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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, the 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 sequencing reads and SAM/BAM/CRAM for aligned reads. With respect to
such formats, the ISO/IEC 23092 series provides a new solution for the representation and compression

of cenaome sequencing information by:
T [=] %4

This
of no

ecifying an abstract representation of the sequencing data rather than a specific\for
irect implementation.

eing designed at a time point when technologies and use cases are more mature. Thig

ddressing of one limitation of the textual SAM format, for which incremental ad-ho
features followed along the years, resulting in an overall redundantand suboptimal fi
the same time results not general and unnecessarily complicated.

= =z

ormative genomic data representation. This allows a fully-interoperable and autom
f information between different data producers.

o

llowing multiplexing of relevant metadata informatjon with the data since data and 1
artitioned at different conceptual levels.

ollowing a strict and supervised development process which has proven successfu
0 years in the domain of digital media for, the transport format, the file format, the
epresentation and the application progranrinterfaces.

e OO HLe =

locument provides the enabling technology that will allow the community to create a
Uel, interoperable, solutions in thefield of genomic information processing. In particu

(Jonsistent, general and properly designed format definitions and data structures to stor
and alignment information.\A robust framework which can be used as a foundation
different compression algorithms.

Speed and flexibilify*in the selective access to coded data, by means of newly-de
dlustering and optimized storage methodologies.

[fow latencyin data transmission and consequent fast availability at remote locatio
transmission protocols inspired by real-time application domains.

Ruiltéinprivacy and protection of sensitive information, thanks to a flexible frame

mat with its

permits the
c addition of
brmat which

ormatively separating free-field user-defined information ‘with no clear semanﬁjtcs from the

ic exchange

netadata are

1l in the last
compressed

n ecosystem
ar, it offers:

e sequencing
0 implement
signed data

ns, based on

work which

aillows 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 normative 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 2019 - All rights reserved
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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.

structure for coding and access to information in the compressed domain.

The access lnit is the smallest data structure that can be decoded by a decoder compliant

ental

with

ISO/IEC 23092-2. An access unit is composed of one block for each descriptor used to'represent the
information of its genomic records; therefore, a block payload is the coded representation of all the¢ data

of the same type (i.e. a descriptor) in a cluster.

In addition tp clusters of genomic records compressed into access units, reads aré further classif
six data claspes: five classes are defined according to the result of their alignment against one or

ed in
more

reference sefjuences; the sixth class contains either reads that could not-be mapped or raw sequepcing
data. The classification of sequence reads into classes enables the development of powerful sel¢ctive

data access.|In fact, access units inherit a specific data characterization (e.g. perfect matches in
P, substituti¢ns in Class M, indels in Class I, half-mapped reads in €lass HM) from the genomic re

Class
cords

n the

composing them, and thus constitute a data structure capable of providing powerful filtering capability
for the efficient support of many different use cases.
Access unitq are the fundamental, finest grain data strtucture in terms of content protection and in
terms of mgtadata association. In other words, eachZaccess unit can be protected individually and
independent]ly. Figure 1 shows how access units, bloecks and genomic records relate to each other
ISO/IEC 230P2 series data structure.
| Acceps Unit 1 ~N
Vet
| Access Unit P N \U
V2.
Access Unit M | \\J Cluster I
| Access Unit Hrotection and Metadata | {\.}
Genomic Record Genomic Record Genomic Record
F--- -l _A_1 N N & -I--------------I---------I
IBlock Header C) Desc. pos value Desc. pos value SsEEESm Desc. pos value 1
e T T TR S T NN NN BN BN NN BN BN NN NN NN BN BN BN BN B N BN S B B S . . -
F--- ______ = L N N N % § N § & N N N N N §® §® § 4 8 &R N §B N -I
IBlock Headep { Desc. pair value EEEEEE Desc. pair value 1
L8 & & ] ——Uv— 5 8 8 N 5 & 8 8 R _ N B 8 8 N 8 R _ B B N _N N N § _'§ |
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l{@(yl ; ; EEEEEN :
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IBlock Header Desc. mmtype value EEEEEm Desc. mmtype value 1 ||
LB B B B & & & 8 =B & J L 8 8 8 8§ 8 8 B 8 B 8 B 8 8 N 8 BN _NF_NE_NF_F F 3} '} |

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 and-9ne or more access units. Typ
, for example, contain the complete sequencing of af individual, or a portion of it. Ot
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 defines the syntax and semantics of the data formats for both transport and storage of
genomic information. According to this document, the compressed sequencing data can be multiplexed
into a normative bitstream suitable for packetization for real-time transport over typical network
protocols. In storage use cases, coded data can be encapsulated into a file format with the possibility
to organize blocks per descriptor stream or per access units, to further optimize the selective access
performance to the type of data access required by the different application scenarios. This document
further provides a reference process to convert a normative transport stream into a normative file
format and vice versa.
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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:

GenomSys SA

EPFL InnovatienRarkBuildingG
CH-1015 Laysanne

Switzerland
info@genonysys.com

Attention is [drawn to the possibility that some of the elements of this document may be the subject of
patent rightg other than those identified above. ISO and IEC shall not be held respénsible for identifying
any or all su¢h patent rights.
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Information technology — Genomic information
representation —

Part 1:
Transport and storage of genomic information

1 Scope

This flocument specifies data formats for both transport and storage of genomic infofmatipn, including
the cpnversion process.

2 ormative references

The following documents are referred to in the text in such a way‘that some or all of §heir content
consfitutes requirements of this document. For dated references) 'only the edition cited|applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 10646, Universal Coded Character Set (UCS)

ISO/IEC FDIS 23092-2:2019%), Information technology >~ Genomic information representatipn — Part 2:
Codirlg of genomic information

ISO/IEC FDIS 23092-32), Information technolégy — Genomic information representation — Part 3:
Metaglata and application programming interfdaces (APIs)

IETF[RFC 3986, Uniform Resource Identifiét (URI): Generic Syntax
IETF[RFC 7320, URI Design and Owriership

3 Terms and definitions
For the purposes of this’document, the following terms and definitions apply.
[SO apd IEC maintain terminological databases for use in standardization at the following addresses:

— IBO Onlinebrowsing platform: available at https://www.iso.org/obp

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

31
access unit

logical data structure containing a coded representation of genomic information to facilitate bit stream
access and manipulation

3.2

access unit covered region

genomic range comprised between the access unit start position and the access unit end position,
inclusive

1) Under preparation. Stage at time of publication: ISO/IEC FDIS 23092-2:2019.
2) Under preparation. Stage at time of publication: ISO/IEC FDIS 23092-3:2019.

© ISO/IEC 2019 - All rights reserved 1
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access unit start position
position of the left-most mapped base among the first alignments of all genomic records contained in
the access unit, irrespective of the strand

3.4

access unit end position
position of the right-most mapped base among the first alignments of all genomic records contained in
the access unit, irrespective of the strand

3.5

access unit Fange

genomic ra
position am

3.6

access unit
genomic ran
inclusive

3.7
alignment
information

rIge comprised between the access unit start position and the right-most genomi€y

ng all genomic records contained in the access unit

covered region
ge comprised between the access unit start position and the accessyunit end po

describing the similarity between a sequence (typically a sequencing read) and a refe

sequence (for instance, a reference genome)

3.8
box
object-orien

3.9
cluster
aggregation

3.10

cluster sign|
signature
sequence of

3.11
container b
box (3.8) wh

3.12

data stream

set of packet

ed building unit defined by a unique type identifier and length

of genomic records

ature

hucleotides that is comnpton'to most or all genomic records belonging to a cluster

pX
pse sole purpose is to contain and group a set of related boxes

5 (3.20) transporting the same data type

3.13

bcord

sition

rence

extended access unit start position
position of the left-most mapped base among all alignments of all genomic records contained in the
access unit, irrespective of the strand

3.14

extended access unit end position
position of the right-most mapped base among all alignments of all genomic records contained in the
access unit, irrespective of the strand

3.15
file format

set of data structures for the storage of coded information

© ISO/IEC 2019 - All rights reserved
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3.16

genomic position

position

integer number representing the zero-based position of a nucleotide within a reference sequence

3.17

genomic region

region

genomic interval between a start nucleotide position and an end nucleotide position, inclusive

3.18

geno ic range
rangge
interyal of positions on a reference sequence defined by a start position s and an end pofition e such
that 4 < e; the start and the end positions of a genomic range are always included in.the range

3.19
mapped base
base pf the aligned read that either matches the corresponding base on the’reference seqience or can
be tufned into the corresponding base on the reference sequence via a(sybstitution

3.20
packpt
trangmission unit transporting segments of any of the data structures defined in this document

3.21
referjence genome
reprgsentative example of the sequences for a species™genetic material

Note [ to entry: Genetic material meaning the sequences of the DNA molecules present in a typiqal cell of that
specigs.

3.22
referfence sequence
nuclejic acid sequence with biological-relevance

Note [l to entry: Each reference-sequence is indexed by a one-dimensional integer coordinate sygtem whereby
each Integer within range identifies a single nucleotide. Coordinate values can only be equal to ¢r larger than
zero. The coordinate systemiin the context of this standard is zero-based (i.e. the first nucleotide ha$ coordinate 0
and it}is said to be at position 0) and linearly increasing within the string from left to right.

3.23
genomic segment
segnjent

contiguousssequence of nucleotides, typically output of the sequencing process and sequeng¢ed from one
stranld of'atemplate

3.24
sequence read

read

readout, by a specific technology more or less prone to errors, of a continuous part of a nucleic acid
molecule extracted from an organic sample

3.25
syntax field
element of data represented in the data format

© ISO/IEC 2019 - All rights reserved 3
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genomic sequence that is produced by a sequencing machine as a single unit

Note 1 to entry: A template can be made of one or more segments, being called single-end sequencing read when
it only has one segment and paired-end sequencing read when it has two segments.

3.27

transport format
set of data structures for the transport of coded information

3.28

variable
parameter e

4 Mathe

NOTE Th
language. Hoy
are defined 4
begin from 0.

4.1 Arith
+ addit
- subt1
++ incre
* mult
/ integ

ther inferred from syntax fields or locally defined in a process description
matical operators

vever, integer division with truncation and rounding are specifically defined: The bitwise ope
ssuming two's-complement representation of integers. Numbering and/counting loops gen

metic operators

ion

action (as a binary operator) or negation (as alunary operator)
ment

plication

er division with truncation of the result toward 0 (for example, 7/4 and -7/-4 are tru

e mathematical operators used in this document are similar to those used’in-the C programming

rators
erally

ncat-

ed tol1 and -7/4 and 7/-4 are truncated to -1)
4.2 Logicjl operators
[l logichl OR
&& logichl AND
! logichl NOT
4.3 Relatjonaloperators
> greater than
> greater than or equal to
< less than
< less than or equal to
== equal to
I= not equal to
4 © ISO/IEC 2019 - All rights re

served
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4.4 Bitwise operators

& AND

| OR

>> shift right with sign extension

<< shift left with 0 fill

4.5 Assignment

= assignment operator

4.6 |[Unary operators

sizeof(N) size in bytes of N, where N is either a data structure or a datatype

5 Structure of coded genomic data

5.1 |Genomic records

The genomic record, in this document, is a data structure‘consisting of either a single sequgnce read, or
paireld sequence reads, and its associated sequencing/and alignment information. The genomic record
may fontain detailed mapping and alignment dataya single or paired read identifier (read name) and
quality values.

Whi]t alignment information is present, theé'genomic record position is defined as the pdsition of the
left-most mapped base of the genomic record on the reference genome. Genomic record positions are
0-baged in the ISO/IEC 23092 series. In\case of multiple alignments, the position of the first alignment
in thg record is considered; in such aase, the first alignment shall be the one with the leftmost position
amorlg all the alignments with the best score.

In case of unmapped reads (ilesho alignment information present) the notion of position d¢es not apply
to th¢ genomic record.

In case of aligned content, bases that are present in the reads of the genomic record and npt present in
the reference sequenee (insertions) and bases preserved by the alignment process but nof mapped on
the r¢ference sequence (soft clips) do not have mapping positions.

Tablel 1 enuiierates all the types of data that a genomic record can contain. ISO/IEC 230092-2 defines
techrjology that allows coding all and only those types of data into a set of descriptors; data, and
consgquéntly descriptors, which are mandatory or optional, are also specified in ISO/IEQ 23092-2, as
well asiow they are used to represent muitipie alignments.

Table 1 — Genomic records

Data Semantics

Record identifier

name of the record (e.g. read names)

Sequence reads

sequencing readout, as one or more strings of bases

Quality values quality scores of the sequence reads

Strandedness information about the strandedness of each read of the Record

Length length of the sequence reads

Position position on the reference genome of the left-most mapped genomic record base
Pairing position or distance of the mate reads (e.g. in a pair)

© ISO/IEC 2019 - All rights reserved
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Table 1 (continued)

Data Semantics
Flags technical, additional alignment information (duplicates, proper pairs, failures)
Mismatches information about position and type of each mismatch in mapped records
Clips information about clipped bases (soft and hard clips) in mapped records
Mapping scores mapping scores for an alignment
Multiple alignments information about the number of alignments and the alternative alignment
information about each segment of the record
Group read group the genomic record belongs to
ISO/IEC 23092-2 defines a normative output record format for all types of data in Table 1. These réfords

shall be gengrated by decoders compliant to ISO/IEC 23092-2 as output of the decoding proeess.

5.2 Data ¢lasses

Six data clasfses are specified to classify genomic records according to the result of the mapping
encoded seqpence reads against one or more reference sequences.

In the case g

to the class

pf the read with the highest class_ID. In case of multiplealignments, the genomic r

belongs to the class of the first alignment in the record.

The data cla

bses and their descriptions are specified in Table 2.

Table 2 — Data classes

bf the

f more than one read in a template, if both reads are mapped; the genomic record belongs

bcord

ClassID Class name Record content
CLASS_P Only reads perfectly mdtching to the reference sequence.
CLASS_N Reads perfectly matehing to the reference sequence or containing mismatches
which are unknownh bases only.

3 CLASS_M Reads perfectly“matching to the reference sequence or containing substityi-
tions or unknown bases, but no insertions, no deletions, no splices and no
clipped-bases.

4 CLASS_I Reads perfectly matching to the reference sequence or containing substityi-
tions, unknown bases, insertions, deletions, splices or clipped bases.

CLASS_HM Paired-end reads with only one mapped read.
CLASS_U Unmapped reads only.

Genomic req
is a coding ¢
specified in

SO/IEC 23092-2.

ords of éach data class are coded by means of several descriptors; conversely, a descyfiptor
lement-needed to represent part of the information. Descriptors for each data clags are

Descriptors are coded in blocks. Blocks are defined in subclause 6.5.4. A sequence of block payloads
of a single descriptor composes a descriptor stream. All block payloads in a descriptor stream contain

compressed

5.3 Acces

descriptors of a single type representing reads of the same data class.

S units

Access units (AUs) are data structures containing a coded representation of genomic information and
optionally related metadata to facilitate the bitstream access and manipulation. An access unit contains
either genomic records belonging to the same data class or a fragment of a reference sequence.

The access unit is the smallest data organization that can be decoded by a decoder compliant with
ISO/IEC 23092-2.

© ISO/IEC 2019 - All rights re
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Access units are orthogonal to descriptor streams: an access unit is composed of all and only those
blocks of the descriptor streams that are necessary to decode the information contained in a cluster of
records of a given data class.

An access unit can be of several types according to the class of the coded data.

Table 3 — Access unit type

Access unit type Class of data
Name Value
P TYPE_AU 1 CLASS_P
N_TYPE_AU 2 CLASS_N
M_TYPE_AU 3 CLASS_M
[_ TYPE_AU 4 CLASS_I
HM_TYPE_AU 5 CLASS_HM
U_TYPE_AU 6 CLASS_U

Depepding on the type of coded information, an access unit can be decoded either indepenflently of any
other] access unit or using information contained in other access units,

5.4 |Datasets

A datpset is a data structure containing headers and acce$s units. The set of access units cqmposing the
dataget constitutes the dataset payload.

One qr more datasets are assembled into a dataset-group.

5.5 |Selective access

In th¢ case of selective access to a genomic region comprised between a start genomic position and an
end genomic position the decoder shall feturn: a) all the access units whose covered region|overlaps the
regiop defined by start and end with.at least one base, and the parameter sets that are needed to decode
themj b) at least the reference peorition that is necessary to decode the access units identifigd in a).

In the case of selective access to signed content identified by a U_cluster_signature sjgnature the
decodler shall return all.the access units whose signature corresponds to U_cluster_signature, and the
paraineter sets that afe)needed to decode them. Examples of selective access strategies afre described

ata fermat

6.1 |Format structure

6.1.1 General
Table 4 presents the overall data structures and hierarchical encapsulation levels.

Boxes that may occur at the top-level are shown in the left-most column; indentation is used to show
possible containment. Not all boxes need be used in all files; the mandatory boxes are marked with an
asterisk (*) in the Mandatory column: such column refers to the relevant scope (File and/or Transport).
Optional boxes are represented with dashed borders in Figure 4 and Figure 5. Mandatory boxes are
represented with solid borders. When no entry is present in the Scope column, scope is both File
and Transport. See the specification of each individual box for the normative assumptions when the
optional boxes are not present. If the box key is represented in italic format in Table 4, the relevant box
is represented either with no Key and no Length, but only Value in the gen_info format, as specified in
subclause 6.3, for all boxes but offset, or as specified in subclause 6.6.5.1 for the offset box.

© ISO/IEC 2019 - All rights reserved 7
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Table 4 — Format structure and encapsulation levels

Box key (with hierarchical level) Subclause Scope Mandatory
flhd 6.6.2 File *
dgcn 6.5.1 File *
dghd 6.5.1.2 *
rfgn 6.5.1.3
rfmd 6.5.1.4
labl 6.5.1.5
1L 65154 |
dgmd 6.5.1.5.3 "
dgpr 6.5.1.6.3 Ay
dmtl 6.7.3 Transport |* I\’V
dten 6.5.21  |[File lov
dthd 6.5.2.2 O
mitb 6.6.3.1 File ~
pars 6.5.2.3 RN\ ;- *
dtmd 65253 [
dtpr 6.5.2.3.3 "\
dmtb 6.7.4 o Transport |*
dscn 23 File
dshd ~J6.6.4.2 File
dspr «6.643  [File
aucn R < 6.5.3 *
auhd | O\ 6.5.3.2 *
auin "\\Q)‘ 6.5.3.4
aupi) 6.5.3.5
Nl "ad k M *
(‘}\V block_header |6.5.4
offset offsét. 6.6.5 File
packet (*V 6.7.5 Transport |*
packet_heageg)u 6.7.5.2 Transport |*
NS
Q~
O
D
\<</Q
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FILE FORMAT

| File header (flhd)

Dataset Group (dgen)

Reference (rfgn) Reference Metadata (rfimd)

| Dataset Group Header (dghd) |
I
1
1

Label List (labl) 1 _Label (Ibl) _=I Dataset Group Metadata (dgmd) Dataset Group Protection (dgpr)

Dataset Header (dthd) Master Index Table (mitb) Dataset Parameter Set (pars)

Dataset Metadata (dtmd) Dataset Protection (dtpr)

Descriptor Stream Header (dshd) Descriptor Stream Header (dshd) ]
Descriptor Stream Protection (dspr) Descriptor Stream Protection (dspr) ]

formatior] (auin) ¢
A Protecnon
AU Informatio
— AU Protection m

N4
Figure 4 — Data structures hierar@)or storage
3
<
TRANSPORT FORMAT Q
yaN
Packet QV
| Packet Header | \\
Dataset Group ké
| Dataset Mapping Table List (dmtl) | | Dataset Group Header (dsa N I E Reference (rfgn) i i Reference Metadatq (rfind) i
i Label List (labl) EE:EE;_QE’T_EJE i Dataset Group Met(da dgmd) i i Dataset Group Protection (dgpr) I
Dataset :\‘GQ
I Dataset Mapping Table (dmtb) | A*Dataset Header (dthd) | | Dataset Parameter Set (pars) |
)
i Dataset Metadata (dtmd) '* v Dataset Protection (dtpr) i
* 0\
5
rotection (aupr
)
\ >
S
SO Figure 5 — Data structures hierarchy for transport
In trg r&rt format, any box represented in Figure 5 shall be encapsulated in one or morg packets, as

specified in subclause 6.7.5. The dataset group and dataset are represented in Figure 5 for clarity, but
do not exist as boxes in transport format.

6.1.2 Boxorder
In order to improve interoperability, the following rules shall be followed for the order of boxes:
In file format

1) The container boxes (dataset group, dataset, access unit and descriptor stream) shall be ordered
according to the hierarchy specified in Table 4.

2) The box order inside the containers dgcn, dtcn, dscn, and aucn are specified in Table 8, Table 18,
Table 24 and Table 32, respectively.

© ISO/IEC 2019 - All rights reserved 9
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3) The file header box ‘flhd’ shall occur before any variable-length box.

4) When present, the offset box ‘offs’, as specified in subclause 6.6.5, enables an indirect addressing of
boxes, which, while logically respecting the ordering specified in this subclause, may be physically
located in a different position in the file.

5) The contiguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shall not be broken by
any box external to the container box, apart from the offset box, as specified in subclause 6.6.5.

In transport format

1) The box order is not specified, but the dataset_mapping_table_list and dataset_mapping_table

boxes sh

2) Itis strd

table bo
6.2 Synta

6.2.1 Met

Table 5 lists

kes first.

x and semantics

all be decoded first, and then all other boxes according to the hierarchy specitied 1n_13a

ngly recommended to transmit the dataset_mapping_table_list and the dataset.map

hod of specifying syntax in tabular form

the constructs that are used to express the conditions when-data elements are preser

NOTE This syntax uses the convention that a variable or expressionvevaluating to a non-zero vg
equivalent toja condition that is true.
Table |5 — Constructs used to express the conditions when data elements are present
Construct Description
if (fondition) { If the conditadd is true, then the first group of
data elements.occurs next in the bitstream.
Hata element
}
else| ¢ Ifthe condition is not true, then the second
group of data elements occurs next in the
Hata element bitstream.
}
for [(1=0;i<n;i+H) +{ The group of data elements occurs n times.
Conditional constructs within the group of data
Hata_element elements may depend on the value of the loop
control variable i, which is equal to zero for the
first occurrence, incremented to 1 for the second
} occurrence, and so forth.

ble 4.

ping_

t.

lue is

As noted, the group of data elements may contain nested conditional constructs. For compactness, the
{} are omitted when only one data element follows. Collections of data elements are represented as

le 6.

listed in Tab

Table 6 — Syntax used to represent collections of data elements

data element[]

data element[] is an array of data. The number
of data elements is indicated by the semantics.

data element [n]

data_element[n] is the n+1t" element of an array
of data.

data_ element[m] [n]

data element[m] [n] is the m+1th, n+1th element of
a two-dimensional array of data.

10
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Table 6 (continued)

data element[1] [m] [n] data_element[1l] [m] [n] is the 1+1tPh,

of data.

m+1th, n+1th element of a three-dimensional array

6.2.2 Bitordering

The bit order of syntax fields in the syntax tables is specified to start with the most significant bit
(MSB) and proceed to the least significant bit (LSB).

6.2.3

byte Jaligned( ) is specified as follows:

read |bits( n ) reads the next n bits from the bitstream and advanees_the bitstream poi
posit
the b

The fpllowing data types specify the parsing process of each-syntax element:

CIIICO IO OT Oy I ta i TUITCCI Oy

[f the current position in the bitstream is on a byte boundary, i.e., the next bit in the bit
flrst bit in a byte, the return value of byte_aligned( ) is equal to TRUE.

(therwise, the return value of byte_aligned( ) is equal to FALSE.

ons. When n is equal to 0, read_bits( n ) is specified to return awalue equal to 0 and to
tstream pointer.

-

[n): fixed-pattern bit string using n bits written (fromleft to right) with the left bit first

o]

n): signed integer using n bits. When n is "¥*'in the syntax table, the number of bit
hanner dependent on the value of other syntax elements. The parsing process for t}
b specified by the return value of the function read_bits( n ) interpreted as a two's
hteger representation with most sigiificant bit written first.

e et e

(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bi
hanner dependent on the value'of other syntax elements. The parsing process for this
pecified by the return valué.of the function read_bits( n ) interpreted as a binary repr
n unsigned integer with.most significant bit written first.

(% Ml T

sit(v): null-terminatédistring encoded as universal coded character set (UCS) transmisg

rocess for this data type is specified by the return value of the function read_bits( n )|

ttream is the

hter by n bit
not advance

The parsing

S varies in a
is data type
complement

[s varies in a
data type is
bsentation of

ion format-8

(UTF-8) characters/as specified in ISO/IEC 10646. The parsing process is specified as follows:

sit(v) reads and returns a series of bytes from the bitstream, beginning at the current
ntinuingap-to but not including the next byte that is equal to 0x00, and advances t
ointer by ('stringLength + 1) * 8 bit positions, where stringLength is equal to the nun
returned: The maximum value of stringLength is 16384.

position and
he bitstream
hber of bytes

n)i.sequence of n ASCII characters as specified in ISO/IEC 10646.

6.3 Syntax for representation

KLV (Key Length Value) format is used for all the data structures listed in Table 4 but the block, block_
header, offset, packet and packet_header.

© ISO/IEC 2019 - All rights reserved
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The KLV syntax is defined as follows:

struct gen info

c(4) Key;
u(64) Length;
u(8) Valuel];

The Length field specifies the number of bytes composing the entire gen_info structure, includihg all

three fields Key, Length and Value.

The block, Block_header, packet and packet_header data structures have no Key and no Fength, but

only Value.

The offset dqta structure is specified in subclause 6.6.5.

All syntax tgbles specified in subclauses 6.5, 6.6 and 6.7 and related subclauses, for boxes of typg gen_
info, represgnt the internal syntax of the Value[] array field only. In the:sCope of this document the

Value[] array is referred as just Value.

6.4 Output data unit

This subclayse specifies the output of the normative decapstilation processes specified in subclpuses

6.5.1.3.6,6.3.2.3 and 6.5.3.

Table 7 — Data unit syntax

Syntax Type Remarks
datal unit () {
dpta unit type u(8)
iff (data unit type == 0) f§
data unit size u(64)
raw_reference () As specified in
ISO/IEC 23092-2
}
ellse if (datayunit type == 1) {
reservéd u(10)
data\oeit size u(22)
parameter set() As specified in
ISO/IEC 23092-2
}
else 1f (data unit type == 2){
reserved u(3)
data unit size u(29)

access_unit ()

As specified in
ISO/IEC 23092-2

}

else /*(data_unit type > 2)*/{

/*skip data unit*/

12
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data_unit_type and data_unit_size shall be filled as specified in subclauses 6.5.1.3.6, 6.5.2.3 and 6.5.3.
6.5 Data structures common to file format and transport format
6.5.1 Dataset group

6.5.1.1 General

The dataset group is a collection of one or more datasets.

The relevant container box (rigrn Keyin Table R) is m:md:\fnry in file format _forbiddenin tran sport format.
Child|boxes may be present or not, according to the column Mandatory in Table 4. Child bpxes marked
with puffix “[]” after their name in the Syntax column of Table 8 may be present in multipld instances.
Table 8 — Dataset group syntax
Syntax Key Type Remdrks
datafset group { dgcn
Hataset group header dghd gen_ infs As specified fin
subclause 6.p.1.2
reference|] rfgn gen info As specified fin
subclause 6.p.1.3
reference metadatal] rfmd gen_info As specified [in
subclause 6.p.1.4
label list labl gen_info As specified fin
subclause 6.p.1.5
DG metadata dgmd gen_info As specified fin 6.5.1.6
DG protection dgpr gen_info As specified in 6.5.1.7
for (i=0;i<num datasets;i++) { num datasets| as
specified in pubclause
6.5.1.2
dataset[1] dtcn gen_info As specified fin
subclause 6.p.2.1
}
}
6.5.1{2 Dataset group header
6.5.1{2.1 Genéral
This |s a mandatory box describing the content of a dataset group.
6.5.1.2.2— Syntax
Table 9 — Dataset group header syntax
Syntax Key Type Remarks
dataset group header { dghd
dataset group ID u(8)
version number u(8)
for (i=0;i<num datasets;i++) {
dataset ID[1i] u(lo)
}
}
© ISO/IEC 2019 - All rights reserved 13
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6.5.1.2.3 Semantics

dataset_group_ID identifies a dataset group. Each value shall be unique among all dataset_group_ID
fields in the file or stream.

version_number is the version number of the dataset group. The version number shall be incremented
by 1 whenever the definition of the dataset group identified by dataset_group_ID changes. Upon
reaching the value 255, it wraps around to 0.

dataset_ID is an integer number identifying the dataset in the dataset group. This field shall not take
the same value more than once within the dataset group.

NOTE num_datasets is inferred from the Length field of datasets_group_header gen_info header as-follows:
num_datasetg = (Length - 14) / 2.

6.5.1.3 Reference

6.5.1.3.1 (eneral

This is an opgtional box containing the information needed to retrieve an extefnal or internal refefence,
and its descifiption as a set of reference sequences.

It may be pfesent in multiple instances in the same dataset group.df;so, any instance shall hpve a
different valpe of reference_ID.

6.5.1.3.2 Syntax

Table 10 — Reference box syntax

Syntax Key Type Remarks
reference rfgn
dataset ¢roup ID u(8)
referenc¢ ID u(8)
referenc¢ name st (v)
referenc¢ major version u(lo)
referenc¢ minor version u(lo)
referenc¢ patch version u(le)
seq_coun u(lo)

for (seq D:O;squD<seq_count;squD++) {

sequende name [sggRD] st (v)
}
reserved u(7)
external | c&f flag u(l)

if (extermar ref ffagy {

ref uri st (v) As specified
in subclause
6.5.1.3.4
checksum alg u(8)
reference type u(8)
if (reference type == MPEGG REF) {
{
external dataset group ID u(8)
external dataset ID u(le)
ref checksum i(checksum size) As specified in
6.5.1.3.6

14 © ISO/IEC 2019 - All rights reserved
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Syntax Key Type

Remarks

else {

for(squD=O;squD<seq_count;squD++) {

checksum[seqgID] i(checksum size)

6.5.

As specified
in subclause

1.3.6

el

ke |

internal dataset group ID u(8)

internal dataset ID u(le)

6.5.1

data
as th
subcl

refer
refer
refer
refer
refer
seq_(

sequ
refer

extel
bitsti
a refd

3.3 Semantics

set_group_ID is the identifier of the dataset group including this’box. It shall have th
b dataset_group_ID field in the dataset group header of the same dataset group, as
ause 6.5.1.2.

ence_ID is the identification number of the reference within the dataset group.
ence_name is a string representing a human readdble name of the reference.
ence_major_version is the reference majorversion.

ence_minor_version is the reference ninor version.

ence_patch_version is the reference patch version.

ount is the number of referernice’sequences contained in the reference genome.

pnce_name is an unambiguous string identifier for each reference sequence cont
Price.

nal_ref_flag is a~flag specifying whether the reference is either another dataset
eam, as specifiedin subclause 6.5.2, with dataset_type equal to 2 (external_ref _flage
rence external to the bitstream (external_ref_flag equal to 1).

ref_

ri as spécified in subclause 6.5.1.3.4.

refernence_type specifies the type of the external reference and can take any of the valug
columnof Table 11.

b same value
specified in

hined in the

of the same
qual to 0), or

s in the first

Table 11 — reference_type values

Value

Name

Semantics

MPEGG_REF

Reference encoded as a dataset, as specified in subclause 6.5.2, iden-
tified by fields external_dataset_group_ID and external_dataset_ID
when external_ref_flagis equal to 1, or by fields internal_dataset_
group_ID and internal_dataset_ID, when external_ref _flagis equal to
0, in a bitstream compliant to this document. The dataset shall have
dataset_type, as specified in subclause 6.5.2.2, equal to 2.

1

RAW_REF

Raw reference, as specified in ISO/IEC 23092-2:2019, 7.2.

2

FASTA_REF

Reference of type FASTA, as specified in subclause 6.5.1.3.5

3 to OxFF

Reserved for future use

© ISO/IEC 2019 - All rights reserved
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external_dataset_group_ID is the identifier of the dataset group containing the external reference, in
case ref_uri points to a reference coded in compliance to the ISO/IEC 23092 series.

external_dataset_ID is the identifier of the dataset containing the external reference, in case ref_uri
points to a reference coded in compliance to the ISO/IEC 23092 series. The value shall be equal to one of
the dataset_ID belonging to the dataset group identified by external_dataset_group_ID.

ref_checksum is the checksum computed, according to one of the methods specified in subclause
6.5.1.3.6, on the entire dataset of type 2, as specified in subclause 6.5.2, retrieved using ref_uri,
external_dataset_group_ID and external_dataset_ID.

ref_seq_che
genome, of
according to

cksum is the checksum computed on each reference sequence contained in the refe
fype either RAW_REF or FASTA_REF, as specified in Table 11, retrieved usingcye

one of the methods specified in subclause 6.5.1.3.6.

rence
f uri,

internal_dagaset_group_ID is an integer number identifying the dataset group containing the internal

reference. A

1 internal reference shall be of type MPEGG_REF, as specified in Table 11.

internal_dagkaset_ID is an integer number identifying the dataset containing the internal refereng

internal refe

6.5.1.3.4
ref uri shall

The IETF RF

q

J

6.5.1.3.5
The FASTA f

The first ling

Each line starting with a

the sequencg

Each line st4
symbols rep

rence shall be of type MPEGG_REF, as specified in Table 11.

1tef_uri semantics

be compliant with IETF RFC 3986 and IETF RFC 7320.

C 3986 specification is partially summarized in Anrex A.

upported FASTA format

in the FASTA shall start with a ">" (greater-than) symbol.

>" (greater-than) symbol shall be interpreted as the identifier (a.k.a. nar
 of nucleotides represented by.the following one or more lines.

n_n

rting with a ">" (greater:=than) symbol shall be followed by one or more lines of uppe
Fesenting nucleotides.

The following is an example ofsupported FASTA.

e.An

brmatl(2] supported by this document is represented as a series of lines in ASCII text fofmat.

ne) of

[rcase

Line Content Description
1 >1 drfa:chromogseme chromosome:GRCh37:1:1:249250621:1 First sequence identifier
2 ACGTTGACTATCGATCTATTAGCGGCGATGCA Sub-sequences of nucleotides repre-
3 TGAGTATCAATCTATTAGCGGCGATGCTTCCA senting the entire first sequence
4 ACGTTGACAAACCGATAAGCGGCGATGCAAAC
N >2 dna:chromosome chromosome:GRCh37:2:1:243199373:1 Second sequence identifier
N+1 TGACTATCGATCTATTAGCGGCGATGCTTCCA Sub-sequences of nucleotides repre-
N+2 |ACGTTGACAAACCGATAAGCGGCGATGCAAAC senting the entire second sequence
N+3 |TTGACAAACCGATAAGCGGCGATGCAAACAGT

A compliant codec will ignore all new line characters and any comment line starting with a semi-colon.

16
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3.6 Conversion to raw reference

1:2019(E)

The reference either pointed by ref_uri (when external_ref flag is equal to 1) and, if reference_type
is equal to MPEGG_REF, identified by external_dataset_group_ID and external_dataset_ID, or (when
external_ref_flag is equal to 0) identified by internal_dataset_group_ID and internal_dataset_ID fields,
shall be converted into a raw reference structure, as specified in ISO/IEC 23092-2, according to the

proce

ss described below.

If either external_ref_flagis equal to 0, or external_ref_flag is equal to 1 and reference_type is equal

to MPEGG_REF, as specified in Table 11, the corresponding dataset shall be decapsulated, according

to subclause

S|

H
1

Ise, if external_ref_flag is equal to 1 and reference_type is equal to RAW_REE, “as
able 11, no decapsulation is needed.

H
1

Ise, if external_ref_flag is equal to 1 and reference_type is equal to FASTA_REF, as
able 11, the FASTA reference shall be converted into a raw referenceas specified

6

.5.1.3.5.

In all
as sp

pcified in subclause 6.4, with:

ata_unit_type equal to 0,

ata_unit_size equal to the sum of 9 (the number of/bytes used for data_unit_type an

6.5.2, and the output data units shall be decoded, according to the decoding process

pecified-in ISOAEC 23092.2:2010 10.4.

specified in

specified in

in subclause

of the above three cases the output raw reference shall be encapsulated as payload of a data unit,

d data_unit_

sfize) and the number of bytes composing the raw_reference structure.
6.5.1{3.7 Checksum
The identification of the hash function to be‘used to verify the integrity of the retrieved|reference, if
refergnce_type is equal to MPEGG_REF, on reference sequences, if reference_type is eqpal to either
RAW|REF or FASTA_REF, is performed<asing checksum_alg, as specified in subclause [6.5.1.3. Two
values of checksum_alg are defined in Table 12, while other values are reserved for future pse.
Table 12 — Checksum values
chpcksum_alg Checksum checksum_size Rationale
Value algerithm
0x00 MD5 128 Supported as checksum algorithm only for backward
compatibility, but it is not recommended for the
creation of new content due to the extengive collision
vulnerabilities it suffers.
0x01 SHA-256 256 Currently recommended for all hash fundtion-based
applications and it shall be used for the injtegrity
check afall nows content.
0x02 to OxFF Reserved for future use.

If reference_type is equal to either RAW_REF or FASTA_REF, the checksum shall be calculated on the

UPPE

6.5.1.

6.5.1

RCASE string representing the reference sequence, excluding line breaks.
4 Reference metadata

4.1 General

This is an optional box containing metadata associated to a reference.

© ISO/IEC 2019 - All rights reserved
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6.5.1.4.2 Syntax

Table 13 — Reference Metadata syntax

Syntax Key Type Remarks
reference metadata { rfmd
dataset group ID u(8)
reference ID u(8)
reference metadata value() As specified in
ISO/IEC 23092-3
}

6.5.1.4.3 Semantics

dataset_grdup_ID is an integer number identifying the dataset group including |this reference
metadata.

reference_IP is a unique identification number of the reference to which this’ reference_methdata
refers to. It|shall be equal to the reference_id value of one of the reference boxes, as specified in
subclause 6.p.1.3, present in the dataset group.

1
w

reference_metadata_value() contains reference related metadata, as specified in ISO/IEC 23092
6.5.1.5 Lapel List

6.5.1.5.1 (eneral

This box listp the labels, as specified in subclause 6.51%5.4, associated to a dataset group.
6.5.1.5.2 SYyntax

Table 14 — Label list syntax

Syntax Key Type Remarks
label 1list|{ labl
dataset group ID u(8)
num_ lalkpels u(l6)

for (h$0; h<num labels; h++) {

lalpel[h] gen_info As specified in
subclause 6.5.1].5.4

6.5.1.5.3 Semantics

dataset_group_ID is the identifier of the dataset group including this label list. It shall have the same
value as the dataset_group_ID field in the dataset group header of the same dataset group, as specified
in subclause 6.5.1.2.

num_labels is the total number of labels in the label list.
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6.5.1.5.4 Label

6.5.1.5.4.1 General

ISO/IEC 23092-1:2019(E)

Alabel is an identifier associated to one or more datasets, genomic regions and/or classes.

6.5.1.5.4.2 Syntax

Table 15 — Label syntax

Syntax Key Type emarks
labell { 1b11
label ID st (v)
hum datasets u(lo)
for (i1i=0;i<num datasets;i++) {
dataset ID[1i] Do)
num_regions[i] a(8)
for (3=0;j<num regions[i];j++) {
seq ID[i][3]] u(lo)
num classes[i] []] u(4)
for (k=0;k<num classes[i][]J];k++) {
class_ID[i][]j][k] u(4)
}
start pos[i] []] u(40)
end pos[i][]] u(40)
}
}
while ( !byte aligned( ) ) As ppecified in
subflause 6.2
nesting zero bit (1) Equpl to O
}

6.5.1]15.4.3 Semantics

labell ID is a string.representing the label identifier in the label list specified in subclausg 6.5.1.5. The
variaple stringl.ength for this field, as specified in subclause 6.2.3, concerning the st(v) data type, shall

be higher than 0.

num/|datasets is the number of datasets containing regions labelled by label_ID.

dataset_ID is the identifier of a dataset labelled by label_ID. It shall take one of the values of dataset_ID
listed in the dataset group header of the same dataset group, as specified in subclause 6.5.1.2.

num_regions: is the number of regions labelled by label_ID in the dataset.

seq_ID is the sequence identifier. It shall take the value of one of the seqID of at least one of the reference
boxes included in the dataset group, as specified in subclause 6.5.1.3.

num_classes is the number of classes labelled by label_ID in the region.

class_ID identifies the data class in the region labelled by label_ID, as specified in Table 2.

start_pos is the position of the first nucleotide in the first read of the region.

end_pos is the position of the first nucleotide in the last read of the region.

© ISO/IEC 2019 - All rights reserved
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taset group metadata

6.5.1.6.1 General

This is an op

tional box containing metadata associated to a dataset group.

6.5.1.6.2 Syntax

Table 16 — Dataset group metadata syntax

Svntax Kev Tvpe Remarks

DG metadat

b { dgmd

DG met

data_value () As specified in

ISO/IEC 23092-3

6.5.1.6.3 Yemantics
DG_metadata_value() contains the dataset group metadata, specified in ISO/HEC 23092-3.
6.5.1.7 Dataset group protection
6.5.1.7.1 General
This is an optional box containing protection information associated to a dataset group.
When present this box contains information that a décoder needs to properly handle a protected
dataset group.
6.5.1.7.2 Syntax
Table 17 — Dataset group protection syntax
Syntax Key Type Remarks
DG protectfon { dgpr
DG profection value () As specified in
ISO/IEC 23092-3
}
6.5.1.7.3 Yemantics
DG_protectjonsvalue() contains the dataset group protection information, specifiel in
ISO/IEC 2308:2=3-

6.5.2 Dataset

6.5.2.1 General

A dataset is a collection of access units encoding either records or a reference.

The relevant container box (dtcn in Table 18) is mandatory in file format, forbidden in transport format.

Child boxes may be present or not, according to the column “Mandatory” in Table 4. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 18 may be present in multiple instances.

20
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Table 18 — Dataset syntax

ISO/IEC 23092-1:2019(E)

Syntax Key Type Remarks
dataset | dtcn
dataset header dthd gen_info As specified in
subclause 6.5.2.
DT metadata dtmd gen_info As specified in
6.5.2.3
DT protection dtpr gen_info As specified in
6.5.2.4
dataset parameter set[] pars gen_info As specified in
Dub\,lau < .5.2.
i (MIT flag) { As speq{febd in
subclébse [.5.2.
master index table mitb gen_info As,spécifiefl in
ub%lause K.6.3.
4
} (\\_(,:b
hccess unit|[] aucn gen_ info (b As specified in
~ (1/ subclause .5.3
. — \)
i £ (block header flag 0) { ‘\Qv/
descriptor stream[] dscn ge@\n o As specified in
G subclause [6.6.4
‘\../
} A
! &

6.5.2|12 Dataset header A
QO
6.5.2{2.1 General \"QQ)
This {s a mandatory box describing thep@&nt of a dataset.
K\
6.5.2|2.2 Syntax xO

X
C)\\ Table 19 — Dataset header syntax

Py

‘\Whtax Key

Type Remarks

datalset header { ,_O\ dthd

da taset_group_&b:)

dafaset_ID /) X

. N\
vegrsion
efsio \()

mu ltig&i@l ignment flag

bytg@)’fsetisizeiﬂaq
N

2 : PN o
NomovVerrappIny U rarge irayg

pos 40 bits flag

block header flag

if (block header flag) ({

MIT flag

CC mode flag

}

else {

ordered blocks flag

}

seq count

if (seq count > 0) {

© ISO/IEC 2019 - All rights reserved
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Table 19 (continued)
Syntax Key Type Remarks
reference ID u(8)
for (seq=0;seg<seq count;seg++) {
seq ID[seq] u(lo)
}
for (seg=0;seg<seq count;segt+) {
seq blocks[seq] u(32)
}
}
dataset fype u(4) r\%
if (MIT flag == 1) { (\Q )
num classes u(4) r\’.V
for (c]=0;ci<num classes;ci++) { {\q;
clidfci] u(4) (N}
if (|block header flag) { O

nulq descriptors([ci]

for(di=0;di<num descriptors[ci];di++) { ,\\\V
escriptor ID[ci] [di] .w‘)
} g‘\'/
} , O
) el
) 17
alphabet|ID [% \’,\\ u(8)
num U ac¢ess units ‘Q)\ u(32)
if (num § access units > 0) { \’(\,\
num U ¢lusters . D.® u(32)
multiple signature base A\v u(31)
if (multiple signature base > 0) {5\0
U sj}gnature size . (-\‘L‘ u(6)
) N
U signgture constant length u(l)
if (U_ ignature_const?;\ iength){
U si nature_lengt}('}'j u(8)
} N
} &
if (seq_ ountA\Q’; {
tflag(p1 , (" £(1) Equal to 1
thres Ox/ u(31)
for (i=1;i<seqg count;i++) {
tflag[i] u(l)
if (tflag[i] == 1)
thres[i] u(31)
else /* tflag[i] == 0 */
/* thres[i] = thres[i-1] */
}
}
while( !byte aligned( ) ) As specified in
subclause 6.2
nesting zero bit (1) Equal to O
}
22 © ISO/IEC 2019 - All rights reserved
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6.5.2.2.3 Semantics
dataset_group_ID is the identifier of dataset group containing the dataset including this dataset_header.

dataset_ID is the identifier of the dataset. Its value shall be one of the dataset_IDs listed in the dataset_
group_header.

version is the combination of version number, amendment number and corrigendum number of
ISO/IEC 23092-2 to which the Value field of the dataset, as specified in subclause 0, complies, and is
specified as follows:

— first two bytes: version number, as the last two digits of the year of release of the major brand

— third byte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet
— fpurth byte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet
multjple_alignment_flag: if set to 1 it indicates the presence of multiple aligninents in thq dataset.

byte|offset_size_flag: if equal to 0, the variable byteOffsetSize used in-the master inglex table, as
specified in subclause 6.6.3.1, and representing the number of bits usedto €ncode the mastdr index table
fieldd named AU_byte_offset and block_byte_offset, is equal to 32; if.setto 1, the variable byteOffsetSize
is equal to 64.

non_pverlapping_AU_range: if set to 1, all access units in the dataset have non-overlapping ranges.

pos_40_bits_flag is set to 1 when the mapping positions.are expressed as 40 bits integers. Otherwise
all mppping positions are expressed as 32 bits integers:.In the scope of this document, the value of the
variaple posSize is set to 32 when pos_40_bits is equalto 0 and set to 40 otherwise.

block_header_flag: if set, all blocks composingthe dataset are preceded by a block headerj as specified
in subclause 6.5.4.2, and the access unit container box, as specified in subclause 6.5.3, is present. It is
always set to 1 in transport format. See alsg,subclause 6.5.2.2.5.

MIT _flag: if set, the master index table, as specified in subclause 6.6.3.1 is present in|the dataset.
Otherwise, the master index tablexis’not present in the dataset. It is always equal to O [in transport
format and set to 1 by default when block_header_flag is 0.

CC_mode_flag: if set, two access units of the same type, as specified in Table 3, cannot be $eparated by
accegs units of a different.type in the storage device. If equal to 0, access units are ordered by access
unit gtart position in the storage device. See also subclause 6.5.2.2.5.

ordered_blocks_flag: if set, blocks are ordered in the descriptor stream by increasing|value of the
entry AU_start{position of the master index table, as specified in subclause 6.6.3.1. See also subclause
6.5.2{2.5.

seq_¢ount.is the number of reference sequences used in this dataset.

reference_ID 1s a unique 1dentiiication number of the reierence used by the dataset for alignment. It
shall take the value of the reference_ID field of any of the reference boxes included in the dataset group
including this dataset, as specified in subclause 6.5.1.3. If dataset_type is equal to 2, and if the external _
ref_flag field of the reference box pointed by reference_id, as specified in subclause 6.5.1.3, is equal to
0, then the reference box pointed by reference_id, as specified in subclause 6.5.1.3, shall have either
a value of the internal_dataset_ID field different than the value of the dataset_ID field in this dataset
header, or a value of the internal_dataset_group_ID field different than the value of the dataset_group_
ID field in this dataset header.

seq_ID: its value shall correspond to any of the values of the seq_ID variable in the reference box
identified by reference_ID, as specified in subclause 6.5.1.3.

seq_blocks is the number of access units of the same type per reference sequence. A value of 0 means
“unspecified” (e.g., in transport format).

© ISO/IEC 2019 - All rights reserved 23


https://iecnorm.com/api/?name=19758c61649ac0fe4064949babf18781

ISO/IEC 23092-1:2019(E)

dataset_type specifies the type of data encoded in the dataset. The possible values are: 0 = non-aligned
content; 1 = aligned content; 2 = reference.

num_classes is the number of classes encoded in the dataset.

clid identifies the class of data carried by the access unit, as specified in Table 2. It shall take any of the
values defined as Class ID in Table 2. clid[ci+1] shall be greater than clid[ci], for ci in the range between
0 and (num_classes - 2), inclusive. Variable ci is used as a local identifier for the class in the other syntax
tables included in the same dataset.

num_descriptors is the maximum number of descriptors per class encoded in the dataset.

descriptor_|[D is an unambiguous descriptor identifier as specified in ISO/TEC 23092-2Z.

alphabet_ID} is the identifier of the alphabet used to encode the cluster signatures. Values aré described
in Table 20 in subclause 6.5.2.2.4.

num_U_accéss_units is the total number of access units in the dataset containing\eficoded data of
class U.

num_U_clusters is the number of clusters of unmapped reads.
multiple_sInature_base is the default number of signatures in the datasget.
U_signature_size is the size in bits of each integer representing an encoded signature.
U_signature¢_constant_length: 1 = constant length; 0 = variablélength.
U_signature¢_length is the length of cluster signature as number of nucleotides.

tflag: if set tp 1 it indicates that it is followed by a thresheld thres.

thres is a threshold indicating the maximum differe€nce between the access unit covered region arjd the
access unit rpnge.

6.5.2.2.4 Alphabets
The supportpd alphabets for the signatutr'e are defined as:
— for DNA
— si=fA,G,C T, N}
— si=fA, G C T, RY'S,W,K,M,B,D,H, VN, ., - } (IUPAC notation)

Each Alphabgt is identified by an alphabet_ID as shown in Table 20:

Table 20 — alphabet_ID semantics

alphabet_ID Alphabet bits_per_symbol
0 DNA non [UPAC 3
1 DNA TUPAC
2..255 reserved for future use

6.5.2.2.5 Block contiguity
The field block_header_flag is used to enable two possible modes of block contiguity in the file:

— descriptor stream contiguity (DSC) mode: blocks, as specified in subclause 6.5.4, belonging to the
same descriptor stream, as specified in subclause 6.6.4, are stored in contiguous areas of the storage
device. This mode is enabled by the condition block_header_flag equal to 0.
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— access unit contiguity (AUC) mode: blocks, as specified in subclause 6.5.4, belonging to the same
access unit, as specified in subclause 6.5.3, are stored in contiguous areas of the storage device. This
mode is enabled by the condition block_header_flag equal to 1.

When block_header_flag is equal to 1, the field CC_mode_flag is used to enable two possible modes of

acces

S units contiguity in the file, named:

— genomic region contiguity (AUC-GRC) mode: access units are ordered by access unit start position
in the storage device. This mode is enabled by the condition CC_mode_flag equal to 0.

— class contiguity (AUC-CC) mode: two access units of one class cannot be separated by access units of a

different class in the storage device. This mode is enabled by the condition CC_mode fla

No o

er block contiguity modes are allowed by this document.

g equal to 1.

When block_header_flag is equal to 0 (DSC mode), the field ordered_blocks_flag is" used to indicate

whet
the 1
in su
is eq
order
(1 <
next
Leng

If ord
order
offse
value

er the blocks are ordered in the storage device according to the left-most aligne
ft-most read in the access unit (field AU_ref_start_position in accessiunit header,
clause 6.5.3.3, or master index table, as specified in subclause 6.623:1). If ordered
al to 1, the file offsets for a given descriptor stream and for each hlock are sorted
(disregarding blocks for which the block_byte_offset in the ‘miaster index table
£ byteOffsetSize) -1). In this mode the first byte not belonging'to the block is the firs
available block if any (otherwise the descriptor_stream-size, which can be inferr
h field of the gen_info header of descriptor stream container box with Key dscn, shou

ered_blocks_flag is equal to 0, the blocks may be stored in any order in the descript
to infer the offset of the first byte not belongingte_the block, the decoder has to sear
s provided for the descriptor stream which are rfot equal to ((1 << byteOffsetSize) -1),
greater than the offset of the block, if any (etherwise the descriptor_stream_size sh

I position of
as specified
_blocks_flag
n ascending
is equal to
t byte of the
ed from the
d be used).

r stream. In
th, among all
the smallest
buld be used

as abpve).
6.5.2|13 Dataset metadata
6.5.2{3.1 General
This {s an optional box containing metadata associated to the dataset.
6.5.2{3.2 Syntax
Table 21 — Dataset metadata syntax

Syntax Key Type Remarks

DT metadagayT dtmd

DT mefadata_value () As specified in

ISO/IEC 23092~

6.5.2

3.3 Semantics

DT_metadata_value() contains dataset metadata, as specified in ISO/IEC 23092-3.

6.5.2

6.5.2

.4 Dataset protection

4.1 General

This is an optional box containing protection information associated to the dataset.

© ISO/IEC 2019 - All rights reserved
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When present this box contains information that a decoder needs to properly handle a protected

dataset.

6.5.2.4.2 Syntax

Table 22 — Dataset protection syntax

Syntax Key Type Remarks

DT protection {

dtpr

DT protection value ()

As specified in
ISQ/IEC 23002-13

q

J

6.5.2.4.3

DT_protectjon_value() contains dataset protection information. Specified in ISO/IE€)23092-3.

6.5.2.5 D4

6.5.2.5.1 (

emantics

taset parameter set

Leneral

This is a m
dataset_ID

[t may be pry¢

The decapsullation of this box shall result in a data unit, asspecified in subclause 6.4, with:

iar the dataset group identified by dataset_group_ID.

datory box describing any of the parameter sets assdciated to the dataset identifi

psent in multiple instances in the same dataset.

ed by

— data_unjt_type equal to 1,

— data_unjt_size equal to the sum of 5 (the numiber of bytes used for data_unit_type and dataJunit_
size), 2 [the number of bytes for parent-parameter_set_ID and parameter_set_ID, as specified in
subclauge 6.5.2.5.2) and the number of\bytes composing the encoding_parameters() structufre, as
specifieql in subclause 6.5.2.5.2, and

— as paylopd a parameter_set() structure composed of the parent_parameter_set_ID, parametef_set_
ID and encoding_parameters() fields, as specified in subclause 6.5.2.5.2.

Such data urit can be dispatched to a decoder compliant with ISO/IEC 23092-2.

6.5.2.5.2 SYyntax

Table 23 — Dataset parameter set syntax
S_y ntax Kcy T_'ypc Remarks
dataset parameter set { pars
dataset group ID u(8)
dataset ID u(le)
parameter set ID u(8)
parent parameter set ID u(8)
encoding parameters () As specified in
ISO/IEC 23092-2.
}
26 © ISO/IEC 2019 - All rights reserved
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6.5.2.5.3 Semantics

dataset_group_ID is the identifier of the dataset group containing the dataset including this dataset
parameter set. [t shall be equal to the dataset_group_ID of the containing dataset group.

dataset_ID is the identifier of the dataset including this dataset parameter set. It shall be equal to the
dataset_id of the containing dataset.

parameter_set_ID is the identifier of this dataset parameter set within the dataset.

parent_parameter_set_ID is the identifier of any of the dataset parameter sets within the dataset.
Referencing an existing dataset parameter set from another parameter set enables the generation of a
hierafrchy of dataset parameter sets to be associated to an access unit, as specified in sufclause 6.5.3.
If thgq value of parent_parameter_set_ID is equal to the value of parameter_set_ID, then| the dataset
paraineter set is at the top level in the hierarchy.

encofling_parameters() is an encoding_parameters() structure as specified in subdlause 7.3 of
ISO/IEC 23092-2.

6.5.3] Access unit

6.5.3]1 General

The gccess unit is a collection of one or more blocks represeriting genomic information.
The decapsulation of this mandatory box shall result in-adata unit, as specified in subclauge 6.4, with:
— data_unit_type equal to 2,

data_unit_size equal to the sum of 5 (the, number of bytes used for data_unit_typge and data_
unit_size) and the number of bytes comiposing the output access unit structure, as|specified in
sjubclause 6.5.3.2,

job)

s payload the output access unit structure, as specified in subclause 6.5.3.2.

Such|data unit can be dispatched-to a decoder compliant with ISO/IEC 23092-2, along|with all the
paraineter sets that are needed:to decode it.

Table 24 — access unit syntax

Syntax Key Type Reémarks
accelss unit { aucn
hccess pnit header auhd gen_info As spefified in
subclapse 6.5.3.2
(U infiormation auin gen_info As spefified in
subclapse 6.5.3.4
AU protection aupr gen_1inrto As specified in
subclause 6.5.3.5
if (block header flag) { As specified in
subclause 6.5.2.2
for (i=0;i<num blocks;i++) { As specified in
subclause 6.5.3.2
block[1] As specified in
subclause 6.5.4
}
}
}
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6.5.3.2 Ac

Output to th

092-1:2019(E)

cess unit decapsulation

is process is an output access unit structure composed of:

— an access_unit_header structure, as specified in subclause 6.5.3.3, where MIT_flag shall be set to 0,
and which is composed of:

— the entire Value field of the access_unit_header child box present in the access unit box,
as specified in Table 24, possibly followed, if MIT_flag in the dataset header, as specified in
subclause 6.5.2.2, is equal to 1, by

the set of fields in the access unit header, as specified in subclause

6.5.3.2, which are enclosed

within the if (MIT_flag==0) condition branch (such as sequence_ID, AU_start_position, AU

pos
tabl

the set
flag is e
and 6.6.
subclaus
to the dd
and the
as retrie

6.5.3.3 Ac

6.5.3.3.1 (

tion, etc.) and which shall be derived from the corresponding fields in the master
b, as specified in subclause 6.6.3.1;

fual to 1, or to be retrieved from the descriptor streams, as specified-in)subclauses

e 6.5.4.2, shall be prepended to all the blocks, where the descriptor_ID field shall be

ved from the descriptor stream.
cess unit header

Leneral

This mandatjory box contains information associated to the access unit.

f blocks either contained in the access unit box, as specified in Table 24if’block_he
4, if block_header_flag is equal to 0; in the second case, a block header, as specifi

scriptor_ID field of the relevant descriptor stream header, as spécified in subclause 6.
block_payload_size field shall be equal to the number of bytes cetmposing the block pa

end_
index

ader_
6.6.3
ed in
equal
yload

6.5.3.3.2 SYyntax
Table 25 —Access unit header syntax
Syntax Key Type Remarks
access unif header { auhd
access _upit ID u(32)
num _blocks u(8)
parametef set ID u(8)
AU type u(4)
reads cofnt u(32)
if (AU type =<=N"TYPE AU ||
AU typ¢ #5“M TYPE AU ) {
mm thréshold u(lo)
mm_count u(32)
}
if (dataset type == 2) {
ref sequence id u(lo)
ref start position u(posSize)
ref end position u(posSize)
}
if (MIT flag == 0) { As specified in
subclause 6.5.2.2
if (AU type != U TYPE AU)
{
sequence_ ID u(lo)
28 © ISO/IEC 2019 - All rights reserved
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Syntax

Key

Type

Remarks

AU start position

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

AU end position

u(posSize)

posSize as
specified in

subclause
6.5.2.2.3
if (multiple alignment flag) { As specified in
stbetagse 6.5.2.2
extended AU start position u(posSize ) posﬁ%ﬁs as
spegifigd in
bclayse
Ne.5.2.2.3
extended AU end position u(posSize) Q(l/ posSizg as
C) specifigd in
(b subclauyse
f'(ll 6.5.2.2.3
X
\\v/
I O
Else | \Q)V
if (multiple signature base != 0) { N As speg¢ified in
Z, D subclalse 6.5.2.2
U cluster signature[0] <:5\ u(U_signature size) |U signgture size
<2 as speg¢ified in
AN subclayse 6.5.2.2
if (U _cluster signature[0] != X}J
(1<<U_signature size)-1) { chb
for (i=1;i<multiple_signatg@e:base; As speg¢ified in
. ‘QD subclayse 6.5.2.2
i++) | Q\
U_cluster_signatugé}i] u (U signature size) |U signgture size
\b as spe¢ified in
RS subclayse 6.5.2.2
N
) @)
} KN
else { (3\\‘
num_s%gggtures u(le)
for %€g0;i<num_siqnatures;i++) { As speg¢ified in
A subclayse 6.5.2.2
‘s§¢b_cluster_signature[i] u(U_signature size) |U signgture size
C) as speg¢ified in
subclayse 6.5.2.2
A/
al

}

while (

!byte aligned( ) )

As specified in
subclause 6.2

nesting zero bit
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6.5.3.3.3 Semantics

access_unit_ID is an unambiguous identifier for each AU_type, zero-based, linearly increasing by 1. If
AU_type is not equal to U_TYPE_AU, it is encoded with respect to each reference sequence (identified
by a specific value of sequence_ID), i.e., it is reset for the first access unit aligned on a specific reference
sequence.

num_blocks is the number of blocks in the access unit.

parameter_set_ID is a unique identifier, in the dataset containing this access unit, of the dataset
parameter set at the lowest level in the hierarchy of dataset parameter sets, which shall be returned
by a decapsulator compliant to this document along with the decapsulated access unit, as specifijed in
subclause 6.5.3. Such hierarchy of dataset parameter sets is enabled by the parent_parameterydet_ID
and parameter_set_ID fields of the dataset parameter set, as specified in subclause 6.5.2.5.3,

AU_type identifies the type of access unit and the type of data (class) carried therein as specified in
Table 3 in supclause 5.3.

reads_count is a counter of the genomic sequence reads encoded in the access unit:

mm_threshpld specifies the maximum number of substitutions a read (of class/N or M) shall contain to
be counted y mm_count. If set to 0 the feature of counting substitutions\iiéncoded reads is dispbled
as no reads yould be below threshold.

mm_count [specifies the number of reads encoded in the accéss unit containing a numbjer of
substitutionf which is equal to or lower than the threshold specified by mm_threshold. It shall always
be set to 0 iffthe threshold is set to 0.

ref_sequenge_id in case of access unit carrying (part of) areference sequence, specifies the ID of such
reference sefjuence.

ref_start_pg¢sition: in case of an access unit carrying (part of) a reference sequence, it specifigs the
position on the reference sequence of the first nucleotide encoded in this access unit.

ref_end_pogition: in case of an access unit,carrying (part of) a reference sequence, it specifigs the
position on the reference sequence of thelast nucleotide encoded in this access unit.

sequence_ID is an unambiguous ddentifier of the reference sequence this access unit refers to.
It shall be efjual to one of the values of the seq_ID field listed in the dataset header, as described in
subclause 6.p.2.2.

AU_start_pgsition is the position of the left-most mapped base among the first alignments pf all
genomic recprds encoded-in the access unit irrespective of the strand.

AU_end_podition is\the position of the right-most mapped base among the first alignments pf all
genomic recprdscencoded in the access unit irrespective of the strand.

extended_All'start_
of all genomic records contained in the access unit, irrespective of the strand.

extended_AU_end_position specifies the position of the right-most mapped base among all alignments
of all genomic records contained in the access unit, irrespective of the strand.

num_signatures is the number of signatures in the access unit.

U_cluster_signature is the signature of the cluster this access unit belongs to.
6.5.3.4 Access unit information

6.5.3.4.1 General

This is an optional box containing information associated to the access unit.

30 © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=19758c61649ac0fe4064949babf18781

ISO/IEC 23092-1:2019(E)

6.5.3.4.2 Syntax
Table 26 — Access unit information syntax
Syntax Key Type Remarks
AU information { auin

AU information value ()

As specified in
ISO/IEC 23092-3.

6.5.3

AU_information_value() contains

1SO/I
6.5.3

6.5.3
This

When present this box contains information that a decoder needs to properly handle

4.2 ol S
B 7o) ICTIIIAIILICS

EC 23092-3.
5 Access unit protection

5.1 General

access unit.

s an optional box containing protection information associated\to the access unit.

information related to the access unit, Cas® $pecified

in

a protected

6.5.3|5.2 Syntax
Table 27 — Access unit protection syntax
Syntax Key Type Remarks
AU pfrotection { aupr

LU protection value ()

As specified in
ISO/IEC 23092-3

6.5.3

AU_pirotection_valuef)contains the access unit protection information, as specified in ISO

6.5.4

6.5.4
Ablo

5.3 Semantics

Block

1 (General

[EC23092-3.

ala is r‘emnnsnd nfa blnck hnader fas Snnri{:inr‘ insubelauce 6 5 2 2Y and 2 hlack paylna j' Containing

T P C pPrerrrea ot Tiaty

compressed descriptors of the same type (descriptor_ID) and class (class_ID). In DSC mode, as specified
in subclause 6.5.2.2.5, only the block payload is present in the descriptor stream, as specified in

subcl

ause 6.6.4.

Table 28 — Block syntax

Syntax

Key

Type

Remarks

bloc

ko

block header

As specified in subclause
6.5.4.2

for (i=0;i<block payload size;i++) {

block payload size as

specified in subclause 6.5.4.2

block payload[i]

© ISO/IEC 2019 - All rights reserved
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Table 28 (continued)

Syntax

Key

Type

Remarks

}

block_payload[i] is the i-th byte of block payload, which contains compressed descriptors of the same
type (descriptor_ID) and class (class_ID).

6.5.4.2 Block header

6.5.4.2.1 ieneral

This box co

ains information associated to the block.

This box shall replace the block header provided by the underlying codec dnd specifigd in

ISO/IEC 230p2-2.

6.5.4.2.2 SYyntax

Table 29 — Block header syntax

Syntax Key Type Remarks
block headg¢r {
reservéd u(l)
descriptor ID u (79
block payload size u32)

6.5.4.2.3 Semantics

descriptor_|D is the descriptor identifier, asspecified in ISO/IEC 23092-2.

block_paylgad_size is the number of hytes composing the block payload.

6.6 Data structures specifie to file format

6.6.1 Gengral

This subclause specifies the data structures specific to the storage of genomic information, in addition
to the data structiires specified in subclause 6.4.

6.6.2 Fileheader

6.6.2.1 General

This box is mandatory and provides information about the major and minor version of the file format
specification and about the set of other specifications the file complies with.

32
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6.6.2.2 Syntax
Table 30 — File header syntax
Syntax Key Type Remarks
file header { flhd
major brand c(6)
minor version c(4)

for (i=0;i<num compatible brands;i++) {

compatible brand[i] c(4)

6.6.2

major_brand is the major brand identifier. The value is equal to the 6-character code “MP}

mingr_version is an informative set of four characters for the minor version of the major

docu
— f
— t
— f

num

num |

compatible_brand][i] is a 4-character code\representing a compatible brand.

6.6.3

6.6.3

6.6.3

The

Itis

othenwise:

The flirst“part of the master index table shall be ordered by increasing AU_start_positio

spec[iIric parts of the.dataset.

3 Semantics

mnent and is specified as follows:

hird byte: amendment number, as integer counter from.0 to 9, 0 if no amendment yet,
burth byte: corrigendum number, as integer counterfrom 0 to 9, 0 if no corrigendum yet,

| compatible_brands is inferred from the Length field in the file_header gen_info head
compatible_brands = (Length - 22) / 4.

Indexing
1 Master index table
1.1 General

master index table provides the indexing information needed to perform selectiy

esent ifi the dataset when MIT _flag, as specified in subclause 6.5.2.2, is equal to 1. It i

EG-G”.

brand of this

rst two bytes: version number, as the last two digits of thé-year of release of the major brand

n this case 0
in this case 0

br as follows:

fe access on

5 not present

n[seq_ID][ci]

[au_id] values; the second part of the master index table shall be ordered by increasing U_cluster_
signature[uau_id][0] values.

The special value ((1<<byteOffsetSize)-1) assigned to AU_byte_offset[seq_ID][ci][au_id] represents an
empty access unit. It is used to maintain synchronization among access units having different AU_type
but covering the same genomic range.

The special value ((1<<byteOffsetSize)-1) assigned to block_byte_offset[seq_ID][ci][au_id][di] represents
an empty block. It is used to maintain synchronization among blocks belonging to the same access unit.

© ISO/IEC 2019 - All rights reserved
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6.6.3.1.2 Syntax

Table 31 — Master index table syntax

Syntax

Key

Type

Remarks

master index table {

mith

for (seq=0;seg<seq count;seg++) {

seq

count as
specified in
subclause
6.5.2.2

for

[ e e e —t

|

clas
specifiefl
S auge

6.5.2.2

if

flid[ci] != CLASS U) {

O
¥
e

S
V

K

CLASS U
value ap
specifiefl
subclaup
5.2.

clid as
specifiefl
subclaufge
6.5.2.2¢

fo (au _id=0;au_ id<seq blocks[seq];au id++) {

-

AU byte offset[seq] [ci] [au_id]

7N

u(byteOffsetSize)

byteOffsdqtSize
as specified

in subclpuse
6.5.2.2

kb)
%)
&
N\

AU start position[seq][ci][au id]

u(posSize)

posSize
specifiefl
subclaufge
6.5.2.2]3

as

AUiendiposition[seq][ci][auiiqksg

QO
oE

u(posSize)

posSize
specifiefl in
subclaukge
6.5.2.213

| £ (dataset type == 2C3¢>’

S

As speclfied
in
subclaufge
6.5.2.2

ref sequenc \dﬁseq][ci][au id]
_ 3 _

u(le)

refista{ytkbsition[seq][ci][auiid]

u(posSize)

ref_egdSéSEition[seq][ci][au_id]

u(posSize)

\.J

_fé/ﬁgﬁtiple_alignment_ﬂag) {

As speclfied
in

o
STocTaTse

6.5.2.2

extended AU start position([seq] [ci][au id]

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

extended AU end position[seq] [ci] [au_id]

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

}

if (!block header flag) {

As specified
in
subclause

6.5.2.2

34
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Table 31 (continued)
Syntax Key Type Remarks
for (di=0;di<num descriptors[seq] num_
[ci];di++) { descriptors
as
specified in
subclause
6.5.2.2
block byte offset[seq][ci] [au_id] [di] u (byteOffsetSize) |byteOffsetSize
as specified
in subclause
6.5.2.2
}
=
! QD
N4
) L)
'\’
} n/
: S
) an
for (uau id=0;uau id<num U access units;uau id++) { C. v
LU byte offset[uau id] ‘é%ﬂyteOffsetSize)
i f (dataset type == 2) { O\V Als specified
S
q \ sjubclause
C\ 6.5.2.2
U ref sequence id[uau_ id] /\<( u(le)
U ref start position[uau_ id] N u(posSize)
U ref end position[uau id] \\ N u(posSize)
b N\
[ \ %4
E]lse | QS\
if (multiple signature base != @\{ Als specified
X% in
\)
A sjubclause
xO d.5.2.2
U cluster signature [aéu:id] [0] u(U_signature Vi
‘\\ size) slignature
Q slize as
“. specified in
@ subclause
~ 6.5.2.2
if (U_clubthr signatureluau id][0] != ((1 <<
Ursignature_size) - 1))
(®\(i=l;i<multiple_signature_base;i++) {
C)§ U cluster signature[uau id] [i] u(U_signature U
Q/ size) siignature
AN slize as
specified in
subclause
6.5.2.2
}
}
else {
num_signatures u(le)
for (i=0;i<num_ signatures;i++) { As specified
in
subclause
6.5.2.2
© ISO/IEC 2019 - All rights reserved 35


https://iecnorm.com/api/?name=19758c61649ac0fe4064949babf18781

ISO/IEC 23092-1:2019(E)

Table 31 (continued)

Syntax Key Type Remarks

U cluster signature[uau id] [1i] u(U_signature U_
size) signature
size as
specified in
subclause
6.5.2.2

while (| !byte aligned( ) ) As(speclfied
in
subclauge
6.2

nesting zero bit f£(1) Equal tp O

if (!blpck header flag) { As speclfied
in
subclauge
6.5.2.2

for [di=0;di<num descriptors[num classes-1]; num_
descripfors
as
specifiefl in
subclaukge

6.5.2.2

bl¢ck byte offset[uau id] [di] u(byteOffsetSize) |byteOffsdtSize
as specified

in subclpuse
6.5.2.2

di++) {

6.6.3.1.3 Semantics

seq_count i the total number-ofreference sequences. It is encoded in the dataset header, as specifjed in
subclause 6.p.2.2. Reference'sequences shall have the same order as in the dataset header, as spefified
in subclause|6.5.2.2.

num_classep is equalto the field num_classes of dataset header, as specified in subclause 6.5.2.2.

ref_sequenge_id: in case of an access unit carrying (part of) a reference sequence, it specifies theg ID of
such reference'Sequence.

ref_start_position: in case of an access unit carrying (part of) a reference sequence, it specifies the
position on the reference sequence of the first nucleotide encoded in this AU.

ref_end_position: in case of an access unit carrying (part of) a reference sequence, it specifies the
position on the reference sequence of the last nucleotide encoded in this access unit.

seq_blocks is the number of access units of the same type per reference sequence; it is encoded in the
dataset header, as specified in subclause 6.5.2.2.

AU_byte_offset is the byte offset of the first byte in the access unit, with respect to the first byte of the
Value field of the dataset (dtcn) gen_info structure (0-based). It is equal to ((1<<byteOffsetSize)-1) if the
access unit is empty: in such a case the fields AU_start_position, AU_end_position, extended_AU_start_
position and extended_AU_end_position shall be ignored.
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AU_start_position is the position of the left-most mapped base among the first alignments of all
genomic records encoded in the access unit irrespective of the strand. AU_start_position[seq][ci][i+1]
shall always be greater than or equal to AU_start_position[seq][ci][i].

AU_end_position is the position of the right-most mapped base among the first alignments of all
genomic records encoded in the access unit irrespective of the strand.

extended_AU_start_position specifies the position of the left-most mapped base among all alignments
of all genomic records contained in the access unit, irrespective of the strand.

extended_AU_end_position specifies the position of the right-most mapped base among all alignments

of all

genomic records contained in the access unit, irrespective of the strand.

bloc

Valud
flag i
flagi

NOTH
the L

num
U.Iti

U_ref
such

U_ref
posit

U_ref
posit

U_cly

_byte_offset is the byte offset of the first byte in the block, with respect to the/firg
field of the dataset (dtcn) gen_info structure (0-based). If the block is emptyand b
5 equal to 1, it shall be equal to ((1 << byteOffsetSize) - 1). If the block is empty-and b

The descriptor stream payload size can be inferred as the L field of the dscn gen_info
Field of the dshd gen_info header, minus the L field of the dspr gen_infe header.

|U_access_units is the total number of access units in the ddtaset containing encoded
5 encoded in the dataset header, as specified in subclause 6:5.2.2.

reference sequence.

_start_position, in case of an access unit carrying (part of) a reference sequence,
on on the reference sequence of the first nu¢cleotide encoded in this access unit.

_end_position, in case of an access unit carrying (part of) a reference sequence,
on on the reference sequence of the last nucleotide encoded in this access unit.

ster_signature[uau_id][i] is the i-th signature of the cluster the access unit belongs

signature[uau_id][i+1] shall alwaysbe greater than or equal to U_cluster_signature[uau_id]

num

6.6.3

A clu
the fq

A
[0
i

| signatures is the numberof signatures.

2  U_cluster_signature coding

ster may be représented by one or more signatures, each one being an N-bit integer,
llowing steps:

ccording-to the specific clustering algorithm adopted, the clusters signatures will b
r constant length. If the length is constant, a global parameter U_signature_length
h.flle dataset header (subclause 6.5.2.2) to define the signature length in number of

t byte of the
ock_header_
ock_header_

5 equal to 0, it shall be equal either to the block_byte_offset value of the next block in the descriptor
streajm or, for the last block in the descriptor stream, to the descriptor streampayload size.

header, minus

data of class

_sequence_id, in case of an access unit carrying (part'ef) a reference sequence, specifies the ID of

specifies the
specifies the

0. U_cluster_

[i].

according to

e of variable
is specified
nucleotides.

C
a

(0]

therwisethe gtobatparameter U—sigmature_corstant tengtirim the dataset hreader
ccordingly and the length is not present.

flength equal to:

s equal to 1

Eachsymbol ofthe supported alphabet (see Table 20) isuniquely associated toabinaryrepresentation

— M = ceil(log,(cardinality of the supported alphabet)) in case of constant signature length;

— M = ceil(log,(cardinality of the supported alphabet) + 1) in case of variable signature length
where the ceil function returns the smallest integer that is greater than or equal to its argument.

symbol called terminator used to signal the end of a coded signature.

© ISO/IEC 2019 - All rights reserved
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— In case of constant signature length, which is referred to as S;:

— ifMxS; <=Nthebinaryrepresentations of contiguous symbols in the signature are concatenated
in a single sequence of bits possibly padding with 0 the most significant bits if M * §; <N.

— ifM*S; >N the binary representations of contiguous symbols in the signature are concatenated
in two or more sequences of bits, possibly padding with 0 the most significant bits of each
sequence of bits if bg is not an exact divisor of N.

— the number of integers to be read is known as

cejl

— Incased

— ifM['S;;<=Nthebinaryrepresentations of contiguous symbolsin the signatureare concate
single sequence of bits. After all coded symbols have been concatenated, the sequence of

in a
bits

necg¢ssary, the remaining most significant bits are padded with 1.

— IfM

in tivo or more sequences of bits, possibly padding with 0 _theé most significant bits of
sequience of bits if by is not an exact divisor (also known as aliquot part) of N. The last seq

ofb
bits

— The
rept

6.6.4 Des

6.6.4.1 General

A descriptof
ISO/IEC 230

This is a ma
in subclause

{”_cignnhlrp_lpngfh *hif'c_ppr_cvmhnl\

U _signature _size

fvariable signature length, which in this document is referred to as S ; for the i*hsign4

is terminated with a terminator symbol added at the most significatit-bits positions a

*S.;> N the binary representations of contiguous symbols insthe signature are concate

ts is terminated by the terminator symbol and further padded with 1 at the most signi
positions.

esentation in order to stop reading integersfor a given signature.

‘riptor stream

stream is a stream of data-of a certain class and descriptor, encoded as describ
D2-2.

ndatory box when thie syntax element block_header_flag in the dataset header, as spe
6.5.2.2,is equal t0'0; it is forbidden otherwise.

Child boxes nay be presefit or not, according to the column “Mandatory” in Table 4. Child boxes m

with suffix “

[]” after their name in the Syntax column of Table 32 may be present in multiple insta

Table 32 — Descriptor stream syntax

iture:

hated

nd, if

hated
each
lence
Ficant

decoder shall detect the first integer containing the terminator symbol in its bjinary

ed in

rified

hrked
nces.

Svntax Key Type Remarks
descriptor stream f{ dscn
descriptor stream header dshd gen_info As specified in
subclause 6.6.4.2
DS protection dspr gen_info As specified in
subclause 6.6.4.3
for (i=0;i<num blocks;i++) { num blocks as

specified in

subclause 6.6.4.2.3

for (3j=0;j<block payload size[i];Jj++) {

block payload[i][]] u(8) As specified in

ISO/IEC 23092-2
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Table 32 (continued)

Syntax Key Type Remarks

descriptor_stream { dscn

}

block_payload_size[i] is inferred from the master index table field block_byte_offset, as specified
in subclause 6.6.3.1, as difference between either block_byte_offset[i+1] or the variable descriptor_
stream_size, as specified in subclause 6.5.2.2.5, and block_byte_offset][i].

block_payload][i][j] is the j-th byte of the block payload.

6.6.4{2 Descriptor stream header

6.6.4]2.1 General

This {s a box describing a descriptor stream. It is mandatory whenever the deseviptor stream, described
in subclause 6.6.2.3, is present, forbidden otherwise.

6.6.442.2 Syntax

Table 33 — Descriptor stream header syntax

Syntax Key Type Remarks

desclriptor stream header { dshd

reserved u(l)

Hescriptor ID u(7)

Class ID u(4)

hum blocks u(32)

while ( !byte aligned( ) ) As specified in |subclause

6.2
nesting zero bit £(1) Equal to O

}

6.6.4{2.3 Semantics

descriptor_ID identifies the type of compressed descriptors carried by the descriptor stijeam. It shall
have pne of the values specified as descriptor_ID|[ci][di] in subclause 6.5.2.2.

class| ID idenfifies the class of data carried by the block, as specified in Table 2.

num|blocks is the number of blocks composing the descriptor stream.

6.6.4.3 Descriptor stream protection

6.6.4.3.1 General
This is an optional box containing protection information associated to a descriptor stream.

When present this box contains information that a decoder needs to properly handle a protected
descriptor stream.
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6.6.4.3.2 S

yntax

Table 34 — Descriptor stream protection syntax

Syntax Key Type Remarks

DS protection {

dspr

DS _protection value()

As specified in
ISO/IEC 23092-3

6.6.4.3.3

DS_protection_value(): descriptor stream protection information, specified in ISO/IEC 23092-3.

6.6.5 Offspt

This box allows an indirect addressing of boxes in a different physical position’in the file,
preserving their logical position as described in this document. It shall be placed in the mand
position of the addressed box, as specified in subclause 6.1.2, so that the logicalposition of the addr

box would st

In case of ba
in subclause
present then
the box addj
box shall be

In case of bq
subclauses §
present it sh

In case onev\:ﬁ:
a new box

take the (1<3

el ]
CIIIdaIIticy

5 6.5 and 6.6, and which can be present in only one instance, if an associated offset |

ill be respecting such mandatory ordering.

xes not marked with suffix “[]” after their name in the Sy1itax column of any of the

multiple instances of the same original box may be’physically present in the File, bu
essed by the offset box shall be considered as valid) while the other instances of the
gnored.

xes marked with suffix “[]” after their nanie“in the Syntax column of any of the tab
.5 and 6.6, and which may be present in~thultiple instances, if the associated offset |
h1l be present in as many instances as the addressed boxes.

stance of the offset box is not referring to any box yet but just present as placehold
ich may potentially be added,&hen the Offset field, as specified in subclause 6.6.5.1,
£64)-1 value.

while
atory
bssed

ables

DOX iS

only
same

les in
DOX iS

er for

shall

6.6.5.1 Syptax

struct offget

{
c(4) Rey;
c(4) SubKey;
u(64 Offset;

}

6.6.5.1.1 Semantics

Key is the key of the offset box, being equal to offs.

SubKey is the key of the box being addressed by the offset box. Its usage is restricted to the following
boxes, as specified in Table 4: dghd, rfgn, rfmd, labl, 1bll, dgmd, dgpr, dtcn, dtmd, dtpr.

Offset is the byte offset of the first byte in the referenced box, with respect to the first byte of the file
(0-based). If equal to (1<<64)-1 then the offset box is not addressing any box and shall be ignored. The

value of Offs

40

et shall be larger than the byte offset of any dgcn box in the file.
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6.7

6.7.1

ISO/IEC 23092

Data structures specific to transport format

General

-1:2019(E)

This subclause specifies the data structures specific to the transport of genomic information, in
addition to the data structures specified in subclause 6.4.

6.7.2

Data streams

A data stream is identified by a unique Stream_ID, equal to the SID field of packet header as specified in
subclause 6.7.5.2, and it can transport any of the following data structures:

—  d
S

— d

[a—)

—
— d

— access unit, as specified in subclause 6.5.3,

— 1
6

ata structures containing transport information (dataset mapping table listras
ubclause 6.7.3, dataset mapping table as specified in subclause 6.7.4),

ataset group header, as specified in subclause 6.5.1.2,

eference, as specified in subclause 6.5.1.3,

hbel list, as specified in subclause 6.5.1.5,

ataset header, as specified in subclause 6.5.2.2,

ataset parameter set, as specified in subclause 6.5.2.3,

hetadata and protection information, as specifiéd in subclauses 6.5.1.6, 6.5.2.3, 6.5.3.1

specified in

l, 6.5.1.7 and

.5.2.4,

6.7.3

6.7.3

This
mapq
listed

The d
6.74,

Each

Dataset mapping table list

1 General

s a mandatory box containing-a list of all Stream_IDs of data streams transporting
ing tables, as specified in:subclause 6.7.4, available in the datasets of a dataset groug
data streams is identified by a unique dataset_mapping_table_SID.

ataset mapping table list contains, along with the dataset mapping table described
the necessary and sufficient information to de-packetize and de-capsulate the transp

dataset mapping table list is transported within a single packet with Stream ID (S

the dataset
. Each of the

in subclause
ort format.

[D in packet

headg¢r, as speeified in subclause 6.7.5.2) equal to 0.
6.7.3{2 , \Syntax
Table 35 — Dataset mapping table list syntax
Syntax Key Type Remarks
dataset mapping table list { dmt1
dataset group ID u(8)

for (i=0;i<num datasets;i++) {

dataset mapping table SID u(le)

© ISO/IEC 2019 - All rights reserved
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