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Tick infestation is one of the major challenges facing the livestock industry. The present
study aimed to identify key differentially expressed genes (DEGs) and perform gene
ontology (GO) analysis between two groups of tick-resistant and tick-susceptible cattle
using RNA-sequencing (RNA-seq) data from skin tissue (10 samples in two groups,
with 5 biological replicates each). Cattle were classified into resistant and susceptible
groups based on the number of adult female ticks attached to the animal’s body surface
under natural infestation conditions. Preprocessing, alignment, and differential
expression analysis of the reads were performed using FastQC, Trimmomatic, Hisat2,
Samtools, and Cufflinks, respectively, while gene ontology analysis was carried out
using the DAVID database. After quality control, and with an alignment rate to the
reference genome exceeding 99.9%, 44 genes out of 37,820 annotated gene IDs were
identified as significantly differentially expressed (q-value<0.05); applying the
threshold [log2(FC)[>2 ultimately yielded 19 key candidate genes. The results of gene
ontology and KEGG pathway analyses revealed the key genes such as MX2, ISGI5,
IF127, RSAD2, CCL20, ILi1B, and CXCL3 play essential roles in the innate immune
response, interferon signaling pathway, regulation of inflammatory cytokines,
apoptosis, and immune cell chemotaxis. In resistant breeds, the rapid, targeted, and
controlled activation of these genes appears to prevent chronic inflammation and tissue
damage at the bit site. The identified key interferon-responsive genes and cytokines
(particularly ISG15, MX2, and IL1B) can be considered as molecular candidates for
explaining the differential response of resistant and susceptible cattle to tick infestation.
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Extended Abstract

Introduction

Tick infestation caused by hard ticks remains one of the most economically important challenges in livestock production,
reducing weight gain, milk yield, hide quality, and animal welfare. The widespread development of resistance to chemical
acaricides has increased interest in host genetic resistance as a sustainable component of tick control. However, the molecular
mechanisms underlying inter-individual and breed-level differences in tick resistance are not fully understood. The present
study was therefore designed to identify key differentially expressed genes (DEGs) and to characterize their gene ontology
(GO) and biological pathways in skin tissue of tick-resistant and tick-susceptible Braford cattle using RNA-sequencing (RNA-
seq) data. A further objective was to determine whether the identified genes could serve as candidate molecular markers for
genetic improvement of tick resistance in cattle.

Methods

This study used publicly available RNA-seq data originally generated from skin tissue of Braford cattle and deposited in the
NCBI Sequence Read Archive (SRA) under BioProject PRINA931982 (SRAx19292483). The animals were maintained at the
Embrapa Pecuaria Sul research station in Bagé, southern Brazil. Before the experiment, cattle were kept tick-free for three
months and treated with acaricides every two weeks. Artificial infestation was performed with approximately 20,000
Rhipicephalus microplus larvae. Phenotypic classification was based on estimated breeding values (EBV) for tick counts:
resistant animals had EBV at least one standard deviation below the population mean, whereas susceptible animals had EBV
at least one standard deviation above the mean. For the present analysis, 10 skin tissue RNA-seq samples were selected,
comprising five resistant and five susceptible animals. The sequencing reads were paired-end with a length of 100 bp. Quality
control was performed with FastQC (v0.11.9), and read trimming was conducted using Trimmomatic (v0.39). Reads were
aligned to the bovine reference genome ARS-UCD2.0 with annotation ARS-UCD2.0.115 from Ensembl using Hisat2 (v2.2.1).
BAM files were processed with Samtools, and transcript assembly and differential expression analysis were carried out using
Cufflinks/Cuffdiff (v2.2.1). Genes with q-value < 0.05 were considered significantly differentially expressed. A stricter
threshold of |log2 fold change| > 2 was then applied to identify key indicator genes. Functional enrichment analysis, including
GO terms and KEGG pathways, was performed using the DAVID database. Protein—protein interaction (PPI) networks were
analyzed using the STRING database.

Results

After quality control and bioinformatic filtering, more than 99.9% of reads aligned to the reference genome, indicating high
data reliability. Among 37,820 annotated gene IDs, 44 genes showed significant differential expression (q < 0.05) between
resistant and susceptible cattle. Applying the [log2FC| > 2 threshold reduced this set to 19 key indicator genes. These included
interferon-responsive genes such as MX2, ISG15, IF127, RSAD2, 1F144, and IFI44L, as well as immune and inflammatory
genes such as CCL20, IL1B, CXCL3, GROI, and PLIN1. Functional enrichment analysis revealed that the key genes were
significantly enriched in biological processes related to immune response (FDR = 1.02e-05), defense response to other
organisms (FDR = 5.12¢-05), defense response to virus (FDR = 0.0017), response to stress (FDR = 0.0017), response to
cytokine (FDR = 0.0050), innate immune response (FDR = 0.0476), positive regulation of T-cell cytokine production, and
response to stimulus. KEGG pathway analysis identified involvement in influenza A, cytokine—cytokine receptor interaction,
chemokine signaling, TNF signaling, and NF-kappa B signaling.

The STRING PPI network showed that many of these genes formed an interconnected module centered on interferon signaling,
innate immunity, cytokine regulation, apoptosis, and immune cell chemotaxis. In resistant cattle, the expression pattern
suggested rapid, targeted, and controlled activation of interferon-responsive and inflammatory genes at the tick bite site, which
appeared to limit chronic inflammation and tissue damage. In contrast, susceptible cattle showed delayed and prolonged
expression of inflammatory and chemotactic genes, leading to excessive neutrophil recruitment, dysregulated inflammation,
and tissue injury without effective tick rejection.

Conclusion

Taken together, these findings indicate that tick resistance in cattle is a complex polygenic trait governed by coordinated
modules of innate immune, interferon-related, and inflammatory genes in the skin. The identified key genes, especially ISG15,
MX2, IL1B, CCL20, and CXCL3, may serve as candidate molecular markers for understanding the differences between
resistant and susceptible animals and for future validation studies on genetic resistance to ticks. Incorporating such markers
into breeding programs could support more sustainable and targeted selection of tick-resistant cattle, although further
experimental validation in independent populations is warranted.
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Table 1-Characteristics of key genes with differential and significant expression between two groups of susceptible and resistant cattle.

o5 pb REAN e Ol S lse el
Log2(FC) P-value

MX2 1:141621130-141658223 -3.59 0.017
ENSBTAG00000064664 NKLS02002204.1:130128-204814 -3.58 0.017
ADID 1:80414395-80427624 -3.35 0.017
ISG15 16:51464069-51465109 -3.25 0.017
IF127 21:58735049-58744444 312 0.017
ENSBTAG00000073163 Y:2699032-2709150 3.12 0.017
ENSBTAG00000070831 17:71096222-71137610 2.97 0.017
CCL20 2:115948296-115951983 2.65 0.017
RSAD2 11:90038204-90056373 2245 0.017
ENSBTAG00000008021 7:5726477-5739649 2236 0.017
ENSBTAG00000019017 29:51003745-51006379 217 0.017
MGC151921 Y:2929132-2936415 2.13 0.017
IF144, IF144L 3:66023941-66071430 210 0.017
IL1B 11:46543407-46551924 2.09 0.017
GROI 6:89072772-89075121 2.09 0.017
ENSBTAG00000012491 X:137255133-137260688 2.08 0.046
ENSBTAG00000075875 Y:2814979-2821820 2.07 0.028
PLIN1 21:21077997-21092420 22.06 0.017
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Figure 1-Heatmap based on the gene expression levels of the two groups of susceptible and resistant cattle.
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Figure 2-Protein—protein interaction network of key differentially expressed genes between the two groups of susceptible and resistant cattle
(analyzed using the STRING database)
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Table 2-Results of functional enrichment analysis of key genes using the STRING database.
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