
Moreno, Santa Cruz de la Sierra, Bolivia

"Facultad de Ciencias Agrarias y
Veterinarias, Universidad Técnica de
Oruro, Oruro, Bolivia

Correspondence

Guillermo Giovambattista, IGEVET—
Instituto de Genética Veterinaria (UNLP-
CONICET LA PLATA), Facultad de
Ciencias Veterinarias UNLP, La Plata
B1900AVW, CC 296, Argentina.

Email: guillermogiovambattista@
gmail.com

Yoko Aida>*

The genetic diversity of the BoLA-DRB3 gene has been reported in different
cattle breeds owing to its central role in the immune response. However, it is
still unknown in hundreds of cattle breeds, especially native populations. Here,
we studied BoLA-DRB3 genetic diversity in Highland Creole cattle (CrAl) from
Western Bolivia, raised at altitudes between 3800 and 4200 m. DNAs from
48 CrAl cattle were genotyped for BoLA-DRB3 exon 2 alleles using polymerase
chain reaction-sequence-based typing (PCR-SBT). The results were compared
with 1341 previously reported data from Tropical Creole cattle and other
breeds raised in the region. Twenty-three BoLA-DRB3 alleles were identified in
CrAl, including the BoLA-DRB3*029:02 variant previously detected in other
Creole cattle. Observed and expected heterozygosity were 0.87 and 0.93,
respectively. Nucleotide diversity and the number of pairwise difference values
were 0.078 and 19.46, respectively. The average number of nonsynonymous
and synonymous substitutions were 0.037 and 0.097 for the entire BoLA-DRB3
exon 2, and 0.129 and 0.388 for the antigen-binding site, respectively. Venn
analysis and the review of the IPD-MHC database and the literature showed
that 2 of 64 alleles were only detected in CrAl, including BoLA-DRB3*029:01
previously reported in African cattle and *048:01 detected in Philippine cattle.
Two additional alleles, BoLA-DRB3*007:02 and *029:02, were only present in
CrAl and Lowland Creole cattle. Principal Component Analysis (PCA) showed
that Bolivian Creole cattle breeds were closely located but they were distant
from the Colombian Hartén del Valle Creole. Fsr analysis showed a low degree
of genetic differentiation between Highland and Lowland Bolivian Creole cat-
tle (Fst = 0.015). The present results contribute to increasing our knowledge of
BoLA-DRB3 genetic diversity in cattle breeds.
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1 | INTRODUCTION
Genes belonging to the major histocompatibility com-
plex, named bovine major histocompatibility complex
(BoLA) in cattle, play a central role in the immune
response and have been associated with resistance/sus-
ceptibility to different infectious diseases in human
beings, experimental animals and livestock species.’ In
cattle, class II BoLA-DRB3 polymorphism is mainly
located in exon 2, which codes for the antigen binding
site (ABS),"* and exhibits an outstanding level of poly-
morphism within and among breeds/populations. Previ-
ous studies showed that certain BoLA-DRB3 alleles were
associated with resistance/susceptibility to infectious dis-
ease (ie, bovine leukemia virus-induced lymphocytosis,
mastitis and dermatophilosis), different immunological
and production traits (ie, milk yield) and different vac-
cine responses (eg, to foot-and-mouth disease and
Theileria parva).' Despite the main role of the BoLA-
DRB3 gene in the immune response, its extensive poly-
morphism has only been studied in a few highly selected
cattle breeds by polymerase chain reaction-sequence-
based typing (PCR-SBT) and targeted next generation
sequencing.*? By contrast, native or local breeds have
been poorly studied to date, even though previous work
has shown that these populations are sources of addi-
tional genetic diversity (new alleles) in the BoLA-DRB3
gene.s’lo’n

Creole cattle are the direct descendants of bovines
introduced by the Spanish and Portuguese into the Amer-
ican continent during the first 50 years of colonization.
After more than 500 years, these cattle have adapted to a
wide range of environments, such as tropical and sub-
tropical forests, seasonal flood plains, dry forests, temper-
ate valleys and highland plains. Although local Creole
cattle breeds remain in most American countries, from
the United States to Argentina (http://www.ansi.okstate.
edu/breeds/cattle/), the BoLA-DRB3 polymorphism has
been characterized by PCR-SBT in only two Creole cattle
breeds adapted to subtropical environments: Hartén del
Valle (Colombia) and Yacumefio (Boliva).!* The aim of
this work was to study BoLA-DRB3 genetic diversity in
Highland Creole cattle raised in Western Bolivia
(Departments of Oruro, Potosi and La Paz) between 3800
and 4200 m of altitude in a cool and dry environment
(SENAMHI, 2008), and compare the results with data
from Creole cattle with the same historical origin but
adapted to a humid tropical environment. We hypothe-
sized that BoLA-DRB3 genetic diversity would be driven
through natural selection in Creole cattle populations
sharing the same ancestral origin but adapted to different
environments (highland plain vs tropical savanna); con-
sequently, intra-population BoLA-DRB3 genetic diversity
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could have diverged during the last centuries. Further-
more, these Creole populations could have been exposed
to different processes of gene introgression with Zebu
breeds in the tropical savanna and Holstein in the high-
land plain.

2 | METHODS

Genomic DNA from 48 hair samples belonging to Boliv-
ian Highland Creole cattle (CrAl) was purified using
the QIAamp DNA Investigator Kit (Qiagen, Hilden,
Germany). Samples were collected in two communities
(Colpa Collana and Huacanapi) located around 4000 m
above sea level in the San Pedro de Totora Province
(latitude 17°49’ and 18°7'S; longitude 67°54' and
68°20'W), Oruro Department, Bolivia (Figure 1). All
animal procedures were reviewed and approved by the
Institutional Committee on Care and Use of Experi-
mental Animals from the School of Veterinary Sciences
of the National University of La Plata (Buenos Aires,
Argentina).

The obtained DNAs were genotyped for BoLA-DRB3
exon 2 alleles using the PCR-SBT assay implemented by
Takeshima et al.'* Briefly, BoLA-DRB3 exon 2 was ampli-
fied by PCR using the DRB3FRW and DRB3REV primers
designed by Baxter et al.'” The 280 bp PCR fragments
were purified using an ExoSAP-IT PCR Product Purifica-
tion Kit (USB Corp., Cleveland, OH) and sequenced
using an ABI PRISM BigDye Terminator Cycle Sequenc-
ing Ready Reaction Kit (Applied Biosystems, Foster
City, CA).

The raw DNA electropherograms were analyzed
using Assign 400ATF v. 1.0.2.41 software (Conexio Geno-
mics, Fremantle, Australia). This software uses a data-
base of all reported BoLA-DRB3 alleles (https://www.ebi.
ac.uk/ipd/mhc/) to semi-automatically resolve the ambi-
guities among ambiguous polymorphic sites in heterozy-
gous individuals and determine the genotypes.
Additionally, previously reported data from 1341 cattle
belonging to 2 Creole, 2 Holstein and 3 Zebu breeds were
included for comparison (Table 1).”*"'* Genetic diversity
at allele and molecular level, allele distribution, Hardy-
Weinberg equilibrium (HWE), Ewens-Watterson-Slatkin
exact test for neutrality, genetic structure and genetic dif-
ferentiation among breeds were estimated from raw data
using ARLEQUIN 3.5,'® GENEPOP 4.0,'” PAST v. 2.28
software,"”®* MEGA 5," and VennDiagram of the R pack-
age (http://cran.r-project.org/). To condense the genetic
variation at the BoLA-DRB3 locus, allele frequencies were
used to perform a Principal Component Analysis (PCA)
according to Cavalli-Sforza,® implemented in the Past
software.
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Geographic distribution of the sampled farms in the Department of Oruro (Bolivia). A, Map of Bolivia. B, Map of San Pedro

de Totora Province (Oruro Department, Bolivia; 17° 48’ 00” S, 68° 10’ 00” W). C, BoLA-DRB3 gene frequencies estimated in Colpa

Collana. D, BoLA-DRB3 gene frequencies estimated in Huacanapi

TABLE 1 Characteristics of the analyzed populations
Sample

Acronym size Breed Type

CrAl 48 Highland Creole Taurine

CrHV 66 Hartén del Valle Taurine

Creole

CrYa 112 Yacumefio Creole Taurine

NeBo 116 Nellore Zebuine

GirBo 110 Gir Zebuine

NexBrPe 195 Nellore X Brahman Zebuine
mixed

HoAr 424 Argentine Holstein Taurine

HoBo 318 Bolivian Holstein Taurine

Origin Sampling
country country Reference
Bolivia Bolivia Present work
Colombia Colombia Giovambattista

et al'?
Bolivia Bolivia Giovambattista

et al'!
Brazil Bolivia Takeshima et al'?
India Bolivia Takeshima et al'
— Peru Takeshima et al®’
Netherlands Argentina Takeshima et al®’
Netherlands Bolivia Takeshima et al®’

Abbreviations: CrAl, Highland Creole; CrYa, Yacumeiio Creole; CrHV, Harton del Valle Creole; NeBo, Bolivian Nellore; GirBo, Bolivian Gir; NexBrPe,
Peruvian Nellore-Brahman crossbreed; HoAr, Argentine Holstein; HoBo, Bolivian Holstein.

3 | RESULTS AND DISCUSSION

Genotyping by PCR-SBT allowed us to identify 23 BoLA-
DRB3 alleles in CrAl, including the BoLA-DRB3*029:02
variant previously detected only in other Creole cattle
breeds. No new alleles were detected in the analyzed
population. The presence of this allele in the CrAl con-
firms that part of the genetic diversity of the BoLA-
DRB3 gene would be found in local breeds or in group

of related breeds, evidencing the importance of the
study and conservation of these important bovine
genetic resources.

Gene frequencies are described in Table 2. Allele fre-
quency within the CrAl population was >5% for six
alleles (BoLA-DRB3*018:01, *017:01, *009:02, *012:01,
*015:01 and *014:01:01), accounting for 55.21% of the
cumulative allele frequency (Figure 2). Some of these
common alleles were also frequent in previously
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TABLE 2 Allele frequencies in Latin American Creole cattle breeds

BoLA-DRBS3 allele

BoLA-DRB3*001:01
BoLA-DRB3*002:01
BoLA-DRB3*003:01
BoLA-DRB3*005:01
BoLA-DRB3*006:01
BoLA-DRB3*007:01
BoLA-DRB3*007:02
BoLA-DRB3*009:01
BoLA-DRB3*009:02
BoLA-DRB3*010:01
BoLA-DRB3*010:02
BoLA-DRB3*011:01
BoLA-DRB3*011:04
BoLA-DRB3*012:01
BoLA-DRB3*013:01

BoLA-DRB3*014:01:01

BoLA-DRB3*015:01
BoLA-DRB3*016:01
BoLA-DRB3*017:01
BoLA-DRB3*018:01

BoLA-DRB3*020:01:02

BoLA-DRB3*020:02
BoLA-DRB3*020:06
BoLA-DRB3*021:01
BoLA-DRB3*022:01

BoLA-DRB3*025:01:01

BoLA-DRB3*025:02
BoLA-DRB3*027:03
BoLA-DRB3*027:10
BoLA-DRB3*028:01
BoLA-DRB3*028:02
BoLA-DRB3*029:01
BoLA-DRB3*029:02
BoLA-DRB3*030:01
BoLA-DRB3*032:02
BoLA-DRB3*033:01
BoLA-DRB3*035:01
BoLA-DRB3*036:01
BoLA-DRB3*037:01
BoLA-DRB3*039:01
BoLA-DRB3*044:01
BoLA-DRB3*048:01

CrAl (N = 48)
Allele no. 94
1.04
4.17
1.04
0.00
0.00
4.17
1.04
0.00
7.29
4.17
0.00
1.04
0.00
7.29
0.00
5.21
7.29
4.17
13.54
15.63
4.17
3.13
0.00
1.04
1.04
0.00
0.00
2.08
0.00
0.00
0.00
2.08
4.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.04

HLA
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CrYa (N =113)
Allele no. 226

2.23
6.70
0.00
4.02
3.13
10.71
1.34
4.46
8.48
313
0.00
3.57
4.91
1.79
1.34
6.70
4.46
4.46
1.79
8.48
0.45
0.00
0.00
0.45
1.79
0.00
0.89
1.79
1.79
1.34
0.89
0.00
0.89
0.89
0.45
2.23
0.89
0.89
0.89
0.45
0.00
0.00

_WILEY_L_*

CrHV (N = 66)
Allele no. 132

0.76
0.00
0.00
0.76
0.00
0.00
0.00
0.00
0.00
3.79
6.82
12.12
0.76
0.00
0.00
0.76
7.58
6.06
0.00
3.79
1.52
0.00
9.85
0.00
5.30
2.27
0.00
9.85
0.00
7.58
1.52
0.00
1.52
6.06
0.00
0.00
0.76
7.58
0.00
0.76
1.52
0.00

(Continues)



692 WI L EY—H L A GIOVAMBATTISTA ET AL.
Immune Response Genetics
TABLE 2 (Continued)
CrAl (N = 48) CrYa (N =113) CrHV (N = 66)
BoLA-DRB3*048:02 4.17 1.34 0.76

Note: Frequent alleles in each breed are given in bold (>5%).

Abbreviations: CrAL, Highland Creole; CrHV, Hartén del Valle Creole; CrYa, Yacumeiio Creole; N, number of animals analyzed.

FIGURE 2 Cumulative
gene frequency plot of BoLA-
DRB3 alleles in Highland (CrAl),
Yacumeiio (CrYa), and Harton
del Valle (CrHV) Creole cattle
breeds

TABLE 3 Number of alleles (n,), observed (h,) and expected (h.) heterozygosity, Hardy-Weinberg equilibrium (HWE) measured with
Fis, and Slatkin's exact test calculated in the cattle breeds studied. N = sample size. Fig P values are indicated between parenthesis.

Significant values (P < .05) are highlighted in bold

Breed N n,
Highland Creole* 48 23
Yacumefio Creole® 112 35
Harton del Valle Creole® 66 24
Bolivian Nellore® 116 26
Bolivian Gir® 110 19
Peruvian Nellore X Brahman® 195 27
Argentine Holstein® 424 33
Bolivian Holstein® 318 23

*Present work.

Giovambattista et al.'*

“Takeshima et al.®”

9Takeshima et al.'?

0.87
0.92
0.97
0.78
0.88
0.89
0.84
0.93

analyzed Creole cattle breeds (BoLA-DRB3*018:01,
*017:01, *009:02, *015:01 and *014:01:01; Table 2). Addi-
tionally, 10 alleles with frequencies between 2% and 5%

0.93
0.95
0.94
0.87
0.92
0.85
0.91
0.90

HWE

Fis (P value) Slatkin's P value
0.0633 (.0198) .077

0.0344 (.5318) .005

—0.0360 (<.0001) 121

0.0990 (.6038) .310

0.0406 (.1331) .012

0.1131 (<.0001) 458

0.079 (.0040) .398

—0.035 (.0285) .210

were detected (BoLA-DRB3*002:01, *007:01, *010:01,
*016:01, *020:01:02, *029:02, *048:02, *020:02, *027:03 and
*029:01). In the remaining seven variants (BoLA-



GIOVAMBATTISTA ET AL.

HLA _WILEY_L_*

DRB3*001:01, *003:01, *007:02, *11:01, *021:01, *022:01
and *048:01), gene frequency was <2%.

The number of alleles (n,) and gene frequency distri-
bution resulted in an observed (h,) and expected (h.) het-
erozygosity of 0.87 and 0.93, respectively. DNA genetic
diversity showed nucleotide diversity () and number of
pairwise difference (NPD) values of 0.078 and 19.46,
respectively. The average numbers of nonsynonymous
(d,) and synonymous (ds) substitutions in CrAl were
0.037 and 0.097 for the entire BoLA-DRB3 exon 2, and
0.129 and 0.388 for the antigen-binding site (ABS),
respectively. As expected, the d,/ds ratio was higher
when only ABS was analyzed. The degree of diversity
observed at allele, DNA, and amino acid levels within
CrAl was similar to that estimated in other Creole cattle
breeds analyzed by PCR-SBT (*'; Tables 3 and 4).

Regarding HWE, the analysis showed a significant
deviation from the theoretical values due to a marked
excess of homozygote animals (Fig = 0.0633; P = .0198).
The BoLA-DRB3 locus was also in HWE disequilibrium
in other cattle breeds analyzed (Table 3). In the case of
CrAl, the observed excess homozygosity could be the con-
sequence of population structure, considering that the
cattle analyzed belonged to different farmers with only a
few animals from the Colpa Collana and Huacanapi dis-
tricts (San Pedro de las Totoras Province). As shown in
Figure 1, the cattle population of the Colpa Collana and
Huacanapi districts varied in allele composition and gene
frequency. Slatkin's exact test showed that gene fre-
quency distributions in CrAl were compatible with neu-
tral selection because it is not as homogeneous as
expected in a population under balancing selection
(Table 3). However, this test did not allow detection of
the presence of evolutionary forces within the CrAl

TABLE 4 Values of nucleotide

diversity (r), mean number of pairwise

differences (NPD), and mean number of Breed

non-synonymous (dn) and synonymous Highlander Creole®

(ds) nucleotide substitutions per site Yacumerio®
Harton del Valle®
Bolivian Nellore®
Bolivian Gir®
Nellore x Brahman®

Argentine Holstein"

Bolivian Holstein®

Immune Response Genetics

population, as had been reported in other cattle breeds
(eg, Yacumefio Creole cattle).

Venn analysis of the genetic relationship between the
BoLA-DRB3 gene from CrAl and other cattle breeds
raised in Bolivia showed that 2 of the 64 alleles identified
in the 4 cattle groups (Highland and Lowland Creole,
Zebu and Holstein) were only detected in CrAl
(Figure 3): alleles BoLA-DRB3*029:01 previously reported
in African native cattle,”! and BoLA-DRB3*048:01
detected in Philippine cattle.” On the other hand, variants
BoLA-DRB3*007:02 and *029:02 were only present in Cre-
ole cattle breeds.'" BoLA-DRB3*021:01 and BoLA-
DRB3*048:02 were detected in Creole and Zebu groups.
These variants had been previously reported in Asian,
African, and Creole breeds,”'"*!** and their presence in
both Highland and Lowland population could be a

Lowland_Creole

Zebu
Highland_C : 14

Holstein

FIGURE 3 Venn diagram showing BoLA-DRB3 allele
distribution among cattle breeds grouped according to geographic
origin: Highland Creole, Lowland Creole (Yacumefio and Hartén
del Valle), Holstein from Argentina and Bolivia, and Zebu (Nellore,
Gir, and Brahman)

Total ABS
II NPD ds dn dn/ds ds dn dn/ds
0.078 1946 0.037 0.097 2.62 0.114 0.293  2.57
0.078 19.59 0.036 0.099 2.75 0.128 0.391 3.05
0.076  19.00 0.029 0.096 3.31 0.109 0.386 3.54
0.070 17.54 0.035 0.097 2.77 0.117 0.388 3.32
0.078 1945 0.038 0.096 2.53 0.133 0.385 2.89
0.068 1695 0.039 0.097 2.48 0.128 0.376 2.94
0.093 2324 0.036 0.098 2.72 0.122 0.396 3.25
0.080 20.07 0.042 0.104 248 0.146  0.409 2.80

Abbreviation: ABS, antigen binding site.

#Present work.
®Giovambattista et al.'!
“Takeshima et al.>’
9Takeshima et al.'?
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consequence of the African influence on Latin American
native cattle rather than Zebuine gene introgression
because the latter are not raised in the Bolivian high-
lands.>***> Two other variants were shared by CrAl and
Holstein (BoLA-DRB3*003:01 and BoLA-DRB3*020:02),
but they were absent in Yacumerfio and Hartén del Valle
Creole cattle, supporting the hypothesis of Holstein gene
introgression in Highland population in order to increase
milk yield. Most of the remaining alleles were present in
all bovine groups because of their wide geographical
distribution.

The PCA results based on allele frequencies are
shown in Figure 4. The first two components together
accounted for 59.77% of data variability. The first compo-
nent accounted for 43.67% of the total variance and, as
shown in a previous work,'? it clearly exhibited a differ-
entiation between Zebu (negative values) and Taurine
(positive values) breeds. The first PC was primarily deter-
mined by differences in the frequency of the same alleles,

NeBo

such as BoLA-DRB3*022:01, *028:01, *027:01, *030:01,
*031:01, *035:01, *036:01, and *057:02 with the higher
negative axis 1 values, while, the alleles BoLA-
DRB3*001:01, *002:01, *006:01, *007:01, *009:02, *010:01,
*011:01, *012:01, *015:01 *016:01, *018:01, and *027:01
had the higher positive values for this axis. The second
component explained 16.10% of the total variation and
showed a gradient among Taurine and Zebuine breeds.
This second PC was primarily determined by differences
in the frequency of the same alleles, such as BoLA-
DRB3*002:01, *006:01, *007:01, *009:02, *012:01, *017:01,
*018:01, *022:01, *027:10, and *057:02 with the higher

negative axis 1 values, while, the alleles BoLA-
DRB3*010:02, *011:01, *014:01:01, *015:01 *016:02,
*021:01, *020:06, *028:01, *028:02, *030:01, *031:01,

*036:01, *041:01, and *043:01 had the higher positive
values for this axis. PC 2 showed that Bolivian Creole cat-
tle breeds were closely located but they were distant from
the Colombian Harton del Valle Creole breed. In

-30 25 -20 -15 -10

Component 2

NexBrPe

-204

Component 1

FIGURE 4 Principal components analysis of allele frequencies from the BoLA-DRB3 gene in Highland Creole (CrAl), Yacumefio
Creole (CrYa) and Hart6n del Valle Creole (CrHV), Argentinean Holstein (HoAr), Bolivian Holstein (HoBo), Bolivian Nellore (NeBo),
Bolivian Gir (GirBo), and Peruvian Nellore x Brahman (NexBrPe) cattle breeds/crossbreeds

CrAl CrYa CrHV HoAr HoBo GirBo
CrAl 0.0000 0.0149 0.0446 0.0406 0.0414 0.0548
CrYa 0.0000 0.0348 0.0348 0.0325 0.0438
CrHV 0.0000 0.0380 0.0419 0.0419
HoAr 0.0000 0.0193  0.0590
HoBo 0.0000 0.0578
GirBo 0.0000
NeBo
NexBrPe

NeBo NexBrPe TABLE 5 Genetic distance

between pair of populations estimated
0.0930  0.0876 through Fgr (above) between Highland
0.0765  0.0706 Creole (CrAl), Yacumefio Creole (CrYa)
0.0602  0.0765 and Hartén del Valle Creole (CrHV),
01049  0.0979 Argentinean Holstein (HoAr), Bolivian

Holstein (HoBo), Bolivian Gir (GirBo),
0.1078  0.0900 Bolivian Nellore (NeBo) and Peruvian
0.0627  0.0743 Nellore x Brahman (NexBrPe) cattle
0.0000 0.0511 breeds/crossbreeds

0.0000
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agreement with PCA, the Fgr analysis showed a low
degree of genetic differentiation between Highland and
Lowland Creole cattle from Bolivian native breeds
(Fst = 0.01485). On the one hand, this genetic structure
value was similar to that estimated in Argentine and
Bolivian Holstein populations (Fgr = 0.01928).” On the
other hand, Fgy values between CrAl and Holstein varied
from 0.0325 to 0.0414 (Table 5). However, Colombian
Harton del Valle Creole breeds exhibited a high degree of
genetic divergence with respect to Bolivian populations,
probably owing to a higher Zebu gene introgression.*
Furthermore, the observed relationships among Creole
Breeds would also reflect historical rather than environ-
mental factors.

In conclusion, this work is the first report of BoLA-
DRBS3 genetic diversity in a Bolivian Highland Creole cat-
tle population using PCR-SBT. This analysis confirmed
the presence of the BoLA-DRB3*029:02 variant in this
American Creole cattle breed. Furthermore, PCA showed
that Bolivian Highland and Lowland Creole cattle were
closely related. Venn analysis provided evidence of the
influence of African and Zebuine genes in the Creole cat-
tle germplasm. This study increases our knowledge about
the worldwide variability of the BoLA-DRB3 gene, an
important locus for immune response and protection
against pathogens.
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