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Abstract

Dacryodes edulis is a culturally and economically important fruit tree native to Central and West Africa. Despite its bene-
fits, its genetic diversity remains underexplored. This study has used Inter-Simple Sequence Repeat (ISSR) and Start Codon
Targeted (SCoT) markers to assess the genetic diversity and relationships among 32 accessions collected from Nigeria.
Genomic DNA was extracted using a modified CTAB protocol and amplified by 15 ISSR and 10 SCoT primers. The results
highlight the effectiveness of these markers in elucidating genetic variation and phylogenetic relationships, thus providing
a foundation for genetic resource management and conservation.
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Introduction

Dacryodes edulis (G.Don) H.J] Lam, commonly known
as African Pear or Safou, is a fruit-bearing tree of the
Burseraceae family, native to the humid tropical forests
of Central and West Africa (Kadji & al. 2016; Makouate
& Lekagne 2022). Valued for its nutritional and economic
benefits, the species is rich in essential nutrients and stands
as an important component in local diets (Oluwaniyi & al.
2017; Sika & al. 2021). Beyond its dietary relevance, its ed-
ible mucilage has emerging applications as a natural food
additive with medicinal potential (Ajibesin 2011).

Despite its importance, D. edulis remains underutilised

and under-characterised at the genetic level, especially in
Nigeria. Morphological classification has been common-
ly employed in the earlier studies (Okafor 1983; Silou &
al. 2002), but morphological traits can be influenced by
environmental factors, which limit their reliability for
identifying genetic variation. Molecular characterisation
offers a robust alternative for understanding genetic di-
versity and population structure, with markers such as
Simple Sequence Repeats, Random Amplified Polymor-
phic DNA, Amplified Fragment Length Polymorphism,
and Single Nucleotide Polymorphisms, applied earlier in
similar contexts (Olawuyi & Azeez 2019; Singh & al. 2020;
Odesola & al. 2023; Olufemi & al. 2024). Earlier molecu-
lar studies on Dacryodes edulis have employed Simple Se-
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quence Repeat (SSR) markers to investigate genetic varia-
tion within the species (Makueti & al. 2015; Rimlinger &
al. 2020). ISSR and SCoT markers are particularly useful
due to their reproducibility, cost-effectiveness and capac-
ity to detect high levels of polymorphism (Etminan & al.
2016; Luz & al. 2020). These markers have proven effective
in characterising diversity in various plants, including
Moringa oleifera, Zea mays, and Lathyrus species (Has-
san & al. 2020; Osman & al. 2020; Soliman & al. 2021).
This study explores the transferability and discriminating
power of ISSR and SCoT markers in assessing genetic kin-
ship among D. edulis accessions from Nigeria.

Material and methods
Plant material
Thirty-two accessions of Dacryodes edulis were col-

lected from six states (Abia, Akwa Ibom, Cross River,
Edo, Enugu, and Oyo) in Nigeria and appropriately

coded (Table 1). Those regions in the south southern
and southwestern parts of the country are known for the
natural occurrence of the species. Geographic coordi-
nates (longitude, and latitude) of each collection site were
documented (Table 2). Mature fruits were harvested from
healthy plants in each designated locality.

Planting and seedling maintenance

Seeds obtained from the fruits were sown individually
in 7 kg pots filled with fertile soil at the Forestry Research
Institute of Nigeria screen house. The experiment followed
arandomised complete design with three replications. Pots
were filled with soil and watered in the evening to soften it,
and seeds were sown the next morning, covered with ap-
proximately % inch (0.625 cm) of soil. Labels were used to
indicate location numbers, state codes, and planting dates.
The pots were arranged to ensure adequate sunlight and
were watered once daily in the evening. Manual weeding
was conducted regularly, and seedlings were thinned after
four weeks to promote the growth of stronger plants.

Table 1. List of Dacryodes edulis accessions used in this study

S/NO Accession names State of collection S/NO Accession names State of collection
1 EN1 Enugu 17 CRS17 Cross River
2 EN2 Enugu 18 AK18 Akwa lbom
3 EN3 Enugu 19 AK19 Akwa lbom
4 EN4 Enugu 20 AK20 Akwa lbom
5 EN5 Enugu 21 AK21 Akwa lbom
6 EN6 Enugu 22 AK22 Akwa lbom
7 EN7 Enugu 23 AK23 Akwa lbom
8 EN8 Enugu 24 UM24 Abia

9 EN9 Enugu 25 UM25 Abia

10 EN10 Enugu 26 UM26 Abia

1 CRSM Cross River 27 um27 Abia

12 CRS12 Cross River 28 1B28 Oyo

13 CRS13 Cross River 29 1B29 Oyo

14 CRS14 Cross River 30 IB30 Oyo

15 CRS15 Cross River 31 ED31 Edo

16 CRS16 Cross River 32 ED32 Edo
Table 2. Geographical data of the collection sites

S/N Collection state Natural vegetation Latitude Longitude

1 Abia Rain forest 5°27'012"N 7°52'6.20'E

2 Akwa lbom High forest 4°59'22.75"N 7°54'38.80"E
3 Cross River Rain forest 4°56'27.28"N 8°24"1611"E
4 Edo High forest 6°18'45.80"N 5°14"10.50"E
5 Enugu Rain forest 6°49'39.60"N 7°23'30.15"E
6 Oyo Rain forest 7°13'10.00"N 3°53'34.00"E

Source: Sowunmi and Akintola, (2010); climate-data (2018)
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Genomic DNA extraction

Genomic DNA was isolated from fresh leaf tissues of the
thirty-two Dacryodes edulis accessions using a modified
CTAB protocol based on Saghai-Maroof’s (1984) method.
The modification incorporated 20% SDS as a detergent and
1% PVP. Fresh leaf samples (500 mg) were ground with 400
ul of extraction buffer 1M Tris-HCI pH 8, 0.5M EDTA,
5M NaCl, 1% PVP, 20% SDS, -mercaptoethanol) to create
a homogeneous mixture. That mixture was incubated at
65°C for 25 minutes, then cooled for 5 minutes. After cool-
ing, 200 pul of 5M potassium acetate was added to neutral-
ize SDS and halt lysis, followed by a 20-minute incubation
on ice. Subsequently, 350 pl of chloroform isoamylalcohol
(24:1) was added, and the mixture was centrifuged at 4000g
for 10 minutes. The supernatant was then precipitated with
400 pl of ice-cold isopropanol and incubated at -20°C for
10 minutes. After centrifuging at 4000g for 20 minutes, the
supernatant was discarded leaving the DNA pellets at the
bottom of the tube. The DNA pellets were washed twice
with 300 pl of 70% ethanol, air-dried, and resuspended in
50 pl of sterile distilled water for storage at -20°C.

DNA quantification and qualification

DNA concentration was estimated using 1% agarose gel
containing 8% ethidium bromide solution. The concentra-
tion and quality of the DNA were further quantified using
a nanodrop spectrophotometer (N.D.1000) at an absor-
bance ratio of 260/280 nm. The quantification procedure
involved blanking the nanodrop with 2 uL of sterile H,O,
then measuring the DNA concentration by loading 2 pL of
DNA sample into the spectrophotometer. Optimal purity
was indicated by a ratio between 1.6 and 1.8 ng/uL protein
contamination, and a ratio above 2.0 ng/pL indicates RNA
contamination. A working solution with a concentration
of 20 ng/uL was prepared from the stock DNA solutions
for further use.

ISSRs and SCoT marker analysis

For genetic analysis, 25 polymorphic primers were em-
ployed to screen the genomic DNA of 32 Dacryodes edulis
accessions (Table 3). Fifteen ISSR primers were selected for
initial amplification. Each 25 pl reaction contained 2.5 pl of
PCR buffer, 2.5 mM dNTPs, 50 mM MgCl,, 0.1 unit of Taq
polymerase, 1 pl of DMSO, 13.4 ul of PCR-grade water, 1 pl
of each primer, and 3 pl of DNA. The amplification process
was carried out using an Applied Biosystem Thermal Cy-
cler with the following program: initial denaturation at 95°C
for 2 minutes; two cycles of 30 seconds at 95°C, 1 minute at
37°C, and 2 minutes at 72°C; followed by two cycles of 30
seconds at 95°C, 1 minute at 35°C, and 2 minutes at 72°C;
then 41 cycles of 30 seconds at 94°C, 1 minute at 35°C, and
2 minutes at 72°C; concluding with a final extension at 72°C
for 5 minutes, and then cooling to 4°C.

Similarly, ten SCoT primers were selected for another
set of amplifications, also with a final volume of 25 pl per

reaction. Each reaction contained 2.5 pl of PCR buffer, 2.5
mM dNTPs, 50 mM MgCl,, 0.1 unit of Taq polymerase, 1
ul of DMSO, 13.4 pl of PCR-grade water, 1 pul of each prim-
er, and 3 pl of DNA. The PCR program for SCoT primers
included initial denaturation at 94°C for 3 minutes, fol-
lowed by 10 cycles of 30 seconds at 94°C, 1 minute at 55°C,
and 1 minute at 72°C. This was followed by 30 cycles of 30
seconds at 94°C, 1 minute at 45°C, and 1 minute at 72°C,
with a final extension at 72°C for 7 minutes.

Polyacrylamide gel electrophoresis

The PCR product was further run on PAGE to have a
better separation of fragments, 6% polyacrylamide gel was
prepared containing 7.5 mL of Acrylamide/Bis 19:1 40%
(Ambion, Woodward Austin), TX was added to 2.5 mL of
5% TBE buffer and 40 mL of distilled water to give a to-
tal volume of 50 mL. Five hundred microlitres (500 pL) of
10% ammonium persulfate (Sigma, Saint Louis, MO, USA)
and 50 uL of N, N, N, N'-tetramethylethylenediamine (Sig-
ma, Saint Louis, MO, USA) were added to the mixture to
complete the gel preparation before the acrylamide poly-
merised. Once the molten gel was cast and solidified, PCR
products were electrophoresed for 1 hr 30 minutes at 80
V and stained with ethidium bromide solution for 5 min-
utes. The gels were observed under UV transillumination
(Aplegen imager).

Molecular data analysis

The ISSR and SCoT profiles for identical molecular
weight fragments from each individual accession were
rated as presence (1) or absence (0) in the data matrix. Us-
ing Jaccards’ similarity coeflicient, the data received from
scoring the bands was put through a genetic similarity ma-
trix (Jaccard, 1908). The NTSYS-pc software version 2.02
(Rohlf, 2000) was applied for cluster analysis, utilising the
unweighted pair-group method with arithmetic averages
(UGPMA) to find phylogenetic relationships. Polymorphic
information content (PIC) was calculated by the formula:

PIC = 1- Spi2.

Where pi is the frequency of the i allele

Results

Representative amplification profiles generated using
two primers, ISSR primer UBC-888 and SCoT primer
SCoT-2, have demonstrated clear polymorphic banding
patterns across the 32 Dacryodes edulis accessions (Fig. 1 &
2). Both sets of DNA primers (15 ISSR and 10 SCoT) pro-
duced distinct and polymorphic bands in the genotype.

ISSR markers

Fifteen ISSR primers amplified clear and reproducible
DNA fragments across the 32 Dacryodes edulis accessions.
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Table 3. Primer names and sequences for amplification of the 32 accessions of Dacryodes edulis.

S/NO Primer ID Primer sequence

Inter simple sequence repeat

1 UBC-808 AGAGAGAGAGAGAGAGC

2 UBC-811 GAGAGAGAGAGAGAGAC

3 UBC-824 TCTCTCTCTCTCTCT CG

4 UBC-825 ACACACACACACACACT

5 UBC-880 GGAGAGGAGGAGAGGAGA

6 UBC-840 GAG AGA GAG AGAGAGA(CT A
7 UBC-888 (GCT) (AGT) (GCT) CACACACACACACA
8 UBC-841 GAG AGA GAG AGAGAGA(CCT) C
9 UBC-843 CTCTCTCTCTCTCTCT (AG) A
10 UBC-846 CAC ACACACACACACAAG)T
1 UBC-849 GTGTGT GTG TGT GTG TYA

12 UBC-850 GTGTGT GTG TGT GTG TYC

13 UBC-851 GTGTGT GTGTGT GTG TYG

14 UBC-869 GITGTTGTTGTTGTTGTT

15 UBC-866 CTCCTCCTCCTCCTCCTC

SCoT primers

1 SCoT 1 CAACAATGGCTACCACCA
2 SCoT 2 CAACAATGGCTACCACCC
3 SCoT 3 CAACAATGGCTACCACCG
4 SCoT 16 ACCATGGCTACCACCGAC
5 SCoT 18 ACCATGGCTACCACCGCC
6 SCoT 22 AACCATGGCTACCACCAC
7 SCoT 28 CCATGGCTACCACCGCCA
8 SCoT 33 CCATGGCTACCACCGCAG
9 SCoT 35 CATGGCTACCACCGGCCC
10 SCoT 36 GCAACAATGGCTACCACC

Fig. 1. ISSR-PCR amplification products of the 32 Dacryodes edulis accessions generated by marker UBC-888.
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Fig. 2. SCoT-PCR amplification products of the 32 Dacryodes edulis accessions generated by marker SCoT-2.
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Table 4. Characteristics of 15 ISSR markers used to assess genetic diversity of Dacryodes edulis accessions.

Marker MAF NPF GD PIC

UBC-808 0.28 13 0.86 0.84
UBC-811 0.31 9 0.82 0.80
UBC-824 0.44 7 0.73 0.70
UBC-825 0.28 13 0.86 0.85
UBC-840 013 23 0.94 0.94
UBC-841 0.41 6 0.70 0.65
UBC-843 0.66 6 0.54 0.51

UBC-846 0.25 15 0.88 0.87
UBC-849 0.25 10 0.85 0.84
UBC-850 0.47 5 0.65 0.59
UBC-851 019 13 0.89 0.88
UBC-866 0.41 7 0.75 0.72
UBC-869 0.22 13 0.88 0.87
UBC-880 0.19 13 0.87 0.86
UBC-888 0.75 4 0.41 0.37
Mean 0.35 10.47 0.77 0.75

Legend: MAF-major allele frequency, NPF- number of polymorphic fragments, GD-gene diversity, PIC- Polymorphic
information content
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Fig. 3. Hierarchical cluster analysis of the 32 accessions of D. edulis based on ISSR markers.

A total of 157 fragments were obtained, with the number
of polymorphic loci per primer ranging from 4 (UBC-888)
to 23 (UBC-840) (Table 4). The mean number of polymor-
phic loci per primer was 10.47. The amplified products
ranged in size from 100 to 3000 bp. Polymorphic infor-
mation content (PIC) values varied from 0.37 (UBC888)
to 0.94 (UBC840), with an average value of 0.75. Gene di-
versity similarly ranged from 0.41 to 0.94 for UBC888 and
UBCB840 respectively, with a mean value of 0.77.

The hierarchical cluster analysis based on the ISSR
markers grouped the 32 accessions into five main clusters

(Fig. 3). The first cluster consisted of two genotypes from
Edo State. The second cluster comprised eight accessions
(ENI to ENS), all from Enugu, which formed a distinct
subgroup. The third encompassed accessions from mul-
tiple states including IB28-1B30, AK21-AK23 and UM24-
UM27, forming an intermediate group. The fourth clus-
ter included genotypes from Akwa Ibom (AK18-20) and
Cross River (CRS16-CRS17). The last cluster grouped five
genotypes from Cross River (CRS11-CRS15) with two
from Enugu (EN9 and EN10).
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2.2. SCoT markers

SCoT primers amplified a lesser amount of scorable
PCR products, generating a total of 59 polymorphic frag-
ments across all accessions (Table 5). The number of am-
plified fragments varied from 2 (SCoT3) to 13 (SCoT16),
with an average of 5.9 fragments per primer. Gene diver-
sity of SCoT ranged from 0.12 (SCoT'3) to 0.87 (SCoT'16),
with an average of 0.55. The size of fragments produced
by SCoT-PCR varied from 180 to 3000 bp. The average
value of polymorphic information content in the set of
used SCoT primers was 0.51. The highest value of PIC
(0.86) was detected with the SCoT16 primer. On the other
hand, SCoT3 showed the lowest value of PIC (0.11).

Cluster analysis based on the SCoT data have separat-
ed the accessions into seven groups (Fig. 4). Some clusters
contained accessions from the same state such as Enugu
and Cross River, while others showed mixed genotypes
from different locations (e.g., Ibadan, Umuahia, and
Akwa Ibom). The “royal blue cluster” stands as the first
cluster having two accessions EN7 and EN2, while the
second cluster had accessions from three geographically
separated locations, two from Edo (ED31, ED32), two
from Ibadan (IB29, IB30) and three from Enugu (ENS,
EN4, EN1). The third group has been comprised of EN9
and CR12 accessions. The fourth, included UM25 as a
single divergent genotype, likewise UM24 stood as an
outlier. The sixth cluster grouped accessions from multi-
ple localities, including Umuahia (UM26, UM27), Akwa
Ibom (AK18, AK19) and Ibadan (IB28). The last cluster
comprised the accessions EN6, AK23, AK21, EN5, AK22,
CRS16, EN3, AK20, CRS17, CRS14 - another distinct
group with internal similarities. This clustering reveals
a varying degree of genetic kinship among accessions
across different geographic origins.

Comparative analysis of ISSR and SCoT markers

The comparative summary of marker efficiency is pre-
sented in Table 6. The ISSR primers amplified a larger
number of fragments (157) than the SCoT primers (59),
producing an average of 10.47 and 5.90 polymorphic
fragments per primer, respectively. The mean gene diver-
sity (GD = 0.77) and polymorphic information content
(PIC = 0.75) obtained for the ISSR markers were higher
than those of the SCoT markers (GD = 0.55; PIC = 0.51),
indicating that ISSRs were more informative and had
stronger discriminatory power. In contrast, the mean
major allele frequency (MAF = 0.59) of SCoT markers
was higher than that of ISSRs (MAF = 0.35), reflecting a
more conserved nature of the genomic regions targeted
by SCoT primers. Together, both marker systems provid-
ed complementary insights, with ISSRs capturing broad-
er genome-wide variation and SCoTs detecting polymor-
phisms associated with functional, gene-rich regions.

Combined ISSR and SCoT markers analysis

A combined analysis of the molecular data of the two-
marker set used for constructing the dendrogram has fur-
ther revealed a hierarchical cluster analysis that grouped
the Dacryodes edulis accessions into five main clusters
(Fig. 5). Merged molecular data yielded clearer resolution
and demonstrated clear genetic differentiation between
populations, with ED samples forming the most distant
group. The EN samples split into two separate clusters II
and V. The combined dataset produced a more refined and
consistent clustering of the accessions, in line with their
geographical distribution. Cluster I contained all Edo ac-
cessions, while cluster II grouped all Enugu accessions
together, except for EN9 and EN10. Cluster IIT comprised

Table 5. Characteristics of the 10 SCoT markers used to assess genetic diversity of Dacryodes edulis accessions.

Marker MAF NPF GD PIC

SCoT 1 0.28 9 0.82 0.79
SCoT 2 0.69 6 0.50 0.48
SCoT 3 0.94 2 0.12 oM

SCoT 16 0.28 13 0.87 0.86
SCoT 18 0.81 3 0.32 0.30
SCoT 22 0.59 4 0.57 0.51
SCoT 28 0.41 12 0.78 0.76
SCoT 33 0.72 4 0.43 0.38
SCoT 35 0.56 4 0.59 0.52
SCoT 36 0.63 2 0.47 0.36
Mean 0.59 59 0.55 0.51

Legend: MAF-maijor allele frequency, NPF- number of polymorphic fragments, GD-gene diversity, PIC- Polymorphic

information content
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Fig. 4. Hierarchical cluster analysis of the 32 accessions of D. edulis based on SCoT markers.
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Table 6. Comparison of the efficiency of ISSR and SCoT markers for genetic diversity assessment in Dacryodes edulis

accessions
Type of marker ISSR SCOT
Number of analysed genotypes 32 32
Number of primers 15 10
Average number of polymorphic fragments per primer 10.47 5.90
Mean maijor allele frequency 0.35 0.59
Mean gene diversity 0.77 0.55
Mean polymorphic information content 0.75 0.51

a combination of Umuahia and Ibadan accessions high-
lighting strong genetic similarities, while Akwa Ibom
accessions were positioned between Clusters III and IV.
Thus, Akwa Ibom accessions appeared as a distinct but
transitional group, sharing traits with neighbouring clus-
ters. They showed proximity to Umuahia and Ibadan in
Cluster IIT and to Cross River in Cluster IV. Most Cross
River accessions have been grouped within the fifth clus-
ter, along with two extra accessions from Enugu.

Discussion

The molecular analyses using ISSR and SCoT mark-
ers have revealed clear and reproducible banding patterns
across all Dacryodes edulis accessions (Figs 1-2), confirm-
ing that both marker systems were reliable and informa-
tive for assessing genetic diversity. As shown in Tables 4
and 5, all primers amplified polymorphic loci, although
the degree of informativeness varied. ISSR primers gen-
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Fig. 5. Hierarchical cluster analysis of the 32 accessions of D.edulis based on combination of ISSR and SCoT markers.
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erally exhibited higher polymorphism information con-
tent (PIC) and gene diversity (GD) values, with mean PIC
and GD of 0.75 and 0.77, respectively, as compared with
0.51 and 0.55 for SCoT. Primers such as UBC-840 and
UBC-851 were particularly effective, revealing more vari-
able loci and contributing substantially to overall diversi-
ty, while SCoT primers, though lower in average indices,
have captured variation within gene-associated regions,
enhancing functional resolution across the accessions.
The differences observed between the two marker sys-
tems likely reflect variation in primer binding efficiency
and targeted genomic regions. The primers with PIC val-
ues above 0.5 indicated strong discriminatory ability in
accordance with the classifications of Botstein & al. (1980)
and Ganapathy & al. (2012). Comparable trends were re-
ported by Abd El-Moneim & al. (2021), who found higher

mean PIC values for ISSR (0.77) than for SCoT (0.62) in
quinoa, confirming the greater capacity of ISSR mark-
ers to detect polymorphism. El-Moneim (2019) similarly
reported higher informativeness for ISSR than SCoT in
wheat. The present study follows the same pattern, with
ISSR revealing broader genome-wide variability and
SCoT contributing valuable gene-related information.
Together, these results demonstrate the effectiveness of
combining the two marker systems in capturing a com-
prehensive view of D. edulis genetic diversity.

Clustering analyses (Figs 3-5) have further illustrated
population structuring corresponding to ecological gra-
dients. Accessions from similar environments tended to
group together, whereas those from contrasting habitats
have formed distinct but related clusters. This suggests
that gene flow occurs more readily among geographical-
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ly proximate populations and declines gradually across
the environmental gradients. Given that all accessions
originated from South Nigeria, a continuous range rather
than isolated regions, the observed differentiation likely
reflects ecological heterogeneity and local adaptation
rather than strict geographic isolation.

Environmental and historical factors appear to under-
lie those patterns. The humid, densely vegetated condi-
tions of Cross River and Akwa Ibom contrast with the
more seasonal and open habitats of Oyo and parts of
Edo, representing clear microclimatic variation within
the species’ range. Such contrasts may impose selective
pressures that influence allelic distribution, while pollen
and seed dispersal maintain gene flow and prevent pro-
nounced differentiation (Dick & al. 2008). Tchinda & al.
(2016) similarly reported high within-population diversi-
ty and low population differentiation in D. edulis, attrib-
uting that pattern to extensive pollen movement and pre-
dominant cross-pollination. Similar trends were noted
by Al-Yasi & al. (2024), who reported that geological and
climatic variations significantly shaped the genetic struc-
ture of Juniperus accessions. Moreover, human-mediat-
ed dispersal through the frequent exchange of D. edulis
fruits and seedlings among neighbouring communities
likely reinforces this genetic connectivity, consistent with
observations in the earlier studies (Waruhiu & al. 2004;
Makueti & al. 2015).

Earlier molecular studies on D. edulis have primarily
relied on SSR and ISSR markers, which provided limited
resolution of population relationships. The present ISSR-
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SCoT approach, therefore, offers a broader genome-wide
perspective and greater insight into the population-level
diversity across South Nigeria. While this study provides
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standing of the gene flow and evolutionary dynamics
across the species’ full range.

Generally, the combined use of ISSR and SCoT mark-
ers has revealed a rich, interconnected genetic base in D.
edulis, shaped by environmental variation, ongoing gene
exchange, and human influence. These findings fulfil the
study’s objective of characterising the species’ genetic
structure and emphasise the importance of conserving
its diverse germplasm across natural habitats to support
future breeding and sustainable utilisation.

Conclusion

ISSR and SCoT markers jointly provide reliable in-
sights into the genetic diversity of Dacryodes edulis from
South Nigeria. ISSR markers have revealed broader ge-
nome-wide variability, while SCoT markers have cap-
tured variation within gene-associated regions. Their
combined application highlights the genetic structur-
ing shaped by ecological gradients and local adaptation
across the species’ continuous natural range. These find-
ings reaffirm the usefulness of both marker systems for
assessing population structure and supporting the con-
servation and improvement of D. edulis germplasm.
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