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Flanking Primer Flanking Primer

Transgene
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CaMV 35S
Promoter Petunia CTP CP4 EPSPS NOS TerminatorRR Soya:

118 bp
128 bp

123 bp

211 bp

CDPK
Promoter crylA(b)-Gene PEPC Intron #9

CaMV 35S 
TerminatorBT176 Corn:

189 bp

ivs 2 - Intron pat-GeneBT11 Corn:
118 bp123 bp

CaMV 35S
Promoter NOS Terminator
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Cycle

Copy-number

Rn
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10000
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400
400
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80
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During routine analysis:
Follow strict rules how to work cleanly in a
molecular biology lab 
Use one way sample flow lab design to prevent
contamination with positive DNA from down-
stream steps (especially PCR products), strict
separation of certain lab areas from each other
Use duplicate analysis of each sample
Use negative controls on homogenization, DNA
extraction and PCR setup

Corruption of sample, 
extracted sample DNA or 
PCR setup contains positive 
DNA

During validation: 
Search data base for potential unwanted
(homologous) annealing sites
Test new primer system on a wide range of DNA
types that appear in food samples
Verify the identity of the PCR product by Southern
blot or restriction enzyme digestion

Artifact PCR products from 
templates other than the 
target sequence in question 
(worst scenario: artifacts of 
the same size as the 
expected PCR product)

Control MeasuresProblem
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During validation:
Test primer system on sample DNA solutions known
to contain inhibitory compounds

During routine analysis:
Test each PCR reaction for inhibition by an individual
positive control (a spiked counterpart) 
Use duplicate analysis of each sample

Inhibition of PCR reaction

During design and validation:
Choose appropriate extraction protocol for sample type
Run controls to monitor efficiency of each extraction 
series

DNA extraction failed

During design and validation: 
Use computer aided primer design
Test the sensitivity of new primer systems for the
intended concentration range

Insufficient sensitivity of primer 
system

Control MeasuresProblem
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Binding Sites

Heavy Chain
Light Chain
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Protein

Au

Au

Vial

Absorbent Pad

Test Line

Sample Extract 

Filter Pad

Gold Pad

Membrane

Control Line
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Step 6
Data analysis

Sample plant tissue
Step 1

Weigh Sample Aliquots
Step 2

Extract Samples
Step 3

Aliquot extracts for analysis 
and sample back-ups

Step 4

ELISA Analysis
Step 5
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Response

0.1 0.5 1 2

Concentration

5% CV

20% CV Error bars for 
concentrations determined 
by the method having a 
20% CV overlap.
Both methods give the 
same concentration but it 
is not possible to say that 
adjacent concentrations 
differ from each other in 
the assay with the 20% CV 
within the given confidence 
interval.
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y = 15.418x + 0.1881
R2 = 0.9974
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Trait Agdia         EnviroLogix        Neogen            SDI

CP4 EPSPS E,S S                     E1,S
Cry1Ab E,S E,S E,S E2,S
Cry9C E3,S E,S E3,S
Cry2A E,S
Cry3A E       
NK603 S S             S

www.agdia.com www.envirologix.com www.neogen.com www.sdix.com

E  ELISA
S  strip
1validated by JRC ring test for Roundup Ready  Soy bean
2validated by AACC ring test for YieldGard  (Mon810) Corn
3official method AACC international collaborative trial 
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y =  - 0.1567  x2 + 1.3795x + 0.0656
2R = 0.9999
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Soymeal was toasted for 60 min. at 100 ºC

Antibody not selective for toasted soymeal

Antibody detects toasted soymeal
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Binding Sites

Heavy Chain
Light Chain
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Binding 
sites

Proteins

Heavy chain

Light chain
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Target Analyte

Linker

Derivative

Carrier Protein

Immunogen
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Target Analyte

Analyte bound by antibody

How to detect binding?
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Immunoassay Conjugate



Target Analyte

Assay
Conjugate

Capture Antibody

Detector and Analyte
compete to bind
with antibody
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I. No Analyte - high detection signal

II. Analyte present - detection signal reduced
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Competitive Immunoassay Data
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Target Analyte

Capture Antibody

Detector
Antibody

Signal

Recognition
Sites

(Epitopes)
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Target proteins from 
the sample bind to the 
container walls

Specific antibodies bind to 
their target protein and react 
causing a color change

Photometric reader 
quantifies by degree 
of color change
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Color

Substrate

Bt Cry1Ab Antibodies

Enzyme

Bt
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Within each 
well

Color detection
antibody

Specific biotech trait protein

(1) Coat plate

(3) Add 2nd Ab*-tag

(2) Add sample

(4) Add substrate

Color detectionEnzyme tag
Specific biotec trait proteinAntibody

Determine unknown 
concentration from 
a standard curve
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PCR               ELISA Strips
Design DNA/Line specific Protein specific Protein specific
Requirements Sophisticated Moderate Easy
Assay time 3-14 days 2-7 days 5-10 min
Sample cost $400-600 $100+ $7-10
Availability Published/Testing Co Diagnostic Co. Diagnostic Co.
Validation JRC (qualitative) JRC/USDA   USDA
Application Qualitative/semi-quant Qual/semi/quant Qual/ test/ 

compliance with
threshold

Limitations Basic pH, heat, heat, extraction, Same as ELISA
false pos, false neg reference materials      pro-zone, 
dynamic sys Protein dependent 1 sample/test

Sensitivity ~>0.1% GMO ~>0.3% GMO ~1% GMO
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