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Summary

To breed new seedless grape cultivars we crossed ‘Muscat of Alexandria’ (2x) and its
4x mutant reciprocally and cultured the immature ovules and embryos i vitro. Ovules
sampled 50 days after crossing could develop embryos on a liquid medium of half
strength of MS supplemented with 2 ppm of IAA, 0.4 ppm of GA; and 0.1 % of activated
charcoal. After 55 days culture, normally developed embryos were obtained from 20 to
30 % of the ovules from 4x X 2x and 50 to 70 % of those from 2x X 4x. Embryos taken out
from the cultured ovules were planted on an agar medium of MS or N&N for 55 to 65
days. Ten to twenty % of embryos from 2x X4x crossing grew to rooted plantlets
successfully. They were proved to be triploid after the measurement of chromosome
number. Embryos from 4x X2x, however, could not grow to plantlets because of the
failure of rooting.

Introduction

Seedless grape demand by consumers is increasing in all parts of the world, which has
turned the development of seedless varieties into an important activity>>>'»13, We also
made reciprocal crosses between ‘Muscat of Alexandria’ (2x) and its 4x mutant ‘Cannon
Hall Muscat’, with the objective of creating a new seedless cultivar which possesses the
similar vigour and the same high qualities as ‘Muscat of Alexandria’®. Germination tests
were done on the seeds obtained from these crosses and the results achieved were that
very few seeds from 2x X 4x had good germinability while those from 4x X2x had lost
their germinability and no seedlings were obtained. Due to these germination problems,
ovules and embryos were cultured iz vifro after hybridization to obtain triploid plants in
an efficient way. This paper reports the results of experiments done to determine
suitable conditions for the i vitro culture process.

Materials and Methods

Florets of 11-year-old ‘Muscat of Alexandria’ vines grown in a non-heated greenhouse
at Okayama Univ. (Tsushima, Okayama city) and 6-year-old ‘Cannon Hall Muscat’ vines
grown in a sideless plastic house in HANAZAWA Inst. for Grape Breeding (Seto-cho,
Akaiwa-gun) were used as diploid and tetraploid parents.
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In March, 1991, four to ten clusters were selected from both varieties appoximately
two to three days before blooming based on past experience. Florets born in the basal
part of the clusters were emasculated and then covered with white paper bags. After two
to three days mutual crosses were conducted. Clusters used as a control were not
emusculated and self-pollinations were allowed to occur. Berries sampled at 30 and 50
days after crossing were surface sterilized in a 1.5 % sodium hypochloride solution for
10 minutes, then washed with distilled water. Ovules were taken out from them under
aseptic condition and placed in groups of 10 in 100 ml-Mayer flasks containing 10 ml of
MS medium® at half strength supplemented with 3 % of sucrose, 0.1 % of activated
charcoal, 2 ppm of TAA and 0.4 ppm of GA; and adjusted to pH 5.5 with 0.1N-NaOH. The
same formula was supplemented with 0.8 % of agar when used as a solid medium. They
were cultured at 25 °C under illumination of 3 klux for 16 hours of daylength.

After 55 and 65 days of culturing the ovules were dissected and the embryo was
removed using a binocular. Groups of 3 embryos were placed in Mayer flasks containing
10 ml of MS or N&N® medium added with 5 ppm of BA, 3 % of sucrose and 0.8 % of
agar. Embryo culture was made under the same conditions as that for ovule culture.
After germination the embryos were transplanted to the media containing no BA for
rooting. The polyploidy state of the resultant plants was accertained by counting the
cromosome number of the cells of root tips by enzymatic maceration method shown by
Zhuang et al.*®.

Results

1. Ovule culture

Ovules cultured in agar media hardly grew at all, though they initiated callus forma-
tion on the outer integument.No callus formation, however, was observed in ovules when
cultured in liquid media. Cultured of ovules from berries sampled 30 days after crossing
retained a light-green color. In most of them the interior parts became hollow or turned
into a jellified state. Ovules cultured from berries sampled 50 days after crossing became
brown and hardened with puffy endosperm soon after culture started. This observation
was most remarkable in 2x X4x crosses. Hardly any embryos were obtained in ovules
that were cultured 30 days after crossing. In ovules cultured 50 days after crossing the
percentage of embryos obtained was about 50 to 70 % (Table 1). In 4x X 2x crosses the
percentage was about 10 to 20 % and 20 to 30 % for ovules cultured at 30 and 50 days
after crossing, respectively. The effect of added IAA was clear both in 2x X 4x and 4x X
2x combinations (Table 2).
2. Embryo culture

The basal media used for embryo culture were MS and N&N. Between mature
embryos there was no difference in rooting and germination (Table 3). However, in
embryos taken from 2x X 4x ovules cultured over 65 days, rooting was not observed on
both media used.
3. Polyploidy of resultant plants

Analysis of cells from the root apex of plants obtained by culture of 2x X 4x ovules and
embryos (Fig. 1) revealed that they all seem to be 3x (Fig. 2).
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Table 1  Effect of the time and duration of ovule culture on development of the

embryos®

Cros§ Ovule age Duration No. of No. of % of
Corr_lbl— (Days™) of culture ovules embryos embr_yos
nation (Days) planted developed obtained

4xX X 2% 30 55 30 7 23.3

65 30 3 10.0

50 55 25 6 24.0

65 25 8 32.0

2x X 4x 30 55 30 1 3.3

65 30 0 0.0

50 55 35 19 54.3

65 40 29 72.5

a) Cultured on 1/2MS basal medium supplemented with 2ppm of IAA and 0.4 ppm of GA..
b) Days after pollination.

Table 2 Effect of phytohormones added to MS medium on embryo development
during ovule culture®

Cross Phyto- No. of No. of % of
Combi- hormones ovules embryos embryos
nation added® planted developed obtained
2xX Xdx TAA+GA 40 11 275
— 40 4 10.0
2xX X 4x IAA+GA 20 5 25.0
— 20 3 15.0

a) After 55 days culture of ovules sampled 50 days after pollination.
b) IAA ;2 ppm, GA; ; 0.4 ppm.

Table 3  Effect of basal medium on  vitro growth of embryos excised after ovule

culture
Cross Duration Culture No. of embryos
combi- of ovule medium
nation culture® used® planted shooted rooted
4x X 2x 55 MS 3 1 0
N&N 3 2 0
65 MS 8 4 0
2x X 4x 55 MS 12 4 0
N&N 10 3 0
65 MS 19 19 4
N&N 10 10 1

a) Ovules sampled 50 days after pollination were cultured on 1/2MS medium supplemented with 2 ppm
of IAA and 0.4 ppm of GA,.
b) Supplemented with 5 ppm of BA.

Disscussion

In recent years, ovule and embryo culture techniques have been practised in many
countries of the world with the objective of successful grape breeding. Emershad et al.V
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reported that, in embryos
obtained from immature fertil-
ized ovules of ‘Thompson Seed-
less’ grapes and cultured on lig-
uid medium, germination was
unsatisfactory. Spiegel-Roy'®
reported that germination was
observed in embryos inside fer-
tilized ovules when cultured in
agar medium. Other reports?
state that embryo germination
is better in agar medium than in
liquid. Reports on callus forma-

' tion are few. It is not yet known
Fig. 1 Triploid Muscat plantlet obtained from in vitro
embryo culture. Embryos were taken from
ovules developed after 2x X4x crossing. related to embryo development

if callus formation can be

hindrance inside the ovule.
Horiuchi¥ and Yamashita'>* reported
success in culture of seedless grapes and
4xX2x hybrid ovules wusing liquid
medium.

The experiment in question was con-
ducted based in other reports®™ 1214 ag
well as on the efficiency of the activated
charcoal used in ovule culture and phyto-
hormones in the embryo culture. Rates of
added activated charcoal and phytohor-
mones and also planting times of ovules

and embryos were similar to earlier

reports above mentioned. However, con-

Fig. 2 Chromosomes in root tip cells devel-
oped from 2x X 4x embryos. trary to findings of Yamashita!® embryo

development was better when 2x were
female plants and 4x were male plants. It is not clear whether this was due to differences
in culture conditions. It is known that the 4x mutant ‘Cannon Hall Muscat’ shows many
ovules with morphological abnormalities and imperfect growth at blooming stage®, and
this can be associated with difficulties in normal development. Experiment conducted by
Okamoto et @' aimed to obtain seedlings by seed from reciprocal crosses of 2x and 4x
plants showed that, with the combination 4x X2x the embryos developed only until the
globular stage. The seeds obtained had no germination ability.

In the present experiment, culture of ovules comming from the 4xX2x combination
provided 20 to 30 % of mature embryos, but their rooting was extremely difficult.
Further results on media with appropriate formulas and combinations of phytohormones
is needed. It seems possible to culture embryos taken off directly from ovules at 20 to 40
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days after fertilization. Further research should pursue this line of embryo culture.
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