S AlAR 5.813] 4], Al7d A 15(2013)
Korean Journal of Nature Conservation
Vol. 7, No. 1, pp. 42-49

http://dx.doi.org/10.11624/KIJNC.2013.7.1.042

= e
-l_ll__l__.ll

skt Isodon inflexus complex2| 3

HAEL* - OFRF
glod xR} g A stsslr, 7] 2 et
(2013 49 269 357 20139 6¥ 159 574; 20139 69 21 A1)

Morphological Multivariate Analyses of the Isodon inflexus Complex
(Lamiaceae) in Korea

Sangtae Kim* and Younju Ma
School of Biological Sciences and Chemistry, and Basic Science Institute,
Sungshin Women's University, Seoul 142-732, Korea
(Received 26 April 2013; Revised 15 June 2013; Accepted 21 June 2013)

Abstract

The taxonomy of the Isodon excisus complex, which comprises 1. inflexus var. inflexus, var. transiticus, var.
macrophyllus, var. microphyllus, and var. canescens, has been ambiguous and problematic because their
morphological characters are variable. To elucidate the taxonomic structure of the /. inflexus complex in Korea,
42 characters were measured from 70 OTUs representing the I inflexus complex and were analyzed by a
principle component analysis (PCA). The principle component axes 1, 2, and 3 (PC1, PC2, and PC3) represents
55.7% of the total variance. The characters showing high loading values for PC1, which have of absolute
loading values higher than 0.7, were characters related to the leaf base and leaf teeth and the length of corolla
tube. The length of the broadest part to the apex in the leaf, the density of non-glandular hairs on the lower
surface of the leaf, and the length and width of the calyx were highly related to PC2 with the absolute loading
values higher than 0.7. PC3 does not have any characters which have absolute loading values higher than 0.5.
Three-dimensional scatter plots of the OTUs for the PC1, PC2, and PC3 axes showed that there are three taxa in
the complex. Each area of L inflexus var. inflexus, var. transiticus, and var. macrophyllus was completely
overlapped, demonstrating that this taxon is L inflexus var. inflexus. Areas for var. microphyllus and var.
canescens were separated from that of var. inflexus in both cases. Therefore, we recognized three varieties,
which are I inflexus var. inflexus, var. microphyllus and var. canescens in the I inflexus complex in Korea. This
result also indicates that /. inflexus var. inflexus has a wide range of morphological variation. The recognition of
var. microphyllus and var. canescens is also supported by the result of recent SEM studies of the fruit surfaces
of Korean Isodon.
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Skapanthus C. Y. Wu & H. W. Li, Plectranthus L'Hér.

S g9 ol Ax, EAEY EFUHE]
% A% 5o A o8 B3] FEHL U
(Li, 1988). Isodon®] A grl= 3159 IE A
9] 7Rl B2 o] = ¥, Siphocranionl A=
35 AR ol Plectranthuse= 2EE U
= NS 2k Wb, Isodons A9 HISIRE A7)
o|AY ozt thE vl @ vhd =R Zk

=T}
Skapanthus= 53802 Z0 ZHE wpgZe] & 7|
o] oA Fauld 71771 HFHdEe Aol
Sk

Isodon® Tt2t}. T8} o]# 3k FEo% &
d73) W 2R (lumpenS 2 o] U] & T
“F Plectranthus 3P4 9.2 FHF387]% KL,
1988).

T hare] A5l gigt Td2AMAE (Korea
National Arboretum, 2007) Isodon®l 43h= EFT2
2 I excisus(Maxim.) Kudo(22]"&), I excisus var.
chiisanensis(Nakai) Lee(TT L BWE), I excisus var.
coreanus(Nakai) Lee(X & 2 2|WE), I excisus for.
albiflorus(Sakata) Hara(3 2. 2], I inflexus(Thunb.)
Kudo(XFE}8}), I inflexus var. macrophyllus(Maxim.)
Kudo(N Y=, I inflexus var. tramsiticus(Matsum. et
Kudo) Kudo(Z1Q4FeFS}), I inflexus var. microphyllus
(Nakai) Kudo(®d=2F38}), I inflexus var. canescens
(Nakai) Kudo(&4}F8}3}), I japonicas(Burmann) Hara
(dolE), and I serra(Maxim.) Kudo(R=ol&)e] 4
T NWT 1SS A vk ey Biszg A
719l A 2]% The Genera of Vascular Plant of Korea
(Suh et al, 2007)ANXE I excisus, I inflexus, I
Jjaponicas, I. serra®] Y| F9HE A4181aL Uk

Skaol] FXShE BRTE T L inflecus?t AT
e FEL FHEZ Thunbergoll 23| Ocymum
inflexum Thunb.(1784)0] W3 H ol Plectranthus
inflexus var. macrophyllum Maxim.(1875), Plectranthus
inflexus var. transiticus Matsumura & Kudo(1912), P,
inflexus var. microphyllus Nakai(1921), P inflexus var.
canescens Nakai(1921)¢] F3E =1t} ©]F Kudo(1929)
= o8 BRI B2 EF I inflause] HETOFE FH
F3FAch. 18U} Nakai(1934)2} Chung(1957) Amethy-
stanthus®] MEEZ, Lee, W(1996)2 Plectranthus®)
WHEEZ, Hara(1972)9} Lee, Y(1996)= RabdosiaS)
HEER QASIHIL, Lee(1985)2F Z7EZAEEE

(Korea National Arboretum and the Plant Taxonomic

Society of Korea, 2007)°14+= Kudo(1921)2] Z3)$}
FYUS Isodond] WFTEZ AT vt o 22 EF
5ol thEk & Q1ol tigh ool EAg). st
A AT ol EEshe B ERTEe] tig
734 aZd M =(Ma, 2011), Isodon®l] WgH 714
vlgo g B BRI ES| Isodonol <dlof 2 A
gk vk ok B AFelA oEe ERTEC g
82 Ma(2011)9] sfol] whstet.

2 AToxe FA AEHo=E AE ol B
2 E&Ho] AL L inflexus®] FUW WHolES
inflexus complex®@ ¢143}3L, o] UIHT & e
REES sty AR FHAES AR
o]E o]83lod FAEE Y (principal components ana-
lysis; PCAYS AAISIA [ inflexus complext] 9] #5F
84 722 HEsaA s

B> o Mo

H

Hu

g
0%
rE

2 Aol AME Alme EQlo] AF A
Bea AAozifda FEIHESWU)S] 2%
Ao R FHYEAJIREDNIBR), THGFE
EIHKH), A7) g2 2H(SKK), A&dish
THSNU), A&istarsdAs AshsteEdi
(SNUA), a8t stal T EHKSU), FLdogta
(KWNU), FE8tn. FEHCBU), YE54
FEHTHOERE st MYiE 2 7|ExE
gro]=A oF 25048 XAt 2R gl
FA Ao EFT TR 98 A=
o|A-& Kol I inflexus complexe] U &5/
o tigte] FAREAE HASAT I inflexus com-
plexo]l THAE BFTQ L inflexus var. inflexus, I

inflexus var. canescens, 1. inflexus var. macrophyllus,

o b R f dn ‘f&
o e e B oo o T
ooy Bl oo ot B

d

(SR )
=2

i

L inflexus var. microphyllus, I inflexus var. tramsiticus
of theto] ol ERw 5 T = e 70719
Operational Taxonomic Unit(OTU)S 417 S}al(appen-
& (o)
[e]

dix), °15S FE F A= F2JAA Qo] Hoje}

uH), o] ARel HdRe] Ux, 297 33
gy dojgt vn), dust HidRe dr 52 ¥
a7l FH BEE FH}AKE 1; 2™ ).
Z¥zke] OTUE S #E3 A4 28BS F AY94 o
e ] e, £ 2 ke F



44 A - vhas

Table 1. Morphological characters of 1. inflexus complex used for principal component analysis.

Quantitative characters [unit]

Vegetative characters
1. Length of the leaf [mm]"

. Length of the petiole [mm]"

. Length of the leaf blade [mm]”

. Width of the leaf blade [mm]"

. Length between the broadest part of the leaf and the apex [mm]"
3/4

. Density of glandular hair on the upper surface of the leaf [no./ Imm
. Density of glandular hair on the lower surface of the leaf [no./ Imm?]"*

9. Density of hair (not glandular) on upper surface of the leaf [no./ Imm?]"*
2% #
]

2]*#

© N AW

10. Density of hair (not glandular) on lower surface the leaf [no./ Imm
11. Length of the apical tooth [mm]”

12. Width of the apical tooth [mm]"

13. Length between apexes of two first teeth [mm]"
14. Length of the leaf base [mm]"

15. Width of the leaf base [mm]”

16.3/2

17.3/14

18.3/5

19. 14/ 15 (shape of leaf base)

20. Angle of the leaf apex [ °]

21. Angle between apexes of two first teeth [ °]"

22. Angle of the leaf base [ °]"

23. Angle between two widest points the leaf base [ °]"
24. Angle between two widest points the leaf [ °]"
25. Number of teeth (one half) [no.]"

26. Length of the teeth [mm]"

27. Height of the teeth [mm]"

28. Length of the tooth base to the tooth apex [mm]”
29.28/26

30.28/27

31. Angle of the teeth apex [ °]"

Reproductive characters
32. Length of the pedicle [mm]
33. Length of peduncle [mm]

34. Density of hairs (not glandular) on the outer surface of the corolla [no./ 0.25 mm?]
35. Density of glandular hairs on the outer surface of the corolla [no./ 0.25 mm?]

36. Length of the calyx [mm]

37. Width of the calyx [mm]

38. Density of hairs (not glandular) on the outer surface of the calyx [no./ 0.25 mm?]
39. Density of glandular hairs on the outer surface of the calyx [no./ 0.25 mm?]

40. Length of the corolla [mm]

41. Length of the corolla tube [mm)]

42. Length of the largest stamen [mm)]

“the largest leaf in each specimen
*a middle part between two longest secondary veins in the largest leaf

Inc., USA; Rohlf, 1992)°] 23] = =d], YA} £, FA= A (similarity matrix)S 7317] I8iA=
g9 ¥F3}(standardization)S |31 STAND commend  CORR optionS ©]-8-3F SIMINT commendS A}&-3}
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Figure 1. Representation of characters used for the principal component analysis of 1. inflexus complex.
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Table 2. Loadings of the 42 morphological characters for the three principal component axes from the analysis of 70
individuals of the L inflexus complex in Korea.

Characters PC1 PC2 PC3
Cl —0.60878 0.69994 0.08064
C2 —0.60877 0.26893 0.27542
C3 -0.51154 0.69967 —0.01006
C4 -0.5750 0.63626 -0.18319
Cs5 —-0.51891 0.71602%* —0.15566
Co6 —0.68037 —0.56045 0.29917
Cc7 0.37075 —0.44492 —-0.12876
C8 0.10292 -0.27601 -0.22004
Cc9 0.23333 -0.73707* 0.12764
C10 0.36292 —-0.57298 0.04497
Cl11 —0.18963 0.32923 -0.36170
Cl2 —-0.56166 0.19388 —0.43262
C13 —0.56181 0.30992 -0.55925
Cl4 —-0.52784 0.5442 0.06209
C15 —-0.52110 0.33423 -0.20713
Cl6 0.10077 —0.05352 -0.30191
C17 —-0.16692 —0.62345 0.00637
C18 -0.6785 —0.57903 0.28820
C19 —-0.70209%* -0.37177 0.34413
C20 0.45347 —0.51485 —0.05566
C21 0.27208 -0.40783 -0.3114
C22 0.44004 —0.48417 —-0.41995
C23 0.52933 -0.47307 —0.36857
C24 0.24272 —-0.40228 -0.47677
C25 0.12536 0.10382 0.29917
C26 —0.8431* 0.16184 —0.22402
C27 —0.9083* —0.13483 —0.04663
C28 -0.88719* —0.23499 0.09864
C29 —0.75242* —0.55832 0.26009
C30 —-0.72368* -0.56276 0.27239
C31 0.30395 —0.15743 0.00561
C32 —0.66346 -0.52672 0.06202
C33 0.24388 -0.21095 -0.02624
C34 0.34127 0.01535 0.45843
C35 0.06251 0.16277 0.45573
C36 —-0.58027 —0.74893* 0.04365
C37 —0.58048 —0.72532* -0.06227
C38 0.28332 —0.02657 0.31011
C39 0.36159 0.04284 0.23707
C40 —-0.30052 -0.46416 -0.47767
C41 —0.72862* —0.48549 —-0.1826
C42 —-0.47986 —0.37452 —0.4963

Eigenvalue 11.29787 8.78866 3.30465

% of variance 26.9% 20.9% 7.9%
Co(f;rjgf;;zz % 26.9% 47.8% 55.7%

*absolute values higher than 0.7
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Figure

2. Three dimensional scatter plotting of OTUs representing I inflexus complex. Squares, 1. inflexus var. inflexus;

balloons, I inflexus var. canescens; cubes, I inflexus var. microphyllus; crosses, I inflexus var. macrophyllus; stars, 1.

inflexus var. transiticus.
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Appendix. List of samples used for
the PCA analysis

Busan: Mt. Hwangnyeong Yeonje-gu, Oct. 1 1990, J. Kim s.
n. (SNU). Chungcheongbuk-do: Mt. Cheontae Yeongdong-
gun, Aug. 13 2006, H.-J. Choi et al. CHJ60263 (KH); Mt.
Jakseong Geumseong-myeon Jecheon-si, Aug. 14 2006, G-H
Nam et al. s. n. (KH) three sheets; Mt. Worak Hansu-myeon
Jecheon-si, Aug. 23 2010, ¥ Ma 2010085 (SWU). Chung-
cheongnam-do: Mt. Oseo Cheongna-myeon Boryeong-si,
Oct. 2 1997, K. Seo 98 (SNU); Mt. Taejo Dongnam-gu
Cheonan-si, Sep. 16 1988, M. Kim s. n. (SNU) two sheets.
Gangwon-do: Gangchonri Namsan-myeon Chuncheon Si,
Sep. 6 1981, S. Choi s. n. (SWU); Goeun-ri Dongnae-myeon
Chuncheon-si, Oct. 13 1981, S. Choi s. n. (SWU); Eungbong
Jiam-ri Sabuk-myeon Chuncheon-si, Sep. 20 2007, S.-S. Kim
et al. Kss0382 (KH); Eungbong Jiam-ri Sabuk-myeon
Chuncheon-si, Sep. 20 2007, S.-S. Kim et al. Kss0377 (KH).
Gyeonggi-do: Mt. Hwaya Cheongpyeong-myeon Gapyeong-
gun, Sep. 15 1996, S. Kim s. n. (SNU); Mt. Cheonma Onam-ri
Onam-eup Namyangju-si, Oct. 6 2008, H.-T. Kim s. n. (KSU);
Mt. Kalbong Seungan-ri Gapyeong-eup Gapyeong-gun, Sep.
29 2006, H.-T. Kim et al. 5. n. (KSU); Mt. Cheonma Onam-ri
Onam-eup Namyangju-si, Aug. 23 1999, Y. Lee et al. s. n.
(KH); Mt. Wangbang Sineup-dong Pocheon-si, Sep. 20 1997,
Y. Jeong 279 (SNU); Mt. Jugeum Sangdong-ri Sang-myeon
Gapyeong-gun, Sep. 4 1984, J. Kim s. n. (SNU); Gwngneung
Bupyeong-ri Jinjeop-eup Namyangju-si, Sep. 27 1975, Y. Jung
s. n. (SWU); Mt. Cheonma Hwado-eup Namyangju-si, Sep.
16 2010, Y. Ma 2010077, 2010074, 2010075, 2010073,
2010066 (SWU); Mt. Sigung Yongin-si, Sep. 15 2001, Y. Kim
et al. 20144 (NIBR); Mt. Myeongseong Pocheon-si, Aug. 16
1989, J. Kim s. n. (SNU); Mt. Wangbang Sinbuk-myeon
Pocheon-si, Sep. 7 1997, M. Yoo 248 (SNU); Mt. Surak
Namyangju-si, Sep. 21 1996, J. Baek s. n. (SWU); Mt.
Jugyeop Sohol-eup Pocheon-si, Sep. 5 2008, S.-H. Oh s. n.
(KH); Namhansanseong Sanseong-ri Jungbu-myeon Gwangju-
si, Sep. 16 1981, H. Kim s. n. (SWU); Namhansanseong
Sanseong-ri Jungbu-myeon Gwangju Si, Oct. 11 2008, S.-Y.
Yang s. n. (KSU); Mt. Chungnyeong Sudong-myeon Nam-
yangju-si, Oct. 10 2009, Y. Ma 2010084, 2010021 (SWU); Mt.

Hwaak Buk-myeon Gapyeong-gun, Aug. 24 1985, S. Kee et
al. 5. n. (SKK); Mt. Cheonggye Gwacheon Si, Sep. 12 1987,
S. Gu s. n. (SWU). Gyeongsangbuk-do: Mt. Irwol Irwol-
myeon Yeongyang-gun, Sep. 20 1997, Kim&Eah 19081,
19644, 19714, 19715, 19716, 19750, 19760 (KSU); Yean-
myeon Andong-si, Sep. 20 1997, Kim&Eah 19780, 19781
(KSU); Mt. Gaya Seonju-gun, Aug. 28 2003, D. Kim et al. s.
n. (KH); Mt. Yeongdeung Ibam-myeon Yeongyang-gun, Aug.
26 1997, Kim&Eah 19405 (KSU); Mt. Maebong Mungyeong-
si, Sep. 23 2000, H. Kim et al. 5. n. (SNUA); Mt. Hwanghak
Giran-myeon Andong-si, Aug. 29 1993, J. Park s. n. (SNU);
Mt. Guryong Chunyang-myeon Bonghwa-gun, Aug. 16 2008,
S. Kang et al. 1101020 (KH); Mt. Guryong Chunyang-myeon
Bonghwa-gun, Sep. 7 2008, Y. Oh et al. 1202022 (KH); Mt.
Cheongnyang Gwanchang-ri Myeongho-myeon Bonghwa-
gun, Aug. 15 1997, Kim&Eah 18996 (KSU). Gyeongsang-
nam-do: Mt. Beopwa Haman-gun, unknown, unknown s. n.
(CBU); Mt. Gaya Hapcheon-gun, Jul. 26 2003, D. Kim et al. s.
n. (KH); Mt. Jeongjok Ungchon-myeon Ulju-gun Ulsan, Sep.
23 2000, K.-J. Kim et al. s. n. (KSU); Ugye-ri Jeokryang-
myeon Hadong-gun, Oct. 15 2008, Y. Cho et al. WR-081015-
125 (KH); Mt. Jiri Macheon-myeon Hamyang-gun, Sep. 3
2008, Y-K. Kim et al. s. n. (KSU). Incheon: Jeondeungsa
Onsu-ri Gilsang-myeon Ganghwa-gun, Sep. 11 1976, H. Park
s. n. (SWU); Mt. Haemyeong Seongmo-ri Samsan-myeon
Ganghwa-gun, Sep. 8 2007, C.-S. Chang et al. s. n. (NIBR).
Jeju-do: Bijarim Gujwa-eup Jeju-si, Oct. 4 1966, T. Lee et al.
s. n. (SNUA); Chujado Chuja-myeon Jeju-si, unknwon, 7. Lee
s. n. (SNUA) nine sheets; Mt. Halla Jeju-si, Oct. 3 1966, T.
Lee et al. s. n. (SNUA) three sheets. Jeollanam-do: Bogildo
Bogil-myeon Wando-gun, Aug. 13 1964, T. Lee et al. s. n.
(SNUA) three sheets; Mt. Dalma Haenam-gun, Oct. 27 2005,
S.-H. Park ParkSH54174 (KH); Deokheung-ri Hyeonsan-
myeon Haenam-gun, Jul. 12 2006, Y. Cho at al. WR-060712-
167 (KH); Gagok-dong Suncheon-si, Sep. 16 2009, Y. Cho
WR-090916-182 (KH); Jeongjamaeul Jeongja-ri Bogil-myeon
Wando-gun, Oct. 18 2006, Y. Cho et al. WR-061018-021
(KH); Mt. Baegun Gurye-gun, unknown, unknown s. n.
(CBU); M. Jiri Gurye-gun, unknown, unknown s. n. (CBU);
Mt. Jiri Naedong-ri Toji-myeon Gurye-gun, Sep. 25 1990, H.
Noh s. n. (SWU); Mt. Mohu Yuma-ri Nam-myeon Hwasun-
gun, Sep. 72006, Hong et al. s. n. (NIBR).



