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Abstract

The Catharanthus roseus test plants experimentally infected with two Polish
strains of aster yellows phytoplasma, 51 (16SrI-A) and 65 (16SrI-B), from Tagetes
patula plants using leafhopper, and then subsequently propagated by top-grafting,
showed pronounced leaf and flower symptoms in the first year of observation.
However, in the comparison to the reference strain AY1 of 16SrI-B, the symptoms
on those plants were not stable and the infected plants showed tendency to re-
cover. During four years of maintenance in continuously top-grafted periwinkles
the strains induced unclear symptoms or symptomless infection and in the fifth
year of experiment the phytoplasma could be detected in the second but not in the
first round of PCR.
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Introduction

Phytoplasmas, formerly termed mycoplasma-like organisms, were discovered
by Japaneses in 1967 (Doi et al. 1967), although the first phytoplasma-associated
disease, aster yellows, was described by Kunkel as early as 1926. Until the last de-
cade, differentiation and classification of uncultured phytoplasmas was based pri-
marily on their biological properties, such as symptomatology, range of susceptible
plant hosts, and insect vector relationship (Chiykowski 1962, McCoy et al. 1989,
Granados and Chapman 1968). The less laborious and more reliable are molecu-
lar-based analysis introduced in the last decade. Recent progress in the identifica-
tion and phylogenetic classification of phytoplasmas was achieved on the basis of
16S rRNA and ribosomal protein gene sequences (Gundersen et al. 1994, Kirk-
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patrick et al. 1994, Lim and Sears 1991, Lee et al. 1998, Schneider et al. 1993,
Seemüller et al. 1998). However, in practice, biological properties remain important
tools for detection and preliminary identification of putative phytoplasma disease.

Periwinkle (Catharanthus roseus L.G. Don), previously used as a test plant, is
commonly used as a source plant to maintain phytoplasma culture. Periwinkle is
able to harbour the majority of known phytoplasmas and greatly facilitate the re-
search (Shaw et al. 1993, Marcone et al. 1997). The periwinkle plant grows all year
round and offers possibility of all year round testing and experimentation.

In 1998-2003, in several graft transmission tests, aster yellows (AY) related
phytoplasmas were transferred from diseased Lilium sp. (Kamińska and Korbin
1999, Bertaccini et al. 2002), rose and magnolia plants (Kamińska et al. 2001 a, c,
Śliwa and Kamińska 2004) to C. roseus seedlings. However, in spite of positive re-
sults of PCR-RFLP analysis, most of the experimentally infected periwinkles
showed relatively mild symptoms and they had a tendency to recover. Sporadically,
some of the inoculated plants died.

The aim of the present study was to observe the development of symptoms of
two strains of aster yellows phytoplasma in C. roseus plants experimentally infected
using leafhopper in 1997 (Kamińska et al. 2001 b) and maintained over four years
in these test plants periodically grafted.

Materials and methods

Plant material

The observations were carried out in 1997–2002 on the seedlings of C. roseus ex-
perimentally infected with two isolates of aster yellows phytoplasma. The plants
were maintained in the insect-proof greenhouse at 15–25°C.

Source of phytoplasma isolates

Aster yellows phytoplasma strains used in this study were obtained from natu-
rally infected Tagetes patula L. plants showing leaf and flower symptoms of aster yel-
lows disease and associated with infection with AY phytoplasma (Kamińska et al.
2001 b). The phytoplasma was transmitted in autumn 1997 from the diseased
marigold to 10 C. roseus test plants using leafhopper (Macrosteles laevis Rib.). The
leafhopper inoculated periwinkles developed pronounced symptoms and tested by
PCR showed the presence of 16SrI phytoplasma (Kamińska et al. 2001 b, Kamiń-
ska and Dziekanowska 2001). Two selected periwinkle plants infected with aster
yellow phytoplasma (16SrI) and showing pronounced symptoms (scored 51 or 65)
were used in the transmission experiment.

For comparison leaf samples from plants inoculated with the reference strain of
aster yellows phytoplasma (AY1, 16SrI-B, kindly supplied by Dr. I.-M. Lee,
Beltsville, USA) and apple proliferation phytoplasma (AP, 16SrX-A, kindly sup-
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plied by Dr. A. Bertaccini, Bologna, Italy) were included. Symptoms of leaf dimin-
ishing, abnormal production of secondary shoots and flower virescence were
observed on the periwinkle plants inoculated with the reference strain AY1 by
top-grafting. Healthy periwinkle plants were used as control.

Phytoplasma transmission

Scions from C. roseus, scored 51 and 65, experimentally infected by phytoplasma
using leafhopper were top-grafted every 11–13 months into 10–12 C. roseus seed-
lings in the age of few months. For comparison five plants were grafted with scions
of healthy periwinkle. The reference strain AY1 was top-grafted at the same time
(Table 1). Following graft inoculation, the plants were observed for one year.

PCR-RFLP analysis

The inoculated periwinkles were examined for the presence of phytoplasmas
using PCR. Total nucleic acid was extracted from fresh plant samples (1 g), accord-
ing to Ahrens and Seemüller (1992). PCR was performed using 20 ng of the ob-
tained DNA template in 25 l of reaction mixture containing 150 M dNTP, 0.5 U
of Taq-polymerase and 5 pM of each primer. Four pairs of primers were applied in
these studies – P1/P7 in direct (Deng and Hiruki 1991, Kirkpatrick et al. 1994) and
R16F2n/R16R2, R16mF2/R16R2, R16(I)R1/R16F1 or rA/fA in nested PCR (Lee
et al. 1994, 1995, Ahrens and Seemüller 1992). 35 amplification cycles were con-
ducted in an Eppendorf thermal cycler 5330. PCR products were subjected to elec-
trophoresis through a 1% agarose gel followed by staining in ethidium bromide.
DNA bands were visualized using a UV transilluminator.

PCR products (~10 l) primed by R16F2n/R16R2 or R16mF2/R16R2 were
separately digested with AluI, MseI, RsaI (Gibco BRL, Life Technologies, Warsaw,
Poland) and HhaI endonucleases (Roche Diagnostics, Warsaw, Poland), according
to the manufacturer’s procedure at 37°C for 4 h. The restriction products were sep-
arated by electrophoresis through 5% polyacrylamide gel, stained with ethidium
bromide and then visualized under UV light. The lengths of DNA fragments were
estimated by comparison of the position of DNA bands with those of molecular
weight markers ( X174 DNA/HinfI, Promega, Gdańsk, Poland). Phytoplasma 16S
rRNA group and subgroup designations were based on RFLP analysis following
the system of Lee et al. (1998).

Results

The incidence of symptoms in leafhopper inoculated periwinkles

The periwinkle plants inoculated with aster yellows phytoplasma using
leafhopper showed reduced vigour, severe vein yellowing, flower virescence and
phyllody followed by increased production of secondary shoots with very small
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leaves. One out of 10 diseased plants collapsed in the first year of growth while the
rest of them partially recovered and showed leaf and flower symptoms only on the
single shoots.

The incidence of symptoms in grafted plants

Attempts to transmit two phytoplasma strains (numbers 51 and 65) from
leafhopper inoculated periwinkles to periwinkle seedlings by top-grafting resulted
in the first year in the occurrence of disease symptoms in most of the inoculated
plants (Table 1). In 20 weeks after grafting the experimentally infected periwinkles
developed leaf chlorosis and vein yellowing in three top-grafted plants. Then they
followed flower virescence and retarded growth. Four-eight weeks later the un-
clear and not systemic disease symptoms were observed in 11 out of 20 inoculated
plants. Nine out of 20 top-grafted plants did not develop symptoms (Table 1). In
the second and the third year of the experiment most of the plants inoculated with
phytoplasma isolates 51 or 65 were symptom-free. Sporadically, flower discolour-
ation and/or leaf yellowing were unevenly distributed on some of the inoculated
plants usually at the end of summer or in autumn. Since 2001 plants inoculated
with isolate 51 were symptomless.

Catharanthus roseus seedlings top-grafted with scions of the phytoplasma refer-
ence strain AY1 produced symptoms in the inoculated plants 6–12 weeks after in-
oculation. The intensity of symptoms in the test plants was all the time similar and
we did not observe any tendency to recover. No disease symptoms were observed
in the seedlings grafted with scions from the healthy periwinkles.

Phytoplasma detection and identification

Using universal primers P1/P7 a specific product with the expected length
~1800 bp was detected only from the samples of C. roseus inoculated using
leafhopper or by grafting with phytoplasmas and showing pronounced symptoms
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Table 1
The incidence of symptoms in Catharanthus roseus plants top-grafted

with AY phytoplasma strains 51 and 65 and the reference strain AY1
(number of plants with symptoms/number of plants grafted)

Year
Strains

51 65 AY1

1998 6/10 5/10 nt

1999 2/10 3/12 nt

2000 1/10 2/10 5/5

2001 0/9 2/10 5/5

2002 0/10 3/9 5/5

nt – not tested.



but not from asymptomatic periwinkles inoculated by grafting. A product with the
same length was observed for the reference strains from the other tested periwin-
kle plants (not shown).

If nested PCR with the universal – R16F2n/R16R2, R16mF2/R16R2, rA/fA or
group specific – R16(I)F1/R1 primer pairs were applied, a fragment of the size of
~1250 bp, ~1340 bp, ~560 bp or ~1100 bp (Phot. 1) was detected from the graf-
ted C. roseus, either showing unevenly distributed leaf symptoms or symptomless,
with the exception of plants grafted with strain 51 in 2001 (Table 2). The position
of these DNA bands was similar to the position of PCR products obtained from the
AY1 reference strain. No evidence was obtained for the presence of phytoplasma
from the healthy C. roseus plants.
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Phot. 1. Nested polymerase chain reaction (PCR) amplification of ribosomal DNA fragments
obtained with DNA from Catharanthus roseus plants experimentally infected by phytoplasma strain 51

or 65 using the following primer pair combinations: a – P1/P7 followed by R16F2n/R16R2, b –
P1/P7 followed by fA/rA, c – P1/P7 followed by R16(I)F1/R16(I)R1;

M – 1 kb DNA molecular marker (Sigma – Aldrich) (photo by H. Śliwa)

Table 2
Detection of phytoplasma infection in Catharanthus roseus plants top-grafted with

AY phytoplasma strains 51 and 65 and the reference strain AY1 by PCR
technique

Sampling date
Strains

51 65 AY1

15 Sept. 1999 D D nt

11 Sept. 2000 D D D

13 Octob. 2001 nd D D

16 Octob. 2002 N N D

Pathogen was detected in direct (D) or only in nested (N) PCR.
nd – pathogen not detected, nt – not tested.



The RFLP analysis of nested PCR products from periwinkle plants scored iso-
lates 51 and 65, primed with universal primers R16F2Rn/R16R2 or R16mF2/
R16R2, with a restriction enzyme AluI, HhaI, MseI and RsaI indicated that two dif-
ferent phytoplasma strains were present in these plants. The restriction profiles of
phytoplasma strain 65 were similar to those of the reference strain AY1 and char-
acteristic for phytoplasmas belonging to 16SrI, subgroup B (Phot. 2 a). The phyto-
plasma strain 51 transmitted from T. patula to C. roseus plants by leafhopper,
however, showed restriction profiles different from those of isolate 65 and the ref-
erence strain AY1 that was included in this study. When restriction endonuclease
HhaI was used to digest the 16S rDNA fragment amplified by nested PCR, isolate
51 produced two bands approximately 942 bp and 304 bp in length, whereas iso-
late 65 produced three bands of approximately 943 bp, 159 bp and 145 bp. The re-
sults indicate that strain 51 belongs to subgroup 16SrI-A.
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Phot. 2. Restriction profiles after MseI, AluI, RsaI or HhaI digestion of the nested PCR products
from Catharanthus roseus plants experimentally infected by phytoplasma strain 65 (a) or 51 (b)

primed by: R16F2n/R16R2 (a) or R16mF2/R16R (b) primer pair; M – molecular weight marker
X174DNA/HinfI (Promega), AY1 – reference strain of aster yellows phytoplasma (16SrI-B),
AP – reference strain of apple proliferation phytoplasma (16SrX-A) (photo by H. Śliwa)



Discussion

In this study, we analyzed the development of disease symptoms in C. roseus
plants experimentally infected with aster yellows phytoplasma. Although the ex-
perimentally infected periwinkle plants developed very similar symptoms, the
RFLP analysis of 16S rDNA sequences amplified from these plants revealed the
presence of two genetically distinct phytoplasmas. This suggests that C. roseus
plants were inoculated with two phytoplasma strains, 16SrI-A and 16SrI-B.

The experiment that we have conducted with those two Polish strains of aster
yellows phytoplasma in C. roseus plants experimentally inoculated by leafhopper
and then reproduced by top-grafting indicates that the infected test plants had ten-
dency to recover and the phytoplasma concentration in these plants was decreas-
ing. The experimentally phytoplasma-infected periwinkles developed pronounced
leaf and flower symptoms which were initially similar to the symptoms of AY1
phytoplasma reference strain from the USA. However, in the following years the
symptoms were unstable and plants recovered. In spite of the same results ob-
tained in RFLP analysis of PCR-amplified 16S rDNA of the Polish phytoplasma
strains 65 and the compared reference strain AY1 evidenced in this paper, their bi-
ological properties were different. The C. roseus plants experimentally infected with
16SrI-B phytoplasma from T. patula maintained over four years, in the comparison
to the reference strain showed to be not stable and induced relatively mild symp-
toms or symptomless infection. The intensity of symptoms in the test plants was
very low and it was related probably with phytoplasma concentration; in the symp-
toms-free plants phytoplasma could be detected in the second but not in the first
round of PCR. Similar, but relatively milder symptoms developed strain 51 of aster
yellows phytoplasma classified to subgroup I-A (16SrI-A). This phytoplasma was
detectable less frequently than phytoplasma 16SrI-B (strain 65).

The obtained results approved some of the earlier authors’ results working
with phytoplasma isolates from lily, rose and magnolia plants (Kamińska and
Dziekanowska 2001, Kamińska et al. 2001 a, c, Śliwa and Kamińska 2004) that the
Polish AY phytoplasma isolates are relatively not aggressive. They also correspond
with the conclusion of Bertaccini et al. (2002), who worked on testing of phyto-
plasma affected lilies and have found, that the concentration of phytoplasma in
plant material from Poland was very low.

From the data available is known that classification based on RFLP analysis of
the 16S rRNA gene alone does not reflect the full range of phenotypic properties.
This gene does not always seem sufficiently variable to allow distinction of
phytoplasmas that differ in plant host or vector specificity. Different phytoplasmas
can cause very similar symptoms in certain plants, including phytoplasmas associ-
ated with big bud of tomato and grapevine yellows (Shaw et al. 1993, Daire et al.
1997). On the other hand, some closely related phytoplasmas can cause distinctly
different symptoms in host plants. For example, 20 strains of European stone fruit
yellows (ESFY) phytoplasmas were identical and indistinguishable of primer spec-
ificity, RFLP profiles of ribosomal DNA (Kison and Seemüller 2001). However,
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they varied greatly in vector specificity and aggressiveness, ranging from nearly
avirulent to highly virulent. Firrao et al. (2002) indicated that the symptom type in
the Arabidopsis thaliana (L.) Heynh. was not related to the titre of the phytoplasma
but was dependent on the host genetic background. Moreover, the diversity of the
symptoms that can be caused by the same pathogen indicated that the phyto-
plasma-plant interaction involves physiological steps which are in a very upstream
position in the plant differentiation process.

Additional research is needed to identify connections between phytoplasma clas-
sification and mechanism of pathogenicity and plant response and to understand the
influence of phytoplasma infection on the development of disease syndromes.

Streszczenie

REAKCJA ROŚLIN TESTOWYCH CATHARANTHUS ROSEUS NA ZAKAŻENIE
DWOMA POLSKIMI SZCZEPAMI FITOPLAZMY ŻÓŁTACZKI ASTRA

Dwa szczepy fitoplazmy żółtaczki astra, przeniesione z naturalnie porażonych
roślin Tagetes patula przy pomocy skoczka na rośliny testowe Catharanthus roseus,
rozmnażano techniką szczepienia na zdrowych siewkach C. roseus przez pięć lat.
Doświadczalnie zakażone kataranty różowe miały podobne objawy chorobowe,
jednakże, jak wykazała analiza PCR-RFLP, były one porażone przez dwie genetycz-
nie różne fitoplazmy żółtaczki astra, należące do podgrupy A (16SrI-A) lub B
(16SrI-B). Podczas czterech lat utrzymywania tych fitoplazm w corocznie szczepio-
nych katarantach objawy chorobowe były słabsze niż objawy wywołane szczepem
wzorcowym AY1 należącym do podgrupy 16SrI-B i występowały nierównomiernie.
Porażone kataranty miały tendencję do zdrowienia. W piątym roku doświadczenia
fitoplazmy te były wykrywane tylko w drugiej rundzie PCR.
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