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Table 1. Primers used in this study
Primers DNA sequence (5’2 3°) Gene Amplified DNA
P35S-5A AGTGGAAAAGGAAGGTGGCTCC 35 S promoter 1.35 kb (Bt11)
(Acc. No. E05206)
NOS-3 TCCTAGTTTGCGCGCTA NOS terminator
(Acc. No. AJ007624)
P35S-5A AGTGGAAAAGGAAGGTGGCTCC 35 S promoter 1.0 kb (T25)
T35S GCTCAACACATGAGCGAAACCCT 35S terminator 1.2 kb (Event 176)
(Acc. No. AF458479)
P35S-5B TCCGGAAACCTCCTCGGATTCC 35 S promoter 285 bp
P35S-3 GGAAGGGTCTTGCGAAGGATA 35 S promoter
(Acc. No. E052006)
bar AGCTGGACTTCAGCCTGCCGGTA bar 225 bp
T35S GCTCAACACATGAGCGAAACCCT 35S terminator
pat GCCAGTTAGGCCAGTTACCCA pat 159 bp
T35S GCTCAACACATGAGCGAAACCCT 35S terminator
pat GCCAGTTAGGCCAGTTACCCA pat 253 bp
NOS TCCTAGTTTGCGCGCTA NOS terminator
crylAb-5 CTCTCGCCGTTCATGTCCGT cryl Ab 211 bp (19)
crylAb-3 GGTCAGGCTCAGGCTGATGT crylAb
(Acc. No. AF254640)
ze-5 TGCTTGCATTGTTCGCTCTCCTAG Zein 329 bp ¥
ze-3 GTCGCAGTGACATTGTGGCAT Zein

(Acc. No. AB086264)
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55 pllPEiERT 1.0~ 1.2 (P35S-5A/T35S 4]-17)
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Table 2. Seed germmatlon and seedling response of feed corn ' to glufosinate application

Sample No Established Injured plant Normal plant
p ' seedlings No. of plants (%) No. of plants (%)
1 123 121 98.4 2 1.6
2 95 81 85.3 14 14.7
3 81 77 95.1 4 4.9
4 95 87 91.6 8 8.4
5 114 113 99.1 1 0.9
6 113 110 97.3 3 2.7
7 132 131 99.2 1 0.8
8 78 76 97.4 2 2.6
9 113 109 96.5 4 3.5
10 44 43 97.7 1 2.3
11 48 47 97.9 1 2.1
12 41 40 97.6 1 2.4
Control”) 150 150 100 0 0

Y Corn seeds were collected from local retail shops. Seedlings, at 3 - 4 leaf stage, raised from
150- seeds were evaluated for injury after foliar application of 0.9 kg/ha glufosinate.

? Control plant: sweet corn (Hua Chen hybrid).
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Fig. 1. Glufosinate-resistant corn which survived the foliar application of 0.9 kg/ha

glufosinate (18.02% SL). Susceptible corn plants died within 7 days spraying

glufosinate.
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Fig. 2. Genomlc DNA of glufosmate resistant corn amplified by PCR using different primer
pairs. Lane 1, DNA marker; lanes 2 and 3, P35S-5A/T35S primers; lane 4,
P35S-5A/NOS primers; lane 5, non-glufosinate-resistant corn and lane 6, deionized
water.
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Fig. 3. Elements of PCR products

SOEE EYERT T35S H L s b
LRI 7S8 55T ~ bar B phosphinothricin N-acetyl transferase &

and positions

V‘I"jr‘] «_/1&1.—'-1 ~ NOS

pat ¥y phosphinothricin N-acetyl
alcohol
(Bt) MiZ 7

of primers in the different

glufosinate-resistant corn constructs. Approximate positions of primers are shown as
arrows. P35S, sequences derived from cauliflower mosaic virus promoter; T35S,
sequences from cauliflower mosaic virus terminator; NOS sequences from the nopaline

synthase terminator; bar,

phosphinothricin N-acetyl

transferase gene from

Streptomyces hygroscopicus; pat, phosphinothricin N-acetyl transferase gene from S.
viridochromogenes; IVS2, intron from maize alcohol dehydrogenase; and CrylAb,
synthetic delta endotoxin gene derived from Bacillus thuringiensis.
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BIDT ~ PCR i P B 1 RUALE = f V38 F W pat B bar 57|78 o (A) T25 % Btll =~
sit31d 7 pat E W pat-1), S. viridochromogenes ./ pat % ™\ pat-2, acc. No. M22827 )
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A, Sequence of pat and bar

par-1 artegecceecpoirtaipatatesitagccaltacatreagaceiclacaglsaact 11AREACARARCCACAA
par-? ..... LR Ceelmeememn Crefeelemmn= LR AOCeefewlwennn CleleeTrmnmnflangy
bar LRRI Y EEEEE R o [ L LR LR LR Cemmm= (=emm= AATCm P wmemnn CAeleeCrmnwnflang

par-1 acaccacaagagizeattoatgatctagagagpt tecaagatagatacceiiggitopliactpagpttoag
par-2 --t--g--g--------C--C--C--P---C-CC-C--§--0C-C-----C---C-C--C--Cmmmm-f1-- -

T T T Lty e L ol L 1 O e e e L R

pac-1 perotigteectigptat tocitacectogeocct ppaagectageaaceeitacgattpeacagt tpagaet

PAf=l eefesfeafecfesfeefenlasmcafenlonncncansnnafaleenaalannsalasnnnfanlennflg
har B Ty L s L . Ry - B Ly | +1o] LRI PEPY PUTRPY. BV, T PP §. Ty
par-l actatttacgtateacataggcaccaaagattopoectapoatecacat tgtacacacatctacttaagtot
Paf-l eefesfecccafesfeaffmanan== FCeeCelanfesfenfananslfalananafeafosnnafacanal
har PR R R e R ey LR LY LR R b P Ceeleen== Brmmm= I

pat-l  atgoagzepcaapsttttanstetetootioctpttataggecttocaascpatocatotot tapet tecat

D=2 cemeaaaa CroraCeelemndfCrermalealealoeConlioefealonrenlea Q000 gCa00====(
bar [ommmmmm e = e o= [ m - - - =0 - =0 =0 - - O - B0 - T - - 0- - - - (- - BREC-- 20- 00 - - -
paf-1 pagectitgoeatacacagcocegpetacat tpcpcgcagcippatacangeategtgratagcatpatott
pai-2 ----- ge-¢--------C--g--¢c--g--g¢----g-----C--C------—-C--F--C-----C--L--§
bay ----- go-C-----1g-CC----C--C-1gC----2--g--¢--C-1------C--paag-------- c--g

pat-1 gatttitggraaagggat 1iigagttgocagctecicoangaceagitaggecagitacceagatetgag
pat-2 --g--¢----- BC-C--C--C---C----g--C--Z--CC-C--C--CC----C--C--@----------
bar  ----- C----- 2CL-PAC--CAECC----f-Ta----CC-T--2--CCl---C--1---g---mnmmn-

{B) Ali1gmen: of PAT
PAT-a  MSPERRPVEIRPATAADMAAVCDIVMHY [ETSTVNFR TEPOTROEW IDDLERLODRYPRLVAEVEGVVAG
PAT-b  —emo-- AD= R -BemPeoTm oo BeeeoTe--VeoRE-- - ooooD-E---

PAT-a  TAYAGPREARNAYTIRNTVESTVYVSHRHOR LG GETLYTHLLESMEACGFESYWAN TGLPNDPSVRTHEALL
[ I B . L L e B TP FEEE PP

PAT-a  GYTARGTLRAAGYEHCGGWHDVGEWORDEELPARPFREVEFVTO
PAT-b  --AP--M-----F---M----"---L--8--V¥--eu-L---E-

07 bar 5 PR 7 PAT-b 5 T2 274

Sequence comparison of pat and bar from glufosinate-resistant corn. (A) DNA
sequence of pat from maize T25 and/or Btll (pat-1), S. viridochromogenes (pat-2,
accession. no. M22827), and DNA sequence of bar from maize Event 176. (B)
Alignment of the PAT-a (from maize T25 and/or Btl1) with the PAT-b sequence (from

maize Event 176).
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Ze-5ize-3
PAAS-5RPIAS-3
Pat/nos

[bar T35S
aylAb-5 oyl Ab-3
Pat/T338

F 1414 0 g]7r ¥4 P35S-5B/P35S-3 ~pat/T35$ ~

pat/NOS ~ bar/T35S ~ crylAb-5/crylAb-3 % ze-5/ze-3.% 1 {if £y DNA marker » & 2

’[%l‘:"g & T25 An
R £ 2 Btll 2ot 35 5 7 {51

Fig. 5.

TIEE R 0 Ay 3 TR 4 Event 176 S0l
» o S R ZHRRRERE 2 o

PCR products of genomic DNA of glufosinate-resistant corn amplified by multiplex

SRR 5 0 & 4

PCR. Primers were P35S-5B/P35S-3, pat/T358S, pat/NOS, bar/T35S, cryl Ab-5/cryl Ab-3,
and/or ze-5/ze-3, respectively. Lane 1, DNA marker; lane 2, T25-like plant; lane 3, Event
176-like plant; lane 4, Bt11-like plant; lane 5, non-glufosinate-resistant corn.
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Fig. 6.

Multiplex PCR analysis of the glufosinate-resistant gene in corn and processed
products. Purified samples of DNA were amplified with primer pairs, P35S-5B/P35S-3,
pat/T35S, pat/NOS, bar/T35S, cryl Ab-5/cryl Ab-3 and/or ze-5/ze-3. Lane 1, DNA
marker; lanes 2 and 3, field corn; lane 4, corn kernels; lanes 5 and 6, corn fries; lanes 7

and 8, corn flakes; lane 9, mixed vegetables; lane 10, corn soup.
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ABSTRACT

Yuan, C. L.*, Hsieh, Y. C., and Chiang, M. Y. 2003. Characterization and detection
of the glufosinate-resistant gene in corn products in Taiwan. Plant Prot. Bull. 45:
329-342. (Taiwan Agricultural Chemicals and Toxic Substances Research Institute,
Council of Agriculture, Taichung, Taiwan, ROC)

Five million tons of corn are imported annually into Taiwan. Most seeds
sampled from local shops were found to be viable. We established seedlings in a
greenhouse and applied 0.9 kg/ha of glufosinate to the foliage of these plants.
Sensitive seedlings showed symptoms of injury in 3~4 days and died within 2 weeks.
Glufosinate-resistant seedlings accounted for 1 %-~14.7 % of the original seed
samples. We used plants that survived glufosinate treatment for PCR detection and
genomic characterization. PCR assay of genomic DNA extracted from corn leaves,
using the CaMV 35S promoter, terminator, and NOS terminator as primers, produced
a 1.0-, 1.2- and 1.35-kb fragments. DNA sequencing using PCR products showed that
the fragments consisted of the 35S promoter, IVS2, bar, pat, the 35S terminator
and/or the NOS terminator. We designed specific primer sets for the DNA sequence
of glufosinate-resistant corn; PCR products of 159, 211, 225, 253, 285, and 329 bp,
respectively, were produced using these specific primers. A primer producing low
molecular DNA fragments were suitable for detecting of implanted genes from
processed products, such as field corn, corn kernels, corn fries, and flakes.

(Key words: GMO, corn, glufosinate resistance, bar gene, pat gene, multiplex-PCR)
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