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Abstract

Xanthosoma undipes, locally known in Indonesia as talas beneng, is a taro plant with edible corms. Two distinct
morphological groups have been identified in three locations on Mount Karang, Banten, Indonesia. This study investigates
the variation among X. undipes accessions from Mount Karang based on morphological traits and the chloroplast psbA-trnH
intergenic spacer (IGS) marker. Accessions of X. undipes were collected from Mount Karang as herbarium specimens and
DNA samples. Morphological data were gathered, scored, and analyzed using the UPGMA method. DNA was isolated using
a modified CTAB method with 2% polyvinylpyrrolidone, leaf tissue was ground in CTAB buffer, incubated, extracted with
chloroform:isoamyl alcohol (24:1), and DNA was precipitated with isopropanol, washed with 70% ethanol, and resuspended
in TE. PCR amplification was performed using psbA-trnH 1GS primers (forward: 5’-GTT ATG CAT GAA CGT AAT GCT
C-3’ and reverse: 5’-CGC GCA TGG TGG ATT CAC ATT CAC AAT-3’). DNA sequencing was conducted by 1% Base. A
phylogenetic tree was constructed using the Maximum Likelihood method with 1000 bootstrap replications, using Alocasia
macrorrhizos as an outgroup because it belongs to the same family but a different genus, with sequences available in NCBI.
Nucleotide variations were visualized using Multalin. Morphological analysis revealed two distinct clades of X. undipes
accessions from Mount Karang. Clade | consists of accessions GW1, GW3, GW12, GW14, and GW22, while Clade Il
consists of GW6, GW18, GW19, GW20, and GW21. Morphological characters, including corms, cormels, leaf petiole
junctions, leaf sheaths, peduncles, spathes, sterile flowers, and male flowers, distinguish X. undipes accessions into two
clades. Molecular analysis using the chloroplast psbA-trnH 1GS marker supported the clustering observed in the
morphological data. A notable difference between the two clades was found at nucleotide base position 156, where clade |
had a cytosine, while clade Il had a thymine. In the end, morphological and molecular evidence revealed two distinct clades
among X. undipes accessions from Mount Karang.
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and a flattened shape at the upper part. The female and

1. Introduction

Xanthosoma undipes (K.Koch & C.D.Bouché) K.Koch
(Araceae), locally known as talas beneng in Indonesia, is
a taro plant with the main tuber being an edible corm that
serve as a source of carbohydrates. According to
Windarsih et al. (2023), morphologically, X. undipes has
corms that range from rounded to elongated in shape,
which develop into a pseudostem that can grow up to 2
meters tall in height. The underground corms branch into
lateral tubers (cormels). The leaf blades are sagittate,
green, thin, soft, with undulate margins, acute tips, and a
bowl-shaped surface. The inflorescence is erect, featuring
spoon-shaped bracts with a tubular form at the lower part
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sterile flowers are enclosed within a spathe tube, while the
male flowers become visible when the spathe opens.
Milky-white, sticky exudates are present in nearly all parts
of the plant.

Xanthosoma undipes has significant economic value, as
various plant parts are utilized for multiple purposes,
including food, raw materials for crafts, clothing,
ornamental plants, and traditional medicine. It has been
reported to possess anti-diabetic (Windarsih et al., 2023),
anti-malarial (Frausin et al., 2015), and potential heart
disease and cancer treatment properties (Nurtiana et al.,
2022). Additionally, it is used in the production of
cigarettes (Fitriyah and Wahyudi, 2022), and the tannin
content in leaves suggests their potential as a raw material
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for biopesticides (Fatmawaty et al., 2019). Xanthosoma
undipes grows in tropical humid areas and is native to
tropical America (POWO, 2024) at elevations between 200
and 2700 m above sea level (Kerbs, 2015; Croat et al.,
2017). During the era of the transatlantic slave trade,
Xanthosoma was introduced to Africa, and by the 19™ and
early 20" centuries, it spread throughout Oceania and into
Asia (Jansen and Premchand, 1996). In Indonesia, X.
undipes has been found in Java, particularly on Mount
Karang, Banten (Budiarto and Rahayuningsih, 2017;
Fatmawaty et al., 2019; Hakiki et al., 2019; Yursak et al.,
2021; Windarsih et al., 2023). Since Xanthosoma often
escapes cultivation and becomes naturalized (Jansen and
Premchand, 1996), it is unsurprising that X. undipes has
also naturalized in mountainous areas.

Two distinct groups of X. undipes are found in Mount
Karang based on morphological observation, one with a
green leaf sheath and the other with a red sheath
(Windarsih et al., 2023). Morphological data are
commonly used for initial evaluations due to their
simplicity and speed (Beyene et al., 2005). However, this
method is wvulnerable to environmental factors and
subjective interpretation (Fendiyanto et al., 2024).
Therefore, molecular techniques, such as DNA
sequencing, which is a powerful tool for species
identification and evaluation, should be used to support
morphological data (Kress et al., 2015). DNA-based
analysis has been applied to various plants, including
Colocasia esculenta (L.) Schott (Nunes et al., 2015),
Cynosurus cristatus L., Dactylis glomerata L., and
Trisetum flavescens (L.) P.Beauv. (Loera-Sanchez et al.,
2020), as well as several plants that produce nectar
(Balkanska et al., 2020).

The DNA loci commonly used as markers in plant
variety analyses are rbcL (Talley and Kolondam, 2015),
matK (Ali et al., 2015), Internal Transcribed Spacer (ITS)
(Chen et al., 2010) and the psbA-trnH intergenic spacer
(IGS) (Kress et al., 2005). The psbA-trnH IGS locus is an
intergenic spacer region in the plant chloroplast genome. It
is the most variable barcode region within the
Angiospermae group (Kress et al., 2005). Due to its
tendency to accumulate mutations rapidly, the sequence of
the psbA-trnH 1GS locus is currently utilized for
establishing lower taxonomic levels, such as genus,
species, and subspecies (Kress and Erickson, 2007).

As mentioned earlier, several accessions of X. undipes
from Mount Karang exhibit variations in morphological
characteristics  (Windarsih et al, 2023). This
morphological variation should be validated using pshA-
trnH IGS molecular data. Therefore, a study was
conducted to evaluate variation among X. undipes
accessions from Mount Karang, using morphological
characteristics and the psbA-trnH 1GS marker. The
integration of molecular analysis with morphological data
presented in this study provides a critical foundation for a
new formal classification of the Araceae. It also enhances
our understanding of the evolutionary history of this
ancient family (Cusimano et al., 2011), as Xanthosoma is
considered as one of the least understood genera in the
Araceae family (Croat and Ortiz, 2020).

2. Materials and Methods

2.1. Study area

Samples of X. undipes were collected from the Mount
Karang area in Pandeglang Regency, Banten Province,
Indonesia, between August and October 2023 at three
locations: Pandeglang Village in Pandeglang District,
Juhut Village in Karang Tanjung District, and Saninten
Village in Kaduhejo District (Figure 1). The study sites
were selected using purposive sampling.
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Figure 1. Map showing the sample collection sites in three
villages (Pandeglang, Juhut, and Saninten) on Mount Karang,
Banten Province, Indonesia.

2.2. Sampling methods

Samples of X. undipes were collected as herbarium
specimens for morphological study using the method of
taxonomic data collection from Rugayah et al. (2004).
Herbarium specimens were processed using the method of
Djarwaningsih et al. (2002) and stored at the Herbarium
Bogoriense (BO), Herbarium Bandungense (FIPIA), and
Herbarium Faculty of Science and Technology Universitas
Islam Negeri Sultan Maulana Hasanuddin Banten. Young
leaves were also collected for molecular analysis (Table
1), placed in tea bags, and dried using silica gel. Data of X.
undipes habitat were recorded, including altitude, soil pH
and temperature, relative humidity, and air temperature.
Measurements were taken three times daily at 10:00,
12:00, and 14:00, respectively, and the average values
were calculated.
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Table 1. Accessions of Xanthosoma undipes from Mount Karang
used for molecular analysis.

Accessions  Locations Coordinates

Gw1 Pandeglang Village  6°18'23.8"S 106°06'01.0"E
GW3 Pandeglang Village 6°18'23.2"S 106°06'01.6"E
GW6 Pandeglang Village 6°18'25.1"S 106°05'58.9"E
GW12 Juhut Village 6°17'40.8"S 106°05'27.6"E
GW14 Juhut Village 6°17'33.3"S 106°05'13.2"E
GW18 Saninten Village 6°18'14.5"S 106°03'59.4"E
GwW19 Saninten Village 6°18'14.2"S 106°03'59.4"E
GW20 Saninten Village 6°18'15.2"S 106°03'58.2"E
GW21 Saninten Village 6°18'15.4"S 106°04'00.4"E
GW22 Saninten Village 6°18'30.1"S 106°04'05.8"E

2.3. Morphological observation

Herbarium  specimens  were  observed, and
morphological data were gathered following the method of
Minantyorini and Hanarida (2002). The plant parts
observed included corms, cormels, stems, leaves, and
inflorescences (Table 2).

Table 2. Morphological characteristics used for scoring in the
morphological analysis.

Morphological characters ~ Scoring

Stem habits
Color of corms cortex
Color of corms bud

0 =erect; 1 = creeping

0 = white; 1 = pink

0 = greenish-yellow; 1 = pink

Color of cormel cortex 0 = white; 1 = white-pink

Color of cormel apex 0 = white-cream/yellowish; 1 = pink
Color of abaxial leaf veins 0 = green; 1 = reddish-green

Color of abaxial leaf 0 =green; 1 = pink
petiole junction

Color of leaf sheath margin 0 = yellow with brownish-red spots;
1 = purplish-red

0 = overlapping; 1 = curving inward
0 = whitish; 1 = pink

0 = green; 1 = reddish-green

0 = purplish; 1 = pink; 2 = green

0 = green; 1 = purplish-dark red

Leaf sheath margin
Color of leaf sheath base
Color of peduncles
Color of leaf flag

Color of outer surface of

spathe tube
Color of inner surface of 0 = light green; 1 = upper part is
spathe tube yellow, lower part is purplish-dark

red
Color of outer surface of 0 = yellow; 1 = pink
spathe blade

Color of inner surface of
curved portion of spathe

Spadix apex
Color of sterile flower

0 = yellowish-green; 1 = yellow

0 = capitate; 1 = rounded; 2 = obtuse
0 = yellowish-cream; 1 = pink

Color of male flower 0 = cream; 1 = pink

2.4. Molecular analyses

DNA isolation was performed using the modified
CTAB method (Doyle and Doyle, 1987) with 2%

polyvinylpyrrolidone (PVP). PCR amplification was
performed using the psbA-trnH IGS primers (forward: 5’-
GTT ATG CAT GAA CGT AAT GCT C-3’ and reverse:
5’-CGC GCA TGG TGG ATT CAC ATT CAC AAT-3).
The PCR reaction was carried out in a 50 pL total volume,
containing 25 pL MyTagq Master Mix (Bioline), 10 pL
DNA 10 ng/pL, 5 uM of each primer, and 5 pL ddH,O.
The PCR conditions involved an initial denaturation step at
94°C for 5 minutes, followed by 35 cycles of denaturation
at 94°C for 30 seconds, annealing at 54°C for 30 seconds,
and extension at 72°C for 30 seconds. A final extension
was performed at 72°C for 5 minutes. DNA sequencing
was performed by 1% Base (https://base-asia.com) with
assistance from PT Genetika Science Indonesia.

2.5. Data analyses

The scoring morphological data were analyzed using
the Simple Matching (SM) index to assess the similarity
among X. undipes accessions. Grouping was performed
using the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) in NTSYs software version 2.02 (Rohlf,
1997). The similarity data were visualized as a
dendrogram in TREE format.

Forward and reverse sequences were edited using
BioEdit software (Hall, 1999), and their chromatograms
were validated to avoid nucleotide reading bias. The two
sequences were assembled into a contig and matched
against the National Center for Biotechnology Information
(NCBI) database. Sequences of Alocasia macrorrhizos (L.)
G.Don (JN406925.2 and MW940647.1) from NCBI were
used as outgroups. All sequences were aligned using the
ClustalW method. The phylogenetic tree was constructed
using the Maximum Likelihood (ML) method with the
Kimura-2-Parameter ~ substitution model and 1000
bootstrap replications. The analysis was performed using
MEGA 11 software (Tamura et al., 2021). A clade with an
ML bootstrap value above 85 indicates strong support,
while below 85 indicates low support (Cusimano et al.,
2011). Nucleotide variations were visualized through
multiple sequence alignment using hierarchical clustering
on the Multalin web tool
(http://multalin.toulouse.inra.fr/multalin) (Corpet, 1988).

3. Results

3.1. Habitat conditions

Habitat conditions varied among X. undipes accessions
collected from the three locations in Mount Karang, with
altitudes ranging from 444-604 m above sea level (a.s.l.),
soil pH 6.5-7.0, soil temperature 24-28°C, relative
humidity 46-73%, and air temperature 26.8-36.1°C (Table
3).
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Table 3. Habitat conditions of Xanthosoma undipes collected from Mount Karang.

Accession number Location (Village) Altitude (ma.s.l.) Soil pH Soil temperature (°C)  Relative humidity (%) Air temperature (°C)

GW1 Pandeglang 444 7.0 27 46 36.1
GW3 Pandeglang 461 6.5 25 58 34.4
GW6 Pandeglang 486 7.0 26 65 30.2
GW12 Juhut 567 7.0 26 73 285
GW14 Juhut 604 7.0 26 72 26.8
GWwW18 Saninten 585 7.0 25 59 29.0
GW19 Saninten 599 7.0 25 63 285
GW20 Saninten 590 7.0 28 65 28.1
Gw21 Saninten 601 7.0 24 65 28.3
GW22 Saninten 541 7.0 27 56 30.5
3.2. Morphological observation
Xanthosoma undipes accessions from Mount Karang
exhibited morphological variation (Table 4). UPGMA
analysis revealed high morphological diversity, with Clade |

similarity coefficients ranging from 0.14 to 1. The
dendrogram grouped the X. undipes accessions from
Mount Karang into two main clades with a similarity
coefficient of 0.14, with Clade | including accessions
GW1, GW3, GW12, GW14, and GW22, and Clade Il
comprising GW6, GW18, GW19, GW20, and GW21
(Figure 2). The highest similarity (similarity coefficient =
1) was observed among accessions GW1, GWS3, and
GW14 in Clade I. Similarly, in Clade Il, the highest
similarity (similarity coefficient = 1) is observed between
GW6 and GW?20, as well as between GW18 and GW?21.

u (] w L]
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Figure 2. Dendrogram of Xanthosoma undipes accessions
collected from Mount Karang based on morphological characters,
analyzed using UPGMA.
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Table 4. Morphological variation of Xanthosoma undipes
accessions from Mount Karang.

Morphological characters Accession numbers GW...)

Stem is erect 1,3,12, 14, 18,19, 21, 22

Stem is creeping 6, 20

Corms cortex is white 1,3,12,14,22
Corms cortex is pink 6, 18, 19, 20, 21
Corms bud is greenish-yellow 1,3,12,14,22
Corms bud is pink 6, 18, 19, 20, 21
Cormel cortex is white 1,3,12, 14,22
Cormel cortex is white-pink 6, 18, 19, 20, 21
Cormel apex is white- 1,3,12,14,22
cream/yellowish

Cormel apex is pink 6, 18, 19, 20, 21
Abaxial leaf veins is green 1,3,6,12, 14,19, 20, 22
Abaxial leaf veins is reddish-green 18, 21

Abaxial leaf petiole junction is 1,3,12, 14,22
green

Abaxial leaf petiole junction is pink 6, 18, 19, 20, 21
Leaf sheath margin is yellow with 1, 3,12, 14, 22
brownish-red dots

Leaf sheath margin is purplish-red 6, 18, 19, 20, 21
Leaf sheath margin is overlapping 1,3,12,14,22
Leaf sheath margin is curving 6, 18, 19, 20, 21
inward

Leaf sheath base is whitish 1,3,12,14,22
Leaf sheath base is pink 6, 18, 19, 20, 21
Peduncle is green 1,3,12,14, 22
Peduncle is reddish-green 6, 18, 19, 20, 21
Leaf flag is purplish 1,3,12,14
Leaf flag is pink 6, 18, 19, 20, 21

Leaf flag is green 22
Outer surface of spathe tube is green 1, 3, 12, 14, 22

Outer surface of spathe tube is 6,18, 19, 20, 21
purplish-dark red
Inner surface of spathe tube is light 1, 3, 12, 14, 22

green

Inner surface of spathe tube in upper 6, 18, 19, 20, 21
part is yellow, in lower part is
purplish-dark red

Outer surface of spathe blade is
yellow

Outer surface of spathe blade is pink 6, 18, 19, 20, 21

1,3,12,14,22

Inner surface of curved portion of 1,3,12,14, 22
spathe is yellowish-green
Inner surface of curved portion of 6,18, 19, 20, 21

spathe is yellow

Spadix apex is capitate 1,3, 6,14, 18,19, 20, 21,

22
Spadix apex is rounded 12
Spadix apex is obtuse 12
Sterile flower is yellowish-cream 1,3,12,14, 22
Sterile flower is pink 6, 18, 19, 20, 21
Male flower is cream 1,3,12, 14,22
Male flower is pink 6, 18, 19, 20, 21

17

inner tube of the spathe, outer and inner spathe blade,
sterile flowers, and male flowers (Table 5 and Figure 3).

Tabel 5. Morphological comparison of Xanthosoma undipes
clades from Mount Karang.

Morphological

Clade | Clade Il
characters
Corm cortex White Pink
Corm bud Yellowish-green Pink

Cormel cortex

White, tip white to
cream or yellowish

White with pink hues,
tip pink

Abaxial petiole Green Pink

junction

Leaf sheath Yellow with reddish- ~ Reddish-purple,

margin brown spots, curving inward
overlapping

Leaf sheath base ~ Whitish Pink

Peduncle Green Greenish-red

Outer spathe tube  Green Dark red to purplish

Inner spathe tube  Bright green Yellow at top, dark

red to purplish at base

Outer spathe Yellow Pink

blade

Inner spathe Yellowish-green Yellow

groove

Sterile flowers Cream to yellowish Pink

Male flowers Cream Pink

Morphological characters distinguish X. undipes
accessions from Mount Karang into two clades, including
features such as corm cortex, corm buds, cormel cortex,
cormel tips, petiole junction on the underside of the leaf,
leaf sheath edges, leaf sheath base, peduncles, outer and

Xanthosoma undipes

Clade 11

Figure 3. Representative morphological traits of two Xanthosoma
undipes clades from Mount Karang. A. Corm showing cortex (co);
B. Cormel showing cortex (co); C. Cross section of leaf sheath; D.
Adaxial leaf; E. Abaxial leaf; F. The front part of inflorescence;
G. The back part of inflorescence showing spathe blade (sb) and
spathe tube (st); H. Inflorescence, spathe is removed, showing
male flowers (mf), sterile flowers (sf), and female flower (ff).
Photos: Gut Windarsih.
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3.3. Molecular analyses

Based on the phylogenetic tree using the pshA-trnH
IGS marker with Maximum Likelihood method and 1000
Bootstrap, X. undipes accessions were grouped into two
main clades. Clade I, comprising accessions GW1, GW3,
GW12, GW14, and GW22, and Clade Il, consisting of
GWe6, GW18, GW19, GW20, and GW21, were strongly
supported by bootstrap values of 100 (Figure 4). A
bootstrap value of 100 means that every resampled dataset
consistently grouped those accessions into the same clade.

Based on the alignment results and analysis of
nucleotide variations (Figure 5), X. undipes accessions
showed distinct sequence differences from the outgroup,
A. macrorrhizos, at nucleotide base positions 124-128,
131-135, and 150. A notable difference between the two
clades was found at nucleotide base position 156, where
clade I had a cytosine (C), while clade 11 had a thymine (T)
(Figure 5).

Xanthosoma undipes GW1
‘ Xanthosoma undipes GWZ2
Xanthosoma undipes GW14 Clade | J_I f

100} Xanthosoma undipes GW3
Xanthosoma undipes GW12
Xanthosoma undipes GW19 {
W}(MM undipes GW20
Xanihosoma undipes GW21  CladeTl

- Xanthosoma undipes GWS

| Yanthosoma undipes GW1B

JNG0B925.2 Alocasia macromhizos

L \wg40647.1 Alocasia macramhizos

Figure 4. Phylogenetic tree of Xanthosoma undipes accessions
collected from Mount Karang using the psbA-trnH IGS marker
with Maximum Likelihood and 1000 Bootstrap. Bootstrap
percentages are shown next to branches.
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Figure 5. Nucleotide base variation based on the psbA-trnH IGS
locus in Xanthosoma undipes accessions collected from Mount
Karang.

4, Discussion

Xanthosoma undipes was first described in 1856,
highlighting its morphological characteristics (Seemann

and Seemann, 1856) and is native to tropical America
(POWO, 2024). According to its protologue (Seemann and
Seemann, 1856), X. undipes features a conspicuous stem,
triangular leaves with pointed lobes at the base, and
petioles with a wavy sheath. The spadix is slightly curved
in the middle, narrower, and shorter than the spathe. Its
antheridia, or male reproductive organs, are numerous and
have a slightly flattened top (Seemann and Seemann,
1856). Croat et al. (2017) in a taxonomic revision of
Xanthosoma in Central America, further described X.
undipes as having a large stem, broad leaves with convex
major veins, and 5-7 inflorescences per axil. The
peduncles are pale green, the spathe blade is pale yellow-
green to white outside and white inside, and the tube is
usually green with reddish-purple tinges near the tip
(sometimes purplish) outside and dark purple-violet inside,
especially at the base. The sterile male flowers are white to
yellowish cream, while the female flowers are bright
orange (Croat et al., 2017).

In contrast, X. undipes from Indonesia, particularly
Mount Karang, exhibit a green or greenish-red peduncle.
The outer spathe tube varies from green to dark red or
purplish, while the inner spathe tube is bright green or
yellow at the top and transitions to dark red or purplish at
the base. Additionally, the outer spathe blade is yellow or
pink. These findings align with the observations of
Windarsih et al. (2023) for X. undipes in Indonesia. The
spathe coloration of X. undipes from Central America, as
described by Croat et al. (2017), appears to exhibit a
combination of morphological characteristics observed in
the two distinct clades identified among X. undipes
accessions on Mount Karang. On Mount Karang, X.
undipes displays spathe colour variations that clearly
differentiate the accessions into two clades: Clade | is
characterized by a green outer spathe tube, a bright green
inner spathe tube, and a yellow outer spathe blade,
whereas Clade 1l exhibits a dark red to purplish outer
spathe tube, an inner spathe tube that is yellow at the apex
and transitions to dark red-purple at the base, and a pink
outer spathe blade.

Beyond spathe coloration, other morphological
features, including corm cortex and bud colour, cormel
cortex and tip colour, petiole junction colour on the leaf
underside, leaf sheath coloration, peduncle colour, and the
coloration of both sterile and male flowers, further support
the delineation of these two clades. This observation is
corroborated by a morphological similarity analysis, which
clustered the X. undipes accessions from Mount Karang
into two primary clades with a similarity coefficient of
0.14 using the UPGMA method (Figure 2). A detailed
morphological comparison of these clades is presented in
Table 5 and Figure 3. Notably, the most prominent
distinctions between the two clades are associated with
colour variations in various plant structures.

As well established, the phenotypes or morphological
characteristics of a plant are determined by its genes and
their interactions (Campbell et al., 2002). Environmental
factors can influence gene expression, potentially leading
to different phenotypes. However, based on the habitat
conditions of X. undipes collected from Mount Karang
(Table 3), no specific habitat conditions were identified as
being associated with the phenotype of two clades X.
undipes on Mount Karang. Further research is needed on
the influence of environmental factors on spathe colour
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variations in X. undipes. Nevertheless, it is undeniable that
the environment can affect plant phenotypes (Fritz et al.,
2018). A classic example of environmental factors
affecting gene expression is seen in hydrangeas
(Hydrangea sp.) (Campbell et al., 2002; Rahmati et al.,
2022). In acidic soil (pH < 5.5), hydrangea flowers appear
blue due to the availability of aluminium ions, which
influence anthocyanin pigments. Conversely, limited
aluminium ions result in pink flowers in neutral to alkaline
soil (pH > 6.5).

Phylogenetically, molecular analysis using the ML
method on X. undipes accessions collected from Mount
Karang, which utilizing chloroplast DNA sequences from
the psbA-trnH IGS region, revealed results consistent with
the UPGMA analysis based on morphological
characteristics. This ML analysis of DNA sequencing at
the psbA-trnH IGS locus strongly differentiated (bootstrap
= 100) the X. undipes accessions from Mount Karang into
two distinct clades (Figure 4), with each clade comprising
the same set of X. undipes accessions as identified in the
morphological analysis. The ML clustering with a
bootstrap value of 100 is considered strongly supported,
according to Cusimano et al. (2011). Nucleotide base
position 156 at the psbA-trnH IGS locus (Figure 5) serves
as a distinguishing marker between the two clades.

A similar pattern was observed in a phylogenetic study
of Araceae, where comparisons were made between
morphological characteristics and molecular phylogenies.
The clustering analyses based on qualitative morphological
characteristics and Simple Sequence Repeat (SSR)
markers  effectively  distinguished the purple X
sagittifolium (L.) Schott accessions from the green
accessions (Wada et al., 2021). Meanwhile, the resulting
ML phylogeny is well-resolved and strongly supported,
with most of the 44 larger clades of Araceae also
exhibiting synapomorphies in morphology (Cusimano et
al., 2011). Synapomorphies are derived characteristics
shared by two or more taxonomic groups (Assis and
Rieppel, 2011). In this study, the inflorescence characters
(‘spathe + spadix’ model) of X. undipes represent a
synapomorphic trait that distinguishes the two clades.
However, it is crucial to note that the ‘spathe + spadix’
model inflorescence is not exclusively a synapomorphy of
Araceae, as plants in the order Acorales also produce a
similar type of inflorescence (Tippery et al., 2021).

In this study, the accessions X. undipes GW18, GW19,
GW20, GW21, and GW22, collected from Saninten
Village, are known to be the source of planting material
for the five other accessions cultivated in Pandeglang
Village and Juhut Village. The phenomenon of farmer-to-
farmer exchange of planting materials is also commonly
observed with X. sagittifolium accessions in Ethiopia
(Wada et al., 2021). The clustering phenomenon suggests
that, in the past, clonal propagation of X. undipes likely
occurred, involving the multiplication of genetically
identical individuals through asexual reproduction.
Additionally, X. undipes may have also reproduced
sexually through seeds resulting from cross-pollination,
similar to what has been observed in Araceae species, such
as Amorphophallus variabilis Blume (Santosa et al.,
2012), A. konjac K. Koch (Pan et al., 2015), and
Cyrtosperma merkusii (Hassk.) Schott (Erlinawati et al.,
2018).

Xanthosoma undipes has strong potential to support
food security. Its tubers are a source of carbohydrates,
while the leaves can be used as a tobacco substitute and
herbal tea. However, the plant remains poorly known
(Suhaendah et al., 2025). This study contributes to
expanding current knowledge of X. undipes. On the other
hand, traditional vegetative propagation methods often
result in limited phenotypic diversity of X. undipes
(Wardhani et al., 2025), thus the findings of this study can
serve as baseline data for experimental research, such as
propagation.

5. Conclusion

Morphological data reveal two distinct clades of X.
undipes accessions on Mount Karang, Banten, Indonesia.
Some distinguishing morphological characters differentiate
the two clades of X. undipes, including corms, cormels,
leaf petiole junctions, leaf sheaths, peduncles, spathes,
sterile flowers, and male flowers. Molecular analysis using
the psbA-trnH 1GS marker supports the clustering
observed in the morphological data. In the end,
morphological and molecular evidence clearly confirmed
the presence of two distinct clades among X. undipes
accessions from Mount Karang.
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