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Abstract

Glyphosate (N-phophonomethyl glycine) is a widely used herbicide that acts
non-selectively through inhibition of 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS) in the aromatic biosynthesis pathway. This low cost herbicide is
environmental safe and can effectly control most weeds. In the past two decades,
there are intensive researches on creating crops with glyphosate tolerance. The
following 3 strategies have been used: progressive adaptation of cultured plant
cells to increased glyphosate concentrations, transforming plants with glyphosate
metabolism genes, insertion of a glyphosate tolerant EPSPS gene. This article
present detail information on the strategies used on developing glyphosate tolerant

Crops.

Key words: glyphosate, genetically modified crop, herbicide-resistance,
mechanism
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A i VT‘ | %Ej&% 2.3 & 8% =% 5 shikimic acid  #Eg o @
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)f% % > £.#t % &2 <X
phosphoenolpyruvate (PEP) # # &% & & 2 #r 4] » & & ¥ 7 =&
(phenylalanine) ~ fi&%<f& (tyrosine) % ¢ "&fit (tryptophan) = &> 4 *% 'Lk
gﬁ%@,%ﬁﬁﬁﬁiigﬁ’@awwﬁ%ia’&$w%ﬁiipa
(Kishore and Shah 1988) - d ** @i % £ 7 iksj’%ﬁ: 2R 0 ¥ G ookl is
*%9*3i£?34ﬁi°“P$&%5¥ *4ﬁ@ﬁ*b’%¥@
BRI TR DV Ed A AfE R ET IR B AN
% #FEh(Malik ef al. 1989) » Flptif & 73 Dt /4 fi’ffﬁﬂ 2 {8 o o

RIRFE R ES LG O THF T p R R ERE S L
H % 5 HH K (glufosinate) (Global Knowledge Center on Crop Biotechnology
2007. (http://www.isaaa.org/ke/) o ¢ Wi F T m LF P F b BB E (T &
& (Glycine max L.) ~ % i (Zea mays L.) ~ i ¥ (Brassica napus L.) ~ 1} 7=

(Gossypium herbaceum L,) ~ # 3% (Beta vulgaris L.) ~ 8 7 (Medicago sativa L.) ~
| & (Triticum aestivum L.)% J] %% i 3 (Agrostis stolonifera L)% 8 3§ it 33 B
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& % (GM Database from AGBIOS, 2007) » & & s 4] ~ i A& Flefp
B AR AR 0 TG R PELS ﬁ“f PR ZH B ARk 0 8 AiER
¥ EAEDE S k4o s 2 GST40-3-2 % 5 ~ 238 GA21 2 NK603 &

1 ﬁ, 2 3 EAEZ A TDERE 4 0 o2 f MON8S02 & & -~ i -
MON15985 x MON88913 &% » & & b ¥ bl hle ~ BME 2 Ll o= Fo
&k 0 et B DAS-59122-7 x TC1507 x NK603 5~ % » S 88 5% 5 d 7 3%
H P ko B ARe R T A £ EH D 9% i (GM Database from AGBIOS,
2007) -
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()~ & A4 EPSPSfi¥% : i5d < & % 3L EPSPS £ %] » "% i< EPSPS turnover
i# % & E_H 5 EPSPS 4 7] o (2)% < EPSPS fit % & £84% chifofd o )
*F& %&% PRt E v AT o T H R ESE T O RS L
FaElk o puEEZ .
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£ 1980 3 1990 & > 5 o § {1 S iha & P e BARR o HE L wt
By o B RFELIES S R A “[fg_ ¥ rock harlequin (Corydalis
simpervirens (L) Pers.) ~ % 4 & % § (Daucus carota L.) ~ %% 2 (Petunia
hybridus) ~ % % 1= (Catharanthus roseus (L.) G. Don) - # iv(Lycopersicon
esculentum Mill.) ~ 3 ¥ (Nicotiana tabacum L)~ 7" % ~ ~ 2 2 . 3} & (Table 1) »

BoA 3R Fen¥ ¥ 45 P (rock harlequin) > » 10 mM £k % s % A%
5 9 & 7 {5 » EPSPS 7% {234 4c 40 % (Holldnder-Czytko et al. 1992) » i ¢ % #
~ £ ¢ shikimic acid (Amrhein ef al.1983) » ¥]1 5 2 EPSPS ¥ 2% 7 £ /4 %k TR
Al ¥ EPSPS AAF|2 87 % Hat X {43 & J § 4-# F (transcription  rate)
A4 10 8 EPSPS ' 3 F 2 e (Smart ef l. 1985) » o uit ol A o0
His 5 & dmretk o 07 4 oF B § o e FRGIR 0 40 24-35 mM é{,&t%%ﬁ’?v
B0 T iR 5:41 2 21| EPSPS 3 tg cnim #z tk(Murata et al. 1998) » ¢t ‘m¥# #ﬁm
EPSPS A F1 2 #icd 43§ 5 25> ® EPSPS /&3 4 12 2 (Suh et al 1993)
o A A chm et b | mM EFEE 0 2 EPSPS [ 4 20 i
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(Steinrucken et al. 1986) » = & ~ 7 F 2 ¥ ¥ ¥ 5d BH EJIL > G I A
fn?z $k > EPSPS /&4 WK 4r 21 ~ 62 % 80-10,000 & > £ 5 35 mM £5:
FE2HFM o AR RFG A 3 Face 4] EPSPS (Widholm ef al. 2001) - § &
(Cichorium intybus L.)& ¥ cn'm?e A ¥ @ S mM .8+ % ° H EPSPS & 123 4o
44 % efaF Faad AP 72 Eafld (Sellineral. 1992) - 3 F & iE ) pFE
AR 2 R M EPSPS ehme k0 ¥4 30 mM EREE 0 R H B4 AR ED
(Forlani et al. 1992)° % & (Phaseolus vulgaris L.)# F& 5 5 % 15 % &) & & 1) cnd
Mtk > EPSPS 2L 71 4 H gL B > 3t % 437 g glutamic acid(E)"= A fé sc % 5
glutamine(Q)(Xiang et al. 2001) °

ﬁ“ﬂ%ﬁﬁﬁmﬂr‘“ AR T A FEF R ABETR TR o
3 me%L X IR E ~ F A0k & ¥ (Smith er al. 1986; Goldsbrough et al. 1990
Sellin et al. 1992) > 5 45 = ¥ Epk F chad it § B0 EOR N R
fs de % 15%mt % |4 (Cresswell etal. 1988) » T¥ 4 &* f?ﬁfﬁ* 2 Eisde & - LAt
(Murata et al. 1998) - # 3. ¥ Black mexican &- % w% enaffd > 2 £ ¥ i @44
(Forlani et al. 1992) - # ¥ it mie o8 7 5 fEtR2 {8 > X t£ % i 4 (Singer
and McDaniel 1985) ; e §_ Dyer % (1988)F= 3 A 71 # ¥ chdf |47 BiF >t 4 4
oot b B E € @ = deal |l mre k4 £ ehut ¥ (Nafziger ef al. 1984) -
GEdwreGEn g R RamimEy > BHEHp #2473 B hipd
Forg »wEmELFED T AR A ¢4 2 & FIH i chad 14 4] (Papanikou et
al. 2004) P F I ER G EEGE wE R T AN F R EF S
U (e g o

¥t ph B 2 WA B EPSPS
-~ URAREE HA) S 2 R E fut

£ 74 % #r 4] shikimic acid ¥ /= ¢ EPSPS thi®s* » 5d & appKi

( glyphosate ) #iE » ¥ 4 EPSPS BER RS CKi B4 F A TG

5% > d appKm (PEP) ¥ 5 ¥ EPSPSEEKFPEP@%"LW‘J S ’Km@iﬁ

%:fr EPSPS # % # PEP 4¢4» 4 % EPSP 24 » % EPSPS A F# 4 %3 -

@ Ki B4 B 7 ESE UL RER T S Km B 4 o

A7 1+t shikimic acid B /ST % o £ = & 5 s 4 % 2 fate $ EPSPS g
’;—E%ﬁ? » 3 EPSPS /1 ~Ki 2 Km &2 V' iz o

2 3 ' 7 (Salmonella typhzmurmm) 3 42 AR H aroA A F1E F Lk

Bk ehiF 4 (Comai et al. 1985) > H @ »t% 101 B %=z proline(P)% £ 2
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serine(S)’ EPSPS fif & et i 42 5 AT 02 B (Stalker et al. 1985)° #-4* aroA
AT E 2 fic 0 £ 4 fEtkE £ it (Comai ef al. 1985; Fillatti et al.
1987)  S. typhimurium MI12 F¥k0 aroA £ F]3° 35 ~ 40 ~ 42 ~ 83 ~ 185 ~ 201
20230 e = B4 7 BRARL KD B4 19 B o Km B0 23 & (He et al.
2002) - #f i B - i AL i % ch < ¥ % [ (Escherichia coli) % Klebsiella
pneumoniae (Kishore et al. 1986, 1987; Sost and Amrhein 1990) » = J‘ WAt E 96
By s glycine(G)zc % 4 alanme(A) » K. pneumoniae % %%ﬁﬁ #’ ke Ki
EAn s 8mMZ 1 uM> % B4 B2 B2 T ¥ HenKi E0)4 5 5 4.1mM
2 05mM > PR M B E Lo 4 o W sl o 8-S, Tphimurium %
E. coli % 42 i %=k it threonine(T):z % % methionine(M) > B Ki & 3 4r 20-26
%> ¥ Km & ™ 9-25 & » EPSPS et jE 24 w3 4r 4.7 2 23.5 & (He et al.
2003) -

%% 4 EPSPS A F11* BER %> 380 s % % 101 Brefipk glycine(G)
% alanine(A) > X #HkZ2 & ¥ RO Ki B4 B 5 20mM 2 0.4 puM > Ki {83 4
5,000 & > Km & 7= 3 4r 42 % (Padgette et al. 1991) LERAFRRY E2 IR
LR B B (Bradshaw etal 1997) - 2 BRI OER S
R @ 35 F 1445167 & 192 B ol i o b f)‘g i & aspartlc acid(D) serme(S)
g threonine(T) » Km &% " &% 101 )%@@;31 X« o e Ki (B¢ AR $entE o
(Padgette et al. 1996) > } R B 5 HEH (& © uxi\g et 2 ER &I @
Moo p R R % 2 85 X (Eleusine indica L)% 106 13 prohne(P) Y
serine(S) > 3 /A4t 5 B kS B o Ki 2 Km A B84 16 3 % 35 2 13
(Baerson et al. 2002, Powles and Preston 2006)  # & zk:c 3 K 2. GA21 & % &
FEREHEER LA S RER4A % 102 B threonine(T)% % 106 & proline(P)
il fe o & wlic % 5 Isoleucine(I)% serine(S) > H 7 % 106 s=fL e £
$5 3" (Eleusine indica L)—f&iZ 1ok o AR FleE A ¢ 35K 5(Oryza sativa L.) actin
& FlEc# + ~ » P #F (Helianthus annuus L.)% % X ribulose-1,5-bisphosphate
carboxylase oxygenase small subunit (RuBisCo SSU)# &3 4% 4830 4, 547K
(chloroplast transit peptide, CTP) ~ % % 7% 5§ EPSPS A %1% nos ¥ %3
(terminator)(Fig. 1A)(Yuan et al. 2006; GM Database from AGBIOS, 2007)
GA21 &3¢ % f shEPSPS ¥ i 47 2 bt » ¥ $ scfibpi g che %
A& (Gower et al. 2002, 2003; Lebrun 1997; Tharp and Kells 1999) -

s #E % 2. CP4 EPSPS
Pt EmER AT Ty > #3518 ‘fﬁ?i‘ T HEE HEE
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B F] s 3R> d B % F(dgrobacterium sp.) strain CP4 ¢ &7 112 CP4
EPSPS(Barry et al. 1992; Padgette e al. 1991) - CP4 EPSPS i P = ¥ &£ 74 %
Efainitd > HKiZ2 KmEA S5 2.7mM 2 12 uM » 3 & Fleped 5 5
$c 5 13 AR IR e T ;T':q*,%if)]%fr kxd + (CaMV 35S promoter) > ult it 4= CP4
EPSPS # A 17 * £ £ 3T {a 8¢ » 402 f NK603 &%k 2 * 8 GTS 40-3-2
&k eflt L F1 L CP4 EPSPS > e A FlenfiE e+ 2 > I NK603 &
4oz 2 A T 4 & 4 w3 35S 2 actin fx# & (Fig. 1B); * & GTS 40-3-2
ek gL T 2 35 35S fad 5~ &R 2 E %48 4 9P ~ CP4 EPSPS
% nos ¥ %+ (Fig. 1C) (Yuan and Chiang 2002, 2006; GM Database from
AGBIOS, 2007) » ~ {8 ir b pie dicivirmg Rt ey a gy 4 2
(Delannay et al. 1995; Elmore et al. 2001) » e Lt Fk & Tﬁ, TEAT 24 é&;:fﬁf%vﬁ KBS
BEOCARAZTITHEBELLIMEE UL K MY by BRAT
(Jones and Snipes 1999; Pline et al. 2002) - &£/ % h+& sz« ¥_CP4 EPSPS & /2
3 AR AILPE > ¥ i AR 8 enip £ (Pline ef al. 2002) > BB 4 fR RS E
® & NP afu s ] 0 AR R R0 i i iE -

SRR 2

2RV A S kA B 4 f# 5 Bf(Torstensson and Aamisepp 1977; Moore
et al. 1983) « 4 it f+ eniv ¥ 58§ = 1) sarcosine ¥ A S K 0 ALE
C-P lyase ¥&j% ; #-Ef4% ~# 5 aminomethyl phosphonic acid (AMPA) %
glyoxylate % - # 5 AMPA § 2 (Ruff ez al. 1991; Torstensson 1985) « .84 3 **
24 f N 7 7 4 (R BH(Duke et al. 2003; Komossa et al. 1992) » ~ & ¥ ¥-E k&
%25 AMPA » Franz er al. (1997)# |7 it £ & 4 & dpcd 3 2R &
%% AMPA 7 | 2 s ¥ 24 B A L BHE? » Duke %(2003)% LA R
R s B fEF o Pl AMPA Bt X B2V i NSRBI E AR S -

BREY T RSEREE D A T d 23 o F(Ochronobactrum anthropi)
LBAA strain i¥ 78 2_ glyphosate oxidoreductase(GOX)#k ] > H %48 <1 GOX fi%
2V o f2EmE CN 4> 3,2 AMPA % glyoxylate(Fig. 2A) (Barry et al.
1992) = # GOX A F|i3 &5 (5 H A HT » 7 A2t EAAE PE A FIFEL o ¥
bR R B TR G B E T B8 B E vk (Franz er al
1997) « 2 W Eet # T ERMEAF L F 2K 2R F > T FRETT
GOX % CP4 EPSPS 1 F¢hg ' » 403 § MONS32 % (Fig. 1D)~ 4 ¥ GT200
& % (Nap et al. 2003; Zhou et al. 1995) #+ & B & 1} =R © § # 75 CP4 EPSPS
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15 s (Nida ef al. 1996) #4 @ £A5% W AMPA ¥ A& 4+ $HE 2 F14 2 2 § 4o
Hc# t+(Hoagland 1980; Reddy ef al. 2004) » H & 7 GOX £ Flengk 78 (¥4 f| i
EAPM chd AR Y o

A -
S | |18
Actin CTP1 CTP2 M-EPSPS nos
(B)
RB Jecec = LB
{ Actin CTP3 CP4 EPSPS nos
RB LB
35S Hsp70 CP4 EPSPS nos
©)
RB et LB
35S cTP4 CP4 EPSPS nos
D)
RB - LB
{ 35S Hsp70 CTP3 CP4 EPSPS nos
re —{[[IIII Jc e B e 1

35S cTp3 GOX ?

Fig. 1. Introduced genetic elements of glyphosate-resistant crops. (A) maize
GA21, (B) maize NK603, (C) soybean GTS 40-3-2, (D) maize MONS&32.
35S, cauliflower mosaic virus promoter; actin, actin I promoter and
intron sequences from rice; NOS, nopaline synthase ternimator; CP4
EPSPS, 5-enolpyruvyl shikimate -3-phosphate synthase (EPSPS) gene
from Agrobacterium sp. strain CP4; M-EPSPS, modified EPSPS gene
from corn, GOX, glyphosate oxidoreductase gene from Ochronobactrum
anthropi; CTP1, chloroplast transit peptide of ribulose-1,5-bisphosphate
carboxylase oxygenase small subunit (RuBisCo SSU) gene from
sunflower; CTP2, chloroplast transit peptide of RuBisCo SSU gene from
corn; CTP3, chloroplast transit peptide of RuBisCo SSU gene from
Arabidopsis; CTP4, chloroplast transit peptide from petunia; HSP70, heat
shock protein 70 from maize.

V- REREE R E 39 AT d B & T 37 4% F(Bacillus licheniformis)
i% 78 2_ glyphosate N-acetyl transferase (gat) & %] H % #8 1 GAT % % ¥ #-E
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% 5 d N-acetylation # #(Fig. 2B) (Castle et al. 2002, 2004; Siehl et al. 2005) >
P e 4] 2 LRI E (glufosinate) $ 7€ (54 4 1 0 bar & pat & F %A i

(A) OHyHDO
S [ ey T |
O -C—C-N-C-P-O

1L

HHHO

glyphosate

Glyphosate oxidoreductase
(0) (GOX)
[l

(-0),—~P—CH,NH;* + CHOCOH

Amino methylphosphonic acid glyoxylate
(AMPA) :
: “‘ ;
: 1
v CO,
phosphate

(B)
O H H H O
A I U ;
O - C—-C—-N-C—P-O
[ T
H H H O

glyphosate

glyphosate acetyl CoA
N-acetyl @
transferase CoASH
(GAT)

s
O HCH O
B 1 ) e A | B
O -C-—C-N-C-P-O
I |1
H H O

Fig. 2. The glyphosate oxidoreductase (A) and acetyltransferase(B) reaction.
(Barry et al. 1992; Siehl et al. 2005; Zhou et al. 1995)
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phosphinothricin N-acetyl transferase(PAT)f% % » 7= #.i* N-acetylation ¥ % & &
HE M I (Droge et al. 1992; Thompson et al. 1987) » % gat 2k Flehig 78 (¥4
}f@%"gﬁ b_F;‘ ’ E] gﬂ /LF 1@’_@2 Pcrﬂr,r./i o

[ S7As
= P

FEBE TRV ke 4 £k %‘ R E B w3 TR ##
GERR S TR OF A R P & W%ﬂ4ﬁ$%’ﬂ&\%%%&
BB FEFH 4 EBE T gl 28 AL S
£ EPSPS pz % ﬁf:%z@m% R fodt o EPSPS A 7] 14 2 HEgE S SEEp
A F] o gt A ek 0 E o MR E 2 8] T o L R (T hlE
BT e R LEH LS PN T B E R MR ol L Tl e
dONR B R AT RS A AR AR R %ﬁ#m%m%%u !
B AeA Afend 53~ L ente £ £ 5 (Conyza canadensis (L.) Cronq.) ~ #
M 3L (C. bonariensis (Linn.) Cronq.) » 14 %2 H #eh Amaranthus rudis Sauer %
A. palmeri S. Watson % » 323 Ul ﬂ% 7 4§53 EPSPS 2L % 82 ¢
e £ X E T R B EEMPN EE 2 2 AL AR R
B ROAR SHERTARM R FID A P AT o e B I {1 > ARk
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