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Introduction 
 

Rhipicephalus annulatus is a single host tick 

of cattle, endemic to the Indian subcontinent. 

Huge economic losses by way of decline in 

production, anemia, loss of body condition, 

subsequent haemoparasitic infections and 

mortality in severe cases have been attributed 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 8 Number 07 (2019)   
Journal homepage: http://www.ijcmas.com 
 

In tropical countries, a huge drain in profitability of animal production sector is 

attributed to tick and tick- borne diseases (TTBD). Traditional tick control 

measures are riddled by development of acaricide resistance in ticks and 

possibility of environmental pollution. Identifying and propagating naturally 

resistant breeds of cattle in endemic regions is a more efficient method in the 

long run. Marker assisted selection (MAS) which applies genomic information 

along with conventional selection in cattle breeding is a probable solution. 

S100A8 encodes a protein with profound pro-inflammatory, antimicrobial and 

antifungal activities in skin. Differential expression of the gene in the wake of 

Rhipicephalus annulatus infestation in Vechur a native breed of cattle in 

comparison to crossbred Holstein Friesian (CBHF) was studied using 

quantitative polymerase chain reaction (qPCR). The exons and introns of 

S100A8 gene were characterized in three genetic groups, Vechur, Kasargode 

(Bos indicus) and crossbred Holstein Friesian (Bos taurus), to identify the 

single nucleotide polymorphism (SNPs) present in among different 

populations. 
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to R. annulatus infestation. The Indian 

economy is greatly dependent on agriculture 

and its allied field animal husbandry is 

directly affected by tick and tick- borne 

diseases (TTBD). Control measures for TTBD 

even today are limited to use of topical 

chemical acaricides or natural repellants. But 

with increasing threat of harmful residues in 

milk and meat, soil and water pollution 

coupled with the emergence and rapid spread 

of resistant tick population it was inevitable to 

explore other options to control the ticks in an 

ecofriendly and effective manner (George et 

al., 2004, Li et al., 2004). Rapid strides have 

been made world over, with better 

understanding of the genetic control of the 

intrinsic immunological pathways of natural 

resistance, in identifying the key players in 

developing tick resistance. The genes 

identified in these studies can be used as 

markers for selecting animals which are 

naturally resistant to TTBD. 

 

S100 calcium binding protein A8 (S100A8) 

gene encodes a small (~10.6 KDa) protein 

belonging to the s100 family, named such for 

their solubility in 100 per cent saturated 

solution of Ammonium sulphate.The members 

of this family are secreted proteins possessing 

two EF-hand calcium-binding motifs. 

Theirsub- cellular localization is in the 

cytoplasm and nucleus of a wide range of 

cells, and are involved in the regulation of 

multiple cellular processes such as cell cycle 

progression, cell differentiation and 

chemotaxis. Three members of S100 genes, 

S100A12, S100A8 and S100A9, are located as 

a cluster on Bovine chromosome 3 and they 

possess structural homology. Each has three 

exons and two interrupting introns – an initial 

short sequence of 5’ untranslated region 

(UTR) followed by the first intron, second 

exon of partial 5’UTRand the coding 

sequence, second intron and the third exon of 

coding sequence and the 3’UTR (Ravasi et al., 

2004). Investigations on genomic location and 

phylogenetic clades of S100 genes revealed 

four conserved subfamilies A2/A3/A4/A5/A6, 

A1/A10/A11/B/P/Z, A13/A14/A16, and 

A7s/A8/A9/A12/G indicating that these 

originated by tandem gene duplication 

(Zimmer et al., 2013). S100A8 was earlier 

known as migration inhibitory factor-related 

protein (MRP)-8, Leukocyte protein L1 light 

chain, cystic fibrosis antigen and calgranulin 

A. Although the protein was initially 

recognized as a unique protein of the nervous 

system (Moore, 1965), later studies detected 

its constitutive presence in neutrophils, 

monocytes and dendritic cells and also on 

stimulation in macrophages, Vascular 

endothelial cells, keratinocytes and fibroblasts 

(Edgeworth et al., 1991; Thorey et al., 2001; 

Hobbs et al., 2003; Grimbaldeston et al., 2003 

and Rahimi et al., 2005). 

 

While the function of S100A8and S100A9 

have been identified as pro –inflammatory, the 

mechanism of action and different 

immunological pathways involved are still 

being explored. Ryckman et al., (2003) 

demonstrated that human S100A9 and 

S100A8 formed homodimers and heterodimer 

(calprotectin) in a calcium dependent manner 

and stimulated neutrophil chemotaxis and 

expression of β2 integrin, Mac-1, resulting in 

neutrophil adhesion to fibrinogen. S100A8 

homodimer and S100A8/A9 released by the 

necrotic cells as an injury or stress response 

points to their function as damage associated 

molecular pattern molecules (DAMPs).These 

directly bind to various cells of innate immune 

system with DAMP receptors like TLR4, 

TLR2, TLR9 resulting in intensifying the 

immune response by the ultimate release of 

cytokines and chemokines (Hermani et al., 

2006; Vogl et al., 2007 and Koy et al., 2013). 

In 2011, Lim et al., suggested that 

susceptibility of S100A8 and S100A9 to 

oxidative modifications by various reactive 

oxygen species resulted in post-translational 

structural alterations which regulated the 
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progression of inflammatory changes. 

Antimicrobial and antifungal properties of 

calprotectin could be attributed to its ability to 

chelate other bivalent cations such as Zn
2+

, 

Mn
2+

 or Cu
2+

, depriving the organisms of 

essential growth factors (Sohnle et al., 2000; 

Bianchi et al., 2011 and Kehl-Fie et al., 2011). 

 

This study aims at investigating the expression 

profiles of the gene in Vechur and crossbred 

Holstein Friesian (CBHF) following artificial 

tick challenge and characterizing the exons 

and introns of S100A8 gene from three genetic 

groups in Vechur, Kasargode (Bos indicus) 

and crossbred Holstein Friesian (Bos taurus). 

Vechur and Kasargode cattle are native 

genetic groups which have evolved and 

adapted to local climate and production 

conditions for centuries while the CBHF are 

progenies of selected parents with proven 

production potential under local conditions. 

 

Materials and Methods 

 

The design and nature of this experiment was 

approved by the CPCSEA, India (letter no. 

F.No.25/21/2017-CPCSEA dated 20-10-2017) 

and the Institutional Animal Ethics Committee 

(IAEC), Kerala Veterinary and Animal 

Sciences University. 

 

Relative quantification of expression of 

S100A8 

 

Selection of animals, sample collection and 

RNA isolation 

 

Two Vechur calves and two CBHF apparently 

healthy male calves of six months were 

randomly selected from Instructional 

Livestock Farm Complex, College of 

Veterinary and Animal Sciences, Pookode for 

expression studies. The calves were pre- 

sensitised by four cycles of artificial 

infestation with 20,000 Rhipicephalus 

(Boophilus) annulatus larvae each, 14 days 

apart then challenged with 10,000 larvae (da 

Silva et al., 2007). Skin samples for 

expression studies were collected from each 

calf just before the tick challenge and after 24 

hours of tick infestation from the area where 

the ticks were released using 8mm disposable 

biopsy punches (Paramount Surgimed Ltd.) 

avoiding previous tick attachment sites for 

each assay in RNAlater
TM 

(Sigma). The 

collected samples were transported to the 

laboratory and stored at -80°C freezer until 

RNA isolation. RNeasy Fibrous Tissue Mini 

kit (Qiagen) was used for isolating RNA from 

skin biopsies. This kit protocol provided 

isolation, purification and enrichment of all 

RNA molecules longer than 200 nucleotides 

from up to 30 mg tissue. The integrity of the 

extracted RNA was checked using agarose gel 

electrophoresis. The concentration and quality 

of RNA was checked by NanoDrop 

spectrophotometer (Thermo Scientific, 

USA).Complementary DNA (cDNA) was 

synthesised from 1000ng of isolated RNA in 

20 µl reaction volume using RevertAid first 

strand cDNA synthesis kit (Thermo 

Scientific)as per manufacturer’s protocol and 

stored at -40°C until used. 

 

Optimization of qPCR conditions and 

relative quantification 

 

The primers for cDNA amplification of 

S100A8 gene by qPCR were designed and 

custom synthesized (Sigma Aldrich) from 

published bovine mRNA sequence available 

in GenBank (Accession no. 

NM_001113725.2) using Primer3 software. 

The primer sequence for the internal control 

gene GAPDH was adopted from published 

research article (Naicy et al., 2016). 

Sequences and properties of primers used for 

the amplification of cDNA of the genes are 

listed in the Table 1. 

 

The qPCR reaction was carried out in a 10 µl 

volume containing 5µl iTaq universal SYBR 
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green super mix (BioRad), 1µl template 

cDNA, 0.3 µl each of forward and reverse 

primers (10 pM/µl) and 3.4µl nuclease free 

water. Reaction efficiency was determined by 

the standard curve using Illumina Eco® Q- RT 

PCR system. Each sample had triplicate 

technical replicates. The controls set for each 

run were, non-template control (NTC) for 

each gene and reverse transcription minus (RT 

minus) control for each cDNA sample (RNA 

as template), a positive control with cDNA 

synthesized from control RNA (provided with 

RevertAid first strand cDNA synthesis kit) 

and a negative control (with nuclease free 

water). The thermal profile for qPCR reaction 

and plate layout were set in the computer 

attached to Illumina Eco® Q- RT PCR 

system. 

 

PCR reaction was set as: initial denaturation at 

95°C for three minutes followed by 40 cycles 

of denaturation (95°C, 20 seconds), Annealing 

(variable °C, 15 seconds) and elongation 

(72°C, 15 seconds). Dissociation (melt) curve 

analysis was done after each PCR. The 

protocol for melt curve analysis was 95⁰ C for 

15 S, 55⁰ C for 15 S followed by 95°C for 15 

S. Data acquisition was performed during the 

final denaturation step. The data was analysed 

for relative quantification by 2
-ΔΔC

T method 

(Livak and Schmittgen, 2001). 

 

Statistical comparison between samples was 

performed using ANOVA (Analysis of 

variance) and independent sample t-test (SPSS 

V.21) and subsequent Duncan’s multiple 

range test (p-value of <0.05 was considered 

statistically significant).  

 

Molecular characterisation of S100A8 gene  

 

Blood collection and genomic DNA isolation 

 

Blood samples (4 ml each) were collected 

using EDTA vacutainers from 86 Vechur, 53 

Kasargode and 68 CBHF maintained at the 

Vechur conservation centre at Centre for 

Advanced Studies in Animal Genetics and 

Breeding (CAS AGB), Mannuthy and 

farmers’ herds in Thrissur, Malapuram and 

Wayanad districts of Kerala. Collected 

samples were transported to the laboratory in 

iceand stored at -20°C until isolation of DNA. 

Genomic DNA was isolated using the 

conventional Phenol- chloroform method with 

modifications (Sambrook and Russell, 

2001).The concentration, purity and quality of 

DNA samples were checked by NanoDrop 

spectrophotometer (Thermo Scientific, USA). 

The quality of the extracted genomic DNA 

was assessed by agarose gel (1 per cent W/V) 

electrophoresis. The gel visualized under UV 

trans-illuminator.  

 

Optimization of PCR conditions 

 

PCR was carried out to amplify fragments of 

S100A8 gene, from genomic DNA. In order to 

sequence the complete sequence ofS100A8 

two pairs of primers were designed bovine 

whole genome shotgun gene sequence 

(GJ060612.1). The first fragment included the 

exon 1 with its flanking regions and the 

second fragment included the exons 2 and3 

with the flanking sequences (Table 2). A third 

PCR reaction using the forward primer of the 

fragment1 and the reverse sequence of 

fragment 2 helped to fill in the sequences 

between these fragments. The PCR reaction 

optimised was as follows 5 µl Emerald Amp 

GT master mix (Takara), 0.3 each of forward 

and reverse primers, DNA template 0.5µl and 

3.9µl nuclease free water. PCR cycles were 

optimised at initial denaturation at 95°C for 3 

minutes followed by 35 cycles of 30 seconds 

denaturation at 95°C, 15 seconds of annealing 

at variable temperature and 30 seconds 

extension at 72°C and finally 5 minutes final 

extension at 72°C. The amplified products 

were checked in two per cent agarose gel 

electrophoresis along with 50 bp DNA ladder 

(Proxi-O) 
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Sequence analysis 

 

The 10 amplicons each fromVechur, 

Kasargode and CBHF populations were 

pooled and sequenced using commercial 

sequencing services provided by M/S 

Scigenom Labs, Kochi by Sanger dideoxy 

chain termination method. The chromatogram 

for each genetic group was observed 

physically for double peaks indicating single 

nucleotide polymorphisms (SNPs). The 

obtained sequences were aligned with the 

sequence in GenBank using BLASTn and 

EMBOSS: merger bioinformatic tools. 

 

PCR-RFLP analysis 

 

Restriction enzyme for identifying the SNP 

detected in the amplicons was obtained using 

bioinformatics tool NEB cutter version 2.0. 

The amplicons of S100A8 fragment 1 

containing the SNP was digested with the 

restriction enzyme Aci1 (BioLabsinc.) as per 

the manufacturer’s direction. The restriction 

digest was run on a 3 % agarose gel at 60 volts 

for 60 minutes. The restriction patterns from 

207 animals were genotyped under UV 

transilluminator and documented in gel 

documentation system. The allele and 

genotype frequencies populations of different 

genetic groups were calculated. 

 

Results and Discussion 

 

S100A8 expression in Vechur (Bos indicus) 

and CBHF (Bos taurus) 

 

The amplification plot and melt curve of 

GAPDH and S100A8 are given in figures 1 

and 2 respectively. The relative quantification 

of S100A8 in Vechur and CBHF is given in 

figure 3. There is significant 2.809-fold 

upregulation of the gene expression at 24 

hours following the tick challenge in Vechur 

animals while CBHF animals, which showed 

no significant differential expression. 

Detection of SNPs and restriction fragment 

length polymorphism  

 

Chromatogram obtained from sequencing 

revealed a transition of thymine (T) to 

cytosine (C) at position 3237900 of fragment 

1 amplicons of all three genetic groups while 

no sequence variation was noticed in 

chromatogram of fragment 2 amplicons 

(Figure 4). Aci1 produced a cut in strands with 

Cresulting in two fragments of 189bp and 

131bp length respectively while the strands 

with T in the position remained uncut (Figure 

5). 

 

Allele and genotype frequency 

 

The gel visualized in gel documentation 

system revealed that Vechur, Kasargode and 

CBHF animals processed either TT and TC 

genotypes but homozygous CC animals were 

not identified in these genetic groups. The 

allele and genotype frequencies are 

summerised in Table 3. 

 

Kerkhof et al., (2012) indicated that wounding 

of the various layers of skin is the primary 

lesion of tick attachment which elicited a three 

phased response pattern by the keratinocytes 

and fibroblasts at the site and the infiltrating 

leukocytes for the effective healing process. 

The inflammatory phase, the proliferative 

phase, and the remodelling phase are 

orchestrated and modulated by the 

Ca
2+

binding proteins including S100A8 and 

its heterodimer S100A8/A9. The initial 

S100A8 release is from the infiltrating 

neutrophils the skin which serves as a DAMP 

and promotes pro-inflammatory signalling, 

phagocytosis, oxidative burst, migration 

through the epithelium and clot formation. 

The dendritic cells and monocytes sustain the 

response to the next stage where there is 

release of inflammatory mediators which 

activate, propagate and regulate S100A8 

release from the macrophages. 
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Table.1 Sequence and properties of primers designed for PCR 

 
Gene 

fragment 

Primer Primer sequence (5’-3’) Sequence 

position 

Annealing 

temperature 

Product 

size(bp) 

S100A8 

Fragment 1 

S100A8- F1 TGAGGCTGTAGCAACACTGG 3237712-

3238032 

58.7 320 

S100A8- R1 TGCCCTCACTCAAAAGTCCT 

S100A8 

Fragment 2 

S100A8- F2 GTAGCCATAGCCCTCTGCTG 3238150-

3238828 

66.6 678 

S100A8- R2 AAACAGAAAGCGCAATCAGG 

 

Table.2 Sequence and properties of primers designed for qPCR 

 

Gene Primer Primer sequence (5’-3’) Annealing 

temperature 

Product 

size(bp) 

GAPDH GAPDH-F TGGAGAAACCTGCCAAGTATG 60 127 

GAPDH-R TGAGTGTCGCTGTTGAAGTC 

S100A8 S100A8- F CTATTTTGGGGAGACCTGGTGG 62 77 

S100A8- R TCAGGGAGTTAATGGCACACT 

 

Table.3 Gene and genotypic frequencies for T→C transition at 3237900 position in target 

populations 

 

Genetic group Genotype frequencies Gene frequencies 

TT TC CC T C 

Vechur (86) 69.767 (60) 30.323 (26) 0 (0) 0.849 0.151 

Kasargode (53) 73.585 (39) 26.415 (14) 0 (0) 0.868 0.132 

CBHF (68) 92.647 (63) 7.353 (5)  0 (0) 0.963 0.037 

All populations were in Hardy-Weinberg Equilibrium  

Number of individuals is given in parenthesis  

 

Fig.1 A. GAPDHAmplification Plot. B.GAPDH Derivative melt curve 

 

 
A      B 
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Fig.2 A. S100A8 Amplification Plot. B. S100A8 Derivative melt curve 

 

 
A      B 

 

Fig.3 Relative expression of S100 A8 following R. annulatus challenge 

 

  
 

Fig.4 A. Chromatogram of homozygous uncut (TT) individual. B. Chromatogram of 

heterozygous (TC) individual. C. Cutting site of Aci1 enzyme 

 

   
1A     1B    1C 
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Fig.5 Aci 1 RFLP patterns in S100A8 fragment 1 

 

 
 

The inflammatory process set to motion will 

lead to the release of S100A8 from the 

keratinocytes and fibroblast during the 

proliferative and remodelling phases. A 

significant upregulation of S100A8 gene in 

Vechur cattle after tick challenge suggest that 

the initial response to the tick attachment is 

more rapid and immunogenic than the 

response elicited in the animals of Holstein 

Friesian lineage.  

 

DAMP receptor TLR4 is stimulated which 

activates the NF-KB signal pathway to induce 

inflammatory cytokines. Thus, elevated 

expression of S100A8 in Vechur animals 

result in inflammatory inflex, clotting of 

blood, thickening of skin and rapid wound 

resolution. This prevents the effective 

attachment of ticks to the host. Earlier 

investigations by Jonsson et al., (2014), 

substantiate the results from this study, the 

tick larvae which are unable to start feeding 

on attachment failed to survive. Death 

occurring within 24 hours of infestation could 

be taken as an indicator of tick 

resistance. Activation of TLR4 also activates 

a MyD88 dependent T helper (Th) 17 

response in CD4+ T cells. These CD4+ cells 

belong to the adaptive immune responses. 

Thus, Th17 cytokines (like IL17A, IL-17F, 

IL-21 and IL-22) functions as link between 

innate and adaptive immune responses in host 

defence mechanism (Guglani and Khader, 

2010). The T-cell-mediated response mounted 

by the indigenous cattle against larval stages 

as a response to injury at the bite site was 

reported to be protective. 

 

The SNP, T to C transition identified was in 

intron1 of S100A8. No polymorphism could 

be detected within the coding sequence of the 

gene in the tested population. This is in 
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concurrence with previous reports indigenous 

cattle (Kumar, 2012) and buffaloes (Sulabh et 

al., 2016). Kumar had however reported an A 

to G transition at 2 bases upstream of the 

initiation codon in Sahiwal and Karan Fries 

but the population used in the study did not 

exhibit this polymorphism. 
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