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Somaclonal variation in rice induced in three kinds of anther-derived cell culture was morphologically studied.
The three kinds of anther-derived cell cultures were the newly developed one-step short-term anther culture, the
conventional two-step anther culture, and the anther-derived protoplast culture. Both the tendency for higher
ploidy of regenerants and the morphological variation of the A2 lines increased with increasing duration of
culture in order of the one-step, the two-step and the protoplast cultures. Twenty two percent of the regener-
ants and 95% of the A2 were tetraploids and variants respectively, in the protoplast culture. No variation was,
however, characteristic of protoplast culture, which caused multiple variations in characteristics with high
frequency. All of the variations, which were mainly induced in the haploid callus, showed their specific ten-
dencies such as shortening culm length, reducing hair, and delaying heading date. Protoplast-induced variations
were concluded not to hinder obtaining useful transformants through protoplast. Both anther and protoplast
cultures were found, for the first time, to be the most reliable method of breeding a glabrous rice variety which
can be readily hulled and threshed by machine.

Introduction

It is recognized that somaclonal variation is a useful tool for rice improvement. Among various
kinds of tissue and cell cultures, anther and protoplast cultures may be the two most effective
techniques for obtaining somaclonal variation in rice. They often produce somaclonal variants
with useful characteristics such as disease resistance, high yield and short plant height®. In fact,
quite a few of the new varieties of rice have been produced by anther or protoplast culture
techniques in Japan as well as China®*~®. Contrary to the practical application, it is difficult to
regulate the types and the frequency of variants to be induced in anther or protoplast cultures.

The first purpose of this study is, therefore, to examine variants so as to be able to predict the
types and the frequency of somaclonal variation which will appear in A2 (the second) generation of
regenerants from anther culture or protoplast culture. This will certainly make anther and
protoplast cultures more useful techniques for rice improvement. In this connection, it would be
very interesting if an undocumented type of useful variation could be found with considerably high
frequency in AZ2.

The second is to examine whether variation increases with increasing duration of culture and
whether there is any characteristic variation in the protoplast culture process. We should like to
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know what process in the cultures most influences variation in AZ2.

The third is to check whether somaclonal variation induced in the process of protoplast culture
hinders the production of useful transformants through protoplast. This is also an important issue
since protoplast culture is a basal technique for genetic engineering or cell fusion for the incorpora-
tion of a valuable gene (or genes)of a desired characteristic (s)into the rice plant.

To accomplish these purposes, we systematically study morphological somaclonal variations in
A2 induced by the following three cell culture methods: (1)the newly developed one-step anther
culture method®,(2)the conventional twofstephnther culture method and(3)the anther-derived
protoplast culture method.

Materials and Methods

1. Plant materials and anther culture

Plants of rice (Onyza sativa L. cv. ‘Koganebare’) were used in this study. The plants were grown
in a paddy field to collect the panicles.

The one-step and the two-step anther cultures were carried out as described in detail®.

2. Protoplast culture

Anther-derived calli induced by the conventional two-step anther culture method were transfer-
red to a conical flask containing liquid AA medium” to establish suspension cultures. Liquid
cultures were shaken at 100 rpm under continuous dim light and were maintained by sub-culturing
every two weeks. A one gram fresh weight aliquot of three- to five-day-old suspension-cultured
cells was added to 20 m/ enzyme solution consisting of 494 Cellulase RS (Yakult), 19§ Macerozyme
R-10(Yakult), 0.19 CaCl,, and 0. 35 M mannitol (pH 5. 6) with shaking at 50 rpm and 30°C for 3
hours. The resulting suspension was then filtered through a 45-ym mesh. After centrifugation at
150 x g for 3 min., pelleted protoplasts were collected and washed three times with the 0.35 M
mannitol solution containing 0. 195 CaCl,.

Washed protoplasts were plated for callus formation at a density of 2-4x10%/m/ in liquid R2¥
medium (pH 5. 8) containing 0.4 M sucrose and 2 mg// 2, 4-D for 40 days. Calli formed were
transferred to solid R2 medium (pH 5. 8)containing 194 agarose, 69 sucrose and 2 mg/! 2, 4-D and
cultured 2 to 3 weeks for further growth.

Calli of 1 to 2 mm in diameter were transferred to regeneration medium (pH 5. 8) containing N6
basal components®, 1% agarose and 6% sucrose, or in addition, 1 mg// kinetin and 0. 2 mg// IBA
(indolebutilic acid). Regenerated plantlets of 1 to 3 ¢m in height were transferred to test tubes
containing the same medium for further growth. Plants of 10 to 15 cm in height were then planted
in potted soils and grown to maturity in a greenhouse.

3. Ploidy of regenerant

Ploidies of regenerants were determined by observation of plants and chromosome number at
root tips®.

4. Determination of somaclonal variation

Twenty four individuals in each line of A2 generation of diploid regenerants were grown in a
paddy field. Somaclonal variation was investigated through observation of seed fertility, heading
date, grain size, glume shape and awn length. Ten out of twenty-four individuals were measured
for culm length, panicle length and panicle number. The results were compared with those of the
original variety of ‘Koganebare’. Somaclonal variants were confirmed by analysis of variance at
1% level.

Hairiness was determined by not only the feel of the leaf surface but also observation of glume
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hair with a microscope.

Results and Discussion

1. Ploidy of regenerant

The frequency of haploid regenerants drastically decreases with the order of the one-step anther,
the two-step anther and the anther-derived protoplast cultures(Table 1). Tetraploid plants show
a fairly high frequency (twice that of haploid)in the protoplast culture, and zero percent in the one
-step culture(Table 1). A small number of aneuploid-like plants were detected only in the
protoplast culture. It was, however, excluded from Table 1 because of ambiguity.

Since it takes about 1.5, 3 and 6 months to obtain regenerants in the one-step anther, the two-
step anther and the protoplast cultures respectively, it is clear that the ploidy of regenerants
increases with increasing duration of culture. Furthermore, spontaneous doublings of haploid and
diploid are concluded to occur mainly in the processes of culturing anther-derived callus and of
suspension culture to culturing protoplast, respectively.

2. Type and frequency of somaclonal variation

Table 2 summarizes the types and the frequency of somaclonal variation found in the lines of A2
generation of the regenerants from the one-step, the two-step and the protoplast cultures.
Considering the purposes of this study, all of the A2 lines examined were obtained from the
spontaneously doubled haploid plants, so that in the case of the one-step anther culture, a small

Table 1. Ploidy of regenerant.

culture method plant regenerated haploid diploid tetraploid
No. No. % No. % No. %

one-step anther*! 62 44 71 18 29 0 0
two-step anther*? 146 52 36 94 64 <10 6-7
protoplast*? 169 18 11 114 67 37 22

*1 Anthers were inoculated on the N6 hormone-free medium after hormone treatment.

*2 Anthers were inoculated on the N6 medium supplemented with 2. 0 mg// 2, 4-D and 0. 5 mg// BA,
and calli formed were transferred to the N6 medium with 0. 1 mg// NAA and 5. 0 mg// BA for plant
regeneration.

Some uncertainty has been observed for tetraploid plants.

*3Five abnormal regenerants were excluded from the Table.

Table 2. Somaclonal variation detected in lines of A2 generation.

one-step two-step protoplast
characteristic anther culture anther culture culture

No. % No. % No. %
lines tested 13 100 85 100 113 100
somaclonal variants 7 54 58 69 108 96
culm length 5 39 37 44 96 85
hair 2 15 21 25 69 61
seed fertility 0 0 17 20 31 27
panicle length 0 0 10 12 43 38
panicle number 0 0 6 7 18 16
heading date 1 8 3 4 9 8
grain size 0 0 1 1 1 1
awn length 0 0 1 1 0 0
glume shape 0 0 1 1 0 0
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number of the lines are available for examination. Nevertheless, it is worthwhile to discuss the
results at least semi-quantitatively.

The frequency of somaclonal variation increases with the order of the one-step, the two-step and
the protoplast cultures just as was observed for the ploidy of regenerants(Table 2). This supports
the previous statement by several authors'®~*? that variation increases with increasing duration of
culture.

Variations on culm length, hair and heading date are commonly observed in the three cultures
with high frequency for the former two and with low frequency for the last one. Variations in seed
fertility, panicle length and panicle number are found with relatively low frequency in the two-step
anther and the protoplast cultures.

Interestingly, all of these six variations show their specific tendencies in the direction of variation;
that is to say, shortening for culm length, reducing to zero for hair, delaying for heading date,
lowering for seed fertility, shortening for panicle length, and increasing for panicle number.

The results in Table 2, coupled with these tendencies in the direction allow prediction of the types
and frequency of variation to be observed in A2 lines of the anther cultures or the protoplast culture,
and help to make effective use of the culture methods for rice breeding.

3. Some details of variation in the three cell cultures
(1) Protoplast culture

More than 959 of the lines exhibit somaclonal variation, and only 5 lines show no variation in
A2(Table 2 and 3). However, no characteristic variation of protoplast culture is found among the
various kind of variants. As for segregation of characteristics, 41 out of 113 lines(369%)showed
segregation in A2. This frequency is almost the same as that observed in the two-step anther
culture®. From these results, it is concluded that somaclonal variation occurs mainly in the haploid
callus rather than homozygous diploid callus in the protoplast culture as well as the anther cultures.

Protoplast culture causes multiple variations in characteristics with high frequency(Table 3).
Variation of as many as five characteristics in one plant is found for some lines. It should be,
however, noticed that one third of the variants exhibit relatively useful characteristics for rice
improvement such as short culm length and reducing hair and that fairly low frequency is observed
for unfavorable alteration such as short panicle length and low seed fertility. It is hence under-
" stood that variation induced in the protoplast culture does not hinder obtaining useful transformants
through protoplast. Table 3 tells at least one useful transformant having advantageous variation
can be obtained every three transformants derived through protoplast culture.

Table 3. Multiple variation in A2 lines derived from protoplast culture.

multiplication in

variation line most frequently observed variations
No. No. % No. characteristic
0 (no variation) 5 5
1 20+6** 19+ (6) 16 short culm length
2 30 28 . 18 short culm length, reducing hair
3 29 27 17 short culm length, reducing hair, short panicle
length
4 19 17 9 short culm length, reducing hair, short panicle

length, low seed fertility
5 4 4

*1Variation in one characteristic was detected on reducing hair, low seed fertility or changing heading date.
However, whether these six lines had multiple variations or not could not be determined.
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Fig. 1 Somaclonal variation of hair on glume.
Glabrous glume(right)induced by anther culture, and hairy glume (left)of mother
cultivar ‘Koganebare’.

(2) Anther Culture

The short duration of the one-step anther culture does not give disadvantageous variations, but
does give useful ones for rice improvement such as short culm length and reducing hair (Table 2).

The conventional two-step culture yields the same type of variation with lower frequency than
the protoplast culture does(Table 2). Thus, we can obtain any of the variants derived from
protoplast culture by the two-step anther culture.
4. Breeding of glabrous rice plant

This is the first report, to our knowledge, on somaclonal variation of reducing the hair of rice
plants. In fact, the results in this study show a remarkable contrast to those in protoclonal® and
gametoclonal***'* variation studies in which no glabrous variants have been found. Glabrousness
is a useful characteristic in rice since dust is drastically reduced in hulling and threshing by machine.
This is especially true in this country since most of the popular Japanese rice varieties have hair.
This study gives the most reliable method of breeding a glabrous rice variety (Fig. 1). As a matter
of fact, a glabrous new variety of ‘Sumi-rice’ has been bred through the anther culture of
‘Koganebare’. The gene locus of glabrousness is now under investigation, and will be published
elsewhere.
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