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Genetically Modified Organisms
...are by the EU legal definition!: organisms, with the exception of humans, in which the genetic
material has been altered through the use of biotechnological methods, in a way that does not occur

naturally by mating and/or natural recombination.
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GMO Detection and Quantification

protein-based

DNA-based
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GMO Detection and Quantification
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protein-based

DNA-based
Faster but cannot differentiate
between specific GM-lines, not

applicable for quantification

Enables identification of specific
GM-lines, enables quantification,
but is more time consuming.
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Evolution of PCR-based methods
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Why digital PCR?

Sample 4

Sample 1 Sample 2 Sample 3

Amplitude

No amplification

No Low Medium High Event Number

target concentration concentration concentration

The partitioning renders dPCR more resistant to inhibitors, which enables GMO quantification in

complex matrices.
Enables multi target — multiplex quantification = time- and cost-effective
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Digital PCR gets it’'s name

Proc. Nad. Acad. Sci. USA
Vol. 96, pp. 9236-9241, August 1999
Genelics

Digital PCR

Biert VoGEISTEIN® AND KEnneETn W, KINZLER

The Howard Hughes Medical Instiiuie and the Johns Hopkins (ncology Cenier, Buliimore, MDD 21231

Contribured by Bert Vogelstein, June 9, 1999

ABSTRACT The identification of predefined mutations
expected to be present in a minor fraction of a cell population
is important for a variety of basic research and clinical
applications. Here, we describe an approach for transforming
the exponential, analog nature of the PCR into a linear, digital
signal suitable for this purpose. Single molecules are isolated
by dilution and individually amplified by PCR; each product
is then analyzed separately for the presence of mutations by
using fluorescent probes. The feasibility of the approach is
demonstrated through the detection of a mutant ras oncogene
in the stool of patients with colorectal cancer. The process
provides a reliable and quantitative measure of the proportion
of variant sequences within a DNA sample.
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Comercialisation and application in GMO field

Anal Bioanal Chem (2009) 394:457-467
DOI 10.1007/s00216-009-2729-5

ORIGINAL PAPER
Single molecule detection in nanofluidic digital array enables

accurate measurement of DNA copy number

Somanath Bhat - Jan Herrmann - Paul Armishaw -
Philippe Corbisier « Kerry R. Emslie

2009
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Development of new platforms

2021
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Development of new platforms

2012

NIB first beta tester in Europe
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From qPCR to dPCR — testing transferability of assays

Direct transferal of hmgA and MON810 assays from qPCR to dPCR platform.

Legal Motice Privacy statement English (EN)

JOINT RESEARCH CENTRE

Foanmission European Union Reference Laboratory for GM Food and Feed

European Commission > EU Science Hub > EU-RL GMFF
EU-RL GMFF Home GMOMETHODS:

EU Database of Reference Methods for GMO Analysis
et [home R

Tasks and duties Search fior o | Select by GMO Unigue Identifier:
GMOMETHODS v id-QT-eve—zm] | Search | G
Guidance documents
View Entry v Find Similar Data provided by http:/ fgmo-crl.jre.ec.europa.eu /gmomethods/

Status of dossiers

Entry information

Entry name QT-EVE-ZM-020; See in JRC GMO-Matrix See in JRC GMO-Amplicons
GMO Unigue Identifier  MON-D0B810-6

Proficiency tests

Methods database e
e T Description Quantltatlvg PCR method for detection of maize event MONS10.
Keywords event_specific.
IRC GMO-Amplicons From Zea mays (maize) - event MONS10 (MON-00810-6)
References
Capacity buildi 1 "Foodstuffs - Methods of analysis for the detection of genetically modified organisms and
FEE 5 A A derived products - Quantitative nucleic acid based methods” IS0 21570:1-103 (2005)
_ Is0 34615
ELEL Raference Position 1-92
. 2 Mazzara M., Grazieli E., Savini C., Van Den Eede G.; "Report on the Verification of the
Emergenqesf Performance of a MONB10 Event-specific Method on Maize Line MON810 Using Real-time PCR
Unauthorised GMOs - Validation Report and Protocol” Online Publication {2009)
Dor 10.2788/58036
Contacts Raference Position 1-92
3 "PCR reactions set up and amplification conditions"” Cnline Publication {2010}

Carmmsaty Retarvecs Lasecatany

. CciRL

GM Food and Feed

fem et M e

Definition of Minimum Performance Requirements for
Analytical Methods of GMO Testing

European Network of GMO Laboratories (ENGL)

13 October 2008
Date of application: 13 April 2009

CAC/GL 74-2010 Page 1 of 22

GUIDELINES ON PERFORMANCE CRITERIA AND VALIDATION OF METHODS FOR
DETECTION, IDENTIFICATION AND QUANTIFICATION OF SPECIFIC DNA SEQUENCES
AND SPECIFIC PROTEINS IN FOODS’

CAC/GL 74-2010
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From qPCR to dPCR — testing transferability of assays

Trueness within acceptance criteria (£25% of the target value) down to 6 copies of event specific

target (MON810)
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Estimated copy number based on gPCR

Good linearity beyond 10 copies with R?>0.999
for both targets
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%MONS810 based on ddPCR
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+ Measured %MON810 with ddPCR
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Combining multiple assays — multiplex dPCR

General idea: GMOs labelled with one fluorophore, reference gene/endogen labelled with the other

Legal grounds = regulation No. 1829/2003

Multiplex quantification per ingredient or MQl
11 + 4 soybean lines

12 maize lines

Maize MQl Soybean MQJ
* 10-plex * 6-plex g ¥
e 4-plex o 7-plex =2 11-plex -
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MQJ Practicability

Comparison to possible gPCR scenarios

No. of Relative final . Har.lds on Number of
. . time in hours 96-well
Ingredient Method tested price per . .
(including plates
sample sample . .
analysis) required
1 100 3 1
dPCR 5 100 4 1
maize 11 100 5 1
1 272 8 7
gPCR 5 292 16 18
11 300 25 37
1 100 4 1
dPCR 5 100 7 1
<ovbean 10 100 8 1
Y 1 368 14 7
gPCR 5 445 31 18
10 483 63 36

- *for gPCR calculations are done based on the use of 96-well plates
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Combining multiple assays — multiplex dPCR

General idea: guantification of specific GMOs in the same channel, by variation of probe
concentrations

Multiple event quantification - MEQ

7 most common maize lines + maize reference gene (hmgA)

4-plex |
3 maize lines + reference gene

4_p|ex ” 10000 . 10000 } 10000
4 maize lines '
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Multiple Event Quantification - MEQ

Fluorescenca (FAM)

20000
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+ DP98140 + MONS10
15000 +
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10000
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i : : e
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oo |- | e
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Supporting diagnostics

VS.

Use of dPCR for quantification of GM soybean line in complex samples, containing
PCR inhibitors.
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Supporting diagnostics

Feed sample containing GM soybean — Roundup Ready

gPCR — sample exhibits great inhibition for both transgene and endogene up to 100 x dilution, sample
cannot be quantified 2 pLOQ =49 %

Comparison of GM% measured for real-life samples either with qPCR or ddPCR.

Sample Mean GM%

CTAB method NucleoSpin Food kits

qPCR ddPCR " Bias%  qPCR ddPCR * Bias%
A < pLOQ" 3354 Na © Na © 38.21 Na ©
B 41 35.87 14.30 Na © 35.57 Na “©
C Na © 45.12 Na © Na © < LOQ Na“
D 0.65 0.62 4.84 < pLOQ’ < LOQ Na“
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dPCR is not completely ,,immune” to inhibitors

I O O i g 3 | Reference gene

10000 15000 20000 25000 9 5900 10000; 15699 20000, 25000 5000 10000 15000 20000 5000 30000

1x dilution — Omcp/uL 109>< dilwution - 90 cp/uL

GMO
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Further work

Implementation of new technology
which enables:

e Easier multiplexing — more than 2 |
channels = 2021

* Lower reaction volume e

e Easier handling

e Faster turnaround time

* etc
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Thank you for your attention!
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