
INTRODUCTION

The pear decline in Taiwan (PDTW) has posed a major 
threat to the growth of pear trees (Pyrus serotina Rehd. cv. 
Hengshan) (Chen et al., 2001) since 1994.  The leaves of 
affected trees turn red prematurely and fall early during the 
autumn.  The new leaves remain small and pale through-
out the following spring.  Symptom severity ranges from 
mild or slow wilting to quick wilting or death, depending 
on the weather conditions.  The symptoms associated with 
PDTW resemble those of pear declines caused by phyto-
plasma elsewhere (Liu et al., 2007a).  Since phytoplasmas 
are non-culturable, PCR amplification of ribosomal RNA 
genes and the 16S-23S rDNA intergenic spacer region 
(ISR) have become the conventional means of detect-
ing and identifying them (Bosco et al., 2002; Davies 
et al., 1995; Seemüller et al., 1998; Smart et al., 1996).  
Sequences of 16S rDNA have been used to classify vari-
ous phytoplasmas into groups of phylogenetic systems 
(Lee et al., 2007).  Taxonomically, the phytoplasmas that 
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are associated with pear decline are in group 16SrX, ‘Ca. 
Phytoplasma pyri’, in Europe, North America and South 
Asia (Davies et al., 1992; Avinent et al., 1997; Seemüller 
and Schneider, 2004).  Based on transmission electron mi-
croscopic and molecular analyses from the authors’ earlier 
work, PDTW phytoplasma of the group 16SrX is the caus-
ative agent of pear decline in Taiwan (Liu et al., 2007a).

Two species of psyllid, Cacopsylla pyricola and C. 
pyri, have been identified as the specific vectors of ‘Ca. 
Phytoplasma pyri’ in the United Kingdom, Italy, France, 
and Spain (Carraro et al., 1998; Davies et al., 1992; Lem-
oine, 1991; Seemüller, 1990, 1992; Seemüller and Sch-
neider, 2004; Garcia et al., 2005).  Molecular evidence has 
also revealed that two resident insect vectors in Taiwan, 
C. qianli (Chou and Fang, 1994) and C. chinensis that 
invaded the central part of Taiwan in 2002 (Yang et al., 
2004), carry the PDTW phytoplasma, and that C. qianli 
has much higher titers of PDTW phytoplasma than does 
C. chinensis (Liu et al., 2007a).  We elected to use C. chin-
ensis for the transmission trial for three reasons: the insect 
transmission trial has not yet been completed, the pear 
psyllid C. qianli is now seldom found in pear orchards in 
Taiwan, and a relatively high percentage of C. chinensis 
has been found to carry phytoplasmas that are associated 
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with pear decline in Taiwan (Liu et al., 2007b; Yang et al., 
2004).

In a study that monitored PDTW phytoplasma in C. 
chinensis from 2003 to 2006, partial rDNA sequences of 
a phytoplasma of group 16SrII (741 bp) and sequences 
of PDTW phytoplasma were frequently identified in 
individual psyllids (Liu et al., 2007b).  According to re-
striction fragment length polymorphism (RFLP) analysis, 
the causative agent of pear decline in southern Australia 
is the sweet potato little leaf (SPLL) phytoplasma, which 
belongs to the 16SrII group (Schneider and Gibb, 1997).  
The symptoms of phytoplasma-affected pears (Pyrus com-
munis) in Australia are not of curling and reddening leaves 
(Agrios, 2005) but of decline and dieback (Schneider 
and Gibb, 1997).  Whether the sequences of the 16SrII 
phytoplasma found in C. chinensis indicate the existence 
of group 16SrII-pear decline phytoplasma in Taiwan has 
thus become a relevant concern.

Leaf redness and curling followed by progressive 
weakening and wilt of P. serotina Rehd. cv. Hengshan, 
were first observed in Jianshih, Hsinchu County, north-
ern Taiwan in the autumn of 2006. Since sequences of 
both PDTW and 16SrII phytoplasmas were identified in 
C. chinensis collected from the Jianshih area (Liu et al., 
2007b), the pathogen associated with the pear decline 
there and in other areas of Taiwan needs to be identified.  
In this study, the presence of a 16SrII phytoplasma in both 
P. serotina Rehd. cv. Hengshan and in C. chinensis was 
confirmed based on sequence analysis, demonstrating the 
association of this 16SrII phytoplasma with pear decline 
in Taiwan using transmission electron microscopy.  The 
16SrII phytoplasma was thus named PDTWII phytoplasma 
to avoid confusion with the PDTW phytoplasma of the 
16SrX group, previously reported (Liu et al., 2007a).  This 
study also verified the capacity of C. chinensis to trans-
mit both PDTW and PDTWII phytoplasmas to healthy P. 
serotina Rehd. cv. Hengshan, and completed transmission 
trials on pear decline phytoplasmas from P. serotina Rehd. 
cv. Hengshan to periwinkle plants (Catharanthus roseus 
cv. Passion) by grafting.  Specific PCR primers were 
designed and utilized to detect both PDTW and PDTWII 
phytoplasmas.

mATERIAlS AND mETHODS

Pears and insects used in this study
Pear tree shoot and leaf samples (P. serotina Rehd. cv. 

Hengshan) were collected from pear orchards in the Dung-
shr and Heping areas of central Taiwan and the Jianshih 
area in northern Taiwan, from 2004 to 2006.  The psyllids, 
C. chinensis and C. qianli, were sweep-collected in those 
orchards from 2005 January to 2006 March.

Identification and detection of pear decline phy-
toplasma

Total DNA used in this study was purified from plants 
and insects based on the method of Liu et al. (2007a).  To 

amplify the full length of the 16S rDNA sequence and the 
16S-23S rDNA ISR of phytoplasma that is associated with 
pear decline in Taiwan from plants or the insect vector, C. 
chinensis, a PCR or semi-nested PCR, was performed.  In 
direct PCR or the first amplification of semi-nested PCR, 
the universal phytoplasma primers P1/ P7 (Deng and Hiru-
ki, 1991; Schneider et al., 1995) were used.  In the second 
amplification of semi-nested PCR, the reverse primer L1n 
was used (Liu et al., 2007a).  The PCR and the semi-nested 
PCR were performed as described by Liu et al. (2007a).  
The PCR products were cloned using a TOPO TA cloning 
kit (Invitrogen, San Diego, CA) and the inserted fragments 
were sequenced (Mission Biotech, Taipei, Taiwan).  The 
nucleotide sequences of phytoplasmas were then aligned 
using the nucleotide-nucleotide BLAST program in NCBI 
(National Center for Biotechnology Information, http: //
www.ncbi.nlm.nih.gov/), CLUSTAL X (Thompson et al., 
1999) software and analyzed with GeneDoc (Nicholas and 
Nicholas, 1997) software.

For the detection of PDTW and PDTWII phytoplasmas, 
some specific semi-nested PCR primers were designed.  
They were based on the rDNA sequences of PDTW phy-
toplasma (GeneBank accession no. DQ011588) and that 
of the PDTWII phytoplasma obtained in this work.  The 
primers fPD2/ rPDS1 (fPD2: Table 1; rPDS1: Liu et al., 
2007a), along with the semi-nested primers APf3/ rPDS1 
(APf3: Liu et al., 2007b), were used to detect PDTW 
phytoplasma and primers IIPf1/IIPr1 (Table 1) along 
with the semi-nested primers IIPf2/IIPr1 (Table 1) were 
used to detect PDTWII phytoplasma in the plant samples 
and the insect vectors. Both plant samples and the insect 
vectors were used in the aforementioned tests or were 
collected from the orchards in Heping, Dungshr and Jian-
shih areas in the field survey. The program used in both 
primary PCR and semi-nested PCR was 30 sec at 95°C, 
30 sec at 58°C and 45 sec at 72°C for 35 cycles.  Before 
the aforementioned semi-nested PCR with primers fPD2/ 
rPDS1 and APf3/ rPDS1 was developed, primers APf2/ 
L1n (Liu et al., 2007a) along with nested primers APf3/ 
rPDS1 were used to detect PDTW phytoplasma based 
on the method of Liu et al. (2007a).  To ensure that the 
phytoplasma identity of various host origins was accu-
rately determined, the full-length 16S rDNA phytoplasma 
sequence was periodically PCR-amplified using the prim-
ers P1/ P7 (direct PCR) or P1/P7 and P1/ L1n (semi-
nested PCR), then sequenced and analyzed.  The methods 
of DNA extraction and molecular analyses were described 
above.

Transmission trials using naturally infected in-
sects

During August 2005, 17 groups of 10-30 C. chinensis 
specimens were sweep-collected from five pear orchards 
in the Dungshr and Heping areas (Table 2) and transferred 
to five one-year-old, seven two-year-old and five three-
year-old P. serotina Rehd. cv. Heng-San pear seedlings 
for transmission following the method of Garcia-Chapa 
et al. (2005).  Test plants were determined to be free of 
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phytoplasma by PCR using the universal phytoplasma 
primers f1/ r1 (Lin and Lin, 1998) and P1/ P7 before the 
transmission trial was performed.  Inoculated seedlings 
were covered individually with a cage of fine nylon 
gauze.  Surviving psyllids were recollected 14 days af-
ter transmission and the test plants were treated with 
insecticides.  Recollected C. chinensis psyllids were ana-
lyzed individually and the test plants were analyzed on a 
monthly basis from the second month after transmission, 
using nested or semi-nested PCR as described above.  

PCR products were cloned, sequenced and analyzed as 
described above to identify the phytoplasmas. 

grafting test
In November 2005, branches of symptomatic P. serotina 

Rehd. cv. Hengshan collected from Heping and confirmed 
by PCR (described below) to be infected with PDTW or 
PDTWII phytoplasma, were individually grafted onto five-
month-old healthy periwinkle plants (Catharanthus roseus 
cv. Passion).  After three weeks of incubation, the leaves 

Table 1. Sequences of oligonucleotide primers for PCR-based detection of PDTW and PDTWII phytoplasmas.

Primer Sequence (5’ to 3’) Source
f1 AGT GGC GAA CGG GTG AGT AA Lin and Lin, 1998
r1 CGT CAG TAA AGA CCC AGC AA Lin and Lin, 1998
P1 AAG AGT TTG ATC CTG GCT CAG GAT T Deng and Hiruki, 1991
P7 CGT CCT TCA TCG GCT CTT Schneider et al., 1995
Apf2 GAT GAG TAC TAA GTG TTG GG Liu et al., 2007a
Apf3 GGG TTA AAC CAG TGC TGA AG Liu et al., 2007b
L1n CAA GGC ATC CAC TGT Liu et al., 2007
fPD2 AAT GAT GGA AAA ATC ATT C This study
rPDS1 CCA AGC CAT TAT TAA TTT TTA Liu et al., 2007
IIPf1 GCA AAT GGC GAA CCA TTT GTT This study
IIPr1 CGA AGA AAA ACT TAG TTG CC This study
IIPf2 CTA GTA AGT CAG TGG TG This study

Table 2.  Results of PCR-based phytoplasma detection in pear seedlings inoculated by feeding with Cacopsylla chinensis.

Pear samplea Insect sources PDTWII phytoplasmab PDTW phytoplasma
ARI-1 Heping No. 2 + –
ARI-2 Heping No. 2 – –
ARI-3 Heping No. 2 – –
ARI-4 Heping No. 2 + –
ARI-5 Heping No. 2 + –
ARI-6 Heping No. 2 – –
ARI-7 Heping No. 2 – –
ARI-8 Heping No. 2 + –
ARI-9 Heping No. 2 + –
ARI-10 Heping No. 2 + –
NTU-3 Dungshr + –
NTU-6 Heping No. 1 + –
NTU-7 Heping No. 2 + +
NTU-8 Heping No. 3 + –
NTU-14 Heping No.4 + –
NTU-15 Heping No.4 – –
NTU-16 Heping No. 1 – –

aARI, Agricultural Research Institute; NTU, National Taiwan University.
bBased on the results of the alignment and analysis of PCR-amplified sequences.
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of each periwinkle plant were tested for the presence of 
phytoplasma. This was done every two weeks using nested 
or semi-nested PCR as described above.  PCR products 
were cloned, sequenced and analyzed as described above 
to identify the phytoplasmas.

Transmission electron microscopy (TEm)
Small samples of leaves (1.5 × 3 mm) collected from 

phytoplasma-infected P. serotina Rehd. cv. Hengshan, 
were prefixed in 1% (vol/vol) glutaraldehyde in 0.1 M 
phosphate buffer at pH 7.0 for 24 h at 4°C, and then post-
fixed in 1% (vol/ vol) osmium tetroxide at room tempera-
ture for 1 h. Cacopsylla chinensis and C. quanli (whole 
body) samples were prefixed in 2.5% (vol/vol) glutaralde-
hyde in 0.1 M phosphate buffer at pH 7.2 for 10 min and 
then cut with a platinum-chrome knife to separate the head 
and chest from the abdomen. After fixation, the samples 
were rinsed in a buffer, dehydrated in ethanol and embed-
ded in LR white resin (Agar Scientific Limited, Cam-
bridge, U.K.). Many serial ultrathin sections of at least 80 
samples from plants and insects were stained using 2% 
(vol/ vol) uranyl acetate and 0.4% (vol/vol) lead citrate, 
and then observed under a transmission electron micro-
scope (TEM) (JEOL, JEM 1010, Philips Ltd., Eindhoven, 
The Netherlands) at 80 kV, as described previously (Liu et 
al., 2007a).

RESUlTS

16S rDNA and 16S-23S rDNA ISR sequences of 
PDTW phytoplasma and PDTWII phytoplasma

Single PCR fragments of 1,761 bp or 1,782 bp, or two 
PCR fragments of 1,761 bp and 1,782 bp, were amplified 
by semi-nested PCR with primers P1/ P7 and P1/ L1n, 
using various DNA templates prepared individually from 
P. serotina Rehd. cv. Hengshan or C. chinensis collected 
from the Jianshih area. The 1,761 bp PCR-amplified 
rDNA sequence underwent nucleotide-nucleotide BLAST 
analyses and was 100% identical to that of the crotalaria 
witches'-broom phytoplasma (GenBank accession no. 
EU650181) in the NCBI database.  The 1,782 bp rDNA 
sequence of another PCR product was 99% identical to 
the rDNA sequences of group 16SrII phytoplasmas.  The 
sequence of PDTW phytoplasma was the same as reported 
previously (Liu et al., 2007a), and five sequences of 
16SrII phytoplasma, now called PDTWII phytoplasma, 
obtained from P. serotina Rehd. cv. Hengshan, as well as 
C. chinensis collected from various areas of Taiwan, were 
analyzed and found to be identical. The rDNA sequence 
of the aforementioned 1,782 bp fragment of PDTWII 
phytoplasma was submitted to GenBank with an accession 
number EF193157.

Transmission trials using field-collected C. 
chinensis

About 27% to 67% of C. chinensis psyllids from each 
group survived transmission.  Nested PCR was used to 

individually detect the recollected psyllids to identify the 
phytoplasma (semi-nested PCR was not then available). 
In PCR assays using primers APf2/L1n followed by the 
nested primer pair APf3/rPDS1, a 16S rDNA fragment of 
780 bp was amplified.  Approximately 34.3% to 62.5% of 
the recollected psyllids from each group had been infected 
by phytoplasma. However inoculated seedling symptom 
developments were observed repeatedly and phytoplasma 
was detected using the nested or semi-nested PCR month-
ly from the second month after transmission.  The semi-
nested PCR with primers fPD2/ rPDS1 and APf3/ rPDS1, 
or nested PCR with primers APf2/ L1n and APf3/ rPDs1, 
can amplify the 16S rDNA from PDTW phytoplasma 
DNA to yield a fragment of size 780 bp.  The semi-
nested PCR using primers IIPf1/ IIPr1 and IIPf2/ IIPr1 
can amplify the 16S rDNA from PDTWII phytoplasma 
DNA to yield a fragment of size 1,015 bp.  PCR-amplified 
sequences were first detected in the DNA templates that 
were prepared from seedlings NTU-3, NTU-7, and ARI-1 
three months after transmission, when they still appeared 
symptom- free. Only the seedling NTU-7 demonstrated 
infection by both PDTW and PDTWII phytoplasmas; ten 
other seedlings were infected only by PDTWII phytoplas-
ma, and six others were phytoplasma-free, based on PCR 
sequence results (Table 2).

Leaves of all 11 diseased seedlings began to ex-
hibit the characteristic upward leaf curling symptoms 
of pear decline (Liu et al., 2007a) three to six months 
after transmission. Seedling NTU-7, co-infected by both 
phytoplasmas, exhibited stem die-back, leaf curling and a 
quick decline resulting in death after two weeks.  Of the 
rest, three plants exhibited vein-reddening and mild leaf 
curling, one of which showed the characteristic down-
ward curl associated with  pear decline from the leaf tip 
(Seemüller, 1990, 1992). This symptom was not observed 
in PDTW phytoplasma-infected pears (Liu et al., 2007a).  
The remaining seven plants exhibited mild leaf stunting 
and one exhibited stem die-back and leaf curling.  How-
ever, none of the ten seedlings that wereinfected only by 
PDTWII phytoplasma in this test exhibited the reddish fo-
liage, which is the primary symptom of pear decline when 
caused by PDTW phytoplasma (Liu et al., 2007a).  

grafting trial
PCR-amplified sequences were first detected in the 

DNA templates that were prepared from grafted periwin-
kle plants 49 days after grafting. The grafted periwinkles 
plants began to show symptoms after two to three months.  
PDTWII phytoplasma-infected periwinkles showed symp-
toms of reduced and pale yellowish foliage, and unusually 
small flowers (Figure 1). PDTW phytoplasma-infected 
periwinkles suffered from a lack of shoot development and 
generally exhibited quick decline and wilting, before dy-
ing in seven to ten days. As described above, the PDTWII 
phytoplasma-infected or PDTW phytoplasma-infected 
periwinkle plants were verified based on the results of the 
PCR sequence analysis.  
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Field detection of PDTW phytoplasma and 
PDTWII phytoplasma

Semi-nested PCR using the above-mentioned group-
specific primers was also adopted for field detection of 
PDTW and PDTWII phytoplasmas from September, 
2006.  Using the DNA templates prepared from P. serotina 
Rehd. cv. Hengshan or C. chinensis collected from the 
Jianshih, Heping and Dungshr orchards, PCR fragments 
of 780 bp and 1,015 bp were amplified from PDTW and 
PDTWII phytoplasma, respectively.  In addition to the 
individual infection, a mixed infection of an individual P. 
serotina Rehd. cv. Hengshan (lanes 1, 2, 5, and 6, Figure 
2) or C. chinensis by PDTW or PDTWII phytoplasma 
was also revealed. This is the first report that associates 
PDTWII phytoplasma and the previously identified PDTW 
phytoplasma with the pear decline in the Heping and 
Dungshr areas (Liu et al., 2007a).

Transmission electron microscopy
Phytoplasma particles were observed in the sieve tubes 

of the phloem in the ultra-thin sections of the leaves of 
diseased pears but not in the sieve tubes of the examined 
symptomless plants.  Phytoplasma particles were also ob-
served in the intestine walls close to the C. chinensis and 
C. quanli hemolymph.

DISCUSSION

Since the causative agent of pear decline in Australia 
is a phytoplasma of group 16SrII (Schneider and Gibb, 
1997) and the results of PCR and further sequencing stud-
ies showed that both PDTW phytoplasma of the 16SrX 
group and 16SrII phytoplasma were carried by C. chin-
ensis (Liu et al., 2007b), we considered the possibility 
that a 16SrII phytoplasma may be associated with pear 
decline in Taiwan.  Subsequent studies demonstrated that 
the PDTW phytoplasma and the 16SrII phytoplasma were 

transmitted from diseased P. serotina Rehd. cv. Hengshan 
to periwinkle plants by grafting, indicating that phytoplas-
mas of two 16S rDNA groups inhabit infected plants and 
insect vectors and can serve as sources of phytoplasmas in 
pear orchards in Taiwan.  To distinguish between the two 
groups of phytoplasmas that were associated with pear 
decline in Taiwan, the pear-decline 16SrII phytoplasma is 
abbreviated to “PDTWII phytoplasma”.

This study also demonstrated the transmission of 
PDTW phytoplasma and PDTWII phytoplasma by field-
collected C. chinensis to P. serotina Rehd. cv. Hengshan 
in a transmission trial. Psyllidae are insect vectors with 
high specificity of host plants and phytoplasmas, but this 
work demonstrated that Cacopsylla spp. can transmit phy-
toplasmas of both group 16SrII and group 16SrX simul-
taneously.  Before this work, only aster leafhoppers and 
pear psyllids (C. pyri) had been identified as being able to 
transmit more than one group of phytoplasmas (Lee et al., 
1998; Goodwin et al., 1999; Križanac et al., 2008).  Only 
a very low population of the other candidate insect vector 
of PDTW phytoplasma, C. qianli, was maintained after 
1995 in pear orchards in Taiwan, causing difficulty in the 
transmission trial using C. qianli.  In the transmission trial 
with C. chinensis, the leaves of infected pear seedlings ex-
hibited the characteristic upward curling symptom of pear 
decline (Liu et al., 2007a).  Based on PCR detections and 
symptom developments during transmission trials, pear 
trees in Taiwan were either infected by PDTW or PDTWII 
phytoplasma, or co-infected by both, and their infection 
transmitted by C. chinensis.

All diseased pear trees in the orchards exhibited the 
characteristic upward leaf curling symptom along their 
longitudinal axes. Singly PDTWII phytoplasma-affected 
pear trees rarely exhibit the premature reddening of leaves 
that was evident in most PDTW phytoplasma-infected 
pear trees (Liu et al., 2007a).  Some of the PDTWII 
phytoplasma-infected pears exhibited the characteristic 

Figure 1.  PDTWII phytoplasma-affected periwinkle, showing symptoms of small flowers, and small and pale leaves (A) and close-up 
photograph (B).
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downward curling symptom of pear decline from the tips 
of leaves (Seemüller, 1990, 1992), which was not evident 
in PDTW phytoplasma-infected pears (Liu et al., 2007a).  
However, the pear trees that were co-infected by PDTWII 
and PDTW phytoplasmas exhibited symptoms such as 
small, sparse foliage, leaf curling, premature foliar redden-
ing, wilting fruit and die-back.

A classification of phytoplasmas, based on the 
symptoms they cause in periwinkle, yields some 
similarities to those identified by genetic classification.  
However, several cases have demonstrated that phytoplas-
mas that are grouped by symptoms differ genetically. In 
this work, the pear decline phytoplasmas of group 16SrX 
and group 16SrII were experimentally transmitted to peri-
winkles and pears, and they did not cause significant dis-
tinguishable symptoms on P. serotina Rehd. cv. Hengshan 
as shown in the field (Liu et al., 2007a).  Phytoplasmas 
associated with sweet potato witches’ broom (SPWB) and 
peanut witches’ broom (PnWB) are both group-16SrII 
phytoplasmas found in Taiwan and can cause witches’-
broom symptom in periwinkle plants (Lin and Lin, 1998).  
However, PDTWII phytoplasma of the same group in-
duced symptoms of small leaves and flowers similar to 

those caused by sweet potato little leaf (SPLL) in Australia 
(Schneider and Gibb, 1997) but did not cause obvious 
symptom of witches’ broom in the affected periwinkles.  
Based on the symptoms induced in periwinkle plants and 
on the 16S rDNA sequence analysis, PDTWII phytoplasma 
is considered a new strain of group II phytoplasma in 
Taiwan.

In field detection performed in 2001 and 2002, the 
rDNA sequence of the 16SrII phytoplasma had never been 
amplified using PCR with DNA templates that had been 
prepared from pear decline-infected trees in Taiwan.  A 
new psyllid, C. chinensis, which has been identified as a 
carrier of PDTWII phytoplasma, invaded the central part 
of Taiwan in 2002, migrating to the northern part in 2004 
(Yang et al., 2004).  It is now the dominant pear psyllid 
species in Taiwan.  In 2004, no phytoplasma PCR product 
was amplified using DNA templates that were prepared 
from C. chinensis or pear trees in the Jianshih area of 
northern Taiwan. One year after the initial discovery of 
C. chinensis in the Jianshih area, the rDNA sequences of 
both PDTW phytoplasma and PDTWII phytoplasma were 
for the first time amplified and sequenced using samples 
of C. chinensis that were collected from the same area in 
August, 2005. Additionally, in 2006, pear plants began to 
exhibit red foliage, small developing shoots and hard fruit 
(Liu et al., 2007b).  Phytoplasma-infected C. chinensis 
and pear plants were then detected and identified, and both 
PDTW and PDTWII phytoplasma have been detected re-
peatedly in diseased pears and C. chinensis since then.  In 
California and Italy, more than one group of phytoplasmas 
has been found in samples from PD-diseased pears (Kirk-
patrick et al., 1994; Lee et al., 1995). The host range of 
phytoplasmas may depend on their interaction with insect 
vectors (Seemüller et al., 1998).  Individual infection with 
either PDTWII phytoplasma or the previously identified 
PDTW phytoplasma (Liu et al., 2007a) and co-infection 
with both phytoplasmas was also detected in diseased 
pears in the Heping and Dungshr areas in central Taiwan.  
Since the orchard population of C. qianli has became very 
low in recent years, C. chinensis is now the dominant 
pear psyllid species in Taiwan. The transmission ability 
of C. chinensis for PDTW and PDTWII phytoplasma was 
also confirmed.  We believe that psyllid C. chinensis may 
now be the major insect vector of PDTW and PDTWII 
phytoplasma in Taiwan. Psyllid C. chinensis may also be 
responsible for the transmission of both phytoplasmas to 
pear plants from the central part to the northern part of 
Taiwan.

In this study, phytoplasmas associated with pear decline 
in Taiwan were detected in PDTW-affected pear plants and 
psyllids using PCR and electron microscopy.  Previous 
work using TEM found low populations of phytoplasma 
randomly distributed in plants (Schneider, 1977; Seemül-
ler, 1992). The observations in this work show that the 
distribution of phytoplasma in C. qianli is highly central-
ized in abdominal intestines but is uneven in C. chinensis.  
Whether the propagating ability of phytoplasmas in the 

Figure 2.  Polymerase chain reaction (PCR) amplification with 
PDTWII phytoplasma-specific primer IIPf2/ IIPr1 in a semi-
nested PCR after a direct PCR using primer IIPf1/ IIPr1 (lanes 
1-4), and with PDTW phytoplasma-specific primer APf3/ rPDS1 
in a semi-nested PCR after a direct PCR using primer fPD2/ 
rPDS1 (lanes 5-8) with DNA templates prepared from: lanes 
1, 2, 5,and 6, single diseased pear tree from Jianshih area; lane 
3, PDTWII phytoplasma-affected periwinkle; lane 7, PDTW 
phytoplasma-affected pear; lanes 4 and 8, negative control with-
out DNA template.  M, GeneRulerTM 1 kb DNA ladder (Fermen-
tas Corp., Burlington, Canada) as molecular weight standards.  
Sizes (in bp) of PCR products are shown on the right.
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two species of pear psyllids is the factor that dominates 
the transmission efficiency has yet to be revealed.  The 
authors’ future work will use real-time PCR to evaluate 
the relative concentrations of PDTW and PDTWII phyto-
plasma in multiplex phytoplasma-affected pear trees and 
insect vectors.
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造成台灣地區梨樹衰弱病之二群植物菌質體之研究

劉淑玲1　劉秀玲1　張淑貞2　林長平1

1國立台灣大學 植物病理與微生物學系
2行政院農業委員會農業試驗所 應用動物組

 本研究利用聚合酵素連鎖反應之檢測策略 (Polymerase chain reaction (PCR)-based detection 
strategies) 進行台灣梨樹衰弱病 (pear decline in Taiwan, PDTW) 之流行病學研究及媒介昆蟲之研究。本
研究成功利用 PCR 由感染梨衰弱病之橫山梨 (Pyrus serotina Rehd. cv. Hengshan) 植株及媒介昆蟲中國梨
木蝨 (Cacopsylla chinensis) 全 DNA 中增幅出兩種 PCR 產物，經由選殖定序及比對分析，顯示其分別屬
於 group 16SrX 之台灣梨衰弱病 (PDTW) 植物菌質體與另一屬於 group 16SrII 之 pear decline phytoplasma 
(PDTWII) 之 16S rDNA 序列。由罹病梨樹所增幅出之 PDTW 及 PDTWII 植物菌質體之 16S rDNA 序列，
分別與由中國梨木蝨 (C. chinensis) 上增幅出之兩種植物菌質體序列相同。藉由中國梨木蝨咬食傳菌試
驗，證實 PDTW以及 PDTWII植物菌質體皆能由中國梨木蝨傳播到梨株。17 株試驗梨樹中，有一株同
時感染 PDTW 及 PDTWII 植物菌質體，另有十株感染 PDTWII 植物菌質體。嫁接傳菌試驗亦由田間罹
病梨株枝條嫁接 PDTW 以及 PDTWII 植物菌質體至日日春 (Catharanthus roseus)。根據上述 PDTW 與 
PDTWII 菌質體之 rRNA 基因序列，分別設計出 PDTW 菌質體及 PDTWII 菌質體之專一性引子對，作為
後續田間病害檢測及可能媒介昆蟲生態調查之工具。針對罹病梨葉、黔梨木蝨 (C. qianli) 及中國梨木蝨
進行 TEM 切片觀察，分別於植物篩管、韌皮部薄壁細胞以及蟲體腸壁組織中，皆觀察到植物菌質體。

關鍵詞：嫁接；昆蟲咬食傳菌試驗；植物菌質體偵測；穿透式電子顯微鏡；媒介昆蟲。


