ntEerSciencePIace

|
[=]; .iw.

[=]
REPRODUCTIVE EFFICIENCE AND IDENTIFICATION OF

SINGLE NUCLEOTIDE POLYMORPHISMS IN
THERMOTOLERANT HOLSTEIN COWS

EFICIENCIA REPRODUTIVA E IDENTIFICACAO DE
POLIMORFISMOS DE BASE UNICA EM VACAS HOLSTEIN
TERMOTOLERANTES

Tracy Ferreira Lacerda
Mestrado em Ciéncia Animal pela Universidade Vila Velha
barbaraloureirovet@gmail.com

Rute Beatriz Garcia Clemente Carvalho
Doutorado em Genética e Biologia Molecular pela Universidade Estadual de
Campinas
foxytiger83@gmail.com

Anna Luiza de Oliveira Altoé
Graduacgéo em Medicina Veterinaria pela Universidade Vila Velha
annaluizaoaltoe@gmail.com

Monique Araujo Lazaro
Especializacdo em Residéncia em Clinica Médica de Pequenos Animais pela
Universidade Vila Velha
monique.lazaro@uvv.br

Mauricio Gomes Favoreto
Doutorado em Ciéncias Bioldgicas (Farmacologia) pela Universidade Estadual
Paulista Julio de Mesquita Filho
mauricio.favoreto@gmail.com

Barbara Loureiro
Doutorado em Animal Molecular and Cellular Biology pela University of Florida,
Estados Unidos
barbara.loureiro@uvv.br

ISSN: 16799844 — InterSciencePlace — International Scientific Journal Page 274


mailto:barbaraloureirovet@gmail.com
mailto:foxytiger83@gmail.com
mailto:annaluizaoaltoe@gmail.com
mailto:monique.lazaro@uvv.br
mailto:mauricio.favoreto@gmail.com
mailto:barbara.loureiro@uvv.br

Abstract

The aim of this study was to identify novel SNPs in thermotolerant Holstein cows and
to evaluate the reproduction of these animals. Vaginal temperatures of 110 Holstein
animals were measured with an automatic thermometer during the summer. Animals
were classified as thermotolerant (TT), animals in which no temperature event (at
least 30 min) occurred above 39 °C; intermediate (INT), animals in which one or
more half-hour temperature events occurred between 39.1 and 39.5 °C; and
thermosensitive/heat stressed (HS), animals in which the temperature exceeded 39.5
°C in at least one half-hour event. Tail hair was collected for DNA extraction, PCR,
and DNA sequencing. Primers from ATP1Al gene and HSP90AB1 gene were used
to detect polymorphism. Temperature [mean, maximum, and coefficient of variance
(CV)], milk production data, and number of artificial inseminations required for
pregnancy were analyzed using the GLM procedure and PDIFF of SAS. Seventy-one
cows were placed in the HS group, 14 in the INT group, and 25 in the TT group.
Mean, maximum and CV temperatures were higher in animals in the HS group (P
<.01). Milk production was not different within the groups. The number of
inseminations required for the cow to become pregnant was higher (P = 0.05) in the
HS group. There was a moderate and positive correlation (0.33; P < 0.004) between
temperature CV and number of inseminations. One SNP was identified in the gene
ATP1Al; this mutation represents a change from aspartate to asparagine. Four
SNPs were identified in the HSP90AB1 gene. In summary, animals that can maintain
a lower body temperature under heat stress have better fertility because they require
less artificial insemination to become pregnant, regardless of milk production. Novel
SNPS have been found in both ATP1A1 and HSP90AB1 genes, but further studies
are needed to link them to thermoregulation.
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INTRODUCTION
Heat stress is a major problem affecting the cattle industry worldwide (SILVA et al.,
2013). In tropical regions where average temperatures are high throughout the year,
this is a problem that massively affects animals (ROCHA et al., 2012). Reproductive
disorders due to heat stress can occur through two general mechanisms: 1)
homeokinetic changes that occur to regulate body temperature, such as.
redistribution of blood flow to the body periphery to increase sensory heat loss, and
decreased feed intake during heat stress, and 2) failure of the homeokinetic system
to regulate reproduction; elevated body temperature can impair the function of germ
cells, the embryo in early development, and other reproductive cells (LUCY, 2001;
WEST, 2002; HANSEN, 2007; HANSEN, 2009; SENOSY et al, 2011).

The effects of heat stress on reproductive functions are exacerbated by the

increase in metabolic heat production associated with lactation (SARTORI et al.,
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2002) and increased humidity (WEST, 2003). Reproductive ability is thought to be
negatively correlated with milk yield due to reductions in body thermoregulation and
genetic selection of animals for higher production (ROTH, 2008). However, studies
with Holstein cows (Bos taurus) have shown that some animals of this breed can
suffer from heat stress without seriously affecting their fertility (VASCONCELOS et
al., 2011). The ability to maintain a low body temperature during heat stress is
moderately heritable (SEATH 1947; DIKMEN et al., 2012); therefore, selection for
thermoregulation should reduce the consequences of heat stress (DIKMEN et al.,
2015).

Heat tolerance has been linked to single nucleotide polymorphisms (SNPSs) in
genes involved in the response to heat stress or responsible for homeostasis
(RAVAGNOLO & MISZTAL, 2002). Studies have demonstrated the relationship
between genetic polymorphisms and heat stress response in dairy cows (CHRENCK
et al. 2003; LIU et al., 2011), as well as their relationship with reproduction (ORTEGA
et al., 2016) and production (COCHRAN et al., 2013). The stress response-related
genes HSP90AB1 and ATP1Al have been linked to thermotolerance in Holstein
heifers and cows (LIU et al., 2011; CHAROENSOOK et al., 2012).

The ability to maintain body temperature under thermal stress is a valuable
resource for dairy cattle in tropical and subtropical countries (GANAIE et al., 2013).
Although differences in thermotolerance between breeds and between crosses have
been studied (BEATTY et al., 2006), few studies have attempted to understand the
mechanism of thermotolerance and the heritability of this trait. In addition, there are
no studies that link thermotolerance, SNPs, and reproductive ability in these animals.

therefore, the aim of the present study was to identify novel SNPs in ATP1Al
and HSP90AB1 in Holstein cows considered thermotolerant and sensitive to heat

stress and to evaluate the reproduction of these animals by artificial insemination.

MATERIAL AND METHODS

Classification of animals with respect to thermoregulation

The experiment was conducted during the months of January to March (summer in
Brazil) with 110 lactating Holstein cows with a body condition score between 3 and
3.5 (WILDMAN et al.,, 1982). The animals came from two different farms in
southeastern Brazil (20° 20' 23" S 41° 08' 05" W and 19° 56' 08" S 40° 36' 01" W). All

animals were kept in a free-range barn under the same conditions, in stalls with fans
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and sprinklers. An automatic thermometer (iButton Maxim, California, USA)
connected to an intravaginal placebo implant was used to measure the body
temperature of each cow. The thermometers were left in each cow for 3 days, with
temperature measured every 5 minutes. Between each insertion, the implants were
washed with a chlorhexidine solution and autoclaved.

Animals were classified as follows: thermotolerant group (TT), i.e., animals in
which no temperature event (at least 30 min) above 39 °C occurred; intermediate
group (INT), i.e., animals in which one or more half-hour temperature events between
39.1 and 39.5 °C occurred; and thermosensitive/heat-stressed group (HS), i.e.,
animals in which temperature exceeded 39.5 °C in at least one half-hour event.

In addition, the coefficient of variation (CV) of temperatures within all
measurements of each animal was calculated as the ratio of the standard deviation
to the mean. The highest temperature of each animal within the three days was also
recorded.

The average milk production on the day of implant insertion was recorded for
each animal.

A thermometer was kept in the shade of the cow pen throughout the
experiment to check the ambient temperature.

Animals participating in the experiment were inseminated 12 hours after the
appearance of estrus signs without hormonal synchronization (Al). Semen from 29
bulls of Holstein and Gir breeds was used. After 30 days, pregnancy diagnosis was
performed by ultrasonography. All animals diagnosed as non-pregnant or showing
oestrus before ultrasonography were inseminated again until pregnancy was
detected. For each animal, the number of inseminations needed since the last

calving to diagnose pregnancy was calculated.

DNA extraction, PCR and sequencing

Tail hair samples were collected from all cows participating in the experiment.
Genomic DNA extraction was performed using the DNeasy® Blood & Tissue Kit
(Qiagen, Venlo, The Netherlands). First, hair samples were cut so that only the hair
bulbs were used (0.1 mm). They were placed in 1.5-ml microtubes and 180 pl of ATL
buffer and 20 pl of proteinase K were added, followed by vortexing for 15 seconds
and centrifugation at 8000 rpm for 1 minute. These samples were placed in an

incubator at 56 °C. After 2 hours, manual maceration was performed using a cone-
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ended polypropylene punch, followed by vortex and centrifugation, and again left in
the incubator overnight. The next day, hair samples were macerated again and 5 pl
of proteinase K was added to each sample. They were then vortexed for 15 seconds
followed by centrifugation at 8000 rpm for 1 minute and placed back in the incubator
for 2 hours at 56 °C. The following steps to perform the extraction were performed
according to the manufacturer's instructions. The quality and quantity of the extracted
DNA was checked on a 1% agarose gel, stained with SYBR® Safe (Invitrogen, Sao
Paulo, Brazil), and visualized under ultraviolet light.

Primers used for polymorphism detection are listed in Table 1. Polymerase
chain reactions (PCR) were performed using a total volume of 25 pl (genomic DNA,
dNTP mix, Taq polymerase enzyme (LongRange PCR enzyme mix - Qiagen), MgCI2
and specific primers for each gene). Amplification was performed in an Apollo ATC
201 (Nyx Technique) thermal cycler consisting of an initial denaturation at 93 °C for 3
minutes, followed by 35 cycles of denaturation at 93 °C for 15 seconds, annealing at
55 °C for 30 seconds (HSP90AB1) or 50 °C for 30 seconds (ATP1A1l), and extension
at 68 °C for 3 minutes. PCR products were electrophoresed on a 1% agarose gel
with SYBR® safe (Invitrogen) for visualization of fragment sizes. PCR products were
purified using the QIAquick PCR Purification Kit (Qiagen). The purified products were
visualized and quantified on a 1% agarose gel and finally sent to the Multiuser
Genotyping and Sequencing Laboratory - LMGs of the University of Campinas for
sequencing.

The sequences obtained were analyzed and edited using the BioEdit
software program (http://www.mbio.ncsu.edu/BioEdit/BioEdit.html). Alignment of the
sequences was performed using the Clustal Omega Vvirtual tool
(http://www.ebi.ac.uk/Tools/msa/clustalo/). The sequences obtained from the
experimental animals were aligned with those available in the NCBI database for the
species Bos taurus (GenBank accession number NM _001079637.1 and NM
_001076798.1) considering the genes HSP90AB1 and ATP1A1, respectively.

Statistical analysis

The effects of group (HS, IN, or TT) on animal mean and maximum temperature, milk
production, and number of IA were analyzed by least-squares analysis of variance
using SAS General Linear Models (SAS for Windows, version 9.2, Cary, NC).

Differences between individual means were analyzed by pairwise comparisons
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(Probability of Difference Analysis [PDIFF]; SAS). To exclude the influence of sire on
pregnancy rate, logistic regression analysis was performed using the logistic
procedure of SAS. Because there was no effect of sire or breed on pregnancy, this
effect was excluded from the analysis.

The use of temperature CV as a parameter to analyze animal
thermoregulation has been reported in the literature only in two articles (KOGA et al.,
2004; GOURDINE et al., 2016), both of which use correlation analyzes to evaluate
the effects on specific traits. Here, we analyzed the Pearson correlation coefficient
between temperature CV and number of inseminations using the correlation
procedure of SAS.

All values are expressed as least squares means + SEM. Differences were
considered significant when P < 0.05, and values of P = 0.05 and < 0.1 were

considered indicative of a trend.

RESULTS

Ambient temperatures

The minimum and maximum temperatures in the pens where the animals were kept
throughout the study period were 19.7°C and 36.1°C, respectively, with a mean
temperature of 28.2°C.

Reproductive and production traits
Of the 110 animals used in this study, 71 were classified in the HS group, 14 in the
INT group, and 25 in the TT group.

The mean temperature measured during the three days that the thermometers
were kept in the animals and the maximum temperature recorded in each group were
higher (P <.0001) in the animals of the HS group than in the INT and TT groups. The
INT group did not differ from the TT group (Figure 1 and 2).

The temperature CV measured in each animal was higher (P=0.01) in the HS
group than in the TT group. There was a tendency (P=0.064) for the INT group to be
higher than the TT group (Figure 3).

The mean value of milk production was not different within the groups (Figure
4).

The number of inseminations a cow needed to become pregnant was higher

(P=0.05) for animals in the HS group than in the INT and TT groups. The INT group
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did not differ from the TT group (Figure 5). There was a moderate and positive
correlation (0.33; P < 0.004) between temperature CV and number of inseminations.

Polymorphisms

ATP1Al

The sequences of sixty animals, 36 of which were classified as HS, 10 as INT, and
14 as TT, were used to compare exon 18-19 of the ATP1A1l gene with Bos taurus
sequences available in the NCBI database.

A new polymorphism was identified in exon 19 of the ATP1A1 gene when the
animals in the experiment were compared with the Bos taurus sequence. The
polymorphism was a G-A mutation at nucleotide position 116,400,962 of the gene's
MRNA. This polymorphism was identified in five animals; four were classified as HS
and one as INT. This mutation represents a change from the amino acid aspartate to

asparagine.

HSP90AB1

Sequences from 63 animals were used to compare exons 1 - 3 and 6 - 8 of the
HSP90AB1 gene with Bos taurus sequences available in the NCBI database.

In nucleotide position 646, intron 2, an A-G mutation was identified in 1 HS and 1 INT
cow. In intron 6, at nucleotide position 1918, nine individuals (5 HS and 4 TT) had a
G-A mutation. Two additional mutations, both T-C, were observed in nucleotides
2017 and 2968, the first occurring in 2 HS animals and the second (nucleotide 2968)

in one TT animal.

DISCUSSION
A dairy cow that maintains its body temperature below 39.1 °C is considered
thermotolerant (WEST, 2003); when the ambient temperature exceeds 25-28.4 °C,
the animal’s body temperature begins to rise (BERMAN et al., 1985; DIKMEN &
HANSEN, 2009). The cows in this study were kept in a barn with fans and sprinklers
to keep the animals’ body temperature in a comfortable range; however, during
summer, the ambient temperature in the barn varied from 19.7 °C to 36.1 °C.

In this study, vaginal temperature was used to classify cows as TT, INT, or
HS. Cows that had at least one event (at least 30 minutes) with temperatures above

39.5 °C were classified as HS. These cows also had a higher average temperature
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and a higher maximum temperature during the three days the thermometer remained
in the animal.

Body temperature is controlled by modulation of metabolic heat produced by
the body and heat release (SAILO et al., 2015). Small fluctuations in body
temperature, expressed in this study as CV, even during periods of high milk
production, result in low energy requirements for body temperature regulation
(GOURDINE et al., 2016). The CV results presented here suggest that animals
classified as TT require less energy for thermoregulation than animals classified as
HS. KOGA et al. (2004) showed that Brahman breed cattle had a lower coefficient of
variance and lower skin and rectal temperatures than buffalo. In sows, those that
exhibited low variance in thermoregulatory responses showed high lactation
performance (GOURDINE et al., 2016).

In the present study, cows classified as HS were found to require more Al to
become pregnant than INT and TT cows. Similarly, cows with a higher coefficient of
variation with respect to temperature showed a positive correlation with the number
of artificial inseminations needed to become pregnant. It is well known that cows
suffering from heat stress prior to artificial insemination have low pregnancy rates
(PUTNEY et al.,, 1988). This is particularly notable in lactating dairy cows where
lactating metabolic needs exacerbate fertility loss (AL-KATANANI et al., 1999;
SARTORI et al., 2002; ROTH, 2008)).

Identifying thermotolerant animals that exhibit improved fertility in summer
could be an alternative for dairy cows. In these animals, heat stress may affect
oocyte quality (HANSEN & ARECHIGA, 1999), alter follicular function, affect corpus
luteum development, and thus lower progesterone concentrations (WOLFENSON et
al., 1995; RENSIS & SCARAMUZZI, 2003). A likely effect of low progesterone
concentrations is premature oocyte maturation, which affects embryonic
development after fertilization (DISKIN et al., 2012).

The ability of the animal to maintain its body temperature may affect both
pregnancy rate and pregnancy maintenance (VASCONCELOS et al.,, 2006). In a
recent study, VASCONCELOS et al. (2011) showed that high producing Holstein
cows (> 35 kg/day) that could maintain a rectal temperature of less than 39 °C had
equally good pregnancy rates after embryo transfer as animals with low milk
production (< 35 kg/day). The cows used in the present study were high-producing

animals with an average milk production of 31 kg/day. However, milk production did
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not differ between the TT, INT and HS groups and did not show any correlation with
the variables studied, so we can assume that thermoregulation is not due to low milk
production in the TT group.

ATP1Al, a Na+,K+-ATPase, is responsible to maintaing Na/K electrolyte
balance, while HSP90AB1 is a heat shock protein. For both genes, novel SNPs were
found in coding and noncoding regions. When found in the coding regions, these
SNPs can alter DNA transcription, resulting in protein modification (KIM & MISRA,
2007) and consequently altering gene function (COLLINS et al., 1998). The SNPs
identified in the coding regions in the present study all resulted in amino acid
exchanges.

In Jersey crossbred cows, four SNPs were found in the HSP90OAB1 gene
(targeting intron 7 to exon 11) and one of the polymorphisms found was associated
with thermotolerance (SAILO et al. 2015). In Holstein cows, a novel C-A
polymorphism was found at nucleotide position 2789 of the ATP1A1 gene, but this
SNP did not alter any amino acid (LIU et al. 2011). In another study, Holstein heifers
with a polymorphism in intron 3 of the HSP90AB1 gene showed an improvement in
thermotolerance (CHAROENSOOK et al., 2012). When located in the noncoding
regions, these SNPs do not affect the encoded proteins, but they may alter gene
splicing and thus gene expression.

Other genes have been identified in Holstein cows as genetic markers
associated with genetic variation in thermoregulation during heat stress. DIKMEN et
al. (2015) found six genes associated with rectal temperature, respiration rate, and
sweating rate. Sahiwal cows with a GG genotype for HSP90OAALl had higher heat
tolerance coefficients, suggesting that these animals are more sensitive to heat
stress (KUMAR et al., 2015). Chinese Holstein cows carrying a mutant allele C on
HSPAAL1 had higher mRNA expression of this gene in the hot season. The authors
associated this genetic variation in Hsp90AA1 with thermoresistance. (BADRI et al.,
2018).

In the present study, novel SNPs were identified in both the ATP1Al and
HSP90AB1 genes. However, because cows from all three groups (HS, INT, and TT)
had these polymorphisms, an association with thermotolerance was not possible.
Further studies are needed to evaluate the effects of these SNPs on
thermoregulation.

In conclusion, animals that can maintain a lower body temperature under heat
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stress conditions have better fertility because they require less artificial insemination
to become pregnant, regardless of milk production. Novel SNPS have been found in
both ATP1A1 and HSP90AB1 genes, but further studies are needed to associate

them to thermoregulation.
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Figure 1. Mean temperature (°C) observed during the three days when thermometers were kept
at the animals of each group (HS, INT and TT). The mean temperature was higher (P <.0001) in
the animals of the HS group than in the animals of the INT and TT groups. The INT group did

not differ from the TT group. Differences were considered statistically significant when P <
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Figure 2. Mean maximum temperatures (°C) observed during the three days that thermometers
were kept on animals in each group (HS, INT, and TT). Maximum temperatures were higher for
animals in the HS group compared to the INT and TT groups (P <0001). The INT group did not

differ from the TT group. Differences were considered statistically significant when P < 0.05.
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Figure 3. Coefficient of variance of the temperatures (°C) observed during the three days that
thermometers were kept on animals in each group (HS, INT, and TT). Variations were higher for
animals in the HS and INT group compared to the TT groups (P <0.01). The HS group did not

differ from the INT group. Differences were considered statistically significant when P < 0.05.
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Figure 4. Mean milk production (kg) with respect to each classified group (HS, INT, and TT). No

statistical difference was found within groups. P > 0.05.
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Figure 5. Number of inseminations required to diagnose pregnhancy in each classified group
(HS, INT, and TT). P = 0.052.
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