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.. associated with any disease symptoms in Jocal varietles_
,flexuous rods and a sphe rical particle were isolated.

On the basis of particle morphology, differential host

fﬁhe ELISA technique was used to determine if this isoiaéed
: ?irus and cross-reacting viruses could be detected in hean

AQEIRACT

Viral pathogens are known to infect Phaseolus sSpp- worldwzde;' g
A local survey was conducted to determine if viruses were

PR IR R

of Phéseolus spp@‘ From the regions sampled, only

reactions and serological tests, one flexuous form was °
identifliled as BCMY. The identity was confirmed after ‘
& detailed investigation of viral properties and after

using standard antiserum supplied from the World Reference
Collection. Assay on Phaseolus vulgaris var. "Monroe™
‘showed that the T.I.P. was 55°C to 6o°c the D.E.P. 10
‘to 10™% and the L.I.V. one day. Purified capsid grctein
~ and nucleic acid components were analysed using 9&6&
Fo datermine their molecular weights. The stsa;n was
‘determined using the scheme proposed by Deijfhout (19783@,
Uvﬁesults indicate that this virus may be related to the
o MLS strain of BCMV., :

ﬁ3

geed. Results indicate that BCMV may probably be detected 3 =

 in seed-coats and embryos and occasionally in cotyledons. ﬁ”
 The ELiSA results obtained correlated well with infectivity
fassays on Phaseclus vulgaris
that a satisfactory routine assay for seed-screening c@uld :

. be established with further work. |
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CHAPTER 1

Introduction and Review of the Literature

Beans can comprise an important protein component in the
“human dYet.” " UDespfve Tre' preats’ pStefitial ‘to produce -
several thousands of kilograms of beans per hectare i
{Coercze, 1978(a)) yields can be well below expected
levels. This great difference between potential and
sctual yield is primarily a result of plant disease/insect
, cgmplexes and soil nutritional problems encountered in

the field (Schwartz and GAlves, 1980).

Eeans a:e grown primarily in tropical and temperate zones
thzoughcut the world, Historically, the common bean has
‘been one of the most important crops of tropical and subo'
,‘tzopical areas since colonialization (Bird and na:amozosch
,‘1§75§Q Aleng with corn, rice and other starchy crops it
has been one of the stap.e components of the diet providing

a goed praportion of protein, enough o sustain human grawth ;  ~!

withouz supp‘! ementatiom

Eeaﬂs eriginated in Centxal Mexicow yet have only beceme~;
“ef ‘importance since the development of organized agriculture
sevesal hundred yesrs ago. Through centuries of cultivation
sav@zal vazieties have evolved, adapting to the selection
pr '“uxos impcsed by disease and pests, consumers and ;
‘grawers. More recently however, manmade selections and
crosses have helped improvg the protein content and
palatability (Echandi, 1975).

There are over 200 species of Phaseolus of which the most
important cultivated species are: P. lunatus Mackie,

P. acutifolius Freeman, P. vulgaris L. and P. coccinsus
Bukasar. The most successful varieties have been obtained
from crosses using Phaseolus vulgaris as the female :

parent.




Beans are primarily produced by farmers of low economic
resources and therefore on & small scale. In regions of
Central and South America however, farms have become
. larger as these more temperate regirns are also less
. et e s R e e el

affected by pathogens compazed with faras in the tropical
gones.

Bean prcductiop was introduced into South Africa during o
the first years of settlement at the Cape, that is, the
jast half of the 17th Century. The dry and green bean
cultivars grown were developed from species originating
in Central America (Coertze, 1977(al)). [loday, these two
distinct types of beans are still grown and the variation
in quélity of pods and seeds distinguishes their use.
Green beans are therefore grown because the unripe pod
is edible whereas those of dry beans are not and they
are cult&vated for seed. ~

~ The t,opical crigin of beans is reflected in theiz g:cwiag -
requirements as they can only be cultivated at ﬁemperatures
ranging between 10 °c and 35 °¢ and they are sensitive to
frost. Beans are therefore primarily produced in South
Af:;cg‘whezever these temperature requirements are met

and where water is present in sufficient quantities
&Ccartze, 1977(b) and {(c)). No statistics are availeable
:egardinq the surface area of beans planted in the four
‘pxovinces, In general  the following areas produce most

of the beans grown in South Africa.

Beans are produced in two regions: throughout the
year in the Lowveld yet only in the summer to late
sutumn in the remaining Transvaal regions owing to
frost. Ir the Lowveld, the environs of Louw's
Creek, Kaapmuiden and Malelane form a most important
area where a large percentage of Soutn African beans
are produced. The Lowveld bridges the gap for




w3

winter production for the entire country. In the
Highveld, areas in Springs, Potchefstroom, Delmas,
Klerksdorp and Ventersdorp play a major role in the
production of fresh market green beans. The municiple

e em e JBESAS. Qf Pretoriag Vereeniging and the Witwatersrand.
are additional regions of fresh bean praducti%ﬁ‘?6r~“*@~uwy_

1ocal markets. Smaller regions such as Rustenburg
and Lydenburg also produce beans for local consumption.

annwe Free State

Bean production is of minor importance and only
cazried out on a small scale near the irrigation
schemes of areas such as Ficksburg.

102!‘

1.3. Natal

o The coastal areas of Durban as well as northeasﬁ
Natal form the major bean producing areas for the
domestic market.

-9040 cm B f
rhis is the second most important bean pacducinq area :

in scuth Africa, the south-western Cape being ia?alved
in 1arge scale production schemes, : '

ksetailed surveys of the main markets in the ﬁepublic
‘have estimated that thousands of tons of fresh green .
beans are consumed, processed and exported annually.
‘The eotal green bean harvest as early as 1969 was v&lued
'&t R2,25 million and evidence indicates that the value
,;of the industry has increased considerablj {Dry Bean
’Repoxt@ 1979). ,

Dry beans are produced on an even larger scale than

fresh beans. However, when compared to world production

{Table 1), the area is small.

-



Table 1. Dry bean production in the world,(1975~4979}
(Schwartz and Galvez, 1980)

Produczion areas 000 ha Total production Av. yields
R i b e i o i o GGG P w omow dlg /R o s
 Brazil 3788 1973 521
‘Latin America 6486 3677 567
Africa 1961 1106 564
South Africa 69 o4 727

Total for the World 23722 12392 522

‘Yields of beans are influenced by the season, area, grcwinq
-conditions, pathogens and cultivar differences. Of all
the different types of cultivars available, only a few can
be used for production purposes in South Africa (Coertze,
1980). Changing weather conditions, poor soil fertility,
'inseét pﬁsﬁs and diseases are the mcsﬁ~impoxtant‘factoss'
limiting production (Schwartz et al., 1978). Tropical
 anvironmenta1 conditions for example, encourage greater

~infection by pathogens such as fungi, bacteria, nemate&esw;' Vk:J

-myeoglesm&s and viruses compared with temperate zones:?
ngore specifically9 there are severali viruses of eccnomic»
importance that affect the genus Phaseolus (Table 2).
'Virus diseases such as bean golden mosaic may be restricted
- to specific geographical regions while others such as
bean common mosaic, are worldwide in their distribution.
5Econamicaily9 these diseases affect bean production as they
are difficult to control once established in a crop. ,
" Sehwartz and GAlvez (1980) have shown that large yield
losses can occur in those plants affected by viruses

such as BCMV and BYMV (Table 3).
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VIRUS

TRANSMISSION AND
VECTORS

DIFFERENTIAL HOSTS SYMPTOMS

PARTICLE ' DISTRIBUTION

-

&

Cucumber mosaic
virus

sap, aphids, qeedg
dodder

mosaic, blight,

- woodiness; fern leaf,
variable symptoms
depemdiﬁq on the
plant infected

host range is wide.
Tramnsmitted to several
members of the genera
Sucumis, Nicotians,
Phaseolus and Vigna

worldwide in
temperate regio

isometric, 30 nm
in diaméter

%

k3

worldwide

Soybean mosalc sap, apbids; seced’ restricted host range to causes mosaic of flexuous harticles
virus Glycine max-and members of soybeans 750 nm
the genera Phageolus,
; Spharicol r oy PSR
Alfalfa wmosaic sap, aphids, seed affects primarily species causes various bacilliform worldwide
virus of the genera Micotiana, mosaics, mottles and patticleéf60 nm ' -
Chenopodium, Phaseolus, malformations in in size
and Pisum ’ lucerne and other N
-~ hosts o ;
Flamemious,

Red clover vein

sap,aphids,; not

host range is restricted causes vein mosaic,

tubular particles .‘u deiy dwtr:ib £

mosaic virus common in seed to the families Lequminosae mosaic, streaking 645 x 12 nm
’ Solanaceae, Chenopodiaceae, and stunting in
Amaranthaceae ~ various legumwes
Bean common mosaic sapiaphidsgseedsﬁ exandnitéed to several causes common mosaic flexuous
virus pollen wembers of the Leqminaaae with leaf malfor-  fillamentous
{especislly Phaseolus mation and rolling, paxticle
yulaacis varieties) ~ black root symptoms, 750 nm long
Chenopodiaceae; and me vascuhr necrosis and e
e : mm demqu ms

Solanaceae
' tttacim and host

Adapted from Kramz

et sl (1377] and CHI/AAS descriptions of plant




Table 3%,;st&m&t&g&Qggnﬁvigldmlassﬁguat ute
| and BYMV (Schwartz and Gilvez, 1980) |
Disease Estimated Yiexd Lass~

B S R PR SRR ENE T
1. BCMV USA 53 - 68% e
. | Latin America 16 - 95%

2. BYMV Brazil 48 - 85%

by Iwanoski &in Drijfhout, 1978) and became one of
the first virus diseases to be reported. Since then,
this seedborne virus has been reported worldwide.
BCMV may incite three types of symptams, namely

4mosgicw systemic necrosis or local lesions. Symptom

expression and the severity of the disease is
determined by vitus strain, age of the plant, climatic

ccnditions@ time of infection and the bean cultiv&z
planted@ !ield loss is attributable to a lower
number of pods being borne by infected plants |
(Hamptan@ 1975).

causes symptoms that are

,"similaz to BC&V bué far more severe. With infection,
. considerable reductions in pod number and seed yield

oceur {Schwartz and Gélvez, 1980).

. BCMV and BYMV can be considered to be two of the most

important pathogens transmitted in a non persistent
manner by aphids (Watson, 1972).

Bean golden mosaic virus has become a serious problem
in tropical areas of the world. Infected plants may
readily be recognised by their leaf colour and the
presence of stunted and malformed pods.




2 mottle virus occurs frequently, usualiy“” S
feﬁﬁing saedlings. ‘The plants become severely **’7"‘
“stunted; often exhibiting & characteristic witchas
‘broom effect. Yield can be severely affeetedu

B S G

Lﬁef pathcqens transmitted by whi&efly and beetles resgc@tiv&ly@ <
Also, weeds such as Euphorbia sp. and Sids sp. may serve as ;gag
Vrésavoix hosts from which thesa viruses are transmitted to

ffaaw crops by machanical inoculation.

_virus

;fgagﬁmggqgsﬁ_mégg;c } and Begnvscutﬁazn%mosaie,figga
- are also ‘important yieldareducinq viruses, transmitted
by yet another means. They are mechanically trans-

L mitted by chrysomelid beetles of the genu:a éezgtaﬁa
,f;ané ﬁigbfatica@~ Yields are reduced as plants ba@ame
~ Stunted and blistered and pods become affected by
iﬁwateresaaked leslons@

E | e e

°  Thcsé vizuses -therefore :egresent some of the most impé@ﬁant
o *9&%&6@&&3 that infect beans worldwide. A@«indi@atedg thay 5
~ may be spread by several means: mechanical inoculati@ngquyg;”"
_wectors such as aphids, beetles, whitefly and leathoppers,
*fé@~§h¢y are carried in seed. ‘Transmission of viruics is
Vf'a& dmportant consideration in the epidemiology of &ny |

_ disease and the success with which bean viruses have
fjést¢uf¢jhad ‘themselves worldwide is probably related to
'&ﬁé&2~5&§1able transmission mechanisms, In genersl, bean
‘viruses have the potential for rapid spread (Costa, 1969;
Jefarpour et al., 1979).

Virus diseases of beans occuring in South Africa were
first documented by Klesser (1960; 1961), symptomatology
bﬁi&g used for the identification of all the viruses,

Gniy BCMV and BYMV appeared to be definitely present, although
various viruses were listed by other names. Seversl "new viruses"
were therefore described. It is quite possible however thst
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~ investigated for any unidentified virus. These properties

facﬁegé such as tesﬁ plant diftefenﬁésf
environmental conditions could have s@eaunte 

kvaziatioﬁ in symptoms recorded and that no nQW‘vig ses
were inaeed present@

5 R e e

To date viruses ha#eqéomai@edhof iittle appazenh‘
,xmpogtance in Transvaal bean ¢rops. The path@qens ca ;
‘outbreaks of diseases of legumes in the Transvaal have ﬂv
 £&5@1¥ been identified. Occasional outbreaks of ‘ax
. BEMV or BYMV have occured; although this documentatian
: ,vis based on symptoms only. f L T My
 In 1977, an unknown virus disease affectin@ suqaxbeaaﬁ
was recorded in the Koster district. The virus was e
thcuqht to be transmitted by a sap-sucking leaf hoppar"’i
~ population whose numbers increased xapidly@ causin ﬁﬁék

entire field to be affected by the virus (Dry Bean Repor
1979). A virus causing necrosis has also ba&ﬁé‘, 
‘j &8ae1em&V 1981}$ o ‘ ' o :

'f:xe &§§é§£S that in the majax bean q:owinq areas of the-
- Transveal, non viral pathogens cause ‘greater: dam&ge snd
 yield losses than viruses. It is possible that the 8
,*ﬁﬁzi@ﬁ control of vectors and the certification of: se&
' ‘have prevented viruses from be@ominq well tseabzished in

]this tegioa@ A
']ﬁelithxe-;gggtg;;ggtxgn‘cf viruses is the cagnarsﬁamg of: .
efficient disease control (Bos, 1976). Viruses were

‘ énitislly knewn only by their infective and bicloqiéal
properties, Host range, symptoms, mode of transmission ;
and the tYpos~df vectors involved were the first properties

wera soon found to be unreliable as they depended on virus
source; test plant type and other factors that could bLe
influenced by external conditions. As a result; the
identity of any virus described by these means became
questionable and uncertain. With the ever increasing




numbers of viruses that were being discovered@ a mcre S
reliable distinction, based on the actual chaza@tezs of
the virus itself and not on the host reection, beceme ';
assential, | | G T

Zarly workers attemptec to "determine the physf.eq-»c:;l'mﬂ'zice«a i

features, thought to be more representative of the vir@e
itself. Significant advances in virus identification
occured following the visualization of virus with the
electron microscope. It has since become essantial to
chemically characterize any unknown virus before it may
pe described and to determine serological relationships
with other viruses.

There are several basic procedures to follow when attemp=-
ting to diagnose an unknown disease, presumed to be viral
in origin (Bos, 1976; Hamilton et al., 1981). Wwhen an
unknown virus discise is being investigated, two phases

of research occur. In the initial diagnostic phase we
examine those simple aspects of a virus which will enebie'f

ns to classify it into a broad group. If the unknown virus

is to be identified, the diagnostic phase passes .nto the
descriptive phase in which several, mcre specific p:epexties
are investigated.

An outline of the basic procedures that can be used for
virus diagnosis and description is presented in Table 4@
some Of the procedures being described in greeter,detail@
1t must be noted that to use most of these procedures, &
virus must be transmissible in the laboratory and be able
o he investigated outside the host. Diagnosis of a
(ilsease is therefore only complete once the causal a-ent
ilas been isolated from the host, characterized and kuch's
nostulates have been fulfilled. It is only by using these
procedures that an isolate can be identified as new or
deviating little from an already described virus.
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Table 4: An Qutline of the basic procedures uged in

identifyving and descrxbinqyan unknown v

The information sought during both the diagnostic and
descriptive phases can be divided into two sections:
A. What can be learned from the virus in situ or from

-

B.

A

B.

cFude“prepirations
What can be learned from purified virus preparations

Using virus preparations or virus in situ

1. reproduction of the disease using the isolated virus

2. host range studies and symptom expression

3. mode of transmission

4. determination of biological properties such as
the thermal inactivation point i.e. fin vitro!

'~ properties '

5, electron microscopy

6. simple serological tests i.e. reactions with likeiy
antisersa

Using purified preparations

1. particle fine structure and sedimentation properties

2. serological analysis

3. analysis of protein component and nucleic acid
properties

Most of the techniques used in the procedures for the
isolation and characterization of an unknown virus are
universal and are therefore only briefly described.

1.

Inoculation of test vlants

Initially, inoculation of a series of indicator plants
is essential to ensure that the causal virus has been
isolated and that disease is not caused by a mixture
of viruses. The isolate must always be re-inocul ated
to the original host which is then observed for typical
symptoms of the disease. It is essential to be able
to reproduce the disease using the isolated virus to
fulfill Koch's postulates.

ra-m-,-- “9§»~mg‘%’.‘.

(adapted from Bos, 1976; Hamilton et al, 1981)
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Inoculation of a specific host range can be carried’r
out but is now considered not to be a reliable guide
for virus identification. Exhaustive host-range tests
are no longer appropriate (Hamilton et al., 1981) yet |
these Qreliminary anestigatlons are useful for

;:txveus.;g,a.-o.ww& O . T e b @R & mee ‘am«a,

2.

4.

isolat.ng the best laboratory hosts (Hollings, 1966).

Electron Microscopy

Electron microscopy of particles in negative stain is
often very useful at the "crude extract” stage and
sufficient diagnostic (although not fully descriptive)
information can often be obtained. Often, a virus

can be tentatively assigned to a group on the basis of
particle morphology. More information, however, can
be'gained with the aid of immunoelectronmicroscopyv
using antisera and purified virus samples. Cytopatho-
logical changes in host tissue, examined at the light
and electron microscope levels, can also assist in

identification of an unknown virus {Christie and ' .

Edwazdscn, 1877).

« Serology

Rapid and accurate'diagnosis of an unknown virus is
often possible directly on crude preparations using
precipitin tests, immunosorbent assays and various
types of immunoelectronmicroscopy. Serological
methods can obviously be applied to purified virus
preparations as well.

Purification procedures

The choice of extraction buffers and additives depends

on the virus being purified. Generally, methods are
selected according to particle morphology and preliminary
investigations of virus properties,

Electrophoresis
Determination of nucleic acid type and molecular
welght by gel electrophoresis can assist in the asslgning
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Of an unknown virus to a taxonomic group. More recently
however, the sophisticated technologies of nucleic acid
hybridization and amino acid sequence analysis have

been used toc establish the identity of unknown viruses

TRTENR AS wrestes e ae Ehese Methode ape-far more accurates s« .

Centrifugation
The sedimentation behaviour of viruses in various
solutions using different types of ultracentrifugation
has provided much detail about particle size and
structure. Sedimentation coefficients and buoyant
density values have become important taxonomic
characteristic. and should be determined for any
unknown virus.

It is only as a result of the development and introduc-
tion of the sophisticated techniques mentioned above

that much of the confusion of virus identity has been
eliminated. In fact, only progressive methodology has
enabled the distinction of those viruses affecting beans.
By using methodology as it became available, more and
more strains ¢f a virus such as BCMV have been identified
and described (Silbernagel, 1969; Kaiser and Mossahebi,
1974; Lockhart and Fisher, 1974; Gathuru and Corbett,
1977},

Once economically important viruses have been recognised,
control measures can be introduced (Neergaard, 1979). 1In
general, viruses can be controlled by
1. reduction and prevention of spre-1 of established
inogulum, including vector controi
2. chemical control mechanisms
3. detection and elimination of infected material
including seed indexing
4. reducing the susceptibility of plants to pathogens
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One of the most effective methods is to limit the source
of virus by quarantine restrictions and the distribution
of healthy stock material., It is essential that plant
material be tested for viral infections as once affected,
planted fields cannot be cured. A crop must begin with
clean stock,; tested by various indexing methods.

Conventional methods such as field trials have become

unreliable and impractical. As a result, a new

field of chemical indexing has been developed by workers

such as Paul (1974). He carried out SDS - PAGE on

small quantities of sap without extensive purification
procedures, Viral bands could be detected. Serological

tests have received even more attention as they are rapid

and more specific than conventional tests. Tolin (1977}

has proposed a diffusion test adapted to field conditions

for identifying legume viruses.

For some viruses affecting beans, such as BCMV, infected
seed 1s the primary source of infection {Hampton, 1975).
Control of disease can only be achieved if infected
seeds can be detected and eliminated.

To date;, seeds have been treated in different ways to |
eliminate virus. These methods have proved ineffective j
as viruses are extremely resistant (Provvidenti and

Braverman, 1976). Seed certification schemes employing
serological and other techniques, appear to be the only '
reliable means of monitoring seed lots.

Due to the importation of large quantities of bean seed
into Scuth Africa, serological techniques should be
exploited;as they are extremely sensitive,for the detection
of seed borne viruses. The ELISA technique for example,
has successfully detected virus in soy-bean seeds
(Bossennec and Maury, 1977) and in lettuce seeds (Jafarpour
et al, 1979).

Several modifications of the ELISA technique exist, for




example the direct and the indirect methods. The type

of ELISA technique selected depends on the experiment. | ,
.~ + - ... Koenig.{(1981) has suggested that the direct ELISA be used . _ ..

for the routine detection of virus in infected material " |

while the indirect ELISA is more useful in the determination

of serological relationships.

In conclusion, to effectively control viruses, a
combination of all methods mentioned would be adviseblsi,
although seed certification schemes and breeding for
resistance, if perfected in all major bean producing
countries, would eliminate the need for other forms of
control to be implemented.

In South Africa the following recommendations for the
control of virus disease in beans have been made (Dry
Bean Report, 1979):

1. Plant crops in September, that is, early summer.
January plantings in the Highveld are highly
susceptible to virus contamination due to increased
insect populations.

2. For those diseases that are seed transmissible, only
certified seed must be planted.

~ 3+ Resistant cultivars must be planted.

4, Pest control is essential. Once a disease is

established, pest control procedures are worthless.

For efficient control in any country, knowledge of the
different types of viruses and the existing strains must

be accumulated. To date, indicator studies alone have

been used in South Africa and few viruses have been
detected. In view of the large numbers of viruses affecting
beans and their wide distribution patterns, it is likely
that additional viruses are present in local areas.
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A study was therefore conducted in an attempt to determine
what viruses could be detected in leaf samples collected
from farms in the Transvaal.

1.6. The dims of the investigation were:

1.

2.

3.
4.
5.
6.

to survey local bean farms in the Transvaal for
infected leaf material showing virus-like symptoms

to confirm the presence of any virus assoclated
with the collected material by indicator studies

to attempt to purify the isolates
to identify one isolate using standard procedures
to prepare antiserum against this isclate

to establish if the enzyme linked immunosorbent
assay (ELISA) technique could be used to detect
the isolate in seed.
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CHAPTER 2

Materials and Methods

All procedures used for the propagaticn, isolation and
characterization of the virus in this study are described
below.

2.1. Sampling sites and collection of leaf material

Leaf material showing symptoms was randomly collected

from fields located in the major bean producing areas of,
the Transvaal. Farms from the following areas were
included in the survey: Potchefstroom, Ermelo, Delmas,
Nigel, Oogies, Bombardie, Witkop and Kendal. More than

one sample was taken from those farms found to be producing
different varieties of beans (Table S5). The farms in the
Highveld were surveyed during February 1981 when the plants

were approximately 5 weeks old. All leaf samples were
placed in bags on ice and transported back to Johannesburg
the same day. A freeze dried preparation of each sample,
ground in 7% peptone/dextrose was made and the remaining
portion was stored at -70°C until they were processed.

In addition, seeds suspected of being infected with virus
were provided by Mr. Vermeulen. The seed was obtained
from a trial carried out in Potchefstroom that developed
mosaic type symptoms. The origin of the seeds (247 and
259) is outlined below:

Parents Michelite x Great Northern
F1 Result x Nep II
F4 Result showing virus type symptoms

The F4 generation aquired an infection apparently due to
local contamination, the rows showing symptoms being known
as 247 and 259, The presence of latent virus in the seed
of one of the parents however, cannot be ruled out.
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& further sample was a freeze~dried preparation of bean
leaf sap provided by Roodeplaat Research Institute. The
sap was obtained from bean plants found growing in a
Pretoria garden in 1978 that showed apparent viral symptoms.

i AR e BT S @ e

Table 5: Sampling sites

Area Bean type Symptoms

Nigel Nep II Leaves siightly yellow,; small,
slightly malformed; plants
slightly stunted

Nigel kidney Leaves showed slight yellowing

Nigel kidney leaves showed slight yellowing

Nigel - kidney leaves showed slight yellowing

Cogies sugar leaves showed slight yellowing

Oogies brown leaves showed slight yellowing

haricot

Oogies grootwit leaves showed slight yellowing

Delmas 1 coffee slight yellowing, curling,
wilting of leaves

Delmas 2 kidney slight yellowing of leaves
with blotching

Delmas 3 haricot slight yellowing of leaves,
speckling, leaf curl, dark
green prominent areas

Delmas 1 kidney white patchy areas

Delmas 2 kidney unusual leaf edges, mal-
formation of leaves

Bombardie kidney vein thickening, leaf curling,
some local lesions, single
enlarged malformed leaves

Witkop kidney severe stunting, yellowing,

small malformed leaves; slight
mosaic, poor germination numbers
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Area Bean type - Symptoms
Kendal kidney slight yellowing of leaves
Potchefstroom ==
samplesl « . s o wr o s - » o+ Shight.yellowing.of Jedl28 e v o e
Potchefstroom
sample 2 slight yellowing of leaves
Potchefstroom ‘
ssmple 3 sl.ight yellowing of leaves
Potchefstroom
sample 4 @ slight malformation of leaves
Q
Potchefstroom o
sample 5 9 slight yellowing of leaves
v
Potchefstroom -
sample 6 i slight yellowing of leaves
I
Potchefstroom g
sample 7 o leaves showed mosalc symptoms
Potchefstroom § ,
sample 9 v plants showing stunting,
multiple branches, small leaves
Ermelo
sample 8 leaves showing slight yellowing
Delmas sample 10 leaves shoWing slight yellowing

2.2. Indicator plants

The use of indicator plants has an established and
important role in plant virus research. They are used
primarily to confirm the presence of a virus in another
plant which has vague or indeterminate symptoms {Smith,
1977). By means of indicator plants it is possible to
gain considerable information about an unknown virus.

The first necessity is that the virus be laboratory
transmissible. This may be by sap or insect transmission.
Insect transmission facilities were not available but it
is fortunate that mostviruses of beans can be transmitted
by sap inoculation.
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Four types of plant hosts are desirable in any investigation
of an unknown virus {(Gibbs and Harrison, 1976).

1. Plants in which characteristic symptoms are produced

that can be used to aid detection and diagnosis of
s v gisease. 6 - o & e acs “% w5 e

2. Plants in which a stock culture of the virus can
ba maintained for long periods.

3. A& plant which is a source of large amounts of virus
needed for purification.

4. Plants that can be used for assaying of infectivity
preferably those that produce a visible primary
infection e.g. local lesions on inoculated leaves

that can be counted.

Different species were chosen to suit these different
purposes. For example, hosts susceptible to a wide

saﬁgo of viruses were used in general screening of samples,
whereas only varieties of Phaseolus vulgarig were used in
more restricted studies such as strain determination.

Host plants were chosen on the basis of their susceptibility
to general viral infection. G@onsiderable evidence supports
the view that "susceptible families” occur (Hollings, 1966),
the families Leguminosae,; Solanaceae, Labiatae,
Chenopodiaceae and Curcubitaceae supporting many viruses.

onpdqation hosts were selected in conjunction with
purification procedures in order to obtain the greatest
yield of undamaged and "clean" virus particles.

For several years new methods of inoculation and more
drastic treatments of host plants before and after
inoculation have been tested. These efforts have been
aimed at increasing host susceptibility and reducing
resistance to virus. Temperature, shading, humidity,
plant nutrition and pre-inoculation dark treatments are
some the factors that have been manipulated to markedly
increase the susceptibility of plants to infection.
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2.2.1. Mechﬁnical;inqaulggibn'széedurgs

All plants were subjected to a 24 hour pre<inoculation
dark treatment. Plants were then inoculated following
.~ a,routipne methoc for any f§%§}yfinfectious sapatzanSQ
missible virus. Leaf sap was mixed with a small amount
of celite and 0,01 M phosphate buffer pH 7,6 and the
inoculum was gently rubbed over the host leaf surface.
Muslin or the forefinger was used for thils purpose.
After inoculation, leaves were gently rinsed under a
stream of water to increase the points of entry for any
virus present (Smith, 1977). Inoculated leaves were

marked by making a small hole at the tip with a needle.

RN X

Any visus isolated from the collected leaf samples was
inoculated in this way and maintained as a stock culture

in virus-free sugarbeans provided by Dr. B. von Wechmax.
For purification purposes however virus was propagited in
Phaseolus vulgaris var. "Double Dutch Princess"™ provided
by Plant and Seed Control. Systemically infected leaves
were harvested three weeks after the inoculation of primazy
leaves.

a) Biological pro
For infectivity assays and the determination of the
biological properties, longevity in vitro and therma
hactivation point of the virus, only concentrated sap

and celite may be used, In the first test, sap was

maintained at room temperature and daily inocculations

perties of virus

were made on rep.icates of 17 day cld Phaseolus vulgaris
vars. "Beka™ and “Monroe'" and 2 month old Chenopodium
guinoa for 5 days. Symptoms, that is the presence
of local lesions were ra2corded after 2 and 1 week
respectively. To determine the thermal inactivation
yolnt, small amounts of virus infected sap were placed
in thin-walled glass tubes. A separate tube (W3tﬂw%ﬁ%$}
was subjected to the following temperatures: 20°C, 25°C,
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30%, 35%, 40°, 45°,50%, 55°, 60°c, 70°C, 80°C vy
placing it in a waterbath. The temperature of the
water was carefully monitored with a hermometer.

Each sample was inoculated onto replicates of Phaseolus
vulgaris vars. "Monroe" and "Beka" and Chenopodigm' Ry

guinoa. Symptoms were recorded after 2 and 1 week
respectively

The dilution end point of the virus was determined by
diluting virus in sap ten-fold, that is, 10*1, 10*2,
10~3, 1074, 1073, 107%, 1077 in 0,01 M phosphate buffer,
pH 7,6. Each sample was inoculated onto replicates

of Phaseolus vulgaris vars. "Menroe™ and "Beka" and
Chenopodium guinoa. Symptoms were recorded after 2 and

1 week respectively.

») For the strain determination of the isolate, different
' varieties of Phaseolus vulgaris were used. Concentrated
sap mixed with celite was applied on day 1 and again
after 5 days (Drijfhout, 1978). Symptoms were recorded
at weekly intervals for 4 weeks after the first

.

inoculationa'

+; Conditions for growth .
Indicator plants 25° . 28°%
Propagation hosts 28°¢c
Infectivity assays 26° - 28°%

ﬁgrain determinaticn 22° - 26°C
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30°%, 35°%, 40%, 45°%,50°C, 55°, 60°%, 70°, 80°C by

placing it in a waterbath. The temperature of the

water was carefully monitored with a thermometer.

Each sample was inoculated onto replicates of Phaseolus
v o o SMLGBELS VALS. [Mgproe” and UBeka! and Chenopodium
quinoa. Symptoms were recorded after 2?2 and 1 week
respectively.

The dilution end point of the virus was determined by

. - -
diluting virus in sap ten-fold, that is, 10 =, 10 2,

»10'93g 10“4, 10'5, 10“6@ 10“7’in 0,01 M phosphate bufier,
pH 7,6. Each sample was inoculated onto replicates
of Phaseclus vulgoris vars. "Mpnroe" and "Beka" and
Chenopodium guino... Symptoms were recorded after X and

1 week respective.,.

b) For the strain determination of the isolate, different
" varieties of Phaseolus vulgaris were used. Concentrate
3 sap mixed with celite was applied on day 1 and again
~ after 5 days (Drijfhout, 1978).  Symptoms were recordsc
at weekly intervals for 4 weeks after the first

inoculation. :
[
c) Conditions for growth L B
Indicator plants 25° - 28%
Prcpacation hosts 28°¢
- Infectivity assays 26° ~ 28%

;' $§:ain determination 22° . 26°%C ; i
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Indicator plant Family Age at time.of
s @e e B e s e o e e we e e Inoculation . <:i» .-
Chenopodium guinoca Willd. Chenopodiaceae 2 m & -~ 8 leaves
Chenopodium amaranticolor Chenopodiaceae
Coste and Reyn. 2m 6 - 8 leaves
Pisum sativum L.
iGreenteast” Leguminosae 24 w 3 - 4 leaves
Ni.catiaxxa clevelandii o
ray Solanaceae 6 w 3 = 4 leaves
Nicotiana glutinosa L. Solanaceae 6w 3 - 4 leaves
Solanaceae 5w 3 -4 leaves
Solznaceae S w 3 - 4 leaves
Datura stromonium L. Solanaceae 4 w 2 leaves
Petunia hvbrida Vilm. Solanaceae 5w 3 - 4 leaves
A§§ths hypdgea L. Leguminosae - 3 w' 4 leaves
Vicia faba L. Leguminocsae 104 primary leaves
Trifolium repens L. Leguminosae 2w 3 <« 4 leaves
Glyc#“e mgx (L.) Merr. Leguminosae 2w 2 leaves
Cucumis ;atlvus L. Curcubitaceae 7d cotyledons
Vigna senensis (L.) Endl Leguminosae 104 2 leaves
Bréssica chinensis L. Cruciferae 3 W 4 leaves
Lycopersicum esculentum L. Solanaceae 3-4 2 - 3 leaves
Phageolus wvulgaris L. Leguminosae 10 & first trifoliate
"The Prince' leaves appearing,
"Bountiful™® that 13,2 ‘primary
nCanadian Wonder” leaves are
‘"Monroe" present
"Beka"
KEY m = months W = weeks d = days

s
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Indicator plant

@ P Y e s e ot

- - - R
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Family

Lo K e M W

Age at time. of

haadl 120l 1&0&1 afzi@ﬂ Rt LI f‘“

Chenopodium guinoa Wilid. Chenopodiaceae 2 m & - 8 leaves
Qﬁeno;odigm amaranticolor Chenopodiaceae A
Coste and Reyn. ' 2m 6 - 8 leaves
%é%%%hsigivgm b Leguminosae 2% w 3 -« 4 leaves
Nicotiana clevelandii o
>ray Solanaceae 6w 3 - 4 leaves
Nicotiana glutinosa L. Sclanaceae 6w 3 - 4 leaves
Solanaceae Sw 3 -4 leaves
: Solanaceae Sw 3 -4 léaves
Qatggi gtromonium L. Solanaceae 4w 2 leaves
Petunia hybrida Vilm. Solanaceae 5w 3 -4 leaves
Agscbis hvpoqea L. Leguminosae - 3 w' 4 leaves
Vicia faba L. Leguminosae 10d primary laaveé
Irifolium repens L. Leguminocsae 2w 3 < 4 leaves
lycine max (L.) Merr. Leguminocsae 2w 2 leaves
Qgéﬁéigragt;yns L. Curcubitaceae 104 cotyledons
Vigna senensis (L.} Endl Leguminosae 104 2 leaves
éxgssica chinensis L. Cruciferae 3 w 4 leaves
Lycopersicum esculentum L, Solanaceae 3-4 2 - 3 leaves
%ha:&eiﬁsczglggzis L. Leguminosae 10 d fiisgstiéggéézggo
"Bountiful® that i5,2 ‘primary
"Canadian Wonder” leaves are
"Monroe" present
"Beka"
KBY m = months W = weeks d = days
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Table 7: Va:ieties of ?hasealus vulg is used andnbe

S i

strain determination of BCMV

Host genotype | Varieties
1 o Diacol calima, Canellini, Comptesse de
- Chambord
2 Bataaf, Redlands, Greenleaf C ‘ :
3 Redlands, Greenleaf B, Great Northern 1140

Colombia Pinto

4 Sanilac, Pinto, UI IIX

5 Pinto 114

6 Monrce

8 Cornell 49 - 242, Nep II, Seafarer
9 a Jubila, Peru 0257, Wintergreen

b Topcrop

10 Amanda

- The source of a virus is an important factor. Generaily‘
young plants showing recent systemic symptoms have higher
virus concentrations and fewer pigments. Only leaves
showing marked systemic and local lesion symptoms are’
selected for purification.’

Purification involves the extraction and clarification of
czudg.;ap and the final isclation of virus. These are the
basic procedures involved in any plant virus purification
scheme (Guy, 1978). The object of purification is to
produce a preparation containing only infective virus
particles but this is rarely achieved as it is virtually
impossible to remove the last traces of host constituents
that sediment with centrifugation, even using appropriate
chemicals. It is advisable to test diverse methcds

of purification depending on the properties of the

virus so that the best yield and purity can be obtained.




"'z@a 1. Procedure 1

2?@ »‘ g ‘

In general, diseased leaves are ground in buffer to extract

sap which is then clarified using low speed centrifugation

or Filtration aided by the addition of organic solvents

or precipitating agents such as ammonium sulphaﬁea Visus' o
remsins ~irs whe clarified sap suspension and is isolated ..
using precipitating agents such as polyethylene glycol,~f i
or by gel filtration and centrifugation. Pure preparations

aze only obtained after subjection to further treatments

such as differential centrifugation, density gradient ;
l@entrifugationg column chromatography, ion exchange systems
(Redgwell, 1980) or zone electrophoresis (von Regenmortel,

1964ﬁ@

The purification procedures selected were specifically
~designed for the isoclation of different legume viruses.
For the ¢eatri£ugation of all samples the followtng rotors
‘wure usede '
4 S§ 34 Sorvell rotor for speeds up to 20,000 RPM,,

ylf Ti 50 Eeckman rotor for ultracentrifugat’cn

~ ?his was e modification of the method used by, Maat
~,,£1975» for BYMV (Appendix I). Leaf tissue (10g)

shewing systemic symptoms were homogenized in a Virtis
.rblender with 30 mls of TRIS=TGA buffer, pH 9, 0. rhis
exttactad sap was mixed with a 1:4 ratio of equal ‘
*valamos of carbon tetrachloride and chloroform, then
'csntxifuged for 10 minutes at 8,000 RPM. The supernatent
waskéontgifuged for 1+ hours at 15,000 RPM. ' '
The pellet was resuspended in a small volume of TRIS~HC1
buffer; pH 9,0.

2.3.2: Procedure 2

Several viruses have been isolated using this method
promoted by Whitlock (1979). These include TMV, CMV,
BBMV; EAKBMV, AMV and BBSV. The above viruses are all
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spheres of between 25 nm and 50 nm, except for TMV which
is a 300 nm rod, but all are capable of infecting beans.

Infected leaves (4 g) were homogenized in a Virtis blender
with 4 mls of Phosphate-TGA buffer Ph 7,6 (Appendix 2)',A', |
rhe minturé was filtered thrdugh 2-layers of- cheese clothe - @y
Butanol, 8,5% (v/v) was added dropwise while the mixture o
was stirred for 1 hour at room temperature. The emulsion

was centrifuged at 8,000 RPM for 30 minutes. The

resultant supernatant was filtered through Whatman No. 1

paper, then centrifuged for 90 minutes at 27,000 RPM.

The pellet was resuspended in M/30 phosphate buffer,

pH 7,6 overnight. The preparation was clarified by

centrifuging for 15 minutes at 1,000 RPM.

e s g

2.3.3. Procedure 3

‘Several spherical and elongated viruses have been isolated
using this method also promoted by Whitlock (1979). THese
include BCMV, PSV, EAKBMV, BBSV, CoMV, BPMV and AMV.

Infected leaves were macerated in a 4:1 (w/v) ratio in &
buffer containing chloroform and butanol with a few drops
of ascorbic acid (Appendix I). The mixture was sediménted
at 3,000 RPM for 20 minutes. The resultant supernatant

was left overnight at 4°C, then centrifuged at 8,000 RPM

for 10 minutes. The supernatant was centrifuged at 27, 000

RPM for 2 hours. The pellet was resuspended in 0,03 M
phosphate buffer, pH 7,¢6.

2.3.4. Procedure 4

The procedure for virus purification was similar to that
previously used for tobacco etch virus and other members
of the potyvirus group (Jafarpour et al, 1979). Leaf
tissue was homogenized with a Virtis or Waring klender in
cold phosphate-mercaptoethanol buffer pH 7,2 (Appendix IJ.
The ratio used was 1 gram of fresh tissue per 1,2 ml«

of buffer. Cgude extracts were filtered through 2
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layers of cheesecloth and clarified by stirring for 5
minutes with an egual volume of chloroform. The emulsion
was centrifuged at 8,000 RPM for 30 minutes. Virus was
precipitated from the collected supernatent by addi tion of
polyethyleme glycol- 6000 *toa concentration of 8% =« wwe v swm
(w/v) and NaCl to a concentration of 0,5% (w/v).

Stirring was continued for 4 an hour at 4°C after

which the extract was incubated overnight at the same
temperature. The precipitate was collected by !
centrifugation for 20 to 30 minutes at 8,000 RPM and the
pellets were resuspended for 4 hours in 1/10 of the
original volume of resuspension buffer (Appendix I).

The virus was then subjected to 2 cycles of differential
centrifugation, a low speed spin of 8,000 RPM for 30
minutes followed by a high speed spin of 27,000 REM for

90 minutes. Pellets were resuspended in small volumes of
buffer (Appendix I). oo
geneity

Methods for purifying viruses to homoc

2.3,5.

For many experiments, a virus sample of high purity was
required and therefore, samples had to be further purified
using density gradient centrifugation or ‘molecular permeation-
chxomatagraphyo ' |

Gradients of sucrose were prepared by layering 4

solut ions of decreasing concentrations of sucrose

(40 to 10%) in resuspension buffer {Appendix I).

These were allowed to diffuse tcgether to form a "smooth™"
gradient before the partially purified virus suspension
was layered on top. For caesium chloride gradients,

14 mls of 30% (w/v) suspension of caesium chloride

was prepared in 0,05 M potassium phosphate buffer,

PH 7,5 (Morales, 1979). Partially purified virus (1 mij
was mixed with the caesium chloride and the gradient was
centrifuged for 14 hours at 40,000 RPM, The visible
virus zone was collected by fractionation of the contents
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of the tube using an Isco fractionating system.  Virus
fractions obtained from both types of gradients, diluted
in resuspension buffer (Appendix 1) were centrifuged
at,Z?,OOO RPM for 9C minutes to concentrate the virus.
Other ways of removing sucrose and caeSiumg such as
dialysis,were also attemgpted,

Column_chromatography
Barton.{1977) devised and developed molecular permeation
chromatography into a routine method for the purification
of plant viruses. Dry CPG (of 70 nm pore size and 120
to 200 mesh, that is CPG 700) was suspended in 0,05 M
' sodium phosphate buffer, pH 7,0 and washed several times
by decantation. It was then resuspended in buffer
containing 1% (w/V) polyethylene glycol 20,000 and
degassed for 15 minutes using a pump; while beads were
kept suspended with a stirring magnet. CPG was then
washed in sodium phosphate buffer, pH 7,0 by several
decantacions. A bed of CPG was packed into &8 1 m by 15 mm
glass column. Effectiveness of column packing was always
checked before each virus separation by running a sample
of bilue dextran 2000 and monitoring the eluate for a
compact profile. Up to 2 mls of virus sample{resuspended
in 0,01 M phosphate buffer, pH 7,16) could be applied to
the column. If more than one sample was rua, the

b}

first sample was allowed to travel three quarters of the

way down the column before the second sample was applied.

S{@ples were eluted using 0,01 M phosphate buffer, pH 7,16,

a$§11e¢ by peristaltic pump. Column eluates were

monitored at 254 nm with an attached U.V. analyser and

recorder. All chromatography was carried out at room

temperature, Fractions containing suspected virus were

concentrated by ultracentrifugation at 27,000 RPM for 90 mins.
2.4,

Storage of virus preparations

When stored in suitable ways, virus preparations may
retain full activity for long periods {(Purcifull et al.,
1975). The particles of most viruses are best kept in




suspension at'ooc to 4°C with an added antimicrobial

compound such as a drop (0,05 mls) of sodium azide -

solution., Alternatively sap or purified preparation may

be freeze dried or frozen. Little infectivity is i
@“*“***"“‘”Ibsf“when‘infettéd"tigs@w“cz"5&?”&3“??32@&”62“fréé%&*““***““*?“#3

dried;. wiile infectivity decreases considerably 1f virus

‘13 stored in the pure form. ‘ 2

For freeze drying, sap was mixed with 0,2 ml of a 7%
peptone and 7% dextrose solution for protection during
preservation and later during resuspension (Hollings
and Stone, 1970}, Frozen sap or purified samples
were stored in an equal volume of 70% sorbitol.
Partially dried; infected leaves were stored over
Calcium chloride according to the method of Bos and
Benetti, (1979).

Wherever possibie however, virus was purified and used. .
immediately to avoid contamination and due to the
limited time that particles remain intact.

The fastest and easiest way to assign an unknown virus to

a structural group is the examination of negatively

stained preparations by electron microscopy (Hamilton, 1981),
Infectivity tests and other methods such as host range

studies are indirect means of virus detectiocn (Bos, 1975).
Determination of mean particle length for rod shaped viruses
or particle size for isometrics has aided their identification

and classification. It is advantageous to make measurements
on crude plant extracts as thils avoids aggregation or

breakage of particles that often occurs after purifications
{Hitchborn and Hills, 1965). It is alsc the most rapid and
simple method in use and the results help in the choice of

any purification procedure. The examination of crude




extracts has been previously done with metal shadowing,
yet negative staining is more simple and rapidi presezving
finer particle detail.,

*  *rfieleaf dfp ‘Wethod wald TIIst used by Bramd@s=in 1957 = cco oo v oe

(Ball, 1971). Sap is expressed from systemically infected
1eaves and is examined directly but may require clarification
using low speed centrifugation 1f spherical particles are
suspected that are easily cbscured by sap debris. Grids

are usually stained with 2% aqueous phosphotungstic '

ﬁéiA} acid pH 6,5 or 2% aqueous uranyl acetate. |
Grids must be examined immediately after staining. PTA

must be used with care as there are several documented

cases of disruption of capsomere structure, isometric

viruses being especially sensitive.

Measurements of particles are calculated from the
magnification. As many particles as possible are
measured and a histogram is usually drawn to determine
the average particle length. '

Dimensions of isometric and rod/flexuous virus forms can
therefore be distinguished with negative staining.
&egative staining, at high magnification, also provides
information on capsome arrangement.

Coppor grids (200 mesh) were prepared for transmission
electron microscopy (TEM) by coating with diluted 0,2%
formvar solution (Appendix II} and a thin layer of
carbon. Grids were floated on drops of diluted sap
suspension for 10 minutes. The side of the grid was
touched on filter paper to remove excess sSap. All grids
wer~ stained in drops of 2% agueous uranyl acetate for
10 minutes. Grids were dried on filter paper then
viewed immediately at 80 KV on the JEM 100S transmission
electron microscope to detect the presence of virus.

®

¢
»
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2.5.2. ﬂzgggmiggioﬁ;gleétgénmmicggsso}v

Until recently workers dealt primarily with the external
effects of viruses on the host, that is, the host

* - = fedction (Bos, 1978).  The emphasis of_ virology changed . .. ..
with the advent of the electron microscope. The technigues
of fixation, embedding, staining and thin sectioning have
enabled the study of virus in situ. This work has allowed
one to gain insight into the position of viruses in Cells,
thelr synthesis and changes they may induce in host Cells.
These features have been found to remain constant and
allow for the further characterization and subdivision of

unknown viruses into groups (Martelli and Russo, 1977).

The yellow/green mosaic areas of infected leaves showir.
symptoms are the best source of material for inclusion
bodies (Reysenbach, pers. comm.). Leaf tissue was cut
and prepared for electron microscopy using the standard
gluteraldehyde-osmium fixation technique (Appendix'II)"
{Provvidenti and Cobh, 1975). Some modifications were
int:cducad_ ‘SAmples were treated with a mixture of

2% osmium and 0,5% buffered uranyl acetate prior to
dehyd:ation (Smith et al., 1976) in ai attempt to ' g
preserve and stabilize the fine structure. After
dchyd:ating in an ethanol series, leaf tissue was embedded
in Spurr's resin (Spurr, 1969).

Blocks were sectioned on a Reichert ultramicrotome and
sections of 70 to 150 nm were collected on 300 mesh copper
grids, Sections were stained with 2% uranyl acetate and
lead citrate (Venable and Cogglehall, 1955). Sections

. were viewed at 80 KV using the transmission eleetron
microscope.

2.6. Serology

Serological technigues have a wide application in the
diagnosis of plant virus diseases. Under suitable conditions,




There <is. Little agreement on the gensitivities of all

fAhﬁisarumrto purified BCMV antigen was raised in rabbits

34,

the reactions of antibodies with antigen can be demonstrated
in vitro, for example, precipitation (Bercks et alg@ 1972).
Tndeed most serological tests for plant viruses are a
swndification of the precipitation test (Ball, 1974).

available serological methods (von Regenmortel, 1966)
and hence, where appropriate; a comparison of several

standard techniques was made.

the recent combined use of the electron microscope and
serology has enabled the visualisation of specific

‘binding between antibody and antigen in fixed and

sectioned material and more particularly in virus suspen~
sions (Milne and Luisoni, 1975, 1977). The principles

of serologically specific immune electron microscopy

{SSTEM) are well established and routinely used; not only
for virus identification but for trapping low concentrations
of suspected virus in crude preparations (Derrick and ‘
Brlansky, 1976; Nakasone et al., 1978). '

P Am;i.,agggm.,,,g‘;;ggusAt,ion

although several other laboratory animals have been
suggested in recent studies (Bar-Joseph and Malkinson,
1980). An intravenous and intramuscular immunization
scheme proposed by Whitlock (pers. comm.) was followed as
it §a more effective and only small quantities of antigen
urm,raquxreda

Cirus was purified according to Procedure 4, documented

in saction Z.3.4. and column chromatography (2.3.5(b)).

Sirus was concentrated by ultracentrifugation and re-

suspended in 1 ml of physiological saline. The final

cncentration of virus was 1 mg/ml, estimated spectro-
tometrically (B 20t 4%0).

gy W@ AR R W e
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2.6.2.

On day 1 of the immunizatioh programme, 1 ml af-viyus"

in saline was injected into the left marginal ear veii..

On day 7, 1 ml of virus emulsified with 1 ml o ‘ 

complete Freunds adjuvant was injected into the l&ix B e
thigh' muscle. "On“day8+14 and 2%, % ml of virus end-lemd- . @ o =«
of complete adjuvant was injected into the right thicl ‘ .
muscle. Between days 21 to 28, a small sample of blow:

- was collected from the right ear to determine the titre

using microprecipitin tests (2.6.3.). When this had
reached a reasonable level, the rabbit was anaesthetized

‘and about 60 mls of blood was obtained by cardiac puncturc.

The blood was kept at 30°C to clot for 1 hour then kept
at 4% overnight. The clot was removed and the remalning
serum was centrifuged at 7,000 RPM for 30 minutes. The
serum was divided into aliquots and frozen at -20%% until
95§d? No preservatives were added for possible fear of

reducing the low titre, therefore serum was filter 5
‘sterilized before being used in any serological tests. . -

Immunoglobulin purification

Where necessary, specific IgG was extracted using the |
rivanol/saturated ammonium sulphate method’ (Appendix FII;.
Purified IgG was dialysed against glass distilled water

{at least 3 changes of 500 mls), and further purified

by passage through a column of DEAE cellulose (Whatman Lid.,..
Fractions with an E 278:250 of between 1,007 and 1,217 |
were collected. After adjusting the final concentration.

to Img/ml, IgG was stored in silicon treated glass tubes

"or as a freeze dried sample.

2.6.3. The microprecipitin test

In the initial determination of antibody titre, the
microprecipitin test (Nocrdam, 1973) was used. The
test was useful as only small quantities of reagents
are required,; yet precipitation can still be detected.
To prepare the test, 2 rows of 9 small test tubes
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were set up. The first row was used to perform doubling e
dilutions of purified antigen and the second row to
pechrm similar dilutions of antiserum. In the f;rst B

tube of both dilution series, 375 ul of PBS was added

while 100 ul was 'added to all other tubes. A 1/4 dlluﬁion
of purified virus (antigen) or antibcdy was made by adding

125 1l of the appropriate substaﬁce to the first tubesur‘
A griﬁ titration was performed in a petri dish divided by

”means of & wax pencil as shown below:

Disgramaticall
| | grid position antigen
1 2 3 4 5 6 7 8 9 10
- PBS
4 ;
grid 2
fpcsiticn»E
antis ,
body 4
5
(3
7 « > - #
-8
3
ViO gss

Healthy sap and phosphate buffered saline (PBS) were used

as controls. In every square, 15 ul of each reagent was

placed. The petri dishes were sealed with masking tape

and incubated at room temperature. Observations were made
after 3, 6 and 12 hours. Individual droplets were

examined for evidence of precipitation using a dissecting
microscope fitted with an incident light setting. Bleck paper
was placed under the petri dish tc make the precipitate more
visible. The titre of the antiserum was taken as the highest
dilution giving a positive reaction with antigen.
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2.6.4. ?Qgﬁtups,pgégégigéq;Eéét

The final antiserum titre was determined using this
method Greater quantities of reagents are required S
o rlubuc preéipigégiagyis‘cleare:@ Virus preparations must S
be extremely pure or precipitates are obscured. Doubling
dilutions of pure virus (1 mg/ml) were made in saline,
the initial dilution being 1/2. Volumes (0,5 ml) of the
virus dilutions were mixed with an equal volume of .
undiluted antiserum. Once the optimum antigen concentsation
was obtained, this was held constant and used in a test
where doubling dilutions of the antikody were made.
Controls consisted of
0,5 ml saline + 0,5 ml antiserum (concentrated)
0;5 ml saline + 0,5 ml virus suspension (1 mg/ml)
1,0 ml saline ‘ o

ﬁll,tubes'we:e placed in a metal rack in a 37°C water ;
bath such that the level of the water was half the level
of the virus/antiserum/saline mixture, for ideal convecticn
to occur. ’
Observations for the presence of precipitate were made at
- 45, 30 60 and 120 minutes@ with intermittent swirling of
the tubes. The antibody titre was takKert as the last *
tube shcwidg any siqn of precipitatew ‘

2.6. 5«,ngﬁ;yq;éggmgggéyﬁééggéga

One of the advantages of this method is its great

- sensitivity for the detection of plant viruses (Rajeshwari
‘et al., 1981) and therefore it is of use in confirming the
titres of suspected low titre serum.

Sheep red blood cells were collected in Alsevers solution

and stored for 1 day at 4°¢c. The cells were washed with

an equal volume of PBS pH 7,2 by centrifugation at 1,200

BEPM for 10 minutes, After 3 washings, 1,0 ml of packed cells
was resuspended in 15,7 ml of PBS and treated with an

equal viiume of freshly prepared 0,01% tannic acid

in PBS. At higher concentrations, tannic acid can




result in non-specific aggiutinations; RBC were tanned

by incubation for 20 minutes at 4°¢ with intexmittent .
mixing. Excess tannic acid wag,sgmoved py,washing %wice,.,ﬁg¢§¥§
with equal volumes of PBS and resuspending the cells in o
PBS to give a 3,0% RBC suspension. The ¢ells were ,
sensitize& by mixing serum diluted 1:5 with PBS to an |

equal quantity of RBC‘ The mixture was incubated at

3?°C for 30 minutes. Excess globulin was removed by

2 washings in PBS and sensitized cells were resuspended

to give a 3% suspension in 0 05 M phosphate buffer@

pH 7,2, the diluent also employed for preparing the '

'antigen samples o

‘Purified virus ( 1 mg/ml) and partially purified virus

samples (Rajeshwari et al., 1981) were diluted twasfold,

the &nitial well conta“ning a dilution of 1/4. Qiluted -
ﬁantigen (250 pl) and 40 ul of antibcdyesensitized cell ;
suspension were added to each well. The plate was shaken

gently until a uniform red blood cell suspension was

observed and then it was left at room temperature for 2 ,

~hougs before bBeing placed at 4%, Results were reccrded

aftgg cvarnight incubation of the plate.
Iﬁ“the‘éase of a positive reaction, RBC formed a smooth

mat, frequently with serrated margins, on the bottom of

the wallm A negative reaction consisted of a discrete

rcd ring at the base of the well.

The following controls were included for testing:
a) 0,05°'M phosphate buffer, pH 7,2 and sensitized RBC

b} extracts from healthy leaves and sensitized RBC

2.6.6. ngcin;tationmin semi-solid media

There are several advantages since the serclogical reaction
is preceded by one or many fractionating steps such as
diffusicn. Resolving power is therefore greatly enhanced
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| i,(Ball, 1974).  Agar suitable for electrophoresis must

";diffusian purposes (Hudson and Hay, 1980). Zimmer (19?93“

 proposed by Ziemiecki and Wood (1975), Burcifyll and
' ‘ 3§€¢he1c: (19773 and Whitlock (pers. comm. ).

(Betcks et ale, 1972). More information may be gained i
- on the purity, homogeneity and physical propegties of
 reactants and on the occurence of non-specific fé&éﬁicn

techniques was the poor diffusion of elongated rods. et
faagxadation with detergents such as SDS or pH adjustments' "
(Lanqanberg and Ball, 1972} have resulted in the greater
acceptance of these methods for elongated plant viruses Coiy

be used; as often culture agars are too impure for double,f;;

howaverw has squested for example that the use of 3aci@
~ agar instead of Noble agar produced more distinct ',_

- precipitation bands. Heavy metal impurities seem to o
;[contzibute significantly in some unknown way to increase
the sensitivity of immunodiffusion. Different ccncene:“
_ﬁgatians of ager, azide and SDS can enhance or decrease L
k‘precipitin lines@

Sy

3-~wgéés‘p1at§é’we¢é‘péépézéd’by modification of methcds

o xcnaqas~#%2 c@ aqazose (0,22 g) was added to 13 ml cf o
| istilled water in a large test tube@ This was

g 'heated in a water bath until the agar was fully dissolved@;
?hesphate buffe:, pPH 7,2 (M/15, 13 mls) was then

 added and the ‘agar was ‘rehaeated. Scdium azide (d 1%)

was added@ One ml of hot agar was pipetted onto methancl
cl&aned slides markad with a wax pencil. The agar was
allowed to set. Wells were cut out in several patterns
(dependinq on the assay being performed), according to
standard procedures (Hudson and Hay, 1980).
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precipitin lines.

Double diffusion in Ouchteclony plates

Cae

(Bercks et al., 1972). More information may be gained

on the purity, homogeneity and physical properties of |
reactants and on the occurence of non-specific reacticnsu w ‘
Ii-the past-one serfous limitation-of semi=golid «»-* = e fi
techniques was the poor diffusion of elongated rods. T

Degradation with detergents such as SDS or pH adjustme:n:c

(Langenberg and Ball, 1972) have resulted in the greater
acceptance of these methods for elongated plant viruses
{Bsll, 1974). Agar suitable for electrophoresis must

be used, as often culture agars are too impure for couble
diffusion purposes (Hudson and Hay, 1980). Zimmer (1979) e
however, has suggested for example that the use of Bactoe =
agar instead of Noble agar produced more distinct
precipitation bands. Heavy metal impurities seem to
contribute significantly in some unknown way to increase

the sensitivity of immunodiffusion. Different concen-
trations of agar, azide and SDS can enhance or decrease

 Agar plates were prepared by modification of methods

proposed by Ziemiecki and Wood (1975), Purcifull and = =,
Batchelc: {1977) and Whitlock (pers. comm.). ’
zonagax # 2 or agarose (0,22 g) was added to 13 ml of

qlaﬁa distilled water in-.a large test tube. This was

heated in a water bath until the agar was fully dissclved@_ :
Qhosphate buffer, pH 7,2 (M/15, 13 mls) was then

added and the agar was rehaeated. Sodium azide (0,1%}‘

was added@ One ml of hot agar was pipetted onto methanol
¢leaned slides marked with a wax pencil. The agar was
allowed to set, Wells were cut out in several patterns
{(depending on the assay being performed), according to
standard procedures (Hudson and Hay, 1580}.
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&?scm Budsonvand Hay, 1980)

4Antise:um was used concentrated or diluted segielly ia o .
M/15 phosphate buffered saline, pH 7,2. Purified virus or :
_systemically infected leaves were used as the antigen Lo
source. Leaves were ground in a similar buffer, in N
a mortar and pestle. The resultant sap was pressed
thrcugh cheesecloth and subjected to a low speed cycle
of cent:ifugaeicn@ A few drops of 3% SDS were added tc
the sap solution before being placed in the wells
(ziemiecki and Wood, 1975). Volumes of 40 ul of the
reactants were added to the appropriate well. The slides
were pleéed in the humidity chamber overnight at room
temperature, before inspection over light for bands of -
precipitation.

Slides were then washed for 36 hours in several changes
of PBS to remove excess reagents and proteins that may
result in non-specific staining.

Gels were stained according to the method of Whitlock




{pers. comm.} in 1% napthalene black in 7% glacial acetic |
acid for 90 seconds. Gels were destained in 7% glacial
scetic acid with several changes of solution (Appendix IV,
until the background was clear, After rinsing in distiileﬁ ‘

* vt Jatdr,” gévs were dried to furm a permanent teccrd, Tt v

2.6.7.

The adhesion of virus particles to formvar coated grids,
which is the basis of the 'leaf dip' method of anai?siS‘
is a hxghly osratic phenomenon not suitable for quanbitive
measusements (Nicolaieff and von Regenmortel, 1980}.
Particles are easily "washed of£" in staining and thc
distribution of particles seen dues not reflect the
quantity of particles in the suspension. The zeproducibiliby
*of adheslion to grids can be greatly improved if a layez of
antibodies ‘specific for the virus is first adsozbed to ey
the grid ﬁﬂlmeida et al, 1980). S
Variations on the basic procedures proposod by De:riﬂk
€1973) and Ball (1974) were employed in the various
expgs;mentsa

A drop of purified virus suspension was mixed with a
. drop of concentrated antiserum prepared against BCMV, SN
. The serum was provided from the World Reference Collecticn@ o
;f'ﬂgggninqen@ Netherlands. The mixture was incubgted at
37% for 1/2 hour. A formvar coated grid was then
. floated on the surface for 10 minutes, drained and
~ then stained in 2% uranyl acetate for 10 minutes.

2. Method 2
Grids were floated onto serially diluted drops of the
same serum, prepared against BCMV, for 2 hours. The
grids were rinsed in PBS for 1 minute; dried, then
floated onto purified preparations of suspected BCMV
for 1/2 hour. This method was primarily for the
identification of the unknown isolate as particlas
were sasier to see,
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(pers. comm.,} in 1% napthalene black in 7% glacial acetic
acid for 90 seconds. Gels were destained in 7% glacial ,
acetic acid with several changes of solution (Appendix IV),
until the background was clear. After rinsing in distilled
water; gels were dried to form a permanent record.

B I PR

2.6.7,

Immunoelectronmicroscopy (IEM

The adhesion of virus particles to formvar coated grids,
which is the basis of the 'leaf dip' method of analysis

is a highly erratic phencmenon not suitable for quantitive
measurements (Nicolaieff and von Regenmortel, 1980). ;
Particles are easily "washed off" in staining and the i
distribution of particles seen does not reflect the o
quantity of particles in the suspension. The repraducibility f
* of adhesion to grids can be greatly improved if a'layex”ofA
antibodies specific for the virus is first adaorhed ta

tre grid (Almeida et al, 1980). : -
Variations on the basic procedures proposed by Derzick .
(1973) and Ball (1974) were employed in the various
experiments.

1. Method 1
A drop of purified virus suspension was mixed with a

drop of concentrated antiserum prepared against BCMV,
The serum was provided from the World Reference Collection,
Wageningen, Netherlands. The mixture was incubated a*
37°C for 1/2 hour. A formvar coated grid was then
floated on the surface for 10 minutes, drained and
then stained in 2% uranyl acetate for 10 minutes.

2. Method 2
Grids were floated onto serially diluted drops of the
same serum;, prepared against BCMV, for 2 hours. The
grids were rinsed in PBS for 1 minute, dried, then
floated onto purified preparations of suspected BCMV
for 1/2 hour. This method was primarily for the
identification of the unknown isolate as particles
were easler to see.




3. Method 3
A more recent solid phase phencmenon called "SMOG"
(Almeida et al., 1980) was used to detect particles
in survey samples suspected of containing low viru

T concentratldns.” A shndwils technique of caStive‘(BCMV
specific) antibody, virus and additional antibody was used.
Grids were floated on drops of specific antiserum
over a range of dilutions for 1/2 hour. After the
adsorption period, they were rinsed with PBS briefly
then inverted onto drops of virus suspension and left )
to react for 20 to 30 minutes. After the period of
virus adsorption, grids were floated immediately on
drops of specific antiserum again. This method. was

attempted because it was found that little differsnce -
in the numbers of particles attached to grids occuxcd

using previous methods. The SMOG effect makes tho o
visualization of low concentrations of virus pazticles
easler by drawing them together into clumps. Both
supplied (BCMV specific) antiserum and raised antiscrum

were used in this technigue.
Tests were performed using normal rabbit serum as a

control in all of the above methods,
2:8.8,

The limitations of conventional seroclogical techniques

have largely been overcome by the use of the microplate
method, that is, the ELISA technique (Clark and Adams,
1977)s The method has been applied for the detection and
quantitative assay of several plant viruses in sap, purified
preparatic 3, seed, leaf discs and bulbs (Stein et al.,
1979; Romaine et al., 1981),

For the routine detection of plant viruses, the direct
double antibody sandwich form of the ELISA (Clark and
Adams,; 1977) has been extensively used. In this test,
virus is selectively trapped by specific antibody adsorbed
onto the microtitre plate surface. Immobilized virus is
then reacted further with specific antibody to which an

B LT ¥ - P P AL A B ,



enzyme has been linked. After washing, the complex is
detected colourimetrically with the addition of the
appropriate enzyme substrate.

Lo o @ . : Sl
PR There are several practical aspects to consider when
carrying out the ELISA (Voller et al., 1979).

Ihe_solid phase B S
Antigen and antibody are attached to the solid phase,
usually polystyrene microtitre plates. The optimal
‘conditions for coating the plate are determined using
a cheQuerboaxd titration. These conditions are then
adhered to in subsequent tests. Most IgG prct‘ins fm}
readily coat at a concentration of 1 to 20‘Mq/m1

in earbonate/bicafbonate buffer, pH 9,6, althauqh in
some ceases different PH values may be required. 5
Microtitre plates can bs treated and then re-used if -
'necessasy (BarwJOseph et al., 1979(a) and (b)). -

2. W bingAgﬁgng

For the successful application of the ELISA; exc&ssﬂv 4 St
feactants, that is, antibody, antigen and tanjuqatc;f’77*' %
must be removed from the plates by thorough washing

- of the walls with PBS~Tween. At least 3 washes
are made between each reaction stage,

1.

wa avoid nonespecific attachment to the solid phase@
the antigen is usually made up in PBS containing a
wetting agent, that is Tween 20. Quantitation of the
sample being assayed is made on serial dilutions
especially where a visually read endpoint is required.

Alkaline phosphatase is often selected as the enzyme
pecause of easy conjugation with a broad spectrum of
substrates. A cross-linking agent such as gluteraldehyde

is used (Avrameas, 1969) to conjugate the enzyme to the
IgGa



44.

. Substrates

Chromogenic substrates, inltially colourless, but

vielding a strong colour reaction cn degradation are

qsed.,  The results of the test may be assessed subjectively
by aye,  or where equipment is available, a micrereadar can,:
nrovide spectrophotometric measurements at 400 to 500 nm.

R S

The standard procedure for carrying out the microplate
method for virus detection was as follows:
{Appendix III)
1. 200 ul of purified IgG diluted serially in ceoating
buffer was added to each well '
z. incubation for 4 hours at 37°
*, wlates were then thoroughly washed at least 3
times with PBS-Tween .
“e 2000 il of test antigen diluted serially in PBS- -
Praen wag added to the wells :
o bhie test sample was incubated overnight at 6%
e pluters were washed again
‘o 200 nl of alkaline nhosphatase labelled specific
TgG (Appendix III diluted serially in PBS-Tween
wi s added to the wells .
“, plates were incubated for 4 hours at 37°C, theg
washed 3 times in PBS-Tween
. 300 ul1 of pe-nitrophenylphosphate substrate in
diethanclamine buffer was added to each well and
slates were incubated at room temperature for
hours
ihe vz reacion was stopped by the addition of 50 ul »f
4 N NaOH sgolution.

1

¢sults of the test were assessed visually as the
ulred eguipment was unavailable.
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2.7. Electrophoresis

2:.7.1. Immunoelec:ropharesis

Where necessary the presence of IgG was confirmed by electroa,ﬂjs
phoresis on 7% acrylamide gels. In addition, the prepaxed
immunoglobulin was run on 2% agarose slides (Appendix V) :
 and .ubsequently reacted with specific anti-rabbit 1gG QMercx)g’f

2.7.2% Pelvac;vlamide gel electrosho:esis for rot

Microgxam quantities (10 to 50 mg) of proteins from
highly purified plant virus particles produce distznct
bands using SDS-PAGE (Paul, 1974). The band positions
are characteristic for a given virus and for groups of
ralated viruses. SDS<PAGE is therefore extremely useful 3
in determining the presence and possible identity of. vi:usez o
in plants. Protein solubilizers are essential to dispers& .
protein aggregates and render them more hydrophilic =
before electrophoresis. Methods for isolating viral
procein must be chosen such that they disrupt tertia:y
virus structure yet maintain the sub-units in the nativels s
"state (Tsugita and Hirashima, 1972). For electrophoxesis 3* “
the anionic detergant, SDS, has provided excellent ' '
separation of proteins that are globular, helical or rod
shaped in the native state (Maizel, 1971). SDS is
advantageous as it increases the resolving power of bands |
and prevents zone dispersion - two problems associated

with ordinary PAGE (Chen and Chramback, 1980). The effect=
of SDS on denatured protein are not well understood;

proteins are denatured by the reduction of disulfide

bonds and conformational changes occur (Le Maire et al.,
1980). 1In general, protein samples are treated with a
mixture of urea, 2-mercaptoethanol and SDS before
electrophoresis.

Electrophoresis in polyacrylamide gels in the presence
of SDS detergent was therefore selected for the separation
and identification of viral proteins.
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Virus was propagated in Phaseolus vulgaris var. "Double
Dutch Princess" and virus from systemically infected
leaves was purified using procedure 4 (2.3.4.). After
several cycles of differential centrifugation the virus
band was separated by fracticnation through a controlled
_pore bead column. {2.3.5). Virus was concentrated by
centrifugation at 27,000 RPM for 90 minutes and the
concentration estimated spectrophotometrically. A sample
containing approximately 1 mg of virus per ml of resus-
pension buffer (Appendix I) was used. Virus suspension
(200 u1) was mixed with a few drops of splitting solution
(Appendix IV) and hested in a boiling water bath for §
minutes. A sample of 80 ul was applied to each well.
Protein and standards were electrophoresed on 7% gels

at 15 milliamps per gel for 34 hours then stained in
cocmassie blue overnight (Appendix IV). After destaining,
gels were scanned at 574 nm on a Beckman spectrophotometer,
Model 25.

2.7.3. Bolvacrylamide gel electrophoresis for RNa

Early studies on the electrophoretic properties of nucleic
aclds were carried out in homogenous solutions such as

sucrose gradients (Olivera et al., 1964). The application -

of PAGE to the fractionation of viral RNA has added an
indispensible tool to virology, replacing gradient
sedimentation for the analysis of complex mixtures of
RNA molecules, owing to its higher resolution {Richards
et al., 1965; Adesnick, 1971). The constant charge to
mass ratio of RNA ==verely limited the possibilities of
resolving specie: different molecular weights by
conventional elec. .phoretic methods (Struthers, 1973).

Polyacrylamide gels have a simple sieving effect and
pore size is chosen to suit the molecular dimensions
of the migrating ions. The gel lattice then retards
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molecules during electrophoresis according to their
dimensions.

Higher resoluticn with the acrylamide technique is
derived from the ability to prepare gels of different
pore sizes, each capable of fractionation within a
limited range of molecular weights. This is acomplished
by adjusting the concentration of acrylamide and the
introduction of agarose or other compounds which also
make the gels easier to handle, without affecting
resolution. In those cases where electrophoresis of
RNA samples on constant percentage gels does not resolve
high and low molecular weight species on a single gel,
& discontinuous gel system can be used (Petri, 1972).
Low percentage gels are layered over high percentage
gels with no disturbance of the interface.

Several methods have been proposed for the purification
of RNA from viral components e.g. SDS prcnase (Lambert 
and Daneholt, 1975), phenol (Mohamed and Thomas, 1980),
glyoxal (Murant et al., 1981) and others. Whatever method
is used, high concentrations of RNA are required for
microanalysis and the extractiocn of RNA must therefore
take place in small volumes. Once extracted and
electrophoresed, RNA can then be detected by spectro-
photometric scanning or the use of cne of the many
available staining procedures (Marcinka, 1975).

RNA was extracted from purified virus using the modified
. phenol method proposed by Perry et al., (1972) (Appendix
IV). About 1 mg of virus was concentrated by ultra-
centrifugation and resuspended in 200 ul of NETS buffer
(Appendix IV) in an eppendorf tube. An equal volume of
phenol-chloroform cocktail was added and the mixture was

vortexed then allowed to settle on ice for 10 to 15
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minutes. RNA could be detected in the aqueous phase by
scanning at 254 nm before the sample was precipitated
with ether, sodium acetate and absolute alcohol (-70°)
(Appen¢ix IV). The yield of RNA after extraction must

- § e ey - . e Ve i sy

be calculated to allow the cel to be correctly loaded@ 
An AZGO of 1,00 implies a ccncentration of about 50 ug
of RNA. The precipitate was resuspended in 200 ul of
E buffer and sucrose (Appendix IV).

The concentration of RNA was calculated using the
following formula:

Number of jg of RNA = Humber of mls x A, . x 50

{volume) (couver sicn
factar}

Extracted RNA was electrophoresed on composite gels
prepared according to the method of Petri (1972).

A sample (80 ul) containing 10 to 100 ug of RNA was

added to each well and gels were electrophoresed at 90 V
or 6 milliamps per well for 3% hours, or until the fast
blue component of the tracking dye reached the gel end.
Standards of commercial RNA from E. coli (20 uml) and -
purified RNA from E. coli (80 ul} were used with 20 ul

of tracking dye also being applied to the gel.

Gels were stained in ethidium bromide or methylene blue
for 1/2 hour and where necessary, excess stain was
removed by destaining in water.

Bands of RNA were detected under U.V. light or by scanning
at 254 nm or 540 nm.



Attempts were made to visualize the RNA obtained by |
the extraction procedure. A spreading formamide methcd :
was selected as it is recommende< for the visualizatien_ 1”7
of single stranded RNA molecules (Evenson, 1977}. |
Grids were floated onto prepared nucleic acid (Appendix 2
thL.en dried and rotary shadowed with pl&fiﬁﬁ&vat &n anqie
of 8° and a distance of 12 cms. Grids were viewed at

50,000 x magnification at 30 KV using the transmission ;

electron microscope (JEM 100 s).
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Attempts were made to visualize the RNA obtained by

the extraction procedure. A spreading formamide method
was selected as it is recommended for the visualization

of single stranded RNA molecules {(Evenson, 1977}.

Grids were floated onto prepared nucleic acid (Appendix xv}

R R L & e

then dried and rétary shadowed with platinum at an angle
of 8° and a distance of 12 cms. Grids were viewed at
30,000 x magnification at 80 KV using the transmission
electron microscope {(JEM 100 8).



CHAPTER 3

Results
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3.1, Indicator studies

Indicator studies were performed to determine whether
observed svmptoms in the field could be attributed to
viruses. Lzaf material collected showed symptoms that
may have been viral in origin, such as vein thicl:ening9
leaf curling, mottling, local lesions, mosaic, yellowing
and malrormations@

Mechanical inoculation on indicator hosts, using the
techniques documented in section 2.2.1. however, ghéé
rise to Tew symptoms. The different types of symptoms
produced are summarized in Tables 8 and 9. In qene:a_g
the only symptoms produced were local lesions (of vasi&ble
size and type) and mild mosaic with the occasional ‘ |
malfo:maticn of leaves.

The only samples producing symptoms were some of those
obtained from Pretoria, Witkop, Potchefstroom and Ermelo.

On the basis of symptomatology, samples could be subdivided
into 4 distinct groups. Group I formed a very distinct
group as the symptoms recorded for this pathogen, isolated
from a sample collected in Protoria in 1978, were unique
(Figure 1). |

The majority of the samples (247, 259, Potchefstroom 2, 5,
7, 9 and those obtained from the Ermelo and Witkop farms)
were placed in Group II because of similarity in the
indicator studies. In general, isolates produced local
lesions on Chenopodium amaranticolor and Chenovodium
quinoca. The symptoms were fairly consistent excepé for
the Ermelo sample where symptoms were recorded on the
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Nicotiana -pecies. For the Ermelo sample, mosaic symptoms
were recorded on Nicotiana clevelandii and N.cotiana
tabacum var. "Samsun”. This sample was included in the
group however because of the local lesions produced on

"the Chafdopodium species.” ~3dmplEs 2 anid 7 from*FotcH&r= " ~
stroom also differed slightly from the remaining memkers
of Group II in that they produced unusual local lesions

on Phaseolus vulcaris var. "Prince", sample 7 causing
concentric local lesions, sample 2 producing necrotic
local lesions. These viruses may have been different
strains of the form responsible for the mosaic symptoms
caused on Phaseolus vulgaris var. "Prince” by the ‘
remaining rembers of Group II. In general, the symptoms
recorded for Group II are similar to those documented
for BCMV (Bos, 1976). o

Potchefstroom samples 3 and 4 were placed in Groups 111 ST

and IV respectively. Both samples failed to prcduce

any symptcems on the Chenopodium species, chereby baing
similar in this respect. However, the samples were not
grouped together as sample 4 produced local lesions'oﬁ
Nicotiana glutinosa and mosaic on Phaseolus vulgaris
species, while sample 3 produced local lesions. 1In
other respects, reactions on host plants were similar.
It is possible that the causal virus in both samples

is similar, but of a different strain or that a mixed
infection occured in sample 4. Generally, symptoms in

-

"these two groups differed quite markedly from the other

groups.

Host range studies therefore gave some indication of
possible viral pathogens being present in the collected
samples. It can be seen that the majority of the positive
samples produced symptoms in a narrow host range, varieties
of the genera Phaseolus and Chenopodium being primarily
affected.




Table 8:

Symptoms on indicator plants

Sample area

Indicator Host

52,

Symptoms prbdﬁ@éﬁ ;

m

Potchefstroom

m Chenopodium amaranticolor

Pisum sativum "Greenfeast"

Datura stromonium
Vicia faba
Trifolium repens
Glvcine max
Chenopodium guinoca

"Prince"

-la"aocal le‘i@;;% b »*““

mosaic on inocul=
ated new leaves '

no symptoms .
no symptoms
no symptems e
no symptcmsmf,ff’"
mosaic
mcsa;zw_igf
mosaic, \
local lssiana
masaic

Potchefstroom

Chenopodium amaranticolor

1ocal le;

259, 1980 Chenopodium guinoa local lesicns
Pisum sativum "Greenfeast" mosaic wy, AR
Nicotiana clevelandii no symptoms
Phaseclus vulgaris "Prince" mosaic

Pretoria
TNV 1978

*3 95°¢

L.I.V., up to o
days at 2¢

Chenopodium amaranticolor

Chenopodium guinoa

Nicotiana zlutinosa

" sreenfeasth

Phaseolus vulgaris
Bountifuiﬁ

Phaseolus vulgaris "Prince"
Nicotiana rustica

Pisum sativum

Nicotiana tabacum "Samsun®

Nicotiana tabacum "White
Burl ay®

galls on damaged
stems and leaves

loccal lesions
local lesions
no symptoms

mosaic
mosaie
local lesions

local lesicns

local lesions
and mottle
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Sample Area T-dicator Host Symptoms PZQduéﬁd -
Pretcria Tetragonia expansa local lesions
_TNV, 1973 _ Gomphrena globosa . ... .. .local lesions _ |
Petunia hybrida local lesions
Vicia faba . local lesions
Nigel Phaseolus vulgaris "Prince" no symptoms
site 1 1981 Chenopo-ium amaranticolor no symptoms

Chenopodium guinoa no symptoms

Micotiana tabacum "White
Burley"” no symptoms

no symptoms

no symptoms
no symptoms
no symptoms
no symptoms

Nigel
site 2, 1981

Phaseclus vulgaris

"Bountiful"” no symptoms

Nigel Chernopodium guinoca no symptoms
site 3, 1981 Chenopodium amaranticolor no symptoms
no symptoms

Burley" no symptoms

s "Prince” no symptoms

no symptoms

Nigel Chenopodium guinoa no symptoms
site 4, 1981 Chenopodium amaranticolor no symptoms

Petunia hvbrida no symptoms

Burley” no symptoms




Sample Area

Indicator Host
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Symptoms produced.

QCogies Chenopodium guinoa no symptoms
site 1, 1931 Chenopodium amaranticclor no symptoms
Petunia hybriia no symptoms
Lycopersicum esculentum no symptcms
Pisum sativum "Greenfeast” no symptoms
Nicotiana tabacum "White
Burley"® no symptoms
Phaseolus vulgaris
Bountiful" no symptoms
Oogies Chenopodium amaranticolor no symptoms
site 2, 1981 Petunia hybrida noc symptoms
Chenopodium guinoa no symptoms
Lycopersicum esculentuu no symptoms
n "White
Burley" no symptoms
Phaseolus vulgaris "Prince” no symptoms
Oogies Chenopodium amaranticolor  no symptoms
site 3, 19881 Cbéno,odium zuinoa no symptoms
Lycopersicum esculentum no symptoms
Petunia hybrida no symptoms
Nicotiana tabacum "White
Burley"” no symptoms
Phaseolus vulgaris
"Bountiful” nc symptoms
Pisum sativum "Greenfeast” no symptoms
Delmas Phaseolus vulgaris
sitn 1, 1981 "Bountiful" no symptoms
Nicotiana tabacum "White
Burley" no symptoms
- Pisum sativum '"Greenfeast” no symptoms
Lycopersicum esculentum no symptoms
Petunia hybrida no symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticolor no symptoms



Sample A aw ndicator nos; Symptoms produced
neloas Phaseolus vulaaris

"Bountiful"” no symptoms

tiicc:iana tabacum "White
Burley" ne symptoms

} . ;
Pisum sativum "Greenfeast!' no symptoms

Lycopersicum esculantum no symptoms

site 2. 1007

Petunia hybrida no symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticolor no symptoms

Ualnas 1S vulgaris
2 o - "Bountiful” ne symptoms

i e d. 1981
Nicotiana tabacum "White

no symptoms
no symptoms
no symptoms

Nelmni.s Fhaseolus vulgaris "Prince" no symptoms

«ite 1, 1981 Nicotiana tabacum "White
Bucley" no symptoms

Lycopersicum esculentum nc symptoms
Petunia hvbrida no symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticolor no symptoms

vulgaris
"Bountiful" no symptoms

Nelmac Phaseolus

AT gL
crve Ay S8

"White
Burley" no symptoms
Pisum sativum " Graenfeast” ne symptoms
Lycopersicum esculentum no symptoms
Petunia hybrida no symptoms
guinca . no symptoms

Chenopodium amaranticolor no symptoms




Sample area Indicator Host

Symptoms produced

site 1, 1981 (Chenopodium amaranticolor

Phaseolus vulgaris
"Eountiful®

Phaseolus vulgaris "Prince"
Nicotiana clevelandii
Chenopodium guinoca

Bombardie Phasgplus,vulqéris "Prince® Nno symptomwes
site 1, 198"1’.‘ Nicotiana Lfabacum "White i m e e e e om
oo rTrn s Burley™ no symptoms
Lycopersicum esculentunm Lo symptoms
Petunia hybrida N0 symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticolor no symptoms
Kendal Phaseoius vulgaris "Prince" no symptoms
site 1, 1381 Nicotiana tabacum "#hite
Burley™” no symptoms
Pisum sativum "Greenfeast" nc symptoms
Lycopersicum esculentum no symptoms
Petunia hybrida no symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticclor no symptoms
Witkop Pisum sativum "Greenfeast™" mosaic

local lesions

mosaic

mosaic
no symptoms
local lesions

L I R R

Potchefstroom Chensopodium gquinca
site 2, 1981 Lycopersicum esculentum
Phaseolus vulgaris "Prince"

Nicotiana tabacum "Samsun®
Nicotiana clevelandii

Datura stromonium

Pisum sativum "Greenfeast"
Chenopodium amaranticolov

local lesions

no symptoms

necrotic lecal
lesions

no symptoems

no symptoms

ne symptoms
mosaic

local

l2sions

o <
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Sample Area Indicator Host Symptoms produced

Potchefstrocm Chencpodium guinoca no symptoms
site 1, 1981 Chenovodium amaranticolor no symptoms
Pisum sativum "Greenfeast no symptoms
e B e S oamr &9 G OWER e A & S ST T T 3T SURY Taviae

" ‘Nicofiand clavelandii no symptoms
Nicotiana glutinosa no symptoms

PRCLBN e WD R AIVIDIS Y

Potchefstroom Phaseolus vulgaris "Prince® local lesions
site 3, 1981 Pisum satcivum "Greenfeast" no symptoms

Datura stromonium no symptoms
Nicotiana tabacum "Samsun" no symptoms
Nicotiana glutinosa no symptoms
Nicotiana clevelandii no symptoms

Lycoversicum esculentum no symptoms
Chenopodium guinoa no symptoms
Chenopodium amaranticolor no symptoms

Potchefstroom Chenopodium gquinoa no symptoms
site 4, 1981 Phaseolus vulgaris "Prince" mosaic
Pisum sativum " Greenfeast" no sympton.s
Chenopodium amaranticolor no symptoms
Nicotiarna glutinosa local lesfons

Phaseolus vulgaris
"Bountiful®” mosaic

Nicotiana clevelandii no symptoms

Potchefstroom Nicotiana tabacum “Samsun™ no symptoms
site 5, 1981 Nicotiana clevelandii

no symptoms

Chenorodium amaranticolor 1local lesions
Lycopersicum esculentum no symptoms
Datura stromonium no symptoms
Chenopodium guinoa local lesions

Pisum sativum "G reenfeast" mosaic




» %

Sample Area

Indicator Host

58«

Symptoms produced

Potchefstroom

Phaseolus vulgaris

Phaseolus vulagaris "Prince”

Phaseolus vulgaris
“Bountiful”

Pisum sativum n"Greenfeast”
Chenopodium amaranticolor

Chenopodium

_Site 6, 1381 "Bouatifpl" no symptoms
Nicotiana tabacum "WHlt2 ittt S

Burley"” no symptoms

Pisum sativum nGreenfeast™ no symptoms

Lycopersicum esculentum r.o symptoms

Petunia hybrida no symptoms

Chenopodium guinoa no symptoms

Chenopodium amaranticolor  no symptoms

Potchefstroom Nicotiana clevelandii no symptoms

site 7, 1981 Nicotiana glutinosa no symptoms

concentric local

lesions

concentric local

lesions
mosaic
local lesions
leccal lesions

Ermelo
site 8, 1981

Phaseolus vulgaris "Prince"
Chenopodium amaranticolor
Nicotiana clevelandii

tabacum "Samsun”

Nicotiana
Datura stromonium

ycopersicum esculentum

Chenopodium guinoa

Pisum sativum "Greenfeast”

-

mosaic

local lesions
mosaic

mosaic

no symptoms
nc symptoms
local lesions
mosaic




Indicator Host

59.

Symptom produced'f ‘

\inoa

y smaranticolor

’lccal:lesiens

local lesions

EREY

no symptoms
no symptoms

mosaic

symptoms
symptoms

symptowns
i
> symptoms
symptoms




Figure 1:

Symptoms induced by isolate suspected of be,ng
Tobacco necrosis virus on Chenopodium quinos
showing necrotic local lesions. Lesions (NLL}
appeared only on inoculated leaves, after 4
days and gradually increased in size. Lesions
eventually coalesced and turned brown, lead*nq
to the death of the inoculated leaves. These
symptoms are typical of tobacco necrosis virus
o members of the genus Chenopodium,
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3.2. Isolation and detection of individual viral particles

Attempts to purify viruses from infected leaf samples
were made using the four procedures documented in 2.3.
After the final ultracentrifugation cycle, each pellet
was resuspended in a small volume of the appropriate
buffer. Each sample was negatively stained and viewed
under the electron microscope for the presence of wviral
particles. Sap samples of the host plants were also |
stained in this way. The results obtained are presented
in Table 10 and photographs of the isolates are p:esented
in Flgures 1 to 4.

The purification procedures were selected on the basis
of being able to detect either several viruses or a
specific virus. The two specific methods chosen were o
for BCMV and BYMV, as syptoms on the field and indiaato:
Plants suggested that these viruses may be present.
Procedure 4 {2.3.4.) is known to be a most successful
method for isolating BCMV (Jafarpour et al., 1979} while
procedure 1 (2.3.1.) selects specifically for BYMV (Maat@
1975). The remaining two procedures (2,3.2. and 2.3.3.)
were selected as they are known to be the most successful
methods for isolating a wide range of spherical and
flexuous viruses that infect beans (Whitlock, 1979).

The four procedures selected should have ensured the
isolation of any virus present in the collected leaf
samples,

The results indicate that procedures 2 and 4 wera the
most successful methods for the isolation of particles
(Table 10).

In terms of the quality of the final preparation however,
procedure 4 resulted in a better separation of particles
from the host material. Virus particles were less
fragmented and the quantity of the particles that could
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After- the finalsu}tracentrifugation@cycley’each pellet
was resuspended in a small volume of the aprropriate
buffer. Each sample was negatively stained and viewed
under the electron microscope for the presence of viral
particles. Sap samples of the host plants were also
stained in this way. The results obtained are presented
in Table 10 and photographs of the isolates are presented
in Flgures 1 to 4.

The purification procedures were selected on the basis
of being able to detect either several viruses or a
specific virus. The two specific methods chosen were
for BCMV and BYMV, as syptoms on the field and indicator
plants suggested that these viruses may be present.
Procedure 4 (2.3.4.) is known to be a most successful
method for isolating BCMV (Jafarpour et al., 1979} while
procedure 1 (2.3.1.) selects specifically for BYMV (Maat,
1975). The remaining two procedures (2.3.2. and 2.3.3.)
were selected as they are known to be the most successful
methods for isolating a wide range of spherical and
flexuous viruses that infect beans (Whitlock, 1979).

The four procedures selected should have ensured the
isolation of any wirus present in the collected leaf
samples.

The results indicate that procedures 2 and 4 were the
most successful methods for the isolation of particles
(Table 10).

In terms of the quality of the final preparation however,
procedure 4 resulted in a better separation of particles
from the host material. Virus particles were less
fragmented and the quantity of the particles that could
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be isolated, greater (Figure 3).

Electron micrcscopy of infected sap from the Pretoria
. gample showed the presence of spherical particles, the
mean dianeter being 25 nm (Pigure 2). Frcm the symptoms
produced on indicator plants, electron microscopy studies

and biological properties (Table 8), the isolate is
probably tobacco necrosis virus (TNV). The virus has been
almost fully characterized (Kassanis, 1970) and for this
reason further investigations were not carried out.

Electron microscopy shcwed the presence of flexuous virus
particles in purified samples 247, 259, Pctchefstroom 2,

3, 7 and the Ermelo and Witkop farms. Only in some:
instances could particles be seen in sap samples, this
presumably being dependent on the initial host concentration
(Table 10).

All particles isolated nad similar dimensions but were
present in low numbers. In each sample, about 20 particles
were measured and the mean width and length were 15 nm
and 750 nm respectively (Figures 3 to 5). ;
As the majority of the samples collected were grouped
together on symptomatology (Group II) and as they showed
similar particle morphology, one isolate in this group,
namely 247, was selected for further characterization.
The remainder were freeze dried and stored at 4°C., It
is important to note that the most successful isolation
procedure for this greoup of viruses was procedure 4
(2.3.4), a procedure reccmmended for BCMV (Jafarpour

et al,, 1979).

P



raple 10: Particles observed bv electron microscopy

Sauple Crude sap virus purification procedure
o B e an T i e e e . 1g%¢§,;tgyzég.3@2@> 3(2f3.3:£i452@3a45)
247 flex virus - - - flex virus
259 flex virus - - - flex virus
Pretoria spherical - - - =
Witkop - - - - flex virus
Potchefstroom 2 - - - - frex virus
Potchefstroom 3 - - flex virus - flex virus
Potchefstroom 7 flex virus = - - flex virus
Ermelc 8 - - - - flex virus
KEY:

£lex virus - flexuous virus particles
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Figure 4:

-

Electron micrograph of a flexuous virus (flex
virus) isolated using the general procedure 2
(2.3.2.), from sample 3 (Potchefstroom). The
average dimensions of the particles were 750 nm
in length and 15 nm in width. (x 50,000;

2% uranyl acetate stain).
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Figure 5: Electrosn micrograph showing a fragment of a

flexuous particle (flex virus) isolated using
procedure 4 (2.3.4.). The length of the
particles cculd not be accurately measured

as they were too fragmented yet the width
consistently measured 15 nm. The particles
were isolated from a sample obtained from
Witkop. (x 50,000; 2% uranyl acetate solution).




70.

3.3. Host range studies of the isolate

Having decided to study isolate 247 in detail, it was
-inoculated- onto a wider range of indicator species to =
determine the host range. This aids the identification
of any unknown virus. The previous indicator studies,
the results of purification experiments and electron
microscopy indicated that this (and possibly cther
isolates in Group II) could be BCMV.

Results (Table II) indicated that the isolate was only
able to infect a limited number of hosts, the majority
of which were confined to the family Leguminosae. The
isolate was tentatively identified as BCMV and the
possibility of it being one of several closely related
viruses (such as BYMV) was ruled out. BCMV is easily
distinguished from BYMV on the basis of symptomatology
(Bird and Maramorosch, 1975).

Host range studies were also used to determine which
variety of Phaseolus vulgaris was the most suitable for
the propagation of large quantities of virus required
for the bicchemical and serological characterization of
the isolate. It was found that the variety Phaseolus
vulgaris "Double Dutch Princess” was the most
sultable propagation host for the isclate. This variety
is a recommended virus concentrating host for 3CMV
(Noordam, 1973). Symptoms appeared about 2 weeks after
the inoculation of primary leaves (Figures & and 7).
From the systemically infected leaves, high concentrations
of virus could be extiacted using procedure 4 described
in 2.3.4.

s TR GNC P

DENITOO. NP




Table 11l:
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Extended host range studies on the 247 isclate

I8dicator Host =~

¥

- = .o

Sympgoms on leaves

Nicotiana tabacum var.
"White Burley"

Nicotiana clevelandii
Nicotiana glutinosa
Chenopodium amaranticolor

Pisum sativum var,
"Greenfeast"®

Cucumis sativus
Datura stromonium
Arachis hypogea
Glyecine max
Petunia hybrida
Chenopodium guinoa
Trifolium ggggné
Brassica chinensis

»
Several varieties of
Phaseolus vulgaris

no symptoms

no symptoms
no symptoms
small chlorotic lesions

mosaic

slight mosaic

no symptoms

no symptoms

slight mosaic

no symptoms

small chlorotic lesions
mosaic

mosaic

mosaic

-

mosaic, local lesions,
veinal necrosis etc.
depending on variety
tested.
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Table 11: Extended host range studies on the 247 isclate

®

Indicator Host Sympt;ﬁsaon leaves

Nicotian ggbgggm var., no symptoms

"White Burley"®

Nicotiana clevelandii no symptoms

Nicotiana glutinos: no symptoms
Chenopodium amaranticolor small chlorotic lesions

Pisum sativum var.
“Greenfeast

Cucumis sativus
Datura stromonium

mosaic
slight mosaic
no symptoms

Arachis hypogea no symptoms

Glvcine max slight mosaic

Petunia hybrida no symptoms
Chenopodium guinoa small chlorotic lesions
Vicia faba mosaic

Trifolium repens mosaic

Brassica chinensis mosaic

®
Several varieties of
Phaseclus vulgaris

L

mosaic, local lesions,
veinal necrosis etc.
depending on variety
tested.
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-

Figure 6: Phaseoclus vulgaris var. "Double Dutch Princess"”

showing stunted and malformed leaves with
mosaic in the infected host plant (I.P.).
A healthy plant (H.P.) is provided for
comparison.
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Figure 7: Infected Phaseolus vulgaris var. "Double Dutch
Princess" plant with virus isolate suspected
to be BCMV. Symnptoms of mosaic (m) appeared
2 weeks after inoculation of the primary
leaves. Infected leaves were collected 13
to 15 days after inoculation and purified
immediately using procedure 4 described in

2@304@
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3.4. Biological properties of the presumptive BCMY 1sorate

Tnoculation of the isolate onto Phaseolus VUic
nBeka! and {"‘Monroew indicated that the dilution end point L
was 10™3 tceﬁsaﬁ; the longevity fn" vitro was 1 toed < = - s &éw;
days and the thermal inactivation point was 55°c to 60°C. -
A systemic reaction was produced‘on the "Beka' varlety

which is not ideal so the results were checked by

inoculating the "Monroe” varisty, a well known local
lesion host for BCMV. The plants were assessed o
visually. No quantitative results on lesion numbers }
were recorded. ek

The detached leaf method for determination of biological
properties using Chenopodium guinca proved unsuccessful.
The indicator host is well documented to be highly
susceptible to BCMV infecticn producing local lesions

that can be easily counted. It was however, found to

be unsuitable as the leaves invariably began to turn

yellow before symptom expression occurred. Results

were therefore inconsistent and it was found that
inoculation onto Phaseolus vulgaris var. "Monroe"

produced even clearer lesions and a more accurate - -

estimation of the biological properties of the virus was
obtained.

Typical local lesion symptoms caused by the isolate on
Phaseolus wvulgaris var. nMonroe" can be seen in Figure 8.
Lesions appeared accut 1¢ days after the inoculation of
primary leaves. As the plant aged, a 1imited local vein
necrosis also occured, confined to the area around the
lesions. |




PPN

(a)

Figure 8¢
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(b} (c)

Local lesion symptoms on Phaseolus vulgaris var.
"Monroe". In the photograph, a progression of
symptoms can be seen, caused by inoculation of
the 247 isolate on primary leaves. Small local
lesions (LL) developed 10 days after inoculation
of the seedlings (a). Lesions then increased in
size, showing a characteristic ringspot appearance
(b) and (c). Local vein necrosis (LVN) around

the lesions occured some weeks after the

initial inoculation (c). A concentrated sap
preparation of isolate 247, suspected to be

BCMV, was ' sed to inoculate the plant.
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3.5. Complete purification of the presumptive BCMV isoclate

ine purity of the virus preparaticon w.3 affected by the
final purification procedure used. With differential |
- senscifugatioawand sucrose gradients (2.3.5.0 ;e the wvirus. -~ & « o 4
was always contaminated with cell debris and host
components (Figures 9, 10 and 11). Caesium chloride
vielded a better separation of virus as can be seen in

the spectrophotometric scan (Figure 12) where the virus
separated out as a single peak Z“rom the remaining host
contaminants. With the electron microscope however,
particles seemed somewhat altered in shape and structure
(Figure 13). The procedure is extremely severe, entailing
iong periods of ultracentrifugation which could account
ultimately for the atypical appearance of the virus and

its fragmentation (Figure 13).

Of all the purification procedures attempted, separation

of the virus was best achieved using the glass bead

column apparatus (2.3.5.). Separation could be achieved
wilith minumum treatment of the virus so that the effects

of harsh chemicals and centrifugation were now eliminated.
The glass bead column apparatus also enabled the

separation of larger volumes of virus which is advantageous -
&s other methods made use of small samples.

Electron microscopy of the virus peaks (Figures 14 and 15)
indicated that cell debris was almost eliminated and
particles were considerably less fragmented. When
compared to the scans obtained from healthy samples
treated in the same way, the virus peak could always be
clearly distinguished (Figure 14). Owing to the success
of this procedure, it was followed routinely whenever
samples of high purity were required, for example, in
electrophoresis and for raising antiserum. ﬁ

As samples are diluted in 0,01 M phosphate buffer, pH 7,16

with column separation, they were ultracentrifuged at
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27,000 RPM for 90 minutes to pellet the virus. Virus
was resuspended in 0,025 M potassium phosphate buffer

pH 7,2 (Appendix I). The final concentration of virus
in purified samples was then determined spectrophotomet-

.pically.. The.E.value,for BCMV is _nqt_known, but

LI B2

Jafarpour et al., (1979) used a formula based on tobacco
etch virus (which has similar dimensions and features

to BCMV), to estimate the E value for BCMY. A similar
value was used in the current study. No corrections

for light scattering were made. |

« 2,4 mg/ml at 261 nm
' (uafarpour et al., 19?*:

After purification th-. 260 nm abscrbance‘values‘nang&d
between 0,2 and 2,6 implying a minimum concentration of
(0,2 / 2,4) x 1 = 0,08 mg/ml
and a maximum concentration of
(2,6 / 2,4) x 1 = 1,08 mg/ml
Wwhen required, virus concentrations were adjusted o
approximately 1 mg/ml before use.



Figure 9:
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An electron micrograph of isolate 247 following
purification by differential centrifugation
only. Note the aggregation of flexuous
particles (flex virus) with host debris.

{(x S0,000; 2% uranyl acetate st_ a}.
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247 Sampie 7

Figure 10: Separation of isclates by sucrose gradients.
Isolates 247 and sample 7 (Potchefstroom)
were found to separate in the 20% to 3C%
sucrose gradient zones. Hcst protein (Fr I)
can be seen to separate just below the virus
Pand (VB). As a result, coatamination of
the virus sample cften occured and separation
from host material was never complete. The
virus bands were detected using an ultraviolet
light source.
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Figure 11: Electron micrograph of another isolate, 259,
following separation on a 10% to 40% sucrose
gradient. Flexucus particles (flex virus)
were isclated from the gradient by fractionation.
The particles occured in the 2C% to 30%
sucrose zcne. Particles were concentrated by
ultrazentrifugation. Note the high degree of
fragmentation of particles following their
resuspencsiocn in 0,025 M phosphate buffer,
pH 7,2. (x 353,2I0; 2% uranyl acetate stain).
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Figure 12: :
A scan showing the fractionation of a 30% (w/v) caeslium
chloride gradient. The virus band always separated out
as a single peak, distinct from the host contaminants.

The virus band was concentrated by ultracentrifugation

and resuspended in a minute volume of 0,025 M phosphate
buffer, pH 7,2. Caesium was removed by dialysis or by

alternating cycles of differential centrifugation.




Figure 13:
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Electron micrograph of isolate 247 from 2

30% (w/v) caesium chloride gradient. The

virus band was concentrated by ultracentrifugation
and resuspended in a minute volume of 0,025 M
phosphate buffer, pH 7,2. Note the fragmentation
of particles (flex virus) which also appear
morphologically altered due to the severity of

the separation procedure. Note however, the
absence of contaminating material.

(x40,000; 2% uranyl acetate solution).
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