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SUMMARY

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 characters 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,
methylation-sensitive-enzyme-restricted genomic DNA clones (active genome
semi-library) and URP. And SNP markers were also developed. Our first goal was
to develop practical and reliable easy-to-use method to discriminate oriental
Cymbidium lines. 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.
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Gym. MK-1 Apo} x SEH ) COvm kanran M. 2.3 x
x W38 A Gy sinense 042 3 x
Cyvm Mille Feuille' x FIET " BCOm forrestii M. 2 3 x




Cym. "Moon Walk’ x  Sinseiki 04 2. 12 x
Cym. Persy Color x  BARGCym kanran 'Buksaljie’ 04. 1. 30 x

x  FEHCym. forrestii A 03. 3. 11 X
x  FIEHCym. forrestii ‘B 03. 3. 11 x
x  FERCm forrestii ‘C’ 03. 3. 11 X
x  FEHSCym longibracteatum 03. 3. 4 x

x  FolAMCym rukrigennum 'Jeckailiin®  03. 8 10 AFPH
x A2 Cym rubrigemmum 'Salmagum’  03. 8 10
x  BAR G Cym karan Buksaljie’ 03. 8 10
x  BACym sinense 03. 8. 10

Cym. ‘Sundust’

|

[\

I

-]
>

Cvm ‘UFO 3argd’ x FATCym longibracteatum

S
L

Cym ‘Waltz Romance’ x W3R A CGym sinense

TET x &

Aol Cym. rubrigemmum

1 _]Okaﬂ]m' X C‘_\/m ,Sul'ldust' 03 8 10 Z_].z-%]%
AL Al ;

%ﬁ;ﬁm rubrigemmum x  Cym 'Sundust’ 03. 8 10

Cym. 'Daekuk’ x  Cym ‘Cresent 03. 3. 18 X

x  (Cym ‘Lapine Palace’ 04 1. 30 x

x  Cym ‘Kenny Wine Color 04. 1. 30 x

HECym. longibracteatum x  Cym Persy Color’ 04. 3. 11 X

A



x  Cym. ‘Planist 04 3. 11 x

x  (Cym Waltz Romance’ 04 3. 11 X
x  Cym Kenzy’ 04 3. 11 X
x  Cym ‘Kenny Wine Color 04 3. 11 X
(Gm Smseld < OmlgmeHs 0212 0
Z3tCvm x  (Cym ‘Lapine Palace’ 04 2. 3 X
x  Cym ‘Lapine Pony’ 04 2. 3 X
TEI x TEH

i

A& Cym. ensifolium x  A&Cym ensifolium SW, 03. 1. 16 x

FASCym longibracteatum x Cym Tzumd’ 04 3 11 X
=g < HERA M 2. 3 x
Fe x g

x  Cym ‘Lapine Dancer’ 04 2. 3 X
Cym. Lapine Hat’ x  Cym Kenny Wine Color’ 04. 2. 12 X
Cym. ‘Lapine Palace’ x  Cym ‘Flourish’ 04 2. 3 X
Cym "Mille Feuille’ x  Cym ‘Kenny Wine Color 2. 12 X

Cym. Moon Walk’ x  Cym. ‘Planist

[S]

p—

S}
X

x  Cym ‘Crescent’

o

J—

o
x

x  Cym ‘Waltz Romance’

Cym. ‘Orpheus’ x  Cym 'Kennv Wine Color

2ERREER
N

S}

ot

Q%]
X

|

=
S
L
*

x  Cym ‘Lapine Dancer’



Cym. ‘Kenny Wine Color 04. 2. 12 o]
Cvm. Persy Color Cym. ‘Lapine Dancer 42 3 x
Cym. ‘Showgirl "Husky Honey’ Cyvm ‘Kermy Wine Color M. 2. 3 X
Cym ‘Waltz Romance’ Gvm Kenzy' 04 2. 3 X
Cym ‘Lapine Pony’ 04 2. 3 X




e 89
1% 1. Cymbidium 'Cresent' x Cym. faberi



L B-E T
4¢
i

74 8¢

a9 2. Cymbidium 'Daekook’x Cymbidium gyokuchin

74 84
1% 3. Cymbidium sinense "Baeckmukso'xCymbidium ensifolium



T 84
1% 4. Cymbidium longibracteatum * Cymbidium 'Cresent'

44 54

1% 5. Cym. goeringiixCym. kanran



18 6. F3}kxPersy Color 19 7. =3} FxFlourish

19 9. W3l W A|xLapine Palace



1% 12. X A|xLapine Palace a9 13, =4 &xMoon Walk



719 14. FlourishxNobuko 713 15. PianistxShowgirl 'Husky Honey'

(e o f

1% 16. PianistxFlourish 713 17. PianistxKenny Wine Color
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1% 18. Lapine DancerxMoon Walk

g
BN

Z1% 19. Red Wine Colorxd U & (K —3%) Z1%) 20. Showgirl 'Husky Honey'xIzumi
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aolzel =4 FHo ane WA AgAe ARF) 4¢P AT THE 2
Hoz detst 29 wMES 27 249 4 43 NS Fug A¥e A

stttk A7 A MSHA] o] A, salts s 7|2 271 Fk A ST shoots
AEste salte]l s&=7F 22l Aol FZsAAT shootd] Zol7F &g £
8de¢rt X go] 2aFoM FEHor nFAE W 7EuRV E2 do=
He-E it Hyponex® #H7b=e] me Ank-g&2 4g/l H7Hrel A shoot®] &3t
7F Bt Zolm AT Shootel AL 2eHE 7S H7ls =7 BolbEs
2 o AoFHYAHE 7).

MSHI A 2} hyponextl A & 8] 1L 3]
2 yelgon MSH| A 24

Fe AMEnl 5842

M

= MSHiA] 7} hyponexs| A 2t} £ Zlo
S FTEEE He Aye 249 EAa AA
4 = AFolrh 3 shootd] E3HFE 3.0g/1 H7t
TollAd 7hE Eoked 1he] 274 7 6709 shoot7l #EE oW ZHolm ZUS
retuel #3428 dSE 7MY #sdth durdom ks HI7PE SR A shoot
ot dsrt d55Hs e 4 F AJHE 8).

BAS®} kinetin Z®]3 2ipe] #H77F 24853 shoot w3l X+ FFE 24
9ol A e wke} Zrh 249 AAFLS 1.0mg/e H7HTF7F Fhe W shoote]
B3l4E 50mg/l B7EAlol k= 1.0me/lel 209 Hl3 50mg/13 71st AL 12
olgjom B3l A2dS% dAAIA EEHI AT} Kinetin® 4 $-ol= 1.0mg/13 7}
7b 4 2ipe FUF TRV & ARUe & Ao EkEd dET Eue
A&7 shoot®st7l AZxES 44 JUUh CytokininF e H7IExE w23
E o) kinetin®] #7F &£37F dE3dcd 53 249 A5 0.1mg/l, shoote] &
ste 1.0mg/l E7HAlA 78 Fskoh q NAAS IBA T8l [AA §
sE H7tESE v & e % 1004 el vkel ok NAAE A7 98

Q

Red 53] 10meg/l& F7HEs W EX7F 2174

M

L

I:L F
o

E

.

—U:

rl

5

auxini 2

O 1} shoot®] #3t7F A9 o] FojAA| ekt

= Zlo] 2R Fda EATE BYE #

Ak TAA F9-oE 01lmg/l A7 Aol =485

o] AiH o ® FU shootd] #3tre H7bEA wE A4 de AFE ERY
¥ auxin FE @& RS Ao 249 AEAESIo= NAA

1.0mg/1 #7t3tE Aol & HolAUT shootd] e FZ37IYsIAE TAA9] #H

7h7F A3 ol A& 11,
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E7.MS wixle s=71 ey £ w@E 27 ASH AEA AEI vX= G
=7 Al
i
B ]S4 Al 2 == Z]o A 5315 Z]o
(mg/) |~ Y 2| 5 4 o] fests Aol g olad
(ea) (g) (cm) (ea) (cm)
1/2 13 5.0 5.0 3 5.1 167
1 42 10.6 6.3 5 6.6 174
2 41 17.7 4.6 6 3.5 288
z) AFozREH AEINRY 229 F
8 Folxdlx #Hyb vt Ed 22 nEE oA ASY AEA AES FAE
6(:}:
Rhizome Shoot
Conc. ] Fresh No.of
No.of tip ) Length Length )
(mg/1) weight shoot Days*®
(ea) (cm (cm)
(g) (ea)
2 9 1.8 3.9 - - -
3 7 1.5 4.4 2 3.3 201
4 3 0.9 6.5 4 9.5 296
5 10 2.9 5.0 1 0.6 370
z) Ao BEE AEIFAA ] 20d +



X 9 MSulAle] ZA® HulFo] ety ¢ wgEF =Y AST AEAH AR v A=
4 3F
Rhizome Shoot
Conc. ) Fresh No.of
No.of tip ) Length Length )
(mg/1) weight shoot Days?
(ea) (cm) (cm)
(g) (ea)
0 11 3.9 4.4 2 0.6 360
0.1 12 4.3 7.5 3 1.3 358
1.0 9 3.5 6.4 5 2.5 297
3.0 7 2.0 5.4 6 9.0 262
5.0 9 3.6 7.4 2 2.4 295

z) Ao ZFE AEIAA L] 224

i

F 10. MSH|A o] cytokinin®] 28 ¢ F7 557 dtaxad 24 A8 23 mx=

R

Rhizome Shoot
Cone. . Fresh L h No.of [ h
(mg/l) NO(' gi)ﬂp W?lg%ht (ecrﬁt) s(}é%())t ecr;ﬁg Days?
Cont. 3 11 3.9 4.4 2 0.6 360
0.1 3 0.7 4.9 — — -
BA 1.0 12 1.7 2.5 2 0.2 321
5.0 4 0.3 1.5 12 2.3 140
0.1 33 7.5 3.9 3 4.8 226
Kin. 1.0 25 5.6 3.8 6 2.0 239
5.0 7 1.9 3.3 2 0.4 338
0.1 6 1.1 3.8 5 1.6 328
21p 1.0 4 0.6 3.3 - - —
5.0 7 0.9 3.5 1 0.4 299

) AFoerd ATAAAY 289 T
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¥ 11. MSHIR Y] auxing] 259 A7 2271 slaxEe 249 427 AR uE o

z
%

o

Conc Rhizome Shoot
' . Fresh No.of
(mg/l) No.of tip weight Length shoot Length DaysZ)
(ea) (g% (cm) (ea) (cm)
cont. 3 11 3.9 4.4 2 0.6 340
0.1 9 3.6 5.6 4 3.6 108
NAA 1.0 21 8.1 4.0 - - -
5.0 8 2.3 3.0 - - -
0.1 9 4.7 7.5 4 0.4 210
IBA 1.0 7 1.6 3.1 1 0.2 236
5.0 2 0.4 4.7 1 2.1 249
0.1 11 4.0 5.2 5 2.5 275
IAA 1.0 4 1.4 4.3 3 5.6 256
5.0 5 1.9 5.8 4 0.8 282

z) Ao 2RE AEIHAA L] 229 F
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AEol vz, WAool ofHE ZejFe] dFa g A A 795 stz A
g A3 2= F 14720 BAS 2ipst £ cytokininFE BEHEE 83
FE AT, THEY ol AR FAYF vl AdAHR e BAFE HbsET}
S/HEE A FrheEnh. BAE H7MEE W 2749 EAS T 5.0mg/LedlA
TOMEA 7 eA & dqx27<] 3.07090 B3] 28] o] FrtE ot o3
gz79 1.9cmdl Hl& LF3HA #FobA 02cmdl EFHetArh E3 AAFTE dF
Tl E 215g2ld H|&) 19lgo 2 #BATdozEM BA H7E st S ZHolA
o AAFol ZasAT 2ipE TEEE HIMHE AR Hol AR U BAF
o] FAFMS BAE #7ME A9 A Bdeldov 23 EXFE HUbE
=7F FEFE o2 R 7Y 100mg/LAl A 1A iz 37y 9%

o gk
o
bl
;9_;
T

auxinf?l NAAE FEHUE H7FE8E Aed <4 EA4E 01lmeg/L#
100mg/LE H7Fe Aol =79 370 vl &2 1270, 137= F7tetsia A A
T2 F7teg o ZAolel AL o3 d #AH9r) IBAE 01lmg/ls H7MRS
W 24 EX7E I60R 7HE gkn AAFTE dETel 215g/789 Hls 2.39¢/

>
Az i FrER ey Aol aFe Rt 19cmol BlE 09cm= FAIA

(=3

_49_



28y IBA AEE % FAE 0.lmg/Lel 7 F& o= YElYHE 15).
BA%t NAAE s=dE=z & 3 S&x% HdIZAE 2d =749

NAA 100mg/Lol A 717 ®9koy of 7] BAS H7l5%7l Hold4E HA
o ZHe Zolx BA 0.1lmg/L¥ NAA 50mg/L Z2# 1 BA 1.0mg/L¥
NAA 50mg/LE SEAHE IS #d x4 1.9emld Hlgte] 24cm®E S7HE %

1w AAFE M BAL

Al

M
r
rr

Y
B>

% 14. MS ®Ad #H71E BAS 2ip =71 283 &=@a @£

Es 3
27 A% MAE 9%

Cytokinins Rhizome )
- IFresh weight
N w
BA 0.0 3.0 19 2.15
0.1 2.0 0.2 1.38
1.0 4.0 0.5 1.42
5.0 7.0 0.2 191
10.0 2.0 0.1 1.30
2ip 0.0 3.0 19 2.15
0.1 7.0 0.2 0.75
1.0 8.0 0.4 0.89
50 9.0 0.9 0.94
10.0 11.0 0.2 0.79
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E 15, MS wjxe] H7tE NAAS BAS] FE7 x5 dWa 7739
Aol mA= FF

Auxins i Rhizome Fresh weight
N g W@
NAA 0.0 3.0. 19 2.15
0.1 12.0 0.7 2.06
1.0 4.0 06 2.37
5.0 5.0 1.0 2.95
10.0 13.0 0.3 2.66
IBA 0.0 3.0 19 2.15
0.1 16.0 09 2.39
1.0 14.0 0.7 2.35
5.0 12.0 06 2.32
10.0 9.0 0.7 2.22

28R 23S a%5o 2 FAA7)7] fadE BA 0.1 B 10me/Lad NAAE

5 1o2 AdEn wa shoots: 34177 9
Z‘ﬂWt— NAAED}{— BAS %7 e 2Zd A £835= Ao EHAolgn B
HAAT ol¥d Z3e E 16AME dEd uiet Zo] BA 50mg/L¥ NAA
0.lmg/LE S8 %o 714 9A shoot/} $AHHNS S UegFn 9oy 3
o] A g #e M AFAHE 1F 2 BeAE #

ul
)
=
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-
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i
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pop
&
r:
>N
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= B oRe 2A7 BRHAY Aol FAR

4 238 AAse Arns 279 A5 2 A9
AAZE AT Ak oloprl 1 EME
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# 16. BAS] 7t E¥xE5ud 49 A5l nA= 9%
Treatment Rhizome Fresh Remark
BA NAA No. Length Weight
(mg/I)  (mg/L) (ea) (cm) (g)
0.0 0.0 3.0 1.9 2.15
01 12.0 0.7 2.06
1.0 4.0 0.6 2.37
5.0 5.0 1.0 2.95
10.0 13.0 0.3 2.66
0.1 0.0 2.0 0.2 1.38
01 3.0 1.7 4.14
1.0 5.7 1.3 4.26
5.0 2.0 2.4 6.90
10.0 4.0 1.7 2.73
1.0 0.0 4.0 0.5 1.42
01 5.0 1.3 4.35
1.0 7.0 1.9 4.47
5.0 9.0 2.4 6.15
10.0 10.0 1.3 2.95
50 0.0 7.0 0.2 1.91
shoot
01 6.0 1.2 441 regeneration
1.0 9.0 1.2 4.53
5.0 8.0 1.3 6.21
10.0 7.0 1.1 6.12
10.0 0.0 5.0 0.1 2.30
01 4.0 0.3 1.47
1.0 3.0 0.2 151
5.0 2.0 04 1.81

10.0 3.0 0.2 143




1Ad = A #AF FAE 2xdd == MS #iX o] sucrose 30g/L$¢t agar

23082 FAstH 2003 5¥7Y FAE FTEH LR IFd
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2) R A F(Cymbidium sinenses) 3%
1) 8 x 3A F033
Avlg g &£7ke] FRFT SAZd e BEY gdZHo] Fitde ZFAE LTt o

22 e 93 J@del 48 429 Qo #F A4V B B AAE

st HErst 33 Rl A4ste dol Wa

F3 AAEE FoIA el WHol glo] #FsA FWAL 2AFHKLIT HH
E

=70
AFEFA YFERA(ELHRRE FTHNeR ST agFo] 4
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o] Zol= 40em, §F 2 14mzA FEAe] =
= BAFe] o] FFaith Rt dbe] ol
AR Eoi7h ekt FREAAY AR =
AR Folob st AAH @Hol AU A=5FA
HEHE FIHEE FEY Aol Eofglojx ARz
SHCERALIE)7E B 7heAdel wdoh

o
Hor
rlr
0101A

F 17 S5 EFAA)EMHARAY) 2 u{Fe 43t o EA
o ek A
Aol ] 2 as A A Z o] ER: Adelg doA
(cm) (cm) (ea) (cm) (cm) (ea)
40.0 14 4 G 136A A= 3.2 0.9 - -
=e) A o} 71 A BA
=E1| o} H 7+ A o131 5
Ziol YH] Mol AHoA  hF FH v} EF Al Zol yyl Hdelg¢ Aoy
(em)  (ecm)  (ea) (em)  (cm) (em)  (cm) (ea)
3.0 09 - - 2.8 2.4 YGIo1A 2.2 0.8 - YGIS1A
A4 09 3 A 23 g gk7]
Zol  yu]  HbHS4 uigRA e 7 o] X
(em)  (cem) (ea) {cm)
15 1.0 - oA A 180  YGI51A 2 1~24¢ ALy
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o AyotH
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50.0 2.1 3 G 137A %<& 3.7 0.6 5 RP 64A
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7F. Cym. 'Autum King’'3} A3 e F3F &%

FHT EolA MU¥eE Cymbidium FF3 F4&L wgste §43%
A3lo) A-F3 ‘Sun Dust’} Miss Taipei’, ‘#7t° 5] itk 2 4
Z Cymbidiume] & %2 Autumn Kingol] A5 wwdte
(29 46) 1 EALS % 209 vehd wks} 2
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£ 20. 4T Cvm. "Autumn King xAF3 20 g9 A3} 29 =4
) AetH
7z o] U] g a4 A A Zl o] Sk Ao A
(cm) (cm) (ea) (cm) (cm) (ea)
42.0 14 5 DG e 4.4 0.7 5 b
Zod S HTA o 5 A
Zol Hul Hdelg Hdeo AE ZFE 0 ulgkal Zol uYH] Mg oM
(em)  {(em)  (ea) (cm) (cm) (em)  (cem) (ea)
4.3 0.7 5 5.3 71 76 YG 3.7 09 ) YG
=] 3 A Zele s 3k7]
Zo]  |Hl  HEEp dglE-A FHE Z o] A
{em)  (em) (ea) (cm)
2.4 1.3 5 YG A 45.0 YG 6 1€ Iy
olglo = Fokwte] 3t EFQU FHIHEFEI 4P Cymbidium %< Persy
Color 18] 3 Flourish& mHjst FAE& Fodo =z u|dFo Jom (29 473} 48),
B A 2] Persy Color® Rapin Palace® n&=(2® 499 50) =7 @9 Moon
WalkE 33 F3(2¥ 5D, dd2(K—F)d =IFEkHE 23s ZF (2™

52)& W F Tl

k.



I8 47, 314 % 1) x Persy Color

29 48, 58 k(&=#E) x Flourish
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29 50. BAE x Rapin Palace
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a9 51. ##% x Moon Walk
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A 248 AFJA AL (H )
A1 d7+3 Wd
b wge d7AR9 AA
Cymbidiumé 4 ZFolA W@el
| .

B
2 B, do

=]

= =z =2 = 1m== 2O

3 ol wHIE F F 15FFY EFL
-7

AC)
=1

Aottt AsH = B wwzxd, 2

Table 1. Varietal lines used in this experiment

Characteristics

No. Korean name Scientific name
Blooming season Flower color
1 et Cymbidium ensifolium 1 July ~ August Greenish yellow
2 et 2 Cymbidium ensifolium 2 July ~ August Greenish yellow
3 223 Cymbidium ensifolium 3 July ~ August Greenish white
1= Cymbidium javanicum -

4 Eat=eet var. aspidistrifolium September ~ October Green

5 et Cymbidium lancifolium May ~ June Milky white

6 Mi=gtet 11 (ng{\gﬁlglgﬁeﬁaqsﬁld) October ~ December Purplish red
7 Mi=gtet (ng{\gﬁlglgﬁeﬁaqsﬁld) October ~ December Purplish red
8 Fet (A E) Cymbidium goeringii March ~ April Yellowish green
9 et (3Y) Cymbidium goeringif March ~ April Yellowish green
10 Fet (&%) Cymbidium goeringii March ~ April Yellowish green
11 CHEtE A Cymbidium sinense January ~ February Reddish purple
12 ELETISIA| Cymbidium sinense January ~ February Yellowish white
13 stxet C. kanran x C. aspidistrifolium  October ~ December Green

14 =gt C. goeringii x C. lancifolium May ~ June Greenish white

C. goeringiix C. kanran

November ~ January

Yellowish green
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Y. %3 DNA9 F=

A DNA= CTAB W42 Wt FEavh 83 &9 s5AE dAdx
ol A ulae v, 2 mé tubeo] 500 WAEE YL extraction buffer 500 ué9F B
-mercaptoethanol 5 wE FoIA & HojFUrh 1 Ug 10% sarcosyl 50 & 4
I A& & 37C incubatorell A IFZFS] invertingS dFH 10823 A @3tk 5 M2
NaCl 100 i} 86% 2 CTAB 70 wE i & HoE 3 RNaseA 7 pl (10 pg/ul
stock) & Y invertingd ¥ 65C water batholld 7154 7AW inverting 39
15%-3F 7‘%3]‘3]-‘3’3‘“4- 700 ph (2/3 volume)® phenol/chloroform/isoamyl alcoholS %
I ZE3] HoE & 12T, 15000 rpmlE 15837 AR 45AS 2L
tubeol Z vk 700 ub (2/3 volume)?l chloroforme Y3 FE3] & F 12T,
15,000 rpme 2 1523 A GRS AZE tubed] &FH T 0.1 volume
©] NaOAcs} 25 volume?| EtOHE H31 -70TelA 208 ©1 A#As At 0% =
washing@ & pelletE 30~50 2] D.WE re-suspension 3t}

}. RAPD &4

PCR ¥+g2 1 uM9| primer?t 20 ng® genomic DNAE 1X PCR buffer [50
mM KCl, 10 mM Tris-HCl (pH 9.0}, 0.1% Triton X-100, 1.5 mM MgCI2]$} 200
M dNTP mix, 283 05 unit® rTag polymerase (Takara, Japan)E 3ttt (14
ué final). Thermal Cycler 9600 (Perkin Elmer, USA)S AF&3le], 94Tl &3
271 W8 F, 94TA 20%, 35CHA 20%, 72CoAA 902 3538 wkEstaL, 72T
A 5EIF whgE AT

Hgo] B AlgEe 7wl A 72 Hsle 1.5% agarose gelel A 100 volt= 9

15 cm #7149 % % EtBrE2 9439 th Polvmorphic bandE<2 £9o] bandd &%
Z

]

(dominant marker scoring: present = 1, absent = Q)] wzb ¢1&9da, Z
polvmorphic marker®] FE2 AL£3F primerd] ©|E3 FEXEQ =Z7] (bp)E &
A FEAEGoZ e AT

4



2}. SCAR marker? 7149

RAPDAI A #2% Eo] handE< elutiondtd cloning 33tk 2+ o] band?
2718 W3 HAE}Y 7155 elutionFo2ZH A71EA ZAAE dH4 A F
A3ttt RAPD E9] bandi agarose gelold 2@ o] glass milk (Geneclean
kit, BIO 101, USA)$} A A< A2 glycogen (0.1 g/elution, MRC, USA)& ©]-&
3te] 3438ttt Polvacrylamide gelo] A719 %S 3 A-$oE silver-staining®
gelol Al 2L, —‘?—E“]Z] gel 275 50 o] 37C FHFAA 1023 A2 &+
YRS F5AS 443 AAsEG. A7l 30 ut TE buffer (pH 85)E #
7bste] 37Tl A 8A17F &< (overnight) #8138l DNAZE F&2HEE gt &
¥ DNA &9 3 W& FHoZ RAPD 3 Al AH&39d primerg tHE A &3
o] PCR AZZS AA&AT. 1.5% agarose geldl A A7 %31 EtBr 9 3td]
target band®] AFH AFE I3

3435 RAPD PCR & 4+ < pGEM-T Easy Vector System (Promega,
USA)E o] £3}9] T-A cloning3}31 3., Top 10 competent cell (Invitrogen, USA)ol
heat-shock WS ©]&3}9] transformation 3tk Gene All Plasmid Mini Kit
(General Bio, Korea)S ©]&3}le plasmidE® F£Z39 32 ABI PRISM 310 Genetic

Analyzerg °|§3te] @714 G BABT

ot

u}. SCAR primerd 3§

Primer A ZE 93 @714 d A AL 9Y plasmidE A &E primerd
PCR %9 FH o2 g3} W FEEeoly Axd A A7 R4
SCAR primer set2 WA ZHE&39h Z71d& SCAR primer set2 #A FF 7
Fl linedl ¥€4-¥<2 PCR 7IHE o] test 3FRTH (95T 28 A7l &, 95T 30
Z, 20T 30%, 72T 189 £4Z 35 cycles; PE 480 grade PCR machine). =& 3t
o] Z#4E EUE 34 PCR reaction? AL FuzA73, #2HE bandd
2 sizedl 9l allele2 EA3H7] Y8t touch-down PCR 71% (95T 5% AH
, 95T 10&, 66T —> 60T 30% ; "l cvcle & 00T A Z4, 72T 30x9 &4
108 dkg % 95T 10%, 60C 20%, 72TC 3029 A2 F71E2 253 9H8&
1], PE geneAmp 9600 PCR machine A}-&)& 483l A|2tE SCAR primer set

3R

N ;‘é fifo

o

ru> i



E<& o]&£3% PCR %28 +33tat. 5 pel =23 DNAE 1% agarose geld}

5
5% polyacryvlamide geldl 7] &3t STELEE F208 9
v}, Gene-specific marker (STS-PCR)<] 7%

AH A E 2 functional genel upstreamel = &3] 'CpG island’ = ¥HE2A o
71 ol EA8Y, 'CpG’ islandE= =2 methylation® o] & Aol BT Aot}
Active genome°]|Ztii® EIE F4A coding FH 1®EA &LL  intergenic
DNA regiondlA el & zlo]Fd F sy E methylation FF2x2 2z Yo}
(Bird et al., 1985; Boyves and Bird, 1991). ¥tde]l DH5 alphast Z<& E. colit
wild typed) Mcer A ¥ BC #4AE AU A= HAEC d=d, 9719 genomic
DNA Z# L cloningdt®] transformationAl# &
¥3%" DNAE2 Mcr A 2 BC protein®l 9|8 295 A o clone®] §% 5
A E3t}, whAe] active genomed methylationo] Hol A 7] wEo A=
DH5 alpha®l transformation® DNA clone< tH# active genome regiondl A
#HE DNA 2EHEL insertZ2 A A Frh

Cymbidium ebrunum® genomic DNAZE semi-genomic library +&o| AF&3}
$tk. DNA 1 pgg methyltion insensitive endonuclease$?! Mspl (C°CGG)eZ A
@t 2 4SS agarose geldl H7|GEsle] 02-1 kb FHE U,
DNAE glass milk (Geneclean® kit, BIO 101, USA)¢} A AsA1¢ glycogen
(0.1 pg/elution, MRC, USA)E o]-&3le 343tk pGEM3z{(+) (Promega, USA)
£ Accl (Hpall$t Z®Rfjo A dE A dViqE)es Aot d7]gFste] &4
3 det® plasmid ¥ 3 etdth ¢ 7 7FA AFES ligationshx, wild type<]

Mcr A 2 BC +3dAE =AY+ E. coli DH5 alpha (Invitrogen, USA)el

7 %ol methylation¥ cytosine

o]

transformationdle] ‘active genome region—enriched semi-genomic DNA library’ &
390tk =9 semi-genomic DNA librarvZHE 2R cloneE9 97144
A8, GenBank database Mg T3dlel §AA coding F$1] A7IALw

©]- &34 primers @43

-
A



A}. STS-PCR marker?] A £

Fad A7 primer &2%E HAAFRToZ AE3r] HsiA T, primer
annealing <=9 A #Ao] 3}
primer Tm g o] 2 A5 A= G444
< HE F e B2 HFE EF ngEA gAY AR 9" o ek
primer Z2%e] HH WgxAE FYd= AL W¢ H
PCR ®E&-9 HAA
< Zdet=d
3lo], =& PCR& _
R BRI dHAES FHEY] fste] F2 2T=HHE (B5T~60T) primer
Tm #o2 A&35t

-2 STS-PCRS #1138l A%H® DNAE 5 ng/wle 422 touch-down PCR7]
Hoz FEIUT PCREZE Tm el whet th 3} Zo] 27HA 2 vrola 4]
3AF . 60T A touch-down PCR: 95C 3% A7 ¥, 93T 10%, 60T -> 55T

30% (H] cycle & 1CH &), 72T 189 A ZE 5 cycle ¥, 95T 10%, 60T 20
Z, 72T 189 €42 F7F 25 cycled S, 72ToAA 583 A=ésinh 5
5T A4 touch-down PCR: 95C 3& A# *, BT 10&%, 60T -> 55T 30x (4
cvele § 1CH &), 72T 18£8 42 5 cycle ¥, 95T 10%, 55T 20%, 72T
o] £ME 37} 25 cycleS AAISIRI, 72TAA 383 A9 8. PCR A4HEE

<& 5%¢2] polvacrylamide gelol A7]|9E53te] gelsdnt
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o}l. CAPS marker?] 7jdt3 £4

AFEALE ©]43H, polymorphisme F7IE2 HAY = duis F oY &,
specific primerZ2@¢ 02 ZEZ3 2254 Br} A AERE 2718 & Qs F
Aol gt AgEre 7|59 d#4E AATY] st frequent cutter’ F oA
4718 AdEste Abgsdth (Rash GT AC, Hinfl G ANTC, Haelll GGCC,
Alul: AG"CT) (Bioneer, Korea). Monomorphic band”} 719 %EA A=W,
PCR 4% 10 plZ 5 unity 7+ Algta 48 #7118 & [10 ul of PCR product + 5 1

1 of digestion cocktail (1X final digestion buffer supplied from the company, 5



unit of restriction enzyme)], 37CeolA 347t A3 Ath W79 F3n Z2eitE
Z7]1& 100 bp size markerd] &1A &A3e 7] EFACt AFELE H L7
of HlE] FE4E F 'target band' & A A3, Add AMES9 =] §o] o]
target band®} FF=A] AT wiwk B3 7] wlEd ZH%’HO] "o] A= minor
band7} A&F o UEhE polymorphism% TEE F I 2 79 lineol A

Z 41 =
2o e FAAFE 94 AFELE AZ S F714 <9 polymorphic alleleE Zo}
B3A AESHTh o] AS-dE PCR FE4HEo] IR e lineE (04

absent in the loci scored dominantly)E ‘null allele’® A& sle] 2 22 F314
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+4H4d (genetic similarity) A =& &437] Y3 raw data®l A 'missing data’®
7FF319 th. Polymorphic bandE2 E9°] band9 % (dominant marker scoring:
present = 1, absent = Q)o] whag} 31391, ZF polvmorphic markere +&-& A}
&3 primer® &3 FHEAES 2V bpE A BAFOE UeHUUTH REE
binary data® 233} 12, UPGMA 247 E o] &35l F43 genetic similarity

matrix& 2 s}
Z}. URP %22 xo] A&

v ARFE W AuFEA #e d8A fEAE By, =
FRstE Tl AEEH &, AHE H UAPAES 2t g3 AT H
A Foll 25 HE 7Med URP (Universal Rice Primer) EA#-AAE &%
2 8GR AT FES AYde HL&UteAS AA= H4EE FIFsY
URPE A @38kl UniPrimer kit 12 TFY 3 th o] kit 20-merZ o] Fo7 12
N2 primer setZ FA =AU ol E 12719 primer setE 15712 TdTF L 2 A
& (Table DollA &% genomic DNAE ©] &34 PCRE 33 PCR &
£ 100 ng/ul®l primer2t 50 ng?l genomic DNAZ 1X PCR buffer [50 mM KCI,
10 mM Tris-HCI (pH 9.0), 0.1% Triton X-100, 1.5 mM MgCI2]$} 200 M dNTP
mix, 283 1 unit® rTag polymerase (Takara, Japan)® &3tk (14 g final).
Thermal Cycler 9600 (Perkin Elmer, USA)E AF-&3}o], 04Tl A 4827 %7] AA
F, 94TA 1E, 4H5TeAM 18, 72TolA 282 373 w53, 72CAA 783t
9833t PCR ®H&ol ¢ & Z74e] whgdomRE 5 w ¥ HI9 1.2%

2

>‘1



agarose gelolA 100 voltZ A7]GF3S 3 EBrZ 9239t Polvmorphic band

£ E0o] hand? 5 (dominant marker scoring: present = 1, absent = )o] whz}
2918t 3L, ZF polymorphic marker? T&-2 A3 primerd ol&¥ SFAME Y
271 bp)E A EAFI

Z}. SNP marker?] 7% 2 H&

By FF Eol”ol xAdxte] sEre 93t SNP (Single Nucleotide
] J AES Y3 olE st AT
AAAZRE 1, 23 ZoA A&7 Y Fdzd L AAG X9 152 IH|E

=% (Table 2) & 2ol ¢ ol 4FS s et 3574

Polymorphism, &9 ¥ 7

Table 2. Cymbidium hybrids using SNP and STS-CAPS

HE 59 N3 34
A YA (H) 6 Fa3Y
B +E(H) 6F oA

6M Zm A
1 g (&%) 7 F S
1F e 7F F A
Al o Rtk ™ T4
2 LI 8 AR
2F A Fok 8F A<
2M o) 25 A SM o) Wk 1A
3 FT 9 3F
3F Sk 9F A =gk
3M s M s
4 = 10 =3
4F Al 53k 10F =
AN = b= gk 10M d ghek
5 &l 11 T4aYR
5F = 11F FTa A
5M ) B 2 1M w5} 13 A




o] ERFE FET DNAR 7lso] €HAA &2 dulds s=ste HAE F
Z3l= gAoxg 2 ]-kiEOﬂH NE CE005H primerE Al£3te] PCR& 33
Atk =Z3% DNA ZHL pGEM-T® Easy Vector System (Promega, USA)S 9]
23t T-A cloning3ts Top 10 competent cell (Invitrogen, USA)]
transformation3t$i o}, Plasmid Miniprep Kit (General Bio System, Korea)S ©]&
gt plasmidE #3911 Macrogen (Korea)d] €714 <€ £4& 9 F&gdnt &
Sho QL2 ClustalW multiple sequence alignment
(http://www.eblac.uk/clustalw/) program& ©]&3te] OFg7| g8 E 335
At} SNPE CAPSE9 #HE& 7oA A9H7y] 993to BioEdit program? ©]&
sto] HlZE GUIAEEe] Aol § Hole FHE HEdste Adaie] EAF AN
sttt



A2 d++d 244

7F. RAPD EAQIA/NY 9 4% F4

a
337l 9sle] PFE Aloldl &A3E  polvmorphism2 RAPDZIHE S3f
undefined elementsZFE Z¢1&til o] BEE EXd) Agdgon, EXE
a8 e84 2 ey EAES FASIY RAPD markeroﬂ g =% 24 8
Wkl welZbA, polymorphic RAPD bandE€ STS-PCR primer® 35}
o] SCAR marker® &xH3lo] AFAo] Z2E Hrt AZs ZEZ9 genotyped
AZste] B AgA sjEE DNA AZAAEY 893S g

2) RAPD polymorphic band screening® %3 29 % 34

Fa  FgPd  dolAd  RAPD7I'HE  E3  undefined elements®=F-FH
polymorphisme st ATh FAAER] TLFH AdF 2 wil2F lineso tHdto
% 20719 RAPD primerE(UBC #1-399 %44 GC contents”} i3 =2 primer
2 AdAsto AHE)E AEstATh
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Figure 1. Example of RAPD primer application to detect polymorphism among
15 Cymbidium lines. Detection of polymorphism using RAPD primers #85, #312
and #324.

Figure 2. Screening of polymorphic RAPD primers using line#l and line#l0. UBC
primer #304, #310, #317, £#324, £340, #362, #374, #385 and #396 were applied for

this search.

% 20718 UBC random 10-merE& ©]&3le PCRE <3 Z3 S UBC 85
312, 3248= 37FA] primerel] 93t S DNA ©@H 59 dA7]9 % A7 (Figure
) ®EE Hrtetz, YA 171 FF g dUEF A3 2T Z22 YEUR

o- =
<

b (Appendix 1). $F2bEe A7|F9F 23 B3] g2 9 A

=0l ¢ del= RAPDE AAs) WloH, oz Fode FARGE FH4
Eol shute] FAAF (locus) oA 711E AJNAE AGFsH77F ol A= FF
o] A& ¥ primer o] &3 FEAE ZV]E o] &3 Z lined HE scoringg Al
T3k Aol A3t oy gl Aok 2 F3H ol /T agarose geld] W2 AT
w=H, 4 bp Al E FElo] 7EEV] AH, A E FAAFES] duFAd



AbEo]l 7 linedl Al ME B3 FHAEES AR s ddo] FA &7
g Eoltt Zb lined] TEAES WE elutiondte] F7IMES B4 23, A= #
oletA ThE F7IAEE Hole ZOE o] 5ol AE HE Az FZ4 4
s & F At

95 E polymorphic band 2F& 0 (band’} $le 29)% 1 (band?t A&

)E FHE3}FY] binary data matrixE YE A=, £ 420779 polymorphic bandsE
20702l UBC primerE 258 2 & £ 3t} o] 5o] bandES #F SCAR
primer A Z& 3t EF linel 22X H elution® A AR 281 ©] mauixE
Nei¢t Li (1979)¢] F4& o] &3] AAZAFAE similarity matrix WHE 3L (Table
3), o529 ZHAAE dendrograme ©|-&3to] TSI (Figure 3).

Table 3. Matrix of pairwise genetic distance among 15 Cymbidiums (from RAPD)

1 2 3 4 5 6 7 8 9 10 11 12 13

[

<

~1

31

)
|

0625 0.640 -
0673 0.640 -
0.657 0634 0560 0.601 -
0.721 0.660 0635 0.639 -
0628 0.594 0674 0591 0637 -
0688 0613 0645 0664 0.707 0.635 -
0666 0702 0577 0397 0726 0659 0633 0.721 -
10 0676 0683 0575 0601 0.712 0683 0620 0702 0.774 -
11 0683 0671 0565 0613 0.681 0657 0637 0690 0.757 0.743 -
12 0700 0.721 0.603 0649 0664 0669 0613 0717 0764 0.760 0.791 -
13 0683 0681 0572 0623 0671 0657 0613 0714 0729 0.752 0.750 0.805 -
14 068 0669 0608 0649 0645 0683 0674 0697 0654 06359 0623 0.664 0676 -
15 0693 0678 0643 0647 0681 0681 0637 0.729 068 0661 0634 0695 0712 0.690
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<
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Cymbidium &4 &7, £%57F] FAI=+ Figure 3904 2= vle}l o] =4 3
groupl. 2 WHo] ok £/ HA FAERE 0560792 Hlud A e
t}. 1 group< ensifolium 1, ensifolium 2, kanran 11 (native to Cheju island), C.
goeringii x C. lancifoliume] £3}1, lancifolium, goeringii (%), C. goeringii x
C. kanran, goeringii (%44]), goeringii (2+%), sinense (THetH A]), sinense (M3lE
Al), C. kanran x C. aspidistrifoliume] =339, 3 group< Cymbidium javanicum

var. aspidistrifolium, kanran (native to Cheju island), ensifolium 3°] <%t}

[ I I 1
0.61 0.66 071 0.76 081
Coefficient

Figure 3. Phenogram of 15 orchid genotypes based onmarker difference by
UPGMA cluster analysis of the dissimilarity values. Numbers are accession
number of 15 genotypes shown in table 1. Values on the baseline indicate the

average genetic distances between lines.
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RAPDC| o] &% 15 /9 T4 FF2 ov A= - ety oz o0 2d#
AE 4 AT reference FFoltt ©]£¢ RAPD &3 &F& HY dF= &
Am7t RS & F Aoy H2Y FF4A AR 2958 UEdL dS5s ¢
T AUt A3 o2 RAPD st =&d ZHis PR Z2dg BEdE ¢
F AUk (Figure 3). °o]¢ & Z3E= RAPDYF 7HX& ZAQAARA Y 713 &
Gdolgt & Ak 2 olfFE FHAEC e FAEAR (ocus)dlA 711
ARAE #edts Zo] E7bssly] WiEolth oA e FRAFNA FEH
REAE ¢ F g TEUAES FFE scoringdte] AEIre =d@AE EA43E
© RAPDE o1 Z¥e] 2WAdo] STS-CAPSH| H|sle] Bo] gojddx & 4 9
o} o] =9 AEAES ®ol7] YA = RAPDE SCARS #2 BIAR dA#s}t
ojof st=d|, o]EA =¥ RAPD <l AL oAAAYL AEHE 7HA <
STS EAIAIE He ZHolnk, metA & AAldAM FHade LRy AlTTE
T2 dolguo) e STS, STS-CAPSSF SNPZHoA ozl 4AHER o] Fof
A= Blo] getelgh Az

th. SCAR 32 AAAME
1) SCAR E4 4

RAPDE #©A1d o] oW ZFE9 DNA marker /ML 3
polymorphisme #¢lsh= Adoez 7HF A AHEEL 5 A= 714
v &2 Aol primerE ol &3t HVIMYE AEV A A= ¥E HA
o] AAHEL  (undefined elements)E FIAYPE ZE3 3
polymorphisme 318l7] izl 2Fe AAAFol 28 =A Xétvh= w3 ol

T}, 28D 2 RAPD 7|82 ¥ 7 2dE FAHAE 284d e dov

ro{N n{n
ﬂ
=
)

S AT $AdHR scoringﬂ’—z— (dominantly scored: present and absent)
polymorphism®] §/4 22 Qg ZAze] FFES Aes| AEsrs T3z
g7l = B2 oEgel waA . o) A2 Ao A e
HdE Tt & F AT webAd B Fo M= undefined elementsel A

polymorphic RAPDE-E A &9 A@Adel =2 SCAR marker®Z HEA] 7|52 °]
FEEA AR FEaE et AAS 2 FHAA GAEHE A ZAF

2

i

F

3l
Kol
=

M o é

==

o]
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sl AFsky g
2) RAPD markero] A1 ¢] SCAR primer set 34

Undefined elementsol A F# ¥ polvmorphic RAPDES 43¢ AFAHo &
SCAR marker2 7§23ttt polymorphic RAPD bandE& STS-PCR primer®
3to] SCAR markerg SE3 L Ao ZEH AFS REE9 genotypes
Aated oA B 2dFoA shdd DNA ARIAES &&3tuat 9t Band
ZE7F elution 2 cloningd] F&3vtm #HEEE 2071¢] Eeo] RAPD bandZ
agarose gelol A elution 3] T-vectorel cloninge A E3P 2 FG71AE EH &
AAenh E48 97142 Bt F &% RAPD-derived band sizeE
o} Z} linedl A Eold o2 TEE bandg cloningdte] #4443 Z3}, giig 5
banddl A FAE  plasmidEe] AZE o9& 7ML S Adyg= A8 248 & 9
A3 F line®l 5ol band €718 S 7IF2E UE lineEd & AdasrE 4
g3 ®Bke w fA BEEE incomplete digestion’ AR EE e =79
"heterogeneous PCR products’E &8 4 4t} o4 gel°1] A elution® 3t
9] RAPD band’} o8 F %9 genomic DNA A & Al
= Aoz, AFLP7IH 9 selective amplification (H%E EAtj4te] 1/64 7h& AEA

3 ol
o2 FF) FA7E gle RAPD7IRC] AYs d3oldta & + 3l& Zolth 2
3 2=
%=

B

M

T4 o2 1078¢ RAPD bandE°] cloning 3 @714 <E #£40] 43405 T35
A}t (Figure 4). SCARZHE Aoz HARIA= ©& FeolA 2o £
gene-specific marker$l STS¢ &7 scoring 3t E4& a9t



Table 4. SCAR primers developed

Primer Sequences
No. Expected size (bp)
Forward (5'->3") Reverse (5'->3")
1 GCTGGTACCCCCAACACTCG | GCTGGTACCCTGTACTGAT 297
2 AGCGGCTAGGGCACGTGGA | AGCGGCTAGGCTTACTTGG 209
3 TGAACACAAGGCAAGTACC GCCTACAAGCAAAGCATGA 323
4 ACTAGAGCTCCCCCTTTCC GATCCAAACTTTTGCCCCT 411
5 CATCACAGCAACCATCCTC GCAAACAGGAGTAAGCGAA 668

t}. Gene-specific 32 Q1#9] /A @ ZAx F=3
1) Active genome region enriched semi-library +%3# STS-PCR X2 ¢lA

B2 A7AEe] fHugdAd AuEE o8 FE FFES DNA markerZ
o] &3t FEIILA =HEART ALY EE ATES AAA A FEelA
polvmorphism-2 #&d=d £33 (RAPD, AFLP), & 9= microsatellited]
copy numbere] &A% EFZEFE 2 EAE AT 9oy} (Beridze, 1986:
Hamann et al, 1995; Georges et al, 1991; Stallings et al., 1991; Winberg et al,,
1993; Zhou et al., 1993), 2 719 @ 1x}olo] €& polvmorphic alleleE% 3}v}3lv}
Agsl R HwZEy] fsiAE AFe #de] HgEdop drf AfHoR
Hl 2 4 polymorphism® L7 o] &o|3 B FFH Ul FE9 F34 zolg %
Zated 2XAY, W EFE B¥E4Y (comparative analysis) 5% o]AH9

TAFH FAHQ FEFTES 919 DNA marker®] E8719H-S AASA = £t
[e=]
AA

D3 oulo M9 polymorphisme &}e] F-@AAF A o 7 Ao)dt v
T4 A& (heterogeneous alleles)o] EA3t= AL 9 v Skt Polymorphism©]
LAHRE df, ofd FdAF HatE AW dE FAAEERRYH VedEHE A
Aol g FEFE dMe] APEA Fod, 7+ FFol AYE 5F HFAAY
71€d 71 guk 2 F¢F 22 DNA marker£°¢] EIEH = ET3

=
1 EFEA APAE AL, AANE BRI AT =¥ RIuvs



polymorphism< B34 EA FdA% (locus)E A=E AgdA £33 71
Hvtz & 5+ dAh

Aol 90% HAEZE XL YE non-coding region (junk DNA)LS point
mutation #9+ oy} A<, 2
gt (natural selection)Z2%-E H| 2%
DNA EAQIAEo] HAHddoz FF9 P25 e T8 FAXEFS I3
Hol9lS A9= 1LE9 linkage analysis® E3lA| ¥ute wyshrlzt o890, o2
7] W&o, AF7A AbE3te]& RAPD-SCAR A8 53 DNA #A A 7fats

FH2E T3 GAARHAA HeEFgor sfitete= Zo] AR FEsitt

o FAEEUY. FEH olFEE A, FHAE non-coding regionel HIEA low
copy &< single copyE EA%7] W&, PCREHo] ddxc} soit= A3
FFA PCR AES d& + Jdon FF7EY ZANAR &E37ld HA 9
Az7E 2 ¢ ok B4, 49 polymorphisme]l AW I FX|1A AA 7 H3H
Aol A, FRAe} SE2 JPEA A#AFHUT] HEd AR SFFA AP A9
DNA EAIAte] dE4& Sdist & 5 917 W&ol

£ Fo|A & SCAR primer setE°] HoFAA AL S537] A Fd2
€ coding 31 U+ ‘active chromosome’®] DNAE el oz STS-PCR primer
setEE ABste] o] FF TR HE&sts Wt gt =odoh AAY AF
4 F8s A, AA, 7} primer 2ol 5A FAAF] dHFTAAE H 9

gol 5 i
A5k} (specific allele tagging) SZAE S A3 EE 3l 4, &5 718 2H
d

i
'
By
olrt
o

=
A
_>|~l_4
o
!
)
At

ot

\
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2) Active genome region—enriched semi-library® ¥ ¥ STS primer? &

4248

113 =4 Mgl SCARS active genome region librarvEFE oz
gene-specific marker (STS-PCR) £& 1559 54 2 AAUF L3509 7
T TEd APES F4T AE TFEHSE fsid Algd STS-PCR
primer-seti= & 23700]i, ©] % 1870 primer-set (Table 3)7} A& 4 < PCR

MEE o] FAUh

of\
g
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E Ao ALEE STS-PCR primer-set = 18709 primer7} &ZAE2S A
AbEed a, o] F Tl A 543 polymorphisme AT F Yot U A 1171¢]
primerdl A& F%& H Yoy bandEe "ol #& ﬁ7]-°/] single band®
monomorphism< e T 18709 primerdl A @oid F band &% 227899t
83 polymorphisme HolF 7719 primers tWS3 Zol polymorphismfﬂ 9
of Wzt F e ZFLE ve F . (1) FEHEES AieA Eae 4
(CE009, CE014, CE031, CE034, CE054); (2) thE =ZL7]¢] TEZAES ALt 45
(CE005 and CE012). o] £ ¥z tpdAe] 23+ 11718 monomorphic band
ES Adaiz At dd A4S #FS STS-CAPSS 34 scoringdte] #
Fo 2dE TRd A¥ertE AR Bodth (Appendix 2). ZEv ol gk 7Y
9] primere codominant3t EA S 7FR=Ad did 25 ¢ Hd3d S77F o5
o} & 18709 primer ¥ 771 (39%)°l A polymorphisme TG T = AHLZHH
123 = A 43883 active genome region-enriched semi-librarvel 753 o719
A dojrl FAAte] 71 g S o] &3 gene-specific markere] e AdE &
A "wHolgtl ¥ £ vk out FEAES AV e A9 e
codominant¥ #HENZ} YeElUE AT olrt: JIEEF £ noncoding region®]

9= 492 AzZEn gl 3-UTREHE ¥ reverse primerE Af
L£3thd SF5E9 =277 8 polymorphismS @732 EdlEetE o] HEo

A AR AR dr|Ade Wo] wWEd dominantd marker® ALY £ Y&
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Table 5. Gene description of the gene—specific primers and their sequences

Name Putative identity (accession number) Primer sequence

CE005  Unknown protein (AAK62450) CATAGCAGACAATGCGGATCG/CAATGGGATCGCTTTGCTTTC
CE007  Ribosomal protein (XP_008899) GGTGGCAACTAAACACGAGGG/GGAGCGGTGAAATGCGTAGAG
CE009  Hypothetical protein (BAB19420) GGTTGTTTCTGCTGCACGTG/CATCTCCCTCCACTTGCAGTG
CEO010  Auxin—induced protein (AAB38965) CTAGAGTCGGCTTCGGTCAGC/TCACTCCCCCATAGGACCTAC
CEOM1 Unknown protein (NP_288437) CAATGGTGGCAACTAAACACG/GGAGCGGTGAAATGCGTAGAG
CEO012  Unknown protein (NP_192000) GAGCGGGCTCCCATGC/GGACAAACTTGCAGACTCATTAG
CEO14  ABRE3 (BAB12406) GGCCAAGGGATAGACATGGAG/GCCTCCATCACATTCTGGTGC
CEO016  Sterility protein 1 (AAA32028) AATGGGGAAGAGGACCGAAAC/GCGGACAGCTAATGCCTTCC
CEO017  ATP synthase (AAD50847) CCTTCACGAGTACGTTCACC/GGTCGAGATACTAGTCGGTCAGC
CE021 Hypothetical protein (NP_054982) CGTCACACTATGGGAGCTGG/CGCCGATGAGCACATTGAAC
CE025 ORF122 (AAG12204) CCTCTGTCTTACCGCGGC/CGAACGAGAATGGATAAGAGGC
CE031  CG6283 gene product (AAF56652) TCTGTTTTTGGTGATATGAGCCTC/AGCCAACTGCACCACTAGC
CE034  Cytosine transferase (AAF68437) GGAGTTGTCTCTCTCAAAGAAGGG/GGTGCAGCCTTATGATGCC
CE036  Hypothetical protein (NP_084744) CCTTGTACACACCGCCCG/GTAGCTGAGAGCCCTCACAG
CE040  P700 A2 (NP_042465) GACCTATTGCTCATGCAATTTGGG/GATACTGTGTCCAATCCCGAAG
CE042  Hypothetical protein (NP_178953) CAGATCATAGCTCCGCCATGC/GTTCGCAAACCTCGACTTGTC
CE049  Hypothetical protein (NP_084748) GTCAACCTTTCGAACTGGTGC/CACTGCTTGGGAGCTCACG
CE054  Alpha/beta hydrolase (AAG13432) CGAAGAACCTAACAGAGGAGGC/CGTGGTAGTCTATCCAGGCG

3) STS-CAPSE

B¢ 2AR T

187§ ¢] STS-PCR primer® 5Z3F RZE ZZAEES CAPS markers 723}
#1s8ted Alul, Hinfl, Haelll, Rsal®] 47h9] Agta iz Adstdrt ol 5 4749
STS-PCR AFE 2  polymorphisme HOFA EiFJov, ywA 149 H=
polymorphisme 27T 5 gt o] FolA EBolzgl 271x1e] 4 (CEQIS,
CEO019) wh& ofdfol] dxlstr #&AE ZAFE offfd Fd HAHE 3R, vrA

E primerd| 23 AI}EL EF

E2 YERA T (Appendix 2).

CE0162 60TCel* PCR& &A@ om, TF% bande 4409 3§ band9t 190bp

6

pd

5o AF

H}l'
uc)

27FA band7} WERSTE Aluldl A=
Eo] Yetw o™ Hinfld A=
GHF1IH AFTT, = A=F
= 295, 145 bp¥ band=
ol & 295, 105, 40 bpel polymorphic b ndl:E—O] =S

h
.

=
-

w2 A 220X29F 190 bpel &
440 bpel bandE=%t digestion® €] 7} FH oA
L EH‘{}EH], 932 A,
o, 2=

hud

o] ## S

gt
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HaellldE EE £F0°] 205, 195, 40 bpe] 5 band® TEHH oY Rsald A=
310, 130 bpd ¥ band® TEHAHY (Figure 4).

CEO0l6

CE016/Haelll

CEO16/Rsal

Figure 4. PCR 7p-rodu"cts- 'using CE016 primér—set and their restriction enzyme

digested products.
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CE019/Alul CE019/Haelll

CEO19/Hinfl CE019/Rsal

La ”ﬂﬂu *

o

PR LR

®

Figure 5. PCR products using CE016 primer-set and their restriction enzyme
digested products.
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CE019% 60Tl PCR& #Afod, Fd =Z7e Fsp5s, 5973 700
pel YH=A FFEL 690 bpE WEMWTE Al A FEdAME
560, 80, 60 bp=, AT (c]F4), Fe=5UT, A&, HrtEA, =5, 5, 7ol
A& 290, 260, 80, 60 bpE TFEIHAF O AJEFI), ATFEAH, AFdH117

AFead, JnEd, AT, A A= 600, 290, 260, 85x2, 60 bp<l
polymorphism2. 2 el T}, 1nﬂ°ﬂ"1 AFFTS 200, 150, 130, 120, 90 bp=E,
Esl=dld, =dlgk2 210, 130, 120, 100, 90, 50 bpE, YH A FFEL 200, 130,
120, 100, 90, 50 bp¥ polvmorphic bandE°] #ZE Aot Haellll A= E3t59 &
=2 290, 250, 160 bpZE, AF 3F 7 AFA#FH1IY AFIH, I =ETAq =
290, 240, 160 bp=E, FH T, S$=FTFEs, divtEA, 9stEA, % 5, 7
A& 290, 240, 70, 50, 40 bp9 polymorphismeo] #ZE ¢t} RsaldlAd+= 23
gk, Sulge 405, 295 bpE, 2 WHAEFFTAAAE 395, 295 bpe FUF band
1 Yeld o (Figure 5).

STS-PCR¥ CAPSo|A WA=EE polymorphic band 252 0 (band”’t gE 7
2% 1 (band?F 95 A$)E TE3FFY binary data matrix® =St 281 o]
matrixE Nei®t Li (1979)%] F4 & o|&£3l9 A4 ZFE similarity mauixz 9IS
At} (Table 6). Similarity valuex =& (F34)% & 11 (AFE) d A 045605
7h A vhska, A 13 A 27F 09RB1E M =A Usith o] ZdE d8F
ol BEFoAe Atolet ARl AL HoF1m ¢r}) o] similarity data® UPGMA

HNEr

iy

clusteringS 4=88}4 phenogram& Al #3193 o},
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Table 6. Matrix of pairwise genetic distance among 15 Cymbidiums

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 _
2 0.981 -

3 0.800 0.816 -

4 0.494 0.515 0.578 -

5 0.594 0.589 0.650 0.926 -

6 0.621 0.651 0.772 0.696 0.590 -

7 0.675 0.706 0.791 0.631 0.669 0.863 -

8 0.641 0.650 0.606 0.467 0.543 0.590 0.752 -

9 0.635 0.633 0.604 0.513 0.609 0.456 0.687 0.822 -

10 0.683 0.669 0.716 0.494 0.594 0.621 0.775 0.743 0.864 -

11 0.650 0.596 0.666 0.589 0.566 0.636 0.675 0.623 0.708 0.833-—

12 0.641 0.623 0.691 0.578 0.556 0.651 0.666 0.598 0.729 0.858 0.958 -

13 0.692 0.698 0.606 0.608 0.601 0.621 0.632 0.606 0.729 0.811 0.846 0.854 -

14 0.641 0.660 0.572 0.717 0.679 0.590 0.598 0.606 0.760 0.743 0.760 0.769 0.880 -

16 0.783 0.779 0.683 0.578 0.669 0.575 0.708 0.641 0.833 0.850 0.783 0.791 0.880 0.829 -

Phenogram< A 23k A3} (Figure 6), 15709 Z4&+e 378 8 253 6719
A2T802 Urol At 7A@ 1, 2, 30 AlAZE, AF FSF} AF TS 119
A222F, 28 J=, A4, du7l A3LDE, et BA9 B BAVF AdhTF,

g=g, £, ETH0] Abadw, FEsUEs STl Aok E Haith
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12

13

| s

14

[ T T
0.59 0.69 Coeficient 0.88 098

Figure 6. Phenogram of 15 orchid genotypes based onmarker difference by
UPGMA cluster analysis of the dissimilarity values. Numbers are accession
number of 15 genotypes shown in table 1. Values on the baseline indicate the

average genetic distances between lines.

ozl BERT WEAHU E£FHI SHsA X8t Aot mwebA B A ¢
A 7l STS-PCR marker®t CAPS marker$} ©] markerES 7fdstr)9st 42

WS T FFoly dAAE TR A whyelst A€

2. URP XAQAAE o]L3 ZaAx 1A

A 43 A dojA 779 retrotransposon marker$t RAPD markere 15%
o] E @A genotypingS 3 FE 3 polymorphismz HFAHE HAFX 23}

9 t}h. Retrotransposon® RAPD marker? E223 03dA4L nE37] 9359
URP markerE 15719 E% & reference 50| & &3¢ Bkt URPE Universal
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Rice Primergt= Ao 2 f-2uizt AAF H 0] (x4 #)el dAA Fx7
g &8, 7xdY AT s T fdE sor F5 HE B HAESE X
gete dd S @A AL EF 48 7hed BAFAACIH. o] TF
2 AAEF AT TEs 5}‘§°ﬂ° AHEgarige 48s 2abd R A
T, 2 Z23E E4&d 29 & 12709 URP primer-set® ©] &34 PCRE +
g3 A3} F URP 4, 9, IOO]E‘}E 37=19 o)s] =Z%% DNA9 Az (Figure 7)%t
S H7ME 2 U A 7Rl 25 EE2 YERIY (Appendix 3).

URP4 URP9 URP10
=k i M ';I. sashiiil iig
!.. - ’-. | = 1T T -— ...-—. .. - -
ks s g
ol > —

Figure 7. Example of URP primers application to detect polvmorphism among 15
Cymbidium lines. Detection of polymorphism using URP primer-sets #4, #9 and
#10.
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Table 7. Matrix of pairwise genetic distance among 15 Cymbidiums (from URP)

1 2 3 4 5 6 7 8 9 10 11 12 13
14 15
1 _
2 0861 -
3 0676 0723 -
4 0707 0784 0.846 -

0492 0507 0569 0.630 -
0846 0.784 0907 0.630 -
0676 0.615 0.738 0533 0.707 -
0538 0.538 0600 0.600 0661 0.769 -
0353 0569 0600 0630 0661 0661 0738 0.8456 -
10 0415 0461 0492 0523 0646 0584 0.630 0.830 0.830 -
11 0461 0538 0569 0600 0600 0600 0523 0630 0630 0.707 -
12 0446 0400 0523 0523 0523 0503 0507 0707 0646 0692 0.707 -
13 0523 0538 0476 0538 0507 0600 0584 0784 0692 0.738 0661 0.738 -
14 0630 0615 0646 0676 0553 0676 0.753 0800 0707 0661 0384 0692 0.707 -
15 0646 0692 0630 0753 0630 0.784 0.676 0692 0723 0615 0.600 0646 0.753 0.707

oo 1 S 0l
o o o
[o) B » BN |
o O Gl
w o W

Phenogram= A 25k A3} (Figure 8), 15702 &2 37 2 153} 6719
AIFSRZ ol Atk A 1,2 7F AlAZE, 1@ 3, 335U, AlF el
5o A3nIF, =T W=, A4, d=7F A4hIF,
GEY, 2o AdATyE, tivEA, Walu A, Fulgo] A6h1F £IATH
423 RAPDRETE €53 A&ag oy, JA] STS-CAPSe H] 3o
© FASEE & ¢ A 22y 938 URPY 93t 23 tddol A=
e AL & F Y03, olF EFUd] genotypingol ©l-&7Hs Stoie AR
A7t o] A2 o FT 5 At iyt URPE ©]-&3t genotypings £+
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0.58 0.66 0.74 083 091
Coefficient

Figure 8. Phenogram of 15 orchid genotypes based on marker difference by

UPGMA cluster analysis of the dissimilarity values (from URP).

v, SNP %49149 AW 754 2A

AL AFA F3E STS-CAPSA FaA9= AFELE &5t B
=

& MAEE, B FF BolFAd TAJAAY IS 3o SNP (Single
Nucleotide Polymorphism, B¢ @71084)E ©HH3= A8 S TPt

ol
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4 M -
GGATCGGGTTTCGAGAGGAGGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA

4 M 2
GGATCGGGTTTCGAGAGGAGGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA
4 -
GGATCGGGTTTCGAGAGGAGGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA
4 F _ 1
GGATCGGGTTTCGAGAGGAGGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA
4 _ 1
GGATCGGGTTTCGAGAGGAAGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA
4 F 1

GGATCGGGTTTCGAGAGGAAGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGA

4 M
AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT
4 M _ 2
AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT
4 -
AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT
4 F _ 1
AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT
4 _ 1
AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT
4 IS 1

AGGCCATGGTATATGACATGCACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTT

4 M
CGTTTGACCTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA
4 M _ 2
CGTTTGACCTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA
4 _
CGTTTGACCTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA
4 IS _ 1
CGTTTGACGTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA
4 1
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CGTTTGACGTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA
4 F 1

CGTTTGACGTCGGTGCTTGATAGTTTAGTATCATCCCCTTTTCTTTTTTGTGATAAATCA

4 M
AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
4 M _ 2
AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
4 _
AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
4 F _ 1
AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
4 _ 1
AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
4 F 1

AGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT

4 M
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT
4 M _ 2
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT
4 _
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT
4 F _ 1
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT
4 _ 1
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT
4 F 1

CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAAT

4 M
GGATAGGCTTATGATTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA

4 M _ 2
GGATAGGCTTATGATTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA

4 _
GGATAGGCTTATGATTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA
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4 F _ 1
GGATAGGCTTATGGTTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA
4 _ 1
GGATAGGCTTATGGTTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA
4 IS 1

GGATAGGCTTATGGTTATAGCATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTA

4 M
CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATCAGTAATCACTGAA
4 M _ 2
CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATCAGTAATCACTGAA
4 _
CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATCAGTAATCACTGAA
4 F _ 1
CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATCAGTAATCACTAAA
4 _ 1
CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATTATTAATCACTAAA
4 F 1

CCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCCATTAATTATTAATCACTAAA

1 M

AAGTGATGTTCTTGACTTATTTGTCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
1 M _ 2

AAGTGATGTTCTTGACTTATTTGTCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
4 .

AAGTGATGTTCTTGACTTATTTGTCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
4 F _ 1

AAGTGATGTTCTTGACTTATTTGTCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
4 _ 1

AAGTGATGTTCTTGACTTATTTATCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
1 F 1

AAGTGATGTTCTTGACTTATTTATCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA

4M_3 TCCTAAATGT
AM_24 TCCTAAATGT
45 TCCTAAATGT
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4F_13 TCCTAAATGT
413 TCCTAAATGT
4F_15 TCCTAAATGT

Figure 9. AF&T(F), EFZHHM), FTHEXM)Y dd A 7|38 A
olE Yl AT HAAZEH |, 22T AMgENYE Foke 2 xAad 9
o} 2= wwlFE 2 BEE 5 F 35 FF (Table 2) & MZEo] B wkr}. 3574

=3
o] FF T AFTTI HESUYE, 2P o] 2o wnF F=T olFHA I

% A& dwEAet o] 9 wHlEFel AR ofteE E UE 1FS AERE
ARG o EZRE FE3 DNAZ 750 €ueiAx &L g¥ds mcde
FRE F&ske BARMAR 2xd=EAA Add  CE00SH primer setE A& 3k
PCRE Fdstdch Z%F DNA 239 QUINES A4S £ o d7AEES
EsMAEYEAL A s 9UIMdY

AL ClustalWE o] &3] F33quvh. 2 243} o

Fgol EATE ¢ F AU (Figure 9).

S Hol= DNA @U7IAMES o] &3to] 7ked| phylogenetic tree

I FRoE A FHo] JheEE & £ AUTH (Figure 10). 2¥ 3L
=S ol o] &% 4 Qd=A golRY] fste] ATdEA: F

A7 AR GEXE ZAESY. 2 A3 7] gddrItE el Fed oo

Azl (Figure 11, 12).

Figure 10. AF3HF), S5 (M), IFSHEM)Y dd G703 d Y E o

€3+ phyvlogenetic analysis
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5
Hoz ASTEL 7sA 8 & 458 ¢ F A HAo 7184 FIsd
STS-CAPS9] 4% td4 #5F& ¢719lete] o8 T79 ATdaze Aesfeher
AR, AEeM Ao ARE ol gt &8 BHAAS] AHFH Adas
of AAo] o]FoiR R A wHE Fd F YSE ¢ F AUk Avrr &7
Ad AEE AP or F537] ol e G7MYE doern FE3 A5
TRol stk FETY AL SFAAFH 7] Hlmolr] wEY AIFE HAAE
RAPDY URPSh 22 7]£9] m417td Hste] d5sitt & + Ao

i FF EFTES 9% ¥4 DB 2Y 75

A FETE R #HUAAY #2EE
?43}"4 sl BARIAEL FF0 TEOY ZdAA FEd ol &3y
£ Ely

_4

o FFE et AdHez o] eyl Wil

o 9
il
o
£kl
it
of
o2
)
H
ofN
o
offt
>

1
gg :XX%(C;GG%I‘TTCG AGAGGAGGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGAAGGCCATGGTATATG

%((Z}T —\(éCCC AAAGCTCTCCTCCTGTGGGGGTTGAAGCAACCTAGGAAGATAAGGTTCTGCTTCCGGTACCATATAC

Abol Mnll Mmel BseRI BamHI Alwl Cvi]l Fatl
Dpnl  Alwl Alwl NlalV Haelll

BqKTI pr 188111 BstY1 Bsa]l

Mbol Bigl

Tan Dpnl Ncol

BstKTI Styl
Fatl

Hindl

Nlalll

3 1
CACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTTCGTTTGACCTCGGTGCTTGATAGTTTAGTATCAT
gCCCTT 160

1
GTGAGAACTAATTCACACTCTTTACGATATAAATACCAAAGCAAACTGGAGCCACGAACTATCAAATCATAGTA
GGGGAA 160

Nzpl Msel Hindl Bsa]l Mnll BstF5I
Nlalll Fokl
HpyCH4V
Hpy 18811
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1 6 1
TTCTTTTTTGTGATAAATCAAGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGA
TGATGTT 240

1 6 1
AAGAAAAAACACTATTTAGTTCTTCTATCAAAAAACCACAATCTAAAAACCTCATTTCTTACAGAAATTTGCTA

CTACAA 240
Hpv18&8III MbolIl Fall Msel Fall
Dral

2 4 1
CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAATGGATAGGCTTATGA
TTAT 20

2 4 1
GAGAAAACTGAACCAACTGAGCTCCTTACCCAACTACTAAAACCCGCCTACACATCTTTACCTATCCGAATACTA

ATATC 320
Miyl  Hinfl Acil BstFal CviJl
Plel Aval Ecil
Mnll Fokl
Hincll

3 2 1
CATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTACCTCATGAGTTCAGTGCATTGAATTTCGGATTGT
AGATCC 400

3

2 1
%g%ggé’f’f_%%AGTTAAAACTTTAAACACACTTGTCATGATGGAGTACTCAAGTCACGTAACTTAAAGCCTAACA

Fatl Mwol Tspa0Sl Hpy&lL BspHI Mnll TspRI Hpv183 Dpnl
Cac8l  Alul Apol HpyCHAIIT Nlalll HpyCH4V Alwl BstKTI

Nspl Tspo09l Tatl Fatl Hindl BstYI
Sphl Cspbl Hpyr183III Hindl Mhbol
Nlalll Scal Apol

Bipl Rsal Tspa091

Ddel

HpyF10VI
CviJl

4 0 1
ATTAATCAGTAATCACTGAAAAGTGATGTTCTTGACTTATTTGTCTCTGACTATAAAGGAAATAAACTACGGAT
AGGCAA 430

4 0 1
%E\_S’GT’II_?GECS\TTAGTGACTTTTCACTACAAGAACTGAATAA;—\CAGAGACTGATATTTCCTTTATTTGATGCC TA
) 48
Asel Hindl TspRI Hpy138III BsmAlIl Hindl
Msel Hindl Drdl Hpy 1881 Hindl

481 TCCTAAATGT 490
481 AGGATTTACA 490
TspGWI

Figure 11. &390z M)e Agags H9
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200

481
481

GGATCGGGTTTCGAGAGGAAGACACCCCCAACTTCGTTGGATCCTTCTATTCCAAGACGAAGGCCATGGTATATGACATG
CCTAGCCCAAAGCTCTCCTTCTGTGGGGGTTGAAGCAACCTAGGAAGATAAGGTTCTGCTTCCGGTACCATATACTGTAC

Mbol  Mnll Mmel Bbsl Alwl NIV C+iJl Fal
Dpnl  Alwl Mboll BamHI Alwl Haelll
BstKTI  Hprl8II BstYI Bsa]l
Taql Mbel Btgl
Dpnl Neol
BstKTI Strl
Fatl
Hindl
Nlalll

CACTCTTGATTAAGTGTGAGAAATGCTATATTTATGGTTTCGTTTGACGTCGGTGCTTGATAGTTTAGTATCATCCCCTT
GTGAGAACTAATTCACACTCTTTACGATATAAATACCAAAGCAAACTGCAGCCACGAACTATCAAATCATAGTAGGGGAA

Nspl Msel Hindl BsaHI Fcxil Bs:Fal
Nlalll HprCH4IV
HpyCH4Y Zral
Hpy 1881 Aztll
Tail
Hpr8al

TTCTTTTTTGTGATAAATCAAGAAGATAGTTTTTTGGTGTTAGATTTTTGGAGTAAAGAATGTCTTTAAACGATGATGTT
AAGAAAAAACACTATTTAGTTCTTCTATCAAAAAACCACAATCTAAAAACCTCATTTCTTACAGAAATTTGCTACTACAA
Hpy 88III Mbecll Fall Msel Fall
Dral

CTCTTTTGACTTGGTTGACTCGAGGAATGGGTTGATGATTTTGGGCGGATGTGTAGAAATGGATAGGCTTATGGTTATAG
GAGAAAACTGAACCAACTGAGCTCCTTACCCAACTACTAAAACCCGCCTACACATCTTTACCTATCCGAATACCAATATC

MlyT  Hinfl Acil BstF3l CriJl

Plel Aval Ecil

Mall Fokl
Hincll

Taql

CATGCTAAGCTCAATTTTGAAATTTGTGTGAACAGTACTACCTCATGAGTTCAGTGCATTGAATTTCGGATTGTAGATCC
GTACGATTCGAGTTAAAACTTTAAACACACTTGTCATGATGGAGTACTCAAGTCACGTAACTTAAAGCCTAACATCTAGG

Fall Mwol Tsp30sl HpyS8I BspHI Mnll TspRI Hpy1S8I Dpnl
Cac8l Al Apol HpyCHA4II NleIlll  HpyCHAV Alwl BstKTI
Nspl Tspa0sl Tatl Fatl Hindl BstYI
Spal Cspsl Hpyr 13801 Hindl Mbeol
Nlalll Scal Apol
Bipl Rsal Tspa0Sl
Ddel

HpyF10VI
CviJl

ATTAATTATTAATCACTAAAAAGTGATGTTCTTGACTTATTTATCTCTGACTATAAAGGAAATAAACTACGGATAGGCAA
TAATTAATAATTAGTGATTTTTCACTACAAGAACTGAATAAATAGAGACTGATATTTCCTTTATTTGATGCCTATCCGTT
Asel Asel Hpr188II1 Hpr188] Hindl

Msel Msel Hindl
Tspd08I  Hindl
Hindl

TCCTAAATGT 490
AGGATTTACA 430
TspGWI

Figure 12. AlF3aHF)e] Adas 59
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