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The N-terminal 62 amino acid residues of the coat protein of Tomato yellow
leaf curl Thailand virus are responsible for DNA binding
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Abstract The DNA-binding activity and DNA-binding do-
main of Tomato yellow leaf curl Thailand virus coat protein
were investigated. A full-length coat protein (CP) and two
truncated derivatives lacking the amino (CPA1-62) and car-
boxyl (CPA126-257) termini were produced in Escherichia
coli as fusion proteins to glutathione-S-transferase (GST).
Southwestern analysis showed that GST-CP bound both
single-stranded (ss) and double-stranded (ds) DNA, while
GST-CPA126-257 interacted only with ssDNA. Neither ss
nor dsDNA bound to GST-CPA1-62. The results suggested
that a putative DNA-binding domain is located at the N-
terminal 1-62 amino residues.

Key words Tomato yellow leaf curl Thailand virus - Coat
protein - DNA-binding domain - Geminivirus

Tomato yellow leaf curl Thailand virus (TYLCTHV) causes
leaf curling and yellowing in tomato crops. The virus is
transmitted by whitefly Bemisia tabaci and is classified into
genus Begomovirus. Genome characterization revealed
that TYLCTHYV possesses two genomic components con-
taining both DNA A and DNA B (Attathom et al. 1994;
Rochester et al. 1990, 1994; Sawangjit et al. 2005). The
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DNA A encodes for six open reading frames including
replication-associated protein and coat protein (CP), while
the DNA B encodes for movement proteins. Although
TYLCTHYV is a bipartite geminivirus possessing DNA A
and DNA B, agroinoculation with only DNA A causes
systemic infection in Nicotiana benthamiana and tomato
plants (Rochester et al. 1990). The ability of TYLCTHV
DNA A to systemically infect plants suggested that it could
act like its monopartite counterparts, for example, Tomato
yellow leaf curl Sardinia virus and Tomato yellow leaf curl
virus (Khey-Pour et al. 1991; Navot et al. 1991). The viruses
contain a single genomic component and are causal agents
of tomato yellow leaf curl.

To establish systemic infection in a plant, a geminivirus
must move from the infection sites into the plant nuclei to
replicate its genome, which is subsequently translocated to
uninfected cells (Hanley-Bowdoin 1999). Recently, many
lines of evidence have shown that geminiviral CPs play a
vital role in directing viral nucleic acids into and out of the
nucleus (Kunik et al. 1998; Liu et al. 1999; Kotlitzky et al.
2000; Rhee et al. 2000). Studies of Tomato yellow leaf curl
virus (TYLCV-[IL]) CP revealed that the protein contains
anuclear localization signal (NLS) at the N-terminus (Kunik
et al. 1998). The NLS was shown to be essential for trans-
location of the viral CP into plant nuclei. Furthermore, Pa-
lanichelvam and coworkers (1998) found that the CP binds
cooperatively to single-stranded DNA in a sequence-
nonspecific manner.

Because DNA A of TYLCTHYV acts like its monopartite
counterparts, we were interested in examining whether
TYLCTHYV CP could bind DNA, and, if it did, we would
attempt to localize the DNA-binding domain. To do this,
we expressed a full-length CP of Tomato yellow leaf curl
Thailand virus-[2] (TYLCTHV-[2]) (Attathom et al. 1994)
and two truncated derivatives lacking the N-terminal and
C-terminal residues in Escherichia coli. The proteins were
then used for Southwestern analysis to investigate their
ability to bind nucleic acids.

The full-length CP gene was amplified by polymerase
chain reaction (PCR) using primers CPF 5-TAATTCGT-
GCGAAGAGGATCCTCGAAGCGTCCA-3" and CPR


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.276 785.197 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


S-TATAAAATTTAAAAGCTTTTAATTCGTCAC-3’
and a full-length clone of TYLCTHV-[2] DNA A as a tem-
plate (accession no. AF141922). The two mutated genes
were generated by PCR amplification. One of the mutated
genes, designated CPAI-62, was amplified from nucleotide
624 to 1209 of TYLCTHV-[2] using primers CPA1-62F
5-AGAATGTATAGAGGATCCGATGTCCCT-3" and
CPR; this resulted in a deletion of amino residues 1-62 at
the N-terminus (CPA1-62). The other mutant, CPAI26-257,
was amplified using primers CPF and CPR, but the tem-
plate was mutated by digesting the full length clone with
BgllI and filling in with a Klenow fragment (New England
Biolabs, USA). The mutation caused frame shifting and
introduced a premature stop codon in the CP gene whereby
the mutant could produce a truncated CP lacking C-
terminal amino residues 126-x257 (CPA126-257). The PCR
products were then cloned into pGEX-2T (Amersham,
Biosciences, USA) to generate pGEX-CP, pGEX-CPA1-62,
and pGEX-CPA126-257. Insertion of the CP genes into
pGEX-2T resulted in fusion of the genes to GST gene at
their 5 terminus. The plasmids were then used to transform
E. coli strain DH5a.. The bacteria containing each plasmid
were separately grown overnight at 37°C. The culture was
then diluted 1:100 in fresh Luria Bertani (LB) medium and
shaken until the absorbance at 420nm (OD,,) reached
0.5-0.7. Protein expression was induced by addition of iso-
propyl B-d-thiogalactopyranoside (IPTG) to a final concen-
tration of 0.1mM, and the bacterial culture was further
grown for another 3h. The cell pellet was collected by cen-
trifugation and resuspended in 5x sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) loading
buffer (100mM Tris-HCI, pH 6.8, 5% B-mercaptoethanol,
10% SDS, 0.5% bromphenol blue, 20% glycerol). The sam-
ples were boiled for 10min to denature the proteins. SDS-
PAGE and Western blot analysis using a monoclonal
antibody against TYLCTHV-[2] CP and anti-glutathione-
S-transferase (anti-GST) antiserum (Amersham) revealed
the presence of a wild-type fragment (GST-CP) of 54kDa
and two truncated derivatives (GST-CPA1-62 and GST-
CPA126-257) of 47 and 40kDa, respectively (Fig. 1 and data
not shown). The fusion proteins were then purified. How-
ever, due to the poor solubility of the fusion proteins, we
could not solubilize the proteins even in denaturing condi-
tions using a high concentration of urea and guanidine
hydrochloride. Therefore, crude extracts were used to
investigate the DNA-binding ability.

Southwestern analysis using crude proteins was per-
formed as described by Zhang et al. (2000). Two DNA
probes were used in this study and generated by PCR am-
plification using a PCR high prime Digoxygenin labeling kit
(Roche, Applied Science, Germany). A specific DNA probe
contained the portion of TYLCTHV-[2] DNA A spanning
nucleotide 138 to 352, which covers the common region and
AV2 gene. A nonspecific DNA probe was derived from
Rice tungro bacilliform virus-Chainat isolate (RTBVCN)
belonging to Caulimoviridae (accession no. AF220561).
The RTBVCN probe consisted of nucleotides 6101 to 6367.
The genomes of RTBVCN and TYLCTHV-[2] only have
16% identity at the nucleotide level. Southwestern analysis
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Fig. 1. Expression of TYLCTHV-[2] CP and its truncated derivatives
in Escherichia coli. The cell pellets were collected and washed with
1.5% (w/v) N-laurylsarcosine to eliminate E. coli proteins before load-
ing onto a 15% sodium dodecyl sulfate (SDS) polyacrylamide gel.
Fragments of 54, 47, and 40kDa were detected in extracts from cells
containing pGEX-CP, pGEX-CPA1-62, and pGEX-CPA126-257, re-
spectively. Lane 7, prestained protein marker, broad range (New Eng-
land Biolabs); lanes 2 and 3, glutathione-S-transferase coat protein
(GST-CP); lanes 4 and 5, GST-CPA1-62; lanes 6 and 7, GST-CPA126-
257. Lanes 2, 4, and 6, crude proteins extracted from noninduced cells;
lanes 3, 5, and 7, crude proteins obtained from induced cells. Arrows
and arrowheads indicate full-length and truncated TYLCTHV-CP pro-
teins, respectively

was then performed by equally loading crude proteins on
15% SDS polyacrylamide gel. After electrophoresis was
completed, the proteins were transferred to nitrocellulose
membrane using electroblotting (semi-dry transfer cell,
BioRad, USA). The membrane was then soaked in binding
buffer [25mM NaCl, 5mM MgCl,, 0.5mM dithiothreitol
(DTT), 25mM HEPES, pH 7.9, 10% glycerol] for 1h at
room temperature before transferring to blocking solution
containing 5% skim milk in binding buffer followed by
2.5% skim milk in binding buffer. The membrane was then
incubated with a DNA probe either in single-stranded or
double-stranded form in binding buffer containing 2.5%
skim milk for 2h at 4°C. For a dsDNA probe, a DIG-
labeled probe was directly used for incubation with the
membrane, while a single-stranded (ss) DNA probe was
generated by boiling a double-stranded (ds) DNA probe for
Smin and chilling on ice for 3min before adding to binding
buffer. After incubation with a DNA probe, the membrane
was washed and incubated with anti-DIG-AP followed
by CSPD solution (DIG luminescent detection kit, Roche)
using the manufacturer’s protocol. The membrane was
exposed to X-ray film. Western blot analysis was then per-
formed using the same membrane to confirm presence of
the proteins.

Southwestern analysis revealed that GST-CP bound
both ssDNA and dsDNA probes derived from TYLCTHV-
[2] DNA A (Fig. 2A, B, lane 4), but GST protein and bovine
serum albumin (BSA) did not bind the DNA probes (Fig.
2A, B and E, F, lanes 2, 3, and 1). Therefore, the binding
was the result of an interaction between TYLCTHV-[2] CP
and the DNA probes, not with the GST protein. The ap-
pearance of two bands in lane 4 suggested degradation of
GST-CP. Western blot analysis using anti-GST revealed
that the top band was the size expected for GST-CP (54kDa,
Fig. 2E, F, lane 4) and the bottom one was assumed to be
a degradation product. It is believed that the band with
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Fig. 2A-H. Ability of Tomato A
yellow leaf curl Thailand virus 1 2 3 4
(TYLCTHYV)-[2] coat protein (CP)
and its derivative to bind related
and unrelated DNA. Southwestern | #
analysis of TYLCTHV-[2] CP and
its derivative in binding
TYLCTHV-|2] single-stranded (ss)
DNA (A) and double-stranded (ds)
DNA (B) or Rice tungro bacilliform
virus-Chainat isolate (RTBVCN)
ssDNA (C) and dsDNA (D) B

probes. After being exposed to the 1 2 3 4
film, the membranes were probed
with anti-glutathione-S-transferase
(anti-GST) antibody (Amersham)
to examine the presence of

TYLCTHV-[2] CP and its iy

derivatives. A, B, C, and D

correlate with E, F, G, and H,

respectively. M, Prestained protein

marker (broad range, New England

Biolabs); lane 7, bovine serum

albumin; lanes 2 and 3, GST; lane 1 2 3 4
4, GST-CP; lane 5, GSTA1-62; lane .

6, GSTA126-257. Asterisks indicate _ .
major bands of TYLCTHV-[2] CP

and its truncated derivatives with onin
the expected sizes. Membranes A .

and B and membranes C and D . W
were exposed simultaneously to X- .

ray film for 30 min

low molecular mass was a degradation product of GST-CP
rather than a product of nonspecific binding between E. coli
protein and the DNA probe; E. coli proteins in the crude
protein of GST did not have any binding (Fig. 2A, B, lanes
2 and 3).

The ability of GST-CP to bind unrelated DNA was ana-
lyzed using RTBVCN DNA probe. It was found that the
GST-CP bound both ssDNA and dsDNA although weaker
binding was seen for the dsDNA probe (Fig. 2C, D, lane 4).
The ability of TYLCTHV-[2] CP to bind both specific and
nonspecific DNA probes indicated that the protein binds to
DNA in a sequence-nonspecific manner. Our result was
consistent with the finding reported by Palanichelvam et al.
(1998) using TYLCV-[IL] CP.

DNA-binding activity of the two truncated CPs named
GST-CPA1-62 and GST-CPA126-257 was further examined.
GST-CPA1-62, with its 62 residues at the N-terminal delet-
ed, had lost the ability to bind TYLCTHV-[2] ssDNA and
dsDNA probes (Fig. 2A, B, lane 5). Loss of binding activity
was not due to a protein deficiency because Western blot
analysis revealed the presence of GST-CPA1-62, albeit the
protein had some degradation (Fig. 2E, F, lane 5). In the
case of the truncated protein lacking the C-terminus, GST-
CPA126-257 was able to bind the TYLCTHV-[2] ssDNA
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probe, but not the dsDNA (Fig. 2A, B, lane 6). Like GST-
CP, Southwestern analysis revealed two bands of the ex-
pected size (40kDa) and presumably the degradation
product of GST-CPA126-257. The ability of GST-CPA1-62
and GST-CPA126-257 to bind unrelated DNA was further
examined using RTBVCN ssDNA and dsDNA probes.
Southwestern analysis revealed that the proteins did not
bind either probes (Fig. 2C, D, lanes 5 and 6).
Geminiviruses are known to replicate in plant nuclei. It
is well documented that the coat protein of geminiviruses
plays a role in directing the transport of the virus genome
into the plant nuclei. Recently, studies of the CPs from
Maize streak virus (MSV), TYLCV-[IL] and Tomato leaf
curl Bangalore virus (ToLCBV-[Ban5]) showed that the
CPs bind both ssDNA and dsDNA, with a preference for
ssDNA (Liu et al. 1997; Palanichelvam et al. 1998; Kirthi
and Savithri 2003). Liu and coworkers (1997) showed that
MSV CP lacking either 20 or 80 N-terminal amino residues
lost the ability to bind DNA. This finding and our result lent
support to the DNA-binding domain of geminiviral CP be-
ing located at the N-terminus. However, a conserved motif
between the two CPs was not found. Alignment of TYL-
CTHV-[2] and MSV CP showed some conserved basic
amino acids around residues 1-40. It is tempting to presume



that electrostatic forces between cations of the basic resi-
dues and anions of phosphate groups on the DNA may be
involved in protein—-DNA interaction (William and Maher
2000).

Interestingly, a study of the DNA-binding domain in
ToLCBV-[Ban5], a begomovirus, revealed a line of evi-
dence that a zinc finger motif is responsible for DNA bind-
ing. Kirthi and Savithri (2003) showed that deletion of 24
or 50 amino acids from the N-terminus of ToOLCBV-[Ban5]
CP did not prevent the CP from binding DNA. A conserved
putative zinc finger motif featuring C68, C72, H81, and H85
was found to account for DNA binding. The putative motif
is also found in TYLCTHV-[2] CP at the same positions,
but the H81 is replaced by N81. In our experiment, loss of
62 N-terminal amino residues abolished DNA binding;
however, it cannot be ruled out that the motif may play a
part in the DNA-binding ability.

Binding of geminiviral CP to DNA is shown to be se-
quence independent (Liu et al. 1997; Palanichelvam et al.
1998; Kirthi and Savithri 2003). It is worth noting that the
C-terminal-deleted mutant (CPA126-257) was able to inter-
act only with specific ssDNA probe. This raised a question
of whether the N-terminal residues of TYLCTHV-[2] CP
are specific for binding only to its own DNA. This requires
further experimental investigation.

In our recent study, we inoculated tomato plants with
Agrobacterium containing one and a-bit-mer of a CPA126-
257 DNA A mutant clone and found that the mutant did
not systemically infect the plants while the wild type (one
and a-bit-mer of TYLCTHV-[2] DNA A) did. Inoculation
of tobacco leaf discs with Agrobacterium containing the
CPA126-257 mutant showed that the mutant could produce
single-stranded DNA but to a lesser extent than the wild
type did (C. Pitaksutheepong, unpublished data). This could
explain why the CP is not essential for viral replication but
is important for systemic infection in plants, perhaps to
protect the viral genome from plant nucleases (Palanichel-
vam et al. 1998). We are now interested in examining an
N-terminal-deleted mutant and whether it can replicate in
tobacco leaf discs or systemically infect tomato plants.

References

Attathom S, Chiemsombat P, Kositratana W, Sae-Ung N (1994) Com-
plete nucleotide sequence and genome analysis of bipartite Tomato
yellow leaf curl virus in Thailand. Kasetsart J (Nat Sci) 28:632-639

75

Hanley-Bowdoin L, Settlage SB, Orozco BM, Nagar S, Robertson D
(1999) Geminiviruses: models for plant DNA replication, transcrip-
tion and cell cycle regulation. Crit Rev Plant Sci 18:76-106

Khey-Pour A, Bendahmane M, Matzeit M, Accotto GP, Crespi S,
Gronenborn B (1991) Tomato yellow leaf curl virus from Sardinia is
a whitefly-transmitted monopartite geminivirus. Nucl Acids Res
19:6763-6769

Kirthi N, Savithri HS (2003) A conserved zinc finger motif in the coat
protein of Tomato leaf curl Bangalore virus is responsible for binding
to ssDNA. Arch Virol 148:2369-2380

Kotlitzky G, Boulton MI, Pitaksutheepong C, Davies JW, Epel B
(2000) Intracellular and intercellular movement of Maize streak
geminivirus V1 and V2 proteins transiently expressed as green fluo-
rescent protein fusions. Virology 274:32-38

Kunik T, Palanichelvam K, Czosnek H, Citovsky V, Gafni Y (1998)
Nuclear import of the capsid protein of Tomato yellow leaf curl virus
(TYLCV) in plant and insect cells. Plant J 13:393-399

Liu H, Boulton MI, Davies JW (1997) Maize streak virus coat protein
binds single and double-stranded DNA in vitro. J Gen Virol
78:1265-1270

Liu H, Boulton MI, Thomas CL, Prior DA, Oparka KJ, Davies JW
(1999) Maize streak virus coat protein is karyophyllic and facilitates
nuclear transport of viral DNA. Mol Plant Microbe Interact
12:894-900

Navot N, Pichersky E, Zeidan M, Zamir D, Czosnek H (1991) Tomato
yellow leaf curl virus: a whitefly-transmitted geminivirus with a single
genomic component. Virology 185:151-161

Palanichelvam K, Kunik T, Citovsky V, Gafni Y (1998) The capsid
protein of Tomato yellow leaf curl virus binds cooperatively to
single-stranded DNA. J Gen Virol 79:2829-2833

Rhee Y, Gurel F, Gafni Y, Dingwall C, Citovsky V (2000) A genetic
system for detection of protein nuclear import and export. Nat Bio-
technol 18:433-437

Rochester DE, Kositratana W, Beachy RN (1990) Systemic movement
and symptom production following agroinoculation with a single
DNA of Tomato yellow leaf curl geminivirus (Thailand). Virology
178:520-526

Rochester DE, DePaulo JJ, Fauquet CM, Beachy RN (1994) Complete
nucleotide sequence of the geminivirus Tomato leaf curl virus, Thai-
land isolate. J Gen Virol 75:477-485

Sawangjit S, Chatchawankanphanich O, Cheimsombat P, Attathom T,
Dale J, Attathom S (2005) Possible recombination of tomato-
infecting begomoviruses in Thailand. J Gen Plant Pathol
71:314-318

William LD, Maher, LJ (2000) Electrostatic mechanisms of DNA de-
formation. Ann Rev Biophys Biomol Struct 29:497-521

Zhang W, Revers L, Pierce M, Schachter H (2000) Regulation of ex-
pression of the human B-1,2-N-acetylglucosaminyl-transferase II
gene (MGAT2) by Ets transcription factors. Biochem J 347:511-
518



