AN ULTRASTRUCTURAL AND IMMUNOCYTOCHEMICAL STUDY OF THE
WHEAT SOIL—BORNE MOSATc VIRUS/ POLYMYxA GRAMINTS
RELATIONSHIP
by
Mary Sue Mayes

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of

.

MASTER OF SCIENCE
in

Plant Pathology

APPHOVED:

,

Lg y ;/
U

·

1R.

L

L. Gray on, Chairman

1._
J. Eisenback

M. K. Roane

[JÄ«¤„„.l ULLA¢uc„

#fghEä9Q Ü_~Ü71m¢Lg

H. Warren

L. D. Moore

February

1989

Blacksburg, Virginia

AN ULTRASTRUCTURAL AND IMMUNOCYTOCHEMICAL STUDY OF THE
WHEAT SOIL—BORNE MOSAIC VIRUS/ POLYMYXA GRAMINIS
RELATIONSHIP

—

by
Mary Sue Mayes
Committee Chairman: R. L. Grayson
Plant Pathology
(ABSTRACT)
The effects of various fixatives on viral
suspensions, the progress of wheat soil—borne mosaic
virus (WSBMV) through Florida 302 wheat, and WSBMV
relationship to Polymyxa graminis Led. were studied at
the subcellular level.

The utilization of electron

immunocytochemical techniques using gold—labelled
antibodies on viral suspensions and thin sections_
confirmed that (l) paraformaldehyde provided the best
preservation of viral morphology, viral concentration,
and antigenicity;

(2) P; graminis is the actual vector of

the virus; and (3) the labelling pattern of the fungal
structures and plant chloroplasts suggests that they may
play a role in the synthesis of some viral proteins.
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I.

INTRODUCTION

Viruses are obligate, intracellular parasites
upon living cells for their reproduction.
whichdepend
Although noncellular in nature and less complex than
cellular systems, viruses as a group are very
heterogeneous and share some basic properties regardless
of the nature of the host cell (plant, animal, or
bacterial).

Essentially, they consist of a nucleic acid,

RNA or DNA, surrounded by a protective protein coat.
Many host cell—virus interactions cause cells to
malfunction.

This disruption of normal cell activity

results in a "disease" which is usually characterized by
"symptoms" (Agrios, 1978 a).
Plant viruses vary in size and shape but the basic
forms are spheres, rods, and polyhedrals.

Approximately

25 % of known viruses incite plant diseases which result
in economic losses totaling millions of dollars (Agrios,
1978 b).

One important virus is wheat soi1—borne mosaic

virus (WSBMV) which is found in the United States and
other wheat growing countries.

Although other plant

species can serve as hosts for the virus, wheat (Triticum

aestivum L.) is the most important.

Definitive proof of

the presence of a virus in a plant is provided by

partial or complete purification, immunocytochemistry,
and electron microscopy (EM) (Molday, 1985).
1
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It is difficult to observe virus particles in
°

ultrathin sections of plant tissues infected with WSBMV
compared to leaf dips and viral suspensions.

For

example, in the same infected leaves in which WSBMV viral
antibody sensitized carbon—coated support grids detected
virus particles, observations of ultrathin sections
failed to detect them.

Immunoelectron microscopy (IEM),

on the other hand, lends a high degree of specificity for
recognition of viruses and viral proteins (Horisberger,
1981; Polak and Varndell, 1984; Bendayan, 1985).

Earlier

work by R. L. Grayson provided strong evidence that WSBMV
is difficult to preserve when tissues are fixed according
to standard procedures using glutaraldehyde (Glut) and
osmium tetroxide (OsO4).

Although part of this

difficulty is probably due to the fact that Glut does not
interact with nucleic acids (Hayat, 1981), the primary
evidence indicates that this fixative and OsO4 cause
extensive conformational changes from helical to random
coil conformations.

Therefore, the viruses are no longer

morphologically recognizable.
The objectives of this project study were to (1)
confirm with electron microscopy and electron
immunocytochemical techniques that Polymyxa graminis
is the vector for WSBMV by attempting to determine the
location of the virus in or on cystosori, zoosporangia,

‘

1
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plasmodia, or zoospores of the fungus and (2) determine

the location of WSBMV in host tissue.

j
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II.

REVIEW OF LITERATURE

j

A. History gf the Wheat soi1—borne mosaic virusg Polygyxa
graminisg wheat relationship

Wheat soil—borne mosaic virus (WSBMV) was the first
viral disease identified in wheat.

Losses were so severe

in Illinois in 1919 that research was initiated to
identify and control a disease that was initially
believed to be take—all caused by Gaeumannomyces graminis

Sacc. var avenae Turner.
identified

The disease was first

and characterized in 'Harvest Queen’, a

popular cultivar in the l920’s.

In preliminary

investigations neither bacteria nor fungi were
responsible for the condition which was then referred to
as "rosette disease" (McKinney, 1923; McKinney et al.,
1923).

In early descriptions severe stunting was the

sole characteristic of the disease.
‘

McKinney (1925)

transmitted the disease by a needle—pricking method which
firmly established the rosette disease as the first viral
disease in wheat.
Once a virus was established as the cause of rosette
disease, studies were initiated to determine its mode of
infection.

McKinney and Webb demonstrated that infection

occurred in the fall and that large losses due to the

disease followed those periods in which there was
free water in the soil and temperatures below 22 C.
4

Ny
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Delayed planting of wheat slowed the progress of the
disease and infection could be prevented if the soil was
treated with formaldehyde prior to planting.
Infection could be slowed if infested soil was diluted
with uninfested soil {McKinney, 1923; Webb 1927 and 1928;
Brakke et al., 1965).
McKinney, Paden, and Koehler 1957, and Webb 1928,
believed that WSBMV was transported by a soil organism
but it took them over 30 years to accumulate the evidence
that at best was circumstantial.

Progress was slow

because of the many difficulties associated with working
with the disease (Brakke and Langenberg, 1988).

The

disease develops slowly and infects only a small fraction
of inoculated plants.

Early investigators were often

limited to a few experiments a year because environmental
conditions were not favorable for disease transmission in
the field and growth chambers were generally unavailable.
Most experimental observations were made in the field
when symptoms were observed.
Progress in understanding the disease was also
limited by perceptions of virus/vector relationships in
plants.

At the time insects were the only known vectors

of plant viruses, and plant pathologists doubted that
soil—inhabiting organisms were virus vectors (Brakke and
Langenberg, 1988).

Many believed that the viruses

U

I
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survived in the soil, bound to clay or other soil
particles, and entered the roots through wounds made as

_

—

the roots pushed through the soil (Miyamoto, 1959).
By the late l950’s researchers (McKinney et al.
1957, Webb 1928, Estes and Brakke 1966) had accumulated
enough evidence to suggest that WSBMV was vectored by a
soil-inhabiting organism.

This evidence was based on the

following information :
(1) Soil treated with formaldehyde and/or other fumigants

prevented infection and transmission of WSBMV.

g

(2) Wheat that did not become infected in the field, was
infectable when manually inoculated with virus.
(3) Plants did not become infected when planted in soil
that contained virus infected leaves, extracts of
virus infected leaves, or roots and crowns from
infected plants.
(4) In fields containing only a small amount of infested
soil, the incidence of disease increased with each

successive wheat crop.

With this information in hand, investigators began to
search for a biological vector of WSBMV.

Linford and

McKinney (1954) eliminated nematodes as vectors, but
considered root inhabiting fungi, such as
Polymyxa graminis Led., as likely candidates.

In 1965,

Brakke et al. confirmed that nematodes were unlikely
candidates as vectors and demonstrated that the disease
agent could be transmitted by root washings of plants
naturally infested with QL graminis.

Estes and Brakke

1
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(1966) established two correlations between QL graminis
and infection by WSBMV which suggested that Q; graminis
was the vector.

First, they were able to establish that

out of 182 WSBMV infected plants, 110 of these plants
also contained QL graminis.

Secondly, the investigators

demonstrated that WSBMV infected root pieces did not

serve as a source of WSBMV inoculum unless Q; graminis
structures were also present in the root.

Additional

evidence supporting these correlations was provided by
4Saito et al.

(1964) who showed that WSBMV was linked in a

similar way with Q; graminis in Japan.

These

correlations illustrated the constant association
necessary for successful vector relationships and
suggested that infections by Q; graminis and WSBMV were
not independent.

Thus, the most likely explanation was

·that QL graminis was the vector for WSBMV despite the
fact that they had never been observed in contact with
one another (McKinney et al., 1957; Saito et al., 1964;
and Brakke and Rao, 1967).
B. Disease Description
1. Importance
Wheat soi1—borne mosaic virus is a major pathogen of

winter wheat in the United States and around the world.
It is of special concern because of its rapid spread,

°

8

ability to mutate and break resistance, and the inability
·—
i

either to control or predict outbreaks of the disease
(Brakke and Langenberg,

1988).

WSBMV disease outbreaks

are common in 12 states in the United States, two
_

countries in Europe, one country in South America, and
two countries in the far east.

Despite the fact that the

disease continues to spread over the continents, the
major concern facing researchers is the ability of the
virus to infect new species every season.

I

While the

preferred hosts are wheat, barley gHordeum Vulgare L.),
or rye (Secale cereale L.), WSBMV has been located
in 21 additional species ranging from

Bromus commutatus Schrad. to ggg may; L.
Langenberg, 1988).

(Brakke and

Even though WSBMV can be found in

these species, it does not cause systemic infection nor
does it appear to affect the plant in any way.
'

However,

the wide host range of the virus can only cause alarm.
Losses due to WSBMV Vary with the variety of wheat
and growing conditions.

In the 1920’s, when WSBMV was

first discovered, losses approached 100 % (McKinney,
1923).

With the introduction of resistant varieties,

losses due to WSBMV dropped.

For example, losses

approaching 50 % were reported for Kansas and Nebraska in
the l970’s (Campbell, Heyne, Gronau and Niblett, 1975;
Palmer and Brakke, 1975).

In Kansas, the only state

°

'

where WSBMV statistics were kept, the average estimated
‘

loss due to WSBMV from 1976 to 1983 was 2.9 % and the
maximum yearly loss 5 % in 1976 and 1977 (Brakke, 1987).
Generally, losses were greater in years in which the
temperatures in the spring remained below 17 C for
prolonged periods of time (Brakke, 1987).
n
Large WSBMV outbreaks have been prevented when
growers planted at the latest date possible.

Early

planting of wheat in Kansas and Oklahoma by farmers, to
provide fall and winter pasture land, resulted in both
high losses due to WSBMV and the occurrence of the
disease in the Oklahoma panhandle (Brakke and Langenberg,
1988).

Resistant varieties remain the chief means of

disease control.

In most instances, when resistant

varieties are utilized and crops are planted at the
latest dates possible, losses due to WSBMV are greatly
i

reduced.

Removal of plant debris and weeds also remain

viable methods of control.

This treatment of the field

removes reservoir hosts of the virus and the fungus, and
provides the best method of control after late planting
dates.

No—till practices popular in the l980’s, may have

contributed to the most recent outbreaks of WSBMV
(Brakke, 1987).

(

Z
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2. Symptomatology
The symptoms of WSBMV depend on the virus strain,
wheat variety, and environmental conditions (Brakke and
Langenberg, 1988).

Symptoms observed in the field may be

due solely to the virus, or a combination of factors,

such as additional pathogens or limited nutrient
availability.

In ‘Harvest Queen', and varieties derived

from it, the virus causes severe stunting and rosette
formation (McKinney, 1923 and 1948).

In plants

systemically infected with virus, a mosaic ranging from
light green to yellow is produced in the leaves.

Mosaic

symptoms in the leaves have been subdivided into two
groups:

yellow mosaic and green mosaic.

Those

designated as yellow mosaic have more yellow than green
areas and those referred to as green mosaic have more
green than yellow areas.

Generally, those plants with a

yellow mosaic are more stunted than those with a green
mosaic (Brakke and Langenberg, 1988).

It is interesting

to note that in these stunted plants the root growth can
be repressed even more than aerial growth (Larsen,
Brakke, and Langenberg, 1985).

In addition to root and

leaf symptoms, the number of tillers and kernel weight
can be reduced (Campbell et al., 1975).

One of the most damaging effects of WSBMV infection

7
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accompanying growth reduction is increased crop weediness
(Vallega and Rubies—Autonel1, 1985).

These symptoms

remain as the plants mature; mosaic symptoms disappear.
The loss of mosaic symptoms usually coincides with the
onset of warm weather but a direct relationship has not
been established.

Even plants grown in controlled

environments at 15 C exhibit symptoms that decrease in
intensity over time.

However, it is important to realize

that even though the symptoms disappear, the level of
infection (number of virions per unit leaf) continues to
increase during the plant’s life.

It is also important

to note that severely stunted plants do not recover as
the season progresses (Brakke and Langenberg, 1988).
In addition to stunting and mosaic symptoms, the
virus also induces the formation of inclusion bodies,
primarily in the leaves, which can be observed with an
electron microscope.

These structures form when the

young leaves are expanding (Hibino, et al., 1974 a).
Several types of inclusion bodies have been described.
One is a mass of intertwined tubules; a second is
a crystalline array consisting primarily of viral
protein; and a third contains a mixture of membranes,
endoplasmic recticulum, vacuoles, and virions (Hibino, et
al., 1974 b).

C

·
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3. ggg; Range ggg Distribution
F

The host range of WSBMV and gg graminis is quite
extensive and depends upon the region in which they are
found.

The reported differences in host susceptibilities

may be due to the presence of many different
strains/isolates of both WSBMV and gg graminis
(Tsuchizaki, et al., 1973; Linford and McKinney, 1954).
In Japan, WSBMV isolates infect wheat, barley, rye,
gg commutatus, four Chenogodium spp., Nicotiana tabacum
L., gg;g Vulgaris L., Sginacia oleracea Nutt, and gg gggg
(Tsuchizaki, et al., 1973).

In addition to those species.

already listed, WSBMV also infects Nicotiana benthamiana
Domin., and many grasses in the genera Agrogyron,

Agrostis, ggggg Dactylis, Festuca, Holcus, Lolium,
Panicum, Phleum, and gggg in Italy (Canova, 1964).

In

the United States, specifically Illinois, Indiana, Iowa,
Nebraska, Missouri, Oklahoma, Maryland, Virginia, North
Carolina, South Carolina, and Florida, WSBMV infects all
those species previously mentioned except Nicotiana.

In

1986, a high temperature (25 C to 30 C) strain of WSBMV
has also been shown to infect sorghum in Kansas (Brakke
and Langenberg, 1988).

This appearance of a naturally

occurring high temperature strain of WSBMV is of special

concern because of the large acerage of sorghum and corn
in production in the United States.

It is not known if

1

I
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the increased aggressiveness of WSBMV and Q; graminis is
due to new strains of the fungus or to new varieties of

I

crop plants (Brakke and Langenberg, 1988).
Polymyxa graminis has a wider host range than WSBMV.
To the species listed for WSBMV, the following can be

added: Agrostis giga var. palustris Huds., Cynodon
dactylon Pers., Sorghum vulgare Adans. and Avena sativa
Que.

(Brakke and Langenberg, 1988).

Polymyxa graminis is

more widespread than was first believed.

Rao and Brakke

(1969) found the fungus in 14 out of 16 randomly
collected soil samples in southeast Nebraska.

Several

collections of QL graminis have been described in the
U.S. and Canada (Linford and McKinney,
Slykhuis, 1969).

1954; Barr and

Polymyxa graminis has been found in

Great Britain, Italy, Brazil, Africa, China, Japan, and
New Zealand (Barr, 1979; Cai et al., 1983; Rana and
Lafortezza, 1988; Thouvenel and Fauquet, 1980; Vallega
and Rubies—Autonell, 1985).

The virus has not been

located in all the regions where Q; graminis has been
positively identified.

This may represent an interim

period in disease development because the opportunity is
present for WSBMV to use the fungus as a vector (Brakke
and Langenberg, 1988).

L
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C. Description gi igg giggg
4

l. Properties gi ggggi soi1—borne mosaic giigg
Wheat soil—borne mosaic virus (WSBMV) is the type
member of the furovirus (fungus—borne rod—shaped virus)
group (Shirako and Brakke, 1984).

It is characterized by

rod shaped virions and a bipartite RNA genome.

Each

virion is encapsulated by capsid proteins of 19.7 kda,
and is 20 nm in diameter.

The two virions composing

WSBMV are differentiated on the basis of length; the
longer virion referred to as virion I and the shorter one
as virion II.

The lengths of the virions reported in the

literature vary considerably (Brakke, et al., 1965;
Tsuchizaki, et al., 1975).

This variation is due in part

to differences in staining and calibration procedures.
However, some of the variation in length exists because
early investigators, not realizing that the virus was
composed of two components, reported the average length
of all rods (Canova, 1964).

Recently, the length of

virion I has been consistently reported to be between 280
and 300 nm (Brakke, 1971; Tsuchizaki, et al.;
Langenberg, 1985).

1975; and

Virion II is slightly smaller than

virion I and is approximately 90 to 138 nm in length.

-
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2. Roles gi Virion I ggg ll
Tsuchizaki, Hibino, and Saito (1975) studied two
isolates of WSBMV.
length of virion II.

The isolates only differed in the
By repeated manual inoculations of

both isolates and analysis of the infected material, they
were able to determine the genetic function of both
virions.

Tsuchizaki et al. showed that virion II

determined its length, the type of inclusion bodies, and
the size of the protein coat.
remained a mystery.

The exact role of virion I

It appeared to play a role in viral

replication and degree of infectivity.

They believed

both virions influenced symptom expression.

Tsuchizaki

and his coworkers were reluctant to draw any far reaching
conclusions based on their experimentation because some
difficulty was encountered in the separation of the two
virions.

They tried to use density gradient

centrifugation to separate the virions but were unable to
get complete separation because of the tendency of virion
II to congregate with parts of virion I.

Separation

remained a problem until 1984, when Shirako and Brakke
were able to separate the two virions based on their RNA.
With this technique they were able to confirm the work of
Tsuchizaki and his associates.
Use of the new RNA technique (Shirako and Brakke,
1984) raised some questions.

Shirako and Brakke began to

5
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analyze WSBMV infections in the leaves to determine if
there was a connection between disease severity and the
amount of virions I and II present.

Viruses with virion

II elements shorter than normal, i.e. less than 90 nm,
produced more severe infections; however, virions
purified from plants with severe infections had three RNA
components, whereas plants with mild infections had only
two RNA components.

The presence of a third component,

first dismissed as contamination, was consistent
throughout the tests.

Each individual assay plant had

several different sizes of virion II.

Shirako and Brakke

suggested that these extra RNAs were deletion mutants of
virion II.

Additional work by Hsu and Brakke (1985 a, b,

and c) confirmed this hypothesis.

Viruses with virion II

shorter than 90 nm were then referred to as deletion
mutants.

These mutants arise naturally in the field.

After infection has been established, the formation of
these mutants begins.

As the season progresses, short

virions become the prominent form of virion II.

This

pattern is followed consistently, whether the plants are
in the field, greenhouse, or growth chamber.

Even in

varied locations in the same field, the deletion mutants
were different.

It was not understood why the mutants

were formed or why they were not transported in the same
field.

The mutants may represent genetic

e
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variability of the virus.
D. Description pi the Fungus

-

1. Properties pi Polymyxa graminis
Polymyxa graminis is a member of the
Plasmodiophorales.
roots (Ledingham,

It is an obligate parasite of plant
1933 and 1939).

A11 members of the

Plasmodiophorales are characterized by the unique way in
which they penetrate the host cell.

The process consists

of the development of a stachel (dagger—1ike body) within
the zoospore cyst and the development of an adhesion
appendage to the cyst (Barr, 1988).

The stachel is

injected into the host cell through the cell wall, and
the contents except for lipids of the zoospore cyst move
through the opening (Barr and Allen, 1982).

It is not

understood how the contents move through the stachel.
Penetration is through root hairs or directly into
epidermal cells in the root hair zone (Parr, 1988).
2. Life Cycle

‘

Many different life cycles have been proposed for

the members of the Plasmodiophorales and P; graminis
(Barr, 1988; Karling, 1968).

There are still some

questions regarding where and when cell fusion and

18

karyogamy occur.

The cycle begins when zoospores attach

to and encyst on roots (Figure 1).

The contents of the

zoospore move into the root cells where plasmodia form.
The young plasmodia, referred to as sporangial plasmodia,
move in the host cell hair roots and root hairs by
cytoplasmic streaming and develop in the epidermal cells.
The plasmodium develops rapidly, and the nucleus diameter
enlarges to 6-7 nm.

This is followed by nuclear division

and the nucleus is reduced to approximately 3 nm in
diameter.

The exact number of nuclear divisions has not

been determined, but the number of divisions may depend
on the number of plasmodia in the host cell, and the size
and physiological state of the cell (Barr and Allen,
1982).
The plasmodia develop into sporangia in 8 to 9 days.
The sporangium is multi-segmented and is composed of·a
number of plasmodia compressed together.

Each unit of

the sporangium originates from a single plasmodium and a
single zoospore.

At maturity, the walls between the

individual sporangia break down and the entire unit
behaves as one zoosporangium.

Sporangia are discharged

to the outside by plasmodial cells which, instead of
producing zoospores, dissolve openings in the cell wall
(Barr, 1988).

Researchers are not in total agreement as

to how sporangia are discharged.

Many believe (Karling,

·

!
19

1968; Ledingham, 1939) that sporangia escape the host via
exit tubes formed during their development (Figure 1).
A11 zoosporangia do not have plasmodia that develop
into discharge cells.

In these instances, the zoospores

remain trapped in the host.
several fates:

These

zoospores can have

(1) zoospores encyst and penetrate deeper

into the root, producing a second invasion site,

l

(2)

plasmodia from these secondary infections develop into
sporangial plasmodia which produce zoospores that
‘

penetrate even deeper into host cells, or in most
instances,

(3) plasmodia develop into resting spores

(plasmodial cystosori) when unfavorable conditions arise
i.e. temperatures above 22 C and no free water (Barr and
Allen, 1982).
cycle.
.

Resting spores are not an end in the life

Resting spores can release zoospores, but they do

not usually do so until they have aged for a few months.
Rao (1968) first documented this release of zoospores
from the cysts.

He was also able to show that this

release was not constant and could not be predicted.
However, it has been shown by many investigators (Brakke
and Rao, 1967; Langenberg and Larsen, 1985) that high
soil moisture and temperatures between 15 C and 22 C
favor Q; graminis infection and zoospore release.

l
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3. Acguisition gf Egßßl
It is not known how PL graminis acquires WSBMV.

f

Rao

and Brakke (1969) have shown that P; graminis can
acquire WSBMV if it is in the roots of plants which were
manually inoculated with the virus.

However,

Kassanis and MacFar1ane (1964) demonstrated that
zoospores of Olgidium brassicae Dang do not take up or
transmit WSBMV when the virus is added to a zoospore
suspension.

In addition, WSBMV cannot be removed from

virus infected P. graminis zoospores by repeated 0.1 N
HC1 or 0.1 N NaOH washings, or inactivated by antiserum
(Rao and Brakke, 1969; Barr, 1988).

It has been

postulated that WSBMV is transported inside
QL graminis zoospores and/or resting spores (Barr, 1988).
However, WSBMV particles have not been observed in
contact with the fungus (Peterson, 1970; Langenberg and
Giunchedi, 1982).

.

III.

MATERIALS AND METHODS

A. Transmission iggig

7

A total of six different transmission tests were
conducted.

1. ggg gi Infected ggii
Soil infected with wheat soil—borne mosaic virus
(WSBMV) and Polymyxa graminis was collected from fields
located on various private farms and the Northern
Piedmont Experimental Station (NPS) in Orange County,
Virginia, in the springs of 1987, 1988, and 1989.

The

soils ranged from a 1oamy—c1ay at pH 6.8 to a heavy clay
at a pH of 6.3.
The soils were placed in flats at a depth of 2.5 cm.
Florida 302 wheat seeds were scattered over the soil,
approximately 1 to 2 seeds per square centimeter.
seeds were then covered with 2.5 cm of soil.

The

The flats

were placed in an Conviron E8 incubator and was exposed
to temperatures that fluxed between a maximum of 15 C
(day) and a minimum of 8 C (night) under 8 hour daily
illumination.

Every 2 days the plants were watered with

distilled water until runoff.
The flats were monitored 5 days a week for a twelve

week period.

Once a week, 3 to 5 plants were selected

and checked for the presence of WSBMV and gi graminis.
22
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Leaves and roots were checked for WSBMV.

In order

to accomplish this task, a leaf and a root suspension
were prepared in the following manner: plant material was
ground with a mortar and pestle in 5.0 mls of liquid
nitrogen.

The powder was placed in a 0.5 ml

microcentrifuge tube and 0.1 ml of buffer (0.01 M sodium
phosphate, pH 7.0) was added to the tube.

The material

was centrifuged in a Fisher Micro—Centrifuge Model 235B
for 1 minute.

The supernatant was immediately decanted

off for use.
Antibody—sensitized grids (ASG) were made with the
primary antibody (anti—WSBMV;
minutes).

1:20 concentration; 30

In order for this primary antibody to adhere,

it was necessary to carbon—coat the formvar—supported,
400 mesh nickel grids.
The sensitized grids were jet rinsed with buffer,
distilled water, and then placed on drops of supernatant
for 30 minutes at 25 C.

Following incubation on the

supernatant, the grids were jet rinsed with buffer,
distilled water, and stained with 2 % uranyl acetate in
50 % ethyl alcohol (UA/EtOH) for 1 minute (Hayat, 1972).
The grids were viewed in a Zeiss EM 10 CR transmission
electron microscope (TEM).

I
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Check ig; gg graminis
Wet mounts of the roots stripped of epidermis were
prepared and viewed with a Nikon light microscope at a
magnification of X400.

2. Incubation gggg Infected Roots; Zoospore Transfer
a. ggg; ggg; Exposure
Florida 302 wheat plants infected with WSBMV and

gg graminis, from NPS, were utilized in this experiment.
Soil was removed from around the plants.

The roots were

rinsed with running tap water until the rinse water ran_
clear.

The plants were then placed in a large glass dish

24 cm dia. X 8 cm deep.
4 cm of distilled water.

The roots were covered with
Germinated Florida 302 wheat

seedlings, rootlet pointing downward, were placed around
the roots.

Position of the seedlings ranged from those

placed directly on the roots to some positioned 2 cm
away.

The seedlings were separated into groups which

were exposed to the following tenperatures: 15 C, 18 C,
20 C, 22 C, 25 C.
hours.

They remained in this state for four

The exposed seedlings were then planted in

moistened sand at a 2.5 cm depth.

The seedlings were

watered until runoff with the water surrounding them
during the incubation period.
The seedlings were then placed in the incubator

R

i
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under 8 hour daily illumination at temperatures ranging
from 15 C (day) to 8 C (night).

The plants were watered

every two days with distilled water and once a week with
1/3 strength Hoagland’s solution to provide nutrients.
For a twelve week period the plants were monitored for
infection.

Every week, several plants were selected and

checked for WSBMV and Pp graminis following the
procedures outlined previously.

b. 24 ggg; Exposure
This protocol followed that in 2a. exactly, except
that the seedlings were incubated with the infected roots
for a 24 hour period.

3. Planting wiph Infected Plants
Three to five plants per pot of infected Florida 302
wheat brought in from NPS were placed in 14 cm pots.
Approximately 5 to 6 wheat seedlings of Florida 302 were
planted in the soil surrounding the infected plants.

The

pots were incubated under 8 hour daily illumination at
temperatures ranging from 15 C (day) to 8 C (night).
Every Z days the pots were watered with distilled water
until runoff.
The seedling plants were monitored for a twelve week
period.

Every week, several plants were selected and

checked for WSBMV and Pp graminis following the

·e
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procedures previously outlined.

4. Hydroponic
Incubation with
InfectedGerminated
4 day old Florida 302 wheat seedlings
with roots 1 to 2 cm long and cotyledons approximately
1 cm long were utilized.

The seedling were placed,

rootlet pointed downward, in six Petri dishes (90 mm dia.
x 20 mm deep).

Fourteen to 16 seedlings were placed in

each dish along with 1 ml of 1/3 strength Hoag1and’s
solution and 15 ml of distilled water.

Florida 302 wheat

roots known to be infected with WSBMV and Q; graminis
were cut in 1.0 to 1.5 cm segments and placed around the
seedlings in each dish.

Each group of 14 to 16 seedlings

was separated into five groups and exposed to the
following temperatures: 15 C, 18 C, 20 C, 22 C, and 25 C.
They remained in this saturated state at full light until
28 to 32 seedlings were harvested at 3, 6, and 9 days.
After harvest, the seedlings were planted in sand,
at a depth of 2.5 cm, and placed in the incubator.
Conditions in the incubator were the same as those
reported for the previous transmission tests (8 hour
daily illumination; temperature range 15 C to 8 C).
Every 2 days the plants were watered with distilled
water until runoff and monitored weekly over a twelve
week period for signs of infection by methods described
previously.

l
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5. Sgtt Seasonal Qygtg Simulation
Soil obtained from NPS, which was infested with
Qt graminis and WSBMV was exposed to a series of two
temperature treatments (24 & 6 C) over a 14 day period.
Beginning with the 24 C treatment and ending with the 6 C
treatment, the temperature was changed from 24 C to 6 C
every two days.

After the last treatment at 6 C the soil

was allowed to warm up for two days at room temperature
(24 C).

Florida 302 wheat seedlings were planted in the

soil in a flat and incubated (8 hour daily illumination;
temperature range 15 C to 6 C).

Every two days the

seedlings were watered with distilled water until runoff.
The plants were checked weekly for signs of infection
over a 12 week period as previously described.

6. Incubation wtth Infected Leaves
WSBMV infected Florida 302 wheat leaves were used in
this experiment.
with sand.

Two 14 cm pots were filled 2/3 full

Aluminum foil was placed over the sand; holes

were punched in the foil to allow drainage.

The leaves,

cut in 0.5 cm sections, were scattered over the surface
of the foil.
depth of 1 cm.

The foil was then covered with sand to a
The pot was placed in the incubator at

temperatures between 15 C (day) and 8 C (night) under

8 hour illumination.

Every 2 days the sample pots were

watered with distilled water until runoff.

After

—
U

28

2 weeks, Florida 302 wheat seeds were planted in the
layer with the WSBMV infected leaves in one of the pots.
The plants were checked weekly for WSBMV during a
twelve week period as previously described.

After twelve

weeks, the top layer of sand was removed from both sample
pots and the leaves on the aluminum foil layer were
checked again for WSBMV.

B. Location ggg Movement gf ligus in Qlggt
Florida 302 wheat plants approximately 55 cm in
height and infected with WSBMV were obtained from NPS.
Over a period of four weeks (May 1 to May 31, 1988) the
general location of WSBMV was monitored in the plants.
Twice a week, each location — roots, nodes, leaves,
anthers, glumes, and seeds — was tested for the presence
of WSBMV, using the techniques detailed in the "check for
virus" (Materials and Methods Al).

Special attention was

paid to changes in both the morphology and concentration
of the virus in each location over time.
C. Effects gf Chemical Fixatives gg WSBMV
All experiments dealing with the effects of fixatives on
WSBMV in suspension were run at room temperature (25 C).
Immuno work (sensitizing grids and gold labelling) was

also done at 25 C.

U
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1. Osmium Tetroxide (OsO4) Effects

a. Qggg plus Primary Antibody

I

Antibody sensitized grids (ASG) were jet rinsed with
buffer and distilled water and placed on viral
supernatant.

The supernatant was made from WSBMV

infected Florida 302 leaves ground in 0.25 to 0.50 ml of~
buffer in a vortex mixer for 1 to 2 minutes.

The

material was then placed in 0.5 ml microcentrifuge tubes
and centrifuged for 1 minute.

The supernatant was

decanted and grids were immediately floated on drops of
the supernatant for 30 minutes.

The grids were then jet

rinsed with buffer, distilled water, and placed on drops
of 2 % OsO4 (buffered with 0.1 M sodium phosphate,pH 7.0)
for 1, 3, and 15 hours (overnight).

Additional ASG’s

were placed on buffer instead of OsO4 for 1, 3, and 15
hours as controls to insure that the observed effects of
the fixative were not caused simply by deterioration of
the virus over time.

A total of 18 grids were prepared,

3 grids per each sample time period including controls.
All grids were then jet rinsed with buffer, and
distilled water, stained for 1 minute in 2 % UA/EtOH,
and viewed in a Zeiss EM 10 CR TEM.

b. QEQQ minus Primary Antibody
The same procedures were followed as in 2a except
that the grids were not exposed to primary antibody but

·
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were placed directly on the viral supernatant (Figure 2).

2. Paraformaldehyde ggg Glutaraldehyde Effects
Nickel 400 mesh nonsensitized formvar, carbon-coated
grids were placed directly on drops of viral supernatant,
prepared as in la, for 30 minutes.

The grids were then

jet rinsed with buffer, distilled water, and placed on
drops of fixatives: 4 % paraformaldehyde (Para) or
4 % glutaraldehyde (Glut) (Fixatives were buffered with
0.1 M sodium phosphate; pH 7.0).
fixatives for 1, 3, and 15 hours.

Grids remained on the
Additional

nonsensitized grids were placed on buffer instead of
fixatives, for 1, 3, and 15 hours, to act as fixative
controls.

Three grids were prepared for each treatment

including controls and totaled 27 grids.

A11 grids were

jet rinsed with buffer, distilled water, and stained with
2 % UA/EtOH (Figure 2) for 1 minute.

They were then

viewed in the Zeiss EM 10 CR TEM.

3. Combined Effects gi Paraformaldehyde, Glutaraldehyde,
ggg Osmium Tetroxide

a-äaglßl-.;t..„.g@@
Nonsensitized nickel 400 mesh formvar, carbon-coated
grids were placed on drops of viral supernatant, prepared
as in la, for 30 minutes.

After grids were jet rinsed

with buffer and distilled water, they were placed on
drops of 4 % Para or 4 % Glut for 1, 3, and 15 hours.

(
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Figure 2. Flow diagram which illustrates the procedures used
to determine the effects of Paraformaldehvde, Glutaraldehvde,
and Osmium Tetroxide on HSBMV.
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The grids were jet rinsed with buffer and distilled
—

water and placed on drops of 2 % OsO4 for 1, 3, and 15
hours (Figure 3).

r

Thus the following 18 treatments were

represented; 3 grids were prepared per treatment:

_

1 hour Para + 1 hour OsO4
1 hour Para + 3 hour OsO4

1 hour Para + 15 hour OsO4

1 hour Glut + 1 hour OsO4

1 hour Glut + 3 hour OsO4

1 hour Glut + 15 hour OsO4

3 hour Para + 1 hour OsO4
3 hour Para + 3 hour OsO4
3 hour Para + 15 hour OsO4

3 hour Glut + 1 hour OsO4
3 hour Glut + 3 hour OsO4
3 hour Glut + 15 hour OsO4

15 hour Para + 1 hour OsO4
15 hour Para + 3 hour OsO4
15 hour Para + 15 hour OsO4

15 hour Glut + 1 hour OsO4
15 hour Glut + 3 hour OsO4
15 hour Glut + 15 hour OsO4

Nonsensitized grids, 3 per time period, were placed on

buffer instead of fixative, for 3, 15, and 30 hours, to
act as fixative controls.

A11 grids were then jet rinsed

with buffer, distilled water, and stained with
2 % UA/EtOH for 1 minute.

Grids were viewed in a Zeiss

EM 10 CR TEM.

b. Qutu, Glut, uuu GGGG uluu Primary Antibody
Antibody sensitized grids jet rinsed with buffer and
distilled water were placed on drops of viral supernatant
prepared as in la, for 30 minutes.

From this point, the

procedures followed those detailed above in 3a exactly,
representing 18 additional treatments (Figure 4).

1
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Figure 3. Flow diagram which illustrates the procedures
utilized to determine the combined effects of
Paraformaldehyde, Glutaraldehyde, and Osmium tetroxide on
NSBHV.
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Figure 4- Flow diagram which demonstrates the procedures
used to acertain the combined effects of Paraformaldehyde,

Glutaraldehyde, and Osmium tetroxide with the addition

primary antibody.
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Antibody sensitized grids jet rinsed with buffer and
distilled water were placed on drops of the viral
supernatant prepared as in la, for 30 minutes.

After

incubation on the viral supernatant, the grids, rinsed
with buffer and distilled water, were placed on drops of
Jantzen’s IGGS-qualified fish gel (blocker) for
30 minutes.

The excess gel was drained from the grids

and the grids were placed in drops of 15 nm colloidal

gold probe (Jantzen’s), which acted as a secondary
antibody, for 1 hour.

The serum consisted of goat anti-

rabbit antibody at a 1:10 concentration.

The grids, jet

rinsed with buffer and distilled water, were placed on
drops of 4 % Para and 4 % Glut, for 1, 3, and 15 hours.
Following this treatment, grids were jet rinsed with
buffer and distilled water and placed on drops of 2 %
OsO4 for 1, 3, and 15 hours as above in 3a and 3b (Figure
5).
Additional ASG’s were placed on buffer instead of
fixative for 3, 15, and 30 hours to act as fixative-viral
interaction controls.

Two grids were also run in the

same manner as the test grids, one for 3 hours in Para
and 3 hours in OsO4, and one for 3 hours in Glut and
3 hours in OsO4, except that they were not exposed to
primary antibody.

A third grid, 3 hours Para + 3 hours

—
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OsO4, was treated in the same way as the test grids
l

except the secondary antibody was inactivated by being
heated to 70 C for 15 minutes, and allowed to cool to
room temperature prior to use.

These three grids acted

as controls for gold labelling specificity.

A11 grids

were then jet rinsed with buffer and distilled water, and
stained in 2 % UA/EtOH for l minute.

Grids were viewed

in the Zeiss EM 10 CR TEM.

D. Effects pf Physical Parameters pp QQQMX
1. Modified Leaf Dip
Antibody sensitized grids were jet rinsed with
buffer and distilled water.

The viral supernatant was

prepared from WSBMV infected Florida 302 wheat leaves
ground with a mortar and pestle in 1 to 2 mls of buffer.
The resultant mixture was placed in 0.5 ml
microcentrifuge tubes, and centrifuged for l minute.

The

supernatant was decanted immediately and grids were
floated on drops of the supernatant for 30 minutes.
Following incubation on the supernatant, grids were jet
rinsed with buffer and distilled water, and then placed
on drops of Jantzen’s IGGS qualified fish gel for
30 minutes.

After the excess gel was drained from the

grids, they were placed on the secondary antibody as in
3c, for l hour.

Grids were then jet rinsed with buffer

—
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and distilled water, and stained for l minute in 2 %
‘

UA/EtOH and viewed in a Zeiss EM 10 CR TEM.
Two gold specificity controls were also run in these
experiments, which parallel those in 3c.

One grid was

run without primary antibody, and one grid was run with
heat inactivated secondary antibody.
2. Waring Blender Preparation
This procedure followed D1 above except that the
viral supernatant was prepared from WSBMV infected
Florida 302 wheat leaves ground in 0.25 to 0.5 mls of
buffer in a vortex mixer for l to 2 minutes.

The

material was then placed in a 0.5 ml microcentrifuge tube
and centrifuged for l minute.

The supernatant was

removed and utilized immediately.
3. Liguid Nitrogen
These procedures followed those above, except that
the viral supernatant was prepared from WSBMV infected
Florida 302 wheat leaves ground with a mortar and pestle
in 4 to 5 mls of liquid nitrogen.

The resultant powder

was placed in 0.5 ml microcentrifuge tubes, to which 0.25
to 0.5 mls of buffer was added.
centrifuged for 1 minute.

The tubes were

The supernatant was then

decanted and used immediately.

‘
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4. Freezing
These procedures followed those in D1 with the
exception that the viral supernatant was prepared in a
different manner.

Wheat soil—borne mosaic virus infected

Florida 302 wheat leaves, cut in 6 cm segments, had been
previously placed in plastic bags, sealed, and frozen
at -5 C for l to 3 months.

Two to three of these leaves

were selected, and ground with a mortar and pestle in
0.25 to 0.5 mls of buffer.

The material was then placed

in 0.5 ml microcentrifuge tubes and centrifuged for
l minute.

The supernatant was decanted and utilized

immediately.
E. Embedded Material
l. Control Material
Ten to twenty Florida 302 wheat seeds were planted
in sterilized sand.

These seeds were not exposed to

WSBMV or Q; graminis at any time, and therefore served as

healthy controls.

The seeds were watered every 2 days

with distilled water until runoff, and once a week with
1/3 strength Hoagland’s solution.

The seeds were exposed

to full room light and a temperature of 25 C.

After

4 weeks, when plants were approximately 6 to 10 cm in
height, samples of the roots and leaves were taken.
Thirty root and 30 leaf samples l mm square were cut from
the wheat plants with a new razor blade.

_
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Samples were fixed in the following manner:
(a). Five root and 5 leaf samples were fixed in
4 % Para buffered with 0.1 M sodium phosphate pH 7.0,
for 3 hours at 4 C.
(b). Five root and 5 leaf samples were fixed for
3 hours in buffered 4 % Glut at 4 C.
(c). Five root and 5 leaf samples were fixed for
3 hours at 4 C in 4 % buffered Para.
Tissue was rinsed
with buffer and post—fixed at 4 C overnight (15 hours) in
2 % OsO4. Osmium tetroxide was then drawn off and the
samples were rinsed with buffer.
(d). Five root and 5 leaf samples were fixed in buffered
4 % Glut for 3 hours at 4 C.
Tissue was then rinsed in
buffer and post—fixed overnight (15 hours) in 2 % 0sO4 at
4 C, as above in (c).
All samples were then jet rinsed with buffer, and run
through a ethanol dehydration series:
70 %.

15, 25, 40, 50,

Samples were left in each ethanol concentration

for five minutes; samples went through 3 changes at 70 %.
After dehydration, the sample material was infiltrated
with 100 % L. R. White resin overnight, and subsequently
embedded with 100 % fresh L. R. White resin in Beem
capsules.

Resin was cured in a 50 C oven for 12 hours.

Thin sections were cut on a Sorvall Porter—Blum MT2—B
ultramicrotome with a Ladd 3 mm diamond knife.
were picked up on 400 mesh nickel grids.

Sections

Fifteen root

and 15 leaf grids were prepared per treatment.
grids were prepared from each sample block.

Three

·
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Six grids per treatment, 3 leaf and 3 root, were
gold labelled by the following procedure.

»
e

Grids were

floated section side down on primary antibody (antiWSBMV;

l:20 concentration) for 12 minutes.

Grids were

then jet rinsed with buffer, distilled water, and placed
on Jantzen’s IGGS qualified fish gel for 15 minutes.
After this, the excess gel was drained, and the grids
were placed on Jantzen’s 15 nm colloidal gold probe (goat
anti-rabbit; 1:20 concentration) which acted as a
secondary antibody for 12 minutes.

Grids were then jet

rinsed with buffer and distilled water.

These grids and

the remaining 12 grids of each treatment were then
stained with 2 % UA/EtOH for 5 seconds, jet rinsed with
buffer, and counterstained with Reynold’s lead citrate
for 15 seconds (Hayat, 1972). After the last stain, grids
were thoroughly rinsed with buffer.

The grids were

observed in a Zeiss EM l0 CR TEM.

gold Controls
Two gold controls were run for each treatment.

One

grid was treated as in the gold labelling procedure
above, except it was not exposed to primary antibody.

A

second grid, followed along the same procedure, except

that it was exposed to heat inactivated secondary
antibody.

These grids acted as controls for gold

‘
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labelling specificity.
2. Infected Material

F

Florida 302 wheat plants infected with WSBMV and

PL graminis were obtained from experimental plots in
Orange County, Virginia (April 1989).

One hour prior to

processing, each plant was checked for the presence of
WSBMV and Q; graminis with the electron microscopy and
light microscopy techniques discussed previously (see
Materials and Methods Al).

Only those plant sections

that contained the virus and fungal structures were
utilized.
50 plants.

The sampling represented approximately
Eighty root and 80 leaf samples, 1 mm square,

were cut with new razor blades and treated in the
following ways:
(a). Five root and 5 leaf samples were fixed in 4 % Para
for each of these time periods: l/2, 1, 3, 6, and 15
hours (overnight) at 4 C resulting in 25 leaf and 25 root
samples.
(b). Five root and 5 leaf samples were fixed in
4 % Glut for each of the same time periods as above in
(a) at 4 C resulting in 25 leaf and 25 root samples.
(c). Five root and 5 leaf samples were fixed
for 1/2 hour at 4 C.
Tissue was rinsed with
post—fixed in 2 % OsO4 for l/2 hour at 4 C.
tetroxide was then drawn off and the samples
with buffer.

in 4 % Para
buffer and
Osmium
were rinsed

(d). Five root and 5 leaf samples were fixed in 4 % Glut
for l/2 hour at 4 C.
Tissue was then rinsed with buffer
and post—fixed in 2 % OsO4 for 1/2 hour as above in (c).
(e). Five root and 5 leaf samples were fixed in 4 % Para

for 6 hours at 4 C.

Tissue was rinsed with buffer and

II
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post-fixed in 2 % OsO4 overnight (15 hours) at 4 C.
Osmium tetroxide was then drawn off and the samples were
rinsed with buffer.
(f). Five root and 5 leaf samples were fixed in 4 % Glut
for 6 hours at 4 C.
Tissue was rinsed with buffer and
post—fixed in 2 % OsO4 overnight (15 hours) as above in

(e).

(g). Five root and 5 leaf samples were fixed in 4 % Para
for 15 hours at 4 C.
Tissue was then rinsed with buffer
and post—fixed in 2 % OsO4 overnight (15 hours) at 4 C.
Osmium tetroxide was drawn off and the samples were
rinsed with buffer.

°

(h). Five root and 5 leaf samples were fixed in 4 % Glut
for 15 hours at 4 C.
Tissue was then rinsed with buffer
and post—fixed in 2 % OsO4 overnight as above in (g).

_

A11 samples were then jet rinsed with buffer and run
through a ethanol dehydration series: one change at
15, 25, 40, 50, and 3 changes at 70 %.

Samples were left

in each ethanol concentration for five minutes.
After dehydration, the sample material was infiltrated
‘

with 100 % L. R. White resin overnight, and subsequently
embedded with fresh 100 %
capsules.

L. R. White resin Beem

Thin sections were cut with a Sorvall Porter-

Blum MT—B ultramicrotome with a Ladd 3 mm diamond knife.
Fifteen leaf and 15 root samples per treatment were
placed on 400 mesh nickel grids.
from each sample block.

Three grids were taken

As in El, 3 root and 3 leaf

grids per treatment were gold labelled and 3 grids were
treated as controls for gold labelling specificity.

All

grids were then stained with 2 % UA/EtOH for 5 seconds,

·
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jet rinsed with buffer, stained with Reyno1d’s lead
citrate for 15 seconds, jet rinsed with buffer, and then

viewed in a Zeiss EM 10 CR TEM.

l

"

III.

RESULTS
j

A. Transmission Tests
Six different types of transmission tests were
conducted using naturally infected soils.

In each test,

except #6 (incubation with infected leaves), Q; graminis
was successfully transmitted.

Fungal colonization was

evident in each root sample, and was characterized by the
presence of plasmodia and plasmodia cystosori (cysts or
resting spores) and the absence of zoospores.

In spite

of the successful fungal transmission, WSBMV was not
transmitted in any of the tests.

B. Location ggg Movement gf Virus ig_thg Plant
The movement of WSBMV through Florida 302 wheat was
monitored for l month (May l to May 30).
collected twice a week.
located in the roots.

Data was

During the first week, WSBMV was
After two weeks the virus was

found in the roots and the nodes.

However, in the roots

WSBMV had decreased in concentration and showed signs of
deterioration (Plate l).

Observations at three weeks

indicated that WSBMV was present in the leaves and absent
in the roots and nodes.

At four weeks the concentration

of WSBMV in the leaves had increased dramatically, and
virus could not be located in plant organs such as seeds,
glumes, or anthers but degraded viruses were present in
45
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Three examples of WSBMV deterioration in Florida
Plate 1.
302 wheat roots. Maguificatious: (A) 130,500; (B) 115,000;
(C) 67,500. Bar leugthsz (A) .08 um; (B) .09 um; (C) .15
um.
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the root samples observed (Figure 6).

(

C. Effects gf Chemical Fixatives gg WSBMV
1. Controls
These controls represent WSBMV not exposed to
fixatives.

Wheat soil-borne mosaic virus is the type

member of the furovirus group.

It is an RNA virus

composed of two components, 300 nm and 100-160 nm in
length respectively, and 20 nm in width (Plate 2).
An overall view of viral morphology and
concentration is illustrated in Plate 2.

The varying

lengths of the viruses are due both to its
bipartitecomposition
and particle breakage in suspension
preparation.
2. Osmium Tetroxide (OsO4) Effects
Wheat soil-borne mosaic viruses were exposed to
2 % OsO4 for 1, 3, and 15 hours.

Viral deterioration was

evident after 1 hour and increased as time progressed.
Viruses treated with primary antibody prior to OsO4
exposure,

did not deteriorate to as great an extent as

those viruses not treated with primary antibody
(Plate 3).
3. Paraformaldehvde Effects

The effects of 4 % paraformaldehyde (Para) were
observed at 1, 3, and 15 hours.

Viral deterioration was

'

i
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Plate 2.
Overall view of WSBMV morphology and concentration
in infected Florida 302 wheat leaves. Magnifications: (A)
145,000; (B) 52,500. Bar lengthsz (A) .07 um; (B) .19 um.
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Plate 3.
Wheat soil—borne mosaic viruses exposed to 2 %
OsO4 for 1 hour (A), 3 hours (B), 15 hours (C), and 15 hours
plus WSBMV antibody (D). Magnifications: (A) 115,000; (B)
115,000; (C) 240,000; (D) 215,000.
Bar lengths: (A) .09 um;
(B) .09 um; (C) .04 um; (D) .05 um.

1
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not apparent at 1 and 3 hours (Plate 4).

However, after

15 hours WSBMV showed the initial signs of
disassociation.

This was characterized, primarily, by

the break down of the protein coat.

Viruses were tagged

with gold labelled secondary antibodies prior to exposure
to the fixative which allowed easy detection of the
viruses and provided definite identification of
disassociated proteins (Plate 4).
4. Glutaraldehyde Effects
The effects of 4 % glutaraldehyde (Glut) were
monitored at l, 3, and 15 hours.

Marked deterioration

was evident after l hour and increased with time.
Viruses exposed to Glut showed the most severe damage.
For example, after 3 hours the damage was so severe in
some instances that viral integrity was lost and
difficulty was encountered in identifying WSBMV (Plate
5).

Gold labelling prior to exposure allowed

identification of the damaged particles.

This technique

was especially useful to determine if extraneous material
surrounding WSBMV was viral.

However, increasing time

periods in Glut corresponded with a decrease in the
number of gold particles present.

This was an indication

that antigenic sites had been disrupted (Plate 5).

U
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Plate 4.
Examples of WSBMV exposed to 4 % Para for 1 hour
(A), 3 hours (B), and 15 hours (C). Magnifications: (A)
85,000; (B) 65,500; (C) 76,000. Bar lengthsz (A) .10 um;
(B) .20 um; (C) .10 um.
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Plate 5. Wheat soi1—borne mosaic viruses treated with 4 %
Glut for 1 hour (A), 3 hours (B), 15 hours (C and D), and 15
hours plus gold labelling (E). Magnifications: (A) 175,000;
(B) 255,000; (C) 31,500; (D) 92,000; (E) 130,000.
Bar
lengthss (A) .06 um; (B) .04 um; (C) 0.3 um; (D) 0.1 um; (E)
.08 um.
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5. Combined Effects gf Paraformaldehyde, Glutaraldehyde,
ggg Osmium Tetroxide
a. Para and Qggg

E

Virus particles exposed to Para and OsO4
deteriorated at approximately the same rate as particles
exposed to OsO4.

The addition of OsO4 appeared to

decrease the effect of Para.

The damage observed was

more severe and occurred more quickly.

Wheat soil—borne

mosaic virus was not completely destroyed.

The virus

continued to be gold labelled and was in relatively high
concentration even after long periods in both fixatives
(Plate 6).

The concentration of WSBMV and the level of

gold labelling was higher for viruses exposed to both
Para and OsO4 than it was for viruses which were only
exposed to Glut.

Viruses exposed to both Glut and OsO4 displayed the
most severe viral damage observed in the study.

The

resulting deterioration was much more severe than the
damage observed with either fixative alone.
of OsO4 magnified the effects of Glut.

The addition

After exposure to

both fixatives, the viral concentration dropped
drastically and gold labelling was sporadic (Plate 6).
In many instances the deterioration was so severe that

viruses could not be identified solely on a morphological
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Plate 6.
Examples of WSBMV exposed to 4 % Para plus 2 %
0sO4 and/or 4 % Glut plus 2 % OsO4.
Several time periods
were tested for each fixative combination: (A) 15 hours Para
plus 15 hours OsO4 plus gold labelling; (B) 15 hours Glut
plus 15 hours OsO4 plus gold labelling; (C) 15 hours Glut
plus l hour OsO4; (D) 15 hours Glut plus 3 hours OsO4; (E
and F) 3 hours Glut plus 1 hour OsO4. Magnifications: (A)
95,000; (B) 155,000; (C) 195,000; (D) 325,000; (E) 260,000;
(F) 150,000. Bar lengths: (A) .10 um; (B) .06 um; (C) .05
um; (D) .03 um; (E) .04 um; (F) .07 um.
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basis (Plate 6).

Using gold labelled antibodies prior to

fixation became an invaluable tool and allowed the
identification of amorphous material.

D. Effects gi Physical Parameters gg [ggg!
Four different types of virus preparation techniques
were examined.

The chief purpose behind analyzing these

techniques was to determine which, if any, provided
viruses most like those in the undisturbed wheat plant.
The waring blender preparation and the modified leaf dip
were shown to produce viruses with the least amount of
damage (Plate 7).

Grinding with liquid nitrogen and

freezing caused WSBMV to deteriorate (Plate 7).

The

degree of damage was based on the morphology,
concentration, and gold labelling ability of the
particles.

Mechanical techniques that produced the most

damage exhibited viruses with spindling protein coats,
infrequent gold labelling and low numbers.

The

preparation selected (modified leaf dip or waring blender
preparation) served as a control for the fixative testing
in the sense that the observed damage could be attributed
solely to the fixation procedures.
E. Embedded Material
l. Controls

Root and leaf samples from healthy Florida 302 wheat

I

~
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Plate 7.
Examples of WSBMV suspensions prepared using a
modified leaf dip technique (A), grinding with liquid
nitrogen (B), and freezing material prior to suspension
preparation (C). Magnifications: (A) 115,000; (B) 87,000;
(C) 86,000. Bar lengthsz (A) .09 um; (B) .11 um; (C) .12
um.

I
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plants served as controls.

These samples were prepared

in the same manner as the infected

material.

No fungal

or viral structures were observed in the samples.

This

eliminated the possibility that the structures were a
standard part of Florida 302 cell morphology.
Glutaraldehyde provided more complete fixation than Para
(Plates 8 and 9).

The addition of OsO4 to either Para or

Glut gave increased cell definition.

Samples fixed with

Glut and OsO4 exhibited even greater cell definition
1
(Plates 10 and ll).

_

2. Infected Material
a. Material fixed wtth Qgtg
Cells fixed with Para did not display
morphologically distinct membranes or cellular organelles
until samples were exposed to Para for 6 to 15 hours.
After these time periods, a high concentration of WSBMV
in the roots was observed to be in contact with
Pt graminis (Plates 12, 13 and 14).

The plasmodia and

plasmodia cystosori (resting spores) were the only
Qt graminis structures observed.

Fungal structures were

not in good condition and no intrastructure could be
observed.

Despite the poor condition of the fungus,

WSBMV particles were well preserved.

The virus was seen

in several different stages, primarily as single
particles and in viral aggregates (Plate 15).

All stages

l

·
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Plate 8.

Florida 302 wheat leaf cells fixed with 4 % Para.

Organelles, chloroplasts (C) and mitochondria (m), and cell
walls (CW) are in poor condition. Magnification: 26,000.
Bar length: .38 um.

5
_
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Plate 9.
Florida 302 wheat leaf cells preserved with 4 %
Glut. Chloroplasts (C) and cell walls (CW) are in good
condition. Mitochondria (M) exhibit signs of leaching due
to incomplete fixation. Magnification: 35,000.
Bar length:
.29 um.
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Plate 10.
Florida 302 wheat leaf cells fixed with 4 % Para
and 2 % OsO4. Chloroplasts (C) show good membrane integrity
and interior ultrastructure is well preserved.
Magnification: 18,000.
Bar length: .56 um.

72

Plate ll.
Florida 302 wheat leaf cells fixed with 4 % Glut
and 2 % OsO4.
Organelles, nucleus (N), chloroplast (C), and
mitochondria (M), are well preserved.
The large central
vacuole (Va) and thick cell walls (CW) are typical of these
cells. Magnification: 6000.
Bar length: 1.7 um.
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Polgmyxa graminis plasmodia (P) and WSBMV (V)
Plate 12.
observed in Florida 302 wheat root cells fixed with 4 %
Para.
Note the gold labelling of both viral and fungal
structures. Magnifications: (A) 115,000; (B) 125,000. Bar
lengths: (A) .09 um; (B) .08 um.
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Plate 13. Polymyxa graminis plasmodia (P) and WSBMV (V)
seen in Florida 302 wheat root cells.
Both the plasmodium
and WSBMV take up gold label. Magnification: 93,500.
Bar length: .11 um.
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Plate 14. Wheat soil—borne mosaic viruses (V) and
Q; graminis plasmodium (P) observed in Florida 302 wheat
root cells fixed with 4 % Para.
Fungal and viral structures
gold labelled. Cell wall (CW) is in good condition, very
little gold label is seen. Magnification: 165,000. Bar
length: .06 um.

I
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Plate 15.
Examples of WSBMV (V) structures observed in
Florida 302 wheat leaf and root cells fixed with 4 % Para.
Single particles (A) and viral aggregates (B) can be
differentiated. Magnifications: (A) 61,000; (B) 97,000.
Bar lengths: (A) .16 um; (B) .10 um.

l
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of WSBMV and Qt graminis gold labelled (Plates 12. 13, 14
and 15).

Cell walls exhibited a low level of gold

labelling.

This was expected due to the polyclonal

nature of the primary antibody.
Wheat soil-borne mosaic virus was also seen in leaf
samples.

As in the roots, particles were only observed

after the longest fixation periods.

The location of the

virus was in close proximity to the chloroplasts (Plate
16).

No new viral structures were observed, although the

majority of WSBMV seen was arranged in viral aggregates.

b. Material ttwgd wtth Qtht
As with Para, cells did not exhibit morphologically
distinct membrane structure until samples were exposed to
Glut for 6 to 15 hours.

Although never found in direct

contact with each other, both WSBMV and ht graminis were
observed in the roots (Plate 17).

Comparatively, the

fungus was in much better condition than that found in
Para; vacuoles, nuclei and lipid globxles could be
differentiated (Plates 18 and 19).
structures were observed.

No new fungal

The viral concentration was

lower than that observed with Para and viruses did not
label at as high a rate.

Almost all viral structures

observed were in aggregates, no single viruses were seen

(Plate 20).
Viruses were also observed in leaf samples, but the

‘
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Plate 16.
Florida 302 leaf cells infected with WSBMV (V)
fixed with 4 % Para.
Viruses are intensely gold labelled.
Chloroplasts (C) and viruses (V) are found in close
proximity. Magnifications: (A) 34,000; (B) 83,500; (C)
68,000.
Bar lengthsz (A) .29 um; (B) .12 um; (C) .15 um.
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Plate 17. Polgmyxa graminis plasmodia (P) and WSBMV (V)
observed in Florida 302 wheat root cells fixed with 4 %
Glut.
Viral and fungal structures gold labelled. Cell
walls (CW) exhibited a low level of gold labelling.
Magnifications: (A) 79,000; (B) 92,000. Bar lengths: (A)
.13 um; (B) .11 um.
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Plate 18. Sample represents Florida 302 wheat root cells
fixed with 4 % Glut. This is an example of well preserved
Q; graminis plasmodia.
Structures, such as the nucleus (N),
vacuole (Va), and lipid globules (1), can be differentiated
in the interior of the fungus. The parameters of the cell
wall (CW) are well defined. Magnification: 35,000.
Bar

length: .29 um.
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Plate 19. Polymyxa graminis plasmodia (P) and plasmodial
cystosori (Cy) in Florida 302 wheat root cells fixed with 4
% Glut.
In plant material that was gold labelled (B),
cystosori (Cy) labelled intensely. Cell walls (CW)
1 exhibited a low level of gold labelling. Magnifications:
(A) 84,000; (B) 79,000. Bar lengthsz (A) .12 um; (B) .13
um.
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Plate 20. Wheat soi1—borne mosaic virus (V) observed in
Florida 302 wheat root cells fixed with 4 % Glut.
Viruses
were only observed in aggregates and gold labelling ranged
from moderate to low. Magnifications: (A) 66,000; (B)
85,500. Bar lengths: (A) .15 um; (B) .12 um.

i
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concentration was much lower and virus was seen in only
two instances.

Wheat soil—borne mosaic virus was in poor

condition, its limits were not clearly defined and the
particle did not gold label (Plate 21).

Many

chloroplasts in the leaves were distorted.

The thylakoid

membranes were dilated and the intergrana spaces were
enlarged (Plates 21 and 22). ·Some chloroplasts were
distorted in leaves treated with Para but they were more
prominent in leaves which were exposed to Glut.

In some

instances, the distorted chloroplasts even took up gold
label (Plate 23).
The addition of OsO4 to samples fixed with either
Para or Glut resulted in cells with higher contrast and
more membrane clarity.
complete.

Cell and fungal fixation was more

However, the addition of OsO4 also coincided

with the disappearance of WSBMV.

Viruses were observed

in only one instance (Para plus OsO4) in the leaves
(Plate 23).

No viruses were seen in root material which

was exposed to Para or Glut and OsO4.

.
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Plate 2l.
Florida 302 wheat leaf cells fixed with 4 % Glut.
Viruses (V) are in low concentration and did not gold label.
Chloroplasts (C) exhibit irregular morphology. Nucleus (N),
mitochondria (M), and cell walls (CW) are well preserved.
Magnifications: (A) 92,000; (B) 14,000.
Bar lengths: (A)
.11 um; (B) .71 um.
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Plate 22. Chloroplasts in infected Florida 302 wheat leaf
cell fixed with 4 % Glut.
Dilated thylakoid membranes and
plastoglobuli (p) are clearly evident.
Cell walls (CW) are
well preserved. Magnification: 85,500. Bar length: .12 um.

98

Plate 23.
Florida 302 wheat leaf cell fixed with 4 % Para
and 2 % OsO4.
Chloroplasts (C) exhibit dilated thylakoid
membranes and enlarged intergrana spaces.
Viruses (V) were
in low concentration and gold labelling was the lowest
observed in this study. Magnification: 87,500. Bar length:
.11 um.

V.

DISCUSSION

Wheat soil-borne mosaic virus was the first virus
discovered in wheat (McKinney, 1923).

Over the years

the study of WSBMV has resulted in the publication of a
great deal of literature.

The knowledge obtained from

these studies has yielded few advancements towards the
understanding of the virus.

Much of this has been

attributed to the difficulties encountered in working
with the disease.

Investigators did not have the

opportunity to test many hypotheses because of
unfavorable environmental conditions for WSBMV
transmission in the field and limited success with WSBMV
transmission in growth chambers.

Consequently, few

researchers have had the patience or support to continue
studying WSBMV.

This resulted in a complacency in regard

to suggesting new hypotheses or challenging old lines of
thinking.

Early in the study of WSBMV (1920-1960)

indirect evidence suggested that QL graminis was the
vector for WSBMV and this hypothesis has endured despite
the absence of significant evidence.

To date,

traditional techniques have not provided new insights
into the WSBMV/Q; graminis relationship.

Once electron

microscopes became readily available, it was possible to

study WSBMV at the cellular level.

Investigators

(Brakke, 1971; Hibino et al., 1974; Tsuchizaki, et al.,
100
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1975; Shirako and Brakke, 1984) determined the lengths
of WSBMV particles, the particles role in infection, and

examined inclusion bodies in infected leaf material.

.

·
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Despite these findings, WSBMV was not observed in contact
with QL graminis.

It was not until the WSBMV/

QL graminis relationship was viewed from a different
perspective that insight was gained.
In 1984, R. L. Grayson (pers. comm.) treated a
suspension of WSBMV infected leaves with
4 % Glutaraldehyde (Glut).

The protocol of tissue

preparation and fixation was duplicated in this study
(Materials and Methods, section C).

When these samples

were viewed with the transmission electron microscope
(TEM), observations indicated that WSBMV morphology was
irregular and that the concentration of viruses was low
compared to untreated infected leaves.

These

observations triggered several questions, (1) was the
damage due to the fixative,
the same effect,

(2) do all fixatives cause

(3) is there a time factor involved in

the fixatives effect,

(4) what types of changes

(denaturing of proteins, conformational changes,
unwinding of the protein helix) in the viral structure
are causing the observed distortions in morphology, and
(5) could these changes be related to the problems
encountered in viewing WSBMV and BL graminis in thin

Q
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section.

Initial work indicated that Glut had a direct

effect on WSBMV preservation (Grayson, pers. comm.).
Therefore, the first line of attack was to determine the
intensity of the effect of Glut and if there are any
alternate methods of fixation that would either alleviate
any problems or neutralize any detrimental effects.
Experiments which tested fixative parameters were
performed on WSBMV suspensions.

These suspensions

provided sufficient material such that a number of
fixatives could be tested simultaneously.

This was

crucial due to the limited supply of WSBMV infected
material and the inability to maintain or store the
material adequately.

Only living WSBMV infected leaves

and roots ground in phosphate buffer were used in these
studies.

Material that was frozen or ground in liquid

nitrogen exhibited morphological damage similar to that
seen with Glut.

Therefore, this tissue could not be used

in this study due to the difficulty in determining which
agent caused the observed effect (Plate 7).
Suspensions of WSBMV were exposed to Glut,
4 % paraformaldehyde (Para), and 2 % osmium tetroxide
(OsO4).

All of these fixatives had a detrimental effect

on WSBMV morphology.

However, the fixatives did not

affect WSBMV to the same degree and thus their
effectiveness could be differentiated on this basis.

~
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Each fixative was characterized by a time course and an
end point study.

Of the fixatives tested, Para provided

the best preservation of WSBMV morphology.

Even at the

longest exposure to Para (15 hours), WSBMV was found in
good condition with a high degree of gold labelling.
This indicated that antigenic sites were in good
condition (Plate 4).

Viruses treated with Glut exhibited

the most severe morphological damage.

Viral

deterioration was evident at even the shortest time
period (1 hour) and increased in intensity with each time
period tested (Plate 5).

The addition of OsO4 to either

Glut or Para magnified the damaging effects of both
fixatives.
rate.

Viral deterioration occurred at a much faster

The concentration of Viruses dropped dramatically

as compared to controls (Plate 6).

In some instances,

viruses were in such poor condition that they could not
be identified solely on a morphological basis.

Gold

labelling prior to fixation allowed identification of
proteinaceous material that had spindled off the viruses
(Plate 6).
As stated earlier, Viruses were gold labelled prior
to exposure to fixatives.

This was necessary due to the

Vulnerability of the antigenic sites.

Fixatives can

cause conformational changes in antigenic sites, thereby
disturbing antigen—antibody recognition which results in

”
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a lack of gold labelling.

This situation was clearly
_

illustrated with viruses that were pretreated with
antibody prior to exposure to fixatives.

Viruses

pre-treated
with antibody showed less damage than those which
were exposed to fixative alone (Plates 3, 4, and 5).

The

antibody appeared to restrict the spindling of viral
proteins.

The amount of gold labelling present after

fixation provided an indication of damage done to viral
antigenic sites by fixative induced conformational
changes.

A low level of gold labelling suggested that a

number of conformational changes had occurred to virus
antigenic sites.
Observations in the suspension studies suggested
that the best preservation of WSBMV occurs with use of
Para.

Data from the use of other fixatives or

combination of fixatives such as, Glut, Para plus OsO4,
or Glut plus OsO4 yielded poor to extremely poor WSBMV
preservation respectively.

Based on this study, WSBMV/

P; graminis infected Florida 302 wheat (leaves and roots)
was fixed in Para, Glut, Para plus OsO4, or Glut plus
OsO4, and then embedded in L. R. White resin (Materials
and Methods,

section E).

Major emphasis was placed on

the plant material fixed in Para.

The additional

fixations with Glut and the combinations with OsO4, were
carried out in order to determine if the effects observed
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in suspension were consistent in thin section.

This

also served to evaluate the ability of these fixatives to
preserve plant and fungal material.
Embedded material did not exhibit the same WSBMV
preservation characteristics as material viewed in
suspension.

As expected, plant material fixed in Para

had a higher concentration of viruses with well preserved
morphology (Plate 15).

However, the same quality of

morphological preservation was obtained with the use of
Glut (Plate 20).

Two factors differentiated WSBMV

particles observed in material fixed in Para versus
that fixed in Glut.

In material fixed with Para,

viruses were found in higher concentration and exhibited
more intense gold labelling than that of other fixatives.
The addition of OsO4 resulted in the same findings for
both suspension and thin section.

Wheat soil—borne

mosaic viruses were observed in only one instance with
Para plus OsO4 (Plate 23), and were absent from all Glut
plus OsO4 samples.
The use of Para resulted in poor cellular and fungal
preservation.

Morphologically distinct membrane

structure was not observed until the samples had been
exposed to Para for 6 to 15 hours.

Fungal structures

were also found to be in poor condition with no
observable intrastructure (Plates 12, 13, and 14).

—
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Conversely, Glut preserved both the plant cell membranes
and fungal structures.

As with Para, 6 to 15 hours were

required for good fixation (Plates 17, 18 and 19).

The

only positive attributes of 0sO4 were the enhanced
contrast of the sample and greater preservation of plant
cells and fungal structures.

Observations in thin section indicated that neither
Para, Glut, Para plus 0sO4 nor Glut plus 0sO4,
represented the ideal fixative for the study of WSBMV/
QL graminis/Florida 302 wheat relationship.

However, it

has been illustrated that each component has specific
parameters which can not be optimized by any one
fixative.

For instance, the best preservation of WSBMV

protein coat was with the use of Para.

This observation

is directly related to the properties of this fixative.
Cells fixed in Para (up to a 10 % solution) retain
the ability to carry out enzyme reactions that would
otherwise be stopped in a 1 % solution of Glut (Hayat,
1981).

By placing the samples on ice (4 C) during

fixation any preserved protease activity present will be
significantly reduced thereby preserving any proteins
present at the subcellular level.

Since enzymes and the

outer coat of viruses are both composed of proteins,
preservation of enzymes with their activity indicates
that the majority of the virus outer protein coat could

l
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also be preserved.

Since the antibody used in this study

is against the protein of the viral coat, preservation of
the coat indicates a possible preservation of antigenic
binding sites for the antibody.

However, due to the

incomplete preservation of structural proteins on the
cellular level, Para did not provide adequate
preservation of plant cells or fungal structures.
Some of the characteristics of Glut are the
stabilization of proteins and the increase in the
permeability of membranes (Hayat, 1981).

This allows for

greater preservation of plant cells and fungal
structures.

Viruses were not preserved as well in Glut

due to the detrimental effect of the fixative on viral
antigenic sites.

It was expected that Glut would destroy

all viral antigenic sites prohibiting detection of the
virus, but this was not the case (Plate 20).

It is

believed that some viruses survived exposure to Glut
because of the unequal fixation of plant cells, i.e. the
level of fixative in the exterior cells was not the same
as that found in interior cells.
Plant cells and fungal structures were preserved to
an even greater extent with the addition of OsO4 to the
primary fixative used.

These findings can be attributed

to the fact that 0sO4 fixes lipids, carbohydrates,
conjugated proteins, and molecules connected to saturated

h
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bonds (Hayat, 1981).

I

Osmium tetroxide can act a stain as

well as a fixative which accounts for the increased
contrast observed in cellular and fungal material.

_
The

dramatic reduction of WSBMV in OsO4 treated samples is
not yet understood.

Studies with suspensions indicate

degradation of viral particles when exposed to OsO4
(Plate 3).

This summarizes why it was necessary to

examine material exposed to several different fixatives.
In order to make any viable conclusions concerning their
relationship to each other, each component, virus,
fungus, and plant cell, was viewed at its optimal
preservation condition.

Once these conditions were

determined a thorough examination of the components
relationships was carried out.
Wheat soil—borne mosaic virus was observed in

contact with QL graminis in the roots of Florida 302
wheat fixed with Para.

Viruses were not detected on the

surface of fungal structures, but were seen projecting

out from of_§; graminis.

Wheat soil—borne mosaic virus

appeared to be anchored in the fungal cytoplasm, but no
viral structures could be seen in the interior of the
fungus.

The number of viruses associated with

PL graminis structures ranged from one to fifteen (Plates
12, 13, and 14).

Wheat soil—borne mosaic virus and Q; graminis were

w
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also observed in roots fixed with Glut.

However, in this

instance the virus and the fungus were not observed to be
in contact with one other (Plate 17).

It is believed

that this is due to the effects of Glut on WSBMV, as
discussed previously.
Wheat soil—borne mosaic viruses as well as
Q; graminis plasmodia and plasmodial cystosori (resting
spores) gold labelled in both Para and Glut (Plates 12,
13, 14, and 17).

Observations in roots fixed with Para

indicate that P; graminis is the vector of WSBMV.

The

gold labelling of the fungus provides further evidence
that WSBMV and PL graminis have a very intricate
relationship.

The gold labelling indicates that WSBMV

proteins are present in the fungal structures.

This

implicates P; graminis as not only a vector but as a
possible participant in WSBMV replication.

This is

supported by the fact that the fungus contains an RNA
genome, thus the apparatus for replication of the viral
genome is already in place.

Polymyxa graminis

involvement in viral replication would lend some
understanding as to how WSBMV is able to multiply so
quickly in the roots and why infection develops so
rapidly once environmental conditions become favorable.
Prior to this study, WSBMV and P; graminis had never
been observed in contact with one other.

Given the
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techniques available it seems unusual that the two agents
had not been seen together previously.

In 1973 (b),

Hibino et al. did an EM study of WSBMV inclusion bodies
in rye leaves.

Good results were obtained with highly

infected rye leaves and preservation in 3 % Glut and
1 % OsO4 for 2 hours.

Unfortunately, this work was not

followed up with additional studies.

No other

investigators attempted to duplicate these preservation
protocols.

Langenberg and Guinchedi (1982) produced one

EM micrograph in which they suggested that WSBMV
particles were in contact with QL graminis.

However,

these particles were in poor condition, they represented
only one observation out of years of data, and the
particles could not be unequivocally identified as WSBMV.
The material used in their study was exposed to 2.5 %
Glut for extensive periods (8-15 hours) and 0.1 % OsO4
for 30 minutes.

It was surprising that any particles

were observed and it is unclear why an alternate
preservation method was not used or why methods in the
literature were not duplicated.
Observations in this study and examination of
pertinent literature indicate that the major reason for
WSBMV and Q; graminis association not being observed can
be traced back to the preservation methods used.
Glutaraldehyde has a detrimental effect on viral

W
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antigenic sites and is only useful if WSBMV populations
are very high.

Fixation with Para and the utilization of

large WSBMV populations are the keys to viewing WSBMV and

PL graminis in association with one another.
Polymyxa graminis is an active vector of WSBMV.
Observations indicate that a WSBMV component is carried
within the fungus.

There is no evidence that viruses

attach to the surface of PL graminis during its movement
through the soil.
theory.

Transmission studies support this

Wheat soil—borne mosaic virus was not

transmitted to Florida 302 wheat from WSBMV infected
leaves placed in the soil surrounding the plants
(Materials and Methods, section A).

Wheat soil—borne

mosaic viruses can be seen projecting from within
PL graminis plasmodia and plasmodial cystosori.

Gold

labelling of infected fungal structures indicates that
viruses begin replicating in QL graminis (Plates 12, 13,
and 14).
After an undetermined period of time, the virus
disassociates from the fungus and can be found in the
root cell cytoplasm (Results, section B).

Viruses move

quickly through the wheat plant (Figure 6).
weeks, WSBMV can be found in the leaves.

Within three

It is believed

that WSBMV can replicate in the leaves because of the
large number of particles found.

Chloroplasts may play a

.
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Wheat soil—borne mosaic

role in WSBMV replication.

viruses are generally observed in close proximity to
In some instances, chloroplasts

chloroplasts (Plate 16).

can take up gold label (Plates 22 and 23).

This

indicates that WSBMV proteins are present in the
chloroplast.

The location of WSBMV and the gold

labelling of chloroplasts suggests that both the plant
and Q; graminis play a direct role in WSBMV propagation.
A possible role of the chloroplasts could be the
utilization of the reverse transcriptase present in the
organelle by the virus.

This would allow for the

recombination of the viral genetic material into the
organellular genome therefore allowing for the
propagation of viral genetic material during chloroplast
division.

Chloroplasts could also act as an energy

source by providing ATP to drive viral synthesis.

The

chloroplasts’ active role in synthesis could also explain
why thylakoid membranes appear to be distorted in heavily
infected leaves (Plates 21, 22, and 23).
It is not known why the virus expends so much energy
replicating in the leaves.

These events appear to

represent a dead end in the cycle of WSBMV because it is
known that WSBMV can not be transported from infected
leaves present in the soil.
explanations for this event.

There are several plausible
This could represent an
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on the part of WSBMV to become more genetically
The more particles produced the greater the

diversified.

chance for different WSBMV strains to develop.

New

strains could have higher optimum infection temperatures
which would enable them to infect different species or
they might develop specific characteristics that would
enable them to be transported by new vectors such as
beetles or aphids.
Another possible explanation for the large viral
population in the leaves relates to the vector
QL graminis.

It was observed that WSBMV degrades in the

roots at approximately the same rate as viruses multiply
in the leaves.

Viruses were observed in the roots but

their protein coats exhibited signs of degradation
(Plate 1).

The absence of the protein coat would make it

impossible to identify WSBMV, but it is conceivable that
the viral RNA would still be present.
situation could occur in the leaves.

This same
As the plant begins

to decline, viral RNA could be transported back through
the plant and possibly absorbed by QL graminis in the
roots.

This would explain the ability of the fungus to

carry on WSBMV infection every season.

This would

indicate that the fungus acquires WSBMV from an infected
plant and not from the soil.

Favorable environmental

conditions would bring QL graminis out of its resting

—
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stage and trigger WSBMV replication within reproductive
and vegetative structures of the fungus thus allowing an
infection court to be established as soon as
QL graminis penetrated host roots.
The goal of this study was to determine if

Q; graminis is the vector of WSBMV.
indicate that this is the case.

All observations

Wheat soil—borne mosaic

virus and QL graminis were observed in association with
the use of gold labelling and modified fixation
procedures.

Despite the knowledge gained from this

study, the complexity of this disease yields more
questions than answers.

For example, it is known that

WSBMV projects from the Q; graminis plasmodia and
plasmodial cystosori but are not detected in the fungal
cytoplasm.

The use of autoradiography or fluorescent

labelling of genetic material complimentary to a portion
of the viral genome would allow for the detection of the
WSBMV minus its protein coat.

If present WSBMV could

then be observed in Q; graminis, chloroplasts, and/or
specific types of plant cells such as xylem and or
phloem.
It is not fully understood how WSBMV overwinters in
QL graminis.

The characterization and radio labelling of

WSBMV RNA would be a useful tool in the study of this
event.

Autoradiography would enable the detection of

.
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viral RNA in purified suspensions of WSBMV infected
Q; graminis.

Once it was established that viral RNA was

present in the fungus, changes in viral RNA could be
monitored over the season, fungal and viral RNA could be
compared, an assessment of activity in the overwintering
structure could be made, and transmission of WSBMV could
be followed closely.

This type of information might also

allow the identification of a triggering mechanism which
induces WSBMV to begin replicating in the fungus.

It is

possible that only the fungus initiates viral replication
but an external force such as water availability, mineral
levels, and seasonal changes can not be ruled out.
The intricacies of the WSBMV/QL graminis
relationship continue to puzzle plant pathologists.

To

date electron microscopy and immunocytochemistry have
provided the most detailed description of their

relationship.

The Verification of Q; graminis as a

vector of WSBMV allows many other avenues to be explored.
Characterization of WSBMV RNA is the next step in
understanding this complex relationship.

It is hoped

that as many years will not pass before more insight is
gained.

The high density of wheat planted across the

world may depend upon future studies.

_
_
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