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ABSTRACT

A study on genetic diversity and genetic distances among pigs was carried out using a total of 51 genomic DNA
randomly sampled from four pig breeds in Ogun and Ondo States of Nigeria. The gDNAs were amplified with six
microsatellite markers, generating amplicons which were separated by Polyacrylamide solution. Bands on the gels were
scored considering the six microsatellite markers used. Mean number of alleles (MNA), observed (Ho) and expected
(He) heterozygosities, Polymorphism information content (PIC) and Genetic distances were calculated using GenAlex
software.Exclusion probability (PEI) and combined exclusion probabilities (CPE) were also computed. The number of
alleles observed ranged from 3 to 17, with the highest produced by SW71 and lowest by S0036 markers. MNA per
breeds ranged from 5.333 in Landrace to 8.833 in Large White. The mean PIC across loci per breed ranged from
0.6863+0.047 in Landrace to 0.7924+0.040 in Large White. Mean observed and expected heterozygosities per breed
ranged from 0.7305+0.019 in Duroc to 0.7916+0.020 in Large White, and from 0.7868+0.034 in Landrace to
0.8698+0.021 in Large White respectively. Genetic distances among the pig breeds ranged from 0.2570 (Large White
Vs Landrace) to 0.6663 (DurocVs Large White). Mean value of inbreeding coefficient (Fis) was -0.0698. Exclusion
probability of each microsatellite marker when genotype of both parents were known (PE1) ranged from 0.9591 in
Landrace to 0.9925 in Large White, when genotype of only one parent known (PE2) ranged from 0.9657 in Landrace
to 0.9953 in Large White pigs, and when the genotype of the two parents unknown (PE3) ranged from 0.9568 in
Landrace to 0.9999 in Large White. The Combined exclusion probability (CPE) for all the markers used when genotype
of both parent were known (PE1) was 0.9999. The study concluded that there was high genetic diversity among the pig
breeds in Ogun and Ondo States, Nigeria, indicative of their potentials for genetic improvement via selection or
crossbreeding. Furthermore, the six microsatellite markers used in this study may be recommended based on their PIC
and CPe values for further analysis of genetic background and routine parentage verification of the Nigerian pig breeds.
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INTRODUCTION

Detailed knowledge of population structure among
and within breeds of livestock is essential for establishing
conservation priorities and strategies (Caballero and Toro,
2002). Many breeds of pigs in the world are on the edge of
extinction, the intensification of agriculture that took place
caused major changes to pig breeding, with traditional

systems being replaced by intensive production based on
an increased number of exotic breeds, while native breeds
were progressively abandoned and became virtually extinct
(Gama et al., 2006). Therefore, a conservation of these pig
breeds is highly important. The history of the domestic pig
in Africa is highly controversial, its ancestor, the wild pig
(Susscrofa) is native to North Africa and its range extends
along the Atlantic coast (Ollivier, 2000). According to
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Bourn et al. (1994), pig population in Nigeria was
estimated to be about 3.5 million and this is because swine
farming is popular in many parts of the country.Earlier
reports by Adebambo, (1982) shows Nigeria has the
highest pig population in Africa. Pig breeds in South-West
Nigeria are characterized by their hardiness, resistance to
diseases and ability to survive on a varied diet (Adebambo,
1982; RIM, 1992).The assessment of genetic diversity
within and among populations is important for the
conservation of genetic resources. Genetic diversity
assessment can be based on morphological, biochemical
and molecular types of data. Molecular markers such as
amplified fragment length polymorphism, random
amplified polymorphic DNA, mitochondrial DNA,
restriction fragment length  polymorphism, single
nucleotide polymorphism and Y chromosome markers are
superior to both morphological and biochemical markers,
because they are relatively simple to detect, abundant
throughout the genome, completely independent of
environmental conditions and can easily be used (Nagvi,
2007; Teneva et al., 2014). Detailed knowledge of genetic
variation within and among different pig breeds is very
important for understanding and improving economically
important traits. Genetic diversity serves as a way for
populations to adapt to changing environmental conditions
(NBII, 2011). The indicators of genetic variation within a
breed (that is, heterozygosity and effective number of
alleles) at a locus are usually employed to describe a
population. These indicators demonstrate the degree of
diversity based upon analysed polymorphic loci within a
breed. High heterozygosity and high effective humber of
alleles inform about a greater genetic diversity of a breed.
Microsatellites have proved extremely useful for the
analysis of population structure, relationships and have
been used for genetic characterization of several species
and animal populations (Chen et al., 2004; San Cristobal et
al., 2006; Kamara et al., 2007; Vicente et al., 2008). In
searched literature, few genetic diversity studies have been
documented on Nigerian pig populations using
microsatellite markers. Therefore, there is a need to carry
out a research on genetic relationships among pig
populations in Nigeria, where there is abundance of pigs
and to examine the power (or the combined exclusion
probabilities) of microsatellite markers with DNA obtained
from these populations in order to ascertain their
informativeness before employing them for routine
parentage analysis.

MATERIALS AND METHODS

The laboratory analyses were carried out at the
Biotechnology Centre, Federal University of Agriculture,
Abeokuta, Ogun State, Nigeria. Blood samples were
obtained from nine commercial farms and one research
farm scattered across Ogun and Ondo states of South
Western Nigeria. Blood samples were obtained from a total
of 51 animals consisting of Large White (n = 5); Duroc (n
= 10); Landrace (n = 6) Pietran (5) from Ogun state and
Large White (n = 13), Duroc (n = 8), Pietran (4) from Ondo
State. Samples of each population were taken from
different locations within each state in order to avoid

88

Int J Agri Biosci, 2021, 10(2): 87-93.

closely-related individuals. Exactly, 1 ml of blood was
collected from individual pig from the marginal ear vein
aseptically using a 16 mm needle and 2 ml syringe then
transferred into 1.5 ml EDTA tube, which was properly
labeled and preserved at the collection site before been
transported to the laboratory. Blood genomic DNA
isolation was carried out with NORGEN GENOMIC DNA
KIT following the manufacturer’s protocol. Six
microsatellite markers were selected from the database of
the Food and Agriculture Organization of the United
Nations (Table 1).

PCR was performed in a thermal cycler-Hybaid
Express System 9600 (Perkin Elmer) programmable
incubator with the following setting:94 °C, 300 seconds of
initial denaturation, followed by 35 cycles of denaturation
at 94 °C, 60 seconds, annealing temperature of the primers
used (markers) was determined to be between the range of
48 °C to 55 °C, 45 seconds and extension temperature of 72
°C, 30 seconds, after preliminary optimization protocols.
The microsatellite markers, purified DNA, double distilled
water and other PCR reaction mixture was amplified in a
total volume of 25 pl, This PCR mixtures contain 1 pl
purified DNA, 2 pl primer (forward and reverse primer),
16.10 pl double distilled water and 5.90 pl PCR Master Mix
which  consists of (Tag DNA  polymerase,
Deoxyribonucloside5-triphosphates (dNTP) 10 x PCR
buffer and cation (Mg?). PCR-products were heat-
denatured for another 60 seconds in the PCR system and
transferred to an ice box chilled at 0 °C. They were thereafter
loaded into the gel containing 12% polyacrylamide solution
made up of 210 g of 6 ml urea, acrylamide and N’N
methylene bisacrylamide (19:1).25 uL of 30% TEMED
(CsH12N2) and 450 ml of 10% ammonium persulphate was
added to each 60 ml of polyacrylamide gel solution to serve
as crosslink. All constituents were mixed and poured into
the gel cassette made up of 20 x 20 cm double-glass plates
clamped together by iron clips. Exactly 1 ml bromophenol
blue loading dye was placed on a tray and 10 ml of the
amplified product was added, mixed and loaded to each lane
of the glass trough with PCR Sizer 100 bp DNA Ladder
used as internal marker for sizing. The electrophoresis
process was allowed to run for two hours at 100 V, 10 Ma.
A drop of ethidium bromide (EB) was used as staining agent
before visualization and photography of the products under
ultra-violet (UV) light. Fragment size data for each pig
population were prepared into Excel Worksheet and
analyzed using GenAlEx software (Peakall and
Smouse,2012) so as to generate the allele frequencies,
observed heterozygosity (Ho), expected heterozygosity
(He),number of alleles per marker (Na)and Mean number of
allele (MNA). Genetic differentiation (i.eFsr) and global
fixation indices (i.eFis and Fir) were calculated using
programme FSTAT v.2.9.3 developed by Goudet (2001).
Polymorphism information content (PIC) of each
microsatellite marker was calculated using Botstein et al.
(1980) formula. Nei’s standard genetic distances (Ds)
among pig populations were generated using Microsatellite
Analyzer version 4.05 developed by Dieringer and
Schlotterer (2003). Exclusion probability (Pe) and
combined exclusion probabilities (Cee) otherwise known as
power of microsatellite, across all markers used with pig



Table 1: Microsatellite markers used in this study
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Marker  Sequence Chromosom allocation Size(bp) Annealing Temperature (°C)

S0036 F-ATGCAGCTGTGGCGGCGCAG 2 114 -132
R-TTAGGCAGCCACATGCACAAG

SW902 F-ATCAGTTGGAAATGATGGCC 3 130- 162 48
R-CTTGCCTCAAAGAGTTGTAAGG

SW2 F-TGCCAATGGTGTGGCTATAA 5 83-119 50
R-CCCTGAAGGCTCAGATGGT

SW71 F-GATCACCCTTATCCCCATTC 6 81-121 48
R-TAGAAACACCATCATCCATTCA

SW205 F-CACAGGTCCATCACCTCATG 8 144-160 50
R-GGGTATCTAATGTACATCACGG

SW445 F-CCTCCCTGGCACTCATTG 4 184-208 55

R-CACACACACAAGCAGGTGC

Table 2: Pooled number of alleles at each microsatellite locus within the four pig breeds in Ogun and Ondo States, Nigeria

Locus Total Large White Duroc Pietran Landrace
S0036 10 4 6 6 3
SW902 16 7 7 8 5
SW2 14 8 5 4 5
SW71 21 17 6 10 6
SW205 9 5 5 5 4
SW445 13 12 12 10 9
MNA 13.833 8.833 6.833 7.000 5.333
SEM 1.622 1.816 0.983 0.881 0.769

MNA: Mean number of alleles; SEM: Standard error of mean

populations were computed using the relationship
developed by Jamieson and Taylor (1997) and employed by
Olowofeso et al. (2016). These relations were depicted as:
Scenario I:
CPe=1-(1-P)A-P)A—-P;)...(1—Py)...(»
Where

P1=1-2%P? +XP? +23P" —3XP° —2(ZP?)> +3XP? X P (5)
CPe is combined exclusion probability for n number of
markers used and Pjis the allele frequencies produced by
each marker per pig population.

Scenario 2:

P,=1—4YP? +2(XP2)2+4YP? —3¥P*... (6)

and

Scenario 3:

P31 +4ZRt —4%P5 —3%P° —8(IP?)? +8(ZP2) (TP +2(P2)?.. (D=

RESULTS

The number of alleles observed across the six (6)
microsatellite markers varied between 3 (S0036) for
Landrace and 17 (SW71) for the Large White. The total
number of alleles and mean number of alleles identified in
the entire pig population were 83 and 13.833%1.622
respectively, while for the four sub- populations, the values
were 8.833+1.816 for the Large White, 6.833+0.983 for
Duroc, 7.000+0.881 for Pietran and 5.333t 0.769 for
Landrace (Table 2). Allele frequencies and numbers of rare
alleles observed in the pig breeds are represented in Table 3.

Though very rare alleles (new mutation) are not very
informative for assessing genetic diversity within a
population or genetic structure among population (Hale et
al., 2012), previous study by (Piry et al., 1999) reported
that rare alleles contribute little heterozygosity as rare
alleles tend to be lostwhile average number of alleles per
locus and allelic diversity is reduced, heterozygosity
however is not reduced proportionally. Mean PIC values
across the loci per breeds ranged from 0.6863 in Landrace
to 0.7924 in Large White. PIC values for all loci ranged
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from 0.4923 for S0036 in Landrace to 0.8921 for SW445
in Large White (Table 4).

Mean expected values across loci per population
ranged from 0.7868 in Landrace breed to 0.8698 in the
Large White breed. The highest value of expected
heterozygosity (0.8891) was found in SW2 and SW71 for
Large white and Land race breeds respectively. The lowest
0.6444 was produced by S0036 in the Landrace breeds. The
Highest unbiased gene diversity however was revealed in
the Large White pig breed with 87%, as compared to
Pietran, 84%, Duroc, 82% and Landrace, 72% (Table 5).

The observed heterozygosity values (Table 5) shows
mean values across loci ranged from 0.7305 in Duroc breed
to 0.7916 in the Large White breeds. The highest value of
observed heterozygosity (0.8827) was recorded for
Landrace for the SW71, while the lowest value 0.6435 was
observed in the Duroc for SW445. The mean value of
inbreeding coefficient (Fis) was -0.0698, while that of Fr,
Fsr and Nw were 0.0594, 0.1043and 7.128 respectively.
The highest value of Fis, 0.1145 was observed in SW445
while the lowest value of -0.1833 was estimated for the
SW2. SW205 had the highest Fst value 0.1831 and the
lowest value, 0.0079 for Fst was recorded in locus SW445.
Nm values ranged from 1.265 in S0036 to 31.395 in
SW445. Results on these are presented in Table 6.

Nei’s genetic distance among the pig populations in
Ogun and Ondo States of Nigeria is presented on Table 7. The
Nei’s genetic distance between the population pairs ranged
from 0.2570 to 0.6663. The lowest genetic distance 0.2570
was observed between the Large White and Landrace, while
the highest genetic distance value 0.6663 was observed
between the Duroc and the Large White breeds.

The probability of exclusion of each microsatellite
marker when genotype of both parents are known (PE1)
ranged from 0.9591 in Landraceto 0.9925 in the Large
White breed, while the probability of exclusion of each
microsatellite marker and for increasing combinations of
the 6 loci when genotype of only one parent is known (PE2)



Table 3: Allele frequencies and unique (rare) alleles of four pig
populations in Ogun and Ondo States, Nigeria as revealed by
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microsatellite markers

Fragment (bp) Breed

S0036 Large White  Duroc  Pietran Landrace
114 0.3125 0.0000 0.1428 0.5000
116 0.1250 0.0000 0.2857 0.0000
118 0.4375 0.0000 0.2142 0.4000
120 0.1250 0.0000 0.1429 0.1000
122 0.0000 0.7692 0.2314 0.0000
124 0.0000 0.1154 0.0714 0.0000
126 0.0000 0.2308 0.0000 0.0000
128 0.0000 0.0385 0.0000 0.0000
130 0.0000 0.0269 0.0000 0.0000
132 0.0000 0.2526  0.0000 0.0000
SW902 Large White  Duroc  Pietran Landrace
130 0.0833 0.0000 0.0000 0.1667
132 0.1667 0.0000 0.0000 0.3333
134 0.0556 0.0000 0.0000 0.1667
136 0.1944 0.0000 0.0000 0.2500
138 0.2500 0.0000 0.0000 0.0833
140 0.1111 0.0000 0.0000 0.0000
144 0.1389 0.0000 0.0000 0.0000
146 0.0000 0.0000 0.2143 0.0000
148 0.0000 0.0000 0.7143 0.0000
150 0.0000 0.0333 0.3571 0.0000
152 0.0000 0.0667 0.0714 0.0000
154 0.0000 0.1333 0.3123 0.0000
156 0.0000 0.3333 0.0132 0.0000
158 0.0000 0.3000 0.2432 0.0000
160 0.0000 0.0667 0.0000 0.0000
162 0.0000 0.0667 0.7143 0.0000
SW2 Large White  Duroc  Pietran Landrace
83 0.0000 0.1563 0.0000 0.0000
85 0.0000 0.2500 0.0000 0.0000
87 0.0000 0.1875 0.0000 0.0000
89 0.0000 0.2520 0.0000 0.0000
101 0.8333 0.1563 0.0000 0.2500
103 0.1667 0.0000 0.0000 0.4167
105 0.1389 0.0000 0.0000 0.1667
107 0.1389 0.0000 0.0000 0.0833
109 0.1111 0.0000 0.0000 0.0833
111 0.1389 0.0000 0.0000 0.0000
113 0.1667 0.0000 0.2134 0.0000
115 0.0556 0.0000 0.2564 0.0000
117 0.0000 0.0000 0.1667 0.0000
119 0.0000 0.0000 0.2778 0.0000
SW71 Large White  Duroc  Pietran Landrace
81 0.0556 0.0000 0.0000 0.0000
83 0.0345 0.0000 0.0000 0.0000
85 0.3243 0.0000 0.0000 0.0000
87 0.0833 0.0000 0.0000 0.0000
89 0.1389 0.0000 0.0000 0.0000
91 0.0556 0.0000 0.0000 0.0000
93 0.0556 0.0000 0.1429 0.0000
95 0.0278 0.0000 0.0714 0.0000
97 0.3255 0.0000 0.3235 0.1000
99 0.2322 0.0000 0.1429 0.2000
101 0.2778 0.0000 0.3221 0.1000
103 0.2322 0.0000 0.0000 0.0000
105 0.0556 0.0000 0.0000 0.0000
107 0.0278 0.0000 0.0000 0.0000
109 0.0278 0.0000 0.0000 0.0000
111 0.0278 0.0588 0.0000 0.0000
113 0.0278 0.1176 0.0714 0.0000
115 0.0000 0.2731 0.1594 0.1000
117 0.0000 0.1471 0.2143 0.3000
119 0.0000 0.2353 0.1429 0.2000
121 0.0000 0.3235 0.0714 0.0000
SW205 Large White  Duroc  Pietran Landrace

144 0.0000 0.1071 0.0000 0.0000
146 0.0000 0.3212 0.0000 0.0000
148 0.0000 0.2500 0.0714 0.0000
150 0.0000 0.4285 0.1429 0.0000
152 0.0357 0.0357 0.2857 0.0000
154 0.1071 0.0000 0.2857 0.0833
156 0.2857 0.0000 0.2143 0.1667
158 0.2354 0.0000 0.0000 0.2500
160 0.3243 0.0000 0.0000 0.5000
SW445 Large White  Duroc  Pietran Landrace
184 0.0357 0.0000 0.0714 0.0833
186 0.1429 0.0352 0.0000 0.0833
188 0.1429 0.0714 0.0223 0.1667
190 0.0714 0.0714 0.0213 0.0237
192 0.0357 0.1429 0.0232 0.0433
194 0.7143 0.1221 0.0000 0.2500
196 0.1071 0.2322 0.0000 0.0756
198 0.0714 0.3571 0.2143 0.0000
200 0.0000 0.0714 0.0232 0.0000
202 0.2322 0.1429 0.1071 0.0000
204 0.1212 0.2143 0.2354 0.0000
206 0.3223 0.1071 0.0544 0.0833
208 0.2322 0.0351 0.3243 0.0833

Bold values represent frequencies of rare alleles

ranged from 0.9657 in Landrace to 0.9953 in Large White
breed, while the probability of exclusion of each
microsatellite marker and increasing combinations of the 6
loci, when the genotype of both parent are excluded (PE3)
ranged from 0.9568 in Landrace to the 0.9999 in the Large
White breed. The combined exclusion probability for one
and both parents excluded was 0.9999 (Table 8).

DISCUSSION

The number of allele range observed in this study was
wider compared to those reported in earlier studies
suggesting higher genetic diversity among the pig breeds.
The markers used for this study were appropriate since their
polymorphisms were higher than the minimum of four
alleles required for microsatellite markers to be used in the
estimation of genetic diversity. The mean number of alleles
(MNA) observed over the six microsatellite loci for the four
studied pig breeds are considered to be good indicators in
defining the genetic variability within the population. The
high MNA value (13.833) recorded among the pig breeds
is more than mean number of alleles when compared to the
Czech (7.86), Vrtkova et al. (2012), local Ghanaian pig
(7.65) Ayizanga et al. (2016), Brazilian pig (6.18) Silva et
al. (2011), Chinese pig (5.54) Wang et al., (2004) and black
Slovanian pig (2.50) Bradic et al. (2007). Thus indicating
more genetic diversity in the Nigeria pigs which could have
been influenced by selection of different alleles among the
breeds over time. However, across the six microsatellite
loci used the highest number of allele 21 was observed in
SWT71, which indicates that it is highly polymorphic while
9 was recorded for SW205, showing that it had less
variability. This is in support of the report by SanCristobal
et al. (2003) that differences in the reported number of
alleles and other genetic diversity parameters might be
caused by differences in the types of microsatellites used.
All microsatellite markers used with the exception of
SW445 were observed with at least two rare alleles across
the pig breeds. Since rare/private alleles are alleles unique
to a particular breed and/or population it is only fitting that
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Table 4: The polymorphism information content (PIC) of the loci within the four pig breeds in Ogun and Ondo States, Nigeria

Locus Large White Duroc Pietran Landrace
S0036 0.6240 0.7471 0.7796 0.4923
SW902 0.8080 0.7332 0.7734 0.7262
SW2 0.8491 0.7582 0.6921 0.6814
SW71 0.8850 0.7576 0.8657 0.7721
SW205 0.6962 0.6632 0.7261 0.5991
SW445 0.8921 0.8752 0.8662 0.8472
Mean PIC across Loci per population + SEM 0.7924+0.040 0.7557+0.025 0.7839+0.026 0.6863+0.047
Table 5: Observed and expected heterozygosities among four pig breeds in Ogun and Ondo States of Nigeria.
Locus Large White Duroc Pietran Landrace
Hoss Hexp Hoss Hexp Hoss Hexp Hoes Hexp
S0036 0.7022 0.8751 0.7692 0.8121 0.8572 0.8682 0.8000 0.6444
SW902 0.8332 0.8542 0.6972 0.7932 0.7264 0.8572 0.6721 0.8332
SW2 0.8471 0.8891 0.7556 0.8173 0.7217 0.7842 0.8512 0.7884
SW71 0.7592 0.8542 0.7821 0.8112 0.7796 0.8455 0.8827 0.8891
SW205 0.7745 0.8574 0.7352 0.8661 0.7242 0.8241 0.6674 0.7125
SW445 0.8344 0.8890 0.6435 0.8182 0.8455 0.8498 0.8392 0.8533
Mean +SEM  0.7916+0.020 0.8698+0.021 0.7305+0.019 0.8196+0.009 0.7757+0.023 0.8382+0.011 0.7854+0.034 0.7868+0.034

Table 6: Fixation indices and migrant rate or gene flow as revealed by six pig microsatellite markers

Locus Fis Fir Fst Nm
S0036 -0.1335 0.0535 0.1650 1.265
SW902 -0.1028 0.0565 0.0582 4.045
SW2 -0.1833 -0.0128 0.1441 1.484
SW71 -0.0498 0.0209 0.0673 3.465
SW205 -0.0641 0.1307 0.1831 1.115
SW445 0.1145 0.1075 0.0079 31.395
Mean -0.0698 0.0594 0.1043 7.128

Fis =Inbreeding Coefficient of individual relative to the Sub-population, Fir = Inbreeding coefficient of individual relative to the total
population, Fst = Inbreeding coefficient of the sub-population relative to the total population.

Table 7:Nei’s genetic distances (below diagonal) and the pairwise Fst (above diagonal) among four pig breeds in Ogun and Ondo States,

Nigeria
Population Large White Duroc Pietran Landrace
Large White ki 0.1552 0.0673 0.0102
Duroc 0.6663 falalaioiale 0.1062 0.1630
Pietran 0.4192 0.4342 Fkkx 0.1025
Landrace 0.2570 0.6213 0.5124 faloiaioiolel

Table 8: Power of exclusion of the microsatellite markers used with four pig breeds in Ogun and Ondo States, Nigeria.

Breeds PE1 PE2 PE3

Large White 0.9925 0.9953 0.9999
Duroc 0.9846 0.9879 0.9969
Pietran 0.9672 0.9893 0.9879
Landrace 0.9591 0.9657 0.9568
Cre 0.9999 0.9999 0.9999

PE1= Probability of exclusion when genotype of both parent are known, PE2= Probability of exclusion when genotype of only one
parent is known, PE3 = Probability of exclusion which exclude parents and CPe1, CPe2 and CPe3 = Combined exclusion probabilities for
genotypes of both parents known, genotype of one and both parents excluded respectively

such alleles are used in the genetic identification of such
population. Toro et al. (2008) emphasized the importance
of high frequency rare/private alleles in the genotyping and
line identification of populations.

The PIC range observed in this study is similar to that
reported in the Thai pig breeds (Yang et al., 2012) but
wider compared to values reported in the Chinese (Wang et
al., 2004) and Czech pig breeds (Vrtkovéa et al., 2012). The
values of the PIC recorded for this study showed that all
microsatellite markers used for the analysis are highly
polymorphic and informative for genetic diversity studies,
since all loci PIC value in this study was greater than the
threshold value of 0.5 suggested by Botstein et al. (1980).
The observed heterozygosity and the expected
heterozygosity, otherwise known as gene diversity in this
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study was wider compared to those reported for Ghanaian
pig breeds (Ayizanga et al., 2016), Czech pig breeds
(Vrtkova et al., 2012), and also similar in range values to
the reported studies of the Thai pig breeds (Yang et al.,
2012). The observed heterozygosity obtained in this study
was less than all the values for the expected heterozygosity
in the pig populations, this however could be attributed to
segregation of non-amplifying (null) alleles, and/or scoring
bias (heterozygotes scored wrongly) (Zhu et al., 2004). The
high level of heterozygosity recorded in this study is similar
to reports of Luetkemeier et al. (2010) who also reported
higher observed heterozygosity in their studies of some
Asian pig breeds. This could be attributable to the mixed
nature of the breeds from historic mixing of strains of
different populations.



Population differentiation was examined by the
fixation indices, Fis, Fir and the Fst, for each locus and
across all loci. The average genetic differentiation among
breeds (Fst) was 0.1043which implies 89.6 % of the total
genetic variation was explained by individual variability,
this is low when compared to 0.2858 in previous study by
Scali et al. (2012) on Cinta Senese and commercial pig
breed of Tuscan territory. The mean inbreeding coefficient
of the individual relative to the sub-population (Fis) -
0.0698 indicated the existence of outbreeding within the
pig population which reflects a population not in panmixia.
This is not in agreement with the inbreeding coefficient of
the individual relative to sub-population (Fs) in a previous
study by Scali et al. (2012) with positive Fis value which is
believed to be as a result of inbreeding and a significant
deviation from Hardy-Weinberg equilibrium. The low
level of genetic differentiation 0.1043 was supported by the
high-level gene flow rate Nm (Nm, number of migrants per
generation) which suggests lack of isolation among the
breeding pig population. The Nei’s genetic distance was
used to ascertain the degree of relationship among the four
pig populations in Nigeria. The Large White and the
Landrace pig breeds revealed the closest relationship,
(0.2570) while the farthest relationship (0.6663) was
recorded between the Duroc and Large White breeds of pig.
This genetic distance relationship between Duroc and
Large White breeds (0.6663) is similar to the value of
genetic distance on previous study reported by (Kim et al.,
2005) between the Korean native pig and south china pig
breeds (that is Xiang pig 0.594 and Wuzhishan pig 0.672).
The closely relatedness between the Large White and the
Landrace pig in Ogun and Ondo States, Nigeria could be
due to few samples of the Landrace population used in the
study.

It has been reported that high exclusion power of
microsatellite markers as such reported in this study makes
them more valuable for parentage analysis (Rehout et al.,
2006; Davila et al., 2009). The value of combine
probability of exclusion when the genotype of one parent is
known (PE2) and when both parents are excluded (PE3) in
this study (0.9999) compares favourably with previous
study by Fan et al. (2005) on New Zealand pig populations.
The Combined exclusion probabilities for the six
microsatellite markers among the four breeds of pigs (CPe,
combined exclusion probability of the genotype of a single
parent and CPgs, combined probability of exclusion of
genotype of both parents) were informative and suitable for
parentage analysis since both CPg, and CPg3 were above
the 0.9995 threshold suggested by Rehout et al. (2006),
Davila et al. (2009) and Souza et al. (2012).

Conclusion

High values of mean number of alleles across loci and
the expected heterozygosities recorded across loci in the
pig populations indicated high genetic diversity in the pig
populations in Ogun and Ondo States of Nigeria.
Microsatellite markers used in this study were highly
polymorphic and informative in the characterization of the
studied four pig breeds. The genetic distance values
indicated the closest genetic relationship between the Large
White and the Landrace pig breeds while the farthest
genetic distance was recorded between the Large White
and Duroc pig breeds. The low values of genetic
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differentiation with regard to the F-statistics indicated that
the four pig breeds have more within breed variation than
between breed variation. Results of the probability of
exclusion and combined probability of exclusion of the
markers indicate microsatellite markers used were not only
informative, but suitable for routine parentage verifications
of the pig populations in the states considered in the South-
West, Nigeria. The microsatellite markers used in this
study were polymorphic and informative for studying
genetic diversity of pig populations. The microsatellite
markers used are thus recommended for further studies
with pig populations irrespective of origins and breeds and
also recommended for routine parentage verifications of
pig population.
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