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ERRATA

BMV-Gg should read BMV-G9
T4 S B A 1] T4 | .-

T4_R | .ll 1] T4_R

Concerning Figures 1, 3, 5 and 7:

The photographs were taken through a Zeiss dissecting

microscope at a lens magnification of 4 X.
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CHAPTER I

LITERATURE REVIEW

VIRUS-FUNGUS ASSOCIATIONS

'Viruses‘have been found to be associated with several
fungi, belonging to each of the maJor taxonom1c classes
Two types of virus-fungus associations have been dis-
cerned, namely (1) virus transmission by fungi and (2)

- viruses infecting fungi..

The economic importance of fungi is known sinee.these
microorganisms find wide appiication in the inddstrial,
| medical and agricultural fields. The discovery of
virus assoc1at10ns with fungi have undoubtedly placed
these eukaryotes in the realm for research by v1rologlsts-
and mycologists, internationally. At present the most
rewarding research has been that carried out on viruses
infecting fungi (fungal viruses or mycoviruses)f
Studies on transmissioh of viruses by fungi have so far
not been we115d0cumented. Those fungi concerning the
transmission of plant viruses especially have been
neglected, and one may ask the question whether this
| aspect was'considered to be'less'importantuor whether
the technical difficulties encountered could not be

overcome.

Much is known about how viruses infect fungi in culture.



As yet it is not known how viruses might infect mycelium
under natural conditidns'in fungi which may represent

a reservoir for plant and animal viruses.

MYCOVIRUSES

V1ruses that have been found to infect fungl have been
placed in a category of their own, and are termed fungal
viruses or mycoviruses (Lemke and Nash, 1974; Bozarth,
'1972; Hollings, 1978). This was done to distinguish
_fungal viruses from the plant viruses that are trans-
mifted by plant pafhogehic fungi. MycovifuseS»have

been reported infmany fungi and have beeﬁ reviewed by
‘Hollings and Stone (1971), Bozarth (1972), Lemke and

Nash (1974), Saksena and Lemke (1978) and Hollings (1978).

For the‘subjecf of this thesis, it is'important'to have
some knowledge of this typekof virus-fungus association.
To gain some perSpective on this subject, a few of the

most well-studied mycoviruses and the fungi they infect

will be discussed briefly.

The most extensively studied system is the mycovirus

of the Penicillium chrysogenum, the mold employed for
the commercial production of penicillin.  This study

was largely developed from studies with two other

spec1es Pen1c1111um stolonlferum and Pen1c1111um



fumiculosum.  The antiéviral substances synthesised

by Penicillium species have been associated with the

'presence of double stranded ribonucleic acid (ds-RNA) of

_viral origin in these species (Lemke and Nash, 1974).

The mycoviruses of Penicillium species have been found

to be 1sometr1c partlcles 25-40 nm in dlameter (Saksena

' and Lemke 1978).v

The killer systems, (i.e. production of..a toxin lethal-

to sensitive strains) of Ustilago maydis and

Saccharomyces cerevisae, controlled by killer factors
which are cytoplasmic determinants, have been linked
" to0 the presence bf a virus in the case of U. maydis

" (Wood and Bozarth, 1973)'and a ds-RNA éomplex of possible

Cviral origin in S. cerevisae (Berry and Bevan, 1972;

Vodkin and Fink, 1973; Vodkin et al., 1974).

‘Virus particles have also been found in Asbergillus

~ species (Banks et al., 1970; Hollings and Stone, 1971;
‘Buck et al., 1973; Wood et al., 1974) and in strains
of Schizophyllum commune (Koltin et al., 1973). In

~Aspergillus flavus and A. parasiticus, virus particles

were found to be assoc1ated with non-aflatoxin producing
stralns and not with aflatoxin producing strains
(McKenzle and Adler, 1972, cited in Lemke and Nash,

1974). The ability to form plaques in S. commune was

found to be linked to the presence of a specific virus



(Koltin et al., 1973). The most well-characterised
mycovirus system is the virus complex thdt'cauSes watery
stipe or die-back disease of cultivated mushroom,

Agaricus bisporus. A virus camplex of three types of

mycoviruses have been found to be responsible for -

disease in A. bisporus (Hollings, 1962; Dieieman-van

o Zaayen aod Temmink, 1968). Electron microscopic analysis'
af these three mycoviruses‘revéaled HeXagonak

- - particles (34-36nm in diameter), isometric particlés_o
(25-27nm in diameter) and bacilliform particles ‘(19x50nm
in'size). ~ These myooviruses are virulent and immensely

pathogenic to this fungus. = The viruses have been,shown

to be transmitted in A. bisporus by hyphal anastomosis.
'Non-pathogenic viruses have been found in two other

mushroom.species, Lehtinusvedodes (Ushiyama'et al., 1977;

°1980; Ushiyama and Nakai, 1980) and Boletus edulis

~ (Wuttinga et al., 1975). |

In genéral, fungal virosesvappeér to bo relatively a-

~virulent or'lateﬁt; since apparently healthy mycelia |

often contain high titors of virus particles (Lemke

and Nash, 1974). . Thus far, mycoviruses have been

shown to be mostly soherical in morphology and to contain
dséRNA as genomes. The ds—RNA mycoviruses from

Penicillium have been found to be active inducers of

"interferon (Saksena and Lemke, 1978). Transmission of
fungal viruses betweén strains of fungi have been shown

" to occur by heterokaryosis in Penicillium stoloniferum




(Lhoas, 1971), Ustilago maydis (Wood and Bozarth, 1973)

and Gaeumannomyces graminis (Rawlinson et al.; 1973),

and by hyphal anastomosis in Agaricus bisporus (Gandy,

1960; Hollings, 1962).

Mycoviruses are important in medicine and industry because
of their possible effects on the levels of metabolites
and toxins produced by fungi, and the ds—RNA of these

viruses have been found to be potent inducers of interferon.

FUNGAL VIRUSES AND PLANT PATHOLOGY

Virus-fUngus relationships are importaht in plant patth
logy for two main reasons. Firstly, if the virus is
pathogenic to the-fungﬁs then it could cause a decrease
in the péthogenicity of the fungus, and would quite
feasibly provide for a means of biOlogical.control.
Secqndly,'if the virus is non—pathogenié towards the
1fungus'but pathogenic'tb the higher plant, then the
fungus-plays an important r6le in the dissemination of
the virus in nature, by acting as a vector for the
transmission of the virus to other plants. ‘In both cases
the virulence of the virus determines the pathbgenicity

~ to either the fungus or the higher plant.

Mycoviruses have been identified in thirteen plant
pathogenic fungi. These fungi are listed in Table 1

overleaf.



- TABLE

1 : List of Plant Pathogenic Fungi in which .

Mycoviruses have been QObserved.

FUNGUS

REFERENCE(S)

~Colesp

orium solidaginis

 Colletotrichum Lindemuthianup

Diploc

arpon rosae

Gaeuma

nnomyces dgraminis

‘Gonato

botrys species

Helmin

thosporium

\4

H. ory

ictoriae

zae

dis

H. may

- Puccin

ia graminis

-var. tritici

P.heli

anthi -

P. sorghi

Periconia circinata

Piricu

laria oryzae

- Sclerotium cepivorum

- Thanatephorus cucumeris

| Thielaviopsis basicola

'Uromyces phaseoli var.

typica

| U. phaseoli var..vignae

Littlefield and Heath, 1979
Lemke and Nash, 1974 |
' Bozarth et al., 1972

Rawlinson et al., 1973
" Lemke and Nash, 1974

Bozarth,_l972
Lemke and Nash, 1974

"|'Bozarth et al., 1972

Rawlinson and Maclean, 1973

' Mussel et al., 1973

(cited in Lemke and Nash, 1974)
Littlefield and Heath, 1979
Littlefield and Heath, 1979

Lemke and Nash, 1974
vLemke ahd Nash, 1974

Saksena and Lemke, 1978

 Bozarth, 1972

Bozarth and Goenaga, 1977

Littlefield and Heath, 1979
Yarwood and Hecht—Poinar,;1973

McDonald and Heath, 1978




An interesting'mycovirus complex'is the one associated

with Gaeumannomyces graminis which causes take-all

disease of cereals. The presehce of virus-like
particles (VLP) (29nm in'diameter) in this fungus has
heen reported to cause a decrease in the pathogenicity
of this fungus (Lemaire et;a}., 1971, cited in
Bozarth (1972)). This was a first report on a possible

, biolegical control of a fungus disease by a virus.
However, confllctlng results were found by Rawlinson
'gt;g};,4(1973) who suggested that a decrease in pathoge—
nicity was not determlned by the presence of a fungal
virus. They identified latent viruses, 27nm and 35nm

in diameter, in the straih they Worked with. They found
that strains conta1n1ng both viruses were generally

less pathogenic on wheat and stra1ns containing only one
of these viruses generally more pathogenic on wheat

~than strains lacking the viruses. : Similar inconSistency
between virus ihfectioh-and}reduced pathogenicity has

been observed in studies on Helminthosporium victoriae

(Bozarth et al., 1972),.Piricularia oryzae (Saksena

and Lemke, 1978) and Ustilago maydis (Wood and Bozarth,
1973) .. |

‘Although the mycoviruses infecting piant pathogenic fungi
have raised the possibility of usihg viruses as a
biological control of fungal phytopathogenicity, the.
chances of-using them in this regard are at present

- seemingly unviable and awaits further research.



The importance of fungal viruses in plant pathology is
noted by their pathogenicity on certain higher fungi

and the poséible r61e they could play as a biological
control system.  Thus far; no virus is known which

can infect and multiply in both a phytopathogenic fungus
and a higher plant (Lemke and Nash, 1974). |

Multipliéation of tbbacto mosaic virué in Pythium species'
during artificial infection has been réported~(Saksena and
Lemke, 1978). | This, however, should be regarded at
the preéent moment as an academic»study only, having

little bearing on a natural situation.

. - FUNGI AS VECTORS OF PLANT VIRUSES

1. HISTORY

The study of fungi as VectOrs of‘piant viruses is an old
one that dates back t6_1925. Dufing the'early‘obser-
vations no cohClusive evidence existed for the trans-
mission of plant viruses by plant pathogenic fUhgi.
HoweVef, much speculatidn was made on this subject on
‘the basis of dbservedvfungal-Virus associations. It was
only in the 1960s that the first fungus‘vectbr of a

plant virus was positively identified.

_McKinﬁey (1930 , cited in Teakle, 1969) was the first



to suggest that fungivmight transmit viruses to higher
plants. At that time; he stated: "It is possible

- that subterranean vectors such a'nematodes, soil -borne
insécts; other animal forms, or evén_fungi,‘may carry

the (wheat mosaic) virus." iTaken fnom Teakle, 1969);
The first experiments carried out to pnove that fungi
conld tfansmit'viruses involved inoculétions of plants
with-fungus'spores nr cultures originating from virus-
infected plants (MgKinney et al., 1925, és cited in
Teakle, 1969; Johnson and Jones, 1943; Bawden and
Kassanis, 1947). Latér on, other workers tried to prové-
transmission by inotulating plants with a mixture'of
zoospores and virus (Teakle'and Gold, 1963). - Thése _
'and other:atfempts all prnyed.to'be unsucCessful. Beforé
_ 1955; much ciréumstanfial evidence based on the simul-
taneons'presence of fungi_andtviruses in the'soil and

on plants, led to.the suggestions that certain disease
complexés-in plants were a result of dual infections by

fungi and viruses transmitted'by these fungi.

Linford énd McKinney (1954) noted a high correlation

- between the presence'of Poiymyxa graminis and mosaic

in wheat, but concluded that there was no evidence that
the fungus was acting as a virus vector or a reservoir
host. Fry (1958)(cited'in Tomlinson and Garret, 1964)
- and Grogan gg_g}.,'(l958)_reported'the constant éssocié-

tion of Olpidium brassicae with lettuce big-vein

-disease. However, they considered 0. brassicae not.




fo be a vector. Later -Olpidium was shown to be closely
associated with infection of plants by two other‘soil—'
borne viruses of tobacco stunt (Hidaka; 1960) and tobacco'
neCfosis (Teakle, 1960). .Confirmatipn of,wOlpidiumm'
‘brassicae as a vector for tobacco stunt agent (TSA),
~tobacco necrosis virus (TNV) and lettuce big;vein agent
" (BVA) céme from studies by Hiruki (1965); Kassanis and

- MacFarlane (1964); and Cambell and Gfogan (1963),}
Tomlinson_and Garﬁet (1964) and Lin-gl_gj.,'(l970),A
respectively. In 1966, Estes and Brakke showed that

Polymyxa graminis was a. vector and a reservoir for

~Wheat mosaic virus.

Two other fungi,'Synchytrium endobioticum and Spongdspora

“subterranea have also been reported as vectors of

Potato virus-X (PVX) (Nienhaus and Stille, 1965) and
pétafo mop topjvirus (PMTV) (Jones and Harrison,.1969),
respectively. 'Mény‘other feborts of fungi as possib}e_
vectors of'plant viruses have been published and are

reviewed in Section I1.D.3.

The most well studied fungus vector - virus associatiohs
to date,;mOStly conéerns.the’transmission of soil-borne
viruses by free-living zoospores in the soil of Very
primitiVe fungi. The two major Qroups of fungi which
are kndwn to act as vectors for plant viruses are the

Chytridiales Clpidium species and Synchytrium

endobioticum) and the Plasmodiophorales (Polymyxa
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graminis and Spongospora subterranea). Reports of

fungal vectors belonging to other groups of fungi have

largely been based on plant pathological.obserVations.v

2. FACTORS AFFECTING FUNGAL VECTOR STUDIES

Much difficulty has been encountefed in establishing'
whether avparticular fungus transmits a certain virus.
'The.inability of proving fungi as vectors of pfant
viruses'Canvlargely be attributed to the followicg

characteristics of this'type of virus-vector relationship:

(i) Some of the fungus—transmitted viruses are either
difficult'or impossible to transmit mechanically,

like lettuce big-vein agent.

(ii) Most of.the viruses that'have been reported to
| be fungus transmitted are soil-borne and so
~are their fungal'vectorsc' The vast pobulatioﬁ
of microorganisms in the soil makes it virtua11y 
impossible_td identify a particular fungus as a

‘vector of a particular virus.

(iii)" The obligétely parasitic nature of some'fungal_

| vectors has made it impossiblé to culture these
fungi on artificiallmedia. Thus far, no success-
ful pure cuiture‘of a fungus vector has been

obtained.



. (iv) Since fungi cause disease on their own, it is
difficult to decide whether the disease symptoms
observed by fungal infection could be a result of
a toxin produced by the fungus or a virus trans-

mitted by the fungus.

(v) The fungus vectors usually harbour and transmit

the viruses at a low concentration.

3. THE VIRUSES AND THEIR FUNGAL VECTORS

All the reported virus-fungal vector relationships are
discussed under this heading.  Table 2 overleaf contains
a list of all the fungi‘and‘the respective viruses they

transmit.

3.a. O0Olpidium brassicae

This fungus belonging to the order Chytridiales, is

typified by its motile zoospores having one
flagellum. ‘TheAfungus is soil‘bbrne, obligately
parasitic and infects the foots of its hosts.
1A1though'the,fungus itself is not_highly pathogenic
- to its host; the Virﬁsesrtransmitted_by it are

highly virulent.

11
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"Transmission of Lettuce Big-Vein Agent (BVA)

Since the BVA has not yet been characterised,
it is not known whether it is a virus. A rod-

shaped particle (244nm in length) has been

- associated with the roots of plants diseased with

BVA (Chod et al., 1976, cited in Campbell (1978)).

However, verification of this particle as BVA

has not yet been received. It is known that

BVA is not mechanically transmissible. Graft
transmisSibiLity has beén demonstrated (Campbell

et al., 1962; Tomlinson et al., 1962).

The constant association of 0. brassicae with:

‘.lettuce big-vein disease was noticed by Fry

(1958 , cited in Tomlinson and Garret, 1964), and

Grogan et al., (1958). - It was only when the
disease was shown to be graft tfﬁnsmiséiblé'__
(Campbell et al., 1962; Tomlinson et al., 1962)

that 0. brassicae was implicated~as a vector for

BVA. Confirmation of 0. brassicae as a vector

for lettuce big-vein agent came ffom studies

by Campbell and Grogan (1963 and 1964), Tomlin-

son and Garret (1964) and Lin et al., (1970).
The BVA was shown to be carried within resting .
spores of the fungus (Campbell, 1962; “Campbell

and Fry, 1966). Nonviruliferous cultures were

4found to acquire the agent from diseased plants

(Tomlinson and Garret, 1962; Campbell and
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Grogan, 1964) and transmit it to healthy plants.

In vitro acquisition of BVA by Olpidium

brassicae zoospores was shown not to occur

(Campbell and Grogan, 1964). Multiplication
of theyBVA in the fungus does not seem to occur

because viruliferous cultures have been found

to be freed of BVA by passage on sugar beets

(Campbell, 1962) and on plaintain (Plantago major)

or Veronica persica.(Tomlinson and Garret, 1964).

Transmission of Tobacco Necrosis Virus (TNV)

and Satellite Virus (SV)

Tobacco necrosis .virus (TNV) has been well-

characterised, and consists of isometric particles
about 26nm in diameter. The virus is soil-

borne, mechanically transmissible and causes

- local lesions on many hosts. Many strains have

been distinguished by host range Studies, serology ;

and the activation of different satellite virus

~strains. TNV is'serologically unrelated to

satellite virus (Kassanis, 1970). .

Satellite vikus (SV) is the smallest RNA-cqntain—;
ing virus known (Kassanis, 1970). It-has

isometric particles about 17nm in diameter, and

" is dependent upon TNV for its multiplication.

The -aim to establish whether O. brassicae was



a vector of TNV came from studies on the trans-
mission of BVA and the close association of

0. brassicae with plants infected with TNV

(Teakle, 1960). Confirmation of the trans-

mission of TNV by 0. brassicae came from
experiments'dohe by Kassanis and MacFarlane
(1964). Temmink et al., (1970) showed that

‘single-sporangial cultures of 0. brassicae

~could transmit TNV. The virus has been shown
to be tightly bound to the zoospore body plas-
malemma and axonemal sheath (Temmink et al.,
1970; _Temmink, 1971). ~ The virus becomes |
-_ihternalised in the zobspore during enéystment.
Apparently, fhe virus on fhé axonemal sheath |
becqmes'intennﬂiséd' when the axoneme is with- |
~drawn during encystment (Temmink, 1971). Release
- of the virus into the host cell occursjupon'
infectioh'by the zoospore protoplést (Témmink,-
1971). TNV has also been found to be carried
exfernally'on resting spores (Cémpbell and Fry,
1960). 'Exbefiments done 6n TNV.fransmissioh

have concerned in vitro uptake of the virus

14

by the zoospores, and multiplication of TNV within

“the zoospores is not evident. Necrosis of}host
cells by TNV infection causes the death of
zoosporangia (Fry and Campbell, 1966). This
phendménon does not have;any effect on the

transmission of TNV since Kassanis and MacFarlane



(1965) have suggested that transmission of

TNV by 0. brassicae bnly requires the infection
of host cells by the fungus. Satellite virus

(SV) was found to be transmitted tdgether,with

TNV after in vitro acquisition of a mixture of

the two viruses by 0. brassicae (Kassanis .and

MacFarlane, 1968). Electron microscopy of

'-zoospores revealed that both SV and TNV were

3.a.(iii)

tightly bound to the zoospore plasmalemma

(Temmink ot al., 1970). It seems that specific

binding sites for the two viruses, which are

‘antigenically distinct, exist on the zoospore

plasmalemma.

Transmission of'Tobacco Stunt Agent (TSA)

TSA, like BVA, has not been fully characterised

to be considered as a virus. Reports that

spherical particles could be involved have

been received, but‘much_discrepancy as to the

size of these particles exists (Campbell, 1978).
TSA differs from BVA in that it is mechanically

~transmissible.

 The association of 0. brassicae with TSA was

reported by Hidaka (1960 , cited in 6rogan and

Campbell, 1966). Confirmation of 0. brassicae

as a vector for TSA came from work done by

15
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Hiruki (1965). He showed that the fungus lost

the TSA upon}pasSage on Cowpea (Vigna sinensis)

seedlings. This TSA—free culture was found

to acquire the TSA from roots of tobacco plants
- that were mechanicdlly inoculated in the leaves‘
‘with TSA. In vitro acquisition of the TSA by
the zoospores of the fungus was found to be

unsuccessful.

‘The TSA seems to be internally borne in the
resting spores, since transmission was:reported
to occur éftér treatment of the spores (Hiruki,
1972,vcited.in Campbell,.1978). Multiplication
of TSA within the fungus is not evident since the
TSA was found.totbe lost by péssage on conea
(Hiruki, 1965). The transmission of TSA and

"BVA by 0. brassicae is quite similar. = The only

"major difference between the two disease agents
is that the one is mechanically transmissible
and the other not, but this should have no

bearing on their vector relationships.

3.b. Transmission of Cucumber Necrosis Virus (CNV)
by Olpidium radicale '

'Olpidium ~radicale has been shown to be identical

to 0. cucurbitacearum . in all respects (Lange and

- Insunza, 1977). 0. radicale displays the same

characteristics as 0. brassicae. Cucumber necrosis
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~virus (CNV) is an RNA-containing isometric virus

with particles about 31 nm in diameter. The virus

is soil-borne and is mechanically transmissible to

many plants. Although exhibiting similar propertfes

to TNV, CNV is serologically distinct from TNV

(Dias and McKeen, 1972).  CNV has been shown to be
transmitted by 0. radicale (Dias, 1970a). The virus

is carried externally on the zoospores, -and in vitro

acquisition of virus occurs. Virus released from

" the roots adsorbs to zoospores after a 5-15 minute

contact period, and enters the roots of the plants

upon infection by zoospores (Dias, 1970b). Zoo-

spores of 0. radicale preferentially bound CNV to
TNV in.an”in vitro acquisition system (Dias, 1970;
Temmink et al., 1970). The transmission of CNV

by 0. radicale is similar to that of the 0. brassicae-

TNV system, only CNV seems to be more loosely bound

to 0. radicale than TNV is to 0. brassicae (Temmink‘

et al., 1970). The preferential binding of CNV

to 0. radicale is.an example of the species specifi-

city of fungal vectors.

" Transmission of Potato Virus X (PVX) by Synchytrium

~Endobioticum

Synchytrium endobioticum is an obligate plant

parasite belonging to the order Chytridiales. It

has been extensiveiy studied because of its severe
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pathogenic effect on potatoes. The fungus is

respbnsible for causing potato wart disease.

Potato virus X (PVX) is a flexuous rod;shaped RNA-
containing virus of about 515nm in length (Bercks,
1970). | PVX'ié transmitted mechanically quite easily.
The virus spreadé in the field by contact between
healthy and virus-infected plants. The virus may
also be soil-transmitted, since spreéd between plants
whose only contact was“below ground has been'reported
to occur (Roberts, 1950). Réports of transmission
by grasshoppers were also published (Walters, 1952;
Schmutterer, 1961 - both cited .in Bercks, 1970).

~ Since PVX Spreads.readily by contact in the field)’.
the need for a vector is unnecessary. However,

a vector for the virus could have been important
in‘the dissemination of the Virus»prior to agriculture

(Campbell, 1978).

'v Nienhaus and Stille (1965 , cited in Grogan and

Campbell, 1966)_presented evidence that Synchyfrium

endobioticum transmitted PYX. The virus was found

to be transmitted by zoospores that were released‘
 from PVX infected plants. The'zdospores were
unable to transmit PVX when mixed with purified-PVX
in an in Vitro'Uptake_system. Apparently the'virus
is acquired by the fungus through an in vivo system

“only, and quite possibly carried internally in the
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zoospore.  The inability of the zoospores to transmit

PVX by in vitro acquisition, places the PVX-

- Synchytrium endobioticum vector relationship with

that of the BVA-, TSA-Olpidium brassicae relationship.

Only this one report on the transmission of PVX by

vAa fungus exists and much research still needs to

be done in order to provide more conclusive evidence

for this vector relationship.

Polymyxa graminis‘

The fungus belongs to the order Plasmodiophorales

- and is typified by its motile zoospores having two

flagellae. It is a soil-borne fungus and infects
the roots of Cereals. _ The fungus has been extensively-
studied because of its parasitic nature and‘worldWide

distribution.

 3.d.(i) Transmission of Soil-Borne Wheat Mosaic

Virus (SBWMY) -

" Soil-borne wheat mosaic virus (SBNMV) is an RNA-
containing rod-shaped virus of about 20nm x 110-160nm
‘and 300nm. The virus is soil-borne and causes

: mosaic,symptomsvin'wheat and barley.

The high correlation between the presence of

Polymyxa graminis and mosaic in wheat was noted
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by Linford and McKinney (1954). At that time

these workers were unable to show.that P. graminis

was:vectof of SBWMV. Brakke and Estes (1965)
and Brakke et al., (1965) reported a correlation
between virus transmission and the fungus fromA~
' 'infection of‘planté by root washings containing

zoospores and virus.  Polymyxa graminis was

finally resolved as a vector for SBWMV (Estes

and Brakke, 1966: Brakke and Estes, 1967).

The virus-vector relationship has been well-
characterised;: Transmission of SBWMY by spores
stored for 3 yearsfsuggestéd that the resting
spores harbour the virus (Rao, 1969). The
virus_ié internally borne in resting spores and
zoospores, or strongly bound and'concealed on

~ the spore's surface. Treatment of the sporés
‘with anti-SBWMV antiserum, acid, or alkali did
not prevent transmiséion of the virus (Rao and
Bfakke; 1969). .The virus is acquired from
plants infected with SBWMV but not from an

in vitro uptake system;

Release of the vifus'into healfhy hosts occurs
between 4-22'hours after inoculation with zoo-
.spores (Rao and Brakke, 1969). Multiplication
of the Virus in the fungus does not seeh to occur
because viruliferous cultures were freed of virus

‘after three passages in clover (Canova, 1966).
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"3.d.(ii) Transmission of FleXuous Viruses of Cereals

The transmission of five flexuous, soil-borne

- viruses of cereals by Polymyxa graminis has

‘been considered in a review by Campbell (1978).
These viruses are discussed under the same |
heading‘because they have similar characteristics.
The five viruses concerned‘dré: Barley yellow
‘mosaic virus (BYMY), wheat yellow mosaic virus
(WYMV), Rice necrosis virus (RNV), Oat mosaic virUsv
: (OMV).and wheat spindle streak mosaic virus (WSSMV).
V'All»of these viruses have particles 13nm in dia-
efer but varying lengths.. BYMV, RNV.énd WYMV which
are sefologically related, have particles of two
modal lengths, 275 nm and 550 nm (Inouye.and
~ Saito, 1975; Inouye and Fujii, 1977). oMV
" has particles 600-750nm in length (Herbert and
Panizo, 1975) and WSSMV has particles 990-1975nm
in length (Slykhuis, 1976). Correlations

between Polymyxa gramihis infection énd the trans-

mission of these viruses have been reported by
Inouye and Saito *(1975) and Inoﬁye and Fujii
{(1977) for BYMV, WYMV and‘RNV; Herbert and
Panizo (1975) for OMV; and Slykhuis (1976) for
WSSHY . | |

Confirmation of Polymyxa graminis as a vector

for WSSMV came from studies using unifuhgal

cultures by Slykhuis and Barr (1978).  The fungus_
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was shown to acquire the virus from plants that
were mechanically inoculated. Apparently,
- the virus is internally borne since spores stored

for 8 years still transmitted the virus.

A good correlation between OMV transmission and

- P. graminis infection was noted. Plants

inoculated with virus infected root bits containing

resting spores of P, graminis developed mosaic

symptoms.  Whereas, plants inoculated with
virus-infected root bité from the same source

plant but notvtontaining'resting spores, did not
develop mosaic symptoms (Herbert and Panizo,-l975).
"~ Thus far, it'haévonly been suggested that |

Polymyxa graminis is a vector for RNV, BYMV

-and WYMY (Inouye and Saito,}l975; Inouye and
Fujii, .1977). Virus infection has been 0bsérved
td occur whenever the festing sporés'of the

fungus was present. Both in vivo acquisition

by and internalisation of the virus in the resting
spores seemé evident for the proboéed transmission
of BYMV (Kusaba et al., 1971, cited by Inouye

and Saito, 1975). Much evidence is still

lacking for this type of vector relationship for

these three viruses.
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3.e. Transmission of Beet Necrotic Yellow Vein Virus

3.f.

(BNYVV) by Polymyxa betae

- Polymyxa betae has a host range that is limited to

Chenopodiaceae. The fungus infects sugarvbeet

and causes stunting (Keskin, 1964, cited in Campbell,
1978).  BNYVV has particles 20nm in diameter with |
lengths 60-105nm, 270nm and 390nm (Tamada, 1975).

The virus has a narrow host range and is mechanically
transmissible.  The virus has been reported to be
the cause of "rhizomania“ disease of sugar beets

(Tamada, 1975). A correlation between Polymyxa betae

infection and the transmission of BNYVV has been

reported (Tamadé et al., 1975; Vuittenez et al., l977,>

both cited in Campbell, 1978). Tamada et al.,

(1975) reported that non-viruliferous cultures were

able to acquike the virus from infected plants.

The observation of rod;shaped virus-like particles
(VLP) ih the zodspore-and plasmodial thallus of the-
fungus (Tamada, 1975; »Stocky'gz_gl., 1977,’cited

in Campbell, 1978) supports the theory that the virus

is internally borne in the fungus.

Transmission of Potato Mop Top Virus (PMTV)

by Spongospora subterranea

Spongospora subterranea is a soil-borne fungus

belonging to the order Plasmodiophorales. The

fungus is responsible for the formation of powdery scab
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of potatoes. Potato'mop top virﬁs (PMTV) has been

“described as a rod-shaped virus having particies
. that are 20nm in width and 100-150nm and 250-300nm

‘in length'(Kassanis‘et al., 1972). The virus

causes disease in potatoes and is considered to be

‘soil-borne. PMTV is serologically related to

soil-borne wheat mosaic virus (SBWMY) (Randles et al.,

1976), and to TMV (Kassanis et al., 1972).

Spongospora subterrahea has been reported as a

possible vector for PMTYV (Calverf and Harrison, 1966),
but evidence for this relationship is still lacking.

The only other information on this fungus-virus

relationship comes from the reported correlatioh‘

between fungal and virus infections (Jones and

Harrison, 1967). Evidently, PMTV was transmitted

to'healthy plants gfown in soil containing virus-

- infected tubers with powdery scab, but not when.

grown in soil containing virus-free tubers with

- powdery scab. Apparently the virus is carried

internally in the fungal résting spores since the
virus was found to be transmitted by spofes after

dessication for one year.

Transmission of Tobacco Mosaic Virus (TMV)

by Powdery Mildews

The poWdery mildews belong to the order Erysiphales

(Alexopouius, 1962). These fungi are obligaté
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parasites and certajn'genera afe known to destroy
or to kill plants. "Yarwood (1971) reported the

‘transmission of TMV to Chenopodium quinoa by the

powdery mildews, Sphaerotheca lanestris from oaks

-(Quercus agrifolia and Q. phellos) and Erysiphe graminis'

~ from barley (Hordeum yulgare). The reported transmission

of TMV by conidia of these fungi was, however, explained
as contamination or as the activation of a latent

virus in Chenopodium.

Further evidence for the'transmission of TMV by these
two mildews came from studies done by Nienhaus (1971).
He extracted infectioﬁs.TMV directly from the washed
conidia of these fungi.. :Besides exCluding'
contamination by source plants of the fungi and

activation of a latent virus in Chenopodium as an

éxplanatioh.for the results of Yarwood (1971),'this

- study'also indicates thathMV is internally borne in
the conidia of these fungi. Detection of TMV

in conidia and mildew infected barley tissue‘by‘
electron'micfoscopy, further supports the transmission
of TMV by powdery mildews (Yarwood and Hechf-Poinér,
1973). |

Transmission of Viruses by the Rust Fungi

The rust fungi are a vast group of para51tes

belonging to the order Uredinales (Alexopoulus, 1962)
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These fungi cause disease in many agricultural

.crops and are of prime economic importance.

Yarwood and Hecht-Poinar (1973) weré the first to
 demonstrate the possibiiity‘of virus transmission

by these fungi. " The authors répbrted the apparent
association of TMV with several rusts. The detec- .
tion of TMV in bean plants infected with Uromyces
phaseoli (bean rust) and in germinated uredospores
suggested to these authors that transmiséion'of MV
by the fungus had occurred. They also observed

that‘ahother rust, Uromyces polygoni (knotweed rust)

was able to'transmit a virus (still unidentified)

to Chenopodium quinoa via uredospores.

The presence of rod-shaped (12 x 260nm and 10 x 660 nm)
and ‘spherical (35nm in diameter) virus particles
have been repbrted in uredospore cultures of

Uromyces phaseoli vaf.~vignae (Cowpea rust) and in

>rusted'leaf extracts by McDonald and Heath (1973).
These authors made,no suggestion of the pdssible
transmission of these virus particles to the host
_blant, but considered theée'virus particles to be
fungal virusés.(Lemke and Nash, 1974; Bozarth, 1972).
The verification of the presence of "TMV" rod-like

pafticles in U. phaseoli by these authors could be

regarded as a confirmation of the proposed transmission

of TMV by U. phaseoli (Yarwood and Hecht-Poinar,
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1973), since both sets of workers worked on the same

fungal culture (Uromyces phaseoli var. vighae).

Lecoq et al., (1974) reported the extraction of

spherical virus particles (34nm in diameter) sedlment;

ing at 1745 from plants infected with Pucc1n1a_

malvacearum, P.striiformis and P. suaveolens. No

virus particles were extrected'from corresponding

healthy plants. Since no attempt was made to

detect the virus partlcles dlrectly in the fungal

mycelium or uredospores and teleutospores, thlsf
obSeryation can hardly be described as a fungal

| virhs,system. . The extraction of virus pérticles

from fungus infected plants and not healthy plants,

could be considered as being a situation of activation

of a latent virus 'in these plants or possible

~transmission of the virus to these plants.

The possible transmission of Bromegrass mosaic virus

(BMV) to healthy plénts-by Puccinia graminis tritici

(Stemrust'of wheat) has been reported by Von |
Wechmar (1980). .This author reported the detection
of this virus within the uredospores. Apparently, -
the stemrust was able to acquire the virus from

plahts‘mechanically inoculated with BMV.

Rawlinson and Maclean (1973) reported the presence -
of a spherical virus-like particle (VLP), 38nm in
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diameter with sedimentation coefficients of 110S

and 585 in axenic cultures of Puccinia graminis tritici.

Although the VLPs were detected in rust infected
leaves as well, no correlation between the presence
of the VLP in the fungué and transmission to wheat

was thought to occur.

~Several other species of rust fungi, namely

Uromyces phaseoli var. typica, Puccinia helianthi,

P. sorghi and Coleosporium solidaginis have been

reported to have virus-like particles associated

with them (Littlefield and Heath, 1979).  Since

mostly sbherical virus particles have been discefned- o

in most of the rust fungi, these particleé may be

ubiquitous in the Uredinales (Littlefield and

 Heath, 1979). These VLPs should be considered

to be mycoviruses until such time that transmission

to higher plants have been shown to occur.

'Viruses Suspected of Having a Fungal Vector

Not much is known about the viruses that are suspected

‘of having fungal vectors. No correlation between

fungal infection and transmission of these viruses

has been made. Their consideration for transmission

'byvfungal vectors is merely based on their infection

characteristics and comparison with other viruses

having fungal vectors. Pea false leaf roll virus
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(PFLRV)'has beeh déscribéd‘as being seed-, aphid-
and fungus;transmitted (Thottapiily and Schmutterer,
1968; Thottapilly, 1972, both cited in Campbell,
1978). The fungus Pythium ultimum has'been

" reported by these authors as being a vector for-PFLRV.-
This can be regarded only as a single observation

with little merit (Campbell, 1978).

Red clover necrotic mosaic virus (RCNMV) which can be
soil-borne (Hollings and Stone, 1977) has been suggested

to be transmitted by Olpidium radicale (Lange and

Insunza, 1977). The similarities between RCNMV
and Cucumber necrosis virus (CNV) would provide for -
'ﬁseful compafison between these two viruses if RCNMV

is found to be transmitted by the same vector,

O.vradicale of.CNV, The suggestion of a fungal
vector for the agent of Freesia'leafvnecrosis which
has been described as being soil-borne was made by
Van Dorst (1975). Another virus, melon necrotic
spot virus (MNSV) has'been'susbected of being soil-
borne and having Olpidium as a vector (Komuro, |
1971, as cited by Campbell, 1978). Sugar cané
mosaic virus can be soil-borne under experimental -
conditions (Bond andPiréne, 1970).  Whether a
fungus vector cén'be involved in such a case is not
known. It iéxquife possible that in such circum-

stances the virus could have been carried over to



a healthy plant by root contact (Campbell, 1978).

- The chlorotic streak agent (CSA) causingvchlorotic
streak of sugar cane has not yet been resolved to
being é virus or a mycoplasma-like agent. Trans-
mission of the CSA by a fungus has been considered
(6rogan and Campbell, 1966). It is difficult,
however, to feéoncile a vector relationship with
this diséase_sincé stem cuttings which can be rooted
serVe as excellént sources of soil-borne indculum

(Campbell, 1978).

Viruses of the tomato bushy stunt virus (TBSV) group,

namely_TBSV, Petunia astefoid mosaic virus (PAMV)
and Cymbidium ringspot virus (CyRSV) have no known
‘vector, but the possibility ofifungal vectors for
these viruses could be important for ‘their etiology

(Campbell, 1978).

| 4. GENERAL OBSERVATIONS ON FUNGAL VECTORS

- To date, two groups of fungi, the Chytridiales and

Plasmodiophorales,vhave been shown to be the major
fungal vectors of plant viruses. - Reports of fungal

vectors‘belonging_to the orders Uredinales and Erysiphales

have been published. All the fungal vectors are obligate

parasites.
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A high degree of vector'specificity has been noticed for
virus-fungal vector associations . Transmission of
viruses by fungi is limited to one vector type‘(i.e;
fungus only) and in some cases one fungal vector species
is involved. A'geod example of the latter comesifrom

the inability of Olpidium radicale, which transmits

" Cucumber necrosis virus (CNV), to acquire and transmit
‘tobacco necrosis virus (TNV) (Temmink 93_21" 1970).

‘The viruses involved infeet'and mUltiply in the shared
'plant host but no mu1t1p11cat10n within the fungal vector

is apparent

Two modes Qf transmisSion of virus by the fungus are
bossibie In the flrst the fungus can acqu1re the
| ylrus,whlch is usually soil-borne, from root exudates of
;virus infected plants in the soil or upon experimental
“"mixing of spores and virus prepafations. This is called
in vitro acquisitibn, and'the virué is usually ekternally

| bound to the spore. Internalisation of the virus can

| occur during encystment (Temmink, 1971). Transmissidn
lof the virus occurs during infection of healthyvplants

by the fungus. = Secondly, the fungus écquire§ the.virUs
‘from a'virUseinfected plant (in vivo acquisition) and
transmits the virus to healthy plants upon infection.

Ih this case; the virus is usually located within the

funga1 spore.

It has been proposed'(Campbell, 1978) that two features
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_ of‘fungalvinfection affect the capability 6f é fungus
as é vector,}namely (1) the existence‘of an ectbplast
limited thallus to allow exchange of virus between the
hdst and the fungus, and (2) the obiigately parasitic
nature of the fungus should be such that the host still
-fhnctions normally in brder to support virus multi—

plication.



CHAPTER II

INTRODUCTION

SOME CHARACTERISTICS OF BROMEGRASS MOSAIC VIRUS (BMV)

- BMV is a spherical virus having particles 26nm in diameter
with a sedimentation coefficient‘of 85S. The virus has
a multipartitie genome (Lane, '1979) consisting of four

pieces of ss-RNA with molecular weights‘of 1,1 x 106

1.0 x 10%, 0,75 x 10

6 and 0,3 x 100 daltons, designated

RNA-1, RNA-2, RNA-3 and RNA-4, respectively. The
four RNAé aré éncépsidated into'three'virions with

- slightly different bouyant densities.' vRNA-1 and RNA-2

are encapsidated individually,‘and RNAf3 and RNA-4 are

‘encapsidatéd togéther. :‘All thrée_Virions are required

for infectivity.

BMV has distributioh in central U.S.A., eastern}Europe
~ and South Africa (Lane, 1974). ‘The strain BMV-Gy

. which occufs in South Africa has been described by Von
Wechmar and Van Régenmoftél (1966). BMV-G9 has been
well—characterised serologically by Rybicki (1979).

BMV is éasily transmitted by mechanical inoculation
“with sap. The virus can be transmitted by nematodes
and beetles under laboratory_conditfons, but whether

this occurs under natural conditions is not clear (Lane,

33
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1981). The natural hosts of BMV.are’BromUS inermis

and Agropyron distichum. Mechanical inoculation by

man has been desckibed-as-the most significant transmission
mechanism for the virus (McKinney, 1953; cited in Lane;
1981). :Thevvirus_has the potential of céusing economic~
ally significant-loSsgs to crops shouid an abpropriate'
veCtorvappear,(Lane, 1981). ‘Indeed,'BMv_has been found
to cause cthiderable damage in wheat in Sduth Africa

when transmitted by aphids (Von Wechmar and Rybicki; 1981).

In this thesis, the réle that the fungus, Puccinia graminis

tritici, serves as a vector for BMV is examined.

CHARACTERISTICS OF THE FUNGUS, PUCCINIA GRAMINIS
TRITICI (STEMRUST OF WHEAT) - S

Puccinia graminis tritici belongs"to the class Basidio-

mycetes, order Uredinales (Alexopoulus, 1962).  This

fungus is of major economic importance in the-South
African wheat growing‘industry, ~ Another rust. fungus,

Puccinia graminis recondita, better known as leafrust of

wheat, sometimes appears together with the stemrust

fungus.

In South Africa, stemrust occurs in important grain
growing areas such as the Orange'Free‘State, Western
Cape (Swartland) and South Western and Eastern Cape.

iIn'the western Cape the stemrust'fungus, Puccinia graminis
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tritici, naturally infects Agropyron distichum on the

coastal dunes. This plant is a natural host for BMV
in South Africa.: The simultaneous infection of

Agropyron distichum with BMV and stemrust is illustrated

in Figure 1.

The stemrust fungus has two life cycles, a sexual and
an asexual one (Alexopoulus, 1962). The sexual life

cycle of Puccinia graminis tritici is completed on

- barberry bush (Berberis vulgaris). Since this blant
does not occur invSouth Africa, the fungus is limited to
its asexual.life cycle which is completed on graminaceous

- hosts.

The asexuai}life cycle is Characterised by the infection
of the}grain plant by Uredqspores Which'fepresent}the
“resting stagé of the fungus. }When the uredospores

land on the leaf's sﬁrface, they germinate in the pfesence
of sufficient mdisture and produce hyphal threads- that

penétrdte the plant tissue through the stomata. After

| penetration an active mycelium is developed within the
plant tissue. The mycelium obtains nourishment from

the host cells by means of haustoria. It has béen

‘postulated that the protoplasm of the haustorium in

Puccinia graminis comes into intimate contact with the
protoplasm of the host cell. This has been suggested
" to occur by oozing of the haustorial protoplasm through

ultra-microscopic pores in the haustorial wall (Ehrlich
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and Enrlich, 1961, cited in Alexopoulus, 1962). The
formation of hew uredospores occurs in the uredium.

The epidermis of the leaf bursts open as the number of
uredospores increases in thé upward expanding uredium.

The formation of macboscopic pustules consisting of

mature uredospores 1s seen within a few days after'infeé-
tion. The asexual cycle is repetitive and recurs several
times in the spring and summer depending on the prevailing

climatic conditions. The asexual cycle of Puccinia

graminis tritici on wheat isirepresented diagrammatically

‘in Figure 2.

OBJECTIVES AND REASON FOR THE STUDY INTO THE
ASSOCIATION OF BMV WITH STEMRUST -

Thé occﬁrrence of infestation by stemrust on Whéat crops
in which BMV infection had reached épidemic,proportions,
ih.the Orénge'Free State,‘was.first noticed'by Yon
Mechmar in 1978 (Von Wechmar, 1980).  Subsequently,

fhe possible'transmission of BMvay stemrust was.

'inyestigated and reported (Von Wechmar, 1980).

The objective of this dissertation was the further
investigation into the association of BMV with stemrust.
The transmission of BMV by stemrust was ihvestigated

and cdnseqdently established. It»was important to know
whether the uredospores carried BMV inside or on their

surfaces, since this has significant bearing on the
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mode of transmission of BMV by the fungus. ' Techniques
such as enzyme-linked immunosorbent assay (ELISA),
fluorescent antlbody b1nd1ng studies .and electron micro-

‘scopy were employed for the detection of BMV in. or on

the uredospores.

In addition to this, the effect of BMY-infection of plants

on stemrust infection was investigated. The results
obtained'for this oase seemingly has application to

natural field conditions occurring in the Orange Free

State.

The stemrust transmitted- BMV-1solates were partlally

characterlsed by electrophores1s and serology

1The results presented in this study are Iargely based on
:experlments in which the test v1rus was the BMV - Beth

isolate (See 111.B.1 on origin-of viruses) and the

test fungus was Puccinia graminis tritici (cultuhe W138)

(see II1.C.1 on origin‘of fungal culture).

A report is also included of the'transmission of BMV by

Puccinia graminis recondita (leafrust of wheat). This

is presented coincidentally with the reports of trans-

mission of BMV by stemrust.
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MATERIALS AND METHODS

BUFFERS AND REAGENTS

1. STANDARD SODIUM PHOSPHATE BUFFERS

~Sodium phosphate buffers were made according to the:
'spec1f1cat10ns as in buffer No. 33A of w1111ams and
Chase (1968). All the buffers presented below had a
final hdlarity of 0,1 M, and were diluted with twice

. dlstllled water to give the desired molarlty. The pH
of the buffers were checked after dilution, and adjusted

+if necessary.

Stock Solutions

Solution A: NaHZPO O 2 M

4> :
(Dissolve 27 ,6g of NaH?PO4.H20 in a final

volume of 1 litre of distilled water).

40 0,2 M

(Dissolve_28,4g of N-a2HP04 in a final

Solution B: Na,HPO,

volume of 1 litre of distilled water).

l.a. 0,1 M Sodium Phosphate pH 6,0

Mix 438,5 ml of Solution A with 61,5 ml of
Solution B.



l.b.
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Diluté to 1l litre with-distilled water.

0,1 M Sodium Phosphate, pH 6,5 -

Mix 342,5 ml of Solution A with 157,5 ml of Solution B.
Dilute to 1 litre with distilled water. |

. 0,1 M Sodium Phosphate, pH 7,0

Mix 195 ml of Solution A with 305 ml of

Solution B.

© Dilute to 1 litre with distilled water.

1.4

2.

0,1 M Sodium Phosphate, pH 7,2 ‘

Mix 140 ml of Solution A with 360 ml of
Solution B. | _ ,
Dilute to 1 litre with distilled water.

. 0,1 M Sodium Phosphate, pH 7,4

Mix 95 ml of Solution A with 405 ml of

Solution B.

Dilute to 1 litre with distilled water.

~ PHOSPHATE BUFFERED SALINE

Phosphate buffered saline (hereafter abbreviated in the

text as PBS) was made at three pH values, namely pH 6,0,

pH 7,0 and pH 7,4. The composition of these buffers

was as follows:



2.

3.

.d.

b.

.a
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PBS pH 6,0

Mix 1 part 0,15 M NaCl (8,7 g/litre) with 1 part
0,1 M Sodium phosphate, pH 6,0 (III.A.l.a).

PBS pH 7,0

Mix 1 part 0,15 M NaCl (8,7 g/litre) with 1 part

vO,l M Sodium phosphate, pH 7,0 (III.A.l.c).

. PBS pH 7,4

Mix 1 part 0,15 M NaCl (8,7 g/litre) with 1 part
0,1 M Sodium phosphate, pH 7.4 (III.A.l.e). |

VIRUS MULTIPLICATICN, EXTRACTION AND STORAGE BUFFERS

..0,05 M Acetate buffers

" These buffers were made from the method for buffer

No. 1 of Williams and Chase (1968).

Stock Solutions

Solution A: Acetic acid, 0,2 M (11,55 glacial

- acetic acid/litre).vv

Solution B: Sodium acetate, 0,2 M.
(Dissolve 27,2 g of CH3C00Na.3H,0 in
a final'volume qf 1 litre distilled

water).
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(i) 0,05 M Acetate, pH 4,0

Mix 410 ml of Solution A with 90 ml of
Solution B. | |

Dilute to 2 litres with distilled water.
This buffer was used for the éxtraction of
the BMV strains, G, and Type.

(ii) 0,05 M Acetate, pH 5,0

Mix 148 ml of Solution A and with 352 ml of
Solution B.

1‘Dilute to 2 litres with distilled water.
This buffer was used for the extraction of the

- BMV isolates, Beth and Palala.

Both ofrthé buffers described above were used
as storage buffers for the purified virus
~strains and isolates, as well as diluent for

mechanical inoculation of BMV.

" 3.b. 0,1 u Acetate/NaCl buffers

These buffers were made according to‘the specifica-
~tions of Miller and Golder (1950). They were

" used for the.extraction of Stemrust—transmitted-BMV.

Stock Solutions

Solution A: Sodium acetate, 2,0 N.



2O

‘in a final volume of 1 litre distilled

(Dissolve 272,16 g of CH,COONa.3H

water).-

- Solution B: Acetic acid, 3,5 M

(210 glacial acetic acid/litre).

Solution C: NaCl, 5,0 M
| (Dissolve 292,2 g of NaCl in . a final

volume of 1 litre distilled water).

3.b:(i) 0,1 u Acetate/NaCl pH 4,0

Mix 20,0 ml of Solution A with 33,7 ml of
Solution B and 32,0 ml of Solution C.

Dilute to 2 litres with distilled Water.

3.b.(ii) 0,1 u Acetate, pH 5,0

Mix 20,0 ml of Solution A with 3,7 ml of
. Solution B and.32;0 ml of Solution C.

Dilute to 2 litres with distilled water.

3.c. 0,1 M Potassium phosphate, pH 7,0

This buffer was made éccording to the specifications
“as in buffer No. 27 of Williams and Chase (1968).
This buffer was used extensively for the extraction

of Stemrust-transmitted-BMV.
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Stock Solutions

_Solution A: KH2PO4, 0,5 M
| (Dissolve 68,04 g of KH,P0, in a

‘final volume of 1 litre distilled water).

Solution B: K,HPO,, 0,5 M |
- (Dissolve 87,09 g of K,HPO, in a

final volume of 1 litre distilled water).

The composition of the buffer was as follows:

Mix 78 ml of Solution A with 122 ml of Solution B.
Dilute to 1 litre with distilled water. |

4. DOUBLE-DIFFUSION GEL PRECIPITIN (OUCHTERLONY) BUFFERS

‘The following three buffers were used to make 0,7%‘50lUtiohs-

of agar for the test plates.

4.a. 0,05 M Acetate/NaCl buffer, pH 5,0

Mix 1 part 0,15 M NaCl (8,7 g/litre) with 1 part
0,1 M sodium acetate buffer, pH 5,0 (buffer in
| ITT.A.3.a.(ii) used at doubIe~strength). |

4.b. Phosphate buffered saline, pH 7,0

PBS pH 7,0 (I11.A.2.b) was used.

13



'4.c.(i)“

4.c.(ii)
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0,1 M Cacodylate buffer, pH 6,0 {Rybicki, 1979)

Dissolve 21,4 g sodium cacodylate (trihydrate’
M.W. 214) in 800 ml distilled water.
Adjust to pH 6,0 with 1 M HCl, and add distilled

water to make 1 litre.

Cacodylate/NaCl buffer, pH 6,0

Mix 1 part 0,1 M cacodylate buffer, pH 6,0, with
1 part 0,15 M NaCl (8,7 g/litre). |

5. GEL ELECTROPHORESIS BUFFERS

- 5.a. Polyacrylamide Gel Electrophoresis (PAGE) Buffers

These buffers were made according'to the'specifica—

_ tions of Laemmli (1970).

5.a.(1)

5.a.(ii)

Monomer solution

(30% acrylamide : 0,8% bisacrylamide)

Dissolve: 58,4 g acrylamide
4,0 g bisacryiamide

in a final_volume of 500 ml water. Store

at 4°C.

Resolving gel buffer

(1 M Tris/HCl pH 8,8)



5.a.(iii)

5.a.(iv)
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Dissolve 60,6 g Tris (Merck Cat. No. 8382) in
water. Adjust to pH 8,8 with HCl1. Dilute
to 500 ml with water. Store at 4°C.

Stacking gel buffer

(1 M Tris/HCl pH 6,8)

Dissolve 60 ,6 g Tris in water.  Adjust to pH 6,8
with HCL. Dilute to 500 ml with water. Store
at 4°C. | | .

Bath buffer (10X)

Dissolve: 30,3 g Tris ,
- 141,0 g Glycine
10,0 g SDS

.in a final volume of 1 litre water. Store at

room temperature.

Dissociation mixture

(10% SDS, 10% B-Mercaptoethanol, 15% glycerol,
0,01% bromophengl blue in 1 M Tris pH 6,8).

MiX and dissolve: 5 g SDS
' 5l B-Mercaptoethanol
.  4,5 ml Glycerol
6,3 m 1 M Tris pH 6,8
2,5 ml 0,2% bromophenol blue.

Store at room temperature.



5.a.(vi)

S.a.(vii).

5.a.(viii)

5.a.(ix)

5.a.(x)
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10% DS

(Sodium dodecyl sulphate)

Dissolve 50 g SDS in a final volume of 500 ml

distilled water.

Initiator

(1,5% ammonium persulphate)

"~ Dissolve 0,15¢g ammonium persulphate in a final

“volume of 10ml water. This solution is made

up fresh each time.

Temed -

(NNN'N' tetramethylethyléhediamine)

Coomassie blue stain
The compdsition is as follows:

45% (v/v) methanol

10% (v/v) glacial acefic acid

.0,2% (w/v) Coomassie blue.
(Procedure: Dissolve thé dye (Coomassie
blue) in a.small volume of methano1 and |
filter. 'Then add the rest of the methanol,

water and acetic acid).

Destaining solution

- The compositidn is as follows:
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25% (v/v) methanol |
10% (v/v) glacial acetic acid

65% (v/v) distilled water.

5.b. Horizontal-Slab Agarose Gel Electrophoresis Buffers -

The basic buffer was 0,01 M Sodium phosphate:

containing 1mM . MgClz. The composition was as

follows:

Mix: 200ml 0,1 M Sodium phosphate (III.A.la-c,e)
2ml 1 M MgCl2 (203,31g MgClZ.GHZO/Iitre)

Dilute to 2 litres with distilled water. ~ The

‘buffer was made at four pH values, nameiy'pH,G;O,

pH 6,5, pH 7,0 and pH 7,4.

The same buffer served as gel buffer and tank buffer

for a particular experiment.

6. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) BUFFERS

. Coating buffer

(0,05 M sodium carbonate, pH 9,6)

- This buffer was made according to the specifications

of.Clark and AdamS'(1975).

Dissolve:' 1,59g Na2C_03
| 2,93g NaHCO,4
- 0,2g NaNy



6.b.

6

.d.

.e.

in a final volume of 1 litre distilled water.

Ahtigen dilution buffér (PBS pH 6,0)

Phosphate buffered saline, pH 6,0 (I11.A.2.a)

was used.

. Rinsing buffer (PBS-Tween)

Phosphate'buffered saline pH6,0 containing 0,05%

(v/v) Tween-20.

Post-coating and conjugate dilution buffer

~ (PBS-T-BSA)

- Phosphate buffered saline, pH 6,0 COntaining 0,05% (v/v)

Tween-20 and 0,2% (w/v) Bovine serum albumin (BSA)

]

Substratevbuffer'(IO% Diethanolamine)

This buffer'was made'according to the specifications

of Clark and Adams (15975).

Mix: 97,0ml diethanolamine
800ml distilled water

0,29 sodium azide

Adjust to pH 9,8 with L M HCl. Add distilled water

to give a final volume of 1 litre.



7. FLUORESCENT ANTIBODY STAINING BUFFERS

7.a. Conjugation buffer

(0,02 M sodium carbonate, pH 9,8)

‘This buffer was used for the conjugation of fluorescein
- iso-thiocyanate (FITC) to the gamma globulins. |
The stock buffer was made according to the speci-

fications in buffer No. 19 of Williams and Chase (1968)

Sfock Solutions

‘Solution A: Sodium acid carbonate, 1,0 M.
- (Dissolve 84,0g NaHCO, in a final

" volume of 1 litre distilled water).

Solution B: Sodium carbonate, 1,0 M. ‘
| (Dissolve 106,0g Na2C03 in a final‘

- volume of 1 litre distilled water).

Stock Buffer (1 M sodium carbonate,:pH 9,8)
The composition was as follows:

Mix: 34,3ml of Solution A with 21,9ml of Solution B.
Dilute to 1 litre with distilled water. To make
0,02 M sodium carbonate buffer bH 9,8, thé stock
buffer was diluted 1:50 with distilled water. |

7.b. Rinsing buffer

Phosphate buffered saline, pH 7,0 (III.A.2.b).
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7.c. Coating solution

0,1% (w/v) ovalbumin in distilled water.

7.d. Mounting fluid

- 90% (v/v) glycerol in 0,02 M carbonate buffer pH 9,8.

8. BUFFERS AND REAGENTS USED IN ELECTRON MICROSCOPY

8.a. Negative stains

(i) 2% urényl écetate, pH 4,0
(ii) 2% phosphotungstic acid, pH 7,0.

8.b. Buffers'and stains used for thin sectioning

-8.b;(i) Palade's veronal-acetate bUffered osmium
- tetroxide (0s0,) (Palade, 1952)

Stock bdffer

Dissolve: 14,79 sodium barbital (veronal)
9,79 sodium acetate

in a final volume of 500ml of distilled water.

‘Osmium tetroxide stock (0s0,)

A 2% solution of 0s9, is distilled water.

‘Working solution

Mix: 1,25ml stock buffer
1,25m1 0,1 N HCI
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8.b.(ii)

8.b.(iii)

8.b.(iv)
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0,625m] distilled water
3,125ml 2% OsO4

This solution is stored at 4°C.

Fixative

This consists of a 5% (w/v) $qlution'of_

glutaraldehyde in 0,1 M sodium phosphate buffer,

_pH 7,2 (III.A;l,d).' For convenient use a

stock solution of 25% glutaraldehyde was alWays

.kept.

Stains

Saturated uranyl acetate (a 2% (w/v) uranyl

acetate in distilled water). 0,2% (w/v)

lead citrate in 0,1 N NaOH. .

Spurr's epoxy resin

Mix: 26g anhydride hardener
4g flexibilizer
10g epoxy resin:
O,4g’accelerator

A1l the above reagents are obtainable in a Taab

- Spurr's epoxy resin kit.
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B. PROPAGATION OF VIRUS STRAINS AND ISOLATES

7. ORIGIN OF THE VIRUSES

The virus strains BMV-Type and BMV-Gg and other isolatés
used in thé study were obtained from M.B. Von Wéchmaf
(Department of Microbiology, Uu.c.T.). Thesé strains

have been well characterised (Lone; 1977; Von Wechmar and

van Regenmortel, 1966 and 1968).

The virus’isoiates BMV—Palala and BMV-Beth are field
isolates collected in the Orange Free State, South Africa.

BMV-Palala originates directly from naturally infected |

field grown wheat cv Palala (hence the deéignation, BMV -
'vPalala).; BMV-Beth was obtained from naturally infected

bromus plants (Bromus catharticus) collected at Bethlehem

~in the Orange Free State (hence fhe designation, BMV-Beth).
Both of'these viruses'were'highly-infectiOus upon
mechanical inoculation to wheat and bafiéy seedlings.
The virus isolate BMV-Beth was used extensively dufing
- the investigation. It is the same virus isolate
M.B. von Wechmar (1980) used in her preliminary studies

on the transmission of BMV by stemrust.

2. MULTIPLICATION, HARVESTING AND STORAGE

2.a. Hosts -

‘The BMV strains and isolates were propagated in
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~either wheat (Triticum aestivum L.) cvs..Palala,

‘Scheepers, Flameks and Betta or barley (Hordeum

vulgare L.)cvs. Swanneck-and'Clipper;

Plants were grown in pots in steam sterilised soil
at controlled plant growth room conditions of 24°C,

70% relative humidity and 14 hours daylight.

Inoculation and Multiplication

The virus strains and isolates weré mu1tip1ied from
lyophilized BMV infected leaf tissue. The inocu-
lum:was brepared by grinding the dried leaf tissue
to a fine poWder'in_a mortaf-and.pesfle;'followed
by'addition of 0,05Msodium acetate‘buffer, pH 4,0
or pH 5,0 (111.A.3.a,(i) ahd‘(ii)). Ceiité was

added as an abrasive to puncture the leaf surface.

Wheat and barley seedlings (5-7 days old; fully

develqped two leaf stage) were inoculated by

_wiping the seedlings with cotton wool that was dipped'
in the inoculum. Special care was taken to
' inoculate the seedlings on both sidesQ especially

at the stem base to ensuré infection of emerging

new leaves at the gfowth point. The plants were

sprayéd with water immediately after inoculation.

The inoculated plants were grown under controlled

plant growth room conditions (III.B.2.a).
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For virus acquisition by the fungus, plants were
inoculated with purifiéd virus at 0,5 mg/ml concen-

tration in 0,05 M sodium acetate containing celite.

Harvesting and Storage

. Symptoms appeared in the form of mild mosaic usually

‘5 days after inoculation. 1At 7 days the plants

were harvested at soil level.

Harvested'plants were Stored at 4°C in plastic bags

if virus extraction followed soon afterwards.

‘A third of the harvest from the first propagation

was stored in two other ways::

(i) infected leaf tissue was lyophilized over

ISelf—indicating silica gel in a dessicator'
under vacuum, and stored in vials containing

‘ silica gel at 4°C. This served AS'a source
stock of virus isolatés. Virus stored in

' thié fashioﬁ remains viable for Iohg periodsf
BMV-Gg-sfored in this.wa}'waé viable after
15 years of storage as comparéd_to BMV in
buffer (pH 4;5) where infectivity decreased

after several months. (Von Wechmar, unpublished results) .

(ii) -some of the infected plants were also placed
in:SMall plastic bags and stored at -20°C.
(This was done to avoid the risk of mutation

and to ensure the use of original stock
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material for propagation); ~ These plants
were used routinely for further multiplication

of the BMV isolates if'required.

3. VIRUS EXTRACTION AND PURIFICATION

3.a. Centrifugatiohvof Viruses

In the text, the terms "low speed" and "high speed"
~centrifugation refer to cehtringation‘at 10 000
rpm for 10 minutes, and 34 000 rpm for 100 minutes
(or 50 000 rpm for 45 minuteé),respectivély. vLow
'speed centrifdgatidnvwas péffbrmed'in_the'Sorvall
RCZ—B‘refrigerated'centrifuge,.using the Sorvall
SS-34‘and GSA rotors.. High speed centrifugatibn
was performed in the Beckman L3-50 and L5-65 ultra-

centrifuges, using the Beckman type 35 and 50Ti rotors.

The relative centrifugal forces'(RCF) exerted by
the Sorvall SS5-34 and GSA rotors at 10 000 rpm
are 120629 and 16319g, respectively.

The RCF was 142 800g for the 35 rotor at 34000rpm and 226 600g
~ for the 50Ti rotor at 50 000 rpm. Rate zonal
_centrifugation was done in a Beckman 27.1SW rotor which

"at 2 600 rpm has an RCF of .113 000g.
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3.b. Extraction Procedure

The BMV infected plants were cut into approximately
2cm lengths. | The cut leaves were homogenized in
a Waring blender in the presence of 0,05 M sodium _
acetate buffer, pH 4,0 or pH 5,0 (III.A.3.a.(i) and (ii)).
A leaf to buffer fatio of - 1:2 (w/v) was used. - The
"hdmogehizations,were pefformed for brief periods
to preVent'excessive foaming and heating which causes
loss}of virus by degradation. The homogenate was
» filtered through cheesecloth to obtain a filtrate
free of plant debris. The pH of the filtrate was
. adjusted to eithef pH 4,0 or pH 5,0, by dropwise:
additidn of 10% (v/v)“acetid7acid. (Plaht‘proteins
vand ribosomes start-precipitating,at about pH 5,0
and aré irreversibly precipitated at about pH 4,5
(6ibbs and Harrison, 1975), whereas BMV which has an

~ isoelectric point of about pH 7,0 remains -in solution).

After low speed‘centrifugation of thé BMV.homogenate,
the supernatant (usually clear-straw coloured) waS'
decahted and subjected to a cycle of high speed‘

centrifugation. .

The'virus'pellet that was obtained was resuspended
in 0,05 M sodium acetate buffer, pH 4,0 or pH 5,0.
(The pellets were resuspended by pouring enough

buffer into the tubes to cover the pellets, and
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| leaving them at 4°C overnight.) Thevfeshspended

pellets were centrifuged at 10 000 rpm for 10 minutes.

This centrifugation step removed all denatured

insoluble components, leaving the supernatant as a
bire-fringent, purified and concentrated virus

suspension. The purified virus was stored in sealed

.glaSs bottles at 4°C.

Further Purification

.~ The abovementioned purified virus suspension was
considered to be highly pure, and in some instances
“was used to inject rabbits in order to raise anti-

~serum directed against BMV.. However, a BMV-G9

purified_virus suspension of a higher purity was

prepared and was used for the production of a higher

~quality antiserum. Further purification of the .

purified virus suspension involved:

(i) rate zonal centfifugation on 10-40% sucrose
gradients in e Beckman 27 . 1SW rotor ef
26 000 rpm (113 000g) for 2 1/2 hours. The
contents of the tubes were scanned by ultraviolet
absorption: at 254nm on an Isco fractionator.
The BMV fréctibn was collected and dialized
~against 0,05 M sodium acetate buffer; pH 4,0
to remove the sucrose. This was followed-byv.
high speed centrifugation. The virus

'pellets were resuspended in a small volume
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of 0,05 M sodium atetate buffer, pH 4,0. -

(ii) - The virus suspension'Was further purified'.
by zone electrophoresis.(III.F.) through a
»sucrose density gradient. The virus zone
that was coliected was dialised,'éentrifuged
at high speed and resuspended in 0,05 M sodium -

acetate,'pH 4,0.

Quantitation

The concentrations of purified virus were determined.

by using the ultraviolet absorption method. An

v-apprOpriate dilution of the purified virus suspensiqn

" was made in 0,05 M acetate buffér, pH 4,0 or pH 5,0,

and was scanned in lcm, 2ml volume quartz cuvettes
in the range 220-310nm on a Beckman Model 25
spectrophotometer. The concentration of the virus
in the 5uspension was determined by'using the

. . : 0,1% _
extinction coefficient of Eydopm = 915 (Lane, 1977).
The average yield of BMV was usuéliy in thé range

of 1-3g/kg leaves.

C. PROPAGATION OF STEMRUST

1. ORIGIN OF CULTURE

The stemfust culture'w138.used in this study was obtained



in the form of dessicator dried spores from J. Truter
(Departmént of AgricultUre and Fisheries, Winter Rainfall

Region, Stellenbosch).

2. INOCULATION AND PROPAGATION

2.a. Hosts

Stemrust was routinely propagated on wheat

(Triticum aestivum L.) cvs. Flameks, T4'and Little

Club.

The plants were sown and grown'as'before (see

III.B.Z‘;a).

2.b. Inoculation and Incubation

Wheat seedlings at thé fully developed two—ieéf'
stége were inoculated with a uredospore sUspehsion
at 2mg/mi. The ufedospores (dessicatof dried or
freshiy collected) were suspénded in sterile distilled
Water containing 0,001% Tween-20 as a wetfing agent,
and this suspension was sprayed onto the plants
using a small atomizer. The sbray atomizer (Camag
reagent spray Cat. No. 26100) used consisted of a
100ml1 volume conical flask with a manually operated
air-driven spréy attéchment. After inocuiation;
the plants were incubated at 24°C in a moist chamber

(40 x 40cm plastic.box covered with plastic, sitting
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on top of a 2cm deep tray filled with‘water)'fdr
2-3 days, away ffom direct light. After incubation,
the plants (still in the plastic box, the plastic

govers having been removed 12 hours before) were placed
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under direct light and were grown at plant growth room

conditions of 24°C, 70% humidity and 14 hour daylight.

At 3 déyé after inoculatioh, stemrust pustule |
dévelopment started and was noticed by the'formétion
of white flecks on the leaf surface.  Fully
developed rust pustules occurred at about 4-5 days
after inoculatioh. At this stage, the humidifiers
were switched off to reduce the relative humidity. ,‘.

This was done in order to prevent germihatidn of the

~uredospores on the leaf surface, since the viability

of the harvested'uredospores depended upon'the'

'uredoépores being ungerminated at the time of

harvesting. -

Harvesting and Storage

Harvesting of the uredospores was done 14 days

after inoculation when the stemrust pustules were

fully developed. The uredospores were collected

by gently tapping the leaves with a flame sterilised
long, rounded $patula over a sterile, glass Petrie
dish standing on a white sheet of newsprint. Uredo-

spores falling onto the paper were also shaken

into the Petrie dish. The collected uredospores



- were placed in vials and dried overnight, with_
the vials.open, in a dessicator containing dfy Eelf—?
indicating silica gel. The vials were sealed and
stored at 4°C in a plastic box with sealing 1lid
containing a few crystals of,dry silica gél.
Uredospores stqred in this way were found to be

. viable after 3 months'of.storage. Long-term stbrage
of uredospores involved storage of.leaf_tissue with -
Stemrust pustules in plastic vials‘under liquid
nitrogen in a crydstét.. This was dqne to preserve
the stock éulture in case it was necessary to go

back to original material.

ACQUISITION‘AND TRANSMISSION OR BMV BY STEMRUST

1. HOST

The following hosts were used:

(i) wheat (Triticum aestivum L.) cvs T,, T,-R

(resistant to prevalent naturally_occurrhm'stemrust

strains in South Africa) and Little Club.

(ii) bérley (Hordeum vulgare L;),gl Clipper. The plants

~were grown under plant growth room conditions as

before (I11.B.2.a).

The wheat cvs. T4 and Little Club were used for virus

acquisition studies, and wheat cv. T,-R and barley cv



Clipper were used in transmission experiments.

2. VIRUS ACQUISITION

- Wheat seedlings at the two-leaf stage were mechanically
inoculated with a purified preparation of BMV at O;Smg/ml
cqncentration (see 1II.B.2.b). At 5 days post virus
‘inoculation, the‘plants'Were inoculated with a suspension
“of non-viruliferous stemruét uredospores at 2mg/ml |
(see III.C.Zﬂb). The plants were incubated and grown

as before (III.C.?.b). The stemrust uredospores
(viruliferoUs uredospores) were hafvested 16 days post
inoculétioh with stemrﬁst,and stored as before (see

[1r.c.2.c).

3. TRANSMISSION EXPERIMENTS

T4-R wheat and Ciippervbarley seedlings (at the two-leaf
‘ stage)‘were inoculated with a suspension'of viruliferous

~stemrust uredbspores at 4mg/m1. Plants were usually

inoculated with freshly collected viruliferous uredospores.

The plants were incubated and grown as before (see
I11.C.2.b) for 16 days under plant growth room conditions.
At thisvstage'Clipper barley plants showed maturé

~ pustule development, whereas.T4-R wheat plahts. resistant
to stemrust infection, displayed no pgstule development.
The Clipper barley plants showed signs of yellowing

and brown streaking, whereas T,-R wheat plants displayed

yellow tips and white flecks. After 16 days at plant
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growth room conditions, the plants were sbrayed with

a fungicide and a systemic insécticide and were grown
at 4°C under continuousvlight for 7 days. .(Plants were
sprayed with insecticide to keep away run-away aphids
from maintenance colonies used by other workérs in the
laboratorw.‘ The'ehtire plénts were harvested,'placed

in plastic bags and stored at 4°C or processed immediately:

4, EXTRACTION OF THE STEMRUST-TRANSMITTED VIRUS

4.a.vExtraction and Concentration

Initially, the same extraction prdceduré as used
fof the,purificatiqn of the mechahicaliy propagated
. BMV isolates was used (see III.B.3.b), only the
buffers 0,1 u acetate pH 4,0.and pH 5,0 were used
_dﬁrinélhombgenisation. -Since no virus waS  '
recdverable by this method a new extraction procedure
for BMV was jointly déveloped with E.P. Rybicki and
M.B. von wechmar.‘ This procedure was successfully
used by these two workers for the extraction of
aphid transmitted BMV and has been published (Rybicki
and Von Wechmar, 1982).

Procedure

The'infected plants were cut into approximately

2cm lengths and homogenised in a Waring blender in
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the'presenée'of Q,l M potassium phosphate buffer

pH 7,0 (III.A.3.c). A leaf to buffer ratio of
1:3 (w/v) was used. The homogenate was filtered
through cheesecloth and subjected to one cycle of

low speed centrifugation.

The Superhatant was decanted and the virus precipi--

tated by addition of 2,5% NaCl and 9% (w/v) P.E.G.

(Polyethylene glycol, molecular weight 6 000d).

The precipitate was collected by low speed

centrifugation. The precipitate was resuspended

in 0,1 M potassium phosphate buffer, pH 7,0, at

- a volume equivaient to one tenth of,the»originél_

volume of clarified plaht sap; The reéuspended

- precipitate was}clarified by low sbeed centrifugation.
~The supernataht was decanted and subjected to |

_high speed tentrifugation. Thé pellets were
resusbended in d,OS M sodium acetate pH 5,0, at a
901ume eqhivalent‘to 400 x less the volume of the

‘original clarified sap.

The virus concentrate was further purified by kate
zonal centrifugation on 10-40% linear sucrose
gradients in a Beckman 27-1SW. rotor at 26 000 rpm
(113 OOOQ) for 2 1/2 hours. The virus was collected
by fractionation on an Isco fréctionator and was
dialized against 0,05 M sodium acetate pH 5,0 to

~ . remove the sucrose.
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4.b. Quantitation

The concentration of the stemrust-transmitted-virus

suspension was determined in two ways:

(i) }Thé concentration of the virus in the virus
VCOncentrate befofe'rate zonal centrifugatibn,
was detérmined by Ouchterlony double diffusion
tests using BMV at a known concentration as a

standard.

(ii) The concentration of the virus in the rate
zonal  centrifugation fraction was determined

by the ultraviolet absorption method using

R P 0,1% _
thg extlnct;on cp\fflc;ent, EZGOnm_‘ 5,15.

. ANTISERUM PRODUCTION

Purified virus at l;2mg/ml cdncentration was mixed in

a ratio of_l:l (v/v) with Freund's incomplete adjuvant

and émulsifiéd by repeated ubtake'into'a syringe.

One millilitre of the emulsion was injected intramuscularly
into rabbits at weekly intervals for. three weeks.i After
that, the rabbits were boosted at fdur to six week
intefvals, Two weeks after the first injection, the
rabbits wefe bled, from a marginal vein in the ear.
;Twehtyvto thirty ml of blood was_collectedvat each»

bleeding. The blood was allowed to clot, and the serum



fraction decanted and centrifuged at low.speed to remove

residual blood cells. -

Consecutive bleedings were packaged separately in labelled
- bottles. The antiserum was stored at either 4°C for

immediate use, or at_-20°C for long—tefm storage.

A total of six rabbits was used to.produce antisera
directed against purified BMV. Vérious other rabbit§
were injected in the same way wifh éithervuncrushed or
crushed stemrust viruliferous uredosporés. This was an
attempt at indirectly deteoting Whether fhe stemrust-
uredospores.carried Virus. | The viruliferous urédospore
samples used for injéction-purpoSes‘were prepared‘as_'

follows:‘
(i) Whole viruliferous uredospores were suspended in
water. | |

(ii) Viruliferous uredospores were crushed in a mortar

~and pestle in the presence of water.

(iii) Viruliferohs uredospores floated on water overnight

~to germinate (about 10-20% germination was observed)-

were crushed in a mortar and pestle.

Goat anti-rabbit (GAR) ahtiserum directed against rabbit
gamma globulins and anti-BMV protein antiserum was

obtained from antiserum stocks of the Microbiology
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‘Department, U.C.T., Cape Town.

ZONE ELECTROPHORESIS

This technique used fpr the. separation of plant viruses
from plant proteins has been fully described by Van

Regenmortel (1964, 1972) and Polson and Russel (1967).

The buffer used ih this study was 0,1 u acetate pH 5,0 |
(III.A.3.b.(ii)); The technique was used for thevfurther
purification of,BMV-G9 which was used to raise an antiserum
free of antibodies reacting with host plant proteins

- (see III.B.3.c.(ii)).

. THE DOUBLE-DIFFUSION GEL PRECIPITIN (OUCHTERLONY) TEST

This technique has been widely used for the serological

investigation of spherical plant viruses.

In this stddy the Ouchterlony test was used for the
determinatioh of antiserum titre, and for the detection

and determination of virus concentration in purified

and ° crude stemrust-transmitted virus extracts.

The test plates consisted of 10cm plastic Petrie dishes
containing 20ml of 0,7% (w/v) Bacto-Noble agar (Difco

Laboratories, Detroit, Michigan, U.S.A.) gel with 0,1%
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(w/i) sodium azide as preservatiVe. ihe buffers used

for the agar solution were PBS pH 7,0 and 0,05 M sodium
acetate/NaCl pH 5,0 (III.A.4). Well patterns, hexagonally
arranged holes (4mm in diameter, spaced 4mm apart) 4mm_
from a central hoie’of the same diameter, were cut into

the agar gel using‘a gel punch; Each plate could
accommodate four suoh patterns. The agar plugs were

removed by suction on an aspirator.

For the assays, antiserum was always placed in the
central well; and antigen dilutions in appropriate buffer
in‘the surrounding welis.‘_ For the determination of the
antiserum titre, serial two-fold'dilutions of antiserum
were piaced in the central wells of eight or more
hexagonal well-patterns,-and.serial two-fold dilutions of
the homologous antigen in tne surrounding wells of each
pattern. in this way the optimal proportions for each
antigen-antiserum combination were simultaneously
determined. The titre of an antiserum was‘taken as

the penultimate dilution of antiserum to give a visible
precipitin reaction}with its homOlogousiantigen. | For
the detection of virus in purified or crude extracts
of'virus, one or two dilutions of antiserum were reacted'

against six serial two-fold dilutions of antigen.

For the determination of virus concentration in a virus
- suspension, one antiserum dilution was reacted against

six serial two-fold dilutions of the test sample and
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compared with reactlons of BMV at a known concentratlon

as determlned by the ultrav1olet absorpt1on method.

In all the assays, the test plates were piaced in a
moist chamber for at least 18 hours at room temperature
to allow the development of'precipitin bands. In the
case of weak reactions,‘the'test blates were left for

up to two days for the precipitin bands to reach maximum

density.

‘Theltest plates were usually viewed for precipitin bands
on a light box against a dark background. Prior to
photograph1ng,,the plates were washed with water to remove
all prec1p1tates in the wells. The plates were subse-

'quently flooded with saline to preserve the precipitin

bands.

ENZYME-LINKED IMMUNOSORBENT'ASSAY (ELISA) -

The "sandW1ch“ ELISA techn1que useful for small amounts
of samples and its extreme sen51t1v1ty for virus detection

(Voller et al., 1976' Clark and Adams 1977) was considered

to be an ideal assay technique for the detectlon of BMV

in and on the. stemrust uredospores

1. PREPARATION OF ANTIBODIES

Three antisera namely antisera Nos. 1, 3 and 5 (see

Table 4), having Ouchterlony gel diffusion titres of
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1/128 and 1/512 respectively were used in the .immuno-

sorbent assays.

The procedure of Clark and Adﬁms (1977) was’used for
the purification and enzyme-labelling of the‘gamma-globulin_

serum fraction.

1.a. Purification of Gamma-Globulin

One millilitre of antiserum was diluted with' |
'diﬁtilled water, and mixed 1:1 (v/v) with saturated
ammonium sulphate by dropwise addition. The mixture
was left at room temperéture for 15 minutes.
The precipitated»globulin fréction waS'collecﬁed
by low speed centrifugation. The precipitaté
was dissolved in 2ml'half-stréngth PBS pH 7,4
(I11.A.2.c) and dialized overnight at 4°C against
2 litres of halffstrength PBS pHv7,4 to remove
the excess ammonium sulphate. The gamma globu-
lin fractions weré‘purified by ion exchange
chromatography by filtrétidn through a column
1 (15cm-x lcm) containing diethylaminoethyl (DEAE)
- cellulosef(wﬁatman DES2 anion~exchange). The
'DEAE cellulosencolumn wés pre-equilibrated with
half;Strength PBS pH 7,4. The gamma globulin
was washed through the DEAE cellulbse column
~ with half-strength PBS pH 7,4. One millilitre
-fractions were collected in Wasserman tubes and the

effluent was monitored by U.V. absorption at 280nm.
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The first protein fréctions that were eluted were.
collected andvpooled. The ultraviolet absorbance
at 280nm of the'pooled fractions was measured

on a spectrophotometer, and the gamma globulin
fraction was adjusted to a concentratidl of 1
mg/ml with half-strength PBS pH 7,4. The extinc-
tion coefficient of gamma globulin wés taken as

Egééfm = 1,4 (Clark and Adams, 1977).

Conjugation with Alkaline Phosphatase

The enzyme used for labelling of the gamma
globulins was alkaline phosphatasé‘from beef
mucosa (Miles). The enzyme was obtained as a

salt-free, freeze-dried_powder and had a specific

activity of 1 000 units per mg protein.

Two milligrams of enzyme was dissolved directly

in 2m]l of'purified gammé globulin at a concentration
of lmg/ml. The mixture was dialysed overnight
at'45c against 22 of hélf—strength PBS pH 7,4.

The mixture wés piaced in a vial énd glutaraldehyde
(25% (w/v)_solution from Flu%a AG, Sweden) was
added to give a final concentration of 0,06%

by addition of 40 uf of 2,5% glutaraldehyde in

"half-strength PBS pH 7,4 to 2ml of the dialysed

globulin-enzyme mixture. The new mixture was

left at room temperature for four hours. This

was followed by dialysis overnight at 4°C against



248 of PBS pH'7,4, to remove unreacted giutaraldehyde.

The enzyme conjugated gamma globulins were stored

-at 4°C in sealed vials in the presence of 0,5% (w/v)

bovine serum albumin (BSA) which was added to

‘stabilise the conjugates.

The enzyme conjugated gamma globulins Were diluted

in PBS-T-BSA buffer (II1.A.6.c) before each assay.

2.  ASSAY PROCEDURE

. Equipment Used .

Dynatech "Micro ELISA" flat-bottomed trays were

used as test plates. Finn variable volume micro-

 pipettes (0-5ul, 50-250ul and 200-1000ul) and Gilson
- Repetman repeating, variable volume micropipettes

'(0-25Qu1 and 200-1000ul) were used for all pipetting

operations.

During the assay, the microtitre thays were placed
in a moist plastic container with a 1id and incu-
bated at 37°C in a Memmert incubator. - The optical
absorbance of the hydrolysed substrate in the wells
was recorded on a Titertek multiscan automatic

read-out spectrophotometer (Type 310C).
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2.b. Prepafation of Antigens

Purified preparations of BMV and wild cucumber

mosaic virus (WCuMV) were used: as positive and negative
controls, respectively. Sérial two-fold or four-
fold dilutions of the viru5'suspen$ions were made

in PBS pH 6;0 buffer (III.A;é.a) starting at a
concentration of 0,Img/ml BMV and 0,2mg/ml (WCuMV)

respectively.

Crude plant extracts were prepared by-grindingv

plant tissue in 0,05 M sodium phosphate pH 7,0 followed
by low speed ceﬁtrifugation. (In some cases the
'partially clarified plant extréctsvwere conéentrated

by ultracentrifugation). Serial two-fold dilutions:
of blant saps were méde'in'PBS pH 6,0 buffer.
Ufedospore samples were prepared in three different

ways:

(i) wuredospores were washed by suspension in
“PBSpo 6,0 containing a few drops of 1%
Tween—20 as wetting agent followed by mixing
for fifteen minutes onra vortex mixer. The
uredospores. were separated from the washing
fluid by centrifugation af 3 OOO.rpm on a
BHG bench centrifuge. The washing fluid

("spore—wash“)‘was kept and tested.

(ii) washed uredospores were crushed in the presence

of PBS pH 6,0 in a mortar and pestle.  About
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20-30% of the spores were crushed in this

fashion as observed by microscopic examination.

- (iii) uredospores were germinated overnight on

course woven silk fabric layered on water

| égar plafes kept'in a moist chamber, at room
tempefature. - Ninety percent germination of
ufedospores was obtained in this fdéhion, as
observed by microscppic observation. The
germinated uredospores and hyphae were effectively

crushed in a mortar and pestle.

Two-fold serial dilutions of all the prepared
uredospore " samples were made in PBS pH 6,0 buffer.
The initial dilution of all sporé samples approximated

to a uredospore.. suspension of + 50mg/ml.

Method for "Sandwich" ELISA

The wells were coated by the addition of 200ul of
purified gamma globulin (usually at 5ug/ml concen-

tration) diluted in coating buffer (III.A.6.a).

‘The microtitre tray was incubated in a moist chamber

at 37°C for 1 hour. The wells were emptied and
washed by flooding the tray with PBS-Tween, pH 6,0
buffer (II1.A.6.c).

"~ Washing involved flooding the plate with rinsing

“buffer and then immediatly emptying it, followed by



two longer washes of three,minutes each. The
washihg.step was followed by flooding the tray
withsPBS;T—BSA buffer (III.A.G;d) and incubating

at room temperature for 15 minutes.  This was done
in order to allow the BSA to coat the areas in the
‘weIIs left uncoated by‘the gamma globulins, thus
preventing non-specific adsorption of the antigens
td the wells. The wells were drained and the trays

were dried by gentle tapping on a paper towel.

200u1 volumes of each dilution of sample in PBS pH 6,0
buffer were added in the apprepriate rows of wells,
and the tray was incubated fer 1 hour at 37°C as
befdre. "The‘tray was washed‘and dréined as before.
200ul volumes of the enzyme-COnjugated gamha globulins
diluted appropriately in PBS-T-BSA buffer were added
to eaeh well. The tray was incubafed'in a moist

chamber at'4°C-overnight for 18 houré,

(Before addition to the wells, the conjugate dilutions
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were cross-absorbed with an extract of non-viruliferous

uredospores (as prepared in III.H.2.b.(ii)). This

cross-absorption was done as follows:

- 400u1 of uredospore extract was added to 20ml of
diluted conjugate, incubated at 37°C for 20 minutes
-and centrifuged at low speed to remove spore

components. The conjugates were cross-absorbed
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in thisvfashion to prevent non-specific reactivity
- with: uredospore components. ConJugates treated in
this way were still found to react with hlgh
spec1f1c1ty with BMV and v1ru11ferous uredospores,

but had a low reactivity with non-viruliferous uredospores.

The wells were emptied, washed, drained and dried

as before. 300ul of freshly prepared substrate
solution (prepared by dissolving p-nitrophenol phosphate
~in substrate buffer-(III.A.G.e;) to give a final |
concentration of Img/ml (w/v) was added to each well.
'The traysvwere left‘at room temperature for enzyme-
substrate reaction to ocecur. After 45-50 minutes
'the‘absorbancevof the hydrolysed substrate in the
wells was read at 405nm in the Titertek Multiscan

spectrophotometer.

. Controls and Grid Titration

Controls that were used in the assays'ineluded BMV
as a positive antigen control, WCuMV and healthy'
plant sap as negative antigen controls. (WCuMV, a
tymovirus was selected as a negative control since
the tymov1ruses are morphol1glcally s1m11ar to the
bromoviruses, of whlch BMV is a member (Matthews,
1970). These viruses have never been shown to
cross-react serdlogically with the'bromoviruses).
Other controls included non-viruliferous uredospore
samples for checking non-specific reactions with

uredospore components; Another negative contrdl
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involved the.coating of wells with gémma'globulin-,

~of normal rabbit serum (NRS),'instead of With anti-

BMV gamma globulins. - Reactions due to'non-specific
colour deVelopment were checked by the inclUéion

into each assay of a set of wells containing substrate

" "solution only, PBS pH 6,0 buffer instead of antigen

~and the lowest dilution Qf'sample only. The reactions
obtained in these assays were observed to be

~highly specific of  BMV - anti-BMV antibody reactions.

All the negative antigen controls were found to have
an 0.0. 405nm reading of not higher than 0,1 0.D.
~unit compared to average positive 0.D. readings of

0.8-2,00.D.units.

The‘optimal proportions for the antisera used ‘in

fhe aésays were determined for each particulaf
antiserum. - This involved grid titrations of puri-
fied BMV (serial four-fold dilutions) against coating
concentrations of 0,1 ug/ml, lpg/ﬁl and- 10ug/ml

and conjugate dilutions . of 1/250, 1/500 and l/iOOO.

~ The combination of coating IgG concentration and

v conjugate'dilutidn that gave a wide range of 0.D. 405nm
readings (0.D. max of 1-2 0.D. units and 0.D. min of
0,1. 0.D. | unit) for BMV reactions and a low background
_'O.D.405mnreading “with controls was‘taken as

the optimal proportions. It waé found thét a

coating concentration of 5ug/ml was suitable for
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all three of the antisera uéed; and for two of the
.antisera a 1/1000 dilution of conjugate was suitable
whereas a 1/500 dilution of conjugate was essential
: forvthe other antiserum. The conjugate dilutions
at optimal proportions liéted above, was obtained
using purifiéd BMV as antigen. In assays invo}Ving
uredospore samples,,the.coqﬁ@afes-were used at
twice the concentration of optimal proportions in

order to get a higher enhancement of colour reactions.

THE FLUORESCENT ANTIBODY STAINING TECHNIQUE'.

This technique has been appliéd in many fields of}researCh

in biology} -Principles Qf the techhiqué,have beeh | |

1 thorough1y re#iewed by Holbrow and.Johnsbn’(1967) and
Walker et al. (1971). . In this study.the technique

- was uséd‘for the detection bf BMV on the surface of the
uredospore. ‘Use was made of fluorescéin iso—thiocyanate

(FITC) labelléd antibodies. Both the indirect aqd .

‘direct method -of staining was employed.

1. CONJUGATION OF GAMMA GLOBULINS

Purified gamma globuiin fractions of antiSefaIWere

prepared by the method of Clark and Adams‘(1970) (I11.H.1.a).
The gamma globulins were labelled with fluorescéinisb-
thiocyanate (FITC) by the dialysis method of Otsuki and
Takebe (1969). Three antisera, namely goat ahti—rabbit

serum (GAR), anti-BMV serum (antiserum No. 3) and normal
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rabbit serum (NRS) were labelled with FITC. Fluorescein

iso-thiocyanate (Merck) was obtained as a dry powder.

The gamma globulin solution was adjusted to a concentration
of 5mg/ml with 0,02 M sodium carbonate buffer, pH 9,8

(III.A.?.a); The extinction coeffiéient, Egéé%m = 1,4
of Clark and Adams (1970) was used. 4ml of the

gamma ‘globulin solution was dialysed against 50ml of
0,006% (w/v) FITC solution in the same buffer. Dialysis
wés-cafried out at 4°C for 24 hours. The contenfs of
the dialysis bag were passed through a column (15cm x lcm) of ;
" superfine Sephadex G-25 (Pharmacia Fine Chemicals, Uppsala,
Sweden) to free the conjugatedvglobulin'from the uncoupled
dye. The cbnjugated‘globulin'was eluted by‘washing the‘
column with 0;02 M sodium carbonate buffer, pH 9,8.

dne millilitre fractions of eluent}were collected, and
'the_dptical densities at 495nm énd 280nm were read on a
Beckman Model 25.Spectrophotometer. | The first fractions

- showing a high absorbance at both wavelengths were
‘collected and pooled.  These fractions corresponded to
the first fractions that_showed colour. The conjugate

" was dialysed overnight at 4°C against 0,02 M sodium
carbonate buffer, pH 9,8. )

The fluorescein-protein (F/P) ratio of the conjugates

were calculated by using the equation,

F/p = 0.41 x LFITC) in wg/ml
' : (I19G) in mg/ml



of Holbrow and Johnson (1967). The FITC concentration

was calculated using the equatioh,'

_ 0.D.492nm - 1/2 0.D.320nm x dilution factor
' 0,2 ”

.(FITC{ug/ml

of Holbrow and Johnson (1967).'

The F/P ratiosvof'the conjugates were as follows:

- (i) anti-BMV conjugate = 0,95
(ii) GAR conjugate' o = 1,98'
(iii) ~NRS conjugate =

0,68
All these F/P ratios fell in the range of F/P ratios for

conjugates that give rise to specific staining (Holbrow

and Johnson, 1967).

2. STAINING PROCEDURE

2.a. The Indirect Method

New microscope slides (2,5cm xv7;5cm) were cleaned
with commercial methanol.  The slides were coated
with a 0,1% solution of ovalbumin by brushing the
slides with this solution and drying them in a
stream of warm air. A drop of uredospores suspended
in distilled water was placedAon the slide. " The

spores were spread in chloroform vapour. This was

S0



followed by fixation of the spores by flaming. -

The slides were washed in a stream of PBS pH 7,0 buffer
(IT1.A.7.b). Unlabelled rabbit antibodies. at a
~concentration of Img/ml were added to the fixed
uredospofes With_a Pasteur pipetté, and the slides
were intubated}in a moist chamber at 379C for 1 hour.
The slides weré washed twice in PBS pH 7,0 by agita-_
tion in a bath. The eXcess buffer was drained off
fand the slides were blotted lightly on paper towels.
A 1/50 dilution of FITC conjugated GAR was added

to fhe'fixed dreddspores with a Pasteur pipette,

and the slideS were incubated forv45 minutes at room
temperature in the dark. Slides were washed and
blotfed a§ befofe. The stained ufedospores:were
mounted in carbonated glycerol mounting fluid
(IT1.A.7.d). .Thédspecimens were observed and photo-
graphed through ah Olympus‘fluorescénce microscope
}USing'blue violet exciter filtérs B1 and BZ and a
barrier filtef Y-53. The microséope was fitted

With an Olympus C-35A camera.

. The Direct Method

The’ufedoqufevspecimens were fixed as in the

indirect method (III.H.Z.a); The. incubation step
with unlabelied antibodies was omitted, and the
uredosporesvweke directly stéined with‘FITC conjugated
anti-BMV antibodies and FITC conjugated normal rabbit.

serum. The slides were again incubated for 45 minutes
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at room témperature in the dark. The specimens

were washed, blotted and mounted as in the indirect

method (III.I.2.a). Viewing and photography was

done on the same Olympus fluorescence microscope
using the same filter combinations as in the indirect

method (IIl.I.2.a).

Controls

Controls that were done to check non-specific staining

includedthé fbllow1ng:

(i) stalhing with FITC labelled GAR only and

FITC labelled NRS.

(ii) incubation with normal rabbit sérum (NRS)

as primary antibody in the indirect method.

(iii) inhibition of adsorptioh of specific primary'
antibodies and staining with anti-BMY Conjugate
by the addition of BMV and/or anti-BMV
196G (unlabelled); | )

Some of these controls were not effective in limiting

'nonfspecific staining (See IV.F.2).
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SLAB GEL ELECTROPHORESIS"

1. POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)

The system described by Laemmli (1970) was used for
the detection of BMV in plants inoculated with

viruliférous uredospobes. The buffers and solutions

- used for preparing the acrylamide gel ahd samp1e§

appear in Section (III.A.5.a). EIeCtrophoresis

was carried out in a Hoefer SE 600 vertical slab

- gel electrophoresis unit.

l.a. Procedure

'l.a,(i) Preparation of Resolving Gel

A 12% polyacrylamide gel was prepared by mixing .

the fbllowing volumes of solutions:

‘Solution_» o o  Volume (m1)
Monomer solution _ .f. | 32,0 -
1 M Tris/HCI pH 8,8 : L 30,0

| Water - | 13,2
10% SDS o - | 0,8
"1,5% ammonium persulphate o . 4,0

Temed R | 0,02
| | | 80,02

The vertical slab geI electrophoresis unit was
assembled in the casting mode using glass plates
(18cm x‘16cm) and 1,5mm spacers; Twenty-five

millilitres of the resolving gel solution was
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La.(ii)

immediately pipetted into the slab gel mduld to give

a gel of 1,5mm thickness and 100-110mm in length.

The poufed gel was carefully overlayed with

‘distilled water using a Pasteur pipette. The gel

was allbWed to set at room temperature. Once the
gel.had set, the water was poured off by inversion
of the casting unit onto paper towel. Next, the

stécking gel was cast.

Preparation of the Stacking Gel

A 4,5% stacking gel was prepared by mixing the

following volumes of solutions:

solution - "~ Volume (ml)
Monomer soiution . o 2,25
1 M Tris/HCl pH 6,8 1,90
Water | 9,20
1log sos . 0,15
100% glycerol | ," 0,80
1,5% ammon ium peréulphate : 0,70'
Temed B o | 0,02
- 15,02

10ml of the stacking gel solution was immediately

' pipetted on top of the set resolving gel. A 12

slot comb was inserted and the gel was allowed to set
at room temperature; - Once the'gel had set, the

comb was carefully removed. The sample slots were

84
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rinsed w1th distilled water and then w1th 1 M
' Trls/HCI pH 6,8.

l.a.(iii) Sample Preparation

- Healthy and v1rus—1nfected leaf extracts were .
- prepared by gr1nd1ng freshly collected leaves
din 0,05 M sodium phosphate buffer, pH 7,0 in
a mortar and pestle. The extracts were partially
~clarified by low speed centrifugation. In some
cases the clarified eXtracts were concentrated
by ultracentrifdgatiqn in a Beckman'airfuge at
19vpsivf0r 15 minutes (sedimentation of all
part1c1es w1th sed1mentat1on coefficient below

90S is facilitated at thlS speed)

A purified preparation of BMV was used as a

standard.

Appropriate‘dilutions-Of samples were made in dis-
soeiation mixture;(III.A.S.a.(v)). In the case
of samples concentrated on the airfuge, the pellets
were directly resuspended in dissociation mixture.
The sample mixtures Were then heated for 10

minutes in a boiiing water bath.

l.a.(iv) Sample Application and Electrophoresis

Treated samples (10-25ul) were loaded into the-

wells with a 25ul Hamilton syringe, and electrophoresis



was performed at a constant current of 60 mA for

7 hours until the glycine ion front had reached

about lcm from the bottom of the gel. Electro-

_phoresis was perfdrmed at 4°C with the water

cooling system of the Hoefer slab gel unit in

operation. During electrophoresis the upper

buffer chamber was connected to the cathode and

the 16wer buffer chamber to the anode.

‘Staining and Destaining of the Gels

- The gels wereyhemovedvfrom thetglass plate sand-

wiches, and stained overnight with a 0,2% (w/v)
Coomassie blue stain (III.A.5.a.(ix)). The

gels were destained in destaining solution

(ITT.A.5.a.(x)) for 12-15 hours by diffusion.

The stained gels were dried on a Hoefer SE 540

slab gel dryer for 3 hours. The dried gel was

photographed.

2. HORIZONTAL-SLAB AGAROSE.GEL ELECTROPHORESIS

This technique was previously used to compare electro-

phoretic mobilities of BMV strains (Rybicki, 1979) and

Cauliflower mosaic virus (CaMV) isolates (D.H. du Pleésis,

1981).

~In this study, this technique was used in an attempt to

compare the electrophoretic mobilities of purified
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mechanically transferred BMV with stemrust transmitted~

BMV isolates.

2.a.

Procedure

A 1,5%_solution ofvagarose (LGT agarose, Marine

Colloids Incorporation; Miles distributors) Wwas

prepared by dissolvihg the agaroée in 0,0llM_sodium

phosphate S 1 mM MgCl, buffer at pH 6,0;'pH 6,5
pH 7,0 and pH 7,4 (II1.A.5.b).

~ Glass slides (7,5cm x 7,5cm) were cleaned with

commercial ethanol. The slides were coated with‘agarose,

- by brushing a thin layer Qf agarose over the surface

of thé slide with a brush, followed by drying-ih a

stream of hot air. The coated slides were placed

- on a levelling stand and 9ml of agarose solution was

poured onto each slide with aipipette. This gave

a gel of 2mm thickness. Once the gel had set, wells

“(1-2mm in diameter) were cut into the gel using a

1,5mm punch attached to an.aspirator. The slides
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| Were placed .in a laboratory constructed electrophoresis

apparatus (similar to the Beckman Durrum type unit)

and lint wicks immersed in the tank buffer (0,01

M sodium phosphate/l.mM,MgClz) were placed on each

'end of the gel overlapping byvabout 1 cm. A span
‘of 5cm was allowed across the gel between the two
.Wicks. "The power was switched on and the voltage

across the two wicks was adjusted to 25-30 V to give a
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- voltage of 5-6 V/cm across the Qel. The power was
switched off and 3-5ul of sample (BMV at 0,5 - 1
mg/ml) was applied to each well using a 10ul
Hamilton syringe. A marker 0,05% bromophenol blue

~ (BPB) was plated in a well at the edge of the wick
connected to the cathode. The pbwer was switched
on ahd electrophoresis was carried out at 5-6 V/cm

- for 2 1/2 to 3 hours. (The time taken for the
BPB marker to réach the other side of the wick wds

noted).

‘After'electrophbresis the gels were rinsed with
distilled water, covered with moist filter paper and
pressed unde('papér towel under a 2 Kg weight for |
10 minutes.  The pressed ge1$ were dried to a thin
film in a stream of hot aif.‘ -The dried gels were
.stained'for 15 minutes with 0,2% (w/v) Coomassie

- blue staining Solution, and destained in destaining
solution (ITI.A.5.b.(ix) and (x)). The electro-

, ﬁhoretic indices (Ei) were calculated as the distance
of migrafion of the BPB relative to that of the

virus, expressed as a ratio.

ELECTRON MICROSCOPY

1. NEGATIVE STAINING

Various extracts of uredospores and uredospore washings

(III.H;Z.b) in 0,05 M sodium acetate buffer pH 5,0 or
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DH 6,0 were negatively stained with either 2% uranyl

acetate pH 4,0 or 2% phosphotungstic acid pH 7,0.

"l.a. Procedure

Avdkop of sampie was placed on a carbon coated grid
sitting_dn parafilm. The grid was covered with

a Pefrie dish and left forIIS minutes at room tempera?
ture. The grid was washed with a series of drops of
‘distilled water from a Pasteur pipette. Grids were
stained forAi minute with 2% uranyl acetate pH 4,0

or 2% phosphotungstic écid pH 7,0. - The grid was
drained by touching the edge to a filter paper, and
allowed to dry. The grid was viewed in a Zeiss |

109 transmission electron microscope at 80 KV.

':2; IMMUNQOSORBENT ELECTRON MICROSCOPY

This technique also known as serolqgically-specific

electron microscopy (SSEM) or the Derrick method was

| first déscribed by Derrick (1973) for the assay of piant
viruses. The technique has been used extensively in'_

,thé detection,_quantitation and_characterisation of

plant viruses (Milné, 1975, 1977; Derrick & BrlLansky, 1976).

‘It has been used successfully bvaerrick & BrlLansky (1976) for the
detection of seed-borne plant‘viruses, and for the detection
~of viruses in their’aphid, nematode and fungal vectors
(Roberts and Harrison,'1979‘; Roberts and Brown, 1980

-and Delvecchio et al., 1979, respectively).
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The technique described below is the short incubation

method of Milne (1980).

The same uredospore samples used for negative'staining
were uséd. Sul drops of diluted antiserum were placed
‘on Parafilm in a humid Petrié dish. (Antiserum Nb,,3

at 1/64'dilution was used.) - The grids were incubated
face down on these drops for 5 minutes. | The face of the
grid was rinsed with 20 consecutive drops of 0,1 M sodium
phosphate buffer, pH 7,0. The grid was drained by
touching the'edge to filter paper. The'grid Was_not alloWed
to dry ét this stage. The grid wés then ihcubated

face down for 15 minutes on a drop of the uredospore
.sample;_ " Next, the'grid was rinsed with 30 Consecutive
~drops of distilled water from a Pasteur pipette.  The
face of the grid was stained wiih 2% uranyl acetate for

‘1 minute, ahd drained as before and allowed to dry.

;The grid‘was vieWéd'in the electron micfosébpe.

\

3. THIN SECTIONING OF UREDOSPORES

Uredospores floated on water in a vial overnight to
germinate and swell, was pelleted by centrifugation

at 3 000 rpm for 10 minutes in a BHG bench-top centrifuge.
The ufedospore pellet was fixed in 5% glutaraldehyde in
0,1 M sodium phosphate buffer, pH 7,2 (I11.A.1.d.) by
incubation for 1/2 to 4 hours at 4§C‘ The fixed |

preparation was washéd in phosphate buffer overnight.
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The uredospores were pelleted by centrifugation, and

post-fixed in Palade's OsO4 buffer (ITI.A.8.b.(i)) for

1 hour. This was followed by three rinses with
~distilled water.. Uredospores were pelleted by centrifugation
between washes. After washing the fixed uredospores were

incUbafed at room‘temperature for 30 minutes in 0,5%
”uranyl aéetate in 80% écetone, | The sample was dehydrated
jin 96% acetone fdr,lS minutes, followed_by three ten;
minutevrinses in 100% acetone. The dehydrated sample was
embedded in Spurr's epoxy resin.' This involved incuba-
tion for 1 1/2 hours in a solution 1:1 of Spurr’s resin
and 100% acetone, followed by two 1 hour incubatiohé at
40°C with Spurr's resin. The samples were finally |
“embedded in oven dried Beem capsules. The embedded
samples were left in the Beem capsules‘in an oven at

40°C overnight to harden. - Ultrathin sections were cut
on an LKB ultramicrotome using a glass knife. The
sections were floated on carbon coated grids énd stained
with-Saturated uranyl acetate in water for 3 minutes,
washed with diétilled water, followed by staining with
0,2% lead citrate in 0,1 N NaOH for 3 minutes. The
grids were drained by touching the edge‘on blotting paper,
and allowed by dry. The grid was viewed in the

"electron microscope.
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RESULTS

PROPAGATION OF STEMRUST

Initially, several wheat cultivars were screened in order

to select the most suitable cultivar(s) for the routine

propagation of stemrust. The degree of susCeptibility

of these cultivars to stemrust infection was evaluated

by microscopic examination of the pustule size and the

'degrée of stemrust infection per cluster of plants (+

20 seedlings per pot). The evaluations of susceptibility

to stemrust for the various cultivars tested at that time

- appear ianable 3. Therfollowing criteria were used

“for these evaluations:

(a) ~highly susceptible - high incidence of stémrust

pustules, pustules large in size.

~(b) susceptibie -.low incidence of stémrustpustulés,vpugﬂﬂes’

were predominantly small in size.

(c) mildly susteptible - stemrust pustules were few in

number and scattered. Besides being Small, the

pdstules were often surrounded by necrotic haloes.

(d) resistent - no pustule formation occurred, only

white flecks were observed.



| - TABLE 3: - Susceptibility of various wheat cultivars
to infection by stemrust. Four groups

are distinguished according to the type
of infection observed.

CULTIVAR _ INFECTION TYPE
Flameks ‘highly susceptible

Little Club - n

| Memnon : | "

Zaragosa : : "
| Palala Y n

' Hellenic ~ | Susceptible

| sst2 o o "

sst3 | S
Betta _  Mildly susceptible

| Elize - " |
Inia SRR "

K20 ]
Liesbeeck - E "
Scheepérs | ‘._ _ | o

. Zambesi - - "

| Belinda S

Dipka | Resistant

 SST3-R - "

T4"R | ' . . . 1
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It was decided that Stakman's key for race identification
was not valid for obseryétions of stemrust infectidn on
wheat in the presence (and absence) of virus infection.

Therefore, an arbitrary key (displayed above) was_designed

to evaluate stemrust infection, (see page 92).

Thevcultivars; Palala, T4vand Zaragosa are'highly suscep-
tible to‘the stemrust'strain undef study as well as virué
(BMV) infection (Von wechmar, personal'communication),
and should therefore be consideréd to be unsuitable for
~ commercial cropping. .Little Club and the cultivérs
iFlameks and Memnon which are also highly éuscéptible to
stemrust ‘are no longer of commercial interest. The
_,cuttivars,.Betta,and'Scheepers which ére'mildlyvsusceptible
- to stemrust ihfection, and T,-R which is resistant to

' stemrﬁst infection.can be regarded>as being safe to use

in field_crops,'if stemrust'infection ié the only criterion

‘that is considered. These.three'cultivars are, hdﬁever,

- extremely susceptiblé‘to virus (BMVY) infection (Von 
Nechmar, personal communication) and their use for
.-Field Cropping'should také into account their.susceptibility
to virus infection which could be devastating during
epidehic virus conditions and availability of'veétors.
The types of.stemrust pustules'observed_on Flameks,'
Palala, Little Club, Betta andVScheepérs aré presented

in Figure 3.

An interesting feature of the pustule-type bn Betta 1is

that the puStule is surrounded by a necrotic halo. This
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FIGURE 6: Effect of BM -infection of wheat on the
yield of uredospores. '









Effect of BMV-infection of T4 wheat on

FIGURE 7:
the size ° stemrust pustules. The
susceptibility of wheat plants to stemrust
was found to be decreased by the presence
of BMV.

(a) = stemrust inf :tion on healthy leaf

(b) - (f) = stemrust infection on BMV-infected

leaves; wuredospores were inoculated onto
virus-infected plants at 2, 4, 6, 8, and 10
days p st virus inoculation, respectively.
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FIGURE 8: Precipitin bands formed by antisera Nos.

1, 2, 3 1d 5 (see Table 4). Reactions of
these four antisera with various antigens
are shown. In all the cases antiserum

was either at 1/2 or 1/4 dilution.

BMV preparations were at a concentration of
0,5 mg/n . In each case the arrows indicate
the star ing points.

Figure 8(a)

Gel buffer = Acetate/NaCl, pH 5,0. Antiserum No. 3

in central well. rranged clockwise in surrounding
wells are: (from arrow) BMV-infected sap, BMV-Type
(purified by differential centrifugation), healthy sap,
purified preparations of mechanically transferred,
stemrust-transmitte -BMV isolates Palala, G5 and Beth,
respectively (purif 3d by differential centrifugation).
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FTGURE 10(a):

 FIGURE 10(°):

Sucrose density gradient profile of -a

stempuet smit+tead_BMV_Beth concen-

trate extracted at pH 7,0. Sedimentation
is from left to right.

Sucrc 2 density -~adient profile of a
leafrust-transmitted-BMV concentrate

“extracted at pH 7,0. Sedimentation

is from left to right.






260 nm

ABSORBANCE,

240 260 280 300

WAVELENGTH (nm)

FIGURE 11: UV absorption curve of stemrust-transmitted-BMV
in 0,1 M KPO4, pH 7,0 buffer. Scan of
fraction ted sample shown in Figure 10(a)
is shown.



FIGURE 12:

‘Electron micrograph of an IEM assay of

stemrust-transmitted-BMV-Beth. Virus

particles from a sucrose density gradient
fraction are shown. The grids were coated
with anti-BMV antiserum (No. 3)at 1/64
dilution. Bar = 100nm.
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FTGIRE 13:

Gel-pre¢ ipitin reactions of mechanically
transfe red, stemrust-transmicted-BMV,

stemrust- and leafrust-transmitted-BMV

(sucros¢ density gradient fractions and
differ¢ tial centrifugation concentrates),
and re: spended high speed pellets from
purification at pH 4,0 and pH5,0. In

all cases shown, anti-BMV antiserum was
used at either 1/2 or 1/4 dilution.

In each case the arrows indicate the
starting points.









FIGURE 14: Determination of virus concentration in
crude extract of stemrust-transmitted-BMV

using BMV at a known concentration as a
- standard. In both cases, antiserum was &t

1/16 dilution and antigens were diluted
2-fold. The arrows indicate the starting
points. Asterisks indicate optimal pro-
portions points.

Figure 14(a)

Gel buffer = Acetate/NaCl pH 5,0

Antiserum No. 3 in central well.

Arranged clockwise in surrounding wells are: (from arrow)
BMV-Beth at 0,5 mg/ml then followed by 5 serial 2-fold diluticns.

Figure 14(b)

Gel buffer = Acetate/NaCl pH 5,0

Antiserum No. 3 in central well.

Arranged clockwise in surrounding wells are: (from arrow)
stemrust-transmitted-BMV-Beth diluted 2-fold 5 times.







FIGURE 15: Electrophoregram of PAGE of crude leaf
extracts on a 12% polyacrylamide gel.
Electrophoresis was done at 60ma for 7
hours. Profiles for the samples are as
follows: Lanes 1 and 2 = healthy plant sap;
Lane 3 = crude extract of stemrust infected
plants; Lane 4 = sample in Lane 3 concen-
trated; Lanes 5 and 6 = BMV-Beth infected
sap; Lar 7 = BMV-Type; Lane 8 = BMV-Beth.
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FIGURE 16: Reactions of BMV-Beth infected plant sap
( O ), sap from Clipper barley inoculated
with viruliferous stemrust uredospores ( A& ),
and healthy plant sap (1:1 mixture of
wheat and barley sap) ( O ) with anti-BMYV

antiserum No. 3. BMV.~.infected plant sap
was initially at 1/500 dilution and then
diluted 4-fold. The other two saps were

diluted 2-fold, starting at 1/2. The
plates were coated with anti-BMV IgG at
5ug/ml an the conjugate dilution was
at 1/750.
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FIGURE 18:

~LOG, (ANTIGEN DILUTION)

Reactivity of antiserum No. 3 with BMV-Beth

and WCuMV in sandwich ELISA. ( O ) represents
BMV-Beth and ( A ) WCuMV. Coating antibody
concentrati n was 5ug/ml, and conjugate dilution
was 1/1000. Viruses were at an initial concen-
tration of ,4mg/ml.
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FIGURE 21:

-LOG, (ANTIGEN DILUTION)

Reactions ¢ stemrust uredospore samples
with anti-f V antiserum No. 5 in sandwich
ELISA.

Symbols have the same meaning as those in
Figure 20. The conditions of this assay

were identical to those presented in the legend
of Figure 20.










































FIGURE 27: Electron micrograph of an IEM assay of
an extract of washed viruliferous uredospores.
Grids were coated with anti~BMV antiserum
No. 3 at 1/64 dilution. Bar = 100nm.















FIGURE 29:

Stability of stemrust-transmitted-BMV-Beth
and mechanically transmitted BMV-Beth at
pH 5,0 and pH 7,0 in gel precipitin tests.
In both cases anti-BMV antiserum was at
1/4 dilution. The arrows indicate the
starting points.
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FIGURE 31:

1 2
—LOG, (ANTIGEN DILUTIONY

Reactions of stemrust-transmitted-BMV

and mechan cally transmitted-BMV prepara-
tions with anti-BMV protein antiserum

No. 8 in s 1dwich ELISA.

Symbols have the same meaning as those
in Figure 30. The conditions of this
assay were identical to those presented
in the legend of Figure 30. '
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