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The potyviruses have long been favored subjects for study by plant 
virologists. They constitute the most numerous of the three dozen or so groups 
of plant viruses, and collectively are responsible for more damage to the 
world's crop plants than is caused by the viruses of most of if not all the other 
groups. This was rather dramatically illustrated by a recently conducted 
international election of "favorite" filamentous plant viruses among several 
eminent virologists in which the potyviruses emerged with a clear "victory" 
(Milne, 1988). The ecological and epidemiological aspects of diseases caused by 
potyviruses, with their many fascinating but varied and complex 
considerations, have also prompted the major efforts in research that have been 
directed over many years to this group of viruses. 

In spite of the importance and undoubted charm of the potyviruses, however, 
it is only in relatively recent years that details of the structure and mechanisms 
of expression of their genomes have begun to be understood. Urged on with 
what seems almost to be the spirit of making up for lost time, virologists are 
now putting concentrated effort into research on the molecular biology of 
these viruses. It is, in fact, pleasing to note how old-fashioned seem the not so 
distant complaints about difficulties in preparing and maintaining purified 
virus as being major obstacles of our research efforts. 

This article will consist of a brief review of some recent research concerning 
the organization of the potyviral genome and the interesting set of proteins 
which it expresses. While there is ample reason to be pleased and perhaps 
amazed at how much information relevant to this subject has been amassed in 
such a relatively short period, it will be somewhat distressing to record how 
little we yet really know of the functions of most of the gene products and of 
how they may contribute to disease development. 

Information bearing upon the fascinating mechanisms by which potyviral 
polyproteins are processed by virus-encoded proteases will not be included here 
as this is the subject of the following chapter. 

ORGANIZATION OF POTYVIRAL GENOMES 

One of the most interesting characteristics of potyviruses is the array of 
non-structural viral proteins, some in the form of complexes of rather exotic 
structure, which are produced in infected cells. A protein of approximately 70 
kDa, the cylindrical inclusion protein (eI), aggregates in the cytoplasm to form 
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intricate pinwheel-like or scroll-shaped structures (Edwardson, 1974; 
Lesemann, 1988). The nuclei of cells infected with some potyviruses contain 
large crystalline inclusions made up of two proteins (Knuhtsen et al., 1974). 
With other potyviruses, these inclusions may be tubular or fibrillar in shape, 
may be located in the cytoplasm, or may not be apparent in infected cells. In the 
case of tobacco etch virus (TEV) , which does produce crystalline nuclear 
inclusions, these proteins have long been referred to as the 49K and 58K 
(formerly, 49K) proteins. However, since the size of the nuclear inclusion 
proteins seems to vary from one potyvirus to another, the names NIa and NIb 
were introduced by Domier et al., (1986). Potyviruses also produce a protein of 
approximately 50 kDa, known as the helper component protein (HC), which 
mediates the transmission of virus particles by aphids (pirone and Thornbury, 
1984). This protein may be a component of the amorphous inclusions found in 
the cytoplasm of cells infected with some potyviruses (de Mejia et ai., 1985). 
When to this collection of proteins are added the coat protein and VPg, it is 
perhaps not surprising that potyviral genomes tend to be larger than those of 
many other RNA plant viruses. 

The genomes of potyviruses are con~ined in filamentous particles 700-900 
nm in length and approximately 11 nm in diameter. Few details of particle 
structure are available (Tollin and Wilson, 1988), a situation that is 
understandable but in need of redress. Information concerning the mechanisms 
by which potyvirus particles are assembled (McDonald and Bancroft, 1977) and 
disassembled is scanty at best. 

Potyvirus particles were reported many years ago to contain single-stranded 
RNA of molecular weight approximately 3 X 106 (Hill and Benner, 1976). 
The RNA was later shown to contain a genome-linked protein (VPg) at the 5'
terminus (Hari, 1981; Siaw et ai., 1985) and to be polyadenylated at the 3'
terminus (Hari et ai., 1979). 

It is only within the past 10-12 years that studies directed toward 
determination of the organization of the potyviral genome have been reported. 
In vitro translation of the RNAs of TEV and pepper mottle virus (Dougherty 
and Hiebert, 1980b) and tobacco vein mottling virus (TVMV; Hellmann et ai., 
1980) resulted in tentative assignments to particular locations in the genomes 
of genes encoding some of the known viral proteins. Additional cell-free 
translation studies of these and several other potyviral RNAs followed 
(summarized in Hiebert and Dougherty, 1988) and resulted in various versions 
of a potyviral genetic map. However, with the application of additional 
techniques, including hybrid-arrested translation and nucleotide sequence 
analysis, the issue of the order and approximate locations of genes in the 
potyviral genome was soon settled (Hellmann et ai., 1986). A current and 
probably typical potyviral genetic map, that of TVMV, is shown in Fig. 1. 
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Fig. 1 Gene map of TVMV. Open-box region of diagram represents positions of the 
putative and known proteins in the polyprotein (amino-terminus at left). HC = helper 
component protein, CI = cylindrical inclusion protein, Nla and NIb = nuclear inclusion 
proteins, CP = coat protein. Functions (known and proposed) and approximate sizes (in 
kDa) of proteins shown above and below boxes, respectively. 

STRUCTURE OF POTYVIRAL GENOMES 

The complete nucleotide sequences of the RNAs of TVMV (Domier el al., 
1986) and TEV (Allison el al., 1986) were reported three years ago. They 
confirmed several previously proposed aspects of the structure of potyviral 
RNA and revealed a number of very interesting features concerning mechanisms 
of genome expression and gene product function. More recently, the nucleotide 
sequences of two other potyviral RNAs, those of potato virus Y (pVY; 
Robaglia el aI., 1989) and plum pox virus (pPV; Maiss et al., 1989; Lain el al., 
1989) have been reported. The sequences of parts of the genomes, in particular 
the coat protein gene and 3' termini, of a number of other potyviruses are also 
available. 

The genomes of potyviruses are approximately 9.5-9.8 kb in length. Their 
nucleotide sequences reveal single, long open reading frames of 9.0-9.4 kb 
capable of encoding proteins of 340-355 kDa. Translation of the RNAs is 
presumed to be initiated at AUG codons positioned from 145 to 205 nucleotide 
residues from the 5' termini. Stop codons precede untranslated 3' terminal 
sequences of 186-250 nucleotides which are terminated by poly(A) tracts of 
variable length. 

Regions of apparently conserved nucleotide sequence are present in the 5'
untranslated region of some potyviral RNAs. Within the first 25 residues 
from the 5'-termini, there is considerable sequence homology, including a 
common ACAACAU motif (Turpen, 1989), between the RNAs of TVMV, 
TEV, PVY and PPV (Fig. 2). An additional conserved sequence, UCAAGCA 
at nucleotide residue position 43-49 in TVMV and TEV RNAs, is also present 
in two strains of PVY RNA and this sequence (or one-residue variants therof) 
is repeated throughout these A-U-rich 5'-proximal regions (Turpen, 1989), 

There is considerable variation, from 166 to 475 nucleotide residues 
(Hammond & Hammond, 1989), in the lengths of the 3'-non-coding regions 
among the several potyviruses for which the appropriate sequences are 
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available. The potential polyadenylation signal sequence (AAUAAA) has been 
detected in this region of some but not all potyviral RNAs. However, its 
functional significance is questionable since, where present, it appears to be 
further than usual from the site of poly(A) addition. 

TVMV: 

TEV: 

PVY: 

PPV 

** ** * * **** ******* * 

5'-AAAAUAAAACAAAUCAACACAACAUUAUAAC ..... 

5'-NAAAUAACAAAUCUCAACACAACAUAUACAA ••..• 

5'-AAUUAAAACAACUCAAUACAACAUAAGAAA .. •• . 

5'-AAAAUAUAAAAACUCAACACAACAUACAAAA •• ... 

Fig. 2 Nucleotide sequences at the 5'-tennini of the RNAs of TVMV (Domier et al., 
1986, 1989), TEV (Allison et aI., 1986), PVY (Robaglia et al., 1989) and PPV (Maiss et 
al., 1989; Lain et al., 1989). • indicates positions in which the same nucleotide is present 
in all four sequences. 

Terminal, non-coding nucleotide sequences, or their complementary 
sequences, are undoubtedly of importance in initiation of replication and 
translation and perhaps in the initiation of virion assembly, but direct evidence 
of participation in such activities is not yet available. Potential stem-loop 
structures, have been detected in the non-coding termini of some potyviral 
RNAs (Turpen, 1989), but there do not seem to be highly conserved regions of 
stable secondary structure. 

POTYVIRAL PROTEINS HSUSU 

The potyviral genome encodes a long polyprotein which is processed by cis
and transacting viral proteases in co- and post-translational reactions to yield 
the proteins which are found in infected cells (Carrington and Dougherty, 1987; 
Hellmann et al., 1988; Dougherty and Carrington, 1988; Carrington et al., 
1989a). Six such proteins are known, and analysis of the deduced amino acid 
sequence of the polyprotein reveals the probable existence of at least two 
additional potyviral proteins (Table 1). 

This section includes brief descriptions of the known and putative potyviral 
proteins. It must be noted that, with the exceptions of several of the TEV 
proteins, assignments of the amino- and carboxy-termini of most potyviral 
proteins have been made on the basis of the locations in the polyproteins of 
amino acid sequence motifs thought to be protease cleavage sites. There is an 
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obvious and pressing need for verification or correction of these assignments by 
direct analyses of the termini of these proteins. 

Table 1. Some characteristics of potyviral proteins 

Protein 

"28K!34K Protein" 

Helper Component (HC), HC-Pro 

"42K Protein" 

Cylindrical Inclusion Protein (CI) 

"6K Protein" 

NIa, 49K Proteinase 

NIb, 58K Protein 

Coat Protein 

"34K Protein" 

Size 

28-34kDa 

50-56kDa 

29-42kDa 

ca.7C ;l)a 

6kDa 

49-52kDa 

56-58kDa 

29-37kDa 

Putative Function 

Cell-to-cell movement 

Aphid transmission, polyprotein 
processing (protease) 

Unknown 

Replication (nucleotide binding 
protein) 

Unknown 

VPg, polyprotein processing 
(protease) 

Replication (polymerase) 

Encapsidation of v iral RNA, 
aphid transmission 

The existence of an amino-terminal protein of 28 kDa was predicted by the 
amino acid sequence of the TVMV polyprotein (Domier et al., 1986). 
(Subsequent information has suggested that this putative protein may be 34 kDa 
in size but this is by no means certain.) However, such a protein has not yet been 
found in extracts of infected cells and a mechanism by which it might be 
released from the polyprotein co- or post-translationally is not known. 

A slight degree of amino acid sequence homology has been demonstrated 
between the putative N-terminal proteins of some potyviruses (Domier et al., 
1987; Maiss et al., 1989) and the 30 kDa transport (movement) protein of TMV 
(Leonard & Zaitlin, 1982; Deom et al., 1987). While it is obviously quite 
premature to attempt to make a strong case for a cell-to-cell movement 
function of the N-terminal potyviral protein, there are now available the 
biochemical and genetic techniques with which to address the question in some 
detail. 
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Helper Component Protein (HC) 

In natural circumstances, most potyviruses are transmitted from one plant 
to another by aphids. In order to transmit potyvirus particles, the aphids must 
have simultaneous or prior access to the HC, a virus-encoded, non-structural 
protein of approximately 50 kDa (pirone and Thornbury, 1984; Thornbury et 
al., 1985). The manner in which this protein mediates transmission is not 
known but there is some evidence which suggests that it may be involved in 
binding of virus particles at sites within the aphids. Berger and Pirone (1986) 
reported that when aphids were allowed to take up virus particles in the 
presence of HC, the particles accumulated within the maxillary sty lets and 
adjacent tissues; when HC was not provided, virus particles were not detected 
in the mouthparts of the insects. 

Non-transmissibility by aphids of potyviruses such as the potato virus C 
strain (PVC) of PVY (Govier and Kassanis, 1971) and the PAT strain of 
zucchini yellow mosaic virus (ZYMV; Lecoq, 1986) appears to be due to lack 
of production of active HC. In the case of PVC, a polypeptide which reacts 
with PVY HC antiserum and which co-migrates electrophoretically with 
PVY HC has been detected by Western blotting (D.W. Thornbury and T.P. 
Pirone, unpublished data). The amount of this polypeptide produced in PVC
infected plants is comparable with that of PVY HC produced in PVY -infected 
plants. These observations suggest that relatively minor changes in the HC 
gene of PVY have resulted in the production of biologically inactive HC by 
PVC. 

As discussed below, lack of, or poor, aphid transmissibility of potyviruses 
can also be due to defects in the coat protein. The nucleotide sequences of aphid
transmissible and -non-transmissible isolates of PPV are available (Maiss el 
al., 1989; Lain el aI., 1989) but it has not yet been determined whether the lack 
of transmissibility is due to changes in the HC or the coat protein. 

The putative HC regions of the potyviral polyproteins for which amino acid 
sequence information is available display moderate sequence similarity (45-
50% identity). Some potyviruses are transmitted, not by aphids, but by other 
types of insects or by mites (Murant et al., 1988), and it will be very 
interesting to compare the amino acid sequences of the HCs of these with the 
aphid-transmitted potyviruses. 

Attention has been drawn to the presence, at or near the putative amino 
termini of some potyviral HCs, of a zinc-finger motif, the consensus 
distribution of Cys and His residues found in nucleic acid binding proteins 
(Sehnke et al., 1989; Robaglia el al., 1989). How such metal-binding domains 
might be involved in the transmission by aphids of virus particles is not known. 

The carboxy-terminal half of the 56-kDa HC of TEV has been shown to 
contain a proteolytically active domain (Carrington el al., 1989a). This enzyme 
appears to be a cysteine-type protease and to be responsible for autolytic 
cleavage of the polyprotein at its carboxy-terminus (Carrington et al., 1989b; 
Oh and Carrington, 1989). It apparently does not cleave the polyprotein at the 
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amino-terminus of the HC and the activity by which this particular processing 
event occurs remains unknown. Because of the bi-functional nature of the HC, 
Carrington el al., (1989a) propose the name HC-Pro for this protein. It will be 
most interesting to determine whether the proteolytic activity plays a role in 
the mediation or specificity of aphid transmission of potyviral particles. 

"42K Protein" 

Examination of the primary structure of the TVMV polyprotein revealed 
the possible existence of a protein of 42 kDa between the positions of HC and 
CI (Domier el al., 1986). Putative proteins of 29-42 kDa have been proposed for 
other potyviruses. Significant sequence homology has not been reported in 
these regions between the few potyviruses for which information is available 
or between these putative proteins and others in protein sequence data banks. 

Lain el al., (1989) have drawn attention to a previously noted potential 
cleavage site in the amino acid sequence between HC and CI which could 
generate a small protein of approximately 6 kDa. 

Cylindrical Inclusion Protein (CI) 

There is an extensive literature dealing with taxonomic, structural and 
biochemical considerations of potyviral cylindrical inclusions (recently 
reviewed by Lesemann, 1988). These inclusions, which are found in the 
cytoplasm of cells infected with any of the potyviruses, are of rather exotic 
shape (Edwardson, 1974) and are thought to be composed entirely of a single 
protein (CI) of about 70 kDa which is encoded by the viral RNA (Dougherty 
and Hiebert, 1980a). 

The amino acid sequences of the CI regions of the polyproteins of TVMV, 
TEV, PVY and PPV are quite similar, showing 53-60% sequence identity. Of 
particular note is the highly conserved "NTP motif' sequence Gly-X-X-Gly-X
Gly-Lys-Ser (where X = any amino acid residue) which is similar to the 
nucleotide binding site characteristic of A TP and GTP binding proteins and 
which is also present in non-structural viral proteins thought to be involved in 
replication of the RNAs of many viruses (Gorbalenya el al., 1988; Hodgman, 
1988; Zimmem, 1988). Lain el al., (1989) report the existence of several 
regions of amino acid sequence homology between potyviral Cis and several 
helicases and raise the possibility of a role of the CI in unwinding of double
stranded replicative forms during synthesis of progeny viral RNA (Gorbalenya 
et al., 1988). As noted below, these regions of sequence homology and the 
similarity in location and order of certain genes between the potyviruses, 
picomaviruses and comoviruses (Domier et aI., 1987; Goldbach, 1987) support 
the notion of a role of the CI in replication. 

It has been proposed by Langenberg (1986) that cylindrical inclusions may 
be involved in the intercellular movement of potyvirus particles through 
plasmodesmata. Whether the inclusions might function in aligning virus 
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particles so that they are in position to be transported or are more directly 
involved in the passage of the particles through the plasmodesmata, or whether 
some other mechanism might be involved, was not settled. 

"6 kDa Protein" 

On the basis of the locations in the TVMV, TEV, PVY and PPV 
polyproteins of apparent consensus protease cleavage sites, there may be a gene 
for a polypeptide of approximately 6 kDa between the CI and NIa genes. At 
fIrst glance, it would seem that this could be the VPg gene since TEV RNA 
was reported years ago to contain a covalently-linked protein of approximately 
6 kDa (Hari, 1981). In addition, the position in the genome of such a gene would 
be consistent with those of the comoviral and picomaviral VPgs (Kitamura el 
al., 1981; Zabel el al., 1984). However, more recent investigations provide 
evidence that the VPgs of TVMV, PPV and TEV are much larger than 6 kDa 
(Siaw et al., 1985; Shahabuddin el al., 1988; Reichmann el al., 1989; Murphy el 
al., 1989). This leaves in question the function of a 6 kDa polypeptide if, indeed, 
it is processed from the polyprotein at some stage during infection. 

NIa or 49K Proteinase 

Potyvirus-infected cells contain two virus-encoded proteins which in a 
limited number of cases are present in aggregates known as nuclear inclusions 
(Edwardson, 1974; Knuhtsen el al., 1974). Why inclusion formation is not a 
consistent feature of the group and why such inclusions should be located in the 
nuclei of infected cells are two quite interesting but unanswered questions. 

The smaller of the two nuclear inclusion proteins has been referred to as the 
49K proteinase in the case of TEV and the Nla with TVMV. This protein is a 
viral-encoded protease which performs several cleavages of the potyviral 
polyprotein (Carrington and Dougherty, 1987; Hellmann el al., 1988; 
Dougherty and Carrington, 1988). The series of elegant experiments in which 
the proteolytic activity of the enzyme and the specific polyprotein cleavage 
sites of TEV have been characterized and defined are described in the following 
chapter. 

The VPg of TVMV has been reported to be a protein of 24 kDa in size (Siaw 
el a/., 1985) and to be co-amino-terminal with NIa (Shahabuddin el a/., 1988). 
More recently, it has been shown that purified TEV RNA contains bound 
protein molecules of 24 and 49 kDa and that both of these proteins react with 
anti-TEV 49K serum (Murphy el a/., 1989). In none of these investigations was 
a protein of 6 kDa detected in highly-purified preparations of viral RNA. These 
reports suggest that the amino-terminal half of or the entire small nuclear 
inclusion protein is the potyviral VPg. How the amino-terminal half is cleaved 
from the rest of the protein, or why with some molecules it is not, is not 
known. The amino acid sequence of the protein does not reveal an obvious site at 
which such a proteolytic cleavage event might occur. 
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The function of the potyviral VPg has not been established but by analogy 
with poliovirus, it seems likely that it plays a role in the initiation of 
replication (Wimmer, 1982) and thus forms the 5' terminus of the progeny 
RNA. With increasing evidence of a bi-functional role for the potyviral Nla or 
49K proteinase, it might be useful to consider referring to it as the VPg-PRO 
protein. 

NIb or 58K Protein 

The larger of the two potyviral nuclear inclusion proteins has been much less 
investigated than the smaller. There are, however, persuasive reasons to believe 
that it functions as an RNA-dependent RNA polymerase, or a subunit thereof, 
in the synthesis of progeny viral RNA. Two regions in the TEV 58K and 
TVMV NIb proteins were found (Allison et al., 1986; Domier et al., 1987) to 
display significant sequence homology with regions in other proteins known or 
thought to be involved in nucleic acid polymerase reactions (Kamer and Argos, 
1984; Argos, 1988), and this feature has remained consistent as additional 
potyviral nucleotide sequence information has become available. These blocks 
of sequence are Ser-Gly-Gln-Pro-Ser-Thr-V al-Val-Asp-Asn-Thr/Ser (amino 
acid residues 310-320 from the putative amino-terminus of TVMV NIb; 
residues 2534-2544 in the polyprotein) and, some 31 residues downstream in 
TVMV NIb, Gly-Asp-Asp residues bordered on both sides by hydrophobic 
residues. It may also be pertinent to note that a 19-amino acid region nearer the 
putative amino-termini of some potyviral NIb proteins has been shown to have 
significant homology with a region in a putative coronaviral polymerase 
(Gorbalenya el al., 1989). 

Of particular interest is the similarity of the potyviral Nib proteins to the 
putative "core" polymerases in the 3D protein of poliovirus and the 87 kDa 
protein encoded by CPMV B-RNA. In fact, the entire set of four proteins, CI
VPg-Nla-NIb, is equivalent in gene order as well as regions of amino acid 
homology to the 58 kDa-VPg-24 kDa-87 kDa arrangement in B-RNA of CPMV 
and to that of the 2C-VPg-3C-3D proteins in the picomaviruses (Domier el al., 
1987; Goldbach, 1987). These similarities (Fig. 3) provide attractive evidence 
that this group of potyviral proteins is involved in a membrane bound complex 
in which replication of viral RNA occurs and prompted Goldbach (1987) to 
place the potyviruses in the picomaviral "supergroup" of viruses. 

Among the potyviruses themselves, it is the NIb protein, with 55-63% 
sequence identity, that is the most conserved of all the viral proteins. This 
would seem a logical situation for a viral protein suspected of being involved in 
what, among a group of related but distinct viruses, is perhaps the least unique 
activity. 
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Fig. 3 Comparison of gene maps of TVMV RNA, CPMV B-RNA and poliovirus RNA. 
Shaded areas point to regions of homology identified by comparisons of predicted amino 
acid sequences. Modification of figure in Domier et ai., (1987). 

Coat Protein 

The coat proteins of potyviruses vary in size from 30-37 kDa and are 
arranged in the virion such that their amino- and carboxy-termini are located on 
or near the surface of the particle (Dougherty et al., 1985; Allison et al., 1985; 
Shukla et al., 1988). The amino acid sequences of quite a number of potyviral 
coat proteins have been determined and it appears that the sequence of the 
amino-terminal regions of different potyviruses is quite variable while the 
central and carboxy-terminal regions are highly homologous (Shukla and Ward, 
1989). 

The major role of the coat protein is, of course, its participation in the 
structure of the virion. Lack of, or poor, aphid transmissibility of certain 
isolates of lEV (pirone and Thornbury, 1983), ZYMV (Antignus et aI., 1989) 
and turnip mosaic virus and TVMV (T.P. Pirone and D.W. Thornbury, 
unpublished data) can occur even when biologically active He is produced in 
plants infected with these isolates. This suggests that the coat protein may also 
be involved in regulating transmission of virus by aphids. 

Differences in amino acid sequence between the coat proteins of aphid
transmitted and non-transmitted strains of TEV indicate that the amino
terminal portions of these proteins may be involved in the natural spread of 
virus particles from plant to plant by aphids (Allison et al., 1985). An Asp-
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Ala-Gly motif (located at amino acid residue positions 5-7 in the TVMV and 
TEV coat proteins; position 2745-2747 in the TVMV polyprotein) is present in 
the coat proteins of several isolates of potyviruses which are transmitted by 
aphids but missing from some which are not (Harrison & Robinson, 1988). 
Analysis of the appropriate sequences in additional isolates is needed to verify 
this observation. 

EXPRESSION OF POTYVIRAL GENES IN TRANSGENIC PLANTS 

There has recently been much interest in and effort given to transforming 
plants with genes which encode structural and non-structural viral proteins. 
There are several reasons for this enthusiasm. The prospects of engineering 
crops for enhanced resistance to virus infection are especially promising 
(powell Abel et aI., 1986). In addition, transgenic plant models seem likely to 
augment our understanding of the role of virus-encoded genes and gene products 
in host-range determination. Plant lines that express viral genes and mutant 
derivatives thereof will also be important tools in the genetic dissection of 
potyviral genomes when used in conjunction with in vitro-generated viral 
RNAs. 

There are already a few reports of potyviral gene expression in transgenic 
plants. Cloned DNA representing all but the 3'-terminal 24 nucleotides of the 
TVMV CI gene has been used to transform tobacco plants (Graybosch et al., 
1989). The appropriate RNA and protein were detected in the plants but 
cylindrical inclusions were not. 

Tobacco plants which have been transformed with cloned DNA containing 
the 34K-HC-42K genes of TVMV have recently been shown to express 
biologically active HC (Berger et al., 1989). The protein is of the same size as 
HC isolated from infected, non-transgenic plants and is therefore being 
properly processed from the truncated polyprotein. Analysis of plants 
transformed with cloned DNA in which specific changes have been made may be 
useful in determining amino acid sequences essential to HC activity. 

Transgenic tobacco and potato plants which express potyviral coat proteins 
and their reactions to subsequent inoculation with various potyviruses are 
described in the chapter by R.N. Beachy. 

IN VITRO PRODUCTION OF INFECTIOUS POTYVIRAL RNA -TOWARD A 
GENETIC ANALYSIS OF POTYVIRUSES 

To date, most of what we know of the molecular biology of the potyviruses 
comes from the use of in vitro experimental systems and cytopathological 
examinations. The results of these types of investigation have made it possible 
to describe some of the characteristics of the transmission of virus particles by 
aphids, the development and structure of inclusions and the molecular 
determinants of proteolytic processing. However, there are also many other 
vital reactions which occur during the course of infection and disease 
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development and how these activities are expressed and regulated has yet to be 
understood. To this end, a genetic study of potyviruses seems one of the next 
logical steps. 

The production of TVMV RNA in vitro from bacterial transcription 
vectors has recently been reported (Domier et al., 1989). The RNA has been 
shown to generate infections with a low but useful efficiency in tobacco plants 
and protoplasts. This development makes feasible a detailed investigation of 
the functions and interrelationships of the various TVMV gene products. 
Although the possibility of extensive RNA recombination may hinder these 
efforts, it should be possible to derive a complementation map of the virus 
through the use of site-directed and random mutagenesis, mixed infections and 
transgenic plant lines that express various viral genes. 
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DISCUSSION OF J. SHAW'S PRESENTATION 

D. French: What symptoms do tobacco plants show that are doubly infected 
with TVMV and TEV? 

J. Shaw: There is no noticeable synergism. 

R. Allison: You mentioned that transgenic plants containing the CI-gene 
showed enhancement of symptoms upon inoculation with TEV. What were 
the symptoms when you inoculated with TVMV? 

J. Shaw: We haven't done this experiment yet. 

R. Allison: Why did you check TEV before you checked TVMV? 
J. Shaw: We began with TEV because TVMV symptoms on young plants are 

very difficult to detect. The symptoms seem to go through a stage where 
you think you can see them and then they go away and finally show up again. 
With TEV there is a much more distinct and clear reaction. 

W. Kaniewski: How many independent transgenic lines expressing the TVMV 
coat protein did you examine to draw the conclusion that such plants show 
tolerance for this virus? 

A. Hunt: The effects on CI-transgenic plants were seen with two independent 
plant lines. Concerning the coat protein-transgenic plants, we isolated a lot 
of independent lines expressing low levels of coat protein, that had no 
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biological effects. The highest expressing line is the one showing the effects 
that have been discussed by Shaw. 

J. Hammond: Is TVMV the only virus you tested against the coat protein 
transgenic plants? 

J. Shaw: We have tested TEV and TVMV. With TEV we found tolerance, with 
TVMV we get no protective effect at all. That was the mysterious effect I 
was referring to. 

R. Goldbach: I always thought the 6 K protein would represent the VPg but 
now you showed evidence that VPg would be a 24 K protein. What is the 
hard evidence that this 24 K protein is really the VPg? If you could prove 
that this 24 K protein is covalently linked to the RNA then I would be 
convinced. Can you exclude the possibility that the 24 K protein is a 
contaminant, a breakdown product of the NIa-protein, which has been co
purified, while on the other hand, VPg is a smaller protein as has been found 
for CPMV? 

J. Shaw: This is entirely possible. We do not have proof of it. When we 
examined RNA that has been carried through several sucrose gradients after 
disruption of virus particles, we can indeed see some contaminating coat 
protein, but not a 6 K protein. When this RNA is then run through CsCI 
gradients we no longer see anything but the two proteins I have mentioned. 
The RNA has been quite exhaustively purified but just because we do not 
detect another protein does of course not say that it is not there. We are 
currently attempting to define the linkage between the VPg and the RNA. 

N. Turner: Did you introduce any sequence changes into the coat protein during 
the process of making the coat protein construct? 

L. Domier: We added a methionine at the N-terminus. No other amino acid 
changes have been introduced. 

P. Palukaitis: Are cylindrical inclusions formed in the transgenic plants 
expressing the CI-protein? 

J. Shaw: No. Actually we didn't use a complete CI-construct, it is missing a 
few amino acids at the C-terminus. 

R. Goldbach: You succeeded in producing infectious transcripts from a cDNA
clone and according to your PNAS article you prepared transcripts 
containing two extra G-residues at the 5'-terminus, and having low 
infectivity. In the case of CPMV, increase in infectivity was obtained when 
one of these two extra G-residues was deleted. Are you currently preparing 
transcripts with only one extra G or are you intending to trim the T7 
promoter such that you get transcripts as natural as possible? 
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J. Shaw: Actually, one of the T7 constructs we used produced transcripts that 
had only one extra G-residue. So we are talking about two types of 
transcripts, having either one or two extra Gs. Both transcripts are as far as 
we know equally infectious. 
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