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Abstract 

Sugarcane white leaf disease (SCWL) is one of the most destructive sugarcane 

diseases in Thailand. The disease is caused by wall-less microorganisms resembling 

mycoplasmas, called phytoplasmas. As it has not been possible to culture phytoplasmas 

in vitro, there has been a lack of information about the phytoplasmas, and it has been 

difficult to detect the pathogens. DNA of SCWL phytoplasmas was isolated from 

diseased sugarcane plants and the fragments were cloned in Escherichia coli. By using 

the cloned DNA fragments as probes, we could detect SCWL phytoplasmas from host 

plants and insect vectors by a hybridization assay. Rapid detection using PCR also 

enabled us to detect the ribosomal DNA (rDNA) fragments of the phytoplasmas. 

Hybridization assay and sequence analysis of rDNA of the phytoplasmas revealed that 
the genome of the SCWL phytoplasmas and that of the rice yellow dwarf (RYD) 

phytoplasmas are close to each other. The rDNA analysis showed that the SCWL 
phytoplasmas are also related to the sugarcane grassy shoot phytoplasmas and other 

phytoplasmas associated with white leaf diseases in gramineous weeds in Northeast 
Thailand phylogenetically, but that they are not identical. Sequence analysis of the 

cloned fragments of the SCWL phytoplasmas revealed that the phytoplasmas have 

circular 2.6-kb extrachromosomal DNAs. Hybridization assay indicated that the 
extrachromosomal DNAs of SCWL phytoplasmas and those of the RYD phytoplasmas 
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and pbytoplasmas associated with white leaf symptoms in gramineous weeds shared a 
considerable nucleotide sequence homology, whereas little homology with those of 

sesame phyllody phytoplasmas and aster yellows-type phytoplasmas. RFLP analysis 

revealed that the extrachromosomal DNAs showed a polymorphism among isolates 

collected within an individual field. It is assumed that the DNA-based detection methods 
and molecular studies on the phytoplasmas may contribute to the development of 

methods of control of the SCWL disease. 

Additional key words: mycoplasma-like organism (MLO), detection, hybridization, 

PCR, ribosomal DNA, extrachromosomal DNA 

Introduction 

Sugarcane white leaf disease (SCWL) was first 
recorded in Thailand in 195l7)and in Taiwan in 

195826
), while in Japan it was reported in 19861

). In 

Thailand, SCWL is widely spread in major cane­

growing areas and is one of the most destructive 

d. 49) H . 1 sugarcane 1seases . owever, extensive contro 

undertaken by growers proved effective in Taiwan, 

and the disease now occurs only sporadically. In 

Japan, this disease occurred in Tanegashima 

island, but it has now disappeared. The typical 

symptoms of this disease consist of the appearance 

of leaves with total chlorosis, pronounced stunting 
and profuse tillering (Fig. lA-C) 38

' 
43

). Discoloration 

first appears on young leaves (Table 1), or budding 

leaves, and profused tillers. These symptoms are 

very similar to those of yellow dwarf disease of 
rice 38). The disease is caused by a wall-less 

microorganisms resembling mycoplasmas (Fig. 
lD), called phytoplasmas, commonly known as 

mycoplasma-like organisms (MLOs). The 

phytoplasma cells are located in sieve elements 

with a size ranging from 0.1 to 1.0 µm, and are 

transmitted by the leafhopper Matsumuratettix 

hiroglyphicus. Like many other plant diseases 

caused by phytoplasmas, the development of 

SCWL symptoms requires a long incubation period 

(more than one month). The insect vectors also 

require an incubation period of about one month to 

transmit the pathogen and to allow the detection of 
phytoplasmas38

' 
43

). So far it has not been possible 

to culture phytoplasmas in vitro. Therefore, there 

is a lack of information about the phytoplasmas, 

including the genetic and phylogenetic 

relationships among the SCWL phytoplasmas, 

other phytoplasmas and culturable mycoplasmas 
(mollicutes) 42

). 

DNA technology has enabled to amplify or 

clone fragments of phytoplasma chromosomal or 

extrachromosomal DNA (plasmids) from 
phytoplasma-infected plants and insects22

). Dot or 

Southern hybridization and polymerase chain 

reaction (PCR) methods have been used for the 

detection and genetic/phylogenetic studies of 
some phytoplasmas 4, 7-9, 12-25, 30-4o, 45-47, 49, 50). In an 

attempt to detect the pathogen from host plants 

and insect vectors, we cloned random fragments of 

DNA of the SCWL phytoplasmas collected from 
Khon Kaen, Northeast Thailana3°). To reveal the 

phylogenetic and epidemiological characteristics of 

the phytoplasmas, we analyzed the PCR-amplified 

16S ribosomal RNA gene (rDNA) of the 
phytoplasmas 34

' 
35

J. The extrachromosomal DNA of 

the SCWL phytoplasmas has also been analyzea31, 
33) 

Isolation and cloning of SCWL phytoplasma 
DNA. 

To isolate phytoplasmas from the phloem of 

the infected plants, we extracted DNA from crude 

vascular bundles of sugarcane plants with SCWL­
disease 30J. DNA was purified using bisbenzimide­

CsCl equilibrium density gradient centrifugation16
l. 

There were two bands, a main band and an upper 

faint band. Main bands represent the DNA of 
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healthy plants. Therefore, we assumed that the 

faint band originated from the phytoplasmas. The 

DNA of the SCWL phytoplasmas was concentrated 

by repeated centrifugation. The isolated DNA was 

digested with the restriction enzyme HindIII, and 

was cloned into a plasmid (Bluescript) and 

Escherichia coli (NM522) system. By differential 

hybridization, most of the recombinant plasmids 

reacted with the labeled DNA of the SCWL 

phytoplasmas but not with the labeled DNA of 

healthy sugarcane plants. Therefore, the fragments 

of these recombinant plasmids were considered to 

be derived from the DNA of the SCWL 

phytoplasmas. 

Fig. 1. Symptoms and pathogens of sugarcane white leaf disease (SCWL). (A) A sugarcane field infected with the SCWL 
phytoplasmas in Khon Kaen, Northeast, Thailand. (B) White leaves occurring from the phytoplasma-infected cutting of 
the sugarcane collected in Khon Kaen. (C) Comparison of color of a leaf of healthy sugarcane (left), a newly emerging 
leaf of the phytoplasma-infected sugarcane plants (center) and the older leaf of the infected plants (right). (D) Causal 
agent, phytoplasma of SCWL. Bar represents 0.5 µm. 
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Table 1. Distribution of chtromosomal DNA and extrachromosomal DNA of SCWL phytoplasmas in sugarcane plans" 

Position 
a Healthy plants Infected plants 

Chlb cc EC' Chlb c' EC' 

2nd leaf 28.6±2.3 0 0 2.2±0.9 0.43±0.04 0.92±0.16 

from top (8%)d 

4th leaf 33.4±2.3 0 0 7.7±4.9 0.44±0.11 1.59±0.08 

from top (23%/ 

6th leaf 32.8±4.3 0 0 16.9±5.0 0.51 ±0.01 1.83±0.04 

from top (52%)d 

Stem 0 0 0.73±0.04 2.01 ±0.23 

Root 0 0 0.10±0.01 1.00±0.14 

Cutting 0 0 O.oI±0.01 0.04±0.02 

a Leaves were counted the top developing leaf to the bottom old leaf. 
b Chlorophyll content (Chi) was measured with a chlorophyll meter (Minolta SPAD-502). Unit: SPAD. The 

value was expressed as chlorophyll content±standard error. 
c Each value i~dicates the relativa absorbance (A633) of the hybridization spots on the X-ray film measured 

with a laser densitometer. C, relative absorbance of hybridization signal between the chromosomal DNA 
probe S28 of SCWL phytoplasmas and DNA extracted from 0.1 mg of the tissur. EC, relative absorbance 
of hybridizarion signal between the extrachromosomal DNA probe SI of SCWL phytoplasmas and DNA 
extracted from 0.1 mg of the tissue. We can compare these absorbance values as they were measured 
simultaneously. 

d Percentage of chlorophyll csmtent of the infected leaves against that of the healthy leaves is shown. 

Approximately 60% of the recombinant 

plasmids showed hybridization signals with the 

labeled DNA of the SCWL phytoplasmas, and the 

signals were more than 10 times stronger 

compared with those of other recombinant 
plasmids 30

). The estimated molecular sizes of the 

cloned inserts showing stronger signals were 

about 2.5 kb, and of those showing weaker signals, 

1.6-3.5 kb. The inserts of the recombinant 
plasmids with strong signals hybridized with a low­

molecular-weight DNA (ca. 2.5 kb) specific to the 

disease, whereas the inserts of other 14 
recombinant plasmids hybridized with a high­

molecular-weight DNA (> 23 kb) of SCWL 

phytoplasmas specific to the disease (Fig. 2). The 

genome size of the mollicutes is considered to be 
500-1,500 kb 10

• 
42

l. Therefore, we assumed that the 

inserts of the recombinant plasmids showing 

strong signals with the DNA of the diseased plants 

were derived from the extrachromosomal DNA of 

the SCWL phytoplasmas, and those of the other 14 

recombinant plasmids were derived from the 

chromosomal DNA of the SCWL phytoplasmas. 

Detection of SCWL phytoplasmas in 
sugarcane plants and insect vectors 

Detection of the phytoplasmas has been based 

on the electron-microscopic examination of ultra­

thin sections and transmission by insect vectors. 

However, such a method is not practical. 

Transmission tests are of limited value due to the 

latency and long incubation period in insects. Ultra­

thin sectioning is a tedious procedure and requires 
expensive equipment. Progress has been made in 

the serological assay of phytoplasmas. Polyclonal 

antisera have been produced with partially purified 

SCWL phytoplasma antigens from infected 
sugarcane plants 44

). However, these antisera 

showed substantial cross-reactions with antigens 

from healthy plants. Therefore, an efficient and 

reliable me~hod of detecting the pathogen is 

urgently needed for the selection of healthy cutting 

shoots, disease forecasting, quarantine procedures, 

screening of resistant cultivars, development of 

methods to control the disease and basic research 
on the behavior of the pathogens. 
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Fig. 2. Southern hybridization of undigested DNA from healthy sugarcane plants and sugarcane plants with white leaf disease 
30). DNA from healthy sugarcane plants (H) and DNA from sugarcane plants with white leaf disease in Khon Kaen, 
Thailand (D) were electrophoresed and blotted onto a nylon membrane. The membrane was hybridized with DNA 
probe S28(A), and then hybridized with DNA probe SI (B). 

Chromosomal and extrachromosomal DNAs 

of the phytoplasmas were detected in SCWL­
infected plant tissues by dot hybridization using a 
peroxidase-labeled probe S28 and probe Sl 30

) (Fig. 

3). The extrachromosomal DNA probe gave 

higher hybridization signals than the chromosomal 

DNA probe. These results indicate that the copy 

number of the extrachromosomal DNA was 

considerably larger than that of the chromosomal 

DNA of SCWL within a cell of phytoplasmas, which 

is in agreement with previous data of RYD 
36) 

phytoplasmas . DNA extracted from sugarcane 

plants with white leaves collected from Khon Kaen 

and Lampang (more than 200 leaves) was 

hybridized with the extrachromosomal DNA probe 

Sl and chromosomal DNA probe S28. These 

probes did not give out signals with healthy DNA 

specimens. Moreover, no signals were obtained 

using DNA from sugarcane leaves with white-line 
symptoms caused by Xanthomonas albilineans and 

mosaic leaves caused by sugarcane mosaic virus 

with these DNA probes (Fig. 3). 

Chromosomal and extrachromosomal DNAs 

of the SCWL phytoplasmas were detected from all 
parts of the diseased plants maintained in a 

greenhouse using the DNA probes S28 and Sl 

(Table 1). In these specimens, young leaves 

showed severe chlorosis, and the older leaves 

recovered and showed green-yellow or white stripe 
symptoms. However, the DNA concentration of 

the phytoplasmas in younger leaves with severe 

chlorosis was not always high. As reported earlier, 

there was no correlation between the amount of 

rice yellow dwarf (RYD) phytoplasmas and the 

severity of chlorosis in RYD-infected tissues 32
). In 

such cases, the difference in the symptoms may be 

due to the growth stage of the leaves, rather than 

to the concentration of phytoplasmas. Otherwise it 

is possible that symptom-inducing metabolites 

synthesized by RYD or SCWL phytoplasmas had 

translocated through the phloem elements to the 

meristems. 

Phytoplasma DNA was detected in insect 
vectors M. hiroglyphicus collected from the 

sugarcane fields infected with SCWL in Khon Kaen 
by using the extrachromosomal DNA probe S130

). 

Hybridization signals were distinct when the 

extrachromosomal DNA probe Sl was used, 

whereas the signals were faint when the 

chromosomal DNA probe S28 was used. 
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Fig . 3. Dot hybridization of the peroxidase-labeled, cloned DNA probes with the DNA from healthy and diseased sugarcane 
plants. (A) Symptoms of sugarcane plants infected with Xanthomonas albilineans. (B) Symptoms of sugarcane plants 
infected with sugarcane mosaic virus. (C) Detection of DNA of the SCWL phytoplasmas from sugarcane plants by dot 
hybridization using the chromosomal DNA probe S28 and the extrachromosomal DNA probe SI. DNA were extracted 
from healthy plants ( 1 ), plants infected with SCWL phytoplasmas (2), plants infected with Xanthomonas albilineans 
(3) and plants infected with sugarcane mosaic virus (4). DNA specimen extracted from I mg of tissues was spotted on 
nylon membranes and hybridized with the probes. Hybridization s ignal s were detected by the ECL method 
(Amersham). 

Our results indicated that the non-radioactive 

peroxidase-labeled extrachromosomal as well as 

chromosomal DNA probes are effective in assaying 

SCWL phytoplasmas. Extrachromosomal DNA 

probes gave much stronger signals than 

chromosomal DNA probes. It is considered that 

the extrachromosomal DNA probes may be a 

useful tool to detect the SCWL phytoplasmas, 

because they were isolated from all of the SCWL 

specimens and insect vectors of SCWL 

phytoplasma. 

Recently, regions of the rRNA operon, 

including the complete 16S rDNA, the 16S/23S 

rDNA spacer region, a portion of 23S rDNA, and 

other genes of some phytoplasmas have been 
sequenced 12

' 
13

' 
18

' 
25

' 
40

' 
47

). These sequences have 

been used to develop PCR-based detection assays, 

h. h ifi f h hyt 1 7, 12, 21, 23, 24, 39, w 1c are spec c or t e p op asmas 

45, 47, 49 , 50) Namba et al. (1993) developed a 

universal primer set to amplify the 16S rDNA of 

phytoplasmas39
l. We were able to detect the 16S 

rDNA of the SCWL phytoplasma from SCWL­

infected sugarcane plants by the PCR method 
· h · 34

· 
35

l It . 1 d d h h usmg t e pnmer set . 1s cone u e t at t e 

PCR and the hybridization assays are effective 

tools to detect the SCWL phytoplasmas. 

Phylogenetic relationship of SCWL 

phytoplasmas with other phytoplasmas and 

culturable mollicutes 

The taxonomy of the phytoplasmas is 

problematic due to lack of molecular 

characterization of the phytoplasmas. They have 

been classified on the basis of the characteristics of 

the host-parasite interaction such as symptoms, 
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plant host range, and insect vectors. Although the 

symptoms of SCWL are similar to those of RYD, 

the pathogens are different based on the difference 
in pathogenicity and insect vectors38

' 
43

J. Until 

recently no direct method was available to utilize 
the variation of DNA in phytoplasmas. Several 

research groups have attempted to classify 

phytoplasmas in the light of DNA homology 
analyzed by random DNA probes14

' 
16

' 
22

• 
37

l. We 

examined the homology of 14 chromosomal DNA 

probes derived from a Khon Kaen (Northeast 
Thailand) isolate of SCWL phytoplasmas with the 

DNA of a Lampang (North Thailand) isolate of 

SCWL phytoplasmas, RYD phytoplasma isolates 

from Japan and Thailand, other types of 

phytoplasmas and some culturable mollicutes30
l. 

The data revealed that the SCWL phytoplasmas of 

Thailand shared a greater nucleotide sequence 

homology with the RYD phytoplasmas than with 

other phytoplasmas. The results also indicate that 

SCWL phytoplasmas are not related to some 
culturable mycoplasmas and spiroplasmas. 

Sequence analysis of the PCR-amplified rDNA 

fragments has been found to be useful for the 
phylogenetic analysis of phytoplasmas. The 

sequence data of the 16S rDNA of phytoplasmas 
suggested that phytoplasmas are more closely 

related to each other than they are to the major 

f 1 bl 11. t 25, 40, 47) s ··11 t groups o cu tura e mo 1cu es . eemu er e 

al. (1994) reported a phylogenetic tree based on 

the sequence analysis of 16S rDNAs which showed 

five clusters of major phytoplasmas including 

SCWL designed as: (i) the aster yellows strain 

cluster, (ii) the apple proliferation strain cluster, 
(iii) the western-X disease strain cluster, (iv) the 

SCWL strain cluster and (v) the elm yellows strain 

cluster4 7). The SCWL cluster consists of the 

SCWL phytoplasmas, leafhopper strain BVK, and 

the RYD phytoplasmas (strain MLO-III) (Fig. 4). 

STOL 

VK 

I 
SAY 

AAY 

BAWB 

PD II 
AT 

PPER 

SUNHP 

III 
ML0-11 

IV 
MLO-III 

FD 

V 

5% 

Fig. 4. Phylogenetic tree for the major phytoplasmas 47). Bar = evolutionary distance of 5%. The following strains were 
included: stolbur strain STOL; grapevine yellows (Vergilbungskrankheit) strain VK; onion yellows strain MLO-I; 
apricot chlorotic leafroll strain ACLR; oenothera aster yellows strain OA Y; severe American aster yellows strain SAY; 
American aster yellows AA Y; black alder witches' broom strain BA WB; pear decline strain PD; apple proliferation 
strain AT; European stone fruit yellows strain OOER; sunhemp witches' broom strain SUNHP; western X-disease 
strain WX; vaccinium witches' broom strain VAC; tsuwabuki witches' broom strain MLO-II; strain BVK from a 
leafhopper; sugarcane white leaf strain SCWL; rice yellow dwarf strain MLO-III; flavescence doree strain FD; elm 
yellows strain ULW; and ash yellows strain ASHY. 
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Phylogenetic relationship among SCWL and 

other phytoplasmas in sugarcane fields 

Many gramineous weeds showing white leaf 

symptoms were present in the vicinity of sugarcane 

fields infected with SCWL in Thailand and Taiwan 5' 

38
· 

43
l . Phytoplasmas were detected in these weeds 

by electron microscopy in Taiwan 5l. The insect 

vector of SCWL phytoplasmas did not transmit the 

SCWL phytoplasmas from the diseased sugarcane 

plants to the weeds or from the weeds to healthy 

sugarcanes plants 43
l. Several kinds of phytoplasma­

infected plants were reported from fields with 

upland crops such as sugarcane and sesame in 

Northeast Thailana34
l . At least three other kinds of 

gramineous plants with white leaf symptoms were 

reported as: i) Brachiaria sp. (Bra WL) (Fig. 5A), ii) 

Crowfoot grass (Dactyloctenium aegypcium) 

(DacWL) (Fig. 5B), and iii) Bermuda grass 

(Cynodon dactylon) (BGWL) (Fig. 5C). Moreover, 

several species with witches' broom symptoms 

were reported in Indigo/era juncea (IWB), 

Fig . 5 . White leaf symptoms of Brachiaria sp. (BraWL) (A), Crowfoot grass (Dactyloctenium aegypcium) (DacWL) (B), and 
Bermuda grass (Cynodon dactylon) (BGWL) (C) in Khon Kaen, Thailand. 
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Crotalaria incana (CWB), and Trianthema 

portulacastrum (TWB), besides sesame phyllody 

(SP) and Richardia sp. with phyllody (RP). 
Sarindu and Clark (1993) reported that polyclonal 

antibodies against a SCWL phytoplasma isolate did 

not react with other white leaf-associated isolates 

like BraWL, DacWL, and BGWL phytoplasma 

isolates, and antibodies against the BGWL 

phytoplasma isolate did not react with the SCWL, 

BraWL, DacWL, and BGWL phytoplasma isolates 
in Thailana44

l. However, the genetic relationship 

among the SCWL phytoplasmas and other 

phytoplasmas in the same fields has not been 
determined. 

We performed a hybridization assay using 

DNA probes for the SCWL phytoplasmas with 

spots of the phytoplasma-infected plants in Khon 

Kaen34
l. Chromosomal DNA probe S28 derived 

from the SCWL phytoplasma isolate hybridized 

with the BraWL, BraWL, DacWL, DacWL, BGWL, 

and BGWL isolates, but not with the SP, RP, IWB, 

CWB, and TWB isolates. 
To analyze the phylogenetic relationship of the 

pathogens, we compared the restriction profiles of 
the 16S rDNA sequence of phytoplasmas of the 

phytoplasma-affected plants34
l. Comparing the 

restriction enzymes, Rsa I or Alu I, fragment 

profiles of PCR-amplified 16S rDNA segments of 

the phytoplasmas revealed that the phytoplasmas 

associated with white leaf symptoms (SCWL, 

BraWL, DacWL, and BGWL) were related to a 

RYD phytoplasma, while the phytoplasmas 

associated with phyllody and witches' broom. (SP, 

RP, IWB, CWB, and TWB) were closely related to 
a gentian witches' broom (GWB) phytoplasma38

l. 

These results indicated that SCWL, BraWL, 
DacWL, and BGWL phytoplasmas are probably 

members of the MLO-III cluster (Fig. 4)39
• 

40
l, and 

SP, RP, IWB, CWB, and TWB phytoplasmas are 

members of the ML0-11 cluster (Fig. 4)39
· 

40
l. Zreik 

et al. (1995) reported that the SP phytoplasmas 

showed genomic similarities with sunhemp 
phyllody phytoplasmas (SUNHP) 50

l. SP 

phytoplasmas may belong to the MLO-II and 
SUNHP phylogenetic subgroup (Fig. 4). 

Restriction enzyme Ace I fragment profiles of 

the PCR-amplified 16S rDNA of the SCWL 

phytoplasmas were different from those of Bra WL, 
35) 

DacWL, BGWL, or RYD . Moreover, fragment 

profiles of phytoplasmas associated with phyllody 

and witches' broom diseases in Northeast Thailand 

were different from those associated with white 

leaf diseases. Fragment profiles of the SP 

phytoplasmas were the same as those of the RP 
phytoplasmas, and the electrophoretic mobility of 

the majority, though not all, of DNA bands was the 

same as that of IWB, CWB, and TWB. The findings 

suggest that the SCWL phytoplasmas are different 

from the other phytoplasmas associated with other 

gramineous plants with white leaf symptoms, 
which is in agreement with the results of 

serological studies 44
). It is not possible to 

differentiate RYD, BraWL, DacWL, and BGWL 

phytoplasmas by restriction analysis. Since these 

phytoplasmas are considered to be related 

phylogenetically, the analysis of the 16S rDNA of 

phytoplasmas may enough to resolve the 

complexity of the phytoplasmas in fields though 

several kinds of the phytoplasmas associated with 

the same kind of symptoms occurred in a small 

patch of field. 

Sugarcane grassy shoot disease (SGS), caused 

by a phytoplasma, is fairly widespread in India and 
Thailand43

l. The disease induces premature 

profuse tillering followed by yellowing of the leaves 

in sugarcane plants. W ongkaew et al. (1997) 

reported the differentiation of phytoplasmas 

associated with white leaf diseases of sugarcane 

and gramineous weeds and grassy shoot of 

sugarcane by the application of various molecular 

techniques like RFLP and sequencing of rRNA 
gene (Fig. 6) 49

). They concluded that SCWL and 

SGS are caused by different phytoplasmas. 

Sequence analysis of DNA obtained from BraWL, 

DacWL, and BGWL phytoplasmas did not enable 

to identify organisms similar to those infecting 

sugarcane and it is assumed that SGS may be 
caused by multiple phytoplasma groups 49>. 
Multiple phytoplasma infections have been 
reported in several other cases 4

• 
21

• 
35

). 
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SGS 

SCWL 
Fig. 6. Dendrogram of ppytoplasmas infecting sugarcane and gramineous weeds generated from sequence data of the 3' end of 

the 16S rRNA and the spacer region of the phytoplasmas 49). The following strains were included: Bermuda grass 
white leaf strain BGWL, Dactyloctenium grass (Crowfoot grass) white leaf strain DacWL, Brachiaria grass white leaf 
strain BraWL; sugarcane grassy shoot strain SGS; and sugarcane white leaf strain SCWL. 

Analysis of extrachromosomal DNA of SCWL 
phytoplasmas 

The existence of plasmids or 

extrachromosomal DNA has been reported in 
some phytoplasmas and mollicutes8

' 
9

' 
12

' 
15

' 
17

' 
19

' 
22

' 
3

0-

33· 
46

l. Although partial nucleotide sequences of 

plasmids associated with the aster yellow group of 

phytoplasmas have been reported12>, information 

on the characteristics of extrachromosomal DNAs 

of the phytoplasmas is insufficient for determining 

its role in biological functions. To address this 
problem, we determined the sequence of the 

cloned extrachromosomal DNA of a Thai isolate of 
SCWL phytoplasmas 33

). 

Sequence analysis revealed that one of the 

extrachromosomal DNA clones, Sl, was 2651 bp 
long, having Hind III sites at both ends. By 

applying the inverse PCR method, we obtained 

inverse DNA fragments from one end of the Sl 

sequence to the other end of the sequence from 

the infected plant DNA. DNA was not amplified 
using healthy plant DNA as template. The 

sequence analysis of the amplified DNA revealed 

that the Hind III site of one end of the Sl sequence 

is the same as that of Hind III site of the other end. 
These data suggest that the extrachromosomal 

DNA is a circular DNA and that its length is 2645 

bp. Our data are in agreement with those of 

Klinkong and Seemtiller (1993) who reported that 

the extrachromosomal DNA of SCWL 

phytoplasmas shows a closed circular form based 
on two-dimensional electrophoresis15

l. 

GC content (G + C ratio) of the sequence of 

the extrachromosomal DNA of SCWL 
phytoplasmas was only 22.2 % (A: 41.4 %, T: 36.4 %, 

C : 9.6 %, G : 12.6 %). The physical map of the 

extrachromosomal DNA is shown in Fig. 7. There 

were at least five putative open reading frames 
(ORFs) (Table 2). ORF 1 (positions 204 to 1250) 

and ORF 2 (positions 1750 to 2148) were coded in 

one direction of the sequence (Fig. 7 A and Table 
2). ORF 3 (positions 2012 to 1731), ORF 4 

(positions 1369 to 1124) and ORF 5 (positions 466 
to 233) were coded in the complementary 

sequence (Fig. 7B and Table 2). The ORF 4 stops 

at a TGA codon in the case of the unique codon­

usage system of Mycoplasma spp. for the SCWL 

phytoplasmas29
l, whereas the ORF 4 reads through 

the TGA codon for tryptophan and stops at the next 

stop codon TAA (ORF 4': positions 1369 to 983, 

Table 2) in the case of the universal codon-usage 

system of prokaryotes such as Acholeplasma 

spp.29
l. In the codon usage pattern of the other 

kinds of mollicutes29
l, the GC content of the third 

base of the codons of each ORF exceeded 70 % 

(Table 2). The length of the other ORFs was 

shorter than 200 bp. The ORF 1 extended over 

104 7 bp, and encoded a polypeptide with 349 amino 

acids (Mr 41,494; hereafter referred to as the 41.5 

Kprotein). 

The amino acid sequence was compared with 
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Fig. 7. Physical map of the extrachromosomal DNA of the SCWL phytoplasma 33). Circles A and B show the cutting sites of 
typical restriction enzymes and putative ORFs. Circle B shows the ORFs coded in the complementary sequence 
opposite to the direction in circle A. 

Table 2. Summary of the ORFs of the extrachromosomal DNA of the SCWL phytoplasma 

Nucleotide Size Termination Vodon 

ORF! 1047 bp TAA 

ORF2 399 bp TAA 

ORF3 282 bp TAA 

ORF4 246 bp TGA 

(ORF4' 234 bp TAA 

ORF5 234 bp TAA 

a sequence database. The region between amino 

acids 204 and 269 of the 41.5 K protein and ALl 

proteins of geminiviruses such as potato yellow 
mosaic virus (PYMV) BJ or AU-like proteins of 

tobacco nuclear genome3
l, was homologous in the 

sequence. The highest homology was 38. 7 % 

between the region from amino acids 214 to 269 of 

the 41.5 K protein and the region from amino acids 

140 to 201 of the ALl protein of PYMV. The ALl 

proteins are reported to be necessary for viruses to 

synthesize their genomic DNA segments. These 

results suggest that the 41.5 K protein of the ORF 1 

may play a role in the replication of the 

extrachromosomal DNA On the other hand, the 

predicted amino acid sequences of the other ORFs 

were compared with the database, but no similar 

proteins were found. 

All the SCWL phytoplasma isolates collected 
from Thailand showed homology in their 

extrachromosomal DNAs. These molecules may 

3rd Codon (A+ T) Peptide Size Mr 

81% 349 a.a. 41,494 

87% 133 a.a. 15,875 

84% 94 a.a. 11,050 

79% 82 a.a. 9,839 

81% 129 a.a. 15,183) 

73% 78 a.a. 8,860 

play an important role in pathogenesis as in other 

cases of plant and animal pathogenic bacteria41
l. 

Denes and Sinha (1992) suggested that the 

extrachromosomal DNA of clover phyllody 

phytoplasmas played a certain role in the 
transmission by insect vectors9

l. Further studies 

are needed to clarify the function of the 

extrachromosomal DNAs of SCWL and other 
phytoplasmas. 

Results from preferential hybridization of 

extrachromosomal DNA probes of SCWL and 
other phytoplasmas (RYD, SP, and AY 

phytoplasmas) with DNA of several phytoplasma­

infected plants are summarized in Table 331
). 

Hybridization data indicated that the 

extrachromosomal DNAs of RYD, SCWL, and 

other phytoplasmas associated with white leaf 

diseases of gramineous plants were related to each 
other, and different from DNAs of phytoplasmas 

associated with other types of symptoms. 
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Table 3. Preferential dot hybridization of extrachromosomal DNA probes of four phytoplasmas with DNA preparations from 
plants infected with 12 phytoplasmas a 

Source of phyoplasma DNA 

Sugarcane whith leaf (Khon Kaen, Thailand) 

Brachiaria white leaf (Khon Kaen, Thailand) 

Dactyloctenium white leaf (Khon Kaen, Thailand) 

Bermudagrass white leaf (Khon Kaen, Thailand) 

Rice yellow dwarf (Tochigi, Japan) 

Rice yellow dwarf (Chachoengsao, Thailand) 

Sesame phyllody (Khon kaen, Thailand) 

Rice orange leaf (Los Banos, Philippines) 

Onion yellows (Saitama, Japan) 

Paulownia witches' broom (lbaraki, Japan) 

Aater yellows (California, USA) 

Gentian witches' broom (Fukushima, Japan) 

Sugarcane 

white leaf 

SI 

++ 

+ 

+ 

++ 

++ 

++ 

DNA probe 

Rice yellow Seame Aster 

dwarf phyllody yellows 

R32 SP49 and 51 PAY45 

w/-b 

w/-b 

w/-b 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

+ 

a DNAs from several phytolasma-infected plants were blotted onto nylon membranes, and probed with 
extrachromosomal DNA probes of rice yellow dwarf, sugarcane white leaf, sesame phyllody, and aster yellows 
phytoplasmas. ++, strong hybridization signal; +, moderate hybridization signal; w, weak hybridization signal; -, 
no signal. 

b Some specimens hybridized weakly with probe R32. 

Extrachromosomal DNAs of rice orange leaf 

(ROL), onion yellows (OY), and paulownia witches' 

broom (PWB) phytoplasmas from Asia were 

related to those of AY phytoplasmas in USA. 

Extrachromosomal DNA of the SP phytoplasmas is 

different from that of all of them. The 

extrachromosomal DNA of phytoplasmas may thus 

be involved in the gene flow among phytoplasmas 

of gramineous plants and in the interactions 

between phytoplasmas and their hosts. 

Extrachromosomal DNA may even be related to 

the symptom expression because all the 

phytoplasmas that hybridized with the DNA probes 

of SCWL phytoplasmas were associated with 

chlorosis symptoms of leaves. 

Extrachromosomal DNAs of SCWL 

phytoplasmas were polymorphic among the 

isolates collected from Khon Kaen, Thailand (Fig. 

8) 30
. We reported that the extrachromosomal 

DNA of RYD phytoplasmas was also polymorphic 

among isolates collected from a small field in 
31) 

Japan . However, we could not observe a 

polymorphism in the chromosomal DNA of SCWL 

or RYD phytoplasmas. It is known that viral 

genomes such as the smallest fragment of rice 

dwarf phytoreovirus genome and satellite RNA of 

cucumber mosaic cucumovirus collected in a small 
field are polymorphic2

" 
28>. Small molecules 

associated with virus and microorganisms 

including phytoplasmas may multiply rapidly and 

accumulate various sequences as far as they 

remain functional. 

Conclusion and Prospects 

The DNA-based detection methods of SCWL 

phytoplasmas and information about the 

genetic/phylogenetic characteristics of the SCWL 

and other phytoplasmas may contribute to the 

promotion of research on the epidemiology and 

plant-microbe interaction of the agent, and 

eventually to the development of methods of 

control of the SCWL disease. 

In recent years there has been a growing 

interest in the use of molecular techniques as a tool 

for solving genetic and phylogenetic problems of 
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Fig. 8. Variation in extrachromosomal DNA from SCWL phytoplasma isolates collected in a field in Khon Kaen, Thailand 
31). DNA from eight SCWL isolates (lanes 2-9) collected in the field and healthy sugarcane plants (lane 1) was 
digested with Hind III and EcoR I, electrophoresed with 0.7% agarose gel, blotted onto a nylon membrane, and 
hybridized with the extrachromosomal DNA probe SI. 
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