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Abstract: DNA barcoding has been applied as a method
to test seafood authenticity in numerous market surveys.
This trend is continuing to gain momentum as DNA
barcoding is employed as a regulatory tool, by the media,
and by students to test seafood products, in addition
to its use by scientific researchers to monitor seafood
substitution. However, as market surveys documenting
mislabeling continue to be published by both the press
and scientific journals, there is a need for standardization
in practices to aid in comparing and verifying results. This
communication provides an overview of best practices
for conducting and reporting DNA barcoding market
studies for seafood. These standards can also be used
as a guideline for other methods for conducting market
surveys, or for market surveys employing DNA barcoding
of other groups of organisms.
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1 Introduction
Accurate identification of seafood is of global concern
to consumers, businesses and regulators. Consumption
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of fish and other seafood products continues to rise [1],
and globalization of the industry increases the complexity
of the supply chain, allowing opportunities for species
substitution to occur. Incidents of seafood mislabeling,
specifically species substitutions, have been documented
since the early 20th century [2]. In many cases, there is
significant economic impact from seafood mislabeling
as well as impacts to human health and to conservation
efforts [3]. Improved technology has led to increased
market testing to uncover substitution. Since 2006, there
has been a major increase in published market surveys,
largely due to the availability of simple and cost-effective
DNA-based analyses [4].
DNA barcoding has been one of the most common
and useful tools in conducting seafood market surveys
and continues to be popular amongst the scientific
community, in addition to its adoption as a regulatory tool
by the FDA [5]. The efforts of FISH-BOL [6] have resulted in
publically accessible DNA barcode sequences for over ten
thousand fish species on the Barcode of Life Data System
(BOLD) [7]. Although coverage of fish species is more
complete than some other seafood types, more species
continue to be added through other barcoding campaigns,
like the Marine Barcode of Life, and BOLD continues to be
populated with other seafood species [e.g. 8]. Notably, the
availability of barcode reference sequences has allowed
for the expansion of this method from the scientific
community to the public with media outlets [e.g. 9,10] and
high school students [e.g. 11,12] employing DNA barcoding
for consumer studies to uncover seafood mislabeling.
As consumer interest and knowledge about the topic of
seafood authenticity increase, the trend of community
engagement in seafood market surveys is likely to increase
as well.
From a regulatory perspective, this increase of
consumer awareness and participation is likely to
impact policies in a positive way [13]. However, going
forward, it will be imperative to provide guidelines for
standardization of these studies so that the data generated
can be aggregated, verified and compared more easily.
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The following perspective details standard methods for
conducting a market survey, from developing a project to
reporting of results that will help streamline the data from
market surveys and help ensure their continued utility in
monitoring the occurrence of seafood substitution. These
apply not only to scientific articles, but also media articles
and reports from consumer-led studies, and provide a
framework for both conducting surveys and for reviewers
tasked with considering articles for journal submission.
While these guidelines are optimized for DNA barcoding,
the protocol should prove helpful for standardizing
methods using other genetic techniques for species
authentication.

2 Market Survey Guidelines
2.1 General Information
The title of the survey should be simple, but also allow
it to be differentiated from similar studies in the field
of seafood substitution. It should reflect that the study
represents a follow-up to an existing study if applicable.
The name(s) and contact information for authors should
be provided as well as the name of the organization that
conducted the study. Any short forms or acronyms should
be clearly defined. The location of the organization
conducting the study should be provided, including
address, city and country. The study start and end dates
should be provided, and differentiate both the time period
for collection and subsequent analysis of all samples.
It is important to understand the local and/or
national regulatory framework for seafood labeling in
the design of such studies. This includes all information
legally required to be associated with sale of seafood in
different retail types, such as small markets, large grocery
stores and restaurants and for seafood with different
levels of processing. These labeling regulations and
their exceptions or exclusions (e.g. for heavily processed
seafood) will help guide the selection of types of products
targeted. These regulations should be clearly stated and
referenced when discussing results. It is also important to
understand the limitations of the analytical methods used
when selecting the types of products to be targeted. For
example, studies using DNA barcoding may not be able to
identify species within a mixed sample if multiple species
are present. There may also be limitations depending on
the processing methods. Canning may degrade DNA to the
point where standard DNA barcoding practices cannot be
used. However, a shorter segment of the barcode region
can be targeted using other approaches [e.g. 14]. Any
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modifications or additions to standard practices to be used
in the case of failed samples should be clearly outlined in
the study report, as should the specific methods used.
Cities and countries from where samples were collected
should be included. This will impact the regulatory
framework that should be used to identify mislabeling,
and this should be determined before any analysis. Market
names targeted by the study should be identified clearly
as should the types of products purchased. For example,
if the study only targets smoked salmon this should be
indicated. If conducting a large-scale survey, particularly
when many individuals will be collecting samples (e.g.
a high school class), a sampling plan should be in place
beforehand that includes which location(s) to visit and
which market name(s) will be targeted by each individual
participant. The type of location targeted should be part
of this plan. Grocery stores, restaurants and fish markets
may be common targets. This can be further subdivided,
for example restaurants can be separated into groups by
relative cost per meal. Any metadata (e.g. photographs)
to be collected and their appropriate format should be
decided upfront. Dated photographs of labels on packages
or seafood displays and menus are very helpful in
documenting and recalling how products purchased were
labeled when sold. This information does not necessarily
have to be in the report, but will improve survey design
and recall. Including a standardized collection document
(e.g. Supplementary Table 1), or the use of a mobile app
(e.g. DNA Barcoding Assistant, see below) can help with
standardization of information collected.

2.2 Sample Information
Depending on market names and types of products
targeted, market samples collected may originate from a
single individual or multiple individuals. Multi-individual
specimens can include food items such as a mixed-maki
sushi roll, a prepared fish ball, canned fish, surimi, or any
other item that may contain more than one individual fish.
It is important to designate between the two, and where
possible identify the actual species to be examined. For
example, artificial crab is almost always the by-product
of several species of fish, commonly some variety of
pollock. In these situations, the species listed in the
ingredients list should be identified for comparison, not
the presence of “crab” as it is accepted that the product
is not crab. However, if the product is sold as crab (e.g.
if the menu lists crab, but artificial crab is found on the
premises instead), then the species for comparison to
determine mislabeling would be crab. For cases of multispecies specimens where there is a distinction between
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pieces, the items should be analyzed separately. For sushi
that may contain roe on top of a portion, the roe should
be treated separately from the other seafood portion and
given a separate sample ID number. Specific care should
be taken with regards to contamination between portions
of the same sample if these will be separately analyzed.
A unique sample ID should be given to each sample
tested. This ID should be unique for each sample and
follow a consistent format throughout the study, and any
subsequent follow-up studies. The collection date should
be provided for each sample. The location where the
sample was collected should be provided including: name
and address, GPS coordinates if available (identifying
information may be withheld for confidentiality reasons if
necessary), and location type (e.g. restaurant). The market
name from the label should be recorded and reported for
each sample and should match exactly as found on the
sample. Retention of sales receipts with sample records is
recommended. The means by which the label was affixed
or the name communicated should also be reported. (e.g.
menu item, label on packaging, verbally told by employee,
etc.). Details on the type of sample should include the
processing level of sample (e.g. whole, whole – head off,
fillet, canned, prepared meal, sashimi, smoked, dried,
etc.), including whether the sample was frozen, previously
frozen or never frozen, how and where it was caught and if
labeled as farmed or wild. It should also include whether
the sample is mixed or not (for those samples where the
mixture cannot be separated and separately analyzed; e.g.
fish stick, artificial crab, etc.).
Metadata can be included, but should appear in
separate columns from other data. While not required,
information such as sample price and photographs of
specimens and/or labels can be useful in a study report.
This information should be included in the online
database where the sequences are deposited, if possible.
Photographs should be labeled with the sample ID and a
description of the photo. If price is reported, the unit of
measurement should be included (e.g. per kg, portion,
etc.). Including this information can aid in adding validity
to market studies and may help in potential regulatory
use of results: therefore it is strongly recommended that
it be collected. However, if photographs reveal vendor
information, these records may be kept confidential in
addition to location information.

2.3 Sample Analysis
The full chain of custody between sample collection and
final analysis should be detailed from collection to final
results. Methods of sample collection, preservation and

shipment should be provided. The lab where sequencing
was conducted should be named, together with its
location. If a separate lab processed the samples before
sequencing, this should be indicated, and information
provided accordingly. The sequence returned from the
DNA sequencing lab should be deposited in an online
repository. Ideally BOLD should be used. Specifically,
projects should be submitted under the “Barcoding
Applications Campaign” so they will not be included in
the reference database. Campaign selection is made when
setting up a BOLD project, and full details on project
submission can be found in the BOLD Handbook under
“Resources” on the BOLD website (www.boldsystems.
org). Using BOLD as a repository for sequences streamlines
the process of using the reference database to identify
samples. It also allows for easy addition of metadata and
raw trace files to assist with external review of any results.
Because the true identity of a market sample is an
hypothesis to be tested using barcoding, only minimal
information on taxonomy for the sample should be
entered. For example, fish should be entered only as
Chordata, since the taxonomic identification of market
samples is unknown. Names from market labels can
be entered in the “Extra Info” field of BOLD. If market
samples are included in a BOLD project outside of the
Applications Campaign, additional information may
result in erroneous information infiltrating the BOLD ID
Engine, leading to incorrect or ambiguous identification
for other users conducting searches to match sequences.
Only taxonomically verified identifications should be
entered for samples when creating a BOLD project.
Detailed methodology of all analyses should be
provided. This should include sequences of primers
used, protocols for PCR cleanup if any, protocols for DNA
extraction, protocols for re-analysis of failed samples,
thermocycling conditions, and equipment used for
sequencing and nucleic acid quantification. Ideally
nucleic acid concentration/quality should be assessed
and reported. Reporting of the target region is particularly
important as “DNA barcoding” is sometimes used
informally to refer to studies where the COI-5P region is
not used, and some studies may target the COI-5P region
without mentioning DNA barcoding specifically. The
use of the term DNA barcoding for animal identification
should only be used for studies employing the standard
DNA barcoding region as outlined by Hebert et al. [15].
The inferred scientific name as reported by the
sequencing lab, or as identified using a search tool,
should be reported. The search tool and any associated
parameters used should be listed (e.g. BOLD, species ID
database). Particular attention should be paid to spelling
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and formatting of scientific names to ensure ease of
data recovery and analysis by others. The total number
of samples analyzed should be reported, including any
sequencing failures, and any failures to find an identity
match in BOLD (or other database). The criteria for a
match (e.g. divergence threshold, monophyly) should
be explicitly mentioned. If other studies are used to
determine this, they should be cited. The regulatory
framework used for identification of mislabeled sample
should be provided (e.g. FDA Seafood List) and a reference
provided. If an official regulatory list is not available, an
explanation should be provided as to how samples were
identified as mislabeled.

2.4 Educational Projects
Growing interest in DNA barcoding as a pedagogical tool to
improve life science teaching and learning has motivated
the involvement of high school and undergraduate
students in a spectrum of DNA barcoding projects ranging
from market surveys to the creation of parameterized
barcode libraries for commercially and ecologically
important fish species [e.g. 12,16]. Given the rising
popularity of DNA barcoding as an instructional tool,
nowhere is the need for standardization more apparent
than in traditional learning settings, where inexperienced
participants operating with limited or no guidance from
the scientific community are likely to overlook important
practical considerations associated with project design
and key issues related to appropriate data collection,
data management, and data reporting practices. This is
especially problematic when educational users deposit
project-related information in publicly accessible online
repositories without clearly articulated guidelines and
supervision from the scientific community. In addition to
submitting data that can inadvertently lead to erroneous
search results for other users, student users may naively
omit certain forms of crucial information and thereby
diminish the current and future value of an otherwise
important project.
It has been demonstrated that with the appropriate
scientific oversight and resources, high school and
undergraduate students are capable of collecting,
generating, and sharing publication quality DNA
barcode data in connection with market surveys and
related efforts and that this can be a valuable learning
tool [16,17]. To encourage a level of student engagement
in DNA barcoding that simultaneously serves scientific,
educational, and potentially regulatory interests, two
key forms of technology have been developed, and
are accessible through the Education and Barcode
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of Life (eBOL) Community Web Portal (http://www.
educationandbarcoding.org/). The first consists of a
free utility application, DNA Barcoding Assistant, for
iPhone and Android smartphones that helps streamline
and standardize the collection of sample information by
students. The second consists of a customized, classroomfocused interface to the BOLD researcher workbench and
data repository, the BOLD Student Data Portal (BOLDSDP) [16]. In addition to simplifying the assembly of
DNA barcode records that aggregate the various forms
of sample information, sample analysis details, and
other data elements described here, BOLD-SDP was
designed with a hierarchical data validation system. This
system engages educators, scientists, and professional
data managers in a sequential, 3-tier vetting process
that ensures student compliance with established data
standards and streamlines the publication of student
barcode data in BOLD and potentially other online
repositories. BOLD-SDP was designed with additional
features that enable educators to conveniently manage
and monitor the activities of project participants. It also
contains an integrated suite of online data analysis,
data visualization, and sequence editing tools that aid
the data validation process. In light of these important
considerations and their implications for effective
project management in challenging educational contexts
and settings, we advocate the use of BOLD-SDP as an
additional guideline for educators, students and citizen
scientists seeking to organize, manage, and share their
project data with the broader DNA barcoding community.

3 Conclusion
In general, adherence to the above guidelines will allow
better standardization and facilitate ease of interpretation
and future use of data generated from DNA barcoding
market surveys. As this tool continues to be widely
accessed for seafood market surveys by both the scientific
community and the public, this type of standardization
will streamline collection and analysis of the increasing
volume of data. Clear guidelines may also help with
community engagement, thereby increasing public
knowledge about the important issues related to seafood
mislabeling. Standardized methods and careful collection
and reporting of information may also help increase the
possibility for regulatory use of data collected.
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