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Comparison of the same eleven isolates against the two other reference viruses
(EACMV-Malawi and ACMV-Nigeria) (results not shown) further supported
the validity of the HMA technique. The isolates from St. Lucia showed similar
heteroduplex profiles to each other and their patterns suggested that they were
more closely-related to EACMV-Malawi than ACMV-Nigeria which was shown
by their clustering with EACMV-Malawi in the phylogenetic tree (Fig. 4.7).
Two isolates (Hoxane 1 and Tonga 2) formed heteroduplexes when hybridized
with EACMV-Malawi but failed to produce heteroduplexes with ACMV-
Nigeria. The Hoxane 1 and Tonga 2 isolates differed in nucleotide sequence
similarity from EACMV-Malawi by 6.73% and 5.27% respectively, illustrating
that the sensitivity of this technique was ~5%. However, lower detection limits
of 2.3% were achieved in further studies with other cassava-infecting

begomovirus field isolates (results not shown).
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Figure 4.5: Standard Curve generated by plotting heteroduplex mobility vs.
genetic distance from the analysis of cloned CCP products of field isolates tested
against the SACMV reference strain.
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After performing HMAs using cloned PCR products, standard curves were
constructed as described in Materials and Methods. In Figure 4.5 we see an
example of one such curve using SACMYV as the reference. The curve was linear
with the heteroduplex mobility values decreasing as the genetic distances
increased. The distribution and segregation of the eleven isolates along the curve
were clearly visible. The viral isolates exhibited genetic differences to SACMV
in the range of 7.5%-12.5% which resulted in heteroduplex mobilities of
between 0.6 and 0.9. When standard curves were constructed for these same
isolates compared with EACMV and ACMV reference strains similar trends
were observed (results not shown).

Examination of the distance-based phylogenetic tree (Fig. 4.6) showed that the
three isolates from St. Lucia segregated very closely together and are considered
almost identical (nt sequence similarity of 97-98%), and therefore we would
expect them to give very similar heteroduplex patterns and mobilities. This was
indeed clearly observed in Figure 4.4 (lanes 7-9). Hence the St. Lucia virus
isolates can be accurately classified as closely related strains, different from
SACMV. Similarly, this can also be demonstrated by comparing the clustering
of the three isolates from Tonga with their corresponding HMA results (Fig. 4.4
lanes 4-6). The three Tonga isolates fell within separate branches (nt sequence
similarity of 75-82%) and were therefore deemed to be distinct species. This
was reiterated in the HMA results where we see that the three isolates all gave

different heteroduplex patterns and mobilities, with the most closely related ones
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Figure 4.6: Phvlogenetic Tree constructed using the distance-based phylogenetic method
(FITCH) showing the relationships between cassava-infecting begomovirus isolates
compared to SACMV reference strain
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having a faster heteroduplex mobility compared to the more distantly related
ones.

The degree of conservation in the coat protein gene between begomoviruses
that infect cassava ranges from 67% to 100% at the nucleotide level (Brown
1996). Generally the percentage similarities between ACMV and EACMV
species in the coat protein are from 80%-85%. Any virus isolate having more
than 90% sequence identity to a previously characterised virus genome is
proposed to be a strain of an already described virus species and an isolate with
less than 90% similarity considered a new strain (Padidam et al. 1995). The
identity of the eleven virus isolates from South Africa were confirmed in
comparisons with other characterised cassava-infecting begomoviruses from
Africa (Fig. 4.7). Phylogenetic analysis demonstated that three isolates were
closely related to strains of ACMV, six clustered together with EACMYV strains
from Malawi and the remaining two segregated with other EACMYV strains from
Kenya, Tanzania and Cameroon. This confirmed the HMA results, where field
isolates were differentiated from the three distinct reference viruses, ACMV,

EACMYV and SACMV.

4.5 DISCUSSION

Recent increases in the incidences and severity of geminiviral infections in

certain parts of the World have highlighted the need for continual surveillance

and monitoring of the epidemiology of these viruses. One technique available
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Figure 4.7: Phylogenetic tree demonstrating the nucleotide sequence similarity of the
CCP of South African cassava-infecting begomovirus isolates compared to other
sequenced African cassava mosaic viruses.

Cassava reference viruses: EACMV-Malawi (isolate MH) [AJ006459], EACMV-Malawi
(isolate MK) [AJ006460], SACMV [AF155807], EACMV-Malawi (isolate YG)
[AJ006461], EACMV-Kenya [AJ006458], EACMV-Tanzania [Z83256], EACMV-
Cameroon [AF112354], ACMV-Nigeria (clone pPCR4) [X68320], ACMV-Nigeria
(clone pPCRS) [X68319], ACMV-Nigeria (clone pPCR6) [X68318], ACMV-Nigeria
[X17095], ACMV-Kenya [J02057], ACMV-Uganda [Z83252]. The outgroup used was
Maize Streak Virus-Kenya [X01089}].
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for differentiating virus species or strains is the use of specific PCR primers
designed to non-conserved regions of the genome. While the use of degenerate
primers to the DNA-A component for PCR amplification has been widely used
for the detection and characterisation of geminivirus species (Briddon er al.
1994, Deng et al. 1994), these techniques do not necessarily distinguish different
strains or mixtures of viruses. Geminiviruses are useful plant viruses with which
to test the HMA technique since they have DNA-containing genomes which
make them simpler and easier to work with, and they can be considered
analogous to HIV in that they also appear to mutate or recombine fairly
frequently and numerous 'new' isolates continue to be discovered (Berrie et al.
1997, Zhou et al. 1997, Fondong et al. 2000).

The methodology of HMAs for the purpose of virus identity differentiation
requires several parameters to be optimised for individual systems. One of the
important parameters is the choice of primer and size of amplified PCR
products. From these results, it was demonstrated that the CCP primers and size
of PCR products (550 bp) were ideal for HMA analyses. The CCP primers target
highly conserved regions of the coat protein gene and thus amplify many
different types of geminiviruses as well as producing amplified products within
the suggested optimal size range (200-600 bp) (AT Biochem protocol).

The size of the PCR products used for HMAs affect the sensitivity of the
method, with sensitivity generally decreasing as the fragments increase in size.
Other researchers have used PCR products of 480 bp (poliovirus), 590 bp

(measles virus), 760 bp (Zucchini yellow mosaic virus) and 1.2 kb (HIV-1) for
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their respective HMAs. The effects of fragment size depends on the type and
context of sequence differences between the unknown and reference samples
and the position of mismatches (Wang er al. 1991, Delwart et al. 1993, Chezzi et
al. 1996, Kreis et al. 1997, Lin et al. 2000).

The optimisation of reaction conditions is important since the conditions for
heteroduplex analyses need to be reproducible and consistent. The consistency is
necessary so that results obtained from different gels can be correlated, which is
essential if phylogenetic inferences are to be made from unknown isolates in
relation to reference viruses. In this study it was found that the duration and
temperature of annealing appeared to be the most important factors. Annealing
is affected by the reaction environment (such as salt concentration and pH) and
temperature. Rapid cooling is favourable if there is a significant degree of
variation between the type and reference strains whereas slow cooling favours
heteroduplex formation between more closely related strains.

For the méjority of the cassava virus isolates examined in this study, rapid
cooling on ice was preferable. Other factors such as DNA- and salt
concentration, although important, were less crucial than that of denaturing and
annealing temperatures. Reaction conditions were optimised so that this
technique was sensitive enough to detect sequence differences between the
eleven isolates of 5.2 % which is at the more sensitive end of the range of 5-25%
which has been suggested as the range for good discrimination of viral isolates
(Delwart et al. 1995). However later studies were able to distinguish differences

as low as 2.3% (results not shown).
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Other methods such as, SSCP, RNase cleavage, RFLP and denaturing gradient
gel electrophoresis (DGGE) have also been used for detecting sequence
differences/mutations (Innis ef al. 1995). RFLPs and RNase cleavage techniques
are useful if single base pair changes are being investigated, whereas HMA and
SSCP techniques are used for larger DNA size fragment analyses. The
sensitivities of HMAs and SSCP are comparable (in the range of 10-25%),
however the major limitation to SSCP is that smaller size (<200 bp) fragments
are needed for high sensitivity (Maynard et al. 1998).

The heteroduplex patterns and profiles obtained by HMAs showed a good
correlation with sequencing and phylogenetic results. Thus isolates collected
from field samples can be rapidly and accurately assigned to a viral
species/strain in relation to known reference viruses, such as SACMV, ACMV
or EACMV. Construction of standard curves showing the relationships between
genetic distance and heteroduplex mobility for all the possible pair-wise
combinations of sequenced virus strains and species, enables quicker identifica-
tion of field isolates since unknown test samples can be easily referenced with
regard to established identities depicted on the graphs. This has advantages of
enabling large-scale screening of field samples and reducing the need and cost
of having to clone and sequence all the isolates.

Recent reports (Fondong et al. 2000) have shown that cassava exhibiting
severe symptoms often have mixtures of ACMV and EACMV and that these
mixtures of viruses not only act synergistically to result in more severe mosaic

disease but complicate viral diagnosis. Heteroduplex mobility assays could play
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a role in diagnosing plants with multiple infections since mixtures of viruses
within plants can be demonstrated by the appearance of a number of multiple
heteroduplex bands, as seen in this study (Fig. 4.4). Thus using the right
combinations of primers and HMAs it is possible to detect mixtures of
begomoviruses infecting cassava plants which would then increase the

‘recovery’ of isolates and improve the accuracy of diagnosis.

In conclusion, we have been able to show that heteroduplex mobility assays
are rapid and sensitive in differentiating between cassava-infecting
begomoviruses and is useful for preliminary screening of large numbers of field
samples. Heteroduplex mobility assays may be useful in detecting sequence
diversity in a range of DNA and RNA plant viruses. The only drawback is that
the use of a single primer pair may not detect recombination of large DNA
fragments in other regions of the genome. It is recommended that as wide a
range as possible of reference samples be used enabling quicker, more detailed

identification of unknown isolates.
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PHAGE ANTIBODIES TO SOUTH AFRICAN

CASSAVA MOSAIC VIRUS
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5.1 ABSTRACT

Whitefly transmitted geminiviruses are important plant pathogens
worldwide. Cassava mosaic disease, which is caused by a group of whitefly-
transmitted, cassava-infecting begomoviruses, is a serious problem affecting
cassava production in Africa. The epidemiology and spread of this disease
has been well studied in several African countries particularly with the use of
serological methods. However current serological methods and antibodies
are limited in their usefulness and specificity and new antibodies need to be
developed to detect all the possible viral species. The objective of this study
was to use the technique of differential phage display to develop phage
antibodies to South African cassava mosaic virus. From the results, the
viability of using phage antibodies to detect geminiviruses proved promising
as a number of phage clones were isolated and characterised. These clones,
when used in combination, were able to differentiate between several
cassava-infecting begomoviruses. However a number of improvements on
this technique would need to be implemented before it became an acceptable
method for producing antibodies to identify and distinguish between the

various cassava-infecting begomovirus species and strains.
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5.2 INTRODUCTION

Monoclonal antibodies (MAbs) are antibodies of a single type produced by
populations of genetically identical plasma cells (Prescott, Harley and Klein
1993). In 1975, Kohler and Milstein described the production and
characterisation of the first somatic cell hybrids capable of indefinite
production of antibodies of predetermined specificity. This technology
(hybridoma technology) involved fusing B-lymphocyte cells from the
spleens of suitably stimulated animals with immortal myeloma cells to
produce hybridomas which were capable of producing indefinite amounts of
antibodies of predefined specificity.

Monoclonal antibodies have been widely used in plant pathology and
antibodies have been produced to more than 60 plant viruses in 20 different
virus groups (Torrance 1995). These antibodies have been used for the
detection and diagnosis of plant pathogens (viruses, bacteria, fungi and
mycoplasma-like organisms) as well as the study of host-pathogen
interactions and molecular ecology of viruses and vectors (Torrance 1995).

Whitefly-transmitted geminiviruses (WTGs) are ssDNA viruses that are
transmitted by a whitefly (Bemisia tabaci Genn) vector and infect a wide
range of tropical and sub-tropical plants worldwide (Harrison 1985). In 1986,
a panel of 10 monoclonal antibodies was produced to an African cassava
mosaic virus isolate (ACMV-JI) which could distinguish whitefly-
transmitted geminiviruses from leathopper-transmitted geminiviruses as well
as distinguish between ACMV-JI (type strain) and ACMV-C (coastal strain)

(Thomas et al. 1986). The coat protein gene of WTGs is highly conserved
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and all WTGs irrespective of host range or geography share serological
relatedness which complicates viral identification and diagnosis.

Currently 17 MAbs have been prepared to ACMV (SCR 11-33) and
another 10 MAbs to Indian cassava mosaic virus (ICMV) (SCR 52-68)
(Aiton and Harrison 1989). Fortunately a number of these antibodies can
discriminate between different virus species: SCR 20 is a general MAb that
detects a wide range of WTGs, SCR 14 detects both ACMV and East
African cassava mosaic virus (EACMV) and distinguishes them from other
geminiviruses, SCR 23 and 33 when used together can differentiate between
ACMYV and EACMYV and SCR 60 detects ICMV.

This panel of MAbs has been widely used for identifying and
characterising WTGs from many different plant hosts and from many
different parts of the world such as Burkina Faso (Konate et al. 1995), India
(Harrison et al. 1991, Swanson et al. 1992a), the Americas (Swanson et al.
1992b) and Europe (Macintosh er al. 1992). Serological relationships
between geminiviruses were previously examined using immunodiffusion
(Sequeira and Harrison 1982) and immunosorbent electron-microscopy
(Roberts et al. 1984) but it was found that using ELISAs with polyclonal
antibodies and unconjugated MAbs gave more sensitive and reliable results
(Harrison et al. 1991).

Since the advent of hybridoma technology, MAbs to many different
antigens and for many different purposes have been created although one
important aim i.e. the production of therapeutic human Abs has not been
realised. However advances in recombinant DNA technology and increased

knowledge about antibody gene sequences has resulted in the production of
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human antibodies using phage display as an alternative to animal
immunisation (Sheets er al. 1998). This technology overcomes many of the
difficulties associated with immunising animals, is suitable for antigens with
poor immunogenicity and high toxicity and minimises production costs and
time (Torrance 1998).

Differential phage display bypasses the immune system and involves the in
vitro production and tailoring of antibodies. This is achieved by fusing the
coding sequences of antibody variable region genes to the amino-terminus of
bacteriophage minor coat proteins such that the resulting fusion protein (Ab)
is expressed on the outer coat of bacteriophages (Hoogenboom 1997). Phage
display libraries have been constructed which have a large repertoire of
phages (>10* ) displaying different single chain Fv fragment antibodies on
their surfaces. These libraries have been used to produce antibodies to a
variety of both human (self and non-self) and foreign antigens (Nissim et al.
1994, Sheets et al. 1998, Wilson and Finlay 1998). Phages displaying
antibodies that recognise specific antigenic epitopes are selected by binding
to immobilised antigen and recovered and enriched by successive rounds of
selection.

Differential phage display libraries have been used to create antibodies to a
number of plant viruses such as: Beet necrotic yellow vein virus (Uhde et al.
2000), Black currant reversion associated virus (Susi et al. 1998), Cucumber
mosaic cucumovirus (Ziegler et al. 1995), Cucumber mosaic virus (Gough et
al. 1999), Potato leafroll virus (Harper et al. 1999) and Tomato spotted wilt

virus (Griep et al. 2000). Peptide libraries have even been used for producing
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phages that bind to the SCR 20 MAD as a substitute for geminiviruses as a
positive control for use in ELISAs (Ziegler et al. 1998).

Currently available monoclonal antibodies can only distinguish between 2
cassava-infecting begomovirus species viz. ACMV and EACMV. However
two additional viruses, South African cassava mosaic virus (SACMV) and
Ugandan recombinant virus (UgV) also infect cassava and these viruses are
serologically indistinguishable from EACMV and ACMV respectively.
Therefore the aim of this work was to use a differential phage display library
to produce MAbs to SACMV for use in routine virus screening and

diagnosis.

5.3 MATERIALS AND METHODS

5.3.1 Virus purification

Nicotiana benthamiana plants, which were agro-inoculated with full-length
SACMV DNA-A and -B dimers cloned in pBIN19 plant transformation
vector (kindly supplied by L. Berrie, University of Cape Town) were grown
in growth chambers at 25°C with 16 hr:8 hr light:dark photoperiod. After
approximately 4 weeks the plants were harvested and virus extractions
performed according to the method of Sequeira and Harrison (1982). Viral
preparations were tested for viruses by electron microscopy (using formvar,
carbon-coated grids and 2% uranyl acetate and PTA pH 3.5 and 7.1 negative
staining) and ELISA (using SCR 17 and -20 MAbs, supplied by D.

Robinson, SCRI, Dundee).
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5.3.2 Phage Display

The Human Synthetic VH and VL scFv Library (Griffin 1 Library, Medical
Research Council, Cambridge, England) was used for isolating phages
displaying antibodies to SACMYV. The Griffin 1 library is a scFv library
containing approximately 1x10'° clones made from the cloning of heavy and
light chain variable regions of synthetic V-gene segments. The library was
grown in 500 ml 2xTY media containing 100 mg/ml ampicillin and 1%
glucose and infected with helper phage (ratio of 1 bacteria:20 helper phage)
(M13-K07 helper phage, Pharmacia). Phages from the library were then
isolated, concentrated and resuspended in 5 ml PBS.

Three rounds of selection were performed. For the 1** round of selection a
1/10 dilution of SACMYV antigen in 50 mM sodium hydrogen carbonate pH
9.6 was used to coat the immunotube (NUNC Maxisorp Immunotube), for
subsequent selections the amount of antigen was reduced to 1/100 (2™
round) and 1/500 (3" round). Selection involved overnight coating of the
immunotubes with antigen, 2hrs of blocking with 2% Marvel-PBS, addition
of 1ml of phage to the immunotube, washing the tube with PBS and 0.1%
PBS-Tween to remove unbound phage, eluting bound phage with 1 ml 100
mM triethylamine and infection of exponentially growing E. coli TG1 which

were then plated on 2xTY media and grown overnight.

5.3.3 Screening of potential phage clones
Populations of phages produced at the end of the 2™ and 3" rounds of
selection were then screened for their affinity to SACMV. Individual clones

were isolated and grown and monoclonal phage particles rescued. Seventy
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two clones from the 2™ round and 98 clones from the 3™ round were initially
screened by ELISA for their affinity to SACMV from cassava (positive
control) and healthy N. benthamiana (negative control).

ELISAs were performed by coating microtitre plates (NUNC Immunosorp
96-well plates) with duplicates of antigen diluted 1/20 in equal volumes of
extraction buffer (0.05 M Tris-HCI, 0.005 M EDTA pH 8.0, 2% PVP, 0.05%
Tween-20) and carbonate coating buffer pH 9.6. The next day the plates
were washed with PBS and 50 ul of phage added to each well, afterwhich
anti-M13 Mab (1:2000) was added, followed by the addition of alkaline
phosphatase-conjugated anti-mouse MAb (1:5000) and detection with 1
mg/ml p-nitrophenyl phosphate and 10% diethanolamine. The plates were
then read on a Titertek Multiscan Plate Reader at a wavelength of 405 nm.

Those clones which exhibited high absorbance values (> cut-off value, cut-
off value=mean of controls+2 S.D.) for SACMYV and low absorbance values
(< cut-off value) for healthy N. benthamiana were chosen for further
screening. Twenty four clones were selected and their specificity for
SACMYV was examined by testing them against 4 other begomoviruses that
infect cassava: an isolate from Swaziland (shown by sequence analysis to be
most closely related to SACMV), an isolate from Mzinti (belonging to
EACMV1 group), an isolate from St. Lucia (EACMV?2) and an isolate from
Mfekayi (ACMV).

These same clones were then also used to infect E. coli HB2151 which
resulted in the production of soluble antibody fragments and were again
tested by ELISA to the 5 different viruses. For the final screening procedure

the 8 clones that gave the most promising results were used. These clones
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were tested against other related cassava begomoviruses: ACMV-Kenya,
EACMV-Kenya, ACMV-Nigeria, ACMV+UgV mix and UgV (kindly
provided by S. Winter, DSMZ, Plant Virus Division, Braumschweig,

Germany).

5.3.4 Optimisation of ELISA conditions
Several experimental conditions affecting ELISAs using phage-bound

antibodies and ELISAs using soluble antibodies were optimised (Table 5.1).

5.4 RESULTS

Agro-inoculation of approximately 100 N. benthamiana plants resulted in a
large percentage (>60%) of the plants becoming infected and displaying
characteristic symptoms of leaf curling and mosaic patterning on the leaves.
Using N. benthamiana for propagating cassava begomoviruses is
advantageous since it has been found that virus concentration in cassava
reaches only 1-7% of that in N. benthamiana (Sequeira and Harrison 1982)
and extracting viruses from cassava has been proved to be extremely
difficult. Electron microscopy of the viral preparations using uranyl acetate
revealed geminivirus-like particles of the correct size, although the particles
did not appear entirely intact, probably as a result of the omission of the
sucrose gradient step in the virus purification protocol which might have
resulted in the viral particles being broken up due to the high speed
centrifugation. Viral particle confirmation was achieved serologically by

ELISA using SCR 17 and SCR 20 MADs (results not shown).
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Table 5.1 Parameters investigated in attempts to optimise ELISA conditions

ELISAs using phage-bound antibodies ELISAs using soluble antibodies

Antigen: Antigen:

1/10, 1/20, 1/50 1/10, 1/20, 1/50
anti-M13 1° Mab: anti-myc 9E10 MAb:
1:500, 1:1000, 1:2000 1:100, 1:500, 1:750

Alk. Phosph. 2°MAbD:
1:1000, 1:2000, 1:5000

Buffer 1: 0.05 M Tris-HCI, 0.005 M
EDTA pH 8.0, 2% PVP, 0.05% Tween-
20 and

Buffer 2: 0.05 M Tris-HCl, 0.06 M
sodium sulphite pH 8.25 + 0.1 % (v/v) 2-

mercaptoethanol.

Carbonating coating buffer  and

no carbonate coating buffer

Polyclonal antibody and

no polyclonal antibody
no. of washes (2 ,4 and 6)

Temperature (25°C and 37°C)
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Once the preparations were found to be viral they were used for producing
antibodies by differential phage display.

After performing the 3 rounds of selection and enrichment, individual
phage clones were screened for their affinity to SACMV. Of the 170
individual clones tested, 24 clones that gave the best results i.e. displayed
high absorbance values when tested against SACMV from cassava and low
absorbance values when testing healthy N. benthamiana, were used for
further screening. These clones were then tested for their specificity towards
SACMV and 4 other cassava begomoviruses from southern Africa. The
results (Figures 5.1 and 5.2) showed that the 24 clones, although all isolated
had different

from a library primed specifically towards SACMYV, all

specificities and affinities towards SACMV.

SACMV Swazi1 EACMV1 EACMV2 ACMV

clone 1
Hclone 2
Oclone 3
Hclone 4
Hclone 5
Hclone 6
Hclone 7
clone 8
Hclone 9
Mclone 10
Oclone 11
HEclone 12

Figure 5.1 Chart showing the A4os values of phage clones 1-12 when tested
against SACMYV and 4 other cassava begomoviruses from southern Africa
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0.25¢
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SACMV Swazi 1 EACMV1 EACMV2 ACMV

clone 13
Hclone 14
Oclone 15
Oclone 16
Eclone 17
clone 18
B clone 19
clone 20
M clone 21
Hclone 22
O clone 23
Hclone 24

Figure 5.2 Chart showing the A,y values of phage clones 13-24 when tested
against SACMV and 4 other cassava begomoviruses from southern Africa

The different antibodies recognised different epitopes on the viruses, some

recognised epitopes general to all the viruses (such as clones 2, 3 and 8

which had affinities for 3 or more viruses), others were targeted to more

specific epitopes (such as clones 1, 9 and 17 which recognised only 1 or 2

viruses) and others (clones 13, 18 and 24) appeared to be more specific for

SACMV. Soluble antibody fragments were produced by infecting the non-

suppressor strain of E. coli HB2151 with the phagemids from the 24 clones.

Results of ELISAs using soluble antibodies (Figure 5.3) showed that the

absorbance values obtained using soluble antibodies were in all cases lower

(average=0.120) compared to phage-bound antibodies (average=0.189)

although the variances were not that significant (p=0.020 using Fishers Exact

Test).
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Figure 5.3: Chart showing the difference in A5 values of selected soluble and phage bound
antibody clones when tested against SACMV

To verify that soluble antibodies were being produced, SDS-PAGE
followed by Coommassie Blue and Silver staining was performed. These
results (data not shown) suggested that soluble antibodies were indeed being
induced and expressed but in lesser amounts compared to phage-bound
antibodies. Further improvement of the results was attempted by optimising
the soluble-antibody ELISA conditions. It was found that varying the
concentrations of SACMYV antigen (1/10, 1/20 and 1/50) and anti-myc 9E10
antibody (1:100, 1:500 and 1:750) had little effect on the results. Increasing
the amount of alkaline-phosphatase labelled 2™ antibody from 1:5000 to
1:1000 gave false positive results and 1:5000 was adopted for further tests.
Since the results obtained using the soluble antibodies were not significantly
better than that using phage-bound Abs it was decided to continue the rest of

the screenings using phage-bound antibodies.
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The relatively weak reactions between the antibodies and SACMYV antigen
could be attributed to a number of factors, thus it was necessary to
investigate these factors individually to examine the effect of each of these
on the ELISA conditions. The choice of extraction buffer is very important
since it has been shown that tobacco leaf curl virus from Lonicera japonica
could only be detected when reducing agents were added to the leaf
extraction media (Macintosh et al. 1992) and clarification of cassava extracts
by the addition of chloroform decreased the inhibitory effects of cassava sap
and increased the absorbance values (Fargette ef al. 1987).

Comparison of the values obtained using the 2 different extraction buffers
(see Table 5.1) (results not shown) indicated that using buffer 1, as opposed
to buffer 2, gave better results, suggesting that the low readings obtained
were not as a result of viral particles being degraded or excessive effects of
inhibitory compounds.

The addition of carbonate coating buffer to the extraction buffer also
seemed to have little effect on antigen adsorption as absorbance values were
not noticeably affected. One factor which did appear to play a role was the
use of polyclonal antibodies for precoating the microtitre plates. It was found
that using polyclonal antibodies to coat the plates before the addition of
antigen resulted in the A4ps values obtained for SACMYV with phage clone 1
increasing from 0.342 (without polyclonal antibody) to 0.443 (with
polyclonal antibody).

It was also hypothesised that the use of 6 washes between each step was
too excessive as it could result in the breaking of the already weak binding

between phage Abs and antigen. Decreasing the number of washes to 4 and 2



110

washes did not seem to substantially affect the results thus 6 washes was
adopted to maintain the stringency and prevent false positive results.
Increasing the incubation temperature from the recommended 25°C to 37°C
gave increased variability in the results between duplicate wells. Varying the
amounts of antigen (1/10, 1/20 and 1/50) and anti-M13 antibody (1/500,
1/1000 and 1/2000) made little difference, and better results were obtained
using antigen diluted 1:20 and anti-M13 at 1:1000.

The final screening procedure was performed using the optimised ELISA
conditions and the 8 clones (clones 1, 3, 5, 8, 9, 13, 14, and 24) that gave the

best results against the 5 cassava begomovirus isolates (Figure 5.1 and 5.2).

Eclone 1
Hclone 3
Mclone 5
Oclone 8
Oclone 9
Nclone 13
Hclone 14
Elclone 24

I TIIT TS EIITIS,

Figure 5.4: Chart displaying the specificities of the 8 ‘best’ clones against SACMYV and
other African cassava begomoviruses from eastern and western Africa

These results (Figure 5.4) showed that clones 1, 3, 5, 8, 9, 13 and 24
exhibited no apparent increased specificity towards SACMV compared to
the other 5 viruses and hence were not as discriminatory as hoped for. Clone

14 showed the most promising results with increased specificity towards
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SACMV (A4ps= 0.200) as opposed to EACMV-Kenya (Agps= 0.174),

ACMV+UgV mix (Asos= 0.165) and healthy cassava (A4s= 0.171).

5.5 DISCUSSION

Several methods, other than serology, exist for identifying and characterising
cassava-infecting begomoviruses, including PCR using degenerate primers
that anneal to highly conserved regions of the genome (Rojas et al. 1993,
Deng et al. 1994, Wyatt and Brown 1996), nucleic acid hybridisation
(Roberts er al. 1984) and cloning and sequencing of full-length genomes
(Hong et al. 1993, Zhou et al. 1998).

Nevertheless serological testing remains the most popular in Africa due to
it’s simplicity and cost-effectiveness. Hence the majority of the surveys of
cassava-infecting begomoviruses in Africa have been conducted using the
SCR monoclonal antibody panel (Swanson and Harrison 1994, Offei et al.
1999, Ogbe et al. 1999). However these antibodies can only discriminate
between ACMV and EACMYV and other viruses such as SACMV and UgV
are indistinguishable, SACMV being serologically related to EACMV and
UgV to ACMV. Since no other monoclonal antibodies are available for
testing it would be beneficial if additional antibodies could be made that
could distinguish SACMYV and UgV.

The easiest, quickest and cheapest way to do this would be to use
differential phage display technology to produce scFv antibodies which
could then be used in field testings and routine screenings. However

producing MAbs to geminiviruses has proven difficult due to the poor
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immunogenicity of these viruses, low levels of virus in cassava, the tendency
of viral particles to aggregate and/or attach to plant material which
significantly reduces the number of viral particles isolated (Sequeira and
Harrison 1982) and interference by components of cassava leaf extracts
particularly in the older leaves (Sequeira and Harrison 1982, Fargette et al.
1987).

From the results of this study we were able to isolate 4 clones (clones 13,
14, 18 and 24) which showed some limited degree of affinity and specificity
towards SACMV compared to healthy controls and other related cassava
begomoviruses. Three clones (13, 18 and 24) could distinguish SACMV
from other southern African virus isolates whereas clone 14 differentiated
between SACMYV and other east African virus isolates.

Factors which may have contributed to the limited ability to produce MAbs
with high specificity and affinity to SACMV could be: plant material used
for testing and screening not being sufficiently fresh (S. Winter, pers.
comm.); affinities (i.e. binding) of MAbs being too low hence their loss after
washing steps; MAbs not being specific enough to discriminate between
different cassava begomoviruses due to coat protein conservation and small
size and monovalency of scFv antibodies compared to ‘normal’ antibodies
resulting in weaker signalling.

Ways to improve on this technique in future could be: clarifying cassava
sap to remove the effects of inhibitors (Fargette et al. 1987); increasing the
number of rounds of selections from 3 to 4 or 5; increasing the time of
elution of phages during the selection process thereby selecting for the very

high affinity binders which might otherwise have been lost (de Bruin et al.
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1999); multimerizing the soluble scFv fragment antibodies to enhance
avidity and slow the rate of dissociation (Nissim et al. 1994); improve the
affinity of the antibodies by shuffling of the heavy and light chain genes
(Marks et al. 1992) or by manipulating antigen binding sites of antibodies by
site-directed mutagenesis or error-prone PCR (Hoogenboom 1997); re-
engineering scFv proteins by introducing peptide linkers or incorporating
into fusion proteins (Whitlow et al. 1991). The probability of actually
isolating a clone is multifactorial and depends on the size of the library, it’s
diversity and the threshold binding affinity (Hoogenboom et al. 1992) as

well as the number and efficiency of rounds of selection (Marks et al. 1991).

In conclusion, using 4 clones in combination, it might be possible to
tentatively identify and characterise cassava virus isolates. Although phage
display showed potential in identifying cassava-infecting begomoviruses, the
technique still needs improvement and refinement before it can be adopted as

a reliable screening method.
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Three major objectives of this study were:

1. To study the genetic diversity of cassava-infecting begomoviruses in
selected countries within southern Africa.

2. Examine the genetic diversity of Bemisia tabaci Gennadius populations
in southern Africa.

3. Develop techniques for screening and differentiating cassava

begomoviruses from field samples.

6.1 Genetic Diversity of Cassava-Infecting Begomoviruses

Investigations into the causative agent/s responsible for cassava mosaic
disease in Africa have revealed three distinct virus species, viz. African
cassava mosaic virus (ACMV) (Hong et al. 1993), East African cassava
mosaic virus (EACMV) (Zhou et al. 1998) and South African cassava
mosaic virus (SACMV) (Berrie et al. 1998). Furthermore, several different
strains have been reported, for example, the Ugandan variant (UgV) (Zhou et
al. 1997) which is a recombinant virus of ACMV and EACMV.

The results of our study through examination of the genetic diversity of
cassava-infecting begomoviruses from 6 southern African countries (Angola,
Mozambique, South Africa, Swaziland, Zambia and Zimbabwe), revealed
that in countries such as Zimbabwe where previous serological evidence
suggested only EACMYV, there is now evidence of ACMV as well; in
Angola, Mozambique and South Africa where previously only ACMV were

reported, there now exists EACMV.
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In addition, EACMV viruses from southern Africa could be further
separated into 2 distinct groups (EACMV1 and EACMV2). The EACMV2
viruses are believed to be ‘newer’ species that arose from recombination with
the closely related Tomato yellow leaf curl viruses (Zhou et al. 1998). Our
results also demonstrate, for the first time, the appearance of SACMV in
Swaziland. SACMYV, which is a recently discovered recombinant virus, had
thus far only been found to occur once in South Africa (Berrie ef al. 1998)
but phylogenetic analysis has now identified a virus isolate (CBV-SZ[Mal])
highly related (>97%) to SACMV. The exact extent and nature of possible
recombination within this virus isolate from Swaziland warrants further
investigation and may shed light on the origin/s of SACMV.

Examination of the nucleotide identities of cassava begomoviruses from
the different geographical regions showed that significant movement of
infected cassava material must have occurred. This is exemplified by isolates
from one country (e.g. CBV-ZA[T1], South Africa) showing high degrees of
relatedness to isolates from both neighbouring (CBV-MZ[Bez2],
Mozambique) and distant (CBV-AO, Angola) countries. Thus the
differentiation and separation of cassava-infecting begomoviruses from
southern Africa is complex and not geographically limited, most probably as
a result of the extensive trafficking of cassava stakes between and within
neighbouring countries.

The results of our study also show that the recombinant virus, UgV, is
present in southern Africa and occurs in a mixed infection in a substantial
number of infected plants. These results are rather surprising as UgV was

thought to be mainly confined to Uganda (Zhou er al. 1997) and parts of
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Guinae (Winter 1998) and Sudan (Harrison et al. 1997). It was disturbing to
find that UgV-like viruses were present further south, and this has huge
implications for disease diagnosis and control.

This suggests that ‘hot-spots’ of recombination are most probably
occurring in all areas where cassava begomoviruses are found.
Recombination is now recognised to occur between geminiviruses and
contribute to geminivirus evolution and diversity (Rybicki et al. 1994, Deng
et al. 1997, Zhou et al. 1997).

The opportunities exist within southern Africa for epidemics similar to that
in Uganda to occur, particularly if the continued movement of cassava stakes
occurs, if the spread of the more destructive, polyphagous B-biotype
continues and eventually reaches southern Africa, and if extremely
susceptible cassava varieties becomes widely adopted and planted. Continued
vigilance of the incidences and severity of cassava mosaic outbreaks,
increased and broader epidemiological surveys as well as the continued
development of increasingly resistant cassava cultivars (either through plant
breeding or genetic engineering) could prevent similar catastrophes occurring

in southern Africa.

6.2 Genetic Diversity of Bemisia tabaci Gennadius

Cassava mosaic disease is spread by the planting of infected stem cuttings as
well as by transmission by a whitefly vector (Bemisia tabaci Gennadius)
(Homoptera: Aleyrodidae). There are more than 1100 species of Bemisia
(whitefly) yet only one species, B. tabaci, transmits begomoviruses that

infect cassava.
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One of the aims of our work was to examine the genetic diversity of
populations of Bemisia tabaci that exist on cassava in southern Africa.
Phylogenetic analyses of the mitochondrial cytochrome oxidase I (mtCOI)
gene molecular marker revealed that whitefly populations affecting cassava
in southern Africa formed two distinct groups: those from Mozambique,
South Africa, Swaziland and Zambia formed a closely-related (95-99%),
distinct clade, whereas those collected from Zimbabwe formed a separate
group and were more closely related to whitefly infecting okra from
Cameroon and the Ivory Coast. Whitefly from cassava in Cameroon
segregated as a separate cluster of closely related isolates.

These results suggest that geographical genotypes (topotypes) of B. tabaci
exist on cassava in Africa. This geographical separation of cassava-
colonising B. tabaci correlates directly with that observed when comparing
cassava begomovirus coat protein sequences (Hong and Harrison 1995).

This is a significant finding but not unexpected since experimental
evidence has demonstrated both direct and indirect evidence that the coat
protein region plays a major role in influencing viral-vector transmission
(Briddon et al. 1990, McGrath and Harrison 1995). Future research is
essential to investigate transmission efficiencies of different virus species in
conjunction with different B. fabaci species and correlate the effect of virus

genetic diversity with that of whitefly population diversity.

6.3 Development of New Identification Techniques
There exists numerous methods and techniques for the diagnosis,

identification and characterisation of geminiviruses: serological analysis
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(Harrison et al. 1991, Swanson er al. 1992); immunosorbent electron
microscopy (Sequeira and Harrison 1982); nucleic-acid hybridisation using
cloned probes to DNA-A and —B (Roberts ef al. 1984) and PCR (Rojas et al.
1993, Deng et al. 1994, Wyatt and Brown 1996, Brown et al. 2001).

An objective of this project was to develop more sensitive and specific
methods for differentiating between field isolates of cassava-infecting
begomoviruses. One such method was the Heteroduplex Mobility Assay
(HMA) which was successful in identifying and differentiating cassava
begomoviruses without the need to clone and sequence viral gene products.
The second method which showed promising results, was the development of
monoclonal antibodies using differential phage display technology.

In this study we were able to develop the HMA technique for
distinguishing cassava-infecting begomoviruses. The HMA profiles were
able to differentiate four different viral species and eleven different virus
strains and show a good correlation with sequencing results and phylogenetic
comparisons with other sequenced cassava viruses. This technique is
sensitive (detecting sequence differences as little as 2.3%) and rapid and has
the added advantage of being able to detect mixtures of viruses in field-
grown cassava.

It is envisaged that this technique could become widely adopted as the
method-of-choice for large-scale screening of field material and complement
the results obtained using other more traditional methods such as ELISAs
with the SCR (Scottish Crop Research) monoclonal antibody panel or newly

developed phage antibodies.
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The highly conserved nature of the coat protein of WTGs allows not only the
serological identification of strains of viruses but also enables antisera
produced to one geminivirus to detect other members of a group.

The current SCR panel of monoclonal antibodies can distinguish cassava-
infecting begomoviruses from begomoviruses from other hosts as well as
differentiate between ACMV and EACMV. However using these antibodies
it is not possible to discriminate between UgV and SACMV as UgV and
SACMV are serologically related to ACMV and EACMV respectively
(Thomas et al. 1986, Zhou et al. 1997, Berrie et al. 1998).

Using differential phage display as a possible solution, monoclonal
antibodies to SACMV were produced relatively quickly (3-4 weeks) and with
relative ease. From our experiments we were able to isolate 4 phage clones
which showed a degree of specificity towards SACMV. Using these 4 clones
in combination it might be possible to tentatively differentiate SACMV in
field cassava. However a number of parameters need to be further
investigated and improved upon before this technique can realise it’s full
potential and become widely-used for the production of monoclonal

antibodies on demand.

In conclusion, the diversity exhibited by both the cassava-infecting
begomoviruses and their whitefly vectors, will have significant impacts in
both the control and spread of disease, affecting the success of developing
cassava plants resistant to infection. It is hoped that these newly-developed

diagnostic methods will be adopted and assist in studying the epidemiology
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of this disease in an effort to bring it under control and ensure cassava’s

future as a secure, stable food source for Africa.
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