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ABSTRACT 
 

A study was conducted on Vinca alba plant in department of Science, Faculty 
of Arts, Science and Commerce, Mody Institute of Technology and Science, 
Sikar, Rajasthan, India during year 2010-11. For this purpose plants of Vinca 
alba were collected from different gardens of Bhatinda city of Punjab province, 
India. The samples of leaf having the begomovirus symptoms revealed a 
Polymerase Chain Reaction (PCR) result of ~550 bp of coat protein gene, as 
anticipated with universal primers. In addition to this, alphasatellite were also 
found using alphasatellite specific universal primers. Betasatellite was absent 
in the samples. Apart from PCR, a standard papaya leaf curl virus clone was 
used in the Dot blot hybridization technique as a probe for DNA-A, with final 
confirmation of begomovirus. The sequenced begomovirus encodes for coat 
protein of 134 aminoacids having molecules of 15-62 KD which was 95% 
identical with papaya leaf crumple virus (HM 140368) and rose leaf curl virus 
(GQ 478342). The begomovirus and alphasatellite sharied nucleotide identity 
with other isolates reported from Pakistan, China, Taiwan, Viet Nam and India. 
Thus species of begomovirus with new recombined DNA was evolved. This 
study highlights the mixing of this isolate with further begomoviruses through 
recombination, resulting in a new disease composite imparting a severe 
danger to horticulture, agriculture crops and ornamental plants production. 
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INTRODUCTION 
 

Genomes of single-stranded circular DNA (ssDNA), entrap with twin 
geminate chambers contributes to the largest family of plant infecting viruses 
i.e. Geminiviruses (7, 28). On the basis of genomic composition and genetic 
properties Geminiviridae family is divided into seven genera (28, 8). 
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Dicotyledonous plants are suitable channel for the growth and replication of 
begomoviruses which are usually spread by whiteflies (Bemisia tabaci) 
predominantly in tropical and sub-tropical regions (10, 20). Some 
begomoviruses were found allied with alphasatellites, which influence the 
replication process and amend the development of symptoms in several host 
plants (2, 14, 16). Alphasatellites necessitate begomoviruses for spreading 
into insects, shifting within plants, replication, encapsulation, and encodes a 
Rep protein (38, 44). 
 

Begomovirus are an outsized varied family of plant viruses (19) which infects 
an expansive assortment of plants such as ornamentals, weeds and crops 
and causes a noteworthy loss to agriculture and horticulture worldwide (17). 
Ornamental plants are widely spreading with elevated environmental 
compliance (40, 33). When the main crops are not in season, ornamental 
plants are the main residence and prevailing grounds for begomovirus 
endurance (12). Therefore it demands for broad spectrum knowledge on the 
diversity and allocation of begomovirus in ornamental plants. 
 

In some cases, the recombinants exhibited a new pathogenic phenotype 
which is often more virulent than the parents (11, 43). The specific 
recombination events including the recombination breaks and hot spots have 
not been reported so far in Vinca alba infecting begomovirus. Degree of 
recombination events and their part in the advancement and evolution of 
begomovirus in India and its neighboring countries was also examined. 
 

The beautiful plant Vinca alba (Apocynaceae family) also acknowledged as 
Madagascar periwinkle has an aesthetic beauty for its bright, white colored 
flowers and is widely cultivated as an ornamental plant in India for linings of 
the gardens (13, 41). In the present investigation symptomology, molecular 
and computational biology approaches were employed to characterize the 
begomovirus and alphasatellite constituent coupled with leaf curl disease of 
Vinca alba in India. 
 

MATERIALS AND METHODS 
 

The present study was conducted on Vinca laba plant in Department of 
Science, Faculty of Arts, Science and Commerce, Mody Institute of 
Technology and Science, Lakshmangarh, Sikar, Rajasthan, India. 
 

Virus sources 
 

Over the past few decades, there has been more interest in geminiviruses, 
especially begomoviruses, as many of the diseases they cause have now 
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reached epidemic proportions (4). Keeping this in view surveys of different 
gardens of Bhatinda city, Punjab province of India were made during 2010 - 
2011. Vinca alba plants were found with leaf curl disease which symbolizes 
symptoms typical to begomovirus infection. To investigate the potential of 
begomoviral infection, infected Vinca alba samples were collected. 
 

Extraction of total DNA 
 

The leaf samples were cleaned, cut, rolled in a piece of tissue paper, and 
was stored at -20

o
C until DNA isolation. For molecular characterization, total 

DNA was extracted from leaves of infected as well as healthy trees using the 
cetyl trimethyl ammonium bromide (CTAB) method (18). Samples of the total 
DNA product was analyzed by electrophoresis on 1% or 2% agarose gel and 
the concentration was determined by using Nanodrop (Thermo Scientific). 
 

Identification of begomovirus components by PCR 
 

PCR was performed using a pair of degenerate primers specific to the coat 
protein region of begomovirus. The       forward      primer      sequence      
was GGRTTDGARGCATGHGTACATG (AC 1048) and the reverse primer 
sequence was GCCYATRTAYAGRAAGCCMAG (AV 494). The primers were 
validated and had been used previously to screen a variety of begomovirus. 
Nearly 40 begomovirus have been screened so far such as Croton yellow 
vein mosaic virus (HQ631429), Croton yellow vein mosaic Hisar virus 
(JN000701), Datura leaf curl virus (JN000702), Vinca yellow vein virus 
(JQ693139), cotton leaf curl virus (JQ693143) etc (24, 23). 
 

Mostly PCR reaction contained about 100 ng DNA template, Taq 10 x buffers 
(10 mmol/L Tris-HCl, pH 8.8; 50 mmol/L KCl) 25mmol/L MgCl2, 200 μmol/L of 
each dNTP,s, 2 units of Taq DNA polymerase, nuclease free water and 10 
pmol/L of each primer. The PCR reaction comprised denaturation at 94°C for 
120s followed by 35 cycles of denaturing at 94°C for 60s, annealing at 55°C 
for 60s and extension at 72°C for 60s, and a final extension at 72°C for 5 min 
(25,26). After amplification, 4µl aliquot from each sample was 
electrophoresed in 1% agarose gel and visualized by staining with ethidium 
bromide and UV illumination. To test whether a satellite molecule was 
associated with the begomovirus or not a universal primer pair specific for 
alphasatellite was also used to amplify the putative DNA (3, 5).  
 

The PCR thermal profile was pre-PCR by denaturation at 94°C for 120s 
followed by 35 cycles of denaturing at 94°C for 60 s, annealing at 68°C for 60 
s and extension at 72°C for 60s, and a final extension at 72°C for 5 min (25, 
22). 
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Cloning, sequencing and dot blot hybridization 
 

The amplified PCR product was purified and cloned into Promega pGEMT 
vector system as per the manufacturer’s instruction. The clones were 
sequenced and the details were submitted to NCBI. The presence of a 
begomovirus was further confirmed by dot blot hybridization (DBH) using 
papaya leaf curl virus as a general probe for begomoviruses. PCR 
amplification of coat protein gene was carried out with universal primer and 
the amplified fragment was purified using QIA quick gel extraction kit 
(QIAGEN Inc. Valencia, CA). The amplicon was then subjected for labeling 
using random primed labeling with DIG-High Prime kit II (Roche diagnosis, 
Germany). Total nucleic acids were extracted from both symptomatic and 
non-symptomatic plants. Total DNA of 20 µl from each sample was heated 
for 5 min at 100°C on water bath and incubated at 4°C before loading onto 
the membrane. After cooling, the DNA was loaded onto nitrocellulose 
membrane. After that membrane was air dried and DNA was cross-linked to 
the membrane by exposing to ultraviolet light. The pre-hybridization, 
hybridization and detection procedures were carried out according to the 
protocol given in DIG-High Prime DNA labeling and detection starter kit II 
(Roche diagnostics). Colorimetry-based detection was done with the use of 
nitroblue tetrazolium (NBT) and X-phosphate. Development of purple color at 
the location of sample on nitrocellulose membrane was indicative of positive 
reaction.   
 

NCBI BLAST analysis and construction of sequence matrix 
 

BLAST analysis was performed to reveal their closeness to other 
begomovirus sequence in the database. Nucleotide sequence and amino 
acid identities between begomovirus infecting Vinca alba and selected 
begomoviruses were analyzed by MatGAT software version 2.01. Pairwise 
BLAST is used to calculate similarity, but its limitations are that only two 
sequences may be analyzed at one time and percent similarity/identity is 
based on local alignment – not on global alignment. MegAlign, which comes 
with DNASTAR package (DNASTAR, Inc.), also generates similarity 
matrices, but it is quite expensive and not available as a stand-alone product. 
MatGAT (Matrix Global Alignment Tool) is a simple, easy to use 
similarity/identity matrix generator that calculates the similarity and identity 
between every pair of sequences in a given data set without requiring pre-
alignment of the data.  
 

Phylogenetic analysis  
 

Based on the close sequence identity and the length of sequences, 
begomovirus and alphasatellite sequences of various begomoviruses were 



Association of begomovirus & alphasatellite with leaf curl disease of V. alba 

J. Agric. Res., 2014, 52(3) 

343

downloaded from GenBank with the accession numbers provided by the 
FASTA output and were fed into Molecular Evolutionary Genetics Analysis 
Program (MEGA) version 4.0 (39). The sequence of begomovirus genomic 
components was aligned in Clustal-W sequence alignment program using 
IUB matrix for DNA alignments in the MEGA v.4.0 (15). A phylogenetic tree 
was also generated by MEGA v.4.0 software by using the neighbor-joining 
method with 1,000 boot strap replications. Boot strapping was applied to 
statistically validate the tree using NJ-plot (29). This analysis clustered each 
one of the isolates with other previously sequenced isolate of the respective 
species (36). 
 

Recombination detection  
 

Recombination between divergent genomes is believed to be a major 
mechanism by which diversity amongst viruses is generated (34). To detect 
the possibility of recombination in begomovirus and alphasatellite, 
Recombination Detection Program (RDP) was utilized, which is based on a 
pair wise scanning approach. It usually runs under windows 
95/98/NT/XP/VISTA/7 and couples a high degree of analysis automation with 
an interactive and detailed graphical user interface (26). Using various 
recombination detection methods the conclusion of recombination studies 
were evaluated (31, 30). 
 

The recombination breakpoint could be identified by using RDP, 
GENECONV, Maximum-Chi, BOOTSCAN, CHIMAERA, and 3SEQ methods. 
All these methods were implemented in RDP v.3. 44 (21). Due to large 
amount of data we focused on the results obtained from RDP method only. 
 

RESULTS AND DISCUSSION 
 

To investigate the potential of begomoviral infection, healthy as well as 
infected Vinca alba leaf samples were gathered from the place having 
Latitude: 30N 20’ 87.53” and Longitude: 74E 99’ 06.16” (Bhatinda city of 
Punjab province of India) (Fig. 1). However when full genome sequences was 
unavailable and for the interim classification of begomoviruses, coat protein 
gene sequences was provided by the International Committee on the 
Taxonomy of Viruses (ICTV) (27). 
 

Positive PCR reaction confirmed the begomovirus infection in Vinca alba.  
PCR product of complete coat protein region of DNA-A having an expected 
size (~550 bp) was obtained from infected plants but not from symptomless 
samples (Fig. 2a). Further we also found alphasatellite component (~550 bp) 
associated with Vinca alba (Fig. 2b). pGEM-T vector was used to cloned both 
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PCR products and they were sequenced partially, contains the accession 
number as JQ693138 (Vinca leaf curl virus) and KC206079 (vinca yellow vein 
alphasatellite), respectively. 
 
The begomovirus infection was confirmed by positive PCR results. For 
additional confirmation of begomovirus infectivity, Dot blot hybridization 
(DBH) was performed. In DBH technique infected samples hybridized with 
the probe; this was negative in case of plants devoid of begomovirus 
symptoms (Fig. 3). The intense indication from Dot blot, confirms the virus in 
Vinca alba with close proximity to papaya leaf curl virus. 
 
During nucleotide BLAST analysis, the begomovirus revealed highest 
nucleotide sequence identities of 92% with papaya leaf crumple virus 
(HM140368) which found infecting an important palatable crop Carica papaya 
and were reported from India as well as rose leaf curl virus (GQ478342) were 
causing infection in Chinese rose in Pakistan. It further showed moderate 
sequence identity of 89-90% with Pedilanthus leaf curl virus (AM712436) and 
were found infecting Pedilanthus in Pakistan and Euphorbia leaf curl virus 
(KC161185) reported from Taiwan causing disease in Passiflora and 
revealed lower sequence identity of 86-87% with pepper leaf curl Bangladesh 
virus (HM007097) and tomato leaf curl Joydebpur virus (HM007117), both 
were contaminating and spreading disease in chilli plants in India.   
 
The begomovirus sequenced from Vinca alba have a putative conserved 
domain of the geminivirus coat protein family which encodes for coat protein 
of 134 amino acids having a molecular weight of 15.62 kDa (Table 1). Even 
with protein BLAST analysis, the begomovirus showed highest amino acid 
sequence identities of 95 % with papaya leaf crumple virus (HM140368) and 
rose leaf curl virus (GQ478342). 
 

Table. 1. Details of coat protein gene of begomovirus and its alphasatellite molecule 
isolated from Vinca alba. 

 

Compo- 
Nents 

Description 
 

ORFs Strand Frame Start codon 
(nucleotide 

coordinates) 

Stop codon 
(nucleotide 

coordinates) 

Predicted 
size 

(no. of 
amino 
acids) 

Predicted 
molecular 

weight (kDa) 

Bego-
movirus 

Coat  
protein 

AV1 
 

Sense 
strand 

3
rd

  
frame (+) 

3 66 470 20.43 
 

DNA-α  Replication 
associated 
protein 

Rep Com-
plement 
strand 

1
st 

frame(+) 
 

256  513 85 7.14 

 

Whereas the alphasatellite had highest nucleotide sequence identities of 96 
% with tobacco curly shoot virus (AJ579345) infecting Nicotiana benthamiana 
in China and with nanovirus-like particle (AJ512948) causing disease 
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symptoms in Ageratum conyzoides reported from Pakistan. As per sequence 
identity of nucleotide in alphasatellite associated with Vinca alba, the name 
was proposed as Vinca leaf curl virus (Table 1). 
 

 

 
(a)                                                                           (b) 

 

Fig. 1 (a). Healthy ornamental plants of Vinca alba exhibiting beautiful pattern of white colored 
flowers growing within the vicinity of Bhatinda city of Punjab.  (b) Natural begomovirus infection in 
Vinca alba exhibiting leaf curl disease in leaf resulting in stunted plants, thus affecting the aesthetic 
beauty of ornamental plant. 

 

 

Fig. 2 (a). Images of the PCR products which were amplified from infected Vinca alba plants. Positive 
results of begomovirus are in lane 2 and lane 3 whereas lane 1 represent healthy plant, L 1 showing 
the 10 kb Ladder. (b) PCR amplification of alphasatellite isolated from Vinca alba collected from 
Bhatinda, India. 1% agarose gel of PCR amplification products obtained with universal satellite 
primer. L 1-2 represents positive alphasatellite molecules, L 5-7 represents healthy plant; L 1 

represents the 500 bp Ladder. 
 

 
Fig. 3. Dot blot hybridization confirming positive signal from 

 the infected samples of Vinca alba. 
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The nucleotides (Fig. 4) sequence analyses using MatGAT program for the 
coat protein gene of begomovirus isolated from Vinca alba and its associated 
alphasatellite (Fig. 5) exhibited sequence similarity with the reference 
begomovirus isolates reported from Pakistan, China, Taiwan, Viet Nam and 
India. This is based on Myers and Miller global alignment algorithm, in which 
results are kept in a distance matrix, having identities and similarities values 
(6). 
 

 
 
Fig. 4. Coat protein gene nucleotide sequence identities (bottom left highlighted in yellow) and similarities (top 

right highlighted in blue) expressed in percentage for the begomovirus associated with yellow vein disease of 
Vinca alba in Punjab province of India and selected previously characterized begomoviruses. Accession numbers 
of the Begomoviruses used for the analyses and their origin are given as follows:- Vinca leaf curl virus (JQ693138), 
Tomato leaf curl Pakistan virus (DQ116884), Melia leaf curl virus (JQ693137), Papaya leaf crumple virus 
(HM140368), Rose leaf curl virus (GQ478342), Pedilanthus leaf curl virus (HM134231), Duranta leaf curl virus 
(GU184172), Catharanthus yellow mosaic virus (HE580234), Pedilanthus leaf curl virus (HM134221), Tomato leaf 
curl virus (EU263016), Papaya leaf crumple virus (HE580236), Papaya leaf curl virus (HQ630856), Tomato leaf curl 
Karnataka virus (HM134235), Chilli leaf curl India virus (FM877858), Tomato leaf curl Karnataka virus (FJ514798), 
Tomato leaf curl virus (FJ002571), Cotton leaf curl Kokhran virus (DQ343283), Duranta erecta leaf curl 
Lakshmangarh virus (JN998444). 

 
MEGA 4.0 was used in building of phylogenetic tree for the obtained 
sequences through neighbor-joining method with 1,000 boot strap 
replications. Evolutionary history was inferred by the results, that coat protein 
gene and alphasatellite of begomovirus infecting Vinca alba were each 
placed within the tree. The viruses used in the phylogenetic analysis were 
depicted in Fig. 5a and Fig. 5b.  Phylogenetic analysis based on the coat 
protein sequence of begomovirus and alphasatellite isolated from Vinca alba 
and other selected sequences indicate that isolate cluster with the isolates of 
virus reported from India, Pakistan, China, Taiwan and Viet Nam.  
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This evidence enlightens the prevalence of begomovirus from neighboring 
countries into India thus inferring evolutionary history. A predictable outcome 
of these circumstances might be recombination which plays a crucible 
function for the evolution of new begomovirus strains in India and these new 
strains are responsible for heavy loss of new host variety. 
 

 
Fig. 5. Alphasatellite nucleotide sequence identities (bottom left highlighted in yellow) and similarities (top right 
highlighted in blue) expressed in percentage associated with yellow vein disease of Vinca alba in Punjab province 
of India and selected previously characterized alphasatellites. Accession numbers of the alphasatellites used for 
the analyses and their origin are given as follows:- Vinca yellow vein alphasatellite (KC206079), Vernonia yellow 
vein Fujian virus alphasatellite (JF733780),   Sida yellow vein disease associated DNA 1 (FN806782), Tobacco curly 
shoot virus associated DNA 1 (FN678903), Tobacco curly shoot virus associated DNA 1 (AJ579345), Sida leaf curl 
virus-associated DNA 1 (AM050735), Tobacco curly shoot virus associated DNA 1 (AJ579347), Cotton leaf curl 
Multan alphasatellite (FR873573), Ageratum enation alphasatellite (JX913532), Bhendi yellow vein mosaic virus-
associated alphasatellite (JX183091), Nanovirus-like particle rep gene (HE861941), Gossypium darwinii 
symptomless alphasatellite (FR877536), Cotton leaf curl Multan alphasatellite (FR877532), Okra virus alphasatellite 
(FN658718), Tomato leaf curl Pakistan virus associated DNA 1 (FM164939), Gossypium davidsonii symptomless 
alphasatellite (EU384654), Tomato yellow leaf curl China virus associated DNA 1 (AJ888446), Tomato yellow leaf 
curl China virus associated DNA 1 (AJ579355). 
 

 
5(a) 
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5(b) 

 
Fig. 5(a) (b). Phylogenetic dendrograms based on alignments of selected begomovirus 
(2a) and alphasatellite (2b) sequences. Begomovirus sequences used for comparison are 
mentioned in the respective trees.  

 

The CP gene sequence analysis of begomovirus infecting Vinca alba in India 
with related isolates from the database sequences were carried out. The 
conserved region for cp is in blue box. The variable region is in purple box. 
The T rich region is boxed in red and the repeating units are boxed in green. 
Virus sequence from Vinca alba are written at the top (Fig. 6). The accession 
numbers of retrieved sequences from the GenBank are designated at the left 
hand. All of these sequences were multiple aligned using ClustalW program. 
 

 
 

Fig. 6. Alignment of coat protein region nucleotide sequences of begomovirus 
isolated from Vinca alba. 
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Entropy power explains the sequence mutates by function of entropy plot. As 
shown in Fig. 7 and Fig. 9. There are several peaks which contains high 
variable regions. So entropy power can be used to screen the variable 
region. 

 
Fig. 7. The entropy power result of begomovirus from the alignment of coat 

protein nucleotide region. 
 

 
Fig. 8. Alignment of alphasatellite nucleotide sequences infecting Vinca alba in India 

with related isolates from the database sequences.  

 

Similarly sequence analysis of alphasatellite with related isolates from the 
database sequences were also carried out. The conserved region is in blue 
box and variable region is present throughout the length. The rich region A is 
boxed in red. Alphaasatellite sequence from Vinca alba are written at the top. 
The accession numbers of retrieved sequences from the GenBank are 
designated at the left hand (Fig. 8). Sequence analyses of the alphasatellite 
revealed that there is a divergence due to nucleotide substitution, deletion 
and insertion. 
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Fig. 9.  The Entropy power result of alphasatellite from the alignment of nucleotide sequence. 

 
This pattern of variation typically occurs due to point mutations in different 
isolates of an alphasatellite often causing genetic drifts. Comparative 
nucleotide homology of alphasatellite sequences indicates that, the genes 
have different evolutionary origin in begomovirus infecting Vinca alba. The 
plausible reason for this difference could be the genetic recombination 
between begomoviruses (42). 
 
Recombination analysis was performed using Recombination Detection 
Program (RDP v.3.44) on windows operating system, which detects and 
analyses recombination points in aligned DNA sequence. Since the coat 
protein gene is highly conserved therefore possibility of recombination is 
quite rare. The alphasatellite (KC206079) and its homologous were subjected 
to recombination analysis using RDP method used to drive automated 
recombination scan and manual checking of automated analysis results. 
Analysis was allowed by employing Bonferroni correction with confidence 
greater than 95% (P = 0.05).  
 
Recombination positions were observed in alphasatellite isolated from Vinca 
alba (Fig. 10). The schematic sequence display is where the results of 
automated recombination scans are presented and it is the part of program 
that is used to drive the manual checking of automated analysis results. The 
colored rectangles correspond to sequence fragments, thus representing the 
recombinant, major and minor parents in a graphical representation of a 
sequence fragments that have been potentially derived through 
recombination from a sequence resembling the one named to right of the 
rectangle. 
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Fig. 10. Diagram of the schematic sequence display highlighting the RDP 

recombination map for the recombinant fragments in Vinca yellow vein 
alphasatellite (KC206079).  

 

The RDP plot of KC206079 sequence conservation displayed a graphical 
overview of the sequence alignment that also indicates the portion of 
alignment. Within the sequence part of the display, individual nucleotides are 
color coded according to their degree of conservation. When a recombination 
event selected, the ‘toggle sequence display’ button can be used to highlight 
nucleotide polymorphisms that contribute to recombination signals depicted 
in the plot display. As per schematic sequence display three recombination 
break point positions were identified in alphasatellite by RDP method. The 
first evidence is given in Fig. 11 where breakpoint begin from  53

th
 [position 

414in alignments] position and ending breakpoint ends at 485th   [position 900  
in alignments] position. Approximate p-value for this region was 3.940 x 10

-02
. 

It suggested recombination in a major fragment of sequence. The major 
parent was identified as Vernonia yellow vein Fujian alphasatellite 
(JF733780) identified in China and were found infecting Vernonia cinerea. 
Whereas the minor parent was Sida yellow vein disease associated DNA 1 
(FN806782) found infecting Sida acuta in China. This clearly indicates that 
this portion of recombinant fragment of alphasatellite infecting Vinca alba is 
contributed from two viruses prevailing at different geographical region other 
than India, undoubtedly pointing towards the alphasatellite evolution. 
 

The second recombination was detected within the first recombinant 
sequence by another virus, where break point begin from 719

th
 [position 743 

in alignments] position and ending breakpoint ends at 764th [position 788 in 
alignments] position (Fig. 12). Approximate P-value for this region was 4.488 
x 10-02. Here the contribution of major parent in the RDP plot was by 
Gossypium davidsonii symptomless alphasatellite (EU384654) infecting 
Gossypium mustelinum plants in Pakistan. The minor parent was identified 
as tomato yellow leaf curl China virus associated DNA 1 (AJ888446) 
identified in China and was found infecting tobacco crops. Recombination 
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positions were recognized by only RDP method and other methods such as 
GENECONV, Bootscan, Maxchi and Chimera were not found suitable for 
recombination analysis because of lowest recombination break point 
detection accuracy. 

 

 
 

Fig. 11. RDP pairwise identity plot for the piece of sequence from the major parent 
(JF733780_Verno) Uppermost bares indicating positions of informative sites; pink 
region indicates breakpoint positions suggested by RDP software method. The 
pairwise identity plot have major parent: minor parent plot (JF733780_Verno: 
FN806782_Sida; yellow), major parent: recombinant plot (JF733780_Verno: KC206079 
_Vinca; dark blue) and minor parent: recombinant plot (FN806782_Sida: KC206079 
_Vinca; purple). 

 

 
 

 

Fig. 12. RDP pairwise identity plot for the piece of sequence from major parent 
(EU384654_Gossy) Uppermost bares indicating positions of informative sites; pink 
region indicates break point positions suggested by RDP software method. The 
pairwise identity plot have major parent: minor parent plot (EU384654_Gossy: 
AJ888446_tomat; yellow), major parent: recombinant plot (EU384654_Gossy: 
KC206079 _Vinca; dark blue) and minor parent: recombinant plot (AJ888446_tomat: 
KC206079 _Vinca; purple). 
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Recombination sites have been reported in both the DNA and RNA viruses 
(32, 9). A recombination may result in significant changes in biological 
properties of virus isolates with the ability to adopt and sustain in different 
environmental conditions. This study reveals that it is the first report of 
recombination in alphasatellite infecting Vinca alba in India. 
 

CONCLUSION 
 

This study identified the associated alphasatellite with Vinca alba in Punjab 
province of India, which were transmitting through biological and molecular 
as well as bioinformatics analysis. The disease had not been investigated 
previously in this region, therefore it is likely to believe that the white flies are 
the components (begomovirus and alphasatellite). Moreover this is the first 
evidence for the detection of recombination events in alphasatellite 
associated with the leaf curl disease of an ornamental plant Vinca alba in 
Punjab province of India.  
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