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Table. 1 A summary of the regulatory status for selected
genetically modified crop?

Crop Identifier Trait *Year
HCNS2 Glufosinate 1996
GT200 Glyphosate 1996
Canola NS1473 Imidazolinon 1995
NS738 Imidazolinon 1985
23-18-17 0il content 1994
Flax Oxy-235 Oxynil 1997
FP967 Sulfonylurea 1996
Mon810 ECB 1995
. 176 ECB+Glufosinate 1995

Maize

DK4045R Cyclohexanone 1996
Mon802 ECB+ Glyphosate 1997
MS6 MS+ Glufosinate 1999
Papaya 55-1/63-1 Virus Resistant 1996
Potato RBMT21-129 CPB+virus Resistant 1999
Rice LLRICEO6 Glufosinate 1999
W62, W98 Glufosinate 1996
Soybean GTS40-3-2 Glyphosate 1994
G94-1 0il content 1997
ZW20 Virus Resistant 1994
Squash T120-7 Glufosinate 1998
Sugar beet GTSB77 Glyphosate 1998
Tomato FLAVR SAVR Delayed rifening 1992
Wheat SWP965001 Imidazolinon 1998

(Agriculture & Biotechnology Strategies Inc.)

*Year: Planting year. ® Abbreviations: ECB, Evropean corn borer; MS, Mail sterility;
CPB, Colorado potato bettle; 43
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Table 2. Summary of methods that specifically detect recombinant
DNA products produced by GM-foods

DNA -based Protein-based
Southern  Qualitative QC-PCR  Real-time Western ELISA Lateral
Parameter Blot PCR limiting PCR blot flow strip
dilution
Ease of use Difficult Difficult Difficult Difficult Difficult Moderate Simple
Special Yes Yes Yes Yes Yes Yes No
equipment
Sensitivity Moderate Very high High High High High High
Duration 6h 1.5d 2d 1d 2d 30-90 min 10 min
Cost/sample($) 150 250 350 450 150 5 2
Quantitative No No Yes Yes No Yes No
Field test No No . No No No Yes Yes

(23)

9] HAME on/offd}= promoter, coding region, A AL stop signal 24] 7]5-& 3l terminator2 -4 E i 9lt}. §

1. Sampling of material to be analyzed
2. Homogenizing the sample
3. Isolation and purification of DNA, RNA or protein
4. Detection of DNA, RNA or protein
a. PCR based methods
i) PCR amplification of target DNA
ii) Detection of amplified DNA
b. RNA based methods
i) Conversion of RNA tocDNA
ii) PCR amplification ofcDNA
tii) Detection of amplifiedcDNA
¢. Protein based methods
i) Mix with reagents, incubate, rinse
ii) Detection of color reaction
5. Ideatification of the detected molecule
by size, hybridization, color, intensity, fragments..
6. Quantification to determine amount of GMO, if applicabl
7. Interpretation and expression of results

Figure 1. The stepwise process of analyzing for the
presence of GMO or GMO derivatives in foodstuffs
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Table 3. Examples of published methods to detect GMO derivatives
grouped according to categories of specificity

Type of method Target sequence References
Method to detect | chioroplast tRNALeu gene {trnL) intron (12)
plant derived DNA P 9 {trol)
Corn/maize invertase gene(1 copy) (13)
Method to detect Sovb .
Specific plant oybean lectin gene(1 copy) (14)
species Tomato polygalacturonase gene(1 copy) (15)
CaMV 35S promoter (16)
General screening , .
methods Nopaline synthase terminator (16}
o 13
Gene specific Phosphinotricin acetyltransferase gene (13)
methods Cry1A(b) synthetic gene (13)

Bt11: Junction between alcohol dehydrogenase 7
1S intron IV6 and cry1A(b) gene an

Bt176: Junction between COPK promoter and

cry1A(b) gene (18)

Construct specific

methads GA21: OTP(enhencer) and EPSPS an
Mon810:CaMV 358 promoter and hsp70 (19)
Mon810:hsp70 and Cry1A(b) (17)
Bt11: Junction between host plant genome and (20)
Event specific integrated recombinant DNA
methods
RR soybean: Junction between host plant genome (21)

and integrated recombinant DNA

(Entransfood; working group)
£ AARRE FAE AL A2 immuno assay T H-E BN A 1 TS B 4 9
= quick stick] 1} lateral flow stip'5:9] FENZ AF&3}Elo] 24 HAYc ool T AEWY, ¥, BE 5
& 230 =372 543 ol7]0| = PCRO )3t Aol HalAl =9 57l SAT

PCR

GM-foodo| 4| DNAQ] A& o g 714 da] AMH-H1 9= Polymerase chain reaction (PCR)-L 4] &0 g HE|
Z22% DNAE emplaeZ 3to] =9 7342 nucleotide sequenceso]] S0 o2 A3 st= primers A2}
of DNAE $EZF 024 Astd AEE £ A7 olujof] B4 2 A& A o] 758 Woltt. 22} DNA
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Figure 2. Commonly used competitors and the quantification of initial comentration of larget DNA
in a sample by competitive quantitative PCR. A. Homologous competitor; It has the same nucleotide
sequences as the target DNA , but contains an insertion or a eletion, or has a different restriction site
introduced by site-specific mutagenesis. B. Heterologous competitor; It has nucleotide sequences
different from the target DNA except for the sequences of therimer binding site. C. Quantification
of target DNA; When the target DNA and competitor are camplified, both will compete for the same
set of primers. Because of the competition, the ratio of the mounts of the two amplified products reflects
the ratio amounts of the target DNA and competitor.
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Quantitative competitive PCR
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&to] target DNAY] starting 555 24 & 4= Ut} [Fig. 2] A& competitore] Fejo] u}at o] 2 #2} 3 1
hairpin sucture} 4 7H5-4& 18k 2 9 E Bo] HE muliplexPCR ¥ WY 1 2 Zholi glv,
Competitor9} target DNA2| F-Z 2} of| A 1}Ebiti= = $79) DNAZHY competitiono] o] ]9 HeFr A g
9% 712 9elel Wl 0|2 s Bae] K go] ZaBE o] Yok, A4 0.1%GMODNAR AR 4
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Quantitative real—time PCR

AE72 =98 B4 4 AFEA PCRIYEL 459 endpoint 24RO 2 HEHog ZZH targer
DNA 423 &9 Ee HEZF2ZA foodol GMO £9] ofi KL HuZ 9915} c}. Quantitative
competitive PCRO] 7}l ©74 Z-2] 3}1t9) plateau effectS R 23t} SA|off A E4 o] 7H538F PCRY o]
NS o} of2f FobolA AREE L glck. BF PCRY T H 23 1) real-time PCRL dye L probed 4H-2-9)
Sol4& Halm oy 7hx) EF PCRY GHE BYsto] HFRAL 715317 § PCR wholnt, 44|z
02 o cydenht} flr® B ATE 4UsoRIE BY0T HA) BE BAHol AES Hojych
Fluorescence technique& 2-8-3}¢§ wl} cyclenftt reaction kineticsS monitoring 3+ 4913t A & 9] fluorescence
signal©] background signalo}/ © 2 Z7}E|+= threshold cycle(CY) (7) & 748}, plateau phaseo] =23}7] Ao
reference®} target©} i, standard curveE B] W 3ko] target DNAS % & 4= Qlrk. ol 2f3F Real-time PCRY &
M2 thE formarS Ae 87 Lt probe hybridization T melt curve analysis (8)5 -3 nonspecific PCR producto]]
9|3t fluorescence signal & A3} & 2= it} (9).

97



2002H = A Z Ao oY

Dye incorporation; Real-time PCR2] of & format oA 7}& 7kt ule © 2 double-stranded DNA9j
binding3}+= fluorescence dye2] A%< SYBR Greend AM-3}0] polymerization®] w}x]a} stepolj A A3} =
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Figure 3. Dye incorporation assay. During denaturation,
unbound SYBR Green I dye exhibits little fluorescence.
At the annealing temperature, a few dye molecules bind
to the double-stranded primer/target, resulting in light
emission upon exitation. During the polymerization step,
more and more dye molecules bind to the newly synthesized
DNA, and the increase in fluorescence can be monitered
in real-time (22).
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Figure 4. The molecular beacons assay. Molecular beacons are
designed to be complementary to a sequence in the middle of the
expected amplicon. During the denaturation step, the molecular
beacons assume a random coil configuration and fluoresce. As the
temperature is decreased to allow annealing of the primers, stem
hybrids form rapidly, preventing fluorescence. However, in the
presence of target, molecular beacons also bind to the amplicons
and generate fluorescence. When the temperature is increased for
the primer extension step, the molecular beacons dissociate from
their targets, and fluorescence is again quenched. A new
hybridization takes place in the annealing step of every cycle, and
the intensity of the resulting fluorescence indicates the amount of
accumulated amplicon at the end of the previous cycle (22).

Molecular beacons; Stem-and-loop structureS 7}l hybridization probeE ©]-8-3F Real-time PCR 8{ 0 2
hairpino]] S| F =& 29+ target DNAQ] g 7] A Qo complementary3}t 1 loope] % Zto] reporter?} quencher
7} Z+zt Batelo] Ql: probe (10)E A&-3tc} [Fig. 4. Annealing temperature®] =23}A =M probe/target
DNA hybridA 8] 2 fluorophore@} quencherS E-2] A]#A fluorescence S WAY 3} A Elct. o] Hwo] ogl A
Ao Atz = dye incorporation 2t} 5 01t A A5 probe?] A ko] eHet HEEA 9] Wdolal Z} probe]
thermal denaturation profile- & &2ldjjof 3= WA ZL0] 9t
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Figure 5. The taqman assay. Three parameters affect the performance of the
5°-nuclease assay: the quenching of the intact probe, its hybridiza tion efficiency

And efficiency of cleavage by the polymerase. After denaturation, primers and

probe anneal. The proximity of the two dyes quenches the signal from the fluorescent
dye at the 5” end of the probe. Polymerization proceeds at the same temperature as
the annealing step. The polymerase displaces and hydrolyses the labelled probe.

The fluorescent dye is released from its proximity to the quench er, and fluorescence
is detected. This signal is directly proportional to the number of molecules present

at the end of the previous or beginning of the current cycle (22).

CAEA g o] Wl g AFEAS FFET dye
incorporation®.t} Eou HAg probee] A|Zo] F&g HHFEA e
o 7io)3 2z} probed] thermal denaturation profileg &lsjok 3=
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Tagman probes; Tagman probes+= target DNAo|| Z3}5to] PCREFE-2] Eo]AdL ol AT 7)o X
$F quencher?} reporter dye®} &3i&-& A3tk ol Al molecular beacons} §-A}3}2] Gk, probe7} £od 3}
+ Y2l Taq polymerase<] double-stranded DNA®] Tt 5 -exonuclease activity (11)5 o]§-3tche HojA L
2ol & ol & 4= 9t} [Fig. 5]. PCRE] annealing/extension stepo]| 4] probe7} ampliconol] Z3tE]o] Q)& o 5 -
endol] )| reporteri= 3 -end®] quencherel] | iatato] oI4|FIc}. Extension stepZH3 ol M polymerase7}t
probe/target DNA hybrid duplexol] & &3}A| =|® 5’ -exonuclease activityol] ]3] strand substitutiono] 2ot o]
ol 4] probe -3} 2] A2, reporter?t quencher7te] H &gt 7hA o <8 &-x]E o} 2% quencher?] AA &
7t A A= o] WArE]= reporter fluorescence s %% 31A| Elth. Molecular beacons2 probe & 0]-&-8}= 1} 7}
22 primero} probe?) target DNA 2 o] coupleds|of ¥-2.9] Eo]4o] %& o] gk,
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Figure 6. Hybridization probe assay. During the denaturation step, both
hybridization probe remain in solution and separate. Any emission from
fluorescin is at 530 nm, and is disregarded by the detector. During the
annealing step, the probes hybridize in a head-to-tail arrangement,

the two dyes comes in close proximity and the emitted energy excites
the second dye, which emits red fluorescent light at a longer wavelength.
At the polymerization temperature, both probes return into solution and
any emissions from fluorescein are ignored.
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S g F 719 probeE FAJo ARE-3tch [Fig. 6]. Donor fluorophore®} acceptor?} 2+2+9] probe &
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