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Abstract. Wati SI, Samanhudi S, Yuniastuti E, Purwanto E. 2025. Genetic characterization of butterfly pea (Clitoria ternatea) with
different flower colors and petal types using SRAP markers. Biodiversitas 26: 3723-3731. The butterfly pea (Clitoria ternatea) is an
essential medicinal and ornamental plant in Indonesia, known for its diverse petal colors and forms. This study aimed to assess genetic
diversity among eight C. ternatea accessions with varying flower colors and petal types using 10 SRAP primer combinations. The 114
DNA bands were amplified, and the average degree of polymorphism across all primer combinations was 87.12%. Two primer
combinations (Me3Em3 and Me4Em4) displayed 100% polymorphism. The markers showed an average Polymorphic Information
Content (PIC) of 0.31, while the mean Resolving Power (RP) and Marker Index (MI) were 5.50 and 3.24, respectively. The genetic
relationships using UPGMA and PCoA revealed two main groups: Cluster 1, which included 1U (purple flower, single petal), 1Pn (pink
flower, single petal), 2U (purple flower, double petal), and 2Pn (pink flower, double petal), and Cluster 2, which included 1B (blue
flower, single petal), 1Pt (white flower, single petal), 2B (blue flower, double petal), and 2Pt (white flower, double petal). STRUCTURE
analysis revealed a more precise genetic separation, with accessions 1U, 1B, 1Pn, and 1Pt clustered in Cluster 1, and 2U, 2B, 2Pn, and
2Pt clustered in Cluster 2. These findings are not only important for breeding programs, but also for conservation strategies. They
provide valuable insights that can guide efforts to preserve the genetic diversity of C. ternatea, highlighting the crucial role of this

research in the broader context of plant conservation.
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INTRODUCTION

The butterfly pea (Clitoria ternatea L.) is a plant that
remains underutilized despite its well-recognized potential
in various communities (Afrianto et al. 2020, 2021)
remains underutilized. This underutilization is significant
as it hampers the potential benefits that could be derived
from this species. C. ternatea is widely utilized, with its
flowers for natural dyes and herbal drinks, seeds as animal
feed, and roots and leaves for traditional medicine (Afrianto
et al. 2020). It is native to Cape Verde, the Arabian
Peninsula, and tropical and southern regions of Africa
(POWO 2025), and has been widely distributed across
tropical and subtropical countries, including Indonesia. C.
ternatea exhibits diverse flower colors, such as white, pink,
blue, and purple (Handayani et al. 2024).

As a perennial and creeping herbaceous plant within the
Fabaceae family (Suarna and Wijaya 2021), it thrives in
tropical regions with high light intensity and demonstrates
considerable resilience to various abiotic stresses (Jamil et
al. 2018; Oguis et al. 2019). Given its broad utility and
ecological adaptability, the underutilization of this species
underscores the need for enhanced cultivation, research,
and conservation efforts, particularly in biodiversity-rich
countries like Indonesia (Afrianto and Metananda 2023;
Filio et al. 2023). In order to support its utilization and
conservation, assessing the genetic diversity of C. ternatea
using molecular markers, such as SRAP, is necessary.

One commonly used method for genetic diversity
analysis is the SRAP (Sequence-Related Amplified
Polymorphism) marker (Nabilla et al. 2021). To gain
deeper insights into genotype-phenotype relationships,
SRAP markers can be effectively employed to identify
associations between molecular markers and phenotypic
traits of interest (Khaled et al. 2019). SRAP markers were
employed due to their simplicity, high reproducibility, and
ability to target open reading frames, which are often
associated with agronomic traits (Alghamdi et al. 2019).
SRAP markers have been reported as effective tools for
identifying genetic diversity in both cultivated and wild
plant species. For example, the Fabaceae family has been
successfully applied to Vigna radiata genotypes (Fatmawati
et al. 2023) and wild species such as Dalbergia latifolia
(Yulita et al. 2020). SRAP markers successfully confirmed
the distinct taxonomic status of Echinosophora koreensis
(now Sophora koreensis) within the Fabaceae family (Ho et
al. 2024). These markers have demonstrated high
effectiveness in detecting polymorphism and differentiating
genotypes, as shown in genetic diversity and structure of
Quercus petraea (Rebrean et al. 2023). In comparison to
ISSR markers, SRAP markers demonstrated a greater
effective multiplex ratio in terms of their polymorphism
information content (Hanci and Pasazade 2025). However,
SRAP markers can not distinguish between homozygous
and heterozygous genotypes, which limits their utility in
fine-scale population genetic analyses (Yan et al. 2019).
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Genetic studies on C. ternatea are still relatively limited
compared to other plant species. Previous ISSR analysis
research conducted in North Maluku, Indonesia, found
significant genetic diversity among 18 accessions (Nurhasanah
et al. 2023). In contrast, studies conducted in Yogyakarta
demonstrated that the Internal Transcribed Spacer (ITS)
region was highly conserved and thus insufficient to
differentiate among genotypes (Yusuf et al. 2025). The
integration of morphological traits with Start Codon Targeted
(SCoT) molecular markers has successfully distinguished
seven distinct morphotypes of C. ternatea, primarily based
on variations in floral characteristics (Arya et al. 2024).
Expanding the molecular applications above, the study can
be used to identify genetic characterization using SRAP
markers, which has introduced a novel approach focusing
on flower colour variations and petal morphology. This
study aimed to assess genetic diversity among eight C.
ternatea accessions with varying flower colors and petal
types, and evaluate SRAP marker efficiency.

MATERIALS AND METHODS

Plant materials

The research materials were eight accessions of Clitoria
ternatea that had different flower color characteristics and
numbers of petals (Table 1). The accessions used included
1U (purple flower-single petal), 2U (purple flower-double
petal), 1B (blue flower-single petal), 2B (blue flower-
double petal), 1Pn (pink flower-single petal), 2Pn (pink
flower-double petal), 1Pt (white flower-single petal), and
2Pt (white flower-double petal) (Table 1). All eight
accessions were obtained from a local nursery in Malang,
East Java, Indonesia.

Procedures
DNA isolation

Approximately 100 mg of fresh leaf samples were
thoroughly washed under running water and dried using
tissue paper. Total DNA was isolated using the CTAB
(Cetyltrimethylammonium Bromide) method described by
Doyle (1991). The leaf samples were finely ground using a
mortar and pestle, followed by the addition of 1,500 pL of
CTAB buffer solution containing 2% CTAB, 1.4 M NacCl,
100 mM Tris-HCI pH 8, 20 mM EDTA pH 8, 2% PVP, and
2% PB-mercaptoethanol, which had been pre-incubated in a
water bath at 65°C for 30 minutes. The resulting mixture
was then incubated at 65°C for 60 minutes, with occasional
mixing every 10 minutes to ensure homogeneity.

After the 60-minutes incubation, the mixture was removed
from the water bath and allowed to stand for 2 minutes.
Subsequently, 500 pL of a 24:1 chloroform: isoamyl
alcohol (CIAA) mixture was added to each sample,
vortexed for 5 minutes, and centrifuged at 12,000 rpm for
15 minutes. The resulting supernatant was carefully
collected and mixed with sodium acetate at a volume equal
to 1/10 of the supernatant volume. Cold isopropanol was
added, equivalent to 2/3 of the total volume (supernatant +
sodium acetate). The mixture was gently inverted to ensure
proper mixing and incubated at 4°C for 1 to 24 hours,
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followed by centrifugation at 12,000 rpm for 10 minutes.
The supernatant was discarded, and the DNA pellet was
washed with 500 pL of 70% ethanol, followed by
centrifugation at 12,000 rpm for 5 minutes. The DNA
pellet was then subjected to a second wash using 500 pL of
absolute ethanol, followed by centrifugation at 12,000 rpm
for 5 minutes. The supernatant was discarded, and the
DNA pellet was dried. Once dried, the DNA pellet was
dissolved in 50 pL of double-distilled water (ddH.O,
Agquabides) and stored in a refrigerator at 4°C.

Table 1. Flower and leaf variation of Clitoria ternatea accessions
used in the study

Characteristic

Accession Flower Leaf Figure
1U Purple Single
{
2U Purple Double
1B Blue Single
2B Blue Double
1Pn Pink Single
2Pn Pink Double
1Pt White Single
2Pt White Double
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Table 2. List of primers used in DNA amplification
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Forward Sequence 5°-3’ Reverse Sequence 5°-3’ Primer combination
Me3 TGA GTC CAA ACC GGA AT Em3 GAC TGC GTA CGA ATT GAC Me3Em3
Me3 TGA GTC CAA ACC GGA AT Em4 GAC TGC GTA CGA ATT TGA Me3Em4
Me2 TGA GTC CAA ACC GGA GC Em4 GAC TGC GTA CGA ATT TGA Me2Em4
Me3 TGA GTC CAA ACC GGA AT Em2 GAC TGC GTA GCA ATT TGC Me3Em2
Me2 TGA GTC CAA ACC GGA GC Eml GAC TGC GTA CGA ATT AAT Me2Em1
Me2 TGA GTC CAA ACC GGA GC Em2 GAC TGC GTA GCA ATT TGC Me2Em2
Me2 TGA GTC CAA ACC GGA GC Em3 GAC TGC GTA CGA ATT GAC Me2Em3
Mel TGA GTC CAA ACC GGA TA Em2 GAC TGC GTA GCA ATT TGC MelEm2
Me4 TGA GTC CAA ACC GGA CC Em3 GAC TGC GTA CGA ATT GAC Me4Em3
Me4 TGA GTC CAA ACC GGA CC Em4 GAC TGC GTA CGA ATT TGA Me4Em4

The purified DNA was quantified using a Gene Quant
Spectrophotometer to determine the DNA concentration
obtained. The concentration of the DNA sample was measured
based on light absorption at 260 nm. DNA dilution was
performed to obtain the appropriate DNA concentration for
amplification. Next, to achieve the desired final dilution
volume, the DNA solution was diluted with ddH-O to
adjust the DNA concentration to the required level for PCR.
The dilution was calculated using the formula described by
Nandiyanto et al. (2023) as follows:

V1. |V|1= Vz. Mz
Where:

M:  : DNA sample concentration

V1 : Initial volume of the sample to be diluted
M, 100 ng/uL

Vs : Final volume

Dilution volume : V.-V,

DNA amplification

DNA amplification was performed using the Polymerase
Chain Reaction (PCR) technique to replicate DNA sequences
using specific primers. The PCR conditions followed the
protocol established by Li and Quiros (2001). The list of
primers used in DNA amplification is presented in Table 2
(Nabilla et al. 2021). The PCR was conducted in a total
volume of 12.5 uL for each PCR tube. The reaction mixture
for PCR with SRAP markers consisted of 6.25 L of master
mix (PowerPol), 3.25 pL of nuclease-free water, 1 uL of
SRAP primer, and 2 pL of DNA template with a concentration
of 100 ng/uL. Amplification was performed in a BIO-RAD
T100 thermal cycler using several steps as follows: an
initial denaturation at 94°C for 5 minutes to denature the
DNA strands. This was followed by 5 pre-cycles consisting
of denaturation at 94°C for 1 minute, annealing at 35°C for 1
minute, and extension at 72°C for 1 minute. Subsequently,
35 amplification cycles were performed with the same thermal
profile: denaturation at 94°C for 1 minute, annealing at 35°C
for 1 minute, and extension at 72°C for 1 minute. The reaction
was completed with a final extension step at 72°C for 8
minutes to ensure complete synthesis of the PCR products.

The amplified DNA was then subjected to electrophoresis
using a horizontal electrophoresis tank. A 1.5% (b/v) agarose
gel was prepared by dissolving agarose powder in 1X TBE
buffer, which consists of 0.45 M Tris-HCI (pH 8), 0.45 M
boric acid, and 20 mM EDTA. FloroSafe DNA was added

to the gel to enable visualization of the DNA bands.
Electrophoresis was carried out at 100 V and a current of
400 mA for 75 minutes. The results were then visualized
using the UV-Vis spectrophotometry NanoDrop 2000/c
(Thermo Fisher Scientific).

Data analysis

The gel electrophoresis results were scored using binary
data based on the presence or absence of DNA bands,
where the presence of a band was assigned a value of "1"
and the absence of a band was assigned a value of "0". To
ensure data reliability, all PCR amplifications were performed
in duplicate for each primer combination. Only clear and
reproducible bands that appeared consistently in both independent
runs were considered for scoring and subsequent data
analysis. The parameters assessed included the Number of
Polymorphic Bands (NPB), the Percentage of Polymorphism
(PP), Polymorphic Information Content (PIC), Resolving Power
(RP), and Marker Index (MI). NTB was calculated by
counting the number of clear DNA bands generated
through PCR amplification. NPB was determined based on
the distinct positions of the DNA bands across the lanes.
PP was calculated as the ratio of NPB to NTB. Botstein et
al. (1980) stated that the PIC value can be calculated using
the following equation:

n

PIC =1-Y Pij*
]
=1

Where:
PIC : Polymorphic Information Content
n : Number of alleles or bands observed at a given locus
Pij  : Frequency of the j™ allele or band for the i marker

The MI was calculated by the PIC x the number of
polymorphic bands (Powell et al. 1996). RP is calculated
by summing the informativeness of each band using the
formula RP = X Ib, where Ib is determined by the equation
1 — (2 x]0.5 — p|), with p representing the proportion of
genotypes in which the band is present (Rini et al. 2023).
The binary data obtained were further analyzed using
GenAlex 6.5 software, a powerful tool in genetic analysis,
to generate a Principal Coordinate Analysis (PCoA) plot,
visually representing the samples' genetic relationships. For
cluster analysis, the data were processed using NTSYS
2.02 software to construct a dendrogram representing the
genetic relatedness of the samples. The cluster analysis was
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visualized using the Unweighted Pair Group Method with
Arithmetic mean (UPGMA). The Dice similarity coefficient
values were used to determine the degree of genetic
relatedness between samples, providing insights into their
genetic diversity and potential clustering patterns. The
cophenetic correlation coefficient was calculated by
measuring the Pearson correlation between the original
pairwise genetic distance matrix and the cophenetic distance
matrix obtained from the dendrogram as follows:
(i — &) (w — )
VI 2 x /-9

rT=

Where:

: Cophenetic Correlation Coefficient

: Original genetic distance between sample pair i

: Cophenetic distance between the same sample pair i

: mean of all original distance values

: mean of all cophenetic distance values

: Summation over all pairs of samples
The population structure was examined using a
Bayesian model-based clustering approach implemented in
STRUCTURE version 2.3.4 (Pritchard et al. 2000) to
identify the number of distinct genetic clusters (K) and
analyze the genetic composition of the sampled populations.
The analysis involved a burn-in phase of 20,000 steps,
followed by 100,000 steps of Markov Chain Monte Carlo
simulation, conducted with 10 independent runs for each K
value (K = 1 to 10). The Evanno method was applied to
identify the optimal K value, and population structure
visualization was conducted using PopHelper (Francis 2016).

M\<| =< X =

RESULTS AND DISCUSSION

DNA quality and quantity

The DNA quantification results obtained using the
Gene Quant Spectrophotometer demonstrated considerable
variation in DNA concentration and purity among the
samples, showing significant variation in concentration and
purity across the samples (Table 3). The highest DNA
concentration was recorded in sample 1U (9500 ng/uL),
while the lowest was found in sample 2B (2900 ng/uL).
The purity values, measured through the A260/A280 ratio,
ranged from 1.36 to 1.86. Most samples exhibited ratios
close to 1.80, which indicates minimal contamination by
proteins or other impurities. On the other hand, sample 1B,
which showed a relatively low purity value (1.36), suggests
the presence of contaminants that could affect downstream
applications such as PCR.

DNA polymorphism

The primer combinations used in this study include
several combinations, such as Me3/Em3, Me3/Em4,
Me2/Em4, Me3/Em2, Me2/Eml, Me2/Em2, Me2/Em3,
Mel/Em2, Med4/Em3, and Me4/Em4 (Figure 1). The
resulting band patterns showed variation among accessions
studied. Differences in band intensity and number reflected
the degree of genetic polymorphism among the samples,
thereby supporting the genetic diversity analysis. The clear
band patterns can be interpreted to differentiate the samples.
Similar band patterns across samples indicate conserved
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DNA regions, while unique bands reflect specific genetic
variations.
Table 3. DNA purity and concentration value results

Sample code  Purity (A260/A280) Concentration (ng/pL)
1U 1.86 9500
1B 1.36 3400
1Pn 1.85 7200
1Pt 1.60 7500
2U 1.61 6300
2B 181 2900
2Pn 1.85 6100
2Pt 1.86 5400

The analysis of various primer combinations in this
molecular study reveals significant genetic diversity across
different samples (Table 4). The size range of amplified
DNA fragments varied from 150 to 1500 bp from a total
NTB of 114 bands. Among these, two bands exhibited PP,
achieved 100% polymorphism, such as Me3Em3 and
Me4Em4, achieving 100% polymorphism. The total NPB
was 101 polymorphic, with an average of 10 per primer.
The PIC, which measures the informativeness of markers,
ranged from 0.25 to 0.37, with an overall average of 0.31.
These values indicate that the primers used were
moderately informative for genetic analysis. The RP ranged
from 3.00 to 10.50, with an overall average of 5.50, and the
MI ranged from 1.27 to 6.51, with an overall average of
3.24. These values showed the markers' ability to
differentiate the accessions and their usefulness in
capturing genetic diversity across the samples.

Genetic similarity and clustering

The genetic similarity coefficient of Dice for C. ternatea
accessions analyzed using SRAP markers is presented in
Table 5. The similarity values reflect varying degrees of
genetic relatedness among the accessions, with higher
coefficients indicating closer genetic relationships and lower
values representing greater divergence. The highest similarity
value observed among different samples was 0.75 between
samples 1Pt and 2B, suggesting a high degree of genetic
relatedness between them. Conversely, the lowest
similarity value of 0.42 was observed between samples 1U
and 1B, indicating a relatively lower genetic resemblance.

The cophenetic correlation coefficient for the given data
is approximately 0.79. This indicates a moderate level of
agreement between the pairwise distances of the original
data and those obtained from the hierarchical clustering. A
dendrogram illustrating the clustering of C. ternatea samples
based on SRAP markers is presented in Figure 2.A. The
hierarchical clustering method in the dendrogram groups
the samples according to their genetic similarity, with closer
branches indicating higher genetic relatedness. Clustered
samples share a higher degree of genetic similarity, while
those positioned further apart exhibit greater genetic
divergence. The dendrogram reveals that there were two
clusters: cluster 1 (LU, 1Pn, 2U, and 2Pn) and cluster 2
(1B, 1Pt, 2B, and 2Pt). Additionally, the results of the
PCoA (Figure 2.B) were aligned with the dendrogram.
Accessions grouped in the dendrogram were also
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positioned closely in the PCoA plot, confirming the genetic
Table 4. Genetic diversity of Clitoria ternatea accession by SRAP primers

differentiation observed across the two analytical methods.

Primer Size range (bp) NTB NPB PP (%0) PIC RP MlI
MelEm2 150-750 6.00 5.00 83.33 0.32 3.00 1.61
Me2EM1 120-1030 13.00 11.00 84.62 0.25 4.25 2.78
Me2Em2 180-1000 12.00 10.00 83.33 0.31 6.00 3.07
Me2Em3 200-1000 7.00 6.00 85.71 0.32 3.50 1.93
Me2Em4 180-1350 8.00 5.00 62.50 0.25 3.25 1.27
Me3Em2 150-1500 13.00 11.00 84.62 0.30 6.00 3.28
Me3Em3 150-800 12.00 12.00 100.00 0.34 5.75 4.03
Me3Em4 150-1350 13.00 12.00 92.31 0.37 7.50 4.38
Me4Em3 160-1300 19.00 18.00 94.74 0.36 10.50 6.51
Me4Em4 200-1100 11.00 11.00 100.00 0.32 5.25 3.53
Total - 114.00 101.00 - - - -
Mean - 11.40 10.10 87.12 0.31 5.50 3.24

Note: NTB: Number of Total Bands, NPB: Number of Polymorphic Bands, PP: Percentage of Polymorphism, PIC: Polymorphic
Information Content, RP: Resolving Power, and MI: Marker Index
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Figure 2. Banding patterns of Clitoria ternatea generated by SRAP markers: A. Me3/Em3; Me3/Em4, B. Me2/Em4; Me3/Em2, C.
Me2/Em1; Me2/Em2, D. Me2/Em3, E. Mel/Em2; Me4/Em3, and F. Me4/Em4
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Figure 2. Clustering analysis of eight accessions of Clitoria ternatea using SRAP markers: A. Dendrogram, and B. Biplot B 1cipal

Coordinate Analysis (PCoA)

Table 5. Genetic similarity coefficient of dice in Clitoria ternatea
samples using SRAP markers

U 1B 1Pn 1Pt 2U 2B 2Pn 2Pt
1U 1.00
1B 0.42 1.00
1Pn 0.55 0.48 1.00
1Pt 0.47 0.69 057 1.00
2U 0.60 045 065 053 1.00
2B 0.48 0.73 053 075 052 1.00
2Pn 061 058 0.64 070 066 0.69 1.00
2Pt 046 060 0.62 070 046 0.69 0.65 1.00

The population structure of the eight C. ternatea
accessions was further analyzed using STRUCTURE
software based on Bayesian clustering. The optimal
number of genetic clusters (K) was estimated by applying
the Evanno method, which evaluates the rate of change in
the log-likelihood of data between successive K values.

The mean log-likelihood values [LnP(K)] increased with
higher K values but showed greater variance beyond K = 2
(Figure 3.A). The corresponding AK plot in Figure 3.B
revealed a distinct peak at K = 2, indicating that two
genetic clusters best represent the underlying population
structure.

The population structure of the eight C. ternatea
accessions based on the optimal K value (AK = 2)
determined by the Evanno method is presented in Figure 4.
Each individual was represented by a vertical bar divided
into two colored segments, with blue representing Cluster 1
and yellow representing Cluster 2. The x-axis showed the
accession codes, while the y-axis indicated the membership
probability for each genetic cluster. The first four accessions
(1U, 1B, 1Pn, and 1Pt) exhibited higher membership
proportions in Cluster 1, suggesting genetic similarity within
this group. In contrast, the remaining four accessions (2U,
2B, 2Pn, and 2Pt) predominantly belonged to Cluster 2.
This clear separation reflects distinct genetic structuring
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among the accessions, which may correspond to differences
in phenotypic traits such as petal type and flower color.

Discussion

The purity is considered acceptable within the range of
1.80-2.00 to ensure high-quality amplification (Russo et al.
2022). The restricted DNA formed a smear on a 1% agarose
gel, suggesting complete digestion of the DNA samples and
confirming their purity (Irsyadi et al. 2024). Differences in
DNA quality, such as the low purity observed in sample 1B
(A260/A280 = 1.36), may have negatively impacted PCR
amplification efficiency and band clarity. Contaminants
such as proteins or phenol, not completely removed during
extraction, may inhibit enzymatic activity during PCR.
Overall, the purity result was lower than the study by
Nabilla et al. (2021) on Piper betle, which reported values
of 1.73-2.39. Meanwhile, Delfianti et al. (2021) on
Diospyros kaki also showed higher values of 1.91-1.97.

The SRAP markers proved effective in detecting genetic
variation among C. ternatea accessions. With a high
percentage of polymorphic bands, these markers demonstrated
sufficient resolution to discriminate between genetically
distinct accessions. The informative value of SRAP lies in
its tendency to target coding regions, making it more
reproducible than RAPD and ISSR, although often slightly
less polymorphic (Yulita et al. 2020; Rini et al. 2023).
Moreover, the values obtained in this study surpass those
reported by Wardi et al. (2024), where the PP was below
60% in the SRAP analysis of Uncaria gambir. It was also
higher than those reported by Erlinawati et al. (2018),
which showed an average PP of 85.03% in the SRAP
analysis of Cyrtosperma merkusii. Rini et al. (2023) showed
the PIC value was lower (0.2816), while the RP and Ml
values were notably higher, at 9.13 and 3.80, respectively,
on Indonesian local rice genotypes (Oryza sativa).

A dendrogram generated by UPGMA and a PCoA plot
revealed two consistent clusters aligned with petal color
and morphology. Cluster | (1U, 1Pn, 2U, 2Pn) predominantly
included pink and purple pigmentation accessions, while
Cluster 1l (1B, 2B, 1Pt, 2Pt) contained blue and white
types. This finding aligns with earlier studies that linked
flower morphology with genetic profiles. For instance,
Arya et al. (2024) demonstrated that petal shape and
pigmentation of C. ternatea were critical in separating
morphotypes using SCoT markers. Similarly, Bhusan (2024)
found specific combinations of petal number and color of

1U 1B 1Pn 1Pt
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C. ternatea associated with closer genetic distances using
RAPD. However, differing from Kholifah (2024), rbcL-
based analysis showed no genetic differences among C.
ternatea petal and color variants, with all samples forming
one clade (99% bootstrap, 0.00% distance).

Pigmentation differences in butterfly pea are largely
attributed to variations in anthocyanin content, which is
known to be genetically regulated. Handayani et al. (2024)
demonstrated that different extraction and environmental
conditions of C. ternatea can affect anthocyanin profiles,
but these differences are still rooted in genetic potential.
The variation in petal color of C. ternatea has been shown
to strongly correlate with differences in anthocyanin
content (Maulani 2022), a relationship that enlightens our
understanding of plant biochemistry. Furthermore, according
to Maulani (2022), flowers with double petals and purple
coloration exhibited notably higher anthocyanin levels.
According to Havananda and Luengwilai (2019), blue
petals of C. ternatea had significantly higher anthocyanin
concentrations compared to lighter-colored petals, such as
mauve or white, which possess markedly lower or
negligible anthocyanin content. According to Lakshan et al.
(2020), the chemical properties of C. ternatea varied not
only with petal color but also with keel type (normal or
enlarged). The pigmentation intensity and floral chromatic
attributes of C. ternatea play a key role in determining the
biochemical composition of the flowers (Surya et al. 2023).
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Figure 3. Evaluating the population structure of Clitoria ternatea:
A. Mean log likelihood [L(K)] = SD for each K, B. AK values
from the Evanno method to determine optimal K
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Figure 4. Population structure of eight Clitoria ternatea accessions at K = 2 based on STRUCTURE analysis. Each bar represents an
individual accession, with colors showing membership proportions in two genetic clusters (blue for Cluster 1, yellow for Cluster 2). The
x-axis shows accession codes, and the y-axis represents membership coefficients (Q values)

Environmental heterogeneity and reproductive biology
shape genetic patterns in C. ternatea. Populations exposed
to diverse environmental pressures tend to maintain higher
genetic diversity (Stojni¢ et al. 2019; Saswita et al. 2023).
This diversity may also arise from varying levels of
environmental selection or multiple introduction sources
(Nurhasanah et al. 2023). Phenotypic differences observed
among C. ternatea accessions from various regions of
Indonesia and Thailand further support this, as these
variations are driven by local environmental factors (Aziza
et al. 2021). Moreover, C. ternatea showed strong adaptability
and variable phytochemical expression under different
environmental settings (Jamil et al. 2018). Environmental
factors and genotype-environment interactions significantly
influenced the yield and related traits of this species (Filio
et al. 2023).

In this study, the optimal number of clusters was
determined as K=2. The analysis indicated partial
population divergence and gene flow (Yulita et al. 2022).
These clusters may reflect domestication events or human-
driven selection for floral traits, a pattern also reported in
other plant species. For instance, Tectona grandis exhibited
two distinct clusters linked to domestication and selective
breeding (Nurtjahjaningsih et al. 2023), while Psophocarpus
tetragonolobus also showed K = 2 clustering patterns
influenced by domestication history and geographical
differentiation (Kumar and Rajalakshmi 2023). Similarly,
Astragalus exscapus subsp. transsilvanicus displayed clear K
= 2 clustering that corresponded with population structure
(Szabo et al. 2021). SRAP-based STRUCTURE analyses in
other species, such as Mallotus oblongifolius and Saussurea
medusa, confirmed K = 2 as the optimal grouping,
highlighting the roles of natural adaptation, selective
pressures, and geographical isolation (Yan et al. 2019;
Wang et al. 2023). Likewise, Cucumis melo from the
Kurdistan region of Iraq exhibited K = 2, demonstrating
clear genetic subdivision among melon genotypes consistent
with population differentiation (Aziz and Tahir 2023).

In conclusion, this study successfully analyzed the
genetic diversity of eight accessions of C. ternatea using
SRAP markers. A total of 114 DNA bands were amplified,
of which 101 were polymorphic, with an average PP of
87.12%, indicating a high level of genetic variability. PIC
averaged 0.31, while RP and MI averaged 5.5 and 3.25,
respectively. The results of cluster analysis (UPGMA),
PCoA, and population structure analysis using STRUCTURE
software consistently identified two main genetic clusters
corresponding to differences in petal type and flower color.
Based on this study, the genetic differences provide several
practical applications for plant breeding, conservation, and
germplasm classification. For plant breeders, accessions
from different clusters can be crossed to create new
varieties with more attractive flower shapes or colors, or
with higher levels of beneficial compounds for health and
nutrition. Regarding conservation, these findings help
identify which genetically unique accessions are worth
prioritizing, either to be protected in their natural habitats
(in situ) or stored safely in seed banks (ex situ).

Additionally, this helps in organizing and classifying
butterfly pea collections more efficiently and meaningfully
for breeding programs, research, and bioprospecting efforts
to discover new uses for this versatile plant.
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