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ABSTRACT KEYWORDS

Irvingia gabonensis and Irvingia wombolu trees indigenous to West and Genetic diversity; Irvingia
Central Africa are economically important owing to their valuable wombolu; irvingia
kernels. Massive fruit harvesting and reduction of forests land area gabonensis; population
has threatened their genetic diversity thus warranting conservation. S"uaure;‘gefrg.rl’.lasg}\ T
This study reports the genetic diversity and population structure based ;ZZ;ELXZSSQ’ HICODATT:
on dominant markers of Irvingia accessions from Nigeria, Cameroon

and Gabon held at World Agroforestry field genebanks. A total of 60

samples and 6532 SilicoDArT markers revealed high genetic differen-

tiation among populations (phiPT = 0.301, P = .001). The overall

genetic diversity revealed by Nei's gene diversity (He = 0.117) and

percentage of polymorphic loci (39.60%) was low. l.gabonensis prove-

nances from Cameroon and Nigeria were more diverse than Gabonese

populations. Pairwise phiPT values calculated from AMOVA variances

delineated I. wombolu and [. gabonensis. Population structure and

cluster analysis based on Bayesian algorithm, DAPC and UPGMA meth-

ods placed Cameroon at the center of distribution of /. gabonensis

accessions from Nigeria and Gabon. Gabonese accessions tend to

cluster independent of Nigerian accessions while . wombolu formed

a distinct cluster from I. gabonensis. SilicoDArT markers were found

suitable for population structure and differentiation analysis of Irvingia

accessions and can guide future recollections to enrich genebank

diversity and materials for domestication events.

Introduction

Irvingia is a genus with seven species of trees indigenous to South East Asia (1 species), West
and Central Africa (6 species). Irvingia gabonensis (sweet bush mango) and Irvingia
wombolu (bitter bush mango) are the only species in the genus Irvingia with economic
importance in Africa (Asaah et al. 2003). The distribution of these two closely related
species across West and Central Africa overlaps in Nigeria and Cameroon where they co-
occur unlike all the other countries in the region (Lowe et al. 2000). The trees are commonly
referred by names such as bush mango, wild mango, dika nut or obono by the respective
local communities. Studies of the reproductive biology of I. gabonensis and I. wombolu
indicate that both species are mainly outcrossing with their pollination facilitated by insects
and the seeds dispersed by large animals and humans with no evidence of hybridization in
areas of sympatry (Harris 1996; Lowe et al. 2000). Reproduction influences the evolution
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and ecology of plants, shaping future genomes and environmental adaptability (Schoen et
al. 2019).

Fruit pericarps of I. gabonensis are sweet and are consumed fresh while their kernels and
those of I. wombolu are valued and used as soup thickeners, bread and dietary supplements
in weight loss regimens, medicine and as potential adjuncts in drug delivery systems (Odeku
and Patani 2005; Ngondi et al. 2009; Odeku et al. 2013). The kernels are also commercia-
lized regionally and internationally for cash exchange (e.g. Ofundem et al. 2017).

African bush mango is among the many trees with essential non-timber forest products
in West and Central Africa. The high demand of their products, kernels especially, has led to
massive fruit collection from forests and traditional agroforestry systems (Onyekwelu et al.
2015; Ofundem et al. 2017). This growing demand and over-harvesting of Irvingia fruits
(seeds) from their geographical locations has waned regeneration in their habitats, resulting
in a loss of genetic diversity (Vihotogbé et al. 2013). Conservation of available genetic
diversity is imperative for bush mango, which is among the top prioritized trees for
domestication in Africa. While tropical African forests harbor rich tree diversity, they
face challenges from human activities that include unsustainable harvesting, agricultural
activities, habitat loss, degradation and pollution (Davies et al. 2011; Daru et al. 2016) that
endanger their diversity. These challenges can be addressed using genomics which is vital in
understanding how trees cope with the threats (Plomion et al. 2016) and to uncover the
potential economic benefits from forest resources. The potential benefits that can be
harnessed from genomic information are tremendous (Slik et al. 2015). For instance, having
reference genomes of major African tree species will help increase their utilization range by
steering research in food production, environmental resilience and nutritional
improvement.

Irvingia gabonensis is among the 101 species of orphan crops identified by the African
Orphan Crops Consortium (AOCC). The AOCC initiative aims to address nutritional
issues and hunger problems by strengthening agricultural food production, through an
integrative approach involving the use of genomic tools, on under-researched African food
producing woody and non-woody species. The selected species are targeted for nutritional
improvement, better yields and climate resilience (Hendre et al. 2019). World Agroforestry
(ICRAF) has put efforts in germplasm collection of Irvingia and successfully established
field genebanks for them. The genebanks located at Onne and Ibadan in Nigeria and
Mbalmayo, Cameroon hold germplasm conserved ex situ as living tree accessions. Like
most woody perennials, Irvingia spp are not conserved in seed genebanks due to the
recalcitrant nature of their seeds that only remain viable approximately four weeks after
falling (Vihotogbé et al. 2014; Migicovsky et al. 2019). The genebanks are of great impor-
tance not only for conservation but also to the AOCC project since the genus Irvingia has
one of the valuable selected African orphan crop. While genebanks are imperative to
conservation, having a systematic design is important and can greatly benefit from genetic
and phenotypic characterization of available germplasm for better management and future
collections. Previous studies employed morphological and molecular markers on these
accessions primarily for characterization, which is key for effective conservation, utilization
and improvement of tree germplasm through breeding programs. These earlier studies in
Irvingia used random amplified polymorphic DNA (RAPD) (Lowe et al. 2000), amplified
fragment length polymorphism (AFLP) (Ude et al. 2006) and a combination of AFLP with
chloroplast simple sequence repeats (cpSSRs) (Vihotogbé et al. 2013).These studies
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predicted the centers of genetic diversity and their origin. However, these markers have
their limitations such as poor genome coverage, low reproducibility, low-throughput, and
low marker density. In this regard, this study employed DArTseq based dominant markers
that have a wide genome coverage, sequence based, generates thousands of markers in a
high throughput and cost-effective method. DArTseq, developed by Diversity Arrays
Technology Pty Ltd (DArT, Canberra, ACT, Australia) discovers markers through com-
plexity reduction and next generation sequencing generating two marker types; SilicoDArT
and SNPs (Killian et al. 2016). The two marker types have been applied successfully in
analysis of genetic diversity and mapping of tree populations in macadamia (Macadamia
integrifolia and Macadamia tetraphylla) and Eucalyptus microcarpa (Jordan et al. 2016;
O’Connor et al. 2019).

This study presents the first application of DArTseq markers in molecular characteriza-
tion of Irvingia accessions held at the ICRAF field genebanks. The study utilized SilicoDArT
markers to describe the level of genetic diversity and structuring of genebank accessions of
Irvingia. Half siblings were included in the study to check the suitability of DArTseq
markers in characterizing Irvingia.

Materials and methods
Plant material and genomic DNA extraction

Fresh leaf samples were collected from field tree genebanks located at Onne, Nigeria and
Mbalmayo, Cameroon. A total of 60 individuals representing two Irvingia species and three
countries were sampled, including Nigeria (5 regions), Cameroon (2 regions) and Gabon (3
regions). These leaf samples represent 50 individuals from 7 populations of Irvingia
gabonensis and 10 Irvingia wombolu individuals from 3 populations. The sampled trees
are of fruits collected from naturally occurring stands in their respective countries, which
seeds were planted in the genebanks between 1994 and 1995. Seeds from up to six fruits per
tree (half siblings) were used for planting during genebank establishment. This study used
up to two half siblings per tree accession from the mature trees. The leaf samples were
packed in silica gel and shipped to the ICRAF, AOCC molecular and genomics laboratory
from the respective field genebanks for DNA isolation.

Genomic DNA was extracted from the leaves using cetyl trimethylammoniumbromide
(CTAB) based method. DNA was quantified using Qubit 2.0 fluorometer (Invitrogen Co.,
USA) and quality evaluated on 1% agarose gel. DNA concentration was adjusted to
DArTseq’s required concentration (50ng/pl). 50 pl of each DNA sample was sent to
DArT Pty Ltd Canberra, Australia for sequencing and marker discovery (http://www.
diversityarrays.com/).

Genotyping and marker quality

DArTseq is a proprietary genotyping by sequencing (GBS) technology that relies on
complexity reduction to generate high density markers from low copy regions of the
genome (Killian et al. 2012). The method was optimized for Irvingia samples following
the protocol described by Alam et al. (2018) and Raman et al. (2014). Briefly, the initial
DArTseq steps involved creation of representations from the samples for DNA library
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preparation. The representations were selected to capture allelic diversity of Irvingia
samples followed by processing through a complexity reduction method that uses a
combination of a rare cutting enzyme (Pstl) and proprietary frequent cutting restriction
enzymes. Sequencing was done using one of Illumina’s next-generation sequencing plat-
forms (Killian et al. 2016). The sequences were extracted and analyzed using DArTsoft
v7.4.7 which aligns the sequences and provides specific SilicoDArT markers scored as
present or absent (1/0) from sequence tags.

The dominant silicoDArT markers were scored in a binary fashion with each allele called
as 1, 0 and ‘~‘representing present, absent or missing alleles respectively. DArTsoft has
inbuilt quality control parameters such as reproducibility, polymorphism information
content (PIC) and call rate (proportion of samples that the genotype call is either 1 or 0,
rather than (*-°) that indicate the quality for each marker. DArTseq discovered a total of
16,322 SilicoDArT markers but only markers with call rates > 95% per marker and PIC >
0.05 were retained for further data analysis of genetic diversity. 6532 markers met this
criteria and were therefore used for downstream analysis.

Data analysis

Analysis of molecular variance (AMOVA) was executed on GenAlEx v6.503 software to
check the structuring of variation for all populations using the binary (diploid option). The
variance components from AMOVA were used to calculate Phi-statistics (PhiPT) applying
999 permutations for both global and pairwise values. PhiPT is a measure of population
differentiation analogous to Fst from Wright's F statistics (Peakall and Smouse 2012).
GenAlEx was also used to calculate several measures of diversity; Nei’s genetic distance,
number of different alleles (Na) and percentage of polymorphic loci (%P) based on the 6532
markers across all populations. Nei’s gene diversity (expected heterozygosity, He) was
calculated on Arlequin v3.5.2.2 (Excoffier et al. 2005) with 100 steps of 10,000 Markov
chain iterations assuming Hardy-Weinberg Equilibrium proportions.

To establish and describe the genetic population structure and clustering of the 60
individuals, we employed admixture ancestry model on STRUCTURE v2.3.4 (Pritchard et
al. 2000) that uses Bayesian algorithm to define clusters. Ten independent runs were
performed for ten K values (K = 1 to K = 10) applying an admixture ancestry model with
no assumptions of prior population information. Burn in period of 50,000 and 100,000
Markov Chain Monte Carlo (MCMC) iterations were used. The results were uploaded to
Structure Harvester an online program that establishes the most correct K value using
Evanno method, the number of clusters (K) was plotted against delta K values (Evanno et al.
2005). Ideally, the best K value is the one with the highest delta K value (peak) which was at
K = 2, that clearly distinguished the two species (T3 supplementary table). A second
STRUCTURE analysis was performed only for the 50 I. gabonensis individuals to inspect
within species population structuring. 8 populations were assumed for this second run,
employing a burn in period of 10,000 and 100,000 MCMC repetitions with 3 iterations for
each K value. The best K value as shown by Evanno method was at K = 2. The final run for
the 50 individuals was executed with a higher length of burn in period, 150,000 and MCMC
repetitions of 150,000 assuming 3 populations, with 25 iterations for each K value (K =1 to
K = 3). The results were graphically displayed as colored bar charts using membership
proportions (Q values) for each individual in the inferred populations. To crosscheck
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genetic population structure, a scatterplot of DAPC; Discriminant Analysis of Principal
Components (Jombart and Collins 2017) was plotted on R (package: Adegenet). DAPC uses
Bayesian Information Criterion (BIC) to identify clusters from k-means (increasing k
values) to determine the nature of clusters. The best number of clusters in a BIC plot is
chosen from the lowest BIC value, which corresponded to 3 clusters for the 60 Irvingia
samples (Figure 3a).

To further infer evolutionary relationships, a hierarchical approach using Jaccard dis-
similarity index was employed. Here a UPGMA (unweighted pair-group method with
arithmetic averaging) phylogenetic tree was constructed using 1000 bootstrap samples on
DARwin v6.0.21 software.

Results
Marker quality

DArTseq generated 16,322 SilicoDArT markers, which were filtered down to 6,532 markers.
All the remaining 6532 markers had less than 5% missing calls, 0.99 mean reproducibility,
and 0.28 Polymorphic Information Content (PIC) (Table 1).

Genetic diversity and differentiation

Structuring of genetic variation by AMOV A indicated that much of the variation lies within
populations (70%) while among populations variation was attributed 30% of the total
variation (Table 2). The mean PhiPT value across all populations was PhiPT = 0.301, (P =
.001) and it showed that populations were significantly differentiated. Pairwise PhiPT values
further pointed to a higher level of genetic differentiation among I. wombolu and I
gabonensis provenances. The highest PhiPT was observed between two provenance pairs
of the two species; Kogi and Mabanda, Oyo_wo and Mabanda (PhiPT = 0.589, P = .003).
Lomie, Cameroon and Oyo, Nigeria provenances were the least differentiated (PhiPT =
0.043, P = .003) (Table 3).

Measures of genetic variation of provenances are presented in Table 4. Myvilla, Oyo,
Rivers State and Lomie had higher values of %P (52% - 61%) and Na (1.056 —1.233). Nei’s
genetic diversity (He) was higher in Oyo, Mvilla and Lomie (He = 0.238, 0.231 and 0.224
respectively). The lowest %P, He and Ne were observed in an I. wombolu provenance, Cross
River. Nei’s genetic distance revealed the farthest genetic distance between Cross River and
Lambarene (0.374) whereas the smallest distance was observed between Lomie and Oyo
(0.033) (T1 supplementary table). Mvilla, Cameroon had the highest diversity measures
across all provenances while Cross River had the least. I. gabonensis individuals from
Cameroon and Nigeria were more variable than the Gabonese provenances and the 3
provenances of I. wombolu from Nigeria.

Population structure and evolutionary relationships

STRUCTURE showed the highest delta K peak at K = 2 (Figure 1) for the 60 individuals
inferring two ancestry clusters. Cluster 1 contained all the I. wombolu accessions while the 1.
gabonensis were in cluster 2 with no admixture. Using a likelihood threshold of 0.60 in K
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Table 1. Marker information for the 6,532 SilicoDArTs.

Metric Max Min Mean
Call rate 1 0.95 0.977
Polymorphic information Content (PIC) 0.5 0.05 0.28
Reproducibility 1 0.95 0.99

Table 2. Summary of AMOVA Results.

Source df % variation Stat Value P-value
Among pops 10 30%

Within pops 49 70%

Total 59 100% PhiPT 0.301 0.001

PhiPT = Measure of genetic differentiation among populations

Table 3. Pairwise population PhiPT.

Rivers

Cross River ~ Enugu Kogi Lambarene Lomie Mabanda Mvilla Oyo Oyo_wo State Woleu Ntem

0.072 0.073 0.062 0.043  0.001  0.021 0.031 0.068 0.001 0.055 Cross River
0.428 0.032 0.024 0.014  0.008 0.002 0.009 0.039 0.001 0.005 Enugu
0.154 0.427 0.031 0.010  0.003 0.003 0.009 0.035 0.003 0.001 Kogi
0.539 0.309 0.530 0.006 0.003 0.005 0.002 0.028 0.001 0.036 Lambarene
0.431 0.113 0.440  0.198 0.005  0.005 0.050 0.011 0.001 0.045 Lomie
0.623 0.375 0.589 0.240 0.247 0.001 0.002 0.004 0.001 0.003 Mabanda
0.458 0.211 0.463 0.179 0.058  0.231 0.001  0.002 0.001 0.003 Mvilla
0.355 0.087 0.367 0.233 0.043 0.279  0.127 0.001 0.001 0.005 Oyo
0.249 0.419 0.137 0.527 0437 0589 0461 0.359 0.001 0.001 Oyo_wo
0.450 0.116 0.440 0.347 0.168 0373  0.249 0.156 0.441 0.001 RiversState
0.488 0.223 0.487 0.130 0.056 0.186  0.044 0.135 0.486 0.263 WoleuNtem

PhiPT values below diagonal. P- values above diagonal

= 2, the inferred clusters were generally grouped according to species, the green color
represents I. gabonensis while red represents I. wombolu (Figure 1).

The second STRUCTURE run structured the 50 individuals of I. gabonensis species into
two populations (K = 2). Cluster 1 (red) contained all the Nigerian populations while cluster
2 (green) was made up of populations from Cameroon and Gabon (Figure 2). This implied a
closer relationship between I. gabonensis trees from Cameroon and Gabon than with those
from Nigeria. K = 3 (Figure 2) shows that Nigerian and Gabonese I. gabonensis rarely cluster
together and that Cameroon overlaps with both Nigeria and Gabon (T4 supplementary
table). The inferred populations by DAPC (Figure 3) agreed with STRUCTURE results,
both individuals and provenances at BIC value k = 3 (Figure 3a) were structured as in K =2
of the 60 individuals. Memberships of each population and individual to the inferred
populations for the 60 individuals by both models are available in T2 supplementary table.

The UPGMA tree constructed from Jaccard dissimilarity index clustered the 60 indivi-
duals into 2 main clusters (Figure 4). The two clusters were subdivided into 5 sub-clusters,
which although not identical to DAPC and STRUCTURE, show a very similar nature of
clustering and individual relationships. Here, the lowest dissimilarity (0.20) was between
two Cross River individuals (both Lwombolu) and the highest dissimilarity (0.95) was
between two individuals from Lomie (I. gabonensis) and Kogi (I. wombolu) (dissimilarity
matrix available in T5 supplementary table). Distribution of individual accessions among
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Table 4. Measures of variation.

Provenance Code Country Species %P Na He

Cross River CrNi Nigeria l.wombolu 0.366 0.041
6.18%

Enugu EnNi Nigeria l.gabonensis 0.872 0.204
41.82%

Kogi KoNi Nigeria l.wombolu 0.632 0.115
23.85%

Lambarene LaGa Gabon l.gabonensis 0.705 0.152
31.41%

Lomie LoCa Cameroon l.gabonensis 1.056 0.224
52.37%

Mabanda MaGa Gabon l.gabonensis 0.724 0.141
33.68%

Mvilla MvCa Cameroon l.gabonensis 1.233 0.231
61.07%

Oyo OyNi Nigeria l.gabonensis 1.214 0.238
60.27%

Oyo_wo OyNi_wo Nigeria l.wombolu 0.651 0.117
24.60%

Rivers State RiNI Nigeria l.gabonensis 1.073 0.200
53.35%

Woleu Ntem WoGa Gabon l.gabonensis 0.957 0.210
47.01%

Mean 39.60% 0.368 0.170

SE 5.22% 0.002 0.019

%P = Percentage of polymorphic loci
Na = Number of different alleles
He = Expected heterozygosity

=2

1.00
0.80
0.60
0.40
0.20

0.00

|

Irvingia Irvingia gabonensis
wombolu

Figure 1. Structuring of the 60 individuals of I. wombolu and I. gabonensis accessions from Nigeria,
Cameroon and Gabon by STRUCTURE using membership probability (Q-values) and assuming 2 popula-
tions. The colored bar charts represent the two inferred clusters which are based on the two species.

the 5 major clusters in the UPGMA tree displays a close relationship between I. gabonensis
from Cameroon and Gabon, and from Cameroon and Nigeria. Gabon and Nigeria show
some level of delineation given the rare associations in clusters and the high Pairwise PhiPT
among provenances of both countries (Table 3). The I. wombolu were clustered indepen-
dently, consistent with the first two clustering models.
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1.00

0.80
0.60
0.40
020
0.00
Nigeria Gabon and Cameroon
1.00
K=3 gs0

0.60
0.40
0.20
0.00

| | |

Cameroon Nigeria Gabon

Figure 2. Population structure of 50 individuals of Irvingia gabonensis by STRUCTURE software con-
structed using Q-values. K = 2 shows the optimal clusters for the 50 individuals while K = 3 shows
possible clustering when grouped into three populations.

(a) Value of BIC (b)
versus number of clusters
- @ Cluster 1
) Cl 2
. % ) Cher 3

BIC
370
r_ %

1

366
1

Number of clusters L4

Figure 3. (a) Shows the BIC values (Bayesian Information criterion) with decreasing k values until k = 3
where the graph starts to ascend, indicating optimal clusters at k = 3 (b) Discriminant analysis of principal
coordinates (DAPC) scatterplot created in R (package: adegenet) representing 86.10% variance.

Discussion

Sustainable use of available genetic resources can benefit from analysis of genetic diversity
and evolutionary relationships of conserved tree germplasm. Such analyses can also provide
useful insights for better management of genebanks. Previous studies have characterized
both morphological and genetic diversity of Irvingia germplasm in ICRAF genebanks (Lowe
et al. 2000; Ude et al. 2006) using RAPD and AFLP markers respectively. Analysis of our
molecular variance results showed substantial genetic variation partitioned within popula-
tions (70%), the remaining 30% of the variation being attributed to among populations.
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Figure 4. UPGMA tree displaying relationships among 60 individuals from 11 provenances of Irvingia
gabonensis and Irvingia wombolu based on 6532 SilicoDArT markers. Sample codes correspond to
population codes used in Table 4. Each color represents the species and the country of origin as follows:
purple- I. wombolu from Nigeria, red- I. gabonensis from Cameroon, blue- I. gabonensis from Gabon,
green- . gabonensis from Nigeria. The l.gabonensis colors are the same with those of K = 3 bar plot in
Figure 2.

Combined with phiPT = 0.301 (P = .001), this indicates moderate differentiation of the 11
provenances. DArTseq markers suggested that the provenances were to some extent
evolved to form distinct units, and the pairwise phiPT values confirms this with signifi-
cantly high values among some of the provenances. Clear delineation was especially evident
at the species level and for Gabonese and Nigerian I. gabonensis groups. Within populations
variation was high which is typical of outcrossing and insect pollinated species (Hamrick et
al. 1992) like Irvingia. Irvingia seeds are dispersed mostly by humans and large animals who
travel long distances thus facilitating a wider across population gene flow. This is also
characteristic of most woody species with the same dispersal system.
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The 6532 SilicoDArT markers indicated an overall low genetic diversity for the 60
Irvingia accessions owing to the low mean Nei’s gene diversity (He = 0.117) and mean
proportion of polymorphic loci (39.60%). However, Mvilla and Oyo showed higher levels of
diversity compared to all other provenances while Cross River had the lowest genetic
diversity (Table 4). The I. wombolu individuals were few (ten) and therefore had low
diversity compared with I. gabonensis. For I. gabonensis, measures of diversity showed the
highest variation in Cameroon followed by Nigeria and the least in Gabon. Using %P for
instance, the trend for I gabonensis is as follows: Cameroon (52.37%-61.07%) Nigeria
(41.82-60.27%) Gabon (31.41%-47.01). This trend agrees with results reported by Ude et
al. (2006). The low diversity observed in some populations could be attributed to evolu-
tionary factors such as isolation and founder effect or forest disturbance that affect gene
flow (Ravinet et al. 2017), which itself could have affected populations prior to seed
collection of the accessions used in this study. Pollination also plays a fundamental role
in gene flow; in particular, fragmentation hinders the movement of small insect pollinators
between fragments which widely upsets the genetic equilibrium of populations (Vranckx et
al. 2012). The lowland evergreen West African forests have faced deforestation for a long
time. Such disturbance and fragmentation of forest areas negatively affect the genetic
variation of outcrossing and insect-pollinated species trees like Irvingia.

In our phylogenetic analysis based on STRUCTURE, the first run grouped the 60
accessions into two main clusters (Figure 1), which showed the two species in distinct
clusters. The second run (Figure 2) for the 50 individuals of I. gabonensis showed structur-
ing within accessions based on the various provenances, which corresponded to the DAPC
plot and the UPGMA tree. Clustering points to a shared ancestry for I. gabonensis acces-
sions from Cameroon and the other two countries with more associations between
Cameroon and Gabon. The same observation led to the idea by Ude et al. (2006) that
Cameroon could be the center of genetic diversity and the source of I. gabonensis germ-
plasm in both Nigeria and Gabon. This relationship reflects the geographic proximity of
Cameroon to both countries (Cameroon is in the middle, Figure 5) implying high chances
of gene flow and exchange of material. The tendency of Gabonese I. gabonensis accessions to
cluster independently of the accessions from Nigeria could also be attributed to probable
isolation by distance, which is also supported by the high Nei genetic distances and high
Jaccard dissimilarity index among their provenances which could limit chances of direct
natural gene flow. Coupled with high pairwise phiPT values and the high genetic dissim-
ilarities between I. gabonensis accessions from Nigeria and Gabon this demonstrates the
implication of selection pressure in evolution. Over time, populations adapt to immediate
environmental conditions such as rainfall patterns and soil types (Kithure et al. 2015).

Conclusion

This study showed the suitability of the dominant SilicoDArT markers in distinguishing
populations of Irvingia given the consistent relationships seen in the clustering methods
used. Information of genetic diversity and genetic differentiation is imperative to the
conservation of Irvingia species. This information is essential in decision making on future
seed source and germplasm collections. Genebank accessions from Gabon have been
consistently reported here and in previous studies to have low genetic diversity. This
requires further investigation as to whether it reflects the diversity status in the Gabonese
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Figure 5. Study area map showing collection points of bush Mango fruits used to germinate the trees
sampled for this study. Each dot represents a collection site.

wild populations or just in the genebank collections in which case a recollection to enrich
the genepool in the collection should be considered. Forest resources have been shrinking
considerably over time due to various anthropogenic activities and this is also the case
where Irvingia spp are endemic. Some of the suggested ways to improve this situation
involve restoration and domestication activities. Since high diversity is associated with high
adaptability, populations with higher diversity such as Oyo and Mvilla are recommended to
be targeted for future genebank recollections and to augment genebank conservation
activities as seed sources for restoration and domestication events, being that on farm
tree planting has been suggested to have positive gains in preserving genes and economic-
ally important traits.
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