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SUMMARY

1. Development of DNA marker for the production of Cymbidium cultivar
1-1. Production of Cymbidium cultivar

.'The main purpose of Cymbidium breeding is to produce better variety with
higher quality than previous ones. But the achievement of this goal has been
limited due to the scarcity of genetic information and too much variation from the
species. Therefore, it is necessary to elucidate genetic background including
breeding pedigree to create proper cross combination. The elucidation of genetic
background is easily obtained from the genetic analysis with DNA markers. In this
study, 16 original Cymbidium species and most popular 21 cuitivars were selected
and scrutinized for horticulturally important morphological characteristics. Full
crosses as many as possible were carried out among the selected cymbidiums.
As a result, different fertilities were observed, for example, higher fertility from
selfing of species and between species and varieties. The fastest germination
was observed from seeds of the cross between * Venus’ X ° Moon Venus' at
115th days after seeding. Most of those seeds from the crosses between * Moon
Light X C ebrunum, ' Pepermint Party’ X C ebrunum, and C. ebrunum X C.
ebrunum showed germination at the 150th day after seeding. The best media
condition for germination was Hyponex and half strength MS media was next,
indicating that low salts condition without hormone application helps germination.
In an experiment to test drought-, low temperature—, and high temperature—
resistance, the hybrid seeds from the crosses between C ebrunum X C. Ayako
Tanaka', C. 'Pepermint Party' X C ebrunum showed higher endurance for the

treatments than others. Another test to check the sensitivity against Fusarium ,



casual agent for rotten disease, was performed. The result indicated that most
original species showed resistance against Fusarium and the resistance gradually
decreased in the crosses between varieties. Summarizing the results, creation of
various combination of crosses including original species is most desirable way to

produce F1 hybrid variety with favorable vigor.

1-2. Development of DNA marker

Plant breeders have developed new cultivars via manipulation of genes
modifying traits affecting agronomic performance and market values, and every
breeding program demands long time and intensive labor. After releasing to
farmers, maintenance of the superior genetic characlers against unexpected
mutations as well as from plagiarism is very important. DNA markers, which are
unambiguous, abundant, and physiologically neutral, have successfully been
applied to classify families and estimate genetic divergence among and between
families tested. Developing DNA markers for genotyping and genetic diversity
studies is commonly started with the polymorphisms detected from undefined
elements (without DNA sequence information), and RAPD and AFLP are most
common methods, Meanwhile, achieving high reproducibility of polymorphic
bands and tagging them as specific alleles for DNA fingerprints usually become
more difficult as polymorphic band profile complexity is Increased due to
dominantly scored markers and possible experimental errors. Therefore,
identification of a specific cultivar from other closely related cultivars demands not
only enough number of informative markers but also high reproducibility of
developed markers.

In the study present here, specific primer sets were developed from RAPD and

'“Xi—



methylation—sensitive-enzyme-restricted genomic DNA clones (active genome
semi-lihrary). Our first goal was to develop practical and reliable easy-to-use
method to discriminate Korean Cymbidium lincs in which very narrow genetic
diversity is expected, We focused on detail description of the alleles, band sizes
of amplified products, the presence and absence of recognized sequences by 4
endonucleases, Alul, Haelll, Hinfl, and Rasl within the amplified products, and their
sizes of cleaved products, in a locus among lines tested. Newly developed
cultivars, consequently, could be easily characterized via comparison of defined
alleles by specific locus tagging (STS-PCR with the primer sets in DB) followed by

allele analysis.

2. Production of oriental Cymbidium variegates

An experiment was carried oul to produce high valuc variegates of Oriental
Cymbidium via genetic transformation and chemical treatments. The most optimal
condition for genetic transformation with gene gun was decided on the
bombardment pressure 1350 psi and no difference was observed from different
distance conditions between rupture disk and plant materials. The genetic
transformation by Agrobacterium tumefaciens was also performed with the
expression vector pAT6K containing maize transposable element which is known
to be a jumping element over chromosome. For better transformation efficiency,
preculture of rhizomes for 3days or 7days and wounding period for 0, 2, 4 days
were applied. The results from GUS analysis indicated that 7days preculture
(42%) and 4days wounding (67%) treatment would provide higher efficiency of
genetic transformation. In an experiment with 2,4-D treatment (1, 2, 4, 8 ppm) to
induce morphological variants, all the treated rhizomes showed hairy appearance

but no remarkable morphological changes. In an experiment with trifluralin
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treatment to create morphological variants, various types of variation were
observed. Those were twisted leaf, striped leaf, wide leaf, shrunk leaf, and curled
leaf. And some plants possessed more thal two morphological variations were
observed. According to the present results trifluralin scemed to be a good

candidate for safe and cfficient mutagenesis.

- Xiii -



CONTENTS

Chapter 1. Introduction...........ceeveeeeiiiimercieeee et er e ree e e 1
1. Research BACKEIOUNM ..ottt as bbbt as et s nenee 1
Istdivision Development of DNA marker for cymbidium breeding........cc.cccoveeecrcrninrrinnnn. 1

1-1. Cymbidium hybrid production .........cc.covceciieinrnrrsesronenmersnetie s e 1

12 DNA MAEKET oot et bt ]

2nd division Oriental cymbidium variegates production..........ccociimiiiiminn 3

2. Rational fOr reSEarch PrOJECL..........covoereurireirerinrirnereeeininsisiesssesisssssssascssssessssnsisessensesesesrsenssesenaaes 6
1) Rational for techniCal @SPECt..........cocreverierrmiiirieiini et 6
Ist division Development of DNA marker for cymbidium breeding............ccoooveevvniercenee 6

2nd division Oriental cymbidium variegates production..........c..coccvveeieiicovecniocorrnmenncns 7

2) Economical and SOCIAl ASPECE.......cverimrerimiiiiiniernissrseses e ress s sssssssesssesis e rmsnsons 8
Ist division Development of DNA marker for cymbidium breeding........c..coccoovvrerinccnnee 8

2nd division  Oriental cymbidium variegates production.............ccvmrrervireeenereernncinenes 9

3) Current status Of related tECHIICS. ... vrcrreeerrrrerieeenscisr st et te et n st nass 9
1st division Development of DNA marker for cymbidium breeding............ococvercernennnne 9

1-1, Cymbidium hybrid production........c..ccccvemmeoiercerimesecseeneeens e sesesesnns 9

1-2, DNA MAIKET «.ecvvrirriere ettt sress b sb e as s s aseasicseten s sen st snesesaeees 10

2nd division Oriental cymbidium variegates production............eeeeervrciecrereccmeeeen. 13

3. Purpose and FeSEarch rea .............cveevercremmciiniiisiiciriese st s essesnr e seiss st st 13
Ist division Development of DNA marker for cymbidium breeding............ccocoevevrieiinnace 13

1-1. Cymbidium hybrid production ..ot 13

12, DNA MEIKET ..ot cverinersencee et ae bbb sesess st ene s ines 14

2nd division Oriental cymbidium variegates production............cecoreevriiiivenececeiermnenn. 14
Chapter 2. Materials and Methods .........ccooceiiiiiiriiiiirereiee e, 16
L PIANE MELETIALS .....ceveereviererisniiscsrerees et semst st s st sre e s et sas sttt nes 16
Ist division Development of DNA marker for cymbidium breeding..............cccccoovvennnnnn. 16

1-1. Cymbidium hybrid produCtion ...........cccccurvmrrirmissmsessismsmsssrseresissinemesessesesinees 16

T=1-1  FIFSE YEAT CTOSSES eveurrirererrrecrriririreseiinesesanssesssssesnssessscensessssesensseraesesesesantsssse 16

I-1-2  SECONA YEAT CTOSSES 1vvverrrrereerircerirerernurissrreissaesssssssesarsassssssssssiessssmasssasesssssssnnes 19

122 DNA MATKET .ot ressisstsssessssse s ssessesesensemssssessessseseesersenssssens 20

1-2-1 Development of RAPD marker and phylogenetic study .......cc.coococeerenmrennnnce 20

1-2-2  Development of SCAR marker and genotyping ........ccceceerersiencniecmecnerneen: 20

1-2-3  Selection of plant for CE and CReT-STS-PCR primer settest.........ccocovveunen. 20

- X1V —



2nd division  Oriental cymbidium variegates production........ocu s, 21

2. IMIBENOMS ...ttt et sb s e RA T RE b sb et b Rt 21
Ist division Development of DNA marker for cymbidium breeding..........coovevvnnnennienne 21
1-1. Cymbidium hybrid produCHON ........c.uvvureriiiciieisinri st 21
1-1-1  Interspecific crossed of Cymbiditm. ...t 21
1-1-2  F1 hybrid production and germination...............c.everieinrinencrensorsossssnssoneas 21
1-1-3  Drought resistance screening of F1 hybrids ..., 22
1-1-4 Hot temperature resistance screening of F1 hybrids........c.ovciiinnn, 22
1-1-5  Enzyme analysis of F1 hybrid ... 23
1-1-6  Fusarium resistance line Selection ... 23
12, DNA MEATKET ... ettt sitss e st ens s sb s bbb b nanse s
1-2-1  DINA EXITACHOM. cucvcvivecveeerriererc e st a s st ene s
1-2-2  RAPD analysis and phylogenetic study
1-2-3  SCAR (defined element tagging primer) primer SetS..........coveveieeiveenirmssserines 26
1-2-4  Application of SCAR PrIMET .......coovrieriinrniininiis s snscseense 26
1-2-5  Genotyping by RE treatment of monomorphic SCAR-PCR............cccovvrivrrenn. 27
1-2-6 Construction of active genome region-enriched semi-library ...........cc.cccnunnns 27
1-2-7 Sequence analysis of active genome region-enriched semi-library clone & STS
PHMETL CONSTUCLION ....ccvvvsvciiitce et 28
1-2-8 RE cutting of monomorphic CE-PCR product

1-2-9  Genotyping by retrotransposon €leMEntS..........ccverieniinncinissssmsesnserensess
2nd division Oriental cymbidium variegates production
2-1 Genetic transformation by microprojectile bombardment.............ccccovnieerienec. 30
2-2  Bacterial strains and plasmids for transformation...........cccciecrnienniiesinnnnnns 32
23 PLECULLITE. .. ..ottt ses s sttt vt es bbbt sn s ss 33
24 WOUNGING .....ovvvereirircrsce it bbb b se 33
2-5  CO-CUIIVALION .....v.cerereectrceseer ettt et en e ssa e s 34
2-6  Wash-out and regeneration.............covereemmie s s sssss s senas 35
2-7  GUS XPIESSION ASSAY .....veesrsrevsrcrersecsermmsiismsnssssssesesissssssisssssassssssnssasssssessssassassas 36
2-8 DNA extraction and PCR ..ot e essissessessseses 36
29 24-D treatment
2-10  Trifluralin treatiment ..........ccoocveevivenriiimsnienirersres st snssssaeaes 37
2-11 PCR amplification of retrotranspoSOmL.......cccuerimemiiisinninsisenssesssesssanes 38
2-12  Production of variegates USING MULAZEN........cccceverrerrieemsiinnni e sssseneseeses 39
Chapter 3. Results and diSCUSSION ......ccccvveverieriiiiiiiniitiii e, 40
Istdivision Development of DNA marker for cymbidium breeding............ccoooooverreerrennnns 40
1-1. Cymbidium hybrid production ... esississsssessssssssss 40

- 3wV -



1-1-1  F1 hybrid production ........c.cemmccinmmmceseneesemenesemeres 40

1-1-2  F1 hybrid production and germination ..........cc.cceecrcrrevenrinerneresecsmncrecenne 44
1-1-3  Drought resistance screening of F1 hybrids .........ccovvorvevcvonrcicncnicrennns 48
1-1-4  Hot temperature resistance screening of F1 hybrids..........ccooviiiiininn 51
1-1-5  Fusarium resistance line Selection............cccoevevcriincinininnieiinncn 52
1-2. DNA MAIKET ..ot e bbb e 54
1-2-1 RAPD marker and phylogenetic Study .........cccecrmmevinmiiniiiicics 54
122 SCAR marker and its appliCation ..........c..cceonecvenmroiicsni 58
1-2-3  Active genome region-enriched semi-library clone analysis ans STS primer
COMSEIUCEION ..ot evrverreraresseseereeessresessesesessassesbetebeseaeae s b b et ansssecs b r bt s st bt s e bbb 70
2nd division Oriental cymbidium variegates production............ceivevimeniniine. 82
2-1  EXPLESSION VECHOL ....cvuciiiiiritiiinissiie st sssessassssssasssss st s sns 82
2-2  Microprojectile bombardment ... 83
2-3  Effect of preculture for transformation ..............ccccovenvicnninniins 84
2-4  Effect of wounding period for transformation............cccoocoviviniivivnccnincinn, 86
2-5 2,4-D treatment for variegate production..............ccecivirienisicnenines 90
2-6 Trifluralin treatment for variegate production...........c.ococcevonninicinciccinin 90
2-7 Oriental cymbidium retrotransposon SUbCIONIZ.........cocnvrcievninninircnncsiinenn, 100
2-8 Variegate production USIng MULAZEN. ..........cccorremememinimimni e, 101
Chapter 4. ReferenCeS. . i iiiiiiiiiiiiiieiiiniiiiieieieeteiererateeeerteesnaeseeaneeraeans 113
APDENAixX + + =+ v e 118

- XVi-—



FEQTAE T e,

ey ’ﬂ?\ﬂ. X]

: . Cf

|7 SO

1

T

[0}

Az

A1 A

- N N N D N TS 0NN DN O on
: : - - -

1 B (o op
% w i iw r
: : =~ ~ ~ N
H H p —_ M —_ FR——
P X Ko X PN
P o ol i o4 i o
P B R P
O R i iR U S PR
P R == B - S B B
. M : —_— : < _— . H M I .
: H Q H 0 H 0 H H : .
. F : " Poap 2 FO : .T
g o < o = - o i E e
D= TC =o To = I Pl = :
PR %o =0 OR LR PR PR
P o — of . Moo i iodr
P K X G TG SR
L= T Ne o 0 0 o No g = T nalil T
T = L, o %. M o5 ._wx = 9 I <°
- ot . i A B Ba E. Ar.: e or . . E_‘.D Ow_W
X =] :A. .AL = N S R nN»L X =) W <
Mo ol BSOS L BT TN Yo TR R oy Mo
- ony —_ T A el A ) -
Cun oog o0 HOE B 9% g W o0 m oW He e 9° oo H
S r S0 Lo o 20 Mo B P o 2 ® 0
< [~ula Q < \Nﬂ <A

]

)
pads
1-2. DNA |

—_
= ~<
=

) it

T
71
&)

)
1-2.DNA RTFEQLRE THME et teee e e s s sss s en e

Al 2 ok
A 2 ok
A1 er

|38}

q

A1

14
.14
.. 16
.16
.16
.16
.16

T2 B ettt e

Z+ 7

.19

.20

.20
.20

- Xvil -

I
!
FA/QA A

]

S 1) D
=
pa
}EO

A

14]
} RAPD

&)

ul A
=

6('}

T 2

a,

kel
A3% CE-AE 2 CReT-STS-PCR primer set2] A

A28 SCAR primerz252] 247

A1

A2
1-22.DNA X

A

A2 As



P ORI ARl et 21
A2 AVEIHFH ot 21
A1 Fop okt AlEE SAE S AR TP, 21
-1 GFEE AT B A e 21
ANE Cymbidium Z75 TINAT] oo esnesssssssneee 21
A28 FIFAL AAE B TFE et 21
A3 Fl R AREA S48 o WA FF A 2
Adg Fl1 AR AFAE F4E Ak A FF A 2
Asat FE2AA A FHEE AT AR 23
A6at F1 R AFEA AL A Fusarivm WEA FF A 23
12. DNA A FEQDAF 71 et ssscssnsisems s 24
AT DNA FF e niansese s s s 24
A28 RAPD 241 B DT F A s 25
34 Polymorphic RAPD®] cloningS &3¢t defined element tagging
~primer Z3F2] 7 HSCAR PLTIEr SES) ....oov.vvvvvevveeseececnssasrsssssssseeseesesesssesesennas 26
A48 SCARPHMErS] B8 .o eseseses e 26
2153  Monomorphic SCAR-PCR *Hz 2] Algtas *e] 3 Genotyping .......27
A6 ¥ active genome region-enriched semi-library 7-Z .....ccoooeeriviverenriinn. 27
A78  Active genome region-enriched semi-library clone 5% A71A g &A1}
STS primer 4 S BB st 28
Agdt ATAEAE 0]-8F monomorphic CE-PCR product®] A% ..coooveevnnne. 28
9%  Retrotransposon elements] FAFL] FFTE AR i 29
A 2 7ok FUTE WHOTAN A e 29
A FAAEL ol BT FHAHB i 30xlix
A2t A3 Bacterial strains and plasmids...........cooov..oeeeeereesenserenesssesnisienens 32

A3e A

A63F  Wash-0Ut and TEEENETALON. ...........ovveevveeeeerereseesesess e ssseesssenesssenssnsssnssessssens 35
ANTEE GUS EXPIESSION BSSAY .vvv.vvvvvevevesessessessesessssssmsssssssssssssssasssssssssssssssesssssssnssessosenes 36
A8F DNA FoF L PCRuocecivecrvrreenesreressensessssssssssssssesseesessssesssssismesmsesseseseen 36
AN9BF D AD CBUNENL......oovvvereereeeereeeeissises e seesssssssesmsressssessssnsssessssesessnessseessos 37
A0 THfIUralin tEAMENL. cooocovvcverrecressennrererreessssssessesssinesssessesessnsseonsessessnes 37
A8 PCR amplification of TEtrOtransPOSOIL............o.veeervvveereeessessssssessssensssessrieens 38
128 EAHOLY ALE WOTAL ARk e 39
A3 A AT D FF s 40

~XViii-



A RAPD HA|Q1AF 71 2 S S e 54

A28k SCAR FAIRAAF N M AB s 58
A38F  Active genome region-enriched semi-library clone52) 71414 -4
T STS primer THA] B BBt 70
A 2 HoF FUT BOLA] AT e 82
ANE ARG W] s 82
A2 FAANEE O] BT FHAD s 83
Azet AujF A7t RAGgaE] AT Do 84
#4% Wounding”) 7ol FH A GO AT B 86
A5 24-D A7} MolA] Aol HIAE W e 90
A6&  Trifluralin *2}7F BlolAl ko]l Pl FE e 90
A7 F retrotransposon SUBCIONIE ............ovvvervrrcsneresesie s sssessssessssseseens 100
Aged EWold ARE WOTA] ADAF e 101
A 4 T A T e e r e 113
_t’:_,_ % .................................................... 118

- XIX -



A1 E M 8
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WA TAAAE TN AREAoR g Ak Ao Geld Ak B

2} dbolol QA WS-8 g 4 QU wrh oFghel] #ek A WA gg-a) g

O z#eha A+

G FAESE Az e s WA Ao A AEA R FaE duietE, 24
2 Q1 Woll Al MlaL ASHITHY 5, 1990). L] 3L Neofinetia falcata®] callus#4-
Bl F213) 2E3), PLBAIA] callus F%9F oA callus®HE] Zdshd 2lEo] 24
B AT, A83AA Y& w5 A5 ABE AT GEsEiT 5 1995,

@ FApdol A7

ol 1&g Haow HA g A7, FA ATHH Fuo FeAs S, v
ololA] &4 &d, T¥9 d&E Ak KOH, Ca(ClO)2 Au], gutAe], wxle]
W, Bz, Azl wE Holdr Fof dek A9 Aas duide] FE3lom,
AulAl o g ALesls MR E27AS Hyponex 3g/l, peptone 4g/l, NAA 0.1mg/L,
Kinetin 0.01mg/Lolt (H %5, 1993).

@ ZAuEA AARuA Ay

ok e AAMA RE= MS A, 1/2MS, Hyponex, Knudson C 52 #x]7}
axgHolglon] H7HEZ A peptone 3g/l, charcoal 0.1%, sucrose 3%, agar 0.7% &-

T 0.8% 28al HF F& AMESIgIth T18]al NAA, BA, Kinetin 59 AFZAAE



Ed &R ABE F7M 2R Tl axAellal ofs vEs dest i
A

Sl 23t 2HAG (0 F, 1989).

g el o5 Cymbidiume) AANG FHsa ASEAG 9Asko] okhA

o3} GAR Aele 2} do} et AH1E FFAR, AP oY &S AN

o

ANEstel AEAo] wjg Gkt (7, 1994). ol sl Ealle] gt &
2o #@dee] w3}, Eared ek 1AAY A%, m2eg g 3jole] blasting AT,
Aty ol Fol ApA AtARrt Bad vk A

® &FAd A+

ol

ol A= mASFol| Te Aprt 8 #H (3, 1997, 7, 1997, 4, 1997)0] H.ilE]
AL W oo W AFE I3 vwlgk AAolrh o] wha sfelolME F=
RHS(Royal Horticultural Society)oll 3¢ Wi AlEF 471 ¥ 100oFl] o]&
Arg @de A7vt FgEa o

® = 9 Rt ALY, AL, A, 5% ol B9 tere] AR

7F A

1-2. DNA A EAA 7
A2 egve) 83 A 7P Fed AER FFHL Y b e O
A g0 g F471ke wo] wjwH 9}, Ao 40
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A JAdo) WolRE B4 wild wiAdle 2AuAt BeE AT AAA S

olg 728 T AAH fFo] o|FolA YA &of EFFe Hipedigree) HrRY

Y genomed] WEk A Z2AF7) FE AL ok
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29l 7O :A] transposable element® ¥4t expression vectorg ©]-&8}o]
chimera®{ql WolAE fmsls Wio] dejx vt welr ks #es VxS

o Sl olsh g ZINS ol 83te] AP AAL EAWIAT FE

o5 HAlate] Aol st Aog Pekenh

YAl B8 Algs 4422 (particle bombardment)-& o] &gt HAAE 2§l o
2R, Dendrobium(Kuehnle ¥ Sugii, 1992; Chia et al. 1994)3} Phalaenopsis®
protocorm-like bodies(PLBs)&2] @axgl A¢lo] 2A%131(Belarmino ¢+ Mii, 2000),
718]31 Vanda(Chia et al. 1990) ¢} 4@& Alan d2A8S o dgris gifle
H(Yang et al., 1999), oriental cymbidium® A&E= FgAAES goks RE o}
gick, webd, Fokgkel wolA Akl glo] =¥ Ko Qe FAHEY oS
FREI A m9lol whe P Aol REAQl IR S FekR A TlesE
g ol FEHY Aglget aRIpX st Zlejed ¢ lvtar AztE S
49] AHo] FAAQ transposable element((:¥ transposonm)E QA Aol A jumping
shHA, fAAtY) 71% S blockdte] WolAlE frwshe e deljx e, FAA
ol A1) Hol(transposition)7} W& wlxg doju}s, Wkl A7 AT 47} Qo]
71 oj o] ¢ oz Aog &elAd ghDoring, 1989; Levy and Walbot, 1990).
@ v HolE FEEly] ¢35l strong promotero] ]3] transposong] W¥HE
L55= A37) 8E e (Grevelding et al., 1992), T3y Antirrhinunel Sl
transposon( 7am3)& Ao ols] ol FrEHe A= Aoz A7 An UhelA,
transposon®] A7t £¥E ¢ e 7FedE BoF3UtiCarpenter and Coen,
1991). 28] o3t A ARE EdE, Bl Jug f-dx ddl-g Alwgh A7}
Aoy, 22 ol promoterE &3 FAAS A Ao guje} of 7]
Zo) Bz 2o Aut transposono] BA4IEE AAE RAF7)E 8%al(Honma

et al., 1993; Rommens et al., 1992), €50 we} transposon?] W@-S 2He 4 9}



T AAE AE S St Balcells et al., 1994). Balcells 58 99 Ac
transposase -frA2ko) heat-shock promoterE AzAzto g2y 318 Hgoli] oF 120
1l 0]73¢} transposase FrAF WElE Hole FA oyl WEley,

Fofell A dAjelol 2al transposono] FAA Ol AR A2 HolEHAE-S E9)

a1t ol 98 AlRE-¥ heat-shock promoter(Gmhspl7.3-B)& #9] heat
shock $Ha {2 zlofA] 5] 2 054 heal shock consensus element® TATA
box H-roll ZkA|5L 9o, F o] F3 ¥ elementi= Aol 9dlA fHdEE AR

o] Wl Qelial "agk zlom dulx] JAuKSchoffl et al, 1989). Heat-shock

promoter®} -2 inducible promotere] ARE-2 #A), A& @A M58 He)x] AML-F

1O
T

T promoterE9] UlF2 strong promotero|il, o]E-2 &A%k

@ owrgle fwsh wlsl qujsl wEow olal ARAlel Wl vYaE thes 5

719} oFo] WHFAE FQo5h|, oldl 5L FA)Ely] 98te] heat shock promoter

o} Z& inducible promotere} AlE& A= @gaor & Aow AzhAL)

IHEIWIA 9] Fogk oA A 9Ele] EdmolYd o s MMS, EMS, colchicine
B AJofo] o] i AW, o] 5 A& &L At XAgo] ¥
& AoR FHF0] Ao #HZo] AT Aol Mol RAFr) o] AMH

¥ metaphase blocking reagentQ! Trifluralin® 231313 v]=d 7158 714, 2]
EA ¥ SXo] HE e Aoy delA]l dHlee et al,, 2000), Trifluraling 7]
EdWol A e A AEAxe] Al HolE dor)A] gon, A FdF 0 o
AAE 22 ol wEA Fozn AEZRGD Fol QAAZT w7E HA AR )

e Qe Axge ol Aow deial ek wed gho] FAE A6l A

)

2 & Ao, GUA o] FeRm gk wolAlyl A sAol Wl wrh AE fx

glol|A] 2holE= AleF Fof] oj9} e Al EFHOoE AU ¢ Q= ZlogE= DNA



synthesis inhibitor?] hydroxyurea(HU)¢}, ¥ & metaphase blocking agenet]
amiprophos-methyl S0} QlEd), olEE Ao AUz Fsie F2 gerhdd ol
& ojggto gy Fok WolA Aol Ei-& & Aem AYzbg.

Az Qe A7 ROV AROAG wRAR ARk tgd T
retrotransposon©} EA&k1 WE = Ao g nuHe] gli(Laten et al, 1998), 4
B genome?) A3a B-80] retrotransposon scquencei HHEE|0] Q1o uhE X5l
%lﬁr. AE retrotransposon?] AubAQl g e zi7] thE Aol wiw 7t 3§
atodx|=] ekoky] wiEol HEalA 28] retrotransposond THHBIIAE ol &l
wlal}, g)Rie] A retrotransposono] ZE AV #44 ale] oA &dst
HojAxn, 7p 2 5

protoplaste] Heju} AxEuokoA @AstE = Aoz delx drkGrandbastien et

ox

o] 7§ A& retrotransposone E3] in  vitrool Al

al., 1998). ol9lo)| T A% retrotransposon< ¥ Aol ubE mEEd LR
o] 2lajAl(Pouteau et al, 1991), x W whblo] thgh Wolr|zte] dgto s Wl ¥=
Aoz A7 Ry v} YriGrandbastien et al., 1997). Retrotransposon®ll g+ &

Qe QT o

S ]88} gene-tagging® transformation vector#|2ta} 22 &

i

guol Wit ohjeh A WA 2Ao] B 7)2ATH FAA o) JFE v
A @AzAR L A9 AT AT Be AE AT F Ao Az,

A2d A7Ee E984

Ay 71ed 59

A 1B ¥F AET HAL A ARIA AT

dah 422 thE 4B nls) F43e] el HMmA 49}, #oht #1444



A77L RFEG, AFE S AN vl fARH N)2ARI} vhagelo} ¢
7} thgstel R Aglo] Az o014

AA o}, FFe) 717 (pedigree) ARV & genomeell gk 7]zA47E K

e
2
M2
il
s
2

Al Weld WA, BPRL Wo) Fol oW I gov} o5 BF
el wolg Fua s A7Zlol wEee] Hojx Algol w$ AFHAolck vl
e FRIARE SollNE SAw AES AU Ao ol &etow W
4 94g BRAAY 5L BARA vol L olgakn vk
Hito] Wal AHLEE DNA AAES 1A A8 Gl o] g5bl HM H
)

frol AAB} o]FolA 4= glon o] ARAAEE o gake] AN e T B4

5A5H FANGAAAE OBCD 719 Foax 39 dghor FAUINL A

59 71%S AuE & F7F vk DNA marker?} §lo] A& F

717ke] Azko] AQEE=], ¥ AT 9kile]l Ag dojX|= DNA markerE o8&

A 2 Bof FYE WolA A

A & Wolxl 58 AN s AAES T8 e AHol7] )
ol o]59] gnrt 1w fA7t Gk W Aol de] BFE ] ek &8
i HAAE YRR AAY Gyse] X &k Aoz g Fd
A%, Agol Hlg- guiste] 2R 7|z @& fAARG] g ol Ao] |
AolA g, AR AHH R o= HeF, ARl AR Py 5, RE LD )

18 Axg Hado] ok EHA W FAAEE
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s

He FFAste] fH=}



AREE A% callus AElOIA AESEA] FAIZE AQE TsAol long o] H3}
ojof s}, HAHSE Yzt ABABZAE rhizomes ©]838lal bombardmentE Al
o g AT AEe) v AASH AFEEe TAE FAAT] AL o]E v

o} gele) 240 ZNE Gl ela A glo) Amael AR oy

rl
R

olalel AL Frme 7 ok ®olAE FEAZ7] gk fAEE vRe
RE transposable element® 333F expression vector®E RS o] 859
rhizomeElol Al @A 48171 & transposable element&ol] 2)s] GMAAde] A4
2ol frdxkge] dWes FAR oz AANA 7lHeA] WolAE  fEsi)
Expression vector® %S o} transposable elementE soybean heat-shock
promotero] @AgoaN 1 WHAZ|E AN Llewstn e} A8
o]9ol} 7] EAWO] Fg 9t AlMGEE geHed Bk oha), EdRlo]

wo] b5 Qe SheteRES Aeistel 1 54 E Lolkons kA B

ojglog A AT ¢ A AlekE AWEska Byshs Ak ulg F98 dojghal

A2 BAAEH 5™

A LR FE AEF 44S A ABAA A

FFBAE olgste] tiel $d P48 BA) ZE PV FTAFN A8
& glom, nAS AR08 AUt AAS] FEA0E YAsE Rolrh 13439
Q) 5 NS ArlE RANA 5 A H3, FUNE DRI A8 A
of og 2EFU Jleld & alek Tl SN F dRE Aol Al ol
FA% F7189e Jehlla glon] $oH} gobdl Aot Gy o)

2o 45 Yok W S FARRE dste] Selitetel 5717k 4]
of AT BAHIA Db salFol wske] Aol e T Fanch S



g oAEe Wiz AT ATEG o8 fald BE L A% BRssl 2o )

oleleh 7R E olgdtol NHFL KAYTOTN Fulae] AW 2 8194

ARG B Sh) WA A 248 A9 5 oee Jge,

A 2 Fob  FAW WolA| A4
SR WolAl G Bl wgele ngsl B RN oluel, Hoekel vl

iz

S EFANE BT AL Ausheln ) S8 F Ao Az Add A9

Hg) wolalel AL wolAlel 7429l AW AAsh Auel B WMol A )
A 1% 5 Qe AL DolE Aow AR AN IWAS b 249 o

ol ukelze] AulAlao) viekshelst Qs Aol B volAlol g Lkl
AR 207} 57 B olela Az, @Aeh e FAle) v AnETe 5915

7Ve aijel B o A3 A8e Ad 1A, S UPEA e o Alrte] atEelx)a

zJF‘

S, 53] et R MR Bel eI, 43S nEste] Yol PenA|

T A EE WolAE AYsle] nR X e nAERERA st HQ s )

A% =Y ARV)E] A% BAF

A1 ok ¥ AEFFT HHE A% ARAA Ad

1-1. 43 AEFF 94

RFLP$} RAPD-PCR W& nl5ta] 47|gh 71a52 AEFoRed ol ¢
TolA 5 Bol o] &dlal v WyEelth 2AuA] AFE $¢ RAPDE @AIZh

Fast 4 ly, A%e] DNASERE 75 zhasl wbdoltl.  PCR--based



marker(SCAR) -2 RFLP markero] &%¢] DNAE 71Xk &g 71 glon
DNA blotting® 84 ¢ote HE 3ol dE WA SCARE v A7t & 7
AHQl HRlolt}, Dedryver 5(1996)& o] #F2 #ollA| rust resistance gene
F

B QoA bt 2 Hopie getel vlg GHTY SAZ ol 8% wI FI)

Ot

T

Lr24 o ¥ 8 marker® #EU] SCAR HE ol

(i

of gitke= Zoloh B, R, ¥, §vF 9 Amabidopsis® A9olE ov] B
DNA A #QIAHE o]-&3lo] f-43h g8 EAsA o8 o] 43 a&4Qd F3AA
Zo] gelxa Qlu) wek B Apoa] AlEstaxl &= DNA Qlabe] sfirbo] kgl
Ae FAHoRE o]Fo)R wprl glov B Ao HEATAI} ojn) ofe] 2HEolAl
o] DNA QIAHES sdslel F8¢ v} glens A9 o= d8 EA7) 8l
b Abzdth DNA markers &0 o3 = gl Al %L oldo] By Aol
el Al 3] fEaickE Ao] 71 & FHR Fol shuolrh SRl @A 2
2o 8] F7hje) el sjEel ALz} FAl] FHejste] FEoR ATE 2
AV, Ao AAG Ao Ay Ak BUUE APAEAY MR §F

of TF2o8 o]§dhe A¥e] Bk

1-2. DNA A®z 7%

7}, @2 DNA marker 8%

ik A AZHDNA marker)9] 7Hde] o] 274€ ole, W A77|d 2 &
A€ol DNA marker 7]&& thget &opofl A8 o3 ok wdHoz= & 2&E
o] I EFE 9 EFEo] Ho|E 'polymorphism'e] g, FAAHe] ctiefa
F4 9 B4 AR, & gdatol F) F5o BAAA T Tl ol &H &
o}t ey, S F2ES AYS sy, o dolk 49 4 R e
A&H o2 sl Y% WHOZ DNA AAE AHdE dos 14o] w3 £37)

S

K
r\.
1o

o

th, 2 FH olfEE, #FAHHSF(ecotype)d EAS AuUE, =W FEI

._10_



polymorphism®] o] 47 ¢kg Wy, FALEG srjgtk o] Ars AHAo|
245 DNA marker®29 3Hgo]l 4% ¢ar, TAE Fdx2Hlocus) B 54 4

Az e ol SR lleles)?] ZA(genotype)d TAIF 0T WA & 4 3l 7]
ol AAHA ks A 5 5 571 gk 2 As, AA-ey AR A
& AUE database?] FFo] ErlaFlon fEo] A7 dde AR ik

S AgE] ek

B, W, 4 B go) A ARAEsL ARE Fo AFEe) Fgoln

z}zto] A EARE FASHE specific primerZgEo] AAZR R Adso] gl

e

2oz

il

ou}, 7 AT AT} DBel ol HIEF AWES FHAEA R FTIE

o
ol

polymorphisme &9015}7] §Jaia 2454 ¢k-2 DNA(un-defined elements)9} U+-
B8 ZELHRAPDYIY T AFLPZIRD), A 4438 o st #4& A=
(RLGS 719)sls Aoz sk o] uiy-folth. 12y, RAPDZIY(Williams et
al, 19900 7 A% Azl wind s BE $% AREE AR IS
A BAS77E 0@l ev, AFLP(Vos et al, 1995) % RLGS(Anderson and
Anderson, 1979) 7I¥& Ad 384 o8 gl A dxe Aok a] wiEel
Aol SF7) Psy] ¢ Bk o), Vel 544 FE3 a9 a7 4

3 BE5g AuE U2 o s @3] vk

o AU F4dzte) vl Rst 2 Ase] 494

g £ 3o hte) FEFM IIHE ol FF AEELS DNA marker®
#4357 98A, o] T ABEL IR FHH o HUsHAHE primer ol F
3} FEAEY AYE S PAEHE SO WeDslel AT AREY FAdR =S

2571, E4 924 BA5E DNA markerE Ads vt 59 AFE oy &

NI
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A ARE $-g ol x AmEe] gch ey, DNA markerE o|-8-5to] & 2
o) F5& dA3 FRE Wi, T o, 2 g2 WA F& A8 s
ol #-83}7] 98lA=, polymorphisme #lsks 2H9] ol g Arslhd polymor-
phism?] At Azfe] Ax|ep &l date whes), W7t dgsoint,

thAle) o) g9l EFE oto] DNA markerZl'2-S 9%+ polymorphisme #9013}

= oAqlem A #2489 F 2 /W F shivk RAPDOIG. RAPDWE dh)

9-13 bpel A& primers Aelalo} PCRol olgal7] wlo] 27lel ArAel @714
Aol <JalM A o] oj2 2917h SEH) RAPD ABAAES EHQAol 2}

= primerg?] SAAY 4% 5A4E Hola AgAulolxg H& xFor s
mappingoltt YA £45 22 Ago) Agoigrt a2y, RAPDE 4@z
welk opuel, Abahz Akl melA e dake] Ag WolE Kl AFLPE ©4

2t ol @& polymorphisme &1sh 4 glvke Aol lARE whEo s Hel&

A da e AM x=¥E 878k RFLP7IWS wdksly] 918l probe
clone59 vt A9 BAL AAEta O ARE vBeZ specific primer &3
o A sle] AMREHE Z)H(STS-PCR)o] A70E ©]F(Olson, et al., 1989), polymorp
~hism Q1 AAte] des), Hyist @ daAd

= Aol MAA FAolty, BE STS-PCR primer® ##A7]E s B2 Aulot

FE STS-PCR7|'Hez gshe] &)

ta

Azbo] A8HE AL AldolA, vk Ao ‘marker' s S Fojiz Alsto]
SAH0lAE EF 2 93 5UF, o Yoty 290%F 2 AdF 5o IR9ah)
Nageld & glonz gyHon AMLE 4 Jrke Aol gk olH@ HAA
SCAR markergo] 7/&Eoix $h=d], o]i= RAPD bandE& ¥7]A¢E E4& B4l
ARAO] & marker® AEAT FE|2H RAPDAEIAL] A714ARHE Falol

e
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A 2 BoF  FYH WolA A

HAANA CymbidiumN Aol FAAE 259 wnug o7 gdch ole Sy
Hy AEEAS AT oleg E v A7 944 47] diwelth &
Bl Agrobacteriums ©}&dhe WHORE A Aolrt 2 HX = Cymbidium
& AEo] dielA frizkgel od FHHxe xzio] HEE HEd(FAd F

1996) ©]&-2 vibratom& ©]-8-&}o] rhizomes FA Aok F(200umE=H-E SmmF)

7HAD, AAARSE AH8ske] Fhintollal GUSHAAE E=AAMZ ARA callusE

3 o) callusEHE DNAE F%5lo] 5422 &a18 2elsh= 2log A} %
FE ) 2Ey) olE callusAEle] @A A AxEage S PRy A7 e e

QR Aol 2853 FAAF] £FA olFold shsdol 3ty Aos itk
v}, B3] Eokelo] A9 particle bombardment®] thdk A&7} rhizome?o A2 A
Au] o]EL N callus® FEEY] Wil AEA F3t7) ofe Wile] dth
ole}  Zol FAMIY F AEA] firlel Aol caFHE FAFE B
Cymbidium o)X F-4 A}

BoRbA A ERA F HelAE YRR A7) A7 e AAH s Add
up7h Ao glom £3a) Fdwh

AA o} ofe) g3} o] 7bA] g ARl elow Qs YA Alest ofEe Aot

ABQ Fetolut FgtolAle) wlola] Alake 2o

A3E AL BH3) W)

& HAsto) s Fool 3P BE FEAGI 71ojeok drhe Aolth %

& A 2ol Wold Fok WA Fal A7) molFe) SAEEY A2
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Q A¥ogA )7} Y 2L e dges s glon At g4 &
g1, Asr)kel Ay )7y A Cymbidiume) EFNgo] Q75 Ak e &
g YN FH8EQ 7| 2AES} vlEsolok sk, e FF R AEL
Bol7t vhekste] BHak 2gdol olglgol oAtk wEki] DNA AHEAAE o83 Bt
7)zAolsl B8R ATFE TR ag fFo] dasioh
3 9 A% Pas AUS A% marker® W] A3l T A 9%
g fpake ot REe 937 An FEE OUsl FHE 5 a5 g

53 §A%Y 9Ae VAR NG THE 47 sclfing® EHs} Y FF

of ok FEE alo] F1 $AE Stuslof gk w3k o5 Auleld Moz 7
Fo ol FIGRE ARKES ohW, F1 #5838 434, WA, Way 53

o},

1-2. DNA A®1A AL

B oo B¥ i, DNA markerg #5208 @dato], & £F7H
FAgto M O At o]FojAe wEFe] ABE ATshz A, BT 5
o]2 DNA marker® &E&Xoz rsia olejdh YRES AAHR DB} A
F e Wk AXNgeEM, o Q7 AEE b 50 HEST 23 %

F At

Al 2 2oF  FFE HolA AL
B 9d7o] ¥ transposable element® o2 A 2Exd we}l F3
2 wrgol 2AEE EAMo] 5% expression vector?] Z\Ebal, §AAEH o} R

S o8 FddelAY st WelAle] A g tdgt EdvoldE
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ZC]]

ol g e} WolAE AAshevl T BE ek APWAE HEE wagont

JI‘H

z7o] FolAW  jumpingdl TUWA fAAe] wdE oAlstmaA ol
(variegation)& Tr=i Ao &8 transposable element (Ac 9)F coding region
o7 3ki o] fAALY) jumpingg %% ZA(thermo-regulation)dl?] $3te] &%
S promoterQ! soybean Gmhspl7.3-B¢] promotere} AAA]7}A  expression
vectorg A&sla1, GUSHAAE 236l 9= expression vector pZ0O1052% o]-&
&t} ¢ rhizomeZz &g 43| BEA7]7] g AW bombardment 371& S¥ake
gl ok R-2AE (PDS1000/He) W9l M3 A, rupture disk®] 7%, macrocarrier ¢}
stop screeni}o] 72, stop screenQBRE] AEAX ] AE 52 WHAA duke

20& gyt B ofnzdEeHE o83 dAAEE Fotol aRA wolA

A A el ARt fevt shse Algel 29 geatazt sigleh MSHiA| ¢}
Hyponex®|#& 24108 NAAY BAFLEE 2@l rhizomed] #A4g XS f %
8la o]l 2 RE] ARIE §55tE AR} AAe] rhizomeS bombardment e £
Holglo] M) AEE AMES st Ag43 ezl WolAlEL F7tol| Bgshod

FFoRA Fdstud sk
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A2 & Mz ¥ Agdy
Ald dFAs

¥
1-1. ¥ AEF 54
A8 12PAE
oA 19979 1299 1998\ 59 Alolell Aste C ebrunum, C. tracyanum,
C. sinesense®] 37141 AT Al spdlellA] 717 171 iz 21 3455 Awata o
5o A e, B A 34, £37), Agr), AR 58 2AEITHFig,
1, Table 1, 2, 3). Y52 C ebrunume WMMe] 2407 7|71 Qlory), 4d=9- 39

o) FA We Aol ol oUW WHS R N C Red Kingol} C

ox
S

"Moonlight' 3 wWlsldct, C tracyanum® 4= 241 sldo] =z Wy

78 dpgAdol oke wlol ol tlaEe) ¢ Venus'sh mujslel A olv HE

Table 1. Three different cymbidium speciecs and cultivars used as materials for

this study.
Leaf Leaf Flower Flower - Flower . .
. 3 stock Flower | .. Flowering Disease
Speciecs length | number | number ~ | diameter .
length color season resistance
(cm) (ea) (ea) {cm)
(cm)
C. ebrunum 50 15 1-2 30 bnght 7 12-1 1%
white
C. tracyanum 70 17-18 10 100 bronze 12 11-2 1
C sinesense | 45 | 8-9 7 50 | Deit 7 10-12 2
green

“ Disease resistance : 1(very strong), 2(strong) , 3(moderate), 4(susceptible) , 5(very susceptible)
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Table 2. Twenty one cymbidium cultivars used as materials and their

characteristics.
Leaf Leaf Flower Flower Flower . .
. stock Flower | .. Flowering Disease
Cultivars length { number { number diameter X
length color season resistance
(cm) (ea) (ea) (cm)
(cm)
C. 'Red King' 60 12-15 10 45 Red 10 11~1 1
C'Murasakigengit' 35 15 15 45 lllizt 2 11-1 1
C. "Moonlight! 64 | 13-14 | 14-15 | 50-55 | PUEhC |y 10-11 3
yellow
! H i 5 light
C. 'Lapin Hat 75 8-9 25-30 55-60 ; 7.5 11-2 1
pink
¢ Mizwomard' | 60 15 | 20-25 | 45 fight 4 5 g 11-2 1
green
. , light
C. 'Ayakodanaka 65 10 20 45 5.8 10-12 2
yellow
\ , . light
C. 'Venus 62 9-10 10-12 56-65 . 5.9 11-1 5
pink
€ MoonVenus' | 70 | 11-12 | 14-17 | 55-60 | PTEN | goma | o-12 1
yellow
€. Sky Mint 61 | 15-16 | 13-14 | 68 bright | 7 3/68 | 11-12 2
Patrty yellow
v ' hght
C. 'Dooyo 40 8-9 20-25 30 3.5 11-12 2
green
C 'HuskyHoney' | 65 10 | 1520 | a5 | Pright g 11-1 1
white
C. Paranase’ 60 12 | 10-15 | 40 light | 44 2-4 3
pink
\ . light
C. 'Ballerina o0 9-10 13-17 53-56 pink 5.8/4.9 11-1 3
' 1 light P
C. 'Hyrosymaeyes 45 30 30-40 20 pink 2.5 11-1 1
t : [ light
C. 'Marlin Monro 60 11-13 10-15 | 50-55 pink 6.5 11-1 2
C "Pepamint Party’ | 65 | 12 15 a0 | PriEht |og4 11-1 3
yellow
C'Grace Kelly' | 65 15 10 so | Prsht |4, 12-3 2
white
C. 'Keny
Winecolor'
C. 'Drum’
C. 'Jungfrau’ 100 | 10-14 8-15 | 70-100 | white 10/7 2-4 2
C. 'White Excel' 70 10-12 9-11 80-99 white 8/7.5 12-3 2

? Disease resistance : 1(very strong), 2(strong) , 3(moderate), 4(susceptible) , 5(very susceptible)
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Fig. 1. Twelve cymbidium species and cultivars used for pollination.
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A2d 274pdx |
2abAEe] W%

el 1998 129-1999¢ 39 Alololl 7l&gkd 2714 153 =

74 017) A= 17EEL IS R S B S i 7 B

Well A
MN#7], WHEAAE S8 2AREIG T Table 3). Hgh 1 SA RS Eoe 3

Aol wigke] 7

Table 3. The characteristics of twenty different cymbidium speciccs and cultivars
used for plant materials {or this study.
. Leaf Leaf Flower Flower N Flower | . . .
Speciecs and o stock Flower | . Flowering | Disease
. length | number | number diameter .
cultivars length color season resistance
(em) (ea) (ca) (cm)
(cm)
C. ebrunum 50 15 1-2 30 bright - 12-1 1°
white
C. tracvanum 70 17-18 10 100 bronze 12/11 11-2 1
C. 'Ayako Tanaka' | 60 18-20 30 70 vellow | 5.5/5.2 9-11 1
C. 'Ballerina’ 60 | 9-10 | 13-17 55 llfrl:k‘ 6.3/58 | 11-1 3
C. 'Banana Boat' 65 15-20 15 65 vellow | 6.0/5.5 11-1 3
) 7
G RenyWine | e | o5 35 40 red | 5245 | 10-1 1
color
C. 'Miss Taipet' 63 20 25-30 43 red 5.5/5.2 10-12 2
C. 'Mizunomar 60 15 20-25 45 light 5.8/5.5 11-1 1
green
€ 'Murasakigengii' | 35 15 15 45 'I‘_ilzlt 2 11-1 1
C. 'New Yasko' 50 20 35-40 40 green | 4.5/4.0 10-1 2
C. 'Pepamint’ 55 20 30 42 pink 4.8/4.5 10-1 2
C. "Pianist’ 65 | 12 15 40 | PrERL gsse | 103 2
yellow
C. 'Rapine Hat' 75 8-9 25-30 55-60 pink 6.5/6.0 11-2 2
¢ 'Skymint Patty' | 65 17 20-25 68 bright 1 7 268 | 11-12 2
vellow
C'Sunny Moon' | 60 | 17 20 70 | PUEM o oss | 11-12 2
yvellow
¢ Waltze 55 20 | 25-30 | 65 | green | 6.0/55 | 11-12 1
Romance
C. "White Excel' 60 20 25 70 white | 6.0/5.5 11-12 3
C. 'Young Kyoung' 58 23 30 43 red 5.5/5.3 10-1 1

“ Disease resistance : 1{very strong), 2(strong) , 3(moderate), 4(susceptible) , 5(very susceptible)
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1-2. DNA AEAA 7%

A1d RAPD EAUA /g B 2Ax 3

QoA FAlo) Lol ggte] FEAFNME FFAANE 71 F Je HEHE
W) Wolale] iz wujry frejska awlxgte] ¢Rle AAshs Aol 7 Tas)

7) wigol, av) BEE 4 A dig nF 9 RREE} 44 AYE F43)

o

Z3jo] Mgsojo} gt awjzloz AREHAY ¢ YT H FTE T 28 line

7|F 08 RAPD ¥-4& AAshil 2d5g AN tHFig. 2 3=,

to

A28 SCAR primerZ%9] H&7&3 F& FF ¥

o~

glaAl dk=dl 2 ulzt ok ekl SEEAN FEA R 4Fe heterogenel
~ty7} oJAE 2 & SCAR primer setd FFTE 52 5554 oA 5519
Aol BERAAR ARRE £ 7] HsiME PCR SRAMEY] 2 AdAdA Heg
sjAjo] AEHolr), ol& ste] ww) AgeA] Flo] F4d 470 lined] 34 £
M(genotyping)& AE8H7] 98] F1 line? $X.(allele donor) 67) #3:3 M)
H| B2 2 E2(C ' Jung and C° Banana Boat’ )& A#s}ci(Table 3 #=). &
A5 26%9] SCAR primer set & 67} & 0|83l Qo] AFe 127 line(87 #
Z, 47} F1 line)) X 671¢] polymorphic alleleSS 3utE Age T3 AFAsi,

genotyping g AA] 3}t

A3 CE-Ald 2 CReT-STS-PCR primer set®] Al@S 93 4 A5 A
SCAR primer setEo] BT @AE 537 H8iA] F-HAE codingstal §
¥ * active chromosome’ ¢ DNAE M@z o0& STS-PCR primer setg2 #3d
CE-AQ STS-PCR primer setE3} retrotransposon sequencedl|4] #%¥ CReT-4|

4 STS-PCR primer set5< et EF7Ro HEs1ch fa4Ql 9o & §3
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Hajela s 9 455 5 U9 314 gekdol odEE Sl S4E
£9] genotypingZ A %57 Y8l 2H2F 14 line(FHHA %5, Group A)¥ 127 line(1

A Q& 70 SAE, 28l 47) Bl $AE Group B)E AASHCHTable 6 #3).

A 2 #oF  FUY WolA A

Fokel WolAg whsry) 9k AWAlsE W Cymbidium  kanran), =W
(Cymbidium lancifolium), = Cymbidium goeringii), F35(FxElgly Fo] 2ok
2o 2AS AEgin, shabhA g4 MMS(methyl-methane-sulfonate), EMS(et
—hyl-methane-sulfonate), colchicine, 2,4-D(2,4-Dichlorophenoxyacetic acid) Z1¥]

3L Trifluralin & AFE8CH

Aed AFUH

A1 dop G AET SAHE A ARJAA AT

1-1. &= AEF &4

A1} Cymbidium %3F 2w g

1AF o] 2170 9 2xhdee] 17 F59) AHEE EvE YA 1ol
7Heeh 23e AAsto]l AF2), A EE, B F53 wulE AAEIT stk
717F vk 5 SRR E AF sk AR & v, A BEske] 5T
el RAsIGIThs)E ol 0] 8813 ti(Pritchard 9} Prendergast, 1982),

A28 FIERY A 2 9%
S8 Cymbidium % A35% 20009 FARNFYUE F5 4-671Y9 Fol A st
FA} nFElE 70% EtOHel oF 523 A F 2% sodium hypochlorites &1l 15

£1F JA U B 33 g 7 avE dolste]l S FaaHel 3t
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259tk o]% F1 b wolAl A i) 718 dolrr] 98 MS, 1/2MS,
Hyponex ®lA ol 7g/L agar, 30g/L sucrose® 718131 2™ activated charcoal
0.1g/L A7 s #7rslA e wAlol] 3-5561s 50mLe] #lA]7F 3] 300mL

ol FAE B F 164K W7)9k 8A17k] SH71E RAASIT

A38 Fl FH AEA AL A g F5 AL
Fl1 gue] A7y dAS orolry] Yatel 20006 649 8UFE 20000 74 27
AA AxAYE s £8AFE AAEY FAAEE F1 ajER] € 'Venus'

X '"Moon Venus', C. 'Pepermint Party'XC ebrunum, C. 'Banana Boat'<C.
tracyanum, C. ebrunumXC. Ayako Tanaka', ¥ HE#<Ql C 'Ayako Tanaka', C
tracyanum AH&-8FATE
ZIHollA] ¢ 10-15cm A% At FHE PRk Fefol ob of 17142k 719
A &8 T EHY 20uk o 49e Fsigict daxes sty A9 Al
il

AYRE BFE hX dgtor] wE Adgk Ad @& dpisby] Hal A Ade

¢

rO
2
>
>
S
e
Q.
T
o)
—
3
;
o
2
o
o
8]
L'
mlo
fic?
=D
£
.
@]
o
i
f
o
é
sl
oft

207148 8- Felel Aol AR F 23] e
AY An 87 2sdzo) g uA 242 s A8l AP 35 FrE 25 14

Bo| QA Wsts dohrr] 98] 454 9%, SOD

A43 Fl FR AEY §4L A XY FF 4
FH WAAS delrr] ¢Jske] 2001 69 129%5E 20019 7€ 1597HA
32 AYE st Eepdde AT FAAEE F1 gl € 'Venus'<C
"Moon Venus', C. 'Pepermint Party'X C. ebrunum, C. 'Banana Boat'XC. tracyanum, C.

ebrunum> C. Ayako Tanaka', & 229 C 'Ayako Tanaka', C. tracyanums A48}
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At

Eaf

1

& YAA Ags sUskA &tE, ZJdelA 2 10-15cm A=) H7|E

AR F) WRES SRR ot o I} 7191004 AT F 4 Y 20

p

MARE APARR AHEst 12 AEE fste] ngdista |

-
]
o
9
=
=
g
rlo
H

Nl

7k 30Cx6T HE oA a3l 5 23] A4E 6

32
T

A5 FEAA A THE A 2L

24 B DMEYS olddla] FASYT a9 5L liquid nitrogend] &
AN 1g9] 9x4-2 5mLe| F% buffer(50mM phosphate buffer pH 7.0, 0.2%
insoluble polyvinylpyrrolidone, 0.1mM EDTA, 3mM MgCI2)& v}#]$ 15,000g= 15

AN B sl Azl F2EMrt 2 A e Bradford#(1976)2 ol-&

HT
e

sle] AaFslolil SODS BAE =4S Dugt Bramlage(1994)2] 2 o]4-513it,

o
B

3 +100p Lol 3mLe] W-3o(50mM phosphate buffer, pH 7.8, 13mM
methionine, 751 M NBT, 2u M riboflavin, 0.1mM EDTA)S 5943t A3 Yo
Z Aol 5 1 EFAL 8719 15W @FAE 50cm ofFelA 10%3F 2ASHY

S60nmol] FHEE SASNGT. BHEL BN wob wARA e A% Yz

T3 8o} thea o] SOD activity 1unitg =43 th

SOD units/mL = (Vo/V-1)x(dilution factor)
Vo= &4 FEE0] glE HH sl 3= Wl 7]&7]

V-1= 8% F5E] U= A slelA F3e Wkl 71&7)

A6 F1 H59 AMEA $AL A% Fusarivm WY 5 A
dol] I8 F= oy Was FoNAE Fusarium oxsporum f.sp. cattleyaeo] 2

8] dlsts I BRuEe Cymbidium?:-& $IASE Cattleya, Dendrobium, Phlenopsis,
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OncidiumaolA 7wt o] W& 53] uthadh ofFol #-3H.2) AHl 24
Wef 719)esta] 22k AE A7t

OIN-T GHAXW @A% AEdAE WA e, 2 F shurt Bl ek A Aol

A

S
o
I
ol
ol
e
Q
E
ISy
S
S.
‘/TT‘

ya =] =2 A~
2 & FaL 9l

okgl Zlojth, weta] Bl AEE JAA] B WE Fusariun(F-98)o) gk

WA dolRosd, AR FEE Sl MERARs 98] g8l ¥ A

o] o]4-® ETFHEYE YFowX C wacyanum, C. ebrunum, VEXETZTOZEAM C

o] ¢ 'Venus'XC. 'Moon Venus', C. 'VenusXC. Sunny Romance'g ©]-83}3lt} 214
Ag wiE s :RIE A5 FolE LIV HER 43 s AHegle.
n whzbE KE ok 3}io] 1g4 Algskaich ZF HEl #3] 10cmAE A7) Zupes
3 RE Sl AA 554 108k o AAlEglen T Ak gl F8k3
W Q- (Fusarium oxysporum f.sp. cattleya)e] Egl& ol¥® ¢ 'Anmitsu Hime'
TR sHEA A o F91E Czapek —dox M el FFste] 27T, 150 rpm o= 4

AZF NG st ¥AE f1EHITE 22 @EAE cheese cloth 28 2.8 mycelia

—

Z A3 T, hemocytometer® AFarc), Eok WATe] S-S 98] x950m) )
A AAEAT AEFE= T4 @gNoz AsIa, FEE 5X107E §FF
!

AT

olr

3mi¥ Bk slglom, AT 25, 45, 65, 85 WY F AEES A}
1-2. DNA A HAA 7t

A1 DNA F&

A DNAE CTAB WH(Murray and Thompson, 1980)& ®W&sle] &3t}

Aol =AE A oA vlet o, 589 [200mM Tris-HCI(pH 8,0),
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25mM EDTA, 0.5% SDS, 250mM NaCl, 1% B -mercaptoethanol] 6ml& #7}, 65T
of 40%-71 AHuslHch WA ¥atE 20% Polyvinyl -pyrolidone £ 2.4mld} 1/2
vole]l 7.5M ammonium acetate -291& 715 Ice-bedol # &}t 15,000rpmol
A 1587 AAddeste]l A5AE #ck F volume?d| isopropanols: ©]-8-6Ho]
30%3F —20ColA APgl v, 15,000rpmell A} eAdtel kol ddee 21z Al
71 % TE buffer[10mM Tris(pl 8.0), 0.1mM EDTA] 500 15 =3¢} oF2e] DNA
2 7] 9sto)l Y volume?] chloroform/isoamyl alcohol(24:1)E ] elste] A5}
Aqowv] DNAQ %2 260nm 425 0D A AA4aau)l, A%s DNAT:
RAPD#A& ]l 1ng/pl®, STS-PCR (SCAR-, CE- ¥ CReT-Al¢)& HalA

26ng/pLs gl Aako] ALg-slgln).

A|23 RAPD ¥4 9 2d% 34

12491 DNA 3EA%1ake} 7dhe: giste] =t F38o] disll ¥ 35709 UBC
primer(10-mer random primer)& #-83}o} RAPDE &89 PCR W32 1uM
9} primer?t 20 ng? genomic DNAE 1X PCR buffer [50 mM KCI, 10 mM Tris—
HCI (pH9.0), 0.1% Triton X-100, 1.5 mM MgCly]9} 200uM dNTP mix, Z2¥]3L 0.5
unit®] r7ag polymerase (Takara, Japan)® 831} (14pl final), Thermal Cycler
®480 (Perkin Elmer, USA)S Al4-8}0], 94°Coll A 587k 7] WA §, 94°ColA] 30
35ColAl 45%, 72TCollA] 0% 353] ¥WMstar, 72TCoA 584 whg-al3ich Whg-o)
it AlE e 7ul A #HSke] 1.5% agarose gel (Seakem LE agarose, FMC, USA)ol| 4]

100 volt= ¢ 25 cm #7|9% & EBri @43}9 k. Polymorphic bandE2 50|

band?] F(Dominant marker scoring: present = 1, absent = Q)ol] we} 2181431,
7} polymorphic markere] -2 AME-%t primer?] o3 FEHAHES] A7|(bp)E
A ®EAEUCE AAEE binary datas A5, UPGMARAPEE o] &dte 4

%l genetic similarity matrix® ZH4d6H3vt



#1338} Polymorphic RAPD®] cloning2 %% defined element tagging primer
%3}+9) 72HSCAR primer sets)

RAPDoIA] 8018l Bo| bandt: 2 2718 WH3d] FEsle] 7158151, 54 st &
0] RAPD bandZ elutiond}4] cloningdtith. RAPD S0] bandi agarose gelolA]
o#o] glassmilk (Geneclean® kit, BIO 101, USA)®F 4 A5l glycogen
(0.1u g/elution, MRC, USAY& ©]-8-8te] 55ttt 3428 RAPD bandE+ pGEM-
T® Easy Vector System (Promega, USA)E o] &3l T-A cloning3t3 i, Top 10
cell (Invitrogen, USA)| transformationd}31th. E.ZN.A® Plasmid Miniprep Kit £
o] 25} plasmid® &892 ABI PRISM® 310 Genetic Analyzeroll #17]%4%-&
AAEa ABlL PRISM™ 310 Data Collection (version 1.0.2)% Chromas
(http://trishul.sci.gu.edu.au/ ~conor/chromas.html; version 1.43) software® ©|-8-5}
o] Ar|Nge BAET B4 @iE cloned] o gk K-9lolA 18bpE A3}l

SCAR primer set52 ¢35t 28351500},

M43 SCAR primer®] 28
Primer AZ-S 938k A71AQ Ao AR plasmidS PCR F¥2] F303 A4
e ) ZZagold Axo] M A7t A 21712] SCAR primer set& A

# g59ct.

=

PC

=
N

Z7)ol = SCAR primer set2 24 ¥£53 Fl lined] ¢vt4 7198 A48

92

o test BHYITHO5T 5% A F, 95T 30%, 55C 30%, 72C 1¥ o ¢A= 3
cycles; PE 480 grade PCR machine). PCR reaction®] A#AHE& Foist Al7)5, #2
= bandE 1 sized] 99 allele® EA #1F7] 91814, touch-down PCR 71§
(95C 5% #Ha &, 95C 10%, 65C -> 60T 30% ; vl cycle ¥ 0.5C 4 #&,

72°C 30% ¢ 242 103" ¥ 95T 10%, 60C 20%, 72°C 30% 29 &A= F7t

._26~



2 25342 AA; PE geneAmp 9600 PCR machine)& A-83tojA 2E SCAR
primer setS< AME31olTh 5ule] FE% DNAE 1% agarose geld 5% polyacryl

amide gelol] A7)QEsly] FFEAHES FA5HAH.

A58 Monomorphic SCAR-PCR 4H&9] Alga4 A¥ 2 Genotyping

oA E reference lined |7IMY BAo] A% AFdAAES HEst] primer
seto] o] BEX® FEol M ZAAH < polymorphisme 1A ARSI HF-E
Ak BASL PCR bufferolME 1 &8-S §A517] g, WrtE A §lo] PCR
productel] & vls AekEA 3 unitE Yold HAd 2&ojlA] 3AIZF wkg-ste] 714

& AT

A63 < active genome region—enriched semi~library 7%

AHAAEE) functional gene upstreamol A= &3] 'CpG island'#hs ¥HEA ¢17]A
Qo] 243, junk DNA $9]¢] 'CpG' island= ILEE methylation®] o] Ao] X
#HAolt}, Active genome©|#til%E Ea]E #3A coding 99 21¥A ¥ ‘junk
DNA'6|M 9] & zold F &yt methylation 52k B3Eil ¢t} (Bird et al,
1985; Boyes and Bird, 1991). ¥Fde] E. coli strain® Zoll& wild typed] Mcr A &
BC §ARAZ Al Y= AEo] glE=w)], o7 genomic DNA & cloning
transformation A7 & Z-$olE  methylation'l cytosine©] X3¢ DNAE2 Mcr
A 2 BC proteinel 213 dAEA =o cloneo] 4 A RXeth widel active
genomeS methylationo] #o} A 7] wlFo)] A= DHb5alphadl transformation
H DNA cloned t)3¥ active genome regionolA] f2l€¥ DNA AHEE insert®
A A €t

I S0k mw) AdelA shg Wol mujnRog ARGEHJW Gt AF F C

ebrunum® reference lined AA&I%a, DNA 1lpg& methyltion insensitive
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endonuclease$] Msp I (C* CGRE Aeksldct, A AHE-& agrose gelol]l #7] <
E &} ZOO bp ~ 1 kb ¥9& @#Wi1, DNAE glassmilk (Geneclean® kit, BIO 101,
USA)YF A3 A4a1Q glycogen (0.1 ug/elution, MRC, USA)S o]-8-8te] 34313t}
pGEM3z(+) (Promega, USA)E Acc 1 (Hpa 19} AeH-$loA H4rA A7|AE)o R
dekslin W7)gEelol 9bdsl Aekd plasmid e Fsidlch § FUREA MRS
ligationd}3t, wild typeel Mcr A 2 BC #4AE AU Ecol, DHbalpha
(Invitrogen, USA)el transformationdle] 4%l * active genome region-enriched
semi~genomic DNA library’ 3 %8, z12he] cloncE-2 * CE-' #Fal W™

s,

A78 Active genome region—enriched semi-library cloneE2 @714 ¢g #4]7}
STS primer 4 % 3§
sAdE 2¥2re] primer %3S HHzAoR A4 YA, primer annealing
exol Aol Fasht aeht, AME, A¥A #5858 e o), %% primer Tm
el Aol ¢ g AEo duA 24 B4 T AH exAAe TS vE 5 iz
g 7B MEE 2% asisa] A A&7t vk o) v primer 2340 A
A ke xS et AL ¢ vEsHol) wehA], BE PCR W9 1 Ado|
B2HUAE H]E0)|d 2ZAE £F AEr) dALE 208 gRlshed T8t
NAE, HEo)y FEAEY FAg FEE AAEr] fste], ZE PCRE 'toucs

2L primer &3 8o glold RAAN dBA L

(=R
o]
z
:J<
0
U
i
>
o
$2
o
i
2
o

B35l 98k F& LEHYE (55T-60T) primer Tmak o2 483513},

A83 AFaALE 0] 8% monomorphic CE-PCR producty] A
AEAE o]831H, polymorphisme F7I2 AT 4 e H o]9de

specific primerZ2Fo2 ZZg AEEd] no} Aud R F1E F Jvke AH
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L

718 A AR EY] 9Ete] 'frequent cutter' FollA] 47}

ek, A
Aesto] ARSI (Kad;, GT™ AC, Hinfl, G° ANTC, Hadll; GG™ CC, Al

rd'
LD1‘
I‘ {1‘

m‘;m

AG™ CT) (Bioneer, Korea). Monomorphic band?} 4719&ol 4] 215, PCR AHs
10uLE 5 unit®] zF Al§ksias 7ket 3= [10ul of PCR product + 5Sul. of digestion

cocktail (1X final digestion bulfer supplied [rom the compony, 5 unit of restriclion

[y

enzyme)], 37ColAl 3A17F Av)akalut Ar)9s-akar Aebibie] A7]E 100 bp size

markero] ©17 FAsle] Jmagh Adias g Ao e FHAE T

ol

'target band'SE XA AL, Hgk A A1) o] o] target bandel WHEA] Y
At wigk BAEI07) witel  Al@lAdol WolA|i= minor band”| ¥ o] Wk
polymorphisme -3-3F 4= dAel. ¢ @ 79 lineolr] F¥iHeo] glgei sl
polymorphism (dominantly scored PCR products)o] ¥gsiz f-31xsE Al Alg

gAaE Aelshe]

PCR £E2150] #01¥x] &2 lines (0 absent in the loci scored dominantly)-2-

polymorphic alleleS ZrolX izl ALslole), o] AL

o
N
)
o
rO

'null allele'® 2 gjglo] 2} 52 412 FAM (genetic similarity)?d 528 54 617]

#1938} Retrotransposon elements?] A$£ E58 A&
Informative RAPD bandS-& SCAR primer set. 5 A#8H= #}4o|A] 77019 clone

%0] retrotransposon elements® #1E Q. on, o]& 7t THAFES] genotyping?l

‘>~I

a5t wrd o84 Tm ke g1 98te] Tm range 55-60C 2 A Al
CReT-Al¥ STS-primer set¥r& FAste] 4-8384¢lck. PCR %712 Touch-down
PCRE 7|08 A}R35}9 01 long range PCRo] 7}58F ExTaq (TaKaRa, Japan)<

PCRol AF2-8193 31, 1% agarose gelo| A 47958 3o

Al 2 ok FEE WolA A
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A FAAEE o8¢ JEAY
7}. Expression vector#l| 2}

&) walmele] 249429 transposable element(SLJ 7C3, Activator)7} 737 th
PMBBRC(Plant Molecular Biology & Biotechnology Center)e} sH-eakAlZ2 e &
z¥)o] #2928 Invitrogen One ShotTM competent cellRF2 & transformation

Hom Azt By 9 xz3e sl tegon & Rejsiglnh £ ke
WS 225bA] 9 heat shock promotery =+e] John Innes Center®] Dr.
Couplandol| 7] 5-9F& wro} W& mej(Heat shock promoter Transposase, pAtBK)E

AL-g-8Hol Tt

U, 22wk AA 29 2 A A HA

ety 9 249 229 AEA R g NAAG BAS FE TE87]
st MS wjA o] R g W ELAF 8 AAEIY 53] particle bombardment
o] &L 2ugsly] 98k} bombardmentd)d S WA 2210& FYshr] HA
3 Age At AR MSHRo)l NAAE 1mg/LS d7keke 3lo] 27
o) gelo) 1 o Aow W] AAuAR ARSI ek A tE
AR EGA AEE ol ko] 4L &AWA hygromycing Z 25, 50, 75, 100
150 ppm< ¥3HaF MSH)A ol x4slo] 37043t #2381l Hygromycin 25ppm&=7!
& Aolet BE Ay pola] ZWlE dAS BABINeY vt w4 syt w

27 APHE AL BFE F A7) wFel| PAA% AL hygromycin 25 ppm

ok A AR 29
frAAEE AR HAG 208 3] 98 g 2209 bombardment FEAL

o] #1145 PDS1000& ol-&ate] A=k g, AH-E AN = GUS
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AAE 348 plasmid pZ010529F d3H-x21el GFP (Green fluorecent protein)

do

¥98t plasmid pCAMBIA-smGFP7} AF&5 1t} Bombardment A7 0 83

il

oy

=2 9ste] 37k o gFEx31(1100, 1350, 1500psd®t HE2} stop
screen®e] 7A2lE 27HA R @] aGith GUSHRIAR] U WAl Wil
ol all A - F - ake] ASFeIHARIER R EREGlen GFPRAAte] WUEl

vk 728 53 oz Uo] bombardmentd FEAS FAFSII(1¥2) GFP%}

GUSEHE AL ofdjeh 2 Wjon Fasil

GFPE&aAA
FAAEE o]-R8to] bombardmentE ¢ oF 2-3Y At 27l tisiAl GFPEE
& Arbsltt A8 sampled MNA parafilmol] embedrZ) $ -20CoA &5 o
4sto] gHA A= H (F

7 20pn m) 483 n) A (Zeiss Universal microscope, Germany)3} FITC filterE o|-&

2 sampled microtome HMB05E (microm, Germany)& ©|

sted AHE samples T&3RL]

B ~glucuronidase ] ARk

GUSE Jefferson(1987)0] M&qel WS olgste] 4& A8kl 249
zAAE aR(AN717] Ydke] 0.3% formaldehyde® XS 0.1M  sodium
phosphate buffer (pH 7.0)°l] 1217}t 7k 24AZ)1 3 GUS assay-$94(1.9mM X-Gly,
0.5mM potassium ferricyanide, 0.5mM potassium ferrocyanide, 0.3% Triton X-100
in 0.IM sodium phosphate buffer, pH 7.0)oll4 &% F<F MR, Z238}eH4
w-g-o] 5 H thd FAASN[10%(v/v) formaldehyde, 42.5%(v/v) ethanol, 5%(v/v)
acetic acid]ol] 12417 B¢t Aelato] Alge] AFAMNAS AAsEL FNe GUSE
a3l

a)

Qo olala YA BAE BRY F ANBA

il
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(B)

Fig. 2. Gene gun PDS1000 used for microprojectile bombardment experiment on

rhizomes of Oriental cymbidium. Front view of PDS1000 (A) and
accessories of gene gun (B).

wal (&)
Fig. 3. Quantification of bombardment by GUS expression level analysis. The

level of GUS expression was decided by counting the number; more than
500 spots/cm2 for high, 100~-500 for medium, and less than 100 for low.

A28 A AP Bacterial strains and plasmids

QA5

ok

o

B9 G WolAl LS 9ol FU

24L AEF genetic
transformation2 435}

2

o}l fAzke] Aol AESH WERl Agrobacterium



tumefacienss AHE6I31aL oligEbe|glo} ¢F-E4= binary vector pAT6K(IH1)E

¥ghslal A LBA4404E AHEEIATE pATEkE ol ofaix Faxte] Wao] #in

=

9+ heat shock promoetero] &4=9=olA GMAE HA Yy Ro=m delx

\

transposable element fr# A} (transposase)7} @12 % 3lu12] gene cassetted}, $HAY
Al b fraxQl ghdutol Al AEkA] fodzl, ciElar GAagkE-ge §ato] g o

BE 39 4= 9l B - glucuronidase #-4A*HGUS)E g8tk pAT6k plasmid

] %] 5

LAY

ﬁ.l 1o

3= electroporationel] 98] LBA4404¢to 7 LQlEojx & &z

aFAss

rJ>~

sl5to] ALg:

A3a Ak

HAZE L) VA Ay Qb doprr] fste] AFE 4hERrh 260me]
AZFEUA o) ZAlg MR 50mLE ¥l do] 2-3cm A7 ZAL 20-307)
AL Qo & shaking incubatorol A 50~60rpme] &= 3wl AlZch 1A
2] 4rrh dAadge] afd viXE JEgs Bl Adste] dAd 231 A0

WE xsIe] 3¢, 79 F 20w Adsgch

HAADAE VA wounding ]9 FES dolrr] ale) AHL S8l
o}, 7A47F AAg ek 2SS eade AAdstal oF 30-40mLe] F2lE QA=A
9} 30g9] autoclave® seasand(Junsei, Japan)E #7184t} Wounding 2 317] ¢35}
of AZFEE}A3E shaking incubatoro] A 90-100rpm®] & 293 497 291
FAEE At en, woundingxE] ¥, olaEubegjote} FujdE TG

(Fig. 4)
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N {133

Fig. 4. Wounding of rhizome of oriental cymbidium with scasands and shaking
incubator. (A) For efflicient wounding into meristem tssue of rhizomes,
30g of seasands were added into the 3days or 7days precultured flask
{B) The rhizomes cocultured with seasands were wounded with mild
shaking at 90~ 100rpm for 2days or 4days.

#H 58 Co-cultivation

A tumefaciens LBA44040Yo 2 8] A A3 binary vectorZ electroporation©l] 2]

TJ\V
%
O
e

3] EQI8k & positive colonyE glycerol stock ©.5 THE¢lom o 2% gl
FFE Agsidch Wdast 39U LBA4404(ATEKE 9] ampicillin 75ppm©]
¥ol® a1x] YEPW|A|(yeast Bg, pepone 5g, NaCl 2.5g, pll 7.0)o) streaking®: §-
28°C incubatorel] AFetlon], QAMg BdA v GAe] A olmmutEglolE
A4S el AMEEITh sk wiXEE 100p M9) acetosyringone ©] X91¥
Az AAMWIA] {AA salts and amino acids(Toriyama and Hinata, 1985), MS
vitamins (Murashigs and Skoog, 1962), casamino acid 0.5g/L, sucrose 68.5g/L,
glucose 36g/L, pH 5.2} & AH4-8l3c} 50mLe) 9 5Hol AAM A4 30mLE
AL F, spetulaZ o]fato] wjekd elmgubele]oli OD#E 0.5%e] ZENo] 4
Arg o] wdrh ZujgE olrigltg|g]o} &-olo] wounding*] 8}t rhizomes Wil
of 2087 HES ARon HE ol sAAAMUIA Ol 24akqich A€ plates=

28T 2 incubatorollA] ¢Fxz o 37k wiekA ZITHFig. 5).
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B

¢ CH (D)

Fig. 5. General procedures of genetic transformation of oriental cymbidium, (A)
Preprtion of Agrobacterium tumefaciens on YEP media with ampicillin
(75ppm). The Agrobacteriun{].BA4404) harbored the expression vector
pAt6k which contains transposable element transpoase. (B) Cocultivation
of oriental cymbidium rhizomes with .BA4404(pAt6k) dissolved in liquid
AAM media for 20min. (C) Placement of inoculation oriental cymbidium
rhizomes at the solid AAM media for 3days at 28°C. (D) Completion of
cocultivation of Oriental cymbidium rhizomes for 3days. Over—-grown
Agrobacteria can be seen on the surface of the rhizomes.

#1634 Wash-out and regeneration

397k co-cutivation F-o} olmEute|E]olE  AlASE) 98] 200mg/Le)
celotaxime (DUCHEFA, Netherlands)® 300mg/L] carbenicillin (DUCHEFA,
Netherlands) =2#]31, 0.05%2] Triton X~1000] 3% @S o] &&ka] 3-43) A
i
™, mini 3D-shaker® ©]&3al9 w3 3087t A5LE shaking S dFUT} 3-43]9] A

k

oo

Aaplth 50mLel ' dFH] 30mLe] AlE &A1& Yo & 3

&

[e]
AL Wle

2 ® 245 kanamycin 50mg/L9} carbenicillin 300mg/L7} ®£3td L3} 314
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WA)(MS salt 4.4g/l., sucrose 30g/L, BA¥l 0.5g/l., NAA 0.1mg/L, BA 0.5mg/L,

agar 8g/L)ol XAbatol 25Ce] wiekalol A mkabiA A& Aaigivh.

A)78  GUS expression assay

HAAEe] 8% AA] Yool Jefferson’s-(1987)2 WS AME-8lo] GUS W
ARG skl GUSWANMEG-2, Imle] GUSTARE WY 9)ste] Smgel
5-bromo-4-chloro—indolyl glucuronie(X-Gluc)$: 150ul. dimethyl formamide ©l| =5
ol ¥, 850ul.9 solution B(1% Triton X-100, 0.1M phosphate buffer, pt 7.0,
5mM potassium [erricyanide, 5mM potassium ferrocyanide)s H7}sHoic}. &2 gh
F,oF 1-277} 7k

A

AES AER GUS dagalg. kgt 3 37T incubator
oAl overnightabdel, #2] &, destaning  solution {ethanol 2.5ml, 10%
formaldehyde 5mL, 5% glacial acctic acid 2.5mL)2.5 GUSENE 13 AAalal %

A7 TR, 4TCo) s GUS fdabe) uhdolyel Bt g

FAA A 2UE Fsy) Yste) HLERE DNAE FEaH0. WAt
Aol PAASE 27 1g& ¥e T, Mxdag o]8alo] njaEglon] vlkek Al
8% 50ml 3IYER di 7ml¢l CTAB(1% CTAB, 50mM Tris-HCl, 10mM
EDTA) extraction buffer®} 70uLe] B -Mercaptoethanol(1% of total volume)< 2
& & veyy) 2359k 60CE 314X 7 shacking incubatorol| 4] 1A17F 304w
oF Aglek & Aox 10837 A¥vk Chloroform : isoamylalcohol(24 @ 1)&
CTAB buffer ¢} ¢ %oz ¥ 4TelA 6000rpmo2 103 A4 Helste] &
=9 & 5}e] chloroform: isoamylalcohol(24 @ 1)& Vi wnkate] & 7, &2 =
Aoz A AARF3 T AE5ANS HEdet FE% A5 Nl isopropanols B&

& DNAZ spoolingd}glil, 70% olerol AAd F AxAA TE buffer(pH8.0)el
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Lolsl7] fato} 0.8% gelolx] W71 958 o &

A
£
ol
o
B[}
oX
ok
3
=
)
Z
=
o
e
o
_;Xd
L

EtBr @AMate] #asiglon %% DNAE PCR 4L 3513tk 50~100ng9)
genomic DNAE F8o= 3}, 3ul. PCR 10xbuffer {20mM Tris-HCI(pH8.0),
100mM KCl, 0.1mM EDTA, 1mM DTT} , 2ul. 200 M dNTP mixture(2.5mM of
each dNTP), 1uL2] 5° 343 20pmol primer, 0.15uL.(1units) Taq polymerse(Taka
-ra Co., Japan)g =38} & 30uLe] %oz 4=aakdv}. A3 GUS primer
forwards= 5'-CTC GAC GGC CTG TGG GCA TTC AGT-3' ©]1o1 reverse:
5'-CGT CGT CTT TTC GGC GGC TGA AGC-3' ]tk PCRe] 310 &2A%= 94T
oAl 4 F<F pre-denaturedt@lil 94ColA 45% E9)F denaturedt thg, 55TolA]
452%9] annealing2 #|x|*] 72°ColA] 14+ 30% %<t elongations &k9ich @& %7

O 34cycle FaAlEIon], npxwlo i 72°Co| A 1083 AASAIZ F 4TolA] &

A&kt PCRol 9Jsll 5% DNAE 1% gelol4] z17]19% ¥, EBrs st #
Fahadt)

198 2,4-D treatment

AFEEE 24-D7} WolA] S 9% e walel vlAe dFe dohr) 9
ato] A Ty -2 WUl 1ppm, 2ppm, 4ppm, 8ppm FE2| 24-D &

xateh S TAE StAA(MS salt 4.4g/L, sucrose 30g/L, &A1 0.5g/L, NAA

0.1mg/L, agar 8g/l)oA] 2~3cm AXE7} HE 4A4L 2~370Y9 Z<t voks 248

W) el ARSI AAE AZE 25T WA BA BN oI 2
N0 ARHE fusta] JA0) WeH vl E BEEeIY

A108 Trifluralin treatment
U WMol f587]) Yél Trifluraling #2315 DMS09)]  Trifluralin

5 &, 1y M, 5u M, 10p M9} 55 X3 AA] F24 wjx(MS salt 4.4g/L,

_.37_



sucrose 30g/L, BAE 0.5¢/1., NAA 0.1mg/l)E A8l A AL ol
AL S wjekEol FEnlE A ARSI A(MS salt 4.4g/L, sucrose 30g/L, &
AEE 0.5g/L, NAA 0.1mg/L, BA 0.5mg/L, agar 8g/L)oll A/dabglar, seuled «jul-d-f
S 4mlA 37 B BEel 3 Yarduel Al Hasiolek. 2k Alsiy: 25T ek
AE16AI /WA ZDON A 27 9] Ak Bl ARt sl o)Ee| Ay Wols

WA,

#1118} PCR amplification of reirotransposon

Zokgbo 9] retrotransposons cloning &7 #13l PCR(polymerase chain
reaction)& 8lalalt). 50~100ng?] genomic DNAE F& o7t 3lof, 540 PCR 10X
buffer {20mM Tris-HCI(pH&.0), 100mM KCl, 0.1mM EDTA, 1mM DTT} |, 4pl. 200
u M dNTP mixture(2.5mM of each dNTP), 3ul.¢] 5 3 3 100pmol primer, 1uL
(5units) Taq polymerse(Takara Co., Japan)3 Egtale] 2 50uLe] %oz 43skg]
t}. Retrotransposons ZZ317] 98] PCRol Al&¥ primer= 24merd! 5'-GTI
TAW YKT IGA YGA YRT IYT IRT-3'9} 27mer?] 5'-ICK YTC ISW YTG ICC RTC
IST YTG IGG-3'¢ 5 3} 3 primers: 242} ARt PCRO] 2710848 94°TC
of 4] 38 %9} pre-denaturedt@ il 94Col4] 30% &<k denaturedt Tt 48CalA]
30%9) annealingg 71xA 72°Col4 3% E9) elongation® sFQvl A 2710

10cycle 8190, annealing?] 255 #] cycle ¥ 05TH #A2AZCh

Il

Annealing®#] elongation7}#] 2] A zto) 75%7) AnjEEE SEWgA|z-E A5k
th 10cycle?] touchdown PCR §-oll, 94°CollA 30, 48°CollA 30%, 727ColA] 28
3029 %7198 35cycled) PCRE 43889 t}h Annealing®lA] elongationZ7}4] 9] A|
Zro] 7227} ANHES LEWSAE A48 Ao R 724 7E3E <

AR & 4TE FA8I5I. PCRO o8] &

.

¥ DNAY 1% gelolr] A7)19d% 3

EtBrz {Astel asigic). 7198k Wde DNA =g geldt §7) dehio]
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elution(CLONTEC)3I . Eluwtiond TA cloning vector(Invitrogen)&  ©]-8-8}¢]
ligation 3}20.2.8], InvitrogenA}2} ToplO cellit transformation A|# colony PCRE
26kt

A12% Edwold A& WolA KAk

Zowo] FEE 9a] v AlbrFolA] W] 2ol alelA EQivio]9lql MMS,

EMS 28]l colchicineoll st 21418 S=alalqich gheha} ke

UO

Ags 217 0.,
0.2,0.3%2] 5w 1704 533k Aol Aeje sioleh 2E Ais MseAAel

A g glon] WX e] =S charcoal 0.5g/L, sucrose 30g/L., agar 7g/L., pH 5.39]

‘L

”J 1

e

ﬂlo

o
E=)

o] A2

AREte] MMSQ EMSE 242F 0.01,

rh

i

otk Aes 180Y 3 210¥o] Ak

5 ZARSELAL Eehdo)

2
o dr
1
B
>,
oh
4%
=
=~
ot
I
2
=
L
o,
1o
h
oy N

5, 0.1, 0.2%, colchicine& 0.1, 0.2, 0.3%5. z=4ake] 150l 557+ Ag|gk F A)

87} wola) WARS 2Alslglon], @l g olAlE Aol §

e e oA ek A B
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‘o

Cymbidium sinensex= @7)% 2kl lomit 7|7} Q3= H3x lslo] &7)7)
A FTE wHEA B THTable 4). #33F widAl 1ol v zgolA]l Y7}
= x3te R ¢ 'Murasakigengii' X C. 'Mizunomaru' 5t WAL Al 4] 383 318
o] HAE R 4 gogat AlgHEloen ¢ 'Venus™XC 'Moon Venus' oA %
WA 28 Red 4 o AEsIvh
W 248 Ay MAAR Jungfrau'y SWAle] diEsle, &ybo) 2
SAe] wRol e, shgo) Fotal AsE O A wWol o] BT UlnY 50
o} 18]35 'White Excel'® F&lE 340151 §7]5-9] o] o} EwaL, Zuix 7|7}
£ Ao g FFToR A AVEFTIANL, Y] AE7|3ko] doja] E8k7)7) 3
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Aol wkdo) FER] M= Ho] FAlogA] Qkoju]r|ge] Hgolu), TPt W
¢l ° Murasakigengii'®= 2£9lo] Zz}Mojm] FAle] i ZHapMe] FEQAH AlEA|
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Table 4. Fertility ratio of Cymbidium speciecs and cultivars crossed for 6 months
from December in 1997 to May in 1998.

ClC[C[R[M M R|M A| VM S| D|H| P[B|H[M P|K|D|J|W|
E|T|S|K|K|L|H/MD| |VIP|{Y H N [E|lOlP|W E
C

CE” |0l0o| X0l x| 0] |X|0O|X 0 0|0 i

CT |0|lolX|0o|X|0

cs |0 X ol X

RK |0 X| X X

MK | X | [X|0]X[X 0 0

ML |O|X

RH ol Ix|o X| 0 0

MM X X X

AD |O X

1\\//1\/ Xf Xi OX ] X X

SP X

DY X x| | X

HH |0 X X x| |o 0

PN |O X| X 0 X| 0

B o 0

HE |O X X X X X

MO |O

PP [ O X0 X X

Iéw X X X x| |x| |X

D X

J X X X

WE X X X

C. ebrunum, C. tracyanum, C. sinesense, C. 'Red King', C. 'Murasakigengii', C.
‘Moonlight', C. 'Lapin Hat', C. 'Mizunomaru', C. 'Ayako Tanaka', C. 'Venus', C
'Moon Venus', C 'Skymint Patty', C. 'Dooyo', C. 'Husky Honey', C. 'Paranase’, C,
'‘Ballerina', C. Hyrosyma Eyes', C. 'Marlin Monro', C. Pepermint Party', C.
"KenyWineColor', C. 'Drum’, C. Jungfrau', ¢. ° White Excel'
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s A Q57199 sellingolv} Y3 %537 anfajoll 2 QS 130,

FEglE S F Az aldizh WA s il §- g ol dAdslo] wolH

vl Zgte]l AT wir PEH kel bl vl wtGE 5). V)ulEi &
sl Ayako Tanaka'®] 74 Zto] Wojx] 51, 22 th4l-8 Sky Mint Patty'@}2] =3he.

WLoagro] 7Esn], Ballerina'e] 7 Zxol A7) el 2% ° Moon Light'ellA], =
AZF R 21 Sunny Moon'#2A] 1gke] 7Hgslt). ¢ Banana Boat's 29|77}
LRt ¢ Pianist' 9ke] zegte] Z1ul¥n], * Kenny Wine Color' o] - o] &
o]¥ 5 ¢ Sunny Moon', 'Waltze Romance'#}2] Zgto]l 7Fg4lo] itk ' Miss Taipet
gk vz oREt gk ¢ Ayako Tanaka' @& xgho] 7bHgdt zlog hglyy

Miznomaru'y= #0] 20 Zlo] ¢y o 8A ¢ Sky Mint Patty' 2.5 Ble 4 8
How Az ). ¢ New Yasko's: QA= x3to] #3 $ 7P ®Wked], o] %
Frio2ato) 97)% AA 8 4= Q¥ ¢ Rapine Hat'#e] Z3gto] 7]udc). © Sky Mint
Patty', '‘Sunny Moon'® w320 54 gAo] s}l ¢ Sky Mint Patty'E B

g8 uf Aol Qloja], AR mglo] yhgEke] vl Al ¢ Waltze Romance’

o] 7% #do] Fan wdurr) He EFo A G WA ebrunum)ot A
o] WFEEA(C 'Murasaki Gengii') 2.2 7jEFsehdl A ol %39 o] 7bsalck
L A2kt

MFEZ delA] i) Aol R dHAASl Hleo A azilol A

290g S, 44 GQlew B4 faAe) Agold WAV o), A
70} Ao] ol g1elo] wrki SHGILh 53] 2ujAeh 3uhAl, At 4vlal) ol
& AR 914 2o SR F P LN, TR 15

ol A wu),

30col el argolut 10ChRke] A, #HEgh Aapgolu Aol YAlo] HojA|

mlo

v Row deld vk A4l AR $EED U= Cymbidim EEE AES
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Aot} Cymbidium?2] Fknigto] & olFold 4 v 218 4Fo A5}
2n=400.% I genome®] frAEEREs SAD gditoln] Fzkagtel o]d] Al A7)
e ggo] g Al e e Aon i FHoldtHSethel Cribb, 1984;

Tanaka® Kamemoto, 1974). A5 &7F Wy 5271 w4FA] 293 (Table 4, 5ol A

el A9k #oti she] o)itolxjel o sloik Aziy,

Table 5. Results of crosses between Cymbidium specices and cultivars during the
cross period from December in 1998 1o March in 1999,

ETABBgMMMMNPPRSISWWY

N [N [T Bl |T([M|LI|GIY P H|p|M|R|E|G
ET” |0 0O 0 X 1X 0 X 0 X |0
TN |0 |0 0 X | X 0 X 0 X |0
AT X X O O X X O O X O
B X X |0 X 0 0 X 0 X [0
BB |O X 10 0 [X 0 0 0 X X
KEC 0 X 10 |0 010 0 O|X |0
MT | X 0 X X X X 0 X X
MM 0 0 X X [0 0 0 X X
ML [X 0 0 X X X |0 0 0 X
MG 0 X |0 X |0 [X 0 X X |0 X
NY 0 0 0 0 0 O |x [X X |0
PP X X X |0 X |0 X 0 0 X
P X 0 0 X |0 0 X X |0 X
RH 0 X |0 X |0 X |0 X 0 X
SMP |0 X 0 0 |X [X|0 0|0 0 0 X
SM 0 0 X 010 X X |0 0 |0
WR |0 |O X X X100 X X 10
WE 0 X 0 0 X X |0 [X X [0
YG |0 0 |x 0 Ox |0 0 X X

¢ ebrunum, C. tracyanum, C. sinesense, C. 'Red King', C. 'Murasakigengii', C.
'Moonlight', C. 'Lapin Hat', C. 'Mizunomarw', C, 'Ayako Tanaka', C. 'Venus', C
"Moon Venus', C. 'Skymint Patty', C. 'Dooyo', C. 'Husky Honey', C. 'Paranase’, C.
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Ballerina', C. Hyrosyma Eyes', C. 'Marlin Monro'. C. Pepermint Party', C.
KenyWineColor', C. 'Drum’, . Jungfrau', ¢ * White Excel'

A2a Fl $A9 A 2 9%

g FodolA s ' Venus' X Moon Venus' 7} 3 1154kl 7k wbke) ot
ol 2t} 1At ¢ Moon Light' XC ebrunum, © Pepermint Party’ XC. ebrunum,
C. ebrunumX C, cbrunum®) 7-5-12 Ol vk 1509 3ol 55 wlols] ol tiFig, 6,

Table 6).

<{Pollinated seedpod> <Seceds sowed in vitro> <Seeds developed protocorm like body>

b .
B

<Shoots from protocorm> <Shoots subcultured in vilro> <Well growing seedlings in vitro>

Fig. 6. In vitro seedling production of F1 hybrids crossed between species and

cultivars.
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Table 6. Germination speed and shoot length of Cymbidium hybrid cultivars.

Days Shoot length

Cultivars .
for germination (cm)

ebrunum X ebrunum 182 rhizome

ebrunum X Ayako Tanaka - -

ebrunum X Husky Honey - -

ebrunum X Hirosima Eyes - -

Marlin Monroe X ebrunum - -

Kenywine Color X ebrunum - -

Husky Honey X ebrunum - -

()]

Pepermint Party X ebrunum 157

@)

Moon Light X ebrunum 149

=Ny

Ayako Tanaka X ebrunum 135

tracyanum X tracyanum - -

tracyanum X Moon Light - -

tracyanum < Red King - -

tracyanum < ebrunum - -

Moon Light X {racyanum - -

Kenywine Color X (tracyanum - -

Parenasse X Raphine ot - -

Murasakigengl X Pepermint Party - -

Venus X Moon Venus 115 3

siense X ebrunum - -

smense X Laphin Hot - -

wEo] sl wx] Fo)AE Hyponex WIAZ} 7P Ekal 1 ofe-8 1/2 MS
Hjxjo]glo MSHIX| 7} wolgo] Wghd Hog wlgo] ol FxpolE YaliAi=
od
g

F o=yt uhe o) & Ao g Vel ow activated charcoald 37}



gk o] wlA phenol 2@ Fstel noh A7 g Ak 4 AdTk S
W C ebrunum< C. Sunny Romance®] - %] ol @AIRle] B ol A
wolzl & Er), milE Bele] AL Fab FolA ol F1& C ebrunumxC.
Sunny Romance, C. FKXC. ebrunum, C. Jung Fraux (. ebrunum, C. Moon Light< .
ebrunum. C, Perpermint PartyX (. cbhrunum, €. 1317XC. ebrunum, C. Walts

RomanceXC. ebrunum, C.  tracyvanum<C. Moon Light, C. Banana Boat>xC.

N

tracyanum, C. Moon VenusX C. Moon Light, . VenusxXC. Moon Venus& X-F 11

ob

Folu), HuHQ BEAS W C ebrunum® 7 Dol 7Rl AYAes vlaE

tid

A ZAehebe=dl C ebrunum® 3T C ebrunumXC. Sunny Romance, C FKXC,
ebrunum, C. Jung FrauXC. ebrunum, C. Moon LightXC. ebrunum, C. Perpermint
PartyXC, ebrunum, C. 1317XC. ebrunum, C. Walts RomanceXC, ebrunum¥. 9=
Ay} Zow]) B8 € ebrunumXC. Sunny Romance™ ¢Jo] wll$- 7V & g]Alo]
K Fig. 7). olo] Wl C Banana BoatXC. tracyanum®) 735 §1¥o] =51 Yol 3
= 2V} A9, C tracyanumX C. Moon Light, C. Banana BoatXC, tracyanum.

Abek gele vehnsithFig. 8). olE Fl1o] 2l Wi wat FARgkA| o] digt

S 9d], 7)mjA 2= Hyponex®t MSE ARE-519o1 ofvle] BA 0.5, 1.0, 2.0,

liith

5.0, 10.0mg/LL¢ NAA 0.5, 1.0mg/l.& &871aaL 7 g/l. agar, 30 g/l. sucroset
A7kl om pliz 5.7 2Asklth g 7213 didte] 4§ Hyponex WIA7F <5

grom AAZAA = A skA L BA 0.5mg/Ly} NAA 0.5mg/L& # 2| gh 490
ub ARl ow ASE QT 28]al BA 5.09 10.0mg/LE H7HE A9 AEAr &

mea) oke frmel JlgAl e AR EEAS A7e) S o] F& A

e
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Fig. 9. Seedling growth status of C. Banana BoatXC, tracyanum

Hyponex medium added BA 0, 0.5 and 10.0mg/L{from left to right)
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A3% Fl R AFHN §4& A gy 55 AL

F1 43 ¢ 'Venus'}XC 'Moon Venus', C. 'Pepermint Party'XC. ebrunum, C.
'Banana Boat XC. tracyanum, C. ebrunum<C. Ayako Tanaka', 3 E3#Q1 C
'Ayako Tanaka', C. tracyanum® 7138} Aol tigh UjAl& Sholry] gigh 419 2
3 € 'Venus'<C 'Moon Venus'@) € 'Banana Boal' XC. tracyanum®] 749 #¢] 3
e g WA de) ko] Vel sabEol 15-20%0)910m AE T8
100% 3LARE Gl WA 50 AQoll i vl Ay 55 F5E ds)SAge] vE
U7] A &ekFig. 10, 11, Table 7).

A gel lEa @k zANE Aal ¢ ebrunum<C. Ayako Tanaka'dh C
'Ayako Tanaka'¢l 49, 2@l & 75 7kx)i: v}2 wwjFol] vl -1 slako] w7 1}
th 2o g wol Zimo] vz 7129 Wslg A Wi Aos ALgfvFig 12).

Azzxw) 3 359 7 SOD #AEE A4 Ayt C ebrunum<C. Ayako
Tanaka'#} C 'Pepcrmint Party'XC, ebrunum®) SOD #A12 & anl|ol njsl 4

W Fo00) A vEen] Al 73 Feli vha gaskglont olxls o

***** Fo) wlall A Vebdth G orracyanum®] 73, x2v)0] A wekod 3%
nE F2As ALete] 7R L WA e FXS YeblickFig. 13).

oo} ARRE ¥ gl AHE F1 wilF FolA C ebrumm<C. Ayako
Tanaka'¥} C. Pepermint Party'XC. ebrunumo] Fitolu} cf2 wwl|Fol| ula]) 3129
nE e Ao AT

e 22 W F1 aEe g dolry] 9js] 4T Ag7dolr] AHA

70 A Ay 8F F 7 £ WeE JehA Fkon FT0] Aol Holx| &
& oz #AEL wekd A6 0T olste] %A chilling injuryE 538}
B Ado] retEolof & How FhE I,
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Fig. 11. Cymbidium seedlings 7 weeks after drought treatment.
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Table 7. Suvival rates of cymbidium hybrids and species after drought treatment.

3

weeks after treatment

unit © %
Weeks after treatment
Species
3 weeks 5 weeks 7 weeks

C. 'Venus' X C. 'Moon Venus' 35 45 0
C. 'Pepermint Party' X C. ebrunum 90 80 25
C. 'Banana boat' X C. tracyanum 80 55 0
C. ebrunum X C. 'Ayako Tanaka' 100 85 45
C. 'Ayako Tanaka' 100 70 15
C. tracyanum 95 85 25
; 45 e e e e N
s A

u .

X 40 —n

E 35 - C
'

. D

g b
*é 25 —F
2 20 -

_E 15 -

g 10 -

0 “ O

Fig. 12. Changes of chlorophyll contents of cymbidiums after drought treatment.
B: C 'Pepermint Party' X C. Ebrunum

Al C 'Venus'<XC. 'Moon Venus',
C: C. 'Banana hoat' XC. tracyanum,

E: C 'Ayako Tanaka',

F: C tracyanum
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180 e e e s et e e i r e P .

160 - A
- B

140 - —c

120 =D

100 - ~E
—~F

80 -

60

40

20 .

0 - ——— —

Weeks after treatment

Fig. 13. Changes of SOD activity of cymbidiums after drought treatment.
A, B, C, D, E and F; See Fig. 12.

A4 Fl FEY AEAY S$4E A3 UK 55 A2

F1 X C 'Venus'<(C 'Moon Venus', C. 'Pepermint Party'XC ebrunum, C.

O

'Banana Boat' XC. tracyanum, C. ebrunum<C. Ayako Tanaka', ¥ L1
'Ayako Tanaka', C. tracyanum®] 91&3 ti9lol} st WAl 298 AAS A3 )
AX el -9k Zo) C 'Venus'<C 'Moon Venus'ollA 45 F 717 ¥AA] 3] Fdo]
LhERSE T

C. 'Banana Boat'}X(C, tracyanum®) 739-ol% 7] 55 FTRE 5129 23k QJary
ZAo] vhelwttl g ¢ ebrunum<C, Ayako Tanaka'd E¥-Ql ¢ 'Ayako
Tanaka', C. tracyanum®] 7% A 75744 2238 549 Q& FAs3eH, 85
ARE 312 #3] Sl e THEIg. 14).

ol C ebrunum, C. tracyanum, C. Ayako Tanaka'®] -9 Bl g 433} A
Aol Zgk FogA o5} WulE 'Pepermint Party'XC. ebrunum, C. ebrunumXC.

Ayako Tanaka’® 53F WAAo] = mgEQ Aoz Alggr).
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Fig. 14. Cymbidium seedlings 7 weeks after high temperature(30£5C) treatment.

A58 Fl14ES ANEA S48 A Fusarium WP F5 A%
Zh wdate) el 2 WdA A4

EN o 1’e

C.’ Anmitsu Hime' 535 AA] wAg oo 777l x] W& welsiolth
AAANEA o] WHYFS HEFF 7UF o] wEH e, dAv|Fer #Hddd

= a8 g R BAZATL Sasgor] Fo 54 FUEAR g,

Fig. 15. Conidiospores of Fusarium oxysporum f sp. cattleyae collected and applied
for the present studies (A, X950). Chlamidospores are usually formed singly
or in pairs (B, x1,660)
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LT

W Fusarium A9A 21553 A0k
wul gl whel why Alve) Aol i Zelrt e & 4 Al o e
2 %ol Fusariumell 7L 35 anA] Aol oksk ks HMglth dFe

A9 An] 4F FTHE SAME J)A7F A7) AR o), 85 & O tracyanum

2. 82%, C ebrunu 66%7) AJFslo] abolE Wtk AE X EF7F o] o]
ME C tracyanume NI 07 AR | zgollA] AESo] skt E7E wnjol
A AE Lol Aoy} Uitz B Wilo|xt RMo| Aot H9- Fusarium

of thgl A &Ado] ekt (Table 8, Fig. 16). o8] dutg njFolHo} FusariumA %

A9 Aualo] auilo] ol faka, FEZ SFRTHE o] AES AL

H[\

o

o] Q=
L8V Aol Fusariumell AhAlL zZkis Exol x1&o] 7EE Zlow ALEEQ=)

C. tracyanum X C. '"Moon Venus' lu)|zglo] vJu)x] 371%] z3)o 88 4. +3)

ov

Al Fusariumel), A13F AdAdo] ¢ Ao el whela 2b Q5 ¥ Fusarsium*]
GAE AR ) g Abdel] o]

Hal gl e o] Abd Al7E T sl A ek AzbE

0#0

ghope, R ANTE FRAAl 3 A7)

Table 8, Survival rates of Cymbidium species and their parents after Fusarium

inoculation. unit © %
Weeks after inoculation
Species and their parents
2 weeks | 4 weeks | 6 weeks | 8 weeks
C. ebrunum 100 94 74 66
C. tracyanum 100 96 88 32
C. ebrunum X C.'Sunny Romance' 38 76 62 48
C. tracyanum X C. 'Moon Venus' 92 82 72 56
C 'Venus' X (. 'Moon Venus' 80 60 36 26
C 'Venus' X C 'Sunny Romance' 74 32 20 12




A B C D

Fig. 16. The different fungal resistance by crossing combination
obhserved after inoculation with Fusarium oxysporum [.sp.
cattelyae (2 months after inoculation of the fusarium).

A: C 'Venus'XC. Sunny Romance'
B: C tracyanumXC. 'Moon Venus'
C: C "Venus'™< (. 'Moon Venus'

D: C tracyanum (sclling)

1-2. DNA A3 31%} A
A13 RAPD ¥X01& A4 ¥ 2dx &3
cx]ok;'q] _,x__,A_l'o] ﬁﬂ,o]fy ool." O AL /]]r/l.o].ﬂx]- ESL} J-Oro]] {}%7&/&—]] J’b‘% 7]E}]i§}

1O

Fob glom o)t glalAl Adzk sisk frelsier olulel A, szl oW

PG AR Ao] AHARNAE wesh: o] Faghl, a HEEe] 49

Ao} wpebi) ST FAA Al S Aol Agsolol @k 3 ol

polymorphismé RAPD7I%-& %3 undefined clements®H-E] Q18kiL o] A&
Abgatelan, wxE EFEe Fogdd U gy 548 2Akste] RAPD markerol
o)g] gy Axbe}l niaalgivh 1jolrkA], polymorphic RAPD band#€ STS-PCR

Hx

o

el

9]

Nm

_—

primers. 4%38l0] SCAR marker® #Rrstar AldAo] Zxsy Ao

O‘D_"._l’

0.
=

genotype s FA1aH=E] gloja] B Aglola ApdE DNA ABEQIAEY] &84



7k RAPD 4]
Al zgke] okxl 0% AMRE - 2970 okgh 1 W EE linetzol didle] 35719
RAPD primers (UBC #1~100, #301~399 Alololx]l GC contents7} Njul2] 35

primers-2 A A& o] AHL)S- 223 thiFig. 17).

Fig. 17. Example of RAPD primer application to detect polymorphism among 29
Cymbidium lines. Here, only 8 lines (ID 1 ~ ID 8) are exhibited out of 29
lines listed in Fig. 18. Panel A. UBC primer # 3 produced clear and strong
RAPDs. Panel B. RAPDs produced by UBC primer # 243 are not clear due to
too high backgrounds. Pane! C, UBC primer # 275 produced weak RAPDs by
which sound band scoring was limited.

218 170 Vel 9lis A gho] ARE] @ 2] UBC primers©| panel B 2
Col ez PAPDE A& Wglen], olgledr A gz Fntk FEidEol shd
o] F¥AFocus)olA AU ALXNE BEE7h wlg oAl FHel AHEH
primer ©}52} SEAHE] A7 5 o]-§8le] 2t linedll thdl scoringE A= W o]

Ly

2o] 99}, FH o) FFEE agarose gel?] & resolution powerE & 4 e,
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4] bpaol o] FAEI/ oleiel, AN T frAAsKE] YRAAAse) 2

lineoll Al A& Blsegh SEAE-S AAdahsAlo] digh dete] fA] gkttt o#gh Al

b

T 7 line?] FEAL i, A& golsh)

i B

& uhil elutionsto] M AE B

m{ﬂ
g

s A7IM 9 molis Ao g U weke 4 Ak 98702l polymorphic

bands$r 35719 UBC primerEii-t] gheler = glda of 7] A vElhd 150] band
150 A SCAR primerS 1287|918kl 54 line 0. 25¥ elution® 2A1sHivh

Sk

L}, Polymorphic RAPD band screeningo #3F <1 -4

H‘-‘

1

RAPDE %&) @¢lsl & 98719 polymorphic band® scoring data binary data set
(0 present, 1 absent) o7 #gkslo] 23818 FA8IUtHFig. 18). Cymbidium <4
F7h EELY FAREE aga) ol A4 4 group LB FEHOIKG it HA
GAFETT 0.59 - 09305 viaA A Yebg=dl 1 ogroupolE G dayvanumy}t Red
Kingo] £38}al, 2 groupdls C devonianum, C. faberii C. nevio—marginata, C.
forrestti, C. glacillum, C. flaccidion®] 937}l X%, 3 groupol= C. medidum,
C. ebrunum, C. sinense, C. rubirgenum, C. takashu-sosin, C. tracyanum, Ballerina,
Miznomaru, Moon Light, Parnasse, Pepermint Party, Pianist, Laphine Hat, Venus7}
&gl o UmR| 4 groupols C ensifolium C. insigne, C. pumilum, Ayako
Tanaka, Hirosima Eyes, Husky Honey, Marlin Monroe7} 3 $}F% 21t}

Group 19 A% C dayanum® C. Red Kingo] 34 olE2 fFAEE 0.818

A UeElm, feiEel W Pl 23, 2, 2 ania WA AR A w2
8k}, Group 2% 5 YFvho] 3™ o|F C devonianumit C. faberdt 7V
FABA7 e Ao ek o5 QAA e AE), UA ARl 3ol
AYEHAl LRt

20714 % group 39 %3}l Parnasse$} Peperint Party9 #AFw7F 09322 7}
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1

& wolu} gefHos Fof et daje it dA6le

U Auiskd So] fAeE Aes FAFEC 83l Parnasse, Pepermint Party,

Pianist, 718137 Laphine Hat @A 7 vl 7] 2

= AzrE.

0.6 0.66 0.72 0.78

Fig. 18. UPGMA-~derived cluster analysis illustrating relationship among 29

ancestors 7}

0000000

9]

9

006800

Aol glo} mge] Baol

davanum
Red King

devoniarnum
feberi

nevio—marginuta
Hirosima Eves
Marlin Momroe
ferrestti
rubrigenum

takashu-sosin
sinense

. Avako Tanaka

tracyanum

> Husky Honey

" Ballerina

Moon light

Miznomaru

. Parnasse

. Pepermint Party

Pianist
Raphine Hat
Venus
ensifolium
glacillium
flaccidion
insigne

purnilum

. ebrunum

madidum

Cymbidium lines. Numbers are experimental identification number.
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] ol lo] Wil FAMRS #el §lov) Ayako Tanaka’) € ensifoliumS}

Alexandrie] WHEC R C ensifoliume] WE-olifs oAl ey o s vz &
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~
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ool 2071A) % C. insigne7} 7P A199) Q05 hElsRzE] A7) Faidk
919} 5ol vlg vl AL He] Fiz Astelih: HlAl T 9EE) Hol7h
2 o 4 QA 1 AFE B GuHoz PUR: P A el F2)

FH00) 5O F07 Wolsk HINAoM PO fAlR A% B} A

A28 SCAR ¥xx Ay 2 AL

RAPD® 222l DNA marker /8-S 3% %33} polymorphisms ©AY o)

g

sl Alow 71 HA A8 # Q= W F shbolth e, g8 Aele

-

primers  ol&38le] QUIAE AR A EAEe ¥ VXS @A

(undefined elements)& H-&9)& SE8}ar 21 AHEE0A] polymorphisme 8H¢13}7]

_L4

o] Ao A§Ao)l X Eidw WE Qlu JEjEE RAPDI|M-S FE3
AR FHE A4 F £ Aoy, we w5y Adds 432 scoring¥
= (dominantly scored; present and absent) polymorphisme] 5405 ¢lsle] z}hz}h

o) FFEL AYs wHsly) AT Fvos g B ofelgol wEs Ak
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Ko] & SCAR markerst A$HA715 058 FEA QAR Bhshe getel A

A} 1 selA SAE R WAH A W] AFstus gk

7}. RAPD markerol A4}l SCAR primer set §}43
BandZ} =7} elution 2 cloningol] Z%-3ahc)al vk = 30712 5©] RAPD band$:

agarose gelolA] elution 8] T-vectorel cloning& Al=a1aL @714 JeEA L A

skl B9 r)Ade nrh AEg RAPD-derived band size® Al&dhalvt
(Table 9). 2} lineolr] Eol®o g Z%¥ bandE cloningdle] A5k A3, i
%018} bandolA TAE  plasmidEo] AR & AV|AASE Adoes g i

2= 9ol ot line? £0] band G7IMLE 71Fo R UE linegol ds) AdarE
Ags] RS w A WA incomplete digestion' @4e R P A7)0

'heterogeneous PCR products'® 3118 = ¢l2lth, o]A& gelolA] elution® 3112
RAPD band”} o1&} ¥-9]9] genomic DNAOIA] EAlo] Z2g AHEYS ovlsls A
o8 AFLP7]¥9) selective amplification (3% ¥41u)de] 1/64 whg AdAow

=35} Azt 9 RAPDZIWol AYs dalojgta B F g o). HFHom

20789] RAPD band%©°] cloning 2 97|A¢

FA&
T
\

pAjo) ApHon Famth

1}, SCAR 91#te] &
SCAR PCR 71W& 239] specific primerZ Al&dto] 54 AAARAE A2

EASA se oenlrh ok gRe §FEAY RRIANE 49

heterogeneity?} 4= 2.5, SCAR primer set& FETH & 5457 oA

szryol GAjo) HAAAE AR £ 7] YeiMis PCR $FAME9 %2 Ad

Az ek sjajo] P4Holt), ] Yol Zh Fl lined] AAAT A F-EZ9
o=

FAAYAA EL Aa type)d F33) @ S Qolok F7] mhzel vFolHow

=
S
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Table 9. The information of cloned informative RAPD bands.

Clone information

Clone ™ Name of the b CSIZIZF Homology search *
name | grigingl UBC | D0V Source T 2 OmOEY S
i 5 (Cymbidium) p
primer

CROO1 # 303 dayanum 560 |No match

CRO0Z # 305 ebrunum 592 | No match

CROO3 # 308 faberi 619 |[No match

CROO4 # 040 rubirgenum 304 putative . retroelement pol
polyprotein

CRO05 # 017 faberr 479 iputative reverse transcrip-tase

CRO06 # Q04 tracyanum 321 |[No match

CROO7 # 004 glacillium 418 |putative gag—pol precursor

CRO0OYS # 303 msigne 347 |No match

CROIL| #2305 | puilum pgy |putative retroclement - pol
polyprotein

CRO13 # 308 madidum 209 |No match

CRO15 # 006 msigne 323 |No match

CRO16 # 006 ebrunum 411 |No match

CRO18 #017 flaccidion 668 |No match

CRO19 # 006 rubirgenum 409 |putative gag-pol precursor

CR0O20 # 342 mnsigne 1.2kb [No match

CRO23 # 313 ebrunum 649 |putative gag protein

CROZ26 # 304 faberi 631 |No match

CROZ7 #012 puifum 764 1 No match

CROZ28 # 006 ensifolium 346 | No match

CRO29|  #040  |ebrunum gpq |Putative retroclement  pol
polyprotein

20 | Total

*The original UBC primer name used to detect the polymorphic RAPD band

» The DNA source of eluted bands. To avoid of source contamination, just on

line' s RAPD band was isolated and cloned

“Detail sequence information is in Appendix Table 1.
4 GenBank search. The e-values were from 2.00E-3 (CRO19) to 2.00E-16
(CRO11).

_.60__



ol# gk WA Eo] A el Mol T JE HAhe} apy] YA Absareel el ¥
74 NFs AAEIe A4l B4 SCAR primer sel 2 & 3] F¥%F o)X= PCR
AFE-H- Z}Z) band sizes 7S1O] allele® ¥ eltl w4, relerence line (Table
e Bate] WAL 54 primer set®] FHAHTO AT7|7F UL FRRESOIA L NS

gl Falst b olol gl Al o Al Alaiskr] sl sl primer setol)

A FER ol A AR S2(DNA band)i- 1703 28] tH: minor bandE<> PCR #*

9] zgont glolFAvt sliAollA AleIAI I,
a)] AglolA] Flo] @Ayl 47 lineel -84 4 (genotyping) A1Nal7] 2
d Fl lnee) w3 (allele donor) 671 FEsh Wiwel w] ymaA ¥E( C
* Jungfrau’ and C ‘ Banana Boal' )& A #1&}9ltTable 11 #3). M4 2649]
SCAR primer set & 671X & o]&-8lo] QrollA] 9336k 127) line (87 3%&, 47 Fl
line)ell 4 6712l polymorphic alleleS2 39 298 28 &<15}1L, genotyping &
AA 8Tk
SCAR primer setE2] §Al2 clone 9714E <&k Hek 18bpd XA sl =] 2He19loy
(Table 10), 7)ol 2748 #FE F1 line (Table 11 )0l dwk# ¢l PCR 71WH&
A g35ho] test 8F9THFig. 19).
ojuje] 7} & WAl A ¥ annealing 257t A4 HSSol = EelaL
51}9) primer setoll &8l 3 BE =] band’} FEHUE Aold, I APAE

28 ot} (Fig. 20; panel A, normal PCR). o]g]gt #A|Z ¢lsto] 7 5 9 Fl

rﬂJ

lineollA] Eolxog yehls Wi bandE Yol band sizedl 28] FE-5h
specific allele® FAENG= Ao 7o Brl% dtgom FAE FAxEe] d2 sk
o}~ ol fe}t. 8 o3 primer setE0] FAl9 genomic DNAL ofe] F-9oj

(53] highly reperative sequence region) W[5old o W35ty mjiql Aos &

SHE A
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Table 10. SCAR primer sets converted from polymorphic RAPD bands among

tested lines listed in Fig. 18.

Primer Primer Sequence Exp| Used to
Size | screen

Name Forward (5" -3 ) Reverse (5" -3 ) (bp) | 12 lines”
CROO1 | GCGGGAGACCTAAGATGTAGA | CGATGTGGCTGTTTTTGAGTT | 560 O
CROOZ | GCTGGTACCCATGAGGAGAAT | TAAGGCTCCCCTGGTTTTAGA | 592
CRO0O3 | CCTGACACGAGAAATCAAAGG | TATAAATGAAGCTGCGGTGGA | 619
CROO4 | TACCTGGGCATTGAGGAAAAA | TGAGCTTTTTGGTTTCAGTGG | 321
CRO05 | GGCCTCCAAACCTGGTAGATA | ACTCTTACGGCGCTTGCTTAT | 479 J
CROOG | CTGGGCCTACAAACAAAGAAA | AAAAGTCAAGCGATAATTCCA | 321 6]
CROO7 | TACTGTTGTGCTGCTGCTACG | TTTTGTCCTTACCACCGAATG | 418
CRO09 | GAGCTCGGATAGGCTGAGATT | AGACCTAGACCAAACCGCAAG | 347 O
CRO11 | GCTGGTACCCCCAACACTCG A | GCTGGTACCCTGTACTGATGG | 297
CRO13| AGCGGCTAGGGCACGTGGACG | AGCGGCTAGGCTTACTTGGCA | 209
CRO15| TGAACACAAGGCAAGTACCAA | GCCTACAAGCAAAGCATGAAT | 323
CRO16 | ACTAGAGCTCCCCCTTTCCTC | GATCCAAACTTTTGCCCCTAC | 411
CRO18| CATCACAGCAACCATCCTCTA | GCAAACAGGAGTAAGCGAAGA | 668
CRO19| AACTTGCAAACCTTCCTTGGT | CCTGGGCCTAGGAGACTAGAG | 409
CROZ0| GAGATCCCTCCTAAAAGAACC | TTTTGAGAATTGGGGTCATTC |1.2kb
CRO23] GTGGGAATCCAAGGCAACATA | AAAGGAGGCTGCTAAGCTTGT | 649
CRO26 | CCAATCTGTTGAAGCTCAAGG | TGGGCTGGTTATGTTGTCACT | 631 0
CROZ27 | TGCCCTCAATTCAAAATCAAA | ACTGGGGATCGGGTATATGAA | 764
CR028 | ACAGCGACATCGTCCATAAAT | CAGGCTATCTGCTGAGGATTG | 846
CRO29| TTACCTGGGCATTGAGGAAAA | TGAGCTTTTTGGTTTCAGTGG | 324

20 Total 6 (45%)

a

t

Expected PCR band size estimated depend on the sequences of clones (see Table 9),

Only the primer sets showing very good replicated PCR results were tested for 12

Cyibidium lines in Fig. 18.
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R
g

Fig. 19. Example of SCAR primer set application. Here, only 8 lines (ID 1-ID 8) are
exhibited out of 29 lines listed in Fig. 18. Panel A. UBC primer # 243 was
applied to produce polymorphic RAPDs. The lower band indicated by white
arrow was eluted and cloned to synthesis SCAR primer set. Panel B. SCAR
primer set was tested to restore the polymorphism among 29 tested lines
detected by UBC primer # 243. Note that agarose gel electrophoresis was is
not good enough to achieve fine scoring (see the weak bands among blank

lanes).

PCR reactiond] A@AS S5t Al7)a1, #EEE bandE I sizeo] 230 allele®

#A#F7] Y8lA], touch-down PCR 71"%-& 2-8-8to4A HE SCAR primer setE<
Agagtt wg FEREe] Zel £¥9 allele 55 (band A7]2 FADO] 9%

5

3-- Asly] Ysirl ®eEErl W agarose gelS AMREIA 3L, 5%
nondenaturing polyacrylamide gel (effective separation rage; 30bp — 700bp)2 A&

shaiet (Fig. 20, 21, 23).
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NOR TD NOR TD

Fig. 20. Comparison of two different PCR conditions; Normal PCR (NOR) and touch
down (TD) PCR. CR023 (Panel A) and CR026 (Panel B) was applied to
produce polymorphism among 12 tested lines. Expected band size, 631bp, is
observed (see Table 10).

279 primer setollA] uni-band form©e5 DNA Z#Ho] HEHAcHFig. 20;
panel B, Touch down PCR, CR026% -, Fig. 21; panel A). 7181}, o}@ primer
set (CRO02, CRO0O7, CRO11, CRO18, CRO23)9IA = #3t 7Hset band® e
et (Fig. 20; panel B, Touch down PCR, CR023¢] 7). % olf&: UY &
L w919 primer annealing €%7F 34 ¥9101 cloning ¥ %59 RAPD band
9] sizeZ} AR o ® Zokd (WZR7) 500 bp W%l Table 9 %) primer designA|

g s olF A9 primer7t VIS Tm g 205 231EA] 29k A, 244

At touch down 7S 8] %3 PCR AHEE2 minor band?} A9HE glo]
Z31 reference lineol A =5+ band size $9(Table 10)o)4 major band7} 2+
¥l tkFig. 21; panel A, CR0039] 74-9). 28]y}, CR0O019] 7 -$(Fig. 21; panel B)&=

dEEEl 37)9 560bpolA= monomorphic®.& band’} £EH®3 FAlo] 1.0kb
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=z

Bolo) A dominant patlerns W.oj:= I U alleled T¥¢o M s primer

seto] F 719] allele® ¥-& APFE woju] A s F& dE wo] Folu.

A B

M CRO03 with TD M CR0O01 with TD

Fig. 21. Typical pattern of PCR products by applying SCAR primer sets under
touch—down PCR condition. Arrows indicate the tagged allele expressed
with detected band sizes among lines tested. Letler M indicate DNA size
ladder (Promega, 100bp ladder). There are 12 lanes represent each line
tested (see Table 11) with downstream order from line 1.D 1 to line 1.D 12,
Panel A. CRO03 delected the expected band size, 620bp and dominantly
scored. Panel B. CROO1 tagged another allele, 1000bp with the expected
allele, 560bp.

t}, Monomorphic SCAR-PCR AH% 2] Algtas A# 2 Genotyping

Touch down PCRS %3+ SCAR primer testel)lA] =35 5702 primer set (CRO01-1
kb allele, CRO03, CR004, CRO06, CR026)7} dominant type.& ¥ DNA #io]
zzgon (Table 10). v} 107] primer set2 (CRO01-560 allele, CROOb,

CR0O09, CRO13, CRO16, CRO19, CR020, CR027, CR028, CR029) u] o]4
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polymorphism& VERHA] @bt} 2= & 20719 SCAR primer sets & 670%hHr
genotyping®l] AHSE 7 9dtTable 10). Polymorphic RAPD marker® %k uj

uninformative band(monomorphism) &5 #ghe]is o] Fig. 220 1HFs] WAlx

o] glrl.
Undefined element 250 260 178
CEC BT GO TCTAIT (7 T T v ATC . 06Tl
N W A L
w5 ‘!YY\!\;O(\[X‘N A AL SN VAN Demands
F; CTCGGTGTTGGCTCTAGCTT time & cost
R; GAATTCACAATGACAGAGTC

Bt Defined element —
STS-PCR

Cultivar A

Additional polymorphism within .

the sites restricted by primer set§ | — } Major 'fa('ztor
SNP searching 3 . genetic similarity

Cultivar B _—

PMonomorphis

Fig. 22. Diagram explaining the reason of * lost polymorphism’ during conversion
of undefined elements into defined elements, SCAR-primer sets.

CRO13, CRO16, CRO19, Z1v]al CR029¢] 4-9-+= AAIE Agkais B 2 skal
o}, AvtE DNAQ #jElo] 5= lined} Flola] %2513t o] w714 primer setoll
o8] FEHE DNA #3918 55 400bp MO (Table 9), Altate] A844E& &
PR o7 MAs7 7 olgflom, w3 Agtais ol4ske] AE polymorphism
(2, single nucleotide polymorphism) & Ztohlji=d] FH-A 3t AAA7P) 1 F
Q81ol8lckar whgh¥ vt

(o]

CRO05, CR020, CR027, -1#]al CRO28 primer setE& FHst 2719 49
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major DNA 2#-& F231 0 (Table 9), Agtass Agjsisle ol mi¢ E3bat
oz Aek AEEo] #EEojA] H&e genotypingo] ol#l$ithFig. 23; panel B,
CRO159) 79). 2ol A= AFsA%e] SCAR primer setEe] FHFAE7F 239
RAPD band, % repetitive sequenceollA ##2 7FsAo] e Ho] whgzzio)
A28k touch down PCR &lell 4= o]¢] FH]2] DNA FHES Aol &8 A
o] ki gebich Adais Melste] Al polymorphismE 2l = W

A2 CRO09 79-(Fig. 23, Hind 1T Az)ytell §lojA]l 1 @-go] o}F ukiTh

e
o
i
P
=
-

«+—350 —)

g Digestion
. a...a...--.“"..’f

“CHOE CROVE, Hinf!

320

Fig. 23, Examples of cleaved Touch down (TD) PCR product with selected
restriction enzymes. There are 12 lanes represent each line tested (see
Table 11) with downstream order from line LD 1 to line 1D 12. Panel A,
CRO09 and CRO15 detected the expected band sizes, 350bp and 320bp, but
lost polymorphism, Pane} B. Application of endonucleases Hind III, and Hinf I
reveal the latent polymorphism within CRO09 product only. Note the serious
background digested PCR products may be derived from minor PCR
products and heterogeneosity of the target bands, 350 and 320bp.
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6714 primer sclO.i o] 4@k 127] line (87] 3%, 471 Fl line)olAl ¥ 6719
polymorphic allele¥< 2helgr = Ql2le}, 3uksE A4S Fa gld allele 2 A

G Alo] oFHolh= 718 ghelel B genotypingS AAl 1Y (Table 11).

Table 11. List of revealed informative marker-genotypes among Cymbidium lines

by applying 20 SCAR primer scts listed in Table 10.

Line ID tested 11234l osle]7]s8]ololit]iz
Primer " | Enzyme' (Genolyping scores
CROOT olololo]o O 0
CROO3 0 RICRIES O 0 0
CROO4 0 0 0 0 oOlo]o
CROOG oloJolo]olo ololo
CROOY | IlindII | O olololo ololo]o]o
CROZ6 0 0O olo]o

o

Form tested line ID 1 to 12; jung, peppermint, moon venus, F K, banana boat,

Venus, sunny romance, obrunum, sunny romance X cbrumum , peppermint x

ebrunum, venus X moon venus, and F K x ebrunum. The genetic similarity

among lines tesled is presented at Figure 19,

b The expected band sizes are in Table 10.

¢ Endonuclease adopted to reveal latent polymorphism nested the amplified PCR
product

d Present (0) and absent (blank)

ok shubel A8 A28t (CRO04 - 340bp alleleol*l C ¢ Pepermint’  x C
ebrunum F1, ID 10 genotyping) &5 allele$2] genotyping2 ©]/4do] {A%ITh.
CRO04-340bp allele®] 74 FxlollAl 2Q1¥A] fgkdolle & 8kal FlolAfi: &)
gk AR $H F Hojll §i%olA alleleZt ERIA % B85 Flolae
alleleZ 34018 471 g9l (¢ Aa' genotype A9 CR0O01-1.0kb allele in C
Venus x C. Moon Venus, ID 11; CR0O03-620bp allele and CR026-630bp allele in C.

F K x C ebrunum, ID 12), o] A9 [('Aa") x ('aa) and (aa") x (Aa)]& FHZ19]
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FARY S siAslH sHsslth AEAHOFE Fl line 3o s B o] /582 1/24
24 RAPD¥A] Abgolut oj&d wjol| v]&le] o}FE & 32| genotyping 4i}9]

A grg 5 Ak ey, B AgelA ARgE RE SCAR primer derived
polymorphisme] dominant marker type 2.5 scoring ¥$17] wiitol RAPD-, AFLP-
marker ¢+ @] genotype, © AA'9H " Aa’ type®] 7Eo] ol HellA sAE=
EAE SH817] A3l W2 9] primer seto] 2g¥ojHof vk Tl sl A

= ST

2}, SCAR primer set &2 gt g
Z 30719 informative RAPD bandS22E] Z¥%7w7) ofglel RAPD bandE-9
elution & cloning A¥e} (7/30, 23%), F7}1AARAe] 29 (plasmid #HA -

3/30; 10%)5-9] o]F& 20719} SCAR primer seteo] A&slo] 67% k= —ig) %X

2ol A% AFES noon, HFHow 67]9 SCAR primer set®] polymorphic

alleles® @I wl7bX= 20% (6/30; Table 10, 11 #x) #h& bl¢ @& H&&

R, WE #HAAGeE Tk FF47) @Wol ALE SCAR primer XHEO]

b}

polymorphic alleles® HA] & = & 7FsAdol ol A B Zo|Ba AE o]

=l EAHo] glokar AhaE ARk, SCAR primer 2¢E0] HojdE 2 7px Ag@E el

oy FolHTEE touch down PCRo] AH4Hgolm EFslar djiite]
SCAR primer setE2 Z¥el PCR A28 dAsl= 7o) Asle] * one primer —
one allele tagging’ ©] 93] Ealchz @8 WYl o] specific primer setol
osf AgE= MY el EAY 4 = FAH polymorphism  (latent
polymorphism, £ single nucleotide polymorphism; SNP)& #A|gta A& o]&3le] 3
olab= WA §88 A "o} (Fig. 23 FX). ol#ld 482 SCAR primer

set?] sequence origin?l RAPD bandol|A4] 7]¢lgtc}ar ghebafjor gk ol
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Polymorphism& 320]%E RAPD band® &&%¢l elution ¥ clonings aiA = <
Z7w7) v)aA 23 bandol AFF 5 ¥l 9lEE], RAPD band el WHEA]
DNA template®} copy number®} RAE #E g AUx v} F, giie] $3wr}

743 RAPD band 10merghs &€ primer?] 44, repetitive sequence’} 3155

=

Aol gl ¢ Junk DNA' R-9olA kil RE Zlo] waldd Zold. of
oA 7l
A duEeldl

=

e
ES

whel DNA BAQAE0] 4408 50 JAEAE Ashs T8 &

2

tio

A9 1% linkage analysis® F8}A] @il 1fyshr] 7}
ojgt}. 1B, Fig. 21, 22004 #9155 SCAR primer 4 2 A4o) qlojalol
7

ul&/A)7H8 B &EEA S Fig, 23914 8919+ ¢ unique allele tagging' & &% &

ot

g EZFE(line discrimination)?] F.&AL b3 A77)E vhe- gl AR

IT
=
ek

)

A33 Active genome region—enriched semi-library clone529 @71Ad 43}
STS primer ¥4 % &

e ARaEo] St AulEE o) AE FEES DNA markerd ©)

43t PR =it AY BE ATFES GAA AA FEelA

polymorphism #&sh=d] F#&FS11(RAPD, AFLP), # <ol microsatellite®

copy numberd] oA% FEFE U BAE AEd ©1} (Beridze, 1986;

fd

Hamann et al., 1995; Georges et al., 1991; Stallings et al., 1991, Winberg et al,,
1993; Zhou et al., 1995), & 719 @7)x}olo| 2|3t polymorphic alleleES dhatu:
A3s) FRET vlasly] YeirE AFe Brko] dgEojof it A or vl
% polymorphism®] &o] §olgt PN A F3 SUFES) K34 Aolg BEshzH
aXAY, 2 EF2S59 vlaEA] (comparative analysis) T ©]4Fe) TRl Ao|n

GBE

2,

EZTES 913 DNA markere] E471%8 AASAE Fa3inh

gt o)no)x]e] polymorphisme 1] f-xkstoll A ofg] o] Aozt thy#
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A2} E(heterogeneous alleles)o] EAgH= 218 2lu]ght}, Polymorphisme] A%

g ul, ol AR sk ol Oy FAAERTE Z8s AN nig

e

Aot sAle] MAHR gon, zF FFol Ay 5F dEfHAe] 48 vied
227} Qtk, o1 %9l B DNA markerEo] RitEl2ole B4l FEEAIL o9
29 AL, APLS Frshr) 91§ o] PHRUE polymorphisme R 54

eA A (ocus)S AulE Be)skA warglgol ZI9=Eda & 5 gl

el 90% AEE XAEHiL ¥ non-coding region(junk DNA)Z point
mutation 5 ohg} A4, AA, sl Tof Faloleln At Blal Al
(natural selection)®5-E] W]z A-g-Fola & ¢ o, o] Rl 7dE DNA
EARIA S0 AAYos FF9 dASHE sl T8 AT duHANE
7)9-1= 3159 linkage analysis® BoA @ale 7|7t ook webs, A7t
2] AHg-8te] 2 RAPD - SCAR A#H8 58 DNA ZA A Adnchs {428 29
e QAR HeElHor sk Aol ol frelsivka Bk FE
o] 32 A4, S84+ non-coding regionol B84l low copy & single copy®
z=A5l7] e, PCRZA0] gt} sltlelw A9l g2l PCR 224 98
4 oglom FEEFE gAUAR Fjslvlel Aol Aart d 4 Aok A, I
polymorphismo] ¥ =7 ¥AAA 2A7} faztolAY, Faxet SE= 71
A AR olly] wFol A% FFEFa] AFolrle] DNA ZA Aol 8L =
g & F 7] wWEoeirth

2 o)A SCAR primer setEol BOFAY @AE S5 A xS
coding 831 Q4= ¢ active chromosome’ 2] DNAZ AMH#H o0& STS-PCR primer
setE5 AFsle] o]& FF 7R AHLslt Wl digte] wmejgt) Aol A5
Fae 918, AR, 2 primer Z3to] 54 FAARLY HEFHAE FF3] 1A}
(specific allele tagging) FEAHES AASIES dlal &4, ZE 7H WHEE ¥4

sjo} wlaha A A@Ae) AxE AFH ¥ AR FHE Foho 7 L T
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2 gl

o} -

ZINE st 3

ke=ie]

7}. Active genome region-enriched semi-library clone59] @7]A1¢¥

primer 4 2 A&

CE-cloneSol t)alo] A7|A4E 418

72l CE-cloneE2 oAs#e wpe} o]

(Table 12).

AIA]

LA

Gl

[S1XeN
s

Table 12. Result of homology searches of CE-group clones “.

A3 STS

homology search® A|&xgF A},

Qe wyksla Aot

Name| Size | E-value Matched proteins Accession
CEQ01| 748 [1.00E-101{photosystem I P700 apoprotein A2 BAA83435
CEQ04| 514 16.00E-18 |pulative mitochondrial uncoupling protein NIP>_172866
CEQO5| 566 |6.00E-13 |Unknown protein AAKE2450
CEOO7| 483 |2.8 mitochondrial ribosomal protein L4 X1?_008899
CE008| 410 i{8.00E-31 [serinef/threonine-specific protein kinase NI_200402
CEQ09} 476 [4.00E-16 |hypothetical protein BAB19402
CEO10 528 |7.9 auxin-induced protein AAB38965
CEO11f 492 |5.1 unknown protein encoded within prophage CP-933U |[NP_288437
CEO12] 511 |0.008 awaiting functional assignment NP_192000
CEO13| 442 |9.00E-21 |ABA-responsive element binding protein 3 (AREB3) |BAB12406
CEQ14| 455 |2.00E~-17 |ABA-responsive element binding protein 3 (AREB3) |BAB12406
CE016| 426 {5.00E-11 [sterility protein 1 AAA32028
CEO017| 550 |7.00E-81 |ATD synthase beta subunit AADS0847
CEO018| 414 |8.00E-12 junknown protein NP_1720563
CE019] 702 |2.00E-14 |hypothetical protein NP_054982
CEQ20] 757 [1.9 exportin 1b CAC39223
CE021] 572 |6.00E-05 |hypothetical protein NP_084744
CE022| 561 |3.2 Unknown AACA440567
CE025| 816 Orfl22 AAG12204
CE027| 595 [1.00E-04 (beta~glucosidase, putative NI>_188435
CE028] 813 |1.00E-20 [Orf122 AAG12204
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CE029] 762 |6.00E~15 jputative membrane related protein AALO7016
CE031| 471 j0.91 CG6283 gene product AAFS6652
CE034| 632 [1.00E-62 |putative DNA cytosine methyltransferase Zimet3 AAF68437
CE036| 575 [8.00E-05 |hypothetical protein INT>_084 744
CE038| 616 6.4 putative protein NI[_199642
CE040{ 750 |1.00E-109PSI P700 apoprotein A2 NP_042465
CE042| 527 |3.6 hypothetical protein NP_178953
CE049! 490 |3.00E-15 |hypothetical protein NIP_0847:18
CEO050[ 489 |7.00E-05 |putative protein NPP_191045
CEO51} 475 (2.7 farnesyl-diphosphate farnesyltransferase JC5031
CEO54| 588 |3.00E-36 |putative alpha/beta hydrolase AAG13432
CE057| 572 [2.00E-05 |hypothetical protein NI>_084744
CEQ58| 487 {0.34 hypothetical protein AAKD2147
CE061| 323 |3.00E~26 |cytochrome P450 AAGL17470
CE062) 323 |7.5 cytochrome b AAD31971
CEO063| 341 [5.00E-07 |putative glucosyltransferase NI>_181910
CE064| 337 |2.00L-29 |ORIF589 CAA49143
CE065| 341 |6.00E-12 |hypothetical protein NIPP_181426
CE066| 344 |3.3 Sec7p AAK40234
CEO67) 278 Not reported

CE068| 277 [1.00E-38 |predicted glycosyl transferase NI_192122
CE069} 300 Not reported

CEO070} 336 |8.00E-04 |hypothetical protein TC0129 F81737
CEQ72| 276 |4.00E-26 |putative protein NIP_195839
CEQ73| 262 |2.8 (X98235) type | CAAGE887
CEO75 309 4.5 alpha-Est8 gene product AAF54012
CEO76| 345 [5.00E-23 |unknown protein AAK93677
CEQ77] 309 |0.31 IgA Fc receptor precursor — Streptococcus agalactiae|A60234
CEQ78| 305 1.6 hypothetical protein NP_174819
CE079| 406 8.7 Thx6 protein BAA87864
CEO080] 311 Not reported

CE082 294 (2.7 3-DEOXY~-MANNO-OCTULOSONATE N[P_222936
CE083| 304 0.7 hypothetical protein NP_176641
CEO084| 279 16.00E~17 (hypothetical protein BAB39907

% Search resulls, E-values indicate the significance of matched results. Values over than 0.1

means no match.
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FAE A4 primer 298 AH2Pos A45P7] Y8l primer annealin
Lol Aol Fasiel ey, A, AEA a&8 gk w, 4% primer Tm
el Aol W Alw Bl Al 24 BH 5 A4 LxAge) 9ae A F ol
e wg 25 uelela ZAAel AR vk ) ko) primer 3¢ A4
S20% sehs AL 1§ WG, Wel, mE PR whel nuiide] 4
S WSl FEAE FH gk AANE 2AS sished TS 2
A, BlEo)3] FEAE B}k HHE AAlsty] #18te], ®i: PCRL 'touch—down'
o AN B4, BE primer &F A8o] QoA nHEAy AuAL Fnslr)
98t FL LY E (55T-607TC) primer Tmates &-4-3F9 tH(Table 13).
Table 13. STS-PCR primer sets converted from CE-clones *,

Primer Primer sequence Lxpected

name Forward (5'~3) Reverse (5°-3") band size
CEO04 ICAT AGC AGA CAA TGC GGA TCG ICAA TGG GAT CGC TTT GCT TTC 46
CE005 |GGA TCG GGT TTC GAG AGG AAG IACA TTT AGG ATT GCC TAT CCG TAG 86
CE007 {GGT GGC AAC TAA ACA CGA GGG IGGA GCG GTG AAA TGC GTA GAG 50
CEO08 ICCA GAC CCT TTG AAA GGA GTC GCC CAA CTC TGA TCA AAT CCA 91
CE009 |GGT TGT TTC TGC TGC ACG TG ICAT CTC CCT CCA CTT GCA GTG 27
ICEQ10 {CTA GAG TCG GCT TCG GTC AGC [TCA CTC CCC CAT AGG ACC TAC 71
ICEO11 ICAA TGG TGG CAA CTA AAC ACG IGGA GCG GTG AAA TGC GTA GAG 42
ICE012 IGAG CGG GCT CCCATGC IGGA CAA ACT TGC AGA CTC ATT AG 57
ICEO14 |GGC CAA GGG ATA GAC ATG GAG IGCC TCC ATC ACA TTC TGG TGC 18
ICE016 IAAT GGG GAA GAG GAC CGA AAC GCG GAC AGC TAA TGC CTT CC 99
FEOU CCT TCA CGA GTACGT TCA CC IGGT CGA GAT ACT AGT CGG TCA GC 79
CE018 |GAT CAT CAT CGA CAC GGA CCC ICCT ATT ATT TCC CAA AAG AGT GGA| 355
GAG

CEOL9 [CTG GAC AAT TAG ACA TCC AAC CCG [CTG AAG AAA GCA GCA ATC AAT AGG 668
CE020 ICTC GGG GTC CTT CAC AGC IGGT CAT GCC ACA TTT ATC TCT TGG 537
ICE021 [CGT CAC ACT ATG GGA GCT GG ICGC CGA TGA GCA CAT TGA AC 543
CEQ25 [CCT CTG TCT TAC CGC GGC ICGA ACG AGA ATG GAT AAGAGGC 677
ICEO27 FGC CTT GAT GAT CTT CTG ATT ACG {CCT GCA TCA CAG AACATG TCATC 536
ICE029 iGAT GGA CAG TCC AAG AGT AGT AGC |CCC AGA AAG ATG CAG TAA CGG 406
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CE031 [TCT GTT TTT GGT GAT ATG AGC CTC JAGC CAA CTG CAC CAC TAG C 453
CEO034 (GGA GTT GTC TCT CTC AAA GAA GGG GGT GCA GCC TTA TGA TGC C 576
CE036 [CCT TGT ACA CAC CGC CCG GTA GCT GAG AGC CCT CAC AG 535
CEQ38 |GGT TTG TAG AAG ACG GGA TGG GCT AGT AGA TCT GAG CAG CCG 549
ICE040 \GAC CTA TTG CTC ATG CAATTT GGG [GAT ACT GTG TCC AAT CCCGAA G 662
ICE042 [CAG ATC ATA GCT CCG CCA TGC IGTT CGC AAA CCT CGA CTT GTC 436
CE049 |GTC AAC CTT TCG AAC TGG TGC CAC TGC TTG GGA GCT CAC G 426
CLE050 (CGC AGT TTT TGA TGA TCG CC CAT TTC GTA GGG CTT ACT GCG 421
CEO51 (GGA GAA CAG AGC TCG GCG IGGA CTG GCA GGC AAT AGC C 461
CE054 {CGA AGA ACC TAA CAG AGG AGG C CGT GGT AGT CTA TCC AGG CG 534
CE058 |GGA GCG GTG AAA TGC GTA GAG IGTC TGT TCA GGG TTC CAAACT C 478
CE061 {GAC GAC CTT CTC TCC CGC GAC GGA GGG GTA CAG TCT G 314
CEOG2 IATG TAC AAT ATG ATG AAG TAT TGA CGC TGA TGT TAA TGG GCA TTG G 238

E063 ((ggg GCG AAG TTG GAG GTG C GTC CTC ACATAGCTT TAAGTGACT C 288
CE064 |GGC ATA AAT GCG AGG AGG ATG GAC TTT TGA CGG GCC AGC 334
CE0G5 [CTT CTA TCT TCG CTT AAA GAT CAC GTA CTC TCATTT CCG TCAGTG C 336
CLEO66 SAG CGA TCC GTT CTA CTG CG CCA CCA ACT AAT GGC GGT CG 337
CEO0G7 |GAG ATC ACG GCA GCA ACG CTC CTC CGT TTT GTA TTA ACT CCC 275
ICE068 (GCC GTG CTA CTT CAACACG ICCA GAA TGA AGA TCA CGA CAGC 264
CE069 {GAG TCG GTA ACC ACG GAG AC GGA TAA ACA AAC GAC TAC CTA CCG 297
CEQ70 |[GTA TAT TCG CCC TCT GAG TCG C GGA CCG AAT GGT GTC AGG ATG 324
CEO072 |GAG TCG GCA TGC TTG GAA TG CAG GGA GAA GAA CTG ATT CGG 264
CEO73 [CGA GCA AAA CCA AAC AGA GC AGC CGC TTC AGA AAC AAT AGC 256
CE075 |GGA GCA GAG ATG TTG CCG IGGA AAC TAC TGG GAA GCT GC 279
ICE076 |[CGA AGG CTT GTC TTA TTC CGC 5CC ATT GAC ATC AAC AAG CC 311
CE077 (GTG ATG GCT TTC GAT CCG C CAG CGT AGC CTT CAC TCC TG 292
ICE078 [CAT GGA AAG AGG CGG CG GGA GAC CGA ACA TTT CTC TAT GAC 300
ICEO79 JAGA ATC AGC CCG GAC CTC CGG CGA ACT CTA TTA AGT GAA GC 367
ICE080 {CCT CTC TCA GCC GAATAC TCT C SAT TTG TGC TGG ATT CAA GAC AG 303
ICE082 |GCG CTA AGC TTT GTG CAG TAC [TAG CCG ATG ATT CAA AAG CGG 239
CE083 ICCA TCT CCA GCT CTC AGC TTC IATA ATG CAC AAG CCT CAA TTA ACC 281
CE084 |GAG AAT TGG GTA CGC CGT GG AGC GAC CCA ACA GAA GAA CTC 262

50

Total

 Cymbidium ebrunum was used as the DNA source
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productel]l thet AWL& Fig. 240 AAIFo] vk IgelA wiZo] whytite] PCI
product&o] F7IME BAolA] dldE Ar)E Ags] sl v e F¥st
olct, ojejgl Agke ok #Ho|x A%l SCAR primer setir®] 1R vl o) 52391
A, 3% o)FEE low copy 2-& single copy® ATl FEASH: ¢ active

genome’ F-9WHE M o gllele taggingS 913 STS-PCR primer®] sequence

origin©. & ARz wito)c},

Table 14, List of cymbidium lines for testing CE-type STS-PCR primer sets for

detecting and databasing of line specific allele profiles in cach locus

tested.
Group A Group I3

1D Name Typel| 1D Name Type
1 [C. dayanum OSP?| 1 |C ebrumun OSP
2 \C. ebrunum OSP| 2 |C Pepermint Party x C. ebrunum F1
3 |C. devonranum OSP| 3 |C Perpermint Party Hbd
4 |C ensifolium OSP | 4 |C Sunny Romance x C. ebrunum F1
5 |C feberi OSP| 5 |C Sunny Romance Hbd
6 |C. ferrestti OSP| 6 |C Drum Hbd
7 \C. glacillium OSP| 7 |C Moon Venus Hbd
8 |C flaccidion OSP | 8 |C Raphin Hot Hbd
9 |C insigne OSP| 9 |C Ayako Tanaka Hbd
10 |C. madidum OSP | 10 |C Sundust Hbd
11 |C. nevio—marginata | OSP | 11 |C. Raranase Hbd
12 |C. pumilum OSP | 12 |C Murasaki Gengi Hbd
13 |C. rubrigenum OSsp

14 |C. sinese OSP

z) OSP: original species, Hbd: hybrid
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Fig, 24. Examples of amplification products of specific primer sets described in Table 13,
the CE-group primers. Productions of amplification using each primer set were
resolved in a 5% non-denaturing polyacrylamide gel to increase the resolution power
and stained with EtBr. Only one type of 100 bp size marker (\; Promega, USA) was
used in every gel to estimate the size(s) of detected locus (loci) and allele(s) more
reliably across gels. All presented primer sets here, tested on 12 Group B lines and
tagged the exact size of the expected band sizes (see Table 14). Panel A. Primer set
CEQ17 detected one monomorphic locus among 12 Cymbidium lines and be restricted
by 4 endonucleases (Rsal, Hind, Hadll, and Ald) later to find possible additional
polymorphism which latent within the primer binding sites. Most CE-primer sets
displayed very strong and clear amplified products having the exact size of expected
band size mentioned in Table 5. Panel B. Result of primer set CIE017. Tagged alleles
are scored as dominant marker type ie., present and absent (null allele). The PCR
products were also restricted with 4 endonucleases mentioned above. Panel C. Primer
set CE019 amplified two different loci resolved by their amplified sizes. One locus has
two alleles scored codominantly, and the other locus displays monomorphism. Panel D
Primer set, CEO61 display very interesting amplified band patterns. Some lines
exhibits very strong band signals, meanwhile other lines show weak band density.
These four general © types’ of PCR amplification products with 50 specific primer
sets were commonly observed. The predominant pattern was ’anel A, strongly and

clearly tagged alleles with monomorphism.

_77_



Fig. 24014 13z nle} o] PCR AHEES 27 47k @ os eIt 4
), slue) FRAAAE A ESHAE dEazi: dd fFaAstelA] gk 7k s
Elv}s 49 (monomorphism; Panel A, CE017-480bp locus), &4, dhte] primer
zgho] sl SAAHE TAEA dominant type ©-F polymorphism©] 31
Y= 219 (Pancl B, CE027 locus), A#A|, 849 primer Z3ol & F 7] o]4de]
SRR A7) THEEA M5 O scoring AES B W) (Panel C, CE019-670bp

locus®)} CEO19-1.2kb + 1.5kb locus), -18]al wpx]ulo 22 CE061-310bp locus®]

A9 (panel D)%} o] 7+ 7 EFoIN AR The FEAEE woli= Afolth

J

wE gl oy FAAES BA ) AR primer ZFolEI SEAMES] AVlE
o] galo} 213} Fig. 249] panel A ¢} B Aol A8 polymorphism
9 zyle #Qlaly] 98la 474K AlgFEAL PCR products® Aeatal tha] #17]
o4 39tk Specific primer 283 0]4-8F PCR 5¥%4H5-& primer binding site®]
o1y A Aol e} ARE 7] wWiol 2} primerel o]8) AT genomic DNAY-$] <)
zol| A Ackgr 42329 AF) (addition) €& A4 (deletion)o] Yot AL (¥4
marker)9} primer binding siteo}4 9] mutationo] 2doid -9 (A1 marker)vho)
gel Aol|A o] 7153 polymorphisme|th FE4He Wi-ell %FX)% polymorph
-ism (SNP)& #7182 291817 YalA4] monomorphisme Roli= PCR AHESE& A
gtaaz Asgict (Fig. 25).
Specific primer Z§& o]48 Fxkate] A= PCR FFAMEe] f4 % 21 =

718 FAE Fo2H o)goldn), ey BAE fAE el A FE o shel Tl

f

HRAA} B

i
=
rlr
=3

AW FARAZTE Q8 ¢ dE Anot 49 AgEn

p

(Fig. 25 panel A%} ColA] digestion %19 PCR productsE). B=gh ARSE -1 2)to)]
A polymorphisme] QA TtE el Ego] FUst NPFAAE /A 4%
o %= (Fig. 25 Panel B, CE034) ¥ X AE 913 polymorphism®] 7147} @ojxi).

olger Aol 471X AREAZ PCRAES Avksta AWEY 378 n|usto]
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Fig. 25. Examples of applying endonucleases to find additional polymorphic allele(s) latent
within the amplified genomic DNA region tagged by one primer set. Cleaved amplified
products are displaying polymorphic restriction patterns, and appearing to be
codominant, Arrows in panel A and B indicate the 500bp fragments among 100bp size
tadders (Promega). Panel A, Primer set WE025 identified a monomorphic locus in 14
Cymbidium lines, Group A (see Table 6). Note that the amplified product has the exact
expected band size. Out of four endonucleases, Rsal; GTVAC, Hinfl; GYANTC, Haelll;
GGICC, and Ald; AGICT, Haelll displays polymorphic alleles at the locus, CE025. Now,
there are at least 4 different alleles of which was not revealed by the PCR products
themselves. Panel B. Application of CE034 on Group A, detected two alleles (present

and null allele), and additional cleavages of the present bands detected two additional
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polymorphic alleles. Panel C. Application of CEOL4 on Group B detected only onc allele
types, and [ollowed cleavages with Ald and Rsal display very clear genotyping results,
Note that line 2 and line 4 are F1 line derived from two separate crosses between line 1
(¢ ebrunun) and line 3 (C. perpermint party) and line 1 (C. ebrunum) and line 5 (C
Sunny Romance). In most cases, CE-primer sets and following treatments with
endonucleases was good enough (o detect at least two different alleles among 12 Group
A lines. Meanwhile, it was very rare to confirm polymorphic alleles among 14 Group I3

lines.

Ch Rt E I 919 DB el M

gl @ame]l AgatA) U oSA1S Primer set CEO140] W 2lélo] A8-¥)2l¢]l group
Bel 452 dalate] A alaia) glv) (Fig. 25, panel C; 9 group B, & 4%
ol ujwt ARAT) table 6 ). NYE 127 WdRF 3REHolA] PCRell 2lsllA] 420
bp {FALF7} A o), gl 7t uigfedaiite] 2RlEgleh. PCR AHE ol

e)A] 4714 ABrEAS Tl X¥] sk, 420 bpUleli= M 2 Haelll © Aloki
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o Agjelrz deiHes #Ad 4 ler F714<Q polymorphisme: Wolal 9}
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perpermint party) @ 4W (1 x 5; C ebrunum x C. Sunny Romance)S A3y 2}

o

parental lineEo] ¥ &dl= CE014-420bp alleleso] ez} Waksl) Ao} =
ebrunum® C. Perpermint Party<> homogeneous alleles S o]Fojz wbd
Sunny Romance¥ heterogeneous CEQ14-420bp alleles® Aual glthk= Zlo] 3l
shAl viERar ek olE IR alo] 2F 5] AR genotyping©] 7Fesitt. o

- B, Table 13, Table 140 AR 24 kg S5 5L 4553 (Group B) 444

W‘IL
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of oa] BAHE GAAAE AR Holw ofelde] AR e NPFAAES
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1989), o] 5A41& o]dalo] falzke] walS AA vl 4% 4 Y Baleells ot al.,
1994). @A), 2le #JdAR0E 9ElA] AL promoterEe] RS strong

A0 AT e

Rl

o frsht W Au w
o e Awde] da4 95E v So) wAEe Yrhl ook wea,
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inducible promoter®] A& A= @gslof & Ao debdvk L Aoz 14
2o 5 S transposable element® FWeho] =9kl G Fo) dAE

A4 212} transpositiond FEIOFER Thokg WHolAE A7) 95k heat

shock promoterol] 1A% transposaseZ ¥4 43l &49ic)

<Fig. 26. Expression binary vector pAT6K>

Fig. 26. Expression binary vector for Oriental Cymbidium genetic transforma-tion.
Pnos denotes the promoter of the nopaline synthase. GUS denotes the
coding region of B —glucuronidase gene. Tocs denotes the terminatoe of the
octopine synihase gene. P35s denotes the promoter of the cauliflower
Mosaic virus 35s gene. NPTII denotes the coding region of kanamycin
resistance gene, AmpR denotes the ampicillin resistance gene for bacterial
selection marker, Phs denotes the promoter of the heat shock protein gene.
Transposase denotes the coding region of the maize trnasposable element
Ac736. Tnos denotes the termination of the nopaline synthase gene.

A2y FAAFTS ol 89 FAAS

A2 A9l Aa) 1,350 psi rupture disks AFESFYS W) 7R E9kon] Al
o] A= AR AR 7P ofelEat vkE flolAle] Aol E B4 fIS)
CHTable 15 #=). ou|A# 3 wE A 5o gt bombardment™ 1350 psi rupture

s}

diskE ARg-st] FAlAks W] 71 ol ohd Sl 22y 2o A g
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24 bombardmentE AAEF =Y 5 A2 gold particle(3 7 1.67]23)E A}
45190}, dA Mg & REANFE bombardment® HEQ] 358 915} healing Ml
A(CMS + 2% mannitoDollA] 1557F Jehalers i 2% A4 44 hygromycin
25 ppma gt APESHIA(MS + 1ppm BA + 0.1 ppm NAA)o] XAHaH 1= 44
T dAAE EgkebA] o AltshA| o] A dEte] A& os A AT BlolA|

S RDIEE

958 s,

Table 15. Microprojectile bombardment optimization using expression vector

pZ01052
1100 psi 1350 psi 1500 psi

-1 Upper - 12

(Lst stair in chamber)
Middle - 10
Lower -= 15
-2 Upper -= 13

(2nd stair in chamber)
Middle - 10
Lower - 12

A3 AuG A7t FAABLE) MAE P
AN GLAP Egol MIAE A dohis] Do) AW AR A4

Fopnzo) A8 BAAE Ha 49 248 25Ce) Lxo)N YA

-

A FAIZ At 248 FAxL

2

DE Tgste] 39, 799 F 2007 9
AR F, FAg ads A 29 a8S S48 tHTable 16, Fig. 27). 87
d FAALS g8 dAe)E FAR AgolA 3U9 AHE sk 799 HHe
713be] FAAg L] ¥ 52 £X& UetHTable 16). 3U AAgzoMe %
103719 F392 H&3 24 F 237122%)7F GUS 3de 1l vk, 79 A

Fo A= 437)(42%)7F GUS w32 BdeS Kok Bgk 79 vjokst S350 3¢
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S AR GUS gl Aol gloja] o] e Ale yEh Rl ol Atk

=9 agol v wed 719l oz AZHFig, 27 E o) Ak 39lit 791 v

Fhe ool Aol gl FABIGY] uitolttal Wbk GUS Wil glojalyz
S FA BERhs 2] A R tp PabelA] ek A vhehdle], 4
AR SERUEOI7E Aol A] Satil g o] APgRRgls AEvan e ¢ A
QSALE. U 7Rl - 7EH) smx) olete] wlau] @ hohularx) 149 vkt
el 7ol sk vl 9k
ko] Zgk GUS Wb wofis 215 Qlolovy, o) oAl Adal H-e1el tip-

ol oyl oko g nlgeldis oS nelvh L aAlgle] Anfil ulitold uw) Al

o G-&HQ Gl 9sto] Aueke WAl Aralulolofp gk n$- FQ

o
il
o
3
o
L
et

=
N
H
=2
X
L
-
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ool gl ARNAS auelel W, 7l g4

gk Aol gaddgd Aol 9AEA] orod ok PAA ] 9 P xjol digh
(window of competency)o] - o} o}-1@ube]e]ole] machineryol] 9]k 31219
E90] vl oy Ao gk, v gEolA] Ay el g9l 9lolA

W Aeam Aieks A, PAAe

pili

CEol FZMEAh warh it

jrel

(Hiei et al., 1994; Toki, 1997; Cho ct al, 1998). Hici 5(1994)-2 o4 f12d

Aejrs GRS 4ddo) A2 wWixol] HAulshs zlo] ad-fol FPAxge ¢
A w9 Fook Aoletar 519 AL Cho(1998)% % k= W 3558 A5z o A

oA e ANE WaEITh AT opizubeElobal vl Aol Aol ¥
Aol FUHA WA W WA AN B 2N G x50 RS

Folo] PAAR B0l HERE Sl A welT u, BUl) JLABEES



(A (13

3 day precultuare 7 day precuilure

Fig. 27. Effect of preculture period of oriental Cymbidium rhizome on
genetic transformation by Agrobacterium tumefaciens harboring pAtbk
(Ac transposase). For efficient transformation, rhizomes were
precultured for 3days (A) or 7days (B) in MS liquid media
supplemented with 0.5g/L activated charcoal. 0.1 mg/L. NAA,

Table 16. Comparison of transformation frequency of rhizomes from two

differcnt preculture periods.

Preculture
Rep 7days 3days
GUS positive Total GUS positive Total
1 16 18 4 11|
2 14 30 9 44
3 13 55 10 48 N
Total 43(42%) 103 23(22%) 103

%GUS assay was conducted at 14 days after inoculation with LBA4404(pAt6K).

A48 Wounding7| o] HAAZ f-&ol vX= 9T
Wounding #8]7]7k0) @A FHO v JTE Lolrr) Hte] AHE

siatolel, 7Yz dwjeksr o] Bojidy SAFAE dauiAe]  30g9]

seasand(Junsei, Japan)E #7}slo], 25C9) shaking incubatoro]A] 90rpmel FHl-i
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L8 S48 GUSE4 A3 299] wounding
o] 499 woundingx2lHtt ¥ & FJAAIANEE YEPAcKTable 17). 299
wounding A @) tel Ay 37719 IAE, 1170(30%)7F GUS wHals vy o, 49

wounding 2] ol AF 4871%F 32701(67%)8] 7o) GUSHIEE vEhfo] 2

4271€] 274 F T GUS FANEEE 1ol 17%°] v Rl RYREE e
o}, GUSWAL9] 7o) glojA ke 49 wounding # 2l ollA 714 He WS- yo] A
71Zke] AH7F ARG ] ol 2 AE VR lekFig. 28). F-A el
A} seasande] 9% woundingfr= flol® BHo] TAHE0] GUSEAE 1l AL of
AaA] ol A s xduol Aol 2 FHA o)) wpEkg Al A7) | Ao s Ko
o, o] & Q13 ofst HuAte] mjol Ao Ros AZbECLE SeasandE o]8-F 4
9] woundingr&.i= ©}2 Rarg vt flow, B Agoas 2o Az of
azubg ol 7+AS H8ke) AAE sl vl fagXeleta wuEe) ey A
¢t oF9] seasandE #H7lel = Aol A& woundingd 9lsle] vig Fag Ao
5 Holi=vl] seasandol] VI8 KA o] GFo] AFAA W2 A5, Tl iKY ®
Hol WAl shakingo] Eo] Lflil o}Ei&e] i seasand9td] HHBEHFOR
wounding®] %A ekokar, s+ 9] o] WAL wix|] ko] A& A4 shaking?l
D5 o n Bl S FA% A, shakinge] ¥@8HA 2o} woundingo]
wHA ot} ors AAE scasand?] Ut A9 o, 249 %& wounding
o] 71 aEHow Y ¢ JiF Auld) zyalolol g Aolrh Hgl shaking®

751l o]

1o

wfoll rpme} FAe] dolA] 80rpme] ZoAi= =¥ shaking®.® 70| &

2 gkekor 100rpm ol 9] zzola= W w25 %7} 2o} shaking o ® Qg

£

algro) A7 20tk woundingol 9014 shaking® rpme 90rpmol| A A] 3]}

O
1
\

|

7 71 5839 AnE ek 49 o)A woundingg 3% AT} rpms

i
Y
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of gE wjokel 14> dHoel wounding 05 Q1El] A1E-A)] AR oA polyphenolo] 1l
Agko 8 W=7l AW s gelel = Adlar, Bk ARtsAl FAFERY A7) &H
Al ¥5r 34L diEo] aaleh dAdol whAlskolnh, olvigl AR & u gk
& FaAs] A9 wounding: WS- ARk AR Graliolxjof g1 o ¢ AT

CA) 1) (C

Fig. 28. Effcct of wounding period of Oriental Cymbidium rhizomes on the
genetic transformation by Agrobacternun tumefaciens harboring
pAtBk (Ac transposasc). For cfficient transformation, rhizomes
were wounded for Oday(A), 2day(B), 4day(C) in MS liquid media
supplemented with 0.5¢/L. activated charcoal, 0.1 mg/l. NAA, and

30g/L of seasand.

e QAT A7 e F ARAR A e Qs el Aaksole,

), oiEkE-e] tgo] #Isgl wounding @R QlEke] Aliel f Al Aol Ags)
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= B A BFo] way) Awoew aAls)
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A 53} ar i polyphenol® FA %3
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to
N,

—E‘: 7&3012—% L]-E}-Lﬂ?}llll 41%i“ 0] po]ypheno]o 0111}'“ O )\1.‘3;;4]7] /\]‘oﬂ 2! 2]
G WnEE Edol, gheke] A Al glolk 24 W9k Al 53] cytokininiié] A

FAEAE Ak AokE w Anesh A debdtis 1k 9ItiChoi et al.

1998). airng, gAHde F8 F AN A4S AR feslr] HelriEs A
o] W-E 3]E-S 93t E¥gl Aujsf Hasiu) ueld] gaddest 324w 9] 9
gl 2218 g5l 98] sucrose, mannitol, chitosany} & Aok x| v)dlod AbA

A7) Sgk tokak A9lE alshs Zlol Aasih dAAg fdAt
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o) EQ1E elsly) glate] Wdxlel Fd of 25§ Sd o E DNAS
FEsto] PCRE Faatglvl PCR 219} gl fralaba gldh o= glolviig. 29).
Ao w ofrs e Y- o8 ddrle Aol flojal Aol 341 )

oku) 7¢l wloke], woundingolAl3= Hale]el 29w} 402] wounding®] 1

QAR AR 10 e AT A% o £ a9y,

=

Fig. 29. PCR amplification of B —glucuronidasc gene in the transformed
Oriental Cymbidium rhizomes. M, size maker (1kb DNA ladder);
C, control ; Lane 1 — 4, transfomants.

Table 17. Transformation frequency of rhizome from three different wounding

periods.
Wounding
Oday 2day 4day
Rep '
‘GUS Total GUS Total GUS Total

1 4 12 4 13 9 13

2 2 10 5 13 10 15

3 1 20 2 11 13 20
Total 7(17%) 42 11(30%) 37 32(67%) 48

“GUS assay was conducted at 14 days after inoculation with LBA4404(pAt6K).
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A58 2,4-D A7} WolA WA wX & P}

A EREQ] 24-D7F oA ALHS 91ek Qe 4] Wglel] A JEFe Yoty
9sle] 2198 g8lEkolk. 1ppm, 2ppm, 4ppm, 8ppm 3= 2.4- dichlorophnoxy-
acetic acid(24-D)o] 37Rd 4 S48 aAH ol QFo] Gt I8 sk

Adate], Ao} We 2] WolE welgith. Wit AelelA 450l hairy7t ¥i=
Flako] iz o by vkFig. 30). Au] Bl Aol 2 F 29lellA] 49 A
v abeell Al whakel A, AAAQD hairy @4 vl 4ppm Ag]ollA] el vl
Aol ghAleh gl s sk ey SE Azl hairy o] Aok wk

gk = glglon, #Nkgel Azl gA)S Nhaalt ok A lE s WS dEssin)

Alzo] A0 2.4-DHY S oF 67l AR E] Wl ul 7P 8 8] 8ppm
ol /) A WA alzrh AR Felir 4ppmo] H el Al Rk wheA) e x)
At 53] dppm Aol Al IR ekaaule] o] miR] How AL W)
A Eaban, Ay 9 fole i @R Bk 2y @AzkH 24-D
2] Toll Al Ak Auael i ojulglk Felx] ol e 4 giRlizd 2,4-DA

HollAs 2ol Alek hairy @ 2710 AEAE Ak ofwl WolAm g

A)68 Trifluralin #&l7} WolA] AAke] w A= gk

ol LS 9lale] BdRlol e s)Ee] ALERAR MMS, EMS, T31 5
o AuAle] AKE ANEL AAEo] ol A AT B ol g A ek of
5 7% 5ol wWolsle] GRS sk Wola) Akle] e FEE %)) flatel =

8123 A8 71%5E JpAu] Al BAFy]) ZHol AME-EE metaphase blocking
reagent®! Trifluraling 7o) zjg)sle] WMola) Fmfags dolwr] Ysle] S
Zaslgdt, HEE 3709 R, 1M, 5uM, 10uMZol| A, 5uMi} 10pMolA F e

Bo| 7} #kE el Table 18).
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Fig. 30. Application of 2,4-D to induce abnormal morphology and variated plants.

A 1ppm, B: 2ppm, C: 4ppm, D: 8ppm

9lo] EA WMol glo}] AupAAM Eojx)= #(twisted leal), FF-H7 YEE

& (striped leaf), §Fo] T 77} 2 Yl @9 8(wide and short leaf), ¢l

o] <o)l uake] 717} 2 efsta(shrunk leaf), Yol Ao R W)= d(curled leaf)
59 PeiE vehdokEig. 31). &3 Yo] Bolxle 431 g 747} waE:
AA, 595 1A JomAe g MA), d8d oldME S5y
B A S, kel el wolrt ol - UbAq mE 5 TR o)l o PEE ¢
| AuH delo] wE AEAe #EEgIckFig. 32, Table 19). AeksAl o] FE)

7¥A AL 9l

i

X

N

b EAxse] HojA gelE Al Addes el 49E gglen, Uil

M

e
(t

oAt B E

ol

A9 Q5L 9] A Hol: Kol o
AEolT}. Wolalel WEIAl Bioh 41918 sk dsto] WMol Wolt: oEel

A8 Aol we)} 24FE AR AEE A 2 R Wold ekl AS

i

A4 (sustaining type), =7]°lE FE Wol& Weolth M= Ajs= YolA= A
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ZhA) = AW E H 38 (disappearing type), &7]olx= WejF wWolE JrlA gt}
7h vgol A dolA WolE Rol= 2L AM7lF(developing type) &5 T
ATHTable 19). ¥skdL dA 87709 A=A 5 3970(44%)7F vebe @l <
ARew, A&EHL g7 AEA F 30/M(34%E A 4 AUk Ko F A5
of &l Y2 1A% 21 ¢ 4= AAcE AdE 27] oAl Follir A

2P Al ojuf gl wolle goleh 4= gli: AAHRl JAlE v A 177 €1E9]

o 549 Wolxl7t Qo] FolR|iz gElo) 7l viehbe AL+ T & Mol T
o Al 18712 EA] 71 sgkal, Fy-He] wolAlRk WAl A= LIZIA], S5 9k 7
7l sl S VR o i WolA(SL+ S)9 #FHW, EYard, Tgld o) AAE
SE Y an lis Mol AlSL+ T+ WLz 2kt 971e] Z1A7) gelu lok deal G4y,
ey ety Al /RS sl i WolAl(SL+ T+ S8)w= 771E ghelsh 4= gl
om, FHY, HEaE Wl dekA o ZEE FAle]l AR wolA)
(SL+ T+ WL+ Q)5 4717] gl=|le). 5437 Qo] Fo.8 des Aleie] Y47t

stols] FRsld e A & A2, B Aol gl EPHsh ek

e

Qe =as| el Bzt ek AAE BEEdc Bygel woldel i o

WolAlgel nlal) He] Arr) 2w v A20a, dFo] vhE Ao Hel vs)] b

i

vebdol, gistggolas 24 dol ol 57 o WMolAy AHAH Sl el
Hste] $7F B AAES SR e fEw sk - F oAl 2%
o] Wolgg 7}z Ro] AA 87719 AEA F 3470 39%F vrEbwaL, 3T ¥
olg g FAlo] 71 ol 18/F 20%, 4T WolgS AU sle A7 57490
5%E #HZ8) Holu), B A® A1, metaphase blocking agenet® cytogenetic7-
oA cell cycled synchronizer|7] QAA|e] B2S BoldlA 317|984 Aol Q)
= Trifluralin® FFa Wo A AAS gk n]9 A& AlefogRo] 7M5Alo] )
© =t Lee et al., 2000). @A, AR 98] AHEEE Aok DNA synthesis

inhibitor¢] hydroxyurea(HU)9}, metaphase blocking agenet$l colchicines 18]l
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Fig. 31, Examples of morphological changes observed among the plants treated
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Fig. 32. Collections of morphologically abnormal oriental cymbidium produced from
chemical and hormone treatments. For the nomination of mutants, "Dong—
A T" and a serial number were assigned for chemically- induced mutants,

and "Dong-A N" for the naturally-induced.

Table 18. Survey on the morphological changes of the oriental cymbidium
variegates derived from chemical treatment and natural occurrence.

No| Origin |Length| "¢ |Striped leaf| SL T WL S C
number

1 CL’ 5.5 6 -3,-4,-5 + + +

o | CL 4 6 0,5 + +

3] CL | 55 5 0,4 + n

4| CL 6 6 0,-5 + + +

5| CL 3 7 0,6 + v +

6| CL | 73 7 0,6 +

71 cL | 93 6 -

8| CcL | 25 3 — n

9| CL 4 6 05 +

10| CL | 68

11| CL | 25 5 0,4 + +

12] cL | 22 6 0,5 +

13| CL | 95 6 0,5 + +

14| CL | 7.3 7 =2,-6 n n
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58 [CG+CL] 10 5 0-4 [ + +

591 CL | 5 5 +

60| CL | 12 5 -4 + +

61] CL | 65 | & |
62| CL | 6 4 ~1,-2 +

63| CL | 75 | 4 ~2,-3 + |+

64 | CGCL| 7 5 -3, ¥

65 [CG+CL| 13 7 -5,-6 + ]

66 | CG+CL| 11 6 ~1-5 B ¥
67 |CG+CL| 5 3 ,

68 |CG+CL| 5 7 2,6 + - +

69 [CG+CL| 9 6 2,75 -

*CL: C lancitolium; CK: C. kanram CG=CL: C goormgin< C. lancifoliimm

A78 & retrotransposon subclonig
Eokdlol A9l retrotransposon cloning a7 98l 24mer9l 5-GTI TAW YKT

IGA YGA YRT IVT IRT-3'9} 27mer?l 5'-ICK YTC ISW YTG [CC RTC 1ST YTG

1IGG-3'% 5 3 primerit 2k AL3-8lo) PCR(polymerase chain reaction)S: 78 o)
ATHSuoniemi ot al., 1998). PCR 8] %5, 5264 DNASE 1%¢] agarose gelell #17]

Jgslo] 58 #lall i -ul(Fig. 33). PCR &% 713} 1.9Kb, 1.6Kb, 1.3Kh, 900bp,
260bpe] TAZEA] Mg shelalglaL, o]FellA] 1.9Kbe] Wlrr)k 71k Sglel F3-8
Btk S22 PCR product® TA cloning vector(Invitrogen)& subclonning?: 3F)
i1 white colony$:oll U3l insert®- colony PCR& 2118}¢du), 249l Ax} 24 ¢k
o] DNAVE A= 05l subcloningo] ¥ at, @742 Ay o]F ¥4 DNAY]
AN AL Nicotiana  tabacum 2 retrotransposon$!  Romani-Nt2 @ &
homology S VERNQIT(Fig. 34). A& glo]A retrotransposon?] 3 41 &
o)) s # o] Wz =wl(Laten et al., 1998), X2 21410] relrolransposons: 7}
A3 glor, mgh A% genome®] AEEk ¥-1-0] retrotransposon sequenceil V-
wo] Qlfo] WeHan glrk B AglelA FYRIelA retrotransposong S¥akal

subcloning2 &3z} gk L21& 215 retrotransposons©] %% retrotransposony}
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Fig. 33. Amplification of oriental cymbidium retrotransposon with
degenerate rt (5'"-GTITAWYKIGAYGAYRTIYTIR-3")
primers and in (5'-ICKYTCISWYTGICCRTCISTYTGIGG-3")
primers. PCR was carried out with MJ RESEACH PTC-100.

1.3Kb: 372
IRQXDGESLKEYFQRFSSEA*QXPGVDPEX XX XX XX XXX XXGYFYSSLMRETVHSYADLV 193

Q GESL+EY +F+ P+ Y L ++ L
O.sativa 304

[ TQNSGESLREY VRHFNECRNTIPEITDASVIRAFKSGVRDRY TTQELATRRITTTRRLF 363
192 HRIEAQISADEAISAHRQOFEPPSSKRKKVPKGDVQTSQKKKRGSN 55

+E A+HA+  Rt++P+ +K P D SKKK N
364 EIVEQCAHANDAL---RRKNDKPK TGGEKKPATDTSESSKKKNRKN 406

Fig. 34. Aligment of PCR amplilied Cymbidium retrotransposon fragment with
putative gag-pol precursor from Oryza sativa (GeneBank accession

number AAL31060.1)

AT EQAWo)Y AL Wolx A
sty ek AlEs Sdmoledel MMS, EMS, colchicine® 2+t 0.1, 0.2, 0.3%

o) FEE MS Aol 155004 552k shaking &FHA & A&sigivt 1809
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i 210900 Aatgk F FAE AEEE 2ARIolaL ERlve] JHeAlS wEslvt
(Table 19, 20, Fig. 35, 36, 37 3. et meolwolds: XAelsials A9 &7t
SO E AJELo] e/ vERkewm HufAlgtel ol MMSe] - 35 o §-t
AgEgro] 7hadkolal, BMSE] A9 AF-A 7 = SR Woluhr) 5 A u]ell A 3t
Adr modo) welmol g5s Yehdli AAgel Qlelxyr AR wale

AA ' O

o]i= 5 dF o] MMSEF EMS A& Aol 7 2 Aulatola] 7 W W
ol A7y YERukzzy 1171419 107040, s Algi sfo] 5o ds A
gh Aol EMS 0.1%0014] 158425 o] dasflen, MMS 0.1% 25° 4
YT X F2HE Wolthy) AL, 0.2% AwTtelAls Aol 5343
o 8% Ay PolAs v EaWelel Meuch AEEo] gkl AeAgh) uhs

A oapol= Qllon] 0.2%9)F 0.3%% 59 3FA o)A AlEfo] weks Wyl ohe}
Lo I A7} 74 ol FlE AT Sto R PT wolo] ez s Wl
A Yehde feo) FEAle] Q& sk Al AR ker) FElollar ARIHHED),
ag)al FAYE Yk sPsAol alslon) ghsk e ek v]do] A asjojopyt

gelar &+ g Row AAEN.

Fig. 35. Cymbidium kanran rhizome treated with EMS 0.1, 0.2 and 0.3% for
2weeks(90days after treatment). Leaf variegated symptom were observed
in shoot.
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Fig. 36. Cymbrdium kanran rhizome treated with colchicine 0.1, 0.2 and 0.3% for
3weeks(210days afler treatment).

Variegation symptom were observed in shoot.

Fig. 37. Cymbidnim kanran rhizome treated with colchicine 0.3% for
3weeks(9months after treatment).

Yellowish white color strip 1s observed in leaf of new shoot.
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Table 19, Effect of MMS and EMS treatment on induction of leaf variegated

(chimeric lype) Cymbidium goeringii.

Conc(%) Treatment duration
lweek 2wecks Jweeks dweeks Sweeks

MMS 0.1 75.0% 83.3 91.6 33.3 33.3
MMS 0.2 16.6 8.3 = -= -
MMS 0.3 - 8.3 - -- ~-=
EMS 0.1 66.6 75.0 83.3 83.3 58.3
EMS 0.2 41.6 25.0 16.6 41.6 -
EMS 0.3 50.0 8.3 —-= - -

@ data werce observed 180 days after innoculation with mutagen

* survival ralio in perceniage

Table 20. Effect of MMS, EMS and colchicine treatment on induction of leafl

variegated (chimeric type) Cymbidium kanran.

Conc(%) Treatment duration
lweek 2weeks dweeks 4weeks Sweeks
MMS 0.1 41.6z 25.0 8.3 25.0 25.0
MMS 0.2 i - = - -
MMS 0.3 - - . -= -
EMS 0.1 66.6 83.0 75.0 -= -
EMS 0.2 33.3 8.3 8.3 —-= =
EMS 0.3 —-- -- - - -
Colchicine0.1 66.3 66.6 66.6 75.0 66.6
Colchicine0.2 50.0 58.3 91.6 75.0 -
Colchicine0.3 83.0 50.0 91.6 75.0 83.0

@ data were observed 180 days after innoculation with mutagen
* survival ratio
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i eke] 27o) Aglsldn). seeke) 2ol EMS 0.01%% 233k Heet HlolA] z}
zy 27RAR el QI WolF (M AaL 0.05%Y FEE 179 371 Aegk
QoM el ool flo] #wek. ol MMSE 0.01%°] &l 35311

Aefel ol n 1710 ¢ ol go] fulE Qlrk(Fig. 38). Fdke] o] WAL
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277 AYES W abne o) elwo)g(Fig. 40) ¥ FF(Fig. 413 Fig. 42)7) i
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Fig. 38. Treatment of 0.01% EMS for 3 weeks on rhizome of Cymbidium goeringii.

Yellowish white color leaf were generated from the rhizome,
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Fig. 39. Treatment of 0.01% MMS for 2 weeks in rhizome of Cymbidium kanrar.

rhizome. Leaf variegated shoot was generated from the rhizome.

Fig. 40. Treatment of 0.3% colchicine for 2 weeks in Cymbidium kanran rhizome.
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Fig. 41. Cymbidium kanran shoot;

non-treated plant(left) and colchicine-treated plant(right)
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Fig. 42. Cymbidium kanran seedling;

non-treatment(right) and colchicines treatment(left)
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Tabel 21. Comparison of rhizome survival and induction rate of leaf variegated

Cymbidium goeringii with MMS and EMS treatment.

Conc(%) Treatment
lweek 2weeks 3weeks dweeks Sweeks

EMS 0.01 80" 80(17") 80

0.05 80(8) 90(8) 100 - -

0.1 - - 40 - -

0.2 - - - - -
MMS 0.01 100(8) 90(8) 80(8) - -

0.05 - - - - -

0.1 - - - - -

0.2 - - - - -

* survival ratio

h - . . .
"induction rate of leaf variegation

Tabel 22. Effect of MMS, EMS and colchicines treatment on rhizome survival and

induction rate in leaf variegated Cymbidium goeringii,

Conc(@) Treatment
lweek | 2weeks | 3weeks | 4weeks | bweeks
EMS 0.01 42" 25 8.3 25 25
0.05 - - - - -
0.1 - - - - -
0.2 - - - - -
MMS 0.01 66.6 83(8) 75 - -
0.05 33.0 8.0 8.0 - -
0.1 - - - - -
0.2 - - - - -
colchicine 0.1 67 67 67(17) 75 67(8)
0.2 50(8) 58 92(17) 75(16) 75(17)
0.3 83 50(23) 92(33) 75 83(17)

* survival ratio

b - . . .
" induction rate of leaf variegation
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shoot®] #3% Z = oH(Fig 45) 7192 7AS
7Fs 8t a AAl gkt 2400 AuiEo|H(Fig. 52) ©]5S SHERE 3d

qoll ZHStAI 4= A= 2000 109 AFAe] 228 v ATHFig. 53).

<Various leaf variegated plants generated from rhizome treated with mutagen>

Fig. 44. SW K-2 Cymbrdium kanran.

Fig. 43. SW K-1 Cyvmbidium kanran.
(albomaculata)

(mediochlorinata)

Fig. 46. SW K~4 Cymbidium kanran.

Fig. 45. SW K-3 Cymbidium kanran.
(white color mediochlorinata)

(aureomarginata)
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Fig. 47. SW K-5 Cymbidium kanran. — Fig. 48. SW K-6 Cymbidium kanran.
(mediochlorinata with aureostriata) (aureochlorinata with striata)

Fig. 49. SW G-1 Cymbidium goeringii. Fig. 50. SW G-2 Cymbidium goeringiL.
(aureomaculata) (aureostriata on shoot tip)
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Fig. 51. SW G-3 Cymbidium goeringii (striata with albomaculata).

Fig. 52. Potted seedlings of leaf Fig. 53. 3year old plant of potted

variegated(aureomarginata) C. C. kanran (aureomarginata).
kanran originated from mutagen The plant was bloomed on
treated rhizome. Oct. 2000.
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Table 23. Leaf variegates produced from mutagen treatment.

Abbreviation | Variegated type Morphological §haracterlst1cs of
mutagen
Cymbidium kanran ole] otz A%k spEAjo|n 9
SW K-1 (mediochlorinata) of gk Hale]l ol rHEAl EHA]
Skt F5016%) Ao AL F=A
Cymbidium kanran olo] =EAlely E3] AjYo] &§s
SW K-2 (albomaculata) = oot Yol A A
gkt A () malo] XA ol Ee)7) A4
Cymbfdm{n kanran Qo] wpEAle alo|w 9lsom u)
SW K-3 ) (mal”glnatd) &19] pe O] %E‘]X:] 9\)\%‘ ;73 o Jﬁi/ﬂl
Bl Bl I k i
o 919] 11}131-/\}1 [e] Hﬂz\ﬂo]tq g] Iﬂ—oﬂ = Al
s b | 1 I
Cymbidium '](az?ran o Aol FP=A SelA o= ool
SW K-4 _](illbon/léarpgmata) A= Rk Q). AZAb b )
?_.1_‘ FTO I‘II{\) 917]. %%A}l
Cymbidium Kanran | g1 o gye ) vlgo] 7131 o] 7h=
SW K5 (medmﬁbngﬁawﬁh Ho] oRgl Ute] 91O s1Ae T
aureostriata) Al
Bk S5 (r R
Cymbidium kanran ol Al mpge] Q7R ] Sl
SW K-6 |(aureochlorinata with striata)] 2] #240] glow ofro)r sl
Ll GRS G ) Ale] Aol gl
Cymbidium goeringii SR RS | oRzh 7l o)
SW G-1 (aureomaculata) . )
- o}, FAE EA
e M) - °
Cymbidium goeringii 0)8. sl aulglo] A Zolo] 1/3%
SW G-2 (aureostriata on tip) 7] el ¢lo] ZlEal e
ek JEFHON) A7) 3 Ay
- 'Cyme.dmm goeringil 0)o] A3 L ApE o] ARk J JI)J’] =
SW G-3 (striata with albomaculata) P_L] @irh ol st)e sma)
’LE )\] H] -(Z( &U]'ﬁrd) T7~=1 Uhinj AT O To 1
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