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i€ 1994 XA EE - HE R AR AL B (W3 AR AR 550 (pear decline in Taiwan,
PDTW) » HIRIBRER G158 & 2 BU52550% (pear decline) MRS AHILL » B drs | EDHENH AEPRHIEAL
TE ~ W E R ENE > BEREERERIE T o SEHSHEELNE L ALEIERNA BRI 221 (rDNA) i
TTHSE - AHSE=E DR E R E(RH/B5 apple proliferation group (group 16SrX) < &iEElE55
JREEE S (PDTW phytoplasma) fifrs [#E o AHIEH] e 77 FERCE S - 388 PDTW phytoplasma 2
RATERE RNA BRI RS ER —SEEM  ESWM A ZZRFES o tH5erh Rk
PDTW phytoplasma =z rDNA [Z#E GH%E H % T & 55888 S fE (polymerase chain reaction,
PCR) ZAzflIlEdls » Hor a5 B — KU S 588 S/ (specific booster PCR) ~ 25| T2
G B FE (multiplex PCR) ~ B3 B2 &35 888 i (nested PCR) 8 PCR-RFLP (PCR-
restriction fragment length polymorphism) %5 » ATt FHRIFEIRAUE ~ B B fd S BUEIE 2R IR Bt
I o A 2002 44 2004 4 5ERE FRIKE 3 4.2 A B ALUS i PDTW phytoplasma 2
PCR {HHIER A » DU 5L PDTW phytoplasma &8 < FHEIMEM L - #5 R R AU
/1 PDTW phytoplasma @z i3 & ZE =2 A HIBIBHE It - BZE/5 E2IUH OB SRR Ffe

REein o A TFEEYLZ AR R -
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i€ 1994 F X HEE » & SRS ~ FI7F Rt A et

R Bk A 2 AR 555 0R (pear decline-Taiwan,
PDTW) » Hoipsfeiake BB 7158 2 AR I8 #5538 <
F45255 9% (pear decline) tEAHLL » B &5 | EEFRImERR
HIERALEE ~ 52952 FERE - BE RS BRI -
(B AR Y5IR AL S5 B R I ZERS T el (adaxial)
e 30 JE 2R » HEARS AL =59 m 58w VNS
ETERRESALSE RFE - FZ T b 5E Se iy 7 1 (R dl
(abaxial) {£4MEMEE 70 ERZEETIR FIBHIR B REE A R
@303 o H Fif AU &R N EL L e AL =55 ZAEY
IR S FEE S apple proliferation group® % » HFRH|
R (L AT 7 Al = AR A - PRSEHZEAY (quick decline)
~ #&1852551 (dow decline) K #sEEAY (leaf curl) o IR

~ FHITEEM L

ZABBIREAR R R R > R G ~ 2
1 R IR R FEGENIL T » AT HLemikE 2
BRGEZE H AURT » &k RBAR1E = 55100 » KL
(reddening) Fe#&3E (leaf curl) SFpfel o PUHZERILS,
HAER AR PR 2= B0 PRI R S22 A BR IR JIRs - th
HEIRE AR B o I — VIR EREIRE - 7]
#EFHEEE (grafting) K/ & (Cacopsylla pyricola 2&
ZHifEES Pylla pyricola Foerster) ®* ™ SE{T{EEE - BHRS
i BUEE g0 IR B ET » AIHEE A 5828 sk 5 i B
=559 L2 M S RNA EK P (rDNA) HE1THT
52 e R Z T B apple proliferation group
(group 16SrX) Z & AL =55 K EH 18 (PDTW
phytoplasma)fir5 | #2? -

A REEIR G R E $5E (polymerase chain
reaction, PCR) Heffif(fhfas @ » $eit TH7EE — (MR
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S~ BRI T B AN IR E RSO o O E
IERTEEE (in vitro) o » ¥—FFEIERY DNA (target
DNA) Fri{T.2 DNA FeollsmaioE - DIHPES KR Z
HZE) DNA F B LUR 247 o A BFZe AN 818 PDTW
phytoplasma 4% rRNA (rDNA) FEX A8 T

s FR R 7 A BCE Bast H It RR R Z rDNA
EHHECETIHZESL - A6 E1 ¥ PDTW phytoplasma 2
rDNA FH#3 2 fl R a2 38 ol 8 et S e R R
W& o A& kot 2 i 58 - AAH 5855 2002 % 2004
EEETT & H Oy RELE N PDTW phytoplasma &
PCR el a4 » LIRS Rk TR 2 & B8
FiitESE L 2 FHBRTE -

PERIEL S5

sRESNIYT AT R IR BRI #72 DNA (total DNA) &
REfL

BNV R E AR B ~ R S 2 AUt
RE - #EE R g RSk B E - 158 - FEE
IR EE > SHE B RE AL R S5 R =50 R
BRI TIRERRER © 342 DNA A LERER AT
B WA B v Fl 2 Plant Genomic DNA Extraction
Maxiprep System (Viogene-Biotek Corporation, Taipei,
Taiwan) &4 (kit) » HyJEMESRETT « IR
FEER TNz et 1.5 g LURREZWHEE > JIA 6 ml 5
65 °C TH#EMZ PX1 buffer i RNase A ({ IR 5
100 wg/ ml) » &> 65 “C /K 10 738% » FHA 2ml 2
PX2 buffer » &>kt 5 708 » = LA 6,000 rpm
BE.C» 10 43 (TJ-25 centrifuge, Beckman Coulter Inc.,

Palo Alto, CA) LAEBRHEYI MG » BN MG WRIMASE
HEfE CIAA 1T 2-3 R ZZEHY (extraction) % > i E
DNA Z bJ&uefs et 8 F s - RIRFE Bk
0.5 {##8fe.Z PX3 buffer LIk FIEWREFRETH.Z 95 % 1
Fo (24 20 "CHH M) SeImBERE » FIARHZ B
@& » LIETT DNA YRFREA o (A8 E SRR EHE A
SBATIEETT o AT TN I B S5 A AR
LU ~ TERIEURR L MORH A8t 172 DNA Zifdl
k-

M /i kg (Southern blotting) K #fid 52 FE
(hybridization)

HEELRET (DNA probe) A58 (label) SRERRERA
Roche Molecular Biochemicals /}&] (Roche Molecular
Biochemicals, Mannheim, Germany) Fi}i%§.~ PCR DIG
probe synthesis kit 17 » B AL BEER S ISR K5
PDTW phytoplasma 16S rDNA F413%Et 25| T 1/
rin (£—) #17 PCR [ » H PCR IJEMRMHIAR
= o SEBTT R T RAERCRABR IRE - HY 5 1g HEIRELEH ZAEY)
2DNA » 43HILL 10 BE{i7 2 BamHI, Bglll, Clal, EcoRl,
Hindlll, Pstl, Smal, Xbal, Xhol [Ei#|##3 (Roche
Molecular Biochemicals) #&{ 0% 5 24} » BL5 wg @
Zifgte DNA L1 10 Eifi7, 2 EcoRIl BRI EITIERELL
TERSE IERE - FEg ZEYILL 0.8 % HINEEEETE 1x
TAE #&@EE T » LL 1 V/ cm BEREEI TR PR Bk
13 /]MRE » 7S DNA #8875 % Nylon 38/ (Hybond™-N+,
0.45 m, Nylon transfer membrane, Amersham Pharmacia
Biotech, Buckinghamshire, England) » &% BIXEI THERD
Fe BETES

K~ AT EEARLE R E B A PCR 5|+ A48 F5
Table 1. Sequences of oligonucleotide primer pairs applied in the PCR-based detection strategies of PDTW phytoplasmain

this study
Primer Sequence (5'to 3) Position® Length (mer)
f1 AGTGGCGAACGGGTGAGTAA 78-97 20
ri CGTCAGTAAAGACCCAGCAA 716-735 20
rin CGTCAGTTAAGACCCAGCAA 716-735 20
P1 AAGAGTTTGATCCTGGCTCAGGATT 1-25 25
P7 CGTCCTTCATCGGCTCTT 1767-1784 18
fPD1 GACCCGCAAGGGTATGCTGA 192-211 20
rPDS1 CCAAGCCATTATTAATTTTTA 1574-1594 21
Apfl GTGTTGGGTTAAACCAGTGC 810-829 20
Apf2 GATGAGTACTAAGTGTTGGG 798-817 20
L1n CAAGGCATCCACTGT 1747-1761 15

* The numbers of positions are the corresponding nucleotide numbers of the rrn (ribosomal RNA operon) sequence of the PDTW

phytoplasma (GenBank accession number DQO011588).
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Table 2. The PCR thermocycling parameters used in this study for different PCR primer pairs

G R E

L ES]

PCR Primer pairs

parameter f1/rl, f1/ rln Pl P7 fPD1/ rPDS1 Apfl/ rPDS1 Apf2/ L1n
Preheat® 94 °C,5min 95 °C, 5min 95 °C, 5min 95 °C, 5min 95 °C, 5min
Denaturation 94 °C, 5 sec 95 °C, 30 sec 95 °C, 30 sec 95 °C, 30 sec 95 °C, 30 sec
Annealing 58 °C, 10 sec 60 °C, 60 sec 55 °C, 45 sec 55 °C, 30 sec 62 °C, 30 sec
Extension 72 °C, 10 sec 72 °C, 90 sec 72 °C, 60 sec 72 °C, 45 sec 72 °C, 45 sec
Cycle No. 40 35 35 35 35

Last incubation 72 °C, 3min 72 °C, 10min 72 °C, 4 min 72 °C, 4 min 72 °C, 4 min

* PCR reaction tubes were preheated before the first cycle of PCR.

AEAMEGHAENE - ERAM R IE
(specific PCR) kil flg <~ Wi

E i AL g B — TR Gl R IR B T AT AR
Hrh o PTG ERI S TN AUE 2 2 DNA Bk > 1F
B VRS FEAFE TR EIT 2 S0 R E » UHTES K
2,2 PDTW phytoplasma rDNA Fr ERLIFIS#T o AffFsE
PR A BT B == 2 #%.~ PDTW phytoplasma .2 rDNA F&4|
(GenBank accession number DQ11588) » #% &t PDTW
phytoplasma 45| F#f Apfl/ rPDSL (£—) - #&
PR S SR 43 IR BEERBL SRR 2 DNA ~ i B4
fafErk 2 DNA o3 Rl gL A 7 EE (PnWB) St 3%
FRIEJH (SPWB) 2 H H#&EZ DNA £ 50 ng {5 1k
DNA » 5| %} Apfl/ rPDSL jBE 98 0.5 uM » FJFEE
PR X Py o IREAS R %AY 10 1] PCR ZEYILL 1 %
HESEIE I T Yk - WL EtBr Yethiiisg dr A
SHBEATFE RS S o 2 PCR e NS E ek e B DI -
HijaTHY kit PCR ZEY)fifE 10-100 {5{% » BXH 1 4 1F
B DNA » S KAE bt i 28 B8 LU =0 PCR
(booster PCR) #1725 —2x 35 {E{iEIR » LIMgHI PCR 7
Yz R -

AEAE WA ER 2T RO EEFR M E
(multiplex PCR) #&ll$5z a2 wf5E

BE AR R 20| TR O FH RN B A
R T s FE R AU 2 = DNA HEhR » 722 ¥ AN E 31
ZEIFRIRHFAEZARDL T {12 PCR MR A& - LA
HApA B — OGS B M R ROFEARE T - [RIRE S Fl
LL B Az 2 rDNA A~ [] [& 3 (region) 2z PDTW
phytoplasma rRNA LK 7412 K& PCR W) @ % o 1
AEEVEFAE - fF — R EE R IS0 AR VIR EREE H
US| 781 1 r1 @ ® (£—) K PDTW phytoplasma Bi—
5| T-#1 Apfl/ rPDS1 (£—) » LUK SHHIZRE T
B o B MR e R T o) IR R AL AR A
DNA -~ FIRBUsi k2 DNA R4 EIER2HE

FAEE2DNA %50 ng s BERHRDNA » f1/ rLigE 195
0.25 «M - Apfl/ rPDSL ¥RZ IS 0.75 «M » S FEIRM:
IR :95°C 30857 °C30 72 °C 45 # o IS
RLEY 10 «| PCR EYILL 1 % EABGEIBET/K P E
vk o LA EtBr YL S 2 HH R AR -

5 AL T 55 W AT I X 3R O IR R e e
(nested PCR) @il iy & wrf 5§

MESERR AT 2 T EARIRS 55— FEER PCR &S| F
B} MR RS L& 55 RS ER PCR B2 5| T
Fpgl| 01239 s b g 5s —RE B PCR Y8R ZEYE G 1455
T FH PANRMEAEE » AN PTFEFEE RS ER PCR IED
LIFEAS - LLERR] 3% & PCR E& - e SHll 2 &
g - R A EEEL T 2 & ERERE
M o BT ERE B ER 25 T HEEY R EE 2
RS T8 P P70 s B REERIER 25| TH# S
PDTW phytoplasma 2 8—4: 5| 7%} Apfl/ rPDSL » H
FEAE &S PUY PT 51 FEATHENE.2 PCR FERFHIH4 -
B — BB R I R B 49 B AL e 2
DNA -~ FEREUsHIERE 2 DNA Rdefv A i, 2 HH
F4x DNA # 50 ng f#Ef5Rk DNA » 5| F#f PY P7 &
RS 0.5 uM » LI ZidIZ IR ERR T AT — PEER
PCR /& - 25 P& B FEFRAH 2 DNA AR I 28 —F
E%. 2 PCR ZEYIMiTE 100-1000 {7%% » BX 1l FikERR%
iR DNA > 5|71 Apfl/ rPDSL JRIEE 0.5 «M » L)
XA 2 FERR PRI TR P EYPCRIE - [ RS
WAZEY 10 1l PCR EILL 1 % BHREEIZEIT/KF &
vk o LA EtBr Yl S 2 HEH R AR -

BEALE P E# PCR-RFLP Bl Hr (PCR-
restriction fragment length polymorphism)

% PDTW phytoplasma .2 PCR &) LR Hill 3 i
fifE o EETTRIRIIGE S5 P v B % U (restriction fragment
length polymorphism, RFLP) 4347 » &Itk AT 214 2
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PCR [ J& Pl Mg i (2 22 ¥ Tt s Ak {H Ml .2 PDTW
phytoplasma E 1% rRNA BRI - T HZE S F LA
ETE K 9N FE Fr oy ATz AU B o Ty I st [ AR 7
RIETGE BRI R4 DNA ~ FBf BUSHERE 22 DNA &
AP R EER HH &2 DNA %% 50 ng R 15ERR
DNA > PDTW phytoplasma B—145| ¥} fPD1/ rPDSL
@ IBIEIAR 0.5 uM o LIRS 2K ERE T TR S
P FRHEH N © PCR U 5ERk{% » A PCR ZEYJLL 1 B
{7 FR#I/% 3% cfol (Roche Molecular Biochemicals) 3171
fRICE o ITERS A% 7 AIE 10 1| PCR BEfRAEYILL 1 %
IESEEIE T TP EYK » WLl EtBr YR R NE
TP MR RS SR -

2 H Ui B b B AL w55 v B E S 2 OB
&

KB B A R S R REE EH i BT
2% H {0y B PR - 222 H 2002 % 2004 SEFF
R =HE5E AR © 2002 53R RELARE 13K ~ 15K
FIF B e B = R A8 BRI EET T S0 TIPS Bisl ik 2 A2
7 » 2003 5 HI A BfEE— R - R 58555
TR AR = A E 88 - MG RER = Fad REREEEE
R EITREY 2 DNA ZHHEL » DUEE S PRI IR R 2w
Rk iR 3 2 TR B R E e 2R - 2 2002 A
W SERTHH TR PR AR o e AR A A | 8 1 1@ (R
—) B IS Bl MRS 2 DNA (T PCR
JX & - 2003 4E 0 A AW e AT AR 8 2 PDTW
phytoplasma &—{4£5| 7 ¥} Apfl/ rPDS1 5 2004 0
A PDTW phytoplasma 45| F#f Apf2/ LIn® (%
—) » LLPCR E{CA PCR (booster PCR) {E i S
1T B 58 - PCR [ 75 XA - 2 FEME R0
KPS LISe iRt kA PDTW phytoplasma 2

UHAHIE SR -

LSS

Wi EDNA Z#li{k

R AT FE0 B2 B4 2= DNA #b 5% » 5%
RENET 3 HE 11 Ay > AT 1.5 g fUiERaREEE S
R IAE SR AR 2K 3 g MR (FE HANE 5 RE AR 2
DNA - H OD {E71rf* 1.5 £ 1.8 Zff - i&ZE 12 A%
Z24F 2 HALER it R S E H s Do S (1EE) o
I — IR BEAR R 2 B R R R E B 2 R
= B e ER v EE - B A R SRR 2] )L
PIHETT4: DNA ZZEHY » BBaHE SRR LIS

HE1T4 DNA ZHHERESREE - FH 1.5 g FIBAEE]
FEFEEHNTT S 2 DNA &=E/002 500 ng © & LU
BAEEEI TR DNA ZZEANEE » A3 DNA Z& &l
(#J 20-50ng) H'E =ik 7 - HE Y2 B & &R AR -
OD fHZAKRL 1.5 °

A /7 ECTE B HERC S TR

LASIT-# f1/ rin $#EiEH B DIG &3~ PDTW
phytoplasma 16S rDNA EL[E B ERER S 1EITR /7 K
PG FOHERC I B - HLRE RRA R I FRE nT T f R AL
ZAEY)Z: DNA FEAHERGATR » Hrp LIBREIE EcoRl
PR > AITER) 4 kb Fz 5.5 kb =2 DNA FrERg e AL 4t
AaAas s DIRRGIRESR Hindlll ffe - nl{ER) 2.8 kb K
8 kb ;2 DNA 5 E%pR e AL FERCAAGE » T LAECBRASFE R
P AR INESTE 2 {lH DNA B ERpgre 4 Jelican g (3

kh | 2 | | 5 i ] 8 g
=
K — - = .
5.5
4 il -
o
1.;.:

@ — ~ ¥ EEE AR ik 2 DNA LIS EIRGIRE R
PRI LA 1/ rin 5| F¥prigiE2 16S rDNA 57>
Fr o AL R T TR U7 THEERERC /AT -

Fig. 1. Southern blot analysis of total DNA (5 g per lane)
prepared from PDTW-phytoplasma affected pear digested
with restriction enzymes BamHI (lane 1), Bglll (lane 2),
Clal (lane 3), EcoRI (lane 4), Hindlll (lane 5), Pstl (lane
6), Smal (lane 7), Xbal (lane 8), Xhol (lane 9). Restricted
fragments were separated in a 0.8% agarose gel.
Hybridizations were conducted at 68 °C using the PCR
DIG-labeled partial 16S rRNA gene probe amplified with
primers f1/ rln. Sizes (in kb) of the hybridization signals
are shown on the | eft.
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&~ ~ RIS R =550 TR St 73 Apfl/
rPDSL {7 AUsf itk PCR 758, PCR 7Y -

Fig. 2. Polymerase chain reaction (PCR) product amplified
by using PDTW phytoplasma-specific primers Apfl/
rPDS1with the DNA templates extracted from PnWB-
phytoplasma infected periwinkle (lane 1), SPWB-
phytoplasma infected periwinkle (lane 2), healthy pear
(lane 3) and PDTW-phytoplasma infected pear (lane 4).
PCR products were separated in a 1% agarose gel. M, 100
bp DNA ladder (Bayou Biolabs, Harahan, LA) as
molecular weight standards. Size (in bp) of PCR product is
shown on the right.

—) s AHERY - EHEERRUS 22 DNA Q7 (T fAIHERC
BRI (FERATRHY) o

BEFE PR FEER S -PER SRR

FIIF PDTW phytoplasma 5 — 45| 7% Apf1/
rPDSL » 53 Al LA R R B M B Ak B S A b AR RS I
HH#& 24 DNA TESIEH DNA » 1T 5153 &0
FOHFAR ME > FER B HA BRI E - RER
7% 790 bp ZH— DNA FE& (BD) - TiER RS
MR R MRS B 58 & H H &% DNA gt —
PCR V) o AWFFEENLAE— 1% PCR {HHIZRNE » BT
Al & Az PCR (booster PCR) {EHITRES » 31T HEREL
kAT PDTW phytoplasma 2 A {73 8 g -

BRGNS % 5 TR ORI I
Fc & A i B B AR AL 5 - f1/ rl K PDTW

B S R E B i S

phytoplasma E—:5|F#f Apfl/ rPDS1 » ABE —
B RAHE PCR RN T A TESS - #5 SRBEm H
S REY) TR 0 2 R AR - MR RS2 B PDTW
phytoplasma /&4t Z U BRSZ B f LA R BER I 2 H
H&RERE > B n] IR E RS A AS | F# f1/ rl 80
HIAIMKIES 650 bp 2 PCR EW (Bl=) » (HRAZE
PDTW phytoplasma /&4y Z FERARA & HiEH i PDTW
phytoplasma B—145 |7 ¥f Apfl/ rPDS1 Frsms Hi A/
) 790 bp Z PCR Jv ERZEY) » TR AEAR ) 73 IR 5
WA AR FR 507 B RS R R M I — PCR W) (&
=)

RIS R AT S VR A RS I
LIG#— W5 PCR 5| T4 PUY P7 i 55 e
PCR [ 5| 741 ApfL/ rPDSL (75l S8 £l 3
IS 16 » OGRS 5L BT R 1 T 2 G
HE » 16352 %] PDTW phytoplasma fgitfe. SR
S| B ez I b - 55 T LRI 1

M I

bJ
L

b p

— 790
— 650

B = ~ &S5 E 78 multiplex PCR #6582 PCR
EY)

Fig. 3. Multiplex PCR product amplified by using
phytoplasma universal primers f1/ r1 and PDTW
phytoplasma-specific primers Apfl/ rPDS1 with the DNA
templates prepared from healthy pear (lane 1), PnWB-
phytoplasma infected periwinkle (lane 2) and PDTW-
phytoplasma infected pear (lane 3). PCR products were
separated in a 1% agarose gel. M, 100 bp DNA ladder
(Bayou Biolabs, Harahan, LA) as molecular weight
standards. Sizes (in bp) of PCR products are shown on the
right.
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Fig. 4. The monthly variation of the percentage of PCR-

pear trees in three consecutive years.

TEEMAS |7 P P7 M3WEHHF) & 1,800 bp 2 PCR &
Yy o 3 BIHSEE—FEER PCR FEEV)EI THARE » F5LL PDTW
phytoplasma B—4:5 |- ¥t Apfl/ rPDS1 #1725 R B
#H5 PCR » #5R T~ HA %] PDTW phytoplasma /&
Y 7 MR AR & B K N AS 790 bp &2 PCR H—1E
Py (FESRARHY) o

A B F B PCR-RFLP 73 4t

PDTW phytoplasma 2 PCR-RFLP 4347 & St S fe
T LA RIS R TR Bk 2 DNA AR » AT
FIAH fPDY/ rPDS1 HaWEH — A/ M4 1,400 bp 2 PCR &
Y1 - tk— PCR ZEY) FifSER il cfol 2 e
% - Bl B 60K/ Vi3 BIIKT 500 bp By 900 bp %
FifE B o b — 5 SR BRI AT I 2 MR AR 2 E PDTW
phytoplasma /&% : T2 ETEAFR BamEd 2z HHE K
{RERERLRE » QI EFEH PDTW phytoplasma —4:5] T
¥1fPDY/ rPDS1 HgWE T DNA FE& (FSRARH) -

& H 0y i iR b SR e gy i 3 B IS Z (R
&

AE GRS 2001 FIEIEEAFLFKE 13K ~ 15K kK

G AL 59 FEIR R 25 H O MR IR B B8 L AHHIER

based detection of PDTW phytoplasma in diseased

TR EY R #RAUREIL 10 1R EREUE - EITHER
RERRPRIRE H OMEIE SR > ZATHY 2002 A& 5aHAE
B A TR B 2 5895 BUMR BR IR B4 8 8oL T4t > 38
3 QU ERTBS R 7B iR Rt B oz 77928 Hi e T 2R 2
WRBR » EEGE AR 2002 FERRER Z R R EIE E -
2003 S FHE A ST SRR R o FH i (R S b
BE AR 2@ BRI TR e el > e ot TRAC
7 12 F TR BRI 2 R AR T T BRAR - IS A E AR
[EER 15 M - [T/ SHE EEWE B2 5 MEiEE L
MR 3L 20 Bk o It —RHFERREL BI— B £ 2004 4%
PRI AR TR A 00 I BT s o o i RS 35T R IR
WK £ H 0395 R B s 2565 5 SR PRE TR
BE HI S 0 B 7S B AS ) ) SRR A R (E I B PDTW
phytoplasma 4} » g% H {754 AT B S5 F RE A RIS AT 7
FEIRAEPR ] PDTW phytoplasma (Z1F7E © TifR S
B% — 2 HUMEWIES SR BE o R BlE PDTW
phytoplasma i@ ZHZFE = f ARG It 2
ZFRES RGBS RRE Eia 2 s IR - +H
=AU T B> MEFE -+ A ERF2—H
OHEHIZMRE S (EPY) -
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AEFeEAERIfEY 2 DNA (total DNA) Z it 75
AMFERAIPRIC 1996 - FlEAUSI 2 DNA [1Y771% » 5
SRESHHI Z ZUf 2 DNA Bt 20 a5 - Bx
kS A28 220 YHE (polysaccharide
compounds) ° #AT » 5K DNA (template DNA) 2508
TR Gl F R R ThEL &5 2 88 TR F » RITIAE 7]
FA2 i 20 BRI FE R fiatan B 993 R 141 . 2 AH BH
Wrged » 275 AR DNA FEL Y77 -t s s 4
& o LUE R R E 28 kg SHE il E 6y - Flana A
EHZ REEHYL (extraction) ZE8E » LIHIES RiFoLE
ZI5H DNA » /01 F DNA Eigr g8y rle T8 PCR
& 203 ® s AB A A T AER BRE] PSR
5o TS HHEY DNA Z888F LUfS L » LUZEERY ¢ % o
MRPE_FodimEy - B ATE RS &L S L2
% DNA HHEUEME R KT » BHEI=X
CIAA ZFERUEER > LIUERS s B 2% DNA « fE i Bkt
W BRI » Hf—lH TERRIAT e piAitet 22 DNA 2
HHEW » LUEIS B R~ PCR 5 DNA - A EE =
1£1994 4+ 6 HZ 1995 £ 11 HHAM] » FIIFHEYIEE S
[& A PCR 5| 7% R F./ R,R, B f1/ rl » #5255 151 #%
FH 18] & (DL 52 57 175 8 75 A ket A 18 2 AV TR B R A I
B o fE R H AR RIRS 4/151 K 5/151 » IHLHARSFR 5
B ZAEY) R E S PCR i 2Bl HH B EF P 38 B A
LT BEIRARAR ™ o B AHE HIEL IR TT G R i Fer FH RS
FEARAT L 2 =DNA BB BLE B0 E - T ERPCRA
ARG R EEESRE A & -

RV TR S P 5 | ARG &2 995 5 W 1S 5 R 8000 LA #E
o AL 2599 2 R O B Bt T R AR RIR R EGR %
MERFAT B IR IR DL » SRS G IR E TERR 2
B bR EE o TSt ¥HE B 5977 m i ZB R R o
BRI o (R fh R bR B B & %
{ELIbE SETE B Fis v IR B PR 2 32 B | I &2
Ay /7 AT 2240 o TELARE 77 IREERCIE T T 16S rRNA EE[K
751> PDTW phytoplasma £:[F % (genome) _+Fi{FAE
ZEFE BT o B DL T FERR SR R R A
DNA Kf > B ] ¥ 15 M ACASE » 37t PDTW
phytoplasma /2 3:[X &1 » 16S rRNA H:[KfEBH &
#H (two copies) » It S gE HAth 222 TR 5 P A e AEY)
FEREEA 2 { rrn operons ZEFEAHRF 10 22 o s
WS/ MR REY R E 7% 2 ([ rrn operons B2 FPIIBA
FUEME (sequence heterogeneity) 2 o & A FEIFAERE
157 10 g%t PDTW phytoplasma ;2 rDNA 41 »
PSSR AR KR g se 2 fH R i AHERw PDTW
phytoplasma ;2 rrn operons J&5IEREHEM: - TE 7R

B S R E B i 7

[FsEE (homogeneity) ® o FHIFLAS RIS 55 AERH
HZ% &8 2 rRNA KK - {E£ PDTW phytoplasma
PCR 181&.2 fZ1% DNA » LIZ 5 PCR {EiG5 7R - @1
B RHUER R =59 E 2R - vl ReE a2 HE Al
Vs RS A O R 2B T B AT N BB S AR AL
=99 Z VIR R E B 154N J& > apple proliferation
group (group 16SrX) - T & 82 435/ |\ Ei5(sweat potato
little leaf, SPLL, group 16Srll) BE it S+ o Tk
BB A A 2001 K 2002 S HAS [EIFEH B B S
Z PDTW phytoplasma rDNA 7251 » BE/R & 1851525517
£ 2002 # 2 #IRE R (% h 8 — & JB 5t apple
proliferation group Z HEY)E B B8 ERY, -

AW SR & e A R R R — S| T B2 RRET -
HELT T RYNGHEERZ WA EE 8 PCR failllskng 2
#EE - HAal#E specific PCR (booster PCR) ~ multiplex
PCR ~ nested PCR 5z RFLP-PCR % - #§ FH B EifE %%
WA A EEAZ5 N E 1 PCR 5| 7% Apfl/
rPDSL1 » fid# booster PCR SRIE B A4 54 S eif| FE i
& HE B Hi BBk 5|7 BITAT seak 22t il
B o 4T R A R AR IR R R BRI
58 o AR SRR a1 T H TR O] REIEA T 2
k< Bt LRSI 5 T multiplex PCR €2 PCR-RFLP 23K
BEHHEE » QA4S PCR Y2 DNA EME FEERE
I o BREH S A A8 8 B 59 I B RS (R B AP
group 2 PDTW phytoplasma® - Nested PCR &35 254K
5| ¥ 2B0E 77 7T A e e s - (B i
JRE R ATRE B (AR M o ERE IRF - th— J73ERI AT
GRS th MY R E RS R %5 | TERE 1T EZL PCR
EERLAT 0 LR s s R < 5y o

FIIFH AR5 ki 3% 2 PDTW phytoplasma 25— 14
booster PCR £¢ly » $1¥ANE] A1y 2 BBt iR iR 1T
PCR {HHI EEaIRE » SEEN 2 2505 I R 2 (000 ZRH SR
& - BRISL s S5 H R AU e Y B 2 & 'R
A GHAGH R o T8 % 2% SEHAME RIS HH A%
IR L PSR T R R 3R o N H T el R v B
ER# ) EkEMR 2 2= DNA ZERURES S - 1 B A==
IR IRE SR TR BSOS BURTRFE IS P
BE HA A T8 05 BRSSO I 1) S AR A (e B IR T
s o HegH 0y HIE Al A PCR A s il ik i e 1 2]
PDTW phytoplasma » T H (/3 {EHI 2586 » FHfEmAT
R A (R S TR S A (R B i B
Hep LUSNEHHZE ~ Bl S o H—0RE
FE 88 2 IS I BN R =255 i 2 (RS S — 2K
3o AL > B AT BRI AR R & B
L NEHHBER CZE > HRTEE A Oy (sl 22 2 %
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ABSTRACT

Liu, H. L.}, and Lin, C. P*? 2007. Development and application of PCR-based strategies for the
detection of the phytoplasma causing pear decline in Taiwan. Plant Pathol. Bull. 16 : 1-10. (*
Department of Plant Pathology and Microbiology, National Taiwan University, Taipei, Taiwan 106,
R. O. C.; *Corresponding author, E-mail: cplin@ntu.edu.tw; Fax: +886-2-2366-1980)

In 1994, pears exhibited a slow decline symptom were observed in orchards of central Taiwan.
According to the molecular evidences of the ribosomal RNA gene (rDNA), the pear decline in
Taiwan (PDTW) has been proven to be caused by PDTW phytoplasma closely related to the
members of the apple proliferation group (16SrX) in our previous study. According to the rDNA
sequence of PDTW phytoplasma, various polymerase chain reaction (PCR)-based strategies
including specific booster PCR, multiplex PCR, nested PCR and PCR-RFLP were developed and
applied in this study for the detection of the causative agent in pear trees. The study of the seasonal
variation in the detection of PDTW phytoplasma was conducted in four pear orchardsin Dungshr and
Heping. Samples collected from 7-20 infected trees were detected by booster PCR monthly in three
consecutive years from 2002 to 2004. Unless there is no leaf sample can be collected from the pear
trees in the winter, PDTW phytoplasma in the pear trees can be detected readily. The maximum
detection rates of PDTW phytoplasma were obtained in summer.

Key words: PDTW phytoplasma, polymerase chain reaction, ribosomal RNA gene, seasonal
variation



