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ABSTRACT. The aim of this study was to perform a genome wide
association study for the coefficient of adaptability, the heat tolerance
coefficient, age at first calving and calving interval, using 58,868 and
57,482 single nucleotide polymorphisms obtained from 1262 Blanco
Orejinegro and 742 Sanmartinero individuals, implementing a single-
step-genomic-BLUP (ssGBLUP) methodology. A total of 25 and 11
genomic regions in BON and SM were associated with the traits
evaluated. In these regions; several genes involved in the regulation of
reproduction and adaptability were identified. Some of them, such as the
RPTOR, TM2D1, RAB21 and ACOT13 genes, are involved in the
physiological response to heat stress. SLC6A16, TMEMS50A, NLRP9,
KHDRBS2 and UBE2C are possibly associated to reproductive
performance. The results of this study indicate an association between
some genomic regions and reproductive and adaptability-related traits in
Colombian cattle breeds. Several genes contained in these regions can
potentially be used in animal breeding programs to select for adabtability
within cattle production systems located in a tropical environment.

Key words: Blanco Orejinegro; Sanmartinero; SNP; Heat tolerance coefficient;
Coefficient of adaptability

INTRODUCTION

Genomic wide association studies (GWAS) have been broadly used as a robust
methodological procedure in the identification of regions of the genome and genes that
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influence the expression of characteristics of interest (Meuwissen et al., 2001; Hayes, 2011;
Nicolazzi et al., 2015) in the implementation of genetic improvement programs (Costa et
al., 2015). Most traits analyzed using GWAS in cattle are related to milk production, growth
and reproduction (Berry et al., 2013), but few GWAS have been performed on adaptation
traits in cattle. Bejarano et al. (2013) found several single nucleotide polymorphisms (SNPs)
associated with the coefficient of adaptability (CA) and the heat tolerance coefficient (HTC)
in four Colombian creole cattle breeds. Dikmen et al. (2013) reported genomic regions and
genes associated with the control of the rectal temperature in dairy cattle exposed to a
stressful environment. These authors observed a high genetic variance (0.44%) for rectal
temperature explained by SNPs located on BTA24. On the other hand, Hawken et al. (2012)
reported significant association of SNPs with age at puberty, postcalving interval and first
postcalving ovulation, located on chromosomes 5, 14 and 16.

The Colombian Creole cattle have been raised in a tropical environment for
centuries, and they are part of conservation and genetic improvement programs,
implementing pure and cross-breeding mating systems in order to maintain the genetic
diversity of in vivo and in vitro germplasm banks, but also to improve the productivity of
cattle populations in the country. Several Colombian cattle breeds show a better
reproductive performance measured by age at first calving (AFC) and calving interval (CI)
performance (Rocha et al., 2012), disease resistance and high heat tolerance (Rocha et al.,
2019), attributes that make these animals an attractive genetic resource (Correal and Henao,
2000). The objective of this study was to perform a GWAS for traits that indicate
adaptability such as CA, HTC, AFC and CI in the Colombian cattle breeds BON and SM,
identifying genomic regions and genes associated with the phenotypic variance of these
traits.

MATERIAL AND METHODS
Study location, animals and phenotypic data

A total of 1262 Blanco Orejinegro (BON) and 742 Sanmartinero (SM) animals from
the in vivo germplasm bank of the Corporacién Colombiana de Investigacion Agropecuaria
(AGROSAVIA) were used for this study. BON animals were maintained in the research
center EI Nus in Antioquia, in a mountainous area in the Andean region with altitudes
ranging from 800 to 1800 m. Topography is undulating with annual average temperatures
between 18 and 24°C and a bimodal rainfall regime. SM animals were located in the La
Libertad research center in Villavicencio, Meta, in Colombian Orinoquia on flat lands with
heights of 336 m above sea level in a humid tropical forest zone. There is a rainy season
from April to November and a dry season from December to March, with annual average
temperatures that range between 27 and 41°C and relative humidity from 36 to 87%. Both
BON and SM populations were maintained under semi-extensive grazing conditions.

Metadata

To estimate CA and HTC, rectal temperature (RT) and respiratory rate (RR) data
was obtained. RT was measured using a veterinary digital thermometer and the RR by
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direct observation of respiratory movements. These variables were taken between 12:00
P.M. and 3:30 P.M.
To estimate the HTC, the following equation was used:

HTC =100 — [18 x (RT-38.3)] (Eq. 1)

where: 100 is the maximum efficiency to maintain the temperature between normal ranges,
18 is a constant, RT is the average rectal temperature recorded during the current study, and
38.3 is the normal rectal temperature of cattle (Bianca, 1963).

The coefficient of adaptability (CA) was estimated employing the following equation:
CA = (RT/38.33) + (RR/23.0) (Eq. 2)

where: RT is the average rectal temperature recorded during the current study, 38.3 is the
normal bovine temperature, RR is the respiratory rate recorded during the study, and 23.0 is
the normal RR of animals (Benezra, 1954).

The temperature-humidity index (THI) was estimated from data on environmental
temperature (ET) and relative humidity (RH) recorded during the same years and time that
physiological constants RT and RR were recorded for both breeds. The records of these
environmental variables were taken from meteorological databases of each research center.
The ET and RH were recorded using ultralight and small button-sized sensor devices
(ibuttons), which were positioned directly in the paddock where animals grazed, and were
programmed to measure ET and RH every 15 minutes from 12:00 to 3:30 P.M.

The THIs was estimated using the following equation:

THI = 1.8xET-(1-RH/100)x(ET-14.3) + 32 (Eq. 3)

where: ET is the environmental temperature (°C) and RH is the relative humidity (%)
(Valtorta et al., 2000).

Genealogical and reproductive records were collected between 1980 and 2017 for
BON and SM. A total of 1927 AFC and 5150 CI records were used. Genealogical
information included between four and six generations in these populations.

Records from animals of doubtful or with repeated identifications and with extreme
or negative numbers were eliminated. In the BON breed, CA values of 1.6 - 4.8, HTC
values of 27.0 - 183.0, AFC values of 775 - 1306 days and ClI values of 313 - 1004 days,
were accepted. For SM, CA values of 2.0 - 4.54, HTC values of 70 - 116, AFC of 667 -
1501 days and ClI values of 310 - 919 days, were accepted.

Genotyping and quality control of genotypes

In total, 58,868 SNPs for BON and 57,482 SNPs for SM, were included in the
analysis. These SNPs were obtained from 1262 BON and 742 SM genotyped animals
(Table 1).

From the group of BON, 129 animals were genotyped using the IlluminaSNP7K
low density chip, 490 animals with the 20KGeneSeek chip and 643 animals with the
BovineSNP50K medium density chip. In the case of SM, 126 were genotyped with low
density chip lluminaSNP7K, 418 animals with 20KGeneSeek chip and 198 with the
medium density chip BovineSNP50K. SNP and their genotypes from the 7K and 20K chips
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were imputed to the 50K chip using the Fimpiute program (Sargolzaei et al., 2014). After
imputation, quality control (Quality Control-QC) was performed on 58,868 available SNPs
for the BON breed and 57,482 for the SM breed, using the options for this purpose included
in the family of BLUPF90 programs. SNPs were excluded when the call rate was <90%, if
they had an extreme deviation from Hardy-Weinberg equilibrium (P < 0.01) (for example,
SNPs in autosomal chromosomes presenting both homozygous genotypes, but without
heterozygotes), if the SNP had an unknown genomic position, if they were located in sex
chromosomes, if they were monomorphic or if the minor allele frequency (MAF) was
<0.03. Likewise, animals that had a call rate <90% or with pedigree errors or Mendelian
conflicts between relatives were eliminated. Finally, 51,283 and 49,009 effective
polymorphic SNPs located in autosomal chromosomes were obtained in BON and SM,
respectively. The genomic kinship matrix (G), the numerator matrix or pedigree of
genotyped animals (A22) and the H matrix and its inverse were constructed with PREGF90.
Matrix H, combines genomic and pedigree information. These matrices, (matrix G or its
inverse, matrix A or its inverse) were used to perform quality control process of the SNP.
To develop this quality control, we used the OPTIONS FregFilev <file> and OPTION
chrinfo < file> to build chromosome mapping files (Misztal et al., 2015).

Table 1. Number of Blanco orejinegro (BON) and Sanmartinero (SM) cattle analyzed according to the
genotyping density.

Breed 20KGeneSeek BovineSNP50K HluminaSNP7K Total
BON 490 643 129 1262
SM 418 198 126 742

Statistical analysis

Association analysis was carried out following the methodology of Single-step
genomic Association Study (ssGWAS), approach proposed by Wang et al. (2012), based on
the single-step genomic-BLUP method (ssGBLUP) (Aguilar et al., 2010; Misztal et al.,
2013). The H matrix inverse was constructed by combining genomic matrix inverse (G™)
derived from SNPs (G) and numerator matrix inverse (4™) derived from, as follows:

0 0
H! =41+ .[0 G—1 — 40571 ]
(Eq. 4)

where: 422" is the inverse numerator matrix for genotyped animals and G is the genomic
relationships matrix. Matrix G is constructed by weighting the contribution from expected
variance of each marker, according to the methodology described by VanRaden (2008),
with:

G=zDZ' (Eq. 5)

where: Z is the incidence matrix of markers containing recoded genotypes (0, 1 or 2),
corrected by the allele’s frequency, D is a diagonal inverse matrix containing the expected
variance of markers:
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Dii=
ml2pi(1-pi)l,
(Eq. 6)
were: m is the number of markers, pi is the frequency of the second allele. Matrix H™~ was
replaced in mixed model equation.
The mixed animal model implemented is described below:

y=XB+Za+te (Eq. 7)

were: y = vector n x 1 of trait observations; p = vector p x 1 of solutions for fixed family
effects, month in which physiological constants were recorded, THI and animal age as
covariates for HTC and CA,; solutions vector p x 1 to fixed effects of family, year and
calving month to AFC; solutions vector p x 1 to fixed family effects, calving age and
delivery order as covariates for Cl; X = known incidence matrix n x p that associates B with
y; a = solutions vector n x 1 to genetic values; Z = random effects matrix that associates a
with y; e = vector n x 1 of peculiar random residual effect of observations not explained by
other parts of the model.
Mixed animal model equations for CA, HTC, AFC and CI are described below:

XX XZ 8 Xy

ZX ZZ taH! a Zy
(Eq.8)

where: H™ is a matrix that integrates A and G™ matrices. Matrix A is the numerator or
pedigree matrix and G genomic Kkinship matrix constructed from markers frequencies
(Legarra et al., 2009); X and Z are incidence matrices mentioned in the model. Term a is a
scalar that relates residual variance and the genetic variance: a = 62R/62A (Mrode and
Thompson, 2014).

To calculate variance and covariance components, a uni-character analysis was
performed with AIREMLF90 program in the BLUPF90 family programs (Misztal, 2010)
using the restricted maximum likelihood (REML) algorithm (Thompson and Mantysaari,
1999) and applying a mixed model for each trait.

Then, the solutions of fixed and random effects (GEBV) were estimated using a
single-step genomic BLUP (ssGBLUP) included in the software BLUPF90 (Misztal et al.,
2009; Aguilar et al., 2010). In this study, PREGSF90 and POSTGSF90 were used to
perform ssGWAS analyzes for each characteristic, following the methodology described by
Wang et al. (2012). Estimated breeding values from genotyped animals (GEBV) were
converted in allelic substitutuion effect of each SNP (Wang et al., 2012). The equation to
predict SNPs effects using weighted genomic relations matrix was:

w=DZ' [ZDZ'}-1dg (Eq. 9)

where: ' is a vector of estimated SNP markers effects, D is a diagonal significance matrix
for SNP effect variances, Z is a matrix relating genotypes of each locus for each individual
and ag is additive genetic effect for animals with genotype. Individual variance for effect of
each SNP (as in D) was estimated as:
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o 2u, i = U2i2pi(1-pi) (Eg. 10)

where: u2i is square effect of the i-th SNP, pi is allelic frequency observed from second
allele of the i-th marker in current population. When windows of n adjacent SNP are used,
like in this study, variance attributed to these Windows, is calculated by adding variance of
n adjacent SNPs, for each SNP.

Genetic variance explained

The percentage of genetic variance explained by the i -th region was calculated as
follows:

Var (a) Var (24=1 Zj )

x100% = ———————— x 100%

2 2

" " (Eq. 11)
were: ai is the genetic value of the i -th region consisting from n contiguous SNP, a2a is
the total genetic variance, Zj is a vector of gene content of the j-th SNP for all individuals,
and j is marker effect of the j-th SNP within the i -th region (Wang et al., 2012). Solution
files for SNPs indicating allele substitution effect and variance explained by each window
of four contiguous SNPs, were used to build Manhattan Plot graphs using POSTGSF90.

Gene mapping and functional analysis

Regions surrounding significant SNP, were inspected for identification of possible
QTLs and candidate genes located within each region at a distance of 1 Mb, using public
domain databases such as Genome National Center for Biotechnology Information (Ncbi,
2019) and Ensembl Genome Browser (Ensembl, 2019). Functional analyses of mapped
genes were carried out through the website UniProt (2019) and GeneCards® (2019), which
were used to verify the functional information of the genes.

RESULTS AND DISCUSSION

Descriptive statistics for CA, HTC, AFC and CI in both BON and SM are
summarized in Table 2. Average values found showed a high phenotypic variation.

Table 2. Mean, standard deviation (SD), minimum (min) and maximum (max) values for adaptability traits
in Blanco Orejinegro (BON) and Sanmartinero (SM) cattle.

Indices Breed Mean SD Min Max Total
Coefficient of variability BON 27 0.43 16 4.8 1742

SM 35 0.46 2.0 4.5 1,075
Heat tolerance coefficient BON 5.7 58 21.0 1830 1,742

SM 90.7 13.0 70.0 1,16.2 1,072
Age at first calving BON 1,086 54.5 775 1,301 958
(days) SM 1,172 157.7 667 1,501 970
Calving interval BON 509.0 159.5 313 1,004 2,293
(days) SM 467.0 135.2 310 919 2,857
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For the identification of genomic regions associated with the traits evaluated, a
threshold was defined according to the percentage of genomic variability (gVar) explained
by forur adjacent SNP windows, accepting as significant regions those with a gVar (%)
>0.13. The identified significant regions for the four traits are shown in Table 3.

Table 3. Number of genomic regions with a significant effect on four adaptability traits in from GWAS
adaptability traits in Blanco Orejinegro (BON) and Sanmartinero (SM) cattle.

Trait Breed Genomic %gVar?
regions

Coefficient of BON 6 1.17
adaptability SM 2 0.27
Heat tolerance BON 6 0.95
coefficient SM 0.0 0.00
Age at first BON 6 0.96
calving SM 6 0.87
Calving interval BON ! 112

SM 3 0.44

*Number of significant regions that explain a proportion of gVar >0.13 for each trait. “Proportion of gVar explained by
the genomic regions associated with a particular trait.

In BON, six regions explained 1.17% of the gVar for CA (Table 3). These regions
were identified on BTA3 BTAS, BTA7, BTA8, BTA9 and BTA27 (Figure 1). In SM, two
regions on BTA3 and BTA19 explained 0.277% of the gVar for this trait.

Blanco orejinegro
0.2

018 |-

0.16 -

0.14 |-

012 |-

o

0.08 |

0.06

0.04

Variance explained by SNP Windows

0.02

Chromosome (BTA)

San Martinero

Variance explained by SNP Windows

o Chromosome (BTA)

Figure 1. Manhattan plot for coefficient of adaptability in Blanco orejinegro and Sanmartinero cattle breeds.
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Table 4. Genomic regions, allelic substitution effect and possible candidate genes associated to the
coefficient of adaptability (CA), the heat tolerance coefficient (HTC), age at first calving (AFC) and
calving interval (CI) in Blanco Orejinegro (BON) and Sanmartinero (SM) cattle.

. Allelic . :
. Window o R IV Possible Candidate
Trait Breed BTA QTL (bp) %gVar  Significant SNP substitution Genes (PCG)
efffect
66.486.992-
3 66.554.349 0.13 BTA-110572-no-rs 3.7 GIPC2
1.339.951- .
5 1.419.707 0.17 BovineHD0500000347 1.2 RAB21
98.485.273-
7 98.534.197 0.15 UFL-rs137601357 0.4 Non- annotated genes
BON 8 97.968.235- 0.13 BTA-102583-no-rs 3.0 Non- annotated genes
CA 98.056.575
9 103.612.265- 19 ARS-BFGL-NGS- 21 Non- annotated genes
103.700.559 ’ 112262 ’ g
40.870.573- - .
27 40.951.386 0.13 BovineHD2700011878 3.2 Sin genes anotados
3 83.833.592- 013 ARS-BFGL-NGS- 29 PATJ
83.952.776 ' 65863 ' TM2D1
SM 51.767.412 -
19 51.842-200 0.14 UA-IFASA-8764 2.8 RPTOR
56.648.072- .
1 56.778.172 0.15 BovineHD0100016005 1.6 ABHD10 TAGNLN3
122.461.245-
2 122551247 0.18 BTA-107470-no-rs 0.6 PUM1
2.947.397- .
12 2091 581 0.13 BovineHD1200000945 3.7 ENSBTAG00000048324
BON 41.635.295- :
HTC 12 1187277 0.16 BTA-100318-no-r 0.8 Sin genes anotados
14.170.863- ARS-BFGL-NGS- .
23 14.246.801 0.20 34854 25 Sin genes anotados
ARMH2 GMNN
32.998.188- Hapmap57845-
23 33.085.360 0.13 1529014813 3.4 C23HB0RF62 ACOT13
TDP2
SM 0.0 0.0 0.0 0.0
127.626.236- .
2 127 645.905 0.13 BovineHD0200037053 2.9 ENSBTAG00000001297
127.646.623- - RF00026
2 127653302 0% BovineHD0200037058 1.5 ENSBTAG00000001297
127.653.946- . TMEM50A
2 1o7eea126 017 BovineHDO020003706 12 ENSBTAG00000001297
BON 93.404.723-
8 93.506.193 0.16 BTB-01364301 1.0 Sin genes anotados
10 102.935.702- 013 Hapmap49784-BTA- 28 CTDSPL2 EIF3J SPG11
103.048.273 ’ 87663 ’ RF0026 RF0020
18 gg;g?gﬂ 0.14 BovineHD1800016339 4.3 SLC6A16 TEAD2 CD37
AFC Poey
97.989.840- ARS-BFGL-NGS-
8 98.097 344 0.14 101099 3.3 ENSBTAG00000048201.
41.696.728-
14 41.809.704 0.15 BTB-01670622 3.2 PKIA.
15 10.517.607- 0.15 BTB-00580688 3.0 Sin genes anotados
10.700.852
SM 402.797-
23 764.842 0.16 BTA-55427-no-rs 2.8 KHDRBS2
30.643.276- ARS-BFGL-NGS- .
25 30.736.444 0.14 106963 2.8 Sin genes anotados
34.676.788- ARS-BFGL-NGS-
2 34746856 O 102334 29 NTM.
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. Allelic . .
. Window o P - Possible Candidate
Trait Breed BTA QTL (bp) O%gVar  Significant SNP substitution Genes (PCG)
efffect
1.164.256—
2 1216.101 0.16 BFGL-NGS-6050 34 CYFIP1
93.016.099- - .
5 03.093.486 0.15 BovineHD0500026412 4.8 Sin genes anotados
79.660.034- .
8 70.817.203 0,22 BTA-90142-no-rs 4.2 Sin genes anotados
38.942.740- .
11 39.104.584 0.17 BovineHD1100011547 4.6 CCDC85A
BON 73.198.161- Hapmap58572- ADGRF3 HADHB
1 73.317.267 0.13 5546526046 28 HADHA GAREM2
T ENSBTAG00000054613
NLRP9 VSTM1
61.701.988- ENSBTAG00000051657
18 61I854.328 0.16 BovineHD1800017801 3.6 ENSBTAG00000052278
IEP R ENSBTAG00000053115
ENSBTAG0000004963
22.205.878- ARS-BFGL-NGS- .
20 29907 811 0.13 65373 29 Sin genes anotados
5.550.983-
5 5644 397 0.14 BTB-00215816 3.3 PHLDAL.
DNTTIP1, UBE2C,
74.579.328- TNNC2, SNX21,
M 13 74.66.7264 0.14 f‘l'ﬁ'SBSFGL'NGS' 36 ACOTS, ZSWIM3,
ZSWIM1, NEURL2,
SPATA25, CTSA, PLTP.
41.064.620-
Hapmap60333- .
23 41.173.272 0.16 1529018032 34 Non- annotated genes

There were several polymorphisms associated with CIl. In BON, seven regions
located on BTA2, BTA5, BTA8, BTA1l, BTA18 and BTA20 were highly associated and
explained 1.12% of the gVar for Cl. In the case of SM, three genomic regions on BTAS5,
BTA1L3 and BTA23 explained 0.44% of the gVar of this trait (Table 3).

DISCUSSION

There were 14 genomic regions significantly associated with the coefficients of
adaptability CA and HTC located on chromosomes BTAL, BTA2, BTA3, BTA5, BTA7,
BTAS8, BTA9, BTA12, BTA19, BTA23 and BTA27 (Table 4). The TM2 domain-containing
protein 1 gene (TM2D1) present on BTA3 has a G protein-coupled receptor activity in the
cell signaling pathway and in apoptosis. Salunga et al. (2007) found a relation between this
gene and the expression of heat shock proteins in humans. Moreover, the associated SNP
BovineHD0500000347 found on BTAS (Table 4) is close to the Ras-related protein Rab-21
gene (RAB21) that codes for G-RAS (GTPase) proteins in the signaling cell pathway acting
on immune system and inhibiting bacterial endotoxin receptors (Pingli et al., 2019). Genes
intervening in microorganisms or tick’s immune responses in cattle have been associated
with adaptive mechanisms. The expression of these genes might explain the higher tick
burden in cattle with lower adabtability and higher susceptibility to experience a thermal
discomfort (CA >2), as it has been observed in Colombian cattle breeds (Rocha et al.,
2019). Another important associated region on BTA19 contains the regulatory associated
protein of MTOR complex 1 gene (RPTOR). This gene affects environmental stress
processes in chickens (Chen et al., 2010), mediating the transcription of the HSP70, which
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codes for a heat shock protein. Likewise, Sun et al. (2010) reported an allelic variant of
RPTOR associated with the response to environmental stress in humans. On BTA23, the
SNP Hapmap57845-rs29014813 (Table 4), close to the Acyl-CoA thioesterase 13 gene
(ACOT13), has a high expression level during cellular oxidative processes, regulating
hepatic glucose and lipid metabolism, and recently associated with thermogenesis
mechanisms in mice by adaptive responses at high temperatures (Won et al., 2013), which
might explain why these genomic regions were significantly associated with HTC and CA.
Several DNA regions associated with CA and HTC were reported by Bejarano et al. (2013)
in Colombian creole cattle breeds. These were present on BTAL, BTA3, BTA5, BTA9,
BTA1l, BTA12, BTA15, BTA19, BTA20, BTA21, BTA24 and BTA25. Some of these
chromosomes correspond to those where significant associations were identified in the
present study

A GWAS performed in dairy cattle by Macciotta et al. (2017) showed a SNP (ARS-
BFGL-NGS-29678 on BTA26) associated to heat tolerance, and Dikmen et al. (2013)
identified a SNP also located on BTA26 that was associated with sweating rate in Holstein
cows during heat stress. Another aspect to be taken into account in the GWAS for heat
tolerance traits is the associated phenotype. Dikmen et al. (2015), identified 1 of 4 SNPs
previously associated to milk production and then was associated to physiological response
to heat stress.

A total of 22 regions located on BTA2, BTA5, BTA8, BTA10, BTA1l, BTA13,
BTA14, BTA15, BTA18, BTA20, BTA23, BTA25 and BTA29 were associated with AFC
and CI (Table 4). The SNP ARS-BFGL-NGS-111155 on BTA13 is located close to the
Ubiquitin conjugating enzyme E2C gene (UBE2C), that is highly expressed in the testis
(Uniprot, 2019) and it was reported by Fujioka et al. (2018) intervening in the meiosis
progression of porcine oocytes. The SNP Bovine HD020003706 identified on BTA2 is
likely associated with the transmembrane protein 50A gene (TMEMS50A). Similarly,
Reverter et al. (2016) found an association between the SNP ARS-BFGL-NGS-116714 in
the coding region of the TMEMZ27 gene and some fertility indicators in Brahman cows. In
humans, the TMEMS50A gene was reported like a tumor suppressor (Schmit and Michiels,
2018). Nevertheless, the TMEM18 (BTA2) and TMEM38B (BTA9) genes were associated
with the first menstruation of women (Chizu et al. 2013), indicating the strong association
between transmembrane genes and reproductive traits. On BTA23, the SNP BTA-55427-
no-rs is located close to the KH RNA Binding Domain Containing, Signal Transduction
Associated 2 gene (KHDRBS?2) that has been shown to influence the fertility of goats (Guo
et al., 2018). A SNP (BovineHD2300000143) detected within the coding region of
KHDRBS2 was found significantly associated with fertility traits in Brahman cows
(Reverter et al., 2016).

On BTAI18, the regions associated with AFC contain the solute carrier family 6
member 16 (SLC6A16), the TEA domain transcription factor 2 (TEAD2) and the NLR
Family Pyrin Domain Containing 9 (NLRP9) genes. A GWAS performed in Holstein found
an association between a gene that also belongs to this solute carrier family (SLC40A1) and
the interval between the luteal activity and the first insemination (Tenghe et al., 2016).
Similarly, Yodklaew et al. (2017) found a significant association between AFC and the SNP
ARS -BFGL-NGS-44288 that is close to the SLC7A2 gene on BTA27 in crossbred cows
from Thailand. Furthermore, other studies carried out in Brahman (Reverter et al., 2016)
and Holstein cows (Dikmen et al., 2013) have shown an association between adaptability
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traits and genes such as SLC7A5 and SLCO1C1. The former is highly expressed in the
endometrium of pregnant cows, while the latter is associated with the response to
environmental stress. In the case of TEADZ2, it has been associated with embryonic
development during the early organ’s and muscles formation, possibly due to its
intervention on the embryonic heart morphogenesis, development of mesoderm,
vasculogenesis and embryionic cell differentiation (Wang et al., 2018). The other gene of
interest found on BTAI18, located close to a SNP (Bovine HD1800017801) highly
associated with fertility traits in the present study, was NLRP9. This is highly expressed in
ovaries, testis, oocytes and participates during embryonic preimplantation, gametogenesis,
folliculogenesis and early embryonic development (Ponsuksili et al., 2006).

Several studies have found DNA regions highly associated with fertility traits in
Bos taurus and Bos indicus cattle. A GWAS carried out in crossbred cows in Thailand
found 24 SNP on BTAL, BTA3, BTA9, BTA10, BTA1l, BTA19, BTA25, BTA27 and
BTA29 with an effect on the fertility of these animals (Yodklaew et al., 2017). Costa et al.
(2015) found 42 regions associated with AFC in Nellore cows, and located on BTA2,
BTA3, BTA4, BTA7, BTA8, BTA9, BTA10, BTA1l, BTAL13, BTAl4, BTA16, BTA18,
BTA20, BTA21, BTA23, BTA25 and BTA27. Hawken et al. (2012) reported 165 SNP
associated with age at puberty in pure and crossbred Brahman cows, from which 65 SNP
were located on BTA14 and BTA15. Similarly, Fortes et al. (2012) showed 134 SNP with a
significant effect on age at puberty, and 32 of them were found on BTA14. All these studies
show multiple regions where polymorphisms with a marked effect on adaptability traits in
cattle were found. Several of these chromosomes coincide with those found with significant
regions in the present study. However, differences among the specific regions associated
with adaptability traits in these studies might be attributed to variations in the number of
animals genotyped, the density of genotyping, differences in the genetic structure of the
populations evaluated (linkage disequilibrium, allelic frequencies, etc), the phenotype
selected and the amount and quality of records collected.

CONCLUSIONS

A total of 14 regions and 56 SNPs associated with CA and HTC, and 22 regions and
88 SNP associated with AFC and CI was identified. Several SNPs were located near genes
with a role in biological mechanisms and pathways that might influence the adaptability of
cattle to a tropical environment. Genes such as RPTOR, TM2D1, RAB21 and ACOT13 are
possibly associated with the physiological response to environmental stress, while
SLC6A16, TEAD2, TMEM50A, NLRP9, KHDRBS2 and UBE2C could affect fertility by
intervening in reproductive processes. The associated genotypes that were identified can
potentially be used in animal breeding programs to select for adabtability within cattle
production systems in a tropical environment.
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