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ABSTRACT. The aim of this study was to analyze the allelic frequency
distribution and segregation among breeds and/or between different cattle
genetic groups of four novel single nucleotide polymorphisms of the bovine
DRD1 and DRD5 genes and one reported SNP from the DRD4 gene. One
hundred and nine-animals from ten different cattle breeds were genotyped
and allelic frequencies for each locus were estimated. There were significant
differences in the allelic frequencies (P < 0.05) among breeds for the DRD1
and DRD5 markers. The allelic frequencies for markers DRD1-825A>G and
DRD5-378C>T were also significantly different between groups differing
in genetic background. Because differences in temperament have been
reported between Bos taurus taurus and B. taurus indicus breeds and their
crosses, further studies are needed to investigate if any association exists
between described markers and cattle behavior traits.
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INTRODUCTION
Temperament is a behavioral condition considered in animal production as an economically
relevant trait (Golden et al., 2000). Poor temperament scores in cattle are associated with reduced
feed efficiency (Petherick et al., 2002), reduced meat quality (Vann, 2011), and decreased immune
function (Fell et al., 1999). Temperament has been found to be a heritable trait in Bos taurus taurus
(Beckman et al., 2005) and B. t. indicus (Schmidt et al., 2014).
Studies have found that differences exist in temperament between B. t. taurus and B. t.
indicus breeds and their crosses (Grandin, 1980; Hearnshaw and Morris, 1984). At the molecular
level, Lourenco-Jaramillo et al. (2012), found significantly different haplotype distributions of single
nucleotide polymorphisms (SNPs) located in two key enzymes (tyrosine hydroxylase and dopamine
beta-hydroxylase) for dopamine and noradrenaline production. The authors proposed that these
SNPs could be related to differences in temperament related to the genetic background of cattle
(Lourenco-Jaramillo et al., 2012).
Dopamine receptors (DRDs) have been proposed to be candidate genes associated with
different behavioral traits in mammals (Oak et al., 2000; Marsden, 2006). They have been implicated
in the regulation of feeding behavior (Lutz et al., 2001) and obesity. DRD4 has been widely studied
in human and non-human species, a variable number tandem repeat and other polymorphisms in
this gene have been reported in human, non-human primates (Livak et al., 1995), dogs (Ito et al.,
2004), and horses (Momozawa et al., 2005).
The objective was to explore DRD1, DRD4, and DRD5 gene polymorphisms in order to
identify genetic variants occurring in cattle breeds with expected different temperaments according
to their genetic background (i.e., B. t. taurus and B. t. indicus).

MATERIAL AND METHODS
The investigation of genetic variation in the bovine DRD1 and DRD5 genes was performed
using eleven hair samples from four different cattle breeds (three Holstein, two Charolais, three
Brahman, and three Lidia). Due to the absence of complete reported nucleotide sequences for
DRD4 gene, we genotyped the SNP located at intron 1 of bovine DRD4 gene previously reported
by Glenske et al. (2011). DNA from these samples and an additional 199 bovine hair samples
obtained from different herds and breeds (B. t. taurus: Holstein, Charolais, Simmental, Lidia, and
Wagyu; B. t. indicus: Brahman, Gyr, Sardo Negro, Guzerat, and Indubrasil) located at Mexico,
was isolated using the Wizard® genomic DNA purification kit (Promega Corporation, Madison, WI,
USA). Primer pairs were designed using Primer Select v. 7.0.0 (Lasergene, DNASTAR, Madison,
WI, USA), and sequences obtained from GenBank using accession No. NM_174042.2 (DRD1) and
NM_001206629.1 (DRD5). Bidirectional sequencing was achieved using the BigDye® Terminator
procedure and an ABI PRISM 3100 Genetic Analyzer DNA sequencer (Applied Biosystems, Foster
City, CA, USA). Sequences were aligned with Clustal X v. 2.0.8 (Larkin et al., 2007).
For genotyping, five SNPs were designed. Polymerase chain reaction (PCR) amplifications
were performed in 25 µL on a MJ Research Thermocycler. The reaction mixes comprised 20-100
ng genomic DNA, 1.5 or 2.5 mM MgCl2, 0.1 µM of each primer, 0.4 mM dNTPs and 2.5 U Go Taq
polymerase (Promega Corporation, Madison, WI, USA). A touchdown method was used with the
amplification profile of an initial denaturation step of 95°C for 10 min, five three-step cycles of 45 s
at 95°C, 45 s at 68°C (the temperature was reduced 2°C each cycle), then twenty five cycles of 45
s at 95°C, 45 s at 65°C and finally one cycle of 45 s at 72°C. PCR fragments were separated by
electrophoresis in a 1.5% agarose gel, stained with SYBR Gold and visualized by UV irradiation.
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After PCR, digestion reactions were done following the manufacturer protocol for each enzyme and
digestion fragments were analyzed on a 4% Nusieve™ (Lonza, Rockland, ME, USA) agarose gel.
The observed allelic frequencies were compared with the expected frequencies based on
the Hardy-Weinberg equilibrium, using GENEPOP v. 4.0.10 (Rousset, 2008).
A principal components analysis was used to illustrate the influence of the alleles on the
ten breeds using InfoGen (Balzarini and Di Rienzo, 2013).

RESULTS AND DISCUSSION
A total of four SNPs were detected: in the DRD1 gene, one transition A>G located at position
825 of the reported coding sequence was found, while in the DRD5 gene two transitions C>T
and one transversion G>C were identified at positions nt378, nt822, and nt484, respectively. With
the exception of the transition DRD5-484C>T, all changes were synonymous. Transition 484C>T
produces an amino acidic change of aspartic acid to histidine at position 162 of the predicted DRD5
protein. Apart from the value as a candidate marker, the DRD5-484C>T represents a polymorphism
with potential functional effects. Allele frequencies for each locus were estimated for the ten breeds
tested, as well as for groups of breeds representing the genetic backgrounds of B. t. taurus and B.
t. indicus (Table 1). There were significant differences in the allelic frequencies (P < 0.05) among
breeds for the DRD1 and DRD5 markers. Allele frequencies for markers DRD1-825A>G and
DRD5-378C>T were also found to be significantly different between groups of different genetic
background. Subspecies-specific allele distributions of markers DRD1-825A>G, DRD5-378C>T,
and DRD5-822T>C were observed between the ten breeds (Figure 1).
There are no descriptions in the literature of DRD4 allelic distribution and segregation
among breeds and/or between different genetic groups of B. t. taurus or B. t. indicus. A significant
observation in our study of this marker is that, even though there is no significant specific allele
segregation between the genetic groups, the distribution of allelic frequencies indicated that allele
G was the most frequent in the B. t. indicus breeds, while allele T was most frequent in B. t. taurus
breeds. This distribution pattern is interesting from a phenotypic point of view because Glenske et
al. (2011) found that genotype TT was associated with lower curiosity scores in the German Angus
breed. Curiosity is a trait related with social behavior including novelty seeking (Momozawa et al.,
2005). Genetic polymorphisms in the DRD4 gene across human and non-human species have
been proposed as candidates influencing temperament through the novelty-seeking trait (Ebstein
et al., 1996). It is important to assess the influence of the novelty seeking trait on productive
performance in cattle, in order to confirm the usefulness of this marker as a management tool.
Genetic diversity previously reported by Haegeman et al. (2003) for the DRD1 and DRD5
genes is similar to that found in our study; they also found one transition at DRD1 and five changes
in DRD5. None of the reported SNPs were identified as polymorphic in our 210-studied samples.
Haegeman et al. (2003) also reported the allelic frequencies across eleven European breeds and
found discrepancies between the Belgian blue beef breed and the other breeds, but no phenotypic
inferences were discussed.
We have demonstrated that the novel SNPs identified for the DRD1 and DRD5 genes
show specific patterns of allelic segregation between breeds and genetic groups. Even if the allelic
distribution found in this study are due to the population structure and/or to their evolutionary history,
the current development of large-scale studies aimed at analysis of genetic variation between genetic
groups has increased interest in identification of targets for positive selection among and within
genetic groups. In cattle populations, there are situations in which promoted and directed genetic
variability, such as breed formation and artificial selection, can enhance performance and productivity.
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Table 1. Allelic frequencies of SNPs located at bovine dopamine receptors in ten cattle breeds.
SNP marker
DRD1-825 A>G

DRD4

DRD5-378C>T

DRD5-484C>T

DRD5-822T>C

No.
23
23
12
10
25
22
25
15
25
19
93
106
23
23
12
10
25
22
25
15
25
19
93
106
23

Breed
Charolais
Simmental
Lidia
Holstein
Wagyu
Brahman
Sardo Negro
Guzerat
Gyr
Indubrasil
B. t. taurus
B. t. indicus
Charolais
Simmental
Lidia
Holstein
Wagyu
Brahman
Sardo Negro
Guzerat
Gyr
Indubrasil
B. t. taurus
B. t. indicus

23
12
10
25
22
25
15
25
19
93
106
23
23
12
10
25
22
25
15
25
19
93
106
23
23
12
10
25
22
25
15
25
19
93
106

Simmental
Lidia
Holstein
Wagyu
Brahman
Sardo Negro
Guzerat
Gyr
Indubrasil
B. t. taurus
B. t. indicus
Charolais
Simmental
Lidia
Holstein
Wagyu
Brahman
Sardo Negro
Guzerat
Gyr
Indubrasil
B. t. taurus
B. t. indicus
Charolais
Simmental
Lidia
Holstein
Wagyu
Brahman
Sardo Negro
Guzerat
Gyr
Indubrasil
B. t. taurus
B. t. indicus

Charolais

Genetic background
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. taurus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus
B. t. indicus

Genetics and Molecular Research 15 (1): gmr.15017725

A
0.81
0.70
0.54
0.66
0.47
0.68
0.39
0.46
0.49
0.38
0.75
0.54
-

C
1.00
1.00
1.00
1.00
1.00
0.52
0.39
0.63
0.60
0.41
1.00
0.52
0.70
0.49
0.39
0.42
0.62
0.64
0.59
0.48
0.34
0.63
0.72
0.60
0.60
0.44
0.48
0.61
0.58
0.82
0.60
0.67
0.73
0.66
0.57
0.76

G
0.18
0.30
0.46
0.34
0.53
0.31
0.61
0.54
0.51
0.62
0.24.
0.45.
0.57
0.49
0.48
0.50
0.53
0.74
0.81
0.67
0.63
0.72
0.27
0.67
-

T
0.42
0.51
0.52
0.50
0.47
0.24
0.19
0.33
0.37
0.28
0.72.
0.32.

-

0.00
0.00
0.00
0.00
0.48
0.61
0.37
0.30
0.59
0.00
0.47
0.30
0.51
0.61
0.58
0.38
0.36
0.41
0.52
0.66
0.37
0.27
0.39
0.40
0.56
0.52
0.39
0.42
0.16
0.40
0.33
0.27
0.34
0.43
0.24

0.00
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Figure 1. Principal components PC1 and PC2 from all SNPs. Taurine breeds, remain separated from indicine. (Br:
Brahman, NS: Sardo Negro, Ind: Indobrasil, Guz: Guzerat) breeds.
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