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Abstract

Breeding for resistance to the African Cassava Mosaic Virus (ACMV) disease in the Ghanian cassava
cultivar 'Bosom nsia' has been on-going for the past four years at the Biotechnology and Nuclear Agricultural
Research Institute. Protocols for in vitro culture from shoot meristems and acclimation of plantlets were
established. Radiosensitivity tests on the regenerated plantlets indicated LDjo of 40 Gy, and doses of 25, 30 and
35 Gy were suitable for mutagenesis. These doses were applied to in vivo and in vitro grown plants, and selection
was carried out in three propagations. Four variants, selected under field conditions with high viral incidence,
were analysed for virus particles with three virus indexing techniques. Polymerase chain reaction (PCR) product
analysis of DNA extracts from Nicotiana benthamiana test plants, inoculated with sap from the leaves of variants,
confirmed the presence of virus particles in all variants. Inoculation and ELISA tests suggested ACMV tolerance
in selected variants .

1. INTRODUCTION

Cassava is one of the most important staple food crops in the lowland tropics. In
Ghana, cassava is mainly utilized for human consumption in the form of 'fufu', 'banku',
'yakayake1 and dried for use as 'kokonte'. It is also processed as 'gari' and tapioca. Despite its
protein deficiency, cassava remains a valuable source of energy; cheaper in price than many
alternative foods. Cassava leaves are a good source of protein and vitamins, and are also used
as food in Africa [12]. The cultivar 'Bosom nsia' is one of the most widely grown cultivars
in Ghana, probably because of its good cooking quality and short maturation period of six
months. However, this cultivar is highly susceptible to the African Cassava Mosaic Virus
(ACMV) disease; hence, there is a need to improve its resistance to this disease.

The African Cassava Mosaic Virus disease is the most important disease of cassava.
It is transmitted by a whitefly vector, Bemisia (abaci Gennadius which is prevalent in many
parts of Africa [19]. Its etiology has been widely documented in West Africa [4, 5, 6] and
also in East Africa [22, 14]. ACMV disease is caused by any one of three distinct Whitefly-
transmitted Gemini viruses [7]. Yield reduction from ACMV infection ranges from 24% for
highly resistant to 75% for highly susceptible varieties, but can exceed 90% according to
some reports [4, 8, 21, 22]. Seif [16] reported that the yield reduction in several Kenyan
varieties was 50.7%, and yield loss was highly correlated with disease severity.

The control of ACMV disease can be achieved through sanitation and the use of
resistant or tolerant varieties as suggested by Storey [19]. In cassava breeding programme in
Africa, resistance to ACMV disease has been a high priority [6, 9, 13]. Six components of
resistance (r) are recognized: field r, vector r, inoculation r, virus r, symptom intensity r, and
virus diffusion r [5].

Various in vitro techniques have been developed in cassava [1, 10, 17, 18]. Klu [11]
reported irradiation doses of 25 and 30 Gy to be optimal for in vitro mutagenesis of cassava.
These doses including 35 Gy were used for in vitro and in vivo mutagenesis. Meristem
culture, in association with thermotherapy for virus elimination [10, 11] was adopted for the



generation of in vitro plants, and a protocol for acclimatization as reported by [2] was used
for weaning plants and transfer to field. Selected variants were then evaluated for resistance
to ACMV, using three virus diagnostic methods.

2. MATERIALS AND METHODS

2.1. In vitro and in vivo mutagenesis

The cultivar 'Bosom nsia' was procured from germplasm conservation station at Bunso
(Ghana). Three hundred stakes measuring 15 cm each with 20 axillary buds were grown in
sandy-loam soil at 35-38 C° (provided by high voltage bulbs) in a green house. After two
weeks, apical shoot tips were excised with a sterile scapel. Three batches, each of one hundred
shoot tips, were irradiated with 25, 30 and 35 Gy from a Cobalt 60 gamma irradiation source.
The shoot tips were sterilized for 5 minutes in 70% ethanol and washed twice in distilled
water. Shoot tips were then dissected under a light microscope to isolate meristems with 2 or
3 leaf primordta. The meristems were cultured in two stages on Murashige and Skooge basal
medium supplemented with various hormones and sugar (per liter) as indicated below:

a. Shoot Initiation Medium.

Murashige and Skooge medium 1/3 strength

Sucrose 30g
BAP 0.5ml
NAA 0.1ml
GA3 0.1ml
Agar 8g

b. Rooting Medium

Murashige and Skooge medium 1/3 strength

Sucrose 20g
NAA 0 lml
Agar 8g

The M, V, generated plantlets were subcultured to M,V2. This gave on an average 500
planlets per irradiation dose. Plants were acclimatized as described previously [2]. Individual
plants were potted in 50:50 sand:soil mix supplemented with 2 ml Raizal 400 starter solution,
applied at weekly intervals to the base of each plant. Potted plants were covered with
polythene to maintain humid environment, and kept in a well illuminated growth room at 25-
27°C. The polythene covers were gradually removed, and temperature increased steadily to
achieve complete weaning of plantlets. Hardened plants were transferred to a field with high
ACMV incidence.

For in vivo mutagenesis, three batches of 500 stakes of cassava were irradiated with
the same doses as for in vitro shoot tips. These stakes were obtained from disease free
planting materials.
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2. 2. Selection

Both in vitro and in vivo irradiated materials were selected for ACMV resistance over
three generations. Selection for ACMV resistance was done prior to transfer of in vitro
materials to field, and continued through three generations with in vivo materials; twelve
months of growth being one generation. A scoring system as shown below was used to select
for resistance to ACMV:

0 No symptom
2 1/4 of plant showing symptom
4 1/2 of plant showing symptom
6 3/4 of plant showing symptom
$ Whole plant showing symptom
10 Dead/Stunted/Morib and plant

2.3. Evaluation for resistance

Four variants were selected using the above disease scoring system. Two stakes
measuring 15 cm with 20 axillary buds of each variant and the parent material (labelled VV
for in vivo and VT for in vitro and BN for the parent cultivar "Bosom nsia") were planted in
pots filled with a mixture of sand and compost in equal proportions. They were kept in a
glasshouse at 30°C and watered daily. After one month of growth, fresh young leaves showing
various degrees of disease incidence were taken, and used in the following tests to evaluate
the presence of ACMV. Cassava materials were imported into Scotland, UK, under license
of the Scottish Office of Agriculture and Fisheries Department.

2.4. Inoculation of test plants

Tobacco, Nicotiana benthamiana test plants were inoculated by rubbing leaves
previously dusted with 600-mesh carborundum powder with infective sap extracted by
grinding 0.25 g of young infected cassava leaves in 0.05 M Tris-HCl, pH 8.0, containing
0.005M EDTA. Excess inoculum was washed off with a stream of tap water. Plants were
covered overnight with sheets of paper to prevent scorching of wounded leaves. There were
four replicates per treatment. The treated test plants were kept in a glasshouse at 30°C for four
weeks, and observed for symptom development.

2.5. Enzyme linked immunosorbent assay (ELISA)

Two forms of ELISA were used. Triple Antibody Sandwich (TAS) using monoclonal
antibody, and the Double Antibody Sandwich (DAS) using ACMV polyclonal antibody. The
protocol for ELISA was provided by the Virology Dept., Scottish Crop Res. Institute, Dundee.

The following buffer and reagents were used :

Coating buffer (Carbonate buffer), pH 9.6
1.59gNa2CO3

2.93g NaHCO3 (dissolved in 1 liter of distilled water)
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PBS (Phosphate buffer saline), pH 7.4
8.0g NaCl
0.2g KH2PO4

2.9g Na2HPO4 (dissolved in 1 liter of distilled water)

PBS - Tween : PBS & 0.05% Tween 20

Extraction buffer (For Gemini viruses)
0.05M Tris - HC1, pH 8.0
0.005M EDTA
2% Polyvinylpyrrolidone (PVP)
0.05% Tween-20

PBS -Tween - PVP : PBS - Tween & 2% PVP

Conjugate buffer : PBS - Tween - PVP and 0.2% Ovalbumin.

Substrate buffer : 10% Diethanolamine, pH 9.8 (with HC1)

2.5.1. TAS-ELISA (With monoclonal antibody, MAbs)

ACMV rabbit polyclonal antibody globulin (1 ug/ml) was diluted in coating buffer to
1/10,000. This was used to coat the wells of polystyrene microtitre plates (NUNC
Immunoplate) 100 ul/well. The plates were incubated at room temperature for 2.5 h and were
then washed (three short washes followed by three washes each of approximately three
minutes duration) with PBS - Tween.

Antigen samples were prepared by extracting leaf tissue of the four variants and a
healthy Ugandan cassava cultivar in the extraction buffer (10 ml/g). Sap was passed through
muslin, and added to the microlitre plates (100 ul/well) with the extraction buffer as control.
Plates were incubated overnight at 4°C.

Wells were washed as before and 5% semi-skimmed milk dissolved in PBS, Tween -
PVP was added to the wells (200 ul/well), and incubated for 30 min at room temperature. The
wells were emptied and blotted dry without washing.

Tissue culture fluids containing MAbs (prepared and supplied by the Virology
Department) diluted 1:3 in PBS-Tween-PVP were added to the plates (100 ul/well) which
were then incubated for 2.5 h at room temperature. Four of the MAbs were raised against
ACMV while one was raised against the Indian Cassava Mosaic Virus (ICMV). One row of
10 wells was left without any MAb but filled with PBS - Tween - PVP buffer (used for DAS-
ELISA). Washing was repeated.

Rabbit anti-mouse IgG (whole molecule) - alkaline phosphate conjugate (RAM-AP)
(Sigma Chemicals, product No. A1902) diluted to 1/1000 in conjugate buffer was added to
the wells (100 ul/well) except for the row of wells left for DAS-ELISA. The plate was then
incubated for 2.5 h at room temperature. Washing was repeated, and bound alkaline
phosphatase was detected using p-nitrophenyl phosphatase (Boehringer Corp. Ltd). There were
two replicates per treatment .
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Absorbance A40Snm was measured in a Titertek Multiscan. Measurements were taken
after 1 h at room temperature and again after subsequent incubation overnight at 4°C.

2.5.2. DAS-ELISA (With Polyclonal antibody conjugate (PAC)

The procedure was adopted as described for TAS-ELISA except that at the time of
MAb application, only the buffer (PBS-Tween-PVP) was applied as indicated above.
Polyclonal antibody raised against ACMV was diluted at 1/1000 in conjugate buffer, and
added to the row often wells (100 ul/well) during the stage of rabbit anti-mouse addition in
the TAS-ELISA. All other steps were as described for TAS-ELISA. In this work, DAS-
ELISA was done in the same microtitre plate as TAS-ELISA.

2.5.3. Scoring system for ELISA readings

The following scoring system was used for ELISA:

•A-405nm
> 1.80
1.21-1.80
0.61-1.20
0.30-0.60
0.15-0.3
< 0.15

SCORE
4
3
2
1
t (trace)
0

2.6. Nucleic acid extraction

DNA extracts from leaves of cassava and test plants were made by method B as
described by Robinson [15] except that ethanol precipitation was done with 2.5 volumes of
100% ethanol and 0.1 vol. 3 M Sodium acetate, pH 5.2 at -20°C overnight, washed with 100%
ethanol, dried with a vacuum pump for 5 minutes and dissolved in 25 ul of sterile distilled
water.

2.7. Polymerase Chain Reaction (PCR)

One ul each of two degenerate oligonucleotide primers with the following sequences
were used in the PCR. reaction.

Primer 1 (0.68 ug/ul) - 5'~TAATATTACCKGWKGVCCSC-3' (20 nt)

Primer 2 (0.78 ug/ul) - 5'--TGGACYTTRCAWGBCCTTCACA--3' (23 nt)

(Where K = G or T, R = A or G, S = C or G, W = A or T, Y = C or T, B = C, G or T, and
V = A , C or G.)

In addition to the above primers, PCR mixtures contained in a volume of 100 ul, 10
ul reaction buffer (10 mM-Tris HC1, pH 8.3, 5 mM-KCl), 10 ul (25 mM) MgCl2, 2 ul(10
mM) dNTP, 2 ul of extracted nucleic acid and 74 ul of sterile distilled water. This mixture
was heated at 95°C for 5 minutes and then transferred onto ice. An appropriate amount of 2
U Taq polymerase (Cambio) was then added and overlaid with 50 ul paraffin oil. The
individual mixtures for the different sources of DNA extracted were put on a PCR intelligent
heating machine (Cambio) and programmed for the following cycles.
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1 x 2 min 94°C, 1 min 55°C, and 2 min 72° C
35 x 45 sec 94°C, 1 min 55°C, and 2 min 72° C
1 x 45 sec 94°C, 1 min 55°C, and 5 min 72°C

2.7.1. Analysis of PCR Products

10 |il samples of PCR products were analysed by electrophoresis in 10 g/1 agarose gels
in Tris-borate-EDTA buffer run for 1.5 h at 150 V stained with 0.5 ug/ml ethidium bromide
and photographed on a UV trans-illuminator. PCR products of samples were run along side
a 1 Kb ladder marker (Life Technologies).

3. RESULTS AND DISCUSSION

3.1. Selected variants

Two variants each were selected from both in vitro and in vivo populations. Both in
vitro variants were selected from materials irradiated at 30 Gy while in vivo variants were
from 25 and 30 Gy. Fig. 1 shows leaf samples of variants. There was a significant reduction
in the chlorotic mottling symptom association with ACMV in the in vivo leaf sample with
some reduction of chlorosis in the in vitro samples as compared to the control.

b.

Fig. 1. Leaf samples of (a) original parent material, (b) in vitro and (c) in vivo variants.

These observations do not necessarily indicate resistance to ACMV, as it has long been
reported that some cuttings taken from ACMV-infected sources grow into uninfected plants
[19]. However, this feature, if consistent in the variant, could be regarded as some form of
resistance.

3.2. Evaluation for resistance

3.2.1. Inoculation of Test-Plants

Fig. 2 (A-C) shows results of inoculation of cassava sap to N. benthamiana. There
were chlorotic mottling and stunting of test-plants inoculated with sap from the original
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cassava cv. 'Bosom nsia' (BN) and variants from in vitro mutagenesis (VT, and VT2) but there
were no visible signs of the disease on test-plants inoculated with sap from leaves of VV, and
VV2, even though slight stunting was observed with VV,.

VT 1 VT 2 W 1 W 2
BN CONTROL

Fig. 2. Test plants inoculated with sap from original cv. BN with (A) control, (B) and (C)
variants.

The absence of symptoms in the W , inoculated test-plants suggests that either the
virus particles in the leaves of the variants were absent or the concentration of virus
particles was below that needed to inoculate the test-plants successfully. Walkey [24] stated
that if a virus occurs in very low concentrations in the donor host, it is not possible to
transmit it directly. In fact, it has been estimated that as many as 105or more particles must
be inoculated to infect a cell, and this figure may be even higher with multi-component
viruses such as cowpea mosaic virus, 107 [23] and alfalfa mosaic virus, 109 [3]. Mechanical
transmission to suitable host plants is extensively used as a quantitative bioassay, hence the
absence of symptoms in test-plants inoculated with sap from variants VV, and VV2 suggests
low virus concentration or absence of virus in the sap.

3.2.2. ELISA

The reaction of five MAbs and Polyclonal antibody conjugate (PAC) to leaf-extracts
of cassava is shown in Table I. There was a moderate to strong reaction with all MAbs
except MAb SCR 60 which gave trace or no response. MAbs SCR 17, 18, 20, and 23 were
specifically raised against ACMV, hence the positive reaction; while SCR 60 was raised
against the Indian cassava mosaic virus and was used as a check for the ELISA test. Except
for W , , there was no positive reaction with sap from the in vivo variants, but the in vitro
variants and the control material (Bosom nsia) all gave positive recation with PAC .

The positive reaction with MAbs raised against ACMV conforms with other results
as these are the core set of MAbs for ACMV identification [20]. The negative reaction to
PAC for the in vivo variants indicates a probable low concentration of the virus or change
in the antigenic properties of the viral coat protein. The latter is less probable since the
positive response of MAbs indicate the presence of specific original epitopes on the coat
protein. Low virus concentration is a much more plausible reason for the observed reaction
as it confirms with the negative inoculation of test-plants with sap from the in vivo variants.
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TABLE I. REACTION SCORES OF INFECTIVE SAP OF LEAVES OF CASSAVA
VARIANTS WITH MABS AND PAC TO ACMV

MAb (SCRNo.) VV, W ,

Variants of cassava cv. 'Bosom nsia'

VV, VT, VT, BN (Bosom nsia) Healthy

17

IS

20

23

60

2.0

2.0

2.5

3.0

0.0

2.0

3.0

2.5

3.0

0.0

3.0

3.0

3.5

3.0

0.0

3.0

3.0

3.0

3.0

t (trace)

2.0

3.0

3.0

3.0

1.0

2.0

3.0

2.0

3.0

t(trace)

0

0

t (trace)

0

0

ACMV

values obtained in both IAS & DAS ELISA are means for duplicate wells minus values for buffer controls and were
recorded after incubation with substrate for lh at room temperature followed by overnight incubation at 4°C .
* cutting of VV,

3.3.3. Polymerase Chain Reaction

Figs. 3a and 3b show results of PCR with DNA extracted from cassava and N.
benthamiana leaves, respectively. There were no visible product band for 2a but 2b gave
bands of similar size at about 525 bp .

BN VTi VTa MARKER) vftH WfWa 1Kb

•525 bp-

Fig. 3. Product obtained by amplification of nucleic acids from leaves of (A), variants and
(B) test plants.

The negative results with cassava leaves is probably due to unsuccessful DNA
extraction. This could be due to inhibitors in the leaves or the texture of the leaves which tend
to render the process of DNA extraction inefficient. The positive results (2b) indicate the
presence of virus particles in all the variants with the exception of VT2. This again may result
from an error in DNA extraction or PCR mixtures as both ELISA and inoculation tests
indicated the presence of ACMV particles in VT2.

It can be concluded from the PCR results that except for VT2, all variants contained
virus particles. The in vitro variants did not seem to have developed any resistance or
tolerance to ACMV. The negative results of the mechanical transmission to test-plants with
sap from the in vivo variants coupled with the lack of response with PAC suggests low virus
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concentration. This suggests that these variants are tolerant to the presence of virus. The
mechanism of the observed tolerance needs to be studied in order to understand the
significance and importance of these variants.
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