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Abstract: Mastitis is a complex, common and economically problematic issue in dairy cattle production. In this
study, breast cancer 1 (BRCAI) and toll-like receptor 1 (TLRI) genes were taken as candidate genes for mastitis
resistance. This study investigated whether BRCAI and TLRI genes were associated with milk production traits
(daily milk yield, fat, and protein content) and somatic cell score (SCS). A total of 105 cows (25 Holstein, 48 Sim-
mental, and 32 crossbred Holstein) were genotyped using the PCR-RFLP method. Cows with the BRCA1 ¢.46126G>T
GG genotype had significantly lower SCS than the other genotypes. The TLR1 g.60438363C>T SNP influenced
the protein content in all cows, with genotype CC having a higher content than TC. The same SNP in the Sim-
mental breed showed that cows with the CC genotype had significantly higher SCS than the heterozygote. Cows
with the GG genotype of TLR1 g.60437324A>G had significantly lower SCS and higher fat and protein content
than the heterozygote. The results of this study indicate that BRCAI ¢.46126G>T and TLRI g.60437324A>G SNPs
could be useful for improving mastitis resistance in dairy cattle through marker-assisted selection.
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Mastitis, an inflammatory mammary gland dis-
ease, is a prevalent and economically significant
issue in dairy cattle production. It causes reduced
milk yield, increased veterinary costs, potential
culling of affected animals, and it severely impacts
animal welfare (Zhang et al. 2009; Yuan et al. 2012;

Bai et al. 2022; Yang et al. 2022). It is caused by vari-
ous pathogens, including bacteria, viruses, yeasts,
and mycoplasma (Russell et al. 2012; Magotra et al.
2020; Bai et al. 2022). However, genetics, manage-
ment practices, and cattle health also play impor-
tant roles (Zhang et al. 2009; Yuan et al. 2012). The
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differences in mastitis tolerance between breeds
indicate the presence of genetic variations (Asaf
et al. 2015). As genetic improvement is influenced
through long-term selection, recent research has
increasingly focused on the genetic factors con-
tributing to mastitis susceptibility, such as the
gene variation that controls the immune response
(Russell et al. 2012; Yuan et al. 2012; Bjelka and
Novak 2020). In this context, our study focused
on specific genetic variants (SNPs) within candi-
date genes previously implicated in mastitis re-
sistance and immune function, aiming to further
analyse their association with udder health and
milk production traits.

The breast cancer 1 (BRCAI) gene, a RING-
type chain finger (RNF) family member, belongs
to a class of tumour suppressor genes. It works
in the process of DNA damage repair, cell cycle
regulation, transcriptional regulation, and other
important pathways that maintain genome stability
(Krum et al. 2003; Yuan et al. 2012; Asaf et al. 2015;
Biendima et al. 2017; Magotra et al. 2020; Daldaban
et al. 2021). BRCA1 is widely recognised for its
association with breast cancer in humans (Krum
et al. 2003; Wang et al. 2012; Yuan et al. 2012).
Since variations in BRCA1 expression may affect
the mammary gland ability to respond to infec-
tions, it has emerged as a potential candidate gene
in the context of mastitis in dairy cattle, although
there have not been done many studies yet (Yuan
et al. 2012; Asaf et al. 2015; Biendima et al. 2017;
Magotra et al. 2020; Daldaban et al. 2021). In cattle,
it has been mapped to chromosome 19 (BTA19)
(Krum et al. 2003), within or near the genomic re-
gion of a somatic cell score (SCS) QTL (Daetwyler
et al. 2008; Yuan et al. 2012). A non-synonymous
SNP in exon 13, at position 46126 of the bovine
BRCA1I gene (NC_007317.4:¢.46126 G>T), that
is causing a change from tyrosine (allele T) to as-
partic acid (allele G), has been proposed as a po-
tential marker for SCS (Yuan et al. 2012).

Toll-like receptors (TLRs) are a structurally con-
served type I membrane-bound class of pattern rec-
ognition receptors (PRRs). They play an important
role in the innate immune response, as they can
differentiate within a wide range of permanent mi-
croorganism structures called pathogen-associated
molecular patterns (PAMPs) (Russell et al. 2012;
Bhaladhare et al. 2019; Sameer and Nissar 2021;
Yang et al. 2022). Each TLR recognises specific
PAMPs (Russell et al. 2012; Bartens et al. 2021;
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Sameer and Nissar 2021). TLR1, generally in as-
sociation with TLR2 as a TLR1/TLR2 heterodimer,
may be activated by a wide variety of bacterial
PAMPs, such as lipoproteins and lipopolysaccha-
rides from the Gram-positive and Gram-negative
bacterial cell wall (Mucha et al. 2009; Russell et al.
2012; Arslan et al. 2018). Two SNPs located within
bovine TLRI exon 5, a synonymous TLRI g.798C>T
SNP (NC_007304.4:2.60438363C>T) and
a non-synonymous g.1762A>G mutation
(NC_007304.4:g.60437324A>G) that causes
a change from isoleucine (allele G) to valine (al-
lele A), were potentially linked to clinical mastitis
and SCS (Li et al. 2009; Russell et al. 2012). The
SNP offsets are given relative to their position (bp)
from the A nucleotide of the ATG codon (Russell
et al. 2012).

Clinical mastitis (CM) can serve as a highly ac-
curate indicator connecting mastitis to genetic
factors. However, its incidence data are costly and
challenging to collect (Russell et al. 2012; Asaf
et al. 2014) and overlook the most prevalent form,
subclinical mastitis (Roldan-Montes et al. 2020).
On the other hand, somatic cell count (SCC) data
are readily available and, as previous studies have
indicated, represent the most appropriate single
trait for reducing the incidence of mastitis through
indirect selection (Yuan et al. 2012; Asaf et al. 2014).

Identifying SNPs within genes involved in main-
taining the genome stability or the mammary in-
nate immune response, such as BRCAI and TLRI,
is receiving particular interest like DNA markers
for lower SCC or SCS (Russell et al. 2012; Yuan et al.
2012). Therefore, the present study aims to investi-
gate the relationship between the BRCA I and TLR1
SNPs and milk production traits — daily milk yield,
fat and protein content, and SCS.

MATERIAL AND METHODS
Animals

One hundred and five milk samples were collect-
ed from 25 Holstein, 48 Simmental, and 32 cross-
bred Holstein (Holstein x Simmental) clinically
healthy cows. Samples were provided by one farm
located in Zagreb County, Croatia. Information
about milk production traits (daily milk yield —
DMY, fat content — FC, protein content — PC,
and SCS) for the first lactating cows was provided
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Age at first calving (x;;,) and days in milk (¢;,,)
were fitted in the model as quadratic regression.
Before the analysis, a logarithmic transformation
for SCC was performed to obtain a normal distri-
bution (Ali and Shook 1980).

RESULTS

Frequencies, Hardy-Weinberg equilibrium,
and genetic indices

The allele and genotype frequencies, Hardy-
Weinberg equilibrium, and genetic indices of the

https://doi.org/10.17221/43/2025-CJAS

studied SNPs are presented in Table 2. In all three
groups, regarding the BRCA1 gene, the GT geno-
type prevailed over both homozygous genotypes,
with allele G being the more frequent (Table 2).
In TLR1 g.60438363C>T, the heterozygous TC
was the most frequent among all cows, with al-
lele T being more prevalent in the Holstein and
Simmental breeds, while allele C was more common
in crossbreds (Table 2). Most animals included in the
study were genotyped as GG homozygous genotypes
for the TLRI g.60437324A>G SNP. Allele A was
slightly more frequent in both breeds, while al-
lele G occurred more frequently in the crossbreds
(Table 2). The distribution of genotypes did not fol-

Table 2. Allelic and genotypic frequencies, Hardy-Weinberg equilibrium, and genetic indices of BRCA1 c.46126G>T,
TLRI g.60438363C>T and g.60437324A>G in Simmental, Holstein and crossbred Holstein cattle (n = 105)

Allele

Genotype

Gene Breed Allele frequency Genotype n frequency P-value H, He Fig
G 0.560 GG 8 0.320
Holstein T 0.440 GT 12 0480 005 082 0480 0503  0.026
T 5 0.200
G 0.583 GG 14 0.292
BRCAI ,
Simmental T 0.417 GT 28 0583 173 019 0583 0491 —0.200
.46126G>T
T 0.125
G 0.625 GG 0.281
crossbred . 0.375 GT 2 0688 746 001 0688 0476 —0.467
Holstein
T 1 0.031
c 0.440 cc 6 0.240
Holstein T 0.560 TC 10 0400 1.09 030 0400 0503  0.188
T 0.360
C 0.375 cc 0.125
TLRI ,
Simmental T 0.625 TC 24 0500 015 070 0500 0474 —0.067
£.60438363C>T
T 18 0.375
c 0.609 cc 10 0313
crossbred 0.391 TC 19 0594 172 019 059 0484 —0.247
Holstein
T 3 0.094
A 0.580 AA 9 0.360
Holstein G 0.420 GA 11 0440 034 056 0440 0497  0.097
GG 5 0.200
A 0510 AA 10 0.208
TLRI
Simmental G 0.490 GA 29 0604 1.89 017 0604 0505 —0.209
£.60437324A>G
GG 0.188
A 0.453 AA 0.188
crossbred 0.547 GA 17 0531 010 075 0531 0504 -0.072
Holstein
GG 9 0.281

F¢ = fixation index; Hy = expected heterozygosity; H, = observed heterozygosity
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low the Hardy-Weinberg equilibrium only in cross-
bred Holstein for the BRCAI gene, which was
accompanied by higher H than Hg (0.688 and 0.476,
respectively) and, accordingly, a high negative Fg
(—0.467). A heterozygosity deficit was identified only
in the Holstein breed for all three SNPs, being small
for BRCAI c.46126G>T and TLR1 g.60437324A>G,
and somewhat higher for TLRI g.60438363C>T
(0.026, 0.097, and 0.188, respectively).

Associations between single SNPs
and milk production traits and SCS

The effects of the SNPs on milk production traits
and SCS were analysed and they are presented for
all cows together in Table 3 and separately by breed
in Table 4.

The effect of BRCA1 c.46126G>T genotypes
on the studied traits showed that the GG geno-
type had a significantly lower SCS than the GT and
TT genotypes (P < 0.05), while it had no effects
on other traits (Table 3). When analysed by breed,
SCS was significantly higher in cows with the
TT genotype than in the others (P < 0.05). Also,
it was found that BRCAI c.46126G>T influenced
the protein content in Holstein and Simmental
cows, with the GT genotype having a higher con-
tent than 7T in Holstein cows and the TT genotype
having a higher content than GG in the Simmental
(P < 0.05; Table 4).

The TLRI g.60438363C>T SNP influenced the
PC, with genotype CC having a higher content than
TCin all cows and Simmental separately (P < 0.05;
Tables 3 and 4). Also, Simmental cows with the
CC genotype had significantly higher SCS than
those with the TC genotype (P < 0.05).

In all cows, the GG genotype of TLRI
g.60437324A>G had significantly lower SCS and
higher FC and PC than the heterozygote (and AA
homozygote for protein content; P < 0.05; Table 3).
The same genotype, GG, also showed higher
PC than the other two in Holstein cows and lower
SCS than AA in crossbred cows (P < 0.05; Table 4).

DISCUSSION

Although there is research on BRCA and TLR
genes, there are few reports on the polymorphisms
studied here, in both purebred and crossbred cattle.
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Therefore, this study investigated the frequencies
of one BRCA1I and two TLRI SNPs and their ef-
fects on milk production traits and SCS in pure-
bred Holstein and Simmental cows and crossbred
Holstein x Simmental cows.

BRCAI c.46126G>T

In the present study, we investigated the rela-
tionship between milk production traits and SCS
and one SNP in the BRCA1 gene, which has been
reported as a potential candidate gene for detect-
ing mastitis in Holstein, Sanhe, Simmental (Yuan
et al. 2012), and Karan Fries cattle (Bos taurus x
Bos indicus; Magotra et al. 2020). This non-synony-
mous SNP causes a change from tyrosine (allele 7)
to aspartic acid (allele G) at position 46126 of the
bovine BRCA1 gene.

The results from the present study align with
Yuan et al. (2012), showing G as the predominant
allele in all researched breeds (0.644 9-0.718 7).
Contrarily, Magotra et al. (2020) found allele T
to be more frequent (0.578). The genotype fre-
quencies varied among the three studies: Yuan
et al. (2012) reported that genotype GG was the
most common in all three breeds (0.504 7—0.593 8),
while Magotra et al. (2020) identified TT (0.412).
In contrast, we found genotype GT to be the most
common in purebred and crossbred cows (Table 2).
This discrepancy might reflect variations in breed,
herd, and selection.

BRCAI c.46126G>T is significantly associated
with SCS in the analysed animals. Cows with the
GG genotype had significantly lower values than
those with the GT and TT genotypes (P < 0.05;
Table 3) in all cows and in the Simmental breed
separately (7T was significantly higher than GT
and GG; P < 0.05; Table 4).

Our findings fully support the observation of pre-
vious studies that cows with the GG genotype
of BRCAI c.46126G>T had significantly lower SCS
(Yuan et al. 2012) and were less susceptible to mas-
titis (Magotra et al. 2020). Apart from SCS, when
analysed separately by breed, this SNP influenced
PC (P < 0.05; Table 4).

With the combined results from these studies
in different herds and breeds, this SNP is indicative
of a potential marker for different mastitis suscepti-
bility, even though the exact mechanism and effects
should be clarified further.
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TLR1 g.60438363C>T

Other studies have shown that TLR2 might
be a good candidate gene for mastitis susceptibil-
ity (Opsal et al. 2006; Bartens et al. 2021). Since
TLR2 is primarily present as a heterodimer that
depends on its association with TLR1 or TLR6 for
the proper function, the TLR6-TLRI-TLR10 gene
cluster could also be a potential candidate region
(Opsal et al. 2006), and, therefore, two TLR1 SNPs
were investigated in this study.

In TLR1 g.60438363C>T for the crossbred cows,
the more common allele was C (0.609), which aligns
with the findings of Opsal et al. (2006) — 0.68 and
Russell et al. (2012) — 0.543. In contrast, the other
two breeds had allele T as the more common one
(0.56 in Holstein and 0.625 in Simmental), as noted
by Seabury et al. (2007) — 0.60. Regarding the ge-
notypic frequencies, the heterozygote was the most
common in all three breeds from this study (Table 2)
and in Russell et al. (2012) — 0.49. To our knowledge,
TLR1 g.60438363C>T was not previously analysed
for association with milk production traits and SCS.
In this study, the CC homozygote showed higher PC
in all cows and the crossbreds separately, and higher
SCS in the crossbreds. In the study of Bjelka and
Novak (2020), TLR1 g.60438363C>T was associated
with maternal calving ease and production longev-
ity. The TLR1 g.60438363C>T is a synonymous SNP,
thus not causing any structural or functional change
in TLR1 response. Consequently, it might be that
it is not the actual causative SNP but it is linked
to other functional mutations, so this should be in-
vestigated further in a larger-scale study.

TLR1 g.60437324A>G

Allele A was more common in Holstein and
Simmental, as reported by Seabury et al. (2007) —
0.70, while allele G was more frequent in the cross-
breds, as noted by Russell et al. (2012) — 0.505. The
prevalence of either allele in our study and those
of Seabury et al. (2007) and Russell et al. (2012) was
relatively low, with all frequencies slightly above 0.5.
Consequently, all studied breeds, and the Holstein
Friesian cows in Russell et al. (2012) — 0.46 had
heterozygotes as the most common genotype.

The genotype GG, having higher FC (all cows) and
PC (all cows and crossbreds), aligned with the find-
ings of Russell et al. (2012), even though their dif-

ferences were not statistically significant. The same
authors reported that AA and AG animals had higher
rates of clinical mastitis (0.69 and 0.66 cases/cow/
year, respectively) than GG animals (0.38 cases/
cow/year). However, these differences were not sta-
tistically significant. Also, they found no differences
in mean SCC. In this study, all cows and, separately,
crossbred Holstein cows with the GG genotype had
significantly lower SCS, following the aforemen-
tioned clinical mastitis reports. Similarly, a study
on Chinese Holsteins indicated that cows with the
GG genotype had lower SCS and were classified
as more resistant to mastitis (Li et al. 2009).

Even though the g.60437324A>G SNP is a non-
synonymous mutation that causes a change from
isoleucine (allele G) to valine (allele A), it remains
unclear whether it causatively affects the variable
TLR1 response. Both are non-polar branched ami-
no acids with hydrophobic properties, so a substi-
tution within the transmembrane domain might not
impact the tertiary structure (Russell et al. 2012).
However, since the same genotype (GG) is associ-
ated with lower SCS and higher FC and PC, and
the TLR6-TLRI-TLR10 gene cluster is located
~28 Mb from the casein gene cluster on BTA 6
(Threadgill and Womack 1990; Russell et al. 2012)
and overlaps with a QTL for clinical mastitis
(Klungland et al. 2001; Novak 2014), this indicates
a functional association between FC, PC, and SCS/
mastitis susceptibility. As dairy cattle are often bred
for higher FC and PC, this might also influence the
selection for some TLRI genotypes (Russell et al.
2012). Bjelka and Novak (2020) also associated this
SNP with production longevity.

CONCLUSION

Results from the association analysis in this study
indicate that the GG BRCAI c.46126G>T genotype
and GG TLR1 g.60437324A>G genotype have lower
SCS/mastitis susceptibility, and that BRCAI and
TLRI could be used as candidate genes or molecu-
lar markers in long-term breeding strategies aimed
at improving mastitis resistance in dairy cattle.
Mastitis is a complex and polygenic disease, and the
relationship between genetic predisposition and
environmental factors is essential in understand-
ing the susceptibility of dairy cattle to mastitis.
Nevertheless, selecting more resistant genotypes
could enhance the overall genetic resistance and

273



Original Paper

Czech Journal of Animal Science, 70, 2025 (7): 267-275

reduce some of the infection pressure. However,
future research should continue investigating these
interactions and assess whether breeding for lower-
risk combinations would not negatively impact milk
production or health traits.
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