WAk 10(4) © 285~293

KJWS 10(4) ; 285~293

Selection of Herbicide-Tolerant Rice (Oryza sativa L.)
Callus by Tissue Culture
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ABSTRACT

The response of callus growth of rice (Oryza sativa L.) cultivars which showed different responses to herbicides

as seedlings was investigated to select resistant or tolerant calli. Callus growth of IR28 which was susceptible to

thiobencarb (S-[(4-chlorophenyl) methyl]diethylcarbamothioate) during callus induction was not inhibited by

107 M and 10-% M thiobencarb, indicating that there was a difference in tolerance among callus induction and
growth, and the intact plant level, A similar result was obtained with IR31917-45-3-2-2 to butachlor [N
- (buthoxymethyl) -2-chloro-N- (2, 6-diethylphenyl) acetamide]. The fresh weight of IR28 callus transferred into
10~° M thiobencarb after treatment at 10-®* M for 30 days was not affected by the herbicide, indicating that

transferring callus into gradually higher herbicide concentrations can be a useful method for selection of herbicide

~tolerant cell lines.
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INTRODUCTION

In recent years, plant cell and tissue culture techni-
ques have been employed in research involving herbi-
cide selectivity and resistance in plants (1) . Selection
in cell cultures has been used as a routine means of
obtaining tobacco (Nicotiana tabacum L.) mutants
which are resistant to herbicides. Tobacco cell lines
resistant to 2, 4-D (2, 4-dichlorophenoxyacetic acid)
(14), chlorsulfuron (2-chloro-N -[[(4-methoxy

-6-methyl-1, 3, 5-triazin-2-yl) amino]carbonyl]ben-

zene sulfonamide) and sulfometuron (2-[[[[(4,
§-dimethyl-2-pyrimidinyl) amino Jcarbonyl]amino]
sulfonyl]benzoic acid)-methyl (2), amitrole (1H-1,

2, 4-triazol-3-amine) (12), vernolate (S-propyldi-

propyl-carbamothioate) (3), picloram (4-amino-3,

5, 6-trichloro-2-pyridine-carboxylic acid) (1), bent-

azon[3- (1-methylethyl) - (1H) -2, 1, 3-benzothiadi-
azin-4(3H)-one 2, 2-dioxide] and phenmedipham
(3-[ (methoxycarbonyl) amino]phenyl(3-methyl-
phenyl) carbamate) (10), and paraquat (1, 1’-dimeth-
yl-4, 4'-bipyridinium ion) (4) have been isolated,
Isolation of carrot (Daucus carota) cell lines resistant
to glyphosate [N -(phosphonomethyl)glycine] (9)
and tomato (Lycopersicon esculentum L) cell lines
resistant to paraquat (13) have been reported.

Populations of cultured plant cells generally contain
spontaneous variants which differ from the rest of the
cell populations in any of a number of characteristics
which may or may not be the result of mutation (6) .
Furthermore, a number of cases have now been repor-
ted in which traits, such as herbicide resistance,
selected from cell culture have been retained in
regenerated plants and transmitted genetically to the
progeny (7).
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This experiment was conducted to determine the
response of callus growth of rice cultivars which
showed different response to herbicides and to select
calli which were resistant or tolerant to different

herbicides.
MATERIALS AND METHODS

Experiment 1. Screening for Tolerance to Butachlor
and Thiobencarb

Seventeen cultivars were screened for tolerance to
butachlor or thiobencarb using the screening method
described in Shin et al. (11). Butachlor and thioben-
carb were applied at a concentration of 2 x 10°°* M.
There were three replications. Plant height and dry

weight were measured 10 days after treatment.

Experiment 2 Herbicide Tolerance through Tissue
Culture

Cell culture. Dehulled mature seeds of rice which
were sterilized with 70% ethanol for 1 min. followed
by 0.1% mercuric chloride solution for 15 min. were
washed three times with sterilized water.

Callus was induced in the dark at 25 + 1°C from
these seeds and their scutellar tissues on modified
Murashige Skoog(MS;) (8) medium supplemented
with 2.0 mg/1 of 2,4-D and 0.2 mg/1 of BAP (ben-
zylamino purine) and on modified Gamborg’s B5(A)
(5) medium supplemented with 0.5 mg/1 of 2,4-D.
The callus was subcultured in the same modified MS
medium . The shoot regeneration medium consisted of
the MS medium supplemented with 2.0 mg/1 of BAP
and 0.2 mg/1 of NAA (a-naphthalence acetic acid)
(MSB) . Shoots were regenerated in the light at 25 +
1C.

Media containing various concentrations of herbi-
cides were prepared by adding the appropriate
amounts of herbicide sterilized through a millipore

filter from stock solutions.

Experiment 2a. Callus Induction from Rice
Tissues
Callus was induced from mature seeds and scutellar

tissues of each cultivar on MS; and A medium. Callus

formation was determined 50 days after incubation for
mature seed and 30 days after incubation for scutellar

tissue and expressed as follow ;

x 100

The callus was removed from seed and weighed to
determine its fresh weight, The treatments were re-

plicated three times,

Experiment 2b. Cultivar Growth Response of
Calli to Herbicides

The objective of this experiment was to investigate
the growth response of rice callus from different
cultivars to herbicides of different concentrations.

Scutellar callus obtained from mature seeds of IR43
and Taipei 309 were subcultured every 2 weeks. Fifty
milligram pieces of healthy callus were transferred to
A medium which was a modified B5 medium (5)
containing 107°* M, 10-*M, and 10~* M of butachlor or
thiobencarb. Each concentration had a minimum of
five replications. Callus cell growth was determined
by measurement of initial fresh weight and fresh

weight after 30 days.

Experiment 2c. Selection of Herbicide-Tolerant
Cell Lines

This experiment was conducted to select calli toler-
ant to herbicides and to regenerate plants from
selected calli,

Callus obtained from mature seeds of IR43 and
Taipei 309 was used. Calli which were subcultured for
8 weeks were divided into small pieces of approxi-
mately-50 mg and transferred to A medium containing
10~% M of butachlor or thiobencarb, After 1 month,
vigorously growing callus were selected and transfer-
red to fresh medium containing the same herbicide
concentration, The surviving or growing callus lines
were transferred to a regeneration medium after four
consecutive selections and the plants grown to matu-

rity.
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RESULTS AND DISCUSSION

Responses of Cultivars to Herbicide and Callus
Formation

Cultivars which were screened for tolerance to the
herbicides were divided into the two groups. Those
with plant heights greater than 50% of the untreated
control were regared as being tolerant to the herbicide
and those that had greater than 80% inhibition in
plant height were considered to be susceptible to the
herbicides (Tables 1 and 2) .

Differences in frequency of callus formation
between cultivars which were tolerant and those
which were susceptible to herbicides were observed,
Cultivars tolerant to butachlor such as New Sabar-
mati (BAS), IR29738-48-2-3-4, IR8866-30-3-1-4-2,
and IR27095-20-18 had higher callus formation and
fresh weight than susceptible cultivars such as
IET3257, IR17494-32-3-1-1-3, IR31917-45-3-2-2, 5207,
and Cheriviriuppu (Table 1). A similar trend was

observed with thiobencarb (Table 2) .

Table 1. Effect of butachlor on plant growth and callus formation of different rice cultivars.

Tolerance to Callus Fresh weight
. butachlor formation of callus
Cultivar Plant Dry (%) (mg/seed)
height weight
9% of control
Tolerant group
New Sabarmati (BAS) 71.3 50.7 82.4 37.4
IR29738-48-2-3-4 54.9 37.8 43.8 25.7
IR8866-30-3-1-4-2 69.5 41.0 44.8 17.9
IR27095-20-18 61.4 63.2 72.2 45.7
Average 64.3 48.2 60.8 31.7
Susceptible group
IET3257 16.6 13.7 36.1 14.7
IR17494-32-3-1-1-3 9.0 8.6 20.0 12.8
1IR31917-45-3-2-2 15.0 18.1 29.0 21.8
5207 18.0 21.1 30.0 13.2
Cheriviruppu 14.8 14.0 16.7 9.5
Average 14.7 15.1 26.4 14.4

Table 2. Effect of thiobencarb on plant growth and callus formation of different rice cultivars.

Tolerance to Callus Fresh weight
. thiobencarb formation of callus
Cultivar
Plant Dry (%) (mg/seed)
height weight
% of control
Tolerant group
IR9660-50-3-1 74.0 82.2 92.1 41.8
IR10198-66-2 75.1 85.9 33.3 14.5
Nona Bokra 76.6 74.0 84.6 30.4
Kami-Iku 382 80.0 70.4 75.0 34.3
Average 76.4 78.1 71.3 30.3
Susceptible group
IR5 1.7 2.5 31.6 12.1
IR28 4.8 2.5 46.9 13.7
IR28150-84-3-3-2 4.7 7.6 38.7 13.7
NR10041-66-3-1 2.0 4.9 66.7 45.6
Average 3.3 4.4 46.0 21.3
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Effect of Herbicides on Callus Formation and
Fresh Weight from Mature Seeds

The frequency of callus formation from Taipei 309
was higher than that of IR20 and IR43 with both
butachlor and thiobencarb, regardless of the herbicide
concentration used when mature seeds were cultured
for callus induction in modified MS medium contain-
ing herbicide (Tables 3 and 4). With a herbicide
concentration of 107> M, no callus was induced from
1IR20 and IR43 but callus formation equivalent to 87%
of the untreated control was obtained with Taipei 309
which had been found to be more tolerant to both
herbicides in a seedling test (11) . The same trend was

observed for callus fresh weight (Tables 3 and 4) .

Effect of Herbicides on Callus Formation and

Fresh weight from Scutellar Tissue

Differential responses in callus induction and fresh

weight were observed with different concentrations of
herbicides on MS,; and A medium. A concentration of
10~* M butachlor and thiobencarb completely inhib-
ited the induction of callus from scutellar tissue of
Taipei 309 regardless of the media, No significant
inhibition in callus formation was obtained with 107
M butachlor and thiobencarb at 30 days after incuba-
tion on MS; medium, and 10-®* M butachlor, thioben-
carb and glyphosate and 10 M glyphosate on A
medium (Tables 5 and 6) .

When 107°* M and 10~* M glyphosate were applied to
A and MS; medium no inhibition in callus formation
occurred on A medium but on MS; medium significant
inhibition was observed. These results indicate that
there are different responses in callus formation
between media which contain different nutritional
components when herbicides are incorporated into the

media .

Table 3. Effect of butachlor on callus formation from mature seeds.

Cultivar Herbigide ) Seeds Callqs Fresh weight % of control
conc. (M) inoculated formation of callus Callus Fresh
(no.) (%) (mg/seed) formation weight
IR20 10°° 48 0.0d 0.0 f 0.0 0.0
10-¢ 48 46.3 c 5.4 € 68.3 66.7
Control 48 67.8 b 8.1 de - -
IR43 10°° 48 0.0d 0.0 f 0.0 0.0
107¢ 41 67.0 b 7.7 de 99.4 30.6
Control 44 67.4 b 25.2 ¢ - -
Taipei 309 107° 32 84.7 a 12.3d 87.1 14.7
107¢ 40 97.2 a 54.4 b 100.0 65.2
Control 39 97.2 a 83.4a - -

Y In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT,

Table 4. Effect of thiobencarb on callus formation from mature seeds.®

Cultivar Herbicide _ Seeds Callus Fresh weight % of control

conc. (M) inoculated formation of callus Callus Fresh
(no.) (%} (mg/seed) formation weight
IR20 1075 48 0.0d 0.0e 0.0 0.0
10~¢ 48 51.2 ¢ 6.2 de 76.0 76.8

Control 48 67.8 b 8.1d - -
1R43 10°° 48 0.0d 0.0 e 0.0 0.0
10~¢ 39 66.4 b 7.74d 97.8 31.0

Control 44 67.4 b 25.2b - -
Taipei 309 107° 43 86.6 a 16.4 ¢ 88.3 19.3
10-° 44 97.9 a 80.3 a 100.3 97.7

Control 39 97.2 a 83.4 a - -

"'In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.
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Table 5. Effect of different herbicides on callus induction and fresh weight from scutellar tissue of Taipei

309 on A medium ?

Scutellar tissues

Frequency of

Fresh weight 9% of control

Herbicide inoculated callus induction (%) of callus Callus Fresh weight
conc. (M) (No.) 15 DAIV 30 DAIV (mg/callus) induction of callus
B (30 DAD)
Butachlor 107 60 0.0 e 0.0 f 0.0 g 0.0 0.0
107° 45 6.7e 13.0 e 2.0f 19.8 10.4
107° 75 44.5 bc 66.7 bc 14.4c 99.3 75.0
Thiobencarb 107* 60 0.0 e 0.01f 0.0 g 0.0 0.0
1075 60 15.5d 15.5 de 4.7e 27.2 24.5
107° 88 37.8 ¢ 57.8 ¢ 16.0 b 87.9 83.3
Glyphosate 10 45 2.2 e 24.5d 2.81% 36.3 14.6
1073 60 55.5 a 75.5 ab 12.7d 114.1 66.1
107 60 55.5 a 84.4 a 12.3 d 124.0 64.1
Control 58 48.9 ab 66.7 bc 19.2 a - -

Y DAI ; days after incubation.

? In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.

Table 6. Effect of different herbicides on callus induction and fresh weight from scutellar tissue of Taipei

309 on MS; medium.?

Scutellar tissues

Frequency of

Fresh weight 9% of control

Herbicide inoculated callus induction (%) of callus Callus Fresh weight
conc. (M) (No.) 15 DAIY 30 DAIV (mg/callus)  induction of callus
(30 DAD
Butachlor 107 60 0.0d 0.0g 0.0 e 0.0 0.0
10°° 60 8.9d 15.5 f 16e 18.2 6.3
10°° 45 80.0 a 93.3 a 24.5 a 113.5 96.8
Thiobencarb 10™* 60 0.0d 0.0 g 0.0 e 0.0 0.0
10°° 75 35.5¢ 42.2d 8.9d 51.9 35.2
10°° 45 75.6 a 82.2 b 20.5b 100.0 81.0
Glyphosate 107 60 26.7¢ 289 e 3.1e 36.5 12.3
10°° 45 60.0 b 64.5 ¢ 14.5¢c 78.3 57.3
10°° 45 55.5 b 57.8 ¢ 11.9 cd 70.3 47.0
Control 45 7.8 a 82.2b 25.3 a - -

Y DAI ; days after incubation.

2 In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.

The fresh weight of Taipei 309 callus induced from
scutellar tissue was decreased significantly by all
concentrations of butachlor, thiobencarb, and
glyphosate on both media except when 10~* M butach-

lor was used on MS; (Tables 5 and 6) .

Growth Response of Callus to Herbicides

Inhibition of callus growth was greater as the herbi-
cide concentration increased from 107®* M to 107* M.
Butachlor at 107° M and 10® M inhibited callus
growth of IR43 and IR31917-45-3-2-2 more than that

of Taipei 309. This trend was not observed at the 10~*
M concentration (Table 7). IR28 callus growth was
not inhibited by 10~* M and 10~® M thiobencarb. This
differs from the results found in the seedling test
indicating a difference in herbicide tolerance between
the callus level and the whole plant level (Table 8).
However, Zilkah et al. (15) reported that except for
some photosynthetic inhibitors there were fairly good
correlations in phytotoxicity between seedlings and
callus of Rumex obtusifolius L

Differential cultivar response to herbicides can be
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Table 7. Growth response of 8-week old rice callus of different cultivars to different butachlor concentrations ?

Calli Fresh weight Increase in 9% of
. Herbicide  inoculated of callus fresh weight control
Cultivar conc, (M) (No.) (mg/piece) (mg/piece)
0 DATYV 30 DATY
Taipei 309 107 35 53.4 57.0 3.6¢g 5.1
108 70 53.4 109.4 56.0 d 79.7
10°° 63 55.7 131.0 75.3 ¢ 107.0
Contro! 56 57.5 127.9 70.4 ¢ -
1R43 107 35 55.2 65.9 10.7 fg 15.0
10°° 70 52.3 96.6 4.3 e 65.2
107¢ 42 59.8 106.5 46.7 de 68.9
Control 56 55.2 123.1 67.9 ¢ -
IR31917-45-3-2-2 107 63 49.5 66.5 17.0 £ 15.0
1078 63 57.5 108.2 50.7 de 44.6
107 63 47.3 139.9 92,6 b 81.4
Control 35 56.8 170.4 113.6 a -

Y DAT ; days after treatment

® In a column, means followed by a common letter are not significantly at the 5% level by DMRT .

Table 8. Growth response of 8-week old rice callus of different cultivars to different thiobencarb concentrations.?

Herbicide Calli Fresh weight Increase in 9% of
Cultivar conc . { M) inoculated of ca}lus fresh weight control
(No.) (mg/piece) (mg/piece)
0 DATY 30 DATYV

Taipei 309 10~ 49 53.7 65.5 11.8 g 16.8
1073 70 53.3 103.4 50.1f 71.2
10-° 42 54.6 111.4 56.8 ef 80.7

Control 56 57.5 127.9 70.4 e -
1IR43 10 35 55.6 75.5 19.9 g 29.3
10°° 63 53.2 100.5 47.3 1 69.7
10°° 35 56.3 113.0 56.7 ef 83.5

Control 56 55.2 123.1 67.9e -
IR28 107 35 54.0 101.8 47.8 f 44.9
10°° 105 51.7 165.1 113.4 cd 106.4
107¢ 70 50.8 176.8 126.0 be 118.4

Control 35 46.2 152.7 106.5d -
IR9660-50-3-1 1074 35 44.5 109.4 64.9 ¢ 44.1
107° 48 56.7 183.9 127.2b 86.3
10° 35 47.8 185.4 137.6 ab 93.4

Control 35 54.6 201.9 147.3 a -

D DAT ; days after treatment

? In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

attributed to inherent morphological or physiological

characteristics, biochemical differences among
cultivars, or to differential rates of uptake and trans-
location of the herbicide. Thus, the lack of specific
target sites for phytotoxic action in highly undiffer-
entiated callus may be the reason for differential
responses to herbicides between callus and whole

plants.,

Selection of Herbicide Tolerant Calli through
Cell Culture

Callus growth of IR31917-45-3-2-2 was promoted
on media containing 10~°* M and 10~* M butachlor as
incubation time was increased from 30 days to 60 days
(Fig. 1) indicating that cell culture selection for
butachlor-tolerant cell lines is possible.

Growth of IR28 callus treated with 10~* M and 105
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Increase in fresh wt (% of control)
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20 30 60
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Fig. 1. Fresh weight of IR31917-45-3-3-2 calli as
affected by different butachlor concentra-
tions and incubation times. Means followed
by a common letter are not significantly
different at the 5% level by DMRT.

Increase in fresh wt(% of control)

140 Herbicide concentration (M) a a
Yo Yo Mo
b

120F
100
80
60
40}

20

90. Control

60
Incubation time (days)
Fig. 2. Fresh weight of IR28 calli as affected by
different thiobencarb concentrations and
incubation times, Data bars having common
letters are not significantly different at the
5% level by DMRT,

M thiobencarb increased slightly as the incubation
time was increased from 30 days to 90 days (Fig. 2).

In order to determine herbicide concentrations for
selection of herbicide-tolerant cell lines, IR28 calli
treated with 107 M and 10~° M thiobencarb for 30
days were transferred into 10~° M thiobencarb and

incubated for an additional 30 days. After incubation,
the fresh weight of callus pretreated with 10™®* M
increased, while that of the callus pretreated with
10~® M decreased. This means that the callus cells
adapted themselves to the low herbicide concentration
but damaged by the higher concentration, Thus,
transferring calli into progressively higher herbicide
concentrations is a useful method for selection of
herbicide-tolerant cell lines.

Nafziger et al. (9) selected carrot cell lines to grow
in 24 mM glyphosate by transferring them into pro-
gressively higher concentrations of the herbicide.
Tolerance was increased 52-fold, and the adaptation
was stable in the absence of glyphosate. Development
of herbicide-tolerant cell lines and plants in crops has
been reported by a number of scientists (2, 3, 4, 12,
13),

Plant Regeneration from the Calli Affected by
Herbicides '

The calli which were incubated on the A and MS;
media supplemented with 10~*-M butachlor, 10-°* M
thiobencarb, and 10~ M glyphosate were transferred
into the regeneration medium(MSB) and incubated
for 60 days. The rate of plant regeneration was
markedly higher on the MS; medium than on the A
medium regardless of the herbicide and the concentra-
tions used. The rate decreased with the highest con-
centration of herbicides on MS; medium. Seven plant-
lets were regenerated from 12 calli which were in-
cubated on the MS; medium containing 1075 M
thiobencarb and 4 plantlets from 6 calli on the MS;
medium containing 10™* M glyphosate (Table 9).
These results indicate that plant regeneration from
calli stressed under herbicide treatment is possible and
selection of herbicide-tolerant cell lines and plant
regeneration from the selected cell lines through tissue
culture can be used for development of herbicide
resistant rice cultivars. The response of seeds harvest-
ed from the regenerated plants to herbicides is being

investigated.
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Table 9. Plant regeneration from Taipei 309 callus affected by different herbicides and different media.

No. of No. of regenerated
Medium Herbicide Concentration (M) calli )
. green plants
inoculated
A Butachlor 10°® 45 0
107° 3 0
10—4 — o
Thiobencarb 107¢ 80 1
107° 8 0
107 - -
Glyphosate 10°° 30 0
10°° 41 0
107 3 0
Control - 30 1
MS, Butachlor 10°° 18 17
10-5 _— —
107 — -
Thiobencarb 107¢ 20 52
10°° 12 7
107 - -
Glyphosate 10°¢ 18 51
107® 14 -
107 6 4
Control - 18 17
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