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1  |  INTRODUC TION

Our planet is losing biodiversity at an unprecedented rate, and 
it is urgent today to map total biodiversity on Earth in order to 
assess how biodiversity is affected by global climate change. The 
ocean contains 97% of all water on our planet and is thus a funda-
mental biodiversity reservoir and driver of global ecology. Marine 
plankton form the base of ocean food webs and play a major role 

in the planet's global biogeochemistry balance by accounting for 
almost half of the net primary production (Falkowski et al., 2008; 
Field et al., 1998), and thus drive ocean oxygen production and 
the biological carbon pump (Guidi et al., 2016). However, global 
ocean physics and chemistry are changing rapidly and it is ex-
pected that plankton diversity and geographic distribution will 
be fundamentally altered in the coming decades (Ibarbalz et al., 
2019).
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Abstract
The Ocean Barcode Atlas (OBA) is a user friendly web service designed for biologists 
who wish to explore the biodiversity and biogeography of marine organisms locked 
in otherwise difficult to mine planetary scale DNA metabarcode data sets. Using just 
a web browser, a comprehensive picture of the diversity of a taxon or a barcode se-
quence is visualized graphically on world maps and interactive charts. Interactive re-
sults panels allow dynamic threshold adjustments and the display of diversity results 
in their environmental context measured at the time of sampling (temperature, oxy-
gen, latitude, etc). Ecological analyses such as alpha and beta- diversity plots are pro-
duced via publication quality vector graphics representations. Currently, the Ocean 
Barcode Altas is deployed online with the (i) Tara Oceans eukaryotic 18S- V9 rDNA 
metabarcodes; (ii) Tara Oceans 16S/18S rRNA miTags; and (iii) 16S- V4 V5 metabar-
codes collected during the Malaspina- 2010 expedition. Additional prokaryotic or eu-
karyotic plankton barcode data sets will be added upon availability, given they provide 
the required complement of barcodes (including raw reads to compute barcode abun-
dance) associated with their contextual environmental variables. Ocean Barcode Atlas 
is a freely- available web service at: http://oba.mio.osupy theas.fr/ocean - atlas/.
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Ever since the first large scale DNA sequencing survey of ma-
rine plankton undertaken by the Global Ocean Sampling expedition 
in 2007 (Rusch et al., 2007), other planetary- scale expeditions have 
deployed holistic sampling protocols to assess ocean ecosystems. 
Importantly, the latter have measured the in situ biogeochemical 
parameters that provide the environmental context necessary for 
ecological interpretation of plankton communities. One such inter-
national endeavour, Tara Oceans 2009– 2013 (Karsenti et al., 2011) 
sampled from viruses to zooplancton using a standardized paneco-
systemic protocol at 210 globally distributed stations and three 
depths down to 1,000 m. The Malaspina- 2010 (2010– 2011) global 
circumnavigation expedition (Duarte, 2015) applied a similar ap-
proach with a particular emphasis in sampling the dark meso-  and 
bathypelagic tropical and subtropical waters from surface down to 
4,000 m depth.

During the same decade, rapid progress in high- throughput DNA 
sequencing technology (HTS) has led to a thorough reassessment 
of biodiversity in ecosystems and biomes. In particular, deep se-
quencing of environmental DNA or RNA amplicons can now reveal 
prokaryotic and eukaryotic biological diversity close to saturation 
in even the richest samples (Geisen et al., 2019). Such a metabar-
code approach has provided comprehensive surveys of biological 
communities contained in plankton samples collected during the 
Tara Oceans and Malaspina expeditions. The resulting ocean me-
tabarcodes have allowed a re- evaluation of eukaryotic diversity (de 
Vargas et al., 2015), a global description of plankton biogeography 
(Richter et al., 2019), and insights into key plankton players in carbon 
export (Guidi et al., 2016).

However, the Terabyte magnitude and complexity of these 
new data sets restrict their access to specialized bioinformatics 
teams, leaving a large majority of researchers interested in plank-
ton diversity high and dry. Apart from the sheer volume of se-
quencing reads, their clustering and annotation as well as their 
connection to environmental data, contribute to rendering this 
precious data underexploited by biological oceanographers. The 
simple ergonomic tools to access and extract biological meaning-
ful information that were developed for marine gene catalogues 
derived from metagenomes and metatranscriptomes (Villar et al., 
2018) have so far been lacking for metabarcode data sets. The 
Ocean Barcode Atlas (OBA) has been developed to assist ocean 
researchers without specific bioinformatics expertise to easily ex-
plore metabarcodes (metaB) of interest across the global ocean 
ecosystem using nothing else than a web browser. Robust quan-
titative and contextualized analyses are carried out on the fly 
within minutes, compared to the several hours (more frequently 
days) of specialized bioinformatics computation on dedicated 
high- performance hardware that are required without such a web 
service. The OBA service (http://tara- oceans.mio.osupy theas.fr/) 
is independent but complementary to the previously described 
Ocean Gene Atlas (OGA, http://tara- oceans.mio.osupy theas.fr/
ocean - gene- atlas/; Villar et al., 2018). Indeed, the OBA reported 
here relies on metabarcode sequences, and as such allows users 
to explore plankton biodiversity from a taxonomic perspective, 

providing answers such as “how is a specific plankton taxon dis-
tributed across the oceans?”. The previously published OGA, being 
based on metagenomic sequences, is designed to explore the bio-
geography of plankton gene functions, enabling users to answer 
questions such as “where in the marine biome are genes related to 
anaerobic ammonium oxidation to be found?”.

The initial version of the OBA currently integrates three large 
metabarcode data sets: (i) the Tara Oceans 18S- V9 rRNA metaB (de 
Vargas et al., 2015; Ibarbalz et al., 2019); (ii) the Tara Oceans 16S/18S 
rRNA miTags (Logares et al., 2014; Salazar et al., 2019); and (iii) the 
Malaspina- 2010 16S- V4 V5 rRNA metaB (Salazar et al., 2015).

2  |  MATERIAL S AND METHODS

2.1  |  Implementation

The Ocean Barcode Atlas web server is implemented through a clas-
sical Model- View- Controller pattern architecture using the Laravel 
5.4 PHP framework. The application server communicates with 
the user through an Apache HTTP server using HTML5, CSS3, JS, 
BLADE and AJAX to retrieve user requests and display results. The 
PHP application server queries abundance and environmental data 
stored in a mySQL relational database. The amchart javascript li-
brary ( (https://www.amcha rts.com/) was used to build maps and 
bubble plots, whilst phylotree (https://github.com/veg/phylo tree.
js/tree/master) and jstree (https://www.jstree.com/) were used 
to draw phylogenetic trees and choose a taxon respectively. The 
vegan r package was used for diversity analysis (https://cran.ism.
ac.jp/web/packa ges/vegan/ vegan.pdf whilst the ggplot r package 
(https://cran.r- proje ct.org/src/contr ib/Archi ve/ggplo t/) was used 
for producing plots.

2.2  |  Data sources

2.2.1  |  Barcode/OTU data sets

The following three metabarcode data sets were released in OBA.
The Tara Oceans 18S- V9 rRNA metabarcode data set consists 

of eight size- fractionated communities obtained from two depths 
in the photic zone (subsurface [SRF], deep- chlorophyll maximum 
[DCM]), one from the mesopelagic zone (MES) and one from the 
marine epipelagic mixed layer (MIX). Size fractionations corre-
sponded to filter collected pico-  and nanoplankton (0.8– 5 μm), 
and plankton net tows for the nano- , micro- , and mesoplankton 
(5– 20 μm, 20– 180 μm and 180– 2,000 μm, respectively) (http://
tarao ceans.sb- rosco ff.fr/EukDi v/; de Vargas et al., 2015). This 
data set was built by sequencing plankton metabarcodes and as-
sembling 1,685,214,722 raw reads, from 1,046 samples includ-
ing Tara Oceans Polar Circle expedition (https://figsh are.com/s/
cfbf8 69ca8 4310f da6bb; Ibarbalz et al., 2019). Metabarcodes were 
clustered into biologically meaningful 474,303 OTUs using the 
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“Swarm” approach (Mahé et al., 2014). For the taxonomic assign-
ment of metabarcodes, the Protist Ribosomal Reference - PR2-  da-
tabase was used (Guillou et al., 2013).

The Tara Oceans 16S/18S rRNA miTags data set consists of 
two size- fractionated communities (0.22– 1.6 μm and 0.22– 3 μm) 
that were obtained from two depths in the photic zone (SRF 
and DCM), as well as one depth is the mesopelagic zone (MES) 
and one in the marine epipelagic mixed layer (MIX). The metag-
enomics reads corresponding to both size fractions (enriched in 
prokaryotes and giant viruses) described in (Salazar et al., 2019) 
are available at https://www.ocean - micro biome.org and https://
zenodo.org/recor d/3473199. For each prokaryote- enriched sam-
ple (N = 180), merged 19,037,038 raw reads Illumina reads (miT-
ags) that contained signatures of the 16S/18S rRNA gene were 
extracted (Logares et al., 2014). These fragments were mapped 
to a set of 16S/18S reference sequences that were downloaded 
from the SILVA database (Release 128: SSU Ref NR 99; https://
www.arb- silva.de/filea dmin/silva_datab ases/relea se_128/Expor 
ts/SILVA_128_SSURef_Nr99_tax_silva.fasta.gz). A total of 23,987 

miTags sequences were annotated. Abundance tables were built by 
counting the number of miTags assigned to each taxa in each sam-
ple and the number of unassigned miTags (https://www.ebi.ac.uk/
biost udies/ files/ S- BSST2 97/u/OM- RGC_v2_taxon omic_profi les.
tar.gz).

The 16S- V4 V5 metabarcode data set from the Malaspina- 2010 
expedition was built from 60 samples of bathypelagic (BAT: 1,000– 
4,000 m) and abyssopelagic (ABY: 4,000– 6,000 m) waters (Salazar 
et al., 2015) (https://github.com/Guill emSal azar/MolEc ol_2015). 
This metabarcode data set based on 1,789,427 raw reads contained 
3,902 OTU sequences for two plankton size fractions (0.2– 0.8 μm 
and 0.8– 20 μm). The taxonomic assignment was performed using the 
SILVA database (release 115; https://www.arb- silva.de/filea dmin/
silva_datab ases/relea se_115/Expor ts/SSURef_NR99_115_tax_silva.
fasta.tgz). Abundance tables contained the number of reads for the 
OTUs of particle- attached (PA) and free- living (FL) prokaryotes de-
tected in 30 globally distributed sampling stations (https://github.
com/Guill emSal azar/MolEc ol_2015/blob/maste r/OTUta ble_Salaz 
ar_etal_2015_Molec ol_norar efac.txt).

2.2.2  |  Barcode/OTU abundances

The relative abundance of each metabarcode or OTU was estimated 
by dividing the number of barcode/OTU counts by the total number 
of metabarcodes in the corresponding sample.

2.2.3  |  Diversity computation

Diversity computations were carried out with the R vegan package 
(version 2.5- – 5) (Oksanen et al., 2019). Shannon diversity index was 
calculated with the diversity function. The richness was calculated 
from rarefied counts (rarefy function, random subsamples of the size 

of the sample with the lowest number of reads). For the computation 
of intersample diversity (beta- diversity), the matrices were gener-
ated from the rarefied abundances.

If the “Bray- Curtis dissimilarity” option is selected on the query 
page, the abundances are normalized using the Hellinger method 
from the decostand function and a dissimilarity matrix is produced 
with the vegdist function.

For the "Jaccard index" option, the abundance matrix is trans-
formed into a presence/absence matrix (0 and 1). The distance ma-
trix is calculated with the vegdist function using the Jaccard option.

Based on these matrices, a nMDS is performed with the 
metaMDS function. The stress value shown on the graph indicates 
how similar the distances between samples in the ordination space 
are to the original distances. The closer the stress value is to 0, the 
more similar the distances are.

The “With environmental vectors” button plots an additional 
nMDS graphic with projections of variable vectors. The script uses 
the envfit function to fit environmental vectors or factors onto an 
ordination. The data projections onto vectors have a maximum cor-
relation with corresponding environmental variables and the factors 
show the averages of factor levels. The variables with a percentage 
of missing data higher than 15 are removed.

2.2.4  |  Environmental context

For the Tara Oceans samples (Pesant et al., 2015), geolocaliza-
tion and biogeochemical characteristics of the sampled seawater 
were obtained from PANGAEA (https://doi.org/10.1594/PANGA 
EA.875582). The environmental variables provided by OBA 
(Figure 1) were either classical oceanographic measures obtained 
in situ (e.g., depth, salinity, temperature, oxygen, chlorophyll a, etc) 
or mesoscales features estimated from oceanographic models and 
remote satellite observations (e.g, nutrient concentration at 5 m 
depth or net primary production). Estimated values are indicated by 
a star in the dropdown menu of bubble plot panels (Figure 1b, c). 
Descriptions of the environmental variables available in OBA and 
corresponding PANGAEA hyperlinks are provided in the OBA user 
manual hyperlinked from the OBA results page.

For each Malaspina- 2010 sample, environmental variables col-
lected as described in (Fernández- Castro et al., 2014; Logares et al., 
2020; Salazar et al., 2015) were extracted from the metadata file 
found at: https://github.com/Guill emSal azar/MolEc ol_2015/blob/
maste r/Metad ata_Salaz ar_etal_2015_Molec ol.txt.

2.3  |  Interface and functionality

An OBA online analysis session begins with a submission interface 
that collects a user defined barcode sequence query. The OBA 
server then executes data mining procedures on dedicated high- 
performance hardware, and returns interactive result panels for data 
exploration (Figure 2). A user manual is available online as well as 
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case study example sequences (http://oba.mio.osupy theas.fr/ocean 
- gene- atlas/ build/ pdf/Ocean - Barco de- Atlas_User_Manual.pdf).

Two distinct query submission interfaces are proposed (Figure 2). 
On the one hand, the "Community ecological analysis" allows the 
user to search for a taxonomically annotated OTU in a metabarcode 
data set in order to obtain the biogeographic abundance of this 
taxon (world maps and bubble plots) as well as ecological analyses 
(alpha-  and beta- diversity) in the form of graphical representations 
such as nonmetric multidimensional scaling (nMDS), scatter plots 
and boxplots. On the other hand, the "Sequence based query" al-
lows the user to interrogate a metabarcode data set by sequence 
similarity in order to obtain the abundance, location and diversity of 
targeted sequences (barcodes) in an environmental context.

2.3.1  |  Community ecological analysis

An interactive tree first allows the user to make a taxon preselection. 
Then, when the cursor is placed in the taxonomic classification text 
field, an auto- completion feature assists the user in defining a more 
specific taxonomic range. The resulting beta- diversity calculation 

option provides a nMDS ordination from either a Bray- Curtis dis-
similarity matrix if the "Bray- Curtis dissimilarity" option is selected 
or a Jaccard distance matrix if the "Jaccard index" option is selected.

2.3.2  |  Sequence based query

Three origins for the sequence query are proposed in three distinct 
tabs of the submission interface.

Submit your sequence
If the user has a FASTA- formatted barcode sequence that matches 
the barcode subregion targeted by the data set (e.g., the V9 sub-
region of the 18S), the first option (e.g., “18SV9 region”) can be 
selected. If not, the user can select the second option (e.g., “18S 
complete”) which will extract the corresponding subregion from the 
sequence query with cutadapt version 2.1 software (Martin, 2011).

Search from a ref db sequence
A taxonomic search allows the user to identify a barcode from a ref-
erence database (PR2 for Tara Oceans OTU 18S- V9 (Guillou et al., 

F I G U R E  1  Graphical results produced by the Ocean Barcode Atlas. OTU geographic distribution presented for each sample depths 
and size fractions (a). Covariation of barcodes abundance and environmental variables represented on bubble plots (b). A scatter plot 
representation produced with the option “Abundance/environmental variables” (c). Dynamic percentage identity barchart (d). The taxonomic 
distributions of the target barcodes using an interactive krona charts (e). The beta- diversity of the selected taxon represented by nMDS 
ordinations with optional projections of the three selected variables (g). Alpha- diversity represented by two box plots (f). Relative abundance 
and richness of rDNA metabarcodes represented on barcharts for the nine most abundant taxonomy groups depending on sample depths 
(h). Phylogenetic tree rendering (i)

(c)

(d)

(e)

(a)

(f)(g) (i)(h)

(b)

http://oba.mio.osupytheas.fr/ocean-gene-atlas/build/pdf/Ocean-Barcode-Atlas_User_Manual.pdf
http://oba.mio.osupytheas.fr/ocean-gene-atlas/build/pdf/Ocean-Barcode-Atlas_User_Manual.pdf
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2013) or SILVA release 115 (Quast et al., 2013) for Tara Oceans 16S 
rRNA miTags and Malaspina- 2010 OTU 16S- V4 V5).

Search from an ID
This third tab caters for users with a list of OTU identifiers to use 
as queries (the OTU identifiers must correspond to those used in 
the original data sets). A “one map per barcode” option is available 
if less than five barcodes are selected, allowing each barcode to be 
presented on a separate map or bubble plot in the results panels.

If one of the two first tabs has been used to define the query 
(“Submit your sequence” or “Search from a ref db sequence”), an align-
ment is computed (using VSEARCH) (Rognes et al., 2016) between 
the selected barcode query and the OTU sequences of the selected 
metabarcode data set. An optional phylogenetic tree can be built in 
order to compare the user barcode query sequence with its homolo-
gous target OTU sequences.

3  |  RESULTS

3.1  |  Interactive results panels

The results interface presents the user with graphical representa-
tions of computation results via maps, bubble plots, krona charts 
(Ondov et al., 2011), phylogeny trees, alpha and beta- diversity plots, 
nMDS ordinations and barcharts (Figure 1). The results are organ-
ized by sample on graphs (except for the overall krona chart), and 

sample contextual information is displayed on mouse hover over 
the coloured circles on the maps and bubble plots. The results are 
stored and remain available via the web page URL for 15 days after 
job submission.

3.1.1  |  Community ecological analysis results

The maps representing OTU geographic distribution presented as a 
result of a “Community ecological analysis” query are computed using 
three distinct metrics: (i) relative abundance; (ii) Shannon diversity 
index; and (iii) richness (number of OTUs) for each sample depths 
(Figure 1a). Abundance is calculated as barcode counts divided by 
the sum of counts for the corresponding sample. Richness is com-
puted from rarefied barcode counts. Relative abundance, Shannon 
diversity index or richness comparisons are possible between dis-
tinct plankton size fractions and/or sampling depths using distinct 
world maps.

Covariation of barcodes abundance and environmental variables 
can be examined on bubble plots (Figure 1b) for selected combina-
tions of sampling depths and plankton size fractions. A scatter plot is 
drawn if the user selects the option “Abundance/environmental vari-
ables” (Figure 1c).

The taxonomic distributions of the target barcodes are displayed 
in multilayered and interactive krona charts for each distinct sample 
(by clicking on the circles in the world map; Figure 1a) and for the full 
data set (Figure 1e).

F I G U R E  2  The Ocean Barcode Atlas 
query schema
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The beta- diversity of the selected taxon using either Bray- Curtis 
dissimilarity or Jaccard distance is represented by nMDS ordina-
tions with optional projections of the three selected variable vectors 
using the R vegan package envfit function (Figure 1g). A glossary of 
available environmental variables -  both measured in situ and esti-
mated from modelling -  is provided to help users select variables of 
interest. Dot colours and shapes on the graphs are related to sample 
depths and plankton size fractions.

Alpha- diversity is represented by two box-  or scatter plots 
(Figure 1f). The first plot represents the richness (OTU number) ac-
cording to a user selected environmental variable, whilst the second 
represents the Shannon diversity index.

Finally, relative abundance and richness of rDNA metabarcodes 
are represented on barcharts for the nine most abundant taxonomy 
groups depending on sample depths and plankton size fractions 
(Figure 1h).

3.1.2  |  Sequence based query results

Intermediate query selection pages
When the query was submitted via the “Submit your sequence” and 
“Submit a ref db sequence” submission interface (Figure 2), interme-
diate pages allow users to select which homologous metabarcode 
sequences to use as queries for the analyses. In the case of sub-
mission via the “Submit a ref db sequence” option, a first intermedi-
ate page lists available reference sequences from the PR2 or SILVA 
databases, including their taxonomic classification and nucleotide 
sequences, together with radio buttons to select the appropri-
ate query sequence. The query sequence is then aligned (using 
VSEARCH by default) with OTU sequences from the selected 
metabarcode data set. The following intermediate page then lists 
matching metabarcodes by order of decreasing sequence similar-
ity (limited to the first 500 hits) (Figure 2d). Above the list, a bar 

F I G U R E  3  The Interactive world map of the barcodes abundance distribution using a range for an environmental variable
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F I G U R E  4  Case study 1. Biogeography of the Symbiodiniaceae V9 rDNA metabarcodes (a) and scatter plot of their relative abundance 
(b) in the open ocean among the total reads of the eukaryotic community across different latitudes on surface samples and plankton size 
fractions (piconano: 0.8– 5 µm; micro: 20– 180 µm; meso: 180– 2,000 µm)

(b)

(a)
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chart showing the distribution of alignment percent identities can 
be used to select which homologues to carry over for analysis. The 
“one map per barcode” option is only applicable if less than five 
barcodes are selected, allowing each barcode to be visualized on 
separate maps and bubble plots.

Result interfaces
The biogeography of the metabarcode sequences homologous to 
the user query is displayed in the following four interactive panels: 
geographic distribution (Figure 1a), covariation with environmen-
tal variables (Figure 1b, c), taxonomic distribution (Figure 1e) and 
phylogenetic tree (Figure 1i) if the “Phylogenetic tree” option was 
ticked in the initial submission interface (unchecked by default). 
If the "Environmental variable filtering" option is selected on the 
world map, the user can filter out samples using the provided slider 
(Figure 3).

Regardless of submission route, the complete set of data 
necessary to independently rebuild each figure is download-
able as flat files from the final results page (namely the list of 
rDNA hits, the corresponding FASTA formatted sequences, the 

biosample abundance matrix and the contextual environmental 
variables).

3.2  |  Three case studies

3.2.1  |  Case study 1

Decelle et al. (2018) have demonstrated, using the Tara Oceans 18S- 
V9 metabarcode data set, that the dinoflagellate genus Symbiodinium 
well known for sustaining coral reefs photosymbiosis, is ecologically 
and economically important in the open ocean. The relative abun-
dance of Symbiodiniaceae metabarcodes in this study was high in 
tropical and subtropical waters, whilst reaching undetectable levels 
at higher latitudes (Figure 1b in Decelle et al., 2018), indicating an 
ecological preference for warm and oligotrophic oceanic waters. 
We searched for Symbiodiniaceae as a taxon query in the OBA 
“Community ecological analysis” interface targeting the Tara Oceans 
18S- V9 metabarcode data set. The resulting world map (Figure 4a) 
and relative abundance vs. latitude scatterplot (Figure 4b) confirm 

F I G U R E  5  Case study 2. (a) Biogeography of prasinophytes clade VII and (b) Mamiellophyceae V9 rDNA metabarcodes. Scatter plots 
show their relative abundance across different latitudes in surface samples for pico- nanoplankton size fraction (0.8– 5 µm) corresponding to 
prasinophytes clade VII (c) and Mamiellophyceae (d)

(b)

(a) (c)

(d)
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the strong bounding of Symbiodiniaceae under 40 degrees of lati-
tude as in Decelle et al. (2018).

3.2.2  |  Case study 2

The oceanic distribution of Chlorophyta was reported by Lopes 
dos Santos et al. (2017) based on the Tara Oceans 18S- V9 rRNA 
metabarcode data set. In this study, prasinophytes clade VII and 
Mamiellophyceae appeared to be the most abundant group of 
Chlorophyta in the oceans. Prasinophytes clade VII were abundant 
in open ocean waters whereas Mamiellophyceae were abundant in 
a larger spectrum of environments, including high latitudes as well 
as the Benguela current (Figure 4 in Lopes dos Santos et al., 2017). 
Using the OBA “Community ecological analysis” interface applied to 
the same metabarcode data set, we obtained similar oceanic distri-
butions of these two Chlorophyta groups (“prasino clade VII” and 
“Mamiellophyceae”) in the plankton size fraction ranging from 0.8 
to 5 µm. Indeed, Figure 6a, b confirm respectively that prasino-
phytes clade VII were more abundant in open ocean waters, whereas 
Mamiellophyceae were also abundant in coastal waters. Moreover, 
the scatter- plots of their relative abundance (% OTUs) vs. sampling 
latitude illustrates the clear bounding of prasinophytes clade VII 
within 40 degrees of latitude (Figure 5c), whereas Mamiellophyceae 
extend into high latitudes both in the northern and southern hemi-
spheres (Figure 5d).

3.2.3  |  Case study 3

The study of marine diplonemids diversity by Flegontova et al., 
(2016) revealed that they were stratified according to depth, with a 
large fraction of OTUs (35.6%) concentrated in the mesopelagic zone 
(Figure 4a, (Flegontova et al., 2016)). In Figure 4b of Flegontova et al., 
(2016), a nMDS based on Bray- Curtis dissimilarities between sam-
ples supported the difference in diplonemid community composi-
tion and showed that the mesopelagic samples stood apart from the 
epipelagic samples (surface and DCM). Using the OBA “Community 
ecological analysis” and querying the Tara Oceans 18S- V9 metabar-
code data set with the taxonomy ‘Diplonemida”, we were able to 
obtain similar results (Figure 6). A nMDS ordination with depth as 
the environmental variable (Figure 6a) illustrated how mesopelagic 
samples (green square) clustered mostly separately from the sur-
face and DCM samples (blue boxes and red circles). The boxplot in 
Figure 6b identified mesopelagic samples as containing the highest 
Diplonemids diversity, both in terms of richness (number of OTUs; 
Figure 6b left panel) and Shannon index (Figure 6b right panel).

4  |  COMPARISON WITH OTHER 
AVAIL ABLE SOF T WARE PROGR AMS

Alternative web servers propose subsets of the Ocean Barcode Atlas 
functionalities, but to the best of our knowledge none offer such 

F I G U R E  6  Case study 3. Ecological analyses of Diplonemids V9 rDNA metabarcodes. Beta- diversity analysis (a) showing a nonmetric 
multidimensional scaling analysis based on pairwise Bray- Curtis distances among samples (using depth as the environmental variable). 
Alpha- diversity analysis (b) showing boxplots of OTU number vs. sampling depth and Shannon index vs. sampling depth

(b)(a)
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tight taxon (or sequence) diversity integration with environmental 
context across multiple metabarcode data sets.

Authors of the MicrobiomeAnalyst tool (https://www.micro 
biome analy st.ca; Dhariwal et al., 2017) carried out a comparison 
between several web- based tools such as METAGEN- assist, EBI 
Metagenomics, MG- RAST and VAMPS. However in the extensive set 
of features proposed by MicrobiomeAnalyst, several modules were 
developed specifically for human and mouse models and are thus 
not suitable for the analysis of marine barcodes. However VAMPS 
allows to give access to marine data sets but a prior registration is 
needed and the data is a bite complex to query for a nonexpert user.

In contrast, GLOSSary (http://bioin fo.szn.it/gloss ary/; 
Tangherlini et al., 2018) is specifically tailored for marine data, but 
only allows users to query the Tara 16S miTags data set with interac-
tive geographic exploration of prokaryotic sequences or taxon, but 
abundance, diversity indexes, and environmental parameters are 
lacking.

5  |  DISCUSSION

The Ocean Barcode Atlas is an interactive DNA metabarcode web 
service that supports exploratory analysis across the phylogenetic 
and ecological spaces of a given barcode or taxon. It allows users to 
concentrate on gaining biological meaning from large plankton bar-
code data sets, without being hampered by the inherent heterogene-
ity of the underlying data and the requirement for high performance 
computing resources. No user account or email address is required 
to run OBA analyses, which are fast enough to be rendered on the 
fly, stored for convenience on the server for 15 days and reachable 
via the URL alone.

Currently provided with three metabarcode data sets, we plan 
to complement the OBA service with further marine data sets as 
they become available or data sets treated with other clustering 
method such as DADA2 (Callahan et al., 2016). For instance, we 
plan to include the forthcoming Tara Oceans 18S- V4 rRNA metabar-
code data set which will usefully complement the current V9 based 
metabarcodes.

Additional ambitions for OBA development are to include a mod-
ule to allow users to upload their own data sets and also to repre-
sent time series data sets, such as those produced during the Ocean 
Sampling Day (Kopf et al., 2015). Furthermore, we plan to create 
Docker containers running OBA in order to allow users to locally 
analyse and privately share geolocalized barcode data sets. An appli-
cation programming interface (API) is also being developed allowing 
programmatic access to OBA resources similar to the OGA API that 
has proven to be a popular mode of access also within the bioinfor-
matics specialists community.
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