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The indigenous Tswana pig is currently listed as an endangered animal genetic resource and if not 
conserved, might go extinct. The objective of this study was to assess the genetic diversity (genetic 
characterization) of the indigenous Tswana pig population. Blood samples were collected from 30 
randomly selected Tswana pigs in Kgatleng and South-East districts of Botswana for the assessment of 
genetic diversity using a panel of 12 FAO-recommended microsatellite markers. All the microsatellite 
markers screened in indigenous Tswana pigs were polymorphic and the number of observed alleles per 
marker varied between 3 (SW2406) and 9 (SW225) with mean number of alleles per marker of 6.33. The 
observed heterozygosity ranged from 0.16 (SW2405) to 0.875 (SW2465) with average observed 
heterozygosity across all 12 loci of 0.647. The expected heterozygosity was lower than the observed 
heterozygosity and ranged between 0.143 (SW2405) and 0.776 (SO385) with mean expected 
heterozygosity across all loci of 0.603. The allelic diversity and levels of heterozygosity indicate high 
levels of genetic diversity in Tswana pig population. The within-locus inbreeding coefficient (Fis) ranged 
between -0.321(S0120) and 0.234 (SW35) with inbreeding coefficient of the entire population of -0.012 
indicating that the Tswana pig population is relatively outbred. 
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INTRODUCTION 
 
Indigenous pigs are kept by the rural populace under the 
low-output free range production system. Indigenous 
Tswana pigs are mostly owned by women, usually 
survive in harsh, low input environments and strive under 
high disease, parasite prevalence and nutrients 
shortages (Chabo et al., 2000). During the 1980’s, 
indigenous Tswana pigs were found in South East, 
Kgatleng and Kweneng districts of Botswana while 
nowadays they are fairly well distributed in the south east 

district of the country in and around Ramotswa village 
(Nsoso et al., 2006). The farmers who keep indigenous 
pigs in Botswana have a tendency to keep low numbers 
to match herd size with available feed resources. Notable 
attributes of indigenous Tswana pigs include disease 
resistance, high fertility, parasite and heat tolerance, low 
protein requirements, ability to utilize course fibrous 
rations and strong feet which make them suitable for free 
range  low-intensity   management  systems affordable to
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Figure 1. Indigenous Tswana pigs at Department of Agricultural Research, Sebele. 

 
 
 
the rural poor (Gandin and Oldenbroek, 1999; Lekule and 
Kyvsgaard, 2003).  

The indigenous Tswana pigs are usually black or black 
with white stripes (Figure 1) and have a body of medium 
stature (Nsoso et al., 2006). Indigenous Tswana pigs are 
however shunned away from commercial production 
systems due to their inferior growth and reproductive 
performance and carcass traits relative to exotic breeds 
(Moreki and Montsho, 2012). Resource-poor farmers in 
rural areas also view genetic improvement of indigenous 
Tswana pigs as synonymous to crossbreeding, grading 
up and possible breed replacement with exotic breeds 
(Nsoso et al., 2004). 

Extensive system coupled with undeveloped markets 
for indigenous Tswana pigs and lack of a clear policy on 
the conservation of indigenous animal genetic resources 
in the country is leading to the disappearance of 
indigenous Tswana pigs. This poses a risk of worsening 
poverty levels for most of the rural women populace who 
own most of the indigenous Tswana pigs since the fast-
growing exotic pigs require high levels of inputs and 
management unaffordable to the resource-poor and 
highly marginalized farmers. The population of 
indigenous Tswana pigs has declined drastically in the 
last three decades and the indigenous Tswana pig is 
currently listed as an endangered animal genetic 
resource (Podisi, 2001). Rege and Lipner  (1992)  argued 

that some indigenous animal genetic resources of Africa 
are endangered and may even be lost before they are 
described and documented, and the indigenous Tswana 
pig is one classic example. Research to evaluate the 
indigenous Tswana pig has been sporadic and 
inadequate; consequently, the indigenous Tswana pig 
has not been sufficiently characterized. Information on 
phenotypic characteristics and production performance of 
Tswana pigs is still very scarce and there has been no 
attempt till date aimed at their genetic characterization. 
Genetic characterization of Tswana pigs by microsatellite 
markers is important to assess the degree of genetic 
diversity in the remaining population, the extent of 
inbreeding and will inform future conservation and 
management practices. The objective of this study was 
therefore to assess the genetic diversity of the indigenous 
Tswana pig population using microsatellite markers. 
 
 
MATERIALS AND METHODS 

 
Population sampling 

 
Blood samples were collected from 30 unrelated Tswana pigs in the 
Southern half of the country in Kgatleng and South-East districts 
following the guidelines of Measurement of Domestic Animal 
Diversity FAO (2011) programme. Blood samples were collected 
from the  ear  vein  of  the  animals  in  vacutainer  tubes  containing
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Table 1. Locations where indigenous Tswana pigs were sampled and number of 
samples per location. 
 

Sampling location District No. of samples per location 

Ditshweneng lands Kgatleng 3 

Lesetlhane lands South East 3 

Metsimaswaane lands South East 3 

Mmopane Kweneng 3 

Mogobane South East 4 

Ramotswa South East 6 

Sebele (DAR) Gaborone 2 

Segakwaneng lands Kgatleng 3 

Taung South East 3 

Total   30 

 
 
 
EDTA as the anticoagulant. Blood samples were then transported 
to the laboratory at 0-4°C (under ice cubes) and stored overnight at 
-20°C prior to DNA extraction. Information on sampling locations 
and number of samples per sampling location is given in Table 1. 
 
 
DNA extraction 
 
Genomic DNA was isolated from whole blood using Zymo Quick-
gDNA miniPrep kit following the manufacturer’s protocol. Briefly, 
400 µl of Genomic Lysis Buffer was added to 100 µl of whole blood 
and completely mixed by vortexing for 4-6 s. The mixture was 
allowed to stand for 5-10 min at room temperature, transferred to a 
Zymo-SpinTM Column in Collection Tube and centrifuged at 10,000 
×g for a minute. The collection tube with the flow through was 
discarded and the Zymo-SpinTM Column transferred into a new 
collection tube. 200 µl of DNA Pre-Wash Buffer was added to the 
spin column and centrifuged at 10,000 ×g for a minute. 500 µl of g-
DNA Wash Buffer was added to the spin column and centrifuged at 
10,000 ×g for a minute. The spin column was then transferred to 
clean micro centrifuge tube and 60 µl of DNA Elution Buffer was 
added and incubated 2-5 min at room temperature. The spin 
column was then centrifuged at top speed for 30 s to elude the 
gDNA. The concentration of eluded gDNA was measured using a 
spectrophotometer (Nanodrop, 2000) and the purity of the gDNA 
was verified by the 260/280 absorbance ratio (Thermo Fisher 
Scientific Inc., Waltham, MA, USA). 
 
 
Microsatellite markers amplification and analysis 
 
A panel of 12 microsatellites recommended by Food Agriculture 
Organisation (FAO)/ISAG-FAO Advisory Group on Animal Genetic 
Diversity FAO (1995) were used for genetic characterization of 
Tswana pigs. The markers used in the study (with chromosome 
position) were: SW2456 (X/Y), S0165 (3), SW225 (13), SW2008 
(11), SW35 (4), SW2406 (6), S0385 (11), S0120 (18), S0073 (4), 
SW2443 (2), SW949 (X/Y), and SW2410 (17). Selective 
amplification of different microsatellites was achieved by 
polymerase chain reaction using the thermocycler GeneAmp PCR 
system 9700 (Applied Bio systems, Forster City CA, USA) and PCR 
reagents synthesized by Fermentas Life Sciences Opelstrasse, 
Germany. Each 25 µl PCR reaction comprised approximately 100 
ng gDNA, primers (60 ng each), dNTPs (40 mm each), 10X 
ammonia-based PCR buffer (2.5 µL), 1.5 mm MgCl2, 1 unit of Taq 
DNA polymerase and PCR grade deionized water. The PCR 
reaction was accomplished by initial denaturation for 5 min at 94°C, 

followed by 33 cycles of denaturation at 94°C for 30 s, primer 
annealing for 45 s at the desired temperature and DNA replication 
at 72°C for 1 min. The final extension step was run at 72°C for 10 
min. The resulting PCR products were denatured at 98ºC for 3 min 
and rapidly cooled by placing on ice. The PCR products were 
separated by capillary electrophoresis on ABI Prism 310 Genetic 
Analyzer (Applied Biosystems, Foster city, CA, USA) according to 
the manufacturers recommendations and allele sizing was 
achieved by using the internal size standard of Genescan-500 LIZ 
(Applied Biosystems, Foster city, CA, USA). Data on allele sizes 
was done using Genescan Analysis software v.3.1.2 and the 
identification of different alleles for each marker was performed by 
Genotyper 2.5 software. 
 
 
Statistical analysis 
 
The within breed genetic diversity parameters for Tswana pigs 
which included observed heterozygosity (Ho), expected 
heterozygosity (He), polymorphism information content (PIC) and 
mean number of alleles (MNA) were calculated using Microsatellite 
Toolkit software (Kim et al., 2005). The inbreeding coefficient (Fis) 
for each locus was computed using the program FSTAT (Goudet, 
2001). The probability test approach (Gou and Thompson, 1992) 
implemented in the GENEPOP software (Gou and Thompson, 
1992) was used to test each locus for Hardy-Weinberg equilibrium. 

 
 
RESULTS AND DISCUSSION 
 
All the microsatellite markers screened in indigenous 
Tswana pigs were polymorphic (Table 2). A total of 76 
alleles were detected in 12 microsatellite markers 
screened and the allele size range varied from 83-107 bp 
at locus S0073 to 220-234 bp at marker locus SW2406. 
The number of observed alleles per marker varied 
between 3 (SW2406) and 9 (SW225) with mean number 
of alleles per marker of 6.33 (Table 2). The range of 
observed number of alleles per marker and mean number 
of alleles per marker observed in this study are 
comparable to 3.38-8.71 and 6.25, respectively, found in 
local Criollo pig breeds from the Americas (Revidatti et 
al., 2014) but lower than the range of 5-12 alleles per 
marker and mean number of alleles  per  marker  of  7.04
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Table 2. Observed and effective number of alleles found in Tswana Pigs. 
 

Marker Allele Na Ne 

SW2456 205, 207, 191, 209, 211, 189, 6 3.56 

S0165 140, 142, 156,159, 137,136, 134,135, 8 5.01 

SW225 106, 108, 94, 96, 118, 112, 116, 110, 114, 9 4.35 

SW2008 94, 98,96,90,88, 92, 6 3.13 

SW35  133, 127, 132, 135, 100, 5 3.58 

SW2406 220, 234, 222, 3 1.11 

S0385 173, 179, 273, 171, 177, 175, 151, 7 4.53 

S0120  169, 171, 151, 153, 163, 165, 6 2.18 

S0073 91, 107, 113, 85, 83, 105, 90, 101, 8 3.99 

SW2443 209, 211, 213, 203, 207, 201, 6 3.93 

SW949 182, 184, 202, 204, 172, 188, 6 2.50 

SW2410 107, 121, 118, 105, 117, 123, 6 1.88 

  Means 6.33±1.56 3.31±1.18 
 

Na=Observed number of alleles; Ne=effective number of alleles. 

 
 
 
reported in indigenous Andaman Desi pig of India (De et 
al., 2013) and mean number of alleles per marker of 8.45 
found in indigenous pigs of Mozambique (Swart et al., 
2010). The range of observed number of alleles per 
marker found in this study is however, higher than the 
range of 3.98- 5.54 reported by Swart et al. (2010) in 
commercial pig breeds of South Africa (Landrace, large 
white and Duroc). 

The mean number of alleles per marker of 6.33 found 
in this study is comparable to 6.18 found in indigenous 
South African Kolbroek breed (Swart et al., 2010) but 
higher than 5.72 found in Uruguayan Pampa Rocha pigs 
(Montenegro et al., 2015), 3.93 and 5.97 in Namibia and 
Kune-kune breeds (Swart et al., 2010). Effective number 
of alleles in Tswana pigs ranged between 1.11 (SW2406) 
and 5.01 (S0165) with mean effective number of alleles 
per marker of 3.31±1.18. Revidatti et al. (2014) reported a 
lower mean effective number of alleles per marker of 
3.33±1.56 in Criolli pig breeds of the Americas which is 
comparable with the present study. The mean effective 
number of alleles per marker in Tswana pigs is however 
lower than the mean effective number of alleles per 
marker of 5.09±0.20 found in Andaman Desi pigs of India. 
According to Pandey et al. (2006), FAO specified a 
minimum of four alleles per marker for effective screening 
of genetic differences between breeds and all the 
markers used in this study with the exception of SW2406 
exhibited sufficient polymorphism for evaluation of 
genetic variation within breed and genetic differences 
between breeds. 

Apart from the number of alleles per locus and mean 
number of alleles for all loci, other measures of genetic 
diversity include observed heterozygosity, expected 
heterozygosity and polymorphic information content (PIC) 
and those are depicted in Table 3. 

The  observed   heterozygosity   for  individual  markers 

ranged from 0.16 (SW2405) to 0.875 (SW2465) with 
average observed heterozygosity across all 12 loci of 
0.647. The expected heterozygosity was lower than the 
observed heterozygosity and ranged from 0.143 
(SW2405) to 0.776 (S0385) with mean expected 
heterozygosity across all loci of 0.603. For markers to be 
useful in measuring genetic variation they should have 
average heterozygosity between 0.3 and 0.8 (Takezaki 
and Nei, 1996) and therefore all the markers used in this 
study with the exception of SW2405 were appropriate for 
measuring genetic variation in Tswana pigs. According to 
Nei and Kumar (2000), observed heterozygosity and 
expected heterozygosity are highly correlated but 
expected heterozygosity also known as Hardy-Weinberg 
heterozygosity is considered a better estimator of the 
genetic variability present in a population. 

More heterozygous loci than expected in Tswana pigs 
is consistent with Setyawan et al. (2015) who observed a 
similar pattern in most Indonesian Native cattle breeds. 
Unlike in Tswana pigs, most pig genetic characterization 
studies report heterozygote deficiencies than 
heterozygote excesses (De et al., 2013) due to 
inbreeding resulting from limited population sizes and 
selective breeding in pig improvement programs. The 
average expected heterozygosity of 0.603 and observed 
heterozygosity of 0.647 indicate high level of genetic 
variability or genetic diversity in Tswana pigs since it is 
interpreted as such when the heterozygosity values 
exceed 0.5 (Melendez et al., 2014). High degrees of 
genetic diversity have also been reported in indigenous 
pigs of Cerete-Colombia, Andaman Desi pig, Criollo pig 
breeds from the Americas, Uruguayan Pampa Rocha 
pigs and Chinese village pigs with expected 
heterozygosity values of 0.527, 0.77, 0.622, 0.603 and 
0.826, respectively (Melendez et al., 2014; De et al., 
2013; Revidatti  et  al.,  2014;  Montenegro  et  al.,  2015;
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Table 3. Measures of genetic diversity in Tswana pigs. 
 

Locus  Ho He PIC HWE p-value Fis 

SW2465 0.875 0.679 0.47 0.648 -0.242 

S0165 0.586 0.637 0.422 0.591 0.240 

SW225 0.819 0.693 0.499 0.791 -0.075 

SW2008 0.71 0.724 0.524 0.729 -0.029 

SW35 0.556 0.578 0.424 0.730 0.234 

SW2405 0.16 0.143 0.094 1.00 -0.044 

S0385 0.736 0.776 0.569 0.548 -0.008 

S0120 0.694 0.542 0.39 0.914 -0.321 

S0073 0.622 0.704 0.517 0.698 0.218 

SW2443 0.823 0.723 0.525 0.776 -0.102 

SW949 0.743 0.551 0.378 1.00 -0.251 

SW2410 0.403 0.485 0.321 0.889 0.238 

Mean  0.647 0.603 0.428 0.776 -0.012 

 
 
 
Fang et al., 2009). The expected heterozygosity value of 
0.603 found in Tswana pigs is comparable to those found 
in other Southern African pig breeds such as 
Mozambique indigenous pig, South African Kolbroek and 
South African Kune-Kune with Hardy-Weinberg 
heterozygosity values of 0.692, 0.634 and 0.675, 
respectively (Swart et al., 2010). Compared to 
commercial pig breeds, the average expected 
heterozygosity of the indigenous Tswana (0.603) is 
similar to 0.60 of the large white (Oh et al., 2014) but 
slightly higher than 0.580 and 0.531 of the South African 
Landrace and Duroc breeds, respectively (Swart et al., 
2010). The high level of genetic variation or diversity in 
Tswana pigs might be attributed to lack of selective 
breeding or improvement programs targeted towards the 
breed and possible existence of population substructure 
(Genetic uniqueness in terms of alleles of Tswana pigs 
coming from different villages). 

The polymorphic information content (PIC) values of 
the 12 markers employed in the characterization of 
Tswana pigs ranged from 0.094 for SW2405 to 0.569 for 
S0385 with average PIC value of all the markers of 0.428 
(Table 3). According to Montenegro et al. (2015), markers 
with PIC values greater than 0.5 are highly informative, 
those with PIC values between 0.25 and 0.5 are 
moderately informative and those with PIC values less 
than 0.25 are uninformative. Following the same 
classification criterion, four markers (SW2008, S0385, 
S0073 and SW2443) were highly informative, seven 
(SW2465, S0165, SW225, SW35, S0120, SW949 and 
SW2410) were moderately informative and one 
(SW2405) was uninformative in Tswana pigs. Moderately 
informative and highly informative markers are more 
variable and therefore more suitable for genetic diversity 
studies in indigenous Tswana pigs. 

All the 12 microsatellite markers used in the current 
study were in Hardy-Weinberg Equilibrium clearly 
indicating the high genetic stability of indigenous  Tswana 

pigs kept by farmers under extensive management 
system. The high genetic stability of indigenous Tswana 
pigs confirm that Tswana pigs are mostly random mating 
under free running management system practised by 
majority of farmers, is not undergoing any artificial 
selection (no improvement program for indigenous 
Tswana pig), the effects of random genetic drift common 
in small populations like that of Tswana pigs are 
negligible and Tswana pigs are not subjected to other 
evolutionary forces such as mutation and migration 
capable of altering gene, genotype frequencies and 
causing significant departures form Hardy-Weinberg 
equilibrium. 

The within-locus inbreeding coefficient (Fis) ranged 
between -0.321(S0120) and 0.234 (SW35) with 
multilocus inbreeding coefficient of the entire population 
of -0.012. The negative inbreeding coefficient of Tswana 
pigs might be due to avoidance of mating among closely 
related animals (Hui-Fang et al., 2010) which resulted in 
significant excess of heterozygotes in the population. All 
the markers with the exception of SW35 and S0073 
contributed to the negative inbreeding coefficient of the 
Tswana pigs. Markers SW35 and S0073 exhibited 
significant deficit of heterozygotes probably due to 
genetic drift or linkage disequilibrium of the marker with 
loci under either natural or artificial selection (Ibeagha 
and Erhardt, 2005). 
 
 
Conclusions 
 
Moderate levels of genetic diversity and no inbreeding 
exist within the Tswana pig population in Southern 
Botswana. This genetic diversity in the Tswana pigs 
showed that there is random mating and the animals are 
not undergoing any form of artificial selection. If 
deliberate efforts towards conservation are not put in 
place, this valuable genetic  resource  with  its  hardiness, 



 
 
 
 
disease resistance and heat tolerance genes might 
become extinct within the next decades, even before it 
has been fully characterized. The conservation of 
indigenous Tswana pigs should be given high priority 
because it contains valuable genes (disease resistance 
and heat tolerance genes) for future breed developments 
and genetic engineering applications to counter the 
effects of global warming or climate change on pig 
production and productivity. 
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