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Abstract
Cucumber mosaic virus (CMV) has worldwide distribution with the broadest host range. Coat protein (CP)
is the fundamental determinant for identi�cation, symptom induction, systemic movement, encapsidation
and aphid transmission of CMV. Molecular indexing explicated the prevalence of both mosaic inducing
and chlorosis inducing strains of CMV in chilli growing tracts of Tamil Nadu. Precisely, CP consist of 657
nucleotides encodes for 218 amino acids was cloned and sequenced. The comparative amino acid
analysis depicted Ser129 and Thr137 to be conserved in chlorosis inducing strains whereas Pro129 and
Ser137 are conserved in mosaic inducing TN CMV strains. Moreover, chlorosis inducing strains was
observed to have cryptic mutation of Thr162, conserved for aphid transmission. Further, structural
annotation of CP vindicated the propound modi�cations in secondary structure of protein. Moreover, TN
CMV strains detected to implicit �ve functional domains in CP. Intriguingly, chlorosis inducing strains
discerned to have disordered protein at functional motif of protein kinase K phosphorylation site.
Remarkably, Casein kinase II phosphorylation site also observed in TN isolates which is purely conserved
for CPs of all Cucumovirus. Besides, sequence diversity analysis postulate chlorosis inducing strains to
have greater synonymous substitution over mosaic inducing strains and further phylogenetic analysis
vindicated TN CMV isolates (mosaic and chlorosis inducing strains) belong to subgroup IB. The present
study was taken to delve the genetic diversity of biologically distinct mosaic and chlorosis inducing
strains of CMV infecting chilli in Tamil Nadu. 

Introduction
Cucumber mosaic virus (CMV) is one of the destructive plant viruses with wider host range which infect
utmost all vegetables crops (Kunkalikar et al. 2010). CMV was �rst reported back in 1916, ever since the
notorious virus reported worldwide. About 36 viruses were reported to be infecting chilli and causing
signi�cant yield loss (Makkouk and Gumof 1974; Bhadramurthy et al. 2009). CMV (genus: Cucumovirus;
family: Bromoviridae) harbor positive sense, single stranded and multi component virus with tripartite
genomic RNA (Asad et al. 2019). RNA1 (~ 3.3 kb) encodes a replicase protein (1a) possess methyl
transferase domain at N terminal and helicase motif at C terminal end. RNA2 (~ 3.0 kb) encodes larger
replicase protein (2a) possess GDD motif for RNA dependent RNA polymerase (RdRp) and small silencing
suppressor gene (2b) expressed from overlapping ORF2a. RNA 3 (~ 2.2 kb) encodes movement protein
(3a) and coat protein (3b) expressed from sub genomic RNA (Jacquemond 2012). CMV is an ico-sahedral
particle with 29nm in diameter composed of 180 identical sub units of CP (A, B and C) with quasi- three
fold symmetry. Remarkably, sub unit A form pentameric capsomers and subunit B and C forms
hexameric capsomers and has a β-barrel topology (Salanki et al. 2018).

CMV induces the broad spectrum of symptoms depending on virus strain and host such as mild to severe
mosaic, yellowing, stunting, chlorosis, necrosis, leaf �liformity, malformation and fruit distortion
(Montasser et al. 2017; Vinodhini et al. 2020). Broadly, CMV categorized into two major subgroups as
subgroup I and subgroup II on the basis of peptide mapping of coat protein, nucleotide sequence
homology and serological relationship. The subgroup I is further divided into subgroup IA and IB based
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on the nucleotide variation at 5’ non coding region of coat protein (Dubey et al. 2010; Palukaitis et al.
1992). Furthermore, CMV strains categorized into chlorosis inducing strain and mosaic inducing strain
based on amino acid position (A129) in CP (Shintaku 1991). It can be transmitted mechanically by sap
and aphids (Montasser et al. 2011). CP of CMV considered as fundamental determinant for its role of
encapsidation, symptom induction, host range, systemic movement and aphid transmission of the virus
(Srivastava and Raj 2008). Among different plant viruses, CMV possess high degree of diversity with
higher number of isolates which utters variability in molecular and biological properties of the virus
(Jacquemond 2012). Besides, CMV prone to have high potential for population diversity like other single-
stranded RNA virus (Ouedraogo et al. 2019). Synonymous and non-synonymous amino acid mutation in
viral genes may alter the structure and functions of proteins and also implicate directly in virus and host
plant interaction (Mochizuki et al. 2018). A deleterious change in secondary structure of coat protein
results in reduction of viral RNA titer and stability of virus. Moreover, amino acid mutations may gravely
alter the structure and functions of viral protein (Mochizuki et al. 2018). CMV undergoes ample of genetic
recombination, mutation and reassortment comparatively than other plant viruses. Thus, rapid evolution
of CMV prompts to emergence of new strains and better adopted gene to extend their host range, stability
and infectivity (Ouedraogo et al. 2019; Vinodhini et al. 2021). Hence, understanding the complex of
genetic structure and diversity is crucial for the development of better viral disease management (Nouri et
al. 2014; Pavithra et al. 2019; Vinodhini et al. 2020). The main objective of this study is to comprehend
the coat protein diversity and the structural annotation of mosaic inducing and chlorosis inducing strains
of CMV infecting chilli.

Materials And Methods

Virus isolates
A diagnostic survey was conducted during 2019 to assess the prevalence of CMV in major chilli growing
areas of Tamil Nadu. The virus infected chilli plants showing mosaic, mosaic mottling, leaf �liformity
(shoe string), chlorosis, necrosis and leaf malformation with stunted growth were collected. The virus
inocula of CMV isolates maintained on Nicotiana benthamiana and Luffa acutangula by sap inoculation
under insect proof greenhouse of Department of Plant Pathology, Tamil Nadu Agricultural University,
Coimbatore (India) for further analysis. The preliminary con�rmation of CMV in the sample was done
through RT-PCR analysis and DAC-ELISA.

Reverse Transcription-polymerase Chain Reaction (Rt-pcr)
The total RNA extracted from CMV inoculated host plants using TRIzol reagent (Chomczynski and Sacchi
2006). The �rst strand cDNA was synthesized by preparing transcription mixture (9µl of sterile water, 4µl
of 5× reaction buffer, 2µl of dNTPs, 1µl of random primer, 1µl of reverse transcriptase and 1µl of RNase
inhibitor and 1µg of total RNA) with condition of 42ºC for 60 min followed by 70ºC for 5 min incubation
(Chomczynski and Sacchi 2006; Asad et al. 2019). The presence of CMV was con�rmed through RT-PCR
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ampli�cation using CP gene speci�c primers (GK CMVCP F 5’GAGTTCTTCCGCGTCCCGCT3’; GK CMV CP
R 5’ AAACCTAGGAGAT GGTTTCA 3’) with cyclic parameters of 94ºC for 2 min followed by 94ºC for 30
sec of denaturation, 54ºC for 30 sec of annealing and 72ºC for 90 sec followed by �nal extension of 72ºC
for 10 min (Ramesh and Sreenivasalu 2018; Nagendran et al. 2018).

Cloning And Sequencing
The ampli�ed CP was excised from the gel and puri�ed with GenJET PCR puri�cation kit (Themo
scienti�c Inc.) as per manufacturer’s protocol. The puri�ed coat protein gene was ligated into pGEM-T
easy vector (Promega) and transformed into Escherichia coli DH5α strain. The consequent recombinant
clones were selected on Luria Bertoni medium containing 100mg/l of ampicillin, X-gal and IPTG
(Sambrook and Russell 2001). Subsequently, consensus fragment sequenced at both orientation at M/s
Barcode Bioscience, Bangalore.

Sequence Analysis
The concise coat protein gene of 657 nucleotides were determined using Gene runner 6.0
(www.generunner.net) and sequences of CMV subgroup IA, IB and II isolates reported from different parts
of world have been retrieved from NCBI database (http://www.ncbi.nlm.nih.gov/BLAST) (Table S1).
Nucleotide sequences translated into amino acid residues by Expasy tool and multiple alignments carried
out with Clustal W (www.ebi.ac.uk) and MultAlin (sacs.ucsf.edu) to detect variability among the amino
acids of coat protein. Further, sequence alignment editing and consensus sequence logo designing was
carried out using Jalview 2.11.1.4. Indeed, pairwise sequence analysis was carried out using Sequence
Demarcation (SDTv 1.2) software (http://web.cbio.uct.ac.za) and nucleotide diversity analysis performed
using DnaSP ver. 5.10. Nucleotide diversity among TN isolates were analyzed from estimating genetic
distance by Kimura’s two-parameters method and compared using non parametric Wilcoxon test with
1000 replication of bootstrap method (Bergua et al. 2014). The per cent identity matrix was calculated
using Genomatix (http://www.genomatix.de/) and phylogenetic tree was constructed by Neighbor joining
tree method with 1000 bootstrap replicates using MEGA 7.0 software (www.megasoftware.net)
(Bhadramurthy et al. 2009; Kumar et al. 2016).

Structural Annotation
The sequence based homology search in RCSB protein data bank (http://www.rcsb.org/pdb) carried out
to �nd the protein structure with relatively close homologous to chlorosis inducing (BTN1) and mosaic
inducing strains (BTN5) of CMV. Based on the homology modeling, secondary structure of coat protein
was designed with SWISS MODEL program (http://swissmodel.expasy.org) using Fny-CMV strain (PDB
ID: 1F15) as template structure with the target protein sequences. Further, designed coat protein structure
validated for stereochemistry using Ramachandaran plot. Based on the percentage of favored and

http://www.generunner.net/
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generously allowed amino acids, frequency of outliers and dihedral angle of φ against ψ, the model
protein structures were selected and further used for analysis (Lovell et al. 2003). Moreover, super
imposed protein model of BTN1 and BTN5 strains were designed using Superpose 2.1 program
(http://superpose.wishartlab.com) to explore the distinct quaint variation between secondary coat protein
structure of BTN1 and BTN5 strains. Further annotation of secondary protein structure prediction
performed with PSIPRED, disorder protein prediction using DISOPRED3 in the intervening position of
sequence, protein domain prediction with PROSITE and Membrane Helix Prediction using MEMSAT-SVM
(http://bioinf.cs.ucl.ac.uk).

Results
The notorious virus recorded to prompt 50-60% of disease incidence over Tamil Nadu in chilli. The
characteristic symptoms of mild to severe mosaic, mosaic mottling, leaf �liformity (shoe string),
chlorosis and stunted growth were observed (Fig. 1).  The presence of CMV in the infected plant samples
were con�rmed through RT-PCR using CP gene speci�c primer. The products of 1200-bp were ampli�ed,
cloned and then sequenced (Figure S1). Therefore, �ve CMV isolates (MT396263; MT396265; MT395346;
MZ093618; MZ093617) showed greater variation has been used in the study. Nucleotide sequences of
CP (657nt) was compared and evaluated to comprehend genetic properties and variability in amino
acids. Comparatively, TN isolates MT396263 (BTN1), MT396265 (BTN2) and MT395346 (BTN3) shared
98.28- 98.48% identity with MZ093618 (BTN4) and MZ093617 (BTN5). The nucleotide sequences of TN
CMV isolates shared 97.65-98.92% homology with Indian chilli isolates (HM348786; KM272275;
KJ645896; MT396265; KM272276; KJ645897; KX9611535). The heat map generated using SDTv1.2
explicated that TN isolates shared amino acid homology of 97-99% identity with subgroup IB, 93-95%
identity with subgroup IA and 75-79% identity with subgroup II of CP respectively (Fig. 2).  Moreover, TN
isolate of BTN1 shared 99.5% identity with BTN2 and BTN3 isolates. Similarly, 96.7% identity with BTN4
and 97.2% identity with BTN5 of TN isolates. The pairwise percent identity of TN isolates with other
members of CMV isolates were presented in Table 1.

Deduced amino acid sequence analysis of complete coat protein 

Any variation in a single amino acid may catastrophically affect the virulence, transmission,
symptomatology and stability of virus. The multiple alignments of deduced CP amino acid sequences
explicate substitution, deletion and conserved regions among different strains of CMV. There are �ve
subgroup IA strains, seven subgroup IB strains and �ve subgroup II representative strains were used for
comparative sequence analysis (Fig. 3). Comparative amino acid sequence analysis depicted Phe99

amino acid to be conserved in subgroup IB strains, whereas subgroup IA and II strains possess Tyr99

amino acid respectively.  The signi�cant role of the amino acid was not well understood. Indeed, 30
amino acids were found to be conserved among subgroup I strains comparatively with subgroup II
strains. Similarly, amino acids (Lys65 and Lys82) at the position of 65 and 82 observed to be conserved
among subgroup IB and subgroup II strains. Besides, conserved basic ARM (Arginine Rich Motif)
observed at 5 prime end (14-24 position) of CP in subgroup I and II strains. Therefore, deletion of amino



Page 6/21

acid threonine (Thr12) observed at 12th position of TN isolates (subgroup IB) subsequently in subgroup I
strains as well. It suggests that Thr12 amino acid conserved for CMV subgroup I strains alone. Similarly,
deletion was observed in 25th position of subgroup II strains. In contemplate, subgroup IA strains possess
proline (Pro25) and subgroup IB strains possess serine (Ser25) at 25th position. 

Notably, unique amino acid substitution observed at 129th position of CP (Pro129 and Ser129). Whereas
some of isolates possess Pro129 (BTN1; BTN2; BTN3) and some of possess Ser129 (BTN4; BTN5). It
depicts that CMV isolates possess Pro129 are mosaic inducing strains (BTN1; BTN2; BTN3) and thus
substituted with Ser129 are chlorosis inducing stains (BTN4; BTN5). Hence it evinces the existence of
chlorosis and mosaic inducing strains of CMV in chilli growing areas of Tamil Nadu. Indeed, mosaic and
chlorosis symptom induction bestowed by conserved amino acid 129 (Ser129 and Pro129). Moreover,
quaint amino acid substitution (Thr137) observed over 137th position in chlorosis inducing TN strains
comparatively with other mosaic inducing strains of subgroup IB members (Ser137). Hence, the result
implies that amino acids Ser129 and Thr137 to be conserved in CP of chlorosis inducing TN strains. In
contemplate, amino acids of Pro129 and Ser137 to be conserved in mosaic inducing strains of CMV.
Similarly, aphid vector transmission conferred by conserved alanine (Ala162) at the position of 162.
Empirically, some of chlorosis inducing strains also showed amino acid substitution of Thr162 over
conserved Ala162.

Structural annotation of CP 

The amino acid sequence based structural annotation has been carried out for CP of mosaic inducing
(BTN1) and chlorosis inducing strain (BTN5) using Swiss model and validated by Ramachandran plot.
The results postulate that CP has canonical topology comprised of 180 sub units dispersed as 60 copies
in three (A, B and C) subunits with threefold symmetry. Moreover, subunit A possess pentameric
capsomer whereas subunit B and C form hexameric capsomer. Speculatively, those three subunits
observed to have identical amino acid sequences with little different conformations. A Notable
modi�cation in secondary structure of CP was detected in BTN5 (chlorosis inducing stain) when
compared with BTN1 (mosaic inducing strain). Presumably, βB- βC loop positioned at 76-83 residues, βD-
βE loop at 113-119 residues, βE- αEF loop at 129-136 residues, βF-βG loop at 155-163 residues and βH-HI
loop at 191-199 resides in coat protein of CMV.Intriguingly, the super imposed structure of BTN1 and
BTN5 vindicated the structural loop modi�cation of βE-αEF (129 residue), βF-βG (162 residue) and βB-βC
loops (78 residues) in coat protein of CMV (Fig. 4). The corresponding identical and non-similar amino
acids in the superimposed protein structure based on dihedral angle were depicted in Ramachandaran
plot (Fig. 5). 

Furthermore, confound positional modi�cation of helix domain was observed at 170-172 amino acid of
BTN5 whereas BTN1 confer at 171-172 amino acids. Similarly, confound modi�cation of β sheets
observed at 106- 108 amino acid of BTN5 whereas BTN1 confer at 106-110 amino acids. Amicably, BTN5
�aunted disordered protein binding domain while compared with BTN1. The graphical representation of
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helix, β sheets, coil and disordered protein binding laid on amino acid position of BTN1 and BTN5 of CP
have been depicted graphically (Fig. 6). Furthermore, amino acid sequence based analysis of domain
identi�cation algorithm explicated the presence of functional motif of glycosylation (NTSS) and
phosphorylation sites (TcR, StK, TIK, SIK, StcE, SsiD and SviE) in CP (Table 2). Distinctly, upon PROSITE
functional site search, Casein kinase II phosphorylation site also observed in CP which is purely
conserved for CPs of all Cucumovirus.

Sequence diversity

Furthermore, diversity analysis of CP using DnaSP ver.5.10 explicates haplotype diversity of TN isolates
as one and number of segregation sites observed as 449. Comparatively, greater synonymous and non-
synonymous substitution of nucleotides observed in TN chlorosis inducing strains than mosaic inducing
strains. Moreover, cumulatively signi�cant synonymous substitutions were discerned in CP of TN isolates
over non-synonymous substitution. Over all, it implies that chlorosis inducing strains having higher
nucleotide diversity than of mosaic inducing strains of CMV (Table 3).

Phylogenetic analysis

Phylogenetic relationship of CP of TN isolates evaluated with subgroup I and II members of CMV isolates
reported from different parts of world. The phylogenetic tree generated with deduced CP amino acid
sequences of CMV isolates using Mega 7 program with 1000 replicates of bootstrap values. Besides, Fny,
M, Y and Tfn strains of CMV were taken as standard subgroup I reference strains and Trk7II strain taken
as subgroup II reference strain. Alike, Peanut stunt virus (U15730) included as out group for rooting in the
phylogeny. Phylogenetic analysis explicates the formation of two different cluster forsubgroup I and
subgroup II (Fig. 7). Moreover, TN isolates shared high vicinity with members of subgroup I. Precisely, TN
isolates clustered together with subgroup IB strains, well separated from subgroup IA. While, subgroup IA
strains were clustered with Fny, M, Y and Tfn reference strains and subgroup II clustered with Trk7II
reference strain of CMV. It clearly depicts that mosaic inducing and chlorosis inducing strains of TN CMV
isolates were belonging to subgroup IB. 

Discussion
Molecular characterization aids in giving an insight about genetic properties, composition and variations
in�icted by mutations and recombination. The presence of CMV in infected plants was con�rmed through
RT-PCR analysis. Since, RT-PCR based detection is rapid and sensitive to detect plant virus rather than
serological based assay (Hu et al. 1995; Dubey et at. 2010). CP gene of CMV was ampli�ed using gene
speci�c primers and determined to comprise of 657nt encoded into 218aa (Nagendran et al. 2018; Dubey
et at. 2010; Pavithra et al. 2019; Vinodhini et al. 2020). CP regarded as multifunctional protein for its
entail in symptom development, encapsidation, host range, vector transmission, virion stability and
systemic movement of CMV (Takahashi et al. 2001; Mochizuki and Ohki 2012). Sequence comparison
suggests that subgroup I and subgroup II differ by 30 amino acids. Similarly, subgroup IA and subgroup
IB differ by 5–7 amino acids. Comparative sequence analysis helps to undermine crucial role of amino
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acid interplay over transmission, symptom induction and stability of virus (Taliansky et al. 1995; Shintaku
et al. 1992; Suzuki et al. 1995).

Indeed, amino acid arginine (Arg) at 5 prime ends (14–24 position) to be conserved in subgroup I and II
CMV strains. N terminus of CP is basic arm contains highly conserved arginine rich motif (ARM) which
maintain the structural integrity and stability of virus (Osman et al. 1998). The amino terminus plays a
key role in conserving structural integrity of CP in aid of nurturing compatible host plant interaction (Rao
1997). On the other hand, clusters of basic amino acids in N terminal region implicated in coat protein
and RNA interactions of virion (Harrison 1984 and Perry et al. 1998). It suggests that ARM region to be
highly conserved among CMV strains. Dubey et al. (2010) also stated that amino acid arginine (Arg16) at
16th position to be highly conserved among all of CMV strains and play a vital role in viral RNA and CP
interactions. The mutation deletion observed in 25th position in subgroup II and 12th position in
subgroup I CMV strains of CP. In addition, comparative amino acid sequence analysis explicates that
Phe99, Ser137 and Gly144 amino acids to be conserved among subgroup IB strains. Similarly, Dubey et al.
(2010) expound that tyrosine (Tyr) at 99th position to be conserved over subgroup IA and II strains of
CMV, whereas Indian isolates (subgroup IB) substituted by phenylalanine (Phe).

Furthermore, deduced amino acid sequence analysis vindicated the distinct amino acid substitution at
129th position of CP (Pro129 and Ser129). Shintaku et al. (1991) a�rms that residue of 129th amino acid
of CP is a determinant of symptom induction and movement of virus. More precisely, amino acid proline
(Pro129) induces mosaic symptom and thus substituted with serine or leucine (Ser129 or Leu129) induces
chlorosis symptom in the infected plants. Accumulated reports propound amino acid 129 to be situated
at foremost position of βE-αEF loop (129–136 residues) in CP. Indeed, �exibility of thus loop depends
solely on the properties of residue 129 whereas increased �exibility associated with pathogenesis of virus
(Bhardwaj and Purohit 2020; Gellert et al. 2006; Mochizuki and Okhi 2012; Vinodhini et al. 2021). The
structural alteration in�icted by amino acid substitution (Ser129) induces chlorosis in the infected plant by
impairing chloroplast by suppressing the accumulation of ferredoxin I (Suzuki et al. 1995; Qiu et al.
2018). Correspondingly, amino acid 129 (Pro129) of CP is a determinant for successful SAM (shoot apical
meristem) invasion which implicit in cell to cell movement of virions (Mochizuki and Okhi 2005; Valentine
et al. 2002; Wong et al. 1999). Furthermore, quaint amino acid substitution of Thr137 observed in
chlorosis inducing strains of TN isolates comparatively with other mosaic inducing strains of subgroup
IB members (Ser137). Similarly, apparent amino acid substitution (Ser129 and Thr137) reported in chlorosis
inducing strain of CMV causing mixed infection with tospovirus (Vinodhini et al. 2021). The pervasive
perceptions suggest that amino acid residue of Ser129 and Thr137 to be conserved in chlorosis inducing
strains of TN isolates. In contrast, amino acids Pro129 and Ser137 are conserved in mosaic inducing
strains of TN CMV isolates.

E�ciency of transmission solely depends on composite factors of virus strain, vector aphid and
accumulation of virion particles in host. Variation in transmissibility of different CMV isolates is driven by
CP amino acid determinant (Arenal and Palukaitis 2009). Aphid transmission of CMV solely determined
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by the distinct conserved amino acid alanine (Ala162) and the mutation in a single amino acid
signi�cantly affect the transmission of virus (Dubey at al. 2010). Indeed, most of mosaic inducing strains
of CMV possess Ala162 and in contrast, some of chlorosis inducing strains own cryptic mutation of
Thr162. Interestingly, isolates (BTN4 and BTN5) having potent mutation of Ser129 also postulate amino
acid substitution of Thr162 in CP. Amino acid 162 located on βF–βG loop, hence variability in�icted on the
potent amino acid disrupt the salt bridges (Lys101-Asp178) between sub units which destabilizes the quasi
three fold symmetry of CP (Ng et al. 2000 and Bricault and Perry 2013). Thus, implies in reduction of
virus stability which may have effect on vector transmission of CMV. Probably, disruption of surface
charge or rather structure of CP in�icted by reassortant could lead to loss of nature of aphid borne
transmission of virus (Pierrugues et al. 2007; Jacquemond 2012). Some experimental reports also shown
that the mutant strains of CMV by modifying alanine (Ala162) as threonine (Tyr162) in CP results in loss of
transmissibility and stability of virus (Ng et al. 2000). Amicably, single structural modi�cation imply on
antigenicity of virus may amend the ability of virus to bind with vector. On other hand, population
bottleneck congestion during vector transmission may also evoke the genetic drift such ultimately prompt
to differential strains in virus (Ali et al 2006).

Further, structural annotation explicated confound positional modi�cation of helix domain at 170–172
residues of chlorosis inducing strain and while mosaic inducing strain confer at 171–172 amino acids.
Similarly, β sheets observed to be laid at 106–108 residues of chlorosis inducing strain whereas mosaic
inducing strains confer at 106–110 amino acids. As intuitively, chlorosis inducing strains exhibited
disordered protein binding domain. The disordered proteins are instrumental in cell signaling, protein-
protein interaction and binding (Japrung et al. 2013). There are four functional motif observed to be
present in CP of all TN CMV strains which helps to sustain the CMV infection in host plant. The
disordered proteins observed to be present at functional motif of protein kinase K phosphorylation site
(8–10 amino acids). Although, distinct role of the association of disordered proteins is yet to be studied.
Empirically, casein kinase II phosphorylation site also observed in CP of TN strains which is strictly
conserved for CPs of all Cucumovirus members (Salanki et al. 2018). Indeed, potential phosphorylation
of protein is the basis to establish infection by CMV strains (Lauring et al. 2012). Nucleotide diversity
analysis revealed that TN isolates to be having greater synonymous substitution over non-synonymous
substitutions. Synonymous mutations in viral genes will results in alteration of secondary structure of
RNA and codon usage bias (Mochizuki et al. 2018). Moreover, synonymous substitutions plays crucial
role in virulence, adaptation and evolution of virus (Kim and Palukaitis 1997; Mochizuki et al. 2018).
Distinctly, chlorosis inducing strains detected to have higher synonymous substitution over mosaic
inducing strains.

The concurrent study evinces the dynamic role of multifunctional CP in symptom (mosaic or chlorosis)
induction and stability of virus. Moreover, occurrence of mosaic inducing and chlorosis inducing strains
of CMV has been documented in chilli growing tracts of Tamil Nadu. Interestingly, chlorosis inducing
strains of CMV with potent amino acid variation observed to be causing mixed infection with
tospoviruses rather mosaic inducing strains causes single infection. Empirically, CMV go through swift of
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genetic drift through recombination and reassortment which lead to the genetic changes or variability and
purge the deleterious mutations. Therefore, reassortment of genetic segment between related viruses
profusely in�ict to the emergence of some newer strain or variant. Hence, accumulating evidences
postulates the genetic diversity observed on mosaic inducing strain implies the selection pressure
imposed on CMV during co-adoption with other virus might be eventually prompt to the occurrence of
chlorosis inducing strain. The present study sought to expound the genetic diversity and coat protein
structure of mosaic and chlorosis inducing strains of CMV infecting chilli in Tamil Nadu. Moreover,
understanding the nexus of diversity and population structure of CMV is pivotal in developing better
disease management strategies.
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Figures

Figure 1

The distinct mosaic symptoms induced by chlorosis inducing (a&b) and mosaic inducing strains (c&d) of
CMV on chilli
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Figure 2

Heat map representation of pairwise identity matrix of TN CMV isolates with other subgroup IA, IB and II
members reported worldwide. The each colored cells illustrates the correspondence of pairwise identities
between the different isolates. Moreover, the colored key represents per cent identity score between the
isolates. The Amino acid based pairwise sequence identity scores were inferred using Sequence
demarcation tool (SDTv 1.2)
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Figure 3

Comparative multiple alignment analysis of complete coat protein gene (218aa) of TN CMV isolates with
reference CMV strains belong to subgroup IA, subgroup IB and subgroup II at amino acid level. The
simpli�ed sequence logo of CP illustrates the consensus amino acid among the different strains
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Figure 4

See image above for �gure legend.



Page 18/21

Figure 5

Scoring of superimposed coat protein model of chlorosis and mosaic inducing strains showing the
identical amino acids in blue color and non- similar amino acid in red color and three outliers in
Ramachandaran plot. The confrontation based on the dihedral angle of peptide backbone. Moreover, phi
(Φ) implies the angle of backbone atoms C-N-Cα-C and psi (ψ) indicates the angle of N-Cα-C-N atoms
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Figure 6

Graphical representation of comparative analysis of helix, sheets, coil and disordered protein in CP of
mosaic inducing strain (a) and chlorosis inducing strain of CMV (b) using PSIPRED database. The
speci�c regions were highlighted respectively. Pink color represents helix, yellow color represent strand,
gray color represents coil and green outlined box indicates disordered proteins
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Figure 7

Coat protein based phylogenetic analysis of TN CMV isolates with other CMV isolates reported from
different parts of world at amino acid level by MEGA 7.0 software using neighbor-joining method with
1000 bootstrap replication. Whereas, Fny and Tfn strains were taken as standard reference strains of
subgroup IA and Trk7II strain as subgroup II reference strain. Peanut stunt virus (U15730) included as out
group for rooting in phylogenetic tree
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