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Abstract

A new phytoplasma disease was observed on bleeding heart (Dicentra spectabilis)
plants in Poland. Symptoms of multiple shoot proliferation followed by leaf dimin-
ishing and discoloration were associated with the presence of numerous phyto-
plasmas in sieve tube elements in roots and sprouts. The phytoplasmas detected in
diseased D. spectabilis plants were classified as aster yellows phytoplasma, group
16Sr1, subgroup A or B, on the basis of restriction fragment length polymorphism
(RFLP) analysis of PCR-amplified 16S rDNA fragments. The phytoplasma affected
plants were found to be naturally infected also with virus. The isolated virus re-
sembles Tobacco rattle virus (TRV) in symptoms on tested host plants and in stabil-
ity in vitro but cytopathological examination showed the absence of virus particles.
Sap from the infected test plants did not react with antiserum to TRV.
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Introduction

The species Dicentra spectabilis Lem. (bleeding heart, lady’s locket), a member of
Fumariaceae family, is native to Siberia and Japan (Bryan 2002). Dicentra spectabilis
produces fleshy tuberous roots but is more frequently listed as a perennial than a
bulbous crop. Bleeding heart is propagated by cutting tubers into pieces, shoot and
leaf cuttings, or by seeds. Plants have attractive flowers and are produced for the
cool, partly shaded gardens and as cut flower crop.
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In October 2001, bleeding heart tubers showing symptoms resembling those
caused by phytoplasma infection were observed in commercial farm in Skier-
niewice, Poland. Diseased plants developed multiple sprouts which were weak. Up
to our knowledge, yellow ring spotting and concentric line patterns in plants of
Dicentra spp. were associated with Tobacco rattle virus (TRV) and Tomato ring spot vi-
rus (TomRSV) (Navalinskiene and Samuitiene 1999) or only with TRV natural in-
fection (Lockhart 2000), but no information is available on yellows diseases of
bleeding heart. This study was undertaken to elucidate the aetiology of the ob-
served disease of D. spectabilis plants.

Materials and methods

Plant material

Plants of D. spectabilis cultivars ‘Alba’ and ‘Rosea’ were collected in a commer-
cial nursery in Skierniewice. The observed plants were propagated by tuber cut-
tings and cultivated in a garden. Plants with and without sprout proliferation
symptoms were lifted in October 2002 and stored in sterile medium at 4°C until
March 2003. Then they were cultivated in plastic boxes in the insect proof green-
house. Pest and disease control was not necessary.

Plant samples and the reference strains

Plant samples of tissue from the roots and sprouts were taken from three symp-
tomatic and one asymptomatic D. spectabilis plants of each of the cultivar in the
middle of November 2002. Leaf samples were collected from the same growing
plants at the end of March 2003. For comparison leaf samples from healthy
Catharanthus roseus L.G. Don and from plants inoculated with the reference strain of
aster yellows phytoplasma (AY1, 16SrI-B, kindly supplied by Dr. L.-M. Lee,
Beltsville, USA) and apple proliferation phytoplasma (AP, 16SrX-A, kindly sup-
plied by Dr. A. Bertaccini, Bologna, Italy), were included.

Virus identification

The bleeding heart leaf samples were tested for the presence of viruses by me-
chanical inoculation of Chenopodium quinoa Willd., Cucumis sativus L. ‘Wisconsin’,
Phaseolus vulgaris L. ‘Saxa’, Nicotiana benthamiana Domin., N. glutinosa L., N. tabacum
L.‘Samsun’ and N. rustica L. In host range tests, inoculated and uninoculated leaves
were tested for the presence of Tobacco rattle virus (TRV) using double antibody
sandwich-enzyme-linked immunosorbent assay. The tests were kindly performed
in Plant Breeding and Acclimatization Institute, Mtochéw Research Center, Po-
land. Immunoglobulines (IgG) and alkaline phosphate conjugate of TRV were sup-
plied by Bioreba Co.
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Thermal inactivation point (TIP), dilution end point (DEP) and longevity in vi-
tro (LIV) determinations were made using infected crude sap from systemically in-
fected N. tabacum. The sap was diluted 1:1 with phosphate buffer. Seedlings of N.
rustica were used as indicator plants.

Electron microscopy

Tissue specimens obtained in November 2002 from fleshy tuberous roots and
young sprouts of D. spectabilis cultivars ‘Alba’ and ‘Rosea’ with and without prolif-
eration symptoms were cut into 2 mm sections and immediately fixed in a mixture
of 3% glutaraldehyde and 4% paraformaldehyde in cacodylate buffer pH 7.2 for 4 h
and postfixed in 1% osmium tetroxide for 2 h at 4°C. The material was then dehy-
drated by passing in through a concentration gradient of ethanol (10-100%) and
propylene oxide and embedded in Epon 812. Ultra-thin sections on copper grids
were stained with uranyl acetate and lead citrate, and then examined with a JEM
1220 electron microscope (Joel, Japan).

Phytoplasma detection and identification

DNA was isolated from approximately 1 g of fresh tissue using the phyto-
plasma enrichment procedure described by Ahrens and Seemiiller (1992).

PCR amplification was performed using the universal phytoplasma primer pair
P1/P7 (Schneider et al. 1995, approximately 1800 bp) in direct reaction, and uni-
versal fA/rA (Ahrens and Seemdiiller 1992, approximately 560 bp), R16mF2/
/R16R2 (approximately 1340 bp) or specific for the phytoplasma aster yellows
group —R16(I)F1/R16(I)R1 (Lee et al. 1998, approximately 1100 bp) in nested re-
action.

Each of PCR mixture contained: 1 pl of total nucleic acid extraction from healthy
or diseased plant tissue, 1.25 ul of 10 mM solution of four dNTPs, 0.1 pl of 100 uM
forward and reverse primers, 1 X DNA polymerase buffer and 1 U of thermostable
Taq DNA polymerase (Sigma — Aldrich, Poznan, Poland). The following parame-
ters were used: for direct PCR with primers P1/P7 and nested PCR with primers
R16mF2/R16R2 - 35 cycles: 1 min at 94°C, 2 min at 60°C, 3 min at 72°C; for PCR
with primers R16(I)F1/R16(I)R1 — 35 cycles: 45 s at 94°C, 1 min at 55°C, 2 min at
72°C; for PCR with primers fA/rA - 25 cycles: 1 min at 95°C, 1 min at 55°C, 1 min
at 72°C. During the last cycle, elongation time was extended to 9 min.

PCR products (5 pul) were analysed by electrophoresis in 1% agarose gel fol-
lowed by staining with ethidium bromide (0.5 pg/ml) and visualized with UV
transilluminator.

RFLP analyses were performed after digestion of PCR products (10 pl) primed
by R16F2n/R2 with single restriction endonucleases Alul, Msel, Rsal (Gibco BRL,
Life Technologies, Warsaw, Poland), and Hhal (Roche Diagnostics, Warsaw, Po-
land) according to the manufacture’s instructions. The digested DNA was resolved
by electrophoresis through 6% polyacrylamide gel, stained with ethidium bromide
and observed under UV light. The lengths of DNA fragments were estimated by
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comparison of the position of DNA bands with those of molecular weight markers
(©X174DNA/Hinfl, Promega, Gdansk, Poland). Phytoplasma 16S rRNA group des-
ignations were based on RFLP analysis following the system of Lee et al. (1998).

Results
Symptoms

Pronounced symptoms of phytoplasma infection in D. spectabilis were mani-
fested when the plants were lifted. The affected plants produced numerous sprouts
(Phot. 1 a). At the early spring the diseased plants developed multiple shoots
(Phot. 1 b) which were weak, with leaf diminishing and reddening or yellowing.
The most severely affected plants were stunted, did not produce flowers or only
single, pale in colour. Later in the season, they followed shoot proliferation (Phot.
1 ¢), leaf necrosis and premature plant senescence and dying.

Phot. 1. Disease symptoms of aster yellows phytoplasma affected Dicentra spectabilis plants cv. ‘Alba’:
a — sprout proliferation, b - shoot proliferation, ¢ — multiple shoot proliferation, leaf diminishing
and discolouration (photo by M. Kaminska)

Virus detection

The studies revealed that all tested bleeding hearts of both cultivars, exhibiting
stunted growth, shoot proliferation, leaf diminishing and discoloration as well as
the asymptomatic plants were naturally infected with virus. The isolated virus re-
sembled Tobacco rattle virus (TRV) in symptoms on tested host plants and stability
in vitro. The isolated virus infected six of seven indicator plant species and failed to
infect Nicotiana benthamiana plants. Three plant species: N. tabacum ‘Samsun’, N.
glutinosa, and N. rustica were infected locally and systemically. The other hosts -
Chenopodium quinoa, Phaseolus vulgaris ‘Saxa’ and Cucumis sativus ‘Wisconsin’ were
infected only locally.

In the sap of systemically infected leaves of N. tabacum, when N. rustica was used
as an indicator plants, the virus had a TIP of 70-75°C, a DEP of 10-1-102 and a LIV
of 3-4 h.
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The experimentally infected plants tested by DAS-ELISA gave a negative reac-
tion for TRV. The cytopathological examination of symptomatic D. spectabilis
plants showed the absence of virus particles.

Electron microscopy

Histological examination of ultra-thin sections showed severe necrosis (Phot. 2
a) of sieve tube cells of the phloem from the shoots and roots of symptomatic D.
spectabilis plants. Occasionally, the sieve tubes had cell wall outgrows (Phot. 2 b).

Phot. 2. Transmission electron micrographs of phloem of aster yellows phytoplasma affected Dicentra
spectabilis plant cv. ‘Alba’: a — necrotic region (bar — 5 nm), b - sieve tube cell wall (CW) outgrowing
(SE - sieve element) (bar — 1 nm), c - elongated phytoplasmas (P) in sieve tube lumen (bar - 1 nm),
d - phytoplasmas (P) in phloem parenchyma cell protoplast (bar — 1 nm)
(photo by A. Rudzinska-Langwald)
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In the ultra-thin sections a large number of phytoplasmas were observed in the
sieve tube cells (Phot. 2 ¢) and sporadically in phloem parenchyma cells (Phot. 2 d)
from the roots and shoots of all symptomatic plants. The phytoplasmas were of
various shapes and sizes, and most of them were elongated. They were bounded by
a three layered membrane and showed the presence of ribosomes and nucleoid sit-
uated usually in the middle of the cell. These organisms were not observed in
phloem tissue from the healthy looking plants.

No spiroplasmas nor virus particles were observed by TEM in the ultra-thin
sections from Dicentra plants with disease symptoms.

PCR and RFLP

After amplification with universal primer pair P1/P7 specific products with ex-
pected length ~1800 bp were obtained exclusively in DNA samples collected from
four symptomatic D. spectabilis plants of both cultivars and from samples of refer-
ence strains AY1 and AP (Phot. 3 a). Presence of this DNA was revealed in all sam-
ples derived from sprouts and roots, collected in November and samples of leaves
collected at the end of March. No DNA amplification was observed in samples of
roots collected during vegetation from two diseased plants nor from two asymp-
tomatic bloody hearts or healthy periwinkle.

Nested PCR with primer pair P1/P7 followed by universal — fA/rA or
R16mF2/R16R2 and group 16Sr1 specific primer pair -R16(I)F1/R16(I)R1 (Phot.
3 b) amplified the target sequences from all samples collected from two apparently
healthy looking bleeding hearts as well as from sprouts and roots of the symptom-
atic plants tested during vegetation. No amplification was observed in nucleic acid
extracts in samples from the healthy periwinkle plants.

Products of PCR primed by R16mF2/R16R2 from naturally infected bleeding
hearts were subjected to RFLP analysis using four restriction enzymes (Phot. 4).
The RFLP patterns of 16S rDNA indicated that the tested plants were infected with
two distinct phytoplasmas. The phytoplasmas exhibited two different collective
patterns characteristic of the aster yellows phytoplasma group, subgroup B, or sub-
group A.

Discussion

The studies revealed that the tested D. spectabilis, exhibiting stunted growth,
sprout and shoot proliferation, leaf malformation and discoloration as well as
asymptomatic plants, were naturally infected with virus and phytoplasma.

The virus isolated from the bleeding hearts resembled TRV in symptoms on
tested host plants reported by Harrison (1970). The incidence of TRV was re-
ported previously in Dicentra plants with leaf discoloration by Navalinskiene and
Samuitiene (1999) and Lockhart (2000). However, we failed to demonstrate the
virus particles in ultra-thin sections of examined plants nor using DAS-ELISA. The
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Phot. 3. Direct (a) and nested (b) polymerase chain reaction (PCR) amplification of ribosomal DNA
fragments obtained with DNA from Dicentra spectabilis plants without symptoms (D1, D2)
and symptomatic (D3, D4, D5), from the roots (r) or shoots (s), Catharanthus roseus plants
healthy (Cros) and infected by phytoplasma reference strains AY1, using the following primer
pair combinations: a - P1/P7, b - P1/P7 followed by R16(I)F1/R16(I)R1;
M - 1 kb DNA molecular marker (Sigma — Aldrich) (photo by H. Sliwa)

absence of virus particles in cells of affected D. spectabilis as well as lack of positive
reaction with antiserum to TRV suggest the presence of defective isolate of this vi-
rus that lack the presence of RNA2 and thus form no particles and are not serologi-
cally detectable (Harrison and Robinson 1986).

The symptomatology we found was related to pathological changes in vascular
tissue of phytoplasma affected plants. The incidence of phytoplasmas, having great
similarities with organisms found in plants infected with yellows-type diseases (Doi
et al. 1967, Bertaccini and Marani 1980, Rudziniska-Langwald and Kaminska 2001),
was associated with necrosis in phloem cells of the roots and sprouts. Pleomorphic
structures surrounded with three-laminar unit membrane were found in phloem
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Phot. 4. Restriction profiles after Msel, Alul, Rsal and Hhal digestion of the nested PCR products
(primed by R16mF2/R16R2 primer pair) from the shoots of naturally infected Dicentra spectabilis
plants (D3s and D4s), M — molecular weight marker ®X174DNA/Hinfl (Promega),

AP - reference strain of apple proliferation phytoplasma, AY1 - reference strain
of aster yellows phytoplasma (photo by H. Sliwa)

cells including sieve tubes of infected D. spectabilis plants with proliferation symp-
toms but not in asymptomatic plants with lower phytoplasma titre.

The results of electron microscopy examination were confirmed by results of
the molecular study. The results of the direct PCR assay used in this study showed
that phytoplasma was found in two cultivars of D. spectabilis in root, sprout and leaf
samples. The universal rRNA gene primer pair P1/P7, were successfully used to
amplify the phytoplasma DNA extracted from the diseased plants of bleeding heart
with pronounced symptoms. Amplification of PCR product of 1800 bp as template
in nested PCR assay, using the universal R16mF2/R16R2 (~1340 bp) or group I
specific primer pair R16(I)F1/R16(I)R1 (~1100 bp), showed the presence of
phytoplasmas also in D. spectabilis samples without symptoms. Based on the results
of PCR-RFLP analysis, the phytoplasmas occurring in bleed heart plants were con-
cluded to be the members of 16Srl group, subgroup A or B. Infection by
phytoplasma belonging to 16SrI-B is actually most widespread and damaging
throughout the world (Seemiiller et al. 1998, Lee et al. 1998, 2004). In Poland, af-
ter a few years of intensive phytoplasma screening, phytoplasma aster yellows,
probably subgroup I-B, have been found in several ornamental crops including an-
nuals (Kaminska et al. 1997), gladiolus (Kaminska et al. 1999), lilies (Kaminska
and Korbin 2002), and tulip plants (Kaminska and Sliwa 2002). Phytoplasmas of
16SrI-B were found in rose plants with proliferation and dieback symptoms
(Kaminska et al. 2001 a, 2003) and in magnolias with stunting symptoms (Kamin-
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ska et al. 2001 b), very often in complex with apple proliferation phytoplasma,
16SrX-A (Kamifiska and Sliwa 2002, 2004, Sliwa and Kamifiska 2004). Phyto-
plasmas classified to 16SrI-A were reported less frequently than phytoplasmas of
16SrI-B, mainly in the USA (Seemiiller et al. 1998). Very recently, phytoplasmas of
16SrI-A were reported in carrot, Aconitum sp. (Valiunas et al. 2001) and oat plants
(Jomantiene et al. 2002) in Lithuania.

Identification of new pathogens in bleeding heart is of importance because the
cultivars are propagated vegetatively. Like other phytoplasmas of AY group, phyto-
plasmas infecting D. spectabilis plants are probably spread by leathoppers. The fact
illustrates the need for continued efforts to identify and catalog unreported dis-
eases in ornamentals, particularly in the case of vegetatively propagated species in
which symptoms may not be noticeable at all time of the year, and in the case of as-
ter yellows phytoplasma which can potentially infect a wide range of plants.

Streszczenie

WYSTEPOWANIE PROLIFERACJI PEDOW NA ROSLINACH
SERDUSZKI OKAZALE] (DICENTRA SPECTABILIS) PORAZONYCH
PRZEZ FITOPLAZME I WIRUS

Rosliny serduszki okazatej (Dicentra spectabilis) dwoch odmian, ‘Alba’ i ‘Rosea’,
wykazujace silna proliferacje peddw, zdrobnienie, chloroze lub czerwone zabar-
wienie lisci oraz brak kwiatow, wystepowaly na plantacji handlowej w Skierniewi-
cach. Badania wykazaly, ze rosliny te byly porazone wirusem i fitoplazma.

Wirus wyizolowany z D. spectabilis, pod wzgledem reakcji testowych roslin ziel-
nych oraz trwato$ci w warunkach in vitro, byt podobny do wirusa nekrotycznej ke-
dzierzawki tytoniu (TRV), jednakze w ultracienkich skrawkach chorych serduszek
nie stwierdzono obecnosci czgstek wirusa. Badania serologiczne wykonane technikg
DAS-ELISA nie wykazaly reakcji pozytywnej z przeciwciatami na TRV. Wyniki te su-
geruja, ze roéliny D. spectabilis byly porazone defektywnym izolatem TRV, ktéry ze
wzgledu na brak RNA2 nie tworzy czastek i nie reaguje z surowica na TRV.

Badania elektronomikroskopowe ultracienkich skrawkéw wykazaly nekroze
oraz obecnoé¢ licznych fitoplazm w komérkach tyka korzeni i pedéw roslin D.
spectabilis z objawami chorobowymi. W roélinach, ktére nie mialy proliferacji pe-
déw, objawéw cytopatologicznych nie stwierdzono.

Wyniki badan elektronomikroskopowych zostaly potwierdzone przez wyniki
badan molekularnych. Obecnos¢ fitoplazm stwierdzono w pierwszej rundzie
(direct) PCR ze starterami uniwersalnymi dla fitoplazm — P1/P7 — w lisciach, pe-
dach i korzeniach roélin serduszki okazalej obu odmian z objawami proliferacji.
Stosujgc druga runde (nested) PCR ze starterami uniwersalnymi R16mF2/R16R2
lub specyficznymi dla fitoplazm z grupy zéttaczki astra— R16(I)F1/R16(I)R1, fito-
plazmy stwierdzono takze w probkach roslin bez objawéw proliferacji. Wyniki te
wskazuja, ze badane ro$liny mimo braku objawéw chorobowych byly latentnie po-
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razone przez fitoplazmy. Na podstawie wynikéw analizy RFLP zamplifikowanego
fragmentu 16S rDNA, po trawieniu enzymami restrykcyjnymi Alul, Msel, Rsal i
Hhal, fitoplazmy wystepujace w roslinach D. spectabilis zostaly zaklasyfikowane do
fitoplazm z grupy zoltaczki astra (16Srl), podgrupy A lub B.
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