/' 7
=

Z_ N ‘

/

}

]
i
/

§
A\

I

7’; y
B
KR
D
2
N A

Standards in life sciences

Thomas Denecker
Institut Francgais de Bioinformatique
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Metadata standards help describing data

How do you
describe the mm)
data ?
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How do you
With a set of = ensure you don’t
metadata forget certain
metadata ?

1 Titre

2 Auteur

3 Date

4 Résumé

5 Mot-clés

6 Identifiant

7 Format

8 Contexte de création

Disciplinary
standard
With a
mm) metadata
standard s
General
standard

Inspiré de https://www.pasteur.fr/fr/file/20615/download



https://www.pasteur.fr/fr/file/20615/download

Definition of a standard

In essence, a standard is an agreed way of doing something.

A standard provides the requirements, specifications, guidelines or
characteristics that can be used for the description, interoperability, citation,
sharing, publication, or preservation of all kinds of digital objects such as data,
code, algorithms, workflows, software, or papers.

source: https://fairsharing.org/educational/

Example of standard in biology : Gene Ontology
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https://fairsharing.org/educational/

The standards concern both data and metadata

Why do | have to use a data standard?

To analyse, compare and exchange data
To publish datasets in international resources

And a metadata standard?

- To describe data richly and accurately, with the same vocabulary as the rest of
your scientific community
- To make your metadata interoperable and to allow other systems to exploit them

Unifying Biology

The Gene Ontology is a metadata standard GENEONTOLOGY
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Question

Do you know any standard in life sciences ?
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Metadata exhibit questionable quality in biology

1,337,488 5,570 42,834 255,601

322,587
(68%) (73%) (26%) (26%) ¥

Submission in public resources is often
a complex task

Submission procedures are

heterogeneous
Metadata are often incomplete, . 7o I 7
inconsistent, redundant or not e Mty

enough informative
Quality of dictionary attributes in NCBI BioSample

according to their type, in Goncalves et al., 2019
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https://www.nature.com/articles/sdata201921

Standard adoption and perenity

There are thousand of databases,
softwares and resources in biology with
unequal level of standard adoption

Is is not always easy for Life scientists
and bioinformaticians to identify and
use the most appropriate standards
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1641 databases in NAR Database 2021

Rigden et al, 2021

28,


https://academic.oup.com/nar/article/49/D1/D1/6059975
https://academic.oup.com/nar/article/49/D1/D1/6059975
https://academic.oup.com/nar/article/49/D1/D1/6059975

Standard adoption and perenity

HOW STANDARDS PROUIFERATE:
(65 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

¥?! RiDICULOLS! SOON:
WE NEED To DEVELORP
STUATION: || SE JERAL SO || SITUATION:
THERE ARE USE CASES.  yepp THERE ARE
M COrPEING || || 15 compeTinG
STANDERDS. STANDPRDS.

)

Source:; https://xkcd.com/927/
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https://xkcd.com/927/

How do | find the standard |
heed ?
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FAIR sharing & re3data

IRsharin 5 re3datae —
LS LA,
= a

A curated, informative and educational resource on data and metadata
standards, inter-related to databases and data policies.

prod

and

FUNDERS

RESEARCHERS ~ DEVELOPERS & CURATORS  JOURNAL PUBLISHERS  LIBRARIANS & TRAINERS  SOCIETIES & ALLIANCES

G £
- Q’f/ Funders & data policy makers

Recommend FAIRsharing to your awardees to inform the development of

3 ’;’,’ their data management plan, and select the appropriate resources to
it : :
N recommend in your data policy... -
— K B oo L i e -
-
v & g ® ®

re3data.org - Registry of Research Data

Sansone, et al. FAIRsharing as a community approach to Repositories. https://doi.org/10.17616/R3D last

standards, repositories and policies. Nat Biotech. 2019
https://doi.orqe10.1038/s415g7-019-0080-8 accessed: 2023-01-25
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https://doi.org/10.1038/s41587-019-0080-8

ENA

GENERAL INFORMATION

Registry

Description

Homepage
Yaar o Creation

Maintainers
Countries developing this
Subjects

Domains.

Taxonomic Range

User Defined Tags

¢

European Nucleotide Archive ®
& 102550

0.25504/FAIRsharing dgnts I8

Repository
Database

s et e solos i B0 S5 S onprshe S S e o s o oo S sl (i erc e

oot and e contntn ot it 1o put of the

as a platform for sequence data, follo of service dat .

and programmatic interfaces The ENA s part of the Interational Nucleotide Sequence Database Collaboration (wsncy‘ which comprises the DNA DataBank of Japan (0DBJ), the
9

ttp /v b ac.ukfena

Japan, United States, European Unior

Data Goodination

i
How to cite this record Publication for citation
keopasa@obitors (B)
Qsearch through i coletions - Q search through elated sandarc -

< oE" BONFORMATIGUE

https://fairsharing.org/FAIRsharing.e1byny
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Repository detalls (8l c)] a

European Nucleotide Archive

General Institutions Terms Standards
Name of repository European Nucleotide Archive
Additional name(s) ENA
Repository URL https://www.ebi.ac.uk/ena/browser/home
sublect) o Jtoain ] v Gorncs | ot nd o o |
o]
Description The European Nucleotide Archive (ENA) captures and presents information relating to experimental

workflows that are based around nucleotide sequencing. A typical workflow includes the isolation
and preparation of material for sequencing, a run of a sequencing machine in which sequencing data
are produced and a subsequent bioinformatic analysis pipeline. ENA records this information in a
data model that covers Input information (sample, experimental setup, machine configuration), output
machine data (sequence traces, reads and quality scores) and Interpreted Information (assembly,
mapping, functional annotation). Data arrive at ENA from a variety of sources. These include
submissions of raw data, assembled sequences and annotation from small-scale sequencing efforts,
data provision from the major European sequencing centres and routine and comprehensive
exchange with our partners n the International Nucleotide Sequence Database Collaboration
(INSDG). Provision of nucleotide sequence data to ENA of Its INSDC partners has become a central
and mandatory step in the dissemination of research findings to the scientific community. ENA works
with publishers of scientific literature and funding bodies to ensure compliance with these principles
and to provide optimal submission systems and data access tools that work seamlessly with the
published literature.

Contact https:/www.ebi.ac.uk/ena/browser/support

Content typets [ centicanssatnia st trmats L ravarossd v svucrsaapics ] oo | sorvarsoptcns
(Feee

Keywordts) s [ ot s ] eperomice [ gsams | i grac | mtaprari | o o | s
o=

Persistent identifier(s) of the RRID:nif-0000-32981

repository RRID:SCR_006515
OMICS_01029
MIR:00000372
FAIRsharing_doi:10.25504/FAIRsharing.djént8

Repository type(s) disciplinary

Mission statement for https://www.ebl.ac.uk/ena/browser/about

designated community

Research data repository English

language(s)

Data and/or service provider data provider

service provider

Back to search Submit a change request Get a badge

Cite this re3data.org record:

: uropean Nucleotide Archive; editing status 2021-12-13; re3data.org - Registry of Research Data Repositories.
DataCite nnp//am org/10.17616/R3HW3J last accessed: 2023-01-25

https://www.re3data.org/repository/r3d100010527



https://www.re3data.org/repository/r3d100010527
https://fairsharing.org/FAIRsharing.e1byny

Pride

GENERAL INFORMATION Repository details

“ PRIDE . PRoteomics DEntficatons database (R0 @ @ @ @ PRoteomics IDEntifications Database

©

04/FAIRsharing e1byny

General Institutions Terms Standards

w@l

Repository
pateace Name of repository PRoteomics IDEntifications Database
Description The PRIDE PRoteomics IDEntfcations (PRIDE) Archive database is  centraized, standards compliant, public data repository for mass spectromelry proteomics data, incluing protein and pepide identfcations and the Additional name(s) PRIDE
comesponding expression values, postransiational modifcations and supporting mass spectra evidence (both as raw data and peak st fles). PRIDE is a core member i the ProteomeXchange (PX) consortium, which provides a
y Repository URL https://wwwdev.ebi.ac.uk/pride/

Homepage http:/wwwebi ac.uk/pride;

Sublect)

VearofCreation 2008 "Analytoal Chemistry, Method Development (Chemistrs) ] Life Scences

Countries developing this resource Austria, Belglum, Croatia, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, loeland, Ireland, Israel, ialy, Litwsanla, Luxembourg, Mata, Montenegro, Netherlands, Norway, Portugal, Siovakia, Spain, Description The PRIDE cs ID database Is a standards compliant, public data
Sweden, Switzerland, United Kingdom repository for proteomics data, including protein and peptide identifications, post-translational

modifications and supporting spectral evidence. PRIDE encourages and welcomes direct user

submissions of mass spectrometry data to be published in peer-reviewed publications.

Eomabe CED G CRIETT CD CIEIEETIETT) (R CRIETD D Content typels) [ structured txt | standaroffios documents [ images | structured graphics | piaintext |
oo g o [Scienine s saisica oo formts | Sotuars spptcsions | e coa |

— e Keywora) rin s | s spcs | s oacromas 1 peptgntctons 1o auticsions | e
[ view necaTion nar

Subjects Prot

Persistent identifier(s) of the RRID:nif-0000-03336
P - repository RRID:SCR_003411
How to cite this record Publication for citation ‘OMICS_02456
FAIRsharing org: PRIDE: o oo: 907, The PRIDE database and related tools and resources in 2019: improving support for quantification data. Perez Riverol YCsordas ABai MIR:00100094
Las dito: lysonliser, LastAcsessed: Wednesday, Jonuny 262023, 1553 4 8ematLinares MHewapathirana SKundu DJinugans AGrss JMayer GEisenacher M Peez E\szkoreit JPeuer JSachsenberg TYimaz FAIRsharing_doi:10.25504/FAIRsharing.e1byny
STy 0.1093/marhy1108
Repository size 13.226 datasets
Record D 1863 | 8 Tuesd 16231 3 Vondoy, o0 Repository type(s) disciplinary
Mission statement for hitps://w ebi.ac
designated community
Qsearch throughin - Q search through related stan - Research data repository English
language(s)
IN COLLECTIONS (4) I PoLICIES (36) RELATED STANDARDS (15) RELATED DATABASES (16) Data and/or service provider data provider
Back to search Submit a change request Get a badge
Cite this re3data.org record:
£osCiife O Transition Markup Language . re3data.org: PRoteomics IDEntifications Database; editing status 2021-11-09; re3data.org - Registry of Research Data
_— " - P DataCite  Repositories. http:/doi.org/10.17616/R3JG6V last accessed: 2023-01-25

https://fairsharing.org/FAIRsharing.e1byny

https://www.re3data.org/repository/r3d100010137
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https://fairsharing.org/FAIRsharing.e1byny
https://www.re3data.org/repository/r3d100010137

Biolmage Archive

GENERAL INFORMATION

©

Type
Registry

Deseription

Homepage
Year of Creation

Maintainers

Countries developing this
resource.

Subjects

Domains.

‘Taxonomic Range

Biolmage Archive (Biolmage Archive) =)
Repository

Database

‘The Biolmage Archive stores and distributes biological images that are useful to life-science researchers. Its development will provide data archiving services 10 the broader bioimaging
This includ a5 EMPIAR, CellDR and Tissue-IDR

ttps://www.ebi.ac.uk/bioimage-archive/

09
usis (B) . matthewh
Austs, Belgum, Croats, Czech Republic,Denmrk, Finand, Franc, Germany, Gresce, Hungry, celand, rland, sral, sl Lituani, Luxembourg, Mala, Montenegro

Netherlands, Norway, Portugal, Slovakia, Spain, Sweden, Switzerland, United Kingdom

User Defined Tags PreClnical Inaging
IEW RELATION GRAPH
s How to cite this record & Publication for citation
Dot 10 D2k, Last Edited: Thursday, A call for public archives for biological image data.. Ellnberg JSwedlow JRBarlow MCook CESarkans
November 24th 2022, 14:48, Last Eitor: ramon granel, Last Accessed: Tuesday, January 3151 2023, 13:49 UPatwarchan ABrazma ABimey E (2018) 10.1038/541592018.0195.8

Record ID 2830 | £ Record created at Thursday, October 17th 2019, 1823 | & Record updated at Wednesday, December 7th 2022, 16:57

COLLECTIONS & RECOMMENDATIONS RELATED CONTENT
(S ET——— - Q search hrough elated standords =

IN COLLECTIONS (5)

IN POLICIES (1) RELATED STANDARDS (1) RELATED DATABASES (3)

EOSCLife

Recommended Metadata for Biological Images

<’ IFB

INSTITLT FRANCAS 36 BIONFORMATIGUE

https://fairsharing.org/FAIRsharing.x38D2k
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Repository details 18] o]
Biolmage Archive

General Institutions Terms Standards

Name of repository Biolmage Archive

Additional name(s) BIA

Repository URL https:/Awww.ebi.ac.uk/bioimage-archive

Sudject) oo gt na et eseaen ] Lo Scirces | Bomtcs ana Traorsicr Biooas | By
Description The Biolmage Archive stores and distributes life sciences imaging datasets. It supports deposition of

biological imaging data associated with publications for the whole research community, as well as
reference imaging datasets. All data deposited to the Biolmage Archive is made openly accessible to
the scientific community.

Contact bioimage-archive@ebi.ac.uk
https://www.ebi.ac.uk/bioimage-archive/contact-us/

Content typers) [ oges [ e [ oo it oo tomats | cived i
Keywora) Lotoming | o <onanssroning | iroscoy

Persistent of the \g_doi:10.2 F .x38D2k
repository

Repository size 694 datasets

Repository type(s) disciplinary

Mission for https://www.ebi.ac.uk/bioimag ope/

designated community

Research data repository English
language(s)
Data and/or service provider data provider

service provider

Back to search Submit a change request Get a badge

Cite this re3data.org record:

s re3data.org: Biolmage Archive; editing status 2022-08-13; re3data.org - Registry of Research Data Repositories.
DataCite  nttp/dol.org/10.17616/R31NINSS last accessed: 2023-01-31

https://www.re3data.org/repository/r3d100013949



https://fairsharing.org/FAIRsharing.x38D2k
https://www.re3data.org/repository/r3d100013949
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The ISA model

g
A standard for Life Science Data hghﬁ:fdp -
A model to capture experimental metadata /\ "t . o
mgm under study, its characteristics
through 3 core entities: @ @ and a;thzat%en;sapéliedf
a study has associated assays
e Investigation: the project context e pertorm ater o
e Study: an experimentation in one bjoct, which produce
measuremente (data) <

J/

° fgzg?/?a specific measurement that

targets a trait with a method and a scale assay(s) assay(s)

pointers to data file
names/location

. external files in

. . . i her for-

ISA software suite: supporting standards-compliant che' T s e
experimental annotation and enabling curation at the data data

community level. Rocca-Serra P et al. Bioinformatics

2010. https://doi.org/10.1093/bioinformatics/btq4 15 Sources: https://isa-tools.org and : https://isa-

specs.readthedocs.io/en/latest/isamodel.html

L]
IFB el

FRANCE


https://isa-tools.org
https://isa-specs.readthedocs.io/en/latest/isamodel.html
https://isa-specs.readthedocs.io/en/latest/isamodel.html
https://doi.org/10.1093/bioinformatics/btq415

ISA tools

~ isa—tools.org Curate, store, analyse, share and publish your bioscience experiment

2 github

GITHUB.COM/ISA-TOOLS

Describe & curate your

experiment with geo-

graphically distributed
collaborators

3]

A growing number
of editors export
1SA-tab already,
add yours...

—@ Createyouromn — @
repository

Perform
® . onalysis

Refinery
Platform

'.' w \‘
H O
o ¥
s isacreator .
e configurator ¢
. .

Create templates to fit the
type of experiments to be

described
S g
+ lsacreator .
- Lo
Curate your experiment
using a desktop-based,
platform independent tool.
2 ot
INGAS “E" BONFORMATIOUE FRANCE

ARRAYEXPRESS
R4
22 6 ENAZ
PRIDE

Q il MetaboLights

Submit your

@ cxperiments to

public repositories

Direct
submission
Share, link and
—@ cxperiments with
linked data
n
GIGAR E  (GIGA) 0

Lo " doayin
articles
SCIENTIFIC DATA

SPRINGER
NATURE

O O

Core ISA tools

Externally
developed tools
using ISA

=
.

N Low maintenance

_! mode

No longer maintained
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The FAIRsharing portal

Citable DOI for all records

Accessible via APl or web interface

Curation

RECORD
STATUS

[ ]
IFB e@ﬁ
AN £ BIOINFORMATIQUE FRANCE

FAIRsharing.org

informative and educational resource

=

DATA POLICIES Curated inter-linked REPOSITORIES,
by journals, funders, descriptions databases and
knowledgebases

and other organizations

Formats Termmologle Guldellnes Identifiers

COMMUNITY STANDARDS
for metadata and identifiers

Ready for use, implementation, or recommendation
All records are manually curated
in-house, verified and claimed by the
community behind each resource

In development
Status uncertain

Deprecated as subsumed or superseded

©CHO

https://fairsharing.org ©

18


https://fairsharing.org

The Genomic Standards Consortium (GSC)

0" - N
@0® < > M | © [z hpsifairsharingorlcoliection/GSC cJo| nla & fairsharing.org coflm)l o)
l 2+ FARsharing Collecton: Genomic Standards Consortium I+ - FARsharing [+
FAIRsharing.or FAIRsharing.or
Zenenanng org 8 Lsenanng ofd 8
bsg-c000040 Graph Viewer: Collections > Genomic Standards Consortium
ut .
/ i enomic Standards Consortium 0
gSTANDARDSwnsomum Show tags panel
Inner
The Genomic Standards Consortium (GSC) is an open-membership working body formed in September 2005. The aim of Databases @ Standards
the GSC is making genomic data discoverable. The GSC enables genomic data integration, discovery and comparison [ poices
through international community-driven standards. Outer
This record is maintained by: rwalls [S]@ —
Record added: Oct. 24, 2017, 1:07 p.m.. I Prss - MiGSMIMS
Record updated: Oct. 24, 2017, 3:50 p.m. by The FAIRsharing Team. s

E=ES ~ =

Taxonomic range GCOML
€ Al
. -6
Knowledge Domains /
xS - MIMARKS
# Genome Logend E
Subjects @ o .Genomic Standards Consortium
# Genomics rouer
@ coucnon
T
IR e O U CEEM  picase sclect a Collection or Recommendation v -
recomeos i
General collection/recommendation statistics: ——
Stats for Genomic Standards Consortium (bsg-c000040): reurEDTO

Publications

https://fairsharing.org/collection/GSC

https://fairsharing.org/graph/#/collection/bsg-c000040
IFB  elixir @001 19
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https://fairsharing.org/graph/
https://fairsharing.org/collection/GSC

The FAIRsharing portal: record status - ) :

Please don’t use “Uncertain” or “Deprecated” standards

@ Ready for use, implementation, or recommendation

@ In development

s uncertain

| ZIFB E’(Xf" https://fairsharing.org



https://fairsharing.org

Standard maintenance is a key point

Standard records that have maintainers  Standards that have a publication

" Yes ' No " Yes ' No

https://fairsharing.org/summary-statistics/?collection=standards

[ ]
;QFB el:}(r’.
INSTITUT FRANCAS 3" BIOINFORMATIQUE FRANCE

59.3 % of standards have no
maintainer

59.4% of standard has no
publication



https://fairsharing.org/summary-statistics/?collection=standards

Types of data standards

Minimum information
Conceptual reporting requirements,
model, schema, checklists...

exchange e.g. MIAME guidelines
formats,efc... \ /

e.g. SBML,
FASTA Formats Terminologies | Guidelines Identifiers

©<0
|

Controlled vocabularies,

\

Formal systems for
resources and digital

taxonomies

S objects that allow their
ontologies... identification
e.g. Gene Ontology e.g. DOI

L] *
IFB_ elir

FRANCE




The landscape of standards in life sciences

FASTQ
FASTA

GFF
Newick
BAM

MINSEQE

SBML
MIAME

EC number
VCF

° >
< IFB e@ﬁr
N £ BIOINFORMATIQUE FRANCE

enomsc
n=432 n=539 n=180 n=18 gSTANDARDSconsomum
Formats Termmologle Gundellnes Identlf ers ,
isatools
GENEONTOLOGY
Unifying Biology
COMMUNITY STANDARDS 3% o Ontology

for metadata and identifiers

for agricultural data

;’gBEASE
NTOLOGY
Source:
https://fairsharing.org/search/?qg=Lifet+science

23


https://fairsharing.org/search/?q=Life+science

Collections in the FAIRsharing portal

SN

A collection include standards and/or
databases grouped by domain, species or
organization

Graph view to visualize relationship links
between resources

https://fairsharing.org/collections/

[ ]
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https://fairsharing.org/collections/

Collections in Life Sciences

63 collections related to Life Science
standards in FAIRsharing

Example 1: the FAIRdom
community Standards
collection (System biology)

https://fairsharing.org/collection/FAIRDOM

[ ]
ZIFB E@(F’
INST RANGAS 2 BIOINFORMATIGUE FRANCE

L
e

Loginor Register
Graph Viewer: Collections > FAIRDOM Community Standards
A X Fit & Centre Graph

o @as O
ggiyg g
g8 = g

sssssssssssssssssssssss

nnnnn

sssssss

eeeeee

coucnon

TERMINOLOGY ARTIFACT

uuuuu

RECOMMENDS.

sssssssss



https://fairsharing.org/collection/FAIRDOM

Some collections are recent

Example 2: The Covid-19 collection aoslele

FAIRsharing.or
> standards, umg ‘‘‘‘‘‘‘ g Q searchallof FAIRst
rapi Viewer: Collections > COVID-19 Resources
o <Dl o] ) ol bl o
! ‘LJ - - FAMRsharing Collection: COVID-10 Resources 1+ Layout CoE N Zoom
| Bsharingorg CERERRERY s | 0w | e | cocns | mcincnien | s | s |
| Subjects.

O i
@
[ ——
chchchch Ocore
= ® oo P
== - 0
@ couscron @
AR Ooen
MODELIFORMAT e -
REPORTING GUDELINE co WHO norms for sharing data and resuts  pubic health
Pl ety g~ 4o 4
e
——— couscrs @ @oscn
‘‘‘‘‘‘‘‘
= e
==
o [ Tr—

https://fairsharing.org/collection/COVID19Resources https://fairsharing.org/graph/#/collection/bsg-c000070

L]
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https://fairsharing.org/graph/
https://fairsharing.org/collection/COVID19Resources

What about the minimum required metadata in biology? o '.

Example 3: the Minimum Information for e — —

Biological and Biomedical Investigations I S T —
collection

https://fairsharing.org/collection/MIBBI

[ ]
< IFB el:}(r"
NSTILT FRANGAS 2 BONFORMATIGUE FRANCE



https://fairsharing.org/collection/MIBBI

Summary statistics about standards

Top 10disciplines covered by standards Top 10 standard producing countries Top 10 species covered by standards
1100 6007 1
1000 550 ° . ]
0 0 o Life Science is one of the best
800 450 . . .
£ 0 covered discipline
£ % as0 £
£ 600 g £ 400
3 s %0 s
2 500 2 250 2 300
.
2 2 ’ US and UK are the main
300 150 200
100 standards producers
100 50
0 Discipline ' 0 Countries ' 0 Species
Natural Scif Life Scit United Stat United Kingd Worldwid All 1 Not licabl Hi i Plant: M M
Engine:r;I:SciC;:::e Cc:v:p:tleez?;iience ::'aence = eéerma:lye,. I\Ilrt‘:hzinds orSp‘;vilne Mus muscouljf‘i Ic;a;eria om:rz:‘:::s Euka;yaoia H u m a n S p e C I e S I S t h e b e St
Informatics M Biomedical Science European Union Switzerland Canada Vertebrata Rattus norvegicus

Ontology and Terminology ' Medicine

Humanities and Social Sciences @ Omics Cove re d S p e C i e S

https://fairsharing.org/summary-statistics/?collection=standards
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https://fairsharing.org/summary-statistics/?collection=standards

Practice

Find the Genomic Standards Consortium (GSC) used by both ENA
and SRA databases in the FAIRsharing collections

Use both the record summary and the Graph visualization to
interpret and answer the questions in zoom:

1. How many records (i.e. standards) are associated to the GSC ?

2. What type of standard is Minimum Information about any (x)
Sequence (MiXS) ?

3. What is the record status of the GAZ record ?

]
g_ylFB el?ﬁ‘ Source: https://gensc.org



https://gensc.org

The Genomic Standards Consortium (GSC)

e An international community-driven S
. i pon e MIGS MIMS MIMARKS . Ni‘;‘.’ ;
standard in Genomics producer of the ProRes checklsts
MIXS' Minim um Informa tion Standards , Checklists l I Q}‘" Q?’" Q\/" QD "oQg’l |metagenomes] | survey ] Ispecimen I e.g., pan-genomes
collection date, environmental package, environment (biome),
a b ou t a ny( X) S equ ence Shared environment (feature), environment (material),
descar‘i;;ors geographic location (country and/or sea, region),

geographic location (latitude and longitude), investigation type,
project name, sequencing method, submitted to INSDC

assembly, estimated size,
Checklist- finishing strategy,
. - T isolation and grgwth condftion, t t
e MIxS includes technology-specific s || number of repiicons, loiy, arget gene
propagation,
i fi for biomaterial
checklists (MIGS, MIMS, MIMARKS,...) reference for biomateria
and also allows annotation of sample N Air Microbial maybiofiim
envFi)rz;mental Host-associated Miscellaneous natural or artificial environment
data using environmental packages packages R Plant associated
(measurements Human-oral Sediment
and Human-gut Soil
observations) Human-skin Wastewater/sludge
Human-vaginal Water

Yilmaz et al, 2011

g)":B EIM. Source: https://gensc.org @
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https://gensc.org
https://www.nature.com/articles/nbt.1823
https://www.nature.com/articles/nbt.1823
https://www.nature.com/articles/nbt.1823

