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ABSTRACT: The genus Glechoma L. (Lamiaceae) has long been regarded as monotypic in Korea, represented solely by G.
longituba (Nakai) Kuprian. However, recent field surveys and herbarium studies have revealed the occurrence of Glechoma grandis
(A. Gray) Kuprian. in Korea, a species previously overlooked or misidentified as G. longituba. To clarify its taxonomic identity,
we conducted morphological comparisons, principal component analysis (PCA) of floral characters, and phylogenetic analyses
based on nrDNA ITS sequences. Our results show that G. grandis is clearly distinguished from G. longituba by the shape of the
calyx teeth and the relative length of the bracteoles to the pedicels. Furthermore, molecular phylogenetic analyses support the
recognition of G. grandis as a distinct lineage. These findings confirm the presence of two Glechoma species in Korea. Here, we

provide a taxonomic treatment, including an updated key to the Korean species and a detailed description for G. grandis.
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INTRODUCTION

The genus Glechoma L., belonging to the subtribe
Nepetinae of the family Lamiaceae, comprises perennial
herbaceous plants valued for their ornamental and
medicinal uses (Hatfield, 1971). Eight species are
currently recognized based on recent taxonomic
treatments and global plant databases (Li and Hedge,
1994; Plants of the World Online, 2025). These taxa are
mainly native to Asia and Europe, whereas several
species have been introduced and naturalized in North
and South America (Meusel ef al., 1978; Li and Hedge,
1994; Bo6llmann and Scholler, 2004; Jang et al., 2014).
Species delimitation within the genus has long been
problematic because of morphological similarity,
environmental  variation,  frequent  interspecific
hybridization, polyploidy, and the broad geographic
range of the taxa (Meusel et al., 1978; Zukowski, 1979;
Dobes et al., 1997; Miura and Iwatsubo, 2010; Béllmann
and Scholler, 2004; Jang and Hong, 2010).

Glechoma is readily distinguished from other genera
in the subtribe Nepetinae by its quadrangular stems,
opposite cordate leaves, creeping stolons, axillary
inflorescences, and a gynobasic style that branches at
approximately 90° at the fruiting stage (Harley et al.,
2004). However, species delimitation within the genus
remains problematic because the taxa are externally
similar and differ mainly in a limited set of quantitative
and qualitative vegetative and floral characters
(Pojarkova, 1954; Li and Hedge, 1994; Jang et al., 2014).
Characters such as corolla and calyx morphology, leaf
shape, and indumentum have traditionally been used for
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species recognition, but these often overlap among taxa
and are influenced by environmental conditions.
Consequently, species boundaries in Glechoma remain
difficult to define, resulting in inconsistent identifications
and taxonomic treatments (Li and Hedge, 1994; Usai et
al., 2003; Jang et al., 2014).

In Korea, the genus has traditionally been treated as
monotypic and represented solely by G. longituba,
without critical comparison with related taxa (Li and
Hedge, 1994; International Plant Names Index, 2025;
Korea National Arboretum, 2025; Plants of the World
Online, 2025). Recent field investigations and herbarium
specimen  examinations, however, revealed that
Glechoma grandis (A. Gray) Kuprian. occurs as a native
species in Korea (Figs. 1, S1). This species has been
reported from Japan, southeastern China, and Taiwan, but
its taxonomic status has varied among regional treatments,
reflecting broader uncertainty in the delimitation of East
Asian Glechoma (Murata and Yamazaki, 1993; Li and
Hedge, 1994; Huang et al., 1998; Jang et al., 2014; Plants
of the World Online, 2025).

We aimed to document the occurrence of Glechoma
grandis in Korea and to clarify its taxonomic identity
based on morphological and molecular evidence.

MATERIALS AND METHODS

Morphological characters

Morphological data were primarily obtained from
specimens collected during field surveys on Jeju Island in
2025. Voucher specimens were pressed and dried or fixed
in 70% ethanol and deposited in the KH Herbarium.
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Fig. 1. Distribution map of Glechoma grandis and G. longituba in Korea.

Additional specimens collected in 2021 and housed at
ANH were examined and confirmed to be conspecific
with the Jeju material.

The general morphological description was based
mainly on Jeju populations, with quantitative
measurements supplemented by data from additional
specimens deposited at KH and ANH. Reproductive
characters were measured and described using fresh and
ethanol-preserved  materials, whereas  vegetative
characters were assessed from fresh plants and dried
herbarium specimens. For quantitative analyses,
measurements were taken from at least 20 individuals.
Longitudinal sections of flowers were examined and
photographed using a stereomicroscope (Leica Z16 APO;
Leica Microsystems, Wetzlar, Germany). Descriptive
terminology and comparative criteria followed those of Li
and Hedge (1994), Harley ef al. (2004), Beentje (2010),
Jang et al. (2014), and UPOV (2019). For consistency in
floral measurements and descriptions, the corolla was
divided into three regions: the tube, defined as the narrow
cylindrical basal portion extending from the base to the

point of dilation; the throat, defined as the expanded
upper portion extending from the point of dilation to the
corolla sinuses; and the lip, comprising the upper and
lower corolla lobes above the sinuses (Simpson, 2010).

Principal component analysis

To evaluate morphological variation and identify
diagnostic features in Glechoma, principal component
analysis (PCA) was conducted based on 14 quantitative
characters. These variables were categorized into 13 size
traits (bracteole length, bracteole width, pedicel length,
pedicel diameter, calyx tube length, calyx tube diameter,
calyx lobe length, calyx lobe width, corolla length,
corolla tube length, corolla tube diameter, corolla throat
length, and corolla throat diameter) and one ratio trait
(bracteole length relative to pedicel length). The inclusion
of this ratio trait is particularly critical because, although
absolute measurements of bracteoles and pedicels often
overlap between species, their proportional relationship
has traditionally served as a robust diagnostic character
for species delimitation within the genus (Li and Hedge,
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1994; Jang and Hong, 2010; Jang et al., 2014).

All analyses were performed in R (R Core Team,
2025). PCA was conducted using the prcomp function,
and data visualization was carried out using ggplot2
(Wickham, 2016). Specimens included in the PCA are
marked with an asterisk (*) in the list of specimens
examined for each species.

Phylogenetic analysis

Total genomic DNA was extracted from silica-dried
leaf tissues of field-collected plants and from herbarium
specimens (Table S1) using the ARA MagNA Plant DNA
Isolation Kit (LAS Inc., Gimpo, Korea). The ntDNA ITS
region was amplified following Jang et al. (2016) using
universal ITS primers and AccuPower® PCR PreMix
(Bioneer, Daejeon, South Korea).

PCR conditions consisted of an initial denaturation at
96 °C for 1 min; 35 cycles of 96 °C for 1 min, 55 °C for 30
sec, and 72 °C for 45 sec; and a final extension at 72 °C for
10 min. PCR products were visualized on 1% agarose gels
and sequenced on an ABI 3730xI DNA analyzer using the
ABI BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA).

Sequences were edited manually and aligned using
MAFFT implemented in Geneious Prime® 2025.2.2.
(Biomatters Ltd., Auckland, New Zealand). Thirty newly
generated sequences were deposited in GenBank and are
indicated by an asterisk (*) in Table S1. We also included
20 accessions of five Glechoma species deposited in
GenBank and selected Meehania cordata (Nutt.) Britton
and M. urticifolia (Miq.) Makino as outgroups. In total,
52 accessions representing seven species were included
in the phylogenetic analysis.

Maximum-likelihood (ML) analyses were conducted
in PhyloSuite v1.2.2. The best-fit substitution model was
selected using ModelFinder (Zhang et al., 2020). ML tree
inference was performed in [Q-TREE under the TN+I+F
model with 50,000 ultrafast bootstrap replicates (Guindon
et al.,2010; Minh et al., 2013; Nguyen et al., 2015). The
resulting tree was visualized using FigTree v.1.4.4.

RESULTS

Morphological comparison

Glechoma grandis was originally described as Nepeta
glechoma var. grandis A. Gray from Japan (Gray, 1858)
and has since been reported from Japan, southeastern
China, and Taiwan (Li and Hedge, 1994; Plants of the
World Online, 2025). In the Korean literature, however,
its taxonomic treatment has been inconsistent. Common
Names Korean Plants [Chosen Sikmul Hyangmyoung-jip]
recorded it as Glechoma hederacea var. longituba
(Chung et al., 1937). Later, Keys to the Herbaceous
Plants in Korea [Hanguk Ssangjayeop Sikmulji] treated
the Korean plants as G. hederacea var. grandis and
additionally recognized long-corolla individuals as G.
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hederacea var. longituba, while also adopting a broad
circumscription that effectively regarded these taxa as
conspecific (Park, 1974). Subsequent treatments largely
followed this interpretation, reinforcing the assumption
that only a single taxon of Glechoma occurs in Korea.

In the present study, populations first discovered on
Jeju Island are identified as Glechoma grandis.
Additional field surveys confirmed the presence of
further populations in other regions of Korea, indicating
that the species is more widely distributed than previously
recognized. Morphological comparisons support the
recognition of two species in Korea, G. grandis and G.
longituba. Glechoma grandis is distinguishable from G.
longituba by a combination of characters, including the
shape of the calyx tooth apex and the bracteole length
relative to pedicel length (Table 1; Fig. 2). We assign the
Korean name “Keun-byeong-kkot-pul” to this species.
The specific epithet grandis (Latin for “large”) refers to
the relatively large flowers of the species.

PCA of quantitative floral characters revealed clear
morphological structuring among Korean populations (Fig.
3). The first two principal components explained 57.79%
of the total variance (PC1 = 32.32%, PC2 = 25.47%). PC1
was primarily associated with overall corolla size, with the
largest loadings contributed by corolla length, corolla tube
length, and corolla throat length. Although some overlap
between groups was observed along PC1, the G. longituba
and G. grandis groups were largely separated along PC2.
The variables contributing most strongly to PC2 were the
bracteole length - to - pedicel length ratio, bracteole
length, and calyx lobe length, indicating that proportional
differences in bracteole and calyx morphology underlie
this separation. Although the absolute lengths of bracteoles
and pedicels partially overlap between the two species,
their relative proportions remain consistently differentiated.
These results support the recognition of two
morphologically distinct entities in Korea.

Phylogenetic analyses

The maximum-likelihood tree based on nrDNA ITS
sequences (Fig. 4) recovered two major clades with
strong support (BS = 99%), corresponding broadly to
European and East Asian lineages within Glechoma. The
lower clade comprises primarily European taxa, including
Glechoma hederacea and G. hirsuta, forming a well-
supported lineage distinct from the upper clade. The
upper clade consists mainly of East Asian taxa and
includes the two species occurring in Korea, G. longituba
and G. grandis. Within this clade, G. grandis is separated
from a lineage comprising G. longituba and G.
sinograndis with moderate support (BS = 78%).
Glechoma  longituba  forms a  well-supported
monophyletic clade (BS = 95%). Although G.
sinograndis  has  previously been  considered
morphologically similar to G. grandis, it is clearly
distinct in the present phylogeny and occupies a separate
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Table 1. Comparison of key morphological characters between Glechoma grandis and G. longituba in Korea.

Characters G. grandis G. longituba

Stem light green to dark purple, sparsely to densely hirsute  dark reddish-brown to purplish, densely hispid
Bracteoles 1-3.3 x 0.18-0.4 mm 3.02-6.13 % 0.29-0.9 mm

Pedicels 0.9-4.3 x 0.34—-1.1 mm 1.19-3.1 x 0.51-0.89 mm

Relative bracteole
length to pedicel length

Calyx tube 3.6-6.4 x 1.05-3.1 mm
Calyx teeth

apex strongly acute to aristate
Corolla 11.4-26.5 mm

4.3-14 x 0.8-2.1 mm
2.8-8.1 x 2.38-7.29 mm

Corolla tube
Corolla throat

usually shorter than or equal to the pedicels

usually longer than or equal to the pedicels

3.07-4.65 x 1.21-1.48 mm

lanceolate to narrowly triangular, 1.6-4.1 x 0.7-1.5 mm, ovate, 2.81-5.29 x 0.91-1.13 mm, apex acute,

tip acuminate to awned
13.5-18.33 mm

6.9-9.43 x 1.27-1.95 mm
4.95-9.3 x 2.56-5.55 mm

Fig. 2. Comparative photographs of two Glechoma species in Korea. A. flower of G. grandis; B. bracteoles and pedicels of G. grandis;
C. stem of G. grandis; D. flower of G. longituba; E. bracteoles and pedicels of G. longituba; F. stem of G. longituba (Photographed

by Kang-Hyup Lee).
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Fig. 3. Principal component analysis (PCA) plot of two Glechoma
species in Korea.

position within the East Asian clade. Within the
Glechoma grandis clade, the accessions from Jeju Island,
Korea, form a moderately supported sublineage. This
pattern suggests geographic structuring within the species
rather than discrete taxonomic differentiation. In this
context, geographic structuring indicates regional genetic
differentiation likely associated with geographic isolation
between Jeju Island and mainland populations. However,
because the Jeju populations show no consistent
morphological discontinuity in diagnostic characters,
such as calyx teeth shape and the bracteole-to-pedicel
length ratio, they are best interpreted as representing
intraspecific variation rather than a distinct taxonomic
entity. The congruence between morphological
differentiation and phylogenetic separation supports the
recognition of Glechoma grandis as a distinct species
occurring in Korea.
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Fig. 4. Maximum-likelihood phylogenetic tree of Glechoma grandis and related taxa based on nrDNA ITS sequence data. Numbers
above branches indicate bootstrap support values (BS > 50%). Newly generated sequences are marked with an asterisk (*), and
GenBank accession numbers follow the taxon names. Meehania cordata and M. urticifolia were used as outgroups.

TAXONOMIC TREATMENT

Glechoma grandis (A. Gray) Kuprian., Bot. Zhurn. 33:

237.1948. Figs. 2A-C & 5
= Nepeta glechoma var. grandis A. Gray, Mem. Amer. Acad. Arts
6:402. 1858.

= Glechoma hederacea var. grandis (A. Gray) Kudo, Mem. Fac.
Sci. Taihoku Imp. Univ., Ser. 2, Zool. Bot. 2: 235, 1929.

= Glechoma hederacea subsp. grandis (A. Gray) H. Hara, Bot.
Mag. (Tokyo) 56: 20, 1954.
Type: JAPAN. Hokodadi, C. Wright s.n. (holotype: GH).
Herbs perennial, 8.4-46.9 cm tall. Stems prostrate below,
ascending to erect above, stoloniferous, angular, light
green to dark purple, sparsely to densely hirsute with
simple hairs. Leaves simple, opposite; petioles 5.84-52.13
x 0.42-1.58 mm, light green to dark purple, hirsute or
strigose with simple hairs; blade triangular-reniform or
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cordate, 10.42-33.4 x 11.9-42.05 mm, apex obtuse to
rounded, base subcordate to cordate, margins crenate,
adaxially medium green, puberulous or scabrous, abaxially
light green, hirsute or pilose especially on veins,
glandular-dotted. Inflorescences axillary, 2—4-flowered
verticillasters; bracts 2, linear to linear-subulate, 1.7-2.9
x 0.3—0.6 mm, apex acute, margin ciliate, light green to
dark purple, sparsely hirsute; peduncles 0.2-3.6 x 0.3—1
mm, light green to dark purple, sparsely hirsute;
bracteoles usually shorter than or equal to the pedicels,
linear to linear-subulate, 1-3.3 x (0.18-0.4 mm, apex
acute, margin ciliate, light green to dark purple, sparsely
hirsute; pedicels 0.9-4.3 x 0.34-1.1 mm, light green to
dark purple, sparsely hirsute. Flowers hermaphrodite or
pistillate, calyx tubular, calyx tube 3.6-6.4 x 1.05-3.1
mm, medium green to brown purple, hirsute to scabrous;
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Fig. 5. Photographs of Glechoma grandis. A. whole plant; B. stolon; C. stem; D. leaves, adaxial surface; E. leaves, abaxial surface;
F. inflorescence; G. flower, lateral view; H. flower, frontal view; l. calyx, abbreviations: p, pedicel; b, bracteole; J. longitudinal section
of corolla; K. nutlet (Photographed by Ju Eun Jang and Kang-Hyup Lee).

calyx teeth lanceolate to narrowly triangular, 1.6-4.1 x
0.7-1.5 mm, apices strongly acute, aristate, upper 3 teeth
slightly longer than lower 2; corolla labiate, 11.4-26.5 mm
long, purplish-pink with dark spots on lower lip, pilose
outside, unicellular trichomes on lower inner throat; tube
43-14 x 0.8-2.1 mm; throat 2.8-8.1 x 2.38-7.29 mm;
upper lip suborbicular, 3.19-8 x 3.51-9.5 mm, apex
emarginate; middle lobe of lower lip 1, obovate, 3.1-9.7 x

3.8-12.2 mm, apex emarginate; lateral lobes of lower lip 2,
2.1-6.5 x 2-5.2 mm, ovate-oblong to thombic, apex obtuse;
stamens didynamous; filaments 0.7-6 mm long, linear,
white, anther basifixed, rounded, 0.5-0.8 x 0.3—0.5 mm,
light yellow; ovary 4-lobed, superior, elliptical, 0.3-0.6 x
0.26-0.5 mm, light green, style 10.2-21 x 0.18-0.5 mm,
stigma 0.6—1.5 mm long, bifid. Fruits nutlets, elliptical or
oblong, 1.6-2.5 x 0.8—1 mm, brown to dark brown.
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Distribution: Southeastern China, Japan, Taiwan, and
Korea.

Note: The taxonomic status of East Asian Glechoma
has historically been interpreted inconsistently among
regional treatments. Several authors adopted a broad
species concept and treated G. grandis and related taxa as
infraspecific taxa within G. hederacea L., including G.
hederacea var. grandis (A. Gray) Kudo6 and G. hederacea
subsp. grandis (A. Gray) H. Hara (Hara, 1954). In
addition, Kitagawa (1979) treated G. longituba as a
variety of G. grandis (G. grandis var. longituba (Nakai)
Kitag.), reflecting the morphological similarity among
East Asian populations.

However, the present study supports the recognition of
G. grandis and G. longituba at the species level based on
congruent morphological and molecular evidence. The two
taxa are consistently distinguishable by stable diagnostic
characters, particularly calyx teeth apex and the relative
proportion of bracteole length to pedicel length (Table 1;
Fig. 2), which also contributed strongly to their separation
in the PCA analysis (Fig. 3). In addition, the nrDNA ITS
phylogeny recovered G. grandis and G. longituba as
distinct, reciprocally monophyletic clades (Fig. 4). This
interpretation is congruent with previous systematic and
evolutionary studies of East Asian Glechoma based on
cytological and nrDNA evidence (Jang ef al., 2014, 2016).
Taken together, these results support the recognition of G.
grandis and G. longituba as distinct evolutionary lineages
at the species level rather than infraspecific variants within
a single species complex.

Specimens examined: Glechoma grandis (A. Gray) Kuprian.
— JAPAN. Tsushima Island: Pungokjeong, Inwi-cheon stream, 3 Apr.
2004, Daema2-040403-003 KHB1084705 (KH). Honshu Island:
Miyagi Prefecture, Igu District, Marumori Town, 3 Apr. 1969, 50014
(A). KOREA. Gyeonggi-do: Yongin-si, Cheoin-gu, Baegam-myeon,
Oksan-ri, 1 Apr. 2021, 7TG21-0421011%, TG21-0421021, TG2I-
0421031 (ANH). Gangwon-do: Gangneung-si, Jibyeon-dong, 15 Apr.
2021, TG21-0422011*, TG21-0422021, TG21-0422041 (ANH).
Chungcheongbuk-do:  Cheongju-si, Sangdang-gu, Gadeok-myeon,
Hangye-ri, 14 Apr. 2021, TG21-0423011%, TG21-0423021, TG21-
0423031 (ANH). Jeollabuk-do: Jeonju-si, Wansan-gu, Pyeonghwa-
dong, 14 Apr. 2021, TG21-0424011%, TG21-0424021, TG21-0424031
(ANH). Busan: Nam-gu, Yongho-dong, 9 Apr. 2021, 7G21-0426011%,
TG21-0426021, TG21-0426031 (ANH). Jeju: Seogwipo-si, Namwon-
eup, Harye-ri, 22 Apr. 2025, J.E. Jang 250422-001* (KH); Seogwipo-
si, Sanghyo-dong, 23 Apr. 2025, J.E. Jang 250423-003 (KH); Jeju-si,
Hallim-eup, Geumak-ri, 23 Apr. 2025, J.E. Jang 250423-001 (KH);
Jeju-si, Yonggang-dong, 24 Apr. 2025, J.E. Jang 250424-001 (KH);
Jeju-si, Nohyeong-dong, 24 Apr. 2025, J.E. Jang 250424-003 (KH).
TAIWAN. Hualien County: Yan-hai-lin-dau, 3 Apr. 1991, Y.B. Cheng
et al. 1170 (TAI). Chiayi County: Arisan—Erwanping along railway,
open place, 11 Mar. 1993, S.F. Huang 5019 (TAI). Nantou County:
Lugu Township, Hsitou, National Taiwan University Experimental
Forest, 8 Apr. 1994, Peng, Ching-I 15935 (HAST). Yilan County:
Datong Township, Taipingshan, 16 Apr. 1996, Wang, Jenn-Che &
Chih-Hsiung  Chen 9893 (HAST). Taipei City: Chutzuhu,
Yangmingshan National Park, 16 Sep. 1999, Wu, Shu-Hui 1304 (HAST).

Glechoma longituba (Nakai) Kuprian. — CHINA. Jilin Province:
Yanbian Korean Autonomous Prefecture, Tumen City, 9 May 2010,
2010-0034 KHB1272310 (KH); Tonghua City, Tonghua County, 17
May 2009, 2009-0151 KHB1243007 (KH). Sichuan Province:
Nanchong City, 7 March 1996, Liu Zheng-yu 15286 (PE). KOREA.
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Gyeonggi-do: Paju-si, Paju-eup, Yeonpung-ri, 28 Apr. 2020, NABI-09-
038 KHB1629669 (KH); Pocheon-si, Soheul-eup, Jikdong-ri, 28 Apr.
2025, E.S. Kang 250428-001%*, E.S. Kang 250428-002, E.S. Kang
250428-003 (KH). Gyeongsangbuk-do: Andong-si, Jeongsang-dong, 12
Apr. 2021, TG21-0425011%, TG21-0425021, TG21-0425031 (ANH).

Key to the species of Glechoma in the Republic of Korea

1. Bracteoles usually shorter than or equal to the pedicels; calyx teeth

apices strongly acute and aristate ...............cocoeeienin. G. grandis
1. Bracteoles usually longer than or equal to the pedicels; calyx teeth

apices acute to acuminate and awned ..................... G. longituba
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