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Two virus isolates (OY77 and OY81B) from okra plants showing yellow vein
mosaic, downward curling and vein twisting symptoms were collected from
different farmer’s fields in Karnal, Haryana state, India. The genomes of the two
isolates were amplified, cloned, sequenced and analysed. The analysis indicated
that the isolates are similar with 89.2% nucleotide sequence identity. Based on the
current threshold cut-off value for taxonomy distinguishing the genus begomo-
viruses species from strains, the two isolates are designated as strains of Cotton
leaf curl Alabad virus (CLCuAV) which shared nucleotide sequence identity of
>90% with CLCuAYV infecting cotton in Pakistan. Phylogenetic and recombina-
tion analyses of the major genome component of OY77 and OY8I1B is derived
from different begomviruses (CLCuAV, BYVMV, CLCuMuV) as the foremost
parents for evolution of these new recombinant strains.

Keywords: Bhendi yellow vein mosaic virus (BYVMYV); Cotton leaf curl Alabad
virus (CLCuAV); PCR; whitefly; phylogentic analysis; recombination

Introduction

Geminiviruses are a group of plant viruses that possess circular ssDNA genomes
encapsidated in small (18 x 30 nm) twinned icosahedral virions (Lazarowitz 1992).
Begomoviruses, one of the rapidly emerging groups of plant viruses belonging to the
family Geminiviridae, are transmitted by whitefly in a persistent circulative manner.
Currently, begomovirus contains 132 species (Fauquet and Stanley 2005; Fauquet
et al. 2008) that have either mono or bipartite genomes. Monopartite begomoviruses
genome contain the homologous DNA-A of bipartite virus with approximate size of
2.6 kb. DNA component of bipartite begomoviruses are referred as DNA-A and
DNA-B which are having approximate size of 2.6 kb each. The DNA-A component
encodes five to six proteins required for viral DNA replication [the replication-
associated protein (Rep) that initiates replication and the replication-enhancer
protein (REn)], the control of gene expression (Transcription activator protein,
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TrAP) required for initiating transcription of the virion-sense genes and also
involved in the suppression of post-transcriptional gene silencing-mediated host
defence (Voinnet et al. 1999; Vanitharani et al. 2005) and insect transmission [the
coat protein (CP) that is vital for plant—plant transmission by the whitefly (Bemisia
tabaci)]. The functions of two other DNA-A encoded proteins (AV2 and AC4)
remain unclear, although possible roles in the movement and pathogenicity/
suppression of post-transcriptional gene silencing, respectively, have been demon-
strated. The DNA-B component encodes the nuclear shuttle protein (NSP) and
movement protein (MP) that act co-operatively to move the virus both within and
between cells in host plants (Hanley-Bowdoin et al. 2000). The two DNA
components share no sequence similarity except 200-nucleotide (nt) non-coding
region referred to as the common region (CR), which contains the viral replication
origin (Lazarowitz 1992; Rojas et al. 2001).

A majority of the monopartite begomoviruses in the Old World have been found
to be associated with betasatellites, and alpha-satellites molecules which have are
circular ssDNA with approximately half the size of the genomic DNA-A and are
having little sequence similarity to either DNA-A or DNA-B components of
begomoviruses, except for a conserved hairpin structure and a TAATATTAC loop
sequence (Saunders et al. 2000; Briddon et al. 2001; Jose and Usha 2003).

Recombination is a major driving force in the evolution of geminiviruses (Seal
et al. 2006a, 2000b). This may occur through mutations, recombination (exchange
of DNA between like DNA components) and pseudorecombination (is the
exchange of DNA components) between the variants of the same virus, between
species and even between genera, which has resulted in a rapid diversification
and emergence of novel begomoviruses (Polston and Anderson 1997). These
events have been well demonstrated under in vivo (Garrido-Ramirez et al. 2000)
and in vitro conditions (Pita et al. 2001) in begomoviruses infecting cassava and
tomato.

Okra (Abelmoschus esculentus (L.) Moench) commonly known as bhendi is one
of important vegetable crop due to its nutritional value. The major constraint for
the production of okra is yellow vein mosaic disease (Usha 2008). The economic
loss caused by this disease is 50-90%, depending on the stage of the crop growth
at which infection occurs (Sastry and Singh 1974; Sinha and Chakrabarthi 1978).
The field survey on begomovirus associated diseases of okra in India during 2005-
2009 reported that several fields of okra are infected with yellow vein mosaic
disease showing highly variable symptoms. This variation in symptoms may
indicate the occurrence of different begomoviruses which are causing yellow vein
mosaic disease-like symptoms, but the information on the diversity of okra
infecting begomoviruses in India is not available with the exception of two reports
from India (Jose and Usha 2003; Venkataravanappa et al. 2012) and one from the
Indian subcontinent (Zhou et al. 1998). In the present study, the Cotton leaf curl
Alabad virus (CLCuAV) strains infecting okra in India has been characterised.

Materials and methods
Virus source

The virus isolates OY77 and OY81B were collected from the okra plants exhibiting
downward leaf curling, vein thickening and yellowing symptoms in the major okra
growing areas in the Karnal of Haryana state in India (Figure 1(a—c)).
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Figure 1. (a) Overview of okra field infected with YVMD, (b) Virus infected okra plants
showing yellow vein symptoms, (c¢) Okra plants showing mottling and downward curling
symptoms under natural conditions, (d) Whitefly transmitted Okra cv. 1685 showing yellow
vein symptoms, and (e) Okra plants showing the yellow vein mosaic symptoms upon graft
transmission.

Transmission

The leaf samples collected from the field may be contaminated with more than one
viruses in the natural conditions. To rule out the mixed infection, repeated whitefly
transmissions were carried out using okra cv. 1685, which produced the same
symptoms which were recorded during the sample collection. The virus inoculum
was maintained under greenhouse conditions on healthy okra plants (Abelmoschus
esculentus (L.) Moench), cv. 1685) through whitefly transmission (10 whiteflies per
plant) with acquisition and inoculation access periods of 12 h each. The infected
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Figure 1. (Continued).

sample was tested through DAC-ELISA (by using ACMYV polyclonal antibodies
from DSMZ, Germany) and nucleic acid hybridisation using specific probe
developed for Coat protein region of CLCuAV-okra.

Graft transmission

The infected plants maintained in the greenhouse were used as a source of virus for
grafting. Twenty non-symptomatic okra plants were used as rootstocks, and wedge
grafting was carried out with scions taken from infected plant of the same variety
(cv. 1685). The grafted portion was tied with a polythene strip, and scion was



Downloaded by [M. Krishna Reddy] at 20:36 03 October 2012

Archives of Phytopathology and Plant Protection 5

covered with a polythene bag. The grafted plants were kept in a cool place in the
greenhouse for symptom production.

DNA isolation

Total nucleic acids were extracted from symptomatic and non-symptomatic tissues
of both field and plants maintained in greenhouse conditions by Cetyl trimethyl
ammonium bromide method (Doyle and Doyle 1990). The extracted DNA was
diluted 10-fold in sterile distilled deionised water before being subjected to PCR
amplification. The quality of DNA was checked on 0.8% agarose gel.

PCR amplification

Total nucleic acids isolated from symptomatic and non-symptomatic okra leaves
were amplified by PCR described by Venkataravanappa et al. (2012). Further, to
confirm the samples having second component (DNA-B) and betasatellites, the
primers specific to DNA-B (Rojas et al. 1993; Venkataravanappa et al. 2012) and
betasatellite (Briddon et al. 2002) were used. Potentially, full-length amplified PCR
products were purified from agarose gels by using standard protocols, ligated to
the plasmid vector PTZ57R vector (Fermentas) according to manufacturer’s
instructions and transformed into Escherichia coli DHS5a competent cells (Nova-
gen). The complete nucleotide sequence of the three clones from each sample was
determined by automated DNA sequencer ABI PRISM 3730 (Applied Biosystems)
at Anshul Biotechnologies DNA Sequencing Facility, Hyderabad, Andhra
Pradesh, India.

Comparison of DNA sequence

The similarity of genomic sequence of DNA-A was initially analysed by using the
BLAST program available at the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/BLAST/) (Table 1). The sequences showing highest
scores with the present isolates were obtained from database and multiplealigned
using the CLUSTAL-X program (Thompson et al. 1994), sequence identity matrixes
for the begomoviruses were generated using Bioedit Sequence Alignment Editor
(version 5.0.9) (Hall 1999) and phylogenectic tree was generated by MEGA 5.0
software (Tamura et al. 2011) using the neighbour-joining method with 1000
bootstrapped replications.

Detection of recombination events

The phylogenic evidence for recombination was detected by the alignment of selected
begomoviruses sequences reported from India which is available in the database along
with okra isolate with Splits-Tree version 4.3 using the neighbour-net method (Huson
and Bryant 2006). The method depicts the conflicting phylogenetic signals caused by
recombination as cycles within unrooted bifurcating tree. Recombination analysis was
carried out using Recombination detection program (RDP), GENECOV, Bootscan,
Max Chi, Chimara, Si Scan and 3Seq which are integrated in RDP 3 to detect the
recombination break points (Martin et al. 2010). Default RDP settings with 0.05 p-value
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Table 1. GenBank accession numbers of selected begomovirus sequences from Asia used in
this study for analysis.
Accession
S1. No. Begomoviruses no. Abbreviation
1 Okra enation leaf curl virus- GUI111996 OELCuV
[India:Sonipet-EL10:06] [IN:Soni-EL10: 06]
2 Okra enation leaf curl virus- GUI111997 OELCuV
[India:Sonipet-EL14:06] [IN:Soni-EL14: 06]
3 Okra enation leaf curl virus- GU112000 OELCuVJIN:
[India:Sonipet-EL32:06] Soni-EL32: 06]
4 Okra enation leaf curl virus- GUI111998 OELCuVJIN:
[India:Munthal-EL37:06] Munt-EL37: 06]
5 Okra enation leaf curl virus- GU112002 OELCuVJIN:
[India:Munthal-EL38:06] Munt-EL38: 006]
6 Okra enation leaf curl virus- GU112001 OELCuV-[IN:
[India:Munthal-EL39:06] Munt-EL39: 006]
7 Okra enation leaf curl GU111999 OELCuV-[IN:
virus-[India: Munthal Munt-EL41: 006]
EL41:006]
8 Mesta yellow vein mosaic FJ159267 MeYVMV-[India:Kai:08]
virus-[India:Kaisargunj:08]
9 Mesta yellow vein mosaic FJ159264 MeYVMV-[IN:Rai:08]
virus-[India:Raigun;j:08]
10 Mesta yellow vein mosaic FJ159263 MeYVMV-[IN:Hari:08]
virus-[India:Haringhata:08]
11 Mesta yellow vein mosaic FJ159262 MeYVMV-[IN:Bong:08]
virus-[India:Bongaon:08]
12 Mesta yellow vein mosaic FJ159266  MeYVMV-[IN:Balur:08]
virus-[India:Balurghat:08]
13 Mesta yellow vein mosaic EF428256 MeYVMV-[IN:Barra2:06]
virus-[India:Barackpore2:06]
14 Mesta yellow vein mosaic FJ159265 MeYVMV-[IN:Cooch:08]
virus-[India Coochbehar:08]
15 Mesta yellow vein mosaic FJ345400 MeYVMV-[IN:Bong:07]
virus-[India:Bongaon:07]
16 Mesta yellow vein mosaic FJ345398  MeYVMV-[IN:Barr:07]
virus-[India:Barrackpore:07]
17 Mesta yellow vein mosaic FJ345399  MeYVMV-[IN:Hari:07]
virus-[India:Haringhata:07]
18 Mesta yellow vein mosaic EU360303 MeYVMV-[IN:Bah:07]
virus-[India:Bahraich:07]
19 Mesta yellow vein mosaic EF432372  MeYVMV-[IN:Barra2:08]
virus-[India:Barrackpore2:08]
20 Mesta yellow vein mosaic FN645922 MeYVMV-[IN:Har:10]
virus-[India:Haryana:2010]
21 Bhendi yellow vein mosaic GU112055 BYVMV
virus-[India:Phalaghat:0Y014:05] [IN:Phal:0Y014:05]
22 Bhendi yellow vein mosaic GU112058 BYVMV
virus-[India:Kaivara:OYKaivaral:06] [IN:Kai:OYKaivaral:06]
23 Bhendi yellow vein mosaic GU112063 BYVMV
virus-[India: New Delhi:OY134:05] [IN: ND:OY134:05]
24 Bhendi yellow vein mosaic GUI112062 BYVMV
virus-[India:Phalaghat:0Y07:05] [IN :Phal:0Y07:05]
25 Bhendi yellow vein mosaic GU112078 BYVMV[IN:ND:
virus-[India:Delhi:OY133:06] 0OY133:006]

(continued)
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Table 1. (Continued).
Accession

SI. No. Begomoviruses no. Abbreviation

26 Bhendi yellow vein mosaic GU112079 BYVMYVI[IN:Pand:
virus-[India:Pandarahalli: 0Y167:06]
0Y167:00]

27 Bhendi yellow vein mosaic virus- GU112067 BYVMV[IN:Rai:
[India:Raichur:OY54A:05] OY54A:05]

28 Bhendi yellow vein mosaic virus- GU112068 BYVMV[IN:Rai:
[India:Raichur:0Y54B:05] 0OY54B:05]

29 Bhendi yellow vein mosaic virus- GU112069 BYVMV[IN:Bhem:
[India:Bhemarayanagudi:OY45:05] 0Y45:05]

30 Bhendi yellow vein mosaic virus- GU112070 BYVMYV[IN:Rai:
[India:Raichur:0Y59:05] 0Y59:05]

31 Bhendi yellow vein mosaic virus- GU112071 BYVMV[IN:Tiru:
[India:Tirupathi:0Y99:05] 0Y99:05]

32 Bhendi yellow vein mosaic virus- GU112072 BYVMV[IN:Phal:
[India:Phalaghat:OY138A:00] OY138A:06]

33 Bhendi yellow vein mosaic virus- GU112074 BYVMYV[IN:Rai:
[India:Raichur:0Y56:05] 0Y56:05]

34 Bhendi yellow vein mosaic virus- GU112075 BYVMV][IN:Soni:
[India:Sonipat:0Y83:05] 0Y83:05]

35 Bhendi yellow vein mosaic virus- AF241479 BYVMV-IN[IN: Mad]
India[India: Madurai]

36 Bhendi yellow vein mosaic virus- AJ002453 BYVMVPK[PK:M301:96]
Pakistan[Pakistan:Multan301:96]

37 Bhendi yellow vein mosaic virus- GUI112064 BYVMV[IN:Bang:
[India:Bangalore:0Y34:05] 0Y34:05]

38 Bhendi yellow vein mosaic virus- GUI112065 BYVMVII IN:Chint:
[India:Chintamani:OY CHINT:06] OYCHINT:06]

39 Bhendi yellow vein mosaic virus-[India: GU112006 BYVMYV-
Sonipat OY92B:2005] [India: Soni: OY92B:05]

40 Bhendi yellow vein mosaic virus-[India: GU112005 BYVMVI[IN: Gun:
Guntur OY112:05] OY112:05]

41 Bhendi yellow vein mosaic virus- GUI112076 BYVMV[IN:Kar:
[India:Karnal:OY79A:05] OY79A:05]

42 Bhendi yellow vein mosaic virus- GU112077 BYVMYV[IN:Kar:
[India:Karnal:OY80B:06] OYS80B:06]

43 Bhendi yellow vein mosaic virus- GUI112057 BYVMV[IN:Kai:
[India:Kaivara:OYKaivara:06] OYKaivara:06]

44 Bhendi yellow vein mosaic virus- GUI112066 BYVMV[IN:Rai:
[India:Raichur:0Y49:05] 0Y49:05]

45 Bhendi yellow vein mosaic virus- GUI112060 BYVMVI[IN:Ker:
[India:Kerala:OYG6AG:05] OYG6AG:05]

46 Bhendi yellow vein mosaic virus- GUI112059 BYVMVI[IN:Chel:
[India:Chelur:OYCNG6:06] OYCNG6:00]

47 Bhendi yellow vein mosaic virus- GU112061 BYVMVI[IN:Soni:
[India:Sonipat:0Y93:05] 0Y93:05]

48 Bhendi yellow vein mosaic virus- GU112080 BYVMV[IN:COI:0Y93:05]
[India:coimbatore:0Y93:05]

49 Okra yellow vein mosaic virus- AJ002451 OYVMV-[PK:Fai201:95]
[Pakistan:Faisalabad 201:95]

50 Bhendi yellow vein mosaic EU589392 BYVMV NOL751-IN

virus.NOL751-India[India:
Maharashtra]

[IN.Maha:08]

(continued)
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Table 1. (Continued).

Accession

SI. No. Begomoviruses no. Abbreviation

51 Cotton leaf curl Alabad virus- AJ002455 CLCuAV-[PK:K802a:96]
[Pakistan:Kohiwala 802a:1996]

52 Cotton leaf curl Alabad virus- AJ002452  CLCuAV-[PK:A804a:96]
[Pakistan:Alabad 804a:1996]

53 Cotton leaf curl Multan virus- FJ218487  CLCuMuV-[Pk:Mul:08]
[Pakistan:Multan:08]

54 Cotton leaf curl Multan virus- FJ218486  CLCuMuV-[PK:Hirs-1:08]
[Pakistan Hirs-1:08]

55 Cotton leaf curl Multan virus- AJ002459  CLCuMuVHis
Hisar-[Pakistan:Multan 311:0kra:96] [PK:M311:0k:96]

56 Cotton leaf curl Multan virus- EU365616 CLCuMuV-A[PK;RAJ;09]
[Pakistan;Rajasthan;09]

57 Cotton leaf curl Multan virus- AY795606 CLCuMVRaj[IN:Abo:03]
Rajasthan[India:Abohar:2003]

58 Cotton leaf curl Shadadpur FN552002 CLCuShV[PK:Tjam:05]
virus-[Pk:Sindh:Tjam:09]

59 Cotton leaf curl Shadadpur FN552001 CLCuShV-[PK:Sha:05]
virus-[Pk:Sindh Shadadpur:09]

60 Cotton leaf curl Shadadpur FN552005 CLCuShV-[PK:Sha2:04]
virus-[Pk:Sindh Shadadpur:09]

61 Cotton leaf curl Shadadpur FN552004 CLCuShV-[PK:Shal:04]
virus-[Pk:Sindh Shadadpur:09]

62 Cotton leaf curl Bangalore AY705380 CLCuBaV-[IN:Ban:04]

virus-[India:Bangalore:2004]

cut-offs throughout and standard Bonferroni correction except that the option
“Reference sequence selection” was set at “internal references only”.

Results
Virus transmission

A total of 100 okra seedlings (cv. 1685) were inoculated by viruliferous whiteflies (10
insects/plant). All inoculated okra seedlings showed initially 100% yellow vein
symptoms, with a minimum incubation period of 10-12 days and later the infected
leaves become downward curling, which were similar to those observed on the field-
infected plants (Figure 1(d)).

Totally, 20 plants were grafted (cv. 1685), of which 13 plants showed the yellow
vein mosaic symptoms with a minimum incubation period of 25-30 days and a
transmission efficiency of 65% (Figure 1(e)).

Molecular characterisation

The complete DNA-A component of two begomovirus isolates from okra was ampli-
fied as overlapping fragments and sequenced to yield the complete genome sequence for
each isolate. Attempts to amplify second genomic component (DNA B) by PCR were
unsuccessful, but exhibited a positive amplification for the satellite component with a
universal abutting primer pair beta0Ol/beta02 (Data not shown). This result indicated
that the virus isolates under the current study are monopartite in nature.
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Genome organisation and sequence analysis of DNA-A

The complete nucleotide sequences of DNA-A component of OY77 and OYS81B
were determined to be 2744 and 2745 nt in length and are available in the nucleotide
sequence databases under the accession numbers (GU112081 and GU112004). The
alignment of the two begomovirus isolates obtained here showed to have 89.2%
nucleotide sequence identity between indicative of them being isolates of a single species
(based on the 89% species demarcation threshold for begomoviruses; Fauquet et al.
2008). The isolates showed the typical genome organisation similar to that of other
monopartite begomoviruses with two open reading frames (ORFs) [AV1 (CP), AV2]
in virion-sense DNA-A and four ORFs [ACI (Rep), AC2, AC3, AC4, AC5] in
complementary-sense DNA-A, separated by an intergenic region (IR) (Table 2).

The alignment of complete DNA-A nt sequences with those from the DNA-A
sequences of the begmoviruses retrieved from the databases indicated that OY77 and
OYS81B showed a higher degree of sequence similarity with begomoviruses found in
Pakistan than those found in the India. For instance, it shared >90% with CLCuAV
(AJ002452) infecting cotton and <89% with begomoviruses infecting okra and
other crops in India and Indian subcontinent (Table 3). This result is also supported
by a phylogenetic analysis which shows that OY77 and OY81B are closely grouped
with CLCuAV infecting cotton in Pakistan for which full-length sequences are
available in the databases (Figure 2).

When individual encoded proteins of virus isolates were compared, OY 77 shared
the highest amino acid sequence similarity of 98.8-99.2% with CLCuAV, OYVMV
and BYVMV-IN for Coat protein gene and 94.5-95.5% (OY77) with CLCuAV for
ORFACIl-encoded Rep protein. While, OY81B share highest similarity with
BYVMV-IN (91.7-98.5%) for Coat protein gene and BYVMYV (69.1-86.5%) for
ORFACI-encoded Rep protein. The ORFC4 gene has 57-100% similarity with
CLCuAV in both isolates. In case of the pre-coat protein the highest sequence
similarity of 92.5-97.5% (OY77) with BYVMV-IN and 61.1-93.6% (OY8&1B) with
Okra enation leaf curl virus (OELCuV-IN) was observed.

Further, ORFAC?2 (transcriptional activator protein) shared highest amino acid
sequence similarity of 82.0-93.3% (OY77) with BYVMV-IN and 100% (OY81B)
with BYVMV-Pak301. However, for ORFAC3 (replication enhancer), the highest
amino acid sequence similarity of 86.5-98.5% with BYVMYV and for ORFCS, 95.7%
with OYVMV-201 and BYVMV-IN in both the isolates (Table 3).

The intergenic region (IR) in theses were ranged from 273-275nt in length and
similar to that of CLCuAV and OELCuV-IN. The intergenic region (IR) of OY77B
and OY81B shared nucleotide similarity 94.1-96.3% with CLCuAYV and 57.7-58.0%
with OELCuV-IN respectively and less than 68% with other begomoviruses in both
the cases infecting okra, cotton and Mesta (Table 3). The IR contains a predicted
stem-loop sequence with conserved nonanucleotide sequence (TAATATTAC) in the
loop which can be found in the majority of the geminiviruses characterized to date
and marks the origin of virion-strand DNA replication (Heyraud et al. 1993).

Neighbour-net and recombination analysis of DNA-A

The neighbour-net analysis of aligned sequences using Split-Tree program revealed
extensive networked evolution in okra isolates (OY77 and OYS81B) with other
begomoviruses under the present study is indicative of recombination (Figure 3). The
split decomposition analysis showed a ‘“‘rectangular” network structure in which



V. Venkataravanappa et al.

10

"SSEUL JB[NOJ[OW PAIDIPAI] ,, "QUST AQ PIPOOUI SPIOE OUIWE IQUINY [BI0 L4 "PIUEU 3q 0} 12K ABY D) PUB $D TA SAYO £q papodus
syonpouid ayJ, (ugy) Ieoueyuo uonedndar pue (Jyil) urwiold 1ojeanoe [euonduosuen ‘(doy) uroid pajewosse-uonedrdar (dD) ulold 180 SB PIJRIIPUl dIB SAUID),

(86'C1) 811 LSE 629 G86 (861 811 LSE 629 c86 90)
(@ 11) 001 €0¢g 4914 14974 (@i see) s 86T LLIT 14974 148)
(@xsn vel Sop 501 8s¥1 (@ vLv1) vEI Sop 501 8SH1 ugy

(@i $91) 0S1 394 IST1 €091 (@i s91) 0s1 €Sy IST1 €091 dviL
(a1 zeop) €9¢ 601 10ST 165C (ax ¢ op) €9¢ 601 00ST 165C doy
(@xecn 1ct 9¢€ 98% 1Tl (@xeen 1ci 9¢€ 98t 1Tl A
(@ 91°87) 95T ILL 1501 18¢ HA 91°87) #x95T ILL 1501 18¢ xdD
(sproe ourwe Jo *ou)  (Ju) S{YO  (SIRUIPIOOD  (SAIBUIPIOOD I pue (u) SHYO Jo  (sa1eUIpIO0d  (SAJBUIPIOOD V-VNA
uyoxd jo Jo azis apnodonu) opnodonu)  (SPIOR OUIWE JO "OU)  JZIS PAIPAIJ  dPHosdnu) apnogpnu)  syuduodwo))

9ZIS PajdIpPAId paoIpald  uopod doj§  uopod 1Iels urdoid jo uopod doig  uopod eI

dZIS PAIPAI]
d18A0 LLAO

Juerd eIo woay pAR[os (BINO-AYNDTD) SISNIIAOWOTIq AY) JO sdIjed 7 JqRL

2102 1890100 €0 9¢:02 e [Appay euysuy *IN] Ag pspeojumoq



11

Archives of Phytopathology and Plant Protection

“pauI[Iopun SI dn[eA 1SaY3IY Y] ‘UWN[0I Yord 10 (ACYNDTD) S741d 2.40|p3ung [4nd [a]
10130D) ‘(ARGNDTD) sndia a.410p3ung 14nd [pa] 101300 (AINAAQ) Snd1a disout uraa mojjad vy (AINAALIN) Sni1a dmsous uraa mojjad visapy (ANDTH0)

SIIIA [IND Jed] uoneud e ‘(AYSNDTD) snia andpopyvyS 1and [pa] u0130) ‘(ANNNDTD) Snda uvjjnpyr 14nd fpa] uoj10) (AVNDTD) Sniid ppgojy [ind
Jvaj uo110D) (AINAAG) Snd14 dwsous u1aa mojjaod puayg se pAJedIpul a1k sa10ads oy 1 # "suostredwiod ay) ul pasn saseqeiep 9y} Wolj soouanbas Jo sIoqunN

0°0F 0°0F $08 €18 €LL €8 ¥SL S9L 818 £€6 v'16 $T6 0TS 6°SS 0°8L 08, (1) ABINDTO

S'€9 109 0°0F 0°LE 868 8°6L 948 098 TSL vLL P9 SEL 126 66 0°LS 8IS TIL SLL (1) ABANDTO

688 798 0S¢ v'9¢ T66 L'16 07001 98 TSL €IL 7€y £€6 TL6 9'L6 0°9$ 09 G'e8 128 (1) Yed-AWAAEL
_ _ (D 1ozl

188 L'S6 0’1y 0°6€ S°68 §'S6 €18 06 S9L SEL 1°68 0°S6 0'86 T66 €4S 8'89 658 88 “AINARO

0°€8-L1T 09L-6'01 TLE6'EE TILSE  0L66GIL  016V'89  9vee'LL 9¥89°08  L'8L6YL  €9L6IL  £6LTIS 60698 6'8LI'SL  T6LSSL  LESHLy  S6S89F  §€8I'EL  S080FL  (€1) AWAAXSIN
- —  T6S0LE 0SE08C 0°L6888 8838C8  0'86EE8 €L80F8  SP8YEL  P'CL96Y  9°€6I'19  SELOTIL  L'SLYYL  T9LOVL  0°8SL'LS  €690°C9  SO8ESL  69LTYL (L) AnDTIO0

- — 06808 00F 08 $980°S8 €P¥BSER  €6LISL €808 L'SLEVL  89LS9L  S6SL'ES  TOLTSY9  STOCO6  €€61'C6  9€S0'ES  00SE6y  LVLSYL  LOLSOL (¥) AUSTDTO
0°€6-1°01 0'co-1'0l Qecbcol Q8e—L6l £L80¢CE €L8EIE  0089'8L 9P8EE8  PCLOTIL  C9L9IL  9TRO'IL  THE9T8  0'868°T8  p8O6'E]  L'LSEOF  8C9¢8F  6088°6L 6 18CI8 (§) ANANDTO
— - 0°L6-09¢  001-0'66 _S86096 _016068 07T6ET6 £/8998 _8¥80%8  SC6SH6  1'680°S8  _0°COCH6 _0869'L6  T66886  LLVPIY  €961'F6  616L'16  L'V6STO (@ AVNOTO
LS60TL 9067011 L1961 08E6'S1 $86088 0,698 086098 €€6-0T8 S98-1'69 SOL—TOL TP8EO6L SL6-ST6 S8L'I6 066-5T6 V6568 S69-€0S 0686T8 SP8PI8 «(80) ANAAL

d18A0 LLAO d18A0 LLAO d18A0 LLAO d18A0 LLAO d18A0 LLAO d18A0 LLAO d18A0 LLAO dI18A0 LLAO d18A0 LLAO 4SeSNIAOWOTog

[Se} O (€D) ugy (2D) dviL (1ov)doy A (IAV)ID a1 QWoudn)

'SOsBqQRIEP OU} WOIJ PIJO[ASs SISNIAOWOTOq Paje[al A[2SO[d JOUI0 )M pPue BINO
wolj paje[os syuauodwod sasnIA0Wogaq Ay} WOIJ SaUag Papooud JO SaNIIUPT 20uanbas proe ourwe ‘Sanuap! oprIod[onu jo jusordd asim Ired ¢ 9[qe],

2102 1890100 €0 9¢:02 e [Appay euysuy *IN] Ag pspeojumoq



Downloaded by [M. Krishna Reddy] at 20:36 03 October 2012

12 V. Venkataravanappa et al.

100 GU112058|BYVMVIndia:Kaivara:OYKaivara1:06
GU112055|BYVMVindia:Phalaghat:0Y014:05
GU112057|BYVMVIndia:Kaivara:0YKaivara:06

GU112078|BYVMVindia:Delhi:0Y133:06
GU112079|BYVMVindia:Pandarahalli:0Y167:06
GU112061|BYVMVindia:Sonipat:0Y93:05
GU112060|BYVMVindia:Kerala:0YG6AG:05
9 GU112059|BYVMVindia:Chelur:OYCN6:06
GU112066|BYVM Vindia:Raichur:0Y49:05
§ r GU112067|BYVMVindia:Raichur:0Y54A:05
GU112068|BYVM Vindia:Raichur:0Y54B:05
GU112069|BYVMVindia:Bhemarayanagudi:0Y45:05
GU112072|BYVMVIndia:Phalaghat:0Y138A:06
GU112071|BYVMVIndia:Tirupathi:0Y99:05
GU112070|BYVMVIndia:Raichur:0Y59:05
GU112074|BYVMVindia:Raichur:0Y56:05
GU112075|BYVMVindia:Sonipat:0Y83:05
GU112065|BYVMVindia:Chintamani:OYCHINT:06
GU112064|BYVMVindia:Bangalore:0Y34:05
AF241479|BYVMV-Madurai

351 91

37 77

99 AJ002453|BYVMV-Pak301
GU112076|BYVMVindia:Karnal:0Y79A:05
‘I__: GU112005|BYVMVIndia:Guntur_OY112:05
93 GU112006|BY VM Vindia:Sonipat_0Y92B:05

GU112077|BYVMVindia:Karnal:0Y80B:05
GU112080|BYVM Vindia:Coimbator:0YC04:05
AJ002451|0YVMV-201
EU589392|BYVMV.NOL751
GU112004|CLCUAVIN:Haryana:0Y81B:06
@ GU112081 |CLCUAVIN:Haryana:0Y77:06
AJ002455|CLCuVA--[PK:K802a:96]

100 ~AJ002452|CLCuAV--[PK:A804a:96]
I~ EU360303|MeYVBV-Bahraich:07
100 LFJ1 59267|MeYVMV-India:Kaisargunj:08

82 AJ002459|CLCuMV-Okra
28 FJ218487|CLCuMV-Pk:Mul:08
FJ218486|CLCuMV-PK:Hirs-1:08

98 EU365616|CLCuMV-APKRAJ09
AY795606|CLCuRV.Abohar
100 96 " FN552002|CLCuSV-Pk:SindhTjam:09
100 FN552001|CLCuSV-Pk:SindhShadadpur:09
100 L~ FN5505|CLCuSV-Pk:SindhShadadpur:09
96 — FN552004|CLCuSV-Pk:SindhShadadpur:09
AY705380|CLCuBV
100 r GU112002|OELCVIN:Munthal-EL38:06
611 L GU112001|0ELCV-IN:Munthal-EL39:06
71 f'= FN645922|Me YVMV
GU112000|OELCVIN:Sonipet-EL32:06
100 100 GU111999|OELCV-IN:MunthalEL41:06
100 GU111998|0ELCVIN:Munthal-EL37:06
——— GU111997|0ELCVIN:Sonipet-EL14:06
GU111996|OELCVIN:Sonipet-EL10:06
1o|0_lFJ345400|MeYVMV-IN:Bongaon:07
82 100 | F j345399|Me YVMV-IN:Haringhata:07
L FJ345398|MeYVMV-IN:Barrackpore:07
EF428256|MeYVMV-IN:Barackpore2:06
100 2 r FJ159263|Me YVMV-IN:Haringhata:08
100 I FJ159262MeYVMV-IN:Bongaon:08
EF432372|MeYVMV.Barrackpore2
83 | [F FJ159265|MeYVMV-IN:Coochbehar:08
g7 [ FJ159264|MeYVMV-IN:Raigun;j:08
77 - FJ159266|Me YVMV-IN:Balurghat:08

99

98

—_—
005

Figure 2. Phylogenetic trees constructed from aligned complete nucleotide sequences of
DNA-A components (OY77 and OY81B) with other begomoviruses using a neighbour-joining
algorithm. Horizontal distances are proportional to sequence distances and vertical distances
are arbitrary. The trees are unrooted. A bootstrap analysis with 1000 replicates was
performed, and the bootstrap percent values more than 50 are numbered along branches.
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Figure 3. Neighbour-net generated for the DNA-A component of okra isolate (OY77 and
OY81B) with other begomoviruses showing significant signals for phylogenic conflict
indicating as recombinant virus.

okra-infecting begomoviruses and all other selected begomoviruses were clearly
distant. However, a separation between okra isolates (OY77 and OY81B) and other
begomoviruses, which was clearly highlighted in the phylogenetic analysis, resulted
in the split graph.

A comprehensive analysis for recombination using RDP3, based on the align-
ment of sequences of okra isolates (OY77 and OY81B) and other selected begom-
viruses from database, indicates evidence of recombination in okra isolates (OY77
and OY81B). The most part of the DNA fragments is derived from BYVMYV,
OYVMYV, OELCuV, CLCuAV, MeYVMYV and CLCuMuV to emerge as new strains
of CLCuAV infecting okra (Figure 4 and Table 4). There was a non-random
distribution of recombination sites along the genome which are detected in the
ORF’s AV, AV2, ACI, AC4, AC3, ACS and IR regions. Therefore, these results
suggest that the virus strains under present study are a recombinants. However, they
are a derivative of known virus.

Discussion

Begomoviruses are one of the most economically important groups of plant viruses
due to their high incidence and disease severity in vegetable and field crops grown in
tropical and subtropical regions of the world (Moriones and Navas-Castillo 2000;
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Figure 4. Analysis of recombination of DNA-A isolated from okra. The begomoviruses
acronyms given are Bhendi yellow vein mosaic virus (BYVMY), Cotton leaf curl Multan virus
(CLCuMuV), Okra enation leaf curl virus (OELCuV) and Cotton leaf curl Alabad virus
(CLCuAYV). The sequence of indeterminate origin is indicated as ““unknown”. The box below
at the top of the diagram indicates the approximate position recombination is occurring in the
genome of the begomoviruses.

Morales and Anderson 2001; Briddon et al. 2003). In India, begomoviruses are
major limiting factors for okra production since 2003 (Jose and Usha 2003) and
increasing in incidence every year. The successful management of any viral
diseases needs thorough understanding of biological and molecular variability of
the genomes of different isolates of a particular virus. For begomoviruses, vector
transmission may give some clue in variation among different species, but for
more accurate diagnosis, amplification of viral genome or genomic component(s)
by PCR followed by sequencing has proved to be more accurate and ecasy for
understanding the genomic variability among different isolates of begomoviruses
(Briddon and Markham 1994; Sharma et al. 2005; Paul et al. 2009).

The present investigation together with the previous study on the variability of
betasatellites has revealed the variability of the begomovirus complexes asso-
ciated with yellow vein mosaic and enation leaf curl disease of okra in India
(Venkataravanappa et al. 2011). PCR detection, vector transmission, molecular
characteristics and phylogenetic relationship of the two isolates in the current study
indicated that yellow vein mosaic disease of okra is associated with new strains of
begomovirus (Figure 2), which are designated as CLCuAV-IN[IN:Haryana:okra]
according to the guidelines of ICTV Geminivirus Study Group (Fauquet et al. 2008).
As per the current literature, this is the first report of characterization of new strains
of cotton leaf curl alabad virus infecting okra resulting in yellow mosaic disease in
northern India.

Cotton and okra belonging to the malvaceous family are grown in all most all
states of India and are affected by whitefly-transmitted begomoviruses. In India, the
first record of CLCuD was from Rajasthan in 1993 (Ajmera 1994). In subsequent
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years, this disease continued to spread into all states of India wherever cotton is
grown. Moreover, the diversity of begomoviruses infecting cotton was well studied
both in India and Indian subcontinents (Mansoor et al. 2003a, 2003b; Kirthi et al.
2004), but the study of diversity of begomoviruses infecting okra lacking in India
with exception of two reports (Jose and Usha 2003; Venkataravanappa et al. 2012)
and one from Indian subcontinent (Zhou et al. 1998). Recently, cotton viruses, in
addition to infecting the cotton, are also spread to the other vegetable and fruit crops
were reported (Mansoor et al. 2000, 2003a; Hussain et al. 2003). All the previously
characterised isolates of CLCuD were identified from India are infecting cotton and
tomato. The infection of both malvaceous and non-malvaceous hosts by cotton leaf
curl viruses are likely due to occurrence of high inoculum pressure cotton viruses and
their strains, growing of okra and cotton in side by side and existing of new whitefly
biotypes vector complex in north India. Since, in and around Haryana cotton-
growing extensively, there is all possibility of whitefly vector to carry the virus and
transmit to okra, which might have been later adapted to okra.

The recombination analysis indicates that major segment of genome of these
strains of CLCuAV has probably descended from a sequence that arose through a
recombination between CLCuAV, BYVMYV, CLCuMV and MeYVMV-like ances-
tors and evolved as a new recombinant begomovirus strains infecting okra. The
recombination is a major contributor to the richness of currently observed begomo-
virus species diversity and it is a very frequent and widespread phenomenon that
occurs between species as well as within and across genera and playing a significant
role in begomovirus evolution. The important contribution of recombination to
geminivirus evolution is now well established (Padidam et al. 1999; Unseld et al.
2000; Jeske et al. 2001) and it is suspected that it is directly responsible for the
emergence of many of the most agriculturally damaging begomovirus species
complexes (Monci et al. 2002; Garcia-Andres et al. 2006).

The diseases caused by begomoviruses on okra have become one of the major
hindrances for the cultivation and production of okra in India. Further survey,
detection, identification and characterisation of hitherto unknown viruses are
required to develop a clearer picture of the diversity and geographical distribution
of these viruses. Understanding host-pathogen interactions at molecular level
could also be an important future area of research.
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