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AAFFELL RAPD (random amplified polymorphic DNA) 43 TAEZESHREH S1E

AN [F]

B H M LU A BB < AR 25 AR T4 - SRR E S

S 6 P 5 V8 1 B D R TG R I TR A o PR B AR (DL PR - S F 80 A

RAPD 5[y EfTHI20 il - S 12 (8 H s s v 2 AU P fee

MRS DUt

5|17 PCR [ FEAEILIE 165 il FrBe » Hrp 161 E s B B » ZRIMEH =R
B 97.6% o DL UPGMA (unwighted pair-group mean arithmetical) 1%E#ET T 0TS

REUT

23 25 {8l 3 BBt rT o Rt ~ HARBLS18 3 ARE - SR

BT EIRIEZ H R RT A SR 5 (/N > B I o BRI ) A o0 AE 1 S A
AL B 5 f B S AR < 518 H R E R R - (KRS8 T 23R AR
B HEE O 1 ROBE R PR IR FR mT RE Ryl INRRHBE TSR -

RESEEE © SERRIEIY UM DNA ~ 5z ~

il

1]

5 1 K [Bletilla formosana (Hayata)
Schitr.] E&E#EEH 2 BEFEl (Orchidaceae) 14
Yy o BlH 2 P82 K [B. striata (Thunb.)
Reichb. 1] [EEERIE KB (Bletilla) & %4
AERARNEY) - H R ARBREEAT IR SER T - B
fEIRAIE S BB E EE (Na e al. 1978) - BN
B AP R E R 3000 m AYE LA TRE
FUE% - B EERRHEY R B R AE E Bz Ry
Vit (Lin 1977) » [TA e S RIS < BRI 1

UG ~ o3 TARRE

[Bletilla formosana (Hayata) Schltr. f. kotoensis
(Hayata) T. P. Lin] JN@HA 1 H o —8! (Lin
1977; Yang et al. 2001)° F B HEYMKIZ AT <
ﬁ’ﬁbﬁ}*ﬁ,ﬂ?ﬁ 7 f# > BFEE B [B. striata (Thunb.)
eichb. f.] ~ HIEH K (B. ochracea) ~ /NH B (B.
yunnanensis) ~ 51 K& [B. formosana (Hayata)
Schitr.] ~ FEJLE B (B. sinensis) ~ B. szetschuanica
K B. hyacinthina » 32253 AAHAREINAAE ) ~ 8L
>~ P~ 58Kk HA (Wu & Raven 1990) -
BREHEY a5 8 E T 2R IE R b as P RE
(Arditti 1992) » SRIMIERERYRTARR T IN1EE

APV B ES FBh BTS2 & ~ BhERRSE &

AW N =

TTRRBE RS2 B oy RSB P T JE s e 2 2374 5t -
CEIFFZER - 5 SRR IR -
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(04)23302806

TR IR B A SRR e A4 ~ BhBREER -
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B EIMEBSER T R AR BEFT e
o EABERRER Fu e al 1997
Weising et al. 1995) - FI]F DNA 43> FAREZER] H
BEEHY AR CE BB R (genetic
diversity) » NEZEI ~ HYB BRI A

F 2 RAPD fig ot 255

TGRS R B R A HAEE M - AT
DAy TAEEE 2 SERINIE 2 Bt DNA (random

amplified polymorphic DNA, RAPD) #£&)+ 8
FHUFERZ G R AE R (I R A ]ﬁﬁulﬂ

e

SRES S

O SRR A P MR 8 e B
HZ 8] e B HSE M (Fu e al. 1997; Millan et

al. 1996; Pejic et al. 1998; Williams et al.

1990) - FHA H K JBEY)— it IE AR LA E 241

FIPRGEI TR - Hs
(SRS EN(ES
Fo[FIREEY) - Eibnﬁﬂﬂﬂﬁliﬁﬁi S1AY Sy

W E ey AR

B MR B 2 BAEAE A AR

& 1. GBEH BBk e ~ PO B R AR

Table 1. Bletilla samples’ name and its collection information

b Jag i HoAth 4 A G T o0 AT
H R DUR R SRR R B 6

FELSRR

MFERTE

SEEFIRY 25 i H se Bt AR o3 i Ry
BPOMREEECEERA RS (&R 1) -

Code name Species Collected country or region Note

BS1 Unknow China Bought from Ying Qiao Orchids
BS2 B. striata Japan Bought from He Chen Orchids

BS3 B. striata Japan Bought from Shan Ye Orchids

BL B. formosana Region unknown, Taiwan Gift from Ms. G. C. Chen

BO B. ochracea China Gift from Ion Angel Orchids

BFS B. formosana Lanyu, Taitung county Self Collected

BF1 B. formosana Nangang, Taipei county Self Collected

BF2 B. formosana Pingsi, Taipei county Self Collected

BF3 B. formosana Shihding, Taipei county Self Collected

BF4 B. formosana Waulai, Taipei county Bought from Banciao flower market
BF5 B. formosana Lalasan, Taoyuan county Bought from Banciao flower market
BF6 B. formosana Fushan, Yilan county Bought from Banciao flower market
BF7 B. formosana Beipu, Hsinchu county Self Collected

BF8 B. formosana Suhua Highway, Yilan Self Collected

BF9 B. formosana Suhua Highway, Hualien Gift from Ms. G. C. Chen

BF10 B. formosana Nanshan, Yilan county Gift from H. L. Lay Pro., NPUST
BF11 B. formosana Lishan-Yilan branch line Bought from Shan Ye Orchids

BF12 B. formosana Lochao, Hualien county Gift from H. L. Lay Pro., NPUST
BF13 B. formosana Kukuan, Taichung county Collected from Mr. Zhen-Yu Weng, TARI
BF14 B. formosana Shueili, Nantou county Gift from Flower Research Center, TARI
BF15 B. formosana Region unknown Bought from Banciao flower market
BF16 B. formosana Tongpu, Nantou county Self Collected

BF17 B. formosana Alishan-1, Chiayi county Self Collected

BF18 B. formosana Alishan-2, Chiayi county Self Collected

BF19 B. formosana Wautai, Pingtung county Gift from H. L. Lay Pro., NPUST
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DNA Z ZZHy 82 7347

L DNA #5H{2%% Bornet & Branchard
(2001) 1 CTAB (cetyltrimethylammonium bromide)
JTEHEST o FTAEHNAY DNA % OD EHIE R
LB VKT A5 DNA SERREEH] -
PCR [ZFEEL 73 #i7

PCR [ JfERAR] PCR Pro Taq S EESHHME H
WARFAESNF] (ProTECH » 5i) - L1 100 ng
DNA TSR 20 uL AR T -
SEAE 2 uL 10x PCR buffer ~ 1.6 uL 2.5 pM
dNTPs (dATP ~dTTP ~ dGTP ~ dCTP) +4 uL 2.5 uM
random primer (Operon) ~ 0.4 uL ProTag DNA
polymerase (2 unit/ul) ° ZJFEE R PCR £
(BIORAD MyCycler, USA) HuiefT - [FERRIF
Ry 94°C 2 434 > FELL94°C 1 404 » 37C 147
i 0 72°C 2 S o PEER 39 R Ei&—KIEER
94°C 1 4388 » 37°C 1 5388 » 72°C 12 474 » [
SERR DL 4°C IR A7 IERUHRAINA 4 uL f9 6x
loading dye {E &% LL 2.0%1 S5 SEIE#ET THE
VKT 0 K8 ethidium bromide ¥ttt fE UV £
TEBRE LR <28 IR R %
ot -
S| FEniE

L A1-20 ~ B1-20 ~ Y1-20 ~ Z1-20 (Operon,
USA) It 80 {747 PCR & - #125
DA AR I SR 5 2 F K. DNA R BAGEST
51 EfEE - RS SUE H TR A R I
A RIVERY 12 5 [ - YERBRAE 25 I8 E ek
n AT o BB B T 3 K
PCR 1255 &R 7

FIFH Gel-Compar II, Version 3.5 HR#B{k
Dice coefficient /57% (Nei & Li 1979) & FitE
AEHIAEPUE - 2 &K EEHrY UPGMA
(unweighted pair-grouping mean arithmetical)
(Sneath & Sokal 1973) yAfliRER AL HIAYE A
BARE - R L AE BTGB R TRTE

F58E a4l

w B

4= LL Operon A1-20~B1-20~Y1-20~Z1-20
4t 80 flil RAPD 5| F#EHIWIA B R
W ~ B LA R R R 12 {85 [+ H
B[ FHmaes> 7k OPAOS ~ 10~ 12~ 18 ; OPBO7 ~
08~ 10~ 13 ; OPY03 ~ 15~ 16 ; OPZ13 - $2&
DirrE] ~ HARE S 25 i ReffibihZ DNA
FREARBC & bt 12 {85 |17 PCR & » #5R
LR 165 EfEAE  Horr 161 {8k 2 B 67 -
SEAEHEE | TRl EE A 13 8 (B ERF Ky 13.4 [ 2% 71
MR - 2R H 2Ry 97.6% (% 2) - PCR
BBV ATIEIE T > L OPAO8 43 71If 280 bp
Ei1 490 bp 7> F A4 E KB EIEH R —
MR > 1A 200 bp EAEE SEEEC H K
(BL ~ BF7 ~ BF11-14 ~ BF16-18) Ei—:{52% »
A5 & 250 bp EEASRALASEHARH K (BS3)
H—ME0E (B 1A) - OPALO 5[F A3l 5
& 520 bp 2 650 bp FEAE HHE R E R
(& 1B) = L OPAI12 5 [-f-A[fjA43F-5 490 bp FEA:
HAH Rz E—1 s - 58 A k& (BL -
BF2-4 ~ BF6-9 Bi BF15-17) AJjA 260 bp FEE4E B
— PRy - EHEME A K& (B 1C) - B
OPBO08 5 [FJ/A43F & 430 bp Ed 300 bp FEAEH
B e E— e (18 2A) 5 BEH OPBI3 5[+
A]EE AR TR A W o B S B R
FAHE MR > v =Ry 210 bp EG
1~ HARE RS > 518 E s IR 200 bp
Ed 300 bp (BF16-18) 4 B — R
(& 2B) -

HMIH Nei & Li (1979) JjikEtERIRIEEA
FEIRIFEEAE - S DAk g Y UPGMA (Sneath &
Sokal 1973) AR L REIREEARIRL - #5R
FURHE] ~ HARREGE I E 2 5 AP
39.3-94.7% [ (3 3) > HASHHaKeE s B
Hr B P A B B TR NN AR - 2
Az 25 HH i sy R R ~ HARER S 3
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3R 2. RAPD 73 FAESEH RIS |74 H% ~ DNA F51] ~ PCR AR Z AR~ TR B HOEER
Table 2. DNA fragments and polymorphism produced from 12 of RAPD primers

Primer Primer sequence (5’>3”) Total fragments No. of polymorphic fragments ~ Polymorphic index (%)
OPAO08 gTg ACg TAg g 16 16 100.0
OPA10 gTg ATCgCA g 15 14 933
OPA12 TCggCg ATA g 18 18 100.0
OPAI8 Agg TgA CCg T 13 12 92.3
OPB07 ggT gACgCAg 13 12 923
OPB08 gTCCACACgg 14 14 100.0
OPB10 CTg CTg ggA C 15 15 100.0
OPB13 TTCCCC CgCT 15 15 100.0
OPYO03 ACA gCCTgCT 16 16 100.0
OPY15 AgT CgCCCTT 11 11 100.0
OPY16 ggg CCAATg T 8 8 100.0
OPZ13 gACTAA gCCC 11 10 90.9
Total 165 161 97.6

BL BO BFS BS2 BS3 BF1 BF2 BF3 BF15 BF16 BF17 BF18 BF19

BL BO BFS BS2 BS3 BF1 BF2 BF3 M BF5 F6 BF7 BF8 BF9 BF10 BF11 BF12 BF13 BF14 BF15 BF16 BF17 BF18 BF19

1kb =

0.5 kb ==

M BS1 BL BO BFS BS2 BS3 BF1 BF2 M BF5 F6 BF7 BF8 BF9 BF10 BF11 BF12 BF13 BF14 BF15 BF16 BF17 BF18 BF19

1 kb

0.5 kb ==

L 2302 25 i H BBl (A) OPAOS 5 (B) OPAI0 ; (C) OPA12 5|+3EfT PCR [ JfE.2 RAPD FEIK /4TI
i e M RS RRALIRIE 2GR 1 -

Fig. 1. RAPD profile of 25 Bletilla samples. Primers of (A) OPA08, (B) OPA10, and (C) OPA12 were used for
PCR reaction. Names of tested samples are listed in Table 1.
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M BS1 BL BO BFS BS2 BS3 BF1 BF2 BF3 BF4 MB BF5 F6 BF7 BF8 BF9 BF10 BF11 BF12 BF13 BF14 M  BF15 BF16 BF17 BF18 BF19

_ A 430bp

M BS1 BL BO BFS BS2 BS3 BF1 BF2 BF3 BF4 MB BF5 F6 BF7 BF8 BF9 BF10 BF11 BF12 BF13 BF14 M  BF15 BF16 BF17 BF18 BF19

2. B2 25 A REETLL (A) OPBO8 ~ (B) OPBI13 2| T-3#fT PCR X2 RAPD ik MiEEE - M : 43T

BIGE  BAIREER R L -

Fig. 2. RAPD profile of 25 Bletilla samples. Primers of (A) OPB0S8 and (B) OPB13 were used for PCR reaction.

Names of tested samples are listed in Table 1.

KEE  TEEAR RN EZ R &5 5
flElINEE » FEMDUEE Ry 63.8-88.7% (5% 3) » 25 1 /Mt
IR By 76.6% » FHIESS < BRI B2 ~ B EAE
SO NGRS o 5 I SR B A G Z H e (BL)
BT ESHRRARA BN F R FTfHI 5 28 2 /INBFPIAEIEL
&Ry 79.4% » FE Ry LA - FhEdbERR
W~ OhE ~ SR~ B2k BRI L~ BRERRRL
AL LB LA P - T AR B
Z BS15 B MISRHEEREF 5 28 3 /NEERIAE
LUEE Ry 80.1% » DArpo LRER BRI LER st Fy 3

FHERRRRRELL  ERERRRRAEARE ~ fEHREER -
BB~ B R R R R/ Bt F R
FIfEER 26 4 /NEEFEUE Ry 71.5% » LDIB—B#ER
RRBEE I BGHER 5 26 5 /INFEFBIUE s 64% > DISE
SRR L | B R PR SR b R 51
B e e R — R (18 3) -

T &

FAMRIPREBIER 25 fE 23 H KAk i BR T
HAE B (BS3) HARMIEFBIRFTIA > AlFEH

TEFr i RE B A B e i 1 s & A - HREE R
B8 1 S DR AR PR S M B BRI RE I
DU&ST - BRI R B2 Rl 1 81 - TEBRTERARY
1 5y IACZSE R ERMKEE < 1T B S AN R b
R A R B RE 0 7= R
(& 4) HEHITEA P RE LAY RR 52 SMEERIR
RI P22 Rmg R (Millan et al. 1996; Weising et
al. 1994) -

AFAEE L RAPD 1E Ryl il B K B o+
SRR TR SR PR R ~ HARER
I e =3l H RIE R bR (E 3)
HURZR R ~ BAREGE SR AR E
B i AR e o A B — 1 Y oA R A T DL OPALL2
SR HAR R R E—1R 67 - SRR tadE
ZHAH B (BS3) LI OPA08 5| EEAEH—
A L4 A0 - DL OPA10 5[+ wJ & Fl v B
7 i o W B ) R BB (B 1 B¢ > DL OPBI3 5[f
HIJ A 7 A v B 2 Wt ] e A Y B — PR 1R
R H &IRAT L OPBO8 5[¥-43 ARG F&
430 bp Ed 300 bp 74 B — MR B A A R &
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3. 25 flil 9 ) 23 bkl RAPD AT G HE UPGMA R AT < RIRIE] -

Fig. 3. Phylogenetic tree based on RAPD bands among 25 tested Bletilla samples using UPGMA method.

tested samples are listed in Table 1.

i

FETEEETE Crveeererd

4. B R ELER A AN R B 5 M AE R VB RE -

Names of

Fig. 4. Flower and lip morphological traits of Bletilla formosana collected from various areas of Taiwan and B.

species from China. Names of tested samples are listed in Table 1.



A - §7&1M S  LLOPAO8 ~ OPA12 5[]}y
FA HAH fe o3 FAEaE » A OPB13 5[ 7]
VR [FIREE A B ~ HAEE 58 ) jooZ 57 1%
i o i H R R EEM S E R BT > ]
F S B 598 [ AR SN AR Sy @l - 1R
Mz EEAT ERREEEEERREE - RILAHZEW)
AR AR — D S AR
HEITEERE - B EE—F L SCAR (sequence
characterized amplified region) fZiE » FEfli5LE
o3RRG A Ry T i B S8 A L 8 5 2RI AT
1 e
TEEE H FOoE A SR R AT SR 7T - 4R
UPGMA Flriditi < Biis B (R EHIRE W25 vl
18 B3 S i/ INEE » F A REIE 1 S R
Bl H kA EREE N ki —8 £ Lin
(1977) Eil Yang et al. (2001) FO5MHEAS SR o 253
REZ G A MR E R REEA (M
ELBEAE 52.1-87.3%.Z[H]) (3% 3) © £E55 1 /NEHER
5 ARG EAR B8 2R A B I ol
EREEADSR (Lin 1977; Na et al. 1978) » [K][HhHEH]
AIRERI A ~ Bk ~ R TE AR A {5
SR A T EBEAEARR » (EHURYS
Wil Sttt SREE A Gl H K& 0 H
FRRRRICABESS/ NI QRFRE) BARE [
JBAE R A R —/ N AT REE 5 2F 2 /VBE
DA IAR Ry o3 > FE R @bt - i
EACRRETHE ~ ke ~ R AR - E L
R VAR TR R | i e e = D
J& T E SR B R B R 1Y ) RN
TEHEERE - B ATREESEZRIBITEC: 26 3 /)
Ry RO LR s B Ro o0 - DUE RIS Fe
L EH AR EAES ~ JEHEERMEE - BrhiREd
L~ & R R R B e 52 R 7K B St s 1 e Pt
B 56 4 /LRI R o3 i - DI SRIRE S
H R ER—F 5 5 5 ZNREDART B L AR Ry o3
BE o DA R0 B LB e 5 o R It it 1 S
JiC o BTG ] S PR ER A (1] 5) B

H .Z RAPD #igor#f - 261

o HTREHIRE s RS SR - Hesm LIRAYFHRS -

A REU B H B 5 =0 T RE R & A R
R 518 T R B S T B R (R A S
JERCERT - A48 1598 1 R R Bt A R SE B Na et
al. (1978) WIFZEEE > 5l R EE A RAEH
e RS aBeRE DU SFEF R
rgE > GHRR A RBREGR - (R ST
T BISHURGE 1 R gy 3 ek BB
feEmm (2-3 X) > B ELAR s iRHbE
HIPRIR SR - R EEA B Ui B 4 i At 3
W& > SERC FEMEA S S ) R R AR
(LB B RTR A B AR - HRTCER
E?FHI:.l1H<ffFEZIEi%$ETET§E$iEﬁZ§EfF—irT"‘JI i

— I LR B RS Z BE o AT RHIR
.Hﬁxﬁﬁﬂ R h B HOEREE -

S RS UREE A —EMED RS
BEE R A GG HIEHEME (Pejic e al.
1998) - #Z HUREEE S H REFEAH LR ER B o3 iR
KRR E - SUBRHPEURAEEE S E 150
DL ERE B EATERE CEE (Weising er al.
1994) » KEEiH RAPD AT 2556 8H 165
fECESERE 2 > HDL OPBI3 5[ F A {Eky[H]
IRFE TR ~ HARBS18 o A8 - Ik
4 ZEHENC A ISSR (inter simple sequence repeat)
SRR o PR A YR RS R TR Ay B AR PR 1R
ZEVETH - FIRYIREERN Y EE
—ERYFLRN - A (R PR R AL AT HH R o
NEFAE MR - %
TR B A 158 1 R g téﬁi@%*’*ﬁﬁi’f“ﬁ'ﬁﬁ?ﬁ
ZH T AWFEERTIELL ISSR Z3FA5EELL
Je B R S R R SCE R AR R ST > R
JERe ER M — W a1E  R AR LR
FRAVEE R -

TERREHEY) < 1 KR 8 H R R A Lo
TAESCET TR S E BB o AT 29T - R
I W T E o i 1 S A LB B PR B R
HAF AN > AGREEDL RAPD S FA5EE T
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Fig. 5. Samples collection sites of Bletilla formosana populations in Taiwan and Orchid Island. Name of tested
samples are listed in Table 1.
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Genetic Diversity Analysis of Bletilla Species Using RAPD Technique '

Chin-Yi Tsao?, Cheng-Zhi Xu®, Fu-Shin Chueh?, Uei-Chern Chen?,
and Chi-Ni Hsia**

Abstract

Tsao, C. Y., C. Z. Xu, F. S. Chueh, U. C. Chen, and C. N. Hsia. 2009. Genetic diversity analysis of Bletilla species
using RAPD technique. J. Taiwan Agric. Res. 58:254-264.

Genetic makers of random amplified polymorphic DNA (RAPD) were used to analyze 25 samples
containing different species in Bletilla genus and B. formosana collected from different regions of Taiwan.
A total 12 primers with high reproduction was screened from 80 RAPD primers for consecutive
experiments. A total of 165 DNA fragments was detected, among them, 161 markers (97.6%) were
polymorphic. Three major groups of Bletilla genus from China, Japan, and Taiwan were separated
according to unwighted pair-group mean arithmetical (UPGMA) analysis in this study. Five sub-groups
of B. fomosana were classified and Bletilla species collected from Lanyu Island was found in the same
group of Taiwan. It assumed that Bletilla formosana (Hayata) Schltr. f. kotoensis (Hayata) T. P. Lin is
the same species with B. fomosana. The geographical barrier of mountains was presumed for
constituting the genetic differentiation among ethnic groups of B. formosans in Taiwan.

Key words: RAPD, Bletilla, Genetic diversity, Molecular marker.
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