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Background and aim: The promotion of indigenous floral diversity would have a 
positive impact on ecosystem services and provide a source of additional income 
for local residents. Sesamum radiatum (Pedaliaceae) has great potential because it 
can provide a wide range of ornamental, ethnobotanical and nutritional services. 
Genetic studies are advocated before the increased introduction of a species into 
green spaces. Therefore, we aimed to study genetic diversity and differentiation 
among both disjunct and geographically close populations of S. radiatum in Ga-
bon and Cameroon, to better manage indigenous genetic resources.

Methods: Thirteen autochthonous populations of S. radiatum from two disjunct 
savanna areas of southeastern Gabon and northern Cameroon, separated by rain 
forest, were analysed using a highly reproducible high annealing temperature- 
random amplified polymorphic  (HAT-RAPD) protocol. Genetic differentiation 
was assessed using distance-based and Bayesian approaches. 

Results and conclusion: The observed values of genetic differentiation between 
populations varied considerably (FST 0.041 to 0.706), with the majority found 
in the very high genetic differentiation range. Only two major genetic clusters 
were identified, mostly coinciding with geographic sampling areas. One of the 
populations from Cameroon showed signs of admixture possibly due to more 
intense agricultural activities in the area. The genetic differentiation among geo-
graphically close populations in Gabon is weak and most likely due to indigenous 
anthropogenic activities in connection with the traditional use of S.  radiatum. 
Thus, the production and dissemination of planting material used, for instance, 
for green space development should take place within the main clusters in order 
not to distort the existing genetic structure, while benefiting from sufficient genet-
ic diversity within the regions themselves.
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Introduction
In a situation of ever increasing urbanisation, confronted with the challenges of 
sustainable development, vegetation is the best means of structuring habitats 
in developing countries (Ali Khodja 2011). In this context, the development 
of public green spaces is a key element (Wolch et al. 2014). The urbanisation 
process in Africa remains marked by the lack of planning that has prevailed 
since the 1950s (Vermeiren et al. 2012), which contributes to the deterio-
ration of the urban environment quality through the removal of the original 
vegetation cover (Kabanyegeye et al. 2022). However, the development and 
management of green spaces in sub-Saharan Africa cannot keep up with the 
spatial expansion of cities. This growth is rapid and poorly controlled, which 
causes a series of adverse socio-economic and environmental impacts, includ-
ing a loss of biodiversity and the degradation of ecosystem services (Kaleghana 
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& Mweru 2018). Moreover, green spaces development 
plans in Central Africa are implemented with the mas-
sive use of exotic, non-native plants to the detriment of 
local plants. This approach prevents the utilisation of 
indigenous species and deprives autochthonous plant 
populations of their potential ecosystem services (Ka-
banyegeye et al. 2022). The promotion of indigenous 
floral diversity would have a significant positive impact 
on the functional quality of the landscape, allowing for 
the enhancement of their ecosystem services and pro-
viding a source of additional income for local residents. 
Gabon alone has a very rich botanical diversity, with 
a total flora estimated between 6 100 and 7 000 spe-
cies of plants (Sosef et al. 2006). In this reservoir with 
undeniable potential, which remains entirely underex-
ploited from an ornamental point of view, we highlight 
Sesamum radiatum Thonn. ex Hornem., a plant of the 
family Pedaliaceae.

Sesamum radiatum (Figure 1) or black benniseed is na-
tive to West and Central Africa. The leaves of S.  radia-
tum are consumed as a vegetable in the countries of this 
region, particularly in Nigeria, Ghana, Benin and north 
Cameroon (Adebisi & Oni 2023), where it can amount to 
50–100% of the incomes of rural households (Mbaye & 
Moustier 2000). The plant is used in traditional pharma-
copoeia, an avenue for enriching research for new chem-
ical entities that could lead to production of medicines 
for use in different therapeutic areas (Lavaee et al. 2019). 
It is found on nutrient-poor sites, growing in sandy, rocky 
or gravelly places, and it tolerates heat and drought well 
and continues to grow and bloom during the dry sea-
son (Bedigian 2003). As such, it is capable of occupying 
open places where few other herbaceous plants grow. 
Sesamum radiatum is also a hermaphroditic plant, op-
tionally allogamous with a pollen/egg ratio equivalent to 
66.1 and a development cycle that spans about 75 days 
(Zhang et al. 2019).

Additionally, S. radiatum has a high potential to contrib-
ute to ecosystem services. Ecosystem services can be 
defined as the services rendered to human populations 
by the natural functioning of ecosystems (Maréchal et 
al. 2016). Sesamum radiatum in urban green spaces 
generates a wide range of ecosystem services, including 
provisioning services such as food and medicine, regu-
lating services like environmental stewardship and ero-
sion control, supporting services by being melliferous, 
serving as green manure, providing habitat and con-
serving genetic diversity, and finally cultural services, 
which encompass aesthetic appreciation, recreation 
and spirituality. All of these characteristics, including 
its aesthetic value, illustrate the species’ great poten-
tial as an autochthonous plant utilised in green spaces. 
Beyond green spaces, S.  radiatum also has relevance 
in agriculture. Several characteristics of S.  radiatum 
make it easy to multiply and use as a rapidly growing 
crop. Sesamum radiatum is among the wild relatives 
of sesame (Sesamum indicum) that are proposed as a 

potential source of pest and microbe resistance alleles 
(Kawase 2000). Thus, inclusion of S. radiatum into ses-
ame breeding programmes will be an effective strategy 
to improve biotic stress tolerance characters and broad-
en the breeding potential of sesame.

Despite all its varied potentials, S. radiatum remains a 
genetically understudied species. A comprehensive un-
derstanding of the genetics of S. radiatum may provide 
a scientific foundation for its sustainable use, conserva-
tion and improvement, whether in agriculture, green 
spaces or traditional practices. This knowledge facili-
tates informed decision-making for the cultivation, util-
isation and conservation of this versatile plant species. 
To the best of our knowledge, there is no germplasm 
collection for S. radiatum, and little is known about its 
genetics. Research to define the genetic diversity of 
S. radiatum, for example in Benin, has depended main-
ly on the use of quantitative morphological traits (Adéoti  
et al. 2012). However, the use of morphological and 
agronomic characteristics is associated with a strong in-
fluence from environmental factors. First efforts made 
using amplified fragment length polymorphism (AFLP) 
markers revealed low diversity or differentiation within 
the accessions analysed (Adéoti et al. 2011). The ab-
sence of detailed molecular data across multiple sesa-
me accessions and related species also hampers further 
investigations into the origin and domestication of ses-
ame. Uncu et al. (2015) emphasised the need for more 
characterisation of wild germplasm including African 

Figure 1. Sesamum radiatum, habit of the flowering plant in the 
savanna.



| Original research

| Open accesshttp://abcjournal.org |

Page 3 of 13  

species, interspecific crosses and molecular studies to 
efficiently harness potentialities of wild sesame species. 
In this context, S. radiatum may contribute genes that 
could be beneficial to S. indicum.

HAT-RAPD may represent a simpler and more efficient 
marker system for extensive S.  radiatum biodiversity 
conservation and utilisation strategies. The advantage 
of HAT-RAPD is its simplicity and cost-effectiveness. It 
is not necessary to have prior information about the 
DNA sequence as is required for microsatellites or sin-
gle nucleotide polymorphisms (SNPs), and this tech-
nique avoids the specialised electrophoretic equipment 
needed for AFLPs. A good knowledge of the genetic 
diversity and differentiation of S.  radiatum will also 
make it possible to appreciate its ability to respond to 
environmental changes and adaptability in new envi-
ronments (Miller & Cramer 2005) and will facilitate the  
knowledge-based preservation of natural genetic struc-
tures of the autochthonous S.  radiatum populations. 
We started our study from the postulate that the distri-
bution of S. radiatum is partitioned by deep equatorial 
tropical forest. Indeed, S. radiatum occurs in savannas 
and is not known from the tropical rainforest spanning 
Equatorial Guinea and eastward, and appears to rep-
resent a natural barrier (Figure 2). The objective of this 
work is to analyse the genetic diversity and potential 
differentiation of S.  radiatum accessions on both side 
of this natural barrier, from the southeastern border of 
Gabon to the north of Cameroon. It is interesting to 
evaluate plants with ornamental, nutritional and cultur-
al values from natural formations to ultimately establish 
a global strategy for their introduction and integration 
into local markets, ensuring that the process is system-
atic, quality controlled and adapted to needs and on-
site conditions. The objective is to make them gradually 
available and accessible to the local populations. In the 
end, our goal is to promote the use of native plants for 
more sustainable green spaces development. Knowl-
edge of the biology and genetic situation of autochtho-
nous species with nutritional and decorative potential 
constitutes a prerequisite for valorisation through do-
mestication. This study could be a first step to identify 
genes or genetic variants associated with these local 
adaptations. It would facilitate the identification of ge-
netically distinct populations in different regions with 
implications for the conservation of genetic diversity to 
promote the preservation of unique populations for the 
species’ maintenance.

Materials and methods
Sampling area

The native distribution area of Sesamum radiatum in-
cludes West and Central African countries (Figure 2A). 
Our sampling areas were located in two savannas 

separated by the tropical equatorial rainforest, where 
the species has not been observed, thus, creating a nat-
ural barrier in-between. This natural barrier is close to 
the species’ centre of distribution. The two sampling 
areas were located respectively about seven hundred 
kilometres southeast and northeast of S. radiatum distri-
bution area centre (which correspond approximately to 
Malabo city). By choosing sampling areas on both sides 
of this natural barrier, we increased the probability of 
capturing a greater part of the species genetic diversi-
ty, subject to different selective pressures, which could 
induce distinct genetic characteristics. Its populations 
could have developed local adaptations to cope with 
the specific environmental conditions in the two geo-
graphically distant regions. While both sampling areas 
were ecologically classified as savanna, they were not 
meteorologically identical. The average maximum tem-
peratures are 34°C for the northern Cameroon region 
and 28°C for southeastern Gabon. In terms of annual 
rainfall, the northern Cameroon region receives only 
700 mm of precipitation compared to a maximum of 
1 900 mm in southeastern Gabon (for detailed informa-
tion see Supplementary Table S1).

Plant material

Whole young leaves were collected from the apical part 
of 123 S. radiatum plants in 13 populations – i.e., those 
populations occupying savanna habitats of southeastern 
Gabon and northern Cameroon (Figure 2B). Leaves were 
harvested from six to ten plants per population, with in-
dividual plants in a given population separated by 100–
150 m, and populations separated by 10–786 km (Figure 
2, Table 1, Supplementary Table S1).

DNA extraction and HAT-
RAPD analysis

DNA extraction was performed following the protocol 
of Eimert et al. (2016) with slight modifications. Specif-
ically, the amount of plant material to be extracted had 
to be limited to 10 mg of dry leaves per 900 µl buffer 
because of the very high viscosity of the crude extracts, 
due to the richness in polysaccharides within the leaves. 
Polysaccharides were largely removed using polyvinyl-
polypyrrolidone (PVPP, 10 mg per sample) in UEB (urea 
extraction buffer composed of 7  M urea, 0.3125  M 
NaCl, 50 mM Tris-Cl pH 8, 20 mM EDTA pH 8 and 1% 
Sarkosine in a volume of water). For additional purifi-
cation we used RNase treatment. DNA purification also 
included the use of phenol-chloroform-isoamyl alcohol 
(25:24:1). Finally, TE buffer was used to dissolve the 
plant DNA that is relatively free of major contaminants. 
The quantity and quality of DNA were estimated us-
ing a Nanodrop spectrophotometer (Thermo Scientific 
NanoDrop TM8000). Mean DNA concentration was 
101.3  ng/µl (range 30.1–433.7  ng/µl). DNA purity 
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was for 260/280 ratios 2.08 (range 1.64–2.61) and for 
260/230 ratios 1.20 (range 0.43–1.98). DNA samples 
are available from the authors upon request. Prior to 
use, all DNA solutions were diluted with sterile de-
ionised water to 5 ng/µl to ensure that all targets are 
amplified uniformly, reducing amplification biases and 
improving the reliability and comparability of the re-
sults. Amplifications were achieved using DNA extracts 
with a minimum OD260/280 ratio of 1.40.

The primers selected for the study (UBC 305, UBC 308 
and UBC 312, Table S2) were part of the RAPD set 
of the University of British Columbia (UBC, Vancouver, 
Canada), chosen for their high GC content to facilitate 
the HAT-RAPD specific approach. The high GC content 
allows for the higher annealing temperatures of HAT-
RAPD polymerase chain reactions (PCRs) avoiding the 
unspecific priming inherent to low-temperature RAPD 
PCRs (Chundet et al. 2007, Ruangsuttapha et al. 2007). 
HAT-RAPD reactions were performed in reaction vol-
umes of 20 μl containing 5 ng/µl DNA, 1.5 µM primer, 
5 mM four deoxynucleotide triphosphates (dATP, dCTP, 
dGTP, dTTP), 0.1  U/µl DreamTaq DNA polymerase 
(Fermentas, Thermo Scientific) and 1× PCR Green 
Buffer, using a Primus Advanced thermocycler (PeqLab, 
VWR International GmbH). The amplification was ini-
tiated by a denaturation step at 95°C for 5 minutes, 
followed by 38 cycles of 1 minute at 95°C, 1 minute 
at 45°C and 2 minutes at 72°C. Ramp speeds were set 
to 2°C/sec for heating and 1°C for cooling. The result-
ing DNA fragments were separated by horizontal gel 

electrophoresis (1.3% agarose in Tris-borate-EDTA Buf-
fer). Gels were stained with 7.5 μl ROTI®GelStain (Carl 
Roth GmbH, Karlsruhe, Germany) and scanned using 
a MF-ChemiBIS 3.2 gel documentation system (DNR 
Bio-Imaging Systems, Neve Yamin, Israel).

Data analysis

Amplified polymorphic HAT-RAPD markers were 
scored as present (1) or absent (0) for each sample. 
Ambiguous bands that could not be easily distin-
guished were not scored (Williams et al. 1990). Thus, 
for the three primers and the 123 samples from 13 
populations, 56 polymorphic loci were analysed. Allel-
ic frequencies of loci were calculated using fingerprint 
analysis with missing data (FAMD, Schlueter & Harris 
2006) using Lynch and Milligan’s (1994) estimation 
recommended for RAPD markers. Pairwise FST values 
(Fixation index; Wright 1969; Holsinger & Weir 2009) 
were also calculated using FAMD based on the Jaccard 
similarity coefficient (Jaccard 1912), average coeffi-
cient calculated from 100 draws (d = 1-s). Here, also 
the unbiased expected heterozygosity was calculated 
as (2N / [2N-1])*He, where N is the number of dif-
ferent alleles in a population, and He equals 1-Σpi 2, 
where pi is the frequency of the ith allele in the popula-
tion. STRUCTURE 2.3 software (Pritchard et al. 2000; 
Falush et al. 2007; Hubisz et al. 2009) was used to de-
tect genetic structures within the sample populations. 
Here, the first 100 000 steps in the Marcov chain were 

Figure 2. A, Overview of Sesamum radiatum distribution area, the two countries of origin are filled with light red delimited by the borders 
of the federal countries (thin grey lines), insets show sampling locations with B, Google Earth satellite views of the thirteen sampling 
sites (1–13).

A
B
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used as burn-in to reach equilibrium distribution, mi-
nimising the effect of the starting configuration. This 
was followed by 50 000 additional Markov chain steps 
for each K-value and the calculation was iterated 20 
times to ensure consistency and reliability of the re-
sults. Settings were assuming an admixture model and 
correlated allele frequencies without locpriors in order 
to minimise skewed clusterings due to prior assump-
tions. The most likely number of clusters (K, tested for 
1 through 13) was calculated according to Evanno et 
al. (2005) using the Structure Harvester program (Earl 
& VonHoldt 2012), where the best K was calculat-
ed based on the second order rate of change of the 
likelihood (ΔK, with higher numerical values indicat-
ing higher likelihoods). Based on the FST data found, 
distance-based cluster analysis (NJ – neighbourhood 
joining; Saitou & Nei 1987) for populations was cal-
culated in FAMD and a dendrogram was constructed 
from 1 000 repetitions. A Principal Coordinate Analy-
sis (PCoA; Gower 1966) for populations was conduct-
ed in GenAlEx plug-in version 6.5 (Peakall & Smouse 
2006, 2012), which was also used for analysis of mo-
lecular variance (AMOVA analysis) (set to 999 permu-
tations; Excoffier et al. 1992) to assess the hierarchical 
compartmentalisation of genetic variations within and 
among populations and between the two previously 
detected regions (K=2). The correlation of genetic, 
geographic and environmental patterns was analysed 
using Mantel tests (Mantel 1967; Sokal 1979) through 
the zt-win software (Bonnet & Van de Peer 2002) with 
10 000 simulations per parameter. This analysis can re-
veal correlating patterns such as isolation by distance, 
where geographically distant populations are more 
genetically distinct, or adaptation to altitude, where 
populations at similar altitudes might be more geneti-
cally similar regardless of geographic distance. The al-
titude and geographic (linear) distances between the 
centroids of the sampled populations were determined 
with Google EarthTM using the ‘ruler’ tool. Climate data 
on precipitation and temperature (Supplementary Ta-
ble S1) were collected based on data from the IRD 
(The Research Institute for Development) ground sta-
tions observation using inverse distance weighted with 
monthly time step and half a square degree for spatial 
scale. Data correspond to the average monthly values 
cumulated over 20 years (1991–2021).

Results
The genetic fingerprint profiles of S.  radiatum sam-
ples show a varying degree of heterogeneity within 
and among populations. Pairwise FST values vary from 
0.041 (between population 5 and 7) to 0.706 (between 
population 1 and 12) (Table 1). The overall average of 
interpopulation FST of all samples is 0.284. The genet-
ic diversity within the populations is described by the 
heterozygosity. The unbiased expected heterozygosity 
over all populations is 0.256.

We used structure analysis to determine the most like-
ly number of genetic groups (K) potentially situated in 
the observed populations, ranging from a minimum of 
1 to a maximum of 13. In these calculations a higher 
ΔK indicates a greater probability of the hypothesis of 
the corresponding K value. Here, the most likely K val-
ue was observed for K = 2 (ΔK = 73, Supplementary 
Figure S1) for all models tested from the STRUCTURE 
analysis using all loci. Thus, we observed two main clus-
ters with populations 1 through 10 belonging to the first 
cluster and populations 11 through 13 to the second 
cluster (Figure 3). These clusters largely correspond to 
the two geographical extremes, southeastern Gabon 
and northern Cameroon, with population 13 appear-
ing to be an admixed population of the two main clus-
ters. A lower likelihood (ΔK = 58) was calculated for 
a potential K = 3 (Supplementary Figure S1) with two 
possible subclusters within the Gabonese region, dif-
ferentiating populations 1, 2, 3, 4, 6, and 9 (subcluster 
A, Figure 3, lower panel, dark blue) from populations 
5, 7, 8, and 10 (subcluster B, Figure 3, lower panel, 
light blue). Almost all Gabonese populations show a 
certain amount of admixture between the subclusters, 
with population 3 exhibiting an almost equal allocation 
of both subclusters, with subcluster A (Figure 3, dark 
blue) slightly prevailing. No significant probability was 
observed for higher K values (see Supplementary Fig-
ures S1 and S2).

The PCoA (Figure 4), carried out on all the samples, 
supports the relative genetic distance of the popula-
tions from each other, with 46.48% and 20.48% of the 
genetic differentiation explained by the first two axes, 
respectively. Here, one group consists of populations 

Figure 3. Bayesian estimate of genet-
ic structure for the thirteen pop-
ulations (designation 1–13) with 
no priors, assuming admixture 
and correlated allele frequencies 
for K = 2 and K = 3.
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1 through 10 and the second group of populations 11 
through 13, with the population 13 occupying an in-
termediate position, suggesting admixture between the 
two main clusters. A cluster analysis revealed a simi-
lar configuration, but with the mentioned population 
13 being placed nearer to populations 11 and 12 from 
Cameroon, than to the populations from Gabon (Sup-
plementary Figure S3).

The AMOVA analysis of all the data applied to all sam-
ples shows that 32% of the total genetic differentia-
tion can be detected among the populations and 68% 
variability within populations. Mantel tests, applied to 
all populations, show that there is a strong and highly 
significant correlation between genetic and geograph-
ical distances with R (correlation coefficient) = 0.784 

(P = 0.003). Significant correlations with genetic dis-
tances were also observed for temperature (R = 0.664, 
P = 0.004) and precipitation (R = 0.691, P = 0.001).

Discussion
Sesamum radiatum, a traditional leafy vegetable, has 
strong potential to contribute to the ecosystem services 
provided by green spaces essential to human well-being. 
The genetic analysis of S. radiatum populations aims to 
give a basis for the valorisation of local nutritional plants 
with decorative potential and its popularisation through 
domestication. Sesamum radiatum has many advantages 
because it is easy to cultivate and can adapt to a wide 

Table 1. Geographic and genetic distances between all sampled populations. Below the diagonal: pairwise FST values using all loci (Coef-
ficient: Standard Jaccard, distance transformation: d = 1-s, with probability P for all FST values < 0.001, based on 999 permutations). 
Above the diagonal: pairwise geographical distances (linear distance between the centroids of the populations, in km)

Populations 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0 60 50 40 49 37 69 83 69 70 858 1301 897

2 0.062* 0 13 40 77 49 99 23 10 32 905 1347 943

3 0.277 0.082 0 26 64 35 86 36 22 42 902 1344 940

4 0.141 0.077 0.142 0 38 10 60 60 48 66 899 1342 938

5 0.367 0.170 0.131 0.218 0 29 23 99 86 102 890 1334 930

6 0.154 0.053 0.112 0.087 0.122 0 51 70 58 74 893 1337 933

7 0.300 0.109 0.102 0.144 0.041 0.057 0 119 108 125 894 1338 935

8 0.382 0.130 0.157 0.230 0.076 0.177 0.068 0 15 35 922 1363 959

9 0.238 0.139 0.247 0.119 0.289 0.132 0.234 0.252 0 29 910 1352 948

10 0.412 0.203 0.220 0.277 0.094 0.166 0.080 0.159 0.310 0 889 1330 926

11 0.671 0.522 0.467 0.568 0.434 0.490 0.493 0.556 0.631 0.451 0 445 48

12 0.706 0.557 0.509 0.602 0.459 0.515 0.524 0.583 0.668 0.483 0.096 0 405

13 0.424 0.245 0.217 0.326 0.171 0.238 0.222 0.287 0.398 0.270 0.324 0.339 0

*Colours below the diagonal visualise the levels of differentiation according to Hartl & Clark (1997) and Frankham et al. (2002): < 0.05 
low (yellow), 0.05 < 0.15 moderate (bronze), 0.15 < 0.25 high (orange), > 0.25 very high (red). Colours above the diagonal indicate 
the minimum and maximum distances between sampled populations. 

Figure 4. Principle coordinate anal-
ysis (PCoA) based on genetic 
distances among Sesamum ra-
diatum populations (1  000  000 
iterations) using all loci. The first 
two axes explain 46.48% and 
20.48% of the variation, respec-
tively. Colours denote the coun-
tries of origin of the populations 
[Coord. = coordinate].



| Original research

| Open accesshttp://abcjournal.org |

Page 7 of 13  

variety of conditions. It provides ecosystem processes, 
such as nutrient cycling, erosion control and pest regu-
lation, thereby helping to maintain the balance of eco-
systems. By assessing the genetic diversity and potential 
differentiation of S. radiatum populations from different 
regions, the study lays the foundation for searching for 
genes or genetic variants associated with local adapta-
tions. This information is valuable for the conservation of 
genetic diversity and the development of green spaces 
using native plants with ornamental and functional po-
tential. The study results could facilitate the identification 
of genetically distinct populations, with implications for 
the preservation of unique populations and maintenance 
of the species.

HAT-RAPD markers were used in this study to assess 
the genetic diversity of S. radiatum accessions from two 
regions of Central Africa. This DNA profiling technique 
was utilised because of the lack of knowledge about 
genetic sequence information from S. radiatum and the 
cost efficiency of HAT-RAPD. A similar RAPD technique 
was earlier used to genetically characterise accessions 
of another member of the Pedaliaceae family, Sesamum 
indicum (Salazar et al. 2006).

Genetic diversity within S.  radiatum populations re-
mains very high with an overall mean equivalent to 
0.284, which is above the unbiased expected heterozy-
gosity for the overall populations (0.256). This high ge-
netic diversity is likely due to the reproductive biology of 
S. radiatum as a hermaphrodite plant with preferential 
allogamy and anemophilous pollination (Ahohuendo et 
al. 2012). It is possible that S. radiatum has an estimat-
ed cross-pollination rate of up to 60% (Awoleye & Illoh 
2017). As observed by Yermamos (1980), S. indicum, a 
plant of the same family and with agromorphological 
similarities, has approximately 10 to 20% of its diversity 
genetics of its populations linked to this cross-pollina-
tion. This could also explain the high level of genetic 
diversity observed in our study. According to Bhat et al. 
(1999), a high local diversity of S. indicum is also associ-
ated with cross-pollination, depending on the presence 
of pollinating insects at the time of flowering.

Distance-based analysis of the electrophoretic profiles 
identified two main clusters, mostly consistent with 
their geographic origin: southeastern Gabon and north-
ern Cameroon, except for population 13 where we see 
evidence for admixture. Such general pattern is typical 
for large populations in the absence of disruptive selec-
tion (Hartl & Clark 1997) with genetic drift as the main 
driver of population genetic differentiation.

In this study, Mantel tests support the role of geo-
graphical distance and climatic factors to have jointly 
affected the genetic differentiation of S. radiatum. The 
correlation between the spatial structure of clusters 
and the genetic structure might be related to genetic 
drift through founding effects. The distance between 

the two savannas has very likely contributed to an in-
hibited gene flow. The significant correlation between 
genetic distance and climatic factors suggest that dif-
ferences of temperature and precipitation between 
the two savannas may have driven local adaptation or 
divergent selection in the areas. The climatic condi-
tions of the two clusters are not at all identical. There-
fore, one might speculate that the populations of each 
cluster may have acquired morphological or physio-
logical characteristics adapted in response to specific 
ecological conditions (Sauvion & Darnis 2022). Thus, 
populations in the two areas may represent different 
ecotypes. Concerning population 13 in Cameroon, 
there were many agricultural activities in the locality 
compared to other sites. This could be one of the rea-
sons why we observed significant admixture of the two 
main genetic clusters only in this Cameroonian popu-
lation. However, our current dataset may not be suffi-
cient to achieve this level of discrimination. This can 
be done with additional sampling from West African 
and other Central African countries.

Further Bayesian analysis of the Gabonese cluster al-
lows for the possible existence of two subgroups within 
the cluster. However, cluster analysis cannot find any 
evidence for further isolation by distance or for selec-
tive adaptation within this cluster. Also, AMOVA shows 
no strong differentiation between the populations of 
this cluster. Hence, we argue that this weak differentia-
tion is most likely due to anthropogenic activities (seed 
exchange etc.). Indeed, the first subcluster (populations 
1, 2, 3, 4, 6, 9) is characterised by semi-urban environ-
ments with a proximity to main roads suggesting high 
anthropogenic pressures. The second subcluster (pop-
ulations 5, 7, 8, 10) is characterised by more isolated 
areas with less anthropogenic pressure. The popula-
tions 5 and 7, which are the genetically closest popu-
lations, belong exactly to the same type of habitat, the 
Guineo-Congolia savanna formation, which stretches 
to the Congo. The area from which population 8 was 
sampled is located in a large private area belonging to 
the SUCAF Gabon Company (Sucrerie Africaine du 
Gabon), a sugar cane producer. In the 4 400 ha area, 
access to the public to this population is limited. Finally, 
population 10 is also geographically isolated, but less 
so than other populations. Population 10 was far from 
inhabited areas and without agricultural activities in the 
vicinity. All these elements suggest that the subclusters 
diversity could strongly depend on human factors and 
that the anthropogenic activities, affecting the plants 
directly, as well as their environs, can be considered a 
strong driver of genetic differentiation.

Conclusions
The HAT-RAPD method allowed for the genetic de-
limitation based on the actual biological situation. The 
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two detected clusters may be shaped by geographic 
isolation (isolation by distance and genetic drift) or by 
adaptive differentiation (adaptation to different envi-
ronmental factors) or anthropogenic factors (agricul-
tural expansion or seed distribution by humans). How-
ever, we cannot, at this point, definitely differentiate 
between the driving factors of the differentiation of the 
observed populations. On the other hand, for the pop-
ulations in Gabon that are geographically proximate, 
diversity tends to be explained by indigenous anthro-
pogenic activities and the traditional use of S. radiatum. 
Indeed, S. radiatum is used in the culinary habits and 
customs of the inhabitants. An archaeological dig in the 
Lastoursville region, located 200 km from the sampling 
sites, has uncovered seeds of S. radiatum or a related 
species in clay pots thousands of years old. The popula-
tions of the Stone Age harvested and therefore already 
consumed sesame seeds (White & Abernetty 1997). 
Thus, if we want to promote a more rational and inten-
sive use of this plant in green space development pro-
grams, the source of seeds is a key element. The pro-
duction and dissemination of planting material should 
take place within the clusters in order not to modify 
the existing genetic structure, while benefiting from suf-
ficient genetic diversity within the regions themselves. 
Such an approach of detailed genetic studies of S. ra-
diatum populations, allows the precise determination 
of regions specific to the origin and the establishment 
of appropriate management.
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Supplementary Material
Table S1. Population data

Population number 
(name)a

Latitudeb Longitudeb Average annual 
precipitation

Average annual 
night temp.

Average annual 
day temp.

Altitudec

1 (Obori-Lekoussa) -1.238944 13.785194 1700 mm 22°C 28°C 450

2 (Mvengue) -1.633853 13.418206 1800 mm 22°C 28°C 380

3 (Mbaya-Sablier) -1.610456 13.534858 1800 mm 22°C 28°C 320

4 (Kele) -1.603692 13.769108 1800 mm 22°C 28°C 430

5 (Souba) -1.538844 14.106994 1800 mm 22°C 28°C 650

6 (L’eau Claire) -1.563700 13.849944 1800 mm 22°C 28°C 550

7 (Lekoni) -1.580514 14.307678 1800 mm 22°C 28°C 580

8 (Sucaf) -1.766047 13.252611 1900 mm 22°C 28°C 407

9 (Doutou) -1.672053 13.343592 1900 mm 22°C 28°C 460

10 (Biasson) -1.457733 13.194086 1700 mm 22°C 28°C 570

11 (Meiganga) 6.502781 14.303231 1500 mm 16°C 25°C 990

12 (Goyang) 10.522042 14.237358 700 mm 22°C 34°C 430

13 (Yambaka ) 6.869014 14.077717 1500 mm 16°C 25°C 1110

aNear settlement in parenthesis. bIn decimal degrees. cIn metres above main sea level.

Table S2. Primer data

Primer name Primer sequencea GC contentb

UBC305 GCT GGT ACC C 70

UBC308 AGC GGC TAG G 70

UBC312 ACG GCG TCA C 70

aIn 5’–3’ direction. bIn percent (%).

Figure S1. Delta K (ΔK) values (y-axis) for the most likely number 
of clusters (K; x-axis).
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Figure S2. Bayesian estimate of genetic structure for the thirteen populations (designation 1–13) with no locpriors, assuming admixture 
and correlated allele frequencies for K = 2 to K = 13, and with the corresponding likelihoods (ΔK values).
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Figure S3. Dendrogram of cluster analysis of Sesamum radia-
tum using all loci (UPGMA, Jaccard, distance d = 1-s, 1 000 
repetitions).
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