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INTRODUCTION
Variability is a common phenomenon in the biological world.

It

leads to a differential selection of new types or variants of organisms.
Viruses are no exception.
types or strains.

They undergo changes which give rise to new

Jensen {1933) was the first to show that genetic

variants were found when plant viruses multiply.

He observed a range of

tobacco mosaic virus {TMV) isolates that caused symptoms in tobacco that
were different from symptoms caused by the parent culture.

Many other

researchers have since found variability among additional plant viruses.
This is especially true of the potyvirus group of viruses, which
includes large numbers of described viruses, strains, and isolates.

The

list of potyvirus members is continually increasing, which has made
identification and classification of variability within this group very
difficult {Bos et al., 1974; Hamilton et al., 1981).
Peanut mottle virus {PMV), a member of the potyvirus group, was
first described as the causal agent of a mottle disease of peanut
{Arachis hypogaea L.) in Georgia in 1961 (Kuhn, 1965).

In 1971, PMV was

found to cause a disease of soybean (Glycine max (L.) Merrill) in
Georgia (Kuhn et al., 1972).

Subsequently, the disease has

been described in other southeastern states of the United States (Demski
and Kuhn, 1977) including Virginia (Tolin et al., 1974), as well as
other areas of the world (Behncken, 1970; Behncken and McCarthy, 1973;
Bock, 1973; Herold and Muntz, 1969; Inouye, 1969; Ting et al., 1972).
PMV has been shown to reduce soybean seed production from 5-28% in
Georgia {Demski and Kuhn, 1977).
1
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Even though PMV has been known to occur in soybean since 1971, very
little research has been done to identify and characterize possible PMV
variability in soybean.

Most of the past research on PMV has been done

with peanut as a host.

The only study of variability and description of

strains was conducted on peanut (Paguio and Kuhn, 1973b).
In this study, Paguio and Kuhn (1973b) identified five strain
groups (Ml, M2, N, S and CLP) according to symptom expression in the
peanut cultivars Argentine, Starr, Florigiant and Florunner.

The only

examples of variability of PMV in relation to soybean were a report by
Demski and Kuhn (1977), who stated vaguely that a range of mild mottle
isolates exist in soybean in nature, and a report by Tolin et al. (1974)
that a severe PMV isolate was used in inoculation tests to soybean in
Virginia.

Neither of these reports have since been followed up to

detennine the extent of possible PMV variability in soybean.
When the Virginia type isolate of PMV, which was being used in
soybean breeding trials, began to show a variable reaction in soybean, a
potential area for the study of PMV variability in soybean was
recognized.

A research project was then outlined to investigate the

possible existence of PMV variability and if present, to further
characterize this variability.
The research project was based on the premise that PMV strains
exist in soybean in nature, and variation by PMV could cause potential
problems in breeding virus resistant soybean cultivars.

If the exis-

tence of PMV strains is not taken into account, then the effective-
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ness and reliability of resistant soybean cultivars would be greatly
reduced.

This could lead to a situation where little or no resistance,

and therefore disease control, would be available for some PMV strains.
Thus, with no effective resistant cultivars, yield loss could become
quite severe.
Soybean was selected as the host plant because it is a widely
cultivated and economically important crop in Virginia.

PMV was se-

lected because of its importance in reducing soybean yields in Virginia
(Roane and Tolin, 1974; Roane et al., 1978), because strains have been
reported in nature (Paguio and Kuhn, 1973b, Tolin et al., 1974), and
because variable reactions have been observed in soybean.

Greenhouse

variants from a single isolate and naturally occurring field isolates
were used in the study.

Variability of PMV was detected accomplished by

screenin.g these variants and isolates on a number of soybean plant
introductions and cultivars.

The aphid transmissibility and serological

relatedness of strains was also determined.
The purpose of this study was to confirm the variable reaction of
PMV in soybean, and to further examine and characterize this variability.

The specific objectives were:

1) to provide evidence for the

existence of PMV strains in soybean in Virginia; 2) to determine if
resistance in soybean is effective against all strains; 3) to compare
aphid transmissibility of PMV strains and 4) to purify PMV strains and
determine serological relationships.

REVIEW OF LITERATURE
A.

Nature of virus variability
1.

General concepts.

Viruses, like other biological entities,

reproduce themselves in order to survive.

During the reproductive

process change or variation may occur quite readily.
result in a new type or strain of the virus.

This change may

Jensen (1933) was the

first to document the occurrence of variation with a virus.

While

trying to obtain a pure culture of tobacco mosaic virus (TMV) with local
lesion transfers, Jensen obtained a wide range of TMV isolates.

After

this first report, virus variability has been a major area of research
interest and concern in plant virology.

The possibility that new

strains of a virus may cause increased crop losses in the field is of
tremendous practical importance.
2.

Tenninology used.

The tenninology used to describe virus

variation has been reviewed by Gibbs and Harrison (1979).

The tenns

variant and strain are used in describing this variation.

A variant is

defined as "any novel virus isolate," and the term strain is used to
describe "naturally occurring variants" (Gibbs and Harrison, 1979).
Variants of plant viruses can be subdivided into three categories (Gibbs
and Harrison, 1979).

These are mutants, recombinants and those which

undergo complementation.

Mutants are virus progeny which have

alterations in one or more bases in the nucleotide sequence of the
genome.

Recombinants are virus progeny which are fanned from the

breakage and renewal of covalent links in the nucleic acids of the virus
4

5

genome.

This type of exchange of genome pieces occurs during meiosis in

microorganisms.

It has also been demonstrated in various viruses with

DNA genomes (Fenner, 1976).

Complementation is demonstrated when a

virus, which is unable to produce one or more of its proteins, is
assisted by another virus when both are contained in the same host.

One

of the possible examples of this type of variation is called genome
masking, and occurs when the genome of one virus becomes assembled into
particles using the coat protein of another virus, and in this way is
able to survive or to change its vector specificity (Habili and Francki,
1974).
3.

Mechanisms involved in strain and variant induction.

Changes

or variations in a plant virus can be induced both experimentally in the
laboratory and naturally in the host plant.

Experimentally produced

variants have been induced in a number of ways with chemicals such as
nitrous acid and hydroxylamine, high temperatures and ultraviolet
radiation treatments being three of the most common.

Since experimen-

tally produced variation will not be explored in this research project,
the review of strain induction mechanisms will be limited to naturally
produced variation.
Naturally occurring variants are derived spontaneously by processes
which presumably involve mutation and selection (Gibbs and Harrison,
1979).

Even though the end products of natural variation, the variants,

can be readily apparent, the mechanisms involved are not well
understood.

One mechanism that has been implicated in natural variation

is the phenomenon of host passage effects, which is change in the virus
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caused by transfer or passage of that virus through one to several hosts
(Yarwood, 1979).

This phenomenon is an important one because host

passage changes could be the mechanism involved in inducing a virus such
as PMV to produce new strains.

These new strains could cause problems

by infecting plant cultivars previously shown to be resistant to the
original virus, as reviewed in greater detail in section A.4.
There are a number of questions to be answered when analyzing host
passage studies.

These include difficulty in distinguishing between

mixtures of viruses, and determining whether the change is due to host
selection, random mutation or host-directed mutation (Yarwood, 1979).
The problem of mixtures can be remedied by continued single lesion
isolation to secure pure cultures (Jensen, 1936; Kunkel, 1934) if a
local lesion host is available.

Fortunately single lesions of PMV are

produced on bean (Phaseolus vulgaris L. 'Topcrop'} and can be used to
secure pure cultures (Kuhn, 1965).

Random mutation, host selection, and

host-directed mutation have not been adequately investigated in host
passage studies with plant viruses to determine which one is involved in
inducing the variation resulting from host passage (Yarwood, 1979).
While the nature of host passage mutants of plant viruses is largely
unknown, many independent observations of host passage effects have
shown that heritable changes in the virus are associated with host
passage (Yarwood, 1979).

An example of a potyvirus which changed due to

host passage is sugarcane mosaic virus, which lost the ability to be
transmitted

by

the aphid Dactynatus ambrosiae after being vegetatively
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transmitted in and mechanically transmitted to Sorghum bicolor (L.)
Moench. for 15 years (Koika, 1978).

Specific examples of other viruses

which changed due to host passage are reviewed by Yarwood (1979).
4.

The relationship of virus variability to breeding for disease

resistance.

Mutations of virus pathogens are of great importance to the

plant breeder (Yarwood, 1979).

These changes can overcome resistance in

previously resistant crop varieties (Holmes, 1965), which can lead to
severe yield reductions if a new strain of the pathogen infects the
Breeding virus resistant cultivars is a relatively small activity

crop.

when compared to breeding cultivars resistant to fungal diseases
(Yarwood, 1979), but it is a very important one because chemical control
of viral diseases is not feasible and other agronomic measures are
usually insufficient in preventing damage to annual crops during epidemic conditions (Drijfhout, 1978).

Recognition of strains and their

potential development is of great importance when breeding virus resistant cultivars.

The characterization of strains may aid in under-

standing the genetics of plant reactions to viruses, and provide for
development of logical approaches to breeding virus resistant cultivars.
5.

Methods of strain differentiation.
a.

General concepts.

In the preceeding sections, the exis-

tence and importance of virus strains have been reviewed.

A question,

however, comes to mind when one considers the subject of virus variability and strains.

How can one decide whether a particular virus
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isolate is identical to another isolate, is a related variant or strain,
or is a distinctly different virus? This is an important question that
had to be addressed prior to initiation of the current project.
Strains are usually first distinguished on a biological basis.
This basis is generally a difference in virus symptoms on one or several
host plants.

Other biological criteria have also been developed for the

characterization of virus strains.

These include host range, methods of

transmission, cross-protection and productivity {Matthews, 1981).

A

second criterion, having to do with the virus particle itself, has also
been developed.

Examples of this structural criterion include proper-

ties of the nucleic acid and protein, particle size and shape, density
and stability of the particles, and serological relationships (Matthews,
1981; Hamilton et al., 1981).

All of these criteria can be used in the

classification of virus strains.
In theory, there is only one criterion which will definitely
establish that two virus strains are identical.

This is to identify and

compare the complete base sequence of their genomic nucleic acids
{Matthews, 1981).

Unfortunately, the sequencing of nucleic acid bases

is a difficult and time consuming method, and is not likely to become a
routine virus diagnostic procedure in the near future.

Therefore, the

following criteria are considered sufficient for strain differentiations:

virus particle morphology, serological relatedness, symptom

expression on a range of differential hosts, and transmission efticiency
with vectors {Matthews, 1981).

Of these, identity of strains is most

commonly determined from symptom expression on a standard set of dif-
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ferential hosts.

A more extensive list of virus properties that can be

useful in characterizing virus strains is presented and discussed by
Harrison et al. (1971), and Hamilton et al. (1981).
Since the above criteria are considered to be valid ways in which
to characterize virus strains, the question arises as to how one should
use these criteria in deciding whether a virus isolate is the same as
another isolate, is a new strain, or is a different virus.

The current

practice is to look at all the properties of the isolates being studied
and compare them to the overall properties of the virus group to which
they are being compared.

The closely related strains wil I differ by

only a few properties, and distantly related ones will differ by many
more (Matthews, 1981).

Harrison et al. (1971) and Matthews (1979) used

this same general hypothesjs in their classification scheme.

The

authors suggested that virus isolates which share all the same properties, such as type of nucleic acid genome, composition of particles,
ability to react to each other's antisera, symptom type produced on host
plants, taxa of natural vectors, type of relationship with vectors,
composition of coat proteins, host range and symptom severity, except
for a few reactions, are related strains of a single virus.

Those which

differ by several properties are considered members of the same virus
group, and those which differ by several key properties are members of
different virus groups.
An example of this type of scheme is well illustrated by the work
of Bos et al. {1974).

The researchers compared twelve virus isolates

from pea (Pisum sativum, L.), broad bean (Vicia faba L.), clover

10

(Trifolium pratense L.) and yellow lupine (Lupinis luteus L.) to the 825
strain of bean yellow mosaic virus (BYMV), the El98 strain of pea mosaic
virus and El78 strain of pea necrosis virus.

Nine of the isolates were

placed into three BYMV strain groups (I-bean mosaic strains; II-pea
yellow mosaic strains and III-pea necrosis strains) based on a differential host series which included bean cultivars Double White, Princess
and Great Northern 123, pea cu1tivars Koroza and Juwel,

broad bean

cultivar Compacta, Chenopodium amaranticolor Coste and Reyn. and C.
guinea Willd.

The remaining isolates were not identified as BYMV

strains.
This work also demonstrated how the difficulty encountered in
placing virus isolates into strain groups, especially within the potyvirus group, can be dealt.with.

The potyvirus group has a very large

number of described viruses, each with several strains which can make it
extremely difficult to place new isolates into strain groups (Bos,
1970).

Also, many isolates are found which do not quite fit into

established patterns and the results are sometimes quite variable (Bos
et al., 1974).

Bos et al. (1974) demonstrated that these difficulties

can be overcome by devising a workable classification scheme.
In conclusion, the establishment of strain groups from a series of
virus isolates is an inexact science, just as with any taxonomic scheme.
The previously mentioned criteria are the best we have and are currently
of great value in the classification of virus strains.

Therefore, untii

we can more completely understand the significance of these virus
properties as they relate to the viruses themselves, we have to be
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content to use the available criteria as a basis for strain differentiation.

A greater understanding will only come about when we are able to

determine the structure of the viral genome, the function of its coded
proteins and the possible roles of any untranslated regions.
b.

Biological.

Several systems have been described for the

identification of new legume potyvirus strains.

Bos et al. (1974)

classified several unknown virus isolates into three previously described strain groups of bean yellow mosaic virus (BYMV) (Bos, 1970) on
the basis of host ranges, symptoms, and bean and pea cultivar reactions.
Bos et al. (1977) also compared three Swedish isolates of pea necrosis
virus (PNV).

The clover yellow vein virus (CLYVV) and PNV isolates were

found to be strains of the same virus based on host range, serology, and
light microscope studies of inclusion bodies.

The first name CLYVV, was

given priority and retained (Bos, 1977).
Drijfhout and Bos (1977) found two sap-transmissible virus isolates
designated B53 and 854, in bean.

These researchers attempted to identify

these unknown isolates by using particle size and morphology, serology,
non-persistent aphid transmission, very limited host range, and symptoms
and seed transmission in bean.

Both of these new isolates were found to

be flexuous, elongate particles with an average size of 730nm for 853
and 723nm for B54.

Using the microprecipitin serological test, isolate

853 was found to be closely related to the NLS strain of bean common
mosaic virus (BCMV) but only distantly related to the B25 strain of bean
yellow mosaic virus (8YMV), while isolate 854 was closely related to
both viruses.

These strains were also seed borne in the cultivar Double
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White (in 20-80% of the seeds from infected plants), and were found to
be transmitted by the aphid species Aphis fabae (12.5-50%) and Myzus
persicae (20-80%).

The two isolates diftered from BYMV in not infecting

the pea cultivars Koroza and Rondo, which are sensitive to all strains
of BYMV, and in not producing symptoms in broad bean.

All of the

previously mentioned data indicated that the two newly described isolates should be designated as strains of BCMV.

The strains were further

differentiated by using a bean differential series.

The strains were

found to be different from any of the previously reported BCMV strains
(NL1-NL6) and where designated by the notation NL? (853) and NL8 (854).
Continuing this work, Drijfhout et al. (1978) developed a standard set
of bean differential cultivars for the identification of BCMV strains.
Twenty-two BCMV isolates were tested on the differentials and classified
into seven strain groups.

Drijfhout proposed that these differentials

be used for all BCMV strain identification (Drijfhout, 1978; Drijfhout
et al., 1978).
Cho and Goodman (1979) developed a set of soybean differentials for
soybean mosaic virus (SMV), also a potyvirus.

Two susceptible cultivars

(Clark and Rampage) and six resistant cultivars (Buffalo, Davis,
Kwanggyo, Marshall, Ogden and York) were used.

Ninety-eight isolates of

SMV from seeds in the USDA soybean germplasm collections were classified
into seven strain groups (Gl-G7) based on reactions with the
differentials (Cho and Goodman, 1979).
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Symptom severity has been used to identify strains of PMV in peanut
{Paguio and Kuhn, 1973b).

'

The peanut cultivars Argentine, Starr,

Florigiant, and Florunner were used.
fied.

Five strains of PMV were identi-

These included two mild strains {Ml and M2), one which induced

necrosis {N), one which caused severe mosaic {S), and one which caused a
chlorotic line pattern (CLP) symptom.
c.

Serological.

Serological tests have been useful for identify-

ing and studying the relationships among virus strains (Ball, 1974; Van
Regenmortel, 1982).

Two isolates that are serologically identical will

react identically in serological tests.

If they are related but dis-

tinct, the reactions will occur, but will not be identical.

An estimate

of the degree of strain relationship is based only on the similarities
of the amino acids in the antigenic sites of the viral coat protein.
The microprecipitin test is a serological method that has been used
for the diagnosis of virus diseases and the large scale indexing of
vegetatively propagated material (Sampson and Taylor, 1968; Van
Slogteren, 1969; Ball, 1974).

This procedure has two advantages; it is

economical in its use of antiserum and it has high sensitivity (Van
Regenmortel, 1982).

The microprecipitin test has also been used for the

identification of strain relationships.

Beczner et al. (1976) showed

that pea necrosis virus (PNV) isolates El78 and E242 were clearly
related to each other and both were distantly related to bean yellow
mosaic virus strain 8-25 using the microprecipitin technique.

Bos et

al. (1977), also using the microprecipitin technique, demonstrated a
close serologicai relationship between three isolates of clover yellow
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vein virus and the El78 and E242 isolates of PNV.

Finally, micropreci-

p1tin test results showed that two unknown virus isolates (853 and B54)
were closely related to bean common mosaic virus, but only one (854) was
related to bean yellow mosaic virus (Drijfhout and Bos, 1977), and that
five strains of peanut mottle virus (Ml, M2, N, S and CLP) were closely
related to each other (Paguio and Kuhn, 1973b).
One of the most widely used serological tests for determining
strain relationships is the Ouchterlony agar double immunodiffusion
technique (Ball, 1974; Ouchterlony, 1968; Van Regenmortel, 1982).

By

altering this technique with the addition of sodium dodecyi sulfate
(SOS), it has become an effective method for studying strain relationships of flexous rod shaped viruses (Garnsey et al., 1979; Gooding and
Bing, 1970; Purcifull and Batchelor, 1977; Tolin and Roane, 1975; Tolin
and Ford, 1983).

Jones and Diachun (1977) used this technique to show

that three strain groups of bean yellow mosaic were serologically
related but not identical.
Another serological test that is becoming more widely used as a
test fer determining strain relationships is the enzyme-linked immunoabsorbent assay (ELISA).

Clark and Adams (1977) first described this

technique for the qualitative detection of plant viruses.

It has been

particularly effective in the large scale diagnosis of viruses in
perennial and vegetatively propagated crops (Clark et al., 1976; Clarke
et al., 1980; DeBokx et al., 1980; Gonsalves, 1979; Tomada and Harrison,
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1980; Van Der Meer et al., 1980).

This technique has now become estab-

lished as a standard diagnostic tool in most laboratories throughout the
world (Clark, 1981).
A relatively recent application of ELISA is its use in determining
differences among virus isolates.

Even though this application is new,

several researchers have characterized strain relationships using ELISA.
Rochow and Carmichael (1979) have shown homologous reactions among four
strains (RPV, RMV, MAV and PAV) of barley yellow dwarf virus (BYDV) with
ELISA.

In addition, weak heterologous reactions permitted division of

the four strains into two groups.

The RPV and RMV strains were found to

have some common antigens, but seemed to be unrelated to the MAV and PAV
strains which were found to be related.

Lister and Rochow (1979) also

found that the ELISA reaction was sufficiently specific to differentiate
these same strains of BYDV.

Antiserum from RPV was easily distinguished

from MAV, with PAV sometimes weakly reacting in heterologous tests with
MAV antiserum.

Determinations of virus serotypes, like these with BYDV,

have been made with several other viruses (Barbara et al., 1980;
Detienne et al., 1979; Powell, 1980; Tien-Po et al., 1982; Uyemoto,
1980; Wang et al., 1982).
An area of concern with the use of ELISA for serotype detection is
its reliability when compared to the standard double diffusion technique
(Burrows et al., 1980).

Uyemoto (1980) found that both ELISA and the

double immunodiffusion test readily distinguished maize chlorotic mottle
virus (MCMV) serotypes.

The advantage of using ELISA over the double

immunodiffusion test was increased sensitivity.

Specific reactions were
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shown at MCMV concentrations of 100 µg/ml in the double immunodiffusion
test compared to 0.1 µg/ml in ELISA.

These results corresponded to

previous findings that ELISA has increased sensitivity over the double
-

immunodiffusion test (Converse, 1978; Koenig, 1978; Thresh et al.,
1977).

For example, the differences between the MCMV stains were shown

to be more distinct with ELISA than with the double inrnunodiffusion test
(Uyemoto, 1980).

This increased sensitivity is also a great advantage

when ELISA is used for virus diagnosis (Clark, 1981).
B.

Properties of the Potyvirus group

The potyvirus group was first established by Brandes in 1964.

It

has further been characterized by Harrison et al. (1971), by Fenner
(1976) and by Matthews (1979) in accordance with the International
Committee on Taxonomy of Viruses.

The type member of the group is

potato virus Y (PVY), which was first described by Smith (1931).

The

PVY-group is the largest and most widespread of the plant virus groups
(Brandes, 1964).

Viruses in this group have been reported by Edwardson

(1974) to infect 1112 species belonging to 369 genera in 53 families of
angiosperms, but this number is undoubtedly low.

Some of the most

common members of this group which occur in Virginia are maize dwarf
mosaic, bean yellow mosaic, clover yellow vein, peanut mottle, soybean
mosaic, tobacco etch, potato Y, tobacco vein mettle and watermelon
mosaic viruses.
Y.

The name 'poty' is the sigla derived from potato virus

The most recent description of this group was given by Matthews in

1979.

The following is taken from Matthew's description.

17

MAIN CHARACTERISTICS
Nucleic acid:

"one molecule of positive sense ssRNA; MW, 3.0-3.5 x

10 6; G 29.9; A 25.9; C 17.3; U 26.9; 5% by weight of particle."
Protein capsid:

"one coat polypeptide with MW 32-34 x 10 3; no lipid

reported; no carbohydrate reported."
Particles:

"particle S20, w 150-160; buoyant density in CsCl 1.31

g/cm 3; particles are flexuous rods, 680-690 nm long and 11 nm wide with
helical symmetry and pitch of 3.4 nm."
Serological relationships:
Replication:

found to "exist between some members."

"details of replication are not known, but it probably

occurs in the cytoplasm."
Inclusions:

"characteristic cylindrical inclusions are induced in the

cytoplasm, and are sometimes found attached to the plasmodesmata.

They

appear as pinwheels in section and consist of a protein unrelated to
viral coat protein or normal host proteins."
Host range and transmission:
host ranges.

"individual viruses have rather narrow

Members are transmissible by mechanical inoculation, by

aphids in a nonpersistent manner.

Some members are also transmitted by

seed."
C.

Aphid transmission in a nonpersistent manner.
1.

General concepts.

Aphid transmitted viruses can cause

severe damage in agronomic and horticultural crops.

This damage can

range from death of the plant to a reduction in crop yield.

The cash

value of losses due to aphid transmitted viruses is difficult to assess
(Eastep, 1977).

Growers spend large sums of money on virus-free
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planting stock and on protecting their crops from virus disease.

No

matter what the cost of virus disease is to the farmer, they must be
avoided or controlled in order to produce a profitable crop (Eastep,
1977).
Plant viruses which are transmitted by aphids were initially placed
in one of two groups, nonpersistent or persistent based on their relationship with the aphid vector (Watson, 1938; Watson and Roberts, 1939,
1940).

Nonpersistent viruses were defined as viruses which survived in

their vectors for only short time periods, less than the survival time
of virus in untreated leaf extracts.

Persistent viruses were defined as

viruses which survived in their vectors for long periods, sometimes
weeks or months.

An intermediate term, semipersistent, was proposed

later to describe viruses which fail to fit the first two categories
(Sylvester, 1956a, 1956b).

Other terms have also been proposed for the

grouping of aphid borne viruses, including internal and external
(Watson, 1960), stylet borne (Kennedy et al., 1962), and circulative
(Black, 1959).

In this discussion, the terms nonpersistent and persis-

tent will be used when referring to types of aphid transmission.
Since the potyviruses are transmitted in a nonpersistent manner,
this form of transmission will be reviewed in greater detail.
transmission cycle for nonpersistent viruses is very short.

The
The acqui-

sition, carry over and inoculation phases can be completed within one to
two minutes (Harris, 1977).

There is no detectable latent period, and

only brief probes by the aphid are needed for transmission (Harris,
1977).

Starving aphids prior to acquisition probes has been found to
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increase the efficiency of transmission.

A time period of fifteen

minutes to one hour has been found to be effective (Harris, 1977).
However, allowing the aphids to feed too long on the source plant
cancels out this effect (Watson, 1938; 1972; Watson and Roberts, 1939,
1940).
Acquisition of the virus can occur during probes as short as five
seconds are best for optimal

seconds, but uninterrupted probes of

15~60

uptake of the virus (Harris, 197/).

The inoculation phase of nonper-

sistent transmission is very similar to acquisition.

The optimal time

period for an uninterrupted probe by the aphid has been shown to be 15
seconds (Mclean, 1959; Sylvester, 1949).

The minimal time for inocu-

lation has been shown to be slightly less than that for acquisition
(Mclean, 1959; Toba, 1963).

The retention of virus by aphids in non-

persistent cases is characteristically very short.

Aphids generally

cease to be viruliferous after only a few minutes following acquisition,
but the time can be much longer {Harris, 1977).
Eight groups contain viruses which are transmitted in a nonpersistent manner (Shepherd, 1977).
sizes.

They cover a wide range of shapes and

Potyvirus Y and closterovirus group members have flexuous

rod-shaped virions.

Carlavirus group members, including potato viruses

S and M, carnation latent virus, red clover vein mosaic, pea streak
virus and others have shorter, stiffer rod-shaped virions, while still
other nonpersistent viruses, such as cucumber mosaic, peanut stunt and
tomato aspermy viruses, which are members of the cucumovirus group, and
cauliflower mosaic virus which is a member of the caulimovirus
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group, have isometric particles.

Broad bean wilt virus and parsnip

yellow fleck virus are two additional nonpersistent viruses which are
composed of isometric particles, but are separate taxonomic entities.

A

final nonpersistent virus, alfalfa mosaic, which is in the alfalfa
mosaic virus group, has short, fat bacilliform particles of several
different lengths (Shepherd, 1977).
characteristics in common.

These viruses do have a few

They are relatively stable and are generally

easily sap transmissible.
2.

Virus strain specificity.

Specificity of aphid transmission is

characterized by differences in the efficiency by which the virus
strains are transmitted.

Strain specificity has been observed with

nonpersistent aphid transmission of several viruses (Badami, 1958; Evans
and Zettler, 1970; Hollings, 1955; Jensen, 1959; Louie and Knoke, 1975;
Lung, 1972; Normand and Pirone, 1968; Swenson et al., 1964; Watson,
1958).

By using membrane feeding techniques with known concentrations

of virus, researchers have shown that this specificity is not correlated
with virus concentration.

Examples include the aphid transmission of

bean yellow mosaic virus strains (Evans and Zeller, 1970), cucumber
mosaic virus strains (Normand and Pirone, 1968) and cauliflower mosaic
virus strains (Lung, 1972).
The mechanism which is responsible for virus strain specificity has
not been conclusively determined, but some progress has been made.
Mossop and Francki (1977) constructed pseudorecombinants from a readily
transmissible strain of cucumber mosaic virus (CMV), Q strain, and from
a strain which is not transmitted, the Mstrain.

CMV has a multipartite
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genome, containing four major RNA species (RNA 1, 2, 3, 4) encapsidated
into three separate virus particles.

The researchers isolated and

purified each of the four RNA species.
all possible combinations.

They then recombined the RNAs in

The aphids were allowed to feed on plants

infected with these pseudorecombinants in order to determine which RNA
controlled aphid transmissibility.

From these studies, they determined

that the viral coat protein and a second undetermined protein, coded for
by RNA3, is responsible for aphid transmission of the virus.
Gera et al. (1979) have provided additional evidence for the role
of coat protein in.aphid transmission.

CMV-T, a highly transmissible

strain (90%) and CMV-6, a poorly transmissible one (10%), were used to
investigate the importance of the coat protein.

The coat protein of

each strain was exchanged in vitro by disassembling and reassembling the
virus.

In other words, the RNA of CMV-6 was encapsidated by the coat

protein of CMV-T and vice versa.

Exchanging CMV-6 coat protein with

CMV-T showed a marked increase in aphid transmissibility, whereas the
converse showed a marked decrease.

Therefore, the ability of a virus

strain to be transmitted by its aphid vector is dependent upon
properties of the virus coat protein which presumably affects the
ability of the virus particles to be absorbed to and released from the
insect's feeding canals (Mossop and Francki, 1977).
Aphids have been shown to differ in their transmission efficiencies
of different strains of the same virus.

An example includes a study of

strains of maize dwarf mosaic virus which showed differences in the
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percentage of successful transmissions (Louie and Knoke, 1975).

Strains

of PMV have also been shown to differ in aphid transmissibility, with
one strain not being transmitted at all (Paguio and Kuhn, 1976).
3.

Importance in PMV epidemiology.

Several studies have shown

that peanut mottle virus can be transmitted from peanut to peanut in a
nonpersistent manner by a number of aphid species (Behncken, 1970; Bock,
1973; Inouye, 1969; Paguio and Kuhn, 1976).

Inouye (1969) found that

PMV could be transmitted by the aphid species Aphis craccivora Koch.
Behncken (1970) showed that three aphid species, Aphis gossypii Glover,
Hyperomyzus lactucae L. and Rhopalosiphum padi L. could transmit PMV.
Bock (1973) found that five species of aphids transmitted PMV.
were A. craccivora,
B..=_

padi.

~

These

gossypii, .!!.:_ lactucae, Myzus persicae (Sulz.) and

Paguio and Kuhn (1976) also tested aphid transmission and

found that most PMV strains could be transmitted
persicae.

•

by~

craccivora and

~

Finally, Highland et al. (1981) added the aphid species

Rhopalosiphum maidis (Fitch) as a vector of PMV.

In addition, Demski

and Kuhn (1975) demonstrated that PMV could be transmitted from peanut
to soybean

by~

craccivora and

~

persicae.

The efficiency of peanut

to peanut transmission was found to be much greater than that for peanut
to soybean transmission.

A rate of 25-55% was found with peanut to

peanut transfers compared to 3-17% for peanut to soybean transfers.
This correlates quite well with the fact that virus spread in the field
was found to be much less in both distance and percent infection in
soybean as compared to peanut (Demski and Kuhn, 1977).
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The actual role that different aphid species and populations have
in the spread of PMV has not been critically studied (Demski and Kuhn,
1977).

Demski (1975) and Paguio and Kuhn (1974) surmised that aphids

were indeed the natural vector of PMV, based on field observations of
the abundance and relative activity of aphid vectors compared to the
incidence and spread of the virus.

This supposition is based solely on

observations and not on actual experiments.

In addition, all the

initial data are not completely supportive of aphids being the natural
vector.

During a three year period (1972-1974), a time when natural

spread of PMV was occurring in peanut and soybean, the winged aphid
populations were extremely low or nonexistent (Demski and Kuhn, 1977).
This low level of aphids does not correlate well with the spread of PMV
an~

seems to lessen the role of aphids in PMV spread, but other factors

such as improper trapping methods could have been

involved~

On the

other hand, recent data by Highland et al. (1981) tend to support the
theory that aphids are natural vectors.

They trapped live aphids in

peanut fields and transferred them to peanut test plants to recover PMV.
Viruliferous aphids of the species.!!.:._ maidis were detected in these
tests.

Therefore they concluded that this aphid species was responsible

for field spread of PMV.

Since no other vector of PMV has been found or

even remotely indicated, aphids are presumed to be the means by which
PMV is transmitted in the field.
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D.

Characteristics of peanut mottle virus
1.

General description.

reported by Kuhn (1965) in Georgia.

Peanut mottle virus (PMV) was first
The virus is a flexuous rod,

ranging from 704 to 812 nm in length (Behncken, 1970; Bock, 1973; Harold
and Munz, 1969; Paguio and Kuhn, 1973a; Sun and Hebert, 1972), belonging
to the potyvirus group (Bock and Kuhn, 1975), and is serologically
distinct from all other potyviruses tested including bean common mosaic,
bean yellow mosaic, cowpea aphid-borne mosaic, soybean mosaic, clover
yellow vein, potato Y, tobacco severe etch, celery mosaic, iris mosaic
and sugarcane mosaic viruses (Bock, 1973; Sun and Hebert, 1972).

It

contains single-stranded RNA, which comprises about six percent of the
particle weight (Bock and Kuhn, 1975).

The dilution end point of the

vi~us was found to be between 10- 3 and 10- 4 , and the ther.mal
inactivation point between 60 and 65C (Bock, 1973).

A number of methods

for purification of PMV have been described (Bock, 1973; Paguio and
Kuhn, 1973a; Sun and Hebert, 1972; Tolin and Ford, 1983; Tolin et al.,
1974).
2.

Economic importance.

PMV has been shown to cause

significant yield losses in both peanut and soybean.

Experiments in

Georgia with peanut have shown that a mild strain of PMV caused seed
losses of 25% in greenhouse tests and 22% in field tests (Kuhn, 1965;
Paguio and Kuhn, 1974).

A severe strain, found in North Carolina (Sun

and Hebert, 1972), and a necrotic strain, found only in Georgia (Paguio
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and Kuhn, 1973b), both caused serious losses in greenhouse experiments
(60 and 80% yield loss respectively based on seed weight) (Paguio and
Kuhn, 1974).
The degree of economic loss to the peanut crop due to PMV is
dependent on natural occurrence and distribution of PMV in the field.
In 1973, the incidence of PMV infection varied greatly from field to
field, with an average of 26% for all fields.

The estimated yield loss

for this occurrence of PMV was 5.2%, or 11.3 million dollars of a total
peanut crop value of $218 million (Kuhn and Demski, 1975).
Several studies have been conducted to determine the effect of PMV
infection on soybean yields.

Roane and Tolin (1974) reported losses due

to PMV for four soybean cultivars:

Essex, Lee 68, Wye and York.

They

screened two strains of PMV, a mild strain, PMV-M, and a severe strain,
PMV-S, on the four soybean cultivars.

The plants were compared for

symptomology, growth, yield and yield components, including number of
fruiting nodes, pods and seeds per plant.

Growth responses of the

susceptible cultivars were generally slight for PMV-M and moderate for
PMV-S.

The average yield reduction caused by each strain in all four

cultivars was 4% for PMV-M and 22% for PMV-S.

Roane et al. (1978) found

that a severe strain of PMV $80-81 (now termed strain V74S) reduced seed
quality and mean yield of 21 PMV susceptible soybean cultivars.

In

their study, they tested 25 soybean cultivars for their reaction to PMV.
They found that 21 of the cultivars were susceptible.

PMV was found to

have no effect on the resistant cultivars, but reduced mean yield of the
21 susceptible cultivars by 44%.

Seed weight was reduced by only 20%,
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which indicates that PMV may have caused a reduction in seed number.
Plant height of the susceptible cultivars was also reduced, thus giving
the indication that the resistant cultivars were given a competitive
Demski and Jellum {1975) in Georgia found significant yield

advantage.

reductions on the soybean cultivars Hampton 266A and Jackson (18% loss
for both cultivars).

The effects on plant characteristics and chemical

composition of the soybean seed were also evaluated.
shown not to be significantly affected.

Plant height was

The percentage of the fatty

acids linoleic, oleic, linolenic, stearic and palmitic were found to
vary, but the alterations were not statistically significant.
3.

Hosts, symptomology and strains.

PMV causes a leaf

mottling, upward curling of leaflets, and depression of interveinal
tissue in peanuts {Kuhn, 1965).

It has been shown to reduce height and

yield of susceptible peanut cultivars {Demski and Kuhn, 1975).

PMV was

found to be mechanically transmissible in infected peanut sap {Kuhn,
1965).

Non-buffered sap from PMV infected soybeans was infectious, but

mechanical inoculation was facilitated by the use of a phosphate buffer
/

{0.01-0.05M) at pH 8.0 {Demski and Kuhn, 1977).
Leguminosae were found to be susceptible to PMV.

Sixteen species of
These include Arachis

hypogaea, Canavalia ensifonnis {L.) DC, Cassia leptocarpa Benth.,

.£.

.£. tora L., Cyamopsis tetragonoloba L., Glvcine max
'CNS-4', Lathyrus odoratus L., Phaseolus coccineus L., f. lunatus L.

occidentalis l.,
'Henderson,

f.

vulgaris, Pisum sativum 'Alaska' and 'Little Marvel',

Trifolium incarnatum L., Vigna cylindrica Skeels, y_. sesguipedalis
Fruwirth and V. sinensis (Torner) Savi.

The snap bean cultivar Topcrop
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was found to be a local lesion assay host (Kuhn, 1965).

PMV has been

found to occur naturally in pea and navy bean (f. vulgaris) in Australia
(Behncken and McCarthy, 1973).

Nicotiana clevelandii A. Gray, a non-

legume, has also been reported as an artifical host (Behncken, 1970).
PMV has recently been isolated from naturally infected arrowleaf
(Trifolium vesiculosum Savi) and subterranean (1=_ subterraneum L.)
clover, white (Lupinus albus L.) and blue

Jl.

angustifolius L.) lupine

and Desmodium canum (J. F. Gmel.) Schinz and Thell. in Georgia (Demski
et al., 1981; Khan and Demski, 1980).
Most of the research on PMV strains has been done with peanuts
rather than soybean.

This is due primarily to the fact that the virus

was first described in peanut (Kuhn, 1965).
reported to occur in peanut.

Five strains of PMV were

These were designated Ml and M2, which

induced mild mottle in peanuts, and N, S, and CLP, which caused necrosis, severe mosaic and chlorotic line pattern symptoms, respectively
(Paguio and Kuhn, 1973b).

An additional severe mosaic strain has also

been observed in peanut in North Carolina (Sun and Hebert, 1972).
Soybean was first observed as a natural host of PMV in Georgia in 1971
(Kuhn et al., 1972).

The natural occurrence of PMV in soybean has

subsequently been reported in East Africa (Bock 1973), Australia
(Behncken and McCarthy, 1973), Virginia (Tolin et al., 1974) and South
Carolina (Demski and Kuhn, 1977).
4.

Epidemiology.

The primary source of PMV inoculum is

believed to be infected peanut seed (Paguio and Kuhn, 1976).

The levels

of transmission through peanut seed ranged from 0.001 to 20% (Adams and
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Kuhn, 1977; Behncken, 1970; Bock, 1973; Kuhn, 1965; Paguio and Kuhn,
1973a; Paguio and Kuhn, 1974; Sun, 1974).

PMV was also shown to be seed

transmitted in bean (Behncken and McCarthy, 1973) and in white lupine
(Demski et al., 1983), but not in cowpea (Vigna sinensis pea, sicklepod
(Cassia obtusifola) (Adams, 1975) or soybean (Adams, 1975; Demski and
Harris, 1974).

It is believed that PMV is moved by aphids from the

seed-infected peanut plants to adjacent healthy plants, as discussed in
Section C.3.

Several researchers have shown that the virus is trans-

mitted in a stylet borne, non-persistent manner in peanut, and that A.
craccivora and.!:!:_ persicae are the most common aphid vectors (Behncken,
1970; Bock, 1973; Herold and Munz, 1969; Paguio and Kuhn, 1976).

It has

also been shown that the two previously mentioned aphid species can both
transmit PMV from peanut to soybean (Paguio and Kuhn, 1976). Other
aphid species shown to be PMV vectors
R. maidis

and~

include~

gossypii, .!:!.:. lactucae,

padi (Behncken, 1970; Bock, 1973; Highland et al.,

1981).
PMV was found to be one of the most prevalent viruses in soybean in
Georgia during a three year period from 1971-1973 (Demski and Kuhn,
1977).

It caused chlorotic mottle, mild mosaic or mild to severe leaf

curling and distortion (Bock and Kuhn, 19i5).

The virus has most

frequently been found in soybean in areas where soybean and peanut are
grown in close proximity (Bock, 1973; Demski and Kuhn, 1974; Tolin and
Roane, 1975).

PMV-infected volunteer peanut plants act as the primary

source of inoculum for subsequent infection of the soybean plants
(Demski, 1975).
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E.

Inheritan-ce of virus resistance to potyviruses in soybean and

other legumes.

Resistant cultivars are the major means of virus control

and consequently their development is a very important research area.
Since the problem currently being investigated concerns the possibility
of resistance breaking strains of PMV being produced in nature, the
available data on developing resistance to potyviruses, especially PMV,
in soybean and other legumes will be reviewed.
Zaumeyer and Meiners {1975) have reviewed studies on the inheritance of resistance of common bean to bean yellow mosaic virus {BYMV).
Recessive and dominant genes have been shown to give resistance to this
virus.

Oiachun and Henson (1974) found clones of red clover which were

resistant to BYMV.

These clones were first generation inbreds in which

hypersensitive primary lesions resulted in localization of the virus.
Resistance was found to be controlled by a single dominant allele in the
homozygous condition.

Resistance to bean common mosaic virus (BCMV) in

most U.S. snap bean cultivars is controlled by a single dominant gene
derived from the cultivar Corbett Refugee (Zaumeyer, 1969).

Drijfhout

(1978) has proposed a genetic model for resistance to BCMV in bean based

on the gene-for-gene concept (Flor, 1956).

This genetic model is based

on the interaction of recessive resistance genes at four loci of the
host and the virus which can predict 16 different BCMV strains.

Thus

far, 7 have been identified (Orijfhout, 1978).
Kuhn et al. (1978) screened 37 peanut cu1tivars and 428 peanut
plant introductions for PMV resistance, and failed to find any resistant

30

material.

Other workers also failed to locate any genetic resistance,

but some tolerant plant introductions were identified (Kuhn and Demski,
1975; Kuhn et _al., 1978).
The inheritance of resistance to viruses in soybean has been
studied by several investigators.

Koshimizu and Isizuka (1963) reported

that the inheritance to soybean mosaic virus (SMV) was controlled by a
single dominant gene.

Ross (1969) found that the soybean cultivars

Ogden, PI96983 and PI170893 were resistant to seven isolates of SMV.
Kiihl and Hartwig (1979) recognized two types of resistance to SMV
strains SMV-1 and SMV-1-B, a variant strain of SMV-1.

The gene for

highest level of resistance gave complete protection against both
strains, and was designated Rsv Rsv.

The gene for a lesser level of

resistance, designated rsvt rsvt gave protection against SMV-1 if it was
in the homozygous condition, but some of the heterozygous plants exhibited systemic necrosis.
designated rsv rsv.

The allele conditioning susceptibility was

Rsv, rsvt and rsv form a multiple allelic series

with Rsv dominant to rsvt and rsvt dominant to rsv (Kiihl and Hartwig,
1979).

Boerma et al. (1975) found that resistance of soybean to cowpea

chlorotic mottle virus-soybean strain (CCMV-S) was controlled by a
single dominant gene.
Demski and Kuhn (1975) tested 70 soybean cultivars for resistance
to PMV in the greenhouse, and found 14 cultivars which were PMV resistant, containing less than 2% susceptible plants.

Shipe et al. (1979a)

tested 2,161 soybean plant introductions (Maturity Groups II, III, and
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IV) for resistance to PMV.

The following numbers of resistant cultivars

were identified in each of the Maturity Groups:

7 in Group II, 16 in

Group III, and 122 in Group IV.
The genes responsible for reaction to PMV in soybean have been
investigated.

Boerma and Kuhn {1976) found that a single dominant gene

designated BE.Y. controlled the resistant reaction in the cultivars Dorman
and CNS.

Shipe et al. {1979b) found that resistance in the soybean

cultivar Peking is conditioned by a single recessive gene, designated
!.E.Y2• These researchers also demonstrated that 'Arksoy', PI89784 and

PI219789 contained single dominant genes for PMV resistance, but did not
test for allelic relationships.

Additional sources of PMV resistance

include 'York' {Roane and Tolin, 1974) and
1975).

'Shor~'

{Demski and Kuhn,

Roane et al. {1983) have determined that York Arksoy, Dorman and

Shore contain the same gene for resistance to PMV, which is different
from the dominant gene found in CNS.

I.

REACTION OF SELECTED SOYBEAN PLANT INTRODUCTIONS TO FIVE ISOLATES OF
PEANUT MOTTLE VIRUS IN THE FIELD
A.

Introduction

Peanut mottle virus was first found to occur in soybean (Glycine
max L. Merrill) in Georgia in 1971 (Kuhn, et al., 1972), and has subsequently been reported in soybean fields in Virginia (Tolin et al.,
1974).

Observations of PMV in soybean have primarily been restricted to

the peanut growing regions of Virginia (the southeastern corner of the
state).

This is due to the fact that peanuts and soybeans are both

grown in this region.

It is quite common to see peanuts growing beside

soybeans in the field or grown in rotation.

Since PMV-infected peanut

seed provides the primary source of inoculum for this virus disease in
soybean (Demski and Kuhn, 1977), the proximity of peanut plants to
soybean fields can lead to an increase in virus disease in soybean.
Incidence of PMV is greatest when peanut preceeds soybean in the
planting rotation (C.W. Roane, personal communication).

The occurrence

of PMV in soybean can lead to significant yield losses (Demski and Kuhn,
1977; Roane et al., 1978).
The production of resistant cultivars is the best method of control
for PMV disease in soybean (Demski and Kuhn, 1977).

One of the most

important areas of breeding for PMV disease resistance is the identification of PMV-resistant soybean lines.

Fourteen cultivars of soybean

were reported to be resistant to PMV (Demski and Kuhn, 1975).

In

addition, Shipe et al. (1979a) have reported that 145 plant introductions were resistant to PMV.

In each of these cases only one strain
32

33

of PMV was used.

The effect of different strains on the resistance of

the soybean cultivars and plant introductions has not been investigated.
In the present study, some of the previously tested resistant plant
introductions were inoculated with five PMV isolates, the type isolate
used by Shipe et al. (1979a) and four variants which demonstrated
variable reactions in soybean, to determine their reaction in soybean
resistant to the type strain.
The variants were recovered from the PMV V74S isolate, the type
isolate being used for breeding experiments, which had been shown to
produce variable symptom expression in soybean.

Single lesion isolates

were selected by transfer of the original isolate to 'Topcrop' bean
(Phaseolus vulgaris L.), and the subsequent transfer from single local
lesions to 'Essex' soybean.

The pur.pose of this study was to demon-

strate that the PMV variants could infect and induce variable reactions
in the resistant soybean plant introductions tested.

This would be a

first step in categorizing PMV variability in soybean.
B.

Materials and methods
1.

Source of virus variants.

The PMV type isolate, V74S/473,

and four variants selected from local lesions, V74S/108-1, V74S/108-4,
V74S/348-1 and V74S/495-1, were used in this study.
Isolate V74S/473 was the type isolate originally used by Shipe et
al. (1979a).

Variants V74S/10B-1 and V74S/10B-4 originated in 1977 and

variants V74S/348-1 and V74S/495-1 originated in 1978 from single
lesions selected from the type isolate culture that Shipe et al. (1979a)
had been using in their studies.
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These local lesion variants were selected by isolation from single
lesions on Topcrop bean.

Soybean sap infected with each of the variants

was inoculated to Topcrop bean.
PMV type lesions developed.

After 4-6 days, typical reddish-brown

A single lesion was then excised with a

razor blade and placed on the ground glass portion of a microscope
slide.

One drop of O.OlM sodium phosphate buffer, pH 8.0, was placed on

the lesion, which was then ground with a glass rod.

Essex or Lee 68

soybean plants, previously dusted with 600 mesh carborundum, were
inoculated by rubbing the slide on the leaves of the plant.

The single

lesion transfers were perfonned two times in succession for each isolate.
The identity of virus in the resulting systemically infected soybean was
tested serologically using the ilTITlunodiffusion test in agar containing
sodium dodecyl sulfate (SOS) (Tolin and Ford, 1983), and by inoculation
to peanut to ascertain that pathogenicity on the original host had been
maintained.

The technique used for inoculating peanuts is described in

section II. B.6.

The variants were maintained according to the

procedure outlined in Section II.B.3.
2.

The experimental design, including the soybean plant introduc-

tions and cultivars used.
obtained from Dr.

Seeds of the soybean plant introductions were

G. R. Buss, Department of Agronomy, VPI & SU,

Blacksburg, Virginia.

The plant introductions were planted at a re-

search farm at Blacksburg, Virginia in hill plots in 1974.

Approxi-

mately 25 seeds per entry were planted in a hill, with hills spaced 90
cm apart.

The seedlings were thinned to 15 plants per entry to make

inoculation and disease rating more efficient.

Fifteen plant intro-
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listed in Table I, were tested.

ductions~

Also included in the test

were two resistant cultivars, Virginia and Peking, and two susceptible
check entries Essex and PI229315.

Four repetitions of each entry were

used with each isolate and the noninoculated control.

The type isolate,

four single lesion variants, and the uninoculated control were
considered blocks, with the four repetitions of each entry randomly
arranged throughout each block.
3.

Inoculation technique.

Inoculum was prepared for field

inoculations by grinding 25g PMV-infected soybean leaves which had been
inoculated 3-4 weeks before, in a Waring blender containing 50-75ml of
O.OSM sodium phosphate buffer, pH 8.0, plus 0.1% sodium sulfite
(Na 2so 3 ).

The homogenate was then filtered through four layers of

cheesecloth and 1% carborundum (600 mesh) was added to the final volume
of 250 ml.

The plants were inoculated when the first trifoliolate leaf

was fully expanded, about 3-4 weeks after planting.

Inoculations were

made with an artist's airbrush (Model C, Thayer and Chandler, Inc.,
Chicago, Illinois).

The airbrush was held approximately two to three cm

from the undersurface of the leaf to be inoculated.

Inoculum was forced

into the leaf by compressed air at a pressure of 4.2 kg/cm 2 (60 pounds
per square inch).

The entries were evaluated for presence of infected

plants and rated for symptom severity at 30 and 50 days after inoculation.

The rating scale used is given in Table I.I.
C.

Results
1.

Peanut mottle virus isolate purity.

All four of the PMV

single lesion variants used in the study (V74S/10B-1, V74S/108-4,
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V74S/348-I and V74S/495-I) produced typical reddish-brown local lesions
on Topcrop bean.

The single lesion clones which were isolated from

these bean plants produced typical PMV-type symptoms in Essex, vein
clearing and leaf mottling, but showed differences in symptom severity.
The four isolates infected Florigiant peanut, producing a mild mottling.
They also gave a positive reaction, a precipitin band, when reacted with
PMV antiserum in the SOS immunodiftusion test.

The variants were

differentiated by their symptom severity in Essex in the greenhouse.
Isolate V74S/495-I produced a severe mottle and blistering similar to
the type isolate, V74S/473, V74S/IOB-4 an intermediate mottle, and
V74S/348-I and V74S/IOB-I a mild mottle (Fig. I.I).
2.

Reaction of soybean plant introductions to variants.

When the

soybean plant introductions and cultivars were inoculated with the five
PMV isolates, a variation in reaction was observed.

The susceptible

checks, Essex and PI229315 were both infected by all five of the
variants, with a variation in symptom type being observed.

Seven plant

introductions and the cultivar Peking were completely resistant to the
five isolates (Table I.I).

The eight remaining plant introductions and

the cultivar Virginia showed a variation in reaction.

The cultivar

Virginia was resistant to isolates V74S/IOB-I, V74S/10B-4 and
V74S/348-1, but was susceptible to V74S/473 and V74S/495-I.

The plant

introductions I9976-I, 7I506, 82218, I59923-I, 274423 and 398990 were
found to be resistant to isolates V74S/473, V74S/348-I and V74S/495-1,
but were susceptible to V74S/IOB-I and V74S/IOB-4 (iable I.I).

Two
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Figure
I.1

Symptom expression of peanut mottle virus variants in
'Essex' soybean. A-Severe mottle and blistering
(V74S/495-1), B-Intermediate mottle (V74S/473), and
C-Mild mottle (V74S/348-1).

A. Severe mottle and blistering

(V74S/495-l)

Figure

I~l

continued

B. Intermediate mottle

(V74S/473)

Fiqure I . l continued

C. Mild mottle

(V74S/348-l)
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Table I.1.

Reaction of selected soybean plant introductions and
cultivars to five peanut mottle virus variants.

PI or
cultivar V74S710B-1
Essex
229315
Virginia
19976-1
71506
82218
159923-1
274423
398990
91733-1
171427
54606-1
157492
205089
224171
235335
235340
264555
Peking

Virus variants
V74S/10B-4 vs74S/473

11
3
0
3
3
3

3
2
1
1
1
0
0
0
0

1
3
0
3
3
3

3
2
1
1
1
0
0
0
0

0
0
0

0
0

0

0

0

4
4

1
0
0
0
0
0
0
2
2
0
0
0
0
0
0
0
0

V74S7495-1
4
4
1
0
0
0
0
0
0
2
2
0
0
0
0
0
0
0

V74S/34S-1
1
2
0
0
0
0
0
0
0
2
1
0
0
0
0
0
0

0

0
0

1 Values represent mean scores of four repetitions using the following
rating scale:
0 - No symptoms
1 - Mild mottle
2 - Leaf blistering

4 - Severe mottle
5 - Severe mottle and leaf
blistering
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plant introductions 91733-1 and I7I427 were found to be susceptible to
all of the PMV variants {Table I.I).
The symptom severity also varied among plant introductions and
cultivars inoculated with the same isolate.

For example, V74S/473 was

very severe on Essex and PI2293I5, while much milder on Virginia and
intermediate on PI's 9I733-I and 17I427.

Symptom expression also varied

between the PMV isolates on the same plant introduction or cultivar
{Table I.I).

For example, V74S/IOB-I and V74S/348-l were mild on Essex

but V74S/473 was much more severe.

No significant virus infection was

found in the noninoculated control plants.
D.

Discussion

In this study, evidence for PMV variability of PMV isolate reaction
in soybean cultivars was demonstrated.

Fifteen soybean plant intro-

ductions, which were previously shown to be resistant to a severe
isolate of PMV {Shipe et al., 1979a) were tested for their reaction to
this same severe isolate and four additional variants obtained from the
original isolate by single lesion cloning on Topcrop bean.

The results

indicated that variable host reactions can be expected when additional
virus variants are included.

This is well illustrated by the PI's

19976-1, 71506, 822I8, 159923-I, 274423, 398990, 91733-1, 17I427 and the
cultivar Virginia {Table I.1).

In these cases, reportedly PMV-resistant

cultivars were found to be susceptible to the PMV variants tested here,
but were resistant to the isolate used by Shipe et al. {1979a).

The

cultivar Virginia was another good example of this, because it was shown
to be resistant to PMV by Demski and Kuhn (1975), but was susceptible to
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V74S/473 and V74S/495-I in this study.

The variants V74S/IOB-I and

V74S/IOB-4 were particularly noteworthy, because they infected 8 of the
PI's reported to be resistant to PMV, and might be considered resistance
breaking isolates.

This study has clearly demonstrated that different

PMV variants can have different effects on the same soybean cultivar
(Table I.I).

From these results, the PMV variants could be placed in

three groups; V74S/473, V74S/495-I in one group; V74S/IOB-I and
V74S/IOB-4 in a second group and V74S/348-I in a third group.

The type

isolate V74S/473 and variant V74S/495-I generally produced more severe

•

symptoms on the PI's or cultivars they infected, and were the only ones
to infect the cultivar Virginia.

These symptoms are typical for the PMV

type isolate commonly found in soybean in the state of Virginia.
Variants V74S/IOB-I and V74S/ IOB-4 generally produced symptoms of
varying severity, such as in PI 2293I5 which had severe symptoms and in
Essex which had mild symptoms.

These variants were the only ones to

infect the PI's I9976-I, 7I506, 8I2I8, I95923-I, 274423, and 398990, and
consequently had the broadest host range.

Variant V74S/348-I only

infected the cultivar Essex, and the PI's 2293I5, 9I733-1 and I71427,
with symptom severity being mild (Table I.I).
The results of this study illustrate some of the variability found
in PMV.

Awareness of this variability will be an important considera-

tion in breeding for PMV resistant soybean cultivars.

As demonstrated

in this study, a PMV isolate can undergo change and produce variants
which are different from the original isolate in reaction type.
this occurs, resistant soybean cultivars can be developed through

When
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breeding which are not resistant to all variants of PMV.

Those sup-

posedly resistant cultivars could be susceptible to a new PMV variant.
This situation could potentially lead to severe yield losses if this
variant became prevalent in soybean growing areas where these
susceptible cultivars were grown.

In conclusion, the potential problem

of PMV variability has been recognized by this study.

Additional work

on characterization of this variability will be undertaken .

•

II.

DIFFERENTIATION OF PMV ISOLATES INTO STRAIN GROUPS USING A SOYBEAN
CULTIVAR SERIES
A.

Introduction

Variability among naturally occurring PMV isolates has been
demonstrated.

Variable isolates were collected from peanut fields in

the peanut growing regions of Georgia and North Carolina (Paguio and
Kuhn, 1973b).

Paguio and Kuhn (1973b) placed PMV isolates into five

strain groups (Ml, M2, N, S, CLP) based on similarities in

particl~

morphology, serological reaction, properties in crude sap, cross-protection tests and host range.

A close relationship among all five of

the isolates was found based on the previously mentioned criteria, but
distinct differences were observed in other characteristics.

Strains Ml

and M2 produced the same mild mottle symptoms on peanut, but could be
differentiated by symptoms in pea, incubation period and virus concentration in pea, and the size of local lesions on bean.

The other three

strains (N, S, CLP) were easily identified by their symptoms in peanut.
These included a necrotic strain (N), a severe mosaic strain (S) and a
chlorotic line pattern strain (CLP).

While five strains were recog-

nized, the most common strain found in the peanut growing areas was M2
{Paguio and Kuhn, 1974).
PMV has been identified in soybean

(Glycine~

(L.) Merrill.),

based on host range, serology and particle properties (Kuhn et al.,
1972), but no work has been done to investigate the possible existence
of variability among soybean infecting isolates.

Since several strains

have been found in peanut (Paguio and Kuhn, 1973b), the possibility
45
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exists that strains also occur in soybean.

As an indication of this

possibility, variability among PMV isolates on the basis of reaction in
soybean was demonstrated in the previous study (Chapter I).

This

indication of PMV variability in soybean will be taken one step further
by attempting to classify the previously tested PMV isolates along with
additional field and laboratory isolates into strain groups using a
differential soybean cultivar series.

Therefore, the purpose of this

study will be to identify any variability among the PMV isolates tested
and to characterize this variability by placing the isolates into strain
groups according to reaction of the differential cultivar series.
B.

Materials and methods
1.

Source of virus isolates.

experiments were obtained from

th~

The PMV isolates used in these

virus culture collection of Dr. S. A.

Tolin, Virginia Polytechnic Institute and State University, or from
field isolates (Table II.1).

The culture collection isolates were dried

in soybean tissue over Cac1 2 at 4C and stored in vials containing CaC1 2
at 4C (Bos, 1969).

They included the single lesion variants V74S/10B-4,

V74S/10B-1, V74S/348-1, V74S/348-2, V74S/473 and V74S/495-1 from
V74S/80-81, the type isolate of PMV.

These variants are described in

more detail in section I.B.1., except for V74S/348-2 which is of the
same origin as V74S/348-l, and isolates V74S/73-178 and V74S/73-741,
which also originated from the PMV type isolate V74S.

The isolate

V74S/473, which is considered to be the type isolate in these studies,
had been maintained for several weeks in the soybean breeding lines
V73-178 and V73-741 for producing inoculum for breeding studies.

After
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Table II.I.
Isolate
designation
V74S 1

The origin of the peanut mottle virus isolates.
Year
isolated
1974

V74S/473

1974

V74S/10B-1

1974

V74S/10B-4

1974

V74S/348-1

1974

V74S/348-2

1974

V74S/495-1

1974

V74S/73-178

1974

V74S/73-741

1974

V79S/20

1979

V79S/33
V79S/38-2

1979
1979

V81S/29

1981

VBlS/30

1981

V81S/31

1981

Origin
Type isolate from samples 80 and 81 collected
in 1974 from Holland, Virginia.
Culture accession number 473, which is a
direct derivative of type isolate.
Selected in 1978 from single lesion no. 12
following 10 transfers of V74S in Essex.
Selected in 1978 from single lesion no. 4
following 10 transfers of V74S in Essex.
Selected in 1978 from single lesion no. 1 from
culture accession number 348, a direct derivative of type isolate.
Selected in 1978 from single lesion no. 2 from
culture accession number 348, a direct derivative of type isolate.
Selected in 1978 from single lesion no. 1 from
culture accession number 495, a direct derivative o{ type isolate.
Selected in 1980 from single lesions following
transfer of V74S/473 in V73-178.
Selected in 1980 from single lesions following
transfer of V74S/473 in V73-741.
Field isolate collected from Holland,
Virginia.
Field isolate collected from Warsaw, Virginia.
Field isolate collected from Blacksburg,
Virginia.
Field isolate collected from Holland,
Virginia.
Field isolate collected from Holland,
Virginia.
Field isolate collected from Holland,
Virginia.

1All the isolates originated from soybean, as indicated by the
S in the isolate description.
2All local lesions were selected from 1 Topcrop 1 bean.
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this period of time, the symptoms produced in these cultivars by
V74S/473 were observed to be atypical of those usually produced by this
isolate.

Therefore, the virus contained in each of these cultivars was

single lesioned on 'Topcrop' bean (Phaseolus vulgaris L.) and two new
PMV variants, V74S/73-178 and V74S73-741, were selected from the lesions
produced.

The field isolates were collected, transferred to 'Essex'

soybean plants in the greenhouse and also dried over Cac1 2 and stored at
4C.

The field isolates were collected in Virginia from fields near

Holland, Blacksburg and Warsaw.
2.

Mechanical inoculation.

with a cold mortar and pestle.

Source tissue was completely macerated
Then a small amount of O.OlM sodium

phosphate buffer, pH 8.0, was added and the tissue was macerated again.
Sap was extracted by pressing the tissue against the side of the mortar
with the pestle.

Plants, which had been dusted previously with 600 mesh

carborundum, were inoculated by dipping the pestle in the sap and
rubbing it on the leaves of these plants.

These leaves were then rinsed

with tap water to remove excess sap and carborundum.
3.

Virus isolate propagation.

Each PMV isolate, when needed, was

taken from desiccated culture and mechanically inoculated as described
above to 'Essex soybean.

The soybeans were planted in 4 to 6 inch clay

pots containing a soilless potting mix (a 2:2:1 mixture of vermiculite:
weblite: peatmoss with 3 ounces OsmocoteR 14:14:14 and 3 ounces fertilizer 4:9:2, per cubic foot) and grown in the greenhouse.

The isolates

were maintained by continual transfer in Essex soybean approximately
once every two weeks.

In order to ensure virus isolate purity, each
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isolate was subjected to single lesion isolation on Topcrop bean twice.
This was done by mechanically inoculating in the same manner, each of
the isolates to fully expanded primary leaves of bean plants.
days, typical reddish-brown PMV type lesions were formed.

After 4-6

A single

lesion was then excised with a razor blade and placed on the ground
glass portion of a microscope slide.

One drop of O.OlM phosphate

buffer, pH 8.0, was placed on the lesion.
used to macerate the lesion.

A glass stirring rod was then

Essex soybean plants, which had been

previously dusted with 600 mesh carborundum, were inoculated by rubbing
the slide on the leaves of the plant.
4.

Field isolation.

Collections were made in 1981 from 39 sympto-

matic soybean plants at two locations near Holland, Virginia, in the
peanut growing region of Virginia and at one location near Warsaw,
Virginia, in the major soybean growing region of Virginia.

The loca-

tions near Holland, Virginia were a soybean cultivar trial at the Tidewater Research and Continuing Education Center, and a soybean cultivar
trial in a farmer's field.

The Warsaw, Virginia location was an experi-

mental plot on the Eastern Virginia Research Station.

The samples were

collected by taking several infected leaves from each plant and placing
these leaves in a plastic bag, which was then placed in a cooler on ice.
The samples were transported to Blacksburg the next day, and inoculated
to Essex soybean plants in the greenhouse (Chapter II.B.2).

After two

to three weeks, when symptoms were apparent, the isolates were transferred to a host range series consisting of Essex soybean, 'Blackeye'
cowpea (Vigna unguiculata (L.) Walp. sub. unauiculata), 'York' soybean,
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'Alaska' pea (Pisum sativum L.) and Topcrop bean.

The symptoms were

evaluated and each isolate was tested serologically using the SOS
immunodiffusion test (Chapter II.8.5.) with antiserum against PMVand
soybean mosaic virus (SMV), and using the irmJunodiffusion test without
SOS with antiserum against peanut stunt virus (PSV) and bean pod mottle
virus (BPMV).
5.

Any PMV isolates were kept for further study.

Serological testing.

The PMV isolates were also tested sero-

logically to confinn that they were, beyond a reasonable doubt, PMV.
The isolates were tested using the Ouchterlony agar immunodiffusion
serological test with sodium dodecyl sulfate (SOS) added (Tolin and
Ford, 1983).

Agar was prepared containing 0.6% L-28 purified agar

(Oxoid Limited, England) 0.7% NaCl, 0.2% SOS and 0.1% Na azide.

Fifteen

milliliters of this agar was poured into a plastic petri dish (15 x
lOOmm).

In the solidified agar, wells were cut in a hexagonal pattern

surrounding one well in the center into which the antiserum was placed.
The six peripheral wells contained antigen, which was prepared by
grinding source tissue in water with a mortar and pestle.

The samples

were each allowed to react for 24-48 hours; the presence of a specific
precipitin band between the wells indicated a positive reaction.
6.

Testing of peanut cultivars.

Each of the 14 PMV isolates was

inoculated to four peanut cultivars (Arachis hypogaea L.) to evaluate
the reaction (Table II.3).
were Essex soybean.

The source plants for each of the isolates

The isolates were inoculated by taking an infected

leaf from the source plant and tearing it in half, then folding the two
halves together with the torn edges on the same side.

This leaf was
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then rubbed on the leaves of the peanut plant which had been previously
dusted with carborundum.

The primary leaves of the peanut plants were

just beginning to expand, about three weeks from germination, when they
were inoculated.

Symptom expression was evaluated when symptoms became

apparent, usually 2-3 weeks after inoculation.

The isolates in peanut

were also tested serologically to verify the presence of PMV in the
plants.
7.

Determination of the differential soybean cultivar series.

Twelve PMV isolates, V74S/473, V74S/10B-1, V74S/348-1, V74S/495-1,
V79S/20, V79S/33, V79S/38-2, V74S/73-178, V74S/73-741, V81S/29, V81S/30
and V81S/31 were tested for their reaction in selected soybean cultivars.

The cultivars used were Peking, York, Virginia, Essex and Lee 68.

Each of these cultivars was selected because of its variability in
reaction to the PMV isolates.

Peking was included because it was

uniformly resistant, Essex and Lee 68 because they were uniformly
susceptible, but with some variability in symptom severity; York because
it was susceptible to one of the PMV isolates, and Virginia because it
was resistant to two isolates, V74S/10B-1 and V79S/38-2, but susceptible
to the ten other ones.
8.

Testing of soybean cultivars and lines.

Forty-one soybean

cultivars and lines were screened for their reaction to seven of the PMV
isolates.

After 12-14 days, when unifoliolate leaves were just fully

expanded, plants were inoculated with the virus isolates.

When symptoms

became apparent, usually in 2-3 weeks, the number of infected plants was
counted, and the symptom severity was subjectively rated.

The following
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rating classes were used: 0-no symptoms, I-mottling, 2-blistering,
3-blistering and mottling, 4-blistering, mottling and stunting, and
5-necrosis (stem and leaves).
C.

Results

1.

Field isolations.

Of the 39 sampies taken in the soybean and

peanut growing regions of Virginia, only three were found to be PMV.
These were designated V81S/29, V81S/30 and V81S/31.
the host range are given in Table II.2.

Their reactions on

The identifications were

verified by the development of typical PMV lesions on Topcrop bean and a
positive reaction to PMV antisera.

Of the remaining 36 samples, seven

were found to be SMV, three were BPMV and none were PSV according to
serological results.

The identities of the other 26 samples were not

determined, because the purpose of this experiment was not to identify
viruses found in the field, but to find new PMV isolates.
2.

Establishment of pure peanut mottle virus isolates.

a.

Single lesion transfer.

When each of the PMV isolates was

inoculated to Topcrop bean, the reddish-brown lesions typical for PMV
were observed in all cases except for isolates V74S/10B-4 and
V74S/348-2.
soybean.

Single lesions were then chosen and transferred to Essex

These single lesion clones were then observed for the type of

symptoms they produced on the Essex soybean.

All were found to produce

typical PMV-type symptoms, vein clearing and mottling, but differences
in symptom severity were observed.

The isolates V74S/10B-1, V74S/348-1,

V79S/38-2, V79S/20 and V79S/33 produced mild symptoms, whereas the
isolates V74S/473, V74S/495-1, V74S/73-178, V74S/73-741, V81S/29,
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Table I I. 2.
Sample 1
number
1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Reaction of field isolates on various hosts and results ot
selected serology tests.
Host Plants
Essex
Blackeye
York
Topcrop Serology 3
soybean
cowpea
bean
results
so~bean
+2
+

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

+
+

1samples
Samples
Samples
Samples

+

+

+
+
+
+
+
+
+
+
+
+
+
+

+
+NLL
+SMV
+SMV
+SMV,+BPMV

+
+
+
+
+
+
+
+
+

+
+
+
+
+

+

+

+NLL

+
+NLL
+NLL

+BPMV
+SMV
+BPMV

+PMV
+PMV
+PMV
+SMV
+SMV
+SMV

1-23 variety trial Holland Station, Holland, Virginia.
29-34 variety trial farmer's field, Holland, Virginia.
24-28 and 35-39 experimental plot, Warsaw, Virginia.
35-39 experimental plot, Warsaw, Virginia.

2 (+) - Systemic symptoms
(-) - No symptoms
(+NLL) - Necrotic local lesions
3Reactions with antiseva to peanut mottle virus (PMV), peanut stunt
virus (PSV), soybean mosaic virus (SMV), and bean pod mottle virus
(BPMV) are indicated by a +. If + reaction is not indicated, no
reaction occurred with any of the antisera tested.
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V81S/30 and V81S/31 produced more severe symptoms.

A single lesion

which when transferred to Essex soybean produced typical PMV
symptoms, was chosen for each isolate.

The pure isolates were used in

subsequent experiments.
b.

Serology.

Each of the PMV isolates produced a strong preci-

pitin band using the SOS irrnnunodiffusion technique, except isolates
V74S/10B-4 and V74S/348-2.
bands.

These isolates produced only very faint

Therefore, all the isolates appeared to be serologically iden-

tical except for V74S/108-4 and V74S/348-2.
c.

Ability to infect peanut.

All of the PMV isolates except

V74S/10B-4 and V74S/348-2 were found to infect peanut (Table II.3).
Four different cultivars, Florigiant, Argentine, NC6 and NC? were used,
and a difference in susceptibility and symptom severity was observed
(Table II.3).

Isolates V79S/38-2 and V74S/73-178 infected all of the

peanut cultivars to which they were inoculated and produced severe
mottling.

Isolate V79S/20 also infected all peanut cultivars to which

it was inoculated, but produced only mild mottling.

Isolates V74S/473

and V74S/73-741 also infected all the cultivars to which they were
inoculated, but they produced symptoms of varied severity.

In NC6 and

NC? V745/473 produced mild mottling, while in Florigiant it produced
severe mottling.

Isolate V74S/73-741 produced mild mottling in

rlorigiant and NC?, but produced severe mottling in NC6.

The isolates

V74S/10B-1 and V79S/33 failed to infect at least one peanut cultivar.
Isolate V74S/10B-1 produced a mild mottle in Florigiant and NC6 and a
severe mottle on NC?, but failed to infect Argentine.

Isolate V79S/33
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Table II.3.

Symptom severity of peanut mottle virus isolates in four
peanut cultivars in the greenhouse.

Isolates
tested
V74S/473
V74S/108-1
V74S/10B-4
V74S/348-l
V74S/348-2
V74S/495-1
V74S/73-178
V74S/73-741
V79S/20
V79S/33
V79S/38-2
V81S/29
V81S/30
V81S/31

1symptom
scale:
(MM) {SM) {-) (0) -

Peanut cultivars
Flori giant

Argentine

NC6

NC7

SM
MM

0

MM
MM

MM

MM

0

0

0

SM
SM

0

0

0

NM

0

MM
MM
SM
SM
SM
SM

0

SM
SM
MM

SM
MM
MM

SM
0
0
0

SM
0
0
0

SM
0
0

0

SM

0

severity was subjectively rated using the following
Mild mottle
Severe mottle
No symptoms
Not tested

56

only infected Florigiant producing a mild mottle.

The isolates

V79S/348-1, V74S/495-1, V81S/29, V81S/30 and V81S/31 infected Florigant,
the only cultivar on which they were tried; V74S/348-1 produced only
mild symptoms and the others produced severe symptoms.
d. Determination of peanut mottle virus isolate suitability for
further testing.

Twelve of the fourteen isolates tested in the pre-

viously mentioned experiments fulfilled three of the criteria that are
generally used to identify an isolate as PMV, namely production of PMV
type local lesions on Topcrop, a positive reaction to PMV antisera and
the ability to infect peanut.

These twelve isolates were used in the

subsequent screening experiments.

The two that failed these criteria,

V74S/10B-4 and V74S/348-2, were discontinued from further testing.
lhese two isolates did not produce PMV type lesions on Topcrop, only
produced a very faint reaction against PMV antisera, and did not infect
peanut.
3.

Determination of strain groups.

When the 12 pure PMV isolates were inoculated to the five soybean
cultivars, variability in reaction was observed.

Of the five cultivars

tested only three were useful in differentiating the isolates into
strain groups.

Peking was found to be resistant to all 12 isolates,

while Essex was susceptible to all of them with the same reaction as Lee
68 (Table II.4).

Since Peking was uniform in its reaction type and

Essex was the same as Lee 68, Peking and Essex were eliminated from
further consideration for use as differential cultivars in this study.
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Table II.4.

Isolates
tested
V74S/473
V74S/495-1
V74S/10B-1
V79S/20
V79S/33
V74S/348-1
V74S/73-178
V74S/73-741
V79S/38-2
V81S/29
V81S/30
V81S/31

Reaction of selected soybean cultivars to twelve peanut
mottle virus isolates.
Soybean cultivars
Peking
1

Essex

- Lee 68

+S
+S
+M
+M
+S
+M
+S
+S
+S
+S
+S
+S

+S
+S
+M
+M
+S
+M
+S
+S
+S
+S
+S
+S

1{+S) - Severe mottling and blistering
{+M) - Mild mottle
(-) - No symptoms produced

Virginia

York

+S
+S
+M
+M
+M
+M
+M
+S
+S
+S

+M
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The remaining three cultivars Lee 68, York and Virginia had a
differential reaction to the PMV isolates tested.

York was susceptible

to V74S/10B-1, but resistant to the other isolates (Table II.4).
Virginia was resistant to isolates V74S/10B-1, V79S/38-2 but susceptible
to the others, with variable symptom severity.

Isolates V74S/473,

V74S/495-1, V81S/29, V81S-30, and V81S/31 produced severe symptoms
whereas the five other isolates induced a mild mottling.

Lee 68 was

found to be susceptible to all the isolates, but with a variation in
symptom severity.

Nine isolates, V74S/473, V74S/495-1, V79S/33,

V79S/38-2, V74S/73-178, V74S/73-741, V81S/29, V81S/30 and V81S/31,
produced severe mottling and blistering.

Three isolates, V74S/10B-1,

V74S/348-1 and V79S/20, produced a mild mottling on Lee 68 (Table II.4).
From the results obtained above, the PMV isolates were placed in
five strain groups.

These groups were established according to the

reactions of the 12 PMV isolates in the soybean cultivars Virginia,
York, and Lee 68, and were designated Pl-P5 (Table II.5).

Strain group

Pl contains isolates V74S/473, V74S/495-1, V81S/29, V81S/30 and V81S/31,
and its members produce severe symptoms in both Lee 68 and Virginia, but
do not infect York.

Strain group P2 contains isolates V79S/33,

V74S/73-178, and V74S/73-741, and its members produce severe symptoms in
Lee 68, and mild symptoms in Virginia, but do not infect York.

Strain

group P3 contains isolates V79S/20 and V74S/348-1 and its members
produce mild symptoms in Lee 68 and Virginia, but do not infect York.
Strain group P4 contains isolate V79S/38-2 and its member produces
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Table II.5.

Strain group
designation

Differentiation of twelve peanut mottle virus isolates in
five strain groups based on symptom expression in selected
soybean cultivars.
Soybean cultivars
Members

Lee 68

York

Virginia

Pl

V74S/473, V74S/495-1,
V81S/29, V81S/30,
V81S/31

+sl

+S

P2

V79S/33, V74S/73-178,
V74S/73-741

+S

+M

P3

V79S/20, V74S/348-1

+M

+M

P4

V79S/38-2

+S

PS

V74S/108-1

+M

•

1(+S) - Severe mottle and blistering
(+M) - Mild mottle
(-) - No symptoms were produced

+M
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severe symptoms in Lee 68, but does not infect York or Virginia.

Strain

group PS contains isolate V74S/10B-l, and its member produces mild
symptoms in Lee 68 and York and does not infect Virginia (Table II.5).
4.

Reaction of peanut mottle virus strains on selected soybean

cultivars.
Of 41 soybean cultivars and seven PMV strains tested in the greenhouse, a wide range of reaction types was observed.

Twenty six of the

soybean cultivars were found to be susceptible to all seven of the PMV
strains (Table II.6).

Seven of the cultivars were found to be resistant

to all of the strains tested (Table II.6).

The remaining eight culti-

vars were found to have an intermediate reaction type.

Five of the

cultivars, Shore, Dorman, V75-183, York and Arksoy were susceptible to
only one of the PMV strains, V74S/108-1, and were resistant to the other
six (Table II.6).

Cumberland reacted in the exact opposite from the

group containing the five cultivars Shore, Dorman, V75-183, Arksoy and
York.

The reaction type of Virginia was particularly variable.

Virginia

was susceptible to the PMV strains V74S/473, V79S/20, V79S/33 and
V74S/73-741, but was resistant to the strains V74S/108-1, V79S/38-2 and
V74S/73-178.

The cultivar Ogden was shown to be resistant to V79S/20

and susceptible to the other strains in early testing, but due to lack
of viable seed, this cultivar was not retested.
D.

Discussion

Strain groups have been described for PMV in peanut, but not in
soybean (Paguio and Kuhn, 1973b).

However, isolates from soybean plants

taken from the fie1d in Georgia were all placed in the same peanut
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Table II.6.

Reaction of selected soybean cultivars and lines to seven
peanut mottle virus strains in the greenhouse.
5trains testea

Cu 1ti vars
Pl
or lines VJ4g- V79S/
473
33
+
AP-40
+
+
AP-350
+
+
Bay
Bedford
+
+
+
Columbus
+
+
Elf
+
+
Essex
+
+
Forrest
+
+
L74-509
+
+
Lee 68
+
+
+
Marshall
+
+
Miles
+
+
RA-480
+
+
RA-481
+
+
Rampage
+
+
V73-178
+
+
V75-35
+
+
V75-75
+
+
V76-595
+
+
Will
+
+
Williams
+
Will iams-79 +
+
+
WS365
+
+
WS430
+
WS430A
+
+
+
WS550
Buffalo
CNS
Davis
Haberlandt
Kwanggyo
Peking
Ware
Ark soy
Dorman
Shore
V75-183
York

-:r-

P2
V74S/
73-178
+
+
+
+
+
+
+
+

+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

P3

P4

PS

V74S/
73-741

Vi9ST

VT9ST

Vi4ST

+
+

+
+
+

+
+

+
+
+
+

+

20

+
+
+

+
+

+

+

+
+
+
+

+

+
+
+
+
+

+
+
+

+
+
+
+
+
+

+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

38-2
+
+
+
+
+
+

+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+

lOB-1

+
+
+
+
+

+
+

+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+

+
+

Cumberland

+

+

+

+

+

Virginia

+

+

+

+

+

Ogden

+

+

+

+

1(+) - Systemic symptoms were produced.
(-) - No symptoms ~1ere produced.

+

+

+
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strain group, M2 {Demski and Kuhn, 1977).

A severe strain of PMV from

soybean was also reported in Virginia {Tolin et al., 1974), but was not
tested on peanut for placement in a strain group.

In addition, 2,161

soybean plant introductions and 70 soybean cultivars have previously
been screened for resistance and susceptibility to a single PMV strain
(Shipe et al., 1979a; Demski and Kuhn, 1975).

This type of experiment

was carried one step further in this study by increasing the number of
PMV isolates to be used.

In addition, many of the same soybean culti-

vars used in the study by Demski and Kuhn (1975) were used in this
study.
For the results of this study to be valid, each of the PMV isolates
used had to be pure clones of PMV.

The purity of these isolates was

ensured by, local lesion isolations from Topcrop bean (Kuhn, 1965).

By

carefully transferring only one lesion, obtaining a pure single clone
was assured.

Once the pure clone was isolated, then its identity was

affirmed using the SOS immunodiffusion serological test and peanut
inoculations.

A positive serological reaction and ability to infect

peanut were sufficient to verify that the clones were indeed PMV.
When variability is first observed with a virus, it is generally
very poorly understood.

The initial step to getting a better under-

standing of the extent of virus variability is to determine how much
variability exists, and to categorize it.

This is generally accomp-

lished by screening known isolates of the virus on a series of differential hosts and placing the isolates into strain groups.

Reaction in

differential cultivars of one species is one of the most widely used and
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effective methods for strain identification (Bos et al., 1974; Bos et
al., 197/; Cho and Goodman, 1979; Drijfhout et al., 1978; Paguio and
Kuhn, 1973b).

Of particular interest, it has been used by Paguio and

Kuhn (1973b) to demonstrate five strains of PMV in peanut.
Since variability of PMV isolates had been shown in soybean the
next objective was to categorize this variability by developing a
differential cultivar series.

The 12 available isolates, after screening

on selected soybean cultivars, fit into five strain groups.

These five

strain groups (Pl-PS) were differentiated by their ability to infect and
the severity of symptoms they induced in selected soybean cultivars
(Table II.S).
The strain group which was found to contain the Virginia type
isolate

o~

PMV, V74S/473, was designated Pl.

Designating this group as

being the Virginia type isolate was further substantiated by the finding
that three field isolates collected in 1981 from the peanut and soybean
growing areas of Virginia could also be placed into this group.

Thus,

PMV found commonly in the peanut and soybean growing areas will probably
be of the strain group Pl and wil I produce very severe symptoms on the
cultivars tested.

This is in contrast to the PMV type strain found

corrnnonly in Georgia, which is a mild-mottle-producing strain in peanut
(Demski and Kuhn, 1977; Paguio and Kuhn, 1973b).
The strain group of most interest is PS, which contains strain
V74S/10B-l.

This was the most strikingly different strain tested.

It

infected the cultivar York (Table II.5) which was resistant in tests
with all previous PMV isolates.

If this new PMV strain became prevalent
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in nature, it could have very serious consequences.

The result could be

an epidemic with the possibility of severe soybean yield losses.
Therefore, a breeder must take the occurrence of virus strains into
consideration when breeding for virus disease resistance.
The remaining three strain groups P2, P3 and P4 are of interest
because they demonstrate that strains other than the type strain are
indeed found in nature; V79S/33 of the P2 group, V79S/20 of the P3
group, and V79S/38-2 of the P4 group are isolates which were collected
in the field (Table II.I).

This clearly demonstrates that these strains

are found in nature, opening the possibility that a new PMV strain can
develop and infect resistant cultivars in the field.

It is of interest

that two of the three field isolates, V79S/79-20 and V79S/38-2, were
isolated outside the peanut growing areas of Virginia,
Warsaw, respectively.

Blacksbu~g

and

Their source is not known, but perhaps they could

have resulted from a rare seed transmission event.

In both cases, the

virus was present in only a single plant at the collection site.
The PMV variants, which were tested in the previous field study
(Chapter I), were found to indeed be quite variable.

Variant V74S/10B-1

was found to be the only PMV isolate to infect York, and was placed in a
strain group all its own, P5.

V74S/495-1 was extremely severe in Lee 68

and Virginia, and was placed in strain group Pl, whereas V74S/348-1 was
mild in Lee 68 and Virginia and was placed in the strain group P3.
Variants V74S/73-178 and V74S/73-741 were severe in Lee 68 and mild in
York and were placed in strain group P2.

These results definitely show

that PMV isolates can change and can lead to different strains based on
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the reaction in soybean cultivars.

The mechanism that caused this

change is not known, but it could be due to any number of factors,
including host selection, random mutation, host-directed mutation or
host passage (Yarwood, 1979).
The results presented here clearly demonstrate a variable reaction
of the soybean cultivars to the PMV isolates tested.

This variability

was not demonstrated in the previous work by Demski and Kuhn (1975).
They reported that the soybean cultivars Arksoy, Dorman, Virginia and
York were resistant to PMV, but these same cultivars were found to be
susceptible to one or more PMV strains in this study (Table II.6).
These documented cases plus the additional examples of variable reactions illustrated in this study (Table II.6) support the existence of
PMV variability.

This variability can have an effect on the expression

of resistance of a soybean cultivar.

A previously resistant soybean

cultivar may be susceptible to a difterent strain of the virus, which
could potentially leave the cultivar vulnerable to a severe yield loss.
An additional important aspect of these results is the suggestion
that PMV strains may be used to indicate the presence of resistance
genes in soybean.
soybean.

Three PMV resistance genes have been described in

A single dominant gene, Rpvl, found in the cultivars Arksoy,

Dorman, Shore, and York (Boerma and Kuhn, 1976); a single recessive
gene, rpv2, found in 'Peking' (Shipe et al., 1979b); and a single
dominant gene, found in the cultivar CNS (Roane et al., 1983).

The CNS

resistance gene was originally thought to be Rpvl, (Boerma and Kuhn,
1976) but has since been designated a new resistance gene, that is
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apparently at a third locus (Roane, et al, 1983).

The results of the

present study show that the cultivars with the Rpvl gene can be separated from CNS, which has a different gene, based on reaction to the PMV
strains.

The cultivars which contain the Rpvl gene were infected by the

V74S/10B-1 strain, while CNS was not infected (Table II.7), which
clearly indicates that the cultivars contain two different genes for PMV
resistance.

Two additional cultivars, Cumberland and Virginia, also

varied in their reaction to the PMV strains indicating the possibility
of additional genes for PMV resistance in soybean (Table II.7).

Further

research needs to be done in order to determine if PMV strains can be
used to identify resistance genes in soybean.
In conclusion, PMV strains in soybean have been shown to exist in
nature.

The possibility that a resistance breaking strain could occur

has also been demonstrated by the existence of strain V74S/10B-1, which
infects the resistant cultivar York.

The importance of this occurrence

lies in breeding for virus disease resistance, which is the major form
of PMV disease control in soybean (Demski and Kuhn, 1977).

If a new PMV

strain, such as V74S/108-1, were to become prevalent in the soybean
growing regions of Virginia, disease losses could be severe.

Therefore,

breeders should be cognizant of the fact that PMV strains do exist, and
they should take this into consideration when breeding for PMV disease
resistance.
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Table II.7.

Genetics of peanut mottle virus resistance in soybean.

Resistance gene
designation

Cultivars
with gene

Rpvl

Arksoy
Dorman
Shore
York
(V75-183) 2

Rpv2

Peking

(Rpv3) 3

Peanut mottle virus strains
Pl
P2
P3
P4
I

PS
+

CNS

None 4

Buffa lo
Davis
Haberlandt
Kwanggyo
Ware

None

Cumberland

+

+

+

None

Virginia

+

+

+

+

1(+) - Systemic symptoms produced
(-) - No symptoms produced
2Hypothesized to be a member of this group based on symptom
expression, but genetic studies are lacking.
3Gene hypothesized to be at third locus, but this has not been
proven. Therefore, the gene designation is only tentative.
4Resistance gene has not been identified; no studies have been
completed.

III.

APHID TRANSMISSION OF FIVE PMV STRAINS
A.

Introduction

Since the first description of PMV as a causal agent of soybean
disease (Kuhn et al., 1972), the epidemiology of the disease has been
extensively studied.

Reports have included field surveys (Demski, 1975;

Paguio and Kuhn, 1974), field studies on the spread of the virus
(Demski, 1975), tests for aphid transmission (Behncken, 1970; Bock,
1973; Inouye, 1969; Paguio and Kuhn, 1976) and tests for seed transmission (Demski and Harris, 1974; Demski and Kuhn, 1977).
The results of these studies indicate that PMV-infected peanut
(Archis hypogaea L.) seed provide the primary source of inoculum for the
virus disease in soybean. (Glycine Max (L.)

Merril~)

(Demski, 1975;

Paguio and Kuhn, 1974), and that all peanut fields may be a potential
source of PMV inoculum {Demski and Kuhn, 1977).

Since seed-borne PMV in

soybean has never been detected (Demski and Kuhn, 1977), soybean seed as
a source of PMV is considered highly unlikely.
The field spread of PMV was shown to occur via an aphid vector
{Demski and Kuhn, 1977).

Several researchers have demonstrated that PMV

is aphid transmitted in a stylet-borne nonpersistent manner from peanut
to peanut.
craccivora
losiphum

The aphid species found to transmit PMV include Aphis
Koch,~

~

gossypii Glover, Hyperomyzus lactucae (L.), Rhopa-

(L.), and .!h. maidis (Fitch), and Myzus persicae Sulz.

(Behncken, 1970; Bock, 1973; Inouye, 1969; Paguio and Kuhn, 1976;
Highland et al., 1981).

Aphid transmission has also been demonstrated

from peanut to peanut and from peanut to soybean with
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~

craccivora and
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~

persicae using the mild strain of PMV (M2) (Demski and Kuhn, 1975).

The results of the two experiments were similar except for a difference
The transmission efficiency from peanut to

in transmission efficiency.

soybean was only 3-17% compared to an efficiency of 25-55% for peanut to
peanut using single aphids (Demski and Kuhn, 1975).

No difference in

transmission efficiency was indicated between the two aphid species.
Demski and Kuhn (197/) felt the difference in PMV strain transmission
efficiency in conjunction with host preference of the aphid was responsible for the increased rate of spread with peanut when compared to
soybean.

Data have been presented that demonstrate soybean to soybean

spread of PMV in the field (Demski, 1975), but the ability of aphids to
serve as the vector in this case has not been conclusively proven nor
has efficiency of transmission been detennined.
The spread of PMV in the field either from peanut to soybean,
soybean to peanut, or soybean to soybean was found to occur readily but
at only short distances (up to 12 m).

After 12 m, the spread was much

slower and at a much lower frequency (Demski, 1975).

For example, only

the soybean plants located 3 m or less from PMV infected peanut source
plants initially became infected, while at maturity, 8.2% of the soybean
plants nearest to the source plants were infected compared to only 1% of
the soybean plants 25 m away.

When soybean was the source plant, the

percentage of infected peanut was over 50% by maturity compared to
isolated peanut plots which did not become infected until maturity with
only a 2% infection rate.

Finally, when soybean was the source plant,

and soybean the host, the virus infected 37% of the plants in rows
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adjacent to the inoculated source, and less than 4% in rows 10 m from
the source (Demski, 1975).

In another experiment, the rate PMV spread

in both soybean and peanut fields was investigated.

In both instances,

there was an 80% infection rate one meter from the virus source, while
at 50 m, there was only a 1% infection rate.

These results demonstrate

a close relationship between the distance from the PMV source and the
percentage of PMV infected plants (Demski, 1975).

In addition, a

nonhost buffer crop, such as corn, grown between source and host plants,
was found to be an effective barrier to PMV spread.

It effectively

reduced the distance needed between the source and host plants for
preventing the spread of PMV to soybean (Demski, 1975).
A differential transmission efficiency by the aphid species fl:_
craccivora ·and

~

pers i cae of PMV strain M-2 has been demonstrated

(Paguio and Kuhn, 1976). .th_ persicae consistently transmitted PMV M-2
from peanut to peanut at a higher level (52%) than fl:_ craccivora (22%).
In addition, the five known PMV strains, as differentiated on peanut,
could be placed in three groups based on aphid transmission efficiency
from peanut to peanut using
Kuhn, 1976).

~

persicae and fl:_ craccivora (Paguio and

Strains Ml, M2 and S were readily transmitted (21-54%),

strain CLP was transmitted at an intermediate rate (9-18%), but strain N
was not transmitted at all.

Since differences in transmission effi-

ciency were detected between PMV strains on peanut it was of interest to
see whether differences in transmission efficiency occurred between
strains described in soybean (Chapter II).
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Experiments were designed to compare transmission of the type
isolates of each of the five strain groups of PMV by 1:1.:_ persicae.

In

addition, PMV transmission from soybean to soybean by 1:1.:_ persicae under
controlled conditions was studied, because no previous data on this
subject had been reported.
B.

Materials and methods

1.

Source of virus strains.

The PMV strains used in this study

were the type members of each of the five PMV groups (Pl-P5) described
in Chapter II.C.4, except in one experiment.

These are Pl strain

V74S/473, P2 strain V79S/33, P3 strain V79S/20, P4 strain V79S/38-2 and
P5 strain V74S/108-1.

The exception is strain VBIS/30, a Pl strain,

. which was used in the technique comparison experiment.
2.

Virus strain propagation.

Each PMV strain was maintaine·d by

continual mechanical transfer in 'Lee 68' soybean approximately once
every 2 weeks, as described in Chapter II.8.3.
3.

Source and propagation of test aphids.

Myzus persicae was used in this study.

The green peach aphid,

The aphids were obtained from

healthy tobacco plants growing in the greenhouse.

A colony was derived

from a single aphid, and was maintained on chinese cabbage (Brassica
chinensis) L. 'Wong Bok'.

Identity of the colony was verified by Dr. D.

Voightland, Illinois Natural History Survey, Urbana, Illinois.
4.

Aphid transmission tests.

Two different techniques, a timed

acquisition probe technique, which has been used traditionally in virus
aphid transmission work, and a new untimed acquisition probe technique,
which was devised by Dr. M. E. Irwin, University of Illinois, Urbana,

72

Illinois (personal communication) were used for the aphid transmission
studies.

In both techniques adult apterous aphids were individually

removed from the propagative hosts with a small camel's hair brush and
given a 2-3 hour fasting time on Whatman No. I filter paper in a plastic
petri dish.

The source plants were either pea {Pisum sativum L. 'Little

Marvel') or Lee 68 soybean.

These plants had been previously mechan-

ically inoculated with the PMV strains.

The next step in the trans-

mission procedure is where the two techniques differ.

In the untimed

acquisition probe technique, the source plants, both peanut and soybean,
were taken from their pots by cutting them off at the soil line with a
razor blade after I to 2 weeks, when symptoms were evident.

The plants

were then placed in smal I 14.5 x 45 mm glass vials containing 0.5 ml of
tap water.

The plants were secured by covering the vial opening tightly

with Parafilm MR and allowing the plant stem to protrude (Figure III.I).
Vials, containing the source plants, were then buried to within 2-3

l11Tl

of the top in the center of a 4 inch pot containing evenly spaced test
plants (Figure III.2).

The test plants, either pea or soybean, were

used 10-14 days after planting.

Pea had 3-4 leaves, and on soybean the

first trifoliolate leaves had not emerged.
After the fasting period, aphids were individually taken from the
petri plates using the brush, placed on the source plants, and allowed
to feed until the plants wilted.

This occurred in I to 3 days, during

which time the aphids moved to the test plants.
on each source plant {1 per test plant).

Five aphids were placed

Eight pots of 5 test plants
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Figure
I I I. I

Aphid transmission test:

vial containing source plant.

74

75

Figure
III.2

Aphid transmission test: vial with pea source plant,
in the center of pot containing soybean test plants.
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each were used for each strain and the control (40 total plants) in each
experiment.

This number of test plants was used in every case except

where indicated.
The timed acquisition probe technique involved physically transferring the aphids from the source plant, an excised leaf, to the test
plants with a camel's hair brush after they were allowed to feed for
45-60 seconds.
plants.

The aphids were allowed to feed 24 hours on the test

One viruliferous aphid was placed on each test plant.

Five

pots of 5 test plants each were used for each strain and the control (25
total plants).

A completely randomized block design was used.

In both techniques, the pots containing the test plants were placed
in plastic containers which were covered with 2 layers of cheesecloth.
After the prescribed feeding time, the'pots were removed from the
containers and were sprayed with a 50% solution of MalathionR insecticide.

The test plants were maintained in an aphid-free greenhouse until

symptoms developed, usually 10-14 days.

At this time, the number of

infected and healthy plants were counted and symptom severity was noted.
The data was analyzed using the Duncan's multiple range test (p= 0.05).
In addition, the test plants were tested serologically by SOS irrnnunodiffusion (Chapter II.B.5) to confirm that symptoms were the result of
PMV infection.
C.

Results

1.

Effectiveness of the two aphid transmission techniques.

In order to determine the effectiveness of this new aphid transmission technique, a comparison experiment was done.

The timed acquisi-
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tion probe technique was compared to the new untimed acquisition probe
technique.

With the timed acquisition probe technique, individual PMV

strain transmission varied from 8-12% (Table III.1).

Strain V81S/30 was

transmitted at a 12% rate, while strains V79S/20 and V79S/33 at an 8%
rate.

With the untimed acquisition probe technique, PMV transmission

varied from 12-28%.

Individually, strain V81S/30 was transmitted at a

12% rate, strain V79S/20 at a 16% rate and strain V79S/33 at a 28% rate.
No transmission was observed with the control plants (Table III.1).
2.

PMV strain transmissibility.

Members of each of the 5 PMV

strain groups were transmissible by the green peach aphid, using the
untimed acquisition probe technique when both the source and test plants
were Little Marvel pea (Table III.2).

In addition, a difference in

transmission efficiency was observed, which varied from 15-53%.
3.

Aphid transmission from pea or soybean to soybean.

All 5 of

the PMV strain groups were transmissible by the green peach aphid from
pea to soybean (Table III.3).

Since the ability of soybean to act as a

receptor host was thus demonstrated, its ability to serve as a source of
virus for transmission was then investigated.

In this case, all 5

strain groups were transmitted from soybean to soybean by the green
peach aphid (Table III.4).

In both of these test systems, a difference

in aphid transmission efficiency was observed.

The range of trans-

mission varied from 5% to 33% in the pea to soybean system and 22% to
58% in the soybean to soybean system.
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Table III.1.

Strains
tested

Comparison of two aphid transmission techniques for
determining peanut mottle virus strain transmissibility by Mylus persicae from Little Marvel pea to
Little Marve pea.
Timed
acguisition probe
Infected/
total
Percent
plants
infected S~mptoms

Un timed
acauistion probe
Infecte I
Percent
total
plants
infected S~mptoms

V81S/30

3/25

12

SM 1

3/25

12

SM

V79S/20

2/25

8

MM

4/25

16

MM

V79S/33

2/25

8

SM

7/25

28

SM

Control

0/25

0

0/25

0

1(SM) - Severe mottle and blistering
(MM) - Mild mottle
(-) - No symptoms were produced
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Table III.2.

The ability of five peanut mottle virus strains to be
transmitted by Myzus persicae from Little Marvel pea to
Little Marvel pea.
Infected/
total Qlants

Percent
infected

Symptom
expression

V79S/38-2

6/40

15

MM 1

V74S/10B-1

8/40

20

MM

V74S/473

10/40

25

SM

V79S/33

15/40

38

SM

V79S/20

21/40

53

MM

Control

0/40

0

Strains
tested

1(SM) - Severe mottle
(MM) - Mild mottle
(-) - No symptoms were produced
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Table III.3.

Strains
tested

The ability of five peanut mottle virus strains to be
transmitted by Myzus persicae from Little Marvel pea to
Lee 68 soybean.
Infected/
total plants 1

Percent
infected 2

Symptom
expression
SM 3

V74S/473

2/40

2/40

5

V79S/38-2

6/40

3/40

11

SM

V74S/108-1

9/40

5/40

18

MM

V79S/33

11/40

12/40

29

SM

V79S/20

17/40

9/40

33

MM

Control

0/40

0/40

0

•

1oata represent two experim~nts
2Percent data represents mean of both experiments
3 (SM) - Severe mottle
(MM) - Mild mottle
(-) - No symptoms were produced
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Table.III.4.

Strains
tested

The ability of five peanut mottle virus strains to be
transmitted by Myzus persicae from Lee 68 soybean to
Lee 68 soybean.
Infected/
total plants 1

Percent
infected 2

Symptom
expression

V74S/473

6/40

11/40

22

SM 3

V79S/38-2

8/40

11/40

24

MM

V74S/108-1

10/40

12/40

28

SM

V79S/33

15/40

19/40

43

SM

V79S/20

23/40

23/40

58

MM

Control

0/40

0/40

0

1oata represent two experiments
2Percent data represents mean of both experiments
3(SM) - Severe mottle
(MM) - Mild mottle
(-) - No symptoms were produced

83

4.

PMV strain transmission efficiency.

In all three of the

experimental designs, signified by a difference in source and test
plants used, a difference in transmission efficiency was observed (Table
III.5).

This difference in efficiency was fairly consistent regardless

of the source and host plants used.

Strains V74S/473 (Pl), V79S/38-2

(P4) and V74S/10B-1 (P5) had a significantly lower rate of aphid transmission than did strains V79S/33 (P2) and V79S/20 (P3).
The rates of transmission between experimental designs tended to be
very similar (Table III.5).

The only differences were found when

'Little Marvel' pea was used as the source plant and 'Lee 68 soybean
1

was used as the test plant.

In this case, the transmission rates tended

to be lower than with the other two experimental designs (pea to pea and
soybean to soybean).
.

In particular, strains V74S/473 and V79S/20 had

much lower transmission rates.

Strain V74S/473 had only a 5.0% trans-

mission rate from pea to soybean, but was 22% to 25% in the other two
designs.

Strain V79S/20 had a 33% transmission rate from pea to

soybean, but was 53% to 58% for the other two designs.

D.

Discussion

Before discussing the results of this section, a new techn1que of
aphid transmission, which was used for these experiments will be
explained.

The usual technique for aphid transmission studies is the

one described by Noordam (1973), and has been referred to in section
B.4. as the timed acquisition technique.

This method requires physi-

cally transferring aphids from the propagative hosts to fasting
chambers; then from the chambers to the source plant, generally an
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Table III.5.

Strains
tested

Comparison of five peanut mottle virus strains using
transmission effiency by Myzus persicae.
Pea-Pea

Pea -Soi'.bea n

Soi'.bean-Soi'.bean

Infected/
total plants

Infected/
total plants

Infected/
total plants

V74S/473

10/40a 1

4/80a 2

22/BOa

V79S/38-2

6/40a

9/80ab

17/80a

V74S/10B-1

8/40a

14/80bc

19/80a

V79S/33

15/40b

23/80d

34/80b

V79S/20

21/40c

20/BOd

46/BOc

1Means within a vertical column followed by a common number are
not significantly different according to Duncan's multiple range
test (p=0.05).
2oata represent the mean of two experiments.

85

excised leaf; and finally from the source plant directly to the test
plant after a prescribed amount of time.

In this new technique (from

personal communication with Dr. M. E. Irwin), called the untimed
acquisition probe technique, the aphids are physically transferred to
the fasting chambers, and are then transferred to the source plants.
This is the same as in the timed procedure.

Next, however, the

procedures differ, because the source plants are not excised leaves, but
are entire plants, and are placed in the same pot as the host plants.
These pots, containing the host and source plants, are placed in covered
containers and the source plants are allowed to wilt.

This wilting

forces the aphids to move to the host plants without having to
physically move the aphids (Chapter III.B.4).
One advantage of this new technique is that it requires less
physical manipulation of the aphids.

This lessens the chance of damaging

the aphids, such as breaking off the stylet.

Also, it better approxi-

mates the natural feeding habits of the aphids by allowing them to
become accustomed to the new environment of the source plant, and then
move to the test plant on their own accord without being physically
forced to move.

Finally, it is a much less time consuming procedure for

the researcher and lessens the possibility of human error.

Therefore,

it seems to be a much better and more natural system for testing aphid
transmission of plant viruses.
In order to investigate effectiveness of the untimed acquisition
probe technique, it was compared on a limited scale to the timed acquisition probe technique and the results were found to be quite similar.
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The timed acquisition probe technique resulted in PMV transmission rates
ranging from 8-12%, while with the untimed technique, the rates ranged
from 12-28% (Table III.I).

If anything can be concluded from these

results, it is that the untimed method may give increased rates of
transmission over the timed method.

This correlates well with the

previously discussed advantages of this method, which may indicate why
higher transmission values were observed when using the untimed acquisition probe technique.
The ability of PMV strains to be aphid transmitted from peanut to
peanut (Behncken, 1970; Bock, 1973; Inouye, 1969; Paguio and Kuhn, 1976)
and peanut to soybean (Paguio and Kuhn, 1976) has already been reported.
However, the ability of PMV to be transmitted from soybean to soybean
has only been inferred by Demski's work (1975) on the spread of PMV in
the field, but definitive controlled aphid transmission studies have not
been conducted.

Specific data on soybean to soybean transmission have

now been provided.

The results in this study have shown that PMV is

indeed transmissible from soybean to soybean by aphids and at a high
level.

This substantiates Demski's claim that field spread of PMV can

be due to this type of activity (Demski, 1975).

What is surprising is

the high efficiency of transmission that occurs from soybean to soybean.
The transmission rate varied from 22% to 58%, depending on the strain
used (Table III.4).

This compares to a 9.0% to 54% rate for peanut to

peanut transmission (Paguio and Kuhn, 1976), a 15% to 53% rate for pea
to pea transmission, and a 5.0% to 33% rate from pea to soybean transmission (Table III.5).

As one can see, the transmission rates are very
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comparable, and even greater for soybean to soybean transmission in some
cases.

This is surprising because aphids tend to show a preference for

feeding on pea and peanut plants over soybean (personal observation) and
are known to colonize peanut but not soybean plants.

This seems to

indicate a feeding preference for pea and peanut over soybean, which
would correlate well with the higher aphid transmission rate, because a
lack of preference for soybean would cause the aphids to be more active
by searching for a more preferable host.

Since this increased aphid

activity by host preference is indicated by the results, then soybean to
soybean transmission by aphids in the field should be considered the
major form of PMV spread.
When the PMV strains in soybean were tested for aphid transmissibil ity, all 5 strains were found to be transmitted by M. persicae.
Therefore, an aphid nontransmissible strain was not found as with the
peanut strains (strain N) (Paguio and Kuhn, 1976).

However, a dif-

ference in the efficiency of aphid transmissibility was found between
some of the strains.

Strains V74S/473, V74S/10B-1 and V79S/38-2 were

found to be transmitted at an intermediate rate, while strains V79S/20
and V79S/33 were transmitted at a significantly higher rate (Table 4).
Paguio and Kuhn (1976) also showed groups of 5 peanut strains of PMV
fell into three groupings based on aphid transmissibility.

Three were

readily transmissible (Ml, M2, M3), one was intermediate in transmission
(CLP) {9-18%) and one was not transmissible at all {N).
The reason for this difference in aphid transmission efficiency was
not readily apparent.

At first, a difference in strain concentration
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was thought to be a factor.

This was shown not to be the case by the

work of Paguio and Kuhn (1976), who showed that PMV strains were transmitted with similar efficiencies when two source plants (pea and
peanut), which had known differences in PMV strain concentration were
used.

These concentration differences were determined by local lesion

assays that showed significant differences in lesion numbers (Paguio and
Kuhn, 1973b).

This was further substantiated by the present results,

which showed the PMV soybean strains were transmitted at similar rates
when two different source plants were used (pea and soybean) (Table
III.5) which also had known differences in PMV strain concentration
(Tolin and Ford, 1983).

Paguio and Kuhn (1976) also showed that strains

which had higher concentrations in the source plant were transmitted at
lower rates than strains which had lower concentrations.

No other

reasons for this difference in strain aphid transmissibility are apparent, so this ability of the strains to be transmitted at different
I

rates must be an intrinsic property of the strains.

IV.

PURIFICATION AND SEROLOGY OF FIVE PEANUT MOTTLE VIRUS STRAINS
A.

Introduction

Purification of PMV strains was necessary in order to compare the
strains serologically and to prepare an antiserum for diagnostic purposes.

Methods by Sun and Hebert (1972) for a severe strain, and by

Paguio and Kuhn (1973a) for a mild strain have been reported, but were
found to result in low recovery of highly aggregated virus (Tolin and
Ford, 1983).

However, a recent report by Tolin and Ford (1983) demon-

strated a new purification procedure which resulted in a high recovery
(10-25 mg/kg tissue) of intact virus.

This procedure involved virus

purification by extraction in 0.1 Mtris-HCl, containing 0.5 MEDTA and
0.02 Msodium sulfite followed by clarification with 25% chloroform and
precipitation with polyethylene glyc.ol.
ELISA has been widely used as a technique in plant virus diagnosis
(Bar-Joseph et al., 1979; Casper, 1977; Clark and Adams, 1977; Lister,
1968; Reeves et al., 1978).

The use of ELISA as a diagnostic tool

unfortunately has some disadvantages, the major ones being that for each
virus to be tested a different antibody conjugate is needed and closely
related virus strains have been found to be serologically unrelated
using the double sandwich ELISA (Barbara et al., 1978; Bar-Joseph and
Solomon, 1980; Kelly et al., 1978; Koening, 1978; Lister and Rochow,
1979).

This difficulty in detecting virus strains is thought to be due

to the extreme specificity of the ELISA technique, which may preclude
the detection of even closely related strains of the same virus (BarJoseph and Solomon, 1980; Koening, 1978).
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These problems have been alleviated by the modification of the
original ELISA technique.

In this modified version, called indirect

ELISA (versus the original double sandwich technique, called direct
ELISA), an enzyme-labelled anti-IgG is used as a second antibody to
detect the antigen-antibody complex instead of the usual labelled
antivirus globulin (Lommel et al., 1982; Van Regenmortel and Buckard,
1980).

Researchers have found that indirect ELISA is more sensitive

than direct ELISA for purified virus.

In addition, gamma globulin for

each antigen to be detected does not need to be purified from antiserum
and coupled to an enzyme, because a single commercially available
antibody conjugate can be used (Lommel et al., 1982; Van Regenmortel and
Buckard, 1980).

Finally, virus strains can be detected by the indirect

technique, which is not the case with direct ELISA (Bar-Joseph and
Solomon, 1980; Van Regenmortel and Buckard, 1980).

This ability to

detect strains of the same virus has been utilized as a sensitive
serological test for defining strain relationships (Bar-Joseph and
Solomon, 1980; Clark and Adams, 1977; Cole and Morris, 1980; Crook and
Payne, 1980; Van Regenmortel and Buckard, 1980).
In addition, Ouchterlony agar double diffusion supplemented with
sodium dodecyl sulfate (SOS) was used to determine serological relatedness among the 5 PMV strains previously identified with the differential
soybean cultivar series.

Ouchterlony agar double diffusion has been

frequently used in determining relationships among virus strains (Beczner
et al., 1976; Bos et al., 1977; Drijfhout and Bos, 1977).

By adding
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SOS, this technique has become an effective tool for studying flexuous,
rod-shaped viruses {Gooding and Bing, 1970; Purcifull and Batchelor,
1977; Tolin and Ford, 1983).
This study was undertaken to compare the 5 PMV strains by purification, to produce a viable antiserum from the type strain V74S/473, and
to develop an effective ELISA procedure for the detection of the known
PMV strains using only the one antiserum.

In addition, the relationship

of PMV strains using ELISA and SOS invnunodiffusion was explored.
B.

Materials and methods

1.

Source of virus strains.

The PMV strains used in this study

were the type members of each of the 5 PMV strain groups {Pl-P5) described in Chapter II.C.4.
2.

Virus strain propagation.

Each PMV strain was maintained by

continual transfer on soybean (Glycine max {L.) Merrill 'Lee 68')
approximately once every two weeks.

The inoculation technique used is

described in Chapter II.B.3.
3.

Purification of peanut mottle virus strains.

All 5 strains

were purified from pea {Pisum sativum L. 'Little Marvel').

The method

for PMV purification described by Tolin and Ford {1983) was used with a
few modifications.

Systemically infected whole pea plants {except for

the roots) were harvested 11 to 14 days after inoculation.
Tissue was homogenized in a Waring blender with 2 m1 of buffer per
gram of tissue.

The buffer used was 0.1 MTris, pH 8.0, containing 0.02

Msodium sulfite {NaSo 3 ) and 0.05 M EDTA {disodium ethylenediamine
tetraacetate).

The extract was strained by pressing through cheese-
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cloth.

It was then stirred vigorously for 10 minutes with chloroform at

5C (l ml/3 ml extract).

Next, the emulsion was broken by a low speed

centrifugation (10,000 ..9. for 10 min) and then the aqueous layer strained
through MiraclothR (Calbiochem, LaJolla, CA 92037).

Polyethylene

glycol 6000 (PEG) and NaCl were added, with stirring, to the supernatant
from the previous centrifugation to give a final concentration of 4% and
0.5 M, respectively.

After an additional 30 minutes of stirring in the

cold {5C), precipitated virus was concentrated by centrifuging at 10,000
..9. for 10 minutes and was resuspended overnight in a volume of buffer

equivalent to one tenth of the initial volume of clarified extract.

The

buffer used was 0.01 N Tris, pH 8.0 containing 0.5 Murea and 0.001 M
EDTA (TUE buffer).
Further purification was achieved by differential centrifugation.
Following low speed centrifugation (10,000 ..9. for 10 minutes) of the
resuspended pellet, the supernatant was strained through MiraclothR.
This suspension was then centrifuged at high speed (30,000 rpm for 3
hours in a Beckman Type 30 rotor) through a 20% sucrose pad (sucrose was
dissolved in TUE buffer and 7-10 ml were added to the bottom of each
centrifuge tube).

The pellet was resuspended overnight at 5C in a

volume of TUE buffer equivalent to 1/50th of the initial volume of
clarified extract.
fugation (10,000

..9.

The virus was then clarified by low speed centrifor 10 minutes).

Density gradient centrifugation was

carried out in linear sucrose gradients in a Beckman SW27 rotor, centrifuged for 2 hours at 27,000 rpm.

The gradients were prepared by the

freezing and subsequent thawing of 34 ml of a sucrose solution (250 g
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sucrose/liter) in 0.005 MTris, pH 8.0.

Gradients were fractionated and

scanned at 254 nm with an ISCO Density Gradient Fractionator and UVAna lyzer (Instrumentation Specialties Co., Lincoln, NE 68507).

The

virus zones were collected and the virus concentrated from the sucrose
by centrifugation at 50,000 rpm for 1.5 hours in a Beckman Type 65
rotor.

Purified virus was stored at SC in 0.005 MTris buffer, pH 8.0

with 0.001% sodium azide.

Virus concentration was determined spectro-

photometrically using E (0.1%, 260 nm)=2.6 (Kuhn and Bock, 1975).
4.

Preparation of antiserum.

strain, V74S/473, in 1981

w~th

Antiserum was prepared to the type

the assistance of Dr. J. Tew, Medical

College of Virginia, Richmond, VA, by injecting each of 2 rabbits initially with 5 mg of purified virus, administered both intramuscularly
and intravenously.
venously.

Four weeks later, 0.1 mg virus was injected intra-

Bleedings were made 2 weeks after the final injection, and

serum was stored frozen at -20C.
Antibody titer was determined by microprecipitin tests using
phosphate buffered saline (PBS) containing 0.01 Msodium phosphate,
0.75% NaCl and 0.1% NaN 3 , pH 7.0, for dilution of virus and antiserum.
The procedure outlined by Ball (1974) was followed.

The SOS immuno-

diffusion technique, as described in Chapter IV.B.7, was used to test
the antiserum for its reaction with the PMV strains.
5.

Preparation of y-globulin and enzyme conjugate.

A modifi-

cation of the Clark and Adams (1977) procedure was used for the purification of the PMV antiserum for direct ELISA.

Antiserum to PMV (0.5 ml)

was diluted tenfold with distilled water, and to this 10 ml of saturated
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arrmonium sulfate was added.

After standing at room temperature for 30

to 60 min, the solution was centrifuged at low speed (10,000

..9..

for 10

minutes) and the precipitate was dissolved in 0.5 ml of half strength
PBS.

This y-globulin mixture was applied to a Sephadex G-25 column in

half strength PBS, the protein was washed through with half strength PBS
and collected in 1 ml fractions.

The fractions were combined and passed

through a column of 3-5 ml of DE 22 cellulose equilibrated in half
strength PBS.

The y-globulin was washed through with half strength PBS

and collected in 1 ml fractions.

The fractions which had an absorbance

at 280 nm of 0.5 OD or greater were kept.

These fractions were combined

and the concentration in mg/ml and total number mg of y-globulin
obtained were measured spectrophotometrically.
adjusted to 1 mg/ml, E(0.1%, 280)

=

The y-globulin was

1.4, and stored in 2 ml Cooke

plastic screwcap vials at -20C.
A modification of the Clark and Adams (1977) procedure for the
conjugation of the enzyme with y-globulin was used.

One ml (5mg) of

alkaline phosphatase (Sigma type VIIT, Sigma Chemical Co., St. Louis,
MO.

63178) was centrifuged at low speed (8500 rpm for 10 minutes).

.
precipitate was dissolved

in 2 mls (2mg) of y-globulin solution.

The
It

was then placed in dialysis tubing and dialyzed 3 times against 500 mls
of PBS.

Fresh glutaraldehyde (Polysciences, Inc., Warrington, PA.

18976) was added to the solution to make a final concentration of 0.06%.
After being mixed well, it was left for 4 hours at room temperature, and
a yellow-brown color developed.

The solution was dialyzed 3 times

against 500 mls of PBS to remove the glutaraldehyde.

Bovine serum
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albumin (Sigma No. A-4378, Sigma Chemical Co., St. Louis, MO.

63178)

was then added to produce a solution of approximately 5 mg/ml, and
stored at 4C.
6.

ELISA

a.

Double antibody sandwich method.

The method used was a modifi-

cation of that described by Clark and Adams (1977).

Polystyrene micro-

el isa plates (Cooke Products, Inc., Dynatech Laboratories, Ltd.,
Alexandria, VA 22314) were used throughout the study.
coated with 200 µl

Wells were

y-globulin at 1 mg/ml in coating buffer, pH 9.6

(0.05 sodium carbonate with 0.01% sodium azide) and incubated at 37C for
2 hours.

Plates were then rinsed 3 times with phosphate buffered

saline, pH 7.4, containing 0.05% Tween-20 (PBS-T) (Fisher Scientific
Co., Fairlawn, NJ 07140).

Antigen preparations were prepared in PBS

containing 2% polyvinylpyrolidone 40 (PVP) and 0.2% ovalbumin (Sigma No.
A-5253, Sigma Chemical Co., St. Louis, MO.

63178).

Two hundred micro-

liters of the antigen were added to each well and incubated at SC for 18
hours.

After rinsing (as previously described), enzyme conjugated

y-globulin (200 µl/well)_were added for 2 hours of incubation at 37C.
The optimum concentration was found to be 1 mg/ml and dilutions were
made in PBS-T, containing 2.0% PVP and 0.2% ovalbumin.

After rinsing

again with PBS-T, the bound enzyme conjugate was detected by adding 200
µl of the substrate p-nitrophenyl phosphate at 1 µg/ml in 0.1 M
diethanoloamine buffer, pH 9.8.

After incubating for 1-2 hrs at room

temperature, the absorbances were directly read at 405 nm using an EIA
reader (Model EL307 Bio-Tek Instruments, Inc., Burlington, VT.

05401).
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b.

Indirect method.

The method used was a modification of the

method described by Lommel et al. (1982).

The same polystyrene micro-

elisa plates that were used with the sandwich method were also used with
this method.

The initial coating step was with 200 µ1 of antigen

diluted in 0.05 Msodium carbonate, pH 9.6, with 0.01% sodium azide for
2.5 hrs at 37C.

After rinsing, (the same procedure was used as described

with the direct method), 200 µ1 of PMV antiserum, diluted 1:1000 was
added and incubated 18 hrs at 5C.

After rinsing, goat anti-rabbit IgG,

coupled with alkaline phosphatase, (Sigma No. 1-8025) was then added at
a dilution of 1:2000 in PBS-T and incubated 2 hrs at 37C.

After rinsing,

the substrate was added and absorbance values at 405 nm were taken as
before.
7.

SOS immunodiffusion technique.

The SOS immunodiffusion tech-

nique was used to determine serological relatedness among the PMV
strains used in this study (Tolin and Ford, 1983).

Before this could be

accomplished, the optimal test parameters had to be determined.

First,

the SOS concentration was varied in order to determine the optimum level
for the particular antiserum.

Concentrations tested were 0.2 and 0.3%.

The addition of NaCl as an aid in specific precipitin formation was also
tested.

The concentration of 0.55 and 0.7% were tested.

Finally, two

different oxoid agars, Ionagar No. 2 and L-28 purified agar (Oxoid
Limited, England) at a concentration of 0.6% were tested to determine
the best one for use in this technique.
as an antibacterial agent in all cases.

Sodium azide was added at 0.1%
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Fifteen milliliters of the agar was placed in a 100 mm diameter
plastic petri dish.

Wells, 4

ITDTI

in diameter, were cut in a hexagonal

pattern surrounding one well in the center, into which the antiserum was
placed.

The six peripheral wells contained antigen.

The plates were

maintained at room temperature for 24-48 hours; the presence of a
precipitin band between the wells indicated a positive reaction.

The

type isolate, V74S/473 was used as the antigen, and antiserum made
specifically against this isolate was used (Chapter IV.B.4).

When

determining serological relatedness, a pattern was used in which each of
the strains (type members of each strain group were used), was adjacent
each other strain in the plate pattern.
C.

Results

1.

Purification of strains.

Each of the 5 previously descrtbed

PMV strains (Chapter II) was successfully purified using this technique.
In a typical preparative density gradient (Figure IV.1), the virus zone
was well separated from slowly sedimenting materials and showed little
aggregation.

Final yields were determined to be 17-47 mg/kg tissue

depending on the strain.

Strain V74S/10B-1 was lowest with 17 mg/kg,

followed by V79S/20 with 20 mg/kg, V74S/473 with 21 mg/kg, V79S/38-2
with 31 mg/kg and V79S/33 with 47 mg/kg tissue.

The purified virus of

each strain gave an ultraviolet absorption spectrum typical of potyviruses.

The absorption maximum was 260 nm and the minimum was 246

nm as previously reported for PMV strains (Paguio and Kuhn, 1973b; Sun
and Hebert, 1972; Tolin and Ford, 1983).
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Figure
IV.1

Sucrose density gradient centrifugation profiles of the five
peanut mottle virus strains in a preparative SW 27 gradient.
Virus (about 2 mg) was layered on a 10-40% sucrose gradient in
0.005 MTris, pH 8.0. Gradients were centrifuged at 27,000
rpm for 2 hr. in the Beckman SW 27 rotor. Sedimentation is
from left to right. A-V79S/38-2, B-V79S/20, C-V79S/33,
D-V74S/108-1 and E-V74S/473.
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A.

V79S/38-2

100

B.

C.

V79S/20 ·

V79S/33

Figure N .1.

contirrued
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D.

V74S/10B-1

E.

V74S/473

Figure N .1.

continued
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2.

Precipitin reactions.

Antisera produced in each of two rabbits

against PMV V74S/473 reacted in microprecipitin tests with 1 mg/ml of
purified homologous virus to a dilution of 1/128.
identical dilution end points of 1/128.

Other strains gave

In SOS-gel diffusion tests,

undiluted antisera reacted with purified virus and crude sap from
infected pea and soybean but not with crude sap from healthy plants.
Precipitin bands were strongest with 0.2% SOS and 0.7% NaCl.

All 5 of

the strains reacted equally to the antiserum, with each producing a
strong precipitin band.

No spurs were observed at the juncture of any

of the precipitin bands (Figure IV.2).
3.

Direct ELISA.

The direct method of ELISA was first used with

crude sap of 4 PMV strains in soybean to test its ability to detect each
of the virus strains.

The technique was able to detect the presence of

virus in all cases, but the intensity of the reaction varied among the
strains.

Strain V74S/473 had the greatest reaction, but this was to be

expected since the antiserum was made against this strain.

Strain

V79S/38-2 was intermediate in reaction, and strains V73S/10B-1 and
V79S/20 were lower (Figure IV.3).

The intensity of reaction decreased

slightly with dilution of the sap, but since these variations in reaction
could be due to differences in virus concentration in the plant, purified
virus of known concentrations was then tried.

These results, however,

were quite erratic, with the higher concentrations giving quite low
absorbance values (Figure IV.4).

Since satisfactory results could not

be obtained in 6 trials, no further tests were conducted.

103

Figure
IV.2

Serological relatedness of the five peanut mottle virus
strains using SOS immunodiffusion. The center well contains
antiserum to the type isolate V74S/473. The outer wells
contain one of the PMV strains in sap from Little Marvel pea.
A-V74S/473, B-V79S/33, C-V79S/20, D-79S/38-2 and E-V74S/10B-1.
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Figure

IV.3

Detection of four peanut mottle virus strains in crude sap
from Little Marvel pea using the direct enzyme-linked inununosorbent assay technique.

47

1.2 . . . . . . . . . . . . . . . . . . . .-~-~---V7-4S~/ ~=3-----:,~,~V~7:9S:/:3:8-:2~------,
1.1
V79S/20
u111 V74S/10B-l

-o-

1.0

Control

0.9

••••••••••
······················••111111111111111111111111111111111111111111111

-

0

0

0
0

5 10

20

40

80
Tissue Dilution

------,

160

107

Figure

IV.4

Detection of five purified peanut mottle virus strains using
the direct enzyme-linked immunosorbent assay technique.
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4.

Indirect ELISA.

by indirect ELISA.

The reaction of purified virus was then tested

In this case, the results were quite consistent and

reproducible in 8 trials over a concentration range of I to 1,000 ng/ml.
The absorbance values decreased with increasing virus dilution and all
five of the strains were similar in their reaction to the single PMV
antiserum (Figure IV.5).
D.

Discussion

The purpose of this study was to compare 5 PMV strains by purification and serological reactions.

All virus strains were purified by

the method developed for the type strain, and sedimentation profiles
were similar, but a range of final yields (17-47 mg/kg tissue) was
observed.

This variability in virus productivity between the strains

could indicate possible differences in virus concentration in the host
plant.

By SOS i111T1unodiffusion tests, no serological differences were

observed between PMV strains.

Double sandwich, or direct, ELISA, since

it is the most widely used ELISA technique (Clark and Adams, 1977), was
used to compare PMV strains.

In tests with crude sap some differences

between the strains could be detected (Figure IV.I).

However, these

differences could be due to variations in virus concentrations in the
test plant used, which were alluded to in the purification results.
Therefore, the possible strain differences were further tested using a
known concentration of purified virus.
satisfactorily in direct ELISA.

This test, however, did not work

The results obtained were very erratic,

with the high concentration of purified virus producing very low absorbance readings (Figure IV.2).
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After the failure of direct ELISA to satisfactorily detect the
purified PMV strains, the indirect ELISA technique was used.

It proved

to be suitable to detect purified virus and the results were very
consistent.
IV.5).

All 5 of the PMV strains were easily detected {Figure

This demonstrates the ability of the indirect technique to

detect several strains of PMV.

The ability of indirect ELISA to detect

a wide range of tobacco mosaic virus strains has previously been shown
by Van Regenmortel and Burckard {1980).
By using indirect ELISA and SOS irrmunodiffusion with antiserum to
one 9otrain, no differences were found between the different strains.
This was not surprising because the strains were selected in part due to
their ability to react strongly to this antiserum in SOS irrmunodiffusion
tests.

Additional testing with antisera to other strains is needed

before the existence of PMV serological strain relationships can be
determined conclusively.
In conclusion, the PMV strains were successfully purified and
differences in PMV strain productivity were observed.

However, more

testing is needed to determine if the observed productivity differences
actually do correspond to virus concentration differences in the host
plants or indicate variability in efficiency of extraction by the
purification procedure used.

Indirect ELISA seems to be an effective

technique for the detection of purified PMV.

It is able to detect a

wide range of PMV strains with very consistent results, while the direct
technique is much more variable in its ability to detect these same
strains.

However, direct ELISA was useful for detecting all strains
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Figure
IV.5

•

Detection of five purified peanut mottle virus strains using
the indirect enzyme-linked immunosorbent assay technique.
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from crude sap.

The ability of indirect ELISA to detect the PMV strains

in crude sap was not tested

Indirect ELISA has the added advantage of

requiring only one enzyme conjugate and needing only crude antisera (not
µ-globulin).

Additional testing is needed, however, in order to deter-

mine its effectiveness in defining specific strain relationships and its
suitability for detecting PMV strains in crude sap.

DISCUSSION
Peanut mottle virus (PMV) has been shown to cause significant yield
losses in soybean.

In Virginia, it has also been recognized as causing

soybean yield losses (Roane and Tolin, 1974; Roane et al., 1978), and a
program for breeding cultivars with disease resistance has been undertaken.

A number of soybean plant introductions (PI's) were screened for

sources of PMV resistance, (Shipe et al., 1979a) and a new recessive
gene for resistance was identified (Shipe et al., 1979a).

During this

work, the isolate of PMV used for screening the soybean PI's and determining the resistance gene was found to exhibit variability.

This PMV

isolate variability was demonstrated by the production of necrosis on
the soybean plants used.

This observation was the first suggestion that

variability existed in PMV in its reaction.in soybean.
From subcultures of an initial PMV isolate, several single local
lesion variants were isolated from 'Topcrop' bean.

Some of these single

lesion variants were found to exhibit variable symptom types and severity
in 'Essex' soybean, which clearly demonstrated a difference in PMV
isolates according to symptom expression.

Therefore, a need to further

define these differences became evident.
The first step was to take these PMV single lesion variants and
inoculate them to some of the previously tested resistant PI's in the
field in order to see if any of these PI's were found to be susceptible
to one of the variants.

Of the 5 PMV variants tested, 3 groups were

recognized based on symptom expression (Chapter I).
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This suggested that
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the original isolate of PMV used in the breeding experiments did indeed
change.

However, further work needed to be done in order to define the

strain groups more completely.
These PMV variants and some additional field isolates from Virginia
were then screened on several soybean cultivars.

The purpose was to

develop a cultivar series which differentiated the PMV isolates into
strain groups.

From these experiments, the PMV variants and field

isolates were placed into 5 strain groups (Pl-PS) according to symptom
expression in selected soybean cultivars (Chapter II).

The serological

relatedness of these strains was also tested using the SOS-gel diffusion
technique.

The results showed that no serological difference was found

between the strains when a single antiserum was used (Chapter IV.C.2).

.

These results do not mean that no differences exist, because antisera
from the other strains would have to be tested for the existence of
strain differences to be completely discounted.

Since no indication of

differences was apparent, the production of antisera to the other
strains was not carried out.

However, the results compare favorably

with previous results by Paguio and Kuhn (1937b) who showed no serological differences between their 5 peanut infecting strains using the
microprecipitin technique.
The type member from each strain group was inoculated to 41 soybean
cultivars and lines to determine the range of response to PMV strains.
Five reaction classes resulted.

All virus strains infected 26 of the

cu1tivars and lines with differing symptom expression.

None of the

strains infected 'Buffalo', 'CNS', 'Davis', 'Haberlandt',

1

Kwanggyo

1 ,
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'Peking', and 'Ware'.
infected 'Cumberland'.
infected 'Virginia'.

All strains with the exception of V74S/10B-1
Three strains, V74S/473, V79S/20 and V79S/33
Only one strain, V74S/10B-1, infected 'Arksoy',

'Dorman', 'Shore', 'V75-183' and 'York'.

Two of the cultivars tested in

·the study, CNS and York, have been shown to contain different genes for
PMV resistance through breeding studies {Roane et al., 1983).

The

reaction of York and CNS to the PMV strains also demonstrated that these
cultivars contained different resistance genes.

Therefore, these

results suggest that PMV strains may be useful in indicating the presence
of PMV resistance genes in soybean.
The major means of transmission of PMV in the field is through
aphid transmission (Behncken 1970; Bock, 1973; Inouye, 1969; Paguio and
Kuhn, 1979).

Since soybean infecting strains of PMV have now been

identified, a natural area of interest is in the ability of these
strains to be aphid transmitted.

Therefore, a study was undertaken to

determine the efficiency of these PMV strains to be aphid transmitted.
Some interesting information emerged from these studies.

First, it was

found that all of the PMV strains could be transmitted using the green
peach aphid (Myzus persicae).

The PMV strains were transmitted from

soybean to soybean at a high rate of transmission {22-58%) (Chapter
III), which supports the observations that Demski (1975) had made that
PMV was probably transmitted in this manner.

Differences in the effi-

ciency of aphid transmission was found with these PMV strains.
groupings based on aphid transmission efficiency were observed.

Two
One

group, containing strains V74S/10B-l, V74S/473 and V79S/38-2, had lower
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transmission rates (less than 28%) than did a second group, containing
strains V79S/20 and V79S/33, which had significantly higher rates
{greater than 30%) (Chapter III).

These differences could play a role

in the incidence of a certain PMV strain in a soybean crop.

The more

efficient a strain is transmitted, the better it is able to move in the
field, and the greater the number of plants that will be infected.
The procedure used in these tests was not the typical aphid transmission methodology.

Instead of physically transferring the aphids from

the source plant to the test plant, the aphids were allowed to do this
themselves.

The source plant was cut at the ground line and placed in a

small vial of water.

The vial, with the source plants was placed in the

center of a pot containing the host plants.

The source plant was then

allowed to wilt, which induced the aphids to move over to the host
plants (for the specific procedure see Chapter III.B.4).

The idea for

this procedure, which is called the untimed acquisition probe technique,
was given to the author by Dr. M. E. Irwin, University of Illinois, and
has a number of advantages.
less time.

It is much easier to do and requires much

It also more clearly approximates the natural movement of

the aphids themselves and cuts down on physical contact of the aphids
which could cause damage, such as a broken stylet.

Finally it was shown

that no differences were found when the untimed technique was compared
to the typical method (Chapter III.C.l.).

Therefore, this new method is

an alternate way of doing aphid transmission studies and will most
assuredly become more widely used in the future.
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Finally, the use of ELISA as a tool for the detection of PMV
strains was investigated.

This technique has gained extensive use in

the field of plant virology (Clark, 1981).

Most of the researchers who

have used this technique employ the double antibody sandwich or direct
ELISA method (Voller et al., 1976).

Therefore, this method of ELISA was

used to investigate the 5 PMV strains detailed in this study.

Direct

ELISA method was found to be somewhat lacking in the detection of the
PMV strains.

The results were quite variable, with a range of absorb-

ance values (Chapter IV.C.3).

Therefore, the problem of not detecting

the PMV strains because of the extreme specificity of the sandwich
method became apparent (Bar-Joseph and Solomon, 1980; Van Regenmortel
and Burchard, 1980).
The problem of using direct ELISA was resolved by using the indirect ELISA method.

With the indirect method, the problem of speci-

ficity is resolved because use of highly specific enzyme conjugates is
avoided.

It has been shown that enzyme conjugates prepared with anti-

bodies against one virus strain do not react with closely related
strains (Barbara et al., 1978; Bar-Joseph and Solomon, 1980; Koening,
1978; Kelly et al., 1978; Lister and Rochow, 1979; Rochow and Carmichael,
1979; Van Regenmortel and Burckard, 1980), which makes the indirect
method much less specific and enables it to detect a wide range of virus
strains.

This decreased specificity was quite evident with the PMV

strains, because all of the strains were detected equally using this
technique (Chapter IV.C.4).
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The present study has taken an observation that a PMV isolate
showed some variability, and determined that variability did indeed
exist.

The observed variability was then further examined using symptom

expression in soybean, aphid transmission and serology.

Specifically,

the following conclusions were drawn:
1.

A change in a PMV isolate can lead to variants which have

biological properties different from the original isolate.

2.

PMV consists of at least S strain groups in soybean, which were

designated Pl-PS.

3. All of the PMV strains were aphid transmissible from soybean to
soybean, and a difference in transmission efficiency was observed
between the groups of strains (Pl, P4 and PS versus P2 and P3).
4.

Indirect ELISA was found to be an excellent method for the

detection of purified PMV.

S.

The PMV strains were found to be serologically closely related

using SOS-gel diffusion and indirect ELISA using one antiserum.
6.

PMV strains should be taken into consideration when breeding

soybeans for resistance to PMV.

7.

PMV strains may be potentially useful in the identification of

PMV resistance genes in soybean.
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VARIABILITY OF THE PEANUT MOTTLE VIRUS REACTION
IN SOYBEAN {GLYCINE MAX) {L.) MERRILL
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(ABSTRACT)
The possible existence of variability in the reaction of PMV in
soybean, which could lead to resistance breaking strains, was investigated in this study.

•

The specific research objectives were to provide

evidence of PMV strains in soybean, and to characterize the PMV strains
using aphid transmission efficiency and serological relationships.
Twelve PMV isolates were placed in five strain groups (Pl-PS) based on
symptom expression in the soybean cultivars Lee 68, York, and Virginia.
Aphid transmission efficiency of the PMV strains by the green peach
aphid (Myzus persicae Sulz.) was determined by counting infected test
plants following natural feeding by aphids exposed to virus infected
source plants.

Transmission efficiency from pea (Pisum sativum L.)

source plants to pea test plants was 11 to 36% and varied with strains.
Pea to soybean and soybean to soybean transmission was 5 to 29% and 20
to 58%, respectively.
classified in 2 groups.

From these results, the 5 strains could be
Two techniques, SDS-immunodiffusion (sodium

dodecyl sulfate) and ELISA (enzyme-linked immunosorbent assay), were
used to investigate the serological relatedness of the PMV strains.
Results indicated that all the strains were serologically closely
related.

