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Pt 5% B 28 5 % - 8 6 BE kTR (Hedyotis
corymbosa) 5- ¥ I N Bl B8 57 S8 -3- BRIR &
il Z B 2858 B2 57 Y- P i 8 R

MEE REET W

3B ERS c RAE 2016 FEBE S - #7547 Lk (Hedyotis corymbosa) 5- 5 i /i 7
BHEER 3R EPFLEREE AR ET - AL EFE 1:70-90 -

M EL AL ER PR Ay BT EE M R R FOW R B H AT R BRI PR FEEL LA 249 1 -

HERREERI (S F &Y 0 R st A RE S B MR R B B R - AR SCS T H152 05 ZE (glyphosate) Y
SCHEMLER (Hedyotis corymbosa (L.) Lam.) » JGUH S SZMZEAT & L ~ FF50% (shikimic acid)
&8 K RHER% 2 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) j&14: » 45 HLBEZE8# (point
mutation) FYFTEERFME: < DL 12 ~ 15 BERRAVSIEREM BRIE I » &XUMETE 0.10 ~ 26.24 kg a.e./ha R [E[ER
[ FEWEZE - JiigE% 14 H » DIRZEE Ry B - 4K log-logistic F2 A A EREM ZRRU MR (S
biotype) KIiMEAY)AL (R biotype) 2 ED;, (50% (HEFESE ) 737l Ky 0.46 2 4.58 kg a.e./ha » HiMEHS
hO&y 10 1% - EUMESCREN BRI T BE(S FRE NG & SN Wg N - igE1% 10 H - FERL AP
AR 36.5 {8 o FI A RT-PCR 1§ fz CE T KRR AE )7 EPSPS ¢DNA £ 8 85 % 1,551 bp »

A 11 (g 25 H R gu R B E A B 532 1fighk o7 7l Ry O HRIELE (thymidine) Kz 0
IE (cytosine) » &L FPHIHEEERIR SR 178 (AL 73 | Fs44 E I (serine) R AHEEE (proline) » FEEE > 4
ST RE Ry AP EPSPS MR BRZE AN (R ERH A - Rt s R4 )84~ EPSPS
cDNA » ZEHIE S KBGARER (Escherichia coli) K &18% » 4i{LAY EPSPS » 4€ 1 mM FZ W FEEERI T
J& > BURPUMEA Y EPSPS JEE By BUMEAE IR 3 f% o AP EIEZE YL EPSPS ¢cDNA 5 532
WRESZE PR - Oy RIEREt A — 15+ > FIFH AL % 2 21 (single nucleotide polymorphism,
SNP) K &g s e —RAIM: 7 BrRE 2801 (PCR-RFLP) £5ift » #E(T 11 {ESHTHEH BRI
BB oy 0E o RE 4 (EH TR TR 14T 350 bp 2 DNA fB#H7 » 7 {ERRIMAE AR T
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BT

PRSI YA o] FE RN DUEAE PRI oA R B o TR SRR R

EVEH A -

B « FEBRZE - HUEEME - GUCREHLEE - 5- IR NERREF R 5% -3- WilR &

FEE -

—

b
glycine) Fy—fd 7 FBEFEMERA TR AUBRER > —
e & %y 1.6 ~ 2.5 kg/ha » AT ARG FR
1A R KRy R AR R R » IR BB RO
13 fl FE FEY) ~ IR SRR E A > By
S AR A R R ©7Y - Bk
ZE FEF ML B B F RIS AE (shikimic acid
pathway) F1HY 5- k78 AN HERE T 5 -3- BEEE
& B I (5-enolpyruvylshikimate-3-phosphate
synthase, EPSPS) [ 2 » [K 32 il 7€ £ EPSPS
HY 52 & tls 1% 1% I PN B % (phosphoenolpyru-
vate, PEP) &fifffixtH bl - 728 AR 5 S MR HN ) -
A HLBH 11- EPSPS Fif#& &5 [ (preprotein) HF%
FIRELRES 0 BRI RN
Z % (phenylalanine) ~ B8 (tyrosine) Kz
ZB (tryptophan) 3 {55 7 R BL S & & K
MR 2B E O BN ARG AN H]
fEPER P St A RE R R (R R 1 ]
BRI Z B8 - REAVBRIE R 7 7R E R
PEAR 015 7 b Y AR B S E A7 5
 HEE R A SETsE T *02h

t#% ZE (glyphosate, N-phosphomethyl

Bl 48R
B

BEYE - B2 5

H 1932 A1 & PR A ED R -
FRIEERR A B A A ~ & A= Ry
M ALEREERIFRE T RIS BRI EYIREENT
PrAE Ay EE TR - 280 B — T B 55
WA R - SRR RGN EEE
MRV SN - SR i
RO RE B PIEE M ¢ Y o 23k
El 1950 FFHERIBHME A DL 1A -
A RN B RCGRH FEEET 232 (Commelina
diffusa Burm. £) {3 i1 =, I'U - #f, (2,4-D)
otERE Y o IR T RREEI S ERZE S
| (The Herbicide Resistance Action Com-
mittee, HRAC) 4EULE SR E R - £EKDT
PRECE 2 5L - 2 2016 4 3 H1E 66 {EEIR
Bt lE A 249 fEER 467 {EbTMEZER] -
Sy 0% 22 FE DL R BRERE A A Bk O .
FEE A LLER A EI S A R ZE Y 1974 4F |
T84 & AR - [ I R 8 20 4 > —
HIZA N EZZE DU SR A - 280
B 1996 8N ~ £ ~ B IR R S KT
CHE S /RN 3 R BRI et T S
(Lolium rigidum) ~ 35 K F| B 225 (L. multi-

florum) ~ f1Z& K% (Conyza Canadensis L.) ~
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ZEMNEZE (C. bonariensis) ~ ¥R (Plantago
lanceolata) R 45 (Eleusine indica L.) ZE$H{
PEAEY)AS (biotype) » 5 RERY T2 ZERE S
A 3558 A 16 HEIR L F o faE
HYTHEITR 8 10 B A » DURARMEY) B
FAH 191 HREHR R ERHEY 73 3R
9 ke 5 Fd o ARIEE B PREHT S M A R R
[&3H4 (International Survey of Herbicide Re-
sistant Weeds) i 52 ok ZE EL 04 (glyphosate-
resistant, GR) {E¥) TR BG4 B (R lE
SHERMURHEZ GR /EYRAE IR BTt - bk
E R IRHBE A R Y -

228 TR & SR 2 B IR (Di-
cliptera chinensis (L.) Juss) EL56HA B H 28T
FEMIEER  FilE 7 - RREL - ENEE
tEEEHEPIER R Y - K
PREPT - MR R SRR E R
U FHAE [P 4 Y ER U it 5 Bl 2 — % FH i i
FIFIE - AR FRBICREM 2R (Hedyotis
corymbosa (L.) Lam.) » B {HHATHEHERRC Sy
& N B S E R I FE R - SEREEBR
Ry VEELRE 1A R EL - S0 R BT e an B
W - iR RN BRI B
B&S5 ~ RFHH S R - SEREE BR 7]
HAZFAE & - BAMCAS SRIH E 2R BR S - 20k
FEM AT A A= Yy B R B 0 R AL
oo BS RERE R RS CRE M BRPUFR
PRI AH A 25 > ABH T2 B R 2R
FEWSZERIMT 2 1% - EPSPS FR HFFH & &
LA E - [E] Y SR JE EPSPS ALIA > BRET
PRIBEZE BN GUEER I - B ILARMITT A » %
Ry G B I S 2 fKHE -

FORHEL 5 1k
— ~ {LERSER R RS

AR B ~ RS R ¢ SRR ERN
it (glyphosate-isopropyl ammonium, 41% S »
& e\ H )~ 5 3k 2& (N-phosphonomethyl
glycine, Sigma) ~ TRIzol (Thermo) ~ 5 N A&
BD- B ft S T F (isopropyl-p-D-
thiogalactopyranoside, Sigma) ~ H & i (gly-
cine, Sigma) ~ #HLJE (periodic acid, Sigma)
A lEHR @06 (lactate dehydrogenase, Sigma)
PIERE S (pyruvate kinase, Sigma) ~ pGEM
T-easy vector & #& (Promega) » pET-28 vec-
tor #; #2 (Amersham Pharmacia) - 7 % [i§
(ligase, Promega) ~ BamHI [} I [i§ (MBI)
EcoRI [EHfif (MBI) ~ gel extraction kit (Gen-
eMark) ~ SZ 8 5 5 Tl 5 S FE S A4H. (one-
step RT-PCR Kkit, Invetrogen) ~ SMART RACE
kit (Clontech) ~ X557 JEZ% (PCR thermal
cycler, GeneAmp 2400, Perkin-Elmer) ©

= WM ERE BRI
it 2t

E = R Sl 5 e FHIE R R - £
FHICREEERAE T > 73 BIFY I = T R 1
B MR 12 ~ 15 35 - IEJE G E (0.82
kg a.e./ha) 7 FEWHIE - i I SET Ky 52 b 28 5
PIREEE (41% S8R ) > HEITRIUERSEE - BEHIAR
V2R~ DU ERELER - BRSO -
0.10~ 0.20 ~ 0.41 ~ 0.82 ~ 1.64 }, 328 kg a.e./



ha FE 128 - HUMEME RIS 0 ~ 0.82 ~ 1.64 ~
3.28 ~ 6.56 ~ 13.12 J% 26.24 kg a.e./ha > X EH
6 B - JiZE T A A LRI RIS EE 23 1R
JEE (30 psi) M Jif 52 Wi 2 > TEIE By Teejet 8002
BUSE > FEEIEE T 0.5 m/sec  JiigE{% 14 H
FEHUSICREME 2R E0EZEE > DL log-logistic
A P EED (R) KR (S) BIICHEM:BE
50% IR 2 FE Wi ZER| & (EDy) 1H -

= ~ JI'E 5% FEVE fi At fEBE M R
% Z ## HL#% (Shikimic Acid)
Erivile
IRIERIE R BT 2 4558 - B H 50k

FEDUM I8 S A U AE Y > o3 RIERU R iR

M PORESHEESE - HERL 12~ 15

BEHS > IE T 0.82 kg a.e./ha 52 Wk FE B SEH

B JigER 02468 & 10 HEREE

W ETHEREREEMNE - 2% Singh et

al. (1998) 2 7532 % » HI 3 g 4hBELURAE B

% > 10 15 mL 0.25 N HCI (1:3, w/v) ZJE 30

DIGERZENE T R 73

53§% > DL 15,000 g B0y 15 4388 0 B EJEIR
FELL 15,000 g B0y 5 9788 > 12 HL @i 50
pL 70 0.5 mL 1% %8k (periodic acid) » 74
2B FEFE 3h o 301 0.5 mL 1N NaOH ~ 0.3
mL 0.1 M glycine » J}2 8 £ 380 nm M| & 1z 5t

Sher e

& IMEEF S E (umol/g) -

P9 ~ PR PEAFEREI: ER EPSPS
L FHENEETH

PRI TT % 2 W SE TR & S FE4S &
BEHUH 520 2 A I = AV PR M 4R
VIRU B — A - B FEHL 0.5 g W AE4NEE - A
FH TRIzol 7% i £ H{ 4% RNA - JFF Y -70°C
# H - fix#% NCBI GenBank H1 EPSPS cDNA
FE %l » g% &t EPSPS-F1 Kz EPSPS-R1 5[ F-4H
(F—) MM S &G E (RT-PCR)
Hrf PCR Z &0 JE Ky 55°C 1 min > FHfE
HATE 45 1,100 bp A EPSPS DNA F E% - Fi|
gel extraction kit j&f DNA {46 A EH -
HETE Y KIS R E (Escherichia coli) DH5¢

F*— ~ AHFFEAMTEEE 2k EPSPS R REE MR 25| F
Table 1. Primers used in the cloning and detection of Hedyotis corymbosa EPSPS

Primers DNA sequence (5 — 3°) Amplified DNA (bp)

@) EPSPS-F1 AACAGTGATGATGTTCATTACATGCTTG 1,156
EPSPS-R1 GCAAGAGAGAAAGCCATGGCCATCCTG

2) EPSPS-F2 ATGGCACAAGCTATTCAAGCCCTTC 1,551
EPSPS-R2 ATGCTTTGAGACCCTTTTAAGGACA

3) R-EPSPS-5 ATTGTTGCTTGGAGCATGAAGC 350
R-EPSPS-3 TCACAACCAAGCTGCTTAAGCCC

4 EPSPS-D1 CATTACATGCTTGGTGCCTTGAG 495
EPSPS-D2 TCACAACCAAGCTGCTTAAGCCCA
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R > fl1HY plasmid DNA - :5E plasmid DNA
& B 1,100 bp - B HE 1T % Fr J fr 51 EE
¥ o HEEE L 1,100 bp PCR W) & EPSPS %
A R AP PEGET GSP-1 + ACGGC-
CAGAGTCATGGCAACATCTGGCA Jz GSP-
2 : TGGCGTTCCTAGAATGCGTGAGC-
GACCCA 5|40 » #{T Rapid amplification
of cDNA ends (RACE) 4% cDNA H1ig - i
ERE By 68°C 30 s 0 {f¢3B Clontech 2\ & #E
2 BR{FRAR - FH4CH EPSPS-F2 Jz EPSPS-
R2 (FR—) Wil 5[ T > LABR &R R 68°C
30 s > $1EEIE 2 EPSPS cDNA K EF °

71~ HIE B SR R ERE 2R
%7 EPSPS 23151

FIF] RT-PCR Sl & fCREE BR G M KRR
PRI EPSPS cDNA - £XHEIE > K51
B (E. coli) KEEEL » 4i{LHY EPSPS HE{TEE
FUE IS - EPSPS ¥ ZE M o3 M7 2
L f14%7E (malachite green dye method) >
4% H EPSPS i 2 i phosphoenol pyruvate
(PEP) J% shikimic-3-phosphate (S3P) 57’8 %&
B2Z1% G EPSP R BRI IR - thighlig
RV & B AHEBERNERE @ - Kb
iy EPSPS & [ 47 0 A 0 ~ 0.001 ~ 0.01 ~

1~ 1 10 mM FZBEZE - FAIASIER (&
4 B 43 Rl By 50 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) -
1 mM S3P ~ 1 mM PEP > pH 3 #2 & 7.0) >
(S A 4% S FERS T Ry 50 pl = B 28°C N
J& 5 min - fiI A 800 uL flLE4k—PHEASL 20

7 ¥ (malachite green-ammonium molybdate
/A 1 min & A1 A
800 uL 34% &SN (sodium citrate) {F1E 5
B E > =0m N E 30 min 1% HIE TR
£ 660 nm FYURSEIE < 22 5 IR BN h0
S3P I JE -

N~ FIHEZHERZ R (Single
Nucleotide Polymorphism,
SNP) e 35 15 iy 5 HE— R
il P B B2 BUPE 55 Mt
(PCR-RFLP) 43 Vet fefiy -
Fl PR ERe 2

(— ) SNP }7 : 27 Delye et al. (2002)
Z Ik tE PR AR R R R L SRR
EPSPS iR A5 » TAEE 178 I BHIFHE
I (proline) 852 Ly 4% Gz (serine) HUIZEEFT
51> BIF] AT B BN i fEFE k- 2k EPSPS A&
PRIFA SR 532 [ AR R ENE (thymine) Kz ffmE
IE (cytosine) 75 » 5&ET R-EPSPS-5 J R-
EPSPS-3 5| F4H (F£—) » ETEKTRS
BUMERT A RO > &R B 70°C 10's
TEER 30 I > TEAL AT A B i Ae B i
350 bp EPSPS H E& -

( =) PCR-RFLP 77 F gt ly = FIH
YU B SEHEHE 2R EPSPS EL[K P51 2A
Haelll [RAIEGZ 7252 - HUAY 20 pg SUfCREH:
RIYELR4H DNA » [} EPSPS-D1/EPSPSP-D2
5173 B 4 i 495 bp HY &S 73 EPSPS » HY 2
uL PCR EY) » 7RH0 1 pL Haelll [ 55 & 2
uL buffer }z 15 L e Al 17K > 488858 5

colorimetric solution) °



20 pL o B 37°CAKBRE 1.5 h o T 2.0%
agarose FAETTERKIIATT ©

I BT AY BEAZ B 26 B MR R Al
e E PR E 2R TR (TAL) 5 ST e
& (KH1) ~ Bl (KH2) ~ EEE (KH3)
7 $H & (KH4) ~ # 5§ & (KH5) ~ i 1 &
(KH6) ; [ 5 F& B4R (PT1) ~ AIH4R (PT2) ~
HHAEE (PT3) ~ Jig M40 (PT4) % 11 Ml 2
HISFCRENT Bk - &6 m R RETE R Ry 12 ~
16 TEMSGFCREM 2R - R EEA S TR A -
ARGER @k - BEFVRESESHE -

i e

—  FAEHEM: PR AR IR i 52
5

2P RS AR E PR v ZE A [
M2 PRV SAERE L BRI T - SEF £ 12~ 15
BEWS > 47 BIIEJE 0.10 ~ 26.24 kg a.e./ha 52 i
FERIE - MigER5E 3 HFLG @ BIEERIRURHY
TEPRAERIE 0.20 kg a.e/ha frif T > THEFAHAR
PGB ERE =L - et EEE RN
MEJtE 0.82 kg a.e./ha FIEAVIEIRINEE 5 H HH
BN E it F 0.82 kg a.e./ha Fi & 2
IS 14 H - FMERIREIERIET - 5t
MBS S Rl A R ~ B ~ R
BN o PUMEMEIRIER & 13.12 kg a.e./ha pRH
T AHREHIEGE - EERIE S E
26.24 kg a.e./ha I G5 B RIET » LU log-
logistic 2\ AL DAZ B Fy Feffit 2 ED,, 1H >
BB G MESACBEE BR EDs, {E.77 751 £y 0.46 J

DIGERZENE T R 75

4.58 kg a.e/ha » BURDUMEAE PR SZHZERTI
SR Ry AR IRAY 10 £ (& —) -

o SRR A EREM IR R
FrE e ML

70 R JE 1 49T € FE I BRI R B SE TS IJE
0.82 kg a.e./ha FERRIE » MWEITLEEFRETL S
I3 e A EERIFR 1% 10 El Wmﬁmﬁf%
~ 38R HIEFEMREE - Z*%E?Eﬂfur
TR TEZEREE 2 HFFR Pﬂf‘%ai‘m =3
1.33 umol/g Ry AR TEEE UM RY 3.3 2 (&

BRI 4 HERRE TR > 255 10
Eﬁ%@ﬁé\%% 0.38 umol/g » fER% =K
TEETIMEME R 2 & < i BRI 22 1%
52 HFEREEAMEEIMNE 2.3 pmol/g »
Ry R MEEERUPE MR 75 % > BE1REE 8 HiY
By 115 £% > SEARBTIHEN T - M2k
%10 HEMESUERRY R FER & & LI
TERERY 36.5 f% ([ )

= YU MERTEREN:ER EPSPS
FNFPH iz 72541

ZEEUHT R RN ME STE BE i Bk 4 B 4
RNA > L) EPSPS-F1 Jz EPSPS-R1 /5 [T~ (£
» A RT-PCR 5 ffi 1T EPSPS %k [N

ﬁE » GEIR By mIHEE Y 1,156 bp FYIXIR 7 Bx
([E= A) > R R B 1% 81 NCBI
GeneBank 1 7 15 % 5 7] EPSPS #% % > 571
EE#F - HERE L 1,156 bp Xk 7 B Ry BTEHE

it Bk EPSPS R [RIHY &S 77 cDNA - F A L7
51|t 8 GSP1 &% GSP2 51 F- » Filff]
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(A) 1001
£
g 80
< — Rbiotype
3 60- ~ T S biotype
S
'?)0 407
S
2 20~ \
A ‘*
0- T T T ~—__—| ________ T T
0 0091938 7.5 15 30
Glyphosate (kg a.i. / ha)
B) [, o TN

R type 0 0.82 1.64 3.28 6.56 13.12 26.24 (kg ai /ha)

Stype ¢ 0.10 0.20 0.41 0.82 1.64 3.28 (kg ai/ha)

B— AR MERICE IR B ECH ERE - IEREMIRRENRZPTH @ REEHM
BE 12 ~ 15 RIREMEBHELER > (A) BZER 14 BERWER - DEEREZNA
log-logistic ATHE EDy, (B * U RMEATEBEM 2R3 Al &% 0.41 2 5.04 kg a.e./ha ° (B)
MBI RIEREM IR IEZER 14 B2 BERK -

Fig. 1. Dose response of Hedyotis corymbosa seedlings against glyposate. H. corymbosa from
Taichung was raised in a greenhouse and foliar treated with glyphosate at the 12 ~ 15 leaf
stage. (A) Dry matter weight was determinedat 14 days after treatment, and the log-logistic
equation was used for curve fitting. The estimated ED;, values for glyphosate-susceptible (S)

and glyphosate-resistant (R) were 0.46 and 4.58 kg a.e./ha, respectively. (B) H. corymbosa
seedlings 14 days after treatment.
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Fig. 2. Accumulation of shikimic acid in glyphosate-resistant (R) and glyphosate-susceptible (S)
Hedyotis corymbosa seedlings 10 days after treatment with 0.82 kg a.e./ha glyphosate.

RACE F i ZE{ef BE 1 2 bmfxBE - 45 R IE1S4T
{EBEM: 2R EPSPS 4% cDNA » i S E AR
EPSPS & £ 1,551 bp ([E = B) - —F 7 ¥I4H
O bl t% 2 FDUE By 99.3% » HREA 11 {# i
B 725 (EMY) - 3SR EHE 517 Eh A
% » PR ELIERE EPSPS ARG R 7 R 52
BE 5 4351 B P96S ~ L107P ~ P178S ~ R213K »
V259M ~ V283E K7 C299S ([B 71 A) °

MY ~ SEFSEE EAERE M BRI
EPSPS &5

TR PSS CREH BR 4L 1% Y EPSPS
EHHETTER > /7 HIELS pg EPSPS & H #E

TEMHE - S5REUESTERELE BRAY EPSPS
BN AR s Bk ZE AT > HOEMERI SR Bk
Tk EPSPS j&M: > 43 Bl By 28 Fz 17 unit/mg >

{H 0.1 mM K 1.0 mM 3z b 2E B[ 4 i UM%
[ EPSPS JE 4 T LY 30% J2 72% ([&]75 ) 5

& 14 Ak /Y EPSPS J& M4 A1y ] 4 7 49 97% K
92% » BEUNPUIMESUEBE L Bk EPSPS % 205
PEF 1 mM FEREFE S R 3 A% (

7N e

o~ FIFH BEAZ T 1 2% TR 5 e
PR RR M EREH-ER

FY8AE HE H: 2R EPSPS 25 H 55 178 HY %
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(A)

1234

(bp)

3,000
1,500

1,000

« 1,156 bp

(B)

1234

(bp)

3,000 W

1,500 EunySORNee . | 551 bp
1,000

Bl= ~ JuA R AAEBEME R AU (A) RT-PCR X (B) RACE $:1l53% 18 EPSPS 7% © RT-PCR
A A H95|F % EPSPS-F1/EPSPS-R1 * RACE F FR 95| F /& EPSPS-F2/EPSPS-R2 * 5 1
~ 2 R AIE BRI ER © 28 3 ~ 4 R RUIEATEREREER -

Fig. 3. PCR products of EPSPS from leaves of Hedyotis corymbosa that were amplified by (A) RT-
PCR using EPSPS-F1/EPSPS-R1 primers or (B) RACE using EPSPS-F2/EPSPS-R2 primers.
Lanes 1 and 2 show glyphosate-resistant H. corymbosa, lanes 3 and 4 show glyphosate-

susceptible H. corymbosa.

Bl > R0 ZE BRI &l (pro-
line) 8 5 R P ME IRERE L (serine) » {RE
R FFH B — i 72 SR - BIEE 320 figkk
REMEE (cytosine) JZHgHMEIE (thymine) 555

PR —M5F » &H PCRE » HLiE4
{EHEM: BR W] BH B IS I — 350 bp AURZBL IR
(B A) > BRI G E 5 B - $1¥
11 Ji& /= B e M A ERE L B > o3 B2 B
R4 DNA » &85 |77 Bk 2% 5
PERCOTAROH - &5 ILH 4 bR BPUER > 7]

11iE 350 bp FXBEIRAT » 73 il Ry = T T A 5
W R BULLTT 5 B sR A BB AT R R H AT 4
fEHEM:ER ([E£ B) - 557 F PCR-RFLP #7E
GESRIN BRI 4 PR B PUMERR » #0054 Haelll
FE 22 Ky 332 bp 2 163 bp 2 7 B ([E/\)
BT M S5 A I AE L Y EPSPS L IR 51 o
fite W] 4% Haelll [ B8 {F H #Y 5°-GG/CC-3’
FP3I - LS 2 SN Ry b R RN M AR ) A T g
il A
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1 ATGGCACAAGCTATTCAAGCCCTTCAATTTACAACCCCTAACCTCTCAAAACCAAAAACCCTTTGTTCTGCTCCTCCACA
fl o5 con con oo 090 G0 £on G0 000 609 400 O3 600 5 B05 630 5 G50 05 G50 000 093 60 B0 660 000 050 600 03 60 500 600 003 000 G0 £ad G0 000 600 &0
81 TTCTTTAATTTTTGGATCAAGAGTTGTGGGAAGT TCAGAAAAATATTCATGGGTTTTGAATAAGTATTCAAATTTGACAT
7] 4 595 099 600 530 095 690 G50 31600 G0 B0 000599 G99 639 50 000 (10009 599 630 000 0931550 B0 095 590 559 G0 090 900 630 B0 G0 B30 G0 009 K90 2
}g} TGAGTAGAGGCCCTTTTAAGGTTTTGGCTTCAATGACCACAGCCGAGAAACCTTCTACTTTGCCGGAGATTGTGCTGCAG
%il CCCATTGAGGAGATCTCTGGGACAGTCAAATTGCCTGGCTCGAAACCTCTTTCCAATCGTATTCTCCTGCTCGCTGCCCE
1 550 60 030 000 500 G0 00 500 B30 G0 056 93 630 B30 000 600 B30 00 203 500 B30 000 G000 600 630 03 603 G0 B0 03 00 530 B30 000 65X 600 B30 600
g%l CTCTGAGGGAACAACTGTTGTTGACAACTTATTGGCAAGTGATGATATCCATTACATGCTTGGTGCCTTGAGAACTCTTG
jl 500 000 600 500 506 50 090 B30 GO0 B3 KK O B30 AV 3B A9 000 B30 090 600 000 G003 033 093 B30 009 003 GV B30 B0 003 B3 KA 03 30 B0D 300 CI0 B30 &0
481 GTCTGAATGTAGAAGAGAATAGAACAATACAGCAAGCCATTGTGGAGGGCAGTGGTGGTCTGTTTCCTGTTGGTAAGGAA
401 G0 50 000 600 B0 00 G20 G0 00 B0 600 B0 B30 60 B30 000 €00 03 500 530 00 600 B30 00, /00 000 G0 630 00, 600 630 000 503 603 500 000 00 G0 06
321 TCTAAAGGTGAAATTCAACTATTCCTTGGAAATGCAGGAACAGC%ATGCGG?CATTGACTGCTGCAGTTGTAGCTGCCGG
1 500 000 G0 030 000 G0 B30 a0 S50 G0 B0 000 03 G0 BA 93 B30 B30 B9 693 G0 B30 B30 990 600 00 G0 530 009 600 630 000 003 33 B0 500 600 630 0
221 TGGACATTCAAGCTATGTTCTTGATGGCGTTCCTAGAATGCGTGAGCGACCCATCGGTGATTTGGTCTCTGGGCTTAGGC
1 650 650 000 500 B0 500 G0 G0 000 90 630 B30 930 G0 B0 000 203 03 B0 B30 503 600 B30 90 000 B30 630 200 600 B30 000 630 630 000 003 009 G0 036\
gi} AGCTTGGTTGTGATGTTGATTGCTACCTTGGGACAAATTGCCCCCCAGTTCGTGTCGTGGGAAAGGGAGGCCTTCCCGGG
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}iji CGATGTCCTTAAAAGGGT CTCAAAGCATTAA
« EERHEEH S B 415 B TR H0 EPSPS cDNA P51 » 2B 8% 1,551 bp © FUMEIEHAY

EPSPS (R-biotype) 5 B AEHE ) EPSPS (S-biotype) BT 75 + £ 11 BEEMER -
Fig. 4. Sequences of EPSPS cDNA for glyphosate-susceptible (S) and glyphosate-resistant (R)
Hedyotis corymbosa. The complete sequence of EPSPS (S biotype) is shown, in which the
open reading frame ends at nucleotide 1,551. The 11 bases which differ between S type and
R type are indicated below the S type sequence. Homological regions are indicated by dots.
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B) Species biotype resistance (-fold) EPSPS (conserved region)

178

Hedyotis corymbosa S 0 AGTARMPLTAAV
R 10 S
106

Eleusine indica S 0 AGTARMPLTAAV
R (5 A
Lolium rigidum S 0 P
R1 20 T
R2 14 S
L. Multiforum S 0 P
R1 5 S
R2 5-10 A

BA ~ LRI RTEREM 2R EPSPS IR R ERFF /2 LLEX © (A) SVEARTERERL 2Rz EPSPS (R)
R RUERAEBERLER (S) 2 T3 © (B) LB SR MEAAEBEML 2R EPSPS IR R M= E

RBRER  RERIHFRE -

Fig. 5. Amino acids present in the EPSPS of glyphosate-resistant (R) and glyphosate-susceptible
(S) Hedyotis corymbosa. (A) The complete sequence of EPSPS-S is shown. Differences
between the S type and R type are indicated below the S type sequence, and homological
regions are indicated by dots. (B) Comparison of the Pro178Ser sequence of EPSPS in three
grasses, showing conserved regions from H. corymbosa and Pro106Ser, Prol06Ala and/or
Pro106Thr of 3 grasses.
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Fig. 6. EPSPS activity in glyphosate-resistant (R) and glyphosate-susceptible (S) Hedyotis
corymbosa seedlings. EPSPS assays were conducted in the presence of glyphosate, and
the activity of interest was the release of phosphate ions, which was determined using the
Malachite green dye method by unit/mg protein.
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e R —amEmE L™ (KH2) ~ FRER (KH5) ~ FREEBM (PT) LEHH
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Fig. 7. Single nucleotide polymorphism identification of 11 field populations of Hedyotis corymbosa
from southern Taiwan. (A) EPSPS-R5/EPSPS-R3 primers were used to amplify 350 bp
fragments of glyphosate-resistant EPSPS. (B) Lines 2, 5, 8 and 10 were show amplified
glyphosate-resistant EPSPS of H. corymbosa from KH2, KH5, PT1, and PT3, respectively.
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Fig. 8. PCR-RFLP identification of 11 field populations of Hedyotis corymbosa from southern
Taiwan. (A) EPSPS-D1/EPSPS-D2 primers were used to amplify 495 bp fragments of
glyphosate-resistant (R) and glyphosate-susceptible (S) EPSPS, but only EPSPS from S
biotypes showedn the restriction-banding pattern that is characteristic of the amplified
fragments with Haelll. (B) Lines 2, 5, 8, and 10 show EPSPS from glyphosate-resistant
biotypes KH2, KH5, PT1 and PT3, respectively.
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A Molecular Characterization of Point-Mutations in
the 5-Enolpyruvylshikimate-3-Phosphate Synthase
(EPSPS) Enzyme of Glyphosate-Resistant Biotypes of
Hedyotis corymbosa

Li-Chang Lin', Jia-Yan Zhang’, Chiou-Ing Yuan"

Abstract

Lin, C. L., Zhang, J. Y., and Yuan, C. |. 2016. A molecular characterization of point-mutations in the
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme of glyphosate-resistant biotypes of
Hedyotis corymbosa. Taiwan Pestic. Sci. 1: 70-90.

Weed resistance to herbicides has become a major concern for crop production
worldwide. We investigated the resistance of Hedyotis corymbosa to glyphosate in Taiwan,
focusing on dose-response, shikimic acid level, and the production of target enzyme
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS). For this, Hedyotis corymbosa
seedlings at the 12 ~ 15 leaf stage were foliar sprayed with 0.10 to 26.24 kg a.e./ha glyphosate.
Dose-response was established based on the dry weight of seedlings 14 days after glyphosate
treatment. ED,, was estimated using a log-logistic equation, and was found to be 0.46 or
4.58 kg a.e./ha for susceptible and resistant biotypes, respectively. Susceptible H. corymbosa
showed obvious accumulation of shikimic acid. Ten days following glyphosate treatment,
shikimic acid content of susceptible H. corymbosa was 36.5 times higher than that of resistant
H. corymbosa. Furthermore, after using real-time polymerase chain reaction (RT-PCR) to
prepare the related target enzyme EPSPS of H. corymbosa and treating plants with 1 mM
glyphosate, an EPSPS activity assay showed that the EPSPS content of the resistant biotype
was 3 times higher than that of the susceptible biotype. We also generated EPSPS cDNA
by performing RT-PCR with specific primers designed according to sequence data from
GenBank. In so doing, we determined that EPSPS cDNA was 1,551 bp for both resistant
and susceptible H. corymbosa. However, sequence data revealed nucleotides differences in

11 bp between resistant and susceptible biotypes. For example, the resistant biotype had a
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thymidine (T) at position 532, whereas the susceptible biotype had a cytosine (C) at that
position. Moreover, the amino acid at position 178 is the major target site among glyphosate
resistant grasses around the world, and transcribed sequence data revealed that amino
acids at this position were serinel78 and prolinel78 for resistant and susceptible biotypes,
respectively. Finally, we designed two sets of primers with reference to 532 bases and Haelll
specific to EPSPS nucleotides of resistant and susceptible H. corymbosa. These primers were
used in single nucleotide polymorphism (SNP) and Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP) assays for detecting of H. corymbosa collected
from southern Taiwan. We found that 4 out of 11 H. corymbosa populations possessed
resistant biotypes and were clearly distinguishable from the 7 populations with susceptible
biotypes.

Key words: glyphosate, resistance, Hedyotis corymbosa, EPSP synthase activity, point

mutation, molecular identification.



