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Abstract 
 

Indigenous pigs in Nigeria are hardy and resistant to local harsh environmental conditions. This study 

investigated the genetic diversity and phylogeny of Nigerian indigenous pig (NIP) from three locations 

in Southwestern Nigeria including Ilaramokin (n = 13), Igangan (n = 5), and Igbara-Odo (n = 7) 

using eight microsatellite markers. The overall mean of number of alleles (Na) was 2.63±0.27 with 

effective number of allele (Ne) mean of 1.94±0.17. The SW 122 marker had the highest Na of 

4.67±0.67 with Ne of 3.24±0.67; 0.70±0.05 and 0.67±0.06 for Ho (observed heterozygosity) and He 

(Expected Heterozygosity) respectively. The mean estimate 2.30±0.60 of Nm (gene flow) showed low 

gene flow between the three populations. The overall mean of F statistics parameters of genetic 

differentiation estimated were 0.06±0.07, 0.11±0.60 and 0.17±0.06 for FIS (within population 

inbreeding estimate,), FST (estimate of population differentiation) and FIT (overall global 

heterozygote deficit across population) respectively. The principal coordinate plot showed separate 

clustering of the three NIP populations. The phylogenetic tree showed common ancestry and 

separation due to geographic locations for the three NIP populations. Genetic distance showed closer 

relationship between the Ilaramokin and Igbara-Odo NIPs. These results will be useful in genetic 

improvement of the remaining pure NIP populations.  
 

Keywords: Nigerian indigenous pigs; microsatellite markers; heterozygosity; genetic 
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Description of problems 

 Nigerian indigenous pigs (NIP) thrive 

well under a wide range of ecological 

conditions (1). (2) reported that Nigeria has 

the highest population of pigs in Africa, and 

the pigs accounted for about 4.45% of the 

total supply of meat in the country. Pigs have 

advantage over other animals by having a 

high rate of productivity of 9.3 live piglets 

per sow (3).  

 Several studies on molecular work have 

been done on the exotic pig even up to the 

genomic level (4) but few on NIP. They have 

been characterized cytogenetically (5; 6), 

serologically (7) and morphologically (8; 9; 

10). Other studies have investigated the 

ancestry of NIP including Oluwole et al. (11) 

that unveiled their relationship with the 

Asian pigs. (12) further revealed that NIP 
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have both the West (Europe/North Africa) 

and East/Southeast Asian ancestries.  

 The current practice of extensive 

crossing of NIP with exotic breeds to 

improve the size and litter traits has 

threatened their gene pool. NIPs are well 

known for their special traits such as 

resistance to common diseases and parasites, 

heat and stress tolerant, good mothering 

ability, and low mortality rate at birth and 

ability to thrive, survive and reproduce under 

poor management (13). Hence, they have 

been naturally selected under very severe 

environmental conditions for the last couple 

of decades (14). (15) has also reported the 

presence of African swine fever virus (ASFV) 

in NIP using molecular technique, 

polymerase chain reaction diagnosis of 

ASFV. They have the virus but showed no 

clinical symptoms of the disease (15). These 

traits could be introgressed into the exotic 

pigs to develop new breed of pig in the 

future such as NIGERHYBS (2). There was 

a steady decline in NIP, threatened with a 

loss of their genetic diversity through 

unsustainable farming practices and 

suggested conservation of the germplasm of 

this valuable genetic resource for genetic 

improvement (7). Number of NIP in the 

country is gradually decreasing and going 

into extinction. Therefore, there is need to 

preserve them (2); (5); (8); (9). 

 The most utilized DNA marker for 

population genetics of livestock is 

microsatellite. Microsatellite markers, also 

called short tandem repeats (STRs) or simple 

sequence repeats (SSRs), are a relatively 

new class of genetic marker. Over a few 

years they have become a tool of choice to 

address population genetics and 

demographic questions (16). The application 

of microsatellite markers is considered to be 

useful in the analysis of genetic diversity as 

they are numerous, randomly distributed in 

the genome, highly polymorphic, and show 

codominant mode of inheritance (17). They 

allow the study of genetic diversity and 

differentiation of closely related populations. 

Evaluation of performance of animals 

constitutes an essential part of successful 

breeding plans for sustainable genetic 

improvement. They have been proved to be 

one of the most powerful tools for evaluating 

genetic diversity and estimating genetic 

distances among related populations of 

ruminant species (18; 19; 17). Microsatellite 

markers have been used to analyze the 

genetic variation in cattle, sheep, pig, goats, 

buffaloes, chickens, horses, and human 

beings (20; 21; 22; 23; 24; 25; 26). One of 

the recent studies based on microsatellite 

markers revealed the genetic diversity and 

phylogenetic relationships within indigenous 

pigs in southern Benin (27).  

 Nigerian indigenous pig has not been 

genetically classified using molecular 

markers such as microsatellite markers. 

Factors such as the levels of inbreeding, 

population size, the history or origin of the 

breeding population, the level of selection 

pressure and the rate of mutation and 

husbandry practices affect the genetic 

diversity of populations. Therefore, this 

study aims to assess the genetic diversity and 

phylogenetic relationship in three 

populations of NIPs from Southwestern 

Nigeria. 

 

Materials and Methods 

 DNA was extracted from 60 samples of 

Nigerian pigs and quantified using 

Nanodrops® according to the method done 

by (28). Genotyping analysis was done on 

twenty-five pure Nigerian Indigenous Pigs 

(NIP) from three locations (Ilaramokin (n = 

13), Igangan (n = 05), and Igbara-Odo (n = 

07) in Southwestern Nigeria for diversity 

studies within this pure breed. Eight 

microsatellite markers were employed using 

optimized primers recommended by 
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ISAG/FAO (2011). Polymerase chain 

reaction (PCR) of 15μl volume each 

containing of 2 μl of genomic DNA, 8.25 μl 

of primer mix, 1.5 μl of 10XPCR buffer 

(10mM Tris-HCl, 50mM.The KCl, 1.5mM 

MgCl2, pH 8.3), 1.2μl dNTPs (2.5 mM), 

0.4μl Taq polymerase (10 unit/μl) was used. 

Multiplex PCR reaction was done with 

initial denaturation at 95°C for 15 min; 5 

cycles at 94°C for 1min; 55°C for 1min; 

72°C for 1min,10 cycles at 94°C for 1min; 

54°C for 1:15min; 72°C for 1 min and 24 

cycles at 94°C for 1 min; 53°C for 1:15min; 

72°C for 1min and a final elongation at 65°C 

for 30min. The amplified products were 

checked on 1 % agarose gel and stained with 

green die (0.5μl). Genotyping was done 

using GeneMapper® Software Version 4.0 

for scoring of bands.  

 

Table 1: Analysis of molecular variance in the three populations 

Source                                  
              
df      SS      MS 

      
Est.Var.         % 

Among Pops 2 14.527 7.264 0.230 9% 
Among Indiv 22 82.573 3.753 1.327 50% 
Within Indiv 25 27.500 1.100 1.100 41% 
Total 49 124.600  2.656 100% 

Df- Degree of freedom; SS- ;MS Mean Square; EST. Var- Estimated Variance; %- Percentage 

 

Table 2: Genetic diversity parameters of 8 microsatellite markers 

Locus Chr Na Ne Ho He FIS FIT FST Nm 

S01001 9 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 - - - - 

S026 16 2.33±0.33 1.67±0.16 0.47±0.07 0.39±0.06 -0.10 -0.13 0.06 3.801 

S009 12 2.33±0.67 1.87±0.48 0.40±0.25 0.37±0.19 -0.07 0.1 0.16 1.324 

SW24 17 3.33±0.33 2.63±0.31 0.56±0.16 0.61±0.05 0.09 0.20 0.12 1.864 

SW122 6 4.67±0.67 3.24±0.67 0.70±0.05 0.67±0.06 -0.05 0.08 0.13 1.676 

S0226 4 2.00±0.58 1.67±0.35 0.30±0.17 0.33±0.17 0.01 0.27 0.20 1.022 

S0227 7 2.33±0.33 1.37±0.13 0.15±0.09 0.26±0.07 0.43 0.46 0.06 3.835 

SW632 8 3.00±1.00 2.09±0.26 0.44±0.07 0.51±0.06 0.12 0.17 0.05 4.859 

MEAN  2.63±0.27 1.94±0.17 0.38±0.06 0.39±0.05 0.06±0.07 0.17±0.06 0.11±0.60 2.30±0.60 

Chr = chromosome, Na = number of alleles, Ne = number of effective alleles, Ho = observed 

heterozygosity, He = expected heterozygosity, FIS = inbreeding coefficient, FST = fixation index, FIT = 

overall fixation index, Nm = gene flow 

* = significant (P< 0.05) 

 

Data Analysis 

 The GenAlEX® software version 6.41 

was used to estimate allele frequencies, 

mean number of alleles per locus (NA), 

observed heterozygosity (Ho), 

heterozygosity expected (He) from Hardy-

Weinberg (HW) assumptions. The 

GenAlEX® manual was fully followed. The 

genetic variation among population and 

individual of the total genetic variance were 

calculated with Analysis of Molecular 

Variance (AMOVA). The phylogenetic tree 

was constructed using Poptree2® software. 

 

Results and Discussion 

 The  analysis of molecular variance in 

the three populations is presented in Table 1. 

The result showed 9% variance among 

population, 50% variance among the 

individuals in the populations and 41% 

variance within individuals. These results 
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indicated that there was no random breeding 

system between the animals in the study area. 

 From thirty-one alleles obtained from 

eight microsatellite markers within the three 

populations, all the loci were polymorphic 

except for S01001 that was 

monomorphic.  The means of all the genetic 

parameters within the three populations is 

shown in Table 2. The results indicated the 

overall mean of number of alleles (Na) was 

2.63±0.27 with effective number of allele 

(Ne) mean of 1.94±0.17 ). The SW 122 

marker had the highest Na of 4.67±0.67 with 

Ne of 3.24±0.67; 0.70±0.05 and 0.67±0.06 

for Ho (observed heterozygosity) and He 

(Expected Heterozygosity) respectively. The 

Na obtained from this study is a little higher 

than the value (2.50) reported by (29) for 

Chinese indigenous pigs; lower than the 

values obtained for Ghanaian indigenous 

pigs (7.65) (30), Chinese pigs (4.30 – 6.10) 

(31; 32) and Indian indigenous pigs (7.00- 

7.20) (33). The mean 2.30±0.60 estimate of 

Nm (gene flow) showed slight gene flow 

between the three populations. This low gene 

flow might have not prevented genetic drift, 

thus enabling the gene differentiation 

between populations. 

 

Table 3: Inter Population Genetic Diversity 
Population Na Ne Pa Ho He I 

Igangan 2.25±0.59 1.83±0.42 3 0.22±0.10 0.31±0.10 0.53±0.20 

Igbara-odo 3.00±0.46 2.09±0.28 6 0.44±0.09 0.44±0.09 0.78±0.17 
Ilaramokin 2.63±0.32 1.91±0.20 1 0.48±0.10 0.43±0.07 0.71±0.12 
Mean 2.63±0.27 1.94±0.17 5 0.38±0.06 0.39±0.05 0.67±0.09 

Mean number of alleles (Na), number of effective alleles (Ne), observed heterozygosity (Ho), number of 

private alleles (Pa), expected heterozygosity (He) and Shanon Index (I) of all 8 loci per population 

 

Table 4 Pairwise population of fst values 

Igangan Igbara Odo Ilaramokin  

0.00   Igangan 
0.10 0.00  Igbara Odo 
0.12 0.05 0.00 Ilaramokin 

 

The overall mean of F statistics parameters 

pertaining to genetic differentiation 

estimated were 0.06±0.07, 0.17±0.06 and 

0.11±0.60 for within population inbreeding 

estimate (FIS), total inbreeding estimate (FIT) 

and estimate for population differentiation 

(FST) respectively.  This indicates an overall 

heterozygosity deficiency of only 6% and a 

mean of 11% FST were observed between the 

three populations.   

 The inter population genetic diversity is 

presented in Table 3. The result showed the  

overall mean observed heterozygosity was 

lower than the expected heterozygosity 

except for Ilaramokin with Ho greater than 

He.. This excess heterozygosity might have 

been because of high technical artefacts due 

to the presence of null alleles present 

because it appears as false homozygotes (34). 

Similar suggestions have earlier been 

reported by (30) and (35), that occasional 

failure of alleles amplification has led to null 

alleles. These failures cause spurious 

heterozygote deficits which is a known 

difficulty with microsatellite markers. The 

same trend observed in Na and Ne of the 

NIP, was observed with black Slavonian pig 

and the Chinese indigenous pigs  (29).  
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Table 5: Pairwise population matrix of nei genetic distance 

Igangan Igbarado Ilaramokin  
0.00 0.88 0.85 Igangan 
0.12 0.00 0.91 Igbara Odo 
0.16 0.10 0.00 Ilaramokin 

Note: Upper diagonal - Genetic Identity, Lower diagonal - Genetic Distance 

 

 
Figure 1:  Allele frequency of the three population 

 

 

 
Figure 2. A scatter plot of principal coordinate analyses of pure NIP populations based 

on eight microsatellite markers 

 

 
Figure 3. Neighbor-joining phylogenetic tree of pure NIP from three locations using 

eight microsatellites 
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Igbara-Odo had the highest Na, Ne and Pa 

while the mean for private alleles was 5 

where Igbara-Odo had the highest private 

alleles of 6 . The overall mean of Shannon 

information index (I) was 0.67±0.09 that 

measures the genetic diversity of the three 

populations. The number of alleles (Na), 

effective number of alleles (Ne) and 

heterozygosity are presented graphically in 

Figure 1 for comparative visualization.  

 Table 4 showed the pairwise FST values 

among the three populations ranging from 

0.05 to 0.12. The low pairwise FST values 

among breeds studied indicated that 95.0% 

to 88.0% of the total genetic variation was 

explained by the individual variability. These 

values are almost in corroboration with mean 

value of FST (0.11) results obtained above.  

 Table 5 depicted the Pairwise 

Population Matrix of Nei Genetic Distance 

(below diagonal) and Pairwise Population 

Matrix of Nei Genetic Identity (above 

diagonal) among the three pig populations. 

The genetic similar coefficients varied from 

0.85 to 0.91 with an average of 0.88. The 

Genetic distances between the three pigs 

were 0.12 (Igangan and Igbara-Odo), 0.16 

(Igangan and Ilaramokin) and 0.10 

(Ilaramokin and Igbara-Odo) respectively. 

The  Landrace and LargeWhite were closer 

compared with the crosses. 

 Figure 2 shows the outcome of the PCA 

conducted among the three pig populations 

in this study. The principal coordinate plot 

showed clear clustering of individual pure 

NIP in 3 populations. Percentage of variation 

explained by the first 3 axes were in 34.41, 

48.42 and 60.17 percentages respectively.  

The Ilaramokin PCA dispersed well in all the 

coordinates as seen in Figure 2.                

 

Phylogenetic relationships between 

populations 
 The phylogenetic relationship of the 

pigs was constructed based on Nei’s standard 

genetic distances calculated between the NIP 

from 3 populations as revealed in Figure 3.. 

A neighbor-joining with 1000 bootstrap 

resampling that the branch lengths were 

proportional to genetic distances of  the 

POPTREE2 software (http://www. med.kaga 

wau.ac.jp/~genomelb/takezaki/poptree2/dow

nload.html#download). This was done by 

using the POPTREE manual guide. The 

phylogenetic trees  showed that all the pure 

NIP originated from the same ancestor. The 

genetic distance relationship between the 

pigs revealed a close relationship between 

the Ilaramokin and Igbara-Odo populations. 

It also separated them by geographic 

locations with the Ilaramokin and Igbara-

Odo clustering together due to closer 

proximity, both from Ondo state in the 

Southwestern Nigeria while the Igangan was 

from Oyo state in Southwestern Nigeria. 

 

Conclusion and Application 
In conclusion: 

1. There is small genetic variances 

observed in the three populations of 

NIPs with 11.00% moderate amount of 

genetic diversity between them with 

considerable amount of inbreeding 

(6%) within these populations and 17% 

for total inbreeding estimate.  

2. The phylogenetic distance revealed a 

common ancestry and separation due 

to different geographic locations. 

3. The results obtained from this study 

will be useful in genetic improvement 

of the pure NIP. Therefore, our study 

recommends further genomic 

investigation on NIPs to establish 

more genetic potentials. 

4. This study gives base-line information 

on the genetic improvement of NIP for 

proper breeding plan in the future. 
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