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Abstract: Toll-like receptor 4 (TLR4) gene plays a role in pathogen recognition and regulation of the
immune system. The identification of TLR4 gene diversity has been studied in several livestock commaodities.
However, there is a lack of information on the polymorphism of this gene in Friesian Holstein (FH) dairy cows that
have adapted to the Indonesian environment, and its relationship with several breeding parameters is not yet known.
This research was conducted to determine the genotype diversity of the TLR4 gene in Indonesian FH cattle and its
potential as a genetic marker for several breeding parameters. Polymorphisms were detected using the polymerase
chain reaction—restriction fragment length polymorphism (PCR-RFLP) technique in 100 deoxyribonucleic acid
(DNA) samples, and mutation locations were confirmed by sequencing. The records from cows were used to obtain
information on milk quantity, milk quality, and reproductive parameters. Estrogen levels during estrous phase were
measured from serum using the ELISA method. The relationship of genotype on breeding parameters was tested
using the procedure of the general linear model. Genotyping results with the Alul restriction enzyme produced three
types of genotypes (CC, CT, and TT) of the TLR4 gene. The population was in Hardy-Weinberg equilibrium, with
the dominant genotype being CT. TLR4]Alul gene diversity was correlated (P<0.05) with milk quantity but not with
milk quality, estrogen level, or reproductive parameters. In conclusion, the TLR4|Alul gene in the Indonesian
Friesian Holstein cattle population was polymorphic. This research reveals the potential of genes to be considered
genetic marker candidates for superior milk quantity. The findings of this study can serve as preliminary
information for a molecular technology-based dairy cattle selection program.
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WER-S5%4 4 ERZHFEM—F - EERHEERILNSE S FIrchE

BE  WEHZH 4 (TLRY) EREFRERINERRZRTHAEER. TLR4 ER
LCEMNEECESHUEERPHITTHR. AWM, BERZXTENDN RN EH
ZPEETIR (BSR ) P ZERSAUNES  EE/LMENS BN AR TER, AW
EXRENERCHLIBNS TLR4 ERNERBSEMEREENZSNERSHNEEIRICH
Bh, RARGHBERNRN-RHMEFBRKESAYE (REBEXRN-REESBEEKESDS
M) BRI 100 B EXBERER ( FEXERER ) BARHTSAERN , FEINFHEIAZR
TNE. PHFNECEATREEXFHHRE. FIIRENEESBNEES. FABKEER

© 2023 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) license (http://creativecommons. org/licenses/by/4.0/).



Sutopo et al. Toll-Like Receptor 4 Gene Diversity, Its Potential as a Molecular Marker in Indonesian Dairy Cattle, VVol. 50 No. 10 October

176

2023

MR T SENMBE P B BB R KT, RA-—REUEEENEFRER TERESS
MSBWRR. BRFAMNBNERIESRTET TLR4 ERN=XENERE (¥
B, CT M TT) . #HEALTHRE-BAKTE , RBERER CT. TLR4BERSHEER
BX (8<0.05) , BESIR. WHRKFHERSHLK, B2, HECHLFEH A
HA 4 BT H TLRABEERNEAZAMN, XTHRBRTERETREA N KR~ HEN
fRIEFEEIRD. XTMHARNERALUMENET D FERANPHFEFITRINASER.

x@Ei - 04 ERE  NF , WEREZE,

1. Introduction

Toll-like receptor 4 (TLR4) was the first discovered
member of the family of toll-like receptors (TLRs),
which are type 1 transmembrane receptors and are
present in a variety of organisms [1]-[3]. In cattle, ten
distinct functional TLRs (TLR1 to TLR10) have been
found and mapped, with each TLR identifying different
pathogen-related molecular patterns. TLR4 is one of
these genes that has been linked to mastitis resistance
and innate immunity [3], [4].

The TLR4 gene is a receptor that recognizes gram-
negative bacterial endotoxins and is involved in
pathogen detection [5], [6] as well as the activation of
inflammatory and immunological responses [1]. The
bovine TLR4 gene is found on chromosome 8 [7], it
consists of a 5’-untranslated region (UTR), complete
coding sequence, 3’-UTR, encodes 841 amino acids
[8], has 3 exons and two introns, with nucleotide length
of approximately 3,739 bp [9], [10].

Polymorphism has been identified in the bovine
TLRA4 gene at various SNPs [4, 9, 11-14]. Research on
the TLR4 gene polymorphism in several breeds of
livestock has revealed influences on milk traits [11,
14], mastitis resistance and somatic cells [8, 12],
endometritis resistance [5], and reproductive traits [9,
13]. A meta-analysis study on the TLR4 gene in
humans showed the importance of the correlation of
SNP rs4986790 and mainly gram-negative infectious
agents, mediated by lipopolysaccharides, although
there was no association in the results of this
investigation [2]. Research on the TLR4 gene in water
buffalo has detected 13 SNPs in exons 1 and 3, which
are associated with somatic cell score [6], and two
SNPs correlated with endometritis resistance [5].

Genetic mapping plays an essential role in the
livestock genomic selection process, becoming an
alternative to conventional selection due to limited data
and pedigree. Information on genetic markers related to
essential economic traits can be obtained by detecting
gene diversity [15]. Molecular technology has been
applied to livestock development strategies in various
countries, including one that uses marker genes. Using
candidate genes as genetic markers speeds up selection

and decreases the time required to accomplish breeding
targets [16], [17]. Milk trait is one of the characteristics
related to economic value, and because milk is widely
developed by industry into processed products, it is
necessary to investigate the function of genes that can
enhance this trait [18]. In addition to milk production,
reproductive characteristics are currently significant in
designing dairy cattle breeding programs [16]. Several
genes are associated with milk traits, including the
prolactin gene [19], lactoferrin [9], LOC514211 gene
[18], and leptin gene [16].

Several previous studies have reported TLR4 gene
polymorphisms, among others, in cattle [1], [11], [20],
buffalo [5]-[6], and goats [17], [21], but these
polymorphisms have not been studied in Friesian
Holstein (FH) dairy cows in Indonesia. This study was
designed to investigate genotype diversity in SNPs at
partial exon 3 of the TLR4 gene. The detection of this
polymorphism has never been reported in Indonesian
FH dairy cows, and the relationship between the TLR4
gene polymorphism and breeding parameters remains
unknown. The results of this study may provide
scientific information that could assist dairy cows in
developing better genetics.

2. Methodology

2.1. Samples and DNA lIsolation

A total of 100 isolated bovine DNA samples were
used in this study. The DNA genome was obtained
through an isolation process from blood cows using the
protocol extraction kit of Genomic DNA Mini
(Geneaid, Taiwan). The female Indonesian Friesian
Holstein dairy cows that provided the source of the
DNA sample were selected based on the criteria of
being multiparous, having milk production and
reproduction records at parity I, generally healthy, and
not suffering from reproductive disorders. All cows
were maintained under the same management at a dairy
breeding center in Baturraden, Central Java. An
illustration of the research design is presented in Figure
1. The quantity and quality of the DNA produced were
measured using a nanodrop spectrophotometer. The
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purity and concentration of DNA were calculated on
the basis of the ratio of absorbance at 260 and 280 nm
wavelengths.

2.2. Primer

A pair of specific primers were used to amplify a
portion of the TLR4 gene that is the location of the
expected single-nucleotide polymorphism (SNP),
according to [8], with the forward primer (F): 5'-
AGACAGCATTTCACTCCCTC-3' and the reverse
primer (R): 5-ACCACCGACACACTGATGAT-3.
The TLR4 gene amplification target sequence is
located at partial exon 3 (382 bp) according to
sequencing data from the National Center of
Biotechnology Information (NCBI) with gene access
code DQ839567.1.

[ Population J

]
Recording DNA samples
Phenotypic data PCR-RFLP of
measurements TLR4|Alul gene
Breeding parameters Genotype diversity

I I

Genotype diversity-breeding parameters
relationship

Fig. 1 Research design

2.3. PCR-RFLP Assay and Data on Breeding
Parameters

Amplification of fragments of the TLR4 gene was
performed using the PCR method. A PCR working
solution of 50 uL volume consisting of 4 uL of DNA
samples, 19 uL of water nuclease-free, 1 uL of forward
primer and 1 pL of reverse primer, and 25 puL of PCR
master mix. The reaction PCR mixture was inserted
into a 02 mL PCR tube, and the complete
amplification of TLR4 gene fragments was performed
using a thermocycler PCR machine (Biobase). The
amplification step procedures included 1 cycle of initial
denaturation at 98°C 3 min; 30 cycles of denaturation
at 98°C 20 s, annealing at 58°C 30 s, extension at 72°C
25 s, and termination by 1 cycle of final extension at
72°C 10 min. The electrophoresis technique using 2%
agarose gel with ethidium bromide was used to
evaluate the PCR results. A 50-bp marker ladder was
employed to determine the amplicon length using a UV
transilluminator.

Genotype detection of the TLR4 gene was
performed by analysis of restriction mapping of PCR

products using the Alul enzyme. As much as 10 pL
PCR product of the TLR4 gene was made as a reaction
mixture by adding 1pL Alul enzyme (10U/uL), 2 uL
buffer, and 17 ul water nuclease-free. The solution
that had been thoroughly mixed was set for 4 hours at a
temperature of 37°C in a dry bath (Cleaver, UK). The
fragments displayed in the electrophoresis results of
2% agarose gel were used to determine the type of
genotype. Following this, forward and reverse primers
were used to sequence 25 puL of PCR samples from
each genotype. Sequencing was conducted at 1%Base,
Selangor, Malaysia. SNPs were identified from
sequenced results displayed and aligned with
nucleotides from GenBank using the Molecular
Evolutionary Genetic Analysis (Mega XI) program.
The nucleotide sequence was then translated into amino
acids to analyze the type of mutation caused by
nucleotide substitution.

Breeding parameter data were collected from a
recording of quantitative milk performance, data on
heifer reproduction, and data on first parity
reproduction. Milk quantity data were considered, and
the amount of milk yield of one lactation period (in the
first lactation) was corrected using 305-day and mature
equivalent correction factors. For determining the
levels of estrogen in cows with different genotypes,
serum samples collected during estrus were used. The
Estradiol Kit (Calbiotech, USA) was used to calculate
the levels of estrogen using the ELISA technique. The
reproductive data were calculated as follows: length of
pregnancy (date of calving - date of insemination
resulting in pregnancy), number of inseminations per
pregnancy at heifer (total insemination resulting in first
pregnancy), age at first calving (date of first calving -
date of birth), first mating after calving (date of first
insemination after first calving - date of first calving),
and number of inseminations per pregnancy at parity 1
(total insemination resulting in second pregnancy). To
assess milk quality, dairy cows in the lactating phase
were tested (fat percentage, protein percentage, lactose
percentage, and solid nonfat percentage). Lactoscan
analyzer (MCC, UK) measurements were taken
monthly for a minimum of six measurements during
the tests.

2.4. Statistical Analysis

According to [22], genotype frequency, allele
frequency, and heterozygosity data were computed on
the basis of the genotype results. The chi-square test
was used to investigate Hardy-Weinberg equilibrium.
SAS was run to evaluate the relationship between
genotype and phenotype breeding characteristics using
the following general linear model approach:

Y=p+G+€
where Y denotes the value of the breeding parameters
observed (dependent variable), p denotes the average,
G denotes the fixed effect of genotype, and € denotes
the residual random effect. At P<0.05, the difference
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was significant. Significant differences between each
different genotype were calculated using Tukey’s test.

3. Results and Discussion

3.1. DNA Amplification and Genotyping

The results of DNA quantity and quality
measurements revealed that the average DNA
concentration was 32.28+11.75 pug/ml and the average
purity was 2.08+0.18. According to the kit protocol
instructions, the minimum DNA concentration for the
PCR process is 20-30 ug/ml; hence, this concentration
is adequate. The TLR4 gene primer, which is located in
partial exon 3 at positions 9305 to 9686 in GenBank
DQ839567.1 (Bos taurus), was successful in
amplifying PCR results along 382 bp, as shown in the
results of the agarose electrophoresis assay (Figure 2).
This result is in line with those of earlier studies [8,
20].

Figure 3 illustrates the position of the target of the
TLR4 gene and the site of the digestion point by
restriction enzymes. PCR products cut using restriction
enzyme Alul indicated three different types of
genotypes were produced based on the pattern of
fragments formed (Figure 4).

M’ 1 2 3 4 5

Fig. 2 PCR product of the TLR4 gene M": (50 bp) marker ladder; 1-5:
amplicon product (382 bp)

forward
9301 gcccagacag catttecacte cctELciagc cttcaggtgc tgaatatgag tcacaacaaa

9361 ctettgtcac tggatacatt tctttatgaa ccactccact cgetecggat cctagactge
9421 agtttcaacc gtatcatgge ctctaaggag caagaactac agaatttgec aaggagectc
aget*
9481 acttggctaa atcttactca gaatgcattt gcottgtgttt gtgaacatca gagtttcctg
9541 cagtgggtca aggaccagag gcagetcttg gtgggagetg agcaaatgat gtgtgcagag
9601 cctttagata tggaggacat geccagtgett agtttcagga acgeccacttg tcagetgagc
9661 aaqa:q.atca tcagtgtgte ggtggtcact gtgctcctgg tgtctgtggt aggggtccta
reverse
Fig. 3 Sequence target of TLR4 gene in Bos taurus GenBank
(Code: DQ839567.1) with primer, SNP target (*), and Alul

restriction site location

00

M cT cT TT CcT c¢c CT
Fig. 4 Representative genotype pattern of TLR4|Alul from the

PCR-RFLP product. M": (50 bp) marker ladder

The Alul (Arthrobacter luteus) enzyme works by
cutting fragments of the AG_CT base sequence. The
formed T allele is characterized by an uncut fragment
with a size of 260 bp. Mutation of thymine bases with
cytosine produces the C allele, which is characterized
by truncated fragments with sizes of 118 and 142 bp.
Thus, the TT genotype has fragments of 260 bp, 77 bp,
32 bp, and 13 bp. The CC genotype has fragments of
142 bp, 118 bp, 77 bp, 32 bp, and 13 bp. The
heterozygote genotype (CT) is formed by a
combination of both alleles characterized by size
fragments 260 bp (1-260), 142 bp (119-260), 118 bp
(1-118), 77 bp (274-350), 32 bp (351-382), and 13 bp
(261-273) bp. Small fragments (32 and 13 bp) cannot
be observed in the illustration.

Single-nucleotide  polymorphism  (SNP)  was
determined from the results of alignment of nucleotides
from TLR4 gene sequencing with nucleotide sequences
from GenBank. Different nucleotides indicate the
presence of an SNP. The SNP detected is located at
nucleotide sequence 119™ from the primary forward or
at nucleotide sequence 9423 based on GenBank
DQ839567.1. The results correspond to [23], calling
this mutation SNP @.9423T>C. This variation in
mutation occurs due to the transition substitution of the
thymine (T) base with cytosine (C) in the TLR4 gene,
which was detected by the Alul enzyme (Figure 5).

DNA Sequences Translated Protein Sequences

Species/Abbrv
1. DQ839567.1
2. 4609089
3. 4609090
4.4609091
5. 4609092
6. 4609093
7.4609094

ATCCTAGACTGCAGTTTCAACCGTAT
ATCCTAGACTGCAGTTTCAACCGTAT
ATCCTAGACTGCAGTTTCAACCGTAT
ATCCTAGACTGCAGTTCAACCGTAT

ATCCTAGACTGCAGETTCAACCGTAT
ATCCTAGACTGCAGTTTCAACCGTAT
ATCCTAGACTGCAGTTTCAACCGTAT

Fig. 5 Variations in the nucleotide sequence of the TLR4 gene and
reference, indicating a T>C base mutation

Mutation of T to C is in the exon 3 region, which is
the coding area, so that it can be translated into the
amino acid sequence. The type of mutation in this SNP
is synonymous and does not cause changes in the
amino acid, i.e, serine (Figure 6). The identification of
polymorphisms in the PCR-RFLP results was
confirmed by a chromatogram of sequencing results at
the location of the mutation point, obtained
homozygous genotypes TT and CC (indicated by single
peaks) and heterozygous genotypes CT (double peaks)
(Figure 7).

DNA Sequences Translated Protein Sequences

Species/Abbry | *| *| =[] = 2| =] =[x =] 2 2] x| [ 2] x| [ 2] 2] #] 2] 2] %] ] 2
1. DQ839567.1 RILDCSFNRIMASKEQELQNLPRSLT
2.4609089 RILDCSFNRIMASKEQELQNLPRSLT
3. 4609090 RILDCSFNRIMASKEQELQNLPRSLT
4.4609091 RILDCSFNRIMASKEQELQNLPRSLT
5. 4609092 RILDCSFNRIMASKEQELQNLPRSLT
6. 4609093 RILDCSFNRIMASKEQELQNLPRSLT
7.4609094 RILDCSFNRIMASKEQELQNLPRSLT

Fig. 6 Sequence of amino acids that does not change due to the T>C
nucleotide substitution
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Fig. 7 Variants of genotype TLR4 gene based on partial sequencing results: A. genotype homozygote TT, B. genotype heterozygote CT, C.
genotype homozygote CC

Locus SNP ¢.9423T>C in partial exon 3 of the
TLR4 gene was polymorphic in the study population
from PCR-RFLP results. The locus is termed

polymorphic if one of the alleles has a frequency
greater than 0.01 [22]. Data analysis of TLR4|Alul
gene polymorphism is presented in Table 1.

Table 1 Data analysis of TLR4|Alul gene polymorphism in the population of Friesian Holstein cattle in Indonesia

Allele  Allele frequencies

Genotype  Genotype frequencies
TT 18 (0.180)
CT 49 (0.490)
cC 33 (0.330)

T 0.425

C 0.575

The frequency of the C allele (0.575) is higher than
T allele (0.425) with the dominant genotype frequency
of the heterozygous CT (0.490). The diversity of TLR4
gene genotypes obtained in this study was nearly
identical to other studies that found heterozygous CT to
be the genotype most commonly found in Lithuanian
Holstein cattle (0.507) [20], in SNP 0.46372T>C in
water buffalo (0.4059) [6], and in Chinese Simmental
cattle (0.4167) [8]. However, the frequency of the
dominant allele is in contrast to other studies using the
same primer, such as in Kanrej and triple cross cattle in
India [12] and in Holstein cows in Egypt [9]. The
observed heterozygosity (0.490) in the study population
was higher than the expected heterozygosity (0.489).
The chi-square test results (0.00) indicate that Hardy-
Weinberg equilibrium (HWE) occurs in the study
population where the chi-square values were smaller
than X?in the table value (5.99).

The lack of a specific breeding and selection

program using the TLR4 gene is a potential cause of
HWE in the study population. Other studies of TLR4
genes identified populations in HWE in Holstein cattle
in Egypt [4], Kanrej and triple cross cattle in India [12],
and dairy goats in Czech [17] but not in HWE in
Holstein cattle in Iran [11].

3.2. Relationship between TLR4|Alul Gene
Diversity and Breeding Parameters

The relationship analysis of TLR4 gene diversity
with breeding parameters and milk quality is presented
in Tables 2 and 3. As demonstrated in Table 2, there
was a significant relationship (P<0.05) between TLR4
gene genotype variation and milk quantity, but it was
not correlated with other breeding parameters or
estrogen levels. Although SNPs in the TLR4 gene in
this study did not result in amino acid changes
(synonymous), genetic linkages with other loci in the
TLR4 gene to this SNP can affect phenotype [11].
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Table 2 Relationship analysis of TLR4|Alul gene diversity with breeding parameters

Breeding parameters

Genotype

TT CT CcC

Milk quantity (kg)
Length of 1% pregnancy (days)

Number of inseminations per pregnancy in heifers (times)

Age at first calving (months)

First mating after calving(days)

Number of inseminations per pregnancy at parity 1 (times) 1.50+0.61

Length of 2™ pregnancy (days)
Estrogen level (pg/ml)

5,759£1,228% 5,051£772°  4,710+1120°

276.17£5.76  276.45+6.14  276.24+8.28

1.11+0.32 1.12+0.33 1.12+0.32

27.03£3.50  27.60+3.44 27.49+2.96

77.94428.92  99.064+48.94  92.58+54.72

1.45+0.68 1.52+0.57

281,50+9,21  281,55+11,92 279,58+6,72

72.02+57.42 57.42+38.48 46.29+9.10

Note: Values in the same row with different letters indicate a significant difference at o 5%.

The TLR4 gene resides on chromosome 8 near the
guantitative trait locus that affects somatic cells and
mastitis [11, 23]. The TLR4 gene polymorphism may
be used as a candidate gene for mastitis resistance
because it is linked to the somatic cell score [6], [12].
The TT genotype is advantageous for milk quantity
characteristics since it has much lower somatic cell

score values than other genotypes [20]. Total milk
production correlates negatively with mastitis. Somatic
cell score and mastitis are correlated with the
proliferation of pathogenic bacteria and inflammatory
responses in glandular tissue. These conditions may
damage and modify the udder tissue and have a
negative impact on milk production and quality [12].

Table 3 Relationship analysis of TLR4]Alul gene diversity with milk quality performance

Genotypes Fat percentage Protein percentage Lactose percentage Solid nonfat percentage

TT 4.09+0.28 3.05+0.10
CT 4.17+0.17 3.06£0.11
CcC 4.08+0.21 3.07+0.86

4.28+0.13 8.15+0.14
4.34+0.17 8.25+0.17
4.32+0.14 8.20+0.16

Note: Values in the same column with different letters indicate a significant difference at a 5%.

The TLR4 gene plays a role in protecting against
microorganisms [2] that cause inflammation,
particularly in the udder glands [6], by recognizing
pathogens [1] and mediating signals to trigger the
body’s immune response, both innate and adaptive [8].
TLR4 is a surface cell receptor that is developed with
accessory proteins to detect gram-negative bacterial
lipopolysaccharides (LPS) [11], [14]. After attaching to
a particular LPS of microorganisms, it triggers a
cascade of immune regulatory mechanisms that allow
microorganisms to be captured and phagocytosed [21].
Toll-like receptors (TLRs), including TLR4, function
in the immune system by recognizing microorganisms,
such as viruses, bacteria, fungi, parasites, and
inflammation-causing substances, such as fibrinogen,
heat shock protein, and hyaluronic acid [3], [10]. TLRs
detect persistent pathogen microorganism structures
known as pathogen-associated molecular patterns
(PAMPs) and initiate the formation of a complete
immune response [4], [14].

Polymorphism of SNP ¢.9421C>T in Lithuanian
Holstein cows corresponds with milk somatic cells and
mastitis  resistance; however, SNP ¢.2021C>T
polymorphism does not correlate with somatic cells in

milk and resistance to mastitis [20]. T4CRBR2
expression in China Holstein and China Simmental
cattle is also unrelated to somatic cell score [8]. The
mechanism of the correlation between udder
inflammation and milk production causes a relationship
between the diversity of TLR4 genes and milk quality
and quantity; however, genotype diversity in this study
did not correspond with milk quality, as demonstrated
in Table 3. The findings of this study contradict those
of previous studies on Holstein cattle in Iran and New
Zealand, which discovered that the TLR4 gene
polymorphism affected milk fat and protein content
[11], [24].

The potential influence of the TLR4 gene on bovine
reproductive traits is based on the role of TLR in
protecting the genital tract from infection and
inflammation [7] and in affecting the functioning of
ovaries independently of pathogenic stimulus during
the follicular development period [9]. TLR4 is
expressed in the endometrium and is involved in the
immune system and uterine infections [5]. The T/C
genotype in the TLR4 gene  increased
polymorphonuclear leukocyte migratory ability and
apoptosis resistance while reducing the inflammatory
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responses produced by bacterial infections [13]. This
condition promotes uterine rehabilitation, implantation,
and uterine environment conditioning for embryo
development, resulting in improved reproductive
performance.

Various patterns of TLR expression, particularly
TLR4 in cattle, occur along with changes in the
condition of the animal’s ovaries during the estrous
cycle and transition period. The findings revealed a
lack of association between genotype diversity and
reproductive parameters and estrogen hormone levels
during estrous, in contrast to previous research that
found a link between the TLR4 gene and calving
interval, service per conception in Holstein cattle in
Egypt [9], days open in dairy cattle in Japan [13], and
calving interval in Czech Fleckvieh cattle [7].

Increasing the population of cows with the TT
genotype could increase milk quantity, and this TLR4
gene could be used as a potential genetic marker for
milk quantity. Gene diversity can be used in cattle
selection programs for specific desirable traits. Studies
related to the TLR4 gene in cattle are still rare;
therefore, polymorphisms in other SNPs need to be
further identified, especially in dairy cows living in the
Indonesian environment. In addition, it is necessary to
investigate the relationship between genes and disease
resistance and other production traits.

4. Conclusion

The TLR4|Alul gene is polymorphic in the
Indonesian Friesian Holstein cattle population used in
this study. The population is at Hardy-Weinberg
equilibrium, with the dominant genotype being CT.
Polymorphisms in the TLR4|Alul gene are related to
the quantity of milk but not related to reproductive
parameters, estrogen levels, or milk quality. In
conclusion, the TLR4|Alul gene could be considered as
a genetic marker candidate for genomic selection in the
Indonesian Friesian Holstein cattle population. Cows
with a superior genotype are recommended for use as
parents in the population. The findings of this study are
preliminary information that can be applied in
molecular technology-based dairy cattle breeding
programs as a genetic improvement effort to obtain
dairy cows with superior milk quantity.
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