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Abstract 

Single-strand conformation polymorphism (SSCP) analysis is a relatively simple technique broadly used for detecting mutations. 
The aim of this work was to evaluate the applicability of SSCP analysis as a tool for detection of phytoplasma molecular variabil-
ity. Seventy phytoplasma isolates from grapevines, belonging to the 16SrXII-A ribosomal subgroup (stolbur) were included in this
study. Three different phytoplasma genes were investigated: a part of the 16S rRNA gene, tuf gen and dnaB pseudogene. DNA 
fragments amplified by PCR were subjected to the SSCP analysis under conditions optimized for each fragment length. SSCP re-
vealed the presence of polymorphisms in the phytoplasma 16S rRNA gene, tuf gene and dnaB pseudogene that was undetectable 
in routine RFLP analyses. Reliability of the analyses was confirmed by the multiple alignments of representative sequences show-
ing different SSCP profiles, followed by the phylogenetic analyses using various bioinformatics tools. 
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Introduction 

Single-strand conformation polymorphism (SSCP) 
analysis is a sensitive and rapid method for detection 
of polymorphism in PCR-amplified fragments. Due to 
its technical simplicity, it is widely used as a screening 
tool in various investigations, ranging from clinical 
diagnosis of human hereditary diseases to the charac-
terization of microbial communities. The technique is 
based on the fact that, after chemical and/or heat dena-
turing, ssDNA of different primary structure fold into 
different conformations as a result of self-
complementarity and intramolecular interactions (Orita 
et al., 1989). Under the appropriate electrophoretic 
conditions, conformation-different ssDNA species mi-
grate differently, and the presence of potential muta-
tions is detected as a band shift or as a change in num-
ber of bands. Thus, conditions for the SSCP analysis 
have to be established empirically for each set of 
fragments. However, there are mutations still unde-
tectable by the SSCP analysis. 

One of the most utilized protocols for phytoplasma de-
tection and characterization encompasses PCR and 
RFLP analyses of evolutionary conserved gene regions, 
primarily the 16S rRNA gene (IRPCM, 2004). In order 
to classify a phytoplasma, it is necessary to obtain its 
16S rDNA sequence, which could be time-consuming 
and inappropriate when dealing with a large number of 
samples. The aim of this work was to evaluate the ap-
plicability of the SSCP analysis as a screening tool as 
well as a method for detection of phytoplasma molecu-
lar variability. 

Materials and methods 

Seventy phytoplasma isolates from different grapevine 
cultivars, all previously assigned to the 16SrXII-A ribo-
somal subgroup (stolbur), were chosen as an experimen-
tal group of samples in this study. Sixty-one isolates 
were from Croatia (Šeruga et al., 2000; Šeruga, 2002),

and 9 from the FYR of Macedonia (Šeruga et al., 2003). 
The stolbur strains P-TV, SA-1 and STOL, obtained 
from in vitro collection (A. Bertaccini, University of 
Bologna, Italy), were also used. 

For direct amplification of phytoplasma gene or pseu-
dogene regions, three different primer pairs were used: 
16R738f/16R1232r (Gibb et al., 1995), to amplify a part of 
16S rRNA gene; fTufu/rTufu (Schneider et al., 1997), to 
amplify a part of tuf gene; and G35p/m (Davis et al., 
1992), to amplify dnaB pseudogene. All obtained am-
plicons were subjected to the RFLP analyses with Tru1I 
and TspEI. Only 16S rRNA gene amplicons were addi-
tionally digested with AluI and KpnI.

SSCP analysis was performed on all amplified phyto-
plasma fragments. One to four µL of PCR product was 
mixed with 7 volumes of denaturing buffer and incu-
bated for 10 minutes on 99 ºC. Samples were immedi-
ately put on ice and loaded on a non-denaturing poly-
acrylamide gel. Electrophoreses were performed in 
1xTBE buffer at 4 ºC and the constant voltage of 200 V. 
Bands of ssDNA were visualized by silver staining. 
Other experimental conditions varied depending on the 
analyzed amplicon. 

PCR products from samples showing different SSCP 
profiles were cloned and sequenced. Obtained se-
quences of phytoplasma genes or pseudogenes were 
aligned by ClustalX, version 1.83. Subsequent phyloge-
netic analyses were performed by using MEGA, v3.1 
and PAUP, v4.0b10 program packages. 

Results 

Routine PCR-RFLP analyses of phytoplasma 16S rRNA 
gene fragments (580 bp) and tuf gene (850 bp) revealed 
no polymorphism among the analyzed samples. When 
1,270 bp amplicons of phytoplasma dnaB pseudogene 
were subjected to the PCR-RFLP analyses, at least two 
different restriction profiles and even mixed profiles 
were observed. 

Because of different fragment length for each set of 
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PCR products amplified with different primers, condi-
tions for SSCP analyses were optimized by changing the 
concentration of acrylamide and glycerol in a gel and 
duration of the electrophoresis. For 580 bp fragments, 
the best results were achieved in 14% polyacrylamide 
(PA) gels with 5% glycerol that were run for 7-8 h, 
while for longer fragments, it was 8% PA gel with 2.5% 
glycerol with duration of the electrophoresis of 3-4 h. 
SSCP analyses of the phytoplasma 16S rRNA gene 
fragment showed several different profiles, even with 
the presence of multiple ssDNA bands in some of the 
samples. When amplified fragments of the phytoplasma 
tuf gene were subjected to SSCP analyses, two different 
patterns were found with equal frequency among the 
samples. 

The results of dnaB pseudogene SSCP analyses re-
vealed the presence of 5 profiles, indicating even more 
polymorphism in this region than it was shown by the 
RFLP analyses. 

Multiple alignments of chosen sequenced fragments 
showed that the ones having the same SSCP profiles 
shared identical or nearly identical nucleotide se-
quences. However, a clear correlation between a spe-
cific mutation and the specific SSCP profile could not 
be established. Phylogenetic analyses of phytoplasma 
sequences obtained in this study also corroborated the 
results of the SSCP analyses. Nucleotide sequences of 
fragments having similar SSCP profiles clustered to-
gether on the phylogenetic tree, indicating their close 
relatedness. 

Discussion 

The results of phytoplasma 16S rRNA gene, tuf gene 
and dnaB pseudogene SSCP analyses revealed the pres-
ence of molecular variability among the isolates belong-
ing to the same ribosomal subgroup (stolbur; 16SrXII-
A). This polymorphism could not be detected by routine 
RFLP analyses, indicating the presence of mutations in 
regions out of the restriction sites. Nonetheless, we ob-
served certain mutations that could not be associated 
with the change of the profile, which is one of disadvan-
tages of the method. In comparison with RFLP, SSCP 
still confers many advantages. It is more sensitive, 
cheaper, less time-consuming and particularly suitable 
as a fast screening method when dealing with a large 
number of field samples. Thus, SSCP analysis can also 
be considered as a tool in a search for stolbur phyto-
plasma molecular variability. 
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Figure 1. SSCP patterns of phytoplasma tuf gene frag-
ments (850) bp, amplified from Croatian grapevine 
extracts by using primer pair fTufu/rTufu. Analyses 
were performed in 8% polyacrylamide gels that were 
silver stained after the electrophoresis. Samples are 
marked as follows: Im6 - cv. Riesling, Imbriovec; J9-
02 - cv. Chardonnay, Jazbina; J10-02 - cv. Chardon-
nay, Jazbina; Jsk10 - cv. Chardonnay, Jaska; IL3, IL4 
- cv. Chardonnay, Ilok; IL7 - cv. Riesling, Ilok; SA-1 - 
phytoplasma reference strain belonging to the 
16SrXII-A ribosomal subgroup. 
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