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Table 1. Materials investigated for morphology, chromosome number
of Korean Indigofera MP: Morphology; CH: Chromosome; R: RAPD.

and RAPD analysis

Taxa No. Localities MP CH R Vouchers (TUD
I kirilowii 1 Gamcheon-myeon, Gimcheon-si, 0 O O WHKim 111,
Prov. Gyeonghuk W.HKim 110
2 Ssangnim-myeon, Koryeong-gun, O O WHKim 112
Prov. Gyeongbuk
3 Yongju-myeon, Hapcheon-gun, Prov. O WHKim 136
Gyeongnam
4 Samyang-myeon, Okcheon-si, Prov. O O WHKim 137
Chungbuk
5 Seo-myeon, Hongcheon-gun, Prov. O W.HKim 59
Gangwon-do
6 Mt Gyeyangsan, Gyesan-dong, O W.HKim 138
Incheon
7  Hanakkae Beach, Isl. Muuido, O  HB.Shim 31120
Incheon
I koreana & Mt. Yudalsan, Mokpo-si, Prov. O W.HKim 143
Jeonnam
9  Seongmun-myeon, Dangjin-gun, O W.HKim 18
Prov. Chungnam
10 Jinyeong-eup, Gimhae-si, Prov. O  J.Y.Lee 3051019
Gyeongnam
11  Masan-myeon, Gurye-gun, O WHKim 21
Prov.Jeonnam
12 Joma-myeon, Gimcheon-si, Prov. O O O WHKim 125
Gyeongbuk
13 Nonggongeup , Daegu 0  W.HKim 123
14 Yongju-myeon, Hapcheon-gun, Prov. © © O W.HKim 126, 129
Gyeongnam
I grandifiora 15 Bugok-dong, Gimcheon-si, Prov. O O O WHKim 30
Gyeongbuk
16 Joma-myeon, Gimcheon-si, Prov. o o o WHKim 119,
Gyeongbuk W.HKim 120
17 Gacheon-myeon, Seongju-gun, Prov. O O WHKim 143
Gyeongbuk
18 Daega-myeon, Seongju-gun, Prov. O O WHKIm 144
Gyeongbuk
19 Seongsan-myeon, Koryeong-gun, O O O WHKim 122
Prov. Gyeongbuk
20 Suryun—myeon, Seongju-gun, Prov. O WHKim 124
Gyeongbuk
21 Suryun-myeon, Seongju-gun, Prov. o O 0O Choi et al 6654,
Gyeongbuk W.HKim 41
99 Gaya—myeon, Hapcheon-gun, Prov. O O WHKim 117
Gyeongnam
23 Ssangnim-myeon, Koryeong-gun, O O O WHKim 118
Prov. Gyeongbuk
94 Yongju—myeon, Hapcheon-gun, Prov. O O WHKim 142

Gyeongnam
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Prov. Gyeongbuk

Prov. Gyeongnam

Fig. 1. Distribution of Korean Indigofera Rectangular: I kirilowii, (M Cho et al. (1997),

LI present], Circle: Lkoreana [@: Cho et al. (1997), (O present], Triangular: I grandiflora
(A present).

20, 4o s Zeseled st5o] 8 & n) 7 (Optiphot-2, Nikon; Japan,

o 23 g Zxguiselel 2dAFe] 48¥ 3 5(Choi, 1996 Cho et al, 1997)& A7)
Eshal, xe] ART2E PG tHTable 2). 9% Felg Ao 24 Digital vernier
calipers®} 3] 5@ 7] 4 (Leica MZ8, Leica; Germany x6.3)& o] &3t}

RAPD ¥4
DNA %&£ Doyle & Doyle(1987)¢] ®#&® ®H(Seok and Choi, 1998)% Plant
extraction kit(iNtRON BIOTECHNOLOGY)E Al&3t92 ow, &% DNAT- dAS =x=

flste] 2HA=AZ BF} T 25 ng/wrt H=E sAsch DNA ZZe 6079
10-base oligonucleotide primer(Operon Technologies, Inc.)E AM4-3l9 3, Az ¥he e 95
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2 8 Thermal cycler(Perkin Elmer 9600, 2700)0& Argglon  9TAA 5E3E
denaturationA1 71 &, 94T 1%, 35C 18, 72°C 28-& 453 wrEsiginh HAZFHoZ T2TAA
105 E0}F extension ¥H8-& A7) & A79%F & w7bA] 4T Basiach 3% E DNA 3w
2 23] 109 gel loading buffer(Promerga, Blue/ Orange loading dye)$t &33sta, 1.5%
agarose gelol ¥ 1x TAE buffergelA 70VE 4NZF Bk A7A%E Ak drldE F
UV(Dual-intensity Transilluminator) #9138}, Image analyzer(Pharmacia Biotech)2 #
ojste] B89t Molecular standard markers= 100bp DNA Ladder®s ADNA/HindIl
marker(Promega) 2 AH&3rdth.  RAPD W=o) - Fo w2t 0% 12 AP F, FAE
A2 Fagu. fFAE AFE Nel & Li1979)e) ¢l8] Ru® AT} 22 Dice(1945)
coefficient® NTSYS computer programs(Version 2.11)E AF8-3ted AAretdlal, UPGMA

phenogram< 2H43 &k th

A aA BE 9 A&A

aZzaguie]s Choi(1996)0] o3 A& -
Az 75 AN AGe2RH %
ﬂ?iE}Flg 1. 53], 25 AHA AFelM= g
Aol ZAEAL, A FAE A= 2Egue et TR EA Aol BAH
oty wapd AFzhx Aedow Baslel Byxste Ao deAW EErE, S
syeleh gulaa st teptd s FAer EAFel Agste o] HAHAT £, A
Aue AANG slopat Anlrh Fgulseiet guA e BE AAA G o e
o},

guRzlel Euuaale] ASAE dutHoR & JPExE SAEY FH7S 2ol AR
o] Fre £& Aty AzeAY HSEsF DojAx Aupe B vk 9 B 2L o
HAGHE 2 xehe B4 Auh vy, 2EguldEEs £ /P d%e ga aEA
3 see BRE ARe Ao b BEYS MEsE Ao zAH, 4o £ T AelE
vhER

AMA 5

wulga), Egulsesl 2Egudezt EAEe Agse AR 2AE AHFe 1
Table D ZA o2 AMA £2 2AE A (Table 2) BRI 20-16(Fig. 2)% &2
el on=32(Fig, 32 A3 ATAe 2 ARg Ak SEGuRE e INA FE
on=32(Fig. A7} 2n=48(Fig. 5)°] ZAEAL, 71€0] K3 B(Choi, 1996) 2n=16¢ AU RS B
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o

Figs. 2-5. Somatic chromosome photographs of Korean Indigafera species. 2. I. kirilowii
from Gimcheon-si (2n=16), 3. I koreana from Gimcheon-si (2n=32), 4. I grandiflora from
Gimcheon-si (2n=32), 5. I grandifiora from Goryeong-gun (2n=48).

Rk ZALE Q3
A &) o] 4ulz] <} 6HY
Sk Fon xPHdow Ryye Mesu Q= Aoz LERR T
(Table 2).
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Table 2. Chromosome numbers of Korean Indigofera.

Taxe 9 Previous results Present results
4 Authors Regions 2n
I kirilowii 16  Kawakami (1930), Sugiura (1931), Gimcheon-si 16
Kodama (1967) Okcheon-—si 16
L koreana 32  Cho et al. (1997) Gimcheon-si 32
Hapcheon-gun 32
L grandiflora 16  Choi (1996) ' Gimcheon-si 32

Seongju-gun 48
Goryeong-gun 43
Hapcheon-gun 48

Table 3. A comparison of taxonomic characters among the population of Korean

Indigofera.

Taxa L kirtlowii 1. koreana L grandifiroa
Population 1 2 12 14 15 16 22 21 23 19
Chromosome No. 2n=16 2n=32 2n=32 2n=48

Hairs on leaflets 323 23/3 110 50 26/27 13412 88 6/12 0/18 9/21

upper/lower per 4 mr

(Lgnf;gth of standard |57 14 118 082 158 169 165 172 176 184

Length of calyx 015 018 012 012 015 022 012 027 017 009
teeth (cm)

Hairs on standard margin only «<——— about a half of upper surface ———>

Hairs on calyx margin only «————— a whole part of surface ———>

Cho et al(1997)e] A7 Aol gzl Fad PRIZ2 Idd =9 Z o] o}
29 "o ¥ & A7 PR3 THTable 3). %9 dol& AR A% xR 4
A Ul AE B Choi(1996)7F 71Ag SEwuIAe] el Zoje) wie] %o ¥EHAG
wol syte] oWy Eubx Ao AxspE "ol Fro| 9o} T2 xolrt EAHIUT g
HaeEls 79 7HE Aeelw AEp EEEE(Fig. 6, Table 3) W FEu|%2o F3 |
el aupAsh euj Aol B 7l ojWel 12014e AR BI gle 2] #E ety
(Figs. 7-9, Table 3). £ e do ) se] o] F1bel FElg

o] Zolol| glojA BuAE e} F Es
o] zurzl d#e] ol 4uiAldlA 014-022 nE, 6WA]

B

Apolg moli Wi, BEguls

o 1l ey
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icm

Figs. 6-9. Flowers of Indigofera 6. I kirilowii; 7. I koreana, 8. I grandiflora
(tetraploid); 9. I grandiflora (hexaploid).

M= 009-027 em(Table 3)2 Hu|#elol Zwnsa)e] 2wy An Zole] WHo] Zg m
T OEgse Aoz A EE U A 6o At Smusels 2w x40
2ol 2xsh whd, gHiA o E £whd AW Bow "o RB¥39rkFigs. 6-9, Table
3. wERe e Fuaee] Fe PR 29 499 9y X glo] Imgunalel 7
T GWe] MY ool ofh v @ "o REsHTHTable 3). 0|9} g 9B g
FEe) 2AF AalA FEguide s Fgulnels 78 ojun e Rras gol A
=g 29 el BXde "o dAY ASdH fAS Uebion, gusees aq
AET HEof ojdelk R¥Esh= de SAo] fAATh 2EY NYHon Rase 2
Edhs ZREUIAY A e eufAl Fartold] Fed 9% FEA wol= wrHx
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ororv}(Figs. 8-9).

RAPD &4

wulma] s 3%9 zF Ayk(Table Dol Al 1ol genomic DNA‘: 10-base random primer
(Operon Technologies, Inc.) 607HE o] &35t} PCRE Fag A3, wul 7tsd =7k Ue
W 1170 primers® A3t tH(Table 4). 1171 primers 228 2ozl {§&3 WM=s 1227054
=4, o] F 90.2%¢1 11074 W=7t polymorphicdtA Wb, 1270 WE7 7} monomorphicdt
Al vhebsiTh

Zz 7b 20]& Bl W= F OPA-08 primer® 1750bp, OPA-11 primer®] 800bp, 400bp<t
OPA-17 primer?] 3000bpt gu]»ejell 4 5t OPA-17 primer] 450bpE EZ @M ol ARt
UEh}E 2 189 genetic markers® tHFigs. 10-13). 2] 9] genetic marker® WHERY
A ekgrch Aol AMEE FU RE DA A= orgpo} zbzhe] FojAlnt vpehut
F 2ol Wi gzl 187, SGuAe 4719k FXFHHE 5702 YeElstHTable 4).
27 . Aoz WM patterng ¥R EA1§ Az guest FEgEAE] T ol TS

= Type A WEZ pattern 370, Fguse)et zzguiy T Fol FELE e
Type B W= patterne 14742 Ve SxguAde gl e Bl Sgupeer F14
sA@A7 o 7HAl LrEbsti(Table 4). o]+ Choi and Kim(1997)¢) ITS d71Ag &4
o7 b= Apolr), Fzwuiae] 4w Aol euiAlel A 2R g0 M= F 35%<1 297 W
=7} monomorphic sFQTh wE wustel, ESEE|Ae] st azguigads BF YEE

M Type Cok= 3570, gHlse], Earisele SxE9e A AT FA3= Type G 5
A, e, e SRy euA Z&3tE Type G /AR JEEH
(Table 4). &&5v|ae] 9 HH—’Fiﬂﬂ #o]& B, OPA-07 primere] 8%0bp W=k OPC-19
primer8] 800bpol A 6 A A ekoll A ut Wh=7} LER A fAH 2polg mol FA

7} primer 9 WERY bande] f5-el wel =S SALE X 42 UPGMAYl 93 &4 st
o] phenogram(Fig. 14& @31tk F3F FadA AetAE —E%Z““HW}E}—‘E e Bok
zmuaalel WA 750} Choi and Kim(1997)9) 23& A = Rog Ve, %
g e 4ul A el 6ul A Pero R vhrojHth

[=)
2 %

i =y

Aoyt Fhopael u A%o] BARAT ZxguAe AT AR AAN, BYE, A
7 Qe A AT AU AEA 2SRk £, o) AGeNA Fal e Fdulg
gt aEwudas £4 4830 BEs gas SEez UNlE Zol SUHIH oE
se] the A %ol Bl N4 @k TEIMelt Fuldeeh Fgule el
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Table 4. Common bands among the species or polyploidy of Korean Indigofera

. Band L kirilowii I koreana I grandifiora

Primer Type' ) e IV — "
2n=16 2n=32 2n=32" 2n=48
OPA-06 5-GGTCCCTGAC-3 B 680 - + - +
Co 1300 * + * +
OPA-07 5'-GAAACGGGTG-3 Co 1200 + + + +
C 900 * * +
M 830 - - - +
OPA-08 5-GTGACGTAGG-3 M 1750 + - -
C 1000 + + -
Co 800 E + +
A 550 + - +
OPA-10 5-GTGATCGCAG-3 A 1270 + - +
Co 1000 + + + +
OPA-11 5-CAATCGCCGT-3 Co 1200 + x + +
B 900 - + + +
M 800 +
Co 1490 * + + *
OPA-16 5'-AGCCAGCGAA-3’ B 2300 * + +
Co 1600 + + + +
OPA-17 5'-GACCGCTTGT-3" G 1600 + + +
B 1500 - + - +
Cy 1400 + + - +
M 450 - - + +
OPC-09 5'-CTCACCGTCC-3’ Ci 1800 + + + -
Co 1300 + + + +
B 1200 - + * +
OPC-11 5'-AAAGCTGCGG-3' B 2400 - + + +
Co 2322 * + + +
Ci 1700 + + + -
M 50 + - -
OPC-19 5'-GTTGCCAGCC-3’ Co 1700 + + + *
A 800 + - +
C 650 * + + -
B 450 - + - +

“Type A: I kirilowii and I grandiflora, Type B: I koreana and I grandiflora, Type Cy:
L kirtlowii, I koreana and I grandiflora (tetraploid and hexaploid), Type Ci: I kirilowii,
L koreana and I grandiflora tetraploid, Type Co! L kirilowii, I koreana and I grandiflora
hexaploid, Type M: species or population marker. ™ + band present, - absent, * present

or absent.

108



June 2005 Zgu|melel sieMdi Z23

L 123456 7 89 10111213141516171819 2021 22 23 24 M
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1500bp>

Wt i W ey WO S N
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Figs. 10-13. RAPD patterns of Korean Indigofera. The sample numbers are
corresponding to those of Table 1. 10: primer OPA-7; 11: primer OPA-8 12: primer
OPA-17; 13: primer OPC-19; L: 100 bp DNA Ladder; M: ADNA/HindIll marker.
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;

2n=16 I. kirilowii

OO0~ U WEND =
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2n=32 I. koreana
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— T —
052 072 033 093
Similarity coefficient

Fig. 14. A phenogram generated by UPGMA based on Dice similarity index, showing

the relationship among the species and populations of Korean Indigofera.

= Aol s AtHFig. 1). E2FuRE Y 9oF Jy 3
Jtolmat by 8l 49 FWe 9o B¥ et Eau|aule §abe why xo]
| X3 %1011*1 Folae g fALe v (Table 3). w8t Wujsalde) =g

TREEE UHE(Cho et al, 1997) £ @9 Aol wu)yalel Tgu|sa)e] ura
ol Wo] F& ¥F ¥FEATHTable 3). 0|9} Zo] TEguael= Gu|xalel Zwu)sal
T A AGelwt 24 wExsy guses 8 B P49 9o "o 2yl
E3 AHA9 o], o Fx B TH gl o} EFmuiate] gZe EAL 2ty d= A
i e] ol Sanine)e] FE Al o FAHAUL Aow AR Choi(1996)

of 93] 2viA(2n=16)2 B3 B ZZgujxg= % ATE S 49A(Cn=32)2 6H] )
(2n=48)7} MEA Z/‘}Eloi 37HA cytotypes zHe HlEAlZ W A tH(Table 2). wWi<=4] #A
< FTEY vFUE T IR BN =L s dolo B3 Qoi"”;}(Stebbms
1971; Levin, 1983). @&ste A8 T GxAdAEY S 58%, HApela 7S-= 43%7}F
HjeAlel og Fom Al Urh(Grant 1963, 1981). wlFAlE Adum oz ok Eo| u|a|
ergdol am B4 A dig] WAl A E4L 2 Aol YZHo U Rost ef dl,

al

o= RiT ]
1997). B8k, WA e AEA AAE WA FE Qlm 23 A2 WSy po

ru\'_ mﬁ

(

=
Lo =
=
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o Fx= Aoz d#lx AYrHGrant 1981). FEFH| A= Ayl
ZF o)A ok :Ltti(Flgs 6-9, Tabel 3), A AFA W
T 4% RYE AR dE g Azde ez 2AH
o Aze BA A&Ad HLo WA 54L HiFe o Asdh o|e 2ol 4
WA} 6l AE 71 (Figs. 2-5, Table 2), A2P2e) vz}, 542 zlol B9 EAS
ol Zmgunz= 4EA7]7h W%8HCho, 1995) Fulxelek Fgrnee] &4 R 5A
Yol Al % 2o AEdda o weA e s T3 | o= AEsdth

AeAolA WA @A b GRS A Fo| gFv)Hde] B AFEo] B E
u}QITHCook et al, 1998; Segraves et al., 1999; Soltis and Soltis, 1993, 1999; Solits et al.,
1992, 1995; Otto and Whitton, 2000). =2l 4uia Jetat 6ua] Ae T3 g 95
He® jo]E wolx o}, AR} AeHor BFHo] UrkFigs. 8-9, Table 2). £
RAPD 24743 F w54 29& Type Cis Cz WME patternel] el &AA zolE HH
TH(Table 4, Figs. 10, 14). ol¢} ze Zgwgulnez] A JdEd] £ S4% RAPDS]
eAx BEAo] ylZatel, 4ua Aun eulA Aol zb7] tE AL AR dE1dd
Rog FHHEY
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Polyploidy and speciation in Korean endemic species

of Indigofera grandifiora (Leguminosae)

Won-Hee Kim, So-Young Kim and Byoung-Hee Choi
Department of Biological Sciences, Inha University, Incheon 402-751, Korea

Chromosome number, morphological variation and RAPD analysis were Investigated to
study on the speciation of Indigofera in Korea. Chromosome numbers of I kirtlowii
(2n=16) and I koreana (2n=32) are consistent with the previous reports. In this study
tetraploid (2n=32) and hexaploid (2n=48) of I. grandifiora are newly observed. Indigofera
grandiflora is distributed around Mt. Kaya area together with I kirilowii and I koreana.
The former species has the larger sizes in plant height, leaves and flowers than the latter
two and shows intermediate form between the two species in hairs on leaves and flowers
which are one of the most important taxonomic characters in this group. In the RAPD
analysis, I. grandiflora is similar to I koreana than I. kirilowii but RAPD band patterns
revealed difference between tetra— and hexaploid of the species. These results suggested
that Korean endemic species of I grandifiora (2n=16, 32, 48) might has multiple origin
through polyploidization and/or hybridization between I kirilowii (2n=16) and I. koreana
(2n=32) around Mt. Kaya area where the latter two grow together.

Key words: Chromosome number, Indigofera grandifiora, multiple origin, polyploidy,
RAPD, speciation.
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