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study

Identifying biological pathways and genes associated with diseases is one of the most
important goals of breeding programs in dairy cattle. The aim of the present study was
to conduct a genome-wide association study (GWAS) to identify the genes and
biological pathways related to resistance to bovine tuberculosis based on gene set
enrichment analysis. In total, the information of 1355 cows (consisting 685 cases and
670 controls) from 178 herds were used, of which 592 cases and 559 controls (healthy
cows) were passed different quality control steps. These animals were genotyped by
using Illumina BovineHD 700k BeadChip for 727252 SNP markers. Genome-wide
association study (GWAS) was investigated using mixed linear logistic models, and
regions of the genome that were associated with bovine tuberculosis at the 0.05 level
were used for identifying the candida genes and biological pathways associated with
bovine tuberculosis based on gene set enrichment analysis. The results of this study
finally led to the identification of the pathways such as positive regulation of apoptotic
process, cell junction organization, negative regulation of cytokine production and
regulation of defense response that were significantly associated with bovine
tuberculosis. Further investigation of these pathways showed that most of them are
related to the immune system, stress and disease resistance. Also, study of function of
the genes that were located in these pathways revealed that the direct association of
some of these genes, such as SLC11A1, SLC2A2, and CD80, and the indirect
association of genes such as BCL6, HSPD1, KCNMAL, SPP1, CD24, MYO1B, CCL20,
and LCP2 with disease resistance and bovine tuberculosis has also been confirmed in
previous studies. In general, due to the importance of identifying the genes affecting
bovine tuberculosis from a scientific and economic point of view, the results of this
study show that resistance to bovine tuberculosis is closely related to biological
pathways and candidate genes associated with nervous system, innate immunity,
inflammatory response, immune response regulation, cell junctions, and glucose
homeostasis.
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Extended Abstract
Introduction

The identification of genes and pathways that influence economically important traits is one of the main
goals in the breeding of dairy cattle. Bovine tuberculosis (bTB), poses significant economic challenges to the
livestock industry due to its detrimental effects on animal health and productivity. Understanding the genetic
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basis of resistance to this disease can facilitate better management practices and breeding strategies aimed at
enhancing disease resistance in cattle populations. The objective of this study was to conduct a genome-wide
association study (GWAS) to identify genes and biological pathways associated with resistance to bovine
tuberculosis through gene set enrichment analysis.

Methods and Materials

In this study, data were collected from a total of 1355 cows, including 685 cases (infected with bTB) and
670 controls (healthy animals), derived from 178 herds. Following various quality control measures, 592 cases
and 559 healthy controls retained for further analysis. The genotyping was performed using the Illumina
BovineHD 700k BeadChip, which provides comprehensive coverage across the bovine genome with a total of
727252 SNP markers. To investigate associations between SNPs and bovine tuberculosis resistance, mixed
linear logistic models were employed. Subsequently, gene set enrichment analysis was conducted on the
regions that were associated with bovine tuberculosis at the 0.05 level, to elucidate their biological implications
regarding pathways related to immune response, stress regulation, and disease resistance.

Results

Our findings revealed several significant genomic regions linked with bovine tuberculosis susceptibility at
p <0.05 level through GWAS analyses. Gene set enrichment analysis led to the identification of the pathways
that were significantly associated with bovine tuberculosis. Further investigation of these pathways showed
that most of them are related to the immune system, stress and disease resistance. Also, study of function of
the genes that were located in these pathways revealed that some of these genes such as HSPD1, BCLS,
KCNMAL, SPP1, CD24, CD80, MYO1B, CCL20, SLC11A1, LCP2 and SLC2A2, have also been confirmed to
be directly or indirectly associated with disease resistance and bovine tuberculosis in previous studies.

Conclusion

In general, the results of this study elucidate critical biological pathways involved in the mechanisms of
disease resistance, specifically in relation to bovine tuberculosis. These findings not only have the potential to
improve animal health but also to enhance overall productivity within dairy farms. Furthermore, this research
contributes significantly to identifying genomic regions associated with key phenotypic traits, particularly
those related to disease resistance, immunity, and adaptability. Given the increasing economic importance of
these traits amid observable climatic changes in recent years across various countries, our findings could help
future breeding strategies aimed at developing more resilient livestock populations.
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