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ABSTRACT: The petal and sepal micromorphology of five species of Glechoma (Lamiaceae) was investigated to eval-
uate their taxonomic significance, and a molecular phylogeny using the sequences of internal transcribed spacers (ITS)
regions of nuclear ribosomal DNA was carried out to resolve their phylogenetic relationships. Stomatal complexes
were mostly found in the inner and outer part of the sepal from all investigated taxa, and the size length of the guard
cell was variable among the taxa. Five types of trichomes (uni-cellular non-glandular trichome, multi-cellular non-
glandular trichome, short-stalked capitate glandular trichome, long-stalked capitate glandular trichome, and peltate
glandular trichome) were variable among the taxa as well as their distribution and density. In molecular phylogenetic
studies, the genus Glechoma was composed of three geographically distinct major monophyletic groups (Europe-
U.S.A., China-Korea, Japan). G. longituba in Korea and China formed well-supported monophyletic group. G. hed-
eracea in Europe and U.S.A. formed a monophyletic and well-supported clade with G. sardoa, which are endemic
species in Italy, with G. hirsuta falling as a sister to this clade. However, G grandis did not form any phylogenetic rela-
tionships with the remaining taxa. The ITS analyses provided taxonomic boundaries of taxa in Glechoma although the
petal and sepal micromorphological characters provided weak evidences of the systematic value. As further studies,
incorporating more DNA regions to the matrix including other additional morphological analysis will be significant to
provide clearer taxonomic structure in Glechoma.
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& 2 ok AP E A AxHT 3 2 HE DNAY ITS G7 1M Fell 7123 Ex ASSH ¢ A7) 783
WiHdo]l FPEAT 2y FAH] 2 HU AlF BRIFEHA =& JsiM e oF FHEH I gig
XS SAl A Zavt Jdom, AT f-&4¢] Bt &2 DNA 77 g

FQO: 11BEES, HE9, g 9 oA nHFE, wrlTS F7IME, EAASER

+Z I (Lamiaceae Martinov):= AA|H 032 F Q35 A&
T2 7719 o}l Ajugoideae Kostel., Lamioideae Harley,
Nepetoideae (Dumort.) Luerss., Prostantheroideae Luerss.,
Scutellarioideae (Dumort.) Caruel, Symphorematoideae Briq.,
Viticoideae Briq.J& 2Z&atal oF 2400 <, 720001 & o]
o] A AAIF o R B¥3lal Ith(Harley et al., 2004). 1 F
Nepetoideae®} 7= S7-3 9l 4AFIAJ 2] s, 7 HA] )5
9] 542 YER™ (Erdtman, 1945; Ryding, 1992), ¥-A
T AT (rbel F714E A, cpDNAS] Agt a4 W
o], 3 gx& DNAS ITST1rel tishk A7]Ad #4)el
& dAlE o2 LEFSTH(Wagstaff et al., 1995; Wagstaff
and Olmstead, 1997). Cantino et al. (1992)2 Nepetoideae®}
o] AFAQl EFRAIAIE Wl 70 =[Elsholtzieae
(Burnett) Sanders & Cantino, Lavanduleae (Endl.) Boiss.,
Mentheae Dumort., Ocimeae Dumort. ]2 2 <1743} 21},
Harley et al. (20042 OcimeaeZ5Ul 2 Lavanduleaes= 23+
AA A A Ee ANRAT 1 F A AL ok
[Menthinae (Dumort.) Endl., Nepetinae (Dumortier) Coss. &
Germ., Salviinae (Dumort.) Endl.]2% 3%+ Mentheaess
< Fegty 49 B o st A7) o] Fo
A3 JTH(Trusty et al., 2004; Moon et al., 2010; Bruchler et
al., 2010).

I L EE(Glechoma L)< Nepetinaeo |55l Z &= v
g W okg9] THAT} e AETORE oF gojFo] of
Alotsh 3 Anbel] fxzshn gu)ol Hulol= EqiE o
AT (Meusel et al., 1978; Li and Hedge, 1994; Bllmann
and Scholler, 2004; Jang, 2008). 71L& £ 25
(Govaerts et al., 2014)2} XA w3} o] RISHA K
31% 1} 1.2 (Zukowski and Slowinska, 1979; Dobea et al.,
1997; Jang, 2008; Miura and Iwatsubo, 2010), 51 #|2]%] ¥
E5 AN e chke BUE 54 dRe] £ F
o] e oy EFFoE LA JtHMeusel et al.,
1978; Bllmann and Scholler, 2004; Jang and Hong, 2010a, b).

UPEES 7T thdd 220=, 27+ AHHY
2 Aoz gaysith o2 FelA FHoH,
FTYPOo R SIFFo] sty TPt el
B &2 ofo] A= Zhwrt 900 oA T AR
Astn 2EAE 7HAI 2-6709] Fo] Golel dEl=
Nepetinaeo}55 W oS53 78 = itk

Mo o2 o O

o,
=
1o
:?L_I,

(Harley et al., 2004). ¥ &S E-7r52 & Jejros
FAFeRIL e AdE ol
et FstEe] F1t sHAIE sk

2k 27 e Fo= Husto] dEskal oKL and
Hedge, 1994), 424 9 WA 2Rl 42 FHLe TF
3wl e )t 9 Fo g ARl ofels Wt
oh)e} sl thet ol et TaFshAl EARCHLI and
Hedge, 1994; Usai et al., 2003; Jang, 2008).

G. hederacea L= 4 W TYotrlotel de] Hzah
Fr g} Hujoll =Ql¥o] vebdth G hirsuta Waldst. &
Kit = 59 w@hbgtel] Algteo] Fxsts Aow o4
7] ) 2™ (Pojarkova, 1954; Meusel et al., 1978; Li and Hedge,
1994; Bllmann and Scholler, 2004; Jang, 2008), G. sardoa
(Bég.) Bég.= o|2|o}o] Sardinia X237} Corsica #| %l
AgtE] o] BEESR= 17550 H(Ballero et al., 1997; Usai et
al.,, 2003), JF-FENSHH O 2 G hederacea®t 5~ F-AFSk
of tate] wet ol F& Foldt (G hederacea
subsp. sardoa (Bég.) So6]C.2 *2]=7|% 3] (Tutin et al.,
1972). == B 55[G. biondiana (Diels) C. Y. Wu &
C. Chen, G. grandis (A. Gray) Kuprian., G. hederacea, G.
longituba (Nakai) Kuprian., G. sinograndis C. Y. Wul®] 3%
s, 71 5 AEA Al "o] Wxlskar, o R KBk
A& WHOl=AG biondiana), 32 Y X
Ol =7HG sinograndis)ll EtA F=2] IFFOE FE
Ho]WtKLi and Hedge, 1994). =29 ¥ 1H%

14
o

i)
o

G longituba®} 914 FEfsla] 4l S8t 07wl AL
sto] Fo] A dAo] E 5 slth(Jang, 2008; Jang and
Hong, 2010b). Y= G grandis 3t F0] X3z Ao
2 dHA o, sixfel] wt F olst Alsrer ey
71% SWN(G hederacea L. subsp. grandis (A. Gray) H. Hara;
Murata and Yamazaki, 1993). 3l=7¢f B¥ 5= JIRHEES
skxtol| w2l G longituba (G. hederacea var. longituba), ==
G. grandis (G hederacea subsp. grandis)@ Q12]=]7| % 3Hch
(Lee, 2003; Lee, 2006; Suh, 2007; Jang, 2008).

8 2R DNAQ ITS G711 mrITS): Is2Ee] %
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Zh 2 e 21 T Al FAAIE seleket
=23k A5 7 o]gE o] gk (Baldwin et al., 1995; Gadek
et al, 1996), BAIMERA FAg BE Aol Wt &
ksl A7) o] Fo) x| 11 QT (Steane et al., 1999; Ruiz et al.,
2001; Zhong et al., 2010). = Mentheae=r 2! Menthinae® |
off st EAAEEA Aol G hederacea’t Wit X &)
o7 ¥3E ul 9l 91K (Moon et al., 2010; Bruchler et al.,
2010), ¥ &) ko] f-AAll dist EAAIEEHE A
T oF7EA] AR vt gl

A=) vl e 7, o] mAlgRE R i e
o] XghA A el Fos AR, wAF e
of| Al EFeHA] A fEelE B A7 Sk
=] 31 I tH(Hong et al., 1998; Moon and Hong, 2004;
Ojeda et al., 2009; Barone Lumaga et al., 2012). =<+ 31"84:
57 2 BRIl Uig o 23 wAFzsHE AT
(Jang and Hong, 2007), 2~7437}2] €15 e 2 u]A] Jeje]]
#+3F -(Jang and Hong, 2010a), 3284 Q1 A (Jang
and Hong, 2010by7} X3 o} & &) F31e] shA] A
e oAds] BEsict.

webA 2 AT T HAS I EESY SRl
SHAZF tha WEettta s = F 55(G grandis, G.
hederacea, G. hirsuta, G. longituba, G. sardoays T 0= 3
2 BE DNAS ITS 7719] A71M LS Hlaste] &1t 7
T AAdEAE EA45k, FAPEIAA R (SEM: Scanning
Electron Microscopeys &5+ sl oFH 2] wlAH] 73
5 #EE 7| AEE] ] AP AR A ] THA]
£ vetstaa} gtk

W ELTETE
& 55 O7NA)el gt 3 2R

As: A EE S
d A& ] S8 AH-E DNA

DNAZ2| ITS 9714

AR @5, 2%, 51 A4 A5 AsAY )
o) maEo] 24H BN 2AF dowyE A7 >

Z3}31tH(Table 1; Holmgren and Holmgren, 1998). 5=2] 12
%21 G biondiana?} G. sinograndis®] 73-5- 3+ A4
o] EHetet, N-Feet 9 sHESA O R G longituba
o} Ae] frAkehrtal B ¥ Sl tk(Jang, 2008; Jang and Hong,
2010b). =3, 3Et Ak 7F Wi e E90a, AeA A
7h 3E2 iAol ks AFE o] DNA F55 S8 3
AHA7F 7 sste] 2 Aol e vl Holvk o 9
5 FEHA Sl oal I EESY g Aol &
H% Marmoritis Benth S| 255 (M. complanata, M. decolorans)
S5 A7k Th(Hedge, 1990).

Shi 9 ok mjATRe] & sl of o] e Yl
T80 BY= MOREOoZRE 7 BRIvith 73t
oA Ae1-670A)S A ste] sf-dAn|d oz st
o (Appendix 1), <t st 2 obHE AQFTE §, A
3}A (water : agepon solution=20: 1)l ¥o] 243} o]}
@b A4S FEYHA & F, tHA] FAA (formaldehyde -
acetic acid - ethanol)®ll L &}SIth o] & oM EAIF =
(acetone series: 50%, 70%, 90%, 100%el4 2+ F 305--1A]7F
AE BihE AA g5 §, o ikElRRA(CO, gasyE ©1&-
st A A3 A (critical point drying; JEOL, SPI-13200J-
AB, Japan)= &3] AZAIATE Ax2E Aae 4Frs
2B H (aluminum stub) 9loll &3 th3 o] 527 (jon-
sputter; JEOL, JFC-1100, Japan)Z ©]-83}1 W (P2 9]
=211, FAPAE Y7 (SEM; JEOL, JSM-5200, Japan)
o7 75 20kvelA skl ARl Zsisich sk
9 ohHe| ks Ve EEAL] U WA ke AR,
7] 9D Jel= 30E HAGHE S8

DNAFZE: DNAFTZES 9% 9 FoH& A9s s
upxpabdke] Wil DNeasy Plant Mini Kit (QIAGEN,
Germany)& AHE3F 0w, B & 742 QHA(DNeasy

Table 1. Collections examined in the molecular phylogenetic study of the genus Glechoma.

Taxon Locality and voucher information

G grandis (A. Gray) Kuprian.

G hederacea L. 1

G hederacea L. 2

G hederacea L. 3

G. longituba (Nakai) Kuprian. 1

G longituba (Nakai) Kuprian. 2

G. longituba (Nakai) Kuprian. 3

G hirsuta Waldst. & Kit.

G sardoa (Bég.) Bég.

Marmoritis complanata (Dunn) A. L. Budantzev

M. decolorans (Hemsl.) H. W. Li

GenBank accession number
Japan, Hashimoto s.n. (UPS) GQ456141
Poland, Gugnacka s.n. (UPS) GQ456142
U.S.A. Gaylon s.n. (GH) GQ456143
Russia, Elias et al. 6920 (US) GQA456144
China, Liu 15286 (UPS) GQ456145
Korea, Jang 415 (KHUS) GQ456146
Korea, Jang 5071 (KHUS) GQ456147
Austria, Delessert s.n. (G) GQ456148
Italy, Segelberg s.n. (S) GQ456149
China, Boufford 29239 (GH) GQ456150
Nepal, Stainton 5563 (E) GQ456151
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Table 2. Size and G + C contents of ITS 1, ITS 2, and 5.8S regions
of nrtDNA in Glechoma.

Length, bp (G + C%)

Taxon
ITS 1 5.8S ITS2
G grandis 242 (64.46)  155(55.48) 209 (65.07)
G hederacea 1 241 (65.56)  155(56.77) 210 (66.67)
G hederacea 2 241 (65.56)  155(56.77) 210 (66.67)
G. hederacea 3 241 (65.56)  155(56.77) 210 (66.67)
G. longituba 1 241 (65.98)  155(56.77) 210 (67.14)
G longituba 2 241 (65.56)  155(56.77) 210 (67.14)
G. longituba 3 241 (65.56)  155(56.77) 210 (67.14)
G hirsuta 241 (65.56)  155(56.77) 209 (66.99)
G. sardoa 241 (65.15)  155(56.77) 210 (66.67)

Plant Mini Handbook, 1996; QIAGEN, Germany)E "=} <+
Aot =23k DNAT Y55 1.5% agarose geloll 7]
9453t 5 ethidiumbromide (EtBnZ G 3 UV 23}
oA M=% ¥QI5}1 Nanophotometers ©]835t] FE5
Rl

PCRel| &% & 2R & DNAY ITS 5F: 8 2jnsE
DNAS] ITSH-$12] 53-8 913 PCR HL premix (Bioneer,
Dae-Jeon)E ARE-5}137, PCR 2702 97°CollA] 1523} pre-
denaturation*] 7] ©]% 97°Co|A 10%3} denaturation, 48°C
oA 30%3+2] annealing, 72°CollA 20%7} extensiond}S}
61 extensionA| 7> A 3] O]F cycled 4532 S7MAIA
403] HEE 3 - 72°CoA 7Rt B FAA R

71489 38 4 A= £4: 3 2WE DNAY ITS
714 <L (partial 18S rRNA gene, ITS1, 5.8S rRNA gene,
ITS2, and partial 25S rRNA gene)> 2HZA21 ITS 13} ITS
4 primers®l] &3l FEE ] EE% S TH(Lee et al., 2002).
A714E #2412 Clustal X program (Thompson et al., 1997)
< o]gsto] Ast & Stow AFAFES HFHoR
glsisit. ddst 97142 PAUP* (Swofford, 2002)
RIS o] &3t AT E EEL, G+C
H7128e skl th(Table 2). 3 Faof 3lojAf 7}
A= B wds Agetsla, AA 7MY F gap

At rlo

H G719 B 2 unordered’, ‘unweighted’=
743k}, Heuristic search WS o] 8-ako] FHuofjdof

2J(maximum parsimony analysisyS 5} 01, o] w}&
option® 2+ ACCTRAN, °‘TBR’ branch swapping,
‘MULPARS’ .2 HAsleqict. 5k Als2] 2F 7
T (clade)?] ANEE=E Hlsh] Sl FEAER g 1)
AlEY B4 Wi S Fd el S 2 (Felsenstein, 1985),
Kimura’s two-parameter method (Kimura, 1980)%2 AlAte
A7Ho] 3kS 71%% 3k Neighbor-joining tree (N))E 4t
=319 th(Saitou and Nei, 1987; Farris et al., 1996).

S

T

H

Hut o E

3 @ ok m A TR I EES ddE = 5Tl
tjate] s 2 oke] mAtzetA PAS BEsgl o,
~1 A3}= Table 3%} Fig. 191 AAISHAT).

718534 (stomatal complex)= FAME BE w72
oko] otzwyl wpg o REsgon, FHAEL] 4
O] 22.61-35.68 pm, & 10.53-25.82 pm= F-Freieh o
2 ztolE Blou, A7) digh Wol= wRwrtt T3
Hol BRey fAd@AE THE e mnlstt

(Table 3). A EE ERFwolA 7|e5dA2 2715
AQstars G 9 2] Aol A XA kgt
(Fig. 1). GHH o= T2 =0 QefA 7|35 EA2 4

7l i Rl AR g Qs Wol2 yiv
At E2 thlA] At Ble] Qs Ao RaEgle
U(Aryavand et al., 2003; Beck et al., 2003), 3} 4l ohof|
EAskE 7l BEAY] A7 g 7]50]
(Fahn, 1979), &< 8|8k 753 A#o] Qe Z1o0=
=502tk (Bernardello, 2007; Almeida et al., 2013).

AR B R o) QK W mpgEl] oA
X9 = 7 (papilate)o]H, Z}u]Fo] Z dldr]of
I (Fig. 1F), 537 F-32 v 2] A3 (polygonal cell)
7} dAdxo] Vel (Fig. 1G), dFdh R0 A ET X
A ALY (rectangular)©| A EH(Fig. 1H). oFe] ®IAE e
KW g BE BEY0] AEEE A Q)
A0 (Fig. 1P), olelgh shaka} ofo] A 2= BE
FrollA FAsHAl LERTH(Table 3; Fig. 1). YRHA
ZulstellA] sk} ofe] Az el & g 39
Aol yepm, o]i= FE vziRbe] o)gh Ajae] &4
i, o] 235 5= 98-S sk slow dEA 9l
(Gale and Owens, 1983).

28X E: non-glandular trichome®} A1&: glandular
trichome)> THA3E H]A & (uni-cellular non-glandular trichome;
Fig. 1C-D, I, S), THAI3E 1] B (multi-cellular non-glandular
trichome; Fig. 1A-B, J), < A5 FAF A B (short-stalked
capitate glandular trichome; Fig. 1K, O), 71 AFF FAF AR
(long-stalked glandular trichome; Fig. T), %318 A ¥ (peltate
glandular trichome; Fig. 1R)S E5F 5 T77F &= A
(Table 3). WAIEZ HPARSE TAE HARE BE S7
o] sk k% wof Wrleto] sl O uk(Fig. 1C, D, 1),
G. longituba®} G. hirsuta®] 3} vlZ "ol M= ThHE H]
AE7F FFE o)A A EFTHTable 3). A E2] -9 F4
ARE= G sardoa®] 3FE2] Q1% 4l upZ wolla] #EE Q)
O1K(Table 3), B w72 otolre Waje] ARE >
ek BE ARIE AR Eo] Easte] S Ad@ A=A
9] 7} HoiFA] It Table 3).

Q7IXE B @] B4 1 EES 9 guE
DNA2] ITS 17} ITS 2, 5.85¢] 971414 Zeole} G+ C 7]

o
AF

Lt otk
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Fig. 1. Scanning electron microscopy (SEM) images of petal and sepal surface in Glechoma. A: G. hederacea (Jeppesen 286), B: G. granids

500 um

500 pm

500 pm il

500 um

(Hashimoto s.n.), C: G. hirsuta (Richer 678), D: G longituba (Jang 514), E: G longituba (Liu 15286), F: G. longituba (Jang 514), G: G
grandis (Hashimoto s.n.), H: G sardoa (Segelberg s.n.), 1: G hirsuta (Richer 678), J: G. longituba (Jang 514), K: G. sardoa (Segelberg s.n.).

L: G longituba (Jang 514), M: G. sardoa (Segelberg s.n.), N: G. longituba (Jang 514), O: G grandis (Hashimoto s.n.), P: G. hederacea

(Jeppesen 286), Q: G longituba (Jang 514), R: G. sardoa (Segelberg s.n.), S: G. grandis (Hashimoto s.n.), T: G. hirsuta (Richer 678). A-B:
outer side of petal, C-H: inner side of petal, L-M: outer side of sepal, O-T: inner side of sepal. C-D, I, S: uni-cellular non-glandular trichomes,

J: multi-cellular non-glandular trichome, K: short-stalked capitate glandular trichome, R: peltate glandular trichome, T: long-stalked

glandular trichome.

Table 3. Comparative sepal and petal micromorphology in Glechoma.

Taxon

Surface cells

Voucher information

G. grandis sepal

petal

G hederacea  sepal

petal

Guard cell size (Lm) NGT GT
L: min(mean)max W: min(mean)max U M L
27.32(31.33)35.68 18.36(21.03)23.74 + + -
29.34(30.52)31.37 20.89(21.88)23.08 - + -
- - + 4+ -
- - + o+ -
22.61(25.05)27.78  18.66(19.28)21.08 + - -
25.96(26.95)28.65 14.84(15.82)16.70 - + -
- - + o+ -
- - + 4+ -

puzzle shape
puzzle shape
pap, poly, rect
pap, poly, rect
puzzle shape
puzzle shape
pap, poly, rect
pap, poly, rect

Hashimoto s.n. (UPS)

Jeppesen 286 (US)

Korean Journal of Plant Taxonomy Vol 44 No. 1 (2014)



A systematic study of Glechoma L. (Lamiaceae) based on micromorphological characters and nuclear rbosomal ITS sequences 27

Table 3. Continued.

Guard cell size (pm) NGT GT
Taxon Surface cells Voucher information
L: min(mean)max ~W: min(meanmax U M S L P

G longituba  sepal 1 30.11(30.78)31.25 20.18(21.31)22.63 - - + - - puzzle shape Jang 514 (KHUS)
0 26.90(29.86)32.85 19.47(21.20)23.97 - + + - + puzzle shape
petal i - - + 4+ - - - pap,poly, rect
o - - - + 4+ - +  pap,poly, rect

G. hirsuta sepal 1 23.48(26.86)29.26  15.45(17.90)20.02 + - + - - puzzle shape Richer 678 (UPS)
0 27.26(32.63)35.43 19.86(21.97)25.82 + + + + + puzzle shape
petal i - - + 4+ - - - pap, poly, rect
o - - -+ + - - pap, poly, rect

G. sardoa sepal 1 25.98(28.74)30.71 18.44(19.51)20.78 + + + - - puzzle shape Segelberg s.n. (S)
o 18.03(26.15)31.46 10.53(20.38)25.18 + + + - + puzzle shape
petal i - - + + + - - pap, poly, rect
o - - + 4+ + + +  pap,poly, rect

List of abbreviations: i, inner side; o, outer side; NGT, non-glandular trichome (U, uni-cellular trichome; M, multi-cellular trichome); GT,
glandular trichome (S, short-stalked capitate glandular trichome; L, long-stalked capitate glandular trichome; P, peltate glandular trichome);
pap, papillate; poly, polygonal; rect, rectangular.

Table 4. Pairwise sequence divergence value (100) of nrITS regions among the investigated taxa of Glechoma based on Kimura's two
parameter method.

1 2 3 4 5 6 7 8 9
1. Glechoma grandis -
2. G hederacea 1 2.69 -
3. G hederacea 2 2.69 0.00 -
4. G hederacea 3 2.69 0.00 0.00 -
5. G hirsuta 2.52 0.50 0.50 0.50 -
6. G longituba 1 3.22 2.02 2.02 2.02 1.85 -
7. G longituba 2 3.05 1.68 1.68 1.68 1.51 0.17 -
8. G longituba 3 2.71 1.51 1.51 1.51 1.34 0.17 0.33 -
9. G sardoa 2.70 0.00 0.00 0.00 0.50 2.02 1.68 1.51 -

Z/32 Table 201 ]3I}, 2] (outgroup)ys A LJ$H &
Tt ITSHOl = ITS 13} 2 F-20] ZF2} 241-242 bp, 209-
210 bpolQlem, 5.88 S Esheh ITS 77k HA] do]
i 604-606 bp= LFERL} TR dslA EoA] R Ay
(ITS 1, 187-298; ITS 2, 187-240)2} -F-AF3F3tH(Baldwin et al.,
1995). ATE EFTES G+C G722 ITS 15-19]
64.46-65.98%, ITS 2558 65.07-67.14%% ITS 25-5-0] ITS
1FEHT 5 GHC F71FAAS Blom, 5859 -
55.48-56.77%= ITS 1, ITS 2520l 3l w2 FA o2 g}
WtHTable 2). JHE 97142 617bpe AlEeH2] 4l
T3 AR sl R A4 AR (pairwise
distance)s AlxFet Avh= g Alglsh I EES U
Tt 2= 0.00-3.22%2) A4 A2 S B ATHTable 4).

AT £4: 9 2|1E DNAY ITS G71M L] 94
2y 24 Ax 24 7P g2 AlETE e,
(consistency index)T 0.9314, RI (retention index)= 0.9103,
RC (rescaled consistency index)= 0.84782 UERJSIT). &
F7b strict consensus treeol| 4] {1 ZES oA 370
o] AR A=, Y8, SR T A T 3
Atk =3 Fooll EEShE G longitubai= 89%2] FE
AES) ghor wAleTS FAdstglon, el st
= G sardoa®t U= W 9ol X SH= G hederacea=
91%2] FEAEN 7107 WAELS FA s tH(Fig
2). Fujol| AL Tyl = G hederacea)
A= & G HE DNAL ITS Aol 3o Bxst=
T AR ZpolE BHolFA] ekgrom, 1947] o] %]
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Fig. 2. Strict consensus tree from maximum parsimony analysis of Glechoma based on nrITS data (CI = 0.9314, RI = 0.9103). The numbers

above branches are bootstrap values.
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Fig. 3. Neighbor-Joining (NJ) tree of Glechoma based on nrITS sequences. The numbers above branches are bootstrap values.

FelA Hujxedoz wzA gake 2o
ITHBlImann and Scholler, 2004). ©]= 71 LES

e
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o
rr

So] TP JMm B Aoz WA NS 5
ooz Qlstel fAH Aolg Woli= Aelx wel7k
UehiA gke Rlow sl F7hAQ Qe o)

[}

Ql=jojzjok & a7} Qv sk, olgefote] 1fF

E 715500 E G sardoat= ¥ 2]H<5 DNAS ITS 971
Aol G hederaceaSt VAIEFI O, shit 4l ofof] EA|s}
= AR Wy ARl ek AW EESY OE 25
ol vla)] WA Eo] Yehi= Z10= ERIE| S THTable 3;
Fig. 1M). ©]i= o]2]}e] Sardinia #]%¥} Corsica #]ll
AgtE|o] = AE|Al wlole o)t ArtE AJzte
CH(Ballero et al., 1997; Usai et al., 2003). &3t G hirsuta=
1% AAEZ FHe] Az} At BAE o] 73l
O}, AR B¥SR= G grandise WWHA BRrEY A
3 frATARlA EAIA AAE DA FslivkFig. 2).
Hn=8] FAZC &3 G hirsuta®] 735 215 Al
o] WAk, obHe] Z4ek] AX7t G ohederacea®l VI3
Ath= 2107} ltk(Pojarkova, 1954; Jang and Hong, pers.
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obs.). U= & %3] wA|FZx8+24] A (Jang and Hong,
2007), 272 Fejsta 32 (Jang and Hong, 2010a), S}
#8124 & (Jang and Hong, 2010by5-0] 71HZE< o
A T3 2 AelE yehlA ekskont, 3 2]EE DNAS
ITS @71 del 2Jahd 71%2] REAER go=z G
hirsuta’= G hederacea?V= TFe 5HE ERTUS AA
& FATkFig. 2). A F7Holo] 71%3F Neighbor-
joining tree (NJ\-A] A3} 92 A5+ Fig 29} FARH
A= AATHFig. 3).

SEAE I EES obRe] o] W Aepd Ak, sl
Aol W 1go] B3 Wof wepr Folat FFITOE
QU2 7| % b (Nakai, 1921; Lee, 2003; Lee, 2006; Jang,
2008), G. longituba (Li and Hedge, 1994), 5= G. grandis=.
Q124 ¥ Ak(Suh, 2007), FFC2 F7]%E STH(Murata
and Yamazaki, 1993). 3 2]X%& DNAY ITS 71449 A
oA stmAl I EEL T4 G longituba?t S
89%2] FEXER 3hs zh= WAETS o]FH il
G. grandis?= F2]% o] YEPTHFigs. 2-3). wEbA g

AP Y EELS T4 G longituba}t WS- 77 34
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Appendix I: Specimens investigated.

Glechoma grandis: Japan, no detailed locality and date, 1955, Hashimoto s.n. (UPS)*; Japan, Honshu, 9. May 1965, Murata
19473 (U); Japan, Nishinomiya, 21. Apr. 1957, Murata 11099 (U); Japan, Hondo, 15. Apr. 1956, Kobayashi 13245 (S). - G
hederacea: Denmark, no detailed locality and date, 1967, Jeppesen 286 (US); Poland, Torun-Rybaki, no detailed date, 1974,
Gugnacka s.n. (UPS)*; USA, Tuscaloosa, no detailed date, 1965, Gaylon s.n. (GH)*; USA, Pownal, 27. May 1967, Charette 2947
(GH); Russia, Siberia, 30. June 1983, Elias et al. 6920 (US)*; Switzerland, Bernex, 13. Mar. 1973, Curchod et al. s.n. (S). - G
longituba: Korea, Moon-San, 14. May 2006, Jang 514 (KHUS); Korea, Na-Ju, 14. Apr. 2006, Jang 415 (KHUS)*; Korea, Moon-
San, 14. May 2006, Jang 5071 (KHUS)*; China, Sichuan, 7. Mar. 1996, Liu 15286 (PE)*; China, Anhui, 11. May 1984, Yao
8865 (NY); China, no detailed locality, 4. May 1997, Lai et al. 1306 (MO). - G hirsuta: Hungary, no detailed locality and date,
1874, Richer 678 (UPS); Austria, Leopoldsberg, no detailed date, 1914, Delessert s.n. (G)*; Austria, no detailed locality and no
collecting date, Wettstein s.n. (WU); Serbia, silvis, 8. May 1965, Mayer 55894 (G); Italy, Verona, 12. Apr. 1982, Kramer 8400
(U), Croatia, Tukaruci, 3. May 1972, Nilsson s.n. (UPS). - G sardoa: Italy, Sardinia, 20. May 1975, Segelberg s.n. (S)*

* used for ntfDNA ITS sequence analysis and floral micromorphology.
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