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Identification of the Phytoplasma Associated with Cosmos
(Cosmos bippinatus Cav.) Phyllody and Classification by RLFP

Analysis of 16S rDNA

Reyna Isabel Rojas-Martínez, Emma Zavaleta-Mejía, Colegio de Postgraduados,
Instituto de Fitosanidad, km 36.5 Carr. México-Texcoco, Montecillo, Edo. de México CP
56230; Juan Pablo Martínez-Soriano, CINVESTAV-Irapuato, Depto. de Biotecnología,
Apdo. Postal 629, Irapuato, Guanajuato CP 36500; and Ing Ming-Lee, Department of
Agriculture, USDA-ARS, Molecular Plant Pathology Lab., Plant Science Institute, 1300
Baltimore Ave., Belstville, MD, USA 20705.
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Abstract.Tissue samples from cosmos [(Mexican aster),
Cosmos bippinatus)] plants with symptoms of phyllody,
apical dwarfing, and yellowing were examined for the possible
presence of phytoplasmas. Total nucleic acids extracted from
symptomatic and asymptomatic plants were used as
templates. The 16S and 23S rDNA sequences specific for
phytoplasmas were amplified by nested polymerase chain
reaction (PCR) using the universal primer pairs R16mF2/
R16mR1, P1/Tin, P1/P7, and P1/P4 followed by the primer pair
R16F2n/R16R2. Partial sequence of the PCR product (1200pb)
revealed 98% homology with the phytoplasmas of the aster
yellows group. Based on restriction fragment length
polymorphism (RFLP) analysis of R16F2n/R16R2-PCR
products, it was concluded that the phytoplasma associated
with cosmos diseased plants belongs to subgroup B from
the aster yellows group 16SrI. Our results also indicated that
the variety of symptoms shown by diseased cosmos plants
were associated with the same phytoplasma.

Additional keywords: Molecular detection, diseases of
ornamental plants

Resumen. Muestras de tejido de plantas de cosmos [Cosmos
bippinatus (áster Mexicano)] con síntomas de filodia,
enanismo y amarillamiento se examinaron para detectar la
posible presencia de fitoplasmas. Los ácidos nucléicos totales
extraidos de tejido de plantas asintomáticas y con síntomas,
se usaron como molde. Las secuencias 16S y 23S rDNA,
específicas para fitoplasmas, se amplificaron mediante la
reacción en cadena de la polimerasa (PCR) anidada, con los

iniciadores universales R16mF2/R16mR1, P1/Tin, P1/P7, y P1/
P4, seguido por los iniciadores R16F2n/R16R2. La secuencia
parcial del producto de la PCR (1200bp) indicó un 98% de
homología con el fitoplasma del grupo del amarillamiento del
áster. Con base en el análisis de los fragmentos polimórficos
largos de restricción (RFLP) de los productos R16F2n/R16R2-
PCR, se concluyó que el fitoplasma asociado a las plantas de
cosmos enfermas pertenece al  subgrupo B del grupo del
amarillamiento del áster 16Sr1. Los resultados también
indicaron que la variedad de síntomas observados estuvieron
asociados con el mismo fitoplasma.

Palabras clave adicionales: Detección molecular,
enfermedades de plantas ornamentales.

Cosmos (Cosmos bippinatus Cav.) is a popular and showy
member of the sunflower family native to tropical America.
Historical evidence suggests that the ancient Aztecs
cultivated many flowers, including cosmos (http://
members.nbci.com/gaclay/forum.html). Blossoms from
cosmos, crocuses, and zinnias, were ground together to make
a yellow dye for clothes and other materials. Cosmos was
first discovered by Spanish plant collectors in Mexico. Seeds
were sent back to Spain and later introduced to Europe.
Around the 1880s cosmos was first commercially grown. The
leaves and flowers render a yellow paste used to season rice,
potatoes, and other starchy foods, as well as soups, omelets,
and casseroles in the East Indies (http://members.nbci.com/
gaclay/forum.html). Cosmos are used as background plants,
or as cut flowers, require little care, and tolerate dry and
infertile soil. Even though, cosmos is rarely attacked by garden
pests or diseases (Ball, 2000) we have found plants showing
symptoms of phyllody, apical dwarfing and yellowing which
suggest the presence of phytoplasmas. In this paper, we
provide evidence that such symptoms in cosmos are
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associated with this kind of plant pathogens.
Flourescence microscopy. Tissue samples from cosmos plants
showing symptoms of phyllody, apical dwarfing, and
yellowing were collected from commercial and experimental
plots in the State of Mexico. Internodal segments, 0.4 cm
long, below the apex, were excised from diseased and healthy
plants. Tissues were fixed in 2% glutaraldehyde in phosphate
buffer pH 7.0 (Schaper and Converse, 1985), cut in thin
sections with a cryomicrotome (American Optical Mod. 880,
AO Instrument CO. Buffalo, N.Y. 141215), and stained with
DNA specific fluorochrome, 4-6 diamidino 2-phenylindole
(DAPI) in phosphate buffer 0.1M pH 7.0 and aniline blue.
Sections were examined with a Zeiss microscope (Mod.
AxTolab, Carl Zeiss Co.), equipped with epiflourescence
optics. The filter combination for visualizing the stained
sections was a W H365 nm filter excitation, with a HBO 50 W
mercury lamp. Photographs were taken with Kodak
Ektachrome film (ASA 400).
DNA Extraction. Petiole samples from cosmos plants were
collected and stored at -80°C until use. Total nucleic acid
were extracted from symptomatic and asymptomatic cosmos
plants using a method described by Ahrens and Seemüller
(1992). The nucleic acid pellet was resuspended in 50 ml of
buffer TE (l0mM Tris-HCl), and 5ml of the sample was
subjected to electrophoresis in 1% agarose gel using 1X TBE
as running buffer. Products on gel were stained with ethidium
bromide, and then visualised by UV transillumination. The
quality and quantity of the DNA was determined from the gel
and the nucleic acid used as a template for PCR was either
undiluted or at a 1 to 100 dilution.
Polymerase chain reaction (PCR). DNA samples were diluted
in sterile distilled water to give a final concentration of 20 ng/
ml. The first PCR was made with five different sets of
oligonucleotides: R16mF2/R16mR1 (Lee et al., 1993), R16F2n/
R16R2 (Gundersen and Lee 1996), P1 (Deng and Hiruki, 1991),
/P7 (Kirkpatrick et al., 1994), P1/Tin (Smart et al., 1996), P1/
P4. The second amplification (nested PCR) was performed by
using the primer pair R16F2n/R16R2. For the PCR, each
reaction was performed using 200 mM deoxynucleotide
triphosphates and 0.4-1.0 mM primer pair. The PCR was
conducted in an automatic thermocycler (Perkin-Elmer Cetus,
Norwark, CT, 2400) under the following conditions for 35
cycles: denaturation at 94ºC for 1 min (2 min for the first cycle),
annealing for 2 min at 55ºC and primer extension for 3 min (10
min in the final cycle) at 72ºC. In all PCR runs, water and the
DNA from asymptomatic plants were used as the negative
control. Aster yellows phytoplasma DNA, a member of the
16S I Aster yellows, OKAY-B group was used as positive
control. PCR products were analyzed by electrophoresis
through a 1% agarose gel followed by staining in ethidium
bromide and DNA bands were visualized using a
transilluminator.
RFLP analyses of PCR products. Restriction anaylisis was
made for the phytoplasma 16S rDNA sequence that was
amplified by nested PCR with the primer pair R16F2n/R16R2.

Five ml of every amplified 16S rDNA product was digested
with the following restriction enzymes according to the
instructions provided by the manufacturer: AluI, HaeIII, HhaI,
HpaII, MseI, RsaI, TaqI, and Tha1 (GIBCO BRL, Beverly, MA).
The restriction products were separated by electrophoresis
in a 5% polyacrylamide gel and stained with ethidium bromide.
The RFLP patterns were compared with electrophoretic
patterns described by Lee et al. (1993, 1998).
Sequencing of PCR product. Before sequencing, residues of
PCR reactants were eliminated by cleaning the PCR products
with the Wizard PCR Preps (Promega) kit following the
instructions of the manufacturer. Then, the 1200 bp PCR
products were sequenced in the Sequencing Laboratory at
CINVESTAV in Irapuato, Mexico. The sequencing machine
ABI Prism 377 sequencer (Perkin Elmer Applied Biosystem,
CT) was used. Nucleotides sequences were analyzed using
the program package MegAlign from the DNAstar package
software.
Transmission by grafting. Phytoplasma-free periwinkle plants
(Catharanthus roseus L.) were employed for the transmission
test. Three sets (each one corresponding to phyllody, apical
dwarfing, and yellowing symptoms) of ten cosmos plants
were grafted into ten healthy periwinkle plant. Plants were
kept in a greenhouse until they developed symptoms.

RESULTS AND DISCUSSION
Flourescence microscopy. Positive DAPI reaction was found
in the  phloem sieve tubes of plants with symptoms (Fig. 1).
Polymerase Chain Reaction. In all cosmos plants having
different symptoms the phytoplasmas DNA was  successfully
detected by the different pairs of primers. The size of the
nested amplified fragments in all cases was 1200 bp, as
expected. No amplified DNA product was observed in samples
from asymptomatic plants. Nested PCR using the second
primer pair R16F2/R16R2 amplified a product corresponding
to 16Sr ribosomal DNA in all samples prepared from cosmos
plants showing phyllody, apical dwarfing and yellowing (Fig.
2). RFLP analyses of nested-PCR products with seven
restriction enzymes indicated that all phytoplasmas detected
from affected cosmos had identical RFLP profiles; suggesting
that a single type of phytoplasma was associated with the
symptoms of phyllody, apical dwarfing and yellowing in the
cosmos plants collected in the State of Mexico. Based on the
collective RFLP profiles (Lee et al., 1998) this phytoplasma
isolate belongs to the aster yellows 16S1 group,  subgroup B
(Fig. 3), since the profiles were identical to the positive control
used in this study (DNA from the aster yellows  phytoplasma
a member  of the 16S I Aster yellows, OKAY-B subgroup).
Transmission test. All grafted plants developed the three
symptoms (yellowing, apical dwarfing and phyllody)
independently of the symptom originally shown by the
grafted tissue.
Sequence analysis. The sequence nucleotide of the amplified
fragment aligned with sequences (accesion number
AB010425, AF177384, AF222063) available in the GenBank
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