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nanthera sessilis, Tobacco curly shoot virus (TbCSV;
2766 bp) in Sida acuta, and Cotton Leaf curl Banga-
lore virus (CLCuBaV; 2750 bp) in Malvastrum coro-
mandelianum. A betasatellite DNA (1356 bp) was
found associated with CLCuBaV, sharing sequence
identity of 87-88% with those of other CLCuBaV iso-
lates. TOCSV was detected in the food legumes soy-
bean, black gram and pigeon pea, showing co-
infection with Mungbean yellow mosaic India virus
(MYMIV). Whitefly Bemisia tabaci, the vector of be-
gomoviruses, harboured ThCSV and CLCuBaV at a
high rate (10-60% and 5-30% respectively). The per-
centage of insects harbouring MYMIV was also ex-
tremely high (60-100), indicating that the whiteflies
were viruliferous for multiple begomoviruses in this
region. High population density of the whitefly and
intensive cultivation of crop plants promote mixed
infection of various begomoviruses in the fields of
Central India.

Keywords: Begomovirus, Bemisia tabaci, legumes
crops, viruliferous status, weeds.
GEMINIVIRUSES (family Geminiviridae) are single-

stranded DNA (ssDNA) viruses causing severe economic
losses to agricultural production worldwide!. Gemini-
viruses possess a genome comprised of one or two circu-
lar ssDNA molecules of 2.5-2.8 kb (refs 2, 3). They ex-
hibit considerable diversity in terms of their genome
structure, and are presently classified into nine genera*®.
Begomovirus is the largest genus in family Geminiviridae
that includes more than 320 begomovirus species®. Many
of the begomoviruses consist of two genome components,
referred to as DNA-A and DNA-B?®. Several begomovi-
ruses were identified to have only a single component
equivalent to DNA-A. However, some begomoviruses
instead need another circular ssSDNA component of
approximately half the size of DNA-A to induce typical
disease symptoms in their hosts3’.

Begomoviruses are transmitted by the whitefly Bemisia
tabaci Gennadius (Hemiptera: Aleyrodidae). This is a
species complex® and more than 35 putative species are
included®*2. The whitefly, which infests many plant spe-
cies, transmits begomoviruses to various plants®®. Be-
gomoviruses are transmitted by whitefly in different crop
plants in a circulative manner'4%5, In Central India, B.
tabaci is characterized as Asia | and Il genetic groups?®,
whose population increases in the summer season (April—
June), and viruliferous whiteflies migrate into the fields
of soybean that is a major crop in the kharif season
(June—September). Population density of the whitefly is
generally extremely high on legume plants and weeds in
the fields of Central India in this season?’.

Mungbean yellow mosaic India virus (MYMIV), a
member of the genus Begomovirus, causes yellow mosaic
disease (YMD) in legume plants, and is a threat for
important food legumes such as soybean (Glycine max),
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green gram (mung bean, Vigna radiata), black gram
(Vigna mungo), pigeon pea (Cajanus cajan), moth bean
(Vigna aconitifolia), and common bean (Phaseolus vul-
garis)!®®. YMD is highly prevalent and is a big con-
straint for legume crop yield in Madhya Pradesh, Central
India, which is the major food legume production area of
the country?,

A large number of begomoviruses have been reported
from India, probably in part due to its warm tropical cli-
mate supporting year-round survival of the whitefly
vector and intensive crop cultivation??2, Yellow mosaic,
vein yellowing, mottling or distortion, which are typical
symptoms of begomoviruses in diseased plants, are fre-
quently observed in weeds growing on the bunds/terraces
and in the legume crop fields in Madhya Pradesh. In this
study, we have characterized three begomoviruses from
the weeds collected near soybean fields, where outbreak
of MYMIV had occurred. Infection status of the be-
gomoviruses in plants and viruliferous rates in whitefly
populations were examined. The present study reveals
that viruliferous rates of B. tabaci with MYMIV popula-
tions are quite high and whiteflies also harbour other be-
gomoviruses in Central India.

Three species of weeds showing symptoms typical of
those induced by begomoviruses were collected in the
campus of Jawaharlal Nehru Krishi Vishwa Vidyalaya
(INKVV), College of Agriculture, Jabalpur, Madhya Pra-
desh. Alternanthera sessilis showing yellow vein symp-
toms was collected from the bund of a crop field during
July 2012. Sida acuta showing yellow mosaic symptoms
and Malvastrum coromandelianum showing yellow vein
symptoms were collected from the roadside near crop
fields during July 2015.

For PCR diagnosis of begomoviruses, leaf samples
were collected from the fields in Madhya Pradesh. Sites
and dates of collection are given in the Supplementary
Table 1. Whiteflies were collected from experimental
fields of INKVV and farmer’s fields in Madhya Pradesh,
and preserved in acetone at 4°C until use. Whitefly col-
lection sites and dates are given in the Supplementary
Table 2.

Total DNA of A. sessilis was isolated using CTAB
method?3, whereas DNA of S. acuta and M. coromandeli-
anum was simply isolated by crushing a small leaf disc
(ca. 2 cm?) with STE buffer (10 mM Tris HCI (pH 8.0)
containing 1 mM ethylenediaminetetraacetic acid (pH
8.0) and 10 mM NaCl) and proteinase K (Merck Milli-
pore) digestion, which is often used for DNA extraction
in insects'®. The DNA solution was then phenol-extracted
and ethanol-precipitated. DNA templates for sequencing
were prepared using different methods for three viruses
from A. sessilis, S. acuta and M. coromandelianum.

First, DNA isolated from A. sessilis was amplified by
multiple displacement amplification using REPLI-g Mini
Kit (Qiagen, Hilden) to obtain begomovirus genome
DNA. The amplified DNA was enzyme-cut and electro-
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phoresed on 1% agarose gel. The enzyme treatment pro-
duced DNA fragments of 1600 and 1200 bp by the re-
striction enzyme BamHI, 2200 and 600 by EcoRI, and
1400 bp by Pstl, suggesting that the expected size (ca.
2800) of DNA was amplified. These DNA fragments
were cloned into BamHI, EcoRI or Pstl cloning site of
pBluescript Il (Stratagene, California) respectively, fol-
lowing dephosphoration of the vector using calf intestinal
alkaline phosphatase (Toyobo, Tsuruga, Japan). T3 and
T7 primers were used for sequencing together with Big-
Dye Primer Cycle Sequencing kit (Applied Biosystems,
Life Technologies, USA). Sequencing was performed in a
DNA analyzer (model 3700, Applied Biosystems).

Second, DNA of S. acuta was used to amplify DNA-A
of begomovirus employing universal primers designed on
capsid protein (AV1) gene of DNA-A?*, DNA-A_Univ-f
and DNA-A_Univ-r (Supplementary Resource 1). PCR
was first performed using PrimeSTAR Max DNA poly-
merase (Takara Bio Inc., Shiga) in 20 ul reaction volume
under the condition of initial 1 min at 94°C, followed by
five cycles of 20 sec at 94°C, 20 sec at 60°C and 3 min at
72°C; five cycles of 20 sec at 94°C, 20 sec at 56°C and
3 min at 72°C; 28 cycles of 20 sec at 94°C, 20 sec at
52°C and 3 min at 72°C, and 3 min at 72°C for final ex-
tension. Since no PCR product was visible on the agarose
gel, a second PCR using 0.5 ul of the first PCR solution
and the same primers with Ex-Taq (Takara Bio Inc.,
Japan) was performed under the condition of an initial
1 min at 94°C, followed by 20 sec at 94°C, 20 sec at
56°C and 1 min at 72°C for 32 cycles, and 3 min at 72°C
for final extension. The reaction mixture for Ex-Taq con-
sisted of 25 ul of PCR buffer (10 mM Tris—HCI (pH 8.0);
50 mM potassium chloride (KCI); 1.5 mM magnesium
chloride (MgCly)), 0.25 mM of each dNTP, 10 pmol each
of primers and 1 U of DNA polymerase. The amplified
product of expected size (2700-2800 bp) was cloned into
pPGEM-T. The insert DNA was amplified using M13-20
and M13-reverse primers, and sequenced from both ends
using SP6 and T7 primers. The inner part of the DNA in-
serts of S. acuta virus was further sequenced using two
sequence primers, Sa_seq_f and Sa_seq_r (Supplementary
Resource 1). There remained about 80 bp gap in the
region of universal primers. A primer set, Sa_gap_f and
Sa_gap_r, was designed to fill this gap (Supplementary
Resource 1), and the PCR product amplified using this
primer set was sequenced.

Finally, DNA-A of begomovirus from M. coroman-
delianum was obtained employing the same approach as
that of S. acuta virus using the universal primers, DNA-
A_Univ-f and DNA-A_Univ-r. To further confirm the
sequences, four specific primer sets, DNA-A_Univ-f/
Mc_r2, Mc_f1/Mc_rl, Mc_f2/DNA-A_Univ-r and
Mc_f2/Mc_r2 were designed (Supplementary Resource
1). PCR condition was the same as that described above
for Ex-Tag. The PCR products were cloned into pGEM-T
and the sequence was determined as described above.
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Betasatellite was amplified from M. coromandelianum
using the primers S01 and $02 (Supplementary Resource

1). Using Ex-Tag in 25 pl solution, PCR condition was as
follows: initial 1 min at 94°C, followed by five cycles of
30 sec at 94°C, 30 sec at 58°C and 2 min at 72°C; five
cycles of 20 sec at 94°C, 20 sec at 53°C and 2 min at
72°C; 25 cycles of 20 sec at 94°C, 20 sec at 48°C and
2 min at 72°C, and 3 min at 72°C for final extension.
PCR product of about 1350 bp was cloned into pGEM-T
and the insert DNA was sequenced using SP6 and T7
primers as described above.

To determine the sequence at the primer annealing
regions in the betasatellite DNA, specific primers
Mc_beta_gap-f and Mc_beta_gap-r were designed to
cover the gap region (Supplementary Resource 1). The
DNA of the gap region was amplified under the PCR
condition of initial 1 min at 94°C, followed by 35 cycles
of 20 sec at 94°C, 20 sec at 56°C and 1 min at 72°C, and
3 min at 72°C for final extension. The PCR product was
cloned into pGEM-T and sequenced as described above.

Almost all plant DNA was extracted from leaves
(1-1.5 cm?) using a DNeasy Plant Mini Kit (QIAGEN).
DNA of one sample collected from A. sessilis in 2012
was prepared using the CTAB method. Whitefly DNA
was prepared by crushing individual whiteflies in an
Eppendorf tube with 30 ul of STE buffer. Proteinase K
(Merck Millipore, USA; 2 pl of 10 mg/ml) was added and
the solution was incubated at 55°C for 30 min and then
95°C for 5 min (ref. 16).

PCR assays were performed using 1 ul of each
extracted solution (template DNA) in a total reaction
volume of 25 ul. PCR was performed using 2x PCR Taq
Mixture (HiMedia Laboratories, Mumbai, India) or
Ex-Tag with 10 pmol of each forward and reverse primer.
PCR conditions were initial 1 min at 94°C, followed by
20 sec at 94°C, 20 sec at 54-56°C and 1 min at 72°C for
32-34 cycles and 3 min at 72°C for final extension. PCR
products were separated on 1% agarose gel visualized by
ethidium bromide staining and photographed under a UV
transilluminator.

Primers used for PCR of DNA-A of three viruses and
DNA-A and DNA-B of MYMIV are shown in the
Supplementary Resource 1. Two primer pairs were used
for DNA-A of MYMIV; one is for detecting DNA of
capsid protein (AV1) gene region (MYMVcpFwd
and MYMVcpRev), and the other for detecting DNA of a
part of the common region and AV2 gene region
(MYMiV_sp_fl and MYMiV_sp_r2). Positive control
primer sets were also used for legume plants and whitefly
in order to validate template DNA quality. Primer set for
starch branching enzyme (SBE) gene (SBE-f and SBE-r),
which was newly designed based on the sequences from
the soybean SBE gene, amplified about 480 bp DNA from
legume plants but not from weeds. Primer set for cyto-
chrome oxidase 1 (COI) gene (BtCOI_f and BtCOIl _r)
amplified 949 bp DNA from mitochondrial genome of the

1242

whitefly?®. The samples in which positive PCR reaction
was not observed using these primer sets were not used
for further diagnostic PCR in plants and not included for
calculation of viruliferous rates in whitefly.

Phylogenetic analyses were done for genomes of the
three begomoviruses from A. sessilis, S. acuta and M.
coromandelianum (Alt-DNA-A, Sida-DNA-A and Mal-
DNA-A respectively) to determine their phylogenetic
relationship. Complete sequences of DNA-A from some
begomoviruses (genus Begomovirus) were retrieved from
GenBank at the National Center for Biotechnology
Information (NCBI, USA). A total of 36 sequences of
DNA-A, including four newly sequenced DNA-A of the
three virus species were aligned using Clustal X?5. The
alignments were then inspected and corrected manually
and all gap sites in the alignments were removed, result-
ing in 2488 aligned nucleotide sites.

Phylogenetic analyses were done using PhyML 3.0 on-
line (http://www.atgc-montpellier.fr/phyml/)?. The maxi-
mum likelihood (ML) estimation was performed under
default settings with HKY'-85 model. Bootstrap tests were
conducted by 500 resamplings for ML. Analyses were
also done employing the neighbor-joining (NJ) method
in PHYLIP (http://evolution.genetics.washington.edu/
phylip.html) using Kimura’s 2-parameter model. Boot-
strap tests were conducted by 1,000 resamplings for NJ.

Percentage identity was calculated between two virus
sequences using Sequence Demarcation Tool (SDT)?.
Pairwise sequence alignment of two selected viruses was
performed using MUSCLE in SDT?,

Two similar sequences, AIlt-DNA-A _a (accession
number LC316182) and Alt-DNA-A b (LC316183), were
obtained from A. sessilis. Both were circular DNA of
2745 bp. Percentage identity between them was 95.8
(Supplementary Resource 2), which suggests that the two
DNA-A sequences are different isolates of the same spe-
cies'®. These two virus DNA sequences showed the high-
est percentage identity with Alternanthera yellow vein
virus (AIYVV) genome (accession number LN795903)
and the second highest also with AIYVV (KT717678)
through BlastN homology searches. The phylogenetic
analyses showed that Alt-DNA-A_a and Alt-DNA-A_b
formed a monophyletic group with AIYVV (Figure 1).
Percentage identities of Alt-DNA-A_a and Alt-DNA-A_b
against LN795903, the most closely related virus
sequence, were 95.2 and 94.0 respectively, which are
larger than the demarcation threshold for different species
(91) and larger than or equal to that for different strains
(94)3. The result confirms the higher resemblance of
these two isolates with AlYVV.

Begomovirus DNA-A amplified from S. acuta, Sida-
DNA-A (LC316184), was 2766 bp and showed highest
percentage identity with Tobacco curly shoot virus
(TbCSV) (KM383753). Phylogenetic analysis also
showed a close relation with TbCSV (Figure 1). Percent-
age identity of Sida-DNA-A against KM383753 was
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92.6, indicating that this begomovirus is a strain of
ThCSV.

Circular DNA obtained from M. coromandelianum,
Mal-DNA-A (LC316185), was 2750 bp. BlastN search
showed highest percentage identity with Cotton leaf curl
Bangalore virus (CLCuBaV; AY705380), followed by
CLCuBaV (GU112003) and Malvastrum yellow vein
Chitwan virus (MYVChV; JQ327840 and JQ327841).
Phylogenetic analysis showed that Mal-DNA-A formed a
monophyletic group with CLCuBaV (AY705380 and
GU112003). Some other begomoviruses, e.g. Hollyhock
leaf curl virus (HoLCuV; FR772082), Pea leaf distortion
virus (PLDV; KY001641) and MYVChV (JQ327840 and
JQ327841) were close relatives (Figure 1). Percentage
identity scores were compared between Mal-DNA-A and
DNA-A of these phylogenetically close viruses (Supple-
mentary Resource 2). CLCuBaV (AY705380) showed
the highest percentage identity of 90.8 followed by
CLCuBaV (GU112003; 90.0) and MYVChV (JQ327840;
90.0). The recently proposed demarcation threshold for
begomovirus species is 91% based on pairwise sequence
comparison with exclusion of gap sites. The identity
value 90.8% is close to 91%, and therefore it seems rea-
sonable to define this virus as CLCuBaV. This is also

Cotton leaf curl Bangalore virus [GU112003]

Cotton leaf curl Bangalore virus [AY705380]
Malvastrum_DNA-A [LC316185] -

99/ — Malvastrumyellow vein virus [AJ744881]
Malvastrumyellow vein Yunnan virus [AJ786711]
Kenat leaf curl virus [EU366903]

Pea leaf distortion virus [KY001641]

Malvastrum yellow vein Chitwan virus [JQ327840]
Hollyhock leaf curl virus [FR772082]

Cotton leaf curl Alabad virus [AJ002452]
100199 Cotton leaf curl Multan virus [EU384573]

Tobacco curly shoot virus [KM383753]

Sida_DNA-A [LC316184] -
Tobacco curly shoot virus [KM383757]

Tomato leaf curl Bangladesh virus [KM383758]
Tomato leaf curl Ranchi virus [JN676053]
Tobacco curly shoot virus [GU001879]

Ageratum enation virus [KM383735]

Radish leaf curl virus [EU194914]

Papaya leaf curl virus [Y15934]

Ageratum enation virus [KJ488991]

Cotton leaf curl Kokhran virus [AJ496286]

100/100 African cassava mosaic virus [FJ751234]
African cassava mosaic Burkina Faso virus [HE616781]
Okra yellow crinkle virus [KX100573]
Tomato yellow leaf curl virus [LC202091]

9485 Tomato yellow leaf curl virus [KU517848]

Cotton leaf curl Gezira virus [NC_002510]

—/93 Alternanthera_DNA-A_b [LC316183] -
51/99 Alternanthera_DNA-A_a [LC316182] bl
Alternanthera yellow vein virus [KT717678]
Alternantherayellow vein virus [LN795903]
Alternanthera yellow vein virus [DQ641704]

100/99
92190

0.1

85/85

100/100

921100~ Alternantherayellow vein virus [AJ965540]
[~ Mungbean yellow mosaic virus [FM242701]
L——— Mungbean yellow mosaic India virus [LC271790]

Figure 1. Phylogenetic analysis of DNA-A sequences isolated from
weeds based on the DNA-A sequences of begomoviruses. Four newly
analysed sequences (arrows) were used with 32 DNA-A sequences in
the DNA databases. In total 2,488 aligned nucleotide sites were
subjected to the analysis. A maximum likelihood (ML) phylogeny (un-
rooted tree) is shown and neighbor-joining (NJ) analysis gives substan-
tially the same results. Statistical support values >50% are shown at the
nodes in the order of ML/NJ. Accession numbers are indicated in
parenthesis.
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supported by the fact that the identity score, including
gaps between Mal-DNA-A and AY705380 was 90.2%,
which is larger than the species demarcation criterion that
has been used conventionally (89%)?". In addition, identity
in putative amino acid sequence of capsid protein
between Mal-DNA-A and CLCuBaV (AY705380) was
very high (97.3%).

The expected size (1350 bp) of PCR product for beta-
satellite DNA was obtained from M. coromandelianum
using the general primer pair for betasatellite. This beta-
satellite DNA of 1356 bp (LC316186) encoded the p-C1
gene in the complementary sense DNA, and showed two
well-known features, viz. the presence of a potential
stem—loop structure containing the ubiquitous nonanucle-
otide sequence TAATATTAC in the conserved region
and the presence of a sequence rich in adenine (A-rich)?°.
It showed high identity with CLCuBaV-associated beta-
satellite DNA (AY705381 (ref. 30) and KC608158),
whose associated DNA-A components were those of
AY705380 and GU112003 (CLCuBaV) described above
respectively. Pairwise sequence percentage identities
against AY705381 and KC608158 were 87.8 and 87.5
respectively. The result strongly suggests that this
betasatellite is a cognate satellite of Mal-DNA-A
(CLCuBaV).

In order to know whether plants in the field are
infected with these viruses, some crops and weeds were
PCR-tested. Sample template integrity was first examined
using the primer pair for starch branching enzyme (SBE)
gene in soybean, black gram and wild black gram (Vigna
trilobata), and not in weed plants A. sessilis, S. acuta and
M. coromandelianum, since this primer pair did not am-
plify SBE gene in these weed plant samples. In addition
to testing DNA-A of the three viruses (AIYVV, ThCSV
and CLCuBaV), DNA-A and DNA-B of MYMIV were
also examined (Supplementary Table 1).

AIYVV was only detected in A. sessilis, which was
collected on July 2012 in Jabalpur. ThCSV was detected
in soybean, black gram and pigeon pea, which were col-
lected in 2014 and 2015. CLCuBaV was detected in S.
acuta and M. coromandelianum. MYMIV infected soy-
bean, black gram, pigeon pea, V. trilobata and A. sessilis;
both DNA-A and DNA-B of MYMIV were detected in
each plant sample.

Whiteflies were collected from a fixed location
(INKVV) or different locations during main cultivating
seasons of legume crops. In Madhya Pradesh, soybean,
green gram and black gram are mainly cultivated in the
kharif season, but the latter two crops are also cultivated
in the summer season. Twenty whiteflies were used for
PCR from each collection and PCR-positive samples us-
ing COI primer pair were used for calculating viruliferous
rates for individual viruses. Viruliferous changes for each
virus in the whiteflies are summarized in the Supplemen-
tary Table 2. PCR for individual whiteflies are also
shown in the Supplementary Resource 3.
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Whiteflies showed extremely high infection rates for
MYMIV (60-100%). In summer and kharif seasons,
MYMIV is prevalent in many legume crops, especially
soybean, green gram and black gram. AIYVV, however,
was not detected in any whiteflies in this survey in 2015.
The reason is unclear. Infection rate of TbCSV varied
among the collections, being highest at 60% at a black
gram field in Shahpura, Jabalpur during early June 2015.
CLCuBaV showed infection rates ranging from 5% to
30%. Many individual whiteflies harboured multiple
viruses; some whiteflies had three viruses, i.e. ThCSV,
CLCuBaV and MYMIV (Supplementary Resource 3).

Three begomoviruses, AIYVV, ThCSV and CLCuBaV,
and a CLCuBaV-associated betasatellite were found in
weeds. AIYVV which was isolated from A. sessilis in the
present study was first reported in 2005 from an aquatic
plant, A. philoxeroides, in Hainan Province, China3.
AlYVV was then found in the water primrose (Ludwigia
hyssopifolia)®?, common zinnia (Zinnia elegans) and false
daisy (Eclipta prostrate)32* in China and/or Vietnam. In
Pakistan, AIYVV was found in field sowthistle (Sonchus
arvensis)® and E. prostrata®.

ThCSV was first found in tobacco in Yunnan Province,
China®. It infects important crops, viz. tobacco (Nicotia-
na tabacum), tomato (Solanum lycopersicum)32° and
pepper (Capsicum frutescens)®. ThCSV is reported to
infect common bean (Phaseolus vulgaris) and tomato in
India***2, and was detected in soybean, black gram and
pigeon pea (Supplementary Table 1). Since ThCSV has
the potential to infect legume crops, infection survey in
field crops and elucidating the relation with MYMIV are
important issues in Central India.

The begomovirus found in M. coromandelianum
(Mal-DNA-A) was defined as a strain of CLCuBaV based
on phylogenetic analyses (Figure 1) and percentage iden-
tity (Supplementary Resource 2). Association with a
betasatellite which shows high homology with that of
CLCuBaV also supports the fact that the present virus is a
strain of CLCuBaV. Also, CLCuBaV (AY705380) was
first found in cotton (Gossypium barbadense) in southern
India*. An isolate of CLCuBV (GU112003) found in
leaves in okra (Abelmoschus esculentus) is reported to
infect hollyhock (Althaea rosea), Nicotiana species and
okra. This isolate did not show infection in cotton G.
herbaceum and M. coromandelianum by whitefly inocu-
lation tests. Isolates of CLCuBaV are suggested to be of
recombinant origin*44®,

The whitefly B. tabaci feeds on a wide range of host
plants of families*®#’, showing highly different biologi-
cal, physiological and genetic features among strains. It is
divided into many genetic groups based on mitochondrial
COI gene sequences. B. tabaci populations in Central
India mainly comprise Asian | and Asian Il groups604849,
Since the whitefly retains multiple begomoviruses
(Supplementary Resource 3), it could inoculate more than
one begomovirus to many plants. High density of white-
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fly populations and high viruliferous rate for some be-
gomoviruses in Central India (Supplementary Table 2)
may provide many virus-reservoir plants. Actually,
MYMIV can be detected in many non-legume plants; for
example, from eggplant, cotton and weeds'®. ThCSV was
detected in some of the food legumes, soybean, black
gram and pigeon pea (Supplementary Table 1). However,
little knowledge is available about whitefly preference for
host plants in Central India, which is important for virus
transmission. Analysis of whitefly movement among
legume plants, and between legume and non-legume
plants will provide helpful knowledge for the prevalence
of begomoviruses in this region.

The tripartite association among begomoviruses, host
plants and whitefly vector appears to provide additional
complexity by begomovirus evolution. The genome
organization is common among begomoviruses®*® and
genetic exchange often occurs producing many kinds of
virus variants®5152, The Indian subcontinent seems to be a
melting pot of begomoviruses and such varied viruses are
produced through gene exchange, genetic reassortment
and mutation. The results of the present study indicate
that ThCSV was detected from soybean, black gram and
pigeon pea. CLCuBaV, however, was not detected from
legume plants, as far as the present limited samples are
concerned. Both ThCSV and CLCuBaV can be transmit-
ted by the whitefly, whereas CLCuBaV may lack the
ability to survive in plants of family Fabaceae. The virus
host limitation and genetic isolation of begomoviruses in
plant families are important features for disease pre-
valence®. Since the whitefly contains multiple viruses,
host plant selection of the whitefly and host range of the
viruses are important issues to be explored.
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Urbanization is one of the most significant global
trends of modern times, driving and driven by multi-
ple social, economic and environmental processes. Due
to uncontrolled urbanization, there is rapid environ-
mental degradation which causes many problems. Sci-
entific assessments can help provide solutions by
considering the local realities. Numerous assessment
strategies have been suggested such as emerge analy-
sis, material flow analysis, data development analysis
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and ecological footprint analysis (EFA). EFA has been
implemented as a useful analytical and planning tool
for assessing urban sustainability in numerous cities.
The aim of this study is to use one of the EFA compo-
nents, viz. built-up land footprint (EFuuitup) to evaluate
the urban sustainability of Solan district, Himachal
Pradesh (HP), India, in terms of settlements. The
study concludes that EFuuit-up of Solan district, HP,
exceeds its biocapacity, resulting in an ecological defi-
cit. Therefore, element of built-up land in Solan dis-
trict is considered as an unsustainable system.

Keywords: Biocapacity, built-up land footprint, eco-
logical footprint analysis, ecological deficit, urban sus-
tainability.

THE world is increasingly becoming urbanized. About
65% of the world’s population is expected to live in cities
by 2025 (ref. 1). Excessive urban sprawl is the source of
many problems such as air pollution, crime, housing,
noise pollution, traffic jam, shortage of clean drinking
water as well as energy?. Since the end of the 19th centu-
ry, the problems posed by modern urban development
have emerged in the environmental, social and economic
spheres, which have made these communities unstable
and forced experts to look for alternative urban develop-
ment patterns. Modern-day lifestyles are exploiting many
natural resources, polluting the environment, increasing
social inequality, building tropical islands and causing
climate change. In this regard, the term ‘sustainability’
was first developed by the United Nations in the Brund-
tland Commission Report, which defines sustainable
development as one that meets current needs without
compromising the ability of future generations to meet
their needs®. The problem of achieving sustainable urban
development is thus an important challenge. Measuring
urban sustainability is an engine of social and economic
development, but at the same time focusing on environ-
mental issues is a major challenge for environmental
managers and decision-makers®.

Urban sustainability is defined as the process by which
measurable long-term social development can be
achieved through actions in the environment, economic
and social magnitude. The use of sustainability indicators
is increasingly needed to achieve sustainability®. Sustain-
ability indicators are the solid basis for regular and long-
term monitoring of progress towards achieving strategic
developmental goals and evaluation of various forms of
sustainability®. They provide past and present trends for
any particular problem, and serve as a supportive tool for
future decisions®. They are the tools needed to develop a
strategy and for policy development, to provide a picture
of the three dimensions of sustainable
urban development: social, economic and environmental.
They need to assess the state of sustainable urban
development in order to support urban environmental
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