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fE4 FF 48 (phytoplasma) - AL & 2 e i P~ W EE T 1
(phyllody) ~ % & ~ & i (stunting) ~ & i* % # ¥ (witches’ broom) :L}}iaﬁ{ >3
A 'p’;fémfs P om 3 Ad b FEFWlAe > B9 o £ 5B E & S A2 AT
o bREIFIFLAEAL o d **z; PERZHSERRAETHE L RHE
AEA R A SRR A Flpt s e H AR PFEE e 3T E K F]
%{é: ﬁ* i 4 F Jis (polymerase chain reaction, PCR) 2 #74f &2 g * > & 7484 J

5 BT A II%E? ]%‘]L [ ) i e i AT M e pﬂ’%’?fﬁmﬁg{i »PCR #
ﬂtrE! A et S H BRI RS M R e Ay F I PCR Bjss gt p
1994 & 453 & 5@ yﬁﬂ»;;a BFE TR o RS H R (pear
decline-Taiwan, PDTW) &+ R B 0% I b >+ apple proliferation group (16SrX
group) 2 & % #H % 355 F)F 1 (PDTW phytoplasma) #75lde - F7 5 @ i {7 &
%ﬂ%ﬁﬁi?ﬁﬂﬁﬂﬁﬁwmﬁﬁﬁiﬁﬂ’%P*?ﬁﬁﬂﬂﬁﬂ*
BEEHAE? GRICENESHATH > TRERSF L Gl B R
7 ¥ B £ s74e booster PCR, multiplex PCR, nested PCR ¢ RFLP-PCR % »
Bl A R AR R HRRBRANRL Y > R iR
TR ERPERE2ZF 3T o AF B F 4 2005 &3 FER < [?]é%ﬂ’f
AREEEY R P P FRREFRFAEL I AL EFE S R
FHA* s34 fl/ rl 27 PCR #ifk > R pk? GRIES FF
o4l 73ty 16SrDNA 2 £ -~ 16S-23S spacer sequence % 38 4
23S rDNA & ]2 P1/ P7 5l+é~+ = PCR F J& > #3% PCR ® K5 E
ARG ETAPRAEZEIH T L (aster yellows) 2
16Srl group 2. phytoplasmas £ 3 Ei?ﬂﬂ PR -BFFEZRFTHEELFR
BrRAL LRI vAEr - BIFLZEL AP FIIIERRY
Ry BYRAHEE RS FYEESFZ A A4 1% PCR 27 25 Wik
10T L AR R Ed S F

MaEm R L5 REBRAGF B f{sp Lt
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SIS

TEK FEAF AL E 2 IR A 3F R R
Ead DARREE Y N wE R EP R FT ML ETE R AL o R R
PR NI R R 2 FE R A L LR o e R H Al PR
42 7= % (DNA probe) (Rasmussen and Reeves, 1992) > fi%¥ 2 B & 4 5 v %t
(ELISA) » ‘e g Er iz (tissue- printing) » +%pesefizi2 (hybridization) * % & ¥ %
i@ 4 & (polymerase chain reaction, PCR) %z Jg* - He ¥ 5 37 42 2 f*

d fwF 2K FIE (genomic library) ¢ Mg EPriE 2 L FR Py B R 0T
FES e 2L o R e )20 R1E2 # (¥ > 19975 Chung et al., 1994 Ko and
Lin, 1994 ; Mizuno et al., 1995) o pt #t » B & Fx % @ 4% & fi’E; (PCR) s P ERLE
AN R FET oGRS B R > Tk { G F 5 L 1 165238
ribosomal DNA % % # =7 spacer region % £ 4§ 1+ 5 71| & £ 4c insertion sequence
(IS) & P4 (target) >k Z 4 E 42 PCR 31+ (primer) » I & i~ o 5K 45 18
Bosr e BRI IHE A R R e 7 (Maes et al., 1996 ; Mlyoshl et al., 1998; Pan et al.,

1999) - ¢ % #iﬁtrx% FRAPIIEF PRFLSELZ B RwFARE KR
(vascular-limited) 2 & 4~ f] & % (phytoplasma) - iz » 5 %8 (bacteria-like
organism) - —*ﬁ%zrmﬁgu 4T84 LM A 2 i S o ] L] BE e T

F RS L BAR RE R E - BB ETHRFLES o

WERMIGFRA T 22 PR E B - 2 5 R F2 R
BEE P piiE 42 PCR 313 A5 Tpe & Prpisepe (DNA hybridization) f-
PCR %2 22 :3%* » B I E@E ~ B3 R & (sensitivity) v & - &
(specificity) 2 5 & fm ) 2 to 4~ B T 8% R Kok (#R& 4k » 1998 5 Chung et al,
1994 ; Ko and Lin, 1994 ; Wu etal., 1993) » g it 7 7 S S btk - £ H
S2ARRNAGHFEA R PRI EL 2 RUAER LT BT
HEo R RFEF AT > B ARERY 4 -

4 7 F % (phytoplasma) - & ¢ iz # i 4 (mycoplasmalike organism,
MLO) » & - A& & chie ¥ o B dw ] > 7 33 = feJp fE R ) IR%ifn’ii\‘g 4
(proliferation) ~ 7= ® & % it (phyllody) ~ f=#%4 i* (virescence) ~ £ % % ]- (rosette,
little leaf)~ £ /& (wilt)~ &1 (dwarf, stunting) ~ % i (yellowing) % #% & (Wltches
broom) Fmice P w23 e Ao AZEA FASES R T A B R
(Agrios,2005) > H*¥ s - HEL RS2 FE W4 - HFZ2 efp €t g



R el S %#-, B sV R A o R F RS AR 1967 E 4
HFRod WG L ORENALI I NHABRFTAEE HHE A ma 22
PO R %'ﬁ *T (Lim et al., 1992; Sinha, 1980; Seemiller et al., 1998) - {&
FPRFHEBET B ET T R B CARERE RS Al fE 2
ﬁ2°wﬁ%pxﬁmﬁ%’”%“z%ﬁéﬁﬁﬁﬁiﬁf EARH LA A
PPREFEFER R 2 R R SETERIFTLE S P TG R A SR
WRC PR CESFRA CPALIFR FER TS TRAZER LS FTH
2 ¥R b FACA K2 BRI 2 S NG R RE CBAED e AT Y
FEELC ARBHAE 2 ER P RRFATH BT Z R -2 AERZ 45
Pl # e AL 0 R 41 g & BB (hybridoma techniques) #7 B8 ~ 4l
(monoclonal antibodies) (Shen and Lin, 1993) b » 7= 4| % L ¥]i% 78 Fjis > :la%—f_‘é_;f;a:}};;
AR A T8 DNA ¢ @ 32 rDNA %2 rDNA spacer (#% £ +% > 2002) » insertion
sequences (IS) % repeated sequences % % £ A48 F B MiEA - T/HE B AL
VroaBENE- B2 R BESFTFMPEREFESZ PCR 313 (FR£ 4501998 ;
#.27 4k » 2004 ; Ko and Lin, 1994 ; Wu et al., 1993) » ¥ 1% * # Pl F o ML SF P ik
F42Z PCR 513 it § »cid 4 ﬁ}?ﬁfa’ﬁk& Y 2 A F o e T
BPRELEREFEB ISR Z TN ﬂﬂﬁﬁ“mwifua ok IR
ERCFIEES 2 A2 RAREF LR E o

MEEFEEEYF & (polymerase chain recation, PCR)  il{e 4~ A ¥ #

d >R L Fs% @4 F & (polymerase chain reaction, PCR) r’v’%ﬂ’f = # (Saiki
etal,1988) & Wit pm T LETE p R CRIEFTL SRR B g RER
a4 F A A (invitro) 2 Rk RT o - w2 R DNA (target DNA)
TR T B R o P EE < 2 2 R DNA B E I AT o H A& F R
7 3% (1) denaturation: #-f5< DNA ™M B B AJE (% 94°C) » i 2 3 48 g s
3 o (2) primer annealing' AR R RPIHR S G REI R
DNA z_jp¥ti=% + - (3) extension: :izw,)iﬁJ I F ¢ DNA polymerase it {7
it & Z@;E‘*b%m\m& vig k4 ¢ 2. dNTPs &t iz ficsx DNA \Eﬁﬂlsé}i,,l.‘ t
WP Rl 32 3-0H F oo DNA R &3 o« = HBMEHL - B
%o -4 PCR F k5 £A47 8" B %k %ﬁ"‘léé%«” ¥ PCR A4 » a3 &
PCR # ¥4 PCR §53 ® 2 annealing % extension = 7‘551?@ m - o PCR K
FeB % 5 3F iRBL R AF N EE ZIS e E iR ’u‘r%p#}fa 2.3 o 4
¢ BB AR I(1) TR B R A pRFSER (2) #] target DNA + & d
5% PCR F 2 (531 78 B » &R IES o (3)PCR & JEpFarie * 2 1
-ﬁ'ﬁjﬁ%l—”r AT F SR ZE - Flpt PCR Hjisve kAT P 2.7 o 3%
FRAR AR - PR o

FE ko AR FEEE SR L o PCR MRS BEE AT 3T L RS
Bz @Rl b RTHOELY o RFZEG R AR OEE wfE 7S



#F* PCR Habrk MR ~ %W 8- HHFHES FF 2L ~ 541 (Smartetal.,
1996) - Firrao et al. (1993) I * {£4~ F 482 16SIDNA ¥ H A 7] - & =51+
#oo% i plgEesg & apple proliferation 2 clover phyllody 2 18 4~ & 5 48 -
Jomantiene et al. (1998) 7= ;‘% d 4 17 16S rDNA % 473 {4 Fragaria
multicipita # % £.% FEF HEF ML 2 7 @ = A e g2 F. chiloensis -
Staniulis et al. (2000) 7= Jg s+ BRI R B F § B PR A - A Pl F T

- % | % 33 5 (pear decline-Taiwan, PDTW)

Bo BHMRET 2 B8 G HA 5 m (pear rust, Gymnosporangium
haraeanum) ~ 2 % 5 (pear scab, Fusarium pirium) *42i§ 24 & > iz d {54 [
Fairaldez HEBHAFEDL N e Breo AR B3 E A T4z oY A4
ot a s {AEP R R d g2 o 4 %335 (pear decline-Taiwan, PDTW) » 2
ek R R b &2 ] %335 (pear decline) & 5 4p iz 0 % g 31z feom ik
N E - FHEREHM P SR>~ (Chen et al, 2001) - ¢ -
@%*i%ﬁﬁ%i%i%@¢+imﬁjmK@ﬁﬂ F 2 % FF AR
Bfs  HRHHEES S AT 240 AE s FUEE AT G L 4
AAHAEEHF 200 2 EZ HFRT o

SERAE o T AR ARHAR R BART B A S AR E (quick
decline) % & {4 % 33 (slowdecline) = 4] - &M %3573 54 43 10 & 4 1}
A fE R {AEE REE 2 RE T ERARES R gy 3-4 B =
BEFuETEEN  PUHEAE T FEERIIGE 2% 2 FpRE e
FE A A2 59 (1994 & ) FoR oMt Bl Boptaacg A ¢ 3 % A (Chenetal,
2001) 5 Bt B AF HREL F X Hah R FOE T RLTRFER 0 B
WiITEAT D EFP R FA A ER G 0 - Bded BEHE L A o R
PRUEBEIXERI AL FF IR RBRLIESFRE Y 2B Y B
B2 G FHERERREME > FHiERy § NREL Rl kAR

oL TeER, c BRpE RERT %ﬂL@%mﬁﬁ#”*”
TAZTEERENR VP ERZI R AR > FF LT E 2
£ 7 .\-_;1_14?795«;'15]’?{1\* B4 PRI ] 5,9111?;;[(}"5;%*&1*%\
FRETI L P ARERPESYARMAERNIF LI EF FT M A2
HESpapn - R2a o RBHL cE RS S REZ L b (adaxial) p
#H 30 A% BERDHESHERADEY T EIRANE 0 L E
d Fan e A% fh (abaxial) v I 70 A e EF R AR AR E
¥ % % (Seemdller, 1992, Chen et al., 2001) -
REFAFLIRLET H R85 G0 #$F 5y (H4) & & - 42 (host

)

“\“V bt



specificity) 2. 32 p 4] A (Cacopsyllasp.) & @44 @3 S8 w2 FIRA
BHAHHD - 55 1994 & F oo R 2 LR 13 2 2 i) FE R
2 41 4~ & (C.qianli) (Chouand Fang, 1994) » = &>t 10 * 3 ¥ & 2 * g4 >
FAEFARLGERNCLT  FERGARE L R PTe BFRED
B2 A HFEY - 857 WY A% (C.chinensis) ** 2002 # 8-9 * F ffr-T
FRILK L Z FTARLSRG £ SR R HFIE g4 02003 & 45 0 v L fue T A
BRAFL > ZE LS 1P ANHALGHER T PR EERH LR RY
2000 > E 2+ xS FEXT (Yangetal,2004) e A - A AR T F 7
AR R B2 R o e BB R

SANEBREHTHLET

AF%EAY PCR s B H RS phphreriEir Rtk
R - HRTEFF SR E o FHEI RRpRLRE 2 FES 2 DNA
24 Pts 0 f1* Lee ® 4 (1990) ®# R F % £ i A A 4 (aster yellows
phytoplasma) 2. Michigan @tk (MIAY 86-7) < 16S rRNA A F15 73 7 &
TS A S - (250 3 # Rk, (ACGACTGCTAAGACTGG) ¥ RysRe
(TGACGGGCGGTGTGTACAAA CCCCG) > 2 2Rz “TA# 2 fEf AF W&
- M 3l 3 % > fl (AGTGGCGAACG GGTGAGTAA) & rl
(CGTCAGTAAAGACCCAGCAA) 5l % » &4 o B H % 3 etk 2 DNA
(7 PCR F 5> %% rv5d PCR F R RIIDHIRPN 2 54 F 2
E-oMrER o -BEEAFHRTADZA4H L3748+ (Linand Lin, 1998) - &
ﬂ’gﬁ Aty 2 PCR A4 E 78 T A 1601 NCBI 2iFtp Ak Flz & » 2
Bl e Hike s tg Il PCR A4 - 2 DNA A 71 slde 4 % 355 (pear
decline) ~ apple proliferation 2 European stone fruit yellows % U A R A
#2 16SIDNA % %73 98% 2 gk A& (identity) - d& %7 o % 35 5 7 L4
4 F it (PDTW phytoplasma) #73l4z®g s »i&—~ % f]* 313 4 P1/P7 #
RSB HFTMATH L 16S IDNA 2 & /& 5] - 16S-23S rDNA intergentic
spacer region 5 3|2 23StIDNA 2. 5 R F|:EFEAZ B 7 ¥ ko7 %rt 16S
rDNA £ R “t 3¢ £ 2. apple proliferation group (AP group, 16SrX group) p 3142 4
% 33 J5 (pear decline), apple proliferation % European stone fruit yellows &S %
254 F A strains 2 16S (DNA > £ B 725 985% M+ 2 3 Riak
Bh o A% B Mk~ 2 16S-23S rDNA intergenic spacer region > 7t ¥ apple
proliferation group ' itz %454 FF A strains 2 - HF 2L E 7L 95.2%
bedple Rod e T LA BT 0BT N R R RET
WA R g S {2 R RS L E AR RS > kR B
group 16SrX *# 2_ 7 F subgroup (unpublished data) -



CANESHATHR OB RIRYF RRAHIFLFHE
’“Si%ﬂ%ﬁiﬁaﬁ??%%léiiﬂ%ﬁvﬁa%?%ﬁﬁ AGIREIF S EF D
# é*wtﬁ TR HERLGR? PRI L FRPALITRD c RFAFY
”Lré%: 2 P ESBHFATM DNA Brl > 2%z AR SRR R
- 4513 % fPD1/ rPDS1 (1.4 kb), Apfl/ rPDS1 (790 bp) % Apf2/ L1n (963 bp)
i&%’iﬁ‘c@ LAlF R ERE T - kS R m R EF I PCR e
BIF AR 2K 2 o B P # 3£ booster PCR, multiplex PCR, nested PCR %
RFLP-PCR % » ¥ ¢ % >0 it {2402 (i P ok 2 v BV A 4L/ B A A2
Fite5d FHRESFTHFIR 513 4 fPDL/PDS1 2 4+~ (L4kb)> 2 PCR
FRERTRE - 2F % E RFLP-PCR 2 {v% » R ¥ § sxih* 20 @ 1 % 33
FEFA 5 AT RE HRA R A B 2 eomititi R FE 2
TRIFH A A EERIBAE RGN RS oA Apfl/ PDS1 ¥ 4% A&
FemtEthd s R A2 teml > @oN4LA R 2 BHkdr g £ T2k - |2 PCR A f 2
T FERERRAT SN ESFHTHE - 12513 8 Apf2/ Lin e
booster PCR # j& ¥ & it 2. Bl 5% % > H iREL 5 49 % multiplex PCR £ nested
PCR 2 - 33 % & > booster PCR ¥ 2 8 - $is 5 *v 24 27
56; B - 313 FH R M E 2 16S-23S rDNA intergenic spacer region B 31 -
LRzt -pw w%ﬁiﬂﬁ&[mAﬁﬁw&ﬁwmﬂ4ﬁ¢%—w
PCR AY2 FH o wAwpEHET - 513 $pF & booster PCR it {7 feop it RE B
BB r,@*ﬂf;;;ﬁ;ﬂ’;‘r%ﬁf WpleFm g ® A% k2 booster PCR 2. 1 Bl
S s EA AL R BBk GRS R ST DNA
L-prE-H5d PCR AP EATR S HF L - HAhkuy v4#9
FoAHNESRFTW oA ARMT R A BFET&H RIS AT ERE
B ¥R orfiimee o

BH+ £ (aster yellows)

R+ % (aster yellows, AY) f#4; aster yellows phytoplasma group (AY
group, 16Srl group) *# 16Srl-A % 16Srl-B = i 3 2. phytoplasmas (AY
phytoplasma) g %4 (& ¥rid $ 2 E o B F A FRARE R Lo 40 55 (FF -
PRF -~UEA &) EF (& -HE-FF HE) ~ k% (H) »
A (ﬁ”ﬁﬂii’u’r(%wﬂa)“*"awlﬁi/%'?]m%’ R R R A 4
—*‘Ff%ﬁ“é #m#cs F 2@ % AY group 2z phytoplasmas 4 = 103 i strains > if
kd a3 A FFHER R B E LI S 25 S i AY group s G

I B I# (subgroup) s H X B 2 B IEAGE T HE 2R - pF £ R P
¥ % (Seemilleretal., 1998) « B § % % A AT A d ¥4~ 4% 2 b/



B CEE) K@ EFemE A EEETEY  RE AP S YR ¥

T §rE 4 JITEﬁ,,?'f’}olrétjﬁa’fﬁ;f;”i 3 ehop e s ﬁu £ 4 (proliferation) ~ & it (dwarf,
stunting) ~ £ % wi A5 2 ] (little leaf) ~ £ i+ (yellowing) % # # (witches'
broom) ~ %%’% (hairly root) ~ f=#%% i (virescence) ~ # & i~ (sterility flowers) ~
FRGNEAFTECAERSETAAZAERS  KEREF &Y E (Agrios,
2005) -

rARMIFRE R AR

W HNRFI IR AT MR < P AR AR S MRS NS
e ER 0 AR RARZ P L RAEE R AR T kd WA G2 E D
s:éri’ FIEFre Ll PCR kR RHER? ¥ FF XopF TR

%rMei§i*1%3£l%4ﬁmF ﬁ*ﬁ%%%iﬁ%ﬁ?@%*
1313 % R16F2/ R2 % 16S rDNA group | 2. & — 14313 % R16(1)F1/ R(I)1 ;
1998 & Linand Lin #73 2 2 e 4~ FF R A * rn‘ Pl 4 U/ rl e 3 R4 2
FEARFTIEIRpFATHE Sy ez Rl T- 29 2y o2 it
B PCR 3134 fl/rl> 2 PCR F PR “rgde (91 pF) » #tg2
DNA ® g% 650bp> # < /| 2 3T i 7 phytoplasma 2. 8 ¥ ¢F 0 7 &
EEFATFIZEA TA AT 0 M4 FEL phytoplasma #7/h 2. group 0 E_p W
AR Y S G R B FRE o

2005 £ FFIEA S FISRTER TR B LFEEpp FANBFLFER
2R PETEESCAS LR I NE M ETRES 2 SR R
m#ﬁ?@%pwﬁ 2l AT ETERT R SEERT LR
REFEF - G T AT A F R ATHA Y I+ 4t f1/ rl

i 3
g7 PCR W& > *%@%*%@\ﬂwﬁﬂﬂiﬁ%ﬂ?fwdﬁ%ﬁ
FHE - PCR A4 > 8d - HFEA LA Gd NCBI w3 R
g+ HF ¥ X (aster yellows) 2. 16Srl group 2 fEF FFHE S R AR
PR-EERE I 7S 774 16SrDNA A 7] > £ -~ 16S-23S spacer
sequence % %4 23STDNA & 7|z P1/P7 513 %7 PCR &~ - §iE
A/ 4 I E & 16Srigroup 2 P FFME B ERE R B
= AYphytoplasma- ¥ § ¥ £ A FTHFLFRBBIARA L - L&Er o
R FFHREAFL S ST ERT R 0 BRE FUE BT EH
GRIFREYEESFE AN fIF PCR &2F 25 Sk i PR
TrE R B ie FLAHARL R EE > 0F -



i# %l%&w%*ir?ﬂfﬁ@h@ﬁﬂ’;?%ﬁaﬁyﬁ#
'F‘r*?j‘éé ok ET 2 A AR (1R R 1998) o ST &Y R
f”é'—]ﬁ‘-i'/w\’}’? BREHT ;- ErAFHSE S - HERFEES
JF“-J'JI% =4 \Jf_a_«ff' 7 B 48 5> apple proliferation group - {5 4 B #F ~ LS
FIFM2 g pd i YREAL FihRicl T3 HMAEBRE  EFERIRER
PRESF AT B 2 IR R 3 B 2T RET sbﬁfwﬁ He
AP FHASZBH AL B Yo THEELLHEM Y TR ESFR
T2 BT A4c? 5 \vztrﬂ;]li (Webb et al., 1999) - ﬁﬁobu/ﬁiﬁ%} IR A
P b B R 2 RT 2 BN T FFERET DR e
ASHERr I E TR ERFAEL A NP RREP T L W
Retigr 2 fiy lfa"}“*%ﬂ—’%zmﬂ [EERECATEE SEN LRl e - %J”"l?ﬂ » e
FRTLRTIXIRATHZAT iRy 7 dpd B mlL i i g
R r’v’ﬂ%/\ h RPN S A - mRFTEE R R 2 R
BRG AT ER T FEE 20 - HREZ DR IR R R
ARE WRE S PR ﬁ\“*'f}‘fi* - R F2 » e %t 2006 Ed ek R vE 2
Fir AR HZT 2 HPE E} FrFrERRRANFFI X R L@ g
B P RPFFEFREE TR T

5l % =‘?}§%

HREFE S HRE T 21998 e 54 F A 2L PCR 31+ 2326 » i fr 32 § 7 7
33-42 -

it E ~ k& T 22002 - 14 16S-23S rDNA spacer +:fik & 7]~ 47 ¢ B4 F F
2 A T o 14 HIE ¢ 7] 110 199-206 -

IR AE IS g 1907 ¢ AVRARS R - PR S L

7B AT o B R E € € 7] 39: 181-194 -

BESL AT 2004 nEBTAE G AEATLAERATHMLTHEE A
Zl o fE 4 m L g T 13:143-154 -
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ABSTRACT

Liu, S. L.Y, Chen, W. Y.}, and Lin, C. P.%* 2006. The detection and identification
of phytoplasmas associated with pear decline and aster yellows. (*Department of
Plant Pathology and Microbiology, National Taiwan University, Taipei, Taiwan 106,
R.O.C.; *Corresponding author, E-mail: cplin@ntu.edu.tw; Fax: +886-2-23661980)

Pear decline (PD) is an important pear disease caused by phytoplasma, which
occurs mainly in Europe and North America. In 1994, pears exhibited a slow
decline symptom were observed in orchards of central Taiwan. Universal primer
pair, f1/ rl, which can specifically amplifies the conserved 16S rDNA fragment of
phytoplasmas in the polymerase chain reaction (PCR), was used to amplify the
phytoplasma-specific fragment with total DNA extracted from the diseased leaf
samples. Sequence analysis of the 658 bp-PCR products revealed that the agent that
cause PD-like disease in Taiwan (Pear Decline-Taiwan, PDTW) was closely related to
the phytoplasmas of apple proliferation group that cause diseases on peach, pear, and
apple. Primer pair P1/ P7 was then used to amplify a 1,784 bp fragment containing
the full length of 16S rDNA, 16S-23S rDNA intergenic spacer region and partial 23S
rDNA sequences of PDTW phytoplasma. Consistent with the result of 16S rDNA
sequence analysis, sequences within the 16S-23S rDNA intergenic spacer region
supported that the PDTW phytoplasma that cause PD-like disease in Taiwan is a new
subgroup of the apple proliferation group. Based on the analysis of rDNA sequence
of PDTW phytoplasma, two specific primer pairs APf2/ L1n and fPD1/ rPDS1 were
designed in this study for the detection of the etiological agent in pear trees and insect
vectors. Based on the sequence analyses of the PCR-amplified fragments, two
species of pear psyllas Cacopsylla gianli (Yang and Li), and Cacopsylla chinensis
(Yang and Li) were found to carry PDTW phytoplasma. Aster yellows (AY)
phytoplasma has very broad host range, and has not been reported in Taiwan.
Recently, virescence and phyllody of periwinkle was observed in an isolated
farm in Dayuan Shiang, Taoyuan County. Diseased periwinkle was detected
by PCR using f1/ r1 primers, and the sequence of the PCR-amplified fragment
was identified to be the partial sequence of the 16S rDNA of phytoplasma.
Primer pair P1/ P7 was then used to amplified a fragment containing the full
length of 16SrDNA, 16S-23S rDNA intergenic spacer region and partial 23S
rDNA sequence, and the sequence of the 16S rDNA of the phytoplasma shares
a 99% identity with the sequences of the aster yellows (AY) group (16Srl)
phytoplasmas. When scion from diseased periwinkle was grafted onto
healthy periwinkle, symptom of virescence and phyllody can be observed



within 4-5 weeks. Phytoplasma can also be detected in grafted periwinkle
using PCR with f1/ r1 primers. Samples including chrysanthemum, sage,
periwinkle seeds and leaf hoppers were collected from the same horticultural
farm and detected by PCR using f1/ rl primers. Phytoplasma-specific-PCR
product was amplified from diseased chrysanthemum. The sequences of the
16SrDNA of the phytoplasmas on periwinkle and chrysanthemum was found
to be completely identical to each other. The infection of AY phytoplasma
on periwinkle happened naturally, and the transmission pathway still needs to
be further invested.

Key words: aster yellows, PCR, pear decline, phytoplasma.
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Fig. 1. Polymerase chain reaction (PCR)-product amplified by using
PDTW-specific primer pair Apf2/ L1n with the DNA templates extracted from:
lane 1, PDTW-phytoplasma infected pear; lane 2, Cacopsylla gianli; lane 3, C.
chinensis; lane 4, PnNWB-phytoplasma infected periwinkle. M, 1 kb plus

DNA ladder (Invitrogen Corp., San Diego, CA) as molecular weight standards.
Size (in bp) of PCR product is shown on the right.
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Fig. 2. Polymerase chain reaction (PCR)-product amplified by using universal
primer pair f1/r1 with the DNA templates extracted from: lanes 1 and 3, AY
phytoplasma-infected periwinkle; lanes 2 and 4, PnWB phytoplasma-infected
periwinkle; lane 5, water control. M, 100 bp ladder.  Size (in bp) of PCR
product is shown on the left.



