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Major plant viruses: an overview
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Abstract

Plant viruses cdie wevere discasey leadling 1o enormeas crop kss

The present day virsl rescarches ol

coonomic plants are centencd on identification ol virus, molccular characterization and management of
wirad discases. Till date more than thowear] vinmes have been classfied into several femilies. 11 is desirabie
tr ko about the different virus famialies along with their type perws andfor ppporiant perus, Bl dus o
an cnormous volume of literature publaked on this aspect, it beoomes difficult 1o study all of them. Henes
the present nevicw his highlighted the salient fxiares of the major plang viruses which bave beon classified
sl the family level, Most of the virus familics have been discussed with important'tvpe genis of cach
family. Some viruses which could not be placed in any family have been prouped a5 ne Gamnily
Importance of moleoular data. immunological data and data on protein configuration of coal prodeins along
with hvinformatics and its predictive power have boen highlighted.
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Wirws i3 an obligate parasite, Il does noi have inheren
replication machinery which can replicate outside a
living orgamism. Thus vimis 13 uniqoe. Plant vinses are
those viruses which use higher plants as thear obligae
bosts and use the plants for their replication. Enormow
bowses of our crops have been repomed due 1o vieal anack
(Peppu, 1997, Palukaitis ef al, 1992; Hema and Prasad
2004, Bateson and Dale, 1995 Espion er al, [1990;
Robert and Lemnaire, 1999 Lokhande of al. 1992).
Presently, more than one thowsand vineses are known
Jiskani, 2007). The nomenslstune of vins and ercatbon
of mew species is very important The Imemarional
Commitiee on Taxonomy of Vieuses (ICTV) has
sugpested for creation of pew genus if the malecular
similarity is found less than B9% with the pesren
species in case of geminivires (ICTV, 20060 The
present day viral researches of economic plants arc
centeredd o idemification of winms,  meoleculsr
charmcterization and management of viral disesses,
Although it seems, the mobecular characterization and
momenclature has taken central aention bul o 2
beginner the knowledge of conventional technigues and
classificason rules are Hill important. To understand the
whobe scemario of mile of virus in plant disesses the
present review has been done with & view o proper
undersianding of & vins nomenclature.

More than thousand vinses have been classified
inn  several families. All the families have been
charscterized by s fype speces. The virus families along
with the type genus andfor imporant geras have been
presented in the following lines. Among the differer
Tmmilies meniioned some familles are very important for
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their destructive robe in cconomic crops. The other
viruses ahbough less important but they may provide
some important information reganding viruses and their
possible infecting capscity in comtinuously changing
genotypes of our crops. Important fumalics with salicm
molecular characiers along with imponant plane diseases
producing penus have been presented in the following
limes. Mom of the mobecular informations given in the
following lines have been presemtsd fom the ICTY
reports. ICTY meports has summasized by Matthews,
1%83a, 19850 b. ICTY has published seven repons up to
2000 in Archives of Virology (Hull, 2002). The most
recenit repori of 10TV has been edited by Fougquet of af

20415,

Important families of plant viros:

Caplimoviridae: Members of Caclimovirides  ore
replicated by revers¢ tramseniption. All the veruses have
circular DMA. The genome i3 discontinuois al specafic
sics, The membors are divided imo wo  groups:
bBomeric  particles comtaining  Coufimoviceses  amd
bacilliform  partickes  conmining  Noownvruses
Cauliffower masqic vires (CabV), the hpe member of
the penus Coulimovir, 15 one of the most common and
important virskes of brasgica crops in the world. CaMy
has double-surmnded DNA a3 their poretic matenal. This
virus s wide spread in Lemperate regens whetcver
species of Brassica are grown | Sutie o ol 1909 CaMy
has isometric  pamicles abow S0nm  in Jiameier,
composed of 420 capsid prodcin subwnst and o circwlar
doishle-stramdnd DA penomve which conbaine seven
majpor CHRFs (1 s VI OF these ORFs only the capaid
protcin (andfor 15 polvprotein precursor GAG) the
polymerase  polyprdein and  the ransactivatos
viroplasmin are casemtind fon viras replicagion (Heba and
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Fuatercr, 1997 and Kobayashl anc Blofin, HEIL) whereas
ihe movemcd probcin (WP el dhe vivion pssockmex
reotein 4 ¥ AR are additienally reguinsl lor il o of
plam ddseaie  (Kobayashi er of, 10020 Wins s
replicaicd by the teverse tmnschipbion of an BNA
imermedinie {Hans er o, 2002 ), Coavlimovimses have p
restricigy host range, vwsunlly one or twe Tamilics, Cabfy
inakaly et members ol Crochlerae and Solanscese
AU henauli ef ol F9920, Thes vims indisces m variely of
sysicimbe symploni (Chloresis, mosaic, vein clesring
pwdd stuntimgh Omomaty croedlenaus plants, parisculary
on various . Brecuce campesivis and B ooderavea
cultivars, ollen in mised infection with Turndp mosae
virras A TuddVE (Shepherd, 19813 The virus B mol
tramamasible by sced o pollen (HBlanc er al, 20015, The
Uhree vinuses of genus "Sovbean cioratle matlle vire-
ik’ "Cannero veivy mgeaic viris-Nike" and "petunia vl
civgring virwr-libe' resemble genus Cowdmoviees i
their genoinc organizations. ore differcnl. Two ober
germs “Bodsavies’ and “Rice fengro bacilfiform vieee.
fie" are in the group which contain bagilliform particles.
Boththe viruses wre important in tropical agriculiune

Geminiviridee; The pame of the family comes from
geminale virus particles which contain the gerome of
the virus. Two incomplete leosahedrn form the geminste
particles (Kinhi el al., 2002). The genome af the family
ool circubar ssDMA type (Rojas e . 2005}
Geminiviridae and Circoviridae arc the two familics of
plant viruses that have circular ssDMA, Gemimbviruse:
comstitute the larpest. most diverss and economically
imporsard. family of plant DNA viruses (Rojs ee al
2005), They infect a brosd range of plants and couse
devastaling crop discases, particulasly in tropical and
subtropical regions of world (Mansoor e al, 2006
Maffat, 1999 and Moralcs and Anderson, 2001). singhe-
stranded DNA (1INA) genomes display high levels of
genctic variability (Seal of of, 2008). The family
Gemimiviridage B clisified  inio four

Begowmovirus, Curtovirs, Topacwviras and Masireviees,
based on their genome organization, host range and
irsect vectors (Faquet of al, 2003}, The largest genus of
Geminivieus family is Begpomovirur, Fegamovirur have
anc o7 (wo genome companents (desipnated as DNA-A
and DNA-B) which infect dicots and are transmitted by
Hamiria fabaci. A significant increase in the froquency
and severity of Begomovirus discases over the past 20
years have been well documented by Rashed, 2006 The
[FNA-A component of Begomavirus contains four genes
(AC1, ACZ, ACY and ACH) on their c-sense sirand and
two genes (AV] and AV2) on their v-sense strand. ACI
epcodes Rep, replication initiator protein (Eliner eral,
1988, Eiessami et ail., 1991}, ACZ gene encodes TrAP,
transcriptlon activator protein (Sunter and Bisaro, 1991,
Hartiz ¢f al, 199, ACI encodes REn, Replication
enhancer (Elmer &f of, 1988) and AC4 gene encodes (4
protein. AVI geme encodes cont protein and AV
eredes  pre-coal  prorein.  Simitarly, the DNA-B
component cantsing two ORFs which encode for
proteins thet assisl in imtra-cellulnr and inter-celbular
viral movement- BCI/NSP (nuclear shubile protein) and
BYIMEP {movement prolein) (Lasorawite, 19997, The
invarianl TAATATTJAC sequence, located b he

nigrpomiy region, conlming e indtimke ane i1 sl
rolling  cheke  BNA replicsibsn.  Among  ihe
pEmin s iridac  tomalo leal cud wimus s one of ihe
importanl wimis which couse substgntlal loss ol cropa
(%lagar of al , 00K), Fomado feaf cued views (Tal UV s
p whidefly [(Ramsisia fabicd) (ranamitied  Coeenmiviras
(lamily Gemimivieidee, penos Segomovicus) causing
destrictive dlacaae of Innialo in many parls of India
(Waswdeva and Sam Raoj, P9H4, Sasiey and Soagh, 1973
Muniyoppa and Saikia, 1981 Saskia and Muondysppa,
I9H, Harmison ef al, 1991 Reddy of of,, 2005, Kirthi o
at, M0E: Posirmadis er ol 2001 E.u.rru.,p-pu e o, |99
Besides tomiabe Segomovirur milecls vericty of other
plants  including  Kenal  {(Paal & ool 20065
fHimarphaiheca sina [H'..*Ii of el 2IEFT), Fllmijlju'll: lﬂ.aj
el @, W0Ta), Bun ochre { Lrena foboral Chatterjes et
al, D0TH, Mimowa imvar | Kosavich e al, 2008}, Biter
gourd  (Rajinimala amd  Rabindesn, 20071 Do
strampiiem (Ding ef o, 2007 ). Papaya (%o and Zhou,
M}, Diranda repens (Tahir of o, 20065, Chilli (5hik
ef al, M06), Methi (Raj er o, 2001}, common bean
(Papayiannis ef ol 2007), Aperatwn comezoider | Wang
of al, 1991), potatn (Garg er of. 20010, pepper
(Copsicum ganum) (Strenger of of | 1990} of India and
cihier parts of the world. Segomovires infocted discases
wre charpcigrized by severe lead curling, shrinking of
leaves, stunted rowih of the plants, yellowing of the
veins {Chokrabory e al, 2003), Jatropha (fairogha
curcas L) an importans bhofuel producing plant s
infected by IMIV. The discase couse sturted growth and
seversl othet  symptoms. The disense cause low
production of Fuits which is used or extraction ol
hiofucl (Rangaywamy of al, 2003; Aswatha MNaravana er
al., 2006),

Circoviridae: Like the geminiviridee this family also
possesses penome of is DNA but they possess much
smaller corcular DMA, The wirus partiche is also very
small (approximatcly 20nm in diznster), O of the two
penws of the family only one perus | Monovicas) infects
plams, e of the spacies Sonong bunchy dop wire
{BBTY) of Manovirus is economically imporant. The
icosahedral vins particle comaing six or more circular
“NA molecules of approximately | kb in size. Banana
bunchy \op diseass is caused by BOBTV, a mubi-
comparenl, clicular smglesstiranded DNA wirns of the
family Manoviridae thart 1 ransmitied plam-to-plast by
the aphid vector Pemialonta migronervass, The famly
!_"-Imuriridu congiste of aphid iramsmined viruses with
isometric virions, approximately 18-20 mm i size, and
is divided inte two genera; (BBTY is the onby member
of the gemm), and Monovirus Manovirus contain
Subderranegnclover sticit viewr (SCSY) {Boevink of af.,
1995}, Faba bean mecrovic jellows virws (FBMYY)
(Katul, 1997 and 1998) and Mk verch doar viru
(MDY (Sano et al., 1998 ). Mlacement of Coron foliar
decay  virur remains uncertain as only o single
component of the virus has been described {Robade e o
1930 The compoment described s sateliitelike
melecule pssociated with o geminivinus (Briddon e af
2006). The genome of BBTY has been repocted 1o have
ot lenst s componems  of  spproximacely 110D
nuchesbdes. The six components are DNA-R, DNAS,
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ENAL, INA-M, DNA-N and DNAL which eneode s
rolling-circle veplication inftinter protein [Rep], conl
protein [CP], cell-cyele link peotein [Clink [, movement
protein  [MPL nuclear  shunle  prodein [MSPJ) and
undetermined respectively {Vetten er af . 20043,

Reoviridee: The virmses of the family coninim ds ENA
The most impartard pant af the Bambly is thol some
members of the family infect plants wsd those vieises
wles infect their wectors (bnvemebrite). ANl the thece
germern Fiimiree, Cesoviraee o Photareoviris) which
wiinck plants can be separwied by ibeis ARNA sepment
tamber and partlele siee dinmeter. Fifvine mostly
atiack mocotybedonous plants of poaceae and lilisccee,
The third genus Phyioreosinus  can  silack  boih
monocalyiedonous  amd  dicotvbedanous  plams,  Nice
dwarfl virge (RDV) 4 s member of the genus
Pintoreovirss of the family Reowiridoe, which also
mchudes animal Reoviewe, OrBlviews, wnd  Reterirus.
RV replicates both in insects and in graminacenas plant
cglls, bat il can be trapsmitied only by insecls such as the
leathopper | Vephoreilis cinciiceps or Resilia dorsalis)
(Suzuki ef of., 19941 RDY does pat induce neoplasia bt
induce stunbed growth, develop charactcnistic chlomtic
Mecks, and fail 1o bear seeds. This virus i3 widespread
among nee plants in southern China amd other Asian
countries. The ROV genome is composed of 12 double-
sranded BMA segments, designated 51 o 512 in
ascending order of their mobility on & polyacrylamide gel
(Fugri-Kawain and Fuke, 19700, The complele sequences
of all of these segments have been determined and %0%%
sequence smilasicy have been reporied between a
Japanese olate (Uveda er al, 1994) and & Chinese
isolate (Zhang ef al., 1997,

Partitiviridas: The plant infecting viruses of this family
are commanly kaown as ‘oryplic virus', Theie viruses
produce no symptoms or negligibde symptoms, The
wiruses are characterized by non-enveloped bl-segmented
dsAMA genome. The two plani infecting genera are
Alphacrypnire and Beraprymtovirag, Plam
crvploviruses are associated with latent infections of their
hosts. Pollenseed transmission is the only means of virus
dispersal. Mo cell-to-cell movement of the virus has been
reparted. The virus can only move when cell division
takes place (Boocardo of af. 1957). One  genuos
Purtitiviruy have been repored from fungi (Ghabrial o
al,, W03)

Mo famibly; Yaricosavinas genus could not be asceratned
o zny defined families and kepl =5 no family. The type
specics is ‘Letiuce big wein wra' Two ds RNA
mabscules are there in ihe genus and the shape of the
virionig are rods,

Rhabdoviridae: Rhubdoviruses sre charscterized by
bacilliform 10 rounded siructire  enveloped by &
membranc. The outer surfoce is charscierized by
glveoprotcin spikes. The viruses nre (-) strand RNA
virusei. There are lwo well defined vienl gencrs In the
family slthough several plant rhshdovinses could ol be
pasigned 1o any genus due 0 nedequase dotn sl
information required for asslgning a penus. All thode
viruses arc ket in oo group as  Cundssigned
Khabdovisidac', Peigra vellow dearf view (PYDV) s &

specles  of  plent wiros  wnder  the  gemim
Nuele nrhabelowvirus The virim wan firsl Identified in the
LISA by Barrus and Chupp (1923, The vinis has soversl
olfecis Inchinding stumied provah, dwarling,  aplcal
;-e|l||ir|-l1n,, {niber cracking and mial lngmatson, PY LY has
been iranumited anificially 10 specles of the families
Apocynnceas,  Anoracesc, Prassicscens, Fahaccae
Lamiacene, Polygonacese and Scrophulerisceae (Black,
10, GEPIVEPPCY, 19800, 1 oceurred naturadly dusing
1986-ER n  Blinnesota (LISA} on the  ormamenial
herhnceonis '|'I-|.r|r|1| Mirerhlis Jatapd, Nicadidna @,
Tagetes erecia ad Almndo elogems, causing severs
slunting, chlarosls, wein yellowing amd sysiemic wein
nevl leal necroais {Lockhart, 1%98%), PY DY moletes can
be distinguished by iheir serological reacitons and ther
veclor specificity. There are iwo  serotypes. one
frummilled by the  leafhopper  Aceroragalis
sanpuincderdo and  apether  Acerslogallic s
{"Sanguinslenta wellow dwar’ wra™), the other by the
lcafhopper Agealila commiricta (" Canniricta pellme dwarf
wirs"). Both forms are transmited by Agailinie
quadripunciaia, The California isole is closely related
to the sanguinolenta sevotype (Falk & Weathers, |983)
Both seredypes have & long incubation period in their
respective vector |eafhoppers (af beast 6 days). during
which they multiply (Chiv er @, 19701, Rymphs. adult
male and female insccts ransmit PYDY. Leucanthemun
valgare serves as the principal virus source Far infecting
potslo crops, Carhoramtbic roséud |5 8 natural oyt in
Califormia. PYDY ks carried through ubers derived fram
infiecied plants. The virus is mechanically transmissible
i sewen species of wbacco (Falk eral , 1981).

Benyaviridae: HBunyaviridae are characierized by
spherical virions with glycoprodein spikes. The virnuses
are gither of (-} srand RMA or in an ambisense
arrangement [wherne both (=) and [ +) strands of RNA are
present]. Altogether three BMA scgmenis are found.
This &5 one of the large familica. Most of the gonus
aitack verichrates and invervebraes. Only one penus
(Togpowirus} attack plants and invertebeate vectors. Out
of the three BMA segments of Tospovirnes the lwgest one
is of (-} strand and the other two are of ambisense 1vpe
Tomatoe spolted wilt (cowmsed by Tomate spafied wid
wirurh was firsl described in Australia in E98% 0t is an
important disease of several crops grown in lemperaie
and subtropical repioms of the world TSWY infect
approcimately in 174 plam species (Zinzr e af., 1989
The comanon hosls are tomaloes. peppers, eelers,
lettuce, eggplanl, peanuts, pimeapple. many legumes,
many ormameptals, and many weeds such ac field
bindweed and curly dock. Symptoms of TSWV e
numerais end vaned,  TSWY B tramsmined  from
infected plants 10 healthy planis by o least nine species
of thrips. Theips transmil the vinas in & persisicm
mamnner, which means that once the insect has picked up
ihe wiras, It i able w wansmb the vines for the
remuinder of s life (Gobdberg, 20007 There are
gignificant  differences  In  ospovinses  and  their
rebationship with specific thrips species, s whit s
presented hereim on TSWY s mot applicable 1w all
wapovinis-thelps inlersctions (Sherwood, 2000 The
currenil windersianding of the TSWY gene functions
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imdficases that the WSm serves o= & movemednt gene, MSg
s silencing suppresser and the glycoproteing comnin
determinants for thrips ransmission. Mansgement of
TSEWY hay proven bo e challenging due o the wide
host ramge of both the vins and i3 veclor, and
cmergonce of fesigsiance breaking  straine. However,
increased  understanding  of the  biclogy,  genetics,
epademiclogy and molecular biokogy of TSWY resulied
in developmeni of practical and effective infegraied
discase monagemen progroms for redicing the impec
of THWY in soame Crops {Poppmi, 19497,

Mo family: Twe geaera Demebibrg omid  Clphifostrur
could nod be ploced in any family dve b insdeguesie
informations. These two genera hove some similarities
with the members of Bunyvaviridoe, Tenuivius i
spreaded by prass hoppers bt the vectar for Ophilowiras
is unkmown. Tesuiviees atack plants of the family
Poscese wherens the other penus can oiack both
manecoty ledons and dicotybedons.

Bromeviridae: Members of this family  contam
tripartite (+) strand RMA. The viruses of the family are
womctric with generally bacilliform v shape, Size
varics in different gemera. Five different genera ore
Bromavieas, Cucumovinus, fSarvims, Alfemoviegs and
Meavirus. Among the penera Cucumovieus are most
important &5 it has a wide hogt range, Largest number of
plant species (approximarely 1000 plant species) is
infected by the virus (Kim ef al., 20000, The penome of
the virus consists of plus-sense single stranded three
RMAs (RMA 1, EMA 2, and RNA 3) and o subgenomic
EMNA (ENA 4} which i3 encoded by the 3'<half of RNA
3 {Palukaitis ef =i, 1992) and which is invelved i
encapsidation {Swekt of ol 1991), Cucumber mosale
virus (CMV) olates are classified into two sub-groups,
I and 11, according o various converging criteria which
include sympromatobogy, serology and rucleic ocid
homology etc. (Palukaits e af,, 19920 RNA 3 contains
bath the viral coal pn:-LtIn {CP) gene and movement
protein pene imvolved in the cell-to-cell and long
distance movements (Davies and Symons, [988). .ﬁ.ﬂu—
mipping for the determination of CMY pathogesicily
(Mossop and Francki, [977), pscudorccombinants
created by exchanging pel-cluted genomic RMAs
revesled thid each of the three genomic RMAs plays i
determinant role by various host-sirain interactions
(Paluksitis & al,, 1992). Asian straing of CMV have
been placed in subgroup B (Palukaitis and faitlin
1997}, Several workers are working in elucidating the
rake of different proteins in differert functions of the
viral activities. Al mosoic wires (AMP) has B
ripartile single-stranded  genome. RMAs 1,23 and
subgenomic BNA 4 are separsicly encapsidated into
baciliform paniicles which are |8am wide and have
lengtha chamcteristic of the RNA encapsided (abou
56,4335 and 35 nm respectively) (Thole e al. 199E),
Ihe genomic RMAs are not infective. Infection can sar
ofily in the presence of RNA 4 or [t translation protein
product (CP). AMY mostly infects herbaceous plants,
but seversl woody species are inchided in the maiural
hirst range | Edwardson and Christic, |997),

Comoviridse: Comoviridas are made up of two ssRNA

of poaitive siramdd. Capsid proteins are very imporiant,
The copsid prodcing are named for their Tunciions,
Encapsidation is only one feature of an exiremely
diverse nrray of structursl, functional, and ecological
rabes played during viral infection and spread {Callaway
¢l al, 2000 The capsid protein s multifunctional; in
addition to having & mle in encapsidation; it affects virus
movement in plants (Koplan g &f, [998), iransmidaion,
sympiom expression, ond host range (Shintakue and
Paluknitiz, 19900, Comowiris, Fabovires, and Mepoimes
wre the ithrec gencra of the family. The capsid of
Comovirus is made up of two profeins of different size
The capsid of Fabavino are made up of two proteind of
similar size but the capsid of Mepovirus are made up of 2
single profein. Cow pea mosalc wirus of genus
Comaowirur is one of the important virus which infect
Vigna radiats. Folinge turma yellowish green with arcas
of light and dark green tissue, Infected leaves are ofien
siunted and frequenily have a puckered appearance.
Susceptible host species are Dafwee  siramonium
Givcine max, Gomphvena plobesa, Micohiam labacum
Phaseols vulparts, Plaum salivim, Spinecia pleraces,
Ficda foba, Fipag asguloris Figne redioio Figmo
whgtidcialate (Cemase and Kale, 2008; Gopinath e arf,
2003}

Tombusviridae: The virus particles are in the size range
of 30 1o 35 nm in diameter. The viruses comlain single
species of ENA of positive s type. Members hawe
nasrow hodt range. The elght genera are Tombuwirug,
Awrews virus, Seeamirus, Carmevirie, Maeh ool
Mecrowirut, Pawicowlres and Dionthevices. Membery
either infect monoaotyledons or infect dicotyledons but
o vinzs atlack bath types of plams, Tomate beshy steet
virws (THSV) ENA genome of approcimately 4.8 kb,
encodes five major open reading frames [ORFs) (Brunt
ef al, 19%6). Viral replication require an ORF land an
ORF2 {Scholthof er of,, 1995a), Coat protzin and viral
movement protein are encoded by ORF3 and ORF4
respectively. Cell 10 cell movement and sympiom
determination on certain host plants are controlled by
ORF4 (Scholthof er al, 1995b), Product of ORFS has a
role i the induction of necrotic symploms and in the
long-distance spread of the virus, depending on the host
TBSY has been reponed from tomuto of Ireland, Moah
and South America, Ewrope, Alrica, and Japan (Ohki e
of.. 2005, TBSY has been divided on the hasis of
sevological resclivity imto three major strains. Because
of serological reaclivity and of the high sequence
homalogy in their genomes, it was also proposed thai
Petunin asteroid mosaie virus and Arsichoke mottled
crintle virus (AMCV) are also sraing of TBESY [Luis-
Artengn of @, 19%96).

Sequiviriduee: The virus panticle of J0nm siee 15 made
up of three different proteins of different sires. Single
positive ssRMA encodes poly privieins which afer
cleavage produce functional prodeine Two geners are
Sequivirus and  Waikivirus infect plams of limited
imparrinnge

Closteroviridse: The panicles of different members of

the Tamily are flexuous and Glamenious. The mucleic
acid 8 linear (+) strund 35 RNA. Depending on genus
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the muclewe acid may be monopartite or bipartite. The
iransmasons of the viruses are of differem types, The
vinases are penerally rotnicting themscives in the
phivem. The genera may be classified on the basis of
rarsmission vechors like q;l-l'id-{rp.rum.lnn;l, mealy hua_—
transmitted snd whine{ly mansmined. Closteroviridos 1w
represemied by Closterovirws and  Crimhvirar,  Clitrur
trartrng wirss (CTV ). &n ephid-trarasmined Closterovinu,
hax been the mos? importar viral pathogen of citnus for
Unc bast mincty years. CTV has o buge destructive role and
have been reporied from almost 2l over the world
(Heper er i, 2009). Citme triness wiras (CTY) has
beeni reporied Gom varows Indian sates alse (Ahlawat
and Flaychaidiner, 1988, Capoor, 1963; Mamni er al,
1965, Vasudeva and Capoor, 1958} Vecior specificiey
amd resetion b differential hosts ore dhe two criteria
which have heen folbowed to determine mild or sevens
strains in Imdia (Capoor and Ran, 1967; Belarsman and
Ramakrishnan, 1977; Capocr and Chakrabomy, 1980}
Among the seven aphid species reporied as veciors of
CTV, Toaroplera citricidur has been found to be the most
efficient vector (Capoor and Rao, 1967,

Laieaviridae: ‘Luens’ mean vellow In Lain Most of
the penus produce yellows type disease. Hence the name
of the family is Luteenvinidas. The members of the family
comgain (#) semse 55 RNA. Three imporiant genern are
Lutrovirus, Poleevine and Ersmovires. Eleven viruses
of Bmily have pot besn assigned to amy geous due to
inzufficient dats availability for characierization. Poialo
legfroll virwe (FLEV) of the genus Poleroviews infects
potato crops worldwide (Rober & Lemaire, 1999 1t &
transmitied in & persisten manner by 2 limited number of
aphid species [ike Myous persicoe, the most efficient and
imponent vector (Harmison, [984) Its natural host range
is mainly restricted to & fow solanscenus plants | Solomum
tuberanum, Physalis aridara, Datura sergmoniur and
Lycopersicon esculertum (Thomas, 1993) Morever, a

few plants of other familics can be infected by PLRY,
either experimentally (Harrisan, 1984) or naturally
(Lizmeraga et @l 1996). Six main open reading frames
(ORFs) manbered from 0 1o 5 are there in the genome of
the virug (Miller er al, 1997). S differen proweies (PO
to P5) are formed from the OFFs. PO 5 essemial for
replication of the PLREV genome {Sadowy e &/, 2001}
end that PI has & hydrophobic domain, thought o be
imvolved in membrane atachment (Maye & Fiegler-
Grafl, 1996} P js irenslsied by a rrely occurring
ribasomal frameshift from ORF1. P3, P4 and PS5 being
randlaied from a subgenomic BMA correspond w the
magor capaid protein (CP), the puistive movemen
prodetn (MF) and 2 prodein (of resdthrough domain)
which iz wanslaed by suppression of the ORFY sop
codon. Ashoub ef ol {1998) identified two Ffurther
putative DRFs encoding two proteins. P6 aod PT, the
roles of which remaln unknown.

Potyviridae: Memberz of FPopairidae have flesusos
particles 650-200 mm bong amd 11-15 mm in dimmeter.
The penome &5 (+) sense 53 RMNA with o YPE (0 gencare-
lmked prodein covalently boan to the 5"end) and with a
¥ poly A pontion. Inglusion bodies are found in all the
hosts infacted h.' the membert of the 'I'lm||y. Ot of the

six penera (Ponsires,  [pomoviesd, | Moetiedviea,
Rymovirus, Tritimoviews and Bymovirus) Pofpving is
the larpest and alw the largest of plam vinses. Some
ccongmically enportant species arc included 0 thia
rmi!}.ﬂunmnmnum}:m w.nruirqu'tnd in
Russea bn 1R94 and b since been diseribuled worldwide
{Agrics. T9ER: Boss 1971, Hamplon er al, 1983; Sheri
and Macnab, 1986). Bean commart  monple  wire
(BCKWYY on bean couse sysiemic mosasc, malformation
of leaves and pods and rugosity of lower leaves,
sometimes even necrosis, Vinses causs substantial loss
(Hall. 1994}, The vinms is transmited in non-persisicnt
manner by imect vectors (eg Aorthosiphon pisum,
Aphis craceivora, A fabor and Myzws persicae). It
affects primanly the French bean | Phaseoiss vulgaris)
bunt alss Phasealus :'p.lnd[l.hbc.m[ﬂm.. 1971 Sher
and Machaab, 1986 Smigh, 1972} Mechanical
inoculation and seed-transmisaton (in P owmlparts up o
B3%a) have been repomed by Brust ed of, 1996, Papapa
rimg rpal virus, firdl deseribed by Lindner er of {1945)
indfucey irregular mosaic patterns on leaves., ring on
petioles and }tlim- ring on fruit (Shinde er al., 2005} of
papaya where it is grown (Purcifull of of, 1984} The
PREY sraing that infect papays, designoted as PRSY-P
are distioet Brom the PRSV-W strain of coourbets.
Papays trees infected with PRASV.P are surted . prodies
deformed  fraits with some ringspol. vein clearing,
motiling, makformed leaves, sireaks on frult, stems and
petioles (Fomn ef ol 1559, Bateson e ol 1994 repomed
that PREY-P evolved from PRSV-W. presumsbly by
mutatior. This was first indicated by the wery close
sequence similasity of the coal peotein (CP)=coading
megion of P and W ooletes. Anather member of the
genus Pogvirus is Potare ving FFVY). The isolates
af FVY have been classified in thres malin strains:
VY™, FVY" and PVY' (De Bokx and Huringa, 1981).
The visus can infect podato, tobacco, tomate and pepper
as well = wild speciss, especially thoss in the
Solanacear Family (Ellis er of, 1997 The serological
clazsficstion of PVY isolates is a matter of discussion
Coar protein-direcied polvclonal antibodies do ot
discriminate  betwesn PVY orsine w0 mosoclonal
antibodies specific to O and N strains bave besn used 1o
charscierize selected FYY isplates (Gugerli and Frics,
1983 Hataya ef of |, 1598)

Coaclusion

Although molecular dsfs EemERalogesl dats and
proein  coafiguration of ooal proleins ae mod
important, bioinformatics 14 being increasingly ussd in
vinas classification dwe o s srongest predictive power,
Bipinformatics 13 pamiculorly  imporant  wihen
information  from  several 1echnigues B combined,
1r|:‘|ndm; experimental  confirmatios  of  protain
Eenicity predictions eic. (Gomase and Changhhale,
il:'lﬁ Gomase er al, 2007). &quh:afgmn[
dil!ﬂtfl viruses wre being available in the gepe bank
and all such sequemtes may be used o find ow the
closeness of the different isolates, species and penus of
the vimses Mosl importantly in several cases the
squence  data have solved the problems of
clasification. Still seversl sequence dats  derpand
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considerahle recrganization of the clasification
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