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    Abstract  

  Viruses are very small pathogenic particles made up of nucleoprotein 
(nucleic acid and protein). The study of plant viruses is so important 
because they cause diseases to the economically important crops. They 
cause a great loss to the quality and quantity of the crops. Plant viruses 
show various types of symptoms such as colour breaking, chlorosis, mot-
tling, vein clearing, vein bending, leaf curl, decrease in size, distorted 
growth, etc. The plant viruses are very simple and are very host specifi c.  
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1.1       Introduction 

  Viruses   are very small (submicroscopic) patho-
genic particles (virions) composed of a protein 
which forms covering (coat) and a nucleic acid 
core. The nucleic acid, which is DNA or RNA, 
carries all genetic information required for 

sustaining. All viruses are obligate parasites and 
require cellular machinery of hosts for the multi-
plication.  Replication   and transcription of viruses 
to produce more nucleic acid and formation of 
proteins takes place within the host cell using 
some of the host’s machinery by reprogramming 
hosts gene expression (Hanley-Bowdoin et al. 
 2004 ). Viruses are not functional outside their 
host. Therefore all the viruses are obligate para-
sites. All types of living organisms are hosts for 
viruses, but most of the viruses are host specifi c 
and infect only one type of host. Viruses are usu-
ally named on the basis of their host, for example, 
viruses that infect bacteria are known as bacterio-
phages, whereas others, those that infect algae, 
are phycoviruses, protozoa, fungi that are known 
as  mycoviruses        .  
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1.2     Defi nition 

 ‘Viruses are obligate intracellular parasites that 
are capable of infecting eukaryotes, bacteria and 
archaea, as well as other organisms’ (Desnues 
and Raoult  2012 ; Desnues et al.  2012 ; Raoult and 
Forterre  2008 ) 

 According to Roger Hull ( 2009 ), a virus is a 
set of one or more nucleic acid template mole-
cules normally encased in a protective coat or 
coats of protein or lipoproteins that is able to 
organise its own replication only within suitable 
host cells. Within such cells, virus replication is 
(1) dependent on the host’s protein-synthesising 
machinery, (2) organised from pools of the 
required materials rather than by binary fi ssion 
and (3) located at sites that are not separated from 
the host cell contents by a lipoprotein bilayer 
membrane and (4) continually gives rise to vari-
ants through several kinds of change in the viral 
nucleic acid.  

1.3     Plant Viruses 

 Plant viruses are also obligate intracellular para-
sites as the other viruses that use the molecular 
machinery of the host for their replication 
(Ahlquist et al.  2003 ). These viruses are widely 
distributed and economically important (Wren 
et al.  2006 ). The plant viruses cause many harm-
ful plant diseases and they are responsible for a 
tremendous loss in crop production and crop 
quality worldwide. Virus-infected plants show 
several kinds of symptoms depending on the dis-
ease type and host but leaf yellowing is common. 
Some of the other symptoms of virus infection 
are whole leaf or in a pattern of stripes or blotches; 
leaf distortion, like leaf curling, mottling and 
other growth distortions like stunting of the 
whole plant; and abnormalities in fl ower or fruit 
formation (Giampetruzzi et al.  2012 ).  

1.4     History 

   Tobacco mosaic virus  (TMV)   was the fi rst virus 
to be discovered and studied, which causes 
mosaic disease in tobacco plants (Soosaar 

et al.  2005 ). In 1882, Adolf Mayer (1843–1942) 
while studying tobacco plant described a 
condition, which he called ‘mosaic disease’ 
( Mosaaikkrankheit ), and now it is well known to 
be caused by the tobacco mosaic virus (TMV). 
The diseased plants had variegated leaves that 
were mottled (Mayer  1882 ). He excluded the 
possibility of a fungal infection and could not 
detect any bacterium and speculated that a 
‘soluble, enzyme-like infectious principle was 
involved’ (van der Want and Dijkstra  2006 ). He 
did not pursue his idea any further and a major 
observation was made in 1892 by Iwanowski 
who showed that sap from tobacco plants dis-
playing the disease described by Mayer was still 
infective after it had been passed through a 
bacteria- proof fi lter candle (Roger Hull  2009 ). 
However, based on previous studies, it was 
thought that this agent was a toxin. Iwanowski’s 
experiment was repeated in 1898 by Beijerinck, 
who showed that the agent multiplied in infected 
 tissue         and called it contagium vivum fl uidum 
(Latin for ‘contagious living fl uid’) to distinguish 
it from contagious corpuscular agents (Beijerinck 
 1898 ). Beijerinck and other scientists used the 
term  virus  to describe the causative agents of 
such transmissible diseases to contrast them with 
bacteria (Roger Hull  2009 ). Earlier workers used 
the term ‘virus’ for both bacteria and viruses, but 
later on with more discoveries, the term ‘fi lter-
able viruses’ was used (Roger Hull  2009 ). With 
further discoveries the word fi lterable was 
dropped and term virus was adopted (Roger 
Hull  2009 ). 

 In the history of plant viruses, the importance 
of tobacco mosaic virus cannot be underesti-
mated. TMV was the fi rst virus to be studied and 
also to be crystallised. It was the very fi rst virus 
to be studied in detail. In 1941 the fi rst X-ray dif-
fraction pictures of TMV was obtained by Bernal 
and Fankuchen. On the basis of her pictures, 
Rosalind Franklin discovered the full structure of 
the virus in 1955 (Creager and Morgan  2008 ). In 
the year 1941, Heinz Fraenkel-Conrat and Robley 
Williams showed that purifi ed tobacco mosaic 
virus RNA and its coat protein can assemble by 
themselves to form functional viruses, suggest-
ing that this simple mechanism was probably the 
means through which viruses were created within 
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their host cells. Replication of TMV involves 
-sRNA using + strand RNA as template (Buck 
 1999 ; Ishikawa and Okada  2004 ). 

 Nowadays at least 3705 viruses are known of 
which about 1000 are plant viruses. The plant 
viruses are studied because they have negative 
impact on crop production. The viruses were 
considered as a health threat to humans, livestock 
and crop plants. In recent few decades, research 
and development in virology has made it possible 
in understanding virus-host interactions and has 
transformed viruses into important tools of bio-
medicine and biotechnology (Rajamaki et al. 
 2004 ). For example, many plant viruses are used 
to produce proteins useful for plants and animals 
(Pogue et al.  2002 ), and many animal viruses are 
used for the development of vaccines against 
human and animal viruses such as chicken pox, 
rabies, foot and mouth disease, measles, etc. 
(Walmsley and Arntzen  2000 ). 

 The development of plant virology can be 
categorised into fi ve major (overlapping) ages as 
follows according to Roger Hull  2009 .

  Prehistory    age           752 AD Plant virus in Japanese 
poem written by the Empress Koken 
and translated by T. Inouye: 

  In this village  

  It looks as if frosting continuously  

  For, the plant I saw  

  In the fi eld of summer  

  The colour of the leaves were 
yellowing  

 1600–1637 Tulipomania 

  Recognition of 
viral entity  

 1886 Mayer transmission of  TMV   

 1892 Iwanowski fi lterability of 
TMV 

 1898 Beijerink viruses as an entity 

  Biological age   1900–1935 Descriptions of many 
viruses 

  Biochemical/
Physical age  

 1935 Purifi cation of TMV 

 1936 TMV contains pentose nucleic 
acid 

 1939 EM TMV rod-shaped particles 

 1951 TYMV RNA in protein shell 

 1956 Virus particles made of 
identical protein subunit 

 1955/56 Infectious nature of TMV 
RNA 

 1962 Structure of isometric particles 

 1983 Structure of TBSV to 2.9 Å 

  Molecular    age           1960 Sequence of TMV coat protein 

 1980 Sequence of CaMV DNA 
genome 

 1982 Sequence of TMV RNA 
genome 

 1984 Infectious transcripts of 
multicomponent BMV 

 1986 Transgenic protection of plants 
against TMV 

 1996 Recognition of RNA silencing 

 1997 Recognition of virus 
suppressors of silencing 

   The  transmissions   of animal and plant viruses 
use different strategies to move from one host to 
other host and from one cell to other. The move-
ments of plant viruses from one plant to the other 
need some  vector  , i.e., means of transmission 
such as insects, mites, fl ies, etc. The movement of 
viruses from one plant cell to other occurs 
through the plasmodesmata because viruses 
cannot pass through the thick cell wall. Plants 
probably have specialised mechanisms for 
transporting mRNAs through plasmodesmata, 
and these mechanisms are thought to be used by 
RNA viruses to spread from one cell to another 
(Ivanovski  1892 ).  

1.5     Classifi cation 
and  Nomenclature   of Viruses 

 The arrangement of different living organisms 
into different taxonomic categories (taxa) on the 
basis of their similarities and/ or relationships is 
called as  classifi cation , while assigning a particu-
lar name to them is called as  nomenclature.  The 
 classifi cation         and nomenclature are studied under 
broader terminology known as taxonomy. The 
taxonomy of viruses is somewhat recent exercise. 
Johnson ( 1927 ) was the fi rst virologist for empha-
sising the importance of the viral taxonomy. The 
earliest classifi cation of virus was based on only 
few properties which include ecological and 
biological properties, basically the pathological 
property which was given greater emphasis. 
In 1939, Holmes published his system of classifi -
cation of viruses, which was based on interaction 
of host with its pathogen using binomial and 
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trinomial system of nomenclature. With the dis-
covery of electron microscope and biochemical 
studies, the classifi cation of viruses as a group 
was done by different virologists such as herpes-
virus group, myxovirus group, poxvirus group, 
etc. During this period several attempts were 
made to classify viruses but none were perfect. 
There was a need to develop a universal system 
of viral classifi cation. 

 Earlier viruses were classifi ed on the basis of 
the two developed system, the Linnaean system 
and Adansonian system (Roger Hull  2009 ). The 
Linnaean system was based on monothetic hier-
archical system which was developed by 
Linnaeus for plant and animal taxonomy. The 
classifi cation based on Linnaean system was not 
suitable for the classifi cation of viruses due to 
several shortcomings. The second system, i.e., 
Adansonian system, was more suitable for the 
viral classifi cation because this system considers 
several criteria at once. The Adansonian system 
used in viral taxonomy is polythetic hierarchical 
classifi cation system published by Adanson in 
1763. A polythetic class can be defi ned as the 
class in which all the members share the several 
properties in common (Adanson  1763 ). 
According to this system, the virus species are 
defi ned by several common properties which 
they share. In other words the members of a virus 
species are defi ned collectively by a consensus 
group of properties. Earlier this system was not 
so feasible due to its complexity of several char-
acters. The problems of Adansonian system were 
sort out by use of computers and now it is used 
universally. At present more than sixty characters 
are used for classifying viruses. Various discover-
ies in cell and molecular biology have provided 
many tools and techniques, which helped in com-
paring nucleic acid sequences. The sequencing of 
DNA or RNA has helped in creating phyloge-
netic trees for the  viruses   (Hull  2009 ). 

 Several criteria are used for the classifi cation 
of viruses. Some of the criterians are virion prop-
erties, which include shape, size, presence or 
absence of envelope and peplomers, molecular 
mass, buoyant density, sedimentation coeffi cient, 

pH  stability        , thermal stability, cation stability 
(Mg 2+ , Mn 2+ ), solvent stability, detergent stabil-
ity, radiation stability, properties of proteins, 
genome organisation and  replication   such as type 
of nucleic acid, DNA or RNA, single or double 
stranded, linear or circular, positive or negative 
sense or ambisense, number of segments, size of 
genome or genome sequence, presence or 
absence of 5Ð terminal cap, presence or absence 
of 5Ð terminal polypeptide, presence or absence 
of 3Ð terminal poly A tract; nucleotide sequence 
comparison; number of proteins, size of proteins, 
functional activities of proteins, presence or 
absence of lipid nature of lipids, presence or 
absence of carbohydrate, nature of carbohydrate, 
genome organisation, strategy of replication of 
nucleic acids, characteristics of translation and 
post-translational processing, site of accumula-
tion of virion protein, site of assembly, site of 
maturation and release, cytopathology, inclusion 
body formation, antigenic properties such as 
serological relationship, mapping epitopes and 
biological properties; host range, natural and 
experimental, pathogenicity, association with 
disease, tissue tropisms, pathology, histopathol-
ogy, mode of  transmission   in nature,  vector   rela-
tionship, geographic distribution (Roger Hull 
 2009 ; Leppard et al.  2007 ). 

 The nature (molecular and genetic composi-
tion) of the virus genome packaged into the 
virion particle is one of the major factors in 
classifi cation of viruses. Possible genome 
types are:

 –    dsDNA  
 –   ssDNA  
 –   ssDNA(−)  
 –   ssDNA(+)  
 –   ssDNA(+/−)  
 –   dsDNA-RT  
 –   ssRNA-RT  
 –   dsRNA  
 –   ssRNA(−)  
 –   ssRNA(+)  
 –   ssRNA(+/−)  
 –    Viroid       
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1.6     Baltimore System of Virus 
 Classifi cation         

 Developed by David Baltimore ( 1971 ). The 
Baltimore classifi cation has + RNA as its central 
point. This system of virus classifi cation is based 
upon the relationship between viral genome and 
messenger RNA. All viruses must produce 
mRNA, or (+) sense RNA and a complementary 
strand of mRNA, or nucleic acid is called (−) 
sense (strand) (Voyles  2002 ). According to 
Baltimore viruses can be grouped into seven 
classes on the basis of mRNA synthesis:

    1.    Class 1: dsDNA viruses; mRNA is synthe-
sised normally using negative strand as 
template.   

   2.    Class 2: ssDNA viruses ; mRNA is synthe-
sised by double stranded DNA intermediate.   

   3.    Class 3: dsRNA viruses; mRNA is synthesised 
by complementary strand(template strand).   

   4.    Class 4: ssRNA viruses; RNA directly func-
tions as mRNA.   

   5.    Class 5: (−) sense ssRNA viruses; mRNA is 
synthesised by synthesis of positive strand.   

   6.    Class 6: genome (+) strand RNA viruses; 
genome is synthesised by reverse 
transcription.   

   7.    Class 7: DNA reverse transcribing viruses 
with RNA intermediates.    

The international committee on nomenclature of 
virus was established by a group of 43 virologists 
from all over the world in 1966 at International 
Congress for Microbiology held in Moscow to 
develop a uniform system of classifi cation and 
nomenclature (Fauquet et al.  2005 ). The name of 
 ICNV         was changed to International Committee 
on Taxonomy of Viruses in 1974. The ICTV is 
the main governing body for all matters related to 
viral  taxonomy  . At present, International 
Committee on Taxonomy of Viruses (ICTV) is a 
committee of the Virology Division of the 
International Union of Microbiological Societies. 
The ICTV is made up of an executive committee 
(EC) with offi cers of the ICTV, subcommittee 
chairs and elected members. The offi cers manage 
ICTV activities, while the subcommittee chairs 
are responsible for managing a series of study 

groups that assess the current virus taxonomy 
and recommend updates. Elected members assist 
the subcommittee chairs in managing the process 
of making taxonomic assignments. 

 At present the  ICTV   is composed of six sub-
committees. The responsibilities of subcommittee 
are to classify fungal and algal viruses, plant 
viruses, invertebrate viruses, prokaryotic viruses 
and vertebrate viruses. These subcommittees dis-
cuss the classifi cation of newly discovered viruses 
and manage rules accordingly. The last commit-
tee, i.e., the sixth subcommittee, is responsible for 
managing ICTV data and maintaining the ICTV 
database and websites. There are 76 international 
study groups (SGs) functioning under ICTV for 
the study of families and genera. Each SGs is 
headed by the chairman. The chairman is 
appointed by the relevant subcommittee chair. 
Chairman of the SGs is responsible for (1) organ-
ising discussions among SG members of emerg-
ing taxonomic issues in their fi eld, (2) for 
overseeing the submission of proposals for new 
taxonomy and (3) for the preparation, or revision, 
of relevant chapter(s) in ICTV Reports. Since its 
inception ICTV has published nine reports. The 
fi rst report was published in 1971, 2nd in 1976, 
3rd in 1979, 4th in 1982, 5th in 1991, 6th in 1995, 
7th in 2000, 8th in 2005 and 9th in 2011. In 2015 
ICTV has published its virus taxonomy release. 
According to this taxonomic release, viruses are 
divided into seven orders, 111 families, 30 sub-
families, 610 genera and 3705 species. 

 ICTV activities are governed by statutes 
agreed with the virology division. The statutes 
defi ne the objectives of the ICTV. These are:

    1.    To develop an internationally agreed taxon-
omy for viruses;   

   2.    To develop internationally agreed names for 
virus  taxa           

   3.    To communicate taxonomic decisions to the 
international community of virologists;   

   4.     To maintain an index of agreed names of 
virus taxa.    

The present universal system of viral taxonomy 
given by ICTV follows the hierarchical system 
which includes order, family, subfamily in some, 
genus and species. Lower hierarchical system is 
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also developed by ICTV. According to ICTV the 
hierarchical system is as follows:

    Order : An ‘order’ is the highest taxonomic level 
of virus classifi cation into which virus species 
can be categorised. In the present taxonomic 
system, use of order is optional. Some of the 
viruses are unassigned during classifi cation. If 
‘unassigned’ has been entered, the taxon has 
not been assigned to an order. The fi rst order 
to be established was  Mononegavirales  in 
1990. This order comprises non-segmented 
ssRNA negative-sense viruses, namely the 
families  Filoviridae ,  Paramyxoviridae  and 
 Rhabdoviridae  (Fauquet et al.  2005 ). 
According to current taxonomic release of 
ICTV ( 2015 ), seven  orders   have been assigned, 
while 78 virus families have not been assigned 
to any orders. The orders are  Caudovirales  (3 
families),  Herpesvirales  (3 families), 
 Ligamenvirales  (2 families),  Mononegavirales  
(5 families),  Nidovirales  (4 families), 
 Picornavirales  (5 families) and  Tymovirales  
(4 families), and 78 virus families have not 
been assigned to orders.  

   Family : A ‘family’ is a level in the taxonomic 
hierarchy into which virus species can be clas-
sifi ed. If marked ‘unassigned’ (which is rare), 
the lower taxonomic level of ‘genus’ has not 
been assigned to a family. A total of 104 fami-
lies have been described  by         ICTV  2015 .  

   Subfamily : A ‘subfamily’ is a level in the taxo-
nomic hierarchy into which virus species can 
be classifi ed. Use of the taxonomic level sub-
family is optional. If left blank, the lower tax-
onomic levels of genus and/or species have 
not been assigned to a subfamily  

   Genus : A ‘genus’ is a level in the taxonomic hier-
archy into which virus species can be classi-
fi ed. Viral genus may be defi ned as ‘a 
population of virus species that share common 
characteristics and are different from other 
population of species’ (Fauquet et al.  2005 ). 
If ‘unassigned’ (which is rare), that species 
has not been assigned to a genus.  

   Species:  The 7th ICTV Report formalised for the 
fi rst time the concept of the virus species as 
the lowest taxon (group) in a branching hierar-
chy of viral taxa. As defi ned therein, ‘a virus 

species is a polythetic class of viruses that 
constitute a replicating lineage and occupy a 
particular ecological niche’ (Van Regenmortel 
1990). A polythetic class can be defi ned as the 
class in which all the members share the sev-
eral properties in common. According to this 
system, the virus species are defi ned by sev-
eral common properties which they share. In 
other words the members of a virus species 
are defi ned collectively by a consensus group 
of properties. Virus species thus differ from 
the higher viral taxa, which are ‘universal’ 
classes and as such are defi ned by properties 
that are necessary for membership.    

 One ‘type of species’ is chosen for each genus 
to serve as an example of a well-characterised 
species for that genus. If the value in this column 
is ‘1’, this indicates that this species has been 
chosen as the type species for its genus.  

1.7      Nomenclature   of Viruses 

 The guide line for naming of viruses by  ICTV   
(9th Report) are as follows: 

 The genus name ends in ‘-virus’, subfamily 
name ends in ‘-virinae’, family name ends with 
‘-viridae’ and order name ends with ‘-virales’ 
universally in formal  taxonomy        . In viral taxon-
omy, the fi nalised names of virus orders (e.g., 
 Caudovirales ), families (e.g.,  Myoviridae ), sub-
families (e.g., Pseudovirineae  Peduovirineae ) and 
genera (e.g.,  Hpunalikevirus ) are printed in 
italics, and the fi rst letters of the names are written 
in capitals. The names of species are printed in 
italics with fi rst letter of fi rst word in capital (e.g., 
 Mumps virus ). The rest of the words is not capital-
ised unless they are proper nouns (e.g.,  West Nile 
virus ), parts of proper nouns ( Enterobacteria 
phage MS2 ) or alphabetical identifi ers (e.g., 
 Enterovirus A ). Names of virus strains, on the 
other hand, are not italicised. The fi rst letter of the 
fi rst word is not capitalised (e.g., herpes simplex 
virus) unless it is a proper noun, typically based 
on the binomial name of the species it infects 
(Van Regenmortel  1999 ; Mayo  2000 ). 

 The outline of  present  , (ICTV taxonomic 
release,  2014 ) taxonomy of viruses is as follows:
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