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1. INTRODUCTION

The Plant Breeding Unit develops nuclear methods and related technology, such as in
vitro culture techniques, molecular biology and carries out physiological studies on the genetic
improvement of crop plants. The Unit transfers these technologies by providing training in
plant breeding, mutagenic treatment service and technical advice. The following activities
were undertaken in relation to the CRP "Improvement of basic food crops in Africa through
plant breeding including the use of induced mutations".

Musa spp.

In Musa species, two main enzymatic systems were investigated. Peroxidase (E
1.11.1.7) is a multiple purpose enzyme that, besides other functions, catalyses the
condensation of phenolic compounds derived from phenylpropanoid pathway as insoluble
polymers. Several authors have demonstrated that peroxidase plays an important and specific
role in the hyper-sensitive containment of the pathogen. The current model for the banana-
Fusarium interaction considers the species-specific plant response to infection through the
build-up of exopolysaccharide mechanical barriers and the infusion with phenolic compounds,
and condensation to lignin-like compounds.

Another proposed mechanism involved in the plant response to a pathogen is the
activation of chitinase, an enzyme responsible for the degradation of chitin - a major
component of the fungal cell wall. The role played by this enzyme in the plant response is
not clear. However, two main effects have been proposed 1. the chitosan fragments produced
by enzymatic cleavage could act as specific elicitors or 2. the enzyme could be directly active
as an antifungal weapon by disrupting the fungal cell walls.

2. MATERIALS AND METHODS

Plant material

Seven banana clones (Table I) showing different resistance to Fusarium oxsporum f.sp.
cubense (FOC) Race 1 and 4 were used for the peroxidases experiments. For chitinase several
clones were screened; however, data on the induction of enzymatic activity after infection
with Fusarium were obtained using three reference clones, namely SH3362, 'Pisang Mas' and
'Grande Naine'.
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TABLE I. BANANA CLONES TESTED FOR RESISTANCE

Clone

SH3362
PISANG JARY BUAYA
SH3142
fflGHGATE
GRANDE NAINE
DWARF PARFITT
PISANG MAS

Race 1

resistant
resistant
resistant
susceptible
resistant
resistant
resistant

Race 4

resistant
?

resistant/susceptibl e
susceptible
susceptible
resistant
susceptible

Fungal culture and plant inoculation

FOC was cultivated on PDA (potato, dextrose and agar) medium and incubated under
light at 28°C. After three weeks, conidia of Race 1 and Race 4 were collected and adjusted
to a concentration 5 x 10s conidia/ml. Plantlets were obtained and rooted as reported (Novak
1992). Roots were trimmed and dipped in the conidial suspension for 10 min. under air flow
to promote evapotranspiration and mechanical uptake of fungal propagule. Only distilled water
was used as control. Inoculated and non-inoculated plants were incubated in 0.3% guaiacol,
2 mM hydrogen peroxide in 0.01 M sodium phosphate buffer, pH 6.8. After two minutes,
absorbance was read at 470 nm and expressed per unit protein content.

Peroxidase activity

Corn tissue was ground in a mortar and 0.1M sodium phosphate buffer pH 6.8 (1:2
w/v) was added. The resulting homogenate was centrifuged at 14,000 rpm in a refrigerated
Eppendorf centrifuge, and the supernatant assayed for protein content according to Bradford
(1962). Enzymatic activity was measured in lml final reaction volume. Five \i\ of corn extract
were incubated in 0.3% guaiacol, 2 mM hydrogen peroxide in 0.01 M sodium phosphate
buffer, pH 6.9. After two minutes, absorbance was read at 470 nm and expressed per unit
protein content.

Peroxidase IEF

Samples with equal protein content were loaded on a gel containing Pharmalyte 3.5 -
9.5 (Phannacia) as carrier ampholyte. The gel was pre-focused for 30 min. Running conditions
were 8 Watt fixed power, 33 mA current and up to 25000 V. The gel was stained after
running in a sodium phosphate buffer, pH 6 0, containing 0.6 mg of 4 chloro-1-naphthol per
ml and 2 mM hydrogen peroxide.
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Chitinase IEF

Gels were cast and run as described above. After running, a second gel (sandwich
technique) containing chitinase was overlaid on the running gel, and incubated at 37°C for two
hours in dark. The overlay gel was removed, and transferred to staining buffer containing
0.01% of Calcofluor Brightener for 5 min and viewed with a UV source.

3. RESULTS AND DISCUSSION

The seven clones could be divided according to their known resistance/susceptibility
field response as follows:

Peroxidase activity

Different clones were analyzed for constitutive peroxidase activity before fungal
inoculation. The highest constitutive activity was found in the resistant clones as compared
with the susceptible ones. After inoculation with a conidial suspension of FOC Race 1, all
clones except 'Highgate1 showed increased peroxidase activity but with different time course.
Four clones showed in the first two weeks a fast increase in the enzymatic activity. The
remaining two clones exhibited a trend toward increased enzymatic activity. When clones
were inoculated with FOC Race 4, clones SH3362, 'Dwarf Parfitt' and 'Grande Naine' showed
a sudden increase in peroxidase activity. Of these three, 'Grande Naine' subsequently showed
a decrease in activity, reaching a negative ratio after three weeks. The other clones showed
a more complex pattern in the kinetics of induction. When the banana clones were grouped
according to their known field response the following situation was observed. (Fig. 1)

2 5 0

2 0 0

1 6 0

100

-60«-

Fig. 1. Peroxidase activity after inoculation with Fusarium oxysoprum f. sp. cubense Race
4 resistant vs. susceptible
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Peroxidase Isoehctrofocusing

Using 4 chloro-1-naphthol, it was possible to separate and count at least 12 bands of
isozyme, common to all clones. Among them, seven anionic bands were detected. No
differences were found in isozyme patterns in the treated and non-treated plants. Intensity, i.e.
enzymatic expression, increase in both the control and treated plants with time. However, the
intensity of some bands increased earlier in inoculated plants than in the control.

In several publications [3,4,5], it has been demonstrated that peroxidase plays an
important, early and specific role in the hyper-sensitive containment of the pathogen. The
results suggest that the resistant genotypes show a general trend in increased enzymatic
activity to FOC challenge, although the induction kinetics differed between the genotypes. The
fact that peroxidase activity increased rapidly in the compatible interaction suggests that in
banana this enzyme might be involved in the defence response. These observations are in
agreement with the current model of banana resistance to FOC. The speed and the magnitude
of the defence mechanism activation appears to be critical for the expression of resistance.
Moreover, the measurement of constitutive peroxidase activity had a positive correlation
between high enzymatic activity in non-infected plants and resistance to FOC. To be effective,
the defense mechanism should be constitutively present or rapidly elicited to reach a certain
threshold in response to the pathogen infection. All but one clone ('Highgate') are able to
reach this threshold, although some of them react more promptly than others when infected
with FOC Race 1. When these genotypes were inoculated with FOC Race 4, two of them
responded ('Dwarf Parfitt1, SH3362) faster than others. One ('Grande Naine', susceptible)
showed an early increase in activity, but after two weeks, the enzymatic activity was lower
than that in the control; this is a possible indication of some damage in the cellular
mechanism for resistance. This trend was similar to the one expressed by the other two
clones ("Highgate' and 'Pisang Mas', susceptible). A third class was defined by the remaining
clones SH3142 and *Pisang Jary Buaya', both considered resistant, at least to some FOC Race
4 biotypes. In these clones, after an initial enzymatic activity depression, a slow increase in
activity was observed over the time.

Chitinase Isoelectrofocusing

All the banana and plantain clones screened for the presence of constitutive chitinases
showed at least two or three bands, except 'Burro CEMSA1, 'Burro Criollow' (ABB) and 'Saba'
(BBB). Chitinase was induced in a preliminary experiment with FOC Race 4 and Race 1 only
in SH3362, while the chitinase activity remained unchanged in the other two banana clones,
*Highgate' and Tisang Mas', used in this experiment. This resistance is based on multiple
biochemical factors that interact with each other. One of the possible roles depicted for
chitinase, beside the direct effect on the fungal cell wall, is to elicite other defence
mechanisms. Although, these are only preliminary results, it could be speculated that chitinase
in banana may have an active role in this respect. The chitinase could act upon the fungal
chitin producing elicitors that in turn would activate a cascade of biochemical events leading
to resistance in banana.
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Manihot spp.

1. INTRODUCTION

Cassava is a multiple purpose crop, and its role as a staple food and as a livestock
feed is well established. Traditional cross breeding is somehow constrained by the high levels
of heterozygosity and sporadic flowering in certain clones. Moreover, hybrid breeding using
inbred lines is not possible due to severe inbreeding depression. However, its vegetative
propagation allows desirable traits to be fixed, which originate from the lengthy breeding
process.

Mutation induction aims to optimize genetic variation with minimal plant injury. At
the Plant Breeding Unit, the work or cassava mutation induction aims to optimize the
mutagenic treatment and to study parameters of injury in tissue cultures which are indicative
of a mutagenic response and permit estimates of mutation frequency. Other objectives are to
compare the effects of acute vs fractioned gamma dose application and to investigate whether
mutagenic efficiency, i.e. the ratio between mutation and primary damage, could be increased
by split dose application. Preliminary studies were done on the primary injury caused by
gamma radiation and the influence of the source of explant.

2. MATERIALS AND METHODS

Explant source

Nodal cuttings of cassava were cultured in liquid medium (see below). After three
weeks in culture, the plantlets were removed and single nodal cutting were taken for radiation
treatment. The nodal cuttings were divided into three lots according to their position on the
stem (shoot tip, first node and second node), and treated with four doses of gamma radiation
(15, 30, 45 and 60 Gy). Radiosensitivity was based on the number of shoots, number of
nodes, fresh weight and survival rate.
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Acute vs. split gamma doses

Four clones of cassava, i.e. M.Mal-2, M.Mal-3, M.Thai-1 and M.Col-1390 were mass
propagated on modified MS medium supplemented with 100 mg/1 inositol, 0.1 uM BAP,
0.01 uM NAA, 0.1 nM GA, 30 g/1 sucrose, pH 5.8 and B5 vitamins. The top two nodes were
aseptically excised, and a representative population cultured on hormone-free medium was
treated with acute or fractioned "Co gamma radiation at a rate of 4.99 Gy/min. Dose
fractionation implies splitting of the total dose in three fractions where the first dose was the
lowest, effectively an enhanced level of radio-resistance (dose fractionation 20 Gy = 5+5+10,
30 Gy = 10+10+10, 40 Gy = 10+15+15). A recovery period of 4 hours was allowed between
split doses. The irradiated material was immediately transferred to the liquid culture medium.
Radio-sensitivity was based on the number of proliferating explants, fresh weight and shoot
height.

3. RESULTS AND DISCUSSION

Effects of acute gamma radiation

Radiation damage increased with dose and followed a sigmoidal pattern of primary
injury for all the radio-sensitivity parameters and cassava clones tested. However, a significant
influence of the explant source on the primary damage was observed; shoot tips were less
sensitive to gamma radiation than the first and second nodes at all doses tested.

Application of fractionated gamma ray doses

Splitting an acute dose into three fractions separated by at least four hour intervals
produced consistently superior recovery compared with two acute dose fractions and shorter
recovery intervals between doses. The magnitude of recovery was influenced by the level of
the first or primary dose which activates repair phenomena. Recovery effects were most
pronounced at dose levels which induce severe radiation damage or lethality after acute
irradiation. The radio-biological effects of split dose radiation and their potential positive
impact on an improved mutation induction methodology are only the first step within the
scope of efficient in vitro mutation induction for breeding objectives. Large populations of
homohistont plants with desirable traits must be grown for a complete study of the correlation
between primary injury and the induced genetic variation. Further systematic studies on
mutation induction in different tissue culture systems are required to correctly define and
estimate mutation frequency based on primary injury.

TRAINING

Scientists and plant breeders from African Member States were awarded IAEA
fellowships for in-service training in the Plant Breeding Unit, Seibersdorf Laboratories. The
training periods were from six to twelve months. The training programmes were individually
designed to ensure direct application of the technologies learned. A total of 32 man months
were awarded to scientists from Africa over a period of 2 years. This constitutes 50% of the
fellows trained in the Plant Breeding Unit. Of this, more than 60% of the fellowship were to
African scientists participating in the CRP.
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During the training, the following techniques were taught to the participants: 1.
Mutation induction; 2. Micropropogation of banana, plantains, cassava, kenaf, Enset, yams;
3. Somatic embryogenesis in banana and plantains; 4. Polyploidy induction and screening
through flowcytometry

Interregional Training Course

Several scientists from Africa participated in the 12th and 13th FAO/IAEA Training
Courses, organized at the IAEA's Agriculture Laboratory. The Plant Breeding Unit
participated in the implementation of a FAO/IAEA/ITALY Workshop on "Breeding for Stress
Resistance" held at ETA, Ibadan, Nigeria.

SERVICES

On request from Member States, cost-free treatment for mutagenesis was provided to
plant breeding institutes involved in CRPs from Cote d'lvoire, Nigeria, Mali, Cameroon,
Ghana, Kenya and Uganda. A total of 55 samples which included Sorghum bicolor, Vigna
unguiculata, Oryza glaberrima, Orzya sativa, Sorghum vulgaris, Arachis hypogea, Phaseolus
vulgaris, Glycine max, Heliantus annuus, Zea mays, Gossypium hirsutum, were treated with
gamma ray at the Seibersdorf Laboratory.
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