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A taxonomic study on Calanthe in Cheju Island
— A comparative study on isozymes by electrophoresis
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Abstract

To study the genetic relationships between species in Calanthe, we performed the elec-
trophoretic analysis on isozymes (GOT, PER, EST, MDH, SOD) and total proteins of five
species (C. discolor, C. coreana. C. sieboldii, C. discolor var. bicolor, C. replexa) distributed
in Cheju Island.

C. replexa appeared to be the farthest genetic relationships among five species studied in
this study. C. coreana and C. discolor were very similar to each other. Especially, the com-
parison of|the zymogram of SOL showed that C. discolor var. bicolor had a intermediate
band between C. discolor and C. sieboldii. Therefore, this result suggested the possibility
that C. discolor var. bicolor was a hybrid between C. discolor and C. sieboldii.

& R

Calanthe (M 32 2) M HHL BMEE v £ Faiotrlol, hEe] @S, Hiolroh £
2o}, ofZelste] wie}riizt, rugiololE]yl % R, MWl # 2008H) SHHT AU
oH(=H, 1981).

MEAE ColantheMol Y HRE2A+E Nakai(1911)7}  C. puberuia Lindl., C. coreana
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Nak., C. sieboldii Decais& M s oldll, $M(1949)¢1 C. coreana Nak., C. ascolor
Lindl, C. replexa Max., C. striata R. Br. for. sieboldii Ohwi 48<¢ @W|&ES ¥ U, 2
# 4201989 C. discolor Lindl., C. striata R. Br. for. sieboldii Ohwi, C. coreana
Nak., C. replexa Max.®} C. discolor Lindl var. bicolor Makino¥ @BEFKINEHHE Em
wmastdch, WMEAE ColontheMe) SHMRE C. discolor7t #LB, KRB, HMBEFA H
A abod (2=, 1968; 4, 1985), C. sieboldiic MR, 5TH, #HME s sk A 2k (R, 1941, &,
1985 =, 1985), C. coreana, C. bicolor, C. replexa %< HMBAY BAERUT K= 3l
th(Z, 1985). Nakai(1911)& #MBA C. puberula’t BAEYcH: @Estded #H(1949) 3
4 - 4(1989) ¢ o] el WNF TRl YT C replewaD & 71E 3, £ W1972) & C
puberula?t 32 ) AT C. replexaste FEM PREK Y 2717t dada ®WEH
qdxy, aelx C discolor var. bicolore C. dicolor®t C. sieboldii®) ZHHo 2 #HER
vh QoM (E¥ - =4, 1975), REEH ¥ oo Y #WE Sud.

Rl A BE BAR TRIKEY FHikol Mokl B3 #L AMBH B BAL o
@, el WMoY MRS MK MEMES RUsE s Bt #irEx den(@ %,
1977; %, 1986; Kim et al., 1982: Kim and Hong, 1986; Park and Chun, 1986) ©l%°] R4
o] 719 waled 283 oz e AMEso] o (iR %, 1977; %, 1986). 1@
CalantheBol B4 o) 2L FZ/t gl v gk,

watd A HRE BB 2mstE Calanthe® S B3t BEKE) Hixoe2 R{IM
xo &AE BES B orstad

¥ R HE

. % #

A BiZze] e CalantheM-S 19894 3A € 19894 9A7HA BREMIE Hloz
MBolA BREAT, BEY HHE BF BHstd REHEZ A&sdon REce
Table 13 2t}

2. 5 &
(1) FHIREE B8 47

Calanthe B &  glutamate oxaloacetate transaminase (GOT), peroxidase (PER), esterase
(EST), malate dehydrogenase (MDH), superoxide dismutase(SOD) %e| RfiS¢KE 2 M

ol A 92 kT 140 Ml A A

BREY 49 A 1g¥ ML buffer(0.07M Tris-HCI pH6.7, 1% PVP, 0.5% Triton
X-100, 1mM 2-merchaptoethanol) 2ml& fudted 4°Collx MEREAAH 20,000Xg= AORE
AR F AR e FHME o 98 ABE S
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Table 1. Collection locality and collection date of Calanthe in Cheju island

Species Locality Date

C. discolor Hangyong (Myungidong) Apr. 25, 1989
Namwon (Suakgyo) May 10, 1989
Chochon (Suneulri) May 15, 1989

C. coreana Hangyong (Myungidong) Apr. 13, 1989
Namwon (Suakgyo) May 10, 1989
Chochon (Suneulri) May 28, 1989

C. sieboldii Chochon (Gyoreiri) May 13, 1989
Namwon (Dongsugyo) May 26, 1989

C. discolor var. bicolor Chochon (Gyoreiri) May 13, 1989
Namwon (Dongsugyo) May 29, 1989

C. replexa Cheju (Mooljangol) Aug. 8, 1989
Namwon (Suakgyo) Aug. 18, 1989

GOT, MDH % SOD<% starch gel(11%) ERkE HiEoe=2 aHstdx PER3%} ESTe
polyacrylamide gel(7.5%) EFRUkE) Hi%xe FAstded ol 4L Table 201 443 4

ehA gl e},

(2) Sodium dodecyl sulfate polyacrylamide gel electrophoresis(SDS-PAGE)

SDS-PAGE+¥ Laemmli(1970) 2] kel ot=bA 3% stacking gel?} 10

Running gel<il

A Slab gel® #i@lAH 20mAZ 3-4A17 WA F g 25% Coomassie brilliant blue R-
25022 o 2 7% acetic acid(35% methanol X3 2 BRastact,

1. Rt S

&

;I&I

FIAr Bl T EREY Efrsh shrlEfo o9 REs v RRYL P shed &
KB M= REKES 54 Gst7] d&o R WWE 53 GOT, PER, EST, MDH ¥
SOD 5#i9) RMIEE band B A HEALE AT SUE zonel 2 FFEstds RHPL
band®] EH2=2 R4,

(1) Glutamate oxaloacetate transaminase(GOT)
GOT+ 2709 R{IME zoned 7HA 3 oo [BRozZ BE#IET & GOT,.4 originsi
A71E GOT2 Baslddd(Fig. D).
GOT,+ a,b,c,d 4788 band¥ ¥ F U2 a, bband’t C discolorol A 13EEE
(93%), C. coreanaslx 12ER8(86%), C. sieboldii®} C. discolor var. bicolor+ 14{HE%
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Fig. 1. The glutamate oxaloacetate transaminase (GOT) isozyme patterns analysis by 13% starch gel
electrophoresis and their diagrammatic representation. d, C. discolor; ¢, C. coreana, s, C.
sieboldii; b, C. discolor var. bicolor; r, C. replexa.

(100%) 4 72t BEH AR C. replexai A Y vhep 2] st (Table 3),
8 GOTpx F{IME’F FEESL polymorphicdted bandfifie EREsIA LEY +
o,

(2) Peroxidase(PER)
PERS [BaZo.2 B#iE7t %2 MF=Z PER,, PERs;, ¥ PER. 318 zone2Z® E4H
A (Fig. 2).
PER,% PER,: band9 el "1-% %3t polymorphic3l2Z 2 band #fH< XA
E2% 4 9. PERcx a b,c,d 4788 band€ ¥ + Udew, C discolor, C.

B PER

Fig. 2. The peroxidase (PER) isozyme patterns analysis by 7.5% polyacryamide gel electrophoresis and
their diagrammatic representation. d, C. discolor, ¢, C. coreana, s, C. sieboldii; b, C. discolor
var. bicolor; 1, C. replexa.
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coreana, C. sieboldii ¥ C. discolor var. bicolor = 14{8%87} a. c. d band%t 722 YA 7 b,
d band¥ C. replexal A2t & 4 512l ch (Table 3).

(3) Esterase(EST)
ESTe BfFoz B#E7 2 M2 EST, ESTs EST.. EST, % EST; % 5 zone
L= EasEdd(Fig 3).

——3— C EST
- aEn ah

+ —HA

Fig. 3. The esterase (EST) isozyme patterns analysis by 7.5% polyacrvamide gel electrophoresis and
their diagrammatic representation. d, C. discolor, c, C. coreana: s, C. sieboldii; b, C. discolor
var. bicolor, r, C. replexa.

EST,, ESTs, ESTc& band® i&tke] =1 $- %3l polymorphicstd 4 bandel #4HE IF
fEsHAl Y + AMZ EST,+ a, b F709 band® s sllen, EST.x a band
w2 KR sl AT,

ESTy® abandv 2E HolA #£A°2 ®HSE bandel 3 a, b bande 4Hol4 FTEo
2 AU C replexal M= = A ottt =3 ESTe2 a bands C. replexa?t 5
A ¢ st (Table 3),

(4) Malate dehydrogenase (MDH)
MDH<x Fatl 7171% ME22 a, b, c, d band® B2 U2 band¥#E monomorphic
atsd o} (Fig. 4),
a, c band¥ C. discolor#t C. coreanal %t WA AT  C sieboldii, C. discolor var.
bicolor 2} C. replexa) 1= a, b, d band”} # ¥ 5 31} (Table 3).
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_ <Origin J P | Origin
dc sbr d csbr

Fig. 4. The malate dehydrogenase (MDH) isozyme patterns analysis by 13% starch gel electrophoresis
and their diagrammatic representation. d, C. discolor; ¢, C. coreana; s. C. sieboldii; b, C. discolor

var. bicolor, . C. replexa.

(5) Superoxide dismutase (SOD)
SODY HimZo = BH#E7 713 #E SOD,, #fel SODs, 133t originell =&2 3l
Avt originel 7F7H¢ Fel le SODe % 309 zonet® EHEAUL™ band HHHE
monomorphic 85l & (Fig. 5).

.?::::hA\
'D [ F-]
=§-b cmmma! B 50D

- /

C
— - 1 () rigin

r bs ¢ rbscid
Fig. 5. The superoxide dismutase (SOD) isozyme patterns analysis by 13% starch gel electrophoresis

and their diagrammatic representation. d, C. discolor; c. C. coreana; s, C. sieboldii; b, C. discolor
var. bicolor var. bicolor; r. C. replexa.

SOD,ol A a, bbande C, replexad KHY 48c2 2% ¥ wde bbande C
replexa A 7 @ E Ak,

SODgol A a band® C. sieboldiicl A B 451312 b bands C. discolor var. bicoloro| <t #
# 5l banddt}. 2832 ¢ band¥: C. discolor, C. coreana, C. replexa 3Hidl A W€ w4

ul

L4
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¢, d bandx C. replexacl A9t 73 2= g},

SODcA A C. replexat aband’t RSN, & 4HAAE b band3t MUY
(Table 3),
Table 3. The distribution of main bands in Calanthe
Enzyme Isozyme Band pattern  C. discolor  C. coreana  C. sieboldii  C. discolor  C. replexa
Zone (Locus?)  (Phenotype?) var. bicolor
A ab 13(93%) 12(86%) 14(100%) 14(100%) ]
GOT ac 1(7%) 2(14%) 0 0 0
B od 0 0 0 0 14(100%)
ND - — - — -
C acd 14(100%) 14(100%) 14(100%) 14(100%) 0
PER bd 0 0 0 0 14(100%)
AB ND — — _ — -
E a 14(100%) 14(100%) 14(100%) 14(100%) 0
EST D a 14(100%) 14(100%) 14(100%) 14(100%) 14(100%)
ab 14(100%) 14(100% ) 14(100%) 14(100%) 0
AYBJC ND - _— —_— — —_—
MDH MDH ac 14(100%) 14(100%) 0 0 0
abd 0 0 14(100%) 14(100%) 14{100%)
A ab 14(100%) 14(100%) 14(100%) 14(100%) 0
b 0 0 0 0 14(100%)
B a 0 0 14(100%) 0 0
SOD b 0 0 0 14(100%) 0
¢ 14(100%) 14(100%) 0 0 14(100%)
cd 0 0 0 0 14(100%)
C a 0 0 0 0 14(100%)
b 14(100%) 14(100%) 14(100%) 14(100%) 0

Total 14 individuals of each species were analaysed and the distributions of main isozymic bands were counted. ND; in-
dicates that these isozymic zones were not detected because of strong fluctuations in activities and band patterns in each isozyme.

2. Total EBR #¥

SDS polyacrylamide gel |Rk#hl &% #talihl 584 Jebd total BHEE bands

&% 25-30M@7+ W= 2ok (Fig. 6).

C. replexae 66K daltons® 45K daltonsrte] o] 4 7BE 712 AG 5709 bands} 15
BEE U YolA) MES MY 2RE Holx 9siu),
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Fig. 6. The total protein patterns of Calanthe. The proteins were seperated by SDS-polyacrylamide gel
electrophoresis according to Laemmli (1970), and stained Coomassie Blue-R 250. r. C. replexa;
h, C. discolor var. biocolor; s, C. sieboldii; c. C. coreana; d, C. discolor; M, molecular weight
markers.

% &=

A B e A3 2B (Calanthe) 58 GOT, PER, EST, MDH, SOD¢] band
Bt C. coreana®}t C. discolor?t o$ F{Lstz )& ¥ H# C. sieboldii, C. replexa, C.
discolor var. bicolor %2 ZRE B},

RIEEE HHEHS 8 %0977 RWUFER(Prunus)ol A& glutamate oxaloacetate tran-
saminase (GOT) 7} 2709l zone2 2 yehdtiy &% 3T Weeden et al.(1988)& E el A 474
o] zonel2 2 o] qlvkx s o & R HKRoZ AEH CalantheMAA € 2749
FIAr#%E zone>2 FEHUTH (1986) #ZM(Citrus) A GOTz& FHE | EARES} A
ool BMERY AHNE T8 Y F ddn dHded CalantheMA M= FHY] REXK S
2] ol REE WE % UK BEXKEIE A ¥od GOT,€ BEY & U

122 peroxidase(PER) & Tanksley and Orton(1983)°] 39| M (Cucumis)NH, % %
(1988) ¢] o 3§ (Zizyphus), & - ¥(1989) T3} 7MW (Ficus)) A 1% polymorphic#t
o2 3ot & K CalantheMA X = BKé 1709 band’t # sl polymorphic 3%
o}, =4 malate dehydrogenase(MDH) el 4l &= Weeden and Lamb(1987) 7} Ak#}elj 4 574 2]
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Mifi i 9y st polymorphicdtch i stled, Calanthe’®-2 2-371 2 band”} monomorphic
Al vhepytol

Superoxide dismutase (SOD) = Tanksley and Orton(1983)°] ZUol 4 37012 zonel 2 |5
sratd ol SOD.vz ERikE) BF 714 ®E BH#EE Bolvs zoneo 2 Hikilol {IEsty,
SODs+ #BEIl 2l SOD, Rt ¥ B#EE 7Ixx 9o, SOD = vlEZseoty
MfTEEEZA 7 & ERkEN BEEE Jdebddn #Esidsdl, Calanthe ol = 3
N2} zoneel monomorphicstAl elytct,

% %(1988)°] GOT. PER, ESTE ol & & [iHIME o &2 HE2B (Zizyphus) ol S
ZHzt o & TEER KBRS JEbd el RS HC 4% F Ay st o, Culantheld
2] GOT,, PER, ESTy,, ESTev C. replexa® A& o2 HES band ##tlol o $ g4}
a4 vhebydel,

@ HAIT-E ST (P subirtella) S S (P yedoensis) B AU (P donar-
tum) 2 R OKBIR ] LR Rl MDH &Hfze) S9iub#7h &wvpieb 4Abmduyo 271
el S 7halda st ed, A HEIAE MDH#F SOD¥: monomorphicshed 4 Kl jsisr
o #43% marker?t ¥ & dddut,

g B BolM HEX SHALE F SOD, zoned ¥ w (. sicholdii= W E Bty o)
band?t fMEH AL C discolors %& B#EE 713 band’t w48 wdel C discolor
var. bicolorv 7 A xol BEES BHdd, ol &R C discolor var. bicolor7t C.
discolor 2} C. sieboldii®l LS FAY KEF - ZH(1975) 2 Bist --#atoha W=

Libel #8585 &638ted 29 Calanthe A A TR B otal &71E HEH Sl M
E o, C replexat HEEH) BEBIEZT o8 EEo wlatd @olod C discolorst C.
coreana< W& FAsHA vebdel, 2l C discolor var. bicolors  C. discolor 9 C.
steboldii o] KR KMo 2 MMy o2 ZHER T ol W PR ERKEE viold,

i3 ®

HEME R NS d 2 M (Calanthe) SHE(C. discolor, C. coreana, C. discolor var. bicolor, C.
sieboldii, C. replexa) ol T el BE&MEE +987 dad =29 I8 EGOT,
PER. EST, MDH, SOD) %} total &M &2 HAHS M7l 5w 02 Hegshistad o,

ZFel M FAM¥" zymograms® total HEIE Y band S ol ke oel wwg A,
C replexat & 4FA w8 BERE7L 713 H2doen O discolor® C. discolor var.
bicolor &l SOD bandv C. discolor &t C. sieboldii® 7} )5 %% 7+2A183 C discolor var.
bicolor v C. discolor®t C. sieboldii *olol A Y7) Mo 2 H Feo},

51 B X K

S 1985, EPIL KAGARR PRHALHRGE, L5 0 FREWH ENE
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