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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 specific.
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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

S. Awasthi ¢ R. Chauhan
National Botanical Research Institute,
Lucknow, Uttar Pradesh, India

R.P. Narayan (0X))

Netaji Subhash Chandra Bose Government
Girls P G College, Aliganj, Lucknow, India
e-mail: narayan.raghvendra@gmail.com

© Springer Science+Business Media Singapore 2016

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 specific
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  Definition

‘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 fission
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 flower or fruit
formation (Giampetruzzi et al. 2012).

1.4  History

Tobacco mosaic virus (TMV) was the first virus
to be discovered and studied, which causes
mosaic disease in tobacco plants (Soosaar
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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 filter 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 fluidum
(Latin for ‘contagious living fluid”) 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 ‘filter-
able viruses’ was used (Roger Hull 2009). With
further discoveries the word filterable 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 first virus to be studied and
also to be crystallised. It was the very first virus
to be studied in detail. In 1941 the first 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 purified 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
-sSRNA 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 five 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

1t looks as if frosting continuously
For; the plant I saw

In the field of summer

The colour of the leaves were
yellowing

1600-1637 Tulipomania
1886 Mayer transmission of TMV

1892 Iwanowski filterability of
™V

1898 Beijerink viruses as an entity

1900-1935 Descriptions of many
viruses

1935 Purification 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 t0 2.9 A

Recognition of
viral entity

Biological age

Biochemical/
Physical age

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, flies, 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).

Classification
and Nomenclature of Viruses

1.5

The arrangement of different living organisms
into different taxonomic categories (taxa) on the
basis of their similarities and/ or relationships is
called as classification, while assigning a particu-
lar name to them is called as nomenclature. The
classification and nomenclature are studied under
broader terminology known as taxonomy. The
taxonomy of viruses is somewhat recent exercise.
Johnson (1927) was the first virologist for empha-
sising the importance of the viral taxonomy. The
earliest classification 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



trinomial system of nomenclature. With the dis-
covery of electron microscope and biochemical
studies, the classification 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 classification.

Earlier viruses were classified 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
classification based on Linnaean system was not
suitable for the classification of viruses due to
several shortcomings. The second system, i.e.,
Adansonian system, was more suitable for the
viral classification because this system considers
several criteria at once. The Adansonian system
used in viral taxonomy is polythetic hierarchical
classification system published by Adanson in
1763. A polythetic class can be defined as the
class in which all the members share the several
properties in common (Adanson 1763).
According to this system, the virus species are
defined by several common properties which
they share. In other words the members of a virus
species are defined 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 classification
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 coefficient,
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pH stability, thermal stability, cation stability
(Mg, Mn?"), 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 5P terminal cap, presence or absence
of 5P terminal polypeptide, presence or absence
of 3D 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
classification 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

Classification

Developed by David Baltimore (1971). The
Baltimore classification has+RNA as its central
point. This system of virus classification 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 classification 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 officers of the ICTV, subcommittee
chairs and elected members. The officers 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 classification 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 field, (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
first 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
define 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



also developed by ICTV. According to ICTV the
hierarchical system is as follows:

Order: An ‘order’ is the highest taxonomic level
of virus classification into which virus species
can be categorised. In the present taxonomic
system, use of order is optional. Some of the
viruses are unassigned during classification. If
‘unassigned’ has been entered, the taxon has
not been assigned to an order. The first order
to be established was Mononegavirales in
1990. This order comprises non-segmented
ssSRNA 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-
sified. 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 classified. 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-
fied. Viral genus may be defined 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
first time the concept of the virus species as
the lowest taxon (group) in a branching hierar-
chy of viral taxa. As defined therein, ‘a virus
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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 defined as the
class in which all the members share the sev-
eral properties in common. According to this
system, the virus species are defined by sev-
eral common properties which they share. In
other words the members of a virus species
are defined collectively by a consensus group
of properties. Virus species thus differ from
the higher viral taxa, which are ‘universal’
classes and as such are defined 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 finalised 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 first letters of the names are written
in capitals. The names of species are printed in
italics with first letter of first 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 identifiers (e.g.,
Enterovirus A). Names of virus strains, on the
other hand, are not italicised. The first letter of the
first 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:



History and Taxonomy

Plant Viruses

1

(panunuoo)
SAIAATTADYD)
SN S
SN T
SNA1AYI]UOLG
sn1a1ZnUS1g
SN PADKUIDG
SN DPIULOIPUY
sna1aa1//L
SNA1AYIDE avpiiaoydig
paugisseun)
SHAIAAT] €01 d
paugisseun) SnA10Y1177d
sna1a16CYd SNAIANITEN
snaayplyy DULIIA0D1] SN pzIng
pousisseun) SNAANQ] [
S/ ], snaay1g ruopsdy
sn4142y179dg snaiaaypunddg
SnA1AY AU Y ] avuriaydpiomy sn1a2y11gzdaog avpLIIAOpPOd
paugisseun)
SNA1AIYIDUNIA
snaaaypung
pausisseun) SN ZY1Y ]
SnA1ANI]p L, S IYIYd
SN F1021YIS ADULIAUIAJ], SN[ [PIYJ
pausisseun) sna1a2y1pUNgq
SNAIAYI]IAOM], SHAAY N
sna1aay1punods avuriIapunods Sn142y1] €]
snaazd snaraayundppy
snaayundpy 2DULIIAONPI] SNA1AIYIDUNOXT] ]
snapaaypungd) snapaymudadg
sna142y110z2dD) avurnaldumony sna142y119/ daog 2DpLIIAOK $2]D1100pNDY)
snuan) A[ureyqng snuan) Apureq 19p1Q




S. Awasthi et al.

sna142y1012qdg

STAAYDUNYS

snaapUmp[ ZYs

sy Un [1fS

sna1a2y119dpg

SnA142Y1]82Y

SN DUNULS ]

snaaypun)iyd

snaa iy d

snaay vty

SN CT [21Yd

SNAARAIP(GITY d

SNA1AYIDUNEIY J

SNA1AYIUOS J

snataayDUNIqq

SMAIAYELd

SNA1A2Y1 D3O

SnaYSIN

Sy PPqUIDT

e

SNA102Y1] (2842

Snua2YIYqa]

Sna1ay18/ CAH

SNA1ADY1]OIDE]

snuaeq

snaazrred

SMA142Y1]8OPUI0))

sna1ay1UnML)

snaayyD)

SMAANI26YD)

SMUA2Y1§2YD)

snuon

Aqureyqng

snuan

Apue

I9p10




History and Taxonomy

Plant Viruses

1

(panunuod)
SNA1AD2LISO)
SHAIALINY avPLIIAS2d12Y0IDID I
paugisseun)
pausisseun)
snaaouIpvyy
SNAIADIUD]
SNAADID I
sna1ao1dCadoydudy 2DULIIAS2AA2YDUIUDL)
paugdisseun)
SN140]02S0Y
SNA141950q04]
SNA1A0]DSIULOIN
SNA1A0]D32UI0]L) avuriasadiayviag
SNI1A0]]2ILIDA
paugisseun)
snaraxajduirs
SNA1ADINDG
SHALAIPAD I
SNA1003]] avurnasadioyvydyy - avpLiAsadidf]

SnAAIUOWDS

SMAIALIN]DIO]

snnaurdE)

SNA1A0YODAIDG avpiiasadiayoqy sapparasadiagy

SnA142Y1]PNL

snaiaayiordx

SNA1AY1DIZGM

sna1aay1puny,

snapaay1ungdy

sSnaaypuL]

SNA1ANIG],




S. Awasthi et al.

10

SNA1A0JNIISIA

paugisseun)

sna1andn]

SNAIA0qL],

snA1A141.4dS

SNAIADUWLSLS

SA1A0pgVYII]

SNAIAOPGDYL0I]INN

SNAAOPGDYAIAON
SNAIADSSKT
sna1aodwaydg
sn.1a0pqvy.1018) avpLIIAOPGDYY S
sn1Aownug
sniaownaudniapy DULIAOWNIUG
snaappngny]
snaa041dsay]
snaannqLopW
snatandiua gy
SNAIAD]A2]
sna1apnay
snaaoxKuivdpnby IDULNAOXCUDAD] - 2DPLIAOXKUDAD] +
pausisseun)
SNALIADEN DPLIATUDAN I
SMAIASINGID
sn1apjoqy
SN114DAINY) ADPLIIAO]L] z
snaapuLog avpLIIADUIOG 1 $2]DAIADSIUOUO
snaaipny avpLIAIpny
snaraxtyjodippununoy
snaxryjodivijaq
sn.naxuyjodipiog
snaaxtyjodiypydyy appLiaxLiyjodry 1 SIIDAIAUWD ST
snuan ATmurejqng snuan) ATrure,g I9pI0




History and Taxonomy

Plant Viruses

1

(ponunuod)

STAIAOYI2UDT

SNA1419SO)

SNAADSO

SNAIAIYISIN

SNA1ALSDSUNY

SNAIANGOY]

snaauungy

sniaopdafy

snapo

SNAIA0qT

SNA1A0LJUT

sna1diong

SNA1ADSO)

SNA1A0IPAD))

STAIALSIAY

snaiaodayiay

sniiapupnby

snataoyydy

ADPLIADULOINJ

SHAIADUID A

ADPLIIADUID

SNA1ADY]

DPLIADY]

snatandii)

sniapavdy

2DP1I1A0LISIII(]

$2]DAIADULOI]

SNAADYO

ADPLIAIUOY

sn.aosauwydyy

DPLIIATUOSIP

SNAIA0L0],

snaiauLvg

aDULIIAOLO]

SNAIADUOLOIDMUUDE)

SNA1ADUOL0ID]]2(]

SNAIADUOLOID]IY

snaapuoL0ovydyy

IDULIADUOLOD)

ADPLIADUOLO)

SNAIALIDILY

ADPLIALIGILY

SAIDAIAOPIN




S. Awasthi et al.

sna1avuLqoy

- SNAADUID]10DG paugisseupn)
SNAIADYIM
paugisseun)
SNA1A0PDLLO],
sniiamnbag
SNAADMPDS
SNA1ADAIY D) DULIIAOULOD) DPLIIN0IIS
SNA1AOWIL]
SNA1A0YISI],
Sn1A1U11G
SNAIADIIUIS
sn140]2dng
SnAALDS
SNA1ANQOYDS
SNA1ADSOY
SNAIALIDSSDG
SnAAISDG
snuan A[muurejqng snuan ArureJ 19pI0

12




13

Plant Viruses: History and Taxonomy

1

(panunuoo)

SNAIAOUIK]

SMAIAYDAD

SNAADINID

paugisseun)

ADPLIIAOUIL]

SNATAIXDY OIS

ADPLIAIXIY DU

SHAIALIIA

paugisseun)

SNAIAOYILL]

sni1aoday

SNAIADIAO]

SNA1AL4I1)

SNA1AD]UD))

snaiaoqdo)

DPLIIAIXIYDIDG

paugisseun)

SNAIADUIDPOID]OS

SN14X2104

SNAALDPUD

SNAIAD]OT

SnA1AxX240g

SNA1AIXI]]Y

avpriaxalvydyy

sappA100UKT




S. Awasthi et al.

14

eIouas 4 aDPLIAIAD] ] 0€
snuag | aDpLIIADUIOPUT 62
snuag | DPLIA0ISE) 8T
snuag | DPLIIAOIILIO) LT
eI1ouas 4 DPLIAOLIISO]) 97
snuag | aDPLIADAD]) <4
BIUAS VP10 ¥
snuag | ADPLIIAOSLLYD) €T
eI1ouas § avpLiIAOUIIND) w
snuag | DPLIADIIIOULID)) 17
BIoUaS G aDPLIAIINDY) 0z
BIQUAS G avpriavung 61
BIOUAS 9 aDpLIIAOUIOLG 81
eI10uas ¢ avpLIADUILG LT
snuag | avpLiaAUplg 91
snuag | aDPLIADPNDIIG Sl
snuag | avprialuag Al
snuag | ADPLIADUIDG €1
eI10uas § avpLIAomIDg 4l
eI1ouas ¢ avprodiaunsay 11
BIoUaS ADPLINOLISY 01
snuag | ADPLIAIDSSY 6
snuag | 2DPLIIA0ISY 8
e1ouas 7 aDPLIIADURLY L
BI0UAS [ DPLIA0]|PUY 9
snuag | avpriavynduy S
snuag | AVPLIIADSDULY ¥
snuag | ADPLIADUIIA]Y I
BIOUAZ ¢ avpriav.aiydyy C JIOPIO UE 0} pauSisse
eIouas ¢ aDPLIIAOUIPY I jou SIIfIuIe) SNIIA
snuon A[rurejqng snuon Arureq 19pI0




15

History and Taxonomy

Plant Viruses

1

(ponunuod)

eI1ouas 6¢ avpriaavuo]jidog SS
BIoUS 9 avpLIAOXKUOYLI() $S
eIouasg | avpriaoydp €6
eI1ouas 7 ADPLIAIPNN S
eI1ouas 7 ADPLIIADPON IS
eIouas | ADPLIADWIN 0S
BIoUaS ADPLIIADUIDN 67
BIUaS ¢ ADPLIIAOUDN 8P
eI1ouas 7 AVPLIATUIA LY
Apuegqns | Apuegqns | UPLIAOLIIN | 9F
eIouas ¢ ADPLIADII P St
snuag | AVPLIADUIIGDSI P P
snuag | ADPLINIJIISIDIN I
BIOUAS ¢ 0pLIIA0INT w
BIOUAS 7 2DPLIIAINGT 187
eIoUas G avpLicopL] oy
BIOUS 7 appri1aouy 6¢
BIoUas ¢ aDPLIIADSONKE] 8¢
snuag | avpLi1aod{yy LS
eI1ouas ¢ avpriadagy o¢
eIouas ¢ avpriavupndagy <99
BIoUAS avpLIADIIND €
snuag | DPLIIA0INGO1D) €€
eI10uas / ADPLIIATUIUIL) 43
eI1ouas ¢ DPLIAO]]ISN] 1€




S. Awasthi et al.

16

BIoUaS 9 ADPLIADSLIA 6L
©I0UA3 ] paudisseun 8L
snuag | ADPLIALLINT LL
eI1ouas ¢ aDPLIANO] 9.
BI0UAS ¢ aDPLIIASNQUIO] Sl
BIOUAZ ¢ aDPLIADIO] YL
snuag | aDPLIALIA] €L
snuag | avpLi1ana1ds 7L
BIOUAS ¢ appraodijosavydg 1L
SI[Iwejqns g ADPLINOLIDY oL
Sol[furejqns ¢ IDPLIN02Y 69
BIoUds | 2DPLIALIPOND 89
eI1ouas ¢ aDPLIINOPNIS T L9
eI1ouas ¢ IDPLIAXO] 99
BIOUIS § avpri1aliod g9
BIoUAS G avprodiardsog $9
snuag | aDPLIADUIOK]O €9
BIOUAS 7 avpLi1avupllog 79
snuag | aVPLIADUSD]J 19
snuag | ADPLIADUIIGOIJ 09
BIUaS 9 aDPLIADUPOISY J 6S
snuag | ADPLIIADAIIIOINULID] 8¢
Sol[iwrejqns ¢ IVpLIIAOAID LS
eI1ouas ¢ AUPLIAYNADG 96
snuon A[rurejqng snuon Arureq 19pI0




1 Plant Viruses: History and Taxonomy

References

Adanson M (1763) Families Des plantes, vol 1. Vincent,
Paris

Ahlquist P, Noueiry AO, Lee WM, Kushner DB, Dye BT
(2003) Host factors in positive-strand RNA virus
genome replication. J Virol 77:8181-8186

Baltimore D (1971) Expression of animal virus genomes.
Bacteriol Rev 35(3):235-241

Beijerinck MW (1898) Concerning a contagium vivum
fluidum as a cause of the spot-disease of tobacco
leaves. Verh Akad Wet Amster 6:33-55

Buck KW (1999) Replication of tobacco mosaic virus RNA.
Philos Trans R Soc Lond B Biol Sci 354:613-627

Creager AN, Morgan GJ (2008) After the double helix:
Rosalind Franklin’s research on Tobacco mosaic virus.
Isis 99(2):239-272

Desnues C, Raoult D (2012) Virophages question the
existence of satellites. Nat Rev Microbiol 10:234

Desnues C, Boyer M, Raoult D (2012) Sputnik, a viro-
phage infecting the viral domain of life. Adv Virus Res
82:63-89

Fauquet CM, Mayo MA, Maniloft ], Desselberger U, Ball
LA (2005) Virus taxonomy. In: Eighth report of the
international committee on taxonomy of viruses.
Elsevier, San Diego

Giampetruzzi A, Roumi V, Roberto R, Malossini U,
Yoshikawa N, la NP, Terlizzi F, Credi R, Saldarelli P
(2012) A new grapevine virus discovered by deep
sequencing of virus- and viroid-derived small RNAs
in Cv Pinot Gris. Virus Res 163:262-268

Hanley-Bowdoin L, Settlage SB, Robertson D (2004)
Reprogramming plant gene expression: a prerequisite
to geminivirus DNA replication. Mol Plant Pathol
5:149-156

Hull R (2009) Comparative plant virology, 2nd edn.
Elsevier, Academic

International Committee on Taxonomy of Viruses.
Available online: http://ictvonline.org/virus taxonomy.
asp. Accessed on 20 Mar 2015

17

Ishikawa M, Okada Y (2004) Replication of tobamovirus
RNA. Proc Jpn Acad Ser B Phys Biol Sci 80:215-222

Ivanovski D (1892) Concerning the mosaic disease of
tobacco plant. St Petersb Acad Imp Sci Bul 67-70

Johnson J (1927) The classification of plant viruses. Res
Bull Wis Agric Exp Stn 76:1-26

Leppard K, Dimmock N, Easton A (2007) Introduction to
modern virology. Blackwell Publishing Limited,
Malden, p 12

Mayer A (1882) Over de moza“ikziekte van de tabak:
voorloopige mededeeling. Tijdschr Landbouwkunde
Groningen 2:359-364

Mayo MA (2000) Constructing and writing the names of
virus  species--an editorial note. Arch Virol
145(2):427-428

Pogue GP, Lindbo JA, Garger SJ, Fitzmaurice WA (2002)
Making an ally from an enemy: plant virology and the
new agriculture. Annu Rev Phyto Pathol 40:45-74

Rajamaki ML, Ma'ki-Valkama T, Makinen K, Valkonen
JP (2004) Infection with potyviruses. In: Talbot N (ed)
Plant-pathogen interactions. Blackwell Publishing,
Oxford, pp 68-91

Raoult D, Forterre P (2008) Redefining viruses: lessons
from Mimivirus. Nat Rev Microbiol 6:315-319

Soosaar JL, Burch-Smith TM, Dinesh-Kumar SP (2005)
Mechanisms of plant resistance to viruses. Nat Rev
Microbiol 3:789-798

van der Want JP, Dijkstra J (2006) A history of plant virol-
ogy. Arch Virol 151(8):1467-1498

Van Regenmortel MH (1999) How to write the names of
virus species. Arch Virol 144(5):1041-1042. Erratum
in: Arch Virol 1999; 144(8):1667

Virus Taxonomy: 2014 Release, EC 46, Montreal,
Canada, July 2014

Voyles BA (2002) The biology of viruses. WCB/McGraw-
Hill, Salem, pp 29-32

Walmsley AM, Arntzen CJ (2000) Plants for delivery of
edible vaccines. Curr Opin Biotechnol 11:126-129

Wren JD, Roossinck MJ, Nelson RS, Scheets K, Palmer
MW, Melcher U (2006) Plant virus biodiversity and
ecology. PLoS Biol 4, e80


http://ictvonline.org/virus taxonomy.asp
http://ictvonline.org/virus taxonomy.asp

	1: Plant Viruses: History and Taxonomy
	1.1	 Introduction
	1.2	 Definition
	1.3	 Plant Viruses
	1.4	 History
	1.5	 Classification and Nomenclature of Viruses
	1.6	 Baltimore System of Virus Classification
	1.7	 Nomenclature of Viruses
	References


