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ABSTRACT

The results of PCR examination indicated that during two years of tissue culture at standard conditions, on the
medium with BAP 1 mg 1"l and continuous temperature of 20°C, phytoplasma could be detected in diseased plants
of rose cv Sacha and Jazz. In the second year of micropropagation phytoplasma detection rate in tissues of infec-
ted roses increased and was relatively higher than in the first one. To test whether phytoplasmas are sensitive to
temperature and light intensity, phytoplasma-affected micropropagated rose plants were grown on medium with
BAP 1.0 or 0.5 mg I'! and at the temperature of 4, 15, 20 or 25°C in darkness or in the light. PCR analysis indica-
ted that phytoplasma detection was not effected by these conditions during 4 weeks of culturing. However, phyto-
plasma was not detectable in rose plants after 8 weeks culturing on the same medium without transplanting. Mi-
cropropagated rose shoots maintained on medium with Gentamycin or Baytril at the concentration of 25.0 or 50.0
mg 1! had reduced growth and were chlorotic. However, no direct effect of applied antibiotics on phytoplasma de-

tection was evidenced.
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INTRODUCTION

Virus-like diseases of rose plants, called rose degenera-
tion (Thomas 1979), of uncertain aetiology have been di-
stributed in several countries all over the world, and the
most important data on these diseases are presented in the
papers by Bos and Perquin (1975), Thomas (1979), Epstein
and Hill (1995) and Kaminska et al. (2001, 2003). Several
authors reported that the severity of rose degeneration
symptoms fluctuated (Bos and Perquin 1975; Thomas
1979; Epstein and Hill 1995; Kaminska et al. 2003). Most
of the rose plants having severe bud proliferation symp-
toms, in summer recovered or showed only mild foliage
malformations. However, amplification was observed in
nested PCRs containing template DNA obtained from
symptomatic and recovered plants, indicating low and fluc-
tuating titre and latent phytoplasma infection (Kaminska et
al. 2001, 2003).

Although rose-growth abnormalities were reported from
several European countries, the climate of UK and the Ne-
therlands seems to promote the latent infection of rose
plants (Bos and Perquin 1975; Thomas 1979). A similar di-
sease, the rose rosette, is endemic in most of the United Sta-

Abbreviations:
BAP — 6-benzylaminopurine

tes (Hindal et al. 1988), which suggests a close association
with environmental or climatic conditions. Epstein and Hill
(1995) reported that in lowa conditions rose rosette inciden-
ce increased more quickly in open, sunlit sides than in hea-
vily tree-shaded areas, where many of the affected plants
remained free of symptoms. The disease symptoms seem to
be favoured by relatively high temperature and light inten-
sity and tend to be masked at lower temperatures. No con-
trolled experiments have been made on this point, however.

In 1997 Sears et al. indicated that a nonphotosynthetic
leaftip culture of Oenothera contained more phytoplasmas
than did those from green tissues. This suggestion was sup-
ported by Kaminska et al. (2000), who have found that re-
duced photosynthetic activity, connected with a reduced
temperature or light intensity during storage, were respon-
sible for the higher titre and detectability of phytoplasmas
in Gladiolus shoots culture.

The knowledge about phytoplasmas has been limited by
our inability to isolate them in pure culture. Micropropaga-
tion of phytoplasma-diseased plant material was first intro-
duced by Dosba and Ducroquet (1986) and Lansac et al.
(1995), to maintain the apple proliferation phytoplasma.
This procedure was also applied by Cousin et al. (1990),
Davies and Clark (1994) and by Bertaccini et al. (1992), to
keep the collection of phytoplasma strains in several plant
species. In Poland, experiments with phytoplasma mainte-
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nance and detection in tissue culture of ornamental crops
were conducted by Gabryszewska et al. (2000) and Kamin-
ska et al. (2000).

The objective of the present work was: 1) to study the
presence of AY phytoplasma in micropropagated natural
host of rose plants cvs Sacha and Jazz during two years at
continuous temperature of 20°C; and, 2) to examine the ef-
fect of storage conditions (medium, temperature, light and
antibiotics) of in vitro shoot culture of rose cv. Sacha on
appearance of disease symptoms and phytoplasma detec-
tion using PCR.

MATERIAL AND METHODS

Plant material

Plants for this study derived from apparently healthy and
naturaly phytoplasma infected rose plants cultivar Sacha
and Jazz collected in the greenhouse. The diseased plants
had retarded growth, shoot proliferation, leaf and flower
malformations and discoloration. The presence of phyto-
plasmas in affected, but not in the asymptomatic plants was
demonstrated by polymerase chain reaction examination.

Tissue culture

Plants symptomatic and testing positive as well as asymp-
tomatic and testing negative were used for tissue culture.

The explants, axillary buds and 5 mm long shoot tips of
rose ‘Jazz’ and ‘Sacha’ were isolated and sterilized in
HgCl, (0.1% solution) for 3 minutes, and then three times
washed with sterile distilled water. The shoot cultures were
initiated and multiplied according to standard procedure
(Podwyszynska and Goszczynska, 1998) on modified Mu-
rashige and Skoog (1962) medium with BAP 1.0 mg 11,
solidified with Agar-Agar (Sigma-Aldrich, Co., Poland).
Each shoot clone derived from one initial explant was ma-
intained separately. The shoots were cultured at temperatu-
re of 20°C under a 16 h photoperiod provided by warm,
white fluorescent light (Philips TLD 36W/95; photosynthe-
tic photo flux density — PPFD of 25 pmol m2s!). The
branched shoots were divided into single ones and subcul-
tured onto the fresh medium every 4-5 weeks. Such stan-
dard culture conditions were used as a control. The micro-
propagated shoots of rose plants ‘Jazz’ and ‘Sacha’ were
randomly tested for the presence of phytoplasma by PCR
examination. The tests were performed every three months
during 2 years of subculturing.

Effect of medium and temperature

Studied were: the effect of the in vitro culture conditions
on the shoot development and growth parameters, as well
as symptom expression and phytoplasma presence using
PCR. The clone 1A of in vitro rose shoots ‘Sacha’, PCR
positive, but symptom free, multiplied in vitro for two ye-
ars were used for experiments.

In the first experiment, the shoots were maintained on
medium containing BAP at concentration of 0.5 or 1 mg I'!
in light (16 h photoperiod, PPFD of 25 umol m? s'!) or in
darkness, at temperatures of 4°C or 20°C and subcultured
onto a fresh medium avery 4 or 8 weeks. The observations
of disease symptoms, growth parameters (fresh weight of
shoots, shoot number and shoot length) and phytoplasma
detection were made after the 4 or 8 weeks of subculture.
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In the second experiment, the effect of temperature (15,
20 or 25°C) and light intensity (PPFD — 25 or 50 pmol m™
s1) on shoot development on the medium with BAP 1 mg
I'! were studied. The intact branched shoots, without divi-
sion, were transplanted onto fresh medium after 4 weeks.
Next, four weeks later, the growth parameters of shoots
and phytoplasma presence were evaluated.

The effectiveness of each treatment was tested on 20 ro-
se shoots, in four replications of 5 shoots placed in a 100
ml Erlenmeyer flask containing 25 ml of medium. Data
concerning the growth parameters were subjected to analy-
sis of variance, and the means compared by Duncan’s test
at P<0.05.

Effect of antibiotics

The clone 1A of in vitro rose shoots ‘Sacha’, AY-phyto-
plasma affected, were cultured in standard conditions de-
scribed above, on BAP medium containing 1 mg 1-!. Anti-
biotics, Gentamycin (gentamycin sulfate, PPH Galpharm)
and Baytril (enrofloxacin, Bayer) were filter-sterilized (0.2
pm) and added to the standard medium at concentration of
25 or 50 mg 1!, recommended by Bastiaens et al. (1983),
Pollock et al. (1983), Mollers and Sarkar (1989). The sho-
ots were multiplied on the antibiotic-containing media for
two 4-week subcultures, and then they were maintained on
the medium without antibiotics. The control shoots were
cultured in the same conditions on standard medium witho-
ut antibiotic. The shoot growth parameters as well as phy-
toplasma presence were evaluated after the second 4-week
subculture on the antibiotic-free medium.

The effectiveness of each treatment was tested on 20 rose
shoots, in four replications of 5 shoots placed in a 100 ml Er-
lenmeyer flask containing 25 ml of a medium. Data concer-
ning the growth parameters were subjected to analysis of va-
riance, and the means compared by Duncan’s test at P<0.05.

Phytoplasma detection and identification

The micropropagated shoots of rose plants were random-
ly tested for the presence of phytoplasma by polymerase
chain reaction (PCR) examination. In addition, leaf sam-
ples from healthy and the experimentally inoculated Ca-
tharanthus roseus L. G. Don test plants with the reference
strain AY1 of aster yellows phytoplasma were also inclu-
ded for comparison.

Polymerase chain reaction

Total nucleic acid was extracted from fresh plant sam-
ples (1 g), according to Ahrens and Seemiiller (1992).

Four pairs of primers specific to 16S rDNA conserved
phytoplasma region were applied in these studies — P1/P7
in direct and R16F2n/R16R2, R16(I)F1/R16(I)R1 or rA/fA
in nested PCR (Lee et al. 1994, 1995; Ahrens and Se-
emiiller 1992). The PCR amplifications were performed as
previously described (Kaminska et al. 2003). PCR products
were subjected to electrophoresis through 1% agarose gel
followed by staining in ethidium bromide. DNA bands we-
re visualized using UV transilluminator.

Restriction enzyme analyses

PCR products (~10 pl) were digested with Alul, Hhal,
Hpall Msel, and Rsal endonucleases (Gibco) according to
the manufacturer procedure. The restriction products were
separated by electrophoresis through 6% polyacrylamide
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gel, stained with ethidium bromide and then visualized
under UV light.

RESULTS AND DISCUSSION

Phytoplasma detection
in rose plants propagated in vitro for two years

Tissue culture: The results presented in this paper con-
firm the results of some earlier authors working on diffe-
rent plant species that it is possible to maintain aster yel-
lows phytoplasma in the micropropagated rose plants in
standard conditions for two years. The affected plants did
not develop disease symptoms. However, PCR examina-
tion indicated that all shoots originated from rose plants
scored diseased as well as apparently healthy were latently
affected and phytoplasma detection rate increased. In the
first year of the experiment phytoplasma was detectable in
rose shoots sporadically while in plants stored 12-24 mon-
ths this pathogen was detected in all tested plants.

The high proliferation rate and relatively strong growth
was observed on rose ‘Sacha’. Plantlets of rose ‘Jazz’ ma-
intained on the same medium and in the same conditions
showed reduced vigor, leave chlorosis and shoot tip necro-
sis, probably associated with high plant susceptibility to
ethylene. Owing to this plant reaction rose cv. Jazz were
eliminated from further experimentation.

Phytoplasma detection and identification: Using univer-
sal primers P1/P7, a specific product of the expected length
~1.8 kb was detected only in the tissues derived from the
periwinkle plants inoculated with the reference strain AY1,
but not from the other tested plants. If nested PCR with the
universal primer pairs R16F2n/R16R2 or rA/fA were ap-
plied, fragments of the size of ~1240 or ~560 bp, respecti-
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vely, were detected in all roses, scored diseased as well as
healthy-looking ones, of cvs Jazz and Sacha maintained on
the medium with BAP for more than one year, and only
sporadically from rose plants maintained on the same me-
dium for 3-9 months. Similar results were obtained after
amplification with group-specific primer pair R16
(DHF1/R16(I)R1(~1100 bp).

The RFLP analysis of the nested-PCR products (~1240
bp) with a restriction enzyme Alul, Msel, Hpall, Hhal and
Rsal indicated that the tested samples showed a restriction
profile similar to those of the AY1 reference strain of aster
yellows phytoplasma (Fig. 3).

Our results are in the agreement with the results of Da-
vies and Clark (1994), who have found a much higher de-
tectability of phytoplasma in Pyrus sp. under tissue culture
conditions than in plants from the field. According to Ja-
coli (1978) and Mollers and Sarkar (1989), during the mi-
cropropagation of the diseased plants the phytoplasma de-
generates or fails to be transmitted to the newly formed
cells. Similar results obtained Gabryszewska et al. (2000),
who indicated that shoots of AY-affected Limonium sinu-
atum maintained for 12 months in vitro culture showed the
presence of phytoplasmas suggesting a degeneration pro-
cess.

Phytoplasma detection
in tissue culture of rose stored under various conditions

Our experiment was undertaken to address the hypothe-
sis that phytoplasma detection in the in vitro shoots might
be promoted by the level of BAP, culture in increased tem-
perature or reduced light intensity. The obtained results
(Tables 1, 2 and Figs 1-3) demonstrate that the culture con-
ditions strongly influenced plant growth but did not effect
phytoplasma detection using PCR technique except for the
subculture duration.

TABLE 1. Shoot growth of micropropagated rose ‘Sacha’ clone A stored on medium with BAP (0.5 or 1 mg I'!) at temperature of 4 or 20°C in darkness or

in the light (PPFD — 25 pmol m2 s'!) after 8-week-subculture.

Culture conditions:
temperature, light, BAP concentration (mg I'')

Fresh weight of shoots (mg)

Shoot number Shoot length (mm)

4°C, darkness, 0.5 BAP 370.0 ab
4°C, darkness, 1.0 BAP 276.6 a
4°C, light, 0.5 BAP dead

4°C, light, 1.0 BAP 2134 a
20°C, darkness, 0.5 BAP 7029 ¢
20°C, darkness, 1.0 BAP 621.4 bc
20°C, light, 0.5 BAP 809.9 ¢
20°C, light, 1.0 BAP 11394 d

23a 18.7 a
2.9 ab 199a
dead dead
1.6a 20.6 a
4.0 be 69.5d
3.9 bc 479 c
5.0cd 33.4b
5.6d 37.4 bc

Means followed by the same letter do not differ at 5% level of significance according to Duncan’s multiple range t-test (P<0.05). Means separation for

each parameter.

TABLE 2. Shoot growth of micropropagated rose ‘Sacha’ clone A kept on medium with BAP (1 mg 1) at different temperature (15, 20 or 25°C) and light

intensity (PPFD 25 or 50 pmol m2 s°!) after the second 4-week-subculture.

Culture conditions:
temperature, PPFD (pmol m? s™!)

Fresh weight of shoots (mg)

Shoot number Shoot length (mm)

15°C, PPFD 25 2424 a
15°C, PPFD 50 2279 a
20°C, PPFD 25 440.7b
20°C, PPFD 50 361.8 ab
25°C, PPFD 25 250.0 a
25°C, PPFD 50 251.7a

4.0 ab 19.3b
4.0 ab 19.4b
4.2 ab 21.1b
48b 20.3 b
32a 18.3 ab
3.8a 149a

Explanations as in Table 1.
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Fig. 2. Electrophoresis of nested PCR products obtained after amplifica-
tion of 16S rDNA phytoplasma fragments form micropropagated rose
‘Sacha’ clone A shoots (lines 1-7) kept for four weeks on the medium
with BAP at 4° (1, 2), 15° (3, 4), 20° (5, 6) or 25°C (7) in darkness (1, 3,
6) or in light (2, 4, 5, 7). AY1 — aster yellows phytoplasma reference stra-
in; H — healthy periwinkle plant; M — molecular marker — 1 kb DNA lad-
der (Sigma-Aldrich).

Nested PCR was performed using P1/P7 followed by amplification with
the primer pairs: A) RI6F2n/R16R2, B) R16 (I)F1/R16 (R1.

Effect of medium and temperature: Micropropagated ro-
se shoots ‘Sacha’ that developed from AY phytoplasma af-
fected plants maintained in the conditions of decreased
BAP level and at different temperature did not develop di-
sease symptoms. However, the obtained results demonstra-
te that the storage conditions strongly influenced plant
growth. In standard (control) conditions (temperature of
20°C, PPFD at 25 pmol m2 s”! and BAP concentration of 1
mg I'!), the rose shoots were robust, dark green, with the
highest fresh weight and shoot number (Table 1, Fig. 1A,
B). The shoots kept in the same conditions on the medium
with lower BAP concentration had a lower fresh weight.
The shoots stored on medium with BAP 1 or 0.5 mg 1!, at
4°C in darkness, were dark green and their growth was in-
hibited. In rose shoots maintained on medium containing
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Fig. 1. Rose shoots ‘Sacha’ clone A phyto-
plasma-affected micropropagated on the
medium with BAP 0.5 (A and C) or 1 mg 1'!

D (B and D) at 20°C in light (A, B) or in dark-
ness (C, D).
M AY1 AP S F M AY1 AP S F

Fig. 3. Restriction profiles after Msel and Rsal digestion of the nested
PCR products obtained using DNA isolated from micropropagated rose
‘Sacha’ (S) kept four weeks at 20°C on medium with BAP 1 mg I'! in the
light and from rose ‘Frisco’ (F) growing in the greenhouse; phytoplasma
reference strains: apple proliferation (AP), aster yellows (AY1). M — mo-
lecular weight marker ®174DNA/Hinfl (Promega).

BAP at lower concentration, at 4°C in the presence of light,
the partial leaf necrosis was observed at the end of 4-week
storage and all shoots died when stored for 8 weeks. The
shoots cultured at 20°C in darkness were thin and etiolated
(Fig. 1C, D).

When the shoots were cultured on medium with BAP 1
mg I'! at reduced (15°C) or increased temperature (25°C)
and increased light intensity (50 pmol m-2 s°1), their growth
was retarded (Table 2). In such conditions, the shoots were
chlorotic; their fresh weight as well as length were lower
than those of plants maintained at temperature of 20°C and
PPFD 25-50 pmol m2 7!,

After the amplification with the universal primer pair
P1/P7 (direct PCR) no evidence was obtained for the pre-
sence of phytoplasmas from the tested plants kept under
different conditions. However, if nested PCR with the uni-
versal — R16F2n/R16R2 (Fig. 2A) and fA/rA or group
16Sr1 specific — R16(I)F1/R1 (Figs 2B, 3) primer pairs we-
re applied, the specific bands were detected from the mi-
cropropagated roses, which were tested after 4 weeks of
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TABLE 3. Effect of antibiotics added to the multiplication media on the
shoot growth of rose ‘Sacha’ clone A cultured in vitro.

Fresh weight Shoot number

of shoots (mg)

Antibiotics mg 1!

Control, untreated 341.7 ¢ 4.4d
Baytril 25.0 192.1a 23b
Baytril 50.0 210.7 ab 23b
Gentamicin 25.0 196.6 a 2.1b
Gentamicin 50.0 1503 a 0.9a

Explanations as in Table 1.

maintaince in tissue culture (as well as from the periwinkle
experimentally infected with the phytoplasma reference
strain, AY1), but not from the plants maintained for 8 we-
eks without transplanting. PCR analysis indicated that
plants stored for 4 weeks on the medium with BAP 1 mg 1!
at 4, 15, 20 or 25°C have the same level of detectable phy-
toplasmas. The detectability of phytoplasma in infected
plants stored on medium with reduced level of BAP, in
light or in darkness was not effected. However, in plants
micropropagated and stored on the medium with BAP 0.5
or 1.0 mg I'! at 4 or 20°C for 8 weeks without transplan-
ting, we failed to detect phytoplasmas. Another four weeks
later, after transplanting, phytoplasmas were detected.

The obtained results indicated that the application of re-
duced level of BAP in the medium did not influence the
detectability of phytoplasma in the micropropagated rose
‘Sacha’ shoots. The involvement of growth regulators in
pathogenesis of phytoplasma disease has been reported by
Chen et al. (1991). It is thought that the symptoms of phy-
toplasma disease are mainly caused by the rise of the cyto-
kinin/auxin ratio in infected plants. Dai et al. (1997) have
stated that the elimination of phytoplasma from the infec-
ted Morus alba culture may be related to the decrease of
the cytokinin/auxin ratio. Cytokinin plays an important role
in the distribution of nutrient materials (Bidwell 1979).
The decrease of cytokinins can limit the nutrients required
by the phytoplasmas and inhibit their reproduction; the re-
sumption of normal growth of the stem segments can raise
their resistance to the phytoplasma (Dai et al. 1997).

In our experiments phytoplasma was detectable in acti-
vely growing shoots subcultured every four weeks, but not
in plants maintained on the same medium without trans-
planting, suggesting degeneration of phytoplasmas in older
tissues. Petru et al. (1971) observed phytoplasma transmis-
sion only in fast growing tissues showing prompt organo-
genesis, but not in cultures with retarded organogenesis. It
seems likely that regular transplanting stimulates tissue
growth and phytoplasma detection in rose cultures.

The obtained results did not support the earlier report
which suggests that the reduced photosynthetic activity
connected with the reduced temperature or light intensity
during storage were responsible for the higher titre and de-
tectability of phytoplasmas in Gladiolus shoots culture
(Kaminska et al. 2000). In this aspect our results are also in
disagreement with the results of Sears et al. (1997) who
stated that nonphotosynthetic leaftip culture of Oenothera
contained more phytoplasmas than did those from green
tissues. On the other hand, we failed to support the sugge-
stion of Epstein and Hill (1995), who observed that higher
temperature and light intensity promoted development of
rose rosette disease.
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Effect of antibiotics: As is shown in Table 3, the antibio-
tics used in our culture media were phytotoxic for the mi-
cropropagated rose shoots. The roses grown on antibiotic
containing medium manifested stunted growth and severe
leaf and shoot chlorosis. The most severe inhibitory effect
was observed for Gentamycin-treated plants at concentra-
tions of 25 or 50 mg I'!. It was observed that, respectively,
6.3% and 12.5% of shoots died during the second subcultu-
re on the Gentamycin-containing medium (data not presen-
ted). After the shoot transplanting onto the medium witho-
ut antibiotics, chlorosis ceased and the shoots renewed nor-
mal growth.

In spite of this phytotoxic effect, the applied concentra-
tion of Gentamycin and Baytril was so low that no direct
effect on the phytoplasma was evidenced. The phytopla-
sma present in Sacha cultivar was detected by nested PCR
8 weeks after culturing in antibiotic-containing as well as
antibiotic-free media.

Further research work may be useful to study the condi-
tions promoting phytoplasma titre and detection in disea-
sed rose plants.
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