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Today’s Agenda

• PCR Basics
– 8:30 – 10:30 Michael Thompson, BDI

• From Theory to Application
– 10:45 – 12:00 Ryan Johnson, BDI

• Real Time vs. Traditional PCR
– 1:00 – 3:00 William Kiffmeyer, ABI

• Group Questions and Discussion
– 3:15-4:00 Panel
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Focus Areas For Today’s 
Presentation

A brief history of PCR
Not as old a technique as you might think

PCR mechanics
The central role of the 3’-OH
Process considerations

Classes of assays for Ag Biotech
Event
Gene
Construct
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Modern View of Biotech Quality Control

PCR is the 
new X-ray
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Invitro amplification achieved
--with E.coli DNA polymerase--

Invitro amplification achieved
--with Taq DNA polymerase--

Taq DNA polymerase cloned and 
expressed in E.coli

A Brief History of PCR
--Newer than you might think--

1989

1988

1985

1869 DNA first isolated
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PCR Achieves Fame and Fortune
--becomes standard in molecular biology tool box--
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Defining the Key Molecules
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Everything Hinges on the 3’-OH
--DNA polymerase catalyzes addition of dNTPs to 3’-OH--
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::: In what direction does strand 
elongation occur in DNA 
synthesis?

A. 5’ to 3’
B. 3’ to 5’
C. A and B
D. None of the above

The DNA Backbone is Directional 
--strands of a double helix are anti-parallel--
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The Primer Supplies the 3’-OH for Elongation
--The template dictates which nucleotide is added next--
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DNA Template

Reaction Primer

Taq DNA Polymerase

Mg
dNTPs

Five Components Comprise the Basic 
Framework for PCR
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PCR ANIMATION
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AGROBACTERIUM 
METHOD

DNA

DNA in Plasmid Bacterial transfer of DNA

Agrobacterium
Chromosome

Plant Cell

Acceleration of particles to plant cells

DNA coating on microscopic
metal particles

DNA PARTICLE 
GUN METHOD

Plant Cell

INSERTING GENES INTO PLANT CELLS
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Structure of DNA
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EVENT (Bt11)

TRAIT
(insect resistance)

P-35S Cry1A(b) T-NOS
Plant DNA Plant DNA

Inserted DNA (T-DNA)

IVS6

DNA-based methods 
required for event, gene & 
construct-specific detection

Protein-based methods 
required for trait-specific 

detection

DNA-Based “EVENTS” Give Rise To 
Protein-Based  “TRAITS”
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EVENT (Bt11)
P-35S Cry1A(b) T-NOS

Plant DNA Plant DNA

Inserted DNA (T-DNA)

IVS6

A Transformation Event is Defined  by the 
Plant-DNA/T-DNA Junction

P-35S Cry1A(b) T-NOSIVS6

P-35S Cry1A(b) T-NOSIVS6

EVENT 1

EVENT 2

EVENT 3

Transformation event
Defined by junction

GCATCAGTC ATGGACTCA
Plant DNA Insert DNA

Every junction
Is unique
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EVENT (Bt11)
P-35S Cry1A(b) T-NOS

Plant DNA
Plant DNAIVS6

Event, Gene & Construct-Specific Detection Require 
DNA-based Methods

Trait Detection Requires Protein-based 
Methods….Today

EVENT 1

Event-specific 
target Construct-

specific target

Gene-specific 
target

Trait target

TRANSCRIPTION

TRANSLATION
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5’-flanking DNA 
primer

3’-transgene DNA primer

Event Specific 
Band

Assay Product

Internal Control 
Product

Plant DNA

Internal 
Control

P-35S Cry1A(b) T-NOS
Plant DNAIVS6

One Example of an Event-Specific PCR Assay
--with an internal control--
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Protein
ELISA

Making a Diagnostic Method Work is Straightforward
--Robustness Is the Challenge—

--how can you know your laboratory is accurate?--

Testing Plan

Sampling

Shipping

Sample receipt

Sample Processing

Data assessment

Data reporting

Actions based on data

Goal
# samples

Tests Seeds
leaf

Create pools
Grind

Plate

Lyophilize
DNA PCR

GelAnalyze results

Seed

Leaf

Chain of custody
Robustness requires 
understanding and 

controlling many potential 
sources of variability
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Real World Scenario

Seed Producer: I am sending soybeans to Europe, can you 
test it to ensure there is no GMO in the lot?

Testing Lab: Yes. I need to get the following information
1. Is the seed lot intended to be GMO free?
2. How much confidence do you want in it’s GMO freeness?

Seed Producer:
1. Yes. (what if it were RR, YG, Herc, etc?)
2. Guarantee that it is 100% GMO free.

Testing Lab: OK, but I will need to test every seed in the lot to make 
that gaurantee and it will cost you a lot of money. Did Europe give any 
guidelines about what they would do with the seed?

Seed Producer: Yes, they said they would test to ensure it 
was less than 0.9%
Testing Lab: OK, we will work out a test plan that gives you 
confidence your seed lot is below 0.9% GMO.
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Protein
ELISA

Road Map for Real World Scenario

Sampling

Shipping

Sample receipt

Sample Processing

Data assessment

Data reporting

Actions based on data

Goal
# samples

Tests Seeds
leaf

Create pools
Grind

Plate

Lyophilize
DNA PCR

GelAnalyze results

Seed

Leaf

Chain of custody
Robustness requires 
understanding and 

controlling many potential 
sources of variability

Testing Plan
SEEDCALC

(available from ISTA web site)
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Sample Size by Tolerance Requirements

# Seeds Required*

Tolerance Range 95% Confidence 99% Confidence

0.0% - 1.0% 300 500
0.0% - 0.5% 600 1000
0.0% - 0.3% 1000 1600
0.0% - 0.2% 1500 2300
0.0% - 0.1% 3000 4600

*Based on SeedCalc

--for population sampling--
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Road Map for Real World Scenario

Sampling

Shipping

Sample receipt

Data assessment

Data reporting

Actions based on data

Goal
# samples

Tests Seeds
leaf

Analyze results

Chain of custody
Robustness requires 
understanding and 

controlling many potential 
sources of variability

Testing Plan

Sample Processing

Protein
ELISA

Create pools
Grind

Plate

Lyophilize
DNA PCR

Gel

Seed

Leaf

Must consider assay 
sensitivity

Many DNA extraction 
kits available
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Ready for PCR…………But What Assays Should be Run?

1. Soybeans are straightforward, 35S picks up everything

2. Other crops not so straightforward



25

Trait Company Event/Line name 35s Nos Gus Fad2 PAT

Herbicide resistance Aventis Crop Science A2704-12 + +

Herbicide resistance Aventis Crop Science A2704-21 + +

Herbicide resistance Aventis Crop Science A5547-35 + +

Herbicide resistance
Bayer Crop Science 

(Aventis Crop Science; 
Agrevo)

A5547-127 + +

High oleic acid Dupont G94-1 + + + +

High oleic acid Dupont G94-19 + + + +

High oleic acid Dupont G168 + + + +

Herbicide resistance Monsanto 40-3-2 + +

Herbicide resistance
Bayer Crop Science 

(Aventis Crop Science; 
Agrevo)

GU262 + +

Herbicide resistance
Bayer Crop Science 

(Aventis Crop Science; 
Agrevo)

W62 + +

Herbicide resistance
Bayer Crop Science 

(Aventis Crop Science; 
Agrevo)

W98 + +

Partial List of Genetic Elements Across Soy Events
--from Agbios web site--
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A Typical PCR Reaction
--There are many variations on this theme--

Taq polymerase 1U

PCR buffer 22mM Tris-HCl (pH8.4)
55mM KCl
1.65mM MgCl2

dGTP 220mM
dATP 220mM
dTTP 220mM
dCTP 220mM

Primer 1 200nM
Primer 2 200nM

DNA template 10-50 ng

Reaction mix
Thermal cycling parameters

25 – 35 cycles

94oC 15-30 sec.

55oC 15-30 sec.

72oC 1min. Per kb

Hold at 4oC
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SurePrime recombinant hot-start Q-biogen
Surestart recombinant hot-start Stratagene
Eppendorph taq recombinant un-modified Eppendorph
Super-hot taq recombinant hot-start Genaxxon
Platinum taq recombinant hot-start Invitrogen
Taq gold recombinant hot-start ABI
Taq recombinant un-modified Fermentas
Hot-start taq recombinant hot-start Fermentas
Hot Gold-star recombinant hot-start Eurogentec
Hot-Start-It recombinant un-modified USB corp.
Red-Taq recombinant un-modified Sigma
Jump Start recombinant hot-start Sigma

Modifications can be chemical or anti-body based

There are Many Taq Polymerase Options
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1 2 3 4 5 6 7 8 9 10 11 12 + + - -bb

ControlsTest Samples

Internal control

Assay

35S
(example 1)

35S
(example 2)

Good DNA

Results

No detects

2 detects

Agarose-Gel-Based Results  
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Results Analysis Based on Seedcalc
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PCR
---VIRTUES & LIMITATIONS--

VIRTUES

•High sensitivity – in theory
•Can detect & quantify specific 
events
•Enhanced flexibility in test plan 
design with capability of detecting 
classes of events/constructs
•Higher stability of DNA (than 
protein) permits analysis of food 
samples.
•Quantitative or Qualitative

LIMITATIONS

•Generally costs more than 
protein-based testing
•Can be very sensitive to low 
levels of contaminating genomic 
DNA or amplicon
•Can be sensitive to inhibitors in 
DNA preparation
•Best approach to standardizing 
still being debated
•Generally more time consuming 
than ELISA
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Extra slides
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CommercializationCommercialization
Regulatory StudiesRegulatory Studies

TRANSFORMATIONTRANSFORMATION
DevelopmentDevelopment

DISCOVERYDISCOVERY

Census Testing a Nursery Ensures Nothing 
Unintended is Advanced

100’S 10’S 1’S

STAGE

No. EVENTS

Firewall

•Verify intended event
•Verify no AP of in-class and out-
of-class unintended events
•Verify Trait

Many 
Events Few 

Events

Te
st

 a
ll 

in
di

vi
du

al
s
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Pooled Testing For Only the Trait and Intended Event 
Can Result in Advancement of Unintended Events

Trait class A
Event 2

•Trait class A
•Event 1

Pooled
Sample

Verify intended 
event

Verify Trait

INTENDED UNINTENDED

unintended event 
2 is advanced

Individual
Samples

Verify intended 
event

Verify Trait
unintended event 2 does not 
pass intended event test 
and is NOT ADVANCED
(unless it is in same plant as 
event 1)
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Two Examples of Methods for PCR-
Product Detection

•Agarose Gel Electrophoresis
•Fluoresence
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Target/Event Internal Control

•Multiplex PCR
•Detection in plate reader

3’ 3’

Positive

FAM

VIC

Discriminating a Negative From a Positive 
Using Fluorescence-based Detection

--qualitative--

Negative
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Reaction Efficiency is Important in PCR

y = x(1 + e)n

y = yield
x = starting quantity
n = # cycles
e = efficiency

Efficiency Equation
Starting
Quantity
(copies)

Yield
(copies)

100

1000

2.3 x 10104.6 x 109

2.3 x 10114.6 x 1010

110 2.5 x 10105.0 x 109

0.8 0.9

Reaction Efficiency

5X

0.
1X

1.12X

Keys to Robustness
Well designed assays
Pure DNA
Controlled Processes

Keys to Robustness
Well designed assays
Pure DNA
Controlled Processes
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