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Detection and identification of phytoplasmas in Ribes rubrum
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Abstract

Using PCR, RFLP and sequence analysis in red and white currant, aster yellows (ribosomal group 16Srl) and apple proliferation
(16SrX) phytoplasma 16S ribosomal sequences were obtained and submitted to GenBank from 12 Ribes samples. The use of dif-
ferent primer sets for PCR, RFLP, and sequencing was validated for reliable phytoplasma detection and identification in Ribes and

allow a substantial revision of previously published data.
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Introduction

There are only a few conclusive data concerning the
phytoplasma occurrence in Ribes species. Navratil et al.
(2001) first detected phytoplasmas of aster yellows and
apple proliferation groups in Ribes rubrum using nested
PCR and RFLP analysis. The objective of this study was
to elucidate problems with the detection and identifica-
tion of phytoplasmas that were found infecting red and
white currant (R. rubrum) in a previous study (Navratil
et al., 2004).

Materials and methods

Forty two samples of red and white currant cultivars
were repeatedly collected from branches and flower
stalks in several locations of the Czech Republic during
the flowering seasons and in the early autumn from
1999 to 2004 (table 1). The plants exhibited flower de-
formities, rubbery wood and decumbent aspect. Currant
seedlings (Jonkheer van Teets and Baldwin) raised
from seeds were included in the study as negative con-
trols. Positive controls in periwinkle were apple prolif-
eration (kindly provided by E. Seemiiller-IPO Dossen-
heim, D) and aster yellows phytoplasmas (Ptibylova et
al.,2001).

The isolation of total DNA was performed according to
an enrichment procedure (Ahrens and Seemiiller, 1992).
DNA samples were subjected to PCR analysis with phy-
toplasma primer pairs in 16S rRNA gene. Nested-PCR
assays were performed with primers pairs R16F1/R0 fol-
lowed by R16F2/R2 (Lee et al, 1998) or fUS/rU3.
PA2F/R primer pair followed by NPA2F/R (Heinrich et
al., 2001) was also used. The amplicons obtained with
primers fUS5/rU3 (table 1) were digested with Rsal
(Promega), Msel (New England Biolabs), Bfinl (MBI
Fermentas), and A/ul (Promega) restriction endonucleases
at 37 °C overnight.

PCR products were directly cloned using TOPO-TA
(Invitrogen) or pGEM-T (Promega) cloning kits, fol-
lowing the instructions of the manufacturers. The nu-

cleotide sequence was established on automated DNA
ABI PRISM 310 sequencer (Perkin Elmer Applied
Biosystems, Lincoln). Sequence data were read and
analyzed by DNASTAR programme package (Laser-
gene). The nucleic acid sequences of PCR products ob-
tained from the selected samples were analyzed by pair-
wise comparison with phytoplasmal sequences available
in GenBank, using the BLAST algorithm at
http://www.ncbi.nlm.nih.gov/.

Results

In 12 out of 42 examined bushes the presence and iden-
tity of phytoplasmas was confirmed by PCR/RFLP and
sequence analysis (table 1). Expected length bands were
obtained in PCR with R16F2/R2 (1,239 bp), fU5/rU3
(876 bp), NPA2F/R (845 bp). No amplification was ob-
served in samples of healthy currant seedlings or water
controls. The primer pair fU5/rU3 enabled amplification
of the target DNA from all samples (table 1), but also
amplified bacterial 16StDNA. The other primer pairs
yielded a low number of specific products or failed to
amplify. Obvious PCR products without smear back-
ground and non-specific amplification were cloned and
sequenced. RFLP analyses of fU5/rU3 PCR products
confirmed identity of the 6 apple proliferation isolates.
Within the aster yellows phytoplasma RFLP analysis
classified LS 11/6B/860 and Mulka 866 strains in sub-
group 16SrI-B, whereas Blanka 5, Blanka 6, Vitan 2,
and R. rubrum strains were placed in subgroup 16SrI-C.
The identity of phytoplasma isolates obtained from 12
bushes was confirmed also by sequence analysis of PCR
products (table 1) confirming their classification with
the aster yellows and apple proliferation ribosomal
groups (Lee et al., 1998). Sequence analysis of Blanka
5, Blanka 6, Vitan 2, and R. rubrum isolates revealed
high identity (99%) with clover phyllody phytoplasma
(AF222066) classified as 16Srl-C. False positive detec-
tion of phytoplasmas in 7 red currant bushes was most
likely due to amplification of non-phytoplasma bacterial
16S rDNA as revealed by sequencing (table 1).



Table 1. Detection and identification of phytoplasmas infecting red and white currants in the Czech Republic.

Currant cultivar Location R16F1/RO  RI16F1/RO  PA2F/R RFLP Sequence  Accession
Bush number R16F2/R2  fU5/rU3  NPA2F/R  (Rsal, Msel, Bfiml) analysis number
LS 11/6B/756 Kozov - 4 + AP AP AY900008
LS 11/6B/860 Kozov + + - AY-B AY AY900011
Vitan 758 Kozov A 4 - AP AP AY900009
Vitan 859 Kozov - + - AP AP AY900007
Vitan 3 Lhenice - s - AP AP AY 669060
Vitan 7 Lhenice - + - AP AP AY 669061
Vitan 8 Lhenice - + - AP AP AY 669062
Ribes rubrum Rozmital - + + AY-C AY AY 669063
Mulka 866 Velké Losiny - 4 - AY-B AY AY900010
Blanka 5 Lhenice - + + AY-C AY AY 669064
Vitan 2 Lhenice + + 4 AY-C AY AY966889
Blanka 6 Lhenice - + + AY-C AY AY966890
Vitan 1214 Kamenice A 4 - NSC Sphing.

Vitan 1217 Kamenice + + - NSC Sphing.

Vitan 857 Kozov A - NSC Sphing.

LS 11/6B/869  Velké Losiny + + - NSC N.C.B.

LS 13/6/880 Velké Losiny A + - NSC Alpha pr.

Rondom 1772 Kamenice + + + NSC Sphing.

Vitan 1782 Kamenice + + - NSC Sphing.

+, positive; -, negative; AP, apple proliferation; AY-B, aster yellows (16Srl-B); AY-C, clover phyllody (16SrI-C);
NSC, non specific cutting; Sphing., Sphingomonas; Alpha pr., Alpha proteobacterium; N.C.B., non culturable bacterium.

Discussion

Previous findings of phytoplasma presence and identity
in red currant were substantially extended and revised.
Several phytoplasmas were identified (Navratil et al.,
2001; 2004), however, in some cases no amplification
or weak signals not of the expected size were obtained.
Aster yellows phytoplasma isolates were confirmed by
further RFLP analysis as well as sequence analysis. The
reported presence of European stone fruit yellows and
pear decline phytoplasmas was not confirmed while
new isolates of apple proliferation phytoplasma were
identified at the Kozov locality.

Despite wide acceptance of PCR for detection of low
amounts of target DNA, homology to ribosomal RNA
of other bacteria as well as to the DNA of host plant cell
organelles is still a bottle neck in detection assays
(Skreczkowski et al., 2001; Heinrich et al., 2001). Us-
ing primers fU5/rU3, R16F2/R2 Skreczkowski et al.
(2001) reported non-specific amplification of Pseudo-
monas and Staphylococcus in dormant budwood of dif-
ferent stone and pome species. The R16F2/R2 and
fU5/rU3 primers are able to preferentially amplify the
bacterial 16S rRNA operons: Amplicon cloning se-
quencing several clones reliably confirms phytoplasma
detection by PCR.
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