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Figure 14: U.V. scan of isolate 247 separated on the glass o

bead column. Virus could easily be separated
from contaminating host components by passing
the partially purified sample through the
column. High molecular weight host proteins
were trapped at the top of the column while low
molecular weight components (fraction 1) were
eluted before the virus sample {fraction 2 and
shoulder of fraction 1). Note that the virus
does not elute as a sharp peak but as a curve
with a trailing edge, probably caused by
fragments of different size eluting sequentially.
Electron microscopy indicated the presence of
virus particles in the shoulder of fraction 1
and in fraction 2.
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Figure 15: Particles resulting from the separation Jf
isclate 247 by column chromategraphy. Nate
the relative absence ¢f both host debris and
particle fragmentation (flex virus). The
micrograph represents particler found in the
shoulder of peak 1 shown in the scan printed
in Pigure 14.

(x50,000; 2% uranyl acetate stain).
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3.6

The titre of antiserum raised in rabbits against virus
purified from sample 247 by procedure 2.3.4. and column
chromatography (2.3.5.) was estimated using several
gfrg}eg}cal techniquesn The results obtained were . . .. ... .

compare] to ensure an accurate determination of antiserum
titre.

All serological tests for plant viruses are a modification
of the precipitin test in which antigen combines with -

its specific antibody to produce an aggregate that EE
scatters light to become visible., To observe prncipitatien
in tubes or on plates requires more material than an
indirect measure of combining power such as flocculation

of a sensitized particle.

3.6.1. The microprecipitin test

The test was used to follow rising antibody titre in the
immunized rabbits. Rabbits were bled between days 21 and

28 of the immunization schedule (2.6.1.) to determine

if they had reacted to the virus inoculum. A grid |
titration,; as reported in 2.6.3.; was carried out with L T
a dilution series of antigen and antiserum, using very

small volumes of both components. Where precipitation

occured,; it was amorphous and cloud-like, characteristic

of rod~shaped viruses (Noordam, 1973). The results of the

test obtained after titer stabilization on day 28 are

presented in Pigure 16. Heavy precipitation was considered

3 plus (+++) and gradations of readings were made to a

doubtful precipitate (1).
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antigen (1 mg/ml)
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Figuré 16¢ Diagramatic representation of the results of the

Once
were
were

grid titration for the standard microprecipitin
test. The titre was 1/256 using this method.

No precipitation occured in the control samples,
position 10 containing saline in all tests. .
e strong precipitate

++

t+ +

doubtful precipitate
no precipitate

¢

the titre was stable and no longer increasing the rabbits
bled by carciac puncture. Different serological tests
used to determine the final titre of the serum.
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Y.6.2, The tube grecinitin test

This test was used for the reliable evaluation of the
titre of the serum. The range of reactivity of every
antigen-antibody system was determined by diluticn

“ ¥1fraflon ‘i’ & “gPId” syBtem.~-Eych=dilutien Of ARELGEN o v

was reacted with each dilution of antiscsum@f‘Tubes
that presented with heavy precipitation were considered
3 plus (+++) and gradation of readings were made to a
douhtful precipitate, that is, a trace reaction ().
The tube whose contents precipitated most :apidy
rupresanted the optimum proportions of antigen and

antibodya

Serum titre was determined using the optimum concent:ation
of antigen as a constant and reacting this with various
dilutions of antiserum. The antigen dilution chosen

for optimum antiserum activity was 1/8. The antibody
titre was estimated to be between 1/512 and 1/1024. A
slight cross reaction was observed with purified host
material at high antibody concentrations (1/8) but not

at: dilutions of antibody 1/16 to 1/1024. No attempt

was made to remove the anithost antibodies from the
antiserum even though this is suggested (von Regenmé:tels‘*
1966), as only a small quantity of serum was raised which
was therefore extremely valuable and as stated, no

nost reaction was seen when the antibody was diluted.

e resilts of the tube precipitin test are presented

G Bigure 17,



Figure 17: Tube precipitin test using 247 isolate al &
constant concentration of 1,8 while racying
the raised antiserum concentration from 1/2
to 1/4096. Dilutions of antiserum were ma e
in saline. In the photograph, only those
test tubes with a clear precipitation reacitlion
are shcwn. The dilution factor of each marked
tube is presented in the key. No precipitaticom
occured in samples where antiserum was replacac
with saline.

KEY: TUBE DILUTION
1 control (saline)
2 1/2
3 1/4
4 1/8
S 1/16
6 1/32
7 1/64
8 1/128
S 1/256

10 1/512
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3,6.3. Passive haemagglutination

Titre was low when determined by the two previous methods.
This test was selected because of its proposed increased
sensitivity” in detecting Pplant viruses -and <ience. its. ..
suitability to determine if the titre of the raised anti-
serum was actually higher than already suggested. . With

this test, the titre varied between 1/512 and 1/1024 depending
on the use of purified or partially purified antigen.

The results obtained were therefore similar to other

methods despite supposed increased sensitivity@‘

The results are presented ir Figure 18. The test was
carried out using varying antigen or antiserum dilutions
so that optimal conditions giving the best reaction could
pe determined. |
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Pigure 18: Grid titration of 247 and 259 isolates using
\ passive haemagglutination. Both purifie&' .

‘and partially purified samples of virus were
used so that the results obtained could be
compared. The titre was estimated to vary
petween 1/512 and 1/1024 depending on the use
of purified or partially purified virus. The
reaction of healthy sap and sensitized red
blood cells (c) however was obscured at lower
antibody titres than for previous experiments.
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KEY
Row 1 . 259 purified 1 mg/ml, diluted 1/4 to 1/1024,
constant sensitized red blood cells (1/10)
2 1 247 purified 1 mg/ml, diluted 1/4 to 1/1024,
constant sensitized red blood cells (1/10)
3 :+ 247 partially purified, constant concentration
(1 mg/ml), sensitized red blood cells
diluted 1/4 to 1/1024
Controls & : 0,05 M phosphate puffer, pH 7,2 and

’sensitized red blood cells

4

247 purified 1 mg/ml and an equal volume
of sensitized red blood cells {(1/10)

¢ : healthy sap and sensitized red blood cells
(1/8)

d : healthy sap and unsensitized red plood
cells (1/10)
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3.6.4. Dcuble.ﬁiffgéggn,inﬂcgggterlonywmlatgs

Double diffusion,techniques can be used to determine
the titre of antiserum and relationships of an isolate

to othef “riruses by the use . of speCLfi¢$‘nﬁi$§£
in these

Various well patterns are routinely used
determinations (Hudson and Hay, 1980).
As previously'meﬁticned, gel diffusion Qan béfa ﬁ#é}lgm
with flexuous viruses. However, these'téchﬁi@&eélﬁg%e
peen refined by many workers and successful resulﬁs have
peen obtained (Gooding and Bing, 1970; purcifull and
Gooding, 1970; purcifull and Batchelor, 1977;

Juﬁetic and Mamula, 1980).

tn the current study, the addition of 3% SDS in M/ 15
phosphate puffered saline, pH 7,4, to the antigen

was found to be essential before migration in the gel
occured (Figure 19(al). | S
Using the different well patterns portrayed in 2:.68464
gel diffusion techniques were satisfactorily employed
to determine the titre of the raised antiserum and for
the identification of the isolates using supplied BCMV
antiserum (obtained from the World Reference Collection,
wégenmgen9 Netherlands).

-

With Ouchterlony plates, the titre of the raised anti-
se:um‘was found to be much lower (1/32) compared to the
other techniques used for titre estimation. The low

value may be related to 3DS disruption of the virus with

| the resultant modification of antigenic properties. The
reactions of several virus samples to the raised and

known BCMV antisera were also investigated. These

included known BCMV, PVY and TMV. Both the known BCMV
sample and isolate 247 produced a clear line cf precipitation
when reacted with the supplied BCMV antiserum {from the
World Reference Collection, Wageningen, Netherlands).

mhe fact that SDS improved the result is seen in Figure 19(a}
and (b). PVY and TMV reacted negatively with supplied

BCMV antiserum. The reaction of purified igsolate 247 to
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3.6.4. Double diffusion in Ouchterlony plates

Double diffusion techniques can be used to determine
the titre of antiserum and relationships of an 1s©iate
£c. other viruses by,@he use of suecific angﬁsazum‘
Various well patterns are routinely used in thesa 2
determinations (Hudson and Hay, 1980}@‘_' ';* -
As previously mentioned, gel diffusion can he a pr@h;e
with flexuous viruses. However, these techniquas have
been refined by many workers and successful results have
been obtained (Gooding and Bing, 1970; Purcifull and
Gooding, 1970; Purcifull and Batchelor, 1977;

Juretic and Mamula, 1980).

In the current study, the addition of 3% SDS in M/15
phosphate buffered saline, pH 7,2, to the antigen

was found to be essential before migration in the gel
occured (Figure 19(a)). '
Using the different well patterns portrayed in 2.6, 6@9
gel diffusion techniques were satisfactorily employed
to determine the titre of the raised antiserum and for
the identification of the isolates using supplied BCMV
antiserum {(obtained from the World Reference CQllactéong
Wageningen, Netherlands).

-

With Ouchterlony plates, the titre of the raised anti-

serum was found to be much lower {1/32) compared to the
other techniques used for titre estimation. The low

value hay be related to SDS disruption of the virus with

the resultant modification of antigenic properties. The
reactions of several virus samples to the raised and

known BCMV antisera were also investigated. These

inciuded known BCMV, PVY and TMV. Both the known BCMV
sample and isolate 247 produced a clear line of precipitation
when reacted with the supplied BCMV antiserum {(from the
World Reference Collection, Wageningen, Netherlands).

The fact that SDS improved the result is seen in Figure 1S9{a)
and (b). PBVY and TMV reacted negatively with supplied

BCMV antiserum. The reaction of purified isolate 247 to
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Well Well

1.healthy purified sap «+ l.purified 247 (1mqu1)‘¢bgg ‘f*
3% SDS in M/15 phosphate SDS in phosphate buffered

buffered saline saline
2.purified 247 (1img/ml) 2.supplied BCMV.antiserum
and the above buffer, (titre 1/16) ~
no SDS.
3.5ap 247 and the above 3.supplied BCMV antisarum
buffer, no 5DS (titre 1/16) i
4.purified 247 (img/ml) 4.purified healthy sample
and the above buffer + 3% SDS in buffer
with 3% SDs _ .
Centre: ¢ strength raised
antiserum
Figure 19: Dnglgwgiifugggnwuging,ngn;;;;gggfbt_‘A;

(a) Reaction of purified 247 isolate with raised anti-
serum. Note that the presence of 3% SDS was
essential for migration of the antigen to occur
80 that a line of precipication was formed.

(b} Reaction of purified 247 isolate with known BCMV
antiserum. Note that a line of precipitation
occured only with infected material and not with
purified healthy material treated in the same way.

Note:

1. The arrangement of wells represented in the figure
are only two of the many patterns that were used
in these tests,

2. Bufger in all cases is M/15 Phosphate buffered saline
PH 7,2.
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KEY:
Well Well

l.healthy purified sap +  1.purified 247 (img/ml) + 3%
‘3% SDS in M/15 phosphate SDS in phosphate buffered

buffered saline saline
PH 7,2 ,
2.purified 247 (1img/ml) 2.supplied BCMV.antiserum
and the above buffer, (titre 1/16) :
no 8DS.
3.8ap 247 and the above 3.stvpplied BCMV antiserum
buffer, no SDS (titre 1/16)
4.purified 247 (img/ml) 4.purified healthy sample
and the above buffer + 3% SDS in buffer
with 3% SDS . -
Centre: ¥ strength raised
antiserum

Figure 19: Double diffusion using Ouchterlony plates

(a) Reaction of purified 247 isolate with raised anti-
serum. Note that the presence of 3% SDS was
essential for migration of the antigen to occur
80 that a line of precipitation was formed.

(b) Reaction of purified 247 isolate with known BCMV
antiserum. Note that a line of precipitation
occured only with infected material and not with
purified healthy material treated in the same way.

Note:

1. The arrangement of wells represented in the figure
are only two of the many patterns that were used
in these tests.

2. Bufger in all cases is M/15 phosphate buffered saline
pH 7,2,
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d. ££fusion studies against raised antiserum (rigure 19(a) ),
but not against supplied BCMV antiserum (Figure 19(b) ).

94, !

to raised antiserum also formed & clear line of
precipitation (Figure 19(2)).

Serological investigations using freeze dried sap from

survey samgleg:wezg*agggagerfcrmed to determine the

{dentity of the other isolates. Sampies'259“sn§~?~ oeroan @ W
(Potchefstroom} gave positive reactions when Sap was

reacted with raised and supplied BCMV antiserum.

No reactions were observed with the other samples.

It is quite possible that low virus concentrations 1in

the initial sap samples used for the tests affected
precipitin pand formation and hence the negative

results cannot be certain. '

A very slight host reaction could be observed in gel Rt

Isolate 247 was further identified as teing related to
BCMV using immunoelectsonmicroscopy with supplied BCMV
antiserum (or ained from the World Reference Collection,
Wageningen, Netherlands). Three regimes were used to
coat grids with virus and antibody (2,674 Regardless
of the method used, more particles were seen firmly
pound to antibody coated than uncoated grids. The

only difference petween the methods was seen in the
amount of debris that accumulated cn the grids. This
was reduced by modifying method 1 (2.6.7.) and the
introduction of washing stages to remove salts and
unbound serum proteins (Figure 20)}. It is unlikely
that debrlis was accumulated nost components as the
supplied serum was highly specific for BCMYV and unlikely
to contain antihost antibodlies. Also,control grids
using TMV had no particles attached, yet debris was
gtill visible. It is well documented that methodology
and charge effects affact the success of immunoelectron=
microscopy (Nicolaleff and von Regenmortel; 19801) .
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To verify the specificity of the reactiong vizus at

concentrations of 1 mg/ml, 0,5 mg/ml and 0, 25 mg/ml

were used in a series of tests, By visual observation

it was noted that the number of paztieles an the grids

appearsd ta dectease with low virus ccnccnt:ation@ R
~ Serologically speeific clcetzonmiegosaopy wus therefore
used as an addiﬁional method to ideatify thc 247

isolate as prab&bly being scnv The p:escnce of

pagtiéles an qzids is shcwn in Figure 20,

Virus;gagtiaics eould also be datnctcd in survey samplcs
259, Witkép@ ‘and Potchefstraom 7 us&ﬁg these methods. ;
This p@ﬁvﬁdqs futﬁhez evidenec th§t a vigus related to
isolaﬁé_&%? was present in these samples. In other
survey sampl&s@ vizus pa:ticles cauld not be detectedg
even whﬁn usiag mtthod 3 (2.6.7.) which should cause the
clumpin§5afnvi§us pztaant in low concentration. Either
sufficient virus was not present in these samples or the
virus may aot hav@ hcen xclnted to isolatc 247@




Figure 20t Immur

Method 2:
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i

 msthed 1

- methed 2

vy _of 247 isolate.

shcwiﬂq%the'effoctivuncss of diffcrent methods -
of serum and virus adsorption

rids were ficated on a mixture of puriﬁ.d vizrus

1 mg/ml} and concentrated raised antiserum (i:6124:
Virus particles were clearly visible but note
the high concentration of debris cn the grid.
Modifications of this method were made to reducs
the amount of debris and to make virus particles
more visible.

qrids were floated on concentrated known BCMV
antiserum, then rinsed in PBS, and floated

on pu:l!itd {img/ml} virus. This method was
used to identify the unknown igolate. Note
the increased numbers of particles ¥lex virus)
firmly attached to the grid and the decreased
amount of debris,

{x 50 000 fcr bcth microqraphs; 2% uranyl ucotate
stain% ,
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Figure 20:

Method 21

U6 .

method 1 e

#

method 2

dodtiiil Qe ,'.', be L/ 53 \ae Nt b 2% N Y107 % 17)
showing the effectiveness of differen® methods
of serum and virus adsorption

rids were floated on a mixture of purified virus

1 mg/ml) and concentrated raised antiserum (i:€12),
Virus particles were clearly visible but note
the high concentration of debris on the grid.
Modifications of this method were made to reduce
the amount of debris and to make virus particles
more visible.

grids were floated on concentrated known BCMV
antiserum, than rinsed in PBS, ard floated

on purified (img¢/ml) virus. This method was
nsed to identify the un*nown isolate. Note
the increased rumbers ci particles flex virus)
firmly attached to the grid and the decreased
amount of debilis.

(x 50,000 for both micrographs; 2% uranyl acetace
stain)



wDouble Dutch Princess"
247 virus isolate.

Infected leaves were removed at weekly intervals after

‘inoculation with virus, and sectioned. During the

early stages of infection, modifications in membrane
structure frequently occured, whorls of membranes and
proliferation of the plasmalemma and cell walls béiﬂ@ ‘
common {Figure 21{a))}. Occasionally, membrane bound
crystals could be seen in the cytoplasm of infected
cells (Figure 21 (b)). As the infection progressed,
nqroups of "filaments" were seen packed in the cytoplasm
of some cells, their dimensions being similar to those
of viral fragments (Figure 21(c)}. It is possible that
they could represent viral aggegates as it is documented
that potyvirus particles often occur in parallel arrays,
scattered throughout the cytoplasm of ihfected cells
(Hollings and Brunt, 1981). .
In the advanced stages of infection, modifications in
chloroplast structure occured. Starch grains accumulated
and granal and stromal contents appeared tc disintegrate
(Pigure 21(d)}. Pinwheel inclusions, a diagnostic
feature of members of the PVY group, were not seen in
infected cells. Cylindrical cytoplasmic inclusions
{thought to represent pin wheels in longitudinal section
{Christie and Edwardson, 1977)) were seen (Figure 21(a)).
No alterations in cellular structure or cytoplasmic
content were seen in healthy leaves sectioned in the
same way.

3.8. Molecular properties of the 247 isolate

3.8.1. Estimation of the molecular weight of viral protein

Purified virus consistently produced two bands on
acrylamide gels, irrespective of acrylamide concentration
or virus purification procedure used. These bands were
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Figure 21: Gellular medifications in Phgsaclu;:vu;ff”;;_

var. “Double Dutch Erincess“~_nfactgd,wich
the'247 Lsglata

a% Calis showing cylindrical cytoplasmic ,
includions (CCI) and wall proliferaticns
(wp). (x 20,000; 2% uranyl acetate + lead
citrate)

b) membrane bound crystal (c} seen in the
cytoplasm of an infected cell. {x 50,000;
&2% urunyl acetate + lead G*trate)

c;} qwups ef Wfilamen‘:s“’ {£) that could
;rf,apgasent viral aggxeqate in infected
éeii cytoplasm (x 15,000 2% urenyl

acetate + lead citsata}

d& mcdificaticns in chloroplast structure
ﬁuzznq the advanced stages of infection.
Note accumulated starch grains (s.g. ) and
disimtegzated stzomal and granal contents.
(x "~ 700 and 8,000; 2% uranyl acetate +
lea trate).
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not seen when purified material from healthy samples was
electrophoresed in the same way.

The glass bead column method (2.3.5(b)) resulted in virus
of highest purity and when such samples were electro=

" ‘PpHorés&EJ "hdst™ cﬁﬁﬁdnent;'pzauu:iﬂ¢ high molecular weight < e e wa
pands on gels, were eliminated. To determine the
molecular weights of the virus specif ic bands, samples
were electxophazesed against markers of known molecular
weight {Pharmacia, Uppsala, Sweden).

A separation af pzotein ucmponents can be seen in Eigu:e
22. The high and low molecular weight components (38,000
and 29,000 daltons respectively) can be distinguished
from the remaining,bandsv ‘The molecular weights were
determined graphically after comparison with standards

of known molééulaz WQight‘(?igure 23). '

3.8.2. Es;imgtigﬁfcff e molecular weight of viral RNA

Of the diffeséﬁz meéhéds used to extract viral RNA, the
phenol-chloroform method, proposed by Perry et al. (1972),
was the most successful. A virus concentration of 1 ﬂg/ml
yielded 29,26 ug of RNA and this was divided into samples
béfore electrophoresis. The separation of RNA species

is shown in the U.V. scan from a gel stained with ethidium |
bromide (Figure 24). The molecular weight of the viral
RNA band was determined by comparison with standards of
xnwon molecular weight. A graph of the results obtained
is presented in Figure 25. viral (247) RNA was found

to have a molecular weight of 3,5 x 106 daltons.

An attempt was made to visualize the RNA preparation to
determine its structure, this method being successfully
used in animal virology (Cocetzee and Pretorius, 1979).
Referring to Figure 26, RNA can be seer to be a single
strand with occasional convoluted regions. No studies
have been made on RNA of bean viruses but it Is likely
that BCMV and related viruses have single stranded RNA as
is found for other potyvirus grcup members (Hollings and
Brunt, 1981).
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38,000 d
28, 0004¢

Figure 22: 7% acrylamide 3el after electrophresis of 1solate
247  coat protein. Virus was purified by
column chromatography and concentrated to
1 mg/ml by ultracentrifugation. Virus was
then treated with splitting solution and
electrophoresed with standard markec proteins.,
Infected samples consistently showed bands
of 38,000 and 29,000 daltons.

L2 Well 2 marker protein
3 247 sample
4 247 sample
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Figure 23: Estination of the molecl

component of isclate 247

The 104, of markers of known moclecular weight
was plotted against distance migrated by the
proteins (in mm). In this way a standard
curve was constructed from which the unknown
molecular weights of the viral protein bands
could be determined.
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RNA was extracted by the phenol-chloroform
method of Perry et al. (1972). RNA bands
were scanned at 254 nm after staining with

ethidium bromide.
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Figure 2S: Estimation of the molecular weight of 247 RNA

A standard curve was constructed by plotting
the log 0 of known mclecular weights against
distancé migrated cn the gel (in mm). From
the standard curve, the molecular weight of
247 RNA was estimated to ke 3,5 x 10 % daltons.
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Figure 26: Electron micrograph of purified 247 RNA

Visualization of RNA was carried out to
determine strandedness (x 50,000; platinum
shadowing).
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3,9, Strain determination

w

From the indicator species, gel diffusion and jmmunoelectron=
icrodcopy studies, . it agpeagped as if isolate 247 was

1ikely to be BCMV. It therefore seeﬁed imponiént‘td'iﬁw«n:w~
ascertain which strain of virus the isclate closely
resembled. Although the most reliable method of strain
determination is by serological reactions with different
strain specific antisera, this could not be performed in

the current study as sera were unavailable worldwide.

For this reason, the well documen*-ed method of prijfhout
(1978) was followed to determine the strain of BCMV in

the study. The work done by Drijfhout {1978) using
differential hosts for the determination of BCMV strains
solved the confusion at the rime and until strain specific
sera beconme available, will remain the most approgriate

method.

The results of jnoculations on & differential host range

of Phaseolus vulgaris varieties suggest that the strain

of virus may be related to NL3 (Table 12). The range

of symptoms produced were similar to those documented for
NLS (brijfhout, 1978), although certain differences were
apparent. Cultivars of Groups 3 and 4 were considered
tolerant because the differential hosts showed no Symptoms 4
whereas mosaic has previously peen recorded for NLS., Group
6 also reacted differently; the isolate causing local lesions
on Phaseolus vulgaris var. sMonroe", which does not occur
with strain NLS. Reactions in all other groups (Figure
27) however correlated well with those documented for NL.S.
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Figure 27:

infection with 247 isclate.

a) Group 1: Phaseclus vulgaris var. "Comptesse
4e Champord" showing local lesions
(LL)

lus vulzaris var.

o)
nWintergreen" showing extensive

systemic black vein necrosis (BVN)



Table 12: Reaction oi cultilvars

Host geno-
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10C.

. ] .
of Phaseolus vulzarls

to isolate 247

Phaseclus vulgaris

H

—~ e
A 2D

=

Symptoms produced 2

weeks post-inoculation

[ - LS S - e . -

1 Diacol calima S yellow systemic mosaic
Canellini S leaf curl
Comptesse de chlorotic local lesions

Chambord

2 Bataaf S leaf curl, mosaic
Redlanas Greenleaf C + S slight leaf distortion

3 Redlands Greenleaf B - T no reaction
Great Northern 1140 - T no reaction
Colombia Pinto - 7T slight yellowing

4 Sanilac - T no reaction
Pinto UI 111 + T slight leaf curl

5 Pinto 114 + S leaf curl, yellowing

6 Monroe + H large brown lesions

8 Cornell 49 - 242 *n H black veinal necrosis
Nep II *n H yellowing, vein necrosis
Seafarer *n H plant death

9 (a) Jubila *n H plant death
Wintergreen *n H black vein necrosis

9 (b) Topcrop *n H black vein necrosis

10 Amanda *n H yellowing, death

KEY: + susceptible, systemic mosaic

*n susceptible,

- no systemic symptoms

systemic necrosis

T tolerant cultivars
S sensitive cultivars
H hypersensitive

cultivars
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3.10. Seed screening programme

To ascertain if the raised antiserum could be used to
detect the presence of virus in seed, the direct ELISA

M + steernigue Jwas-used.. Specific IgG was purlfled ;rom the
raised antiserum and its identity proven using immuno-
electropharesis (against anti-IgG) and polyacrylamide
gel electrophoresis. When electrophoresed on 7% protein
gels, split IgG was found to separate into a high
molecular weight band of 50,000 daltons and a low molecular
weight band of 25,000 daltons. When electrophoresed
without splitting solution, IgG formed 2 single high
molecular weight band of 150,000 daitons@ Immunoelectro=
phoresis of concentrated IgG agalnst anti-rabbit IgG
resulted in a distinct line of precipitation (Figure 28).
Purified IgG was used to coat microtitre plates for the
ELISA. In addition, IgG was cunjugated with alkaline
phosphatase enzyme regquired fo- the direct ELISA to Le
performed.

Initially a grid titration was carried out (Figure 29)
from which it was obvious that wells treated with healthy
sap reacted similarly to the other controls of PBS-Tween
while rows A and B treated with infected material gave

a stronger reaction. As limited amounts of raised anti-
serum were available and as the healthy sap did not react
in the test to any greater extent than buffer alcne, the
serum was not cross-adsorbed before use.

Considering the concentraticn of purified IgG used for
coating the wells, it was obvious that 10 ug/ml gave the
strongest reaction and the greatest difference in intensity
petween infeztsd material and the controls.

As the ELISA test had to be visually assessed, it was
important to have strong colour development, Although
a 1/800 dilution of conjugated IgG gave a specific reactim
with the infected sap, a 1/200 dilition gave a deeper
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Figure 28: Immunoelectrovhoresis of ourified IgG on 2%
agarose jels in barbitone buffer, pH 8,2.
I5G was purified using the standard rivanol/
saturated ammcnium sulphate procedure. A
distinct line of precipitaticn cculd be seen
after staining gels in 0,2% Ccomassie olue in
methanol ancd water.
KEY : Wells : specific IgG

Troughs: anti-rabblit IgG
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and more readily observable reaction. Hence for further

studies plates were coated with IgG at 10 ug/ml and a

1/200 dilution of conjugate was used.

The weak reactions seen in rows E and F may have been due
- « -to.inefficient washing of the plates between reaction

stages. This could obvigﬁsly pe improved by washing the

microtitre plates more than 3 times between steps.

In a second experiment, the specificity of the antiserum
was tested by comparing the reactions of sap from plants
infected with isolate 247 with that of TMV infected plants
and purified TMV. No difference in the intensity cf the
reaction occured when TMV, sap from TMV infected bean
plants or PRS-Tween alone was reactec with coated wells.

A distinct reaction only cecuraed wnhen iLsolate 247 was used

‘as the antigen sourcte.

The ELISA technigue was then extended 2and adapted to test
for virus in bean seed locts, some of which were suspected
of harbouring BCMV. The seeds were various cultivars cf
Phaseolus vulgaris but known nealthy seed was not availabie

for each cultivar tested. The controls used were sugar
bean seed, virus free, (supplied ty Professor B. von
Wechmar) and Phaseclus vulgaris var. npouble Dutch Princess”
supplied by plant and Seed Contrcl. e sead was allowed
to germinate for 48 hcurs prior to us=2 in the ELISA test,
and where appropriate dissected into 1its component parts.
Twenty germinating seeds of each lct werse used in each
test. An intense colour reaction was recorded as
presumptive evidence of virus and giver. a 3 plus (#e+)
rating. The different regions of the seed reacted
differently (Table 13). Although a weak reaction was
obtained with control seed, it was similar in intensity

to that where PBS-Tween alone was used in the test and

this was recorded as a negative reaction (~}).

e R PO T, S PSRRI S
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A complete summary of all reactions of the seed lots
tested is presented in Table 13, An extremely good
relationship was observed between colour intensity
{presumptive evidence of virus presence},and
biological assay of the seed lots, performed by
inoculating each seed lot onto Phaseolus vulgaris
nBataaf", a variety that reacts systemically to BCMV
infection.

The results of this preliminary study showed that the
raised antiserum was capable of detecting virus in
seed and that the embryo from germinating seed may

be the more reliable component to check for the
presence of virus in any BCMV seed screening programme.
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KEY: A concentrated infected sap
B 1/10 infected sap diluted with PBS~Tween
C 1/100 infected sap diluted with PBS-Tween
D 1/1000 infected sap diluted with PBS-Tween
E, F healthy sap, contrel
G PBS=Tween 20 only
2,3,4 : 10 ug/ml coating |
5,557 ¢ 1 ag/ml |
8,9,10: 0,1 ug/ml
2,5,8 ¢ 1/200 dilution of conjugate in PBS-Tween
3,5,9 ¢ 1/300 dilution of cenjugate in PBS-Tween
4,7,11: 1/3200 dilution of conjugate in FPBS=-Tween

Figure 29: ELISA grid titration: purified IgG, conjugate and

sap at differsnt dilutions.
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Table 13: Comparison of seed assay results using the ELISA

technigue and inoculation of indicator plants

L <o B

Seed Lot

- v e o

Elisa test of

whole
seed

e 2 e wm > s D T

seed components
coat embryo cotyledon

Indicator
inoculation

APC 98E31 P1
Various lines E
PC 976 9EA
Yellow haricot
DP 3

Pinto Ul 114A
Bonus Col BCMV
DP 8 & &

P 10D

PC 98261 78/79
A PC 97E25 Pl
A PC 84C7%

B PC 9734 E1
PC 84 C8

A, PC 9427 P2
PC 97-21-E1l

PC 84C1 A

A PC 9417 HZ

A PRETO 145
SUGAR BEAN

+++

t i+

t+ !

I i+

4 ++ e

bkt
4
{

|
t
it

t i+
+ 4+
L

t
(
t

+4 v+ 4+
+ v+ *

4+ +

Numbers of replicates:

Number of seeds used

duplicate

50 seeds per sample were soaked - 20

germinating seeds were selected for

the test and were ground in PBS-Tween
puffer before use in the ELISA

(%%b = UoY% stk )
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d assay results using the ELISA

technigue and inoculation of indicator plants

Seed Lot

Rt a2 S TEETRALIE LTI SNCRE AL

Elisa tesct of seed compéﬁénts

e

p >

~

IR R S Ry A

Indicator

whole coat embryo  cotyledon inoculation
__seed e
APC 98E31 P1 S+ ++ s + +
Various lines E - - - - -
PC 976 9EA + + + - -
Yellow haricot - - - - -
pp 3 - - - - -
Pinto Ul 114A - - - - -
Bonus Col BCMV * - + - +
pDP 8 & & + + + - +
P 10D - - - - -
pPC 98261 78/79 - - - - -
A PC 97E25 P1 - - - - -
A PC 84C7 - - - - -
B PC 9734 E1 - - - - -
pC 84 C8 - - - - -
A PC 9427 P2 - - - - -
PC 97-21-E1 - - - - -
PC 84C1 A *+ 4 +4+ +4 %
A PC 9417 HZ e *
A PRETO 145 4 + +
SUGAR BEAN - " - - -
Numbers of replicates: duplicate

Number of seeds_

50 seeds per sample were soaked - 20

germinating seeds were selected for

the test and were ground in PBS~Tween
buffer before use in the ELISA

(%%b s LoY% qﬁﬁwﬁ@h@é)
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CHAPTER 4

« we-me  Digcugsion.and Conclusion. .. _..
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Samples collected were subjected to several tests, that is,
inoculation on a host rahge, purification and electron
microscopy. Of all the samples collected from the farms
only those obtained from Witkop, Potchefstroom and Ermelo
produced symptoms on the indicator plants (Table 8).
Indeed, these samples showed viral symptoms on the leaves
when the material was originally collected from the farms.
The plants obtained from Witkop were severely stunted and
yellowed, while other plants showed milder symptoms
confined to the leaves and were primarily a form of leaf
yellowing or mosaic.

Leaf material of sample ¢ from Potchefstroom was the only
sample showing unusual symptoms when collected. The
symptoms were typical of those traditionally caused by
mycoplasmas, such as stunting, proliferation of branches
and small leaves. Symptoms however were produced on
indicator plants implying the presence of a pathogen that
could be sap transmissible, such as a virus rather than an
MLO., No particles however could be detected in leaf dips
or after purification of the leaf material.

Leaf dips using sap from infected leaves failed to show the
presence of viral particles for most of the samples,
possibly due to low virus concentrations. Virus par=icles
were only detected in expressed sap of 4 samples

(Table 10). Sample 7 from Potchefstroom was severely
infected and flexuous rods were seen under the electron
microscope (Figure 3). The particles measured 750 nm in
length and 15 nm in width. These values closely approximate
those obtained by Bos (1971) for 2CMV. An identical particle,
in terms of morphology and dimensions was isolated from
infected leaves of samples 247 and 259 grown from seed as
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well as from leaves of the propagation host (Figure 9). A
spherical particle was seen in expressed sap from the
@?rg&gg%&wgamg{g‘&?ig&;grz)u The diameter was approximately
26 nme. - = # A R
When leaf samples were purified however, 4 additional
samples showed the psesénce of viral particles (Table 101,
supporting the idea that the concentration of virus in the
infected material was not sufficient to enable particles
to be detected in the expressed sap- A total of 8
possible virus isolates were therefore octained, of which

7 were flexuous forms and 1, a small spherical particle.
i1t was extremely difficult to measure the additicnal

4 isolates as particles hecame severely fragmented

in their isolation (Figures 3, 4 and 5). width
mcasusements”however, were consistently in the range of

13 to 15 nm and the particles tended to show a flexuous
mozrphology. No attempt was made to characterize each
isolete as the original symptoms, indicator studies and
electron microscopy suggested that the isolates, especially
of Group II (Table 9), were similar, or possibly strains
of“the;samtyvirus@ Hence detailed studies were performed
on?bﬁ&visol&te only (247), large quantities of seed
infected with this isolate being available. As one of

the aims of the current study was to determine if the
ELISA technigue could be used to detect virus in bean seed,
this isolate appeared to be the most appropriate for
further purification and antiserum production.

The spherical particle was tentatively identified as TNV
on the basis of host range inocculations, morphology

and preliminary investigations of biological properties
(Table 8). The virus is extremely well characterized
(Kassanis, 1970) and is also not an example of a seed
borne pathogen in beans. For these reascns,; the
properties of the virus were not further investigated.



,drm,%ﬂproduced were typical of the potyvirus BCMV (Table 14)@

After inoculation of 247 onto a range of specific host

plants (Table 11}, results indicated that the symptams*
In geneza.gip;zftliﬁ;igmﬁave restricted host tanges’ "
and induce mosaic or mottle symptoms in leaves (Holling
and Brunt, 1981).

The properties of the purified virus from this sample
supported the tentative identification of a potyvirus.
A& range of purification procedures was used includia
general metiods (2 and 3 (2.3.)) and pzacedures7*
optimized for BCMV purification (4 (2.3.)}), the latt
being the most successful method for the isolation
virus, not only from sample 247, but also from othe
samples, again suggesting that thre flexuous isola
mey be of a similar nature. R

Cn the basis of these preliminary invcst&qatic
isolates 247, 259 and Potchefstroom 7 were tent&tivc
identified as BCMV and this was later confirmed us. g
gerological techniques (3.6.5.; Figures 19 and 20}» B
studies on the 247 isolate were performed in an aﬁﬁéﬁg
chaxacterize it and develop methadclogy fo: d-ttct
pxesence in seed. TEEERE

The best propagating host was found to be ng;ﬂ

var. "Doubla Dutch Princess” (Figures 6 and 7} in
the isolate produced mosaic and attained a high incﬁqh>
concentration for purification. By comparison. tc cth&;
systemic viruses however, the yield of virus per 00
¢rams of infected leaves was low; therefore several ;,'
‘hundred grams of infected material was essential befor
purification could be carried out. Leaves were :ollect

to 15 days after inoculation and the virus purified immedis
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When purifying elongated viruses there are two main
difficulties to overcome: aggregation and rregmentetlon
(Huttinge, '1973). Of all the purification procedures
used, procedure 4 {2.3.4.) promoted by Jafarpouz €t ar.;y "™
(1979) gave the highest yield of virus and the best o
purity. N
Several methods, such as chat proposed by Morales (1979)
for BCMV were totally unsuccessful, the use of high l\
concentration (0,5M) potassium phosphate buffer in the
initial purification step resulting in the precipitation
of phosphate and virus at 4 C the temperature at which
all procedures are carried out. It was then impossible
to resuspend the samples@ Potassium phosphate buffers :
form the basis of most purification procedures for BCMV but
the mclarity should not exceed 0,05 M when working at 4 C@
Sap extracts wece best clarified with an equal volume
of cold chloroform which removed most plant components
and pigments. After centrifugation,; virus was pseeipiteted
from clarified extracts using PEG (MWT 6, 000) and sodium
chloride, 7% (w/v) PEG being used instead of tae
recommended 8% (Jafarpour et al., 1979), so that the
pellets could be more readily resuspended, ‘
Indeed, Huttinga (1973) has suggested that concenﬁretions
of as little as 2 to 4% PEG may induce severe aggregation,
making resuspension of virus impossible in small amounts
of buffer. However the use of PEG circumvents the
prohlem of virus concentration by several cycles of
ultracentrifugation which causes breakage of flexuous
rods, although as stated, resuspension after pre~ipitation
- be incomplete (Hamilton et al., 1981).
Purificetion buffer and pH may also affect solubility
(Huttinga, 1973}, although in the current study, a moderate
pH buffer syster was used (2.3.4).

Several problems were encountered when purifying the 247
isolate. Like most elongated viruses, it had a tendency




to aggregate side by side or end to end; and resuspenszep
fragmented the particles (Figures 9, 11 and 13), making
measurement difficult, Yield of virus was reduced,

- =+ probalbly because oéradacsgtian,tewceLL.dabziaﬁwﬁnehﬂw,,“gic‘“w5;

sedimenting of BCMV with chloroplasts being well
documented (Bos, 1971).

Purification procedures for potyviruses are increasing,
but the general conclusion from most reports seems to be
that even with complicated procedures; only small: amounts
of virus can be otained and that meti ods for purifying

one virus cannot generally be applied to other members of
the same group. The previous lack of information relating
to chemical properties of potyviruses may be attributed

to difficulties in purification. Until an ideal means

of obtaining a pure sample can be found, research in this
field is restricted. Also, owing to the brief longevity
in vitro (3.4.), isolate 247 could not be stored for long
pericds as it disintegrated into components. When virus
was required for any experimental procecure therefoze, it
had to be rapidly purified and used immediately.

?or the determination of physiochemica; prope:ties

and the production of antiserum, highly purified p:epa:atians

were required and additional steps in purification had %o
be used to eliminate contaminating host components. '

Differential centrifugation produced virus preparations
of sufficient purity for use in electron microscopy;
gel diffusion and other serolegical proceduzés@ Purity
was increased with the use of gradients and column
fractionation. Sucrose gradients were found to be more
convenient than caesium chloride, and obviously less
expensive with much shorter centrifugation times. There
were however several problems. The osmolarity of the

sucrose solutions, even when prepared in resuspension buffer

(Appendix I) damaged intact virus particles. It was




essential to dialyse or centrifuge'cut'thé'ex¢ess‘$ﬁeréséfi5‘l
from pure prepazations or virus tended to dissociate
which made its recovery impossible. :

Um"’ : > & R @ e ”» q-*vo B4y W me

Caesium chloride gradients provided extremely pure virus
samples (Figures 12 and 13) as opposed to sucrose
gradients (Figures 10 and 11). In caesium gradients
host components were found to separate as a band of -
higher density above the opalescent virus band therefore
contamination was reduced. The buoyant density value

of virus in caesium chloride was 1,27 g/cm® which was

' slightly lower than the average value for members of the

potyvirus group (1,31 g/cm ), suggested by Hollings and
Brunt (1981).

The use of both types of gradients was not without difficultyu
Yield losses occured with fractionation of the virus band

and as only small amounts of virus could be sepawated cn e
these gxadients, the method was inefficient. -

purification problems seemed to be overcome with the use e
of the contzolled pore glass bead column. Paztially
pusified vigus could easily be separated from host
compcnants after passing through the column. High ,
moleculax welght host proteins were trapped at the tcp
of the column while low molecular weight components were
eluted before the virus sample {(Figure 14). BCMV did
not elute as a sharp peak, characteristic of isometric )
and other small viruses, but as a curve with tra;ling
edges. The curve may be related to virus structure as
the elongated particles invariably become fragmented
during the purification procedures.

Other advantages of column fractionation were that:
a) larger volumes (1,0 = 1,5 mls) of partially purified
virus could be applied, as opposed to 0,5 mls for
gradients, and the concentration of debris in the

s a @ el sl 4 WDTE . Aee aegen "Q"*""h :n_,‘
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. sample had little effect on virus purity and resolution
of bands. Virus was extremely well separated as ssen
in the U.V. absorption profile (Figure 14} and fronm

- electron microscopv on pelleted fractions (Figure 15).

e -

b} Chromatography using CPG totally avoids damage by

gravitational fields and osmotic shock, yilelding a
product suitable for electron microscopy or other |
tests without the need to remove gradient material
{Barton, 1977). Concentration by ultracenurifugaﬁion
yielded a pure virus product.

c) Several separations could be done on one column, a
- -brief time interval separating each one, without the
fear of contamination. The separation profiles of
healthy samples were compared with those obtained
from virus infected material. The peak known to bc
that of viral particles was not present in healthy
scans.

Pure virus required in the chemical characterization tests

was therefore prepared using the glass bead column as it

was found to be the most efficient method of purification.
» o L
Biological properties of isolated virus were also used as
& guide in identification. Estimations of thermal
inactivation point(T.I.P), dilution end point (D.E.P.)
and longev'ty in vitro (L.I.V.) of the isolate were first
made using Phaseolus vulga:is var. "Beka". The T.I.P.
was between 55°C and 60 cQ the D.E.P. between 10~ =3 and
107 ~4 and the L.I.V. was one day. Symptoms on inoculated
leaves appeared as necrotic local lesions that rapidly
coalesced. Ideally, host plants selected for biological
assays should show local lesions that are clear enough to
be counted. The symptoms expressed on Phaseolus vulgaris
var. "Beka" were not totally satisfactory so the test was
repeated using detached leaves pf a highly susceptible
local lesion host, Chenopodium guinoa {(Noordam, 1973},
The 247 isolate produced diffuse chlorotic local lesions,




about 2 mm in diameter on inoculated leaves, butvaﬁ hign;
virus concentration only. Leaves started to yellow and

die before the test could be completed. It was impcssible
to obtain any conclusive results and here it is clear

that intact plants seemed essent‘al for such assays. =~ 7

The test was repeated using Phaseolus vulgaris var. "Manroe"
as several studies observed consistent production of local
lesions on primary leaves following mechanical inoculation
with BCMV (Saettler and Trujillo, 1972; Tzujlllo and
Saettiezw 1972; Meiners et al., 1978). As stated
greviously preliminary investigations suggested that the
247 isclate was BCMV. ‘
Necrotic local lesions appeared on primary leaves about

one week after inoculation (Figure 8(a)). These gradually
enlazged, developing into characteristic ring-spot type
lesionsw accompanied by limited vascular necrosis (Figures
8(b} and (c)). Lesion number appeared to be directly

pr cportional to dilution factor of inoculum therefore
zesults were based on visual observatiocns and rno quanti-
tative data on lesion number was recorded. Results obtaind
were also similar to those values for the isolate assayed
on Lhaseglus vulgaris var. "Eeka’ The T.I.P. was between
50° and 60°C, the D.E.P. ranged between 10~ and 10*4

and the L.I.V. was one day. In all experiments, control
pigats,showed no symptoms.,

In general, the results for the biological properties
correspond to those documented for BCMV by Bos (1971).
The T.I.P. is usually about 60°C but this value can vary
depending on virus source, strain and environmental
conditions. The D.E.P. is between 10™> and 10~% and
sap retains infectivity at room temperature for 1 to

4 days.

Immuncelectronmicroscopy and double diffusion techniques'
in agar were used to confirm the identity of the 247

Tr
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'iihe tesﬁ‘was repaeted using

about 2 mm in diameter on inoculated leaves, but &t high e
virus concentration only. Leaves started to yellow ead

die before the test could be completed. It was impcssible
to gbtagg,any gonclusive results and here it is clear
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that intact plants seemed essential for such’ aseays» .

Phaseolus vulgaris ve;@kﬁﬁonxcewy

as several studies observed consistent production of local -
1esicns on primary leaves following mechanical inoculaticn .
with BCMV (Saettler and Trujillo, 1972; Trujillo and |
S&ettlez, 1972; Meiners et al., 1978). As stated ;
previously preliminary investigations suggested that the j'“

247 isclete was BCMV. e i
Necrotic local lesions appeared on primary leaves about S
one week after inoculation (Figure 8(a)). These gradually
enlarged, developing into characteris.ic ring-spot type ,'  H_‘
lesians9 uccompenied by limited vescula; necrosis. ﬁFiguges;f;?ff
a(b) and {(c)). Lesion number appeared to be directly
pscpa:tionel to dilution factor of inoculum therefore

zesulﬁs wese based on visual ocbservations and no quanti~~‘

,‘tative data on lesion number was recorded. Results obtaind .

were also similaz to those values for the isolate esseyed
on {beseolus vulgaris var. "Beka! The T.I.P. was between,;
50° and 60°C, the D.E.P. ranged between 10™> and 107

' and the L.I.V. was one day. In all experiments, ccntrol

plgg;g‘showed no symptoms.,

In general, the results for the biological propeéties‘
Gotrespond to those documented for BCMV by Bos (1971)»
The T.I.P. is usually about 60 °C but this value can vary
depending on virus source, strain and environmental
conditions. The 0.E.P. is between 10~° and- 10”% anda

sap retains infectivity at room temperature for 1 to

4 days.

;mmunoelectronmicroscopy and double diffugion techniqaes,
in agar were used to confirm the identity of the 247
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isolate known BCMV antiserum (prepared against BCMV and
supplied from the World Reference Collection, Wageningen@‘
Netherlands) was used in all experiments. The antiserum |
had a titre of 1/16.

5 oy b A 9 I S SR B W I W’r maﬂw&h—)'u-ao% ;.m.

Using Ouchterlony plates, a distinct line of precipic&tion
occured when purified virus (1 mg/ml of the 247 isolate) was
reacted against supplied BCMV antiserum (1/16) (Figure
19¢b)). Freeze dried samples of the remaining isolates
were also tested against supplied BCMV antiserum. When
reacted, only samples 259 and 7 (Potchefstroom} showed

a line of precipitation similar to that obtained with

247 indicating that the viruses present were p:obably

also BCMV. All other samples failed to show a precipzt&ti@n
reaction.

Double diffusion tests were at first confined to isometxic
viruses that diffuse easily through agar. Rods and
filaments greater than 600 nm 1n size always aqgregated *
and were only able to diffuse once treated with SDS so
that chemical dissociation of the virus into components )
occurs. In spite of a great deal of controversy, sevezal
workers have shown that SDS-treated flexuous virus may
be detected with double diffusion tests (Gooding and
Bing, 1970; Purcifull and Gooding, 1970; Uyemoto et al.,
1972 and Purcifull and Batchelor, 1977). It should be
pointed out that only in cases where a great deal of
disparity exists between whole virus and its SDs-denatured
coat protein need an antiserum to the latter be made to
achieve immunodiffusion results (Purcifull and Batchelor,
1977). Indeed the new Western blotting procedure routinely
used in many laboratories relies on recognition by antibody
of antigens separated in an SDS-gel system.

For immunoelectronmicroscopy, formvar grids were always
used despite reports by Derrick and Bolansky (1976) that
serum proteins do not stick. The supplied BCMV antiserum
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was used for coating grids and virus particles from the

247 sample were seen firmly attached, methodology

affecting only the concentration of packground debﬁis
(Figure 20). The rinsing of grids between reaction

stages (2.6.7.) provided a clearer packground and particles

were more easily visible {Figure 20). e mE s s S ee e s
reeze dried samples from the survey were tested using

the most complex IEM method (2.6.7(3)) and supplied

BCMV antiserum. Particles were detected on grids only

in samples 259, 7 (potchefstroom) and 1 (Witkopl. ;
Results again indicate that these samples contained a similar ;:

virus to that of the 247 isolate. Other samples may have ‘

contained different BCMV strains or even different viruses

and therefore gave no reactions with Ouchterlony plates

or IEM. The specificity of the trapping reaction would

in all probability have peen due to BCMV antibodies as

nermal serum coated grids had no virus particles attached.

In addition, the number of attached particles appeared £o
jncrease with increased virus concentration. :

The use of concentrated antigen preparations and PBS.
washing steps gave the pest results and method 3.(2.6.7.)
inérensed clarity as particles pecame surrounded by &
halo of antibody, forming a more visible complex.

1t should be noted that only one set of experimental
conditions was tested., Variations in reaction times,
dilutions of serum and temperatures £or incubating samples
are factors that could influence the numbers of particles
attached to grids (Derrick, 1973).
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To summarize, it was found that:

1. washing of the grids, as described in 2.6. 7. (2) and (3)
removed excess salts, non specific proteins, cell
debris and impurities but did not disturb the virus/
e e antibody caomplex. . .

b

2. failure to wash grids resulted in a granular background
' and crystaline deposits

3. all methods gave good resolution, more virus always
being detected than in conventional leaf dips

4. the incubation times and dilutions chosen were
arbitary and manipulation of these conditions may

~  possibly have given better results

5. the inclusion of the "decoration step” (2.6.7.(3))
' inecreased the width of particles meking them easier
to see.

IEK was used to confizm the identity <f the 247 isolete@
This technique is extremely sensitive, quick and zelieble
for the identification of unknown viruses. It has been
well documented by Thomas (1980) that IEM can be used

in place of other sercloqicel methods, such as the E&ISAQ,
for virus detection 2nd identification, IEM being up to
thzee times more sensitive. IEM was selected to identify
the isclaﬁe for practical reasons, such as limited serum
weilebility0 It confirmed the tentative results from
the Ouchterlony plates, indicator and biological property
studies already discussed. Hence it appeacrs that the 247
isolate is BCMV and that samples 259, 7 (Potchefstroom)
and 1 (Witkop) may also be BCMV,

The viral nature of a pathogen is not completely established
unless it has bezn physicchemically characterized.

Emphasis therefore falls on molecular structure, especially
of the coat protein and nucleic acid (Bos, 1978).
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In the chemical characterization, isolated virus protein and
nucleic acid components were subjected to polyacrylamide
gel electrophoresis to determine their molecular weights.

Lo Wk G W e Con

o

In the protein determinations, the wshort treatments® of ~ '~

_sap samples described by Paul (1974) were unsuccessful.

The presence of virus bands could only be detected after
careful and thorough purification of virus from host
componentss Infected material consistently possessed
gwo protein bands, a low molecular weight component of

29,000 daltons and a high molecular weight component of

38,000 daltons (Figures 22 and 23). These bands were not
found in healthy samples treated in exactly the same way.
The bands appeared irrespective of the purification
procedure followed, or the concentration of acrylamide
used in the gel. Results obtained show some cogxelation
with previous reports on the protein components of BCMV
(Moghal and Franki, 1976) and other potyviruses (Hattinga
and Mosch, 1974). Most workers have recorded a hegvy and
a light component, varying in ccncentration depending en
the virus. Morales (1979) however suggests the presence

' of three protein subunits of 29,000, 32,000 and 34,000
daltons respectively, while Uyemoto et al.(1972) detected

a single band of 35,000 daltons. Generally, values reported
£or BCMV are much higher than for other potyvirus members ‘
but there is little agreement about the number of protein
components present (Moghal and Franki, 1976), or their
origin.

Gough and Shukla (1981) have recently commented on the
apparent heterogeneity of potyvirus coat proteins. The

high molecular weight component is now generally accepted

to be that of capsid protein while several explanations

nave been proposed about the origin of the other bands.
Hollings and Brunt {1981) have suggested that proteolytic
enzyme degradation of protein may account for the low
molecular welght components as these increase in concentration
with storage of virus. Hill and Benner (1980) proposed,

"

e
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on the basis of amino acid analysis, that viruses like BCMV

dissociate into stacking rings of different sizes. They

suggest that these components of different sizes may account

T semme "B Bl RCTPoNETR ETE - PaTcerns obtainedy v o e i s

The high molecular weight value obtained for thils isolate
could also reflect a strain difference. No comparisons
on the molecular weights of the protein from different
BCMV strains have been made.

Peptide maps and amino acid analysis may give a better
indication of coat protein properties as considerable
variations obtained with SDS~PAGE have led to some confu=
sion about potyvirus molecular welghts. It was hoped

that better results for protein gels could be obtained by
increasing the sensitivity of the staining technique for
protein. The photographic staining method of Merril et a1@
(1981) however proved unsuccessful, as gels were probably
beyond the specified thickness required for chemical ‘
penentration.

Even less information is known about the genome properties
of potyviruses, especially BCMV, Of the few viruses studied
that are representative of the group, the nucleic acid
comprises 5 to 6% of the total particle, and is

qenerally a single stranded RNA molecule, having a
molecular weight in the region of 3,0 x 106 daltons

(Leakle and Pares, 1977). 1In the current study, the
molecular weight of isolated RNA was estimated at 3,5 x 106
daltons. No comparison can be made with the literature as
BCMV RNA has not been investigated. The RNA from a
structurally similar particle, TEV, has a molecular

weight of 3,2 x 106 daltons (Hari, 1981) which is not
dissimilar to the value obtained experimentally for 247

RNA in the current study (Figures 24 and 25).
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The phenol:chloroform procedure (Perry et aigg“1972§

gave the gzeateSt yield and purity of RNA in spite of
reports that viral RNA can be sensitive to phenacl o
(Bruering, 1972}. Discontinuous gel systems {(petri, 1972)
= +: - -ggye ‘the besteseparatisn of RNA. species. The best stain
was ethidium bromide, as RNA bands were more clearly :
visible than when using methylene blue, although gels had
‘Eb;be scanned at U.V. wavelengths (254 nm) which may not
always be as sensitive as visible wavelengtrhs (Aron, 1980).
Ngve:thqless the RNA bands were always sufficientiy‘clea:
and easily detected when gels were scanned at U.V.
wavelengths. |

3lectron microscopy was used to visnalize the structure.
df‘RNA‘(Figuze 26}, Such techniques are successfully
used to study nucleic acid structures of animal and

humgp viruses (Coetzee and Pretorius, 1979). RNA strands
éppesged as collapsed single stranded threads yst the use .
of formamide helped retain some secondary stcucture. The

,l4m wl!vsimply to show the single stranded nature of the ‘7'

isolated RNA,  This could also have been done by
electrophoresis of RNA on a series of gels of different
scrylamide concentrations. Such methods however requige,
. considerable amounts of purified RNA and hence were not
_practical in the current study where large amounts of
‘piant material would have been required.

Another property associated with potyvirus infections
is the formation cf distinct membranous and other inclusions
in the infected cells. BCMV is known to form distinct
cytological entitiles that can be used for the rapid
identification of infection (Edwardson, 1974}, Cylindrical
inclusions were seen in the cytoplasm of infected cells
(Figure 21(a)) but characteristic "pinwheel” inclusions
were not seen. It !s possible that the cylindrical
structures represented transitional forms such as laminated
plates. The cytoplasm showed other changes however,

WP

"
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. pecoming amorphous masses due to the degeneration of

LThe literature suggests that there are several str

characteristic of & potyvirus infection, such es wall
proliferetions and the presence of possible vi;al‘ (
particles (Pigures 21(a), (e) and (d) o

e;ysLal inclusions were present in the cytoplasm (Figu:e ,:"
71(p)), " Théte™ cke” ﬁhéught*to»be tnduced-as &-CORSMIUEACE ..
vt aitered cell metabolism with infection and are usually
'ion viral structures. Changes in metabolism account
_directly for the alterations in cytoplasmic content.
Organelles become modified, chloroplasts for exemple

_grana. Structurel modifications of cell walls and
7plasmalemme occured frequently. Membranes prclifegated
and combined often with vesicles of wall material tc
,ferm wall proliferetions or peramurel bodies.

' In general these are the changes that were seen in BCMV

‘infected cells.

ginsngn" "

of BCMV and there has always been a great deal of

v,confusicn and misunderstanding related to their ident;e~-,@ﬂ

fication. As there are no basic differences in the common
mosalc symptoms expressed by the strains of BCMV, & strain
Lmey be ‘characterized by two main methods:

1. using serolagical tests such as the ELIS&W with knewn
_antisera to the different BCMV strains. This is
obviocusly the most sensitive and the most precise
way of strain determination, yet this method cannot
always be used, The availability of the antisera is
the determining factor.

2.

pathogenicity spectrum. This was the method selected
to determine the strain of BCMV due to the lack of
strain specific antisera being available.




. Initially_-test hosts . used in each country differed'igofo;*‘**‘
interpretations were questionable¢ Recently howevex,"J“
intefnatioﬁally accepteble and standard range of differeuw‘u_
cultivars for the identification of BCMV strains haq been‘uw
developed &DrijfhoutQ 1978}. Strains have now been
differentiated and classified on the basis of"reactioﬁ«~?% o
non ﬁhese differential hosts. .

From the host reactions documented in Table 12 and Figure 2?*71
the strain was essigned to Group VI of the scheme desuribed o
by Brij€hout {1978}, {Table 15). The host reactions of cultivarm
in Group 8 are most importent in this respect as only Group
VI strains cause a systemi~ reaction in all plants at.the
temperature range (22% t¢ .- C) used. - The host reections<°lﬁ:
of cultivars in Group 10 4 :tinguish cleaily between the two
strain representatives of Group VI. Phaseolus vul‘exig'vars ‘)f
"Amanda® only reacts to strain MLS and not to NL3. The tio
stzains can only be distinguished on this basis as reaot onsf7
ere identicel for all other groups. 5

Results of the current study indicate that the 247 isolate S
caused host reactions most similar to those symptoms induaed\f”
by strain NLS. However there are some dixferences when °‘
results obtained from this isolate are compared with the
1iterature. Host Groups 3 and 4 were considered tolerant
because differentials showed no real symptoms, whereas . '
Drijfhout {1978) recorded a systemic mosaic for NL5 with
these host groups, and hence ne considered these cultivars
to be susceptible. The results obtained for host Group

6 also differed; the reactions on nMonroe" were those of
local lesions followed by a limited degree of necrosis ‘
around the lesions; therefore the cultivar was considered
susceptible. Drijfhout had not recorded systemic symptoms
and considered the cultivar resistant. Results however
correlated directly with those he obtained for NLS
inoculated onto cultivars of Groups 8 to 10. No other
virus strain recorded causes systemic necrosis in every




oY fwv P &

Amember of these groups except NLS@ The unknown iscla&e ;
‘could also be distinguished from strain M7 on these host - -
zeaciicns@ Hence it appears that the isolate may - be & new s
strain 9r {t may be possible that two strains were psesant
in the, infected seed causing the host reactions recorded AR
and not one single’ strwin™at all. Fre gtﬂaans poewiously .
_thought to occur in South Africa are NL7 and NL8 (V@rmeuleﬁw]ﬂ!f, |
7pess, comm. } . e

The results of the current study suggest that NLS or a
totally new strain of BCMV may recently have been inﬁreai
;duceé and that this new strain was responsible for the ‘
*symptems produced in sample 247 in 1978. ’

Qne m&joz problem encountered when using the strain systami 
proposed by prijfhout (1978) is that it does not allaw zéf@ )
~ the detection of mixed infections. A more sensitive L
teéhawquc such as the use of serological reactions cauld
pcssibly alleviate this problem and it remains pcss&bla
that sample 247 was infected with more than one strain.

»:The«main festures-of -the-isolate studied in detaii Lnt\ﬁ . o
the current research are presented in Table 14. g~'iffff

A cemparison is made between the properties of the B

¥ i B x A
isoiate and features characteristic of the pctyvi:us o fff
_qgoup and the BCMV type strain. : - [’@ ,jJ;;;

kSQed transmission is now known to be an important dispexs&l A
*meehanism for several viruses (Shepherd, 1972}, Reddick et
and Stewart (1919(&) and (b)) were the first to show that :
BCMV was seed porne in different varieties of Phaseolu5ﬂ  :  “§‘
vulgagis. As much as 50% of the progeny may be diseased .
&Qpﬁndinq on the time of infection and environmental : : :~{; 
conditions. The success of seed transmission is now : | ;
recognised to be an indirect cause of BCMV epidemics. ‘ :
Randomly distributed infected seed are sources of disease ,
when plants emerge from the soil and the timing is right }
for virus spread. Such seed borne sources of virus are 1
|

l%xtremely important in the case of BCMV, epidemics frequently
foesultinq as the established virus is efficiently spread oy
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el
py insect vectors (Jafarpour et al., 1979}.

BCMV therefore has the potential for rapid spread once
estsblished and as the primary source of infection is

. through seed, virus free seed is gssgqtial for disesse
control. Current seed certification ptOgramﬁéé”téi?ﬁﬁf”'
the visual assessment of seed lots tested in greenhouses.
These methods are laborious and time ccnsuminqgvsequise '
1arge areas of space and frequently fail to detect latent
infections. The direct ELISA techrique using raised :
antiserum was adapted for ths detection of BCMV‘inféééd
lots (Appendix III). The antiserunm, although not having

an exceptionally high titre was shown by various methods

to have a sufficiently high titre for use in the ELISA
test and limited cross reactivity with host materials.

Different serological tests were used to determine the
titre of the antiserum raised in rabbit against the | -
purified isolate, considered to be BCMV. SR

The microprecipitin test (Figure 16) was only used to give

an indication of a rising titre after the tmmunization
schedule. As soon as the titre was stable, the rabbit
was bled by cardiac puncture. The test was advantageous
as only minute quantities of reagents had to be used. -
Virus purity however, had to be extremely high so that
precipitates could be clearly seen and not obscured by
debris. The highest titre recorded was 1/256 as when
the test was repeated after a further week,; the titre

had not increased appreciably. The rabbit was bled and
the final titre was determined using the tube precipitin
test (Figure 17). The test may have required greater
volumes of reagents but precipitates were easier to

detect. The titre was 1/512 using purified virus at a
constant optimum concentration of 1/8. A bulky, flocculent
precipitate, characteristic of eleongated virus paxticles,‘
was produced after the overnight incubation at 4°C.




A parallel test was performed with purified, uninfected
material. A& very slight hazyness, indicating a low |
degree of cross reaction, was observed but only when
high antibody concentrations were used,

® oo

As serum titre was low when determined 5y‘canvenﬁic&al,géw@

methods, a more sensitive method, namely passive
haemagglutination (Figure 18) was attempted. virus
could be detected in purified and partially purified

sap. The titre varied between 1/512 and 1/1024.depe§dinq -

on the purity of the virus sample. In spite of having
the potential for jncreased sensitivity, the results

cbtained were similar to those of the microprecipitin
and tube precipitin tests.

The titre of the raised antiserum was not extremely

high but it should be pointed out that there are
difficulties when preparing virus preparations for
antiserum production. Indeed BCMV itself is documented
as being an extremely poor immunogen and the highest
titre ever recorded has only been 172048 (Bos, 1971).

Tt is difficult to obtain pure samples of any flexuous
particle as host material tends to aggregate with vizus

during purification. For this reason, non specific host

géactiéns frequently occur in serological tests. In thé :

current study, little cross-reactivity was measured.

Tq;gvoid any cross reactivity, serum can be cross abéogbedzw

to host fractions to remove anti-host-antibodies but this
is not always practical, especially if serum is in short

supply.

Double diffusion techniques were of little use &as
indicators of antibody titre. The titre was found to be
much lower, 1/32, than obtained by other methods. Virus
had to be disrupted using-SDS hefore migration occured
(Figure 19(a)) and it is likely that the properties of
the disrupted virus protein differed from complete vipus.
Tndeed, Moghal and Franki (1976) have stated that as

T




C e S e,

138,

dissociated proteins are poorer immunogens, 1if reacted

to serum to intact particles, the titre should be high

to =ause a reaction. It has,also‘bgen suggested'by‘A
Uyemoto et al. (1972) that better results can be Obtéiﬁed :
when antiserum is.incorportated into ;gnglgtes;h ThisV" |
obviously depends on the availability of serum. ""in che ”
double diffusion tests in the curzént'study@ strong
pracipitin iines formed between isolates 247, 7 (potchef-
stroom) and 1 (Witkop) using raised antiserum. A weak |

reaction occured with healthy plant sap (Pigure 19(al}.

The ELISA technique proposed by Clark and Adams (1977)

was fqlléwed except for the use of a more concentrated

gluteraldehyde solution in the coupling proCédurcgrwﬁiéﬁ '"7"
would not have affected the enzyme (Avrameas and‘fgrhyéﬁg‘f”

1971}@ Colour intensity of the reaction was not read
Sp@ctgophoﬁcmetridally as there were no facilities, o

hence reagent concentrations had to be chosen to allow

the difference between positive and negative (same as
control wells) reactiocns to be readily assessed by
visual means. | | S

In the study, individual seed lots were also inc:u1a€§§wf
onto Phaseolus vulgaris var. wpatsaf® a variety highly
susceptible to BCMV infections. A good correlation was

obtained with the results of the ELISA t°°““iqué'<rab1¢‘13,; *,;
Seed lots were tested not only for the presence,bit also

the distribution pattern of virus within the seed.

The results suggest that BCMV can be readily detected in
seeddoatsrand embryos yet only occasionally in COtyledons
(Table 13). This proposed distribution pattern of BCMV

in seed seems to correlate well with results published

py Ephrain et al.; (1974) and provides further evidence
for the conclusion that the isolate studied is indeed )
BCMV., Their assay data also suggests that BCMV is
internally borne, primarily in embryos and cotyledons

and that low levels of infectivity are associated with

AR & e Lol ST A FEACES
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seedcoats which can be readily eldiminated by surface :
decontamination of seeds. Soaking of all seeds tested
probably accounted for the lack of detectable virus in

seedcoats in the current study (Table 13). It has been -

, Buggested that BCMV in seedcoats becomes inactivated as

e A

the seed matmzes and the coat becomes dessicated and .~ =

hence it is unliikely that this component is a resl.

‘source of infection (Hoch and Provvidenti, 1978).

Ultrastrocturally, the distribution pattern of BCMV in
infected seed has also been investigated by Hoch and
Provvidenti (1978). Virus aggregates and inclusions

 ware observed in tissues of the embryonic axis and

cotyledons which supports the experimental results recordad

"in the current study. Hence it appears that the succassful

transmission .of BCMV is ensured due to the presence, and
hence the protection, of infective particles within the

‘actual seed component. For other bean viruses, such as
" southern bean mosaic virus, seed transmission is not as
“successful as the virus, contained only in seed coats;
. becomes inactivated with the maturation and storage afk

seeds.

~ransmission of virus within seed further undealinqs:the .
necessity for an efficient seed screening programme to
detect viruses such as BCMV. The results of the current

‘study indicate the potential of the ELISA for further use

in the development and introduction of a seed screening

“programme for seed lots that are imported into the country.

For such a programme to be established serum with an -
even greater titre than obtained in the current study
would be desirable. Such serum, after cross adsorption
with healthy sap would be able to detect even the lowest
concantrations of virus in seed or seed components after
germination, as was performed in this study.
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Although‘li samples produced reactions on indicator plants,

only 8 virus isolates were purified from the infected

-e s P & & e g ,
material collected in the Transvaal region. Most of the

isolates appeared to be the same virus as they showed
similar reactions on indicator plants, had a similar
morphology and could be purified using the same methods.
One isolate was completely different. It was a spherical
particle, tentatively identified as TNV on the basis of
host inoculations, limited biological properties and
morphology. The virus was not subjected to further
investigations. All other samples yielded flexuous
particles of a similar size. |

Sample 247 was selected as representative of the flexuous
forms and as it was known to be seed borne, it could be
used to test the ability of an ELISA procedure to detect
virus in seed. The virus was purified and characterized
using several techniques. The identity of this isolate
(and 3 other samples) was confirmed to be BCMV using s
immunoelectronmicroscopy and double diffusion techniques.
Recenzly@ the isclate was also characterized as BCMV at
Wageningen, Netherlands (Vermeulen, pers. comm., 1982).

BCMV is a well documented pathogen of legumes worldwide
and has been suggested as existing in some of the major
pean producing areas of South Africa. Identification of
the virus has been based on symptomatology only and the
virus as such has not been characterized previously in
South Africa.

Results of differential host range studies, biological
properties, particle morphology, capsid protein molecular
weight, strandedness and molecular weight of RNA all
compared favourably with the available data for BCMV.
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‘Little is known about the strains of BCMV that occur in

South Africa. Host reactions on varieties of Phaseolus
| vulgaris suggest that isolate 247 may be a new strain
L e @lmwgh & mixtuze of strains, present in the infectsd

"“@a’@m

mat&risl ceuld acéount for tﬁe résulﬁ“‘ ab*t'&iﬁeé% e "/, L :

"f’fha direct ELISA te@hnique was used to detect virus in :
 ‘seed and resuns suggest a possible distz‘ibution pat’cesn
for the virus in infected seed. Recognition of the
ZMportmee cf geed transmission should promote the. \
development of a ‘reliable screening programme to detect

BCMV in Sead@ h
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AVEQE re5uspension2 0,03 M phosphate buffer pH 7,6




“32 ‘““5 §“§€fc%ﬁt zf
ﬁethanel and 0,05 M En@g@

Chloroform

For ¢ esuspension
and farmation of - .- PH 7,2 containing 1 M Urea and
gtedieats..; - 0,1% 2-merc aptoethaaol .




0,;&%‘; o F o T

a) ﬁataxia;s' 2% fogmvaz Stdﬁk soluticn,"ﬂﬂ&
i ; Ghloroform P e
B) Methéds@ The stock formvar sclution was . diiuﬁed~€ﬁ
 times. & cleaned slide was placed upxighz in the
formwar for a few seconds. Once coated the slide

ﬁfiwas removed and dried upsight on clear tissue
The slide was breathed on to detect the

paper.

- position of the £ilm. A sharp blade was used to
outline the edge of the film and this was floated
: off onto distilled water. The £ilm was used to
,c@at several 200 mesh cappez grids. These were
dreied on filter paper, carbon. coated, and stored in

8 é‘getsi dish until required..

Ehe fellowing technique for the preparation of whcle
r»pi&@t'tissua was amployed@f ,

‘Stodk sadium cacodylate
V“buffar, pH 7,2 21,4 gilitre gd Hz

~;25% stock gluteraldehyde dilute 1:4 with sodium
solution ; cacodylate buffer

'“3@ 4$‘§smium tetroxide ~ dilute 1:4 with scdium
stock solution cacodylate buffer

.4@:Q§5$ aqueous uranyl
.. acetate o
5. Alcohol a 30% to 100% dilution s

€or dehydration is used




s‘immez@ed in glutesaldenyde sazutzgn

10 minutes
10 minutes
10 minutes
20 minutes
20 minutes
20 minutes

( S:Px,wv' ) .

al ﬁatexia,s% .
”?he stanﬁazd embedding medium is fcsmuéated asé
fbilcwss | ;S

RE, S grams

. ,?§§3;;_;  3 grams

'lﬁﬁ$&,)  ‘ 13 grams
"fgéﬁ‘,; jﬂl - 0,2 grams (add just pz&ar to useig

‘ §§}‘Hathodsz
.ﬁil zelzn kzt components were mixed thcrcuthy
, tegoﬁh&rg' Dehydzated material was then subjeé"ﬁ £
’L;the ﬁ@llewing procedure!:










detsrmined as foll@wsa

a—"‘l Omgu @g 1 at 289

( Veler er al ,M"%ﬂ‘; "

a) Matexialsz
i. The following buffers were usadz

al Ceating buffer:
0,05 M sodium carbonate at gH 9 6

Nazces : 1,5 g
"R&HGGS 2,93 g
waﬁa 0 2 g Make up to 1 litrs: and

adjust the pH t0 9, 6

b} Substzata buffer:
10 ¥ diethanolamine adjusted to pﬁ 9,8 with HCL

- diethanolamine 48,5 mls
gd H,0 ~ 400,0 mls
NaN, = 0,1 g Adjust the pH to 9, 3 with
o HC1 and make up to SQva1;~

cl PBS:
1 tablet / 100 ml of gd H2

d) PBS-Tween 20¢
PBS, pH 7,4 with 0,05 % Tween 20

e) 3 M NaOH:
120 g NaOH / 1 litre gd Hzo

All kuffers for stopping the hydrolysis of substxate
contained 0,02 % sodium azide as preservative.



ii. Enzyme:

_ iii. Substrate:

The enzyme alkaline phosphatase was useé

- Aw L re»uw»si‘”« ?uﬁ\.n o'ngn p

- 2=nitrophenyl phosphate was used at 1,0 mg
@oncentraticn in 1 ml of substrate buffaz b

iv. ?olystyrena microtitse plates

v, Tes: samples: S
Tests were made with purified virus samples@ sap
extracts, seeds and seed compcnents®

bl Methods:

Onetmg of purified freeze d:ied IgG was dissolved in
ml of coating huffer@ ?he steck solution wﬁs_‘“

‘1‘gq/m1 and 0 1 pg/ml in coating buffez.‘ Saméies
= were stored in silicon & eated glass vials at AFQ
until used. |

One mg of puzifiad freeze dried IgG was dissolvad in~ f7*fjj
2 mg of alkaline phosphatase. App:oximately 0,5 mls”fj 4 *
of saline was also added. The mixture was dialysed S

extensively against several changes of Pas»ovggnight

 at 4. 10 ul of 25% stock gluteraldehyde solution

was added and the conjugate was then concentrated 10
times using a 'minicon' before being stored in |
silicon treated tubes at 4°C in the presence of 1%
BSA for protection. The conjugate was diluted for
use in the grid titration to 1/22, 1/800 and 1/3200
in PBS-Tween 20. |




virus was purified from systemically inzected 11111
vulgaris var., "Double Dutch Princess”; plants
f“usihg‘%ue“é%andat&”ﬁrﬁcéduzes“ﬁzoyosﬁﬁﬂby%aaf&ggaur%nox:
et al. {1979}, The final step was differential o
centrifugation. Purified preparations were diluted
to 1/10, 1/100 and 1/1000 in PBS-Tween 20 for use
in the grid titration. Sap samples were prepared o
by grinding iufected leaves without buffer in a
ﬁéztar and pestle. Sap was used concentrated or |
diluted to 1/10, 1/100 and 1/100C in PBS-Tween 20.

Seé&‘samples were prepared by soaking about 50 seads

‘of each seed lot in separate petri dishes for 48
hours. Twenty germinating seeds were then selected
“szom each batch, Each seed was carefully dissected
into the following components: embryo, seed cca.tS
'cotyledon and remaining whole seeds. Individual

components were ground in about 2 to 5 mls of PBS- e

Tween 20 in a mortar and pestle. 200 ul of each

- golution was placed in individual wells previousiy
‘coated with IgG at the optimum concentration for
colour reaction determined by the grid titration.
They were incubated overnight at 6 cs washed then

. coated with conjugate. Addition of substrate &nd_
'~ sodium hydroxide were carried out as before for
the ELISA. The results were assessed visually
based on the intensity of the colour reaction.

el R s s T Ay GBS T S L P s o S e O s




The s

o EEL e o n‘.*.‘a&";gogr woE R wpen e w
ey Yo¢1mv h&ricqt
I, 223
Pinto Ul 114 A
7. Bonus Colombian BCMV
4. DP 8 &7
8, PC 10 D
10. PC 9826 1 7 /7%
11, APC 97E 25 p1
12,  APC 97E 31 P1i
13. BPC 97 34 E1i
14. APC 84C 8
15. APC 94 27 p:
16.  PC 97 21 E1
i7,  PC 84 C1 A
18, . APC 9417 H2
19. A PRETO 145
The origins of the seed samples are as follows:
A.  From a yield trial at Potchefst:oom
B.  Prom the breeders!’ nursery at Potchefstroom
i 98 From the breeders’ nursery at Ermelo
D, From a yield trial at Pctchefstroom with seed fsom
 various sources (variety P. vulgaris "Bonus")
E. ~ Seed from plants with virus like symptoms seen in

' Potchefstroom 1980/1981 - unlikely to be bean

*‘96 gﬁ“ﬁg‘*ﬁ &n :s.ua i --@

aed samples Lesbed were the im?léwinézx

APC 84 C?
Varimus Lina

wm

b

common mosaic virus

The crosses of the various samples are as follows:

PC 84 : (Burmea x Great Northern) x (Seafarer x Coffee)
PC 94 : (Seaway x WDP.SPS 25) x NEP IT

PC 97 : (Seafarer x Coffee) x NEP II

PC 98 : (Michelite x Great Northern! x NEP II

The lines from these cross
as single plants in the F4 generation.

e~ were segregates i.e, sclected
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