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Summary

The present study was performed to reexamine the interspecific re-
lationships among 5 species (C.discolor, C.coreana, C.sieboldii, C.

bicolor, C.replexa) in the genus Calanthe in Cheju Island.
The external morphology, the patterns of 5 isozymes and total pro-

teins in 5 species were compared each other.
Judging form the external morphorlogy, we suggested that the size of
leaf, the size and color of petal, lip, sepal were useful to identify
each species in Calanthe.
The patterns of isozyme and total proteins in 5 species were very
similar to the results obtained by the analysis of external morphology.
" Thus, our resurts were summarised as follows:

1. The taxonomic distance among species of the genus Calanthe indicat-
ed that C.replexa was the farthest related.

2. It needs taxonomic reexamination regard to C.coreana because of
C.coreana was very similar to C.discolor.

3, C.bicolor was putatively hybridized between C.discolor and C.siebol-

dii.



Calanthe (A $¢2) B HHS WMEL uRsted FE@olAol, HH
o] W#, W@ olAlol, AER|o}, ofzelzte] uleiriAZ, hRolulels}
% B, Mol ¥ 200 cifiol Hsm Ak (=B, 1981).

@EE CalantheMoll uisiA: Nakai (1911) % C.puberula Lindl.
C.coreana Nak., C.sieboldii Decais. ¥ & A& #H&stAR, F (19
49) o] C.coreana Nak., C.discolor Lindl., C.replexa Max., C.striata
R. Br. for. sieboldii Ohwi ¥ & XRo=z F2 friliol #slo
W stlen & (1981) o C.disccolor Lindl., C.striata for.
sieboldii  Ohwi, C.bicolor Lindl., C.coreana Nak., C.replxa Max.
%= SHE2 wRos Rtk HEBM, R, XKEMEE Foll Bdlo
#WiEstlct. Nakai (1911) & HM Mol C.puberulart HERcIn 3
Axul 2(1983) & C.puberulazt 32 ol 5tz C. re—
plexa 9= &M HhRAEK 2Vt chEckn WESACE. FH(1949)
# & (1981) & C.puberulao] W@ FRol AL C.replexa TF
sk, =¥ KRB 19I5 < A% Calanthefiol ¥ A+
o™ C.bicolor & C.discolors} C.sieboldii o] XMooz WEHY
b et & (1981) & WMEE Calanthefiol ¥ HARNAM C
bicolor £ 9ol 37 Rel 371 ¥ fol AoJA C.discolorst
Flsicln #WEsiglch.  ola® CalantheMio]l FE MAIBWo =
= B 37l W B %o TR Asn T XK@l Bot H
Ested BEZ YWan Arh.

@HEol ##sts CalantheM2 C.discolorzt B, ¢HM, FHME
ol H4Adcln #ME Solx (F, 1968; &, 1985) C.sieboldii =
RS, 2B, HHB %ol HHVCIL (FH=, 1941 F,1985: &, 19
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85) stlout C.coreana, C.bicolor, C.replexa %<& FMMolt H
Aok WESolAnt (£1981; %, 1985) . olxY WREIE Calanthe
B 5 HS FHEol F=2 Smstn Arh

Bifol EBol AW RAWR® FEke HEieol 3% #4H R
G Bigel HATc=zN 2o} 4 BEM BRAKE A
Balels Bgest EHe #fTEn Ack BREY Hikel A% H
MEE SHkmo= M 3 (1977) ol starch gel VWHRH*EY FH&
& FFASd WS (Prunus) & HFo2 esterase F 6 WM
FirMEs wa HEH u Aoy & % (1982,1986)01 o3 4
UFE (Pinus densiflora S. et Z.)$} & (P. thunbergii Parl.)oll o
so] glutaminate oxalate transaminase(GOT) ¢t leucine amino-
peptidase (LAP) B x@ o= BiEM #HHE sisdch. 2l X (19
87) & 728 (Citrus) & Hfe= 9o FHUMR RRAE 9 R
CHTE £HT u Aok, MEE Calantheol JFsiMds WES
o} gict.

wetAd HMBE CalantheM2 HKo2 SEEBMB HHES &
e Wksid 270 HEMAE RSy VREY F&EE o
$5to] FMEE, total FEHKE Bl T BRER FREARE ¥
sdnzx *x WHMAE WHACH
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1. EMHE

& WHzel #HEMEQ CalantheM2 19894 3AFE 19894 9A M
A ABNE dboz HMEIM REstdch. KXY HEE @l
BHslo] EMMEZ Agsiglen RMME Table 13+ rh

2. ERFE

(1) 5 BB U SH AE

NEBB BRAEZ:- SushA Asg AANE Z Huicl &ESH
2 30 AN MFEsed U, FTEHA, R, AW, B NEE. FHE Fd
23 5 U 271§ PESAcCH

=% HAHE KEsled BEEuich S BHEES RWEsACH

(2) FIGIBeEE BWHE o

2} #ulct 140N RES RIS glutamatate oxaloacetate
transaminase (GOT), peroxidase (PER), esterase (EST), malate dehydrogen-
ase (MDH) , superoxide dismutase(SOD) %o F{IMEE RIS
()X Hht

RET 92 KB 1eg Y BME 32 bduffer (0.07M Tris-HC1 pH
6.7, 1% PVP, 0.5% Triton X-100, 1 mM 2-merchaptoethanol) 2ml &
7bste]  4° C ollal uhfAlA 20,000 X g2 RLOHFMAL & AT
BE Mstd HE= s



Table 1. Collection locality and collection date of Calanthe
in Cheju Island

Species Locality Date
C.discolor Hangyong (Myungidon) Apr. 25 89
Namwon (Suakgyo) May. 10 89
Chochon (Suneulri) May. 15 89
C. coreana Hangyong (Myungidong) Apr. 13 89
Namwon (Suakgyo) May. 10 89
Chochon(Suneulri) May. 28 89
C.sieboldii Chochon(Gyoreiri) May. 13 89
Namwon (Dongsugyo) May. 26 89
C.bicolor Chochon (Gyoreiri) May. 13 89
Namwon (DOngsugyo) May. 29 89
C.replexa Cheju(Mool jangol) Aug. 8 89
Namwon (Suakgyo) Aug. 18 89

(i) BRA%Y F&E

GOT, MDH %! SOD & #4737l Qs starch gel(11X) K
W FHEE o&3lgln PER 3 EST & polyacrylamide gel(7.5%)
BEREY FHEL ofsigdon Table 2 8+ T Uz WRHEYS
KAt

(iii) @zt @EE

Yefa & Table 2 o Zron ol T FA] 7% acetic acid
ol BH#3le] WWE3IATEH

( 3 ) Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS PAGE)
SDS PAGEX: Laemmli(1970) ol Jikol wbA 3% stacking geldt
10X Running gel ol Slab gel #MiEolA 20mA2 3 -4 §F
Qv 4rmEAZl F 0.25% Coomassie brilliant blue R-2500.2
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a3t 7% acetic acid (35% methanol =¥) & ReEsIRc).

>R RR EBEH=2: carbonic anhydrase (from erythrocytes
M.¥. 29,000), egg albumin(M.V.45,000), bovine albumin(M.¥.66,000),
phosporylase b(from rabbit muscle, M. ¥. 97, 400), beta-galactosidase
(from E.coli,M.N.116,000), Myosin (from rabbit muscle, M.W.205,000)E&
AlS Bich.



Table 2 . The eletrophoretic methods for isozyme analysis of Calanthe

Enzyme Gel system Electrode buffer Gel buffer PH Running Station Solution Referance
condition
GOT Starch 0. 19M Boric acid 9 parts Tris-citric acid buffer 200 V 0. 1M Tris HCL(PHS. 8)~--100ml Cardy et al. (1981)
0.04M Lithium hydroxide  (0.05M Tris, 0. 007M citric acid); 8.3 Aspatic acid--250ml
lpart Electrode buffer 3 hr alpha-Ketoglutar acid —-15ml Tanksley et al. (1963)
Fast-Blue BB solt--150ml
MDH Starch 0. 19M Boric acid 9parts Tris-citric acid buffer 250 v 0.1M Tris HCL(PHS. 8)--100m1 Cardy et al. (1981)
0.04M Lithium hydroxide  (0.05M Tris, 0. 007M citric acid); 8.8 1M DL Malate—-3ml
ipart Electrode buffer 3 br NAD --30ml, MTT--20mg Brown et al. (1978)
PMS--4mg
S0D Starch 0. 19M Boric acid 9part Tris—citric acid buffer 250 v 0. 1M Tris HCL(PHS. 8)--100m!
0.04M Lithium hydroxide  (0.05M Tris, 0. 007M citric acid); 8.8 MTT--20mg Harris et al. (1976)
lpart Electrode buffer 3 hr PMS--4mg
PER Polyacrylamide 0.02M Tris glycine Stacking gel——1. OM Tris-HCL 6.7 25 mA Benzidine--500mg
Running gel--1.5M Tris-HCL 8.8 Acetic acid--4.5nml Esen et al. (1975)
4 hr 0. 9%H20,—-25m1, DH--120m1
- EST Polyacrylamide 0.02M Tris glycine Stacking gel--1.0M Tris-HCL 6.7 25 mA 0. 1M Naphosphate (PH8.8 --100ml
Running gel--1.5M Tris-HCL 8.8 4 hr alpha-Naphthy acetate(1%)--3ml Bender et al. (1982)

FAST Blue RR solt—-100mg

-8-



11 . &% ER

1. 5 8BB o S

1) 5B

A$ k2B (Calanthe) & ZHE#H2 HREL vy ZAu HREE
Bolm oMol uitish #EKSET ezt Bl

ge 2-5 A7k iz Jvem FAHEHR RHEEBon X2 €
WaA  Folaltist ol BnEZT, EHE FolAUA EFAES BREY
c}.

Z2 C.discolor, C.coreana, C.sieboldii, C.bicolor %ol 4-5 ¥
of 7W8kstil C.replexat 7-8 Holl A3tsin), #EF = BREF=2 10-30
M7p "elct.

Zuwale 3 Aoln HétolW FFol 2 AMel EAA shid] MER
o2 olfod gYon FEWS 37 Aoz ZEHAJAR HRAK
of 3-5sM¢9 &717F uhehRlct.

Calantheol s #BMe HE #RT Table 3 3 Arh

i)Y : FE L C.sieboldiizt F¥ 260 mm2 7Fg 331 C.coreana
s} C.discolor: ZtZt  108mm. 203nm 2 7P8 Zen] (. bicoler
9} C.replexa = 2zt 245 mm, 253 mm olfitt. EEE XK K
ol vz FPE BArh

ii) Zukal: iAol Zol: C.sieboldii 78 F#H 26 mn 2 7HF
a2y C.discolor7t ¥3# 13 mm 2 A3 Asgton F¥Ue B
C.replexa 7} 7b% &gt

Zybalo] 4o C.sieboldii &= %M, C.corama®s AL %K#,
replexa & #¥EolAn e %R gdslel Cbdicolor ¥ %k

i
" 1o
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., £ Jd5Yon C.discolor: 24, %@, 454 Foz Z#
stAl Jbebstch.

iii) %Y : BYel ol B C.sieboldii olME ¥ 24 ma &
9mm 2 7} 2B C.bicolor &  ¥# 19 am 8 6 mmolz  C.
replexa = ¥# [3un & 2 mm 22 M3 A el EJe
e ZEWwAo @3 HMEsA ek

iv) & : G Zolst BE C.sieboldii 7t F# 19 am & 26
m2 7124 33 (. discolor® C.coreana + HAIY 27lg EHAon
o2 MEol ulsh Al bl

el @S C.sieboldii & ¥, C.bicolor & R¥fE, ¥EE2 =
L olE fio] 4o on, C.discolors HEE, EFM4 ot C
coreana £ Hfa, C.replexa & ¥KA I
2) it

FEM ol BH4ASE A$EE (Calanthe) Mol s 2 BW
BEWK M KEEfko REE 2Xbkol BHESIR AdemM I
B W&ol oet cl2A Jekkdc

W& 200molsl {KHi#ols C.discolor$} C.coreana’t 4t
400n-700m Abololl= C.discolor, C.bicolor 8} C.sieboldii 7} H&s}
o] stz URPrk. 22l C.replexa & # #K® 1200m 7iA
Lhebytct.

2. AOIME #Ha Total EHK UK.

RO R Ao ERY B HyEFol o8l REIA:= XK
M ol st & EMoIM:E XEERE A FAriw
Boll KM EWE 5s5lod GOT, PER, EST, MDH ¥ SOD ¥ 52
FIGIEE®E band RHOIN EiTe HHEEE HLE zonecz FES
A KRBMo| bandd RXAsEAch (Table 4.)

-1 -



(1)Glutamate oxaloacetate transaminase (GOT)

GOT &= 2 7He] RI{IB®E zoned 7Hxn Yon KRoz BYE
7 M2 GOTA9t originol 7lmbe GOTe2 R4r=fAch. GOTAE a,
bc,d o 4 7He] band® B 4 Aem a b band 7} C. discolor
ol Al 13 MM (93%), C.coreana offA] 12 A (86%), C.sieboldii & C.
bicolor & 14 7HAI(100%) ol 27 Wl dct. W C.replexa oA
L A3 Jvehal gt (Fig (1) .

=3 GOTe: RMBEIN FEEST polymorphic 3tod band HH
& IE®H #£#HE +» UACH

( 2) Peroxidase (PER)

PER & (% oc=z PBEEsL a2 KF2 PERA, PERs, PER: F 3
Mol zoneo2 RX4ursEArh (Fig. 2).

PERASt PERg: bandel Etfel ul$ %3l polymorphic 322
bande] MHES WMEsN XHE + AAch PERc:= a,b,c,d %
4 Mol band® B 4 YAYRen, C.discolor, C.coreana, C.sieboldii
% C.bicolor & 14 7HAI7b a,c bandT kAR AT, b band= G
replexa ol T RRHiEIon d band: R2E Mold tiliMoz
it = et

( 3) Esterase (EST)

EST = %oz B#Es w2 Mo ESTa, ESTs, ESTc, ESTo
9 ESTeel 5 Zoneo2 RX4rEfdth(Fig. 3) .

ESTA, ESTs, ESTcx bandel iE#fol mj$ 3§3lx polymorphic 3t
A bande] MRS ERsN WEY 4+ AAL ESTor a b FA
band2 FASo] Yony, ESTe: a bandttoz FAEo AAct.
ESTpel a band: RE folld oz fHmiisle bandolil b band
t C.replexa B AJT e 4@olMdE tisiden =

-2~



ESTee] a band Al C.rep’sxa 9 REH =2 Adrt.

(4 ) Malate dehydrogenase (MDH)

MDH & K&l 717t Me=® a,b,c,d band2 Xy Edon band
BH 2 monomorphicdtct(Fig. 4)

a,c band¥: C.discolor® C.coreana olM%t SRl a, b, d band
£ C.sieboldii, C.bicolor & C. replexa oA #H = fAct.

(5 ) Superoxidase dismutase (SOD)

SOD = MEFoz BEWEJ 71d wE S0DA, 33l S0Ds, 18
I origino]l ®EF JAAHAY originol JHE ol A= S0Dco 3
zoneo.2 RXAHAow band M-S monomorphic 3tfAc} (Fig.5).

SODaolA a,b band: C.replexa & BRIME 4 Mol =25 RS
1om b band: C.replexa olA8t & 5l Rict.

S0DgollA a band: C.sieboldii olAM% i =X b bande
bicolor ol|?t #EHiEl= bandcrhk. 28] ¢ bandE C. discolor
coreana , C.replexa 3 Molld #iHisIom d band= C.replexa ollAl
T B S RAck.

SODcoll A C.replexa = a band®t HHEAR, ctE 4 MolME b
band{t i Sl .

Iz Wiz

3. Total AR ##H

SDS polyacrylamide gel WREM%k Bl KR HEMFE SHAM
et total HEMN band:e ZZ 25-30 A7 HeHiE Ak (Fig. 6).
C.replexa = 66 K dalton 3} 45 K dalton Atole] HFRE A
A% FAe bandzk W REHE wdHol Jnix BEe #3309
RE Holza gsicl.
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r b.s c dM

—205k

—116k
—97.4k

— 66k

—~ 45k

— 29k

Fig.B8. The total protein patterns of five species
in Calanthe. The proteins were separated by SDS-
polyacrylamide gel(10%) electrophoresis according to
Laemmli(1970), and stained Coomassie Blue-R 250.

r, C. replexa; b, C. bicolor; s, C. sieboldii; c, C.
coreana; d, C. discolor; M, molecular weight markers.



v, =% =T

A Wize @®EMEY MR (Calanthe) BWel SHESS HEE
B BR, 58 o s, B, YA EEd 27 % & F
ofl UoJM, C.coreana & C.discolory WS H{lsled ¥Hiol ol
21} olE 5 M3 C.sieboldii, C.replexa, C.bicolor %2 ZEEE
Blr}.

Nakai (1914) & C.coreana® FHE o= HMEsA=ul oA C.dis-
color & HlZ3ht Fol 2Axm FE7E 21 FHMol Ackn SR &
(1981)= C.discolorst:= %zt PEel A7zt ciactz #&stATh.

el & HEoA #E® BTEd, ER, Fded e A
C.discolor7t ¥# 13pp, 10 mm, 14m8 ojm (. coreana & F#
14mm, 15 mm, 12 mm qc}. 222 PES] Zol: (. discolor7t ¥
8.2 mmol1 C.coreana & ¥# 9 opn 2 WWESAcE deld oF
SRS BEM 277t WS HESted C.coreana ol W@ HEF
M WHEZN sESgw  EE=cl

aeln & (1981) & C.bicolor & HBEkXIHHEoz HESIA=U
axs S 2B (Calanthe) tholld ol F7izb 74 Hn ol
e d%Molm Fo 377k C.discolor®t HlxSlohar shAch.

28 & HiRoIM @E" Yo Holsk B FEH 245 mms}t 79
2] C.sieboldii Rurl: 2o} C.discolorHriE MWW 33 o
U R 2 K%, K, AR F ZRY BE dn AArh
®£3 C.bicolor = Fig.7 ol ®E: ulsh Zol HES HHBE
H#ol C.discolors} C.sieboldii o %7t a2 epgted, oA
e EFQIT5)e #ERS —FKIch  oEg HoM B w & (19
81) o] #4&§ C.bicolor ¥ C.discolor o %X F#4kE C.bicolor®
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Leaf-length
Leaf-width
£-26.0 8.8

Sepal-=length

Sepal-width

1.2

Pedicel Lateral
-width petal
~length
1.15

Pedicel

-length 9 Lateral
petal-width

Spur-width Lip-length

9 .

Spur-length Lip-width

Fig 7. Polygonal graph of 14 characters in three species of Calanthe.
Each morphlolgical character was measured with 30 individuals in each

species, and its valuea were designated in centimeter.

wems: C.sieboldii, =----; C.bicolor, ——; C.discolor.
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AR wmEY Aoz MmErwch

EaBE BHEHS & %1977 Wil (Prunus)ollAE Glutamate
oxaloacetate transaminase(GOT)7} 27#e] zoneo| viehdciz 3h3dct.
Weeden % (1988) & = %ol 47e] zoneo 2 Soldrin #HE 8l
Aot A R HLgoez AEH CalantheBollMd:= 2/l RILIEE
# zone 22 FEEArE. (1986) 2 HZMW(Citrus)ollA] GOTee R
BRlo] BIRESIA ool MER BEHEE KHd HIY 4 ez
stel=ul CalantheMolM= XRHEBol MKtz ot HEE UE
th HIy FBRKHS sla god GTee BH{EY +» YAt

el Peroxidase (PER) & Tanksley % (1983)-2 ol (Cucumis) ol
A B %(1988)9] uiRJ® (Zizyphus) , & % (1989) o HRIgz IR
M (Ficus)ollA mi$ polymorphicdlci stz Z& KBel Calanthe
WMol ME 17 Mol bandst KHEAon Polymorphic stAl BH
tt. =3 Malate dehydrogenase (MDH) oAl Weeden % (1987) o A}
oA 5o Eirz K4rsigden polymorphism BlfRo]l Liehdrin
stglout CalantheM-2 2-37H2] band?} monomorphic SHAl Uiebktel.
Superoxide dismutase (SOD) = Tanksley Z(1983)2 ZWolla] 374
9] zonee2 RX4rsltul SODav: EBRHZE F MY wmE B#HH
€& Hol: zonelo® HEitkol {IFEstz, S0zt MAEIHA Aoy
SODaRTt %2 BHEE Jsixln oW, S0 uvlEZEelote] [
fgRad MY 5 BREEN BHEE Jshictn #EsAD
Calanthe Mol < 3712l zoneol monomorphic &}A vLiebkLcl.

B % (1988) 2 GOT,PER, ESTE ol&% RUIBE HiT &R ¥
(Zizyphus)o] ®E2 27 ol R{IME RBEEBZS Ustded R
Bl ol&F 4+ dria Aol & BRolMe Calanthe B2
GOTa, PERc, ESTp, EST: % 3 WX M{UBE bdand RHES va¥
W C.replexa 7} ci& 4foll ulste] WS FHE7 AT C.coreana
=58 RMME SHHrolr C discolorst M band RES B
Act.
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B FQ97N & WU (P.suhirtella)s} SR (P.yedoensis) ¥
AR (P. donarium) o] FREEE ] KK #E MH = SR}
SRS AR Alolel 3% ZEEoz RJln BRI,
& EBolXdx MDH 2 SO0D = wmonomorphic 3led 27te] X4rol 7t
sotAct. B3l S0Dg zoneollA C.sieboldii & WS BE#HEES 7}
1 band7t fEHIE  wtHol C.discolorye & B®HEE 713 band
7t BHEAT Cobicolor & o8 27 Axeo BEHEE A
bandE HAck. ol@E ¥R LE C.discolor ¢ C.sieboldii o 2
B oEmE Jehd SMEEBER O AE KR FEildcn EE€c.

Zeln @ F(9TT), B %H(1988), & H(1989)° MEMIMEE 4T
KBolM BY 1AM Ao RIMES #HWe B, @&l
tt uehbs  bandel #AH ol monomorphic AL polymorphic &h7|u
wvoll FHUMFE FlHSS HHme BEH FRMEE SF & o
ole 7tsd B2 ANME HKoz KMol ¥Aoz B ).

#2(1988) & M =HE (Goodyera) o] SDS polyacrylamaid gel B&R%®
ol total EHH MHEL Mol ol$ FMlsicln &yAct. =T
F KB KBE total EHE BHAANE C.replexa oA &
A bandg B ¥l vzl 4MolME Ao R4T 4 A
t}.

LlEel ERE #&sted B CalantheMold SHEBE #HE, H
PITE®R B, total HAYE MM ZFold B o Coreplexa & B
] f 3 E ctE HEol udled Y W Molln A7Ey
C.discolor®} C.coreana £ % HOlsled £ folel 257w
ol C.coreana ol Wigt HMEH MUAEJ LEscln Yz,
3 Cobicolor & 4HEBE o FMME BH A Hwsdd C
discolor, C.sieboldij o ©lgol HAESIT M3 st vRscis
HollAl olg F £3o] RMEoz BEH Jdo= LMER %
o B R BREE dlolr)
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HMNME A28 (Calanthe) 5 Mol #Hdld FUo] HEHEMRE
g7l 9istel SR, st HE Y EGEX bandd BHEI
total BH® band BMEES HHreiid 2 KRE BPstE e
Ztck.

1. BB HERE o s FEA, EE, FJd 37
2, PRl HE Fo X B #HWE FEdcu HFHT BR=
wE AT

2. FEOIMES total HARS BHS SHEEB ¥R HOT
BREE sl

3. C.replexa &+ c©i® 4 Hzel FRHARZE 7P HAd. z2eln
C.discolors} C.coreana &  mW% Fflsted AHHMFMI H At
LHEsickn BE el

4. C.bicolor &= C.discolors} C.gieboldii o XMoo= HEH
U RRRERM %ol ol Btk B AAlsloloh ¥ Aem FEH™CH
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F WMol =RHMA BHEI MEE SAdFA SN HRW
B WA Ze ANE Esten, B 2Ag 3N WLE KR
d, BXM &EY. FHEE REY, FTOT KLY, RER KW
ZHae L},

zeln REKY ERE cdazz =dFA SH#HFE A4dw I
Aeelen S ABBERE A nutdE Hhich

T4 AFez rAH FA oM o WXE AFez Al
gilct.
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