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Abstract

Despite the effectiveness of DNA metabarcoding for gaining insights into biodiversity and
environmental species composition, a centralized management and storage option
including easy accessibility of already published data is lacking. Since most data is
published as supplementary material or in private repositories, DNA metabarcoding has a
huge untapped potential to be used for analysis across multiple taxa, sample locations or
multiple research projects. We developed a platform to register, manage and identify
amplicon sequence variants (ASVs) or zero-radius OTUs (ZOTUSs), respectively, against
several barcode reference datasets. Moreover, ASV tables can be uploaded, managed,
versioned, and published with DOIs thus contributing to the full research Data Life Cycle.
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Introduction

DNA metabarcoding allows for the routine identification of species and analysis of species
composition in environmental mass samples. If well curated reference data are available,
this method can yield comparable results or even outperform conventional species
identification by human experts in quantity, quality and speed (Elbrecht et al. 2017;
Remmel et al. 2024). This is also why DNA metabarcoding is not only an important tool for
science, but is also increasingly used by environmental authorities (Leese et al. 2023).
Hence, it is reasonable to consider it a future standard method in any biological research
where species occurrence and distribution are of interest, such as ecological research and
biomonitoring (Porter and Hajibabaei 2018).

The sequencing reads produced by metabarcoding methods usually have two possible
fates: individual reads may be clustered based on sequence similarity, thereby generating
operational taxonomic units (OTUs; Sokal 1963). Alternatively, single sequences are
extracted and quality assured from multiple reads by bioinformatics tools and become
amplicon sequence variants (ASVs; Callahan et al. 2017). As single DNA sequences, they
offer a finer resolution and a higher degree of comparability across datasets (Callahan et
al. 2017).

In case multiple mass samples were analyzed simultaneously, organizing the found
sequences in so-called ASV tables is reasonable (Callahan et al. 2017). These tables
combine the extracted sequences of all sampling plots with the number of occurrences of
each sequence within the respective plots. They can be enriched by taxonomic
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identification of the individual sequences, often including a taxonomy of the identified
taxon. The production of these taxonomic assignments is the step at which the species
composition of the samples is revealed. This can be done using tools like BLAST, the
Barcode Of Life Data (BOLD; Ratnasingham and Hebert 2007) system identification
engine, or vsearch against DNA barcode reference databases like the BOLD database or
the German Barcode of Life library (GBOL; German Barcode of Life Consortium 2011).
Some of the analyzed sequences will have no species or genus name associated, either
because they stem from DNA of specimens that belong to species not contained in the
reference database, or they belong to distinct populations that are genetically different to
the reference material of the same species in the database. The resolution of species
detection hinges on the quality and coverage of the used reference libraries (Macher et al.
2021). Since the number of available sequences and the quality of identifications in
reference databases are growing over time (Weigand et al. 2019), the number and
precision of taxon assignments will increase continuously. The introduction of new marker
sequences and improvements in search tools will further lead to improved taxon
assignments. Thus, the taxon assignments in ASV tables are subject to constant change.
Repeated taxon identification of a given set of ASV sequences is hence not only
worthwhile to make use of this ongoing growth and improvement, but necessary to keep
the identifications up to date and as informative as possible.

While data acquisition with metabarcoding is boosted, most ASV tables are still stored as
supplements to publications or in private repositories. This greatly impairs access and
reuse of these data. As a result, analyses across multiple research projects are difficult,
error prone and often not up-to-date. Efforts, like the EBI metagenomics with MGnify
(Richardson et al. 2023) serve the needs for uploading and annotating environmental DNA
samples (Mitchell et al. 2017), but there is no registry for ASV tables in which they can be
sustainably stored, managed, versioned and published in a well-documented manner.

The ASV Registry presented here contributes to the completion of the Research Data Life
Cycle (Ruegg et al. 2014; Griffin et al. 2017) and makes ASV data available to open
science under the FAIR (Wilkinson et al. 2016) criteria.

Implementation
The ASV registry

To address the need for centralized archival and management of ASV data, we have
developed the ASV registry. This platform allows users to archive, analyze, manage and
retrieve ASV data in consideration of FAIR data principles (Wilkinson et al. 2016). We
have designed the ASV registry as a full-fledged web application to impose minimal
software requirements on users. It is reachable via any browser at
https://asv.bolgermany.de/metabarcoding and full usage only requires creating an account.
The services provided are entirely free of charge.

Technically, the web platform is based on the Pyramid web framework
(https://trypyramid.com/) and sits atop a MySQL database (https://www.mysgl.com/). An
ElasticSearch indexer (https://www.elastic.co/elasticsearch) manages search and retrieval
processes.
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Data life cycle and key features

The ASV registry supports a specific life cycle for ASV tables to facilitate effective and
efficient usage of the contained data. Before the upload of any data, users must first create
or be added to a so-called Project container (Fig. 1). Analogous to real projects, these act
as organizational units to group uploaded data and support collaborative work, while also
handling access management. Only members of a given project can upload, analyze,
delete and publish the data within it. Project creators can dynamically add and remove

members.
|
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Figure 1. ASV table specific data life cycle. The Project container (green) acts as
collaborative work space and access management. Publication of a table via DOI
assignment moves the table out of this container and makes it publicly available.

For upload, ASV tables must adhere to a basic format (Fig. 2). Further information can be
enclosed in the table, such as collection metadata, but these are not considered during
initial upload.
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Seq
TCTATCTTCATACTTATTTCATICTICTCCATCAA
TTTATCATC TAGAATTGCTCATGGAGGAGCTICC
ACTTTCATCTAATATIGCCCATGGAGGTAGTTCTI
ACTATCAAATAATATATCCCATGCAGGAGCATCA
ACTTGCAGGAGCTATTGCTCATGGTGGAGGATC,
ATTGTCGAACAATATATITCACAGAGGTGCCTCA
ACTATCTGCTAATATTIGCTCATAGAGGAGCATCA
TCTATCCTCAAATATTGCACATAACGGTTCATCTI
ACTTGCAGGAGCTATTIGCTCATGGTGGGIGATC
CCTATCTTCAGGAATTGCACATGGAGGTGCTIC]

Figure 2. Initial data format. ASV tables that are to be uploaded must at the very least
contain the following information: the DNA sequence of each ASV (green) and the integer-
based read count of each ASV per sampling plot (blue), where each column corresponds
to one sample. User-defined identifiers for the ASVs (orange) can also be included. These
will be saved in the database, but will not be used as identifiers during later processing.

Upon upload of an ASV table, it receives a unique persistent identifier, in the form of a
simple integer, by which it will be findable at any later point. The original file will be saved,
but also all individual data points are written to the database. Each individual sequence
within the table will also be saved to the database as part of a so-called set. A set consists
of the sequence and the sequencing primer pair selected during the table upload, and is
assigned a unique identifier in the format

GBOL ASV ID X

where X corresponds to a continuously incremented integer (Fig. 3). The combination of
sequence data and corresponding sequencing primers allows for more precise data points
while limiting redundancy.

ASY_Set IDs Seq

GBOL_ASV ID 97 TCTATCTTCATACTTATTT(
GBOL ASV ID 41385 TTTATCATCTAGAATTGCT
GBOL_ASV_ID_41390| ACTTTCATCTAATATTIGCC
GBOL_ASV_ID 41391 ACTATCAAATAATATATCC
GBOL_ASV ID_ 41392 ACTTGCAGGAGCTATTGC
GBOL ASV ID 41388 ATTGTCGAACAATATATTT
GBOL_ASV _ID 41389 ACTATCTGCTAATATTGCT
GBOL_ASV_ID_ 41384 TCTATCCTCAAATATTGC!
GBOL_ASV_ID_ 41387 ACTTGCAGGAGCTATTGC
GBOL_ASV ID 41386 CCTATCTTCAGGAATTGC,

Figure 3. Assignment of persistent identifiers during upload. Each individual ASV
uploaded as part of an ASV table receives a unique, persistent identifier (yellow; see
Figure 2 for the other color codes). Notably, the unique combination of sequence and
primers selected during table upload constitute a new ASV. This approach to ID
assignment greatly limits redundancy within the database and helps to make recurring
amplicons evident.

After the initial upload, the table enters the dedicated ASV Table life cycle and becomes
enrichable in various ways: Firstly, and most importantly, the sequences in the table can
receive taxonomic assignments. At the moment, the registry provides thirteen reference
databases for this purpose, including multiple SILVA, NCBI and PLANITS datasets
respectively. Users can set various parameters for this process and also select whether
the chosen databases should be queried in parallel or sequentially. Numerous assignment
data are routinely stored after each annotation run: found taxon, taxonomy of the found
taxon, specimen id and link specific to the used reference database, E-value and percent
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identity. All of these data are backtracked to the individual ASV sequences. As the
assignments are subject to change over time, repeated taxonomic annotation is supported
by the registry, thereby allowing users to keep their assignments up to date. Any
assignments found will be attached to both tables and individual sequences within the
database. Methods and parameters of the respective assignment runs are tracked.
Secondly, by way of uploading so-called collection tables, users can add metadata
regarding the collecting conditions for each sampling plot in the table (Fig. 1). Metadata
may include but is not limited to coordinates, locality descriptions and temperature during
collection.

At any point after the upload, but most sensibly after any number of taxonomic annotation
runs, a table can be downloaded. Users can tailor which annotation data to include and
where, and exclude data of no interest (Fig. 4). This way, taxonomy data from several runs
and over time can be readily compared in the downloaded file (Fig. 5). Users can also
choose in which format to download the table to accommodate potential downstream
applications.

BBBoard M Sequences - EBTables ~ WM Projects ~ &= Running tasks BB Collection Tables ~

Blast runs

from which blast runs and which quer

es to include in the table file

the selection table, or reset the entire selection table using the Reset selection button
dded using the Add eelumn button

Note: Unfilled columns are ignared. Should you need emply columns in the downloaded table, use the Empty marker.

On 11.12.2023 al 10:32 On 13.12.2023 al 12:02
abol gbol | nebi_arthropoda_coi

bol | Ei nebi_arthropoda_coi|
A5W"SEHD- ’ m- : : ‘ ‘ ‘

© Add column l = Reset selection

Sequence

, or below the annotation data (CSV, TSV).

Annotation data

Which information should be included per assignment?

Taxon Taxonomy Specimen ID Specimen Link E-Value Percent identity

Output format

Select the desired format of the file output.
Mind that some options for 1able construction are not available depending on the chosen formal.

Imerint Privacy Comact © 2012-2023 German Barcade of Life

Figure 4. Table download options. Users have numerous options for tailoring downloaded
tables to their needs. It is possible to choose queried databases from selected annotation
runs, respectively. The order in which annotation runs appear and the data points to be
shown for each annotation is selectable, too. The file format for the output file can also be
chosen.
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Figure 5. Taxonomic annotation. During the taxonomic annotation process various
assignment data are recorded and saved. Users can then decide which of these data to
include, in which order to arrange data from individual annotation processes and where
within the final table to include these data. This allows the final ASV table to be maximally
informative without becoming chaotic and hard to read. In this case, two separate
databases have been queried (pink, purple), and in each case the found taxa and
percentages of identity have been added to the downloaded table file. For the other color
codings see Figure 2.

Once satisfied with the state of a table, users can then choose to publish their table. First,
a publication draft is created for such a table and a preliminary DOI is assigned that can
already be used to point to the table within the registry. After adding publication-relevant
metadata, the table can be published, whereby the preliminary DOI is made final. This
moves it out of the project container and access is thus no longer limited to project
members (Fig. 1). Instead, it becomes available to all users — logged in or not — to view,
download and use.

The ASV registry provides a number of methods to search through and retrieve project-
internal and published data. These include, but are not limited to, filtering sequences by
taxon assignment, tables and sequences by project, sequences by location in case
collection tables were uploaded (Fig. 6).

€8 Tables Found ASV Tables:

Y Filters

Sortierung nach: (Table 1D v | (aufsteigend v Zeige alle Versionen [ Ergebnisse pro Sefte: (10 v
Chosen filters & Reset Show
on Last taxon
v Status: published ASV-Table map  Sheet name Upload date annotation  Project
Tab $2 Lysis OTUs 16 256 v5 clean OTUs.xlsx, 42,4 clean OTUs 2022-10-17 232054  2023-09-01  Pooling Malaise trap fractions
Filter selection
gen-2018-0048supplf.csv, 57, 2 2022-10-26 11:46:32 DNA metabarcoding from sample fixative
L dn3177-5up-0002-datas!_edited xisx, 59, 2 Al102Samples._Site54_BF2BR2 raw 2022-10-28 11:09:20 Improved freshwater macroinvertebrate defection
BF2(3)
twhE2 (1) Fokdegenevi(l) Danish Reefs eDNA gen COlxisx, 78, 3 COl_genetic_withFish_PeterS 2022-11-09 13:53:42 20221109 Biodersity Hotspots in Danish Marine Waters
9€n-2018-00485uppli csv, 120, 1 2023.04-20 08:13:54 DNA metabarcoding from sample fixative
mee312789-sup-0013-tablesd xisx, 121, 1 v Finnland_OTU_data 2023-05-09 19:39:42 Assessing strengths and weaknesses of metabarcoding for stream monito
DNA metabarcoding from sample fixative (2)
Assessing strengths and weaknesses of metabarcoding for stre:
Biodiversity Hotspots in Danish Marine Waters (1)
Improved freshwater macroinvertebrate detection (1)
Pooling Malaise trap fractions (1)
bere

© 2012-2023 German Barcode of Life

Figure 6. Table search page. Published tables and not yet published tables from the
signed-in user's projects can be easily searched and retrieved on the dedicated web page.
Aside from filters and a map, an option for keyword search featuring different modes and
input suggestions also exists.
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Conclusions

The ASV registry, the web application we present here, aims to pave the way for efficient
and effective use of ASV data, which is rarely possible at the moment. By providing a
platform for researchers to archive, analyze and ultimately publish their ASV data, we
hope to foster comparative and collaborative DNA metabarcoding research and
biodiversity monitoring in the future. Easier access to published data and structured
publication of new data will certainly boost the collective usefulness of DNA
metabarcoding.
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Project description

The presented software has been developed within a dedicated work package of the
GBOL llI: Dark Taxa project. The registry builds upon and makes use of the work done in
the previous two funding phases of the German Barcode of Life (GBOL) project to
establish a barcode library for the flora, fauna and fungi of Germany, while supporting the
current research to investigate so-called dark taxa — species rich but so far understudied
groups of insects (Hausmann et al. 2020; Rduch and Peters 2020).

Study area description: Metabarcoding, metagenomics and bioinformatics
For further information, see https://gbol.bolgermany.de/gbol3/de/gbol-dark-taxa/.

Web location (URIs)

The ASV data portal is available at https://asv.bolgermany.de/metabarcoding.

The source code is available at https://qgitlab.leibniz-lib.de/GBOL/asv-reqistry.

Technical specification
Platform: web application
Programming language: Python, Javascript, MySQL

Operational system: various
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Usage rights

The source code is subject to a MIT License. Usage for private or scientific purposes must
comply with the terms of this license.

Usage of data published in the ASV data portal must comply with the terms of the license
chosen by the user that holds ownership of the respective data.
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