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Somaclonal variation generated in tissue culture of oats was screened for insensitivity to victorin
which is a host specific toxin produced by Helminthosporium victoriae. Mature embryos of oats
(Iowa X 469) with the sensitive allele Vb (Pc-2) were cultured in MS media with 2,4-D. Callus
formation was best in 3.5mg// of 2,4-D. Continuous subcultures for every 2 weeks resulted in
the induction of shoot, followed by the formation of root when cultured in hormone-free media.
About 600 regenerated oat plants obtained from about 4000 calli were screened for resistance to
victorin D which was found as a major toxin secreted during germination. Two regenerants
showed toxin-tolerance. The progeny of one of the regenerants were all tolerant to the toxin,
whereas that of the other segregated, suggesting that the former genotype is recessively homo-
zygous and the latter is heterozygous. The toxin-insensitive regenerants were also highly resis-
tant to the fungal infection.

Plant cell culture has been proposed as a means to produce agronomic plants in unconventional ways
and thereby produce better plants, since a somaclonal variation frequently occurs through a tissue
culture cycle.!™® There have been many reports about resistance or tolerance to abiotic stresses such
as salt,” aluminium,® herbicide® and selection of regenerated plants resistant to pathogens and/or the
toxins.”~%1 Victorin is a host-selective peptide toxin produced by Helminthosporium wvictoriae
which specifically infects oats carrying Pc-2 gene!? The Pc-2 gene has been known to be responsible
for victorin-sensitivity and resistance to certain races of rust fungi, Puccinia coronata f. sp. avenae.*®
It has been suggested that victorin could function as a specific elicitor of avenalumin, phytoalexin of
oats.!®> The selection of victorin-insensitive oat from the Pc-2 line would be valuable not only from
breeding point of view, but also for supplying the mutant line as an experimental material to elucidate
the mechanisms of sensitivity to victorin and elicitation of avenalumin production. The present experi-
ment was thus carried out to select a somaclonal variant resistant to victorin among the regenerants

obtained through tissue culture of oat Jowa X 469 with victorin-sensitive Pc-2 gene.
Materials and Methods

Plant materials and tissue culture conditions. Seeds of oat, cultivar Jowa X 469 carrying the oat
Pc-2 gene were supplied by Dr. N. T. Keen, University of California, Riverside, U. S. A. Mature seeds
were sterilized in 709% ethanol and 1% sodium hypochlorite for one and 20 min, respectively. Embryos
were aseptically excised and placed onto MS medium supplemented with 0.5 mg/l-10 mg// 2,4-D at
25°C under continuous illumination (6, 000~8, 000 lux). Calli were subcultured every 2 weeks in the
same medium and maintained at 25°C under continuous illumination. When shoots were regenerated,
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the calli with shoots were transferred to the hormone-free media for induction of adventitious root.
Further proliferation of the root was obtained by placing the plantlets on a filter paper wetted with
water in glass bottles. The regenerants were finally planted in a pot with vermiculite and soli (1: 1)
mixture and grown in a growth chamber with 8 hr photoperiod for about 2 weeks. The plants were
then transplanted into pots with soil and maintained in a phytotron at 20°C and 75% humidity until
maturity. Seeds of regenerants were harvested from each individual panicle and named as R seeds.
The following Rz and Rs generations of mutant regenerants were also obtained.

Bioassay with victorin and fungal infection. The host specific toxin, victorin D was purified
from the culture fluid of Helminthosporium victoriae, isolate Hv-1, as described previously'®’ and
used for victorin-reaction bioassay. Several leaf segments of 3 mm long were taken from the terminal
portion of primary leaves of all regenerants and placed in various dilutions of victorin kept in multi-
plate wells for 24 hr at 25°C under continuous illumination. The sensitivity or insensitivity of the
regenerants were determined by the development of necrosis. The technique could distinguish genotypes
of Pc-2, dominantly homozygous, heterozygous and recessively homozygous by the differential responses
to various concentrations of the toxin. The seeds of progenies of the regenerants were also assayed
for victorin by using the primary leaves of Iowa X 469, dominantly homozygous Pc-2 and Iowa X 424,
recessively homozygous, as control. The regenerants resistant to victorin were inoculated with conidia
of H. victoriae to confirm resistance of the plants against the fungal infection.

Results

Induction of callus and regeneratioﬁ

Five mature embryos of oat, Jowa X 469, with Pc-2 gene were plated on MS media in different
concentrations of 2,4-D. Callus formation was initiated from the mesocotyl portion of the embryos
in all concentrations of 2,4-D about 3 days after plating. Callus induction and the growth were the
best on the medium containing 3. 5 mg//2, 4-D. The induced callus was then removed from the embryos
three weeks after plating and subcultured for every two weeks thereafter. Callus growth on medium
containing 0.5-1.0mg// 2,4-D was generally slower than that on 3.0-3.5mg/! 2,4-D. The early
signs of organization in the from of localized chlorophyll development, green spots, were formed in the
callus induced from all five seeds which were maintained at 3.5 mg// 2, 4-D about 40 to 50 days after
the first subculture. The calli were then transferred onto the medium without 2,4-D which is usually
used for induction of plant differentiation. However, the differentiation of shoots was rarely induced
from the green spots. Leaves and shoots were differentiated from green regions of the callus about
10 days after the development of green spots when the callus was maintaned continuously in the
medium with 3.5 mg//2,4-D(Fig. 1 A). When the typical regenerated shoots developed 1 or 2 roots,
the plants were further cultured on the hormone-free media to induce more root formation. The plants
were then transferred onto a paper wick in water to proliferate more roots for about two weeks. After
confirming the good growth of roots, the regenerants were transplanted to soil mixed with vermiculite.
The plants were then transplanted into soil in pots and grown to maturity in the greenhouse. The
584 oat plants were regenerated from the cell lines obtained from embryos plated in the media
with 3.5 mg/! 2,4-D. The frequency of plant regeneration was different not only among the cell lines
but also among the seeds (Table 1).

Victorin selection

The sensitivity of regenerated plants to victorin was examined with the tip portion of primary leaves
by the microplate bioassay which is useful to identify the genotypes of Pc-2 gene, dominantly homozy-
gous, heterozygous and recessively homozygous by the differential responses to various concentrations
of victorin (Fig. 1B). Two victorin-tolerant plants were screened through the biassay and grown to
maturity. Onge plant produced 2 panicles with 100 and 11 seeds, respectively, and the other gave 4
panicles with 110, 110, 60 and 58 seeds respectively. The progeny plants were also tested for victorin
sensitivity. The plants obtained from two panicles of one toxin-insensitive regenerant No. 7 were all
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Fig. 1. Regeneration of plants from callus of oat cultivar, Iowa X 469, which is
susceptible to H. victoriae and a host-specific toxin, victorin and screening
of regenerants resistant to the toxin and the fungal infection. A : Shoots
regenerated on MS medium with 3.5mg// 2,4-D. B: A microplate bio-
assay for victorin sensitivity. The number shows concentration of victo-
rin in ng/l. Leaf segments of the top, second and third rows are the toxin-
resistant cultivar, Kanota, the Pc-2 line sensitive to victorin and the Fy
hybrid showing an intermediate response to the toxin, respectively. C:
Mature R 1 plant of victorin-resistant regenerant No. 7 was also resistant
to the toxin (left) as contrasted to the parental plant, Jowa X 469. D:
Bioassay of R1 plants to H. victoriae infection. A plant R1 from regen-
erant No. 7 (center) was resistant to the fungal infection, whereas a R 1
plant obtained from regenerant No. 4 (left) which was sensitive to the
toxin and a parent plant, Jowa X 469 (right), were completely damaged by
the heavy inoculation. '

Table 1. Performance of oat, Iowa X 469, with Pc-2 gene in tissue culture

Victorin-
Seed No. Cell line Callus growth No. of Plants regenerated sensitive resistant
1 0OC-28 ++ 320 319 1
OC-37 ++ 3 3
OC-38 ++ 93 93
2 0OC-31 ++ 12 12
0OC-40 ++ 130 129 1
3 0OC-27 + -+ 23 23
0OC-36 ++ 1 1
4 0OC-29 ++ 1 1
5 0OC-39 ++ 1 1

** indicates good growth.

resistant to victorin and those of the other regenerant No. 4 segregated into the ratio of about 10
sensitive to one insensitive which differs from the expected ratio (Table 2). The mature leaves of the
progeny of the regenerant No. 7 were insensitive to victorin (Fig. 1 C) and completely resistant to the
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Table 2. Segregation for victorin-sensitivity in the
progeny of regenerated oat plants selected
as tolerant to victorin.

Progeny No.* No. of Seed Sensitive Tolerant

7-(1) 100 0 100
7-(2) 1 0 11
4-(1) 110 101 9
4-(2) 110 106 4
4-(3) 60 57 3
4-(4) 58 56 3

* No. of selected regenerants and their panicles in

parenthesis,

infection of . victoriae whereas the parent and progeny plants sensitive to victorin were highly
susceptible (Fig. 1D).

Discussion

The oat Pc-2 gene is of considerable interest because it appears to confer both resistance to certain
rages of the crown rust pathogen and sensitivity to a host-specific toxin, victorin secreted from Helmin-
thosporium victoriae® Victorin has a role as a specific elicitor of avenalumin, phytoalexin of oats,
whose accumulation appears to be important for the expression of resistance in the incompatible interac-
tions between oat cultivars and fungal races.!*~!%

In the present study, a tissue culture cycle of the Pc-2 gene line, Iowa X 469 was established with
the mature embryos. Previous works on tissue culture of oat were usually carried out with immature
embryos as a source of tissue because of the higher regeneration ability, but the callus from mature
embryos of Iowa X 469 obtained in this study also showed the long-duration of regeneration ability.
Some of the cell lines are still regenerating plants after 30 subcultures in two years. The frequency
of plant regeneration appears to depend on cell line of the calli and seeds.

Somaclonal variation in plant tissue culture has been considered as one of the unconventional breeding
methods.?> There are many reports on the selection of disease resistant plants from somaclonal variants
induced in tissue culture cycle of plants.>®1%1 As shown in this study, a somaclonal variant which
is victorin-insensitive and resistant to the Victoria-blight fungus, H. victoriae was selected from the
regenerated plants. One of the Ro regenerants (No. 7) insensitive to the toxin was homozygously
recessive, as suggested by the segregation data in Ri plants. The traits of insensitivity to victorin and
of resistance to the Helminthosporium pathogen were inherited in Rz and Rs plants. Leaves of the
variant plant were also hairy and slightly narrower in width than those of the parent plant. The
possible origins of somaclonal variation have been summarized as follows : karyotypic changes, cryptic
chromosome rearrangements, transposable elements, somatic gene rearrangements, gene amplification and
depletion, somatic crossing over and sister chromatid exchanges.”> The toxin-insensitive mutant ob-
tained in the present experiment could be induced by deletion of the locus with Pc¢-2. However, the
detailed mechanism of the variation is not known. Genetical characterization of the mutant No. 7 plant
is now under investigation.

Jt has been suggested that toxins can be used in the selection media to improve the efficiency of
selection of disease-resistant variants at cellular level.?> Victorin-insensitive plants of oats were pre-
viously obtained through callus cultures induced from immature embryo of a heterozygous plant with
Pc-2 gene by selecting the callus resistant to the partially-purified victorin contained in media.!® In
the present experiment, however, we showed that selection of somaclonal variants resistant to the
Helminthosporium blight is possible at the level of the regenerated plant without using the toxin
during the callus culture. It has been told that regeneration of plants is usually difficult after long
periods of in vitro selection against toxins and the phenotypes selected in culture systems containing
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toxins are sometimes not expressed in regenerated plants. Tobacco plants regenerated from the callus
resistant to tenuazoic acid, a toxin produced by Alternaria alternata were susceptible to the toxin.!®
Thus, one can avoid the problem of differential gene expression at the cultured cell and whole-plant
level, if a toxin-insensitive trait is being screened in the regenerated plant as shown in this study.

The victorin-insensitive mutant plant No. 7 obtained in this study could be useful as a control plant
to the toxin-sensitive parent, Iowa X 469 for the study of mechanism of specific sensitivity to victorin.
Also, a microplate bicassay for victorin sensitivity was useful for selecting the variants since only a
tip portion of primary leaves of the regenerants was used for the in witro bicassay, saving the re-
mained seedlings for harvesting the seeds of the progeny. The technique can also distinguish the geno-

types of Pc-2 gene by the differential responses to various dilutions of victorin.
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