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International Organization for Standardization) and IEC (the International Electrotechnical
sion) 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
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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
sfuch formats, the ISO/IEC 23092 series provides a new solution for the representation and compression
df genome sequencing information by:

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

-+ Being designed at a time point when technologies and use cases are more mature. This permits the
addressing of one limitation of the textual SAM format, for which incremental ad-hoc adflition of
features followed along the years, resulting in an overall redundant.and suboptimal format which
at the same time results not general and unnecessarily complicated:

-+ Normatively separating free-field user-defined information\with no clear semantics from the
normative genomic data representation. This allows a fully interoperable and automatic gxchange
of information between different data producers.

+ Allowing multiplexing of relevant metadata informatign‘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|the last
30 years in the domain of digital media for the transport format, the file format, the conmjpressed
representation and the application program interfaces.

—

his document provides the enabling technology that will allow the community to create an ecpsystem
df novel, interoperable, solutions in the field of genomic information processing. In particular, it offers:

- Consistent, general and properly designed format definitions and data structures to store sequencing
and alignment information: A robust framework which can be used as a foundation to inJplement
different compression algorithms.

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

—+ Low latency.iv data transmission and consequent fast availability at remote locations, hased on
transmissjon protocols inspired by real-time application domains.

- Built4in) privacy and protection of sensitive information, thanks to a flexible framework which
allows customizable, secured access at all layers of the data hierarchy.

-CReliability of the technology and interoperability among tools and systems, owing to the provision
_ﬁﬁ_ﬁf—rm—ﬁh_ﬁ_ﬁo a normative procedure to assess contformance to this docUment on an exnaustive dataset.
— Support to the implementation of a complete ecosystem of compliant devices and applications,

through the availability of a normative reference implementation covering the totality of the
ISO/IEC 23092 series.

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

© ISO/IEC 2019 - All rights reserved v
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Without breaking traditional approaches, the genomic record introduced in the ISO/IEC 23092 series
provides a more compact, simpler and manageable data structure grouping all the information related
to a single DNA template, from simple sequencing data to sophisticated alignment information.

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

—_—

For thege reasons, this document introduces the concept of access unit, which is the fundament
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.
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Figure 1 — Access units, blocks and genomic records
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Figure 2 — High-level data structure: datasets\and dataset group

dataset is a coded data structure containing headers and-ene or more access units. Typical atasets
ould, for example, contain the complete sequencing of atVinidividual, or a portion of it. Other datasets
ould contain, for example, a reference genome or a subset of its chromosomes. Datasets are grouped in
ataset groups, as shown in Figure 2.

Q.0 o 1o

oy

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

This document defines the syntax and semantics of the data formats for both transport and storage of
genomic information. According to this document, the compressed sequencing data can be multiplexed
into a normative bitstream suitable for packetization for real-time transport over typical network
protocols. In storage use cases, coded data can be encapsulated into a file format with the possibility
to organize blocks per descriptor stream or per access units, to further optimize the selective access
performance to the type of data access required by the different application scenarios. This document
further provides a reference process to convert a normative transport stream into a normative file
format and vice versa.
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The International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right. The
holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Information may
be obtained from:

GenomSjys SA

EPFL Inpovation Park Building C
CH-101 Lausanne

Switzerland
info@genomsys.com

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent r|ghts other than those identified above. ISO and IEC shall not be held respansible for identifying
any or a]l such patent rights.
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Information technology — Genomic information
representation —

Part 1:

[his document specifies data formats for both transport and storage of genomic ififofmation, including
the conversion process.

Normative references

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

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

IFO/IEC FDIS 23092-2:2019%), Information technology.< Genomic information representation — Part 2:
(Joding of genomic information

IFO/IEC FDIS 23092-32), Information technolegy — Genomic information representation —| Part 3:
etadata and application programming interfdces (APIs)

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

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

© ISO/IEC 2019 - All rights reserved 1
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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

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 ynit range
genomiqd range comprised between the access unit start position and the right-most genomic)record
positionjJamong all genomic records contained in the access unit

3.6
access ynit covered region

genomid 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
sequencg (for instance, a reference genome)

D

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

3.9
cluster
aggregafion of genomic records

3.10
cluster fignature

signatufe

sequencg of nucleotides that is comnioen to most or all genomic records belonging to a cluster

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

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

3.13

extendgd-access unit start position

OSitior‘ afdho 1naft oot o d oo S 11
p 1I"UT tIIC ' ICIUIIIUO U llla}Jl.lLu UAaoT alllUlls (299}

access unit, irrespective of the strand

™

3.14

extended access unit end position

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

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

2 © ISO/IEC 2019 - All rights reserved
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3.16
genomic position
position

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

3.17

genomic region

region

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

apped base
ase of the aligned read that either matches the corresponding base ondhe’reference sequend
e turned into the corresponding base on the reference sequence via a-substitution

transmission unit transporting segments of any of the data sfructures defined in this documen

21
ference genome
presentative example of the sequences for a species genetic material

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

22
ference sequence
ucleic acid sequence with biological-felevance

ote 1 to entry: Each referencesequence is indexed by a one-dimensional integer coordinate system
ch integer within range ideiitifies a single nucleotide. Coordinate values can only be equal to or la
zero. The coordinate systeminthe context of this standard is zero-based (i.e. the first nucleotide has coo
d it is said to be at position'0) and linearly increasing within the string from left to right.

n e such

€ or can

11 of that

whereby
ger than
rdinate 0

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

3.25
syntax field
element of data represented in the data format

© ISO/IEC 2019 - All rights reserved
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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

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 programmin|

languagg However, integer division with truncation and rounding are specifically defined: The bitwise operator
are defirfed assuming two's-complement representation of integers. Numbering and\ counting loops generall
begin frgm 0.

4.1

4.2

&&

4.3

Arithmetic operators

4ddition

dubtraction (as a binary operator) or negation (as atinary operator)

increment
ultiplication

integer division with truncation of thé-result toward 0 (for example, 7/4 and -7/-4 are truncat
d¢d to 1 and -7/4 and 7/-4 are truneated to -1)

Lggical operators

Ipgical OR
lpbgical AND

lpbgical NOT

Relational‘operators

wn 09

<

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

© ISO/IEC 2019 - All rights reserved
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4.4 Bitwise operators

& AND
| OR
>> shift right with sign extension

<< shift left with 0 fill

019(E)

N

.5 Assignment

assignment operator

NN

.6 Unary operators

(%)

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

5 Structure of coded genomic data

(n ]

.1 Genomic records

he genomic record, in this document, is a data structute consisting of either a single sequence
aired sequence reads, and its associated sequencingand alignment information. The genomil

uality values.

Vhen alignment information is present, the'genomic record position is defined as the positid
eft-most mapped base of the genomic record on the reference genome. Genomic record posit

ekl e Ml Nollle ol

h the record is considered; in such acase, the first alignment shall be the one with the leftmost
among all the alignments with the best score.

p—

h case of unmapped reads (iz€,'no alignment information present) the notion of position does 1
b the genomic record.

(el

]

h case of aligned content, bases that are present in the reads of the genomic record and not pi

—

he reference sequience (soft clips) do not have mapping positions.

=

able 1 enumerates all the types of data that a genomic record can contain. ISO/IEC 23092-2
echnology that allows coding all and only those types of data into a set of descriptors; d
onsequenitly descriptors, which are mandatory or optional, are also specified in ISO/IEC 23(
Fell'asthow they are used to represent multiple alignments.

< Q o

read, or
c record

hay contain detailed mapping and alignment dataga single or paired read identifier (read name) and

n of the
ions are

-based in the ISO/IEC 23092 series. In ease of multiple alignments, the position of the first alignment

position

ot apply

esent in

he reference sequence (insertions) and bases preserved by the alignment process but not mapped on

defines
ata, and
92-2, as

Table 1 — Genomic records

Data Semantics
Record identifier name of the record (e.g. read names)
Sequence reads sequencing readout, as one or more strings of bases
Quality values quality scores of the sequence reads
Strandedness information about the strandedness of each read of the Record
Length length of the sequence reads
Position position on the reference genome of the left-most mapped genomic record base
Pairing position or distance of the mate reads (e.g. in a pair)

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

Data Semantics
Flags technical, additional alignment information (duplicates, proper pairs, failures)
Mismatches information about position and type of each mismatch in mapped records
Clips information about clipped bases (soft and hard clips) in mapped records
Mapping scores mapping scores for an alignment
Multiple alignments information about the number of alignments and the alternative alignment

information abouteach segment ofthe record

Group read group the genomic record belongs to
ISO/IEC[23092-2 defines a normative output record format for all types of data in Table 1. Thegse iecords
shall be jgenerated by decoders compliant to ISO/IEC 23092-2 as output of the decoding process.

5.2 Data classes

Six data
encoded

In the c4
to the ¢
belongs

The dat:

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

se of more than one read in a template, if both reads are mapped,the genomic record belong
ass of the read with the highest class_ID. In case of multiple alignments, the genomic recor
to the class of the first alignment in the record.

= wn

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 sequence.
CLASS_N Reads perfectly matching to the reference sequence or containing mismatches|
which are unknowhn bases only.

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

4 CLASS_I Readsyperfectly matching to the reference sequence or containing substitu-
tions, unknown bases, insertions, deletions, splices or clipped bases.

CLASS_HM Paired-end reads with only one mapped read.

CLASS_U Unmapped reads only.
Genomi¢ records of €ach data class are coded by means of several descriptors; conversely, a descriptdr
is a cod|ng element’needed to represent part of the information. Descriptors for each data class are
specifiefl in ISQAEC 23092-2.
Descriptorstare coded in blocks. Blocks are defined in subclause 6.5.4. A sequence of block payloads
of a singledescriptor composes a descriptor stream. All block payloads in a descriptor stream contain

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

5.3 Access units

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

The access unit is the smallest data organization that can be decoded by a decoder compliant with

ISO/IEC

23092-2.
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Access units are orthogonal to descriptor streams: an access unit is composed of all and only those
blocks of the descriptor streams that are necessary to decode the information contained in a cluster of
records of a given data class.

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

Table 3 — Access unit type

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

—

epending on the type of coded information, an access unit can be decoded either independent]y of any
ther access unit or using information contained in other access units:

o

La

4 Datasets

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

(an)

ne or more datasets are assembled into a dataset.group.

.5 Selective access

La

h the case of selective access to a genomic region comprised between a start genomic positioh and an
nd genomic position the decoder shallreturn: a) all the access units whose covered region oveflaps the
egion defined by start and end withat least one base, and the parameter sets that are needed tp decode
hem; b) at least the reference portion that is necessary to decode the access units identified in|a).

[ e S ¢ N W

h the case of selective aeeess to signed content identified by a U_cluster_signature signature the
ecoder shall return all theaccess units whose signature corresponds to U_cluster_signature/and the
arameter sets that are,needed to decode them. Examples of selective access strategies are described
N Annex B.

- o -

6 Data format

4.1 Format structure

11 Caonar
TET ITTIICTT

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

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

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

Box key (with hierarchical level) Subclause Scope Mandatory
flhd 6.6.2 File *
dgcn 6.5.1 File *
dghd 6.5.1.2 *
rfgn 6.5.1.3
rfmd 6.5.1.4
labl 6.5.1.0
Ibll 6.5.1.5.4 - ,\Q
dgmd 6.5.1.5.3 ) .‘1)3
dgpr 6.5.1.6.3 a’
dmtl 6.7.3 Transport |* (\qv
dten 6.5.2.1 File A D
dthd 6.5.2.2 O
mitb 6.6.3.1 File_ \\
pars 6.5.2.3 ‘01\') *
dtmd 65253 Kk
dtpr 6.5.2.3.3), Y
dmtb 6_142)\)‘ Transport |*
dscn Q@ZE File
dshd _|656.4.2 File
dspr 2(le643  File
aucn n& 6.5.3 *
auhd | % 6.5.3.2 *
auin \O 6.5.3.4
aup@b' 6.5.3.5
hlack 6.5.4 *
<N\ block_header |6.5.4
offset 0 > 6.6.5 File
pdcket f\v 6.7.5 Transport |*
packet_hea(%\J 6.7.5.2 Transport |*
N
O
Q~
v
QQ
R
o,
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FILE FORMAT

| File header (flhd)

Dataset Group (dgen)

Reference (rfgn) Reference Metadata (rfimd)

| Dataset Group Header (dghd) |
I
1
1

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

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

Dataset Metadata (dtmd) Dataset Protection (dtpr)

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

, AU Information (auin) |
AU Information (auin
AU Protection (aupr)

S

Figure 4 — Data structures hierarcl@s\for storage

Vv
TRANSPORT FORMAT \
N NI
Packet \0
| Packet Header | Q
Dataset Group &
Reference (rfgn) : i Reference Metadata (rfimd) :

1 : i ml o g i
! Label List (labl) _ Label (Ibll) iy Dataset Group Metae\ dgmd) H

g
Dataset XO

A d
| Dataset Mapping Table List (dmtl) | | Dataset Group Header ( ) |
1
] Dataset Group Protection (dgpr)  §

"
I Dataset Mapping Table (dmtb) | | N Dataset Header (dthd) | | Dataset Parameter Set (pars) |
S\
i Dataset Metadata (dtmd) r :.\ Dataset Protection (dtpr) i
A

-

AU Information (auin
AU Protection (aupr

AU Information (auin

7~ \
Nt

AU Protection (aupr

Q‘ Figure 5 — Data structures hierarchy for transport

QX

wny =

Fa Enf evist ac havesin trancnart format
XISt SBOXeS RS 4 =

h t% ort format, any box represented in Figure 5 shall be encapsulated in one or more pa
ied in subclause 6.7.5. The dataset group and dataset are represented in Figure 5 for clg

rkets, as
rity, but

o1t P Trirer

6.1.2 Boxorder

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

In file format

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

ordered

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

Table 24 and Table 32, respectively.
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3) The file header box ‘flhd’ shall occur before any variable-length box.

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

5) The contiguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shall not be broken by

any box external to the container box, apart from the offset box, as specified in subclause 6.6.5.

In transport format

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

boxes shall be decoded first, and then all other boxes according to the hierarchy specified in Table 4

2) Itis|strongly recommended to transmit the dataset_mapping_table_list and the dataset.mapping_

table boxes first.

6.2 Syntax and semantics

6.2.1 Method of specifying syntax in tabular form

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

NOTE This syntax uses the convention that a variable or expression evaluating to a non-zero value
equivalent to a condition that is true.

Tgble 5 — Constructs used to express the conditions.when data elements are present

Construct

Description

| £ (condition) {

data element

If the conditi®n is true, then the first group of
data elementsloccurs next in the bitstream.

b1se {

data element

If\fhe condition is not true, then the second
group of data elements occurs next in the
bitstream.

For (1=0;i<n; i4+ N\

data_elegent

The group of data elements occurs n times.
Conditional constructs within the group of data
elements may depend on the value of the loop
control variable i, which is equal to zero for the
first occurrence, incremented to 1 for the second
occurrence, and so forth.

As noted, the group of data elements may contain nested condltlonal constructs. For compactness t

.

listed in Table 6.

Table 6 — Syntax used to represent collections of data elements

data element[]

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

data element [n]

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

data_ element[m] [n]

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

10
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Table 6 (continued)

data element[1] [m] [n] data_element[1l] [m] [n] is the 1+1tPh,
m+1th, n+1th element of a three-dimensional array
of data.

6.2.2 Bitordering

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

6

o

(s ille o il

—

6

.2.3 Specification of syntax functions

yte_aligned( ) is specified as follows:

If the current position in the bitstream is on a byte boundary, i.e., the next bitin)the bitstream is the

first bit in 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 and advances)the bitstream pointer
ositions. When n is equal to 0, read_bits( n ) is specified to return.&value equal to 0 and to not
he bitstream pointer.

he following data types specify the parsing process of eachrsyntax element:

by n bit
advance

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. Thg parsing

process for this data type is specified by the return/value of the function read_bits(n ).

i(n): signed integer using n bits. When n is “¥" in the syntax table, the number of bits vafries in a

manner dependent on the value of other syntax elements. The parsing process for this d

ata type

is specified by the return value of the finction read_bits( n ) interpreted as a two's complement

integer representation with most significant bit written first.

u(n): unsigned integer using n bits: When n is "v" in the syntax table, the number of bits vdries in a

manner dependent on the valtue of other syntax elements. The parsing process for this dat

h type is

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

an unsigned integer with-most significant bit written first.

st(v): null-terminated.string encoded as universal coded character set (UCS) transmission format-8

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

follows:

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

continuingup-to but not including the next byte that is equal to 0x00, and advances the b

tstream

pointer by(CstringLength + 1) * 8 bit positions, where stringLength is equal to the number|of bytes

returned:-The maximum value of stringLength is 16384.

c(n)ssequence of n ASCII characters as specified in ISO/IEC 10646.

orranracantation
g TOT T CpProotitation

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

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

struct gen info

c(4) Key;
u(64) Length;
u(8) Value[];

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

three figlds Key, Length and Value.

The blo¢k, block_header, packet and packet_header data structures have no Key and mo, kength, by

only Valpe.

The offspt data structure is specified in subclause 6.6.5.

All syntax tables specified in subclauses 6.5, 6.6 and 6.7 and related subclauses; for boxes of type gen_
info, regresent the internal syntax of the Value[] array field only. In thecscepe of this document the

Value[] array is referred as just Value.

6.4 Output data unit

This subclause specifies the output of the normative decapsulation processes specified in subclauses

6.5.1.3.4, 6.5.2.3 and 6.5.3.

Table 7 — Data wunit syntax

s

[

Syntax Type Remarks
ata unit () {
data unit type u(8)
if (data unit type == 0) {
data unit size u(64)
raw_reference () As specified in
ISO/IEC 23092-2
}
else if (datawhit type == 1) {
reseryed u(10)
datapgnit size u(22)
paxameter set () As specified in
ISO/IEC 23092-2
}
1 £ {doto—unit—type—=231
reserved u(3)
data unit size u(29)

access_unit ()

As specified in
ISO/IEC 23092-2

}

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

/*skip data unit*/

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

6.5.1.1 General

The dataset group is a collection of one or more datasets

The relevant container box (dgcn Key in Table 8) is mandatory in file format, forbidden in trangport format.

o

hild boxes may be present or not, according to the column Mandatory in Table 4. Child. boxes| marked
Vith suffix “[]” after their name in the Syntax column of Table 8 may be present in multiple instances.

<

Table 8 — Dataset group syntax

Syntax Key Type Remarks
lataset group { dgcn
dataset group header dghd gen info As specified in
subclause 6.5.1.[2
reference(] rfgn gew’ info As specified in
subclause 6.5.1.[3
reference metadatal] rfmd gen_info As specified in
subclause 6.5.1./4
label list 1aky gen_info As specified in
subclause 6.5.1.5
DG metadata dgmd gen_info As specified in g4.5.1.6
DG protection dgpr gen_info As specified in g4.5.1.7
for (i=0;i<num datasets;i++) { num datasets: ag
specified in subdlause
6.5.1.2
dataset[1] dtcn gen_info As specified in

subclause 6.5.2.1

§4.5.1.2 Dataset group header

4.5.1.2.1 General

—

his is a mandatory box describing the content of a dataset group.

4.5.1.2.2 Syntax

Table 9 — Dataset group header syntax

Syntax Key Type Remarks
dataset group header { dghd
dataset group ID u(8)
version number u(8)

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

dataset ID[1i] u(lo)

© ISO/IEC 2019 - All rights reserved 13
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6.5.1.2.3 Semantics

dataset_group_ID identifies a dataset group. Each value shall be unique among all dataset_group_ID

fields in

the file or stream.

version_number is the version number of the dataset group. The version number shall be incremented
by 1 whenever the definition of the dataset group identified by dataset_group_ID changes. Upon

reaching the value 255, it wraps around to 0.

dataset_ID is an integer number identifying the dataset in the dataset group. This field shall not take

the sam

NOTE
num_dat

6.5.1.3

6.5.1.3.]

This is an optional box containing the information needed to retrieve an external or internal reference,
escription as a set of reference sequences.

and its d

It may e present in multiple instances in the same dataset group. Ifyso, any instance shall have p

Reference

|  General

e value more than once within the dataset group.

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

differen value of reference_ID.
6.5.1.3.2 Syntax
Table 10 — Referencebox syntax
Syntax Key Type Remarks
reference { rfgn
dataget group ID u(8)
refegence ID u(8)
refejence name st (v)
refegence major version u(le)
refejence minor version u(lo)
refejence patch version u(le)
seq_dount u(lo)
for ({seqID=0;seglID<sg@g.count;seqID++)
sequence name [ sgQ P ] st (v)
}
reserved u(7)
extegnal r&f>ilag u(l)
if (gxtéxnal ref flag) |
refl Gri st (v) As specified
in subclause
6.5.1.3.4
checksum alg u(8)
reference type u(8)
if (reference type == MPEGG REF)
{
external dataset group ID u(8)
external dataset ID u(le)

ref checksum

i(checksum size)

As specified in
6.5.1.3.6

14
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Table 10 (continued)

Syntax

Key Type Remarks

else {

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

checksum[seqgID] i(checksum size) As specified
in subclause
6.5.1.3.6
}
+
}
else {
internal dataset group ID u(8)
internal dataset ID u(le)

(@)

.5.1.3.3 Semantics

ubclause 6.5.1.2.

g_count is the number of reference’sequences contained in the reference genome.

rieference_ID is the identification number of the reference/within the dataset group.
reference_name is a string representing a human readable name of the reference.
reference_major_version is the reference major«wersion.
rieference_minor_version is the reference niinor version.

rieference_patch_version is the reference patch version.

dataset_group_ID is the identifier of the dataset group including this box. It shall have the same value
ds the dataset_group_ID field in the dataset group header of the same dataset group, as speified in
S

quence_name is an unambiguous string identifier for each reference sequence contained in the

ference.

xternal_ref_flag is a.flag specifying whether the reference is either another dataset of the same
itstream, as specified-in subclause 6.5.2, with dataset_type equal to 2 (external_ref_flag equalto 0), or

reference exterpal\to the bitstream (external_ref flag equal to 1).

f_uri as spégified in subclause 6.5.1.3.4.

ference type specifies the type of the external reference and can take any of the values in|the first
luman,of Table 11.

Value Name

Semantics

0 MPEGG_REF

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

1 RAW_REF

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

2 FASTA_REF

Reference of type FASTA, as specified in subclause 6.5.1.3.5

3 to OxFF

Reserved for future use

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

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

the data

set_ID belonging to the dataset group identified by external_dataset_group_ID.

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

ref_seq
genome

according to one of the methods specified in subclause 6.5.1.3.6.

interna

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

interna
internal

6.5.1.3.4 ref_uri semantics

ref_uri shall be compliant with IETF RFC 3986 and IETF RFC 7320.

The IET

6.5.1.3.5 Supported FASTA format

The FAS[TA formatl2l supported by this document is represented as a series of lines in ASCII text format.

The firs
Each lin

the seqyence of nucleotides represented by-the following one or more lines.

Each lin

symbolq representing nucleotides,

The follgwing is an example of supported FASTA.

D

[ checksum is the checksum computed on each reference sequence contained in the referend
of type either RAW_REF or FASTA_REF, as specified in Table 11, retrieved using-ref urij

-

—_—

|_dataset_group_ID is an integer number identifying the dataset group containifig the interng

|_dataset_ID is an integer number identifying the dataset containing the internal reference. Ap
reference shall be of type MPEGG_REF, as specified in Table 11.

' RFC 3986 specification is partially summarized in Annex A.

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

b starting with a ">" (greater-than) symbol shall be interpreted as the identifier (a.k.a. name) af

[

b starting with a ">" (greater-than) symbol shall be followed by one or more lines of uppercas

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

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

16
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6.5.1.3.6 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
external_ref_flag is equal to 0) identified by internal_dataset_group_ID and internal_dataset_ID fields,
shall be converted into a raw reference structure, as specified in ISO/IEC 23092-2, according to the

process described below.

— Ifeither external_ref_flagis equal to 0, or external_ref_flagis equal to 1 and reference_type is equal
to MPEGG_REF, as specified in Table 11, the corresponding dataset shall be decapsulated, according

to subclause 6.5.2, and the output data units shall be decoded, according to the decoding| process
specified in ISO/IEC 23092-2:2019, 10.4.
—+ Else, if external_ref_flag is equal to 1 and reference_type is equal to RAW_REEF, as spefified in
Table 11, no decapsulation is needed.
+ Else, if external_ref_flag is equal to 1 and reference_type is equal to FASTA_REF, as speified in
Table 11, the FASTA reference shall be converted into a raw reference, as specified in syibclause
Ih all of the above three cases the output raw reference shall be encapsiilated as payload of a data unit,
as specified in subclause 6.4, with:
—+ data_unit_type equal to 0,
—+ data_unit_size equal to the sum of 9 (the number ofbytes used for data_unit_type and dgta_unit_
size) and the number of bytes composing the raw_reference structure.
4.5.1.3.7 Checksum
The identification of the hash function to besused to verify the integrity of the retrieved refdrence, if
reference_type is equal to MPEGG_REF, or\reference sequences, if reference_type is equal §o either
HAW_REF or FASTA_REF, is performedusing checksum_alg, as specified in subclause 6.5.1.3. Two
values of checksum_alg are defined infFable 12, while other values are reserved for future use.
Table 12 — Checksum values
checksum_alg Checksum checksum_size Rationale
Value algorithm
0x00 MD5 128 Supported as checksum algorithm only for batkward
compatibility, but it is not recommended for the
creation of new content due to the extensive dollision
vulnerabilities it suffers.
0x01 SHA-256 256 Currently recommended for all hash functionibased
applications and it shall be used for the integrity
check of all new content.
(x02 to OxFF Reserved for future use.
If reference_type is equal to either RAW_REF or FASTA_REF, the checksum shall be calculated on the
UPPERCASE string representing the reference sequence, excluding line breaks.
6.5.1.4 Reference metadata
6.5.1.4.1 General
This is an optional box containing metadata associated to a reference.
© ISO/IEC 2019 - All rights reserved 17
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6.5.1.4.2 Syntax

Table 13 — Reference Metadata syntax

Syntax Key Type Remarks
reference metadata { rfmd
dataset group ID u(8)
reference ID u(8)
reference metadata wvalue() = o
ISO/IEC 23092-3
}

6.5.1.4.3 Semantics

dataset
metadat

referen
refers t

| group_ID is an integer number identifying the dataset group including>this referencq_
a.

[s9)

ce_ID is a unique identification number of the reference to which this’ reference_metadat]
. It shall be equal to the reference_id value of one of the referehce boxes, as specified i

=}

subclauge 6.5.1.3, present in the dataset group.
referenre_metadata_value() contains reference related metadata, as specified in ISO/IEC 23092-3.
6.5.1.5 | Label List
6.5.1.5.1 General
This boy lists the labels, as specified in subclause 6.5.1:5.4, associated to a dataset group.
6.5.1.5.2 Syntax
Table14 — Label list syntax
Syntax Key Type Remarks
label Jist { labl
daflaset group ID u(8)
nunp labels u(l6)
foq (h=0; h<num l@bkels; h++) {
label[h] gen_info As specified in
subclause 6.5.1.5.4
}
}
6.5.1.5.! Semantics

dataset_group_ID is the identifier of the dataset group including this label list. It shall have the same

value as

the dataset_group_ID field in the dataset group header of the same dataset group, as specified

in subclause 6.5.1.2.

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

18
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6.5.1.5.4 Label

6.5.1.5.4.1 General

ISO/IEC 23092-1:2019(E)

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

6.5.1.5.4.2 Syntax

Table 15 — Label syntax

o

Syntax Key Type Remarks
| abel { 1bll
label ID st (v)
num datasets u(lo)
for (i=0;i<num datasets;i++) {
dataset ID[1i] a(16)
num_regions[i] a(8)
for (3=0;j<num regions[i];j++) {
seq ID[i][3]] u(lo)
num classes[i] []] u(4)
for (k=0;k<num classes[i][]J];k++) {
class ID[i][§][k] u(4)
}
start pos[i] []] u(40)
end pos[i][]] u(40)
}
}
while ( !byte aligned( ) ) As specfified in
subclauge 6.2
nesting zero bit (1) Equal tlo 0
4.5.1.5.4.3 Semantics
label_ID is a stringyepresenting the label identifier in the label list specified in subclause 6.5{1.5. The
variable stringlength for this field, as specified in subclause 6.2.3, concerning the st(v) data tyjpe, shall
he higher than(0.
num_datasets is the number of datasets containing regions labelled by label_ID.

ataset_ID is the identifier of a dataset labelled by label_ID. It shall take one of the values of dataset_ID
1 inthe d head Fil ] fied i hl 35]2|

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

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

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

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

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

end_pos is the position of the first nucleotide in the last read of the region.
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6.5.1.6

Dataset group metadata

6.5.1.6.1 General

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

6.5.1.6.2 Syntax

Table 16 — Dataset group metadata syntax

Syntax Key Type Remarks
DG metddata { dgmd
DG |metadata value () As specified in
ISO/IEC 23092~3
}
6.5.1.6.3 Semantics

DG_metadata_value() contains the dataset group metadata, specified in ISO/IEC 23092-3.

6.5.1.7

6.5.1.7.]

When
dataset

6.5.1.7.]

This is a[1 optional box containing protection information asso¢iated to a dataset group.
P

Dataset group protection
|  General

esent this box contains information that a desoder needs to properly handle a protected
broup.

P Syntax

Table 17 — Pataset group protection syntax

Syntax Key Type Remarks

DG prof

ection { dgpr

DG |

protection_value () As specified in
ISO/IEC 23092-3

6.5.1.7.]

DG_pro
ISO/IEC

B Semantics

fection-value() contains the dataset group protection information, specified ip
23092-3.

6.5.2

6.5.2.1

Dataset

General

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

The rele

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

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

20
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Table 18 — Dataset syntax

Syntax Key Type Remarks
dataset | dtcn
dataset header dthd gen_info As specified in
subclause 6.5.2.2
DT metadata dtmd gen_info As specified in
6.5.2.3
DT protection dtpr gen_info As specified in
6.5.2.4
dataset parameter set[] pars gen_info As specifie @1
subclaus N2.3
- N
if (MIT flag) { As specifled in
subclause 6.5.[2.2
master index table mitb gen_info As@‘d&ciﬁed in
Uhclause 6.6.3.1
} J
access unitf[] aucn gen_ info U As specified in
NN subclause 6.5.3
. __ \
if (block header flag == 0) { O
descriptor stream[] dscn ge@i\rvrfo As specified in
@) subclause 6.6.[4
) <
N
4.5.2.2 Dataset header Q
NN
q.5.2.2.1 General $
.\@
This is a mandatory box describing the cgft%nt of a dataset.
e
4.5.2.2.2 Syntax Q\\O
@ ‘Table 19 — Dataset header syntax
.\
C Mtax Key Type Remarks
lataset header { O’v dthd
dataset_groupﬁ u(8)
dataset ID (\‘O u(lo)
version ka c(4)
multi@Y&lignment_ﬂag u(l)
byts@“fsetisizeiﬂaq u(l)
n&ch?verlappinngUirangeiﬂag u(l)
£3s 40 bits flag u(l)
block header flag u(l)
if (block header flag) ({
MIT flag u(l)
CC mode flag u(l)
}
else {
ordered blocks flag u(l)
}
seq_ count u(lo)
if (seq count > 0) {
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Table 19 (continued)
Syntax Key Type Remarks
reference ID u(8)
for (seq=0;seg<seq count;seg++) {
seq ID[seq] u(lo)
}
for (seg=0;seg<seq count;segt+) {
seq blocks[seq] u(32)
}
) N
dataget type u(4) N .(1/\’
if (MIT flag == 1) { (\"\,
nunp classes u(4) (\QV
foy (ci=0;ci<num classes;ci++) { r\(b\)
qridrei) u(4) AV
{f (1block header flag) { R
num_descriptors[ci] u(5)(‘\\\v
for (di=0;di<num descriptors[ci];di++) { \%v
descriptor ID[ci] [di] 7‘)
} RY%
Qv
} AN N
} N,
alphgbet ID »‘(\0 u(8)
num U access units Q\" u(32)
if (fum U access units > 0) { ‘\\Q‘
nunp U clusters (\\\ u(32)
mulltiple signature base \L\V u(31)
if {multiple signature base > 0) .} »
U _signature size . u(6)
} R :
U dignature constant len » u(l)
if (U_signature_const}a{igength){
L_signature_lengtb\u u(8)
} N
} RO
if (deg_count b‘ﬁ? {
tflagrol &))" £(1) Equal to 1
th res/[QjY u(31)
fqr, ,}v‘l;i<seq_count;i++) {
et N
if (tflag[i] == 1)
thres[i] u(31)
else /* tflag[i] == 0 */
/* thres[i] = thres[i-1] */
}
}
while( !byte aligned( ) ) As specified in
subclause 6.2
nesting zero bit (1) Equal to O
}
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6.5.2.2.3 Semantics
dataset_group_ID is the identifier of dataset group containing the dataset including this dataset_header.

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

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

- first two bytes: version number, as the last two digits of the year of release of the major biignd

— third byte: amendment number, as integer counter from 0 to 9, 0 if no amendment yet

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

=

hultiple_alignment_flag: if set to 1 it indicates the presence of multiple aligamients in the datpset.

yte_offset_size_flag: if equal to 0, the variable byteOffsetSize usedn-the master index table, as
pecified in subclause 6.6.3.1, and representing the number of bits used to.€ncode the master indlex table
elds named AU_byte_offset and block_byte_offset, is equal to 32; if.setto 1, the variable byteOffsetSize
5 equal to 64.

— o () pe

=

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

os_40_bits_flag is set to 1 when the mapping positions'are expressed as 40 bits integers. Ofherwise
Il mapping positions are expressed as 32 bits integers.In the scope of this document, the valtie of the
ariable posSize is set to 32 when pos_40_bits is equal‘to 0 and set to 40 otherwise.

Q

<

Hlock_header_flag: if set, all blocks composing the dataset are preceded by a block header, as dpecified

ih subclause 6.5.4.2, and the access unit container box, as specified in subclause 6.5.3, is pregent. It is
Iways set to 1 in transport format. See alse.subclause 6.5.2.2.5.

IT_flag: if set, the master index table, as specified in subclause 6.6.3.1 is present in the [dataset.
(Qtherwise, the master index tableiis’not present in the dataset. It is always equal to 0 in tfansport
fprmat and set to 1 by default wheen' block_header_flag is 0.

o

C_mode_flag: if set, two aceess units of the same type, as specified in Table 3, cannot be sepafrated by
ccess units of a different type in the storage device. If equal to 0, access units are ordered by access
nit start position in the storage device. See also subclause 6.5.2.2.5.

o

rdered_blocks Aflag: if set, blocks are ordered in the descriptor stream by increasing valye of the
ntry AU_start{position of the master index table, as specified in subclause 6.6.3.1. See also stibclause
.5.2.2.5.

N O O

g_count.s the number of reference sequences used in this dataset.

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
including this dataset, as specified in subclause 6.5.1.3. If dataset_type is equal to 2, and if the external _
ref_flag field of the reference box pointed by reference_id, as specified in subclause 6.5.1.3, is equal to
0, then the reference box pointed by reference_id, as specified in subclause 6.5.1.3, shall have either
a value of the internal_dataset_ID field different than the value of the dataset_ID field in this dataset
header, or a value of the internal_dataset_group_ID field different than the value of the dataset_group_
ID field in this dataset header.

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

seq_blocks is the number of access units of the same type per reference sequence. A value of 0 means
“unspecified” (e.g., in transport format).
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dataset_type specifies the type of data encoded in the dataset. The possible values are: 0 = non-aligned
content; 1 = aligned content; 2 = reference.

num_classes is the number of classes encoded in the dataset.

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

num_ddScriptors 1s the maximum number of descriptors per class encoded 1n the dataset.
descripfor_ID is an unambiguous descriptor identifier as specified in ISO/IEC 23092-2.

alphabdt_ID is the identifier of the alphabet used to encode the cluster signatures. Values are describefd
in Table|20 in subclause 6.5.2.2.4.

num_U_access_units is the total number of access units in the dataset containing encoded data of
class U.

num_U_|clusters is the number of clusters of unmapped reads.

multiple_signature_base is the default number of signatures in the dataset.

U_signature_size is the size in bits of each integer representing an encoded signature.
U_signature_constant_length: 1 = constant length; 0 = variablélength.
U_signature_length is the length of cluster signature as number of nucleotides.

tflag: if et to 1 it indicates that it is followed by a threshold thres.

thres is|a threshold indicating the maximum differenc¢e between the access unit covered region and the
access upit range.

6.5.2.2.4 Alphabets
The supported alphabets for the signature are defined as:
— for DNA
— [si={A,G,C, T,N}
— [si={A,G,C T, RS, W, K, M, B,D,H, V,N, ., - } (IUPAC notation)
Each Alghabet is identified by an alphabet_ID as shown in Table 20:

Table 20 — alphabet_ID semantics

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

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

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

mode is enabled by the condition block_header_flag equal to 1.

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

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.

—— Class contiguity -CCJmode: two acCess UNIts of one class cannot be separated by access
different class in the storage device. This mode is enabled by the condition CC_mode_flag.eq;

=z

o other block contiguity modes are allowed by this document.

Vhen block_header_flag is equal to 0 (DSC mode), the field ordered_blocks_flag,is used to
'hether the blocks are ordered in the storage device according to the left-most aligned po
he left-most read in the access unit (field AU_ref_start_position in access‘unit header, as 3
n subclause 6.5.3.3, or master index table, as specified in subclause 6.6.3:11). If ordered_blg
5 equal to 1, the file offsets for a given descriptor stream and for each.block are sorted in af
rder (disregarding blocks for which the block_byte_offset in th€ master index table is

(1 << byteOffsetSize) -1). In this mode the first byte not belonging®o the block is the first by
ext available block if any (otherwise the descriptor_stream_size, which can be inferred f
ength field of the gen_info header of descriptor stream contdiner box with Key dscn, should beg

el W o Ml il o S~

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 net equal to ((1 << byteOffsetSize) -1), the
alue greater than the offset of the block, if any (etherwise the descriptor_stream_size should
s above).

O < O O =

(@1

.5.2.3 Dataset metadata

4.5.2.3.1 General

This is an optional box containihg metadata associated to the dataset.
4.5.2.3.2 Syntax

Table 21 — Dataset metadata syntax

position

nits of a
hal to 1.

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

ream. In
mong all
smallest
be used

Syntax Key Type Remarks

DT metadater~{ dtmd

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

6.5.2.3.3 Semantics

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

6.5.2.4.1 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.

6.5.2.4.2 Syntax

Table 22 — Dataset protection syntax

Syntax Key Type Remarks
DT protection { dtpr
DT |protection value () As specified in

ISO/IEC 23092-3

6.5.2.4.3 Semantics

DT_prof

6.5.2.5

6.5.2.5.1 General

This is ¢
dataset |
[t may b
The dec
— data
— data

size]

sub

spe

— asp

ID and encoding_parameters()-fields, as specified in subclause 6.5.2.5.2.

ection_value() contains dataset protection information. Specified in ISO/IEC,23092-3.

Dataset parameter set

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

e present in multiple instances in the same dataset.
ipsulation of this box shall result in a 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 parenttparameter_set_ID and parameter_set_ID, as specified i
clause 6.5.2.5.2) and the number ¢f:bytes composing the encoding_parameters() structure, a
fified in subclause 6.5.2.5.2, and

(2=}

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

Such dafa unit can be dispatched to a decoder compliant with ISO/IEC 23092-2.
6.5.2.5.2 Syntax
Table 23 — Dataset parameter set syntax
Syntax Key Type Remarks
dataseff parameter set { pars
dataset group ID u(8)
dataset ID u(le)
parameter set ID u(8)
parent parameter set ID u(8)
encoding parameters () As specified in
ISO/IEC 23092-2.
}
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6.5.2.5.3 Semantics

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

019(E)

dataset

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

dataset_id of the containing dataset.

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

eferencing an existing dataset parameter set from another parameter set enables the gener
ierarchy of dataset parameter sets to be associated to an access unit, as specified in subglau
F the value of parent_parameter_set_ID is equal to the value of parameter_set_ID, then the]
arameter set is at the top level in the hierarchy.

o lllaniionis vl -]

ncoding_parameters() is an encoding_parameters() structure as specified)in subclaus
50/1EC 23092-2.

— 0

4.5.3 Access unit

4.5.3.1 General

The access unit is a collection of one or more blocks representing genomic information.
The decapsulation of this mandatory box shall result ina data unit, as specified in subclause 6.1
+ data_unit_type equal to 2,

unit_size) and the number of bytes composing the output access unit structure, as spe
subclause 6.5.3.2,

-+ as payload the output access unitstructure, as specified in subclause 6.5.3.2.

Such data unit can be dispatchéd to a decoder compliant with ISO/IEC 23092-2, along witl
darameter sets that are needed to decode it.

Table 24 — access unit syntax

se 6.5.3.
dataset

e 7.3 of

1, with:

~+ data_unit_size equal to the sum of 5 (the number of bytes used for data_unit_type amd data_

cified in

n all the

Syntax Key Type Remarks
hccess unit { aucn
access ynhf header auhd gen_info As specified in
subclause [6.5.3.2
AU dnflormation auin gen_info As specified in
subclause [6.5.3.4
AU protection aupr gen_info As specified in
subclause [(.5.3.5
if (block header flag) { As specified in
subclause 6.5.2.2
for (i=0;i<num blocks;i++) { As specified in
subclause 6.5.3.2
block[1] As specified in
subclause 6.5.4
}
}
}
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6.5.3.2

Access unit decapsulation

Output to this process is an output access unit structure composed of:

— an access_unit_header structure, as specified in subclause 6.5.3.3, where MIT_flag shall be set to 0,

and

— the
flag
and
sub

to the descriptor_ID field of the relevant descriptor stream header, as spécified in subclause 6.6.4.1

which is composed of:

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

the set of fields in the access unit header, as specified in subclause 6.5.3.2, which are enclosed
within the if (MIT_flag==0) condition branch (such as sequence_ID, AU_start_position, AUjend_
position, etc.) and which shall be derived from the corresponding fields in the master’inde
table, as specified in subclause 6.6.3.1;

>

set of blocks either contained in the access unit box, as specified in Table 24s1f block_headet
is equal to 1, or to be retrieved from the descriptor streams, as specified in,subclauses 6.6.]
6.6.4, if block_header_flag is equal to 0; in the second case, a block héader, as specified i
clause 6.5.4.2, shall be prepended to all the blocks, where the descriptot<ID field shall be equg

—_— = [N

and|the block_payload_size field shall be equal to the number of bytes.composing the block payloagd
as retrieved from the descriptor stream.
6.5.3.3 | Access unit header
6.5.3.3.1 General
This maphdatory box contains information associated to the access unit.
6.5.3.3.2 Syntax
Table 25 — A¢€cess unit header syntax
Syntax Key Type Remarks
access |unit header { auhd
acceds unit ID u(32)
num Hlocks u(8)
paraneter set ID u(8)
AU_type u(4)
readq count u(32)
if (QU_type ==\N-"TYPE AU ||
AU |type ==\M TYPE AU ) {
mm |threshiold u(16)
mm [dount u(32)
}
if (dataset type == 2) {
ref sequence id u(lo)
ref start position u(posSize)
ref end position u(posSize)
}
if (MIT flag == 0) { As specified in
subclause 6.5.2.2
if (AU type != U TYPE AU)
{
sequence_ ID u(lo)
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Table 25 (continued)

Syntax

Key

Type

Remarks

AU start position

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

AU end position

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

if (multiple alignment flag) {

As specégé’

subcl@*

extended AU start position

u(posSize )

posS‘ib\eJ as

speeified 1
clause

5.5.2.2.3

=

extended AU end position

posSize as
specified in
subclause
6.5.2.2.3

}

else {

if (multiple signature base != 0) {

As specifie
subclause bp.

U cluster signature[0]

)

(U_signature size)

U signature
as specified
subclause p

if (U _cluster signature[0]

N

{..0

(1<<U_signature size)-1)

gS}

for (i=1;i<multiple_signatugngase;

ith) | \.O

As specifie
subclause bp.

ad
U_cluster_signatu§§ﬂﬁ

u(U_signature size)

U signaturg¢ size

() as specifief in
R subclause p.5.2.2
N\
) RN\
) Y
NS
else { 'al
num_siggéfﬁres u(le)
for (2§b;i<num_siqnatures;i++) { As specified in
/§<> subclause p.5.2.2
‘»SU_cluster_signature[i] u(U_signature size) |U signaturg¢ size
<:> as specifief in
‘QS\ subclause p.5.2.2
AY 1
9
}
}
}
while ( !byte aligned( ) ) As specified in
subclause 6.2
nesting zero bit f(1)
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6.5.3.3.3 Semantics

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

num_blocks is the number of blocks in the access unit.

parameter_set_ID is a unique identifier, in the dataset containing this access unit, of the dataset
paramefer set at the [owest level in the hierarchy of dataset parameter sets, which shall be returned
by a dedapsulator compliant to this document along with the decapsulated access unit, as specified-ip
subclauge 6.5.3. Such hierarchy of dataset parameter sets is enabled by the parent_parameteryset_ID
and parameter_set_ID fields of the dataset parameter set, as specified in subclause 6.5.2.5.3.

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

=}

reads_cpunt is a counter of the genomic sequence reads encoded in the access unit.

mm_thyeshold specifies the maximum number of substitutions a read (of class\N or M) shall contain t
be counted by mm_count. If set to 0 the feature of counting substitutions émencoded reads is disable
as no reads would be below threshold.

5.0

=

mm_coynt specifies the number of reads encoded in the aceeSs unit containing a number d
substitutions which is equal to or lower than the threshold specified by mm_threshold. It shall alway
be set td 0 if the threshold is set to 0.

[77)

ref_sequence_id in case of access unit carrying (part of) dveference sequence, specifies the ID of such
referende sequence.

ref_staift_position: in case of an access unit carrying (part of) a reference sequence, it specifies thie
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 thie
positionjon the reference sequence of thelast nucleotide encoded in this access unit.

sequenge_ID is an unambiguous dentifier of the reference sequence this access unit refers tg.
It shall be equal to one of the valuges of the seq_ID field listed in the dataset header, as described ip
subclauge 6.5.2.2.

AU_staift_position is the position of the left-most mapped base among the first alignments of afl
genomid records encodedin the access unit irrespective of the strand.

AU_end|position is'the position of the right-most mapped base among the first alignments of al
genomid recordséncoded in the access unit irrespective of the strand.

[72)

extendgd_AUZstart_position specifies the position of the left-most mapped base among all alignment
of all ge110mic records contained in the access unit, irrespective of the strand.

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

num_signatures is the number of signatures in the access unit.

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

6.5.3.4.1 General

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

Table 26 — Access unit information syntax

Syntax Key Type Remarks
AU information { auin
AU information value () As specified in
ISO/IEC 23092-3.
}
4.5.3.4.3 Semantics
AU_information_value() contains information related to the access unit, ‘as* specffied in
IFO/IEC 23092-3.
€4.5.3.5 Access unit protection
§4.5.3.5.1 General
This is an optional box containing protection information associated-to the access unit.
When present this box contains information that a decoder needs to properly handle a protected
access unit.
4.5.3.5.2 Syntax
Table 27 — Access'unit protection syntax
Syntax Key Type Remarks
AU protection { aupr
AU protection value () As specified in
ISO/IEC 23092-3
§4.5.3.5.3 Semantics
AU_protection_value() contains the access unit protection information, as specified in ISO/IEC 23092-3.
4.5.4 Block
.5.4.1 <General
A blackis composed of a block header (as specified in subclause 6.5.2.2) and a block payload, coptaining
dompressed descriptors of the same type (descriptor_ID) and class (class_ID). In DSC mode, as gpecified
in subclause ©6.5.2.2.5, only the DIOCK payload i5 present in the descriptor stream, as specified in
subclause 6.6.4.
Table 28 — Block syntax
Syntax Key | Type Remarks
block |
block header As specified in subclause
6.5.4.2
for (i=0;i<block payload size;i++) { block payload size as
specified in subclause 6.5.4.2
block payload[i]
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Table 28 (continued)

Syntax Key | Type Remarks

}

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

6.5.4.2

6.5.4.2.

This boy contains information associated to the block.

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

ISO/IEC

6.5.4.2.2 Syntax

—Block header

|  General

-

23092-2.

Table 29 — Block header syntax

Syntax Key Type Remarks
block header {
rederved u(l)
dedqcriptor ID u(7)
bldqck payload size ut32)
}

6.5.4.2.3 Semantics

descrip

block_playload_size is the number of.bytes composing the block payload.

6.6 Data structures specificto file format

6.6.1

This suh
to the d

6.6.2

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

General

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

File header

6.6.2.1

General

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

32
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6.6.2.2 Syntax

Table 30 — File header syntax

Syntax Key Type Remarks
file header { flhd
major brand c(6)
minor version c(4)
for (i=0:ic<num compatible hrands:its) |
compatible brand[i] c(4)
}

Q.=

=

o

o —

1
[

.6.2.3 Semantics

hinor_version is an informative set of four characters for the minor/version of the major bran
ocument and is specified as follows:

- first two bytes: version number, as the last two digits of the(year of release of the major br3

by

najor_brand is the major brand identifier. The value is equal to the 6-character code “MPEG-G".

d of this

ind

— third byte: amendment number, as integer counter from0 to 9, 0 if no amendment yet, in thjis case 0

—  fourth byte: corrigendum number, as integer countefyfrom 0 to 9, 0 if no corrigendum yet, in tH

um_compatible_brands is inferred from the Length field in the file_header gen_info header ag
um_compatible_brands = (Length - 22) / 4.

ompatible_brand[i] is a 4-character codeYepresenting a compatible brand.
.6.3 Indexing
.6.3.1 Master index table

.6.3.1.1 General

he master index_table provides the indexing information needed to perform selective a
pecific parts of the'dataset.

[ is present ifiithe dataset when MIT _flag, as specified in subclause 6.5.2.2, is equal to 1. It is not
therwise:

he fitst part of the master index table shall be ordered by increasing AU_start_position[se
hu-id] values; the second part of the master index table shall be ordered by increasing U

N

iscase 0

follows:

[CeSS Oon

present

g_ID][ci]
| cluster_

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

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

Table 31 — Master index table syntax

Syntax

Key

Type

Remarks

master

index table {

mith

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

seq
count as
specified in
subclause

6.5.2.2

foH

(ci=0;ci<num classes;ci++) {

num__ \J
as

clas
A

speglified in

el

f (clid[ci] != CLASS U) {

CLASS U
value as
specified in
subclause
5.2.

clid as
specified in
subclause
6.5.2.2.

for (au _id=0;au_id<seq blocks[seq];au id++) {

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

&

e
X

/2;2"

u(byteOffsetSize)

byteOffsetSiz¢
as specified
in subclause
6.5.2.2

AU start position[seq][ci][au id] \»\

¥

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

AU end position[seq] [ci][au id}k&

S

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

if (dataset type == %{ ‘
O
O

N o

As specified|
in
subclause
6.5.2.2

refisequen§€2>d[seq][ci][auiid]

u(le)

refista{ggssgition[seq][ci][auiid]

u(posSize)

ref_ep%&égéition[seq][ci][au_id]

u(posSize)

R

if‘é§ﬁh¥iple_alignment_ﬂag) {
(o

As specified|
in
subclause
6.5.2.2

extended AU start positionl[seq][ci][au 1d]

u (posSize)

posSize as
specified in
subclause
6.5.2.2.3

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

u(posSize)

posSize as
specified in
subclause
6.5.2.2.3

}

if (!block header flag) {

As specified
in
subclause

6.5.2.2

34
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Table 31 (continued)

Syntax Key Type Remarks

for (di=0;di<num descriptors[seq] num_
[ci];di++) { descriptors
as
specified in
subclause
6.5.2.2

block byte offset[seq][ci] [au_id] [di] u (byteOffsetSize) |byteOffsetSize
as specified

in ,subclause

} («Q‘

NS
} 0
)y J
) 0,
! O
for (uau id=0;uau id<num U access units;uau id++) { A&(/
AU byte offset[uau id] r-_su)c;yteOffsetSize)
if (dataset type == 2) { g\\‘/ As spgecified
Q) in
Q subcllause
(] 6.5.4.2
U ref sequence id[uau_ id] RN u(le)
U ref start position[uau_ id] & » u(posSize)
U ref end position[uau_id] ) ) u (posSize)
) X
else { . O,Q‘
if (multiple signature base != N\T As spgecified
(@) in
\b\ subcllause
<\§) 6.5.4.2
. AN :
U cluster signature [@_1d] [0] u (U signature U
c. size) signgture
@ size |as
O specified in
O subcllause
0O 6.5.4.2
if (U_cl@‘e}_signature[uau_id] [0] != ((1 <<

Ursignature_size) - 1))
@i=l;i<multiple_signature_base;i++) {
QVU_cluster_signature [vau 1id] [1] u(U_signature U
% size) signdture
?\ size |as
« specified in
% subcllause
6.5.2.2

}

else {

num_signatures u(le)

for (i=0;i<num_ signatures;i++) { As specified
in
subclause
6.5.2.2
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Table 31 (continued)

Syntax Key Type Remarks

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

while ( !byte aligned( ) ) As Bpecified|
im
subclause
6.2

rflesting zero bit f£(1) Equal to O

if{!block header flag) { As specified
in
subclause
6.5.2.2

flor (di=0;di<num descriptors[num classes-1]; num_
descriptors|
as

specified in
subclause
6.5.2.2

block byte offset[uau id] [di] u(byteOffsetSize) |byteOffsetSiz¢
as specified
in subclause
6.5.2.2

di++) {

6.6.3.1.3 Semantics

seq_count is the total number ofreference sequences. It is encoded in the dataset header, as specified i
subclauge 6.5.2.2. Reference sequences shall have the same order as in the dataset header, as specifie
in subclfuse 6.5.2.2.

je e

num_classes is equalito’the field num_classes of dataset header, as specified in subclause 6.5.2.2.

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

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

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

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

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

shall always be greater than or equal to AU_start_position[seq][ci][i].

AU_end_position is the position of the right-most mapped base among the first alignments of all

genomic records encoded in the access unit irrespective of the strand.

extended_AU_start_position specifies the position of the left-most mapped base among all alignments

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

e¢xtended_AU_end_position speciiies the position of the right-most mapped base among all all
f all genomic records contained in the access unit, irrespective of the strand.

o

lock_byte_offset is the byte offset of the first byte in the block, with respect to the first by
alue field of the dataset (dtcn) gen_info structure (0-based). If the block is empty and block
ag is equal to 1, it shall be equal to ((1 << byteOffsetSize) - 1). If the block is empty‘and block
agis equal to 0, it shall be equal either to the block_byte_offset value of the nextblock in the de
tream or, for the last block in the descriptor stream, to the descriptor stream jpayload size.

wn_—h —h = =

=z

OTE The descriptor stream payload size can be inferred as the L field of'thte dscn gen_info head
he L field of the dshd gen_info header, minus the L field of the dspr gen_infa header.

ot

=

um_U_access_units is the total number of access units in the dataset containing encoded datz:
.Itis encoded in the dataset header, as specified in subclause 6:5.2.2.

-

|_ref_sequence_id, in case of an access unit carrying (partef) a reference sequence, specifies
uch reference sequence.

v

|_ref_start_position, in case of an access unit carrying (part of) a reference sequence, sped
osition 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, spec
osition on the reference sequence of the last nucleotide encoded in this access unit.

|_cluster_signature[uau_id][i] is thei-th signature of the cluster the access unit belongs to. U
ignature[uau_id][i+1] shall always'b€ greater than or equal to U_cluster_signature[uau_id][i].

v~ s T s T

=

um_signatures is the number of signatures.

4.6.3.2 U_cluster_signature coding

oY

cluster may be represented by one or more signatures, each one being an N-bit integer, accg
he following steps:

—

- According.to the specific clustering algorithm adopted, the clusters signatures will be of
or constant length. If the length is constant, a global parameter U_signature_length is {
in_the dataset header (subclause 6.5.2.2) to define the signature length in number of nuc
Qtherwise the global parameter U_signature_constant_length in the dataset header is e(

bnments

te of the
| header_
| header_
scriptor

Pr, minus

 of class

the ID of

ifies the

ifies the

| cluster_

rding to

variable
pecified
leotides.
ual to 1

accordingly and the length is not present.

— Eachsymbolofthe supported alphabet (see Table 20) isuniquelyassociated toabinaryrepres
of length equal to:

entation

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

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

— In case of variable signature length, the sequence of all 0 bits is reserved to represent a special

symbol called terminator used to signal the end of a coded signature.
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— In case of constant signature length, which is referred to as S;:

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

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

the number of integers to be read is known as

— Inc

6.6.4

6.6.4.1

A descr
ISO/IEC

This is a
in subcl

Child bc;r}(es may be presentor not, according to the column “Mandatory” in Table 4. Child boxes markefd

with su

. U _signature _length *bits _per _symbol
cel
U _signature _size

1se of variable signature length, which in this document is referred to as Sy for the (% signatureé:

ifM*S;;<=Nthebinaryrepresentations of contiguous symbolsin the signature are concatenatef
in a single sequence of bits. After all coded symbols have been concatenated, the sequence af
bits is terminated with a terminator symbol added at the most significant bits positions and, |f
necessary, the remaining most significant bits are padded with 1.

IfM*S; ;> N the binary representations of contiguous symbols intheSignature are concatenatefd
in two or more sequences of bits, possibly padding with 0, the*most significant bits of each
sequence of bits if by is not an exact divisor (also known asdliquot part) of N. The last sequence
of bits is terminated by the terminator symbol and furtheppadded with 1 at the most significarjt
bits positions.

The decoder shall detect the first integer containing the terminator symbol in its binarly
representation in order to stop reading integers.for a given signature.

Descriptor stream

General

ptor stream is a stream of data’of a certain class and descriptor, encoded as described ip
23092-2.

mandatory box when the'syntax element block_header_flag in the dataset header, as specified
huse 6.5.2.2, is equal to,0; it is forbidden otherwise.

ix “[]” after thelrname in the Syntax column of Table 32 may be present in multiple instances,.

Table 32 — Descriptor stream syntax

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

specified in
subclause 6.6.4.2.3

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

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

ISO/IEC 23092-2

38
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Table 32 (continued)

Syntax Key Type Remarks

descripto;_stream { dscn

}

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

stream_size, as specified in subclause 6.5.2.2.5, and block_byte_offset][i].

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

4.6.4.2.1 General

This is a box describing a descriptor stream. It is mandatory whenever the de$criptor stream, d
h subclause 6.6.2.3, is present, forbidden otherwise.

—e

d.6.4.2.2 Syntax

Table 33 — Descriptor stream hedder syntax

bscribed

Have one of the values specified as descriptor_ID|[ci][di] in subclause 6.5.2.2.

dlass_ID identifiés the class of data carried by the block, as specified in Table 2.

num_blocks is the number of blocks composing the descriptor stream.

4.6:4.3 Descriptor stream protection

Syntax Key Type Remarks
escriptor stream header { dshd

reserved u(l)

descriptor ID ul(7)

class ID u(4)

num blocks u(32)

while ( !byte aligned( ) ) As specified in subdlause

6.2
nesting zero bit £(1) Equal to O

4.6.4.2.3 Semantics
descriptor_ID identifies the type of compressed descriptors carried by the descriptor stream. It shall

6.6.4.3.1 General

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

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

descriptor stream.
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6.6.4.3.2 Syntax

Table 34 — Descriptor stream protection syntax

Syntax Key Type Remarks

DS protection { dspr

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

6.6.4.3. Semantics

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

6.6.5 ffset

This bok allows an indirect addressing of boxes in a different physical position in the file, while
preserving their logical position as described in this document. It shall be placted in the mandatorjy
position|of the addressed box, as specified in subclause 6.1.2, so that the logical'position of the addressed
box would still be respecting such mandatory ordering.

In case ¢f boxes not marked with suffix “[]” after their name in the Syhtax column of any of the table
in subcljuses 6.5 and 6.6, and which can be present in only one instance, if an associated offset box is
present then multiple 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 shall be ignored.

[72)

In case pf boxes marked with suffix “[]” after their name in the Syntax column of any of the tables i
subclauges 6.5 and 6.6, and which may be present in-multiple instances, if the associated offset box i
present jt shall be present in as many instances as_the addressed boxes.

[ZB=]

In case ¢ne instance of the offset box is not referring to any box yet but just present as placeholder fq
a new bpx which may potentially be added,&hen the Offset field, as specified in subclause 6.6.5.1, sha
take thel(1<<64)-1 value.

—_—

6.6.5.1 | Syntax

struct |offset

{

q(4) Rey ;
q(4) SubKey;
4 (64) Offset;

}

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

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

Offset is the byte offset of the first byte in the referenced box, with respect to the first byte of the file
(0-based). If equal to (1<<64)-1 then the offset box is not addressing any box and shall be ignored. The
value of Offset shall be larger than the byte offset of any dgcn box in the file.
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6.7 Data structures specific to transport format

6.7.1 General

This subclause specifies the data structures specific to the transport of genomic information, in

addition to the data structures specified in subclause 6.4.

6.7.2 Data streams

Adatastream (5 identified by a unique Stream_1 D, equal to the SiD field of packet header as spgcified in
sjubclause 6.7.5.2, and it can transport any of the following data structures:
-1 data structures containing transport information (dataset mapping table list -as spegified in
subclause 6.7.3, dataset mapping table as specified in subclause 6.7.4),
—+ dataset group header, as specified in subclause 6.5.1.2,
+ reference, as specified in subclause 6.5.1.3,
+ label list, as specified in subclause 6.5.1.5,
—+ dataset header, as specified in subclause 6.5.2.2,
—+ dataset parameter set, as specified in subclause 6.5.2.3,
-+ access unit, as specified in subclause 6.5.3,
1 metadata and protection information, as specified\ih subclauses 6.5.1.6, 6.5.2.3, 6.5.3.4, 6.5.1.7 and
6.5.2.4.
4.7.3 Dataset mapping table list
4.7.3.1 General
This is a mandatory box containing-a list of all Stream_IDs of data streams transporting theg dataset
mapping tables, as specified in subclause 6.7.4, available in the datasets of a dataset group. Eath of the
ljsted 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 syibclause
d.7.4, the necessary and)sufficient information to de-packetize and de-capsulate the transport format.
Hach dataset mappihg table list is transported within a single packet with Stream ID (SID in packet
header, as spegified in subclause 6.7.5.2) equal to 0.
.7.3.2 _~Syntax
Table 35 — Dataset mapping table list syntax
Syntax Key Type Remarks

dataset mapping table list { dmt1

dataset group ID u(8)

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

dataset mapping table SID u(le)

}
}
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