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Table 1. PCR Components used in present study. 
 

PCR components (concentration) Volume (μl) 

Template DNA 5.0 
P1 forward primer (10 μM) 1.0 
Tint reverse primer (10 μM) 1.0 
10X PCR buffer 2.5 
50 mM MgCl2 0.75 
10 mM dNTP mixture 0.5 
Taq DNA Polymerase (5 U/μl) 0.2 
Sterile distilled water 14.05 

 
 
 
Table 2. PCR conditions during the present study.  
 

Temperature (°C) Time (min) Cycles 

95 4 1 
94 1 

35 
 

56 1 
72 1 
72 10 1 
4 ∞  

 
 
 
curling and overall stunting of bhindi plants of Gorakhpur 
district of U.P., India. 

To our knowledge, there is little work done on 
molecular characterization of pathogen responsible for 
infection in bhindi plant of Gorakhpur district of U.P., 
India. 
 
 
MATERIALS AND METHODS 
 
Plant samples  
 
Infected bhindi (A. esculentus) plant specimens, showing possible 
symptoms of phytoplasamal infection, that is, leaf distortion, leaf 
curling and overall stunting were collected from Gorakhpur district.  
 
 
DNA extraction 
 
There are series of different extraction procedures performed for 
phytoplasmal DNA. Each procedure of extractions involved the 
collection of sufficient plant material to perform the DNA extraction. 
Here, we followed procedure published by Ahrens and Seemüller 
(1992) and included a phytoplasma enrichment step. An amount of 
1.5 g of infected plant material was incubated for 10 min in 8 ml of 
phytoplasma grinding buffer in a mortar maintained on ice, and then 
finely crushed with a pestle, adding 5 ml of PGB. The homogenate 
was then centrifuged for 5 min at 2,500 g. The supernatant of each 
sample was transferred to clean tubes and centrifuged for 25 min at 
18,000 g. The pellet was dissolved in 1 ml CTAB buffer. After 1 h 
incubation at 60°C, the nucleic acids were purified by chloroform- 
isoamyl alcohol (24:1), and centrifuged at 12,000 g for 10 min. An 
equal volume of cold isopropanol was added to the drawn aqueous 
phase, and then incubated in ice for 1 h and then centrifuged at 
12,000 g for 10 min. After centrifugation, 1 ml 70% ethanol was 
added  and centrifuged  at  12,000 g  for  10  min. Supernatant  was 
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decanted and the pellet dried at 37°C for 30 min. DNA was 
dissolved in 30 μl of sterile water. 
 
 
Phytoplasma grinding buffer (PGB)  
 
The phytoplasma grinding buffer contained 100 mM K2HPO4, 30 
mM KH2PO4, 10% sucrose, 0.15% bovine serum albumin fraction, 
2% polyvinylpyrrolidone-10 and 25 mM ascorbic acid.  
 
 
CTAB buffer  
 
The CTAB buffer contained 2% CTAB, 100 mM Tris pH 8, 1.4 M 
NaCl and 20 mM EDTA. 
 
 
Target gene  
 
Target gene was 16s-23s rRNA spacer regions. 
 
 
Primers used in the study 
 
Primers used in the study were universal phytoplasma specific 
primer pair, which were P1 forward primer: 
5’AAGAGTTTGATCCTGGCTCAGGATT3’ and Tint reverse primer: 
5’TCAGGCGTGTGCTCTAACCAGC3’. 
 
 
PCR setup  
 
Genomic DNA from the test samples was PCR amplified using the 
PCR components as mentioned in Table 1. The reactions were 
cycled using a 2720 thermal cycler (Applied Biosystems) according 
to the PCR conditions mentioned in Table 2. 
 
 
Agarose gel electrophoresis of PCR products for confirmation 
of PCR amplification  
 
After PCR is completed, the PCR products were checked on 1% 
Agarose by Agarose Gel Electrophoresis and amplicon size was 
compared using reference Ladder. 1% agarose gel spiked with 
ethidium bromide at a final concentration of 0.5 µg/ml was prepared 
using agarose (LE, Analytical Grade, Promega Corp., Madison, WI 
53711 USA) in 0.5X TBE buffer. 5.0 µl of PCR product was mixed 
with 1 µl of 6X Gel tracking dye. 5 µl of g Scale 1000 bp size 
standard (geneOmbio technologies, India) was loaded in one lane 
for confirmation of size of the amplicon using reference ladder. The 
DNA molecules were resolved at 5 V/cm until the tracking dye was 
2/3 distance away from the lane within the gel. Bands were 
detected under a UV trans illuminator. Gel images were recorded 
using BIO-RAD GelDocXR gel documentation system. The PCR 
product of size 1500 bp was generated through this reaction. 
 
 
Cloning of PCR products 
 
PCR product obtained from PCR analysis of bhindi plant was gel 
eluted using Invitrogen Gel DNA purification kit as per the 
manufacturer’s instructions. This product was then ligated to TOPO 
vector and cloned in TOP 10 Escherichia coli ultra competent cells. 
The transformants were selected by following a blue white 
screening procedure. The putative recombinant clones were 
confirmed by colony PCR using M13 PCR primers. The 
recombinant clone confirmed by having the insert from the 
phytoplasma PCR was subjected to sequencing. The sequencing 
was performed using Tint Primer.  
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Figure 1. Genomic DNA QC image (1% agarose (w/v) gel electrophoresis). Well No. B, bhindi infected.  

 
 
 
DNA sequencing 
 
Using the gene specific sequencing primers and ABI BigDye® 
Terminator v3.1 Cycle Sequencing reaction kit (Applied Biosystems, 
USA), the insert DNA was sequenced. 
 
 
BLAST analysis  
 
BLAST analysis was conducted on the finally obtained sequence at 
http://blast.ncbi.nlm.nih.gov/Blast.cgi by using BLASTN 2.2.28+ 
program (Stephen et al., 1997). Sequence alignment was 
performed by sing clustalW sequence alignment tool available at 
http://www.genome.jp/tools/clustalw/. 
 
 
Phylogenetic analysis 
 
Genetic distance in the tree was calculated by default using Blast 
tree viewer. Finally, the obtained sequence was submitted to 
GenBank. The sequence generated from the present study and 
reference strains sequence retrieved from GenBank were used for 
phylogenetic analysis. 
 
 
RESULTS AND DISCUSSION 
 
During the course of survey for suspected phytoplasmal 
diseases in vegetable plants of different parts of 
Gorakhpur District, we were observed several plants. 
Among them, maximum suspected plant samples were 

collected for further characterization of their causative 
pathogen. PCR reactions with P1 and tint primer pairs 
resulted in the production of the PCR product of size 
approximately 1500 bp (Figures 1 and 2), which were 
further cloned and sequenced: Finally obtained 
nucleotide sequence (473bp) was deposited into NCBI 
(Acc. No. KF663567). 
 
Total 473 bp: 1 gtcgtcagct cgtcccgtga ggtgttaggt 
taagtcctat aacgagggca acccctgttt; 61 ttagttgcca 
gcacgtaatg ttgggaactt taacaagact tccggtgaaa actgtgagga; 
121 agggggggat gaggtcaaat tatcacggcc cttacgtcct 
gggccacaca cgtggtacaa; 181 taggcggtcc agagagcagc 
tacctagtga taggatggga atctataaaa ccgttctcag;  241 
tttggatcgg agtttgcaac ttgactccgt gaagctggaa ttgctagtaa 
taggatatca; 301 cccatgatcc ggggaatggg ttcccgggcc 
ttgtaaaccc cgcccgtcaa accgtggaag; 361 ctggggttac 
cagaagtcgg tgaccgcaag gagtttccta gggtaaaact 
ggtaactagg; 421 gataagttta aacaagtaac tagtaccgga 
aggagcgcct ggaacacctc ctt. 
 
Detected organism having 473 bp from total amplified 
PCR product (1500bp) indicates that amplifiable gentic 
materials were presented into them, but in smaller 
fragments. 

The 16S rDNA sequences obtained from amplified and 
cloned products were analyzed by multiple sequence 
alignment with nucleotide sequences of other 16S rDNA
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are special due to their unique structural design, having 
genes repetitively clustered in non-randomly distributed 
segments called “Sequence Variable Mosaics” (SVMs) 
that were formed through repeated, targeted attacks by 
mobile elements (Jomantiene and Davis, 2006; 
Jomantiene et al., 2007, Wei et al., 2008).  

Wei et al. (2008) discovered that ‘cryptic prophases’ or 
prophage genome remnants form important structural 
constituent of phytoplasmal genomes and phage-
mediated gene exchange which allow them to live into 
plant and insect host, for infection and to start events that 
initiate evolution of phytoplasma clade. 
Phytoplasma posses extremely reduced genomes in 
comparison to other mollicutes, which is responsible for 
their unique metabolism by which they cannot artificially 
cultured (Xiaodong et al., 2006). 

Phytoplasma produces several symptoms such as 
witches' broom, phyllody, generalized yellowing, decline 
and stunting of plants which indicates that they inhibit 
normal plant development (Hogenhout et al., 2008).  
In present study, we also observed symptoms of leaf 
distortion, leaf curling and overall stunting of plant which 
makes suspicion that causative pathogen may have 
some relation with phytoplasma. 
 
 
Conclusion 
 
Here, we identified an “uncultured bacterium sp.” 
responsible for infection in bhindi plant (A. esculentus) of 
Gorakhpur district of Eastern U.P. region of India. Their 
nucleotide sequence deposited in GenBank has 
accession number KF663567. On the basis of visible 
symptoms of infection and positive PCR amplification 
with universal phytoplasma specific primers (P1/Tint), we 
can believe that the identified organism has some 
phytoplasmal nature. 
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