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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

Shotgun metagenomic sequencing of organisms’ genomes from a complex sample is widely used in
life science and clinical applications (e.g. human complex disease associated analysis, environmental
microecology and other fields) in order to gain knowledge of their composition and function. It has
potential to provide significant scientific data for life science research.

The utility of this technique is its ability to reveal the microbial diversity and abundance found in
mlcroblal populatlons from multiple env1ronments and to determme sequence 1nformat10n (taxonomic
individual
organisms in these populations. The resulting data can be sub]ected to comparative,|analytics.
Mdssively parallel shotgun metagenomic sequencing generates a large amount of data leoptaining a
high complexity of microbial genomes and a large number of unknown species. It is.importpnt to use
effective processing procedures and address quality control for shotgun metagenomntic sequerjcing data.

As| with any advanced technology, massively parallel sequencing technologies is error prone.
Overcoming these shortcomings to ensure a reliable sequencing and andlytical outcome is important.
Thlis document provides a uniform standard for the collation, stordge' and subsequent analysis of
mgtagenomic data, and guidelines. It provides requirements and recommendations for the |workflow
anfl process of shotgun metagenomic analyses including quality control of sequencing|data and
mgtadata, and the compositional and functional analysis of miCrobial community. These requirements
anfl recommendations can ensure accuracy of data generdted from metagenomic analysif, address
potential errors and facilitate downstream applications.

© IS0 2023 - All rights reserved v
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Biotechnology — Massively parallel DNA sequencing —
General requirements for data processing of shotgun
metagenomic sequences
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is document illustrates the workflow of shotgun metagenomic sequence data procéssitlg of host-

[ived microbiome and environmental metagenomes.

pcessing for massively parallel DNA sequencing.

mgtagenomic sequence data.

Th
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ctional analysis.

Normative references

Hated references, the latest edition of the’referenced document (including any amendment

is document provides guidelines for data directory, data archive<and metadata for

is document specifies the requirements for quality control of shotgun metagenomic seqyence data

shotgun

is document applies to data storage, sharing and interoperability ef’'shotgun metagenomid sequence

Thlﬁs document applies to shotgun metagenomic sequence data processing and analyses, buft excludes

Thf following documents are referred to in.the'text in such a way that some or all of thejir content
stitutes requirements of this document~For dated references, only the edition cited applies. For

5) applies.

ISQ 20397-1:2022, Biotechnology —Massively parallel sequencing — Part 1: Nucleic acid dnd library
preparation

3
Fo

Terms and definitions

" the purposes of thisrdocument, the following terms and definitions apply.

ISQ and IEC maintain terminology databases for use in standardization at the following addr

3.1

ISO Online'browsing platform: available at https://www.iso.org/obp

IEC.Electropedia: available at https://www.electropedia.org/

PSSes:

at

ribute value

value associated with an attribute instance

[SOURCE: ISO 21962:2003, 1.5.2.3]

3.2
category
set of items or concepts that share a common attribute or feature

©lI
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classification
exhaustive set of mutually exclusive categories to aggregate data at a pre-prescribed level of
specialization for a specific purpose

[SOURCE:
3.4

[SO 17115:2007, 2.7.1]

clean data
sequencing data obtained after a pre-processing procedure which usually includes multiple trimming

and filter;

ces

ng stens to ensure snecific gualitv levels (e o _ner-base gualitvy host/contaminant seguen
(=] r r 1 J \S o7 1 J7 7 1

removed, Jinkers/adaptors removed)

3.5

code

system of|rule(s) to convert information such as text, images, sounds or electric, photoric‘or magng
signals info another form or representation to facilitate analysis, communication or storage in a stor:
medium

[SOURCE:|ISO 20691:2022, 3.6]

3.6

encoding

process of assigning code to things or concepts

3.7

contig

contiguous sequence of DNA created by assembling overlapping sequenced fragments of a chromoso
or plasmidl

3.8

data fornLat

arrangemgent of data according to preset specifications

Note 1 to eptry: Preset specifications are usuallysmade for computer processing.

3.9

data element

tic
ige

me

ity

single unif of data that in a certain_dontext is considered indivisible

[SOURCE:|ISO/TS 21089:2018;3.44]

3.10

directory

list of data items, which gives itemized information enabling traceability, identification and findabil
of related|data

Note 1 to ephtey: A directory can be arranged in alphabetical, chronological or systematic order.

3.11

directory identifier

unique language-independent sign assigned to the archive directory in the structure

3.12
gene

sequence of nucleotides in DNA or RNA encoding either an RNA or a protein product

Note 1 to entry: Genes are recognized as the basic unit of heredity.

Note 2 to entry: A gene can consist of non-contiguous nucleic acid segments that are rearranged through a
nuclear processing step.

© IS0 2023 - All rights reser
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Note 3 to entry: A gene may include or be part of an operon that includes elements for gene expression.

[SOURCE: ISO 20397-2:2021, 3.16]

3.13

identifier

sequence of characters, capable of uniquely identifying that with which it is associated,
specified context

[SOURCE: ISO/IEC 11179-1:2015, 3.1.3]

jcore

P ed score

q lity of base calling
dasure of the probability of correct basé.recognition, usually expressed directly by a nume

N

]

fe 1 to entry: Q is defined by the follewing equation:

Q = -10log;,(p)

whiere p is the estimated probability of the base call being wrong.

Note 2 to entry: A quality’score of 20 represents an error rate of 1 in 100, with a corresponding call
99 (%.

Note 3 to entrys=Avquality score of 30 represents an error rate of 1 in 1 000, with a corresponding call
99 %.

Nofe 4toentry: Higher quality scores indicate a smaller probability of error. Lower quality scores cai

within a

fagenomic

b different

ical value

hccuracy of

hccuracy of

resultin a

sighificant portion of the reads being unusable. Low quality scores may also indicate false-positive v3

riant calls,

rem.lhnn in inacciien ta caonclyucinnc
..... S HHHacEHTrate-€oREHSIonSs:

3.18

raw data

primary sequencing data produced by a sequencer without involving any software-based pr
for analysis purpose

[SOURCE: ISO 20397-2:2021, 3.21]

© IS0 2023 - All rights reserved

e-filtering


https://standardsiso.com/api/?name=882bc2af5896e858c514449b8dd955df

ISO/TS 2

3.19

4420:2023(E)

relative abundance
fraction of a single microorganism operational taxonomic unit in the total microbial community of a
defined environment

Note 1 to entry: It usually represented as a percentage.

3.20

repeatability requirement
requirement of consistency under a set of repeatable measurement conditions

3.21
scaffold
reconstruyl
about the

3.22

sequence
processin
sequencey

Note 1to e
sequence 1|

3.23

cted genomic sequence created by chaining contigs together using additional informat
relative position and orientation of the contigs in the genome

assembly
b, aligning and merging individual sequencing reads in order to rec¢onstruct longer D

=

, entire genes or genomes

ntry: When sequencing a novel genome where there is no reference séquence available for alignmg
pads are assembled as contigs, that is the de novo assembly.

shotgun I:etagenomic sequencing

shotgun
nucleotidg
determing

Note 1 to
environme

Note2toe
without is

phylogeny,

3.24
specializ
attribute

4 Proc

The basic
Data proc
as shown

etagenomics
sequence determination of the genomes of untargeted cells in communities in order
community composition and function

entry: For the microbiome, shotgun metagehomics focuses on microbial communities in spec
nts.

htry: For shotgun metagenomic sequenging, DNA is extracted from the microbes in the sample dire

lation and culture. That DNA is theinused to analyse the genetic composition, species classificati
gene function, or metabolic network-or combinations thereof.

ed attribute
hat is unique for eaclrsample in the directory

essing workflow

pssingdncludes pre-processing, quality control, data assembly, data profiling and annotati
n Figure 1.

workflow, 'of metagenomics should include sequencing, data processing and data analy$

on

NA

nt,

to

ific

tly
on,

—

S.

b
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.1 Facilities and software requirements
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Data visualizatio

Il

Figure 1 — Workflow of metagenomic data processing

Data processing

.1 The software pipeline for metagenomics bioinformatics shall be validated. Applicatig
fwork connections that compose-the pipeline before using it for analytical purposes suc

b, BASH), GNU R, and Python. Changes to any components of the pipeline require reval
sure that there is no impact)in the performance characteristics of the pipeline.

.2 High-performanee computing technologies may be used at any step in the process
pper management.and curation of large collections of complex procaryotic and eucaryoti
processing massive datasets is a prerequisite for NGS metagenomics analytics.

. Sequence quality control and error determination

.1 “Raw metagenomic sequencing data shall initially be passed through a quality co

ns for the

eline should be locked down including the complete set of tools, code, operational environfment, and

h as shell
idation to

to ensure
- genomes

htrol (QC)

pr

cess toensure a clean dataset The evaluation should follow ISQ 20397-1:2022 Clause 4 an

d 8.3, and

[SO 20397-2:2021, 4.3.

5.2.2 The available data quality values for each DNA sample after sequencing should meet the
following requirements:

a)
b)
Th

©lI

Q20 = 90 %, above 90 % of the sample base mass value shall be more than 20;
Q30 = 80 %, above 80 % of the sample base mass value shall be more than 30.

e above requirements only apply to short sequence reads < 350 bp.
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5.2.3 Forhuman or animal or plant or all sourced samples, the host-reads shall be removed by mapping
to a human or animal or plant genome reference, such as UniRef, Unified Human Gastrointestinal
Protein catalog. Only clean data should be used in further bioinformatic analysis.

5.2.4 Detection and elimination of repeats and sequencing errors shall be performed as the first
step in data processing. The following factors and situations shall be considered in the process of
elimination.

a) Mismatch, insertion or missing (indels) (only when a reference genome is available) and uncertain
bases (N characters).

b) Unredognizable sequence, which can be caused if the reads extend to the 3'end of the adaptorywhen
the target sequence is shorter.

c) PCR Hiases in the library preparation in accordance with ISO 20397-1:2022, 5.8.
5.3 Sequence assembly

5.3.1 THhe depth of sequencing shall be evaluated before the sequence assémbly, which should t3ke
the complexity of the sample into account.

5.3.2 Sgmples lacking a reference genome dataset, such as soil or oceéan samples, should use sequence
assembly:.

5.3.3 Cdntigs or scaffolds or both that are directly obtained from sequence fragments without gny
referenceshould be regarded as de novo assemblies.

5.3.4 THhe selection of the sequence assembly software should depend on the relative importancg of
the accuracy, contigs’ size, input data type, and available computational resources.

5.3.5 A pon-redundant gene catalogue can.be obtained by predicting genes from assembled contigs.
For well dharacterized microbiomes, e.g.,‘human gut-borne, a credible gene catalogue (e.g., Integrated
Gene Catdlog (IGC)) can be used for quick identification and quantification of data from metagenornic
sequencing.

5.3.6 (ijeated assemblies shduld be evaluated to assess their quality, e.g., QUAST.

6 Data analysis
6.1 Annotation
6.1.1 T}[e anhotation methods should be described. The number of reference genomes selected, gnd
reference genomes or Teference database used for the annotation should be documented.

6.1.2 Taxonomy profile methods should be chosen according to data and application needs to obtain
a higher-level taxonomy profile (e.g., species, genus, order, phylum) including metagenomic linkage
groups (MLG), metagenomic clusters (MGC) or metagenomic species (MGS).

6.1.3 Taxonomy profiling should base on reference databases, such as RefSeq complete genomes
(RefSeq CG) for microbial species and the BLAST®D databases for high-quality nucleotide and protein

1) BLAST® is the trademark of a product supplied by the National Center for Biotechnology Information (US). This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.

6 © IS0 2023 - All rights reserved
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sequences. Classification accuracy, speed, and computational requirements should be taken into
account when select taxonomic classification tools.

6.1.4 If the profile is obtained by a de novo sequence assembly method, the species information
should be identified when the alignment with a sequence similarity of more than 97 % and the coverage
of more than 90 % to the most related reference database is determined.

6.1.5 For read-based approaches, the read should do mapping to non-redundant protein sequence
database (NR) for taxonomy data (e.g., BLAST®, Diamond or Last) or marker genes after read merge.

6.1.6 Metagenomic profiles should be annotated to various levels according to the'|reference
anhotation, i.e., species, genus, or higher.

6.2 Calculation of species relative abundance
6.2.1 Species analysis

6.2.1.1 The relative abundance calculation method should be defined’and implemented tq meet the
repeatability requirement. The relative abundance calculation method shall be documented.

6.2.1.2 Calculation tools should be selected with consideration'to reflect the actual relative gbundance
of the target operational taxonomic unit in the sample.

6.2.2 Gene analysis

6.2.2.1 A gene abundance table can be genperated using alignment-based tools or alignment-free
mgthods.

6.2.2.2 The relative abundance distribution at the gene level can be obtained by comparing the clean
data to the assembled gene set or theyappropriate reference database.

6.2.2.3 Superposition of thérelative abundance of the gene sequence of the same specigs shall be
dohe to get the operationaltaxonomic unit.

7 | Data archive-and metadata
7.1 Originalidata

7.1.1 , Sequencing data volume should be evaluated to obtain saturated gene inforpation in
mgtagenome-wide association studies (MWAS).

7.1.2 Regardless of the sample source, the sequencing data format should be the same for each
sequence. The sequence data format should be stored in a standard format that can preserve the
information of biological sequences (usually nucleic acid sequences) or their sequencing quality;
ISO 20691:2022, A.2 includes information on data formats for OMICS, biochemical and molecular
biology methods.

7.2 Sequencing analytical data

7.2.1 The sequencing analytical data shall include read counts, total relative abundance of genus,
total relative abundance of function, and total relative abundance of species.

©1S0 2023 - All rights reserved 7
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7.2.2 Sequencing analytical data shall be text formatted and contain a header and data rows,
examples are shown in Annex A, such as total relative genus abundance (see Table A.1), total relative
species abundance (see Table A.2), bacterial diversity index (see Table A.3), enterotypes index (see
Table A.4), bacterial relative abundance (see Table A.5), total relative gene abundance (see Table A.6). A
compressed format is recommended, e.g., GZ or Zstd.

7.3 Data directory and archive

7.3.1 General

Data desc
732 D
7.3.2.1

7.3.2.2
registrati

7.3.2.3
metageno
Annex B (

Fiption and metadata should be compliant with ISO 20691:2022, Clause 4 and Clause 5.
rectory of data elements
A directory of data elements should include public attributes and specialized attributes.

Public attributes are the same as other genomic data, requiring the following entries: versi
bn authority, classified mode, responsible organization and submitting organization.

bpecialized attributes should include sequencing information, biological analysis informati
mic information and quality control information. Examples{of each attribute are shown
bee Table B.1, Table B.2 and Table B.3).

733 D

A director
directory.
identifier,

7.4 Mef

741 M
phenotyp
of stabilis

hta archiving

y of metagenomic data can be divided into an original data directory and an analysis resy
Both should be a multi-level directory. Eaghlevel of the directory shall include direct
directory name, directory definition and parent directory.

radata

btadata can be stored structurally as a flat data file during data processing, includ

br(s), delays between colleetion and processing, temporary storage conditions, DNA isolat

method and method parameters, DNA quality control method and results) etc.

742 A
samples
duplicatio

74.3 A
a bioinfor

consistency chéck of metadata and sequencing data shall be done to check whether

ns, error matching, and error tagging.

metagenomic related metadata directory should include a sequence information directa
matic analytic directory and a metagenomic directory. These directories should incly

Its
ry

ng

c information, quality control information, preanalytical information (collection method, yise

on

he

f sequencing)'data conform to the samples described by metadata, e.g., data omissions,

ry,
de

informati

bndc daceribhad halavas
oot otT ot oot Tovye

a) The sequence information directory should include metadata describing the sequencing progress,
such as sequencing task list name, sequencing type, sequencing platform name, sequencer
identifiers, name of sequencer, and chip number.

b) The bioinformatic analytic directory should include metadata that describes the bioinformatic
analysis software, such as version and parameters.

c¢) The metagenomic directory should include metadata that describes the metagenomic analysis
process and results, such as code, name, value, length, integrity description, phylum, genus, species
and intestine type.

© IS0 2023 - All rights reserved
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7.4.4 Sequencing data shall have metadata to ensure the traceability and integrity of the sample
information. Metadata information can comply with “The minimum information about a genome
sequence (MIGS)” and “The minimum information about a metagenome sequence (MIMS)”[Zl,

7.4.5 There shall be a check to keep the correspondence between metadata and sequencing data.

© IS0 2023 - All rights reserved
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Al Toua'rrelatlve-gmus—arbmrdan'ce—
A.1.1 General

Data can
informati

Al12 H

The headgr line has N + 2 (N is the number of reference samples) fixed fields,each field is connec
with a tab, like following:

[1]. # Scie

[2]. sample_relative_abundance_value

[3]. reference_sample_relative_abundance_value_1

[N]. refergnce_sample_relative_abundance_value_N

A13 D

Each line
and the n
following,

[1]. Scientific_Name: The genussname of bacteria, string type, and use NCBI Taxonomy Database
descriptidn, refer to https://wwiv.ncbi.nlm.nih.gov/taxonomy

[2]. samp

[3]. refer
reference

Annex A
(informative)

Examples of data format

bn in metagenomics contains in data line.

bader line

htific_Name

hta line

nas N + 2 (N is the number of reference samples) fixed fields, each field is connected by a t

ull value of each field uses_the point “.” to represent. The respective field information is

bnce_samiple_relative_abundance_value_1: Total relative genus abundance values of
sample-1, show in decimal fraction.

e_relative_abunddnce_value: Total relative genus abundance values of the sample, show i
decimal fijaction.

be text format and showed with header line and data line. Total relative genus -abundamce

ed

as

for

he

[N]. reference_sample_relative_abundance_value_N: Total relative genus abundance values of the

reference

10

sample N, show in decimal fraction.
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A.1.4 Example table

A.

A.2.1 General

Dal

information in metagenomics contains in data line.

A.2.2 Header line

AIA

Table A.1 — Examples of total relative genus abundance

ISO/TS 24420:2023(E)

List heading

Example 1

Example 2

# Scientific_Name

Abiotrophia

Acetivibrio

sample_relative_abundance_value

3,079 903e-06

4,047 342e-05

reference_sample_relative_abundance_value _1

3,227 675e-06

1,407 130e-05

ith a tab, like following:

4,641 824e-06

reference_sample_relative_abundance_value _N 0

2 Total relative species abundance

fa can be text format and showed with header line and data line. Total relative species 4

e header line has N + 2 (N is the number of reference sarples) fixed fields, each field is

# Scientific_Name
. sample_relative_abundance_value

. reference_sample_relative_abundance_value_1

.reference_sample_relative_abundance_value_N

p.3 Dataline

Ch line has N + 2 (N is the/number of reference samples) fixed fields, each field is connecte
l the null value of eachfield uses the point “.” to represent. The respective field inform

owing.

Scientific_Name: The species name of bacteria of bacteria, string type, and use NCBI
abase for description, refer to https://www.ncbi.nlm.nih.gov/taxonomy

bundance

ronnected

d by a tab,
hition is as

Faxonomy

e, show in

es of the

[N]. reference_sample_relative_abundance_value_N: Total species relative abundance values of the
reference sample N, show in decimal fraction.

©lI
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A.2.4 Example table

Table A.2 — Examples of total relative species abundance

List heading Example 1 Example 2
# Scientific_Name Ablqtrophla de- A_chromob-acter
fectiva piechaudii
sample_relative_abundance_value 1,163 749 42e-05 |0
reference_sample_relative_abundance_value _1 3,737 392 6e-06 |0
refg¢rence_sample_relative_abundance_value _N 2,180 657e-06 1,444 14e-07

A.3 Bacterial diversity index

A.3.1 General

Data can |be text format and showed with header line and data line. The bacterial diversity inc

informatipn in metagenomics contains in data line.

A.3.2 Header line

The headdr line has 4 fixed fields, each field is connected with a tab like following:

[1]. # sample_name
[2]. genes] count
[3]. shannjon_index
[4]

4]. diverdity_index_ratio

A.3.3 Dataline

Each line has four fixed fields, each field is connected by a tab, and the null value of each field uses

“wn

point “.” t@ represent. The respective field information is as following:

[1]. # sample_name: sample naime, string type.

[2]. genes] count: total number of gene, round number.

]
]

[3]. shannjon_index: Shdfinon's Diversity Index, show in decimal fraction.

[4]. diverqity_index ratio: The proportion of group below the Shannon index, show in decimal fract

and value} are between 0 and 1.

lex

he

on

A.3.4 E ;aulp}c ta'ﬁlc

Table A.3 — Examples of the bacterial diversity index

List heading Example 1 Example 2
# sample_Name 9387 9388
genes_count 769 324 844 883
shannon_index 12,380 35 12,396 23
diversity_index_ratio 0,965 2 0,9701

12
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A.4 Enterotypes index

A.4.1 General

Data can be text format and showed with header line and data line. The enterotype information in
metagenomics contains in data line.

A.4.2 Header line

The header line has two fixed fields as following, each field is connected with a tab:

[1]} # sample_name

[2] intestinal_pattern

A.4.3 Dataline

Eath line has 2 fixed fields, each field is connected by a tab, and the null &alue of each fielfl uses the

pojnt “” to represent. The respective field information is as following:
[1]} # sample_name: sample name, string type.

[2] intestinal_pattern: Enterotype, string type.

A.4.4 Example table

Table A.4 — Examples of the Enterotype index

List heading Example 1 Example 2
# sample_name 5002 5003
intestinal_pattern Prevotella Bacteroides

A.p Bacterial relative abundance

A.5.1 General

Dafa can be text format,and showed with header line and data line. Bacterial relative gbundance
information in metagénomics contains in data line.

A.5.2 Headerline

The headerine has N + 2 (N is the number of reference samples) fixed fields, each field is gonnected
with a tab;like following:

[1]} #£bacteria_name

[2]. sample_relative_abundance_value
[3]. reference_sample_relative_abundance_value_1

[N]. reference_sample_relative_abundance_value_N

A.5.3 Dataline

Each line has N + 2 (N is the number of reference samples) fixed fields, each field is connected by a tab,

and the null value of each field uses the point “” to represent. The respective field information is as
following:

©1S0 2023 - All rights reserved 13
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[1]. BACTERIA_NAME : The name of bacteria, string type

[2]. sample_relative_abundance_value : Bacteria relative genus abundance values of the sample, show in
decimal fraction.

[3]. reference_sample_relative_abundance_value_1 : Bacteria relative genus abundance values of the
reference sample 1, show in decimal fraction.

[N]. reference_sample_relative_abundance_value_N : Bacteria relative genus abundance values of the
reference[sample N, show in decimal fraction.

A.5.4 Example table

Table A.5 — Examples of bacterial relative abundance

List heading Exmaple 1 Example 2
. Bacteroides uni- |Bifidobacterium
# bhcteria_name . :
formis adolescentis
saniple_relative_abundance_value 0,003 039 1946 10,000 125 262 5
refg¢rence_sample_relative_abundance_value _1 0,001 694 5385 |6,003 822 041xe 05
ref¢rence_sample_relative_abundance_value _N 0,002 179 311 8 3,318 616 67xe 05

A.6 Total relative gene abundance

A.6.1 General

Data can jpe text format and showed with header line and data line. Total relative gene abundance
informatipn in metagenomics contains in data line.

A.6.2 Header line

The headgr line has N + 2 (N is the.number of reference samples) fixed fields, each field is connected
with a tab, like following:

[1]. # Gen¢_ID
[2]. sample_relative_abundance_value

[3]. refereince_sample’ relative_abundance_value_1

[N]. referénce_sample relative abundance value N

A.6.3 Dataline

Each line has N + 2 (N is the number of reference samples) fixed fields, each field is connected by a tab,

and the null value of each field uses the point “” to represent. The respective field information is as
following.

[1]. GENE_ID : Identifiers of the gene, string type, NCBI Entrez Gene ID can be used, refer to https://
www.ncbi.nlm.nih.gov/gene/.

[2]. sample_relative_abundance_value: Total relative gene abundance values of the sample, show in
decimal fraction.
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