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EU legislation framework on GMO detection and UGM

Next Generation Sequencing (NGS)

Whole genome sequencing for characterisation of UGMM B.
subtilis in feed addtitve

Targeted Genome seqiuencing for detection of plant UGM in food
and feed
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GMO detection: EU legislation framework .
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GM plants worldwide

Approved Transgenic Plant Events, 1992-2016
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GMO detection: unauthorised GMO . @

No safety

assessment

= UGM can occur

safety concern No event-specific § on the market Targeted control
methods only for specific

No or limited available No labelling and “known” UGM

information on the traceability

insert and the

sequence
GM analysis: search for known GMO

Official control
labs

System for
detection based
on known GMO

e Based on insert /sequence information => no such information available for UGM

e Screening with common transgenic elements occuring in EU authorised events, but
also in UGM => presence of UGM can be « masked » by the presence of authorised
GMO

« Identification with event-specific method => no event-specific methods for UGM

The system for authorised GMO does not work well for UGM!

New tools and approaches needed!




Next Generation Sequencing: —e®

ISP
- High-throughput sequencing wWIv
- Rapid

- Different sequencing technologies / platforms

- Different approaches for data analysis depending on the
sequencing strategy

- Two different strategies
- Whole genome sequencing (WGS): allows characterisation of
sample without prior knowledge on the sequence -

characterisation of GM B. subtilis in vitamin B2 samples

- Targeted genome sequencing (TGS): minimal prior knowledge
on the sequence is required — characterisation of plant GMO
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Next Generation Sequencing: workflow i
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WGS: characterisation of GM B. subtilis in feed additives -

--..
ISP
Rapid Alert System for Food and Feed (RASFF) notification: WIV
RASFF 2014.1249 (Germany)

No appropriate method available

Characterisation of the gDNA sequence of B. subtilis extracted from samples
related to the notification
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WGS: characterisation of GM B. subtilis in feed additives ~ e

\WIV

Identification of 3 overlapping contigs containing the riboflavin biosynthesis operon -
ribA gene
Identification of region with similarity to plasmid vectors

Design of PCR assay and verification of the amplicon sequence

Design of TagMan qPCR assay /-
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WGS: characterisation of GM B. subtilis in feed additives "|Sp

WIV

e« Seqguence data were obtained from applying WGS
« The obtained sequencing data were used to develop gPCR method

« The gPCR method was in house validated according to the ENGL / EU-RL
GMFF criteria (Method Performance Requirements, 2015)

 Applied in routine analyses for feed additive samples (Vit. B2)

10" Scientific Conference of the Bulgarian Focal Point of EFSA, 31/10/2017 — 02/11/2017, Sofia




BAgename/,

Joumals ASMorg

@umm
i

Genome Sequence of EU-Unauthorized Genetically Modified Bacillus
subtilis Strain 2014-3557 Overproducing Riboflavin, Isolated from a

Vitamin B2 80% Feed Additive
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genome and ion of the

ly modificd (GM) Bacillus subtilis strain 2014-3557

iboflavin (vitamin B2). This GM-strain is

thorized in the European Union. N heless, it has been iso-

lated from a lot of vitamin B2 (riboflavin) 80% feed grade imported to Europe from China.

Racatved 13 February 2015 Accapted 3 March 2015 Publishad 3 Apef 2015
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rboflavin,

EUunsuthorteed
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birks 20143557
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Copyright & 2015 Bvbau Predron et al Ths i e d
Address Nancy H. Roosens, tipbe.

of the Creatve Commene Attribution 3.0 Unported license.

iboflavin (vitamin B2) cannot be biosymhcsizcd by verte-
brates, whereas plant and most microorganisms are able to
do so (1). Therefore, vitamin B2 is used asa focd and feed
dditive. As an al ive to costly ch ¥ is, micro-
bial fermentation processes of riboflavin were developed for
industrial production. Naturally producing or riboflavin-
overproducing microorganisms transformed by a genetic engi-
neering, chemical, or physical process can be used. Bacillus
subtilis, a Gram-positive, rod-shaped bacterium, is exploited in
industry for this purpose (1-3).

In July 2014, Germany detected a viable Bacillus subtilis strain
which harbored a lly occurring combination of DNA
sequences in a lot of vitamin B2 feed additive imported from
China. This strain was considered ugmencally modified and un-
known; therefore it is horized in the E Union. In
September 2014, the European Rapid Alert Smem for Food and
Feed (RASFF) created a notification to alert the other European
countries about the presence of the unauthorized GM-Bacillus
subtilis in this particular vitamin B2 feed additive (https://webgate
£ mmpa.mlmfr -window/portal/ [enter rc-ference 2014, 1249])

ly, the French
llm kind of prodm imported in France. A French National Ref-
em\oe uborawry (NRL) fur GMO ml«ued a ycl]ow substm

HiSeq2500 run using a paired-end library. Sequencing yielded
10,914,314 paired-end reads (350-fold coverage), which were as-
sembled de novo using CLC Genomics Workbench version 7.5.1
(CLC Bio). The resulting draft genome was further linked into
scaffolds with SSPACE (4) based on paired-end read lu\hge Fi-
nally, a total of 39 gap-closed scaffolds were g d

of 143 contigs with a maximum gap- dnud scaffold size uf
1,018,461 bp and a minimum size of 370 bp. After filteringof these
39 scaffolds, three were discarded as two matched with Homo
sapiens and one with Haemonchus placei. The total sequence
length post-filtering is 4,175,764 bp, and has a G+C content of
44.32%.

‘Genome annotation was performed on the assembled scaf-
fold sequences using the BaseClear annotation pipeline which
is based on the Pn:kka ?mhryohc Genome Annotation Sys-
tem. This confirmed the organism as Bacillus sub-
tilis with 100% identity. 4,233 genes were predicted, of which
4.141 have a knomn function, including several encoding for

Ived in riboflavin synthesis and transport. The
genome sequence of this Bacillus subtilis strain will be useful for
further characterization of its GM nature and in developing a
spo(lﬁc method for its detection in food and feed additives by
laboratories.

overp:
strain from three samples of \rnamm B2 feed additives imported
from China.

To further characterize this finding, whole-genome sequenc-
ing was performed on one of the three isolates with an Illumina

March/Apal 2015 Volume 3 bsue 2 €00214-15

Nucleotid,

ession bers. This whole-genome
shotgun project Iu: been deposited at DDB)/EMBL/GenBank un-
der the accession no. JYFL00000000, The version described in this
paper is version JYFLO1000000.

genomeassmorg 1
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Use of next generation sequencing data to @
develop a gPCR method for specific

detection of EU-unauthorized genetically
modified Bacillus subtilis overproducing

riboflavin

Fode Briuupedror’, Sigid C ) De Keerrnarcier’, Meud Ddvape’, Cline Gau?, Parick Phiipe?
and Nancy M Rocsers’”

Abstract

Baciground: Racertly, e preence of a0 unauhorbed genetcily modfied (GM) Banifus bsils hacwaum
oveprodacng viamin 82 in a feed addeve was nozflad by the Rapid Ale Syzem for Food and Fead (RAFF). The
hx demonzrred Tt contamingion by 3 GM mico -ogansm ((MAM) may oo In ford addsves and ha
confronned for Te At tmethe enfiorcement labor ories with Tis ype of RASH. As no sequance nformation of
His GMM nor any pecfic dewection or idensfication method was awalable, Next GenarstanSaquencing (NGS) was
wad 1 geneae saquence fomazon. However, NGS dia analysis ofen sequines J0gropeae 100k, valving
blorformyics axpare which s not alwayspreent In Te Jverage enforcament Bbomxry. This hampes the ue of
iz wchnology © mpidy cbmin crical wquence nformaton in order © be able © devdop a eafc
GP(Rdewcion method

Methods: Oara genend by NS ware exploited weing 3 smple BLAST spproach A TagWan® gPCR metod was
deweloped and e2ed on lzodwd hacesy sxare and on e feed addeve drecy

Results: In this s2udy, 3 very simple stategy hamd on e common BLAST taok e can be used by any
enrforcemen lab whowr pobund blorformzics apparee, was Lccesflly wed mandyze Te 8 wbsls dm
genaraied by NGS. The resuls were uned to design and xsess 3 new TagVian® gPCR meathod, specficlly detecting
iz GM vamn 82 oveprodueng hacwesun The method complies weh EU arzcal pedormance paameses for
speciay, sendevsy, PCR dficency and repeatabillyy. The VRE2-UGM method 3 could detec e B b ls sxain
in genomic DNA exzaced from the ford addave, withous prior culaunng s

Condusions: The proporad mehod, prowdes 3 cucil toal for speaficaly and mpdy derefigng iz unauhorded
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Informzion neaded o develop GPCR methads 1 detect unknown andunauhorsed GMO In foad and feed
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Targeted genome sequencing: characteristaion of plant GMO = o

- ®
DNA walking = obtaining DNA fragments of interest W|I\S/P

Detected in gPCR screening
—  Combination of target-specific primers and degenerate random tagged primers (DRT)
Junction I I I | N Cry: Ongoing Plant genome
gk pass - Ubi Pr’otmoltéij N synthétik;_c'rle"‘ tNOS LﬁcZ‘f
LB RB

DRT Unnatural associations of elements ; DRT

Exponential amplification by PCR of the sequences of interest

Visualisation on gel

Fraiture et al. 2014, Food Chemistry
Fraiture et al. 2015, Food Chemistry
Fraiture et al. 2015, BMC Biotechnolog
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DNA walking coupled to NGS . @

.
—> Obtaining sequences from DNA fragments of interest ISP
**  Main limitation of DNA walking coupled to Sanger Sequencing: W|V

- Matrix with multiple GMOs containing the same targeted elements

Plant genome Transgenic cassette

Plant genome
an [ N | [ § | [ N |
Junction

Plant genome Plant genome Plant genome

\"_H_" -.T.. --T
U

NGS

- Massive parallel DNA sequencing (High-throughput)
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DNA
walking

coupled
to NGS

workflow

Samples

DNA extraction

Wy E -

Library preparation & barcoding

IAAAAANNAE

Pooling

§§§§§ggggm

Sequencingin onerun

Demultiplexing

Bioinformatics analysis

Comparison to sequence databases

KeFengé NK603 GTS40-3-2| |GTs4a0-3-2 GTS40-3-2 NK603 GTS40-3-2 GTS40-3-2| |GTS40-3-2
MON863 NK603 KeFeng6 MON863 NK603 NK603 NK603 -
MON863 KeFengb MON863 MON863

KeFengb

ISP
WIV



&
DNA walking coupled with NGS: selection of NGS platform 'Tsp
WIV

@ PACIFIC
BIOSCIENCES™

Able to deal with heterogenic library
— size

» Amplicon size range going from ~ 200 bp to 6
Kbp

—— < Long read length (up to 60 Kbp)

—— )
Able to sequence the whole amplicons

No library shearing and de novo assembly

User-friendly bioinformatics analysis

% Seguencing Cost per Gb : ~ 2000 €
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DNA walking coupled to PacBio “ISP
*»  Tests on typical food/feed matrices encountered in GMO routine analysis W|V
X 10 samples, individually barcoded, sequenced together in one run

=» Proof of GMO presence via junctions and/or

unnatural associations of elements!

Able to deal with various food/feed matrices

Practical work easy and simple

Good sensitive (20 HGE) + Real-life sample

Target concentration

User-friendly/accessible bioinformatics analysis

High-throughput

Processing Complexity
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DNA walking coupled to PacBio "T;p

o2 Real-life sample (Kuwait) ‘ Possible to identify unauthorized GMO WIV
_—Commparison to in-house database

Screening markers Observed signals
PLD walking strategy with p35S and tNOS methods
(C: 40; T,,: 70.8°C) (14927) (as9)
ADH +
Coa e e - ™ m I 355 M psp70 M cTp M cpa/Epsps MM ]
(Ce: 24; T, 75.4°C) (1713) (2783) MONS810 maize
LEC
(Cy: 31; Tt 79.3°C) TC1507 maize (3044)
CRU
am p355 tNOS CP4/EPSPS 'L}
(2469)

(C,: 40; T,y: 73.4°C)

p35S + o0 R K603 maize

(9956)
(Cy: 26.3; T, 76°C)

Maize genome
am M am
tNOS + \

(11606)
(C:29.9;T,,: 71.8°C) Proo

All unnatural associations ments and

pFMV
(€ 30,8 T 74.4°C) junctions correspond to authorized GMO
prm— Verification via the ‘
PAT + .,
\ i standard GMO List of potentially detected GMO
(C:28.4;Th:763°C)  yatectio
BAR 3272 maize MIR162 maize |dentified GMO TN
AT - ° 98140 maize MON 810 maize
(Ci: 40; T2 72.7°C) TC1507 maize(C,: 26)
p—
CP4-EPSPS + Bt11 maize MON 87427 maize
—_ - NK603 maize (Cy: 30.6)
(Ci: 28.3; T,: 84.3°C) DAS 40278-9 maize MON 87460 maize
Cry3Bb DAS59122 maize NK603 maize MON 810 maize (C;: 35) <00
(i 36, T2 80.6°C)* GA21 maize T25 maize Bt11 maize (C;: 39.7)
t355 pCAMBIA W TC1507 maize /

(Ci: 40; T, 71.5°C) ‘
*Trace Not possible to identify unauthorized GMO
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Keyworls
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Detection
R

DNA walking
MNext-generation sequencing

DNA Tox the detect) of abroad spectrum
d GI-Ds in routine amalysis of food/feed matrices. Here, we present a2 new version with improved
throughput and sensit ivity by coupling the DNA walking system to Pacific Bioscience® Nexi-generation
sequendng tectnology. The performance of the new strategy was thoroughly sssessed through several
assays. First, we tested its detection and yongrains with high or

Second, the potential impacts of food msumn investigated using rice noodle samplex Finally,
GMO mix ures and a real- life sample were analyzed to il lustrate the applicability of the proposed strategy
in mnh-cm.nlym In all tested samples, n-p-md multiple GMOs was unambiguoudy pro-
ven by the of elements that are typ-
ical for transgene constructs.

©2017 The Authors.

Bsevier d Thisis MIMCCBV M:Wlw
(hatp:jfcre ativ a0)

1. Intreduction

‘Concerns regarding ity of food and [ in
the market and the right of consumers to know the exact ingredi-
ents in the food and feed have led to the establishment of legisla-
tions conceming the introduction and control of genetically
modified organisms (GMOs) in the food and feed chain. In enforce-
ment laboratories worldwide, the presence of GMOs in food and
feed matrices is routinely monitored using GPCR analyses. More
precisely, the presence of GMOs is initially assessed by qP(R
screening using a panel of methods that target a broad range of
common GMO elements. This step, can also discriminate the pres-
ence of certain genetically modified (GM ) events. From the positive
and negative signals observed in these screening methods, a list of
potential GM events presentin the tested matrix is created, and the
comesponding event-specific methods are then usad to confirm
their presence (Broeders, Papazova, Van den Bulcke, & Roosens,

T Comesponding auhor.
E-mal addreser MaseAlic Frairursbwiv-ispbe (MA Fraimure), plll:ppt
hermangwiv-ispbe (P. Herman), ninapapaxva@wiv-ipbe (N Papazova) mas
be (M. De Loosel. % (0. Dekece)
1. Rumank). nancy. Bpbe (MK

Roosems )

betp: e doLorg/10.1 016/ jfood chem. 201 7.03.067
G308-8146/€ 2017 The Authors. Published by Ekevier Led
™ BY-NC-ND b

2012; Fraiture, Herman, Taverniers, De Loose, Deforce, Roosens,
2015¢c). However, this system is not specifically designed to iden-
tify unknown GMOs. Indeed, in the situation where nocormespon-
dence is established between a set of positively confirmed known
GMOs and the signaks observed during screening. the presence of
an unknown GMO can be inferred but remains to be proven using
altemative methods. This i in pat because severml targeted
screening elements are derived from natuml organisms (eg.
p35S from cauliflower mosaic virus (CGaMV) and INOS from
Agroba terium) that may naturally be present in the tested sample.
In addition, most of these screening elements are commonly found
in both European Union (EU)-authorized and unauthorized GMOs,
obscuring their independent detection. In fact, the explanation of
observed QPR screening signals with positive observations of
known EU-authorized GMOs does not prowe the absence of
EU-unauthorized GMOs per s (Broeders, De Keersmaecker, &
Roosens, 2012; Broeders, Papazova et al, 2012; Holst-Jensen
etal. 2012; Ruttink et al. 2010).

To resolve this issue, an integrated DNA walking strategy was
recently developed to strengthen the current gPCR system for the
detection of EU-umauthorized GMOs (Fraiture et al. 2014
Fraiture, Herman, Tavemiers, De Loose, Nieuwerburgh et al.
2015; Fraiture, Herman, Lefévre et al, 2015) Following a positive
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How Can We Better Detect
Unauthorized GMOs in Food
and Feed Chains?

Marie-Alice Fraiture,' Philippe Herman,' Marc De Loose,”
Frédéric Debode,® and Nancy H. Roosens'*

Currurl GMO detection systems have limited abilities to detect unauthorized
modified i (GMOs) Here, we propose a new wolkﬂow.

Cell’ress

Trends
Mast Brapamn Unon (EU) uautur

based onnext-g ion sec (NGS)te Lo
lem. In providing information about DNA sequences, Hlb Hg\-lfl'nugm.nwnrk-
flow can distinguish authorized and unauthorized GMOs by strengthening the
tools commonly used by enforcement laboratories with the help of NGS technol-

ogy. In addition, thanks to its i ity, this could
be used to monitor GMOs present in the food and feed chain. In view of its
P P Y thisir

app its current and its ility of use over time.

The Current GMO Detection System Makes it Difficult to Detect
Unauthorized GMOs

To guarantee their safety and inthe food and fead chain as well as the Feedom of
choce for consumers, legsiations regarding GMO's (see Glossary) have been established in
several countries around the workd. Most of these GMO egal frameworks aim notadly at
regulating tha ntroduction of GMOs into the foed and feed chain. To apply for an authorized
introduction of a GMO, an applicant should cany out a Case-by-case environmental risk

comort barmrins va $n armnt
GMO detection sysim.

Howover, bemed on #e curent
sppronch, defnguishing B unahar

2 GMOs fom EL-sutharized GMOs

s simast impossitio.

Ono posio Wity X0 Overcamo 16 e
i renwwoAdowuring NGS tecrciogy.

The new wotdow may imorove the
abidy o the curent sydem to detect
EU-unmarized GMOs.

and provide about accurate i e and £ for use
and labaling. However, some legistation requirements, such as the labaling threshold (between
0.9% and 5%), vary among different jurisdictions. Tha term ‘unauthorized GMOs® concerns
GMOs released in the market of a certain country without pricr authorization.

Two main categaries of unauthorized GMOs may be found in the marke!. First, GMOs can be
congidered unauthorizad because they have been approved in some countrias (such as the
USA, Canada, or Japan) but not yel in athers [such as those in the European Urion (EU), a
situation referred 10 as ‘asynchronous approvals', o because thair time-imited reguiatory
approval has expired and was not renewed [1]. However, this category of unauthorized GMOs:
could be considerad 1o be safe bacause they were fully characlerized and are traceable mlne
market using ther offical event-specifi By contrast, a more prc

canakbo kead to the presence of utnauthorized GMOs on the market: an accidental or deliberate
relaase of ‘axperdmental’ GMOs from laboratodes or field trials (e.g., B110 maize, Liberty Link
601 rice, FPOGT flax, 163 rice, PRSV papaya, and MONT 1800wheat) [2]. Unauthordzed GMOs.
in this category usually have not received any reguiatory approval in any country, so they
could be considarad 1o ba ‘unsmke’ and ‘unknown’, In addiion, no o few event-gpadific or
construct-specific methods are avalable 1o enswe ther traceabity in food and feed

508 T in Botchedogy. Jne 2017 Vo 35N, 8 MR dudelony’ 1. 10064 RAcA2017.00.000
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v prment i food and feed chain.
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Concluding remarks -.,T;P

NGS provides possibilities to prove straightforward the presence of (U)GM in the samleV

TGS in combination with DNA walking => promissing alternative of the current detection

strategies allowing identification of UGM

The sequences obtained from this analysis allow development of new PCR methods to be

applied for targeted screening for UGM =>implementable in routine GMO analysis

Implementation in GMO testing laboratories
- Analysis still relatively expensive

- Choice of sequencing platform

- Adequate computer infrastructure

- Strong bioinformatics support

- Availability of sequences databases
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Thank you for your attention!
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