
1994 

(pear decline-Taiwan,

PDTW)

(pear decline) 

(adaxial)

30 

(abaxial) 70 
(2, 30, 31)

apple proliferation group (25, 26, 31)

(quick decline)

(slow decline) (leaf curl)

(reddening) (leaf curl) 

(30, 31)

(grafting) (Cacopsylla pyricola

Pylla pyricola Foerster) (1, 5, 17)

RNA (rDNA) 

apple proliferation group

(group 16SrX) (PDTW

phytoplasma) (24)

(polymerase chain

reaction, PCR) (8, 27)

Plant Pathology Bulletin 16:1-10, 2007

1 1, 2

1 

2 cplin@ntu.edu.tw +886-2-2366-1980

96 1 12 

. 2007. . 16 : 1-10.

1994 (pear decline in Taiwan,

PDTW) (pear decline) 

RNA (rDNA)

apple proliferation group (group 16SrX) 

(PDTW phytoplasma) PDTW phytoplasma 

RNA 

PDTW phytoplasma rDNA (polymerase  chain reaction,

PCR) (specific booster PCR)

(multiplex PCR) (nested PCR) PCR-RFLP (PCR-

restriction fragment length polymorphism) 

2002 2004 3 PDTW phytoplasma 

PCR PDTW phytoplasma 

PDTW phytoplasma 

RNA 



(4, 6)

(in vitro) DNA (target

DNA) DNA 

DNA PDTW

phytoplasma rRNA (rDNA) 

rDNA

PDTW phytoplasma 

rDNA 

2002 2004

PDTW phytoplasma 

PCR 

DNA (total DNA) 

DNA 

Plant Genomic DNA Extraction

Maxiprep System (Viogene-Biotek Corporation, Taipei,

Taiwan) (kit)

1.5 g 6 ml 

65 PX1 buffer RNase A (

100 g/ ml) 65 10 2 ml 

PX2 buffer 5 6,000 rpm

10 (TJ-25 centrifuge, Beckman Coulter Inc.,

Palo Alto, CA) 

CIAA 2-3 (extraction) 

DNA 

0.5 PX3 buffer 95 % 

( - 20 ) 

DNA 

DNA 

(Southern blotting) 
(hybridization)

(DNA probe) (label) 

Roche Molecular Biochemicals (Roche Molecular

Biochemicals, Mannheim, Germany) PCR DIG

probe synthesis kit 

PDTW phytoplasma 16S rDNA f1/

r1n ( ) PCR PCR 

5 g 

DNA 10 BamHI, Bg1II, ClaI, EcoRI,

HindIII, PstI, SmaI, XbaI, XhoI (Roche

Molecular Biochemicals) 5 g 

DNA 10 EcoRI 

0.8 % 1x

TAE 1 V/ cm 

13 DNA Nylon (HybondTM-N+,

0.45 m, Nylon transfer membrane, Amersham Pharmacia

Biotech, Buckinghamshire, England)
(3, 18)

16 1 20072

PCR 

Table 1. Sequences of oligonucleotide primer pairs applied in the PCR-based detection strategies of PDTW phytoplasma in
this study 

Primer Sequence (5' to 3') Position a Length (mer) 
f1 AGTGGCGAACGGGTGAGTAA 78-97 20
r1 CGTCAGTAAAGACCCAGCAA 716-735 20
r1n CGTCAGTTAAGACCCAGCAA 716-735 20
P1 AAGAGTTTGATCCTGGCTCAGGATT 1-25 25
P7 CGTCCTTCATCGGCTCTT 1767-1784 18
fPD1 GACCCGCAAGGGTATGCTGA 192-211 20
rPDS1 CCAAGCCATTATTAATTTTTA 1574-1594 21
Apf1 GTGTTGGGTTAAACCAGTGC 810-829 20
Apf2 GATGAGTACTAAGTGTTGGG 798-817 20
L1n CAAGGCATCCACTGT 1747-1761 15

a The numbers of positions are the corresponding nucleotide numbers of the rrn (ribosomal RNA operon) sequence of the PDTW
phytoplasma (GenBank accession number DQ011588). 
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3

Table 2. The PCR thermocycling parameters used in this study for different PCR primer pairs
PCR Primer pairs
parameter f1/ r1, f1/ r1n P1/ P7 fPD1/ rPDS1 Apf1/ rPDS1 Apf2/ L1n
Preheat a 94 , 5 min 95 , 5 min 95 , 5 min 95 , 5 min 95 , 5 min 
Denaturation 94 , 5 sec 95 , 30 sec 95 , 30 sec 95 , 30 sec 95 , 30 sec 
Annealing 58 , 10 sec 60 , 60 sec 55 , 45 sec 55 , 30 sec 62 , 30 sec 
Extension 72 , 10 sec 72 , 90 sec 72 , 60 sec 72 , 45 sec 72 , 45 sec 
Cycle No. 40 35 35 35 35
Last incubation 72 , 3 min 72 , 10min 72 , 4 min 72 , 4 min 72 , 4 min 

a PCR reaction tubes were preheated before the first cycle of PCR. 
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DNA 
f1/ r1n 16S rDNA 

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), Bg1II (lane 2),
ClaI (lane 3), EcoRI (lane 4), HindIII (lane 5), PstI (lane
6), SmaI (lane 7), XbaI (lane 8), XhoI (lane 9). Restricted
fragments were separated in a 0.8% agarose gel.
Hybridizations were conducted at 68 using the PCR
DIG-labeled partial 16S rRNA gene probe amplified with
primers f1/ r1n. Sizes (in kb) of the hybridization signals
are shown on the left.
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5

Apf1/
rPDS1 PCR PCR 
Fig. 2. Polymerase chain reaction (PCR) product amplified
by using PDTW phytoplasma-specific primers Apf1/
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. 

multiplex PCR PCR

Fig. 3. Multiplex PCR product amplified by using
phytoplasma universal primers f1/ r1 and PDTW
phytoplasma-specific primers Apf1/ 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-based detection of PDTW phytoplasma in diseased
pear trees in three consecutive years. 
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ABSTRACT

Liu, H. L.1, and Lin, C. P.1, 2 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. (1

Department of Plant Pathology and Microbiology, National Taiwan University, Taipei, Taiwan  106,

R. O. C.; 2 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 orchards in 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


