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Two million tons of soybean are imported annually into Taiwan. Seeds sampled from local shops were
found to be mostly viable. We established seedlings in a greenhouse and applied 1.8 kg/ha of glyphosate on
the foliage of these plants. Sensitive seedlings showed symptoms of injury in 3~4 days and were killed
within two weeks. Glyphosate-resistant seedlings accounted for 35~47% of the original seed samples. We
used plants that survived glyphosate treatment for PCR detection and genomic characterization. PCR assay
of genomic DNA extracted from soybean leaves, using the CaMV 358 promoter and NOS terminator as
primers, produced a 1.8 kb fragment under an annealing temperature between 56 to 70 . DNA from
soybean leaf at the 0.1 ng level could be detected. DNA sequencing using PCR products showed that the 1.8
kb fragment consisted of 358 promoter (106 bp), chloroplast transit peptide (220 bp), CP4 EPSPS (1368 bp)
and NOS (102 bp). The sequence CP4 EPSPS (1368 bp) is comparable to the amino acid sequence listed in
the gene bank of NCBI. We designed four specific primer sets for the DNA sequence of glyphosate-resistant
soybean; PCR products of 680, 822, 144, and 129 bp were produced using these specific primers. Primer
producing a 144 or 129 bp fragment was suitable for the detection of implanted genes from processed
products, such as soymilk and Tufu.
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kit) Bz DNA #lifb[oldr &4 (gel extraction kit)
f#% H & Viogene 24 &) » DNA marker (1 kb plus
DNA Ladder) % H 32 & Life 2vH] » PCR &t i



AE LR U5 B 28 R o i o2 0 b R R R 1 2 R 121

(Advantage 2 PCR ki t)}i B 3£ B Clontech 2% &]
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M-S EMEHNE (polymerase chain
reaction, PCR) : BE R & HE R

mEASHE T AmAEETLET - BA
TR TR ML PATE > T R 28 (41 %5 1)
Sul - [EEE=H% » 45187 F BEFHK GEHE
WA MEEEFER (EEEEECYE] g
fhHYL genomic DNA « {3851 57 bk 28 K = 2 B IALGH
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GACCGGCAACAGGATTC-3 - IV 7 £ K IR ¥ 7H fr K
o, genomic DNA 50 ng/u L » B 10 4 M primer 1
wL > I Advantage 2 PCR kit (50 X Advantage
2 Polymerase Mix 1L, 10 X Advantage 2 PCR
Buffer bu i, 50 X dNTP Mix 10 mM 1u L, PCR
grade K0 40 £ L) » #4T PCR MR " » EHHIH
v Advantage 2 PCR kit «Z control » S ¥ #i# L1
PCR Zrih A B 1 /KHUAL DNA - KFEAER R « #E
MR EE R 91OV dE MR 4T
s WA ZBRGIME 7AlE 56 ~ 58 ~ 60~ 62~
64 ~ 66 ~ 68 B T0 C—4ri# - ZERRIEIE 720 -4¢
o O 30 HMR RBIEREE 12CE 0 H -
HCPCR EEY Spl  INMAKS 0.1 FHREZ
bromophenol blue Z48l » T AR S 1.2% (w/v)
agarose gel 2 0.5 X TBE JB#8 - LL 100 A% &
FRAETT Rk o 07 » RF[EIRT 25 dd - ENE
R TEIEAS A » P13 DNA F B Ed DNA
Marker Lbi#% » FIHAZEMLFIEE -

IV 8% 78 #% genomic DNA 0.05~0.1+0.5+1 >
2+5~10~20~50 ng> 435I 10« M primer 1
L FJF Advantage 2 PCR kit » 3#£17 PCR &, -

FREEE Ry REARB R R 94 CIY 3 5 - B2
MR 40— MERER 68C—5
BRI R T2 0008 TR 30 81 &
RICRETEE 200 o - BREK D
[l iR T R 7 -

L -PCRDONAEWMZHETE

1. HLEELL[X] (CP4 EPSPS) 2 E T

FH PCR EEY < BBk 3 W A5 5 HIHLAY 1.8
kb .2 DNA - FI|H gel extraction kit i5f DNA 7
B E e 0 #1T ligation K transforma-
tion > BE I DNA 3w Lo ¥R A pGEM-T Easy
Vector kit (2 X Rapid Ligation buffer 5pu
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Table 1. Primers used in this study

No, primer DNA sequence (5> 37) Gene Amplified DNA

(1338 GACGCACAATCCCACTATCCTTCGCA 35 S promoter 1800 bp
NOS CATCGCAAGACCGGCAACAGGATTC NOS terminator

(2) CTP-F CAACATGGCTCAAGGGATACAAACCC CTP of petunia 680 bp
EPSPS-1 GTCACCGTCTTCCGATTTCAC CP4 EPSPS

(3) CTP-F CAACATGGCTCAAGGGATACAAACCC CTP of petunia 822 bp
LEPSPS-2 GATCGGCTCGATGACCGTCGTG CP4 EPSPS

(4)35S GACGCACAATCCCACTATCCTTCGCA 358 promoter 144 bp
CTP-R GGGTTTGTATCCCTTGAGCCATGTTG CTP of petunia

(5)NOS CATCGCAAGACCGGCAACAGGATTC NOS terminator 129 bp
EPSPS-3 GAACTCTCCGATACGAAGGCTGCC CP4 EPSPS

CTP : chloroplast transit peptide.
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Table 2. Responses of imported soybean® to glyphosate
Sample No. Percentage of Injured plant Normal plant

Germination (%) No. of plant (%5} No. of plant (%)
1 78 100 04 56 36
2 83 90 54 76 46
3 88 94 33 82 47
4 90 117 65 63 35
5 88 94 33 32 47
6 82 104 63 60 37
7 90 104 58 76 42
8 88 94 53 82 47
9 92 116 63 68 37

* Soyhean seeds were collected from local retail shops. Seedlings, 2~3 leaf stage, raised from 200-seeds were evaluated for

injury after foliar application of glyphosate at 1.8 kg/ha.

Control

Glyphosate treated

s 2

@ - TEATIEREEREE 1%IEH) 1.8 kg / ha » R - VIR KRIER £ K - JRIRSEMERGL

T

Fig. 1. Glyphosate resistant soybean survived, foliar application of glyphosate at 1.8 kg/ka. Susceptible soybean was killed at

seven days after spray of glyphosate.

f1 35S promoter K NOS DNA J¥%! 3 &t & primer (1)
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Fig. 2. PCR products of genomic DNA of normal and glyphosate resistant soybean (GRS) under different annealing
temperature CP4 EPSPS gene (1.8 kb) was amplified by polymerase chain reaction using primer pair 35S and
NOS. Lane 1, 10, and 11 were DNA marker, normal soybean DNA and deionized water, respectively. Lane 2 to 9
were DNA of glyphosate resistant soybean with different annealing temperature between 56 to 70 €.
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# PCR « DNA EYIHBRHELE B
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WEHSR > 1.8 kb PCR FEYIH1 35S promoter 2
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HERZE™ (=) -

2. Nested PCR #&3H]
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F 1.8 kb PCR EE W& Bamll] ~ Pst] Jz Neol
= i R 1 s v b IR B B vk 43 BT > TTFE PCR
Z DNAEEM B R —(0.6~1.2kb) ~ =(0.3~
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Neol [RHIFe 32 pE 3 5 47 5/ o] $Ea% Y (1. 6 -
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CP4 1 mlhgassrpatarkss glsgtvripgdksishrsfmfgglasgetritgl so
Petunia 1 -p-eivlgpikei----kl—sk-1-nrill-aa-se---vvdn- 45
Tomato 17 i———-kl—sk-1-nrilllaa-se-r-vvdn- 49
Zea mays 14 i-——kl—sk-1-nrilllaa-se-t-vvdn- 46
E coli ¢ lgpiarvd—inl—sk-v-nralllaa—h-k-vl-n- 4
CP4 51 legedvintgkamgamgarir kegdtwiidgvgn ggll apeapld fgnaa*1
Petunia 46 -ssd-ih mlg-lktl-lhve edsanqravve-c = --—fpvgkesk-ig-f 1-—-g*100
Tomato 50 —ssd-1hymlg-1ktl-lhveddn-nqra-ve-c-gfpv-kks ep-ig-f 1-—g™i05
Zea mays 41 -ns——-hymlg-1rtl-lsve adkaakravv—c —kfpvedake-vq-f 1-—-g¥102
Fcoli 5 -dsd—rhmln-1t-1-vsyt lsa-rtrceii-—- --p- ha-ga-elfl-——g*s%

CP4 101 tgerltmglvgvydfdstfigda sltkrpmgrvinplremgvqvksedgd 150
Petunia 101 -am-pltaa-t-aggn-ryvl-gvprmrerisdlvdg-kql-ae-dcfl-t 142
Tomato 106  -am-pltaa-t-aggh-ryvl-gvprmrerigdlvdg-kql-ae-dcsl-t 147
Zea mays 103 -am-pltaa-taaggnatyvl-gvprmrerigdlvvg-kql-ad-dcfl-t 154
E coli 97 -am-plaaalclgsn-ivlit-ep rmkerl-hlvda—Ilg-akitylege 146
= AR AT 2 CP4 EPSPS BALES IR RSB A4  F|All » 10K ~ R AEZ EPSPS 2 ILEL
ﬁgg%g;%%}%ﬁallPsps THHEFEI Z B EERE A5 B B ok FER 3 by B A B S A O M Z i Ll - " — " e fE Rl

Fig. 3. Comparison of the partial amino acid sequences of the CP4 EPSPS of glyphosate-resistant soybean, petunia,
tomato, corn, and E. coli EPSPS proteins.
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WY IR SEEEL R AT L 35S « NOS ~ &% 47 CTP DNA B F CP4 EPSPS DNA FrEt b5 |F & Nested PCR
HI5E - 35S & NOS 5|+ PCR ¥k DNA H4) » 55 | fiiky DNA marker 55 2 25 6 25175350 %
35S/NOS ~ CTP-F/EPSPS-1 ~ CTP-F/EPSPS-2 ~ 358/CTP-R - NOS/EPSPS-3

Fig. 4. Nested PCR analysis of 35S/NOS-PCR products of glyphosate-resistant soybean. The DNA products were
amplified by using primer pair. Lane 1 was DNA marker, lane 2 was 358/NOS, lane 3 was CTP-F/EPSPS-1, lane 4
was CTP-F/EPSPS-2, lane 5 was 35S/CTP-R, lane 6 was NOS/EPSPS-3.

3.36.5 16kb)~ =(2.2~3.0~6.4kb) ~ ) B ASE T 0H B i 2 “P-CP4 EPSPS
(1.8+5.5 kb) ~ (8.0~ 18.0 kb)1iHl DNA MEFEARTIGERE L NG AET > D=4
FrB o JEMEBIE SRR % < DNA F B (T R A ERg#H L - CP4 EPSPS DNA » LLAL A
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PG TR R A S PCR A Z IRHIBE WAL EINE - 55 1 #i%y DNA marker - 58 2 %y 1.8 kb .2 PCR DNA
EY) REIREIBERMEE - 5 3 £5 5 WO BIAEIRSBIBESR Bamll, Pstl K Neol [ZFEF » Ll 1.2% agarose gel
kAT

Results from the restriction enzyme digestion of PCR products of glyphosate-resistant soybean. Lane 1 was DNA
marker, lane 2 was non-digested 1.8 kb PCR product, 10 pL of PCR product were digested with BamlI (lane 3),
Pst1 ( lane 4), and Ncol (lane 5).
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Southern hybridization of genomic DNA of normal and glyphosate-resistant soybesn (GRS). Soybean genomic
DNA, 20 pg were digested with BamHI (lane 2, 3), EcoRI (lane 4, 5), HindIII (lane 6, 7) and Necol (lane 8, 9);
digested DNA was separated by electrophoresis and transferred onto a nylon membrane. The filter was hybridized
with the **P-labeled DNA of EPSPS, the mature protein coding regions of CP4 EPSPS full length DNA. Lane 1
was DNA marker, hybridization appeared only for DNA from GRS (lane 3, 5. 7, 9) and not for DNA from normal
soybean (lane 2, 4, 6, 8).
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Fig. 7. PCR analysis of glyphosate-resistant gene in soybean and processed farm products. Purificd sample DNA was
amplified with primer pairs (A) 35S/CTP-R and (B) NOS/EPSPS-3. Column description: lane 1: DNA marker, lane
2 @ soybean leaf (resistant), lane 3: soybean leaf (normal), lane 4: soybean seeds (0.1%, resistant/normal), lane 5:
soybean seeds (normal), lane 6: soybean milk, lane 7: bean curd.
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