INTERNATIONAL ISO
STANDARD 23418

First edition
2022-06

Microbiology of the food chain
Whole genome sequencing for typing
and genomic characterization o

bacteria — Generalrequiremenits and
guidance

Microbiologie de la chaine alimentaire — Séquencage de génome
entier pour le typage.etla caractérisation génomique des|bactéries —
Exigences générales et recommandations

Reference number
1SO 23418:2022(E)

© IS0 2022


https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

1SO 23418:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2022 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

Contents

ISO 23418:2022(E)

Page
FFOT@WOTM.........ccccccovvevee e85 5558558555585 \%
IIMEIOMUICTION ... vi
1 SCOPI@ ... 1
2 Normative references
3 Terms and definitions
4 Principle...........
4.1 General
4.2 Laboratory operation: sample preparation and sequencing
4.3 Bioinformatics analySis ... don e 7
0 T80 S 71 1<) o= Y OSSO A
4.3.2 SNP analyses
TG T T Y T A= B 1 4] E SR s S S
4.3.4 Kmer distance analysis ...l
4.4 Metadata formats and sequence repository deposition...
4.5  Validation and verification of WGS workflow
5 General laboratory guidance.............pn S
5.1 Bacterial isolation and DNA eXtraction ... e
5.2 Laboratory €NVIrONIMENT ... ... Ao Serressssssssssssssessssssssssssssessssssesssesesesses
5.3 Standard operating procedures and nonconforming work
5.4 Laboratory information management SYySEem ...
5.5 Laboratory competence
6 Laboratory OPerations.... ... Ry
6.1 Sample preparation and STOrage =i . ...
6.2 Bacterial isolates
6.3 DINA TSOIATION oo ottt
6.4 Library preparation an@ SEQUENCING ...
6.4.1 Library preparation................
6.4.2 DNA sequencing
6.4.3 Use of controls....
6.4.4 Assessing raw read data quality ...........
6.4.5 Sanmple and data storage and retention
7 BioinformatiC-data analySis ... e 11
7.1 Requirements for software and bioinformatic pipelines used for data analysis.................
7.2 Logging and documentation
7.3 Quality assessments.........cc......
7.4 SNP @analySes. ...
%5 MLST analyses (cgMLST and wgMLST)
76 Target GeNe dETECTION ...
1.7 Phylogenetic tree or dendrogram generation...
7.8 MEtriCS QN 10 FIIES ..o
79 Interpreting and reporting the results of bioinformatics analyses.........cc, 13
79.1 Interpreting results from bioinformatics pipelines
79.2  Reporting genomic analysis reSULLS ...
8 ITEEAA AT ... 14
8.1 0 T<) 1<) - OO 14
8.2 Metadata interoperability and future-proofing ..., 14
8.2.1  General ...
8.2.2 Ontologies.....
8.2.3 ISO WGS Slim
8.3 Formatting metadata using this document.....
8.4 Metadata associated with sample collection

© 1S0 2022 - All rights reserved iii


https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

ISO 23418:

2022(E)

8.5 Metadata associated with the isolate.....
8.6 Metadata associated with the sequence
9 SEQUENICE TEPOSIEOTIES ...
10 Validation and VerifiCation ...
10.1  Validation ...
10.1.1 General
10.1.2 Validation of laboratory operations......
10.1.3 Validation of the bioinformatics pipeline...
10.1.4 Validation of the end-to-end workflow ...
T0.2 VeI ICATION ..o
O N €LY V=3 - =
10.2.2 Verification of laboratory operations............
10.2.3 Verification of the bioinformatics pipeline
Annex A (informative) Development of quality metrics and use of controls............h.....|. 24
Annex B (infformative) Laboratory contact information fields ................ccomiDin e 29
Annex C (informative) Geographic location of sample collection fields........C.0 i fonn 31
Annex D (irfformative) Isolate passage history fields ..o oo 32
Annex E [informative) Antibiogram results and methods fields ... e 33
Annex F (informative) Virulence factor detection and methods fields...................occfonn 35

Annex G (in

formative) Sequence quality control metrics

Annex H (irfformative) Metadata specification ... @i

Annex I (informative) Instructions for ontology slim integration by software developers........|... 40
BIDLHIOZIAPIIY ...ttt A Do e 44
iv © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

ISO 23418:2022(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO’s aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 9,
Micrgbiology, in collaboration with the European Committee for Standardization (CEN) Technical
Compnittee CEN/TC 463, Microbiology of the'food chain, in accordance with the Agreement pn technical
cooperation between ISO and CEN (Vienha Agreement).

Any feedback or questions on this document should be directed to the user’s national standpards body. A
complete listing of these bodies.€an be found at www.iso.org/members.html.
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Introdu

:2022(E)

ction

Next generation sequencing (NGS) provides rapid, economical and high-throughput access to
microbial whole genome sequences and is being applied to an expanding number of problems in food
microbiology. Whole genome sequences are representations of the biological potential of the sequenced
organism at single base resolution. Whole genome sequencing (WGS) offers significant advantages over
existing technologies (e.g. serotyping, pulsed field gel electrophoresis, antibiotic resistance phenotype)
for many applications. WGS-based analyses are used by public health laboratories to detect outbreaks,
and to detect mutations, genes and other genetic features to characterize virulence and survival
potential. Within the food industry, there is interest in using whole genome sequences to characterize

bacterial isd
ecology, and
the capacity

laboratorieq to perform these services, as they have done for other microbiological analyses.

This docum

ates from ingredients and environmental SUrtaces, to better understand their origin and
to update procedures to reduce risk. Some companies have developed, or are developing,
' to collect and analyse whole genome sequence data. Others are turning to third-party

ent provides guidance for both the laboratory and bioinformatic compenents of whole

genome sequences and associated metadata for bacterial foodborne microorganisms sampled along

the food ch

hin (e.g. ingredients, food, feed, production environment). Although)microbiology of the

food chain includes viruses and fungi, this document is only intended for pacteria. This documgnt is

intended to
may be app
software. It|
document

clearly repo

is not intended to specify sequencing chemistries, analytical methods or software.
efines laboratory, data and metadata stewardship practices to ensure that analyse

their management systems for quality and technical operations, Laboratory customers and regul

authorities
can also be

Vi

hpplied in other domains (e.g. environment, human health, animal health).

be applicable to all currently available next generation DNAsequencing technologies. It
ied to analysis of whole genome sequence data with proprietary, open-source or custom

This
5 are

ted, transparent and open to inquiry. This document)is for use by laboratories to deyelop

htory

fan also use it in confirming or recognizing the ‘€ompetence of laboratories. This document
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Microbiology of the food chain — Whole genome
sequencing for typing and genomic characterization of
bacteria — General requirements and guidance

WARNING — In order to safeguard the health of laboratory personnel, it is essential that
handling of bacterial cultures is only undertaken in properly equipped laboratories, under the
contrel-ofa-skilled microbiologistand that great care-is-takenin the dispesalefall incubated
materials. Persons using this document should be familiar with normal laboratory practice.
This|document does not purport to address all safety aspects, if any, associated with |its use. It is
esponsibility of the user to establish appropriate safety and health practices.

1 $cope

This|document specifies the minimum requirements for generating-and analysing wHole genome
sequencing (WGS) data of bacteria obtained from the food chain. Thi§ process can include the following
staggs:

a) handling of bacterial cultures;

b) axenic genomic DNA isolation;

c) library preparation, sequencing, and assessment:fraw DNA sequence read quality and storage;

d) bioinformatics analysis for determining.genetic relatedness, genetic content and predicting
henotype, and bioinformatics pipeline validation;

e) etadata capture and sequence repository deposition;

f) validation of the end-to-end WGS workflow (fit for purpose for intended application).
This|document is applicable to bacteria isolated from:

— products intended for human consumption;

Iroducts intended\for animal feed;

— ¢nvironmental'samples from food and feed handling and production areas;

— gamples from the primary production stage.

2 Irlormative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2022 - All rights reserved 1
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adapter sequence
DNA with a known sequence that is added to the end of a DNA library fragment to facilitate the
sequencing process (e.g. annealing to a flow cell)

3.2
annotation

process of identifying genes and other features on genome assemblies (3.4)

3.3

antibiogram

summary o
usually repr

3.4
assembly
output from
(contigs (3.1]

3.5
base calling
process of a

3.6

bioinformaitics

collection, s

3.7
bioinform
individual
used as inpy

3.8

carryover-¢
sample con
carryover-c
experiment
from one se

3.9
Chemical E
ChEBI
ontology (3.4

3.10
contig

esented in tabular form

process of aligning and merging sequencing reads (3.38) into larger contiguous sequsg

)

A

ksigning nucleotides and quality scores to positions in sequencing reads (3.38)

forage and analysis of biological data including sequéences

ics pipeline
ograms, scripts or pieces of software linked together, where output from one progr
t for the next step in data processing

fontamination

tamination linked to previpus experiments, transferred to the current analysis
bntamination from amplification products in prior polymerase chain reaction (|
5 to the current PCR analysis, or carryover-contamination of previously sequenced sar
juencing run to another)

htities of Biological Interest Ontology

B5) for describing small chemical compounds

apism,

nces

Am is

(e.g.
PCR)
hples

contiguous

stretch of DNA sequence that results from the assembly (3.4) of smaller, overlapping

DNA

sequence reads (3.38)

3.11

controlled vocabulary
finite set of values that represent the only allowed values for a data item

[SOURCE: IS

3.12
coverage

0 11238:2018, 3.18, modified — Note 1 to entry deleted.]

number of times that a given base position is read in a sequencing run

Note 1 to entry: The number of reads (3.38) that cover a particular position.

© IS0 2022 - All rights reserved
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[SOURCE: ISO 20397-2:2021, 3.6, modified — Admitted term “coverage depth” deleted.]

3.13

cross-contamination

contamination of a sample (bacterial isolate (3.23) or DNA) with other samples during the preparation
of a sequencing run

3.14
DNA sample
portion of DNA extracted from the processed sample

3.15
draff assembly
de n¢vo genome assembly (3.4) consisting of contigs (3.10) with no implied order, typically generated
using whole genome shotgun sequencing with a short-read technology

3.16
Environment Ontology
Env()
ontology (3.35) for describing environmental features and habitats

3.17
FoodEx2 Ontology
FoodEx2

stanglardized food classification and description system\developed by the European Food Safety
Authority (EFSA)

3.18
Food Ontology

FoodOn

ontology (3.35) for describing food products,animal feed and food processing

3.19
Gazgtteer Ontology
GAZ
ontology (3.35) for describing geographical locations

3.20
inde|
oligoﬁ(lucleotide sequences used in the process of library preparation to tag or barcod¢ DNA from
specific samples, sothat multiple samples (i.e. multiple libraries (3.25)) can be combined (ultiplexed)
in a pool of libraries'and analysed in a single sequencing reaction

3.21
International Nucleotide Sequence Database Collaboration
INSDC

initiative operated by the DNA Database of Japan (DDB]), the European Molecular BiologylLaboratory,
European Bioinformatics Institute (EMBL-EBI) and the National Center for Biotechnology Information
(NCBI)

3.22

International Organization for Standardization whole genome sequencing slim

ISO WGS Slim

ontology (3.35) slim containing interoperable fields and terms pertaining to the use of WGS (3.49) for
microbiology of the food chain

3.23
isolate
population of bacterial cells in pure culture derived from a single strain (3.45)

©1S0 2022 - All rights reserved 3
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3.24
kmer
possible seq

3.25
library

2022(E)

uence of length k that is contained in a whole genome sequence

collection of genomic DNA fragments from a single isolate (3.23) intended for determining genome

sequence(s)

Note 1 to entry: A collection of libraries, each of a single isolate, is called a “pool of libraries” and is loaded on a
sequencer to be analysed. This multiplexing of libraries would still provide the result for a single isolate if unique

indices are u

Note 2 to ent
this is not wi

3.26
manageme
quality, admj

Note 1 to ent

3.27
mapping
use of softw

3.28
metadata
data that de

[SOURCE: IS

3.29
minimal da
MDM

information
by the Glob3
Collaboratio,

3.30
multi-locus
MLST

method of g

Note 1 to ent
whole genom

ed for each individual single isolate’s librarv nreparation
(=] J r
y: Alibrary of mixed DNA, i.e. originating from a mixture of multiple species, can be made. HoW
thin the scope of this document as this refers to metagenomics sequencing.
ht system
inistrative and technical systems that govern the operations of an organization

Fy: For the purposes of this document, “organization” refers to the laboratery.

are to align sequencing reads (3.38) to reference sequencés

fines and describes other data

0/IEC 11179-1:2015, 3.2.16]

ta for matching

required to describe the sample source and provenance of a genomic sequence, as de
1 Microbial Identifier(], andiimplemented by the International Nucleotide Sequence Datd
n (3.21)

sequence typing

bniomic analysis that identifies nucleotide variants within predefined sets of loci

ry: Originally used for seven loci, it is now also applied to either core genome loci for cgML
e locifoer wgMLST.

3.31

ever,

fined
tbase

ST or

N50

length (N) such that sequence contigs (3.10) of N or longer include half the bases in the assembly (3.4)

3.32
NCBITaxon

automatic translation of the National Center for Biotechnology Information (NCBI) taxonomy database
into obo/owl

3.33
NG50

length (N) of DNA such that sequence contigs (3.10) of N or longer include half the bases in the genome

© IS0 2022 - All rights reserved
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3.34

Open Biological and Biomedical Ontology Foundry

OBO Foundry

collection of ontologies (3.35) created by a collective of ontology developers that are committed to
collaboration and adherence to shared principles

3.35

ontology

controlled vocabulary (3.11) arranged in a hierarchy, where the terms are connected by logical
relationships

3.36
ontology slim
set of ontology fields and terms annotated as part of a particular collection, often for dspecjfic purpose,
which may be extracted to create a file distinct from the original ontology (3.35)

3.37
Phred sequence quality score
Q
meagure of the probability (P) that a base is incorrectly assigned at-a-given position in the sequence
expressed as:

0=-10 IgP

Note|l to entry: A score of Q30 indicates that there isa 1 in 1 Q00 chance that a base is incorrectlyassigned (i.e.
the base call is 99,9 % accurate).

3.38
read
nucl¢otide sequence inferred from a fragment of DNA or RNA

3.39
sequence repository
database in which whole genome sequencing (3.49) datasets are stored and managed

Note |l to entry: A public repositoryallows unrestricted access to the data, while a private or federatpd repository
restrjcts access to the data.

3.40
sequencing replicate
<biological> sequencing a different colony from the same isolate (3.23) obtained from the Jame sample
matdrial, to assess biological variation

3.41
sequencingreplicate
<techmical> resequencing of the same biological sample or library (3.25) to assess sequence variation

3.42

serotype

classification scheme based on the antigenic protein detection or sequence-based detection of genes
encoding bacterial surface molecules

3.43

single nucleotide polymorphism

SNP

single nucleotide variant (3.44) that passes a particular quality or frequency threshold

© IS0 2022 - All rights reserved 5
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single nucleotide variant

SNV

differences between the nucleotides at the same genomic position of two or more isolates (3.23)

3.45
strain

descendants of a single isolation in pure culture, usually derived from a single initial colony on a solid
growth medium

Note 1 to entry: A strain may be considered an isolate (3.23) or group of isolates that may be distinguished from

other isolates

ofthacarma ganuc and cnacinoc by pnhanaotunic and gopotunie chavactarictioc
Ot S S cHafFaeterStesSs

Note 2 to ent

THE-STare- St oot o p e eSOy priie ot pPreora s ooty pre

"y: See Reference [2].

3.46

validation

establishment of the performance characteristics of a method and provision of objective evidencq that
the performjance requirements for a specified intended use are fulfilled

[SOURCE: IS0 16140-1:2016, 2.81]

3.47

validated data entry

automated process ensuring that data entered into a repository are correct

3.48

verification

demonstratjon that a validated method functions in the user’s hands according to the method’s
specificatiops determined in the validation study and is(it for its intended purpose

[SOURCE: IS0 16140-3:2021, 3.21, modified — Note Dto entry deleted.]

3.49

whole genome sequencing

WGS

process of determining the DNA sequence of an organism’s genome using total genomic DNA as input

4 Principle

4.1 Genefal

WGS analyses of bacteria along the food and feed chain consists of culturing the pure bacterial isplate,
DNA isolatign performed in a microbiological laboratory, sequencing steps conducted in an approgriate
sequencing | enwironment and bioinformatics analysis performed in a distinct computational
environment.

NOTE The microbiology laboratory, the sequencing facility and the bioinformatics facility can be the same
organization.

4.2 Laboratory operation: sample preparation and sequencing

Sample preparation and sequencing should include the following steps:

a)

Information about the isolates being sequenced, including barcodes for multiplexed samples, is

entered into the appropriate record systems, such as a laboratory information management system
(LIMS) or sample description worksheets, or both.

b)

genomic DNA is extracted.

Pure isolates (identified at least to the genus level and ideally to the species level) are cultured and

© IS0 2022 - All rights reserved
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c) DNA sequencing libraries are prepared from quality controlled genomic DNA (see Table A.1 for
guidance on DNA quantity and quality metrics). This process should include:

1) DNA fragmentation, if required for the applied sequencing technology;

2) ligation of indices and adapters, consistent with the applied sequencing technology’s protocols;
3) quantification, normalization and quality control of the resulting library;

4) pooling of libraries in the case of multiplexed sequencing runs.

d) Libraries (i.e. pool of libraries) are sequenced.

e) Quality metrics produced by the sequencing instrument are ideally recorded for each/fun to allow
monitoring of the performance.

4.3 | Bioinformatics analysis

4.3.1 General

Pipelines for bioinformatics analysis may focus on in silico predictions of phenotype (e.g. yirulence) or
detegting clusters of genetically similar isolates (i.e. same strain,sequence type or serotype). Pipelines
basefl on comparative approaches may be used to detect the presence and states of markerf in raw and
assIbled sequencing data to make in silico strain (e.g. sequence type) and phenotype predictions.

Sequence data for multiple isolates may be analysed wsing SNP, MLST or kmer distapce analysis
metHods to identify clusters of closely related bacteria..Results from these analyses may be fised to infer
relatjonships between isolates, which may be illustrated with phylogenetic trees and dendfograms.

4.3.2 SNP analyses

For §NP analyses, reads are mapped to areference sequence or reads are assembled into [contigs that
are cdompared. To determine SNPs, SNVs.are quality-filtered to identify SNP positions.

4.3.3 MLST analyses

For MILST analyses, reads aré assembled or mapped. Alleles are identified, quality-filtered and compared
to a ¢gMLST or wgMLST database.

4.3.4 Kmer distance analysis

Sequence data formultiple isolates may be analysed using kmer distance methods to identify clusters
of refated bacteria. Kmer analyses have the advantage of being very fast but have some|limitations,
notaply interms of precision (i.e. they are applicable in species determination, but not recommended
for detdiled source tracking analysis of closely related strains).

4.4 Metadata formats and sequence repository deposition

Metadata records shall be created and safely stored for all sequences. Sequence data and corresponding
metadata should be consistently formatted and documented. These metadata may be shared solely at
the discretion of the metadata owner. Sequence data and its corresponding metadata shall be subject
to security considerations, cost and benefits, intellectual property rights, confidential business
information, contract restriction or other binding written agreements.

NOTE Licensing or a privacy policy, or both, can be applied to metadata or sequence data, or both, to protect
private or proprietary information.

To promote data stewardship best practicesl3], this document provides optional metadata reporting
formats which are harmonized to a community data standard (e.g. MDM or OBO Foundry ontologies).
These formats and standards facilitate reproducibility and common understanding of terminology. An

©1S0 2022 - All rights reserved 7


https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

ISO 23418:

2022(E)

ISO WGS Slim was created to format and provide values for the recommended metadata fields. WGS and
selected metadata may be transferred (uploaded) to a publicly accessible database.

4.5 Validation and verification of WGS workflow

The entire WGS workflow shall be validated to provide assurance that the methods are fit for intended

use.

NOTE

More details on the validation and verification of the WGS workflow are given in Clause 10 and Table 4.

5 Gener

5.1 Bactg

Bacterial is
adapted to

that involve
be carried o

5.2 Labo

Air movemgd
sequencers
should cons

5.3 Stand

Laboratorie
documents,
procedures
preparation
quality and

In the case g

investigated:

ensurin|

a)

strains,
b) implem
5.4 Labo

111 & = 1
Al IdDUTdLUT Yy gUlIUdlittT

rial isolation and DNA extraction

plation and DNA extraction should be performed in a general microbiolegical labor
work with the specific bacteria, including pathogens. For sequencing library prepar
5 DNA amplification using polymerase chain reaction (PCR), pre- andpost-PCR steps s}
jut in different or segregated areas of the laboratory to avoid carryover-contamination

ratory environment

hnd should be considered in the placement of the equipment in the laboratory. Laborat
L1t the sequencer manufacturer’s site preparation guide for specific guidance.

lard operating procedures and nonconferming work

5 should maintain and adhere to standardized operating procedures (SOPs), worK
reagent inventory controls and equipment maintenance logs. SOPs should in
for using positive and negative controls for the DNA extraction, sequence lil
and sequencing steps. SOPs should include procedures for monitoring operations fo
errors (sample misidentification or cross-contamination).

f sample misidentification or contamination, the root cause of errors in sequencing sh

lg that runs contaiming misidentified samples, or samples contaminated with mu
are not used for bipinformatics analysis for sample interpretation or uploaded to datab|

enting measufés to maintain quality and prevent recurrence of errors.

ratory information management system

itory
htion
jould

nts, vibration, temperature and humidity can interfefe’ With the performance of fany

ories

flow
Clude
rary
- run

1]l be

tiple
ases;

Sample inforhration shall be captured using a LIMS or similar system of documenting and tra

information

rking

5.5 Laboratory competence

Laboratories should maintain records documenting training, education and proficiency for individuals

performing

sequencing and bioinformatics analysis, and sample retention policy.

The laboratory should monitor its performance for WGS analysis by comparison with results of other
laboratories, where available and appropriate. This monitoring should be planned and reviewed and

include, but

not be limited to, one of the following, ideally annually:

a) participation in a proficiency testing programme;

b) participation in interlaboratory comparisons other than proficiency testing;

8
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c) verification of the analytical process by introducing “blind” samples or samples whose
characteristics are not known by the operator.

Data (e.g. sequence data, run metrics, result reports provided by the organizing institution) from
these monitoring activities should be analysed, used to control and, if applicable, used to improve the
laboratory’s activities. If the results of the analysis of data from these monitoring activities are found
to be outside predefined criteria, appropriate actions should be taken to prevent incorrect results from

being used for sample analysis.

6 Laboratory operations

6.1

Any material to be sequenced (bacterial isolate or extracted genomic DNA) should be handle

inay

6.2

Bact
intrg
pass
isola
pote
shou
perfy
be aff

6.3

For

resp
used
or ng
quali

and library preparation for ¢ertain sequencing technologies.

Sample preparation and storage

vay that minimizes the risk of sample degradation, misidentification and cr0ss-contan|

Bacterial isolates

brial isolates should be stored and cultured by processes ¢hat minimize the p
ducing genetic changes (e.g. loss of plasmids or polymorphisms introduced through
hging). If the laboratory receives a bacterial isolate, the laboratory shall ensure the
Le and ideally confirm species before subsequent steps)are performed. If there is d
htially unstable elements (e.g. plasmids) can be lost from a sample during passage, the
|d ideally be collected from at least two biological replicates. The number of single cold
rmed after receipt of the isolate should be noted iirthe sample metadata. Bacterial isg
chived using methods such as freezing as a glycerol stock at =80 °C.

DNA isolation

bacterial DNA isolation, an extraction procedure should be selected that is suit3

Bacterial DNA isolation is influenced by a number of factors including cell type (G
gative), growth phase (early;umid, late log or stationary) and culture medium. The d
ty of DNA should be asséssed and documented. Storage conditions will influence DI

d and stored
lination.

otential for
culture and
urity of the
oncern that
n sequences
ny passages
lates should

hble for the

pctive organism and provides DNA-of sufficient quality with regard to the sequencing platform

am positive
uantity and
NA integrity

NOTH Some DNA extrdction methods are better than others for the recovery of plasmids. If [plasmids are
impoftant for the specifio application, an appropriate method can be used.

6.4 | Library preparation and sequencing

6.4.1 Library preparation

The laberatery-shouldfollow-the-manufacturer's recommended-protocolProceduresmay be adapted

for specific needs, but all modifications shall be fully documented and validate

NOTE

ca
T

Size-selection procedures used in some library preparation methods [e.g. in construction of large

insert size (> 2 kb) single molecule real time libraries] can result in the loss of small plasmids.

PCR enrichment of libraries can result in reduced library complexity and a reduction in the number of
distinct DNA molecules in the preparation. Library complexity can also be affected by the amount of
DNA starting material or the amount of DNA lost during library preparation clean-up steps. Library
complexity may be estimated using the method of Daley and Smith[4.

If there is a possibility that libraries will be used again, libraries shall be stored according to the
manufacturer’s recommendations. The laboratory shall document:

— the sample tracking method used (i.e. barcode or equivalent);
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the sequencing platform used;
the operator who made the library;

the date the library was made;

the lot information for the kit(s) used.

Multiplexing samples (i.e. combining different single libraries, each of a single isolate, into a pool of
libraries to be sequenced) requires selection and assignment of barcodes to identify individual samples,
and is typically documented in a worksheet to allow association of sequence data with the correct
metadata. If all multiplexed samples are of the same bacterial genus (e.g. all Salmonella), steps should

be taken to
sequence is
genera, ther
estimating {

6.4.2 DN/

Sequencing
manufactur
sequencing
and monito
contaminati

6.4.3 Use
When hand

ensure that equimolar DNA inputs are used (i.e. library normalization) and that theo
associated with its corresponding metadata. If the multiplexed samples represent mu
| estimated coverage, genome size and library fragment size need to be considered Y
he amount of DNA to be included for each sample.

\ sequencing

er, and documentation of maintenance procedures shall be mdintained. Platform-sp
metrics (e.g. cluster density, number of reads, average base“quality) shall be recd
red for each sequencing run. Platform-specific recommendations to minimize carry
on are provided in Clause A.1.

of controls

ing a bacterial isolate and DNA extract, the laboratory should use a water blank or

inoculated

A positive etraction control to assess method efficiency can be included as deemed necessary.
library preparation involves multiplexing and PGR“amplification steps, then it should include
positive and negative controls. It is also recommended to consistently use the same DNA extract fqg

positive co
using positi

6.4.4 Ass

Base calling
Metrics may
quality of r
of reads an
coverage) pl
an initial cH
back to a de

roth as negative control during DNA extraction to assess possible cross-contaming

rol to allow for comparisons ofséquencing quality from run to run. Recommendatior
e and negative controls are provided in Clause A.3.

bssing raw read data quality

should be performed-using software specific to the instrument and sequencing chem
r be defined at run.lével and at sample level. Metrics shall be documented to evaluat
aw sequence datd. These can include insert size, sequence length distribution, nu
] an assessment of base composition [i.e. AT/GC balance or TAGC (taxon annotateq
ot or equivalent]. Quality scores, and read length, and taxonomy check should be use
eck of.sequencing performance (see also 7.3). Coverage, as calculated by mapping 1
nove assembly or to an appropriate reference genome, should also be evaluated.

Frect
tiple
when

instrumentation shall be operated and maintained as per the. fecommendations of the

peific
rded
bver-

non-
tion.
f the
both
r the
s for

stry.
e the
mber
| GC-
d for
eads

DNA seque

ce-tead mmhhz and mmnhfv lmhqr‘f downstream qccpmh]v read mqnmno and the g

ility

to use WGS data for bacterial source trackmg and genome characterization. Sequencmg artefacts that
may impact downstream analyses include sequencing platform specific error profiles, variation in
quality scores across the sequence read, biases in sequence data driven by base composition, departure
from optimal library fragment sizes, and contamination from known and unknown species other than
the sequencing target.

NOTE General guidance for developing quality metrics is provided in Clauses A.1 and A.2.

6.4.5 Sample and data storage and retention

The laboratory shall document a SOP for the storage and retention of specimens, DNA samples, DNA
libraries and sequencing data.
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7 Bioinformatic data analysis

7.1 Requirements for software and bioinformatic pipelines used for data analysis

Software and bioinformatics pipelines should be developed and maintained using software quality
control and quality assurance procedures. All pipeline software dependencies should be described in
a way that allows reproducibility of the computing environment, which needs to include versioning of
each software module, database used and the pipeline itself.

Software and bioinformatic pipelines should be validated before use for data analysis (see 10.1.3).

Regdrding bioinformatics pipelines:

7.2

All d
bioin
impl
can he needed (see 10.1.2) in the case of software updates. If data sets are transferred, d4
befol
to dd
not f

7.3
The

run.
recoy
quali

For K

ipelines should be validated, for reproducibility and robustness, on public or test data
ipeline developers should distribute test data sets with their software;

sers should ensure that pipelines are installed correctly by analysing’ the test df

¢hecking that the expected results are generated.

Logging and documentation

formatics pipeline as updates to software components bécome available should be de
pmented. The impact of software updates should be evaluated and documented. A 1

e and after transfer should be checked (e.g. using md5checksum). Exception logs shq
cument any deviations from SOPs during individual bioinformatics analyses (e.g. that
bllowed as described).

Quality assessments

quality of sequence data should (beassessed and documented at the completion of the
Quality metrics should be platform specific (see Clauses A.1 and A.2). Users should de
"d their specifications for the'quality assessment parameters. Criteria used for assessi
ty for an isolate may include:

q

iverage quality scoreand number of bases greater than a specific quality threshold;
number of reads\(read depth) and average read Phred score;

tlests for detecting contamination should be implemented and acceptable limits for cq
e.g. sequencing carryover or cross-contamination from sample preparation) should be

that are-appropriate for bioinformatics analyses.

i6informatic pipelines using assemblies, the quality of the assemblies should be asses

sets;

ta sets and

ata analytic steps and analyses should be logged and{dpcumented. A plan for updating the

veloped and
e-validation
ita integrity
uld be used
the SOP was

sequencing
termine and
ng sequence

ntaminants
determined

sed prior to

starting analyses. The following measures are recommended as general indicators of assembly quality:

the read depth needs to be sufficient to ensure variants are reliably detected in the ass
the number of contigs;

NOTE
number of contigs, depending on the pipeline or needs.

either N50 or NG50, or both, and length of the longest contig;

embly;

For draft assemblies, low coverage and/or small contigs can be removed prior to reporting the

the total length of all contigs or scaffolds should approximate the known genome size of the target

organism;

the presence of species-specific conserved elements (e.g. core genome).
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Laboratories should test for contamination in sequencing data and determine limits appropriate for
specific applications. These contaminations can originate from a different species and genus or from
the same species. Recommended methods include, but are not limited to, one or more of the following:

calculat

checkin

compar

If results frg
compared t
not limited

preseng
profiles

serotyp|
antigen

preseng

7.4 SNP 3

For SNP an{
used in accq
by removing
SNVs should
regions, as

artefacts, in
Filtering co

NOTE A
rates for SNP

The referen
SNP identifi
should spec

7.5 MLST analyses (cgMLST and wgMLST)

Criteria for

|

kmer hashing against a reference sequence database;

ing the average nucleotide identity (ANI) of sequence data;

g for numbers of rDNA alleles in reads or assemblies;

verifying serotypes with bioinformatic serotype prediction tools;

Ing assemblies to reference databases.

m non-WGS phenotypic or molecular tests for a bacterial isolate are available, they’m

o:

e or absence of known resistance elements for isolates with antimictobial suscepti

€,
c loci;

e or absence of virulence or pathogenic elements.

nalyses

1lyses, either a genetically similar draft assembly or a finished genome sequence mj{
rdance with Reference [5]. Reference sequences should be curated prior to analyseg
r small contigs or contigs with low depth of coverage), as necessary for given applicat
be filtered using quality scores, depth of coverage, density and masking of highly var
hppropriate for a given applicationy.to reduce errors caused by sequencing and align
dels (insertions/deletions), structural variants, recombination and mobile genetic elem
ditions used to identify SNPtpositions should be documented.

alysis of benchmark and simulated data sets can help to establish false positive and false neg
pipelines.

e genome should be’ genetically similar to subject sequences as the false positive raf
cation tends t@increase with increasing genetic distance to the reference genomel=l. |
fy what is cénsidered as “genetically similar”.

hy be

b WGS findings to evaluate consistency of genomic predictions. Examples include but are

hility

1y be
.(e.g.
ions.
iable
ment
ents.

ative

e for
Jsers

adding or removing alleles or loci from cgMLST or wgMLST databases should be cl

early

defined. If M

ESTatteledetermimationsare made using assembied genomes:

subsequent analyses;

establis

If MLST alle

hed.

le determinations are made using read mapping:

number of mismatches allowed) should be documented;

establis

12

hed;

the same genome annotation method should be used when generating databases and during

minimum quality standards for assemblies, such as percentage of core loci detected, should be

criteria for SNP and indel identification (e.g. alignment depth, minimum percentage coverage of loci,

minimum quality standards for WGS data sets, such as percentage of core loci detected, should be
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— the quality criteria will depend on the genus; caution should be taken when creating a proprietary
schema.

Whether allele determinations are performed using assembled genomes or read mapping, MLST
schemes (cgMLST or wgMLST) should preferably be described in papers published in peer-reviewed
journals. The schema version used should be reported in the metadata.

7.6 Target gene detection

Databases used for target gene detection (e.g. virulence gene, antimicrobial resistance gene, serotype)
should be documented, including the version number and update information. The criteria used to
determine whether the target gene is present or not should be clearly defined (e.g. the-pgrcentage of
covefage and the percentage of identity).

7.7 | Phylogenetic tree or dendrogram generation

Distgnce, parsimony, minimum spanning trees and maximum compatibility thethods of analysis can
be used to rapidly screen WGS data sets and identify clusters of closelyrelated isolates.|Results are
typidally presented as a dendrogram, graph or pairwise distance matrix;Trees or dendrogframs can be
built|from the pairwise distance matrix, shared loci, genes or varidnts depending on the|application.
Bayessian and maximum likelihood methods of phylogenetic tree construction are preferred|to distance-
basef methods because they are statistically consistent (i.e. converging on the correct topology as more
datalare acquired). Bootstrapping should be used to estimate’statistical support for topologies under
distdnce-based, parsimony, maximum compatibility and maximum likelihood methods of analysis. 4
posteriori probabilities should be used when trees are generated through Bayesian methods.

7.8 | Metrics and log files

Metrjics and log files should be kept and include-text that describes the following:
a) the identities of isolates analysed, along with sequence and assembly metrics if available;
b) the identities of any reference seguences, per cent of reads mapped and coverage (for SNP);
c) the version of the database-(for MLST);
d) the version of the bioinformatics pipeline used, parameter settings and user identificatfion;
e) fimestamps;

f) any filtering er'masking conditions.
7.9 | Interpreting and reporting the results of bioinformatics analyses

7.9.1 CAnterpreting results from bioinformatics pipelines

Results from bioinformatics pipelines should be interpreted in the context of information including
metadata about the origins of isolates and epidemiology (i.e. traceback information). Thresholds
established for one purpose (e.g. clonal outbreaks) should not be used for interpretation of a different
purpose (e.g. persistent or resident pathogens)[®l.

Diversity of isolates should be considered when interpreting dendrograms or allelic/SNP differences.
Most genus/species differ in mutation rates. Some lineages may be clonal. In these cases, few differences
may specify outbreaks/clusters. Other lineages have greater diversity. In general, for contamination
events with a single point source that occur over a short period of time, such as over the course of
a foodborne outbreak, very few genetic changes are expected to occur. For large-scale contamination
events, greater differences can be observed.
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7.9.2 Reporting genomic analysis results

The following information should be included in reports or available upon request:

a) version
b)
c)

d)

of pipeline;

identity of input data;

reference genome or MLST database used and version if appropriate;

masking);

analytic settings if options are available (e.g. minimum coverage settings for calls, filtering or

e)

interprg
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provided”, “
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8.2.2 Ont

btation and conclusions of genomic comparison results if part of the application.

ata
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ation shall adopt a policy for capturing metadata. Metadata in ptrivate repositories sk
ed as possible but the level of detail is at the discretion ofcthe user. When perm
ay be shared with partners, and can be abstracted to a level of granularity that com
vational data-sharing policies.

lata interoperability and future-proofing

eral

ta structure and content recommendatiohs in this document are intended to e
teroperability and utility when making comparisons between different databases
ecommendations are also intended“te structure data to be amenable to unantici
-proofing). The approach to metadata standardization defined in this subclause cap

jould
tted,
plies

sure
The
ated
fures

about laboratories and laboratory processes, manufacturing environments, food products

rocessing, and bioinformatics. processes and quality control metrics. This documg
be flexible because some §takeholders collect more specific information and others leg

quence metadata stored in private repositories may include information descr

nt is
S.

ibing

the isolate and the“sequence. Metadata fields and values may be supplied in the format
described ip Tables 1, 2 and”3 and Annexes B to H. Metadata captured according to this docu

» o«

rided according/to sample type. However, a null value (e.g. “missing”, “not collected”
restricted aecess”) is also acceptable if information is not known or available. The ISO
ler ontologies may be used to format and provide values for metadata fields described

plogies

ment
“not
WGS

Ontologies encode computational logic that can be used by software systems to improve automation
and more complex queryinglZl[8l. The hierarchical nature of ontologies enables better comparisons of
information at different levels of granularitylZI[€l,

8.2.3 ISO WGS Slim

The ISO WGS Slim contains standardized fields and terms derived from existing ontologies and other
community standards [e.g. INSDC minimal data for matching (MDM) and antibiogram standards][2l.
The fields specify the information types recommended for capture, while the terms act as possible
values, which can be used to populate the fields. The ISO WGS Slim also contains synonymous term
labels from different organizations (e.g. FoodEx2[10]) to avoid preferential use of vocabulary and to
facilitate interoperability and data harmonization.
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The ISO WGS Slim can be used to format and provide values for metadata fields described in Tables 1,

processing, environment, and drug fields in this document requiring more extensive vocabulary may
be supplied using FoodEx2 and the GAZ, NCBITaxon, FoodOn, EnvO and CheBI ontologies[81[21[10],

The ISO WGS Slim can be implemented in metadata spreadsheets and information management
systems. Further instruction is provided in Annex I and Tables 1.1, .2 and 1.3

8.3 Formatting metadata using this document

Metadata fields in Tables 1, 2 and 3 are general, and some require additional detailed fields to structure

the ipformation and minimize the use of free text. These additional fields are described,ih Annexes B

to H.

Each

field in the tables and annexes has a definition, specified role in data analyses.or haijmonization,

and gpecific formatting recommendations. Values for some fields (e.g. food product) may bejprovided by
implementing the ISO WGS Slim, values for other fields (e.g. dates) may be conistrained usihg validated
datalentry, while other fields may be provided as free text.

Metddata formatted using this document are compatible with INSDC.data standards. Guidance for
preppring metadata for submission to INSDC public repositories is given in Annex H (see Clpuse 9).

8.4

Fields in Table 1 may be used to capture metadata associated with sample collection. Add

are grovided in Annexes B and C.

Metadata associated with sample collection

tional fields

Table 1 — Recommended metadata fields:and values associated with sample collection

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Sample collection laboratory contact
information

The pame of the laboratory that colleeted the
sample being analysed, as well a§ the name
and ¢ontact information of an individual who
can provide further detailsegarding the
proj¢ct or sample, shoulddbe provided.

Establishing chain of custody
and for providing contact infor-
mation for follow-up analyses.

Contact information may be
specified by the fields of
information in Anrlex B.

Geographic locatiop-of sample collection

The geographical arigin of the sample.

INSDC data standard (fulfils
MDM “geo_loc” field).

Sample geographidlocation

information may b¢ specified
by the fields of infgrmation in
Annex C.

Collection-date

INSDC data standard (fulfils
MDM “collection_date” field).

The sample collectjon date may
be recorded as YYYY-MM-DD

The type of material from which the isolate
was obtained. Samples are usually catego-
rized as foods, food products, animal feed or
environmental samples taken from the area
of food production and food handling

The ¢late,the sample was collected. in accordance withl1S0 8601-1
using validated data entry.
Sample type Traceback and other analyses. |Sample types may be selected

from the ISO WGS Slim.

Food product

Products intended for human consumption
and the feeding of animals

INSDC data standard (fulfils
MDM “isolation_source” field).

Food products and ingredi-
ents can apply to both human
and animal food. Where food
products apply, descriptors
may be selected from the ISO
WGS Slim.
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Table 1 (continued)

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Food processing

Processing applied to a food product (e.g.
deboning, skinning, pasteurization).

INSDC data standard (fulfils
MDM “isolation_source” field).

Where food processing applies,
descriptors may be selected
from the ISO WGS Slim.

Environmental material

A substance obtained from the natural or
man-made environment (e.g. soil, water,

INSDC data standard (fulfils
MDM “isolation_source” field).

Food is considered to be a
separate field from
environmental material.

manure).

‘V‘V"UCI C CIIV il UlllllCllLd‘l TITdCE -
rials apply, descriptors-may
be selected from thedSO'WGS
Slim.

Environmental location

An environnjental location may describe a
site in the ngtural or built environment (e.g.
abattoir, retail outlet, feedlot, food process-
ing machinery, surfaces used to process and
prepare food products).

INSDC data standard (fulfils
MDM “isolation_source” field).

Food-related environmental
locations mayihclude, but are
not exclusiveto, food prodtic-
tion, priocessing, distributipn
and.fetail environments that
wére sampled. Where envi
roamental locations apply,
descriptors may be selected
from the ISO WGS Slim.

Collection device

The instrument or container used to collect
the sample [¢.g. sterile plastic bag, plastic jar,
swab (with qr without transport medium),
tube].

INSDC data standard (fulfils
MDM “isolation_sourcefield).

Collection devices are not
always known, however when

specified, they may be selefted
from the ISO WGS Slim.

Collection method

The process jused to collect the sample.

INSDC data standard MDM
when the'method used for
collection is known (fulfils
MDM “isolation_source” field).

Collection methods are not
always known, however when

specified, they may be selegted
from the ISO WGS Slim.

8.5 Metaflata associated with theiisolate

Fields in Taple 2 may be used to-capture metadata associated with the isolate. Additional fields are

provided in|Annexes B, D, E and E:

Table 2 — Recommended metadata fields and values associated with the isolate

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendationp

Microbiology laboratory contact
information

Establishing chain of custody
and for providing contact

Contact information may bje
specified by the fields of

The name of the laboratory that isolated the
organism being sequenced, as well as the
name and contact information of an individu-
al who can provide further details regarding
the project or isolate, should be provided.

Iformation for fottow-up
analyses.

Inrormation m Annex B.

Organism

The species of the isolate being sequenced.

INSDC data standard (fulfils
MDM “organism” field).

The scientific name for the
species may be provided using
standardized taxonomic names
from NCBITaxon.

Strain

The name or identifier of the strain.

INSDC data standard (fulfils
MDM “strain or isolate” field).

The strain identifier may be
provided as free text.
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Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Isolate

The name or identifier of the isolate.

INSDC data standard (fulfils
MDM “strain or isolate” field).

The isolate identifier may be
provided as free text.

Sero

type

The serotype of the isolate or strain as
determined by in vitro or in silico methods
(e.g. WGS, PCR or immunological methods).

Public repository MDM
(required for EBI “serotype”
field).

The serotype results may be
provided as free text, if

available.

Isols
The

orga
in th

tion media

Fulture media used to isolate the
hism being sequenced from others
e sample.

Computable comparisons of
methodologies.

Descriptors of this
may be chosenfrof
WGS Slim.

material
h the ISO

against different antibiotics tested.

Isolgte passage history Computable comparisons of Isolate’passage detiails may be
The pumber of times that an isolate is serially methodologies. .An inerease in _spec1f1ed.by Fhe fields of
X the number of times an isolate (information in Anrex D.
sub-fultured by a particular method. .
has been passaged can result in
the accumulation of additional
mutations.
Antipiogram results Computable comparisons of If antibiogram resylts are
The minimal inhibitory concentrations antibiograms. {a)vallabl.e: the infor mation may
o g . e specified according to the
[valde, unit, sign (<, >, = )] and resistance . .
. PR . fields in Annex E.
phenotypes (resistant, sensitive, intermedi-
ate or undetermined) of the sequenced isolate The source of breakpoints (and

version) used for ix
classifying minimu
ry concentration (]
may be specified.

terpreting/
m inhibito-
NIC) values

Anti

The
resis
ry cd
anis
antik
testi

biogram methods

aboratory protocol used to determine
tance phenotypes and minimaliinhibito-
ncentrations of antibiotics tested against
plate. The protocol should.include the
iotics tested, laboratory testing method,
hg standard and controls)/reference

strains used for the test:

Computable comparisons of
antibiograms.

Antibiogram meth
applicable) may be
according to the fie
Annex E.

ds (if
specified
lds in

The
pres
phen
meth

Viru|lence factor results

Firulence factors determined to be
bnt in theéquenced isolate by
otypicertarget amplification
ods{(e¢g. Shiga toxins, haemolysins).

Computable comparisons of
virulence.

If virulence factor {

are available, the information

may be specified a
the fields in Annex

est results

cording to
F.

Virullence factor testing methods

Computable comparisons of

Virulence testing npethods

The laboratory protocol used to determine
virulence phenotypes and markers.

virulence.

(if applicable) may

fied according to the fields in

Annex F.

be speci-

8.6 Metadata associated with the sequence

Fields in Table 3 may be used to capture metadata associated with the sequence. Additional fields are
provided in Annexes B and G.
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Table 3 — Recommended metadata fields and values associated with the sequence

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Sequencing

The name of

facility contact information

the facility that sequenced the

isolated organism, as well as the name and
contact information of an individual who
can provide further project and sequencing

Establishing chain of custody
and for providing contact infor-
mation for follow-up analyses.

Contact information may be
specified by the fields of
information in Annex B.

details, should be provided.
Sequencing date Tracking sequencing runs The sequencing date may be
The date the[sequencing run was initiated. recorded as YYYY-MM-D In

accordance with ISO 86011,
using validated data)estry,

Formulation
solid or solid
or synthetic,
support the

out inhibitio
identificatio
microorgani

Culture media

of substances in liquid, semi-
form that contain either natural
or both, constituents intended to
multiplication (with or with-

h of certain microorganisms)

h or preservation of viability of
5mSs.

Computable comparisons of
methodologies.

Descriptors of thiS)material
may be choseffrom the ISQ
WGS Slim,

DNA extract

mechanical

ion method

used to obtain genomic DNA

The procedufre
from a sam;‘[(le through chemical, physical or

eans.

Computable comparisons of:
methodologies and quality
control.

Include the name of the

commercial kit and version
number, or laboratory protocol,
used to extract the genomif
DNA of the isolated organigsm
using free text.

Sequencing

the resequer
ple in order {

A biological
a sequencing
colony from

biological va

replicates

A technical jequencing replicate represents

cing of the same biological sam-
0 assess experimental variation.

equencing replicate represents
experiment based on a different
the same isolate obtained from

the same sample material, in order te assSess

|riation.

Tracking sequencing runs, and
analysingvariability in reads
and sequences.

Replicates within a set of
sequencing runs may be

described as either technidal or
biological.

Where sequencing replicates
apply, descriptors may be
selected from the ISO WGS
Slim.

The proced
fragments of
the role of ag

Sequence lltrary preparation-ethod

e used to cregtea library from
DNA using oligonucleotides with
apters.

Computable comparisons of
methodologies and quality
control.

Include the name of the
commercial kit and versior
number, or laboratory protocol,
used to prepare libraries f¢r

sequencing as free text.

Sequencing

The type of i

instrumentation

hstrument used to automate the

Computable comparisons of
methodologies.

Types of sequencing
instruments may be chosel

=2

process of sequencing.

£ +} ICOIALCC QL
ITOHI UIIC 10U VWO OSIIIIL.

The name of

well as then
an individua

be provided.

Bioinformatics organization contact
information

the organization performing the

bioinformatics processing and analyses, as

ame and contact information of
1 who can provide further details

regarding the bioinformatics analyses, should

Establishing chain of custody
and for providing contact
information for follow-up
analyses.

Contact information may be
specified by the fields of
information in Annex B.
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Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Raw sequence data processing

The procedure used to remove adapter
sequences from raw sequence reads, trim
low-quality bases and, where applicable,
merge paired-end reads.

Computable comparisons of
methodologies and quality
control.

Include the name and version
of the trimming tool and, if
applicable, paired-end merger
program. It is recommended
that parameters are also re-
corded. This information may
be provided as free text.

Eill - =L - |
Seql'em:e-data Trermgmretnoa

The

brocedure used to remove low quality

CUlllPutdlL)}C LUlll}Jdl ibUllD Uf
methodologies and quality
control.

hrehrdethrematreand version

of filtering tool(5) 3

es applied. Itds,récpmmended

nd process-

The
indiy
cont

method or algorithm used to assemble
idual sequence reads into larger
guous sequences (contigs).

methodologies and quality
control.

readp and unalignable sequences from raw h 1
sequence data that parameters arg also re-
' corded,This information may
be prdvided as freq text.
Sequence assembly method Computable comparisons of Déscribe the bioinformatics

pipeline used, incly
name and version (

bler software, and pccession
number of the reference

genome used in the

reference-based asgsembly. It is

recommended that]
are also recorded,

any post-assembly modifica-
tions. This information may be
provided as free tekt.

ding the
f assem-
case of

parameters
hlong with

Seqy
The

repo
regig

ence annotation method

method or algorithm used to identify and
't sequence features (e.g. protein coding
ns) in sequence data.

Compirtable comparisons of
methodologies and quality
control.

of annotation tool.
mended that para
also recorded. Thi{
tion may be provid
text.

Include the name j\fd version

tisrecom-
eters are
informa-
ed as free

Seqy

Meaj
to as|
sequ|
thre

ence assembly quality metrics

urements or calculated qliantities used
sess the extent and sugcess of the

ence assembly process; Metric

holds are speciescspecific.

Computable comparisons of
methodologies and quality
control.

Sequence quality c
metrics may be spe
the fields of inform
Annex G.

bntrol
cified by
ation in

9

Genag
form

bequencerepositories

caguAnca ara 3 41 Q

dafa o

mic Sequence data shall be available in a findable, accessible, interoperable and f
at-for use in bioinformatics pipelines. Operators shall implement procedures to vej

forny

eusable file
ify that the

rit Onorata

met

4d Aarra irag ciatad +0 ot b ot antial Tt gty n
udida ditu .)L\iu\,ll\-\, dIC LVUT l\'\-\.l‘y doovulidililu tuIiidIinudIir reicroiitidr 111(.\-51 ll.)’. UP\,I alyv

s of private

repositories shall correct errors when identified, update the records containing these errors in public
repositories and remove WGS data sets when referential integrity cannot be verified.

WGS data and selected metadata may be transferred (uploaded) to a publicly accessible database.
Organizations may need to transform metadata before submitting to public repositories so that details
or identifiable information is not revealed. Metadata provided according to the tables and annexes of
this document can be formatted to fulfil MDM requirements for submitting microbial sequences to
INSDC public repositories. Further instruction is provided in Table H.1 (for NCBI/DDBJ) and Table H.2
(for EMBL-EBI).

©ISO
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10 Validation and verification

10.1 Validation

10.1.1 General

The performance characteristics of WGS-based methods shall be established for the intended use.
Validation of the WGS workflow may be performed separately for the different components (see
Table 4). However, eventually, the complete workflow shall be validated. The validation shall provide
evidence that the method is repeatable, reproducible and accurate.

Table 4 — Validation of workflow stages

Validation Repeatability Reproducibility Agreement with other methgds
stage (accuracy/precision) (accuracy/precision) (accuracy/trueness)
1. Pure Include different Include different Include related andunrelated strjins
culture subcultures on same subcultures on (e.g. outbreak andinon-outbreak)|or
day by same operator. different days by strains not containing the marker(s)
different operators. of interest:
2.DNA Include different DNA Include different DNA Include DNA of related and unrelgted
extraction | |extractions from same extractions from different |strains (e.g. outbreak and non-ouf-
subculture on same day by |subcultures by different break associated) or of strains nqgt
same operator, using the operators, on different days,jcontaining the marker(s) of inter¢st.
same batches of reagents. |using different batches of:
reagents.
3.DNA Include libraries from the |Include libraries gener Include libraries of related and
sequencing | |same strain (e.g. in tripli- ated by different opera- unrelated strains (e.g. non-
cate) generated by same tors on differerit'days in outbreak associated) or strains npt
operator on the same day, |different runs of the same |containing the marker(s) of intergst.
in the same run (within run |instrument\(between run
precision). precision);-and on different
instruments where
passible.
4. Bioin- Demonstrate identical Demonstrate comparable |Demonstrate results are compardble
formatics results from same data set_)|results from same data set |with other pipelines for the same
pipeline at least twice on same ceni- |at least twice on differ- application and specify any knowjn
puter/IT infrastructare, ent computers such as differences between pipelines that
using the same version of |local Linux/Unix/any OSX |can affect the outcome (e.g. built-
the software witlhthe same |workstations or computing |in reference databases). If no suc
options/parameters. clusters or supercomput- pipeline is available, then simula}d
ing nodes using the same data, where the evolutionary relation-
version of the software with |ships of the isolates are known and
the same options/ reflect variability expected in redl
parameters. data, should be used to demonstrhte
Use of a workflow man- E}:E‘Pjﬂelglisribihty to produce the
agement system isrecom- |
mended for such testing on
different platforms.
20 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=479dcdc48e075289b5a8d637b60090d9

ISO 23418:2022(E)

ance criteria

results should not change,
i.e. no significant differenc-
es should be observed while
repeating the WGS work-
flow in the same laboratory,
with the same operators
using the same instrument

results should not change,
i.e. no significant differ-
ences should be obtained
while reproducing the
WGS workflow in different
laboratories, with different
operators or differentin-

Table 4 (continued)
Validation Repeatability Reproducibility Agreement with other methods
stage (accuracy/precision) (accuracy/precision) (accuracy/trueness)
5. Accept- The interpretation of the The interpretation of the The WGS workflow should be able

to produce the same conclusions

as other gold standard typing and/
or characterization methods (e.g.
epidemiological inference/concord-
ance, differentiate unrelated strains
while grouping closely related iso-
lates, other genotypic methodology,

struments. Minor differenc-
es, such as slight changes to
N50 values with different
versions of a sequencing kit,
are expected. Also, genome
content such as plasmids
can be lost. They should not
be considered significant.

comparable data to closed reference
genomes).

10.1{2 Validation of laboratory operations

Validation of laboratory operations can go from culture up“t6 DNA sequencing, and gll stages in

between, depending upon the laboratory workflow. Validation parameters and acceptancg
different stages are specified in Table 4.

10.1{3 Validation of the bioinformatics pipeline

criteria for

Perfgrmance of bioinformatics pipelines shouldbe assessed at every appropriate level of gnalysis (see
Tabl¢ 4). Validation may include sample dataygenerated in the originating laboratory using a specific

WGS|workflow along with either standard, (benchmark) data sets or simulated data sets, ot

a)

b)

© IS0 2022 - All rights reserved

both.

$tandard data (or benchmark) setsjare cases where either the origin, phenotype or epidemiological
felationship of the isolates, or all, are known, and the sequence data have been made publicly
gvailable. Standard data setsican be useful for comparing output from different biginformatics
ﬁipelines. The utility of standard data sets in establishing fit-for-purpose workflows can be limited

nless they were generated using the same method of laboratory preparation including sequencing
lechnology. Examples-of standard data sets include:

1) benchmarkdata sets for WGS analysis[11];

2) NationalInstitute of Standards and Technology microbial genomic DNA reference material
sequence datall2l;

3) “EDA-ARGOSI13].

Simulated data are created using applications that can generate synthetic sequence read data
from real genome sequence data. Simulated data sets can test a wider range of parameter values
and errors than are typically observed in real sequence data. Simulated data are extremely useful
because known differences (e.g. nucleotide polymorphisms, indels and structural variants) can be
introduced, providing confidence in the final measurements.

NOTE Pipelines often perform better with simulated data than with real data sets.

Sample data sets (i.e. real sequencing data) are intended to reflect the types of organisms and
microbiological procedures used in a particular laboratory. Sample data sets are generated
using a specific end-to-end workflow, including DNA isolation, library preparation, sequencing
and bioinformatics analysis. Sample data sets are typically derived from standard or reference
collections with known characteristics, or on collections of isolates associated with an outbreak
with known epidemiological information, depending on the application workflow to be validated.

21
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Validation data sets should be comprised of data from target bacterial species that represent the
complexity and errors typically encountered during intended uses. Validation data sets should include
potentially confounding isolates, such as genome sequences that are either very closely or distantly
related from target bacteria. Data sets can also include multiple species. Additionally, data of multiple
species or strains in a single data file can be used to validate the ability to detect cross-contamination.
Acceptable conditions shall be established based on performance goals and documented depending on
applications, such as:

— accuracy of annotation and feature prediction;

— accuracy of strain or type predictions, assessment of relatedness consistent with known

. IR T s
epldem orogrearmrormatiott:

Validation diata sets shall be analysed with the bioinformatics pipeline and the results shall be-ass¢ssed
using the egtablished performance goals and acceptance criteria (see Table 4). Reports describing the
validation results should be sufficient to replicate the analyses. Any major change inpbioinforniatics
pipelines ngeds to be evaluated and documented. If a major impact is observed, a re<validation| may
need to be performed.

10.1.4 Validation of the end-to-end workflow

For each W(S application, an end-to-end validation shall be performed’if the validation of one df the
steps within} the WGS workflow (see Table 4) for the intended application'is missing or if the validation
of the labofatory operations or bioinformatics analysis did not inaclude sample data (see 10.1.2).
Validation of the end-to-end WGS workflow helps to establish ‘thresholds for biologically rel¢vant
differences [versus differences that are linked to the cultures;and sequencing process. Validatipn of
WGS workflows through comparison to historical standard reference methods (e.g. pulsed-field gel
electrophorgsis, 7-gene MLST, phage typing) poses a challenge because WGS provides a higher leyel of
resolution of data. Bacterial isolates that were previous$ly identical or indistinguishable now canhave
measurable|differences. Appropriate sample genome sequence data sets should be created, depending
on the application, i.e. isolates should be selected that represent the variability of organisms that will
be analysed|for specific applications.

Metrics thatlare linked to methodology and.described by Reference [2] can be useful when characterjizing
differences between closely related genemes. An example for the validation of source tracking bas¢d on
these metrigs is illustrated in Referen¢e)14]. An example for the validation strategy focusing specifically
on the exhapstive characterization‘of the bioinformatics analysis of a WGS workflow is illustrated in
References [15], [16] and [17]. Edch stage of the workflow should be validated as described in Tablg 4.

10.2 Verification

10.2.1 Genleral

The verificdtion shall demonstrate that the executing laboratory can use the validated method [for a
specified S application correctly. Verification shall be done for the complete workflow or ohe of
the steps within the workflow (the Iaboratory implementing the Iaboratory operations or the entity
implementing the bioinformatics analysis, or both).

10.2.2 Verification of laboratory operations

The executing laboratory shall provide objective evidence within the field of application that the
validated method is being used in its application area and that the specified requirements have been
fulfilled.

10.2.3 Verification of the bioinformatics pipeline

If commercial or open-source bioinformatics pipelines are used that have been validated by their
developers, the validation tests are published and the validation data sets are publicly available, then it
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is only necessary to (partially) repeat the validation test once the software has been installed. In this
case, test data sets distributed by the pipeline developers may be used. However, successful execution
of a test data set does not necessarily imply that a bioinformatics pipeline is validated or fit-for-purpose.
Test data sets can be used to verify that bioinformatics pipelines, and their associated dependencies, are
installed correctly and functioning as expected. The user needs to show functionality of the pipeline
according to pre-established parameters. Test data are used as input to a bioinformatics pipeline and
the output is compared against the expected results. Test data sets are typically small (e.g. lambda
phage genome) and distributed with the software or pipeline. When the data are too large to bundle
with the software, accession numbers of data repositories may be provided.
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Annex A
(informative)

Development of quality metrics and use of controls

A.1 Guidance for development of quality metrics for short- and long-read

sequencing technologies

Table A.1 — Guidance for development of quality metrics for short- and long-read sequencjing
technologies
Guidance
Process Concern Short-read technology Long-read technology
DNA Cross-contami- Broth cultures should be started from a single celony of the isolate being
extraction nation; sample tested.

Integrity. DNA integrity is critical, particularly for longéread technologies. Care shquld
be taken to avoid fragmentation of genomi¢\DNA during preparation and
storage (e.g. through freeze/thawing)s

DNA Presence of Optical density (0D260/280) ratio should be 1,75 to 2,05 and (0D260/23p)
quality impurities that ratio should be 2,0 to 2,2.

can negatively

impact library

construction.

Low molecular Extraction methods fdrigenomic DNA should be adapted to the sequencing

weight DNA can  |platform being used. DNA integrity can be checked on agarose gel or via

negatively impact |capillary electréphoresis with appropriate size standards.

library construc-

tion.

DNA Insufficient input |Input DNA quantity should be carefully determined using a DNA-specific

quantity of genomic DNA |intercalating dye-based fluorescence quantification method prior to further
canresultin ditution. Minimum quantity needed will be dependent on the library kit/
substandard sequencing technology used. If modified, this should be supported by
sequence library:..-\validation.

DNA frag- Sub-optimalfrag- |Size distribution of sheared DNA samples should be checked using capilldry

mentation | |mentation.can gel electrophoresis-based systems.

lr_elz)sult X _relguced Sample library should contain frag- Optimal fragment sizes vary|by

! é‘arygle / ments between 200 bp and 3 000 bp. For [long-read sequencing platforjn
reduced coverage. | transposon-based library construction, and application.
fragment distribution may be verified by
capillary electrophoresis aiter PCR.
DNA size Following This can be done using gel electrophoresis approaches or bead-based
selection fragmentation, approaches. Any size selection should be supported by validation for each of
selection of a the species to which this is applied.

?pec1f1c range of Size selection increases sequencing quali- |Size selection increases sequenc-

braigim(_entts)lmay ty but can result in gaps in the coverage of |ing quality but can result in loss

be desirable to the bacterial genome. of small plasmid(s).

improve sequence

quality/efficien-

cy. Selection can

result in loss of

small plasmids or

bias in sequence

coverage.
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Table A.1 (continued)

Guidance
Process Concern Short-read technology | Long-read technology
Ligation of |Correct associ- Ensure barcode indices used are used only once in sequencing run. Rotate
indices and |ation of adapter |indices used such that the same unique pair of indices is not used in two
adapters sequences with consecutive runs. After each use, replace caps on index tubes or seal on index
appropriate plate to prevent index cross-contamination.
sample (sample
mix-ups).
Amplifica- |Reduced library |Follow the instructions of the manufactur- | Not applicable
tion complexity er as to number of cycles. If modifications
are needed (e.g. to avoid primer-dimers),
this needs to be validated (e.g. 12 cycles
can work for most species, but 15 cycles
can be better for Mycobacterium). If nec-
essary, use a PCR-free library preparation
method.
Amplicon carry- |Itis advisable to conduct pre-PCR and Not/applicable
over-contamina- |post-PCR steps in different rooms in order
tion to avoid amplicon carryover-contamina-
tion.
Librgry Anticipated DNA |The library size distribution should.be checked with a capillary electrophore-
qualjty concentration and |sis-based system. Concentration ¢an be determined using a capillary electro-
assegsment |insertsize phoresis-based system or by-afluorescence-based quantification|system.
distribution
Contamination Care should be taken té.avoid cross-contamination during library prepara-
during library tion. Use aerosol resistant filter pipette tips. Change gloves frequntly.
preparation
DNA Multiplexed Equimolar pogeting based on library profile [ Equimolar pooling based on
sequencing |sample and quantification may be desirable to library profile and quantification.
normalization ensure adequate coverage of all of the Done before size selection and
samplesyincluded in the run. Alternately, a [last DNA damage reppir steps.
bead-based method of normalization may
be\lrsed. Quantification of the pooled li-
brary may also be desirable to ensure that
the amount of library loaded is suitable for
the sequencing platform.
Inter-run To minimize carryover-contamination, Not applicable
carryover- use appropriate instrument washes and
contamination establish an index-rotation scheme to
ensure that the same index pair is not
used in consecutive runs.
Instrument Run an internal control spike in the sam- |Run an internal control spike
performance ple. Sequencing of the same DNA (positive |with the sample.
control) in order to monitor sequence
quality is recommended.

A.2 Recommendation for quality assessment of short-read data

Assessment of sequencing data will vary depending on sequencing platform and on the intended use
of the data in downstream analyses. This clause provides guidelines applicable to some short-read
sequencing platforms (e.g. [llumina instruments). Some parameters are specific (e.g. reads passing
filter) and do not necessarily apply to other sequencing platforms. It is intended to be used as an initial
quality assessment, for data release purposes only, prior to starting the bioinformatics analysis which
includes a more into-depth quality assessment as elaborated in 7.3.

NOTE Table A.2 provides an example for [llumina MiSeq technology, but this document is not specific to
[llumina.
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Table A.2 — Recommendation for quality assessment of MiSeq Illumina short-read data prior
to bioinformatics analysis (see 7.3)

Process

Concern

Guidance

quality

Sequence data

Raw sequence data of suf-
ficient quality, read length
and coverage for intended
purpose.

Sequences in FASTQ format may be checked using FastQC

tool. All sequences should be identified as either warn
pass for per base sequence quality. Minimum estimate
coverage typically ranges from 20-fold to 60-fold.

or
d

parameters@

Run acceptance

Q30 coverage overall

2x300 bp: = 70 %

2x250 bp: =275 %
ko 1O Il i A T N 0.0/
AL IV Ul.l- = UVvU U
PhiX error rate <6%
Reads passing filter >44 M

NOTE Number of reads can vary by platform-and
chemistry.

Reads negative control

<10000

NOTE Depends on spike-in volume-of the negative control

and the sequencing instrument.

Sample acce
parameters

ptance

Estimated coverage (i.e.
coverage calculated based on
the number of reads and the
target organism genome size
using the Lander/Waterman
equation)

> 20X (depending on applieation and microorganism
sequenced)

Mean Phred score before
trimming

> 30

Contamination Check+for expected species and absence of non-expectgd
spekties/strain (< 5 % reads identified as non-target spe-
cies)

Databases can be biased (e.g. high-copy plasmids are
assigned to another species). Performing this check atfread
level is a rough indication of contamination. It is recont-
mended to extend this contamination check to the contig
level or to add additional checks (see 7.3).

Run criteria Cluster dengity 600 K/mm?2 to 1 400 K/mm? for MiSEQ

(informative NOTE Depends on sequencing chemistry.

Clusters/passing filter >75%

PhiXalignment 21%

PHasing/pre-phasing read-1 |<0,5%

Phasing/pre-phasing read-4 |<0,5 %

a  Accepted|individual sequences can be chosen instead of an entire run, based on the sample acceptance parametgrs in
this table.
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be evaluated
during validation)

Process Concern Guidance
Sample criteria GC-score <4 % deviation from the expected GC-content for species
(informative, analysed[121[17]
can be species- Median Phred score dro > 150
dependent, should Q30 p -

Reads per sample

> 20000 (dependent on read length and genome size,
coverage will give a more precise indication; may vary
depending on the application and required coverage)

Maximal N-fraction

<010 9%[17]

Per base sequence content

< 6 % differencel15](17]

AT proportion check

<30 % (species dependent)

Sequence length distribution

e.g. <5 % of reads (before trimming)are < 12
raw input reads are 300 bp long; 50 % of the|reads
are > 150 bp when raw input reads are 300 bpjlong

bp when

this tpble.

3 Accepted individual sequences can be chosen instead of an entire run, based on th€'sample acceptance parameters in

A3

Recommended use of controls

Table A.3 — Recommended use of controls

Process D Con_tro_l Purpose Guidance Frequency of use
escription
DNA Positive control/ Assess methaod Failure to extract genomic |Can be included as
extrgction reference efficiency. DNA of suitable quality deemed ngcessary.
strain representing for downstream analy- Sequencing of positive
species in the test ses from positive control |extractionfcontrols is
samples. indicates that thereisan |notrequirgd.
issue with the extraction
procedure; however, if test
samples worked, they can
be used.
Negative control Ensure that The negative control may |Recommended for
(e.g. waterblank, cross-contamina- be sequenced to evaluate |each extraction but
non-inpciated tion does not occur |contamination arising may only he sequenced
broth): during during DNA extraction. as deemed necessary.
DNA extraction pro- |If the negative control
cedure. is contaminated, all the
DNA should be carefully
evaluated to determine if
the level of contamination
will affect downstream
analyses.
Library DNA from a well Used to monitor Positive controls should |A positive control is
preparation |characterized strain |sequence quality have fragments in a range |notrequired for every
should be used asa |on different runs to |thatis typical for the run. Frequency of use
positive control. It  |identify problems technology being used, of the positive control
is also recommend- |with sequencing and results of sequenc- for monitoring quality
ed to consistently chemistry. ing should be consistent |over time should be
use the same DNA Used to evaluate between runs. established.
extract. and validate library
preparation.

© IS0 2022 - All rights reserved
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Table A.3 (continued)

Process Con_tro_l Purpose Guidance Frequency of use
Description
Negative control Used to evaluate Negative controls should |A negative control is
(e.g. water). cross-contamination |have no detectable peaks |notrequired for every
occurring during and minimal sequencing |run. Frequency of use
library preparation. |reads associated with of the negative control
them. Contamination of for monitoring quality
negative control should be |over time should be
below established limits. |established.
DNA A VVC}} L}lal clLtCl iLCd Eva}uatc l.iud}lt_y Uf PUI ll.)dbl: CIIUIl'l dtCD }f lJl dbtibd}, LUlltl l
sequencing/| |spike-ininternal the run. should be within libraries should bg
instrument control library. established limits. included on €ach rjun.
performancg
Include indexes Evaluate level of Number of reads with May be\included a$
used in previous run |carryover-contami- |indexes mapping to deemed necessary
when de-multiplex- |nation for sequenc- |previous runs should
ing the run. ing platforms known | not exceed established
to have this issue, limits
evaluate cross-con-
tamination (e.g. with
amplicons from pre-
vious runs) occur-
ring during library
preparation.
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Laboratory contact information fields

Table B.1 — Laboratory contact information fields

The name of the city, town or village
in which the organization is located.

for providing contact information
for follow-up analyses.

from the GAZ.

Megtadata field and definition Role in data_ana}lyses/ ISO recommendations
harmonization
Orgqdnization role Establishing chain of custody and | The organization/role cdn be
The fole played by an organization for providing contact information |selected fromthe ISO WGS Slim.
in a process (e.g. sample collection, fﬁ;;fggﬁ;)l;pczzagieS‘;v(i::}ﬁ;a;;
micrpbial isolation, sequencing, o dy h
bioir|formatics) organization according to the pro-
’ cesses or analyses being performed.
Organization name Establishing chain of custody and _|The organization name [can be
The hame of the oreanization for providing contact information, “{provided as free text.
8 ) for follow-up analyses when data
may be shared with public
repositories or partners.
Firs{ name Establishing chain of custody and |Where personnel turnoyer can
L . for providing contaetipformation |affect the ability for follpw up, the
aASf;;’;rfli?:rinnedlii? drlllzrlnbeettf‘l/\z;léélr?notes for follow-up analyses. contact information may be sup-
menfbers of a group of individuals plied for a job position rjather than a
whoke members usually share the' specific individual. Thig information
samd surname y may be provided as freq text
Lastjname Establishing chain of custody and  |Where personnel turnoyer can
Alast name (surname) is a name forproviding contact information |affect the ability for follpow up, the
added to a given name and is part forfollow-up analyses. contact information may be sup-
of a personal name and is often thé plied for a job position rjather than a
family name specific individual. Thig information
y ' may be provided as freq text.
ob title Establishing chain of custody and  |Where personnel turnoyer can
g y p
. N for providing contact information |affect the ability for follpw up, the
;I‘}fleec:)z;r?aecf[)fthe job pasition held by for follow-up analyses. contact information may be sup-

: plied for a job position rfather than a
specific individual. Thidinformation
may be provided as freq text.

Street address Establishing chain of custody and | The street address can {nclude the
. for providing contact information |building number and street name.

The .tr?e,t addres‘s .d?s;crlbfs theh, for follow-up analyses. o RS

phy rcar (geograpicyrocation ot tie rormrat-vartaateaaatacentry.

laboratory facility.

Municipality Establishing chain of custody and | The municipality can be selected

Province/state/territory

The name of the province (P), state
(S) or territory (T) in which the
organization is located.

Establishing chain of custody and
for providing contact information
for follow-up analyses.

The province, state or territory can
be selected from the GAZ.

Country

The name of the country in which
the organization is located.

Establishing chain of custody and
for providing contact information
for follow-up analyses.

The country can be sele
the GAZ.

cted from
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Table B.1 (continued)

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendations

Email address

An email address is an identifier to
send mail to an electronic mailbox.

Establishing chain of custody and
for providing contact information
for follow-up analyses.

The email address can be provided
using validated data entry.

Telephone number

A telephone number is an identifier
used to connect to a physical device

Establishing chain of custody and
for providing contact information
for follow-up analyses.

Include the country and area code
along with the specific number
for the representative (which can
include an extension number). The

Capable of trpmrsfert g voiTe ot data
over a netwqrk.

telephone number may be proyvided
using validated data entry.
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Annex C
(informative)

ISO 23418:2022(E)

Geographic location of sample collection fields

Table C.1 — Geographic location of sample collection fields

M

ptadata field and definition

Role in data analyses/
harmonization

ISO recommend

htions

Latit

A mq
of th

ude

asurement that is the measure
b latitude coordinates of a site.

INSDC data standard (fulfils MDM
lat_lon field at NCBI/DDB]J; lat_lon
OR country at EBI).

Latitude can be.provided using

validated datatentry an

 should not

be abstracted to the centre of a city,
province/state or country as this

may/falsely implicate arf
location. “Missing” is an
valte if the information
ble or cannot be shared

If available, degrees lati

existing
acceptable
is unavaila-

fude can

be specified as d[d.dddd] N|S e.g.

38,98 N.

Long

A m¢q
of th

Fitude

asurement that is the measure
e longitude coordinate of a site.

INSDC data standard (fulfils MDM
lat_lon field at NCBI/DDBJ; lat_lon
OR country at EB]).

Use validated data entr
longitude, which should
abstracted to the centrg

/ to provide
not be
of a city,

province/state or countjry as this

may falsely implicate arf
location. “Missing” is an
value if the information
ble or cannot be shared

If available, degrees lon

existing
acceptable
is unavaila-

pitude can

be specified as d[d.dddd] WIE (e.g.

sam}ple was._collected.

7711 W).
Munijicipality INSDC data standard (fulfils MDM | The municipality can bg selected
The name of the city, towirorvillage geo_loc field). from the GAZ.
in which the organization.is located.
Proyince/state/terxritory INSDC data standard (fulfils MDM |The province, state or t¢rritory can
The province (PJstate (S) or geo_loc field). be selected from the GAIZ.
territory (T)<dnwhich the

Country INSDC public repository MDM The country can be selected from
(geo_loc field) the GAZ

The country imwhich the sampie =

was collected.
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Annex D
(informative)

Isolate passage history fields

Table D.1 — Isolate passage history fields

Metadatad field and definition

Role in data analyses/
harmonization

ISO recommendations

The number
that an isola

environment.

Number of passages

of serial subcultures
e has grown in one

An increase in the number of times
an isolate has been passaged may
result in the accumulation of
additional mutations.

The number of passages ¢an be
expressed as a numerical value
(positive integer) Using validatg
data entry.

d

propagate a

environment.

Passage prdtocol

The procedl:E‘e used to serially

isolate in an

Facilitates the comparison of
methodologies, as well as
analyses.

The passageptrotocol can inclug
when applicable, inoculum size,
mediactype, temperature and
dufation of incubation. The
passage protocol may be
provided as free text.
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Annex E
(informative)

ISO 23418:2022(E)

Antibiogram results and methods fields

Table E.1 — Antibiogram results and methods fields

Metadata field and definition

Role in data analyses/
harmonization

ISO recommendftions

Drug name

Antibiogram data standards (fulfils
NCBI Antibiogram “Antibiotic”

Standard chemical or ggneric drug
names, ratherthan common or

er thle concentration can be precise-
ly determined (denoted by = sign) or
is in range below (<) or above (>) the
valug given.

g?g tandard chemical name for a field). brand names, can be selected from
& the ISO-WGS Slim or the{ChEBI
ontotogy.
MIC yalue Antibiogram data standards (fulfils | Th€ MIC value can be prjovided
The humerical value of the MIC NCBI antibiogram “Measurement using validated data enfry.
field).
(e.g. A).
MIC pnit Antibiogram data standards{fulfils |The MIC unit can be provided using
The $tandard unit of the MIC (e.g. NC_B'I,A.ntlblogram Measurement |the ISO WGS Slim.
Unit” field).
ug/ml).
MIC sign Antibiogram data standards (fulfils |The MIC sign can be prdvided using
The $ign of the MIC indicates wheth- NCBI Antibiogram\‘Measurement |the ISO WGS Slim.

Sign” field.

Resistance phenotype

The resistance phenotype of an isa-
late fepresents the interpretatiof
of an MIC value with regard to(some
breakpoint threshold such @syesist-
ant (R), sensitive (S), intermediate
(D), wild type (WT) or hen-wild
type[(NWT).

Antibiogram data standards (fulfils
NCBI Antibiogram “Resistance
Phenotype” field).

The resistance phenotype depends
on the breakpoint thresholds
applied, which in turn depend on
the reference standard fised for
interpretation. Breakpdints can

also be host, organism,
fection site-specific. In
a standard requires hos

Hrug and in-
rases where
t, organism,

drug name and tissue specificity
(AST breakpoint) information for
the appropriate selectign of break-
points, these should be $pecified
using the ISO WGS Slim

Tissuespecificity (AST

Specifying criteria for breakpoint

Tissue specificity (AST preakpoint)

breakpoint)

The name of the tissue type used to
select breakpoints from a particular
standard, for the interpretation of
MIC results.

selection. Computable comparisons
of methodologies.

only needs to be specified when
the standard used to interpret the
MIC requires this information (e.g.
selecting CLSI veterinary break-
points). Tissue specificity can be
specified using the ISO WGS Slim.

Minimum drug concentration
tested

The lowest value of the drug’s
concentration tested (e.g. 0).

Specifying range of drug tested.
Computable comparisons of
methodologies.

The minimum drug concentration
tested can be provided as a numer-
ical value using validate data entry.
The units will be assumed to be the
same as the MIC.
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Table E.1 (continued)

Metadata

field and definition

Role in data analyses/
harmonization

ISO recommendations

Maximum d
tested

rug concentration

The highest value of the drug’s

Specifying range of drug tested.
Computable comparisons of
methodologies.

The maximum drug concentration

tested can be provided as a numeri-
cal value using validated data entry.
The units will be assumed to be the

The commer]
to determing
a commercia
include the t

cial kit or product used
the MIC (e.g. E-Test). If
| product was not used,
ype of media used.

concentration tested (e.g. 128). same as the MIC.

Lab testing method Antibiogram data standards (fulfils |The lab testing method can be
The type of assay used to determine HCB.I Ar,\l'filii,OgE?El ‘I'E.\aboratory specified using the ISO WGS Slim.
the MIC (e.g.|broth dilution). TR TR TS

Lab testing reagent Antibiogram data standards (fulfils |The lab testing reagent cambe

NCBI Antibiogram “Laboratory
Typing Method or Reagent” field).

described using free text.

The clinical :
lines or stan
the threshol
mining resis
(e.g. CLSI).

Lab testing standard

nd laboratory guide-
Hards that prescribe
] values for deter-
tance phenotypes

Antibiogram data standards (fulfils
NCBI Antibiogram “Testing Stand-
ard” field).

The lab testing standard can be|
specifiedwusing the ISO WGS Slifn.

Lab testing

The instrum
determine M

platform

entation used to
IC values (e.g. Vitek).

Antibiogram data standards (fulfils
NCBI Antibiogram “Laboratory
Typing Platform” field).

The lab testing platform can be
specified using the ISO WGS Slignlel,
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Annex F
(informative)

ISO 23418:2022(E)

Virulence factor detection and methods fields

Table F.1 — Virulence factor detection and methods fields

M

ptadata field and definition

Role in data analyses/
harmonization

ISO recommend

htions

Virullence factor name

The

hame of the virulence factor

molgcule produced by a pathogen

that
that
toal

specifically causes disease or
nfluences the host’s function
ow the pathogen to thrive.

Specifying virulence data.

Virulence factor gene ngme can be
included usingfree text

Virulence testing protocol Computable comparisons of Include, when applicablg, inoculum
The brocedure used to determine methodologies. preparation, pla‘ngrms hnd instru-
. mentation, conditions, dell lines and

virulence. . s :
animal models. This infprmation
can be provided using ffee text.

Detgction limit Facilitates the companison of Include the numerical cfit-off

methodologies, as well as (threshold) value and units for

The

letection limit denotes the

smalllest measure that can be de-

analyses.

determining positive re|

sults (e.g.

tectdd with reasonable certainty for qPCR value,_CFUs). _Thls~1nformat10n
: ; can be provided using free text.
a given analytical procedure.
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