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1.0 About the Canadian Marine DNA
Library (CaMDL)

1.1 The Three Pillars of CaMDL

The Canadian Marine DNA Library is a mitochondrial DNA sequence
repository for environmental DNA (eDNA) applications. The format of the
library is specifically geared towards metabarcoding, but can also be used for
targeted applications.

All living organisms shed DNA into their environment. The technology of
environmental DNA or eDNA has revolutionized the way we identify and track
organisms. In just a cup of water we can detect anything from snails to whales
if they have recently been in the vicinity.

Maintaining and conserving biodiversity is essential to continued life on earth.
The use of eDNA technology is becoming more important in how we move
forward with managing biodiversity loss. In order to make eDNA technology
management ready, reference sequence databases need to become
standardized and quality driven.

Three pillars of reference DNA sequence libraries (Figure 1): Environmental
DNA practitioners and managers need complete, accurate, and accessible
genetic sequence reference databases to efficiently plan surveys and analyze
data. The premise and intended applications of highly curated reference DNA
data can be found in Westfall et al. (2024).



https://mbmg.pensoft.net/article/125095/
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Figure 1: Three pillars of reference DNA sequence libraries for applied eDNA
metabarcoding.
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(1) Complete: We need databases to be complete, in two senses of the word.
Complete taxonomic coverage. First, we want to be able to detect everyone
and we also want confidence in our assignment that it is the species we say
and not a close relative that is missing from the database. This will fill the
needs of multiple applications, and multiple end users.

We also want complete gene representation, which hasn’t been widely
recognized as a standard for reference databases but is important because
when it comes to species resolution we know that one size doesn’t fit all. So
when we think about multiple applications across many end users, having all
mitochondrial genes available for designing or assessing markers and then for
assignment, really supports fitness-for-purpose.

It's important to note that CaMDL records contain complete or near complete
(90% or greater) single genes from the mitochondrial genome, and not
complete circularized mitogenomes. In order to create custom reference
libraries, researchers need to access genes of interest. Having only complete
mitogenomes would make accessing particular single genes of interest more
difficult. Each gene of interest is also in GenBank and accessioned as a single
gene. Where available, complete circularized mitogenomes have also been
submitted to GenBank and the accession number included in the genetic
record metadata. Reference the Metadata terms (Appendix 1) at the end of



this document to learn which term has the mitogenome accession number and
which has the single gene accession number.

(2) Quality Assured: eDNA practitioners want to know that every species in
the library is who they say they are. This enables us to be confident in species
assignments and importantly we can translate this confidence to non-
scientists when we need have a management action based on eDNA results.
All of the sequences in the Canadian Marine DNA Library are traceable to
vouchered specimens with permanent records in public institutions and
associated minimum metadata.

(3) Accessible: The Canadian Marine DNA Library website presents data in a
customizable, visual, interactive, and user friendly way. This also includes
access to data and specimen provenance. Increasing accessibility increases
uptake because specialists and non-specialists have easy access to create
customized libraries.

1.2 CaMDL specimens

Current specimen collections for CaMDL have been obtained using existing
multi-species and deep sea surveys conducted by Fisheries and Oceans
Canada between 2021 and 2023. Specimens have been obtained from the
Pacific and Atlantic Oceans.

Multi-species Survey, Maritimes 2023:

Ground(fish Survey, Pacific 2023: DFO conducts regular surveys off the west
coast of Vancouver Island. Most of the current fish species from the Pacific
Coast of Canada in CaMDL come from the 2023 groundfish survey.



NEP-DEP 2022 and 2023, Pacific: The Northeast Pacific Deep-Sea Expedition
Project is a collaboration between Fisheries and Oceans Canada, Council of the
Haida Nation, Nuu-Chah-Nulth Tribal Council, University of Victoria, Royal BC
Museum, and Oceans Network Canada. CaMDL contains genetic data from
specimens collected in 2022 and 2023 using the ROPOS ROV. Many deep-sea
invertebrate species were collected on these expeditions, some that have
never before been described by science. DFO and the Royal BC Museum work
in partnership to describe and record these species, and now genetic data has
been catalogued in CaMDL. Some of the sites visited during these expeditions
are within the Tang.cwan - hacx"igak - Tsigis Marine Protected Area (ThT
MPA), designated in June 2024 as the Pacific region’s largest MPA (Figure 2).



https://www.nepdep.com/
https://www.ropos.com/index.php/ropos-rov
https://www.dfo-mpo.gc.ca/oceans/mpa-zpm/tht/index-eng.html
https://www.dfo-mpo.gc.ca/oceans/mpa-zpm/tht/index-eng.html

Figure 2: Map of the Tang.cwan - hacxwiqak - Tsigis Marine Protected Area
(ThT MPA), the largest MPA in Pacific Canada.



1.3 CaMDL partners

Hakai TulO

Science on the Coastal Margir. TULA FOUNDATION

Hakai Institute/Tula Foundation:

The CaMDL website is hosted and maintained in partnership with the Hakai
Institute/Tula Foundation. We also work together to share vouchered

specimens and genetic barcoding data.
ROYAL
o ONTARIO
MUSEUM

Icthyology Collection: Vouchered fish specimens collected from DFO’s multi-
species Survey (Maritimes) and Groundfish Survey (Pacific) are accessioned
here.

Royal Ontario Museum:

Invertebrate Collection: Vouchered marine invertebrate specimens collected
from DFO’s multi-species Survey (Maritimes) are accessioned here.

ﬁROYAL BC MUuUsEuMm

Royal BC Museum:

Invertebrate Collection: Vouchered marine invertebrate specimens collected
from the 2022 and 2023 NEPDEP Surveys are accessioned here.



https://hakai.org/
https://hakai.org/
https://www.rom.on.ca/collections-research/natural-history
https://www.rom.on.ca/collections-research/natural-history
https://royalbcmuseum.bc.ca/collections/natural-history/invertebrate-zoology

llumina’

Illumina Inc.:

We are grateful to our partners at Illumina Inc. for supporting the pilot phase
of this project with sequencing Kits.



2.0 How to use CaMDL

2.1 Building your custom reference library:

1. Navigate to the page “Search the CaMDL databases”

2. Fill in the search criteria to meet the needs of your study. The only
required fields are “Genetic Data” (e.g. choose what gene you want to
download) and “Specimen Collection Information” (e.g. choose the
Province and/or State in which you are working and adjacent).

3. Search results are displayed on a new page. You can then refine results
using any of the search criteria on the left hand side.

4. Click on the records you want to keep (or click all at the top).

5. Download the custom reference dataset that you just created using the
two buttons at the bottom. The fasta file is a fasta formatted file that can
easily be converted to any format needed by the user for multiple
applications (e.g. in silico PCR, taxonomic assignment of OTUs or ESVs,
etc). The metadata file is a csv formatted document with all metadata
associated with each record downloaded. The metadata is standardized
and several terms are required for all database entries. See ‘Resources’
page for a template of the database fields and metadata explanations.
You will need to reference the metadata explanations to understand
each metadata term.

2.2 Downloading and interpreting search results

When constructing a custom reference library, always download the Genetic
Data (FASTA format) and Metadata (csv) for selections from the search
results. These files work together to ensure the genetic data is properly linked
with it’s description.

Genetic Data (FASTA format): In FASTA format the line before the
nucleotide sequence, called the FASTA definition line, must begin with a carat
(">"), followed by a unique sequence identifier. For sequences downloaded
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from CaMDL, the sequence identifier is always the occurrencelD, which is a
globally unique identifier for each sequence in CaMDL. The occurrencelD
matches each record in the associated metadata csv file. This is the only
relational element between the Genetic Data and Metadata files, as sequences
alone aren’t guaranteed to be unique.

The FASTA formatted Genetic Data file is ready to be re-formatted to suit the
needs of taxonomic assignment. Follow instructions here to format FASTA
files into a BLAST database for use with BLAST+ software.

Metadata (csv): Each gene record that shows as a search result has
associated metadata. All of the metadata terms are aligned with Darwin Core
(DwC) data standard terminology used by the Ocean Biodiversity Information
System (OBIS) and the “Minimum Information about any (X) Sequence”
(MIxS) specification generated by the Genomic Standards Consortium (Yilmaz
etal., 2011).

More information about the Darwin Core Archive biodiversity informatics
data standard can be found on the GBIF website (Darwin Core Archives -
How-to Guide :: GBIF IPT User Manual).

Metadata terms can be accessed in Appendix 1 of this document and as an
excel spreadsheet in the ‘Resources’ section of the website. Terms are
classified into required, recommended, or optional. The spreadsheet includes
the term name (which is the name also found on any downloaded metadata
files), the definition, and an example of the text.
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https://www.ncbi.nlm.nih.gov/books/NBK569841/
https://www.ncbi.nlm.nih.gov/books/NBK279690/
https://dwc.tdwg.org/
https://manual.obis.org/
https://manual.obis.org/
https://www.gensc.org/pages/projects/mixs-gsc-project.html
https://www.gensc.org/pages/projects/mixs-gsc-project.html
https://ipt.gbif.org/manual/en/ipt/latest/dwca-guide
https://ipt.gbif.org/manual/en/ipt/latest/dwca-guide
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Appendix 1: Metadata Terms for the

Canadian Marine DNA Library (CaMDL)

The table below is all of the metadata terms and their definitions in CaMDL.
Note that all metadata terms align with Darwin Core Archive standards and
Minimum Information of any (X) Sequence specifications. The requirements of

the term are also specified and colour coded (required, recommended,
optional). Refer to the spreadsheet in the ‘Resources’ section of the website to
see examples of each term.

Term

Definition

decimallatitude

required

The geographic latitude (in decimal degrees, using the
spatial reference system given in geodeticDatum) of
the geographic center of a Location. Positive values
are north of the Equator, negative values are south of
it. Legal values lie between -90 and 90, inclusive.

decimallLongitude

required

The geographic longitude (in decimal degrees, using
the spatial reference system given in geodeticDatum)
of the geographic center of a Location. Positive values
are east of the Greenwich Meridian, negative values
are west of it. Legal values lie between -180 and 180,
inclusive.

occurrencelD

required

A globally unique identifier for each occurrence.
Construct one using the combination of identifiers in
the example.

occurrenceStatus

required

a statement about the presence or absence of a taxon
at a location. It is an important term, because it allows
us to distinguish between presence and absence
records.

basisOfRecord

required

The specific nature of the data record corresponding
with how the specimen was observed. Recommended
best practice is to use this controlled vocabulary:
http://rs.gbif.org/vocabulary/dwc/basis_of record.xml
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The full scientific name, with authorship and date
information if known. When forming part of an
Identification, this should be the name in lowest level

scientificName required taxonomic rank that can be determined. This term
should not contain identification qualifications, which
should instead be supplied in the
identificationQualifier term.
LSID from WoRMS. Refer to
scientificNamelD required https://manual.obis.org/name_matching.html for
instructions on matching names in WoRMS.
day recommended | The day of the month that the specimen was collected
month recommended | The month that the specimen was collected
year recommended | The year that the specimen was collected
The date the specimen was identified. It is okay to be
- the same date it was collected or a different date.
dateldentified recommended . .
Recommended best practice is to use an encoding
scheme, such as ISO 8601:2004(E).
identificationRemarks optional Any remarks made by the person who identified the
specimen
identifiedBy recommended | The name of the person who identified the specimen
. The full name of the country from which the specimen
country required
was collected
A unique (preferably globally-unique) identifier for the
countrvCode recommended taxon represented in the row. Recommended best
¥ practice is to use ISO 3166-1-alpha-2 country codes:
http://rs.gbif.org/vocabulary/iso/3166-1_alpha2.xml
. The name of the county the specimen was collected in,
county optional . .
if applicable
. The name of the location where the specimen was
locality recommended . L
collected, different from the municipality
. . . The name of the person who described the location of
locationAccordingTo optional . .
the specimen collection
The maximum depth at which the specimen was
maximumDepthinMeters optional collected given in meters. This refers to species

collected in an oblique plankton tow or trawl or other
mixture of species collected across a range of depths.
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The minimum depth at which the specimen was
collected given in meters. This refers to species

minimumDepthInMeters optional . .
P P collected in an oblique plankton tow or trawl or other
mixture of species collected across a range of depths.
The name of the municipality closest to the place of
municipality optional collection if applicable for specimens collected close to
shore.
. . The full name of the state, Province, or Territory from
stateProvince required . .
which the specimen was collected
. . If known, the discrete depth at which the specimen
verbatimDepth optional ow e discrete dep wht € specime
was collected
. The name of the water body from which the specimen
waterBody required
was collected
organismID optional webpage for organism in institution collection
. . A description of the name of the collection at the
collectionCode optional L . .
institution where it is accessioned
. Link to the specimen page at the institution where the
collectionID recommended . . 2 . -
specimen is accessioned
the catalog number of the specimen at the institution
catalogNumber required where it is accessioned. Can also be a unique number
assigned to specimen during collection.
S . code for the institution where the specimen isin a
institutionCode required . o
collection
s . The ID for the specimen that is specific to the
institutionlD optional o
institution, if different from the catalogNumber
infraspecificEpithet optional infraspecific epithet if applicable
. The full scientific name of the phylum in which the
phylum required . . o
specimen is classified
e The full scientific name of the specific epithet in which
specificEpithet recommended . . o > .
the specimen is classified
The specimenomic rank of the most specific name in
the scientificName. Recommended best practice is to
taxonRank required use this controlled vocabulary:
http://rs.gbif.org/vocabulary/gbif/rank_2015-04-
24 xml
. The full scientific name of the class in which the
class required . . oo
specimen is classified
. The full scientific name of the family in which the
family recommended . . .
specimen is classified
The full scientific name of the genus in which the
genus recommended . . e
specimen is classified
. . The full scientific name of the kingdom in which the
kingdom required

specimen is classified
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The full scientific name of the order in which the

order required . . e
4 specimen is classified

The status of the sample that provided the DNA for

the record. Provide all of the information relevant to
preparations required the specimen and concatenate if there is more than

one preparation for the same specimen (e.g. whole

organism (formalin), subsample (ethanol))
genbankAccessionNumber | recommended | The GenBank Accession number if available

. The abbreviated gene name, choose only from list in

gene required

examples.

. The product of the gene, either protein or tRNA.

product required L

Choose only from list in examples.
haplotype optional A particular haplotype if applicable

The translation table for the coding region for protein
transiTable recommended . R ?

coding genes only

The nucleotide where the codon starts, only one of
codonStart recommended

three values in examples.
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The location of the gene on the assembled

location recommended . . . .
mitochondrial genome if available
DNA_sequence required The DNA sequence provided in the 5' to 3' direction
strand recommended | The DNA strand where the gene is located
The DNA sequence of the forward primer ina 5'to 3'
. recommended : : ) )
pcr_primer_forward direction, if applicable
pcr_primer_name_forward | recommended | The name of the forward primer, if applicable
pcr_primer_name_reverse | recommended | The name of the reverse primer, if applicable
recommended
pcr_primer_reference The reference for the primer
The DNA sequence of the reverse primer ina 5' to 3'
. recommended . T .
pcr_primer_reverse direction, if applicable
seq_meth recommended | The sequencing method
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