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Abstract. Susanto AH, Dwiati M. 2024. Genetic comparison among some cultivars of Catharanthus roseus (L.) G. Don. using three
intergenic spacers of the chloroplast genome. Biodiversitas 25: 2999-3007. Catharanthus roseus (L.) G. Don belongs to the
Apocynaceae family and is recognized as both an ornamental plant and a medicinal herb. By means of both hybridization and mutation
breeding, numerous cultivars of C. roseus have been developed over time. This encourages the necessity for molecular characterization
to establish a DNA barcode for each cultivar, particularly in relation to its potential as a medicinal herb. Therefore, this study aimed to
genetically compare some cultivars of C. roseus based on three Intergenic Spacers (IGS) of the chloroplast genome, namely trnQ-rps16,
rps16-trnK, and trnL-rpl32. Ten samples of C. roseus were randomly collected from around Purwokerto City, Central Java, Indonesia,
representing cultivars with various corolla and flower eye colors. Universal primers were used to amplify the three molecular markers.
The results showed that some insertion-deletions (indels) with rps16-trnK and trnL-rpl32 were observed, indicating some potential
barcodes for C. roseus cultivars, following pharmacological analysis. On the other hand, very little genetic difference among samples
was found with trnQ-rps16. It can be concluded that some other molecular markers, specifically those more closely related to the
expression of flower color in C. roseus, should be explored to obtain candidate DNA barcodes in assisting the authentication of

medicinal herbs.
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INTRODUCTION

Catharanthus roseus (L.) G. Don, commonly known as
Madagascar periwinkle, was formerly known as an
ornamental plant but has now gained recognition as a
valuable medicinal herb. More than 130 secondary
metabolites are potentially utilized in the treatment of
various non-infectious diseases such as diabetes, hypertension,
asthma, constipation, menstruation problems, and several
cancers related cases (Aruna et al. 2015; Pan et al. 2016).
The dimetric alkaloids vincristine and vinblastine derived
from C. roseus, are known to have anticancer properties,
thereby widely needed in pharmaceutical industries (Das
and Sharangi 2017; Zhang et al. 2018; Vu et al. 2022).
These compounds are particularly used in the treatment of
lymph node cancer and leukemia and are mostly found in
stems and leaves of C. roseus (Dhyani et al. 2022).

Originating from Madagascar Island, as the name
implies, C. roseus is distributed across numerous tropical
and subtropical regions worldwide (Paarakh et al. 2019).
This plant species has been reported to be found in some
states of the southern US (Mishra and Verma 2017). In
Spain and various other southern European countries, C.
roseus has been extensively cultivated for commercial
purposes related to their utilization as medicinal herbs (Das
and Sharangi 2017).

There are two cultivars of C. roseus, namely one
characterized by pink flowers and another with white
flowers (Aruna et al. 2015). Despite the challenges posed

by the plant's closed pollination system (cleistogamous),
which rarely includes insect-assisted pollination, numerous
other C. roseus cultivars have emerged through hybridization.
These include varieties with Mirabella red, maroon red, and
purple corollas (Chen and Yeh 2012). Another approach to
creating genetic variation in C. roseus is by means of
mutation breeding using gamma-ray irradiation on various
plant parts (Noormohammadi et al. 2020). Induced
somaclonal variation using gamma-ray irradiation has been
proven effective in producing genetic variation in C.
roseus, specifically in inducing the expression of some
genes involved in the regulation of alkaloid biosynthesis
(Noormohammadi et al. 2018).

The proliferation of numerous new cultivars of C.
roseus underscores the importance of characterization
efforts to establish barcodes corresponding to each cultivars
potential as a medicinal herb. However, morphological
characterization can only be conducted at the generative
phase, since the differences commonly lie merely on the
corolla and flower eye colors. The majority of medical
values of C. roseus are found in the vegetative phase,
particularly in the stems and leaves. Therefore, molecular
approaches, which are not depending on the stages of plant
growth and development, are needed (Makki et al. 2019).

Many molecular markers commonly used in the
assessment of intra-specific genetic variation across various
plant species, specifically in Angiosperms, are readily
available. The chloroplast genome is identified as an ideal
source of molecular markers for genetic variation analysis
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in Angiosperm. This is because of the uniparental inheritance
of the chloroplast genome, which rules out the influence of
recombination on the genetic variation observed (Park et al.
2021).

The complete map of the chloroplast genome in C.
roseus is now available, enabling its utilization in studying
genetic variation, whether intra-specific or inter-specific
among other species of Catharanthus. Four Intergenic
Spacers (IGS) have been identified as the candidates of
molecular markers in the study of inter-specific genetic
variation in Catharanthus due to their high mutation rates.
They are trnT(GGU)-trnE(UUC), trnQ(UUG)-rpsi6,
rps16-trnK(UUU) and trnL(UAG)-rpl32 (Ku et al. 2013).
With the exception of trnT(GGU)-trnE(UUC), these
molecular markers show high variabilities within some
other Angiospermae species, such as Magnolia acuminata
(L.) L., Liriodendron tulifioera L., Triticum ovatum (L.)
Gren. & Godr., Pseudotrillium rivale (S.Watson) S.B.Farmer,
Minuartia uniflora (Walter) Mattf., Prunus hortulata
L.H.Bailey, Hibiscus cannabinus L., Gratiola brevifolia
Raf., and Eupatorium capillifolium (Lam.) Small. The
levels of variability even surpass those of other non-coding
regions reported previously, thereby the other three
molecular markers are highly suitable for studying intra-
specific genetic variation in Angiosperms (Shaw et al.
2007). Therefore, in this study, the genetic differences
among some cultivars of C. roseus were assessed using
trnQ(UUG)-rpsl6, rpsl6-trnK(UUU), and trnL(UAG)-
rpl32 as the molecular markers. The molecular data
obtained will support the phenotype-based comparative
study among some C. roseus cultivars, particularly related
to their respective potential as a medicinal herb. In other
words, this will contribute to the scientific basis for C.
roseus applications in biopharmaceuticals.

MATERIALS AND METHODS

Plant materials

Ten plants were randomly collected from Purwokerto
City, Central Java, Indonesia, representing some C. roseus
cultivars with different corolla and flower eye colors.
Among these plants, there were four wild-type and six
mutant individuals. The wild-types comprised two with
pink flowers (C6 and C9) and another two with white
flowers (C7 and C8), while the mutants included those of
red corolla with white flower eye (C1), white corolla with
white flower eye (C2), Mirabella red (C3), purple corolla
with white flower eye (C4), maroon red (C5) and large
white corolla (C10). Stalks were cut from each plant and
grown in a pot containing soil medium. Once they exhibited
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sufficient growth, fresh leaves were harvested for DNA
genomic extraction.

Procedures
Genomic DNA extraction

The genomic DNA extraction was carried out following
the CTAB method (Doyle and Doyle 1990). Approximately
0.1 g of leaf was cut into pieces and put into a 1.5 mL
microcentrifuge tube. Then, 800 pL of CTAB solution
previously heated at 65°C for 30 minutes was added. The
leaf pieces were gently crushed with a mini-bead beater
and heated at 65°C for an hour, then cooled to room
temperature. Next, 500 pL of Chloroform-lsoamyl Alcohol
(CIAA) was added, mixed gently, and centrifuged at
12,000 rpm for 5 minutes. The supernatant was transferred
into another 1.5 mL microcentrifuge followed by the
addition of 1/10 volume of 3M sodium acetate. Subsequently,
isopropanol of 2/3 of the total volume was added and
mixed gently by inverting the tube several times. This
mixture was kept in the freezer for 24 hours prior to
centrifugation at 12,000 rpm for 10 minutes. The
supernatant was removed and the DNA pellet was washed
with the addition of 500 puL 70% ethanol. This solution was
centrifuged at 12,000 rpm for 5 minutes and the supernatant
was removed. The DNA pellet was air-dried and dissolved
in 100 uL TE buffer, and the DNA solution was stored at
4°C before quantification and PCR amplification. The
DNA was visualized in a 1.5% agarose gel electrophoresis
using 1x TBE buffer for quality examination, while
quantification was performed using gene quant.

Molecular marker amplification

The three IGS molecular markers, namely trnQ (UUG)-
rpsl6, rpslé-trnK(UUU), and trnL(UAG)-rpl32, were
amplified using PCR technique, in which the extracted
genomic DNAs served as the templates. The pairs of
universal primers used are presented in Table 1.

Each PCR mixture was prepared in a total volume of 10
ML containing 2.5 YL 5 ng/uL template DNA, 0.25 pL 1
UM primers (forward and reverse), 5 uL Kapa Tag DNA
polymerase (Roche) and 2.25 pL nuclease-free water. The
PCR conditions used are as follows: pre-denaturation at
94°C for 3 minutes, followed by 33 PCR cycles consisting
of denaturation at 94°C for 45 seconds, primer annealing at
55°C for 45 seconds, primer extension at 72°C for 2
minutes, and proceeded by a final extension at 72°C for 3
minutes. The PCR reaction was performed in a Bio-Rad-
T100™ Thermal Cycler machine. The PCR products were
visualized in a 1% agarose gel electrophoresis using 1x
TBE buffer. When a clear single PCR band of the
respective sample was obtained, the PCR reaction was
scaled up to a total volume of 50 L.

Table 1. The universal primers used to amplify and sequence molecular markers

Molecular marker

Universal primer (5’ - 3°)

Reference

trnQ(UUG)-rps16

F: GCGTGGCCAAGYGGTAAGGC

Shaw et al. (2007)

R: GTTGCTTTYTACCACATCGTTT

rps16-trnK(UUU)

F: AAAGTGGGTTTTTATGATCC

Shaw et al. (2007)

R: TTAAAAGCCGAGTACTCTACC

trnL(UAG)-rpl32

F: CTGCTTCCTAAGAGCAGCGT

Shaw et al. (2007)

R: CAGTTCCAAAAAAACGTACTTC

Not: F: Forward primer; R: Reverse primer
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DNA sequencing

All the PCR products were first purified using the QIA
Quick kit (Qiagen), and, sent to Firstbase Malaysia for
sequencing using the automated dideoxy method (de
Camargo Smidt et al. 2020).

Data analysis

The DNA sequences obtained were edited using Bioedit
software version 7.0.4.1 (Hall 1999) and checked manually.
The edited sequences were compared to those from
GenBank® using Basic Local Alignment Search Tool
(BLAST) at NCBI for validation. Then, sequence alignment
was performed using ClustalW (Thompson et al. 1994)
implemented in MEGA version 11 (Tamura et al. 2021).
Genetic distance was calculated using the Bioedit software
version 7.0.4.1, while a phylogenetic dendrogram with
UPGMA was constructed using the MEGA version 11.

RESULTS AND DISCUSSION

The genomic DNAs from all ten plant samples were
successfully extracted resulting in sufficiently high
concentrations ranging from 722 ng/uL to 1,935 ng/pL.
The A260 nm/A280 nm ratio varies from 2.065 to 2.096
indicating relatively high quality of DNAs. This means that
all the extracted genomic DNAs could serve as PCR
templates for molecular marker amplification.

All three IGS molecular markers, namely trnQ (UUG)-
rpsl6, rpsl6-trnK(UUU), and trnL(UAG)-rpl32, were
successfully amplified showing one clear band in the
respective sample though some faint bands are also present
as shown in Figures 1.A-1.C.

Figure 1 shows that all the PCR products with
trnQ(UUG)-rpsl6 IGS are approximately 1,700 bp in
length. However, after manual editing, the sequences of
only 1,263 bp long are obtained. The size of sample C2, at
1,295 bp, differs significantly from the other nine samples,
and its base sequence is entirely different from that of the
others. However, despite these differences, blasting the
sequences against the data available in the NCBI database
reveals that all sequences, including that of C2, exhibit a
considerably high identity to the chloroplast genome of C.
roseus cultivar Pacifica Punch Halo (Acc. no.
NC_021423.1) as presented in Table 2. Meanwhile, all the
PCR products with rpsl6-trnK(UUU) and trnL(UAG)-
rpl32 show about 900 bp and 1,200 bp long in size
respectively. The sequences obtained after manual editing
are 820 bp for rpsl6-trnK(UUU) and 1,112 bp for

Table 2. Blasting results to the NCBI database
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trnL(UAG)-rpl32. Regarding trnQ(UUG)-rpsl6, blasting
against the NCBI database also shows a wvery high
percentage of identity to the chloroplast genome of the C.
roseus cultivar Pacifica Punch Halo (Table 2).

In this study, the size of the trnQ(UUG)-rpsl6 IGS
sequences obtained are much shorter in comparison to
those found in some species of Actinidia (Actinidiaceae)
ranging from 2,254 to 2,324 bp (Tang et al. 2019). This
IGS is one of the divergent regions among plant species
(Xie et al. 2021). Different trnQ(UUG)-rpsl6 IGS sequences
are identified between two chloroplast genomes of
Veronica nakaiana (Plantaginaceae) (Lee et al. 2021). On
the other hand, a significantly lower genetic difference with
respect to trnQ(UUG)-rpsl6 IGS sequences between
Campanula takesimana (Campanulaceae) and its progenitor,
C. punctata, has been reported (Cheong et al. 2020).

Figure 1. PCR amplification of molecular markers. A.
trnQ(UUG)-rpsl6 B. rpsl6-trnK(UUU) C. trnL(UAG)-rpl32 L:
100 bp DNA ladder; C1: Red corolla with white flower eye; C2:
White corolla with white flower eye; C3: Mirabella red; C4: Purple
corolla with white flower eye; C5: Maroon red; C6: Wildtype
pink 1; C7: Wildtype white 1; C8: Wildtype white 2; C9: Wildtype
pink 2; C10: Large white corolla

Genetic marker Maximum score Total score % Query cover E-value % ldentity
trnQ(UUG)-rps16 2,292 2,292 99 0 99.68
trnQ(UUG)-rps16 (sample C2) 2,265 2,265 98 0 98.67
rps16-trnK(UUU) 1,297 1,297 100 0 96.68
trnL(UAG)-rpl32 1,951 1,951 100 0 99.35

Note: The sequence referred for blasting is Catharanthus roseus cultivar Pacifica Punch Halo chloroplast genome (Acc. no.

NC_021423.1)
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In contrast to the trnQ(UUG)-rps16 IGS, shorter rps16-
trnK(UUU) IGS sequences are observed, including rps16-
trnK(UUU) IGS of Anethum graveolens (Apiaceae)
ranging from 747 to 779 bp. The variation within this
species is mainly due to base substitution, although some
indels are also reported (Sung et al. 2013). Oppositely,
much longer rps16-trnK(UUU) IGS, namely 1,079 bp long,
is obtained as a result of sequence alignment among seven
genera of the subtribe Eleusininae (Poaceae) (Peterson et
al. 2022b). Similarly, longer rpsl6-trnK(UUU) IGS,
namely 1,044 bp long, is also found among some species of
Trisetum and other members of the subtribe Koeleriinae
(Poaceae) (Barbera et al. 2020). Meanwhile, sequences of
rpsl6-trnK(UUU) IGS similar in size to the results in this
study are found after sequence alignment among several
species of the tribe Triraphideae (Poaceae), with a length of
887 bp (Peterson et al. 2022a).

A slightly longer trnL(UAG)-rpl32 IGS of 1,246 bp is
observed among some cultivars of Nelumbo nucifera
(Nelumbonaceae). This sequence shows seven variable
sites occupying 0.562% of the total sequence length (Long
et al. 2022). Meanwhile, a 917 bp long trnL(UAG)-rpl32 is
observed among 24 individuals representing 15 species of
Zygophyllum (Zygophylaceae) (Zhang et al. 2021).

Sequence alignments

When comparing the differences among samples,
sequence alignment using trnQ(UUG)-rpsl6 IGS shows
some indels and base substitutions, as presented in Figure
2. All sites not shown in the figure display no polymorphism.

C5 (maroon red) shows an insertion in site 8 but
deletions in sites 56, 82, and 101 in comparison to
wildtypes (C6, C7, C8, C9). As well, some base
substitutions in C1 (red corolla with white flower eye), C3
(Mirabella red), and C4 (purple corolla with white flower
eye) are observed. However, some variations occur also
between the two pink wildtypes and between the two white
wildtypes, which means that trnQ(UUG)-rps16 IGS is not
an ideal molecular marker to distinguish C. roseus cultivars.
In other words, this marker could not result in any potential
barcode for C. roseus cultivars. This is in contrast to the
case with eleven Aristolochia species (Aristolochiaceae),
which can be molecularly identified using trnQ(UUG)-
rpsl6 IGS (Bai et al. 2023).

High sequence variation and intra and inter-specific
divergence distinction are important in providing powerful
barcodes in plant species. Some chloroplast genome markers,
such as matK, rbcL, psbA-trnH IGS, and trnL-trnF IGS,

Cl trnQ-rpslé
‘33 trnQ-rpslé
C4 trnQ-rpslé
C5 trn-rpslé
trnQ-rpslé
7 trnQ-rpslé
8 trnQ-rpslé
9 trnQ-rpslé
10 trnQO-rpsle (

m T
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have been considered for accurate discrimination of plants
at the lower taxonomic levels. They have been used as
standard DNA barcodes for identifying Chinese medicinal
herbs (Zhu et al. 2022).

With regard to rps16-trnK(UUU) IGS and trnL(UAG)-
rpl32 IGS, relatively more variable sites are observed as
shown in Figures 3 and 4 respectively. Regarding
trnQ(UUG)-rps16 IGS, all sites excluding those shown in
the figures have no polymorphism.

Figure 3 shows slightly long indels observed in C1 to
C5, which are all mutant cultivars. However, variations
within wildtype cultivars, either pink or white corolla (C6
to C9), exist as well. Apart from sites 330 to 380, there are
somewhat conserved sequences present within wild-type
cultivars. Similar sequences are found within wildtype pink
and wildtype white cultivars. On the other hand, many
variations with respect to indels and base substitutions
occur among mutant cultivars, indicating rps16-trnK(UUU)
IGS as a potential source for DNA barcode in C. roseus.
This molecular marker has been reported as one of the
DNA barcodes for identifying Tetrataenium candicans
(Apiaceae), a traditional Chinese medicinal herb species
(Kang et al. 2019).

Conserved sequences of trnL(UAG)-rpl32 IGS are
observed within all four wildtype cultivars (C6 to C9) and
three mutants (C3, C4, and C10) as shown in Figure 4.
Meanwhile, some sufficiently long deletions occur at sites
275 to 304 and some shorter ones are present at sites 482 to
488 in mutant cultivars C1, C2, and C5. This suggests that
trnL(UAG)-rpl32 IGS could serve as a candidate for DNA
barcode to identify C. roseus cultivars of red corolla with
white eye flower, white corolla with white flower eye, and
maroon red flower.

Four indels are identified among trnL(UAG)-rpl32 IGS
of six Atractylodes species (Asteraceae), providing the
molecular marker as a potential DNA barcode for the six
species (Wang et al. 2021). The trnL(UAG)-rpl32 IGS is
found as one of the most variable molecular markers among
six species of Neotropical Cranichideae (Orchidaceae) (de
Camargo Smidt et al. 2020). This marker, along with five
others, has been effectively used as a DNA barcode to
distinguish Styrax species (Styracaceae), which are plants
of medicinal, ornamental, and economic significance (Song
et al. 2022). Three herbarium specimens and another two
samples of Carex microcarpa (Cyperaceae) have been
successfully identified using trnL(UAG)-rpl32 IGS. The
morphological-based examination previously performed
results in uncertain taxonomic identity (Miguez et al. 2022).

T 1 1 1

Figure 2. Sequence alignment among samples using trnQ(UUG)-rps16 IGS. Black arrows indicate polymorphic sites
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Figure 3. Sequence alignment among samples using rps16- trnK(UUU) IGS. Black arrows indicate polymorphic sites

~1| 250 260 270 280 290 300 31
Cl trnL-rpl32 [GTTGACTCTTTTACCTTTTTCTTTTTT TACTTT
C2 trnL-rpll32 [GTTGACTCTTTTACCTTTTTCTTTTTT TACTTT

C3 trnL-rpll32 [GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAAARRA GAAAACAATTTCTTTTTTTACTTT
C4 trnL-rpll32 GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAAAAA GAARACAATTTCTTTTTTTACTTT
C5 trnL-rpll32 [GTTGACTCTTTTACCTTTTTCTTTTTT TACTTT
C6é trnL-rpll32 [|GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAARAR GAAAACAATTTCTTTTTTTACTTT
C7 trnL-rpll32 GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAAAAA GAAARACAATTTCTTTTTTTACTTT
C8 trnL-rpll32 GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAARAA GAAAACAATTTCTTTTTTTACTTT
CY9 trnL-rpll32 |GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAAAAA GAAAACAATTTCTTTTTTTACTTT
Cl10 trnL-rpll32 GTTGACTCTTTTACCTTTTTCTTTTTTATTAAAAAAAA GAAAACAATTTCTTTTTTTACTTT
TITITITI T T T

;’i'll"l'I"'II""""'Il"ll'l"II"II""III"""'ll'Il"'l'II"I'
| 470 480 490 S00 510 520 S3
Cl trnL-rpl32 [CTTTCTCTAGCTATATATA TAAAATARAAGGGGGTTCAATATTTGAATATTTTGAATTCAT
C2 trnL-rpll32 |CTTTCTCTAGCTATATATA TAAAATARAAAGGGGGTTCAATATTTGAATATTTTGAATTCAT

C3 trnL-rpll32 |CTTTCTCTAGCTATATATATAATATATAAAATAAARAGGGGGTTCAATATTTTAATATTTTGAATTCAT
C4 trnL-rpll32 |CTTTCTCTAGCTATATATATAATATATAARAATAARAGGGGGTTCAATATTTTAATATTTTGAATTCAT
CS trnL-rpll32 [CTTTCTCTAGCTATATATA TRARATAARAGGGGGTTCAATATTTGAATATTTTGAATTCAT
Cé trnL-rpll32 ;CTTTCTCTAGCTATATATATAATATATAAAATAAAAGGGGGTTCAATATTTTAATATTTTGAATTCAT
C7 trnL-rpll32 |CTTTCTCTAGCTATATATATAATATATAAAATAAAAGGGGGTTCAATATTTTAATATTTTGAATTCAT
C8 trnL-rpll32 |CTTTCTCTAGCTATATATATAATATATAAAATAAAAGGGGGTTCAATATTTTAATATTTTGAATTCAT!
C9 trnL-rpll32 [CTTTCTCTAGCTATATATATAATATATAARAATAAAAGGGGGTTCAATATTTTAATATTTTGAATTCAT
Cl0 trnL-rpll32 CTTTCTCTAGCTATATATATAATATATARAATAARAGGGGGTTCAATATTTTAATATTTTGAATTCAT
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Figure 4. Sequence alignment among samples using trnL(UAG)-rpl32 IGS. Black arrows indicate polymorphic sites

Genetic distances observed between C6 and C9, while the highest is between

Without involving C2 in the molecular comparison of  C5 and C8. This is a reasonable sign that the lowest genetic
C. roseus using trnQ(UUG)-rpsl6 IGS, the pairwise distance between C6 and C9 is obtained since both are
genetic distances of the remaining nine samples are shown  wild-type pink cultivars. Similarly, relatively low pairwise
in Table 3. This table shows that the genetic distances of  genetic distances of other wildtype cultivars are also
nine C. roseus samples using trnQ(UUG)-rps16 IGS range  observed. Using trnQ(UUG)-rps16 IGS, a wider range of
from 0.0024 to 0.0138. The lowest genetic distance is genetic distance is obtained within the samples of
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Heracleum mantegazzianum (Apiaceae), namely 0.0000 -
0.0500 (Shadrin et al. 2023).

The pairwise genetic distances of C. roseus using
rpsl6-trnK(UUU) IGS and trnL(UAG)-rpl32 IGS are
presented in Tables 4 and 5 respectively. These based on
rps16-trnK(UUU) IGS varies from 0.0234 to 0.1344, and
the lowest genetic distance is found between C8 and C10
samples. Low pairwise genetic distances can also be seen
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within wild-type cultivars, such as those between C6 and
C7. On the other hand, higher genetic distances are
observed bhetween mutant and wild-type cultivars. In
comparison, genetic grouping by the use of rpsl6-
trnK(UUU) IGS is successfully performed among 58
Vriesea species (Bromeliaceae), a tropical plant genus
harboring a wide variety of pollinator insects (Neves et al.
2021).

Table 3. Genetic distances of Catharanthus roseus samples based on trnQ(UUG)-rps16 IGS

C1 C3 C4 C5 C6 Cc7 C8 C9 C10
C1
C3 0.0105
C4 0.0113 0.0072
C5 0.0048 0.0105 0.0113
Cé 0.0072 0.0040 0.0048 0.0097
C7 0.0121 0.0072 0.0048 0.0130 0.0048
C8 0.0130 0.0097 0.0072 0.0138 0.0056 0.0056
C9 0.0097 0.0064 0.0072 0.0122 0.0024 0.0072 0.0048
C10 0.0113 0.0080 0.0088 0.0130 0.0048 0.0097 0.0105 0.0064

Note: C1: Red corolla with white eye flower; C3: Mirabella red; C4: Purple corolla with white flower eye; C5: Maroon red; C6:
Wildtype pink 1; C7: Wildtype white 1; C8: Wildtype white 2; C9: Wildtype pink 2; C10: Large white corolla. Values higher than
0.0070 indicates different clades

Table 4. Genetic distances of Catharanthus roseus samples based on rps16-trnK(UUU) IGS

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
C1
C2 0.0446
C3 0.1344 0.1216
C4 0.1254 0.1109 0.0980
C5 0.0754 0.0612 0.1070 0.0903
C6 0.0821 0.0708 0.0738 0.0611 0.0494
C7 0.0948 0.0844 0.0888 0.0752 0.0573 0.0520
C8 0.0862 0.0716 0.0873 0.0724 0.0307 0.0388 0.0494
C9 0.1105 0.0967 0.0825 0.0624 0.0783 0.0486 0.0605 0.0702
C10 0.0946 0.0813 0.0951 0.0818 0.0335 0.0475 0.0584 0.0234 0.0762

Note: C1: Red corolla with white eye flower; C2: White corolla with white eye flower; C3: Mirabella red; C4: Purple corolla with white
flower eye; C5: Maroon red; C6: Wildtype pink 1; C7: Wildtype white 1; C8: Wildtype white 2; C9: Wildtype pink 2; C10: Large white
corolla. Values higher than 0.0070 indicates different clades

Table 5. Genetic distances of Catharanthus roseus samples based on trnL(UAG)-rpl32 IGS

C1 Cc2 C3 C4 C5 C6 C7 C8 C9 C10
C1
C2 0.0037
C3 0.0151 0.0190
C4 0.0161 0.0199 0.0027
C5 0.0037 0.0037 0.0170 0.0180
C6 0.0161 0.0200 0.0009 0.0018 0.0180
C7 0.0141 0.0180 0.0027 0.0018 0.0180 0.0018
C8 0.0151 0.0190 0.0018 0.0027 0.0170 0.0027 0.0027
C9 0.0142 0.0180 0.0009 0.0018 0.0161 0.0018 0.0018 0.0009
C10 0.0132 0.0170 0.0018 0.0027 0.0170 0.0027 0.0009 0.0018 0.0009

Note: C1: Red corolla with white flower eye; C2: White corolla with white flower eye; C3: Mirabella red; C4: Purple corolla with white
flower eye; C5: Maroon red; C6: Wildtype pink 1; C7: Wildtype white 1; C8: Wildtype white 2; C9: Wildtype pink 2; C10: Large white
corolla. Values higher than 0.0070 indicates different clades
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The pairwise genetic distances based on trnL(UAG)-
rpl32 IGS range from 0.0009 to 0.0200 as shown in Table
5. Lower genetic distances can be seen within wildtype
cultivars, such as those between C8 and C9, while higher
genetic distances are observed between mutants and
wildtypes, such as those between C2 and C6. This genetic
grouping provides strong support for the potential of
trnL(UAG)-rpl32 IGS as a candidate DNA barcode for
identifying certain C. roseus cultivars. Similar results using
the molecular marker have been reported in the analysis of
genetic differences among Physalis ixocarpa (Solanaceae)
populations in Michoacan State, Mexico (Martinez-Vega et
al. 2022).

Phylogenetic relationships

As shown in Table 2, the trnQ(UUG)-rpsl6 IGS
sequence in sample C2 differs considerably from those of
the other nine samples, despite its significant similarity to
the chloroplast genome of C. roseus cultivar Pacifica
Punch Halo chloroplast genome available in the NCBI
database (Acc. no. NC_021423.1). Therefore, it can serve
as an outgroup in the phylogenetic tree among C. roseus
samples as shown in Figure 5.A. Without involving C2
from the phylogenetic tree (Figure 5.B), both wildtype
pinks (C6 and C9) look to be in the same clade. This is also
the case with the two wild-type whites (C7 and C8).
However, confusion occurs as C7 seems to be closer to C4
(purple mutant) in comparison to C8.

In the absence of an outgroup, the two wildtype white
cultivars (C7 and C8) appear to be separated into two
different clades, while the two wildtype pinks (C6 and C9)
belong to the same clade in the phylogenetic tree
constructed using rpsl6-trnK(UUU) IGS. However, C6
seems to be closer to C4 (purple mutant) compared to C9,
which is somewhat confusing. Similarly, C7 and C8 are

C6 trnQ-rps16
C9tmQ-rps16
C10tmQ-rps16
C3tmQ-rps16

C8tmQ-rps16
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C2 trQ-rps6
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separated into two different clades when the phylogenetic
tree is constructed using trnL(UAG)-rpl32 1GS. This is
observed in the case of C6 and C9, although there is a
relatively low genetic distance between them, namely
0.0018, is observed (Table 5).

It appears that genetic grouping based on phylogenetic
relationships and genetic distance calculation may not
directly correlate with the effectiveness of a specific
molecular marker as a candidate DNA barcode. However,
DNA barcode is a useful tool not only for species
identification but also for phylogenetic construction (Kang
et al. 2017). DNA barcoding is found suitable and essential
for the characterization of genetic relationships among
Medicago sativa cultivars (Fabaceae) (El-Sherif and Ibrahim
2020).

In the case of C. roseus cultivars, DNA barcoding plays
an important in supporting molecular identification,
specifically for cultivars possessing high contents of
specific secondary metabolites. Therefore, it is essential to
conduct studies on the correlation between the DNA
barcode of C. roseus cultivars and their potential as
medicinal herbs. For reference, about 35 selected local
medicinal plants commonly used in Malaysia have been
analyzed for correlation between the DNA barcodes using
three molecular markers and their metabolite profiling
(Wei 2022). The correlation between DNA barcodes of C.
roseus and some other members of the Apocynaceae family
and their potential as medicinal plants has been studied for
species authentication. In a particular study, 122 plant
samples belonging to 31 species and 19 genera of
Apocynaceae were successfully identified using two
molecular markers, namely 1TS2 and psbA-trnH IGS. The
results could support the improvement of DNA barcoding
reference databases for herbal drugs and other herbal raw
materials (Lv et al. 2020).

— C8 tmQ-rps16

— C9tmQ-rps16

C10tmQ-rps16

C3tmQ-rps16

C8trnQ-rps16

C4tmQ-rps16

C7 tmQ-rps16

C1tmQ-rps16

C5tm-rps16
: : : : : |
t t } } + i

0.0050 0.0040 0.0030 0.0020 0.0010 0.0000

B

Figure 5. Phylogenetic tree among Catharanthus roseus cultivars using trnQ(UUG)-rps16 IGS. A. Using C2 as the outgroup; B.
Without outgroup. The phylogenetic trees using rps16-trnK(UUU) IGS and trnL(UAG)-rpl32 IGS are presented in Figures 6 and 7

respectively
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Figure 6. Phylogenetic tree among Catharanthus roseus cultivars using rps16-trnK(UUU) IGS. A. With outgroup; B. Without outgroup
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Figure 7. Phylogenetic tree among Catharanthus roseus cultivars using trnL(UAG)-rpl32 IGS. A. With outgroup; B. Without outgroup

In conclusion, molecular comparison among various C.
roseus cultivars to identify candidate DNA barcodes is of
importance to assist in their authentication as medicinal
herbs. Furthermore, exploration of other molecular markers
showing a higher correlation with the expression of flower
color in C. roseus should be performed.
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