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ABSTRACT. Research on genes affecting phenotypic variation in
milk production and composition from indicine (Bos indicus) cattle is
imperative, since these breeds are important tropical genetic
resources, and there have been few studies investigating the genetic
basis of these traits. We identified polymorphisms in -casein
(CSN3), -lactoglobulin (LGB), thyroglobulin (TG) and prolactin
(PRL) and examined their effect on milk and composition traits in the
Guzerá breed. DNA samples of 260 Guzerá cattle selected for dual
purpose use were genotyped. Allele frequencies observed for the A
allele were 0.83, 0.18 and 0.25 respectively for CSN3, LGB and PRL
genes, while for the TG gene T allele had an allele frequency of 0.09.
For all polymorphisms evaluated, observed genotypic frequencies
were in agreement with those expected according to the HardyWeinberg Equilibrium hypothesis. A polymorphism association study
evaluated breeding values (BV) for 305-day milk (BV-M), fat (BVF), and protein (BV-P) production, employing the allele substitution
model using a sample of 139 cows belonged to 27 full and half-sib
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families of a MOET (multiple ovulation and embryo transfer)
selection nucleus. Association was found between the LGB
polymorphism and BV-M, BV-F and BV-P. Animals with LGB AA
genotype have, on average, higher BV when compared to animals
with LGB AB and BB genotypes (277.85 kg for BV-M, 12.09 kg for
BV-F and 9.33 kg for BV-P). These findings contribute to a better
understanding on the influence of these polymorphisms on milk
production traits in Guzerá cattle.
Key words: Molecular markers; PCR-RFLP; Dairy cattle; Bos indicus; QTL

INTRODUCTION
In the last decades, milk production has become one of the most important activities
in terms of generating wealth and employment, with Brazil being the fourth largest milk
world producer with a production of 25.4 billion tons in 2020 (USDA, 2021). Management
and breeding procedures as well as biotechnology application has increased efficiency in
livestock production (El-Aziz et al., 2016). Phenotypes of economic interest such as
fattening performance, and milk and composition production are largely influenced by
several genes of small effects, which presents candidates to assist selection for these traits
(Ardicli et al., 2019).
Genetic polymorphisms have brought major contributions to characterization of
domestic breeds, tracking evolutionary history of populations and ascertainment of
differences between cattle breeds. Knowledge of genetic variability is also crucial for
genetic conservation programs (Machugh et al. 1994; Ahmed et al., 2017). Furthermore,
some polymorphisms in genes that code milk proteins and proteohormones have been
associated to economically important traits for industrial processability of milk (Russo and
Mariani, 1978; Aleandri et al., 1992; Caroli et al., 2009; Ardicli et al., 2019).
Part of variation in milk yield and composition is underlined by the polymorphisms
found in genes encoding milk proteins and hormonal machinery involved in secretion of
milk (Lemay et al., 2009). CSN3, LGB and PRL genes have polymorphisms associated with
milk production, composition and quality, which are traits selected in breeding programs
worldwide (Dekkers, 2004).
Main milk proteins are caseins alpha-s1, beta, alpha-s2 and kappa-casein and
among whey proteins, alpha-lactoalbumin and beta-lactoglobulin (Ahmed et al., 2017).
Fifty-four variants in milk proteins encoding genes have already been described in bovines
(Caroli et al., 2009). Two variants in -casein (CSN3) gene localized of the BTA
chromosome 6 (CSN3 alleles A and B) differ by a double substitution involving a Thr136Ile
and an Ala148Asp (Mercier et al., 1973). Another important polymorphism is present in lactoglobulin (LGB) gene mapped on BTA chromosome 11. Most common forms are LGB
A and LGB B, differing each other by Asp64Gly and Val118Ala double substitution (Farrell
et al., 2004). This substitution result in specific physicochemical characteristics as well as in
expression of caseins levels in milk, being higher in variant LGB A (Aschaffenburg and
Drewry, 1957). CSN3 and LGB genes are located in quantitative trait loci (QLTs) for milk
quality and production traits, including composition (Lemay et al., 2009; Olsen et al., 2016).
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In Bos taurus, presence of CSN3 B or LGB B allele has been associated with an
increased quantity and concentration of milk proteins and curd firmness, as well as with a
reduction of clotting time, resulting in higher cheese yield (Jakob and Puhan, 1995; Horne
et al., 1996; Lodes et al., 1996; Fitzgerald and Hill, 1997). In the other hand, LGB AA
genotype is correlated with increase in milk production and protein content, and reduction
in caseins concentration (Ng-Kwai-Hang et al., 1984; Aleandri et al., 1992; Bovenhuis et
al., 1992; Ardicli et al., 2019). LGB BB genotype is associated with higher milk heat
stability and increased amounts of casein, dry matter, and fat retention in cheese cloth,
resulting in a higher cheese yield (Aleandri et al., 1992; Bovenhuis et al., 1992; Molina et
al., 2006).
Genes encoding hormones participate in metabolism regulation, so it is related to
animal performance. Prolactin gene (PRL) belongs to a gene family that co-evolved with
growth hormone and chorionic somatotrophin genes, localized on BTA chromosome 23
(Niall et al., 1971; Alipanah et al., 2007). Disruption of the PRL gene have showed the role
of this hormone in mammary gland development, lactogenesis and gene expression of milk
proteins (Horseman et al., 1997). Hence, PRL gene is a QTL for milk production traits
(Brym et al., 2005). Thyroglobulin is a glycoprotein precursor for thyroid hormones T3
(triiodothyronine) and T4 (thyroxine). Thyroglobulin (TG) gene maps on centromeric
region of BTA chromosome 14, linked to DGAT1 gene, a strong QTL for milk production
traits (Riquet et al., 1999; Li et al., 2020).
A silent transition AG at codon 103 (exon 3) of PRL gene produces PRL A and B
alleles respectively, which were associated with milk production traits (Lewin et al., 1992;
Chung et al., 1996). Besides that, PRL AA genotype reduces production of milk fat and
increases total milk production in B. taurus animals (Dybus et al., 2005; Miceikienè et al.,
2006; Ghasemi et al., 2009). A SNP CT in the 5’-UTR (untranslated region) of bovine
TG gene was associated with marbling in beef cattle (Barendse, 1999; Thaller et al., 2003).
Regarding to association of this SNP with production traits in dairy cattle, only one study
was conducted in B. taurus (Khatib et al., 2007). However, these authors did not find a
significant association between TG gene polymorphism and milk production and
composition in Holstein animals. There are some studies associating genetic markers with
temperament and production traits in dairy indicine breeds and only few studies involving
Guzerá cattle (Santos et al., 2017; Rosse et al., 2017; Paiva et al., 2020).
Guzerá is a dual-purpose (milk and beef production) cattle adapted to tropical
climatic conditions (Peixoto et al., 2021). These animals are rustic, tolerant to heat stress,
and resistant to some diseases, endo and ectoparasites (Winkler and Penna, 1992; Penna et
al., 2005; Peixoto et al., 2010). Due to its adaptability to environmental adversity as well as
its productive potential for dual-purpose, in 1991, this breed was listed in FAO as a genetic
resource to be preserved (FAO, 1995).
In 1994, it was deployed in Brazil the National Program for the Improvement of
Guzerá Dairy Cattle (PNMGuL). The main objective of the PNMGuL is to promote the
genetic evaluations using modern methodologies for the analysis of phenotypic and
molecular data. Genetic evaluations are based on data from the progeny test and MOET
selection nucleus schemes (Penna et al., 1998; Bruneli et al., 2020). However, markedassisted and genomic selection could also be an auxiliar strategy in the Guzerá breeding
program, contributing to the increase accuracy and, consequently, genetic gain in dairy
farms (Ardicli et al., 2019).
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Therefore, the aim of this work was to characterize the genetic polymorphisms in
CSN3, LGB, PRL and TG genes and try to associate these polymorphisms with variations in
milk production and composition traits. These associations may provide information about
the perspective of the development of marker-assisted strategies for the conservation and
improvement of the Guzerá breed.

MATERIAL AND METHODS
Animal samples
This study used blood samples from 260 animals, representing around 10% of the
animals in each of the 15 major Guzerá herds located in Minas Gerais state, in southeastern
Brazil. Among the herds sampled, some herds exploit Guzerá animals for dual-purpose
(dairy and beef), using proven sires from both breeding programs. Other herds use Guzera
strictly for beef purposes and others for milk production purposes. Samples of blood and
semen were collected for DNA extraction and genotyped for polymorphisms of CSN3, LGB,
PRL, and TG genes. From this total, 139 cows belonged to 27 full and half-sib families of
MOET selection nucleus. Multiple ovulation and embryo transfer (MOET) nucleus were
proposed by Nicholas and Smith (1983) and were implemented in several selection
programs. In MOET’s nucleus schemes, families are produced yearly and sib families are
raised under uniform management conditions in the same farm. Those schemes allow for an
increase in the rate of genetic progress, although there is a possibility of an increase in the
inbreeding coefficient. In this sense, an open MOET’s selection nucleus was created in
1994 in Guzerá cattle (Penna et al., 1998) as the first MOET’s selection nucleus in Brazil.
First lactation phenotypes were obtained from the database of the National Program for the
Improvement of the Guzerá Dairy Cattle coordinated by Embrapa Gado de Leite and Centro
Brasileiro de Melhoramento Genético do Guzerá (CBMG) (Bruneli et al., 2020).
Records of 305-day milk, fat, and protein yield from progeny test and MOET
nucleus are yearly and jointly evaluated to estimate individual breeding values (BVs) which
were used in this study. These BV estimates were obtained from data of first lactations of
full and half-sib Guzera´ cows born and raised in the MOET’s nucleus scheme,
simultaneously recorded nucleus in the same environmental and management conditions
each year, through dairy control and data were adjusted for a lactation of 305 days. These
animals belong in the dataset of the progeny test of Guzera bulls (Peixoto et al., 2006). BVs
are calculated using the restricted maximum likelihood method and fitting an animal model
by the algorithms available in MTDFReML (Boldman et al., 1995). The statistical model
for estimation of breeding values included the fixed effects of herd-calving year, calving
season, age at calving as a covariate, and the random effects of permanent environment,
animal, and residual by solving a mixed model equation, including a relationship matrix.

Molecular procedures
Genomic DNA was extracted by the proteinase-K:phenol-chloroform method
(Sambrook and Russell, 2001) and proteinase K/salting out protocol (Miller et at., 1988)
from semen and blood samples, respectively. Genotyping for polymorphisms in CSN3,
LGB, PRL and TG genes were performed by PCR-RFLP (polymerase chain reaction and
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restriction fragment length polymorphism). Primers used were: CSN3 F (5′-TGT GCT GAG
TAG GTA TCC TAG TTA TGG-3′) and CSN3 R ( 5′-GCG TTG TCT TCT TTG ATG
TCT CCT TAG-3′); LGB F (5’ TGT GCT GGA CAC CGA CTA CAA AAA G 3’) and
LGB R (5’ GCT CCC GGT ATA TGA CCA CCC TCT 3’); PRL F (5’ CGA GTC CTT
ATG AGC TTG ATT CTT 3’) and PRL R (5’ GCC TTC CAG AAG TCG TTT GTT TTC
3’); TG F (5’ GGG GAT GAC TAC GAG TAT GAC TG 3’) and TG R (5’ GTG AAA
ATCT TGT GGA GGC TGT A 3’), respectively to amplify a portion of CNS3, LGB, PRL
and TG genes, containing each of evaluated polymorphisms. Primer sequences were
checked for specificity through research conducted on BLAST from NCBI's GenBank
database. Then, PCR products were digested using HinfI (Invitrogen, Carlsbad, CA) to
CSN3, HaeIII (Invitrogen, Carlsbad, CA) to LGB, RsaI (Invitrogen, Carlsbad, CA) to PRL
and PsuI (Promega, Madison, WI, USA) to TG by incubation at 37º C over night, according
to manufacturer's recommendations. Primer concentrations and thermocycling conditions
for PCR amplification of gene polymorphisms CSN3, LGB, PRL and TG were performed,
respectively, according to published procedures for Barroso et al., (1998), Medrano and
Cordova (1990), Mitra et al., (1995) and Barendse (1999) respectively, with modifications.
Amplifications were carried out in a final volume of 25 μL with IV-B PCR buffer (10 mM
Tris, pH 8.4, 50 mM KCl, 0.1% Triton X-100, 1.75 mM MgCl2), 0.2 mM each dNTP
(Invitrogen, Carlsbad, CA), 8% dimethyl sulfoxide (J. T. Baker, Xalostoc, Edo. De Mexico,
Mexico), 1 U of Taq DNA polymerase (Phoneutria Biotecnologia and Serviços, Belo
Horizonte, MG, Brazil) and 100 ng of genomic DNA for all the polymorphisms that were
genotyped. Reactions were undertaken using a PxE 0.2 Thermal Cycler (Electron
Corporation, Waltham, MA). The PCR-RFLP products were resolved by electrophoresis on
8% polyacrylamide gels and visualized by silver and ethidium bromide stained. Allele sizes
were estimated by comparison with a ΦX174 RF DNA/HaeIII Fragments Ladder
(Invitrogen) and identified in accordance with the expected pattern for each polymorphism
genotyping.

Evaluation of genotypic and allelic frequency of polymorphisms
Firstly, the allele and genotype frequencies were calculated for the full sample (260
animals). Allelic and genotypic distribution were calculated for each polymorphism by the
standard procedure (Falconer and Mackay, 1996). Deviations of Hardy-Weinberg
equilibrium (HWE) was tested for all alleles using GENEPOP software v1.32 statistics
package (Raymond and Rousset, 1995; Yeh et al., 2000). Population genetics indices,
including homozygosity (Ho) and heterozygosity (He), were calculated, based on the allele
frequency of each polymorphism using formulas described by Botstein et al., (1980).

Association study statistics
In order to access possible associations of the CSN3, LGB, PRL and TG genes
polymorphisms with milk production traits, data on BV for 305-day milk production (BVM), fat (BV-F), and protein production (BV-P) were used. All BV estimates were expressed
in kg. For the association study, the variance analysis only regarded BVs and molecular data
of 139 cows from 27 full and half-sib sire families born, managed and controlled until the
end of the first lactation in the open MOET selection nucleus scheme, and with at least three
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daughters. This dataset was defined regarding that the design of MOET selection
nucleus allowed each contemporary families to be raised and produce in the same
environmental and management conditions. Therefore, it may have minimized the
environmental deviations and increased the power to detect gene effects. Association
analysis of the genetic polymorphisms was estimated using an allele substitution model
(Rosendo et al., 2012) using the following equation (Eq. 1):
Yij = u+Si+Mj(Si)+eij

(Eq. 1)

where Yij is the BV of each daughter with marker genotype j, Si is the fixed effect of
sire i, Mj(Si) is the allele substitution effect nested into sire i, being j the number of +
alleles (0, 1 and 2) of the marker and eij is the residual term. The mixed procedure
(PROC MIXED) available in SAS® was used for statistical analysis (SAS, 2003).
Effects of the polymorphisms for each gene were determined in separate analyzes.
Statistical significance level in F-test used in all analyzes was P value ≤ 0.05.

RESULTS
Allelic and genotypic frequencies observed for each locus, as well as P values
for HWE test are summarized in Table 1. The A allele frequencies were 0.83, 0.18 and
0.25 for, respectively, CSN3, LGB and PRL genes, while the least frequent allele was
the T allele of TG gene with a frequency of 0.09. Non-significant differences from
HWE expectancies were observed for all loci analyzed (P > 0.05).
Table 1. CSN3, LGB, PRL, and TG allelic and genotypic frequencies, observed (HO) and expected (HE)
heterozygosity, P values for Hardy-Weinberg equilibrium test for 260 Guzerá animals under selection for
milk production traits.
Gene
CSN3
LGB
PRL
TG

Allele frequency
A
B
0.83
0.17
0.18
0.82
0.25
0.75
T
C
0.09
0.91

Genotype frequency
AA
AB
0.7000
0.2615
0.0192
0.3308
0.0615
0.3808
TT
TC
0.0154
0.15

BB
0.0385
0.6500
0.5577
CC
0.7483

HO

HE

P value

0.2615
0.3308
0.3808

0.2817
0.3016
0.3776

0.2709
0.1469
1.0000

0.15

0.1647

0.1375

Results of association studies are summarized in Table 2. Significant
associations (P < 0.05) with BV-M, BV-F and BV-P were observed only for
polymorphism in LGB gene. Average BV-M, BV-F and BV-P for each genotype at
each marker are shown in Table 3.
Animals with LGB AA genotype presented higher BV for all parameters when
compared to those with LGB BB and LGB AB genotypes, with differences of 277.85 kg
in BV-M, 12.09 kg in BV-F, and 9.33 kg in BV-P. Finally, for polymorphisms in CSN3,
PRL and TG genes no significant (P > 0.05) associations were found between these
genes and variation observed in BV-M, BV-F and BV-P for the sampled animals.
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Table 2. Variance analysis of the milk yield and composition breeding values to test the CSN3, LGB, PRL
and TG polymorphisms effects from 139 Guzerá MOET nucleus progenies selected for dairy purposes.
Genes
CSN3
LGB
PRL
TG
e
g
d
e
g
DF
F
P value
DF
F
P value
DFd
Fe
P valueg
DFd
Fe
P valueg
a
BV-M
2
0.53 0.592
2
4.22 0.0167*
2
0.23 0.796
2
0.26
0.61
BV-Fb
2
0.49 0.613
2
4.25 0.0160*
2
0.02 0.976
2
0.24
0.628
BV-Pc
2
0.3
0.737
2
4.3
0.0155*
2
0.09 0.915
2
0.39
0.53
a
breeding value for 305-days milk yield (kg); b breeding value for 305-days fat yield (kg); c breeding value for 305-days protein yield (kg);
d
degrees of freedom; e F statistic; *significance level (P < 0.05).
Source

d

Table 3. Means of breeding values for 305-days milk (BV-M), fat (BV-F) and protein (BV-P) yield (kg) by
genotype group of the CSN3, LGB, PRL and TG genes with their respective standard deviations (SD: ±)
from 139 Guzerá MOET nucleus progenies selected for dairy purposes.
CSN3
Trait
BV-M (±) SD
BV-F (±) SD
BV-P (±) SD

AA
n=96
398.3±266.2
18.10±11.31
13.35±8.53

AB
n=43
408.1±261.2
17.82±11.07
13.65±8.27

BV-M (±) SD
BV-F (±) SD
BV-P (±) SD

n=5
667.4±383.2
29.61±13.65
22.34±10.36

n=46
388.6±248.6
17.54±11.21
12.80±8.27

BV-M (±) SD
BV-F (±) SD
BV-P (±) SD

n=10
419.2±311.4
18.00±13.76
14.05±10.51

n=50
379.9±220.3
17.63±9.62
13.08±6.92

BV-M (±) SD
BV-F (±) SD
BV-P (±) SD

TT
n=1
250.9
12.89
10.26

TC
n=22
419.9±241.3
18.76±9.84
14.22±7.54

BB
n=2
210.9±252.3
10.28±11.27
8.86±6.36
LGB
n=89
390.5±260.6
17.51±10.87
13.23±8.25
PRL
n=81
407.7±284.1
18.06±11.88
13.48±9.08
TG
CC
n=118
396.0±269.3
17.79±11.50
13.25±8.64

DISCUSSION
Recently, association studies have focused on genome wide (GWAS) to put forward
many new candidate genes for milk production and composition, animal welfare and
behavior in selection assistance (Fang et al., 2017; dos Santos et al., 2017; Iung et al., 2019;
Cai et al., 2020). However, many of the candidate genes detected in GWAS studies have not
yet been confirmed as much as the physiological mechanisms on milk metabolism are still
unclear (Yue et al., 2017; Liu et al., 2020). Functional studies based on animal or cellular
models have been only seldomly reported as well (Zhu and Zhao, 2007; Lin et al., 2019;
Bordbar et al., 2020). This scene reinforces the importance of carrying out association
studies of single polymorphisms in candidate genes with interest traits.
In this study CSN3, LGB, TG and PRL genes were chosen based on their biological
role in mammary gland metabolism as well as based on the evidence of association found in
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other breeds as indicated in several previous studies (Ardicli et al., 2019). So, this was the
first study to show the association between polymorphisms in milk proteins and
protohormones genes with milk composition and production traits in Guzerá cattle.
Some studies investigated allelic and genotypic frequencies for CSN3, LGB, TG
and PRL genes polymorphisms in B. indicus (indicine) breeds. Indicine breeds typically
have lower frequencies (<30%) for CSN3 B allele than those observed in B. taurus (taurine)
breeds. CSN3 B allele frequencies (0.38 and 0.65) were, respectively, reported in Czech
Fleckvieh (Kučerová et al., 2006) and Jersey cattle (Shetty et al., 2006). Allelic frequency
for CSN3 gene reported previously by Azevedo et al. (2009) from a sample of Guzerá cattle
is similar to those described here. In Guzerá cattle, lower frequencies for CSN3 B allele
(<10%) have been described by Silva and Del Lama (1996) and Kemenes et al., (1999). The
highest frequency described for the CNS3 B allele in Guzerá cattle was 0.31, however only
26 individuals were genotyped (Dadhich et al., 2006). On the other hand, a study evaluating
the variability of the polymorphism located in the CSN2 gene revealed that animals of the
Guzerá animals have high A2 allele (0.97) and A2A2 genotype (0.93) frequencies (Rangel
et al., 2017). A2A2 milk has been correlated with lower rates of allergy development caused
by milk consumption.
For LGB gene polymorphism, frequency of B allele, ranging from 0.36 (Dadhich et
al., 2006) to 0.84 (Lin et al., 1986), were described in Gyr and Ayrshire breed, respectively.
In this research, the highest frequency (0,82) of LGB B allele in relation to others described
in the literature for Guzerá cattle (0.66-0.79) (Silva and Del Lama, 1996; Kemenes et al.,
1999; Dadhich et al., 2006). There is a wide variation in allele frequencies for the PRL gene
polymorphism. Probably, the difference in population structure, genetic distance, and herds
sampled among different breeds, populations and herds, as well as differences in the
trajectory of artificial selection among them, may explain the differences in allelic and
genotypic frequencies found for LGB and PRL genes.
This study was the first to evaluate the TG gene polymorphism in the Guzerá cattle.
The frequency of the TG T allele has been reported as lower than the frequency of the TG C
allele in Bos taurus (Thaller et al., 2003; Moore et al., 2003), in an industrial cross with
different contributions from B. taurus and B. indicus, and absent in a study carried out in
Nellore animals (Fortes et al., 2009). In this study, the TG T allele, in the Guzerá cattle, was
found with a low frequency of 0.09. The TG T allele has been identified as favorable for
intramuscular fat deposition (Barendse et al. 2004), although its possible effect on milk
production and composition has not been clarified so far. The low frequency of the TG T
allele in the only study of association with milk production is suggested as a possible
explanation for a lack of association detection (Khatib et al., 2007), which may also explain
the lack of association detection of this marker in this study. The rate of genetic gain due to
direct selection of an allele depends on its initial frequency, therefore, it is an important
aspect in defining molecular markers for use in breeding programs (Falconer, 1981). If the
favorable allele is the most frequent, the possibility of genetic gain is limited (Ron and
Weller, 2007). Therefore, if in the future the TG T allele has favorable associations with the
characteristics of milk or meat production in the Guzerá cattle, the possibility of genetic
gain with selection of this marker will be promising. Even though some association studies
have failed to detect the effect of this polymorphism on milk production and meat marbling
traits, this polymorphism is available on the GeneSTAR Quality Grade commercial panel
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(Genetic Solutions / Bovigen Pty. Ltd.), which is a panel used to perform the molecular
value predictions for beef feed efficiency, marbling and tenderness.
There were no significant differences between observed genotypic frequencies and
those expected in HWE for all polymorphisms evaluated here. It has been proposed that
adherence to HWE test should be performed for candidate genes to reduce false positive
findings in association studies of complex traits (Ardicli et al., 2019). If a process of
stratification of population is happening, spurious associations can be found between
marker and quantitative traits (Deng et al., 2001). Therefore, adherence to HWE increases
the reliability of the results on association. The absence of significant deviations from
expected by HWE can be considered an indicator that artificial selection, to date, may still
not been causing disequilibrium in genotypic and allelic frequencies for the polymorphisms
analyzed.
MOET selection nucleus scheme has been implanted for the Brazilian Guzerá is
succeeding. These schemes produce full and half-sib sire families, whose production data
are used in the genetic evaluation of animals, shortening generation interval and
accelerating genetic gain per generation (Strathie and McGuirk, 1995; Penna et al., 1998;
Bouquet et al., 2015; Granleese et al., 2015). In the MOET scheme, families are produced
yearly, and the sib families are at the same age and reared under uniform management
conditions, which reduces the physiological and environmental deviations on the
phenotypic variation. It is the main reason for these analyzes be able to detect significance
of some effects in this study.
Aiming to increase the power of detection one algorithm using full and half-sib sire
families information was proposed by Le Roy et al., (1998). A simulation study confirmed
the efficacy of the MOET nucleus family structure to detect association between genetic
polymorphisms and milk production traits in MOET nucleus (Peixoto et al., 2009).
Therefore, detection of association is possible in populations with conditions similar to
those of the MOET nucleus, but with designed family structure, even if a small number of
individuals were genotyped (Rosendo et al., 2012; Wakchaure et al., 2015).
In this study, only LGB gene polymorphism was significantly associated (P ≤ 0.05)
with BV for milk production and composition. An association between molecular and BV
data with P < 0.0255 can be considered strong (Zepeda-Batista et al., 2017). LGB B allele is
the most common among indicine breeds, while in taurine breeds this tendency is not
frequently observed (Ahmed et al., 2017). Animals with LGB AA genotype present higher
average for BV-F (12.09 kg), BV-P (9.33 kg) and BV-M (277.85 kg) when compared with
the average BV of LGB BB and AB animals. These same trends were found in other studies
(Aleandri et al., 1992; Bovenhuis et al., 1992; Kaminski et al., 2002; Zepeda-Batista et al.,
2017). However, previous studies have described that the presence of LGB BB genotype has
been associated with higher production and favorable effect of the fat production (Pupková,
1980; McLean et al., 1984; Ng-Kwai-Hang et al., 1986; Aleandri et al., 1992; Bovenhuis et
al., 1992; Hill, 1993). On the other hand, other studies found non-significant association
between polymorphism in LGB gene with BV for milk production in B. taurus animals
(Neubauerová, 2001; Kučerová et al., 2006).
In Holstein-Frisian breed, a study evaluated relationship between LGB gene
polymorphism and weight gain. Animals carrying LGB AA genotype presented average
values of daily weight gain higher than LGB AB and BB animals (Ardicli et al., 2019).
Interestingly, the frequency of the LGB AA genotypes observed was lower than the
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frequency of the LGB AB and BB genotypes, a trend also observed in this study. Due to
association with milk production data, reported here for the first time in Guzerá cattle, and
to the possibility of a relationship with daily weight gain, LGB gene polymorphism,
especially the LGB AA genotype, represents a molecular marker to be considered in the
programs of improvement of the Guzerá cattle, due to its dual-purpose (milk and meat
production).
Non-significant associations were found (P > 0.05) between polymorphisms on
CNS3, PRL and TG genes and BV for milk production in this study. Neubauerová (2001)
also did not find associations between CSN3 genotypes and BV related to parameters of
milk production. However, it was observed in the current study that average BV of animals
with CSN3 AA and AB genotypes are larger than those observed in animals CSN3 BB
(192.3 kg for BV-M, 7.68 for BV-F and 4.64 to BV-P). This trend was also found by
Kučerová et al., (2005) and Kaminski et al., (2002), that showed an increased BV for milk
production associated with the CNS3 AA genotype compared to CNS3 AB and CNS3 BB
animals in Czech Fleckvieh breed. Therefore, it seems that CSN3 AA genotype tends to
increase parameters related to milk production (Neubauerová, 2001). This finding suggests
a possible dominance action of CNS3 A over CNS3 B allele with respect to BV for milk
production evaluated here, which deserves to be further investigated.
Results of this study about the association between PRL gene and milk production
traits are similar to those of Chrenek et al. (1999), who examined the influence of these
polymorphisms in Brown Swiss cattle and found no significant differences between cows
with different genotypes, though the authors did not point out possible reasons for the lack
of detection of association. Divergently, some researchers reported so far, the PRL AA
genotype has been associated with higher milk production in Black and White Holstein,
Jersey and Montebeliard cattle (Brym et al., 2005; Ghasemi et al., 2009; Dybus et al., 2005).
On the other hand, Sacravarty et al. (2008) reported that the best genotype for milk
production was PRL BB in Guzerá cows from second to fourth lactation in a study carried
out in India with 51 cows using Harvey's mixed model.
Association between polymorphisms in candidate genes and milk production traits
has been reported, although the results are divergent (Golijow et al., 1999; Zepeda-Batista et
al., 2017). This divergence has been attributed to several factors that affect milk production
and composition. The milk sampling station, for example, interferes with protein
concentration and pH, and variations between 3.2-6.0% (protein concentration) and 2.05.6% (pH) have been observed throughout the different seasons of the year (Bernabucci et
al., 2015). Additionally, genotypic associations of some genes with milk production traits
in different breeds can produce varied results due to their genetic background, and age of
animals. Reasons for lack of agreement in this type of study may include many other
aspects: relation between genotype and environment, that can interfere with the
manifestation of a polygenic characteristic and, statistical bies, e.g. small sample sizes,
which result in false positive or negative results, and, consequently, significant under or
over estimation of the effects of polymorphisms (Beavis, 1994). In this context, by
assuming an additive model, as that used in this study, the analyses can impair the detection
of more complex or other mechanisms of intra-gene action. In addition, in an attempt to
increase the accuracy of effect detection, the survey of the existence of gene interactions,
such as pleiotropy, epistasis and linkage disequilibrium, should be taken into account when
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different combinations of polymorphisms are evaluated in association studies (Hayes et al.,
2005; Carvalho et al., 2012; Ardicli et al., 2019).
Failure to find association between polymorphisms described in CSN3, TG and PRL
genes and milk production traits, do not invalidate these genes as molecular markers for
assisted-selection in Guzerá cattle. Many markers in literature were developed and validated
for B. taurus animals, so their genetic variability and effects on phenotype can be quite
different in B. indicus (The Bovine HapMap Genome Consortium, 2009). Milk proteins
genes have been examined in different B. indicus breeds and six new polymorphisms have
been identified in indicine breeds that at first sight are segregating exclusively in them,
indicating a high level of genetic variation in these loci in B. indicus (Ahmed et al., 2017).
The evaluation of other regions of CSN3, PRL and TG genes can discover new potential
molecular markers for milk production traits, as described in the 3'UTR region of the
DGAT1 gene in Guzerá cattle (Rosse et al., 2014).
Over the past 10 years, an increase in the adoption of genomic assessments has been
observed in dairy populations around the world (Boison et al., 2017). Well-established
conventional genetic screening systems have provided the solid foundation for successful
genomic selection in developed countries (Mrode et al., 2019). However, there is a paucity
of knowledge about the potential for genomic selection in Bos indicus dairy cattle
populations, as well as species-specific or cattle-specific marker panels. The association
between polymorphism in LGB gene and milk production data in Guzerá cattle detected in
this study needs to be confirmed with a large sample and functional experiments, such as
gene expression studies. Therefore, the results of this work show that polymorphism in the
LGB gene is a candidate to be evaluated in the construction of molecular marker panels
aimed at genomic evaluation in herds of Indian breeds selected for milk production.
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