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Abstract

The efficacy of double antibedy sandwitch (DAS) form of ELISA and the differences in transmission be-
haviour of two closely related persisient phloem restricted circulatively aphid transmitied viruses, tomato yel-
low top virus and beet western yellows virus, was evaluated for the separation of single virion from mixed in-
fection. Both viruses were successfully separated from doubly infected plants on account of extreme specific-
ity, complete absence of heterologous reactivity and sensitivity of this technique.

Introduction

Tomato yellow top virus (TYTV) and Bect Western yellows virus (BWYV) are eco-
nomically destructive viruses of many cultivated plants. The host range of TYTV is
mainly but not entirely restricted to Solanaceous plants (Hassan e¢ al., 1985). BWYV in-
fects plants in about 21 dicotyledonous families, and is the most important virus of sugar
beet (Duffus, 1960, 1964).

TYTV and BWYV both have been reported from several countries of the world
(Braithwaite & Blake, 1961, Costa & Carvahlo, 1961; Duffus, 1960, 1964, 1977, 1977,
Hassan et al., 1985; Lana & Wilson, 1976; Thomas, 1981; Thomas & Martin, 1973; Zit-
ter & Tsai, 1981). The predominant symptoms of TYTV on tomato are bright yellowing
of the terminal growth of the infected plants, ovate, smail, upward or downward cupped
leaflets, few and asyminetrically developed fruits and new growth proliferations resulting
in a cushion shape appearance of the infected plants (Hassan et @l., 1985). BWY'V causes
bright yellowing symptoms, stunting and necrosis (Duffus, 1964). The transmission prop-
erties, host range, symptomatology, particle shape, size and restriction of the virus 1o
phloem tissues confirm that both viruses are members of the luteovirus group. Both vi-
ruses are related to each other and have overlapping host range but at the same time have
several dissimilarities also. TYTYV is etiologically distinct from BWYV, and the epidemi-
ology TYTV disease is not associated with BWYV (Hassan & Thomas, 1984). They also
differ in the breadth of their host range (Hassan ez al., 1985).

TYTV did not infect sugar beet and radish, the two major hosts of BWY'V (Hassan et
al., 1985) and the BWYV did not infect., tomato the principal host of TYTV (Duffus,
1977). Minimum acquisition and transmission access periods of TYTV are 2.5 and 2h
and of BWYV are 5 and 10 mins., respectively (Duffus, 1960, 1974; Hassan et al., 1985).
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There are frequent chances of mixed and simultaneous infections of many plants by
related viruses both in natural and green house conditions. These mixed infections are of
great importance in discase epidemiology, in the development of resistant cultivars and
adoption of control practices. Mixed infections of plants with closely related viruses also
often lead to erroneous resulis in the characterization of viruses.

Studies were carried out to develop procedures for the separation of TYTV and
BWYV from doubly infected planis by utilizing the extreme specificity of double anti-
body sandwiich form of ELISA (DAS) and the differences in transmission behaviour.
Both of these viruses have absolutely no cross reactivity with heterologous antisera in
DAS-ELISA.

Materials and Methods

Plant culture: Secds of Physalis floridana were gemminated in vermiculite and
young scedlings transplanted in 10cm square plastic pots containing a mixture of loam,
sand and peat moss. Plants were grown in green house at 23-30°C, and liquid fertilizers
added to irrigation water @ 500ppm.

Insect culture: Non viruliferous green peach aphids (Myzus persicae) were reared on
healthy radish (Raphanus sativus) plants in an isolated insectory, under aphid proof nylon
net covered cages and regularly tested on healthy plants to check for virus contamination.

Virus transmission: Datura tatula and Capsella bursapastoris plants infected with
TYTV and BWYV, respectively, were used as virus source and Physalis floridana as test
plant for both viruses. All virus acquisitions were conducted on detached leaves of virus
source plants placed on moist filter paper in Petri plates. Aphids were allowed various
acquisition and transmission periods. Aphids were caged on seedlings of test plants under
inverted plastic tumblers which had their bottom removed and covered with nylon net for
ventilation.

Virus source: TYTV isolates 79 and 82 were obtained from field infected tomato
plants at Prosser, Washington in 1981. These isolates produce the most characteristic
symptoms on tomato. A standard BWY'V isolate R-Y-I-R and a potato derived isolate PR
were supplied by J.E. Duffus (USAD-ARS, Salinas California) and maintained in
Capsella bursapastoris in green house.

Antisera toTYTV 79 and 82, and BWY'V isolate RYIR were prepared in rabbits. The
rabbits were injected intramuscularly at 3-week intervals with 0.5 to 0.7mg of freshly pu-
rified virus emulsified with Freund's incomplete adjuvant (1:1 V/V). Three weeks after
the first injection, 30-45ml of blood was harvested weekly.
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Double antibody sandwitch ELISA was performed by the methods of (Clark & Ad-
mas, 1977), with immunoglobulins and enzyme conjugates also prepared by their meth-
ods. Buffer, healthy plant tissue and infected plant tissues were used as control in all
tests. A, was measured at 60min., intervals after adding substrate.

Results

Non viruliferous green peach aphids were fed on detached leaves of D. ratula in-
fected with TYTV isolates 79 and 82 and on Capsela bursapastoris infected with BWYV
isolates RYIR and PR in Petri plates for 48 acquisition access period. Fifteen aphids from
each virus sources were transferred simultaneously to 9 test seedlings of P. floridana, the
common host of the two viruses for a 72h inoculation fecding period. After 4 wk of in-
oculation the doubly inoculated plants were tested by ELISA against antisera to YT79,
YT82, and PYIR. Plants infected with TYTV isolates, 79, 82 and BWY'V isolates YRIR
and PR were used as positive controls and healthy plant tissue as negative controls.
ELISA readings against each antisera at A, nm (Table 1) indicated that both the viruses
could not infect all the test plants. Many plants were infected cither by TYTV or BWYV
isolates, while several plants became infected with both the viruses. Plant with asterisks
had a high concentration of both the TYTV and BWYV. These doubly infected plants
were used for the separation of the two viruses in subsequent studies. Non viruliferous
aphids, allowed to feed on detached leaves of the doubly infected plant after feeding on
virus mixture for 2.5 and 24h were transferred to groups of 18 P. floridana test plants for
2 and 48h transmission access periods. All plants were assayed for the presence of virus
by ELISA after 6 wk of inoculation (Table 2).

The aphids selectively transmitted both the viruses after they fed on the doubly in-
fected plants (Table 3). In case of 2.5 and Zhr acquisition and transmission access periods
either TYTV or BWY'V isolates were predominantly transmitted to a high number of test
plants. Although to a small number of plants both the viruses were also transmitted si-
multaneously but at low concentration. In case of 24 and 48h acquisition and transmis-
sion access periods both the viruses were not transmitted when simultaneously infected
only with one virus. However, in case of long transmission access period both the viruses
were simultaneously transmitted comparatively to a greater number of plants and in
greater concentration.

Discussion

TYTV and BWYV, the two economically destructive viruses of many cultivated
plants, having an over lapping host range and sharing many other properties could impli-
cate several problems in the characterization, etiology and epidemiology of these viruses
if present in mixed infection in nature. The situation further complicates the formulation
of control sirategies and breeding for resistance if both the viruses are not separated into
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Table 1. Reaction of doubly infected plants to homologous and heterologous antisera

in ELISA.
Extinction Values
Antisera to
Plant No. Viruses YT 79 RYIR
1 YT79+RYIR 1.752 0.634
2 " 1.508 0.496
3 " 1.436 1.041
4% " 1.748 0.978
5 " 0.954 0.602
6% " 1.231 0.739
7 " 0.765 1.213
8 " 1.312 0.438
9 " 0.727 0.558
10 +79 1.393 0.035
11 +RYIR 0 1.494
12 Healthy Control 0 0.071
13 YT79+PR 0.846 0.337
14% " 1.176 1.028
15 " 1.112 0.284
16 " 1.116 1.245
17 " 0.368 0.844
18* YT+PR 1.316 1.202
19* " 0.666 0.842
20 " 1.208 0.348
21 " 0.992 0.456
22 +79 1.193 0.052
23 +PR 0 1.621
24 Healthy control 0 1.062
25 YT82+RYIR YT 82 YRIR
26 " 0.941 0.288
27* " 1.046 0.984
28 " 0.932 0.871
29 " 1.420 0.655
30* " 1.23 1.048
31 " 0.862 0.410
32 " 1.036 0.548

33 " 0.934 0.217
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34 +82 1.402 0.026
35 +RYIR 015 2.103
36 Healthy control .006 .042

Yr&2 RYIR
37 YT82+PR 0.336 0.433
38 " 0.539 0.673
39%* " 1.022 1.616
41* " 1.325 1.148
42 " 0.866 1.045
43* " 1.422 1.306
44 " 0.456 0.389
45 " 0.345 1.028
46-47 +82 1.510 0.042
48-49 +PR 0 1.621
50-51 Healthy control 0 0.062

single entity from the mixture. Separation of mechanically transmitted viruses having a
local lesion host has widely been practiced, and such viruses have been successfully sepa-
rated from mixed infection by transfer of virus from a single lesion to a propagative host.
This is not the case with vector-transmitted viruses, because they cause systemic infec-
tions in which the viruses are mixed in the host. Since no local lesions develop, separa-
tion of a single virus free of the second virus is extremely difficult. Moreover the close
relationship and identical symptomatology of the two viruses make their detection quite
difficult if not impossible.

The newly developed serological technique, double antibody sandwitch form of
ELISA (DAS) (Clark & Adam, 1977) has been reported to be extremely specific. Closely
related and distantly related strains of viruses have been found to be serologically unre-
lated by DAS-method (Koenig, 1978; Bar Joseph & Salaman, 1980, Barbara et al., 1978;
Lister 1979) and the extent of serological cross reactivity has been widely utilized for the
differentiation of strains in TMV (Regentmortal, 1975). The use of this technique has
made it possible to determine the maximum serological distance between strains that are
compatible with successful detection by the DAS-method. Enzyme conjugate prepared
with antibodies against one virus strain do not react with related strains, which is an ad-
vantage for the separation of closely related viruses or virus strains from mixed infection.

There are possibilities of mixed infection of many economic plants by TYTV and
BWYYV in nature. Inspite of the close relationship of these 2 viruses, the type strains of
BWYYV and TYTV did not react with heterologous antisera even if used in high concen-
tration (Unpublished). These two viruses also differed in acquisition and transmission pe-
riods. These two criteria were very successfully utilized in the separation of these 2 vi-
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ruses fronr doubly infected plants. Many plants reacted only to antiserum prepared either
against one or the other virus. These studies also revealed that these two viruses probably
occupy different infection and replication nitches and then particles accumulate in differ-
ent parts and tissues of the plant. Another hypothesis which could be postulated is that
when the aphids are once charged completely with one virus, subsequently second virus
could not either be acquired, or if acquired it could not circulate through entire system of
the vector so that it could again be reinjected in the plants.

Many etiological confusions of plant diseases are existing due to mixed infection by
two or more closely related viruses. BWYV has been implicated as a major causative
component of the potato leaf roll syndrome which is still an enigma (Duffus, 1981). The
present report could answer and clarify many cases of complex and complicated etiology.
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