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Abstract
Using a recently developed genetically modified microorganisms (GMM) detection strategy, unexpected contaminations of
unauthorized GMM in commercialized microbial fermentation products have been reported. A first-line real-time PCR screening
analysis was initially performed to determine the presence of key targets frequently found in genetically modified (GM) bacteria.
A second-line real-time PCR analysis was subsequently applied to identify specific GMM, including to date a GM Bacillus
velezensis producing protease and a GM B. subtilis producing vitamin B2. In this study, an additional real-time PCR method
specific to a newly identified GMM producing alpha-amylase was developed to be integrated in such second-line real-time PCR
analysis, allowing to strengthen the GMM detection strategy. This method was successfully validated based on the assessment of
its specificity and sensitivity performance. In addition, its applicability was confirmed using several food enzyme products
commercialized on the market. Finally, via its transfer to an external laboratory, the transferability of the in-house validated
method was positively evaluated, allowing its easy implementation in enforcement laboratories.

Keywords Geneticallymodifiedorganism .Antimicrobial resistancegenes .Alpha-amylase .Real-timePCRdetection .Foodand
feed safety

Introduction

In the food and feed industry, genetically modified microorgan-
isms (GMM), harbouring usually antimicrobial resistance

(AMR) genes as selectionmarker, are frequently used to produce
microbial fermentation products, including food and feed en-
zymes, additives and flavourings (Deckers et al. 2020a).
According to the European (EU) legislation, the presence of
GMM, both viable strains and associated recombinant DNA, is
currently unauthorized in the food and feed chain (Regulation
(EC) 2003/1829; Regulation (EC) 2003/1830). However, the
unauthorized presence of a genetically modified (GM) Bacillus
velezensis producing protease (RASFF2019.3332) and a GM
Bacillus subtilis producing vitamin B2 (RASFF2014.1249,
RASFF2014.1360, RASFF2014.1657, RASFF2018.2755,
RASFF2019.0793, RASFF2019.3216) in commercialized mi-
crobial fermentation products was observed (Barbau-Piednoir
et al. 2015a, b; Berbers et al. 2020; Fraiture et al. 2020d;
Paracchini et al. 2017). In addition to the non-compliance with
the EU legislation and the failure to respect consumers’ freedom
of choice, safety concerns were raised because such GMMwere
characterized as carrying full-length AMR genes conferring a
resistance to ampicillin, chloramphenicol, erythromycin, kana-
mycin, neomycin or bleomycin antibiotics. The presence of
AMR genes in the food and feed chain increases seriously the
risk of horizontal AMRgene transfers to environment, pathogens
and gut microbiota (Bacanli and Basacan 2019; Barbau-Piednoir
et al. 2015a, b; Berbers et al. 2020; Fraiture et al. 2020a, b, c, d,
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2021a, b; Munita and Arias 2016; Paracchini et al. 2017;
Rozwandowicz et al. 2018; Sharma et al. 2018; von Wrighta
and Bruce 2003; Xiong et al. 2018).

To guarantee the traceability and safety of the food and feed
chain, a PCR-based strategy targeting recombinant DNA has
therefore recently been proposed to highlight the potential pres-
ence of unauthorized GM bacteria carrying AMR genes. A first-
line screening analysis is first performed to investigate the pres-
ence of key targets by real-time PCR, being frequently found in
GM bacteria used by the food and feed industry to produce
microbial fermentation products. This set of four key targets is
composed of a cat gene (GenBank: NC_002013.1) conferring a
resistance to chloramphenicol (CmR), an aadD gene (GenBank:
M19465.1) conferring a resistance to both kanamycin and neo-
mycin (KanR), a tet-L gene (GenBank: D00946.1) conferring a
resistance to tetracycline (TetR) and the pUB110 shuttle vector
(GenBank: M19465.1) carrying the aadD gene (Fraiture et al.
2020a, b, c, 2021b). The detection of at least one of these key
targets allowed to strongly suspect GMM contaminations.
Consequently, a second-line analysis is subsequently applied in
order to identify specific GMM, using real-time PCR methods
targeting their unnatural associations of sequences. Currently,
this second-line analysis step is only performable for two
GMM used for the production of microbial fermentation prod-
ucts, being the GM B. velezensis producing protease and the GM
B. subtilis producing vitamin B2 (Barbau-Piednoir et al. 2015b;
Fraiture et al. 2020d; Paracchini et al. 2017).

Recently, a new unauthorized GMM producing alpha-
amylase was discovered using a PCR-based DNAwalking strat-
egy anchored on the pUB110 shuttle vector. In this manner, an
unnatural association of sequences between the pUB110 shuttle
vector (GenBank: M19465.1) and a Bacillus gene coding for
alpha-amylase (GenBank: CP041693.1, J01542.1) was charac-
terized, allowing proving and identifying the new unauthorized
GMMproducing alpha-amylase (Fraiture et al. 2021b). Based on
this characterized sequence, a new real-time PCR method, spe-
cific to the GMM producing alpha-amylase, was developed in
this studywith the aim to be integrated in the second-line analysis
of the GMM detection strategy. This novel real-time PCR meth-
od was in-house validated, including specificity and sensitivity
assessments. Using several commercialized food enzyme prod-
ucts, the applicability of the proposed real-time PCRmethodwas
then investigated. Finally, in order to be easily implemented in
enforcement laboratories, the transferability of the in-house val-
idated real-time PCR method was tested.

Materials and Methods

Materials

DNA from the control plasmid (Genecust, FRA-GS-200729),
artificially synthetized to carry one copy of the targeted

sequences to detect the GMM producing alpha-amylase, was
used under its intact form (Oldham and Duncan 2012)
(Tables 1, 2, 3). DNA from Homo sapiens (G3041 Promega),
Zea mays (reference material ERM-BF413ak), wild-type micro-
bial species and GM bacterial strains (B. subtilis
RASFF2014.1249 and B. velezensis RASFF2019.333) were ob-
tained as previously described (Table 2) (Fraiture et al. 2020a, b,
c, d, 2021b). Commercialized food enzyme preparation products
labelled as containing at least alpha-amylase (sample nos. 1–7) or
only protease (sample no. 8) were collected from the market
(Table 4). These products, in liquid or solid forms, were intended
for use in various sectors (brewing, distillery, fruit processing and
baking) and were from different brands. DNA from these prod-
ucts was extracted using the NucleoSpin Food kit (Macherrey-
Nagel) associated to an initial bead beating step (Precellys®
Glass kit 0.5 mm) of 2 × 2 min at 5000 rpm (MiniLys, Bertin
Instruments) (Table 4). For all materials, DNA concentrationwas
measured by spectrophotometry using Nanodrop® 2000
(Thermo Fisher) and DNA purity was evaluated using the
A260/A280 and A260/A230 ratios (values > 1.8). In addition,
for the control plasmid, the concentration was measured by fluo-
rometry using Qubit 3.0 Fluorometer (Thermo Fisher).

Real-time PCR Assays

Each real-time PCR assay was performed in a standard 25 μl
reaction volume containing 1X TaqMan® PCR Mastermix
(Diagenode), 400 nM of each primer (Eurogentec), 200 nM
of the probe (Eurogentec) and 5 μl of DNA. The real-time
PCR program consisted of a single cycle of DNA polymerase
activation for 10 min at 95 °C followed by 45 amplification
cycles of 15 s at 95 °C (denaturing step) and 1 min at 64 °C
(for the first-line screening analysis including KanR and
pUB110 markers) or 60 °C (for the second-line analysis in-
cluding GMM protease and GMM alpha-amylase markers)
(annealing-extension step) (Table 1, Supplementary file 1)
(Fraiture et al. 2020b, d, 2021b). All runs were performed
on a CFX96 Touch Real-Time PCR Detection System
(BioRad). For each assay, positive controls and NTC (no tem-
plate control) were included.

Development of the Real-time PCRMethod Specific to
the GMM Producing Alpha-Amylase

To develop the GMM alpha-amylase marker, a set of primers
and probe were designed, using the software Primer3, to cover
139 bp of the transgene flanking region between the pUB110
shuttle vector and a Bacillus gene coding for alpha-amylase
(Table 1). This marker was developed to be compatible with
the real-time PCR conditions of the second-line analysis of the
GMM detection strategy (section “Real-time PCR Assays”).
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Validation of the Real-time PCR Method Specific to
the GMM Producing Alpha-Amylase

For the specificity assessment, an in silico analysis was first per-
formed where the amplicon sequence was blasted against the
NCBI database (Refseq_genomes) from fungi, yeast and bacteria
with default parameters (Table 1; Supplementary file 2). Then, the
specificity of the method was experimentally assessed using a set
of materials from Homo sapiens, Zea mays and 81 wild-type
microbial species frequently used by the food and feed industry
to produce microbial fermentation products, and GM Bacillus
strains (RASFF2014.1249 and RASFF2019.333). For each ma-
terial, 10 ng of DNA (including at least 5000 genome copies of
non-targeted and targeted DNA) was tested in duplicates
(Table 2) (ENGL 2015; Li and Du 2014). Such DNA were pre-
viously assessed as amplifiable (Deckers et al. 2020b, c; Fraiture
et al. 2020d, 2021b). As positive controls, 10 ng of DNA from a
commercialized alpha-amylase product (Dextzyme HT, being
sample no. 1 in Table 4) and 5 ng of DNA from the control
plasmid were tested also in duplicates. The amplicon generated
from sample no. 1, previously purified using USB ExoSAP-IT
PCR Product Cleanup (Affymetrix), was also sequenced on a
Genetic Sequencer 5000 (ThermoFisher) using the Big Dye
Terminator Kit v3.1 (Applied Biosystems). The generated se-
quence was aligned against the targeted reference sequence using
MUSCLE (Fraiture et al. 2021b) (Table 1, Supplementary file 3).
The generated sequence was considered similar to the reference
sequence when a minimum identity and coverage of 99% were
observed.

For the sensitivity assessment, serial dilutions of the control
plasmid DNA (Genecust, FRA-GS-200729), from 162 to 0.1
estimated target copy number, were prepared (Table 3). The
calculation of the estimated target copy number was based on
the control plasmid size (2867 bp) and the formula mentioned in
Barbau-Piednoir et al. (2015b). Each dilution point was tested in
12 replicates. The limit of detection LOD95%, defined as the
number of copies of the target required to ensure a 95% proba-
bility of detection (POD), was determined by usingQuodata web
application (Supplementary file 4A) (Uhlig et al. 2015;

Grohmann et al. 2016; https://quodata.de/content/validation-
qualitative-pcr-methods-single-laboratory).

Applicability Assessment

For the applicability assessment of the real-time PCR specific to
the GMM producing alpha-amylase, 10 ng of DNA from com-
mercialized food enzyme products collected from the market
was tested in duplicates (Table 4). To verify their identity, the
generated amplicons were purified, sequenced and aligned
against the reference targeted sequence as described in the sec-
tion “Real-time PCR Assays” (Supplementary file 3).

Transferability Assessment

The transferability assessment of the real-time PCR spe-
cific to the GMM producing alpha-amylase consisted of a
repetition of the sensitivity assessment by an external lab-
oratory, being here the Unità Operativa Semplice a
valenza Direzionale - Ricerca e controllo degli organismi
geneticamente modificati at the Istituto Zooprofilattico
Sperimentale del Lazio e della Toscana “M.Aleandri”
(Rome, Italy) (Table 3, Supplementary file 4B). The same
serial dilutions of the control plasmid DNA (genecust,
FRA-GS-200729), from 162 to 0.1 estimated target copy
number, prepared for the in-house validation were also
used by the external laboratory. All reagents were ordered
by the external laboratory, including oligonucleotides
(Metabion International AG) and TaqMan™ Universal
PCR Master Mix (Applied Biosystems®). All runs were
performed on a QuantStudio™ 7 Flex Real-Time PCR
System (Life Technologies).

Conventional PCR and Sequencing

The presence of the full-length aadD gene was assessed using
the KanR marker as previously described (Fraiture et al.
2020b). For each sample, 10 ng of DNA was tested in dupli-
cates (Table 4). Each PCR assay was applied on a standard

Table 1 Oligonucleotides of the real-time PCR method targeting the
transgene flanking region of the GMM producing alpha-amylase. On the
targeted sequence, the location of the used oligonucleotides is indicated in

bold. The part belonging to the Bacillus host is indicated in lowercase
while the part belonging to the transgenic insertion is indicated in
uppercase

Targeted sequences

GAAAAACGAGGAAAGATGCTGTTCTTGTAAATGAGTTGCTAGTACATCTGACCGAGATTTTTTTGAGCAACTggatcccacgttgtgattaa
aagcagcgatcccgatgaacaatccatattggaagcagctacgatcg

Oligonucleotides Annealing temperature Expected amplicon size
Names Sequences

GMM_alpha_amylase-F GAAAAACGAGGAAAGATGCTG 60 °C 139 bp
GMM_alpha_amylase-P FAM-TTGAGCAACTGGATCCCACGTTGTGATT-TAMRA

GMM_alpha_amylase-R CGATCGTAGCTGCTTCCAAT
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Table 2 Specificity assessment of the developed real-time PCR
method. The presence and absence of amplification are respectively
symbolized by “+” and “-.” For each result, the experiment was carried

out in duplicates for the real-time PCR method. As positive controls, the
control plasmid, artificially synthetized to carry one copy of the targeted
sequence, and a food enzyme preparation (Dextzyme HT) were used

Kingdom Genus Species Strain number GMM_alpha_amylase real-time PCR

Fungi Aspergillus acidus IHEM 26285 -
Aspergillus aculeatus IHEM 05796 -
Aspergillus fijiensis IHEM 22812 -
Aspergillus melleus IHEM 25956 -
Aspergillus niger IHEM 25485 -
Aspergillus oryzae IHEM 25836 -
Boletus edulis MUCL 043104 -
Candida cylindracea MUCL 041387 -
Candida rugosa IHEM 01894 -
Chaetomium gracile MUCL 053569 -
Cryphonectria parasitica MUCL 007956 -
Disporotrichum dimorphosporum MUCL 019341 -
Fusarium venenatum MUCL 055417 -
Hansenula polymorpha MUCL 027761 -
Humicola insolens MUCL 015010 -
Kluyveromyces lactis IHEM 02051 -
Leptographium procerum MUCL 008094 -
Mucor javanicus IHEM 05212 -
Penicillium camemberti IHEM 06648 -
Penicillium chrysogenum IHEM 03414 -
Penicillium citrinium IHEM 26159 -
Penicillium decumbens IHEM 05935 -
Penicillium funiculosum MUCL 014091 -
Penicillium multicolor CBS 501.73 -
Penicillium roqueforti IHEM 20176 -
Pichia pastori MUCL 027793 -
Rhizomucor miehei IHEM 26897 -
Rhizopus niveus ATCC 200757 -
Rhizopus oryzae IHEM 26078 -
Saccharomyces cerevisiae IHEM 25104 -
Sporobolomyces singularis MUCL 027849 -
Talaromyces cellulolyticus/pinophilus IHEM 16004 -
Talaromyces emersonii DSM 2432 -
Trametes hirsuta MUCL 030869 -
Trichoderma citrinoviride IHEM 25858 -
Trichoderma longibrachiatum IHEM 00935 -
Trichoderma reesei IHEM 05651 -
Trichoderma viride IHEM 04146 -

Bacteria Arthrobacter ramosus LMG 17309 -
Bacillus amyloliquefaciens LMG 98140 -
Bacillus brevis LMG 7123 -
Bacillus cereus ATCC 14579 -
Bacillus circulans LMG 6926T -
Bacillus coagulans LMG 6326 -
Bacillus firmus LMG 7125 -
Bacillus flexus LMG 11155 -
Bacillus lentus TIAC 101 -
Bacillus licheniformis LMG 6933T -
Bacillus megaterium LMG 7127 -
Bacillus pumilus DSMZ 1794 -
Bacillus smithii LMG 6327 -
Bacillus subtilis LMG 7135 T -
Bacillus subtilis W04-510 -
Bacillus subtilis E07-505 -
Bacillus subtilis S10005 -
Bacillus subtilis SUB033 -
Bacillus subtilis BNB54 -
Bacillus subtilis GMM RASFF2014.1249 -
Bacillus velezensis LMG 12384 -
Bacillus velezensis LMG 17599 -
Bacillus velezensis LMG 22478 -
Bacillus velezensis LMG 23203 -
Bacillus velezensis LMG 26770 -
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25 μl reaction volume containing 1X Green DreamTaq PCR
MasterMix (ThermoFisher Scientific), 400 nMof each primer
(Eurogentec) and 5 μl of DNA. The PCR program consisted
of a single cycle of 1 min at 95 °C (initial denaturation)
followed by 35 amplification cycles of 30 s at 95 °C (dena-
turation), 30 s at 60°C (annealing) and 1 min at 72 °C
(extension) and finishing by a single cycle of 5 min at 72 °C
(final extension). The run was performed on a Swift MaxPro
Thermal Cycler (Esco). For each assay, positive controls and
NTC (no template control) were included. The final PCR
products were visualized by electrophoresis using the
Tapestation 4200 device with the associated D1000 Screen
Tape and reagents (Agilent) (Supplementary file 5). Final
PCR products, earlier purified using USB ExoSAP-IT PCR
Product Cleanup (Affymetrix), were sequenced on a Genetic
Sequencer 5000 using the Big Dye Terminator Kit v3.1
(Applied Biosystems). The generated sequences were aligned
against the reference aadD gene sequence (GenBank:
M19465.1) using MUSCLE (Supplementary file 5). The gen-
erated sequences were considered as similar to the reference
sequence when a minimum identity and coverage of 99%
were observed.

Results and Discussion

Development of the Real-time PCR Method

A new real-time PCR method was developed to target specif-
ically the unauthorized GMM producing alpha-amylase based
on its previously characterized transgene flanking region be-
tween the pUB110 shuttle vector (GenBank:M19465.1) and a
Bacillus gene coding for alpha-amylase (GenBank:
CP041693.1, J01542.1). The designed set of primers and
probe generated an amplicon of 139 bp covering this unnatu-
ral association of sequences (Table 1) (Fraiture et al. 2021b).
This real-time PCR method was developed to be compatible
with the real-time PCR conditions of the second-line analysis
of the current GMM detection strategy, allowing strengthen-
ing the latter. The developed method was further in-house
validated.

Specificity Assessment

The specificity of the generated amplicon was first confirmed in
silico as no hits of 100% in terms of identity and recovery were

Table 2 (continued)

Kingdom Genus Species Strain number GMM_alpha_amylase real-time PCR

Bacillus velezensis LMG 27586 -
Bacillus velezensis GMM RASFF2019.3332 -
Cellulosimicrobium cellulans LMG 16121 -
Corynebacterium glutamicum LMG 3652 -
Enterococcus faecium LMG 9430 -
Escherichia coli LMG2092T -
Geobacillus caldoproteolyticus DSM 15730 -
Geobacillus pallidus LMG 11159T -
Geobacillus stearothermophilus LMG 6939T -
Klebsiella pneumonia LMG 3113T -
Lactobacillus casei LMG 6904 -
Lactobacillus fermentum LMG 6902 -
Lactobacillus plantarum LMG 9208 -
Lactobacillus rhamnosus LMG 18030 -
Lactococcus lactis LMG 6890T -
Leuconostoc citreum LMG 9824 -
Microbacterium imperiale LMG 20190 -
Paenibacillus alginolyticus LMG 18723 -
Paenibacillus macerans LMG 6324 -
Protaminobacter rubrum CBS 574.77 -
Pseudomonas amyloderamosa ATCC-21262 -
Pseudomonas fluorescens LMG1794T -
Pullulanibacillus naganoensis LMG 12887 -
Streptomyces aureofaciens LMG 5968 -
Streptomyces mobaraensis DSM 40847 -
Streptomyces murinus LMG 10475 -
Streptomyces netropsis LMG 5977 -
Streptomyces rubiginosus LMG20268 -
Streptomyces violaceoruber LMG 7183 -
Streptoverticillium mobaraense CBS 199.75 -

Plantae Zea mays / -
Animalia Homo sapiens / -
Other Positive control plasmid +

Positive control Dextzyme HT +

2215Food Anal. Methods (2021) 14:2211–2220



observed following its BLAST against the NCBI database
(Supplementary data 2). As expected, one part of the amplicon
sequence (72 bp) corresponded to the pUB110 shuttle vector
(GenBank: M19465.1), which is naturally carried by
Staphylococcus aureus, and the other part of the amplicon se-
quence (67 bp) corresponded to aBacillus gene coding for alpha-
amylase (GenBank: CP041693.1, J01542.1). Both parts of this
amplicon sequence are individually found naturally while their
association is considered unnatural. A similar type of GM con-
struct including the pUB110 shuttle vector (GenBank:
M19465.1), carrying the aadD gene, flanked to a Bacillus gene
coding for a protease (GenBank: WP_032874795.1), was previ-
ously found in the GM B. velezensis producing protease
(RASFF2019.3332) (Fraiture et al. 2020d).

The specificity of the method was then experimentally tested
(Table 2). For positive controls, DNA from a commercialized
alpha-amylase product (Dextzyme HT; sample no. 1 in Table 4)
and from a control plasmid, artificially synthetized to carry one
copy of the targeted sequence, was used. For negative controls,
DNA from 91 wild-type microbial strains frequently used to
producemicrobial fermentation products, the GMB. subtilis pro-
ducing vitamin B2 (RASFF 2014.1249 strain), the GM
B. velezensis producing protease (RASFF2019.3332 strain),
plant (Zea mays) and human was used (EFSA 2017; Fraiture
et al. 2020a, b, c, d, 2021b). No amplification was observed for
all negative controls while each positive control presented an

amplification (Table 2). With 100% identity and coverage to
the target reference sequence (Fraiture 2020 DNA walking),
the identity of the generated amplicon from the commercial
alpha-amylase product (Dextzyme HT; sample no. 1 in
Table 4) was also confirmed by sequencing, which is particularly
important in the context of this validation process as no official
reference material was available (Supplementary file 3).

Based on these results, only the targeted sequence was
detected with the proposedmethod as well as no false negative
(at levels above LOD) and false positive were observed.
Therefore, the proposed method was successfully proved to
be specific.

Sensitivity Assessment

The sensitivity of the proposed real-time PCR method was
tested using plasmid DNA, from the control plasmid carrying
only one copy of the targeted sequence, at different estimated
target copy numbers (162, 20, 10, 5, 1, 0.1 and 0) (Table 3).
For all 12 replicates, an amplification was observed as low as
20 estimated target copies. LOD95% of the method was deter-
mined at 17 estimated target copies per reaction, complying
with the “Minimum Performance Requirements for Analytical
Methods of GMOTesting” of the European Network of GMO
Laboratories (ENGL 2015). On this basis, the proposed meth-
od was successfully assessed as sensitive.

Table 3 Sensitivity and
transferability assessments of the
developed real-time PCRmethod.
The presence and absence of
amplification are respectively
symbolized by “+” and “-.” For
each target copy number, 12
replicates were tested. The
number of positive replicate(s)
out of the 12 replicates tested is
indicated and the means of the
observed Cq are indicated in
brackets

Estimated target copy number GMM_alpha-amylase real-time PCR method

Sensitivity assessment Transferability assessment

162 + +

(12/12) (12/12)

(Cq: 33.9) (Cq: 33.2)

20 + +

(12/12) (12/12)

(Cq: 36.7) (Cq: 35.1)

10 + +

(10/12) (10/12)

(Cq: 37.4) (Cq: 37.4)

5 + +

(8/12) (7/12)

(Cq: 38.1) (Cq: 37.5)

1 - +

(Cq: 37.8)

(0/12) (2/12)

0.1 - +

(Cq: 39.1)

(0/12) (2/12)

0 - -

(0/12) (0/12)
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Applicability Assessment

The potential presence of the unauthorized GMM producing
alpha-amylase was investigated in several commercialized
food enzyme preparation products labelled as containing at
least alpha-amylase (sample nos. 1–7) or exclusively protease
(sample no. 8) (Table 4). These products, in liquid or solid
forms, were intended for use in various sectors (brewing, dis-
tillery, fruit processing and baking) and were from different
brands.

As a first-line real-time PCR screening analysis, the poten-
tial presence of GMMwas first assessed using two key targets,
being the aadD gene (GenBank: AAA88361.1) conferring
KanR and the pUB110 shuttle vector (GenBank: M19465.1)
carrying the aadD gene. These two key targets were previous-
ly identified as being commonly harboured by GM bacteria
used by the food and feed industry to produce microbial fer-
mentation products. Moreover, both of these key targets were
recently reported as being carried by the GMM producing
alpha-amylase (Fraiture et al. 2020b, d, 2021b). For all tested
food enzyme preparation samples (nos. 1–7), except sample
no. 8, the presence of both the aadD gene in its full-length and
the pUB110 shuttle vector was observed, suggesting a poten-
tial GMM contamination (Table 4, Supplementary file 5).

A second-line real-time PCR analysis was subsequently
performed to determine the presence of the GMM producing
alpha-amylase (Fraiture et al. 2020b, d, 2021b). As expected,
no signal for the GMM producing alpha-amylase was ob-
served for sample no. 8 for which the presence of the aadD
gene and the pUB110 shuttle vector was not detected in the
first-line real-time PCR screening analysis (Table 4). For all
suspicious samples presenting in the first-line real-time PCR
screening analysis a positive signal for both key targets (nos.
1–7), the presence of the GMM producing alpha-amylase was
confirmed (Table 4). In addition, the sequence identity of the
generated amplicons was confirmed by sequencing, which is
especially important in the frame of this validation process as
no official reference material was available (Supplementary
file 3). These results, leading to several RASFF notifications,
allowed pointing out the presence of unauthorized GMM in
numerous food products commercialized on the EU market,
for which there is zero tolerance in the food and feed chain at
any contamination levels (Table 4).

According to these results, the applicability of the in-house
validated real-time PCR method targeting the GMM produc-
ing alpha-amylase was successfully demonstrated. Moreover,
based on the numerous GMM contaminations observed in the
various tested commercial samples labelled as containing al-
pha-amylase, these results suggest a high frequency of GMM
contaminations in commercial microbial fermentation product
available on the market. Consequently, the importance of
using the novel in-house validated method specific to the
GMM producing alpha-amylase was highlighted.

Transferability Assessment

In order to evaluate whether the in-house validated method per-
forms correctly in an external laboratory with different operators
using different equipment and reagents, a transferability study
was carried out. To this end, the same experimental setup as
for the in-house sensitivity assessment was used. The results
obtained by the external laboratory were comparable with the
ones observed during the in-house validation. An amplification
was observed as low as 20 estimated target copies for all 12
replicates (Table 3). Moreover, the LOD95% of the transferred
real-time PCR method was determined at 14 estimated target
copies. This result is highly comparable to the LOD95% of the
developed real-time PCR method determined at 17 estimated
target copies as observed in the in-house sensitivity assessment
(Supplementary file 4). These results demonstrated thus the suc-
cessful transferability of the novel method.

Conclusion

In the present study, we successfully developed and validated a
real-time PCR method targeting specifically an unauthorized
GMM producing alpha-amylase. The novel method was de-
signed to be compatible with the PCR conditions of the
second-line analysis from the current GMM detection strategy,
allowing to strengthen the latter (Fraiture et al. 2020d). The novel
method was assessed as being specific, sensitive and applicable
in microbial fermentation products and complies with the criteria
for GMO detection methods as described in “Minimum
Performance Requirements for Analytical Methods of GMO
Testing” of the European Network of GMO Laboratories
(ENGL 2015). The novel in-house validated method was also
positively assessed as transferable to an external enforcement
laboratory. This successful transferability to another enforcement
laboratory constitutes a necessary prerequisite for a full validation
of a method in order to be implemented in all enforcement lab-
oratories (Broeders et al. 2014).

Using the strengthened GMMdetection strategy on various
commercial products containing alpha-amylase, a high fre-
quency of GMM contaminations on the market with the
GMM producing alpha-amylase was observed. Therefore,
the present study clearly highlights the importance to pursue
and extend the control of GMM in order to guarantee the
traceability and the safety of the food and feed chain.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12161-021-02044-x.
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