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Selection of cell lines with high DAPI stainability from rice (Oryza
sativa L.) suspension culture for protoplast isolation and
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Abstract. Suspension culture plays an important role in high yield of protoplast isolation. From our
routine maintenance of rice suspension lines, we found growth rates of most suspension lines were not
quite stable even after subculture for 3-4 months. A DNA specific binding fluorochrome-DAPI(4’,6
-diamidino-2-phenylindole) was used to elucidate the nuclear status of cell lines during culture. Suspen-
sion lines derived from anther calli were used for this study. The results show that cell lines tend to
have differential DAPI stainability during culture. The DAPI stainability is classified into high,
medium and low groups based on percentage of suspension cells exhibiting nuclear fluorescence imme-
diately after staining. Variations in regeneration ability and protoplast yield exist among three groups.
High DAPI stainability cell lines tend to have higher regeneration ability and higher protoplast yields
than the others. The average protoplast yields of high DAPI stainability lines are 2.5 X 107 protoplasts/
g - fresh wt. cells and 7.8 X 10° protoplasts/g - fresh wt. cells for cultivars Hsin-Chu 56 (HC56) and
Taipei 309 (TP309) respectively. A maximum yield up to 2-3 X 10® protoplasts/g « fresh wt. cells was
also noted occassionally. Plating efficiency apparently increased when selection for high DAPI
stainability and medium size of nucleus were applied. The non-stained cells were believed to be non-
vital or aged cells in a contrast study on FDA test.

Key words: Anther culture; DAPI(4’,6-diamidino-2-phenylindole); FDA(fluorescein diacetate); Fluo-
rescence; Protoplast regeneration; Suspension culture.

tion of haploid protoplast in comparison with diploid

Introduction

Protoplast isolation and regeneration in rice
(Oryza sativa L.) is no longer unreachable during the
past few years (Fujimura et al., 1985, Yamada et al.,
1986; Toriyama et al., 1986; Abdullah et al., 1986;
Kyozuka et al., 1987; Kyozuka et al., 1988; Lee et al.,
1989; Jenes and Pauk, 1989; Liu et a/., 1989; Li and
Murai, 1990). Achievements in gene manipulation
through protoplast culture in rice have been demon-
strated (Uchimiya et al., 1986; Zhang et al., 1988; Tor-
iyvama et al., 1988; Datta et al., 1990). Genetic manipula-

was believed to be more valuable for the expression of
incorporated gene (Toriyama et al., 1986).

The essential points for success in rice protoplast
regeneration can be referred to factors such as: (1) cul-
tural media (Yamada et al., 1986; Toriyama et al.,
1986; Lee et al., 1989; Li and Murai, 1990); (2) selection
of embryogenic calli for initiation of suspension culture
(Datta et al., 1990); (3) establishing fast growing cell
lines (Thompson et al., 1986); (4) conditions of enzyme
solution for protoplast isolation (Lee et al., 1989); (5)
protoplast plating on agarose beads or block; (6) the
utilization of nurse cells (Abdullah et al., 1986; Kyozu-
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ka et al., 1987); (7) genotypes (Yamada et al., 1986;
Kyozuka et al., 1988; Jenes and Pauk, 1989); and (8) age
of suspension lines etc.. However, our studies indicated
that establishing a stable embryogenic suspension cul-
ture is not easy for an inexperienced person and non-
selected suspension culture tends to show variations in
growth rate during subcultures. Even fast growing cell
lines derived from embryogenic calli were established,
growth vigor declined after subculture for a period of
time. Growth pattern of cell culture is a very complex
issue and tends to vary from material to material as
well as cultural methodologies (King and Street, 1977).
Suspension lines good for protoplast isolation and
regeneration can vary from one month (Li and Murai,
1990) to one year (Jenes and Pauk, 1989; Datta et al.,
1990). Protoplast yields generally varied from experi-
ment to experiment. The reason why these differences
exist remains unclear. DAPI(4’,6 - diamidino - 2 -
phenylindole) is a DN A-specific fluorochrome and has
been used as a vital stain (Coleman and Goff, 1985). In
an attempt to determine the nuclear status in suspen-
sion cultures of different growth rate, differential
stainability of DAPI on culture lines derived from the
same origin and same culture period were shown. In
this communication, we report the effects of DAPI
stainability of suspension lines on rice protoplast isola-
tion and regeneration.

Materials and Methods

Plant Materials and Induction of Callus from Anther
Culture

Two cultivars, Taipei 309 and Hsin-Chu 56, were
used in this study. Field materials were sampled from
Chai-Yi Experimental Station of Taiwan Agricultural
Research Institute. Primary calli derived from anther
culture were used for establishing the suspension cul-
tures for this study. Principal procedures for anther
culture followed that of Chen and Chen (1979) and Chen
et al. (1982) with slight modification. Rice culms with
unemerged young rice inflorescences were sampled at
the stage when the distance between ligules of the flag
leaf and the next leaf was about 3 to 5 cm. The excised
culms were pretreated at 8°C for 10-14 days. Pretreat-
ed culms were surface sterilized with 709 ethanol and
torn off the outmost leaflet followed by two changes of
0.5% sodium hypochlorite, each for two minutes and
then rinsed with sterilized distilled water. Anthers dis-
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sected from panicles of the center one third of inflores-
cence were inoculated onto D medium (Chen et al.,
1982), which is composed of N6 (Chu et al., 1975) in-
organic elements, MS (Murashige and Skoog, 1962)
organic components, 4 ppm a-naphthaleneacetic acid
(NAA), 2 ppm kinetin and 6% sucrose in liquid medium
or agar medium (0.8%) for callus induction. Within 4 to
6 weeks, calli were formed.

Initiation of Suspension Culture from Anther Culture

Calli derived from anther cultures were further
transferred into modified AA medium (Thompson et
al., 1986) for suspension culture. Suspension was sub-
cultured every 6-8 days. Fast growing lines or suspen-
sion lines with differential DAPI stainabilities were
subjected to protoplast isolation and plant regeneration
test.

Fluorescent and Nuclear Stain of Suspension Cells

For DAPI stainability classifications, samples
were taken from cells of suspension lines and stained
with 2-3 drops of DAPI stain solution (1.25 xg/ml in
Mcllvaine’s pH 4 buffer with 0.59% Triton X-100 for
enhancing penetration) (Coleman and Goff, 1985; Ver-
gne et al., 1987) and checked under the fluorescence
microscopy immédiately after staining. Percentage of
suspension cells exhibiting nuclear fluorescence was
estimated from the whole slide. Stainability were
roughly grouped into high (= 7095), medium (between
70% and 25%) and low (= 25%). For fluorescence
detection, Olympus BH2-RFL fluorescence microscope
was used with ultraviolet excitation and 435 nm bar-
rier. Suspension lines with differential stainabilities
were selected and subjected to protoplast isolation and
regeneration test. Cell viability can be further con-
firmed by FDA (Fluorescein diacetate) (2 mg in 1 ml
acetone diluted with 0.5 M sucrose before use) fluores-
cence stain (Widholm, 1972) under blue excitation with
495 nm barrier. For ploidy level determination follows
that of Chen and Chen (1980) except that modified car-
bol fuchsin (Kao, 1975) was used as stain.

Protoplast Isolation, Culture and Regeneration
Principal procedures for protoplast isolation and
successive cultures followed that of Kyozuka et al.
(1987) with slight modification. Suspension cell lines,
one or two days after subculture, were used for proto-
plast isolation. Forty to fifty ml suspension cells were
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filtrated through 280 u#m steel sieve. About one gram
fresh weight of the filtrate was mixed with 20-25 ml
enzyme solution and incubated at 30 °C for 4-5 h with-
out shaking. Gently pipette the enzyme-protoplast mix-
ture a couple times and filtrate through a series of
nylon sieves (140, 45 and 25 gm). Remove the enzyme
solution by centrifuge at 800 rpm for 5 min. Wash the
protoplasts with KMC solution (Harms and Potrykus,
1978) and pipette out the supernatant after centrifuge
(800 rpm, 5 min) for three times. For the final wash,
leave the residue volume no more than 1 ml and count
the number of protoplasts with hemacytometer.
Resuspend protoplast suspension with R2P medium
(Ohira et al., 1973) to twice the desired cell density. Mix
protoplast suspension with an equal volume of R2P
medium containing 2.5% (w/v) agarose (Sea Plaque,
LMT, FMC) in petri dish (6 cm). Cut solidified agarose
into small blocks and transfer to another 6 cm petri
dish containing 5 ml of R2P medium. Add about 1 ml of
nurse cells and culture the protoplasts in dark at 27°C.
After 10-15 days, remove nurse cells by washing with
R2P medium and transfer the agarose block to a new
petri dish containing 5 ml of R2P medium. Agarose
block containing visible colonies were transferred to
N6 medium containing 0.25% (w/v) agarose and in-

Table 1. Frequency of callus induction from rice anther culture

cubated under light at 27 °C. Microcalli were picked up
and placed on the same medium with a higher agarose
concentration (0.594). Colonies of about 2 mm in diame-
ter were inoculated onto the regeneration medium (N6
with or without kinetin). Shoot and root emerge within
one to two months. Plantlets of about 4-5 cm high were
grown under hydroponic culture in the growth chamber
for another two weeks before transplanting to green-
house.

Results

Callus Induction From Anther Culture

Microspore calli were induced within 3 to 5 weeks
after inoculation on cultural media (Fig. 1A). It is in-
dicated that calli were derived from young microspores
but not anther wall or other somatic tissues when
anther culture’ was investigated under the inverted
microscope. This is further confirmed by checking the
chromosome numbers. The experiment was carried out
in two consecutive cropping seasons. Frequencies of
anthers forming calli varied from season to season.
Varietal difference was also noted. In general, TP309
has an average higher percentage (37.6%) of anthers
forming calli than that of HC56 (12.4%). Both D liquid

Cultivar Culture No. of anther No. of anther % of anther Crop
medium inoculated forming callus forming callus season

TP309 D (1)? 117 11 9.4 "88I1°
D (s) 58 1 1.7 "88I1
D) 172 106 - 61.6 "891
D (s) 126 60 47.6 "891
Sub-total 473 178 37.6

HC56 D) 202 24 11.9 "8811
D (s) 84 4 4.8 8811
D® 405 63 15.6 "891
D (s) 130 11 8.5 "891
Sub-total 821 102 12.4
Total 1249 280 22 .4

8(1)- liquid medium, (s)- agar medium.
b[- 1st Crop Season, II- 2nd Crop Season.
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and agar media were tested. Results showed that callus
development was more favored in the liquid medium
than in the agar medium (Table 1).

Initiation of Suspension Cultures

Primary calli derived from anther culture were
subcultured for another 4 to 6 weeks in D liquid
medium or directly put into the AA medium for the ini-
tiation of suspension culture. Calli of the same variety
were generally pooled together. Growth rate of HC56 is
much higher than TP309 when they are subjected to
culture in AA medium. Fast growth lines of HC56 can
be developed no more than 2 to 3 months, while TP309
takes about 5 to 6 months. Anther calli of TP309 tend
to aggregate very easily. Chromosome counts for their
ploidy levels were determined when suspensions were 5
to 6 months old. About two thirds of cells were demon-
strated haploid (n=12) (Fig. 1B) with most of the rest
being diploid. After subculture for more than 6 months,
differences in growth rate among cell lines derived
from same origin became obvious. DAPI stain was
applied on these suspension cell lines. Differential
DAPI stainability (Fig. 1C-1E) was observed among
cell lines. For cell lines with slow growth rate, suspen-
sion calli tend to turn slightly reddish. Poor DAPI
stainability (Fig. 1C) was observed in these cell lines.

Table 2.

lines derived from vice anther culture

Nuclear size and distribution can be easily viewed by’
DAPI stain with fluorescence microscopy (Fig. 1C-1F).
Some cell lines took up DAPI stain easily, while others
either had a slow uptake rate or showed little
stainability. Lines with differential DAPI stainability
were selected and subjected to protoplast isolation and
regeneration test.

Protoplast Isolation and Plant Regeneration from Sus-
pension Lines with Differential DAPI Stainability

It is generally difficult to differentiate the growth
rate of suspension cells by their morphological appear-
ance. As shown in Table 2, cell lines are classified into
high, medium, and low DAPI stainability. Protoplasts
isolated from fast growth lines are sometimes found
with variations in protoplast yield. However, DAFI
stainability shows significant positive correlation with
protoplast yield (Table 2). High DAPI stainability lines
tend to have higher protoplast yield. The viability of
isolated protoplasts is generally above 85%. Variation
in protoplast size (Fig. 1G) was frequently noted and
the range varied from 8 gm to 28 ym in diameter with
an average of about 18 um. Sieving selection of suspen-
sion cells can not guarantee the high yield of proto-
plast. We sometimes found that some sieved cell
clumps even had low DAPI stainability and the proto-

Summary of DAPI classification, average protoplast yield and plant regeneration frequencies in suspension cell

DAPI® Avg. protoplast Avg. regeneration

Cell lines® classes yield (No/g calli) frequency (%)
HC56 WL L 5.3 X 10° 28.4
HC56 WM M 2.3 X 10° 30.0
HC56 WH H 3.0 x 107 40.1
HC56 SL L Trace -
HC56 SM M 1.2 X 10° 25.0
HC56 SH H 1.9 X 107 60.0
TP309 SL -L 5.0 X 10° 26.7
TP309 SM M 1.4 X 10° 37.9
TP309 SH H 7.8 X 10° 38.4

aHC56 WL, WM, WH: cultivar Hsin-Chu 56, suspension initiated since winter 1988; HC56 SL, SM, SH: cultivar Hsin-Chu 56, suspension
initiated since summer 1989; TP309 SL, SM, SH: cultivar Taipei 309, suspension initiated since summer 1989.

®Suspension lines with low, medium and high DAPI stainability. L: Percentage of suspension cells with DAPI stainability less or equal
to 25%; M: Percentage of suspension cells with DAPI stainability between 25% and 70%; H: Percentage of suspension cells with DAPI

stainability greater or equal to 709%.
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plast yield was generally low. Between the two
cultivars, HC56 suspensions tend to have small and
fragile embryogenic cell clusters, while cells of TP309
tend to aggregate easily. The average protoplast yield
is generally higher from HC56 than TP309. Although
the average regeneration ability seems to increase with
DAPI stainability, we find nuclear size and distribution
pattern are also important factors for deciding regener-
ation ability. Cell lines with large nucleus, weak fluo-
rescence, less compact or/and loose dispersion tend to
have lower regeneration ability. Vigorous cell lines
have brighter DAPI flourescence than less vigorous
lines. Comparison between suspension cell lines from
visible selection for fast growth lines and from selec-
tion for high DAPI stainability and nucleus pattern on
protoplast plating efficiency as well as regeneration
ability were studied. As shown in Table 3, plating effi-
ciency and regeneration ability significantly increase
with DAPI selection when proper cell lines were used
as nurse cells. Nevertheless, line to line variations on
protoplast division and cell colony development occur-
red frequently. Failure to have protoplast division and
colony development were also observed when selection
for DAPI stainability without noting the nuclear pat-
terns and cell types. Poor DAPI stainability lines tend
to have lower percentage of protoplast division, and
not every high DAPI stainability line can develop into
protoplast colonies. We find low DAPI stainability can
change to high DAPI stainability with intensive care
and proper subculture. However, as the subculture pas-
sage prolonged, the average plant regeneration de-
clined. Selection for high DAPI stainability without
noticing of nuclear size variations and cell patterns
tends to lower the regeneration ability, too.

Table 3.  Profoplast plating efficiency and regeneration
ability between selection and non-selection for
high DAPI stainability

DAPI Plating® Regeneration

Cell lines selection efficiency (%) frequency (%)

Hsin-Chu 56 No 5.2 20.0

Hsin-Chu 56 Yes 11.1 42.6

Taipei 309 No 0.4 -

Taipei 309 Yes 9.7 40.0

?Plating efficiency = (No. of colonies with at least 7-8 cells
aggregate)/ (No. of cells/plated).
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Discussion

Haploid protoplasts can be obtained from suspen-
sion lines derived from anther culture. This study indi-
cates that after 3-4 months of subculture 50-609% of
suspension cells remain haploid, however, prolonged
culture significantly increase the percentage of
multinucleate cells. Chen and Chen (1980) reported
chromosome number change in microspore callus of
rice during successive subcultures. Nishibayashi et al.
(1989) also noted the chromosome variations among
protoplast-derived calli and plants regenerated from
the calli of rice. Spontaneous chromosome doubling
through endomitosis or endoreplication are inevitable
during the culture (Sunderland, 1977; Chen and Chen,
1980; Kanda et al., 1988; Nishibayashi et al., 1989).
Therefore it should not be surprised that nucleus size
variation is frequently observed from the DAPI stain-
ing.

Genotype differences in response to culture were
also noted in this study. TP309 has been reported to
succeed in plant protoplast culture and regeneration in .
other labortories (Albdullah et al., 1986; Li and Murai,
1990). In this study, HC56 had a better growth rate in
AA medium in comparison with TP309. Under our cul-
tural conditions, TP309 had lower yield of protoplast
than HC56. This is because TP309 suspension lines tend
to aggregate more easily than HC56 in our culture.
Nevertheless, when fine suspension lines were collected
without passing through the steel mesh, we could
obtain reasonable amount of protoplast for manipula-
tion; too. Differences on the regeneration frequencies
of suspension lines and protoplast-derived calli
between two cultivars are not significant.

From this study, high DAPI stainability cell line
tends to have high protoplast yield. However, the rela-
tive regeneration ability and plating efficiency are not
completely relied on DAPI stainability. The relative
cell type, nuclear size and nurse cell lines also play
some roles in plant’ regeneration and protoplast divi-
sion. Therefore, selection is not solely based on high
DAPI stainability. The reason why high DAPI
stainability lines tend to have high protoplast yield can
be referred to either (1) actively dividing cells tend to
have thin cell wall which permits the DAPI penetration
more easily or (2) the non-stainable cells or slow DAPI
-taken cells are actually aged or even nonvital.
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Although DAPI was previously described by Coleman
and Goff (1985) as a vital stain, some contrary evidence
had been reported (Coleman et al., 1989). However, our
evidence from the FDA stainability, which was used as
a vital stain for culture cells (Widholm, 1972), shows
that low DAPI stainability cell lines tend to have low
FDA stainability, too. We also try to isolate DNA from
two cell lines, one with high DAPI stainability and the
other with poor DAPI stainability. Results indicate
that DNA can be isolated from the high DAPI
stainability line but not from the poor stained line. This
might support our suggestion that the DAPI non -
stained cells were actually non-vital cells.

We also find that low DAPI stainability lines can
change to high DAPI stainability, if medium refresh
and/or proper subcultures are done. Nevertheless, even
proper subculture is maintained, the decline in vigor of
cell lines is still inevitable. The average regeneration
ability is going down as subculture passages prolonged.
However, the oldest suspension cell lines, which we
maintained for about two years, still keep about 20%
regeneration ability without selection for callus types.
Fine dispersed cell clumps sieved through mesh, some-
times, can not obtain high protoplast yields. Through
the DAPI stainability test, it is found that some small
cell clumps even have poor DAPI stainability. Proto-
plast yield, plating efficiency and regeneration fre-
quency can be improved via the aid of DAPI
stainability selection (Table 2 and 3). Medium size of
nucleus and more compact cell type (Fig. 1E) generally
are indications of high plating efficiency of cell clumps.
Cell type with large or small dispersed nucleus (Fig. 1F)
generally yields large vacuole protoplasts and will not
develop into cell colonies.
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