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Studies on Asymbiotic Germination, Plantlet Growth and
Isozyme Variations in Cheju Cymbidium kanran

Kim, Kwang Ho

(Graduate School, Cheju National University)

Summary

The experiments were carried out to establish production technique of
tissue culture plant through asymbiotic germination and to analyze
isozyme variations extracted from the natural habitat and cultured in

vitro of Cheju Cvmbidium kanran.

1. Studies on asymbiotic germination and plantlet growth

1-1. The pod formation rate of Cheju Cymbidium kanran was 75.0% for
the self—pollinated flowers and 66.7% for the cross—pollinated flowers.
The fertility rate of the seed from self—pollinated flowers was 66.7%
and 80.0% for the cross—pollinated flowers.

1-2. Seeds from cross— pollinated flowers took 106 (59~174) days and
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those from self—pollination took 164 (68~329) days for germination.

1-3. The rhizome formation under asymbiotic germination conditions
after sowing of Cheju Cymbidium kanran required 12 to 32 months ‘and
greatly varied depending on the kind of medium used and the culture
environment. Murashige and Skoog medium was the best. Rhizome
formation (0.5cm length) required about 12 months after sowing.

1-4. With regard to light and dark requirement for rhizome formation,
dark culture in Murashige and Skoog liquid medium without adding agar
was optimal. The rhizome formation rate under this condition was about
40%.

1-5. In vitro shoot proliferation from rhizome culture was increased in
a medium containing 5g/ £ hyponex, 2g/£ peptone and 100mg/ £ rutin.
When a rhizome (2.0cm length) was cultured in the above medium, shoot
regeneration began after 2 months and plantlet of 3cm in height were
obtained in 5 months. The shoot regeneration rate was 94%.

1-6. The tip segment of the rhizome was the most effective in
plantlets production in vitro.  The optimal number of rhizome segments
in 200m¢ flask was 7.

1-7. For the hardening of in vitro derived plantlets, sphagnum moss,
Cheju—scoria (tuff gravel) or bark were the most suitable media. In
these media plant survival rate was highest. New roots developed
extensively after transplanting into pots with Cheju—scoria or bark.

1-8. When hardened plantlets (10cm high) were transplanted into pots,
the mixed culture medium of Cheju-scoria and bark (1:1) or leaf mold
were better for plant growth over a 3 years period.

1-9. The survival rate for hardened plantlets of Cvmbidium kanran
after transplantation in natural habitat was about 68% for Sundol

(located 490m above sca level on Mt. Halla). The number of shoot was



increased by 13. Two years after transplanting plant height however,
was not increased.
2. Studies on isozyme variations in Cvmbidium kanran

2-1. Isozyme peroxidase (PX) from Cheju Cymbidium kanran revealed
7 bands by isoelectric focusing. The 45 experimental plants resulted in
a total of 18 groups.

2-2. Genetic distance values by calculation of Nei's F-statistics are
the highest (86%) for PX—b - c e band tvpe and PX—b-c-e - f band
type. The lowest value (18%) was found for PX—f band type and PX
—d band type.

2-3. PX band pattern of self—pollinated Cymbidium kanran with
asymbiotic germination was constant in the progeny as well as in its
female parent plant.

2-4. The PX band pattern of plants resulting from cross— pollination
was also observed in the bands of both parent plants.

2-5. The plants regenerated in vitro from the rhizome of the hybrid
between Cheju Cyvmbidium kanran as a female donor and temperate
Cymbidium (. goeringii, C. Lanciplum, C. gvikuchin var. sosin) as a male
showed the characteristics of female or male parent, or the intermediate
of both parents defending on the traits.

2-6. AcPH, esterase, MDH, ME and PX isozyme patterns were
observed and could be used as a marker for genetic analysis in the

isozyme testing.
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MW (Cymbidum kanran)2 WK, B, T, ER 542 5 ofrlel #
Aol Fxsln dor, fEfo]l Fobdta ¥Frizt 183t o2 FE EHEA
EoA oHZHo gtowl ENERM (Cheju Cvmbidium kanran)& B0
H4ES L e M ANt A Aol Auisln Uiz WM& ddo
¥, 0l AR EmEINS MR tEe Y 9F AAMEA Y # ¥ E o
Ut B FAY e 2 FEEEHT L9 BEMNEE Adolv], EX HER
Bl o ¥ #EiK 300~600m Abelo] ¢1x& U™, 19678 KR &Y
Aol Y BaHn glew, HEHR o9 ¥iEo] FAg Ue 4
#olrt,

Mol WA BEWM (O GE#S B0 Pstd An Yo, BEE
M HHo® MTEMolY, EIRERES Wil AMAHD Ut EWE X
&3 BWE Cvmbidiumol 3t 589 ES EFBES 34 99 R
¥ (rhizome)s FASHA HEB2 o HREOCZHE LHEWEE FJAAHL
stz ozl gol At A HEx2 FAHE BEES ME AdNl ARE
B A7 o e Y R o] MO ZRE HFE FERCE FAAY S
Uz T BRI Mol A8 HQ AuirlEo] ML ojopt g0 F
T 4 A v v} IHREMS 84 U Aotk a8y
obz A2 FERGS ISR o i MRS HREE B A&
RV A7l E A v Fst ol TFF AAHA A7t e} A

M T 2070 93 670do] Aastd dold + v S 7HAA
Hi 8~107H¥e] A &8 Psdted HEFe M v RN
ol #vie] M ¥ KRBMH/E FFo MIE € MK 2d e £%
= Y BAY dAY BA A8 gle A5 dd. ol¢ & @y
S0 Ml FA AT wolrt slednz AAdEdM e B
obgol theksl wrh® 19224 Knudsonel o8 ATEtr} 7 2so] mifE



ol ATHEHF7 7teaimoy Wiffrvc EEY S8R, R[IFNHIWE
of &4, @l 8™ FEH, BEAR BHFRE MHE 5F o ddd s
Lolslr] P WF MBEANE 20 #HME JA RF F Zoldr
219 713te] MEA= FAEe] 2asy =& Afde de] HAAM W
oldte Y% Ut HMFUF LoldtA HY A REILHAM A o=
e 2 tddle HE] EFEAM Qe BYAIG. HREHS
M AR EM gt A5 A ASAIA ARE shEAd AHuide]&tAl
Hizd 29V AA = BE 4~5d0] 28 ¥t olg o] EWS MR
Foll A BAfERA7EA F7I3te] 2o s ed BHF HF WA, HhEie w1k, B
A9l AE&HR ERPT Vel AIAA HEF AAE dA X 3l
@& A3} o] RojAol g}

M-S 19024F HAel ¥l oa) dgoz va’d 482 4gszo
2= 4TFEM (Cvmbidium kanran forma rubescens Makino), %58 (Cvmbidium
kanran forma purpurascens Makino), FH¥EM (Cymbidium kanran forma
viridescens Makino), HBXFEM (Cvmbidium kanran forma purpureo—
viridescens Makino), KZEFM (Cymbidium kanran Makino var. latiplium
Makino) %o 2 2§71 @ olg fdH EFo #3 7| 218H%o) o] g)
o, Selvete] HEZEMA g ddAHd SAE FEEA S0FFl @
£Y Bagdoy, olEdl Wiy £em S ¥ BRI vIFT U
o},

HAHE EREKEHES A E9 @ielv BRI BMHY BEWRERS 2
iz @) olggn glow, Mol MY Wik d Fad F9ol
g ok we weg 2% gt gt ene® guwag
of ZAto M ¥ FFZ TESE FEoiAN EABIY FENEES %
BE vagAddtd pEeNn R 43 Badaz AxRdHa glon,
gl dsiM e SelvdedA A4ste BWE Cyvmbidium B HEQ &
W ol me BMEAEN AR SR AdolW mEMUdARE
FEiBERe o A3 2= a2y gl oM RfimEES R
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gt ol vdo]l MMl MEERFE o188 £ e BEERES Y
ekl sletod MEAE EMT BTERE WSl peroxidase i Al
HobAl BWE Cvmbidium RS £H 2 B FRGME 2EE &4
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RIS RS 19022 Haberlandt™'ol ol&él 4 Al =511 2 Gautheret'™ 9t
White'™ Fol &l Hx2 Hd2sdul. 2 o3 Emrise] gz oA
o] FAA o ol FojHi=dl 1948 Caplin ¢ Steward”ol 2|8 IaUY
o] o] &, 1957 Skoog ¢ Miller™ol] 2]3 hormone ZA#Ef o] wE& w4
el 2y 19614E Miller™ ol ol 8 A4 cytokinin%iQ zeatino] %7 & o]
HIBETRC Hdo 2 23 g sgdon £3 1960dE Wimber %'
Morel™oll oai A Biel 4 EB: Kol o3 white 2uEMe) 754 ol
b BRG] A sol Ao M NE ntdEA A

MR A =2 HEEE b M Rsld HJELRET ol st ge
Be 7hAn den' AAdog o 6508l 2~38MolY Eqstn A2
& molu #iol ALHoz A Yk oE F CymbidiumMe <
70 fclY 1, o5 RYA = dd L ol iAol iR Eoly 2
Al feuvet, HA 9 dicdE 22 fol AAstu vl de Mo
Hol U4t Cymbidiume FhAb Cymbidiumel Bl&l Yol Ro| = m
{fEtmolu ol ddatxle RAT nf9 S5 7 2 g5 7}x
A A= o] Wol d2HE FYAEAA o Eo] gtort o] u - o
U Yol oljy &4A Fatad AQujstrzb olal & HEMel ¥ ik
of dHEHQ MOZ¥= CymbidiumE & 4 ed ols = i, S 7
YA(BC 551~479)0l oln] A FLF7} Mol Zetd AF8 7120 g
ow® e v e HRANY F(E HEH So odd gl o
d dad 7I8E Ug FEE FYAdAE A BEEWE 3 FHo
$L, Edol: EME HIdle AFEC] Bold £87 FZdn Y&
A4 o]} >

S A Cymbidium2 M A& WA CymbidiumA @ £ EL 8L 3o}
st ARME AFAdede gl Un EF AN Cymbidiumol A



ALl Al 2 #9l protocorme]l ARz Aol oty il rhizomefk
v oo /el shoote] HAE fledtdol gz ool vt B Hd4t
Cymbidiumel W8 £E57} 48] g ol iz o)tz THol o F2
Fgol & U AU Fxrt A E NTLRENAM BEFO] 73] A
&, WHEE MMM rhizomeel FAE F OHEWE Lt ¥ HA @
W ol FrAE KAl KRRl Fofler tgstu vk 4
A &diat Cymbidiumel MERERES DT ga i gt v Ee
Wt opyh, m Aol wet Adbel vha tolrb UV uwf Foll HIMKNTHE
g ol &3 el KEXEM AAe #Hyd dit o ¥ A7 st

=

S
v

i sl
Wiel e s 5 Kot 92 HEel 2o Udwed R flol A
H o iz woly} otxlu], Mt 4= mycorthizazt Fxbell AP oM

M/t dolstAl =lof FEskgst AV =d FRfd = o] Bol v FE3
FUEE F4uh o9 o] MES Mol HRAED 4ol £Rd d8-
g ol zvt fgel ol BHdy Qe Aol olym F2 et FEEV
= HMTEASLERA Atk 27w Rol @i EFsb wbdd &) ad
o kgt el MiEe) EAMst: 713w S =E8v. adEE e 2~3
B o uUyod AR & e MAFe 33 HolA HAF A=
ol#l Frold WM wWFEY Aolgn Humky

(1 2Ve 2014 Cvmbidium?) 288 (C kanran), XYM (C hosai var. hakuran).
Tl (C gvkuchin), SM%EMW (C prmosanum), TEREMN (C prrestii) 4 &
B (C georingins2l HR & K2 1 A7 foly S
oal RO A&, Zole 1.0~1.7mm, B2 0.15~0.25mm ¥ el ¥
FrEHBE 119~453H deled, olv foly ZH & Fol wet ol 7h4]
g ot AR FAY 1] oA 2@ Bt FdEeE e 2
St Hndgoy Y WL ZAMEY e EF PRRAR
HIER Sol A Band A gl il 2L A HRE A9 &
FogHo EMET RF £HMW 54 B A7 2asd Ao



Bl WA gol A2 M8 T3] uAAIF|AIR o)A A9 oyt <h
Hau, % leHer 248 Wiol dFas wopst BaEalod Exo ol
ool thdt oEete} A FAba st QA7 18994E #MiT Bernard?} el f&
3= mycorrhiza®h 481 Lolol= M EA7F dasivkiz AL B
St AL, 19224 %K Cornelldi gte] A EA2ls w499 Knudsonol Wil fd
RSOl WIS Aol 2 F o mEEe EmEUo s worg
Uhiz A9 BErro MEPERHF L (asymbiotic germination)® X u*Ys R 111946
4 Knudson™"'o] SEpEmEicl BES o JEK HUE TEo) Lddols Aws
o Knudson C HiE 7Hdste] doiere] Ao RE Fa7 woldd 42 YA
g ol AF7AA MES dolE AP M AbgEln Yvk. 1 FVacin
7 Went™ 9 Murashige 9 Skoog (MS)™ = REET 'Solol S AT Kt
g Mdstd e, MS it Wil ol olyel w8 AE 2
del ol gslm gleh Kano™i 23¥E<9 Hyponex® Hrieted 23 7%
HAMES MY gpthol visld RHIAUME FHAAHQ s S LEd
},

2 A CvmbidiumMBel Fzbdolo] #F thgre) g 3 0BHMSTON ;) of
=d BEY 9 Kano™': #M (C goeringin® AT wdopury & 2o}
Waes, @ 27Ve Bl (C ensiplium)el B FES Hyponex ol
peptone 4g/ £ & A7 HEHo) B S Wolrt FFEvia sgoun &
8 M ETHFO UolME Kokubu FWe MS s, mie
Tsuchiyua ¢ Nitsch micro-element ¥3#2, EB™% Hyponex ISHhs A}
gadou, FHAME F1 e Kyotoll #%5i, #”= Hyponex Hith 2=
Ve MS HHE Agagit o)l Y WMERF Eitd Beld o
TRt a2 A oderbAl M Ragdey 483 Hod e Be
71ROl |FERE Y 5 v £ g daide AsHow nF
A FEolop & Holt

EVMBISERENSC] Fasdoze ¥ 92 227 ed #o 48
BERSE F2 B $3& fE3d shootd BRES A7) Ao



oadsel A ddh 11 tBlel ANde AFe 12~ 168 F molu)
KB wi Yol ZetEo] Ul e, K (600nm), HE (467nm) Kol
AnHol d8H ot ¥%% Bk 4AEHY E8o £ o8 I
B NEw KR 2 VVEREC = 500~3,000 lux, 3 7]ERECl = 3,000~ 10,000
lux ARl ®vh 3 PIEIREE A Ao wreA] ool "astAiz ¢
2 282 BHREEA A sHEfel HAHE Ao U

Wil Fi dolT WARGMEMECl el Aol thiAl Jeldizd 8 %V
ofetd UM MR d oA BIfEfFol BmEFES el 4AFA Fuu
sh9 Al Yates9 Curtis'™i= Cartleva®l 2% EEHEMHFAN M = B8 Aol
AT s B ok dn, Ao #FYY) KRR T Tol Ul BEHEE A
¥2agduta Rusdu 13y Koh™e Gyvmbidium 7ol Holiz g
MREEN A 32l FHUAHQA &g A3 &9, Knudson™ & Hdjar
Wl Vanilla®l F2= 22 BHRETAAM Y Soldtttn stelvt, M #
ficl Faldw= S CymbidiumES T2} wobstAl &% protocormeo] ¥
AehA] g MY H4dtod REol 3 E F underground stageE 3~5
@2 o)y % rhizomeo] M&E Folok 4 EAME Yiete £EHEMS
& 7hA A 7l W F ol BRI ke FAv 23 HaAlEE vl Fof
4 5 U MY ol ¥ % Aol v = BAEFe] Ao #a)A
FE' = Cymbidium o MTFR¥7 KRN d3ddn, HlE MR
FhE BORRECI A ol g AT Bandlgoh ols} ol BRI MO
A la— B - Bole} stoiotx zhzhel dolel Hie] A& & FHASE 8AE
ol tarv] wiitel JH7He] thdA Eel wE A3t YesiA "o

MIE FPRFF shoot 4Hbet 4 ol & Ziold HFMY €& &
At Cymbidium¥e WA Cyvmbidium¥Ee 22 F219] B/IFEFo] x| 243
Az gk olyg} wold MM ERAHE protocorme] AARA ¢f3n a2t
A rhizomefbdtd HHiFFul Hejol 37t B ol RoIXA] govy 4 RE K
B3 dtoicte RECR MMedn AREES o9 dd =M A A
o stejeo| spbvh & A givh mebd RS B #3 2 A Cvmbidium$B

_10_



e AR¥Mslax o HEel ST S48 HEoRYEH vy
g el FHHES MEAlFI 2 el Hy-s fEdtodol "l iR¥ke] &
SRR HIRA KPSl FRHEME White B MS 5™ 2 Hyponex %
W dwrH o Algse] gtoul, Mo MTMME 9 sd Kokubu %
We MS ol NAA 20mg/¢ 8, & Z¥e NAA 0lmg/ L8 /8 8
Hrcll A A EC] F3sdda Lasgt.

M2 shoot 4Hkel SlolMi= Kokubu %*e MS ol BA 50mg ¢
A 7hEh sEsthol M, 4 HT2 MS s BA 10.0mg/ £ H7HE HEithol AL 85
e NAA 10mg/ € 9 kinetin 05mg/ ¢ H7beh ol A FEaldn
Bugy & auxin>cytokinin®] EY W E¥ES #Se) ztsshd
auxin<cytokinin® #FY @ #Hirke 7Hesty ghiliel ER4EEC o
doti stg v, # % NAA 02mg/ ¢ 73 Bl A shoot R =
Ut HudR o, Cvmbidium ensipliume A $oe My 2Me
Hyponex 3g/ €, peptone 4g/¢ JZHEEBHAAN FhfEH J3adctn 3
A} ol ol shoot 43{b ¥EHEE Cymbidiumel o whel Al SEIhE
g & 4 dden fid wE &5 E da2A Jeluy] o Foll
o F4554 5 9% shoot sHL el WRS A AFHolzop & Ao}

BERYIA G o8 WML 8o didMes Loz widygge
HHERE CEREN R ot 5 % BRERY Hgol A g
Agol ded dutHoz ofd zol A& 2 wlatd 4pERol %
o ol# @ Ae Iris'™'d Gladiolus""N A AP ¥ BEERpel A oy 2
Ao Mgt shoot Aol 7t5dtAon], KA Rhododendron®ANN s %
Nz e gReo W ol 2AYFE 33T eE 2t dded
ols} e AL AN4AMHE F FIEH BH TEt e HMM . 4%
£ ERAEY ERAE, HMEhS AY A Eo BMER Fd Qe A
o8 A on, cytokininel FFol mep whgo] kAl AL RH-H4E
cytokininfigtel 432 &el 7iQlele Aoz FAHAHRGR BHang Yt
oleigt AR E H &3t F|AKIENA shoot BE T EA SUE Astd M
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o) BIREIA shoot sHMERE 7HE 88 5 e {iE 7ol "
ar sl Alv

T8y Aol HEOMEst G S Aol el Mz welvel FAEsel
GEFSHE HAHoR Fabol MERF WY S 53 P53 M HRo
MOKRES A AT 197%E £ FV oetd Adgeor wudg ol
ol RFHT A=A sr kel v A= auxin B cytokininXie] 7514)”\
UKol F 50N e n gl A bR 2bzh mmmEel e M
of #3 Aol el Mz vhare] A3 Ay Rud v g ol#d o
T oAzl e} srefell ebM iz SRS vl Esled BT, WEAEY (HH).
TAEM S 4t Ovmbidium$ o] BAEE S HBIRS AR o
oA Algta iz Ewhel FFE AR o] Rojxa g FER HHEE
olityluh iU gitol bz ARFAEMES sl BaMi A
Aol wep vhaze] Aol Anyh Hauslol 9li=dl o]i= #HEKe] figholut
ETRANNL, RYRRIREE. HERIRF Fol webM A daEA deld Axeta Mo
HAAAvk o] F B AR A spbol vl A= EMPAERAMYHEY I
o gE Aol AHMAQ e} gl BH AP pEe WY
Hlol gk ojeidt APFANEE Ediil ot M BAREES Ll oy
Al gl g glol Attt gy A Fsxle ApAREL YEE ®#
Al A o] IRTAEFH M sk A8t JFAHQA AF7F Ay ol g
A SHLE ERE BB o R Ao AN AuwME 1 ¥ K
i (BUR10cm o) )oll 4] B8 AP WFY A3V oA
gkl wE shoot Sr{bst Tl Eol BAAlA KE4#E A3 AF7} o7
ool & ot}

BAHM AR A4S A7ted s 2% A AFASd & 2
& R 9 REmel HR AT Qg PR o) wrolel 4 g
of AFAolgtn Rudg Aoy I3y, vivy, Entg, Al 9 uha
okl ol vk J¥¥''3= Dendrobium® Cattleva %< MRl A =
Whol Al #5thol]l A2 5E HAGYE d AFAHNUYL YW, Papiopedilum™ %
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< AR AAe dAAHY R Rusd o), F B Papiopedilum
& Culanthe %o| MBAEIMEF charcoald Mg ¢ YKo £ Ane
Bagan kv w3 siie] BE{bet phenol B o AHMERE W
A&7 el AFRE = iR (05~3.0%), phenylacetic acid, POH— benzoic
acide MIEIMES FAstd AL & PHACZ £AA9] = ¥H £EHM
MHEE F3st] o Fol AP mphE A Kol charcoald H /g
iz {Egol Ay GefAle Aot dong fodor vl ImEEEE IAA
7 NAA, kinetin, BAdl vl 48t Farevh 1ol B{ERHLMEA rutin
(50mg 2 ) ¥ phloroglucinol (150mg/£) %°] Avd EH4EE 2 shoot 3
Aol AL Aer A Ruddd? ol @ W& g8 Kl
shoot 4rEoll RARRH 2 EEEBHLM #& d37F Hasida .

#REel Mz TR ook EREEA g1 d4d g& FAeg ua
232 =g Peterson™& tree—fern fiber, bark, /K%, perlite %& & 33}
o Mol &+8 AbgdtE Ao Fun a2, Karen H2 ghiel A&l
cedartd sugar pine bark7} W ¢ Sz sEcin 3G v, Northen™e mE
Cyvmbidium®E barktt tree—fern?t o @ A& 4= At Pk, o4t
Cyvmbidium®iel &+ 2% d¥2o) tree—fernolY} bark, perlite, peatmoss™', A
R %ol 9o} Vogelpoel™& Disa unifora®l Hujol LR vt & A}&3}
W onger Wetd dlgn AkES Edstd AH&ste Aol Foia e
B Miles™ & Oncidium AwAl vk Zo] @7t sl Aol Ase
AE F2 gota &g

LA Cymbidium® #&EZH AKEY £EL, BEL BEEL F& o1&
& we 712V glud, ALY #Mle @2 KEN AELS E3e
o ol g3 Yo Furin agovw, FVe &M FEABIEH BN 4t
vz dgoellA ] Ay Kol st on FEFAMNE MUF K 7t
d FRn Bandgc. a2y HMHAGANA RE AN AL &o)&r) ol
RIS EERN CHEAT AuiAldlE ENAGAA EHA FESF Jou A
WA HES AT & Ue At Add BF A7t ol FolHop &
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ol v}

M HEol (scoria)i: BFLES oo 2AM MRS Ea&REH &t
o ol Aol gol o ZEE] MR Aol MR 018 @tz Wo
ol gslol gizdl, K F'e ¥ gol wigEe gy MFE AN
Q1 MEMBE Foldliz MEHERSIQ) Ca o) 160mg/¢. Mg ©] 43mg/ ¢ Iiel
Kol 103mg/ 2 7F §a-5e) ola o1 Hel Al fLFe] 70%% 2R B
& oBuE Fodn GARES 383%8 $ES Yol #edtu wa jpdiv
05305 7PV @ fol &ub ¥ Aqjo] Golzted Folkptit £ o &=
ool gAdol Avtm Huetdul. oleld AL BEd EMEol T N
of fEFMIEH it NEg 98 A7s destdn s

ZhA Cymbidiumel Fo SR el MH™e —®idEs LAY
ge Ra4ds W oL Fdis —AKER gEEVL shda HEYS KE
3} OAMS THASH B TEHBE 2w S5iE oW 6~T7H
e 22€8%n stdov fERe @iglel Mo s Jedon RE{EE
{EXBlo 2 #aftol s EfEd) Rfol Zalr BBE T {E8E |
~2fE B¢ mro s Jdeldtn ddew, @ Ve mEMe EREAT
ZHE Boted TR O Mt M e KRB LA fE 9 MBS Figlel
thffol o, 7)ok o Figv FACIURL, £ A7l oA A
sEsol Fri= LAMAC we zolzh den, A7HE FRESE o
oh ez G AU we S ERES YEldd o 2 s

B HRMo] FYSUNE STHEI dold EBHEES AFse
ARV ES $80lY nl4E3 i AZoME By aA @2 s ol
S NEAY FEMGER BAS #ke REEEY WM Tt BRDZ
B %ol ATl 845 W, AMMES BMERE olsdle A7
b e AEHYE dder od2zkA EERel disld ol Rox g
TRISSARBIO FRRER EAYE T2 M TE 1 o 539 SEEM
Aol f&shet.

FIRIREE ) MR T LRSS Uehyy) o B RRES a9

ijo

e
i
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fa st FIRES KBS MHelel Fwo] golstth” Brussels sproutol] 4
" EntEd M= alcohol dehydrogenase™, -
M= AcPH$ malate dehydrogenase (MDH)® £91& 47} F, BET-o #fE
BoEel ol8d 4 A& Aow wyEA gt

FIEYe BRI 2 RS ABISRES BEs ) didl EM
ERE 587 A 2ok AR 32 MR2HAA 2L Rgo w5y
12742 FIGIRERE AFR A8 A BRE@$Hos EAd B 23 MDH,

6 — phospogluconate dehydrogenase (6—PGD), phosphoglucose isomerase

1= acid phosphatase (AcPH)

(PGD, phosphoglucomutase (PGM) 3 AcPHy= ¥21& band ¥ ®X2| %
ol Z uEehlol BMERS ol &40 gitta st

of el 7bA) fEp o) A BB R KB o] A W A MEREELY [
(iM% srmgEel Fod%e A3 Hada oy R dalis A
g Aag #s 4 gl

WS BRERWM o Zol HMBSRE/ BAES Y] Aol R
2 ol8¥ £ Qv BHEHES Jd¥oL FAMMRMTT 88 "ast g
=
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m. o8 2 Sk

I abel MR i

I-1. ZZRCAHL ol o2 R5F fith
I-1-1. B Rkt ket

ATAZRY 1R ZRCG o3 B 343 B dol By 9o N
M (Cheju Cymbidium kanran © (6] HAES 1 AU ZED BN
Bl A A sl BETE 1 2l WS U S0 BIFE KM 14 (Table D)
= ftadetod, "9L4E 10H FH 12H Abolel #taHskel MEM 2tz HE
ZHy B MERZEE A F R2ANY 3 BN 2Askgul

Mo AR HERS BERmo s 2&ite 1EMS 1HBiE ol
ZHIA 7

Table 1. Growth characteristics of Cheju Cymbidium kanran as experiment

materials.
Plant Plant No. of No. of Blooming Flower
No. height leaves shoots period color
(cm) (ea) (ea) (month)

No. 1 53.0 23 6 Oct.- Dec. green
No. 2 56.5 23 7 Oct. - Dec. purple
No. 3 33.0 13 5 Oct. - Dec. purple
No. 4 32.0 19 7 Oct.- Dec. purple
No. 5 49.0 28 7 Oct.- Dec. purple
No. 6 43.0 37 9 Oct. - Dec. green
No. 7 33.0 29 8 Oct. - Dec. green
No. 8 42.0 14 4 Oct.- Dec. green
No. 9 39.0 21 6 Oct.- Dec. green
No. 10 43.0 21 6 Oct.- Dec. pink
No.11 46.0 25 8 Oct. - Dec. pink
No.12 46.0 28 10 Oct. - Dec. red
No.13 45.0 23 7 Oct. - Dec. red
No. 14 450 21 7 Oct. - Dec, red
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I-1-2. M BFEEN)

RACKH Gl W& MErEe Wolse g Yolrr] AsA ‘92 1155 H
‘938 1H Atoldl M wFelel WS alcohol® AEF UL HEERFH -l
M BBt EirE RBREC ¥R 0IN KOHE 4253 3 n=g L {3
100me flask 207 ol H1-8 st}

WER HBhR s MS ol Kol 27l 94 4 e FEEE wy
O wropAlzivh whol/|t Foll iz BEEfEClN 23+2C 2 &4 o] FAvh.
Bray 4% Mr nfelo 94, B4 M1 nSolo Ppfis
BFEF (00lmm F = 7)o WiRB Aol 7b58 A7) 7o FEfIE 9
BHFBE FT 60Y ¥ 12HY T 2 2ASG

1-2. Mo MERF
1-2-1. Kitthol mE%
PR AU B A EE S AR % 12199 ETS 8
Hgell 49 1-1-29 WHo 2 100ne flaskol M2l 10ff flask® 32044
flaskell &3 22 ol sba g}

—— T e e

t (D Murashige and Skoog (MS) ® Vacin and Went }.
| @ Kyoto ® % Ms |
| @ Knudson C @ % Ms

[ @ White Y4 MS |

% MS, % MS, % MS &= MS Mo MMEEE 75, 50, 25%2
|
| I RS TS sEmY

S—

!
e

EE RETE HMAle sucrose 30g/¢, peptone 2g/f S [EMMEHI) =
agar 8g/¢ & H7ISY R pHi 558 XA &9t ImERS 23+2CS
FASA o EERE . Fahol (0.0lmm 37)) ¥ REIE (05cm A7)
°l 10% € @WAxel HEAK @AY HF ¥ 3EAN REPRE GREK
Rk flask/BEE flask X 100)& ZAbahd o},

_]7-
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1-2-2. GRS 2%

W] My H§IGHEC] Fabdole} MWL v A= 3¢S dolry] 9 s A
MS. Kyoto, Knudson C. White, Vacin and Went £ 8Hie| Hifiol, Wi
- 1H] 16E¥RE 1,000 lux 712 BEASIE v e Aguhy e Ay |-
— 13 22 Wy o g Aelsted zAbst )

1-3. Shoot 43Eet ghii B
1-3-1. 431k B§Hh
Mol MEIHLE &olatA et ghyy A4S S g e o
Faar Ay 1-2-1elM fE7F dolslo]l dAgE RES Algsld F4 9
WS 2em A7 2 YErsted 914 11H 200wt flask (K5 50me)ol] S{EA
FRSkaL Held 10 o 43S Fystaivt HER2 Hyponex (N6.5
—P6-KIDE o 3td pepetone (BACTO—rpeptone "DIFCO” ceritified).
rutin (Quercetin—3— 8 —D—rutinoside : SIGMA)E &3} o] Fx& g
% E& (60pEH S ol
Hyponex (g/£2£) 0, 1, 3, 5 7, 9
Peptone (g/¢) 0, 1, 2, 3, 4
Rutin (mg/ £) 0, 100

sresfstie] 2442 sucrose 30g/ €, agar 8g/f, NAA 02mg/f, BA
50mg/ ¢ & A7t 1 pHe 53, HEBEES 2312CS #Alsgoy 1Y
16412F 1,000luxel #7122 B8l 57HY ¥ ol shoot SHLP, HE, 488
S 4548 2Aetd

1-3-2. BRYIKN &6

1-2—1clM Fzt7} Holslol 6cm A7|2 2T RIS LHEE HRIZE,
Bis F 28t 2em 2712 A ddta '9l4E 11H 200me flask (i 50
we)oll Yjh #EEE 370, 570, 77, 9 BERE Ao
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SHEMH Biis= Hyponex 5g/ 2, peptone 2g/ €, sucrose 30g/ ¢, agar Sg-
€. NAA 02mg/ ¢, BA 50mg/ £l activated charcoal 0.5g/ £ & #7}&lod
ZA3 ol A RS SEH A BLMEMAR, shoot, ¥l BARTE ]
BE At on BE, RE %o 48 REH & ZAstdu

1-4. HERETR ENio RKs
1-4-1. HsERme HEeHt

N BRI Bk 99 B4 S dwma) HEER o sid 4
e RGR 12~ Mem A9 MBRISRNE 904 39 37 18cm 279
sk ol SHkY 4] At

B+ e Ff/1= AE (sphagnum moss), vermiculite, perlite, Fi4#h
JEE, bark, MMEol (scoria), EM<E ol +bark (1:1), MMNE +EE (1:D
8EFE Hakstd A= 15~25C, F% 75~85% 8 #elsd oy 4
¥l = Hyponex (N6.5—P45—KI19, €582 %) 1,0008] A& 48004 105
Abol F 2[ml AlvlSted F8ME 14E ¥ 4AfFR 9 ME, BM 4ME 2 24
st ot

1-4-2. fEBEH /1

M ABERES EARIEE A 9% &t+Es M3z @B eARe
PR B 10~ 12em A719] MAERERETE 914E 350 A7 12em Wi 3
B 4l

7t TFE2c A% WE HEL (Hiuga soil), H& Claybest, pearlclay,
PINE -l (scoria), WM&l +bark (1:1), MMEol +bark (2:1), ML)+
bark (3:1), HE4+bark (1:1), HF+ +bark (2:1), HFf++Hydroball (1:1),
HiA £ +Hydroball (2:1) ¥ 12EHS #tisld AQquex 15~25TC, % 75
~85%9 ZHolA Muistd ow 14Erit 4ER BE EH 4MeE 32
ZAtetg ot

i

ojn
-,
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1-1-3. Fi4M #Es

R MUBESIENTS FUEM Al e 9leled ALERETRN L4 (B 10z
lem, W S UE S £V MY FHAN BAS ZAE AU gaka
M GRIL A90m HIBE c REANER BITE) Aol (92 3H el 2008k MR
shal L4ETI} (AR B BB S 2AEAY

2. Kol [RINIMEFE ST

2-1. M H4E E#iQ peroxidase [FINIBERE 47T BUERIMR &
D STHR EY
EINER SFEC. 2 Rald 15M D EMEAFIREBA A Sl Wz
sta eleut otz FFdo] Fosal e 3074 (MIRBLe Femifdse o
ME R BL ol Nong. 1) G 45%#iel 4§ 48 838 459
AdAg 194 ¥ (15~20cm)g fitiket o
2) AEhER e MR Hhih
B Sgd AskelM i |EES mEEAM FA BRI ¥ FFF ontd ¥
A 17000xgel M 308t EOsrAEet 22 L¥BEE -40TAM HERAEE
sttt HFEEEMIKE) A B2 A&t

Table 2. Mixture ratio of stock solution for slab gels.

Stock solution Gel mixture (5.5%)
1. Acryl-bis (30%T, 3%C) 29.1-0.99/100m¢ 4. 6ml
2. Distilled water 23md
3. Ampholyte 0.8mf
4. TEMED 0.2m8/19.8m¢ 0.75mé
5. Ammonium persulfate 1g/5mé 0.3~0.53m¢
Total 30mé
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3) FUEERKE
Fejobadetrtol iz A HHEMMEKE) (PAGIF) Osterman”’ 3 Stegmann
Fl Mg A WEsd FYdYY. AL FHT 300 (Table )&
NFEe®R & w polyacrylamide 55m€o ampholytes@ A  Pharmacia#] 2|
Pharmalytes& 0.8n¢ #7}&td pH ¥ & 3~1002 z=AHsld}
HREB) S TomXxX22emx0.75mm HA e KPR BRABEEES o &
Avt BEREol 0.1M ethanolamines, FBHEYl = 0.04M aspartic acid® Al
electrode strip& AH&38td vt O Z FE 2 lem ®ol 2 3ol electrode
strip 22HE 922 wdetn, 20£2] sampled #MIE S 100V A 14]
P RIS A7 F 200~500Vel A 2k 3A}ZHA 7] o Al 7 o} Y
4) Peroxidase ¥t
A2 EAHERE B TSHRA SRR Fe Atk 0.M acetate
buffer (pH 45) 100m¢%} 3—amino 9—ethylcarbazole 0.0lg& =9 dimethyl
formamide 2m¢E E st o7]o] IM CaCl 1n€9t Ho0: 10048 ¥ &M
oA F 4083 YA A Feoe AE 5% acetic acidell [EiEd
¥ band §4& ZAleH v
5) BHKBRTRAE D
PX&HE pH7t @& XollA £& Foz A& a b e, d e fg ¥ 7
el XFE Fotd bande {iEBEE FE A8t
PX RBA o2 M groups fll= band®E °] &% Nei's F-statist-
ics AER [F=CmXy) / (mx+my)]2 2 genetic distance values& A& 3

ow ol & 7| X & dendrogram& ZA sl EEMNEHS A Ed A

2-2. FEFIER M2l peroxidase BENIBEE HF

N EW BATERRE BERN 2 MRTHAIN FAE EEHERd 3
AR Kl 10em F5¥ HBERYS ¥S didos By
B #hi, Eciotadelvieln Ao Fu|, ZWMEEEKE ¢ EME
AU A 2-1 7 gk
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2-3. XM WWE Cvmbidium ZHRES] W FIGIBEE ST
D ¥R #EYe

R, . PTREE, BUTROS REI NS 98 (%o 8
o B TTHEM. BITRACS B (3)o R 3 AT Mraty e
S praksh ot

2) FHEFN MR i

MU THRSl RS TEER Aol M v BMAR MMty o}
MoEolaror 7% Yol Wb 1oube 4T nbHE 3 s
BOSr BB A 17.000% g0 & 3050R] LS MESt Y | ES W2
SH0CH T adl Rasd vt HEKE RE 2 AL gl

3) FHEH M IKE)

LKB Co.el 4 (pH 35~95)el cation buffer (1M NaOH)¢ anion buffer
(INM phosphate) & AH&3te] HEBEIERIAES A0, B 4%
200Vl M 204F, 400Vell A 204, 800Vl Al 304F, 1200Vl A 1ERRY %<t o &
stof F-ejshd ot

4) [FINIMER H

Acid phosphatase (AcPH) : 50mM sodium acetate (pH 55) 100m€, 1
MgCl, 1me, fast black K 'salt 100m¢, 1% B -naphthyl acid phosphate 3mé
oY RO S 30T BEEMC M A Ao

Esterase @ 12m¢ acetoneo @ - naphthyl acetate 50mg& 9 t}&
100mM tris - HCI (pH 7.2) 120m¢, fast blue RR salt 85mg& # 7% Hfm
WO R 30T BEMEMFOI A SeaA 2o}

Malate dehydrogenase (MDH) : IM tris - HCl (pH 8.8) 12me, ZEHEAK
100m¢, 10mM B - nicotinamide adenine dinucleotide (8 - NAD') 16mt,
10mM phenazine methosulate (PMS) 16m¢, 10mM nitro blue tetrazolium
(NBT) 8n¢ % 2M D.L-malic acid (NaOHE #H7}8ted pH 7002 Z84
2 A) 6meE RS 30T BEEAN AN REmAl A

Malic enzyme (ME) @ 100mM tris - HCl (pH 8.4) 5m¢, 2M D.L - malic

_22_
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acid (NaOHE #H7tetd pH 7008 38420 A) 0.6ml, MgCl: 5.1mg, 8

- nicotinamide adenine +dinucleotide phosphate (8 - NADP') Smé, NBT
24m8, PMS Imeoll 1% wE:3b liquid agar 6ml2 ZA Y Bhggo. 2 30T
BEMRMol M Al 2ot

Peroxidase (PX) : 0.03% H:0: 25m¢, Z&#7 100mé. benzidine solution
(benzidine lg. acetic acid 9m¢, FF4 40m BEHK) 5n0% ZAH Y P
% 30T WEMEMFANA BeaAl vt

Phosphoglucomutase (PGM) : 8 - NADP' 15m¢, methyl thiazolyl tetrazolium
(MTT) 20w, IM tris - HCI (pll 8.0) 5mé, 0.5M MgCl> 25m€, 18mM
fructose - 6 - phosphate 5m¢, 10mM  PMS 1m¢ 2 ZE#/AK 110m¢e] & & lo)
A8 # A glucose - 6 - phosphate dehydrogenase 50 unit® & 7bshed 30°C
BRI A R aal A o)

Phosphoglucose isomerase (PGD) @ 8 - NADPY 50m¢, 1M tris - HCI (pH
8.0) 5me, 0.5M MgCls 25m¢, 18mM fructose - 6 - phosphate 5m¢, 10m¢ PMS
Im¢ 30 ZEfK 110mee] BEHE] AME2 A glucose - 6 - phosphate dehydrogenase
50 unitE H7beted 30T BEMEMFCI M Bearl 2ot
Superoxide dismutase (SOD) : 0.5M tris-HC]I (pH 85) 10ml, NBT 20mg,
PMS 5mg, Z#7K 90ml % octanol 2 mlZ ERE Bfadol gels 23 H]
ol A Al 2o}
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V. #i#H 2 &%

. Xpiel M rRFS HNitH

1-1. ZR &N o8 FEF R
I-1-1. Bk etk

M ZAK G WE OALRE R Fx nSe 34 Bl HES Jo}
Wl gletod BH{EREM 148k (Table 1)E RTAMEBIR A1 g&8ld dds & 2
243z Table 3, Table 404 M= wle} zro| @ BHEHESl ZTAC ol ul
& Ezbe £ 549 B nFe 4% (Fig D HEZE 30}
750% % MFZH T 66.7% Huh wmoud RMEFES EKZE T2}
800% % HFZK A 667% Hu} ¥ A3¢g Mg}

Table 3. Pod formation and fertility of artificially cross and self-pollinated
parents in C. kanran.

Cross - pollination Self - pollination
Combination Pod for- Ferti- Parents Pod for- Ferti-
(% x 8) mation lity mation lity
No. 1xNo. 3 - X No. 1 ® + O
No. 1XNo. 4 + O No. 2 ® - X
No. 1xNo. 5 + O No. 4 ® + X
No. 2xNo. 9 - X No. 5 ® + O
No. 2xNo.11 - X No. 6 ® + O
No. 4XxNo. 1 + X No. 7 ® -+ O
No. 5xNo. 1 + O No. 8 ® + O
No. 6xNo.12 — X No.10 ® + X
No. 7XNo.10 + O No.11 ® - X
No. 8XNo. 5 + O No.12 ® + x
No.10XNo. 7 + X No.13 ® - X
No.11 XNo. 2 + O No.14 ® + O
No.12XNo. 6 + O
No.13 X No. 14 - X
No.14 XNo.13 + O
Symbols : + : Favorable — ! Defective

O : Fertile X . Sterile
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Table 4. Pod formation rate and fertillity rate in artificially cross and self-
pollinated C. kanran

Cross—pollination Self —pollination
Pod formation 66.7% 75.0%
rate
Fertility 80.0% 66.7%
rate

Fig. 1. Pod formation and asymbiotic germination in C. kanran

_25_
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1-1-2. 8 B|FHES
RTRAEGH R AHE W (A 1-1-194 AHE )59 o}
THE Yoli¥ Table 59lA Bz vl9} ol HEK ¥ MFRTKHE M8/
(0.0Imm 7], Fig. D9 FEAHc BfH ¥ TEEAS otat 59F A
3299 5 2 a7t Aoy HAHNo B KD B 106HHE ARZE
Fr 164 80 doly} whE 7 3Fol .

Table 5. Effect of artificial pollination on seed germination in €. kanran

No. of germinated seeds

Initial
Parents germination 6 months 6 to 12 months total
after sowing after sowing after sowing
(days) (ea) (ea) (ea)
Cross-pollinated seed
(% X %)
No. 1XNo. 4 59 568 - 568
No. 1XNo. 5 59 442 - 442
No. 5XNo. 1 68 241 111 352
No. 7XNo. 10 68 i - 171
No. 8xXNo. 5 174 4 41 45
No. 11 XNo. 2 165 42 123 165
No.12XNo. 6 142 102 8 110
No.14 XNo.13 113 41 112 153
Average 106 201 49 250
Self-pollinated seed
No. 1® 77 28 29 57
No. 5® 68 818 20 838
No. 6% 81 38 380 418
No. 7® 329 - 1 1
No. 8® 312 - 13 13
No. 1® 114 60 285 345
Average 164 157 121 278
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EI AR YW MRREE M@ R[EFEMME Fig 20A M= ks
ol B % RA G ol [fEClAM 838 w2 AE Mewd o
I Fel oAb Cymbidium® WEHEMBABIL 119~45311% ol
RHE el web alolsh Atk Maueh fAR

900
B(68,838)

800 - 4
w 700-¢
=] | |
> |
o 600
o ®(59,568)
@ 500+
E 0(59.442) .
= 400 - 1(81,418)
o
- ® M (114,345)
© 300- (68,352)
o
Z ;

L (68,171)
200 ® .(113,153)4165,165)
I 142,110
100 - o ) (312,13)
[ ] (77,57 .(174,45) (329,1)
0 - I L ! ! 1 . ' 1
50 100 150 200 250 300 350 400

Days after sowing

Fig. 2. Date of initial germination and number of total germinated seeds

in artificially cross and self-pollinated C. kanran.

B Self pollinated @ Cross pollinated
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53 Fig. 3olA Mo 3z wbel gol MM No. 13 No. 59 zhzh 1y
2K Mo MERFEUL 5709 8388 AA ol HYou, oy
fEges MRS TSt % No.o 1 ($)xXNo. 5 (8)9 No. 5 ($)xNo. 1(3)
OR MFRZTHSE AAM 2o EFo EERFHE 27 4229 /M
2 Aot YlES EHAFa gk olshol FRMALGY W SiERes ol
Abeliz RAdel wE M7 BN FECD dEHyY 33 % dAFHo
o & FActu & 4 AR

N

(NO.1)x?

(NO.5)x ' 838

(NO.1)x. (NO.5 422

68 ‘

L i 1 }‘
80 60 40 20 200 400 600 800
Days after sowing Parents No. of germinated seeds

Fig. 3. Date of initial germination and number on total germinated seeds in
four seed lots obtained from artificially self and cross-pollination
of two C. kanran strains.

* See Table 1.
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1-2. Mol MEFERHF
i-2-1. 5ol M
BCOBRER 1R 22 V1ol REBIRE 20 5 Ul Ko 2R
ot eldhed PNGERT LB B R —0 SEES MFmA AN 12
HE #28 428 Axe= Fig. 4 2 Fig. 594 Wiz nre} gu}

e

Months from sowing
N
o

: e —
MS Kyoto KC' White VW' 3MS 3IMmMs Ims
Medium
Fig. 4. The date of rhizome formation from seeds obtained by artificial
cross-pollination of 'Seonhak’ X *Jeokilmun' Ckanran as affected

by various culture media.

2) KC : Knudson C y) VW : Vacin-Went
Bl Light-solid medium T Light-liquid medium
[ Dark-solid medium W77, Dark-liquid medium

SRR oo IR EHEC BE  2EAAN REA 2
bgon ol F MS Hoth %% I2H f% 05em A7) M)
o FolW 7 Fr @S WA AW MTWHEA B mEe A

Tsuchiyua and Nitsch micro-element 18, BB Hyponex s A}

BEABF & REPRE ¥ & = A3 A @Rt 23
T
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gatdou ol e ¥ B Kyoto 11 5 #73= Hyponex Hifths:
= AbREte A Fbebu Al gEt: iRl EFHE M2 dgoy @e v
Pllell MRS FAA7170 9l HAol M= Kokubu Z*o), aruof 3=
F F o]l MS 5/t oA Wud b gldi=d B AdAne ¢
= B%E Bt o9 ol MY HEERFEM b Y 958 Ane
HQl MS BHtiiz NOs o NHy Zelel A2 o] ZAI3 el finrt o
Aol V1Q18HA kvt Wztsl=d ol B8 Yol B A4 A 2 Aol A
£ UG vkl ol Moju R Bl R E/AIUR Zo| o] ¥ A9
ol HAESERMS F¥/F ged —REGn B F Qg = gEEo) o g
ZEe d49 FHEFES 1wt E ammonium® nitrate ©] &9 E F &

1ol £&8 AlAbehd G4 & ETRF o MSHEo

14t
NEY2 EE v flons fikstee]l osmotic value b §7hR 0l 3
deFiote] ABAAE 33 A pEslojopa,
|
50
[ =4
S
5 40
13
s 30"
[+ )]
E 20
8
£ 10— ,‘//,.
I "v oS // ,//
¥ o , . 3 ’ ,27 v1 '
MS Kyoto KC White VW IMS IMS MS
Medium

Fig. 5. The rate of rhizome formation from seeds obtained by artificial
cross-pollination of ‘Seonhak’X‘Jeokilmun' C kanran as affected

by various culture media. See Fig. 4 for detail explanation.
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1-2-2. WK R

CEMIRE - BERIRES 3 ISR ) bEel RTRIE (T - RO o g
F % RABIRHE) )& Kol F 5 BORMBEME (8 - Wit oot %o
Fdsdizdl Fig 60lA iy vigb gol MS Bitho] Kol Hilxlx ge
yEEtel sEa: ol B flask e 10% H w7 REER (05cm
Asfye] ol Fol A shg dFat@t,

B %S M R CREFRY UMMl MMl el Aol Tuu
Sl sk BR: MM BR CRIFEF BEEfEC] X2 AT sz Mo
oMk Arbeh gwbga aeig Kohl™e (ymbidium E3be] woli:
BRI N 2ela £ 4 a0 3% 2 91, Knudson™' & Vanilla
ol Firiz 27 FBRETAAY wolsittn ol = M E-rbrmel
3 -Fell = BERTRC] 4% Ao R AR Y}

Kyoto
Knudson C
White

Vacin - Went

ZMs
|
1 - !
z Ms I 1 [ 1 l‘
40 30 20 10 10 _20 30 40
% Rhizome formation Medium % Rhizome formation

Fig. 6. The rete of rhizome formation from seeds obtained by artificial
cross-pollination of 'Seonhak’ X ‘Jeokilmun’ C kanran as affected

by various culture media under dark condition.

B Solid medium 57 Liquid medium
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1-3. Shoot srtet £hit§ 4%
1-3-1. 3 Lg%t

W HE L8 So13A ot £ YN BN HEPS: Y &
A HE YwIA 2cm A7) WKE WEKS Y A¥P AT Table 63
Fig. 8914 E& wle} o] Hyponex, peptone, rutinel ANtszd ©g
shoot s3fbe HH 47t Ade Ao 5E 94%742 4pksEo] Azt
2 A7b gden ol F @Izte MEEES BT 5 Y= MEHLE
HE AAAQA = Hyponex 5g/ ¢, peptone 2g/ %, rutin 100mg/ ¢ i
M HRUE o K 2BH %EE shooto] sMEI Al Sl SEHC g
¥ OBEE 3cm 3719 4% (Fig. 78 94§ & AN SHMEEE 4% &
g F UAJL. ole WA 2" Cymbidium ensiplumol A Hyponex 3g/
£, peptone 4g/ ¢, ol N Hi%Hol Yz dATE Haset vy AY
& UERW

Fig. 7. In vitro shoot proliferation from rhizome by redifferentiation.
Rhizome derived from seeds obtained by artificial cross—pollination

of ‘Seonhak’ X ‘Jeokilmun' C. kanran.
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TRt BEEE O] R el EEIREC S bbkel b SR s AR
W Table 794 He vbe} ol FRL 2.0~4.0cm, BB= 28~43@ ¥
olele v Hyponex 3g/£, peptone 3g/¢ 5ol Hyponex 5g/ £, peptone 2g/
£ Mol M R 4.0cm, ¥ 39@E oA

Table 7. Effects of Hyponex and peptone in culture medium on plant
height and number of leaves of seedlings derived from rhizome.

See Fig. 7 for the origin of the rhizome.

Hypo- Pep- Plant No. of Hypo- Pep- Plant No. of
nex tone height leaves nex tone height leaves
(gre) (gri) (cm) (ea) (g7r¢) (g/72) (cm) (ea)
1 0 2.3 3.6 5 0 3.4 4.1
1 2.0 3.1 1 3.8 4.3
2 2.0 3.4 2 4.0 3.9
3 2.5 4.0 3 3.4 3.8
4 2.6 3.8 4 3.0 3.8
3 0 2.5 3.8 7 0 2.9 2.8
1 3.0 3.9 1 2.8 3.2
2 3.8 4.1 2 2.9 3.8
3 4.0 3.9 3 2.5 3.5
4 2.9 3.9 4 2.0 3.2
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TR SHE ShitiEPES 918 Hyponex, peptone # gl Finel o g
Sl e T Y4887 AHEH L Table 8ol Miz ulsl o] S
0.0~1.7cm, #%:= 00~ 19, 4£aFe 02~05g Heloldoy |5 4
Fo] F2a Hyponex 5g/ ¢, peptone 2g/ ¢ Bl A BE 0.7cm, R
LWl 4888 04go TS M SE Fasid oy Hyponex 3g/ 2. peptone
3g/ 8 Bl A = ETFES ARl A Basidoh maM ghigAES 9
ol M= Hyponex g/ €. peptone 2g/ 0 Hii7} %38 2oz QA = At

Table 8. Effects of Hyponex and peptone in culture medium on root
growth and fresh weight of seedlings derived from rhizome.,

See Fig. 7 for the origin of the rhizome.

Hypo- Pep- Length No.of Fresh Hypo- Pep- Length No.of Fresh
nex tone of root roots weight | nex tone of root roots weight
) Wt (cm) (ea) (g) o) o) (em)  (ea) (g)
1 0 0.8 1.2- 0.4 5 0 0.5 1.0 0.4
1 1.7 1.4 0.3 1 0.5 1.7 0.5
2 1.5 1.1 0.4 2 0.7 1.9 0.4
3 0.8 1.5 0.3 3 0.9 0.8 0.4
4 0.8 1.0 0.2 4 0.2 0.4 0.3
3 0 0.8 0.9 0.2 7 0 0.5 0.5 0.3
1 1.1 1.7 0.3 1 0.5 0.6 0.3
2 0.6 0.7 0.4 2 0.3 0.5 0.3
3 0.4 0.3 0.4 3 0.3 0.3 0.2
4 0.9 0.9 0.4 4 0.0 0.0 0.2
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1-3-2. BWKYIR #47

BESHE DHEES £/ 9otd MTRFE % 24Y 6em 2 Sol
& 2om A7) E SRS, PPSS BEE TR UMSA SMEAEHS Qo
A% Table 9914 Hi= nvle} o) FeimiBell 4 shoot 43{b®7} 31.0M= 7}
4 wekew shoot B4 FIEHM 13310, root B4 HEEHB 14010 2 (s
PIESSH Rt A Jehds) oo AEMES BRe= 2o A as

& Ao AdF =

Table 9. Effect of the position of segment in rhizome on the rediffer-

entiation of the segment. See Fig. 7 for the origin of the rhizome.

Position No. of Duration of Duration of
in rhizome shootings shooting rooting
(ea) (days) (days)
Tip 31.0%2.5Y 133.1%9.1 140.1+ 8.7
Middle 21.0£3.7 132.5+5.8 140.5* 9.7
Base 22.0x1.6 136.3+6.8 141 8x11.6
Average 25.7 134.0 138.8
2 X +SE

Table 10. Effect of the position of segment in rhizome on the growth
of seedlings redifferentiated. See Fig. 7 for the origin of the

rhizome.
Position Plant height No. of leaves Length of root No. of roots
in rhizome (cm) (ea) (cm) (ea)
Tip 6.312.8" 3.610.5 0.7+0.4 2.7+0.5
Middle 6.1+1.7 3.8%0.2 0.8%0.3 2.8%0.1
Base 48+0.7 3.4%0.7 0.6%x0.3 2.1%£0.2
Average 5.7 3.6 0.7 2.5
*) See Table 9.
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HHeel BTG @2 YFEERS Table 10 oA iz upe}l o)
Kbt drell o], MM BIKYIE M5 2 EHE Y)SEel o
HOETR OI2WH % shoot AME IEAERES v A= dae Fig. 9ol A] 4 iz
Bhe} o]l BIKYIE F 9= FeERB7E, YIH BB Y = 20008 flaskol
M EAYE o 98 F ol

25 25

2]
o
£
© 19
3 17
a 15
©
o
2z

3 5 7 9 3 5 7 9 3 5 7 9

TipY Middle Base

Rhizome segment

Fig. 9. Number of seedlings produced per 200ml flask as affected by the
number of rhizome segments planted per flask and the position of
segments in rhizome. See Fig. 7 for the origin of the rhizome.

* No. of segments per 200ml flask

" Position of segments in rhizome

MRS BRYIN SBALF K 12 % 37018 Hi YAEE Fig
1094 Kz whep o] Sefiffel A 1M hRALE 218, H&5 256 2o 2
gow, ol F flask $o2 ZAd 4 Y FE 10cm 27 o)At ki
Aol IR PRIAS BIREF 33.3%, B 4% vlstod SEEESR EERRF-
387% 0.7 b wWel EEERO] LIEIL il R AWMEES =8 4+ 9
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A ole old zol H4a M vlal sMpPol Bohiz v A
AT g ged olg g AN NEWE = AEtHED 4
ik Bl MM b A4 R AMMES B8 8% MEhe AW Ao
By 2R Fol vdsh: Aow IR ow du mERFAdN B
¥ U HEMe TS B BW IR R v tiller2 ket d
Wit o g Al getA Hid o) REo] &9 wRED g Hu g e
BF KERE A9 AAZ HMeHE Aol U, wabd fEm A
A& EHoR & R HRAAME o PYE PRAQS o e M
Aol olnl S MEAIAY T ML B Fol QS Bgo] mouw
R Sehiiel asE®o) Fuhi= Ade 93)s 2de Angn B 2y

30 -

25 4

N
o
|

pury
[4)]
1

No. of seedlings

10

Tip Middle
Rhizome segment v

Fig. 10. Distribution of seedlings by plant height produced by tissue-
culture for 12 months as affected by the position of segment

in rhizome. See Fig. 7 for the origin of the rhizome.

Ml Below 5cm 5 - 10cm
[ over 10em Y Total plant
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1-4. MRS 2 Semie] Hbs
1-4-1. HRERYI WiLH 1+

MBS B HE S 4033 Bpeld A4E S 5em
A1l MEBERYE 48 dd 4y 2as A= Table 1104 =
Hheh ol AETAE 93~100% WL 2 A/ gdow wEe aEE o
Aol AEFIRRE M CH B Bt ol 19~04em SO, B w
OB EH AN 0.3~0.718 Wmsl: 288 Hdon o Fol A b |-
YALE MEE A BB EHRS BNl o R8I L -
el F 2ol AbgE = AFY barke] ATRH A Aol b wdr)

Table 11. Effects of various hardening media on the aboveground growth

of C. kanran plantlet in vitro cultured,

Hardening Survival Plant height No. of shoots

media rate(%) {cm) (ea)
Sphagnun moss 100 13.4  A15Y 23 0.7V
Bark 100 142 A0.7 2.3 0.7 a
Vermiculite 100 13.1 A18 2.3 0.7 a
Perlite 100 13.0 Aa19 2.1 0.5 ab
Leaf mold 100 137 a1.2 1.9 03 b
Scoria (tuff gravel) 100 13.7 A1.2 2.1 05 ab
Scoria +Bark 100 145 A0.4 2.3 0.7 a
Scoria +Leaf mold 93 13.8 A1l 2.1 0.5 ab

* Changes during hardening : A indicates decrease.

¥ Mean separation in columns by Duncan’s multiple range test, 5% level
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Eob BRI L7t MBS HT® A4S 4geEd v Az o g
+ Table 1204 K3z whel Lol FELE 1ot Bpyol A 7)o e
Aol Y5y HES 28 Bt 23~1.0cm ARy, #)
= barkst #MEol +bark BE{LRLAM Zhzb 06M, 017 WS A 0
Lol BEEMI L 1.0~02M M SiA o, 4mEe R gole= Hik
MM WA AR 219 Btol Az 014~034M /== fEfge v
Tl olE Felld T AHERS MEY 5 Un e AHES W
¥ bark, M scoria+bark, A MO & REFSAL).

Table 12. Effects of various hardening media on the underground growth

of C kanran plantlet in vitro cultured.

Hardening Length of root No. of roots Fresh weight

media (cm) (ea) (g)
Sphagnum moss 9.9  a1.9" 7.3b6” 2037 354 031"
Bark 9.5 A2.3 8.2 a 0.6 3.50 0.27
Vermiculite 108 A1.0 7.3 be A0.3 3.57 0.34
Perlite 1004 An1.4 7.4 bc A0.2 3.40 0.17
Leaf mold 10.2 Ale 7.4 bc A0.2 3.17 A0.06
Scoria 9.8 A20 6.6 d A1.0 3.40 0.17
Scoria+ Bark 9.6 A2.2 7.7 ab 0.1 3.37 0.14
Scoria+Leaf mold 9.6 A22 6.9 cd 00,7 3.00 A0.23

") See Table 11.
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O AR FIRBUEY A 2ot A& 5 Auba Burs s gk
BAEMRBLE Fig. 1elA Miz ubol o] FHES 12081 kol ZAMe 29}
barkell A 19cm, AKEFNAM 1 6cm, #MEololA 1leme Y58 AL
Ao KEw= BHE 6 %ET 05em FASDou, FHEE BN o)
L1f#, bark 09, AF 05 U MLHLRC FRBER we A
oldizdl. olie] ARE sokahyl M MIMRISEES B{LAI+1: bark, A
H.OEMECl & ol &tz Aol fYd Aoz AU, M Lol s
ZALHC MR Ko ANde A ed A MEHEDS HERME
ol FIHEol ot o sN el AUkl A iz FIREERRS Fol ESei
dl Wl FIMtd stoul meh e MERESRCl ML LR o & Aol
ZALEI W M ol e kS bR BT Kt AdA4e oy
barkst ZIrEM BAEE Yool FES 7 o #MAEE el el
F A 2 Add Aol HME B AR mi= FolzAst AlY mERL
5377l HHARL ol & W RQlal ow old te APE Zaholof o Wi},

°
T
Kl
[«%
@
Q
o
Z
Leaf . Vermi- . Scoria Scoria
= Mo§§ Bark molq Perl‘ufe Me Scoria + Bark +L.mold
=
2 1
s ' T
| - )
5, |
s 2 - 1.91.9

i

Fig. 11. Number and mean length of new roots of C kanran plantlet in
vitro cultured as affected by various hardening media.

Bl After 6 month N After 12 month
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1-4-2. {E@BEEH &t
BE/b e ® REMERETRY (LR 10cm 272 Mgl &4 4ol
EABNE 918 &+ Y843 (Fig 198 A8 A0 fEaikks 34 1%
HALFRS Fig, 12014 Hiz ule} o) Higt +bark (D9 HFI4 +Hydroball
(D ®#EMHLEIE 97%. HiEE (Hiuga soil). pearlclay, PMscoria (40])+
bark (2:1) 93% M2 Sz st

Survival (%)

/.__._‘/'—__i_j.__J ,»ﬂ—_.___l ',q_J _ /’}N__L,N____.;“__.. N“L HA_J/’-‘
0 T T T : T T T T T T T T

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10No.11No.12
Culture medium

Fig. 12. Survival rate of C kanran plant in vitro cultured and hardened

after transplanting to various culture media in pot.

(] Atter 3 years XN After 2 years

After 1 year Bl On pot-planting
No. 1. Leaf mold No. 7. Scoria+Bark (2:1)
No. 2. Hiuga soil No. 8. ” (3:1)
No. 3. Claybest No. 9. Hiuga soil +Bark (1:1)
No. 4. Pearlclay No.10. " (2:1)
No. 5. Scoria(tuff gravel) No.11. Hiuga soil +Hydroball (1:1)
No. 6. Scora+Bark (1:1) No.12. " (2:1)
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MR O ERREH 2t Y2 S A TR smtol oy fEAE R
BT 3%tk WSl ETTRS Fig 13 ¥ Fig 150A M3z whel (o] e
120cm, M40l +bark (1:1) 9.0cm, #M%o] + bark (3:1) 6.1cm llﬁ'_O_iaf. =
sFakel o}

25 - —
520 |
%15 : P ‘
@ b
< L L
€10 974 I
] | oo
a §5- " ;

L L

1C

o J‘* — = ‘ T T —
NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9 NO.10NO.11NO.12
Culture medium

Fig. 13. Plant height of C kanran plant in vitro cultured and hardened

after transplanting to varius culture madia in pot.

L on pot-planting After 1 year

After 2 years I Atter 3 years
No.1.Leaf mold No.5 Scoria No. 9 Hiuga soil+Bark (1:1)
No.2 Hiuga soil No.6 Scoria+Bark(1:1) No.10. 4 (2:1)
No.3.Claybest No.7 " (2:1) No.11 Hiuga+Hydroball (1:1)
No.4 Pearlclay No.8 ” (3:1) No.12. ” (2:1)
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Lot MBS EERMES Table 13014 H& viob o] gy @R A
o 63~ TLIBAIM TERBI 35 % 83~ 1L0BE 2A 2715 Qgba g
°l% ¥ HrFyt+Hydroball (2:1)0] 318, Mol 20 Mo Z7heg
vl KB 1.7~30/NA 33~42M@2 FTHHEAEY o5 &+ A=
JBERol 25, M) vhark (1:D) 2118 M2 Z}shdn

Table 13. Effects of various culture media in pot on the number of
leaves and shoots in ¢ kanran. plants in vitro cultured and
hardened.

No. of leaves (ea) No. of shoots (ea)
Culture —
Years after transplanting
nedium 0 2 3 0 2 3
Leaf mold 111 11.2 110 201”17 3.6 42 257"
Hiuga soil 9.0 10.1 9.2 0.2 2.5 34 3.8 1.3 bed
Claybest 8.3 9.3 8.3 0.0 2.5 31 3.4 09 cd
Pearlclay 6.8 7.8 8.3 1.5 19 2.7 3.0 11 o
Scoria 6.3 10.3 9.2 2.9 2.0 3.2 3.3 1.3 bed
Scoria+Bark 8.8 9.2 10.7 19 2.0 2.9 41 2.1 ab
(1:1)
" 7.8 9.1 9.7 1.9 2.0 3.0 3.5 15 b
(2:1)
" 9.4 10.1 10.3 0.9 25 34 3.5 10 cd
(3:1)
Hiuga+Bark 7.8 8.4 9.7 1.9 2.8 3.1 3.3 05 4
(1:1)
¥ 8.8 9.6 9.6 1.6 3.0 3.3 35 05 cd
(2:1)
Hiuga soil+ 9.6 9.4 9.9 0.3 3.0 3.3 3.5 05 4
Hydroball
(1:1)
" 7.9 8.9 11.0 3.1 2.7 3.0 40 1.3 bed
(2:1)

2 Changes for 3 years : A indicates decrease.
") See Table 11.
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MBS (AR 21+ BitS A R Aol o g
HAE 1ERMS TE S Table 14904 5= Bheb o] fHE S
11~58cmell M 14E #% 6.9~10.7cmi s/tEd ey oy = (‘la}'bcsi 5.0c¢m,
Hit +bark (11D 50cm Mo 2 Z71ate 1, Mg S.7~83MMol A 14E 1%
DT~B89M7E D1l olB Fol iz EMEol +bark (3]) L7186, R 16
ol o= b 9ot

Table 14. Effects of various culture media in pot on root growth and
fresh weight of whole plant  C. kanran plants in citro
cultured and hardened.

Length of root No. of roots Fresh weight

Culture medium (cn) (ea) (g)
Years after transplanting

1 2 1 2 1 2
Leaf mold 43 81 38 73 89 16 15 54 397
Hiuga soil 52 6.9 1.7 8.3 8.2 A0.1 1.7 46 29 cd
Claybest 5.6 10.7 51 70 80 1.0 1.6 46 30 cd
Pearlclay 49 95 46 6.0-C75- 115 14 41 27 4
Scoria 55 101 4.6 TOERSTE Ligis 15 40 25 4

Scoria—Bark (1:1) 4.3 85 4.2 6.2 68 06 13 57 44 a
. (2:1) 41 80 39 73 68 005 15 45 30 cd
” (3:1) 55 78 2.4 72 89 17 16 52 36 b
Hiuga-Bark (1:1) 53 103 500 64 76 12 15 49 34 bhe
’ (2:1) 5.7 9.4 3.7 72 79 07 20 46 26 4

Hiuga soil+ 54 101 4.7 6.6 8.1 1.5 2.0 49 29 cd
Hydroball (1:1)

Y (2:1) 58 105 4.7 57 57 00 21 39 18 e

Y Changes for one year of the second after transplanting . A indicates decrease.

" See Table 11.
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et fae %l @assmricl aRER 24 e fletod

MLl Bark o2 vg 9 23 a4z et HEBY A= g
b 3 1% EHRORZ B9 KD M S o) +bark (1:1) EREEN ¢

83)

stlth  ©liz Peterson™o] tree—fern fiber, bark, 7K#&, perlite & BS
el Wil MRMBE A8 st Mol FUDL SR, Karen Z'e gl
%7l cedartt sugar pine bark7} o2 FEFta &¥ oy, Northen™
& R Ovmbidium®E bark tree—fernRr . 2 Al g 5= Ut &g
WIS el @t 2A BT ATLE BAstd HEY 4 R
FUL ek G RS EEHEIZAN ADY AEL, BEL, EHE %
o ol &l det we Ao faret Ans FAL

E3 FVe M ARG A Y o)A Aueo g A U w
LE stEn 2tFo WiEe 27 - Hu s =) wetM @t FHE A&
Aol da st gl 2a¥Eded, ¥ 4y s M o] @ o
HAE e REFEE BN SO S 2L MRS EaREH 21
2 ol84o] Aty Bagglonw 2% MEN S &2 LS wEy
R ALBHE FA dF A7) o) 2ojo} & Aoz Atggr.

1-4-3. H4H s

100 | B

Survival (%)

20 +

Mar. Jun. Sept. Dec. Mar. Jun. Sept. Dec. Mar. Jun.
'92 '93 —'94 —
Date of observation

Fig. 14. Changes in survival rate of the plants in vitro cultured after
transplanting to the natural habitat of C. kanran at Sundol (490m

above sea level) on the southern part of Mt. Halla.
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Fig. 15, Photograph showing growth responses to various culture

media in pot of C. kanran plant in vitro cultured.

Pot.1. Leaf mold Pot.6. Cheju-scoria+Bark (1:1)
Pot.2. Hiuga soil Pot. 7. ” (2:1)
Pot.5. Cheju-scoria Pot. 8. ” (3:1)

Fig. 16. Photograph showing C. kanran plant in vitro cultured after

growing at natural habitat for two years.
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Fig. 17. Changes in plant height and number of shoots of C. kanran
plant in vitro cultured after transplanting to the natural habitat
at Sundol (490 m above sea level) on the southern part of Mt.

Halla.

- @ Plant height (cm) — No. of shoot

_49_

— v m——

- e mmetae - - .



2. NS FNIRER i
2-1. MME4E WS peroxidase K3 FAER(H

2-1-1. Peroxidase %

SRR AB A peroxidase (PX) FERIBEEE S pH 4~65 9o A
TR BFHAed 4UH ANE TEAS et pHIF B R A
¥ &2 bandol A Z a b,c d e f g T BEE Bodsigu A
& 458k FMS PX RIS FINBERES TdA Yxd o 187hA ) o
2 FEEHUAL. (Fig. 18)

1:X—d 10:PX-a-c-e
2:PX—-f 11:—-a-c-f
3:K—g 12:PX-b-c-e
4PX—b-e 13-b-c-f
5—-b-f 14:PX-b-e-f
6:PX—b-g 15:K—c-f-g
TK—c-f 16:X—-a'c-e-f
8—d-f 17PX-b-c-e-f

9PX-d:g 18:PK—b-c-e-g

G r oup

Fig. 18. Peroxidase profiles of Cheju C. kanran. PX—a represents the band
migrated to the anode fastest. Bands included in each group are

represented on the right side.

2t PX KRB &3t A Ev RHZS Table 150 eyt &
21, B O B (MR, FhO, AEY &7 B 31 5 217 /3 PX #Bl

< 7HA3 A ov), M 273 M 34 M 259 M 29 Egin EE, 2 233
B 43 482 3Y REWL JEIED. 3(F o] 4to) X8 A2 B2
el B 10 8 15 B 24 2 32 8 33, M 36 So] | 3Rl R, H—L,
B 127} 3 SRUol % 22, % 28 M 30, M 35 So] = TR M 1, B8 19,
B 20 B 37 B 39, B 41, B—& S B 11 M 42 kS ¥E i,
S, MM SOl B 148 B2 B3 M 16 Souk
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2-2. BT’ M2l Peroxidase band %
2-2-1. HERRZ¥ BT

SEE|Y O T RES
HE2HAA de m7
s EBERFANA 4
MBS do PX [EifiL
MR band RBIRL 2%
Zhzt 1 R % PhO
o] PX [E{s/B¥%E band #H
B3} [a-3tAT} (Fig. 20

Fig. 20. Peroxidase profiles of plantlets obtained by the asymbiotic

culture of seeds derived from artificial self-pollination of

‘Jahak’ and ‘Dansim’ C. kanran

2-2-2. uFRRH BT

s (%)< %8 (3) &
Be XAdstd de ®\T1
S M W|FAA 4£ER
MR Ao PX Ffi
BEX band KBRS Rl
9| PX [F{ii®¥%& band S
HHH2 YA (Fig. 21.)

Fig. 21. Peroxidase profiles of plantlets obtained by the asymbiotic

culture of seeds derived from artificial cross-pollination of

‘Jahak’ and 'Seonhak’ C. kanran and their parent plants.
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FIHiMEFES BN =
a2 28317] o
ol RS Fe A
H ok FREES FEiel A
A ko] Po| &o]slu
brussels sprout o] A &
AcPH™, EntEdME&
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Fig. 22. Peroxidase profiles of plantlets
obtained by the asymbiotic culture
of seeds derived from artificial cross-
pollination of ‘Dansimx Nong. 29’
and ‘Choyeon X Janggeom' C karran

alcohol dehydrogenase™, F$olM & AcPHY
BTl g BE o891 Utk o] Ayl
Aol EebaAd Ml e PX RBRC A
BERENe ZTARMEa 9§ BME@s pX

FBERE7L o188 & AU oz YaaAo
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Fig. 23. Growth characteristic of the hybnd (center) B 14 O] o) A %
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Bldol BMERE 188 5+ g How YRuUy g FF o
2t bande] Atelrt @gatA Udelue A3 FREEs AU band7} tHE}UbR)
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Fig. 24-1. Zymograms and their schematic illustrations for acid phosphatase
(AcPH), esterase, malate dehydrogenase (MDH) and malic enzyme
(ME) enzyme systems.
Channel 1, C kanran : channel 2, C. kanran ($)XC goeringii (3)

. channel 3, C goeringil.
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Fig. 24-2.

e . o 0 R U ¢

Zymograms and their schematic illustrations for peroxidase (PX),
phosphoglucomutase  (PGM), phosphoglucose isomerase (PGI),
superoxide dismutase (SOD) enzyme systems.

Channel 1, C kanran : channel 2, C kanran ($)XC goeringii
(8) : channel 3, C. goeringii.
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ezt B A ovl o 2 22l band7b throl #fIE 1 UAvk SOD A
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B MEE TASAL. ole B %o I BE 127149 REEE
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Fig. 26-1. Zymograms and their schematic illustrations for acid phosphatase

(AcPH), esterase, malate dehydrogenase (MDH) and malic enzyme

(ME) enzyme systems.

Channel 1, C kanran : channel 2, C kanran ($)XC Lanciplium
(8) : channel 3, C Lanciplium
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Fig. 26-2. Zymograms and their schematic illustrations for peroxidase (PX).
phosphoglucomutase (PGM), phosphoglucose isomerase (PGI),
superoxide dismutase (SOD) enzyme systems.

Channel 1, C. kanran @ channel 2, C. kanran (%)X C Lanciplium
(3) : channel 3, C. Lanciplium.
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Fig. 27. Growth characteristic of the hybrid (center) of g7} w20 $igho &
C kanran (%, left) XC gvikuchin var. sosin -~ ¥ 8% Mo v @
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BEH BMEERE 188 & e Row YAHYY mEme % Foll
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Fig. 28-1. Zymograms and their schematic illustrations for acid phosphatase
(AcPH), esterase, malate dehydrogenase (MDH), and malic enzyme
(ME), enzyme systems.
Channel 1, C kanran : channel 2, C kawvan ($)XC gyikuchin var.
sosin (&) : channel 3, C gyikuchin var. sosin
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Fig. 28-2. Zymograms and their schematic illustrations for peroxidase (PX).
phosphoglucomutase  (PGM), phosphoglucose  i1somerase (PG,
superoxide dismutase (SOD) enzyme systems.

Channel 1, C kanran © channel 2, C kanran ($)XC gvikuchin var.
sosin (&) : channel 3, C gvikuchin var. sosin
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