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In Mali, Maure’s zebu breed has good dairy production abilities. Females are often used as a matrix in 
crosses in peri-urban areas with exotic breeds. Despite the enthusiasm of its productive abilities, the 
genetic diversity of this breed is not yet sufficiently assessed. In order to contribute to a better 
understanding of the genetic diversity of this breed, 82 animals were chosen from the farms of four 
districts in two regions in Mali for genetic evaluation, using Simple Sequence Repeats (SSR) markers. 
Results from the investigations identified a total of 41 alleles with an average of 3.15 alleles per locus. 
The Polymorphism Information Content (PIC) ranged from 0.293 (ILSTS011) to 0.786 (HEL5) with a mean 
of 0.528. By locus, the means of observed heterozygosity (Ho) and expected heterozygosity (He) were 
0.400±0,032 and 0.416±0,026, respectively. Likewise, by subpopulation, their values varied respectively 
from 0.379 ± 0.057 (Kayes) to 0.417 ± 0.070 (Niono) for the observed heterozygosity and from 0.360 ± 
0.068 (Baraouéli) to 0.454 ± 0.049 (Dièma) for the expected heterozygosity. The overall mean of genetic 
differentiation (Fst) was moderate, indicating 9% of the genetic deviation corresponded to differences 
between subpopulations. This study will strengthen knowledge on the genetic diversity of Maure zebus 
for the better strategy adoption for its conservation and promotion. 
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INTRODUCTION 
 
Mali has a large herd of cattle in West Africa with the 
majority concentrated in areas above 600 mm isohyet. 
Malian cattle breeds are characterized by low production 
potential (Lhoste, 1983; Nialibouly, 1999), but have on 
the other hand a great adaptability to the harsh climatic 
conditions of the Sahel and  Sudanian  zones. The  cattle 

are comprise zebus (Bos indicus) concentrated in the 
north and center of the country, taurines (Bos taurus) and 
the products of zebu-taurine from crosses found in the 
south of the country (Planchenault, 1988). Among the 
zebus, the Maure zebu occupies a place of choice among 
the population who rear it. It is  a  rather  rambling animal,  
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with strong bones (FAO, 1957; Planchenault, 1988). Its 
limbs are quite strong and well adapted to walking 
(Planchenault, 1988). The horns are thin, short in the 
male but longer in the female, they are round in section 
and greyish or brownish in color (Ministry of Livestock 
and Fisheries, 2016). The coat is generally dark red, 
(Planchenault, 1988) but sometimes it could be black and 
pie-black coats, white on the muzzle on the belly (Ministry 
of Livestock and Fishing, 2016). The height of the withers 
varies from 1.40 to 1.50 m for the male and from 1.25 to 
1.30 m for the female. The thoracic perimeter varies from 
1.60 to 1.85 m with a scapulo-ischial length varying from 
1.24 to 1.50 m (Ministry of Livestock and Fisheries, 
2016). The weight of the breed is between 250 and 400 
kg. Daily milk production varies from 2 to 3 kg reaching 8 
kg during good seasons (Nialibouly et al., 2003). Its 
natural habitat straddles the border between Mali and 
Mauritania (Ministry of Livestock and Fisheries, 2016). 
This breed is also known under the following names: 
Arab zebu, Gabarouyé zebu and Mauritanian zebu (FAO, 
1957). In peri-urban rearing, Maure females are increasingly 
used as a matrix in crosses with exotic breeds for milk 
production. Good knowledge of the genetic diversity of 
this breed will enable Malian technicians and breeders to 
better design genetic improvement and management 
programs for the Maure zebu. The objective of this study 
is to assess the genetic diversity of Maure zebu from four 
districts in two different regions of Mali. 

 
 
MATERIAL AND METHODS 
 
Ethical considerations 
 
This study titled “Genetic variability study of Maure zebu in Mali 
using Simple Sequence Repeats (SSR) markers” complies with the 
Agricultural Orientation Law, the National Policy for Development of 
Livestock, the National Priority Investment Program for the 
Agricultural Sector, the Pastoral Charter and the National Strategy 
for Conservation, Selection and Dissemination of Native Breeds. 
The study was approved by the ethics committee of the National 
Institute for Public Health Research under N° 17/2019 / CE-INRSP.  

 
 
Sampling site  
 
Sampling was carried out in the farms of the Circles of Kayes, 
Dièma (region of Kayes), Baraouéli and the station of the Regional 
Agronomic Research Center of Niono (region of Ségou). These 
sites were chosen according to their accessibility, availability of cow 
breeders and their herds. The animals were chosen according to 
the morphological criteria of the breed. A maximum of 5 individuals 
were sampled per farm. The sites constitute breeding and transit 
areas for transhumant to the country's wetlands. A sample of 82 
heads including 32 from Kayes district, 30 from Dièma district, 8 
from Baraouéli district and 12 from Niono district were selected for 
genetic diversity investigations.  

 
 
Herd management 
 
The herds were led in an  extensive  breeding  system  through  the 

 

 
 
 
exploitation of natural ranges during the twelve months of the year 
for the peasant farms of Kayes, Dièma and Baraouéli and in semi-
intensive breeding for the animals of the Regional Agronomic 
Research Center of Niono (CRRA-Niono). Some peasant herds 
received crop residues and concentrates (cereal bran) during dry 
periods in addition to grazing. The animals at the Niono CRRA 
received supplementation (food concentrates), crop residues from 
rice during the dry season. The health interventions were carried 
out by the technical breeding agents, if necessary, in the peasant 
farms. At the Niono CRRA, sanitary prophylaxis was applied to the 
herd. Mating was natural in all herds. A sire was used for 
reproduction. 
 
 
Collection of blood samples 
 
Four milliliters (4 ml) of blood were taken from the jugular vein in 
EDTA tubes, from males and females randomly selected from the 
herds. The blood samples were labeled, kept under ice, and 
transported to the Research Laboratory in Microbiology and 
Microbial Biotechnology (LaboREM-Biotech) of the Faculty of 
Sciences and Techniques (FST) of the University of Sciences, 
Techniques and Technologies of Bamako (USTTB) for molecular 
analyses.  
 
 
Extraction of genomic DNA 
 
Zebu genomic DNA samples were extracted from whole blood 
using the Promega ReliaPrepTM Blood gDNA Miniprep System 
Extraction Kit. The concentration of the DNAs extracted was 
determined using the EPPENDORF BioPhotometer® 
spectrophotometer 6131. DNAs were diluted to 20ng / µl and stored 
at 4°C for analyzes. 
 
 
DNA amplification 
 
DNA samples were amplified according to Konaté et al. (2018) with 
13 microsatellite primer pairs (Table 1). The markers were chosen 
from the panel recommended by the International Society of Animal 
Genetics (ISAG) and the Food and Agriculture Organization (FAO, 
2011) for genetic diversity analyzes. These markers have been 
used in cattle, goat and sheep characterizations (Gororo et al., 
2018; Konaté et al., 2018; Al-Atiyat, 2016; Hussain et al., 2016). 
They are co-dominant, reproducible and polymorphic (Lirón et al., 
2002; Portetelle et al., 2000) to generate vital information on the 
genetic variability of cattle.  
 
 
Electrophoresis of amplified products 
 
The gels were prepared with 0.5X TBE (Tris, Borate Acid, EDTA) 
and 30µl of 10% ethidium bromide (1mg/ml) (Konaté et al., 2018). 
The MS4 CONDA 3% agarose gel was loaded with 10 μl of each 
PCR product and migrated for 2 h 30 min at 80V. The gels were 
photographed with the Gel Documentation System E-BOX VX2 
version 15.06. 

 
 
Statistical analysis 

 
The band (alleles) sizes of each microsatellite primer were 
determined in base pair using E-Capt software version 15.06. The 
genetic diversity of each locus was assessed based on the 
following statistical parameters: number of alleles, frequency of 
alleles, number of genotypes, genetic diversity, and PIC 
(Polymorphism  Information  Content) using Power Marker software  
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Table 1. Names, sequences and repeating patterns of the microsatellite primers used 
 

SSR name  Chrs   Primers  References 

BM1824 1 
Forward GAGCAAGGTGTTTTTCCAATC 

Bishop et al., 1994 
Reverse CATTCTCCAACTGCTTCCTTG  

INRA023 3 
Forward GAGTAGAGCTACAAGATAAACTTC 

Vaiman et al., 1994 
Reverse TAACTACAGGGTGTTAGATGAACTCA  

MNB42 4 
Forward  CTTTAGCTGTTCAGCAGATGG 

Hassane, 2011 
Reverse TGATTCTCAGCTCTTTCTAGCC 

ILSTS034 5 
Forward TACTCGTAGGGCAGGCTGCCTG 

Sodhi et al., 2011 
Reverse GAGACCTCAGGGTTGGTGATCAG  

BM143 6 
Forward ACCTGGGAAGCCTCCATATC 

Vaiman et al., 1994 
Reverse CTGCAGGCAGATTCTTTATCG 

ILSTS006 7 
Forward TGTCTGTATTTCTGCTGTGG 

Armstrong et al., 2006 
Reverse ACACGGAAGCGATCTAAACG 

MM12 9 
Forward CAAGACAGGTGTTTCAATCT 

Mommens et al., 1994 
Reverse ATCGACTCTGGGGATGATGT  

ILSTS005 10 
Forward GGAAGCAATGAAATCTATAGCC 

Brzeziński and Majid, 1993. 
Reverse TGTTCTGTGAGTTTGTAAGC  

INRA37 11 
Forward GATCCTGCTTATATTTAACCAC  

Vaiman et al., 1994 
Reverse AAAATTCCATGGAGAGAGAAAC  

ILSTS011 14 
Forward GCTTGCTACATGGAAAGTGC 

Brzeziński and Majid, 1993 
Reverse CTAAAATGCAGAGCCCTACC  

TGLA 53 16 
Forward GCTTTCAGAAATAGTTTGCATTCA 

Georges and Massey, 1992 
Reverse ATCTTCACATGATATTACAGCAGA  

TGLA 122 21 
Forward CCCTCCTCCAGGTAAATC AGC 

Georges and Massey, 1992 
Reverse AATCACATGGCAAATAAGTACATAC 

HEL5 21 
Forward GCAGGATCACTTGTTAGGGA 

Kaukinen and Varvio, 1993 
Reverse AGACGTTAGTGTACATTAAC  

 

Chrs: Chromosome; SSR: Simple sequence repeat. 

 
 
 
version 3.25. The observed (Ho) and theoretical or expected (He) 
heterozygosity, the overall inbreeding coefficient (Fit), the 
inbreeding coefficient (Fis), the standardized variance (Fst) were 
calculated using the GenAIEx software version 6.5. Principal 
component analysis based on genetic distance was performed with 
the same software. 

 
 
RESULTS 
 

Molecular analysis of 82 Maure zebus blood, from four 
circles (Kayes, Dièma, Baraouéli and Niono) in Mali with 
thirteen (13) microsatellite markers, revealed a total of 41 
alleles forming 73 different genotypes (Figure 1). The 
number of alleles ranged from 2 (ILSTS006, ILSTS011 
and INRA023) to 5 (TGLA122) with an average of 3.15 
alleles per locus (Table 2). The PIC ranged from 0.293 
(ILSTS011) to 0.786 (HEL5) with a mean of 0.528. 
Majority of SSR markers exhibited a mean PIC greater 
than or equal to 0.50. The observed genetic diversity 
varied from 0.356 to 0.812 respectively for the ILSTS011 
and HEL5 loci with an average of 0.576. Values for Ho 
and He were calculated for each locus and subpopulation 

under Hardy Weinberg equilibrium. Thus, Ho varied from 
0.241 (INRA37) to 0.889 (BM143) with a mean of 
0.400±0,032. By subpopulation, it varied from 0.379 ± 
0.057 (Kayes) to 0.417 ± 0.07 (Niono) (Table 4). 
Likewise, He varied from 0.229 (ILSTS005) to 0.626 
(MM12) with a mean of 0.416±0,026 (Table 2). Its values 
per subpopulation from Baraouéli and Dièma varied 
respectively from 0.360 ± 0.068 to 0.454 ± 0.049 (Table 
4).  

The markers BM143 and INRA37 loci showed a 
significant deviation from the Hardy-Weinberg equilibrium 
in Kayes, Dièma and Niono subpopulations. The MNB42 
locus showed a significant deviation from the Hardy-
Weinberg equilibrium in Kayes, Dièma and Baraouéli 
subpopulations. The ILSTS034 locus was significant in 
Kayes and Dièma subpopulations. Significant deviation 
from the Hardy-Weinberg equilibrium was noticed with 
TGLA122 and HEL5 loci in the respective subpopulations 
of Dièma and Niono (Table 5). The subpopulations of 
Kayes, Dièma, Baraouéli and Niono presented respective 
fixation indices F = 0.033 ± 0.082, F = 0.049 ± 0.075, F = 
-0.097 ± 0.071  and  F = 0.074 ± 0.148 with an average of  
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Figure 1. Profiles of the TGLA122 (A) and MNB42 (B) SSR markers after migration on a 
3% metaphor gel. M: Size marker (in base pair), N: Negative control; Z-22 to Z-49: 
Maure zebu samples. 

 
 
 

Table 2. Number of alleles, allele frequency, genetic diversity and PIC of Maures zebus from Mali.  
 

Marker Nbre d'allèle 
Taille en pb 

Gene Diversity PIC Ho He 
Mini Max 

BM143 4 95 203 0.358 0.340 0.889 0.539 

BM1824 3 179 191 0.450 0.385 0.262 0.277 

HEL5 3 150 168 0.812 0.786 0.341 0.585 

ILSTS005 3 183 204 0.438 0.376 0.283 0.229 

ILSTS006 2 196 324 0.485 0.379 0.376 0.296 

ILSTS011 2 264 293 0.356 0.293 0.313 0.247 

ILSTS034 3 161 234 0.771 0.742 0.447 0.553 

INRA023 2 203 205 0.442 0.384 0.242 0.240 

INRA37 3 112 137 0.541 0.506 0.241 0.319 

MM12 4 112 141 0.762 0.743 0.465 0.626 

MNB42 4 68 126 0.706 0.654 0.483 0.592 

TGLA53 3 184 250 0.682 0.625 0.562 0.503 

TGLA122 5 143 174 0.682 0.657 0.295 0.399 

Mean 3,15   0.576 0.528 0.400±0.032 0.416±0.026 
 

PIC: Polymorphism Information Content, Ho = Heterozygosity observed, He = Heterozygosity expected. 

 
 
 
0.017 ± 0.049. These positive indices reflect a deficit of 
heterozygosity in the subpopulations, while the negative 
index indicates an excess of heterozygosity (Table 3). 

Wright's F-statistics Fis, Fit and Fst calculated for all 
Maure zebu populations in the study area were 0.005 ± 
0.083, 0.087 ± 0.088 and 0.090 ± 0.022, respectively 
(Table 5). The overall mean of genetic differentiation (Fst) 
was moderated indicating that 9% of the genetic 
deviation corresponded to the differences between 
populations. All of the amplified microsatellite markers 
contributed   to    genetic    differentiation    (Fst)   in  sub-

populations. However, two microsatellite markers 
INRA023 (31.3%) and TGLA122 (15.3%) showed 
significant differentiations. The mean Fis revealed a 
deficit of heterozygosity in overall population. However, 
loci BM143, ILSTS005, ILSTS006, ILSTS011, INRA023 
and TGLA53 showed excess heterozygosity with 
negative Fis values (Table 5).  

Analysis of Molecular Variance (AMOVA) revealed high 
genetic variation within individuals (97.33%). The analysis 
of the principal coordinates revealed a percentage of 
genetic  variation  of  12.76  and  24.34%  respectively for 
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Table 3. Observed, expected, non-biased heterozygosity and fixation index in the population 
of Kayes, Dièma and Baraouéli. 
 

Population Ho He F 

KAYES 0.379±0.057 0.411±0.054 0.033±0.082 

DIEMA 0.406±0.048 0.454±0.049 0.049±0.075 

BARAOUELI 0.397±0.086 0.360±0.068 -0.097±0.071 

NIONO 0.417±0.07 0.438±0.035 0.074±0.148 

Mean 0.400±0.032 0.416±0.026 0.017±0.049 
 

Ho = Heterozygosity observed, He = Heterozygosity expected, F = Fixation index. 

 
 
 

Table 4. Summary of chi-square tests for Hardy-Weinberg equilibrium by Maure zebu 
population of Mali. 
 

Locus 
Populations 

Kayes Dièma Baraouéli Niono 

BM143 * *** ns *** 

BM1824 ns ns ns ns 

HEL5 ** ns ns * 

ILSTS005 ns ns monomorphic ns 

ILSTS006 ns ns ns ns 

ILSTS011 ns ns ns ns 

ILSTS034 *** * ns ns 

INRA023 ns ns ns ns 

INRA37 ** * ns *** 

MM12 ** *** ns ns 

MNB42 *** *** * ns 

TGLA53 ns ns ns ns 

TGLA122 ns ** ns ns 
 

*: P <0.05, **: P <0.01, ***: P <0.001, ns: Négatif.   

 
 
 

Table 5. F-statistics of whole populations for each locus. 
 

Locus Fis Fit Fst 

BM143 -0,650 -0,631 0,011 

BM1824 0,054 0,065 0,012 

HEL5 0.417 0.483 0.113 

ILSTS005 -0.233 -0.139 0.076 

ILSTS006 -0.267 -0.191 0.060 

ILSTS011 -0.268 -0.186 0.065 

ILSTS034 0.192 0.268 0.094 

INRA023 -0.009 0.307 0.313 

INRA37 0.244 0.290 0.061 

MM12 0.256 0.320 0.086 

MNB42 0.184 0.278 0.114 

TGLA53 -0.116 -0.110 0.006 

TGLA122 0.260 0.373 0.153 

Mean 0.005±0.083 0.087±0.088 0.090±0.022 
 

Fis: fixation index, Fit: global differentiation, Fst: differentiation. 
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Figure 2. Principale component analysis of SSR genotypes of 82 Maure zebu.  

 
 
 
the first two principal axes with a total of 37.10% (Figure 
2). The graph generated by the first two axes, showed 
individual’s dispersion and do not form specific 
homogeneous groups. Nevertheless, a mixture of three 
subpopulations (Kayes, Dièma and Baraouéli) was 
observed. On the other hand, the subpopulation of Niono 
was different to that of Kayes, Dièma and Baraouéli.  

 
 
DISCUSSION 
 
Genetic diversity study of 82 Maure zebus revealed a 
total of 41 alleles with an average of 3.15 alleles per 
locus. The mean PIC and the mean genetic diversity 
were 0.528 and 0.576, respectively. These values show a 
strong diversity within the Maure zebus coming from the 
various localities of Mali. Study conducted by N’diaye et 
al. (2015) in Senegal on zebus from Saint-Louis and 
Kaolack revealed 81 alleles with an average of 7.364 ± 
0.544 alleles per locus and an average PIC of 0.719. 
These values are clearly higher than those obtained in 
the present study and also showed a very high genetic 
variability of Maure zebus. All the amplified loci were 
polymorphic based on the mean of the observed PICs. 
However, 53.85% of the amplified markers showed a PIC 
greater than or equal to 0.5. On the other hand, this rate 
is lower than those of N’diaye et al. (2015) on Maure 
zebus in Senegal, with an average PIC of 100%, greater 
than 0.5. 

The observed mean Ho and expected He recorded at 
the target loci were 0.400±0,032 and 0.416±0,026, 
respectively. By subpopulation, He varied from 0.360 ± 
0.068 (Baraouéli) to 0.454 ± 0.049 (Dièma) with an 
average of 0.416 ± 0.026. N’diaye et al. (2015) obtained 
an average value of 0.769 ± 0.099 on Maure zebus 
originating from two localities in Senegal. However, in 
Kayes, Dièma and Niono subpopulations, the observed 
heterozygosity was less than the expected heterozygosity 
suggesting a deficit in heterozygosity. Population from 
Baraouéli showed a great Ho than the He indicating an 
excess of heterozygosity. The high rate of  heterozygosity 

in this locality could be linked to the contact with other 
varieties of zebu, the Fulani zebu in particular. 

The mean value of the fixation index (Fis) of all the loci 
was 0.005 ± 0.083, determining a lower heterozygosity 
deficit compared to the overall population fixation index 
(Fit = 0.087 ± 0.088). The BM1824, HEL5, ILSTS034, 
INRA37, MM12, MNB42 and TGLA122 SSR markers 
contributed to this deficit, through positive Fis values. As 
for the Fst genetic differentiation, it is relatively very 
important for the INRA023 locus. In contrast, Fst displays 
low values at the BM143, BM1824, TGLA53 locus levels. 
The mean differentiation is moderate between 
subpopulations with a value of 0.090 ± 0.022 indicating 
the origin of the total genetic variation in the breed. 

Principal component analysis (PCA) revealed a mixture 
of genotypes of the Maure zebu populations of Kayes, 
Dièma and Baraouéli. Genotypes from Niono were 
separated from those of other localities. This could be 
explained by the fact that these animals were bred and 
selected for several decades for the production of milk. 
These results reflect the geographic distance between 
the different districts where the samples were collected. 
Nearby districts have animals with high genetic similarity. 
The districts of Kayes and Dièma are contiguous. On the 
other hand, the district of Niono is more than 700 km 
away from that of Dièma and Kayes. 
 
 
Conclusion 
 
The molecular characterization of Maure zebu in Kayes, 
Dièma, Baraouéli and at the station of Niono showed a 
genetic variability at the loci level. The results from zebu 
in Kayes and Dièma presented lower observed 
heterozygosity than the expected one. This supposes 
that the flock is not subject to genetic introgression from 
other breeds. In Baraouéli, the observed heterozygosity 
was higher than the expected one. This can be explained 
by a possible contact of Maure zebu with Fulani zebu. 
Baraouéli constitutes the breeding area of Fulani zebu. 
The     obtained     results     can     contribute     to    build  
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conservations and breeding program of Maure zebu in 
Dièma, Kayes and Niono.  
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