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Abstract Restriction fragment length polymorphism
(RFLP) and sequencing were used to elucidate the
genetic relationship between phytoplasmas that cause
white lead disease and grassy shoot disease in sugar-
cane and white leaf disease in gramineous weeds found
in the cane-growing areas (Crowfoot grass, Bermuda
grass and Brachiaria grass). A 1.35-kb DNA fragment
encoding for the 16s rRNA was amplified by PCR
using universal primers and analysed by digestion with
nine restriction endonucleases. A DNA fragment con-
taining the 3@ end of the 16s rRNA and the spacer
region between the 16s rRNA and the tRNA(Ile) was
amplified by PCR and sequenced. Analysis of the
RFLP patterns and of the sequence showed that grassy
shoot and white leaf diseases in sugarcane are caused
by two different phytoplasmas. Sequence analysis of
phytoplasma DNA obtained from three species of
weeds showing symptoms of white leaf disease failed to
detect any organism that is identical to those infecting
the sugarcane. Moreover the phytoplasma species that
infect the three types of gramineous weeds, although
closely related, are nevertheless different
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Introduction

Phytoplasmas, commonly known as mycoplasma-like
organisms (MLOs), are believed to be associated with
numerous plant diseases affecting more than 300 plant
species worldwide (McCoy et al. 1989; Kollar et al.
1990). In Thailand phytoplasmas cause serious diseases
to several crops and result in considerable losses to the
economy. Sugarcane white leaf (SWL) and grassy shoot
(SGS) diseases are severe diseases of sugarcane that are
caused by MLOs. SWL disease is characterised by leaf
chlorosis and proliferation of tillers. Plants with SGS
disease are dwarfed and develop witches’ broom-type
symptoms by producing a large number of tillers (Chona
et al. 1960; Sarosh 1986; Rishi and Chen 1989). Each
year phytoplasma diseases, especially SWL, cause losses
of over 100 million Baths to the Thai sugarcane industry.

In the cane-growing areas, several kinds of
gramineous plants, such as Bermuda grass (Cynodon
dactylon), Crowfoot grass (Dactyloctenium aegyptium)
and Brachiaria grass (Brachiaria distachya), also show
the symptoms of white leaf disease associated with
phytoplasma infection (Nakashima et al. 1994). Weeds
have been suspected to be the reservoir of phytoplasma
from which sugarcane plants could be re-infected
(Sarindu and Clark 1993; Nakashima et al. 1996) but
this has never been proven. While SWL phytoplasmas
are transmitted by the leafhopper Matsumuratettix
hiroglyphucus (Matsumoto et al. 1968; Chen 1974;
Maramorosch et al. 1975), insect vectors that transmit
phytoplasmas from and to the other gramineous plants
are still unknown. The transmission of phytoplasma by
leafhopper from SWL to other weeds and from affected
weeds to healthy sugarcane was attempted but failed
(Nakashima et al. 1994). This suggested that different
phytoplasmas specifically infect the different plants.

The genetic relationships between various phyto-
plasmas that affect sugarcane and gramineous weeds
have not been totally elucidated. Antisera raised



against phytoplasma causing SWL cross react with
tissues from plants with SGS but not with gramineous
weeds with symptoms of white leaf disease (Vis-
wanathan 1997). Antibodies against a Bermuda grass
phytoplasma isolate did not react with isolates from the
two other gramineous weeds, not with SWL (Sarindu
and Clark 1993). Restriction fragment length polymor-
phism (RFLP) studies of the phytoplasma 16s rDNA
region have shown the same restriction pattern with
DNA amplified from three different gramineous weeds
with white leaf symptoms but a different pattern with
DNA from sugarcane with SWL (Nakashima et al.
1996).

Here we describe the use of RLFP and sequencing to
elucidate the precise genetic relationships among
phytoplasmas infecting sugarcane and gramineous
weeds in the Northeast of Thailand.

Materials and methods

Sources of phytoplasmas

Samples of sugarcane showing white leaf disease symptoms, as well
as healthy plants, were collected from fields in the Khon Kaen and
Udonthani provinces in the Northeast of Thailand. A variety of
gramineous weeds with white leaf symptoms and sugarcane plants
with grassy shoots were also collected from the same locations.

DNA extraction

Total DNA of healthy and infected plants was extracted from the
midribs of the leaves according to the CTAB method (Kollar et al.
1990; Nakashima et al. 1991).

PCR amplification

Two oligonucleotide primer sets were used. The first set consisted of
universal primers based on the sequence of the 16s rRNA of phyto-
plasmas (Deng and Hiruki 1991; Namba et al. 1993). The sequence of
the primers was 5@ GTTTGATCCTGGCTCAGGATT 3@ (position
1—21 in the rRNA) and 5@ AACCCCGAGAACGTATTCACC 3@
(position 1368—1348). The second set consisted of one primer com-
plementary to the 16s rRNA (primer MLO1, 5@ CAGGTGGTGCA-
TGGTTGTCGTC 3@, position 1020—1041) and one primer
complementary to the tRNA sequence in the spacer region (MLO2,
5@ GAACCACCGACCTCACGCTTATC 3@).

PCR amplification was performed in a 25-ll reaction mixture
containing 0.2 mM each of dATP, dGTP, dCTP and dTTP, 0.25 lm
of each primer, 1 U of ¹aq DNA polymerase (Promega Corporation,
Madison, USA) in 1]PCR reaction buffer (supplied by the manu-
facturer) containing 1.5 mM of MgCl

2
. Thirty PCR cycles were

conducted in an Autogene (Grant Instruments, Cambridge, UK)
thermocycler. Each cycle consisted of 1 min denaturation at 94°C,
30 s annealing at 55°C (60°C for MLO1 and MLO2) and 1 min
extension at 72°C.

RFLP analysis of PCR products

Each PCR product was digested separately with nine restriction
endonucleases (Boehringer, Mannhein, Germany), BamHI, DraI,

EcoRI, HindIII, HpaI, HpaII, MspI, RsaI and ¹aqI, and electro-
phoresed through a 1.5% agarose gel in TBE (0.089 M Tris, 0.089 M
boric acid and 0.002 M EDTA) containing 0.5 lg/ml of ethidium
bromide. Following electrophoresis, the gel was examined under UV
light at 300 nm using a transilluminator.

Sequencing

The product of PCR amplification of DNA with primers MLO1 and
MLO2 was purified with a Wizard PCR product purification kit
(Promega Corp, Madison, USA) and then sequenced using primer
MLO2 and the Silver Sequence DNA kit (Promega Corp, Madison,
USA) according to the manufacturer’s instructions. Twenty five
nanograms of DNA were used for each sequencing reaction. The
cycling parameters were 10 s at 94°C, 30 s at 60°C and 1 min at 70°C
for 60 cycles. The product of the sequencing reaction was run in a 6%
polyacrylamide denaturing gel and the bands were detected by silver
staining following instructions provided with the sequencing kit.

Sequence analysis

DNA sequences were aligned using the Clustal method (Higgins and
Sharp 1988) and a DNAMAN programme (Lynnon Biosoft, Quebec,
Canada). Aligned sequences and a dendrogram were generated.

Results

PCR amplification of DNA from SGS, SWL, Bermuda
grass, Crowfoot grass and Brachiaria grass with white
leaf disease, using the universal primers, resulted in
a 1.35-kb fragment (data not shown).

Restriction digestion of the PCR product with HpaII
showed a different banding pattern in SGS, compared
with the other plants (Fig. 1). As shown in Fig. 1 a,
HpaII digest of PCR-amplified DNA from all plants
except SGS resulted in three bands of about 850 bp,
470 bp and 70 bp, respectively; whereas digestion of
SGS DNA resulted in three bands of about 850 bp,
420 bp, and 70 bp suggesting that there is one addi-
tional HpaII site in the DNA fragment amplified from
SGS. In SGS the 70-bp band was probably a doublet.
A faint band of about 470 bp was also present suggesting
the possibility of a mixed population of phytoplasma in
the plants showing the grassy shoots symptoms. The
same banding pattern was obtained after digestion of the
PCR products with MspI (data not shown).

PCR products of SWL, SGS, Bermuda grass, Crow-
foot grass and Brachiaria grass digested with ¹aqI
revealed different fragment profiles between the
phytoplasmas associated with sugarcane diseases and
three species of gramineous plants with white leaf
symptoms (Fig. 1 b). The other restriction digestions
did not show any difference between the various plants
(the product of RsaI digestion is shown in Fig. 1 c).

PCR amplification of DNA from affected plants us-
ing the MLO1 and MLO2 primers resulted in a 0.65-kb
fragment (data not shown). No PCR amplification was
obtained with both sets of primers when healthy sugar-
cane plants were used (data not shown).
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Fig. 1 Agarose-gel
electrophoresis of PCR-amplified
DNA from various phytoplasma-
infected plants digested with
HpaII (a), ¹aqI (b) and RsaI (c). a,
c M 100-bp size marker; 1 SWL;
2—6 SGS; 7 Bermuda grass/white
leaf; 8 Crowfoot grass/white leaf ;
9 Brachiaria grass/white leaf.
b M 100-bp size marker; 1—4
SWL; 5—9 SGS; 10 Bermuda
grass/white leaf; 11 Crowfoot
grass/white leaf; 12 Brachiaria
grass/white leaf. Run in 1.5%
agarose gels in TBE buffer

Fig. 2 Alignment of DNA
sequence from the 3@ end of the
16s rRNA and the spacer region
of phytoplasmas infecting
sugarcane and gramineous
weeds. Bermud Bermuda grass;
Crowfo Crowfoot grass; Brachi
Brachiara grass; SGS sugarcane
with grassy shoot; S¼¸

sugarcane with white leaf

To further investigate the variation between phyto-
plasmas from various plants showing white leaf symp-
toms, DNA amplified with primers MLO1 and MLO2
was sequenced using primer MLO2. Approximately
195 bp of readable sequence, including about 130 base
pairs of the variable regions at the 3@ end of the 16s
rRNA gene and 62 base pairs of the spacer region
between the tRNA(Ile) and the 16s rRNA, was ob-
tained. Sequence alignment showed that all phyto-
plasmas infecting the various plants were different
(Fig. 2). Also phytoplasmas from SGS were different
from SWL. DNA was extracted from three sugarcane
plants from different varieties (Uthon 1 and Ratoon)
with grassy shoot disease. The sequence obtained was
identical with all three plants (data not shown). The 16s
rRNA sequence obtained from DNA amplified from
SWL was identical to that deposited in GenBank. A de-
ndrogram generated from the sequence showed that
phytoplasmas from SWL and SGS clustered in one
group and those from the gramineous weeds in another
(Fig. 3).

Discussion

RFLP analysis of PCR-amplified DNA using universal
primers showed a similar banding pattern in SWL and
three different weeds with white leaf disease, but a dif-
ferent banding pattern in SGS with HpaII. The faint
470-bp band (Fig. 1a) also suggests a mixed population
of phytoplasma in grassy shoot disease. While the
banding pattern generated by restriction digestion of
SGS DNA with HpaII could have been the result of
a partial digestion, this is unlikely to be the case as
other bands that could have resulted from a partial
digestion are absent and the banding pattern is identi-
cal in the five sugarcane plants with SGS.

The faint 470-bp band seen in the HpaII digests
could also have been the result of contamination from
other PCR products; for example from PCR-amplified
SWL DNA. Again, this is unlikely since the negative
controls of the PCR (no DNA and healthy plant) did
not show any band (data not shown). Thus the most
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Fig. 3 Dendrogram of phytoplasma infecting sugarcane and
gramineous weeds generated from sequence data. Abbreviations are
as in Fig. 2

likely explanation for the banding pattern of PCR-
amplified DNA from SGS is multiple infection by dif-
ferent phytoplasma groups. One group had a banding
pattern similar to that of SWL whereas the other group
had a different pattern. The group with the different
banding pattern is predominant, as judged by the re-
spective intensity of the bands. Multiple phytoplasma
infection based on an analysis of the banding pattern of
restriction enzyme-digested PCR products has been
reported in sesame plants (Nakashima et al. 1996) and
grapevines (Bianco et al. 1993).

Analysis of the sequence of the 3@ end of the 16s
rRNA and of the spacer region confirmed that grassy
shoot and white leaf diseases in sugarcane are caused
by two different phytoplasmas. We have observed that
several sugarcane plants first develop grassy shoot
symptoms then white leaf symptoms (unpublished) sug-
gesting that SGS is an early developmental stage of SWL
and is caused by the same phytoplasma. The sequence
data obtained here shows that this is not the case.

The sequence analysis also showed that each weed
was infected by a different phytoplasma which was also
different from those of sugarcane with white leaf or
grassy shoot diseases. It has been suggested that weeds
growing in the same area as sugarcane may be infected
with the SWL phytoplasma and could transmit the
disease from the weeds to sugarcane. However, trans-
mission of phytoplasma by leafhopper from SWL to
other weeds and from affected weeds to healthy sugar-
cane plants was attempted but failed (Nakashima et al.
1994). Our data are in line with Nakashima’s observa-
tions in showing that white leaf disease is caused by
different phytoplasmas in sugarcane and in the three
weeds examined. Thus more plant species need to be
screened to identity the reservoir of phytoplasma from
which the insect vectors transmit the disease to sugar-
cane plants.

In summary, these data show that grassy shoot and
white leaf diseases in sugarcane are caused by two
different phytoplasmas. Sequencing of phytoplasma
DNA obtained from three species of weeds showing
symptoms of white leaf disease failed to detect any
phytoplasma that is identical to those infecting the sugar-
cane. Moreover, we have shown that the phytoplasma
species that affect three types of gramineous weeds, al-
though closely related, are nevertheless different.
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