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Abstract: Strawberry (Fragaria x ananassa Duchesne) is a member of the Rosaceae family.
Among all soft berries like brambles, strawberry and currants, strawberries are the most
favourite soft berry fruits of the temperate world. Many viruses are involved and they can act
to produce symptoms which vary according to the virus species involved, the relative
proportions of each, the environmental conditions and the response of the particular host
variety. There are about seven aphid transmitted viruses infecting strawberry in nature. These
include strawberry crinkle virus (SCV), strawberry mottle virus (SMoV), strawberry vein
bending virus (SVBV), strawberry pseudo mild yellow edge virus (SPMYEV), strawberry
chlorotic fleck virus (SCFV) and strawberry latent c virus (SLCV). The virus diseases are the
most prominent limiting factor in the production of certified virus- free planting material of
strawberry. Key to success for achieving this goal lies in the development of a sound
certification scheme that has the aim of providing strawberry plants which are true-to-type,
free from virus diseases and substantially free from other pests.
Keywords: Strawberry, viruses, serology, molecular detection, certification.
Introduction
Strawberry (Fragaria x ananassa Duchesne) is a member of the Rosaceae family. The fleshy
fruit of strawberry is classified as an aggregate fruit (Green, 1971). The cultivated strawberry
is a hybrid of two Native American species, North American Fragaria X chiloensis and
South American Fragaria x virginiana (Hancock et al 1999). Among all soft berries like
brambles, strawberry and currants, strawberries are the most favourite soft berry fruits of the
temperate world with its origin in Europe around 1750. The Fragaria x ananassa is a
perennial soft berry which arises from a crown of meristematic tissues. The most popular
cultivated strawberry is the dessert strawberry, Fragaria× ananassa. Annual world
production of this species has steadily grown through the ages with quantities doubling in the
last 20 years to over 2.5 million tonnes (FAO, 2016). Many viruses are involved and they can
act to produce symptoms which vary according to the virus species involved, the relative
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proportions of each, the environmental conditions and the response of the particular host
variety. However, in practical terms the most important effect is the loss of vigour and
yield caused by some viruses and virus combinations, which can render the crop worthless.
Reports of initial detection, symptoms, severities, and/or vectors for more than 30 viruses,
virus like diseases and phytoplasmas affecting Fragaria spp. have been reviewed (Martin and
Tzanetakis, 2006). It can lead up to 30 percent yield reduction and losses can be up to 80
percent in mixed infections with other viruses (Thompson and Jelkmann, 2003; Martin and
Tzanetakis, 2006). Out of these, viruses are the major limiting factor in commercial
strawberry production. There are about seven aphid transmitted viruses, five nematode
transmitted and two whitefly transmitted strawberry viruses. Among these, the most
important viruses include strawberry mild yellow edge virus (SMYEV), strawberry vein
bending virus (SVBV), strawberry latent ring spot virus (SLRSV) and tobacco streak virus
(TSV). Of late, a new virus named strawberry pallidosis virus (SPaV) has emerged as the one
of most serious viruses infecting strawberry after nematode transmitted viruses, often referred
to as nepoviruses. A combination of these viruses poses a serious threat to strawberry
cultivation and in the production of certified planting material in strawberry all over the
world. A critical study of these viruses will therefore go a long way in understanding their
spread in the planting material and will certainly help in developing sound strategies for
managing the diseases caused by them. This manuscript highlights major viruses infecting
strawberry in relation to their natural distribution, symptomatology, particle morphology,
transmission, host range, serology and molecular detection.
Viruses in strawberry
Many viruses affect strawberries either alone or in combination. These may lead to strange
appearances such as green petals, crinkling, yellow spotting and vein banding of the leaves.
In strawberries the symptoms are variable and complex usually many viruses are involved at
the same time and they can act to produce symptoms which vary according to the virus
species involved, the relative proportion of each, the environmental conditions and the
response of the particular host variety. However, in practical terms, the most important effect
is the loss of vigour and yield caused by some viruses and virus combinations which can
render the crop worthless.
Strawberry (Fragaria x ananassa Duch.) has been reported to be infected by a large number
of viruses under natural conditions. A critical screening of the available literature on the
occurrence of various viruses infecting strawberry under natural conditions in different parts
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of the world revealed that this crop is infected by a number of viruses and their strains. The
economically important viruses known to infect strawberry are discussed here under.
There are about seven aphid transmitted viruses infecting strawberry in nature (Tzanetakis
and Martin, 2013). These include strawberry crinkle virus (SCV), strawberry mottle virus
(SMoV), strawberry vein bending virus (SVBV), strawberry pseudo mild yellow edge virus
(SPMYEV), strawberry chlorotic fleck virus (SCFV) and strawberry latent c virus (SLCV).
Out of these, SCV, SMYEV, SMoV and SVBV have been considered to be the most
economically important viruses of strawberry in majority of production areas (Tzanetakis and
Martin, 2013). Besides, Whitefly transmitted viruses are fast emerging as a major problem in
commercial strawberry production. There are about five nematode transmitted viruses known
to infect strawberry. Out of these, four viruses belong to the genus Nepovirus representing
family Comoviridae; whereas strawberry latent ringspot virus (SLRSV) and tobacco ringspot
virus (TRSV) are members of the family Secoviridae.
Nepovirus
Nepovirus is one of the important genera of viruses transmitted by nematodes. There are
currently 36 species in this genus including the type species strawberry latent ringspot virus.
Nepoviruses usually have a wide host range and induce diseases of economic importance in a
variety of cultivated plant species. Symptoms induced by nepoviruses include chlorotic and
necrotic lesions, although many hosts remain symptomless. Nicotiana species infected by
Nepoviruses typically recover from infection at late stages. The major viruses in these genera
are arabis mosaic, raspberry ringspot, tomato black ring , tobacco ringspot, strawberry latent
ringspot, strawberry mottle virus, blueberry ringspot, peach rosette mosaic, peach yellow bud
mosaic, cherry rasp leaf and grapevine yellow vein Nepovirus (Halbrendt and Brown, 1993;
Vrain, 1993).
Strawberry Latent Ringspot Virus
Taxonomically, the virus belongs to the family Secoviridae and genus Nepovirus. The virus is
also referred to as aesculus line pattern and rhubarb virus 5.
Natural occurrence
Strawberry latent ringspot virus (SLRSV) was first reported in strawberry in North
America though the virus was previously reported in a single cherry tree in Ontario, Canada.
SLRSV has also been reported from Egypt (EL-Morsy et al 2017). It is a member of the
subgroup IV of the genus Nepovirus in the family Comoviridae (EPPO/CABI, 1996). SLRSV
is widespread in many countries, especially in Europe (Tang et al 2013). In India, SLRSV has
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been reported in Rose (Kulshrestha et al 2004). It occurs naturally in many species of wild
and cultivated plants and infects (often symptomlessly) a wide range of commonly used
herbaceous test plants.
Symptomatology
The disease is usually latent in strawberries and other fruit crops. Some strawberry
Cultivars show varying degrees of mottling and decline and leaves become patchy and
reddish in colour leading to yield loss. In Italy, isolates of SLRSV were found associated
with russeting disease in peach (Belli et al 1980).
Transmission
The virus is transmitted mostly by mechanical means, via seed and pollens in
several hosts including strawberry, and under natural conditions SLRSV is locally dispersed
by the nematode Xiphenema diversicaudatum (EPPO/CABI, 1996).
Host range
SLRSV has a wide host range. It infects strawberries and raspberries, mostly
without symptoms but resulting in various degrees of mottle and decline in some cultivars.
Other fruit crop hosts are blackberries, black currants, red currants, cherries, grapes, plums,
peaches and elderberry. Furthermore, it has been reported from asparagus, celery, gladiolus,
narcissus, rhubarb and roses (EPPO/CABI, 1996). Schmelzer (1969) reported a wide host
range of SLRSV among dicotyledonous plants.
Particle morphology and serology
Virions are icosahedral, non- enveloped 25-30 nm in diameter, genomes are linear,
segmented and bipartite measuring around 24-7kb in length. SLRSV isolated from black
locust (Robinia Pseudoacasia) has been separated into three serotypes (Borodynko et al
2007). Analysis of SLRSV from Robinia indicated that one isolate was remarkably different
from other two. A different isolate was thus proposed as a new strain of SLRSV (Borodynko
et al 2007). Strawberry latent ringspot virus (SLRSV), a tentative member of the Nepovirus
group (Regenmortel et al 2000) with a worldwide distribution has isometric particles
measuring 30 nm in diameter (Faggioli et al 2002).
Faggioli et al (2002) used one-step RT-PCR to detect SLSRV infection in samples from 87
trees of olive grown in Italy by application of designed primer pair and also worked for the
detection of SLRSV by using DAS-ELISA. Mazyad et al. (2014) studied the characterization
of SLRSV on strawberry and isolated SLRSV from symptomless strawberry plants identified
with specific antiserum by using Double Antibody Sandwich-Enzyme Linked Immune
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Sorbent Assay (DAS-ELISA). EL-Morsey et al. (2017) while studying the molecular
identification of strawberry latent ringspot virus SLRSV in Egypt identified a specific
antiserum using Double Sandwich ELISA (DAS-ELISA).
Tang et al (2013) also worked on the diversity of strawberry latent ringspot virus in New
Zealand. Double-antibody sandwich (DAS) enzyme-linked immune-sorbent assay (ELISA)
was performed on selected symptomatic herbaceous indicator plants using commercial
polyclonal antiserum raised against SLRSV.
Molecular detection and characterization
Faggioli et al (2002) used one-step RT-PCR to detect SLSRV infection in samples
from 87 trees of olive grown in Italy by application of designed primer pair and also worked
for the detection of SLRSV by using DAS-ELISA. It was concluded that direct detection of
SLRSV can reliably be done by One-step RT-PCR and was capable of detecting SLRSV in
some symptomless plants grown in the same orchard.
Martin and Tzanetakis (2004) first reported SLRSV in US and Canada and used RT-PCR by
using primers SLRSV F and SLTSV R which amplify a 497-bp fragment of RNA 2 of
SLRSV. No amplicon was obtained from the non-inoculated control plant. Kumari (2009)
also used one-step reverse transcriptase chain reaction (One-step RT-PCR) for the detection
of SLRSV from apricot and peach plants by the application of different pairs of primers. The
studies concluded that one-time RT-PCR protocol is rapid and sensitive and has the potential
to be used for the diagnosis of SLRSV in routine diagnostic laboratories.
Mazyad et al (2014) studied the characterization of SLRSV on strawberry and
isolated SLRSV from symptomless strawberry plants identified with specific antiserum by
using DAS-ELISA. RNA from isolates of SLRSV was detected using RT-PCR by utilizing
specific primers designed for coat protein genes.
Molecular identification of SLRSV by using DAS- ELISA isolates from symptomatic and
symptomless strawberry plants. RT PCR was conducted by El-Morsy et al (2016) used to
amplify 497 bp fragment using specific primers for the viral coat protein gene. It was
concluded that SLRSV should be considered as an important pathogen of strawberry and onestep RT-PCR allows the detection of SLRSV on the early stage of strawberry cultivation.
A simple and rapid diagnostic method for strawberry latent ringspot virus in plants using
LAMP assay (loop mediated isothermal amplication assay) was developed by Kim et al
(2016). This method was found to be more effective than RT-PCR and nested-PCR which are
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the standard methods of detecting SLRSV. LAMP assay showed sensitivity similar to that of
currently used methods and was more rapid, simple and specific.
Tobacco ringspot virus
Tobacco ringspot virus is a plant pathogenic virus in the plant virus family
Secoviridae under genus Nepovirus. The virus is also referred to as Anemone necrosis virus
(Hollings, 1965), blueberry necrotic ringspot virus and tobacco ringspot virus 1.
Natural occurrence
TRSV was observed for the first time in tobacco fields of Virginia (Fromme et al
1927). This virus also spreads in the North American regions, China, Australia, U.K.,
Germany and New Zealand. TRSV occurred naturally on cowpea in India and was identified
as the cause of ringspot disease of cowpea on the basis of transmission studies, host range,
physical properties and serology (Patil and Mali, 1982). The occurrence of TRSV was also
found in the North Caroline in tobacco crop (Rush and Gooding, 1970). Tobacco Ringspot
Virus was first described in the United States in 1941 and has been reported in Canada, Cuba,
Brazil, India, Australia, the former Soviet Union, and China (Hill and Witham, 2014)
Symptomatology
The characteristic symptoms evoked by TRSV are necrotic spots, mottling,
chlorotic ringspots and vein banding. Symptoms vary depending on the plant affected. In
general, symptoms are more severe on young plants at the beginning of the growing season
and are less noticeable later in the season. In soyabean (soyabean bud blight, the most severe
disease caused by TRSV), symptoms are severe stunting, curvature of the terminal bud and
necrosis of the other buds. Reduction in pod development may occur (Frison et al 1990).
(Similar symptoms will also develop upon infection with Tobacco streak virus.) In tobacco
(widespread disease in North America), symptoms are stunting of the plant, ring and line
patterns on the leaves, and reduction in yield and quality of leaves. In blueberry, the
symptoms are general stunting of the plant, chlorotic and necrotic spots on the leaves, and
stem dieback. In Rubus spp., symptoms can vary and can include chlorotic mottling, linepattern, mosaic, vein yellowing and leaf curling. Necrotic symptoms are also observed on
roots upon infection of seedlings by TRSV (Leggat and Teakle, 1976).
Transmission
The virus is transmitted non-specifically by insects and mites (Aphis gossyphi,
Myzus persici and Thrips tabaci) and nematode vector (Xiphenema americanum). The virus
is lost by the vector when it moults. It does not multiply in the vector and is not transmitted
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congenitally to the progeny of the vector. It does not require any helper virus for vector
transmission and is transmitted by mechanical inoculation. The virus is not transmitted by
contact between plants, besides transmission by seeds and pollen. TRSV can reach the
embryo where the virus multiplies in the developing embryo during germination leading to a
rapid systemic infection of the plantlets (Lecoq and Katis, 2014). The virus has been reported
to be readily transmissible by mechanical means but not through seeds or aphids (Patil and
Mali, 1982).
Host range
Diagnostically susceptible host species of TRSV are Chenopodium amaranticolor,
C. quinoa, Cucumis sativa, Phaseolus vulgaris, Nicotiana clevelandii, Vigna unguiculata, N.
glutinosa, N. tabacum, Calendula officinalis, Datura metel, Glycine max, Medicago sativa,
Pisum sativum, Solanum tuberosum, Vigna raiata, Zea mays and

Zinnia elegans

(Schneider et al 1972).
Particle morphology and serology
Virions are isometric, non-enveloped and about 25-29 nm in diameter, angular in profile and
without a conspicuous capsomere arrangement. Genome consists of RNA which is single
stranded and a total genome size measuring about 11.2kb and the genome is of two parts:
largest genome part of 6.8 kb and the other one is of 4.3 kb. Genomic nucleic acid was
isolated by Rezaian and Fracki (1974). 5’terminus of RNA has a VPg, Poly A region present
on it and genome has no rRNA like activity.
Rush and Goodling (1970) studied the occurrence of tobacco ringspot virus strains and
tomato ringspot virus in hosts indigenous to North Carolina. Six isolates were identified
serologically distinct from the common strain from Tobacco in North Carolina, which is
identical serologically to the American Type Culture Collection isolate Number 98.
Molecular detection and characterization
A PCR based diagnostic system for the detection of the seed-transmitted tobacco
ringspot virus in quarantines was developed by Lee et al (2015). In this study, RT-PCR and
nested PCR systems for TRSV detection in quarantine sites and modified –positive control
for proving laboratory contamination and false positive reactions were developed.
Raspberry ringspot virus (RRSV)
As per the preferred classification this virus belongs to the family Secoviridae and genus
Nepovirus. This virus is also known as raspberry Scottish leaf curl virus and red currant
ringspot virus.
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Natural occurrence
Bargen et al (2015) observes RRSV for the first time in mosaic diseased hybrid
roses in Germany. This virus is prevalent in Iran, Turkey, Finland, France, Germany, Greece
and Ireland.
Symptomatology
The characteristic symptoms evoked by RRSV are abnormal shape of fruits, leaves
with abnormal colour pattern and the dwarfed plants showing dieback symptoms. On
raspberries young expanding leaves develop a conspicuous, yellowish-green, ringspot or oakleaf pattern, chlorotic blotches and a net-like chlorosis along the smaller veins may also be
present (Murant, 1970). On strawberries Symptoms vary according to season and strain. In
general, progressive dwarfing and ultimate death may be expected (Lister, 1970).
Transmission
The virus can be transmitted by nematode vectors. The Scottish strain is mostly
spread by Longidorus elongates and the English strain by Longidorus macrosoma (Dhingra
and Niazi, 1972).RRSV is transmitted in the soil via nematode vectors, different serotypes of
RRSV were found to be transmitted by different species (Wellink et al 2000).
Host range
Digonostically susceptible host plants of RpRSV are Narcissus, Phlox, Prunus
avium, Rosa hybrida,Rubus idaeus, Sambucus nigra, Vitis vinifera, Weigela etc. RRSV also
occours naturally in many species of wild and cultivated dicotyledonous and
monocotyledonous plants. A number of other hosts

infected experimentally includes

Chenopodium amaranticolor, Cucurbits spp., Iberis amara, Nicotiana spp. etc. (Harrison,
1957).
Particle morphology and serology
The virus particles are isometric and about 28nm in diameter with an angular
outline. Particle sediment as two nucleoprotein components M and B with sedimentation
coefficient of 92 and 130 S, respectively. The complete nucleotide sequence of the 3928 nt of
RNA-2 of a Scottish isolate of virus has been determined (Blok et al 1992).
Bargen et al (2015) detected Raspberry ringspot virus in hybrid roses exhibiting mosaic
symptoms in Germany. This virus was detected by DAS-ELISA in bud and leaf sample of
eight diseased roses.
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Molecular detection and characterization
Complete nucleotide sequence of an isolate of the nepovirus raspberry ringspot
virus was identified by Ebel et al (2003) from grapevine. A maximum level of 34 percent
identity was found between the RNA-1 encoded polypeptides of RpRSV-ch and other
nepoviruses. For RNA-2 encoded polypeptides, about 88n percent identity was found
between RpRSV-ch and RpRSV-S (a Scottish isolate). RT-PCR in RpRSV infected roses was
carried out successfully by Wei and Clover (2008) by applying two different primer pairs
specific for the amplification.
Potexvirus
Potexvirus is a genus of pathogenic viruses in order Tymovirales in the family
Alphaflexiviridae. It include viruses like Allium virus x, Alstroemeria virus x, Asparagus
virus 3, Clover yellow mosaic virus, Daphne virus x, Lettuce virus x, Potato virus x, Tulip
virus x and Strawberry mild yellow edge virus (Lesemann & Koenig, 1977).
Strawberry mild yellow edge virus
According to the taxonomical classification, the virus belongs to the family Alphaflexiviridae
and genus Potexvirus. This virus is also known by name strawberry virus 2.
Natural occurrence
Strawberry mild yellow edge is one of the widespread and common virus diseases
in cultivated strawberries. There are records of SMYEV in china and in several other
countries like Belgium, Bulgaria, Czech Republic, France, Germany and in some parts of
America (EPPO, 1994). The presence and identification of the main strawberry aphid-borne
viruses in five European countries Italy, Poland, Czech Republic, Germany and Lithuania
has been reported by Babini et al (2004). The virus has also been reported from Japan
(Martin and Tzanetakis, 2006).
Symptomalogy
The characteristic symptoms of SMYEV include cupped leaflets, chlorotic mottling,
interveinal necrosis of older leaves and stunting (Jelkmann, 1991). This virus do not induce
distinct symptoms in commercial cultivars but often cause a loss of vigour, stunting, and
decreased yield in infected plants (Babini et al 2004).
Transmission
SMYEV is transmitted in a semi-persistent manner by an aphid spp. in the
Chaetosiphon genus mainly C. fragaefolii, C. thomasi, C. thomasi Jacobi. (Martin and
Tzanetakis, 2006). This virus possibly requires vector transmission and a helper virus i.e.
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luteovirus (Jelkmann, 1991). The virus cannot be transmitted through seeds, contact, grafting
or pollen.
Host range
Jelkmann (1991) observed that susceptible host spp. of this virus mainly belong to
Rutaceae and Rosaceae families. The virus was first reported in Fragaria vesca from
California, U.S.A, and England and diagnostically susceptible host species of the virus were
Fragaria vesca, F. virginiana and F. ovalis (Martin and Converse, 1982).
Particle morphology and serology
Virions are isometric non enveloped and about 23-28 nm in diameter. It is angular
in profile without a conspicuous capsomere arrangement (Jelkmann, 1991). RNAs are
encapsidated in filamentous particle usually flexuous particle of 13nm in diameter (Jelkman
et al 1990).
Monoclonal and polyclonal antibodies were produced against the Potexvirus
associated with SMYEV. For Polyclonal antibody, SMYEV was purified from Chenopodium
quinoa co-infected with Japonicus ilarvirus and for monoclonal antibody SMYEV was
purified from Fragaria vesca UC-5 plants. Results indicated that SMYEV was detected in the
samples of F.vesca infected with the homologues virus isolates and results for polyclonal
viruses were similar and indicate a broad reactivity. In another report, the virus has been
purified from strawberry and antiserum was developed against the virus (Yoshikawa and
Inouye, 1986).
Molecular detection and characterization
Thompson and Jelkmann (2003) reported that there are several distinct isolates of
SMYEV around the world that can make molecular detection of this virus rather challenging.
Jelkmann et al (1990) studied the mapping of some selected clones prepared from dsDNA
associated with SMYEV by restriction fragment analysis. The larger open reading frame
product showed considerable amino acids homology to coat protein citrons of six
potexviruses and two carlaviruses. Another product encoded completely within the coat
protein cistron, but in a different frame, had similarities to two potexviruses polypeptides.
The resulting polyclonal antiserum reacts strongly and resembled with those of potexviruses.
It was concluded that the potexvirus is hitherto undescribed and name SMYE virus associated
was proposed. Conci et al (2009) used ELISA positive plants which were analyzed by
immunocapture reverse transcription semi nested polymerase chain reaction (IC-RT-semi
nested PCR) with specific primers i.e. A, B and C for SMYEV. The results showed a
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fragment of predicted size (406bp) in 5 of 6 symptomatic plants tested thereby confirming the
SMYEV infection in strawberry plants.
Crinivirus
Crinivirus, formerly the lettuce infectious yellows virus group, is a genus of viruses,
in the family closteroviridae. Martelli et al (2002) reported major 7 definitive and 3 tentative
species were reported in this genera. Different species like abutilon yellows, beet yellows
disorder, beet pseudo yellows, cucurbit yellow stunting disorder, diodia vein chlorosis,
lettuce chlorosis, lettuce infectious yellows, potato yellow vein, strawberry pallidosisassociated, sweet potato chlorotic stunt, tomato chlorosis, tomato infectious chlorosis
Crinivirus.
Strawberry pallidosis Virus (SPaV)
This virus is the type member of the family Clostoviridae and represents the genus
Crinivirus.
Natural occurrence
Frazier and Stubbs (1969) observed the presence of strawberry pallidosis virus
(SPaV) in the 1950s in both Australia and the United States, though the disease was largely
confined to the Western US.
Symptomatology
Since the symptoms of SPaV disease resemble with those induced by nutritional
deficiencies, it becomes difficult to diagnose the presence of SPaV. Leaves of strawberry
plants with virus decline turn purple to red in color. Diseased plants have greatly reduced
fruit production and roots become brittle with reduced number of absorptive rootlets.
Symptoms like marginal leaf chlorosis and stunting were of common occurrence in F.
virginiana clones (‘UC-10’ and ‘UC-11’) and the virus may cause runner reduction
(Converse, 1992).
Transmission
In commercial strawberry cultivation, the virus is transmitted mostly by mechanical
and graft-transmittable agents. However, the main modes of transmission of this virus include
pollen, seed and whitefly transmission (Tzanetakis et al 2006). Anecdotal reports suggested
that the pallidosis agent may be pollen-borne (Converse, 1992).
Host range
Strawberry pallidosis virus (SPaV) has a narrow host range, primarily limited to
strawberry and related species but most of the common weeds growing in and around
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strawberry fields often remain free from the virus (Tzanetakis, 2004). In addition to
strawberry, the virus infects cucurbits.
Particle morphology and serology
Virion is non-enveloped with bipartite filamentous geometry, 10-13nm in diameter
and 700-900nm in length. Genomes are linear and bipartite (Tzanetakis and Martin, 2003).
Molecular detection and characterization
Tzanetakis et al (2003) studied the association of Crinivirus (strawberry pallidosis
virus) with strawberry plants by detecting it on molecular level using reverse transcriptionpolymerase (RT-PCR). The studies concluded the geographical distribution of SPaV in major
strawberry producing regions of the United States.
Tzanetakis et al (2004) studied the genome of two criniviruses i.e. SPaV and BPYV and also
conducted studies on the molecular detection of both viruses by using RT-PCR. The presence
of the virus in the test plants was confirmed by either RT-PCR or dot blot (Sambrook et al
2001). The results indicated that both these viruses are closely related.
Ilarvirus
The term Ilar is derived from the description "isometric labile ringspot" first used to
identify a few viruses of stone fruits that were unstable in sap and thought to be spherical.
The genus Ilarvirus has a number of viruses associated with temperate fruits and ornamental
crops. The major viruses in this genera are apple mosaic, asparagus 2, blueberry necrotic
shock, citrus leaf rugose, citrus variegation, elm mottle, hydrangea mosaic, lilac ring mottle,
pareitaria mottle, plum American line pattern, prune dwarf, prunus necrotic ringspot, spinach
latent and tobacco streak (Mink, 1992).
Tobacco streak virus
As per taxonomy, the virus belongs to the family Bromoviridae and genus Ilarvirus. The
other referred names for this virus are European plum line pattern virus, hop B virus,
strawberry necrotic shock virus, and red currant necrotic ringspot virus, rose vein bending
virus, rose yellow vein mosaic virus and cherry necrotic ringspot virus (Fulton, 1985).
Natural occurrence
The virus is probably distributed worldwide and is prevalent in the North American
region and the pacific regions like Australia, Canada, Peru and the USA (Converse and
Bartlett, 1979). In India, the first report of strawberry latent ringspot virus was from
Karnataka in Niger (Guizotia absynnia) leaves (Kumar et al 2007)). It has spread extensively
through the Indian subcontinent (Ahmed et al 2003; Kumar et al 2008; Prasada Rao et al
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2000). In Africa, it has been reported from Sudan (Ali et al 2009) and South Africa (Cook et
al 1999). It has been reported in several States within the United States of America, Brazil
(Costa and Carvalho, 1961) and Peru (Salazar et al 1982) . In the Australasian region, the
virus occurs in Australia (Greber, 1971) and New Zealand (Pappu et al 2008).
In Australia, Tobacco streak virus (TSV) was first described from tobacco in the early 1970s
(Greber, 1971). An ilarvirus isolated from the M9 clone of strawberry (Fragaria vesca) cv.
Redlands Crimson, designated TSV-S, was first described by Greber in 1979. Klose et al
(1996) suggested that the strain may have originated from imported North American
strawberry clones. Sdoodee (1989) demonstrated serological and host range differences
between three strains of TSV found in Australia. One notable difference being that while
strains TSV-Ag and TSV-A both produced dentate leaves in systemic infections of Nicotiana
tabacum cv. Turkish (Greber, 1971; Sdoodee, 1989), TSV-S failed to do so (Greber, 1979).
First report of SNSV from Australia by Klose et al (1996) also demonstrated different rates of
transmission efficiency between the three strains using different thrips species as vectors. The
close nucleotide identity of the Australian SNSV isolates with isolates from Mississippi, USA
is in agreement with the suggestion by Klose et al (1996) that strain TSV-S may have
originated from North American strawberry plants introduced into Australia.
Symptomatology
The characteristic symptoms evoked by the strawberry necrotic shock virus include
systemic necrosis, leaf mottling, bud blight, leaf vein yellowing, stunting and reddening of
nodes. Stem become woody and develop canker, discoloration of bark, flecking, streak and
witches broom are other prominent symptoms evoked by the virus (Kumar et al 2008; Jagtap
and Utpal, 2013).
Transmission
This virus is transmitted by insect vectors (Frankliniella occidentalis and Thrips
tabaci) possibly by allowing virus from the surface of infected pollen to enter through
feeding wounds (Sdoodee and Teakle, 1987). This virus is transmitted by mechanical
inoculation, grafting, seeds and pollens to the pollinated plants and not by contact between
plants. While members from at least 15 virus genera are reported to be transmitted via pollen
(Card et al 2007), only a limited number, including TSV, appear to be able to infect the
leaves of healthy plants via virus-infected pollen with the aid of an insect vector (Mink, 1993;
Hull, 2014). Vertical transmission of viruses via pollen where fertilization results in infection
of the embryo and subsequent seed transmission is more common than horizontal
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transmission where virus in pollen infects non gametophytic tissues (Card et al 2007; Hull
2014). A review by Mink indicated little evidence that fertilization by virus-infected pollen
can result in infection of the mother plant and generally only results in embryo infection and
potential seed transmission.
Host range
This virus includes hosts from more than 9 families which are susceptible to this virus
(Berkeley and Phillips, 1943). Diagnostically susceptible hosts are Beta patellaris,
Cyamopsis tetragonoloba, Phaseolus vulgaris, Vigna unguiculata, Nicotiana tabacum.
Maintenance and propagation hosts include Catharanthus roseus, Cucumis sativus and
Datura starmonium. Among dicotyledonous hosts, Amaranthes caudatus, Beta patellaris,
Chenopodium quinoa, Fragaria vesca, Gomphrena globosa, Petunia hybrid, Nicotiana and
Vicia faba (Kaiser et al 1982). Diseases caused by TSV in India have been reported in at least
18 different field crops with some of the most severely affected including sunflower, peanut,
okra and cucurbits (Bhat et al 2002; Prasada Rao et al 2000). Atleast 16 naturally infected
alternative weed hosts have also been identified as TSV hosts in India (Prasada Rao et al
2003). Weeds found near crops with the highest incidence of TSV were Ageratum
conyzoides, Corchorus trilocularis and Parthenium hysterophorus. Parthenium was a nonsymptomatic host and was considered the principal source of TSV infected pollen leading to
disease epidemics in nearby crops (Prasada Rao et al 2003).
Particle morphology and serology
Virions are isometric and non-enveloped about 27-35nm in diameter, round in profile
and without a conspicuous capsomere arrangement (Brunt et al 1996). Tobacco streak virus
(TSV) is the type member of the genus Ilarvirus (family: Bromoviridae) which have a
positive sense single stranded RNA genome with a total length of approximately 8,600
nucleotides (nt), divided into 3 linear segments designated as RNA-1, -2 and -3. The 1a (viral
replicase) protein is encoded by RNA-1, the 2a (RNA-dependent RNA polymerase) protein
and the 2b protein are encoded by RNA-2. Two proteins are encoded by RNA-3, the 3a cellto-cell movement protein and the 3b virus coat protein. The coat protein is translated from a
sub-genomic RNA-4 which is derived from RNA-3. The first complete nucleotide sequence
of RNA 3 for a strain of TSV was reported by Cornelissen et al (1984) with a total length of
2,205 nt. The complete RNA 1 and RNA 2 sequences were later reported for the same strain
with total lengths of 3,491 nt and 2,926 nt, respectively (Scott et al 1998). All RNA segments

Viruses of Strawberry and Production of Virus Free Planting …

535

are encapsidated separately in quasi-isometric to bacilliform virions about 30 nm in diameter
and 20 to 55 nm in length (Fauquet et al 2005).
Abtahi and Habibi (2008) studied the host range and characterization of Tobacco streak virus
isolated from lettuce in Iran. TSV was tested in these plants by DAS-ELISA. Vemana et al
(2014) first reported Tobacco streak virus infecting pigeon pea (Cajanus cajan) in India.
DAC-ELISA was done and In direct antigen coating (DAC)-ELISA, all the infected pigeon
pea and cowpea leaf samples were positive to a polyclonal antiserum specific to Tobacco
streak virus (TSV).
Vemana and Jain (2011) established new experimental hosts of Tobacco streak virus and
absence of true seed transmission in leguminous hosts. They detected groundnut seed
infection with TSV for the first time by DAC-ELISA using whole seed. The seed infection
ranged from 18.9 to 28.9 percent among the seeds collected from naturally infected and sap
inoculated groundnut varieties.
Molecular detection and characterization
Tzanetakis et al (2004) studied a new virus previously thought to be tobacco streak virus
isolates from Fragaria and Rubus by using RT-PCR. The studies indicated that strawberry
and Rubus may not be the hosts of TSV. Furthermore, RT-PCR was used for detection of
TSV in small fruit crops but was unsuccessful by using primers developed against the type
isolate of TSV. An isolate from strawberry was however cloned and sequenced. Analysis of
RNA 3 and part of RNA 2 revealed about 70 percent nucleotide sequence identity of this
isolate with TSV.
Ho and Tzanetakis (2012) detected blackberry chlorotic ringspot virus, strawberry
necrotic shock virus and blackberry yellow vein-associated virus from strawberry. TaqMan
quantitative real time PCR assays were used with absolute quantification for the detection of
all these viruses. The results concluded that the assays are attractive tools in blackberry virus
diagnosis.
Li and Yang (2011) reported Strawberry necrotic shock virus in China for the first time.
Reverse transcription (RT)-PCR was performed with the primer pair CPbeg F/CPend R (2).
Amplified DNA fragments with the predicted size were obtained only in one strawberry
sample which was further cloned and sequenced. The sequence (GenBank Accession No.
HQ830017) was closely related and highly homologous (89.7 to 98.5 percent identity) to that
of viral isolates (GenBank Accession Nos. AY363228-AY363242) from Fragaria and Rubus
spp.
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Serological and molecular identification of tobacco streak ilarvirus infecting onion (Allium
cepa L.) on commercial fields in southern India was conducted by Asadhi et al (2016). The
TSV infection was confirmed by DAC-ELISA using TSV antiserum. The CP gene was
further amplified by using TSV coat protein primers. Total RNA from Elisa positive samples
used for cDNA synthesis by using RT-PCR resulted in a single band of expected size (~717
bp) corresponding to the CP gene.
Sarovar et al (2010) detected tobacco streak virus by immunocapture-reverse transcriptasepolymerase chain reaction and conducted molecular variability analysis of a part of RNA3 of
sunflower, gherkin, and pumpkin from Andhra Pradesh, India. The coat protein-coding and
30UTR regions of the RNA3 of Tobacco streak virus infecting sunflower, gherkin, and
pumpkin with the characteristic symptoms of necrosis were amplified by IC-RT-PCR. . ICRT-PCR was found to be more sensitive than RT-PCR, and hence could be used in
quarantine programmes.
Cloning of Tobacco streak virus
Cornelissen et al (1984) sequenced the complete nucleotide of tobacco streak virus 3.
Double-stranded cDNA of in vitro polyadenylated tobacco streak virus (TSV) RNA was
cloned and sequenced. The complete primary structure of 2,205 nucleotides revealed two
open reading frames flanked by a leader sequence of 210 bases, an inter-cistronic region of
123 nucleotides and a 3′-extracistronic sequence of 288 nucleotides. Although the coat
proteins of alfalfa mosaic virus (AIMV) and TSV were found to be functionally equivalent in
activating their genomes, no homology between the primary structures of those two proteins
was detectable.
Kumar et al (2007) reported the natural occurrence of Tobacco streak virus in niger (Guizotia
abyssinica) from India. The resulting ~720-bp amplicon corresponding to the CP gene of
TSV was cloned into pGem-T vector (Promega, Madison, WI) and sequenced. The resulting
sequence of the TSV-niger isolate (TSV-NG) comprised of 717 nucleotides encoding 238
amino acid residues of the viral coat protein (Gene Bank Accession No. DQ864458).
Comparison of the sequence with those of other TSV CP gene indicated 98.5 to 99.3 percent
nucleotide and 97.9 to 99.6 percent amino acid sequence identity with TSV isolates from
India.
Production of virus free planting material
With an increase in demand for healthy planting material of strawberry, there has been a
sharp increase in the incidence of virus diseases affecting this crop. The last decade has
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witnessed a significant work towards the detection and characterization of viruses infecting
strawberry. As of now, the number of strawberry viruses has more than doubled compared to
the number known at the turn of the century (Martin and Tzanetakis, 2006). Another
significant change witnessed in the last few years is the presence of multiple virus infections
that synergistically cause severe reduction in the fruit yield and deterioration of quality in
strawberry planting material. It is an important commercial fruit grown in different parts of
the world with a great potential for export when raised from virus indexed mother plants,
strawberry plants can lead to higher yield and production of elite planting material. Virus
indexed mother plants of strawberry thus raised will lead to the development of a sound
certification programme in this commercially important crop.
Biotechnological approaches, primarily meristem tip culture holds the future for producing
virus free strawberry plants with desirable horticultural traits. A number of workers have
successfully demonstrated the protocol for meristem tip culture in strawberry (EPPO\CABI,
1991).
Mahmoud et al (2017) worked on the tissue culture techniques for clonal propogation, viral
sanitation and germplasm improvement in strawberry (Fragaria x ananassa Duch.). It was
concluded that in-vitro propogation of strawberry finds its main practical application in mass
production of virus-free plants and meristem tip culture alone or combined with
thermotherapy has been utilized to eliminate viruses from infected strawberries.
Nishi and Ohsawa (1973) demonstrated the commercial application of meristem tip culture in
strawberry and concluded that conventionally only one plantlet can be obtained from one
meristem. On the contrary, more than 50 plantlets can be secured in succession from one
meristem by callus culture and the virus disease can be entirely eliminated from the plantlets
raised through this system. Meristem tip culture can be expected to serve as a useful
technique for the establishment of a virus-free plant production system. The major
disadvantage with meristem tip culture is, however, the lack of trained scientific manpower
especially in the third world countries (Nichodemus 2017) where the resources are limited.
Soil borne diseases, particularly nematode transmitted nepoviruses cause severe production
losses in strawberry culture. Generally, an ideal rooting media combination can provide
sufficient porosity, aeration and water holding capacity which can enhance crop growth and
productivity (Ghazvani et al 2007; Jafarnia et al 2010; Hassan et al 2011). Soilless media
combinations in particular, can additionally reduce soil borne diseases and prevent the spread
of nematode transmitted viruses. Use of soilless substrates such as perlite, vermiculite and
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cocopeat is fast emerging as an alternative strategy for the production of virus free planting
material of strawberry particularly, those transmitted by nematode vectors namely SLRSV,
TRSV and RRSV as soilless substrates discourage the transmission of nematode transmitted
viruses besides improving the fruits quality parameters such as berry weight, size and total
soluble solids (Shylla et al 2017). In this study, different substrates such as soil, FYM, perlite
and cocopeat were compared in various combinations to study their effect on nematode
transmitted viruses. Based on O.D. values obtained in DAS-ELISA, plants of strawberry cv.
Chandler were found to be free from infection of nematode transmitted viruses namely
SLRSV, TRSV and RRSV when produced on perlite, a soilless substrate. The studies also
revealed that the plants raised on substrates such as soil, FYM and Cocopeat tested positive
for all the viruses, thereby indicating that all these substrates did not help in checking the
spread of nematode transmitted viruses in strawberry plants.
Conclusion
It is evident from the critical review of the major viruses infecting strawberry that the
virus diseases are the most prominent limiting factor in the production of certified virus- free
planting material of strawberry. Key to success for achieving this goal lies in the
development of a sound certification scheme that has the aim of providing strawberry plants
which are true-to-type, free from virus diseases and substantially free from other pests.
References
[1] Anonymous. 2017. 2nd Advance estimate of Area and Production of Horticulture Crops
(2016-2017). www.nhb.org [11:00AM, 12 June 2017].
[2] Asadhi S, Bhaskara Reddy BV, Yeturu S, Royalcheru VUU and Timmauajjula TGK.
20116. Serological and molecular identification of tobacco streak ilarvirus infecting onion
(Allium cepa L.) on commercial field in southern India. Internationaljournal of virology
12:18-25.
[3] Ahmed W, Butt TB, Ihsan J and Rehman A. 2003. Natural occurrence of Tobacco streak
virus in cotton in Pakistan and screening for its resistant sources. Pakistan Journal of Botany
3:401-408.
[4] Ali MA, Winter S and Dafalla GA. 2009. Tobacco streak virus infecting faba bean (Vicia
faba) reported for the first time. Plant Pathology 2:406-406.
[5] Bargen SV, Demiral R and Buttner C. 2015. First Detection of Raspberry Ringspot Virus
in Mosaic Diseased Hybrid Roses in Germany. New Disease Reports 32:18.

Viruses of Strawberry and Production of Virus Free Planting …

539

[6] Babini AR, Cieslinska M, Karesova R and Cardoni M. 2004. Occurrence and
identification of strawberry viruses in five European countries. Acta Horticulturae 656:39-43.
[7] Belli G, Fortusini A and Vegetti G. 1980. Properties of strain of strawberry latent ringspot
virus, associated with a resetting of peach in northern Italy. Acta Phytopatholgica Academiae
Scientiarum Hungaricae 15: 113-117.
[8] Berkeley GH and Phillips JHH. 1943. Tobacco streak. Canadian Journal of Research,
Series C 21:181-190.
[9] Bordynko N, Hasiow B, Figlerowicz M and Pospieszny H .2007. Identification of new
strain of strawberry latent ringspot virus isolated from black locust ( Robinia pseudocacia
L.). Journal of Phytopathology 155:738-742.
[10] Blok VC, Wardell J, Jolly CA, Monuukin A, Robinson DJ, Edwards MI and Mayo MA.
1992. The nucleotide sequence of RNA-2 of raspberry ringspot nepovirus. Journal of General
Virology 73:2189-2194.
[11] Bhat AI, Jain RK, Chaudhary V, Krishna Reddy M, Ramiah M, Chattannavar SN,
Varma A. 2002. Sequence conservation in the coat protein gene of Tobacco streak virus
isolates causing necrosis in cotton, mungbean, sunflower and sunn-hemp in India. Indian
Journal of Biotechnology 1:350-356.
[12] Brunt AA, Crabtree K, Dallwitz MJ, Watson L and Zurcher EJ (eds). 1996. Plant
Viruses online: Descriptions and lists from the VIDE database version. CAB International,
Wallingford, UK. 20p.
[13] Card SD, Pearson MN, Clover GRG .2007. Plant pathogens transmitted by pollen.
Australasian Plant Pathology 5:455-461.
[14] Cornelissen BJC, Janssen H, Zuidema D, Bol JF .1984.Complete nucleotide sequence of
tobacco streak virus RNA 3. Nucleic Acids Research 5:2427-2437.
[15] Conci VC, Torrico AK, Cafrune E and Kirschbaum BS. 2009. First Report of Strawberry
Mild Yellow Edge Virus in Argentina. Acta Horticulturae 842(842): 303-306.
[16] Converse RH and Barlett AB.1979. Occurrence of viruses in some wild Rubus and Rosa
species in Oregon. Plant Disease Report 63: 441-444.
[17] Converse RH. 1992. Modern approaches to strawberry virus research. Acta Horticulturae
308:19-30.
[18] Cook G, de Miranda JR, Roossinck MJ, Pietersen G. 1999. Tobacco streak ilarvirus
detected on groundnut in South Africa. African Plant Protection 51:13-19.

540 Abhilasha Sharma, Anil Handa, Shelly Kapoor, Santosh Watpade, Bhupesh Gupta and Praveen Verma

[19]

Costa

AS,

Carvalho

AMB.

1961.

Studies

on

Brazilian

tobacco

streak.

phytopathologische Zeitschrift 42:113-138.
[20] Dhingra KL and Niazi FR. 1972.Transmission studies of raspberry ringspot virus. Indian
Phytopathology 25: 265-268.
[21] El-Morsy SL, El-Sheikh MA, El-Razik RAA, Youssef SA and Shalaby AA. 2016.
Molecular identification of strawberry latent ringspot virus (SLRSV) in Egypt. Journal of
Basic and Environmental Sciences 4:24-33.
[22] EPPO/CABI. 1996. Arabis mosaic nepovirus In: Quarantine pests for Europe. 2nd edition
(Smith IM, McNamara DG, Scott PR and Holderness M eds). CAB International.
Wallingford, U K.
[23] Ebel R, Schnabel A and Wetzel. 2003. Complete Nucleotide Sequence of an isolate of
the Nepovirus Raspberry Ringspot Virus from Grapevine. Virus Research 97:141-144.
[24] El-Morsy SL, El-Sheikh MA, El-Razik RAA, Youssef SA and Shalaby AA. 2016.
Molecular identification of strawberry latent ringspot virus (SLRSV) in Egypt. Journal of
Basic and Environmental Sciences 4:24-33.
[25] Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball LA. 2005. Virus Taxonomy.
8th edn. Elsevier Academic Press, London.
[26] Faggioli F, Ferretti L, Pasquini G and Barba M. 2002. Detection of Strawberry Latent
Ringspot virus in leaves of olive trees in Italy using a one-Step RT-PCR. Journal
ofPhytopathology 150:636-639.
[27] Fromme FD, Wingard SA and Priode CN. 1927. Ringspot of tobacco, an infectious
disease of unknown cause. Phytopathology 17:321-328.
[28] Frison EA, Bos L, Hamilton RI, Mathur SB & Taylor JD. 1990. FAO/IBPGR Technical
Guidelines for the Safe Movement of Legume Germplasm, FAO, Rome (IT):730.
[29] Frazier NW and Stubbs LL.1969. Pallidosis-A new virus disease of strawberry. Plant
Disease Report 53: 524-526.
[30] Fulton RW.1985. Tobacco streak virus. CMI/AAB Descriptions of Plant Viruses.
Association of Applied Biologists, Wellesbourne.307p.
[31] Ghazvani RF, Payvast G and Azarian H. 2007. Effect of growing media on growth and
yield of strawberry. International Journal of Agriculture and Biology 9:885-888.
[32] Greber RS. 1971. Some characteristics of tobacco streak virus isolates from Queensland.
Queensland Journal of Agricultural and Animal Sciences 28:105-114.

Viruses of Strawberry and Production of Virus Free Planting …

541

[33] Greber RS .1979. Virus diseases of Queensland strawberries and the epidemiological
effects of the strawberry runner approval scheme. Queensland Journal of Agricultural and
Animal Sciences 1:93-103.
[34]Green, A. 1971. Soft Fruits. In: Hulme, A.C (ed.). The biochemistry of fruits and their
products. Academic Press. New York. 2: 375-410.
[35]Hancock JF, Sjulin TM and Lobos GA. 2008. Strawberries. Springer 34:393-437.
[36] Harrison BD. Studies on the host range properties and mode of transmission of raspberry
ringspot virus. Annals of Applied Biology 45:462-472.
[37] Hollings M. 1965. Anemone necrosis, a disease caused by a strain of tobacco ringspot
virus. Annals of Applied Biology 55:447-457.
[38] Halbrendt JM and Brown JF. 1993. Aspects of biology and development of Xiphenema
americanum and related species. Journal of Nematology 25:355-360.
[39] Ho T and Tzanetakis LE. 2012. Detection of Blackberry Chlorotic Ringspot Virus ,
Strawberry Necrotic Shock Virus and Blackberry Yellow Vein-Associated Virus By Taq
Man qPCR. International Conference on Virus and other transmissible diseases of fruit crops.
American Phytopathological Society 22.362-370.
[40] Hill JH and Whitham SA. 2014. Advances in Virus Research. Science Direct 90: 355390.
[41] Hull R .2014. Plant Virology. Fifth Edition. Elsevier, London, United Kingdom.
[42] Hassan AH, Khereba AH, El-Kattan MH, Noha G and El- Rahman A. 2011. Effect of
various organic substrate culture and container types on productivity and fruit quality of
strawberry (Fragaria × ananassa) cv. Festival. Research Journal of Agriculture and
Biological Sciences 7:379-387.
[43] Jafarnia S, Khosrowshahi S, Hatamzadeh A and Tehranifar A. 2010. Effect of substrate
and variety on some important quality and quantity characteristics of strawberry production
in vertical hydroponics system. Advances in Environmental Biology 4:360-363.
[44] Jelkmann W, Martin RR, Lesemann DE, Vetten HJ and Skelton F. 1990. A new
potexvirus associated with strawberry mild yellow edge disease. Journal of General Virology
71: 1251-1258.
[45] Jelkmann W, Maiss E and Martin RR .1991. The nucleotide sequence and genome
organization of strawberry mild yellow edge associated potexvirus (SMYEAV). Journal of
General Virology 73: 475-479.

542 Abhilasha Sharma, Anil Handa, Shelly Kapoor, Santosh Watpade, Bhupesh Gupta and Praveen Verma

[46] Jelkmann W, Martin RR, Lesemann DE, Vetten HJ and Skelton F. 1990. A new
potexvirus associated with strawberry mild yellow edge disease. Journal of General Virology
71: 1251-1258.
[47] Kaiser WJ, Wyatt SD and Pesho GR. 1982. Natural hosts and vectors of tobacco streak
virus in eastern Washington. Phytopathology 72:1508-1512.
[48] Klose MJ, Sdoodee R, Teakle DS, Milne JR, Greber RS, Walter GH. 1996.
Transmission of three strains of Tobacco streak ilarvirus by different thrips species using
virus-infected pollen. Journal of Phytopathology 144:281-284.
[49] Kulshrestha S, Hallan V, Raikhy G, Ram R and Zaidi AA. 2004. Strawberry latent
ringspot virus infecting roses in India. The American Phytopathological Society 88:86.3-86.3.
[50] Kumar NA, Narasu ML, Zehr UB and Ravi KS 2008. Molecular characterization of
Tobacco Streak Virus causing soyabean necrosis in India. Indian Journal of Biotechnology
7:214-217.
[51] Kumar NA, Narasu ML, Zehr UB and Ravi KS. 2007. Molecular characterization of
tobacco sreak virus causing soyabean necrosis in India. Indian Journal of Biotechnology 7:
214-217.
[52] Kim J, Lee S, Choi J, Kim SK and Jang W. 2016 Development of Simple and Rapid
Diagonosis Method for Strawberry Latent Ringspot Virus in Plants Using Loop-Mediated
Isothermal Amplification Assay. Journal of plant pathology and microbiology 7: 377.
[53] Lee S, Lee G, Choi IC and Rho JY. 2015. Development of PCR Diagnostic System for
Detection of The Seed-Transmitted Tobacco Ringspot Virus in Quarantine. Indian journal of
microbiology 55: 231-233.
[54] Leggat FW and Teakle DS. 1976. Symptoms in roots rub-inoculated with ten different
viruses. Z. Pflkrank Pflschutz 88:195-203.
[55] Lecoq H and Katis N. 2014.Advances in Virus Research. Science Direct 90: 255-296.
[56] Lesemann and Koenig.1977. Potexvirus group. The Atlas of Insect and Plant Viruses
New York: Academic Press :331.
[57] Li L and Yang H. 2011. First report of strawberry necrotic shock virus. American
Phytopathological Society 95:1198.
[58] Mahmoud KB, Najar A, Jedid E, Jemai N amd Jemmali A. 2017. Tissue culture
techniques for clonal propogation, viral sanitation and germplasm improvement in
strawberry (Fragariax ananassa Duch.). Journal of New Sciences 47:2286-5311.

Viruses of Strawberry and Production of Virus Free Planting …

543

[59] Martelli GP, Agranovsky AA, Bar-Joseph M , Boscia D , Candresse T and Coutts RHA.
2002. The family Colsteroviridae revised. Archives of Virology 147. 2039–2044.
[60] Martin RR , Tzanetakis LE, Barnes JE and Elmhirst J. 2004. First report of strawberry
latent ringspot virus in strawberry in United States and Canada. Plant diseases 88:575.
[61] Martin RR and Tzanetakis LE. 2006. Chracterization and Recent Advances in Detection
of Strawberry Viruses. Plant Diseases 90:384-396.
[62] Martin RR and Converse RH .1982. Strawberry mild yellow edge luteovirus. Acta
Horticulturae 129: 75.
[63] Mink GI .1993. Pollen- and seed-transmitted viruses and viroids. Annual Review of
Phytopathology 31:375-402.
[64] Murant AF.1970. Soilborne viruses and diseases in Rubus. In: Virus diseases of small
fruits and grapevines, a handbook (Ed. by Frazier, N.W.) University of California, Berkeley,
California, USA: 132-136.
[65] Mazyad AA, Kheder AA, El-Attar A and Amal AF. 2014. Characterization of
strawberry latent ringspot virus (SLRSV) on strawberry in Egypt. Egyptian journal of
virology 11 :219-235.
[66] Nichodemus CO. 2017. Plant tissue cultures: it’s techniques, application, advantages
and disadvantages in plnat biotechnology Biotech Articles 25:320.
[67] Nishi S and Ohsawa K. 1973. Mass production method of virus-free strawberry
plants through meristem callus. Japan Agricultural Research Quarterly 7:189-194.
[68] OEPP/EPPO .1994. Recommendations made by EPPO Council in 1991: general scheme
for the production of certified pathogen-tested vegetatively propagated ornamental plants.
Bulletin OEPP/EPPO Bulletin 21:757.
[69] Prasada Rao RDVJ, Reddy AS, Chander Rao S, Varaprasad KS, Thirumala-Devi K,
Nagaraju, Muniyappa V, Reddy DVR. 2000. Tobacco streak ilarvirus as causal agent of
sunflower necrosis disease in India. Journal of Oilseeds Research 17 2:400-401.
[70] Prasada Rao RDVJ, Reddy AS, Reddy SV, Thirumala-Devi K, Chander Rao S, Manoj
Kumar V, Subramaniam K, Yellamanda Reddy T, Nigam SN, Reddy DVR .2003. The host
range of Tobacco streak virus in India and transmission by thrips. Annals of Applied Biology
142:365-368.
[71] Pappu HR, Hammett KRW, Druffel KL. 2008. Dahlia mosaic virus and Tobacco streak
virus in Dahlia (Dahlia variabilis) in New Zealand. Plant Disease 92 7:1138.

544 Abhilasha Sharma, Anil Handa, Shelly Kapoor, Santosh Watpade, Bhupesh Gupta and Praveen Verma

[72] Patil FS and Mali VR. 1982. Natural occurrence o tobacco ringspot virus TRSV on
cowpea in India. Indian phytopathology 35: 399-403.
[73] Regenmortel MHVV, Fauquet CM, Bishop DHL, Carstens EB, Estes MK, Lemon SM,
Maniloff J, Mayo MA, McGeoch DJ, Pringle CR and Wickner RB. 2000. Virus Taxonomy.
Classification and Nomenclature of viruses. Academic Press, New York.
[74] Rezaian MA and Francki RIB. 1974. Replication of Tobacco Ringspot Virus: II
.Differences in nucleotide sequences between the viral RNA components. Virology 59: 275280.
[75] Rush MC and Gooding GV. 1970. The occurrence of tobacco ringspot virus strains and
tomato ringspot virus in hosts indigeneous to North Carolina. Phytopathology 60: 1756-1760.
[76] Sarovar B, Prasad YS and Saigopal DVR.2010. Detection of Tobacco streak virus by
immunocapture-reverse transcriptase-polymerase chain reaction and molecular variability
analysis of a part of RNA3 of sunflower, gherkin, and pumpkin from Andhra Pradesh, India.
Scienceasia 36:1513-1874.
[77] Salazar LF, Abad JA, Hooker WJ. 1982. Host range and properties of a strain of
Tobacco streak virus from potatoes. Phytopathology 72:1550-1554.
[78] Sambrook, J. MacCallum P. and Russell D. 2001. Molecular cloning: A

laboratory

manual. Cold Spring Harbor Laboratory Press, New York.
[79] Schmelzer K. 1969. Strawberry latent ringspot virus from Euonymus, Robinia and
Aesculus. Phytopathology Z 66:1-24.
[80] Schneider White and Gooding.1972. Virology 50: 902.
[81] Sdoodee R. 1989. Biological and physicochemical properties of Tobacco streak virus.
PhD thesis, University of Queensland, Brisbane.
[82] Sdoodee R and Teakle DS. 1987. Transmission of Tobacco Streak Virus by Thrips
tabaci: A New Method of Plant Virus Transmission. Plant pathology 36:377-380.
[83] Shylla B, Sharma A, Thakur M and Handa A. Use of soilless substrates for producing
virus free planting material of strawberry. In Biorational approaches in plant disease
management, Solan H.P, 27-28 October 2017.DrYSPUF Nauni, Solan, 2017.
[84] Tzanetakis LE and Martin RR. 2013. Complete nucleotide sequence of a strawberry
isolate of beet pseudo yellow virus. Virus Genes 87: 1398..
[85] Tang J, Ward LI and Clover GRG. 2013. The diversity of strawberry latent ringspot
virus in New Zealand. Plant Disease 97:662-667.

Viruses of Strawberry and Production of Virus Free Planting …

545

[86] Thompson JR and Jelkmann W. 2003. The detection and variation of Strawberry mottle
virus. Plant Disease 87: 385-390.
[87] Tzanetakis LE, Wintermantel WM, Cortez AA, Barnes JE, Barrett SM, Bolda MP, and
Martin RR. 2006. Epidemiology of Strawberry pallidosis-associated virus and occurrence of
pallidosis disease in North America. Plant Disease 90:1343-1346.
[88] Tzanetakis LE. 2004. Molecular characterization of criniviruses and ilarvirus infecting
Strawberry. Ph.D. diss. Oregon State University, Corvallis.
[89] Tzanetakis LE and Martin RR. 2003. Complete nucleotide sequence of a strawberry
isolate of beet pseudo yellow virus. Virus Genes 87: 1398.
[90] Weelink J, Le Gall O, Sanfacon H, Ikegami M and Jones AT.2000. Family comoviridae.
In Ragenmortal MHV, Fauquet CM, Bishop DHL, Carstens EB, Estes MK, Lemon SM,
Maniloff J, Mayo MA, McGeoch DJ, Pringle CR, Wickner RB Eds. Virus taxonomy,
Seventh report of International committee on Taxonomy of viruses. Academia Press, San
Diego, CA, pp 691-701.
[91] Vermana K and Jain RK.2011. New experimental hosts of Tobacco streak virus and
absence of true seed transmission in leguminous hosts. Indian Journal of Virology 21: 117127.
[92] Vrain TC. 1993. Restriction fragment length polymorphism seaparates species of the
Xiphinema americanaum group. Journal of Nematology 25:361-364.
[93] Wei T and Clover G. 2008. Use of Primers with 5' non-complementary sequences in RTPCR for the detection of nepovirus subgroup A and B. Journal of Virological Methods
153:16-21.
[94] Yoshikawa N, Poolpol P and Inouye T. 1986. Use of dot immunoblotting assay for rapid
detection

of

strawberry

pseudo

mild

Phytopathological Society of Japan 52:728-731.

yellow-edge

virus.

Annals

of

the

