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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Food safety is a key aspect in terms of consumer protection. In the last three decades, globalization has
taken place in the trade of food. Fish trade channels are becoming steadily longer and more complicated so
that sophisticated traceability tools are needed to ensure food safety. Correct food labelling is a prerequisite
to ensure safe fish products and fair trade as well as to minimize illegal, unreported and unregulated
(IUU) fishing. In particular, the fact that fish is increasingly being processed in export countries makes
the identification of species by morphological characteristics impossible. The development of reliable,
harmonized and standardized protocols for the authentication of fish products is necessary to ensure
consumer protection and the detection of potential food fraud.

© IS0 2024 - All rights reserved
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Molecular biomarker analysis — DNA barcoding of fish and
fish products using defined mitochondrial cytochrome b and
cytochrome c oxidase I gene segments

1 Scope

This docur
or species.
barcoding.

This methg
fish produ

hent specifies a method for the identification of single fish and fish fillets to the ley]
It allows the identification of a large number of commercially important fish species

d was validated on raw fish. Laboratory experience indicates additional applicability td
ts (e.g. cold smoked, hot smoked, salted, frozen, cooked, fried and deepxfried samples)

The described method is usually unsuitable for the analysis of highly processed foods (e.g.
) degraded DNA where the fragment lengths are not sufficient(for-amplification of the targets).

with highl
Furthermo

The identi
cytochro
of the PCR

2 Norm

The follow
requireme
the latest ¢

ISO 16577
agriculture

ISO 20813
species in fi
3 Term

For the puj
ISO and IE

re, it does not apply to complex fish products containing mixtutes of two or more fish

ication of fish species is carried out by PCR amplification-¢f.either a segment of the mit
e b gene (cytb) or the cytochrome c oxidase I gene (cox, syn COI), or both, followed by
products and subsequent sequence comparison with.entries in databases.

ative references

ng documents are referred to in the text in'such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (iicluding any amendments) applies.

Molecular biomarker analysis“= Vocabulary for molecular biomarker analytical
and food production
Molecular biomarker analysis — Methods of analysis for the detection and identificatio

pods and food products-(nucleic acid-based methods) — General requirements and definit

s and definitions
poses of this document, the terms and definitions given in ISO 16577 and the followin

[ maintain terminology databases for use in standardization at the following addresse

[SO Ony

el of genus
using DNA

processed

ins of fish

species.

ochondrial
bequencing

ronstitutes
references,

methods in

n of animal
ons

s apply.

2]

line browsing platform: available at https://www.iso.org/obp

3.1

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

alignment

sequence a

lignment

arrangement of nucleic acid sequences or protein sequences according to regions of similarity

Note 1 to entry: Alignment is a process or result of matching up the nucleotide residues of two or more biological
sequences to achieve maximal levels of identity (3.3).

[SOURCE: ISO 16577:2022, 3.7.18, modified — “alignment” was added as the preferred term; Note 1 to entry

was added.

|

© IS0 2024 - All rights reserved
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FASTA format
text-based format for representing either nucleotide sequences or amino acid (protein) sequences, in which
nucleotides or amino acids are represented using single-letter codes

Note 1 to entry: A sequence in FASTA format begins with a single-line description, followed by lines of sequence data.
The description line (defline) is distinguished from the sequence data by a greater-than (“>") symbol at the beginning.
It is recommended that all lines of text be shorter than 80 characters in length.

Note 2 to en

try: An example sequence in FASTA format is:

>Sample 04 cytb
ATGGCCAGCCTCCGAAAAACTCATCCCCTTCTAAAGATTGCTAATGATGCATTAGTAGACCTTCCTGCCCCCTCT

AACCTCTCA

ACATTATGA CTTCCEGCTCTCTCCTACGCGCCTCTCGCTTAGCCCGCCCAAATCTTAACAGGACTATTT

CTAGCGAT]
GGATGACTA
GGCCTATAT
ACCGCCTT(

Note 3 to er]
IUB/IUPAC

lower-(

a singld

[tis commo
the sequend

[SOURCE: 1
Note 3toe

3.3

identity
extent to w
alignment

Note 1 to en
Note 2 to en

3.4
introgress
allele from

\CATTATACCGCAAACGTCGAGATAGCTTTCTCATCCGTCGTACACATCTGCCGCGACGTAAATTAC
LATCCGCAACATACACGCCAACGGCGCTTCTTTCTTCTTCATCTGCCTCTACCTACACATTGCACGE
TACGGCTCCTACTTATTCATAGAGACCTGAAACATTGGAGTTGTACTATTCCTTTTAGTAATAATG
GTAGGCTACGTCCTCCCT

try: Blank lines are not allowed in the middle of FASTA input. Sequences are represented in t
hmino acid and nucleic acid codes, with these exceptions:

ase letters are accepted and are mapped into upper-case;
hyphen or dash can be used to represent a gap of indeterminate length.

h to end the sequence with an “*” (asterisk) character and toleave a blank line between the des
e.

SO 16577:2022, 3.1.2, modified — Example in Not&2 to entry was replaced; the third
ntry was deleted.]

hich two (nucleotide or amino acid) sequences have the same residues at the same pos
3.1)

try: Identity is often expressed.as a percentage.
Lry: In the sequence database of the Barcode of Life (BOLD), the term "similarity" is used instea

ed DNA
one species ineofporated in the gene pool of another, divergent species

he standard

Cription and

list item in

itions in an

1 of identity.

Note 1 to entry: Introgression has usually happened via hybridization and backcrossing of individuals Belonging to

different sp

3.5
query

bcies.

sequence (

3.6

OT OtIeT type Of Searcit termj that IS compared to entries ima database

query coverage
percentage of the query (3.5) covered by alignment (3.1) to the database sequence

© IS0 2024 - All rights reserved
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4 Symbols and abbreviated terms

bp

Glu
tRNA
cox1, COI
cytbh
DNA

base pairs

glutamic acid, glutamate
transfer RNA

cytochrome c oxidase I gene
cytochrome b gene

deoxyribonucleic acid

RNA
dNTP
A

]

< =1 =

IUU

PCR

5 Prindiple

DNA is ext]
base pairs
of the cytb
the amplif
bases to in
products 4
primers u§g
that enablé
evaluated |

ribonucleic acid

deoxyribonucleotide triphosphate
adenine

cytosine

guanine

inosine

purine base (adenine or guanine)
thymine

pyrimidine base (cytosine or thymine)
illegal, unreported and unregulated

polymerase chain reaction

racted from fish and fishyproducts applying a suitable method. Segments of approxi

segment a set of two primers is used. Amplification of cox1 uses a set of four primer
cation of DNA of-as many fish species as possible. Some of the used primers include
crease the number of species detected by the two methods. The nucleotide sequences
re determined by a suitable DNA sequencing method (e. g. Sanger sequencing). Th
ed to geherate the cytb amplicon are also used for sequencing. The coxI primers hav

sequencing of the cox1 amplicons using M13 sequencing primers. The determined 5
by comparison to sequence entries in databases, thus allowing the assignment to a fisH

genus accol

rding to the degree of identity with available sequences.

mately 460

of cytb and/or appraximately 650 base pairs of cox1 are amplified by PCR. For the amplification

5 to ensure
Ambiguous
of the PCR
e two PCR
e M13 tails
equence is
species or

The decision whether the cytb or coxI segment or both are used for fish identification depends on the
declared fish species, especially the applicability of the PCR method for the fish species and the availability
of comparative sequences in the public databases.

6 Reagents and materials

During the analysis, unless otherwise stated, use only reagents of recognized molecular biology grade and
distilled, demineralized water or water of equivalent purity, in accordance with ISO 20813. Laboratory
organization shall follow ISO 20813.

© IS0 2024 - All rights reserved
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6.1 Thermostable DNA polymerasel).
6.2 PCRreaction buffer (including MgCl, or with separate MgCl, solution)).

6.3 dNTP mix (dATP, dCTP, dGTP and dTTP).

NOTE dNTP can also be part of a commercial PCR master mix.

6.4 Oligonucleotides (see Tables 1 and 2).

NOTE1 The abbreviations of the DNA bases in Tables 1 and 2 are based on the recommendations for unambiguous,
uniform, and consistent nomenclature, published by the International Union of Pure and Applied Chemistry (IUPAC).[4!

Table 1 — Oligonucleotides for amplification of the cytb gene regionll

Name DNA sequence of oligonucleotide
L14735 5-AAA AAC CAC CGT TGT TAT TCA ACT A-3’
H[L5149ad 5’-GCI CCT CAR AAT GAY ATT TGT CCT CA-3’

NOTE 2  llaboratory experience has shown that M13 tails can also be used with cyéb,primers.

Table 2 — Oligonucleotides for amplification of the cox?'gene region!2I[3]

Name DNA sequence of oligonucleotide?
VF2_tl 5-TGT AAAACG ACG GCCAGT CAA CCAACC ACA AAGACATTG GCAC-3’
FishF2_t1 5-TGT AAAACG ACG GCCAGT CGA GFA ATC ATA AAG ATATCG GCAC-3’
FishR2_t1 5-CAG GAA ACA GCT ATG ACA CTT.EAG GGT GAC CGA AGA ATC AGA A-3’
FR1d_t1 5-CAG GAA ACA GCT ATG ACALCT CAG GGT GTC CGA ARA AYC ARA A-3’
a [ M13 tails of the primers are highlighted in bold and italic.

6.5 Trehalose.

6.6 Agarose.

6.7 DNA|size standard.

6.8 Sequencing primerssee Table 3).

Table 3 — Sequencing primers for cox1 PCR products(3]

Name DNA sequence of oligonucleotide
M13F{(-21) 5-TGT AAA ACG ACG GCC AGT-3’
3R(=27) 5-CAG GAA ACA GCT ATG AC-3’

1) During the collaborative studies, the Maxima® Hot Start PCR Master Mix (2 x) of Fermentas GmbH (ready-to -use
PCR buffer solution including thermostable DNA polymerase) was used for the cytb amplification and the BIOTAQ™ DNA
polymerase of Bioline with 10 x reaction buffer and separate MgCl, solution for the cox1 amplification. In addition to
the recommended BIOTAQ™ DNA polymerase, other mastermixes and polymerases were successfully used. Maxima®
Hot Start PCR Master Mix (2 x) of Fermentas GmbH (ready-to-use PCR buffer solution including thermostable DNA
polymerase) and BIOTAQ™ DNA polymerase of Bioline are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of
these products.

© IS0 2024 - All rights reserved
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7 Apparatus

In addition

to standard laboratory equipment, the following apparatus should be used.

7.1 UV-spectrophotometer or fluorometer, to determine the concentration of DNA.
7.2 Thermocycler.

7.3 Gel electrophoresis device.

74 Gel documentation system.

7.5 DNA|sequencer.

8 Procedure

8.1 Sample preparation

The test pg

rtion used for DNA extraction shall be representative of the laboratory sample, for exa

the following guidance. In samples that consist of processed materials (€.g: convenience foods),

pieces shal
different fi
the risk of
laboratory]|

8.2 DNA

General in
DNA from {
can be use
the extract]

8.3 PCR

8.3.1 Ge

Universal
H15149ad

| be analysed separately. For the analysis of samples compos$ed of several pieces (e.g
lets), test portions for every putative fish species are takenand analysed separately. T
hmplifying adhering contaminants, test sample material shall not be taken from the su
sample, see also I1SO 20813 and 1SO 22949-1[71,

extraction

structions and measures specified in 1S0-21571:2005(3] should be followed for the ex
he test sample. For example, the DNA extpaction methods specified in [SO 21571:2005,

ion of DNA from fish has been expérimentally confirmed.

neral

primers are used for amplification of segments of mitochondrial cytb and coxI. T
s a universal primer with fish-specific adaptations that binds to the cytb section. L147

a section in the neighbearing highly conserved tRNA-Glu gene.lll The primers used for amplific:

nple, using
single fish
bags with
b minimize
rface of the

traction of
Annex A,[3]

. Commercial kits can be used for thé-extraction and purification of DNA, if their applicability for

he primer
B5 binds to
tion of the

mitochondfial cox1fragment were designed to the 5’ region of the cox1 of fish.[21[3]
Both primgr sets-have been tested against a very broad taxonomic range of fish species. It i$ currently
known tha| es|labelled as

barramundi{s alee 5
minority of cases (< 5 % of species tested).[2]

8.3.2 PC

,with some exceptions, the primer pair L.14735/H15149ad did not react with sampl

R setup

ed in a small

The method was validated for a total volume of 25 pl (cyth) or 20 pl (cox1) per PCR. The reagents given in
Tables 4 and 5 shall be used for the cytb and coxI PCR, respectively.

Reagents shall be completely thawed and should be centrifuged briefly before usage. A PCR reagent mixture
is prepared containing all PCR components in the given concentrations except for the DNA extract or the
controls. The amount of PCR mixture prepared depends on the total volume per PCR and the total number of
reactions including a sufficient pipetting reserve.

© IS0 2024 - All rights reserved
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Positive PCR results are expected when using a DNA concentration of approximately 1 ng DNA per pl of the

final solution [25 ng (cyth) or 20 ng (cox1)].

To improve the PCR result, the DNA quantity can be increased (e.g. to increase the yield of PCR product) or

decreased (e.g. to avoid PCR inhibition).

Table 4 — Components for the cytb PCR

Reagent (stock solution) Final composition in the reaction solution
PCR buffer 1 x
MgCl,2 1,5 mmol/1
dNTP mix2 0,2 mmol/] for each dNTP
Primer L14735 500 nmol/1
Primer H15149ad 500 nmol/1
Thermostable DNA polymerase 0,5 units to 1 unit
Water Add to obtain final volume
Sample DNA Approximately 1 ng/ul

a2 Useareagent only if one is not already included in the PCR buffer.

Table 5 — Components for the cox1 PCR

Reagent (stock solution)

Final composition,in the reaction solution

Trehalose? 5%

PCR buffer 1x

MgCl,p 2,5 mmol/1

dNTP mixP 0,2 mmol/l foreach dNTP
Primer VF2_t1 100 nmol/}

Primer FishF2_t1 100 nihol/1

Primer FishR2_t1 100;mmol/1

Primer FR1d_t1 100 nmol/1
Thermostable DNA polymerase 0,5 units

Water Add to obtain final volume
Sample DNA Approximately 1 ng/ul
a  QOptional.

b Use areagentonly if one is not already included in the PCR buffer.

Mix the P(R reagent.mixture, centrifuge briefly and split into the individual reactions. Pipett
extracts to/be examined or the PCR controls (see 8.3.3) into the different reaction solutions.

For furthey information on PCR controls, see also ISO 20813.

e the DNA

8.3.3 PCRcontrols

In addition to the reaction setups for the samples to be analysed, an amplification reagent control and an
extraction blank control in accordance with ISO 20813 shall be included.

A positive DNA target control (see ISO 20813) can be used to demonstrate the ability of the PCR to amplify
the target sequence. As positive control material, genomic DNA extracted from a known fish species or an
available plasmid containing the target sequence can be used.

If a sample shows no amplification in both targets, an inhibition control reaction should be performed to
exclude an inhibition of the PCR as the cause (see ISO 20813). This can be done either by dilution of sample
DNA or by using an internal inhibition control assay.

© IS0 2024 - All rights reserved
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Additional PCR controls can be used, see ISO 20813.

8.3.4 Thermal cycling

Transfer the reaction setups into the thermal cycler and start the temperature-time programme. The
temperature-time programmes as outlined in Tables 6 and 7 have been successfully used in the collaborative

studies.

NOTE

initial denaturation depends on the thermostable DNA polymerase used.

After the P
the refrige

8.4 Eval
The PCR

Table 6 — Temperature-time programme for the cytb PCR

The use of different reagent conditions and thermocyclers can require specific optimization. The time for

ation of PCR products

roduct shouldybe assessed for quality, and its quantity estimated (e.g. by a

electrophoyresis).

Gel electr

horesistof DNA in an agarose gel is a standard technique in molecular biology. Ther

general conditions'that need to be adapted to each laboratory are suggested.

A volume pf? ul to 10 pl of each PCR product is separated in, for example, an agarose gel

Step Parameter Temperature Time Cycles
Initial DNA denaturation and
1 |activation of the hot-start DNA 95°C 15 min 1
polymerase (if used)
Denaturation 95°C 40s
2 Amplification Annealing 50°C 80s 35
Elongation 72°C 803
3 Final elongation 72°C 10 min 1
Table 7 — Temperature-time programme fopr'the cox1 PCR
Step Parameter Temperature Time Cycles
Initial DNA denaturation and
1 |activation of the hot-start DNA 94 °C 2 min 1
polymerase (if used)
Denaturation 94 °C 30s
2 Amplification Annealing 52°C 40s 35
Elongation 72°C 60s
3 Final elongation 72°C 10 min 1
CR thermal cycling is finished; follow with the evaluation of the PCR products or store
Fator until further analysis.

samples in

parose gel

efore, only

of suitable

concentration (e.g. a mass fraction of 1 % to 2 % per volume) and evaluated with a gel documentation system.
In one lane, an appropriate DNA size standard is included for comparison. For the cytb PCR a product of
approximately 460 bp and for the coxI PCR a product of approximately 700 bp (which includes M13 tails)
should be clearly visible after gel electrophoresis.

No amplicons should be visible for the amplification reagent control and the extraction blank control. For

the positive DNA target control, PCR products of the expected size should be visible.

8.5 Evaluation of the PCR results

The cytb PCR or the cox1 PCR or both can show a positive or a negative result for amplification of the target

sequence(s

).

© IS0 2024 - All rights reserved
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on the outcome of the PCR, the next step is to evaluate the following:

is the next step (see 9.1).

inhibit

ion (8.3.3) it is possible that one of the following cases applies:

Ifthe sample is positive for one or both targets (cytb and/or cox1), sequencing of one or both PCR products

If the sample is negative for the targets, the control results are acceptable, and the sample showed no

— The primers do not sufficiently anneal to the target sequence of the DNA extracted from the fish
species under analysis. In this case, species identification of the sample is not possible with this
method and analyses with further universal primer pairs (i.e. 16S rRNA gene-specific primers) can

fol
T

low the tests (see ISO 22949-1:2021, 7.5.2.2)[Z],

e PNA

1
o

NOTE 1 i
are listed in|

NOTE2 4
barcode (ap
amplificatid
methods ar
obtained vi

9 Sequyq

9.1 Sequencing of PCR products

Sequencing
testing lab

If PCR prod
can be pur]
band from

TIITCTC ot Lz

aviractad wwac daagradad or not of cufficiant
Tttt rE Yoot g rateer oTr->orrrerert

anantitvor anality for PCD

ernot ¢ or-guatitytor PCR-

or some fish species, the primer pairs of the PCR systems do not amplify the target sequence
Table A.1.

\dditional universal primer pairs are described in the literature [e.g. Fish cytb-E/Cytb1-5R fo
proximately 720 bp) cytochrome b amplification,[8] mlCOlintF/jgHC02198 for/mini-barcode

nll and 16SH/16SR for amplification of 16S rDNA gene segmentsl10l]. Verified or validate
e listed in the Barcoding Table of Animal Species (BaTAnS).[11] The current version of the Ba]
h the webpage www.bvl.bund.de.

bncing

r of PCR products is carried out in-house or outsouirced according to the method avail
bratory.

fucts obtained from a sample show a single‘band in the gel, the (remaining) PCR reacti
ified directly using a suitable commer¢ial kit. If more bands are present, cut out the 4
the gel prior to purification.

s. Examples

I full-length
313 bp) COI
l barcoding
[AnS can be

hble for the

bn mixture
ppropriate

A commonly applied standard procedure’is Sanger sequencing (a cycle sequencing method) using

fluorescen
generation
bind only t

DNA fragm

using capillary electrophoresis). Fluorescence signals are recorded and analysed with the devig

(see ISO 272

NOTE 1
of M13 prinj

re-labelled dideoxynucleotides. For sequencing the cyth PCR products, the primers u
of the amplicons serve ds 'sequencing primers. The sequencing primers for coxI PC
p the M13 tail and theréfore differ from those used in the PCR amplification (see Table

ents from the sequlencing reaction are subsequently separated by means of a DNA seq

949-1:2021,,45.2.5)[71.

ers forssequencing cytb PCR products.

9.2 Evaluation of sequence data

sed for the

R products
5).

hencer (e.g.
e software

aboratory experience has shown that M13 tails can also be added to the cytb primers facilitating the use

The sequence trace data (or electropherogram) shall be checked visually to ensure the sequencing
reaction has worked appropriately, and base calling is accurate. In case of misassigned nucleotides to
electropherogram peaks, sequences should be edited using appropriate software and evaluating the
fluorescence peak data. Based on experience, the length of the determined sequence should be in general
approximately 80 % of the expected read length.

A sequence analysis should be preferably performed of both DNA strands. These complementary/overlapping
sequences should be assembled into a consensus sequence. This serves as an important way of checking the
accuracy of the sequence and can help remove any ambiguous bases.

© IS0 2024 - All rights reserved
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The sequences of the primers are excluded from the determined sequences before the comparison to
database sequences. The consensus sequence resulting from the forward and the reverse reaction should be
used for sequence comparison with public databases.

9.3 Comparison of the sequence with public databases

9.3.1 General

The cytb and cox1 amplicon sequences are evaluated according to the taxon by comparison to sequence
entries in the nucleotide collection (nr/nt) by BLAST®I121.2) For coxI DNA sequences, the cox1 sequence
database of the Barcode of Life (BOLD)I13] project is used in parallel.

NOTE G : - ences have
been mergef into one single entry. GenBank® is hosted by the National Center for Biotechnology Informatjon (NCBI).
Prior to qugries in public databases, it is important to gather information about the taxon under inyestigation
(e.g. from FishBase,[13] NCBI taxonomy browser and/or BOLD taxonomy sectionl16].3)) ineluding:

— additignal species in the same genus;

— preser]ce of declared and related species in GenBank® and BOLD3);

— amount of cytb and/or cox1 sequences of respective species in GenBapk® and/or BOLD.

A scientifi¢ literature search should be performed to obtain inforfnation about the genetic rglationship

between a urrence of

introgress

nd among species within a taxon, the possibility of hybrid fish species or the ocd
pd DNA in a particular species (e.g. some tuna species from the genus Thunnus)17118],

bcies based
1 Polynesia

Informatio
on various

n from the AquaGene databasel19],3) a curated gemetic information database for fish sp
genetic markers, can also be used to assess results. Other databases such as the Frencl

Fish Barcofling Databasel2913) can provide useful information for fish species identification.

FASTA forrmat should be used when pasting sequences into the query boxes of BLAST® and BOLD,|so that the
query resullts are displayed together with the names of the sequences.

9.3.2 Sefjuence comparison of cytbh and/or cox1 DNA sequences with GenBank®

The edited cytb and/or cox1 DNA (Sequences are subjected to a comparison with sequence$ from the

nucleotide
order to id
displayed 3
presented

number of

collection (nr/nt) of GeiBank® by BLAST®, optimized for highly similar sequences (Mé
entify the species fromywhich the sequences originated. The identified target sequence

s a list. Before assighing a species, re-sort the hits by maximum identity. The hits are a|

as alignments,with the query sequence. When more than 100 hits with = 98 % ic

gablast) in
s (hits) are
dditionally
entity, the
hll relevant

maximal targetsequences shall be increased (under algorithm parameters) to identify

BLAST® togl-can also produce a neighbour-joining tree to graphically display the res
search. Neighbour-joining is a bottom-up (agglomerative) clustering method for the

ic trees: The query sequence is highlighted in the tree diagram.

taxa. The |
homology
phylogenet

ults of the
creation of

The query|result should be saved as a PDF-file (or similar) to document the output of the datapase at the

time of comparison and shall include:

— species of sequence entries with identities = 98 % (including gaps);

degree of identity, in %;

2) BLAST® and GenBank® are the trademarks of products supplied by National Center for Biotechnology Information
(NCBI). 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.

3) BOLD, FishBasell3], NCBI taxonomy browser, AquaGenell2 and the French Polynesia Fish Barcoding Databasel20]
are examples of suitable tools and databases available. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of these products.

© IS0 2024 - All rights reserved
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— degree of query coverage, in %;

search

database used and the date of search.

If a declared species does not appear in the first 100 hits of the BLAST® search, then the BLAST® search can
be repeated with restriction to database entries belonging to the declared species. Repeating the search can
be done by entering the species name under “Organism” in the BLAST® form. The discontiguous megablast
(optimized for more dissimilar sequences) should be used to find all relevant entries. The result is recorded,

as above.

NOTE

The search database is non-redundant which means that sequences with 100 % identity and the same

length are merged into one hit. This can be determined by moving the mouse over the hit and reading the appearing
text, or by investigating the alignments section. Hidden sequence entries are displayed under “See x more title(s)”.

This is freq
for sequenc

9.3.3 Se

The cox1 s
page “Iden
to be comp
collections
excellent i

At the

The pe
from t
(excep

BOLD
query

Sequences
an identifi

rently found for entries belonginag to one snecies and can disguise seaguenceabundance butis
o o r o 1

bs derived from different species.

juence comparison of cox1 DNA sequences with BOLD

pquence database of BOLD can also be used to assign species with cox1 sequences.[3111
fification Request/Animal identification” acts as a portal allowing the edited cox1 quer
hred with the BOLD reference database. Various search options are possible that relate
of reference data, but the default settings, selecting only records.abthe species level,
itial step for identifying the species. The search result provides:the following inform

a
top of the query result sheet, a species is assigned, based en‘the identity values from ti[

rcent similarity for the top matching records in the database against the query sequenc
he sample is displayed in a graph, full records for these corresponding top matches caj
L for entries with the status “private”).

can also produce a simple neighbour-joiningitree to graphically display the search
equence is highlighted in the tree diagram:

should be subjected to BOLD identification engine in forward orientation using FAST/

subjected

NOTE
displayed s

In cases w
additional
Database”
is the broa
reference d

The query
of compari

[

Cation result is not obtained, the reverse complement sequence of the input sequencg
r BOLD analysis.

some cases, species with high-identity can be missing in the result sheet, if there are mad
quences with equally high identities.

here BOLD returns nioye than one species or none at all, and a species match cannot b
cearch can be performed, selecting a different set of reference data, e.g. the “Public Reco
(this restricts the’search to sequences that have been published) or “All Records on
dest database):\In cases where BOLD cannot identify the query sequence, other public
atabases sheuld be searched, e.g. GenBank®[14],

result shall be saved as a PDF-file (or similar) to document the output of the database
son‘and shall be recorded as follows:

Iso possible

6] The web
y sequence
Fo different
provide an
ion:

e top hits.
e obtained
h be shown

result. The

\ format. If
should be

re than the

e made, an
ird Barcode
OLD” (this
y available

At the time

— specieS; towhich BOED has matched the sequerce;

— species name and similarity of hits with = 98 %;

search

database used and the date of search.

10 Interpretation of database query results

The specificity of the results from the database queries depends on the genetic diversity of the organism
group to which the sample belongs and the database breadth and quality. As a consequence, the specificity
of this method can vary between organism groups. Identification will not be possible at the species level for

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=18d07925bb62f6d1502aaa30d52b9e24

ISO 17174:2024(en)

all fish samples if genetic diversity of the organism group, database breadth and database quality are not

sufficient.

For an accurate assignment of fish species apply the following criteria:

Sequence matches should have = 98 % identity (similarity) with = 90 % query coverage.

originating from a single species (i.e. monophyletic group).

In assignin

this d

g identities, users should recognize the following:

In a neighbour-joining tree, the queried “unknown specimen” should cluster only with sequences

Related species can show sequence identities < 98 %. However, an exact threshold cannot be specified as

pends on the taxon under investigation. Identification of a sample to species or genus level, or not

at all, {
perfor

Specie

If
re

Si
co

database. Many database sequences have been assigned to spécies by means of identity

m
se

Hybrid
based

Some
especi

NOTE i
used, as apf

11 Valid

ngle entries showing equally high identities to the query sequence thatbelong to a diverg

hould be decided on a case-by-case basis. Analysis of both cytb and cox1 gene region
ned for inconclusive results.

5 assignments in the database can be incorrect:

pnly one particular sequence of a certain species or sequences deposited by only or
earchers matches the query sequence, the result should be regarded.as unconfirmed.

mmpared to a high amount of top hit entries could have been misidentified in the respect

brphological characteristics. Without morphological data.supporting the hit, an aby
uences from a particular species can be misleading.

s cannot be differentiated from maternal species, because the described identificatior
pn maternally inherited mitochondrial gene sequérices.

penera show only small nucleotide differences within the cytb and cox1 gene segme
hlly but not exclusively true for the genera-Thunnus(lll or Coregonus!21l.

or samples that cannot be identified using the described method, alternative barcoding met
ropriate (e.g. see References [8], [9],{10] and [11]).

ation status and performance criteria

11.1 Coll][lborative study forthe identification of fish species based on cyth sequenct

The cytb
participan
samples w

Sequence :
laboratorig
sequences

ethod was validdated in a collaborative study with a total of 11 participants in
s received sjx‘encoded fish samples in ethanol for the analysis. The extraction of DN
hs carried qufby the laboratories using the CTAB method.[22]

inalysis-of one or both strands was performed by the participants themselves or |
s. Xhe sequences of the primers were excluded from the determined sequences.

5 should be

e group of

ent species
ve queried

instead of
indance of

1 method is

hts. This is

hods can be

e analysis

2010. The
A from the

y contract
Fhe edited

wereé subjected to comparison with GenBank sequences by BLAST®,[12] optimized

for highly

similar se

UeTnces using megabiast and anatysissorted by maximurm fdentity:

An overview of the results of the cytb collaborative study and their evaluation is shown in Tables 8 and 9.
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11


https://standardsiso.com/api/?name=18d07925bb62f6d1502aaa30d52b9e24

ISO 17174:2024(en)

Table 8 — Validation data from the cytb collaborative study

Parameter

Number of laboratories

Number of samples per laboratory

Number of expected results

Samples with correctly identified fish species

Samples without identification of fish species

Samples with correctly identified fish genus

Samples falsely identified

Result

11

6

66
63 (95 %)
3 (5%)
66 (100 %)
0 (09%)

Table(9 — Evaluation of the results of the cytb collaborative study depending on fishispecies
Fish species Samples with correctly Samples without Samples’with falsely
p identified fish species | identified fish species | identified fish species

Pleuronectds plgtessa 10 1 0

(European plaice)

Solea solea [sole) 11 0 0

Glyptocephaqlus cynoglossus 10 1 0

(witch flouhder)

Psetta maxima (turbot) 11 0 0

Limanda limanda (common dab) 11 0 0

Limanda aspera (yellowfin sole) 10 1

Of the participating laboratories, nine laboratories correctly&dentified all samples. The three spmples not

identified §

it the species level were correctly identified at,the genus level. One laboratory could not provide

any informpation about the European plaice and witch® flounder samples, another laboratory] could not

identify th|
quality of t

11.2 Collaborative study for the identification of fish species based on cox1 sequenc

analysis

he DNA sequences generated.

The cox1
LABELFIS
ethanol for

During thd
of both DN
excluded f
using BOLI

An overvie

the analysis.

).[13](24]

e yellowfin sole sample. The inability to eorrectly identify the sample was attributaple to poor

™

ethod was validated in-d.European collaborative study led by the consortium of the |[EU-project
[23] with a total of 13.participants in 2014. The participants received 12 encoded fish|samples in

collaborative study, it was recommended that the participants performed a sequenge analysis
A strands. Thesé complementary sequences were assembled. The sequences of the primers were
rfom the determined sequences. The edited sequences were subjected to sequence domparison

w_of.the results of the cox1 collaborative study and their evaluation is shown in Tables|10 and 11.

Table 10 — Results from the cox1 collaborative study

Parameter

Result

Number of laboratories

13

Number of samples per laboratory

12

Number of expected results

156

Samples with correctly identified fish species

136 (87 %)

Samples without identification of fish species

20 (13 %)

Samples with correctly identified fish genus

156 (100 %)

Samples falsely identified

0 (0 %)

© IS0 2024 - All rights reserved
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Table 11 — Evaluation of the results of the cox1 collaborative trial depending on fish species

Samples with Samples without Samples with
Fish species .corre.c.tly identified . fals?l.y
identified . . identified
fish species fish species fish species
Solea solea (sole) 13 0 0
Glyptocephalus cynoglossus (witch flounder) 12 1 0
Pollachius pollachius (pollack) 13 0 0
Pollachius virens (saithe) 13 0 0
Gadus chalcogrammus (Alaska pollock) 12 1 0
Boops-boops{bogue) 10 3 0
Merlyiccius merluccius (European hake) 10 3 0
Merlyiccius hubbsi (Argentine hake) 12 1 0
Thunnus albacares (yellowfin tuna) 5 8 0
Thurnus alalunga (albacore) 10 3 0
Lophijius piscatorius (angler) 13 0 0
Lophjus budegassa (blackbellied angler) 13 0 0

In all cases
number of
yellowfin t
Thunnus o}
confirmed

where the fish species was not identified the genus of the fishwas correctly assigne
samples where the fish was not identified at the species levél (eight laboratories) in
una was expected beforehand. Several phylogenetic studies’reported that Thunnus alj
esus show only small sequence differences in the cox1 fragment.[111[25][26] The collabor
the finding that cox1 is unable to fully resolve the sp€ecies status of these two species.

eport
port shall contain at least the following:

rmation necessary for the identification of the sample;
ence to this document (including-its year of publication), i.e. ISO 17174:2024;
nd type of the sampling precedure (if known);

receipt of sample in thetaboratory;

the test;

se used (version) and date of search;

ion of the identified fish species or genus, respectively, in Latin and the language of the

1. The high
the case of
acares and
ative study

festreport;

number of

;\rined identity with deposited sequences in % (number of identical nucleotides /

édynucleotides);

% (number identical nucleotides / number of compared nucleotides);

12 Test1
The testre
a) allinfg
b) arefer
c¢) datea
d) date of
e) date of
f) databg
g) indicaf
h) deter
comp
i)
j)
k) anypa
D)

any deviation from the procedures described in this document;

rticular points observed in the course of the test;

in the case of a deviation from the declared fish species: determined identity to the declared species in

any operation not specified in the method or regarded as optional which might have affected the results.

When agreed with the customer, the results may be reported in a simplified way. Any information that is not
reported to the customer shall be readily available.
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Annex A
(informative)

Practical laboratory experiences with the amplifiability of cyth and
cox1 segments from tested fish species

Examples for fish species where laboratory experiences for amplification of target sequences exist are listed
in Table A.1. Results for further fish species can be found in the Barcoding Table of Animal Species (BaTAnS)
at www.bvl-bund.de. 1

Table A.1 — Practical laboratory experiences

Latin name cytb cox1

+

Acipenser baerii

Acipenser gueldenstaedtii

Andrhichas spp.

Anguilla anguilla

Anguilla australis

Anguilla japonica

Anguilla rostrata

ApHhanopus spp.

Argyrosomus regius

Athgrestes stomias

Bodps boops

++ |+ |+ [+ |+ |+ | F ][+ ]|+ |+

Brokme brosme

|+ |+ |+ [+ |+ ]+ |+ ]+~

Centroberyx affinis

Chelidonichthys cuculus
(syn. Aspitrigla cuculus)

+
+

Chelidonichthys spp.

Chiloscyllium punctatum

Clatias macrocephalus

Clupea harengus

Conger conger

Corggonus spp.

+ I~ +

Cteopharxyngodon idella

Cynpglossus browni

Cynoglossus senegalensis

Cynoglossus spp.

R I e (e A S S A IR N

+ I~

Cypselurus hiraii

Dagetichthys lusitanicus
(syn. Synaptura lusitanica)

I+
+

Key
+ positive result
/ nodataavailable

- negative result

I+

inconsistent result
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