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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

S
g

|

uch formats, the ISO/IEC 23092 series provides a new solution for the representation and com
f genome sequencing information by:

he ISO/IEC 23092 series provides the enabling technology that will allow the community to ¢
cosystem of novel, interoperable, solutions in the field of genomic information processing. In pz
offers:

Specifying an abstract representation of the sequencing data rather than a specific format
direct implementation.

Being designed at a time point when technologies and use cases are more;mature. This
addressing one limitation of the textual SAM format, for which the incremental ad-hoc ad
features followed along the years, resulting in an overall redundant.and suboptimal form
was unnecessarily complicated.

pression

with its

permits
dition of
ht which

Separating free-field user-defined information with no clear-Semantics from the genomnic data

representation. This allows a fully interoperable and automatic exchange of information
different data producers.

between

Allowing multiplexing of relevant metadata informatien‘with the data since data and metadata are

partitioned at different conceptual levels.

Following a strict and supervised development process which has proven successful in
30 years in the domain of digital media for the transport format, the file format, the conf
representation and the application program interfaces.

Consistent, general and properly designed format definitionsand data structures to store seq
and alignment informatien. A robust framework which can be used as a foundation to im
different compression‘algorithms.

Speed and flexibility in the selective access to coded data, by means of newly-desigr
clustering and‘eptimized storage methodologies.

Low latengy~in data transmission and consequent fast availability at remote locations, b
transmission protocols inspired by real-time application domains.

Built-in privacy and protection of sensitive information, thanks to a flexible framewor
allows customizable, secured access at all layers of the data hierarchy.

the last
pressed

reate an
irticular

uencing
plement

ed data

ased on

k which

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

Support to the implementation of a complete ecosystem of compliant devices and appl

rovision

ications,

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.
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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
retrieva

—_—

For thege reasons, this document introduces the concept of access unit, which is the fundamentj
structuile for coding and access to information in the compressed domain.

The accpss unit is the smallest data structure that can be decoded by a decoder compliant with
ISO/IEC[23092-2. An access unit is composed of one block for each descriptor used to.tepresent th|
information of its genomic records; therefore, a block payload is the coded representatioi of all the da]
of the sdme type (i.e. a descriptor) in a cluster.

[ e

In addit{on to clusters of genomic records compressed into access units, reads.aré further classified i
six data|classes: five classes are defined according to the result of their alighment against one or mor
referende sequences; the sixth class contains either reads that could not be-mapped or raw sequencin|
data. The classification of sequence reads into classes enables the development of powerful selecti
data acdess. In fact, access units inherit a specific data characterization (e.g. perfect matches in Clags
P, substitutions in Class M, indels in Class I, half-mapped reads imy€lass HM) from the genomic records
composing them, and thus constitute a data structure capable of providing powerful filtering capabilit]
for the ¢fficient support of many different use cases.

D =

Access ynits are the fundamental, finest grain data stiucture in terms of content protection and i
terms of metadata association. In other words, eachlaccess unit can be protected individually an
indepenfently. Figure 1 shows how access units, bleeks and genomic records relate to each other in t
ISO/IEC|23092 series data structure.

| Agcess Unit ]

| Accegs Unit P

Access Upit M | Cluster
| Access Uifit Protection and Metadata | -
(@}ﬁc Record Genomic Record Genomic Record
[RE f—— i o s s s ] e e SE——— g ———————— -y
1
1 Block Header c§ Desc. pos value Desc. pos value EEEsmEmsm Desc. pos value :
| P S AR ] - e Y T T T T T o o . |

1 |
1 Block Header Desc. pair value Desc. pair value EEEEmmnn Desc. pair value :

1
1 Block Header Desc. mmtype value EmEEmEmn Desc. mmtype value

Figure 1 — Access units, blocks and genomic records
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A simplified diagram of the dataset decoding process is shown in Figure 3.

Figure 2 — High-level data structure: datasets and dataset group
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A dataset is a coded data structure containing headers anhd 0ne or more access units. Typical
dould, for example, contain the complete sequencing of\an individual, or a portion of it. Other
dould contain, for example, a reference genome or a subset of its chromosomes. Datasets are gr
dataset groups, as shown in Figure 2.
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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 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

© ISO/IEC 2020 - All rights reserved
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to the type of data access required by the different application scenarios. This document further
provides a reference process to convert a transport stream into a file format and vice versa.

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
reasonaple 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. Informationma|
be obtained from the patent database available at www.iso.org/patents.
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Information technology — Genomic information
representation —

Part 1:

e L L] L

1 Scope

This document specifies data formats for both transport and storage of genomic ififofmation, ihcluding
he conversion process.

—

2 Normative references

—

he following documents are referred to in the text in such a wayythat some or all of their] content
onstitutes requirements of this document. For dated references, only the edition cited applies. For
yYndated references, the latest edition of the referenced document (including any amendments)|applies.

Q

]

50/1EC 10646, Information technology — Universal Coded Character Set (UCS)

IBO/IEC 23092-2, Information technology — Genomic~information representation — Part 2: (oding of
denomic information

et

50/1EC 23092-3, Information technology — Genamic information representation — Part 3: Metaflata and
pplication programming interfaces (APIs)

S

IETF RFC 3986, Uniform Resource Identifier (URI): Generic Syntax
IETF RFC 7320, URI Design and Ownership

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

[50 and IEC maintain‘terminological databases for use in standardization at the following addresses:

- ISO Onlinebrowsing platform: available at https://www.iso.org/obp

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

ja

dceess 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

3.3

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

© ISO/IEC 2020 - All rights reserved 1
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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 range

genomic range comprised between the access unit start position and the right-most genomic record
position among all genomic records contained in the access unit

3.6
access ynit covered region

genomiqd range comprised between the access unit start position and the access unit end positio
inclusive

—

3.7
alignmeént

informafion describing the similarity between a sequence (typically a sequencing read) and a referend
sequenck (for instance, a reference genome)

D

3.8
box
object-ofiented building unit defined by a unique type identifier and length

3.9
cluster
aggregation of genomic records

3.10
cluster fignature
signaturpe
sequenck of nucleotides that is common to most or-all genomic records belonging to a cluster

3.11
container box
box (3.8) whose sole purpose is to containsand group a set of related boxes

3.12
data strjeam
set of pdckets (3.20) transporting the same data type

3.13
extend¢d access unitstart position
position| of the left-moOst mapped base among all alignments of all genomic records contained in the
access upit, irrespective of the strand

3.14
extendgd-aceess unit end position
positiontetf-theright-mestmapped-baseamonga

access unit, irrespective of the strand

Hoanorio oo dc caontarnnd 100 +1)
1T Sbllullll\' ICLUIUS LuUIlnItdIIICcu 111 LIl

3.15
file format
set of data structures for the storage of coded information

3.16

genomic position

position

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

2 © ISO/IEC 2020 - All rights reserved
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3.17

genomic region

region

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

3.18

genomic range

range

interval of positions on a reference sequence defined by a start position s and an end position e such

ne d a1 (] Ne end nNao 01 01 3 N0 d1N9o¢c 3 d1\W 1 gdea 1n ne ranoe

Hase of the aligned read that either matches the corresponding base on the referencé'sequende or can
He turned into the corresponding base on the reference sequence via a substitution

.20
nacket
transmission unit transporting segments of any of the data structures definéd in this document

21
eference genome
epresentative example of the sequences for a species’ genetic material

ote 1 to entry: Genetic material meaning the sequences of thea.DNA molecules present in a typical cgll of that
species.

22
eference sequence
ucleic acid sequence with biological relevance

ote 1 to entry: Each reference sequence is indeXed by a one-dimensional integer coordinate system|whereby
epch integer within range identifies a single~nucleotide. Coordinate values can only be equal to or lafger than
zero. The coordinate system in the context ofthis standard is zero-based (i.e. the first nucleotide has coofrdinate 0
aind it is said to be at position 0) and lin€arly increasing within the string from left to right.

.23

genomic segment
segment
dontiguous sequence of nucleotides, typically output of the sequencing process and sequenced firom one
strand of a template

.24
sequence read
ead
eadout, \by’a specific technology more or less prone to errors, of a continuous part of a nudleic acid
olecule extracted from an organic sample

.25
syntax field
element of data represented in the data format

3.26
template
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

© ISO/IEC 2020 - All rights reserved 3
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3.28
variable
parameter either inferred from syntax fields or locally defined in a process description

4 Mathematical operators

NOTE The mathematical operators used in this document are similar to those used in the C programming
language. However, integer division with truncation and rounding are specifically defined. The bitwise operators
are defined assuming two's-complement representation of integers. Numbering and counting loops generally
begin frdm 0.

4.1 Arithmetic operators
+ dddition

- dubtraction (as a binary operator) or negation (as a unary operator)

++ increment
* ultiplication
/ iinteger division with truncation of the result toward 0 (for example, 7/4 and -7/-4 are truncat

d¢d to 1 and -7/4 and 7/-4 are truncated to -1)

4.2 Lggical operators

[l Ipgical OR
&&  Ipgical AND

! lbgical NOT

4.3 Relational operators

> greater than

> greater than or equal to
< less than

< less than or equal to

== gqual to

I= Tot équal to

4.4 Bitwise operators

& AND
| OR
>> shift right with sign extension

<< shift left with 0 fill

4 © ISO/IEC 2020 - All rights reserved
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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 data type

3 Structure of coded genomic data

(x|

.1 Genomic records

he genomic record, in this document, is a data structure consisting of either a sifigl€ sequenceread, or
aired sequence reads, and its associated sequencing and alignment informatien: The genomic record
hay contain detailed mapping and alignment data, a single or paired read.identifier (read name) and
uality values.

Vhen alignment information is present, the genomic record positiofi is defined as the positign of the
eft-most mapped base of the genomic record on the reference genome. Genomic record positlions are
-based in the ISO/IEC 23092 series. In case of multiple alignmeits, the position of the first alignment
h the record is considered; in such a case, the first alignment&hall be the one with the leftmost[position
among all the alignments with the best score.

o = Nollle ol

]

h case of unmapped reads (i.e. no alignment informatien present) the notion of position does rjot apply
b the genomic record.

(ol

p—

h case of aligned content, bases that are present'in the reads of the genomic record and not pfesent in
he reference sequence (insertions) and bases preserved by the alignment process but not mapped on
he reference sequence (soft clips) do not have mapping positions.

—

able 1 enumerates all the types of data that a genomic record can contain. ISO/IEC 23092-7 defines
bchnology that allows coding alliand only those types of data into a set of descriptors; data, and
onsequently descriptors, which'are mandatory or optional, are also specified in ISO/IEC 23(92-2, as
Uell as how they are used to represent multiple alignments.

< Q ct |4

Table 1 — Genomic records

Data Semantics
Record identifier name of the record (e.g. read names)
bequence reads sequencing readout, as one or more strings of bases
Duality values quality scores of the sequence reads
btrandedness information about the strandedness of each read of the Record
Length length of the sequence reads
Posttion positioronrthereferencegenomeof theleft-mostmappedgenomiereeord base
Pairing position or distance of the mate reads (e.g. in a pair)
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 2020 - All rights reserved 5
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ISO/IEC

23092-2 defines an output record format for all types of data in Table 1. These records shall be

generated by decoders compliant to ISO/IEC 23092-2 as output of the decoding process.

5.2 Data classes

Six data
encoded

classes are specified to classify genomic records according to the result of the mapping of the
sequence reads against one or more reference sequences.

In the case of more than one read in a template, if both reads are mapped, the genomic record belongs

to the c

belongs

The dat:

......................

to the class of the first alignment in the record.

i classes and their descriptions are specified in Table 2.

Table 2 — Data classes

Class

(D Class name Record content

CLASS_P Only reads perfectly matching to the reference sequenge.

CLASS_N Reads perfectly matching to the reference sequence oincontaining mismatches
which are unknown bases only.

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

CLASS_I Reads perfectly matching to the referéncé sequence or containing substitu-
tions, unknown bases, insertions, deletions, splices or clipped bases.

CLASS_HM Paired-end reads with only one mapped read.

6

CLASS_U Unmapped reads only.

Genomi
is a cod
specifie

Descripf
of a sing
comprey

5.3 Ac

Access U

optionally related metadata to facilitate the bitstream access and manipulation. An access unit contain|

either g¢

The acc
ISO/IEC

Access 1

—

records of each data class are coded by means of several descriptors; conversely, a descriptd
ng element needed to represent part of the information. Descriptors for each data class ar
1 in [SO/IEC 23092-2.

[¢)

[72)

ors are coded in blocks. Blocks,are-defined in subclause 6.5.5. A sequence of block payload
le descriptor composes a descriptor stream. All block payloads in a descriptor stream contaip
sed descriptors of a single type representing reads of the same data class.

fcess units

=

nits (AUs) are data-structures containing a coded representation of genomic information an

[72)

bnomic records-belonging to the same data class or a fragment of a reference sequence.

j=ni

bss unitis/the smallest data organization that can be decoded by a decoder compliant wit
23092-2.

Iits are orthogonal to descriptor streams: an access unit is composed of all and only those

blocks o
records

f the descriptor streams that are necessary to decode the information contained in a cluster of
of a given data class.

An access unit can be of several types according to the class of the coded data.
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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
I_TYPE_AU 4 CLASS_I
HM_TYPE_AU 5 CLASS_HM
U_TYPE_AU 6 CLASS_U

=

epending on the type of coded information, an access unit can be decoded eithérindependent
ther access unit or using information contained in other access units.

o

3.4 Datasets

dataset is a data structure containing headers and access units. The set of access units compq
ataset constitutes the dataset payload.

[oPlle Y

(Jne or more datasets are assembled into a dataset group.

.5 Selective access

(n ]

h the case of selective access to a genomic region’comprised between a start genomic positio
nd genomic position the decoder shall return: a) dll the access units whose covered region ove
egion defined by start and end with at least gne base, and the parameter sets that are needed t
hem; b) at least the reference portion that'is necessary to decode the access units identified in

o5 Q=

h the case of selective access to signed content identified by a U_cluster_signature signa
ecoder shall return all the access\tinits whose signature corresponds to U_cluster_signature
arameter sets that are needed te-decode them. Examples of selective access strategies are d
n Annex B.

- o, =

6 Data format

4.1 Format structure

4.1.1 General

=

able £presents the overall data structures and hierarchical encapsulation levels.

ly of any

sing the

h and an
'laps the
b decode

a).

ture the
and the
bscribed

Haxes that may occur at the top-level are shown in the left-most column; indentation is nsed

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
Transport. See the specification of each individual box for the assumptions when the optional b

File and
oxes are

not present. If the box key is represented in italic format in Table 4, the corresponding 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.
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Table 4 — Format structure and encapsulation levels

Box key (with hierarchical level) Subclause Scope Mandatory
flhd 6.5.1 *
dgcn 6.5.2 File *
dghd 6.5.2.2 *
rfen 6523
rfmd 6.5.2.4 ¢ p
labl 6.5.2.5 'q'/
Ibll 6.5.2.5.4 S
dgmd 6.5.2.6 Jte 4
dgpr 6.5.2.7 ~
dmtl 6.7.3 Transport V|
dtcn 6.5.3.1 File\{</v *
dthd 6.5.3.2 +O° *
mitb 6621 ¢ YFile
pars 6.5.3.5/, o) *
dtmd 6.533)"
dtpr Q}'@
dmtb “$e7.4 Transport |*
dscn ’?5\‘() 6.6.3.1 File
dshd R\Y 6.6.3.2 File
dspr ;\\(0 6.6.3.3 File
aucn xO 6.5.4.1 *
auhd - 6.5.4.3 *
aufn;" 6.5.4.4
\a’upr 6.5.4.5
~()"|block 6.5.5 *
RS block_header |6.5.5.2
offset ‘<;§S‘Jet 6.6.4 File
packet A%\:, 6.7.5 Transport |*
packet_hg@v) .7.5.2 Transport  |*
RS
R
o
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FILE FORMAT

| File header (flhd) |

Dataset Group (dgcn)
| Dataset Group Header (dghd) |

Reference (rfgn) Reference Metadata (rfmd) i

Pt tpbttbkhytyiel ]

Label List (labl) ! Label (Ibll)ii

Dataset Group Metadata (dgmd) Dataset Group Protection (dgpr)

Dataset (dtcn)
| Dataset Header (dthd) | i Master Index Table (mitb) i Dataset Parameter Set (pars) |
i B Ak 1 1 1 L i Dataset-Protection-Ldtner) H
7 Bataset-Metadater-fotmdy——— teps t Q
Descriptor Stream (dscn) Descriptor Stream (dscn) Q(]/
| Descriptor Stream Header (dshd) i | Descriptor Stream Header (dshd) i (]/
iDescriptor Stream Protection (dspr)i iDescriptor Stream Protection (dspr)i a ,'\
Access Unit . AU Information (amin)
(aucn) | Access Unit Header | | Block | | Block ) ht “Kfﬁ’_r_&égd_aﬁ"(; p—;rj
> 1. n A
Access Unit _ AU Information (apin
(aucn) | Access Unit Header | I Block | | Block () | AU Protection (apr)
f'\\\v
Figure 4 — Data structures hierarchy for storage
TRANSPORT FORMAT
Packet

Packet Header

File header (flhd)

Dataset Group

| Dataset Mapping Table List (dmtl) | Reference (rfgn) i Reference Metadata (fmd) :

FeSSSIIIIIIIIIC

| Label List (labl) { Label (Ibll) }

Dataset\Group Header (dghd) |

Dataset'Group Metadata (dgmd) Dataset Group Protection (dgpr)

Dataset

| Dataset Mapping Table (dmth) | | Dataset Header (dthd) | | Dataset Parameter Set (pars)

Dataset Metadata (dtmd) Dataset Protection (dtpr)

Access Unit Aecées Unit Header | | Block | | Block | AU Information (auin)
(aucn) o=

AU Protection (aupr)

N2 T - oy
fecCh ] Access Unit Header | | Block | | Block | LAY Informatllon (auin)
.( i AU Protection (aupr) |

Figure 5 — Data structures hierarchy for transport

In transport format, any box represented in Figure 5 shall be encapsulated in one or more packets, as
specified in subclause 6.7.5. The dataset group and dataset are represented in Figure 5 for clarity, but
the corresponding container boxes (dgcn and dtcn) do not exist in transport format.

6.1.2 Boxorder

In order to improve interoperability, the following rules shall be followed for the order of boxes:
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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 is specified in Table 9, Table 19,

Table 25 and Table 32, respectively.

3) The

4) Whent

box

located in a different position in the file.

5) The
any

In trans
1) The
first
3) Itis
4) lItis
colu
diff

6.2 Sy

6.2.1

Table 5 lists the constructs that are used to express the conditions when data elements are present.

file header box ‘flhd’ shall occur before any variable-length box.

U )

bs, which, while logically respecting the ordering specified in this subclause, may be physic

contiguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shall not be broken bjy
box external to the container box, apart from the offset box, as specified in subclause 6.6.4.

bort format

dataset_mapping_table_list, dataset_mapping_table and file header hoxes shall be decodefd
,and then all other boxes according to the hierarchy specified in Table'4:

recommended to transmit the boxes in hierarchical order, as specified in Table 4.

[om

recommended, when possible, to interleave boxes with hié€rarchical level equal to 1 (secon
mn in Table 4) and belonging to different dataset groups) and the dthd boxes belonging t|
brent datasets, before transmitting all other boxes.

o

ntax and semantics

Method of specifying syntax in tabular form

NOTE This syntax uses the convention.that a variable or expression evaluating to a non-zero value {is
equivalent to a condition that is true.
Tgble 5 — Constructs usedto express the conditions when data elements are present
Construct Description
if (cordition) { If the condition is true, then the first group of data
elements occurs next in the bitstream.
dafla element
}
else If the condition is not true, then the second group of
data elements occurs next in the bitstream.
daflabeglement
}
for (i=0;i<n;i++) { The group of data elements occurs n times. Conditional
constructs within the group of data elements may depend on
data_element 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.
}

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

listed in

10

Table 6.
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Table 6 — Syntax used to represent collections of data elements

020(E)

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

data

data element [n] data element [n] is the n+1th element of an array of data.

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

two-

of a three-dimensional array of data.

data_element[1] [m] [n] data_element[1l] [m] [n] is the 1+1fP, m+1th, n+1th element

4.2.2 Bitordering

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

f

4.2.3 Specification of syntax functions

low

yte_aligned( ) is specified as follows:

— Ifthe current position in the bitstream is on a byte boundary;, i.e., the next bit in the bitstred
first bitin a byte, the return value of byte_aligned( ) is equal to/TRUE.

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

—

ead_bits( n ) reads the next n bits from the bitstream anhd advances the bitstream pointer
ositions. When n is equal to 0, read_bits( n ) is specified toé return a value equal to 0 and to not
he bitstream pointer.

(mils o]

—

he following data types specify the parsing proc€ss of each syntax element:

+ f(n): fixed-pattern bit string using n bits.wiitten (from left to right) with the left bit first. The
process for this data type is specified by the return value of the function read_bits(n ).
—+ u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bits v
manner dependent on the value.ef other syntax elements. The parsing process for this dat

an unsigned integer withumost significant bit written first.

—+ st(v): null-terminated string encoded as universal coded character set (UCS) transmission f
(UTF-8) characters, as specified in ISO/IEC 10646. The parsing process is specified as

continuing up-to but not including the next byte that is equal to 0x00, and advances the b
pointer by (stringLength + 1) * 8 bit positions, where stringLength is equal to the number
returned.<The maximum value of stringLength is 16384.

—+ c(n)sequence of n ASCII characters as specified in ISO/IEC 10646.

icant bit

\m is the

by n bit

advance

parsing

riesin a
h type is

specified by the return value‘of the function read_bits( n ) interpreted as a binary represenfation of

ormat-8
follows:

st(v) reads and €eturns a series of bytes from the bitstream, beginning at the current position and

tstream
of bytes

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 2020 - All rights reserved
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The KLV syntax is defined as follows:

struct

c(4) Key;
u(64) Length;

u(8) Valuel];

gen_info

The Lenjgth field specifies the number of bytes composing the entire gen_info structure, including a

three fie

The blo
only Val

The offs

All synt
info, rej]
Value[]

6.4 O

This sulpclause specifies the output of the decapsulation processes specified in subclauses 6.5.2.3.6,

6.5.3.5.1

s

lds Key, Length and Value.

[

'k, block_header, packet and packet_header data structures have no Key and mo, kength, by
le.

pt data structure is specified in subclause 6.6.4.

hx tables specified in subclauses 6.5, 6.6 and 6.7 and related subclauses; for boxes of type gen_
resent the internal syntax of the Value[] array field only. In thecscepe of this document the
irray is referred as just Value.

itput data unit

| and 6.5.4.

Table 7 — Data unit syntax

Syntax Type Remarks

data ug

it() |

datd

_unit_type u(8)

if

data unit type == 0) {

dg

ta unit size u(64)

rg

w_reference () As specified in

ISO/IEC 23092-2

elsd

if (data unitgtype == 1) {

eserved u(l1l0)

ata_unit_sdze u(22)

H

arametex _set () As specified in

ISO/IEC 23092-2

}

else 1T (data unit type == 2Z2){

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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6.5 Data structures common to file format and transport format
6.5.1 File header

6.5.1.1 General

This box is mandatory and provides information about the version of this specification and of the set of
dther specifications the file or stream complies with.

4.5.1.2 Syntax

Table 8 — 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)

4.5.1.3 Semantics

by

major_brand is the major brand identifier. Theivalue is equal to the 6-character code “MPEG-G".

=

ninor_version is an informative set of foutr‘characters for the minor version of the major brand of this
document 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 ntumnber, as integer counter from 0 to 9, 0 if no amendment yet

- fourth byte: corrigemdirm number, as integer counter from 0 to 9, 0 if no corrigendum yet

=

um_compatible_brands is inferred from the Length field in the file_header gen_info header agfollows:
num_compatible drands = (Length - 22) / 4.

o

ompatible_brand][i] is a 4-character code representing a compatible brand.
4.5.2 <Dataset group

4.52.1 General

The dataset group is a collection of one or more datasets.
The relevant container box (dgcn Key in Table 9) 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 9 may be present in multiple instances.
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Table 9 — Dataset group syntax

Syntax Key Type Remarks
dataset group { dgcn

dataset group header dghd gen_info As specified in
subclause 6.5.2.2

reference|] rfgn gen_info As specified in
Dubplau < U.S.,‘.:\)

reflerence metadatal] rfmd gen_info As specified in
subclause 6.5.2.4

lagel list labl gen_info As specified in
subclause 6.5.2°5

DG |metadata dgmd gen info As specifiedyin 6.5.2.

DG [protection dgpr gen_info As specifhed in 6.5.2.7

foq (i=0;i<num datasets;i++) { num_ datdsets:

as /Sspecified in
subadlause 6.5.2.2

dataset[i] dtcn gen_info As specified in
subclause 6.5.3.1

6.5.2.2 | Dataset group header

6.5.2.2.1 General

This is @ mandatory box describing the content of a dataset group.
6.5.2.2.2 Syntax

Table 10 4 Dataset group header syntax

Syntax Key Type Remarks
dataseff group header { dghd
daflaset group ID u(8)
vension number u(8)

foy (i=0;i<num datasets;i++) {
dataset IBpiY u(lo)

6.5.2.2.3 ““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_datasets = (Length - 14) / 2.

14 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=1bf39d3ae1ddad1c145450e2f081639a

6.5.2.3 Reference

6.5.2.3.1 General
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23092-1:2020(E)

This is an optional box containing the information needed to retrieve an external or internal reference,

and its description as a set of reference sequences.

It may be present in multiple instances in the same dataset group. If so, any instance shall have a

different value of reference_ID.

4.5.2.3.2 Syntax

N
v
P

Table 11 — Reference box syntax NG
N’
Syntax Key Type (\Q) Remajrks
reference { rfgn n(bv
dataset group ID u(8) (‘ s 4
reference ID u(8) R\ ;.
reference name st (v) 0\\
reference major version u (1
reference minor version W;

type != MPEGG REF) ({

reference patch version /\Qu(16)
seq_count O\) u(l6)
for (seqID=0;seqglID<seq count;seqID++) { \\\\
sequence name [seqID] A\\J st (v)
if (minor version != ‘1900") { minor version
\\'Q as speciflied in
$ subclausg 6.5.2
.\‘/.
sequence length[seqID] A u(32)
sequence ID[seqID] \O u(lo)
} R\
S
! &)
reserved ‘\’. u(7)
N
external ref flag f'\S u(l)
if (external_ref_flé'g)‘j{
ref uri O’v st (v) As speciflied
% in subclguse
N 6.5.2.3.4
checksu%@; u(8)
refere@c\&:type u(8)
if @%erence_type == MPEGG REF) ({
L vgiternalidatasetigroupilD u(8)
d\‘ external dataset ID u(le)
= +F \uu._ou__ s ‘1“00') uu‘_ou__ erision
as specified in
subclause 6.5.2
ref checksum u (checksum size) As specified in
6.5.2.3.7
}
if (minor version != ‘1900’ || reference minor version

as specified in
subclause 6.5.2

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

ref seq checksum[seqgID]

u (checksum size)

As specified
in subclause
6.5.2.3.7

© ISO/IEC 2020 - All rights reserved
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Table 11 (continued)

Syntax Key Type Remarks
}
}
}
else {
internal dataset group ID u(8)
internal dataset ID u(lo)
}
}

6.5.2.3.3 Semantics

dataset
as the d
subclaus

| group_ID is the identifier of the dataset group including this box. It shall haye.the same valufe
ataset_group_ID field in the dataset group header of the same dataset group; as specified ip
e 6.5.2.2.

referen
referen
referen

referen

referen

seq_cou

sequeng
referend

sequeng
sequeng

externa

bitstrea

areference external to the bitstream (external_ref flag equal to 1).

ref_uri

referen
column

ce_ID is the identification number of the reference within the datasetgroup.
ce_name is a string representing a human readable name of thegaeference.
ce_major_version is the reference major version.

re_minor_version is the reference minor version.

ce_patch_version is the reference patch version.

nt is the number of reference sequences contained in the reference genome.

'e_name is an unambiguous string identifier for each reference sequence contained in the
e.

fe_length is the number of nucleotides of each reference sequence contained in the reference.
re_ID is reference sequence integer identifier.

I_ref flag is a flag specifying whether the reference is either another dataset of the samle
), as specified in subclduse 6.5.3, with dataset_type equal to 2 (external_ref_flag equal to 0), d

—

is specified in subclause 6.5.2.3.4.

(i

Ce_type specifies the type of the external reference and can take any of the values in the firg
bf Table 12,

Table 12 — reference_type values

alue Name Semantics

0 MPEGG_REF Reference encoded as a dataset, as specified in subclause 6.5.3, 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 sub-
clause 6.5.3.2, equal to 2.

1 RAW_REF Raw reference, as specified in ISO/IEC 23092-2.

2 FASTA_REF Reference of type FASTA, as specified in subclause 6.5.2.3.5

3 to OxFF Reserved for future use
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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 6.5.2.3.7, on the payload of the dataset of type 2 (Value field of dtcn box), as specified in

subclause 6.5.3, retrieved using ref_uri, external_dataset_group_ID and external_dataset_ID.

ubclause 6.5.2.3.6, if reference_type is equal to FASTA_REF or MPEGG_REF.

T

— pn

p—t

4.5.2.3.4 ref_uri semantics
ref_uri shall be compliant with IETF RFC 3986 and IETE.REC 7320.

The IETF RFC 3986 specification is partially summarized in Annex A.

4.5.2.3.5 Supported FASTA format

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

lonllelvsl

W

eference. An internal reference shall be of type MPEGG_REEF, as specified jnTable 12.

nternal reference shall be of type MPEGG_REEF, as specified in TableZD2.

n_n

y the following one or-more lines.

hall be followed'by one or more lines of symbols representing nucleotides.

rief_seq_checksum is the checksum computed, according to one of the methods spetified in
sjubclause 6.5.2.3.7, for each reference sequence contained in the reference genome, @nithe| content
df the corresponding ref_sequence field of the raw reference, as specified in ISO/IEE 23092-P, either
as is, if reference_type is equal to RAW_REF, or obtained via the conversion pnocess spefified in
S

hternal_dataset_group_ID is an integer number identifying the dataset group containing thel|internal

hternal_dataset_ID is an integer number identifying the dataset containing the internal reference. An

The FASTA formatl2l supported by this document is represented as a series of lines in ASCII texf format.

bnore lines that only contain non\printable characters and any comment line starting with a serpi-colon.

ach sequence of charactetsfollowing a ">" (greater-than) symbol and up to the first whiitespace
haracter shall be interpreted as the identifier (a.k.a. name) of the sequence of nucleotides reptesented

ach sequence of-characters following a ">" (greater-than) symbol and up to an end of line character

The following-is an example of supported FASTA.

Line Content Description

| >1 dna:chromosome chromosome:GRCh37:1:1:249250621:1 1 = first sequence identifier

2 ACGTTGACTATCGATCTATTAGCGGCGATGCA Sub-sequences of nucleotides
3 TGACTATCGATCTATTAGCGGCGATGCTTCCA representing the entire first
4 ACGTTGACAAACCGATAAGCGGCGATGCAAAC 1

N >2 dna:chromosome chromosome:GRCh37:2:1:243199373:1 2 = second sequence identifier
N+1 TGACTATCGATCTATTAGCGGCGATGCTTCCA Sub-sequences of nucleotides
N+2 |ACGTTGACAAACCGATAAGCGGCGATGCAAAC ggg;‘fnecr;tmg the entire second

N+3 |TTGACAAACCGATAAGCGGCGATGCAAACAGT
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Line

Content Description

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

6.5.2.3.6 Conversion to raw reference

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

externa
shall be
process

— Ifei
to M
tos

_ref_flag 1s equal to 0) identified by internal_dataset_group_ID and internal_dataset_ID fields,
converted into a raw reference structure, as specified in ISO/IEC 23092-2, according to)t
described below.

ther external_ref_flagis equal to 0, or external_ref_flag is equal to 1 and reference_type is equal
PEGG_REF, as specified in Table 12, the corresponding dataset shall be decapsuldted, accordinjg
ibclause 6.5.3, and the output data units shall be decoded, according to the decoding procegs

spe

— Elsd
Tabl

— Elsd
Tabl
refe
refe
sha
min|
any
valy

In all of
as speci

— dat4
— datd

size

6.5.2.3.]

The identification of theChash function to be used to verify the identity of the related reference (ref_

checksu
as speci
are rese

fified in ISO/IEC 23092-2.

, if external_ref flag is equal to 1 and reference_type is equal to RAW/REF, as specified i
e 12, no decapsulation is needed.

=

, if external_ref_flag is equal to 1 and reference_type is equal*to FASTA_REF, as specified i
le 12, the FASTA reference, as specified in subclause 6.5.2.3.5;"shall be converted into a ray
rence, by filling each ref_sequence field with the correspénding base characters in the FAST
rence, after conversion to uppercase letters and ignoring new line characters; seq_start fiel
| be set to 0, seq_end field shall be set to the number.ef characters composing each sequenc

s 1, and the sequence_ID field structure shall be set-either incrementally, starting from 0, fqr
reference sequence present in the FASTA reference; if minor_version is equal to ‘1900’ or to thie
e of sequence_ID field in the reference box, asspecified in subclause 6.5.2.3.2.

o < B

the above three cases the output raw reference shall be encapsulated as payload of a data unit,
fied in subclause 6.4, with:

_unit_type equal to 0,

_unit_size equal to the sumof 9 (the number of bytes used for data_unit_type and data_unit_
and the number of bytes,composing the raw_reference structure.

' Checksum

=)

m field) or reference sequences (ref_seq_checksum(i] fields) is performed using checksum_alg
ied in subgla@ise 6.5.2.3. Two values of checksum_alg are defined in Table 13, while other value
rved for future use.

<

p

[72)

Table 13 — Checksum values

checksum_alg Checksum checksum_size Rationale
value algorithm
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 extensive collision
vulnerabilities it suffers.

0x01 SHA-256 256 Currently recommended for all hash function-based
applications and it shall be used for the integrity
check of all new content.

0x02 to OxFF Reserved for future use.

18 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=1bf39d3ae1ddad1c145450e2f081639a

ISO/IEC 23092-1:2020(E)

6.5.2.4 Reference metadata

6.5.2.4.1 General

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

Table 14 — Reference Metadata syntax

Syntax Key Type Remarks
reference metadata f{ rfmd
dataset group ID u(8)
reference ID u(8)
reference metadata value () As sPpeeified in
FSOMEC 23092-3

4.5.2.4.3 Semantics

o

ataset_group_ID is an integer number identifying the dataset group including this re
Metadata.

ot

efers to. It shall be equal to the reference_id value-of one of the reference boxes, as spe
ubclause 6.5.2.3, present in the dataset group.

L=

reference_metadata_value() contains refereiice related metadata, as specified in ISO/IEC 23(
4.5.2.5 Label List

4.5.2.5.1 General

This box lists the labels, as spécified in subclause 6.5.2.5.4, associated to a dataset group.

4.5.2.5.2 Syntax

Table 15 — Label list syntax

ference_

eference_ID is a unique identification number of the.reference to which this reference_metadata

rified in

92-3.

Syntax Key Type RemarKs
fabel 1iSEN{ labl
dataset group ID u(8)
num labels u(lo)
for (h=0; h<num labels; h++) {
label [h] 1bl1 gen_info As specified in
subclause 6.5.2.5.4
}
}

6.5.2.5.3 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 6.5.2.2.

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

6.5.2.5.4.1 General

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

Table 16 — Label syntax

Syntax Key Type Remarks
label 1bll
lalel 1D st (v)
nunj datasets u(le)

foy (i=0;i<num datasets;i++) {
dataset ID[1i] u(l6)

num_regions[i] u(8)

for (3J=0;j<num regions[i];j++) {
seq ID[i][]] 0A10)

num_classes[i] [J] u(4)

for (k=0;k<num classes[i][]J];k++) |

class ID[i] []] [k] u(4)
}
start pos[i][]] u(40)
end pos[i] [J] u(40)
}
}
while ( !byte aligned( ) ) As specified
in subclause
6.2
nesting zero bit £(1) Equal to O

6.5.2.5.4.3 Semantics

label_ID is a string representing the label identifier in the label list specified in subclause 6.5.2.5. The
variable|stringLength for.this field, as specified in subclause 6.2.3, concerning the st(v) data type, sha
be highgr than 0.

—_—

num_datasets is the-number of datasets containing regions labelled by label _ID.

J

dataset| ID is the identifier of a dataset labelled by label_ID. It shall take one of the values of dataset_I
listed in|the‘dataset group header of the same dataset group, as specified in subclause 6.5.2.2.

num_regionsT {5 tie number of Tegions fabetted by tabel_1D I the dataset.

seq_ID is the sequence identifier. It shall take the value of one of the sequence_ID fields of at least one of
the reference boxes included in the dataset group, as specified in subclause 6.5.2.3.

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 left-most mapped base among the first alignments of all genomic records
encoded in the access units covering the region, irrespective of the strand.
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end_pos is the position of the right-most mapped base among the first alignments of all genomic
records encoded in the access units covering the region, irrespective of the strand.

6.5.2.6 Dataset group metadata

6.5.2.6.1 General

This is an optional box containing metadata associated to a dataset group.

4.5.2.6.2 Syntax

Table 17 — Dataset group metadata syntax

Syntax Key Type Remarks
DG metadata { dgmd

if (minor version != ‘1900") { mingy version as
S§pecified in subclpuse
©.5.1

dataset group ID u(8)

}

DG metadata value () As specified in
ISO/IEC 23092-3

}

4.5.2.6.3 Semantics

IDG_metadata_value() contains the dataset group'metadata, specified in ISO/IEC 23092-3.
4.5.2.7 Dataset group protection

4.5.2.7.1 General
This is an optional box containing-protection information associated to a dataset group.

Vhen present this box centains information that a decoder needs to properly handle a pfotected
ataset group.

Q. <

4.5.2.7.2 Syntax

Table 18 — Dataset group protection syntax

Syntax Key Type Remarks

DG protection { dgpr

i (minor version != ‘1900") { minor version as
spectfited—tmr—subctause
6.5.1

dataset group ID u(8)

}

DG protection value () As specified in
ISO/IEC 23092-3

}

6.5.2.7.3 Semantics

DG_protection_value() contains the dataset group protection information, specified in
ISO/IEC 23092-3.

© ISO/IEC 2020 - All rights reserved 21


https://standardsiso.com/api/?name=1bf39d3ae1ddad1c145450e2f081639a

ISO/IEC 23092-1:2020(E)

6.5.3 Dataset

6.5.3.1 General

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

The corresponding container box (dtcn in Table 19) is mandatory in file format, forbidden in

transport format.

Child boxes may be present or not, according to the column

ybep , g “Mandatory” in Table 4. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 19 may be present in multiple instances|

Table 19 — Dataset syntax

Syntax Key Type Remarks
datasett { dtcn
daflaset header dthd gen_info As spegified in
subclause 6.5.3.2
DT |metadata dtmd gen_info AS/specified in
6.5.3.3
DT |protection dtpr gen_info As specified in
6.5.3.4
daflaset parameter set[] pars gen_iwfo As specified in
subclause 6.5.3.3
if |(MIT flag == 1) { As specified in
subclause 6.5.3.2
master index table mitb gen_info As specified in
subclause 6.6.2.1
}
acdess _unit[] ducn gen_info As specified in
subclause 6.5.4
if | (block header flag == 0) ({
descriptor stream[] dscn gen_info As specified in
subclause 6.6.3
}
}
6.5.3.2 | Dataset header
6.5.3.2.1 General
This is @ mandatory;box describing the content of a dataset.

6.5.3.2.2 Syntax

Fable 20—Patasetheadersyntax———————

Syntax Key Type Remarks
dataset header { dthd
dataset group ID u(8)
dataset ID u(lo6)
version c(4)
multiple alignment flag u(l)
byte offset size flag u(l)
non overlapping AU range flag u(l)
pos 40 bits flag u(l)

22
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Table 20 (continued)
Syntax Key Type Remarks
block header flag u(l)
if (block header flag) {
MIT flag u (1)
CC mode flag u(l)
}
else {
ordered blocks flag u(l) (oY
(@ Dk
) Ql
seq_ count u(lo) N .(1/\’
if (seq count > 0) { N 2
reference ID u(8) (\O)V
for (seg=0;seg<seq_count;segt+) { r\(b\)
seq_ID[seq] u (](6)“ v
) R
for (seq=O;seq<seq_count;seq++) { (“s N
seq blocks[seq] \%\'u(32)
) A
) &
dataset type ;\) ) u(4)
if (MIT flag == 1) { N\
num classes $\\) u(4)
for (ci=0;ci<num classes;ci++) { O ©
clid[ci] Q u(4)
if (!block header flag) f{ X2
num descriptors[ci] A u(5)
for (di=O;di<num_descrith|r:s\f\éi] ;di++) |
descriptor ID[ci] [d‘_i\l\o\ u(7)
) %)
} RN
) O
) R
parameters_upda&%lag u(l)
alphabet_ID N~ u(7)
num_U_acc;;Qanits u(32)
if (num_&\gcess_units > 0) {
res ‘d u(62) For backwdrd
‘§ compatibility
f@signature_flag u(l)
“Dif(U signature flaq) {
U signature constant length u(l)
if (U_signature constant length) {
U signature length u(8)
}
}
reserved flag u(l)
if (reserved flag) {
reserved u(8) For backward

compatibility
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Table 20 (continued)
Syntax Key Type Remarks
reserved flag u(l)
}
if (seq count > 0) {
tflag[0] £(1) Equal to 1
thres[0] u(31)
for (i=1l;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
nqgsting zero bit £(1) Equal to O
}

6.5.3.2.3 Semantics
dataset| group_ID is the identifier of dataset group containing the dataset including this dataset_headet.

dataset| ID is the identifier of the dataset. Its value shall.bé&one of the dataset_IDs listed in the datasef_
group_header.

=)

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

[72)

— first two bytes: version number, as the{ast 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

— fournth byte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet

ot

multiple_alignment_flag:Gf)set to 1 it indicates the presence of multiple alignments in the dataset.
shall neyer be set to 1 if dataset_type is equal to 2.

byte_offset_size_flag: if equal to 0, the variable byteOffsetSize used in the master index table, ds
specifiedl in subclause 6.6.2.1, and representing the number of bits used to encode the master index table
fields ngmed AU=byte_offset and block_byte_offset, is equal to 32; if set to 1, the variable byteOffsetSize
is equal fto 64.

1 2 ALL if £+ 1 11 i itla 1 ALL &+ H +1 dot + L
non_overm@appmg_axo_range irSetto 1, arraccess TS witntie Saime oty pe Hrtneaatasetnave 1ot

overlapping ranges.

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

block_header_flag: if set, all blocks composing the dataset are preceded by a block header, as specified
in subclause 6.5.5.2. It is always set to 1 in transport format. See also subclause 6.5.3.2.5.

MIT_flag: if set, the master index table, as specified in subclause 6.6.2.1 is present in the dataset.
Otherwise, the master index table is not present in the dataset. It is always equal to 0 in transport
format and set to 1 by default when block_header_flag is equal to 0.
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CC_mode_flag: if set, two access units of the same type, as specified in Table 3, cannot be separated by
access units of a different type in the storage device. If equal to 0, access units are ordered by access
unit start position in the storage device. See also subclause 6.5.3.2.5.

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 6.6.2.1. See also
subclause 6.5.3.2.5.

seq_count is the number of reference sequences used in this dataset, in case of file format; in case of
transport format and if dataset type is different than 0, it shall be equal to the seq_count field in the

ference box, as specified in subclause 6.5.2.3.1, referenced by this dataset by the reference-id field. It
shall always be equal to 0 when dataset_type is equal to 0.

ference_ID is a unique identification number of the reference 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
ihcluding this dataset, as specified in subclause 6.5.2.3. If dataset_type is equal te-2)and if the external
f_flag field of the reference box pointed by reference_id, as specified in subdlatse 6.5.2.3, is[equal to

, then the reference box pointed by reference_id, as specified in subclause 6.5.2.3, shall haye either
value of the internal_dataset_ID field different than the value of the dataset_ID field in thiq dataset
eader, or a value of the internal_dataset_group_ID field different than the value of the dataset_group_

ID field in this dataset header.

g_ID: its value shall correspond to any of the values of the sequence_ID variable in the refer¢nce box
lentified by reference_ID, as specified in subclause 6.5.2.3.

—e

seq_blocks is the number of access units per reference.séquence with a different value of accgss_unit_
ID, as specified in subclause 6.5.4. A value of 0 means “unspecified” (e.g., in transport format).

o

ataset_type specifies the type of data encoded jirthe dataset. The possible values are: 0 = nonj-aligned
dontent; 1 = aligned content; 2 = reference.

num_classes is the number of classes encoded in the dataset.

dlid identifies the class of data carried by the access unit, as specified in Table 2. It shall take any of the
vialues defined as Class ID in Table.2{clid[ci+1] shall be greater than clid[ci], for ci in the range between
(J 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.

=

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

o

escriptor_ID is a deScriptor identifier as specified in ISO/IEC 23092-2.

arameters_update_flag: if equal to 1, the fields multiple_alignment_flag, pos_40_bits flag, U_
ignature_flag) V_signature_constant_length and U_signature_length in this dataset header jare also
resent in_all-the dataset parameter sets, as specified in subclause 6.5.3.5.3, contained in the same
ataset. In.such a case (parameters_update_flag equal to 1), such fields shall have the following values
 thedataset header:

o »n s

-+ Zmultiple_alignment_flag shall be equal to 1 if the multiple_alignment_flag field in at least one of the
dataset parameter sets, as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

— pos_40_bits shall be equal to 1 if the pos_40_bits field in at least one of the dataset parameter sets,
as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

— alphabet_id shall be equal to 1 if the alphabet_id field in at least one of the dataset parameter sets,
as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

— U_signature_flag shall be equal to 1 if the U_signature_flag field in at least one of the dataset
parameter sets, as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

— U_signature_constant_length shall be equal to 0.
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When parameters_update_flag is equal to 1:

— when used in the access unit header, as specified in subclause 6.5.4.3, such fields will take the value
they have in the dataset parameter set, as specified in subclause 6.5.3.5, referenced by the access
unit via the parameter_set_ID field, as specified in subclause 6.5.4.3

— when used in the master index table, as specified in subclause 6.6.2.1, such fields will take the values
present in the dataset header, as specified in this subclause.

alphabet_ID is the identifier of the alphabet used to encode the cluster signatures. Values are described
in Table[ZT 1n subclause 6.5.3.2.4-

=

num_U_Jaccess_units is the total number of access units in the dataset containing encoded data
class U, |n case of file format; in case of transport format, it shall always be set to 1 and does not havj
any spegific semantics apart from the use as a flag in Table 20.

[¢)

U_signature_flag: if set to 1 it indicates the presence of cluster signatures in the accessunits contained
in the dgtaset.

U_signIure_constant_length: if setto 1 all cluster signatures in the dataset have the same length.
U_signature_length is the length of all cluster signatures in the dataset, asitumber of nucleotides.
tflag: if et to 1 it indicates that it is followed by a threshold thres.

thres is[a threshold indicating the maximum difference between the)access unit covered region and thie
access upit range.

6.5.3.2.4 Alphabets
Each Alghabet is identified by an alphabet_ID as shown:in Table 21:

Table 21 — alphabet_ID semantics

alphabet_ID Siiphabet ID bits_per_symbol
0 So=1A,C, G.T,N] 3
1 S1=[A6,GTRY,S,WK,M,B,D,H,V,N,-]|5
2..255 reserved

The notption S, e iplindex] specifies a conversion from a numerical index to an ASCII characte
corresppnding to a symbol6f the alphabet identified by alphabet_ID, as specified below.

—

So[0]="A} S[1]="C’, Sof2}2 G, So[3]="T", Sy[4]='N’

|
S,[0]1="A} S,[1]="C)'S,[2]='G, S{[3]="T’, S1[4]='R, $,[5]="Y, S,[6]="S, S;[7]="W’, S,[8]="K’, S;[9]='M,
S,[10]='B’, Sy [FHE'D, S, [12]="H’, S,[13]="V", S, [14]='N’, S,[15]=""

6.5.3.2.%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 6.5.5, belonging to the
same descriptor stream, as specified in subclause 6.6.3, are stored in contiguous areas of the storage
device. This mode is enabled by the condition block_header_flag equal to 0.

— access unit contiguity (AUC) mode: blocks, as specified in subclause 6.5.5, belonging to the same
access unit, as specified in subclause 6.5.4, are stored in contiguous areas of the storage device. This
mode is enabled by the condition block_header_flag equal to 1.
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When block_header_flag is equal to 1, the CC_mode_flag field is used to enable two possible modes of

access units contiguity in the file, named:

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

position

— 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_flag equal to 1.

No other block contiguity modes are allowed by this document.

When block_header_flag is equal to 0 (DSC mode), the field ordered_blocks_flag is used+to
whether the blocks are ordered in the storage device according to the left-most alignéd ‘po
the left-most read in the access unit (field AU_ref_start_position in access unit header; as s
in subclause 6.5.4.3, or master index table, as specified in subclause 6.6.2.1). If prdered_blg
i$ equal to 1, the file offsets for a given descriptor stream and for each block ar@sorted in a;
0
(
1
L

rder (disregarding blocks for which the block_byte_offset in the master dndex table is

[1 << byteOffsetSize) -1). In this mode the first byte not belonging to the block is the first by
ext available block if any (otherwise the descriptor_stream_size, whichcan be inferred f|
ength field of the gen_info header of descriptor stream container box with Key dscn, should bg

f ordered_blocks_flag is equal to 0, the blocks may be stored in any_order in the descriptor st
rder to infer the offset of the first byte not belonging to the block; the decoder has to search, a
ffsets provided for the descriptor stream which are not equalto{(1 << byteOffsetSize) -1), the
alue greater than the offset of the block, if any (otherwisé.the descriptor_stream_size should
s above).

L < O O =

(@

.5.3.3 Dataset metadata

4.5.3.3.1 General

This is an optional box containing metadata associated to the dataset.
4.5.3.3.2 Syntax

Table 22 — Dataset metadata syntax

indicate
sition of
pecified
cks_flag
cending
bqual to
te of the
rom the
used).

ream. In
mong all
smallest
be used

Synfax Key Type Remarks
DT metadata { dtmd
if (minor venhsion != ‘1900") { minor version as
specified in subclpuse
6.5.1
dateset group_ID u(8)
dafaset ID u(lo)
}
DT _metadata value () As specified in
ITSO/IEC 23092-3
}

6.5.3.3.3 Semantics

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

6.5.3.4.1 General

This is an optional box containing protection information associated to the dataset.
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When present this box contains information that a decoder needs to properly handle a protected

dataset.

6.5.3.4.2 Syntax

Table 23 — Dataset protection syntax

Syntax Key Type Remarks
DT protection { dtpr
if | (minor version != ‘1900") { minor version as specified @n
subclause 6.5.1
dataset group ID u(8)
dataset ID u(lo)
}
DT |protection value () As specified in
ISO/IEC 23092-43
}

6.5.3.4.3 Semantics

DT_prof
6.5.3.5

6.5.3.5.

This is 4
dataset

It may b
The dec
— datg
— datg

size|
sub

ection_value() contains dataset protection information, as specified in ISO/IEC 23092-3.
Dataset parameter set

|  General

mandatory box describing any of the parameter sets associated to the dataset identified bly
ID in the dataset group identified by datasetzgroup_ID.

e present in multiple instances in the same dataset.
ipsulation of this box shall result in@data unit, as specified in subclause 6.4, with:
_unit_type equal to 1,

_unit_size equal to the sum"of 5 (the number of bytes used for data_unit_type and data_unit_
, 2 (the number of bytes for parent_parameter_set_ID and parameter_set_ID, as specified i
[lause 6.5.3.5.2) and(the number of bytes composing the encoding_parameters() structure, a

[Z0=]

spe

— asp

ID ajnd encoding.-parameters() fields, as specified in subclause 6.5.3.5.2.

Such datf

Fified in subclause6:5.3.5.2, and

ayload a parameter_set() structure composed of the parent_parameter_set_ID, parameter_sef_

a unit'can be dispatched to a decoder compliant with ISO/IEC 23092-2.
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6.5.3.5.2 Syntax

Table 24 — Dataset parameter set syntax

Syntax Key Type Remarks
dataset parameter set { pars
dataset group ID u(8)
dataset ID u(lo)
parameter set ID u(8)
parent parameter set ID u(8)
if (minor version != ‘1900‘ && As specified dn
parameters update flag) { subclause 6.5.3.2
multiple alignment flag u(l)
pos 40 bits flag u(l)
alphabet ID u(8)
if (num U access units > 0) { As gpecified in
subclause 6.5.3.2
U signature flag u(l)
if (U _signature flag) {
U signature constant length u(l)
if (U_signature constant length) {
U signature length wW8)
}
}
}
while ( !byte aligned( ) ) As specified in
subclause 6.2
nesting zero bit £(1)
}
encoding parameters() As specified in
ISO/IEC 23092-2
.5.3.5.3 Semantics
dataset_group_ID is(the identifier of the dataset group containing the dataset including thiqd dataset
darameter set. It shallbe 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 equil to the
dataset_id of:;the containing dataset.
parameéter_set_ID is the identifier of this dataset parameter set within the dataset.
patent_parameter_set_ID is the identifier of any of the dataset parameter sets within the|dataset.
‘eferencing amexisting dataset parameter set {romranother parameter set emabtes the gemeration of a

hierarchy of dataset parameter sets to be associated to an access unit, as specified in subclause 6.5.4.
If the value of parent_parameter_set_ID is equal to the value of parameter_set_ID, then the dataset
parameter set is at the top level in the hierarchy.

multiple_alignment_flag: if set to 1 it indicates the presence of multiple alignments in the access units
associated to this dataset parameter set. It shall never be set to 1 if dataset_type is equal to 2.

pos_40_bits_flag is set to 1 when the mapping positions in the access units associated to this dataset
parameter set are expressed as 40 bits integers. Otherwise all mapping positions are expressed as 32
bits integers. In the scope of this document, the value of the variable posSize is set to 32 when pos_40_
bits is equal to 0 and set to 40 otherwise.
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alphabet_ID is the identifier of the alphabet used to encode the cluster signatures in the access units

associat

ed to this dataset parameter set. Values are described in Table 21 in subclause 6.5.3.2.4.

U_signature_flag: if set to 1 it indicates the presence of cluster signatures in the access units associated

to this d

ataset parameter set.

U_signature_constant_length: if set to 1 all cluster signatures in the access units associated to this
dataset parameter set have the same length.

U_signature_length is the length of all cluster signatures in the access units associated to this dataset

parame

encodin

er set, as number of nucleotides.

|g_parameters() is an encoding_parameters() structure as specified in ISO/IEC 23092-2.

6.5.4 MAccess unit

6.5.4.1 | General

The accgss unit is a collection of one or more blocks representing genomic information.

The decapsulation of this mandatory box shall result in a data unit, as specified in subclause 6.4, with;

— datd_unit_type equal to 2,

— datd_unit_size equal to the sum of 5 (the number of bytes(used for data_unit_type and datg_
unif_size) and the number of bytes composing the output®dccess unit structure, as specified ip
sub¢lause 6.5.4.2,

— as ppyload the output access unit structure, as specified in subclause 6.5.4.2.

Such dafa unit can be dispatched to a decoder compliant with ISO/IEC 23092-2, along with all the

parameter sets that are needed to decode it.

Table 25\~ access unit syntax
Syntax Key Type Remarks
access |unit { aucn
acdess unit header auhd gen_info As specified in
subclause 6.5.4.
AU |[information auin gen_info As specified in
subclause 6.5.4.1
AU [protection aupr gen_info As specified in
subclause 6.5.4.
if | (block hegder flag) | As specified in
subclause 6.5.3.]
fore(8=0;i<num blocks;i++) { As specified in
subclause 6.5.4.
block[1] As specified in
subclause 6.5.5
}
}
}
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— an access_unit_header structure, as specified in subclause 6.5.4.3, 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 25, possibly followed, if MIT_flag in the dataset header, as specified in

subclause 6.5.3.2, is equal to 1, by

index table, as specified in subclause 6.6.2.1:

from the descriptor stream.
€4.5.4.3 Access unit header

4.5.4.3.1 General

4.5.4.3.2 Syntax

— the set of fields in the access unit header, as specified in subclause 6.5.4.2, which are)¢nclosed

within the if (MIT_flag==0) condition branch (such as sequence_ID, AU_start_position, AU_end_
position, etc.) and which shall be derived from the corresponding parameters'in th¢ master

— The seqindex shall be used to infer the sequence_ID field value from'the seq_ID arrpy in the
dataset header, as specified in subclause 6.5.3.2

— AU_start_position shall be set to the corresponding AU_starf,position field in th¢ master
index table, as specified in subclause 6.6.2.1

— AU_end_position , shall be set to the corresponding AU_end_position field in the¢ master
index table, as specified in subclause 6.6.2.1;

— the set of blocks either contained in the access unit boxjas specified in Table 25, if block_hegdder_flag
isequalto 1, or to beretrieved from the descriptor streams, as specified in subclauses 6.6.2 ajnd 6.6.3,
if block_header_flagis equal to 0; in the second caSe,a block header, as specified in subclaus¢ 6.5.5.2,
shall be prepended to all the blocks, where the déscriptor_ID field shall be equal to the descyjiptor_ID
field of the corresponding descriptor stream header, as specified in subclause 6.6.3.2, and the block_

This mandatory box contains information associated to the access unit.

Table 26 — Access unit header syntax

payload_size field shall be equal to the number of bytes composing the block payload as retrieved

Syntax Key Type Remarkp
hccessSunit header f auhd

adcéss unit ID u(32)
um blocks u(8)
parameter set ID u(8)
AU type u(4)
reads count u(32)
if (AU type == N TYPE AU ||

AU type == M TYPE AU ) {

mm threshold u(le)

mm_count u(32)
}
if (dataset type == 2) {

ref sequence id u(lo)
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Table 26 (continued)

Syntax

Key

Remarks

Type

re

f start position

u(posSize) posSize as specified
in subclause
6.5.3.2.3 or
6.5.3.5.3, depending
on parameters

update flag field

re

f end position

u(posSize) posSize as specified

in-sukbclausce

6.5.3.2.3 or
6.5.3.5.3, dep i
on parametersCLCL

update_flaghgi d

IT flag == 0) {

(]/
25 Vl

ed in
e 6.5.3.2

As spe
subqa

(AU type != U TYPE AU)

C

1
0
\Q

sequence_ ID

u(16) o

AU start position

posSize as specifie
in subclause
6.5.3.2.3 or
6.5.3.5.3, dependin
on parameters
update flag field

u(posSiz )
N

AU end position

<2 @)
<P
N

(posSize) posSize as specifie
in subclause
6.5.3.2.3 or
6.5.3.5.3, dependin
on parameters

update flag field

Jf (multiple alignment flag) {

As specified in
subclause 6.5.3.2 oy
6.5.3.5, depending
on parameters

update flag field

extended_AU_start_pogéki

O
O.
N

u(posSize) posSize as specifie
in subclause
6.5.3.2.3 or
6.5.3.5.3, dependin
on parameters

update flag field

extended,ﬁgiénd_position

v
¥
&

u (posSize) posSize as specifie
in subclause
6.5.3.2.3 or
6.5.3.5.3, dependin
on parameters

update flag field

S

}

el

se {

if (U_signature flag) {

As specified in
subclause 6.5.3.2 or
6.5.3.5, depending
on parameters
update flag field

num_signatures

u(lo)

for (i=0;i<num signatures;i++) {
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Table 26 (continued)

Syntax Key Type Remarks

if (!U signature constant length) ({ As specified in
subclause 6.5.3.2 or
6.5.3.5, depending
on parameters
update flag field

U signature length[i] u(8)

}

U cluster signature[i] u(U_ U _signatures
signature size infexmned| as
size) specified Y'n fhe
U_clustel sighature
semantics in
sukclause 6.5(4.3.3

while ( !byte aligned( ) ) As specified [in
subclause 6.2

nesting zero bit £(1)

4.5.4.3.3 Semantics

dccess_unit_ID is the identifier of the access unit among all access units with same AU_type, and, if
AU _type is not equal to U_TYPE_AU, with thesame sequence_ID.

=

um_blocks is the number of blocks, as.specified in subclause 6.5.5, in the access unit.

parameter_set_ID is a unique identifier, in the dataset containing this access unit, of the| dataset
fdarameter set at the lowest level in the hierarchy of dataset parameter sets, which shall be feturned
By a decapsulator compliant to this document along with the decapsulated access unit, as specified in
sjubclause 6.5.4. Such hierarchy of dataset parameter sets is enabled by the parent_parametqr_set_ID
and parameter_set_ID fields‘of the dataset parameter set, as specified in subclause 6.5.3.5.3.

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

rieads_countds-a’counter of the genomic sequence reads encoded in the access unit.

=

hm_threéshold specifies the maximum number of substitutions a read (of class N or M) shall cgntain to
He counted by mm_count. If set to 0 the feature of counting substitutions in encoded reads is disabled
as nowreads would be below threshold.

mm_count specifies the number of reads encoded in the access unit containing a number of
substitutions which is equal to or lower than the threshold specified by mm_threshold. It shall always
be set to 0 if the threshold is set to 0.

ref_sequence_id in case of access unit carrying (part of) a reference sequence (dataset_type, as
specified in subclause 6.5.3.2), is the identifier of such reference sequence.

ref_start_position: in case of an access unit carrying (part of) a reference sequence (dataset_type,
as specified in subclause 6.5.3.2), it specifies the position on the reference sequence of the left-most
nucleotide encoded in this access unit.
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ref_end

_position: in case of an access unit carrying (part of) a reference sequence (dataset_type, as

specified in subclause 6.5.3.2), it specifies the position on the reference sequence of the right-most

nucleoti

de encoded in this access unit.

sequence_ID is the identifier of the reference sequence this access unit refers to. It shall be equal to one
of the values of the seq_ID field listed in the dataset header, as described in subclause 6.5.3.2.

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_end[position 15 the position of the right-most mapped base among the first alignments of_ajl
genomid records encoded in the access unit irrespective of the strand.
extend¢d_AU_start_position specifies the position of the left-most mapped base among all alignments
of all gehomic records contained in the access unit, irrespective of the strand.
extendgd_AU_end_position specifies the position of the right-most mapped base among all alignments
of all gehomic records contained in the access unit, irrespective of the strand.
num_signatures is the number of signatures in the access unit.
U_signature_length is the length of one cluster signature as number of nucleetides.
U_cluster_signature is the signature of the cluster this access unit belengs to. The length in bits of this
field, named U_signature_size in Table 26, shall be calculated as follgws:

U_signature_size = signature_length * bits_per_symbol
with bits_per_symbol as specified in Table 21, and signature_length corresponding either to U_
signatute_length as specified in subclause 6.5.3.2.2 when-U_signature_constant_length (as specified
in subclhuse 6.5.3.2.2) is equal to 1 or to the signature-specific U_signature_length[i] as specified ih

Table 26
The j-th

Salphabet
symbol)

with alp
6.5.4.4

6.5.4.4.

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

, when U_signature_constant_length (specified in subclause 6.5.3.2.2) is equal to 0.

base in a signature shall be inferred as:follows:

ipl(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits_per_
-1)]

habet_id as specified in subiclause 6.5.3.2.2 and S,j,p,pee 1p s specified in subclause 6.5.3.2.4.

Access unit information

|  General

34
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Table 27 — Access unit information syntax

Syntax Key Type Remarks
AU information { auin
if (minor version != Y1900’) { minor version as
specified in subeclpuse
6.5.1
dataset group ID u(8)
dataset ID u(lo)

}

AU information value ()

As specified in
ISOAIEC 23092-3.

4.5.4.4.3 Semantics

—_— Ny

50/1EC 23092-3.
4.5.4.5 Access unit protection

4.5.4.5.1 General

access unit.

4.5.4.5.2 Syntax

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

Table 28 — Access unit protection syntax

lU_information_value() contains accessory information relatéd to the access unit, as spefified in

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

Syntax

Key

Type Remarks

AU protection {

aupr

if (minoxrvwersion != '1900")

{

minor version as speclified
in subclause 6.5.1

dataset group_ ID

u(8)

datéset ID

u(le)

}

AU protection value ()

As specified in

150U/ TET SUJZ=35

6.5.4.5.3 Semantics

AU_protection_value() contains the access unit protection information, as specified in ISO/IEC 23092-3.
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6.5.5 Block

6.5.5.1 General

A block is composed of a block header (as specified in subclause 6.5.5.2) and a block payload, containing
compressed descriptors of the same type (descriptor_ID) and class (class_ID). In DSC mode, as specified
in subclause 6.5.3.2.5, only the block payload is present in the descriptor stream, as specified in

subclause 6.6.3.

I'able 29 — Block syntax

Syntax

Key

Type

Remarks

block

bldck header

As specified in stbClause

6.5.5.2

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

block payloagd, Size as
specified in subclause

6.5.5.2

block payload[i]

u(8)

}

block_payload[i] is the i-th byte of block payload, which contains compressed descriptors of the samie

type (descriptor_ID) and class (class_ID).

6.5.5.2 | Block header

6.5.5.2.1 General

This boy contains information associated to the bleck.

This bdx shall replace the block header/provided by the underlying codec and specified i

ISO/IEC|23092-2.

6.5.5.2.2 Syntax

Table 30 — Block header syntax

—

Syntax Key Type Remarks
block RJeader {
rederved u(l)
deqcriptor{TD u(7)
rederved u(3)
bldqck/payload size u(29)

6.5.5.2.3 Semantics

descriptor_ID is the descriptor identifier, as specified in ISO/IEC 23092-2.

block_payload_size is the number of bytes composing the block payload.

36
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6.6 Data structures specific to file format

6.6.1 General

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

6.6.2 Indexing

.6.2.1 Master index table

.6.2.1.1 General

he master index table provides the indexing information needed to performselective a¢cess on
sjpecific parts of the dataset.

[t is present in the dataset when MIT _flag, as specified in subclause 6.5.3.2,d5,equal to 1. It is not present
therwise.

he first part of the master index table shall be ordered by increasing AU_start_position[sef_ID][ci]
u_id] values; the second part of the master index table shalk be ordered by increasing U|cluster_
signature[uau_id][0] values.

he special value ((1<<byteOffsetSize)-1) assigned to AU~byte_offset[seq_ID][ci][au_id] reprefents an
pty access unit. It is used to maintain synchronization among access units having different [AU_type
ut covering the same genomic range.

he special value ((1<<byteOffsetSize)-1) assignedto block_byte_offset[seq_ID][ci][au_id][di] represents
n empty block. It is used to maintain synchronization among blocks belonging to the same acdess unit.

4.6.2.1.2 Syntax

Table-31 — Master index table syntax

Syatax Key Type Remarks

haster index table { mith

for (seg=0;seg<seqg county;seg++) { seq_cpunt as
specified in
subclpuse
6.5.3}2

for (ci=0;gi<mim classes;ci++) { num_classes
as spgcified
in subclause
6.5.3}2

if~XClid[ci] != CLASS U) { CLASS|U value
as spgcified
in supclause
5.2. ¢lid as
pectiied in
subclause
6.5.3.2.

for (au id=0;au id<seq blocks[seqg];au_id++) { seq_blocks
as specified
in subclause
6.5.3.2

AU_byte_offset[seq] [ci] [au_id] u(byteOffsetSize) byteOffsetSize
as specified

in subclause

6.5.3.2

AU start position[seq][ci] [au_id] u(posSize) posSize as
specified in
subclause
6.5.3.2.3
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Table 31 (continued)

Syntax

Key

Type

Remarks

AU _end position[seq][ci][au_id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3

if (dataset type == 2) {

As specified
in subclause
6.5.3.2

ref sequence id[seq] [ci] [au_id]

u(le)

ref start position[seq][ci][au_id]

u(posSize)

posSize a
specified]éh
subcl
6.5.3.2.43

N

ref _end position[seq] [ci] [au_id]

u(posSize)

o) sé}ie as
ified in

bclause

>6.5.3.2.3

}

if (multiple alignment flag) {

As specified
in subclause
6.5.3.2

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

A

I

posSize as
specified in
subclause
6.5.3.2.3

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

J(possize)

posSize as
specified in
subclause
6.5.3.2.3

}

if (!block header flag) {

As specified
in subclause
6.5.3.2

num_
descriptors
as specified
in subclause
6.5.3.2

block_byte_offset[se2§§gb][au_id][di]

u(byteOffsetSize)

byteOffsetSiz¢
as specified
in subclause
6.5.3.2

for (LagisQXb;uau_id<num_U_access_units;uau_id++) {

AU_| ‘Qoffset[uau id]

u (byteOffsetSize)

if (dataset type == 2) {

As specified
in subclause
6.5.3.2

U ref sequence id[uau id]

u(le)

U ref start position[uau id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3

U ref end position[uau_ id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3
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Table 31 (continued)

Syntax Key Type Remarks

else {

if (U _signature flag != 0) { As specified
in subclause
6.5.3.2

num_ signatures u(l6)

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

if (!U signature constant length) { As specified
in subclause
69N3} 2

U signature length[uau id] [1i] u(8)

}

U _cluster_signature[uau id] [i] u(U_signature gfike) |U_sigpature_
size Inferred
as spgcified
in the
U clupter
signafture
semanfics in
subclpuse
6.6.211.3

}

while( !byte aligned( ) ) As spgcified
in subpclause
6.2

nesting zero bit £(1) Equalfto O

if (!block header flag) { As spgcified
in subclause
6.5.3}12

for (di=0;di<num_descriptors[num_classes-1]; num_
descrfptors
as spgcified
in subclause
6.5.3}2

block byte offset jmaw id] [di] u(byteOffsetsize) byteOffsetSize
as sp¢cified

in supclause

6.5.312

di++) |

4.6.2.1.3 Semantics

\U_byte_ollset is the byte ollset of the I1rst Dy te in the access unit, with respect to the tirst 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, extended_AU_end_position, ref_sequence_id, ref_start_position and ref_end_position shall be
ignored.

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.
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ref_sequence_id: in case of an access unit carrying (part of) a reference sequence, it specifies the 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 access unit.

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.

extended_AU_start_position specifies the position of the left-most mapped base among all alignments
of all geflomic records contained In the access UNIt, Irrespective of the strand.

[72)

extend¢d_AU_end_position specifies the position of the right-most mapped base among all aligiment]
of all gefomic records contained in the access unit, irrespective of the strand.

_biyte_offset is the byte offset of the first byte in the block, with respect to the first/byte of thie
i¢ld of the dataset (dtcn) gen_info structure (0-based). If the block is empty and block_header_
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first blogk in the descriptor stream and the descriptor stream payload size.

NOTE
the L fiel

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

num_U_access_units is the total number of access units in the dataset containing encoded data of clags
U. Itis epcoded in the dataset header, as specified in subclause:6.5.3.2.

U_ref_s¢quence_id, in case of an access unit carrying (pantof) a reference sequence, is the identifier gf
such reference sequence.

U_ref_start_position, in case of an access unit carfying (part of) a reference sequence, specifies thie
position|on the reference sequence of the left-mosthucleotide encoded in this access unit.

U_ref_end_position, in case of an access unit carrying (part of) a reference sequence, specifies thie
position|on the reference sequence of the-right-most nucleotide encoded in this access unit.

num_signatures is the number of signatures.
U_signature_length[uau_id][i}isthe length of cluster signatures as number of nucleotides.

U_cluster_signature[uau_id}] is the i-th signature of the cluster the access unit belongs to. U_cluster_
signatuge[uau_id][i+1] shall“always be greater than or equal to U_cluster_signature[uau_id][i]. The
length im bits of this fi€ld, hamed U_signature_size in Table 26, shall be calculated as follows:

U_signature_size = signature_length * bits_per_symbol

with bits_perzsymbol as specified in Table 21, and with signature_length corresponding either to U_
signature_length as spec1f1ed in subclause 6 5.3.2.2 when U 51gnature constant length (as spec1f1ed1

Q-:F

in Table 31 when U 51gnature constant 1ength (as spec1f1ed in subclause 6.5.3.2. 2) is equal to 0.

The j-th nucleotide in a signature shall be inferred as follows:

Saiphabet_ip[(U_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits_per_
symbol) - 1)]

with alphabet_id as specified in subclause 6.5.3.2.2 and S,jp,pee 1p s specified in subclause 6.5.3.2.4.
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6.6.3 Descriptor stream

6.6.3.1 General

A descriptor stream is a stream of data of a certain class and descriptor, encoded as described in
ISO/IEC 23092-2.

This is a mandatory box when the syntax element block_header_flag in the dataset header, as specified
in subclause 6.5.3.2, is equal to 0; it is forbidden otherwise.

(hild boxes may be present or not, according to the column “Mandatory” in Table 4.

Table 32 — Descriptor stream syntax

Syntax Key Type Remarks
iescripto;_stream { dscn
descriptor stream header dshd gen_info As specified in
subclause 6.6/3.2
DS protection dspr gen_ inN© As specified in
subclause 6.6.J3.3

for (i=0;i<num blocks;i++) { num blocks as
specified in
subclause 6.6.)3.2.3

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

block payload[i] []] u(8) As specified |
ISO/IEC 23092

NS

=

lock_payload_size]i] is inferred from_the master index table field block_byte_offset, as dpecified
n subclause 6.6.2.1, as difference between either block_byte_offset[i+1] or the variable degcriptor_
stream_size, as specified in subclause 6.5.3.2.5, and block_byte_offset[i].

—e

=

lock_payload]i][j] is the j-th byte of the block payload.
4.6.3.2 Descriptor stream header

4.6.3.2.1 General

—

his is a box_describing a descriptor stream. It is mandatory whenever the descriptor stream, as
pecified insubclause 6.6.3, is present, forbidden otherwise.

(%)

4.6.3.2,.2" Syntax

Table 33 — Descriptor stream header syntax

Syntax Key Type Remarks

descriptor stream header { dshd

reserved u(l)

descriptor ID u(7)

class_ID u(4)

num blocks u(32)

while ( !byte aligned( ) ) As specified in

subclause 6.2
nesting zero bit £(1) Equal to O

}
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6.6.3.2.3 Semantics

descriptor_ID identifies the type of compressed descriptors carried by the descriptor stream. It shall
have one of the values specified as descriptor_ID][ci][di] in subclause 6.5.3.2.

class_ID identifies the class of data carried by the block, as specified in Table 2.

num_blocks is the number of blocks composing the descriptor stream.

6.6.3.3 Descriptor stream protection

6.6.3.3.1 General

This is 3[1 optional box containing protection information associated to a descriptor stream.
p

jom

When pfresent this box contains information that a decoder needs to properly handle’a protecte
descriptfor stream.

6.6.3.3.2 Syntax

Table 34 — Descriptor stream protection syntax

Syntax Key Type Remarks

DS proffection { dspr

DS [protection value () As specified in
ISO/IEC 23092-3

6.6.3.3.3 Semantics

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

6.6.4 Pffset

This bok allows an indirect addressing of boxes in a different physical position in the file, while
preserving their logical position @s described in this document. It shall be placed in the mandatorly
positionjof the addressed box, ag'specified in subclause 6.1.2, so that the logical position of the addressefd
box would still be respectingSuch mandatory ordering.

In case ¢f boxes not manked with suffix “[]” after their name in the Syntax column of any of the table
in subclauses 6.5 and. 6.6, and which can be present in only one instance, if an associated offset box is
present then multipl&instances of the same original box may be physically present in the File, but onl

the box pddressed by the offset box shall be considered as valid, while the other instances of the samg
box shalll be ignored.

[72)

In case pf’boxes marked with suffix “[]” after their name in the Syntax column of any of the tables ip
subclauses6-5and-6-6;,and-which-may bepresentimmultipte-instances; i theassoctatedoffset-boxis
present it shall be present in as many instances as the addressed boxes.

In case one instance of the offset box is not referring to any box yet but just present as placeholder for
a new box which may potentially be added, then the Offset field, as specified in subclause 6.6.4.1, shall
take the (1<<64)-1 value, which shall be ignored.
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6.6.4.1 Syntax

struct offset

{

c(4) Key;
c(4) SubKey;
u(64) Offset;

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

JubKey is the key of the box being addressed by the offset box. Its usage is reStricted to the f
Hoxes, as specified in Table 4: dghd, rfgn, rfmd, labl, 1bll, dgmd, dgpr, dtcn, dtmd, dtpr.

M,

<

alue of Offset shall be larger than the offset of the last byte of anydgcn box in the file.
6.7 Data structures specific to transport format

4.7.1 General

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

4.7.2 Data streams

nn_No

ubclause 6.7.5.2, and it can transpext any of the following data structures:

-+ data structures eentaining transport information (dataset mapping table list as spe
subclause 6.7.3 dataset mapping table as specified in subclause 6.7.4),

~+ dataset gratip-header, as specified in subclause 6.5.2.2,

—+ reference;as specified in subclause 6.5.2.3,

+ labellist, as specified in subclause 6.5.2.5,

—+“dataset header, as specified in subclause 6.5.3.2,

bllowing

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

htion, in

data stream is identified by a unique-Stream_ID, equal to the SID field of packet header as spdcified in

+ file_header, as specified inisubclause 6.5.1: this data stream shall be unique and composed by one or
more packets with Streant ID (SID in packet header, as specified in subclause 6.7.5.2) equaljto 1,

rified in

— dataset parameter set, as specified in subclause 6.5.3.3,

— access unit, as specified in subclause 6.5.4,

— metadata and protection information, as specified in subclauses 6.5.2.6, 6.5.2.7, 6.5.3.3 and 6.5.3.4.

© ISO/IEC 2020 - All rights reserved

43


https://standardsiso.com/api/?name=1bf39d3ae1ddad1c145450e2f081639a

ISO/IEC 23092-1:2020(E)

6.7.3 Dataset mapping table list

6.7.3.1 General

This is a mandatory box containing a list of all Stream_IDs of data streams transporting the dataset
mapping tables, as specified in subclause 6.7.4, available in the datasets of a dataset group. Each of the
listed data streams is identified by a unique dataset_mapping_table_SID.

The dataset mapping table list contains, along with the dataset mapping table described in

subclause-6.Z A.’ the necessaky and sufficientinformationto r‘]n-par‘lzaﬁvn and r‘]ﬂ-r‘apcn]afn the francpnrt

format fpr a specific dataset in a dataset group.

Each daaset mapping table list is transported within one or more packets with Stream ID (SID in)packet
header, &s specified 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

dataself mapping table list { dmt1

daflaset group ID u (8§

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

dataset mapping table SID a(le)
}
}

6.7.3.3 | Semantics
dataset{ group_ID is the dataset group ID,.as in the dataset group header, as specified ip

subclauge 6.5.2.2.

num_datasets is inferred from the Length field in dataset_mapping_table_list gen_info header,as
follows:|(Length - 13) / 2.

dataset| mapping_table_SID is the'Stream ID associated to the data stream containing the datasef]_
mapping_table. Values 0 and 1 cannot be used as reserved for the dataset mapping table list, as specified
in subclpuse 6.7.3, and the file*header, as specified in subclause 6.5.1. The same value of dataset_
mapping_table_SID cannot'be contained in dataset_mapping_tables with different dataset_group_ID.

6.7.4 Dataset mapping table

6.7.4.1 | General

This is 4 mandatory box listing all data streams transporting data related to the dataset identified b|y
dataset HB-

The dataset mapping table associates data types (access units, metadata boxes, protection boxes, etc.)
and Stream IDs (SID) found in packet header, as specified in subclause 6.7.5.2.

Table 37 provides the association between data type values and data structures. The dataset mapping
table contains, along with the dataset mapping table list specified in Table 35, the necessary and sufficient
information to de-packetize and de-capsulate the transport format for a dataset in a dataset group.

The datasets mapping table can be periodically re-transmitted, either updated or identical.
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