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Development of Herbicide Resistant Plant
Through Plant Tissue Culture

Kim K. U.* and S. H. Kim*

ABSTRACT

This study was conducted to select and develop herbicide resistant plant through tissue culture. Growth
response of seedlings and callis of various rice varieties with Echinochloa species was assessed under the treat-
ment of various rates of butachlor [N-(butoxy methyl)-2-chloro-2’, 6’-diethyl acetamide] and simetryne [2,4-
bis(ethyl amino)-6-methy! thio-1,3,5-triazine]. Further, succinate dehydrogenase activity was determined in
herbicide treated callus to characterize different response of plants to herbicide. Rice variety like Sangpung
showed relative resistance in both callus and seedling states against butachlor, indicating maintenance of resist-
ance. However, in the simetryne treatment, the similar response was not observed in callus and seedling state,
although there was a great different response among plant materials against simetryne, Rice variety which ex-
hibited resistance in callus and seedling states showed low succinate dehydrogenase inhibition index. Succinate
dehydrogenase inhibition index can be used as an important marker characters to differentiate varietal re-
sponse of plant to herbicide. Rice plant was differentiated from butachlor and simetryne tolerant callus

treated at 2.5x10° %M is growing under the growth chamber and can be used for resistant source.
Key words ¢ Succinate dehydrogenase inhibition index, resistant plant, butachlor, simetryne

raquatell WHEBEE T FfEgte] WS s glos 11
BT IR 4.2 paraquat ol & 2 proto-
plast B# S F& TEEDHE Bk ¥ kel o8l
M AT #EY e 9 AR BRe P st vk v, HERSDL  @EEEES
At Hrt BE HEAA trazineF BREBE ¥ F3le] paraquat o 3 2 EHEREDE B S K
Moz yo] HES L v E, S99, FobF, B 2 MtEL paraquat & BEStE superoxide
5}, ulefo], Ao}z E 124560 Zo) HE J}-3-vl tria- dismutase (SOD) 9] &E#: 2 BWEWHES WL -8
zine Foll HEHMHS =] M) et el of TR #WET ¥l gdek = Furusawa® %2
Triazine % BREMMNASE 2.4-D, dalapon X pa- paraquat ol EHEQl el o] sLR2E R Ate AU

L

E 3

*HRILASRK BRKAKE BEH
*Dept. of Agronomy, Coll. of Agriculture, Kyungpook National Univ. Taegu 702-701, Korea

- 200-



OB dglon o] F1FA SODE WEHko] #imsl
Aol wE FRHo Idxn HEFSI T dels
Meredith® %2 HipiifuEE o BREF Hik
e i Jede BEELE BKYE + &g
#4519 L Thomas!® %2 E ol MlukE# S
paraquat o] W& X WEES Biks gk 17
%o 3] fiE F Wl S AFARd BREA
butachlor o MR3 REL ®qlvtes HEI w9
shfE BB (Japonics, Indice, Japonica x Indica)®] tr-
iazine & BREMW o7}t MR XEE Belvie A
4 Hpe o 752 BES 53 mHUESH B
HiEY HEBREERE dux KHABRE &7
EHARE RBHEL HEFECT o] Tl && W F
c}

BH 8 A

xR, S EARY BT

7t 2o AFRT A7) Hshe MS site] BEME
nbg Y3 BEM butachlor® 1076~103 M ME
2 gh&o] st BEAZ Heol B 20mlE 50
ml 4AFelead Y3 EREH A ERKED
7L 528 NFE Bl BHEPOl R £ R B
#2100 @ A, 30004 20 B?ﬁﬂ =2 o
FIF 2R EhwES &EY Js15AF homoge-
nizer 2 BERX] 7] ¥ #HLHBESId I BB Sml
< Thunberg tube F5=eol Wil HisEol+= phosph-
age buffere} #Hal succinate @ TTC(2, 3, 5-
triphenyltetrazolium chloride) &# S €148 TTC
HES 45ml Y2 K =T BKEAA % 37C
{58 7Kl 4 succinate dehydrogenase &] Ko 2
£HE HIste ok .

% 2 . Butachlor o o3 fittERIE

Succinate dehydrogenase | FEHEME SE @ Succinate
dehydrogenase & E#E#E-2 5. D. I (succinate de-
hydrogenase inhibition) HEH LR l5ch

BE L9 7t5~ 4 B= 7o) Thunbergtube
£ fEAste] MMKF] 0.1M phosphate buffer
(pHT7.6) 15ml& fnsked fF ERA Vel 2 7}
F25 BERT % F0OHRI BE 2mlE ESsd
da glEdlE 1% TTCHW(W/V) 1ml =t #Hal
0.2M succinate— Na, 1ml o] BREM MRES 5
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Mg Yo BEfs] THE 30em®yY & % ZEPR
¥ 3 o5 B 1084 S KEstgdd
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HE e T2 FH oli = BEEL ®HIA
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osphate buffer ¥&# (pH7.6) 2m & Y& &% 3
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250 BEE BENE sml 2 de REAA 24
# spectrophotometer 595nm o4 BHXEE HiFE
3l ek HRE ©&
8h4l ek
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1. WiE FIEABO SHERTE
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& mme £13 ek
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RERE S MRglol 7150 £F o] HR
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B mEel MRlel & R0 28 £FH UL
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2. Butachlor Ol tHEt M

B EM butachlor &l ™ &t succinate dehydrogen
ase ] WEHBEOR TTC RE ¥ succinate
dehychogenase inhibition(S D) i+ £29 3
<t SDI ##%7} butachlor BEEAA W&o uisle
simetryne BE A& =4 velvA simetryne
@37} succinate dehydrogenase o] TEifel MBI
2% Jelyctz £ 5 Ao SRl Indica v
Japonica 2.5} Indica XJaponica 3CHfE] A SDI 7+
wtotow ¢ 38|el Japonicaol4 #kch sld o By
ol T BREM Hs o s-&d SDIY BEHEE

Table 1. Reaction of succinate dehydrogenease in callus

treated with butachlor against TTC,

Plant Conc. of butachlor (M)
species 10°% 105 10 107

Sangpung (J) e
Rice  SR107755-6 xDY)  +  +  + 4+

Taeback (IxJ) + + +

IR 2 + + +

Echinochloa crus-galli

var. crus-galli * * *
Weed - U

Echinochloa . + . .

oryzicola

By 4 + + + +
Tobacco v

Burley 21 + + + +

1) I: Indica type, J: Japonica type, IxJ: Indica x Japonica
type
2) +: Positive reaction to TTC

debd — R AT SO BHIKES wgch
HE HRE Hafslo]ob@l 2| ut F— BREMel wlshsd
RG] SDI f5#el =R} & 9
e} o] #HE Furusawa® %ol paraqaatell iif4£Q]
w715 2ol A superoxide dismatase?] IEHo]
14~159 % minsle] SOD HHEE paraquatol o
3 ch o] HEHMERET WET A | WY
A4 et € 5 YA HEE 48 HREE
oF & Zolct

Butachlorel =&t thiese] MHHES &EE:
# 33 7o butachlor?l MRBEE o d BEE
U £RMHIERE ue 1073 MellAd = & R
el —# Wl A4EFE BAYT & BEEREAE

&

(-]
PR

Table 2. Effect of butachlor on succinate dehydrogenase activity in crude enzyme solution of callus.
Butachlor
P]‘;‘;:es Treated one Untreated one Inhibition
P Conc.(M) 10°M 0 index
0D (-logT)
SR 10775-5-6 (1 x I) 481 436 +)
1) Taeback (I x J) .136 126 +

Rice

Sangpung (J) .042 .097 43.3

IR 29 (I) 304 391 223

hi
Weeq?) ~ Echinochloa 114 196 40.8
. oryzicola .

1) Reaction time with herbicide: 12 hr

2) Reaction time with herbicide: 1 hr

3) + inicates no inhibition
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2% #Hrse BRE 249 W s & & f#t
gy e A AHER AR it e R
2 Jehgel AFL 104 MAAE 37%2  #H
g ¥l hab 2 MK E 2gT 107MAA
= i 3o A3 WMHEHEK S nolx &tk
o R ow uw Japonica B4l 4Fol hdica#
sl IR 29 2} e BE- € A 22w Indicax
Japonica XML Indica &3} Japonica B FR
RHE-S by el 3).

W o} =] HW#rsta s)7t REWEE batachlor
o B2 Velle o uct HE BECT BEE
Ak AFolv wly el 1075 M EEAA A
st gdod B3 77 %, A9 37 %Y AHE
vehi 4 REHoE 37t W Rt BEHES e
¢ yBET 4 Az v EEMAE 249 £&27
Al 3).

Fa4e ki o ¢ 9 EFrERd RS F
M7 =4 butachlor BEEZ} 7472 HBfel ol
BES vA=rE £HI BREA HY Afde
Bl o]} SR1077—5—6 %ol 10 SMell4 ofF8l
BEL ol gkotou MEZ Fold e} EE
g WHlHEgEE Jely ok 107M BlhkeiAde & ft
HEENA FEF22 mife] M=oy R £
RE BHAIE S 4Pt 2 4FL 1078
Mol Al £ BARY 7HR27F BRE 7152 R
oAz #HERE v MR HEE Jehe F2
2 dejzir] o]} 2 #BRE HHEWS RES —K

Table 3. % inhibition of plant species at 3 leaf stage
treated by butachlorl).

Plant Butachlor % inhibition
species (M) 108 10% 10t 107
Sangpung (1)?) o o 37 8
Rice SR 10775-5-6- (IxJ) 0 30 50 98
Taeback (IxJ) 0 0 40 100
IR29 () 0 13 53 100
inoch
Echinochloa -cms-galli 53 77 95 100
var, crus-galli
Weed  peninochl
chinocilon 10 37 95 100
oryzicola

1) % inhibition based on visual rating

2) J: Japonica type, I: Indica type, IxJ: Indica x Japonica
type

3) O indicates on inhibition

e Ao® @R"lel 22y batachlore] 3t o
o i HfES 75~ B Rl Y succinate de-
hydrogenase @] TEHEINGI HE % 37fHY KE &
F7F E—8 @S RolAw ggked s ate] 3
R e —HEM-E 2gchk #HE sFE 2
12 BsR =t MREM 2L KBS 4171 % succinate de-
hydrogenase & 7&tt-3 @EN 7] o Fo HEY K&
EZ7F QARERE RE7) ool 128 KRR
BE%S RES mERA A BAHERHE  0E
3= fEFMTES 7FA butachlor & 7}%2 kB
A GEM 285 Jebdla guch BEmos

Table 4. Percentage inhibition of callus fresh weight derived from seeds of rice and barnyardgrass, and pith from tobacco plant

treated with butachlor.

Plant species Butachlor % inhibition
™) 1078 1675 10 107

Sangpung () 52.5 76.0 99.0

Rice) SR 10775-56 (Ix}) 52.3 78.8 100.0

! Taeback (I x J) 0.09 62.1 100.0 100.0
IR 29 (D) 120 87.8 94.0 100.0
1 -

Weed Echinochloa .crus -galli 42.0 67.5 89.2 100.0
var. crus-galli
Echinochloa 24.6 61.2 88.7 100.0
oryzicola

Tobacco?? By 4 82.1 84.9 88.7 100.0
Burley 21 93.3 90.6 89.9 100.0

1) Fresh weight of rice and weed determined at 30 days after treatment

2) Fresh weight of tobacco determined at 15 days after treatment
3) J: Japonica type, I: Indica type, IxJ: Indica x Japonica type

4) 0 indicates no inhibition
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Table 5. Protein content of callus derived from seeds of rice and barnyardgrass as affected by butachlor treatment.
Untreated % of Untreated control
Plant
ecies control
° (ug/ml) 10°¢ 1078 10* 107
Rice Sangpung 960 _b - +2) )
! Taeback 1060 + T - 0
Echinochloa cl';-.us-galll var. 720 + . 0 0
Weed . crus-galli '
Echinochloa oryzicola 770 + + 0 0

1) Negative (—) sign indicates a little lower than the untreated control
2) Positive (+) sign indicates a little higher than the untreated control

3) 0 indicates no callus in that concentration
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< B2 Japonica Bl AHEH b Indica x
Japonica ¢l slwis v} SR—10775-5—6< A&
WHIE ®olx| gkskel Butachlor Bt simetryne
BAEREAA X3 KEMY KEXS 27 &%
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at W MBI LR g RE-S
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Table 6. Percentage inhibition of plant speciesat 3 leaf stage treated by simetryne .

Plant Butachlor % inhibition!’
species M) 10°¢ 107 10* 107°
Sangpung (1)) 0% 0 37 100
Ri SR 10775-5-6 (I x J) 0 0 87 100
1oe Taeback (I x J) 0 0 100 100
IR29(D 40 63 100 100
Echinochloa crus-g‘alli 30 88 100 100
var. crus-galli
Weed Echinochl
chinochioa 9 93 100 100
oryzicola
1) % inhibition based on visual rating
2) J: Japonica type, I: Indica type, 1xJ: Indica x Japonica type
3) 0 indicates no inhibition
F.wW, i
Treatment | of " Simetryne
Callus|107> Mf107* M| 1675 M|107* M #igt oz 7heA BRileldE #E7b ¢4 8 BsE
Variety (mg)

t} 28y AHEW = butachlor ol AT HRAY T
& RPN simetryne1073M EEEA £/ B
o]l 5= AL v Fo] Bol RAMSE BREMl o
& Fifke]l PeE ol BEMof & Aol 28
v} succinate dehydrogenase inhibition index (S.

D.Do fHE e £ 73 F 232 simetryne
1075M @R A AT s 87.2% AEHKE
Vel 4 B RE 2 713~ mEEEs —BEs
FEg Rolx v Aos Blsch

20 50

Sangpoong (J)

SR 10775-5-6 (Ix J)

Taeback (I x I)

IR29 (I)

Fig. 1. Varietal resistance in callus test.
Duration of simetryne treatments: 30 days.

= Ao
callus fresh weight per seed (treated) 4. W IRLR AL

Resistance = x 100 9] i £ + 4 O
callus fresh weight per seed (untreated) Butachlor ¢ simetryne of fugey LS e

Table 7. Effect of simetryne on succinate dehydrogenase activity in crude enzyme solution of callus.

Butachlor
Planf Treated one Untreate of one Inhibition
species Conc. (M) 10°M 0 index
OD (—log T)

SR 10775-5-6 1 X J) .359 436 17.7
Ricel) Taeback (Ix J) .105 126 16.7

Sangpung (3) .021 097 87.2

IR 29 (I) 163 391 58.3
Weedz) Echt{lochloa 042 2000 79.0

oryzicola

1) Reaction time with herbicide: 12 hr
2) Reaction time with herbicide: 1 hr
3) +indicates no inhibition
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dehychogenase o =8l 7HF47t REL 2oy
FtE2 I AR EELEBMeE ZA ARER
£ w2 Zez Jehydeh ofzlste] 2.5x10 %Mol
4 gelte 822 AR FHREA s
£EA(BY e A AFERES U WRE 5
A7l = AL S oy o Hre] HMTA 4
feHpe) FY=igla 1% 29 Fow shooting ¥
rooting = gk

o]Alel HET Had 2y AAE o RE M
¥ 53 4% butachlor BREMel wish LhE A5y
FH T4 WA A B Rt Jehi o] BERE
ol WtEe]l HAERE M Fu ek FHE sim-
otryn & A4EW 9 ghiffidpel REFP LA S A3
chd S JEhdle] HAYD BREMY /-3 Bt
£ Jel A A4 Batvh Bl £RE A5k

A S BREMI REY el Lepd SR

Fig. 2. Shooting and rooting of herbicide tolerant callus
Herbicide: Butachlor (A), Simetryne (B)
Concentration: 2 x 1675M
Rice variety: Taeback
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BEG Aol BES e BERRARHE WHEs %
FI#1EE 7}Al butachlor & HEEHY gEElA
HAH & WHEELE simetryne o S 2 Wit
T B A & RS #fTsled odolx &R
£ goskd oS3 2o
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4t

2. Succinate dehydrogenase inhibition index (S.
D.I.)2 & butachlor o S & ¥ REM £+ 7}
R4 BERES HEHBEIESs ) B
fmE e

3. Simetryne € $hEHAS] wlol| gr¥Es}= REY
o T3 g KiEel sl Japonica Mol WL
e glet 22 SR AAEAA £ simetryne
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