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Summary : The association of begomoviruses with single stranded DNA satellites is a relatively recent
discovery. Typically the complex consists of a monopartite begomovirus (family Geminiviridae) and a
small circular satellite, known as a betasatellite that modulates the symptoms induced by the helper
virus. Invariably, at least for this complex in Asia, a third molecule, the satellite-like component known
as DNA 1, was shown to be present previously in every field. This was certainly the case for the
begomovirus betasatellite complex causing cotton leaf curl disease (CLCuD) across Pakistan and western
India. By PCR mediated amplification, rolling circle amplification and Southern blot hybridization, we
showed that for more recently collected samples, DNA 1 is no longer a constant companion of the CLCuD
complex. Sequence analysis of two full-length DNA 1 molecules from 66 infected cotton samples collected
in 2005/2006 and 2009/2010 indicated that the few satellite-like components present are typical of the
earlier examples. The significance of these findings in relation to recent changes in the CLCuD complex

is discussed.
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Introduction

A paradigm shift has occurred in the field of plant
single stranded DNA (ssDNA) viruses during the last
decade. Prior to 1999 it was generally accepted that the
majority of begomoviruses (genus Begomouvirus, family
Geminiviridae) are bipartite ; their genomes consist of
two components, the first (DNA A) encoding all viral
factors required for DNA replication, control of gene ex-
pression and encapsidation/insect transmission and the
second (DNA B) encoding factors required for viral
movement in host plants. Certainly in the New World
(NW) this remains the case. A monopartite begomovirus,
Tomato yellow leaf curl virus (TYLCV), occurring in the
Caribbean and southern North America, has been intro-
duced from the Old World (OW) during the 1990s (Mc-
GLASHAN et al., 1994 ; PoLsToN et al., 1999). Prior to 2000
it is suggested that the majority of begomoviruses occur-
ring in the OW also were bipartite, although a significant
number of viruses lacking DNA B component had been
identified. The change in our understanding of the

genetic make-up of begomoviruses came in 2000 trig-
gered by the identification of satellites of begomoviruses
(BrRiDDON et al., 2003 ; SAUNDERS et al., 2004). The distri-
bution of virus types now shows the monopartite bego-
moviruses to outnumber the bipartite viruses, and the
majority of the monopartite viruses has an association
with the newly identified satellite known as betasatel-
lites.

DNApS (DNA betasatellites) molecules are symptom
modulating ssDNA satellites associated with begomovi-
ruses. DNAPS is approximately half the size of their
helper begomoviruses encoding a single gene (fC1) that
mediates all identified satellite functions including patho-
genicity, overcoming host plant defenses through post
transcriptional gene silencing and up regulation of virus
DNA levels and possibly is also involved in virus move-
ment in plants (Cur et al., 2005 ; SAEED et al., 2004 ;
SAUNDERS et al., 2004 ; SAEED et al., 2007). In case of the
begomovirus betasatellite complexes causing cotton leaf
curl disease (CLCuD), the fC1 gene has been shown to
be the major symptom determinant that is responsible
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for the characteristic symptoms of the disease (QAz1 et
al., 2007).

A further group of ssDNA molecules, known as DNA
1 was shown to be associated with begomoviruses that
require a DNA betasatellite. In case of begomoviruses of
the Indian subcontinent, all begomovirus betasatellite
infected plants were shown also to contain this molecule.
Only some viruses originating from the Far East, like
Honeysuckle yellow vein virus (HYVV) and Eupatorium
yellow vein virus (EuYVV) are not associated with DNA
1 molecules (Brippon et al., 2004). DNA 1 molecules are
satellite like, circular, ssDNA components approx. half
the size of their helper begomoviruses and encode a sin-
gle product ; a rolling circle replication initiator protein
(the replication associated protein [Rep]) (BRibDON et al.,
2003). Interestingly DNA 1 molecules are closely related
to the Rep encoding components of a second family of
ssDNA viruses, the nanoviruses, from which they are
believed to have evolved following component capture
(MANSOOR et al., 1999 ; SAUNDERS et al., 1999).

CLCuD is caused by a begomovirus betasatellite com-
plex consisting of multiple distinct begomoviruses sup-
ported by a single type of betasatellite (MANSOOR et al.,
2003). The disease first appeared in the mid-1980s and
was epidemic during the 1990s causing major losses to
cotton production across Pakistan and western India.
The introduction of resistant cotton varieties in the late
1990s restored production levels to their pre-epidemic
levels. However, in 2002 a resistance breaking strain of
the disease appeared and rapidly spread (MANSOOR et al.,
2003 ; MANSOOR et al., 2006). At this time there are only
tolerant cotton varieties available to farmers and losses
are again high (RanmaN et al., 2005). The objective of
this study was to isolate, identify and characterize DNA
1 from the cotton leaf curl disease complex in Punjab
and Sindh provinces of Pakistan.

Materials and Methods

Sample collection and DNA extraction

A total of 66 leaf samples originating from Sindh and
Punjab provinces, Pakistan, was collected in 2005/2006
and 2009/2010 from cotton plants with unambiguous
symptoms of CLCuD. Nucleic acids were extracted from
frozen leaf samples by the CTAB method (DovLE and
DovLg, 1990). Total nucleic acid extracts were suspended
in sterile distilled water and maintained at —20C. All
the experiments were conducted in Pakistan and only
further analysis was conducted at Tokyo University of
Agriculture, Japan.

PCR amplification and cloning
To assess the presence of DNA 1, DNA101/DNA102

universal primers were used to amplify the full-length
begomovirus DNA 1 component (BULL et al., 2003). The
expected sizes of amplification products of DNA 1 were
cloned into the pTZ57R/T using the InsT/Aclone kit
(Fermentas, Vilnius, Lituania). The amplified product of
expected size was cloned and sequenced entirely in both
orientations using primer walking strategy commercially
(Macrogen, Inc., Seoul, South Korea).

Southern hybridization

Total genomic DNA was isolated from cotton plants.
Total nucleic acid (10 ug) was resolved in 1.5% agarose
gel and run at 40V (Biorad PowerPac™) in TBE buffer
for 4 to 5h. Gel was stained with 0.5 ug/mL ethidium
bromide and DNA image was obtained under UV light
in gel documentation apparatus (Eagle Eye-Stratagene).
After electrophoresis the gel was treated with depurina-
tion solution (0.25M HCI) for 15 min, denaturation solution
(1.5M NaCl and 0.5M NaOH) for 30 min and neutralization
solution (1M Tris [pH 7.4], 1.5M NaCl) for 30 min. The gel
was rinsed briefly with distilled water between treat-
ments and shaken moderately on platform shaker during
each treatment. DNA in the gel was transferred to a
nylon membrane(Hybond-Amersham Pharmacia Biotech,
NJ, USA) in 10X SSC and sometimes in 5X SSC (1.5M
NaCl and 150 mM sodium citrate) by capillary action.
The DNA on the nylon membrane was crosslinked by
UV irradiation (CL-1000 , UVP) at 120 mJ/cm® energy.
The membrane was then rinsed in a solution containing
0.1X SSC, 05% (w/v) SDS at 65C for 45min to remove
residual agarose and transferred to nylon membranes
(Hybond XL-Amersham Pharmacia. Biotech, NJ, USA).
Before hybridization the membrane was treated with
0.2ml/cm® pre-hybridization solution (6X SSC, 5X Den-
hardt’s solution [0.1% (w/v) each of bovine serum albu-
min, 0.5% (w/v) Ficoll (Mol. Wt. ~400,000) and PVP (Mol.
Wt. ~40,000)], 50% (v/v) SDS) and 5 mg/mL sheared and
denatured salmon sperm DNA at 42°C for 2-4h in a hy-
bridizer (Hybaid, Midi Dual 14), to block non-specific
binding sites. DNA 1 probes were prepared using a Bio-
tin DecalLabel DNA Labelling kit (Fermentas, Vilnius,
Lituania) according to the manufacturer’s instructions.
Briefly, in a 1.5 mL microcentrifuge tube a 44 uL reaction
mixture was prepared by adding 50-200ng DNA tem-
plate (usually purified PCR product), 10 uL decanucleotide
in 5X reaction buffer and nuclease free water. The reac-
tion mixture was vortexed briefly, centrifuged briefly in
a microfuge to collect the contents at the bottom of the
tube and incubated in a boiling water bath for 5-10 min.
After incubation the tube was cooled on ice, briefly mi-
crofuged and the contents of the tube were mixed with
5 uL biotin labelling mixture and 1uL Klenow fragment
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exo- (5 units) and incubated at 37C for 1 to 20h. Reac-
tion was stopped by adding 1xL 05M EDTA [pH 8.0].
To prepare hybridization solution, the biotin labelled
probe was denatured at 100C for 5min, chilled on ice
and mixed with pre-hybridization solution (25-100ng/
mL).

After 2-4hrs treatment, the pre-hybridization solution
was discarded and the hybridization solution was added
to the membrane (60 uL/cm? and incubated overnight in
a hybridizer at 42C. The following day the membrane
was washed twice with 2X SSC/0.1% (w/v) SDS at room
temperature for 10 min. The membrane was washed
with 0.1X SSC/0.1% (w/v) SDS twice at 65C for 20 min.
To detect the biotin-labelled DNA the membrane was
washed in 30mL Blocking/Washing Buffer (provided by
the manufacturer) at room temperature. After 5min the
membrane was treated with 30 mL Blocking Solution for
30min to block non- specific binding sites on the mem-
brane. Streptavidin-AP conjugate was diluted in 20mL
Blocking Solution and the membrane was incubated in it
for 30min. The membrane was washed twice in 60mL
Blocking/Washing buffer for 15min and incubated with
20 mL Detection Buffer for 10min. Finally the membrane
was treated with 10 mL freshly prepared Substrate Solu-
tion at room temperature in the dark until blue-purple
precipitate became visible. To stop the reaction, the sub-
strate solution was discarded and the membrane was
rinsed with water. The blot was immediately photo-
graphed (Fig. 1) and the membrane was then air dried
and stored.

Rolling circle amplification

To account for the possibility that DNA 1 are present
in many plants but at levels below the detection thresh-
old of PCR and Southern blot hybridization, we employed
rolling circle amplification (RCA) using ®29 polymerase
(Fermentas, Vilnius, Lituania) to initially amplify all circu-
lar DNA molecules present in 10 DNA extracts from
CLCuD affected plants from Punjab and Sindh provinces
of Pakistan (HAIBLE et al., 2006).
weight product was produced in all RCA reactions.

A high molecular

Equal amounts of the amplification product were then
digested with the restriction endonuclease Pstl, run on
an agarose gel, transferred to nitrocellulose and probed
by Southern hybridization for the presence of DNA 1.
Old DNA 1 probe (accession no. AJ132344) was used for
radioactively labeling.

Sequencing

Two clones, shown to contain a 1.4kb insert upon di-
gestion with specific restriction enzyme were selected
for further analysis. The plasmid DNA was purified us-

ing a Gene]ET Plasmid Miniprep Kit (Fermentas, Vilnius,
Lituania) and sequenced commercially (Macrogen, Inc.,
Seoul, South Korea). Sequence information was assem-
bled using the SeqMan program of the Lasergene se-
quence analysis package (DNAStar Inc., WI, USA). ORFs
were predicted using ORF Finder run online (NCBI). Se-
quence alignments and phylogenetic trees were con-
structed using the neighbour joining algorithm of
CLUSTAL X (Tuowmpsox et al., 1997). Phylogenetic den-
drograms were viewed, manipulated and printed using
Treeview (PAGE, 1996).

Results and Discussion

Detection of DNA lcomponent by Southern hybrid-

ization

DNA 1 was detected from 2 samples by PCR out of 66
cotton samples. They were cloned into the cloning vec-
tor and were further confirmed by Southern hybridiza-
tion using RCA amplified genomic DNA. Both DNA 1
have an arrangement that is typical of previously charac-
terized DNA 1, containing a single ORF in the virion-
sense similar to the replication-associated protein (Rep ; a
rolling circle replication initiator protein of nanoviruses,
an A-rich sequence (with 49% adenine content) and a
predicted hairpin structure with the loop sequence
TAGTATTAC typical of DNA 1.

Analysis of sequences

The complete sequences of two clones were deter-
mined. These sequences are available in the databases
under accession numbers AM711115 and AM711116, for
the 2005 and 2006 samples respectively. The sequences
of the DNA 1 are 1380 and 1374 nucleotides in length, for
CLCuD DNAI1{PK:Shad:05] and CLCuD DNAI1-PK:Shad:
06], respectively. They have the typical arrangement of
DNA 1 molecules described above with similarity to the
origin of virion strand DNA replication of the geminivi-
ruses and nanoviruses (BrRiDDoN et al., 2004 ; MANSOOR et
al., 1999 ; SAUNDERS and STANLEY 1999).
quences of the two molecules are distinct, being
GCTCCGCCC and TGGCTCCGACC for the 2005 and
2006 isolates, respectively. Nevertheless, they fall into

The stem se-

the groups of stem sequences (groups 1 and 2, respec-
tively) shown previously to be present in DNA 1 mole-
cules identified from CLCuD affected cotton on the sub-
continent (BrRipbponN et al., 2004). Sequence comparisons
with all available DNA 1s in the databases showed that
first DNA 1 has the highest nucleotide sequence identity
(82.8%) with a DNA 1 isolated from tomato leaf curl
disease affected tomato in Pakistan (accession no. AJ
512955), while the second showed the highest levels of
nucleotide sequence identity (79.2%) to a DNA 1 isolated
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from CLCuD affected cotton (AJ132344), the first such
molecule to be identified (MANSOOR et al., 1999) (Table 1).

Phylogenetic analysis

A phylogenetic analysis, based upon an alignment of
the complete nucleotide sequences of the majority of pre-
viously characterized DNA 1 molecules, is shown in Fig.
2.

This shows the two recently isolated CLCuD associat-
ed DNA 1 molecules to segregate with DNA 1s previous-
ly identified in association with the disease ; being most
closely related to a DNA 1 isolated from tomato leaf curl
disease (ToLCD) affected tomato (AJ512955) and a DNA
1 isolated from CLCuD affected cotton (AJ132344).

The precise function of DNA 1 in begomovirus DNA S
infections is not clear yet, although recent work has sug-
gested some possibilities. The component is not required
for infectivity or symptom induction (MANSOOR et al.,
1999 ; Saunpers and StaNLEY 1999, Wu and Zuou 2005).
Recent studies have shown that the A-rich region of DNA
1 does not effect its replication (SHAHID ef al., 2009). Nev-
ertheless, in previous analyses DNA 1 was invariably
found associated with CLCuD and a number of other be-
gomovirus DNA f complexes. This is suggestive of a
useful, if not absolutely essential, contribution of the sat-

2005
1 23 4 5

2006
123 4 9

Fig. 1 Southern blot of DNA extracts from CLCuD affect-
ed cotton plants probed with a radioactively labeled
DNA 1 probe (accession no. AJ132344). Approx.
10 ug of DNA was loaded in each lane with the ex-
ception of lane 1 which was loaded with approx.
5ng of an undigested clone of DNA 1 (accession no.
AJ132344) as a hybridization control.

ellite like molecule to begomovirus DNA £ complexes.
Upon their first identification it was suggested that the
function of DNA 1 may be to down regulate the severity
of the symptoms caused by the complex, by mopping up
cellular resources (MANSOOR et al., 2000 ; SAUNDERS and
STANLEY 1999). Wu and Znou (2005) demonstrated that
the presence of DNA 1 reduced virus DNA levels, but
only in the absence of DNA f, although symptoms in
both cases were attenuated at the early stages of infec-
tion. If DNA 1 acts as a “dampener” of the virus infec-
tions, then we must assume that its dampening effect is
no longer a requirement of the CLCuD complex present-
ly in the fields in Pakistan.

The CLCuD complex has gone through a major
change since the DNA 1 molecules were first identified.
The previous strain of the disease, now known as the
“Multan strain”, has been almost entirely displaced by
the “Burewala strain”. This new strain is resistance
breaking and able to infect cotton varieties derived from
the germplasm LRA5166 and CP15/2 with resistance to
the Multan strain (RAnMAN et al., 2005). The resurgence
has again led to major losses due to the disease in Paki-
stan and the Burewala strain is now also present in
western India. We have previously shown that the
Burewala strain is associated with a recombinant DNA f,
for the most part, consisting of sequences derived from
the Multan strain betasatellite but with a small region of
sequence within the satellite conserved region (SCR) de-
rived from a ToLCD associated betasatellite (AMIN ef al.,
2006 ; BripDON et al., 2003).

combination between cotton and tomato betasatellites re-

The significance of this re-

mains unclear due to the fact that we have yet to under-
stand the precise function of the SCR. More recently the
begomovirus associated with the Burewala strain has
been sequenced and also shown to be recombinant
(AMRAO et al., 2010).

The presence of DNA 1 in only a small number of plants
indicates that, in contrast to earlier analyses, DNA 1 is
no longer a constant feature of the CLCuD begomovirus
betasatellite complex. It is likely that the changes in the

Table 1 The highest and the lowest percentage nucleotide sequence identities of the DNAI isolated from cotton
with all available sequences of other DNA1 in the databases

[PK:DSB:05] [PK:DSC:06] YLCCNA(I6)* THCSA®8)* AYVA(6)* HLCuA(4)* ToLCA(S* CLQIMAM4* MalYMA(S)* SiLCuA(4* MimLCuA(D* OLCuA(l)* OKLCuA(D)*
100 674 646684 669602 623704  7AA788 755828 694714 664655 63968.1 670 760 653 [PK:DSB:05]
100 65.1-704 686713 614-76.1 68.1-697 678703 75.7-80.1 757-79.1 655-78.1 724 787 640 [PK:DSC:06]

100 714813 GO39 672687 67508 639716 6373 666-694 615-782 648-691 633681  TYLOCNA

100 628764 686711 705731 668716 698719 672705 601-827 662695 635686  TbCSA

100 796813 694804 672769 TAT26 683-745 655724 611688 632659  AYVA

100 74-86.1 668722 672-684 6477077 665-704 652-778 653715  HLCuA

100 674726 655688 654-708 715619 6873 643689  ToLCA

100 667-982 633776 684-696 681715 623705  CLQuMA

100 665-80.1 642745 69-81.1 623685  MalYMA

100 690 615642 61631  SiLCuA

100 644-848 625 MimLCuA

100 625 OLCuA

100

OKLCuA
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Fig. 2 Neighbour-joining phylogenetic dendrogram based upon an alignment of the complete nucleotide
sequences of the majority of DNA 1 sequences available in the databases. Numbers at nodes
indicate percentage bootstrap scores (1000 replicates). The database accession numbers of each
DNA 1 are given in brackets. The DNA 1 is additionally labelled by the virus with which they are
associated (where known) or the disease with which they are associated. The abbreviations used
are Ageratum yellow vein virus (AYVYV), Squash leaf curl virus (SLCV), Malvastrum yellow mosaic
virus MY VMYV), Tobacco curly shoot virus (TbCSV), Tomato yellow leaf curl China virus (TYLCCNYV),
Tomato yellow leaf curl virus (TYLCV).
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CLCuD complex that we have detailed here are also oc-
curring in other begomovirus betasatellite complexes.
Similarly a recent analysis of the ToLCD complex in
Pakistan has been unable to consistently detect the DNA
1 component. The significance of these findings are un-
clear. What it does indicate is that the situation with the
begomovirus/DNA S complexes is far from stable, with
major changes taking place in the prevalent viruses and
the make-up of the constituent components of the com-
plexes, particularly for CLCuD.
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SHAHID and NATSUAKI

INF X2 2D cotton leaf curl disease DIRIETdH
B4 ) LALATONTEISLILZAE DNA S
Y554 NEEEHICBEVWTDNALD
BEFEIEEICIEREZ UV

M.S. SHAHID**, B RK&K A+
CERE 25 4E 2 H 19 HZA /PR 25 4F 4 H 19 H 23

B RTETANVAZTIAREDNAY T I A BRI 5 2 L I3HEBENREDEATH B2, ChboH
EREHE—FT ) LA TORTETANA (V2 IZIAL VAR EXR=FHF 54 FEMIEN LN VER
RHEFI54 - 20%0, ¥554 MIAMS—T A4 VADOWRIZHEG T 5, TYTTIRIOHESHEKIZ, &5
W3HFHDODNA 1 L LTHIONEY T T4 MR T2FIHHML TWD I EDRENTBY, NF2F v
LAV FHEBIZIL T 5 T b cotton leaf curl disease (CLCuD) DR D, T L) LEEEIL SR> Tw
HEINTE. LML, AWFRIZBWTPCREEICE BB, u—Y ¥ 7Y —27 Wkl X 2808 L O
Fr7ay bNAT)FAL X =g X2k, EERELZGETIE DNA 11343 L CLCuD O EH
GHRICHBEL W2 & 238072, Thbb, 2005/2006 FREB L UF 2009/2010 $R4: D CLCuD #9% 7 7 66
BB 5 13 2005/2006 FRED 2 B O AN DNA 1 #HHLCTEB Y, FoOLIFIEESY] % MHT L, DNA 128
B L 72> CLCuD JRIE D F RO W T L 720

F—TJ—RK : XRTEYAI)VAE, Bemisia tabaci, Cotton leaf curl 3§, @ —1 ¥ FH% =7 V7 T ) 7 14 r—
vav

*XFZF 2 COMSATS 1EHHAM M 7ETT /N A A 4 A4 = > ZERIY
UL SR B RO AT 7 Al L % 2258 Bl S



