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Microorganisms, genetically modified or not, may be used in the food chain as such or as production 10 
organisms of substances of interest. The placement of such microorganisms or derived 11 
substances/products in the European market may be subject to a pre-market authorization process. The 12 
authorization process defines the need to perform a risk assessment to establish the safety and/or the 13 
efficacy of the microorganisms when used in the food chain as such or as production strains of 14 
substances of interest. In order to perform a risk assessment, the microorganism/s subject to the 15 
application for authorization do need to be characterized. In this regard, data obtained from whole 16 
genome sequence (WGS) analysis can provide information on the unequivocal taxonomic identification 17 
of the strains and on the characterization of their potential functional traits of concern which may include 18 
virulence factors, resistance to antimicrobials of clinical relevance for humans and animals, production 19 
of known toxic metabolites. In fact, EFSA has established in some areas of the regulated products the 20 
use of WGS based data as a requirement for the risk assessment. This document provides 21 
recommendations to applicants on how to describe the analysis and results of WGS analysis of 22 
microorganisms which should be provided to EFSA in the context of an application. Moreover, it is 23 
provided, where relevant, indications on how to perform it and quality criteria or threshold that should 24 
be reached as well as the data and relevant information that need to be sent along whenever such kind 25 
of data is required.  26 
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1 Introduction 49 

Microorganisms, genetically modified or not, may be used in the food chain as such or as production 50 
organisms for substances of interest. The placement of such microorganisms or derived 51 
substances/products in the European market may be subject to a pre-market authorization process, 52 
according to the relevant Regulatory framework, including: 53 

• Genetically modified microorganisms for deliberate release into the environment, as covered by 54 
EFSA’s remit under Directive 2001/18/EC1 55 

• Genetically modified food and feed, Regulation (EC) No 1829/2003 of the European Parliament 56 
and of the Council of 22 September 2003 on genetically modified food and feed2 57 

• Feed additives, Regulation (EC) No 1831/2003 of the European Parliament and of the Council 58 
of 22 September 2003 on additives for use in animal nutrition (and implementing regulation)3 59 

• Foods for which nutrition or health claims are made, subject to Regulation (EC) No 1924/2006 60 
of the European Parliament and of the Council of 20 December 2006 on nutrition and health 61 
claims made on foods4 62 

• Food enzymes, Regulation (EC) No 1332/2008 of the European Parliament and of the Council 63 
of 16 December 2008 on food additives5 64 

• Food additives, Regulation (EC) No 1333/2008 of the European Parliament and of the Council 65 
of 16 December 2008 on food additives6 66 

• Food flavourings, Regulation (EC) No 1334/2008 of the European Parliament and of the Council 67 
of 16 December 2008 on food additives7 68 

• Microorganisms used as plant protection products, Regulation (EC) No 1107/2009 of the 69 
European Parliament and of the Council of 21 October 2009 concerning the placing of plant 70 
protection products on the market and repealing Council Directives 79/117/EEC and 71 
91/414/EEC.8 72 

• Novel foods, subject to Regulation (EU) 2015/2283 of the European Parliament and of the 73 
Council on novel foods, amending Regulation (EU) No 1169/2011 of the European Parliament 74 
and of the Council and repealing Regulation (EC) No 258/97 of the European Parliament and of 75 
the Council and Commission Regulation (EC) No 1852/20019  76 
 77 

The authorization process defines the need to perform a risk assessment to establish the safety and/or 78 
the efficacy of the microorganisms when used in the food chain as such or as production strains. 79 

 
1 Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release into the 
environment of genetically modified organisms and repealing Council Directive 90/220/EEC - Commission Declaration Official 
Journal L 106 , 17/04/2001 P. 1. 
2 Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22 September 2003 on genetically modified 
food and feed (Text with EEA relevance) Official Journal L 268 , 18/10/2003 P. 1 
3 Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use in 
animal nutrition. Official Journal L 268, 18/10/2003 p. 29 
4 Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006 on nutrition and health 
claims made on foods Official Journal L 404, 30/12/2006, p. 9 
5 Regulation (EC) No 1332/2008 of the European Parliament and of the Council of 16 December 2008 on food enzymes and 
amending Council Directive 83/417/EEC, Council Regulation (EC) No 1493/1999, Directive 2000/13/EC, Council Directive 
2001/112/EC and Regulation (EC) No 258/97 Official Journal L 354, 31/12/2008, p. 7. 
6 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives Official 
Journal L 354, 31/12/2008, p. 16. 
7 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives Official 
Journal L 354, 31/12/2008, p. 34. 
8 Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 October 2009 concerning the placing of 
plant protection products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC Official Journal L 309, p.1. 
9 Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 on novel foods, amending 
Regulation (EU) No 1169/2011 of the European Parliament and of the Council and repealing Regulation (EC) No 258/97 of the 
European Parliament and of the Council and Commission Regulation (EC) No 1852/2001 Official Journal L 327, 11/12/2015, p.1. 
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Therefore, the microorganisms do need to be characterized and EFSA has developed the following 80 
documents to support applicants in the preparation and submission of the data required: 81 

• Guidance of the GMO Panel on the risk assessment of genetically modified microorganisms and 82 
their products intended for food and feed use (GMO Panel, 2011), 83 

• General Scientific guidance for stakeholders on health claim applications (EFSA NDA Panel, 84 
2016a), 85 

• Guidance on the preparation and presentation of an application for authorization of a novel food 86 
in the context of Regulation (EU) No 2015/2283 (EFSA NDA Panel, 2016b), 87 

• Guidance of the FEEDAP Panel on the characterization of microorganisms used as feed additives 88 
or as production organisms (EFSA FEEDAP Panel, 2018),  89 

• EFSA statement on the characterization of microorganisms used for the production of food 90 
enzymes (EFSA CEP Panel, 2019), 91 

The FEEDAP Guidance document (EFSA FEEDAP Panel, 2018) and the EFSA’s statement on the 92 
characterization of microorganisms for the production of food enzymes (EFSA CEP Panel, 2019) 93 
established whole genome sequencing (WGS) and WGS-based data analysis as a requirement for the 94 
characterization of bacterial and yeast strains intended for use either as products or as production 95 
strains. This approach is also recommended for filamentous fungi. Similarly, the Guidance of the NDA 96 
Panel (EFSA NDA Panel, 2016) offers the possibility to use the WGS to identify/characterize bacteria 97 
and yeasts. In the area of plant protection products, Commisison Regulation (EU) No 283/201310 also 98 
requires the best available technology to be used to characterize the microorganism at the strain level. 99 
The WGS-based data analysis provides information on the unequivocal taxonomic identification of the 100 
strains, as well as on the characterization of their potential functional traits of concern (e.g., virulence 101 
factors, resistance to antimicrobials of clinical relevance for humans and animals, production of known 102 
toxic metabolites).  103 

The minimum set of information to be provided in technical dossiers for the WGS and WGS-based data 104 
analysis are indicated in the above-mentioned documents. Currently, EFSA’s responsibility is to critically 105 
appraise the work done by the applicants and to evaluate the results. In this regard and in the area of 106 
regulated products, it is the applicant´s responsibility to perform the sequencing and the analysis for 107 
the microorganism under assessment and the information is reviewed by EFSA. Consequently, the 108 
reporting of the work performed by the applicants, and the data provided in applications, should allow 109 
EFSA to perform risk assessment in a scientifically sound and harmonized way, to be able to draw 110 
conclusions on the identification and characterization of the microorganisms. 111 

2 Scope 112 

The scope of the current document is to provide further recommendations to applicants on how to 113 
describe the analysis and results of WGS-based characterisation of microorganisms which should be 114 
submitted for assessment, in the context of an application including where relevant, indications on how 115 
to perform it and any quality criteria/threshold that should be provided/reached.  116 

3 Data requirements  117 

The applicants should prepare the dossiers for the risk assessment in accordance with the requirements 118 
set in the applicable Regulatory framework and/or EFSA guidance documents. The below requirements 119 
are set for those cases in which WGS-based data analysis needs to be submitted.  120 

 
10 COMMISSION REGULATION (EU) No 283/2013 of 1 March 2013 setting out the data requirements for active substances, in 
accordance with Regulation (EC) No 1107/2009 of the European Parliament and of the Council concerning the placing of plant 
protection products on the market. OJ L93, 3.4.2013, p.1. 
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This document reflects the current state of the art, which is rapidly evolving both in knowledge and 121 
technology. Hence, it may not cover future developments and the document will be subject to recurrent 122 
updates, when appropriate. 123 

3.1 Microorganism and DNA Extraction  124 

The microorganism tested/under analysis should be the one subject to the application for authorization. 125 
The correspondence of the samples used for DNA extraction, WGS, WGS data analysis and results 126 
reported with the microorganism under assessment, should be clearly stated.  127 

The microorganism should be cultivated before DNA extraction as a pure culture. An adequate 128 
protocol/method for DNA extraction should be applied. 129 

3.2 Sequencing and data quality control 130 

Sequencing strategy and technology should include random sampling of the genome and sequencing 131 
reaching a high level of quality as described below. For bacteria, complete genome sequence should be 132 
pursued. 133 

3.2.1 Library construction 134 

Library construction method, including DNA fragmentation method, should be reported. The 135 
manufacturer’s instructions followed, including version number, and any deviations from that method 136 
should be provided. 137 

Selection of fragments by size is not recommended, unless the methodology involves a standard step 138 
for size selection. If applied, a maximum threshold of 1.5 kb fragment size should be set. 139 

3.2.2 Sequencing strategy and quality control 140 

The report should describe the sequencing strategy, instrumentation used, and any base-calling method 141 
applied, where applicable. 142 

It is recommended to trim the reads (FASTQ or equivalent) to avoid assembly (de novo-seq strategy) 143 
or read mapping artifacts. The FASTQ trimming and adaptor removal criteria applied, including the 144 
software, software version, and parameters, should be reported. 145 

Applicants should provide the number of reads and total base pairs of sequence data before and after 146 
trimming. The average read depth achieved should be at least 50-fold with a recommended target of 147 
100-fold. The number of reads required to achieve 100-fold depth can be calculated as follows; genome 148 
size (in base pairs) * 100 (target depth) / read length (multiply by 2 if paired sequencing is being used). 149 
If the precise genome size is not known, the applicant should use the genome size of a close relative of 150 
the organism under assessment for the calculation. 151 

Any contamination in the sequencing data should be investigated by a metagenomic classifier. More 152 
than 90% of the assigned reads should be assigned to the expected organism, if this is not the case 153 
then the applicants should provide an explanation. The results should be provided along with the tool 154 
used, the software version and any parameters used. The genomes in the database used for 155 
classification should also be reported, this can be as an appendix to the report if it is very lengthy, or 156 
can just be placed in the text if it refers to a specific database (e.g. Genbank or Genome Taxonomy 157 
Database). If the database name is reported then the date it was accessed should be reported. 158 

3.3 Assembly and annotation 159 

If an assembly-based approach is taken to provide any of the required information, then the following 160 
data are required:  161 

• De novo assembly method including software, version, and parameters. If post-assembly 162 
processing is carried out; approach, software, version and parameters should also be reported. 163 

 164 

 165 
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• Contigs: 166 

o Total number of contigs, for bacteria should be <500 and for yeasts and filamentous 167 
fungi <1000. If a higher number of contigs is reported, the applicant should justify why 168 
a more complete assembly was not possible.  169 

o The total length, applicants should provide a justification if their assembly size is not 170 
within +/- 20% of the expected genome size, 171 

o N50 metric 172 

• For fungal genomes, the number of BUSCO genes present in the assembly should be reported 173 
(https://busco.ezlab.org/). It is suggested that a target of >90% of BUSCO gene set from the 174 
most closely related group of fungi should be present in the assembly.  175 

If a genome annotation is carried out to provide any of the required information, the software name, 176 
version and parameters used should be reported. The applicant must make sure to use up-to-date 177 
databases. The total number of genes annotated and the number of pseudo-genes should also be 178 
reported. 179 

3.4 Reference-based read mapping 180 

There is the possibility to use reference-based read mapping as an alternative to de novo assembling 181 
approach for the characterization of the microorganism. However, read mapping is not recommended 182 
for genetically modified strains. 183 

3.5 Use of whole genome sequence data for the characterization of 184 

the microorganism 185 

3.5.1 Identification of the microorganism from the sequencing data 186 

Each microorganism under assessment should be unambiguously identified at the species level. 187 
Confirmation of the identity of the organism under assessment should be provided: 188 

• For bacteria, the identity of the organism under assessment should preferably be established by 189 
digital DNA-DNA hybridization (dDDH), average nucleotide identity (ANI) or phylogenomic 190 
methods. The organism should be compared with type strains or related genomes if type strains 191 
are not available. For identification at the species level, dDDH should reach >70% identity and ANI 192 
should reach >95–96% (Chun et al, 2018). For identification at strain level ANI should 193 
reach >99.9% (EFSA, 2018). The sequencing data can also be used for the identification by 194 
comparing the ribosomal DNA sequences commonly used for taxonomic identification (e.g., 16S 195 
rRNA gene) or that of any other characteristic gene (e.g., housekeeping genes) to relevant 196 
databases available. 197 

• For yeasts, confirmation of identity should be done by phylogenomic analysis (e.g., using a 198 
concatenation of several conserved genes (e.g., AFToL genes)) to produce a phylogeny against 199 
available related genomes), 18S rDNA/ITS region or by alignment to a complete genome from the 200 
same species.  201 

• Filamentous fungi, when the whole genome sequence is available, identification should be made 202 
by a phylogenomic analysis comparing the genome against available related genomes as described 203 
for yeasts.  204 

A summary of the method used for comparison, sequences used for comparison, and results of the 205 
comparison including sequence identity, or a phylogenetic tree should be included.  206 

If read-mapping approach is used for identification, sequence data should be aligned against a suitable 207 
reference genome(s) (e.g., type strain or closely related strain(s)). The choice of the reference needs 208 
to be well considered, justified and reported. Software used, including version number, and parameters 209 
related to the reads (including minimum length of mapping and percent coverage of the reference 210 
genome(s)) should be reported.  211 

https://busco.ezlab.org/
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3.5.2 Identification of genes of concern 212 

The WGS data can be interrogated for the presence of genes of concern, which may include those 213 
coding for or contributing to resistance to antimicrobials relevant to their use in humans and animals, 214 
virulence, pathogenicity and/or toxigenicity.  215 

The assembled sequence can be analysed with a BLAST based approach against databases and the 216 
identified hits should be provided in a table. For each reported result the subject sequence (i.e. the 217 
sequence in the database) name and accession, function of the encoded protein, E-value, BLAST score, 218 
sequence similarity, subject sequence coverage, query sequence start, and query sequence stop should 219 
be provided. 220 

If a mapping approach is used, the sequence data should be aligned against a collection of sequences 221 
of interest, the following statistics should be reported along with the subject sequence name (including 222 
accession and function of the encoded protein); sequence similarity, the median depth of mapping, the 223 
percentage of the subject sequence which is ‘covered’ by reads (along with the minimum depth of 224 
mapping which was used as a threshold to count the sequence as ‘covered’). 225 

The strategy, software and all relevant parameters (including algorithm if specified within the software) 226 
used to identify genes of interest should be reported. The version of the relevant database used should 227 
be given, or if not available, the date when the database was accessed. 228 

Antimicrobial resistance 229 

It is recommended to do the searches for antimicrobial resistance (AMR) genes against at least two 230 
databases (e.g., CARD,11 ARG-ANNOT,12 ResFinder13, for a review check Hendriksen et al., 2019). For 231 
microorganisms not well represented in databases a Hidden-Markov models database (e.g. Resfams) 232 
are recommended.  233 

In general, hits in the database with at least 70% similarity (at protein level or equivalent) and 60% 234 
coverage of the query sequence should be reported.  235 

Toxigenicity and pathogenicity 236 

For bacterial strains, depending on their taxonomy and nature of the application, the assessment may 237 
require the identification of genes coding for known virulence factors (e.g., toxins, invasion and adhesion 238 
factors).  239 

In the same way, for eukaryotic microorganisms, their potential pathogenicity or ability to produce 240 
metabolites that could be harmful to humans and/or animals should be assessed. Targeted searches 241 
can be done to identify the presence/absence of known metabolic pathways involved in toxigenicity. 242 
Further information on known mycotoxins or toxic secondary metabolites potentially produced by 243 
several microbial species can be found in scientific publications such as AINIA (2017) and Frisvad et al, 244 
(2018).  245 

Genes of potential concern should be presented as a table focusing on complete genes encoding 246 
recognized virulence factors known to exist in the species or related species to which the strain belongs 247 
or genes involved in the biosynthesis of mycotoxins/secondary metabolites.  248 

In general, hits in the database with at least 80% similarity (at protein level or equivalent) and 60% 249 
coverage of the query sequence should be reported. If there is an unexpected hit against a gene in the 250 
database, the application should be flagged for further investigation/toxicological scrutiny. 251 

3.6 Provision of raw data and standard data formats 252 

The WGS raw data should be submitted in the respective standard formats as indicated below. 253 

The raw reads should be submitted in FASTQ or similar formats, compressed or not (e.g. gzip), pair or 254 
single end. 255 

 
11 https://card.mcmaster.ca/ 
12 http://en.mediterranee-infection.com/article.php?laref=283%26titre=arg-anno 
13 https://cge.cbs.dtu.dk/services/ResFinder/ 

https://cge.cbs.dtu.dk/services/ResFinder/
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The assembled sequence should be submitted as electronic ASCII text files using either the 256 
EMBL/GenBank format, or the NCBI’s Sequin (ASN.1) format. If annotation is done it should be 257 
submitted following the INSDC Feature Table Definition Document. 258 

Any alignment should be provided in Sequence Alignment/Map format, Binary Alignment/Map format 259 
(Li, et al., 2009), or CRAM format. 260 

The list of relevant data and the information that should be reported along these data can be found in 261 
Annex A. 262 

4 Other relevant documents for reference 263 

Other reference documents published by EFSA regarding the use of next generation sequencing for the 264 
characterization of food-borne pathogens: 265 

- Final report of ENGAGE - Establishing Next Generation sequencing Ability for Genomic analysis in 266 
Europe (Hendriksen et al., 2018), 267 

- EFSA Scientific Colloquium 24- ‘omics in risk assessment: state of the art and next steps (EFSA, 268 
2018), 269 

- Final report of INNUENDO: A cross-sectoral platform for the integration of genomics in the 270 
surveillance of food-borne pathogens (Llarena et al., 2018), 271 

- Technical report to provide technical support in the collection and analysis of whole genome 272 
sequencing data in the joint ECDC-EFSA molecular typing database (ECDC and EFSA, 2019), 273 

- Technical specifications on harmonised monitoring of antimicrobial resistance in zoonotic and 274 
indicator bacteria from food-producing animals and food (EFSA, 2019),  275 

- Self-tasking whole genome sequencing and metagenomics for outbreak investigation, source 276 
attribution and risk assessment of foodborne microorganisms (BIOHAZ Panel, 2019) 277 

Applicants may also wish to consult the EURL-JRC Guideline for the submission of DNA sequences 278 
derived from genetically modified organisms and associated annotations within the framework of 279 
Directive 2001/18/EC and Regulation (EC) No 1829/2003, European Union, 2016.14 280 

Finally, the GMO Panel published in 2018 a Technical Note on the quality of DNA sequencing for the 281 
molecular characterization of genetically modified plants (EFSA GMO Panel, 2018).  282 

 
14 Available on-line at: https://gmo-crl.jrc.ec.europa.eu/doc/Guideline-Sequencing-Feb-2016-mod-April-2017.pdf 

https://gmo-crl.jrc.ec.europa.eu/doc/Guideline-Sequencing-Feb-2016-mod-April-2017.pdf
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Annex A – List of information and data to be provided 283 

The below table lists the information and data that should be submitted by the applicants in the technical 284 
dossiers in those cases in which WGS-based data analysis needs to be submitted. This form should be 285 
duly completed and signed by the applicants at the time of submission. 286 

Section Item Provided Comments 

Yes NA 

 Reporting of methodologies and outcomes    

3.1 Microorganism and DNA extraction    

 Identifier for the microorganism subject of the application for 
authorisation (same used in other sections of the dossier) 

☐   

 Confirmation of the correspondence of the samples used, WGS and 
results reported with the microorganism subject of the application  

☐   

3.2 Sequencing and FASTQ data quality control    

3.2.1 Library construction    

 Library construction method including the fragmentation method  ☐   

 Threshold fragment size, where applied ☐ ☐  

3.2.2 Sequencing strategy and quality control    

 Sequencing strategy and instrumentation used (base-calling 
method, where relevant) 

☐   

 Trimming and adaptor removal criteria applied, software, software 
version and parameters used 

☐   

 Average read depth coverage ☐   

 Contamination in the sequencing data – Percent of reads assigned 
to the expected organism 
Tool used, the software version and parameters used, the genomes 
in the database used for classification should also be reported or 
database name and date of access 

☐   

3.3 Assembly and annotation    

 Software version and parameters (including those applied in post-
assembly processing) 

☐ ☐  

 Data related to the contigs: total number of contigs, total length of 
contigs and N50 

☐ ☐  

 BUSCO genes present for fungal genomes ☐ ☐  

3.5 Use of whole genome sequence data for the characterization 
of the microorganism 

   

3.5.1 Identification and characterization of the microorganism    

 Methodology used, sequences used for comparison, results of the 
comparison including sequence identity or phylogenetic tree (where 
relevant) 
 
For read-mapping approach, the software used, including version 
number, and parameters related to the reads (including minimum 
length of mapping and percent coverage of the reference genome) 

should be reported. 

☐ ☐  

3.5.2 Identification of genes of concern    

 Assembly and BLAST approach ☐ ☐  

 Strategy, software and parameters used to identify genes of interest 
and database/s used (including version or accession date) 

☐ ☐  

 For each hit:  
-    Subject sequence (including name accession and encoded protein) 
- E-value 
- BLAST score 
- Sequence similarity 
- Sequence coverage 
- Query sequence start and stop 

☐ ☐  

 Reference-based read mapping approach ☐ ☐  

 Strategy and software used and information on the subject 
sequences used 

☐ ☐  

 For each hit:  ☐ ☐  
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-    Subject sequence (including name accession and encoded protein) 
- Median depth of mapping 
- Percentage of the subject sequence covered 
- Sequence similarity 
- Sequence coverage 

3.6 Provision of raw data and standard data formats    

 The raw reads should be submitted in FASTQ or similar formats, 
compressed or not, pair or single end 

☐ ☐  

 Assembled sequence (FASTA) as electronic ASCII text files using 
either the EMBL/GenBank format, or the NCBI’s Sequin (ASN.1) 
format.  

☐ ☐  

 Alignments in Sequence Alignment/Map format, Binary 
Alignment/Map format or CRAM format. 

☐ ☐  

Name: 

Date: 

Signature: 

 

 

   

 287 

  288 
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