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Parkpoom Punyadee 2008: Acetolactate Synthase Activity in Selected Imazapyr-
Resistant Sugarcane Cells. Master of Science (Agricultural Biotechnology), Major
Field: Agricultural Biotechnology, Interdisciplinary Graduate Program. Thesis
Advisor: Associate Professor Tosapon Pornprom, Ph.D. 71 pages.

Selection of sugarcane (Saccharum spp.) cells resistant to imazapyr was carried out
using callus and cell suspension induced from the tight young furled leaves of sugarcane clone
K 95-282. The callus and cell suspension were cultured on modified MS medium supplemented
with 3 mg/L 2,4-D, 500 mg/L casein hydrolysate, 100 mg/L myo-inositol, 10 % coconut water
and pH 5.70. A sugarcane cell line from K 95-282 resistant to 1 wM imazapyr was obtained
after 420 days of selection, using a stepwise selection with increasing concentrations of
imazapyr from 0.1 to 1 uM. It was referred to as 1 .M imazapyr-resistant sugarcane cell line.
The results indicated that the resistance index of the resistant cells line was 116.7-fold higher
than that of the normal cells. To establish the biochemical mechanism of resistance to imazapyr,
acetolactate synthase (ALS) activity was determined in normal and resistant cells. Based on I,
value, ALS activity of the resistant cells was 6.5-fold higher than that of the normal cells at
various concentrations of imazapyr from 0.01 to 100 uM. These results suggested that the
biochemical mechanism of imazapyr resistance in the sugarcane cell line appeared to be an
alteration at the target site, based on the ALS activity, leading to less sensitivity to imazapyr.
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Ammonium sulfate
Completely randomized design
Cultivar

Deoxyribonucleic acid
Dithiothreitol

Enzyme commission

Flavin adenine dinucleotide
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Herbicide concentrations required to reduce growth by 50% or inhibit the

ALS activity by 50%
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p1am131 Sou tazihduihuiu Sy (Cox, 1996; Osuna et al., 2003)
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/N CH3 CH3 3
CH-CH, CH-CH,
v CH, Y CH,

(n) imazapyr acid (v) imazapyr isopropylamine

a1 Tassadumaniivesasdunaunes luginsa (n) uaglugihngoe (v)

fin: Tuetal. (2001)
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maewani 1 esdlszneuvesenmsdunsizvigas MS (Murashige and Skoog, 1962)

RETGREY Haansuaeans
Macroelements:
NH,NO, 1650.00
CaCl,.2H,0 1900.00
MgS0,.7H,0 370.00
KH,PO, 170.00
Microelements:
NH,-EDTA 37.30
FeSO,.7H,0 21.80
H,BO, 6.20
MnS0,.4H,0 22.30
ZnS0,.H,0 8.60
Kl 0.85
NaMoQ,.2H,0 0.025
CoCl,.6H,0 0.025
Organic compounds:
Myo-inositol 100.00
Glycine 2.00
Nicotinic acid 0.50
Pyridoxine-HCI 0.50

Thiamine-HCl 0.10
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M5mund 2 m3nsiyay Taveusadoonamenusg K 95-282 dietiiSunasiaad

Fuduananu

Ysmnasiwad s2eYIMN

(Waddns) 0 5 ! 10 14 24
laaansao D aaans
0.1 0.101 013i 015i 016hi 020ghi 021ghi 0.16C"
0.2 020ghi 033g 046f 086d 106bc 113b 067B
0.3 030gh  046f 073e 09cd 133a 137a 086A

=
may

e 020EY 031D 045C 067B 087A 091A 057
Duncan’s Multiple Range Test (0.05) szazinan 141.09
Duncan’s Multiple Range Test (0.05) 1/5uasiwaa 434.14

Duncan’s Multiple Range Test (0.05) szezinan X Usmasisad  26.75
CV.(%)=13.04%
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Sousmilouiulumds e ruanaaneaaa defiorsaneind LSR .05
Y o - 4
8¢ 1310

Snusnmilousuluuuou it nuuandaneada definisananal LSR .05
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MINHUINN 3 ﬂTnm'i”lwmmuﬂiﬂmummmimmumﬂmmmaaaaﬂﬂﬂ@]mﬂwu‘q

K 95-282 it tiaSunasirad s uduaiaiy
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Source of variation df SS MS F-Value
Day (D) 5 3.85 0.77 141,09**
Initial cell (C) 2 4.74 2.31 434 14**
DxC 10 1.46 0.15 26.75%*
Error 36 0.19 0.005
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Yy 9 [
ALY szozina (Tu)

(TuTas Tuans) 0 5 7 10 14 ma
liadansae D anans

0 0.301 0.601 0.72gh  120¢ 150a  085A"

0.0001 0.301 0.581 0.67h 0.85f 1271h  0.73B

0.001 0.301 0.50] 0.581 0.77¢ 110d  065C

0.01 0.301 0.48] 0.53i 0.72h 092¢ 059D

0.1 0.301 0455k  0.50] 0.68h 0.73gh  053E

1 0.301 0.42k 043k  057jk  044jk  04LF

e 030EY 050D  058C  0.76B 0.99A 052

Duncan’s Multiple Range Test (0.05) szez1aan 982.63

Duncan’s Multiple Range Test (0.05) aawdinda 283.98

Duncan’s Multiple Range Test (0.05) szezinan X ardiudiu 56.14

C.V. (%) =565%

Ve

2

Sousmilouiulumds e ruanaaneaaa defiorsaneind LSR .05
A ile

aﬂy'51nmmuﬂuiugguauau"luuﬂawugzﬁﬂmqme

worsavnal LSR .05
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ﬂ1§1QN11!'Jﬂ°ﬂ5 ﬂ”Ii’JLﬂi”l%ﬁﬂ’J”lmlﬂiﬂi’Juellf’Nﬂ”liﬁ]iillu!@]ﬂi@]%@\u“ﬁaa@@ﬂﬂﬂ@]ﬁ”lfJWLng K

05-282 Tuszoznananenu naean 185 uans oS unes NIzauaNIT Y

AN 9
Source of variation df SS MS F-Value
Day (D) 4 499 1.24 982.63**
Concentration (C) 5 1.80 0.36 283.98**
DxC 20 1.42 0.07 56.14**
Error 60 0.07 0.001

%% = 1 aa A o A o J 3 4
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1’?a\1i]1ﬂ]’lﬂ'5UﬁT'if’)ll”I%”ILW@?VI?%@]']J?’]Q”I?JLGUNGUH@YN 9

Yy 9 [
ALY szozina (Tu)
(TuTas Tuans) 0 5 ! 10 14
adansae D adans

030k 0669 0.85d 125h  150a  091AY

=
nay

0.1 030k  065¢ 0.80e 115¢ 150a 0888
1 0.30k 063gh  0.80e 115¢ 150a  087B
10 0.30k 0.461 0.59h 0.72f 068f  056C
100 0.30k 0325k 03] 0.35] 0.35gh 033D
1,000 030k 030k 030k 0.35] 030k  03LE
e 030EY 050D  061C 08B  098A  0.64
Duncan’s Multiple Range Test (0.05) szez1aan 2,104.86

Duncan’s Multiple Range Test (0.05) armdindiu 1,952.22

Duncan’s Multiple Range Test (0.05) szezinan X ardiudiu 255.20

CV. (%)=382%
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Y o - 4
80 1110
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MINHUINN 7 ﬂ”Ii’JLﬂi”l%ﬁﬂfJ”lmlﬂiﬂi’JuﬂJf’Nﬂ”lili]iillu!@]UTG]ﬂJ’EJQ!“Haﬁ@@EJG]”IHVI”IHET"I?’EJ?J”I

s A 1 [ [ Yo a s [ Yy 9
SFUNDT NITYSINIANNU 1’?a\1i]Tﬂ"l,ﬂ5']_IﬁTi@N”I"D’”ILW@':TVI':T%@]‘U?’YJ”I?JW?JGUH

AN 9
Source of variation df SS MS F-Value
Day (D) 4 5.13 1.28 2,104.86**
Concentration (C) 5 5.95 1.19 1,952.22**
DxC 20 311 0.15 255.20%*
Error 60 0.03 0.0006
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d' a Jd A )=} J 2 4 Y a
msamni 8 UsinaswadnlSeuiieu (nesidudvesyaniugu) veusaddestnduas

7Y Y a S A o [ Yo A [
IHAADDYAIUNIUTITOUIEUNDT N 14 ’Juﬁaﬂiﬂﬂ"lﬂillﬁ”liﬂizﬂﬂﬂﬁl”lll

Wuduaanu
ALY isaasovlnd IAASOIAIUNIY .
(TuTas Tuans) (normal cells) (resistant cells) e
0 100.00 & 100.00 & 100.00 A
0.0001 8L72¢ 98.36 2 90.04 B
0.001 70.97d 98.36 2 84.67C
0.01 58.28¢ 98.36a 18.32D
0.1 41.10f 98.36a 1213k
1 28.39¢ 92.17h 60.28 F
10 2043 h 44191 32316
100 19.14h 20.08h 1960H
1,000 18.06 h 18.07h 18.06 H
e 49.34 B 14.22 A 61.78
Duncan’s Multiple Range Test (0.05) yuuuvvoussad 1,555.42
Duncan’s Multiple Range Test (0.05) a2 usdiudiu 1,080.23
Duncan’s Multiple Range Test (0.05) yuuuuveuasad X armaiudu 151.04

CV. (%)=375%

I s wsfimiteusu s iianuangremeada defivrsarings LSR .05
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Y sansimitouiulumuen ianuuand1an1aasa wefivisanainsr LR .05



d' a 4 a J A =1 S 3 4
M5198uInn 9 msnazvanuulsdsivvestTnarsadnlsouiie (Lﬂaimumm

<Y a JY v a s A o
‘]g’ﬂﬂ’J‘]Jﬂll) summma@eﬂﬂﬂmmxmaaeeﬂmumumiammmei N 14 U

v Yo [ Yy 9 ' Y
waQi]”|ﬂ"lﬂ'5‘Uﬁ”lﬂu'izﬂummmmmwmﬂu

Source of variation df SS MS F-Value
Type of Cell (T) 1 8,354.95 8,354.95 1,555.42**
Concentration (C) 8 46,419.92 5,802.49 1,080.23**
TxC 8 6,489.40 811.17 151.04**
Error 36 193.37 5.37
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d' 1 A d' d’
AMINNNHINN 10 AIMNITRANAULEIVDITITUIATFIUNANNGIINAY 525 wilumas Tums

Jananssuveaou'lad ALS Tuaddooaoiug K 95-282

Concentration (Absorbance)
0 0056 010 015 02 025 030
0000 0245 0419 0571 0628 0684 0729 Y=234X+1171 0907

Trend line R-square

d' ' A ~ A [
MINHUINN ll AIMNITRANAULTIVDITITUIATFIUNANNGIINAY 595 W lumas Tumsia

Ysina TsAuluaddosmeniug K 95-282

Concentration (Absorbance)
0 200 400 600 800 1000
0000 0334 0571 0745 0918 1005 Y=00099X+0099 09618

Trend line R-square

Maawund 12 danssusumzaeaou lad ALS lumraddveilnduazisaddosdiuniu

~ Yo a 4 [ Yy 9 v [ A [ [ o
fT”IiVI"l,ﬂi‘]Jﬁ”lii’)ﬂJ”I“H"I!Wi’Ji TusgauANUITNIUAINAY 7 AUURAININM

msihead
AN Y yadosllnd I¥Ade IR UMY
(TuTas Twans) (normal cells) (resistant cells)
nmol acetoin mg* protein min~

0 19.03+0.02 20.50+0.15
0.01 16.76 £ 0.13 20.09 + 0.05
0.1 14.18 + 0.06 20.30 = 0.06

1 11.80+0.10 18.25+0.08
10 7.99+0.01 12.30 = 0.65
100 383+0.12 7.79+013

Y inasana19se 3 a1« a1 SE
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maawund 13 Aanssuveseu'lad ALS nlssumenlusaddeslnatazisaddosdiuniu

~ Yo a 4 [ Yy 9 v (9 A [ [ o
ﬁ”liVI"l,ﬂi‘]Jﬁ”lii’)iJ”I“H"I!W’Oi TusgauANUITNIUAIAY 7 AUURAIIINNINIG

hoaa
AN U isaasovlnd IBAABOIAIUNIY .
(TuTas Tuans) (normal cells) (resistant cells) e
0 100.00 a 100.00a 100.00 A
0.01 88.00 b 98.00a 93.00B
0.1 75.00¢ 99.00a 87.00C
1 62.00d 89.00h 7550D
10 43.00¢ 60.00 d 5150 E
100 20009 38.00 f 29.00F
e 64.67 B 80.67 A 12,67
Duncan’s Multiple Range Test (0.05) yuuuvvoussad 1,626.35
Duncan’s Multiple Range Test (0.05) arusdiudiu 3,158.54
Duncan’s Multiple Range Test (0.05) yuuuuveuasad X armaiudu 102.07

C.V. (%)=163%

I s wsfimiteusu s iianuangremeada defivrsaings LSR .05
a 4
80 1ile

Y samsimitouiulumuen ianuuand1an1aasa wefivisanainsr LSR .05
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Maawund 14 msdmizdianundsdsiunnssuaeaeulasi ALS @1 7 Sundesniniiims

9 7 I Y a Y 9 AN Yo a 7
gl aa 11!!"1)’@@@@ﬂﬂﬂ@]!tﬁ%!“ﬁaﬁ@@ﬂ@TuﬂTuﬁ1§%1ﬂ§Uﬁ1§@N1%1 WD

Tuszduanududuaiaiy

Source of variation df SS MS F-Value
Type of Cell (T) 1 2,304.00 2,304.00 1,626.35**
Concentration (C) 5 22,373.00 4,474.60 3,158.54**
TxC 5 723.00 144.60 102.07**
Error 24 34,00 141
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