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Propositions

None of the possible mechanisms of cross-protection and interference among plant
viruses mentioned in review articles on these subjects, applies to the interference
phenomenon studied in this thesis.

This thesis
Recent classification of strains of bean common mosaic virus and blackeye cowpea
mosaic virus based on the sequence data from coat protein and 3’-nontranslated
RNA does not correlate well with biological properties, in contrast to that of potato

virus Y strains founded on the same taxonomic parameters.

Van der Viugt, RA.A. (1993). Engincering resistance against potato virus Y. Ph.D. thesis,
Wageningen Agricultural University.

This thesis

Characterization and classification of plant virnses are not only prerequisites for
successful resistance breeding and beiter understanding of the epidemiological
phenomena, but also for engineered protection to these viruses,

In the light of the revised plant virus taxonomic rules recognizing families, genera
and species, "subgroups" as defined by potyvirus taxonomists, should obtain the
status of subgenera.

Potyvirus taxonomy. (Ed. Barnett, O.W.). Archives of Virology (1992) Supplementom 5.
Springer, Wien New York. 445 pp.

The claim, that tomato spotted wilt virus causes 86% mortality to immature thrips,
needs confirmation.

Robb., K.L. (1989). Analysis of Frankliniella occidentalis (Pergande) as a pest of floricultural
crops in California greenhouses. Ph.D. dissertation. University of California, Riverside.
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The proposal given by Adam et al. (1993), to define a new species within the
Tospoviros genus, is premature,

Adam, G., Yeh, S.-D., Reddy, D.V.R and Green, SK (1993). Serological comparison of
tospovirus isolates from Taiwan and India with Impatiens necrotic spot virus and different
tomato spotted wilt virus isolates. Archives of Virology 130: 237-250,

Very often the term diagnosis is used, where detection is meant.

Koenig, R. & Burgermeister, W. (1986). Applications of immuno-blotting in plant virus
diagnosis. In: Developments in Applied Biology 1. Developments and applications in virus
testing (Bds RAC. Jones & L. Torrance). Association of Applied Biologists, Wellesbourne,
U.K. 312 pp.

The Jurassic Park rage may instigate scientists to look for the presence of viruses

in fossil insects or plants preserved in amber.

The world-wide popularity of commercial programmes on T.V./radio might lead to
strong capitalism.

In the fairly wide coverage of the world by western media, quite often only negative
sides of the less industrialized nations are projected.

Jawaid A. Khan
Studies on interference between newly defined bean-infecting potyviruses
Wageningen, 3 November 1993
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Chapter 1

General Introduction



Bean: cultivation, diseases and pests

Beans, Phaseolus vuigaris, constitute one of the most important food crops of the world.
They are cultivated in more than 27 million hectares throughout the world (FAQ,
Production Year Book 43: 1989). Field dry beans rank high as a cheap source of
nourishing food. They are rich in carbohydrate, protein, calcium, and iron, and contain
a large amount of vitamin B1 (Steibeling & Clark, 1939). Garden beans are credited as
a green vegetable and valuable as a source of calcium, riboflavin, and iron. However,
these crops are attacked by a large number of pathogens and insect pests which may
cause great reduction in yields. Among them viruses, and especially bean common
mosaic virus (BCMV), are economically important. Many epidemic outbreaks due to this
virs have been reported, with severe strains of BCMV causing upto 68% reduction in
seed yield (Hampton, 1975; 1983).

Bean commnion mosaic virus

The discase caused by bean common mosaic virus was reported for the first time by
Ivanovski in 1894 from Russia, and the virus described from U.S.A. by Stewart and
Reddick in 1917. Later, the virus has been reported from different parts of the world
(Zaumeyer & Thomas, 1957; Lana et al., 1988; Vetten & Allen, 1991). The virus belongs
to the genus Potyvirus (family Potyviridae; Barnett, 1991) and is transmitted by aphids
in a non-persistent manner.

Like most other potyviruses, BCMV has a limited host range and in nature it has
been found to occur in Phaseolus species and occasionally in Lupinus huteus (Frencel &
Pospieszny, 1979) and in wild legumes, such as Rhynchosia minima (Meiners et al., 1978).
Recently, in a survey conducted throughout Africa on distribution of BCMV strains, it
was found that necrotic strains predominate in eastern and southern Africa and non-
necrotic strains are prevalent in Ethiopia and perhaps also in Zimbabwe. There are
indications that in Zimbabwe intermediate serotypes of BCMV occur {Vetten & Allen,
1991). It was also reported that BCMV strains were found to occur with virnses
serologically related to blackeye cowpea mosaic virus (BICMV) or other viruses. Such

mixed infections may result in interactions between the viruses sometimes leading to
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antagonistic or synergistic effects. To diagnose such mixed infections a clear distinction
between the viruses present is a prerequisite. Accurate virus (strain) identification is also
required for understanding the eptdemiology of these virus (strains) and for breeding for
resistance. Moreover, it forms the basis for sound taxonomy of these viruses and their
strains.

In spite of the great economic importance of BCMYV, the taxonomic status of its
strains and their relationships with other legume infecting-potyviruses especially BICMYV,
is not clearly defined. There are no clear-cut differences between these two viruses, due
to a large number of variants differing in host range, pathogenicity and serological
properties (Drijfhout, 1978; Lana ef al., 1988). There is a difficulty in defining the
taxonomic position of strains of BCMV and BICMV by biotogical and conventional
serological properties. Taiwo and Gonsalves (1982) reported a close serological relation-
ship between strains of BCMV and BICMV. Similarly, Tsuchizaki and Omura (1987) also
concluded on the basis of biological characteristics, antigenic and other coat protein
properties that BCMV and BICMYV are not distinct viruses. Lana ef of. (1988) made a
detailed comparison of the strains of the two viruses, based on biological and serological
properties, but were unable to clearly differentiate them. On the basis of ELISA results
with monoclonal antibodies and polyclonal antisera, Wang (1983; 1985) and Vetten et
al.(1990) placed BCMV-NL3 in serogroup A and BCMV-NL1 and NY15 in serogroup
B.

The potyviral genome

The genome of a potyvirus is a single-stranded, positive-sense RNA of approx. 10,000
nucleotides in length. Potyviral genomes resemble those of the plant bipartite
comaoviruses, nepoviruses, and the picornaviruses on the basis of structure of genome and
their organization. In the genomes of all these viruses a cluster of gencs is found that
encodes a number of non-structural proteins with amino acid sequences which have been
shown or suggested to be involved in RNA replication. For this reason, it has been
proposed that comovirnses, nepoviruses and potyvirnses may be classified in a
supergroup of picorna-like viruses (Goldbach 1986; 1987). Molecular studies have shown
that potyviral RNA genome is translated into a large polyprotein (Allison et al., 1986)
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which is cleaved by virus-encoded proteinases into eight polypeptides (Dougherty &
Carrington, 1988; Garcia et al., 1989; Carrington ef al., 1990).

The order of gene products in polyprotein is given in Fig. 1 and their functions are
described below.

1. The P1 protein. It has been reported that the C-terminal half of P1 protein of tobacco
ctch virus (TEV) functions as a proteinase in the cleavage of the TEV polyprotein
between 35 k Da and HC-Pro proteins (Verchot et al., 1991). On the basis of sequence
similarity between P1 protein of tobacco vein mottling virus (TVMV) and 30 kDa
movement protein of tobacco mosaic virus (TMV), it has been proposed that P1 protein
is involved in the cell-to-cell spread of the infection (Domicr et al., 1987; Lain et 4/.1989,
Robaglia et al., 1989).

2. The helper component protein (HC-Fro). This viral protein has at least two major func-
tions. It allows aphid transmisston (Thornbury et al., 1985) and it is also a protease
responsible for the cleavage of polyprotein at the HC-Pro -P3 junction {Carrington ef @l.,
1989). Recently, it has been suggested that HC may have a third function i.c. its central
domain is involved in nucleic acid binding {Robaglia et al., 1989; Shukla et a!., 1990).
3. P3 protein. Its function is still unknown. Recently, Rodriguez-Cerezo and Shaw (1991)
demonstrated the presence of this protein in cells infected with TVMV and suggested
it may be an integral membrane protein in the infected cell.

4. Cylindrical inclusion protein (CI). All potyviruses induce the formation of characteristic
cylindrical inclusions in the cytoplasm of infected cells (Edwardson, 1974). The
morphology of these inclusion bodies is virus-specific which prompted Edwardson and
Christie (1978) to propose a scheme that subgroups potyviruses based on inclusion
bodics.

A nucleotide binding motif (GAVGSGKTST) located near the N-terminus of the
putative CI protein resembles a similar motif in helicase-like proteins (Hodgman, 1988),
Lain et @l. (1990; 1991) have demonstrated that CI of plum pox virus (PPV) unwinds
RNA duplexes and acts as an RNA helicase. Its possible function may include unwinding
of replicative intermediates, genome recombination or unwinding of single-stranded RNA
structures facilitating transcription and/or translation.

5. 6K proteins. The two small proteins 6K1 and 6K2 that are predicted from the amino
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acid sequence of the potyviral polyprotein might also play a role in RNA replication,
although they have not beer identified in vivo. (Rodriguez-Cerezo and Shah, 1991).

6. The small nuclear inclusion protein (Nla). This protein is frequently found in nucleus
where it may give rise to nuclear-inclusion bodies. It acts as a proteinase for the cleavage
sites in the C-terminal two thirds of the potyvirus polyprotein. The Nla protein molecule
has a two domain structure, the domain located in the C-terminal half being involved in
proteolysis (Dougherty & Carrington, 1988). The N-terminal half of Nla protein
functions as genome-linked protein (VPg) (Shahabuddin ef af., 1988; Murphy ef ai.,
1990). It is covalently linked with the 5'-terminal nucleotide of the genomic RNA
(Shahabuddin et al., 1987; Siaw et ai., 1985). VPg protects mRNA from exonucleases and
is involved in the synthesis of RNA and other steps of replication as a primer for nucleic
acid synthesis (Shahabuddin et 4/., 1988; Baron & Baltimore, 1982; Morrow et al., 1984;
Vartapetian er al., 1984).

7. The large nuclear inclusion protein (NIb). This protein has all sequence motifs
characteristic of viral RNA-dependent RNA polymerases and, hence, represents the
putative potyviral polymerase.

8. The coat protein (CFP). This protein is the best characterized gene product of
potyviruses. Potyviral coat proteins have a highly conserved core domain but diverge in
sequence and length at the amino terminus, which is located on the virion’s surface
(Allison et al., 1985; Shukla et ai., 1988).

One obvious function of CP is to encapsidate the viral RNA. Based on sequence
comparisons between aphid-transmitted and non-aphid transmitted isolates of TEV, it
was predicted that the N-terminus of TEV CP may also be involved in the CP- HC-Pro
interactions, and hence, in aphid transmission (Harrison & Robinson, 1988). This
hypothesis was confirmed by Atreya ef al. (1990) who demonstrated the involvement of
coat protein amino acid triplet DAG in the aphid transmission and showed that any
change in the triplet may lead to non-aphid transmissibility of TEV.

The non-translated regions (NTRs). These regions are present on 3'- and 5-ends of
potyviral genomes. The 5°-NTR of fully sequenced genomes (TEV, TVMYV, potato virus
Y) are similar in length but differ in sequences except for a highly conserved region of
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Fig. 1: A. Proposed map of the PepMoV polyprotein showing the location of putative cleavage sites and the
individua! viral polypeptides they demarcate. A comparison of the amino acid sequence of the proposed pro-1
protease cleavage sites of PepMoV C, PVY, TVMV, PPV, and TEV is shown in B. A similar comparison of
proposed cleavage sites for the HC-Pro protease is shown in C, (D) The deduced amino acid sequence around
the five proposed PepMoV Nla protease cleavage sites, The sequences of two degenerate consensus Nla
protease cleavage sites which may delincate the viral 6k, and VP proteins are also shown in D. A consensus
PepMoV Nla protease cleavage site based on conservation of amino acid sequence among the five sites is
shown in E along with the Nla protcase consensus cteavage sites of the four other sequenced potyviruses, The
locations of amino acid sequences within the various viral polyproteins in B-E are indicated in the parentheses.
In cach case, the site of cleavage is indicated by an arrow or a diagonal line. Amino acids conserved in all
five viral sequences are displayed in bold letters ( Reproduced from Vance et al., 1992).

PepMoV = pepper mottle virus; PPV = plum pox virus; PV Y =potato virus Y; TEV = tobacco etch virus;
TVMV = tobacco vein mottling virus.



Table 1. Functions of potyviral gene products

Gene product

Amino acid sequence feature

(Putative) Function*

Pi

HC-Pro

6K1

Cl

6K2

NIb

Similarity between TVMV P1L and
TMV 30 xDa protein;

Amino acids typical of serine
proteases

Cysteine-rich region;
Amino acids typical of cysteine
proteases

Similarity with 32 kDa cowpea mosaic virus

(CPMV) protein

Stretch of hydrophobic amino
acids

Nucleotide-binding motif
Similarity with helicases

Stretch of hydrophobic amino
acids

Amino acids typical of serine-like
cysteine proteases
Motifs of RNA-dependent RNA

polymerases

DAG motif

Cell-to-cell movement ?
Polyprotein pracessing

Vector transmission
Polyprotein processing
(Protease)

Polyprotein processing ?
Replication?
Replication?

{RNA helicase)
Replication?
Polyprotein processing
(Protease),
Replication? (VPQ)
Replication

{RMNAdependent
RNA polymerase)

RNA encapsidation
Aphid transmission

* Punctions that have not yet been supported by experimental evidence are indicated with a question mark,
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12 nucleotides (denoted POTYBOX): UCAACACAACAU (Robaglia et al., 1989;
Domier et al.; 1986; Maiss et al.; 1989, Allison et al., 1986). It was suggested that
conserved polybox sequences play a role in viral RNA replication but are not necessary
for translation (Riechmann et al., 1991).

Strains of individual potyviruses show a high degree of homology in their 3°-NTR and
this sequence can be used as a marker to show the genetic relatedness of the viruses
(Frenkel et ad., 1989). Sequence comparison of 3>-NTR of a number of potyviruses reveal
a conserved nucleotide motif that can form a stem-loop like structure (Bryan ef al.,
1992). Further, they hypothesized that such conserved stem-loops serve as a recognition
site from which viral replicase initiates synthesis of the minus strand. It has also been
demonstrated that in the 3'-NTR of TVMV-RNA a determinant of disease symptom
severity is located (Rodrigucz-Cerezo ef al., 1991).

An overview of the functions of potyviral gene products is given in Table 1.

Interference between strains of BCMV

When a plant is infected with a strain of a virus, it may become protected from the
cffects of subsequent inoculation with another strain of the same virus. This type of
interference between virus strains in a plant has generally been described as cross-
protection (Price, 1940). Cross-protection has been used to control virns diseases and
also as a criterion to establish relationships between viruses.

Bercks (1959) showed that prior inoculation of bean plants with the mild strain P
1675 of BCMV protected the plants against the effects of subsequent inoculation with
the severe strain P471 of this virus. However, the degree of protection varied with the
time interval between the two inoculations.

In cross-protection experiments with isolates of BCMV, Quantz (1961) found that
isolates PV2 and SV1 protected the plants against infection with PV1, but the level of
protection was variable. Silbernagel (1969) suggested relationships between Mexican
isolate, and the strains NY15 and P1 of BCMV on the basis of observed cross-
protection. Prior infection of Bountiful beans with the Florida strain of BCMV gave

complete protection against systemic infection of the Mexican strain.
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In a preliminary study, it was found that plants of Phaseolus vuigaris "Bataaf"
inoculated first with strain NY15 of BCMV and later with NL3, then considered to be
also a strain of BCMV, did not show systemic necrosis, characteristic of the latter strain

(Fig. 2).

Fig 2. Interference between strains NY15 and NL3 in plants of "Bataaf” bean. The plant inoculated with strain
NL3 alone shows top necrosis (A) in contrast to that inoculated first with NY15 and later with NL3 (B).

Objective and an outline of the investigation

In view of the economic importance of BCMV and BICMYV, as poiated out earlier,
some of the strains, till now considered to be of these two viruses, were taken up for
study with the following objectives:

A. Elucidation of the taxonomic relationships between these two viruses and their strains,
preparation of reliable antibodies to distinguish these viruses, thus enabling more

efficient control measures and effective breeding for resistance.
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B. Gaining insight into the interactions of strains of the above viruses when present in
the same plant, both from the practical point of view (diagnosis of mixed infections in
nature) and from the fundamental view-point (mechanisms of interactions between
viruses and the plant).

Chapter 2 of this thesis deals with the various hypotheses regarding the mechanism
of interference among plant viruses. As a first step to study the interference, a clear
distinction of the viruses present in mixed infection is a prerequisite. In view of this,
novel serological approaches were used to differentiate strains of BCMV and BICMV
as described in Chapter 3. The taxonomic position of strains of BCMV and BICMYV is
discussed, and a tentative classification is proposed in Chapter 4. For a sound basis of
classification, the nucleotide sequences of coat protein genes and 3'-nontranslated
regions have been determined (Chapter 5). A novel type of interference phenomenon,
found to occur among different strains of BCMYV, has been analysed qualitatively and
quantitatively in Chapter 6. Chapter 7 deals with the distributior and localization of
BCMYV strains in stems of challenge inoculated plants as revealed by light microscopic

studies.
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