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ABSTRACT

This study investigated polymorphisms in four candidate genes (CD14, SPP1, CD209, and EFR3A) previously reported to be associated
with tick resistance or immune mechanisms against tick and tick-borne diseases (TTBDs). PCR-RFLP was used to genotype Kankrej and
Holstein Friesian crossbred (HFCB) cattle, and associations between gene variants and tick infestation status were evaluated. CD14 and
CD209 genes showed polymorphisms in crossbreds, while Kankrej cattle were monomorphic for these loci. The SPP1 and EFR3A genes
were monomorphicin both breeds. Although CD14 polymorphisms were not significantly associated with tick resistance, animals with
the BB genotype had reduced odds of infestation compared to AB. A significant association was observed for CD209, where the AA
genotype conferred a 12.89 fold higher susceptibility to ticks than AB.These findings highlight the potential of CD209 as a genetic marker
for breeding programs aimed at enhancing tick resistance, while also emphasizing the breed-specific distribution of polymorphisms

in candidate immune genes.
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INTRODUCTION

ivestock contributes in multiple ways to the natural,

financial, human, physical, and social resources within
smallholder dairy, crop-livestock, and livestock-dependent
production systems (Minjauw and McLeod, 2003). Earlier
livestock improvement programmes largely focused on
crossbreeding with exotic germplasm, which substantially
enhanced the productivity of crossbred animals. However,
this emphasis on milk yield inadvertently reduced their
natural disease resistance (Prajapati et al., 2017).

Parasites are a major constraint in livestock production,
and ticks, which are classified under the phylum Arthropoda,
are among the most significant. They are obligate external
parasites of vertebrates, feeding on the host’s blood (Nava
et al., 2009). Ticks cause economic losses through reduced
milk and meat yield, devaluation of hides, transmission of
diseases, increased labour and facility costs, and the need for
acaricide application, which also leads to resistance against
commonly used chemicals (Minjauw and McLeod, 2003;
Estrada-Pefa and Salman, 2013). The annual global economic
loss due to tick and tick-borne diseases (TTBDs) is estimated
at 20-30 billion USD (Lew-Tabor and Valle, 2016), while India
alone loses about 498.7 million USD annually (Minjauw and
McLeod, 2003). Although chemical control with acaricides
is widely used, its limitations include high cost, residues in
livestock products, the emergence of tick resistance, and the
need for repeated application.

The use of naturally tick-resistant cattle in breeding
and selection programmes offers a sustainable alternative
for tick control (Shyma et al., 2015). While environmental

'Department of Animal Genetics and Breeding, College of
Veterinary Science & Animal Husbandry, Kamdhenu University,
Dantiwada-385505, Gujarat, India

2Department of Animal Genetics & Breeding, Bihar Veterinary
College, Patna-800014, Bihar, India

3Department of Veterinary Parasitology, Bihar Veterinary College,
Patna-800014, BASU, Bihar, India

“Animal Genetics & Breeding Division, ICAR-National Dairy
Research Institute, Karnal-132001, Haryana, India

Corresponding Author: Dr. Ashok K. Chaudhary, Ph.D. Scholar,
Division of Animal Genetics, ICAR-Indian Veterinary Research
Institute, lzatnagar, Bareilly-243122, Uttar Pradesh, India.
e-mail: drak97vet@gmail.com,

How to cite this article: Chaudhary, A. K., Gupta, J. P, Chaudhari,
J.D., &Chaudhari, A.B., Shyma K.P, Purohit P.B. (2025). Association
of Candidate Gene Polymorphisms with Tick Resistance in Kankrej
and Holstein-Friesian Crossbred Cattle. Ind J Vet Sci and Biotech,
21(6), 21-26.

Source of support: Nil

Conflict of interest: None

Submitted 25/08/2025 Accepted 15/09/2025 Published 10/11/2025

factors significantly influence tick resistance (Adams and
Templeton, 1998), genetic factors account for a substantial
proportion of the variation (Burrow et al., 2019). This is
supported by heritability estimates for tick resistance
ranging from 0.05 to 0.42 (Mapholi et al., 2014; Porto-Neto et
al., 2014), indicating the potential for genetic improvement
through artificial selection. Advances in high-throughput
sequencing and genome-wide association studies (GWAS)
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have identified numerous single nucleotide polymorphisms
(SNPs) associated with host resistance to ticks (Turner et al.,
2010). These discoveries provide opportunities for detecting
genetic markers and applying marker-assisted selection
(MAS) to improve resistance. Considering these factors, the
present study was undertaken to detect polymorphisms in
candidate genes associated with tolerance or susceptibility
to tick infestation in Kankrej and HF crossbred cattle.

MATERIALS AND METHODS
Experimental Animals and Tick Counting

A total of 116 cattle (27 Kankrej and 89 HF crossbred) were
randomly selected from farms across different talukas of
Banaskantha district. The experimental design was approved
by the Institutional Animal Ethics Committee (IAEC) of
the College of Veterinary Science and Animal Husbandry,
Kamdhenu University, Sardarkrushinagar, Gujarat, India
(Approval No. VETCOLL/IAEC/2021/18/Protocol-4) and by the
CPCSEA (Approval No. VETCOLL/IAEC/ 2021/18/Protocol-5).
Tick counts were recorded three times at three monthly
intervals during summer (June 2021-May 2022) using the
method of Wharton and Utech (1970), as applied by Kamble
et al. (2020). Fully or partially engorged female ticks were
counted on the left side of the body and multiplied by two
to estimate total body counts. After each count, animals
were treated with Deltamethrin 1.25% at 2 mL/L water. The
mean of the three counts was calculated, and animals were
classified following a modified Molento et al. (2013) method:
tick resistant/higher tolerance (<20 average ticks) or tick
susceptible/low tolerance (>20 ticks).

Blood Collection and DNA Isolation

Following the third tick count, 5-7 mL of blood was collected
from the jugular vein of each animal into sterile EDTA tubes
and stored at -20 °C until DNA extraction. Genomic DNA
was extracted using the QlIAamp® DNA Blood Mini Kit
(250) according to the manufacturer’s instructions. DNA
concentration, purity, and quality were assessed using a
NanoDrop ND-1000 spectrophotometer.

Genotyping and Polymorphism Study

Four candidate genes were selected based on previous
reports indicating their association with tick resistance
or their direct or indirect roles in immune mechanisms
against pathogens, viz,, CD14 (Cluster of Differentiation
14), SPP1 (Secreted Phosphoprotein 1), CD209 (Cluster of
Differentiation 209), and EFR3A (Eighty-Five Requiring
3 Homolog A). PCR conditions were optimized for each
primer pair; then PCR amplification was carried out in 25 L
reactions using DreamTaq Green PCR Master Mix (Thermo
Scientific). Products were verified on 1.5% agarose gels and
stored at —20 °C until use. Restriction enzyme digestion was
carried out according to the manufacturer’s instructions in
25 L reactions containing 2.5 pL of 10x RE buffer, one unit
of enzyme, and ~22.3 uL PCR product. Digested products
were resolved on 2-3% (w/v) low electroendosmosis (EEO)
agarose gels for 1 h at 120 V, visualized under UV light, and
documented by using gel documentation system. Details of
candidate genes, targeted region, primers with annealing
temperatures (AT), restriction enzymes (RE), and expected
fragmentation patterns (EFP) are provided in the Table 1.
Alleles, fragment sizes, and genotype frequencies for the
entire population were determined from gel images.

Statistical Analysis

Genotype counts were obtained by direct counting (Falconer
and Mackay, 1996), and gene and genotype frequencies were
calculated. The Polymorphism Information Content (PIC) and
heterozygosity (H) were calculated using standard methods
described by Botstein et al. (1980) and Nei and Roychoudhary
(1974), respectively. The Chi-square test was used to assess
Hardy-Weinberg equilibrium (HWE). The effect of variables
on tick infestation status was evaluated using univariate
logistic regression in R software (R Core Team, 2020), with
the model:

n (L‘,\
(1-98)
Where, P is the expected probability of infestation, x, through
X, denotes independent variables, and 6 the regression

) = Bu + 91x1 + BzXz + et ann

Table 1: Details of candidate genes, targeted regions, primers, and PCR-RFLP conditions

Gene name Targeted region Allele Sequences of primers AT (°C)  SAF (bp) RE EFP
F: GGGTACTCTCGTCTCAAGGAAC 113,
Chr7:51764442-
o4 51765266 T R CTGAGCCAATTCATTCCTCTTC 600 825 HpyCH4IV ;;g
. X F: CCCAAGAGGCAGAAGCAAATC
SPP1 Chr6: 36698979 A/C 505 485 Ddel 85, 400,
36699463 R: CATGTTGGAAAATGGAGACAGC 485
0205 Chr7: 16586921- o F: CTGTAACACATCTGCCATCATTC 600 205 " 92, 206,
16587218 R: GGGAAGCCCACATTTAACTTTC ' 298
: - F: GCTGAAATGCTCAGAATTCTTCTA
EFR3A Chr14: 9138970 o GCTGAAATGCTCAGAATTCTTC sos 220 Ddel 10,210,
9139189 R: TGCTCTACCTTCCCCATAGC 220

AT: Annealing Temperatures; SAF: Size of Amplified Fragment; RE: Restriction Enzymes; and EFP: Expected fragmentation Patterns (EFP)
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coefficients. Relative risk among genotypes was also
calculated.

ResuLts AND DiscussioN

Details of genotype and allele frequencies of the candidate
genes, along with the corresponding polymorphism
information content (PIC), heterozygosity (H), and chi-square
(%) values are presented in Table 2. Details of the association
between candidate gene genotypes and tick infestation in
Kankrej and HF crossbred cattle, including AIC, BIC, odds ratio
(OR), and p-values, are presented in Table 3.

CD14 Gene

PCR-RFLP analysis revealed a polymorphic pattern for the
CD14 gene in the studied cattle population (Fig. 1A, 2A). In
HF crossbreds, two genotypes, AB and BB, were observed,
whereas the gene exhibited a monomorphic pattern in
Kankrej cattle. Chi-square analysis indicated that both Kankrej
and crossbred populations significantly deviated from HWE
(Table 2). This suggests that the Kankrej population may be
under selection pressure or not representative of the broader
population. Population sub-structuring in the field samples
used in this study may also explain the significant departure
from HWE. The CD14 gene encodes a membrane glycoprotein
found on the surface of monocytes and macrophages,
playing a pivotal role in innate immunity, particularly in
pathogen recognition and mediation of inflammatory

A

M 123 4567 89 1011 121314 15 1617 18 19

— - e

- -~ = [T

8 9 1011 12 13 14

298bp

responses. In cattle, higher CD14 expression, both at the gene
transcription level in skin and at the protein level in blood,
has been associated with tick-susceptible phenotypes (Piper
etal., 2009; Piper et al., 2010). This gene is also recognized as
amarker for monocytes and macrophages and can therefore
be involved in numerous immune response mechanisms
(Ziegler-Heitbrock and Ulevitch, 1993).

Association analysis with tick infestation status showed
that the genotypes identified were not significantly
associated with tick resistance or susceptibility. However,
the odds of being tick-susceptible in the BB genotype
were only 0.35 times those of the AB genotype (Table 3).
No direct studies linking CD14 polymorphisms with tick
resistance have been reported in the literature; however,
there is ample evidence suggesting a possible role of this
gene in tick infestation status. Piper et al. (2009) reported
significantly higher levels of CD14+ monocytes and MHC
ll-presenting cells in tick-susceptible cattle. deAraujo et al.
(2019) observed a significant increase in CD14 expression at
days 9 and 21 compared to days 0 and 1 following artificial
tick infestation. Marima et al. (2020) reported increased CD14
expression levels after tick infestation across all breeds and
tick species treatment groups.

SPP1 Gene

Secreted phosphoprotein 1 (SPP1), also known as Osteopontin
(OPN), acts as a mediator between the innate and adaptive
immune mechanisms (Clemente et al., 2016). Macrophages
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300bp
200bp
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Fig. 1: Representative gel image of PCR amplification products using primers targeting: A. CD14 gene; B. SPP1 gene; C. CD209 gene; D. EFR3A
gene; all with Marker-100bp.
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and activated T cells are the main producers of the cytokine
OPN (Patarca et al., 1989). In T cell activation, OPN is
considered one of the early factors. SPP1 plays important
roles in inflammation and immunity against infectious
diseases (O'Regan and Berman, 2000). In the present study,
no mutation was detected in the targeted region of the SPP1
gene; therefore, no association analysis with tick resistance or
susceptibility was carried out in either Kankrej or crossbred

A
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cattle populations (Fig 1B, Fig 2B). However, there is sufficient
evidence supporting the involvement of the SPP1 gene in
immunity related to tick infestation and other diseases.

CD209 (DC-SIGN) Gene

CD209 (Cluster of Differentiation 209) encodes a C-type
lectin receptor known as DC-SIGN, which is expressed
on the surface of immune cells, primarily dendritic cells

B

4 5 6 7 8.9 10 11 1213 14 15 16
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Fig. 2: Representative gel image of the PCR-RFLP profile generated using primers targeting: A. CD14 gene; RE enzyme- HpyCH4IV (lane 11 displayed

BB genotype, while all other lane displayed AB genotype); B. SPP1 gene;

RE enzyme- Ddel; C. CD209 gene; RE enzyme- Alul (lane no 5,7, 8, 10 and

11 displayed AB genotype, while other lane displayed BB genotype); D. EFR3A gene; RE enzyme- Ddel; all with Marker-100bp

Table 2: Genotype and allele frequencies, polymorphism information content (PIC), heterozygosity (H), and chi-square (x°) of candidate genes

Genotype frequency (GF)

Allelic frequency

Gene PIC
name  C€Notype  Kankrej  HF crossbred  Polled population A B valye Hvalue X’ (HWE) p-value
N (GF) N (GF) N (GF)
AA 00 (0.00) 00 (0.00) 0(0.00)
CD14 AB 27 (1.00) 81(0.91) 108 (0.93) 0.47 0.53 0.12 0.13 88.00%** 0.00
BB 00 (0.00) 08 (0.09) 08 (0.07)
AA 27 (1.00) 81(0.91) 108 (0.93)
CD209 AB 00 (0.00) 08 (0.09) 08 (0.09) 0.97 0.03 0.12 0.13 0.15™ 0.93
BB 00 (0.00) 00 (0.00) 00 (0.00)
N: Number of animal having particular genotype. *Significant at 5%, **Significant at 1%, "non-significant.
Table 3: Association of candidate gene genotypes with tick infestation in Kankrej and HF crossbred cattle
Candidate gene Genotype AIC; BIC Odds ratio (OR) p-value
AB 156.96; 1 (reference)
o4 BB 162.46 0.35 0.17
AB 150.12; 1 (reference) .
D209 AA 155.63 12.89 0.02

*Significant at 5%.
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and some macrophages (Park et al., 2016). Several studies
have examined this gene and concluded that CD209 is an
important immune gene in cattle, functioning both as a
pattern recognition receptor and as a pathogen entry point,
with its polymorphisms influencing disease resistance (Kumar
etal., 2020; Gopi et al., 2020). In the present study, we targeted
a specific region of CD209 gene to investigate polymorphisms
and their association with tick resistance. PCR-RFLP analysis
revealed a polymorphic pattern in HF crossbred cattle with
two genotypes (AA and AB), whereas Kankrej cattle showed
a monomorphic pattern (Fig. 1C, 2C). The population
under study was found to be in HWE (Table 2). A significant
association was observed between the CD209 gene and
tick infestation, where animals with the AA genotype were
12.89 times more susceptible to ticks than those with the AB
genotype (Table 3). Although no direct association studies
between CD209 polymorphisms and tick resistance have
been reported in the literature, sufficient evidence exists
to suggest a potential role of this gene in tick infestation
status. Franzin et al. (2017) reported downregulation of
CD209 expression in skin infested with larvae in resistant
hosts compared to stressed skin, and upregulation in skin
infested with larvae in susceptible hosts, as well as in skin
infested with nymphs in both host breeds. Gopi et al. (2020)
and Kumar et al. (2020) also explored the association of the
CD209 gene with paratuberculosis (PTB) in cattle.

EFR3A Gene

In the Kankrej and HF crossbred cattle population studied
here, PCR-RFLP analysis revealed a monomorphic pattern for
this gene (Fig. 1D, 2D). Consequently, no association analysis
with tick infestation was carried out. EFR3A encodes a protein
component of the plasma membrane in eukaryotes, including
cattle. Recent studies suggest that EFR3A interacts with
proteins such as flotillin-2, contributing to the organization
and regulation of cholesterol-rich membrane rafts, which serve
as critical platforms for signaling and pathogen responses
(Trybus et al., 2025). Previous studies have highlighted EFR3A
as a candidate gene for tick resistance. Mapholi et al. (2016)
examined 586 Nguni cattle, collecting tick counts at eight
anatomical locations, and identified EFR3A as a potential
candidate associated with tick resistance. Conversely, Gouveia
etal.(2021) investigated host resistance to ticks, gastrointestinal
nematodes and Eimeria spp. under natural infestation. While
they did not find an association between EFR3A and tick
resistance, they observed a link between this gene and host
resilience to gastrointestinal nematodes.

CoNcLUSION

This study revealed distinct genetic patterns in key immune-
related genes between Kankrej and HF crossbred cattle.
Among the four genes examined, CD209 showed a strong
association with tick susceptibility, where the AA genotype

markedly increased the risk of infestation. Although CD14
polymorphism did not reach statistical significance, the
BB genotype indicated a possible protective trend. The
absence of variability in SPP1 and EFR3A suggests limited
potential for these lociin the studied populations. Overall, the
findings underscore the role of CD209 as a promising marker
for selective breeding programs targeting enhanced tick
resistance, particularly in crossbreds. Integrating such genetic
markers into breeding strategies could reduce reliance on
chemical acaricides, improve animal health, and support
sustainable livestock production in tick-endemic regions.
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