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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
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Introduction

The advent of high-throughput sequencing (HTS) technologies has the potential to boost the adoption
of genomic information in everyday practice, ranging from biological research to personalized genomic
medicine in clinics. As a consequence, an extraordinarily growing volume of generated data has
increased dramatically during the last few years, and an even more pronounced growth is expected in
the near future.

At the moment genomic information is mostly exchanged through a variety of data formats, such as
FASTA/FASTQ for unaligned sequencmg reads and SAM/BAM/CRAM for aligned reads With respect to
such forma compression

pecifying an abstract representation of the sequencing data rather than a specific fofmat with its
direct implementation.

Heing designed at a time point when technologies and use cases are more mature. This permits
ddressing one limitation of the textual SAM format, for which the incremental ad-hoc addition of
features followed along the years, resulting in an overall redundant ahd suboptimal fprmat which
as unnecessarily complicated.

Jeparating free-field user-defined information with no clear semantics from the genomic data
representation. This allows a fully interoperable and automatic exchange of informatfion between
different data producers.

Allowing multiplexing of relevant metadata information with the data since data and metadata are
dartitioned at different conceptual levels.

ollowing a strict and supervised development process which has proven successful in the last
J0 years in the domain of digital mediafor’'the transport format, the file format, the| compressed
representation and the application program interfaces.

O/IEC 23092 series provides theenabling technology that will allow the community| to create an
ecosystem of novel, interoperable, solutions in the field of genomic information processing. [n particular

(lonsistent, general and properly designed format definitions and data structures to storg sequencing
and alignment information. A robust framework which can be used as a foundation o implement
different compresgion algorithms.

— jpeed and flexibility in the selective access to coded data, by means of newly designed data clustering
nd optimized storage methodologies.

|
-

ow latency in data transmission and consequent fast availability at remote locatiohs, based on
Fansmission protocols inspired by real-time application domains.

—

— Builttim privacy anmdprotection of sensitive informmation, thamkstoa ftexibte framework which
allows customizable secured access at all layers of the data hierarchy.

— Reliability of the technology and interoperability among tools and systems, owing to the provision
of a procedure to assess conformance to this document on an exhaustive dataset.

— Support to the implementation of a complete ecosystem of compliant devices and applications,
through the availability of a normative reference implementation covering the totality of the
ISO/IEC 23092 series.

The fundamental structure of the ISO/IEC 23092 series data representation is the genomic record. The
genomic record is a data structure consisting of either a single sequence read, or a paired sequence
read, and its associated sequencing and alignment information; it may contain detailed mapping and
alignment data, a single or paired read identifier (read name) and quality values.

© ISO/IEC 2020 - All rights reserved v
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Without breaking traditional approaches, the genomic record introduced in the ISO/IEC 23092 series
provides a more compact, simpler and manageable data structure grouping all the information related
to a single DNA template, from simple sequencing data to sophisticated alignment information.

The genomicrecord, although itis an appropriate logic data structure for interaction and manipulation of
coded information, is not a suitable atomic data structure for compression. To achieve high compression
ratios, it is necessary to group genomic records into clusters and to transform the information of the
same type into sets of descriptors structured into homogeneous blocks. Furthermore, when dealing
with selective data access, the genomic record is a too small unit to allow effective and fast information

retrieval.
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are the fundamental, finest grain data structure in terms of content protection and

in terms of metadata association. In other words eachyaccess unit can be protected individually and
independentlly. Figure 1 shows how access units, bloeks and genomic records relate to each other |n the
ISO/IEC 230P2 series data structure.
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Figure 1 — Access units, blocks and genomic records
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Figure 2 — High-level data structure: datasets-and dataset group

aset is a coded data structure containing headers ahd one or more access units. Typjcal datasets

for example contain the complete sequencing ofiah’'individual, or a portion of it. Of]
contain for example a reference genome or a subiset of its chromosomes. Datasets ar

et groups, as shown in Figure 2.

plified diagram of the dataset decoding\process is shown in Figure 3.
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Figure 3 — Decoding process

This document contains the reference software for tools defined in ISO/IEC 23092-1 and
ISO/IEC 23092-2. This software has been derived from verification models used in the process of
developing the ISO/IEC 23092 series.

The reference software is available at https://standards.iso.org/iso-iec/23092/-4/ed-1/en.
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The International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Information may
be obtained from the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsiﬂle for

identifying gqny or all such patent rights.
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Information technology — Genomic information
representation —

Part 4:
Reference software

cope

ocument specifies genomic information representation reference software,.feferr
ic model (GM). This decoding software is provided to assess conformance to the req
ISO/IEC 23092-1 and ISO/IEC 23092-2.

ormative references

The following documents are referred to in the text in such a way that some or all of {
constlitutes requirements of this document. For dated references, only the edition cited
undated references, the latest edition of the referenced docuinent (including any amendme

ISO/IEC 23092-1, Information technology — Genomic inforynation representation — Part 1: T|
storage of genomic information

ISO/IEC 23092-2, Information technology — Geriomic information representation — Part

[SO/IEC 23092-3, Information technology~=- Genomic Information Representation — Par
Information Metadata and Application Pxegramming Interfaces (APIs)

erms and definitions

For the purposes of this document, the terms and definitions in ISO/IEC 23092-1, ISO/IEC
[SO/IEC 23092-3 and thefollowing apply.

ISO apd IEC maintain ferminological databases for use in standardization at the following

— IPO Onlinedbrowsing platform: available at https://www.iso.org/obp

]

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

ed to as the
uirements of

heir content
applies. For
nts) applies.
ransport and

2: Coding of

t 3: Genomic

23092-2 and

hddresses:

3.1

genomic model
GM
genomic information representation reference software

4 Reference software modules

4.1 General

This reference software is a compliant implementation: taking the same conformant bitstreams
and using the same output file format will output the same file. Complying ISO/IEC 23092-1 and

ISO/IEC 23092-2. implementations are not expected to follow the algorithms or the p

rogramming

techniques used by the reference software. The decoding software is considered compliant but cannot
add anything to the textual technical descriptions of ISO/IEC 23092-1 and ISO/IEC 23092-2.
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