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Abstract 
Petiveria alliacea is a uterotonic plant that effectively helps resolve uterine con-
tractility abnormalities in traditional medicine. However, scientific knowledge 
of its diversity remains very limited to date. This study aimed to assess the 
transferability of eleven SSR markers from Phytolacca acinosa to Petiveria al-
liacea in order to evaluate its genetic diversity. Genomic DNA was extracted 
from 28 accessions of Petiveria alliacea sampled in southern Benin for PCR 
amplification using eleven pairs of SSR primers derived from Phytolacca aci-
nosa. UPGMA and PCoA analyses were performed using NTSYS version 2.11a 
software to assess the genetic structure within the collection. Among the 11 
markers studied, nine were transferable (81.82%), and six were polymorphic 
(54.55%). A total of 25 alleles were observed, with an average of 4.16 alleles 
per locus. The expected heterozygosity (He) ranged from 0.227 to 0.846, with 
an average of 0.633, while the observed heterozygosity (Ho) ranged from 0.150 
to 1.000, with an average of 0.670. The mean fixation index (Fis) was −0.005. 
The dendrogram constructed using the UPGMA method revealed two main 
groups at a similarity rate of 73%, which further divided into four subgroups 
at a similarity rate of 65%. The studied collection exhibited high genetic diver-
sity. It is therefore urgent that these data be used as a basis for establishing 
conservation and domestication programs to ensure the efficient and sustain-
able use of the species. 
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1. Introduction 

Medicinal plants have been used to treat various ailments since time immemorial, 
often containing natural compounds with recognized therapeutic properties [1]. 
Modern medicine sometimes draws on these plant resources, as global interest in 
traditional medicine continues to grow. Although traditional medical practices in 
Africa require significant improvement compared to those in India or China [2], 
their use is increasing among approximately 80% of the African population living 
in rural areas due to the high costs of modern medical services [3]. In addition, 
some people living in urban areas and even industrialized countries also turn to 
nature for their healthcare needs [4]. With over 200,000 plant species recorded in 
tropical African nations, of which 5,400 are used in traditional medicine [5], nat-
ural medicine and pharmacopeia remain the primary users of these plants, with 
70% of the populations in Third World countries relying on them [4]. 

In Benin, for example, more than 507 species are used to treat various human 
ailments [6]. Petiveria alliacea, a herbaceous plant of the Phytolaccaceae family, is 
one of these medicinal plants [7]. In Benin, it grows near houses and is widely 
used in folk medicine [8]. It is commonly used in southern Benin for its uterotonic 
properties during difficult deliveries, as it triggers contractions after being tritu-
rated and applied by massage on the stomach and hips [9] [10]. According to 
Ayedoun et al. [8], the oil obtained from the root of Petiveria alliacea contains 
chemical compounds such as benzaldehyde (48%), dibenzyl disulfide (23.3%), 
dibenzyl trisulfide (9.4%), and cis- and trans-stilbene (8.1%). Thus, Petiveria al-
liacea exhibits antimicrobial properties, and the ethanolic extract of its leaves is 
effective in limiting the growth of certain microorganisms, including Salmonella 
typhi, Staphylococcus aureus, Escherichia coli, Rhizopus sp., and Aspergillus ni-
ger [11]. 

Despite the use of uterotonic plants in many developing countries, numerous 
women continue to suffer from childbirth-related complications [12]. This situa-
tion could be attributed to the lack of in-depth scientific knowledge regarding the 
diversity, safety, efficacy, and mechanisms of action of these plants. Given the 
multiple pressures exerted by human activities on the environment, it is essential 
to implement a program aimed at exploring the genetic potential of these plants 
to prevent their disappearance. Indeed, a species with high genetic diversity is 
more likely to adapt to environmental changes. Additionally, studying genetic di-
versity could lead to the discovery of rare alleles that may be associated with this 
uterotonic property [13]. They offer thereby opportunities for genetic improve-
ment and provide valuable information for effective conservation. 
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Although understanding the phenotypic diversity of species is essential, it is 
now recognized that environmental factors influence phenotypic traits. This ex-
plains the growing interest in using molecular genetic evaluation to study plant 
genetic resources. Molecular genetic markers are the most suitable tools for diver-
sity studies [14]. Among them, microsatellite markers, or SSRs, are considered the 
most appropriate for genetic diversity analysis [15]. However, no specific SSR 
markers have yet been developed for the species in question. Due to the complex-
ity and high cost of developing species-specific SSR markers, the use of cross-spe-
cies markers between genetically related species appears to be a viable strategy. 
Provan et al. [16] highlighted the potential of inter-species SSR marker amplifica-
tion for genetic research. High genetic conservation has been suggested not only 
among species within the same genus but also potentially between genera within 
the same family [17]. Indeed, Petiveria alliacea and Phytolacca acinosa, belonging 
to the same family (Phytolaccaceae), have a chromosome number of 2n = 34 and 
2n = 36, respectively. This chromosomal similarity suggests a certain level of ge-
netic compatibility and a close phylogenetic relationship. Both species contain 
compounds with recognized medicinal properties and are used in traditional 
medicine for their therapeutic effects [18]. Genetic markers would be useful not 
only for the species Phytolacca acinosa but also for assessing genetic diversity and 
providing information on the genome of related species like Petiveria alliacea to 
ensure its sustainable use [19]. However, this technique could be subject to low 
transfer rates due to amplification inefficiency caused by variations in the flanking 
sequences. Additionally, reduced polymorphism could be observed, as even if the 
markers are amplified, their level of polymorphism may be lower in the non-target 
species. 

This study will therefore utilize microsatellite markers specific to Phytolacca 
acinosa, a species from the same family as P. alliacea, to contribute to the molec-
ular characterization of P. alliacea accessions collected in southern Benin. The 
goal is to identify the most promising subgroups for future exploitation of plant 
genetic resources with uterotonic properties. 

2. Materials and Methods 
2.1. Biological Material 

P. alliacea is primarily found in tropical regions. In Benin, the plant is widespread 
in humid and forested areas with high rainfall, particularly in the southern part of 
the country, such as Atlantique, Mono, Couffo, Plateau, etc. The biological mate-
rial utilized in this study comprises twenty-eight (28) accessions of P. alliacea, col-
lected from various regions of southern Benin. Specifically, the samples were gath-
ered from the departments of Atlantique, Ouémé, Plateau, Mono, and Couffo 
(Figure 1). Leaf samples were obtained from the following communes: Abomey-
Calavi, Zè, Toffo, Kpomassé, Tori-Bossito (Atlantique); Adjohoun, Akpro-
Misserété, Adjarra, Dangbo (Ouémé); Kétou, Pobe, Sakété (Plateau); Comè, Bopa, 
Athiémé (Mono); and Toviklin and Klouékanmè (Couffo) (Table 1). 
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Figure 1. Sampling areas.  

 
Table 1. List of different accessions of P. alliacea collected in southern Benin. 

Departments Communes Villages Access codes 

Atlantique 

Abomey-Calavi Ouedo CAL/OUE 

Toffo Coussi TOF/COU 

Ze Hekanme ZE/HEN 

Ze Dangbo ZE/DAN 

Tori-Bossito Zounme TOR/ZOU 

Kpomasse Gogotinkpon KPO/GOG 

Toffo Doudji TOF/DOU 

Kpomasse Kpomasse KPO2 
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Continued 

Oueme 

Adjohoun Gbada ADJO/GBA 

Akpro-Misserete Abogome ABO 

Adjarra Honvie HON 

Dangbo Gbeko DAN/GBE 

Plateau 

Ketou Kpankou KPAN 

Pobe Chinangbore POCH 

Ketou Ilara ILA 

Ketou Atchoubi KET/AT 

Ketou Oloka ORLO 

Sakete Yoko SAK/YOK 

Mono 

Come Oumako COM/OUMA 

Come Come center COM/CENT 

Come Come center COM/CEN 

Come Oumako COM/OUM 

Bopa Dassatingo BOP/DAS1 

Athieme Kpinnou ATH/KPI 

Athieme Kpinnou ATH/KPI2 

Bopa Dassatingo BOP/DAS 

Couffo 
Toviklin Doko TOV/DOK 

Klouekanme Tchikpe KOU/TCHI 

2.2. Method 
2.2.1. Leaf Collection 
For each accession included in this study, three to four young leaves of P. alliacea 
were collected using scissors, wrapped in aluminum foil, and labeled. The samples 
were then stored in a cooler with ice and transported to the laboratory of Molec-
ular Biology and Bioinformatics Applied to Genomics for DNA analysis. 

2.2.2. Genomic DNA Extraction  
DNA extraction involved isolating deoxyribonucleic acid (DNA) from cells or tis-
sues for each sample. The extracted DNA was used to assess genetic variability 
within the accessions. For this study, 0.2 g of young, fresh leaves from each sample 
were weighed using a precision electronic balance, following the protocol de-
scribed by Gawel and Jarret [20], as modified by Djedatin et al. [21]. A 2% CTAB 
(Cetyltrimethylammonium bromide) solution was used for extraction. The 
weighed young leaves were placed into a porcelain mortar, and 1000 µl (500 µl × 
2) of CTAB preheated to 65˚C was added. The leaves were then manually ground 
with a porcelain pestle to dissociate the tissues and cells. The resulting homoge-
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nate was transferred to a 2 ml Eppendorf tube, and 50 µl of SDS (20% Sodium 
Dodecyl Sulfate) was added, followed by gentle shaking. The tubes containing the 
homogenates were incubated at 65˚C in an oven for 45 minutes and then allowed 
to cool to room temperature. After cooling, 750 µl of CIA (Chloroform Isoamyl 
Alcohol) in a 24:1 ratio was added to each tube, followed by gentle agitation by 
manual inversion for 5 minutes. The samples were then centrifuged at 4500 rpm 
for 15 minutes. The supernatant from each sample was collected into a 1.5 ml 
Eppendorf tube. To precipitate the DNA, 800 µl of cold isopropanol (−20˚C) was 
added to each collected supernatant and gently mixed by manual inversion. The 
samples were incubated at −20˚C for 30 minutes, vortexed, and then centrifuged 
at 4500 rpm for 10 minutes. The isopropanol was decanted, leaving the DNA pel-
let in the tube. The pellet was washed with 500 µl of 70% ethanol, followed by 
centrifugation at 4500 rpm for 5 minutes, then drained to dryness. To ensure the 
purity of the DNA, the washing procedure was repeated three times. After the 
final wash, the tubes were left to dry at room temperature for at least eight hours. 
Once dry, the DNA pellets were suspended in 100 µl of sterile distilled water and 
stored at −20˚C. The quality and concentration of the genomic DNA were as-
sessed by 1% agarose gel electrophoresis and visualized under a UV transillumi-
nator. DNA concentrations were adjusted by dilution as needed. 

2.2.3. Polymerase Chain Reaction (PCR) 
Polymerase Chain Reaction (PCR) is an in vitro gene amplification technique that 
enables the replication of specific regions of the genome in large quantities, with 
a high multiplication factor. This method allowed us to amplify and copy targeted 
DNA sequences using primers designed to detect the presence of these sequences. 
In this study, eleven (11) P. acinosa-specific SSR markers were used to genotype 
the P. alliacea accessions. The sequences and repeat motifs of these markers are 
presented in Table 2 below. The PCR reagents used in this study are outlined in 
Table 3. Amplification was carried out using the program outlined in Table 4. 
This program was applied to all eleven (11) primer pairs, with the exception of the 
hybridization temperature, which was adjusted according to the specific require-
ments of each marker. The fragments are separated by migration on 2% agarose 
gel with 0.5X TBE at 100 V for 45 minutes and visualized on a UV transillumina-
tor. 
 

Table 2. List of microsatellite markers used [19]. 

Locus Primer sequences (5'-3') Hybridization temperatures (˚C) Type of repetition 

SL-34 
F: TGTCCACCATAAAACACTT 
A: CCTCTTTCGCTACTTGC 

45 (ATC)3 

SL-58 
F: CTCCTGAATCTGATGGTGAA 
A: AGTTGTGCGTGTTGAAGAAG 

50 (ATC)6 

SL-116 
F: AGCCCCATACTCTACATC 
A: CTCTTCTTTCTTTTCTGTG 

47 (ATC)5 
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Continued 

SL-200 
F: TCCAACCCCCATCTCAAG 
A: CAAGATGCCCACCAATGA 

52 (GAT)5 

SL-287 
F: CAAGGAAGAACAAGAGG 
A: TAGGTGAGAGAAGGAGT 

45 (CAT)7 

SL-307 
F: GCCCCATTTCTTTTATTC 
A: AAGGGTCTTGGTGTTGAT 

45 (TCA)4 

SL-324 
F: TGGAAAGGTCGCTAATAC 
A: AAACACAAGGCTTCTGAG 

46 (TCA)4 

SL-377 
F: TGGACCCCTCTGCTACT 
A: GGACACCTCATCAGTAAA 

47 (TGA)8 

SL-379 
F: ATTTGGGTACTTGGGGAC 
A: TTTGATTTGGGAGGGACT 

47 (GTT)4 

SL-385 
F: GAATGATGGGGACAAGGA 
A: TTTGATTTGGGAGGGACT 

48 (ATG)3 

SL-546 
F: CCATCCATTCATCCTTTG 
A: ATTCACTATTCTTTGGCTTC 

46 (ATC)4 

 
Table 3. PCR reagents, volumes and concentrations. 

PCR reagents Volumes (µl) Concentrations 

Buffer (with MgCl2) 2.5 10X 

dNTPs 0.75 2 mM 

Primer (Forward) 2.5 10 µM 

Primer (Reverse) 2.5 10 µM 

Taq polymerase 0.1 0.5 U/µl 

Sterile distilled water 5.65  

DNA template 6 25 to 35 ng 

Total 20 - 

 
Table 4. PCR program. 
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2.2.4. Data Analysis 
Each accession was analyzed by examining the bands obtained at each locus, 
which were previously recorded as allelic compositions. The presence of a band 
was coded as 1, and its absence as 0. The scores were recorded in an Excel sheet, 
forming a data matrix. Several genetic diversity parameters were calculated, in-
cluding the polymorphism rate (P), number of alleles (Na), average number of 
alleles per locus (A), observed heterozygosity (Ho), polymorphism information 
content (PIC), expected heterozygosity (He), and fixation index (Fis) [22]. 
• Average number of alleles per locus (A): This parameter represents the abun-

dance of alleles in a population and is calculated using the formula: 1A L a= ∑  
where a represents the number of alleles at a locus and L is the number of loci 
studied. 

• Polymorphism rate (P): This is the percentage of loci with multiple alleles in 
the sample. The probability of observing at least two alleles at the same locus 
is influenced by the frequencies of the different alleles and the sample size. In 
this study, a locus was considered polymorphic when the frequency of the most 
frequent allele was less than or equal to 0.95. 

• Observed heterozygosity rate (o): This corresponds to the proportion of heter-
ozygous individuals at a given locus. A relatively high rate is considered when 
it is greater than 50% [23]. 

• Polymorphism Information Content (PIC): This measures the genetic diver-
sity of a locus and is estimated using the formula: 2PIC 1 fi= −∑ . where fi is 
the frequency of the i-th allele. 

• Expected heterozygosity rate (He): This is calculated based on the Hardy-
Weinberg equilibrium hypothesis, from the allele frequencies determined for 
each locus using the formula: 2 1eH pi= −∑  with pi the frequency of the ith 

allele at this locus. A relatively high rate is considered when it is greater than 
50% [23]. 

• Fixation index (Fis): This measures the gap between the observed heterozy-
gosity (Ho) and the expected heterozygosity (He). It is also referred to as the 
panmixia gap and is calculated as: ( )1 o eH H− . A positive value indicates 
heterozygote deficiency, while a negative value suggests a heterozygote excess. 

Using the (0,1) matrix, Nei’s genetic distances [24] were calculated between ac-
cession pairs. A dendrogram was then constructed to visualize the structure of the 
collection, employing the UPGMA method (Unweighted Pair-Group Method us-
ing Arithmetic Average) as per the SAHN procedure (Sequential Agglomerative 
Hierarchical Nested method) of the NTSYS software version 2.11a [25]. NTSYSpc 
is a system of programs used to find and display multivariate structure data. Many 
of the methods provided in NTSYSpc are associated with the field of phenetics. 
However, they are best interpreted as simple multivariate data analysis methods. 

Additionally, to confirm potential groupings of the analyzed accessions, Prin-
cipal Coordinate Analysis (PCoA) was performed using the DCENTER and 
EIGEN procedures of the same software. This analysis, based on the genetic coor-
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dinate matrix, helped in better understanding the genetic differentiation between 
the identified groups. 

3. Results 
3.1. SSR Markers 

In this study, we first tested eleven (11) P. acinosa-specific SSR markers on 28 P. 
alliacea samples to evaluate their amplification efficiency in this species. Figure 2 
illustrates the electrophoretic profiles of the SL-379 and SL-546 markers, which 
were successfully amplified, revealing a total of seven (07) and four (04) alleles, 
respectively. 
 

 
Figure 2. Electrophoretic profiles of SL-379 and SL-546 markers. 1: SL-379 marker showing 
alleles 1 to 6; 2: SL-379 marker showing alleles 3 and 7; 3: SL-546 marker showing 4 alleles 
(A1-A4); M: size marker; A: Allele. 
 

Among the tested markers, nine (9) were found to be transferable (Table 5), 
resulting in a transferability rate of 81.82% (Figure 3). Of these transferable SSR 
markers, six (6) exhibited polymorphic characteristics, corresponding to a poly-
morphism rate of 54.55%. Table 5 presents the transferability results of the tested 
SSR markers, along with the observed allelic variation and Polymorphism Infor-
mation Content (PIC) for each locus. The PIC values ranged from 0 to 0.846 
across all transferable markers, with an average of 0.422. Among them, marker 
SL-379 was identified as the most informative, displaying a PIC of 0.846, indicat-
ing its high potential for assessing genetic diversity among the 28 accessions. 
 

Table 5. Transferability, allelic variation, and PIC of the tested SSR markers. 

Order number Markers tested Transferable (+/−) Number of alleles observed Allele variations PEAK 

1 SL-34 − − − − 

P2 SL-58 + 4 4-4 0.750 

3 SL-116 + 1 1 0 

4 SL-200 − − − − 

5 SL-287 + 1 1 0 
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Continued 

6 SL-307 + 2 1-2 0.227 

7 SL-324 + 1 1 0 

8 SL-377 + 4 1-3 0.660 

9 SL-379 + 7 2-6 0.846 

10 SL-385 + 4 1-4 0.672 

11 SL-546 + 4 1-4 0.644 

Total 11 9 28 1-6 0.422 

+: Positive, −: Negative, PIC: Polymorphism information content. 
 

 
Figure 3. Transferability rate of SSRs markers.  
 

Figure 4 presents the allele frequencies of polymorphic markers at the 1% 
threshold. The estimated allele frequencies for each locus range from 0.075 to 0.87. 
Notably, no rare alleles (i.e., those with a frequency below 0.05) were detected 
among the observed alleles. 
 

 
Figure 4. Allele frequencies of polymorphic loci.  

3.2. Genetic Structuring Within the Collection 
3.2.1. Assessment of Genetic Diversity Parameters 
The six (6) polymorphic markers were used to evaluate genetic diversity parame-
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ters within the collection (Table 6). A total of 25 alleles were identified across 
these markers, with the number of alleles per locus ranging from 2 to 7, and an 
average of 4.16 alleles per locus. The expected heterozygosity (He), also known as 
Nei’s genetic diversity, varied from 0.227 to 0.846, with an average of 0.633. Ob-
served heterozygosity (Ho) ranged from 0.150 to 1.000, with an average of 0.670. 
The fixation index (Fis), representing deviation from panmixia, ranged from -0.46 
to 0.50, with an average of −0.005. Among the markers, SL-307, SL-377, and SL-
385 exhibited positive Fis values, indicating a heterozygote deficiency. In contrast, 
SL-58, SL-379, and SL-546 had negative Fis values, suggesting an excess of heter-
ozygotes. 
 

Table 6. Values of genetic diversity parameters according to loci. 

No. Locus 
Sample size 

(N) 
Number of  
alleles (Na) 

Effective allele 
number (Ne) 

Observed  
heterozygosity (Ho) 

Expected  
heterozygosity (He) 

Fixation index 
(Fis) 

1 SL-58 12 4.000 4.000 1.000 0.750 −0.333 

2 SL-307 20 2.000 1.150 0.150 0.227 0.339 

3 SL-377 6 4.000 1.660 0.330 0.660 0.500 

4 SL-379 16 7.000 4.000 1.000 0.846 −0.182 

5 SL-385 10 4.000 2.100 0.600 0.672 0.107 

6 SL-546 17 4.000 2.353 0.940 0.644 −0.460 

Average - 13.50 4.166 2.544 0.670 0.633 −0.005 

3.2.2. Dendrogram Construction and Principal Coordinate Analysis  
(PCoA) 

The estimated genetic distance matrix was used to construct a dendrogram, 
revealing two main groups with a similarity rate of 73% (Figure 5). These 
groups are further divided into four subgroups, sharing a similarity rate of 65%. 
Each of the two main groups (I and II) consists of 14 accessions, representing 
50% of the collection per group. Group I is predominantly composed of acces-
sions from the Atlantique (42.86%) and Mono (28.57%) departments, whereas 
Group II primarily includes accessions from Ouémé, Plateau, and Mono, each 
representing 28.57% of the group. A zero genetic distance (e.g., between ILA 
and ABO) indicates a high similarity at the loci studied, whereas the maximum 
genetic distance (e.g., between CAL/OUE and KPO2) reflects significant diver-
gence. To further validate the clustering observed in the dendrogram, a Princi-
pal Coordinate Analysis (PCoA) was performed based on the genetic coordi-
nate matrix (Figure 6). The PCoA largely confirmed the structuring of the two 
major groups identified in the dendrogram. Notably, the CAL/OUE accession 
did not cluster with any of the identified groups, highlighting its distinct ge-
netic composition. 
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Figure 5. Dendrogram of 28 accessions based on the UPGMA method. 
 

 
Figure 6. Principal coordinate analysis (PCoA). 

4. Discussion 

Understanding the genetic structure of a species is crucial for ensuring its sustain-
able use [26]. This study aimed to evaluate the transferability of eleven (11) SSR 
markers from P. acinosa to P. alliacea and to assess the genetic diversity revealed 
by these markers within the studied collection. Of the 11 microsatellite markers 
tested, 9 successfully amplified, resulting in a transferability rate of 81.82%. This 
rate is higher than the 68.97% reported by [27] in their study on SSR marker trans-
ferability between Ricinus communis and Euphorbia antiquorum, as well as the 
59.18% observed by [28] between Manihot esculenta Crantz and Hevea brasili-
ensis Muell. Arg. The relatively high transferability rate observed in this study 
highlights the efficiency of P. acinosa-derived primers for analyzing the genetic 
diversity and structure of P. alliacea accessions. This result may be attributed to 
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the presence of conserved genomic regions shared between the two species, which 
have undergone minimal modification during evolution [29] [30]. The transfera-
bility of SSR markers across species or genera primarily depends on the conserva-
tion of genomic DNA sequences and the stability of primer binding sites in SSR 
flanking regions throughout evolution [31]. In this case, the conserved regions 
identified could provide valuable insights into the phylogenetic relationships be-
tween P. acinosa and P. alliacea. The high transferability rate observed further 
suggests that the evolutionary divergence between these two species occurred rel-
atively recently [32]. 

The presence of non-transferable markers (18.18%) could be attributed to ge-
netic divergence between species over evolutionary time and the complexity of 
their genomes [33]. For instance, SSR marker transferability rates between Pinus 
taeda and Pinus sylvestris range from 36% to 53% [34], whereas the rate between 
Litchi chinensis and Dimocarpus longan reaches 91.7% [35]. These variations 
highlight that SSR marker transferability largely depends on the phylogenetic dis-
tance between the source and target species [36]. In this study, six (6) markers 
were identified as polymorphic, with an average of 4.16 alleles per locus. This rel-
atively high allelic count reflects the genetic variability among the accessions stud-
ied, indicating allelic enrichment within the collection. Allelic richness in a popu-
lation is generally influenced by sample size, as the likelihood of identifying new 
alleles increases with the number of individuals analyzed [37]. Therefore, studying 
a larger number of accessions beyond the 28 examined here could potentially re-
veal additional alleles. 

The average number of alleles per locus (4.16) observed in this study is higher 
than the 2 alleles per locus reported by [38] in Vigna unguiculata L. using two SSR 
markers across 20 accessions. Similarly, it surpasses the results of [39], [40], and 
[41], who reported average allele counts of 1.31, 2, and 3.8 per locus, respectively. 
However, this value is lower than the 6.4 alleles per locus observed by Mantello et 
al. [15] in a cross-transferability study of SSR markers between Hevea brasiliensis 
and wild rubber species, as well as the 5.6 alleles per locus reported by [42] in a 
study on the genetic variability of wild Jatropha curcas in northwestern Mexico. 
These differences may be attributed to variations in the number of accessions and 
polymorphic markers analyzed. A greater number of polymorphic markers and 
accessions typically leads to the detection of more alleles, thereby providing a 
more comprehensive view of genetic diversity. 

The analysis of the genetic diversity within P. alliacea based on microsatellite 
markers provides valuable insights into the population structure and genetic var-
iation. The polymorphism information content (PIC) value of 0.422 indicates a 
relatively low level of polymorphism, likely influenced by the presence of three 
monomorphic markers (SL-116, SL-287, and SL-324), which do not contribute to 
genetic diversity. Despite this, the study demonstrates that microsatellite markers 
from P. acinosa are transferable to P. alliacea, offering potential tools for genetic 
diversity assessments in P. alliacea populations.  
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Ho and He values can arise from various biological mechanisms, including nat-
ural selection, the introduction of new alleles through migration, and mutations. 
The genetic variation from heterozygosity enhances a species’ ability to adapt to 
its environment. Individuals carrying different alleles have a greater chance of sur-
viving and reproducing in changing conditions. This, in turn, enables the species 
to respond to selective pressures and evolve. In this study, the expected heterozy-
gosity (He = 0.633) being lower than the observed heterozygosity (Ho = 0.670) 
suggests a negative deviation from Hardy-Weinberg equilibrium, pointing to ex-
cess heterozygosity within the population. This excess, indicated by the negative 
fixation index (Fis = −0.005), could be due to several factors, including hybridiza-
tion events, even though P. alliacea is primarily autogamous. It appears that rare 
instances of hybridization might increase heterozygosity, possibly due to selective 
pressures that favor heterozygous genotypes in some cases, despite the predomi-
nantly self-fertilizing nature of the species. This aligns with findings by [43] about 
the outcrossing potential in highly self-pollinating species. 

The dendrogram analysis, which clusters accessions into two distinct genetic 
groups, suggests that geographic origin may not play a significant role in shaping 
the genetic structure of the species. This lack of clear geographical separation 
could reflect a large common genetic base among accessions, as noted by [22]. 
Identification of accessions like KPO2, TOR/ZOU, ZE/DAN, KPAN, and ZE/ 
HEN as genetically identical or closely related further supports the possibility of 
shared genetic material, possibly from a limited number of founding individuals 
or extensive gene flow. The discordance observed between the classification of the 
CAL/OUE accession in the dendrogram and the principal coordinates analysis 
(PCoA) could be attributed to the limited number of markers used in the study. 
This highlights the need for more markers or additional genetic tools to improve 
resolution and classification accuracy. 

Overall, the study suggests a relatively high level of genetic variability within 
the P. alliacea accessions, despite the challenges posed by the species’ self-pollina-
tion. These results open up further possibilities for understanding the genetic 
structure and evolutionary dynamics of P. alliacea. 

5. Conclusion 

The findings from this study significantly contribute to the understanding of 
Petiveria alliacea (commonly known as an important uterotonic plant) by reveal-
ing its genetic diversity for the first time. The successful transfer of microsatellite 
markers from P. acinosa to P. alliacea with a high polymorphism rate is a break-
through, as it enables the identification of genetic variation within P. alliacea, a 
species previously lacking species-specific molecular markers. This discovery not 
only provides a better understanding of the genetic structure of P. alliacea but also 
highlights the potential of SSR markers for exploring both intra- and interspecific 
genetic diversity. The ability to compare genetic diversity across different species 
is essential for studying evolutionary relationships and understanding how these 
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plants evolve and adapt over time. The observed genetic diversity within the stud-
ied population emphasizes the importance of preserving this variation, especially 
in the context of conservation efforts. Given that P. alliacea has medicinal signifi-
cance, understanding its genetic variation could help in the sustainable use and 
conservation of the species in Benin and beyond. The research could serve as a 
foundation for future studies exploring the genetic diversity of P. alliacea popula-
tions across different regions of the country. Incorporating these findings into 
conservation strategies is vital, as maintaining genetic variation is key to preserv-
ing the resilience and adaptability of plant species. This study could play a crucial 
role in ensuring that P. alliacea populations are protected and managed effectively, 
securing their long-term survival and medicinal value. 
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