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Studies on Host-Specific AF-toxins Produced by
Alternaria alternata Strawberry Pathotype
Causing Alternaria Black Spot of Strawberry (3)
Use of Toxin for Determining Inheritance of Disease
Reaction in Strawberry Cultivar Morioka-16*

Mikihiro Yamamoro**, Fumio NaMIKI** Syoyo NISHIMURA™
and Keisuke KouMoTOo***

Abstract

The inheritance was determined for the reaction of strawberry to Alternaria alternata
strawberry pathotype and its host-specific toxin (AF-toxin). Susceptible cv. Morioka-16 and
resistant cv. Hokowase were used for the crosses. Susceptibility to the pathogen and sen-
sitivity to the toxin were both inherited as a single locus with two alleles expressing incom-
plete dominance when heterozygous. Susceptible cv. Morioka-16 was found to be susceptible
heterozygote and resistant cv. Hokowase was found to be resistant homozygote. Further-
more, susceptible homozygote selected from F; progenies was more susceptible to the path-
ogen and also more sensitive to AF-toxin than cv. Morioka-16, susceptible heterozygote.

(Received March 20, 1985)
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Introduction

Alternaria black spot disease of strawberry was first reported in 1977%. The causal
pathogen was identified as Alternaria alternata (Fries) Keissler, but differed in patho-
genicity and host-specific toxin production from typical strains of A. alternata reported
so far; it could be therefore characterized as a new pathotype of A. alternata (A.
alternata strawberry pathotype)?.

Newly bred and introduced cultivar, “Morioka-16", which was mainly cultivated in
Tohoku district of Japan, was observed to be highly susceptible to the disease, and the
rest cultivars were resistant?:®. However, genetic control of the host reaction to the
pathogen remained to be elucidated.

In an attempt to understand the susceptibility mechanism of cv. Morioka-16 straw-
berry, it seems to be important to ascertain inheritance of the host reaction. Since the
causal Alternaria produces a host-specific toxin (AF-toxin) and the toxin is a potent
candidate for a pathogenicity factor®, it is assumed that the toxin can be readily used
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as a surrogate of the pathogen for identifying host reaction.

In the present study, therefore, the inheritance of the disease reaction of strawberry
was determined with responses to AF-toxin as well as with symptoms to the pathogen
inoculation. The results presented in this paper have also been provided as an example
of practical use of host-specific toxin in agriculture*®.

Brief reports of portion of this study have been published previously”®,

Materials and Methods

Highly pathogenic isolate O-187 of A. alternata strawberry pathotype was used for
spore inoculation and AF-toxin preparation. Cultures for toxin production were grown
in potato sucrose broth for 14 days at 26 C, and partially purified toxins were prepared
by solvent extractions, followed by silicic acid column, Sephadex LH-20 column and thin
layer chromatographies, as previously described?. Among three AF-toxins isolated, AF-
toxin I was used through all experiments.

For seedling bioassay of toxin sensitivity, seeds of F, progenies were treated with
0.1% methylthiophanate for 12 hr at 26 C. The treated seeds were then placed on
moist filter papers in Petri plates. Seeds were then allowed to germinate for 5 to 7
days and uniformly germinated seeds with radicles less than 2 mm long were selected
for the bioassay. Twenty seedlings were placed in each plate and treated with AF-tox-
in I solution (0.2 ug/ml). After 24 hr incubation at 26 C, viability of the seedlings were
observed. Further, inhibition of root growth of seedlings was examined by the treat-
ment with toxin concentrations less than 0.2 ug/ml for 6 days in the light. Inhibition
of rate on the root growth was calculated against control treated with distilled water.

To determine disease reaction of F; progenies, the seedlings were allowed to grow
for 3 months in a greenhouse. Two leaves were detached from each plant. One was
inoculated with spore suspension (5X10° spores/ml) of the pathogen by an atomizer.
The other leaf was used for leaf-necrosis bioassay with two different toxin concentra-
tions (0.1 and 1.0 ug/ml). Then the inoculated and toxin-treated leaves were incubated
in a moist chamber for 24 hr at 26 C to observe the host reactions. The leaf-necrosis
bioassay was done as previously reported?.

To compare the host reactions to the pathogen and AF-toxin I among susceptible
homozygote, susceptible heterozygote and resistant homozygote in strawberry plants, four
characters of the host reaction were observed; diameter of lesion area and number of
lesions per cm? leaf by spore inoculation, and toxin-induced black necrosis and potas-
sium leakage from the leaf tissues by the treatment with AF-toxin I.

Results and Discussion

Inheritance of the host reaction to the pathogen and to AF-toxin I

There were two types of host reaction when the seedlings of susceptible strawberry
were exposed to toxin solution (0.2 ug/ml) for 24 hr. One was water-soaking necrosis
of seedlings (sensitive) and the other was only inhibition of root growth without any
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visible damage (resistant).

Of the F, seedlings from the crosses, percentages of toxin-sensitive seedlings were
as follows; 72.0% of susceptible Morioka-16 X susceptible Morioka-16, 44.5% and 52.1
% of susceptible Morioka-16 x resistant Hokowase and reverse cross, respectively, and
0.0% of resistant Hokowase X resistant Hokowase. Data from reciprocal crosses were
combined since statistically both segregation suggested a 1:1 ratio (Table 1). These
data suggested that, among the parental cultivars used, one locus controlled the re-
sponse to AF-toxin I, and sensitivity to the toxin could be expressed as dominance.
Susceptible cv. Morioka-16 was heterozygously susceptible and resistant cv. Hokowase
was homozygously resistant.

On the other hand, three types of host reaction were observed when the detached
leaves of 3-month-old strawberry plants were inoculated with the pathogen and treated
with the toxin. Leaves of highly susceptible strawberry were severely damaged by
spore inoculation and the black necrotic symptom was expressed as fused lesion. These
leaves also responded clearly to the toxin even at lower concentration of (.1 pg/ml
Another group of susceptible strawberry was allowed to induce characteristic black spot
following inoculation with the pathogen and a slight veinal necrosis with the toxin (0.1

Table 1. Disease reaction of F; strawberry seedlings to AF-toxin I

Seedling reaction
Cross®
Sensitive Resistant Probability®
cv. Morioka-16 Xcv. Morioka-16 143 55 0.25<P<0.50%
cv. Morioka-16 Xcv. Hokowase 99 106 0.50<<P<0.75%
cv. Hokowase X cv. Hokowase 0 52 P>0.90%

a) cv. Morioka-16 is susceptible and cv. Hokowase is resistant.
Data from reciprocal crosses between cv. Morioka-16 Xcv. Hokowase were combined.
b) x sequare test.
¢) Probability for 3:1 segregation.
d) Probability for 1:1 segregation.
e) Probability for 0:1 segregation.

Table 2. Disease reaction of F; strawberry plants to the pathogen and AF-toxin [

Host reaction to the pathogen and AF-toxin I
Cross®) Highl
- < Es p ey ptible Susceptible Resistant Probability®
cv. Morioka-16xcv. Morioka-16 17 32 22 0.25<P<0.50°
cv. Moricka-16 X cv. Hokowase (U 14 11 0.75<P<0.90%
cv. Hokowase X cv. Hokowase 0 0 16 P>0.90®

a) See in Table 1.

b) x square test.

¢) Probability for 1:2:1 segregation.
d) Probability for 0:1:1 segregation.
e) Probability for 0:0:1 segregation.
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pg/ml), although such leaves were covered with severe necrosis at the higher concentra-
tion (1.0 pg/ml). The rests were completely resistant to both the pathogen and the
toxin (Table 2).

All progenies of resistant X resistant were resistant. Of 25 plants from reciprocal
crosses of susceptible X resistant, 14 plants were susceptible, and of 71 plants from
susceptible X susceptible, 49 plants were susceptible. Furthermore, these 49 susceptible
plants were assorted to 17 highly susceptible and 32 susceptible plants; totally 17
highly susceptible, 32 susceptible and 22 resistant. No evidence was obtained for in-
dependent assortment of the phenotypes exhibiting susceptibility to the pathogen and
sensitivity to the toxin.

Since F, progenies from a cross between the heterozygotes segregated into three
discrete classes with a good fitness to a 1:2 :1 ratio, the data from the present stud-
ies on genetic control support the conclusion that, among the parental cultivars used,
susceptibility to the Allernaria alternata strawberry pathotype and sensitivity to its
host-specific AF-toxin I was controlled by a single locus with two alleles expressing in-
complete dominance®?. Since F, seedlings from highly susceptible X highly susceptible
were all highly susceptible, these 17 strawberry plants were used as a susceptible
homozygote in the following experiments.

Comparison of host reaction to the pathogen and to AF-toxin I among suscep-

tible homozygote, susceptible hetero-

zygote and resistant homozygote

To compare the host reaction in detail,
highly susceptible F, plants, susceptible cv.
Morioka-16 and resistant cv. Hokowase

=
(=]

1100

were inoculated with the pathogen and
treated with the toxin on their detached
leaves. Diameter and number of lesions

(mm)

following inoculation were observed after
24 hr and 36 hr incubation, respectively.
Relative necrotic area on the leaves in 24

hr and potassium leakage from leaf tissues
in 3 hr were assessed to evaluate the toxin

Lesion diameter

sentitivity.
Both diameter of lesion and number of 0

Number of lesions per cm

(@]

lesions were greater on highly susceptible Lesion Number

plants than susceptible cv. Morioka-16 (Fig. diameter of lesions

1). Apparent severe symptom on the highly  Fig. 1. Comparison of induced lesions fol-
lowing inoculation of the pathogen

tible leaves which was observed wit
suscep © feaves which was o ved with between highly susceptible and sus-

the experiment on the inheritance of the ceptible leaves. Six leaves of each
disease reaction was derived from the in- highly susceptible (1) and sus-
creased and fuged lesions. On the leaves ceptible ( ) were inoculated with

spores of pathogen. Fifty lesions

were totally measured for lesion di-

observed. ameter. Each value represents mean
Highly susceptible plants were more +S. E.

of resistant cv. Hokowase, no lesions were
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Fig. 2. Comparison of sensitivity to AF-toxin I among three types of strawberry plants.
Leaves of highly susceptible (-@-), susceptible (-O-) and resistant (-A-) strawberry
plants were treated with AF-toxin [ solution. Potassium leakage from leaves (A)
and formation of necrotic area (B) were determined, respectively. Each value repre-
sents mean of two separate experiments.

sensitive than susceptible cv. Morioka-16 in both bioassays of necrosis formation and
potassium leakage (Fig. 2). Such leaves were approximately 20-100% more sensitive in
quantity than susceptible leaves. On the resistant leaves, necrosis and potassium
leakage by toxin treatment did not occur.

Effect of toxin on root growth was examined with highly susceptible and resistant
seedlings. The root growth of highly susceptible strawberry was slightly inhibited (16.7
% decreased to distilled water control) even at the toxin concentration as low as 0.003
pg/ml and completely inhibited at 0.1 wg/ml. In the case of resistant seedlings, root
growth was reduced (8.5%) at 0.05 pg/ml and 81.3% of growth was inhibited at 0.1
pg/ml. Although, in this experiment, heterozygous seedlings could not be investigated,
I", seedlings from the cross between susceptible plants showed the intermediate re-
sponse between highly susceptible and resistant seedlings.

The above mentioned results suggested the clear correlation between genotypes and
phenotypes in susceptibility of strawberry to the pathogen and sensitivity to AF-toxin
1.
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\LARER T - QAR - PERTTERS - FICEEA ¢ 4 F I BB (Allernaria alternata strawberry pathotype)
DEFT BEEHRNER (AF-5R) BT 25(3) 41 F I BEEM1651C B 2 BRURKEZN:O#E
i~ O AF-H:3K OFA

4 FTEMBEE (A dternata strawberry pathotype) (24 F = OB S TIHEEMI6E OA%FT &
U, BicETgRmmSs (AF-531, IBX0M) 24KT 5, 401, AF-BRESEAEREE LT,
BERA165 O BEIRICH § S OBET O AT - oo BEMERTE L U CRIM16Y, ERESHELE L TEXR
EAEZRN, REICK > THETFEE . A& AF-SHR AR OCEZEMRE ORI, B LEiriE 31
WAL, BEMEREETH 7o UL, REEZERL, SPECHRERBS LT AF-GRENET 5L, &
S SEETF E R T ICE T AEEA~T 2 OEFRICH~, REE & AF-HRICEOBEZEZR U oo BEMEE
Fafiz g 0EEEEE, TNTOREICBOTREETH 20D TEWERZM L R & ih fee BILED
BRB XUORRBOSELD S, 4 F 2 REER16EIC BT 2 BRFEREZE AF-SREZE L H—0—g
TN BEFICEEINIATLEEE LU CEBIET 20D EE L, 118, SRIKKEFICAN, K165 1%
SHEEFICBLTAT B, ERBEREESETH - 7
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