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SUMMARY 

 

Maman is one of the food plants growing in Riau Province, Indonesia. It has the names joruk maman 

and African cabbage, typically eaten as a fermented vegetable. Its verification as Cleome gynandra L. 

synonym Gynandropsis gynandra by the matK and trnL-trnL-trnF intergenic spacer (IGS) used the 

DNA barcode sequences. The latest research aimed at molecular authentication of maman based on 

rbcL and ITS sequences and the evaluation of locus combinations (rbcL+ITS and 

rbcL+ITS+matK+trnL-trnL-trnF IGS). The DNA extraction utilized a modified CTAB method and 

phylogenetic analysis using MEGA11. The rbcL and ITS sequences were 839 and 672 bp in length, 

respectively. The results revealed the maman plant from Riau was distinct as C. gynandra / G. 

gynandra based on single- and multi-locus analyses. The results suggested a unique nucleotide was 

evident in the rbcL sequence in the maman from Riau. All the single and multilocus can be applicable 

as DNA barcodes for C. gynandra and G. gynandra.  
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Key findings: DNA barcoding is a useful technique for molecular verification in crop plants. The 

presented results could prove vital for researchers in recognizing maman plants (C. gynandra and G. 

gynandra) from Riau in the future. 

 

 

INTRODUCTION 

 

Maman plant is an annual (perennial) herb with 

a vertical stem that can grow to heights of 0.5 

to 1.5 m, with green to purple branches 

(Figure 1). The leaves are long, green to old 

green, and the entire leaf edges are flat. The 

flower type was determinate inflorescence, 

placed on the ends of the rod (terminalis) and 

the leaf bone (lateralis). Each flower has four 

white crowns and six long filaments. It is a 

silicious fruit type, linear or roll-shaped, yellow 

when ripe, and brown when peeled. 

The maman plant from Riau (Cleome 

gynandra L., synonymous with Gynandropsis 

gynandra) and African cabbage became basic 

components of the traditional food of the Malay 

Rokan community in Riau Province, Indonesia. 

The Joruk Maman is a fermented processed 

food using maman’s leaves (Restusari et al., 

2023). Maman is also a potential natural 

source of antioxidants, as the DPPH (IC50) test 

revealed its leaves contain antioxidant activity 

(40.36 μg/ml) (Chandradevan et al., 2020). 

Previously, the maman, as verified by matK 

and trnL-trnL-trnF IGS using DNA barcode 

sequences, received the scientific name C. 

gynandra L. synonym G. gynandra (Roslim et 

al., 2023). 

The most promising method for 

achieving the objectives of quick and precise 

species identification and sustainable biological 

resource use could be the DNA barcoding 

(Hollingsworth et al., 2016). The DNA barcodes 

are the standard DNA sequences of 400–800 

bp that can help classify unknown organisms 

(Nehal et al., 2021). It is also a most accurate 

way to identify unnamed plants, as carried out 

by various researchers worldwide (Letsiou et 

al., 2024). The capacity to verify a species at 

every stage of its life history has made the 

DNA barcoding method more attractive. The 

development in computational and sequencing 

technology has made high-throughput 

barcoding applications possible, and has 

become a universal tool for hypothesis testing 

(Gostel and Kress, 2022).  

Some regions of the chloroplast DNA 

(cpDNA) are valuable for DNA barcoding and 

phylogenetic analysis, including the trnL-trnL-

trnF intergenic spacer gene (IGS), situated 

between the trnL (UAA) and trnF (GAA) 3'exon 

genes (Sevindik et al., 2019). The matK gene 

encodes a component of the maturase K 

enzyme, implicated in RNA splicing (Barthet et 

al., 2020). In addition to matK and trnL-trnL-

trnF IGS, two other DNA barcode loci, namely, 

rbcL and ITS, can also be effective for DNA 

barcoding analysis in plants. The rbcL gene is 

easily amplified and prevalent in various plant 

species. The location of the locus is in the 

chloroplast genome (cpDNA) and a coding 

region (Tnah et al., 2019). The Internal 

Transcribed Spacer (ITS) is a non-coding 

region in the structural ribosomal RNA on the 

common precursor transcript in the nuclear 

genome. The ITS (ITS1 and ITS2) of ribosomal 

DNA (rDNA) plays a significant role in species 

identification and phylogenetic analyses 

(Rathnayake et al., 2023). On the other hand, 

the rbcL encodes the large subunit of the 

ribulose-1,5-bisphosphate 

carboxylase/oxygenase (RuBisCO) enzyme 

(Rahman and Ali 2020).  

In plants, the DNA barcoding analysis 

will be superior if used in more than one locus 

(Letsiou et al., 2024). However, some 

researchers employed a combination of DNA 

barcodes (multilocus) to classify the medicinal 

plants because single-locus DNA barcode 

sequences cannot always provide adequate 

information for low-level identification (Yu et 

al., 2021). Various combinations of DNA 

barcodes exist, as suggested by researchers in 

past studies, including matK + rbcL, matK + 

atpF-atpH IGS + trnH-psbA IGS, matK + atpF-

atpH IGS + psbK-psbI IGS, 

ITS + rbcL + matK + psbA-trnH, ITS2 + psbA-

trnH IGS, psbA-trnH + ITS, psbA-

trnH + ITS + rbcL (Amandita et al., 2019; CBOL 
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Figure 1. The morphology of maman accessions (Cleome gynandra L.) from Serombau Indah village, 

Riau Province, Indonesia. a) Plant’s stature, b) leaf, c) inflorescence, and d) fruits. 

 

Plant Working Group, 2009; Dong et al., 2015; 

Guo et al., 2018; He et al., 2019). The matK 

provides greater resolution but poorer 

universality, while the rbcL delivers higher 

universality but lower species resolution. The 

greatest species discrimination came from this 

combination (Letsiou et al., 2024). Nuclear 

ITS, as recommended by the China Plant BOL 

Group to achieve the best identification rates 

even among closely related species, can also 

add non-coding regions to this combination (Li 

et al., 2011). These four candidate plant DNA 

barcoding regions (rbcL, matK, trnL-trnL-trnF 

IGS, and ITS) have also been applicable in 

several other types of plants, for example, in 

genera of the Gramineae family by Wang et al. 

(2022). Another example was also an 

undertaking by Roslim (2019) on durik-durik 

plants (Syzygium sp) using matK, rbcL, and 

trnL-trnL-trnF IGS. 

Therefore, the presented study aimed 

to evaluate the rbcL gene and ITS region for 

the molecular identification of maman 

accessions and investigate the genetic 

relationship among the maman species from 

Riau with other accessions of the same genus. 

This study also evaluated several combinations 

of loci to identify the maman species from 

Riau, such as rbcL+ITS and 

matK+rbcL+ITS+trnL-trnL-trnF IGS. The DNA 

barcode sequence analysis hopes to enrich the 

molecular databases of maman accessions at 

GenBank. 

 

 

MATERIALS AND METHODS 

 

Material and procedure 

 

Three specimens of maman accessions used in 

this study were a collection from cultivated 

lands of the Serombau Indah Village (latitude: 

1°18′08″N, longitude: 100°40′33″E), Riau 

Province, Indonesia. The total gDNA, extracted 

from a dried leaf, used the modified CTAB 

method as described by Sari and Murti (2015). 

By adding the loading dye to the DNA mixture 

(1:5), the extracted gDNA’s visualization 

employed electrophoresis (Mupid-exU) before 

storing at -20 °C. The PCR components used 

have the composition as follows: 1X PCR buffer 

(plus Mg2+), 0.2 mM dNTPs, 0.8 μM forward 

primer, 0.8 μM reverse primer, 2 U/μl 

DreamTaq DNA polymerase (Thermo 

Scientific), 100 ng/μl the total gDNA template, 

and nuclease-free water. Using the primer pair 

of rbcLb_SF (5’-

AGACCTTTTTGAAGAAGGTTCTGT-3’) and 

rbcLb_SR (5’-TCGGTCAGAGCAGGCATATGCCA-

3’) served to amplify the rbcL gene (Dong et 

al., 2014). Meanwhile, applying the primer 

pairs of FP_ITS5_F (5’-



SABRAO J. Breed. Genet.57 (3) 1070-1080. http://doi.org/10.54910/sabrao2025.57.3.19 

1073 

GAAAGTAAAAGTCGTAACAAGG-3’) and 

FP_ITS4_R (5’-TCCTCCGCTTATTGATATGC-3’) 

amplified the ITS region (Schoch et al., 2012). 

The conditions for PCR amplification were as 

follows: initial denaturation at 94 °C for 5 min; 

then, 35 cycles for 45 s at 94 °C 

(denaturation), 45 s at 56.6 °C for rbcL and 47 

°C for ITS (annealing), and 1 min at 72 °C 

(extension). Finally, an additional 10 min 

ensued at 72 °C to complete the reaction.  

The PCR products visualization 

continued on a 1.5% agarose gel using a 1 kb 

DNA ladder (Thermo Scientific) to confirm the 

amplicon length. The quantity measurement of 

PCR products, including the purity and 

concentration obtained, used a 

spectrophotometer (NanoDrop ND-1000) at 

wavelengths of 260 and 280 nm. Then, 

sending the single, correct, and thick bands of 

amplicon (40 µl), forward primer (30 µl), and 

reverse primer (30 µl) in separate tubes to PT 

Genetika Science, Indonesia (1st BASE 

Malaysia) proceeded for assessment.  

 

Data analysis 

 

In ensuring the generated DNA barcodes’ 

accuracy, the alignment of DNA sequences of 

forward and reverse primers used the BioEdit 

version 7.0.0 program (Hall, 1999). Both rbcL 

and ITS had the BLASTn application on the 

https://blast.ncbi.nlm.nih.gov/website, utilized 

to determine the sequences under study were 

similar to those in the GenBank database. 

Additionally, the BOLD program’s application 

(at https://v3.boldsystems.org/) was 

simultaneous with analogous sequence checks, 

particularly for rbcL. The top 10–12 accessions, 

used for the next analysis, helped determine 

the nucleotide variations among the studied 

maman accessions and construct the 

phylogenetic tree. The management and 

analysis of DNA sequences ran with MESQUITE 

(Maddison and Maddison, 2023). Multiple 

alignments engaged ClustalW (Thompson et 

al., 1994). Phylogenetic analysis ensued by 

using MEGA 11 to construct the Neighbor-

Joining (NJ) tree (Tamura et al., 2021). The 

accuracy of the trees’ assessment used 

techniques, such as the bootstrap re-sampling 

approach with 1000 repeats, to ensure the 

common appearance of branches most likely to 

reflect the genuine evolutionary relationship. 

Multi-locus analysis proceeded based on 

maman accessions in the family Cleomaceae 

with the whole cpDNA genome. The DNA 

sequences of matK and trnL-trnL-trnF IGS of 

maman came from previous studies with the 

same accession voucher (Roslim et al., 2023). 

Alignment and concatenated sequence of all 

markers occurred with MEGA11. 

 

 

RESULTS 

 

Total gDNA and amplicons profile 

 

The total gDNA’s successful isolation and 

measurement provided more than 10000 bp 

with thick and bright bands. These results 

incurred nanodrops to reveal the highest 

concentration values of 1004 ng/μl with a 

purity of 1.90 at A260/280. The DNA amplicons 

obtained were approximately ±800 bp for rbcL 

and ±700 bp for ITS (Figure 2). 

 

Molecular characterization of maman 

based on rbcL sequence 

 

For the potential study, the collection of plant 

samples transpired at the same time and same 

location. The resulting sequence was three 

sequences of rbcL with a length of 839 bp and 

no nucleotide differences. The said sequence 

has a previous insertion into Genbank with 

accession numbers OR898307, OR898308, and 

OR898309. The top 10 accessions appearing in 

the BLASTn analysis will then proceed for 

phylogenetic tree analysis (Table 1). The 

maman from the Riau rbcL sequence had 

similarity values and a percentage identity of 

98.45% to 99.88%. The highest value 

emerged with Gynandropsis gynandra 

(99.88%) and the lowest value with Tarenaya 

aculeata (98.45%), while the other eight 

accessions had similarity values of 98.69% and 

98.57%. The highest similarity score (99.88%) 

came from the BOLD identification system on 

G. gynandra (Table 1).  
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                        (a)                           (b)                                                (c) 

 

Figure 2. Profile of (a) the total DNA, (b) rbcL, and (c) ITS amplicon bands of maman from Riau. (M 

= 1 kb DNA Ladder from Thermo Scientific and 1, 2, 3 = biological replicate samples). 

 

 

Table 1. The BLASTn analysis of maman species from Riau rbcL sequence. 

Species Name Query Cover (%) E-Value Identity (%) Accession  

Gynandropsis gynandra 100 0.0 99.88 MH767477.1 

Corynandra viscosa 100 0.0 98.69 MH767481.1 

Podandrogyne matthewsii 100 0.0 98.69 KU739633.1 

Coalisina paradoxa 100 0.0 98.69 NC_066812.1 

Tarenaya hassleriana 100 0.0 98.57 NC_034364.1 

Tarenaya spinosa 100 0.0 98.57 KU739634.1 

Tarenaya rosea 100 0.0 98.57 KU739624.1 

Cleome arabica 100 0.0 98.57 KU739616.1 

Podandrogyne chiriquensis 100 0.0 98.57 AY483269.1 

Tarenaya aculeata 100 0.0 98.45 KU739631.1 

 

Overall, 811 invariable (monomorphic) 

sites and 28 variable (polymorphic) sites and 

variations of the nucleotides existed. Of the 28 

polymorphic sites, eight were singleton 

variable sites, and 20 others were parsimony 

informative sites. Nucleotide diversity (per 

site) was Pi = 0.01079, and the average 

nucleotide difference was k = 9.05128. Fu's Fs 

statistic was -0.108 and Tajima's D was 

0.01374, with a statistical significance value of 

P ≤ 0.10. The one critical nucleotide was 

evident in sequence number 10, which only 

exists on maman accessions from Riau, 

Indonesia. However, five other critical 

nucleotides were notable for the species G. 

gynandra syn. Cleome gynandra, in general. 

The nucleotides were in sequence numbers 

166, 202, 454, 466, and 790 (Table 2).  

The largest composite likelihood 

reached estimation for the nucleotide 

substitution pattern. Utilizing the model of 

Tamura et al. (2021), the study evaluated the 

possibility of replacement. For pyrimidines, the 

transition/transversion rate ratio was k2 = 

2.841, while for purines, it was k1 = 3.245. R 

= 1.497 represents the transition/transversion 

bias as a whole. The nucleotide frequency for 

each was A = 27.44%, T/U = 29.38%, C = 

19.09%, and G = 24.09%. The overall genetic 

range among the analyzed accessions relied on 

the rcbL sequence (0.000–0.016), with the 

lowest genetic distance value (0.001) achieved 

among the maman  accessions from Riau and 

G. gynandra. However, among the maman 

accessions from Riau with T. aculeata, the 

highest genetic distance value was 0.016. 
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Table 2. Nucleotide variation in rbcL sequence. 

No

. 

Nucleotide number (vertically) 

      1 2 2 3 3 3 3 3 4 4 4 4 4 4 4 5 6 6 6 6 6 7 7 7 8 

1 2 6 6 0 3 2 4 5 7 9 0 2 4 5 6 8 9 7 0 5 7 8 9 3 6 9 1 

0 3 1 6 2 8 9 7 6 9 4 6 7 1 4 6 7 9 5 7 0 3 5 5 4 0 0 1 

1 T T C A G A T C G C G G C G C T A C A C A T A T A C G G 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4 G . . . . . . . . . . . . . . . . . . . . . . . . . . . 

5 G . T G T . G . . . . A . T G C . . C . . . . . . . A . 

6 G C . G T . . . . . T . T . G C . T . . . . . C . . A . 

7 G . T G T G . . . . . . . T G C . . . T . . . . . . A A 

8 G . . G T . . A . . . . . . G C G . . . G G G . . T A . 

9 G . . G T . . A . . . . . . G C G . . . G G G . . T A . 

10 G . . G T . . A . A . . . . G C G . . . G G G . . . A . 

11 G . . G T . . A . A . . . . G C G . . . G G G . . . A . 

12 G C . G T . . . . . T . T . G C . T . . G . . C . . A . 

13 G . . G T . . A T . . . . . G C G . . . G G G . G . A . 

Note: (1-3) Maman from Riau, 4) Gynandropsis gynandra, 5) Corynandra viscosa, 6) Podandrogyne matthewsii, 7) 

Coalisina paradoxa, 8) Tarenaya hassleriana, 9) Tarenaya spinosa, 10) Tarenaya rosea, 11) Cleome arabica, 12) 

Podandrogyne chiriquensis, 13) Tarenaya aculeata. Green highlight = critical nucleotide for maman plants from Riau, 

yellow highlight = critical nucleotides for G. gynandra–C. gynandra. 

 

Molecular characterization of maman 

based on ITS sequence 

 

The same conditions and maman accessions 

used for rbcL analysis underwent the ITS 

analysis. The analysis also obtained three 

sequences with a length of 672 bp, and with no 

nucleotide differences among the maman 

accessions. The said sequence had also 

reached insertion into the GenBank with the 

accession numbers of PP959341, PP959342, 

and PP959343. Collecting the BLASTn analysis 

results for this sequence also proceeded on 10 

maman accessions with similarity values and 

percentage identity ranging from 100% to 

85.44%. Perfect similarities (100%) were 

evident in G. gynandra and C. gynandra, while 

the lowest values observed resulted in C. 

briquetii (Table 3). 

The results showed 263 sites with 

alignment gaps, 351 monomorphic sites, and 

130 polymorphic sites. The polymorphic sites 

were 55 singleton variable sites and 75 

parsimony informative sites. The value of 

nucleotide diversity (per site) was Pi = 

0.10182, and the average number of 

nucleotide differences was k = 48.97436. Fu's 

Fs statistic got 7.102 points and Tajima's D = -

0.55716, with a statistical significance of P ≤ 

0.10. Besides, in general, the 20 critical 

nucleotides were prominent for G. gynandra 

syn. C. gynandra; however, none of them were 

specific to maman accessions from Riau, 

Indonesia (Table 4). 

The specific model used helped assess 

the likelihood of substitution (Tamura et al., 

2021). The transition/transversion rate ratio 

for pyrimidines was k2 = 3.455, whereas for 

purines the value was k1 = 1.396. The entire 

transition/transversion bias has the 

representation of R = 1.173. The nucleotide 

frequencies for each base were A = 23.11%, 

T/U = 20.72%, C = 28.78%, and G = 27.39%.  

On the ITS sequence, the genetic 

distance ranges from 0.00 to 0.22. The lowest 

value appeared for all the maman accessions 

from Riau on its intra-species, as well as, with 

G. gynandra and C. gynandra. Moreover, an 

obtained value of 0.00 for Corynandra viscosa 

occurred with C. viscosa. However, the highest 

score (0.18) manifested for maman accessions 

from Riau was with Peritoma lutea.  
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Table 3. The BLASTn analysis of maman species from Riau ITS sequence. 

Species Name Query Cover %) E-Value Identity (%) Accession  

Gynandropsis gynandra 100 0.0 100 MH768084.1 

Cleome gynandra 98 0.0 100 HM044252.1 

Corynandra viscosa 96 1e-178 87.18 ON908405.1 

Cleome viscosa 95 8e-175 87.02 KF923186.1 

Cleome cleomoides 93 1e-177 87.84 KF923166.1 

Cleome iberidella 93 2e-160 85.77 KF923174.1 

Cleome foliosa 88 2e-171 86.92 KF923173.1 

Peritoma lutea 93 8e-170 87.11 KF923177.1 

Cleome briquetii 95 4e-158 85.44 KF923165.1 

Cleome densifolia 95 1e-163 86.10 KF923168.1 

 

 

Table 4. Twenty critical nucleotides in ITS sequence. 

No. 

Nucleotide number (vertically) 

2 2 2 2 2 2 2 2 2 4 4 5 5 5 6 6 6 6 6 6 

0 3 3 4 5 8 8 8 9 8 9 0 7 7 3 4 5 5 5 7 

5 0 4 5 3 0 1 4 0 0 8 9 2 5 2 6 1 2 3 8 

1 T A T C T G T G T T C T T T A G A C T G 

2 . . . . . . . . . . . . . . . . . . . . 

3 . . . . . . . . . . . . . . . . . . . . 

4 . . . . . . . . . . . . . . . . . . . . 

5 . . . . . . . . . . . . . . . . . . . . 

6 G G C G C C G T C C T A G C G T G A C A 

7 G G C G C C G T C C T A G C G T G A C A 

8 G G C G C C G T C C T A G C G C G A C A 

9 G G C G C T G T C C T A A C G C T G C A 

10 G G C G C C G T C C T A G C G C G A C T 

11 G G C G C T G T C C A A G C G C G A C A 

12 G G C A C T G T C C T A A C G C C G C T 

13 G G C G C T G T C C T A A C G T T G C T 

Note: 1-3) Maman species from Riau, 4) Gynandropsis gynandra, 5) Cleome gynandra 6) Corynandra viscosa, 7) Cleome 

viscosa, 8) Cleome cleomoides, 9) Cleome iberidella, 10) Cleome foliosa, 11) Peritoma lutea, 12) Cleome briquetii, 13) 

Cleome densifolia. 

 

Single and multilocus analysis for 

phylogenetic tree 

 

The results of the phylogenetic tree obtained 

from single-locus showed the maman 

accessions from Riau formed groups of 

branches with their neighbors. In addition to 

the accessions themselves, the tree based on 

rbcL also grouped with G. gynandra. As for the 

tree based on ITS, this group also had the 

following: G. gynandra and C. gynandra 

(Figure 3). The results of the phylogenetic tree 

depended on multilocus analysis, such as, 

combinations of rbcL+ITS and 

rbcL+ITS+matK+trnL-trnF IGS (Figure 4). The 

whole produced branch indicated maman 

accessions from Riau grouped with G. 

gynandra.  

 

 

DISCUSSION 

 

The single and multilocus analyses indicated 

maman accessions from Riau confirmed the 

species C. gynandra or G. gynandra. This 

statement also received support from the 

BLASTn analyses, which have two 

confirmations on different web platforms (NCBI 

and BOLD), showing the identity results in 

99.88%–100%. Nonetheless, the presented 

study further indicated maman accessions from 

Riau had a critical nucleotide. This critical 



SABRAO J. Breed. Genet.57 (3) 1070-1080. http://doi.org/10.54910/sabrao2025.57.3.19 

1077 

 
 

Figure 3. The single-locus phylogenetic tree of maman species from Riau and other species from 

NCBI using the Neighbor-joining method with 1000× bootstraps. a) rbcL, and b) ITS. 

 

 

 
 

Figure 4. The multi-locus phylogenetic tree of maman species from Riau and other species from NCBI 

using the Neighbor-joining method with 1000× bootstraps. a) rbcL+ITS, and b) rbcL+ITS+matK+trnL-

trnF IGS. 

 

nucleotide was in order number 10 in the rbcL 

sequence, namely, T for maman accession 

from Riau, and G for other accessions, and was 

even for G. gynandra in Xisha, China (Li et al., 

2018). 

In the existing study, the species of G. 

gynandra and C. gynandra, collected from the 

NCBI, originated from different geographical 

regions. Gynandropsis gynandra originated 

from tropical islands in China, and C. gynandra 

was the accession sent to museums outside of 

Indonesia (Feodorova et al., 2010). Although, 

with the same species, the maman accessions 

from the tropical regions of Riau, Indonesia, 

with different climatic and environmental 

conditions, encouraged them to mutate and 

adapt to the Riau environment, having the 

greatest peat land area (4.04 million hectares) 

in Sumatera (Juniyanti and Situmorang 2023). 

Peatland forests, mainly lowland forests, 

primarily spread in Sumatra and Borneo 

Islands, Indonesia, are witnessing land cover 

changes due to the vast plantation expansion 

(Kuswanda et al., 2022). These findings will be 

very useful for researchers in identifying 

maman accessions in the future.  

Furthermore, the ITS sequence in this 

study was unable to discriminate the maman 

accessions from Riau and its fellow species, as 

showing 100% identity results, with no genetic 

distance. It also did not show the critical 

nucleotide specific to maman accessions of 

Riau. Therefore, it was understandable that the 

rbcL sequence can be more capable of 

distinguishing the maman accessions from Riau 

and its fellow species from a molecular 
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perspective and is recommended for use as a 

DNA barcode for identification.  

However, the ITS can strongly 

discriminate the C. gynandra syn. G. gynandra 

and other species. Therefore, the presented 

study has proven that the ITS sequence has as 

many as 20 critical nucleotides for this species. 

These results significantly differed from the 

rbcL, which has only five critical nucleotides for 

this species. The rbcL sequence emerged rich 

in A+T nucleotides (56.83%), whereas the ITS 

sequence was rich in G+C nucleotides 

(56.17%). A rich region in the A+T sequence 

will be more likely to denature and undergo 

replication stress; thus, its structure becomes 

unstable compared with the rich G+C sequence 

with stronger hydrogen bonds to guanine and 

cytosine (Vinogradov and Anatskaya, 2017; 

Zhang et al., 2022). According to Lynch et al. 

(2016), the rich A+T sequences will have a 

high level of genetic diversity due to the 

accumulation of sequence variations from the 

highest mutation. 

The single-locus phylogenetic tree also 

supports the statement that rbcL was more 

suitable as a DNA barcode than ITS on maman 

accessions from Riau. On the phylogenetic tree 

based on the ITS sequence, the maman 

accession numbered 3 got separated from the 

accessions 1 and 2 and was seemingly identical 

to the accessions of C. gynandra and G. 

gynandra. These results enunciated the 

inability of the ITS to discriminate the maman 

accessions from Riau and its fellow species. It 

was different from the tree based on rbcL, 

which has already grouped the third maman 

accession on the same branch among its 

neighbors and did not separate.  

The most closely related species of 

maman accessions from Riau based on BLASTn 

analysis were P. matthewsii based on rbcL 

(Table 2) and C. viscosa based on ITS (Table 

3). The results of these two markers were also 

unalike, caused by incomplete sequence data 

for each sequence. However, solving this 

problem can continue by using multilocus 

analysis to obtain the data on each species' 

proximity represented by more than one 

sequence and get the properly related species. 

Regarding the multilocus study, C. pallida 

became the closest accession with C. gynandra 

syn. G. Gynandra (Figure 4). Moreover, the 

multilocus analysis of the combination of 

rbcL+ITS and rbcL+ITS+matK+trnL-trnL-trnF 

IGS gave the same results, namely, both could 

group maman from Riau in one cluster with G. 

gynandra and separate it from other studied 

accessions. 

Other research results also used a 

combination method of several markers, such 

as that conducted by Wang et al. (2022), 

which found combining ITS, matK, rbcL, and 

trnL-F produced a much higher identification 

effect than utilizing a single fragment. This 

means the identification process in different 

types of plants has a different combination of 

markers to obtain clear identification results, 

but the combination of using various markers 

does provide a clearer resolution. In the future, 

we recommend using multilocus for 

identification of plant types. The study also 

suggests researching more the standard for 

similarity value for annual plants because no 

findings exist for this. Authors hypothesize that 

since annual plants have a faster life cycle, 

they will accumulate more mutations due to 

their adaptation to the environment than the 

longer-living plants. 

The identification research using this 

method faces limitations due to high costs, 

time requirements of multilocus sequencing, 

complex data analysis needed to differentiate it 

from closely related species, and dependency 

on adequate genomic reference data for 

accurate results. But, besides all that, the 

precise identification of Maman (Cleome 

gynandra) through optimized genetic 

sequences enhances its potential in agriculture 

and medicinal research, supporting biodiversity 

conservation and promoting its effective use as 

a valuable crop and medicinal plant.  

 

 

CONCLUSIONS  

 

Maman accessions from Riau reached 

validation as a species of C. gynandra or G. 

gynandra. However, based on the rbcL 

sequence, maman in this study is another 

variety of this species because it has one 

critical nucleotide only found in the maman 

sample from Riau. The rbcL sequence proved 
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more capable of distinguishing the maman 

accessions from Riau than the ITS, and 

emerged highly suggested serving as a DNA 

barcode for this plant. The phylogenetic 

analysis with multilocus appeared very helpful 

in obtaining more accurate and descriptive 

results.  
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