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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 documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-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 Commiittee ISO/TC 276, Biotechnology.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

Life science research and the application of the obtained results in the biotechnology, diagnostics and
pharmaceutical industries depend on complex data obtained from a wide range of assays, biological
and functional studies, as well as process descriptions, laboratory and field measurements. This
includes the use of the derived data for computational reconstruction, modelling and simulation of
biological, biotechnological and physiological processes, as well as their applications in biotechnological
workflows. Data enabled life sciences and biotechnology research span across a wide range of biological
and biotechnological domains and applications (e.g. human health, genetically engineered organisms,
environmental sciences, agriculture, bioremediation, DNA sequencing, chromatography, microscopy).

Data driven
the use of ¢
data.ll] Dat{
by format d
unambiguot
recorded, pi
utilization.

These life 5
accessible, i
accessible a
data proven|
metadata (i

This docun
science datad
subdomain-
biological d
and rules fq
standards a

guidelines for coherent, subdomain overarching data formatting and description, as a found

for data int
specific star]

data intensive and big data analytical approaches in the 1ife SCIENCES are possibie Only
bmputational methods and through consistent description, structuring and integnati
| storage, representation, meaning, interpretation, exchange and re-use are @lDaffg
esign. This document satisfies a critical need to set a framework for intergpérablg
Is data recording, description and transfer by setting fundamental requirements for
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Biotechnology — Requirements for data formatting and
description in the life sciences

1 Scope

This document specifies requirements for the consistent formatting and documentation of data and
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Normative references

Térms and definitions

Sponding metadata tie. data describing tie data armd it comtext) 1 tire tife STIeTTe
chnology, and biomedical, as well as non-human biological research and development
hince on rendering data in the life sciences findable, accessible, interoperable and-reusal

document is applicable to manual or computational workflows that systematically cap
Legrate data and corresponding metadata in the life sciences for other purposes.

document provides formatting requirements for both primary expéenimental or proc
ned manually and machine derived data. This document also deséribes requirements
ng, accessing, interoperability and reuse of data and corresponding metadata in the li

document specifies requirements for large quantities of\data systematically obf
mated high throughput workflows in the life sciences, as wéll as requirements for lar
[-scale data sets obtained by other life science technologies and manual data capture.

imited to: basic/applied research in all domains of the life sciences, and industr
ultural, or environmental biotechnology (excluding for diagnostic or therapeutig
ell as methodology-driven domains, suchas genomics (including massive parallel
genomics, epigenomics and functionalhgenomics), transcriptomics, translatomics,
bolomics, lipidomics, glycomics, enzymology, immunochemistry, synthetic biolo
gy, systems medicine and related fields.

following documents-are’referred to in the text in such a way that some or all of t
fitutes requirements-ef this document. For dated references, only the edition cited
ted references, the\latest edition of the referenced document (including any amendme

601-1, Date qad’time — Representations for information interchange — Part 1: Basic rull

601-2, Date and time — Representations for information interchange — Part 2: Extensio

s, including
. [t provides
ble (F-A-I-R).
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fe sciences.
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document is applicable to many domains in biotéchnology and the life sciences including, but
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heir content
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For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— 1

|

3.1
ASCI
Ame

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

EC Electropedia: available at https://www.electropedia.org/

I
rican Standard Code for Information Interchange

character encoding standard for electronic communication

Note 1 to entry: ASCII codes represent text in computers, telecommunications equipment and other devices.
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Note 2 to entry: Most modern character-encoding schemes are based on ASCII, although they support many
additional characters. In an ASCII file, each alphabetic, numeric or special character is represented with a 7-bit
binary number (a string of seven Os or 1s). 128 possible characters are defined.

Note 3 to entry: The 7-bit ASCII is documented in ISO/IEC 646.

3.2

backward compatibility

compatibility of a newer coding standard with an older coding standard where the decoders designed to
operate with the older coding standard can continue to operate by decoding all or parts of a bitstream
produced according to the newer coding standard

3.3

character
printable symbol having phonetic or pictographic meaning and usually forming part of a wprd of|text,
depicting a pumeral or expressing grammatical punctuation

3.4
characterigtic
abstraction that qualifies a property (3.37) of an object (3.31) or of a set of objects

[SOURCE: IS0 1087:2019, 3.2.1, modified — “that qualifies a property of ancgbject or of a set of objects”
has replaced “of a property”, and the example and note to entry have beén deleted.]

3.5

class
description pf a set of objects (3.31) that share the same propegties, operations, methods, relationghips
and semantics

3.6

code
system of ryle(s) to convert information such as text, images, sounds or electric, photonic or magnetic
signals into pnother form or representation to facititate analysis, communication or storage in a stqrage
medium

3.7
concept
unit of knowledge created by a unique combination of characteristics (3.4)

[SOURCE: IS0 1087:2019, 3.2.7,Gnodified — Notes 1 and 2 to entry have been deleted.]

3.8
context
circumstange, purpose and perspective under which an object (3.31) is defined or used

[SOURCE: ISO/IE€%1179-1:2015, 3.3.7, modified — Note 1 to entry had been deleted.]

3.9
data
reinterpretable representation of information in a formalized manner suitable for communication,
interpretation or processing

[SOURCE: ISO/IEC 2382:2015, 2121272, modified — Note 1, 2, and 3 to entry have been deleted.]

3.10
data element
unit of data (3.9) that is considered in context (3.8) to be indivisible

Note 1 to entry: This term is meant for the organization of data.

2 © IS0 2022 - All rights reserved
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Note 2 to entry: The definition states that a data element is “indivisible” in some context. This means it is possible
that a data element considered indivisible in one context (e.g. telephone number) can be divisible in another
context (e.g. country code, area code, local number).

[SOURCE: ISO/IEC 15944-1:2011, 3.16, modified — “(in organization of data)” was deleted from the
term, the example and Note 1 to entry were deleted, and new Notes 1 and 2 to entry were added.]

3.11
data

format

arrangement of data (3.9) in a file or stream

[SOU

RCE: ISO/TS 27790:2009, 3.18]

3.12
data

prop
[soy

3.13
data
grap
inter

[SOU

3.14
data
indiv
[SOU

3.15
data
data
ident

Note
spati
small

Note
proce
form

[soy
3.16

integrity
brty (3.37) that data (3.9) have not been altered or destroyed in an unauthorized’mant

RCE: ISO/TS 27790:20009, 3.19]

model
hical and/or lexical representation of data (3.9), specifyingitheir properties, sti
relationships

RCE: ISO/IEC 11179-1:2015, 3.2.7]

provider
idual or organization that is a source of data (3.9)

RCE: ISO/IEC/IEEE 15939:2017, 3.5]

set

bet

ifiable collection of data (3.9) available for access or download in one or more data for
1 to entry: A data set can be a smaller grouping of data, which, though limited by some const

h1 extent or feature type,‘is/located physically within a larger data set. Theoretically, a data
as a single feature or feature attribute contained within a larger data set.

2 to entry: A dataset may be presented in a tabular form and stored and distributed in tg
ssed documents, spread sheets or databases. It could also be presented in any one of a number
hts, including AVRO, JSON, RDF and XML.

RCE: ISO/TEC 11179-7:2019, 3.1.4]

er

ucture and

mats (3.11)

raint such as
set can be as

bles in word
pf alternative

datal

tvbhe

class
Note
Note
Note
Note

3.17
data

if;c;tion of data (3.9) indicating how it can be used

1 to entry: Data type provides a set of values from which an expression can take its values.
2 to entry: It characterizes both the content and the structure of an element.

3 to entry: It characterizes properties of those values and operations on those values.

4 to entry: Data types can be categorized in many ways, e.g. as master data or reference data.

representation paradigm

tool for data (3.9) representation providing a well-defined syntax that is devoid of any application-level
semantics
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any concrete or abstract thing that exists, did exist or can exist, including its properties and interactions
with other things

3.19

extensibility
provisions in an early version of a data format (3.11) that are designed to maximize the interworking of
implementations of that early version with the expected implementations of a later version of that data

format

3.20

forward co
compatibilif]
to operate W

[SOURCE: IS
newer codir]
an older cod

3.21
identifier
sequence off
specified co

[SOURCE: IS

3.22

interoperal
ability of tw]
has been ex

[SOURCE: IS

3.23
IRI

internation
sequence of
that with wi

Note 1 to ent
by greatly ex

3.24
JSON
JavaScript (

mpatibility
rith the newer coding standard can decode bitstreams of the older coding standard

0/1EC 13818-3:1998, 2.1.108, modified — “compatibility of an older codingstandard w
g standard where the” has replaced “A newer coding standard is forward compatible
ing standard if”.]

characters (3.3), capable of uniquely identifying that withwhich it is associated, wit
ntext (3.8)

0/IEC 11179-1:2015, 3.1.3, modified — Notes 1 and 2.t6 entry have been deleted.]
hility

0 or more systems or components to exchange information and to use the information
thanged

0/TS 27790:2009, 3.39]

alized resource identifiep
characters (3.3) from the.iniversal coded character set (3.51), capable of uniquely identi
nich it is associated,-within a specified context (3.8)

ry: IRI is an intern€t protocol element standard that builds on the uniform resource identifier |
panding the set of permitted characters.[3]

Dbjéct Notation

y of an older coding standard with a newer coding standard where the decoders désigned

rith a
with

hin a

that

open and tej

kt-based exchange format

Note 1 to entry: Data transmitted in JSON formats make it easy to read and write (for humans), parse and

generate (for
[SOURCE: IS
3.25

computers).

O/TS 23029:2020, 3.3]

long-term storage
storage, for a period of undefined length, of data (3.9) kept for permanent retention

[SOURCE: IS

0 11799:2015, 2.3, modified — “data” has replaced “material” in the definition.]
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maintainer
maintenance organization

indiv

3.27

idual or organization that maintains the data format (3.11)

metadata
data (3.9) that defines and describes other data (3.9)

[SOURCE: ISO/IEC 11179-1:2015, 3.2.16]

3.28

metgdata object
objedt (3.31) type defined by a metamodel

[SOURCE: ISO/IEC 11179-1:2015, 3.2.18]

3.29

metgdata attribute
attripute of an instance of a metadata object (3.28) commonly needed imits’specification

3.30

namgespace

class

instantiated as uniform resource identifiers (3.49)

Note

easily identified.

Note

contgxts.

3.31

objefrt
anything perceivable or conceivable

Note|[l to entry: Objects can be maferial (e.g. “engine”, “sheet of paper”, “diamond”), immaterial (e.g

ratio’

[SOURCE: 1SO 1087:2019,3.1.1]

3.32

ontology
collertion of terms (3.47), relational expressions and associated natural-language definiti

with

Note
know

(3.5) of elements that are used to identify and refer to ghjects (3.31) of various kind{

1 to entry: A namespace ensures that all of a given set of objects have unique names so tha

2 to entry: Namespaces are commonly structured as hierarchies to allow reuse of name

» o«

» o«

, “project plan”) or imagined.(e.g. “unicorn”, “scientific hypothesis”).

one or more formal theories designed to capture the intended interpretations of these

1 t6_éntry: An ontology defines a set of representational primitives with which to model]

that can be

[ they can be

in different

. “conversion

ns together
definitions

a domain of

lédge or discourse. The representational primitives are typically classes (or sets), attributes (o

I properties),

and relationsnips (or relations among class members). The definitions of the representational prim
information about their meaning and constraints on their logically consistent application.

[SOURCE: ISO 23903:2021, 3.18]

3.33
OWL

web ontology language
web-based language designed for use in applications that need to process the content of information

[SOURCE: ISO 14199:2015, 3.6]
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permissible value

designation
[SOURCE: IS
3.35

of a value meaning

0/IEC 11179-1:2015, 3.3.20, modified — Notes 1 and 2 to entry have been deleted.]

persistent identifier

PID

unique identifier (3.21) that ensures permanent access for a digital object (3.31) by providing access to
it independently of its physical location or current ownership

[SOURCE: IS

3.36
predicate
qualifier
relationship
resource

3.37
property
characterist]

3.38
proprietar)

non-free computer software for which the software's publishéer or another person retains intelle

property rig

3.39
provenanc
information
of authentic

[SOURCE: IS

3.40
publisher
individual o

3.41
quantity
quantitative

property (3.
expressed a

[SOURCE: IS

0 24619:2011, 3.2.4, modified — Note 1 to entry has been deleted.]

between a data set (3.15), or a data element (3.10), and a specific subject of a refere

c (3.4) common to all members of a class (3.5)

 software

hts, usually copyright of the source code (3.6) and sometimes also patent rights

on the place and time of origin, derivation or generation of a resource or a record or |
ty or of past ownership

0/1EC 11179-7:2019, 3.1.10]

I organization that has)published a data format (3.11)

value
B7) of a phienomenon, body, or substance where the property has a magnitude that c§
5 a number and a reference

nced

ctual

broof

in be

O/IEC Guide 99:2007, 1.1, modified — “quantitative value” has been added as the adm

itted

term, and th

3.42
RDF
Resource D

e notes 1o entry and the example have been deleted.|

escription Framework

XML (3.53) syntax for describing metadata

[SOURCE: IS

3.43
reification

0 16684-1:2019, 3.6]

making a topic represent the subject of another topic map construct in the same topic map

[SOURCE: IS

O/IEC 13250-2:2006, 3.11]
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3.44

repository

data repository

implementation of a collection of data (3.9) along with data access and control mechanisms, such as
search, indexing, storage, retrieval and security

Note 1 to entry: A repository can cover aspects of data governance, data stewardship and data ownership.

[SOURCE: ISO/IEC 20944-1:2013, 3.21.12.19, modified — “repository” has been added as the preferred
term and the example has been deleted. Note 1 has been added.]

3.45
semantic interoperability
ability for data (3.9) shared by systems to be understood at the level of formally~defined domain
concgpts (3.7)

[SOURCE: ISO/TS 27790:20009, 3.67]

3.46
stab]e format

stable data format

datalformat (3.11) specification not subject to constant or major changes over time

3.47
tern
designation that represents a general concept (3.7) by linguistic means

1%

[SOURCE: I1SO 1087:2019, 3.4.2, modified — The exaniple and note to entry have been deleted.]

3.48
ternjinology
set of terms (3.47) representing a system of«concepts (3.7) within a specified domain

Note [l to entry: This implies a published-ptirpose and scope from which one can determine the degree to which
this representation adequately covers the.domain specified.

[SOURCE: ISO 1087:2019, 3.14%;*modified — “terms representing a system of concepts within a
specified domain” has replaced”“designations and concepts belonging to one domain or Jubject”, and
Note|1 to entry has been added.]

3.49
URI
uniform resourée-identifier
comxact sequence of characters (3.3) that uniquely identifies an abstract or physical resource

Note [l to efitry: See IETF RFC 3986:2005.

[SOURCE: ISO/IEC 12785-1:2009, 3.23, modified — “uniquely” was added to the definition.]

3.50
unit of measure
actual units in which the associated values are measured

Note 1 to entry: The dimensionality of the associated conceptual domain must be appropriate for the specified
unit of measure.

[SOURCE: ISO/IEC 11179-1:2015, 3.3.29]

3.51

ucs

universal coded character set

character (3.3) set encoding standard for international electronic communication

©1S0 2022 - All rights reserved 7
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3.52

verification

confirmation, through the provision of objective evidence, that specified requirements have been
fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection_or of other
forms of determination such as performing alternative calculations or reviewing documents.

[SOURCE: ISO 9000:2015, 3.8.12, modified — Notes 2 and 3 to entry have been deleted.]

3.53

XML

extensible markup language

markup language that encodes information in a way that is machine-processable as well as human-
readable

[SOURCE: IS0 5127:2017, 3.1.9.19]

4 Recommendations and requirements for the description of entities and
concepts jn life science data

4.1 Genefal

This clause| is focused on recommendations and requirements-for the consistent descriptign of
biological o1f conceptual entities in life science data and data types{see ISO/IEC 11404) and the usqge of
ubiquitous persistent identifiers (PIDs) to unambiguously refer-to them.

Any biologidal or conceptual entity or defined process coimprised in a data set, corresponding metadata
set or data cpllection shall be made unambiguously identifiable. To this end, persistent entity ident{fiers
in the form|of uniform resource identifiers (URIs)#! or internationalized resource identifiers ([IRIs)
should be applied for the attribution of a biological or conceptual entity or defined process tp the
corresponding unambiguous definition or reference of the entity or process. This should be achjeved
by annotatipng an entity or process in the data set by using a corresponding URI or IRI to an entry in
a database,| registry, terminology resource, ontology or other appropriate resource carrying the
respective definition or data entry for'disambiguation of the entity or process.

4.2 Recommended ubiqujteus identifier scheme for biological and conceptual entitjes
4.2.1 URIl|provisions

4.2.1.1 General

A biological|or €onceptual entity or a defined process in a data set, corresponding metadata set or{data
collection can-be represented as or annotated by a URL[4] A biological or conceptual entity identifier

is qualified if it possesses a specific namespace and context, e.g. if it resides in a database, or if it is
included in a specific reference.[5] A URI for a biological or conceptual entity can be represented in
any appropriate compatible scheme, e.g. http, https, urn or similar. The used URI scheme should be
registered with the Internet Assigned Numbers Authority (IANA),[] although non-registered schemes
are also valid. A URI shall be a string of ASCII characters with its format as follows:

scheme://authority/path/name

where “authority” and “path” define the type of data (namespace), i.e. the collection of all “names” of the
same type, and “name” refers to the respective biological or conceptual entity within this namespace.
“Authority” shall at least comprise the host, consisting of either a registered name or an IP address the
namespace refers to (e.g. the database or web resource that carries the namespace or points to it), and
“path” comprises at least one or more, hierarchically structured namespace qualifier(s) pointing to a
collection of names of the same type. Hierarchical levels within the path shall be defined by forward
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slashes (“/”). Of the ASCII character set, the characters: / ? # [ | @ are reserved for use as delimiters of

the generic URI components and shall be percent-encoded (“escaped”), e.g. “%3F” for a question mark.
[114]

Dereferencing a URI shall lead to a representation of the distinct biological entity or concept identified
by the URIL. Two URIs are the same if the escaped version of both URIs are the same, character for
character. URIs that are different can be equivalent, but have to be canonicalized by a software agent.

4.2.1.2 Persistence of URIs

Any URI used to describe the data or any of its contained entities or both shall be persistent and shall
not dhange. Provenance and versioning shall be maintained for changes to the data represgnted by the
URL.

4.2.1.3 Metadata for a URI

Any metadata connected to a URI shall be capturable and shall be kept over.the whole lifetime of the
data

A UR(l shall be persistent and remain independent of its mapping on a server, and its notatign (including
upper versus lower case letters). Although schemes are case-insensitive, the canonical form is lower case
for documents that specify schemes. Implementations can accept upper case letters as eguivalent to
lowef case in scheme names (e.g. allow “HTTP” as well as “http™)for the sake of robustness{

A URI should not attempt to infer the properties of the biglogical entity or concept.

A URI shall identify only one biological entity or concept. Using the same URI to identify more than
one biological entity or concept, causes URI collision. URI collision shall be avoided. Conpmunities of
databases are responsible for avoiding the assigiiment of equivalent URIs to multiple biological entities
or concepts. Communities of databases are responsible for representation management of JRIs.

A URI shall be opaque and shall not contdih:
a) the author’s name;

b) the subject;

c) the status;

d) the access;

e) the file nameextension;

f) the softwane mechanism(s);

g) the diskname;

h) thedomain name

4.2.2 IRI provisions

A biological or conceptual entity or a defined process in a data set, corresponding metadata set or data
collection can be represented as or annotated by an IRL[3] The IRI is a complement to URI. It extends the
syntax of URIs to a much wider character set and defines “internationalized” versions corresponding to
other constructs, such as URI references.

The IRI shall be used for all entities that do not only use ASCII characters. All other URI provisions from
4.2.1 apply correspondingly also for IRIs.
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The IRI shall be represented as a character sequence from the UCS, the universal coded character set
(Unicode in accordance with ISO/IEC 10646). IRIs shall be a string of characters from the UCS with
format as follows:

scheme://authority/path/name

where “authority” and “path” define the type of data (namespace), i.e. the collection of all “names” of the
same type, and “name” refers to the respective biological or conceptual entity within this namespace.

Hierarchical levels within the path shall be defined by forward slashes.

4.2.3 Relationship between URI and IRI

Although thee ASCII character set is included in UCS at the human readable level, the converselis not
true. Therefpre, a mapping step can be required to retrieve URIs as IRIs.

IRIs shall require a translation step to facilitate conversion to URIs.[3]

4.3 Formiatting data and contextual descriptive data (metadata) for biological entities
and concepts

4.3.1 General

Data and meptadata formats for biological entities and concepts can_vary with community, discipline,
institution, hationality and time. This document ensures that theimpact of changes to the usabillty of
data and metadata between and amongst communities, disciplinies, institutions and nationalitie$ and
over time is[minimized (see ISO/IEC 14957 and ISO/IEC TR 10032).

4.3.2 Version control

All aspects |of data and metadata formats includifig schemas and contained elements for bioldgical
entities, as Well as underlying concepts shall be yersion controlled. Version control for biological entities
and concepts shall be achieved with the use-0f\a’version control system. The elements of data formats
shall be vergioned using an established ontolegy (see Annex B).

4.3.3 Arbjitrary Limits

Formats for|biological entities and concepts shall not contain arbitrary limits, such as maximum lengths
for strings df characters or enforcing upper and lowercase restrictions or distinctions.

4.3.4 Chagacter sets

Formats for|biological.entities and concepts shall support both ASCII and non-ASCII (i.e. UCS) characters
in all langudges,

4.3.5 Machiner cadability

Formats for describing and encoding biological entities and concepts, as well as their corresponding
metadata, shall ensure machine readability, and may permit human readability (see ISO/TR 3985).

If formats for describing and encoding biological entities and concepts, as well as their corresponding
metadata, are created from manually produced plain text, it is important to prevent breaking changes.

Only generally recognized data representation paradigms, such as JavaScript Object Notation (JSON)
[Z], extensible markup language (XML)[8] and Resource Description Framework (RDF)[2] or similar
concepts, and appropriate domain-specific metadata standards and formats, as well as recognized
terminologies (see Annex B for recommended metadata standards and domain-specific terminologies)
shall be used to construct data and metadata formats for describing and encoding biological entities
and concepts, as well as their corresponding metadata. For the consistent data representation and
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structuring, only recognized domain-specific data formats (see Annex A) and metadata models (see
Reference [10] and ISO/IEC 19502) shall be used where applicable.

Data and metadata formats that are not open and do not protect against the loss of semantic context
during processing or transferring (i.e. in databases) shall be made machine readable subject to:

a) security considerations;
b) cost(s) and benefit(s);

c) legal liabilities;

d) intellectual property right(s);
e) d¢onfidential business information;
f) ¢ontract restriction(s);

g) other binding written agreement(s).

4.3. Knowledge representation

Knowledge representation shall use ontology authoring framewarks-such as the web ontolggy language
(OWL)19 or similar paradigms, including JSON,[Z]1 XMLI[8] and " RDF.[?] A reasoner can b¢ utilized to
ensufre logical consistency.

5 Technical and organizational recommendations and requirements for data
formats

5.1 | General

Data| formats can be structured in different ways. These structures depend on the pyocedure by
which the data are generated, the infehded use of the data, and the amount of metadata required for
interjpreting the data properly[2Z]28]"and making it findable, accessible, interoperable and reusable
(“F-A-1-R").[2]

5.2 | Organizational responsibilities

The |organization(s) @¢esponsible for establishment, maintenance, and/or potential changes in the
owngrship of thefdata format shall be documented. Appropriate contact information (e.g. email
addresses, websités) shall be provided for each corresponding organization.

The Information regarding the data format shall include at least:

a) 1|ormat description;

b) version;

c) structure;

d) datarepresentation.

The maintainer of the data format shall take the responsibility for:
— userrequests;

— format updates;

— error corrections in the specifications.
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Data representation and formatting for all entities, attributes, processes, and features of the same data
type shall be consistent throughout the format.

5.3 Documentation
Comprehensive documentation of the following shall be provided on:
a) provenance;

b) maintenance;

c) format gerueture;

d) dataitems;

e) data formatting;

f) features of the format.

Any of thege properties shall be disclosed appropriately. A stable and identifiable source shdll be
provided where information on the data format is maintained and updated.

The representation of data types and their metadata shall be documented.

NOTE Documentation can be provided electronically as a file, onlifie 0r available as a scanned pijinted
document (preferably as a PDF).

5.4 Versipning and change log

A data format shall contain information on the exactdormat version used (and its subversion(s), if
applicable). Stable formats with simple structure (e.g.-FASTA), where no changes to the format are[to be
expected, may be exempt from this rule. In this case.dn annotation of the exemption shall be included.

Changes mdde to the format shall be documented and indicated by a change of the version number.
Metadata dg¢scribing the format should be linked to the data it contains.

5.5 Compatibility

Forward compatibility shall be ensured for prior versions of a format. Backward compatibility to prior
versions shquld be provided, if applicable.

5.6 Extensibility

The addition of new'data items should be made possible for future versions of a format without affefting
the compatipility:

5.7 Compresston

For compressed data records, the compression algorithm or an appropriate tool for compression and
decompression shall be referenced. For custom compression techniques, the integrity/fidelity of both
compression and decompression tools shall be ensured by the data provider or maintainer. In this
case, the complete compression/decompression algorithm shall be disclosed. Decompression should
maintain the original data integrity.

5.8 Structural and control elements

Any elements with special meanings (e.g. field or record separators, escape sequences, line breaks or
similar) shall be documented.
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5.9 Requirements for data types within formats

5.9.1 General

Where applicable, the representation of data types should follow commonly accepted standards (IEEE,
ISO, etc.).

5.9.2 Encoding of numerical quantity values

The representatlon of numerlcal quantlty values shall be documented. Standard formats (e g. IEEE 754)
. e Te . 3 strings, the

a) Ineasurement precision;

b) 1neasurementaccuracy;
c) Ineasurement uncertainty;
d) 1ethod used for obtaining the data, if available.

Appljcable quantities/quantitative data shall be assigned to an appropriate unit of measure expressed
in SI{units, if applicable. If units cannot be expréssed in the SI system, appropriate conversion factors
shalllbe provided, if available. Ordinal numerical data shall be indicated as such and appropfriate ranges
or pgrmissible values shall be specified, if applicable.

5.9.3 Encoding of character strings

For dlata represented by charaéter strings (legible data) the encoding (e.g. the ISO/IEC B859 series,
Unicpde) shall be specified, unless encoding is used in accordance with ISO/IEC 646 (ASCII]).

5.9.4 Encoding of sequence data

Nucleic acid and protein sequence data shall be encoded according to the recommen gtlons of the
Interjnational Unienof Pure and Applied Chemistry (IUPAC) and the International Union of Biochemistry
and MolecularBiology (IUBMB) in the “Biochemical Nomenclature and Related Documents’ (known as
the White Beok), released by the IUPAC-IUBMB Joint Commission on Biochemical Nomerjclature and
Nomgnclatire Commission of [UBMB.[13]

5.9.5 Time data

The presentation of dates and times shall be in accordance with the formats specified in ISO 8601-1 and
[SO 8601-2. Arbitrary time data such as time series data can either be represented in accordance with
[SO 8601-1 and ISO 8601-2 or as measured data as specified in 5.9.2.

5.9.6 Boolean data

The representation of Boolean states and permissible values shall be specified. Where applicable, 0 or 1
should be used to represent Boolean states, where 0 means “false” and 1 means “true.”
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5.9.7 Biological Imaging data

Images shall be encoded in a recognized standard format, preferably as raw data using a lossless
format preserving all imaging data, e.g. TIFF (Tag Image File Format, see ISO 12639). If image size
has to be reduced, established image compression formats like JPEG (see ISO/IEC 10918-1) or PNG
(see ISO/IEC 15948) can also be used instead. Proprietary image formats (e.g. from microscopy
manufacturers) might be used, if convertible into standard formats.

For image data from the health and biomedical domain the standard format for Digital Imaging and
Communications in Medicine (DICOM) (see ISO 12052) or similar widely used formats should be

considered.
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5.13 Data provenance

The complete history of the data should be documented using structured, interoperable, and hence
machine-actionable provenance information. An uninterrupted chain of provenance information should
be maintained by linking together metadata describing any preceding processing steps, methods, tools,
biological entities, biological material and data utilized to generate the data documented. A complete
chain of provenance information enables both, the assessment of data quality and its fitness for a
particular purpose and establishing reliability and reproducibility of the data by tracing its origin,
generation, processing and analysis. Appropriate precautions, such as access control mechanisms, shall
be taken, if the provenance information can contain sensitive or personally identifiable information.
A defined model, corresponding serializations and other supporting definitions to enable the inter-
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operable interchange of provenance information in heterogeneous environments such as the Web
should be established for all data in every format (e.g. the W3C PROV standard[14]).

6 Semantic recommendations and requirements for data formats

6.1 General

Formats shall be clearly structured. They should facilitate extraction of the data and availability of
metadata. Data representation and formatting shall be consistent and uniform for all items, processes
and features of the same data type. The representation of data types and their metadata shall be

documented. Where applicable the representation of data types should follow commer
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Minimum consensus information for annotation of biological data

General

The minimum required anngtation describes the contextual semantics of a data set, its par
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data
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ts, including the biological, medical and environmental context. This metadata annot
sely describe bothi-the basic objective (e.g. problem addressed) of the process that p
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reifi¢d as a simplé table; converted into a standard semantic format, such as the RDF,[2] gr written to
be compatible with the “Linked Open Data” concept of the W3C Data Activity.l18] The syntax for the
anngtations\s a series of triplet phrases of the form subject - predicate - object. For example; “liver”
- “isfa(m)* * “organ”. Table 2 lists examples of predicates that should be used for data anndtations. The
exacf syhtax and reification shall be “fit for purpose.” For example, for data search and refrieval using
standard web search engines the syntax shall be suitable for indexing by those search engines.

The required and suggested items for inclusion in the annotation are described below (see also Table 1
for examples of basic required biological descriptors). In addition, the suggested predicate for each item
is given. For example, hepatocyte should be annotated with a URI pointing to the corresponding term
or entry in a referenced resource, such as controlled vocabulary, domain ontology or terminology, using
URIs of resolution services which guarantee the perennial resolvability of the URI where feasible (e.g.
the URI referenced in Reference [19] that points and refers to the corresponding term “hepatocyte” in
the Foundational Model of Anatomy Ontology (FMA)[20]). Additionally, for being human readable it can
be annotated with the respective common names “hepatocyte”, “hepatic parenchymal cell”, etc.

NOTE Although the RDF framework was used as an example to describe any framework, other frameworks
(e.g. JSONIZ], XMLI8I) can also be used to describe the semantic information.
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6.2.2 Species

The annotation shall include a descriptor of the species being studied or processed to be analysed.
In cases in which a species designation is not sufficiently precise, then a strain, cultivar, or some
other more precise term, should be used, if available. For example, in bacterial studies or microbial
biotechnological processes, the bacterial strain, serovar, or molecular subtype should be used in
addition to the bacteria name. The predicate used shall be “is”. If the annotation cannot exactly identify
the correct (sub-)species and therefore refers to a higher- level term in the taxonomy, then the predicate

“isVersionOf” shall be used, e.g.

6.2.3 Sex

“isVersionOf mammalian”.

Where appllicable, the annotation shall include a descriptor of the sex or gender of the indjv|

being analy
applicable”.
shall be “is”

6.2.4 Age

Where appl
individual(s
shall be “nd
predicate ud

6.2.5 Org

Where appl
cases where
shall be “nog
predicate ug

6.2.6 Tiss

Where appl
cases where

shall be “not applicable”.

predicate uf
the correct
predicate “i

6.2.7 Cell

Where appli

sed or studied. In cases where sex is not relevant (e.g. in bacteria), this entry shall be
If the sex is applicable but unknown, this entry shall be “unknown”. The predicate
(see ISO/IEC 5218).

icable, the annotation shall include a descriptor of the age ¢(or the age range) o

being analysed or studied. In cases where age is not relevant.fe.g. in bacteria), this
t applicable" If the age is applicable but unknown, this-ehtry shall be “unknown”
ed shall be “is”

A1

cable, the annotation shall include a descriptor of the organ being analysed or studie
an organ designation is not applicable (e.g. in,bacteria or other microorganisms), this ¢
t applicable”. If the organ is applicable but*'unknown, this entry shall be “unknown”
ed shall be “is”

ue

cable the annotation shall include a descriptor of the tissue being analysed or studie
a tissue designation is nét applicable (e.g. in bacteria or other microorganisms), this §
If the tissueé is applicable but unknown, this entry shall be “unknown”
ed shall be “is”. For. complex tissue structures, or if the annotation cannot exactly id¢

sPartOf” shall be used, e.g. the “isPartOf hematopoietic system”.

type

“unknown.”
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cabléthe annotation shall include a descriptor of the cell or cells being analysed or studied.

kms),

“:_n
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The predlcate used shall be
cell type and, therefore, refers to a higher- level term in a referenced ontology, then the predicate
“isVersionOf” shall be used, e.g. “leukocyte isVersionOf hematopoietic cell”.

Identifiable objects

]l be

If the annotatlon cannot exactly 1dent1fy the correct

The annotation shall include descriptors of the relevant identifiable objects in the analytical workflow
or study. An identifiable object in an analytical workflow or experiment is any tangible object that
can be seen and/or is measured during the process. There can be multiple identifiable objects in an
analytical workflow or experiment. The predicate used shall be “is”
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Identifiable processes

The annotation shall include descriptors of the identifiable processes in the analytical workflow or
experiment producing the data. An identifiable process is any component in the analytical workflow
or experiment, which changes over time and is measured; e.g. cell proliferation or death. There can
be multiple identifiable processes in an experiment. The predicate used shall be “is”. If the annotation
cannot exactly identify the correct process and, therefore, refers to a higher-level term in a referenced
ontology, then the predicate “isVersionOf” shall be used.

6.2.10 Manipulated entities

The pnnotation shall include descriptors of the manipulated entities in the analytical
expefriment producing the data. A manipulated entity is any component of the analyticalA
experiment that has been changed and controlled by the experimenter; e.g. by addition
factdr to a cell culture or portioning of a population based on a characteristic that d

me
used

6.2.1
The

techmnology used to carry out the annotated process. The predicate used shall be “isVersion

6.2.1

For 4
ques
level
proc

6.2.1
The

techmnology (see Annex A for recommended examples). The description of the data shall be e1

ers of the population. There can be multiple manipulated entities in an experiment. T
shall be “is”.

1 Analytical, experimental and computational technology

annotation shall include a descriptor of the analytical, ,experimental and/or co

2 Biological or analytical question

nalytical or experimental processes, the annotation shall include a descriptor of th
Lion the analytical workflow or experiment was ‘designed to address. This should des
biological process such as a disease state, normal homoeostatic control process, de
bss etc. The predicate used shall be “is”.

3 Technology-specific data

Hata itself shall be encoded using the relevant domain-specific standard formats for

vorkflow or
workflow or
of a growth
fferentiates
he predicate

mputational
Df”.

le biological
'ribe a high-
velopmental

the applied
hcoded in an

apprppriate domain-specific stahdard metadata documentation format (see Annex B for recommended
exanpples), following the relevant minimum information standards that provide checklists|of metadata
obje¢ts and their respective metadata attributes to be documented in a certain domain gnd/or for a
certdin analytical workflow or experimental setup (see Clause B.2 for recommended examples),
and psing the appropriate domain-specific ontologies, taxonomies and controlled vocabhularies (see
Clause B.3 for reeomrmended examples) for specification and annotation of the data.
Examples of basic required biological descriptors are shown in Table 1.
Table 1 — Examples of basic required biological descriptors
Field name | Predicate Suggested Comments Object - Human readable
(subject) ontology or examples?
vocabulary
Species is ¥CBI [21] The 'speCIes'the experiment was Human, Escherichia coli
axonomylsl carried out in.
The sex of the test subject, or of male, female, male-female,
. . female-male, hermaphro-
Sex is the source tissue or cells, where . .
: dite, and other applicable
applicable. :
options
- Age of the_1nd1v1dual the study 2 years, 8 h post
Age is was done in, or the age of the T
oo : fertilization (HPF)
individual supplying the sample.
a  Actual data should also include URI to the specific ontology.
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Table 1 (continued)
Field name | Predicate Suggested Comments Object - Human readable
g8
(subject) ontology or examples?
vocabulary
Organ is FMAI20] The organ source of the sample. |liver, not applicable
g g
Tissue is FMAI20] The tissue source of the sample. |parenchyma, not applicable
The identifiable and/or observa-
FMAI20] ble cell types in the sample. Note
Cell is Uberon[’z—zl that the species slot can duplicate |hepatocyte
this slot in the case of bacteria
and other single cell organisms.
Any measured quantities in the Increase in cell coiint
Identifiable is Protein[23], experiment. This includes both (dependent), genb
Objects GOl24] dependent and independent pe '8
: : deletion
variables. (dependent variables)
Identifiable What processes can be directly  |Cell proliferation, cell death,
Processes is GOl24] observed in the experiment. cell division, small molg¢cule
(dependent variables) metabolism
Proteinl23] . -
Manipulated |. GOl24] small Wh_at e?(perlmental_ quallsles are Uaddition of IL-1, changd in
s is 25] varied in the experiment? . .
Entities moleculel23], ind d bl nutrient concentration
environmentl26] (independent variables)
Experiment3l isVersionOf |Gol24l oBIl22] The technology used jn'the Microarray, cell culturg,
Technology ’ experiment. microscope image
The basic biological'process or stimulation of cell prolik-
Biological . . GOl24], NCI biological question the . . P
A isVersionOf 28 . . eration, toxicant effecty,
Question Thesaurusl28] experiment wWas designed to )
address embryonic developmen

a  Actual dafa should also include URI to the specific ontology.

Examples of predicates are shown in Table 2

NOTE Bjsed on the COMBINE/BioModels.net Qualifiers.[29]

Table\2)— Predicate (qualifier) examples

Predicate Descriptions

is The biptegical entity or process represented by the data set element has identity with the
subjectof the referenced resource. This predicate is used to link the component of thg
datarset to its exact representation in another resource, controlled vocabulary or ont
gy, e.g. to link a hepatocyte cell in a data set to the term “hepatocyte” in an ontology.

—_—

o-

isDescribedBy The biological entity or process represented by the data set element is described by the
subject of the referenced resource. This relation can be used, for instance, to link a
species or a parameter to the literature that describes the concentration of that species
or the value of that parameter.

hasPart The biological entity or process represented by the data set element includes the subject
of the referenced resource, either physically or logically. For example, this relation can
be used to link a cell to the subcellular parts it encloses cell or to link the description of
components of a multi-component protein complex.

isPartOf The biological entity or process represented by the data set element is a physical or logi-
cal part of the subject of the referenced resource. This relation can be used to link a data
set component to a description of the complex in which it is a part. For example, this rela-
tion can be used to link subcellular parts to the enclosing cell or to link the description of
a component of a multi-component protein complex to the complex.

isVersionOf The biological entity or process represented by the data set element is a version or an
instance of the subject of the referenced resource. This relation can be used to represent,
for example, the 'superclass’ or 'parent’ of a particular biological entity.
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Table 2 (continued)

Predicate Descriptions

hasVersion The subject of the referenced resource is a version, or an instance of the biological entity
or process represented by the data set element. This relation can be used to represent an
isoform or modified form of a biological entity, e.g. an isoenzyme of an enzyme class.

encodes The biological entity or process represented by the data set element encodes, directly or
transitively, the subject of the referenced resource. This relation can be used to express,
for example, that a specific DNA sequence encodes a particular protein.

hasProperty The subject of the referenced resource is a property of the biological entity or process

represented by the data set element. This relation can be used when a biological entity

exhibits a certain enzymatic activity or exerts a specific function.

isEn¢odedBy

The biological entity or process represented by the data set element is encodg
or transitively, by the subject of the referenced resource. This relatior ¢an be
express, for example, that a protein is encoded by a specific DNA sequence.

d, directly
used to

isHomologTo

The biological entity or process represented by the data set element is homol
the subject of the referenced resource. This relation can be used’to represent
entities that share a common ancestor.

gous to
biological

occufsin

The biological entity or process represented by the data-sét element is physic

to alocation, which is the subject of the referenced resource. This relation can be used,

e.g. to describe a compartmental location, withinwhich a reaction takes placg
organism or organismal part in which a described-process takes place.

hlly limited

or the

hasThxon

The biological entity represented by the data'Set element is taxonomically reg
where the restriction is the subject of the referenced resource. This relation g
to ascribe a species restriction to a biochemical reaction.

tricted,
an be used

isPropertyOf

The biological entity or process represented by the data set element is a prop
referenced resource.

brty of the

6.3 | Syntax and reification

Datal| may be expressed as a table (as.in'Table 1), or may reside in a database, or somg
resolirce. In any case, the annotatior{ should be reifiable to RDF triples[?] as well as to plai
cases, the reification shall be shown to be “fit for purpose”.

other data
n text. In all

7 Requirements for terminologies and ontologies suitable for annotation of

biological data

7.1 | General

Ternjinologie§ and ontologies for the description of data, concepts and data entities in the
shall|facilitate the identification and understanding of key concepts in the biological or biot
domain-€overed by the ontology.

life sciences
bchnological

7.2 Requirements for biological ontologies

7.2.1 Maintainer

The ontology shall have a defined maintainer consistent with the relevant community(ies). The
community shall be open to any individual or organization with a vested interest. The organization
shall have a web presence.

7.2.2 Maintenance of the ontology

The ontology maintainer shall have a defined set of procedures for maintaining the ontology. This shall
include maintenance of the web presence and insurance that the ontology is true to its domain and uses.
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There shall be a defined process for adding and removing and/or deprecating terms in the ontology.

7.2.3 Ont

ology syntax

The maintainer shall define the syntax of the ontology based on the community's needs.

The syntax should be based on an existing ontological infrastructure, such as W3C OWLI[19] or other
widely used syntax, such as that of the Open Biological and Biomedical Ontology (OBO) Foundry.[20]

7.2.4 Linking to other ontologies and term reuse

The maintainer shall link to other relevant ontologies to the greatest extent possible.

7.2.5 Licd
The maintai

The maintai

nsing and attribution
ner shall publish the licensing model for the ontology.

ner shall publish the attribution model for the ontology.

7.2.6 Stable URIs and versioning information

The mainta

the ontology.

The mainta
entire ontol

ner shall provide a mechanism to create and share stable-URIs for terms and conceyj

b

ner shall provide a mechanism of versioning both.individual terms and versions g
DgY.

7.2.7 Community involvement

The maintai
extending a

7.2.8 Lan

The human

ner shall involve the community most impacted by the ontology in the process of crez
nd maintaining the ontology.

guage

anguage used in the ontolegy shall be at the discretion of the maintainer.

The maintainer should make the entology multilingual to the greatest extent needed and practica

internationd

8 Requi]
8.1 Gene
A “domain

1 use, an English version of controlled vocabularies and ontologies shall be available.

rements for-domain specific data standards
ral
specific data standard” can refer to either a technology domain defined by the ap

ts in

f the

ting,

|. For

plied

methods (

[CTOSTOpY, TICroarrays, etc.), or a piotogical domainm defined by the umndertying proc

(cancer, reproduction, etc.).

8.2 Specific requirements for domain specific data standards

8.2.1 Mai

ntainer

eSses

The data standard shall have a defined maintainer consistent with the relevant communities. The
community shall be open to any individual or organization with a vested interest. The organization

shall have a

20

web presence.
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8.2.2 Maintenance of the data standard

The data standard maintainer shall have a defined set of procedures for maintaining the standard. This
shall include maintenance of the web presence and insurance that the standard is true to its domain
and uses.

There shall be defined processes for adding, removing and/or deprecating terms or constructs in the
data standard.

8.2.3 Data standard syntax

. . SR © B D) 3 P 3 3 13 3 3 PP
The IatdIIIer SiidIl UClce e SyIitdax Ol LIIE Udld StdllUdli'd Dascd OIl tIIE COIIITUIIILY S needS. The

syntax should be based on an existing frameworks such as XMLI[8], JSONIZI and RDFI2],

8.2.4 Linking to other data standards

The lnaintainer shall:
a) i

b) 1feuse data standards from other domains when appropriate;

nk to other relevant data standards to the greatest extent possible;

) ]dlse terms from standards compliant biological ontologies.

The ¢lata standard shall be compatible with standards compliant data repositories.

8.2.3 Licensing and attribution
The maintainer shall publish:
a) the licensing model for the data standard;

b) the attribution model for the data standard.

8.2.4 Stable URIs and versioning information
The maintainer shall provide-aamechanism:
a) fo create and share table URIs for terms and concepts and for the data standard in totpl;

b) of versioning the data standard.

8.2.7 Community involvement

The naintainer shall involve the communities most impacted by the data standard in the process of its
creation,‘extension and maintenance.

8.2.8 Language
The human language used in the data standard shall be at the discretion of the maintainer.

The maintainer should try to make the data standard multilingual to the greatest extent needed and
practical. For international use, an English version of controlled vocabularies and ontologies should be
available.

©1S0 2022 - All rights reserved 21


https://standardsiso.com/api/?name=5be4eafac5defceeba91035be69d46c2

ISO 20691:2022(E)

9 Requirements for data repositories for biological data

9.1 General

Data repositories for biological data shall facilitate the long-term storage, including archiving, indexing,
searching and sharing of biological data. Data formats used in data repositories shall be in accordance

with this document.

9.2 Requirements for data repositories of biological data

9.2.1 Maintainer

The repository shall have a defined maintainer consistent with the relevant communities and’the|type
of data. The|community shall be open to any individual or organization with a vested interest in gither

creating or yising the data. The organization shall have a web presence.

9.2.2 Maintenance of the repository

The repositpry maintainer shall have a defined set of procedures for maintaining the repository.| This
shall includ¢ maintenance of the web presence and insurance that the repository is true to its domain

and uses.
There shall pe:
a) adefingd process for adding and removing data in the repgsitory;

b) adefingd process and schedule for creating backups aofithe repository.

9.2.3 Repository structure
The maintainer shall define the schema of the repository based on the community's needs.

The data mjodel of the repository should. have a consistent schema for all the data throughouht
repository 4nd be interoperable with other repositories, e.g. based on an existing F-A-I-R[2] sc
infrastructyre, if applicable.

The exact sghema is at the discretion of the maintainer and the relevant data communities.

9.2.4 Linking to other repositories

The maintainer shall attempt to link to other relevant repositories to the greatest extent possible.

9.2.5 Licensing:and attribution

The maintainér’shall publish:

a) thelicensing model for the repository;

b) the attribution model for the repository.

9.2.6 Stable URIs and versioning information
The maintainer shall provide a mechanism:

a) to create and share stable URIs for data in the repository;

the
ema

b) for versioning both individual data elements and records, and the entire versions of the repository.
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9.2.7 Data visibility

The maintainer shall make the data in the repository visible and accessible to users, to common web
search, and indexing engines.

The maintainer should make the data in the repository accessible by human and/or programmatic
access or both (e.g. by providing webservices or downloads of the data). Limited access rights can apply.

9.2.8 Community involvement

The maintainer shall involve the communities most impacted by the repository in the process of

crea

9.2.9

The human language used in the repository shall be at the discretion of the maintaining or

The

extent needed and practical. For international use, an English version of ¢ontrolled vocal

onto

g, externding amd maintaiming the Tepository:

Language

maintaining organization should attempt to make the repository multilingual to {

ogies shall be available.

panization.

he greatest
bularies and
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Annex A
(informative)

Examples of common formats for life science data

A.1 General

The formats for the different data types, which are listed in Annex A, are not exclusive:)Siinilar
standard fofmats can also be used if appropriate. Implementations relying on other formatsthan those
listed in Anhex A can still be in accordance with this document, if all other requirements.arid rel¢vant
preconditions are fulfilled, i.e. that the applied format is in accordance with the recommendations
and requiregments of this document. In particular, this applies to data and model formats in rapidly
developing fechnology fields requiring fast adaptation of the concerning data formats.

Online resqurces are available on the world-wide web summarizing, available standards| and
vocabularief for formatting data in the life-sciences. One widely used example for such a curjated,
informative|and educational resource on data and metadata standardsidnterrelated to database$ and
data policie$ is the publicly available FAIRsharing portalD[311[32], Reeommended formats referencgd in
this documdnt can be found online as a constantly actively curated and updated list in the “ISO 2p691
FAIRsharing Collection”.[33] More formatting standards and metadata formats than described inf this
annex can ajso be found under FAIRsharing and in other onlineresources.

Formats forl medical imaging, medical data recording, electronic patient health records and ¢ther
person-related health data are mainly out of scope of this’document and handled elsewhere. In confrast,
formatting and documentation recommendations as.described in this document for general data flypes
not solely uged in the medical field but also in otherfields of the life sciences can also be relevant fqr the
health data fomain.

A.2 Datalformats for OMICS, biochemical and molecular biology methods

A.2.1 Sequence formats for preteins and nucleic acids

A.2.1.1 Gdneral

A number of recognized<formats are used for DNA and protein sequences. All formats for seqyence
data use nomenclatures developed by the International Union of Biochemistry and Molecular Biplogy
(IUBMB) angd the International Union for Pure and Applied Chemistry (IUPAC).

Comparison ef the amino acid sequences of proteins determined whether relationships between

them can hbve—sccurred by chancealone 4l At first done wvisually preteins—that-sh losely

related functions, the resolution of gaps and the lack of functional relationships mitigated intuitive
rationalization. Visual resolution is superseded by statistical approaches providing algorithms for
simple alignment models. Nucleotide sequences were also aligned, analysed and characterized provide
models for transcription, translation and codon usage.[321(36]

vally for nerataine that chawrnd ol
1OF Ot S—tat-Sarea—<€

A.2.1.2 FASTA sequence format

Of the most recognized formats available for sequence data is the FASTA format.[371[38] The FASTA
format is a text-based format for representing either nucleotide sequences or peptide sequences, in
which nucleotides or amino acids are represented using single-letter codes. The format also allows for

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of this product. Other web resources are also available for summarizing suitable formats and vocabularies.
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sequence names and comments to precede the sequences. The FASTA formatl(32] is simple and lacks
facility for extensive annotation. Conversion software from flat files and other formats are readily
available and highly conversant avoiding pitfalls associated with ontology.

A.2.1.3 FASTQ sequence and sequence quality format

FASTQ is a text-based file format developed by the Sanger Institute for sharing sequencing data
combining both the sequence and an associated per base quality scores in a single file.[*0] Platform
specific variations of FASTQ representation incorporating scalar differences are interconvertible.

The FAST5 format is based on the hierarchical data format HDF5 format which enables storage of large

and ¢omplex data.
EXANPLE The FASTS5 format is the standard sequencing output for Oxford Nanopore2) §eqliehcers such as
the MinION.

In cqntrast to fasta and fastq files, a FAST5 file is binary and cannot be opéned with a normal text

editqr.

Data|stored in nanopore FASTS5 files can contain the sequence of a read imfastq format (after pasecalling)

and the raw signal of the pore, as well as several log files and other information.

A.2.1.4 Sequence Read Format (SRF)

The [International Nucleotide Sequence Database Collaboration (INSDC) is a foundati¢n initiative
supplorting a partnership between the DNA Databank of Japan (DDBJ), the European Nucleolfide Archive
(ENA) of the European Bioinformatics Institute (EMBE-EBI) and the Sequence Read Archjive (SRA) of

the US National Center for Biotechnology Information'(NCBI), NIH's primary archive of high
sequencing data. INSDC provides the DDB]/ENA /GenBank Feature Table Definition that acq
EMBL, GenBank and DDB]J sequence formats.[4}*Data submitted to any of the three organ
shar

While gel and capillary based sequencing formats generally require a single trace and
have
more
number of sequencing platforms~There are still developments in the efficiency of convers
of the proprietary data forniats. SRF has begun to address this variability. SRF is a generi
DNA|sequence data. The pfimary motivation for creating SRF has been to enable a single for
of st

bd among them.

some metadata included, massively parallel sequence data requires additional ana
functional without metadata, SRA has metadata stripped out. SRA supports input for

ring data generated by any DNA sequencing technology. Hence, the format has sufficie

-throughput
ommodates
izations are

ecognizably
lysis and is
mats from a
on for some
c format for
mat capable
nt flexibility

to stpre data from current and future DNA sequencing technologies at minimal cost of implementation.

A.2.1.5 Sequence annotation formats

a)

b)

rowser Extensible Data (BED) Format is a flexible format for defining the data lines

displayed in

n.annotation track of the UCSC Genome browser. BED lines have three required fields and nine

dditional optional fields. The number of fields per line must be consistent throughot

t any single

set of data in an annotation track. The BigBED track format stores track annotations

that can be

simple or linked to a collection of exons. BigBED files are collections of BED files.l42] This format is

under the stewardship of the Global Alliance for Genomics and Health (GA4GH).

Wiggle Track Format (WIG) is a line oriented format for graphing in the UCSC browser. WIG has

largely been replaced by bigwig.[43]

General Feature Format (GFF3)[44] from the Generic Model Organism Databasel42 is the
and acceptable version of this flat tab-delimited file format addressing shortcomings

mostrecent
of previous

versions from the Sanger institute. It has nine-tab separate lines. The following situations can
be represented in GFF3: canonical genes, non-coding transcripts, parent (part-of) relationships,

2)

This information is given for the convenience of users of this document and does not constitute an

by ISO of this product. It is only given as a specific example for the source of the FACT5 format.
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d)

alignments, ontology association and database cross references, single exon genes, polycistronic
transcripts, genes containing inteins, trans-spliced transcripts, programmed frameshifts and
operons.

Variant Call Format (VCF) and its binary counterpart binary variant call format (BCF) are text
file formats that usually store sequence variants in a compressed form. They can contain meta
information lines, a header line and data lines.[#¢] This format is under the stewardship of the
GA4GH. A Variant represents a change in DNA sequence relative to some reference. For example, a
variant can represent a Single Nucleotide Polymorphism (SNP) or an insertion. Generally, a single

row in a VCF file corresponds to a variant.

Gene Tr
definiti

£ A £ TN 1 £ ralk ni nER NSRS N ddatas l ct 4 3
AA11o51ICI 1T'ULIIIdt \_U I ) UUITITUVWOS ITTUIITUI'L, Ul IIdo dUUILIUIIdI St uctturt vwdl lClllLllls d DC}J

bn and format name.[4Z] Structure is as GFF, so the fields are:

<segnaine> <source> <feature> <start> <end> <score> <strand> <frame> [attributes].[domm

Genomd
a simpl
genome

f)

Synthet]
sequeng
annotat
sequeng

g)

A.2.1.6 Se

CRAM is a
sequence, i
reference-b
Map (BAM)
between th
column fron
typically va
CRAM form

The 1SO/IE
and recom
provide int
implementa
their subse
architecturg
genome seq

Variation Format (GVF) is an extension of Generic Feature Format ver&ion 3 (GFF
e tab-delimited format for DNA variant files, which uses Sequence Ontology to des
variation data.[48]

ic Biology Open Language (SBOL) is an RDF[2] format for representing, among other th
es for genetic circuit designs.[#?] It has a rich ability to exptess both sequence fe:
ions and part/sub-part relationships. It is also designed to<represent incomplete/p:
es and relative ordering of parts in a genetic design.

quence compression formats

rompressed columnar file format for storing bielogical sequences aligned to a refei
itially devised by Markus Hsi-Yang Fritz et;al.[>2] CRAM was designed to be an effi
hsed alternative to the Sequence Alignment'Map (SAM) (see A.2.2.3) and Binary Align
(see A.2.2.4) file formats. It optionally{uses a genomic reference to describe differg
e aligned sequence fragments and the reference sequence, reducing storage costs.
1 the SAM format is separated into.its own blocks, improving compression ratio. CRAM
ry from 30 % to 60 % smaller ‘than BAM, depending on the data held within them
ht specification is maintained by the GA4GH.

mendations for genomic information representation. The goal of the series

eroperable solutiofis) for data storage, access, and protection across different poq
tions for data Gnformation generated by high-throughput sequencing machines
Juent processing and analysis. The series utilizes technology and data represent
s previouslyvalidated in the field of digital media. They allow to compress and tran
hencing.data even in complex scenarios, for instance when access is needed to large amg

of possibly distribhuted data, or when part of the data needs to be encrypted for privacy reasons

series is co

mposéd of different parts, each one addressing a specific aspect, such as compreg

metadata af

saciation, application programming interfaces (APIs), and a reference software for

rate

ents]

B), is
cribe

ings,
iture
irtial

ence
cient
ment
nces
Each
files

The

C 23092 series (MPEG-G) is a series of ISO/IEC standards providing requirenpents

s to
sible

and
htion
sport
unts
The
sion,
data

decoding:

a)

b)

26

ISO/IEC 23092-1 specifies data formats for both transport (e.g. streaming) and storage of genomic
information, including the conversion process.

ISO/IEC 23092-2 provides specifications for the representation of several types of genomic
information, such as the syntax and methods for MPEG-G lossless compression of sequencing data
and lossy compression of associated quality scores. It only specifies the decoding process and
decoder output format while the encoding process is left open to algorithmic and implementation-
specific innovations.

ISO/IEC 23092-3 specifies metadata storage and interpretation, as well as protection elements
providing confidentiality, integrity and privacy rules for the different encapsulation levels as
specified in ISO/IEC 23092-1, and defines APIs to access genomic information coded in conformity
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to ISO/IEC 23092-1 and ISO/IEC 23092-2. This also includes specifications how to associate
auxiliary fields to encoded reads and mechanisms for backward compatibility with existing SAM
content (see A.2.2.3), and exportation to this format.

d) ISO/IEC 23092-4 specifies the genomic information representation reference software, referred
to as the “genomic model”. The decoding software is provided to assess conformity to the
requirements of ISO/IEC 23092-1, ISO/IEC 23092-2 and ISO/IEC 23092-6.

e) ISO/IEC 23092-5 specifies a set of test procedures designed to verify whether bitstreams and
decoders meet requirements specified in ISO/IEC 23092-1 and ISO/IEC 23092-2. It identifies those
requirements, associates them to functionality under test and defines how conformity with them

anbe—tested—TFest bitstreams—implemented—according rose—funetionatities—arejprovided in

() G v, anrS—HmP a—a oraimg—to O e to1a

¢lectronic form.
f) ISO/IEC 23092-6 provides specifications for the normative representation and coding of
annotations for genomic information, such as variants with genotyping informatior, functional
annotations, tracks, expression matrices and contact matrices.

A.2.1.7 Formats for encrypted genomic data

Cryp{t4GH is a file container format to store genomic data, such as BAM or CRAM, in an engrypted and
authenticated state.[31] The approach uses twofold envelope en¢ryption: the data itself i§ encrypted,
and §o is the mechanism for unlocking it. The recipient must have their own private key tq verify their
identity and also a key specific to the file being transferred to access the data therein. THe Crypt4GH
formpat is maintained by the GA4GH.

A.2.2 Sequence alignments formats

A.2.2.1 General

Sequence alignment often forms the basis for functional comparison.

A.2.2.2 CLUSTAL-W

CLUYTAL-W Alignment Formagis:a simple text-based format, often with a *.aln file extension, used for
the ifput and output of DNA or,protein sequences into the Clustal suite of multiple alignment programs.
Clustal W is well developediand supported by many applications.[52]

A.2.2.3 Sequence Alignment/Map (SAM)

SAM|is a TAB-delimited text format consisting of a header section, which is optional, and an alignment
sectipn.[33] [t4s) designed specifically for handling large numbers of sequences. If present, the header
musf be priotr to the alignments. Header lines start with “@”, while alignment lines do not. Each
alignment line has 11 mandatory fields for essential alignment information, such as mapping position,
and yariable number of optional fields for flexible or aligner specific information.

A.2.2.4 Binary Alignment Map (BAM) format

BAM is the compressed binary version of the Sequence Alignment/Map (SAM) format, a compact and
indexable representation of nucleotide sequence alignments.[54] Many next-generation sequencing and
analysis tools work with SAM/BAM. For custom track display, the main advantage of indexed BAM over
PSL and other human-readable alignment formats is that only the portions of the files needed to display
a particular region are transferred to UCSC. This makes it possible to display alignments from files that
are so large that the connection to UCSC would time out when attempting to upload the whole file to
UCSC. Both the BAM file and its associated index file remain on your web-accessible server (http, https,
or ftp), not on the UCSC server. UCSC temporarily caches the accessed portions of the files to speed up
interactive display.
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A.2.2.5 Multiple Alignment using Fast Fourier Transform (MAFFT)

MAFFT is a high-speed multiple sequence alignment program which implements the Fast Fourier
Transform (FFT) to optimize protein alignments based on the physical properties of the amino acids.
The program uses progressive alignment and iterative alignment. MAFFT is useful for hard-to-align
sequences such as those containing large gaps (e.g. rRNA sequences containing variable loop regions).
FASTA and Pearson formats are applicable for MAFFT.

A.2.2.6 Stockholm multiple alignment format

The “Stockholm” format is a system for marking up features in a multiple alignment. These mark-up
annotations| are preceded by a "magic” label, of which there are four types. The Stockholm format is

used by HMMER, Pfam and Belvu.

A.2.2.7 Other sequence alignments formats

Other formats, such as FASTA,[3Z1138] phyllip[22] and multiple sequence format (MSE), are also fised.

Interfaces are available to interconvert these formats.

A.2.3 RNA sequence, structure and connectivity formats

Several formpats have been used for RNA structure data. For exanmiple, the BlOpolymer Markup
Language (BIOML), the Bioinformatic Sequence Markup Language (BSMLTM), the Genome Annotation
Markup Elements (GAME[26]) and the CORBA Bio effort[5Zl. Thesexdid not have a standard syntaxl The
RNAML (RNA Markup Language) developed by a consortium of*investigators with a reasonably Broad
representatjon in RNA bioinformatics is widely used for RNA ifxformation files.[28] The “.ct file” confains
the nucleic 4cid sequence and base pairing information fromwhich a structure plot can be computed.

There are currently several variations of the .ct format used for different applications. The formats

most widely used are as follows:

28

Dot Bragket File Format (DBN): RNA secondany structure is often defined using Dot-Bracket Notation
(DBN). Valid structures in DBN format are'well-parenthesized words consisting of dots “.”, op¢ning
“(“ and |closing “)” parentheses. Dotted, positions are unpaired, whereas matching parenthe bized
positions represent base-pairing rucleotides. As the number of nucleotides interacting is always
even (eyeryone must have a partner), the brackets must be balanced. A structure containipg at
least two stem-loop structures:in which half of one stem is intercalated between the two halves
of another stem is called “pseudoknot”. The pseudoknot was first recognized in the turnip y¢llow
mosaic [virus in 1982.[38[\Pseudoknots fold into knot-shaped three-dimensional conformations,
but thege are not truetopological knots, as they are understood in mathematics. Pseudoknotfs are

marked|using alterndtive [ .. ] or { .. b} racket pairs.

BPSEQ: [File name’ends with “bpseq”. The bpseq format is a simple text format in which there is
one ling per base in the molecule, listing the position of the base (leftmost position is 1), the|base
name (4,€,.G, U, or other alphabetical characters), and the position number of the base to which it is
paired, with-a-0-denoting-that the base-isunpaired—Formereinformation, see-the Comparative RNA

Web Site.[60]

For complexes with more than one molecule, the molecules are listed in sequence, with the base
pairs numbers of each successive molecule following, in order, from the previous molecule.

CT: The first line contains the sequence length L. There are L subsequent lines, one per nucleotide.
The ith line starts with i, then the letter denoting the ith nucleotide, then the 5-connecting base
index (i-1), then the 3’ connecting base index (i+1), then the paired base index (or 0 if unpaired), and
finally base index in the original sequence. For example, the structure represented in bpseq format
above would be represented in ct format as follows:
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160281
2G1372
3C2403
4A3504
504605

1L
U

685766
7C6827
8C7018

The CT format is applicable for complexes of two or more RNA moleculés because the boundaries
an be expressed explicitly. If the ith line corresponds to the first nucleqtide in one of the molecules,
hen the third column is 0. If the ith line corresponds to the last nucleetide in one of the molecules,
hen the fourth column is 0.

This is an example of a short duplex stem, i.e. one composed.of two molecules:
4

160241

2G1032

3C0423

4C3014

NAML: The syntax allows for the'storage and the exchange of information about RNA s
econdary and tertiary structures. The syntax permits the description of higher-level

bquence and
information

bout the data including, but'hot restricted to, base pairs, base triples, and pseudoknfots. A class-

riented approach allows'us to represent data common to a given set of RNA molecul

bs, such as a

q

jequence alignment and‘a‘consensus secondary structure.

A.2.4 Data formats for mass spectrometry

A.2.4.1 Mass spectrometer output file format (mzML)

n the HUPO-
roofed”. The
5S a number
ms. A stable

mzMIL is a unified format for LC-MS proteomics data and evolved from mzXML and mzData i
PSI Working group for mass spectrometry standards.[®1] It is well developed and “future p
ProteedWizard software project has number of tools allowing conversion of the XML acro
of platforms including vendor proprietary sottware deterent to the respective 1iCense ter
iteration, mzML 1.1 has been available since 2009.

A.2.4.2 Mass spectrometry-based quantitative studies in proteomics (mzQuantML)

The mzQuantML standard format is intended to store the systematic description of workflows
quantifying molecules (principly peptides and proteins) by mass spectrometry. The format was
originally developed under the name AnalysisXML as a format for several types of computational
analyses performed over mass spectra in the proteomics context, but then has been decided to split
into two formats: mzldentML for peptide and protein identification and mzQuantML. mzldentML is
one of the standards developed by the Proteomics Informatics working group of the Protein Standards
Initiative (PSI). mzldentML does not contain mass spectra. These must be supplied.
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TraML is a standard rich XML-format for targeted mass spectrometry method definitions. TraML builds
on the same design concepts that were used for mzML and mzldentML. Like these formats previously
developed for different data types, TraML is based on XML and can be parsed and validated for
structural correctness with many industry-standard tools.

The proteogenomics formats proBAM and proBed are designed to store a genome-centric representation
of proteomics data.

A.2.5 Exchange format for proteomics and metabolomics results (mzTab)

mzTab was developed to brldge the gap between the hlgh level of detall found in XML- based formats
required for—Tr : : '

metabolomi
based prote
of MS. mzT4
different pr

A.2.6 For

NMR-star is
Retrieval (S
data. Other

A.2.7 For

EnzymeML

reactions. T
instrumentg,

protocols af
databases. H
to be evolve

A.2.8 For

Gel electro
are chemicy

s data.[62] ThlS format from the HUPO PSI is 1deally sulted to make mass- spectro<
pmics and metabolomics results available to a wider biological community outside)the
b addresses the condition of the presence of a specific peptide sequence in a‘iumb
bteins with widely varying structures and functions.

mats for nuclear magnetic spectroscopy (NMR)

the preferred format for NMR data. It is an extension of the Self-Defining Text Archivg
[AR) File, or simply the STAR File. NMR star is a text-based file foxmat for storing struct
formats include PIPP and XEasy.

mat for enzymology data: EnzymeML

s a free and open standard XML-based interchange format for data on enzyme-cata
he purpose of EnzymeML is to store and ‘exchange enzyme kinetics data bet
software tools, and databases. EnzymeML will allow scientists to share their experim
d results even if they are using different instruments, electronic laboratory notebool
nzymeML is compatible with the Systems Biology Markup Language (SBML). It cont
d and expanded by an international community.

mat for gel electrophoresis:(Gel Markup Language (GelML)

bhoresis is characteristicilly’ dependent upon many physical based parameters
lly, conformationally and’electromagnetically defined in one or two dimensions

differentiallly.

Metadata are highly significant’in gel electrophoresis. GelML, developed within the HUPO-PSI
data exchamge format for-vepresenting gel electrophoresis experiments performed in proted
investigatiops.[631[64] Clggely following the minimum information about a proteomics experi
(MIAPE), G¢IML retaings several structures from the functional genomics experiment (FuGE) o

model.[65]

A.2.9 Formats for real-time PCR data
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MIQE (Minimum Information for Publication of Quantitative Real Time PCR Experiments) is a set of
guidelines that describe the minimum information necessary for evaluating quantitative real-time PCR
experiments (qPCR).[66] This format now also applies to digital PCR.[67]

A.2.10 Formats for genomic sequencing data

The MIxS (Minimum Information About any (X) Sequence) guidelines, developed by the Genomics
Standards Consortium (GSC), improves the discoverability of genomic sequence data enabling data
integration, discovery and comparison.[6gl

MIxS provides core standards for describing genomes, metagenomes and gene marker sequences. It
is an extension of the MIGS (Minimum Information About a Genome Sequence) and MIMS (Minimum
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Information About a (Meta) Genome Sequence). It currently consists of three separate checklists: MIGS
for genomes, MIMS for metagenomes, and MIMARKS for marker genes.

A.2.11 Biomacromolecular structure data

The macromolecular Crystallographic Information File (PDBx/mmCIF) is a dictionary of data archiving
macromolecule crystallographic experiments and their results.lt9 It is used as official distribution
format for formatting and exchanging structural data of macromolecules, such as nucleic acids and
proteins. Such structures originally were formatted with one of three crystallographic data formats
from the Protein Database (PDB).[Z0IZ1][Z2] A standard tab delimited format was used routinely
provided atomic coordinate(s) and bibliographic entry formats (PDB, 1992; PDB, 1996). The PDB
Exchpnge data dictionary (PDBML) provide a schema in XML.1£3]

PSI H
be us

xtended Fasta Format (PEFF) is a unified format for protein and nucleotide sequence databases to
ed by sequence search engines and other associated tools (spectra library sedrch todls, sequence

align
proc
taxoj
such
form
the K
datal

A.2.

The
desig
such

ment software, data repositories, etc.). This format enables consistent €xtraction,
pssing of information such as protein/nucleotide sequence database entry-identifier,
homy, etc. across software platforms. It also allows the representationlof structural
as post-translational modifications, mutations and other processing’/events. The for
of a plain text file that extends the formalism of the individual Sequence entries as |
ASTA format and that includes a header of meta data to describe relevant informatic
base(s) from which the sequences have been obtained (i.e. nathe, version, etc.).

| 2 Small molecule (chemical entities) structures

[UPAC International Chemical Identifier (InChl) i8;a textual identifier for chemical
ned to provide a standard way to encode molécular information and to facilitate th|
information in databases and on the web.[74 Ihitially developed by the International U

and Applied Chemistry (IUPAC) and the US Natignal Institute of Standards and Technology

2000
subs
infon
have
reley
lengt
The

chenf
collis
have

to 2005, the format and algorithms are~non-proprietary. The InChl identifiers descr
Fances in terms of layers of information: The atoms and their bond connectivity,
mation, isotope information, stereochemistry, and electronic charge information. N

ant to the particular application. The InChlIKey is a hashed version of the full InChl
h (27 character) condensed digital representation of the InChlI that is not human-und
InChIKey specification was released in September 2007 in order to facilitate web
ical compounds. Un}ike the InChl, the InChIKey is not unique, but for now there ar
ions of InChIKeys{no two structures with different InChls that would have the sarn
been found). ThenChl format is used extensively in literature and bioinformatics app

Sim

lified molectdar-input line-entry system (SMILES) is an open specification version of

langtiage, a typographical line notation for specifying chemical structure. It is hosted unde
of the Blue<Obelisk project, with the intent to solicit contributions and comments fron
computatighal chemistry community.[Z2] OpenSMILES is a community sponsored ope
versiof-of SMILES. SMILES is also widely used in the literature and bioinformatics applicatj

display and
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An MDL Molfile is a file format for holding information about the atoms, bonds, connectivity and
coordinates of a molecule. Each molfile describes a single molecular structure which can contain disjoint
fragments. The V3000 molfile and V3000 rxnfile formats are the latest versions of the specification.
V3000 is a superset of V2000 in a different format. A connection table (Ctab) contains information
describing the structural relationships and properties of a collection of atoms. While still commonly
called a molfile, the specification has changed ownership as the companies who first created and then
owned the specification changed. MDL Information Systems (MDL) originally developed the format,
which is currently owned by Dassault Systemes. Please note that a public, official homepage cannot be
found, and therefore an alternative location has been provided.

Structure Data Format (SDF) is a chemical file formats to represent multiple chemical structure records
and associated data fields. SDF was developed and published by Molecular Design Limited (MDL) and
became the most widely used standard for importing and exporting information on chemicals.
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A.2.13 Formats for microarray data and sequencing-based functional genomics

The Functional Genomics Society (FGED) started out with a markup language format for microarray
data called MAGE-ML. It was later determined that this product was too complicated for researchers
without bioinformatics support. As a result, MAGE-Tab was developed. It is a spreadsheet sheet-based
format for microarray gene expression data. The MicroArray Gene Expression Tabular (MAGE-TAB)
format is self-contained, does not require an understanding of MAGE-ML or XML. MAGE-TAB can be
used for capturing microarray data according to the MIAME guidelinesl[Z8l or data from sequencing
experiments according to the MINSEQ guidelines.

MIAME (Minimum Information about a Microarray Experiment) is intended to specify all the
information| i i i i i ; rially
to reprodude it. MIAME defines the content but not the format for this information.[ZZl MIAME/
Plant (Minijnum Information About a Microarray Experiment involving Plants) is an extension df the
MIAME guidelines describing which biological details should be captured for describing microarray
experiment$ involving plants. Detailed information is required about biological aspects‘such as grpwth
conditions, harvesting time or harvested organ(s).

MINSEQE (Minimal Information about a high throughput SEQuencing Experiment) describe§ the
Minimum Igformation about a high-throughput nucleotide SEQuencing Experiment that is needed to
enable the ynambiguous interpretation and facilitate reproduction of the results of the experimernt. By
analogy to the MIAME guidelines for microarray experiments, adhereree to the MINSEQE guidglines
will improve integration of multiple experiments across different madalities, thereby maximising the
value of high-throughput research.

A.2.14 Formats for glycomics data - Minimum Information Required for a Glycomics
Experimel[t - Mass-spectrometry-based Glycoanalytic Data (MIRAGE MS)

MIRAGE (Mjinimum Information Required for A Glycomics Experiment) was created to improve the
quality of glycomics data in the scientific literature. Researchers seeking to understand the biocheiical
structure-ffinction relationships of carbohydrates require detailed descriptions of the assay condiTions
and the experimental results. Currently, thes€,data are insufficiently reported in the literatufpe. A
basic description on the sample preparation workflow is required. In contrast to proteomics, diffgrent
types of glyfoconjugates require partiallydifferent release approaches, which in turn can have direct
influence o1 the following conditions/parameters: released glycans or still attached to protein/|ipid;
type of glytan (N-glycan, O-glycam, \proteoglycan fragment); and sample pre-treatment prior] MS-
Analyses (n¢n, reduced, permethylated, endo/exoglycosidase digested, fluorescent label, online/offline
LC-separation).

A.2.15 Formats for flow. cytometry experiments - Minimum Information about a Flow
Cytometry| experiment (MIFlowCyt)

The Minim@im Information about a Flow Cytometry Experiment (MIFlowCyt) establishes criteria
for recording and reporting information about the flow cytometry experiment overview, samples,
instrumentatien and data analysis. It promotes consistent annotation of clinical, biological and tech|nical
issues surrounding a fIow cytometry experiment by specilying the requirements for data content and
by providing a structured framework for capturing information.

A.2.16 Formats for the description of synthetic biological parts, devices and systems

A.2.16.1 Synthetic Biology Open Language (SBOL)

SBOL is an open standard for the representation of in silico biological designs and their realization
through the design-build-test-learn workflow. SBOL Data provides both an electronic format for
representing this information (SBOL) and schematic glyphs to graphically depict genetic designs (SBOL
Visual).[42]
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A.2.16.2 Synthetic Biology Open Language Visual (SBOL Visual)

Synthetic Biology Open Language Visual (SBOL Visual) is an open-source graphical notation that uses
schematic “glyphs” to specify genetic parts, devices, modules and systems.

A.2.17 Metadata formats for life science, environmental and biomedical experiments

A.2.17.1 Investigation Study Assay Tabular (ISA-Tab)

ISA-TablZ81[79] describes the ISA (Investigation Study Assay) abstract model reference implementation
specified using the ISA-Tab format. ISA-Tab files are tab separated value (tsv) files, with specific labelled
column structures.[80] The ISA model consists of three core entities to capture experimentl metadata:

inveq
repr
of itg
to-ddg

A.2.]

tigation, study and assay. The extensible, hierarchical structure of this maodel
esentation of studies employing one or a combination of technologies, focusing on’the
experimental metadata (i.e. sample characteristics, technology and measurément ty
ta relationships).

7.2 Investigation Study Assay JSON (ISA-JSON)

ISA-]
for

captlire experimental metadata: investigation, study and assay."T"he extensible, hierarchid
of thiis model enables the representation of studies employing‘one or a combination of t
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ONI81l[82] describes the ISA abstract model reference implementation specified usi
t,[Z] a text format for serializing structured data. The ISA model consists of three coj

ing on the description of its experimental metadata (i:e. sample characteristics, tec
urement types, sample-to-data relationships).

7.3 Fast Healthcare Interoperability Resources (FHIR)

[83] js designed to enable information exchange to support the provision of hea
variety of settings. The specification<builds on and adapts practices to enable the
rated healthcare across a wide range-of teams and organizations. The intended scop
1, covering human and veterinary; clinical care, public health, clinical trials, admini
cial aspects. The standard has béen developed by HL7[84] and is intended for global
variety of architectures andscenarios.

Formats for biological imaging

| Image Data Resource (IDR)

s a prototype platform for publishing, mining and integrating bioimaging data at sca
Furo-Biolmaging/ELIXIR imaging strategy using the OMERO and Bio-Formats d
yare built by the Open Microscopy Environment.[85] Deployed on an OpenStack cloud
MBL-EBI's Embassy resource, it includes image data linked to independent studies f
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chemical, localization and geographic high content screens, super-resolution mic

Foscopy and

digital pathology.

A.3.2 Open Microscopy Environment eXtensible Markup Language (OME-XML)

The Open Microscopy Environment (OME) develops open-source software and data format standards
for the storage and manipulation of biological microscopy data. It is a joint project between universities,
research establishments, industry and the software development community. The purpose of OME-
XML is to provide a rich, extensible way to save information concerning microscopy experiments and
the images acquired therein.
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A.3.3 Open Microscopy Environment Ontology (OME-OWL)

The Open Microscopy Environment Ontology (OME-OWL) is a light microscopy imaging ontology that
has been developed through translation of the OME data model. The aim of this ontology is to support
multi-modal imaging technologies and integrate life-science metadata to enable comprehensive
image analyses. The core concepts extracted from the OME Data model include project, experiment,
instrument, image, screen, plate and region of interest. The ontology has been extended to include
electron microscopy, X-ray computed tomography (CT) and magnetic resonance imaging (MRI).

A.3.4 Open Microscopy Environment - Tag Image File Format (OME-TIFF)

OME-TIFF i{
maximize t
defined in O
more applic

A.4 Fornm

a standardized Ille Tormat ror multidimensional image data. OME-T1FF was crea

ME-XML while retaining the pixels in multi-page TIFF format for compatibility-with
htions.

jats for computer models of biological systems

A.4.1 CellML
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machine-readable, XML-based[23] model description and ekchange format for comp
ematical models.[861187] CellML is a description language;to define models of cellulaj
processes. It defines lightweight XML constructs that group mathematical relation
ules. The variables used in the mathematics are)defined within each module,
between variables in different modules can bespecified. CellML supports compo
lling, allowing models to import other models;.or subparts of models, therefore str
their reuse and facilitating a modularized niodelling approach. A CellML model typ
components, which can contain variables;and mathematics that describe the behay

of each component. The format provides means_te, reuse and group components into hierard
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processes, but dt-is not limited to this only. The evolution of SBML proceeds in s
h “Level” is an attempt to achieve a consistent language at a certain level of compl

layers” adding features to the core. By itself, SBML core is suited to representing
hssicalsmetabolic models and cell signalling models, involving well-mixed substance;
mogeneous compartments where they are located. SBML packages that extend the
onal in their use, add additional model features, such as visualizations, constraint-

ted to

:

he respective strengths of OME-XML and TIFF. It takes advantage of the rich metddata

any

uter-
and
ships
and
nent-
ngly
cally
yiour
hical

All entities (elements) carry an identifier and mathematical definitions are encoded fising

xt is

ional

piological processes.821(86] [ts strength is in representing phenomena at the scalle of

fages
pxity.

Level 3 the format is modular, with the core usable in its own right and packages being
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models, hier

archical model composition, or grouping or elements. SbEML models are decompose

into

explicitly labelled constituent elements. A valid model can consist of various user-defined elements,
e.g. substances, products and modifiers involved in processes, or compartments and where these are
located.

Biological and structural context of the model, as well as of its content and environment is provided by
annotating the model, its parameters, variables, equations, entities, components and other content with
metadata using the RDF.[2][88]

A.4.3 Neuroscience eXtensible Markup Language (NeuroML)

NeuroML is amachine-readable, XML-based[]l model description and exchange format for computational
models in neuroscience. It was created to facilitate data archiving, data and model exchange, database
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creation, and model publication in the neurosciences. The focus is on models which are based on the
biophysical and anatomical properties of real neurons.[8¢1[20]

A.4.4 Pharmacometrics Markup Language (PharmML)

PharmML is an exchange format for nonlinear mixed effect models used in pharmacometrics and
provides means to encode models, trial designs and modelling steps. PharmML allows for a smooth
exchange of computer models between different software tools used in population pharmacokinetics

and

A4.

FieldlML[ﬂ] is a machine-readable, XML-based[8] model description and exchange
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pharmacodynamics.[86]

5 Human Physiome Field Markup Language (FieldML)

esenting hierarchical models using generalized mathematical fields. FieldMbL\can

psent the dynamic 3D geometry and solution fields from computational models of cells
hs.[86][87]

6 Biological PAthways eXchange (BioPAX)

\X is a machine-readable standard format that aims to enable integration, exchange, V
inalysis of biological pathway data.[22]

q

/ Systems Biology Graphical Notation (SBGN)

$ystems Biology Graphical Notation (SBGN) is an effart'to standardize the graphical n
lard graphical languages for representing biological processes and interactions. T
lard visual notation is vital to ensure that.diagrams and pathway maps are unam
stent. Each SBGN language is based on the consensus of the broad international SBGN
logists, curators and software developers. SBGN comprises three languages, which allg
orks to be viewed from different perspectives and at different levels of detail:

q

$BGN Process Description language: The SBGN Process Description (PD) languagg
temporal courses of biochemical interactions in a network. It can be used to show all th
interactions taking place jifiva' network of biochemical entities, with the same entit
:llzultiple times in the same-diagram.

q

$BGN Entity Relationship language: The SBGN Entity Relationship (ER) language allows
felationships in which a given entity participates, regardless of the temporal aspects. R
¢an be seen asaules describing the influences of entities nodes on other relationships.

Activity Flowlanguage: The SBGN Activity Flow (AF) language depicts the flow of
between biochemical entities in a network. It omits information about the state tr
¢ntities.and is particularly convenient for representing the effects of perturbations, whe
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Formats for model simulations and their results in the life sciences

1 Simulation Experiment Description Markup Language (SED-ML)

SED-ML is a machine-readable, XML-based[8] exchange format for encoding computational model
simulation setups, to ensure exchangeability and reproducibility of simulation experiments.[861[24] It
follows the requirements defined in the MIASE guidelines (see Clause B.2).

SED-ML allows the exact simulation set-up to be configured and re-run. It evolves in Levels and Versions
and is not specific to any simulation software or modelling format.
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A.5.2 Open Modeling EXchange format (OMEX)

The Open Modeling EXchange format (OMEX) supports the exchange of all the information necessary
for a modelling and simulation experiment in the life sciences.[23] An OMEX file is a ZIP container that
includes a manifest file, an optional metadata file, and the files describing the model. The manifest is an
XMLIEI file listing all files included in the archive and their type. The metadata file provides additional
information about the archive and its content. Although any format can be used, an XMLI8] serialization
of the RDF[2] is the best option.[25]

A.5.3 Numerical Markup Language (NuML)

arrays of numbers to be used with model and simulation descriptions.[86] NuML was initially developed

NuML is a£acn1ne-readable, XML -basediol Tormat Tor describing and exchanging multldlmensllloonal
Systems Biology Results Markup Language (SBRML).[8¢]

as partoft

A.6 Descriptors for quality measurements for data and models

Quality Conjtrol Markup Language (qcML) is a machine-readable, XML-based[él exchange formgt for
quality-related data of mass spectrometry that follows the design principles’ of the related mzML,
mzldentML,| mzQuantML, and TraML standards from the HUPO-PSI (Proteemics Standards Initiative).
It constitutgs a data format geared towards capturing quality control (Q€) data from high-throughput
experiment$ and processes in the life sciences. The current focus‘of the project is towards mass
spectrometry-based proteomics, but the format is suitable for.metabolomics and next-generption
sequencing as well.

36 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=5be4eafac5defceeba91035be69d46c2

IS0 20691:2022(E)

Annex B
(informative)

Minimum reporting standards for data, models and metadata

B.1 General

Anngx B provides a list of applicable minimum information standards, as well as a_listiq
domain specific ontologies, taxonomies and controlled vocabularies to describe data set
scierice domains, their contained data elements and their context. The reporting standa
Anngx B are not exclusive and precluding. Similar standards can also be used, if appropriat

Implementations relying on other standards rather than the listed ones can still be
accordance with this document, providing that all other requirements-of this document 3
preconditions are fulfilled (see Clauses 4 to 8).

Online resources are available on the world-wide web suthmarizing available sta
vocapularies for describing data in the life-sciences. One widely used example for sucl

f applicable
s in the life
ds listed in

®

applied in
ind relevant

ndards and
h a curated,

inforqmative and educational resource on data and metadata‘Standards, interrelated to databases and

data|policies is the publicly available FAIRsharing portal®.[31]1[32] Minimum informatio
listed in Clause B.2 and terminologies listed in Clause B3 can be found online as an actively

n standards
curated and

updated list within the “ISO 20691 FAIRsharing Colléction”.[33] More standard formats and metadata

formpats can also be found under FAIRsharing and_in other online resources.

The [list of ontologies in Clause B.3 is an initial collection of artefacts retrieved fron
BioPprtall2e]l and the EMBL-EBI Ontology *Lieokup Servicel?Z] deemed to be relevant bag
active use in data management resourcegs for life science data such as the widely used SEEK
and its FAIRDOMHub installation[22] aswell as others.

B.2 | Minimum information standards

Table B.1 — List of minimum information standards

n the NCBO
ed on their
platform/(28]

Afronym Name Description and homepage
CIMR CoreInformation for Minimal requirements for metabolomics experiments.
Metabolomics Reporting
CONSORT Consolidated Standards |Reporting of parallel-group randomized controlled triall (RCT),
of Reporting Trials enabling readers to understand a trial's design, conduct| analysis

and interpretation, and to assess the validity of its results.

their interactions with one or more target molecules.

| :
MIABE Minimum Information | REporting requirements for the publication of data on one or a series
About a Bioactive Entity |of bioactive entities, such as pharmaceuticals and pesticides, and

MIABIS Minimum Information |Minimum information required to initiate collaboration
About Blobank data biobanks and to enable the exchange of biological sampl
Sharing The aim is to facilitate the reuse of bio-resources and as

data by harmonizing biobanking and biomedical research.

s between
es and data.
sociated

which is the basis for efficient data exchange.

MIACA Minimum Information |Information guideline and a modular Cellular Assay Object Model
About a Cellular Assay  |[(CA-OM) that can cover the range of cellular assays possible and

3) Thisinformation is given for the convenience of users of this document and does not constitute an

endorsement

by ISO of this product. Other web resources are also available for summarizing suitable formats and vocabularies.

© IS0 2022 - All rights reserved

37


https://standardsiso.com/api/?name=5be4eafac5defceeba91035be69d46c2

ISO 20691:2022(E)

Table B.1 (continued)

Acronym Name Description and homepage
MIAME Minimum Information |Information needed to enable the interpretation of the results of
About a Microarray the experiment unambiguously and potentially to reproduce the
Experiment experiment.
MIAPAR Minimum Information |Guideline for experimentalists who wish to unambiguously describe
About a Protein Affinity |protein affinity reagents and their protein targets. It specifies the
Reagent minimum amount of information required to describe either the
production or use of affinity reagents such as antibodies, aptamers,
protein scaffolds, etc.
MIAPA Minimum Information |Detailed checklist of metadata necessary for researchers to evaluate
for A Phylogenetic or reuse a published phylogeny.
Analysis
MIAPE Minimum Information |Minimum set of information about whole proteomics éxperimerfts
About a Proteomics that would be required by a public repository.
Experiment
MIAPE-MS Minimum Information |Minimum information required to report theus€ of a mass spect
About a Proteomics trometer in a proteomics experiment, sufficient to support both|the
Experiment - Mass effective (re-)interpretation and (re-)assessment of the data and the
Spectroscopy potential reproduction of the work that generated them.
MIAPE-MSI Minimum Information |Minimum information required to report the use of protein and|pep-
About a Proteomics tide identification and charactetizdtion software to analyse the[data
Experiment - Mass produced by mass spectrometry experiments, sufficient to supgort
Spectroscopy both the effective interpretation and assessment of the data and the
Informatics potential recreation of théwork that generated them.
MIAPE-GE Minimum Information |Minimum information'to report about the use of n-dimensional gel
About a Proteomics electrophoresis in-aproteomics experiment.
Experiment - Gel
Electrophoresis
MIAPE-GI Minimum Information |Minimuniinformation required to report an informatics analysis
About a Proteomics performed with gel electrophoresis images, in a manner compligant
Experiment - Gel with'the aims as laid out in the “MIAPE Principles” document.
Informatics
MIAPE-CC Minimum Information (" [\Minimal set of information to document a column chromatography
About a Proteomics experiment.
Experiment - Column
Chromatography
MIAPE-CE Minimum Ipfofmation |Minimal set of information to document a capillary electrophor¢sis
About a Proteomics experiment.
Experiment - Capillary
Electtophoresis
MIAPE-Quant |Minimum Information |Minimum information required to report the use of quantificatipn
About a Proteomics techniques in a proteomics experiment, sufficient to support both
Experiment - Mass Spec- |the effective interpretation and assessment of the data and the
trometry Quantification |potential recreation of the results of the data analysis.
MIAPPE Minimum Information |Reporting guideline for plant phenotyping experiments covering the
about Plant Phenotyping |description of the following aspects of plant phenotyping experi-
Experiment ment: study, environment, experimental design, sample
management, biosource, treatment and phenotype.
MIARE Minimum Information |Set of reporting guidelines that describes the minimum information
About a RNAi to be reported about an RNAi experiment to enable the
Experiment unambiguous interpretation and reproduction of the results.
MIASE Minimum Information |Information necessary to enable the execution and reproduction
About a Simulation of numerical simulation experiments, derived from a given set of
Experiment quantitative models.
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Table B.1 (continued)
Acronym Name Description and homepage

MIFlowCyt Minimum Information |Criteria for recording and reporting information about the flow
about a Flow Cytometry |cytometry experiment overview, samples, instrumentation and data
Experiment analysis.

MICEE Minimum Information |Reporting standard developed by an international group of leading
about a Cardiac Electro- |experimental teams comprising an explicit minimum set of informa-
physiology Experiment |tion deemed necessary for reproduction and utilization of published

cardiac experimental electrophysiology research.

MIxS - MIGS/  |Minimum Information |Conceptual structure for extending the core information that has

MIMB about a (Meta)Genome |been traditionally captured by the INSDC (DDBJ/EMBL /lGenBank) to
Sequence describe genomic and metagenomic sequences. ThelMIMS extension

describes key aspects of environmental context,

MIN Minimum Information |Information required to report the use of electrophysiology in a
about a Neuroscience neuroscience study.

Investigation

MIRIAM Minimum Information |Set of guidelines for the consistent annotation and curatfion of
Required In the computational models in biology. I€is-suitable for use with any
Annotation of Models structured format for computational models.

MISHISHIE Minimum Information |Minimum information to be-provided when publishing, making
Specification for In public, or exchanging results-from visual interpretationtbased
Situ Hybridization and |tissue gene expressiondocalization experiments such as|in situ
Immunohistochemistry [hybridization, immunohistochemistry, reporter construct genetic
Experiments experiments (GFP/gréen fluorescent protein, 3-galactosfdase), etc.

MIxS Minimum Information |Overarching framéwork of sequence metadata, that inclpdes
about any (x) Sequence |technology-specific checklists from the previous MIGS and MIMS

standards;provides a way of introducing additional chefklists such
as MIMARKS, and also allows annotation of sample data using
environmental packages.

MIAPepAE Minimum Information |Chlecklist of data and metadata that accompany a peptide-array
About a Peptide Array _\|experiment.

Experiment

STRENDA Standards for Minimum information that is needed to correctly descripe assay
Reporting conditions and enzyme activity data in enzymology.

Enzymology Data
Guidelines

STROBE Strengthening the Created by an international, collaborative initiative of epidemiolo-
Repeorting of gists, methodologists, statisticians, researchers and joufnal editors
Observational involved in the conduct and dissemination of observatignal studies,
Studies in with the common aim of STrengthening the Reporting of
Epidemiology OBservational studies in Epidemiology.

STROBE-nut Strengthening the Guideline for reporting nutrition epidemiology and dietary
Reporting of assessment research.

Observational
Studies in
Epidemiology—
Nutritional
Epidemiology
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B.3 Domain specific ontologies, taxonomies and controlled vocabularies

B.3.1 Medicine, health and disease

Table B.2 — Specific ontologies, taxonomies and controlled vocabularies for medicine, health

and disease

Acronym Name Description and homepage
ATC Anatomical Classification of active ingredients of drugs according to the organ or system on
Therapeutic which they act and their therapeutic, pharmacological and chemical properties.

hemical

His contralled l‘\y the Warld Hoqlth Oraqnization Fn”qknrqi—ihg Centre for Dr 18
]

Classification |Statistics Methodology (WHOCC), and was first published in 1976.

CHMO Chemical Data collection in chemical experiments, material analysis and synthesis:
Methods
Ontology

CcMO Clinical Entities for morphological/physiological measurement record§from clinical and
Measurement |model organism research.
Ontology

DCM DICOM Controlled terms for DICOM.
Controlled
Terminology

DINTO Drug-Drug Formal representation of drug-drug interaction'knowledge.
[nteractions
Ontology

DOID Disease Description of the classification of huittdn diseases organized by aetiology.
Ontology

DRON Drug Ontology |Support comparative effectiveness researchers studying claims data.

ICD-10 [nternational |The ICD is the international standard diagnostic classification for all general
Classification |epidemiological, many health management purposes and clinical use. ICD-10 {s
of Diseases the tenth revision of theiInternational Statistical Classification of Diseases and
Version 10 Related Health Probléms (ICD), a medical classification list by the World Health

Organization (WH®). It contains codes for diseases, signs and symptoms,
abnormal findings, complaints, social circumstances, and external causes of
injury or diseases.

ICD-11 International |Created to.allow the recording, reporting and grouping of conditions and factjors
Classification |thatinfluence health. It contains categories for diseases, health-related condif
of Diseases tions;and external causes of illness or death. The purpose of the ICD is to allow
Version 11 the systematic recording, analysis, interpretation and comparison of mortalify

and morbidity data collected in different countries or areas and at different times.
The ICD is used to translate diagnoses of diseases and other health problems jnto
an alphanumeric code, which allows storage, retrieval and analysis of the dat.
The ICD has become the international standard diagnostic classification for afl
general epidemiological and many health management purposes.

NCIt NEDThesaurus |Reference terminology for many NCI and other systems. It covers vocabulary|for
clinical care, translational and basic research, and public information and
administrative activities.

MedDRA |Medical Terminology for regulatory authorities in the pharmaceutical industry during the

Dictionary for |regulatory process, from pre-marketing to post-marketing activities, and for data
Regulatory entry, retrieval, evaluation and presentation.

Activities

Terminology

MESH Medical Subject|Controlled vocabulary for indexing journal articles and books in the life sciences
Headings serving as a thesaurus facilitating search.

NDFRT National Drug |Reference hierarchy to describe physiologic effects (PE) of drugs.

File Reference
Terminology
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Table B.2 (continued)

Acronym Name Description and homepage
OGMS Ontology for Entities involved in a clinical encounter including very general terms used across
General medical disciplines. The scope of OGMS is restricted to humans, but many terms
Medical can be applied to a variety of organisms. OGMS provides a formal theory of
Science disease that can be further elaborated by specific disease ontologies.
OBIB Ontology for Ontology built for annotation and modelling of biobank repository and biobank-
Biobanking ing administration. It is developed based on subset of Ontology for Biomedical
Investigations (OBI) using Basic Formal Ontology (BFO) as top ontology and fol-
lowing OBO Foundry principles. The first version of the ontology is merged of two
UAiDtills lLJiUlLJdll}\ I c}atcd UlltU}UsiUD, C}V{IABIS dlld lLJlUlLJClll}\ UlltU}Usy.
OMRISE Ontology of Covers the domain of social entities that are related to health caré€) such as demo-
Medically graphic information (social entities for recording gender (butmnetsex] and marital
Related Social |status, for example) and the roles of various individuals and.organizafions
Entities (patient, hospital, etc.).
OMIABIS  |Ontologized Ontological version of MIABIS (Minimum Information ‘About Blobank{Data
MIABIS Sharing).
RxNORM |RxNORM Normalized names for clinical drugs and links its4rdmes to many of the drug
vocabularies commonly used in pharmacy management and drug intgraction
software.
SNOMED- |Systematized |Systematically organized, computer-processable collection of medical terms pro-
CT Nomenclature |viding codes, terms, synonyms and definfitions used in clinical documlentation and
of Medicine- reporting. SNOMED-CT is a reference terminology that can be used tg cross-map
Clinical Terms |standardized healthcare languages'across healthcare disciplines.

SYMpP Symptom Disease symptoms, encompassing perceived changes in function, sensations or
Ontology appearance reported by a patient indicative of a disease.

UMLS Unified UMLS integrates and distributes key terminology, classification and doding
Medical standards, and associated resources to promote creation of more effelctive and
Language interoperable biomedical information systems and services, including electronic
System health records:

B.3.2 Anatomy

Table B.3 — Specific ontologies, taxonomies and controlled vocabularies for anatomy

Acrjonym Name Description and homepage

AEO Anatomical Description of anatomical structures expanding the Common Anatorny
Entity Reference Ontology (CARO).
Ontology

BSP( Biological Representation of spatial concepts, anatomical axes, gradients, regions, planes,
Spatial sides and surfaces.
Ontology

CARD Common Facilitate interoperability between existing anatomy ontologies for different
Anatomy Species.
Reference
Ontology

FMA Foundational |Domain ontology that represents a coherent body of explicit declarative
Model of knowledge about human anatomy. Its ontological framework can be applied
Anatomy and extended to all other species.

RadLex Radiology Radiology terminology for radiology practice, education and research.
Lexicon
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Table B.3 (continued)

Acronym Name Description and homepage
UBERON UBER anatomy |Integrated cross-species anatomy ontology covering animals and bridging
ONtology multiple species-specific ontologies. It represents a variety of entities classified

according to traditional anatomical criteria such as structure, function and
developmental lineage. The ontology includes comprehensive relationships to
taxon-specific anatomical ontologies, allowing integration of functional,
phenotype and expression data.

B.3.3 Biochemistry

Table B.4 — Specific ontologies, taxonomies and controlled vocabularies for biochenmistiy

Acronym Name Description and homepage
CHEBI Chemical Entities of Structured classification of molecular entities of biologjical
Biological Interest interest focusing on small chemical comipounds.
CHEMINF Chemical Information Ontology for representing chemicalinformation. In
Ontology particular, it aims to produce an éntology to represent

chemical structure and to richly describe chemical
properties, whether intrinsic @r computed.

EMO Enzyme Mechanism Concepts describing compenents of an enzyme and its
Ontology reaction mechanism in¢luding the roles the components
play in there.
B.3.4 Cells

Tab'le B.5 — Specific ontologies, taxonomies.and controlled vocabularies for cells

Acronylln Name Description and homepage

CL Cell Ontology Ontology for the representation of cell types from the prokgry-
otig, fungal, and eukaryotic organisms. CL merges informatjon
contained in species-specific anatomical ontologies as well ps
referencing other OBO Foundry ontologies such as the Prot¢in

Ontology (PR) for uniquely expressed biomarkers and the Gene
Ontology (GO) for the biological processes a cell type partic
pates in.

CBO Cell Behavior.Ontology Terms/entities for describing multi-cell computational models
with focus on existential cell behaviours (spatiality, growth,
movement, adhesion, death, etc.) and computational modelq of
those behaviours.

CLO CellLine Ontology Terms to standardize and integrate cell line information anfl to
support computer-assisted reasoning.

B.3.5 Genes;proteinsand RNA

Table B.6 — Specific ontologies, taxonomies and controlled vocabularies for genes, proteins and
RNA

Acronym Name Description

BioPAX Biological Pathways Standard language that aims to enable integration, exchange,
Exchange visualization and analysis of biological pathway data.

GO Gene Ontology Structured vocabulary for use by the research community for
the annotation of genes, gene products and sequences. The GO
defines concepts/classes used to describe gene function and
relationships between these concepts.
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Table B.6 (continued)

Acronym Name Description
MOP Molecular Process Concepts for processes at the molecular level.
Ontology
OMIT Ontology for MicroRNA Concepts for data exchange standards and common data
Target elements in the microRNA (miR) domain.
PW Pathway Ontology Controlled vocabulary for annotating gene products to
pathways.
PPIO Protein-Protein Structured controlled vocabulary for the annotation of
Interaction ﬂnfn]ngy nvpprimnnfc concerned with prnfnin_prnfnin interactions.
PRO Protein Ontology Terms/entities for the representation of protein-related entities.
RNApD RNA Ontology Terms/entities to capture all aspects of RNA;from primary
sequence to alignments, secondary and textiaty strjicture from
base pairing and base stacking to sophisticated motifs.
SO Sequence Ontology Structured controlled vocabulary fer.sequence anng¢tation,
for the exchange of annotation data and for the desdription of

sequence objects in databases:

B.3.6 Phenotypes

.

[able B.7 — Specific ontologies, taxonomies and controlled vocabularies for phenotypes

Acronym Name Description and homepage
HP Human Phenotype Structurediand controlled vocabulary for the phendtypic
Ontology featureg\encountered in human hereditary and othgr disease.
MP Mammalian Phenotype Standard terms for annotating mammalian phenotypic data.
Ontology
NCBITAXON NCBI Taxonomy Ontological representation of the NCBI organismal faxonomy. It

does not follow a single taxonomic treatise, but rath

to incorporate phylogenetic and taxonomic knowledlge from a

variety of sources, including the published literatur]
based databases, and the advice of sequence submit
outside taxonomy experts.

er attempts

e, web-
ters and

OMIM Ontology

Online Mendelian
Inheritance in Man

OMIM is a comprehensive, authoritative compendi

genes and genetic phenotypes as well as the relationship be-

of human

Ontology

Ontology tween them, which is freely available and updated daily. The
OMIM ontology contains terms used within the OMIM database.
OMP Ontology of Microbial Community ontology for annotating microbial phenjotypes,
Phenotypes including bacteria, archaea, protists, fungi and viruges.
PAT( Phenotypic Quality Ontology of phenotypic qualities, intended for use ih a number
Ontology of applications, primarily phenotype annotation. THis ontology
can be used in conjunction with other ontologies such as GO or
auatuul;l,a} UlltU}USiCD tU I Cfcl tU thCllUt)’ PCD-
ORDO Orphanet Rare Disease Structured vocabulary for rare diseases capturing relationships

between diseases, genes and other relevant feature

S.

B.3.7 Experiments

Table B.8 — Specific ontologies, taxonomies and controlled vocabularies for experiments

Acronym

Name

Description and Homepage

BAO

BioAssay Ontology

Concepts for chemical biology screening assays and their results including
high-throughput screening (HTS) data for the purpose of categorizing assays
and data analysis.
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