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European food safety concerns

Related to several previous outbreaks,
according to Eurobarometer

1 European public opinion globally
against GMO (ca. 76%)

1 Lack of public confidence in food
safety and government
administration, and even
scientists to some extent.

— Public may change: at
present consumers ’ attitudes are
divided into:

1 +/-30% for GM food AT

1 +/-30% against GM food N o1 g

1 +/-30% wait and see what are the *  Skas--.
benefits for the consumer el

— Labeling is a strong European '
demand by the EU population
(similar requests in third
countries e.g. USA).

A set of EU regulations for keeping freedom of choi ce to consume rs and producers




European background

m Mandatory labeling above a
threshold of fortuitous presence of
— 0.9% for approved GMOs e

— 0.5% for unapproved GMOs but with IE WE,s;E st
positive safety assessment (temporary) == A e

m Obligation (01/18 et 1829/03) made
to notifiers to provide sampling
plans and quantitative identification
method

M Forecasted increase of GMO
pressure in EU

— Growing number and acreages of GMO
for food and feed

— Non-food and non-feed-GMO not
having to enter the food supply chains




European background

1 Timing between GMO release in a third country and
the official release in EU of a validated detection
method (asynchronous approvals)

2 Need for detecting unknown GMO (i.e. not
approved...)




European background

® GMO approval

— Notifiers have to develop and support the costs of
validation

# GMO Traceabillity (1830/03)

— Mandatory obligation: general and GMO specific

— Costs reductions by mostly analyzing raw products to be
further traced

— Labeling of products with or without analytes
178/02/EC principle of “one step up” & “one step down”

1ISO 22000
ISO/TC34 WG 8

ISO/CD 22519
ISO/TC34 N 1130

Primary Supplier Producers Transportation Trade
production




European food quality requests

2 Social evolution: growing markets

requests of
— Organic “quality ”
— “Wild type " products instead of industrial
— “quality signs ” e.g. AOC
2 Concerns about frauds

1 Growing part of consumers requesting
better and “certified /traced " quality
products

3 Together with the lowest prices




Some GMO traceabillity related
FP5 research programs

Several FP5 programs on food safety and quality,
detection methods...

a DNAtrack: N. Marmiroli ‘DNA-TRACK
a1 QPCRGMOFOOD: 2000-2003 A. HoIst-JensE

a GMOCHIPS: 2001-2004 J. Remacle & Y. Bertheau [
2 ENTRANSFOQOD Cluster: H. KuyperH

Results

& provided first insights on GMO detection

a Evidenced issues on GMO detection

1 Influenced the European regulation: 1829/03, 1830/03




EC FP6 programs on
Co-existence and/or Traceability

SIGMEA (FP6, STREP)Sustainable Introduction of GMOs into
European Agriculture: 2004 -2007
SIGIMEA J. Sweet & A. Mess éan INRA

Co-Extra (FP6, IP): 2005 -2009 Co-existence and traceability In
the GM and non -GM supply chains

Y. Bertheau, INRA

PETER (FP6 Specific Support Action) Promoting EC
traceability research

M. Debord , CCI Gers

Transcontainer (FP6, STREP) (program on tools for biological
containment)

R. De Maagd, Wageningen Univ.




PETER

1 European Commission has invested 100M € in research on
food traceabillity: harmonization needed

1 Promoting European Traceability Excellence & Resear ch
(PETER) Is a Specific Support Action providing an
iInternational forum for focusing and disseminating EC
traceability results

1 There Is an urgent need for rapid consolidation and
dissemination of European expertise to developing
countries and SMEs so that they can have access to the
global markets that now exist.

1 Comprises a network of key projects: TRACE, Co-Extra,
SEAFOOD PLUS, GTIS CAP, GeoTraceAgri , DNA-
TRACK, Olive Track, ALCUFOQOD, Food Trace.




Co-Extra

GM and non GM supply chains .
their CO-EXistence and TRAceability

An EC Integrated Project

55 partners
(EU, BR, AR, RU) + collab . USA
18 countries 22 M€

( http:// www.coextra.eu /)




Background
GMO productions

® Main currently concerned productions

Global Adoption Rates (%) for Principal ’(%9’-
Biotech Crops (Million Hectares) :‘:\A(/:
160
140
O Non-transgenic
120 :
B Transgenic
100
80
60
40 |

20

o 56% 28% 19% 14%
Soybean Cotton Canola Maize

Source: Clive James, 2004

» Food supply chains contaminations:
Starlink, pig vaccine corn
Tomato, papaya, Bt10, LLRice601,

New productions and supply chains

tomato  papaya
squash sugarbeet
LY | =T -

B

o i




European supply chains’ Co-existence

European s In SIGMEA
— D_‘.. rdim
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Co-Extra objectives

Fill-in the gap between the set European legal
framework and its practical implementation

Areas Aspects
Co-existence Technical

Traceability Economic

Practical implementation Legal
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Key Issues

Worldwide increasing number  and acreage of GMO,
Duration and costs of technical developments,

3 regulatory thresholds (food and feed: approved, u napproved but
with a positive risk assessment, unapproved), seeds , etc.

GM stacked lines / mixture of GMO,
Compatibility of different assay techniques,
Measurement uncertainty to avoid additional analyses

Cost effectiveness and duration of analyses along t he chains
Traceability of items between countries,

Qualified staff vs. stakeholders and doc traceability,

Prices at the consumer level of non -GM products ...

Food and feedstuffs VS. Industrial, pharmaceutical,
phytoremediation GMOs




Issues covered

1 Testing

— biocontainment methods:
ICMS: maize, sunflower, tomato
1cleistogamy: rapeseed

— seeds admixtures on harvest

1 Modeling pollen flow over large
fragmented landscape

1 Plastid transformation as containment
strategy




Issues covered

@™ Empirical descri
chains (maize, s

otion and analysis of several supply
oybean, sugar-beet etc.) domestic

and/or from thirc

countries

1 Costs-benefits analyses of the implementation of
supply chains’ coexistence and traceability

@ Economic mode
segregation,

ling of decision systems, of

# Consumers propensity to pay a premium for non-

GM products

1 Focus groups and questionnaires on practices,
expectations, etc.




Issues covered

2 Improving reliability of current methods

% Ring trials validations of new methods
(AMPE + DualChip®)

1 Assessing and providing sampling plans
e.g. for commodities

A Reducl
1 Detectl
1 Detecti

ng costs and durations of analyses
ng unknown GMOs

ng stacked genes




Analytical methods




GMO detection protocol

m Sampling / sub sampling

1 Grinding / homogenization

m Analyte extraction

a1 Analyses (kind and numbers)

W Results interpretation (measure ment
uncertainty) and expression

1 Further analyses when needed

Taking decisions

All the steps have to be considered for reducing th e impact of
analytical procedures together with documentary tra ceabllity




Stages to be considered to
reduce costs and duration

A Control plans

® Protein based methods vs. DNA based methods

a Grinding, reduction, homogenization, extraction met hods
1 Qualitative vs. quantitative PCR methods

B Alternative

— Apparatus,
— DNA based methods,
— Chemistries

2 Analytical procedure: number of replicates , calibration
curves and points , dilutions, DCt, other softwares ...

2 Analytical strategies: multiplex, matrix approach,
consensus PCR, differential quantitative PCR

2 Decision trees to apply technigues, analyze results and
take decisions




Reduction of controls costs

8 Using documentary traceabillity

1 Development costs of multi-purpose methods not
covered by EU regulation

# Facing a growing number of GMO

— development of multi-purposes methods (matrix
approach, consensus identification system per taxon,
universal taxa identification system)

— Modular approach and its modules

— Multiplexing methods: duplex PCR to SNPlex
— Detection of unknown GMO

— Detection of stacked genes




Total Error

< -

Sampling Error| Analytical Error

< -

Biological factor
% GM material

Units: kernel, DNA content




Considering the controls’ aims

1 Seeds production: field monitoring, purity
certification

2 Grain production: production separation In
silos

¥ Environment monitoring
A Food and feed supply chains controls

1 Detection / guantification of approved vs.
unapproved GMOs




Purposes of detection
and kind of methods

2 Unit not defined by EU regulation
— Kernels / mass ‘contamination unit’

— DNA copies vs. haploid genome
equivalent ‘traceability unit’

| Different methods can be used

— For seeds production and in fields:
mostly immunological techniques
with multiple control plans by
attributes

— Food and feed controls: DNA based
methods generally with simple
control plan by attributes




Crioosing aporooriaie
conirol plans




Feduclng sarmpling olans costs

\
sarmpling olar tne pasis of the rellaoility of ‘
ine deiecilon process

Differ according io

— supposed disirioution of fargets

— Producer ancd consurner negotiated ris
natri (rawy reterizl 1o packaged end- \
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Feduclng sa mpl]ng olens costs

e ind lagoratory ‘
ies (m/r 0loAns,
s ' re-organizaiior
J Control plans 0/ atiripuies
— Simple [ multiple
— Multiple:
B Single stage,
B Douple stage... \
B Ouantitative metnocds  vs. qualitative metnods
In relation with autornated extractions o —
sraller test portions — and multiole conirol
olans py aiiripuies ...

Cnoosing appropriaie
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~
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Integraiing QRT-PCH variaoility

INio sa mohru olars
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Using seller's and puyer’
fsis

Cornparing qualitative ard
uanttative rmetnods
Qecornrn@nrlatlon of 4
atiriputes wiin 3 replicaies

rrently lirnited to

a5sUrnption of JJmJJrlrJr/ Of
JJJJMJ factors peiweer
sarmnple and caliorant
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Fitness for purpose ‘

e

Growing Traceability needs
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Number and applicability of controls Control costs
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E 2 major alms witn different needs of unit

E Biological factors irmpaciing tne
— Compatiollity of rmeinods
— Chnolce of units
— veracity of DNA pased rmetnods
E Bricyge?

Q
=
(P

— No unit put gosiiion vs., triresnolds
ernels?

— Blological factors for conversion?

— Co-existerice of different LUnifg? ——

A




Modular approzacs
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Moclulair aaiporozicr)

rlignly adapizaole as aole 1o integrate new rmodules (rmicro-
arreys...)

Validating only ine PCR rmoclule

Residual issues:

— Multiplication of rnodules: 5ev~rrll mQrJLles per tavon and GMO

— Thwret]cal commu'tapJJJ[/ r ric ] Le w,@m refererice

N\

Task-force




Test porilons
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P One single atiripuie (guall
cuzaniiiizilve rmeinods)

)

F Mulilole attripuies (qualliailve or quemt]tat]ve\
rretnods) = suo-sarmpling —
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— Issues apout

B Continuity by withdrawel of GMO e.q.

B Stanility over years, see BULY6 and Bill cases
Fecuest for DNA pased meinods of cosi-effect Jve\
rapldly released CRIV —
Data Interpretation wnen CRM Not 2Vall20 | cecms

/i

Lricnown GVOs) |




E Genomic DNA:
— Lzately released as current r<J\/J
[

‘Lab]l]'ty, con't]nu]ty Issues not r@olved

Issue: disappearance of tne current CRM used for seeds and
rmonitoring

F Plasmids \

— Rapidly relea sed
— Stapllity and cor
— Low cost

— Cornrutaplility to be dernonsiraied

JRC IRMMI: first certification of DNA ¢




' g7 O/, ' (N r X ' |
DNA pased metnods {
rlyoridization (Soutnern, EALA, micro -arrays...)
MNuclelc zcid rl_rnpl]'f]ca‘t]on (‘ir.arget or signal

rulilsieos  vs. one iermperaildre, cormolnation of
frietnoc ls 2.0. SNPley)

Cormnplinaiion of potn (e.q. liIgArmp, PCRF wiir) \
ricro -array nyoridization)

Ermerging iecrinicques  (nanotecnnologies ..)—_

Ouantitative vs. qualitative metnods {ff]lllr,]pl_,AL-PU—;




Arnolification rmetnod

o replicase (signal, Gene Trak) {

U 3

~

PCF (polymerase chain reaciion, target, Rochne), SPA (single primer
arnplification, target, lgen), DA (.ooomerang DMNA arnplification)

cha]'m reaction, signal, Aboott), LAT (ligation activated

._'l
>
("
(o
N
("
=

AL
S

transcription-based arnplification systern & self sustained

sequence replication, target, Baxier Diagnostics), NASBA (nucleic acid
serlence- based emonggluom, JUJ‘, Organon), TMA (transcription
med]a‘ted ampl]nge lon, target, Gen-Probe)

encl-run rlmoJm ceition, gapped-end-run arnplific gl't]om,\
sic f]r] BecKmnzarn)

DA (strand displacement amplification, target, Becton D]ck]ns%
A (strand switching armnplification, target, Syva Co.), LAMP

P T (Cycling Probe technology, signal amplification)

Cornpineation of rmetnods e.c
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clDOEElLS alf {
E Most of validations carried out with only a
revv vincd of apparaius and cnermisiry (e.q.
TagMen® -+ r\ 3

E Hlow o easlly and rapidly iransier

valldated meinods \
F rlow io cosi-effeciively imolernent in
lziporatories validated rr

retnods witn e —
apoaraius and cnernisiry (e.q. for
accreditailon)?? E—
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Valldatlon rmust cover ine aoplicailon
range wWitrl e accepia OJ|JF/ vallle




Measurernernt L

B Validaiing only ogtlmized meinods

Company provided method
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Irmproving oprecision

Using all replicates to
Improve trueness and
precision




Irnproving irueness arnd grecision




Jmorov]ng 21CC Jra cy of
cletection rmeinods

\
b Calioration vs. WXL meinods (PCR witn different ‘
efficierncies)
¥ Irmproving precision involve considering severzal
5203
P Imoroved orec]s]on snould recuc
— Cosis (reducing reglicates ' numoers ...) \

— Legzal dispuies

D

1

\
Jegpun sSupport Sysiern) for
oriing and 1aming decis e
I
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Guldelines and DSS
Inieroreting data, rep
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Plant Plant ‘

genome genome
__ — _
J J
1 1
1: Screening (P35S / Tnos / nptll...) \
\

4: Plant reference genes (from 1 per plant species to one for all)

5. Donor organism when needed (INRA's.CaM\-testsaved tons




E Muliiplexing sirmplex PCH

E Decreasing tne nurmoer of rnodules:
— Tne minirmurrn: one standarcdized reference
perteon: Co-Exira Task -force
— An optirmurn: one reference gene for all plant
specles ( GMOChnips and Co-Exira EUuropesr
programs )

()
(P
)
(P

F |denilfying severzal JJ\/IOJ Ir) 21 st ep T
Conserisus PC < *Mairlc aporoacn " oinrougr
~ > I
rmicro -arrays, ShNPlex ... p—
SS————

A




Decreasing tne nurnoer of si eja‘
developlng rapldly muliiplex PCR
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Lirnlis of ine rnultiplex siraieqy

A

Currently : CJL olest (INF

A) andiriplex (- GeneScarn ): P355-
Inos, T525-Pnos, P355-Tnos-PC
Interactions peiween prirmers ancd groges 1o ve marag ec
(new softweres)

ORT-PC

JJmJLed arnount of sirnultaneous targets pecause of t
arnount of fluoropnores  wro

se specira *an o: ElﬂrlJ/
simnultaneously oy ine availanle rezl

-tirme tnerrmocyclers
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— D
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P

Interest for multiplexed QL PCR wiin
= I—

conirol plans by rmulilple giidauies— -




BECION 0N Seque

FP1 {
—
P35S crylA(b) T35S
FP1
RP1
P35S bar Tnos | PAct crylA(b) T35S
— <
FP1
— RP2 RP1
P35S crylA(b) Thos
PR
RP2 \
\
IR



DNA in Plasmid

AGROBACTERIUM Bacterial transfer of DNA
METHOD Agrobacterium Plant Cell

Chromosome

Acceleration of particles
to plant cells Plant Cell

DNA PARTICLE
GUN METHOD

DNA coating on microscopic I

metal particles

Y.‘-’/

A




Consernsus PCr
witr) cetection Dy rnicro -arreys
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lllegal

GMO Quantification

Less than 0.9%

No need for labeling

Labeling

Plant and
GMO

Screening

Negative

Authorized?

No

|dentification

yes

Assay individual
ingredient

More than 0.9% ;‘
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Approzicries for detecting
Lnknown GVOs

Oualliaitive differernilal PCH

e

Quaniitative differental PCF
Mziire epproach
Fingerprining (ancnored PCR, 2ic.) \




U)

No donor organisrn for inis secuence

cleiecied e.q.

CallV 8

Uspicion of presence ¢ rllrlfi_O\_L\LL,LJ-\/I-C?

A
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). orinciple

antfy a ‘

r orirmers specific of ine
2M15US elememr (2.0,

: (—-
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Deiect and quantfy all tne .

— , > . ~ T : T~
aporoved GMOs presenting _--_
inis consensus element
— sets of svent -speciiic primers e —

for ezicn of inese GMO (e.q. e
edge-fragrments) ‘
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Sample X

GR: reference genes
Gl: genes of interest

C (+) et (-): positive and negative controls
NTC: No Template Control (without target DNA)

Qualitative PCR

P355 Pnos| GR-11 GR-3 [GR-5 [GR-7
nos 1355 GR-2|GR-4 | GR-6 | GR-8
>

- N
S

Decreasing frequency in GMOs

Gl-1

Gl-2

GI-3 | GI-5 ‘
cet() [|[nTe
Gl-4 |Gl-6
/i
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B Several Gl nces armplifled, e.g. nrougn ‘

rmultiple PCH
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D
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E Discrimination  oetweernn  GMOs  oased  or)
arnplification  patierns (P355, TBSS, T -nos, nptll,
[ \ybricization, \

ﬁ
-
Q
Y
O
0 )
h )
Iﬂ—

jurictions ...) and furire]
E Scope:
all matrices (raw producis to nignly processed: oorl\}—
‘Fror farm to fori
cdiscrepancy of patterns can indicaie ine preser) osme s

‘Unknown ' GMO —
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Current apolications of ine
" Melirc anoroacn

Quelitative PCR: Up to 9plex

Micro -arrays: DualCnip ® first inter -
lziooraiories validaied chip

SNPlex ™ up to 48 targets arnplifled i
21 flrne (see M. Criaiouachl speech) \
VWriole genorme armplification and micro —-
2reys de ieciion, Including veciors
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Wriole genorne arnolif]

Looxing for all seqL
(Including vectors)
In GVOs
Cnoosing for uricue
sequences

Arnplitying trnie wrole

genorne
Deiecting oy micro  -arreys
nyoriclizaior

Tornsteln et al. BMC olotech.

2007
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SNPLe)

Generation of products specific of genotypes via a
multiplex ligation of oligonucleotides (OLA): LCR

(™ grinciple

Multiplex PCR multiplex with universal primers on
adapters ligated by OLA

Decoding
Electrophoresis or Hybridization of “ZipChut”
universal primers to amplicons (identification of
Initial targets)
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Example of amplification detection
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| J\/Ja'tr]x rla'te r*an cletect several GO In a
b . Lo

1 J\/ng_r.rJA 200roacr carl et
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Need of standardized DSS for
B Daia Interpreiailon (sofiware, e.q. from £
E Reporing

ELnknowrn GO
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E Decision rmaking e
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Detecilng siaceed gernes

.

Comoinztiorn of
— a control plan oy ruliiple atirioutes
—-VVUﬂ(ﬁkﬂﬂdUVerJr

Fesulis In a prooapllity of presence of s
gemes
Metnodology availaole
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Generalization witn ORT -PCR: matnermaticel
rmocleling under siudy




Conclusion

=U regulation s covering an aporecianle part bui o nly
20 pairt of laworatiories needs

A growing rurnoer of f]lJrIJJEcIEJ\/H rnuliiplex meinods 0
pe Used wiin conirol plans by mlllflOIH atiriouies
Interest for nign tnrougnout nor desirucilve detect 107

Wi
meinods (NIR, see Co -Exira)
Beside S)er‘ “ldeal” sliuaiions (quantification of
cipproved GMOs), there are sill numerous decisions 0
take in uncertain environmenis \
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S35 (Decision Support Systems) shall be generalized for
clonering rngigr reporting and taxing narrnorized

C
relevant decisions (lab and Cornpetent ALthoriijo Nmm——
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It IS a Chaln Exercise {
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to satisfy consumer’s expectationS

on Food Safety and FOOW -




