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Abstract: Bovine tuberculosis (bTB), caused by Mycobacterium bovis (M. bovis), is a contagious infectious 

disease with considerable economic impact on dairy and meat farms worldwide. Host genetics could 

potentially affect susceptibility or resistance to this disease. The aim of this study was to discover the 

association between tuberculosis and the polymorphism of a gene playing an important role in 

resistance/susceptibility to this disease. Blood samples were taken from 200 Holstein cows, including 50 cows 

classified as cases, tested positive for tuberculosis, and 150 cows as controls, tested negative for tuberculosis. 

To study polymorphism of the gene coding for SLC11A1, genomic DNA was extracted using the salt method 

and the analytik jena kit (n=200). DNA was amplified using specific primers. PCR produced 374 pb 

amplifiates, which were then digested by PCR-RFLP with the PstI restriction enzyme. Two genotypes, CC 

and CG, with allele frequencies of 0.85 and 0.15 for the C and G alleles respectively, were revealed. 

Homozygous GG individuals show resistance to the disease, and the observed C> G mutation may play a role 

in controlling the individual's resistance to the tuberculin reaction, but the results obtained are insufficient to 

confirm the association between the polymorphisms and susceptibility to tuberculosis. This is the first work to 

indicate that rs109453173 C>G polymorphisms may contribute to SLC11A1 mediated bTB susceptibility. 

SLC11A1 may be a useful candidate gene linked to bTB in Holstein cows. 
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1 Introduction 

Bovine tuberculosis (bTB) is presently among the foremost re-emerging zoonotic illnesses observed across 

various regions globally [1,2]. It imposes significant economic burdens on livestock and poses substantial 

challenges for the international trade of animals and their derivatives [3]. Although predominantly affecting 

cattle, it can spread to other species, including humans [1,4]. Over recent decades, efforts to reduce the risk of 

human infection have been undertaken, such as milk pasteurization and regular tuberculin testing of cattle, 

coupled with mandatory culling of animals displaying signs of infection [5]. The livestock sector plays a 

significant role in financing the livelihoods of farmers, consumers, traders, and workers worldwide. 

Approximately 70% of our country's population is directly or indirectly involved in agriculture and livestock 6. 

The profitability of this sector depends on several factors, including infectious diseases that result in annual 

losses mainly due to morbidity, mortality, decreased fertility, production losses, and inefficient use of animal 

feed. Among the major infectious diseases with a significant economic impact on the global and Tunisian 

agricultural industries is bovine tuberculosis 7. The annual cost of tuberculosis to the global agriculture is 

estimated at around three billion US dollars 8. At the national level, bTB remains a significant threat to public 

health and causes economic losses in the livestock sector 9. It also poses a risk to human health, as 10 to 15% 

of human tuberculosis cases worldwide are attributed to M. bovis infection 10. Understanding the genetic basis 

of disease susceptibility has become an increasingly crucial research objective. Today, technological 

advancements enable the deployment of a growing number of markers in case-control studies aiming to identify 

genetic factors influencing susceptibility or resistance to infectious diseases 11. Genome-wide association 

studies (GWAS) have identified chromosomal regions of the bovine genome associated with susceptibility to 

bovine tuberculosis, aiming to pinpoint specific candidate genes for further analysis 12-14.  Several candidate 

genes have been studied and selected in livestock based on their association with resistance or susceptibility to 

various other diseases and their known role in disease pathogenesis. Among these genes is the Natural 

Resistance-Associated Macrophage Protein 1 (NRAMP1), also known as Solute Carrier Family 11 A1 

(SLC11A1). It is an integral transmembrane protein expressed particularly on the macrophage phagosome 

15,16. The gene (SLC11A1) is located on chromosome 2 in cattle and comprises 16 introns and 15 exons. The 

role of this gene in innate immunity is crucial, as it prevents bacterial proliferation in macrophages during the 

early stages of infection 17. A previous study identified polymorphisms (SNPs) in the bovine SLC11A1 gene 

associated with susceptibility to bTB 18. A study on Taiwanese Holstein-Friesian cattle identified SNPs in 

exon 4 and intron 4 associated with increased susceptibility to bTB 19. While in a Chinese population of 

Holstein-Friesian cattle, associations with susceptibility/resistance to bTB were found with SNPs in exon 11 and 

introns 5 and 9 20. The identification of genetic polymorphism is thus a highly effective means to assess this 

diversity and study the genetic characteristics of cattle in order to select the best individuals that allow us to build 

disease-free herds.  The aim of this study is to investigate the association between polymorphisms in 

tuberculosis-related genes, specifically the SLC11A1 gene, and the resistance/susceptibility of livestock to this 

disease, as well as its prevalence in our country. Our objective is to develop a proactive approach for selecting 

breeding stock, aimed at minimizing the health and economic impact of tuberculosis in Tunisia. 
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2 Materials and methods 

 

2.1 Animals and tuberculosis diagnosis 

The experiment was conducted at the experimental farm located at the north of Tunisia (33°38′00″S 

62°25′00″W). 150 Holstein cows were included in the study, with 50 cows classified as cases, testing positive for 

bTB, and 100 cows as controls, testing negative for bTB. Herds were first examined for bTB, and study animals 

were selected at random from a list of both infected (cases) and non-infected (control) animals. Since all animals 

have the same habitat and dietary needs, it was assumed that their exposure to M. bovis in the environment was 

uniform. The study’s animals were all cows, with ages ranging from 4 to 6 years, and artificial insemination was 

used for reproduction. The animals were housed in a semi-intensive production system consisting of grass 

supplemented with a concentrated diet, and they were milked twice daily. A Tuberculin skin test was carried out 

to identify M. bovis infected and non-infected.  

2.2 Samples and DNA extraction 

 

The blood samples were collected into 5 ml vacuum tubes containing ethylenediaminetetraacetic acid (EDTA) 

anticoagulant using a single-use needle to prevent contamination. Subsequently, the samples were kept cold in an 

insulated container until transportation to the laboratory as soon as possible, where they were stored at a 

temperature of -20°C before DNA extraction. Genomic DNA was extracted using a commercial extraction kit 

(Analytik Jena) following the recommended protocol. The protocol of this kit consists of six essential steps: cell 

lysis, RNA removal, DNA binding, washing, ethanol removal, and DNA elution. DNA separation based on 

molecular weight (MW) was performed by electrophoresis on a 0.8% agarose gel 

 

2.3 molecular markers used 

Primers for the one SNPs (rs109453173) were designed using Oligoanalyser while reported primer for SLC11A1 

marker was used for amplification of the loci. The details of primers and restriction enzymes are tabulated in 

Table 1. 

2.4 DNA amplification by PCR 

The amplification of the target sequence was carried out using the polymerase chain reaction (PCR) technique, 

employing a reaction mixture containing specific primers for each gene studied.  The optimized PCR conditions 

were the followings: 10 min of initial denaturation at 95 °C, followed by 30 cycles of 30 s at 95 °C, with the 

annealing temperature at 55 °C for 30 s, and the extension for 1 min at 72 °C. A final extension step was carried 

out at 72 °C for 10 min to amplify the used primers. The reaction volume used for each 25 µl sample contained 

2.5 µl MgCl2 (25 mM), 0.2 µl dNTP (25 mM), 2.5 µl of each primer (25 pmol/µl), 0.2 µl of Taq polymerase (5 

U/µl) , 50 ng DNA and 2.5 µl of buffer (10X). Amplified products were denatured with HiDi TM formamide 

(8.3 µl). (Table 2) 

2.5 PCR-RFLP assay 

 

The amplicons were digested by PstI restriction enzymes (Table 3) using the known mutation detection 

technique, the restriction fragment length polymorphism. Point mutations within the target sequence were 

detected using the RFLP technique. The restriction enzyme PstI was utilized to hydrolyze the PCR product in a 
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reaction mixture consisting of: 2.5 µl of buffer, 0.3 µl of the enzyme, 12 µl of the amplicons (PCR products), and 

10.2 µl of dH2O. This mixture was incubated at 37°C for 12 hours. The digestion products were separated on a 

2% agarose gel, stained with Gelstain, and visualized under UV light. 

 

 

2.6  Statistical analysis 

SAS software (SAS Institute Inc. SAS® 9.4. 2014) was used to analyze the data. The chi-square test was used to 

examine the association between genetic polymorphisms and animal’s susceptibility to infection. If the 

theoretical value for a cell was <5 in the chi-square test, Fisher’s exact test was applied. The degree of 

association between polymorphisms and BTB was statistically assessed using estimated odds ratios (ORs) and 

95% confidence intervals (CIs). For every SNP, the Hardy-Weinberg equilibrium (HWE) was examined. At p < 

0.05, differences were deemed statistically significant. 

 

 

 
 

Figure 1. Electrophoresis profile on 1% agarose gel of genomic DNA samples from the analyzed individuals. 

 

 

 

Figure 2. Electrophoretic profile of the PCR reaction after migration on a 2% agarose gel. 

 

 

Figure 3. Digestion profile of the SLC11A1 gene amplification products with the PstI enzyme on a 2.5% 

agarose gel. 

 

3 Results and discussions 
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3.1 Genomic DNA extraction and evaluation of the PCR-RFLP protocol 

A 1% agarose gel analytical electrophoresis was performed for all samples. This step allowed for the evaluation 

of the quality and quantity of the extracted DNA. Under ultraviolet (UV) light visualization, the treated samples 

were found to be of good quality as the bands were clear, intense, and free of degraded DNA. Figure 1 illustrates 

the electrophoretic profile of some treated samples. When visualizing the electrophoretic profile of the amplicons 

of the gene studied in our present research under UV light, clear and intense bands are seen, demonstrating the 

proper functioning of the polymerase chain reaction (Figure 2). The successful execution of PCR primarily 

depends on the optimization of the annealing temperature and the concentration of deoxyribonucleotides 

(dNTP). 

 

3.2 Genotypic frequencies and allelic frequencies 

 

The amplified products were digested with the restriction enzyme PstI, which has a restriction site of 

5’CTGCAG3’. The presence of the restriction site indicates the presence of the mutation. In our case, the 

enzyme used for genotyping at the SNP C/G locus rs109453173 of the SLC11A1 gene allowed for the 

distinction of: 

- Wild-type homozygous genotypes: These exhibit bands of 374 bp, the same as the PCR product bands, 

indicating that these individuals with the C//C genotype do not have the mutation responsible for 

susceptibility/resistance to tuberculosis. 

- Heterozygous genotypes: These exhibit two bands of different sizes, one being the 374 bp PCR product band 

and the other being a 293 bp band, indicating that these individuals with the C//G genotype have the mutation 

responsible for susceptibility/resistance to the disease. 

For the SLC11A1 gene, we observed two alleles, C and G, with the dominance of the C allele being very 

notable, with an allele frequency of 0.85. 

Our results are in agreement with those found by 21, within an Indian herd, but they do not match those 

found by 22 in China, where the genetic polymorphism of the SLC11A1 gene showed two fragments 

containing 633 bp and 303 bp for the GG and TT genotypes; two fragments containing 709 bp and 227 bp for the 

CC and AA genotypes; four fragments containing 709 bp, 406 bp, 303 bp, and 227 bp for the CG and AT 

genotypes; and four fragments containing 709 bp, 633 bp, 303 bp, and 227 bp for the CG and AA genotypes. 

 

According to the digestion results, we obtained homozygous individuals with the C//C genotype who are 

considered healthy. This genotype indicates individuals resistant to the tuberculin reaction, which contradicts the 

findings of 23. However, our results agree with those obtained by 24, who found that the C//C genotype 

might confer significant resistance to tuberculosis and thus identify a healthy phenotype. 

Our hypotheses can be confirmed by increasing the sample size and obtaining an intradermal test confirming 

that individuals predicted to be phenotypically healthy are affected. Thus, we can consider that the C > G 

mutation plays a role in susceptibility to tuberculosis, and the heterozygous genotype marks individuals sensitive 

to the tuberculin reaction. 
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This result will contradict the one found 24, who acknowledge that the C//G genotype can also be resistant 

to tuberculosis. Therefore, significant associations between SLC11A1 polymorphisms and susceptibility to 

tuberculosis have been reported, as documented by 25. 

Indeed, in a study in humans, the G>C mutation in intron 4 of the NRAMP1 gene has been reported as a 

factor predisposing to paratuberculosis 26. However, studies in Russians have revealed that the G/C (INT4) 

polymorphism is not associated with tuberculosis 27. Therefore, not all studies support an association between 

SLC11A1 polymorphisms and susceptibility to M. bovis infection, and it is important to note that the sensitive 

phenotype is due to a nucleotide substitution resulting in an amino acid change rather than a polymorphism in 

microsatellite sequences 28.  

For the SLC11A1 gene, we observed two alleles, C and G, with the dominance of the C allele being very 

notable, with an allele frequency of 0.85. However, in India, a dominant frequency for the G allele was found by  

29. whereas in China, dominance was for the C allele, as reported by 24. From these results, we can conclude 

that there is an association between the C allele and disease resistance, which aligns with the findings of 19. 

In this regard, we can confirm the existence of a mutation in the SLC11A1 gene, which is a substitution of 

the C allele with the G allele at the rs109453173 locus, resulting in two genotypes: the first being the wild-type 

homozygous C//C and the second being the heterozygous C//G. However, this mutation may play a role in the 

association of SLC11A1 with resistance/susceptibility to the tuberculin reaction. However, these results require 

further validation through markers in a larger population, including additional confirmatory diagnostic tests. 

 

 

4 Conclusion  

For the SLC11A1 gene, two alleles, C and G, were observed, with the dominance of the C allele being very 

notable, with an allele frequency of 0.85. It can be considered that the C > G mutation plays a role in 

susceptibility to tuberculosis. 

 

Table 1. Primers for the target sequence of the SLC11A1 gene. 

 

Gene Primers PCR size 

SLC11A1 AF: 5’- ATCTCCTTCCTACTGCCCG-3’ 

AR: 5’-CACAAACTGTCCCGCGTAC-3’    

374 pb 

F : bait direction ; R : anti-sense. (Baqir et al.,2015) 

 

Table 2. PCR reaction components 

 

Components Initial concentration Vi (μl) / one sample 

Tampon (tampon) 10X  2.5  

MgCl2  50mM  1.25  

dNTP  100mM  2.5  

Primer sense 25mM  2.5  

Anti-sense primer 25mM  2.5  

Taq polymerase 5U/μl  0.25  



 

Revue Internationale de la Recherche Scientifique (Revue-IRS) - ISSN :  2958-8413 

   
 

   

http://www.revue-irs.com 2428 

 

Autoclaved water volume -  11.5  

Volume mix  -  23  

Genomic DNA -  2  

Total volume -  25  

 

 

 

Table 3. Restriction enzyme and hybridization temperature.  

 

 

Gene Restriction enzyme Digestion temperature 

SLC11A1 PstI 37°C 
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