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Rapaics®] 37§¢] o}4-0 2 FE %o} (Wang, 1979; Kadota, 1987). £ o9 EH/‘ 7} A
TEo| 3= x990} (subgn. Aconitum) 2 thdgoz ojyd 7,}]*15]‘— Ty
Te e 54 g8 S & ofLEd FREH, B ol A of 250°’] ol
Z|A = e} 2dr}(Tamura, 1966). habw o] Rzt 2 oj& AE o A9 AW FHx g
e @A Ao digh Ads) z2pelz qlste] 11 F ol o] ‘%‘X}{“ﬂ Agk zpolzt
vhelile] (Nakai, 1935a, 1935b, 1953; Chung, 1957; Park, 1974; Park, 1978; Lee, 1979),
15% (Park, 1978) ol 4 26% (Nakai, 1953) A =7} £F = 7o wE e oo}
Zookgel 7 Sl FRIES F2 A, 27), 34, £ Aot ey, ¥
o] A7k, 7} R9jol| #-¥% T Ao oo FAsFI 9o
1}, B ol%e] mo BE © F2 AEPA gl thekdt F2HE o) L}EM

Lo fLs

A

Fazbell AAA Aelrh hAE] olouiz] ke A
23 BFRTE Abelel A vehe chekdlt 74 ke AERAY A ey »
BE7ke] A2 AF (introgression) ol 7] aldt= 7le @ FA= T 9} (Tutin, 1964;
Kadota, 1981, 1987; Park et al., 1997; Lim et al, 1999).

FtEol] FX3= 2 ol AF Afelx AR BFI7be) chokdk
L}v% (Park et al, 1997; Lim et al, 1999), £3] &4k | =
A FRQ AAE, 2) 23A FFA B0 d=
iﬁ}%‘"ﬂ *d o] MER} A K5 EVIVF e Fe

7} ‘i (Oh and Park, 1998), l
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TAREY 719E FAs = do] F9F FAE AHE5o] ¢ o (Nakai,
1909, 1914, 1920, 1935a, 1935b, 1937, 1950, 1953; Chung, 1957; Tamura and Namba,
1959a, 1959b, 1960; Hardin, 1964; Park, 1974; Wang, 1979; Kadota, 1981, 1987; Park
and Oh, 1997; Park et al., 1997, Lim et al, 1999), o|2{&F -2 B uf Amxte] 7
A s faoks 2 o} FRTE F S8 % ggel Fuel vRT, a0
Aol NER7} EEF= EFL A & €48 2
o o& 7= E 7HEgel = J 5
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EFasel gk v Hefsra AFE Fystod, w4l

FY 2 719E WA shsieh
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Fig. 1. Proportion of pedicel pubescence types in 11 Aconitum populations from
Mt. Sobaek in Korea. A. Completely glabrous; B. Sparsely pubescent with few
micropapillate curved hairs near the receptacle; C. Moderately pubescent with
micropapillate curved hairs from middle to upper portion; D. Sparsely pubes-
cent with a mixture of micropapillate curved hairs and smooth-surfaced
spreading glandular hairs near the receptacle; E. Moderately pubescent with
both types of hairs but from middle to upper portion. n=sample size.
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Table 1. Morphological characters used in numerical analysis of Acomitum indi-
viduals in Mt Sobaek. See Fig. 2 for further clarification

1. Leaf length [cm]

2. Leaf width [cm]

3. Distance between the middle lobe base and the primary incision point of
the middle lobe [cm]

4. Distance between the middle lobe apex and the primary incision point of
the middle lobe [cm]

5. Maximum middle lobe width [cm]

6. Middle lobe width at primary incision point [cm]

7. Distance between the primary lacinia base and the midvein of the middle
lobe [cm]

8. Length of primary lacinia of the base

9. Middle lobe apex length [cm]

10. Middle lobe apex width at the base [cm]

11. Angle between the middle lobe and the lateral lobe [degree]

12. Character l/character 2

13. Character 6/character 5

14. Character 5/(character 3+character 4)

15. Character 9/character 10

16. Character 4/(character 3+character 4)

17. Character 8/(character 7+character 8)

18. Curved hairs on pedicels: (1) none, (2) sparsely present, (3) moderately pres-
ent, (4) densely present

19. Spreading hairs on pedicels: (1) none, (2) sparsely present, (3) moderately
present, (4) densely present

20. No. of teeth between the middle lobe apex and the primary incision point [no.]

Algo] 2wk zldolxe] EE 9 He] WHolE wdT F AUEF F8 ASIH T4 9
gt LIS dAstd o, 2 AAF el dA 2hHe 2 MAE AA-, F 37770A5 A
Askedch(Fig. 1). B oA 7|3F Fol AAZ MAEL 3oz Aaste] Aedisty 4
W3t B (SNU) o] gEgr oz 1As e
A7) 110 A RAF A AR TTNAERRE 48 39 B FF Y EX
Ay

FAT ool Yol =27), A7 AW L AR Yo 5 B ob% AEe Fa

(o] — = . -1 l\;::_
(Fig. 2, Table 1) #&advj7 2 g23{AL AAHv|A g &, &Aoo, o|F
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Fig. 2. Diagram showing leaf characters measured for principle components
analysis of Acomitum japonicum subsp. napiforme, A. jaluense subsp. jaluense,
their putative hybrids from Mt. Chil:i, and Aconitum individuals from Mt
Sobaek. Numbers correspond to character numbers in Table 1.

Y dAe 2ste) FIE 2 ob% YEY ¥EF EE FY BRFoE FHHE
A. japomicum Thunb. ex Murray subsp. napiforme (H. Lév. & Vaniot) Kadota (3+
2EH ), A jaluense Kom. subsp. jaluense (F7%) L F EF27 FF A5 3
B zpololl EAst] WA} (Park ef al, 1997). 1 AT} dojzl wmyeletd x5
2HE oA A el EX3= & ofS AE2] ¥ W} g mhetEty, 7 Ao A
Aol Aol 2 B2 v &S AL &3], 20 X AANFE P He-
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Fig. 3. Scanning electron micrographs of pedicels of Aconitum individuals from
Mt. Sobaek in Korea. A. Completely glabrous; B. Micropapillate curved hairs; C.
Micropapillate curved hairs mixed with smooth-surfaced spreading glandular
hairs.

Tidhs T AEHEAR ALY A3 Ex3h: €e] el ofololA] A A,
FAAe| 171 A3 A g5 AF8-3te] oAz ==3}% (Nyman, 1993)5 7% &, ion coater
2 6mAci 4] 3%7} gold-coatingdt F FA} 4 #}&lv] 7 (Akashi Model BX-2) o & 3+
#dsl ¢} (Fig. 3).

g, Awibol] BEFF= B ol Al E o] ¥-Fehz AAE w7 slsl, A7) vl
3tz 2A7E AwAl A B ool AEe RuE = o5 Fd BiTd slsAe] =
- A. japonicum subsp. napiforme 507\ A, A. jaluense subsp. jaluense 477014 % F
R FE 827052 7|E A8 (Park ef al, 1997) 2} g4 FA 554 (principal
components analysis) 2 & #4]sleic). FAEE A2 microcomputer$£-2] SAS pro-

gram(SAS Institute, 1998 : Release 6.12) 2 A}-&&}o] 4=8l&}¢ic}).
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Fig. 4. Pedicel pubescence types (A-E) found in 11 Aconitum populations at Mt.
Sobaek in Korea. A. Completely glabrous; B. Sparsely pubescent with few
micropapillate curved hairs near the receptacle; C. Moderately pubescent with
micropapillate curved hairs from middle to upper portion; D. Sparsely pubes-
cent with a mixture of micropapillate curved hairs and smooth-surfaced
spreading glandular hairs near the receptacle; E. Moderately pubescent with
both types of hairs but from middle to upper portion.
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Y3t FA mde] B A¥e| MNER} o5 EFASE /WA (type E; Fig. 4E) 59 5
7 Helfrde]l EAsE Aoz gl olF 57 F¥e HElA wzEe AN
TEe ol2e 54 H AFE gt A4Heg fHste 7 A MAZEONAL 2-
4, 6-8, 11; Fig. D)ol A= vhefgt vl&S 7 "4 25F dehil, oS3 Felse] 993
3t ot Xl‘”‘ HAZ CGRAIT 9 el A% E¢} C type, Al 241848 A MAF GRAE
10y 8] 7% E typed A8 Yo types, 1el1 8bal 2ld AAFECRAZE DT w)
2A} Xl°% AAT HAL 5) o 4% C types A<l vhvjz] typesat - xst= 7oz
viebydch (Fig. 1.

g, 4 A AAT FE3E olF 570 £33 vl MATN wel wolst vet
L, dibde g 43817de] FE e MAE (type A2 Al 2934 Fubio] o]z
2] o o] 5’47‘4‘}% 21 WA A Bl A Fe v]& (22%-48%) 2 reEbytcl (Fig. 1). *
&, 25 AFERYH FdE7HA 2 "3 zmwe] HE3E Ay AERUE EAst:
WA E (type E, Fig. 4E) & 44t F5Aed A3t dif-9o 2o MAFA = 7-19
% AEE vaA G vgr EAsHod, F2 AT gHse gk Ad AN
A 9 50%) 7 BHHAL A1 AT CRATE 1 29%) 2 = 2 A CRAE 1L 42%)
°M Eas ngz Exatgieh(Fig. ). 287 3923y Fd577 & o] #xs

= type C AAEE &k A AANZAAT 93 A 22358 A AAZ AAZ 10)
A 22t 50%, 56%2) 2. WER EAGAL, 2L T A Ao )
AT WM 259 fAlETe] Fxsle Hog vebdoh(Fig. 1). =3 type A%}

type Co| F7HoR 457 Aot 4ng5o F& dHol REsE type B /AET
type Al type E& ¥z 23174 AYent F& €Wy AE2ert 24 Rrits
type D 7RA S-S o] Ak A sRAE WA 27t vy dAHF vjES 7R
A&Aoz FFsh, Al F34 G NATH BelEe] SgPAog A5t thok
Al A Hell = A =] ek} (Fig. 1).

g, A7) 117 A AT A o]E 57 typed & whedslt: =
- E£A-3 20009 F8 e HAZGE olE WAl A B oo AEe BuE
o3 Fud BFTY 7teAel & A japonicum subsp. napiforme, A. jaluense
subsp. jaluense 2 #|2 b= ols HFY AF MAEY 71& A& (Park et
al., 1997) 9} &3} “Zr* %%ﬁ—% G338k

I AR, Ae 37H 2, 3 o] Aal B4k 66.9%F Ast= 7o
wt2.™ (Table 2), %* 52 11 71dge] 22 7% olak i) FAE 1& HAE
A].o] 43.4%2 Mu:)?;]. o) ]g]. .‘1_:'; 35111 1, 2) nl Z°o]'°‘-—ri-—d ps
Aol A=) (BFA 4), FdddY FHd (A 5), 290 o) (A
AAAEE EbE 33 (A 17) 5o & positive vectorzte, Fotd 9
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Table 2. Loadings of the first three principal components for 20 major morpho-
logical characters from the analysis of A. japomicum subsp. napiforme, A.
jaluense subsp. jaluense, their putative hybrids from Mt. Chiri, and Aconitum in-
dividuals from Mt. Sobaek. Character numbers correspond to those in Table 1.

Character no. Component
1 2 3
1 0.309827 0.147693 0.008227
2 0.299935 0.100983 0.133312
3 0.206192 0.345919 -0.085438
4 0.323915 0.081230 -0.020703
5 0.299435 0.064992 0.231564
6 -0.082676 0.497188 0.143171
7 -0.016052 0.472336 0.128467
8 0.320000 -0.022893 0.112672
9 0.247677 0.089964 0.014445
10 0.076430 0.281597 0.385343
11 -0.069904 -0.123232 0.445678
12 0.015816 0.156133 -0.347048
13 -0.275461 0.258177 -0.050544
14 ~-0.045112 -0.238087 0.532647
15 0.221615 -0.101924 -0.296589
16 0.233401 -0.210068 0.041569
17 0.286163 -0.246326 0.018464
18 -0.227849 -0.025975 0.100310
19 0.195764 -0.000571 0.019687
20 0.203720 0.022860 -0.128815
Eigenvalue 8.67550 3.01523 1.68617
Cumulative % of 43.4 58.5 66.9
eigenvalues

FHoZo) v)E3t(FA 13) o A3 B B3 w8 He 4= (A 18)7F &
negative vectorzt-& vtebligich FAE 2- AAEALY] 15.1%F AW, 52 Fo
g9 AAHEE JehgE §A(3A 3,6, 1) EF =& ARAAE Jehl )t FAR
3& 7|l o] 84%2 Yow, F4AW Ak 7R (YA 10), A EH} S W
2z (34 1D 2 29 F4dEd Holoh £ v & (YA 14) & vehE 3AS 2
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Fig. 5. Principle components analysis of Aconitum japonicum subsp. napiforme,
A. jaluense subsp. jaluense, their putative hybrids from Mt. Chiri, and Aconitum
individuals from Mt. Sobaek using 20 major morphological characters(cf. Table
1). Some individuals are hidden due to the same values. Symbols: Closed circles
=A. japonicum subsp. napiforme, closed triangles=A. jaluense subsp. jaluense;
open squares=putative hybrids from Mt. Chiri, asterisks=Aconitum individuals
from Mt. Sobaek.

A3RAE vebli ik (Table 2).
Z 713 gl M B FA4E 13 28 Fo=2 7z ANAES Wdd 274 (Fig. 5,
2 ZA (1) odo] A A= AV} 2 434 AA FFd FHIE de

Ho] WAstE Feld B AL 71A|= A japonicum subsp. napiforme] Hw, (2)
o] ZA AzE FAe] ne|rekoz A AA=ET & F 237 HA | NERTL
QA= A, jaluense subsp. jaluense =t 1E|F (3) A2kl EEZI= A
japonicum subsp. napiforme-A. jaluense subsp. jaluense ¥F NAE = Awit 7|4

B2 FAY AR 5 2 ) guoz PRI S5, 29 ANES FYE 152
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ujg} A 2]Ab A. japonicum subsp. napiforme-A. jaluense subsp. jaluense & NWAE
s} &4 A. japonicum subsp. napiforme A3 A. jaluense subsp. jaluense =t Aol
o g1xstg ot FAE 2 gtelas A=A A4F AAE wl&) vwA F Fo) WelE
el sicl (Fig. 5).

o &

Ak 1) A QAR BESHE B oby ANEE 2876 EAse 2ol B

B R-xokabel] glel v EaFg wiolE vehfdlon, astAe] Al Fral A, A3
7R AR #5434 BU)7F e 2 "ol A A, ¥ 23 34 3] e A
g MErrt Exste A Z o5 FUYE] 4 A AT el vt vER

st Ao g velhydoh(Figs. 1, 4). 2, Park ef al(1997)2 R gjibel] £X3+= =
2ol Al A EFT *P°]°] AFog AHE MAE HF Fejatd Ao, ==
4} B oolg AEEL (1) 234 A 54 E717F ol 32 "ol " Fdt
) a3 AA e "0‘7] Fe "z A FHo) HHF A MERI) EAS= HErt

‘/}F/}"Ph AL nastgon 4357 de £F 9 X ofA4¥ F8 AEYae] FA4HE
2 AzE AR olF ALl AdACd v ¥E e A japonicum subsp.
napiforme?t NEEE 7= A. jaluense subsp. jaluense?te] &4 9 FHA A+
(introgression) o] 2}sl 7]9& Aoz FAzgch o2& A= Fd MAT AT
flavonoid ¥4 (Lim et al, 1999) ZA3te] 2s A x=glen, it HAES
flavonoid 24 2ol o]52] YunFew FAHE 47 ¥ EFT U 54L 2
£ Ao g Yephgeh

A, dr2 ASolw thekgh B ol EHFIHY FF NATe] Kadota(1982, 1984,
1986, 1987, 1991)] ojaf B w} glem, Kadota(1981)e ol&9] AA % FEFS
uhal=d] o] x3tAe Hel Ay g F¥ ko] M Fad ¥ Aoz AN
c}.

ko] Bxats B ol EHTo A4S, type Adl &l MAET Zeo] &stA
oldo] oM Ewmal RFFo2: A kusnezoffit Reichb.(e|2wl3), A. fischeri
Reichb. var. leiogynum Nakai($¥HE) 9} A. arcuatum Maxim. (7]c}e]u}¥E) o] F2
2R gl Bxal: Zoz Biwe] ot} (Nakai, 1935b; Park, 1978; Kadota, 1987).
awlabell BEZEHE type A NAEL o5 Al BFHTF F o2 A kusnezoffiis} 7t
A galsle, gale]l gw RARAR] ZA AztEe SA gle] WA F ERITEH
malo] FEETH T3, A arcuatumS A AWAF type A ANAleke e A
%7} 2n=169 olujAll e g ByE o ch(Gruzenkov, 1973).

iﬁ
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T, FurEe] 7AS type Coll &3t NAL} o] £717h A-edA 284 7
Al Z7)7y EAEle Fe "Ho| 9 B oofE BHRIFTOoZE A japonicum subsp.
napiformento] B-x gt} (Kadota, 1987; Park et al, 1997). “12j1}, &M 4ke] type Cell
£ak= MAES 257 F4F ool F& Heo| L2380 (Fig. 4), 49 ¥uE 72
Vel FAE 1564 A, japonicum subsp. napiforme2t A. jaluense subsp.
jaluense2] 743t WA A. jaluense subsp. jaluenseo| 7V7b-& 3h& 71A A=A A
Japonicum subsp. napiformeo) vl U] A7} vlwd FilEN AA A== A
o] & oz vepdrh olF AAE oo #Hed SlodM= 7\]*’4"}] +E3e A
japonicum subsp. napiforme2t A. jaluense subsp. jaluense’t] #E 03 FA =
A& Akslet (Fig. 5).

2l Ay =)o SRR el BEstE AR Aol vt A¥Y NERE ol A
e o2 FARRE ¥ old LFHILE Folle A jaluense subsp. jaluenseol x| riepitct
(Park et al., 1997). 18}, 24k WA E2] 7 (type D, E), 439 /Ere A¥A
ol A. jaluense subsp. jaluenseSt= 2| 237 il & € A EAEH, 7
Abe) 734 vk 2 A8 NER dle] FE3E MAE LHY & gk 32
} NEEI} 53170 @A EE3= type D 9 Eoll &3t Ak AEL A 24t
¥3l= A. japonicum subsp. napiformet A. jaluense subsp. jaluenseZt £ NAE
Park et al, 1997, Lim ef al, 1999) =} "oz w)$- H-A}sk) (Fig. 4), 2wAl 734
2 Aejit A RAETE EE ER B w2 Ho] 45 Tk olddwt Rx3
, "o Wrn Agireg o AgS el (Fig. 4).

Qo420 g a3t "He| HASIE BRI 4870l TR BRI HFol
FAEH, 3F 7H1ﬂ 2 &3t gel "o B} Ao w WUk e

t} (Kadota, 1987). 3, ¥ o} AlEEL Td ERu7tel AAA Aulr) shAs] Ao
vpz] oke. ALyl wronl E3| A japonicum subsp. napiformeSt A. jaluense subsp.
]aluenseﬂOH% Az gulE 28k FE o] 7153 o urezl vl ¢} (Oh & Park,
1998). wpeba], w4l 2| HAT B ol FHAE ] &gt vEhdE He FF 2 &
23 §& €4& #e A

e

i

Ao}

) ruln = HE

E oo el 2 A EAdez E o, olF MAE
japonicum subsp. napiforme, Ai3}730] A9 NERE ZE A, jaluense subsp.
jaluense R 23}740] A3 TR A kusnezoffii 5 FHAid A BRI o HEF
HAde o) fell®l Aoz FAEh

g, alake] g ol& MAEY FEFor FASE A japonicum
subsp. napiforme, A. jaluense subsp. jaluense == A. kusnezoffii2] 32 al
e AAERT FAE AY AATS TEEA o, R E ofL 2w
MAZES 35, 23tAe BX3le Ho TF 2 £ X oFiel i 570

e r&ﬂ

ol&

T,
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Zy Al AT el ekt vlE2 EAFTE 53] type A9} type Co F¥eE &
37 AbRout o] F& "ol X %3l type B A S type A9 type E9 F719
or 43

A AReut g2 "W NERr &5 BE3E type Dol &3t AAE2
L o AAE WA vRAH LA v &E s ALK ow R,
o] X AT o]5 FrFor FAHEE MY MAF] A9
Woll 2A817) ke Moz B of 2 xode] AL o|F e $-3¥7te] A&AHql FHE
A3 ole B #FA2 F (introgression) 7} WHE-A o2 dojuy e Ao gk

olabe] AFE T & uwi, Afiibe] BESE B ol MAFS A, 1) &3H7Ae]
st Fmal A kusnezoffiio} (2) 23 FF4 EVIVF e w2 ¥HE A A
japonicum subsp. napiforme 2 (3) AF 7 A3 MERI U= A jeluense
subsp. jaluense 5 FH ¥ A EFL7HE] ol J%%‘*é of ojsf frellE AR FAHA,
AEYUA olF olF AFNA Abeloll AHHo R {4A AT (introgression) 7} dofi}il
AqE Ao g ek,

AL A

B Qd7E e EAct daodTu) (1998-015-D00221) oF Ag=sl qlaekAAby]
cl (BK21-Life Science) 2] xl%de] o8] =g om oo A=},

o] &
(S - ]

Ao
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Hybridization in Aconitum subgenus Aconitum
at Mt. Sobaek in Korea

Lim, Chae Eun, Chong-Wook Park*
(School of Biological Sciences, College of Natural Sciences,
Seoul National University, Seoul 151-742, Korea)

Abstract

We have examined the pedicel pubescence and other major morphological characters
of 11 putative hybrid populations of Aconitum subgn. Aconitum at Mt. Sobaek to un-
derstand their origin. These populations show very complicated patterns of variation
in pedicel pubescence; they contain individuals having pedicels (1) completely glabrous,
(2) with few micropapillate curved hairs near the receptacle, (3) moderately pubescent
with micropapillate curved hairs from middle to upper portion, (4) sparsely pubescent
with a mixture of micropapillate curved hairs and smooth-surfaced spreading glandu-
lar hairs near the receptacle, and (5) moderately pubescent with both types of hairs
but from middle to upper portion. All five types of individuals co-occur in most popu-
lations with varying proportions. These results, in conjunction with evidence from the
analysis of other major morphological characters, suggest that the populations at Mt.
Sobaek were derived from the multiple hybridization events involving A. kusnezoffii,
A. japonicum subsp. napiforme, and A. jaluense subsp. jaluense. In addition, the absence
of “typical” forms of these putative parental taxa in Mt. Sobaek area suggests that
repeated introgression has probably occurred in these populations.

Key words : Aconitum subgn. Aconitum, pedicel pubescence, morphological analysis, mul-

tiple hybridization, introgression.
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