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Parkia biglobosa (Jacq.) is an important leguminous tree crop in the African Savannahs useful to the natives where it is found, for
domestic use. Previous diversity studies on this tree crop had been majorly on morphological and biochemical analysis. In order to
capture the maximum diversity not obtained by previous research, the study aimed at evaluating the genetic diversity of accessions
of this crop in the different agroecological zones in Nigeria using RAPD markers. A total of 81 scorable bands with an average
of 8.1 bands per primer were amplified among the accessions studied. Intrazonal genetic diversity analysis showed a percentage
polymorphism with a range of 11.11% to 65.43% among the agroecological zones studied. Although, gene diversity was highest
within Humid forest agroecological zone, a low genetic distance and high genetic similarity between the agroecological zones were
observed. Cluster analysis indicated six main groups of which four groups had single accessions while the two groups clustered the
remaining accessions, indicating a narrowed genetic base from the 23 accessions studied.

1. Introduction

TheAfrican locust bean plant (Parkia biglobosa) is a perennial
tree legume belonging to the subfamily Mimosoideae of the
family Fabaceae. It is one of the thirty-four known species of
the genus Parkia whose centre of origin is South America.
Distributed in a belt between latitudes 5∘N and 15∘N, and
longitudes 16∘Wand 32∘W, from the Atlantic coast in Senegal
to Southern Sudan and Northern Uganda in the African
continent, it has its greatest belt (about 800Km) in West
Africa and narrows to the east [1, 2].

Aside from its ecological role in cycling of nutrients [3, 4],
it is a valuable source of food especially the seedswhich serves
as a source of useful spices for cooking [1, 5, 6]. Kwon-Ndung
et al. [7] reported that it is a very important tree crop in the
Africa Savannas where the natives use it as medicine, glaze
for ceramic pots, fodder, firewood, and charcoal production.
Parkia tree is also used as timber for making pestles, mortars,

bows, hoe handles, and seats [8, 9] while the husks and pods
are good food for livestock [10].

Previously, studies on diversity within this species
focused on accessions from West African countries like
Burkina Faso, Benin, and Uganda with only three accessions
collected from the Southern Guinea Savanna in Nigeria
[11–13]. These studies dealt majorly with phenotypic and
anatomical diversity within species of the plant. P. biglobosa
is however known to occur in diverse agroecological zones
in Nigeria ranging from tropical rain forests to arid zones,
from the lower Sudan Savanna to Derived Savanna and the
Lowland forest. Adesoye et al. [14] reported variations in
accessions of P. biglobosa collected across different agroeco-
logical zones (AEZ) of Nigeria based on seedling morpho-
logical characteristics evaluated.

Beyond the phenotypic and anatomical estimations of
diversity, the heritable variations observed in plants (termed
plant genetic diversity) can also be evaluated using agro-
morphological, biochemical, and molecular data. Molecular
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diversity however outweighs others since it is less affected by
environmental factors. Maintaining genetic diversity within
species is important for effective conservation of genetic
resources, ensuring variation for crop improvement and
adaptability to the ever-changing environmental challenges.

Owing to the limited information on the species diver-
sity in Nigeria, this study sought to elucidate the genetic
diversity among the Nigerian accessions of P. biglobosa from
seven AEZ using rapid amplified polymorphic DNA (RAPD)
markers. Although RAPD markers are criticized for their
lack of reproducibility, yet they are thought to be good
markers for elucidating overall genetic diversity especially
where the diversity of such species has not been previously
known. It has been used for genetic diversity assessment
and for identifying germplasm in a number of plant species
[15, 16]. Subramanyamet al. [17] reported that RAPDprovides
information that can help define the distinctiveness of species
and phylogenetic relationships at molecular level.

2. Materials and Methods

2.1. Plant Material. To carry out our genetic study, open-
pollinated seeds were collected from twenty-three (23) acces-
sions of P. biglobosa collected from different states and
locations within the seven (7) agroecological zones in Nigeria
(Table 1, Figure 1).

Dry seeds of each accession per zone were tested for
viability using the simple floating test. The seeds considered
viable after the test were collected for planting. To break
the seed dormancy, the selected seeds were immersed in
concentrated hydrogen tetraoxosulphate (VI) acid for 15
minutes.The seeds were rinsed trice in distilled water and air
dried at room temperature before planting in plastic bags.

2.2. DNA Extraction and RAPD Analysis. Sample DNA was
extracted from 0.3 g young leaves using modified Dellaporta
et al. [18] protocol. The extracted DNA was dissolved in
low Tris EDTA buffer and stored at −20∘C until use. Ten
decamer primers were used to evaluate genetic diversity
among the accessions collected. PCR reaction was carried out
in a 25 𝜇L volume reaction (2.5 𝜇L 10x buffer, 1.2 𝜇L MgCl

2
,

2.0 𝜇L dNTPs, 1.0 𝜇L DMSO, 1.0 𝜇L primer, 0.2 𝜇L Taq, 1.0 𝜇L
DNA template, and 16.1 𝜇L dH

2
O). The mixture was overlaid

with 20𝜇L of sterile mineral oil.
DNA amplification reaction was carried out in a Perkin

Elmer Centus Thermocycler. For each amplification pro-
cess, a preheating denaturation of DNA at 94∘C for 3min
was done, followed by 44 amplification cycles (each 94∘C
for 20 secs, 35∘C for 40 secs, and 72∘C for 1min). A final
extension of 7min at 72∘C was performed. The amplified
fragments were then run on 1.5% agarose in 0.5M TBE
buffer at 100V for 3 hours. Gels were stained with 0.5 𝜇g/mL
ethidium bromide and visualized under a high-performance
UV light. The observed bands were scored 1 where present
and 0 where absent. The data generated were analyzed using
Numerical Taxonomic System of Statistics (NTSYS) and
Popgene 1.31 software. Nei and Li [19] formula was used to
estimate the genetic similarities, distances, and percentage

Table 1: P. biglobosa collections from different agroecological zones
of Nigeria.

State Location Accession number
Abuja Municipal P3
Bauchi Katagum P22
Benue Vandiekya P5
Benue Akpagher, Gboko P11
Delta Kaboro P9
Gombe Kaltungo P14
Kaduna Chikun P23
Kaduna Zaira P24
Kano Nasarawa P15
Katsina Mani P13
Niger Doko Village P6
Ogun Abeokuta, Abeokuta North P4
Ogun Ago Sasa, Ipokia P36
Ondo Oba, Akoko P2
Ondo Akungba, Akoko P7
Ondo Enpare, Akoko P8
Oyo NIHORT, Ibadan P1
Oyo Saki, Saki East P12
Plateau Isaya, Bassa P10
Plateau Guanawuri, Riyom P31
Plateau Soukwa P32
Yobe Bade, Gashua P16
Yobe Ubu P28

Table 2: List of RAPD primers used.

Primers Sequence 5 → 3 Polymorphic bands
OPD-17 -TTTCCCACGG- 12
OPAD-05 -ACCGCATGGG- 10
OPAE-11 -AAGACCGGGA- 6
OPAE-14 -GAGAGGCTCC- 6
OPAC-11 -CCTGGGTCAG- 6
OPAE-09 -TGCCACGAGG- 4
OPB-01 -GTTTCGCTCC- 11
OPB-02 -TGATCCCTGG- 7
OPF-10 -GGAAGCTTGG- 10
OPG-03 -GAGCCCTCCA- 9

polymorphisms within and between the accessions. The total
number of alleles observed and alleles effective in detecting
polymorphismwere also recorded. Dendrogram showing the
relationship between the accessions was constructed from
Jaccard’s similarity coefficients using unweighted pair group
method of arithmetic means (UPGMA).

3. Results
The bands generated ranged from 700 to 6000 base pairs (bp)
with majority falling between 1000 and 4000 bp (Figure 2).

The polymorphic bands observed ranged from 6 to 12
(Table 2) with an average of 8.1 bands per primer. A total of
81 scorable bands were amplified among the 23 accessions of
P. biglobosa studied.
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Figure 1: Geographical locations of Parkia accessions used for study analysis.

The percentage polymorphism ranged from 11.11 to
65.43% (Table 3), with the two agroecological zones (Derived
Savanna and Humid forest) showing the highest number
(53) of polymorphic loci and percentage polymorphism
(65.43%) while North Guinea Savanna had the least num-
ber of (9) polymorphic loci and percentage polymorphism
(11.11%).

Within the agroecological zones, two agroecological
zones showed the highest number of observable alleles of 1.65
± 0.48 with 1.21 ± 0.24 and 1.25 ± 0.24 effective number of
alleles for derived Savanna and for Humid forest, respectively
(Table 3). However, North Guinea Savanna showed the least
observed number of alleles (1.11 ± 0.32) with 1.09 ± 0.26
effective number of alleles. Analysis showed that the greatest
gene diversity was found in Humid forest (0.18 ± 0.14) and
least diversity in Sudan Savanna (0.05 ± 0.14) and North
Guinea Savanna (0.05 ± 0.13).

Interzonal genetic diversity between the various AEZs
indicated a high genetic similarity and consequently a low
genetic distance between the various AEZs considered.
Accessions from Sudan Savanna showed the highest percent-
age genetic similaritywith those collected fromNorthGuinea
Savanna (99.51%) and Southern Guinea Savanna. Nei’s coeffi-
cient showed the highest genetic distance accessions of Sudan
Savanna andDerived Savannawith genetic distance of 14.54%
(Table 4).

Cluster analysis of the dendrogram (Figure 3) con-
structed from Jaccard’s similarity coefficient showed six
groups; four contained one accession each, one group con-
tained two accessions (P3 and P4), and the last group
contained the remaining seventeen (17) accessions at Jaccard’s
coefficient of 0.70. The accessions P31 and P32 showed the
highest similarity followed by P5 and P13 with Jaccard’s
similarity coefficient of 0.99 and 0.95, respectively.
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Table 3: Genetic diversity analysis within each agroecological zone.

AEZ ONA ENA GD NPL PP (%)
1 1.32 ± 0.47 1.17 ± 0.28 0.11 ± 0.16 26 32.10
2 1.14 ± 0.34 1.10 ± 0.24 0.06 ± 0.14 11 13.58
3 1.11 ± 0.32 1.09 ± 0.26 0.05 ± 0.14 9 11.11
4 1.14 ± 0.34 1.08 ± 0.23 0.05 ± 0.13 11 13.58
5 1.30 ± 0.46 1.21 ± 0.32 0.12 ± 0.19 24 29.63
6 1.65 ± 0.48 1.21 ± 0.24 0.15 ± 0.14 53 65.43
7 1.65 ± 0.48 1.25 ± 0.24 0.18 ± 0.14 53 65.43
Values are represented inmean ± SD; AEZ: Agroecological zones; ONA: observed number of alleles; ENA: effective number of alleles; GD: gene diversity; NPL:
number of polymorphic loci; PP: percentage polymorphism; 1: Sahel Savanna; 2: Sudan Savanna; 3: North Guinea Savanna; 4: Midaltitude; 5: South Guinea
Savanna; 6: Derived Savanna; 7: Humid forest.

Table 4: Genetic correlation between agroecological zones.

AEZ 1 2 3 4 5 6 7
1 0.99 0.99 0.98 0.89 0.97 0.96
2 0.01 0.99 0.99 0.86 0.98 0.99
3 0.02 0.01 0.98 0.88 0.98 0.98
4 0.02 0.01 0.20 0.87 0.97 0.97
5 0.12 0.14 0.12 0.14 0.91 0.88
6 0.04 0.02 0.02 0.02 0.09 0.98
7 0.04 0.01 0.03 0.03 0.12 0.02
Nei’s genetic similarity index (above diagonal) and genetic distance index
(below diagonal); AEZ: agroecological zones; 1: Sahel Savanna; 2: Sudan
Savanna; 3: North Guinea Savanna; 4: Midaltitude; 5: South Guinea Savanna;
6: Derived Savanna; 7: Humid forest.

4. Discussion

The results obtained from RAPD analysis of P. biglobosa
indicate intra- and interpopulation variations from the acces-
sions evaluations were low. Similar results were reported in
the inter- and intrapopulation variation study of P. biglobosa
genetic diversity using isoenzymatic electrophoresis by Sina
[13]. The ten RAPD primers used generated 81 bands and
a polymorphic range of 11.11–65.43% similar to that of
Thangjam et al. [20] which reported 95 scorable bands from
twelve primers and a polymorphic range of 0–57.14% in a
study of genetic diversity of a close relative, P. timoriana. The
result shows that high polymorphism exists in the accessions
of P. biglobosa studied. Monteleone et al. [21] also reported
64 polymorphic bands from ten RAPD markers in their
study and were able to detect genetic diversity differences in
fifteen populations of subspecies of Pinus mugo from their
evaluation.

Ouedraogo [11] reported a large variation in P. biglobosa
between the West African provenances in terms of adapt-
ability and morphology attributed to several factors, among
which are genetics and environment. Adesoye et al. [14] also
reported a wide genetic variance among the accessions of
P. biglobosa evaluated using seedling morphological traits
which may be attributed to the different environmental
influence from the various AEZs; Nei’s genetic diversity
analysis from this present study indicated an overall low
genetic diversitywithin theAEZs, with theHumid forest zone

having the highest gene diversity of 0.18 ± 0.14. This result
corroborates Hamrick and Godt [22] that species with small
geographic ranges tend tomaintain less genetic diversity than
geographically widespread species. The highest percentage
polymorphism observed in both the derived Savanna and
Humid forestmay be attributed to the fact that they constitute
the largest AEZs in Nigeria as well as the zone with the
highest number of accessions studied. Likewise among the
AEZs studied, the genetic diversity was generally low, thus
indicating a narrow genetic base among the accessions of
the different zones. This has implications in considerations
for the conservation. In this regard, Schaal et al. [23] stated
that genetic diversity is a prerequisite for future adaptive
change and evolution and has a profound effect for species
conservation. The genetic distance was least between the
Sudan Savanna and Northern Guinea Savanna. These zones
are close in terms of location and P. biglobosa being an open
pollinating plant allows for gene flow between populations
corroborating the work of Sayed et al. [24] that there is
possibly free or random pollen flow and fertilization in close
natural populations hence narrowing the genetic distance
between them.

The present study shows a low genetic distance (0.01 to
0.20) from the RAPD marker analysis indicating a common
ancestry. Sina [13] reported a similar result (genetic distance
range 0 to 0.24) by means of isoenzymatic analysis and
indicated that the presence of a low genetic distance shows
that the populations were similar enough to belong to
the same genetic group. The genetic diversity and genetic
structure of P. biglobosa result from its evolutionary history
without bottleneck sequence, the reproductive biology with
high flowering synchronism and outcrossing rates, and the
P. biglobosa parkland systems that human developed through
years and as such have facilitated gene flow between popula-
tions [13].

The distribution of genotypes among clusters did not
correspond accurately with their geographical pattern. Clus-
ter analysis shows that the subclusters were more or less
heterogeneous and contained accessions from different AEZs
with a relatively high Jaccard’s similarity coefficient of 0.70.
Similar result was reported by Adesoye et al. [14] from
their evaluation of morphological differences in seedling
traits of Parkia accessions collected from different Nigerian
AEZs.They suggested that the situation was possible because
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Figure 2: Amplified RAPD polymorphic bands of OPF-10 across the 23 accessions of P. biglobosa.

P1
P5
P13
P14
P36
P16
P9
P10
P31
P32
P22
P23
P24
P15
P11
P8
P6
P12
P7
P3
P4
P28
P2

0.57 0.68 0.78 0.88 0.99

Coefficient

Dendrogram of 23 cultivars of parkia using UPGMA option in NTSAYSpc

Figure 3: Dendrogram results from RAPD analysis showing the relationship between the 23 accessions of P. biglobosa. P1-Oyo (Derived), P2-
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Kano (Sudan), P16-Yobe (Sahel), P22-Bauchi (N. Guinea), P23-Kaduna (N. Guinea), P24-Kaduna (N. Guinea), P28-Yobe (N. Guinea), P31-
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of different genetic makeup of genotypes and subsequent
natural selection during their development. The crossing
between genotypes belonging to same clusters is not likely to
give heterotic desirable segregants as suggested by Adesoye
et al. [14]. Additionally, the frequency of seed exchange
over wide geographic-ethnic regions is thought to also be
responsible for this outcome, as Ntudu [25] from survey of
seed markets assessment reported that seeds are generally
exchanged between small farmers and marketers in Africa.

In conclusion, while the occurrence of a narrow genetic
base observed between the accessions of P. biglobosa may
mean that they resulted from a common gene pool, it is
also possible that this high genetic similarity may also result
from its outcrossing nature over a long time resulting in high
homozygosity. This makes it important for further research
efforts using more specific molecular markers to ensure a
better understanding of the diversity in P. biglobosa so as
to enhance the selection of germplasm in conservation of
the species as well as fostering a better understanding of the
diversity within the species.
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