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fuged at 13.000 rpm for 10 min at room temperature and
DNA pellet was collected. DNA was washed with 70%
ethanol and dried for 3-4 minutes under vacuum. Then it
was redissolved in 1/10 TE buffer (10mM Tris HCI, pH
7.5), 1mM EDTA, 1μg/μl RNase A and stored at -200C.

Polymerase chain reaction (PCR) for partial genome
sequence was achieved in a volume of 25 ml. Each reac-
tion contained the DNA template (approximately 100 ng,
measured with Nano-Drop spectrophotometer), virus
specific reverse and forward primers (0.2 mM each), di-
luted 10 times in concentrated reaction buffer (provided
by supplier of the Taq polymerase, containing 1.5 mM
MgCl2, 0.2mM dNTPs, 1U of Taq polymerase (Promega,
GoTaq A). The thermocycling conditions were: 96°C 2
min; 94°C 30s, 62°C 30s, 72°C 1 min, 31 cycles, final
extension at 72°C for 10 min. The expected bands were
analysed on a 1% agarose gel in TAE buffer, including
ethidium bromide (EthBr) and viewed under UV illumi-
nation using a digital imaging system (INTAS UV sys-
tem P93DW). Primers (see Table 1) were developed by
the alignment of WDV sequences with the help of soft-
ware DNAMAN (Lynnon, Biosoft, vers 5.0). Sequences
were obtained in www.NCB.com or provided by J.
Schubert (personal communication).

Rolling circle amplification of circular DNA was per-
formed following the manufacturer’s protocol
(GE.Healthcare, Templiphi). 10 to 20 ng of total nucleic
acids were dissolved in 5ml of sample buffer, denatured
for 3 min at 95°C and cooled down to room temperature.
After adding 5ml reaction buffer and 1U enzyme mix, the
reaction was run for 18–20 h at 30°C and stopped by
heating for 10min at 65°C. Aliquots corresponding to
5ml of RCA amplified nucleic acids in 30ml volume con-
taining EcoRI restriction buffer with BSA (provided by
the manufacturer of the enzyme) and 10U restriction
endonuclease EcoRI were digested at 37°C for 90min.
Restriction products were analysed on a 1% agarose gel
and stained with EthBr and viewed under UV illumina-
tion using a digital imaging system (Intas UV system
P93DW).

Statistical analysis of the data was performed with
software “Statistical Analyses System (Sas. Proc. Freq
Version 9.1).

Results and discussion. DNA was extracted
from plants and P. alienus by Machery-Nagel Kit method.
Nucleic acids were readily affordable to be amplified with
PCR application. As shown in Fig. 1 in all cases lanes 1-
4 and lanes 4-8 DNA had the required accuracy to be
amplified.

By the method of Haible [5] it was possible to am-
plify DNA from plants (Fig. 2) lanes 5 to 8 but amplifica-
tion of  DNA, extracted from P. alienus (Lanes 1-4), was
impossible due to some residual contamination.

With the modification of Dorochov [4] method, as
described earlier (Fig. 3), it was possible to amplify DNA

Table 1.

Primers used for viral DNA amplification

Name Sensea sequence [5´-3`] Genome positionb Tm [oC] c PCR Fragment size 
WDV3-1750 C 5`-AACAGGAAAGACTTCCTGGGCA-3` 1730-1760 59.1 
WDV5- 1285 V 5`-GGCTACGAGCAAAGAYAAACCAAA-3` 1230-1260 55.8 

465 

WDV5 - 700 V 5`-AATAATCGGCATACAAATCAGACC -`3 650-700 53.3 
WDV3 -1250 C 5´- TTTRTCTTTGCTCGTAGCCGAGC-3 1200-1270 58.8 

550 

WDV5 -1240 V 5`- GCCGACGAACCACTTCCAGTT- 3 1200-1230 57.7 
WDV3- 20 C 5´- CTCACGAAAAGCCGTGTGCGC-3` 10-25 62.4 

1220 

 a V viral strand, C complementary strand
b  with reference to WDV-EN , AM296018, or BaW1..
c calculated with primer Express 2,0 (Applied Biosystems)

Fig. 2. Representative agarose gel of DNA extraction with
phenol extraction method of Haible (5) and its further
amplification with PCR. Lanes 1-4 DNA of P. alienus,
lanes 5 to 8 DNA from plants. Arrow indicates expected
500bp bands.
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Fig. 1. Representative agarose gel of DNA extraction with the
Machery-Nagel Kit and its amplification with PCR: Lanes
1-4, plant DNA, Lanes 5 till 8 DNA extracted from
P.alienus. Arrow indicates expected bands of 500bp
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with PCR application in all samples (plant and P. alie-
nus).

The RCA technique for defining actively replicating
Geminiviruses is ideal for virus detection [4]. On the
other hand, the application of PCR has gained promi-
nence as a sensitive assay method for tracking
Geminiviruses. When both methods were compared , it
was found that in our case the assay by PCR is more
sensitive than RCA (Fig. 4). With the method of RCA (A
lanes 1-5) it was impossible to detect expected bands of
1250 bb (A Lanes 1-5) However, in the same samples (B
lanes 1-5) by PCR we detected expected bands of 500bp
which   indicated the presence of WDV.

To assess the risk of virus spread it is necessary to
determine whether the insects/plants are viruliferous or

Fig. 3. Representative agarose gel of virus detection in plants
and P.alienus by means of PCR. DNA extracted by
modified method of Dorochov. The arrow indicates
expected 500bp bands
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Fig 4. WDV detection in plant by RCA(A) and by PCR (B).
The arrows indicate expected bands in the case of RCA
~1250 bp, and in PCR ~500bp

not. In order to identify them in a cheap and easy way,
we have compared the RCA method with PCR applica-
tion. The results showed that PCR application is a more
sensitive method for Geminivirus detection in single
insects and plants than RCA. Moreover, PCR applica-
tion is a cheaper method for Geminivirus detection than
RCA. The price of one sample PCR is 50 cents when
one probe of RCA costs USD 5.

These results are not in contrast with the research
of Haible [5], reporting that RCA method is ideal for
detection of Geminiviruses; this method permits detec-
tion of Geminiviruses in plants but not in insects. One
of the drawbacks of this method is that they are sensi-
tive to impurities in the sample DNA. Thus, we elimi-
nated contamination by nucleic acid purification. A num-
ber of different methods are available in the literature for
isolation of nucleic acids. We compared DNA extraction
by means of a Nucleospin plant DNA isolation Kit
(Machery-Nagel), extraction by phenol [5] and DNA ex-
traction according to Dorochov [4] modified by us.

By phenol extraction according to Haibles [5] method
it was not possible to amplify DNA from insects, it does
not eliminate residual contamination from insects (Fig.
1). Modified method of Dorochov [4] and DNA extrac-
tion Kit (Figs 1, 3) permits amplification of DNA in both
insects and in plant. However, advantage of the method,
developed by us is that it is much cheaper than DNA
extraction with Machery - Nagel Kit. The price of
Machery Nagel Kit for DNA extraction is nearly 3 USD,
while the method modified by us costs not more than 10
cents per sample and its results are equal.

Conclusion
A new cheapest method of DNA extraction and

WDV detection in plants and P. alienus is offered. The
use of this method is advantageous for the Georgian
agrarian sector to predict and prevent the disastrous
consequences of virus spread in Georgia.
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