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ABSTRACT

The hard-leaf Cymbidium orchid group comprises several species within its genus,
including Cymbidium finlaysonianum, Cymbidium aloifolium, Cymbidium bicolor,
and Cymbidium atropurpureum, which are adapted to tropical and subtropical
climates. These native Vietnamese orchids have high economic value and are
currently overexploited in the wild. To conserve and utilize these genetic resources,
19 samples of hard-leaf Cymbidium orchids from various regions were analyzed and
genetically evaluated using DNA barcoding markers. The analysis of two chloroplast
gene regions (rbcL and matK) and one nuclear gene region (ITS2) revealed the sizes
of each gene region: rbcL (680-715 bp), matK (760-762 bp), and ITS2 (453 bp).
Comparing the DNA sequences of these regions among the samples showed both
conservation and diversity within and between species, with conserved sites
(678/715, 744/762, 228/453), variable sites (37/715, 18/762, 225/453), Pi (36/715,
11/762,191/453), and InDels (35/715, 2/762, 0/453). Phylogenetic analysis indicated
that the matK gene could clearly distinguish four species; however, the rbcL gene
could not differentiate between C. aloifolium and C. atropurpureum. The ITS2
region displayed high intraspecific variation but was insufficient for species
discrimination. Combining rbcL. and matK regions provided both intra-species
diversity insights and effective species discrimination. These findings demonstrate
that DNA barcoding markers are useful for species identification and assessing
genetic diversity among the four hard-leaf Cymbidium orchids. They also highlight
some limitations of using the ITS2 region for species identification in some instances.

Keywords: Cymbidium, DNA barcoding markers, genetic diversity, genetic
resources, maturase K (marK), sequencing.
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INTRODUCTION

Cymbidium is one of the most critically
cultivated orchids due to its ease of growth,
diversity, beautiful flowers, and long-lasting
nature. They are highly adapted to vast
temperature ranges in nature and horticulture,
with many hybrid varieties created. At the
same time, the diversity of flower colors and
shapes resulting from hybridization brings
new varieties to the market. Many hybrids
with attractive flower characteristics, vibrant
colors, and large flowers have been created,
and they hold the most significant
commercial value in the orchid cultivation
industry today. However, hybrids often have
complex origins involving many different
species. Many small-flowered hybrids,
adapted to pot-growing conditions, are
produced through hybridization between
Cymbidium devonianum, Cymbidium
floribundum, Cymbidium tigrinum,
Cymbidium ensifolium, and Cymbidium
madidum with large-flowered varieties. This
can confuse the taxonomy of this genus (Puy
and Cribb, 2007). Cymbidium has
approximately 50 species and numerous
hybrids that are commonly found in the
tropics and subtropics, primarily in Asia and
northern Australia. In Vietnam, about 21
species are present, including four hard-leaf
Cymbidium orchids: C. aloifolium, C.
finlaysonianum, C. bicolor, and C.
atropurpureum (Tran, 2000; Nayak et al.,
2006; Yang et al., 2013). They exhibit a
wide range of colors and forms within the
same species. Notably, C. finlaysonianum is
a native hard-leaf Cymbidium orchid in
Vietnam that is currently well accepted and
favored in the market. At the same time, very
few studies have been conducted on the
genetic resources and genetic diversity of
hard-leaf Cymbidium orchids in Vietnam.
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DNA molecular markers have been utilized
in genetic research to assess genetic
diversity, identify genetic resources, analyze
target genes, investigate genetic variation,
and facilitate species identification, all of
which are effective across various fields. In
particular, the DNA barcode is a modern
technique that has been extensively
researched and applied worldwide for
classification, evaluating genetic diversity,
and conserving genetic resources. This
method relies on the variation and evolution
of DNA sequences in the nucleus and
chloroplasts, which helps determine genetic
relationships among organisms and partially
assists with species identification within the
taxonomy system (Group et al., 2009;
Fazekas et al., 2012). Many previous studies
successfully used DNA barcoding markers
for genetic diversity assessment and species
identification in various orchid resources,
such as those from Australia (Farrington et
al., 2009), Thailand (Siripiyasing et al.,
2012a), China (Zhu et al., 2022), Indonesia
(Su’udi and Setyati, 2022), Malaysia
(Rajaram et al., 2019), and others, targeting
gene regions such as rbcl, matK, trnH-psbA,
rpoC, rpoB, and ycfl. These studies
highlight the effectiveness of different gene
regions in evaluating genetic diversity and
identifying species across various orchid
genera, including Dendrobium, Phalaen-
opsis, Vanda, Oncidium, and Cymbidium.
Especially for Cymbidium, numerous studies
have been conducted on genetic resource
diversity and species identification.
However, these mainly focus on soft-leaf
Cymbidium orchids adapted for cold
climates, such as C. floribundum, C.
tigrinum, and C. ensifolium, whereas species
adapted to tropical and subtropical climates,
such as C. finlaysonianum, C. aloifolium, C.
bicolor, and C. atropurpureum (Puy and
Cribb, 2007; Sharma et al, 2012;
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Siripiyasing et al., 2012b). Therefore,
evaluating and identifying species within the
C. finlaysonianum, C. bicolor, C. aloifolium,
and C. atropurpureum groups based on DNA
barcoding markers is  essential  for
conservation and the sustainable use of these
genetic resources. In this study, 19 orchid
samples  representing  four  hard-leaf
Cymbidium species collected from different
regions were analyzed and genetically
assessed using three gene regions (rbcL, matK,
and ITS) to develop a DNA-based database for
species identification and the preservation and
conservation of these genetic resources.

MATERIALS AND METHODS
Plant materials

A total of 19 hard-leaf Cymbidium orchid
samples (10 C. finlaysonianum samples, 2 C.
bicolor samples, 5 C. aloifolium samples,
and 2 C. atropurpureum samples) were
collected from different geographical
regions and grown under net house
conditions in Ho Chi Minh City for
classification and evaluation of genetic
relationships (Table 1).

Table 1. Source of hard-leaf Cymbidium orchid samples included in the study.

Symbol Scientific name Collection site
CFO01 C. finlaysonianum Kon Ka Kinh National Park (Gia Lai)
CF02 C. finlaysonianum Chu Yang Sin National Park (Dak Lak)
CFO03 C. finlaysonianum Ta Dung National Park (Dak Nong)
CF04 C. finlaysonianum Bidoup Nui Ba National Park (Lam Dong)
CFO05 C. finlaysonianum Yok Don National Park (Dak Lak)
CFO06 C. finlaysonianum Bu Gia Map National Park (Binh Phuoc)
CFo07 C. finlaysonianum Chu Mom Ray National Park (Kon Tum)
CFO08 C. finlaysonianum Dak Lak
CF09 C. finlaysonianum Kon Tum
CF10 C. finlaysonianum Lam Dong
CBO01 C. bicolor Yok Don National Park (Dak Lak)
CB02 C. bicolor Ta Dung National Park (Dak Nong)
CAO01 C. aloifolium Chu Yang Sin National Park (Dak Lak)
CA02 C. aloifolium Yok Don National Park (Dak Lak)
CAO03 C. aloifolium Kon Tum
CA04 C. aloifolium Gia Lai
CA05 C. aloifolium Kon Tum
CTO1 C. atropurpureum Dak Lak
CT02 C. atropurpureum Quang Nam

DNA extraction Amplification

Total DNA was extracted from leaf samples
using the GeneJET Plant Genomic DNA
Purification Kit (Thermo Fisher Scientific,
USA). The purity and concentration of the
DNA extract were verified by 0.8% agarose
gel electrophoresis and measured using a
NanoDrop  spectrophotometer  (Thermo
Fisher Scientific, USA).

Polymerase Chain Reaction (PCR) amplific-
ation of the rbcL, matK, and ITS2 gene
regions with primer pair rbcL1-F: 5’-ATG
TCA CCA CAA ACA GAA AC-3’,
rbcL724-R: 5°-TCG CAT GTA CCT GCA
GTA GC-3° (Newmaster et al., 2013);
matK472-F: 5°-CCC RTY CAT CTG GAA
ATCTTG GTT C-3°, matK1248-R: 5’-GCT
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RTR ATA ATG AGA AAG ATT TCT GC-
3’ (Asahina et al., 2010); and ITS-p3 (5.8S):
5’-YGA CTC TCG GCA ACG GAT A-3’,
ITS-p4 (26S): 5°-CCG CTT AKT GAT
ATGCTT AAA-3’ (Chenget al.,2016). The
composition for a 20 pL PCR reaction
contained 10 pL Dream Taq Green PCR
Master Mix (Thermo Fisher Scientific,
USA), 0.4 uL forward primer (20 uM), 0.4
puL reverse primer (20 uM) (synthesized at
Integrated DNA Technologies (IDT)), 8.2
pL double-distilled sterilized water and 1 pL.
template DNA (50 ng/uL). The PCR cycle
included pre-denaturation at 95°C for 1
minute, followed by 30 cycles (denaturation
at 95°C for 30 seconds, annealing at 52°C,
53°C or 54°C for 30 seconds, and extension
at 72°C for 40 seconds). The final extension
was performed at 72°C for 10 minutes. The
PCR products were analyzed and evaluated
on a 1.2% agarose gel and photographed

using a GelDoc-It 2315 imager (UVP, USA).

Sequencing and genetic classification

PCR products of the rbcL gene region, matK
gene region, and ITS2 were sequenced using
the Sanger method at Ist Base Company
(Malaysia). DNA sequences were edited
with ATGC ver. 7.1 software and checked
for discrepancies by removing about 20-30
nucleotides from the beginning and end,
comparing the forward strand and reverse
strand DNA sequences, and collecting the
corresponding DNA sequence. These
sequences were used to assess Percent
Identity and Query Coverage compared to
those available in the GenBank database
using the BLAST tool (Basic Local
Alignment Search Tool). Phylogenetic trees
were constructed using MEGA 7.0 software
(Molecular Evolution Genetics Analysis)
with  the  Construct/Test Maximum
Likelihood Tree algorithm, and branch
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support was assessed with 1000 bootstrap
replicates.

RESULTS AND DISCUSSION

The total DNA obtained from the leaf
samples was quantified, and its purity was
assessed. The results showed that the total
DNA had high purity, with an OD 260/280
ratio ranging from 1.77 to 2.13, and a DNA
concentration between 151.13 ng/ul. and
249.09 ng/uL. The DNA was diluted to a
concentration of 50 ng/puL for PCR analysis
in the next section.

Amplification and DNA sequence analysis

PCR amplification results of the rbcL gene
region, matK gene region, and ITS2 using
primer pairs rbcL1-F and rbcL724-R;
matK472-F and matK1248-R; ITS-p3 (5.8S)
and ITS-p4 (26S) were obtained from 19
hard-leat Cymbidium orchid samples, with a
success rate of 100%. The PCR product sizes
were approximately 700-750 bp for the rbcLL
gene region, 800-850 bp for the marK gene
region, and 450-500 bp for the ITS2 gene
region. The PCR products of the rbcL gene,
matK gene, and ITS2 were sequenced using
the Sanger method at First Base Company
(Malaysia), achieving a 100% success rate.
Raw DNA sequences were processed with
ATGC ver 7.1 software, revealing sizes of
680-715 bp for rbcL, 760-762 bp for matK,
and 453 bp for ITS2. These sequences were
used to analyze variable sites, conserved
sites, Pi index, and insertion/deletion sites
(InDels) in the 19 samples, using MEGA 7.0
software. For the rbcL gene region,
conserved sites were at 678/715, 744/762,
and 228/453 sites; variable sites at 37/715,
18/762, and 225/453; Pi at 36/715, 11/762,
and 191/453; and InDel at 35/715 and 2/762
sites. When analyzing across four species,
the rbcL region had variant positions at
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37/715 sites. Still, no variants were observed
among C. aloifolium, C. bicolor, and C.
atropurpureum. In contrast, only one or two
variants appeared in C. finlaysonianum
samples, such as at position 73 of sample
CF09 (T, others C) and position 340 of
CF010 (T, others C). InDel positions only
appeared when comparing the four hard-leaf
Cymbidium species, except for sample CF07,
which had one InDel at position 658 (G)
among C. finlaysonianum samples (Table 2).
For the matK gene region within C.
finlaysonianum, six of 18 sites were variable,
with one insertion-deletion (InDel) at two
positions: specifically, at position 686, where
CF10 had an A nucleotide, and other samples
exhibited a deletion at this site. No InDels
were observed among the other three species
(Table 3). The ITS2 gene region showed more
differences, with 225/453 variable sites across
the four species, and 114/453 among the hard-
leaf Cymbidium samples, indicating greater
variability than in the chloroplast gene regions.
InDel positions appeared when comparing C.
finlaysonianum with the other species based
on the rbcL gene region. For the marK region,
InDel positions were only noted in two
samples compared to the others. Overall, the
ITS2 gene region exhibited more variation
among samples, followed by the marK gene
region. Morphologically, focusing on flowers,
samples with different DNA sequences
compared to others displayed notable
differences in flower coloration and shape.

Analysis of percent identity and query
coverage of hard-leaf Cymbidium orchid
samples compared to data on GenBank.

Gene region DNA sequences of rbcL, matK,
and ITS2 from 19 collected Cymbidium orchids

were compared with the GenBank database
using the BLAST tool. The percent identity
ranged from 91.7% to 100%, 98.30% to
99.87%, and 75.6% to 98.9%, respectively,
with coverage of 93% to 100%, 94% to
100%, and 78% to 97%. Among these, C.
finlaysonianum samples showed similarity
and coverage based on three gene regions,
with data on GenBank reaching from rbcL
(91.7-92.46%; 93-100% and similar to
OR413862.1-C.  huoshanense), matK
(99.35-99.61%; 99-100% and similar to
NC 079579.1-C.  finlaysonianum), and
ITS2 (83.52-96%; 91-95% and identical to
AF470514.1-C. finlaysonianum). In C.
bicolor samples, percent identity and
coverage were rbcL. (97%, 100% and
similar to MN654912.1-C. bicolor), matK
(99.34-99.87%, 94-99% and similar to
0Q405312.1-C. mannii=C. bicolor), and
ITS2 (97.35-98.9%; 85-95% and similar to
AF470514.1-C.  finlaysonianum, MF86-
1139.1-C. aloifolium). In C. aloifolium
samples, the percent identity with
0Q405325.1-C. aloifolium was 100% with
a coverage of 100%. ITS2 showed
similarity levels of 75.6-91.86% and 78-
97.85%, and was similar to MF861151.1-C.
paucifolium, HQ263142.1-C. serratum, and
AJ300273.1-C. ensifolium (Table 4). The C.
atropurpureum sample showed similarity
with  0Q405302.1-C.  atropurpureum.
These results demonstrate that the studied
hard-leaf Cymbidium orchid samples share
some similarities and differences with
existing sequences on GenBank. This
indicates that gene regions rbcL and matK
are effective for classifying four species of
hard-leaf Cymbidium orchids and assessing
genetic diversity within these species.
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Table 2. Variant position and InDel of 19 hard-leaf Cymbidium orchid samples based on the rbcL gene region and 4 reference DNA sequences on

GenBank.

Variant positions

o <

< N~

< Oo

N ©

o~

Sample

AG GG GCTICTGTAGTGATCT CT CG GG GT CT CG GG GG GG GT CTCCTAAAGASG
AAG G G GCTOT CTGTAGT CGACT CT CG GG GT CT CGSGSGSGT CTCCTAAAGASGEG
AAG G G GCTOT CTGTAGT CGACT CT CG GG GT CT CGSGSGSGT CTCCTAAAGASGEG
AAG GG GTTCTGTAGTGATCT CT CG GG GT CT CG GGG GG GT CTCCTAAAGASGEG
AAG GG GTCTOT CTGTAGTGATCT CT CG GG GT CT CGSGSGS GT CTCCTAAAGASGEG
AT T T T T GAGCACTTTTTASGTTO CTTTATAAAGTCTTAGT
AT TTTTGAGCACTTTTTAGTTT CTTTATAAAGT CTTAGT
AT T T T T GAGCACTTTTTASGTTO CTTTATAAAGTCTTAGT
AT TTTTGAGCACTTTTTAGTTTZ CTTATAAAGT CTTAGT
AT T T T T GAGCACTTTTTASGTTO CTTTATAAAGTCTTAGT
T T T T TTGAGCACTTTTTAGTTO CTTTATAAAGT CTTAGT
AT TTTTGAGCACTTTTTAGTTCTTTATAAAGTCTTAGT

OR413862.1
CF01-CF07

CF08

CF09

CF10

MNG641752.1

CA01-CA05
NC060583.1

CB01-CB02
0Q405302.1
CTO1

CT02

InDel positions

— N0

— AN <

— AN ™M

Sample

G T T T A T G

G GA CGTCATTCGAGGC

A C C G G
A C C G G
A C C G G

OR413862.1
CF01-CF06

CF07

G GACGCATT CGAGGCTSGTTGTTGGGTTTAT G

CF08-CF10

MNG641752.1

G GA CGCATT CGAGGCTGTTGTTGGOGTTTAT G

CA01-CA05
NC060583.1

G GA CGCATT CGAGGCTSGTTGTTGGGTTTAT G

G GA CGCATT CGAGGCTGTTGTTGGOGTTTAT G

CB01-CB02
0Q405302.1

G GA CGCATT CGAGGCTGTTGTTGGGTTTAT G

G GA CGCATT CGAGGCTGT T GTT G GGTTTAT G

CT01-CT02

* Positions with no nucleotide

“ 9,

-C. aloifolium, OQ405302.1-C. atropurpureum,

’

NC_060583.1-C. bicolor, MN641752.1

Note: OR413862.1-D. huoshanense,
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Table 3. Variant position, Indel of 19 hard-leaf Cymbidium orchid samples based on the matK gene
region and 4 reference DNA sequence on GenBank.

Sample

Variant positions

InDel
positions

~N N

~

682 686

NC079579.1
CF01-CF06
CF07

CF08

CF09

CF10
MN641752.1
CAO01-CA05
0Q405312.1
CB01-CB02
0Q405302.1
CT01-CTO02

> >»>» > 2> > d4>»r > > >

>

OO0 444444 won
OO0o0060060006066 60 ©o

O0O0O0000>» 0> >» 0O N

® > >PTO00O0O0O0O6OO OOWOo-~
> 000000000000
O0O000000>» 000 0ga-=

@®

A 44444440 4d44d-do~N=

O 4 000000000 NoN
e T I B I o N EE RS R [ SN N
4 4440044444 -4doswN
O0O06006000600-d6060o0oN
D> 0O0O00O0OOOOOOQOSON

(@)
—
(@)

0O000000000O0 > ©_w
OO0 444444444 dNow
OO0 000n> > > PP P> oOo=2b
OO0 006> > > > > P ONM
OO0 400000041 WM

@®

A -

Note:

NC _079579.1-C. finlaysonianum,
aloifolium, OQ405302.1-C. atropurpureum,

0Q405312.1-C. mannii=C.
“”: Positions with no nucleotide.

bicolor,

MN641752.1-C.

Table 4. Comparison of percent identity and query coverage of gene region DNA sequences (rbcL,
matK, ITS2) of the studied hard-leaf Cymbidium orchid samples versus available sequences on

GenBank.
Symbol ?ezr:gn Accession Z‘Zrﬁﬁ?yt (%) ngerlyage (%)
CFO01-CF10 OR413862.1 D. huoshanense  91.7-92.46 93-100
CB01-CB02 rbeL MN654912.1 C. bicolor 97.2 100
CA01-CA05 0Q405325.1 C. aloifolium 100 100
CT01-CT02 0Q405302.1 C. atropurpureum 99.72 99
CF01-CF10 NC_079579.1  C. finlaysonianum 99.35-99.61 99-100
CBO1 0Q405312.1 C. mannii 99.60 99
matk MN654912.1 C. bicolor 99.34 99
CB02 MN654912.1 C. bicolor 99.87 94
CA01-CA05 MN641752.1 C. aloifolium 98.30-99.87 99-100
CT01-CT02 0Q405302.1 C. atropurpureum  99.61 99
CF01-CF10 AF470514.1 C. finlaysonianum 83.52-96 91-95
CBO01 AF470514.1 C. finlaysonianum 97.35 85
M861139.1 C. aloifolium 98.9 95
CAO01 ITS2 MF861151.1 C. paucifolium 98.30-99.87 99-100
CA02-CA04 HQ263142.1 C.serratum 75.6-97.85 78-91
CA05 AJ300273.1 C. ensifolium 79.49 91
CT01-CT02 AJ300286.1 C. aspidistrifolium 81.49-81.69 87-88
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Classification and genetic evaluation of
four hard-leaf Cymbidium orchid species

The phylogenetic tree of 19 Cymbidium
orchid samples (including 10 C.
finlaysonianum, 2 C. bicolor, 5 C. aloifolium,
and 2 C. atropurpureum) based on DNA
sequences from each gene region (rbcL,
matK, and ITS2) shown in GenBank,
indicates different levels of phylogenetic
classification depending on  whether
chloroplast or nuclear gene regions are
analyzed. For the chloroplast genome,
results based on the rbcL gene show that C.
finlaysonianum is classified into one group
(Group 1) and is separated from the
remaining group (Group II), which includes
C. aloifolium, C. bicolor, and C.
atropurpureum (Figure 2A). Within this, the
C. bicolor group is distinct from the C.
atropurpureum and C. aloifolium groups.
Analyses of the mafK region reveal that C.
bicolor is separated from C. finlaysonianum,
C. atropurpureum, and C. aloifolium (Figure
2B). These three groups are also clearly
distinct from each other. These findings
indicate genetic variation both within
species and between different species, with
some  differences in  phylogenetic
classification depending on the gene region.
Additionally, the mafK region exhibits a
higher level of diversity than rbcL within the
C. finlaysonianum group, whereas samples
from other groups display slight intraspecific
variation, despite differences in morphology
and flower color (results of morphology and
flower coloration analysis are pending
publication). Furthermore, the combined
analysis of the rbcL and marK regions
(Figure 2C) provides a clear phylogenetic
distinction among four Cymbidium species
and demonstrates genetic stability within
some samples of C. finlaysonianum and C.
aloifolium. The C. finlaysonianum group is
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separated from the others, while C.
aloifolium 1is closely related to C.
atropurpureum. The species identification
results based on these two gene regions are
consistent with previous morphological
classifications of the genus Cymbidium (Puy
and Crib, 2007). Moreover, the species
identification ability of the rbcL and matK
regions has been explored in Cymbidium,
with the marK region capable of
distinguishing more species than rbcL,
depending on the section (Worthy et al.,
2022; Zang et al., 2023). The use of DNA
barcoding markers in plant taxonomy has
been common in past studies, supporting
morphological classification and analyzing
genetic relationships within the orchid
family using gene regions such as rbcL,
psaB, atpB, and matK (Cameron et al.,
1999; Cameron, 2004; Cameron, 2006;
Freudenstein and Chase, 2015). These
studies found a correlation between
morphological and molecular methods.
Additionally, some research indicates that
the matK gene region evolves approximately
three times faster than the rbcL and atpB
genes, making it an effective tool for
distinguishing species in angiosperms (Gao
et al., 2011). Furthermore, for the ITS2
nuclear gene region, the analysis results
showed that these four Cymbidium orchid
species were not clearly separated from each
other, and the samples within the same
species also differed (Figure 2C). The results
also showed that some samples, although
from different species, were grouped closely
together, such as CB01, which belongs to the
same group as C. finlaysonianum, and CF07,
which is in the same group as C. aloifolium.
These findings indicate that the ITS region is
less effective for species identification in
these studied samples. The above results are
also consistent with studies on the
phylogenetic classification of species within
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the genus Cymbidium using nuclear and
chloroplast gene regions, which still show
differences in genetic groupings among
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Figure 2. Phylogenetic tree based on DNA sequences of three gene regions (rbcL, matK, ITS2,
rbcL+matK) of hard-leaf Cymbidium orchid samples using MEGA 7.0 software with the Maximum
Likelihood tree algorithm and a bootstrap value of 1000.

For the ITS region, some studies have shown
it can support species identification in some
instances. (Jalil et al., 2015; Kress et al.,
2015; Paula, 2013). However, other research
suggests that it is not suitable and depends
on the subject and the number of samples
collected (Berg ef al., 2002; Yukawa et al.,
2002; Puy and Crib, 2007). In this study,

using a large number of C. finlaysonianum
samples (10 samples) from different regions
demonstrated the stability of the rbcL and
matK regions for distinguishing species such
as C. bicolor, C. aloifolium, and C.
atropurpureum, whereas the ITS region
exhibited significant intraspecific diversity
in C. finlaysonianum and C. aloifolium. This
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result aligns with previous morphological
studies of the group (unpublished), which
showed diversity in morphology and flower
coloration in C. finlaysonianum and C.
aloifolium. From these findings, it is evident
that the rbcL and marK gene regions are
suitable for species identification among the
four Cymbidium species and are more
effective when used in combination.
Although the ITS region exhibits
intraspecific diversity in C. finlaysonianum
and C. aloifolium, its capacity for species
identification is limited, potentially leading
to confusion in some cases. Its ability for
species identification is restricted and may
be confusing in some cases.
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