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PIEZ ~ PRSP 2011 A1 real-time PCR E(T “fGERLZ IR E S 2 ZEMNER. HERE T 20: 11-20.

K FCLUERS T B E (real-time PCR) $1¥ & EFL 559K EE#8 (pear decline-Taiwan phytoplasma, PDTW
phytoplasma) k58 — ¥ 5B 59NEERE (PDTWII phytoplasma) &stE—M5 [T - #EfTEEREE 9 2 2 E kil
K ERSIT - BERIEETIHERTAE 1994 FN5H GEPEIRE: - A EEALUBHE S - AEREME 28T
T IR R Ry s B Y S5 T8 (group 16SrX) 2 PDTW phytoplasma - [1% 56 & H al B FLRE (Cacopsylla
qianli) BAfERLRL: (C. chinensis) {##% - Y 2005 FAF-PEIFUR&ERASAEEEEE —BF (group 16Srll) 2 PDTWII
phytoplasma » %5 2006 RIS 35 [t i B A P B B G P &Rk (coinfection) AUAS » Ryt fiNT Bttt — BHEY R E RS (T iE
AL R B R ER RS U RIS » BRI Eti & 2 16S rDNA [Flskat 2 B ED B &l R EH K E

(multiplex real-time PCR) 5[5¥#f - FcG LA real-time PCR [yl 2 E B > #IRAESLAILL PCR AaiflIRERS

FAEE

PDTW phytoplasma gt~ Zifitpittaas DNA o - IR EHIESE —Ff 2 PDTWII phytoplasma {77 » MR H BE &
Bt BURHEIERIE R WEHEY B G R Z BN &% i - SCEE U MEARI343 real-time PCR &) PCR -
[l multiplex real-time PCR 7IMEfY multiplex PCR - JH3E BRIy 2 FEILRE AT FT i ABHE T B 2 B AL 59 B E AR 24t

K RaaRe N < AiEE K AR REP 2B -

BRdtE © SVERIETN - AP RO E

W ﬁ

iy

fEP B E 88  (phytoplasma) fy 48 % 25 4= % 55 [
(obligate pathogen) » J& &Ll & & #& (mycoplasma-like
organism, MLO) » [ E. 1967 4358 » B fEEHIIMHE
YIRIEAIE  (RIEYEEES > 165 IRNA HEEFEHIZk
TR BSHIES B 28 B DURSERL 100 (HE5EE
0019, B i 2B CAVE BB — TR YR E S Y S
paEm O Kok AU ESEBRICA - HEE
SRS BB YIRS » R s T2 TR

2o EVERIRHEEGYRE  (pear decline-Taiwan, PDTW) & F1E
1994 FR AN EEPEIRSS - M-SR 23R
@ o HpRERI RIS Ry 2ilEE55 (quick decline) R gt
255 (slow decline) — A » ZUEEFHAIL ALY 10 4
DL fE R iR R E R DR » 2B R 2 RKAR
WAEH R EHENIET 18RI 2 R I A6 S
ERRRATEE R FdAL BN S - DIATEEEREEE Y B T &/
ZRIRF » H AR B N B AR d R NP R R
RAEFAEHT (2-54F) 1% EREREIEZIET -
e T SR G BRI 55 9% 1] HES BLK 4% (Cacopsylla
gianli) i EALARE: (C. chinensis) {##& “ %6 0. 1
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2005 4 8 FHF AFEEAE P RIS SRR HG N [F] R
FIHE TR ERENEER (PDTW phytoplasma) Kz
FOHOEREGREER (PDTWII phytoplasma) » it
2006 F 9 AR #BETHGERAEHHREER
(PDTW phytoplasma) 55 — B & /& FL 2 5595 I H #&
(PDTWII phytoplasma) B[4 & EiZ (co-infection) Ut ©
s (B TR B R A R L R AR P O R
TR AR -

[E B Gl HEE E (real-time polymerase chain
reaction, real-time PCR) ®]&(bi%lE » HEHERS -
LA AR DATE] 20 B I 2R B S T o Rl » S LRI R IR
2R R R E B S T s ¢
14) |

HIEYIE'E RS 16S IDNA I EHEYE BN Z
EHBCHBHEES © 2 A4S realtime PCR
HeBEgg i E 8 2 Fitt S EEP R GRE R E
KZJE (multiplex real-time PCR) » J& F AR 559K #E & il
Z WAL o BT TR ERETREER (PDTW
phytoplasma) Hi%5 —Bf BRI GGHEE R (PDTWII
phytoplasma) > #& 8] - Bt &bl real-time PCR L 4
HE RS ERWEHEYIE BRI R IE RN Z 4HRE
& HE BRI 2 BT A R AR B T EE 5B R TS
T R B G A B R Bl sade N 2 AR B R L B N
‘P2 B -

T~ AWFEATERS T 2B

Table 1. Sequences of oligonucleotide primers used in this study

Ptk

HEYIE A% DNA Z 4L

BERESPRE BRI R R AR EE R
B FIPALE ST SR - I8 Plant Genomic DNA
Extraction Maxiprep System (Viogene-Biotech Corporation,
Taipei, Taiwan) EESCHLEREERG - #EITAUG 4 DNA
ZHHE -

AREELHHZE (Catharanthus roseus, periwinkle)
TE Rl BRtE Y LI B E G - 55 e B A= SRR
'G#% (PDTWII phytoplasma) 7 #% + 22 AT A HERCT)
ZHH&DsE ©7 e DNA il J5EEE )%
% Ko B Lin S AR5 ORISR ET -

AT Z e

. Primer Express® software v2.0 (Applied Biosystems,
Foster, CA) #fT PDTWII phytoplasma 16S rDNA %15
T-¥#f 16S-F1/ 16S-R1 (for 16S rDNA) (FF—) %=1 5 #1¥f
PDTW phytoplasma » Fil{s FItE ¥ B B 515 [T P1®
KA = Rt PDTW phytoplasma H—M:5]
T LIn @9 (F—) o EEFTE BB R A B AL SN
'EHG 16S IDNA ¥l 2 &l 2 M E (PCR) B - 1F
0.2ml & PCR [JEE FRFFIIASRE K ({5 fELH

Length

Primer Sequence (5° t03 ) (mer) Target sequemce Aim*  Source

165-F1 AGA CAC GGC CCAAAC TCC TAC G 22 16S rDNA A Thisstudy

165-R1 AGC CGC CTACGC CTCTGG T 19 16S rDNA A Thisstudy

P1 AAG AGT TTG ATC CTG GCT CAG GAT T 25 Phytoplasma A Deng and Hiruki, 1991

Lin CAA GGC ATC CAC TGT 15 Er?;c\)’glasma A Liuand Lin, 2007

16Sr11-f1 AGG AAG AAA AGC AAA TGG CG 20 165l R This study
phytoplasma

16Srl1-r1 CAA GTT TAG CAG TTT CAA TAG CCG 24 165l R This study
phytoplasma

PDtwX-mf2 TGA GTA ACA CGT AAG TAA CCT GCC TCT 27 PDTW R This study
phytoplasma

PDtwX-mr2  TCT CAG CAT ACC CTT GCG G 19 PDTW R This study
phytoplasma

& A, primers for artificial template construction; R, specific primers for real-time PCR



Bafg k25 ul) ~ 5 ul 1y 5x Colorless GoTaq® Flexi Bufferl
(Promega Corporation, Madison, WI) ~ 1.5 ul 2 MgCl,
Solution (25 mM) ~ 1 ul dNTPs mixture (dATP, dTTP, dCTP,
dGTP & 25 mM) ~ 5| 7% P1/ Lln ¢ 16S-F1/ 16S-R1
(9520 uM) & 1l ((ERFERER Sy 0.8 uM) ~ R
TR TR EALEIYR R ARG 2 AL DNALO 4l
BHAn A 1 BEfir (unity 2 GoTag® DNA Polymerase
(Promega Corporation) - 5|1-¥f 16S-F1/ 16S-R1 > PCR
R IERRRANE R » KIESEKI% » v & SYBR® safe
DNA gel stain (Invitrogene Corporation, Eugene, Oregon)
Z 12% =% 2.0% HBIHSEEEHEIT K EEIK AT » SERkE
#3% QIAquick® PCR purification kit (QIAGEN GmbH,
Hilden, Germany) E1 TOPO TA cloning® Kit (Invitrogene
Corporation) #E{T PCR ZEY)~ #i{LEBLENE - #EJVANK
B Et B T - MR R R B —RE R E T8
FUITEHE SR> 165 DNA [F51i% » 48 Mini Plus™
Plasmid DNA  Extraction System  (Viogen-Biotek
Corporation) (kiR IHE AETTA{LELHER DNA -
LIPE R real-time PCR #ETTHFFTER 2 AT DNA AR
(artificial DNA template) » 43 FH a54% B pPAT-PDTW
Sz pPAT-PDTWII -

FE R EEE N EE M [T H et
Real-time PCR Fi{fiF >~ B—M5 [+ > {4 LL Primer

Experss® software v2.0 (Applied Biosystems) {7t > 3
i FH 5] 7 % PDtwX-mf2/ PDtwX-mr2 (for PDTW

aENESREER S S ERAEEST 13

phytoplasma) & 16Srll-f1/  16Sril-r1  (for 16Srll

phytoplasma) (F—) -

BB ESREERER ZHE KRR 2 2

B # {7 PDTW phytoplasma Ei  PDTWII
phytoplasma 237 EHEMEA Z EE AT - BRI 2 A
T A pPAT-PDTW Eil pPAT-PDTWII DNA #{T-1% %
itfkE (decimal dilution) - HU-F% 25k A TR 1
ul o 5] 7% PDtwX-mf2/ PDtwX-mr2 =% 16Srll-f1/
16Srll-rl (5 uM) (E—) % 1 ul > B Power SYBR® Green
PCR Master Mix (Applied Biosystems) 10 ul FAEE/K (5
HASERGTE Ry 20 wl) T2 0.2 ml HUGSESLEE PCR EE
(ABI Prism MircoAmp™, Applied Biosystems) 1 > ) ABI
7000 Real-Time PCR machine 377 real-time PCR [z JEFZ
AR - e R R REHEIEE Tm (BRI IE R
F BEEAS R TREA R B 55 [ 2 B— DA FE R FTET
rE T RE R Eh ST T SRR FEEREE (threshold cycle, Ct)
I3AfT

Ryt real-time PCR A 4R - LI pPAT-PDTW
K pPAT-PDTWII £ AT DNA i #E {7 M K DA |
real-time PCR » {5207 1 [E]— DNA HARAET =2 DL
HEEERAE - AL DNA Hi 2 R HCEE (log - DAG
2R 1 nglul By log = 0) BLERFRAEIREL(E (threshold
cycle, Ct) LI Excel & #tHE (Microsoft Corporation,
Albuquerque, New Mexico) {EE - ZEFEHEEE (log
concentration) B Ct B 7 SR MERR(F &R FUERAE 43 ke

R ESITEIETRG R 2 HH S E K FRD R il 2 S R AR S

Table 2. PCR/ real-time PCR program for each primer set

Primer set PCR/ real-time PCR program

(1) 94°C /5 min

16S-F1/16S-R1
(3) 72°C /7 min

(1) 94°C /5 min

P1/L1ln
(3) 72°C /10 min

16Srll-f1 / 16Srll-rl1 (1) 50°C /2 min
or (2) 95°C /10 min

PDtwX-mf2 / PDtwX-mr2

(2) 94°C /30 sec, 55°C /20 sec, 72°C /30 sec, 35 cycles

(2) 95°C /30 sec, 60°C /60 sec, 72°C /90 sec, 35 cycles

(3) 95°C /15 sec, 60°C /60 sec, 40 cycles

(4) Melting curve detection : 95°C /1 min, 60°C /1 min, heating to 95°C in 20 min
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TitEs -

BEFEIPREERNT ERNZEESHT - 2L 3 u
% PDTW phytoplasma Fz/g; PDTWII phytoplasma JgZ
2 FUSTE H HBEME R 2 2 DNA  Fyfbif > %5 K MR Ko 48
BEFELIRTIL > #E7T real-time PCR (2 20) -

W ELT real-time PCR FRE8 2%+ 82> PDTW
phytoplasma EiZE —#£> PDTWII phytoplasma 16S rDNA
Z Ct & > Rl LR 4R Y - BV RORAS B
V)& B #e  16S 1DNA 4R R & 2 ¥ #E (log
concentration) » FERFHLEEAGEE (In) - B2 HEER
15058 — B e B gy R E S R 2 FUR B H H B e IR
Nz 16S IDNA JFia& - it 16S rDNA {EHEYIEERE
NERTE 2 EEM Y NILKIHEE > R s e B
2 Bifsts 3 ul NEERIEIIREERZEE « HRiA
st 2 EEPEE - & 15 g EYES AT A B R T
1500 ul z4: DNA - iR Biltds 3wl WIEYIEER
ZEERRLL 3 1% - FIELL 1000 (B 3 ul NIEYIEE
BEZ BE IR 333)  HIERIGEHAHEYIARSNEYIE
Bz asE - stE T

Number of phytoplasma/ g plant tissue = 16S rDNA
copy number/ 2 x 333

Real-time PCR B PCR {(HAI&BRETHREERE
Bz L

FE AT 200 B o P oK A 2 A TR R IE AR PDTW
phytoplasma 5 PDTWII phytoplasma ~ 4HfE#iE @ #A
% PDTW phytoplasma =, PDTWII phytoplasma & fx
= 2 TR RS DNA > 53 HIFRFEZE 10° cells/ g plant
tissue » B[] DNAtemplate 15 1 x 10%cells 7% > {5 £51]
Mk (100 £ 10° f%) - LL5[F % PDtwX-mf2/
PDtwX-mr2 =% 16S-F1/ 16S-R1 (39k 20 uM) (F—) i
17 real-time PCR » RZJELIRTHL °

DA B 305 [-3F Re Rt R 1% 251 FkE DNA Ryfs
R TR ORI E (R - SR R ARe
AT

o

[

Multiplex real-time PCR B multiplex PCR {EH[& &
TN RERERE

DA Bl sS85 25 #ikE 2 A& PDTW phytoplasma
g1 PDTWII phytoplasma -2 DNA % 1 ul > 5]F %

PDtwX-mf2/ PDtwX-mr2 (5 uM) Kz 16Srll-f1/ 16Srll-r1
(10 M) (F—)% 1 ul > 81 Power SYBR® Green PCR
Master Mix (Applied Biosystems) 10 ul Fz#EE /K ((H4E
JEREFE By 20 ul) 7 0.2 ml MYBESEE PCR KJES
(ABI Prism MircoAmp™, Applied Biosystems) i » 7T
multiplex real-time PCR () -

PA_B3ls -3 se etk DNA FRETT multiplex
PCR - #EGHE K S FERE AN AL -

& R

B EEEREEN I E—M5 [ FHZHE

LA PDTW phytoplasma E—M4:5|1-%f PDtwX-mf2/
PDtwX-mr2 (FEY)&E 123 bp) k2 16Srll phytoplasma Z
—E5 [T 16SrlI-f1/ 16Srll-rl (EY)&E 205 bp) $1¥%f
2% +#E> PDTW phytoplasma Ei%g —#f> PDTWII
phytoplasma g~ Fifif < DNA FfEffi 1T real-time
PCR » @38 Mg 48 (dissociation curve) 43 #75| T %t
PDtwX-mf2/ PDtwX-mr2 Kz 16Srll-f1/ 16Srll-rl 2 BE—f -
PA5[7¥f PDtwX-mf2/ PDtwX-mr2 Ffridii 2 i
SERE (Tm) 4 76.6°C : [fis ¥ 16Srll-f1/ 16Srll-rl >~
FE R SECE FE Ay 81.2°C > T} 70°C BT (e IS 1Y = e
(Tm peak) £ primer dimer - NIEIEHE—MEEY) - Kifhs:
EEVIfEIF1% o TS PDtwX-mf2/ PDtwX-mr2 FiigiE St 5
LB E £ PDTW phytoplasma 2> 16S rDNA FF%1] »
MmEE 16Srll-f1/ 16Srll-rl FrigiE > | ERRIE NG B>
PDTWII phytoplasma - 16S rDNA FF5l| -

BB THREE S 16S rDNA FF7 real-time PCR &
ZEHR 2 RS

73fT N DNA 5ty pAT-PDTWII Z 51 - fifERd
55 —Ff PDTWII phytoplasma 2 16S IDNA [£51[{%
L. Mini Plus™
(Viogene-Biotek Corporation) #i{bE4H'ERE DNA » JES
'HHG DNA ZJFUEIRIELY 75 nglul - FERIE Z AT DNA
ERIRIEE 10° copiesiul 1% E (FHMAERE » DIH% %
%% (decimal dilution) > DNA (#£10° % 10° fZ#f®)
TERIEMR » L —1E5 [ ¥ PDtwX-mf2/ PDtwX-mr2
16Sr11-f1/ 16Srll-rl E{Ti#E{T real-time PCR » T f#f5k i
RS LSRR ST IE Y Ct E (B =) WHEHE M

Plasmid DNA Extraction System



gh4® (dissociation curve) Kz ZEJk4571T (electrophoresis) i
e A B B
L Prism7000 SDS Software V1.1 (Applied
Biosystems) ¥f F#fi real-time PCR 45537 T50H7 » ik
PDtwX-mf2/ PDtwX-mr2 K; 16Srll-f1/ 16Srll-rl 5|5}
TR EEIEEE4E (amplification curve) 2 EGEESR
{& (threshold value) » H47 7] A 0.052189 K 0.063741 -
YELEE > Ct [EELEERE (log concentration) [ETE] -
FIVE] i (5 EL A8 143 (standard curve) « {EAFEER T 1L
PDtwX-mf2/ PDtwX-mr2 Kz 16Srll-f1/ 16Srll-r1 475
TR E S FRE BT = EE IR ERE - WK
BERAN=ZEH®ZFEE > E{THER M (corelation
coefficient) 474 » JEEE-FEE> PDTW phytoplasma Ei
E_Ff> PDTWII phytoplasma 16S rDNA FEFIAARE
B FHEAME YR By 0.999469 K 0.999866 » HiT i ite
&R 2 W R E By N\ s et N » v Ry & S & 2 1R
Edher > AU KX EEBFTRES Ct HZ W (BRER
BT =) & Y il HEIRE (log concentration) £y
X whfitE - EeESTHNE RS ERRESREERZ
%+#f>~ PDTW phytoplasma 242 fh 45 & > 52
Ct = -2.9341 (log1o(PDTW phytoplasma concentration))
+41.977

GENESREER S ERAEESMT 15

SFFFZ PDTWII phytoplasma -~ fFEAE &R fE 2 J5
Ct =-3.1007 (log1o(PDTWII phytoplasma concentration))
+35.195

FTHES OB HREERENTFEIRZEER
3

LIZ &+ 2 PDTW phytoplasma [ Hliaieiz
PDTW phytoplasma Ei PDTWII phytoplasma #§ & Ef 2L
(co-infection)  FUfSiEl H H &Ry DNA 5T » T
real-time PCR E&74 » ARG RIEF B =R EE
f& 16S IDNA Z Ct {H - #Frs2 Ct EIHIRASE T
Bf >~ PDTW phytoplasma B 55 — Bf > PDTWII
phytoplasma = 5 4 i 4% J7 2 =X (55 +BF 2 PDTW
phytoplasma: y = -2.9341x + 41.977; 55 _—Ff> PDTWII
phytoplasma: y = -3.1007x + 35.195) » 5+ & —&1F DNA
template B 16S rDNA Z[E#A= (number) » fEYHE e
16S rDNA YR E RN 2 EHBC A KW EE
4 OO NI ERREL 2 % BRE 34l PIIEYIE
e dREEE - &80= (Number of phytoplasma/ g plant
tissue = 16S rDNA copy number/ 2 x 333) HEEE/\TLE
YIZHEN - EYIRER A E(RS) - SREUREL
£ LU PCR A Ml - {8 W] {5 0 5 28 - BF 2 PDTW
phytoplasma [gis” ZUSHERRA » FFIAHFEATEIL 2

F= - EHHOBIETIHNEER (PDTW phytoplasma) S48 —BFEIBRIEESSHTEERE (PDTWII phytoplasma)
16S rRNA JELHZ real-time PCR Ct {f - 16S rRNA ER#& (number) Bl A TEYISHS N ERAINE S
Table 3. The Ct value of real-time PCR, numbers of 16S rRNA gene of PDTW phytoplasma and PDTWII phytoplasma and the

number of phytoplasma cells per gram of PDTW phytoplasma-infected and co-infected plants

Source of DNA template PCR detection of ~ Average Ct vall;e for Number of 16S rDNA” in Number of PDTW

PDTW 16S rDNA DNA template phytoplasma/ g plant tissue®
PDTW phytoplasma-infected Group X 23.10+0.01 1.2 x 10* 2.0 x 10°
pear-1 Group 11 26.49 +0.15 6.4 x 10 1.1x10°
PDTW phytoplasma-infected Group X 24.30 + 0.05 5.0 x 10° 8.4 x 10°
pear-2 Group 1 29.94 + 0.43 5.0 x 10 8.2 x 10°
Covinfected pear Group X 33.28+0.21 4.1x10° 6.8 x 10°
Group Il 34.44 +0.23 2.9 x 10° 4.7 x 10
Covinfected periwinkle Group X 30.80 + 0.44 4.7 x 10" 7.9 x 10°
Group Il 23.09 + 0.38 8.0 x 10° 1.3 x10°

®Average Ct value of real-time PCR using primer pair PDtwX-mf2/ PDtwX-mr2 with 3 repeats.

®Number of 16S rDNA of PDTW phytoplasma was calculated from the standard curve equation of PDTW phytoplasma.

‘Number of phytoplasma/ g plant tissue = 16S rDNA copy number/ 2 x 333

YCo-infected by PDTW phytoplasma and PDTWII phytoplasma.
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Dissociation Curve
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B— -~ DL PDtwX-mf2/ PDtwX-mr2 Kz 16Srll-f1/ 16Srll-rl 5[+-¥%f¢+%f PDTW phytoplasma B2 PDTWII phytoplasma 2
e DNA fEMG#ETT multiplex real-time PCR {5 EY) ~ s ih4® (dissociation curve) »

Fig. 1. Dissociation curve of multiplex real-time PCR with PDTW phytoplasma and PDTWII phytoplasma DNA as template
using PDtwX-mf2/ PDtwX-mr2 and 16Srll-f1/ 16Srll-rl primer pairs. Melting temperature peaks (Tm peaks) of 16S rDNA of
PDTW phytoplasma (X) and PDTWII phytoplasma (I1) are 76.6 °C and 81.2 °C, respectively. Primer dimers showed a Tm peak
of 70°C (arrow) in negative control (ddH20 as template). DNA template 1 was prepared by mixing DNA prepared from pear

tree infected with PDTW phytoplasma and DNA prepared from pear tree infected with PDTWII phytoplasma. DNA template 2

was prepared by mixing DNA prepared from pear tree infected with PDTW phytoplasma and periwinkle plant infected with

PDTWII phytoplasma.

real-time PCR JE&H%{i » JRol{EHIE|5E —F£ > PDTWII
phytoplasma Z{EE (=) -

ES B EBREF N BESEFED SRR EFH N E
ZBEE

fid & real-time PCR Z E & flftb# PCR
real-time PCR ¥} > i & M~ BHEMH - DINE
PDTW phytoplasma gz PDTWII phytoplasma %Hﬂﬁ@%{éa
= M tE R DNA T 5 RIS ETERE
Sl 5575 PDTW phytoplasma &3 10° cells/g plant
tissue DL -El DNAtemplate §1E 1 x 10%cells DL %>
AIELH PCR EY) 2 BRI TEiZEE] 123 bp 2 PCR &
YITER B o 1 BA real-time PCR GE{T(EIAN » HEE{E
=35 10° cells/g plant tissue L) | » B[l DNA template 15
1 cell DLERF - BIAT&E s M ap Bz 2@ > PDTW
phytoplasma (76.6°C) -~ Tm peak ; L PCR gf ¥f
PDTWII phytoplasma #1735 - Hil & o] jd i &z 10°
cells/g plant tissue > EJ DNA template fE 1 x 10° cells

I Eﬁﬁfﬁé-ﬂ 205 bp 2 PCR EWTEIAR B > DA
real-time PCR #:{T{E ]Il - PDTWII phytoplasma  E&
Bl ey = 103 cells/g plant tissue LA | > E[l DNA template
i E 1 cell DLERF > BIAJ&E s MEdh &£ 5] PDTWII
phytoplasma (81.2°C) ~ Tmpeak » #7~LL real-time PCR
Ry ESRERTIES T 2 E BB Y PCR (RIM) -

liEaga multlplex real-time PCR Ei multiplex PCR
FTErT 2 B e s (B — ~ [B ) » 7R3 multiplex
PCR #t%f PDTW phytoplasma £ M. & iR il
FELEH multiplex PCR BiiEH 123 bp 2 FHAAR B ([
— B) » iy LA multiplex real-time PCR {gf] PDTW
phytoplasma Hij 7 10* cells/lg plant tissue - Bl DNA
template 9@ H 10 cells DL EHBF - 7] HE PDTW
phytoplasma > Tm peak (76.6°C) ; &} %f PDTWII
phytoplasma -~ multiplex PCR (& J|AIj & 2H - (&% B 75
PDTWII phytoplasma & #E 10° cells/g plant tissue » EJI
DNA template frE. 1 x 10° cells % - 75 m[Hsifig 4 &5
PDTWII phytoplasma -~ 205 bp 7EHAH B (&l — B) > 24



MmAE multiplex real-time PCR JHlztH - RI{E£5E PDTWII
phytoplasma [ &2 10° cells/g plant tissue > E[] DNA
template = H 1 cell BF - Bl B {H Al & PDTWII
phytoplasma 2 Tm peak (81.2°C) - [t 45 & J5 86
multiplex real-time PCR Z Z & /& {&/> multiplex PCR (F=
g) -

e A
o ﬁﬁ

AHEMAETHGENENHEER (PDTW
phytoplasma) = — 4 5| 7% PDtwX-mf2/ PDtwX-mr2
(PCR W& 123 bp) EASE “BHEHYEER (16Srll
phytoplasma) ZH—{4:5 |-+ 16Srll-f1/ 16Srll-r1 (PCR &
Y5 205 bp) - #E{T real-time PCR 2 7E & 737 - 45545
I fE S mi DL semi-nested PCR 7 52 & PDTW  Ei
PDTWII phytoplasma # &1~ Blfst @ Py » ke
HEWEE S BRLEE IR EE RS Z AL MAELAELE PCR

aENESREER S ZERIERST 17

sosy PDTW phytoplasma gl FURPA > JR A M)
PDTWII phytoplasma Z{74F » B~ HHEIFERIE R 2 It/
FHEYIRE R E S RE BV E LR - thAh - AT
RSB gl RETRAELIR I » B S B RR S5 B G
HHRpEE 2 A2 5 HEN AT RE BRI B L - HF E RIEYIRE
e A HRERAR - 2R ERF IR S E R RSN E
R IEMRNIREE O RIBE - AMESE PGS -
Eb# real-time PCR Ei PCR Y EEME » & E DNA
template {#HE 1 phytoplasma cell BF - {/5a]#EH 84 i
43 (dissociation curve) #HZZF4yrEFY PDTW phytoplasma
(76.6°C) B PDTWII phytoplasma (81.2°C) 2 Tm peak ;
FHE - 5 DL PCR EfTHaH] - FIl DNA template H17HE
10° phytoplasma cells 1L Ei% » J5 agigH: 123 bp (PDTW
phytoplasma) Kz 205 bp (PDTWII phytoplasma) > PCR
EEVITER A B - U real-time PCR 2 ZEY &)Y PCR -
2% multiplex real-time PCR Eii multiplex PCR Iz, » 78S
FPIZ 4558 - AP ESEENE - E—M PCR #EfT

2P0 ~ PCR, real-time PCR, multiplex PCR Ei multiplex real-time PCR 2~ EEf & EL#
Table 5. Amplification results of the decimal dilution series of PDTW phytoplasma and PDTWII phytoplasma (cells/g plant

tissue) used to compare the sensitivity of PCR, real-time PCR, multiplex PCR and multiplex real-time PCR

Number of PDTW phytoplasma® PDTWII phytoplasma®
Number of phytoplasma
. ) ) Multiplex ) ) Multiplex
phytoplasma cells/g cellsin Real-time Multiplex Real-time  Multiplex
) real-time PCR real-time
plant tissue? DNA PCR PCR PCR PCR
PCR PCR
template
1 1073 — — — — — — — —
10 10 - - - - - - - -
10° 10" - - - - - - - -
10° 1 - + - - - + - +
10° 10 - + - + - + - +
10° 102 + + — + — + — +
10° 10° + + — + + + + +

Decimal dilution series from 10° to 10°® starting at 10° cells/g plant tissue of DNA prepared from PDTW phytoplasma-infected pear-1 used as

template for PDTW phytoplasma and DNA prepared from co-infected periwinkle plant used as template for PDTWII phytoplasma.

®pDtwX-mf2/ PDtwX-mr2 primers used for the detection of PDTW phytoplasma in PCR, real-time PCR, multiplex PCR and multiplex real-time

PCR.

16Srl1-f1/ 16Srll-r1 primers used for the detection of PDTWII phytoplasma in PCR, real-time PCR, multiplex PCR and multiplex real-time PCR.

INo amplification.

*Positive amplification.



18 fEYIHRHESEET] % 20 & 5 12 Jj 2011

A B

205 —
123 —

B — - L PDtwX-mf2/ PDtwX-mr2 (product length 123 bp) & 16Srll-f1/ 16Srll-rl (product length 205 bp) 5|TF-&+¥%f
PDTW phytoplasma E1 PDTWII phytoplasma B4 DNA fEfE#EFT multiplex real-time PCR (A) » & multiplex PCR

(B) ZEYIE K HTIE -

Fig. 2. Electrophoresis analyses of multiplex real-time PCR (A), and multiplex PCR (B) with mixed PDTW phytoplasma DNA
and PDTWII phytoplasma DNA as template using PDtwX-mf2/ PDtwX-mr2 (product length 123 bp) and 16Srll-f1/ 16Srll-rl1
(product length 205 bp) primer pairs. DNA template 1 was prepared by mixing DNA prepared from pear tree infected with

PDTW phytoplasma and DNA prepared from pear tree infected with PDTWII phytoplasma (lane 1); DNA template 2 was

prepared by mixing DNA prepared from pear tree infected with PDTW phytoplasma and DNA prepared from periwinkle plant
infected with PDTWII phytoplasma (lane 2); healthy pear DNA (lane 3); ddH,O as negative control (lane 4). M, 100 bp DNA

ladder as molecular weight standards. Sizes (in bp) of PCR products are shown on the left.

PDTW phytoplasma {e3I1F » A fl > (K& B 10°
cells/g plant tissue » {8} PDTWII phytoplasma > 10°
cells/g plant tissue » ZATMFY multiplex PCR K7 JERF » A4
EIENE H PDTW phytoplasma 2 PCR E#)H B (123
bp) - JHLIZEEINHIZ Y real-time PCR K multiplex
real-time PCR H[fgH| PDTW phytoplasma & {KE&E &
Ba > HERATRTRE RS [ S s F i Ak -
RBETEIREREZ B S 2Bk GEREHRERTELY
O TAE FEMEEE 37 BEG hEBSEEEZ
Ffsf > AWtEELL PCR HflcE @R 5+ PDTW
phytoplasma 16S rDNA F51] » 4% £ HH FH R R ko5 e B B
Al B #5 SR 4% (Cacopsylla gianli) B i1 B FL AR (C.
chinensis) Ry {#EILHR /B @50 - ARl

1% 2005 4F 8 FHGEERE T ALK S s N E0E A
+ £ > PDTW phytoplasma J % — # >~ PDTWII
phytoplasma 7 o ARt R T G A Y B
B i » ) R P A S PR R e SR LR -

T B G BRI S R S R N BT DURESHIR
[ R SRR TR B S S R A
o (IR A B e R E T RS T

o
~
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ABSTRACT

Lee, C. Y, and Lin, C. P % 2011. Multiplex detection and quantification of two pear decline phytoplasmas in Taiwan by
real-time PCR. Plant Pathol. Bull. 20:11-20. (* Department of Plant Pathology and Microbiology, National Taiwan University,
Taipei, Taiwan 106, R.0.C.; * Corresponding author, E-mail: cplin@ntu.edu.tw; Fax: +886-2-23661980)

Pear decline (PD) was first reported in 1994 in pear orchards near central Taiwan and was previously proved to be caused
by pear decline-Taiwan (PDTW) phytoplasma (Liu et al., 2007. Eur. J. Plant Pathlo. 117:281-291). PDTW phytoplasma can be
transmitted by two pear psyllas, Cacopsylla gianli and C. chinensis. Besides PDTW phytoplasma, PDTWII phytoplasma of
16Srll group was first identified in pear psyllas since 2005. In 2006, co-infection of PDTW phytoplasma and PDTWII
phytoplasma in pear trees was later identified by PCR. To detect these two phytoplasmas in pear plants and insect vectors,
specific primer pairs for multiplex real-time PCR and real-time PCR were designed and applied effectively in this study. The
copy number of 16S rDNA of PDTW phytoplasma, which is relatively easier to be cloned from phytoplasma than other genes,
was used as a reference sequence to quantify the number of phytoplasma cell in plant tissues. DNA samples previously
prepared from PDTW phytoplasma-infected pears that had been confirmed by PCR were reexamed in this study using real-time
PCR, and many of them were found to harbor the DNA of PDTWII phytoplasma as well. The results indicated that the
co-infection of PDTW and PDTWII phytoplasmas in pear trees and insect vectors may be common in fields. The detection of
PD phytoplasmas in pear trees and insect vectors based on the multiplex real-time PCR and real-time PCR showed higher
sensitivity than those based on multiplex PCR and conventional PCR, respectively. The real-time PCR-based quantification of
PDTW and PDTWII phytoplasmas described in this study can be applied with a great potential to monitor the population

fluctuations of these two phytoplasmas in pear trees and insect vectors.

Keywords: pear decline, real-time PCR



