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’F—“t 1338 bp » ff{I} & ’ﬁﬁa 96% - TﬂﬁIiEl F FF‘;' EPSPS2 |11 [ B R T B

* FM=H o E-mail: yci@pu.edu.tw




230 VIR A AT V485 HY3H] 2006

EF,JF';J EPSPS2 [l > H Fl1 Pl P52 TF[ ﬂ;p [ 4 'ﬁﬁj
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qu@ﬁlp& I Agh Bl S} H“ £,
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“IF,EE (= e 14%‘[‘&%5% Mt = 1986 F |1
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Hi ﬁfj %' ( Plantago lanceolata ) -~ fﬁ B

( Ambrosia artemisiifolia ) * F1L % ff P
8 FETFE] % PoF|

[l

( Eleusine indica )

(Amaranthus palmeri ) =

)

119, B R I e LY 2 AT A
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PER VAN N % R E‘WN’:AJWPF'
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L PEL R

R ~ BRI ¢
I | &(glyphosate-isopropylammonium, =+
¥ ? » Rl ~ shikimic acid (Sigma) ~
ThermoScript RT-PCR kit (Invitrogen) -
isopropyl-p-D-thiogalactopyranoside (Sigma) -
pGEM T-easy vector (Promega) - ligase
(Promega) - Gel extraction kit (GeneMark) ~
Plasmid miniprep
(GeneMark) ~ EcoRI ~ Sac1~ BsrG1 % Sph
I = ﬁj[] Ty (MBI) ~ PCR thermal cycler
(PTC-200, MJ) - DNA sequencer (ABI
PRISM 377-96, Perkin-Elmer ~ 73 4 & 4 Ff
(Biowave II, WPA) -

purification kit

itk

\

MEZEIERE

Fi FIH'W 52 {7 [fil {*]7%!? RE Eg’fﬁj:ﬁ'aj
ﬁg’#ﬁiﬁﬁb%? i 68 3
HaR o R R (0.3 kg ai ha™') %‘H?ﬁ
ﬁ’;(f—‘l JH’EE‘?T 41% sz) ’1#|?T?HJAE| o
eeL[[pJ’:&bﬁL[ig H[FJ PF'TT [ﬂmjgr
FEE (0.05-1.6 kg ai ha'l) o HgBE
TS CHRIVEE B8 (2.1 kg cm™) JERE
fiEd[iF £ Teejet 8002 E[HE F2EAl=F£L 0.5 m
sec” - W58k 14 E[Ft[%ﬁaﬁl r” Fa j:é%[ ) “J(‘)
log-logistic ** 749 ?‘ETEDso l;ﬂj ’ “rw
itk - 3 PJFE% °

)

&

SRERT ] ]
Table 1. Primers used in this study

#2185 shikimic acid 2 IT
PRGTE D B ol i j‘?ﬁﬁ“

Bl EFfﬁ{ﬁllyﬁ Rl R"‘ﬁ"? F o A
F 6-8 Haafhy > [E145 1.0 kg ai ha’! SRS S
Wgge i 17 PR R (R e
23 )W (kWM 5
shikimic acid 3 ENHIE o 22H [~ V3
GV Y 3 g A J‘Hrgﬁggn@lrﬁ ,;]ﬁﬂp 15 ml
025NHCI(1:3>w/v> Eh'ﬁfél) P30 55
G5 1) 25,000 g EEo 20 538K TV ek
50 pl ﬁ?\"{l 0.5 ml 1% periodic acid » 4% %7
I3 LB VR 0.5 ml IN NaOH - 0.3
ml 0.1 M glycine » H 34 = 380 nm j|J RSk

i R

EPSPS £ [RA:£iE R %

IV R R Pl Bl f“ i’ 0.5 g & b
RNA > % NCBI GenBank TR g
% EPSPS cDNA -%|| ( AY545666
AY 545667 ~ AY545668) “‘“F%?r EPSPS-1F
/ EPSPS-1R * EPSPS-2F / EPSPS-2R i
J1=" (F— ) » F|¥] ThermoScript RT-PCR
kit > E‘VE[T'TL' i T%i]ﬁ!ﬁ%l 0.5 ug mRNA > ﬁ’?‘f
cDNA *‘v%ﬁ 50°C30 5544-94°C2 5
%78 PCR V[ [F £% & 'ﬁpﬁ % 94°C4 néif
i) iglE 94°C45 7] o %Fﬁ' 52°C45 #} >
JH T2°CAS F) o ﬁfﬁ 35 W > i TR
72°C 7 534K - IV 10 ul PCR #97 > 9p 7 B
]f O 1 Pfﬁ*ﬁﬁ‘ﬁéﬂi bromophenol blue ZYH| » 1=

f[ 1.2% (w/v) agarose [ 0.5 X TBE #%

§1 shikimic acid FAE' 0

Primers DNA sequences (5 ----- > 3)
EPSPS-1F AAACCGTCAACGGTGCCGGAAATTG
EPSPS-1R ATGCTTGGCAAATCTTTGAAGAAC
EPSPS-2F TCTAAAGCTCCAGAAGAAATTGTG

EPSPS-2R

TTAATGCTTAGTGTATCTTTCAAG
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J’B‘E » '] 100 |{1ﬁ thﬁ?*ﬁﬁ'??ﬁ’? Eff&?
A4 25 Sido TVJ&???E'J'J"‘:T;’] R B
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( reverse transcription-polymerase chain
reaction > RT-PCR ) || Fiﬂiﬁ&r‘zﬁ A
1400 bp > #||*'| gel extraction klt}H DNA f§-
TRIIATE = 5 (7~ T3 2V 3 il PCR
J DNA & 1> ?‘f % pGEM-T Easy
Vector > ¥~ 16°C ™~ [z 14-16 7| Eﬁo 10 pl %
(1 P 200 ul SRR A Escherichia
coli) » A2°CEVEE 2 555 » K% 3T°C P=i sk
=1 'J‘E?T ’ ?Viﬁ%?ﬁzi_fﬂ%ﬁ?‘ LB plate (F'[
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pug/mL ampicillin) > i‘ﬁ% 14-16 JEﬁ v E
IEEATE > P2 3 ml LB B
¥ 37 C*‘%ﬁ% 14-16 JEHT 2] miniprep
system kit 17V plasmid DNA A l?&fﬂ‘ﬁ}
PrE g EyE . DNA =% 5555 1400 bp o |
F|H e 3% EPSPS 3 % ¢cDNA %% EcoR
I~ Sac 1% BsrG I/ Sph IffB«LﬁfUV"JﬁJT Fal
4953y 1l FEGHITEL > 53 BT s B gy
10 ul plasmid DNA > 1}%[?5'*?“ 20 pl > F'FF
FE37CH LS L 2V 10 gHﬁqﬂ@
[EH]AY plasmid DNA > {= * §% 1.2% agarose
& {’?’Fj“iﬁ‘ﬁﬁ JF{F'#E EcoR I~ Sac 1 %
BsrG 1/ Sph 1 fﬂiﬁ‘ﬂ 53 HIPY 3 fX plasmid
DNA it (P 1 2 il )« F LK
P& [% NCBI §L [ﬂqafl fITEPSPS FL[KHA-3]
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wm R

RMEZHERE
fW%Q%ﬁwb¢?%vgrﬁ
G 5=kl (0.3 kgaiha) RS
gei 14 11 ’f.f%’iﬁ’*'hwr‘&ﬁgﬁzﬁﬁ’ﬁg[fg%fgr
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41/41 rJ~ s Efl%lﬁi:* ]\il ’ EI[[;IFI;E@ P B
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Bl 4% S S AR [ Hﬂv’ﬁ'ﬂ ' ST

6+ 19 27 (WESTH iR - EVERMT
R 5 P B I/F&bﬁu]fhgl TCRRRES
WT [V B~ e - 1) 6-8 ﬂéé«nJ’E Il

[FF.'J > 614 0.05-1.6 kg ai ha™ F sk - Tﬁ
B 14 F1o RS f ]FJJV‘/?*'L' 0.4 kg ai ha™

ElES Hi =t K[ EHET= 1.6 kgai ha! > ffiefE
B ) Viwﬁ“wmﬂ(@é>ow
logilogitic 3 A O TR LAY EDy
Bt~ SRAEE EDso 15155 0.07
% 0.56 kg ai ha™ > EDSOR/S e 8 o

8= = shikimic acid 2%t

SRS SOl r“ ﬁﬁ*ﬁ shikimic acid 2 £
BV [iEl f’“ j;' WhEEE % o 2
B shikimic acid 3 &7 J[l ’ %5‘?3 Fligd
B (%, 5T 7 Elﬁﬁt 1.9 pmol g q =
A) R r“ Ffj “ji# shikimic acid ﬁii ]}
ﬁw&ﬁ%' RN :'*r)J 7 E'EJJ‘ 3L 18 umol
g’ ’T_”E'I/ﬁ“[iE[ f ]Ffj shikimic acid HEI fiY
9.5 [ o ks f F‘f?‘“ﬁ shikimic acid fA
fE' ?T;E‘H'J % = F'FJﬂElr Fal ”F»“[E_%{‘ 1 umol
g’ ( B) ; BAEES F j“ﬁ‘f?ﬁ&ﬁ shikimic
acid ﬁiﬁ@]’“‘%"?ﬁ@% 7FE[|TJ » K hEEE 3 i
AT > 2 577 PR 15.7 pmol g -
== EPSPS EREEHF 5 LLE

5?*’?@78"?}?“’[??%?;% U RNA » 5%
RT-PCR *~ 'jz» #[|®'| EPSPS-1F / EPSPS-1R
s EPSPS-2F / EPSPS-2R FKJGE'EJ[Q'?'FI‘

ﬂjﬁﬁ 1400 bp FUF A, F& (q*?ﬁ' °

YEENT E. coli fiY plasmid DNA 5% EcoR
[~ Sac 1% BsrG 1/ Sph 13 3 3 B*Lﬂfﬂfg@
T AN /O Pl TFI ﬂJ EPSPS ?' fi* o3 Wil
Bh o7 b 3 i@ cDNA o fi® i rﬁj Tr'é[lj [
3EPSPS-IF / EPSPS-IR o] " I [ fi9 £
o [ Ui B EcoR 1°/%] K555 400 % 1000 bp
[ F& - JFF<TTHE DNA 4% EPSPST ([
= B 7 1 M) : EPSPS-2F / EPSPS-2R 9]

[[F [PHVASE » RSHEERT E. coli > T [FlfY
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— R biotype
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Dry weight (% of control)

0
LI T T T T

00.102 04 0.6 0.8 I1.2 |1.6
Glyphosate (kg ai/ ha)
K Pl PR T” 3 @‘n VB @fgrﬁl,, Pl f ﬂ AR - AR A e =
6 8 ﬁrﬁmﬂﬂ ! %ﬂ@‘ﬂ W3R 14 PURISHFRRE  [IZEn ’E’ﬁ“ﬂlﬁ FII®| log-logistic
=t I?‘ETEDso ]E B i R fF F' Si W5 0.07 % 0.56 kg ai ha °
Dose response of Conyza sumatrensis seedlings against glyposate. C. sumatrensis from
Taichung county (central Taiwan) were raised in greenhouse and sprayed with glyphosate
at 6-8 leaf stage. Dry matter weight was determined 14 days after treatment. Log-logistic
equation was used for curve fitting. Estimated EDsy of glyphosate-susceptible (S) and
glyphosate-resistant (R) was 0.07 and 0.56 kg ai ha™, respectively.

(A) (B)
Young leaves Mature leaves

20

—— S biotype

—— S biotype
-o- R biotype P

—o— R biotype

Shikimic acid ( ;2 mloe/ g fresh weight)

0 2 4 6 8

Time after treatment (days) Time after treatment (days)

. Q‘F,@éﬁg&a@ bﬁu[ﬂ:ﬂ r“ 3 Shlklmlc acid F’ﬁfﬁ% KA U 50 o it irg{#l?v FIfESE 1.0 kg

ai ha! /%53 0V 6-8 i% E:L:|

Accumulatlon of sh1k1mlc acid in seedlings of glyphosate-resistant (R) and
glyphosate-susceptible (S) Conyza sumatrensis. Leaves for shikimate analysis were
sampled from 6-8 leaf stage seedlings treated with glyphosate (1.0 kg ai ha™).
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By O FRlEES T ) RT-PCR %202 W@%ﬁf—;ﬁf@g DNA 5347 ( A)RT-PCR
V= EF = NCBI ﬁl[ﬂ’?ﬁ EPSPS c¢cDNA ’1’7][ A= ) o BV 1R 3 AREEREAT
PR BT2 W A MEEL R EREAR - 37 1 % 2 4559~ EPSPS-1F /EPSPS-1R » 573 4
#5591~ EPSPS-2F /EPSPS-2R = (B) ff{H[E ¥y Plasmid DNA A sl
PRI - 271~ 4 %> 74§t EPSPS1 BV DNA & 572 ~ 5 & 8 fifif EPSPS2 BT
DNA ; 873~ 6 » 9 1t EPSPS3 ’?"T‘ﬁg DNA > 37 1 = 3 5L EcoR 1 874 = 6 4§
By Sac 1 877 = 9 s BsrG I/ Sph 1 »

DNA fragment and plasmid DNA obtained from glyphosate-resistant and
glyphosate-susceptible Conyza sumatrensis. (A) RT-PCR was used for amplification
with total RNA extracted from the weed. Primers used were designed based on cDNA
library of target enzyme (EPSPS) from NCBI GenBank. Lane 1 and 3 were from
resistant samples, lane 2 and 4 were from susceptible samples, lanel and 2 were
EPSPS-1F /EPSPS-1R, lane 3 and 4 were EPSPS-2F /EPSPS-2R, respectively. (B)
Restriction enzyme digested-plasmid DNA of glyphosate-resistant plant. Lanes 1, 4
and 7 were EPSPS1, lanes 2, 5 and 8 were EPSPS2, lanes 3, 6 and 9 were EPSPS3,
lanes 1 to 3 were EcoR 1, lanes 4 to 6 were Sac 1, and lanes 6 to 9 were BsrG 1/ Sph 1 -
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EDs i 5% 0.97 kg ai ha™ » R/S F=ffit} 9.5
AR EE F X VAT R e
i i L SN
HRUFOFRERLS > 5 ECso 157 I3 6.3
4 mM o EVBIERFE D 50 K10 : (30,32)
- E'ﬁﬁﬁﬁ)ﬁ”% ﬁ“ﬁlf}fkﬁki’ﬁﬁ( Ve
FoFs g 8RS I (=545 £ ﬁfu EPSP
synthase [ [=H] K3, & f K B PRy 2 Fﬁ[
7 1?["?{7' shikimic acid f B 76 ® > PR IF=AE R
G g shikimic acid V2R &4 > BY L5
Bk B P ’g'nﬁi’[ﬁ%;%%fﬁfﬁ@@%
OO BRI - Pt SRS e
A EH A shikimic a01d £ 7 B A AR
60-180 [jfﬁ il Eﬁﬂiﬁl%;{' Al R B R F/\[
GRNIES 7 R SRR oF
%ﬁzﬁy [/J\_ﬂjfhfﬁﬁla 8 E[Eﬁiﬁf
shikimic acid £% 70 pmol g » &' ffofd:; YR
El’figﬂ\jy FIIi 55 0.2 pmol g OV o A4
NE > PR r’“ '; ‘3 shikimic acid fiY
I:A“E‘Iji/\ﬁ_‘%lﬁ 2- 3 E‘E'[_ F o [ BEASEE
BT O S R S
shikimic acid FA'IE‘I ﬁ%%:\%’ﬁéﬁ[lﬁljﬁ@
EAFH £, 18 pmol g™ (ﬁ%ﬁ': A) o Rl g

o



236

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

S-EPSPS1
R-EPSPS1
EPSPS-1
S-EPSPS2
R-EPSPS2
EPSPS-2
S-EPSPS3
R-EPSPS3
EPSPS-3

(CS)
(€S)
(€0)
(CS)
(€S)
(C0)
(CS)
(CS)
(CO)

(CS)
(CS)
(CO)
(CS)
(CS)
(o)
(CS)
(CS)
()

(CS)
(CS)
(CC)
(CS)
(CS)
()
(€S)
(CS)
()

(CS)
(CS)
(CC)
(CS)
(CS)
(CC)
(CS)
(CS)
(CC)

(CS)
(CS)
(CC)
(CS)
(CS)
(CC)
(CS)
(CS)
(CC)

(CS)
(CS)
()
(CS)
(CS)
(CO)
(CS)
(€S)
(CC)

ﬁ?ﬂﬁ?«'%%vﬁﬁiﬂ 5T48 5  HT3 M 2006

v v * y
1 KPSTVPEIVLQPIKEISGTVNLPGSKSLSNRILLLAALAEGTTIVDNLLNSDDVHYMLGALRTLGLNVEEDVAIKRAIVE 80
I Dl MmN SYYTYY 80
o coomous 5 2 spomomsss § 3 5 U 5 5 1 S5O0 § 3 3 SIBG § § 8 QN6 B § 9 56O § § § SN § § 9 ROV 6§ § BN § 3 (RO 6§ 3 80
1 -SKAPE....K..Q...... 5 Sooo Ve Ao NA........ 79
1 -SKAPE....K..Q...... Hoooooooo oot S Ve V.o.... GNS........ 79
1 -SKAPE....K..Q...... 3 R Sooo Ve Ao NS........ 79
1 -SKAPE: ::R: :0s v s Himmassnomprsvas S v Y e 6 5 ¢ 5006 & 5§ AR X s 5 NA: csnas 79
1 ~SKAPE: sk Q% s o He swos o5 5 somsn s n 94 S 5 3V s S e 5 ¢ v o Vo v 4 sonmn |\ ——. 79
1 -SKAPE....K..Q...... o S Ao TLNAL L 79
vy v v v v
81  GOGGVFPVGKEAKDD IQLFLGNAGTAMRPLTAAVTAAGGNSSYVLDGVPRMRERPIGDLVTGLKQLGADVDCSLGTNCPP 160
Bl i e e 160
8L, e s S S B AN S Y SRR G S Y ANG 6§ 7§ MR N T owomn s v s vvomsoms o v 0 oois B 5 ¢ S 6 9 8 RS 5 160
80 w5 5 s 5 e T T T eTTTTTTTTYTYTITT P ——— 159
80 .ol B Lo Novooooonn 159
80 . B P Nooooooooi 159
80 .ol E....... S..... T L W........... 159
BU  ioesaiipensass TNt TITI1 TIT 1 i 5 85 B & % % 5aad 4 8 5 s Wesssnamunis 159
800 sl v sommm g v B 5 ¥ 5 swswwns o Theas s 3 3w Loy 5 5 v 5 % 5 SO 5 8 B OB G 5 8 4 NNiossmmmans 159
v v * v v vv v
161 VRVVGGGGLPGGKVKLSGSISSQYLTALLMASPLALGDVEIET IDKLISIPYVEMTLKLMERFGVSVEHSDSWDQFFIRG 240
PP 240
PP 240
0 wisss B G5 5 3 6 Nl bl T T IITIT T N s eiadi b 7 € 0 6 B 8 G § T: R.XV., 239
4 QE— L —— T A YIT T Vsamss 5 Voo svopessss 6 5 0 oo 5 8 & e T..R.HV.. 239
= P T — S eelbin 5 5 5 P 1 3 Vs 5 Vs wommeon 5 5 o s 5 5 o s T. RSW, ., 239
160 ..... S Ro...... Vo S A V.. Qo KQ......... TL.R.HV.. 239
160 ..... Bs vncwsnn nn o msnn 3 5w pomino Sooo A V... Ve T..R.HV.. 239
160 H...S................ Voo.So o A V...R...... [0 J T, TL.R.HV.. 239

241 GOKYKSPGNAYVEGDASSASYFLAGAAITGGTITVEGCGTSSLOGDVKFAEVLGOMGAEVIWTENSVIVKGPPRDSSGRK 320

DAL ey s 5 o 5 7 6 Fon B § G SR § Y B SV E T SN 8 5  SPUS 6 § B SVEOE 5 5 O GO F T 8 SRS T D SR G 3 320
DAL crommmsss « v swvmonsns s 5 6 swosess & 6 suwsvHe B ¢ B ORGSR B U SN 6§ 6 UGS % § DGR § ¢ RS 8 ¥ ¥ SRS § % SRS B 6 8 320
200 Voo Ao N....G 319
240 Ve N....G 319
RA0 o s s momni v 5 9 000 R 5 4 SRR 6 ¥ 9 B Vs v 5 000mss 55 F 0T 6 5 S MO N B OB A Y B R T T4 N....G 319
240 s 5 5 mmem e 8 7 @ oEEE B T 8GR0 6 F 5 0 Vs s 5 5 v 5 5 m s 6 R Y BOEUR § W BEE G T U GMEREE Y S Niz < 4G 319
DAQ! sesraps s 5 pope 3 3 8 50w 8 § 8 o § T 5 Ba Vs 5 5 svmw0 5 5 7 5009 0 § 8 DRI § § 6 BUSG 8 § 9 SR § TS Nes 5 <G 319
240 ...l Soo Ve N....G 319

321 HLRAVDVNMNKMPDVAMTLAVVALYADGPTAIRDVASWRVKETERMIAICTELRKLGATVEEGPDYCVITPPEKLNVTAIL 400

B2L. sy v s e 5 6 5 BEmG 55 Y FOEA S E A SOND B E V5 RONA Y Y B e S F Y PO T F ) O E L OGRS S RS A 400
B2l s 55 porwos 5 S 0 TR B R T B G 3T OS5 G UG T D VPR 6§ 6 DO 6§ T BUNE 5 T D NN 3 5 PG § 8 400
BRI suewPs s 5 snamowsws 6 4 o avorsw 5 5 0 sorvia % 0 v 5 D B RGOS 6 R S K ¥ T ANSHNEN § % 9 SO 6 S 8 I 3§ SR 6 3 ¥ 399
BRO! o s smamos 6 4w v 6 5 ot cwins s 0 o cmemess n @ 0 omemme 3 ¢ & smvmoke Ric ccomus & 5 6 sovmona 5 6 snwmemon « & osasome @ 0 5 399
30 P 399
820] sonbuiszsamans ssmanssumans Riv.zoi e ¥ 7 5 5665 T8 BB 6 3 8 B0ond ¥ 3 0 HA0E £ 9 640 ¥ SaBH AR T 399
B20! semPr sz v v s 7 ooen 5 5 T v 6 D OB G5 N G T DU Y NGOG 5 GG S I SN T AN B A 3 399
8200 snPy s s ooy v s g mm g o s oo 6 B O B E A ST G 6 BEE 0 6 OUEOH § 3 8ONG50 Ty s sommmng s 399
v N * v
401 DTYDDHRMAMAFSLAACADVPVTIKDPSCTRKTFPNYFEVLQRFAKH 447
401 o 447
A0L, sinin 8 5SS 5T 5 HOGA § 7 ¥ GRS K T8 DGR B D s 23 3 s 447
400 e 1 ¢ momsn 5 1 5 e B i o s Gy soam 5 5 Dls o E.YT.. 446
400! sepmo s seswms s pa ReE: « 5 srms & GS%sn 5 & Dl e E.YT... 446
A00! cosias 5 5 womemn 5 3 7 v B ¢ 0 o o Gls oo s 5 Dl s E.YT.. 446
400 ... o R G....S..D..... E.YT.. 446
400 oo AR Goooot D..... E.YT.. 446
400 s s 0 e T o 5 5 o v 5 4 oo o G w585 s D s E.YT.. 446



ﬁgﬂ[D“l

Fig. 4.

B ) S s 1 1 EPSPS SNk 237

Tk i PR T” j;'{J EPSPS T Bl pl 5[] IV F=fek o g [ B f & ( C. sumatrensis )
S EPSPS1 (AY834203) ~ S-EPSPS2 (AY834205) - S- EPSPS3 (AY834207) ; i
14 B f zﬁj R-EPSPS1 (AY834204 ) - R-EPSPS2 ( AY834206 ) -~ R-EPSPS3

(AY834208) ; pier 5% (C. canadensis ) EPSPS-1 ( AY545666 ) -~ EPSPS-2
(AY545667) ~ EPSPS-3 (AY545668) MHELPLA-S| L Ffik o (%) A= Bl Kb
R EPSPS2 2 B BLV IR - (v) L A
EPSPS3 = {2 '/E]izﬁlflé*g" o 7}‘”?5'4 I EL R T R B TF ) EPSPS2 J[lﬁ*é
EPSPS- 3151 NCBI ﬁl[ﬂgw{v[?ﬁ[ﬂlﬂ L\ ECES

Sequence comparison of EPSPS from Conyza sumatrensis and C. canadensis. EPSPS
sequences (S-EPSPS1, AY834203; S-EPSPS2, AY834205; S-EPSPS3, AY834207) of
glyphosate-susceptible Conyza sumatrensis and EPSPS sequences (S-EPSPSI,
AY834203; S-EPSPS2, AY834205; S-EPSPS3, AY834207) of glyphosate-resistant C.
sumatrensis were elucidated in this study. Sequences of EPSPS (EPSPS-1, AY545666;
EPSPS-2, AY545667; EPSPS-3, AY545668) from C. canadensis were from NCBI's
GenBank. The difference between EPSPS2 of resistant and susceptible C. sumatrensis
occurred at position 68, 196, 416 and 428 as indicated by an asterisk (*). The inverted
triangles (V) indicate position on S-EPSPS3 with different amino acids in susceptible
C. sumatrensis. Boldface characters indicated that the amino acids of EPSPS3 of
susceptible C. sumatrensis and EPSPS-3 of C. canadensis were different from those
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ABSTRACT

Yuan, C. L.*, Hsieh Y. C., Lin L. C. and Chiang, M. Y. 2006. Glyphosate-resistant
broadleaf fleabane (Conyza sumatrensis): dose response and variation associated with
target enzyme (EPSPS). Plant Prot. Bull. 48: 229-241. (Department of Plant Toxicology,
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Wufeng, Taichung 41358, Taiwan (ROC))

Glyphosate -resistant and -susceptible types were obtained from preliminary
screening of 52 populations of Broodleaf fleabane from orchards in Taichung country
where suspected resistance have been reported. Broadleaf fleabane (Conyza sumatrensis
(Retz.)Walker)) seedlings at 6-8 leaf stage were sprayed with glyphosate at rates ranging
from 0.05-1.6 kg ai ha”. Dose-response relationship was established based on dry
weight of seedlings 14 days after spray. The median effective doses (EDsg) estimated
from log-logistic equation were 0.07 and 0.56 kg ai ha™ for susceptible and resistant
type, respectively. Susceptible broadleaf fleabane accumulated more shikimic acid than
resistant type under 1 kg ai ha™' of glyphosate. Seven days after spray, shikimic acid of
susceptible broadleaf fleabane was 18 pmol g™, about 9.5 times higher than that of
resistant type. We explored the molecular characteristics of target enzyme
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) of broadleaf fleabane using
RT-PCR, E. coli transformation and restriction enzymes to generate the related target
enzyme. There are three EPSPS ¢cDNAs for both resistant and susceptible broadleaf
fleabane. Open reading frame for EPSPS1, EPSPS2 and EPSPS3 of resistant and
susceptible type were 1341, 1338 and 1338 bp, respectively. Sequence data revealed
96% identity and 11 amino acids difference between EPSPS2 for the resistant and
susceptible type. Resistant broadleaf fleabane was associated with *glycine, '*®arginine,
HSarginine and ***serine, as compared with glutamic acid, glycine, cysteine and cysteine.
GenBank data comparison suggested that variation of amino acid position at 68, 196,
416 and 428 is important in the change from susceptibility to resistance.

(Key words: glyphosate, resistance, Conyza sumatrensis , EPSP synthase, molecular
characteristics)

*Corresponding author. E-mail: yci@tactri.gov.tw
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