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Whitefly-transmitted geminiviruses (WTGs)
characteristically have serologically related particles.
Thus although several of the viruses have been detected
in plant sap by ELISA or immunosorbent electron
microscopy with polyclonal antibodies, these tests do not
identify them. Monoclonal antibodies (MAbs) raised
against particles of three of the viruses, and used in
triple-antibody-sandwich ELISA, have provided a
sensitive detection test for >30 WTGs from >20 crop
and weed species in > 50 countries. Moreover, most of
the viruses can be identified by their relative reactivities
with sub-sets of 30 of the MAbs. Some crops such as
cassava and tomato were shown by these tests, supported
by nucleotide sequence data, to be infected with different
WTGs in different geographical regions.

WTG genomes consist of two DNA molecules, or in

some viruses only one. The molecule always present has
a well conserved sequence except for the large intergenic
region; the other molecule, where it occurs, is not well
conserved in different WTGs. WTGs can therefore be
detected by hybridization with DNA probes for conserved
sequences or by a polymerase chain reaction (PCR) with
primers based on these sequences. Many of the viruses
can be differentiated by analysis of the fragments
produced by restriction endonuclease digestion of the
PCR products, or by using probes or primers specific for
sequences of one virus. WTGs can be detected and
identified by PCR in extracts of single whiteflies (Bemisia
tabaci).

Key words: Bemisia tabaci, serology, ELISA, cDNA
probes, PCR.

Introduction

Geminiviruses are characterised by having bisegmented
(geminate) particles, genomes consisting of circular
single-stranded DNA, and insect vectors, which may be
leafhoppers, treehoppers or whiteflies (6). Whitefly-
transmitted geminiviruses (WTGs) all have the same
vector, Bemisia tabaci, and are widely distributed in
tropical and sub-tropical regions, where they cause some
of the world’s most economically important virus
diseases. Their genomes mostly are made up of two DNA
molecules, but in some instances only one, each molecule

containing 2500 to 2800 nucleotides. The genome
segment which is always present (DNA-A) encodes the
viral coat protein (mol. wt. ¢. 30,000) (18) and proteins
involved in virus replication (11). The other segment
(DNA-B) encodes proteins that control the transport of
viral DNA from nucleus to cytoplasm and from cell to
cell (13). In this paper, I outline methods of detecting and
distinguishing WTGs, based on current knowledge of
their serological and molecular properties, and describe
the variation found among virus isolates associated with
the same disease.
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Serological methods

Tests with polyclonal antisera to WTGs have shown
that the particles of almost all the viruses are
serologically related. A consequence of these relationships
is that a large majority of the viruses can be detected, in
double antibody sandwich ELISA (DAS-ELISA) (23) or
immunosorbent electron microscopy (ISEM) (15), with
the aid of polyclonal antibodies from a good quality
antiserum raised to any one of them. Such tests can be
valuable for detecting a wide range of WTGs but they are
of little use for distinguishing the different viruses from
one another. In general, DAS-ELISA is more widely
applicable than ISEM because some WTGs have particles
which seem to be unstable and so are not easily
recognised in ISEM, although their coat protein is
nevertheless detectable by ELISA.

To provide reagents with a greater ability to
distinguish among different WTGs, panels of murine
monoclonal antibodies (MAbs) have been raised against
the particles of some of the viruses, notably African
cassava mosaic (23), Indian cassava mosaic (1) and okra
leaf curl (19) viruses. These antibodies have proved to be
of great value both for detecting and for differentiating a
wide range of WTGs when used in triple antibody
sandwich ELISA (TAS-ELISA; Table 1). In this test,
viral antigen is trapped on microtitre plates by polyclonal
antibody, the trapped antigen is exposed to one of the
MAbs, and the bound MAD is then detected by incubation
first with antibody to mouse vy-globulin that is conjugated
to alkaline phosphatase and then with a substrate of the
enzyme. Non-specific background reactions typically are
lower than in DAS-ELISA with polyclonal antibodies,
and can be further decreased by using 5% defatted milk
powder to block the surface of the plate wells after they
are coated with polyclonal antibody (12). In practice,
TAS-ELISA can usually detect the homologous virus in
extracts of naturally infected leaf tissue at a dilution of
1:100, and frequently at 1:1000. The best results are
obtained with young symptom-bearing leaves from plants
which have recently developed systemic symptoms. The
viruses are less readily detected, or may be undetectable,
in symptom-free (5) or older symptom-bearing leaves.

Individual MAbs differ in the extent of their reactivity
with heterologous WTGs. Some MAbs react only with
the homologous virus, and perhaps not with all isolates
(19), whereas others also react with some or many
heterologous WTGs. Tests of the reactivity of a virus
against a panel of MAbs can thus be used to establish its
epitope profile. We have found that most WTGs have a
characteristic epitope profile, which distinguishes each
virus from most others (8, 20, 21, 22). TAS-ELISA
therefore provides a reliable method of detecting and
differentiating WTGs. It can also be used quantitatively
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Table 1. Whitefly-transmitted geminiviruses detected by

TAS-ELISA*

Virus

Source countriest

Abutilon mosaic

African cassava mosaic

Ageratum yellow vein

Asystasia golden mosaic

Bean calico mosaic

Bean dwarf mosaic

Bean golden mosaic

Bhendi yellow vein mosaic

Chino del tomate

Cotton leaf crumple

Cotton leaf curl

Croton yellow vein mosaic

Dolichos yellow mosaic

East African cassava mosaic

Euphorbia mosaic

Honeysuckle yellow vein mosaic

Horsegram yellow mosaic

Indian cassava mosaic

Jatropha mosaic

Limabean yellow mosaic

Malvastrum yellow vein mosaic

Mungbean yellow mosaic

Okra leaf curl

Pepper mild tigré

Potato yellow mosaic

Rhynchosia mosaic

Serrano golden mosaic

Squash leaf curl

Texas pepper

Tobacco leaf curl

Tomato golden mosaic

Tomato leaf crumple

Tomato leaf curl and
tomato yellow leaf curl

Watermelon chlorotic stunt

Britain (+1)
Africa (17)
Singapore (+1)
Nigeria
Mexico
Colombia
Puerto Rico (+3)
India
Mexico
USA

India (+1)
India

India

Kenya (+4)
USA

Britain
Indian

India (+1)
Puerto Rico
India

India (+2)
India (+1)
Ivory Coast (+7)
Mexico
Venezuela
Colombia
Mexico
USA (+1)
USA

India (4+2)
Brazil

USA

Pantropical (> 25)
Saudi Arabia (+3)

*  Monoclonal antibodies to African cassava mosaic and
Indian cassava mosaic viruses were used for detection

in tests at Dundee.

t  Origin of virus isolates detected.

to compare concentrations of virus particle antigen in
different tissues or different plant genotypes, a potentially

valuable aid to selection

programmes.
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The application of epitope profiling to virus isolates
from different countries has led to some unexpected
findings. For example, WTGs from mosaic-affected
cassava in >20 countries in Africa and the Indian
subcontinent were found to be of three types which have
different, barely overlapping, geographical distributions
(7, 20), and are now recognised on the basis of their
antigenic and biological differences, and their nucleotide
sequences, to constitute three separate viruses (10).
Similarly, viruses associated with tomato leaf curl or
tomato yellow leaf curl diseases in different countries or
regions are distinguishable both antigenically (9) and by
nucleotide sequence analysis (14).

Conversely, viruses associated with diseases of
different plant species in the same country have
unexpectedly similar epitope profiles, as found for WTGs

from India (8, 12) or the Americas (21). These
serological data are supported by comparisons of the
deduced amino acid sequences of WTG coat proteins,
which show that relationships among the proteins can be
represented as three branches which correspond to Asia,
the Americas and the Mediterranean region/Africa,
respectively and do not relate to the host ranges of the
viruses (Y.G. Hong and B.D. Harrison, unpublished
data). The explanation of this state of affairs may involve
two other factors: the probable importance of coat
protein specificity in determining whitefly transmissibility
(15, 2), and the occurrence of different biotypes of B.
tabaci in different geographical areas (3) and (P.F.
McGrath and B.D. Harrison, unpublished data). Indeed.
there is preliminary evidence for differential adaptation of
WTGs for transmission by the B. tabaci biotype
occurring in the same area (McGrath and Harrison,
unpublished). Such adaptations would tend to result in
conservation of coat protein structure among WTGs from
the same region.

Use of cDNA probes

WTG DNA is readily detected in southern blots by
radioactive probes derived from cloned DNA of the
homologous virus. Comparison of the nucleotide
sequences of different WTGs shows that there is a strong
tendency for sequence conservation within DNA-A. A
probe for DNA-A therefore typically detects the DNA of
heterologous WTGs, although with varying efficiencies
(15), depending on the amount of sequence conservation
in the region from which the probe was derived. This
type of test can therefore be used to detect WTGs in
general but is not the method of choice for discriminating
among them. In contrast, DNA-B sequences are much
less conserved among different WTGs, so that probes
derived from DNA-B typically fail to detect heterologous
WTGs (15). A strong reaction with a DNA-B probe

therefore gives a firm indication of the identity of the
virus in the sample, especially if stringent conditions for
hybridization are used.

Tests of these kinds have roughly the same sensitivity
as TAS-ELISA but they have less accuracy quantitatively.
Also, weak reactions are more difficult to interpret
because extracts of WTG-free plants give background
reactions on occasion. Moreover, the tests employ
radioactive materials, which are not readily available in
many of the countries where WTGs occur. However, the
growing availability and effectiveness of tests with non-

radioactive probes promises to remove this last difficulty.
For example, Swanson er al. (21) used sulphonated
probes derived from DNA-A and/or DNA-B of 8 WTGs
in tests to detect the homologous and 17 heterologous
viruses. In general, the DNA-A probes detected almost
all WTGs from the same continent as the homologous
virus but few others. The DNA-B probes detected few if
any viruses other than the homologous one. Tests with
biotinylated probes can also be expected to give good
results.

Detection by the polymerase chain reaction (PCR)

PCR is rapidly replacing the use of cloned cDNA
probes for detecting viral DNA. The test is extremely
sensitive and can be used to detect a range of WTGs in
plants (17) and in whiteflies (4). The viruses can be
detected in single viruliferous B. tabaci, even in
specimens dried some weeks previously.

These tests detect but do not distinguish WTGs. To
test for a single WTG, two approaches can be made. In
the first. the primers represent sequences that are found
only in the virus which is to be detected. This approach
has the disadvantage that the nucleotide sequences of the
virus in question must be known. In an alternative
approach, primers representing a conserved sequence are
used to amplify a piece of viral DNA, which is then
treated with one or more restriction endonucleases to give
fragments that can be separated by gel electrophoresis to
give patterns typical for each virus. This procedure adds
to the work needed to analyse each sample but has been
used successfully both with WTG-infected plants and with
viruliferous B. tabaci (4). It has the advantages that the
nucleotide sequence of the virus sought does not need to
be known, and that other WTGs are also detected and
distinguished.

Conclusions

Several modern methods are available for detecting
and identifying WTGs. TAS-ELISA is probably the most
useful method for testing plants for WTGs but several

MADbs must be used if the viruses are to be distinguished.
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When this is done, putative alternative natural hosts of a
WTG can be tested (12) and only those containing virus
isolates with the correct epitope profile need to be tried
as sources of inoculum for transmission to the usual host.
TAS-ELISA can handle large numbers of samples and is
also suitable for comparing virus concentrations.

However, further development work is needed to devise
a protocol in which the polyclonal antibody (which is in
limited supply) used for coating microtitre plates is
replaced by one or more MAbs.

Of the tests for viral DNA, PCR is much the most
sensitive and does not require radioactive materials. It is
the only reliable method of detecting WTGs in single
whiteflies. Relatively crude tissue extracts can be tested,
and defective isolates that do not produce detectable viral
coat protein (16) will presumably be detectable when
appropriate primers are used. Nucleic acid hybridization
tests with cloned DNA probes are no longer favoured for
routine testing but will continue to be useful for research
purposes.
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