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Introduction

Food / feed supply chain

Field Elevator Processing Export Storage Processing End product
Seed —> Grain =—> Milled grain =—> Ingredients =—> Food/feed product

Some current issues

= Co-existance of GM & nonGM products

= Regulations (global, continental, national, ...)

= Detection methods (qualitative, quantitative, protein, DNA)
= Traceability

= Labeling
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Introduction

Regqulations demanding GM product testing

AP unauthorized GM events Threshold authorized GM events

Food Feed Food labeling
USA / Canada 0% 0% none
Japan 0% 1%* 5%
Korea 0% ? 3%
China 0% ? 0.9% or 5% (TBD)
Taiwan 0% ? 5%
EU 0% / 0.5%** 0% / 0.5%** 0.9%

*If authorized in another OECD country;
** 0.5% for events with positive safety evaluation; temporary measure
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Introduction

QOrganizations involved with GM product testing

Seed companies

= Seed testing: - Purity testing
- Adventitious presence of undesired GM events

Grain handlers, food/feed companies

= Food / feed regulations: - Adventitious presence of unauthorized GM events
= Labeling regulations: - Adventitious presence of authorized GM events
= Traceability regulations: - Identity of authorized GM events

Commercial testing laboratories

= Seed & food/feed testing
(Commercial testing tools: primarily protein tests)

Government agencies, enforcement laboratories

= Test compliance to regulations
= National or regional (e.g. ENGL, ISTA)
= Seed & food/feed testing
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Introduction

Testing tools for detection of GM events

Protein detection methods: Immunological

= Enzyme Linked Immunosorbent Assay (ELISA)
= Lateral flow strip

DNA detection methods: Polymerase Chain Reaction (PCR)
= Qualitative methods: End-point PCR

= Semi-quantitative methods (grain):  Sub-sampling

= Quantitative methods: Real-time PCR
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Introduction

Real-time PCR: standard curve

Target DNA concentration =
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Introduction

GM event PCR tools (end-point / Real-time)

Generic methods
, §__ 9

Plant DNA Promotor Trait gene Terminator Plant DNA
G—
T-DNA

Trait- or construct-specific methods

, P
Plant DNA Promotor Trait gene Terminator Plant DNA
—
T-DNA
GM event-specific methods
> __°?
Plant DNA Promotor Trait gene terminator Plant DNA
e
T-DNA
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Introduction

Application of GM detection tools

Seed / Grain

1. Screening 1. LFS
2. Generic PCR (P35S,Tnos)

3. Trait-specific PCR

2. |ldentification 1.LFS
2. GM event-specific PCR

3. Quantification  Sub-sampling with
LFS or Event-specific PCR
(semi-quantitative)

GM event-specific Real-time PCR
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Food / Feed

1. LFS?
2. Generic PCR (P35S,Tnos)
3. Trait-specific PCR

1. LFS?
2. GM event-specific PCR

Not applicable

GM event-specific Real-time PCR
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Introduction

Summary GM product testing

Seed / Grain, Food / Feed products

1

(LFSSggiz,:igngCR) GM product(s)? No =—> Not GM
1 Yes
Identification .
(LFS, GM event-specific PCR) ~ Authorized GM event? No = lllegal
1 $.8.6.8. 6.6 6.6 6 ¢
* Europe
1 Yes 1 0.0.8.0.0.8.8.6.6.1
EUEIIICEON Individual ingredients <0.9% — No labeling
(Real-time PCR) >0.9% —> Labeling
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Progress

Individual testing laboratories

Regulatory clarity and harmonization of testing criteria

= Interpretation of regulations
= |Inconsistent results communicated to clients

Officially validated testing methods

= Development of in-house methods based on ‘public’ information
= Incorrect service to clients (incorrect results; cost increase)

Certified reference materials and proper working standards

= In-house working standards without comparison to reference material
= Inconsistent results between laboratories

Interaction with technology developers
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Progress

Global harmonization of detection tools

Officially validated GM detection methods

= Provide consistent results throughout the food/feed supply chain

= Allow organized regulatory compliance throughout the food/feed supply chain
= Ensure global uniformity of units of measurement

= Reduce costs of repeated validation

GM testing laboratories

= Accreditation to ISO Standard 17025
= Proficiency testing

= Internal quality control (traceability)

= Auditing by clients
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Progress

Bayer Reference material

QC QC
Starting QC__,  Source Reference , Validated Reference
Seeds seed seed (1-50 Kg) seed (250-1000 Kg)
| lac
Leaves Source Reference leaves
| ac
DNA Validated Reference
DNA @
v QC
Powder Validated Reference
powder
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Progress

Bayer quality standards for Reference material

Quality standard GM event non-GM Isoline
GM event purity > 99% not applicable
Adventitious presence < 0.01% < 0.01%
GM event homozygosity > 99% not applicable
Genetic purity > 95% > 95%
Genetic background Identical (> 95%)
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Progress

Procedures for GM seed testing

Traceability &
Measurement uncertainty

B
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Progress

Overview semi-quantitative GM seed detection

Grain / seedlot (AP <0.01%, P=95%)

\

le (30,000 d '
Sample ( * seeds) GM target (a), endo (b), spike (c)

. Real-time PCR labc N\
Grind subsample 1 > DNA extraction 1

- Real-time PCR 2abc
(1000 + spike) DNA extraction 2 Real-time PCR 3abc
4

212

Real-time PCR 4abc

v . —» Real-time PCR 117abc
Grind subsample 30 :: DNA extraction 59— Real-time PCR 118abc
(1000 + spike) DNA extraction 60 =¥ Real-time PCR 119abc
—* Real-time PCR 120abc J
. -» Real-time PCR lab
Reference 1 =¥ DNA extraction 1 < Real-time PCR 2ab standard curve
f ™ DNA extraction 2 =¥ Real-time PCR 3ab
+ = Real-time PCR 4ab

Reference 6
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EC regulations

European Commission

EC Regulation 1829/2003

= Regulates the placing on the market of GM food / feed products

= Methods for sampling, GM detection and identification, control samples
= Applied from April 18, 2004

Community Reference Laboratory (CRL)

European Network of GMO laboratories (ENGL)
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EC regulations

European criteria for quantitative GM detection

1. GM event-specific method

2. Modular method development approach

: Separate DNA extraction & detection methods

3. Working range for European threshold level
- 0.9% for approved events

4. Strict method performance & acceptance criteria

3 External pre-validation of the method (2 - 4 labs)
: Independent validation of the method (8 - 12 ENGLabs)

5. Control samples

" 200 pg GM DNA & 4,000 pg non-GM DNA
: 1% GM seeds (4 Kg)
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EC regulations

LibertyLink™ products

Oil seed rape
Oil seed rape
Corn

Cotton

Rice

Soy

Topasl19/2

T45

125

LLCotton25

LLRICEG2

A2704-12
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EC regulations

Qil seed rape SeedLink™ products

'Pnos NPTII  3'ocs

"Pnos_ NPTII 3@

Ms1 @ BAR PSsuAra <3'nos BARNASE PTA29
Ms8 @ BAR PSsuAra <'nos BARNASE PTA29
Rfl, Rf2 @ BAR PSsuAra <'nos BARSTAR PTA29
Rf3 3'g7 BAR PSsuAra <'nos BARSTAR PTA29
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EC regulations

Method development parameters

Applicability
Practicability
Robustness
Specificity

Detection limit
Quantification limit
Dynamic range
Sensitivity
Accuracy: trueness, precision
Repeatability

Reproducibility
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@:ﬁ) Bayer CropScience



EC regulations

Method specificity

Plant DNA : . Promotor Trait gene Terminz;\torQ : Plant DNA
— —

> @)
ol NS Z| w
= =302 |2|8|2|E|F|E|2]2|5|2|2| 2
- oo = N w o1 N o1 N o1 N o | Ol P W] =
OSR Ms1 | + | - | -|-|-|-1|-1|-1|-1}|-1-1-1-1-1]-1-1-
OSR Ms8| - | + | - | - | -|-|-|-|-1|-1|-1|-|-1-1|-1]-]1-
OSR RfF1| - | -+ | -|-|-|-1|-1]-1|-1|-1/-1]-1]-1]-1-1-
OSR Rf2| - | - -+ |-|-|-1-1-1-1-1-1-1-1-1-1-
OSR Rf3| - | - | - | -+ |-]|-|-1-/{-|-1-1-/1-1-1-]-
OSR Ta5| - | - | - | - |-+ |-|-|-1-1-/-|-|1-1-1-1-
OSR Topas19/2| - | - | - |- |- |-+ |-|-{-|-1-|-|-1|-1]-]-
Corn T25 | - | - | = | - = | = | =+ | -1 - | - [F=5F={"=S= (=
Rice LLRICE62 | - | - | - | - |- -|-|-|+|-|-1|-1-|1-1|1-1-1-
Cotton LLCotton25| - | - | - | - | - | - | - | -| -1+ -|-|-|-/|-1|-]-+-
Soy A2704-12 | - | - | - | - | - -}--|-|-|+|-|-|-1|-1|-1-




EC regulations

Method stability testing: AACt-method

Stability of method in different commercial backgrounds
= Equal copynumber endogenous control gene (e.g. corn Adh7)

T25 variety
TR3026LL x TR1968

TR3026 x TR1957
TR3026LL x TR1984
TR3621LL x TR1017
SGI822LL x TR4563
FR1064LL1.2 x FR2108

FR1064LL1.2 x FR9661

TR7245 x TR3622LL
TR4006LL x FR4901

Variety descriptor

Dent x Flint early maturity hybrid

Stiff stalk x Flint / lodent ultra-early maturity hybrid

Stiff stalk x unrelated non-stiff stalk early maturity hybrid
lodent/OH43 x Stiff stalk early maturity hybrid

Stiff stalk / Lancaster x Mo17 / lodent / OH43 hybrid
Stiff stalk x OH43 mid-early maturity hybrid

Stiff stalk x Unrelated mid-early maturity hybrid

Stiff stalk x OH43 early maturity hybrid
Stiff stalk x Unrelated Stiff Stalk mid maturity hybrid

Copy (AA-Ct)
1.00
1.06
0.88
1.03
0.89

0.93

0.79

0.88
0.99



EC regulations

Detection limit: < 1/20t" of 0.9% value = 0.045%

Sample % Log(%) ACt
S1 1.80 0.25 7.18
S2 0.90 -0.04 8.22
S3 0.45 -0.34 9.24
S4 0.045 -1.34 13.05
S5 0.023 -1.64 14.17
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EC regulations

Quantification limit: < 1/10% of 0.9% value = 0.09%

16.0 w
Sample % Log(%) | Act | ACty,g \ (Rf3 runl) :
12.0
S1 1.80 0.25 7.18 S5
00— S4 —
S2 0.90 -0.04 8.22 8.0
S3 0.45 -0.34 9.24 6.0  Slope -3.6 53 | 55 s1
S4 0.045 1.34 13.05 201 Intercept 8.06 el
: B ' 2.0 [ Linearity 0.999
S5 0.023 -1.64 14.17 0.0 , ,
20 -15 -10 -05 0.0 0.50
Log(%)
0.09% Blind sample
Precision Trueness
ACt Estimated % | Mean % SD %SD %Error
11.90 0.091
11.51 0.117 0.105 0.013 12.17 17.0
11.65 0.107
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EC regulations

External method pre-validation

Materials send to 2-4 external laboratories:

1. Six Reference samples: standard curve
= 0%, 0.09%, 0.45%, 0.9%, 1.8%, 3.6% GM in non-GM (constant 200 ng)

2. Four blind samples
= 0.3%, 0.6%, 1.2%, 2.4% GM in non-GM (constant 200 ng)

3. Reagents: primers, probes, ....

4. Complete protocol, calculation template (spreadsheet)
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EC regulations

Pre-validation: Microtiter plate lay out for RT-PCR

11 12

10

Endo
control
control

> Target
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EC regulations

External pre-validation result spreadheets

Reference Samples .
. P Target Control Normalized
Blind Samples
10.00 5
Avaray Avaray
* | Wenl| Samele | True % | logi%) Ct . s Ct . s dct 3.00 5
= = 200 1
R 45,00 F F FERT | d F
1z [0 HTG H.,0 4500 45,10 00 4500 45,00 000 0.0 004
3 TG 4500 45 00 5
4 FicF0L07, 4500 r 7329 F -
z |75 [ Reroin (.00 4500 45,00 1.0 T3.26 T3.z4 .04 @ | & 500
KRN Fickiliy 4.0 ks = 400 -
T | Fefion el r FEEY F :
| % | R | 0,09 -1.05 L5 3EE | 01 £33 B3 | 003 4.23 3.00 -
& | Rerdno LGS T3
W | Fef0ds: .21 r 7329 F 2.00 1
a1 | s | 0,45 0.35 0.5 30,35 0.1z 7353 7333 .04 1.02 1.00 4
12 | Ferndsi 047 TE.5E
12 | Fofios 29,74 r 7355 F r T T 400 T LDQIEL\
5[] w090 | -0.05 24.44 2955 | 0. 234 | 002 B2 | 4] .00 050 0.00 050 1.00
15 | Fofdb 2947 7335
M6 | ReflEn T s [ | ) . 3
'y __!1_' _____ F_tffl._&'._-':_" 1.30 '].EE, a3 2347 0.0z 2328 23,35 .0 4.5z SI'}I}E {ﬂ} ||'ItErCE|]'t {I}} LII'I'E".ﬂ"tj’ {H }
1# | Feflix T34 3.3 -3.35 0.8 0.9946
1% | Fofiin TR r 528 F 3 A—F
T REE] 360 0.56 = T e T - Estlmﬂteﬂ ME.HI'I Precision Trueness
21 FicfZE TR 326 I::'.':' I::'.':' 5D *=5D *Errmr
0 r ks F R T
B Moz | oz E3.29 £33 ooz || e | 0.E5d 0.273 0024 8.73 S9.10
.08 Py 775 0265
4% r T2 r %32 0452 F F
H mad | 4 PEES ga | e P ERETTT nEE 0.534 0.0449 9.24 -11.05
za.41 D T T
ZETE r 527 F 547 1.265 F F
Eh.63 ghs | 007 E5.ET gres | ooz || 5m )T 133 1.334 0.0k2 4.63 11.19
THE T E37 1355
27.56 r T2 r 4.35 T.1ET F F
1.6k Eea | nas TzEi zzH LRI N YT R FLL I 2.664 0.096 3.60 11.00
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EC regulations

Pre-validation: Accuracy

Measured vs Actual Rf3 DNA amounts

¢ Bayer-runl

E * Bayer-run2
3 2.5% * Bayer-run3
©
§ 2. 0% Ext labl-runl
Ext labl-run2
Ext labl-run3
1.5%
“ Extlab2-runl
“ Ext lab2-run2
1.0% “ Ext lab2-run3
Ext lab3-runl
0]
0-5% Ext lab3-run2
Ext lab3-run3
0.0%
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%

Actual

BN
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EC regulations

Repeatability (RSDr <30%) & Reproducibility (RSDr <33%)

RT-PCR Method Repeatability (RSDr) Reproducibility (RSDR)

Corn

Cotton LLCotton25

A
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EC regulations

Concluding remarks...

Successfully developed, optimized, characterized, and pre-validated
11 GM event-specific quantitative Real-time PCR methods in 5 crops

Next step: CRL full validation through ENGLabs....

EC 1829/2003, EC1830/2003, EC 641/2004, & CRL guidance documents
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Provide guidelines for method development, validation, submission
Modular validation approach (separating DNA extraction and PCR)
Guidance documents allow some interpretation and flexibility

Validated GM event-specific methods will become available

Further experience will improve the technical implementation of regulations
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Thank you for your attention !

Erik van der Biezen - Eurofins - Molecular Tools in Food and Feed analysis — Paris — February 25, 2005



