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Abstract Jatropha is a medicinal plant commonly found in many parts of Nigeria, but despite its
usefulness, its genetic resources have not been fully explored. While different Jatropha species
have been studied in several countries, there is still very little information available on the genetic
diversity of Nigerian landraces. In this study, forty Jatropha landraces were collected from
different locations and identified using their local names as well as visible morphological features
recognised by local farmers. Fresh leaf samples from the collected landraces were analysed using
the rbcL gene for genotyping and sequencing. The resulting data were further examined using
Analysis of Molecular Variance (AMOVA) in GenALEx 6.5, phylogenetic analysis based on the
Neighbour-Joining method, and SNP detection with DnaSP software. The results of the
phylogenetic analysis separated the landraces into three major clusters, although the clustering
pattern did not correspond to their geographical locations. This suggests the existence of
substantial genetic variation among the landraces. A total of 685 mutations and 39 haplotypes
were detected, with a very high haplotype diversity value of 0.999. This high level of diversity
may be linked to mutation and recombination events within the population. In addition,
nucleotide diversity was relatively high (0.70410), further indicating considerable genetic
differences among the sampled landraces. AMOVA results showed that only 1% of the total
variation occurred among populations, whereas 99% existed within populations, revealing a high
level of diversity at the local population level. These findings provide useful baseline information
for future conservation efforts and for the selection of promising parent materials in Jatropha
breeding programmes.
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Introduction

Food and nutritional insecurity remain major concerns across Africa,
particularly in Nigeria, where the situation is increasingly being intensified by
climate change and environmental instability (Edem et al., 2025a; Akinkuolie et
al., 2025). Despite the availability of several indigenous and multipurpose crops
with significant economic and nutritional value, many of these species are still
neglected and underutilised (Edem et al., 2025b). Jatropha spp., popularly
known as physic nut, is one of such crops. It belongs to the Euphorbiaceae family
and has attracted attention because of its diverse industrial, medicinal, and
agricultural applications (Openshaw, 2000; Islam et al., 2011; Sangale et al.,
2022; Edu et al., 2025). In recent years, there has been growing interest in
exploring underutilised plant species such as Jatropha curcas as part of broader
efforts to improve food security and reduce malnutrition, especially in
developing countries (Murthy et al., 2020; Mudau et al., 2022). However, the
effective improvement and conservation of such crops depend largely on a proper
understanding of their genetic makeup and the level of variation that exists within
and among populations. This includes both cultivated accessions and local
landraces that may possess unique adaptive traits. For this reason, genetic
diversity studies have become increasingly important in Jatropha research.
Although, several approaches involving morphological, biochemical,
cytogenetic, and molecular analyses have all been used to provide base-line data
into the genetic structure of plant populations (Pecina-Quintero et al., 2014;
Salgotra and Chauhan, 2023; Guo et al., 2024), little or no information has been
reported with the use of rbcL. It is important to note that understanding genetic
diversity forms the basis for sustainable utilisation of plant genetic resources and
remains a critical requirement for successful crop breeding programmes
(Salgotra and Chauhan, 2023).

Jatropha species have reportedly been used in different parts of the world
for a wide range of medicinal purposes. Traditionally, the plant has been used in
the treatment of several health conditions, including alopecia, burns, cough,
diarrhoea, fever, ulcers, tumours, convulsions, dermatitis, dyspepsia, dropsy,
syphilis, and yaws (Ciappina et al., 2017; Babil, 2021). Among the different parts
of the plant, the latex is very valued in traditional medicine and has commonly
been applied in the management of burns, haemorrhoids, ringworm, and skin
ulcers. Several studies have also shown that J. curcas contains a number of
biologically active compounds that may explain many of its medicinal properties.
This has been proven in phytochemical investigations of the latex which revealed
the presence of peptides such as curcucyclins A and B, which are reported to
possess cytotoxic activities (Sharma et al., 2016; Tinpun et al., 2020; Komolafe
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et al., 2024). Additionally, curcain, a protease isolated from the latex, has
demonstrated wound-healing efficacy in murine models (Salim et al., 2018;
Tinpun et al., 2020).

Plant germplasm is characterised by highly heritable traits, including seed
proteins, molecular markers, and morphological or agronomic characteristics
(Pipan et al., 2023). Molecular markers are increasingly replacing morphological
descriptors for applications such as evolutionary studies, genetic diversity
estimation, and identification of duplicates (Bidyananda et al., 2024).
Understanding genetic diversity within and among germplasm samples enables
effective characterisation and supports crop improvement efforts (Govindaraj et
al., 2015; Osuagwu and Edem, 2020; Edem et al., 2024).

The theoretical benefits of genetic markers and linkage maps in plant
breeding were first proposed eight decades ago (Lateef ef al., 2015; Alemu et al.,
2024). However, the development of DNA marker technology in the 1980s
provided the tools necessary to trace agronomically significant traits accurately
(Amiteye, 2021) DNA-based molecular markers have since become essential in
fields such as genetic engineering, plant breeding, and taxonomy (Nadeem et al.,
2017). Biochemical markers, including secondary metabolites and
macromolecules such as proteins and DNA, have been widely used, though
environmental influences limit the reliability of some markers. Unlike other
marker types, DNA markers, especially those derived from the chloroplast
genome tend to be more stable and reliable, making them particularly useful for
studying evolutionary patterns and resolving phylogenetic relationships (Pezoa
etal., 2021).

The rbcL gene is responsible for producing the large subunit of the
enzyme ribulose-bisphosphate carboxylase/oxygenase (RuBisCo), which plays a
major role in photosynthesis. RuBisCo is directly involved in carbon fixation and
helps plants adjust to changing levels of atmospheric CO: (Ichikawa ef al., 2008;
Waheeda et al., 2023; Zhao et al., 2024; Shi et al., 2024). The gene exists as a
single-copy sequence and is approximately 1,430 base pairs in length. The slow
rate of evolution in the rbcL region has made it one of the most widely used
genetic markers in phylogenetic and molecular systematic studies (Waheeda et
al., 2023; Zhao et al., 2024). Researchers often rely on this gene when studying
evolutionary relationships among plant species because its sequence is relatively
stable and easy to compare across taxa. It has also been useful in investigating
variation within species and in tracing the evolutionary and geographic origins
of different plant groups (Jiang et al., 2016; Yong et al., 2024).

Despite the considerable research attention given to Jatropha species
worldwide, much of the existing work has centred on their cultivation practices
and geographical distribution. In contrast, studies focusing on genetic variation
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and crop improvement remain relatively limited (Pecina-Quintero et al., 2014;
Montes Osorio et al., 2014; Vandepitte et al., 2019). The lack of well-developed
cultivars that combine resistance to major pests and diseases with high
productivity under large-scale cultivation highlights the need for more focused
breeding and genetic improvement efforts (Van Esse et al., 2020). Although
Jatropha curcas is widely recognised in Nigeria for its economic value and
environmental benefits, its potential has yet to be fully exploited. This is largely
due to limited information on its nutritional and antinutritional characteristics
(Francis et al., 2005). In this context, DNA-based markers, particularly the rbcL
gene, provide a dependable approach for exploring genetic variation and
supporting crop improvement efforts (Bidyananda et al., 2024). Even though
Jatropha has been studied in different parts of the world, there is still a shortage
of detailed studies focusing on the genetic diversity of Nigerian landraces.
Therefore, this study set out to characterise Jatropha landraces collected from
various locations across Nigeria using genetic data, with emphasis on rbcL-based
markers. The goal was to better understand their genetic diversity and contribute
useful information for the development of improved varieties.

Materials and methods
Study location

This study was conducted at Ingaba Biotech, Ibadan, Oyo State, Nigeria.
Sample collection

Leaf samples were collected from forty (40) Jatropha landraces obtained
from diverse agroecological regions of Nigeria. Fresh leaves from each landrace
were carefully harvested and placed in appropriately labelled sample bags to
ensure accurate identification and prevent mix-ups during subsequent analyses

(Table 1).

Table 1. Forty landraces of Jatropha spp used in the study and their locations

Sample No. Location Latitude Longitude
1 KaruKarama, Jos, Plateau 9.744537 8.837208
2 Ndegwu, Owerri, Imo 5.543245 6.986405
3 Rumodome, Rivers 4.888140 7.007098
4 Kanshio, Asuir, Benue 7.697007 8.537146
5 Rimi, kokona, Nassarawa 8.915968 7.889378
6 Amassoama, Bayelsa 4.971469 6.124349
7 Aba, Abia 5.135215 7.354580
8 Kaba, Kubwa, F.C. T 9.126189 7.312542
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Sample No. Location Latitude Longitude
9 Kudy-kogin, Dutse, Jigawa 11.725733 9.367135
10 Opi, Nsukka, Enugu 6.769912 7.434066
11 Obubra, Cross River 5.991089 8.258368
12 Ashaka, Gombe 10.915930 11.480775
13 Faggae, Kano 12.024042 8.528676
14 Aguata, Anambra 6.018366 7.075524
15 Uyo, Akwa-ibom 5.008406 7.898525
16 Yola, Adamawa 9.203496 12.495390
17 Ikorodu, Lagos 6.629484 3.518274
18 Bauchi 11.398440 6.793149
19 Ozoro, Delta 5.538727 6.228469
20 Ekete, Orhuwhorun, Delta 5.500385 5.820495
21 Biu Emirates, Borno 10.617181 12.152730
22 Abakaliki, Ebonyi 6.336659 8.087300
23 Jalingo, Taraba 8.903073 11.314469
24 Umuonaje, Asaba, Delta 6.196002 6.718493
25 Alafia, Ibadan, Oyo 7.362198 3.819935
26 Ota, Ogun 6.592366 3.201195
27 Ojota, Lagos 6.584031 3.376412
28 Safana, Katsina 12.402568 7.405300
29 Ushafa, F.C. T 9.228900 7.390215
30 Newkaru, Karu, Nassarawa 9.013259 7.632999
31 Ado, Abuja, F.C. T 9.040931 7.584636
32 Vandelkya, Benue 6.811492 9.050438
33 Calabar South, Calabar, Cross River 4.982873 8.334503
34 Calabar Municipal, Calabar, Cross River 5.026875 8.373303
35 Nung-ukana, Ibesikpo, Akwalbom 4.921256 7.966280
36 Obudu, Cross River 6.672476 9.163086
37 Ita, Uyo, Akwa-Ibom 4.989842 7.888318
38 Ikot—Ekpene, Akwa-Ibom 5.200653 7.700433
39 Itu, Akwa-Ibom 5.050375 7.889212
40 Idomi, Cross-river 5.758464 8.084197

Genomic DNA extraction

DNA extraction was carried out on the collected samples using the ZR
Quick-DNA Plant/Seed Miniprep™ Kit (Zymo Research, California, USA)
according to the manufacturer's guidelines. The concentration and purity of the
extracted genomic DNA were then evaluated using a NanoDrop Lite ND-2000
spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA) before
further analysis.

PCR amplification

Amplification of the ribulose-1, 5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) gene region was carried out using OneTaq® Quick-Load®
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2X Master Mix (NEB, Catalogue No. M0486). The reaction mixture was
prepared according to the conditions presented in Table 2. PCR amplification
employed the primer pair rbcL-F535 (5'-
ATGTCACCACAAACAGAGACTAAAGC-3') and  rbcL-R705 (5'-
GTAAAATCAAGTCCACCRCG-3"). Reactions were performed in an
Eppendorf Mastercycler Nexus Gradient 230 thermocycler using the cycling
parameters outlined in Table 3. Following amplification, the PCR products were
stained with GelRed nucleic acid stain (Thermo Fisher Scientific) and separated
on a 2% agarose gel to confirm successful amplification. The gels were visualised
under UV light using the Gel Doc EZ Gel Documentation System (Bio-Rad).
Purification of the amplified products was conducted using the Zymo DNA Clean
& Concentrator Kit (Zymo Research).

Table 2. PCR amplification

Component Volumes for a 12.5puL reaction
Template DNA 2ul

10uM Forward Primer 0.5uL (10nM)

10uM Reverse Primer 0.5uL (10nM)

One Taq Quick Load 2X Master Mix with Standard Buffer 12.5pL

Nuclease free water 9.5uL

Table 3. Thermal cycling conditions

Step Stage of PCR Temperature (°C) Time (min: secs)
1 Initial Denaturation 94 5:00
2 Denaturation 94 0:30
3 Annealing 50 1:00
4 Extension 68 1:30
5 Final Extension 68 10:00
6 Hold 4 Hold
DNA sequencing

Sequencing of the purified fragments was performed using the Nimagen
Brilliant Dye™ Terminator Cycle Sequencing Kit V3.1 (BRD3-100/1000)
following the manufacturer’s guidelines. The labelled products were
subsequently cleaned using the ZR-96 DNA Sequencing Clean-up Kit
(Catalogue No. D4053) and analysed on an Applied Biosystems ABI 3500XL
Genetic Analyser equipped with a 50 cm array and POP7 polymer.

Data analysis

The gene sequences were visualised and edited as chromatograms using
Chromas software version 2.6.4. Genetic diversity parameters, such as the
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number of segregating sites, nucleotide diversity (Pi), number of haplotypes (h),
and haplotype diversity (Hd), were calculated using GenAlEx 6.5 (Peakall and
Smouse, 2012). Sequence identities and similarities were determined using the
BLASTn search tool available through the NCBI platform. To investigate the
evolutionary relationships among the sampled accessions, a phylogenetic tree
was constructed using the Neighbour-Joining approach described by Saitou and
Nei (1987). The robustness of the inferred relationships was evaluated through
bootstrap analysis based on 1,000 replicates, and the resulting bootstrap
consensus tree was used to represent the evolutionary history of the sequences
(Soltis and Soltis, 2003). Genetic distances among sequences were estimated
using the Maximum Composite Likelihood model (Tamura et al., 2004), with
values expressed as the number of nucleotide substitutions per site. Variation in
substitution rates across sites was accounted for by applying a gamma
distribution with a shape parameter of 1. In addition, Analysis of Molecular
Variance (AMOVA) was performed in GenAlEx 6.5 to further assess the
distribution of genetic variation within and among the studied populations.

Results
Evaluation of genetic variability
DNA polymorphism and phylogenetic analysis of the rbcL gene in Jatropha

The DNA polymorphism generated from the analysis of 40 rbcL gene
sequences of Jatropha accessions are presented in Table 4. A total of 229
segregating sites and 685 mutational events were detected across the dataset,
indicating the presence of considerable sequence variation among the sampled
accessions. The analysis also identified 39 distinct haplotypes from the 40
sequences examined, reflecting a remarkably high level of haplotypic variation.
This observation was further supported by a haplotype diversity value of 0.999,
suggesting that nearly every accession possessed a unique genetic profile within
the rbcL region. The low variance (0.00004) and standard deviation (0.006)
associated with this estimate indicate that the observed diversity was consistent
across the dataset. Nucleotide diversity (Pi) was relatively high at 0.70410, while
the average number of nucleotide differences (k) was estimated at 161.238. The
overall variance for nucleotide differences was calculated to be 56.502.
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Table 4. DNA polymorphism parameters analyzed for rbcL gene from the 40
different Jatropha landraces

Parameters Scores
Number of sequences: 40
Selected region 1-603
Number of sites: 603
Total number of sites (excluding sites with gaps / missing data) 229
Number of polymorphic (segregating) sites, S 229
Total number of mutations, Eta 685
Number of Haplotypes, h 39
Haplotype (gene) diversity, Hd 0.999
Variance of Haplotype diversity 0.00004
Standard Deviation of Haplotype Diversity 0.006
Nucleotide diversity, Pi: 0.70410
Total variance of k (free recombination), V(k): 56.502
BLAST results

A total of 43 nucleotide sequences were included in the analysis, taking
into account codon positions at the Ist, 2nd, and 3rd sites, along with noncoding
regions. Sites with gaps or missing data were removed to ensure accuracy,
leaving a final dataset of 194 positions. Phylogenetic analysis was then carried
out using MEGAS software. The results of the BLAST similarity search for the
sequences obtained from the 40 Jatropha samples are summarised in Table 5,
where both sequence similarity and inferred phylogenetic relationships are
presented.

Analysis of molecular variance, shannon information, diversity, and allele
frequency of selected rbcL sequences

To assess the genetic structure of the selected rbcL sequences, an
Analysis of Molecular Variance (AMOVA) was performed by dividing the
sequences into two populations. As shown in Table 5 and illustrated in Figure 1,
the majority of genetic variation (99%) was found within populations, with only
1% of variation occurring between populations. The estimated variation among
populations was 0.763, whereas variation within populations was much higher at
137.379. Additional diversity metrics for both populations are provided in Table
6. The total number of different alleles in each population was 2,000. The mean
number of effective alleles was 1.909 for population 1 and 1.904 for population
2. Shannon’s information index was 0.667 for population 1 and 0.665 for
population 2, reflecting similar levels of genetic information across both groups.
The observed diversity values were very similar between the two populations,
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recorded as 0.474 for population 1 and 0.473 for population 2. A similar pattern
was seen in the unbiased diversity estimates, which were slightly higher at 0.499
and 0.496, respectively.

Phylogenetic tree reconstruction of the sequences

The phylogenetic analysis of the rbcL sequences resolved the samples
into two major groups. Group I consisted mainly of Crnidoscolus aconitifolius,
while Group II was made up primarily of Jatropha curcas (Figure 2). A closer
look at the tree further showed some variation within particular clades in both
groups (Figure 3). The clade values, which ranged from 0 to 3, reflected
differences in how closely related the sequences are, with some showing strong
similarity while others were more genetically distinct. Sequences with a clade
value of 2 exhibited greater similarity, whereas those with a value of 3
demonstrated a higher level of dissimilarity (Figure 2).

Among
Populations
1%

Figure 1. Analysis of molecular variance of the populations of Jatropha studied

1711



Table 5. BLAST similarity search of the sequences obtained for the 40 Jatropha samples

S/N Sequence Name Hit in NCBI Database Old Name Total Score 8(‘)lsgage E-Value % Identity Accession No
1 10 RBCLA R G10_19 Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
2 11 RBCLA R El1 14  Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
3 12 RBCLA R GO09 21 Jatropha Curcas Jatropha Curcas 1014 100 0 99.82 MT385752
4 13 RBCLA R F11 17  Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
5 14 RBCLA R Gl11 20 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
6 15 RBCLA R G12 21 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
7 16 RBCLA R HI11 23  Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
8 17 RBCLA R All 02 Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
9 19 RBCLA R Al12 03 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
10 1 RBCLA R All 02  Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
11 25 RBCLA R B12 06 Jatropha Curcas Jatropha Curcas 1018 100 0 100 KP827667
12 29 RBCLA R B10 04 Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
13 2 RBCLA R BI1 05 Cnidoscolus aconitifolius Jatropha tanjorensis 357 100 6.00E-94 99 PP063988
14 31 RBCLA R HI12 24 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
15 34 RBCLA R A01 01 Cnidoscolus aconitifolius Jatropha tanjorensis 1016 100 0 99.82 MZ045411
16 35 RBCLA R BO01 04 Cnidoscolus aconitifolius Jatropha tanjorensis 1018 100 0 100 MZ045411
17 36 RBCLA R CO01 07 Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
18 37 RBCLA R DO1 10 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
19 38 RBCLA-R_A01 01 Cnidoscolus aconitifolius Jatropha tanjorensis 1022 100 0 100 MZ045411
20 39 RBCLA R EO01 13  Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
21 40 RBCLA R FO01 16 Cnidoscolus aconitifolius Jatropha tanjorensis 1020 100% 0 100 MZ045411
22 5 RBCLA R CI1 08 Cnidoscolus aconitifolius Jatropha tanjorensis 1016 100 0.00E+00 99.82 MZ045411
23 7 RBCLA R F10 16 Cnidoscolus aconitifolius Jatropha tanjorensis 998 100 0 99.46 MZ045411
24 4 RBCLA F H07 22 Cnidoscolus aconitifolius Jatropha tanjorensis 998 100 0 99.46 MZ045411
25 18 RBCLA F C10 07 Cnidoscolus aconitifolius Jatropha tanjorensis 996 99 0 99.63 MZ045411
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S/N Sequence Name Hit in NCBI Database Old Name Total Score 8(‘)lsgage E-Value % Identity Accession No
26 30 RBCLA R HO07 22 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
27 33 RBCLA R B12 06 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
28 20 RBCLA R F07 16 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
29 27 RBCLA R HI11 23  Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
30 28 RBCLA R GO07 19 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
31 32 RBCLA R Al12 03 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
32 6 RBCLA R E07 13 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411
33 9 RBCLA F B08 05 Cnidoscolus aconitifolius Jatropha tanjorensis 999 99 0 99.45 MZ045411
34 21 RBCLA F C08 08 Cnidoscolus aconitifolius Jatropha tanjorensis 999 100 0 99.63 MZ045411
35 23 RBCLA F A09 03 Cnidoscolus aconitifolius Jatropha tanjorensis 999 100 0 99.63 MZ045411
36 3 RBCLA F GO07_19 Cnidoscolus aconitifolius Jatropha tanjorensis 977 100 0 99.08 MZ045411
37 8 RBCLA F A08 02 Cnidoscolus aconitifolius Jatropha tanjorensis 994 99 0 99.63 MZ045411
38 22 RBCLA F HO8 23  Cnidoscolus aconitifolius Jatropha tanjorensis 987 100 0 99.45 MZ045411
39 12 RBCLA R GO09 21 Jatropha Curcas Jatropha Curcas 1014 100 0 99.82 MT385752
40 24 RBCLA H09 24 Cnidoscolus aconitifolius Jatropha tanjorensis 1003 99 0 99.82 MZ045411

E-value = expected value
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Figure 2. Consensus phylogenetic trees of generated sequences from NCBI
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Figure 3. Original phylogenetic trees of generated sequences from NCBI
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Table 6. Means and Standard Error (S.E.) over Loci for each Population

Pop N Na Ne I H Uh
Population 1 Mean 20.000 2.000 1.909 0.667 0.474 0.499
SE 0.000 0.000 0.005 0.002  0.001 0.002
Population 2 Mean 21.000 2.000 1.904 0.665 0473 0.496
SE 0.000 0.000 0.005 0.002  0.002 0.002
Total Mean 20.500 2.000 1.907 0.666  0.473 0.498
SE 0.015 0.000 0.003 0.001 0.001 0.001

Key: Na = Number of Different Alleles, Ne = Number of Effective Alleles, I = Shannon's
Information Index, h = Diversity, uh = Unbiased Diversity, Pop = Population.

Discussion

DNA polymorphism analysis involves two or more variant forms of a
DNA sequence (Trent, 2012). Single-nucleotide polymorphisms are the most
common type of genetic variation (Kaushik et al, 2019). Various parameters
have been developed to estimate DNA polymorphism, including haplotypes,
nucleotide diversity, segregating sites, and total number of mutations. The results
of the DNA polymorphism analysis provide valuable insights into the genetic
diversity within Jatropha species based on the rbcL gene sequences. The large
number of segregating sites (229) and mutations (685) observed among the
analysed sequences points to a high degree of genetic variability within the
studied accessions. This level of variation is often associated with the
evolutionary diversification of populations through the gradual accumulation of
genetic changes over time (Li, 2011).

A haplotype is a group of alleles in an organism that are inherited together
from a single parent (Balasubramanian et al., 2004). It is a measure of the
uniqueness of a particular haplotype in a given population (Quan et al., 2021).
The detection of 39 haplotypes, coupled with a haplotype diversity rate of 0.999,
underscores the substantial genetic richness within the dataset. This near-
maximal haplotype diversity suggests that the rbcL gene exhibits significant
variation among the sampled populations, which may be attributed to
evolutionary pressures, ecological factors, or geographical influences affecting
these populations (Qi et al, 2023). The minimal variance (0.00004) and low
standard deviation (0.006) of haplotype diversity highlight the robustness of this
metric, suggesting that the genetic variation observed is consistent and reliable.

Nucleotide diversity (m) is widely used as an indicator of the level of
genetic variation present within a population (Buckler ez al., 2002). In the present
study, the nucleotide diversity value of 0.70410 was relatively high, reflecting
substantial sequence variation among the Jatropha accessions. Since m represents
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the average number of nucleotide differences per site between pairs of sequences,
the observed value suggests a considerable degree of genetic differentiation
within the sampled population (Cork et al., 2005). A similar pattern was observed
for the average number of nucleotide differences (k), which was estimated at
161.238. This relatively large value indicates that numerous nucleotide
substitutions separated the sequences, providing further evidence of the high
level of polymorphism detected among the accessions.

The BLAST analysis of the 43 nucleotide sequences, including the first,
second, and third codon positions as well as non-coding regions, revealed useful
patterns of genetic relationships among the Jatropha samples. During data
preparation, sites containing gaps or missing information were excluded to
improve the quality of the sequence alignment. After this filtering step, 194
reliable nucleotide positions were retained for further analysis. The use of a
refined dataset provided a more accurate basis for assessing genetic variation and
understanding the level of diversity present among the studied samples (de Boer
etal., 2022).

The phylogenetic analysis provided a clearer view of the evolutionary
relationships among the 40 Jatropha samples. The BLAST similarity results
indicated that several samples had closely related nucleotide sequences and were
grouped together within the same clusters, whereas some samples showed greater
genetic differences. These patterns reveal the presence of genetic variation
among the Jatropha samples and demonstrate the usefulness of sequence-based
analysis for understanding diversity that can support future breeding programmes
and genetic improvement strategies (Wang et al., 2009).

The sequence identity results presented in Table 5 reveal that some groups
of Jatropha samples share a high level of genetic similarity. This finding agrees
with the report by Guo et al. (2024), who observed considerable genetic
relatedness among Chinese Jatropha populations, which was attributed to their
common evolutionary background and possible recent divergence. Similarly, the
pattern observed in this study suggests that samples within the same clusters may
have originated from related ancestral sources or may have experienced some
level of gene exchange over time. However, the samples showing greater
sequence differences may indicate the presence of separate genetic lineages with
distinct evolutionary histories.

The Analysis of Molecular Variance (AMOVA) results obtained from the
rbeL gene sequences provide important information on the genetic variation and
population structure of the samples examined. The partitioning of sequences into
two populations yielded striking results, with 99% of the genetic variation
occurring within populations and only 1% occurring among them. This suggests
that the genetic diversity within individual populations is far greater than the
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differences observed between the populations, which could imply a high degree
of genetic homogeneity across the groups sampled. (Szczecinska et al., 2016).
Such a finding could reflect gene flow between populations or relatively recent
divergence, where genetic differences have not yet accumulated at the population
level. The estimated variation among populations was calculated at 0.763 while
the variation within populations was considerably higher at 137.379, reinforcing
the notion that within-population diversity is the dominant contributor to the
overall genetic variation observed. These results are consistent with Wang et al.
(2020), who revealed Demography and natural selection have shaped genetic
variation in the widely distributed conifer Norway spruce (Picea abies)
indicating that genetic variation in many plant species, especially those with a
wide geographic distribution, often manifests more strongly within populations
rather than between them.

The diversity indices presented in Table 6 provide further understanding
of the level of genetic variation present among the Jatropha populations. Both
populations showed a total of 2000 alleles, indicating the presence of substantial
genetic variation within the sampled materials. The values obtained for the mean
number of effective alleles were almost identical between the two populations
(1.909 for population 1 and 1.904 for population 2), suggesting that the observed
genetic variation is distributed fairly evenly across the groups. This pattern
implies that the populations have retained a considerable amount of genetic
diversity and do not show strong indications of genetic erosion or a recent
population bottleneck (Lonsinger et al., 2018).

The Shannon’s Information Index, which is commonly used to estimate
the amount of genetic variation within a population (Konopinski, 2020), showed
very similar values between the two groups, with 0.667 recorded for population
1 and 0.665 for population 2. The similarity in these values suggests that both
populations have comparable levels of genetic diversity and complexity, which
may contribute to their ability to respond to environmental changes. Similarly,
the observed diversity values (0.474 for population 1 and 0.473 for population 2)
indicate that a considerable amount of genetic variation is present within both
populations (Morris et al., 2014). The slightly higher unbiased diversity
estimates (0.499 and 0.496) further suggest that the populations have maintained
their genetic variation, with no strong evidence of diversity loss resulting from
genetic drift (Kitikidou et al., 2024).

The phylogenetic analysis of the rbcL. gene sequences revealed that the
studied samples were grouped into two distinct clusters, with Cnidoscolus
aconitifolius forming one group (Group 1) and Jatropha curcas forming another
(Group II). This separation suggests that, although the two species may occupy
similar environments and share some ecological features, they are genetically
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distinct from each other. The observed clustering pattern reflects the evolutionary
differences between the species and agrees with the findings of Ha et al. (2019),
who reported considerable genetic variation among members of the
Euphorbiaceae family. A more detailed observation of the phylogenetic tree
showed that some level of variation exists among samples within the same major
clusters. The formation of smaller branches within these groups suggests that
closely related populations may still possess unique genetic differences. These
variations could have developed over time due to factors such as geographical
isolation, adaptation to different environmental conditions, or limited movement
of genes between populations (Heinicke et al., 2017). This pattern reflects the
process of population differentiation, where populations that become separated
may gradually acquire their own genetic features as they respond to local
conditions and reduced gene flow (Avise et al., 2009).

The clade values obtained from the phylogenetic analysis ranged from 0
to 3 and provided an indication of the level of relatedness among the sequences
studied. Samples that grouped together with a clade value of 2 showed a higher
degree of similarity, suggesting that these sequences are more closely related and
may share a relatively recent evolutionary history. However, samples with a clade
value of 3 displayed greater sequence differences, indicating a higher level of
genetic separation. These differences may have developed as a result of factors
such as environmental adaptation, genetic drift, or reduced gene exchange
between populations. The pattern of clustering observed in the tree highlights the
genetic complexity present among the samples and supports the suitability of the
rbcL gene as a useful marker for studying genetic variation and evolutionary
relationships (Singh et al., 2021).

The analysis of the rbcL gene sequences from the 40 Jatropha samples
revealed a wide range of genetic variation among the materials studied. The
detection of 229 segregating sites and 685 mutation events shows that the
sequences contain numerous genetic differences, indicating considerable
diversity within the population. This level of variation is further supported by the
high haplotype diversity value (0.999) and nucleotide diversity value (0.70410),
suggesting that the sampled Jatropha individuals possess a rich genetic
background. The AMOVA results showed that most of the genetic variation
(99%) was found among individuals within the populations, while only 1% of
the variation occurred between populations. This pattern suggests that the two
populations are not strongly separated genetically and may share a similar
evolutionary background. The close similarity in diversity measures, including
Shannon’s information index and observed diversity, also indicates that both
populations maintain comparable levels of genetic variability. The phylogenetic
analysis provided additional evidence by grouping the samples into two major
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clusters, with Cnidoscolus aconitifolius and Jatropha curcas forming separate
genetic groups. These groupings reflect differences in their genetic makeup while
also showing the relatedness among samples within each species. The findings
demonstrate that the studied Jatropha materials contain substantial genetic
diversity, which could be valuable for conserving existing genetic resources and
supporting future breeding and improvement efforts.
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