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Table 1. Dose of sulfonylurea herbicides used in this experiment

Herbicide Dosage(g a.i. ha h
Azimsulfuron GR” 0.3 0.6 3 15 75 150
Bensulfuron GR 1.02 2.04 10.2 51 225 510
Cinosulfuron GR 0.42 0.84 42 21 105 210
Ethoxysulfuron GR 0.42 0.84 4.2 21 105 210
Imazosulfuron GR 1.5 3 15 75 375 750
Pyrazosulfuron GR 0.42 0.84 42 21 105 210

“Granule
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Table 2. Conditions of sample oxidizer conditions for
combusting the two biotypes of Monochoria
korsakowii grown in rice culture solution
containing ["*CTbensulfuron.

Sample size 03 ¢g

Pressure N; : 34 psig at initial 50 psig
O : 45 psig at initial 50 psig
45 sec

CARBO-SORB 8 mL

FERMAFLOUR v 8 mL

Combustion time

Cocktail volume
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Table 3. GRs value of sulfonylurea herbicides on resistant(R) and susceptible(S) Mnochoria korsakowii in greenhouse

GRso(g a.iha™)

Herbicide R S Ratio(R/S)
Azimsulfuron 107.1 12.5 8.6
Bensulfuron 273.2 1.2 40.3
Cinosulfuron 20.8 40.5 41.6
Ethoxysulfuron 19.7 43 4.6
Imazosulfuron 69.0 1.9 36.3
Pyrazosulfuron 254 04 63.5

ALS Ett k& % ol &S ZAIFATHIE 1). e g &
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B oS e Aoz A AGG AP Iy g
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pyrazosulfurono] Zz}z} 76wj, 66 1a]l1 62u] HA
el oo, azimsulfuron®} ethoxysulfurond z}2} 14}
227 1A Jdebdth weba SUA AzA s o
g o) AT YEF uhg Aol o]F AxA
9 AE&AHA ALSS AW Ao wlRolztn A
750} At
Table 4. Concentration of sulfonylurea herbicides re-

quired to inhibition 50% of ALS activity(Iso)

isolated from sulfonylurea - resistant (R) and
- susceptible (S) Monochoria korsakowii

Herbicide - Iso(nM) Ratio(R/S)
Azimsulfuron 1021 72 14
Bensulfuron 529 7 76
Cinosulfuron 152 4 38
Ethoxysulfuron 882 39 27
Imazosulfuron 528 8 66
Pyrazosulfuron 372 6 62

("Clbensulfuron E40/8 2 autoradiography

0 F5018 A

SUAl AlzAd e B2 A3 AZ8A 3}
ol o] AxA e Wi ALS 84 z}o)o]
HZEASS ¢ & ok 22 o3d ALSY) ut
SAolE UYehlA st 949e Ao Fiolgoz
THE7 9t 6~7 4719 4Bl [“Clbensul-
furonZ #2jste] Az A7d B2 ALY F4

=
BE7 [“Clbensulfron®] F4&& g F Alzho]
AHE 42 F7legoyd AP A Aole
gith. Mg F 6AMAAE #4E AHFY FF
#o] thh Bstout 12413 o) FREE 038 A
A4 Aedol T BA YEhRE, 24X AF Fo
£ AL A o7t AT FNFez E o
AZA) o) g [“Clbensulfurond] F582 AH)
A7 F808 o7} QAT |

gt oz NEF oA “C FHEY F5¢
o} zole BegdA FYRE oJFHe o|Ps] I}
ole] ZA37 W, e st FFH
[“Clbensulfuron oA ZHHE o}FH wlge Ay
¥ FA3 Aol7t AUk AP AL L A
F AZol AR 52 A JeEgen, Mz F 3
ADANE 54 AN ojggo] T A U
Ehtoy I o3 RE RAIZAAE AP AHEFol
Ta BRI, 8N FdE 44 9o 2
A Jeht A7 £33 2ol2 7HE AR
o

O Autoradiography

f1% 2 297 Ae3zt [“Cloensulfurons] F4
3 ool e a9 29 Zo] ANE F A Az
X-ray filme2 #43 autoradiograph® &¢1% 7}
ATk F MY 25w A 1 AY Fle F
2 2RI FRYUT A o FRE AE ¥
97k o= AE tehtr) A 12 A7 FlE
299 AR Fa Yeht 24 A A% F
de AR el 371591 98¢ B + U
ou YT FRW Aole TEE $7} gk
Wb 257 AUEzE ALS 94 Aol9) 9L SU



TIHE 2539 Sulfonylurea A 2Ao) NS AP FE717

80

243

50 |
40 }
30}
20 }

Absorption (% of applied)

A Susceptible

B Resistant

60

50}

30¢

20 t+

Translocation (% of absorbed)

A Susceptible

B Resistant

12

Exposure time(h)

Fig. 1. Time sequenced absorption (A) and translocation (B) of

[“C]bensulfuron by sulfonylurea - susceptible and

—resistant Monochoria korsakowii grown in rice culture solution containing 50,000 dpm/mL of 14[C]bensul-

furon.
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Amino acid sequence of ALS gene in susceptible biotype

Nucleotide sequence of ALS gene in susceptible biotype

Nucleotide sequence of ALS gene in resistant biotype(PTS)
Amino acid sequence of ALS gene in resistant biotype(PTS)

41
121

Pro
CcccC

121 ...

41
61
181

s
B

Val
GTC

181 ...

61
81
241

%
Pro
CcC

241 ...

81
101
301

*

Asp
GAC

301 ...

101
121
361

W
"

Val
GTA

361 ...

121
141
421

w

Pro
CcA

421 ...

141
161
481

Gln
CAA

481 .

161
181
541

Cys
TGT

541

181
201
601

Ser
AGT

601 ...

201
221
661

*

Gly
GGC

661 ...

221

241
721

I
%

Phe
TTT

721 ...

241
261
781

x
Lys
AAG

781 ...

261

Gly
GGA

GGG

Ile
ATC

3 -

Ala
GCT

Val
GTC
b3

Pro
CcC

Val
GTG
o
Arg
CGC

%

Ile
ATT

His
CAT

Leu
CTG

His
CAT

Val
GTG

Val
GTG

Thr
ACC

AGG

GAC

Leu
TTG

Ile
ATC

%

Ala
GCM

Met
ATG

e
Gly
GGT

Arg
AGA

His
CAC

% .

Asn
AAC

Val

ATC

Pro
CCT

*

Leu Val
CTC GTC

Ile Lys
ATA AAG

AR
Pro Lys
CCA AAG
SR
Gly Tyr
GGT TAT

* 3

Ser
TCT

Ser
TCC

o
Glu
GAG

*
Asp
GAC

*
Val
GTC

st
b3

Ala
GCC

%
Ser
TCC

*

Leu
CTG

o
Phe
TTT

aF
Gln
CAA

o
Arg
CGC

®

Ala
GCT

%
Gln
CAG

%
Leu

CTC

*

Asp
GAC

Gln
CAG

5
Pro

ccc

*

Ala
GCC

Asn
AAC

o
Ala
GCC

.#.
Leu
CTC

o
Lys
AAG

%

*
Pro
CCG

s
b3

CTC

CTT

'é.
Ser
AGT

o
Val
GTG

%
Pro
CcCY

*®

Ser

GAT TCT

Phe

Gly
GGC

Arg
CGT

P
Val
GTC

Pro
CCW

SR
Ala Leu
GCS CTC

*® *

Ile
ATA

;-
Gln
CAR

Asp
GAC

Pro
CCC

.
Trp
TGG

s
b

His
CAT

%

Pro
CcC

Glu
GAG

s
b3

Val
GTC
%

Gly
GGT

%
Asp
GAT

o
b4

Leu
CTG

Met
ATG

st
b

Thr
ACG

P
Asp
GAT

*

Pro
CCA

.¥.
Pro
CCR

e
b4

Leu
CTT

st
b

Argrresiewsiie ValThr Glu Ser Ser Arg Pro Val Leu Tyr Val Gly Gly Gly
CGS WTM GTG ACW GAG TCA AGC CGC CCT GTT CTC TAT GTT GGT GGC GGC
D G

"%
Ser
AGT

e
Gly
GGT

Thr
ACA

P

Phe
TTY

lle
ATC

. T

Lo
Glu Glu
GAG GAG

SRR
Leu Gly
CTT GGT

SRS
Val Tyr
GIT TAT
SRS
Asp Asp
GAT GAT

% Glu
Asp Ile
GAT ATT

® *

Ser
Leu
CTT

.%.
Val
GTT
o
Ala
GCC

-
Arg
CGA

A

Asp
GAC

%

*

®

%

*

b3

*

2 s

R

ste
B3

e
%

His arg/cysPhe Ala Asp Leu Thr Gly Ile Pro Ile Ala
CAT YGT TTT GCT GAC CTC ACC GGA ATT CCY ATW GCK
.GY ...

Arg
Tyr
TAC

%
Asn

AAT

b3
Val
GTG

Pro
CCA

%
Pro
CCT

o
Tyr
TAT

x

Thr

ACA

Ala
GCA

I’
b3

Leu
CTG

st
"

Ala
GCT

3

Gly
GGA

o
Glu
GAA

®
Asp
GAT

%
Ile
ATC

o
Lys
AAG

%
Ile
ATT

%
Gly
GGC

o
Asp
GAT
%

Leu
CTT

Gly
GGG

e
His
CAT
.#.
Lys
AAA
o
Glu
GAG

.§.
Lys
AAG

e
Leu
CTC

3%
Ala
GCT

X
Ala
GCT

Asn
AAC

SRS
Ser Leu
TCT TTG

SRS
Asp Leu
GAC CTG
SRS
Phe Ala
TTT GCA
SRS
Lys Gln
AAG CAG

%
Lys
AAG

*

Leu
TTG

Ser
AGC

Pro
CCT

e
Met
ATG

*

Leu
CTA

Arg
CGC

His
CAT

Leu
TTG

*

Ala
GCT

s .

Ala
GCA

Val
GTG

245

Comparison of the nucleotide and deduced amino acid sequences of partial ALS gene of sulfonylurea-
susceptible and - resistant Monochoria korsakowii. The nucleotide sequence of the susceptibile type is shown
on the top line, and the sequence of the resistant type is shown on the bottom line. The deduced amino
acid sequence of the genes are shown above or below their respective nucleotide sequences. Nucleotides that
are common to both biotypes are depicted with dots(.); identical amino acid residues are shown with
asterisks(*). Ambiguous nucleotide represented slashs(/) :K=G+T, M=A+C, R=A+G, S=G+C, W=A+T, Y=C+T.
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Mechanism of Sulfonylurea Herbicide Resistance in Broadleaf Weed, Monochoria korsakowii

Tae~Seon Park,, Yang-Bin Lhm, Kee-Sung Kyung, Su-Heon Lee, jae-Eup Park, 'Tae-Wan Kim and ’Kil-Ung
Kim (Department of Crop Protection, National Institute of Agricultural Science and Technology, RDA, Suwon
441-707, Korea, 1Department of Plant Resources Science Hankyong National University, and 2Dept. of Agronomy,
College of Agriculture, Kyungpook National University)

Abstract : This experiment was carried out to study the resistant mechanism of sulfonylurea(SU) herbicides to
Monochoria korsakowii occurring in the rice fields of Korea. The activity of acetolactate synthase(ALS),
absorption and translocation of [”C]bensulﬁnon—methyl, and DNA sequence of ALS genes were studied. The
apparent SU resiatance to Monochoria korsakowii was confirmed in greenhouse testes. Fresh weight
accumulation(GRso) in the resistant biotype was about 5- to 64-fold higher in the presence of six SU herbicides
compared to the susceptible biotype. The ALS activity isolated from the resistant biotype to herbicides tested was
less sensitive than that of susceptible biotype. The concentration of herbicide required for 50% inhibition of ALS
activity(Is)) was 14- to 76-fold higher as compared to the susceptible biotype. No differences were observed in
the rates of ["‘C]bensulfuron uptake and translocation. However, the DNA sequence from the resistant biotype
differed from that of the susceptible biotype by single nucleotide substitution at three amino acid each in the
middle region excluding the ends of ALS genes. We found three point mutations causing substitution of serine
for threonine at amino acid 168, arginine for histidine at amino acid 189, and a aspartic acid for phenylalanine at
amino acid 247, respectively, in the resistant biotype.
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