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Abstract: Senna species in Southwest Nigeria possess significant medicinal and 
economic potential yet remain underutilized. This study aimed to employ DNA 
barcoding to characterize twenty Senna accessions and assess their genetic 
variation. Seeds from twenty accessions comprising six species (S. hirsuta, S. 
obtusifolia, S. alata, S. siamea, S. acutifolia, and S. occidentalis) were collected 
from Southwest Nigerian states. Fresh leaf samples underwent DNA extraction, 
PCR amplification of the psbA­trnH intergenic spacer region, and Sanger 
sequencing. Molecular analyses using Bioedit, MEGA 11, and NCBI BLAST 
yielded high­quality DNA sequences (312­414 bp). BLAST searches confirmed 
species identities with exceptional accuracy. Multiple alignments revealed 
inter­specific variations and genus­specific conserved regions. Genetic distance 
analysis showed moderate diversity (0.000­0.074) between species. Base 
composition analysis revealed characteristic A­T rich patterns: thymine showed 
highest variance, followed by adenine, while cytosine and guanine exhibited 
lower variation. Conserved sequences provided molecular evidence of 
monophyletic relationships within Senna, while base composition variations 
reflected evolutionary divergence and environmental adaptation. These 
findings establish a molecular framework for the identification and 
conservation of Nigerian Senna species, supporting their development for 
medicinal and agricultural applications. 
 
 
1. Introduction 
 
     Senna  Mill  is a genus of plants belonging to the subfamily 
Caesalpinioideae of the family Fabaceae. The genus name was derived 
from the Arabic sanā, describing plants whose leaves and pods have 
cathartic and laxative properties (Monkheang, 2011). Originally, 
Hutchinson (1964) moved the subfamilies (Caesalpinioideae, 
Papilionioideae, and Mimosoideae) to the rank of families and placed 
them in order Leguminales. This division was primarily based on the 
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characteristics of the corolla and the stamens (Dutta, 
2001; Judd et al., 2002). However, more recent 
phylogenetic studies of many legume groups have 
unambiguously demonstrated the inadequacies of 
the tribal classifications proposed by Polhill and 
Raven (1981), Polhill (1994), and Lewis et al. (2005) 
because of the non­monophyly of most of the 
traditionally recognised tribes (LPWG, 2013). 
Currently, based on the phylogenetic structure of the 
family Leguminosae, the Legume Plant Working 
Group (LPWG, 2017) recognised six sub­ 
families within Leguminosae (Fabaceae), and 
Caesalpinioideae was included. 
     The genus Senna (Fabaceae) contains around 300 
species distributed pantropically across the Americas, 
Africa, Asia, and Oceania. The key morphological 
features include the lack of bracteoles on floral 
pedicels, clavoform to pyramidal extrafloral 
nectaries, and indehiscent fruits appearing as 
cylindrical pods or compressed legumes (Correia and 
Conceição, 2017). The genus is divided into six 
sections: Astroites, Chamefistula, Paradictyon, 
Peiranisia, Psilorhegma, and Senna (Irwin and 
Barneby, 1982). 
     In Nigeria, three Senna species hold particular 
ethnomedicinal and pharmacological significance. 
Senna alata, known as «Asunwon oyinbo» by the 
Yoruba, treats typhoid, diabetes, malaria, asthma, 
and skin infections (Oladeji et al., 2020), with 
decoctions used across regions for wounds, 
respiratory infections, and diarrhea. Senna 
occidentalis («Sanga­sanga» in Hausa, «Akidiagbara» 
in Igbo) serves as an antimalarial (Daskum et al., 
2019) and remedy for hepatitis and liver diseases 
(Ibrahim et al., 2022). Senna siamea leaves combine 
with Carica papaya and Cymbopogon citratus to 
combat malaria fever (Adewole et al . ,  2024). 
Pharmacological studies confirm antimicrobial 
(Oladeji et al., 2020; Tamasi, 2021), antimalarial 
(Daskum et al., 2019), hepatoprotective (Ibrahim et 
al., 2022), antioxidant properties (Atanu et al., 2022), 
and multiple activities including antibacterial, 
antifungal, anticancer, and antidiabetic effects, 
attributed to secondary metabolites (Oladeji et al., 
2020). 
     DNA barcoding is one of the molecular techniques 
employed in recent times to resolve new evolutionary 
and taxonomical queries in plant diversity studies (Arif 
et al., 2010). Molecular identification of plant species 
currently plays a key role in the assessment of 
conserving biodiversity especially in the phase of 

many plant species going into extinction (de Boer et 
al., 2022). DNA barcoding is a technique for 
characterizing species of organisms using a short DNA 
sequence from a standard and agreed­upon position 
in the genome (Kress and Erickson, 2008; Arif et al., 
2010; de Vere, 2015; Kenfack et al., 2022). Accurate 
species identification is a prerequisite for conducting 
numerous basic and applied studies on monitoring 
and conserving natural resources, blocking the traffic 
of endangered and invasive species, as well as 
controlling the quality of pharmaceutical and food 
products. In this context, molecular markers are 
indispensable tools for measuring the diversity of 
plant species (Pang et al., 2012). 
     The trnH­psbA intergenic spacer region is a non­
coding region located between the trnH and psbA 
genes in the chloroplast genome and described as a 
diagnostic barcode in distinguishing plant species. 
The trnH­psbA intergenic spacer is widely recognized 
as the most commonly used non­coding universal 
genetic marker in plant DNA barcoding and 
molecular phylogenetic studies, due to its high 
variability across plant species (CBOL, 2009; Hao et 
al., 2010; Hollingsworth et al., 2011; Monkheang et 
al. 2011; Pang et al., 2012; Feng et al., 2018; Loera­
Sanchez et al., 2020; Hassan, 2023). Hassan (2023) 
evaluated a DNA­based assay that examined the 
resolution and sensitivity of the trnH­psbA intergenic 
spacer region as a DNA barcoding marker. Their 
findings suggest that these genetic markers could 
provide a novel method for understanding the 
evolutionary relationships and classification of closely 
related Prunus species. 
     The trnH­psbA region is widely used for plant DNA 
barcoding due to its variability and ease of 
amplification, offering significant discriminatory 
power for species identification and inferring genetic 
relationships (Damthongdee et al., 2024). It has been 
crucial in resolving inter­specific relationships and 
identifying cryptic diversity among closely related 
taxa (Hussain et al., 2019). In Fabaceae, trnH­psbA 
and other chloroplast markers (matK and rbcL) 
effectively resolve generic and species­ level 
relationships, particularly in regions with inadequate 
molecular datasets (Bruneau et al., 2013). Although 
Senna is underrepresented in molecular studies from 
Nigeria, analogous research in legumes has 
established the importance of generating barcoding 
data for conservation planning and sustainable use. 
     Research on medicinal and economically valuable 
plants across Africa and Asia demonstrates that 
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utilization (Wei et al., 2025 a). 
     Some molecular markers have been used for 
phylogenetic studies in Senna species (Mao et al., 
2017; Eldemerdash et al., 2022; Azeez et al., 2024). 
Previous studies of Senna in Nigeria examined seven 
species but with fewer accessions per species (Azeez 
et al., 2024). However, studies have not reported the 
use of trnH­psbA intergenic spacer region in the 
barcoding of members of species of Senna in Nigeria. 
This study employs DNA barcoding using the trnH­
psbA intergenic spacer to characterize twenty Senna 
accessions in Southwest Nigeria and assess their 
genetic diversity and phylogenetic relationships, 
addressing the region’s rich biodiversity and the 
economic significance of these medicinal plants. 
 
 
2. Materials and Methods 
 
Plant data collection  
     Field collection of accessions of Senna species 
seeds was undertaken at various locations within the 
senatorial districts of Ogun, Oyo, and Ekiti States, 
South Western Nigeria. The coordinates of the sites 
are specified in Table 1. The collected Senna seeds 
included: six accessions of Senna hirsute, six accessions 
of S. obtusifolia, two accessions of S. alata, an 
accession of S. siamea and S. acutifolia, and four 

integrating trnH­psbA data provides a robust 
framework for taxonomy, phylogeny, biogeographic 
tracing, and population structure analysis. 
Comparative chloroplast genome studies including 
the trnH­psbA region have identified mutational 
hotspots that serve as informative molecular markers 
for species discrimination and phylogenetic inference 
(Dong et al., 2021). 
     DNA barcoding in medicinal legumes like 
Flemingia  and Sophora  effectively resolves 
relationships in understudied regions, establishing 
baselines for population genetics and evolutionary 
studies (Duan et al., 2025; Wei et al., 2025 b). Sub­
Saharan investigations using DNA barcoding have 
revealed substantial intra­specific genetic diversity 
correlated with ecological and geographical factors 
(Akinro et al., 2019). A DNA barcode dataset for 
Nigerian Senna species could similarly uncover 
cryptic diversity and inform both in situ and ex situ 
conservation strategies. 
     Generating trnH­psbA molecular data from 
Nigerian Senna species would enable taxonomic 
clarification and accurate species identification (Zhao 
et al., 2021), baseline data for phylogeographic and 
population genetic analyses to identify unique 
genetic resources (Shi et al., 2022), and reference 
barcodes supporting enforcement against 
adulteration and overharvesting for sustainable 

Table 1 ­    Senatorial districts and coordinates of Senna species studied

S/N Plant species Senatorial district State Coordinate latitude N Coordinate longitude E

1 Senna hirsuta Ekiti south Ekiti 7⁰37ʹ30.94068ʺ 3⁰54ʹ39.70728ʺ
2 S. acutifolia Ekiti south Ekiti 7⁰33ʹ10.00332ʺ 3⁰53ʹ56.193ʺ
3 S. obtusifolia Ekiti south Ekiti 7⁰32ʹ56.45976ʺ 3⁰53ʹ41.00172ʺ
4 S. obtusifolia Ogun west Ogun 6⁰52ʹ46.18484ʺ 3⁰11ʹ27.08412ʺ
5 S. hirsuta Ogun west Ogun 6⁰52ʹ52.64400ʺ 3⁰11ʹ25.26170ʺ
6 S. occidentalis Ogun west Ogun  6⁰53ʹ15.486ʺ 3⁰11ʹ43.86688ʺ
7 S. hirsuta Oyo south Oyo  7⁰23ʹ45.7944ʺ 3⁰51ʹ29.93256ʺ
8 S. occidentalis Oyo south Oyo 7⁰23ʹ57.80292ʺ 3⁰51ʹ24.4152ʺ
9 S. hirsuta Ekiti north Ekiti 7⁰33ʹ5.02812ʺ 3⁰53ʹ47.51628ʺ

10 S. obtusifolia Ekiti north Ekiti 7⁰ 33ʹ16.6554ʺ 3⁰54ʹ8 .35236ʺ 
11 S. obtusifolia Ogun east Ogun 7⁰37ʹ30.89712ʺ 3⁰54ʹ40.14396ʺ
12 S. alata Ogun east Ogun 7⁰ 37ʹ30.89712ʺ 3⁰54ʹ40.14396ʺ
13 S. hirsuta Ogun east Ogun 7⁰37ʹ24.73536ʺ 3⁰54ʹ50.53608ʺ
14 S. obtusifolia Oyo north Oyo 7⁰35ʹ30.2928ʺ 3⁰53ʹ37.221ʺ
15 S. hirsute Oyo north Oyo 7⁰35ʹ30.2766ʺ 3⁰53ʹ37.17384ʺ
16 S. occidentalis Oyo north Oyo 7⁰33ʹ12.3408ʺ 3⁰54ʹ0.36756ʺ
17 S. obtusifolia Ogun central Ogun 7⁰13ʹ54.57288ʺ 3⁰26ʹ1.9345ʺ
18 S. alata Ogun central Ogun 6⁰52ʹ46.18484ʺ 3⁰11ʹ2.08412ʺ
19 S. occidentalis Oyo town Oyo 7⁰35ʹ30.282ʺ 3⁰53ʹ37.35348ʺ
20 S. siamea Ekiti south Ekiti 7⁰933ʹ8.87796ʺ 3⁰53ʹ54.1878ʺ
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accessions of S. occidentalis. The collected seeds of 
each accession were planted in 10 L planting pots filled 
with humus soil and wet daily at the experimental plot 
of CAEDESE Federal University of Agriculture 
Abeokuta. Fresh leaves were collected from each plant 
accession and taken to Inqaba Biotec West Africa in 
Ibadan for DNA extraction and quantification, PCR 
amplification, and Sanger sequencing. 

DNA extraction 
     Genomic DNA was extracted from each of the 
fresh leaf tissues of Senna hirsute (6), S. obtusifolia 
(6), S. alata (2), S. siamea and S. acutifolia, and S. 
occidentalis (4), following the protocols of Quick­DNA 
Plant/Seed Kits (Zymo Research, Catalogue 
No.D6020, California USA). 

DNA quantification 
     The quality and quantity of the extracted DNA 
were measured using a nanodrop (Thermo 
Scientific™ NanoDrop™ One Microvolume UV­Vis 
Spectrophotometer). The system was blanked using 2 
µL of DNA Elution Buffer. Afterwards 2 µL of the DNA 
was placed on the pedestal and measured. The 
concentration (ng/µL), A260/280 ratio and A260/230 
ratio of the sample were noted. 
 
PCR amplification 
     PCR total reaction volume was optimised to 25 µL 
using PCR master mix 12.5 µL (according to One Taq 
Quick­Load 2X Master Mix) (NEB, Catalogue No. 
M0486), 0.5 µL of 10 µM forward and reverse 
primers, 10.5 µL Nuclease­free water, and 1 µL 
genomic DNA as a template for the reaction. The 
reaction mixture was votexed and spun, then placed 
in the thermal cycler. PCR were performed by 
subjecting the samples to thermal cycling conditions 
following Eppendorf Mastercycler nexus gradient 
230: initial denaturation at 95°C for 5 minutes 
followed by 35 cycles, denaturation at 95°C for 30 
seconds, annealing at 50°C for 1 minute and 68°C for 
90 secs with a final 10 mins extension step at 68°C 
and hold at 4°C. The primer sequences used for the 
amplification of trnH­psbA include:  
psbA: 5’­GTTATGCATGAACGTAATGCTC­3’ (Sang et al., 
1997); 
trnH: 5’­CGCGCATGGTGGATTCACAATCC­3’ (Tate and 
Simpson, 2003). 
 
Gel electrophoresis 
     After PCR amplification, 2 µL of PCR product was 

run on 1% agarose gel, stained with 1 µL of safe view 
Ethidium Bromide (EtBr) (10 mg/ml), and 
photographed using a gel documentation system (E­
BOX, Vilber Lourmat, Italy). PCR products (amplicons) 
were cleaned using an enzymatic method (ExoSAP). 
 
Sanger sequencing 
     The fragments were sequenced using the 
Nimagen, Bril l iant Dye™ Terminator Cycle 
Sequencing Kit V3.1, BRD3­100/1000 according to 
manufacturer’s instructions (https://www.nimagen. 
com/products/Sequencing/Capillary­Electrophoresis 
/BrilliantDye­Terminator­Cycle­Sequencing­Kit/). The 
labelled products were then cleaned with the ZR­96 
DNA Sequencing Clean­up­Kit (Catalogue No. D4053). 
The cleaned products were injected on the Applied 
Biosystems ABI 3500XL Genetic Analyser with a 50 
cm array, using POP7 (https://www.thermofisher. 
com/order/catalog/product/4406016, and sequence 
data collected). 
 
Molecular data analysis 
     The sequences obtained were quality checked and 
edited using FinchTV version 1.4.0. The alignments 
were edited with BioEdit sequence alignment editor 
version 7.2.5 (Hall, 1999). The evolutionary history 
was inferred using the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) according to 
Sneath and Sokal (1973). The bootstrap consensus 
tree inferred from 1000 replicates was taken to 
represent the evolutionary history of the taxa 
analyzed according to Felsenstein (1985). Branches 
corresponding to partitions reproduced in less than 
50% bootstrap replicates were collapsed. The 
percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1000 
replicates) was shown next to the branches 
(Felsenstein, 1985). The quantitative assessment of 
genetic relationships among the trnH­psbA genes of 
Senna species was done using genetic distance 
matrix. The evolutionary distances were computed 
using the Maximum Composite Likelihood method 
(Tamura et al., 2004) and are expressed in units of 
the number of base substitutions per site. This 
analysis involved 20 nucleotide sequences. All 
ambiguous positions were removed for each 
sequence pair (pairwise deletion option). There were 
a total of 409 positions in the final dataset. 
Evolutionary analyses were conducted in MEGA11 
(Tamura et al., 2021). 

https://www.nimagen.com/products/Sequencing/Capillary-Electrophoresis/BrilliantDye-Terminator-Cycle-Sequencing-Kit/
https://www.nimagen.com/products/Sequencing/Capillary-Electrophoresis/BrilliantDye-Terminator-Cycle-Sequencing-Kit/
https://www.nimagen.com/products/Sequencing/Capillary-Electrophoresis/BrilliantDye-Terminator-Cycle-Sequencing-Kit/
https://www.nimagen.com/products/Sequencing/Capillary-Electrophoresis/BrilliantDye-Terminator-Cycle-Sequencing-Kit/
https://www.nimagen.com/products/Sequencing/Capillary-Electrophoresis/BrilliantDye-Terminator-Cycle-Sequencing-Kit/
https://www.thermofisher.com/order/catalog/product/4406016
https://www.thermofisher.com/order/catalog/product/4406016
https://www.thermofisher.com/order/catalog/product/4406016
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3. Results 
 
     Considerable variations were revealed among the 
DNA sequences of members of Senna species studied 
when they were aligned using the Multiple ClustalW 
algorithm in Bioedit software (Fig. 1). There is a 
significant variable region at the start of the 

sequence from positions 1 to 35. Specific variation in 
plant sample sequences 8_PSBA and 9_PSBA was 
observed at position 23; a small variable region 
occurs at positions 71 and 72, and a single variable 
position at 165. Meanwhile, a longer stretch of 
variable sequences was observed at the regions 151 
to 165, and a large variable region at regions 200­

Fig. 1 ­ ClustalW multiple alignment of the DNA sequences of members of Senna species studied using Bioedit software.
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289. Another substantial variable region is at 
positions 306 to 343, and lastly, variations are seen at 
the end of the sequence (positions 426 and 427). This 
implies the analyzed Senna species are unique 
individual species that exhibit significant variation or 
divergence. 
     Conserved regions identified in the DNA sequence 
alignment (Fig. 2) indicate shared genetic similarities 
among the Senna species, providing molecular 
evidence for their taxonomic grouping within the 
genus. They represent regions of DNA that have 
remained unchanged or very similar across different 
species within the genus Senna. 
 

BLAST description of hits studied using MEGA 
software 
     The results from the Basic Local Alignment Search 
Tool (BLAST), a bioinformatics tool used to compare 
nucleotide or protein sequences against a sequence 
database and determine the statistical significance of 
matches, are presented in Table 2. The base pair 
lengths for the aligned DNA sequences of Senna 
species studied range from 312 to 414 bp. The results 
of the database sequences show very high­quality 
matches overall, with percent identity ranging from 
99.02% to 100%, query coverage between 95­100%, 
and very low E­values (ranging from 0.0 to 4e­155). 

Fig. 2 ­ Muscle multiple alignment of the DNA sequences of members of Senna species studied using MEGA software.
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high scores and low E­values indicate that these 
matches are highly reliable or significant and not due 
to chance. The plant codes were identified as Senna 
hirsute, S. occidentalis, S. tora, S. alata, and S. siamea 
among the matches. A taxonomically significant 
observation emerged where field­ identified S. 
obtusifolia and S. acutifolia accessions returned S. 
tora and S. occidentalis identifications, respectively. 
 
Genetic distance matrix of the DNA sequences based 
on trnH‐psbA intergenic spacer regions of members 
of Senna species studied 
     Estimates of the evolutionary divergence between 
DNA sequences of various members of the Senna 
species  are presented in Table 3 .  The genetic 
distance values range from 0.000, indicating no 

Akinyemi et al. ‐ Genetic variation in Southwest Nigerian senna 

This indicates highly significant matches between the 
query (aligned DNA sequences of Senna species 
studied) and that of the database with a consistent 
alignment score of >200. Notable matches occurred 
in KC150886.1 accession, which appears multiple 
times as a top match (plant codes PSBA 1, 5, 7, 9, 13, 
15). KP058332.1 is another common match (plant 
codes PSBA 3, 4, 10, 11, 14, 17). Two plant codes 
(PSBA 12 and 18) matched to NC_065665.1, with the 
longest accession length of 159,176 bp. Best matches 
were observed in PBSA 3, 5, 7, 15, and 20, they 
achieved 100% identity with their matches. PSBA 12 
and 18 had the highest max scores (747) while PSBA 
18 achieved 100% query coverage. These results 
suggest that the sequences are very well conserved, 
and the sequencing quality was high. The consistent 

Table 2 ­    BLAST description of hits from the National Centre for Biotechnology Information (NCBI) and sequences producing significant 
alignments

S/N
Plant  

sample 
sequence

Base 
pair

Description of matched 
organism Scientific name Max 

score
Total 
score

Query 
cover %

E  
value

%  
Identity

Accession 
length

Alignment 
score

GenBank 
Accession

1 1_PSBA 323 Senna hirsutaPsbA gene, partial cds Senna hirsuta 568 568 96 2,00E­157 99.68 349 >200 KC150886.1
2 2_PSBA 312 Senna occidentalis chloroplast, complete 

genome
Senna occidentalis 560 560 99 4,00E­155 99.35 159994 >200 OR478159.1

3 3_PBSA 390 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene

Senna tora 710 710 98 0 100 426 >200 KP058332.1

4 4_PBSA 388 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene

Senna tora 706 706 99 0 99.74 426 >200 KP058332.1

5 5_PSBA 323 Senna hirsutaPsbA gene, partial cds Senna hirsuta 580 580 97 3,00E­161 100 349 >200 KC150886.1

6 6_PSBA 318 Senna occidentalis isolate SCBGP509_1 
photosystem II

Senna occidentalis 568 568 99 2,00E­157 99.05 339 >200 KP095340.1

7 7_PBSA 329 Senna hirsutaPsbA gene, partial cds Senna hirsuta 588 588 97 2,00E­163 100 349 >200 KC150886.1

8 8_PBSA 313 Senna occidentalis isolate SCBGP509_1 
photosystem II 

Senna occidentalis 547 547 97 3,00E­151 99.02 339 >200 KP095340.1

9 9_PSBA 330 Senna hirsutaPsbA gene, partial cds Senna hirsuta 575 575 96 1,00E­159 99.37 349 >200 KC150886.1

10 10_PSBA 391 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene

Senna tora 708 708 99 0 99.74 426 >200 KP058332.1

11 11_PBSA 399 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene

Senna tora 706 706 96 0 99.74 426 >200 KP058332.1

12 12_PBSA 414 Senna alata chloroplast, complete 
genome

Senna alata 747 747 99 0 99.51 159176 >200 NC_065665.1

13  13_PSBA 330 Senna hirsutaPsbA gene, partial cds Senna hirsuta 582 582 95 9,00E­162 100 349 >200 KC150886.1

14 14_PSBA 382 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene

Senna tora 697 697 99 0 99.74 426 >200 KP058332.1

15 15_PBSA 328 Senna hirsutaPsbA gene, partial cds Senna hirsuta 593 593 98 4,00E­165 100 349 >200 KC150886.1

16 16_PBSA 317 Senna occidentalis isolate SCBGP509_1 
photosystem II

Senna occidentalis 568 568 99 2,00E­157 99.36 339 >200 KP095340.1

17 17_PSBA 389 Senna tora voucher JKTM‐1‐000064 
tRNA‐His (trnH) gene, 

Senna tora 704 704 99 0 99.48 426 >200 KP058332.1

18 18_PSBA 412 Senna alata chloroplast, complete 
genome

Senna alata 747 747 100 0 99.51 159176 >200 NC_065665.1

19 19_PBSA 318 Senna occidentalis isolate SCBGP509_1 
photosystem II

Senna occidentalis 573 573 99 5,00E­159 99.68 339 >200 KP095340.1

20 20_PBSA 352 Senna siamea chloroplast, complete 
genome

Senna siamea 638 638 98 2,00E­178 100 148437 >200 MN525772.1

https://www.ncbi.nlm.nih.gov/nucleotide/KC150886.1?report=genbank&log$=nucltop&blast_rank=1&RID=S0MAC99M013
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divergence, to a higher divergence value 0.074, 
which suggests significant evolutionary differences. 
This variation provides insights into how closely 
related or distantly related these species are. The 
lack of divergence was observed between the same 
species (PSBA 10 and 11; 1 and 13, 1 and 15, and 
others) irrespective of their locations. Higher 
divergence value observed between PSBA 1 and 17; 5 
and 17 implies they are more distantly related as 
depicted also in the phylogenetic tree. Low 
divergence values observed range from 0.017 
(between PSBA 2 and 13; 2 and 15) to 0.030 
(between 10 and 17 PSBA). Divergence values were 
consistently high across all comparisons with 12 PSBA 
(S. alata). 5PSBA showed the greatest divergence 
(0.073), while 20 PSBA exhibited the lowest 
divergence (0.05). This range of 0.05­ 0.073 suggests 
significant phylogenetic differentiation between the 
plant accessions. This implies that S. alata is distantly 
related to all other members of Senna species 
studied. Notwithstanding, it is more closely related or 
have identical DNA sequences with S. alata (18PSBA) 
from another location. 
     The phylogenetic tree analysis, using UPGMA 

based on the trnH­psbA intergenic spacer region, 
depicting four clades, is presented in figure 3. It 
shows the evolutionary relationships between and 
among different Senna species studied. S. hirsuta 

Fig. 3 ­ Phylogenetic relationships among members of Senna 
species studied using UPGMA based on trnH­pbsA gene 
sequences, depicting four clades.

Table 3 ­    Evolutionary divergence between DNA sequences based on trnH­psbA intergenic spacer regions of members of Senna species 
studied

1= Senna hirsute, 2= S. occidental, 3= S. tora, 4= S. tora, 5= S. hirsute, 6= S. occidentalis, 7= S. hirsute, 8= S. occidentalis, 9= S. hirsute, 10= 
S. tora, 11= S. tora, 12= S. alata, 13= S. hirsute, 14= S. tora, 15= S. hirsute, 16= S. occidentalis, 17= S. tora, 18= S. alata, 19= S. occidentalis, 
20= S. siamea.

1 10 11 12 13 14 15 16 17 18 19 2 20 3 4 5 6 7 8 9

1

10 0.07

11 0.07 0

12 0.073 0.06 0.06

13 0 0.068 0.068 0.071

14 0.07 0 0 0.062 0.07

15 0 0.069 0.069 0.072 0 0.071

16 0.021 0.057 0.057 0.06 0.02 0.058 0.021

17 0.074 0.003 0.003 0.063 0.072 0.003 0.072 0.06

18 0.073 0.06 0.06 0 0.072 0.062 0.072 0.06 0.064

19 0.021 0.056 0.056 0.06 0.02 0.058 0.02 0 0.06 0.06

2 0.018 0.054 0.054 0.057 0.017 0.055 0.017 0.003 0.058 0.057 0.003

20 0.067 0.061 0.061 0.05 0.067 0.061 0.067 0.053 0.065 0.05 0.053 0.051

3 0.07 0 0 0.06 0.068 0 0.069 0.057 0.003 0.06 0.056 0.054 0.061

4 0.07 0 0 0.06 0.069 0 0.069 0.057 0.003 0.06 0.057 0.054 0.061 0

5 0 0.07 0.07 0.073 0 0.071 0 0.021 0.074 0.073 0.021 0.018 0.067 0.07 0.07

6 0.024 0.06 0.06 0.063 0.024 0.062 0.024 0.003 0.064 0.063 0.003 0.007 0.057 0.06 0.06 0.024

7 0 0.069 0.069 0.072 0 0.07 0 0.02 0.072 0.072 0.02 0.017 0.067 0.069 0.069 0 0.024

8 0.021 0.057 0.057 0.061 0.021 0.058 0.021 0 0.061 0.061 0 0.003 0.054 0.057 0.057 0.021 0.003 0.021

9 0 0.069 0.069 0.072 0 0.071 0 0.021 0.073 0.072 0.021 0.017 0.067 0.069 0.069 0 0.024 0 0.021 0



forms one distinct clade (PSBA 7, 9, 5, 15, 13, 1), S. 
occidentalis forms another clade (PSBA 2, 16, 19, 8, 
6), S. tora clusters together (PSBA 10, 11, 14, 3, 4) 
while S. alata (PSBA 12, 18) and S. siamea (PSBA 20) 
form smaller groups. Bootstrap values reveal high 
confidence values (97­100%) at many major 
branching points. Some lower values (25­63%) 
indicate less certain relationships in those branches. 
The 99% values in the S. hirsuta clade suggest very 
strong confidence in the relationship within the taxa, 
and also support for the phylogenetic groupings 
while 39­52% bootstrap values in the Senna 
occidentalis clade indicate uncertainty and weak 
support for phylogenetic groupings. The tree shows 
clear separation between major species. Two main 
branches were observed: one is leading to S. 
hirsuta/S. occidentalis and another to S. alata/S. 
siamea/S. tora. Terminal branches with the same 
species accessions indicate recent common ancestry. 
 
Nucleotide composition of some members of Senna 
species DNA sequences studied 
     The frequencies of each of the Nucleotide 

Akinyemi et al. ‐ Genetic variation in Southwest Nigerian senna 

compositions and their total means in the DNA 
sequences of the members of the Senna species 
studied using MEGA 11 software are presented in 
Table 4. The Base composition patterns show 
Thymine has the highest variance ranging from 35.8% 
(2 PSBA) to 40.5% (14 PSBA), while Adenine has the 
second highest variance ranging from 31.0 % (11 
PSBA) to 35.0% (5 and 8 PSBA). Cytosine ranges from 
12.5% to 14.1%, and Guanine shows less variation 
ranging from 14.6% (4 PSBA) to 16.2% (20 PSBA). The 
mean total of Thymine, Cytosine, Adenine and 
Guanine is 38.1, 13.3, 33.3 and 15.4%, respectively, 
and the grand mean total for nucleotide composition 
for the twenty DNA sequences is 333.9%. Total A+T 
content is 71.4% (33.3% A + 38.1% T) consistently 
across all sequences while, total G+C content is 
28.7% (15.4% G + 13.3% C). These imply that the 
nucleotide composition shows an AT­rich bias for 
Senna species. Sequence length varies from the 
shortest with 293 bases (2 PSBA) to the longest with 
395 bases (12 PSBA). Notable length clusters were 
observed in ~300 bases (PSBA 1,2,5,6,8,16,19) and 
~370 bases (PSBA 3,4,10,14,17). 
 
 
4. Discussion and Conclusions 
 
     The gaps and variations observed in the ClustalW 
multiple alignments of the DNA sequences of 
members of the Senna species studied indicate 
genetic differences between the Senna species. The 
presence of multiple variable gene positions suggests 
these species have diverged enough to accumulate 
distinct genetic changes. The variations observed 
could represent different evolutionary paths, 
adaptations to different environments, and species­
specific genetic characteristics. ClustalW identified 
these variations through multiple sequence 
alignment and the gaps indicate where insertions or 
deletions (indels) have occurred in some species 
relative to others. The presence of both short (single 
position) and long (spanning multiple positions) 
variable regions suggests a complex evolutionary 
history. Hassan (2023) suggested that trnH­psbA 
intergenic spacer regions as DNA barcoding markers 
could provide a novel method for understanding the 
evolutionary relationships and classification of closely 
related Prunus species. On the contrary, Olsson et al. 
(2022) observed the non­suitability of matK and 
psbA­trnH for species identification and phylogenetic 
analysis in closely related pines. 

Table 4 ­    Nucleotide frequencies of the DNA sequences of 
members of Senna species studied

All frequencies are given in percent (%). 
T (U)­Thyamine (Uracil), C­ Cytosine, A­ Adenine and G­Guanine. 

Plant 
code           T (U) C     A     G    Total 

1 PSBA 37.5 12.5 34.9 15.1 304
2 PSBA 35.8 13.3 34.8 16 293
3 PSBA 40.2 13.7 31 15.1 371
4 PSBA 40.4 13.8 31.2 14.6 369
5 PSBA 37.6 12.5 35 14.9 303
6 PSBA 36.1 13.4 34.8 15.7 299
7 PSBA 37.1 13.2 34.5 15.2 310
8 PSBA 36.4 12.6 35 16 294
9 PSBA 37 13.2 34.7 15.1 311

10 PSBA 40.1 13.7 31.2 15.1 372
11 PSBA    40 13.7 30.5 15.8 380
12 PSBA        38.2 12.7 33.4 15.7 395
13 PSBA         37 13.2 34.4 15.4 311
14 PSBA          40.5 13.2 31.4 14.9 363
15 PSBA          37.2 13.3 34.3 15.2 309
16 PSBA      36.2 13.1 34.9 15.8 298
17 PSBA        40.3 14.1 30.8 14.9 370
18 PSBA         38.4 12.7 33.6 15.3 393
19 PSBA          36.1 13 34.8 16.1 299
20 PSBA          36.9 13.8 33 16.2 333

Mean                38.1 13.3 33.3 15.4 333.9

55
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     The BLAST result provides a strong molecular 
evidence for accurate species identification (99.02­
100%) and high­quality genetic data, essential for 
taxonomic and evolutionary studies of Senna species 
using trnH­psbA intergenic spacer region. There is 
significant length polymorphism in the trnH­psbA 
chloroplast DNA region, with sequences ranging from 
312 to 414 base pairs across the studied Senna 
species; Hassan (2023) also observed a varied length 
of base pairs in his study. The sequence length 
variation may be due to evolutionary studies in 
Senna. The psbA­trnH sequence lengths obtained in 
this study (312­414 bp) align closely with Indian 
populations (341­384 bp), where this marker 
demonstrated higher sequence length variation 
compared to conserved coding regions like rbcL 
(682/705 conserved sites) and matK (726/785 
conserved sites) (Mishra et al., 2018). 
     The significant evolutionary differences observed 
between DNA sequences based on trnH­psbA 
intergenic spacer regions of various members of 
Senna species studied signify genetic divergence, 
which allows them to adapt to specific local 
environmental conditions. As populations evolve 
separately, they can develop unique traits that 
enhance their survival and reproductive success in 
distinct habitats (Chung et al., 2023). Higher genetic 
divergence typically correlates with increased genetic 
variation within a species. This variation is essential 
for adaptability, as it provides a broader pool of traits 
that can be selected for in response to changing 
environmental conditions. Genetic divergence can 
also influence phenotypic plasticity, the ability of a 
single genotype to produce different phenotypes in 
response to varying environmental conditions. 
Populations that have diverged genetically may 
exhibit different levels of plasticity, affecting how 
they respond to environmental changes. The lack of 
divergence between the same species collected from 
different locations may perhaps imply they are more 
closely related and that their sequences are not 
affected by changes in the environmental conditions. 
It confirms the existence of conserved regions in the 
sequence alignment. 
     The genetic distance among the studied Senna 
species (0.000­0.074) indicates moderate diversity, 
lower than that reported in other continental studies. 
Asian Senna  species show substantially higher 
genetic variation, with Indian S. italica displaying 
intra­specific divergence of 0.77­16.03% and S. 
auriculata and S. tora sharing 0.14% maximum 

identity (Mishra et al., 2018). Analysis of 14 Thai 
Senna  species using the psbA­trnH region 
demonstrated successful species discrimination 
comparable to our findings (Monkheang et al., 2011), 
validating the marker’s utility across geographic 
populations. 
     The phylogenetic tree reveals evolutionary intra­
specific and inter­specific diversity, and relationships 
in the species studied. This is demonstrated as S. 
hirsuta appears to be the most divergent group. S. 
tora shows internal variation but clear species 
cohesion, while S. alata and S. siamea appear to be 
more closely related to each other than to other 
species. The genetic distinctness observed in S. 
hirsuta accessions forms a well­supported clade with 
high bootstrap values (99%). This shows a significant 
genetic differentiation from other Senna species and 
occupies a distinct position at the top of the 
phylogenetic tree. The internal structure contains 
multiple subgroups (PSBA 7, 9, 5 vs. 15, 13, 1) which 
shows higher intra­genetic variation compared to 
other species and demonstrates a complex 
evolutionary history within the species. 
Evolutionarily, it may represent an earlier divergence 
from other Senna species  or suggest longer 
independent evolutionary history. More so, it could 
indicate adaptation to different ecological niches and 
possibly might have undergone more extensive 
genetic changes over time. 
     Moreover, previous Nigerian studies from Ile­Ife 
using matK and rbcL markers (546­843 bp) reported 
similar phylogenetic relationships, particularly the 
close association between S. occidentalis and S. 
hirsuta  (Azeez et al., 2024), corroborating our 
findings. Azeez et al. (2024) recorded chromosome 
counts of x=18 in S. podocarpa and S. obtusifolia, 
x=20 in S. occidentalis, x=22 in S. alata and S. hirsuta, 
and x=24 in S. siamea and S. sophera, demonstrating 
karyotypic diversity within Nigerian populations. 
However, the comparatively lower genetic diversity 
in Southwest Nigerian populations relative to Asian 
counterparts suggests recent colonization events, 
geographic isolation, or adaptation to uniform 
environmental conditions within the study region. 
     Notwithstanding, the intra­variation observed in 
the S. tora (PSBA 3, 4, 10, 11, and 14) show some 
genetic differences among them. This is seen in the 
slight branching patterns within the S. tora clade. 
Bootstrap values of 63% between some S. tora 
accessions indicate minor genetic differences. 
Despite these differences, all S. tora cluster together 
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in one distinct group. They form a monophyletic 
clade (sharing a common ancestor). There is a clear 
separation from other Senna species and strong 
bootstrap support (100%) for some branches. 
Genetic distances between S. tora accessions are 
relatively small. This pattern suggests that S. tora 
maintains its distinct species identity, shows normal 
population­level genetic diversity, all accessions are 
correctly identified as S. tora and natural variation 
exists within the species but not enough to question 
species boundaries. Thus, the phylogenetic tree has 
aided in resolving evolutionary relationships within 
the genus. It also supports the genetic distance data 
and provides a clear visual representation of the 
evolutionary relationships and divergence patterns 
within these Senna species. The closeness of S. alata 
and S. siamea might suggest species with potentially 
similar medicinal properties. 
     In contrast, the S. occidentalis clade displayed 
moderate to low bootstrap values (39­52%), these 
lower confidence values suggest greater intra­specific 
diversity within S. occidentalis studied, possibly 
reflecting multiple introduction events from different 
source populations, longer establishment history 
allowing accumulation of mutations, or potential 
historical gene flow with related species. The 
bootstrap values below the conventional 70% 
threshold indicate that additional molecular markers 
(ITS, matK, rbcL) are needed to clarify relationships 
within this clade and test for possible cryptic diversity 
or reticulate evolution. 
     Additionally, the nucleotide frequencies explain 
the phylogenetic relationships earlier discussed, with 
sequence length and base composition differences 
potentially reflecting evolutionary divergence 
patterns. The characteristic A­T richness (71.4%) 
observed in this study is consistent with typical 
chloroplast intergenic spacer regions globally, 
reflecting conserved evolutionary patterns within the 
genus. The A­T rich pattern provides pbsA­trnH 
intergenic spacer region as a valuable molecular 
markers for species identification and supports the 
taxonomic classification of these Senna species (Ravi 
et al., 2008). This is evidence in 99­100% BLAST 
identity, clear separation of all species and high 
confidence (99­100% bootstrap for S. hirsute). 
Functionally, A­T richness influences DNA stability 
and melting temperature, and may impact DNA 
replication efficiency. 
     Furthermore, the moderate genetic diversity 
observed in the Senna species (0.000­0.074) reflects 

adaptive evolutionary responses to environmental 
pressures (Alzahrani et al., 2020), enabling plants to 
adapt to climatic fluctuations (Li et al., 2022), though 
lower diversity compared to Asian species may 
constrain responses to rapid environmental changes 
(Mishra et al., 2018). Genetically diverse Senna 
species contain important metabolites with diverse 
pharmacological activities (Elbashir et al., 2021), and 
intra­specific genetic variation suggests potential 
variation in sennoside concentrations among 
Nigerian accessions similar to Indian studies (Kumar 
et al., 2024). 
     Meanwhile, the moderate genetic divergence 
observed may reflect evolutionary adaptation within 
similar ecological zones across Southwest Nigeria, 
contrasting with broader environmental gradients in 
Asian populations, and while psbA­trnH provides 
adequate species discrimination, future phylogenetic 
studies could benefit from multi­locus approaches 
combining this marker with nuclear markers to 
enhance resolution of population structure and 
evolutionary relationships (Mishra et al., 2018). 
     Nonetheless, market analysis in India revealed 
substantial adulteration in Senna herbal products 
(Seethapathy et al . ,  2015), highlighting  the 
importance of DNA barcoding for authentication, 
while successful discrimination of Thai Senna species 
using trnH­psbA fragment polymorphism 
(Monkheang et al., 2011) demonstrates the practical 
application of this marker for rapid species 
identification across geographic regions. 
     In addition, the presence of Shared conserved 
sequences provide molecular evidence for the 
monophyletic nature of Senna within Fabaceae 
subfamily Caesalpinioideae, validating genus­level 
separation from Cassia sensu stricto established by 
Irwin and Barneby (1982), while genetic distances 
(0.000­0.074) reveal moderate inter­specific 
divergence consistent with species­ level 
differentiation and corroborate previous Nigerian 
studies documenting karyotypic diversity (x=18 to 
x=24) and the close relationship between S. 
occidentalis and S. hirsuta (Azeez et al., 2024), 
demonstrating concordance between cytogenetic, 
molecular, and morphological evidence characteristic 
of integrative taxonomy. 
     The amplified psbA­trnH intergenic spacer region 
reveals significant variations among the DNA 
sequences of Senna species studied. The presence of 
shared conserved sequences provides the molecular 
evidence of the monophyletic nature of these taxa 
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within Senna, while base composition variations 
reflect evolutionary divergence and adaptation of 
these species to different environmental pressures.  
These findings provide the molecular framework for 
Nigerian Senna species identification and 
conservation, supporting their potential development 
for medicinal and agricultural applications. 
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