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Abstract

A new system for the detection of phytoplasmas in both rice and mulberry plants using PCR
assay and laser stylectomy was investigated. Pure phloem sap was collected in a capillary
tube from plants with phytoplasma diseases using laser stylectomy (insect laser technique).
Direct detection of phytoplasmas in the phloem sap was attempted using the polymerase
chain reaction (PCR). The phloem sap was heated at 95°C for 5 min or not heated. and used
directly as the DNA template for PCR amplification. Two sets of oligonucleotide primer
pairs were used to amplify the target DNA fragment (length, 1.37 kb and 0.75 kb) from 16S
rRNA genes of phytoplasma. The predicted band was observed for almost all the heated or
unheated samples collected from diseased plants, whereas no band was detected in the
samples collected from healthy plants. Each of the amplified PCR products was found to be

the target DNA from 16S rRNA genes of phytoplasmas based on the analysic of their
restriction enzyme digestion and determination of the DNA sequence. Thus, the new
detection system using both laser stylectomy and PCR assay was found to be sensitive and

specific.
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Introduction

Phytoplasmas are nonculturable Mollicutes as-
sociated with diseases of several hundred plant spe-
cies including rice and mulberry, and are present in
the sap of phloem sieve tubes. The phloem sap of
rice plants can be obtained by a modified aphid tech-
nique called ‘‘laser stylectomy' in which the insect
stylets of the brown planthopper are severed by YAG
(yttrium-aluminum garnet) laser”. Furthermore, mul-
berry phloem sap can also be collected by laser stylec-
tomy using Ricania japonica®.

On the other hand, the use of PCR as a diagnos-
tic tool for phytoplasma diseases has been developed.
Specific oligonucleotide primer pairs designed on the
basis of well-characterized cloned DNA sequences
or from 16S rRNA sequences of animal mycoplas-
mas have been employed in the PCR detection of
phytoplasmas' 712 However, there has not been

any report of direct PCR detection of phytoplasmas
isolated in vitro (outside of plant organs).

Recently, our research group has reported that
phytoplasmas could be detected in the phloem sap
of rice plants collected by laser stylectomy using a
fluorescence technique with DNA fluorochrome
4’-6’-diamidino-2-phenylindole (DAPD¥. It is sug-
gested that the new detection system of phytoplas-
mas could be developed by combining the laser
stylectomy and PCR method.

Here, we introduce the newly developed detection
system of phytopathogenic phytoplasmas in rice and
mulberry plants'®!'",

Materials and methods

1) Collection of phloem sap by laser stylectomy

Rice plants with brown planthoppers (Nilaparva-
ta lugens) or mulberry shoots with Ricania japonica
were placed in front of the condensing lens of a
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Collection of phloem sap by laser stylectomy

A: Laser stylectomy system (method of collecting phloem sap by cutting insect-

stylets with YAG laser beam).

B: Mulberry phloem sap exuding through the stylet bundle of Ricania japonica

cut with YAG-laser.

YAG laser system. The horizontal beam was fo-
cused at right angle to the proboscis of the insect
on the leaf sheath or shoots. The stylet bundle was
cut by a pulse of the beam focused on the proboscis
(Fig. 1, A). The phloem sap exuding through the
severed stylet bundle inserted into the sieve element
of the plant was collected in a micro-capillary tube
(Fig. 1, B). A total of 0.5 to 1.0 ul of phloem sap
was collected from diseased plants, while 5 to 10
pl was obtained from healthy plants. The collected
phloem sap was stored at —20°C until the PCR
assay was performed.

2) PCR amplification

One pl of phloem sap collected from diseased or
healthy plants was diluted in 20 gl of distilled water
and heated at 95°C for 5 min. A total of 2.5 ul
of the heated sample was used as DNA template
for the PCR assay. In another method, about 1
ul of unheated phloem sap was directly put into the
PCR reaction mixture.

The amplification was performed in a 50 gl PCR
reaction mixture containing 250 M each of dATP,
dGTP, dCTP and dTTP, | uM of each upstream
and downstream primer, 5 pl of 10 x PCR reaction
buffer (Promega Corp., Madison WI) and 0.5 U of
taqg DNA polymerase (Promega Corp). The univer-
sal primer set (SN910601, SN910502) and
phytoplasma-specific primer set (SN910601,
SN920204) were used in this experiment (Fig. 2).
They had been designed for the detection of Molfi-

168 TRNA gene

SN920204
(0 kb) (0.75 kb)

SN910502
(1.37 kb)

Universal primer
SN910601:5-GTTCGATCCTGGUTCAGGATT-3'
8§N910502:5'-AACCCCGAGAACGTATTCACC-3'
Phyteplasma-specific primer

SN910601:5'-GTTGATCCTGGCTCAGGATT-3'
SN920204:5-CCTCAGCGTCAGGTAA-3'

Fig. 2. Two sets of oligonucleotide primer pairs for

PCR amplification of 168 rRNA fragment
of phytoplasmas

cutes or phytoplasmas, respectively by Namba et
al.”. Using the universal primer set, PCR was car-
ried out for 50 cycles under the following condi-
tions: first cycle: denaturation, 90 sec at 94°C;
ramping, 40 sec to 60°C; annealing, 2 min at 60°C;
ramping, 30 sec to 72°C; extension, 3 min at 72°C;
continuing cycles: denaturation, 2 min at 94°C; fi-
nal cycle; extension, 7 min at 72°C. Denaturation
and annealing conditions were the same as for the
first cycle. As for the phytoplasma-specific primer,
thermocycling was performed for 20 cycles. The an-
nealing temperature was 40°C and the other condi-
tions were described above,

3) Gel electrophoresis and restriction enzyme
analysis
To analyze the PCR products by restriction
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enzyme digestion, 10 pl of reaction mixture includ-
ing amplified DNA was purified using Takara
Suprec-02 tubes and digested by restriction enzymes
such as EcoRV, Hincll, Hhal, Haelll, and Smal.
The molecular weight was determined from fragments
produced by the digestion of lambda phage DNA
with Hindlll (Toyobo Corp.).

4) DNA sequence analysis of amplified DNA

A part of the PCR-amplified sample DNA was
purified by agarose gel electrophoresis as described
previously”. The sequence of each DNA was deter-
mined by direct sequencing of both strands by using
the 17 oligonucleotide primers with Sequenase Kit
Version 2.0 (U.S. Biochemical Corp., Cleveland,
OH).

Results

1) PCR detection from phioem sap of rice plants

Samples of phloem sap collected from diseased
and healthy rice plants were heated and tested for
PCR detection using the universal primer set
(SN910601, SN910502). It was predicted that the
1.37 kb DNA fragment of the 165 rRNA gene would
be amplified by PCR if the samples contained
phytoplasma particles. A clear single DNA band
(1.37 kb) was observed in 9 out of 10 samples col-
lected from diseased plants. In some of the sam-
ples, phytoplasmas were detected even when the
samples were diluted 100-fold or 10-fold with dis-
tilled water (data not shown). However, no band
was observed for all the 10 samples collected from
healthy rice plants (Table |1 and Plate 1). Similar
results were obtained by the PCR assay using another
phytoplasma-specific primer set (SN910601,
SN920204). All the tested samples collected from
diseased plants produced 0.75 kb target DNA ampli-
fied by the primers, whereas no bands were produced
by the samples collected from healthy plants (Table
I, Plate 1). Similar results were obtained when

unheated samples were used as DNA templates for
the PCR assay. Samples collected from diseased rice
plants produced a target DNA band of 1.37 kb or
0.75 kb, whereas no target DNA band was detected
in samples from healthy plants (Table 1).

2) PCR detection from phloem sap of mulberry

Samples of phloem sap collected from diseased
and healthy mulberry plants were tested for PCR
detection wusing the wuniversal primer set and
phytoplasma-specific primer set. A clear single DNA

MabcdefMghijkl

-
N
bt

Plate 1. PCR detection of phytoplasmas in heat-treated
phloem sap collected from rice plants using
universal or phytoplasma-specific primer sets

M: Lambda phage DNA digested with Hind-

Il {molecular weight marker).

a,b,c: Samples collected from rice plants with
vellow dwarf disease using the univer-
sal primer (1.37 kb band).

d,e,f: Samples collected from healthy rice
plants using the universal primer.

g,h,i: Samples collected from rice plants with
yellow dwarf disease using the specific
primer (0.75 kb band).

i,k,l: Samples collected from healthy rice
plants using the specific primer.

Table 1. Detection of phytoplasmas in phloem sap collected from rice plants
with yellow dwarf disease or healthy rice plants by PCR assay using
universal or phytoplasma-specific primer sets

Treatment of

phloem sap Diseased
Heating® 9/10"
No treatment 10/11

Universal primer
Healthy

Spe_cil'ic primer

Diseased Healthy
0/10 4/4 0/10
0/10 3/3 0/10

;}: The phloem sap was heated at 95°C for 5 min.
b): Figures indicate PCR-positive sample numbers to tested sample numbers.
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Plate 2. PCR detection of phytoplasmas in phloem sap
collected for mulberry using universal or
phytoplasma-specific primer sets

M: Lambda phage DNA digested with Hind-
11 (molecular weight marker).

a,b: Samples collected from mulberry plants
with dwarf disease using the universal
primer (1.37 kb band).

¢,d: Samples collected from healthy mulber-
ry plants using the universal primer.

e,f: Samples collected from mulberry plants
with dwarf disease using the phyto-
plasma-specific primer (0.75 kb band).

g,h: Samples collected from healthy mulber-
ry plants using the phytoplasma-specific
primer.

band (1.37 kb or 0.75 kb) was observed in 2 out
of 5 samples collected from diseased plants. The
presence of PCR-negative samples may be caused
by a smaller population of phytoplasmas in the mul-
berry phloem sap than in the rice phloem sap. No
band was, however, observed for all the 5 samples
collected from healthy plants (Plate 2),

3) RFLP and sequences analyses of PCR products

To confirm that the DNA fragments in the phloem
sap amplified by PCR had originated from 165 rRNA
genes of phytoplasmas, both PCR products from
““‘phloem sap DNA*’ and phytoplasma DNA extract-
ed from rice plants with yellow dwarf disease (RYD)
used as a positive control were analyzed by restric-
tion digestion and direct sequencing.

PCR products from the phloem sap were digest-
ed with restriction enzymes. The 1.37 kb DNA from
PCR using the universal primer set was clearly digest-
ed with Hincll, Hhal and Haelll, but not with Smal
and EcoRV. Two new [ragments digested with
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Plate 3. RFLP patterns of PCR products from DNA in

rice phloem sap (A) and phytoplasma DNA ex-
tracted from diseased plants (B) amplified using
the universal primer set
M: Molecular weight markers (A HindIll).
a: Non-digested. b: EcoRV-digested.
¢: Hincll-digested. d: Hhal-digested.
e: Haelll-digested, 1: Smal-digested.
Arrows: Faint DNA bands.

Hinell and Hhal, and 3 with Haelll were observed
although the smallest DNA fragment (77 bases) was
missing from the gel. No differences were found in
the RFLP patterns between *‘ phloem sap DNA’ and
RYD-phytoplasma using the universal primer set and
the specific primer set (Plate 3).

The 1,370-nucleotide sequence of the PCR product
from the “phloem sap DNA’' was determined by
direct sequencing. This nucleotide sequence was com-
pared with the 165 rRNA signature oligonucleotides
of RYD-phytoplasma reported by Namba et al.®,
No difference was detected between the nucleotide
sequences (data not shown). Similar RFLP analysis
was performed for the PCR products from the mul-
berry phloem sap. The RFLP patterns of these DNA
samples were similar to that of phytoplasma DNA
isolated from mulberry plants with dwarf disease
(MD), indicating that they originated from MD-
phytoplasma DNA present in the phloem sap.

Discussion

Our results revealed that phytoplasmas in the
phloem sap collected from discased rice and
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mulberry plants by laser stylectomy could be detect-
ed by the PCR assay. This is the first report of
PCR detection of phytoplasma particles suspended
in phloem sap isolated outside of plants. Although
the detection method of phytoplasmas using the DAPI
stain described previously® was very useful, the new
detection method was superior in terms of reliability
of phytoplasma identification for the following rea-
son: several species of bacteria were detected some-
times in the phloem sap collected by laser stylectomy
(our unpublished data), and were easily stained by
DAPI, while the PCR using 2 sets of primers could
distinguish phytoplasmas from these bacteria (data
not shown).

Furthermore, our newly developed method is
unique in terms of not requiring any special
phytoplasma-DNA extraction procedures to prepare
template DNA. It required, but not essentially, heat-
ing (95°C, 5 min) of diluted phloem sap including
phytoplasma-DNA, whereas, conventional PCR de-
tection methods of phytoplasmas require complicat-
ed DNA-extraction procedures to prepare template
DNA. Our results also showed that the plant com-
ponents of the phloem sap, at least from rice and
mulberry, did not inhibit PCR amplification, There-
fore, this system may be applicable to many kinds
of plants if the phloem sap can be collected using
laser stylectomy or other methods.

This new phytoplasma detection system may be
useful for studies of in vitro cultivation of phytoplas-
mas, which is a very important subject and has not
vet been possible. In laser stylectomy, phytoplasmas
as an inoculum of primary culture are prepared in
an ideal state, since phytoplasmas are suspended in
pure phloem sap of ‘‘the natural medium’ of
phytoplasma without any inhibitors from other plant
organs except for sieve cells. Then, the growth of
phytoplasmas can be monitored sensitively and spe-
cifically by the PCR assay using 2 primer sets without
any DNA extraction procedures.
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