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Abstract. Purnobasuki H, Rakhashiwi GA, Junairiah, Wahyuni DK, Putra RE, Raffiudin R, Soessilohadi RCH. 2022. Morpho-
anatomical characterization and DNA barcode of Cosmos caudatus Kunth. Biodiversitas 23: 4097-4108. Secondary metabolites in
plants have various benefits, therefore their distribution in plant body parts is important to study. The identification process of plants
should be conducted using several characters, including morphological and molecular data. This study aimed to identify and confirm
Cosmos caudatus Kunth using morpho-anatomy characters and DNA barcodes. The plants used were three samples taken from the
Husada Graha Famili Park, Surabaya. The morpho-anatomical investigation was carried out descriptively, while the DNA barcoding
study was processed by amplifying and sequencing the rbcL and matK genes. Morphological studies indicate that the roots and stems of
C. caudatus are similar to the organs of dicots shrubs in general. The leaves have a pinnate type with two different colors on each side of
the leaf. Compound flowers are cup-type with two types of flowers, namely disc flowers and ray flowers. Based on anatomical
observation, all vegetative organs have the same tissue as dicotyledonous plants. The anatomical characteristic of C. caudatus lies in its
trichomes due to its anthocyanin content and stomata which are anomocytic and anisocytic types. DNA barcoding results showed that
the three sample plants had identical similarities with several Cosmos genera contained in the GenBank database with percentage

identities values above 98%, query covers 96-100%, and e-values of 0.

Keywords: Barcode, Cosmos caudatus, matK, genetic diversity, morpho-anatomy, rbcL

Abbreviations: DNA: Deoxyribonucleic acid, matK: maturase-K, rbcL: ribulose-bisphosphate carboxylase large subunit, CBOL:
Consortium for Barcode of Life, PCR: Polymerase chain reaction, BLAST: Basic Local Alignment Search Tool

INTRODUCTION

Cosmos caudatus Kunth has known locally as Kenikir,
belongs to the family Asteraceae (Cheng et al. 2015;
Yusoff et al. 2021). The family is distributed throughout
Neotropics (POWO 2022) and often makes up the forest
floor vegetation, including C. caudatus (Christenhusz and
Byng 2016; Panero and Crozier 2016; Willis 2017). The
species is herbal plant originating from Latin America and
then spreading to Southeast Asia (Bodeker 2009;
Moshawih et al. 2017).

Cosmos caudatus has abundant benefits, including
antibacterial (Yusoff et al. 2014; Safita et al. 2015), anti-
inflammatory (Ajaykumar et al. 2012), antioxidant and
anticancer (Cheng et al. 2015). Various health benefits of
the species are due to the presence of secondary
metabolites (Mediani et al. 2013). According to Moshawih
et al. (2017), C. caudatus has various secondary metabolites,
including flavonoids, saponins, terpenoids, tannins, and
phenols. The presence of bioactive components can be
found by analyzing plant extracts, especially on the leaves

(Phong et al. 2022). Wahyuni et al. (2019) add that
secondary metabolites can be found in specific areas of
plant organs. To comprehend the location of cells that store
the secondary metabolites, anatomical research is necessary
(llham et al. 2022), since anatomical characteristics can
also help identify plants. Therefore, its values are crucial
for classifying plants. Rahman et al. (2013) reported
anatomical features of 36 plant species from the Rajshahi
division, Bangladesh, including C. caudatus. The species
has stomata with anomocytic and anisocytic types.

Classification and phylogenetic studies mainly depend
on morphological cues (Kaur and Singh 2020). The
weakness of morphological markers is in terms of
variability, and it can cause serious taxonomic problems in
species with a wide geographic range. Abiotic factors can
substantially impact both micro and macromorphological
features, even though ontogenetic programming contributes
to morphological variability in some cases. As an example,
Cosmos bipinnatus in Central Mexico exhibits intricate
morphological variations due to environmental conditions,
such as height and NH. content surrounding the plant's
habitat (Paniagua-Ibanez et al. 2015).
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The lack of morphological data can be supplemented in
several ways, including by using additional identification
markers like DNA barcoding and anatomical features.
DNA barcoding is a technique for identifying species by
examining short sequences of the standard genome and
comparing the results with a database of known species
(Yu et al. 2021). One of the specific purposes of DNA
barcoding is to confirm the therapeutic plant content in
herbal products (Chen et al. 2014; de Boer et al. 2015).
Several recommended plastid markers in plants include
rpoC1, rpoB, trnH-psbA, rbcl, matK, atpF-H, and psbK-I
(Hollingsworth et al. 2011). Of which, rbcL and matK are
suggested for DNA barcoding by the Consortium Barcode
of Life Plant Working Group (CBOL) (Michel et al. 2016).

Plant identification should be conducted using several
characters, including morphological and molecular data to
avoid ambiguous understanding, mainly when studying
plant biological systems in pharmaceutical aspects
(Wahyuni et al. 2019; llham et al. 2022). This study aimed
to confirm and identify C. caudatus using morpho-anatomy
and DNA barcoding. The results of this study should attest
to the veracity of these plant species, and the data can be
used to help the pharmaceutical industry, in particular in
the field of herbal medicines and green products to support
life, in ascertaining the kinds of herbal medicinal
substances.

MATERIALS AND METHODS

Plant materials

Mature plant samples of Cosmos caudatus were
collected in September 2019 at Taman Husada Graha
Famili, Surabaya, East Java, Indonesia. Plant samples were
taken from as many as three individuals. Species
identification has been confirmed by comparing it with the
herbarium collection in the Purwodadi Botanical Garden,
Indonesian Institute of Sciences, Pasuruan, East Java,
Indonesia.

Morpho-anatomy observation

All plant parts were thoroughly examined as part of
morphological research, commencing with the roots, stems,
leaves, flowers, fruits, and seeds. Anatomical research is
restricted to vegetative organs, such as the roots, stems, and
leaves. The paraffin method was used to prepare
anatomical preparations, followed by Purnobasuki et al.
(2017). Compared to floral/reproductive anatomy, vegetative
anatomy is more frequently used as a taxonomic
characteristic (Hasanuddin and Fitriana 2014). Plant tissue
is implanted into paraffin blocks as part of this process to
create incredibly thin preparations.

Plant tissue was cut with a thickness of 0.5-1 cm as the
first step in the anatomical preparation process. Plant tissue
fragments were sucked while fixed in FAA solution
(Formalin, Glacial Acetic Acid, and 70% ethanol). Then, a
dehydration process employing varying concentrations of
alcohol (50, 70, 95, and 100%) and a dealcoholization
procedure using a clearing agent like xylol were carried
out. Then, a planting media made of paraffin that had been
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frozen in an incubator was used in place of the purifying
medium (infiltration). Plant tissue was inserted into
paraffin blocks, which were sliced into thin bands using a
microtome after the paraffin block solidified and formed
into a trapezium. On a glass object that has been covered in
albumin, the paraffin band will be attached. The thin
paraffin band is colored with safranin and fast green in the
final phase, after which the object-glass is covered with a
cover glass. Anatomical specimens will be examined with a
light microscope to provide a stunning 200-400x
magnification of the tissues (Santos et al. 2016; Susetyarini
et al. 2019).

DNA barcoding
DNA extraction

The material used for DNA extraction is young leaves
of C. caudatus located on the shoots. The leaves are cut
into small pieces and weigh 0.1 g. The Tiangen Plant
Genomic DNA Kit and associated procedure were used to
isolate DNA. Thermo Scientific Multiskan Go was used to
check the extracted DNA’s concentration and purity.

Amplification and sequencing

Amplification of rbcL and matK genes assisted by
PCR (Polymerase Chain Reaction) using two different
specific primers. They are primers rbcL (Forward:
5AAGTTCCTCCACCGAACTGTAG 3' and Reverse:
5TACTGCGGGTACATGCGAAG 3) and matk
(Forward: 5° TGGTTCAGGCTCTTCGCTATTG 3' and
Reverse: 55CTGATAAATCGGCCCAAATCGC 3"). Both
primers were designed specifically for the Asteraceae
family using Primer3 (Rozen and Skaletsky 2000). PCR
mixtures were performed in a volume of 35 pL containing
the mixture consisting of 7.5 uL GoTaq® Green Master
Mix, 1.5 pL of each forward and reverse primer with a
concentration of 350-500 nM, 5 pL of 50 ng? DNA
template, and added with nuclease-free water until the
solution volume reaches 35 pL.

DNA amplification using a PCR thermocycler that is
set using certain parameters. The PCR program for
amplification of the rbcL and matK genes was set into 5
stages, including pre-denaturation at 94°C for 5 minutes,
35 cycles for denaturation at 94°C for 30 seconds,
annealing at 56°C for 45 seconds and extension at 72°C for
45 seconds, final extension at 72°C for 5 minutes, and
soaking at 4°C. The PCR products of the rbcL and matK
genes were checked to see whether they are amplified as
expected or not. Checking is done by visualizing the PCR
product on a UV transilluminator using 1% agarose and 0.5
X Tris Borate EDTA (TBE). Subsequently, sequencing the
PCR products were performed at the 1st Base Sequencing
Service (Axil Scientific Pte. Ltd. Singapore).

Data analysis

Morphological and anatomical investigations were
analyzed descriptively. The forward and reverse sequences
for the successfully sequenced rbcL and matK genes were
aligned using the Bioedit 7.4 program to produce high-
quality DNA consensus data. The proportion of nitrogen



bases in each gene is also calculated using Geneious
2021.3.4 software.
The consensus sample data will undergo multiple
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RESULTS AND DISCUSSION
Morphological characters
Based on morphological investigations, Cosmos

sequence alignment using the BLAST online tool
(https://blast.ncbi.nlm.nih.gov), which will be used to
compare the consensus sample data to the Asteraceae
sequence found in the GenBank database. Mega X software
will be used to assemble the phylogenetic tree from sample
plant sequences and Asteraceae plant sequences received
from the BLAST tool. The method used to reconstruct the
phylogenetic tree is the Neighbor-Joining Method
algorithm approach. The NJ (neighbor joining) algorithm is
a widely used method for constructing phylogenetic trees
based on the distance between species (Hong et al. 2021).
The data used to construct the phylogenetic tree were rbcL
and matK gene sequences from the sample plant C.
caudatus and 12 sequences of the Asteraceae family which
were closely related to the sample plants (Table 1).

caudatus is an annual plant (Sekar et al. 2014) with a shrub
habit (Huynh et al. 2021) and it grows in clusters (Uzbek
and Shahidan 2019) (Figure 1A). The species has whitish
brown taproots (Nurmalasari et al. 2020) (Figure 1B). C.
caudatus has an erect stem with a rectangular shape and
oblong (Utami 2008). The stems are mostly green, but
some areas sometime have a purple or reddish color. The
purple color is due to the presence of anthocyanins and
more branches on the top of the stem than on the bottom
(Bunawan et al. 2014; Saleh et al. 2020; Huynh et al. 2021)
(Figures 1C, 1D and 1E). Du et al. (2015) stated
anthocyanin content is one of the substances that affect
stem color. Anthocyanins are beneficial for human health,
as bioactive compounds that can be useful for preventing
various chronic diseases (Priska et al. 2018).

Figure 1. Morphology of Cosmos caudatus. A. Habit, B. Taproot, C. Lower stem, D. Middle stem, E. Upper stem, F. Upper leaf
surface, G. Lower leaf surface, H. Inflorescence when viewed from above, 1. Compound flower when viewed from the side, J. Frui, K.

Seeds, L. Pistil and stamen from disc floret
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Table 1. DNA sequence data downloaded from GenBank used in the study

Plant species Accession Plant species Accession number
(rbcL) (rbcL) (matK) (matK)
Cosmos bipinnatus Cav. KM218349.1 Cosmos sulphureus Cav. EU049362.1
Cosmos bipinnatus Cav. AB530960.1 Cosmos caudatus Kunth JQ586821.1
Bidens pilosa L. MH767488.1 Coreopsis verticillata L. EU049356.1
Bidens frondosa L. MF135475.1 Coreopsis latifolia Michx. AY551482.1
Bidens frondosa L. MF135468.1 Coreopsis pulchra F.E.Boynton AY551481.1
Bidens alba (L.) DC. MF135349.1 Coreopsis delphiniifolia Lam. AY551478.1
Bidens pilosa L. MF135334.1 Bidens pilosa L. MF159461.1
Bidens tripartita L. NC_058915.1 Bidens pilosa L. MF159439.1
Coreopsis major Walter KJ773400.1 Bidens alba (L.) DC. MF159414.1
Coreopsis sp. AB586217.1 Bidens pilosa L. KU958568.1
Bidens cosmoides Sherff NC_047278.1 Bidens alba var. radiata (Sch.Bip.) R.E.Ballard HM989732.1
Bidens macrocarpa Sherff NC_047274.1 Bidens hintonii (Sherff) Melchert EU049354.1

The leaves are arranged opposite, pinnate, and are
divided into 5 leaflets. These characteristics are similar to
Chan et al. (2017) and Murugesu et al. (2020) (Figures 1D
and 1E). The leaf segments are oblong to lance shaped
(Bunawan et al. 2014) with flat leaf edges and pointed leaf
tips (Widyawati and Zulchi 2019). The leaf surface has a
different color, the abaxial side has a darker color while the
adaxial side has lighter color. These characteristics are in
accordance with Widyawati and Zulchi (2019) (Figures 1F
and 1G). According to Tahir et al. (2017), variations in
size, shape, and arrangement of leaves can be an important
and interesting source of information in the taxonomy field.

Flowers of Asteraceae have conspicuous features that
are important at the family level, such as branches of style,
pappus, shape of corolla, and anthers (Batista and De
Souza 2017). C. caudatus bears compound blooms grouped
in a cup, similar to most other Asteraceae plants (Syah et
al. 2014). The flower stalk is +25 cm in length (Fitmawati
and Erwina 2017). The compound inflorescence of this
plant is surrounded by a bunch of bandage leaves arranged
in a tiny hump (involucrum). The involucrum has a bell-
like shape (Hidayat et al. 2008) with green in color and a
pointed tip. The plants have blooms that develop in the
axils of the top leaves or on the tops of the stems. There are
typically two different types of flowers in one hump,
namely disk flowers (tubular flowers) in the center and ray
flowers (flowers with ribbon-like shapes) on edge
(Lawrence 1968) (Figures 1H and 11).

Ray flowers are generally eight pieces, purple or
reddish color, but it is sometimes greenish-yellow color
with a size of about 1-1.5 cm in length, while the disc
flowers have 1 c¢cm in length (Bunawan et al. 2014;
Murugesu et al. 2020). The purple fragrance of ray flowers
comes from the content of anthocyanin compounds
(Gunasekaran et al. 2021) (Figures 1H and 1I). Of the 2
types of flowers, only disc flowers are functional, because
they have pistils and stamens. The pistil is covered by fine
hairs (Fitmawati and Erwina 2017) and has two branches
(Utami 2008). The npistil is yellowish green, while the
stamens are tubular with brown anthers (Syah et al. 2014)
(Figure 1L). Ray flower is unisexual (Arnold et al. 2014;
Rahman 2013). According to Gillies et al. (2002) and

Schilling (2006), ray flowers have the function of
increasing the attention of pollinators.

The blossoms will eventually turn into fruit after the
pollination. The fruit has a hard texture (Utami 2008) with
black color and 1-3 cm in length. Each fruit contains a
single seed, and the upward-facing tip of the fruit has a
structure resembling an arrowhead that is made up of 2-3
pieces. This finding is similar to Bunawan et al. (2014)
(Figure 1J). C. caudatus seeds are small, 1 cm in length,
hard texture (Utami 2008), and needle-shaped brown with a
hairy tip (Van den Bergh 1994) (Figure 1K).

Anatomical characters

Cosmos caudatus exhibited all of the confirmed adult
ground tissue. The epidermis, cortex, and stele were
observed in C. caudatus root (Figure 2A). Root epidermal
cells are oval. Compared to the underlying tissue, the
arrangement of epidermal cells is denser and there is no
intercellular space. The inside of the root can be protected
from various soil disturbances due to this structure. An
intact epidermis is crucial for certain key processes in plant
development, shoot growth, and defense (Javelle et al.
2011).

The parenchyma cells that make up C. caudatus cortex
are smaller than the epidermis, have gaps between them,
and are rectangular. Root cortical tissue plays a
fundamental role in permitting plants to cope with various
environments (Di Ruocco et al. 2018). According to
Shaheen et al. (2018), the stele which contains the vascular
bundles and pith is the deepest part found in the root. C.
caudatus has a stele of the tetrarchradial kind, as reported
by da Silva Santos et al. (2014) in Cosmos sulphureus. The
arrangement of the xylem and phloem on the tetrarchradial
stele alternates their positions. Xylem tissue occupies most
of the space in the root. This is similar to the root tissue in
Ageratum conyzoides (Santos et al. 2016).

The stem of C. caudatus consists of 4 tissues, namely
epidermis, cortex, transport tissue (Figure 2B) and pith
(Figure 2C). The epidermis is rectangular and has one layer
of densely packed cells. In addition to protecting plants
from infections and dehydration, the shoot epidermis is
crucial for appropriate organogenesis and growth
regulation (Takada and lida 2014). The cortical tissue
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which lies beneath the epidermis comprises parenchyma
cells with rectangular form. The transported tissue of C.
caudatus is of the open collateral type (Jannah et al. 2021),
consisting of several continuous bundles and distributed in
a single ring (Santos et al. 2016) with the interfascicular
cambium existing between the xylem and phloem (llham et
al. 2022). The deepest portion of the stem is made up of
pith tissue, just like roots. The pith is made up of
undifferentiated parenchyma cells and serves as a nutrient
storage system in eudicot (Kirkendall et al. 2015)

Leaves consist of 3 tissues, namely epidermal tissue,
mesophyll, and transport tissue (Figures 2D and 2E). The
leaf epidermis is composed of 2 layers, each on the upper
and lower sides. The epidermis consists of a single layer of
cells arranged tightly (uniseriate) with an oval to
rectangular shape. Cosmos parviflorus also has a uniseriate
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epidermis (Rivera et al. 2019). Epidermal cells in leaves
are not always arranged tightly. Stomata of C. caudatus
have a position parallel to the epidermis, as in C.
bipinnatus (Rivera et al. 2019). The mesophyll tissue of C.
caudatus is heterogeneous because it has 2 different
tissues, namely palisade tissue and spongy tissue. The
characteristics of the mesophyll tissue of this plant are
similar to that of C. parviflorus, but in contrast to the
homogeneous mesophyll tissue of C. bipinnatus (Rivera et
al. 2019). The adaxial side of the mesophyll tissue contains
a single layer of elongated and dense cells that make up the
palisade tissue. In contrast, the sponge tissue comprises 3-
4 layers of loosely distributed cells positioned on the
abaxial side. The vascular bundles in the leaves are

arranged in a collateral type, the same for C. parviflorus
(Rivera et al. 2019).

ep
m
X
ph
ep

D 100 pm

Figure 2. Anatomy of Cosmos caudatus. A. Root 200X, B. Stem 400X, C. Stem 200X, D-E. Leaf 400X. ep: epidermis, c: cortex, p:
pith, x: xylem, ph: phloem, m: mesophyll, pm: palisade mesophyll, sm: spongy mesophyll, cb: cambium, vb: vascular bundles
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Figure 3. Leaves anatomy of Cosmos caudatus. A. Stomata 400X, B. Trichome 400X

Leaves have various important characteristics that can
be used as markers for identifying plant species (Stace
1984), especially the epidermal structures that undergo
differentiation into accessory tissues. The epidermal cell
walls, stomatal types, and trichomes of leaves are key
factors at both the generic and particular levels in many
groups of plants (Rahman et al. 2013; Srilakshmi et al.
2014). According to Metcalfe and Chalk (1979), type of
stomata, trichomes, papillae, hydathodes, and bundle
vessels are the anatomical traits that can be seen in the
Asteraceae family. Tahir et al. (2017) reported that stomata
characteristics are significant taxonomic tools for
identifying species.

Cosmos caudatus under study had anomocytic and
anisocytic stomata (Figure 3A), which is similar to
previous study reported by Rahman et al. (2013). This
result is also supported by Srilakshmi and Naidu (2014)
from three Asteraceae species, the same leaf surface can
have two different stomata combinations. Sari and Harlita
(2018) claimed that C. caudatus possesses anisocytic
stomata, however, Hasanuddin and Fitriana (2014) and
Jannah et al. (2021) reported that C. caudatus has an
anomocytic stomata type. Compared with other species in
the same genus, C. sulphureus only has one type of
stomata, anisocytic (Tahir et al. 2017). Much evidence
from the fossil record of Angiosperms and many other seed
plants suggest that anomocytic stomata are the ancestor of
all known stomata types. Actinocytic stomata were first
known to evolve from the anomocytic type (Carpenter
2005).

Other leaf epidermal-derived cells that can be used as
additional information for identifying a species is trichome,
because it varies in size and show different shapes (Glas et
al. 2012). Perveen et al. (2016) reported that the size and
shape of trichome could be used for classification in 17
species of Asteraceae family. Adedeji and Jewoola (2008)
also presented that trichomes have been successfully used
to delimit several genera in the Asteraceae family.

Trichomes in C. caudatus are composed of several
cells with pointed apical cells, like horns (Figure 3B). This
result is consistent with the research of Sari et al. (2021)
that of the 8 Asteraceae species studied, all species have

glandular trichomes with pointed ends. In certain areas, the
trichome cells have a purple color, which appears due to
the anthocyanin content, indicating that they are of the
glandular kind. According to Gunasekaran et al. (2021),
flower trichomes also have a purplish-red pigment.

Glandular trichomes are an important source of
essential oils, such as natural fragrances or products that
can be used by the pharmaceutical industry. However,
many of these substances have evolved to provide the plant
with protection against herbivores and pathogens (Glas et
al. 2012). Glandular trichomes also have other functions,
including controlling the release of water through the
secretion of essential oils. The secretions produce a thick
layer that can prevent water vapor loss (Carmona and
Ancibor 1995; Molares et al. 2009). Studies of leaf
epidermis has gained much importance during this century,
because these studies are widely recognized in taxonomy
and identifying plant materials in paleobotany,
pharmacognosy, and forensic science (Srilakshmi and
Naidu 2014).

DNA barcoding
PCR amplification and sequencing

The rbcL and matK genes were successfully amplified
and each individual has presented in various sizes. The
rbcL gene has a size of approximately 500 bp (Figure 4A)
and matK has a size of approximately 750 bp (Figure 4B).
The visualization results are not much different from the
research conducted by Ilham et al. (2022), in which rbcL
gene in Achillea millefolium has a size of approximately
500 bp and matK has a size of 750 bp. Those studies used
the same primer, which was also used by Wahyuni et al.
(2019).

The rbcL and matK genes have a fairly good thickness
of the amplified DNA band (Figures 4A and 4B).
According to Michel et al. (2016), dense and agglomerated
DNA bands showed a high quantity. The thickness of the
visualized DNA bands depends on several factors, such as
primers, annealing temperature, and concentration of DNA
polymerase. Primers are designed to increase two
significant base sequence specificity and reasonable GC
content indicators.
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Figure 4. Amplification results. A. rbcL gene, B. matK gene. 1:
sample 1, 2: sample 2, 3: sample 3, M: marker

The high specificity can prevent mispriming in regions
other than the target region, and the GC content of a primer
is a major factor in determining the annealing temperature
(Tm) (Kayama et al. 2021). In addition, the annealing
temperature is a crucial factor in PCR reaction affecting
product (gene fragments) specificity (Kurniawati and
Hartati 2018). These serve as an extension point for the
DNA polymerase to build on. DNA polymerase is also an
important enzyme that functions to form new DNA strands
in the PCR process (Garibyan and Avashia 2013).

It was discovered that there were no gaps in either the
rbcL gene (Figure 5A) or the matK gene (Figure 5B) after
processing the sample plant sequence data using Bioedit
7.4 and Mega X software. In general, gaps in the DNA
sequence are caused by insertions and deletions (Fan et al.
2007). In the early stages of eukaryotic evolution, insertion
and deletion are probably the most significant and fast
types of sequence change (Sanyal et al. 2015). Point
mutations encompass both varieties of mutations.
According to Flint-Garcia (2013), a mutation is a set of
irreversible changes that occur in an organism’s gene or
nucleotide sequence. The gene alteration might impact one
nucleotide (point mutation) or numerous nearby
nucleotides (segmental mutation). The base population is
created by mutation, followed by an increase in the
population’s genetic diversity. In other words, genetic
variety is a foundational population for evolution through
natural selection (Maruzy et al. 2020). Therefore, gaps in
DNA barcoding are not a sign of failure, rather, they can be
used to forecast whether DNA barcoding will be successful
for the taxon under study (Keskin and Atar 2013).

Comparisons of gene sequences within species were
also carried out on species of different genera with genetic
distances that were considered quite far from the sample
plants. The purpose of this comparison is to determine
whether there are differences in the composition of
nitrogen bases between 2 distantly related taxon. For the
rbcL gene, comparisons were made using Bidens
cosmoides accession NC 047278.1, while for the matK
gene using B. pilosa accession MF159439.1.

It turns out that there are several differences in
nucleotide variations, the most differences being in the
matK gene. The rbcL gene comparison reveals seven
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different nucleotide changes, specifically at nucleotide
numbers 250, 313, 344, 400, 412, 631, and 685 (Figure
5A). While in comparison using the matK gene, nucleotide
variations are found in nitrogen bases number 115, 207,
256, 257, 282, 331, 332, 364, 374, 446, and 574 (Figure
5B).

DNA sequence

The rbcL gene in samples 1, 2, and 3, each had adenine
percentage of 29.1-29.4%, guanine 19.3-19.5%, thymine
26.8-26.9%, and cytosine 24.2-24.7%. While the matK
gene has a percentage of 36.5-36.6% adenine, 17.2%
guanine, 29.2-29.3% thymine, and 17% cytosine (Table 2).
Adenine and thymine appear to have total dominance in the
rbcL and matK genes based on a study of the number of
nitrogen bases. This result is in line with Smith et al.
(2011) that adenine and thymine comprise most of the
mitochondrial and plastid genome sequences. Wahyuni et
al. (2019) also reported that the proportion of GC has a
smaller concentration than AT (guanine of 42.7% and
cytosine of 35.4%).

Based on the rbcL gene, sample 1 had 472 bp, sample 2
had a nitrogen base of 477 bp and sample 3 had the largest
amount, 483 bp. Whereas in the matK gene, samples 1 and
3 had 702 bp, and sample 2 had 699 bp

The sequences of C. caudatus used in the study and C.
bipinnatus accession KMZ218349.1 and accession
AB530960.1 show striking similarities in the BLAST
results based on the rbcL gene (Table 3). The GenBank
database's information on the C. caudatus rbcL gene is
currently lacking as of 13/06/2022. The sample plants
shared similarities with C. sulphureus accession
EU049362.1 and C. caudatus accession JQ586821.1,
according to the BLAST results based on the matK gene in
Table 4. The degree of similarity is calculated based on the
% identity, query cover, and e-values.

The sample sequences and several sequences from
GenBank described above have a 98-100% identity rate.
When a significant percentage of identity between a gene
sequence from an unknown species and a gene sequence
from a species that has been recognized is found, the two
gene sequences are classed as belonging to the same
species (Lis et al. 2016). The e-value between the sample
plants and a few of the sequence mentioned above is zero.
According to Tindi et al. (2017), a significant sequence
alignment is indicated by an e-value of 0. E-Value 0
denotes that the gene sequence of the sample organism and
the gene sequence found in the GenBank database are the
same (Sogandi 2018). Query cover BLAST results have a
value of 96-100%. According to Fathiya et al. (2018),
query cover refers to the percentage of nucleotide length
from the sample organism that agrees with the sequence of
organisms in the GenBank database (Nugraha et al. 2014).
Homology in genetics refers to genes that share the same
nitrogen base sequence. The sample sequences are
considered to be comparable to the sequence found in
GenBank if the max score and total score are the same,
query cover is close to 100%, e-value is close to 0, and
percentage identity is close to 100% (Tindi et al. 2017).
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Figure 5. Comparison of the sequence of Cosmos caudatus being studied with several plant sequences from the genus Bidens. A.
Compared with B. cosmoides accession NC 047278.1, rbcL gene, B. Compared with B. pilosa accession MF159439.1, matK gene. The
blue circle indicates the presence of nucleotide differences (variations). (Bp: B. cosmoides, Bp: B. pilosa)

The rbcL and matK genes are commonly utilized as
DNA barcode standards. These two genes have an
advantage over nuclear DNA, because they fall under the
category of chloroplast DNA. For example, chloroplast
DNA has a low evolutionary rate and is frequently used to
identify relatives among Angiosperm species, whereas
nuclear DNA has more genetic variation because of its high
recombinant rate (Anzani et al. 2021). According to Kang
et al. (2017), the four genes utilized as DNA barcode
markers for species in tropical cloud forests (rbcL, matK,
trnH-psbA, and ITS), rbcL, and matK showed relatively
high amplification levels, sequencing success rates, and
identification success rates. The rbcL exhibits a rather high
amount of amplification when compared to matK
(Hollingsworth et al. 2016). Compared to the matK gene,
the rbcL gene shows strong intraspecific and moderate
interspecific divergence (Ho et al. 2021).

The matK gene has a higher species discrimination
ability than rbcL, since variations in the rbcL sequence are
most commonly found at levels above species (Newmaster
et al. 2006; Kress and Erickson 2007; Sass et al. 2007;

Fazekas et al. 2008). Therefore, the rbcL gene is being
employed extensively for phylogenetic analysis at the level
of families and subclasses of Angiosperms and among
various groups of seed plants (Chase et al. 2007). Saarela et
al. (2013) reported that for 490 vascular plant species,
matK was more divergent than rbcL at both the intraspecies
and interspecies levels.

Phylogenetic analysis

The phylogenetic trees constructed by rbcL and matK
genes are presented in Figure 6. The three samples of C.
caudatus in Figures 6A and 6B are located in the same
group with identical branch lengths. Furthermore, identical
branch sizes between taxa groups showed no significant
changes in nucleotide sequence (llham et al. 2022), so it
can be considered to have a very close genetic relationship.
This result is in accordance with Anzani et al. (2021) that
groups of taxa located in the same branch have a very close
level of relationship.
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Table 2. Comparison of the number of nitrogenous bases in Cosmos caudatus

Samples Percentage of nitrogen bases Number of nitrogen bases
C. caudatus rbcL 1 A:29.4%, G: 19.5%, T: 26.9%, C: 24.2% 472
C. caudatus rbcL 2 A:29.1%, G: 19.3%, T: 26.8%, C: 24.7% 477
C. caudatus rbcL 3 A:29.1%, G: 19.3%, T: 26.8%, C: 24.7%. 483
C. caudatus matK 1 A:36.6%, G: 17.2%, T: 29.2%, C: 17%. 702
C. caudatus matK 2 A:36.5%, G: 17.2%, T: 29.3%, C: 17%. 699
C. caudatus matK 3 A:36.6%, G: 17.2%, T: 29.2%, C: 17%. 702

Table 3. Summary of alignment results of rbcL using BLAST

Scientific name Max score Total score Query cover E value Per. ident Accession
Cosmos bipinnatus 872 872 100% 0 100.00% KM218349.1
Cosmos bipinnatus 872 872 100% 0 100.00% AB530960.1
Bidens pilosa 839 839 100% 0 98.73% MH767488.1
Bidens frondosa 839 839 100% 0 98.73% MF135475.1
Bidens frondosa 839 839 100% 0 98.73% MF135468.1
Bidens alba 839 839 100% 0 98.73% MF135349.1
Bidens pilosa 839 839 100% 0 98.73% MF135334.1
Bidens tripartita 839 839 100% 0 98.73% NC_058915.1
Coreopsis major 839 839 100% 0 98.73% KJ773400.1
Coreopsis sp. 839 839 100% 0 98.73% AB586217.1
Bidens cosmoides 833 833 100% 0 98.52% NC_047278.1
Bidens macrocarpa 833 833 100% 0 98.52% NC _047274.1
Table 4. Summary of alignment results of matK using BLAST

Scientific name Max score Total score Query cover E value Per. ident Accession
Cosmos sulphureus 1286 1286 100% 0 99.86% EU049362.1
Cosmos caudatus 1253 1253 96% 0 100.00% JQ586821.1
Coreopsis verticillata 1236 1236 100% 0 98.57% EU049356.1
Coreopsis latifolia 1236 1236 100% 0 98.57% AY551482.1
Coreopsis pulchra 1236 1236 100% 0 98.57% AY551481.1
Coreopsis delphiniifolia 1236 1236 100% 0 98.57% AY551478.1
Bidens pilosa 1230 1230 100% 0 98.43% MF159461.1
Bidens pilosa 1230 1230 100% 0 98.43% MF159439.1
Bidens alba 1230 1230 100% 0 98.43% MF159414.1
Bidens pilosa 1230 1230 100% 0 98.43% KU958568.1
Bidens alba var. radiata 1230 1230 100% 0 98.43% HM989732.1
Bidens hintonii 1230 1230 100% 0 98.43% EU049354.1

The rbcL and matK genes also seem to be able to
group each specimen into the right taxonomic group at the
genus level. Several sequences of different Cosmos species
are in the same branch group and are separated from other
species, which incidentally are different genera. Exception
in the rbcL phylogenetic tree, Coreopsis sp. accession
AB586217.1 and Coreopsis major accession KJ773400.1
are not located in the same group and are separate from
each other. Based on the rbcL gene, C. caudatus used in the
study was in the same branch group as C. bipinnatus
accessions KM218349.1 and AB530960.1 (group A)
(Figure 6A). Meanwhile, in the matK gene, the plants
studied were in the same group (group B) with C.

sulphureus accession EU049362.1 and C. caudatus
accession JQ586821.1 (Figure 6B). Both groups A and B
can be separated from the genera Bidens and Coreopsis. It
seems that using a combination of the two genes is better to
determine the position of a species at a certain taxon level.
This result is supported by Ho et al. (2021) that the
combination of the rbcL and matK loci can significantly
increase the separability. The rbcL and matK genes have
better resolution and homology than other genes and ITS
(Rohimah et al. 2018; Perwitasari et al. 2019). As an
instance, species of the genus Zanthoxylum can be grouped
and distinguished from other genera using the matK gene
marker (Manurung et al. 2018).
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Figure 6. The phylogenetic tree generated. A. rbcL gene, B. matK gene

In conclusion, the roots of C. caudatus are tapped type
with erect stems with a slightly purplish green color. The
leaves are classified as pinnate compounds with two colors
on the adaxial and abaxial sides. Compound flowers of C.
caudatus are cup-type with two kinds of flowers that differ
in form and function, namely disc flowers and ray flowers.
Based on anatomical observation, the roots and stems of C.
caudatus are the same as in shrub dicotyledonous plants in
general, with a characteristic root having a tetrarchradial
type stele. Leaf anatomy showed the presence of
heterogeneous mesophyll, glandular trichomes and stomata
of multiple types, namely anomocytic and anisostitic. C.
Caudatus showed a very high genetic affinity with many
plants of the Cosmos genus downloaded from the GenBank
database. The phylogenetic trees place the studied plants
with plants of the Cosmos genus into the same group.
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