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ABSTRACT

Gibb, K. S., Persley, D. M., Schneider, B., and Thomas, J. E. 1996. Phytoplasmas associated
with papaya diseases in Australia. Plant Dis. 80:174-178.

Leaf, petiole, and crown samples were taken from papaya with dieback or mosaic diseases,
which have an unknown etiology, and from yellow crinkle disease, which has been associated
with a phytoplasma. Using the polymerase chain reaction (PCR) and phytoplasma-specific
primers, an amplification product of the expected size (1,076 bp) was observed in samples from
papaya with yellow crinkle, mosaic, and dieback, and in none of the samples from asympto-
matic plants. A second set of phytoplasma-specific primers was used with samples from each
of the three diseases to produce a PCR product of 1,800 bp for restriction fragment length
polymorphism (RFLP) analysis of phytoplasma relatedness. The phytoplasmas associated with
yellow crinkle and mosaic were identical by RFLP analysis using three restriction enzymes, but
the phytoplasma from dieback disease differed from the other two. The phytoplasma associated
with dieback is related to the Stolbur phytoplasmas that form part of the aster yellows phyto-
plasma strain cluster. The phytoplasma associated with yellow crinkle and mosaic, along with
sweet potato little leaf, appears to be related to a phytoplasma, crotalaria witches’-broom from
Thailand, which in turn is related to the western X-phytoplasma.

Papaya (Carica papaya L.) is an impor-
tant perennial fruit crop throughout tropi-
cal and subtropical regions. In Queen-
sland, Australia, papaya is grown in
coastal regions, with major centers of pro-
duction located in the subtropical south-
east and central regions and in tropical
northern Queensland. The papaya industry
in Queensland is affected by three diseases
known locally as dieback, yellow crinkle,
and mosaic (28).

Dieback, the most serious of these, has
been known since 1922 and frequently
causes losses from 10 to 100% of trees in
plantations in southern and central
Queensland (9). This disease is the most
serious limiting factor of the Australian
papaya industry (9), and the etiology of
the disease remains unresolved despite
extensive research. The disease has not
been consistently associated with nutri-
tional or environmental factors, nor have
fungal or bacterial pathogens been isolated
from affected plants (9). Although a viral
etiology has been postulated, detailed
work has failed to detect viral infection,
and five plant viruses common in Queen-
sland failed to induce dieback symptoms
when inoculated to papaya seedlings (15—
17).
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A typical symptom of dieback is a
bunched appearance of the inner crown
leaves, with one or more of these leaves
shriveling and dying. The larger crown
leaves rapidly develop chlorosis, then ne-
crosis. The entire crown dies within 1 to 4
weeks, and the stem gradually dies back
from the top. Affected plants also develop
necrosis of the phloem and laticifers and a
marked reduction in latex flow (9,15,28).
While young plants invariably die from
dieback, older plants may have a recovery
phase if the affected stem is cut, allowing
the development of apparently healthy side
shoots from lateral buds (28). This appar-
ent “recovery” raises a number of interest-
ing questions about the plant-disease as-
sociation. If the causal agent is a
microorganism, this recovery may be a
reflection of an uneven distribution of the
agent in the host plant.

Worldwide, a number of decline or die-
back diseases have been reported from
papaya. A dieback disease in Israel (7) has
a suspected mollicute etiology, although
viruses or phytoplasmas have not been
detected by electron microscopy and the
causal agent remains unknown. Other
diseases in papaya with a suspected phy-
toplasma etiology are bunchy top disease
in the Caribbean region (31) and, more
recently, papaya nonripening disease in
Hawaii (3). The etiology of a dieback dis-
ease of papaya in South Africa is unknown
(2), but four dieback-like diseases are
caused by viruses. In Hawaii, tomato
spotted wilt virus has been isolated from
papaya (10), and rhabdoviruses are asso-

ciated with papaya apical necrosis and
papaya droopy necrosis in Venezuela and
Florida, respectively (32). Papaya decline
caused by tobacco ringspot virus occurs in
Texas (18) and Nigeria (19). None of the
viruses have been detected in papaya
plants with dieback disease in Australia
(14), and young papaya plants failed to
develop typical dieback symptoms follow-
ing sap inoculation with tobacco ringspot,
tomato spotted wilt, tobacco streak, lettuce
necrotic yellows, and Solanum nodiflorium
mottle viruses (16).

Mycoplasmalike organisms (MLOs), now
called phytoplasmas, have been found in
phloem cells of plants with yellow crinkle
by electron microscopy of ultrathin
sections (11). The causal agent of yellow
crinkle was transmitted by a dodder
(Cuscuta sp.) from symptomatic papaya to
tomato (Lycopersicon esculentum), white
clover (Trifolium repens), and jimson weed
(Datura stramonium), in which it caused
symptoms typical of phytoplasma diseases
(12). Periodic epidemics occur, usually
after hot, dry weather, which favors the
breeding and movement of the leathopper
Orosius  argentatus (23). The initial
symptoms of yellow crinkle disease are a
pronounced yellowing of leaves about
halfway up the canopy, accompanied by
bending of the petioles. The crown leaves
develop thin, translucent areas along the
margins and between the main veins.
These areas become necrotic and tattered
as growth proceeds. The crown leaves
eventually become clawlike in appearance,
and the older leaves dry and fall, leaving
the tree a bare pole with a few stunted
leaves at ‘the top. Floral parts may show
phyllody and proliferation of axillary
leaves, which are straplike and thickened.

Mosaic is sporadic in occurrence and is
generally the least important of the three
diseases, and its etiology is unknown (23).
Virus particles have not been detected by
electron microscopy, and virus-specific
bands were not detected following dsRNA
extraction of tissue from diseased and
healthy papaya plants (A. W. Geering and
D. M. Persley, unpublished data). Plants
affected by mosaic disease have stunted,
yellow young leaves with translucent areas
around the margins. Affected plants are
often stunted, producing multiple side
shoots. In field-grown papaya, it is often -
difficult to differentiate yellow crinkle
from mosaic disease, but the water-soaked



streaks on the petioles and upper portion
of the stem and reduced or absent latex
flow (28) are characteristic of mosaic dis-
ease. A distinguishing feature of yellow
crinkle is phyllody (23,28), which is not
observed in papaya with mosaic disease.

The recent introduction of polymerase
chain reaction (PCR) assays has greatly
enhanced the capacity to detect and iden-
tify phytoplasmas, and it seemed appro-
priate to reinvestigate the three diseases in
papaya using this molecular tool. Using
primers based on sequences of cloned
phytoplasma DNA fragments, a number of
groups have used PCR to amplify phyto-
plasma-specific DNA from infected plant
tissue (4,6,24). The 16S rRNA region from
a phytoplasma has been sequenced (21),
and PCR assays using primers based on
the 16S rRNA region to amplify phyto-
plasma specific DNA fragments allow
detection of a wide range of phytoplasmas
(20). Restriction fragment length poly-
morphism (RFLP) analysis of the ampli-
fied PCR product is being used to study
genetic relatedness and is useful, in com-
bination with biological information, for
differentiating phytoplasmas (1).

As part of a current program to detect
and characterize phytoplasma diseases in
Australia (8), samples of dieback, mosaic,
and yellow crinkle from papaya in geo-
graphically separate areas of Queensland
were examined using molecular techniques
to determine their etiology.

MATERIALS AND METHODS

Source of phytoplasmas. Leaves, peti-
oles, and crowns from eight papaya with
papaya yellow crinkle disease, four with
papaya mosaic disease, and four asymp-
tomatic papaya were collected near Ca-
boolture, Queensland, in February 1994.
Samples from four papaya with yellow
crinkle, four with mosaic, and one asymp-
tomatic papaya were collected near Ca-
boolture in February 1995. Samples from
four papaya with papaya dieback disease
and one asymptomatic papaya were col-
lected at Redlands Research Station,
Cleveland, Queensland (64 km from Ca-
boolture), in February 1995. One sample
each of papaya with yellow crinkle and
dieback from Rockhampton, Queensland
(670 km from Caboolture) was provided
by R. Elder, Queensland Department of
Primary Industries, Rockhampton. Sweet
potato with sweet potato little leaf (SPLL)
disease was collected near Darwin, North-
ern Territory, in 1991,

Additional phytoplasmas, which have
been grouped on the basis of their 168
ribosomal DNA restriction patterns and
nucleotide sequence (25,27), were in-
cluded in this study to help group the un-
known phytoplasmas from Australia.
These phytoplasmas are referred to as the
reference phytoplasmas. All phytoplasmas
were transmitted to periwinkle. The sources
of Stolbur of Lycopersicon esculentum

(STOLF) from France, American aster
yellows (AAY) from Florida, sunn hemp
or crotalaria witches’-broom (SUNHP)
from Thailand, witches’-broom of Vac-
cinium myrtillus (VAC) from Germany,
Bliitenverkleinerung (BVK) from Germany,
and ash yellows (ASHY) from New York
are as described previously (25). Sesame
phyllody (SEPT), phyllody of Cleome
viscosa (CLP), and Crotalaria phyllody
(CROP) originated from Thailand.

Extraction of DNA and PCR. DNA
was isolated from field-collected plants
using a phytoplasma enrichment procedure
(1). The nucleic acid pellet was resus-
pended in 50 pl of TE buffer (10 mM Tris-
HCI, 1 mM EDTA, pH 8.0), and 5 pl of the
sample was subjected to gel electrophore-
sis in a 1% agarose gel in 0.5x TBE buffer
followed by staining with ethidium bro-
mide and photographing on a UV transil-
luminator. The quality and quantity of the
DNA was estimated from the gel, and the
nucleic acid was either used without fur-
ther dilution or diluted 1:10 before being
used in the PCR.

The primer pair used to screen all pa-
paya and sweet potato samples was
16R723f and m23SR, which amplified
approximately 1,076 bp of the 16S rRNA
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gene through the 16S/23S spacer region
and into the start of the 23S rRNA gene
(22). A second set of primers, P1 (5) and
P7 (sequence provided by C. Smart and B.
Kirkpatrick, University of California,
Davis), amplified a larger region of ap-
proximately 1,800 bp comprising the 16S
rRNA gene, the spacer region, and the
beginning of the 23S rRNA gene. These
primers were used in RFLP analysis.

For the PCR, each reaction contained
0.2 mM each dNTP, 0.4 pM each primer,
I1x DNA polymerase buffer supplied with
the enzyme, 0.2 U thermostable DNA
polymerase (Advanced Biotechnologies
Ltd., Surrey, U.K.), and 1 pl of undiluted
or 1:10 diluted nucleic acid sample. The
total reaction volume was 50 pl in a Cor-
bett FTS-320 thermocycler (Corbett Re-
search, Mortlake, NSW, Australia). A
manual hot start PCR at 92°C for 1 min
was followed by 40 cycles of denaturation
at 94°C for 1 min, annealing at 60°C for
30 s, and extension at 72°C for 30 s except
for the final cycle, when extension was for
90 s. After amplification, 5 pl from each
sample was subjected to electrophoresis in
a 1.0% agarose gel and visualized by
staining with ethidium bromide and UV
illumination. Total nucleic acid extracted
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Fig. 1. Polymerase chain reaction (PCR) amplification of phytoplasmas from papaya and from sweet
potato using the primer pair P1/P7, which amplifies the entire 165 rRNA gene and the spacer region
between the 165 rRNA and 23S rRNA genes. DNA markers are not shown but are indicated by the
sizes given in kilobase pairs. PPYC-1 = papaya yellow crinkle from Caboolture; PPYC-2 = papaya
yellow crinkle from Rockhampton; PPM-1 = papaya mosaic from Caboolture; PPM-2 = papaya
mosaic from Caboolture; PPDB-1 = papaya dieback from Redlands Research Station, Cleveland;
PPDB-2 = papaya dieback from Rockhampton; SPLL = sweet potato with sweet potato little leaf;
STOLF = Stolbur of Lycopersicon esculentum from France; AAY = American aster yellows from
Florida; SUNHP = sunn hemp or crotalaria witches’-broom from Thailand; SEPT = sesame phyllody
from Thailand; CLP = phyllody of Cleome viscosa from Thailand; CROP = Crotalaria phyllody from
Thailand; VAC = witches’-broom of Vaccinium myrtillus from Germany; BVK = Bliitenverkleinerung
from Germany; and ASHY = ash yellows from New York.
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from asymptomatic plants was subjected to
the PCR as a negative control, and in some
experiments water controls were included,
in which no plant nucleic acid was added
to the PCR reaction mix.

RFLP analysis. Five pl of the PCR
products amplified using the P1/P7 prim-
ers were digested separately using three
restriction enzymes, Alu I, Rsa I, and Msel,
in buffers supplied by the manufacturer
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Fig. 2. Restriction digests of the polymerase chain reaction (PCR) products described in Figure 1.
The restriction enzyme was Alu I. DNA markers are not shown but are indicated by the sizes given in
base pairs. Abbreviations are the same as for Figure 1.
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Fig. 3. Restriction digests of the polymerase chain reaction (PCR) products described in Figure 1.
The restriction enzyme was Rsa . DNA markers are not shown but are indicated by the sizes given in
base pairs. Abbreviations are the same as for Figure 1.
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(New England Biolabs, Beverly, MA).
Digestions were incubated overnight at
37°C, and the fragments were separated by
electrophoresis in a 3% UltraHigh Resolu-
tion Agarose gel (Progen Industries, Darra,
Queensland, Australia) in 0.5% TBE buffer
and visualized by staining with ethidium
bromide and photographing on a UV
transilluminator.

RESULTS

PCR detection of phytoplasma DNA
in papaya. Initial screening of samples
from papaya with dieback, yellow crinkle,
and mosaic with the primer pair 16R723f
and m23SR gave the expected PCR prod-
uct of 1,076 bp. All diseased samples
consistently gave a PCR product, with the
exception of one dieback sample from
Cleveland, Queensland, which gave no
positive signal. All diseased samples were
also subjected to the PCR using the primer
pair P1/P7, and the expected 1,800-bp
PCR product was obtained for each sample.
Figure 1 shows the 1,800-bp PCR product
for two representative papaya samples
from each disease (dieback, yellow crinkle,
and mosaic), SPLL, and each of the
reference phytoplasmas. On no occasion
were PCR products observed with the water
controls or with asymptomatic plants.

RFLP analysis of the 1,800-bp PCR
products. Following digestion of the
1,800-bp PCR product with the restriction
enzymes Alu I, Rsa 1, and Mse 1, the yel-
low crinkle, mosaic, and SPLL samples all
gave the same restriction pattern. RFLP
profiles for only two representative papaya
samples from each disease are shown
(Figs. 2-4), but all diseased samples were
in fact subjected to RFLP analysis. For
each restriction enzyme, the pattern for
yellow crinkle, mosaic, and SPLL was
identical to SUNHP, SEPT, and CLP, all
from Thailand (Figs. 2-4). Following di-
gestion with Alu I or Rsa I, these phyto-
plasmas were identical to CROP from
Thailand and VAC from Germany, (Figs. 2
and 3). CROP and VAC were, however,
differentiated from each other and from
SUNHP, SEPT, and CLP by digestion with
Mse 1 (Fig. 4).

For each restriction enzyme, the two
representative dieback samples gave the
same restriction pattern, but this pattern
was different from yellow crinkle and
mosaic (Figs. 2-4). Following digestion
with Alu 1, the pattern for dieback was
similar but not identical to STOLF and
AAY (Fig. 2). Following digestion with
Rsa 1, the pattern for dieback was the same
as that for STOLF but different from that
for AAY (Fig. 3); and following digestion
with Mse I, dieback was more similar to
STOLF than it was to AAY, but as with
Alu 1, it was not identical to either (Fig. 4).

DISCUSSION
Papaya with yellow crinkle, mosaic, and
dieback diseases collected from widely



separated geographic areas in Queensland
consistently gave a PCR product of the
expected size using primers specific for
phytoplasma DNA. No PCR products were
observed with asymptomatic papaya. This
result confirms the reported association
between yellow crinkle and a phyto-
plasma, but this is the first time that mo-
saic and dieback diseases have been asso-
ciated with phytoplasmas. This result with
dieback is especially significant because it
is such an important disease for the Aus-
tralian industry and much research effort
has been devoted to it. Harding (14) sug-
gested a viral or phytoplasmal etiology of
the disease following specific autofluores-
cence in phloem cells and laticifers of
affected plants. Electron microscopy of
ultrathin sections of various plant organs
failed to detect virus particles or phyto-
plasmas (14; D. H. Gowanlock and R. S.
Greber, personal communication). The
failure to detect phytoplasmas may have
been because the assay was not sufficiently
sensitive, especially if the phytoplasmas
were at very low levels and unevenly dis-
tributed throughout the plant. Alterna-
tively, this failure may have been due to
the often rapid lethal decline of plants
following the onset of symptoms prevent-
ing the extensive reproduction of phyto-
plasmas in affected cells. Application of
tetracycline antibiotics to diseased plants
in the field failed to cause remission of
dieback symptoms, with treated plants
declining at the same rate as untreated
plants (14). Although these data do not
support a phytoplasmal etiology for die-
back, an alternative explanation is that the
antibiotic treatments were ineffective due
to the rapid death of affected plants. With
lethal yellowing disease of palm, which is
associated with a phytoplasma, it is known
that antibiotic treatment of affected plants
is seldom effective if applied after 25% of
the canopy has yellowed (29).

One could argue that the phytoplasmas
associated with mosaic and dieback dis-
eases may be the yellow crinkle phyto-
plasma in combination with other disease
agents, which results in a different disease
phenotype. To study this further, it was
important to characterize the phytoplasmas
from each disease by RFLP analysis. Re-
sults showed that the phytoplasma(s) as-
sociated with yellow crinkle and mosaic
diseases could not be distinguished from
each other or from the SPLL phytoplasma,
which has been detected in a wide range of
host plant species throughout Australia
(8). The yellow crinkle, mosaic, and SPLL
phytoplasma gave the same RFLP patterns
as SUNHP, SEPT, and CLP, all from
Thailand. The SUNHP phytoplasma was
found to be most closely related to mem-
bers of the western X-disease strain cluster
based on restriction site and sequence
analysis of the 165 rRNA gene (25,27,30).
Schneider et al. (26) showed by sequence
analysis that SUNHP is closely related to

faba bean phyllody (FBP), and that when
they were included in the phylogenetic
analysis, they were clearly differentiated
from the western X-disease group (group
C-III) and formed a distinct cluster of their
own. FBP was differentiated from SUNHP,
SEPT, and CLP on the basis of restriction
site analysis of in vitro—amplified ribo-
somal DNA, which included the 165/23S
rDNA spacer region. Strains FBP and
SUNHP represent a group of phytoplas-
mas that are sufficiently different from the
strains of the western X-disease to form a
distinct cluster of their own, and the name
“faba bean phyllody strain cluster” (group
C-VI) is proposed for the new group (26).
The Australian tomato big bud strain
(TBB) is closely related to the strains in
the faba bean phyllody strain cluster (26),
and TBB is closely related to SPLL (8). In
this study, the representative of the western
X-disease strain cluster was VAC, which
was differentiated from SUNHP by Mse 1.
Another, as yet ungrouped, phytoplasma
used in this study was CROP from Thai-
land, and this was also differentiated by
Mse 1.

The RFLP results presented here sug-
gest that the same phytoplasma may be
associated with different disease pheno-
types, yellow crinkle and mosaic. It is
possible, however, that the mosaic disease
results from a disease complex that may
include the yellow crinkle phytoplasma
but also some other as yet unknown factor.
At Caboolture, papaya with mosaic were
growing alongside the same cultivars with
yellow crinkle, which suggests that the
differences are probably not due to cultivar
differences. It is also possible that this

PPYC-1
PPYC-2
PPM-1
PPM-2
PPDB-1
PPDB-2
SPLL

phytoplasma is associated with mosaic,
and the different disease phenotype is a
reflection of the age of host plant at infec-
tion or the level of inoculum at infection,
The lack of differentiation may also be a
reflection of the tests used. It is possible
that in this case the 16S rRNA gene and
spacer region does not show sufficient
variation to distinguish the yellow crinkle
and mosaic phytoplasmas. Other ap-
proaches, such as the use of randomly
cloned probes in DNA hybridization as-
says, may allow differentiation of the
phytoplasmas from papaya with yellow
crinkle and mosaic.

Following digestion with Alu I, Rsa I,
and Mse I, the phytoplasma associated
with dieback was different from that asso-
ciated with yellow crinkle and mosaic.
Following digestion with Alu I, the phy-
toplasma associated with dieback gave
similar but not identical RFLP patterns to
STOLF from France and AAY from Flor-
ida from group A-I (27) or group I (13).
Following digestion with Rsa I, the pattern
for dieback was the same as that for
STOLF but different from that for AAY;
and following digestion with Mse I, die-
back was more similar to STOLF than it
was to AAY, but it was not identical to
either. This indicates that the phytoplasma
associated with dieback is similar but not
identical to the Stolbur phytoplasmas
within the aster yellows strain cluster. On
the basis of RFLP patterns, however, this
phytoplasma is not different from the
Australian grapevine yellows phytoplasma
(22).

Although this is the first time papaya
with dieback or mosaic were shown to be
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Fig. 4. Restriction digests of the polymerase chain reaction (PCR) products described in Figure 1.
The restriction enzyme was Mse 1. DNA markers are not shown but are indicated by the sizes given in
base pairs. Abbreviations are the same as for Figure 1.
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associated with a phytoplasma, further
research, including a comprehensive sur-
vey of diseased plants and transmission
studies, will be needed before either dis-
ease could be definitively attributed to a
phytoplasma.
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