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Abstract: A survey on Cucumber mosaic virus (CMV) was conducted on 21 banana orchards in three bananas producing states:
Karnataka, Maharashtra, and Uttar Pradesh. Sampling was done during winter and autumn and all samples were initially examined
for the presence of CMV using DAS-ELISA. Out of 300 tested samples, the presence of CMV was observed in 13. The lowest rate of
infection was determined in Uttar Pradesh followed by Maharashtra, while high infections were observed in samples from Karnataka.
Three CMV infected samples represented in each state were amplified through RT-PCR using the movement protein (MP) gene specific
primers and cloned in the pGEMT essay vector. The RT-PCR products of amplified samples were sequenced. Gene sequences of CMV-
KAR, CMV-MR, and CMV-UP isolates under study coding for the movement protein revealed 99.76%-99.88% and 99.28%-99.64%
sequence identity at the nucleotide and amino-acid level. These isolates were compared with 29 CMYV isolates reported from various
plants around the world, which formed three distinct subclades: -IA, -IB, and -II. These isolates were most closely related to subgroup-I
isolates, sharing up to 95.81% and 96.84% sequence identity at nucleotide and amino acid, respectively. However, these isolates shared
81.79%-81.90% and 82.80%-83.15% nucleotide and amino acid identity with subgroup II isolates. The isolates under study clustered
with the CMV subgroup-IB as confirmed by phylogenetic analysis. Further, we standardized the minimum limit of RNA transcript for
the sensitivity of RT-PCR with respect to the coat protein (CP) gene and movement protein (MP) gene. The results of RT-PCR showed
that the CP gene was more sensitive than the MP gene for the detection of CMV as it amplified the gene product up to 0.02 ng RNA. The
CP gene based RT-PCR assay may be a more sensitive, reliable, and convenient molecular tool for detection of the CMV pathogen, and
can be used in quarantine, eradication, and tissue culture certification programs.
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1. Introduction generation to the next generation, decreasing the yield of

Banana is the premier fruit of Asia and the Pacific region. It
is the fourth most important food crop after rice, wheat, and
maize, with numerous medicinal properties (Simmonds,
1966). It is the largest fruit crop in India, accounting 33%
of the total fruit production, and has great socioeconomic
significance. The crop is reported to be infected by a
number of pests and diseases including a number of viruses
such as Banana bunch top virus (BBTV) (Banerjee et al.,
2014), Banana streak virus (BSV) (Baranwal et al., 2014),
Cucumber mosaic virus (CMV) (Khan et al., 2011), Banana
bract mosaic virus (BBrMV) (Balasubramanian and
Selvarajan, 2014), Banana mild mosaic virus (BanMMYV)
(Teycheney et al., 2007), and Banana dieback virus (BDBV)
(Hughes et al., 1998). Vegetative propagation of the
banana crop results in continuation of viruses from one
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the products and the health of the plants. CMV, a member
of the family Bromoviridae, is one of the most important
widespread viruses in the world, infecting more than 1200
species of 100 plant families, including both monocot and
dicot plants with severe damage in several of the most
economically important fruit, pulse, and vegetable crops
(Srivastava et al., 2004; Madhubala et al., 2005; Bashir et
al.,, 2006; Verma et al., 2006; Dubey et al., 2010; Koundal et
al., 2011). RNA viruses do not have proofreading ability of
the RNA replicase and as a result CMV also has potential
for high genetic variation in the same/different plant as
well in the same/diverse location in a different part of the
world.

The genome of the CMV consists of three plus-sense
single stranded RNAs (RNA 1, RNA 2, and RNA 3) and a
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subgenomic RNA (RNA 4) encoded by the 3'-half of RNA
3, which is involved in encapsidation (Suzuki et al., 1991;
Palukaitis and Garcia-Arenal, 2003; Jacquemond, 2012).
Many strains of CMV described from different parts of the
world have been put into two subgroups, I and I, based on
nucleic acid hybridization (Owen and Palukaitis, 1988),
gene sequences (Owen et al., 1990; Szilassy et al., 1999),
restriction fragment length polymorphism (RFLP) (Rizos
et al., 1992), and serology (Hu et al., 1995). The diverse
strains of CMV are divided into two main groups, I and II,
according to their genomic sequences. Furthermore, group
I is divided into two subgroups, IA and IB, on the basis of
phylogenetic analysis (Palukaitis and Garcia-Arenal, 2003;
Moury, 2004; Liu et al., 2009). However, limited reports are
available on molecular characterizations and phylogenetic
analysis of CMV based on the movement protein gene
(Srivastava et al., 2004). This is the first report of a
complete MP gene of the CMV from Indian field samples
of subgroup-IB. Moreover, the aim of the present study
was to develop a sensitive and reliable RT-PCR assay for
the detection of the CMV pathogen from the lower limit
of RNA extracted from plant samples. The RT-PCR based
diagnostic assay may be used effectively for quarantine and
indexing of mother plants in the tissue culture industry to
increase yield through crop improvement.

2. Materials and methods

2.1. Sample collection, screening, and maintenance of
virus culture

The survey was conducted in 21 banana orchards in three
main growing banana states: Karnataka, Maharashtra,
and Uttar Pradesh. Naturally affected samples of banana
showing mosaic and yellow stripes on leaves (Karnataka),
chlorotic and leaf distortion (Maharashtra), and chlorotic
with stunting of plant (Uttar Pradesh) and symptomless
samples were collected from banana growing regions of
India. The samples were initially subjected to direct antigen
coating-enzyme-linked immunosorbent assay (DAC-
ELISA) using antiserum against CMV followed by RT-
PCR. Collected leaf samples were properly labelled, sealed
in plastic bags, and stored at -80 °C until experiments for
testing, which were generally performed within 3 months
of sample collection. Natural symptomatic plant samples
were also maintained under insect-proof glasshouse
conditions.

2.2. RNA isolation and RT-PCR

Total RNA was extracted from 100 mg of infected and
healthy (negative control) banana leaf tissue using the
RNeasy Plant Mini Kit according to the manufacturer’s
instructions (Qiagen Inc., Chatsworth, Los Angeles, CA,
USA). The purity of RNA was checked by electrophoresis
on 2% agarose gel and the concentration quantified
using a NanoDrop ND-1000 UV-vis spectrophotometer
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(NanoDrop Technologies, Wilmington, DE, USA). The
c¢DNA synthesis was carried out using AMV RTase (10 U)
at 42 °C for 90 min, in a total volume of 20 mL containing
RNAase inhibitor (25 U) and 1 mM each of ANTP and
movement protein (MP) gene specific downstream primer
(15 pmol). The primer pair used for amplification of MP
genes was derived from the previously reported MP gene
sequence of CMV (Srivastava et al., 2004). The upstream
primer 5-ATGGCTTTCCAAGGTACCAGT-3> and
downstream primer 5’-CTAAAGACCGTTAACCACCTG
-3’ represented the first and the last 21 bases of the coding
region of the MP gene, respectively. Prior to amplification,
the template was incubated at 72 °C for 5 min and snap-
cooled on wet ice for 2 min. Reverse transcription-PCR
was performed in an automated thermal cycler (Biometra)
using the following parameters: one cycle at 42 °C for 45
min for complementary DNA synthesis, then 35 cycles
at 94 °C for 30 s, 57 °C for 1 min, and 72 °C for 1 min
followed by one cycle at 72 °C for 60 min. Products and
100 bp DNA ladder (Fermentas, Canada) were resolved
following electrophoresis through a 1% agarose gel
containing ethidium bromide.

2.3. Cloning and sequencing of MP gene

The product amplified from each infected sample was
purified after electrophoresis using a DNA extraction kit as
per the manufacturer’s instructions (Fermentas, Canada).
Purified DNA fragments were ligated into a pGEM-T Easy
vector (Promega, Madison, WI, USA) and competent
Escherichia coli cells (XL1-Blue strain) were transformed
by standard molecular biology procedures (Sambrook
and Russell, 2001). Clones were designated as CMV-KAR,
CMV-MH, and CMV-UP for Karnataka, Maharashtra, and
Uttar Pradesh samples, respectively. Two clones of each
isolate were sequenced in both directions using universal
T7 and SP6 primers.

2.4. Sequence analysis and phylogenetic study

MP gene sequences of three CMV isolates infecting banana
with Accession No. DQ642018 (CMV-KAR), DQ642019
(CMV-MH), and DQ642017 (CMV-UP) were submitted
to the EMBL database. The MP gene of CMV isolates
under study was compared with that of 29 isolates of
CMV obtained from GenBank (http://www.ncbi.nlm.nih.
gov/Genbank/index.html). The sequence data, accession
number, strains/isolates, and country of origin are given in
Table 1. Multiple sequence alignment and identity matrix
of the sequences were calculated using ClustalW software.
Phylogenetic analysis of the MP gene of CMV isolates was
performed in MEGA4 with the sequence of Peanut stunt
virus (PSV) as out-group added to the alignment profile
(Tamura et al., 2007). The maximum parsimony method
was used to infer the evolutionary history. A phylogenetic
tree was generated (with 1000 replicates) using the close-
neighbor-interchange algorithm (Nei and Kumar, 2000).
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Table 1. List of various Indian banana orchards that are supposed to be autochthonous, sites of sampling, and number of initially tested
samples by DAS-ELISA followed by RT-PCR with total percentage of CMV infection.

Samples collection and

No. of infected samples

Infection rate in %

No. of tested samples

location of orchards DAS-ELISA RT-PCR (RT-PCR)
Karnataka orchard 1 14 02 02 14.285
Karnataka orchard 2 14 01 01 7.142
Karnataka orchard 3 15 01 01 6.666
Karnataka orchard 4 14 00 00 0.0
Karnataka orchard 5 14 01 01 7.142
Karnataka orchard 6 15 01 01 6.666
Karnataka orchard 7 14 00 01 7.142
(Symptomless) Total = 7%
Maharastra orchard 1 15 01 01 6.666
Maharastra orchard 2 12 00 00 0.0
Maharastra orchard 3 16 01 01 6.25
Maharastra orchard 4 15 00 00 0.0
Maharastra orchard 5 14 00 00 0.0
Maharastra orchard 6 16 01 02 12.50
Maharastra orchard 7 12 00 00 0.0
(Symptomless) Total = 4%
Uttar Pardesh orchard 1 20 01 01 5.0

Uttar Pardesh orchard 2 15 00 00 0.0

Uttar Pardesh orchard 3 10 00 00 0.0

Uttar Pardesh orchard 4 14 00 00 0.0

Uttar Pardesh orchard 5 11 00 00 0.0

Uttar Pardesh orchard 6 16 00 00 0.0

Uttar Pardesh orchard 7 14 00 01 7.142
(Symptomless) Total = 2%
2.5. Development of sensitivity RT-PCR assay for the 3. Results

detection of CMV through CP gene and MP gene

In order to evaluate the analytical sensitivity of the
assay, RT-PCR experiments were performed on ten-fold
dilution series of RNA with a 200 ng known quantity of
RNA (6 tubes with a range of 200, 20, 2.0, 0.2, 0.02, 0.001
ng) by CP and MP gene specific primers. The dilutions
were made in nuclease-free water to determine the
detection limit of RNA concentration for the detection of
virus in infected samples as per the protocol by Pérez and
Diaz de Arce (2009). The PCR thermal cycling parameter
was used as described above for MP gene and CP gene
amplification.

3.1. Survey and sample collection

A total 300 samples were collected from Karnataka (86
symptomatic and 14 symptomless samples), Maharashtra
(88 symptomatic and 12 symptomless samples), and Uttar
Pradesh (86 symptomatic and 14 symptomless samples)
and analyzed initially by DAS-ELISA assay and further
confirmed through a CP specific primer pair through
RT-PCR as discussed previously by Khan et al. (2011).
The incidence of CMV infection was more prevalent
in Karnataka, with a rate of 7% (07 samples out of 100),
followed by Maharashtra (4%; 4 samples out of 100) and
Uttar Pradesh (2%; 2 samples out of 100) (Table 1).
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3.2. RT-PCR and cloning of amplified product in pGEMT
RT-PCR followed by agarose gel electrophoresis of the PCR
products revealed the expected size fragment of an MP gene
fragment of about 840 bp in CMV infected samples of each
state, Karnataka, Maharashtra, and Uttar Pradesh, except for
the negative control (tissue culture based healthy sample).
The PCR products were successfully cloned in pPGEM-T Easy
vector. Furthermore, restriction digestion of plasmid DNA
isolated from each clone showed positive conformation of
several clones having the insert of expected size.

3.3. Sequence analysis and phylogenetic study

The complete nucleotide sequences of three clones of CMV-
KAR, CMV-MH, and CMV-UP isolates were determined
by sequencing in both reverse and forward directions
using T7 and SP6 promoter primers. The sequences have
been deposited in the EMBL database with the accession
numbers DQ642018 (CMV-KAR), DQ642019 (CMV-
MH), and DQ642017 (CMV-UP) as indicated in Table 2.
The sequenced region in all three isolates had a complete
open reading frame (ORF) of 840 bases, which potentially

Table 2. Source of CMV movement protein gene sequences used in multiple alignment studies. Asterisk (*)

indicates banana isolates under study (NA: not available).

S.No Accession Number Strain/isolate Origin/Country
1 DQ642018* CMYV Banana /KAR India

2 DQ642019* CMYV Banana /MH India

3. DQ642017* CMYV Banana /UP India

4 DQ885889 CMYV Banana / Lucknow India

5 EF178298 CMYV Banana / Lucknow-Gmt India

6 AF268598 CMYV Banana/Xb China

7 AM117572 CMYV Tagetus erectus India

8 AF414078 CMV Amaranthus India

9. DQ914878 CMYV Rauvolfia India

10. AM396982 CMYV Tagetes erecta India

11. DQ873411 CMV Datura India

12. DQ885887 CMYV Tom-shoestring India

13. DQ656120 CMV Chrysanthemum India

14. D10538 CMV Fny USA

15. D16405 CMV Legume Japan

16. AJ304398 CMV ALS Netherlands
17. AJ304399 CMV ALS Netherlands
18. U20219 CMYV Ixora USA

19. U66094 CMYV Sny Israel

20. U37227 CMV S USA

21. D83958 CMVY Japan

22. AY429437 CMV CS China

23. AY429432 CMYV Ca China

24. AB042294 CMV Japan

25. AF198103 CMV LY Australia
26. AJ276481 CMV Mf South Korea
27. L15336 CMV Trk7 NA

28. D28780 CMV NT9 Taiwan

29. Y16926 CMV Italy

30. D00385 CMV O Japan

31. M21464 CMV Q NA

32. D12499 CMVY Japan

33. U15730 Peanut stunt virus (PSV) USA
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coded for a protein of 279 amino acids. Sequence
alignment of the MP gene of the CMV isolates under study
showed 99.76%-99.88% and 99.28%-99.64% identities at
nucleotide and amino acid level, respectively. Sequence
alignment between the MP gene of the CMV isolates under
study and other reported Indian isolates of CMV showed
98.69%-98.81% and 99.64%-100% sequence identity at
nucleotide and amino acid level, respectively. Moreover,
the results of sequence alignment of the MP gene of the
CMV isolates under study and 29 diverse isolates of CMV
reported from different parts of the world revealed that the
isolates under study were more closely related to subgroup-
IB isolates, sharing 81.64%-95.81% and 83.64%-96.84%
sequence identity with reference to nucleotide and amino
acid level, respectively. However, the isolates under study
were distantly related to the members under subgroup-
11, sharing only 81.79%-81.900% sequence identity at the
nucleotide level and 82.80%-83.15% sequence identity at
the amino acid level (Table 3). Moreover, phylogenetic
analysis of the amino acid sequences of the MP gene under
study showed that CMV isolates formed one cluster along
with IB subgroup isolates. The remaining isolates formed
two distinct clusters with IA and II subgroup isolates
(Figure 1).

3.4 Comparison of RT-PCR sensitivity for the detection
of CMV through CP gene and MP gene

RT-PCR using primer pairs of the CP gene was successful
amplified about 650 bp fragments in RNA concentration
ranging from 200 to 0.02 ng (Figure 2a). However, primer
pairs of the MP gene showed amplification of about 850 bp
fragment in RNA concentration ranges from 200 to 0.2 ng
(Figure 2b).

4. Discussion and conclusion
CMV is a very common plant virus that infects many
plant families and can cause significant economic losses
in many fruit, vegetable, ornamental, and horticultural
crops. Banana, cucurbit, tomato, and pepper are the crops
most commonly affected by CMV (Palukaitis and Garcia-
Arenal, 2003; Bashir et al., 2006; Dubey et al., 2010). A total
of 300 samples were collected from three banana growing
states in different geographical areas in India. CMV
causing yellow mosaic and stripes on the leaves of banana
was specifically observed in winter. The presence of virus
was initially tested by DAS-ELISA assay. The samples were
further confirmed through RT-PCR for CMV infection.
Two asymptomatic samples were also CMV positive in
RT-PCR. This disparity in results may show the existence
of CMV isolates in the form of latent infection that are not
easily detected by indexing on ELISA although detectable
by RT-PCR analysis. Moreover, as a limited number of
samples were analyzed, it was impossible to find a possible
correlation between the observed symptoms and the
presence of virus. An improved balanced strategy for
plant health management might be required for virus free
mother plants. The RT-PCR assays, due to the fact that they
are specific, reliable, and sensitive, and can be performed
rapidly and at a reasonable cost, have been confirmed to
be valuable techniques in the detection of virus mediated
diseases in plant science. The most commonly used
molecular technique is RT-PCR for the detection of RNA
viruses. The RT-PCR method was more sensitive than
direct action coating ELISA (DAC-ELISA) to detect CMV
infection in banana as previously confirmed in many
reports (Raj et al., 2003; Reddy et al., 2011).

CMV infection was determined in 13 banana samples
(4.33%) out of the total 300 samples. The highest CMV
infection rate was determined in Karnataka (7%) followed

Table 3. Percent identity in movement protein gene at nucleotide and amino acid level among
CMYV banana isolates from India and different parts of the world using ClustalW program (%
nucleotide identity top right and % amino acid identity bottom left).

© o)} o~ o

> 3 > 3 &K &

S| N S| N N ]

<t < < © © x

N3 O N3 0 & g

A A A A 23] <
DQ642018 99.76 99.88 98.69 98.69 81.79
DQ642019 99.28 X 99.88 98.81 98.81 8.79
DQ642017 99.64 99.64 X 98.81 98.81 81.9
DQ885889 99.64 99.64 100 X 100 81.67
EF178298 99.64 99.64 100 100 X 81.67
AF268598 82.80 82.80 83.15 83.15 83.15 X
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Figure 1. Phylogram, drawn by neighborhood joining bootstrap method (bootstrap analysis with
1000 replicates) in Clustal X (version 1.83), illustrating phylogenetic relationship based on multiple
alignments of the movement protein gene sequences of 26 distinct CMV and 6 banana isolates of CMV
MP along with PSV as out-group. The sequences used in the analyses were obtained from GenBank/
EMBL (see Table 1). Asterisk (*) indicates CMV isolates infecting banana.

by Maharashtra (4%) out of 100 samples collected from
each location (Table 1). Such high infection in Karnataka
may be due to the existence of other leguminous family
crops such as cowpea, fava bean, and tepary bean together
with banana orchards, which may be infected with CMV
and may act as a source of transmission of virus. The three
isolates of CMV representing each banana growing state
were studied for their molecular characterization. These
CMYV isolates (CMV-KAR, CMV-MH, and CMV-UP)
under study were characterized based on complete MP
gene analysis. The sequence of CMV isolates under study
was significantly identical at both nucleotide and amino
acid level (>99% similarity). However, a previous report on
the CP gene of CMV isolates showed 90%-98% sequence
identity with the CMV subgroup I isolates (Srivastava et al.,
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2004). The data of MP sequence analysis showed that the
38 nucleotides from positions 596-633 (38 nt) are identical
among all CMV strains (data not shown). Furthermore,
alignment of its inferred amino acid sequence showed the
67 amino acid from position 88-154 are conserved among
all the strains of subgroup I. Therefore, the MP gene may
be better suited than the CP gene for the development
of transgenic plants due to their more conserved nature
among CMYV subgroup I isolates. The complete MP amino
acid sequence of isolates under study was compared
with that of 29 CMV isolates reported from 10 different
countries and various hosts over the last 20 years (Table 1).

Although there are some reports on serological and CP
based molecular characterization of many Indian strains
of CMYV, their isolation and molecular characterization
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~650bp

Figure 2a. Agarose gel electrophoresis of RT-PCR products
(CMYV CP gene specific primers) with different dilutions of RNA.
Lane 1: 100 bp Ladder; Lane 2: Negative control; Lane 3: 200 ng
RNA; Lane 4: 20 ng RNA; Lane 5: 2 ng RNA; Lane 6: 0.2 ng RNA;
Lane 7: 0.02 ng RNA; Lane 8: 0.002 ng RNA.

based on complete MP sequence data have not yet been
done except for some preliminary findings (Srivastava
et al,, 2004; Khan et al., 2011). Therefore, this study was
planned to obtain a better understanding of the right
taxonomic position of CMV isolates infecting banana
and the phylogenetic relationship with other CMV strains
reported from India and different parts of the world. The
phylogenetic analysis of these isolates based on complete
MP sequence illustrated two major groups: I and II. The
I-group was further divided into two subgroups: IA and
IB (Owen and Palukaitis, 1988; Liu et al., 2009). The
phylogenetic analysis revealed that the isolates under study
were more closely related to the IB-subgroup along with
other isolates reported from India and Japan (Srivastava
et al., 2004). The majority of CMV isolates in India along
with the isolates under study are grouped in subgroup-IB.

Additionally, the present study developed a molecular
diagnostic tool for the detection of CMV population based
on the requirement of minimum detection limit of RNA
with CP and MP gene specific primers by RT-PCR. The
sensitivity of an RT-PCR assay is important for efficient
detection of CMV in tissue culture based banana plant
samples as well as field samples. The coat protein gene
specific RT-PCR assay is more efficient, reliable, and
convenient as it may detect the infection of CMV in up to
10-fold lower (0.02 ng) concentration of RNA. Itis reported
that a fourth RNA, RNA 4, which is subgenomic to RNA
3, serves as a monocistronic messenger and encoded the
coat protein in addition to RNA 1, 2, and 3. Therefore, the
CP gene based RT-PCR assay might be a more sensitive
and reliable molecular tool for the detection of the CMV
pathogen in mother plants. The outcome of detection
limit describes a simple, rapid, sensitive, specific, reliable,

~ 850bp

b

Figure 2b. Agarose gel electrophoresis of RT- PCR products
(CMV MP gene specific primers) with different dilutions of RNA.
Lane 1: 100 bp Ladder; Lane 2: Negative control; Lane 3: 200 ng
RNA; Lane 4: 20 ng RNA; Lane 5: 2 ng RNA; Lane 6: 0.2 ng RNA;
Lane 7: 0.02 ng RNA; Lane 8: 0.002 ng RNA.

and significant RT-PCR assay for CMV detection in plant
samples. The RT-PCR assay is more cost-effective than real
time PCR, but real time PCR has tremendous potential for
quantitative applications.

This finding might be helpful in determining the
evolution of Indian isolates of CMV and the design of
strategies for efficient control of CMV. The outcome of
the study provides information on the ways in which
CMYV infections can impair the sustainability of modern
farming systems of banana. The timely identification
and characterization of the virus seems to be the most
urgent requirement for tissue culture based mother plants.
Genetic engineering for the development of transgenic
plants and quarantine inspection of plant propagules
are needed for well characterized genes and powerful
diagnostics to help achieve sustainability. Although many
detection techniques such as ELISA, dot blot hybridization/
slot blot hybridization, and restriction fragment length
polymorphism (RFLP) are available, RT-PCR-based assays
are much more reliable and sensitive. The established
diagnostic technique could be helpful to ensure the
production of virus free tissue culture based plants and
can be used in quarantine, eradication, and certification
programs. Although the presence of CMV is well known
in many regions and many countries worldwide, to the
best of our knowledge this is the first report of CMV based
on the MP gene in India.
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