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Foreword

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

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

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

such formats, the ISO/IEC 23092 series provides a new solution for the representation and compression
of genome sequencing information hy-

ecifying an abstract representation of the sequencing data rather than a specific|/format with its
irect implementation.

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

eparating free-field user-defined information with no clean 'semantics from the genomic data
representation. This allows a fully interoperable and automatic exchange of informatiion between
ifferent data producers.

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

ollowing a strict and supervised development process which has proven successfyl in the last
0 years in the domain of digital media for, the transport format, the file format, the|compressed
representation and the application progranrinterfaces.

The ISO/IEC 23092 series provides the enabling technology that will allow the community| to create an
ecosystem of novel, interoperable, solutions in the field of genomic information processing. [n particular
it offgrs:

onsistent, general and prepetly designed format definitions and data structures to storg sequencing
nd alignment information. A robust framework which can be used as a foundation to implement
ifferent compression algorithms.

eed and flexibility in the selective access to coded data, by means of newly-d¢signed data
ustering andvoptimized storage methodologies.

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

uilt-in privacy and protection of sensitive information, thanks to a flexible framgwork which
altowstustomizabte; securedaccess at atttayersof thedata ierarchy:

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

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

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

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

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

sons,thisdocument introducesthe conceptof accessu ental
structure for coding and access to information in the compressed domain.
The access nit 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'represent the
information of its genomic records; therefore, a block payload is the coded representation of all the¢ data
of the same type (i.e. a descriptor) in a cluster.

In addition tp clusters of genomic records compressed into access units, reads aré further classifjed in
six data claspes: five classes are defined according to the result of their alighment against one or|more
reference sefjuences; the sixth class contains either reads that could not-be mapped or raw sequepcing
data. The classification of sequence reads into classes enables the development of powerful sel¢ctive
data access.|In fact, access units inherit a specific data characterization (e.g. perfect matches in|Class
P, substituti¢ns in Class M, indels in Class I, half-mapped reads in €lass HM) from the genomic regords
composing them, and thus constitute a data structure capable of providing powerful filtering capability
for the efficient support of many different use cases.

Access unitq are the fundamental, finest grain data strtucture in terms of content protection and in
terms of mgtadata association. In other words, eachZaccess unit can be protected individually and
independently. Figure 1 shows how access units, bloecks and genomic records relate to each other in the
ISO/IEC 230P2 series data structure.

| Access Unit ]

| Access Unit|P

Cluster

Access Unit M |

| Access Unit Protpction and Metadata |

e
x’ﬂomic Record Genomic Record Genomic Record
[ —— e e e e e s b o e e e e e -
1 Block Header g‘\- Desc. pos value Desc. pos value "ssEmEmgm Desc. pos value :
___________ o s o o e e e e e e e e o o o o o o o o e s |

1
1 Block Header Desc. mmtype value EnEmnEmn Desc. mmtype value : -

Figure 1 — Access units, blocks and genomic records
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Figure 2 — High-level data structure: datasets-and dataset group

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

could
could
datag

A sim

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

, for example, contain the complete sequencing of an individual, or a portion of it. Ot
contain, for example, a reference genome or a.subset of its chromosomes. Datasets ar
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Figure 3 — Decoding process

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

The International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of a patent.

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

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

Part 1:
Transport and storage of genomic information

1 Scope

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

ormative references

The following documents are referred to in the text in such a way‘that some or all of t
consfitutes requirements of this document. For dated references) 'only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

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

ISO/IEC 23092-2, Information technology — Genomic’irfformation representation — Part

ISO/IEC 23092-3, Information technology — Gertomic information representation — Part 3: I
appli¢ation programming interfaces (APIs)

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

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

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

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

bn, including

heir content
applies. For
nts) applies.

2: Coding of

letadata and

hddresses:

31

access unit

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

access and manipulation

3.2
access unit covered region

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

inclusive

3.3

access unit start position

position of the left-most mapped base among the first alignments of all genomic records
the access unit, irrespective of the strand

© ISO/IEC 2020 - All rights reserved
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3.4

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

3.5

access unit range
genomic range comprised between the access unit start position and the right-most genomic record

position amo

3.6
access unit

ng all genomic records contained in the access unit

overedregion
5

genomic rarlge comprised between the access unit start position and the access unit end.pag

inclusive

3.7
alignment

information|describing the similarity between a sequence (typically a sequencing read) and a refe
sequence (for instance, a reference genome)

3.8
box
object-orien

3.9
cluster

ed building unit defined by a unique type identifier and length

aggregation jof genomic records

3.10

cluster signjature

signature

sequence of hucleotides that is common to most or-all genomic records belonging to a cluster

3.11

container bpx
box (3.8) whpse sole purpose is to contaitiand group a set of related boxes

3.12
data stream

set of packety (3.20) transporfing the same data type

3.13
extended ac

cess unitistart position

sition

rence

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

3.14

extended ac

cess 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

3.16

genomic position

position

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

© ISO/IEC 2020 - All rights reserved
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3.17
genomic region
region

-1:2020(E)

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

3.18
genomic range
range

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

that s < e; the start and the end positions of a genomic range are always included in the ran

ge

3.19
mapped base

base pf the aligned read that either matches the corresponding base on the reference\seq
be tufned into the corresponding base on the reference sequence via a substitution

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

Note [l to entry: Genetic material meaning the sequences of the DNA molecules present in a typid
specigs.

3.22
referfence sequence
nuclefic acid sequence with biological relevance

Note |l to entry: Each reference sequence is indexed by a one-dimensional integer coordinate syj
each Integer within range identifies a single>nucleotide. Coordinate values can only be equal to

zero. The coordinate system in the context.ofthis standard is zero-based (i.e. the first nucleotide ha
and it}is said to be at position 0) and lin€arly increasing within the string from left to right.

sequence read

readquty by a specific technology more or less prone to errors, of a continuous part of a

plence or can

ission unit transporting segments of any of the data structures defined in this document

al cell of that

tem whereby
r larger than
5 coordinate 0

red from one

nucleic acid

mole¢ule‘extracted from an organic sample

3.25
syntax field
element of data represented in the data format

3.26
template
genomic sequence that is produced by a sequencing machine as a single unit

Note 1 to entry: A template can be made of one or more segments, being called single-end sequencing read when

it only has one segment and paired-end sequencing read when it has two segments.

3.27
transport format
set of data structures for the transport of coded information

© ISO/IEC 2020 - All rights reserved
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3.28

variable
parameter either inferred from syntax fields or locally defined in a process description

4 Mathematical operators

NOTE

4.1

4.2

&&

4.3

>>

<<

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

Arith}

addit
subti
incre
mult

integ
ed to

Logic
logic
logic
logic

Relat

great

great

metic operators

ion

ment

plication

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

hl operators

h] OR
h] AND

bl NOT

onal operators

er than

er than or equal te

less

han

less fhan or equal to

equal to

action (as a binary operator) or negation (as a unary operator)

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

not equatto

Bitwise operators

AND
OR

shift
shift

right with sign extension

left with O fill
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4.5 Assignment

= assignment operator

4.6 Unary operators

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

5 Structure of coded genomic data

1:2020(E)

5.1 [Genomic records
The genomic record, in this document, is a data structure consisting of either a single sequence read, or
paired sequence reads, and its associated sequencing and alignment informatiofn. The gejomic record
may ¢ontain detailed mapping and alignment data, a single or paired readddentifier (read name) and
quality values.
Wheiit alignment information is present, the genomic record positioh‘is defined as the pdsition of the
left-most mapped base of the genomic record on the reference genome. Genomic record positions are
0-baged in the ISO/IEC 23092 series. In case of multiple alignments, the position of the first alignment
in thg record is considered; in such a case, the first alignmentshall be the one with the leftmost position
amorlg all the alignments with the best score.
In cage of unmapped reads (i.e. no alignment informatiep present) the notion of position d¢es not apply
to th¢ genomic record.

In cage of aligned content, bases that are present in the reads of the genomic record and npt present in
the reference sequence (insertions) and bases preserved by the alignment process but nof mapped on
the r¢ference sequence (soft clips) do not have mapping positions.
Tablg 1 enumerates all the types of data that a genomic record can contain. ISO/IEC 23092-2 defines
techrjology that allows coding all*and only those types of data into a set of descriptors; data, and
cons¢quently descriptors, which are mandatory or optional, are also specified in ISO/IE(] 23092-2, as
well as how they are used to represent multiple alignments.

Table 1 — Genomic records
Data Semantics

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

Sequgnce reads sequencing readout, as one or more strings of bases

Quality values quality scores of the sequence reads

Strarjdedness 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)

Flags technical, additional alignment information (duplicates, proper pairs, failures)

Mismatches information about position and type of each mismatch in mapped records

Clips information about clipped bases (soft and hard clips) in mapped records

Mapping scores mapping scores for an alignment

Multiple alignments information about the number of alignments and the alternative alignment

information about each segment of the record
Group read group the genomic record belongs to

© ISO/IEC 2020 - All rights reserved
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ISO/IEC 23092-2 defines an output record format for all types of data in Table 1. These records shall be
generated by decoders compliant to ISO/IEC 23092-2 as output of the decoding process.

5.2 Data

classes

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

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

The data cla

bses and their descriptions are specified in Table 2.

Table 2 — Data classes

Class ID Class name Record content
CLASS_P Only reads perfectly matching to the reference sequencé:
CLASS_N Reads perfectly matching to the reference sequenceor containing mismatches
which are unknown bases only.

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

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

CLASS_HM Paired-end reads with only one nfapped read.

6 CLASS_U Unmapped reads only.

Genomic rec
is a coding ¢

specified in

Descriptors
of a single d
compressed

5.3 Acces

Access units
optionally r¢

either geno

The access

ISO/IEC 230p2

prds of each data class are coded by mears of several descriptors; conversely, a desct
lement needed to represent part of the information. Descriptors for each data clas
SO/IEC 23092-2.

are coded in blocks. Blocks ate“defined in subclause 6.5.5. A sequence of block pay

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

S units

(AUs) are datastructures containing a coded representation of genomic informatio
lated metadata to facilitate the bitstream access and manipulation. An access unit cor
ic records belonging to the same data class or a fragment of a reference sequence.

nit {s)the smallest data organization that can be decoded by a decoder compliant

iptor
S are

loads

pscriptor composes a descriptor stream. All block payloads in a descriptor stream contain

n and
tains

with

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.
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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
I TYPE_AU 4 CLASS 1
HM_TYPE_AU 5 CLASS_HM
U_TYPE_AU 6 CLASS_U

hding on the type of coded information, an access unit can be decoded either indepen

other access unit or using information contained in other access units.

5.4

Datasets

Hently of any

A datpset is a data structure containing headers and access units. The'Set of access units cqmposing the
dataget constitutes the dataset payload.

One qr more datasets are assembled into a dataset group.

5.5

Selective access

In th¢ case of selective access to a genomic region.comprised between a start genomic pogition and an

endg
regio
them|

In th

para
inA

enomic position the decoder shall return: g, all the access units whose covered region

e case of selective access to signed content identified by a U_cluster_signature s

eter sets that are needed to decode them. Examples of selective access strategies a
ex B.

6 Data format

6.1

6.1.1

Format structure

General

Tabld 4'ptresents the overall data structures and hierarchical encapsulation levels.

overlaps the

h defined by start and end with at least ene base, and the parameter sets that are needled to decode
b) at least the reference portion thatis necessary to decode the access units identifigd in a).

gnature the

Ire described

decoIer shall return all the access‘uinits whose signature corresponds to U_cluster_signature, and the

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 assumptions when the optional boxes are
not present. If the box key is represented in italic format in Table 4, the corresponding box is represented
either with no Key and no Length, but only Value in the gen_info format, as specified in subclause 6.3,

for al

1 boxes but offset, or as specified in subclause 6.6.5.1 for the offset box.
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Table 4 — Format structure and encapsulation levels

Box key (with hierarchical level) Subclause Scope Mandatory
flhd 6.5.1 *
dgcn 6.5.2 File *

dghd 6.5.2.2 *
rfgn 6.5.2.3
rfmd 6.5.2.4
1abl 6.5.2.5 Q
1yl 6.5.2.5.4 QY
dgmd 6.5.2.6 N
dgpr 6.5.2.7 0\‘1;’
dntl 6.7.3 Trans E
dfen 6.5.3.1 File 'L~ |*
dthd 6532 |7 *
mitb 6621  (File
pars 6.5.3.5 \(Ov *
dtmd 6.538)"
dtpr @Q_A}
dmtb N @ Transport  |*
dscn XQ\\ 6.6.3.1 File
dshd Lo  |6632 File
dspr k\‘Q‘ 6.6.3.3 File
aucn ;\Q)“‘ 6.5.4.1 *
auhd ~ | 6.5.4.3 *
auin ~ 6.5.4.4
faupr 6.54.5
_+Iblock 6.5.5 *
A block_header |6.5.5.2
offset (offSet 6.6.4 File
packet A@’ 6.7.5 Transport |*
p lcl«'et_heqd§¢~ 7.5.2 Transport  |*
\<</Q
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FILE FORMAT

| File header (flhd) |

Dataset Group (dgcn)

Reference (rfgn) Reference Metadata (rfmd) i

Pt tpbttbkhytyiel ]

Label List (labl) ! Label (Ibll)ii

| Dataset Group Header (dghd) |

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

Dataset (dtcn)
| Dataset Header (dthd) |

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

Dataset Protection (dtpr)

Dataset Metadata (dtmd) i

D i a-Ldscin) D i roai-fdscn)
L St AY T Lid St A3 T

| Descriptor Stream Header (dshd) | Descriptor Stream Header (dshd)

i Q
| Y

iDescriptor Stream Protection (dspr) iDescriptor Stream Protection (dspr)

Access Unit _ I AU Informgtion (auin

(aucn) | Access Unit Header | | Block | | Block a L\-Kfﬁ’_r;{éfi_{)ﬁ"(;ﬁﬁ_rj-
P A n A
Access Unit AU Informdtion (auin
Access Unit Header Block Block -
(aucn) | | I | | ) | AU Protectjion (aupr)
-
Figure 4 — Data structures hierarchy for storage
TRANSPORT FORMAT
Parket

Packet Header

File header (flhd)

Dataset Group

Dataset Mapping Table List (dmtl) | Reference (rfgn) i Reference Metddata (rfmd) :

FeSSSIIIIIIIIIC

Label List (labl) { Label (Ibll) i

e ——

Dataset Group Header (dghd) |

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

Dataset

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

Dataset Metadata (dtmd) Dataset Protection (dtpr)

| AU Information (auih)
AU Protection (aupf)

X T 3 v i
EEE Access Unit Header | | Block | | Block | LAY Informatllon (auip)
i AU Protection (aupf) |

L N
Access Unit )
(aucn) Access Unit Header | | Block | | Block
AN

Figure 5 — Data structures hierarchy for transport

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

6.1.2 Boxorder

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

© ISO/IEC 2020 - All rights reserved 9


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

ISO/IEC 23092-1:2020(E)

In file forma

1y

t

according to the hierarchy specified in Table 4.

The container boxes (dataset group, dataset, access unit and descriptor stream) shall be ordered

The box order inside the containers dgcn, dtcn, dscn, and aucn is specified in Table 9, Table 19,

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

When present, the offset box ‘offs’, as specified in subclause 6.6.4, enables an indirect addressing of

boxes, which, while logically respecting the ordering specified in this subclause, may be physically

n a different position 1n the file.

iguity of child boxes inside the containers dgcn, dtcn, dscn, and aucn shall not bé brok

en by
(.

Y Table 25 and Table 32, respectively.
3) Thefile
4)
located
5) The con
any box

In transport

1) The dat

external to the container box, apart from the offset box, as specified in subclausé 6.6.
format

hset_mapping_table_list, dataset_mapping_table and file header boxes shall be de¢

oded

first, angl then all other boxes according to the hierarchy specified in Tablée 4.

3) Itisrecgmmended to transmit the boxes in hierarchical order, as spgeeified in Table 4.

4) It is recpommended, when possible, to interleave boxes with hierarchical level equal to 1 (s¢cond
column fin Table 4) and belonging to different dataset groups)‘and the dthd boxes belonging to
different datasets, before transmitting all other boxes.

6.2 Syntaik and semantics

6.2.1 Method of specifying syntax in tabular form

Table 5 lists fthe 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 vdlue is

equivalent to ja condition that is true.

Table 5 — Constructs used.to-express the conditions when data elements are present
Construct Description
if (condition) { If the condition is true, then the first group of data
elements occurs next in the bitstream.
data element
}
else | If the condition is not true, then the second group of
data elements occurs next 1n the bitstream.
data element
}
for (i=0;i<n;i++) { The group of data elements occurs n times. Conditional
constructs within the group of data elements may depend on
data_element the value of the loop control variable i, which is equal
to zero for the first occurrence, incremented to 1 for the
second occurrence, and so forth.
}

As noted, the group of data elements may contain nested conditional constructs. For compactness, the
{} are omitted when only one data element follows. Collections of data elements are represented as
listed in Table 6.

10
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Table 6 — Syntax used to represent collections of data elements
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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+1th 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.

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

6.2.2 Bitordering

The ll)it order of syntax fields in the syntax tables is specified to start with the mogsf silgnificant bit

(MSB

6.2.3
byte |

I
f

C

read_
posit
theb

The f

-

w3 <

) and proceed to the least significant bit (LSB).

Specification of syntax functions
aligned( ) is specified as follows:

Fthe current position in the bitstream is on a byte boundary;, i.e., the next bit in the bit
rst bitin a byte, the return value of byte_aligned( ) is equal to-FRUE.

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

bits( n ) reads the next n bits from the bitstream and advances the bitstream poi
ons. When n is equal to 0, read_bits( n ) is specified.t0 return a value equal to 0 and to
tstream pointer.

bllowing data types specify the parsing progcess of each syntax element:

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

n__n

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

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

n unsigned integer with-most significant bit written first.

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

btream is the

hter by n bit

not advance

The parsing

[s varies in a
data type is
bsentation of

ion format-8

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

sit(v) reads and feturns a series of bytes from the bitstream, beginning at the current

returned:.The maximum value of stringLength is 16384.

ntinuing up_to but not including the next byte that is equal to 0x00, and advances t
ointer by {tringLength + 1) * 8 bit positions, where stringLength is equal to the nun

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

position and
he bitstream
hber of bytes

6.3

Syntax for representation

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

© ISO/IEC 2020 - All rights reserved
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The KLV syntax is defined as follows:

struct gen info

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

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

three fields Key, Length and Value.

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

only Value.

The offset dqta structure is specified in subclause 6.6.4.

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

6.4 Output data unit

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

6.5.3.5.1 and 6.5.4.

Table 7 — Data unit syntax

Syntax Type Remarks
data unit( {
data unlt type u(8)
if (datg unit type == 0) {
data fnit size u(64)
raw_re¢ference () As specified in
ISO/IEC 23092-2
}
else if| (data unit _type == 1) {
resefved u(10)
data|unit _sdwe u(22)
paralpetelr jset () As specified in
ISO/IEC 23092-2
}
else if (data unit type == 2){
reserved u(3)
data unit size u(29)
access_unit () As specified in
ISO/IEC 23092-2
}
else /*(data unit type > 2)*/{
/*skip data unit*/
}
}

12
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6.5 Data structures common to file format and transport format
6.5.1 File header

6.5.1.1 General

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

6.5.112 Syntax

Table 8 — File header syntax

Syntax Key Type Remarks
file| header { flhd
major brand c(6)
inor version c(4)

for (i1i=0;i<num compatible brands;i++) {

compatible brand[i] c(4)

6.5.1{3 Semantics
major_brand is the major brand identifier. Thewzalue is equal to the 6-character code “MPEG-G”.

mindr_version is an informative set of fout*characters for the minor version of the major prand of this
document and is specified as follows:

— flrst two bytes: version number;as the last two digits of the year of release of the majojr brand
— third byte: amendment nuniber, as integer counter from 0 to 9, 0 if no amendment yet
— fpurth byte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet

num)compatible_brands is inferred from the Length field in the file_header gen_info headegr as follows:
num_jcompatible_Brands = (Length - 22) / 4.

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

6.5.2| (Dataset group

6.5.2.1 General
The dataset group is a collection of one or more datasets.
The relevant container box (dgcn Key in Table 9) is mandatory in file format, forbidden in transport format.

Child boxes may be present or not, according to the column Mandatory in Table 4. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 9 may be present in multiple instances.

© ISO/IEC 2020 - All rights reserved 13
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Table 9 — Dataset group syntax

Syntax Key Type Remarks
dataset group { dgcn
dataset group header dghd gen_info As specified in
subclause 6.5.2.2
reference|] rfgn gen_info As specified in
subclause 6.5.2.3
reference metadatal] rfmd gen info As specified in
subclause 6.5.2.4
label list labl gen_info As specified id
subclause 6.22L5
DG metgdata dgmd gen info As specified 4n 6.9.
DG profection dgpr gen_info As specified in 6.3.2.7
for (i§0;i<num datasets;i++) { num datdsets:

as gpecified in
subclause 6.5.2.2

dataset[i] dtcn gen_info AS specified in
subclause 6.5.3.1

6.5.2.2 Dataset group header

6.5.2.2.1 (eneral

This is a mamjdatory box describing the content of a-dataset group.
6.5.2.2.2 SYyntax

Table 10 ~{-Dataset group header syntax

Syntax Key Type Remarks
dataset greup header { dghd
datasef group ID u(8)
versiof number u(8)

for (if0;i<num datasets;i++) {
dataset IDPTYY u(lo)

6.5.2.2.3 Semantics

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

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

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

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

14 © ISO/IEC 2020 - All rights reserved
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This is an optional box containing the information needed to retrieve an external or internal reference,

and its description as a set of reference sequences.

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

different value of reference_ID.

6.5.2.3.2 Syntax

Table 11 — Reference box syntax Q‘L
onV
Syntax Key Type N Remarks
refefrence { rfgn ({\1/’
J
dafaset group ID u(8) O\Q
refference ID u(s) q/J
refference name st (v)(/U
refference major version u ()\Q\V
refference minor version )
refference patch version '(’16)
sefy_count Z, (©) u(lo)
fofr (seqID=0;segID<seq count;segID++) { 0\
Sequence name [seqID] \\Y - st (v)
i f (minor version != ‘1900") { g\\)\ minor| version
Q) as sppcified in
5?0 subclpuse 6.5.2
sequence length[seqID] ‘Q ~ u(32)
sequence ID[seqID] ‘\\Q)‘ u(le)
<\
) O
) N
L N O‘ 7
regerved P 3 u(7)
exfernal ref flag u(l)
if| (external_ref flay {
ref uri > st (v) As sppcified
Q in supclause
. 6.5.2[.3.4
:hecksup@ u(8)
refer " type u(8)
if/ Qg}erence_type == MPEGG REF) ({
MternalidatasetigroupilD u(8)
external dataset ID u(le)
if (minor version == ‘1900") minor version
as specified in
subclause 6.5.2
ref checksum u (checksum size) As specified in
6.5.2.3.7
}
if (minor version != ‘1900’ || reference minor version
type != MPEGG REF) ({ as specified in
subclause 6.5.2
for (seqID=0;seqID<seq count;seqID++) {
ref seq checksum[seqgID] u (checksum size) As specified
in subclause
6.5.2.3.7

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

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

q

J

6.5.2.3.3

dataset_grg
as the datas
subclause 6.

emantics

up_ID is the identifier of the dataset group including this box. It shall haye the same
et_group_ID field in the dataset group header of the same dataset group, as specif
b.2.2.

reference_l
reference_n
reference_n
reference_n
reference_p
seq_count is

sequence_n
reference.

sequence_lgngth is the number of nucleotides of each reference sequence contained in the refere

sequence_I]

external_re
bitstream, a
areference ¢

ref_uri as s

reference_t
column of T4

Ame is an unambiguous string identifier for each reference sequence contained i

D is the identification number of the reference within the dataset'group.
ame is a string representing a human readable name of theeference.
najor_version is the reference major version.

ninor_version is the reference minor version.

atch_version is the reference patch version.

the number of reference sequences contained in the reference genome.

D is reference sequence intéger identifier.

f flag is a flag specifying whether the reference is either another dataset of the
5 specified in subclause 6.5.3, with dataset_type equal to 2 (external_ref_flag equal to
xternal to the bitstream (external_ref_flag equal to 1).

ecified in subclause 6.5.2.3.4.

ype specifies the type of the external reference and can take any of the values in the
ble 12:

Tabte t2—Teference_type values

value
ed in

n the

nce.

same
0), or

first

Value Name Semantics

0 MPEGG_REF Reference encoded as a dataset, as specified in subclause 6.5.3, iden-
tified by fields external_dataset_group_ID and external_dataset_ID
when external_ref _flagis equal to 1, or by fields
internal_dataset_group_ID and internal_dataset_ID, when
external_ref _flagis equal to 0, in a bitstream compliant to this
document. The dataset shall have dataset_type, as specified in sub-
clause 6.5.3.2, equal to 2.

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

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

3 to OxFF Reserved for future use
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external_dataset_group_ID is the identifier of the dataset group containing the external reference, in
case ref_uri points to a reference coded in compliance to the ISO/IEC 23092 series.

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

ref checksum is the checksum computed, according to one of the methods specified in
subclause 6.5.2.3.7, on the payload of the dataset of type 2 (Value field of dtcn box), as specified in

subclause 6.5.3, retrieved using ref_uri, external_dataset_group_ID and external_dataset_ID.

ref_seq_checksum is the checksum computed, according to one of the methods specified in

subcl

puse 6.5.2.3.7, for each reference sequence contained in the reference genome, on

of thq
as is
subcl

e corresponding ref_sequence field of the raw reference, as specified in ISO/IEC 23
if reference_type is equal to RAW_REF, or obtained via the conversion process
puse 6.5.2.3.6, if reference_type is equal to FASTA_REF or MPEGG_REF.

inter]
refer

inter]
inter

6.5.2
ref u

The |

6.5.2
The K
The f]
Ignor

Each
chara
by th

Each
shall

nal_dataset_group_ID is an integer number identifying the dataset group containing
bnce. An internal reference shall be of type MPEGG_REF, as specifiediimTable 12.

nal_dataset_ID is an integer number identifying the dataset containing the internal 1
hal reference shall be of type MPEGG_REF, as specified in TahlexI'2.

3.4 ref_uri semantics
(i shall be compliant with IETF RFC 3986 and IETE-RFC 7320.

ETF RFC 3986 specification is partially summarized in Annex A.

3.5 Supported FASTA format
ASTA formatl2l supported by this document is represented as a series of lines in ASCI
rstline in the FASTA shall startwith a ">" (greater-than) symbol.

e lines that only contain non'printable characters and any comment line starting with

n_n

sequence of characters-following a ">" (greater-than) symbol and up to the first
cter shall be interpreted as the identifier (a.k.a. name) of the sequence of nucleotides
e following one orniore lines.

sequence of tharacters following a ">" (greater-than) symbol and up to an end of li
be followed.by one or more lines of symbols representing nucleotides.

the content
DO2-2, either
specified in

the internal

eference. An

text format.

h semi-colon.

whitespace
represented

he character

The fpllowingis an example of supported FASTA.

Ling¢ Content Description
1 >1 dna:chromosome chromosome:GRCh37:1:1:249250621:1 1 = first sequence identifier
2 ACGTTGACTATCGATCTATTAGCGGCGATGCA Sub-sequences of nucleotides
3 TGACTATCGATCTATTAGCGGCGATGCTTCCA ggg;eesnecr;ti“g the entire first
4 ACGTTGACAAACCGATAAGCGGCGATGCAAAC
N >2 dna:chromosome chromosome:GRCh37:2:1:243199373:1 2 = second sequence identifier
N+1 TGACTATCGATCTATTAGCGGCGATGCTTCCA Sub-sequences of nucleotides
N+2 |ACGTTGACAAACCGATAAGCGGCGATGCAAAC ggg;‘fnecr;ti“g the entire second
N+3 |TTGACAAACCGATAAGCGGCGATGCAAACAGT
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Line

Content Description

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

6.5.2.3.6 Conversion to raw reference

The reference either pointed by ref_uri (when external_ref _flag is equal to 1) and, if reference_type
is equal to MPEGG_REF, identified by external_dataset_group_ID and external_dataset_ID, or (when
external_ref_flag is equal to 0) identified by internal_dataset_group_ID and internal_dataset_ID fields,

shall be conyerted into a raw reference structure, as specified in ISO/IEC 23092-2, according

process desd

If either
to MPEG
to subcl

ribed below.

external_ref_flagis equal to 0, or external_ref_flagis equal to 1 and reference_type is
G_REF, as specified in Table 12, the corresponding dataset shall be decapsuldted, acco
huse 6.5.3, and the output data units shall be decoded, according to the-decoding pr

specifie

Else, if
Table 12

1 in ISO/IEC 23092-2.

pxternal_ref_flag is equal to 1 and reference_type is equal to RAW/REF, as specifi
, no decapsulation is needed.

Else, if ¢
Table 17

xternal_ref_flag is equal to 1 and reference_type is equal‘to FASTA_REF, as specif
, the FASTA reference, as specified in subclause 6.5.2.3.5/shall be converted into

referend
referend
shall be
minus 1
any refe
value of

In all of the 4
as specified

data_un

data_un

size) andl the number of bytes composing the raw_reference structure.

6.5.2.3.7 (

The identifig
checksum fi
as specified
are reserved

e, by filling each ref_sequence field with the corresponding base characters in the H
e, after conversion to uppercase letters and ignoring new line characters; seq_start
set to 0, seq_end field shall be set to the numbei~of characters composing each seq
and the sequence_ID field structure shall be.set-either incrementally, starting from
rence sequence present in the FASTA reference, if minor_version is equal to ‘1900’ or {
sequence_ID field in the reference box, as specified in subclause 6.5.2.3.2.

ibove three cases the output raw reference shall be encapsulated as payload of a dat3
n subclause 6.4, with:

t_type equal to 0,

t_size equal to the sum 0f9’ (the number of bytes used for data_unit_type and data|

hecksum

ation of the.hash function to be used to verify the identity of the related referencg
pld) or reference sequences (ref_seq_checksum[i] fields) is performed using checksun
n subclause 6.5.2.3. Two values of checksum_alg are defined in Table 13, while other v
for future use.

o the

equal

rding

ocess

ed in

ed in
i raw
ASTA
field
lence
0, for
o the

unit,

unit_

(ref_
n_alg,
alues

I'able 15 — ChecKsum values

value

checksum_alg

Checksum checksum_size Rationale

algorithm

0x00

MD5 128
compatibility, but it is not recommended for the
creation of new content due to the extensive colli

vulnerabilities it suffers.

Supported as checksum algorithm only for backward

sion

0x01

SHA-256 256
applications and it shall be used for the integrity

check of all new content.

Currently recommended for all hash function-based

0x02 to OXFF

Reserved for future use.
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6.5.2

6.5.2

ISO/IEC 23092

.4 Reference metadata

4.1 General

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

-1:2020(E)

6.5.2.4.2 Syntax
Table 14 — Reference Metadata syntax
Svntax Key Tvpe Remarks
refefrence metadata { rfmd
Hataset group ID u(8)
reference ID u(8)

reference metadata value() As sbecified i

ISOYTEC 23092-

6.5.2

data
meta

refern
refer

subclpuse 6.5.2.3, present in the dataset group.

4.3 Semantics

set_group_ID is an integer number identifying the dataset group including thi
Hata.

ence_ID is a unique identification number of théyreference to which this referen
b to. It shall be equal to the reference_id value of one of the reference boxes, as

s reference

ce_metadata
specified in

referlence_metadata_value() contains referen¢e related metadata, as specified in ISO/IE( 23092-3.
6.5.2{5 Label List
6.5.2{5.1 General
This pox lists the labels, as specified in subclause 6.5.2.5.4, associated to a dataset group.
6.5.2|5.2 Syntax
Table 15 — Label list syntax
Syntax Key Type Remarks

labell 1ist\{ labl

Hataset group ID u(8)

lum_idDeib uilo)

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

label [h] 1bl1 gen_info As specified in
subclause 6.5.2.5.4
}
}

6.5.2

.5.3 Semantics

dataset_group_ID is the identifier of the dataset group including this label list. It shall have the same
value as the dataset_group_ID field in the dataset group header of the same dataset group, as specified
in subclause 6.5.2.2.

num_

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

© ISO/IEC 2020 - All rights reserved
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6.5.2.5.4 Label

6.5.2.5.4.1

General

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

6.5.2.5.4.2 Syntax
Table 16 — Label syntax
Svntax Key Tvpe Remarks
label | 1b11
label ID st (v)
num_datasets u(le)
for (if0;i<num datasets;i++) {
dataset ID[1i] u(l6)
nuf regions[i] u(8)
for (3=0;j<num regions[i];j++) {
seq ID[i][]] w\(J6)
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 specified
in subclayse
6.2
ne$ting zero bit £(1) Equal to
}
6.5.2.5.4.3 | Semantics

label_ID is 4
variable stri
be higher th

num_datas¢

dataset_ID

hn 0.

s is theniumber of datasets containing regions labelled by label_ID.

string representing the label identifier in the label list specified in subclause 6.5.2.3. The
hglength fordthis field, as specified in subclause 6.2.3, concerning the st(v) data type|shall

s.the identifier of a dataset labelled by label_ID. It shall take one of the values of datadet_ID

listed in the

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

b ~ 1 h] £ 1. ~ L 11 P I e
did>TL g OUup ITducl U6 LIIC SAIIIC UdltdSTlL g1 oup, 45 SPELIICU TIT SUDCLIdUSE U.J.4.4.

seq_ID is the sequence identifier. It shall take the value of one of the sequence_ID fields of at least one of

the reference boxes included in the dataset group, as specified in subclause 6.5.2.3.

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

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

start_pos is the position of the left-most mapped base among the first alignments of all genomic records

encoded in the access units covering the region, irrespective of the strand.

20
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end_pos is the position of the right-most mapped base among the first alignments of all genomic
records encoded in the access units covering the region, irrespective of the strand.

6.5.2.6 Dataset group metadata

6.5.2.6.1 General

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

6.5.2.6.2 Syntax

Table 17 — Dataset group metadata syntax

Syntax Key Type Remarks
DGl metadata { dgmd

i f (minor version != '1900") { mingr version 4s
Specified in stbclause
6.5.1

dataset group ID u (8)

}

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

}

6.5.2]6.3 Semantics

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

6.5.217.1 General
This {s an optional box containing protection information associated to a dataset group.

When present this box contains information that a decoder needs to properly handle|a protected
dataget group.

6.5.2{7.2 Syntax

Table 18 — Dataset group protection syntax

Syntax Key Type Remarks

DGlLpxotection { dgpr |

if (minor version != ‘1900") { minor version as
specified in subclause
6.5.1

dataset group ID u(8)

}

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

}

6.5.2.7.3 Semantics

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

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

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

Child boxes may be present or not, according to the column “Mandatory” in Table 4. Child boxes marked
with suffix “[]” after their name in the Syntax column of Table 19 may be present in multiple instances.

Table 19 — Dataset syntax

Syntax Key Type Remarks
dataset { dtcn
datasef header dthd gen_info As gpec¢ified in
subetrause 6.5.3.%
DT metgdata dtmd gen_info AsV/specified in
6.5.3.3
DT profection dtpr gen_info As specified in
6.5.3.4
datasef parameter set[] pars gen_info As specified in

subclause 6.5.3.

if (MIT flag == 1) { As specified in
subclause 6.5.3.2

mag¢ter index table mitb gen_info As specified in
subclause 6.6.2.1

}

access|unit|[] aucn gen_info As specified in
subclause 6.5.4

if (blg¢ck header flag == 0) {

degcriptor streaml[] dscn gen_info As specified in
subclause 6.6.3

6.5.3.2 Ddtaset header

6.5.3.2.1 (eneral

This is a mapdatory:box describing the content of a dataset.

6.5.3.2.2 Yyntax

Table 20 — Dataset header syntax

Syntax Key Type Remarks
dataset header { dthd
dataset group ID u(8)
dataset ID u(lo6)
version c(4)
multiple alignment flag u(l)
byte offset size flag u(l)
non overlapping AU range flag u(l)
pos 40 bits flag u(l)
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Table 20 (continued)
Syntax Key Type Remarks
block header flag u(l)
if (block header flag) {
MIT flag u (1)
CC mode flag u(l)
}
else {
ordered blocks flag u(l)
}
sefj_count u(lo) q\)
if] (seq _count > 0) { QQV
reference ID u(8) 1.V
for (seqg=0;seg<seq count;seqg++) { {\q;
seq_ID[seq] u (}@"J
) a0
for (seqg=0; seg<seq count;seqg++) { ) _)
seq blocks[seq] A\\Vu(32)
) c
} g‘\J
dafaset type /. O\ u(4)
if| (MIT flag == 1) { o)
hum classes ‘\(( N u(4)
for (ci=0;ci<num classes;ci++) { &0\.\
clid[ci] Q. u(4)
if (!block header flag) f{ RN
num descriptors[ci] . D.® u(5)
for (di=0;di<num_descriptoxg{ci];di++) {
descriptor_ID[ci] [di)O u(7)
) .OF
} o\
) L
) N
parameters_upda(’e’\_{lag u(l)
alphabet 10 N\ u(7)
nuyj _U_accg_@nits u(32)
if (num‘_&\a)ccess_units > 0) {
e @%d u(62) For bagckward
\Q/ compatlfibility
N
U _signature_ilag a(l)
if (U _signature flag) {
U signature constant length u(l)
if (U_signature constant length) {
U signature length u(8)
}
}
reserved flag u(l)
if (reserved flag) {
reserved u(8) For backward
compatibility
}
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Table 20 (continued)
Syntax Key Type Remarks
reserved flag u(l)
}
if (seq count > 0) {
tflag[0] £(1) Equal to 1
thres[0] u(31)
for (i=1l;i<seqg count;i++) {
tflag[i] u(l)
if (et +
Fhres[1] u(31)
els¢ /* tflag[i] == 0 */
/* thres[i] = thres[i-1] */
}
}
while ( |byte aligned( ) ) As specified| in
subclause 6.p
nestifg zero bit £ (W) Equal to O
}

6.5.3.2.3 Yemantics
dataset_grdup_ID is the identifier of dataset group containingthe dataset including this dataset_h¢ader.

dataset_ID s the identifier of the dataset. Its value shall be-one of the dataset_IDs listed in the dataset_
group_headgr.

version is the combination of version number, \amendment number and corrigendum number of
ISO/IEC 230P2-2 to which the Value field of therdataset, as specified in subclause 0, complies, gnd is
specified as follows:

— first twq bytes: version number, as the last two digits of the year of release of the major brand
— third byte: amendment numberfas‘integer counter from 0 to 9, 0 if no amendment yet
— fourth blyte: corrigendum number, as integer counter from 0 to 9, 0 if no corrigendum yet

multiple_aljgnment_flag: if set to 1 it indicates the presence of multiple alignments in the dataet. It
shall never Qe set to 1 if dataset_type is equal to 2.

byte_offset|size_flag: if equal to 0, the variable byteOffsetSize used in the master index table, as
specified in Jubclause 6.6.2.1, and representing the number of bits used to encode the master index{table
fields named AU _byte_offset and block_byte_offset, is equal to 32; if set to 1, the variable byteOffs¢tSize
is equal to 64

non_overlapping_AU_range: if set to 1, all access units with the same AU_type in the dataset have non-
overlapping ranges.

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

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

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

ordered_blocks_flag: if set, blocks are ordered in the descriptor stream by increasing value of
the entry AU_start_position of the master index table, as specified in subclause 6.6.2.1. See also
subclause 6.5.3.2.5.

seq_count is the number of reference sequences used in this dataset, in case of file format; in case of
transport format and if dataset type is different than 0, it shall be equal to the seq_count field in the
reference box, as specified in subclause 6.5.2.3.1, referenced by this dataset by the reference_id field. It

shall :\]‘M:\yc be nnlna] to 0 when dataset fypo 1S nqnq] to 0

referfence_ID is a unique identification number of the reference used by the dataset.for
shall take the value of the reference_ID field of any of the reference boxes included in the d
includling this dataset, as specified in subclause 6.5.2.3. If dataset_type is equal to'2, and if

hlignment. It
ataset group
he external_

ref_flag field of the reference box pointed by reference_id, as specified in subelause 6.5.2.
0, thgn the reference box pointed by reference_id, as specified in subclause\6.5.2.3, shal
a valyie of the internal_dataset_ID field different than the value of the dataset_ID field in
headg¢r, or a value of the internal_dataset_group_ID field different than the value of the da
ID figld in this dataset header.

seq_lD: its value shall correspond to any of the values of the sequence_ID variable in the r
identjfied by reference_ID, as specified in subclause 6.5.2.3.

locks is the number of access units per reference-se€quence with a different value of
specified in subclause 6.5.4. A value of 0 means/“unspecified” (e.g., in transport form

seq_
ID, as

data
contd

set_type specifies the type of data encoded in'the dataset. The possible values are: 0 =
nt; 1 = aligned content; 2 = reference.

num)]classes is the number of classes encaded in the dataset.

clid i
valué
0 and
table

Hentifies the class of data carried-by the access unit, as specified in Table 2. It shall ta
s defined as Class ID in Table 2{clid[ci+1] shall be greater than clid[ci], for ci in the ra
(num_classes - 2), inclusiveé:Variable ci is used as a local identifier for the class in the
5 included in the same dataset.

num)descriptors is the maximum number of descriptors per class encoded in the dataset

descriptor_ID is a deseriptor identifier as specified in ISO/IEC 23092-2.

parameters_update_flag: if equal to 1, the fields multiple_alignment_flag, pos_40_
signafture_flag;\U_signature_constant_length and U_signature_length in this dataset hea
presgnt inall the dataset parameter sets, as specified in subclause 6.5.3.5.3, contained

B, is equal to
have either
this dataset
faset_group_

eference box

access_unit_
ht).

non-aligned

ke any of the
hge between
pther syntax

bits_flag, U_
der are also
in the same

datadet, In such a case (parameters_update_flag equal to 1), such fields shall have the foll
in the dataset header:

Twing values

multiple_alignment_flag shall be equal to 1 if the multiple_alignment_flag field in at least one of the

dataset parameter sets, as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

pos_40_bits shall be equal to 1 if the pos_40_bits field in at least one of the dataset parameter sets,

alphabet_id shall be equal to 1 if the alphabet_id field in at least one of the dataset parameter sets,

U_signature_flag shall be equal to 1 if the U_signature_flag field in at least one of the dataset

parameter sets, as specified in subclause 6.5.3.5, is equal to 1; otherwise it shall be equal to 0.

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

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

unit via

the parameter_set_ID field, as specified in subclause 6.5.4.3

— when used in the master index table, as specified in subclause 6.6.2.1, such fields will take the values

present

in the dataset header, as specified in this subclause.

alphabet_ID is the identifier of the alphabet used to encode the cluster signatures. Values are described
in Table 21 in subclause 6.5.3.2.4.

num_U_accq
class U, in c3
any specific

U_signaturé
in the datassg

U_signaturé
U_signaturé
tflag: if set t

thresisath
access unit 1

6.5.3.2.4 /

Each Alphab

The notation S, hapec ip[index} specifies a conversion from a numerical index to an ASCII char

correspondi

So[0]="A, So[
S,[0]=A, S,
S,[10]='B’, S

bss_units 1s the total number of access units in the dataset containing encoded -d:
se of file format; in case of transport format, it shall always be set to 1 and doeshpf]
semantics apart from the use as a flag in Table 20.

_flag: if set to 1 it indicates the presence of cluster signatures in the accessyunits cont
t.

_constant_length: if set to 1 all cluster signatures in the dataset havethe same lengt

p 1 itindicates that it is followed by a threshold thres.

reshold indicating the maximum difference between th@access unit covered region ar
ange.

\Iphabets

et is identified by an alphabet_ID as showfrin Table 21:

Table 21 — alphabet_ID semantics

alphabet_ID Silphabet ID bits_per_symbol
0 So=1[A, C, GyT, N] 3
1 Si=[&4CG,TRY,S,WK,M,B,D,H,V,N,-]|5
2..255 reserved

hg to a symbal of the alphabet identified by alphabet_ID, as specified below.
11="C’, Slf2J='G’, Sp[3]="T", So[4]='N’

1="€8,[2]1="G), S4[3]1="T", S{[4]='R, S{[5]="Y’, S;[6]='S’ S;[7]="W’, S,[8]='K’, $,[9)
| [{1]='D, S, [12]="H’, $,[13]="V", S,[14]='N", S,[15]=""

L

_length is the length of all cluster signatures in the dataset, assdumber of nucleotides.

]

6.5.3.2.5 Block contiguity

The field blo

ck_header flag is used to enable two possible modes of block contiguity in the file:

ta of
have

hined

d the

acter

lMi’

descriptor stream contiguity (DSC) mode: blocks, as specified in subclause 6.5.5, belonging to the

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

access unit contiguity (AUC) mode: blocks, as specified in subclause 6.5.5, belonging to the same

access unit, as specified in subclause 6.5.4, are stored in contiguous areas of the storage device. This

mode is

26

enabled by the condition block_header_flag equal to 1.
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When block_header_flag is equal to 1, the CC_mode_flag field is used to enable two possible modes of
access units contiguity in the file, named:

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

— class contiguity (AUC-CC) mode: two access units of one class cannot be separated by access units of a
different class in the storage device. This mode is enabled by the condition CC_mode_flag equal to 1.

No other block contiguity modes are allowed by this document.

When block_header_flag is equal to 0 (DSC mode), the field ordered_blocks_flag is used to indicate
whether the blocks are ordered in the storage device according to the left-most alignegl position of
the lg¢ft-most read in the access unit (field AU_ref_start_position in access unit header/|as specified
in supclause 6.5.4.3, or master index table, as specified in subclause 6.6.2.1). If erdered_blocks_flag
is equal to 1, the file offsets for a given descriptor stream and for each block are sorted n ascending
orderf (disregarding blocks for which the block_byte_offset in the master Ghdex tablel is equal to
((1 < byteOffsetSize) -1). In this mode the first byte not belonging to the hlock is the firgt byte of the
next favailable block if any (otherwise the descriptor_stream_size, whichbcan be inferred from the
Length field of the gen_info header of descriptor stream container boxwith Key dscn, should be used).

If ordered_blocks_flag is equal to 0, the blocks may be stored in any~order in the descript¢r stream. In
ordef to infer the offset of the first byte not belonging to the bloek,.the decoder has to sear¢h, among all
offsets provided for the descriptor stream which are not equal‘to”((1 << byteOffsetSize) -1),[the smallest
valug greater than the offset of the block, if any (otherwisecthe descriptor_stream_size shpuld be used
as abpve).

6.5.3|3 Dataset metadata

6.5.3|13.1 General

This |s an optional box containing metadata associated to the dataset.
6.5.313.2 Syntax

Table 22 — Dataset metadata syntax

Syntax Key Type Remarks
DT metadata { dtmd
if (minor yeéxsion != ‘1900") { minor version gs
specified in sybclause
6.5.1
dataset_group_ID u(8)
dataset ID u(lo)
}
DT metadata value () As specified in
ISO/IEC 23092-3
}

6.5.3.3.3 Semantics

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

6.5.3.4.1 General

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

dataset.

6.5.3.4.2 Syntax

Table 23 — Dataset protection syntax

Syntax Key Type Remarks
DT protection { dtpr
if (minor version != ‘1900") { minor version as specified in
ubclause 6.5.1
dataset group ID u(8)
datgset ID u(lo)
}
DT protection value () As specified in
ISO/IEC 23092=<3
}
6.5.3.4.3 $emantics

DT_protectjon_value() contains dataset protection information, as specified in ISO/IEC 23092-3

6.5.3.5 D3

6.5.3.5.1 (

This is a m
dataset_ID

It may be pry¢

The decapsullation of this box shall result in@data unit, as specified in subclause 6.4, with:

data_un

data_un
size), 2
subclaus

i

taset parameter set

teneral

datory box describing any of the parameter sets associated to the dataset identifi
the dataset group identified by dataset{group_ID.

psent in multiple instances in the same dataset.

t_type equal to 1,

t_size equal to the sum of 5 (the number of bytes used for data_unit_type and data|
[the number of bytes*for parent_parameter_set_ID and parameter_set_ID, as specif
e 6.5.3.5.2) and-the number of bytes composing the encoding_parameters() structu

specifie

as paylo|
IDande

Such data un

l in subclause 6:5.3.5.2, and

ncoding parameters() fields, as specified in subclause 6.5.3.5.2.

hd a paraireter_set() structure composed of the parent_parameter_set_ID, parameter_

ed by

unit_
ed in

re, as

set_
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6.5.3.5.2 Syntax

Table 24 — Dataset parameter set syntax

Syntax Key Type Remarks
dataset parameter set { pars
dataset group ID u(8)
dataset ID u(lo)
parameter set ID u(8)
parent parameter set ID u(8)
T (Minor_version 1= 1900 && AS Specitied T
parapeters update flag) { subclause 6+53B.2
multiple alignment flag u(l)
pos 40 bits flag u(l)
alphabet ID u(8)
if (num U access units > 0) { Agspecified in
suibclause 6.5.8.2
U signature flag u(l)
if (U _signature flag) {
U signature constant length u(l)
if (U_signature constant length) {
U signature length 1Y 8)
}
}
}
while ( !byte aligned( ) ) As specified in
subclause 6.2
nesting zero bit £(1)
}
encoding parameters () As specified in
ISO/IEC 23092-%
}
6.5.3{5.3 Semantics
dataset_group_ID is-the identifier of the dataset group containing the dataset including|this dataset
paraineter set. [t shall’be equal to the dataset_group_ID of the containing dataset group.
dataset_ID is-the identifier of the dataset including this dataset parameter set. It shall be|equal to the
dataget_id ofithe containing dataset.
parameter_set_ID is the identifier of this dataset parameter set within the dataset.

parent_parameter_set_ID is the identifier of any of the dataset parameter sets within the dataset.
Referencing an existing dataset parameter set from another parameter set enables the generation of a
hierarchy of dataset parameter sets to be associated to an access unit, as specified in subclause 6.5.4.
If the value of parent_parameter_set_ID is equal to the value of parameter_set_ID, then the dataset
parameter set is at the top level in the hierarchy.

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

pos_40_bits_flag is set to 1 when the mapping positions in the access units associated to this dataset
parameter set are expressed as 40 bits integers. Otherwise all mapping positions are expressed as 32
bits integers. In the scope of this document, the value of the variable posSize is set to 32 when pos_40_
bits is equal to 0 and set to 40 otherwise.
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alphabet_ID is the identifier of the alphabet used to encode the cluster signatures in the access units
associated to this dataset parameter set. Values are described in Table 21 in subclause 6.5.3.2.4.

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

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

U_signature_length is the length of all cluster signatures in the access units associated to this dataset
parameter set, as number of nucleotides.

encoding_phrameters() is an encoding_parameters() structure as specified in ISO/TEC 23092-2.
6.5.4 Accgss unit

6.54.1 General

The access unit is a collection of one or more blocks representing genomic information.
The decapsullation of this mandatory box shall result in a data unit, as specified in subclause 6.4, with:
— data_unjt_type equal to 2,

— data_unjt_size equal to the sum of 5 (the number of bytesased for data_unit_type and |[data_
unit_siz¢) and the number of bytes composing the outputaccess unit structure, as specified in
subclauge 6.5.4.2,

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

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

Table 25 — access unit syntax

Syntax Key Type Remarks
access unif { aucn

access|unit header auhd gen_info As specified [in
subclause 6.9.4.3

AU infé¢rmation auin gen_info As specified [in
subclause 6.9.4.4

AU protection aupr gen_info As specified|in
subclause 6.9.4.5

if (bl¢ck header flag) | As specified |in
subclause 6.9.3.2

fo (@%0; i<num blocks;i++) | As specified |in
Supciause 6.9.4.3

block[1] As specified in

subclause 6.5.5
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— an access_unit_header structure, as specified in subclause 6.5.4.3, where MIT_flag shall be set to 0,

and which is composed of:

— the entire Value field of the access_unit_header child box present in the access unit box,
as specified in Table 25, possibly followed, if MIT_flag in the dataset header, as specified in

subclause 6.5.3.2, is equal to 1, by

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

index table, as specified in subclause 6.6.2.1:

o M N Ml et v = 2

Fom the descriptor stream.
6.5.4{3 Access unit header

6.5.4/3.1 General

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

— The seqindex shall be used to infer the sequence_ID field value from the seq_II}) array in the
dataset header, as specified in subclause 6.5.3.2

— AU_start_position shall be set to the corresponding AU_start/position field in the master
index table, as specified in subclause 6.6.2.1

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

he set of blocks either contained in the access unit box, as specified in Table 25, if block| header_flag
b equal to 1, or to be retrieved from the descriptor streams, as specified in subclauses 6.6.2 and 6.6.3,
fblock_header_flagis equal to 0; in the second case, a block header, as specified in subclause 6.5.5.2,
hall be prepended to all the blocks, where the descriptor_ID field shall be equal to the descriptor_ID
eld of the corresponding descriptor stream header, as specified in subclause 6.6.3.2, and the block_

This mandatory box contains information associated to the access unit.

6.5.4{3.2 Syntax

Table 26 — Access unit header syntax

ayload_size field shall be equal to the nuinber of bytes composing the block payload|as retrieved

Syntax Key Type Renparks
accepss\init header { auhd

a(.vebb_ulul_L,_J_L) T(oZ27
num_blocks u(8)
parameter set ID u(8)
AU type u(4)
reads count u(32)
if (AU type == N TYPE AU ||

AU type == M TYPE AU ) {

mm threshold u(le)

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

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

Syntax

Type

Remarks

ref start positi

on

u(posSize)

posSize as specified
in subclause
6.5.3.2.3 or
6.5.3.5.3, depending
on parameters
update flag field

ref end position

u(posSize)

posSize as specified
in subclause

6.5.3.2.3 or
o5 3 5 3 annrding

on parameters
update_flagk\ d

[2)x

if (MIT flag == 0)

{

As specibied in
subc}{iﬁe 6.5.3]2

if (AU|type != U TYPE AU)

\ <

%

seqgfience ID

u(le)

)

AU gstart position

S
\
Cs)\
\<<

u (posSize\\V

posSize as specified
in subclause
6.5.3.2.3 or
6.5.3.5.3, deperlding
on parameters
update flag fielld

AU ¢nd position

é(posSize)

posSize as specified
in subclause
6.5.3.2.3 or
6.5.3.5.3, deper]lding
on parameters
update flag fielld

if

thultiple alignment flag) {

N

.
AN

As specified in
subclause 6.5.3.2 or
6.5.3.5, depending

on parameters
update flag fielld

@xtended_AU_start_pos@éﬁon

)

c)O®
RN

u(posSize)

posSize as specified
in subclause
6.5.3.2.3 or
6.5.3.5.3, deper]lding
on parameters
update flag fielld

e»(tendedcj@.}znd_position

u (posSize)

posSize as specilfied
in subclause

% 6.5.3.2.3 or
O

6.5.3.5.3, deperlding

\Q/ on parameters
odat flaog f1aolld
g =

}

else {

if (U_signature flag) { As specified in
subclause 6.5.3.2 or
6.5.3.5, depending
on parameters

update flag field

num_signatures u(l6)

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

Syntax Key Type Remarks

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

U signature length[i] u(8)

}

U cluster signature[i] u(U_ U signature
signature size inferred as
size) specified|in the

U clustied|signature
semantics|in
subclause|6.5.4.3.3

whiile ( !byte aligned( ) ) As specifjed in
subclause|6.2

hesting zero bit £(1)

6.5.4/3.3 Semantics

accegs_unit_ID is the identifier of the access ynit among all access units with same AU [type, and, if
AU_type is not equal to U_TYPE_AU, with the:Same sequence_ID.

num|blocks is the number of blocks, as spécified in subclause 6.5.5, in the access unit.

parameter_set_ID is a unique identifier, in the dataset containing this access unit, of| the dataset
paraimneter set at the lowest levellin the hierarchy of dataset parameter sets, which shall|be returned
by a flecapsulator compliant to:this document along with the decapsulated access unit, a specified in
subclpuse 6.5.4. Such hierarchy of dataset parameter sets is enabled by the parent_paraineter_set_ID
and garameter_set_ID fields of the dataset parameter set, as specified in subclause 6.5.3.5.3.

AU_type identifies thetype of access unit and the type of data (class) carried therein ag specified in
Tableg 3 in subclause 5.3.

reads_count(isya counter of the genomic sequence reads encoded in the access unit.

mm_thréshold specifies the maximum number of substitutions a read (of class N or M) shall contain to
be counted by mm_count. If set to 0 the feature of counting substitutions in encoded reads is disabled
as no reads would be below threshold.

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

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

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

© ISO/IEC 2020 - All rights reserved 33


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

ISO/IEC 23

092-1:2020(E)

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

sequence_ID is the identifier of the reference sequence this access unit refers to. It shall be equal to one

of the values

of the seq_ID field listed in the dataset header, as described in subclause 6.5.3.2.

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

AU_end_position 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_
of all genom

_start_position specifies the position of the left-most mapped base among all alight
c records contained in the access unit, irrespective of the strand.

extended_AU_end_position specifies the position of the right-most mapped base amongrall align

of all genom

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

num_signatures is the number of signatures in the access unit.

U_signaturé

_length is the length of one cluster signature as number of nucléotides.

U_cluster_signature is the signature of the cluster this access unit belonigs to. The length in bits g

field, named

with bits_pg
signature_le
in subclause

U_signature_size in Table 26, shall be calculated as follews:
U_signature_size = signature_length * bits_per_symbol

br_symbol as specified in Table 21, and signdture_length corresponding either
hgth as specified in subclause 6.5.3.2.2 wheh"U_signature_constant_length (as spe
6.5.3.2.2) is equal to 1 or to the signature-specific U_signature_length[i] as specif

Table 26, wh
The j-th basq

Salphabet_lD[(
symbol) - 1)]

with alphab¢
6.5.4.4 Ac

6.54.4.1 (

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

in a signature shall be inferred as.follows:

nents

nents

f this

to U_
rified
ed in

_per_

2.4,

J_cluster_signature[i] >> ((signature_length - j - 1) * bits_per_symbol)) & ((1 << bits
pt_id as specified in subélduse 6.5.3.2.2 and S, ,per 1p s specified in subclause 6.5.3
cess unit information

keneral

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

Table 27 — Access unit information syntax

Syntax Key Type Remarks
AU information { auin
if (minor version != ‘1900") ({ minor version as
specified in subclause
6.5.1
dataset group ID u(8)
dataset ID u(lo)
}
PU information value () As spec¢ified ip
ISJ/IEC 23092-3.
}

6.5.4]4.3 Semantics

AU_information_value() contains accessory information related to the access unit, as|specified in
ISO/IEC 23092-3.

6.5.4{5 Access unit protection

6.5.4{5.1 General
This {s an optional box containing protectioninformation associated to the access unit.

When present this box contains information that a decoder needs to properly handle|a protected
access unit.

6.5.4/5.2 Syntax

Table 28 — Access unit protection syntax

Syntax Key Type Remarks$
AU pfrotection { aupr
i f (minorsyersion != ‘19007) { minor version as ppecified
in subclause 6.5.[
dataset group ID u(8)
dataset ID u(lo)
}
AU protection value() As specified in

ISO/IEC 23092-3

6.5.4.5.3 Semantics

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

6.5.5.1 General

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

in subclause 6.5.3.2.5, only the block payload is present in the descriptor stream, as specified in
subclause 6.6.3.

Table 29 — Block syntax

Syntax Key | Type Remarks
block {
block header As specified in subglauge
6.5.5.2
for (if0;i<block payload size;i++) { block payloagysize as
specified i@\subclause
6.5.5.2
bl¢ck payload[i] u(8)
}
}

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

6.5.5.2 Blpck header

6.5.5.2.1 (eneral
This box contains information associated to the block.

This box shall replace the block header “provided by the underlying codec and specifigd in
ISO/IEC 230p2-2.

6.5.5.2.2 Syntax

Table 30 — Block header syntax

Syntax Key Type Remarks
block head¢r {
reserv¢d u(l)
descriptor/ 1P u(7)
reservéd u(3)
block payload size T(29)
}

6.5.5.2.3 Semantics

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

block_payload_size is the number of bytes composing the block payload.

36 © ISO/IEC 2020 - All rights reserved


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

6.6 Data structures specific to file format

6.6.1 General

ISO/IEC 23092-1:2020(E)

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

to the data structures specified in subclause 6.4.
6.6.2 Indexing

6.6.2.1 Master index table

6.6.2|1.1 General

The master index table provides the indexing information needed to perform ‘selectiye access on

Itis
othenjwise.

specjic parts of the dataset.

resent in the dataset when MIT _flag, as specified in subclause 6.5.3.2 dissequal to 1. It if not present

The flirst part of the master index table shall be ordered by increasing AU_start_positiopn[seq_ID][ci]
[au_idl] values; the second part of the master index table shall’be ordered by increasinjg U_cluster_

signature[uau_id][0] values.

The gpecial value ((1<<byteOffsetSize)-1) assigned to AU_byte_offset[seq_ID][ci][au_id] r¢presents an
emptly access unit. It is used to maintain synchronization‘among access units having diffefent AU_type

but cpvering the same genomic range.

The special value ((1<<byteOffsetSize)-1) assigned'to block_byte_offset[seq_ID][ci][au_id][d}]] represents
an empty block. It is used to maintain synchrodization among blocks belonging to the samg¢ access unit.

6.6.2{1.2 Syntax

Table-31 — Master index table syntax

Syntax

Key

Type

Remarks

mastgr index table {

mitb

foy (seq=0;seqg<seqg_county seg++) ({

g count as
pecified in
libclause
.5.3.2

oy W 0

ffor (ci=0;gh<nlm classes;ci++) {

hm classes
5 specified
h subclause
.5.3.2

if \€lid[ci] != CLASS U) {

LASS U value
5 specified

QO QlovkH o 3

in subclause
5.2. clid as
specified in
subclause
6.5.3.2.

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

{

seq_blocks
as specified
in subclause
6.5.3.2

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

u(byteOffsetSize)

byteOffsetSize
as specified

in subclause

6.5.3.2

AU start position[seq][ci] [au_id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3
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Table 31 (continued)

Syntax

Key

Type

Remarks

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

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3

if (dataset type == 2) {

As specified
in subclause
6.5.3.2

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

u(le)

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

u(posSize)

posSize as
specified in

subclausk
6.5.@$§)3

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

u(posSize)

16.5.3.2.

P Ze k
,sp ifief
ubclausk

B

iff (multiple alignment flag) {

As speciffied
in subclpuse
6.5.3.2

bxtended AU start position([seq] [ci][au_id]

posSize h
specifief in
subclausp
6.5.3.2.PB

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

-
(posSize)

posSize h
specifiefl in
subclausg
6.5.3.2.B

ifl (!block header flag) {

As speciffied
in subclpuse

xO
N

\ 6.5.3.2
for(di=O;di<num_descriptors[ci];d;téﬁr{ num_
A\ descriptprs

as speciffied
in subclpuse
6.5.3.2

block_byte_offset[seq@g&}’[au_id] [di]

-

Q&

u(byteOffsetSize)

byteOffsdtSize
as specified
in subclpuse
6.5.3.2

) ~O°

} \.

) NN

N\
) A\

} (\-)V‘

! L

| )
for (uau_id=0;uau_1d<num U_access units;uau i1dFt+) [

AU byte offset[uau_id]

u(byteOffsetSize)

if (dataset type == 2) {

As specified
in subclause
6.5.3.2

U ref sequence id[uau id]

u(le)

U ref start position[uau id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3

U ref end position[uau_ id]

u(posSize)

posSize as
specified in
subclause
6.5.3.2.3
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Table 31 (continued)

Syntax Key Type Remarks

else {

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

num_ signatures u(l6)

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

if (!U_signature constant length) { As specified
in subclause
6.5.3.2

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

}

U cluster signature[uau id][i] u(U_signature_sizg)

| signature
ize inferred
s specified
h the

| cluster
ignature
Fmantics in
ibclause
.6.2.1.3

o nn ko nc

s specified
h subclause
.2

hile( !byte aligned( ) )

nesting zero bit £(1) hual to O

1f (!block header flag) { k specified
h subclause

.5.3.2

o - | H|o ke

hm
Escriptors
5 specified
h subclause
.5.3.2

for (di=0;di<num descriptors[numiclasses-1];

di++) |

block byte offset[uat”id] [di] u(byteOffsetsize) yteOffsetSize
5 specified
h subclause

.5.3.2

Nk O |lokH® O3

6.6.2-1-3—Semantics

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, extended_AU_end_position, ref_sequence_id, ref_start_position and ref_end_position shall be
ignored.

AU_start_position is the position of the left-most mapped base among the first alignments of all
genomic records encoded in the access unit irrespective of the strand. AU_start_position[seq][ci][i+1]
shall always be greater than or equal to AU_start_position[seq][ci][i].

AU_end_position is the position of the right-most mapped base among the first alignments of all
genomic records encoded in the access unit irrespective of the strand.
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ref_sequence_id: in case of an access unit carrying (part of) a reference sequence, it specifies the ID of

such referen

ce sequence.

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

position on t

he reference sequence of the first nucleotide encoded in this access unit.

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

position on t

he reference sequence of the last nucleotide encoded in this access unit.

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

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

of all genom

block_byte |

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

offset is the byte offset of the first byte in the block, with respect to the first'byte

Value field of the dataset (dtcn) gen_info structure (0-based). If the block is empty andblock_he

flag is equal
flag is equal
stream or, fq
first block in

NOTE Th

to 1, it shall be equal to ((1 << byteOffsetSize) - 1). If the block is emptyland block_he
to 0, it shall be equal either to the block_byte_offset value of the next blgck in the desci
r the last block in the descriptor stream, to the sum of the block. byte_offset value
the descriptor stream and the descriptor stream payload size.

e descriptor stream payload size can be inferred as the L field of the dscn gen_info header,

the L field of

he dshd gen_info header, minus the L field of the dspr gen_infolieader.

num_U_accéss_units is the total number of access units in the dataset containing encoded data of
U. Itis encoded in the dataset header, as specified in subclause®.5.3.2.

U_ref_sequénce_id, in case of an access unit carrying (partof) a reference sequence, is the identif
such referenlce sequence.

U_ref_start|position, in case of an access unit cartying (part of) a reference sequence, specifig

position on

e reference sequence of the left-mosthucleotide encoded in this access unit.

U_ref_end_position, in case of an access unit carrying (part of) a reference sequence, specifig

position on
num_signa

U_signaturé

e reference sequence of the right-most nucleotide encoded in this access unit.
res is the number of sighatures.

_length[uau_id][i] is.the length of cluster signatures as number of nucleotides.

nents

bf the
ader_
ader_
iptor
bf the

minus

class

ier of

s the

s the

U_cluster_signature[uau_id]fi] is the i-th signature of the cluster the access unit belongs to. U_clyister_

signature[us
length in bit

with bits_pse

u_id][i+1] shall always be greater than or equal to U_cluster_signature[uau_id][i]
5 of this fi€ld, named U_signature_size in Table 26, shall be calculated as follows:

U_signature_size = signature_length * bits_per_symbol

r~$ymbol as specified in Table 21, and with signature_length corresponding either

. The

to U_

signature_le

ngth as specified 1n subclause 6.5.5.2.2 when U_signature_constant_length (as specit

ed in

subclause 6.5.3.2.2) is equal to 1 or to the signature-specific U_signature_length[uau_id][i] as specified

in Table 31 when U_signature_constant_length (as specified in subclause 6.5.3.2.2) is equal to 0.

The j-th nucl

eotide in a signature shall be inferred as follows:

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

symbol) - 1)]

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

6.6.3.1 General

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

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

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

Table 32 — Descriptor stream syntax

Syntax Key Type Renlarks
descripto;_stream { dscn
depcriptor stream header dshd gen_info As specifipd in
subclause [6.6.3.2
DS| protection dspr gen_info As specifipd in
subclause [6.6.3.3
fof (i=0;i<num blocks;i++) { num blocks| as

specified fin
subclause [6.6.3.2.3

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

block payload[i] []] u(8) As specififd in
ISO/IEC 23j092-2

}

bloc _payload_size[i] is inferred from the master index table field block_byte_offset,|as specified
1 6.6.2.1, as difference between either block_byte_offset[i+1] or the variabl¢ descriptor_
_size, as spec1f1ed in subclausey6.5.3.2.5, and block_byte_offset[i].

block_payload][i][j] is the j-th.byte of the block payload.
6.6.3{2 Descriptor stream header

6.6.3|12.1 General

This [is a box_describing a descriptor stream. It is mandatory whenever the descriptof stream, as
specified in subclause 6.6.3, is present, forbidden otherwise.

6.6.3{2.2 Syntax

Table 33 — Descriptor stream header syntax

Syntax Key Type Remarks

descriptor stream header { dshd

reserved u(l)

descriptor ID u(7)

class_ID u(4)

num blocks u(32)

while ( !byte aligned( ) ) As specified in

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

}
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6.6.3.2.3 Semantics

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

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

num_blocks is the number of blocks composing the descriptor stream.

6.6.3.3 Descriptor stream protection

6.6.3.3.1
Thisisan o

When prese
descriptor st

emerat
Jtional box containing protection information associated to a descriptor stream,

nt this box contains information that a decoder needs to properly handle a prot
ream.

ected

6.6.3.3.2 SYyntax
Table 34 — Descriptor stream protection syntax
Syntax Key Type Remarks
DS protectfon { dspr

DS_pro

ection_value () As specified in

ISO/IEC 23092-3

q

J

6.6.3.3.3

emantics

DS_protecti

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

6.6.4 Offspt

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

box would st

In case of bg
in subclause

ill be respecting such mandatory ordering.

xes not marked with suffix “[]” after their name in the Syntax column of any of the
5 6.5 and €6, and which can be present in only one instance, if an associated offset |

present then
the box addj
box shall be

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

while
atory
pssed

ables
DOX IS
F only
same

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

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

struct offset

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

6.6.4

Key i

SubKley is the key of the box being addressed by the offset box. Its usage is restricted to t

boxes

Offsd
(0-ba
valud

6.7

6.7.1

This
addit

6.7.2
A dat]

subclpuse 6.7.5.2, and it can transport any of the following data structures:

1.1 Semantics

5 the key of the offset box, being equal to offs.

, as specified in Table 4: dghd, rfgn, rfmd, labl, Ibll, dgmd, dgpr, dtcn, dtmd, dtpr.

t is the byte offset of the first byte in the referenced box, with respect to the first by
sed). If equal to (1<<64)-1 then the offset box is not addressing’any box and shall be
of Offset shall be larger than the offset of the last byte of any.dgcn box in the file.

Data structures specific to transport format

General

subclause specifies the data structures specific to the transport of genomic inf
jon to the data structures specified in subgclause 6.4.

Data streams

h stream is identified by a unique Stream_ID, equal to the SID field of packet header as

— f

=

le_header, as specified in'stibclause 6.5.1: this data stream shall be unique and compo
hore packets with Streanr' ID (SID in packet header, as specified in subclause 6.7.5.2) e

ata structures c¢omtaining transport information (dataset mapping table list as
ubclause 6.7.3, dataset mapping table as specified in subclause 6.7.4),

|
oL

— T

— 1

ataset gralip*header, as specified in subclause 6.5.2.2,

eference, as specified in subclause 6.5.2.3,

he following

te of the file
ignored. The

brmation, in

specified in

sed by one or
qual to 1,

specified in

bellist, as specified in subclause 6.5.2.5,

— dataset header, as specified in subclause 6.5.3.2,

— dataset parameter set, as specified in subclause 6.5.3.3,

— access unit, as specified in subclause 6.5.4,

— metadata and protection information, as specified in subclauses 6.5.2.6, 6.5.2.7, 6.5.3.3 and 6.5.3.4.
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6.7.3 Dataset mapping table list

6.7.3.1 General

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

The dataset mapping table list contains, along with the dataset mapping table described in
subclause 6.7.4, the necessary and sufficient information to de-packetize and de-capsulate the transport
format for a specific dataset in a dataset group.

Each datasef mapping table list is transported within one or more packets with Stream ID (SID,ifi placket
header, as specified in subclause 6.7.5.2) equal to 0.

6.7.3.2 Syntax

Table 35 — Dataset mapping table list syntax

Syntax Key Type Remarks

dataset mapping table list { dmt1

datasef group ID u (89

for (i§0;i<num datasets;i++) {
d¢taset mapping table SID u(le)

6.7.3.3 Semantics

dataset_grqup_ID is the dataset group ID, -as in the dataset group header, as specifi¢gd in
subclause 6.5.2.2.

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

dataset_mapping_table_SID is the Stream ID associated to the data stream containing the dataset_
mapping_table. Values 0 and 1 cannot be used as reserved for the dataset mapping table list, as spefified
in subclausq 6.7.3, and the_file header, as specified in subclause 6.5.1. The same value of dafaset_
mapping_table_SID cannat be’contained in dataset_mapping_tables with different dataset_group_|ID.

6.7.4 Dat3aset mapping table

6.7.4.1 Gelneral

This is a mandatory box listing all data streams transporting data related to the dataset identified by
dataset_ID.

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

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

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