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ABSTRACT

Squash leaf curl virus (SqQLCV) is one of the most important
viruses affecting squash and cucurbit plants in Egypt. In order to produce
resistant line against SqLCV, it has to be characterized on the molecular
and biological levels. This study was done to produce an infectious clone
of the respected virus. The complete molecular characterization,
phylogenetic analysis, and putative recombination events in Squash leaf
curl virus are reported. A typical leaf curl symptoms were observed upon
inoculation, using the resulted clone, which proves that the inserted
sequences are representing all functional domains that are needed to cause
the infection.

The complete nucleotide sequence of SQLCV was determined as
DNA- A (2653bp) and DNA- B (2619bp). The SqLCV isolate from Egypt
has about 97.8% homology with the SqQLCV isolates from Squash leaf curl
virus isolate LB2 segment DNA-A isolate ENA|[HM368373 registered in
the genebank. While, the least level of homology with Chenopodium leaf
curl virus isolate Gezira ENA |[HM62651 with 74.4 %. For component B
the highest homology was recorded with Squash leaf curl virus LB2 isolate
DNA-B ENA|HM368374 with 97.2% and the least homology was Tomato
severe rugose virus isolate Pi-1 DNA- B, ENA|HQ606468 with 68%
homology. Bioinformatic analysis revealed revealed that the genome of
SqLCV is a circular DNA bipartite genome DNA-A and DNA-B, which
form six open reading frames. In DNA-A two proteins (V1 and V2) are
located on virion-sense strand whereas four other proteins (Cl1, C2, C3,

Egyptian 1. Virol. Vol. 9: 131-151. 2012



132

Inas. F. Fahmy

C4) are located in the complementary sense. It has been proved that the
DNA-B is more prone to increasing recombination events which could be
interpreted as a result of pseudo-recombination. This recombination could
be affected by the number of genes and the interaction of the virus
component solely with the host plant or with the host plant in addition to
the insect vector which provides a restriction to rapid evolution of a
component compared to the other one.
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INTRODUCTION

Whitefly-transmitted
Geminiviruses have emerged as
serious pathogens of agronomic
and horticultural crops in Egypt
and worldwide. Geminiviruses
belong to an economically
important family of plant viruses
that are characterized by having
small circular single-stranded DNA
(ssDNA) genomes, encapsidated in
twinned  icosahedral particles
(Lazarowitz, 1992). The
Geminiviridae family consists of
four genera that differ with respect
to insect vector, host range and
genome structure (Fauquet et al,,
2000). The genus Begomovirus
represents the whitey-transmitted,

dicot-infecting Geminiviruses that
most commonly have bipartite
genomes consisting of two ssDNA
components, designated DNA A
and DNA B. Some Begomoviruses,
however, have a single genomic
component (Noris et al., 1994),
which contains all functions
necessary for replication and
movement in the plant. Squash leaf
curl virus reported as a severe viral
disease  of  squash  mainly
(Cucurbita pepo L.) in these
regions. It was isolated for the first
time in Egypt from squash
(Cucurbita  pepo L. cV.
Eskansarani) plants growing in
Qaluobiya Governorate (Farag ef
al, 2005), SqLCV virus is
transmitted efficiently by whitefly,
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Bemesia tabaci (Genn) (Cohen ef
al., 1983 and Mc Creight, 1984).

The amplification of the viral
genome was obtained by the use of
DNA polymerase of the Bacillus
subtilis  bacteriophage @ 29
(Brukner et al., 2006) upon DNA

isolation, and because
Begomviruses replicate by the
Rolling Circle Replication

mechanism it is the ideal organism
to be amplified employing the same
technique which is considered to be
the most effective  method
facilitates the screening and cloning
of large number of Begomoviruses.

In order to study the biology of
a virus at the molecular level, it is
necessary to produce an infectious
clone of the viral genome subject it
to sequence to determine its coding
potential. ~ This  will  allow
mutagenesis of specific regions of
the genome and the subsequent
introduction of the mutated or wild
type genomes into host plants for
further studying host-virus or
insect-virus interactions. Also it
can be used to study the effect of
serial silencing  experiments
targeting essential virus genes to
interfere with virus life cycle.

MATERIALS &METHODS

SqLCYV isolates:

Squash plants (Cucurbita pepo
L.) showing leaf curling, yellow
mottling, stunting and reduced fruit
set in different regions from crop
fields in Giza, Elmansoria,
Elboustan, Cairo were collected
and stored in -80°C until analyzed
for viral infection via PCR.

DNA extraction, templiPhi and
restriction digestion:

Total DNA was extracted from
infected plants using modified
CTAB method; DNA  was
precipitated with isopropanol and
used for preliminary PCR detection
and further viral amplification
using templiPhi technique
amplification with done by the use
of ® 29 DNA polymerase the
method wused is reported by
(Fahmy et al., 2011). A primer set
was used to amplify 570 bp
fragment to  confirm  virus
infectivity with Squash leaf curl
virus, the oligonucleotide
degenerate primers were selected
according to Brown et al. (2001)
namely, V324  (+)  primer
corresponding to 5' GCCYAT RTA
YAG RAA GCC MAG 3' and
C889 (-) primer corresponding to 5'
GGR TTD GAR GCA TGH GTA
CAT G 3', presented in fig (2). A
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strain collected from Elboustan
area was selected for further
amplification and cloning
procedures, about 100 ng of total
DNA isolated from infected plant
and the templification was done as
described by (Fahmy et al., 2011
and Packialakshmi ef al, 2010).
2ul of the templiPhi product was
run on agarose gel 1.2% to confirm
amplification. 2pul of templiphied
product were digested using
different common  restriction
digestion enzymes (Fermentas, Fast
digest), the enzymes used in the
experiment were, EcoRI, Hindlll,
BamHI, Sall, Sacl, Bgl II,Pstl,
Notl, Xbal, Kpnl. Digestion was
carried out for 20 min at 37°C with
2 units of enzyme. Digestion

product was analyzed on agarose
gel 1.2% to confirm virus size.

Cloning and sequencing

The restriction maps of both
components, component -A and -B,
were tested for having single
cutters that can cut once in only
one of the components. These
enzymes were selected to linearize
each component separately in order
to facilitate the cloning of these
components onto the pBlue script I
(KS -) plasmid. The different
cloned putative virus clones were
sequenced to confirm their identity
by analysis on the EMBL database
then submitted to the genebank.

Table 1: primers used for sequencing of DNA A and B of SqQLCV-eg.

Primer name

Nucleotide sequence

HNA A sqT3a-2 5'ACGCGTCACGTCCGAAATAC3'
sqT7a-2 S'AATTAACGATAAACGTCTTT3'

ik sqT3b-2 S'TAATAAATTGCAGAAGTCCCGCA3J'
sqT7b-2 5'TGCCCCTTGGAGTCCCCTAAAGG'
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Table 2: Complete genome sequence of Squash leaf Curl Virus- Eg DNA A and B isolate used for comparison and phylogenetic

analysis
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Sequence analysis and construction
of phylogenetic tree:

The genomic sequences of DNA-
A, DNA-B molecules were assembled
from contiguous sequences using the
Vector NTI program (Quiagen), the
ORFs from the full length genomes A
and B were predicted using the ORF
finder  program  available at
http://www.
Ncbi.nlm.nih.gov/projects/gorf/  and
confirmed by similarity search using
BLAST and FASTA from EBI
webpage http:// www. ebi.ac.uk/. The
genome maps of DNA-A and B were
constructed using Vector NTI
program (Quiagen) ORFs were
identified by using the Vector NTI
Suite 11 program. To determine
whether the molecules were similar to
known viral/satellite sequences, they
were initially analyzed by using the
BLAST program available at the
National Center for Biotechnology
Information (http://
www.ncbi.nlm.nih.gov/BLAST/) and
FASTA program available at the
website
(http://www.ebi.ac.uk/sss/fasta/).
Sequences were aligned using the
MAFFT program (Katoh et al., 2009)
and (Katoh and Toh, 2010) available
at the website of EBI. Phylogeneitic
trees were constructed using the
neighbor-joining method using the
Recombination Detection Program
version 4.0 (RDP4).

Possible gene-recombination
events were analyzed by using the
Recombination Detection Program
version 4.0(RDP4) (Martin et al.,
2005), available online

(http://darwin.uvigo.es/rdp/rdp.html).
The recombination analyses were
applied using six automated methods:
RDP  (Martin et al, 2005),
GENECONYV (Padidam ef al., 1999),
BootScan (Salminen ef al, 1995),
SiScan (Gibbs et al., 2000; Salminen
et al, 1995), MaxChi and
CHIMAERA (Posada and Crandall,
2001), default parameters were used
in our application except that the
option ‘Reference sequence selection’
was set at ‘internal references only’.

Construction of an infectious clone
of SQLCV A&B:

In this study an infectious head-
to-tail 2.7-mer of SQLCV A&B clone
was prepared by the digestion of
approximately 10 pg recombinant
plasmid DNA using the restriction
enzyme (BamHI, for component A)
and (EcoRl, for component B)
selected for the insert preparation in
an additional enzyme that does not cut
the viral genome but has a recognition
site(s) inside the vector multiple
cloning site. The linearized genome
fragment was recovered from agarose
as described using Qiax gel clean
(Qiagen). Spg of the Binary vector
(pCambia) were digested with the
enzyme used to prepare the viral
genome fragment. The Binary vector
was dephosphorylated and recovered
after linearization from 0.7% agarose
as described by the manufacturer
instructions (Qiax gel clean (Qiagen).
The insert and vector were Ligated at
a molar ratio of at least 10:1,
respectively using 5 U ligase and 100
ng of p Cambia binary vector. Ligated
mix for both virus clones were then
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transformed using high-efficiency
DHSo  competent cells. Clones
containing a multimeric insert by
restriction enzyme digestion using
enzymes flanking the insert were
selected, or by colony PCR
confirmation. A recombinant clone
containing a multimeric copy of the
viral genome were selected and used
for DNA purification and
transformation of  Agrobacterium
(Stenger ef al, 1991).The clones
were stored in glycerol at —=80°C. A
glycerol stock of the Agrobacterium
strain LBA 4404 carrying dimers of
the corresponding insert, DNA-A and
DNA-B genomic components of
SqQLCV were prepared according to
(Kheyr-Pour ef al., 1991). Bacterial
cultures harbouring plasmids with
DNA-A and respective DNA-B
genomic components were mixed to
equal amounts and left for 2-3 h at
room temperature to sediment debris
prior to agroinoculation.

Whole plant infectivity assays:

Cultures of A. tumefaciens
harboring the pCambia- 2.7 SqLCV
A&B construct were grown for 36-48
h and inoculated into the axillary buds
of squash (Cucurbita pepo cv.) and
tobacco (Nicotiana tabacum) plants as
described previously (Dry et al,

1993). The agroinoculated plants
were  evaluated for  symptom
appearance  21-45 days  post-

inoculation (dpi), (fig.1). Meanwhile,
developing leaves were sampled from
these plants and DNA was extracted
and analyzed for the presence of the
viral genome by PCR using the

degenerate primers tested for the
detection of SqLCV namely V324
(+) and C889, the primer pair was
selected according to Brown e al.,
(2001) (Table 1).

RESULTS

In this study a field isolate
revealed severe symptoms have been
sequenced, these symptoms compared
with other previously identified
Squash leaf curl virus collected from
Cairo which shows mild symptoms on
squash plants. The isolate was tested
for the possibility of the association of
B satellites which are mainly
responsible for the development of
symptom severity of infected squash
plants. It has been revealed that no
association of B satellites with SQLCV
component A and B using universal 3
satellites primers or using restriction
digestion analysis (fig.2), which in
that case would reveal 1.3-1.4
fragment kb for B satellite DNA
presence in our field isolate, a

positive control was used to confirm B
absence.

The full length DNA A 2653 and
the full length DNA B 2619bp of
SqQLCV collected from Elboustan
region has a typical genome
organization of the new world
Begomoviruses with five ORFs one in
the virion sense and four in the
complementary sense for the DNA-A
while for DNA-B the ORF finder of
the program Vector NTI*(invitrogen)
has revealed two ORFs in the virion
sense BV1 and BV2 and an ORF in
the complementary sense.
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DNA A of SqLCV-Eg severe
isolate has a coding capacity of
2653bp of the SQLCV-Eg genome is
shown in Fig. 3. In the virion sense
orientation (plus-strand), two
potential proteins (V1) are encoded.
In the complementary sense
orientation (minus-strand), four open
reading frames (ORFs) are found
(ORFs C1 to C4), fig. 3. By analogy
with other WTGs, ORF AV1 encodes
the coat protein from 212-978) (CP),
ORF AV2 is the movement-
associated protein, ORF AC1 (1460-
2508) encodes a  replication-
associated protein (Rep) (Laufs et al.,
1995), AC2 (1123-1519) protein
(TrAP) transactivates virion-sense
gene expression (Hung and Petty,
2001), AC3 protein (979-1383),(REn)
is the replication enhancer protein
(Pedersen and  Hanley-Bowdoin,
1994) and ORF AC4 probably
determines symptom severity
(Rigden et al., 1994). The intergenic
region (IR) includes the conserved
nonanucleotide sequence
TAATATTAC  present in all
geminiviruses sequenced so far
(Ikegami e al., 1988).

The SqLCV isolate from Egypt
has about 97.8% homology with the
SqLCV isolates from  Squash leaf
curl virus isolate LB2 segment DNA-
A isolate ENA|HM368373 registered

in the genebank. While, the least level
of homology with Chenopodium leaf
curl virus isolate Gezira ENA
[HM62651 with 74.4 %, While for
component B Squash leaf curl virus
LB2 isolate DNA-B ENA|HM368374
with 97.2% and the least homology
was Tomato severe rugose virus
isolate Pi-1 DNA- B,
ENAIHQ606468 with 68% homology.

In total nucleotide sequence
comparisons with other geminivurses,
SqLCV-Eg was closely related to a
previously recorded isolate from
Cairo DQ285019 with 97.6%.

Recombination detection for DNA
A:

DNA A of SqQLCV shows one
potential recombination event at
(breakpoint at base No. 1321 and
ending at base No. 1510) Maxichi
with a probability (P=9.99 X 10,
major parent is Rhynchosia mosaic
sinaloa virus DNA-A ENAIDQ
4056203 and minor parent s
Chenopodium leaf curl virus DNA-A
[VEM] ENAJHMG626516, complete
genome. Only trace evidence of
recombination was identified and
Rhynchosia mosaic sinaloa virus
DNA-A ENA|DQ 4056203 or
Chenopodium leaf curl virus DNA-A
[VEM] ENAJHM626516 may be
actual recombinant.
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Figure 1. A,Developed symptoms on Nicotiana bentamina inoculated with
Agrobacterium harboring constructed P Cambia with SqQLCV
as an infectious clone. B Characteristic symptoms of collected
samples from different regions in Egypt, Giza, Cairo,
Elboustan, ELmansoria.

Figure 2. restriction digestion of amplified squash leaf curl virus, lane 1, 1
kb marker (Fermentas), restriction digestion with Notl (lane 2),
Kpnl (lane 3), Pstl (Lane 4), Xbal (lane 5), Hindlll (lane 6),
Sall (lane 7), Sac I (lane 8), EcoRI (lane 9), BamHI (lane 10),
templification product using Phi 29 (fermentas) lane 11, Note
(templified products see arrow).
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Figure 3. ORFs distribution of A and B component Squash Leaf Curl
Virus using Vector NTI program.
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Figure 4. Schematic representation of recombination analysis using RDP3
(version 2.0) program. A) SqQLCV component A, B) SQLCV

component B.

There are several recombinants
identified for SQLCV DNA-B as
represented in fig. 4, one potential

recombination event at (breakpoint
at 1960 and ending at 0 and from 0
to 242) SlScan with a probablllty
(P=1.88X 107 ), major parent is
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Squash leaf curl virus isolate LB2
HM|368374 and minor parent is
Squash leaf curl virus
ENA|EF532620, and Squash leaf
curl virus ENA|EF532620 may be
actual recombinant. Recombination
event number 2 using SiScan at
(breakpoint starting at 1449 and
ending at 1932) with a probability

(P=9.8X 107 ), major parent is
Euphorbia mosaic virus Brazil
Mato Grosso do sul
ENA|FN435996 with a percentage
of 63.1% and minor parent Tomato
mottle taino virus ENA|AF012301
and both of them may be actual
recombinant.

.Table 2: Representing Squash Leaf Curl Isolates from different areas and
their percentage of homology with the SQLCV Elboustan isolate.

Code Replication-assoclated protein a3 % homology
TR:FIC387_SLCV AC1 Squash leaf curl virus (Isracl) HQ184436 349 96.2
TR:D9J2V2_SLCV ACI Squash leaf curl virus (Lebanon) [IM368373 348 96.5
TR:Q2XNA4_SLCVY AC1 Squash leaf curl virus (Cairo) DQ285019 348 96.2
TR:Q2XNB3_SLCV AC| Squash leaf curl virus isolate 10 US/\:lmpcrinl Valley, California DQ285016 348 95.8
TR:Q336J7_SLCV ACI Squash leaf curl virus WAZ GN=AC| USA Arizona AF256203 348 95.1
SP:REP_SLCV Squash leaf curl virus GN=ACI USA M38183 347 95.5
TR:ASHJO1_SLCV ACI Squash leaf curl virus Jordan EF$32620 348 916
TR:Q8QYYI_9GEMI Squash mild leaf curl virus-[Imperial Valley] USA:California AF421552 349 84.0
TR:Q2XNC0_9GEMI Squash mild leaf curl virus -{Imperial Valley] USA:California DQ285014 349 84.0
TR:FSCPN5_9GEMI ACI Euphorbia yellow mosaic virus - Goias [Brazil] JF756675 384 81.0
TR:FSCPNO_9GEMI AC| Euphorbia yellow mosaic virus - Goias [Brazil JF756674 384 81.0
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A2 BE LR NEANENE S AR NE S NE L N S *
. . LY . . L ]

trSquash

LSWSVVKPNYIRMAREEHSDGSP
tr|F1C387|F1C38LSWSVVKPNYIRVAREEHSDGSP
tr|D9J2V2|D9J2VLSWSVVKPNYIRVAREEHSDGSP

gﬁ ------------- RG-FNYLENPTSRMLDFRPHS

E# CLIQLSGKSNIKDAGLFFDLTHP-RRSARFHPNI
ﬁ CLIQLSGKSNIKDAG-FFDLTHP-RRSARFHPNI
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tr|Q2XNA4 | Q2XNALSWSVVKPNY IRVAREEHSDGSP
tr|Q2XNB3 | Q2XNBLSWSVVKPNYVRVAREEHSDGSP
tr1Q336J71Q336JLSWSVVKPNYVRVAREEHSDGSP}]
sp|P29048 | REP_SLSWSVVKPNYVRVAREEHSDGS PH]
tr|AS5HJO01 | ASHJOLSVVSGKPNYVRVAREEHSDGAPHD
tr|Q8QYY1|Q8QYYLQWSVVKPTYIRVAREEHSDGFPHICLIQLSGKTNIKNAR=- FFDLTHP~RRAACFHPNI
tr|Q2XNCO | Q2XNCLQWSVVKPTY IRVAREEHSDGFPHLHCLIQLSGKTNIKNAR-FFDLTHP-RRAACFHPNI
tr| FSCPN5 | FSCPNLPWAVVKPTYIRVARELHADGFPHIHCLIQLSGKSNIKDAK=-FFNLTHP~-RRSAEFHPNA

tr|F5CPNO| F5CPNLPWTVVKPTYIRVARELHADGFP Z‘CLIQLSGKSNIKDAR-FFNLTHP-RRSAEFHPNA
* Bk kok o kkk kakh Kk * L A

Figure 5. Amino acid sequence of the N terminus of the Rep protein
colored parts representing Rep motifs 1 (FLTY) and II (HLH)
conserved among different Geminiviruses. Tr squash
representing our new studied isolate.

CLIQLSGKSNIKDAG-FFDLTHP~RRSARFHPNI
CLIQLSGKSNIKDAG-FFDLTHP-RRSARFHPNI
CLIQLSGKSNIKDAG-FFDLTHP~RRSARFHPNI
CLIQLSGKSNIKDAG~-FFDLTHP-RRSARFHPNI
RLKQLSGKSNNKELG-IFPTNTQ-RRSARFHPKI
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Figure 6. Phylogenetic tree based on the alignment of full Rep amino acid
sequence showing the relationship of SqLCV ACIl on
component A with other 11 Begomoviruses.

Phylogenetic analysis: and B group A comprised

fnnhraride. viniees
far Seiusel Loal Ciirl DMA-A - - RURRIvE Vinlen snd graup B

he ohvl t' A comprises all squash leaf curl
the phylogenetic analysis Ol SEVEIe ;- ceq the nearest isolates is the
Egyptian  isolate  with  other

Squash rus |
Begomoviruses revealed that they qiain ieqf ourl virus lsolate LIz

o ; ' ENA|HM368373 (Lebanon) and
are divided mt; threg %roulj)‘; Wlt,h Squash leaf curl virus isolate Cairo
an out group 5ean Lalico Mosaic . pNAIDQ285019 isolate fig. (7).

Virus : ENA|AF110190, group no While for S
R : quash Leaf Curl DNA-
3 is divided into two subgroups A the phylogenetic analysis of
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severe Egyptian isolate with other
Begomoviruses revealed that they
are divided into three groups group
one comprises all Squash Leaf Curl
Virus the nearest isolate in the first
group Squash leaf curl virus strain

SLCV-WAZ USA:ENA
|AF256203 fig. (8).
Comparisons  between Rep

amino acid sequence of Squash leaf

curl virus Elboustan isolate and
other isolates reveals the highest
sequence amino acid homology
represent 96.5% with SqQLCV from
Lebanon HM368373 and then from
Isracl with a 96.2% the lowest
homology was with Euphorbia
yellow mosaic virus from Brazil
with 81 % homology see table ( 2).

Figure 7. Phylogenetic tree based on the alignment of full DNA virus
sequence showing the relationship of SqQLCV component A
with other 40 Begomoviruses. The tree was constructed using
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the neighbor-joining method algorithms with 100 bootstrap
replications in RDP. Horizontal distances are proportional to
sequence distances (shown in scale bar); vertical distances are
arbitrary. The number at each branch indicates the number of
times in which the given branch is supported (level of
confidence).

Figure 8. Phylogenetic tree based on the alignment of full DNA virus

sequence showing the relationship of SQLCV component B
with other 50 Begomoviruses. The tree was constructed using
the neighbor-joining method algorithms with 100 bootstrap
replications in RDP. Horizontal distances are proportional to
sequence distances (shown in scale bar); vertical distances are
arbitrary, The number at each branch indicates the number of
times in which the given branch is supported (level of
confidence).
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DISCUSSION

and

Sequence recombination

analysis:
Sequence analysis of a full-length
clone of SQLCV from Egypt:

In this study, the RCA using
@29 DNA polymerase was used to
characterize the full length genome
and verifying the presence of the
DNA 3 which may associate with
SqLCV causing severe symptoms.
The main objective of this study is
to generate an infectious clone of
full virus sequence capable of
infecting healthy plants at any time
for preserving the Egyptian isolate.
Another reason for preserving our
isolate is its further usage in our
studies in investigating plant
resistance genes and exploring the
effect of employing serial silencing
experiments of different virus
genes on suppressing virus genes
thus interfering with virus life cycle
to eliminate its fatal effect on
squash and melon crops.

Through our experiments we
have proved that developing these
severe symptoms is not due to the
association of DNA B which has
been always reported as a major
cause of symptom severity in
several research papers such as
Cotton leaf curl virus from

Pakistan (Briddon ef al., 2001), or
Tomato leaf curl Java virus from
Indonesia (Kon ef al., 2006) which
contribute to symptom severity.

A 33-base potential stem-loop
forming region SqLCV-Eg severe
isolate has a 33bp
(AGCGGCCATCCGTATAATAT
TACCGGATGGCCG) was found
in the intergenic region (IR). It
includes the conserved nona-
nucleotide sequence TAATATTAC
present in all  Geminiviruses
sequenced so far (Ikegami et al.,
1988).  The  Nona-nucleotide
sequence is marked in DNA B
2151 to 2159) and in DNA A from
(1, 2- 2653) represented in fig 3.
The first nucleotide sequence of
SqLCV of Egypt was reported in
2006 (Idris et al, 2006)
characterized by the traditional
abutting primers, while this is the
first time to produce an infectious
clone upon getting the virus
sequence via RCA using $29
DNA polymerase in Egypt and the
Arab world.

Rep is the only Geminivirus
protein that plays the only key role
for viral replication (Rogers ef al.,
1989). It is a multifunctional
protein that mediates virus-specific
recognition of its cognate origin
(Fontes et al, 1994) and
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transcriptional  repression. Rep
initiates and terminates viral DNA
synthesis (Laufs et al., 1995) and
plays significant role in inducing
the accumulation of host replication
factors in infected cells (Nagar ef
al., 1995). Rep binds specifically to
double-stranded DNA (dsDNA) at
a repeated sequence in the 5
intergenic region of the viral
genome, cleaves and ligates DNA
within an invariant sequence in a
hairpin loop of the plus-strand
origin (Laufs et al., 1995), and acts
as a DNA helicase to unwind viral
DNA during plus-strand replication
(Singh et al, 2008). Rep is
involved in a variety of protein
interactions. The formation of Rep
homo-oligomers is required for its
dsDNA binding and DNA helicase
activities (Orozco et al., 1996).
Rep activity may also be modulated
by interaction with AC3 (Settlage
et al., 2001), which is required for
high levels of viral DNA
accumulation with coat protein,
which down regulates DNA
cleavage and ligation activity in
vitro (Malik et al, 2005).
Comparing Rep amino acid
sequence of Squash leaf curl virus
Elboustan isolate and other isolates
revealed the highest sequence

amino acid homology represent
96.5% with SQLCV from Lebanon

HM368373 and then from Israel
with a 96.2% the lowest homology
was with Euphorbia yellow mosaic
virus from Brazil with 81 %
homology as clarified in the results,
this limited evolution of Rep
protein may be due to the complete
dependence of the virus on this
gene for its life maintenance and
the conserved domains that affect
the virus life cycle which should
not be prone to dramatic changes.

The N terminus of Rep
contains three conserved sequences
called motifs I, II, and III that are
characteristic of many rolling-circle
initiators (Koonin ef al, 1992).
Motif 1 (FLTY) is required for
specific dsDNA binding while
motif II (HLH) is a metal-binding
site that may be involved in protein
conformation and DNA cleavage.
Motif TII (YxxKD/E) 1is the
catalytic site for DNA cleavage,
with the hydroxyl group of the Y
residue forming a covalent bond
with the 5’ phosphoryl group of the
cleaved DNA strand (Laufs ef al,
1995).

The first recombinant
identified for SQLCV DNA- B as
mentioned in  recombination
analysis, which was a potential
recombination event at (breakpoint
at 1960 and ending at 0 and from 0

Egyptian J. Virol, Vol. 9: 131-151.2012
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to 242) SlScan with a probabnllty
(P=1.88X 107 ), major parent is
Squash leaf curl virus isolate LB2
HM|368374 and minor parent is
Squash leaf  curl virus
ENA|EF532620, and Squash leaf
curl virus ENA|EF532620 may be
actual recombinant, this data can be
interpreted as that the Egyptian
isolate respectively when we talk
about DNA-B is mix of
recombinants between two isolates
the first one which has the major
identity to our isolate is the SQLCV
LB2 HM|368374 found in Lebanon
and the SqLCV ENA|EF532620
from Jordan and this strain has
been translocated to Egypt and
Lebanon as well as to Jordan
through our borders with Israel
where it has got the virus from the
new world. From this study it has
been observed that the most
identity of the whole virus with its
two component is nearly close to
LB2 isolate reported in Lebanon
with a 97.8% identity and the virus
has been first reported in Egypt in
2006, because Squash leaf curl
Gemini-virus (SqLCV) was first
observed in squash in California
during 1977 to 1978 (Flock and
Mayhew, 1981) and in cultivated
buffalo ground in Arizona at about
the same time (Rosemey ef al,
1986). As it is a new world virus it

has been transferred to Israel at the
same time from the new world to
the old world and it has been
translocated to different countries
in the Middle East and reported
subsequently at first in Egypt by
(Farag et al, 2005) and in Jordan
by (Al-Musa ef al.,, 2008) and by
(Samsatly ef al.,, 2010) in Lebanon
and as the virus was first purified
and characterized by Cohen et al.,
(1983) it means that it has been
translocated to the three countries
and reported consequently.

Through recombination
analysis we have noticed that more
pressure has been found to affect
DNA-B than DNA-A and it has
more recombination events
observed  which  could be
interpreted as a result of pseudo-
recombination. This might has
happened due to the fewer genes
that DNA-B encodes thus being
more susceptible for variation as
DNA-B evolves exclusively in
response to the host plant pressure
while DNA-A evolves in response
to the host in addition to its insect
vector which could provide more

restrictions to its rapid
diversification and thus co-
evolution.
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