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Abstract. Sahraoui H, Madani T, Fantazi K, Chaouch Khouane A, Ameur Ameur A, Paschino P, Vacca GM, Gaouar SBS, Dettori ML. 
2020. Genetic variability in the A microsatellite at SLC11A1 gene and possible implications with innate resistance against brucellosis in 
Algerian native goats. Biodiversitas 21: 5630-5636. Goat rearing is among the major agricultural activities practiced in Algeria. 
However, brucellosis represents an important threat to the goat sector and to public health. The aim of our work was to characterize the 
genetic variability of the A microsatellite at the 3' untranslated region (3' UTR) of SLC11A1 gene in Algerian native goat breeds as it 
was associated with Brucellosis genetic resistance in goat. Genomic DNA samples of 90 goats belonging to the four Algerian native 

breeds; Mekatia (n = 32), Arbia (n = 30), Dwarf of Kabylia (n = 14) and Mozabit (n = 14) have been analyzed. Polymorphism of region 
A microsatellite was determined by capillary electrophoresis identifying 8 alleles and 20 genotypes. Genetic parameters were also 
estimated. Polymorphic information content was PIC = 0.60, the observed and the expected heterozygosity were Ho = 0.569 and He = 
0.595, respectively, and the values of FIS, FIT and FST were 0.044, 0.064, and 0.021, respectively. The A microsatellite was highly 
polymorphic and alleles associated genetic resistance against brucellosis in other breeds or species have been identified. These results 
open a promising opportunity to implement a genetic improvement program to reduce goat brucellosis spread in Algeria. 

Keywords: Brucellosis, disease innate resistance, genetic selection, polymorphism, native goat breeds, SLC11A1 gene  

INTRODUCTION 

Goat farming in Algeria is among the major practiced 

agricultural activities in harsh environments such as 

mountains, steppe, and Sahara (Belkahdem et al. 2014; 

Fantazi et al. 2017; Sahraoui et al. 2019). It is mainly 

associated with sheep and cattle and plays an important 

role for rural households in transforming pastoral resources 

into economic income and valuable nutritional sources; 

meat and milk. However, goat production is gradually 

shifting from pastoral low input systems to more economic 
systems to adapt to a new socio-economic context 

(Sahraoui et al. 2019). Goat population is estimated to 5 

million and mainly composed of varied local breeds 

adapted to their environments. The most important are: 

Dwarf of Kabylia, Arbia, Makatia, and Mozabit. We can 

also find, depending on the region, products of 

crossbreeding with Maltese, Damascus, Murciana, 

Toggenburg, Alpine, and Saanen (Belkahdem et al. 2014; 

Tefiel et al. 2018). Knowledge of genetic resources is the 

first step towards rational conservation, management, and 

genetic improvement program. 
 

Genetic resistance to intracellular pathogens was linked 

to a genomic region including the solute carrier family 11 

member A1 (SLC11A1) gene, previously indicated as 

natural resistance-associated macrophage protein 1 

(NRAMP1) (Capparelli et al. 2007), identified as a 

candidate gene. The SLC11A1 has been studied in humans, 

laboratory animals, and livestock. It is 10.5 kbp long, 

located in chromosome 2 (in cattle, sheep, and goat), and 

has 15 coding exons encoding a 571 amino acid long 

transmembrane protein (Ensembl, n.d.). The SLC11A1 
protein is involved in the transport of divalent cations 

through the phagolysosome membrane, and it is thought to 

have a role in the response to bacterial infection (Thomas 

and Joseph 2012). A polymorphic microsatellite in the 

3'UTR of the gene was associated with resistance to 

Brucella abortus in cattle (Martinez et al. 2010) and to 

Mycobacterium bovis infection in Zebu cattle 

(Kadarmideen et al. 2011). 

In goats, the SLC11A1 3'UTR includes two GTn repeats 

flanked by similar sequences, which suggests a duplication 

event. The two GTn repeats were described as region A, 

ranging between 11 and 19 repeats, and region B, ranging 
between 7 and 8 repeats (Liandris et al. 2009; Vacca et al. 
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2011). The genotype of SLC11A1 region A has been 

reported to affect milk traits in Sarda goats (Piras et al. 

2011). The GT8 allele of region B has been associated with 

Mycobacterium avium subsp. Paratuberculosis (MAP) 

resistance/sensitivity (Korou et al. 2010; Liandris et al. 

2009), and both regions A and B were associated with 

protection to Brucella melitensis infection (Iacoboni et al. 

2014). 

Brucellosis is a worldwide zoonotic infectious disease 

that has a significant economic impact in livestock farming 
and human public health. Caprine brucellosis remains a 

major problem in the Mediterranean region, the Middle 

East, Central Asia, sub-Saharan Africa, and Latin America 

(Rossetti et al. 2017). Mainly caused by Brucella 

melitensis, biovars 1 and 3 are the most frequently isolated 

in Mediterranean countries, and the main clinical 

manifestations are reproductive failure (i.e. abortion and 

birth of unthrifty offspring), orchitis, and epididymitis 

(Megid et al. 2014). In Algeria, the first description of 

brucellosis was made in 1907. Since then, it continues to 

rage in livestock farms, yearly causing heavy economic 
losses and thousands of human cases. However, since 1970 

several control programs set up by the public authorities 

have reduced the rate of infection, particularly in cattle. 

However, prevalence of small ruminant brucellosis in the 

regions with high livestock density is still high (5.2 ± 

0.8%) (Lounes et al. 2011). Investigation was undertaken 

in Ghardaia (southern Algeria) observed that 8.2% of the 

goats were contaminated (Bachir Pacha et al. 2009), which 

hinders the development of the dairy and cheese goat value 

chain (Sahraoui et al. 2019). For practical, large-scale 

detection of Brucella-infected animals is carried out by 
serological tests.  

Recommended caprine brucellosis control and 

eradication measures consist of vaccination combined with 

test-and-slaughter program (Blasco 2010). However, this 

strategy has many economic and management 

disadvantages (Iacoboni et al. 2014). A relatively new 

approach with great potential to control and eradicate 

diseases and improve health status of the herd is the 

selection of animals genetically resistant to pathogenic 

agents. This could be a promising tool to fight against 

Brucella infection (Iacoboni et al. 2014; Mapholi et al. 

2016; Periasamy et al. 2014).  

The aim of the present investigation was to characterize 
the genetic variability of the A microsatellite at 3' 

untranslated region (3'UTR) of SLC11A1 in the four 

Algerian native goat breeds for a better knowledge on their 

genetic diversity and make comparisons with other breeds 

and species concerning an eventual genetic resistance 

potential against brucellosis. 

MATERIAL AND METHODS 

Breeds, sampling strategy, and DNA extraction
 

A total of 90 unrelated animals aged up to 12 months 

were chosen among 31 private herds for the study. These 

animals belonged to the four breeds reared in Algeria: 
Dwarf of Kabylia (n = 14) from the coastline and coastal 

highlands, Arbia (n = 30) located in the steppe and northern 

Sahara (region of Tiaret, Djelfa, Biskra), Mekatia (n = 32) 

located in the region of Laghouat, and Mozabit (n = 14) 

located in the region of Ghardaia (Figure 1). 

The main characteristics of the four Algerian native 

goat breeds are represented in Table 1. 

Individual blood samples were collected from the 

jugular vein of each animal using vacutainer tubes 

containing K3EDTA.  

 
 
 
 

 
 
Figure 1. Representative distribution of the sampling sites of brucellosis in Algerian native goats. Note: 1. Bejaia, 2. Setif, 3 Tiaret, 4. 

Djelfa, 5. Biskr, 6. Laghouat, and 7. Ghardaia 
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Table 1. Sample size and main characteristics of the four Algerian native goat breeds according to Kerba (1995) 
 

Breed N 

Height (cm) Weight (kg) Major purposes 
Hair 

length 
Hair colors Ears 

Buck Goat Buck Goat 
Milk 

(liters) 

Meat 

quality 

Mekatia 32 72 63 60 40 1 to 2 Medium Short Grey, Brown Long, Pending 

Arbia 30 70 67 60 32 0.5 to 1 Medium Long 
Black, Grey, 
Brown
 

Long,Large, 
Pending
 

Dwarf of 
Kabylia 

14 68 55 60 47 0.5 to 1 Appreciated Long 
Black, White, 
Brown
 

Long 

Mozabit 14 68 65 50 35 2 to 2.5 Medium Short Buff, Brown, Black Long, Falling 

 
 
 

DNA isolation and genotyping 

Genomic DNA was extracted from blood leukocytes 

using the standard protocol of NaCl method (Miller et al. 

1988). This step was conducted in the laboratory of 

Physiopathology and Biochemistry of Nutrition (University 

of Tlemcen). Quantification and qualification of DNA were 

performed using NanoDrop 2000 (Thermo Scientific, 

USA). DNA was then stored at-20 °C till further processing.  

The SLC11A1 region A was PCR amplified using 
primers Fw1 5'-GTCTGGACCTGTCTCATCACC-3' and 

Rv1: 5'-ACTCCCTCTCCATCTTGCTG-3' (16) producing 

an amplicon of about 233 bp. Primer Fw1 was 5' labeled 

with the fluorescent dye 6-FAM (6-carboxyfluorescein). 

PCR was carried out in a total reaction volume of 25 µl 

containing 1× PCR buffer, 1.5 mM MgCl2, 200 µM 

dNTPs, 0.2 µM of each primer and 0.5 U of Taq DNA 

polymerase (Invitrogen™ Platinum™ Taq DNA 

Polymerase). Amplification reactions were performed with 

an initial denaturation step of 6 min at 94 °C, followed by 

35 cycles of 1 min at 94 °C, 45 s at 63 °C and 1 min at 72 
°C, with a final extension step of 15 min at 72 °C. PCR 

products were evaluated in a 1.5% agarose gel 

electrophoresis and stained with SYBR® Green. Capillary 

electrophoresis was used for the separation of the PCR 

fragments labeled with fluorescent dye using ABI Prism 

3730 DNA analyzer (Applied Biosystems), and two 

fragments of known length, obtained after cloning and 

sequencing (from (Vacca et al. 2011)), were used as an 

internal standard. Allele identification was performed using 

the Peak Scanner v.1.0 software.  

Statistical analysis 

Number of alleles per locus (Na), mean number of 

alleles (MNa), effective number of alleles (Ne), observed 

heterozygosity (Ho), expected heterozygosity (He), average 

heterozygosity (H), Hardy-Weinberg equilibrium and 

Wright’s F statistics (FIT, FIS, FST), Nei gene diversity (Ht) 

and number of migrants per generation (Nm) were 

calculated using GenAlEx (Peakall and Smouse 2012) 

while polymorphic information content (PIC) was 

calculated using Power Marker (V3.25). 

XLSTAT software (V2014.5) has been used to 

calculate alleles' frequencies in the four studied breeds. 
Afterward, comparisons of allele and genotype frequencies 

with other studies have been performed to evaluate the 

possible genetic resistance of Algerian native goat breeds 

to brucellosis. 

RESULTS AND DISCUSSION 

Genetic parameters 

A total of 8 alleles were detected in SLC11A1 region A 

GTn repeat in the goat population investigated. The 

effective number of alleles was Ne = 2.655. The 

microsatellite was highly informative with a mean PIC = 

0.60, however, it ranged from 0.45 for Dk to 0.63 for Me. 
The observed, expected and unbiased heterozygosity were 

0.569, 0.595, and 0.611 respectively. The values of FIS, FIT, 

and FST for the overall population were 0.044, 0.064, and 

0.021 respectively. The value of Nei gene diversity (Ht) 

was determined as 0.608. The studied goat breeds showed a 

significant deviation from the Hardy-Weinberg equilibrium 

(HWE) for the microsatellite studied. The calculated gene 

flow (Nm) value in the present study was considerably high 

(11.743) (Table 2). 

 
 
Table 2. Genetic polymorphism parameters of the SLC11A1 region A microsatellite in the Algerian native goat breeds 

 

Breed population  N Na Ne Ng PIC FIS FIT FST Ho He HWE Ht Nm 

Overall population 90 8 2.655 20 0.60 0.044 0.064 0.021 0.569 0.595 * 0.608 11.743 

Mekatia 32 7 2.934 12 0.63 0.099   0.594 0.659 *   

Arbia 30 7 2.663 11 0.59 0.253   0.467 0.624 *   

Dwarf of Kabylia 14 7 1.894 7 0.45 -0.211   0.571 0.472 ns   

Mozabit 14 6 2.667 6 0.59 -0.029   0.643 0.625 ns   

Number of goats studied (N), Number of alleles (Na), effective number of alleles (Ne), Number of genotypes (Ng), Polymorphic 
information content (PIC), Wright’s F statistics (FIT, FIS, FST), observed heterozygosity (Ho), expected heterozygosity (He), Average 
heterozygosity (H), Hardy-Weinberg equilibrium, Nei gene diversity (Ht), Number of migrants per generation (Nm), Mekatia (Me), 
Arbia (Ar), Dwarf of Kabylia (Dk), Mozabit (Mo) 
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FIS and FIT are a measure of the deviation of genotype 

frequencies from panmictic frequencies in terms of 

heterozygous deficiency or excess. Positive values indicate 

a deficiency of heterozygotes compared with the HWE 

expectation, while negative ones indicate an excess 

(Peakall and Smouse 2012). The heterozygote excess was 

observed in two populations (Dk and Mo) which have 

negative values. Obtained FIT value was close to 0 which 

means a high presence of heterozygous in the whole 

studied population. The FST value in our study, estimated at 

0.021, maybe considered as low. Indeed, a value of 0 
indicates no differentiation, while 1.0 indicates complete 

isolation. However, values comprised between 0.05 and 0.3 

are typical for differentiation of livestock breeds (Lenstra et 

al. 2012). The values of heterozygosity, PIC, and number 

of alleles per locus supported high genetic variability of the 

SLC11A1 region A in Algerian native goat population. 

Genetic parameters such as PIC, Ho, and He in our study 

were higher than those in European and Chinese goat 

breeds (Ni et al. 2019; Vacca et al. 2011) or in cattle 

(Hasenauer et al. 2013), which is interesting for the 

preservation of the genetic diversity. Mekatia (Me) and 
Mozabit (Mo) breeds had the highest values in terms of 

heterozygosity. Observed (Ho) and expected (He) 

heterozygosity values according to breeds were higher than 

those reported for some European goat breeds (Vacca et al. 

2011). These results showed that this microsatellite used in 

Algerian goat breeds provide a high level of relevant 

information. 

Allele and genotype frequencies 

The number of GT repeats found in region A ranged 

from 10 to 18 for the eight identified alleles (GT12 was not 

revealed) with amplicon size range of 221 to 237 bp. The 

231 bp allele (GT15) was the most abundant in the 

Algerian native goat population (58.3%) while the 234 bp 

allele (GT18) was less abundant (0.6%). Comparison 

among Algerian breeds showed that the Dwarf of Kabylia 

was different from the other breeds as it was characterized 

by the absence of the allele GT16, the presence of the 

GT18, and the highest frequency of the GT15 (71.4%) 

(Figure 2).
 

Korou et al. (2010) detected six alleles (GT13 to GT18) 

at SLC11A1 region A in Greek goats. In Sarda goat, Vacca 

et al. (2011) identified 8 alleles (GT11 to GT19 except for 
GT13), while Abraham et al. (2017) identified 8 alleles 

(GT10 to GT19 except for GT11 and GT13) in Kerala goat 

(India). Figure 3 shows that the allele GT10 detected in 

Algerian goat breeds was not detected in the other 

Mediterranean breeds (Vacca et al. 2011) but it was 

detected only in the Malabari breed in Kerala (Abraham et 

al. 2017) which is supposed to be a result of mixture 

between native breed and Arab breed (Jimcy et al. 2011), 

while the Algerian goats are similar to the Nubio-Syrian or 

Kurdish types (Ouchene-Khelifi et al. 2018). The GT12 

allele was absent in Algerian as well as in Greek goats, 
while the GT13 allele was detected in these breeds, and 

was not detected in the other European breeds (Korou et al. 

2010; Vacca et al. 2011). The GT18 was rare to absent in 

Algerian breeds as well as in the others. 

The most frequent allele in the Algerian goats was 

GT15 (58.3%), which was reported to have high 

frequencies also in Greek breeds (34% to 39%) (Korou et 

al, 2010; Taka et al, 2013). In the other Euro-

Mediterranean breeds, it represents only 2.8, 3.9, 5.5, 1, 

and 5% in Sarda, Maltese, Sannen, Alpine, and Nubian, 

respectively, while it was absent in the Murciano-

Granadina (Vacca et al. 2011).  

 
 

 

 
 
Figure 2. Allele frequencies by population at SLC11A1 region A microsatellite in the four Algerian native goat breeds. Note: Me: 
Mekatia, Ar: Arbia, Dk: Dwarf of Kabylia, Mo: Mozabit 
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Figure 3. Comparison of allele frequencies of SLC11A1 region A microsatellite between Algerian and other goat breeds (16,18,19,40). 
Note: Me: Mekatia, Ar: Arbia, Dk: Dwarf of Kabylia, Mo: Mozabit 
 

 
 
 

The GT15 represents respectively 5 and 12% in the 

Indian and in the Argentinian goat breeds (Abraham et al. 

2017; Iacoboni et al. 2014). The GT16 allele displayed low 

frequencies in the analyzed population, while in the Indian 

breeds (Kerala) and Euro-Mediterranean breeds, it was the 
most frequent with values of 66% and 68.7%, respectively 

(Abraham et al. 2017; Vacca et al. 2011). The GT16 is less 

represented in the Greek goat with only 39% of frequency 

(Korou et al. 2010), and in the Argentinian Creole 

crossbreed goats with 40% (Iacoboni et al, 2014). The 

GT16 represents only 2.8% in the Algerian goat with a 

maximum rate in Mekatia breed (4.7%), but it was 

completely absent in Dwarf of Kabylia breed. 

A total of 20 genotypes were observed. The genotype 

GT15/GT15 was the most frequent in Arbia, Dwarf of 

Kabylia and Mekatia breeds with 0.433, 0.429 and 0.375, 
respectively. While in Mozabit breed, it was represented by 

the same frequency as the genotype GT14/GT15 with a 

value of 0.286. The most frequent genotypes in the whole 

population were GT15/GT15, GT15/GT17 and 

GT14/GT15 with 0.389, 0.144 and 0.078, respectively 

(Figure 4). 

In our study of region A at the 3'UTR of SLC11A1, 8 

alleles constituting 20 genotypes have been identified. In 

the Argentinian goat, 21 genotypes constituted by only 6 

alleles have been identified (Iacoboni et al. 2014) while the 

Euro-Mediterranean breeds present 26 genotypes formed 

from 9 alleles spread on 7 breeds (Korou et al. 2010; Vacca 

et al. 2011). 

Implications with innate resistance against brucellosis  

The number of GT repeats found in SLC11A1 region A 

ranged from 10 to 18 for the eight identified alleles 
constituting 20 polymorphic patterns. The most abundant 

allele in Algerian native goat populations was GT15 with 

the highest proportion in Dk breed, while the most 

abundant genotype was GT15/GT15. In the Argentinian 

goat, the association analysis between serological results 

and polymorphisms in region A indicated a significant 

association of the allele GT15 with absence of Brucella-

specific antibodies (Iacoboni et al. 2014). However, the 

study of region A in native Greek goats and the association 

of its polymorphism with innate resistance to 

paratuberculosis showed that none of the alleles identified 
were associated with resistance (Korou et al. 2010). The 

GT13 allele is less represented in the Algerian goat 

population as it represents only 4.4%. This allele is absent 

in the Euro-Mediterranean breeds (Vacca et al. 2011) 

except in the Greek one representing 8%. In cattle, the 

GT13 is the most frequent allele and represents in some 

breeds 100% of the population (Pazzola et al. 2009) and 

has been associated with resistance to brucellosis, while 

GT14 and GT15 have been associated with susceptibility 

(Barthel et al. 2001). 
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Figure 4. Genotype frequencies by population at SLC11A1 region A microsatellite in the four Algerian native goat breeds 
 
 
 

In conclusion, w studied the genetic variability of the 

microsatellite located in region A at the 3'UTR of the 

SLC11A1 gene in the four Algerian native goat breeds. It 

was highly polymorphic and alleles associated with genetic 

resistance against brucellosis in other breeds or species 

have been highlighted. The high polymorphism at region A 
indicates an opportunity to develop association studies 

between the alleles observed and the natural resistance 

against brucellosis, or other infectious diseases. Also, the 

high level of genetic variability is a promising opportunity 

to develop a genetic improvement program to use in 

addition to other classical brucellosis control and 

eradication measures. On the other hand, it would be 

interesting to study the genetic structure of the 3'UTR end 

of the SLC11A1 gene in the foreign populations present in 

the country, since these breeds, in addition, to be 

increasingly reared by Algerian breeders mainly for milk 
production, are affecting the native populations through 

uncontrolled crossbreeding. 
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