
SUMMARY

Periwinkle plants showing severe chlorosis and little-
leaf symptoms were observed in Córdoba (Argentina).
These symptoms have previously been correlated with a
phytoplasma infection based on electron microscopy,
serology and PCR techniques. The aim of the present
work was to characterize the Argentinian catharanthus
little leaf phytoplasma (ACLL) at molecular level using
PCR-RFLP. Using the universal phytoplasma primers
P1/P7 and R16F2/R16R2, we amplified the 1.8 kb frag-
ment extending from the 5’-end of the 16S rRNA gene
to the 5’-region of the 23S rDNA, and a 1.2 kb fragment
from the 16S rRNA gene. The specific aster yellows
primers P1/AYint were also used and the expected am-
plified fragment of 1.5 kb was obtained. The P1/P7 and
R16F2/R16R2 fragments were digested with 9 and 10 re-
striction endonucleases respectively. The RFLP analysis
revealed, for most of the enzymes assayed, identical pat-
terns to those of members of the aster yellows group
(16SrI), subgroup B, except for Rsa I and Hae III, which
generated profiles similar to those presented by phyto-
plasmas from subgroup C. These differences could be
explained by sequence heterogeneity of the two rRNA
operons that are present in all phytoplasmas. Confirma-
tion of the ACLL phytoplasma in Argentina expands
southwards the already wide geographical distribution
and diversity of the 16SrI-B (Aster Yellows) group.

Key words: PCR-RFLP, periwinkle little leaf, rRNA
operon heterogeneity.

INTRODUCTION

Phytoplasmas are prokaryotes lacking a cell wall and
responsible for numerous plant diseases all over the
world (McCoy et al., 1989). Detection and identification 
of phytoplasmas were for a long time based on their bi-
ological characteristics and related diseases because it
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has not been possible to isolate and study the phytoplas-
mas in pure culture (Lee et al., 2000). PCR-RFLP and
sequence analysis of the PCR-amplified 16S rRNA gene,
the ribosomal protein gene and the elongation factor
TU (tuf gene) have become essential tools for the mo-
lecular identification, characterization and classification
of phytoplasmas. This kind of analysis provides at least
a provisional classification scheme for phytoplasmas
(Lee et al., 1998; Jomantiene et al., 2002).

Based on 16S rDNA RFLP patterns, 15 main phyto-
plasma groups (putative species) and at least 40 sub-
groups have been described (Lee et al., 1998; Montano
et al., 2001) that largely match phytoplasma subclades
delineated by phylogenetic analysis of full-length or
nearly full-length sequences of 16SrDNA (Lee et al.,
1998; Marcone et al., 2000). The occurrence of two ribo-
somal gene sets in the phytoplasma genome has been
demonstrated (Schneider and Seemüller, 1994; Oshima
et al., 2004), and small differences have been found be-
tween the sequences and RFLP patterns, which have
been taken into account in some cases for classification
at the subgroup level (Lee et al., 1993; Liefting et al.,
1996; Marcone et al., 2000). 

The 16SrI aster yellows phytoplasma group, widely
distributed and with more than 100 isolates studied, has
been separated into at least six well-defined subgroups
according to RFLP patterns and nucleotide sequence of
the 16S rDNA (Jomantiene et al., 1998; Lee et al.,
1998). The classification was consistent with that pro-
posed by Marcone et al. (2000) based on the RFLP pat-
terns of the tuf gene, and a longer rDNA fragment that
includes the 16S-23S rRNA spacer region and the 5´end
of the 23S rRNA gene. 

Periwinkle (Catharanthus roseus L.G. Don) is an orna-
mental plant reported in different world regions as a natu-
ral phytoplasma host showing symptoms such as little leaf,
witches’-broom, yellowing, virescence and phyllody. The
phytoplasmas associated with these different diseases have
been identified as members of the 16SrI-Aster yellows
group (Lee et al., 1993; Marcone et al., 2000), 16SrVI-
Clover proliferation (Lee et al., 1998) and 16SrXIII-Mexi-
can periwinkle virescence (Gundersen et al., 1994). 

In Argentina, the presence but not the identity of
phytoplasmas in periwinkle has been determined in

Journal of Plant Pathology (2004), 86 (3), 209-214 Edizioni ETS Pisa, 2004 209

CHARACTERIZATION OF AN ASTER YELLOWS PHYTOPLASMA 
ASSOCIATED WITH CATHARANTHUS LITTLE LEAF IN ARGENTINA

L. Torres1, E. Galdeano2, D. Docampo3 and L. Conci4

1 Facultad de Ciencias Agropecuarias, Universidad Nacional de Córdoba, 5009 Córdoba, Argentina
2 Facultad de Ciencias Agrarias, Universidad Nacional del Nordeste, Sargento Cabral 2131, 3400 Corrientes, Argentina

3 Consejo Nacional de Investigaciones Científicas y Técnicas, Argentina
4 Instituto de Fitopatología y Fisiología Vegetal-INTA, Camino 60 cuadras km 5.5, 5119, Córdoba, Argentina



plants with severe little leaf and chlorosis symptoms, by
electron microscopy (EM), serology and PCR (Gomez
et al., 1996). In the present work, we established the
group and subgroup affiliation of the Argentinian
catharanthus little leaf phytoplasma by PCR-RFLP
analysis of the rDNA region.

MATERIALS AND METHODS

Plant and phytoplasma sources. Five periwinkle
plants naturally infected with phytoplasma were collected
from private gardens in the suburbs of Córdoba (Ar-
gentina). The pathogens were maintained by successive
grafting to healthy periwinkle plants produced by cut-
tings and grown in a greenhouse under controlled condi-
tions. Healthy periwinkle plants were also kept in the
greenhouse to be used as negative controls. Symptoms
and disease progress were periodically checked in the
grafted plants. DNA of the American aster yellows phy-
toplasma (AAY), kindly provided by Dr. E. Seemüller
(Biologische Bundesanstalt für Land und Forstwirtschaft,
Institut für Pflanzenschutz im Obstbau, Dossenheim,
Germany) was used as reference strain.

Primers and PCR conditions. Fresh shoots and peti-
ole tissue (0.5 g) from the middle and upper parts of the
infected plants were ground in sterile mortars with liq-
uid nitrogen. DNA was extracted according to Doyle
and Doyle (1990), based on the use of hexade-
cyltrimethyl-ammonium bromide (CTAB). DNA quality
and concentration were evaluated by spectrophotometer
and 1% agarose gel electrophoresis, stained with ethidi-
um bromide (EtBr) and visualized under UV light (Sam-
brook et al., 1989). For ACLL and AAY rDNA amplifi-
cation, universal primers R16F2/R16R2 (Lee et al., 1993)
and P1/P7 (Deng and Hiruki, 1991; Schneider et al.,
1995) were used to amplify respectively a 1.2 kb frag-
ment from the 16S rRNA gene, and a 1.8 kb fragment
from the 5’-end of the 16S rRNA gene to the 5’-region of
the 23S rDNA. Primers P1/AYint (Deng and Hiruki,
1991; Kuske and Kirkpatrick, 1992), specific for the
16SrI aster yellows group, were also used to amplify a
1.5 kb fragment from the 16S rRNA gene and part of the
16S-23S spacer region.

The DNA extracted from healthy and diseased plants
was resuspended in double distilled water to a final con-
centration of 40 ng µl-1 for direct PCR and each reac-
tion was performed according to Lee et al. (1993). The
cycling conditions for the R16F2/R16R2, P1/P7 and
P1/AYint primers were those described by Lee et al.
(1993), Schneider et al. (1995) and Deng and Hiruki
(1991), respectively, with minor modifications in order
to obtain sharper bands after the gel electrophoresis
(R16F2/R16R2: annealing 54ºC, 2 min; P1/P7: anneal-
ing 54ºC, 2 min).

RFLP analysis of PCR products. The RFLP analyses
of the ACLL and AAY phytoplasmas were performed
with 150-200 ng of the amplified DNA (with primers
R16F2/R16R2 and P1/P7). The 1.2 kb fragment was di-
gested with Alu I, Hha I, Hpa II, Kpn I, Mse I, Rsa I,
Hae III, Taq I, Hinf I and Sau 3AI (New England Bio-
labs Inc., Beverly, MA, USA) while the 1.8 kb amplified
fragment was digested with Alu I, Mse I, Hae III, Rsa I
(New England Biolabs Inc., Beverly, MA, USA), Hha I,
Hpa II, Hinf I, Sau 3AI, and Taq I (Promega, Madison,
WI, USA). The enzyme reactions were separately incu-
bated according to the manufacturers’ recommenda-
tions. The RFLP patterns of Alu I, Hha I, Hpa II, Kpn I,
Mse I (1.2 kb fragment) and Alu I, Taq I, Mse I (1.8 kb
fragment) were analysed by 8% polyacrylamide gel elec-
trophoresis in 1xTBE buffer. DNA digested with Hae
III, Rsa I, Taq I, Hinf I, Sau 3AI (1.2 kb fragment) and
Hinf I, Hpa II, Sau 3AI, Hae III, Rsa I, Hha I (1.8 kb
fragment) was analysed in 1.5% agarose + 0.5%
Metaphor agarose (BioWittaker Molecular Applica-
tions, Rockland, ME, USA) in 1xTBE buffer. The
ACLL profiles were compared with those of the AAY
reference strain and with those proposed by Lee et al.
(1998) and Marcone et al. (2000).

RESULTS

Little-leaf symptoms were observed forty days after
grafting the periwinkle plants, and the disease pro-
gressed towards the young vegetative organs. Virescence
and phyllody became evident in the flowers, and finally
abortion of the reproductive structures was observed. 

RFLP analysis. PCR amplifications were obtained
when ACLL and AAY DNA were used as template; no
amplification was observed in the negative controls with
healthy periwinkle DNA or without DNA template.
Universal phytoplasma primers R16F2/R16R2 and P1/
P7 gave amplification of the expected fragments of 1.2
and 1.8 kb, respectively, corresponding to the partial
16S rRNA gene, and the entire 16S rRNA gene plus the
16S-23S spacer region and the 5’-end of the 23S rDNA.
A 1.5 kb fragment from the 16S rRNA gene and part of
the 16S-23S spacer region was also amplified with the
specific AY-group primers P1/AYint. Digestion of the
ACLL 1.2 kb fragment with Alu I, Hha I, Hpa II, Kpn I,
Mse I (Fig. 1A), Taq I, Hinf I and Sau 3AI (data not
shown) generated profiles identical to those of AAY and
other members of the 16SrI-AY-group (Lee et al., 1998).
However, the patterns originated by Rsa I and Hae III
differentiated between ACLL and AAY (Fig. 1B). Di-
gestion of ACLL rDNA with Rsa I produced a 5-band
pattern (approximately 110, 210, 270, 340 and 420 bp)
in which the sum of the band sizes was greater than the
amplified fragment size. The ACLL pattern had two ex-
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tra bands besides those coinciding with the AAY pat-
tern (Fig. 1B). The Hae III RFLP pattern showed an ex-
tra fragment of about 170 bp with respect to AAY (Fig.
1B), resulting in a similar pattern to that proposed for
the Clover phyllody phytoplasma (CPh) of subgroup
16SrI-C (Lee et al., 1998). 

The ACLL 1.8 kb PCR product digestion with Hinf
I, Hpa II, Sau 3AI, Hha I, Alu I, Taq I and Mse I, coinci-

dently with those observed in the 1.2 kb RFLP frag-
ment, showed patterns indistinguishable from the AAY
reference strain. On the other hand, the Hae III and Rsa
I profiles were slightly different from AAY because of
the presence of extra bands (data not shown). The en-
tire RFLP patterns for these enzymes were similar to
those proposed by Marcone et al. (2000) for CPh, a
member of the 16SrI-C subgroup.

Journal of Plant Pathology (2004), 86 (3), 209-214 Torres et al. 211

Fig. 1. RFLP analyses of 1.2 kb PCR-amplified phytoplasmal 16S rDNA with R16F2/R16R2 primer pair. A) PCR: amplified prod-
uct of 1.2 kb from ACLL. M: molecular weight marker FX174 DNA Hae III digest (Promega), fragment size (bp) from top to
bottom: 1353, 1078, 872, 603, 310, 281, 271, 234, 194, 118, 72. AAY (American Aster Yellows); ACLL (Argentinian Catharanthus
Little Leaf) digested with Alu I, Hha I, Hpa II, Kpn I, Mse I restriction enzymes. B) AAY and ACLL digested with Rsa I and Hae
III. M: 100 pb DNA Ladder (Promega), fragment size (bp) from top to bottom: 1500, 1000, 900, 800, 700, 600, 500, 400, 300,
200, 100. PCR amplified product of 1.2 kb from ACLL.



DISCUSSION

The ACLL phytoplasma is the causal agent of little-
leaf symptoms in Argentinian periwinkles. These symp-
toms were reproduced in grafted periwinkle plants.
There have been many reports of phytoplasma diseases
that induced similar symptoms in periwinkle; the phyto-
plasmas responsible have been classified in different
16Sr-groups. In North America, Periwinkle little leaf,
American aster yellows (Lee et al., 1998) and Periwinkle
virescence (Lee et al., 1991) phytoplasmas have been
identified as members of the 16SrI-group, and the Mex-
ican periwinkle virescence (Gundersen et al., 1994) as
belonging to 16SrXIII-group. In South America, the
Catharanthus virescence agent has been cited by
Schneider et al. (1993) as an aster yellows phytoplasma,
later included as a member of the 16SrI-AY group by
Marcone et al. (2000); also, Barros et al. (1998) associat-
ed the Superbrotamiento of Catharanthus with the pres-
ence of phytoplasmas from groups 16SrII and 16SrIX.
The causal agents of virescence and phyllody of peri-
winkle in Europe, the Italian periwinkle witches´-broom
and the Catharanthus virescence from Asia, have been
cited as members of the 16SrI-AYgroup by Marcone et
al. (2000). The similar symptomatology shown by plants
infected with phytoplasmas from different 16Sr-groups
further complicates differentiation and classification of
the pathogen.

In the present work we report a disease caused by
the ACLL phytoplasma, which developed little-leaf
symptoms in periwinkle. The pathogen’s identity was
confirmed by PCR with primers P1/AYint specific for
the AY-group and by RFLP of rDNA fragments ampli-
fied with universal phytoplasma primers R16F2/R16R2
and P1/P7.

The collective RFLP patterns of ACLL phytoplasma
rDNA were highly similar to the AAY reference phyto-
plasma, which belongs to subgroup 16SrI-B. However,
Hae III and Rsa I digestions resulted in differences be-
tween the ACLL and AAY patterns. The ACLL profiles
for these enzymes were similar to those reported by
Marcone et al. (2000) for Clover phyllody (KVM) from
France, Clover phyllody (KVG), and Leafhopper-borne
(CVA) phytoplasmas from Germany, belonging to
16SrI-C subgroup. The authors distinguished nine
16SrI subgroups by digestion of the rDNA fragment
amplified with primers P1/P7 with only four restriction
enzymes (Sau 3AI, Hinf I, Hpa II and Hae III) since
each subgroup possesses a unique combination of elec-
trophoretic patterns (Marcone et al., 2000). The ACLL
RFLP patterns did not exactly correspond with any of
the profiles described for the members of 16SrI group.
The resulting patterns with unexpected extra bands for
Hae III and Rsa I could be attributed to sequence het-
erogeneity between the rRNA gene operons, more than
to mixed infection. If that was the case, the distinct

RFLP patterns of each presumptively infecting phyto-
plasma would have been observed when different parts
of the plant were analysed, because of an uneven distri-
bution of the phytoplasmas (Jomantiene et al., 2002).
Otherwise, overlapping but well-defined patterns for a
group or subgroup could have been observed, as sug-
gested by Bianco et al. (1993), Lee et al. (1995) and Sta-
niulis et al. (2000). None of these results were obtained
when different plants and plant parts were analysed,
and the same RFLP patterns were observed in all cases,
supporting the occurrence of nucleotide sequence het-
erogeneity between the two ACLL rRNA operons.

In this work, the RFLP patterns of subgroup 16SrI-B
were observed for the digested 1.2 kb and 1.8 kb frag-
ments of the ACLL rRNA gene except for Rsa I and
Hae III restriction types. Since only two restriction en-
zymes produced different patterns, which could be ex-
plained by the occurrence of sequence heterogeneity be-
tween operons, this would not be enough evidence to
define a new subgroup for the ACLL phytoplasma
within the 16SrI-Aster yellows group. A similar situa-
tion has been considered for phytoplasmas AV2192 and
AVUT from group 16SrI subgroups L and M, respec-
tively, by Marcone et al. (2000). The authors did not
find differences in phytoplasma pathogenicity and pro-
posed that operon heterogeneity and the small differ-
ences observed at nucleotide level between them with
members of subgroup B, should not be overemphasized
when defining subgroups. 

Our results confirm that C. roseus is a natural host of
the ACLL phytoplasma which belongs to 16SrI Aster yel-
lows group. The RFLP patterns mostly coincident with
subgroup B, suggest the inclusion of ACLL in this sub-
group. Since this new AY genotype could have taxonom-
ic relevance we should not exclude the possibility that the
ACLL phytoplasma may represent a new subgroup, so
further work is required to show if formal differentiation
of the ACLL agent from subgroup B is justified. Mem-
bers of subgroup B are distributed in America, Europe
and Asia (Schneider et al., 1997; Marcone et al., 2000). In
South America, a phytoplasma from group 16SrI-B has
been detected in periwinkle in Peru (Marcone et al.,
2000), and Maize bushy stunt has been reported in maize
in Brazil (Bedendo et al., 2000). The finding of the ACLL
phytoplasma in Argentina expands southwards the al-
ready wide geographical distribution and diversity of the
16SrI-B (Aster Yellows) phytoplasmas. 

ACKNOWLEDGMENTS

We gratefully acknowledge Dr. E. Seemüller for pro-
viding AAY phytoplasma DNA, the English laboratory of
the FCA (Facultad de Ciencias Agropecuarias), National
University of Córdoba for correction of the English man-
uscript. This research was supported by FONCyT (Grant

212 Chatharanthus little leaf in Argentina Journal of Plant Pathology (2004), 86 (3), 209-214



No. 0803792), Instituto Nacional de Tecnología Agro-
pecuaria (INTA), Agencia Córdoba Ciencia (ACC) and
Facultad de Ciencias Agropecuarias (Universidad Na-
cional de Córdoba).

REFERENCES 

Barros T.S.L., Kitajima E.W., Resende R.O., 1998. Diversi-
dade de isolados Brasileiros de fitoplasmas através da
análise do 16S rDNA. Fitopatologia Brasileira 23: 459-465.

Bedendo I.P., Davies R.E., Dally E.L., 2000. Detection and
identification of the Maize bushy stunt phytoplasma in
corn plants in Brazil using PCR and RFLP. International
Journal of Pest Management 46: 73-76.

Bianco P.A., Davis R.E., Prince J.P., Lee I.M., Gundersen
D.E., Fortusini A., Belli G., 1993. Double and single infec-
tions by aster yellows and elm yellows MLOs in grapevines
with symptoms characteristic of flavescence dorèe. Rivista
di Patologia Vegetale 3: 69-82.

Deng S., Hiruki C., 1991. Amplification 16S rRNA genes
from culturable and non-culturable mollicutes. Journal of
Microbiological Methods 14: 53-61.

Doyle J., Doyle J.L., 1990. Isolation of plant DNA from fresh
tissue. Focus 12: 13-15.

Gomez G., Conci L., Ducasse D., Nome S., 1996. Purification
of the phytoplasma associated with China-tree (Melia
azedarach L.) decline and the production of a polyclonal
antiserum for its detection. Journal of Phytopathology 144:
473-477.

Gundersen D.E., Lee I.-M., Chang C.J., Davis R.E., 1994.
RFLP analyses of ribosomal protein genes reveal strain di-
versity in MLO 16S rRNA groups I and III. Phytopatholo-
gy 84: 1128.

Jomantiene R., Davis R.E., Maas J., Dally E.L., 1998. Classifi-
cation of new phytoplasmas associated with diseases of
strawberry in Florida, based on analysis of 16S rRNA and
ribosomal protein gene operon sequences. International
Journal of Systematic Bacteriology 48: 269-277.

Jomantiene R., Davis R.E., Valiunas D., Alminaite A., 2002.
New group 16SrIII phytoplasma linages in Lithuania ex-
hibit rRNA interoperon sequence heterogeneity. European
Journal of Plant Pathology 108: 507- 517.

Kuske C.R., Kirkpatrick B.C., 1992. Phylogenetic relation-
ships between the western aster yellows mycoplasmalike
organism and other prokaryotes established by 16S rRNA
gene sequence. International Journal of Systematic Bacteri-
ology 42: 226-233. 

Lee I-M., Davis R.E., Gundersen-Rindal D.E. 2000. Phyto-
plasma: phytopathogenic mollicutes. Annual Review of Mi-
crobiology 54: 221-255.

Lee I.M., Davis R.E., Hiruki C., 1991. Genetic interrelated-
ness among clover proliferation mycoplasmalike organisms
(MLOs) and other MLOs investigated by nucleic acid hy-
bridization and restriction fragment length polymorphism

analyses. Applied and Environmental Microbiology 57:
3565-3569.

Lee I.M., Davis R.E., Chen T.A., Chiykowski L.N., Fletcher
J., Hiruki C., Schaff D.A., 1992. A genotype-based system
for identification and classification of mycoplasmalike or-
ganisms (MLOs) in the aster yellows MLO strain cluster.
Phytopathology 82: 977-986.

Lee I.M., Hammond R, Davis R., Gundersen D., 1993. Uni-
versal amplification and analysis of pathogen 16S rDNA
for classification and identification of mycoplasmalike or-
ganism. Phytopathology 83: 834-842.

Lee I.M., Bertaccini A., Vibio M., Gundersen D.E., 1995. De-
tection of multiple phytoplasmas in perennial fruit trees
with decline symptoms in Italy. Phytopathology 85: 728-
735.

Lee I.M., Gundersen D.E., Davis R.E., Bartoszyk I.M., 1998.
Revised classification scheme of phytoplasmas based on
RFLP analyses of 16S rRNA and ribosomal protein gene
sequences. International Journal of Systematic Bacteriology
48: 1153-1169.

Liefting L.W., Andersen M.T., Beever R.E., Gardner R.C.,
Forster R.L.S., 1996. Sequence heterogeneity in two 16S
rRNA genes of Phormium Yellow Leaf Phytoplasma. Ap-
plied and Environmental Microbiology 62: 3133-3139.

Mc Coy R.E., Caudwell A., Chang C.J., Chen T.A., Chiykows-
ki L.M., Cousin M.T., Dale J.L., De Leeuw G.T.N., Golino
D.A., Hackett K.J., Kirkpatrick B.C., Marwittz R., Petzold
H., Sinha R.H., Sugiura M., Whitcomb R.F., Yang L.L.,
Zhu B.M., Seemüller E., 1989. Plant diseases associated
with mycoplasmalike organisms. In: Whitcomb R.F., Tully
J.G., (eds.). The Mycoplasmas, 5, pp. 545-560. Academic
Press, San Diego, USA.

Marcone C., Lee I.M., Davis R.E., Ragozzino A., Seemüller
E., 2000. Classification of Aster Yellows-group phytoplas-
mas based on combined analyses of rRNA and tuf gene se-
quences. International Journal of Systematic and Evolution-
ary Microbiology 50:1703-1713.

Montano H.G., Davis R.E., Dally E.L., Hogenhout S., Pi-
mentel J.P., Brioso P.S.T., 2001. “Candidatus Phytoplasma
brasiliense”, a new phytoplasma taxon associated with hi-
biscus witches´broom disease. International Journal of Sys-
tematic and Evolutionary Microbiology 51: 1109-1118.

Oshima K., Kakizawa S., Nishigawa H., Jung H-Y., Wei W.,
Suzuki S., Arashida R., Nakata D., Miyata S-I., Ugaki M.,
Namba S. 2004. Reductive evolution suggested from the
complete genome sequence of a plant-pathogenic phyto-
plasma. Nature Genetics 36: 27-29.

Sambrook J., Frish E.F., Maniatis T., 1989. Molecular
Cloning. A Laboratory Manual. Cold Spring Harbor Labo-
ratory, New York. 

Schneider B., Ahrens U., Kirkpatrick B., Seemüller E., 1993.
Classification of plant-pathogenic mycoplasma-like organ-
isms using restriction-site analysis of PCR-amplified 16S
rDNA. Journal of General Microbiology 139: 519-527.

Journal of Plant Pathology (2004), 86 (3), 209-214 Torres et al. 213



Schneider B., Seemüller E., 1994. Presence of two sets of ri-
bosomal genes in phytopathogenic mollicutes. Applied and
Environmental Microbiology 60: 3409-3412.

Schneider B., Seemüller E., Smart C., Kirkpatrick C., 1995.
Phylogenetic classification of plant pathogenic mycoplas-
malike organisms or phytoplasmas. In: Razin R., Tully J.G.,
(eds.). Molecular and Diagnostic Procedures in Mycoplas-
mology, pp. 369-380. Academic Press, San Diego, USA.

Schneider B., Gibb K.S., Seemüller E., 1997. Sequence and
RFLP analysis of the elongation factor Tu gene used in dif-
ferentiation and classification of phytoplasmas. Microbiolo-
gy 143: 3381-3389.

Staniulis J., Davis R.E., Jomantiene R., Kalvelyte A., Dally
E.L., 2000. Single and mixed phytoplasma infections in
phyllody – and dwarf – diseased clover plants in Lituania.
Plant Disease 84: 1061-1066.

214 Chatharanthus little leaf in Argentina Journal of Plant Pathology (2004), 86 (3), 209-214

Received 31 May 2004
Accepted 10 October 2004


