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Selection of Acid Tolerant Red Clover Cell Line
on the Cellular Level
II. Effect of some factors affecting suspension culture and acid

tolerant cell selection
Dae Young Son, Soon Hee Lee, and Jin Ki Jo
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I. INTRODUCTION

It is very expensive, time consuming and labo-
rious work to select an environmental tolerant plant
from 10°-10° plants in the field. On the other hand
it i a very simple work to select a tolerant cell
from about 10® cells in the laboratory if the tech-
nique is established. The history of a mutant selection
on the cellular level has not been so long. Resear-
ches in selection of cells tolerant to unfavorable
environments are mostly concentrated on the tole-
rance to salt, disease or to herbicide. Many scientists
reported the results of selecting mutant cell lines
tolerant to salt in rice(Flowers et al., 1981, Oono
et al., 1978, Yoshida et al., 1983) and tobacco (Dix
et al., 1975, Nabors et al., 1975, Nabors et al., 19
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80), to CuSO,(Oono 1978), valine analog(bourgin
1978), 1980) and
cyclohexamide Although

in vitro legume culture technique was first established

para-flourophenylalanine(Flick
in carrot(Gresshoff 1979).

in the 1950’s, somatic cell culture techniques on the
several legume species were applied only recently
(Phillips et al., 1978). The reports on the in vitro
culture of red clover have been limited to plant
regeneration from callus culture and from cell sus-
pension cultures by Phillips et al.

This experiment was conducted to select acid
tolerant cell lines of red clover at the cellular levels.
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I. MATERIALS AND METHODS

1. Suspension culture of red clover

Fortyfive days old friable calli subcultured twice
with 10 day-intervals derived from Kenland red
clover were used to establish cell suspension cultures.
One gram of fresh calli were placed in a conical
flask with 20 ml of plant regulator free PC liquid
medium and agitated on gyratory shaker with 120
rpm at 28°C for 7 days. Cells were screened with
a 80 m sieve for single cells and 1 ml of sieved
cells as packed cell volume were distributed to every
100 ml conical flask containing 19 ml PC liquid
medium for plant regulators treatment. Several
concentrations of 2,4-D and picloram as auxin
source and BAP as cytokinin source were combi-
nated for optimal conditions of suspension culture.
Basal

conditions were investigated among PC, SH, Bs, SL

media for optimum suspension culture
and BO. The proliferated cells were counted with

packed cell volume every other day for 12 days.
2. Selection of acid tolerant cell lines

Kenland red clover was used for the selection
of acid tolerant cell lines. Single cells on the expo-
nential phase were collected by centrifugation at
1,000 rpm for 3 minutes and were treated with EMS
(ethyl CH,SO,CHS)  as
mutagen. PC medium containing 2 mg/! 2,4-D
and 0.5 mg/! BAP were adjusted to pH 5.8 and

bacterial cells were eliminated by filtration with a

methane sulfonate, a

0.2 #m membrane filter. Various concentrations of
EMS were treated to 3 X 10° cells/ml for 8 hours
with 2-hour intervals. Survived cells after 2 days
EMS treatment were stained by Evan’s blue and
counted under a microscope. Suspension cultured
cells of 3 X 10° cells/ml in the exponential phase
were inoculated to medium containing 2 mg/ I 2,4-
D, 0.5 mg/{ BAP
acidified at the range of pH 5.8-3.0 in order to

and 0.5% agar and were

determine the least lethal concentration of acidity.
Colonies formed after 6 weeks of inoculation on
the plate were counted. In order to select acid
tolerant cell lines, a semisolid agar medium conta-
ining 2 mg/ ! 2,4-D, 0.5 mg/ [ BAP was adjusted
the pH lower than the least lethal concentration
of acidity and cells were inoculated to the medium.
After 12 weeks incubation, the survived colonies were
selected and transfered to a neutral medium of pH
5.8. Colonies were subcultured twice at the neutral
medium for 8 weeks, transfered to the medium
adjusted to pH 3, and subcultured twice for another
8 weeks. The survived colonies were sclected as acid
tolerant cell lines and subcultured twice at the

neutral medium for 8 weeks.

[I. RESULTS AND DISCUSSION

1. Suspension culture

Picloram and 2,4-D as auxin source and BAP
as cytokinin source were used for suspension culture
from callus of Kenland red clover. Concentrations
and combinations of plant regulators were compared
and the results are shown in Fig. 1. Growth are
denoted as the percentage of packed cell volume.
Packed cell volume was determined by measuring
the cell volume after centrifugation of the suspension
cultured cells at 1,000 rpm for 3 minutes. The
average growth was better in the treatment of pic-
loram than that of 2,4-D as auxin source but the
highest yield was obtained in the 2,4-D treatment.
In the 2 mg/ ! 2,4-D + 0.5 mg/ ! BAP treatment,
the growth rate was 90% which was the highest
yield. The highest yield in the picloram treatment
was achieved in the 0.5 mg/ [ picloram + 0.1 mg/
! BAP with the 80% growth rate which was dif-
ferent tendency in the callus formation where piclo-
ram resulted more callus formation than 2,4-D did
(Son et al., 1992 in contribution). The cells treated
with picloram only turned brown more rapidly than
those treated with 2,4-D only. Phillips et al. (19
80) used 0.06 mg/ ! picloram -+ 0.1 mg/ ! BAP as
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Fig. 1. Effect of growth regulators interaction on the cell growth of Kenland red clover.

plant growth regulator. The growth pattern according
to media after 12 days culture showed similar ten-
dency among treatments as shown in Fig. 2. The
growth rate in the PC medium was 75% after 8
days from incubation start but decreased thereafter.
Phillips et al. (1980) used SL medium. SL medium
did not showed better result than PC medium in
this experiment and cells grown in the PC medium
was used for the suspension culture of Kenland red

clover by subculturing 8 days old cells.
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Fig. 2. Effect of various midia on the cell growth
of Kenland red clover.

2. Treatment of Ethyl Methane Sulfonate(EMS)

EMS treatment experiment was conducted to
get the information of optimum range of EMS
concentration and treatment duration. Cells were
treated with various periods and concentrations of
EMS and survived cells after EMS treatment were
counted by staining with Evan’s blue. Viable cells
decreased with the increased EMS concentrations
and with the treated time as shown in Fig. 3. At
20% and 8 hours EMS treatment, survived cell
on the other hand at
0.1% and 8 hours treatment about 70 % of the cell

decreased to nearly 0%,

survived after 2 days incubation. The purpose of
EMS treatment is to obtain as many mutated cells
as possible. Too high concentration of EMS resulted
in all dead cells whereas too low concetration bro-
ught no mutated cells. So, the 1.0% and 4 hours
of EMS treatment was selected for the purpose,
because at that treatment about 50 % of the treated

cells were alive after 2 days incubation.
3. The least lethal pH

Medium pH was adjusted to the six steps at
the range of 5.0 to 3.0 in order to investigate the
least lethal pH of Kenland red clover cells when

EMS was free from the medium. Colonies survived
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Fig. 3. Effect of EMS on the survival of Kenland
red clover cells with time.

were counted after six weeks incubation in each
treatment. After six weeks incubation, average 172
colonies/plate were formed in the control treatment
of pH 5.8 when 3 X 10° cells/plate were applied
initially. The number of colonies were decreased with
the decreased medium pH and when pH was lowered
to 3, average only one colony was alived as shown
in Table 1. So the medium pH 3 was selected as
the least lethal pH.

4. Selection of acid tolerant cell line

The EMS concentrations to
0.0, 0.1, 0.5, 1.0 and 2.0% on the basis of the

previous experiment. In each EMS concentration,

were designed

cells were treated for 4 hours. The percentages of

viable cells were decreased with increasing of EMS

Table 1. Number of pH-resistant colonies after 6 weeks cultured in various pH concentration treatments.

No. of resistant colonies Total No. of
pH Rep. Rep. Rep. resistant Mean+SD®
concentration . ) 3 colonics
0.0 180 170 165 515 171.7 £+ 7.64
5.0 110 90 100 300 100.0 £10.00
4.5 80 70 65 215 71.77+ 7.63
4.0 30 40 33 103 343 £ 5.13
3.5 12 15 8 35 11.7 £+ 3.57
3.0 1 0 2 3 1.0 £ 1.73

® Standard deviation.

concentrations (Table 2). The survived celis after
4 hours incubation in EMS were plated every 3 X
10° cells/plate in PC semisolid agar medium adjusted
to the least lethal pH, the pH 3. After 6 weeks
incubation in each treatment, the colonies formed
were increased with increasing EMS concentration
1.0% but at 2.0%, the number decreased
drastically. It seemed that the cells treated with 2

until

% EMS were damaged seriously before acquiring

acid tolerance. The 1 % EMS treatment was the most
suitable in Kenland red clover cells for mutation
in which average 27 colonies/plate aquired acid
tolerance. The average frequency of mutation, which
was calculated by dividing the number of acid
tolerant colonies by 3 X 10° the initially plated
was 89 x 10° + 51 x 10°
1.0% EMS treatment. The mutated colonies at the

cell number, in

first selection was total 176, but the survived colo-



Table 2. Effect of EMS concentration on the 9, viable cells, the number of resistant colonies to pH and

frequency of colony formation.

Number EMS Total® Average frequency
cells plated concentration % viable number Mean+ SDP of colony formation
(cells/plate) (%v]v) cels of cells + SD°
0.0 95 4 1.34+1.66 43 X1074+55 X107
0.1 85 37 12.341.07 4.1 X10°43.5 X107
3IX10° 0.5 65 43 14.343.57 48 X10°+12 X107
1.0 50 80 26.7£1.53 8.9 xX10°%5.1 x10°°
2.0 10 12 4.0+1.00 1.3 X:107°+3.3 x107

8 Total number from 3 seperate experiments.
® Mean number of colonies 4 standard deviation.

© The frequency was calculated by dividing the number of resistant colonies by the total number of plated viable cells.

nies after two subcultures with 4-week intervals were

decreased to 44.

. SUMMARY

This experiment was conducted to select acid
tolerant cells from red clover suspension culture and
obtained following results. The most effective con-
dition of plant growth regulators for suspension
24-D as
BAP as cytokinin

culture of red clover cells was 2 mg/ [
auxin source plus 0.5 mg/ !
source. Among serveral basal media, PC medium
brought the best result. The most suitable EMS
concentration for the mutated cells tolerant to acid
was 1% with fours treatment and average 27 colo-
nies/plate were selected. The frequency of the occ-
urence of mutants tolerant to acid in 1% EMS with
10° which was

100 times larger than that of control. The total

four hours treatment was 8.9 X
colonies selected initially were 176 but the survived

colonies after two subcultures with 4 weeks interval

in a selection medium were 44.
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