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Abstract

The use of enzyme linked immunosorbent assay (ELISA) for the detection of plant viruses
is well documented. It proved to be a very valuable detection tools for the plant viruses.
The efficiency of the ELISA technique was for practical purpose independent of the ratio of
antibodies to antigen. This avoids the necessity of making specific enzyme conjugates for
each antigen to be tested and eliminates the extreme specificity, thus allowing for quantitative
evaluation of strain relationships. The advantages of indirect ELISA are sample. It needs
only to be macerated and added to the plate. The crude antiserum could be used, although
it should be cross absorbed before to prevent spurious host reaction. Single commercially
available second antibody conjugate is utilized, thus eliminating the problems of preparing
and storing many different conjugated antisera. Blotting technique has become widely used
for specific identification of nucleic acid and proteins. This dot assay was modified to detect
protein by spotting the antigen on a nitrocellulose membrane and incubating the membrane
in test antibody followed by incubation in peroxidase-conjugated second antibody to the first
antibody, and by development in 4-chloro-1-naphthol. The above procedure termed dot blot
immunobinding assay (DBIA). The technique of tissue blotting on nitrocellulose membrane was
described for detection of plant viruses in infected plants. Tissue blots were made by pressing
with a firm and gentile force, the freshly cut tissue surface on nitrocellulose membranes. The
possibility of using both sides of the nitrocellulose membrane (NCM) by tissue blot immuno
assay (TBIA) for the detection plant viruses. In an effort to reduce the cost of virus assays,
different types of regular paper were evaluated as possible replacements for the commonly
used nitrocellulose membrane (NCM) as the solid phase in the tissue-blot immunoassay (TBIA)
were used. Comparisons between different serological methods were demonstrated by many
investigators Dot immunobinding was eight times more sensitive for detection of PVX and four
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times more sensitive for detection of PVS and PVY than DAS-ELISA.

Introduction

The serological methods of diagnosis, detection and
identification of viruses in plants play a vital role [1]. Traditional
diagnosis of plant viruses requires bioassay, an indicator plant,
determination of host range, symptomatology, virus particle
morphology (size and shape), and vector relations [2,3]. A single
diagnostic test or assay may provide adequate information on
the identity of a virus but a combination of methods is generally
needed which are specific, sensitive and inexpensive [4,5].
However, progress in molecular biology, biochemistry and
immunology has led to the development of many new, accurate,
rapid and less labour-intensive methods of virus detection [6].
Technologies for the molecular detection of plant pathogens
have already undergone two major breakthroughs well over
the past three decades [1]. The first was the advent of antibody
based detection, in particular monoclonal antibodies and
enzyme-linked immunosorbent assay [7,8]. There are various
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immuno-diagnostic and molecular-diagnostic techniques
presently available in field of virology and these are divided into
two: Protein based techniques which include precipitation/
agglutination tests, enzymes linked immunosorbent assay
(ELISA), dot immunoblotting assay (DBIA) and tissue blot
immunobinding assay (TBIA). Lawson [9] has mentioned that
appropriate screening procedures have been conducted in
order to certify any plant free of certain pathogen using ELISA,
DBIA, TBIA, PCR, DNA probes.

Enzyme linked immunosorbent assay

The use of enzyme linked immunosorbentassay (ELISA) for
the detection of plant viruses is well documented and proved
to be a very valuable detection tools for the plant viruses. In
addition, the specificity of the test can preclude detection of
even closely related strains of the same virus [10-14].

Firstly, Clark and Adams [8], found that unlike nearly all
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other serological techniques in plant virology which were
based on the formation and detection of immune precipitates,
the ELISA technique released upon the sensitive detection
of non-precipitates reaction, made possible by the use of
enzyme-labeled antibodies. There are two main consequences
of this difference in reaction principle. The efficiency of the
ELISA technique was for practical purpose independent of
the ratio of antibodies to antigen. Thus once the appropriate
concentrations were ascertained these were applicable for
subsequent test for detecting virus at all concentrations and
the reaction of enzyme labeled antibody was function of
virus concentration, so the technique has high quantitative
potential. To determine the sensitivity of ELISA Pesic and
Hiruki [15], found that the quantitative response over
concentration range of AMV tested it was indicated that ELISA
was responsible to both variation in §-globulin concentration
and enzyme conjugated &-globulin dilution. The minimum
quantity of AMV detectable, 1 ng/ml was obtained with the
coating-globulin at a concentration of 2 pg/ml and enzyme-
conjugated 6-globulin at 1/1000 and 1/2000 dilution or at
1 pg/ml and 1/1000 dilution, respectively. An increased
dilution of enzyme-conjugated 6-globulin 1/4000 reduced
the levels of detection of AMV antigen to 16 ng/ml with the
coating 6-globulin at a concentration of 2 pg/ml and 250 ng/
ml with §-globulin at 1 pg/ml. Indirect ELISA was an enzyme
labeled anti Ig as a second antibody to detect the antigen
antibody complex on the solid face. This avoids the necessity
of making specific enzyme conjugates for each antigen to be
tested and eliminates the extreme specificity, thus allowing
for quantitative evaluation of strain relationships [16-18].
Indirect ELISA was used in detection and confirmation
infection of many plant viruses [1,4,14,19-21]. Bar-Joseph,
et al. [22], found that the dissociation reactions of four plant
viruses: citrus tristeza virus (CTV), carnation mottle virus
(CarMV), carnation yellow fleck virus (CYFV), and tobacco
mosaic virus (TMV) and their respective “y-globulin alkaline
phosphatase conjugates, sandwiched to antibody microplates,
were examined. Treatment with 0.2 M glycine-HCI buffer pH
2.2 for 60 min caused the double antibody sandwiches (DAS)
of CTV and CarMV to dissociate from the antibody-coated
microplates. In similar treatments CYFV was eluted less
efficiently. The TMV double-sandwich remained undissociated
by acidification but it could be partially dissociated under
alkaline conditions (pH 12.1). The application of microplate
recycling for economizing routine large-scale screening of
CTV is described. Lommel, et al. [17], reported that indirect
ELISA could be very useful as routine plant virus detection
tool for virus disease diagnosis and surveys where accurate
quantitative is not for concern. The advantages of indirect
ELISA are sample need only to be macerated and added to the
plate, crude antiserum could be used, although it should be
cross absorbed to prevent spurious host reaction and single,
commercially available second antibody conjugate is utilized,
thus eliminating the problems of preparing and storing many
different conjugated antisera as Abd El-Aziz and Younes [23].
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Dot blot immunobinding assay (DBIA)

Blotting technique has become widely used for specific
identification of nucleic acid and proteins. This dot assay
was modified to detect protein by spotting the antigen on a
nitrocellulose membrane and incubating the membrane in test
antibody followed by incubation in peroxidase-conjugated
second antibody to the first antibody, and by development
in 4-chloro-1-naphthol. The above procedure termed dot
blot immunobinding assay (DBIA). It was used to screen the
supernatants of hybridomas for monoclonal antibodies and
screen pathological sera for multiple antibodies [24]. The
advantages of DBIA that it could detect much lower amounts of
virus because of the very small sample volume (2 pl compared
with 250 pl for ELISA) as Powell, [25] and Abd El-Aziz and
Younes, [23] or (4 pl compared with 250 pl for ELISA) as Abd
El-Aziz, et al., [26]. A potential drawback to the DBIA is that a
large volume 50 ml relatively concentrated (1 mg/ml) virus
antiserum was needed, but antivirus antibodies solution can
be stored at least for 6 months and used at least 600 samples
without appreciable loss of sensitivity [25,27]. Zheng, et
al. [28], found by using either polyclonal or monoclonal
antibodies and both direct and indirect methods in modified
DBIA that it produced satisfactory results. The assay detected
0.35 ng of purified cowpea mosaic virus (CpMV) and was
superior to ELISA and immunosorbent electron microscopy
methods. Berger, et al. [29], detected pictogram quantities of
potyviruses using a dot immunobinding assay. Al Khalaf, et al.
[30] and Abd El-Aziz and Younes, [23] used of the two faces
of nitrocellulose membrane in tissue blot immunoassay for
the detection of Bean yellow mosaic virus and the possibility
of its mechanically transmitted from the printed membrane
to the host plant. In an effort to reduce the cost of virus
assays, different types of regular paper were evaluated as
possible replacements for the commonly used nitrocellulose
membrane (NCM) as the solid phase in the tissue-blot
immunoassay (TBIA) used to detect Alfalfa mosaic virus, Bean
yellow mosaic virus and Broad bean stain virus (BBSV) in faba
bean tissue, and Barley yellow striate mosaic virus in barley
tissue. Among the many types of paper evaluated, Hewlett-
Packard (HP) non-glossy plotter paper proved to be adequate
for detection of all the above viruses. After printing (blotting)
of the samples to be tested and blocking with 2% gelatin (for
one hour at 370C) or using 0.1% Roche blocking reagent (for
one hour at room temperature), satisfactory results were
produced. This paper could also be used to detect BBSV in
groups consisting of 15 young lentil seedlings. HP non-glossy
blotter paper was not as effective when testing for phloem-
limited legume viruses such as Bean leaf roll virus (BLRV),
Faba bean necrotic yellows virus (FBNYV) and Barley yellow
dwarf virus (BYDV). White paper (manufactured by Soporcel,
Portugal) was slightly more sensitive when used for BLRV and
FBNYV detection in faba bean tissues and for BYDV in barley
tissues. Since NCM represents 40%-50% of the cost of test
reagents, using ordinary paper reduced costs considerably
[21] and Makkouk and Kumari, [31].
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Tissue blotting immunoassay (TBIA)

The technique of tissue blotting on nitrocellulose membrane
was described for detection of plant viruses in infected
plants. Tissue blots were made by pressing with a firm and
gentile force, the freshly cut tissue surface on nitrocellulose
membranes. Present antigen was then detected by enzyme
labeled immunological probes [21]. Hsu and Lowson [32],
mentioned that tomato spotted wilt virus (TSWV) was detected
in tissue blots from infected leaves and stems. The presence
of TSWV antigen in blot of infected tissues was evidence by
the development purple color when primary antibodies were
omitted from the reaction mixture, tissue blots from infected
plants tissues developed purple color. The healthy control
leaf and stem blots did not develop purple color, but leaf blots
reaction green color of chlorophyll as [27]. Antigen-specific
reactions were observed on tissue blots of faba bean necrotic
yellow virus (FBNYV) infected plants, but not on those of
non-inoculated faba bean plants. The red stain was restricted
to midrib and secondary vein areas of leaf, petiole and stem
sections indicating the restriction of FBNYV to vascular
tissue [33]. Sherwood [34], compared between filter paper
immunobinding assay, double antibody sandwich ELISA
and western blotting for the detection and quantification of
wheat streak mosaic virus (WSMV). He could detect 100pg
of purified (WSMV) by DBIA on Whatman No.1 filter paper.
He found that ELISA was a more quantitative assay, but the
filter paper immunobinding assay and western blotting were
more conservative of antiserum when only a few assays were
required and could be run in a shorter period of time, while
[23] compared between eight types of paper among them
NCM [12,35] stated that TBIA was sensitive enough to detect
the virus in all parts of the plant and all growth stages. They
obtained sensitive detection to ten legume viruses by using
TBIA. Phloem limited viruses such as bean leaf roll luteovirus
(BLRYV), faba bean necrotic yellows virus (FBNYV) and viruses
which generally invade systemically all plant tissues such as
alfalfa mosaic virus (AMV), cucumber mosaic virus (CMV),
broad bean mottle bromovirus (BBMV), broad bean wilt
fabavirus (BBWV), pea seed-borne mosaic potyvirus (PSbMV),
bean yellow mosaic potyvirus (BYMV), broad bean stain
comovirus (BBSV) and broad bean true mosaic comovirus
(BBTMV) were all easily detected by this method. Polyclonal
and monoclonal antisera were used in the tests and both
produced visible reactions. The test proved to be practical
for testing groups of seedlings (2-25) after wrapping them
together as one bundle by a Parafilm membrane and then
cutting them with a razor blade and blotting the cut surface
on a nitrocellulose membrane as one sample. It is suggested
that this test can be easily employed for the detection of
seed borne viruses after germinating the seeds and is more
practical than regular ELISA. It can be completed in less than
four hours without sacrificing sensitivity. It is cheaper and
does not require sophisticated facilities.
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Possibility of using processed nitrocellulose membrane
by tissue blotting immunoassay (TBIA)

The unused face of processed nitrocellulose membrane
already printed with plant tissues on one face, was tested
for detection of CMV in infected N. glutinosa leaves using
TBIA. Results indicated the possibility of using the empty
face of nitrocellulose membrane even after 3 months from
processing for detection of the CMV, since it gave pronounced
purple color with the infected leaf tissues (Figure 1) as Abd
El-Aziz and Younes [6].

Figure 1: TBIA used for detection of CMV on the unused face of previously

processed Nitrocellulose membrane. I: infected, H: healthy.

Use of the two faces of nitrocellulose membrane in tissue
blot immunoassay (TBIA) for the detection of plant viruses

Al-Khalaf, et al. [30], found that the possibility of using
both sides of the nitrocellulose membrane (NCM) by tissue
blot immunoassay (TBIA) for the detection of Bean yellow
mosaic virus (BYMV, genus Potyvirus, family Potyviridae)
was investigated. Faba bean, lentil and pea plants infected
with BYMV were printed on (i) one side of NCM, (ii) on both
sides of NCM, and (iii) on the other side of a processed and/or
un-processed NCM already printed with plant tissues on one
side. The results showed that BYMV can be easily detected in
faba bean, lentil and pea plants by TBIA using both sides of
the membrane for processed and un-processed NCM. The use
of both sides of the NCM reduced the cost of testing by 50%.
The results also showed that the virus cannot be transmitted
mechanically from the printed infected blots on NCM to
a healthy plant, and consequently, it does not permit the
movement of the virus from one location to another distant
location as (Figure 2) by Abd El-Aziz and Younes [6].

Use of the regular paper in tissue blot immunoassay
(TBIA) and dot immunobinding assay (DBIA)

Sherwood [34], found that the filter paper immunobinding
assay can be completed in 2-3h. this can be very useful in
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situation where only a quantitative diagnosis is required. The
filter paper immunobinding assay is far the least expensive to
conduct. Heide and Lange [36], reported in their experiments
their found that DIB on plain paper could detect amounts as
small as 30 pg of purified PVX while Sherwood [34], could
detect 100 pg of purified wheat streak mosaic virus by DIB on
Whatman No. 1 filter paper. They reported that the sensitivity
of the DIB test on plain paper and on nitrocellulose membrane
was found to be equally. Lange, et al. [37] found that the
dot immuno binding (DIB) technique has been simplified so
that it can be performed on plain paper. The usefulness on
the technique is demonstrated by detecting the seed borne
viruses Pea seed borne mosaic (PSbMV), Pea early browning
(PEBV), Squash mosaic virus (SqMV), Bean common mosaic
(BCMV) and Barley stripe mosaic (BSMV) directly from seed.
This DIB technique does not require specialized equipment
and is suitable for use in seed testing stations and quarantine
services in industrialized as well as in developing countries
[23], reported in their study, filter paper and plain papers
were tested for the first time as alternatives for nitrocellulose
membrane in TBIA. The promising aspect of TBIA is that is
very rapid and can be carried out without the use of specialized
equipment, inexpensive by using plain paper and it save time
that it can be done in few hours as (Figure 3) by Abd El-Aziz
and Younes [6]. Makkouk and Kumari [31], reported that in
an effort to reduce the cost of virus assays, different types
of regular paper were evaluated as possible replacements
for the commonly used nitrocellulose membrane (NCM) as
the solid phase in the tissue-blot immunoassay (TBIA) used
to detect Alfalfa mosaic virus, Bean yellow mosaic virus and
Broad bean stain virus (BBSV) in faba bean tissue, and Barley
yellow striate mosaic virus in barley tissue. Among the many
types of paper evaluated, Hewlett-Packard (HP) non-glossy
plotter paper proved to be adequate for detection of all the
above viruses. After printing (blotting) of the samples to be
tested and blocking with 2% gelatin (for one hour at 37 °C)
or using 0.1% Roche blocking reagent (for one hour at room
temperature), satisfactory results were produced. This paper
could also be used to detect BBSV in groups consisting of 15
young lentil seedlings. HP non-glossy plotter paper was not as
effective when testing for phloem-limited legume viruses such

Figure 2: TBIA used for detection of CMV isolate 1 in infected leaves and
stems of Nicotiana glutinosa plants on both faces at the same time on
Nitrocellulose membrane. L: leaves, S: stems, I: infected, H: healthy.
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Figure 3: TBIA used for detection of CMV in infected leaves and stems of
Nicotiana glutinosa plants on both faces at the same time on canson paper.
L: leaves, S: stems, I: infected, H: healthy.

as Bean leaf roll virus (BLRV), Faba bean necrotic yellows
virus (FBNYV) and Barley yellow dwarf virus (BYDV). White
paper (manufactured by Soporcel, Portugal) was slightly
more sensitive when used for BLRV and FBNYV detection
in faba bean tissues and for BYDV in barley tissues. Since
NCM represents 40%-50% of the cost of test reagents, using
ordinary paper reduced costs considerably.

Comparative studies for detection of viruses

Comparisons between different serological methods were
demonstrated by many investigators [1,12,34,38-41]. Dot
blot immunobinding assay was eight times more sensitive
for detection of potato virus X potyvirus (PVX) and four times
more sensitive for detection of potato virus S Carlavirus (PVS)
and potato virus Y potyvirus (PVY) than DAS-ELISA [38].
The sensitivities of DBIA and ELISA for detection of Tomato
spotted wilt virus (TSWV) antigens in infected leaf tissues
were compared by detecting dilution endpoints of the same
extract of infected Nicotiana benthamiana. In DBIA, the use of
biotinylated mouse monoclonal antibodies and avidin enzyme
conjugates improved the sensitivity by about four times
when compared with the use of unlabeled mouse monoclonal
antibodies and enzyme-label goat anti-mouse immunoglobulin
conjugates. When biotinylated mouse monoclonal antibodies
and avidin-alkaline phosphate conjugates in mouse
monoclonal antibody coated ELISA plates were used, the
sensitivity for detection of TSWV antigens in infected leaf
tissue was only about one-eighth of that of DBIA with the
same biotinylated antibody and avidin-enzyme conjugate
preparation as detecting reagents [32]. ELISA proved to be
the more accurate technique than DBIA for testing individual
seeds on wide range of bean genotypes and bean common
mosaic virus (BCMV) strains. The greater accuracy of ELISA is
likely attributable to the quantitative readings in ELISA with a
spectrophotometer [41]. Lockhart, et al. [42], detected barley
yellow strait mosaic virus (BYSMV) at 1:25600 dilution of
infected leaf extracts. They found that DBIA on NCM was 30
times as sensitive as double-antibody sandwich micro plate
assay for detecting BYSMV in field samples. Makkouk and
Kumari [13] found that tissue blotting is more practical than
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regular ELISA. It could be completed in less than four hours
without sacrificing sensitivity. It is cheaper and does not
require sophisticated facilities. Both ELISA and DBIA require
extraction of viral antigen into a suitable buffer. Direct tissue
blotting DTB require minimal preparation of tissue samples
for detection of plant virus and mycoplasma-like organism
[11,35].

Detection of virus in floral parts, pods, seeds, seed
parts and seedlings

Frosheiser [43], mentioned that AMV was transmitted
to alfalfa seeds at a much higher frequency through male
gametes (pollen) than through females gametes (ovules). The
transmission frequency through pollen in all tests ranged
from 0.5 to 26.5% and transmission through the ovules
ranged from 0 to 9.5%. Transmission through both pollen and
ovules was much less at a constant temp of 29 + 1 Cthan at 18
+ 2 Cor 24 + 2 C. Hemmati and Mclean [44], discovered the
percentage of alfalfa mosaic virus (AMV)-infected seeds was
determined in the commercial production of seven different
cultivars of alfalfa. Seed transmission of AMV ranged from
0.6 to 10.3%. The transmission of AMV through pollen and
the ovules of the infected alfalfa plants were shown. Ovule
transmission ranged from 0.5 to 6.0% and pollen transmission
varied from 1.0 to 14.0%. Under greenhouse conditions, there
was a reduction of 30.8-34.6% in germination and a reduction
of 45.1-68.6% in yield of seed by AMV-infected alfalfa. No
systemic infection from the infected pollen in the normal or
male-sterile female parents was detected. The susceptibility
of two different cultivars of alfalfa, Sonora 70 and Mesa Sirsa
034, to AMV is compared. Bailiss and Offei [45], found that the
incidence of alfalfa mosaic virus (AMV) in lucerne seed and
pods during maturation, when monitored by sap transmission
to Phaseolus (infective virus) and ELISA (AMV antigen),
showed that infective virus incidence decreased rapidly with
maturation, whereas antigen incidence declined slowly and
was always higher than infective virus. Infective virus and
antigen incidence were higher in mature seed of cv. Maris
Kabul than cv. Europe because virus inactivation/degradation
was more rapid in cv. Europe. Seed infection with virus
originating from pollen, ovules or both was found in pods and
seeds 12-15 days after pollination between healthy or AMV-
infected plants; this was before maturation-associated virus
inactivation. Ovule transmission was more frequent than
pollen transmission. AMV antigen was present in embryos and
testas of mature seed; infective virus only in embryos. Non-
infective but ELISA-positive antigen in testa extracts accounted
for the higher incidence of ‘seed-borne AMV’ compared with
embryo-associated seed transmission to seedlings. Tests with
dry mature seed either underestimated (infectivity tests) or
overestimated (ELISA) eventual seedling infection. Infectivity
and ELISA tests gave identical incidence values for 17 to
29-day-old seedlings. Fegla, et al. [27] reported that infectivity
test, indirect ELISA and tissue blot immunoassay (TBIA) were
used to detect alfalfa mosaic alfamovirus (AMV) in intact
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seeds, seed parts and seedlings of two alfalfa cultivars. ELISA
was more sensitive than infectivity test for detection AMV
in seeds, seed coats embryos and seedlings. When TBIA was
used for testing 21 days old seedlings, higher proportion of
infected was detected as compared with indirect ELISA or
infectivity test. TBIA proved to be simpler and more practical
than ELISA. Fegla, et al. [46-49] mentioned that infectivity test
and indirect ELISA were used for detection of alfalfa mosaic
alfamovirus (AMV) in flowers, pods, intact seeds and seed
parts of alfalfa c.v. EIWadi El-Gadid during maturation.
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