20

EEMEFREIRAMEEEER SR &HF A 2HH

FERKET - B RE > MEE - R
TTERBE RS R B e RSB Y)RYABR AT N F e

5ES

2 2005 £ 1 H 2 2 H AR E — i
JEENEE Z B R OK - BIE HE TR A Rk
HREMEZIE - WHPIIEREKREE o8
R > SRESTTIEER R 2RIt - R T & ORI
MEAREE - R 4 SRS I T R B 2
(41% 5¥8)1.8 kg ha'» [fEZE% 5~7 H » 8
TR EBRGEF RGN > R 2 HAARE
14 MBER I E PUEEME CAH bR - HFT
EEFAHL 0.9~3.7% 2/ » FERPIEBZE CH
FA TR LB EXESEH & 0.5 kg ha'
PRERFEAR - EBIRBPUEMRE » E— P HlE
KEhTEZ genomic DNA » FHTEMEE ek &
EiEh1(CaMV 35S promoter) ~ 7k §§ actin
[KIBE)F & nopaline synthase FER|Z &4
T (NOS terminator) £ B /7 '] &t &t W #H 5
T EITEREEEEENE - MRAIIE R
N LI T oK w4 T BB AT 2.0 K 2.6 kb F
B 2.1 kb (2 B — B - JEPLEEME AR OL
% DNA FrB - PCR EVJEREG - BAKIE
ROEFE o LLEIRRR e B BB 5 HER 2.0
PCR EY)& 7KHG actin promoter ~ f[Hi7{H7F
ribulose bisphosphate carboxylase/
oxygenase small subunit (RuBisCo SSU)~
chloroplast transit peptide (CTP) - CP4
EPSPS Kz NOS terminator B¢ - 2.6 kb 2 E

K& Fy 355 promoter ~ F KRB TEH
(SHP70) % CP4 EPSPS Kk NOS
terminator Jv B - 2.1 kb FrERBIF/KFH actin
promoter - [i] H# RuBisCo SSU 2z CTP ~ &
% RuBisCo small subunit 7 CTP -~ B2
FKILEBEZE EPSPS & NOS terminator Z&
B - BURE 2 BICRBUREREZ
NK603 f GA21 ik - FRHE M5 [ 28
gt & multiplex PCR 73 #1455 » 7143 Ak 1 4
B 11 BRPUSEREZE KA Ry NK603 Fr GA21
fhR o THEZ B ~ R ~ BRTERE
KAETEE B LA multiplex PCR 7347 > AR
HEVISEMERR C TRYE -

FASEEE ¢ BAUCEAYIHE - Bk - REDIEE
% - CP4 EPSPSELA| - fBHfiz R AL
FEBEIEEPSPSELR] ~ # G- B TeHEH
FE -
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ABSTRACT

We germinated corn seeds collected from
retail shops in central Taiwan and tested seedling
tolerance against glyphosate. Of all 14 samples
tested, seedlings survived herbicide treatment (1.8
kg ha? foliar spray) ranged from 0.9-3.7%. These
indicated that a small portion of marked feed corn
was genetically modified for glyphosate tolerance.
We extracted genomic DNA from leaves of
seedlings survived low rate of glyphosate spray
(0.5 kg ha''), and conducted PCR with two sets of
primers { CaMV 35S promoter/NOS terminator,
rice actin promoter/NOS terminator). PCR
amplified fragments were 2.0 and 2.1 kb for
promoter using rice actin and 2.6 kb using 35S.

Nucleic acid sequences of these fragments were
analyzed after conjugation and transformation.
Comparison on nucleic and amino acid (NCBL
blast analysis) suggested that components of PCR
fragments were: 1) actin promoter, chloroplast
transit peptide (CTP) of RuBisCo small subunit
from Arabidopsis thaliana, CP4 EPSPS and NOS
terminator for 2.0 kb fragment; 2) 35S promoter,
heat shock protein from maize (SHP70), CP4
EPSPS and NOS terminator for 2.6 kb fragment; 3)
Rice actin promoter, CTP of RuBisCo small
subunit from Helianthus annuus, CTP of RuBisCo
small subunit from corn, modified EPSPS from

"~ corn and NOS terminator for 2.1 kb product.
These results also suggested that genetically
modified corn lines NK603 and GA21 were in our
samples. Multiplex PCR using sequence based
primers were conducted on seedlings and corn
products. Analysis of 15 glyphosate tolerant
seedlings showed that 4 and 11 were NK603 and
GA21, respectively. Gene fragments, glyphosate-
resistant related, were detected in 11 of 17 corn
products that sampled in local market. Positive
identified products included flour, kernel (fresh,
canned), popcorn and corn flake.

Key words: GMO, Corn, Glyphosate re51stance,

CP4 EPSPS gene, Modified EPSPS of
maize, Multiplex-PCR.

e

i

il

2004 £ ZEHRAKNKEE D H®
(Genetically Modified Organism, GMO)Z

HEEBECEAT -HEQE  EPFEEZ
BEWREMRARE ~ Bk -~ b Rams » R
HI AR AFLBR BB YAl 7296 » PlaEvh
19% » FEF &8 RAREREDAL 9%
(Global Knowledge Center on Crop
Biotechnology 2004, GM Database from
AGBIOS 2005) - HATFE Lz VFESEE
KB NK603 f GA21 R fE 5 % (GM
Database from AGBIOS 2005) » R
HEFHHFEER MY 2 FE (Genetically
Modified Food 2003) - FE®§%[glyphosate,
(N-phosphomethyl) glycine| B2 EREH H
CBRER] TR FEMEE 30 BT ER
BROE B ME % 2 10% (Pesticide Action
Network 2004) - Z{# [ 1970 AR S
Rk EHmEERE ~ SRE - BrEEE - ARER - JEH
K 7K A HERL 2 3 P (Fei and Wang 2004) »
T EE T EFHALE Ry shikimic acid ({3
i & B 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) » S 2B T 'H
phosphoenolpyruvate (PEP) E4FHF
#l%) BFH (1 EPSPS preprotein & 2 BE#%
#& (Devine et al. 1993) - & B% & N 1% B
(phenylalanine) - ESiZER (tyrosine) K%
FR (tryptophan) =7 7 IR BB & &%
& EEHEZEGHK  EmilEEY A
£ (Kishore and Shah 1988) » 32 Fi B R B &
ERSEEAR2"E 1 B PSR I A= T
o R THEER - HAREXBEN - &
BB E Agrobacterium sp. strain CP4 7
EPSPS EKEAREHfiz kK EPSPS ELK#
B ERK(AW x CW HZZ%)(GM Database
from AGBIOS 2005) » gfA Itk CP4 EPSPS B
HREHEZEAMEK - HeJ82E PEP 8%
# e o shikimic acid B IEH EIE Iﬂzﬁ
BRI FAIER - BRESRETEELRE -
LB R (Hess 1996) -
BT E BRSO P oK% R T

2002 2 ERF R 500 BEANE - Heh
94% % H B (Agricultural Trade Statistics



22 Crop, Environment & Bioinformatics, Vol. 3, March 2006

of the Republic of China 2003) > 2004 £ 2k
FoK 14% By BERSUE K » BEIZEREXK
# 45 45% - & PLER HE OB & A 18%
(Agricultural Statistics Board, Us.
Department of Agriculture 2004) - HHfAEER
S 1B B 2E ot mT RERE R AR (R S0 R B B A
MR A EREBLRFEL - £AYYE
B—{t - FHEBEEYCEF R R SEREE
ARERBIRIE B - Bk R R UGEE &
RuREfFERFEHE - MERTIMERZ
TR EL 2R E (Ammann et al.
2001, Perdersen et al. 2001) - (Kt » FRE K

YRR T - S H AR SAR

HESEE RGBT  RERTEL
B R EERE - MR HAT B ER
RE R FAFVEYRES G FI FHTEMT S fchUR
7 Z Bl 8 -7 (355 promoter)
synthase #t [A] .2 3'nontranslated region
(NOS terminator) e #EH BRI BT i 2E - SCRR
FiRZ DNA EMHaH - 8L 355 BEh+ &
NOS #&fgFiitsl+ @ eETEREZ PCR
el > B DAY BRRIER a5 |1 #E— 2 DL PCR
B i e < (Hibner et al. 1999, Kuiper 1999,
Lipp et al. 1999, Matsuoka 2000) - 3T4EE A
Cet ok - AEEFEREEQFYRE
Rl R R - RIETTERE A E - 28
KB BEe#EEFT (Chiueh et al. 2001,
Jeng et al. 2003, Lin et al. 2000, Yuan and.
Chiang 2002, Yuan et al. 2003) - HHAHTE %
E R AR B ERHEK AR - FHA
W5 et B P E B 2 A K TR AT P
4 ~ CP4 EPSPS Bl {E .2 F >k EPSPS i
EK#EFF - multiplex PCR # ¢ ik @37 -
S 3 T A T T KA B o I T o -

MHEERTE
—ELRER

— % EX T BE B {2 B Merck A E] R &
B Sigma /2 H - 3 OB ¥ B N fF EE

~ nopaline

(glyphosate » 41 A WR) MEEZEBEE L
H] - X DNA HEZE# DNeasy Plant
Maxi kit Fz multiplex PCR kit i H EEH
Qiagen 42 H| ° plasmid DNA #iH{E #
miniprep system kit ~ DNA #i{b[EIKEH
gel extraction kit  PCR R BIHE H =8
Viogene /2] » DNA marker(1 kb plus DNA
Ladder)li# B 28 B E /A H > 5| FHES
AR A - DNA & #8 (pGEM-T Easy
Vector kit )i 3B Promega /4#] - DNA
%€ 7 i 88 (ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction kit)f& EH
% PE Applied Biosystems /3 #] « PCR &
25 Gene Amp PCR system 2400 & DNA 5
Frf& ABI PRISM 377-96 DNA Sequencer £y

% & Perkin-Elmer 2\ &) F 5 -

T EETLEERERMENEZERN

E

2005 ££ 1 H 2 2 F HHRAH 2 o i &
HERTEIE RET - EERKE T 14 M
dn o DU R (B AR - #20R) R RIE
PR AARaEL 150 Rl 1 - BER S EE L
(Bio-mix potting substratum, Tref /3E])Z
Bk HERREE®E - BKRRRE
FHEREEE 3~4 % WfEFEMNEAL &
#)1.8 kg hal> 7k&k 600 L ha' - fEEERR
7~10 M - EESRTEMREEEH R ~ SMREGF R Kk
IEH A RERRE - SRR EHE
TRENGES -

= -MEBMEI KRR ZH 5 M ER

HHRGR S TR T - IHEE 34
I R B EE(0.5 kg ha) - HEZER
5 B oREESESMNREGE R EEERE
bR WERIEIEE M R ER B
TTEE R IS -

M - 5% & E95E 84 57 fE (Polymerase chain
reaction, PCR)

BE TR T - BEP BRI
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R 4 ZEBRFE AR T AL RENEE - B 5 pl B
#(0.5kgha' )%Eug - EZEHR 5 H » 2RI
HEGEFR GETiEET &) R IEE S BN ET
EEVERE 01 g ShEE > mEUE KM
DNA - {KIBIFRERE TR CEERFIZHE
Z#H B¢ (GM Database from AGBIOS
2005) » FHAGARSE R AUR BB T-(CaMV 355
promoter) ~ 7K f§ actin £ K B &) F K
nopaline synthase # X & ¥ # + (NOS
terminator) B FF 51 3% 5T 355-F/NOS-R J¢
actin-F/NOS-R —#H5|-F(Table 1) - H{ 50 ng
It FUEAENR RIETUE R £k Z DNA - 43
AfN 1 pl 10 pM primer » FIJH] Viogen PCR
kit (1 pl 50 X Polymerase, 5 ul 10 X PCR
Buffer, 1 pl 50 X ANTP Mix 10 mM, 40 pl
PCR grade H;O) - #A#EFE B 50 pl > 1T PCR
I (Mullis and Erlich 1988) » & MRELL
PCR iR B 7K HUA DNA - S BR R
FRIABMEIRE R 94°C 5 5E  BMMEEE 94
T 45 WEHRE 54C 456 B EREE
72°C 458 18R 35 ] ; RARIERERE 72
C 74748 - (L5 pl PCR EY) » MAKES 0.1

Table 1. Primers used in this study.

f% #8382 bromophenol blue 48> £ A&
1.2% (w/v) agarose gel iz 0.5 X TBE [B# -
LA 100 RFFE R AET T RE vk oA - IR REIRY 25 7
o RUHBRREINETERER - e
DNA JrEEd DNA Marker i - FIFAZE
AR -
F - PCRDNA EMZETF

H PCR EY) Bk ks R - SIHRY
2.6~2.1 5 2.0 kb .z DNA- | gel extraction
kit # DNA {¢BRErhysseH » #1T ligation
¢ transformation 2 8% - B 3 pl tk DNA >
mFy pGEM-T Easy Vector kit (5 pl 2 X
Rapid Ligation buffer, 1 pl 50 ng pGEM-T
Easy vector, 1 pl T4 DNA ligase) > j* 16°C ;&2
FE 14~16 /NFf - BE-HEZIKXBGRHE
(Escherichia coli DH5a strain) » il 3 ml LB %
B 1 37 CHREREEE 14 /R > B 200 pl
HIRIMAE S KB 10 pl DNA - JRER K
[ 30 4348  FEAOA 200 pl LB K520 172 37
CTHRERE 1 /NS - BEWREHR LB plate
(& IPTG ~ X-gal } ampicillin) » 553 14~16

No. primer DNA sequence (5’ 3') Gene Amplified DNA
(1) 355-F GACGCACAATCCCACTATCCTTCGCA 35S promoter 2595 bp
NOS-R CATCGCAAGACCGGCAACAGGATTC  NOS terminator
(2) Actin-F GAATGGGGCTCTCGGATGTAGATC actin promoter of rice 1967 bp
NOS-R CATCGCAAGACCGGCAACAGGATTC  NOS terminator (NK603)
2130 bp
(GA21)
(3) Actin-F GAATGGGGCTCTCGGATGTAGATC actin promoter of rice 873 bp
CP4-R TGCTGTCGAAATCGTAGACC CP4 EPSPS
(4) CP4-F GACAAGTCGATCTCCCACC CP4 EPSPS 273 bp
CP4-R TGCTGTCGAAATCGTAGACC
(5) M-EPSPS-F  GGACAACAGTGGTTGATA ACCTGC modified EPSPS of maize 201 bp
M-EPSPS-R AGCAGTAACAGCTGCTGTCAAGGA
(6) CPT1-F TGGGCTGCAGGAATTCCGAAAGAC CTP1 of RuBisCo SSB 384 bp
in sunflower
CPT2-R ACGTTGCCGAGGCTTCTGAAGAAG CTP2 of RuBisCo SSB

in maize
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/N SEHUEH DNA insert Z FIAE% - 5
A 3mlLB E58id » R 37 CEE# 14~16
7NEF - B 300 pl - RTERR 4°C - HERZ B
REWRIEL 3000 ¢ B 5 438 Bl ERE
& > HEY plasmid DNA » i 50 pl EgfF 7Kk
PiH plasmid DNA -+ HY 20 pl plasmid DNA
1 pl EcoRl [RIEEE > 7 37°C KIE 2 /]
Kf - B 6 pl AR 01 fSREZ
bromophenol blue ¥eH - {F ARE 1.2%
agarose Z 0.5 X TBE JB#& - L 100 fREFE R
HELTEE vk 47 (Birnboim and Doly 1979) - i#
EYEL 2.6 ~ 2.1 & 2.0 kb insert DNA Z &tk
BN S ampicillin & LB [EfBRE A 7
37 CHEEE 14~16 /]NEF - HUEUE#EZ plasmid
DNA EfF - KB E R E#EZ plasmid
DNA - ¥I|[H ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction kit » [
DNA ERF®BERF - 1§ DNA fF 5L
DNASTAR &k &8 § % g i L B8 17 51 - DA
National  Center for  Biotechnology
Information (NCBI) & [X & 4+ Blast ChRg L%
S -

7% > Multiplex PCR #§IMEBEE X

W 26~21 k& 20 kb PCR EWMIZ P
50 E 2 AT HH B
actin-F/CP4-R . M-EPSPS-F/M-EPSPS-R
(Table 1) » BV ESHE% F k2 B DNA
50 ng » FIIf PCR kit SE{TATRR F3%:2 PCR
(AR 54C 45 B)RERIH(1.2%

agarose) °

+ ~ HE R XM I E M2
Rt 15| T 5k CP4- F/CP4-R
% CTP1-F/CTP2-R (Table 1) - F| f
multiplex PCR /5% » f#I R K8 - FRK(
BORAE ~ FORMEEE ~ TR~ WHRIBR SR
& TN R BORIR G < BRK AR 17 74
Bk o SrAUEL 0.1 g ke#SHEL DNA - LT
multiplex PCR #&#l| - S EE4[IFu multiplex

PCR 57 B Bk 317 (1.2% agarose) -
HER

T EREMRAEBMECERRE

T VR [F SRR < EoK AR G - KR E R
B BEEFER R 59~93% (Table 2) - R KL
RHESER 5~7 H - SRR TEPRBALG 2R H R
R %R 14 0 TR S R IEF A RE
PR B EEN - RBEERZBIRRER
=LK b(Fig. 1) fadetk 14 H2ZRELTE3E
C - EWAERCEKTRERRIZEHECE
BRI Tk ZEEERAS RIS A
BZEKR > 2 TORER R E
WER - MigEtk 7 HEESET - #55F RokiERR
o S DU A b L EE R 2R TORAG 0.9~3.1%
(Table 2) -

T NEBMEIRZERFRE

EAKERLZEELL DNeasy Plant Maxi kit
fillAY genomic DNA » ®JH 0.1 g fH#&HhHKY
15 png 2 DNA ) DNeasy™ kit f{fZ DNA
BiEEE > HiNA RNase u]Z:[x RNA k.2
+# - 4 355 promoter ~ actin promoter %
NOS terminator DNA FH| & H Z 5] F
(Table 1) - & PCR  # BB6T » A KIES
W 54°C - A PR > 5751
oo 26 - 20 (355-F/NOS-R I
actin-F/NOS-R 5[-f)3 2.1 kb (actin-F/
NOS-R 5 7) 28— DNA FrE - JEisEmizE
TERREIME I S 382 DNA FrE - DIEREZ
EBETF/RKE DNA #R5 & 38 IREH 7R A It
DNA J B » 3%~ PCR HIE ey e 5288
4 (Fig. 2) -

= -BEHEHNEEYERFRERE
|27
# PCR 2z DNA EYHBEEGRL &8
BE -~ EAIKE - #H plasmic DNA K HEST
B —EB 2 insert DNA #7k 2.6 ~ 2.0 jz 2.1
kb & > BRI Btk 2 plasmid DNA g
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# PCR Z DNA E#)f751LL NCBI .Z Blast
DHTIEEBEREFY] - HRRER 2.0 kb
PCR EYyH7K#E actin promoter (282 bp) -
LTI VAR (= S A

carboxylase/oxygenase

ribulose  bisphosphate

small  subunit

(RuBisCo SSU) &z chloroplast transit
peptide (CTP) (225 bp) ~ CP4 EPSPS (1374
bp) 5 NOS terminator (74 bp) fr Bt#f % (Fig.
3);, FFE# 2.6 kb PCR ZE#JHH 35S promoter
DNA FrB2(99 bp) ~ £ 2K heat shock protein

Table 2. Seed germination and seedling response of feed cornx to glyphosate application.

Established Injured plant Normal plant

Sample No. seedlings No. of plant (%) No. of plant (%)
1 135 130 96.3 5 37
2 132 130 98.5 2 15
3 129 127 98.4 2 1.6
4 139 137 98.6 2 14
-5 116 115 99.1 1 0.9
6 118 117 99.2 1 0.8
7 126 125 99.2 1 0.8
8 107 106 99.1 1 0.9
9 89 89 100.0 0 0.0
10 126 126 100.0 0 0.0
11 93 93 100.0 0 0.0
12 132 132 100.0 0 0.0
13 115 115 100.0 0 0.0
14 112 112 100.0 0 0.0
Control 136 136 100.0 0 0.0

x Corn seeds were collected from local retail shops. Seedlings, 3-4 leaf stage, raised from 150-seeds were
evaluated for injury after foliar application of glyphosate at 1.8 kg ha-l.

on-treated

te trea d

Fig. 1. Glyphosate resistant corn survived after foliar application of glyphosate (41% SL) at 1.8 kg

ha-l, Susceptible corn plants were killed at seven days after spray of glyphosate.
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Fig. 2. Genomic DNA of glyphosate resistant corn was amplified by PCR using different primer
pair. Lanes 1 and 10 were DNA marker; lanes 2, 4, 6 and 8 were 355-F/NOS-R primers; lanes
3,5, 7 and 9 were actin-F/NOS-R primers; lanes 2 and 3 were #2 sample; lanes 4 and 5 were

#1 sample; lanes 6 and 7 were non-glyphosate resistant corn; and lanes 8 and 9 were

deionized water.

(SHP70) (1053 bp) ~ CP4 EPSPS (1368 bp) A
NOS terminator (75 bp) Fr Beffk > [ElIRFS
2 M AE SRR - B{DL NK603 B i 28 R oK
mm(GM Database from AGBIOS 2005) :
BE# 2.1 kb PCR EYJRIEAKF actin
promoter (282 bp) ~ [f) H 3% RuBisCo SSU ;2
@R (205 bp) » Exc RuBisCe SSU =
CTP(210 bp) ~ f&#fiz EAKYiSEBEZE EPSPS
(modified EPSPS, M-EPSPS, 1335 bp)k
NOS terminator (74 bp)&s Fr E% » i SE4H ik
L GA21 ﬁ%ﬁ@’*z&%kﬁi%;{:(cl\d Database
from AGBIOS 2005) o It = P S AR R A
Hl GA21 SWH 2B FfifA i H % RuBisCo
S8 T CIPLS koA RuBisCo S5U 32 CTP2
bt oK M-EPSPS £E[X] (Fig. 3 - ¥ i iy e [ ]

HER) - Ml NK603 54328 | FRii 7k &S

-actin promoter ¢ CP4 EPSPS J&[X|(Fig. 3) «

R PTFE W2 EPSPS BRI v ¥ L2
5 BB R 0 JF B2 E 2k (NCBI GenBank,
accession No. X63374)Ed{El GA21 5% 21
L% K (M-EPSPS) 2 # 5 » {#HAEE 106
e EL@s 43 Bk Proline (Pro)Bid Serine (Ser)
(Fig. 4 » * BRIRFIRER) - Bakpgnn k2@ i
B ARE EPSPS R R 0 R B
7o R R R YRS B2 10"Pro 0 X
ik 107 Ser (HEZEPHER)EY 197Alanine (Ala)
(Z2#) (Baerson et al. 2002, Yuan et al.
2005) = L NK603 % E AR ZIEEK CP4
EPSPS B JE Rl oKz EPSPS i B AH DL RE
RIS 30% (Fig. 4) -



218 111 B B K LS R I R 1R B A R A

M~ 1 3 B 2 E K M % 2 multiplex

PCR #gHl

MM 2 HE %507 238k
actin-F/CP4-R K M-EPSPS-F/M-EPSPS-R
(Table 1, Fig. 3) » Ll multiplex PCR J7ikk&
HIGLFEREIE FOKRTE - DNA > #5043 Bl g
4 BRAR AL 23 actin-F/CP4-R 5T #HEN .2
873 bp A - Ly NK603 ffh Tk » 11 £k
bk .3 M-EPSPS-F/M-EPSPS-R 5 | 7%} 5%
1.2 201 bp 5% - FER GA21 5% E K (Fig.

27

3 K Fig.5)
I mEEKERMNIERZAT

FIF 4 #E—1%5|F © actin-F/CP4-R -
M-EPSPS-F/ M-EPSPS-R - CP4- F/CP4-R %
CTP1-F/ CTP2-R (Table 1) » #3l 17 {4
TS Herp 11 (F R IR R i
] - A F ok B R E KRB SRS RS E T
ZBEN JEERZ IR IR % - KL #ETT PCR
1 temple DNA #} 200~500 ng - F5 57

GA21
‘ Actin-F/nos (2130 bp) |
l ) N |
R &) S
o Q & \
@%”« o oY \\q;; ,\&\oQ
Actin | CTP1| CTP2 M-EPSPS nos
— —
CTP1-F/CTP2-R  M-EPSPS-F/M-EPSPS-R (201 bp)
(384 bp)
NK603 | Actin-F/nos (1967 bp) |
| N
W W AN @
&P NG ¢
Actin CTP3 CP4 EPSPS nos
— -

Actin-F/CP4-R (872 bp)

| 35S/nos (2595 bp) |

|

3 Q) 3
Y 2,00 &0 o0
&99‘&’ &\Q‘D Ogb Qoo
358 HSP70 CP4 EPSPS nos
e

CP4-F/CP4-R (273 bp)

Fig. 3. Elements of PCR products and positions of primers in the different glyphosate resistant

corn constructs. Approximate positions of primers are shown as arrows. 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; 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; and HSP70, heat shock protein 70 from maize.
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3 B EKE ~ 2 R 2 R KN bp 2 fE DNA F B Bi/R&F actin promoter
B AT B 201273384 K 873 bp 4 DNA K CP4 EPSPS E:[A]; 2 {4 F K Frn a] #1 201
FrE%(Fig. 6) » BH/~&H 35S promoter - actin bp DNA FE AR EENEHEETXK
promoter - CP4 EPSPS K Iis i EE K M-EPSPS B BB S HRE,REXRKEBEZ
M-EPSPS E[X; 2 {3 K {E Ol 1Y 273 K 873 TR Al fEd B[R 2 R -

v v v * *
Z may (X63374)  AGAEEIVLQPIKEISGTVKLPGSKSLSNRTLLLAALSEGTTVVDNLLNSEDVHYMLGALRTLGLSVEADKAAKRAVVVGCGGKFPVE - DAKEEVQLFLGNAGTAMRPLTAAVTAAGGN 117
Zomay (M EP DSY L S 117
E. indica-S(MA) .. ... Voo, Voo Sch, D....... D A.K .............................. 118
E indica-RMA) ..., Voo, Vo ScA Do Koo AKoooo S 118
E. indica-S(TW) ... .. Voo, Vo NI K K 118
E. indica-R (TW) . ... Vooooooa, Voo S A Koo Kovooo Ao 118
E. coli --MESLT....ARVD..IN.......... Ao AH.K..L....D.D..R...N..TA. .V.YILSADRT.CEIT.N. .PIH. .G----A.E............. A, .LCLGSND 112
A. sp. (P4 SSRPATARKSSGLSGL....RI.‘D..I.H.SFIVHJGG‘ASGE.RITG..EG...INTGK.MQAM.ARIRKEGDTWH DGVGN.GLL.PEAP ----- ‘DF...A.GC.-..MGL.--.VY 113
v vy Yy v
7. may(X63374)  -ATYVLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDYPPYRVKGIGGLPGGKVKLSGS I SSQYLSALLMAAPLALGDVEIET 1DKLISIPYVEMTLRLMERFGVKA - - EHSDSWDRF 233
2 may (M BRSPS ) e R 233
E indica-S(MA) - et e 234
EindicaR(MA) - e e e 234
E. indica-S(TW) - ... ...... P U e 234
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Fig. 4. Sequence comparison of EPSPS from plants and microorganisms. EPSPS sequences of
glyphosate-resistant Zea maize were elucidated from this study. Eleusine indica from
Taiwan based on Yuan et al. (2005). Sequences on other EPSPS were from NCBI GenBank.
Major difference among non-GM and GM maize were at 106 and 100 position indicated
with asterisk (*) mark. Glyphosate resistant type of GA21-like and NK603-like GM maize
were associated with serine (S) and alanine( A ), respectively. The reverse triangles (V)
marks are residues suggested for glyphosate binding by Schénbrunn et al. (2001) .
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Fig.5. PCR products of genomic DNA of glyphosate resistant corn were amplified by multiplex
PCR. Primers were actin-F/CP4-R and M-EPSPS-F/M-EPSPS-R, respectively (Table 1).
Lanes 1 and 17 were DNA marker; lanes 2-6, 9-11, 13, 15 and 16 were GA21-like plant; and
lanes 7, 8, 12 and 14 were NK603-like plant.
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Fig. 6. Multiplex PCR analysis of glyphosate-resistant gene in corn and processed products.
Purified sample DNA was amplified with primer pairs, M-EPSPS-F/M-EPSPS-R,
CTP1/CTP2, CP4-F/CP4-R, and/or actin-F/CP4-R were used for. Lanes 1 and 11 were DNA
marker; lane 2 was corn flour; lane 3 was corn kernel; lane 4 was popcorn; lanes 5 and 6
were canned corn; lane 7 was corn flakes; lane 8§ was mixed vegetables; lane 9 was corn

soup; and lane 10 was non- GM corn .
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