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FOREWORD

Mutation induction has been a successful means to widen genetic diversity in various
crop species, including vegetatively propagated crops in which ordinary cross-breeding is
often difficult. As mutation breeding preserves most of the original agronomic characteristics
of the treated material, it may be considered to be the most appropriate method for the
improvement of well advanced cultivars or locally adapted cultivars compared to cross-
breeding, in which genetic constitution is upset by hybridization.

Although mutation breeding is currently a very practical method to improve only a few
characters of existing cultivars, mutation is basically a random phenomenon. To obtain a
desirable mutant, large populations must be screened after mutagenic treatment, usually
more than thousands of progeny lines or clones. Therefore the screening methodology is as
important as the mutation induction treatment and should be applicable to the large
population of mutagenized genotypes.

Since the in vitro culture of plant tissues and cells became available, its application to
the screening procedure in mutation breeding has been considered. Some typical
applications expected may be for screening of resistant/tolerant mutants to biotic and/or
abiotic stresses. In plant disease resistance, toxins derived from cultured pathogens are
expected to be used as a screening agent added to the medium for in vitro culture. However,
extraction of toxins and their action on the host plant, tissue or cell needs extensive research,
including studies of host-pathogen specificity.

Furthermore, a great deal of fundamental research to develop protocols for in vitro
applications is needed for the most important breeding objectives in accordance with
environment-friendly and sustainable agriculture, i.e. development of disease resistant
genotypes. The aim of the present Co-ordinated Research Programme is to study the
possibility of these applications and to develop protocols for in vitro techniques to support
mutation breeding activities.

The present document includes the papers presented at the final Research Co-
ordination Meeting on The Use of Induced Mutations and In-vitro Culture Techniques for
Improving Crop Plant Resistance to Diseases and the conclusions and recommendations
reached.

This document was jointly edited by the Scientific Secretary, E.Amano, and by M.V.
MacDonald, United Kingdom, whose valuable contribution is acknowledged.
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INTRODUCTION

The Joint FAO/IAEA Division has a strong interest in the development of combined in
vitro culture and induced mutation techniques. Recent developments in biotechnology,
especially in plant cell/tissue culture techniques, have reached the stage of practical
application in various fields. Through the help of IAEA technical co-operation projects, in
vitro culture laboratories to be used for mutation breeding have been established in many
developing countries. These techniques are effective in vegetatively propagated crop
species and are highly useful in screening methodology for all types of crops.

To meet the needs of Member States, the Co-ordinated Research Programme (CRP)
on the Use of Induced Mutations and In Vitro Culture Techniques for Improving Crop Plant
Resistance to Diseases was initiated in 1987. The CRP was successfully completed in 1991.
The results included the development of in vitro cultures and screening methodology using
pathotoxins.

During these years, biotechnology continued its rapid progress, especially in molecular
research. DNA based marker and gene transfer techniques have become very promising
methods but more know-how is needed if they are to be used in practical breeding. The Joint
FAO/IAEA Division is also making efforts in these fields to examine the feasibility and the
way of transferring technologies to developing countries.

The CRP focused on :

(1) Development of in vitro techniques to screen mutated cells, tissue organs, or plantlets
for resistance to diseases (including fungi, bacteria and virus as pathogens) and to
certain environmental stresses, such as salinity, drought and temperature.

(2) Evaluation of the usefulness of these techniques for plant breeding.

(3) Utilization of promising mutants in breeding improved cultivars.

The duration of this CRP was too short to obtain feed back on research results, such as
the use of refined pathotoxin for mass screening in in vitro cultures. However, results
reported in these proceedings indicate that the methodology is promising in many fields of
applications, although further fundamental studies are necessary to obtain knowledge on
infection mechanisms and the physiological action of pathotoxins. We believe that the
papers presented will be useful for plant breeders dealing with plant resistance to diseases.

Next page(s) left blank



MUTATION BREEDING THROUGH IN VITRO CULTURE TECHNIQUES
FOR RESISTANCE TO COCOA SWOLLEN SHOOT VIRUS DISEASE

Y. ADU-AMPOMAH
Cocoa Research Institute of Ghana,
Tafo-Akim, Ghana

Abstract

The Cocoa Swollen Shoot Virus (CSSV) disease is epidemic in cocoa (Theobroma cacao] in Ghana, but
there is no resistant material in the genetic resources available. In order to widen the genetic variability in this
crop, efforts were made to apply conventional mutation breeding and in combination with in vitro culture
technique. Gamma irradiation with doses less than 100 Gy were applyed to pollen, beans and vegetative buds,
and more than 1 000 M^F, or M^V3 plants for each experiments were screened for CSSV resistance by patch
grafting method. The results indicated that it is feasible to use vegetative buds and in vitro culture to generate the
desired variation. Some promising CSSV resistant clones are under further testing. In vitro culture conditions are
also reported.

1. INTRODUCTION

The Cocoa Swollen Shoot Virus (CSSV) disease which was discovered in Ghana in the
mid 1930s has developed to epidemic proportions especially in the Eastern Region of Ghana.
Breeding for resistance to the disease appears to be the ultimate solution to the problem.
Breeding efforts have been made and are still being made to obtain cocoa plants resistant to
the disease, but with little success. In this programme we have used conventional mutation
breeding techniques and tissue culture methods with the view to inducing the genetic
variation necessary for breeding for resistance to the disease.

2. MATERIALS AND METHODS

2.1. Mutation breeding

Three cocoa varieties namely K5 (Trinitario), T85/799 (Upper Amazon) and P30
(Amelonado) were employed for this programme. Three organs, pollen, beans and
vegetative buds were used.

2.1.1. Pollen

A radiosensitivity test was carried out using Ameionado pollen and 40 Gy was found to
be the LD50. Thus, Amelonado pollen irradiated at 40 Gy was used to pollinate the three
cocoa varieties (K5, P30 and T85/799}. Beans derived from the pollination were planted to
obtain M1 plants. These M-j plants were selfed at 2 - 3 years and the ensuing beans were
germinated to produce M2 seedlings which were then screened for CSSV resistance after 12
months.

2.1.2. Beans

The radiosensitivity tests carried out for the three types of cocoa showed variable LD50.
LD50 for K5 was 100 Gy, T85/799 was 100 Gy and P30 was 75 Gy. Irradiated beans were
sown to produce M-, plants. M-j plants were selfed at 2 - 3 years to produce M2 plants.
These M2 plants were screened for CSSV resistance.



2.1.3. Vegetative buds

The radio-sensitivity tests carried out on buds from the three cocoa types indicated the
LD50 as 20,25 and 15 Gy for K5, T85/799 and Amelonado respectively. The irradiated buds
were grafted onto 6 months old Amelonado seedlings. The terminal buds of the resulting
buddlings (M-]) were removed at 6 months to induce the formation of M-\V2 shoots. M-)V3
shoots were also induced by removal of their terminal buds at 4 months. Screening for CSSV
resistance was carried out on the M1V3 shoots. On the average 2 000 buddiings have been
produced each year since 1988.

2.2. Screening for CSSV resistance

Seedlings or buddlings were inoculated by patchgrafting the base with a CSSV infected
stem. The leaves of the shoots were removed to induce new flushes of leaves on which the
symptoms are easy to recognise.

Plants showing no symptoms were further tested by removing patches from them and
grafting them on CSSV susceptible seedlings (Amelonado).

Selected plants were multiplied clonally by budding and divided into two batches. One
batch was further tested for resistance to CSSV by allowing mealybugs carrying the virulent
A1 strain of the virus to feed on them while the other batch acted as a control with no
mealybugs. Symptom observations were carried out on new leaf flushes. Patches from
symptomless plants were again grafted onto susceptible seedlings to further ascertain the
absence of the virus. The ELISA technique for CSSV detection is currently being carried out
on plants that have shown no symptoms of the virus after these tests.

2.3. Tissue culture techniques

Methods for the induction and production of somatic embryos and shoot tips have been
reported [1,2,3]. These methods have been further perfected for the mass production of
somatic embryos and between 44 to 50 % of these somatic embryos are able to differentiate
into roots, shoots and true leaves [4]. Adu-Ampomah et al. (1991)[5j also produced plantlets
via cocoa shoot tips. However, attempts to effectively produce plants via these routes have
proved extremely difficult. Mostly the plantiets either die or turn into callus during further
culture or transplanting. Our investigations have therefore centred on ways to improve the
production of cocoa plants via somatic embryos, shoot tips and nodal cuttings. Low
concentrations of plant growth regulators such as GA3, NAA, IBA and zeatin have been
shown to promote growth and differentiation of cocoa somatic embryos and meristem tips
into plantlets and plants [4,6]. In this work the effects of activated charcoal, varying
concentrations of BAP, various light duration (0 - 24 h) at 2 000 Ix as well as the rate of
subculturing on plantlet development were investigated.

3. RESULTS

3.1. Mutation breeding

Table I represents the results obtained after screening the M2 progenies derived from
pollination with irradiated Amelonado pollen. The results represent the combined data of two
experiments. In the first experiment 57 of 3 000 K5 progenies, 44 of 2 700 T85/799
progenies and 65 of 2 200 Amelonado progenies showed no visible CSSV symptoms after
inoculation. In the second experiment 20 of 4 000 K5 progenies, 15 of 3 000 T85/799
progenies and 76 of 3 200 Ameionado progenies showed no symptoms after inoculation.
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TABLE I. CSSV SCREENING RESULTS FOR M2 PLANTS EMANATING FROM
CROSSES BETWEEN A FEMALE AND IRRADIATED POLLEN

Cross Exp . *

K5 x P30

Control

T85/799 x P30

Control

P30 x P30

Control

1
2
1

1
2
1

1
2
1

No. of
Mi/Pi**
plants
selfed

300
350
105

290
350
120

220
300
100

No. of
M2/Fl**
plants

3 000
4 000
1 000

2 700
3 000
1 000

2 200
3 200
1 000

No. of MZ/F!**
Plants

with no CSSV
symptons

6 months after
inoculation

57
20
0

44
45
0

65
76
0

No. of progenies
with no CSSV

after
indexing

4
0
0

0
0
0

0
2
0

* : Experiment No.
**: Progeny derived from crosses with irradiated pollen = K± or M2;

progeny derived from crosses with untreated control pollen = F]_ or F2.

TABLE II. SV SCREENING RESULTS FOR GAMMA IRRADIATED COCOA
EGETATIVE BUDS

Clone Exp.* No. of buds No. of No. of No. of
treated with MjVj M1V2 Mjy3
gamma rays

K5
Control
T85/799

Control

P30

Control

1
2
1

1
2
1

1
2
1

* : Experiment

6
2

3
2

5
1

No,

000
000
0

500
000
0

800
500
0

2 550
500
100

1 500
620
100

2 500
310
100

2 500
500
100

1 500
600
100

2 400
310
100

2 200

100

1 500

100

2 400

100

No. of MXV3
with no
CSSV
symptom

25
20
0

8
15
0

23
120
0

No. of buds
with CSSV

after
indexing

8
0
0
0
2
0

2
2
0

After indexing only four K5 progenies in the first experiment and 2 progenies from Amelonado
in the second experiment were found to be free of the virus.

The results obtained from the screening of irradiated buds are shown in Table II. These
results are also the combined data for two experiments. In the first experiment 25 of 2 200
K5 buds, eight of 1 500 T85/799 buds and 23 of 2 400 Amelonado buds showed no CSSV
symptoms. The subsequent indexing showed eight buddlings from K5 and two from
Amelonado had no virus. In the second experiment two buddlings from T85/799 and two
from Amelonado showed no virus after indexing.
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TABLE III. THE EFFECT OF ACTIVATED CHARCOAL ON SOMATIC EMBRYO
DEVELOPMENT

Medium addition Percent differentiation3

A Charcoal 3 g/1 87

B BAP 0.2 mg/1
NAA 0
Activated
charcoal 3 g/1 68

C BAP 0.2 mg/1
NAA 0.2 VIM
Activated
charcoal 0 13

D BAP 0.2 mg/1
NAA 0
Activated
charcoal 0 9

a : Plantlets with four or more leaves and well developed roots.

The results obtained for the M2 plants derived from gamma irradiated selfed beans
showed that all the progenies from the three types of cocoa had virus in them. The use of
beans has since been discontinued in view of the long delays involved and the large expense
of land needed to plant the M-| plants.

Further testing of seemingly resistant mutants with ELISA is stilt in progress. However,
the screening of clones from these mutants with mealybugs containing the virulent strain of
the virus has shown the clones to be resistant.

3.2. Tissue culture techniques

Tables III and IV show that the presence of activated charcoal in the culture medium
greatly enhances plantlet differentiation and development. The activated charcoal greatly
reduced the callus formation on the plantlets thereby removing the masking effects of the
callus on further plant development.

BAP concentrations of between 2 - 4 mg/1 were found to be ideal for both somatic
embryo differentiation and plantlet development {Table V).

Long light durations of 16-20 hours at 2,000 Lx favoured plantlet development and
growth (Table VI). Regular subculturing at once a week also greatly enhanced plantlet
development (Table VII).

4. DISCUSSION

Mutation breeding in tree crops such as cocoa is very difficult and time consuming. This
is clearly shown in our attempt to initiate mutation activities in either the cocoa seed or pollen.
However, our methods have shown that it is feasible to use vegetative buds to generate the
desired variation within a short time and in the greenhouse to save space.
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TABLE IV. THE EFFECT OF GROWTH REGULATORS ON SHOOT TIP CULTURE
AND NODAL CUTTINGS

Media additions Mean increases
in length of
shoot (mm)

Nodal cuttings
% with
roots

% shoot
growth

% with
roots

NAA 2 x IQ'6 M
IBA 2 x ID'6 M
GA3 2 x IQ'6 M
BAP 2 x IG'6 M
Act ivated
charcoal 0

NAA 0
IBA 2 x 10-6 M
GA3 2 x IG'6 M
BAP 2 x 10~6 M
Activated
charcoal 0

NAA O
IBA 2 x IG'6 M
GA3 0
BAP 2 x IQ'6 M
Activated
charcoal 0

NAA 2 x 10-6 M
IBA 2 x 10~6 M
GA3 2 x IQ"6 M
Activated
charcoal 0

18 12 66 15

10

31 48 80 29

TABLE V. EFFECT OF VARYING CONCENTRATIONS OF BAP ON PLANTLET
DEVELOPMENT

BAP (Mg/L)
Percent differentiationa

Somatic embryos Shoot tips Nodal cuttings
0 0
2 15
4 18
6 4
8 4

10 0

0
0

22
24

0
0

0
0

26
30

0
0

a : Plants with two nodes and four to six leaves.

One of the problems associated with induced mutants is sterility. We have tested the
mutants so far obtained by crossing them to known cocoa varieties and the crosses have
been successful indicating that sterility might not be a problem. It is intended that these
mutants would be incorporated in our CSSV resistance breeding programme. The possibility
of using the mutants themselves as varieties would also be exploited after further field trials.
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TABLE VI. EFFECT OF VARIOUS DURATIONS OF LIGHT ON PLANTLET
DEVELOPMENT

Light duration Percent differentiation3
at 2 000 Lx —————————————————————————————————————-
(hours) Somatic embryos Shoot tips Nodal cuttings

0
4
8
16
20
24

0
0
0
24
38
6

0
0
5
31
27
14

0
0
12
18
21
5

a : Plants with two nodes and four to six leaves.

TABLE VII. EFFECTS OF SUBCULTURING RATE ON PLANTLET DEVELOPMENT
Subculturing rate Percent differentiation3

Somatic embryos Shoot tips Nodal cuttings

Once a week
Once every 2 weeks
Once every 3 weeks
Once every 4 weeks

29
10
0
0

31
14
5
0

21
15
12
4

a : Plants with two nodes and four to six leaves.

Our earlier attempts to produce plants from cocoa somatic embryos and shoot tips were
markedly affected by excessive callus formation on the growing plantlets [4]. This led to our
conclusion that the callusing was probably masking plantlet growth and development. The
conditions created in the work reported here helped to reduce callus formation on plantlets
and thus plant development was significantly improved. However, it is still difficult to obtain
cocoa plants via these routes. All attempts to take plantlets out of the culture media end with
the death of the plants. It seems likely that other physiological problems or disorders could
also be influencing further plantlet development. Recently micrografting of cocoa somatic
embryos onto rootstocks have been partially successful [7]. We have begun to experiment
with this technique with the hope of using somatic embryogenesis of cocoa in the genetic
improvement of this crop.
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MUTATION INDUCTION AND EVALUATION FOR
RESISTANCE TO LEAF MOTTLING IN CITRUS

R.R.C. ESPINO, J.B. ESTRELLA, V.T. MITRA
Department of Horticulture,
University of the Philippines at Los Banos

T.M. ESPINO*
National Institutes For Biotechnology and Applied Microbiology,
University of the Philippines at Los Banos

College, Laguna,
Philippines

Abstract

A series of experiments were conducted to develop a protocol for in vitro culture of nucellar embryos and
mutation induction in citrus. It was found that the optimum medium for support of in vitro growth and plantlet
regeneration consisted of the basic Murashige and Skoog's medium supplemented with myo-inosftol (100 mg/l),
pyridoxine-HCI (1 mg/I), nicotinic acid (1 mg/l}, thiamine (0.2 mg/l}, Fe-EDTA (25 mg/l), sugar (20g/I), agar-agar (7
g/l) and benzyladenine (1 mg/l) with a pH of 5.7. LD50 for gamma irradiation was 100 - 150 Gy. For ethyl
methanesutfonate, concentrations up to 24.6 ml/I were tolerable. Screening for resistance to leaf mottling
organism among the resulting seedlings gave promising results. A few plants had been recovered exhibiting a
certain degree of resistance to this pathogen.

1. INTRODUCTION

Citrus is one of the important fruit species being grown by small farmers in the
Philippines. It ranks fourth, behind banana, mango and pineapple in terms of hectarage and
volume of production. In 1987, a total of 26 474 ha had been planted to this crop with a total
production of 143 922 t valued at US$27 300 000. The principal species being grown are
calamondin (Citrus madurensis Lour.}, mandarin (C. reticula Blanco), pummelo (C. grandis
(L.) Osbeck) and orange (C. sinensis (L) Osbeck).

In the early 60's, the growth of the citrus industry especially in the Southern Tagalog
area was hampered and even declined due to the leaf mottling disease. Susceptible
mandarin trees easily succumbed resulting in their early death. This disease is caused by a
fastidious bacteria and easily disseminated by an efficient insect vector, Diaphorina citri
Kuway. The typical symptoms are the appearance of upright, narrow and mottled leaves
similar to that of zinc and magnesium deficiencies.

At the present time, several control strategies are being implemented to control this
malady. These include the use of clean planting materials, control of the insect vector
through systematic chemical spray and sanitation in the orchard. Most often, these become
unaffordable to the small farmers. As such, the use of a resistant variety is an excellent
alternative in controlling this disease. However, neither the present varieties grown
commercially nor the introduced ones exhibited a high degree of resistance to this pathogen.
Thus, this research undertaking is being carried to develop a resistant variety using in vitro
culture system coupled with mutation induction. Specifically, the objectives of this study are
as follows:

(a) To determine the optimum conditions for in vitro culture of nucellar embryos and
plantlet regeneration of various locally important citrus varieties;
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(b) To determine the optimum dosage rate for mutation induction using gamma
irradiation and chemical mutagens; and

(c) To induce and obtain mutants exhibiting a certain degree of resistance to the leaf
mottling organism.

2. METHODOLOGY

2.1. Determination of the optimum conditions for in vitro culture of nucellar embryos
and plantlet regeneration

For the in vitro culture of nucellar embryos, the procedure of Pasqual et al. (1986)[1 ]
served as a reference. Young fruits (approx. 12-14 weeks after pollination or older) of
'Szinkom' was collected at Don M.L. Roxas Memorial Experiment Station, Lipa City and
placed in polyethylene bags. These were then immediately brought to U.P. Los Banos. The
fruits were washed in running water and allowed to dry under room conditions. Afterwards,
the seeds were extracted, washed and disinfected with 5.25 % sodium hypochlorite
(commercial bleach-Zonrox) for 10 min. These were then rinsed with sterile distilled water,
three times. The seedcoat was removed and the nucellar embryos were taken. These were
then implanted in a basic Murashige and Skoog (MS) medium supplemented with myo-
inositol (100 mg/l), pyridoxine-HCI (1 mg/l), nicotinic acid (1 mg/l), thiamine (0.2 mg/l), Fe-
EDTA (25 mg/l), sugar (20 g/l), and agar-agar (7 g/l). Various concentrations of kinetin (Ki)
and benzyladenine (BA) were added and the pH was adjusted to 5.7. The cultures were then
incubated under continuous light at 20 - 25 °C.

2.2. Determination of optimum dose for mutation induction

2.2.1. Gamma irradiation

Seeds of 'Szinkom' and 'Ladu' were extracted from young fruits. These were then
washed and air-dried at room temperature for 10 -12 h. Afterwards, these were brought to
the Philippine Nuclear Research Institute (PNRI) for gamma irradiation at a dosage rate of
662 Gy/h. The levels used were from 0 - 200 Gy. Afterwards, the seeds were brought back
to UPLB and sterilized with 5.25 % sodium hypochlorite (commercial bleach-Zonrox) for 10
min. These were then rinsed in sterile distilled water three times. The nucellar embryos
were then dissected, implanted in the above mentioned MS medium and incubated under
continuous light at 20 - 25 °C.

2.2.2. Ethyl methanesulfonate (EMS)

Seeds of various varieties/species of citrus were obtained from newly harvested mature
fruits. These were extracted and washed in tap water. Well developed seeds were
selected. Several batches of seeds were treated with EMS (0 - 24.6 ml/I) and at different
soaking time (0.5 - 2.0 h). Afterwards, the seeds were washed in running water for 12 h and
sown in germinating beds with sand as a medium.

2.3. Mass production of mutants

Based on the optimum conditions for in vitro culture of nucellar embryos and mutation
induction, several batches of seeds of the different varieties/species of citrus were obtained.
The nucellar embryos were obtained, implanted in the above mentioned MS medium and
cultured. As soon as the plantlets had produced the necessary roots and shoots, the cultures
were brought out of the culture room and placed in a laboratory table under room conditions
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for acclimatization and hardening. After two weeks, the plantlets were transplanted in
individual polyethylene bags. This was done by washing each plantlet with tap water to
remove all the agar adhering to the roots. Afterwards, the root system was soaked in 0.1 %
fungicidal solution (Dithane M-45) for 15 min and planted in sterilized soil. Each plant was
then covered with polyethylene bag to maintain high relative humidity and placed in a shaded
area. As soon as the plant initiated new growth, the polyethylene bag was removed.
Regular maintenance e.g. fertilization, watering, weeding, etc. was undertaken until the
plants were large enough for inoculation with the leaf mottling organism.

For EMS-treated seeds, these were sown in germinating beds with sand as a medium.
As soon as the seedling reached 6-8 cm in height, these were transplanted in individual
polyethylene bags and maintained until they were large enough for inoculation.

2.4. Screening for resistance to leaf mottling organism

Various methods of inoculation of the leaf mottling organism were attempted. These
were 1) by placing underneath the bark a leaf portion together with its midrib; and 2) by
budding/sidegrafting. Afterwards, the seedlings were placed in a shaded area and
maintained until visual symptoms appeared. Due to the length of time (8-10 months) before
the symptoms appeared, the use of monoclonal antibodies specific for leaf mottling organism
was explored to determine the degree of resistance/susceptibility of individually inoculated
seedlings. Leaf samples were obtained and sent to the National Institute of Biotechnology
and Applied Microbiology (BIOTECH), University of the Philippines at Los Banos for indexing.

3. RESULTS AND DISCUSSION

3.1. Determination of the optimum conditions for in vitro culture of nucellar embryos
and plantiet regeneration

The percentage survival of nucellar embryos of 'Szinkom' implanted in MS medium with
varying concentration of kinetin (Ki) and benzyladenine (BA) are presented in Table I.
Addition of low concentrations { 1 - 1 0 ml/I) of either Ki or BA to the supplemented MS
medium enhanced the percentage survival of the nucellar embryos. However, higher

TABLE I. IN VITRO SURVIVAL OF NUCELLAR EMBRYOS OF 'SZINKOM'
IN MS MEDIA WITH VARYING CONCENTRATION OF KINETIN
(KI) AND BENZYLADENINE (BA)

Concentration Percent Survival
(mg/1) 15 days 30 days

Kinetin
0
1
5

10
50
100

Benzyladenine
0
1
5
10
50
100

40.0
47.4
50.0
51.1
0
0

40.3
75.0
47.2
46.2
0
0

24.0
32.5
35.0
32.8
0
0

25.8
50.0
36.1
30.8
0
0
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concentrations (50 - 100 mg/l) were found inhibitory to the growth of the nuceliar embryos
resulting in death. Moreover, it was observed that browning of the nuceliar embryos
occurred as early as two days after implantation.

Addition of 1 mg/l of BA resulted into the highest percentage survival 15 and 30 days
after implantation. At higher concentrations of this growth regulator (5 and 10 mg/l}, the
percentage survival decreased, although callus formations were observed in some cultures.
Two types of callus were seen : 1) compact type with yellowish to greenish in color; and 2)
loose type with creamy color. Shoot and roots developed 30 days after implantation.

Based on these results, the addition of 1 mg/l of BA to the MS supplemented medium
enhanced the percent survivability of the nuceliar embryos. Hence, this medium is now being
used for mass production of plantlets of the various varieties/species of citrus.

3.2. Determination of the optimum dosage rate for mutation induction

3.2.1. Gamma irradiation

Table II shows the mean percentage survival of nuceliar embryos of 'Szinkom' and
'Ladu' implanted in MS medium plus 1 mg/l BA after exposure to varying levels of gamma
irradiation. This represents the average data for three to four trials. In general, a negative
correlation exist between the irradiation level and the percent survival. A drastic drop in
percent survival can be observed for both 'Szinkom' and 'Ladu' when exposed to dosages
equal or higher than 150 Gy. Thus, the LD50 is between 100 -150 Gy for both varieties.

No morphological aberrations were observed from all the resulting seedlings.

3.2.2. Ethyl methanesulfonate (EMS)

The mean percentage germination of seeds of calamondin, 'Szinkom', 'Ladu' and sweet
orange ('Hamlin') soaked at different concentrations of EMS are shown in Tables III, IV, V
and VI, respectively.

In calamondin, a slight increase in mean percentage germination between the untreated
(water) and treated seeds was observed. Among the EMS concentrations used, there was
no definite pattern of response. Highest germination percentage was obtained at a
concentration of 12.3 ml/I (86.7%) followed by that obtained at 3.1 ml/l (85.8%). However,
both are not statistically different from each other. The lowest percentage germination was

TABLE II. MEAN PERCENTAGE SURVIVAL OF NUCELLAR EMBRYOS OF
'SZINKOM' AND 'LADU' IMPLANTED IN MS MEDIUM PLUS
BENZYLADENINE (1 MG/L) AFTER EXPOSURE TO VARYING
LEVELS OF GAMMA IRRADIATION

Irradiation dose Percent survival*
( Gy ) 'Szinkom' 'Ladu'

0
25
50
75

100
150
200

91.9
78.3
94.5
88.6
71.0
34.0
15.0

100
84.2
81.2
60.0
73.0
42.0
20.0

: Mean of 3-4 trials

20



TABLE III. MEAN PERCENTAGE GERMINATION OF CALAMONDIN SEEDS
SOAKED AT DIFFERENT CONCENTRATIONS OF ETHYL
METHANESULFONATE (EMS) AT VARIOUS TIME DURATION

Concentrât
(ml/1)

0
3.1
6.2
9.3
12.3
24.6

Mean

ion Soaking time (h)

0 0.5

68.3
83.3
80.0
75.0
86.7
78.3

68.3 80.7

1.0

86.7
81.7
78.3
81.7
80.0

81.7

1.5

86.7
65.0
81.7
86.7
76.7

79.7

2.0

86.7
85.0
76.7
91.7
73.3

82.7

Mean*

68.3
85. 8a
77.9bc
77.9bc
86. 7a
77.1c

* : Means followed by a common letter are not significantly
different at 5 % by Duncan Multiple Range Test.

TABLE IV. MEAN PERCENTAGE GERMINATION OF 'SZINKOM1 SEEDS
SOAKED AT DIFFERENT CONCENTRATIONS OF ETHYL
METHANESULFONATE (EMS) AT VARIOUS TIME DURATION

Concentration Soaking time (h)
(ml/1) ———————————————————————— Mean*

0 0.5 1.0 1.5 2.0

0
3
6
9
12
24

.1

.2

.3

.3

.6

78.3
36
63
70
66
31

.7

.3

.0

.7

.7

35
68
60
58
38

.0

.3

.0

.3

.3

41
63
70
68
57

.7

.3

.0

.3

.5

43
63
63
48
55

.3

.3

.3

.3

.0

78
39
64
65
60
42

.3

.2b

.6a

.8a

.4a

.5b

Mean 78.3 53.7 52.0 57.7 54.6

* : Means followed by a common letter are not significantly
different at 5 % by Duncan multiple range test.

TABLE V. PERCENTAGE GERMINATION OF 'LADU' SEEDS SOAKED AT
DIFFERENT CONCENTRATIONS OF ETHYL METHANESULFONATE
(EMS) AT VARIOUS TIME DURATION

Concentration Soaking time (h)
(ml/1) ———————————————————————— Mean

0 0.5 1.0 1.5 2.0

0
3
6
9
12
24

.1

.2

.3

.3

.6

95.0
100
80.
90.
90.
75.

0
0
0
0

80
85
80
95
75

.0

.0

.0

.0

.0

95.
75.
80.
90.
80.

0
0
0
0
0

95.
95.
100
90.
80.

0
0

0
0

95
92
83
87
91
77

.0

.5

.8

.5

.3

.5

Mean 95.0 87.0 83.0 84.0 92.0
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TABLE VI. PERCENTAGE GERMINATION OF SWEET ORANGE ('HAMLIN')
SEEDS SOAKED AT DIFFERENT CONCENTRATIONS OF ETHYL
METHANESULFONATE AT VARIOUS TIME DURATION

Concentration Soaking time (h)
(ml/1) ————————————————————————— Mean

0 0.5 1.0 1.5 2.0

0
3
6
9
12
24

.1

.2

.3

.3

.6

80.0
15
85
50
75
65

.0

.0

.0

.0

.0

60
40
60
20
55

.0

.0

.0

.0

.0

70
45
65
50
50

.0

.0

.0

.0

.0

45
45
60
50
45

.0

.0

.0

.0

.0

80
47
53
58
48
53

.0

.5

.8

.8

.8

.8

Mean 80.0 58.0 47.0 56.0 49.0

obtained at 24.6 ml/I which would indicate that this can be the limit of the concentration to be
used in the future. Higher concentrations will likely lower the germination percentage. In
terms of soaking time, no differences were observed from 0.5 to 2.0 h.

Lower percentages of germination were observed in 'Szinkom' seeds soaked in EMS.
Among the treated seeds, the highest germination rate was obtained at 9.3 ml/I. However,
this was not statistically different from those of 6.2 and 12.3 ml/I. EMS level of 3.1 ml/l gave
the lowest germination percentage, which is similar to that of 24.6 ml/l. Comparing the
treated and untreated seeds, average germination in the former (54.5 %) was much lower
compared to the latter (78.3 %). This indicates that the EMS had affected the normal
germination process, resulting in decreased germination. Being a mutagenic agent, this may
interfere or modify the various process and organs involved in the germination process.

For 'Ladu' and 'Hamlin', the results presented in Table V and VI, respectively were
obtained from a single trial/batch. Generally, lower germination percentages were obtained
from EMS-treated seeds when compared to untreated ones. Germination of 'Ladu' seeds
was minimally affected, compared to that of 'Hamlin', as indicated by its higher percentage.
However, more trials will be done to ascertain the effects of EMS in these varieties.

All of the seedlings obtained exhibited no morphological aberrations irrespective of the
concentration used.

3.3. Mass production of mutants

A total of 3298 seedlings were raised from in vitro culture of nucellar embryos derived
from gamma irradiated seeds of citrus (Table VII). The numbers are shown as follows:

Calamondin - 1 787
Szinkom - 1 Oil
Ladu - 500

These seedlings vary in their stages of vegetative growth ranging from 6 - 8 to 30 - 45 cm in
height.

For the EMS treated seeds, a total of 2358 seedlings were obtained at various
concentrations used (Table VIII). This includes calamondin (411), 'Szinkom' (469), 'Ladu'
(1202) and 'Hamlin' (276). Regular maintenance e.g. weeding, fertilization, watering, etc. are
being undertaken in all these seedlings to ensure good growth.
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TABLE VII. TOTAL NUMBER OF SEEDLINGS* OBTAINED THROUGH IN VITRO
CULTURE OF NUCELLAR EMBYROS DERIVED FROM GAMMA
IRRADIATED SEEDS OF DIFFERENT VARIETIES OF CITRUS

Irradiation Variety
dose —— —————— ——— ——— - ——— —————— Total
(Gy) Calamondin Szinkom Ladu

0 406 226 90 722
25 134 109 - 243
50 805 291 215 1311
75 67 63 - 130
100 318 236 114 668
200 17 4 6 27

Total 1787 1011 500 3298

* : These seedlings are in various stages of growth.

TABLE VIII. TOTAL NUMBER OF SEEDLINGS OBTAINED FROM ETHYL
METHANESULFONATE (EMS)-TREATED SEEDS OF CITRUS

Concentration Variety
(ml/1) ————————————————————————————— Total

Calamondin Szinkom Ladu Hamlin

0
3.1
6.2
9.3

12.3
24.6

20
79
69
70
98
75

32
34
130
135
100
38

18
204
214
240
240
286

8
56
53
49
48
62

78
373
466
494
486
461

Total 411 469 1 202 276 2 358

3.4. Screening for resistance to leaf mottling organism

Inoculation by placing a leaf portion (with midrib) underneath the bark was found to be
ineffective. All seedlings ('Szinkom') remained healthy 8 - 1 0 months after inoculation and
the leaf portion remained green in color. Considerable success had been obtained through
side-grafting or budding of scions coming from infected plants (Table IX). This may be
attributed to the difference in concentration of the organism on the tissues involved. In
budding/side-grafting, larger tissues are used such that these may contain higher amount of
the pathogen. However, higher efficiency of transmission needs to be worked out to fully
access the reaction of the resulting seedlings to this pathogen.

With monoclonal antibodies, determination of the susceptibility/ resistance of the
seedlings to the leaf mottling organism can be done in a shorter period of time. This was
done by using the ELISA technology wherein absorbance reading (A450) of the samples were
taken. This was then translated into a descriptive rating scheme of negative, suspect and
positive. A negative reaction indicates the non-detection of the organism in the host plant
while a positive reaction denotes the presence of the organism. As such, a negative reaction
connotes that certain degree of resistance is being exhibited by the seedlings due to non-
proliferation of the pathogens while a positive reaction connotes susceptibility.
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TABLE IX. NUMBER OF INOCULATED SEEDLINGS EXHIBITING THEIR
REACTION TO LEAF MOTTLING ORGANISM BY SYMPTOMATOLOGY,
8-10 MONTHS AFTER INOCULATION

1Calamondin ' 'Szinkoro' 'Ladu1Irradiation
dose —————————————- — ——— ———— —— - — ——— —— -——_
(Gy) No With No With No With

symptom symptom symptom symptom symptom symptom

0
50

100
150
200

2
2
1
3
3

1
1
2
-
-

8
8
9
5
-

3
6
-
2
-

6
4
8
8
-

1
5
1
-
-

TABLE X. NUMBER OF INOCULATED SEEDLINGS EXHIBITING THEIR
REACTIONS TO MONOCLONAL ANTIBODIES SPECIFIC FOR LEAF
MOTTLING ORGANISM THREE MONTHS AFTER INOCULATION

.Lx 4. ciCl Id t. lOi
Level
(Gy)

0
50
100
150
200

Calamondin

+
3
5
2
0
3

-
19
16
15
7
5

-

4
2
4
0
2

Varieties

Szinkom

-
4
3
4
3
0

+ -

29
24
8
10
2

-

0
5
0
0
0

+
01
4
4
1

Ladu

+ -
3
5
8
3
8

-

0
0
1
0
5

Total 31 62 12 14 77 10 27

+ : Positive, +- : Suspect, - : Negative
Absorbance reading taken at A4SQ using LM3-4-3, IgG2a:
posistive >= 0.184; suspect = 0.084 - 0.184; negative =< 0.084

Table X shows the number of inoculated seedlings exhibiting positive, suspect or
negative reactions to the leaf mottling organism through the use of monoclonal antibodies.
So far, few plants had been diagnosed to be negatively infected by the leaf mottling
organism. This is quite promising since it indicates that a certain degree of resistance is
present on these plants. However, further observation needs to be undertaken in order to
ascertain this phenomenon. For plants that were diagnosed as suspects, continued
monitoring is being done; while plants that were diagnosed as positive were discarded.

4. SUMMARY AND CONCLUSION

A series of experiments in citrus were initiated to determine the following: a) optimum
conditions for in vitro culture of nucellar embryos and plantlet regeneration; b) optimum
dosage for gamma irradiation and chemical mutagen (EMS) for mutation induction; and c) the
level of resistance to the leaf mottling organism in the resulting mutants.
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For the in vitro culture of nucellar embryos, it was found that the optimum medium in
enhancing their survival and plantlet regeneration is the basic Murashige and Skoog medium
supplemented with myo-inositol {100 ml/I), pyridoxine-HCI (1 mg/l), nicotinic acid (1 mg/l),
thiamine (0.2 mg/l), Fe-EDTA (25 mg/l), sugar (20 g/l), agar-agar (7 g/l), and benzyladenine
(1 mg/l) adjusted to pH 5.7. incubation is under continuous light at 20 - 25 °C.

For mutation induction, a negative correlation between percent survival of nucellar
embryos and dose (0-200 Gy) was observed on the nucellar embryos derived from gamma
irradiated seeds. The LD50 was between 100 - 150 Gy. For ethyl methanesulfonate,
concentrations up to 24.6 ml/I were found tolerable. In addition, various varieties of citrus
responded differently to EMS treatment. All the resulting seedlings both from gamma
irradiation and EMS, did not exhibit any morphological aberrations in the treated generation.

Initial results from inoculation of the seedlings showed that a few of them were exhibiting
a certain degree of resistance to leaf mottling organism. However, further verification needs
to be undertaken to ascertain this phenomenon.
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Abstract

To develop a standard protocol for in vitro culture technique to support mutation breeding of fruit trees,
procedures for mutagen treatment and selection methods for resistance to fire blight (by Erwinia amylovora) were
investigated. 60Co gamma rays or ultra violet light (257 nm) were used as mutagens. Leaves were irradiated
then adventitious buds were regenerated on the in vitro culture medium. The regenerated plants were tested by
artificial inoculation with pathogen to in vitro cultured plants and confirmed in the greenhouse. Conductivity test to
measure the net electrolyte leakage seemed to be a good method to quantify the resistance to the pathogen.

1. INTRODUCTION

For the fruit trees, improvement of existing cultivars without disturbing the genetic
background is especially important to maintain the superior characters already established.
Mutation breeding is currently the most practical method to make improvements by the
addition of a few traits like disease resistance. Recent development of in vitro plant tissue
culture techniques offered methods to support the mutation breeding of vegetatively
propagated crops like fruit trees. Adventitious bud regeneration would be especially useful
to reduce the time required to obtain non-chimeric, or solid, mutant clones. In the present
experiments, gamma rays or ultra violet light were used as mutagens, and after in vitro
culture of the materials, screening methods were examined to develop standard procedure
for in vitro application of mutation breeding for fruit trees.

2. GENERAL STRATEGY

Fire blight caused by Erwinia amylovora is a necrotic disease occurring on most species
of Pomoïdeae, including Pyrus communis. Most pear commercial cultivars are susceptible to
this pathogen.

The genetic control of resistance is oligogenic or polygenic [1]. Obtaining highly
resistant hybrids is made more difficult by the low levels of resistance known in Pyrus
communis.

Direct improvement of cultivars can also be achieved by mutagenesis (Fig. 1). We have
associated it with the in vitro technique to improve four important pear scion cultivars, all
susceptible to fire blight: 'Conference', 'Comice1, 'Williams' and 'Passe-Crassane'. The
general protocol is as follows:

Plantlets are regenerated from in vitro leaves which have been previously irradiated by
ultra-violet or gamma-rays. The regenerated plants are then submitted to an in vitro test for
resistance and a second test in the greenhouse.
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Second test in green house') Mn—vitro propogotiorA

fln-viiro lest lo fire—blighO rirrodiolion of ieoves~)

( Adventitious bud regenerotiorA

Fig. 1. Protocol used for selection of mutant plants less susceptible to fire blight (Erwinia
amylovora).

This program has involved three distinct steps: a) To optimize adventitious shoot
regeneration from leaves; b) To test the effect of different doses of the mutagenic agents on
regeneration; and c) To find an in vitro test adapted to large amount of plants.

3. IN VITRO ADVENTITIOUS REGENERATION

3.1. Materials and Methods

The four cultivars were assessed for their adventitious bud regeneration ability from leaf
expiants. The shoot cultures were propagated on a multiplication medium as described in
Leblay et al (1991)[2]. Leaves were excised from one-month old shoots, the petiole was
removed and the leaves were wounded by three cuts perpendicular to the midrib, plated on
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"induction medium" and incubated in the dark. This medium included two growth regulators,
thidiazuron (TDZ) and Naphtalene Acetic Acid (NAA). After 3 weeks, the expiants were
transferred to an auxin-free identical medium ("expression medium"), and kept under a 16 h
photoperiod. The total number of leaves having regenerated buds was evaluated two months
after the beginning of the experiment and the number of shoots per regenerating leaf was
recorded. One treatment of an experiment was repeated in five petri dishes containing six
leaves.

3.2. Results (Fig. 2)

3.2.1. Medium composition and light exposure during the regeneration phase

Several hormonal and nitrogen compositions of the induction and expression media
have been studied. All these results are published in Leblay et al (1991)[2j. They can be
summarized as follows :

- An initial dark exposure of at least 20 days was required,
- Best regeneration rates were achieved with 7.5 mM NH4+ and with

a1/3NH4+/NO3-ratio,
- The cytokinin (TDZ) was less efficient at 1 M than at higher concentrations (2.5 or

5.0 M). The auxin (NAA) concentration did not influence greatly the regeneration but
two concentrations (1.0 M and 2.7 M) were used for subsequent experiments.

Axillory shoots

V

Leoves from lower nodes

Cytokinin :|BAP|

2iP
Kinelin

Subculture length : 20 doys

40 doys

Initioi dork exposure : 20 doys

Nitrogen requirement : NH4+/N03- = 1/3
NH4+ = 7.5 mM

Hormone! requirement : TDZ = 2.5 ^M or 5.0 p M

NAA =1.0 >>M. or 2.7 p W

the treatments used for further experiments

Fig.2. Factors tested for improving adventitious regeneration.
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If high regeneration rates were observed, the results remained variable. It could be
explained by a high heterogeneity between leaves sampled and by a progressive decline in
the physiological state of mother plants in time with repeated subcultures. Thus, in the
subsequent experiments, we have investigated the role of plant material on regeneration.

3.2.2. Plant material preparation prior to the regeneration phase

Leaves were cut off at different levels on the in vitro plant of the cultivar 'Passe-
Crassane'. The most apical leaves had the best potential to give rise to adventitious buds.

Large differences in size of leaves (small, medium and large) were observed for the
cultivar 'Williams'. The selection of a specific size gave no better results than the mixture of
all the leaves.

Axillary branching was promoted when the plants were laid horizontally on the medium
with their apex cut off. Their growth was delayed and their leaves were smaller in
comparison with the shoots stemming from the apical meristem. The regeneration rate also
showed a marked decrease.

Two cytokinins, 2iP or kinetin, were used in place of BAP which is usually used in the
multiplication medium. The leaves became bigger but yellow after 2 or 3 subcultures and the
regeneration rate decreased considerably. BAP therefore proved to be the most suitable
cytokinin.

The usual length of the subculture (30 days) was reduced to 20 days or extended up to
40 days during two subcultures. At the end of the experiment, 20 days induced low
regeneration rate, and 40 days gave the same results as 30 days.

The best regeneration rates obtained on 'Conference', 'Comice', 'Passe-Crassane' and
'Williams' were 97 %, 90 %, 90 % and 70 % regenerating expiants, respectively.

4. MUTAGENESIS

Two kinds of irradiation sources were used. The leaves were irradiated with gamma
rays (60Co) or ultra-violet light (257nm). The spectrum of the induced mutations could be
different with ionizing and non-ionizing radiations.

4.1 Materials and Methods

The leaves were plated on water solidified by agar and irradiated. They were then
submitted to the same protocol as for the regeneration experiments.

4.2. Results

No results are available for 'Williams' because of internal contamination. Two to three
repetitions for each experiment have been conducted on the 3 other cultivars.

4.2.1. Comparison between gamma rays and ultra-violet irradiation

Great visual differences in the leaves appearance were observed after irradiation.
Expiants irradiated with gamma rays did not look different from the control. In contrast to it,
fresh weight of expiants irradiated with ultra-violet decreased, maybe because of water
leakage. Furthermore, they curled up and became hard and crumbly.
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Fig. 3. Effect of gamma rays on (a) Conference, (b) Cornice and (c) Passe-Crassane.

4.2.2. Gamma rays irradiation

The survival curves (% expiants regenerating as a function of dose, Fig. 3) had different
shapes depending on the cultivar. The regeneration rate decreased progressively from 10 to
70 Gy for 'Conference' and 'Passe-Crassane'. For 'Cornice', it remained high up to 50 Gy and
fell abruptly beyond this dose. The curves relative to the number of buds per expiant follow
the same patterns.

The LD50 could be assessed. It was about 20-30 Gy for 'Conference', 30-40 Gy for
'Passe-Crassane' and 40-50 Gy for 'Comice'.

The protective effect of a small dose has been tested because it had been observed
previously with Saintpaulia [3](Duron & Dixon, 1982). Irradiation of leaves with a small dose

31



(a)
% Explonts regenerating

100T -•- Single dose
-+- 5 Groys -f dose
-O- Single dose
-O- 5 Groys 4 dose

Repeot 1

Repeot 2

-0 10 30 50

Dose ^Grays'*

(b)

% Explonts regeneroting

100T
-•- Single dose
-*- Dose 4 5 Groys
-O- Single dose
-0- Dose 4 5 Groys

Repeot 1

Repeot 2

10 30 50

Dose (Grays)

70

Fig 4. Effect of a small dose (5 Gy) applied 8 hours before irradiation, on regeneration rate of
(a) Conference and (b) Cornice.

few hours before irradiation induced a lesser decrease of regeneration rate. In our
experiment, 5 Gy were applied 8 hours before the irradiation doses on 'Conference' and
'Cornice' (Fig. 4). No protective effect was observed.

4.2.3. Ultra-violet irradiation (Fig. 5)

The regeneration rate of leaves of 'Conference' decreased progressively from 0 to 500
joules/m2 for two repeats. For the other repeat the decrease was very slow and several buds
were even regenerated at 1000 joules/m2. For 'Cornice' and 'Passe-Crassane', the decrease
was quicker and very few buds were detected over 250 joules/m2. The LD50 assessed for the
three cultivars was about 125 joules/m2.

Suprisingly, the number of buds per expiant did not decrease in time with increasing
doses of irradiation as observed with gamma rays. It might be likely that some expiants are
protected from ultra-violet light by the presence of water or medium on them. They therefore
preserve their ability to regenerate buds at high doses.

5. TESTING FOR RESISTANCE TO FIRE BLIGHT

Two methods for testing resistance to fire blight have been investigated : in vitro
inoculation, and a conductivity test.
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Fig.5. Effect of ultra violet rays on (a) Conference, (b) Cornice and (c) Passe Crassane.

5.1. In vitro inoculation [4]

5.1.1. Material and Methods

One week old microcuttings were inoculated with teeth-nosed dissecting forceps
previously dipped into a bacterial suspension of an agressive strain of Erwinia amylovora
(CFBP 1430, 108 c.f.u./ml) and incubated in the dark at 26 'C. The extent of necrosis was
recorded nine days after inoculation for three repeats of 12 plants per treatment.
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Fig 6a. Effect of in vitro bacterial inoculation on several cultivars: Cornice (very susceptible),
Conference (susceptible), Seckel (little susceptible) and Old-Home (resistant) (Brisset 1990).

5.1.2. Results (Fig. 6a)

The parameters of inoculation have been optimized before using this test for comparing
susceptibility of several cultivars. The cultivars with intermediate susceptibility in orchards
('Seckel' and 'Conference') had the same behaviour as the highly susceptible cultivar
'Comice' after in vitro inoculation. Only 'Old-Home', a resistant cultivar, expressed very few
symptoms.

The disadvantages of this test are :

- no distinction between moderately and very susceptible cultivars
- a great variability of the results
- requirement of too many replicates for each experiment.

5.2. Conductivity test

It is very useful to know the resistance of a plant without destroying or contaminating it,
in order to avoid cloning it in many replicates. The conductivity test may have this advantage
because it uses the leaves cut off from the regenerated plantlets. The first step to set up this
test was to study the correlation between electrolyte leakage of the leaves after bacterial
suspension infiltration and susceptibility of the cultivars.

5.2.1. Materials and methods (Fig. 6b)

Experiments have been conducted by Brisset and Paulin [5]. They used detached
leaves from trees of several pear cultivars. After disinfection, leaf discs were cut with a brass
cork borer, transferred to bacterial suspensions (CFBP 1430), infiltrated under vacuum and
blotted dry. They were then transferred to buffer medium (1 mM MES, pH 6) where they were
incubated at 25 °C with stirring. Controls were discs infiltrated with sterile buffer. Three
replicates of eight leaves were used per treatment. The conductance of the incubation
medium was steadily measured over 48 hours.

5.2.2. Results

Final net electrolyte leakage induced by the strain (conductance of inoculated discs
minus conductance of the control) seemed to be closely linked with the susceptibility of the
cultivars (Figs. 6c and 6d).
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Fig. 6c. Electrolyte leakage induced by the aggressive strain CFBP 1430 in three pear
cultivars, 46 hours after infiltration (Bnsset and Paulin 1990).
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Fig. 60. Electrolyte leakage induced by the aggressive strain CFBP 1430 in five pear cultivars,
46 hours after infiltration (Bnsset and Paulin 1990).
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6. CONCLUSION

The regeneration and mutagenesis steps are now well controlled. The study on in vitro
conductivity test is going forward. If the correlation between electrolyte leakage and
susceptibility of the cultivars is demonstrated by the further investigation, it will simplify the
protocol to test a large numbers of plants.
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Abstract

Buds of mulberry varieties Phai, Noi and SK2502 were irradiated by gamma radiation and then cultured on
the Murashige and Skoog medium containing 1.0 mg/l of BA and Casein hydrolysate 1g/l. After proliferation of
shoots, they were transferred to the rooting medium (MS + NAA 0.2 mg/l + IBA 0.2 mg/l). Plantlets of mulberry
var. Noi were transplanted to soil in greenhouse for screening for bacterial blight disease resistance. All plants
showed symptoms of disease. In vitro inoculation of the pathogen, Pseudomonas syringae p.v. mon, on plantlets
of the mulberry var. Noi and Phai was conducted. All plants showed symptoms of the disease and died. In vitro
screening will be continued with much larger populations in order to select the resistance traits.

1. INTRODUCTION

Mulberry (Mows alba L) is the chief food for the silkworm Bombyx mon. Cultivation of
mulberry plays a significant role in determining the production cost of cocoons and silk as it is
estimated that 60 per cent of the cost of cocoons go to mulberry [1]. Therefore, high leaf
yield, good leaf quality and resistance to disease are three principal objectives of mulberry
breeders' efforts. Mulberry, as any other commercial crop, is susceptible to the attack of
various pathogens causing damage to the plantations. One of the problems of mulberry
cultivation in Thailand, especially in the rainy season, is the occurrence of the bacterial blight
disease caused by Pseudomonas syringae p.v.mori. The leaves and stems are affected and
the growth of the plant is arrested. The affected portions become brown, rotten and distorted
and the whole leaf becomes deformed [4].

As fungicides and insecticides cannot be sprayed on mulberry leaves without adversely
affecting the silkworm feed quality, the only method is to breed varieties of mulberry resistant
to the disease and pests. However, many varieties used for silkworm rearing are believed to
have arisen through spontaneous bud mutation [1]. Artificial induction of mutations might be
beneficial to eliminate certain undesirable characters. Such beneficial mutant characters can
successfully be perpetuated through clonal propagation without disturbing the genetic
balance of the original variety. It is therefore hoped that the use of mutation breeding together
with isolated bud culture will accelerate progress in screening for bacterial blight resistant in
mulberry.

2. MATERIALS AND METHODS

Buds of mulberry varieties Phai, Noi and SK2502 were carefully removed from their
scale and bracts, surface sterilized with 20 % sodium hypochlorite for 20 min and rinsed with
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TABLE I. PERCENTAGE OF SURVIVING BUD CULTURES OF MULBERRY VARIETIES
AFTER GAMMA IRRADIATION

Variety Dose
(Gy)

% Surviving bud culture after

4 6 8 10 12 14 16 (weeks)

Noi 0 100.0
20 71.4
40 93.3
60 94.7
80 70.0

86.7
64.3
86.7
10.5
25.0

86.7 86.7
64.3 57.1
66.7 26.7
10.5 0
10.0 0

- no observation -

Phai 0 100.0 90.1 90.1 86.7 86.7 76.7 76.7 75.1
10 136.7 107.4 107.4 101.5 95.7 89.9 89.8 89.8
20 65.6 62.5 62.5
30 128.6 123.6 100.0
40 47.2 34.9 24.5
50 141.1 65.4 56.7
60 84.0 84.0 42.5

SK2502 0 100.0 100.0 100.0 88.9 88.9 83.3 83.3 83.3
20 115.2 97.8 97.8 94.7 94.7 94.7 78.2 78.2
40 111.1 111.1 111.1 111.1 111.1 111.1 111.1 18.6
60 11.1 111.1 111.1 111.1 111.1 96.3 96.3 3.7

59.4
32.9
24.5
56.7

0

43.8
32.9
24.5
43.6

0

43.8
0
0
0
0

43.8
0
0
0
0

43.8
0
0
0
0

TABLE II. REACTION OF IRRADIATED MULBERRY PLANTS OF THE VARIETY NOI TO
BACTERIAL BLIGHT DISEASE, 3 WEEKS AFTER GREENHOUSE
INOCULATION (109 CELL/ML)

Exposure dose Total
( Gy ) Plants

Total 62

No. of plantlets at different rate of disease

1 2 3 4 5 6

0
20

21
41

0
0

0
0

0
0

3
1

3
3

15
37

52

1 = No symptom
2 = 1- 25 % tissue blighted
3 = 26- 50 % tissue blighted
4 = 51- 75 % tissue blighted
5 = 76-100 % tissue blighted, stem moderately infected
6 = leaf wilt, yellow, stem severely infected, plant death
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sterile distilled water. The buds were grown on Murashige and Skoog medium supplemented
with 0.1 mg/! Kinetin, 1.0 mg/l Naphthalene aceticacid (NAA) and 30 g/l sucrose [3]. Another
medium, the Woody Plant medium (WPM) was tested; it was supplemented with 1.2 mg/l 6-
Benzylaminopurine (BA) and 30 g/l sucrose. The culture medium was solidified with 7.0 g/l
bactoagar. After testing various media the MS medium containing BA 1.0 mg/l and Casein
hydrolysate 1 g/l was used as the establishing medium and proliferation medium. The
multiple shoots produced were separated and put to rooting medium (MS + NAA 0.2 mg/l +
IBA 0.2 mg/l).

Buds of mulberry varieties were exposed to gamma radiation at various doses as
following:

0, 20, 40, 60 and 80 Gy for Noi

0, 10, 20, 30, 40, 50 and 60 Gy for Phai

0, 20, 40 and 60 Gy for SK2502

They were then cultured on the medium. The optimal dose was observed. Non-
irradiated and irradiated buds of mulberry varieties were cultured, multiplied and transferred
to rooting medium. Plantlets were transplanted to soil in greenhouse for screening by
inoculating the suspension of 109 cells/ml of P.s.p.v.mo/v on wholeleaves and shoot tips. In
vitro plantlets were also inoculated with suspension of P.s.p.v.mor/ at concentration of 107

cells/ml [2]. Then, 20 days later, the plants were rated for disease. The resistant plantlets will
be propagated and transplanted to greenhouse for further screening.

3. RESULTS AND DISCUSSION

Buds of mulberry varieties Phai, Noi and SK2502 grew well on MS medium containing
BA 1.0 mg/l and Casein hydrolysate 1g/i. After exposure to gamma rays, mulberry buds of
Phai, Noi and SK2502 were cultured on the medium. At the higher doses of radiation the
percentage of bud survival was reduced (Table I). The optimal doses for Noi and SK2502
were somewhere between 20-40 Gy and that for Phai was 10-20 Gy. Shoots of mulberry
varieties Noi and Phai were able to multiply well on the establishing medium but the others
could not. The experiment to find the appropriate medium was also conducted.

The reaction of mulberry plants (Noi) to bacterial blight disease was studied. Seven
days after inoculation, water-soaked lesions were observed on all inoculated plants. After 3
weeks, all plants showed disease infection at different disease rating (Table II). None of them
was free from symptoms. Later a leaf-rub inoculation of mulberry plantlets grown in vitro was
developed at Plant Pathology and Microbiology Division, DOA. In vitro plantlets were
inoculated by this technique. Water-soaked lesions were observed within 10 days after
inoculation. Leaves with lesions became completely blighted within 2 weeks. The rating of
disease was observed after 3 weeks (Table III and IV). Finally all plantlets died. Because the
plant population are too small to find resistance, the experiment will be carried on further.
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TABLE III. REACTION OF IRRADIATED MULBERRY PLANTLETS OF THE VARIETY
NOI TO BACTERIAL BLIGHT DISEASE, 3 WEEKS AFTER IN VITRO
INOCULATION (IC^CELL/mL)

Exposure dose Total No. of plantlets at different rate of disease
( Qy ) Plantlets ——— ————————— — --------------------------

1 2 3 4 5

0 79
10 286
20 260
30 140

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

79
286
260
140

Total 765 765

1 = No symptom
2 = 1- 25 % tissue blighted
3 = 26- 50 % tissue blighted
4 = 51- 75 % tissue blighted
5 = 76-100 % tissue blighted, leaf wilt, yellow, plant death

TABLE IV. REACTION OF IRRADIATED MULBERRY PLANTLETS OF THE VARIETY
PHAI TO BACTERIAL BLIGHT DISEASE, 3 WEEKS AFTER IN VITRO
INOCULATION (107 CELL/mL)

Exposure dose Total No. of plantlets at different rate of disease
{ Gy ) Plantlets —————————————————————————————————————-

1 2 3 4 5

Total

0
10
20

82
52
22

0
0
0

0
0
0

0
0
0

0
0
0

82
52
22

156 0 0 156

1 = No symptom
2 = 1- 25 % tissue blighted
3 = 26- 50 % tissue blighted
4 = 51- 75 % tissue blighted
5 = 76-100 % tissue blighted, leaf wilt, yellow, plant death
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Abstract

Three genotypes of Triticum were pollinated by pollen of Leymus racemosus inflorescences which were
irradiated with 0, 10, 15, and 20 Gy of gamma rays before blooming. Immature embryos were cultured in vitro
and continued subculturing for propagation. Forty one plants were obtained. The percentages of acquired
embryos, plantlets and survival plants were higher in some treated combinations than their controls. The
combination of Xinjiang wheat (T. aestivum sub-sp.) and L racemosus (gamma irradiated) was the best. The
progenies were studied in agronomic characters, cytology, isoenzyme patterns and ELISA. The results showed
that some progenies were similar to their female parents in most of their characters and the number of somatic
chromosomes; the new characters obtained did not segregate in F^^2 and ^3^3; some progenies demonstrated
typical bands of leaf peroxidase isoenzyme of L racemosus and several plants with BYDV-resistance; it was very
likely that some genes of L racemosus were transferred into wheat. The preliminary investigation suggested that
wide-crosses between Triticum and Leymus racemosus by means of pollen irradiation and in vitro embryo culture
could be an effective way to obtain desirable disease resistant variants in wheat.

1. INTRODUCTION

The rusts, powdery mildew and Barley Yellow Dwarf Virus (BYDV) etc. are the important
diseases of winter wheat in northern China. By using rust resistant cultivars, the epidemic of
rusts were brought under control. Some varieties and strains with complex resistance to
rusts and powdery mildew have been developed and released in recent years. BYDV was a
serious intermittent epidemic disease during the past twenty years. Almost all cultivars were
infected and there was no effective source of resistance in wheat available. "Zhong 4", a new
resistant source of BYDV in wheat, was obtained from the wide cross, 7. aestivum/A.
glaucum, and used in the breeding program [1].

Leymus racemosus (Elymus gigantious) with multi-disease resistance, which was
collected from Xinjiang Autonomous Region of China [2], is a valuable material for
improvement of disease resistance in wheat. However, the favorable genes of L racemosus
have not yet been successfully used in wheat breeding. We started to search for procedures
to transfer alien resistance genes to BYDV from L racemosus into wheat by the combined
use of gamma irradiation, wide crosses and immature embryo culture.

2. MATERIALS AND METHODS

2.1. Materials

Female: Xinjiang wheat (7. aestivum) (X.w.) 2n=6x=42
(From Xinjiang Autonomous Region)

Chinese Spring (7. aestivum) (C.S) 2n=6x=42
7. persicum 2n=4x=28

Male: Leymus racemosus (Elymus 2n=4x=28
giganeus) From Xinjiang
Autonomous Region)
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2.2. Methods

2.2.1. Anther irradiation and pollination

In 1987-1989, three female parents were pollinated with L racemosus infloresences
which were irradiated with 0,10,15 and 20 Gy gamma rays before blooming.

2.2.2. In vitro embryo culture

Immature hybrid embryos, aged 12 days after pollination, were cultured in vitro on MS
medium. Call! were formed after 30-40 days and shoots were differentiated.

2.2.3. Analyses of seedlings and survival of plants obtained

The plantlets from call! were cultured in vitro. Regenerated plants were transplanted to
pots and then to the field. The progenies obtained were examined for agronomic characters,
cytological features (number of chromosomes, chromosome aberrations) and peroxidase
isoenzyme patterns from F-)M-| to F2Ms generations. Enzyme-linked immunosorbent assay
(ELISA) was used for indexing BYDV.

3. RESULTS

3.1. Plants obtained

The percentage of embryos acquired, induction frequency, numbers of plantlets
differentiated and the percentage of surviving plants are shown in Table I.

TABLE I. THE PERCENTAGE OF EMBRYOS ACQUIRED, CALLUS INDUCTION
FREQUENCY, REGENERATION OF PLANTS FROM CALLI AND THE
PERCENTAGE OF SURVIVING SEEDLINGS AFTER COMBINED USE OF
GAMMA IRRADIATION AND IN VITRO CULTURE

Crosses* Dose Embryos Induction Plantlets/ Surviving
GY acquired frequency calli seedlings

X.w./ 0(CK) 2.8 (4/144) 25.0 (1/4) 5.0 ( 5/1) 0
L.racemosus 10-20 1.3 (7/522) 85.7 (6/7) 12.3 ( 74/6) 44.6 (33/74)

C.S./ 0(CK) 4.0 (6/151) 100.0 (6/6) 0 ( 0/6) 0
L.racemosus 10-20 1.5 (4/264) 25.0 (1/4) 3.0 ( 3/1) 33.3 (1/3)

T.persicum/ O(CK) 11.4 (19/167) 100.0 (19/19) 2.5 ( 48/10) 12.5 (6/48)
L.racemosus 10-20 19.5 (77/395) 89.6 (69/77) 3.5 (243/69) 2.9 (7/243)

0(CK) 6.3 (29/462) 89.7 (26/29) 2.0 ( 53/26) 0.11 (6/53)
Mean (x) 10-20 7.5 (88/1181) 86.4 (76/88) 4.2 (320/76) 12.8(41/320)

Total 7.12(117/1643) 87.2(102/117) 3.66(373/102)

* X.w. : Xinjiang wheat
C.S. : Chinese Spring

44



TABLE II. THE CHARACTERS OF XINJIANG WHEXT/LRACEMOSUS HYBRIDS

Characters Xinjiang wheat Xinj iang wheat
x

L.racemosus

L.racemosus

Plant height (cm)
Stem diameter(mm)
Leaf length (cm)
Spike type
Spike length (cm)
Spikelets/Spike
Grains/Spike
Anther lenth (mm)
Leaf colour
Awnedness

97 (90-120)
2.2

20
Spindle
12 (11-14)
21 (20-22)
26 (20-36)
3.0
Green
Awnless

98 (63-163)
3.5

30
Sharp tower
11 (6-19)
21 (14-29)
20 (0-35)
3.5
Dark green,Green
Top awned

136 (120-140)
9 (7-12)

75 (58-80)
Tower
30 (28-38)
98 (90-104)
0
9.0

Blue green
Awned

In terms of the percentages of the immature embryos acquired, callus induction
frequency, plantlet regeneration and survived seedlings, effect of cross were compared
among treatments and combinations. It showed that the percentages seemed to depend on
the female genotypes and on the irradiation. The percentages were higher for the irradiated
pollen combinations than those for their controls in some combinations. Xinjiang wheat
showed higher induction frequency, plantlet differentiation and percentage of surviving
seedlings followed the combined use of gamma irradiation and embryo culture than their non-
irradiated controls. It seemed to be an appropriate method to increase the yield of hybrids in
wide crosses. 74 plantlets were differentiated and the value of 44.6 % surviving plants from
X.wJL.racemosus (gamma-irradiated) was obtained. T.persicum may probably serve as
better parent for raising embryo in this way, as the chromosome number is the same as
L racemosus.

3.2. Hybrid progenies obtained and analysed

3.2.1. Agronomic characters

47 hybrid progenies were derived from the 3 wide crosses mentioned above. 33
progenies from Xinjiang wheatyLracemosus were studied further. The results are shown in
Table II.

Most progenies were similar to their female parents in agronomic characters but the
number of somatic chromosomes and some characteristic features were similar to male
parent. The new characters of these progenies did not segregate in F2M2 and F3M3
generations. The coefficient of variation (c.v.) in several characters were increased,
suggesting more variation in progenies of the hybrid (Table 111). Some floury grains, rich
tillering, disease-resistant plants were obtained from Xinjiang wheat/L.racemosus (gamma
irradiated) hybrid. They will serve as good materials in wheat breeding programmes.

3.2.2. Chromosome numbers and aberrations observed

The progenies of Xinjiang wheat/L racemosus (gamma irradiated) had 42 chromosomes
in root tip cell. The percentage of cells of Xinjiang wheat//..racemosus (gamma ray dose:20
Gy) with micronulei at meiosis was more than that in Xinjiang wheat/Lracemosus (10 Gy) or
in the non-irradiated female parent.
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TABLE III. VARIATION OF XINJIANG WHEXT/LRACEMOSUS

Characters Xinjiang wheat Xinjiang wheat/L.racemosus

n* Average Range c.v.(%) n* Average Range c.v.(%)

Plant height (cm)
Spike type
Spike colour
Spike length (cm)
Spike width (cm)
Spikelets /Spike
Floret s /Spikelet
Grains /Spike
Anther length (mm)
Grain colour

30
30

30
10
30
10
30
10

100.0
Spindle
Green
12.20
0.9

19.80
3.6
47.55
3.5

Red,

81 -110 7.26124 82.82 40 -100 11 .28
Spindle
Green

10
0.

17
2
19
3.

- 15 10.83
8- 1.0
- 23 9.21
- 5
- 77 28.36

2- 3.8

123
10

123
10
123
10

13.
1.
19.
4.
55.
5.

Red,

17
3
86
8
75
0

Light-Dark
8.
1.
8
3
9
4.

5-16
2- 1.4
-23
- 7
-101
6- 5.3

green
10

11

29

.88

.70

.18

White

* n = number of plants examined

TABLE IV. PERCENTAGE OF CELLS WITH MICRONUCLEUS OF XINJIANG
WHEAT/LfMCEMQSL/S AT MEIOSIS.

Materials Radiation Cells
dose observed

Cells with micronuclei
Number %

Xinjiang wheat
Xinjiang wheat/

L.racejnosus
Xinjiang wheat/

L. racemosus

10 Gy

20 Gy

1000

1217

1309

8

160

624

0.8

13.15

47.67

TABLE V. PERCENTAGES OF CHROMOSOME ABERRATIONS OF XINJIANG
WHEAT/LffdCEMOSUSAT MEIOSIS (F2M2).

Materials
(Sample No. )

Xin j iang wheat
Xinjiang wheat/
L. racemosus (F2M

1
2
3
4
5

Cells with
univalents

0

7)
2
1
1
8

10

.50

.86

.48

.31

.14

.86

( 1/200)

( 2/70)
( 2/135)
( 2/153)
( 7/86)
(10/92)

Cells with
laggards

0.20

1.44
2.00
0.98
4.17
9.15

( 1/500)

( 6/417)
( 8/400)
( 4/410)
( 5/120)
(13/142)

Cells with
bridges

0

0
0
0
0
0

.00

.00

.51

.00

.83

.00

(0/500)

(0/417)
(1/195)
(0/275)
(1/120)
(0/142)

Cell with
micronuclei

0

2
2
2
2
5

.25

.08

.36

.09

.83

.27

( 4/800)

(23/1104)
(17/720)
( 9/430)
(12/424)
(27/512)

Mean 4.29(23/536) 2.42(36/1489) 0.17(2/1149) 2.76(88/3190)
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The percentages of chromosome aberrations including cells with univalents, laggards,
bridges and micronuclei, in Xinjiang wheat/ L racemosus hybrid (gamma irradiated), were
much higher than those of female parent without irradiation as shown in Table V.

The results showed that chromosome aberrations were induced by irradiation. The
treatment may be advantageous to transfer alien genes.

3.2.3. Peroxidase isoenzyme patterns analysed.

Peroxidase isoenzyme patterns of seedling leaf were analysed to confirm the success of
the wide cross hybridization. Some hybrid progenies demonstrated typical bands of leaf
peroxidase isoenzyme of Lracemosus and their female parents, indicating inheritance of
traits from both parents. It was very likely that some genes of Lracemosus were transfered to
the hybrid progenies (Fig.1).

##£

1 2 3 1 2 4 5

#*•# ÏÏV fc fc* #f>»

10 11 12 13 14 15 16 17

1. Male parent : Leymus racemosus
2. Female parent : Xinj iang wheat
3. Xinjiang wheat IL. racemosus F-^
4-5. Xinjiang wheat/L.racemosus F2M2
6-17. Xinjiang wheat/L.racemosus F3M3

Fig. 1. The leaf peroxidase isoenzyme patterns (model) of Xinjiang
Wheat, Lracemosus, their hybrid and the progenies at seedling stage.

47



3.3. BYDV-resistant progenies obtained

By using Enzyme-linked Immunosorbent Assay (ELISA), it was confirmed that several
progenies with BYDV-resistance have been obtained in F2M£ and FgMß generations of
Xinjiang wheat x Lracemosus hybrid and T.persicum x Lracemosus hybrid.

4. CONCLUSION

According to the preliminary investigation mentioned above, we considered that the
combined use of low dose gamma irradiation and embryo rescue culture could be an
effective means for enhancing wide crosses and transferring alien genes from wheat relatives
into wheat. It has enormous potential for crop improvement and the creation of new
germplasm. Selection of appropriate female genotypes might be a key factor. Xinjiang
wheat, which was grown in the same place as the other material, Lracemosus, might lead
this study to a success. The methods and techniques of irradiation and in vitro culture were
very important for effective rescue of immature embryos, raising the frequency of
successfully obtaining hybrids, and of ensuring good hybrid survival.

REFERENCES

[1] ZHOU, G,H. et al.: A cereal germplasm, "Zhong 4", for resistance to Barley Yellow
Dwarf Virus in China. CIMMYT Workshop on BYDV 7 (1987) 6-11

[2] DONG, L.S. et al.: Studies on several wheat related species of Leymus. Höchst (1986)

[3] TAO, S.H. et al.: Increase of the rate of wide cross progeny by irradiation and in vitro
culture. Acta Agricultura Nucleatae Sinia Supplementary Issue (1989); 195-200.

[4] ZHANG, J.W. et al.: Studies on the hybridization between Triticum and Lracemosus by
means of irradiation of pollens and tissue culture in vitro. (1990)

48



STUDIES OF THE IN VITRO SELECTION OF NOVEL DISEASE RESISTANT
PLANTS AND MUTAGENESIS OF CULTURED CELLS

M. V. MACDONALD
Botany School, Department of Plant Sciences,
University of Cambridge,
Downing Street, Cambridge, United Kingdom

Abstract

Plants of Brassica napus ssp. oleffera cv Primor which had been regenerated from secondary embryoids
were found to be more susceptible to Leptosphaeria maculans than those grown from seed, but were generally
more resistant to Alternaria brassicicola. In vitro selection of secondary embryoids on medium containing toxic
filtrates of A. brassicicola did not result in significantly higher levels of resistance to the pathogen, and in the case
of L. maculans, the plants were found to be more susceptible after the selection steps. When tissues were
challenged with pycnidiospores of L maculans it was possible to define growth conditions in which differential
reactions correlated with in vivo responses. Studies on in vitro mutagenesis revealed that low doses of gamma
rays enhanced the production of anther embryoids, although, whereas both gamma and X-rays reduced the
regeneration capacity of treated tissues, irradiation with UV did not. Increased resistance to A. brassicicola was
detected in doubled haploid plants following a seed treatment with EMS and from microspore culture following UV
irradiation. In vitro studies of Helianthus annuus and Macrophomina phaseolina, and Zea mays and Fusarium
monMorme are also reported.

1. INTRODUCTION

The selection of desired individuals from large populations of cells or immature embryos
remains a goal for many breeders and biotechnologists alike. Although in vitro selection is
now widely used for selecting gene markers such as kanamycin and hygromycin resistance,
the full potential for the use of such a system for in vitro selection for resistance to disease
has yet to be realised and remains a much debated subject [1-4]. Many have claimed
success with a wide range of hosts and pathogens, although in most cases extremely small
numbers of individuals have been used and no indication of the heritability of the selected
trait has been given.

There are a number of basic requirements for studies of in vitro selection for resistance
to disease: good levels of variation for the required character within the host tissue or cells;
reliable regeneration techniques from tissue culture which will result in healthy fertile progeny
for further propagation and/or seed production; and a reliable selective agent to which the
sensitivity of host cells reflects the reaction to the pathogen in the field.

Aspects of host-pathogen interaction and in vitro selection have been investigated at the
Botany School, Cambridge between Brassica napus and both Leptosphaeria maculans and
Altemaria brassicicola. Currently Helianthus annuus and Macrophomina phaseolina, and
Zea mays and Fusarium moniliforme are being studied.

2. Brassica napus ssp. oleifera AND RAPID CYCLING B. napus

2.1. In vitro selection using toxins and culture filtrates

Resistance to stem canker (L maculans) was an important objective in oilseed rape
breeding during the 1970s and good levels of resistance to this pathogen have now been
introduced into most modern cultivars. In contrast, there is no known usable resistance to
Alternaria spp. in oilseed rape, nor in other Brassica species. The generation of resistance to
this pathogen remains a prime objective in most oilseed rape breeding programmes.
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Following the successful use of T-toxin in the selection of maize lines resistant to
Helminthosporium maydis [5], initial experiments with B. napus assessed in vitro selection
protocols with Sirodesmin PL, a putative toxin produced by L maculans, and also with crude
culture filtrates from this pathogen. As no defined toxins had been isolated from A.
brassicicola, crude and semi-purified culture filtrates of the pathogen were used in similar
studies.

Secondary embryogénie cultures of B. napus cultivars were used in selection
experiments and somatic embryos were obtained in large numbers from embryos obtained
from anther culture. The cultivars Primor and Rapora were selected as lines susceptible to L
maculans, whereas Rafal and Mikado were resistant. Line RETR had previously been
selected on Sirodesmin [6]. Haploid, diploid and tetraploid lines of Primor were included.
Seed germination tests using filtrates from one isolate of the pathogen gave a broad
correlation with known resistance to L maculans in field trials [7] and the sensitivity of
secondary embryoids to medium supplemented with 10 % culture filtrates was broadly similar
for the two susceptible cultivars Primor and Rapora.

A concentration of 7 mg/l Sirodesmin was chosen from preliminary studies with line RE2
(Primor) to give a 10 % survival of secondary embryoids. Embryoids from the seven test
lines were then exposed to two cycles of selection on the toxic medium (Table I). Where
further selection cycles were possible, survival levels of 70 and 75 % were recorded after 4
cycles of selection. In the first selection cycle, the tetraploid line from Primor (RE 3) and the
line previously selected on Sirodesmin (RETR) gave survival rates similar to those of the
resistant cultivars Rafaf and Mikado, although this was less clear in the second selection
cycle.

The resistance to the selective medium was found to be transient, however, and was
lost after 40 d away from the selection pressure. Plants regenerated from embryos selected
for their resistance to culture filtrates or to Sirodesmin PL were then tested against the
pathogen. The unexpected results indicated that plants regenerated from tissue culture
were more susceptible to infection than the seed grown plants and that plants from selected
lines were, in general, more susceptible than plants from the unselected lines. The plants
recovered from tissue culture gave a totally different distribution of disease reactions from
those observed from seed grown plants (Fig. 1). Although a small number of plants gave
reactions comparable to the most resistant scores for seed grown plants, the majority,
especially following selection (Fig. 2), were very much more susceptible than plants from
seed. These results suggest that although Primor is considered to be susceptible to L
maculans, there is already a low level of resistance present, and the disruption caused by the
passage through tissue culture has reduced this.

TABLE I. PERCENTAGE SURVIVAL OF SECONDARY EMBRYOIDS
OFBRASSICA NAPUS SSP. OLEIFERA, FOLLOWING
EXPOSURE TO 7 mg/L SIRODESMIN

Cultivar Ploidy Line % survival after

1st cycle 2nd cycle

Rapora
Primor
Primor
Primor
Rafal
Mikado
Primor

n
n
2n
4n
n
n
n

RE 5
RE1
RE2
RE3
RE 4
RE85
RETR

10
9
11
22
27
15
15

19
21
37
36
33
33
43
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a) Seed grown plants
100-
90-
80-
70-

50-
40-
30-
20:
10-
o

1 2 3 4 5
Disease Reaction

b) Unselected régénérants

1 2 3 - 4 5
Disease reaction

Fig. 1. Disease reactions of a) seed grown and b) régénérant plants of Brassica napus
ssp. oleifera cv Primor when inoculated with Leptosphaeria maculans. (0 -
resistant, 6 - susceptible).

In a similar set of experiments [8] with partially purified culture filtrates of Alternaria
brassicicola, embryoids insensitive to the toxic medium were again recovered. In this case,
however, the resistance was found to be stable and was retained despite several months of
culture away from selection pressure. When tested with the pathogen the plants which had
passed through tissue culture were generally more resistant to the pathogen than were those
from seed and a number of individual plants showed considerably higher levels of resistance
to the pathogen, although the proportion of these was not significantly higher in the selected
population than in the non-selected population, indicating that the selection step had not
been successful. The most resistant plants were found to be male sterile. When crossed
using pollen from cv Primor, the progeny plants tested were found to show no detectable
increase in resistance to Alternaria spp., although subsequent generations are still being
assessed in the field.

In these two cases, although it was possible to select tissues which survived on the
media containing toxic culture filtrates, the resistance obtained was not correlated with
heritable resistance to either pathogen. This would suggest that the filtrates probably
contained toxic by-products of growth in greater amounts than any toxin implicated in the
development of the disease. It is possible that further purification of the filtrates from A.
brassicicola [9] may have revealed the presence of fungal toxins which might be suitable as
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a) Régénérants following selection on Sirodesmin
1001

2 3 4 5 6
Disease reaction

b) Régénérants following selection on culture filtrates
100-1

80-

60-

0 1 2 3 4 5 6

40-

20-

Disease reaction

Fig 2. Disease reactions of régénérant plants of Brassica napus ssp. oleifera cv Primor
following selection on a) Sirodesmin PL, and b) culture filtrates of L maculans. (0 •
resistant, 6 - susceptible)

selection agents. Sirodesmin is known not to play a primary role in the infection process [10]
and there is some doubt as to its precise role in symptom development. A further possibility
[7] is that the toxic media contained compounds such as phytoalexins, which triggered a
defense response in the embryoids, and in turn eliminated the embryos which were resistant
to the pathogen.

2.2. Direct challenge with pathogen propagules

Another approach to in vitro selection is that of using pathogen propagules as the
selection agent. Studies in which different tissues were inoculated with pycnidiospores of L
maculans were undertaken by Gretenkort [11]. By careful manipulation of the culture
conditions, Gretenkort was able to obtain host-pathogen interactions which corresponded
closely to the reactions observed in the field.

The cultivar Jet Neuf shows contrasting responses between stem and leaf infections. In
the field, the leaves generally give a susceptible reaction, whereas the stems are highly
resistant to canker. The sensitivity of Gretenkort's tests also reflected this difference. A
major factor in the successful manipulation of conditions was found to be the ratio of auxin to
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cytokinin in the medium, with increased levels of NAA in the medium resulting in lower
disease scores. Raising the incubation temperature also increased susceptibility. Different
host tissues also required different conditions for the differential expression of symptoms.
Although the precise conditions are not the same, these findings are in broad agreement with
those of Helgeson et al. [12] who were able to obtain differential expression with lines of
tobacco and the pathogen Phytophthora parasitica.

The success of this approach relies heavily on having a wide range of known levels of
resistance and susceptibility with which to correlate the tissue culture data during the
developmental stages. Once the conditions have been determined, the system could be
used in non-destructive tests to determine the levels of resistance to L maculans present in
new lines of oilseed rape, using pieces of stem, leaf or hypocotyl tissue. The use of leaf
tissue for example enables the testing of plant material without the risk of killing the whole
plant.

2.3. In vitro mutagenesis

If insufficient levels of variation exist in the donor plant material, as for resistance to
Altemaria spp., the use of in vitro mutagenesis may be appropriate. Such physical mutagens
as X-rays, Gamma rays and UV light, and the chemical mutagen EMS have been applied to
in vitro tissue culture systems of Brassica napus ssp oleifera and rapid cycling ß. napus in
order to generate novel resistance to A. brassicicota. Selections for resistance to the
herbicide Glean (Du Pont Ltd., active ingredient chlorsulfuron) have also been undertaken in
order to determine the levels of mutations being generated during experimental work.

The rapid cycling Brassica lines have been developed as model systems for both
teaching and research by Dr P.H. Williams [13]. Rapid cycling B. napus flowers withing 28 d
from sowing and seed can be harvested 3 - 4 weeks later. This allows up to 6 generations a
year which accelerates the assessment of any heritable characters being generated. Anther
and microspore culture protocols have been developed [14,15,16] and the microspore culture
system is being used extensively in our studies of in vitro mutagenesis.

2.3.1. Physical mutagens

Irradiation with gamma rays has been used on secondary embryoids, anthers and
isolated microspores of B. napus ssp. oleifera and on isolated microspores of rapid cycling B.
napus. A number of broad generalisations may be made from this work about the survival,
subsequent development and regeneration of plants following these procedures:

i) Very low doses (10 Gy), when applied to buds prior to anther culture, caused an
enhanced response and up to a five-fold increase in embryos produced. Doses greater than
this resulted in fewer embryoids being produced, and doses of 30 Gy were lethal [17,18].

ii) Similar doses, 0 -10 Gy, applied to buds prior to microspore isolation and culture and
to isolated microspores prior to culture, did not cause an enhanced response but caused a
decrease in embryo production with increasing doses [18,19].

Hi) The regeneration of plants following irradiation with both gamma and X-rays was
reduced, so that not only was the number of embryos which survived irradiation reduced with
increased doses, but the proportion of these which could then be regenerated to plants was
also reduced [19,20,21].

The observations on protected and isolated microspores may be of both scientific and
practical use. There has been much speculation concerning the role of the anther wall during
embryoid initiation and development, whether it acts as a barrier through which nutrients are
forced to diffuse or whether it acts as a "nurse culture" with changes in the anther wall
feeding the developing embryos. It is likely that the anther wall would protect the developing
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TABLE II. THEORETICAL FIGURES FOR THE RECOVERY OF PLANTS
FOLLOWING IRRADIATION OF 25,000 MICROSPORES OF RAPID
CYCLING BRASSICA NAPUS. (CALCULATED FROM DATA OF
MACDONALD ET AL [21]).

Treatment

Control
UV LD50
Gamma LD50
X-ray LD50
UV LD90
Gamma LD90
X-ray LD90

Number
of
embryos

100
50
50
50
10
10
10

Regeneration Number
frequency of
(%)

80
80
67
62
80
36
52

plants

80
40
34
31
8
4
5

Expected Dipoloid
diploids plants
(%) recovered

50 - 85 40
20
17
16
4
2
3

- 68
- 34
- 29
- 26
- 7
- 3
- 4

microspores from low doses of damaging irradiation, but it is also possible that the low doses
of irradiation may induce changes in the anther wall, such as alterations in the regulation of
growth hormones, which prove beneficial to developing microspores. Research on this has
not yet been pursued. Further studies on low dose irradiation may also be of use in order to
generate increased numbers of haploid plants from species which do not respond well in
anther culture.

In contrast to microbiology, where an LD95-LDg9 is used, lower dose rates are generally
used in mutation breeding, as in addition to generating mutations for new characters it is
important to preserve the selected characters in the parent material. For these reasons an
LD50 or less is generally chosen.

The implications of irradiation for plant regeneration are therefore important and govern
the choice between the LD50 based on microspore viability, embryoid production or plants
recovered. Such a choice for experiments using X-rays or gamma rays may be more critical
than when using UV mutagenesis (Table II), in that even allowing for a dose rate giving a
<50% embryo survival rate, only a small proportion of those would survive to become plants.
If one also allows for a proportion of régénérants being sterile or abnormal in development,
the number of useable plants recovered is further reduced.

Microspore culture is one cell system which offers very large numbers of potential plants
which can be handled using techniques widely applicable to microbiology. Each microspore
has the potential to grow into a haploid plant, although in most cases only 5 - 7 % respond to
form embryoids [22].

The use of UV light as a mutagenic agent on isolated microspores has recently been
investigated. Our studies [21,23] revealed that isolated microspores were extremely
sensitive to UV, with an LD50 estimated at between 10 and 20 s in the experimental system
used. This is in contrast to an LD50 of 50 and 60 mins in dark and light grown suspension
cells of rapid cycling B. napus [24]. These short exposures to UV light killed many of the
microspores and prevented them from developing into embryos, although the subsequent
regeneration of these embryos to plants was unaffected (Table II).

Heritable resistance was generated to A. brassicicola and to the herbicide Glean in
these experiments with the fast flowering lines of Brassica napus. Material showing
resistance to Glean was obtained in two independent series of experiments following a UV
treatment of 30 s [23,24], suggesting that this treatment is the most suitable for generating
resistance to this character. Lines showing increased resistance to A. brassicicola were also
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obtained following an exposure to UV of 30 s and also of 10 s. These plants will be further
assessed and crossed to commercial lines of B. napus ssp. oleifera.

2.3.2. Chemical mutagens

A major problem associated with chemical mutagens is the complete removal of
residues following treatment. Experiments in which isolated microspores were treated with
EMS culture gave irreproducible results and were discontinued.

Seeds of cv. Ariana were soaked in a range of concentrations of EMS (0 - 2 %) for 0 - 4
hrs, and then planted and grown to flowering. Anther culture was used to obtain homozygous
diploid plants which were then tested for resistance to A. brassicicola. The greatest response
to anther culture was obtained following a seed treatment of 0.5 % for 4 h, with similar
response levels from treatments of 1.0 % and 2.0 % for 3 h and 1 h. These responses were
all very much better than those for the untreated material. Four plants, two each from the
treatments of 1 % for 3 h and 2 % for 1 h, showed increased resistance to A. brassicicola
and the progeny are undergoing field trials.

Both isolated microspores and haploid suspension cells of Brassica napus are currently
being investigated as targets for transformation with selectable marker genes in preparation
for introducing genes of interest.

3. Helianthus annuus

As the tissue culture systems for sunflower (Helianthus annuus) are less well developed
than for Brassica, efforts have been concentrated on developing and improving culture
techniques to provide material for in vitro studies. Conditions have been established for the
production of callus from hypocotyls and plants may also be regenerated following immature
embryo culture (Day, pers. comm). The most responsive embryos are those which have
started to develop pigmentation.

Charcoal rot of sunflower, caused by the pathogen Macrophomina phaseolina, causes
serious losses in the drier areas of Pakistan, where wilting and lodging can be observed
shortly after flowering. The broken stems release the sclerotia into the soil where they can
remain viable for several years.

Culture filtrates from M. phaseolina grown at 30 °C were found to be more toxic to
hypocotyl expiants than those grown at 25 °C and, although the toxicity of the filtrates varied
between individual isolates, the toxicity did not appear to be correlated with virulence (Day,
pers. comm.). It is suggested therefore that, although M. phaseolina is known to produce a
toxin [25], it may not have a primary role in the early stages of the infection process. This
may be expected, as asymptomatic spread of the pathogen occurs prior to flowering and
symptoms become evident only after flowering, possibly in response to the onset of
senescence.

Studies of the host-pathogen interaction will concentrate on determining the effects of
drought stress, sugar stress and altered levels of growth regulators such as ABA in tissue
culture media, to try and determine the relative importance of these factors in the
development of disease symptoms. These studies are being undertaken in close
collaboration with Dr I. Ahmad, in Pakistan, who is providing the field data with which to
correlate the tissue culture responses.

As M. phaseolina isolates from sunflower do not readily produce spores in vivo or in
vitro, all isolates being studied have been tested against a sporulating isolate from the IMI
culture collection at Kew in order to confirm the identification of the pathogens being used.
In addition to morphological studies of hyphae, growth patterns and sterile pycnidia, direct
comparisons of the DNA of the isolates was undertaken in collaboration with Dr P. Nicholson
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at the Cambridge Laboratory, John Innés Institute, Norwich using RFLP and RAPDs
(Random Amplified Polymorphic DNA) analysis. The banding patterns of these were all
similar, and when Southern blots were probed with DNA from the Kew isolate, hybridisation
only occurred with the test isolates of M. phaseolina and not with any of the other pathogens
tested. With the further development of such techniques [26], it may be possible to
determine accurately which pathogens are present in some of the stalk rot pathogen
complexes in many tropical crops.

4. Zea mays

Success in maize anther culture is very genotype dependent, with the most responsive
lines being Chinese hybrids. Recent developments in maize microspore culture [27,28] are
even more limited, being largely confined to crosses between selected doubled haploid lines
from anther culture.

Protocols for anther culture of maize have been further developed and reliable protocols
are now well established. Regeneration from such cultures can be achieved routinely and
over 300 plants have been recovered from anther culture during the past year. Reliable
protocols for microspore culture are still being developed for a wider range of genotypes, and
callus initiation from leaf bases have been established. It is planned to use these culture
systems to investigate the host pathogen interaction between maize and Fusarium
moniliforme.

F. moniliforme is one of the pathogens implicated in the maize stalk rot complexes,
although it also attacks seedlings and ears. There is considerable debate as to whether the
ear infections are initiated from the silks, or whether the pathogen enters the ear from
infections in the stem. There is also some evidence that specific pathotypes exist within the
species, which show tissue specificity, and are restricted by this to certain tissue types. A
number of toxins have also be isolated from cultures including Fusaric acid, Moniliformin and
the growth regulator gibberellic acid. The role of these in the infection process needs to be
clarified and will be assessed individually and in combinations as possible selection agents.

ACKNOWLEDGEMENTS

The following people have made significant contributions to the research programme led
by Dr. D. S. Ingram: Dr. I. Ahmad, Mr. B. K. Amoah, Dr. F. N. Aslam, Miss J. P. Day, Mr. B.
Goddard, Dr. M. A. Gretenkort, Dr. M. A. Hadwiger, Dr. M.Howe, Dr. J. O. M. Menten, Dr. D.
M. Newsholme, Mr. M. Seeking, Mr. C. Y. J. Tek.

Thanks are due to Nickersons' International Seeds, the Agriculture and Food Research
Council, the Science and Engineering Council, the Government of Pakistan, the Cambridge
Commonwealth Trust, the Government of Brazil, the British Council and the European
Community for financial support.

Research using the pathogens M. phaseolina and F. moniliforme was undertaken under
the conditions of licence no. 174b/90(61), issued by the Ministry of Agriculture, Fisheries and
Food.

REFERENCES
[1] INGRAM, D.S. MACDONALD, M.V., "In vitro selection of mutants", Nuclear Techniques

and in vitro culture for plant improvement (Proc. Symp. Vienna, 1985) I.A.E.A. Vienna
(1986)241-258

[2] DAUB, M.E., Tissue culture and the selection of resistance to pathogens. Ann. Rev.
Phytopathol. 24 (1986) 159-186

56



[3] JONES, P.W., "In vitro selection for disease resistance", Plant eel! line selection,
procedures and applications. Ed. P.J. Dix, Springer Verlag, Cambridge. (1990) 113 -
149

[4] BUIATTI, M., INGRAM, D.S., Phytotoxins as tools in breeding and selection of disease-
resistant plants. Experientia 47 (1991) 811-819

[5] BRETTELL, R.I.S., THOMAS, E., INGRAM, D.S., Reversion of Texas male-sterile
cytoplasm maize in culture to give fertile t-toxin reistant plants.Theor.Appl.Genet.55
(1980)55-58

[6] LOH, C.-S., INGRAM, D.S., Production of haploid plants from anther cultures and
secondary embryoids of winter oilseed rape Brassica napus ssp. oleifera. New Phytol.
91 (1982)507-516

[7] NEWSHOLME, D.M., MACDONALD, M.V., INGRAM, D.S. Studies of selection in vitro
for novel resistance to phytotoxic products of Leptosphaeria maculans (Desm.) Ces &
De Not. in secondary embryogénie lines of Brassica napus ssp. oleifera (Metzg.) Sinsk.,
winter oilseed rape.New Phytol. 113 (1989) 117-126

[8] MACDONALD, M. V., INGRAM, D.S. Towards the selection in vitro for resistance to
Altemaria brassicicola (Schw.) Wilts., in Brassica napus ssp. oleifera (Metzg.) Sinsk.,
winter oilseed rape. New Phytol. 104 (1986) 621-629

[9] HODGKIN T., MACDONALD, M.V., The effect of a phytotoxin from Alternaria
brassicicola on Brassica pollen. New Phytol 104 (1986) 631-636

[10] BOUDART, G. Phytotoxin content and necrosis of crucifer hypocotyls infected by
Leptosphaeria maculans and its pycnidial stage Phoma Ungarn. Phytopath. Z. 92 (1978)
76-82

[11] GRETENKORT, M.A. Studies of the expression of the interaction between L. maculans
(Desm.) Ces. & De Not. and cultured tissues of Brassica napus ssp. oleifera (Metzg.)
Sinsk. PhD. Thesis, University of Cambridge. (1989)

[12] HELGESON, J.P., HABERLACH, G.T., UPPER, C.D. A dominant gene conferring
disease resistance to tobacco plants is expressed in tissue cultures. Phytopathology 66
(1976) 91 -96

[13] WILLIAMS, P.H., HILL, C.,B. Rapid cycling populations of Brassica. Science 232 (1986)
1385-9

[14] ASLAM, F.N., MACDONALD, M.V., INGRAM, D.S. Rapid cycling Brassica species:
anther culture potential of B. campestris L. and B. napus L. New Phytol. 115 (1990) 1-9

[15] ASLAM, F.N., MACDONALD, M.V., LOUDON, P.T., INGRAM, D.S. Rapid cycling
Brassica species: inbreeding and selection of B. campestris for anther culture ability.
Annals of Botany 65 (1990) 557 - 566

[16] ASLAM, F.N., MACDONALD, M.V., LOUDON, P.T., INGRAM, D.S., Rapid cycling
Brassica species: inbreeding and selection of Brassica napus for anther culture ability
and an assessment of its potential for micropsore culture. Annals of Botany 66 (1990)
331-339

[17] MACDONALD, M.V., HADWIGER, M.A., INGRAM, D.S. Mutagenesis and haploid
culture in Brassica napus ssp. oleifera. (2nd Intnl. Symp. of Experimental mutageneis in
plants, Plovdiv Oct.26-30,1987) (1988)

57



[18] MACDONALD, M.V., HADWIGER, MA, ASLAM, F.N., INGRAM, D.S. The
enhancement of anther culture efficiency in Brassica napus ssp. oleifera (Metzg.) Sinsk.
using low doses of gamma irradiation. New Phytol. 110 (1988) 101-107

[19] MACDONALD, M.V., AHMAD, I., MENTEN, J.O.M., INGRAM, D.S. Haploid culture and
in vitro mutagenesis (UV light, X-rays and Gamma rays) of rapid cycling Brassica napus
for improved resistance to disease, in "Plant mutation breeding for crop improvement"
Proc. of Intnl. Symp. Vienna, June 18-22, 1990 vol 2, pp.129 -138. (1991)

[20] MACDONALD, M.V., NEWSHOLME, D.M. & INGRAM, D.S. The biological effects of
gamma irradiation on secondary embryoids of Brassica napus ssp. oleifera (Metzg.)
Sinsk., winter oilseed rape. New Phytol 110 (1988) 255-259

[21] MACDONALD, M.V., AHMAD, I., MENTEN, J.O.M., HOWE, M., INGRAM, D.S. Haploid
culture and in vitro mutagenesis to induce resistance to disease in Brassica napus.
Aspects of Applied Biology, 23 (1989) 471-475

[22] SZAREJKO, I., MALUSZINSKI, M., POLOK, K., KILIAN, A. Doubled haploids in the
mutation breeding of selected crops. Proc. Intnl. Symp., Vienna 18-22 June, 1990
pp.355-379 (1991)

[23] AHMAD, I., DAY, J.P., MACDONALD M.V., INGRAM, D.S. Haploid culture and UV
mutagenesis in Rapid-cycling Brassica napus for the generation of resistance to
chlorsulfuron and Alternaria brassicicola. Annals of Botany 67 (1991) 521 - 525

[24] TEK, C.Y.J. M.Phil thesis, 1991. University of Cambridge

[25] CHAN, Y.-H., SACKSTON, W.E. Mechanism of pathogenesis in Sclerotinia baiaticola
on sunflowers 1. Production and translocation of a necrosis inducing toxin. Can. J. Bot.
47(1969)1147-1151

[26] NICHOLSON, P., HOLLINS, T.W., REZANOOR, H.N., ANAMTHAWAT-JONSSON, K. A
comparison of cultural, morphological and DNA markers for the classification of
Pseudocercosporella herpotrichoides. Plant Path. 40 (1991) In Press

[27] COUMANS, M.C., SOHOTA, S., SWANSON E.B. Plant development from isolated
microspores of Zea mays L Plant Cell Reports, 7 (1989) 618-621

[28] PESTICELLI, S.M., JOHNSON C.D., PETOLINO, J.F. Isolated microspore culture
of maize: effects of isolation technique, reduced temperature and sucrose level.
Plant Cell Reports 8 (1990) 628-631

58



IN VITRO SELECTION OF PLANTS FOR RESISTANCE
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Abstract

To develop an effective in vitro screening system for mutation breeding work, an appropriate screening
agent and the method to utilise it are the fundamental components. In the present research, reaction of the host
plants to necrotrophic pathogens were examined in relation to the comparable reaction to Superoxide resistance.
The research used Solanaceae crops (potato and tomato) as materials, and sensitivities to Phytophthora toxin
were compared among cultivars. Differential sensitivities were observed between callus and root cap cells, the
latter showed better reactions than the former to differentiate sensitive and resistant cultivars.

1. INTRODUCTION

It is known since 2-3 decades or so that the new and modern trend in plant breeding
focuses activity on developing crop plants with non-specific, general resistance rather than
specific resistance. In the past years, studying the role of juvenility in plant resistance
to necrotrophs, we came to the conclusion that juvenile tissues exhibit multiple (general)
resistance to several diseases, host-specific and non-specific toxins as well as chemical
stresses. In all of these cases disease symptoms were associated with necrosis. Thus, we
supposed that induction and in vitro selection of cells or tissues resistant to necrotization
caused by toxins or chemicals would provide an opportunity to create plants with multiple
resistance to several diseases and stresses.

This working hypothesis was supported by our finding that increasing the juvenile state
of different plants, by NC>3 nitrogen fertilization, by removing the terminal buds (decapitation)
or by treatment with cytokinin hormones, it is possible to increase the relative resistance
(tolerance) of plants to damage caused by chemicals, toxins and necrotrophic pathogens
[1,2,3 and 4].

In addition, it turned out that tobacco leaves resistant to paraquat (a Superoxide
producing herbicide) are also resistant to necrotic symptoms caused by bacteria, fungi and
viruses. The Superoxide resistant tobacco strain showed features of juvenility as
compared to the control, Superoxide sensitive strain. Juvenility was expressed in higher
chlorophyll and phospholipid content, and lower free sterol content. The high
phospholipid/sterol ratio is also characteristic of young leaves and leaves from decapitated
plants, or from plants supplied with high doses of nitrogen. Another experience with
sunflower plants lends further support to the idea that the more juvenile, vigorous plants are
relatively resistant (tolerant) to Botrytis cinerea and its toxin.

After completing our working hypothesis, we launched in vitro selection programs aimed
at producing resistant plants, using approaches: (1) creation of general resistance (to
necrotic symptoms) by selecting Superoxide (paraquat) resistant potatos and tomatos, (2) the
selection of potatos in vitro against a non-specific toxin, fusaric acid, and (3) the selection of
potatos in vitro against a purified toxin of Phytophthora infestans.
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2. MATERIALS AND METHODS

2.1. Superoxide resistance

As regards tomatos, we had difficulties in producing callus cultures and regenerating
whole tomato plants. It turned out that only special lines or cultivars of tomato were suitable
for regeneration, thus one had to screen a few hundreds of lines to find a strain of tomato
which had good quality, high yield and possessed characters suitable for regeneration. The
experimental work with potato seemed more appropriate because one could easily make
callus cultures from protoplasts and we had experience in the regeneration of whole plants
from calli. According to Furusawa et al. [5], we incorporated (100-2 000 M) paraquat, which
is a superoxide-producing agentjnto the culture medium, for selection of tolerant (resistant)
calli. We knew from the previous experiments that the Superoxide resistant (tolerant) tobacco
plants were resistant to several diseases which produced necrotic symptoms as well as to
different stresses which usually killed the plant. We expected to find superoxide-resistant
potato lines which were resistant to Phytophthora infestans and_A!ternaria alternata as well
as to some herbicides. This selection programme is now under way. We also knew from
recent investigations that the Superoxide tolerant tobacco plants were more juvenile in
character and had an active anti-oxidant system which was intensively activated after
infection or stress when compared to the sensitive plants.

2.2. Selection of potatoes to fusaric acid

We have shown recently that plants of potato cultivar, "Désirée", derived from calli and
grown on fusaric acid-containing medium were more tolerant not-only to fusaric acid but also
to infection by Phytophthora infestans zoospore suspension. One could suppose that the
fusaric acid tolerant plants were rather juvenile and they were relatively resistant to diseases
caused by the fungi, Fusarium and Phytophthora.

Prior to in vitro culture, potato and tomato shoots and tomato seeds were irradiated by
60Co gamma rays with 30 Gy dose and then immediately placed on Murashige-Skoog
medium with appropriate amounts of hormones in order to induce callus formation. Then, the
regenerated plants were tested against the damage caused by fusaric acid and the tolerant
plants were also tested against the infection of Phytophthora infestans. Our conclusion is
that a toxin, fusaric acid, which causes damage and necrosis to several plants (as a non-
specific toxin) could be applied in the in vitro selection of crop plants to diseases and
stresses if the symptoms are associated with necrosis.

2.3. Selection against a partially purified toxin of Phytophthora infestans

During the past 2-3 years our most important task was to purify and characterize the
toxic compounds produced by this fungus. For the purification of the toxin(s), the ten to
twelve day-old culture filtrates was used. The fungus was in the logarithmic phase of growth.
The culture filtrate was practically not contaminated with endogenous materials from the
dead mycelium. Our previous experiments have indicated that the high molecular mass
compounds (more than 12 kD) are more toxic than the low molecular mass compounds (less
than 12 kD). The former fraction could be precipitated by cold ethanol or ammonium
sulphate or could be concentrated by PEG type 20 000 in dialysis tubes. All of these
concentrated fractions were able to induce the characteristic water soaking symptoms.

For further purification, the toxic material was separated by Sephadex G 75 column
chromatography. Three peaks with absorption at 280 nm were found in the fractions after gel
chromatography. The first peak (roughly about 70 kD) showed the highest toxic activity,
although some toxicity was shown in fractions between 6 and 20 kD as well, which might be
due to degradation. Considering that the protein content of the culture filtrates was very low
(20-30 g-ml'1), they had to be concentrated for electrophoretic purposes by the above-
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mentioned methods and molecular sieve of 5 or 20 kD (Centrisart). By the native gradient
PAGE, we separated at least 14 protein bands. A double band, with about 75-80 kD
exhibited glycoprotein staining characters (PAS + Alcin Blue positive). This molecular mass
more or less corresponded to the most toxic fractions from gel chromatograms.

In order to characterize the toxic material, the culture filtrate or the purified fractions
were treated by heat, periodic acid or by protease enzyme. Heat treatment decreased the
toxic activity, but even 30 minutes treatment at 100 °C did not destroy perfectly the toxicity.
Similarly, protease treatment decreased only weakly or delayed a little the appearance of
toxic symptoms in biotests. Periodic acid, which reacts with carbohydrates, almost totally
diminished the toxic effect. These results lend support to the contention that the sugar
component of the supposed glycoprotein has an important role in the toxicity. However, this
question, needs further investigation.

3. RESULTS AND DISCUSSION

Our partially purified toxin from Phytophthora infestans seemed not to be specific. It
was toxic to potato, tomato and even to small leaves of tobacco seedlings. When an 11 day-
old culture filtrate of the fungus was used for selection, it had a weak inhibitory or toxic effect
on potato calli, even if the filtrate was in a 1:1 ratio in the medium. Similarly, there was only a
slight inhibitory effect of the 11 day-old culture filtrates on potato cell cultures which
originated from callus cultures. However, mycelial extracts proved to be more toxic to potato
calli. Consequently, older cultures (21 day-old cultures) had a strong inhibitory effect as
compared to the 11 day-old cultures because they contained more endotoxin(s) supposedly
released from the dead mycelium. It turned out that the exotoxin(s) has (have) stronger
toxicity on intact leaves than on callus tissues because the exotoxin causes typical water
soaking symptoms on leaves. In some experiments the exotoxin was vacuum-infiltrated into
leaf segments.

In these experiments too, before making in vitro cultures of potato and tomato, shoots
and tomato seeds were irradiated by 60Co with 30 Gy dose and then placed on Murashige-
Skoog medium complete with hormones.

Since the high molecular mass fraction from Phytophthora infestans culture filtrate did
not prove to be toxic enough to potato calli, we also tried to use single root cap cells for
selection. Peripheral root cap cells were isolated by gentle agitation of potato roots from 5-6
day-old plants in water or liquid medium under sterile conditions [6 and 7]. We showed that
root cap cells of potato were much more sensitive to the toxic effect of culture filtrate from
Phytophthora infestans than potato callus tissues. Furthermore, preliminary experiments with
3 potato lines showed that root cap cells from field resistant potato lines were more resistant
to the toxin than root cap cells from susceptible plants.

It is worth mentioning that tolerance (relative resistance) to the high molecular mass
fraction of the toxin of P. infestans correlates field resistance of potato cultivars to the fungus.
Thus, a biotest with this fraction seems applicable as a simple bioassay for selecting field
resistant potato types (Table I).

In conclusion, during the past few years we worked out the basic concepts and methods
for in vitro selection of plants having general resistance (tolerance) to several diseases and
stresses with necrotic symptoms. Following irradiation of plant materials we have developed
selection programmes to create general resistance by selecting Superoxide (paraquat)
resistant, fusaric acid resistant and Phytophthora toxin resistant potatos and tomatos.
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TABLE I SENSITIVITY OF LEAVES OF POTATO AND TOMATO CULTIVARS
AND LINES WITH INCREASING FIELD RESISTANCE TO THE
HIGH MOLECULAR MASS FRACTION OF P. INFESTANS (RACE
2.3.4) CULTURE FILTRATE

Symptoms*

Toxin solution Vacuum infiltrated
Taken up toxin solution

Potato
Gracia
Désirée
Kennebec
Hertha
Romano
Aula
Ke 6
16855

Tomato
K 262 (susceptible)
X 389 (tolerant)

2-3 ws
3-4 ws
2-3 ws
3
2
2
1-2
0-1

1
0

3
4
4
4
2-3
1-2
2-3
0

3-4
0

ws
ws
ws
ws

0 = No symptoms, 1 = weak symptoms, 4 strong symptoms,
ws = water soaking
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Abstract

Use of pathotoxins to screen disease resistant cells, clones or lines was reviewed and selection strategies
of host specific toxin (HST) and its application were described in this report. Successful applications of Alternaria
toxins in tomato, Japanese pear and apple were reported, although applications were made by in vivo system. It
should be noted that there were opposing reports on reactions of in vitro cultured tomato cell clones to AAL-toxin.
The reason for the discrepancy is not clear yet. Differences in bioassay systems and cell lines employed might be
possible reasons.

1. INTRODUCTION

Attempts have been made so far to select in vitro plant cells resistant to bacterial and
fungal diseases by using phytotoxins produced by plant pathogens; however, few succeeded.
The failure or poor harvest in such breeding projects is considered to be mostly due to the
unscrupulous misapplication of non-selective phytotoxins, without intensively evaluating their
pathological roles in parasite host-plant interactions. The problems and prospects
concerning phytotoxin use in crop breeding have been critically reviewed by Wenzel [1],
Daub [2 and 3], Gengenbach & Rines [4], and Buiatti and Ingram [5], and in gene technology
by Yoder [6].

In recent years the trend of toxin research in plant pathology markedly changed and the
concept of host-specific toxin (HST) was established with many accumulated lines of
evidence[7,8 and 9]. At present the following four conditions are reasonable and persuasive
requisites for being a HST: (a) Correlation between the toxin productivity and the
pathogenicity of the pathogen; (b) Correlation between the plants' sensitivity to the toxin and
its susceptibility to the pathogen; (c) Release of the toxin on germination at the invasion site,
and (d) Indispensable involvement of the toxin in the initial colonization of the pathogen in
host plants.

Until now, increasing examples of such HSTs have been reported, mostly with Alternaria
and the so-called Helminthosporium (Table I). Modern technology has elucidated most of
their structures. As suggested by Daub (1986)[3J, before using a toxin as the selecting agent
for disease resistant genotypes, we need to isolate it and clarify its characteristics from the
viewpoints of chemistry, biochemistry, physiology, and pathology.

The aim of the present chapter is to develop and illustrate the concept and the
technology for the use of HST as a mass-screening measure in vitro and/or in vivo in
breeding disease-resistant and immune lines of crop plants.
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TABLE I. HOST SPECIFIC TOXINS KNOWN TO DATE (1990)

Disease

Altemaria blotch of
apple

Alternaria kaf spot
of pigeonpca

Altemaria stem
anker of tomato

Black leaf spot
of strawberry

Black spot of
Japanese pear

Brown spot of
rough lemon

Brown spot of
tangerine

Brown spot of
tobacco

Eye spot of
sugarcane

Milo disease of
sorghum

Northern leaf spot
of maize

Southern leaf spot
of maize

Target leaf spot
of tomato

Victoria blight
of oats

Yellow leaf blight
of maize

Pathogen
Species/Pathotype
(previous name)

Allemaria citematal
Apple pathotype
(A. matt)
A. tentuttima

A. alternate!
Tomato pathotypc
(A. alternate f. sp.
lycopernd)
A. alternate/
Strawberry pathotype
A. altematal
Japanese pezr pathotype
{A. kikuchiaaa)
A. alternate!
Rough lemon pathotype
(A. cart)
A. alternatai
Tangerine pathotype
(A. atri)
A. alternate/
Tabacco pathotype
(A. longtpes)
ßipolarts lacchari
(Helminthofporuim
sacchart)
ftricoma circinata

Cochliobottu carbvnwn
{B. tarbonum) race 1
C. heterostraphus
(S. mayà~a) race T
Coryntlpora caaiiccla

Cochltobotus mcioriae
(B nctonae)
Phyltosticta mayda

Toxin
(synonymous
designation)

AM-toxinl. (I, <fe III

ATC-toxin

AL (or AAD-toxin
(I & II or Ta & Tb)

AF-toxin I. II. & III

AK-toxm I & II

ACR(L)-toxin I

ACT-toxin I & 11
ACTG-toxin A & B

AT-toxin

HS-toxin A. B. & C

PC-toxin
(Peritoxin A & B)
HC-toxm t. ». Jc til

HMT-toxm
band 1. 2. 3. & I'
CC-toxm

HV-toxin (victorin C)

PM-ioxin A, B. C. & D

Host
Host range
(susceptible
cultivar)

Apple
(Red Gold. Starting)

Pigeonpea

Tomato
(Earlypak 7. First)

Strawberry
(Morioka-16)
Japanese pear
(Nijisseiki)

Rough lemon

Tangerine
(Dancy)

Tobacco

Sugarcane
(51-NG97)

Gram sorghum
(Giant milo)
Maize
(K.-U. K-61)
Maize
(Tms cytoplasm)
Tomato
(Ife no. 1}
Oats
(Victoria)
Maize
(Tms cytoplasm)

Genetic background
(dominance)

Multiple jenes
(susceptible)

-

Single (homo) gene
(susceptible)

Single (hetero) gene
(susceptible)
Single (hetero) gene
(susceptible)

-

-

-

-

Single gene
(susceptible)
Multiple genes
(resistant)
Cytoplasmic

-

Single (hetero) gene
(susceptible)
Cytoplasmic

Target stte

Chloroplast and
plasma membrane

-

Mitochondrion?
ACTasc?

Plasma membrane

Plasma membrane

Mitochondrion

Plasma membrane

Mitochondrion

Plasma membrane

Pbsma membrane

Plasma membrane

Mitochondrion

-

Pbsma membrane

Mitochondrion

Expenentia 41 (1991). Birkhauser Vertag. CH-4010 Basel/Switzerland-

2. ISOLATION OF A NEW HST

2.1. Isolation and characterization of new HSTs from the tangerine pathotype of
Altemaria alternate causing brown spot disease of tangerine and mandarin

The tangerine pathotype is pathogenic to Dancy tangerine and Emperor mandarin
(Citrus reiiculata) but not to non-host plants such as rough lemon. Recently we isolated two
HSTs, ACT-toxin Ib and Ic, from culture filtrates of the pathogen and clarified their structures
[10].

Culture filtrates of the virulent isolate AC-320 were adsorbed on Amberlite XAD-2 (PH
5.5), which was then eluted with methanol. The methanol eluate was evaporated and
extracted with ethyl acetate. The ethyl acetate extract was subjected to reverse-phase HPLC
on Develosil 10/20 ODS (20 x 250 mm), using a gradient solvent system composed of
acetonitrile/deionized water/acetic acid (25:75:1 to 60:40:1, v/v/v) at a flow rate of 5 ml/min
for 40 min. A peak fraction (Rt 27.5-30.5 min) at 320 nm contained much ACT-toxin Ib and a
little ACT-toxin Ic. This fraction was re-chromatographed by HPLC, using a Deveiosil 10/20
ODS column (20 x 250 mm) and a gradient solvent system composed of methanol/deionized
water/acetic acid (60:40:1 to 100:0:1, v/v/v) at a flow rate of 5 ml/min for 40 min. A major
peak (Rt 21.7-23.3 min) was detected by UV absorbance at 290 nm; this fraction gave a
syrup of ACT-toxin Ib after evaporation [11].
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The structure or ACT-toxin I was determined as 8-(N-2',3',4',5'-tetrahydroxy-4',6'-
dimethyl-6'-octenoylvaryl)-9, 10-epoxy-9-methyl decatri-enoic acid. ACT-toxin Ib and Ic are
geometric isomers of 9, 10-epoxy-9-methyl decatrienoic acid. ACT-toxin Ib has the same
central-cis decatrienoic acid as that of AK-toxin ! and II and ACT-toxin Ic has an all-trans
decatrienoic acid that corresponds to the type c isomers of AF-toxins [12].

ACT-toxin Ib induced brown vein necrosis in susceptible Emperor mandarin at a
concentration of 2 x 10'8 M, but did not affect resistant citrus and non-host plants at 1(H M.
The primary target of the toxin was suggested to be plasma membranes of susceptible cells
from the results of physiological and ultrastructural mode-of-action studies of the toxin. The
toxin was released by germinating virulent spores of the fungus. Infection hypha of an
avirulent isolate of A. alternata were produced in leaf tissues when their spores were
inoculated along with a small amount of the toxin. These data indicate that ACT-toxin Ib is
the primary determinant of the brown spot disease of tangerine and mandarin [11].

1.2. Purification and biological activity of AT-toxin from the pathotype of Alternarla
alternata causing brown spot of tobacco

In our earlier report the brown spot pathogen was shown to produce a toxin (named AT-
toxin) with host-selective action in spore-germination fluids. In this paper the detailed
procedure for isolating AT-toxin from culture filtrates of the pathogen and some data on
biological activities of semi-purified AT-toxin are given [13].

Activated charcoal (50 g) was added to 10 I culture filtrate, stirred for 1 h, and filtered
with Toyo filter paper No.2 to collect the charcoal. The toxin was eluted three times from the
charcoal by stirring it in 500 ml of 70% aqueous acetone. Combined acetone solution was
evaporated and the residue was adjusted to pH 3 and centrifuged at 10,000 x g for 10 min.
The pellet was discarded and supernatant was extracted with ethyl acetate three times. Non-
selective toxin, tenuazonic acid, was removed to the organic phase. The aqueous phase
(host-selective toxin) was applied to a Dowex 5OW-x8 ion exchange column (H+ form) and
eluted with 1N NH4OH. The eluate was applied to silica gel column (Wakogel C-200, 3 x 35
cm) and eluated with n-propanol/water (85:15, v/v). The toxin was recovered in a fraction
from 140 to 220 ml. This toxic material was subjected to Sephadex LH-20 column (3 x 35
cm) with methanol/water (1:1, v/v), and the toxin was recovered in a fraction 130 to 150 ml.
The toxin preparation was re-chromatographed on Sephadex LH-20 column (2 x 105 cm).
The active fraction was again applied to Shepadex LH-20 column (2 x 100 cm) and eluted
with methanol. The toxin was in the fraction from 185 to 220 ml and was further purified on
TLC (Merck Cellulose F) with isopropanol/NH4OH/water (10:1:1, v/v/v). Selective toxicity to
tobacco plants was located at Rf 0.25-0.35 by leaf-spray and root-dip assays. This toxin was
again developed on cellulose TLC and in n-butanol/methanol/water(4:1:2, v/v/v). The toxin
was located at Rf 0.45-0.55. Eluted toxin from the zone was dissolved in methanol and stored
at-15 *C until use.

When AT-toxin solution was dropped or sprayed on tobacco leaves, the leaves exhibited
diverse toxigenic lesions. Ten g/ml toxin caused brown necrotic spots, vein necrosis, and
chlorosis on susceptible cv. Burley 21 leaves. The minimum concentration was estimated to
be 1 g/ml. On the other hand, toxin induced lesions on leaves of the moderately resistant cv.
Beinhart 1000-1 at more than 20 g/ml. No reaction to 100 g/ml toxin was observed on non-
host leaves: Capsicum annuum L., Lycopersicon esculentum Mill., Solanum tuberosum L,
Glycine max Men., Raphanus sativus L., Fragaria glandiflora Ehrh., and Pyrus serotina
Rehder.

All currently grown tobacco cvs. of N. tobacum L. and other Nicotiana species are
known to be more or less susceptible to the brown spot disease. If AT-toxin is an ideal host-
selective toxin of the pathogen, it should have the same plant range in the toxin sensitivity as
the host range of the pathogen. Hence the toxin was tested on 11 species of the genus
Nicotiana. The sensitivity of tobacco leaves to AT-toxin varied with season, leaf age, growing
conditions of plants. Therefore, AT-toxin sensitivity in Nicotiana species was determined by a
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TABLE II. AT-TOXIN SENSITIVITY IN SEVERAL SPECIES OF THE GENUS
Nicotiana AND OTHER PLANTS

Plan« Minimum concenlrnfion
Family

Solanaceae

Composhae
Cruciferae
l.iliaceae
Leguminosac
Pedaliaceae
Solanaceae
Umbcllifcrac

Species
Nicotiana tabacitin

cv. Burley 2 1
cv. Ucinhart 1000-1

N. data
N. dcbneyi
N. forgetinna
M. glatira
N, flnti/iosa
N. ctcpltora
N. fiaitictiiuta
//. rustic«
N. îrlvesfrfs
/Y. ttiululata

Lacltica saliva
Raphanus salivas
AUium fislulosuiii
Medicago saliva
Seiartttini indicant
Lycoptrsicon escttlnttuin
Daitcus carola

for toxicity (/'g/ml) «'

0.2
0.2
0.2
I
1
J
0.2
0.2
\
0.2
0.2
1

>100
>100
>100
>100
>100
>IOO
>100

a) Oclcrminccl by the minimum coiicciUraiion required (o inhibit root elongation of seedlings as com-
pared with control without toxin.

TABLE III. EFFECT OF AT-TOXIN OR SPORE GERMINATION FLUIDS ON
THE INFECTION OF SUSCEPTIBLE TOBACCO LEAVES BY SPORES
OF A NONPATHOGENIC ISOLATE

Inoculated
isolate

T-208«'
AT-214«'

No. of lesions per cm' leaf area

Toxin
(1 /'g/mlj

18±4
35±2

Sporc-getmination fluid of:» Water
T-208 AT-2M

0
26 ±3

2l±3
33±2

0
27±J

a) T-208: nonpadwgcnic, and AT-214: pathogenic.
b) Spore-germination fluid was prepared as described in lexl.

bioassay based on the inhibition of seedling's root growth. All tested Nicotiana seedlings
were affected by AT-toxin and their root growth was significantly inhibited at concentrations of
0.2 to 1 g/ml. On the other hand, no inhibition was observed even 100 g/ml on other non-
host plants (Table II). Thus, AT-toxin appeared to have the so-called "genus-selective
toxicity".

Relationship between pathogenicity and toxin production by germinating spores was
examined with 8 isolates of A. alternata. Their spore-germination fluids were collected and
chromatographed on Dowex 5OW-x8. The toxin amounts were determined by a leaf
bioassay with successive 2-fold dilution of the samples. Table III shows that all isolates
pathogenic to tobacco leaves produced AT toxin during spore germination, whereas all other
non-pathogenic isolates produced no toxin.

A pathological role of AT-toxin was examined by a bioassay for infection-inducing
activity. Susceptible tobacco leaves were inoculated with spores of a non-pathogenic isolate
(T-208) or a pathogenic isolate (AT-214) of A. alternata that were suspended in germ-free
spore-germination fluids of the pathogenic isolate (AT-214) or the non-pathogenic (T-208), in
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TABLE IV. AT-TOXIN PRODUCTION IN SPORE GERMINATION FLUIDS AND
PATHOGENICITY OF VARIOUS ISOLATES OF A. alternata

Isolate

AT-IOl
AT-U9
AT-2W
AT-214
T-207
T-208
AS-II-84
O-94

Source

Tobacco
Tobacco
Tobacco
Tobacco
Tobacco
Tobacco
Japanese pear
Poplar (dead leaf)

Tathogcniciiy»5

35 ±4
46±2
33±3
27±5

0
0
0
0

Toxin productivity «"'

16
8

16
8

NO
ND
NO
ND

a} J'atbogcnicity was «pressed as (he number of lesions per cm* leal" of susceptible cv. Uurfcy 21.
10 Toxin productivity was designated as a maximum dilution etui point for necrosis. NO: no detectable

toxicily.

AT-toxin solution (1 g/ml) and in distilled water. To eliminate non-selective toxins, each
spore-germination fluid was previously applied to Dowex 50W-x8 column. The eluates were
used after adjusting to the same volumes as that of the original spore suspension. After
incubation for 48 h at 26 °C, the number of lesions on leaves was counted. When the non-
pathogenic spores were inoculated with the toxin solution or spore-germination fluid from the
pathogenic isolate, many brown spots appeared; the number was comparable to that on the
leaves inoculated with the pathogenic isolate (Table IV). No brown spots appeared on the
leaves sprayed with the toxin solution or spore-germination fluid alone. Hence, the key role of
AT-toxin released during germination was suggested to be the primary pathogenicity factor of
the brown spot pathogen of tobacco.

1.3. Purification and pathological evaluation of a host-specific toxin from Alternaria
tenufssima causing leaf spot of pigeonpea

Pigeonpea (Cajanus cajan (L.) Mill) is an important legume eaten as a pulse and
vegetable. Recently a new leaf spot disease caused by A. tenuissima occurred a few
susceptible lines of the crop, due to the change in cultural technology.

Cell-free culture filtrates caused vein necrosis on a susceptible cv. 'Bahar1 even at 256
times dilution, while a resistant line from Tanzania responded at 2 times dilution. Vein
necrosis started in about 16 h after treatment, followed by water-soaking in 24 h and was
distinct within 48 h. A major toxin was purified by extracting with chloroform,
chromatographing on silica gel column with n-hexane/chloroform/methanol, and on TLC with
chloroform/methanol. Similar toxin(s) released by spore-germinating fluids of the pathogen
could dispose leaves of the susceptible cultivar to fungal penetration. A semi-purified toxin
induced necrosis on young leaves of susceptible cv.'Bahar' at a concentration of 25 ng/ml,
and on resistant lines at higher concentrations. Chemical characterization and pathological
evaluation of the toxin are now in progress.

3. TOXIN SELECTION

3.1. Host-selective toxicity

When a HST is employed as a selecting agent in breeding programs for disease-
resistant cultvars, the most expected characteristics is undoubtedly its highly selective
toxicity against a limited genotype(s) among the target crops which contain many variants.
The coincidence of a host range with a spectrum of toxin-sensitive cultivars is fully
demonstrated with following examples of the black spot of Japanese pear and AK-toxin
(Table V), the Alternaria blotch of apple and AM-toxin (Table VI), the black spot of strawberry
and AF-toxin (Table VII), the Alternaria stem canker of tomato and AL(AAL)-toxin (Table VIII),
the brown spot of rough lemon and ACR(ACRL)-toxin and the brown spot of tangerine and
mandarin and ACT-toxin (Table IX).
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TABLE V THE CORRELATION BETWEEN SUSCEPTIBILITY TO Alternaria altemata
JAPANESE PEAR PATHOTYPE AND SENSITIVITY TO AK-TOXINS I AND II
AMONG VARIOUS CULTIVARS OF JAPANESE PEAR

Cultiva r

Ashigara
Chojuro
Doit u
Gäon
Hakala-ao
Hakuro
Hokkai-wasc
Hosui
Ichihara-wasc
Imamura aki
Ishii-wase
Kikusui
Kimiruka-wasc
Kogclu
Kos u i
Kozo
K u moi
Mcigelu
Niitaka
Nijisseiki
Okusankichi
Osa-nijissciki
Seigyoku
Sciryu
Shincliu
Shinko
Slitnsciki
Shinsoi
Shirayukt
Suisci
Sutsyu
Taihaku
Taihciyo
Yakumo
V/ase-aka
V/ase-nijisseiki

Spore
inoculation*'

—
-
4-
—
4
4
-
—
—
—
—
—
+
•4-
—
—
—
•4-
—
-f
—
-1-
—
—
—
—
—
-f
—
—
-
—
—
—
—
-f

Toxin treatment"

AK-toxin I

—
—
+•
—
+
-t-
—
—
—
—
—
—
4-
4-
—
—
—
4-
—
•4-
—
4-
—

—

—
—

—

4-
—
—
—
—
—
—
—
4-

AK-toxin 11

—
—
4
—
4-
4

-

-

—

—

—

—

4-
4-
—
—
—
4
—

4

—

4
—
—
—
-
—
4

—

—

—

-

—

—

-

4

n) The reactions resulting from spore inoculation (Sx 10s spores/ml) s»nd toxin treatment
(10"* M) were evaluated as 4-(posi(ivc) or - (negative).
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TABLE VI. DIFFERENT SENSITIVITY OF LEAF AND PETAL TO AM-TOXiN I AND II
AMONG VARIOUS CULTIVARS OF APPLE

Necrosis rating of leaf treated with:*' Necrosis rating of petal treated wilh:w

Cultivar*' AM-loxin I (M) AM-toxin n(M)

10 •* 10 -' io • 10 •* io •
AM-toxin I ( M ) AM-toxin 0(M)

IO"1 10 •* JO"* 10 •< 10-* 10-«

Susceptible
Fuji ++ + + 4- + ±
Mutsu + + ± + + ±
Orel -f++ -+-M- -M-+ +++ +++ ++
Orin -H-+ +-H- ++ ++ + •)• +
Rails Janet + + ± + ± -
Red Cold ++-+ +++ •*•++• +++ +++ ++
Rcdspor Delicious -H-+ +H-+ +++ +++ +H"f- ++•
Starting Delicious +-f- ++ -f- +++ -f++ +•«•

Moderately resistant
Akagi ++ -f - «•+ ±
American Summer ++ + _ + + _
Pearmain
Ilatsuaki -f+ -f — + + -
Jena Cold -f- ± — + ± —
Jonathan -H- + - -H- -H- -
Mclntosli Red + ± - + ± -
Tsugaru ++ + — ++ + —

Resistant
Gala _ _ _ _ _ _
Mah« 7 _ _ _ _ _ _
Mcgumi _ _ _ _ _ —
Olome _ _ _ _ _ _
Splendor _ _ _ _ _ _

_ _ _ _ _ _
- - _ _
_ _ _ _ _ _

- - - - -
_ _

_ _ _
_ _ _ _

_ _

+ + + - + + + -

+ + - ++ + -

•M- + - + + -

+ ± - + ± -
+ + + - -f+ +
+ + + - ++ + -
++ + -H- +

_ _ _ _ _ _

_ _ _ _ _ _

_ _ _

_ _ _ _ _ _
_ _ _ _ _

*) Determined by tlic discnsc severity on leaves af ter spore inoculation (Hef .<) .
l>) Necrosis rating scale: — *= no vcinal necrosis; ± = sliglit vein«! necrosis: + =* vcinal

necrosis sprctding to form large areas less limn 30% of whole le«f »re«; -H- = nccrotic
»re» falling between 30% »n<l 70% of .-whole leaf area; +-f+ *= more than 709» of leaf
area became necrolic.

TABLE VII. COMPARISON OF DIFFERENT STRAWBERRY AND JAPANESE PEAR
CULTIVARS IN THEIR RESPONSE TO THE PATHOGEN AND AF-TOXINS

Cultivât
Treatment

Pa I hog en *' AF-loxin I AF-loxinUv>

Strawberry cv.
America
Donner
Harunoka
Hogyoku
Ilokownsc
Holla-wonder
Kogyoku
MoriokA-lG
Rciko
Takanc

a) Spore sxispension was sprayed on the leaves as described in tcxl.
b) AF-loxins were applied al the concentration of I ppm.
•f- : Successful nalliogcnicily / posilive rcaclion (necrosis).
— : No successful pathogemcity / negative reaction (no necrosis).
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TABLE VIII. INDUCTION OF VEINAL NECROSIS BY AL-TOXIN
AND II ON SELECTED TOMATO CULTIVARS.

Maximum dilution e«xJ point for toxicily
v^uutvnr

Ace

Bonny Ocst

Delicious

Earlypak 7

Earlypink

First

First Custom

Ichthara A

K as uga

Kurihara

Leaf Mold Résister 1
Mikado

Pcarsoo

Pcarsun A\ Improved

Pomlc Roflzi

Sckai-»c1»i

U'Jld tomato LA-125

Al.-toxin Î

pg/mt
>1000

>1000
>1000

0.025
>1000

0.025
>1000
>IOOO
>1000
>IOOO
>1000
>1000
>1000

O.I
>1000
>1000
>1000

AL-toxi« U

//g/m l
>100
>100
>100

0.05
>IOO

0.025
>IOO
>JOO
>100
>100
>100
>100
>100

0.05
>100
>100
>100

3.2. Dose-response relation

In general, HSTs have a high potential of toxin activity with a striking difference in
induced necrosis between susceptible and resistant genotypes (Table X). Relationship
between AK-toxin concentration (log scale) and leaf tissue response (necrosis or K+ leakage)
in susceptible genotypes usually exhibits a sigmoidal curve, whereas resistant genotypes
show no visible changes even at higher toxin concentrations (Figs. 1 and 2 [14]). Prior to the
successful use of a HST for selection, it should be investigated whether a distinct difference
in toxin sensitivity is expressed at the levels of tissue, free cell and protoplast under
experimental conditions.

Light and temperature during incubation occasionally influence the necrosis
development in the toxin-treated leaf tissues. For example, in apple leaves treated with AM-
toxin, light condition was very critical for necrosis formation during early incubation period [15
and 16]: light at 570-680 nm suppressed the toxin-induced necrosis at an intensity as low as
10 W/cm2. On the other hand, light dependency of leaf necrosis formed by toxin was
reported with cercosporin, a photosensitizing and non-specific toxin [2] and a selective toxin
from germinating spores of Pyricularia oryzae [17].

Other environment and growth conditions also affect toxin sensitivity of plants.
Suggestions and recommendations will be seen in review articles [18 and 19].

3.3. Tissue specificity

There is a striking example of tissue specificity in toxin action in the combination of AM-
toxin and apple. Though susceptible leaves are severely affected by the toxin at a
concentration of 10'6 M, their petal tissues are insensitive to 10~4 M toxin, just like resistant
cultivars of which petals and leaves are insensitive to the toxin (Table XI, [20]). Petals of a
moderately resistant clone are as sensitive to the toxin at 10~5 M as are their green leaves.
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TABLE IX. SUSCEPTIBILITY OF CITRUS TO Altemaria altemata PATHOTYPES AND
SENSITIVITY TO THEIR RESPECTIVE TOXINS.

Citrus*
Blond orange

Ruby
Citron

Clron
Grapefruit

Marsh
Rcdblusli
Star ruby
Whccny

Kumquat
Marumi

Lemon
Lisbon
Mcycr
Rough lemon
Villafran»

Lime
Mexican lime
Rangpur lime
Sweet lime

Mandarin
Calamondin
Clementine
Cleopatra
Oancy tangerine
Emperor
King
Kinofcuni
Mandarin'*
Cardivo di
Ci cuUi
Ponkan
Tachibana
Unsliu

Mandarin hybrid
Encore
l*rua
Kam
PIXÏC

Navel orange
Suz.ukJ navet
Washington navel

Fungus from
rough lemon

inoculation* Toxin*

R -

R -

H —»
R -
R
R

R -

R -
R -
S 44
R

R
MS 4-4

D __

R -
R -
R 4
R
R -
R -
R -
R —
R -
R -
R -
R -
R -

R -
R -
R -
R -

R -
R -

Fungus from
Dancy tangerine

Inoculation4

R

R

S
S
S
s
R

R
R
R
R

R
R
R

S
R
R
S
S
R
S
R
R
R
S
R
R

R
S
R
S

R
R

Toxin*

—

—

44
44
44
-f+

—

—
—
—
—

—
—
—

4-1-
—
+

44
4+

—
44
—
—
—
44

—
—

—
44

—
44

—
—

Citrus"
Pummclo

Anscikan
llirado buntan
Malo buntan

Sour cringe
Sour orange

Sweet orange
Fukuhara
Trovila
Valencia

Tangelo
Minncota
Orlando
Sampson
San jacinlo
Scminolc
Yalaha
Thornton

Tangclolo
Wckiwa

Tangnrine-tangclo
Lee
Osccola
Page
Robinson

Tangof
lyo-kan
Kiyomi
Miyauchi-iyo
Otani-iyo
UmalilUi

Y «zu
Yoju

Miscellaneous
variety in Japan

Amanatsu
l ln^ftku
Hyuganntfii
Krtvrnclii banknn
Kinkoji
Kobayashi mikan
Natsumikan
Sanbakan
Yama mikan

Fungus from
rough lemon

Fungus from
Oancy Ungcrine

Inoculation* Toxin*

R
R
R

R

R
R
R

R
R
R
R
R
R
R

R

R
R
R
R

R
R
R

ND
R

R

R
R
R
R
R
R
R
R
R

—
—
—

—

—
—
—

—
—
—
—
—
—
—

—

—
—
-
—

—
—
—
—
—

—

—
—
—
—
—
—
—
—
—

Inoculation*

R
R
R

R

R
R
R

S
S
S
S
s
s
s
s
s
s
s
s
s
R
s

ND
S

R

MS
R
R
R
R
R

MS
R
R

Toxin*

—
—
—

—

—
—
4

44
44
44
44
44
44
44

44

44
44
44
44

44
—
44
44
44

—

44
—
—
—
—
—
44
—
—

'Citrus varieties are horticultural!/ subdivided.
'The fungal pathotypes were a rough lemon strain (AC-325) and a tangerine strain (AC-320). Drops (40 jil) containing spores (5 X 10s spores/ml)

were placed on the lower surfaces of inverted leaves, incubated in a moist chamber at 27 C in «he dark, »nd reactions were determined »fier
48 h. Reactions: S (fully susceptible), brown nccrotic lesions spread over the leaves; MS (moderately or intermediate susceptible), necrosis was
observed to be limited only below the drop; R (resistant), no nccrotic lesion was observed.

'Thr« concentrations (100. 10. and 1 jig/ml) of toxins were used (ACR-loxin 1 from rough lemon palhotypc and ACT-toxin tb from tangerine
pathotypc) Leaf necrosis was recorded after 4S h Reactions 44. severe necrosis (more than 50% of leaf area became neciolic) with toxin at
l /ig/nil. 4 , slight necrosis on toxin-treated sites at 100 jig/ml. —, no necrosis (insensitive to toxin)

TABLE X. COMPARATIVE TOXICITIES OF Alternaria PATHOGEN'S HSTS TO
SUSCEPTIBLE AND RESISTANT GENOTYPES

Hinimua concentration of toxin for
HST Crop inducing necrosis on leaves

AK-toxin I
A«-toxin I
AF-toxin la
AL-toxin I
ACR-toxin I
ACT-toxin I
AT-toxin

Jpn. pear
Apple
Strawberry
Tomato
Rough lemon
Tangerine
Tobacco

Susceptible
5 x 10-° B
1 x 10-« K
2.2 x 10" H
10 ng/œl
10 ng/ml
2 x W M
1 «r/nl

Resistant
>1.2 x 10- H
>1 x 10- K
>2.2 x IQ'" H

1000 K/9.1
>1000 re/ml
>2 x 10- fi

20 »g/ml*
* Moderately resistant cultivars.
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20
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w 10r« 10-s
nin concentration (M)

Fig. l Relationship between the concentrator
of AK-toxin I or If, and formation 01
veinai necrosis on susceptible cv.
Nijisseiki leaves. Veinal necrosis induced
by AK-toxin !(—•—) or II (—O—) was
measured 24 hr afler application of
toxin solution to leaves.

10"9 10"* 10"7 10"6 10"
Toxin concentration (M)

10"

Fig. 2 Relationship between the concentration
of AK-toxin I or II, and K* loss from
susceptible cv. Nijisseiki leaves. The
amount of K* leaked from leaf tissues
by AK-toxin I (—•—) or II (—O~)
was estimated 4 hr afler toxin exposure.

TABLE XI. SENSITIVITY OF VARIOUS TISSUES OF SUSCEPTIBLE APPLE CV. RED
GOLD TO 1CT6 M AM-TOXIN I

Tissue Toxin-induced Toxin-induced
necrosis potassium release

Leaf
Leaf blade
Midrib
Petiol«

Flower
Filament
Pedicel
Petal
Sepal
Style

Fruit
Flesh
Peduncle
Pericarp

-f

+
-f-

: Induced, —: Not induced.

4. USE OF HST FOR ANALYSIS OF INHERITANCE OF DISEASE REACTION

HSTs can be efficiently employed for the quantitative analysis of a genetic background
for disease reaction. A study using AF-toxin on the black spot disease of strawberry revealed
that the susceptibility to the pathogen and the sensitivity to AF-toxin I are both inherited as a
single locus with two alleles expressing incomplete dominance when heterozygous [21].

There were two types of host reaction when strawberry seedlings were exposed to 0.2
g/ml AF-toxin I for 24 h: necrosis with water-soaking on susceptible cultivar Morioka-16 and
inhibition of root growth on both susceptible cultivar Morioka-16 and resistant cuitivar
Hokowase. Of the F-) seedlings obtained from their crosses, percentages of toxin-sensitive
seedlings were as follows: 72.0 % of Morioka-16 x Morioka-16, 44.5 % and 52.1 % of
Morioka-16 x Hokowase and the reciprocal cross, respectively, and 0.0% of Hokowase x
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TABLE XII. DISEASE REACTION OF F1 STRAWBERRY PLANTS TO THE PATHOGEN
AND AF-TOXIN I

Cross"

cv. Morioka-IGxcv

cv. Morioka -ifixcv

cv. Hokowascxcv.

. Morioka -IG

. Jlokowasc

IlOkowasc

Host reaction to the pathogen and .AF-loxin 1
Highly
susceptible

17

0

0

Susceptible

32

M

0

Resistant

22

11
ir,

Probability*'

0.25<P<0.50°

0.7S<P<O.W"

P>0.90"

a) Sec in Table 1.
b) x square test.
c) Probability for l'-2'-\ segregation.
d) Probability f o r O : l : l segregation.
e) Probability for 0:0:1 segregation.

Hokowase. These data suggest that among the parental cultivars used, one locus controls
the response to AF-toxin I and the toxin sensitivity is expressed as dominance. Cv. Morioka-
16 is heterozygously susceptible and cv. Hokowase is homozygously resistant.

On the other hand, three types of host reaction were observed when detached leaves of
3-month-old strawberry plants from selfing of the susceptible cv. were treated with AF-toxin I:
A severe leaf necrosis (highly susceptible) and a slight vein necrosis (susceptible) at a
concentration of 0.1 g/ml, and no damage (resistant) even at 1 g/ml. As shown in Table XII,
of 71 progenies from reciprocal crosses susceptible x susceptible, 49 plants were
susceptible. These plants were assorted to 17 highly susceptible, and 32 susceptible. The
rest 22 were resistant. Since F-) progenies from a cross between the hétérozygotes
segregated into discrete three classes with good fitness to a 1 : 2 : 1 ratio, the present data
support the conclusion that, among the parental cultivars used, the susceptibility to the
strawberry pathotype of Altemaria alternata and the sensitivity to its host-specific AF-toxin I is
controlled by a single locus with two aileles expressing incomplete dominance.

In summary, HST will execute the reliable
symptoms in plants as a surrogate for the pathogen.

and quantitative actions for disease

5. USE OF HST FOR BREEDING DISEASE-RESISTANT CULTIVARS

5.1. Altemafia stem canker of tomato

A successful application of HST was accomplished in a conventional breeding project.
Tomato cv. 'First' and its relatives have very good taste and been welcome to markets in
Japan. However, this cultivar succumbed seriously to stem canker caused by a new
pathotype of Altemaria altertnata as the cultivar was exclusively used for intensive cultivation
in greenhouses in Japan during the last decade. Nishimura's group [22 and 23] at Nagoya
University planned to detect a single gene mutant for the disease reaction, without loosing
the other superior characteristics of the cultivar. They found that the cv. 'Mie-First' carries a
single dominant gene pair for the susceptibility to the stem canker pathogen and also the
sensitivity to AL-toxin produced by the pathogen. By treating many seeds of the cultivar with
AL-toxin solution, two seeds were found alive, and were expected to be slightly tolerant
against the toxin, rescued and raised to maturity. After selfing of one of these possibly
heterozygous mutant, 179 S-| progenies were obtained. They were found to segregate as
follows: 45 toxin-sensitive, 95 toxin-tolerant and 39 toxin-insensitive. The data fit the
segregation ratio of susceptibility-dominant homozygote (SS) : hétérozygote (Ss) : recessive
homozygote (ss), 1 :2 :1. Cultural and fruit characteristics of the recessive homozygote were
proved to be identical with those of the superior parent cv. 'Mie-First' except the immune
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TABLE XIII. VARIATION OF AK-TOXIN SENSITIVITY AMONG
FRESHLY DEVELOPED LEAVES FROM YOUNG
SHOOTS OF JAPANESE PEAR CV. 'OSA-NIJISSELKL'
PREVIOUSLY EXPOSED IN 1983 TO X-RAY MUTATION a)

Year

1986

1987

1988

Exposure
dose of
X-ray

S K roentgen
10
5

10
5

10

No
response

3 (0.7)
H (2.S)
0 (0)
0 (0)
0 (0)
0 (0)

Vein
necrosis

28 (6.P)
32 (7.4)

5 (0.48)
32 (2.18)
61 (10.4)
27 (1.7)

Whole mesophyil
necrosis

379 (92.SJ
389 (90.1)

1044 (S9.52)
1437 (97.821
S28 (89.6)

1527 (98.3)

Total
examined

410 (100)
432 (100)

1049 (100)
1469 (100)

S89 (100)
1SS4 (100)

a) In spring, very young leaves vere treated by briefly dipping In AK-toxin
solution at e concentration of 1.2 x 10"6 M for 5 sec. Necrosis was read
24 hr after treatment.

response against the stem canker disease, and this mutant was registered as a cultivar 'AL-
First1 after the name of toxin [24]. This is the first commercial success in breeding disease-
immune crops using HST.

5.2. Black spot of Japanese pear

In 1983 many nursery stocks of 2-year-old, self-fertile, and susceptible pear cv. 'Osa-
Nijisseiki' were acutely irradiated with X-rays at 5 and 10 kR and planted in pots to grow.
Later, the pear trees were pruned every year after growing. Their leaves were repeatedly
tested for sensitivity to AK-toxin, the HST of the black spot pathogen. We developed a
simple bioassay method using AK-toxin to detect leaves resistant to the disease: young
leaves on growing shoots, without detaching, are soaked in 1.2 x 10'6 M AK-toxin I solution
contained with 0.1 % Tween 20 for 5 sec. and necrosis is recorded developing within 24 h
after the toxin treatment is recorded. In the 1986 test, several leaves were found to be toxin-
insensitive; however such leaves could not be detected in 1987 and 1988 tests (Table XIII).
In addition, the rate of toxin-less-sensitive leaves, which could respond to the toxin only with
vein necrosis, seemed to decline with time. This trend might be due to an unfavorable
characteristic of mutant cells to survive in a chimeric cell community.

In 1988, several promising buds on shoots whose leaves showed, in the 1987 test, only
vein necrosis by toxin treatment, were bud-grafted and raised. The young leaves developed
from these buds were examined for toxin sensitivity and susceptibility to virulent spores of the
pathogen. A comparative study suggests that there is a decreasing tendency in the
expression rate of toxin-insensitive leaves during cut-back and budding cycles.

Meanwhile, Sanada [25] also found a disease-resistant mutant, line gamma-1-1, from
2439 growing shoots of susceptible cv. 'Nijisseiki', which had been chronically exposed to
gamma-rays in a gamma field with a 60Co source. Selection of resistant mutants to black
spot disease was conducted by a bioassay method using AK-toxin solution. Prior to releasing
this mutant to pear-cultivating districts in Tottori, we made a comparative study on the
susceptibility to black spot and the sensitivity to AK-toxin of leaves and fruits between the
mutant and its parent cv. 'Nijisseiki' {unpublished data). Virulent spores of the pathogen were
inoculated by spraying on young leaves and fruits, and necrotic lesions were counted 24 h
after incubation at 26 °C. Leaves and fruits of gamma-1-1 became substantially resistant but
not immune to the pathogen(Fig. 3). Their lesion size appeared smaller than that of cv.
'Nijisseiki' (Table XIV). Microscopic observation, however, revealed that there was no
difference in the infection behavior of the pathogen's spores; the pathogen could penetrate
both epidermal cells of the mutant and its parent in the same way (Fig. 4). On the other
hand, mutant's leaves became considerably tolerant to AK-toxin (Fig. 5). The toxin tolerance
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Kijisseiki T -1-1

3 Comparison in susceptibility to black spot pathogen
in leaves of Japanese pear cv.Kijisseiki and its
mutant line (r -1~1) induced by T -ray irradiation.

E?r.. I .Fruit..Leaf;

TABLE XIV. COMPARISON IN THE SIZE OF LESIONS CAUSED BY BLACK SPOT
PATHOGEN ON JAPANESE PEAR CV NIJISSEIKI AND ITS MUTANT
LINE (GAMMA-1-1)

Cultivar Diameter of lesions on a:

Leaf Young Fruit

Nijisseiki
Gamma-1-1

0.38
0.30

0.100 mm
0.054 mm

0.42
0.29

0.091 mm
0.064 ram

a : Measured under a microscope 18 h af ter spore inoculation.

was supported by the physiological data that the rate of electrolyte loss from mutant's leaves
treated with toxin was almost a half of that of cv.'Nijisseiki's leaves treated with toxin (Fig. 6).
Thus, the apparent disease resistance in the mutant may have resulted from changes in AK-
toxin sensitivity of mesophyll cells, but not epidermal cells. Leaves of the mutant might be a
kind of mosaic chimera, rather than periclinal-chimera as previously reported, because AK-
toxin caused necrosis of mesophyll, but not of epidermal cells.

According to the genetic background in which the susceptibility to black spot disease in
cv 'Nijisseiki' is controlled by one dominant gene, a single recessive mutation at the locus
would result in the expression of full resistance to the disease similar to that of an immune cv.
'Chojuro'. However, the mutant gamma-1-1 is an intermediate in the response to the
disease. As to this, Sanada et al. [26] suggested two possible mechanisms to explain the
moderate resistance: one is a leaky mutation that may produce a mutant gene acting in the
same way, but less expressing, as the original allele, and the other is a periclinal chimera that
consists of two genetically different cell layers. Recently, this intermediate resistance was
suggested to inherit with a single gene [27]. However, mechanisms involved in the toxin
tolerance and the intermediate resistance to the pathogen are still an open question.

In periclinal chimera mutants, it is well known that a revenant may rarely occur during
propagation of a mutant shoot by grafting. Uchida [28] and his colleagues in Tottori
Prefectural Horticulture Experiment Station examined 2872 newly developing shoots grafted
with the mutant scions for such a reversion for 3 years, prior to the release of this disease-
tolerant mutant but found no revertant.
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Fïff 4 Infection behavior of black spot pathogen on leaves
°* of Japanese pear cv.Nijisseiki and its mutant line
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Nijisseiki T -1-1

AK-toxin sensitivity in leaves of
Japanese paer cv.Nijisseiki and its
mutant line (T -1-1) induced by
T -X ray irradiation.

Unfortunately, the mutant was found to carry apple stem grooving virus (ASGV).
Recently, Watanabe et al. (unpublished data) succeeded in removing ASGV from the mutant,
using a combination of heat treatment and meristematic culturmg. Eventually, the mutant
gamma-1-1 was named as 'Gold Nijisseiki' to the effect that farmers will become be able to
raise green and superior pear fruits like 'Nijiseeiki's fruits easily without devoting themselves
to troublesome control of the disease [28]. At present, the replacement of the susceptible cv.
'Nijisseiki1 to the new and resistant cv. 'Gold Nijisseiki' is rapidly progressing in Totton pear
orchards.
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Time after toxin treatment (hr)

6 Electrolyte loss from AK-toxin-treated leaf tissues of
Japanese pear cv.Nijisseiki and its mutant -line(T -1-1)
induced byr -ray irradiation. Q ,cv.Nijisseiki+D.W; £
cv.Nijisseiki-ftoxin(10-«K); A . r -1-1+D.W; J^ , T -1-1+
toxin(lO-'M).

TABLE XV. SELECTION OF JAPANESE PEAR CV.OSA-NIJISSEIKI'S CALLI
RESISTANT TO AK-TOXIN ON A SOLID MEDIUM

Treatment

•(•Toxin

-Toxin

-tToxin

-Toxin

Incubation
period
5 weeks
5 weeks
10 weeks
10 weeks

No. of
Total
212
98

206

74

calli
Growing

3

97

6

73

Rate of
survival CO

1.4

99.0

2.9

98.6

6. USE OF HST AS A MEASURE TO SELECT DISEASE-RESISTANT GENOTYPES IN
CULTURED CELLS

6.1. Effect of AK-toxin on Japanese pear cells cultured in vitro

Calli of a self-fertile and susceptible pear cultivar 'Osa Nijisseiki1 that is a bud mutant
from cv. 'Nijisseiki' were cultured on a Linsmaier-Skoog (LS) medium supplemented with 2,4-
PA at a concentration of 0.1 g/ml. These calli were sub-cultured every one week on a solid
LS medium containing AK-toxin I at a concentration of 5 x 10'7 M. After 3 weeks, a growth
inhibition was observed. However, a few calli continued to grow on the medium containing
the toxin for 10 weeks, without becoming necrotic {Table XV).
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Fresh calli from cv. 'Osa-Nijisseiki' and cv. 'Nijisseiki' were soaked in a liquid LS medium
containing 5 x 10~7 M AK-toxin I and shaken for 5 h with a rotary shaker at 100 rpm. The
toxin-treated calli were cultured on a toxin-free solid LS medium for 30 days. Considerable
calli continued to grow.

Toxin-sensitivity of these calli were assayed for electrolyte leakage; calli selected on
solid medium showed no increase in electrolyte loss when treated with 10'6 M AK-toxin I,
while calli from liquid medium exhibited a moderate increase in the electrolyte loss. The
latter calli might have intermediately tolerant cells to AK-toxin, or be chimeric with toxin-
sensitive and toxin-resistant cells.

6.2. Effect of AL-toxin on viability of cultured tomato cells determined by MTT-
colorimetric assay

Calli of cuitivars 'Mie-First', 'Earlypak 7' and 'Ace1 were cultured for 3 to 6 days on a solid
MS medium added with AL-toxin I at 5, 0.5 and 0.05 g/ml. The growth of calli of susceptible
cvs. 'Mie-First' and 'Earlypak 7' was inhibited with the toxin at all concentrations treated 3
days after incubation. However, calli of resistant cv. 'Ace' was insensitive to the toxin at 5
g/ml and grew vigorously 6 days after treatment.

Recently Kodama et al. [29] reported a simple protocol of calorimetric MTT assay for
determining viability of cultured plant cells. MTT [3-(4,5-dimethy!thiazol-2-y!)-2,5-diphenyl
tetrazolium bromide] was dissolved in 0.05 M sodium phosphate buffer (pH 7.5) at 5 mg/ml.
After toxin treatment, 50 I of MTT solution was added to each well of 24-well tray containing
450 I of cell suspension. The plate was incubated for 6 h at 37 °C. After incubation, cell
suspensions were transferred to test tubes and centrifugea at 600 x g for 5 min to collect the
cells. To extract the formazan, 3 ml /so-PrOH was added to each tube and the tubes were
agitated thoroughly. Cell debris were removed by centrifugation at 600 x g for 5 min.
Absorbance of the extracts was measured at 570 nm by a spectrophotometer. The
absorbance was found to be directly proportional to the number of living tomato cells
determined with Evans blue staining in the range from 40 x 103 to 2.5 x 103 cells.

When cells of cv. 'Mie-First' were incubated with AL-toxin 1, their viability decreased to
34 % and 78 % at concentrations of 1 and 0.1 g/ml of the toxin, respectively, 3 days after
treatment. In contrast, resistant cells 'Ace1 were not affected by the toxin at a concentration
as high as 5 g/ml (Fig. 7).

These results are incompatible with the data previously reported [30 and 31] that there
was no difference in sensitivity to AAL-toxin between cultured susceptible tomato cells and
resistant cells. The reason for the discrepancy is unclear. Difference in bioassay systems
and cell lines employed might be a possible explanation. Somaclonal variation during callus
culture also might occur.

6.3. Effect of AM-toxin on apple calli

As noted previously, apple cuitivars susceptible to Altemaria blotch disease have a
striking tissue specificity to AM-toxin action. Their green leaves are highly sensitive to the
toxin and no reactions are detectable on their non-green tissues such as petals. In contrast,
green and non-green tissues of moderately resistant apple cuitivars have almost the same
sensitivity to the toxin. Recently, Shimomura et al.[32] examined the effect of AM-toxin on
green and white calli induced from the petal and the leaf.

Leaf-derived calli were introduced on a woody plant medium (WPM) from the leaves
previously developed by a method of in vitro shoot apex culture. For greening, leaf and petal
calli were cultured on a half strength of WPM at 28 *C under conditions of 16 h light at 2 000
Ix and 8 h dark. Toxin sensitivity of these calli was examined by determining toxin-induced
electrolyte loss and MTT-reducing activity.
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TABLE XVI. RESPONSES OF GREEN AND WHITE CALLI INDUCED FROM APPLE
LEAF AND PETAL TO AM-TOXIN

Apple cv.
Source of callus Color of

a(Response to toxin) callus
Response to

atoxin

Susceptible cv.
Red Gold

Orin
Indo

Leaf (+ }

Petal (- )
Petal (— )

Green
White
Green
White

Moderately resistant cv.
Jonathan Leaf (4- )

Jonathan Petal (-f }

Green
White
Green
White

a -f ;Sensitive to toxin, — ; Insensitive to toxin

Green call! derived from the leaf and petal of susceptible cvs. were found sensitive to
AM-toxin, whereas the corresponding white calli were insensitive to the toxin (Table XVI).
Both green and white calli from a moderately resistant cv. did not respond to the toxin.
These results suggest that chloroplasts are necessary for toxin action on susceptible cvs.
only and may relate to the expression of tissue specificity. The complicated mode of action
of AM-toxins is still under investigation.

7. CONCLUDING REMARKS

HSTs can be efficiently used for selecting disease-resistant genotypes of plants in
breeding projects at different levels of the plant. The success stories around Japanese pear,
tomato and strawberry throw light on a wide scope of HST use for the commercial
development of disease-resistant cultivars and the genetic analysis of disease reactions.
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Problems arising from unsuitable or incorrect use of phytotoxins will be avoided if critical
consideration is paid on some chemical and pathological aspects of toxins prior to the use.

Although several reviewers have suggested a need for structural elucidation of toxins,
we would like to make an emphasis on two other points. The first is that, before planning to
employ a phytotoxin of a pathogen as a selection tool for disease resistance, the candidate
toxin must be understood in-depth, as to whether the toxin is indispensable to and plays the
pivotal role in the symptoms on host plants attacked by the pathogen. Lack of this critical
examination of a toxin's role in pathogenicity or virulence may lead to a selection of toxin-
resistant but non-disease-resistant genotypes of crop. More recently, Toyoda et al.[33] noted
that tomato régénérants from in vitro selection for resistance to fusaric acid (a wilt-inducing
phytotoxin produced by Fusarium pathogens) showed strong resistance to the pathogen at
an earlier stage but not at the later stage of infection.

Second, it is very important to choose the strategy carefully: which strategy, a traditional
way using intact plants or a modern way using in vitro cell and tissue culture systems, will be
more profitable for the breeding object in question? In the case of diseases involving HST,
an unexpectedly sudden occurrence of an unknown disease was recorded on newly bred or
introduced cultivar(s) of crop plants; almost all the diseases were found to be governed by
the susceptibility-dominant genes. Hence, HSTs are most reasonable for use to select
disease-resistant variants in breeding projects. To seek a genotype with one gene mutation
controlling the disease reaction and without loosing any other superior cultivar
characteristics, traditional cross breeding and mutation strategies employing HST appear
rather much more fruitful. In other words, first we must sharply define the aim of breeding in
a given project and then consider the choice problems thoroughly.
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Abstract

Black Sigatoka is the most threatening and devastating disease of bananas and plantains in the world.
Currently, a worldwide search is underway either to find or to produce cultivars that are disease resistant or
tolerant. Phytotoxins isolated from the causing disease agent might facilitate the discovery of such cultivars. To
this end, we have succeeded in isolating several aromatic compounds from liquid cultures of Mycosphaerella
fijiensis, the causal agent of Black Sigatoka disease of bananas and plantains. The most abundant and
phytotoxic of these compounds is 2,4,8-trihydroxytetralone, which induces necrotic lesions at 5 g/5 I in less than
12 h on sensitive cultivars of bananas. This compound exhibits host-selectivity that mimics that of the pathogen.
Other phytotoxins isolated from this fungus, in lesser amounts, were juglone, the novel compound, 2-carboxy-3-
hydroxycinnamic acid, isoochracinic acid and 4-hydroxyscytalone. Some of these phytotoxins appear to be
melanin shunt pathway metabolites. In preliminary studies, in tissue cultures, tetralone has been demonstrated
as an effective tool in selecting banana/plantain for resistance.

1. INTRODUCTION

Bananas and plantains are the primary food source for millions of people in many areas
of the world, including Central Africa, Southeast Asia, Central and South America, and the
Caribbean. People in these regions are generally faced with the problems of enormous
population growth and recurring food shortages, conditions that augment the importance of
high yield, low cost crops like bananas and plantains [1]. They yield a sweet, nutritious fruit
and produce a starch that can be used to prepare a variety of staple foods. But bananas and
plantains provide more than just complex carbohydrates. They also yield a diverse array of
useful secondary products such as fibers, wrappers, confectioneries, vegetables, catsup,
beer, wine and vinegar [1,2].

Commercial cultivation of bananas in tropical America, the Philippines, and Caribbean
and Pacific islands has emerged as a significant economic resource. In these regions they
not only maintain their importance as a food staple, but also contribute to the GNP, provide
employment and fiscal earnings, and generate foreign currency. Of all of the plants grown as
food, bananas and plantains produce the highest yield for the lowest cost [3]. Unfortunately,
this vital resource is currently being threatened by a devastating leaf disease known as Black
Sigatoka.

Black Sigatoka is the most severe form of the Sigatoka disease complex involving three
closely related fungal pathogens: Mycosphaerella musicola Leach ex Mulder, causative
agent of Yellow Sigatoka, first identified in the Sigatoka district of Java in 1902; M. fijiensis
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Morelet, causative agent of Black leaf streak, described in Fiji in 1964; and M. fijiensis var.
difformis Mulder and Stover, causative agent of Black Sigatoka discovered in Honduras in
1972 [4]. As the Sigatoka diseases have progressed in time their virulence has increased.
Their host range has broadened to include plantains, which are resistant to Yellow Sigatoka
disease. Black Sigatoka has supplanted Yellow Sigatoka as the major threat to the
cultivation and economic importance of bananas and plantains [5].

The Black Sigatoka epidemic in Honduras and several other countries in 1972 - 1973
resulted in crop losses approaching 47 % [6]. Crop yields for Horn-type plantains have been
reduced by 50 % [7], Control costs for this disease can be astronomical, totalling more than
$17 million/year (US) in Costa Rica alone; no other disease or pest control program in that
country can compare[6]. The cost of controlling Black Sigatoka disease in Central America,
Colombia, and Mexico surpassed $350 million (US) in less than eight years [6]. Large fruit
producing companies must spray fungicide mixtures up to 30 times annually to control Black
Sigatoka, expending up to 30 % of their gross incomes. Annual fungicide costs amount to
10's of millions of dollars [7]. Small land owners cannot control the disease in their fields,
lacking both the equipment and the funds required for fungicide application. The impact of
this plant disease on the poor people of the tropics has been enormous. An alternative
solution is the isolation and dissemination of banana and plantain cultivars resistant to the
Sigatoka disease complex. Such a program could involve either breeding for resistance or
the screening of existing cultivars for inherent resistance. Breeding bananas and plantains is
a slow, tedious process, due to serious problems with polyploidy and poor seed yields and
pollen infertility [8]. Furthermore, movement of the germplasm of bananas and plantains and
different pathogenic biotypes in the screening process could inadvertently introduce new
forms of Sigatoka or other diseases into disease-free areas. The isolation and identification of
wild-type resistant cultivars or the selection of somaclonal mutants may circumvent these
difficulties.

Unfortunately, finding such resistant cultivars can be an expensive, time-consuming
process. Using traditional methodology, mature plants are challenged by fungal spores
produced on naturally infected leaves according to fastidious inoculation schemes to
artificially induce the disease. This process may require over twelve months to establish
unequivocally the susceptibility or resistance of a particular cultivar to the disease [9].
Fortunately, a preliminary report in 1989 indicated that disease symptoms could be induced
by the crude extract of the pathogen, suggesting the presence of one or more phytotoxins
[10]. Because of the extreme importance of this disease we began a comprehensive
investigation of the phytotoxins of M. fijiensis. It was hoped that phytotoxins isolated from the
fungus could provide a rapid indication of cultivar susceptibility or resistance using a simple
leaf assay. This report describes the isolation, characterization, and biological significance of
the phytotoxins isolated to date.

2. MATERIALS AND METHODS

2.1. Fungal culture

The culture of M. fijiensis (IMI 105378) used in this study was originally isolated from
Musa sapientum by R.Leach in 1964 in Fiji, and was supplied by Commonwealth Mycological
Institute, London. M. musicola (357) was provided by R. A. Fullerton, DSIR, New Zealand;
M. fijiensis var. difformis was isolated by G. C. Molina, FHIA, Honduras. All cultures were
maintained at 26 °C on modified M-1-D medium to which 12 ml/l coconut milk was added
[11].

2.2. Mass culture and extraction

The fungi were grown in 2L Erlenmeyer flasks containing 800 ml modified M-1-D
medium (autoclaved) [11]. The medium was inoculated with two mycelial disks {1 cm2) cut
from the edge of a vigorously growing fungal colony. Each flask was shaken at 140 rpm for
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28 days at 26°C with 12 h of light (50 EM'2S-1). After incubation, an equal volume of
methanol was added to the fungal culture, which was left for 24 h at 4 °C. The culture was
filtered through eight layers of cheesecloth and the volume of the filtrate was reduced by 2/3
by rotary evaporation at 40 °C. The concentrated filtrate was exhaustively extracted (3x) with
an equal volume of ethylacetate. The three extracts were combined and reduced to a brown
oil (ca 90 mg/l). For the investigation of fungal metabolites at timed intervals, cultures were
grown for 10,15, and 20 days following the protocol outlined above. The crude extract yields
were ca 35, 75, and 86 mg/l respectively.

2.3. Bioassay

A simple leaf puncture bioassay was used to guide us in the isolation of phytotoxins
[12]. Five test varieties of bananas and plantains including Gran Nain (Musa acuminata Colla
AAB), Horn plantain (M. acuminata x M. batbisiana), Saba (M. balbisiana, ABB), IV-9 (new
line of FHIA), and Bocadillo (AA) were propagated through meristem culture to produce
plantlets in test tuoes. Plantiets were ready for testing at the 3-5 leaf stage when plants were
approximately 4 inches tall. Test fractions were dissolved in 10% methanol and applied to
the nicked surface of the fully opened heart leaves in 5 I droplets. The punctures were
encircled with Vaseline petroleum jelly to maintain droplet integrity. Leaves were placed in
sterile plastic chambers with moistened filter paper to provide humidity. Crude extracts were
tested at 25, 50, and 100 g per puncture wound; pure compounds were tested at 0.01, 0.1,
1.0, 5.0, and 10 g per puncture. Necrotic tissue around the wound was measured at 24 and
48 hr after treatment. Activity indexing utilized a 0 - 5 scale (+), ranging from no necrosis (0)
to lesions 12 mm in diameter (5+). All tests were repeated three times. Methanol (10%) and
water were used as controls. Organic extracts of sterile (non-inoculated) medium did not
exhibit phytotoxicity.

3. RESULTS AND DISCUSSION

3.1. Isolation of phytotoxins

The ethyl acetate soluble extracts of the culture filtrate of M. fijiensis were
chromatographed on Sephadex LH-20 [CHCI3-MeOH, 1:1 (v/v)]. Fractions 3, 4, and 5 were
phytotoxic. Fraction 4, the most active fraction, was further resolved by reverse phase high
performance liquid chromatography on an Altex C-18 column using a gradient eiution of
acetonitrile-water. This step concentrated the primary phytotoxins in the sixth and eighth of
eight fractions. Repeating the HPLC procedure on the sixth fraction yielded 2,4,8-
trihydroxytetralone (Compound 1). Flash silica gel chromatography of the eighth fraction
yielded juglone (Compound 2) as the first eluant.

Fraction 3 was resolved into nine fractions by reverse phase HPLC using a MeOH-water
gradient. The third fraction was the known phthalide isoochracinic acid (Compound 5).
Fraction 5 yielded 2-carboxy-3-hydroxycinnamic acid (Compound 3) after chromatography on
the LH-20 column as described above. Fraction 6 was 3,4,6,8-tetrahydroxytetralone
(Compound 6) (4-hydroxyscytalone). Table I summarizes the data for the isolation of
compounds 1 -6.

3.2. Structural elucidation of phytotoxins

The molecular formula of compound 1 was determined to be Ci0H10O4 by high-
resolution massspectrometry, indicating a compound with six sites of unsaturation. Phenolic
and ketone functionalities were indicated by infrared absorptions at 3 590 and 1 640 crrr1.
Both 2D COSY and 1D decoupling experiments indicated a trisubstituted benzene ring with
three adjacent protons and a cis-1,3-diol system. Detailed analysis of the mass spectral and
1H NMR data resulted in the proposal of structure 1, 2,4,8-trihydroxytetralone.
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TABLE I. COMPARISON OF MOLECULAR FORMULAE AND SEPARATION
PROCEDURES OF PHYTOTOXINS ISOLATED FROM M. fijiensis

Compound

1
2
3
5
6

Molecular
formula

C10H10°4
C10Hg03
C10H8°5
C10H8°5
C10H10°4

Final
isolation

RP-HPLCC

Flash silica
Sephadex LH-20
RP-Flashd

Sephadex LH-20

Rf-TLCa

0.39
0.95
0 . 0
0.57
—

% Yieldb

0.63
0.02
0.03
0.03
0.50

a: silica gel developed in chloroform-methanol.lO-l
b: %yield={mass of compound isolated/mass of total organic

extract)xl00
c: 25%-75% acetonitrile in water over 25 minutes
d: 40%-70% MeOH in water over 20 minutes

Compound 1 was proposed as a melanin shunt-pathway product by Stipanovic[13],
although it was only isolated when an appropriate precursor was supplied to the fungus
Verticillium dahliae (Figure 1). The compound had also been isolated by Fujimoto from
Pénicillium diversum var. aureum [14]. However, no biological activity has ever been
ascribed to the compound.

Compound 2, jugione, has been previously isolated from several plant sources including
walnuts (Juglans nigra) [15] and species of Pénicillium [14] and Verticillium [16]. It was
readily identified by spectral data analysis: both spectroscopic and physical characteristics
were identical to the authentic compound purchased from Aldrich Chemical Company.

Compound 3 has a molecular formula of Ci0H805, as determined by chemical ionization
mass-spectrometry, indicating seven sites of unsaturation. 1 H NMR analysis indicated
three adjacent protons on a tri-substituted benzene ring, with the highest field aromatic
proton, ô 6.95 ppm, ortho to a hydroxyi group. Two mutually coupled (J = 16Hz) olefinic
absorptions at 0 8.32 and ô 6.18 ppm suggested a trans-o, ß-unsaturated carboxylic acid
derivative. This was a very polar compound which streaked on silica TLC plates unless 0.5%
trifluoroacetic acid was added to the solvent system. This behavior suggested the presence
of carboxylic acid functionality; infrared analysis supported this idea with broad OH stretch
absorption from 3 150 to 3 550 cnr1 and carbonyl absorption at 1 720 cm'1. The compound
was methylated by dropwise addition of freshly prepared diazomethane [17]. Examination of
the 1H NMR spectrum of the single product 4 indicated the addition of three methyl groups at
6 3.94, ô 3.83 and ô 3.77 ppm, which indicated the presence of either three carboxylic acid
moieties or two acids and a phenolic moiety in the original compound. Difference nOe
experiments with the methylated product led to the proposed structure of the novel
compound 2-carboxy-3-hydroxycinnamic acid.

Compound 5, isoochracinic acid, C10H805, is also a bicyclic compound with the same
aromatic substitution pattern found in compounds 1 and 2. It contains both a fused-ring
aromatic lactone and a carboxylic acid, as indicated by the infrared absorptions at 1 723 and
1 718 cnr1. Isoochracinic acid has been isolated from Hypoxylon coccineum and Altemaria
kikuchiana, the causative agent of black leaf spot of pear [18,19]. The biogenesis of
isoochracinic acid has been of particular interest. It is one of the few naturally occurring
phthalides. During this study we were able to establish compound 3 as a possible precursor
of compound 5. If left in contact with CHCI3MeOH (1:1) for 24 h at 25 'C, cyclization would
occur spontaneously, resulting in a racemic mixture of compound 5.

Compound 6 has a molecular formula of C^H-ioO^ with six sites of unsaturation. It has
the same aromatic moiety as compounds 1 and 2 but differs in the aliphatic portion.
Examination of the spectral data indicates the structure shown, 4-hydroxyscytalone, which is
also a known metabolite in the melanin shunt pathway [20].
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Fig. 1 Proposed pentaketide pathway of melanin biosynthesis and shunt pathways
leading to the synthesis of 1, 2 and 6 [16]

2,4.8-trihvdroxvtetralone 1. MS: m/z(%) 194 (13.4), 176 (5.6); HRMS: 194.0550
(Observed), 194.0552 (actual); ""H NMR (MeOH-D4 ):7.54 (t, J=8.1Hz), 7.21 (d, J=8.1), 6.86
(d, J=8.1), 4.89 (dd,J=11.4, 5.1), 4.41 (dd, J=13.3, 4.8), 2.63 (dt, J=4.8, 11.4) and1.98 (dd,
J=13.3, 5.1)

iuglone 2. MS: m/z 174;1H NMR (MeOH-D4): 7.68 (t, J=7.5Hz),7.59 (d, J=7.5), 7.31 (d,
J=7.5), 7.00 (s), 7.01 (s)

2-carboxv-3-hvdroxvcinnamic acid 3. MS: m/z 208; 1H NMR (MeOH-D4 ): 8.32 (d,
J=16Hz), 7.39 (t J=7.1 Hz), 7.09 (d, J=7.1), 6.95 (J=7.1)

2-carboxv-3-methoxvcinnamic acid dimethyl ester 4. HRMS:250.0821 (observed),
250.0817 (actual); 1H NMR (CDCI3): 7.63 (d,J=16Hz), 7.38 (t, J=8.0), 7.19 (d, J=8.0), 6.94 (d,
J=8.0), 6.37{d,J=16)

isoochracinic acid 5. HRMS: 208.0364 (observed), 208.0368 (actual);1H NMR (MeOH-
D4): 7.52 (t, J=7.5Hz), 7.03 (d, J=7.5),6.86 (d, J=7.5), 5.81 (dd, J=6.0, 5.8), 2.85 (dd, J=15.4,
5.8),2.71 (dd,J=15.4, 6.0)

4-hvdroxvscvtalone 6. MS: m/z(%) 210 (22.1), 191.9 (9.2), 137 (39.1); 1H NMR (MeOH-
D4): 6.73 (d, J=2.5Hz), 6.21 (d, J=2.5), 4.30(d, J=3.0), 3.97 (ddd, J=3.0, 4.8, 8.1), 2.96 (dd,
J=4.8, 17.5),2.66 (dd, J=8.1, 17.5).
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3.3. Biological activity

Each of the compounds isolated displayed phytotoxicity at one or more test
concentrations on one or more cultivars of banana or plantain. Compound 1 exhibited the
greatest host selectivity, analogous to the fungal pathogen itself, particularly at the 5 g/5 I
level. That is, the variety IV-9 is resistant to Black Sigatoka disease and was insensitive to
compound 1 up to the 10 g/5 I application rate in the leaf bioassay test. Saba, a tolerant
banana cultivar, was only slightly reactive to compound 1, unlike the extremely disease
susceptible varieties Boca and Horn plantain which developed large necrotic lesions after
application of toxin 1. Compound 1 shows definite potential as a screening tool for toxin
sensitivity in tissue culture systems, especially with the recent development of such systems
[21].

The most biologically active phytotoxin was juglone (compound 2), which induced the
formation of necrotic lesions on all cultivars of bananas and plantains at 0.1 g (Table II).
Unfortunately, it was not host selective at any test concentration making it unsuitable for
cultivar screening. Juglone was isolated at extremely low concentrations (Table I) and
therefore may not play an important role in symptom induction. The novel phytotoxin 2-
carboxy-3-hydroxycinnamic acid (compound 3) demonstrated some host selectivity at the 5
g/5 I level, which again paralleled that of the fungus. Toxins 5 and 6 were considerably less

active than the other phytotoxins isolated and displayed no host selectivity. Fijiensin (7),
previously reported as a phytotoxin from the fungus, exhibits a low level of bioactivity and no
host-selectivity [10].

TABLE II. COMPARISON OF THE REACTIONS OF VARIOUS BANANA/PLANTAIN
CULTIVARS TO THE PHYTOTOXINS PRODUCED BY M. fijiensis*

g/puncture Gran Nain Horn plantain Saba Boca IV-9

Compound 1
0.10 - - -
1.00 - + -
5 .00 + ++ +

10.00
Compound 2

0.01
0.10
1.00
5.00

Compound 3
1.00
5.00

10.00
20.00

Compound 5
1.00
5.00 - +

10.00 + ++
20 .00 +4- +++

Compound 6
1.00 - - -
5.00 - - -

10.00 - + + + +
2 0 . 0 0 + + + + +

*Toxins were applied at the rate indicated in 5 I of solution (2 % EtOH in water) as described in
materials and methods. Readings recorded above were made 48 h after treatment.
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In this study we found no evidence of phytotoxins in the aqueous phase of the fungal
culture extracts and no evidence of additional phytotoxins in the ethyl acetate extract. It
would appear on the basis of yield, level of bioactivity, and host selectivity, that 2,4,8-
trihydroxytetralone (1) is the most important phytotoxin produced by M. fijiensis.

It is interesting to note that all of the phytotoxins isolated might possess a much greater
level of bioactivity than appears in Table 2. The leaf puncture method is a reliable but
relatively crude technique which has recently been measurably improved by a fluorescence
labelling method employing flow cytometry [22]. Compounds with low solubility can have
more ready access to intact protoplasts, and may demonstrate toxicity levels that are orders
of magnitude greater than those determined by the leaf puncture method [22].

Our study also involved analysis of toxin production at different times during the
fermentation process. We were particularly interested in determining when compound 1 was
produced in culture. It has been noted in field studies that a three-four week lag time occurs
between inoculation of a host with the pathogen and onset of disease symptoms [9]. It would
seem unlikely that a toxin that is capable of inducing disease symptoms in the laboratory in a
matter of h would require 3 weeks for symptom induction in the field. To this end, we grew
the fungus for intervals of 10,15, 20, and 28 days. The ethyl acetate soluble extract of each
culture was analyzed in precisely the same manner as before. No evidence of either
compounds 1 or 2 was found until the cultures had reached 28 days (or past 20 days),
although isoochracinic acid (5) was found in all of the cultures. This interesting discovery
correlates the observed lag time between inoculation and onset of disease symptoms in the
field with the production of compound 1 in culture. Further investigation of the phytotoxins of
the 10,15 and 20 day cultures is in progress.

One extremely important aspect of this study concerns the determination of any
morphological or chemical differences among the three fungi of the Sigatoka complex, M.
musicola, M. fijiensis, and M. fijiensis var. difformis. Preliminary data show some interesting
chemical trends. All three fungi were grown and processed as described above. M
musicola causes the least virulent form of the Sigatoka disease complex, and it does not
appear to produce compounds 1 or 2. M. fijiensis var, difformis, causal agent of the most
severe form of Black Sigatoka, produces toxin 1 at 6 - 10 times the level of its less virulent
counterpart M. fijiensis. Detailed comparisons of phytotoxin production by these three fungi
will be presented at a later date.

It is interesting to note the biosynthetic origin of the major toxin, (1) and related
metabolites in the fungal extract. Examination of the literature [13,20,23,24] indicated that
2,4,8 trihydroxytetralone (1), juglone (2), and 4-hydroxyscytalone (6) are likely melanin shunt-
pathway metabolites (Fig. 1). Wheeler studied the biosynthesis of melanin in 20 species of
ascomycetous and imperfect fungi and found that in all species tested except Aspergillus
niger, the melanin precursor is 1,8-dihydroxynaphthalene, not indole, as was previously
suspected [25]. In a series of elegant experiments using melanin deficient mutants, these
investigators carefully mapped not only the melanin pathway but also the major shunt-
pathway metabolites [13, 20, 23, 24, 26]. Many of the compounds isolated from M. fijiensis
may arise via these pathways.

Melanin occurs in the cell walls of many fungi, apparently protecting the cells from
desiccation and ultraviolet radiation. It may also protect fungal cells from other
microorganisms [16]. The production of melanin can also be an important determinant of
pathogenicity: melanization of the fungal appressorium is a necessary prerequisite to
invasion of rice by Pyricularia oryzae [27, 28], of cucumbers by Colletotrichum lagenarium
[29], and of beans by C. lindemuthianum [30]. Application of the fungicide tricyclazole, a
systemic inhibitor of melanin biosynthesis, can control these fungal infections by interfering
with melanization of the fungal cells [16,26,27]. Examination of the biosynthetic melanin
pathway, however, indicates an interesting departure from the norm. Tricyclazole inhibits
pathogenicity by blocking melanization, which leads to accumulation of shunt metabolites in
the fungal cells [26]. In M. fijiensis, it is the shunt-pathway metabolites that are the probable
agents causing cell death. We could predict that application of tricyclazole could actually
increase the virulence of the fungi by increasing the production of these phytotoxins.
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We ground and extracted, with EtOAC, 500 g of infected banana leaf tissue in order to
find evidence of any or all of the phytotoxins within the plant. Chromatography on an LH-20
column,as previously described, did not yield any fraction that possessed biological activity.
Likewise, no evidence for the presence of any of these compounds could be found by TLC
(Table I), or NMR. This is not surprising, considering the strong possibility that in the process
of fungal infection, these phytotoxins could conceivably be oxidized, reduced, or derivitized
into other compounds not having biological activity. Comparable studies using plant material
in the very early stages of infection may prove more fruitful in discovering these substances
in the tissue. Such information would be helpful in more firmly establishing their role in the
infection process.

As a test for its potential usefulness, a purified preparation of tetralone from M. fijiensis,
was applied to a series of meristem plantlets at varying concentrations. The banana/plantain
cultivars showed differential activity in concentrations as low as 5 g/1. This activity paralleled
the known resistance/susceptibility of these cultivars to M. fijiensis. Therefore, we feel that
preparations of the toxin have potential usefulness in plant breeding/selection programmes in
all parts of the world where bananas/plantains are grown.
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CONCLUSIONS AND RECOMMENDATIONS

Combined use of in vitro culture techniques and induced mutation has always attracted
the attention of institutions, scientists and breeders promoting agricultural development.
However, it was evident that for the effective combination of mutagenesis and in vitro culture
techniques, the establishment of methods to prepare appropriate materials and dependable
selection procedures would be required before such technologies could really have an impact
upon improvement of crop cultivar. The benefits from mutation breeding for disease and
stress resistance could be much increased, if large scale mutant screening under in vitro
conditions would be feasible.

This Co-ordinated Research Programme (CRP) on Use of Induced Mutations and In
Vitro Culture Techniques for Improving Crop Plant Resistance to Diseases was undertaken in
search of in vitro techniques ranging from preparation of materials for mass screening to
screening of mutagen treated cells, tissues, organs or plantlets for resistance to viruses, fungi
and other pathogens. The characteristics of mutants thus obtained were evaluated to
determine the relevance of these techniques for plant breeding.

As the nature of the research carried out in this CRP differs with respect to the materials
handled and the objectives studied, the conclusions and recommendations were divided into
three sections. However, the divisions are only for convenience of description and the reader
should consider all information when developing their mutation breeding strategy through in
vitro culture and screening for disease resistant mutants.

1. ARBOREAL CROPS

1.1. Conclusions on arboreal crops

1.1.1. Mutagen treatment

Protocols for the application of physical mutagens (gamma radiation and UV light) to
selected arboreal crops have been established and improved resistance to disease has been
detected in some cases. The observed LD50s are given in Table I.

TABLE I. PLANT TISSUES AND APPROPRIATE MUTAGEN DOSE

Crop Mutagen Tissue LDSO

Cocoa (Theobroma. cacao L.) Gamma ray Pollen 30 - 40 Gy
Buds 15 - 25 Gy
Seed 75 -100 Gy

Mulberry (Morus alba L.) Gamma ray Buds 30 - 40 Gy

Pear (Pyrus communie) Gamma ray Leaf* 20 - 50 Gy
UV light Leaf* 125 joules/m2

Citrus (Citrus sp.) Gamma ray Nucellar 100 -150 Gy
embryos from
irradiated seed

* : Leaves from in vitro plantlets.

93



1.1.2. In vitro culture

Protocols for in vitro culture and plantlet development have been developed for pear
(leaf), mulberry (bud), citrus (nucellar embryos), cocoa (immature zygotic embryo and nodal
cuttings).

1.1.3. Preparation for screening

In order to reduce the problems associated with chimaerism, all plants derived from
mutagen treated tissues should be multiplied clonally for two to three generations before
screening. Single-cell-derived plants may be screened immediately.

1.1.4. Screening

In vitro screening procedures have been attempted, although with success limited to fire
blight in pear and bacterial blight in mulberry. For systemic diseases such as virus in cocoa
and leaf mottling in citrus, reliable in vivo screening procedures have been established.

1.1.5. Results obtained

Mutants expressing improved levels of resistance to Cocoa Swollen Shoot Virus (CSSV)
in cocoa and leaf mottling in citrus have been obtained and are awaiting further testing. In
the cases of pear and mulberry, no resistant mutants have been obtained for fire blight or
bacterial blight.

Initial efforts were made to obtain toxins from Pseudomonas syringae pv. mori, but were
unsuccessful. Research on the toxin of Erwinia amylovora is in progress.

1.2. Recommendations for arboreal crops

1.2.1. Selection pressure

Excessively strong selection pressure on the initial screening of mutants should be
avoided. An optimum inoculum concentration should be established to differentiate the
relative levels of resistance and susceptibility of the progenies.

1.2.2. Tools

Development of in vitro screening procedures for detection of useful mutants needs to
be intensified with the use of toxins, propagules, ELISA, RFLP, and DNA probes. In addition,
the appropriate screening procedures should be applied as early as possible on the
developing mutants.

1.2.3. Micropropagation

Efforts should be intensified to develop an efficient micropropagation system for
arboreal species so that mutation breeding can be used effectively to save space and time.

1.2.4. Population size

With the high genetic heterozygosity of arboreal crops, somatic mutation may be
expected, but due to non-specificity of gamma irradiation, large populations (>1 000) should
be generated and screened to identify useful mutants.
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1.2.5. Screening strategy

Techniques should be developed such that simultaneous screening of plants for a
number of diseases/characters can be carried out. In addition, correlated character selection
strategies should be developed and non-destructive screening procedures should be
encouraged.

1.2.6. Collaboration

Collaboration between developed and developing nations should be strengthened on a
per crop or per pathogen basis.

2. HERBAL CROPS

2.1. Conclusions on herbal crops

Most of the recommendations from the previous two meetings were reaffirmed in view of
the latest reports by participants. In vitro techniques such as haploid culture, embryo rescue
and protoplast fusion have yielded positive results and the use of mutagenesis for crop
improvement has been clearly demonstrated.

2.1.1. The use of in vitro technology

2.1.1.1. Hapioid culture

Haploid culture techniques are now being incorporated into breeding programmes for
several major crops (Table II). The potential for the use of these techniques in conventional
and mutation breeding programmes is now being realized: haploid culture techniques may be
used to accelerate traditional breeding programmes.

In most cases the recovery of green plants from anther culture remains more efficient
than microspore culture. Plant regeneration techniques need to be improved further for a
number of crops, and the restoration of diploidy in maize remains a major barrier to the
practical use of the technique for this crop.

2.1.1.2. Embryo rescue in remote hybridization

This method has been shown to be efficient in the recovery of plants from wide crosses
between wheat and Leymus racemosus. Improved characters, e.g. number of grains per
spike, were obtained and some barley yellow dwarf virus (BYDV) resistant seedlings were
recovered. Embryo rescue is also known to be in use for interspecific crosses between
Brassica and wild relatives to introduce resistance genes.

2.1.1.3. Somacional variation

Where the required characters are not available, somaclonal variation may be of use to
generate novel variation, but may also be insufficient to produce the required characters. In
many cases, however, the problem is how to reduce the amount of variation generated
during tissue culture. This can be achieved by reducing the length of time that tissues are in
culture and also by the manipulation of growth regulators in the culture medium to avoid
callus proliferation.

The problem of transient epigenetic changes occurring in culture remains and may
result in over optimistic claims. The need for confirmation of the expression of novel traits in
progeny must therefore be emphasized.
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TABLE II. THE DEVELOPMENT OF HAPLOID CULTURE TECHNIQUES FOR
BREEDING PROGRAMMES.

Crop
plant

Practical Most efficient Expected Expected
application anther(a) or level of homozygous

microspore(m) regeneration* diploids*
culture

Rice +
(Oryza sativa L.}

Barley +
( Hordeum vulgäre L . )

Wheat +
(Triticum aestivum L.)

Maize
( Zea mays L . )

Rye
(Secale céréale L.)

Sorghum
(Sorghum bi color L.)

Lolium
(Lolium sp. )

Rapeseed +
( Brass ica napus L.)

a

a
a
a

a

a

a

m

70

6 % 70-80

4 % 20

low <1

70-80

low

60

50-60 % 50-80

%

%

%

%

%

%

%

* : As regeneration in most species is very variable, values are only
given as guidelines.

2.1.1.4. Somatic hybridization by protoplast fusion

This technique may be used in some crops, e.g. potato. The use of asymmetric fusion,
where one nucleus is eliminated by irradiation, should be investigated further, although a
better understanding of organelle genetics and cytoplasmic inheritance is required in order to
utilize the full potential of this system.

2.1.1.5. Genetic transformation

The technology for genetic transformation is being developed but cannot be applied to
most economic species at present. It may not be suitable for use in developing countries
without further development and close collaboration with technically advanced laboratories.

2.1.2. Experimental mutagenesis

The role of mutation breeding has been established, but the use of mutagenesis in in
vitro systems should be explored further.

Chemical mutagens are cheap and efficient to use but must be handled with extreme
care. Their use should only be recommended where suitable facilities exist to ensure the
safety of the personnel using them and the correct disposal of residues.

Low dose irradiation of pollen (10 Gy) in combination with embryo rescue was a critical
step in facilitating the wide cross between wheat and L racemosus.

Mutagenesis with gamma rays, X rays, and UV light has been reported in Brassica
napus on buds prior to anther culture, on secondary embryoids, and on isolated microspores.
Resistance to disease was only generated from cultured microspores.
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2.1.3. In vitro selection

Doubts remain about the widespread efficiency of in vitro selection for resistance to
disease. In a few specific host-pathogen interactions this approach may be successful but, in
general, there is insufficient understanding of the physiology, biochemistry, and genetics of
most host-pathogen systems.

Although it may be possible to select for some qualitative traits, it is unlikely that it will be
possible to select for quantitative traits in vitro.

The use of RFLP maps and molecular probes may soon be applicable for the early
selection of characters in a number of important species such as maize, rice, wheat, barley,
and potato. For many other crops, however, such systems are not yet available.

2.2. Recommendations for herbal crops

2.2.1. Specific scientific recommendations

(1) Many crop plants now benefit from the development of reliable haploid culture protocols.
Efforts should be continued to develop these procedures for other crop plants.

(2) Low dose irradiation of mature and immature pollen has been used to overcome self
incompatibility in cocoa, to facilitate the recovery of plants from wide crosses in wheat,
and to increase the production of anther embryoids in rape. Further studies of the
effects of low dose irradiation should be encouraged.

(3) The choice of lethal dose for in vitro mutagenesis should be based on the number of
fertile plants recovered following regeneration, rather than, for example, the number of
calli or embryos surviving the irradiation dose.

(4) The use of in vitro mutagenesis with microspore culture systems should be explored
further.

(5) In vitro selection for resistance to disease should be critically and individually assessed
for each host-pathogen interaction. Where the use of toxins for in vitro selection is
being considered, the recommendations and guidelines outlined below on phytotoxins of
plant pathogens should be followed.

(6) Breeders should continue to monitor the development of genetic transformation
techniques for future use in breeding programmes.

2.2.2. General recommendations

Technically advanced laboratories and those in developing countries should closely
collaborate to develop the use of molecular markers to identify and select resistance genes.
This should include training of staff and providing the necessary technical co-operation. In
view of the considerable progress in tissue culture technology over the past five years, the
developing countries should have close collaborative links with specific laboratories most
able to advise and support their research needs.

3. PHYTOTOXINS OF PLANT PATHOGENS
The primary aim of this part of the project was to increase variability in several plant

species by irradiating them with 60Co, UV, etc. and to select agronomically desirable mutants
possessing disease resistance. In particular, selection for disease resistance was primarily
facilitated using phytotoxin preparations. This was done in order to demonstrate the
effectiveness of this technique in plant improvement.
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3.1. Conclusions on toxin research

3.1.1. Rationale

Fungal and bacterial pathogens are the major causes of crop losses due to diseases.
Usually, breeders and pathologists apply various forms of the pathogen (inoculum) to the
plants under field or glasshouse conditions in order to find disease resistant plants. This
approach has been successful, but expensive and sometimes inaccurate, and it requires
extensive manpower, space, and time. Inaccuracy can occur, especially if environmental
conditions are not ideal at the time of inoculation. As many new advances have been made
in mutation breeding of plants, protoplast and callus culture and gene transfer, more rapid
and cost-efficient alternative selection methods are needed for plant improvement.

One alternative method is the use of fungal or bacterial phytotoxins that play some role
in the development of plant diseases. As it is now understood, phytotoxins can vary
enormously in their biological activity. That is, some are extremely host-specific in that they
possess the same host range as the pathogen that produces them. Others may be host-
selective since they have a limited or restricted range of plants that they affect, while others
possess no host-selectivity whatsoever. Examples of phytotoxins being used to select for
disease resistance can be found in each of these three groups. Perhaps the most classical
examples of success are those using phytotoxins which are host-specific, but other cases
also exist.

3.1.2. Conclusions

Phytotoxins belong to no individual class of organic compounds, but examples can be
found of terpenoids, amino acid derivatives, glycosides, phenolics, macrolides, fatty acids,
and combinations of these. Based upon experience gained during this programme, this
working group makes the following observations relative to the employment of phytotoxins in
various plant selection schemes: (1) to use a pathologically significant phytotoxin in the
selection process, e.g. one that has been strongly implicated in disease development; (2) to
use a purified phytotoxin or phytotoxins in selection, since contaminating compounds from
the culture broth may interfere by causing non-specific effects, e.g. osmotic problems, pH
effects, etc, and (3) to carefully examine the effects of the phytotoxin on the plant, e.g., dose-
response relationships, genotype interactions, effects of environmental conditions, and plant
part, that may be the most sensitive.

3.1.3. Results in support of conclusions

Some of the results obtained by the workers associated with this group are highlighted
below:

(1) A new Japanese pear variety with resistance to Alternaria alternaia has been produced
by gamma irradiation and confirmed by use of the pathogen and toxin (host specific)
inoculation tests. Following the confirmation, trials to pick up another resistant pear
mutant have successfully been conducted, employing toxin preparations as a screening
agent.

(2) Several novel, host-specific toxins have been isolated from Alternaria alternata
pathotypes and chemically characterized.

(3) Work on the mode of action (target sites) of several of the host-specific Altemaria toxins
has begun with meaningful results.

(4) Environmental factors (light) controlling toxin action in apple to AM toxin have been
extensively studied.

(5) A phytotoxin of Phytophthora infestans has been partially purified. It is not specific, but
may have some use in finding general "durable resistance" in potato to late blight.
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(6) Resistance to fusaric acid has been discovered in potato tissue cultures derived from
irradiated starting material. Regenerated plants having resistance to fusaric acid are
also relatively tolerant to the inoculum and to the toxin of P. infestans.

(7) Selection of callus tissue against a toxic compound, such as paraquat, that produces the
Superoxide anion (O2*"}, seems promising in creating 02"" resistant (tolerant) potato
and tomato which may have "correlative" resistance to several diseases and stresses.
Generally, this type of resistance is associated with juvenility and an activated
antioxidant system in the plant.

(8) The six bioactive substances causing phyto-toxicity in bananas from Mycosphaerella
fijiensis have been isolated and characterized. The most important one of these seems
to be 2,4,8 trihydroxytetralone since it expresses extreme host selectivity. It has been
successfully used on tissue-culture-derived plants and shown to be selective. It is now
ready for more extensive study.

(9) Phytotoxins have been isolated and characterized from a number of other important
plant pathogens and these include:

(a) novel phytotoxic ophiobolins from Drechslera oryzae, D. hevae, D. maydis,
and D. sorghicola;

(b) novel spirocyclic iactans from D. triticii-repentes; and

(c) novel amides from Cercosporidium henningsii.

3.1.4. Advantages of toxin use

If used properly, phytotoxins can be effective tools in selecting plants that may be more
or less disease resistant. However, the importance of the following guidelines and
recommendations for toxin use should be stressed. There are many advantages in using
phytotoxins in plant selection and some of these include:

(1) Millions of individual protoplasts, pollen grains, or embryoids can be tested in a small
space in a relatively short period of time.

(2) Conditions can be easily controlled.

(3) Tissues, cells, etc., which are toxin sensitive can be quickly eliminated and need not be
handled to maturity.

(4) Whole plant screening, or portions thereof, may also be useful.

(5) Mutants (cells, calli) produced by irradiation may be challenged with one or more toxins
of the pathogens.

3.1.5. Problems

There may be some difficulties encountered by researchers utilizing phytotoxins in plant
tissue screening. One of the main disturbing observations is that toxin insensitive
protoplasts, tissues, or embryoids may be recovered only to yield plants that are toxin
sensitive (disease susceptible). This may be due to genetic, epigenetic, or physiological
reasons. Obviously this problem may pose a substantial drawback in certain systems in
which the final goal is thwarted by an unexpected behavior of the plant system to the toxin.
These systems need to be analyzed on a case-by-case basis.

Other factors should also be considered, such as the case that a pathogen of
importance such as the rusts and mildews has never been shown to make a toxin. Also,
some toxins are unstable, available in limited quantities or not available at all.
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3.2. Recommendations

3.2.1. Specific scientific recommendations

With the advent of new separation facilities and techniques, more and more phytotoxins
are being discovered. Characterization is being done by modem equipment (X ray
diffraction, N MR, mass spectrometers) in an ever-increasing manner. Likewise, plant
variants produced by irradiation, somaclonal variation, genetic recombination, and other
techniques are also increasing, not only for temperate crops but for tropical crops as well.
For these reasons it now seems apparent that we need to employ all factors that can be
utilized to discover and exploit disease resistance, including phytotoxins or compounds that
may mirnic natural phytotoxins such as herbicides. The following recommendations were
made:

(1) To use radioisotope methodology to explore and explain the host specificity-host
selectivity of the phytotoxins.

(2) To better utilize those phytotoxins that are already available, that are known, and whose
mode of action has been studied.

(3) To use some "phytotoxin mimics", Q^" producing compounds, for in vitro selection of
plants, among irradiated populations, that have general resistance to diseases and
stresses.

(4) To know more about the factors controlling 02"" resistance and its relationships to
general disease resistance.

(5) To explore the production, chemistry, and usefulness of phytotoxins from pathogens on
plants of economic importance in developing countries.

3.2.2. General recommendations

In order to facilitate the objectives and specific recommendations of this work, some
general recommendations should be implemented:

(1) Laboratories in developed countries should be encouraged to work on disease problems
occurring in the developing countries. Quite commonly, a phytotoxin is likely to be
involved, especially if a bacterial or fungal disease problem is developing, e.g. black
sigatoka of banana.

(2) Work on phytotoxins and other compounds to be used as tools to select for disease
resistance should be continued, especially since many new advances in chemistry and
usefulness have been made.

(3) A new thrust should be encouragement for an in-depth understanding of how certain
host-specific toxins express their mode of action. Target sites could be identified with
radioactive tracer methodology, isolated protein sequencing and eventually genes could
be specifically targeted for modification or transfer.
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