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Use Cases coordinate ELIXIR’s activities in four domains of life science: Human Data, Rare Disease, Marine
Metagenomics and Plant Sciences. They bring together experts to develop specialised standards, services, workshops
and Implementation Studies in these domains. The Use Cases also provide feedback on the Platform services, which
helps ensure they are practical and useful.

Human Data Rare Diseases

Develops long-term strategies for
managing and accessing sensitive human
data.

Supports the development of new
therapies for rare diseases.

Marine Metagenomics Plant Sciences
Develops a sustainable metagenomics

infrastructure to nurture research and

Develops an infrastructure to facilitate
genotype-phenotype analysis for crop

innovation in the marine domain. and tree species.

New Use Cases: Three new Use Cases have just begun: Proteomics, Metabolomics and Galaxy. For details see the

news story. More details about them will appear in this section shortly.

Goals of the Use Cases

® To tie together ELIXIR services into effective workflows that support the needs of the life science community

® To guide the coordination and enhancement of ELIXIR’s resources in a specific domain (e.g. Human Data, Marine
Metagenomics)

©® To demonstrate the effectiveness of ELIXIR services

® To test the technologies and solutions developed by ELIXIR Platforms.

The four Use Cases began in 2015 with the start of the ELIXIR-EXCELERATE grant and will run at least until 2019. The
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Marine Metagenomics Use Case

Marine metagenomics is the study of genetic material recovered directly from the sea. It is a new and rapidly expanding
area of research, and there is a danger that data is produced faster than users are able to share, analyse and interpret it.
There is an urgent need to create a data management infrastructure dedicated to marine research.

This Use Case aims develop a sustainable metagenomics infrastructure to enhance research and industrial innovation
within the marine domain. It will provide a web based portal through which researchers can access a marine reference
database. The database will be populated with data from the European Nucleotide Archive (ENA), UniProt and other
sources.

What the Use Case does

® Develops and implements data standards for the marine domain.

©® Develops and implements databases specific to marine metagenomics.

® Evaluates and implements tools and pipelines for metagenomics analyses.

© Develops a search engine for the interrogation of marine metagenomics datasets.
® Organises training workshops for end users.

Services provided

® EBI metagenomics portal: portal for metagenomics analysis: an automated pipeline for analysing and archiving
metagenomic data.

® Marine Metagenomics Portal (MMP) (Beta version)
O MarRef: a database for completely sequenced marine prokaryotic genomes.
© MarDB: a database of sequenced marine prokaryotic genomes regardless of level of completeness.
O MarCat: a catalogue of marine genes and proteins derived from metagenomics samples.
O META-pipe: a marine metagenomics analysis pipeline.

©® |TSoneDB: a database for fungal ITS1 sequences
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Background

Community need for specific marine
metagenomics resources

* need to develop standards and best practice
within the field

* need for reference databases specific for
the marine environment - should include

sequence and metadata (contextual)

e benchmark analysis tools and pipelines to
optimize marine metagenomics analysis

 resources should follow the FAIR (Findable,
Accessible, Interoperable and Reusable)
principles
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Background

Why more (and domain-specific) resources?

* need to benchmark and implement
tools/pipelines for best possible output results

 tools not better than the underlaying
databases used

* the higher quality of the databases - the
better classification and annotation of
metagenomic samples

ors
{Desulfobacteraceae)
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Marine Metagenomics Portal
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The MAR (MARine) databases are richly
annotated and manually curated contextual
and sequence databases. MarRef contains
completely sequenced marine prokaryotic
genomes. MarDB includes all non-complete
marine prokaryotic genomes regardless of
level of completeness. MarCat is a catalogue
of marine genes and proteins derived from
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"% META-PIPE

META-pipe is a complete workflow for the
analysis of marine metagenomic data. It
provides assembly of high-throughput
sequence data, functional annotation of
predicted genes, and taxonomic profiling.
META-pipe is not released as an ELIXIR
service yet. For now you may use the NeLS
META-pipe service.

e
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Statistics: 208.7 GB of META-pipe output datasets
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The mission of Marine Metagenomics Portal (MMP) is to provide the marine scientific community with
high-quality curated and freely accessible microbial genomics and metagenomics resources.

_‘g‘a MAR
BLAST

MAR BLAST provides BLAST search on
all genes and protein coding sequences
from the marine databases MarRef,
MarDB and MarCat.

© 2018 SfB - UiT | Terms and conditions




What is @a marine microbial biome?

Marine biome

"An aquatic biome that comprises systems of open-ocean and unprotected coastal habitats,
characterized by exposure to wave action, tidal fluctuation, and ocean currents as well as systems that
largely resemble these. Water in the marine biome is generally within the salinity range of seawater:

30to38 ppt"

Marine microbial biome

"An aquatic microbial biome comprises of microbial communities from open oceans, coastal and
protected habitats up to the high-water mark with salinity from o.5 ppt (parts per thousand) as in
estuaries (brackish water) environments to above 100 ppt as in sea ice brine. The biome also includes
marine microbial communities obtained from marine species associated with these habitats"
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MAR databases

Implementation
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MAR databases

Data resources used

Sequence databases
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MAR databases

Curation database
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MAR databases

Attribute descriptions,

CV and Ontologies

Preferred Name

Definitions

ENVO ID

Link

Marine biome

An aguatic biome that comprises systems of open-ocean and unprotected
coastal habitats, characterized by exposure to wave action, tidal fluctuation,
and ocean currents as well as systems that largely resemble these. Water in
the marine biome is generally within the salinity range of seawater: 30 to 38

ppt.

ENV0:00000447

http://purl.obolibrary.org/obe/ENVO 00000447

Epeiric sea biome

The epeiric sea (also known as an epicontinental sea) biome comprises of a
shallow seas that extend over part of a continent. Epeiric seas are usually
associated with the marine transgressions of the geologic past, which have
variously been due to either global eustatic sea level changes, local tectonic
deformation, or both, and are occasionally semi-cyclic.

ENVO0:01000045

http://purl.obolibrary.org/obo/ENVO

010000,

Estuarine biome

Expressions of the estuarine biome occur at wide lower courses of rivers where
they flow into a sea. Estuaries experience tidal flows and their water is a
changing mixture of fresh and salt.

ENVO:01000020

http://purl.obolibrary.org/obe/ENVO _o1ico00

(material_id)

term name of Environment (material).

Ex 2: ENV0:01000277

Structured comment | item Description Examples Expected value Value syntax Preferred units
name suffix
alt_elev Geographic Sample taken at given elevation above sea level, [ Ex 1: 3.06 - {float} or {range} | meters (m)
location defined in meters(m) as a positive floating | Ex 2:1.80-2.15
(altitude/elevat | number with two decimals.
ion)
collection_date Collection date | The time of sampling, either as an instance (single | Ex 1: 2008-01- date and time, range | {timestamp} -
point in time) or interval. In case no exact time is [ 23719:23:10+00:00
available, the date/time can be right truncated. [ £x 2: 2011-11-10
Ex3: 2001-12
EX7:2015
Ex 4: 20032006
EX5: 2010-01-2011-03
EX 6: 2011-05-28-2011-
08-10
depth Depth Please refer to the definitions of depth in the | Ex 1:355.20 - meters (m)
environmental packages. Water: Sample taken at | Ex 2: 2.00-5.00
given depth below sea level, defined in meters(m)
as a positive floating number or as a range, both
with two decimals.
env_biome Environment  [In environmental biome level are the major | Ex 1: coral reef Envo {free text} -
(biome) classes of ecologically similar communities of | Ex 2: tropical
plants, animals, and other organisms. Biomes are
defined based on factors such as plant structures,
leaf types, plant spacing, and other factors like
climate. Examples include: desert, taiga,
deciduous woodland, or coral reef. EnvO (v1.53)
terms listed under environmental biome can be
found from the
N . 6,
se-Env0)
env_biome_ENVO [ Environment [ Corresponding ENVO identifier related to the | Ex 1: ENVO:00000150 Envo {accession} -
(biome_id) term name of Environment (biome). Ex 2: ENV0:01000204
env_feature Environment | Environmental feature level includes geographic | Ex 1: coast Envo {term) -
(feature) environmental  features. Examples include: | Ex 2: ocean floor
harbour, cliff, or lake. EnvO (v1.53) terms listed
under environmental feature can be found from
the
(http: org/Brow
se-Env0)
env_feature_ENVO | Environment [ Corresponding ENVO identifier related to the | https://www.ebi.ac.uk/me [EnvO {accession} -
(feature_id) | term name of Environment (feature). tagenomics/projects/SRPQ
00183/samples/SRS00044
z
env_material Environment | The environmental material level refers to the | Ex 1: sea water EnvO {term} -
(material) matter that was displaced by the sample, prior to | Ex 2:ice
the sampling event. EnvO (v1.53) terms listed
under environmental matter can be found from
the
p org/Brow
se-Env0)
env_materia_ENVO | Environment | Corresponding ENVO identifier related to the | Ex 1: ENV0:00002149 EnvO {accession} -

env_package

Environmental

MIGS/MIMS/MIMARK extension for reporting of

Ex 1: Water

CV, single data entry

[Air| Host-

Marginal sea The marginal sea biome comprises parts of an ocean partially enclosed by land | ENVO:01000046 http:/jpurl.obolibrary.org/obo/ENVO_01000046
biome such as islands, archipelagos, or peninsulas. Unlike Mediterraneanjseas,

marginal seas have ocean currents caused by ocean winds. Many marginal

seas are enclosed by island arcs that were formed from the subduction of one

oceanic plate beneath another.
Marine benthic The marine benthic biome (benthic meaning 'bottom') encom passes the ENV0:01000024 http://purl.obolibrary.org/obo/ENVO_01000024
biome seafloor and includes such areas as shores, littoral or intertidal areas, marine

coral reefs, and the deep seabed
Marine mud Aliquid or semi-liquid mixture of water and some combination of soil, silt, and | ENV0:00005795 http:/lpurl.obolibrary.org/obo/ENVO_00005795

clay.
Marine pelagic The marine pelagic biome (pelagic meaning open sea) is that of the marine ENVO0:01000023 http://purl.obolibrary.org/obo/ENVO_o1co0023
biome water column, from the surface to the greatest depths.
Marine salt marsh | The marine salt marsh bieme comprises marshes that are transitional ENVO0:01000022 http:/jpurl.obolibrary.crg/obe/ENVO_01000022
biome intertidal between land and salty or brackish marine water (e.g.: sloughs, bays,

estuaries). It is dominated by halophytic (salt tolerant) herbaceous plants. The

daily tidal surges bring in nutrients, which tend to settle in roots of the plants

within the salt marsh. The natural chemical activity of salty (or brackish) water

and the tendency of algae to bloom in the shallow unshaded water also allow

for great biodiversity.
Marine upwelling | A marine biome which contains communities adapted to living in an ENVO:01000858 http://purl.obolibrary.org/obo/ENVO_o1000858
biome environment determined by an upwelling process.
Marine water A significant accumulation of water which is part of a marine biome. Ideas like | ENVO:00001399 http:/lpurl.obolibrary.orgjobo/ENVO_00001393
body "significant” are fuzzy and need to be modelled more accurately. The

definition is a candidate for review.
Mediterranean The Mediterranean sea biome comprises mostly enclosed seas that have ENV0:01000047 http:/jpurl.obolibrary.orgjobo/ENVO_o1000047
sea biome limited exchange of deep water with outer oceans and where the water

circulation is dominated by salinity and temperature differences rather than

winds.
Ocean biome The ocean biome comprises major bodies of saline water, principal ENVO:01000048 http://purl.obolibrary.org/obe/ENVO _o1000048

components of the hydrosphere. Approximately 71% of the Earth's surface is
covered by ocean, a continuous body of water that is customarily divided into
several principal oceans and smaller seas. More than half of this area is over
3,000 meters (9,800 ft.) deep. Average oceanic salinity is around 35 parts per
thousand (ppt) (3.5%), and nearly all seawater has a salinity in the range of 30
to 38 ppt.

celerate

A controlled
vocabulary is a set of
preselected terms e.g.
taxonomic domain;
bacteria, archaeaq,
eukarya

Ontology is a formal
naming and definition
of the types,
properties, and
interrelationships.




MAR databases

Refinement
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of the most radioresistant hyperthermophilic archaea. Cell culture Pretmodoccut gamatolerans £33 Thermococcu’ gamatote
ic Analyzer missing  PoredlPhrepiconsed | 1 missing 1 2045440 53.6 2111 Archaea  §
£33 2016-09-20 2016-11-22 WA 16885 NCBI 2015-08-1772
ssing nmazsnzznmmg 671 Conplet
Sedng  Marine o arine venthic bione ERVor oisesess Sedinent  marine hydrothermal vent ENVO: 01000122
ssing  missing  Woods Hole Oceanographic Instituti nissing  NA NA
53R Missing  missing - DS S47G|ATCE SlasojicH Bse0  Yes SO 10.1007/8F00400S5 72403191 PRONABISZS S
ryarchaeota e rmococ ci The rmococca les Uitoralis 131567|2157 |
BI Prokaryotic Genome Amnotation pipeline Best-placed reference protein set; GeneMarkss Gene| CDS| rRNA | £RA | ncR
ssing  Marine arine benthic biome ENVO: 6: Hos t-associat Marine nydrntnem\al vents ENVO: 0100012
"Soan de Fuca Ridge Juan de Fuch Kidge GAZ:00002435 5 Sson0n. 139100000 mis5ing " 3300 Uniyersity of Washingto
polychaete o collected fron 3 hydrothernsl vent on the Endeavour Segnent in the northeastern Pacific Ocean Cell culture
_CP006965. 1 UPB0019027Kyung Hee University 454 GS FLX Titaniun|Illunina Hiseq 2000
| Thermococei| aceae | The mococcus| Thermococcus naralvlnellanBlB»BS»?B Soiot1ss patychacte
500 oo PO3081513nis sing
Marine benthic biane ENVD: 030000 Misc environment Warine hydrothernat v ENVO: 0100012
me Central Indian Ridge.The chimey fragnent was Cottected by the ROV Jason and was placed in an isolated Contaner for She trip o
17000, 70.033000 missing 2420 missing  missing NA
reimodestTatator indices DN 15286 Thermodesut fazator indfeus CIRasBi2|0SH 15286| 30 087 | crrodeio
Lunina Genome Analyzer IT|454 GS FLX Titanium 30 Newbler v. 2.3|GCC v. 3.4.6|Velvet v. 1.0.13|Phred|Phrap| Consed
695667014 etluler organions| sacieria | Thermadesul fobacter ia | Thorodestt Tobs cter 1a e modesiFobacebr 1o Leb | Theshodesu 1 obad
A ——

© 00 /hipesmmpst..2017-02.00xmi % |\ 4

Machine-readable (XML/JSON)

€ Oa ¥ 0% @  Q search w8 4+ A
reason>missing<reason>
</hostSexMissing>
~ <hostHealthStageMissing>
<reason>missing</reason>
</hostHealthStageMissing>
- <hostAgeMissing>
<reason>missing</reason>
</hostAgeMissing>
~ <serovarMissing>
<reason>missing</reason>
Missing>

issing
- <collectionDateMissing>
Teasom> mising dreason>
<JeollectionDateMissing>
- <depth xsiztype="PrecisionDecimalStringFixed">
aluer3500</values

lept
<envBiome>Marine benthic biome </envBiome>
i url= do?ontName=ENVO. v

I=ENVO:01 0:
<envFeature>Sea floor</enyFeature>

el ENVO:00000482"> ENVO-X00004 82 e FeatareErvs-
nvMaterial>Sediment<JenvMaterial>

termId=ENVO:00002007">ENV0:00002007 <envMaterialEnvo>
<envPackage>Sediment</envPackage>
- <envSaliniy
reason>missing</reason>
emvSalnityMissings
~ <enyTempMissing>
<m5nn>mlssmg</ruwn>
<JenyTem)

£

- cName>
<item>Philippines</item>
<item>Sulu Trough</item>

</geoLocName>

L

L 0 url=
termld=G:
qnvnmgnuon’l‘yp&Bmeanmvﬁnpunn’lyw

- <latLonMissing>

- <pathogenicltyMissing>
sing</reason>
pathogenicity Mising>
<projectName>missing </projectName>
<assembly>Phred[Phrap/Consed</assembly>
- <isolGrowthCondt>
<url>htps://www.atce org/~/ps/BAA-1253D-5 ashx</url>
<fisolGrowthCondt>
oumReplicons>2</mumReplicons>
~ <refBior
accesion 15746425 laccession>
<JrefBiomaterial>

\geMissing>
<sampleType>Cell culture</sampleType>
<strain>SSYIATCC BAA-1253 <strain>

University of Cali

<kingdom>Bacteria</kingdom>

plylum> Proteobacteria</phylum>
lass>Gammaproteobacteria</class>

<ord:r>V|bnona.les</nrdtr>

<species>Photobacterium profundum</species>
- <taxonLineagel
<accession>131567</accession>
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Curation Workflow for the MAR DBs

MAR databases

Download

Patric/ ENA genome lists (tsv)

Patric /| ENA genome &
metagenome data lists

RefSeq w.genome list o ENA
Filtering 2 ’\tﬂ:rln:cllaslt:
Assembled INSDC % (tsv -> calc)

BioSample
and 2

annotated
Genomes and
Metagenomes

Marine genome list
BioProject

ENA

EBI metagenomics
(1) MAR databases

Literature databases
BLAST

Databases Second CUISHONBES
econdary
metabolites (Base)

Sequence databases

MarRef, MarDB,

Manually
MarCat curation

Diversity databases

Curated DB
(calc -> tsv)

Taxonomy databases

Refinement
MAR (OpenRefine)
Resources

Contextual databases

Refined DB
SILVAmar, Kaiju, (tsv)

Kraken, MapSeq

Validation
(MAR validator)

MMP Download

Validated DB
(tsv -> XML/JSON)
MAR Contextual DBs

MMP BLAST DBs
MAR contextual DBs

MMP TS;°"°mi° MarRef, MarDB, MarCat
S

Genomes and

metagenomes seq 20

. . Synchronizatio antiSMASH MﬂMP ra te
Marine Metagenomics Workshop, Nov 2
MMP text update Update




MAR databases

Marine reference databases

\
— g MARINE

METAGENOMICS

c , PORTAL
SERVICES

DOCUMENTATION  COMMUNITY HELP  CONTACT

* MarRef, MarDB and MarCat

]
- The marine reference databases are a collection of richly annotated and manually curated [ ] i
@ contextual (metadata) and sequence databases. The contextual data can be accessed by CU rre ntly 771' 8649 a n d 1227 e ntrl es
browsing, searching or filtering, while the sequence data through BLAST. All data can be
R MARINE downloaded. o C t t I d d t b
EFERENCE
REFERENCE ontextual and sequence databases

]
‘% MARREF
>

MarRef is @ manually curated marine

microbial reference genome database
that contains completely sequenced
genomes. The current version has 618
prokaryote genomes.

Browse

Copyright © 2017 Center for Bioinformatics - UiT.  Terms and conditions.

)
"@ MARDB

MarDB includes all sequenced marine
microbial genomes regardless of level of
completeness. The current version has
3726 partly curated records for
prokaryotic genomes.

Browse

)
"% MARCAT
S o4

MarCat is a gene (protein) catalogue of
uncultivable and cultivable marine genes
and proteins derived from metagenomics
samples. The data is produced by META-
pipe, and the current version has 1443
records.

Contact: mmp@uit.no

122/55 metadata fields

Manually expert curated

Ontologies and controlled vocabularies
implemented

Biannually update

Advanced search and filtering

BLAST

Open access and downloadable

Accessible from the Marine Metagenomics Portal (MMP)
https://mmp.sfb.uit.no/

Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway
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https://mmp.sfb.uit.no/

MAR databases

Browse and filtering

)
(D, marine

>

METAGENOMICS
PORTAL

SERVICES DOCUMENTATION  COMMUNITY  HELP  CONTACT  HELPDESK

)
5 MarRef is a manually curated marine microbial reference genome database that contains completely
- sequenced genomes. Each entry contains 106 metadata fields including information about sampling
v environment or host, organism and taxonomy, phenotype, pathogenicity, assembly and annotation
information. Th rrent version contain 6 nomes.
! MARREF ‘ormatiol e current version contain 618 genomes.
Overview  Browse
[ Database overview
Bacteria 530
Archaea 88
Total number of records 618
07 MarRef
2 .
O 5
.
O
5
5 5
O e .
O OO
o
O
o
. O
T .
O
O
. 3
9 S . 5
&5 <
O °9 d .
o — | e < & Google My Maps S e*
Kartdata ©2018 Vilkdr_1000km.— v o . O

Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway

SERVICES DOCUMENTATION ~ COMMUNITY

g. MarRef is a manually curated marine microbial reference genome database that contains completely
- sequenced genomes. Each entry contains 106 metadata fields including information about sampling

v environment or host, organism and taxonomy, phenotype, pathogenicity, assembly and annotation
MARREF information. The current version contain 618 genomes.

Database overview

Bacteria 530
Archaea 88
Total number of records 68

& Thermosipho sp. 1063

navn

Thermosipho sp. 1063

beskrivelse

MMP02644973
(https://mmp.sfb.uit.no/databases/marref
/#/records/MMP02644973) Genome
sequencing of Thermotogales isolates
from hydrothermal vents

Overview  Browse

(o0

.
Go gl; My Maps.

e

celerate




MAR databases

Browse and filtering

C | @ Secure https:// fo.uit. 0002700
Apps [ Events - GBIF Norway §2 Gérdskart - NIBIO

C | @ Secure 2 fo.uit Q ¥
Apps [ Events - GBIF Norway §2 Gérdskart - NIBIO

https://www.patric...

https://www.patric...

MMP (betz) SERVICES - DOCUMENTATION ~ COMMUNITY  CONTACT MMP (beta) SERVICES - DOCUMENTATION ~ COMMUNITY  CONTACT

Rhodothermus marinus DSM 4252

+5

pand all{ =Collapse all

-g

+ Summary

MARREF

<+ Organism and taxon info
+ isolate info

<+ Host and pathogenicity info

Overview  Browse

= Assembly info

Rhodothermus marinus DSM 4252

Sequencing Centers US DOE Joint Genome Institute (JGI-2GA|DOE Joint Genome Institute[JGI-PGF
Sequencing Platform A8 3730 Genetic Analyzer, £54 GS FLX
Expand all =Collapse all Sequencing Depth () 88,38
= Summary Assermbly Accession GCA_000024845.2
GC Content (%) 63
MMPID MMPoooozzon Asserbly Tool Newblerv. 220225, Phrap
Full Scientific Name. Rhodothermus marinus DSM 4252 Number of Replicons N
Surair Re20, DSM 4252, ATCC 43822 Number of Contigs missing
Type Strain Yes Genore Length (be) 306737
Geographic location Iceland, Reykjanes, safiardardjup Bay Plasmids 1

Collection Date 29880100

Biosample Accession SAMNooooz700

Bacdive D a9 = Annotation info

Culture Callections) DSM 4252, ATCC 43822

Isolation Country Iceland

Annotation Provider Neal

Environmental Package Misc environment

Annotation Date. 2050730 373747

Isolation Source Submarine hot spring at Reykjanes, NW iceland

Annotation Pipeline. NCBI Prokaryotic Genome Annotation Pipeline.

Host Scientific Name

not applicable

Annotation Method

Best-placed reference protein set; GeneMarkS+

Curation Date 060 Annotation Software Revisior 3

Updated Date missing

Features Annotated Gene, CDS, /RNA, tRNA, NCRNA, repeat_region

Implemertation Date 20360520

82

Refseq (DS

Microbe Package missing NCBI Refseq Accession NC_o13501.3, NC_ow3s022

Experiment/investigation Type Bacteria

Genes 291

PRINA2g28:

Bioproject Accession s 282

Genbank Accession

CPooato7, CPoaaBod Peudo Genes s

NCBI Taxon dentifier 518766

RNAS (55, 265, 235)

Reference for Biomaterial 10.1099/00223287 134-2-299

Complete RNAS (55, 265, 235)

Silva Accession SSU 29281

Partial RNAS (55, 365, 235)
Silva Accession LSU

20281 AR a5

UPooooozzar

Uniprot Accession neRNAS 2

Publication(s)

21304669 Frameshifted Genes 6

Comments Rhodothermus marinus DSM 4252, Rhodothermus marinus DSM 4252 was isolated from a shallow marine hot spring off the coast of iceland. This Frameshified Genes On Vonomer funs o
A anumber of 5 d xylanase; in Rhodothermus
marinus DSM 42521 th d regulation of thermostable enzymes. env_temp: Frameshifted Genes Not On Monomer Rurs o

7595

Copyright © 2037 Center for Bicinformatics - UIT.  Terms and condiitions. Copyright © 2017 Center for Bioinformatics - UT.  Terms and conitions.
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MAR databases

Browse and filtering

' == Download selected records
[ mamme
METAGENOMICS
&5 FoRTAL
SERVICES DOCUMENTATION COMMUNITY  HELP  CONTACT  HELPDESK
X Unselect
‘ tsv | fasta | xml | Genbank
MarRef is a manually curated marine microbial reference genome database that contains
N : ; Jet e . Number of selected records: o
completely sequenced genomes. Each entry contains 106 metadata fields including information
v about i i or host, ism and icity,
and ion i ion. The current version contain 618 genomes.
MARREF 9
= Search
Overview  Browse
= Filter
o« - 13 45 6 7 8 9 B s
Reset all filters
Phylum
= Download selected records Geographic Blosample :
MMPID Full Scientific Name Strain Type Strain location CollectionDate  Accession Bacdive ID
m MMPo2603341  Brucella pinnipedialis B2/g4 B2/94, Yes Scotiand missing SAMNoz603341  missing Order
R [ omi | Genbank MMP3138336 Photobacterium profundum SSg 59, Yes Philippines, missing SAMEA3138336 | missing -
Number of selected records: 0 MMPo2603337  Candidatus Pelagibacter sp. IMCCgo63 IMCCg063 missing Norway, missing SAMNoz603337  missing Genus
MMPo2603472  Candidatus Puniceispirillum marinum IMCC1322 IMCC1322 missing South Korea, missing SAMNoz603472 | missing
—Gr MMPo02603608 Pseudomonas stutzeri CCUG 29243 ANz0, missing Spain, missing SAMN02603608  missing Environment Biome
MMPo2603431  Nautilia profundicola AmH AmH, Yes EastPacificRise, .. 1999 SAMNo2603431 10430
Pi GRo1 PSCGRo1 missing Chile 2010-10-20 SAMNos309069 | missing Environment Feature
MMPo2596969  Lactococeus garvieae ATCC 49156 T3, No Japan 974 SAMNo25gb969 14683
= Filter MMPo25g8382  Maricaulis maris MCS10 MCS10 missing UsA, missing SAMNo25g8382 | missing Environment Material
fesetall fiters MMPooo17418  Pseudomonas sp. MT-1 MT1 missing Pasific Osean, missing SAMDocow7428 | missing
Phyim MMPooy13s60  Sulfurimonas autotrophica DSM 16294, OKa1o, Yes Japan, 2001-06 SAMNoo7izséo 6114 Environmental Package
N MMPoo73570  Thermaerobacter marianensis DSM 12885 P75, Yes Pasific Osean, 1996 SAMNoo7a3s70 | 18040
Isolation Country
Order 3 Thermococc )3 EJ3, Yes USA, 1991 SAMN02603333 16885
MMPo2603679  Thermococcus ltoralis DSM 5473 NS-C, Yes italy, missing SAMNoa603679 | 16862
Genus Temperature Range
. MMPo30B1513  Thermococcus sp. ES1 €1, . Yes Pacific Ocean, missing SAMNo3oB1513 24653
Coronment Biome MMPo2232057  Thermodesulfatator indicus DSM 15286 CRagsaz, Yes Central Indian 200104 SAMNoz2232057 16889
Halotolerance
N MMPo1gig351  Thermotoga maritima MSB8 MsB8, Yes taly, 982 SAMNo1gig351 17060
Environment Feature MMPo2603251  Thermotoga neapolitana DSM 4359 NS-E, Yes italy, missing SAMNo2603251 17061
N Oxygen Requirement
MMPoooooz7g  Thermotoga sp. RQ2 RQ2 missing Portugal, missing SAMNoooooz7g | missing
Environment Material
. MMPoo713575 Hermovibrio ammonificans HB-1 HB-1, Yes Pacific Ocean 200004 SAMNoo713575 17646
Host Common Name
Environmental Package MMPo2232063  Thioflavicoccus mobilis 8321 832, Yes UsA, 1986 SAMNo2232063  missing .
N MMP02603167  Verrucosispora maris AB-18-032 AB18-032, Yes Japan, 1991-08 SAMNo2603167 8032
Collection Date
Isolation Country MMPo3323923  Vibrio nigripulchritudo str. SFna SFm missing France, 2000-03 SAMNo33z3923  missing . .
b 882209 88220, missing Bangladesh missing SAMNo2604302 | missing
Temperature Range Depth
. MMPo30B1521  Vibrio parahaemolyticus UCM-V4g3 UCMVag3 missing Spain 2002 SAMNo3oBis21  missing . .

Halotolerance

. . excelerate
Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway




MAR databases

Browse and filtering

= Filter

Filtering based on —‘C

project name -

Taxonomic filtering
based on 3 levels;

v Phylum, Order & Genus

Filtering based on
sampling environment;
biome, feature &
material

Filtering based on region
or country

Ia)
<
< < <

Filtering based on
phenotypic trait

Oxygen Requirement

Filtering based on host
. (pathogen or host
CoHecnonDatf - associate)

Depth

Host Common Name

Filtering based on
collection date/depth

-
z o g g
o 3 o s
g =1 8
% o i
[ o E
g 9
5 s o
2 [ S
< 5 S
< F E1
F
@

excelerate




MAR databases

ENVO ontologies

Environmental Biome Environmental Feature Environmental Material

« Epeiric sea biome « Particulate matter

« Estuarine biome

« Solid environmental

* Marginal sea biome material

* Marine benthic biome = Archipelago

* Marine mud + Waste material

« Sea cost

* Marine pelagic biome
* Harbor

* Marine salt marsh biome * Brackish water

* Marine upwelling biome

« Iceberg

* Marine water body * Coastal sea water

* Mediterranean sea biome * Surface water

« Ocean biome

E
i « Marl

. . excelerate
Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway




MAR databases

Taxonomic distribution
V1 - MarRef: 618, MarDB: 3726 V2 - MarRef:771, MarDB: 8649 V3 - MarRef:852, MarDB: 10896

Genra of MarRef and MarDB

o T | ey p sl MMW%
7

— Methanococcales
Thermoprotei

I
Crenan:haeota ::;T::::mb “
G~ Favobactsrium

Archaea Euryarchaeota [ ss | Oceanospirillales
__ Psedomonadales
— I (N R S— E—
Bacteroidetes &-proteobacteria, Vibrio
—
618
—\ Shewanella
Proteobacteria Rhizobiales Piscirickettsia
—\
s T Ty
Actinebacteria — . Rhodobacteriaceae

cellular organisms ~ Bacteria I — Erythrobacteraceae
Firimicutes — Corynebacteriales
l — " Lactobacillales
i T e —

Cyanobacteria
3726

—
Thermotogae \
cellular organ

I 1 Prochlorococcus
Synechococcus

Thermotoga

Methanosarcina
_-

| ]
Euryarchaeoba Flavobacteriaceae

_
Oceanospirillale: 467
Vibrio

An:haea
I
/Pseudoalteromonas

Psedomonadales  Alteromonadaceae
——
Entercbacterales

Pelagibacteraceae &
i E 5
Sphingomonadales "

6-proteobacteria \ /Ruegeria
Flnmlcutes %— EE

[ s ] mq % ,_ %M A ”H \X\\\\\\\ @“@\

’WWWW\

nnnnnnnnnnnnnn

Cyanobacteria Streptomyces
[ S S —

I
Prochlorococcus

| . excelerate
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MAR databases

Taxonomic distribution

Version 2 - 9457
JGI Gold database: 1608 S il
B synthesise secondary metabolite e \“““II""'"”W//////////////}///}////// .

k|
i £
[

JGl ¥ P

GENOMES ONLINE DATABASE

Home Search  Distribution Graphs  Biogeographical Metadata  Statistics GOLD Usage Policy Team Help News

Studles 32301 Your current search results are:

Biosamples 46,228 Studies o Projects Analysis Projects
1 1,512 1,51 1,

Sequencing Projects 197,643 5 - == 1515 15%

N N Current Filters::
Analysis Projects 155,882 Organism.Domain — BACTERIAL
Study.Ecosystem Type — Marine

Organisms 299,899 Analysis Project.Is Public — Yes Refine Search Filters

Clear All Filters | New Search

MarRef & MarDB

< C' @ Secure | https://gold.jgi.doe.gov/analysis_projects?page=1&Study.Ecosystem+Type=Marine&entityFieldSubmit=Submit&Study.Ecosystem+Type=M.

1JGI X sroe oo

GENOMES ONLINE DATABASE

Home  Search  Distribution Graphs  Biogeographical Metadata Statistics GOLD Usage Policy Team Help News

Studies 32,301 Your current search results are:

Biosamples 46,228 Sl e e

Sequencing Projects 197,643 o o ® x -

Analysis Projects 155,882 glr‘gm:;"go’r‘nnln —» ARCHAEAL

Organisms 299,899 i'.:'.ﬁf?fmmﬁé '1'33: ; | Refine Search Filters |

. o
Clear All Filters  New Search Dl Cevibjionates

Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway



MarCat

]
V™ MARINE

METAGENOMICS
L

PORTA
v SERVICES DOCUMENTATION COMMUNITY  HELP  CONTACT  HELPDESK

)
-% MarCat is a gene (protein) catalogue of uncultivable and cultivable marine genes and proteins derived from
c metagenomics samples. The data is produced by META-pipe, and the current version has 1227 records from m
projects like the Tara Ocean expedition and Ocean Sampling Day (OSD).
MARCAT

Overview Browse

Ocean Sampling Day (OSD) 2014: amplicon and metagenome sequencing study from the June solstice in the
year 2014 (ERPo09703)

=+Expand all / =Collapse all

+ Summary

+ Isolate info

#+ Sampling info

=+ Assembly info

°®
2{‘ Copyright © 2018 Center for Bioinformatics - UiT.  Terms and conditions.
Y

ORWAY

| | excelerate
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MAR databases

Sequence databases

° MarRef and MarDB
* Based on RefSeq

* Genomes annotated using NCBI
Prokaryotic Genome Automatic
Annotation Pipeline (PGAAP)

e 20% of MarDB annotated using
Prokka

e MarCat

* Metagenome samples filtered,

assembled and annotated using
META-pipe

\

Visualization

Classification

Reads Legend

SeqPrep
Merge Reads

\

RefSeq/ Kaijumar

16S rRNA rRNASelector

KronaTools

.

Classification

Visualization

16S rRNA

SILVA/ SILVAmar

KronaTools

prediction &
\_ extraction

MegaHit

Assembly

\

\ .
Trim/ QC i
&

Gene prediction

- === —

MetaGeneAnnotator

| Contigs

Annotation

Annotated
genes

Genbank, FASTA, csv

excelerate

:I UniRef50/ METAmar
Annotation

E.C. HMM profiles
InterProScan5
Annotation

Interpro




MAR databases

Sequence databases

v

t MarRef

Protein BLAST J MarCat
l Protein BLAST
MarRef
Nucleotide BLAST

BLAST
ILVAmar Kaijumar
16SrRNA

L reference

4

Taxonomic
- classification

METAmar < _—
reference AT
L J assignment
. . excelerate
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% reads

MAR databases

100,00

90,00

80,00

70,00

60,00

50,00

40,00

30,00

20,00

10,00

0,00

Sequence databases

Samples

RefSeq: 52073 complete genomes
MarRef/DB: 9602 marine genomes incl. 4314 MAGs

m unclassified

m unnassigned

MW other families

W Pseudomonadaceae
M Streptomycetaceae
m Aeromonadaceae
m Flavobacteriaceae
B Fusobacteriaceae
M Bacteroidaceae

m Enterobacteriaceae
m Tannerellaceae

m Moritellaceae

W Shewanellaceae

H Vibrionaceae

Marine Metagenomics Workshop, Nov 26-30, 2018, Tromsa, Norway

% reads
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0,00

M

e

MarDB_MarRef

35 M36 M30 M38 M44

Samples

celerate

u unclassified

B unnassigned

m other families

B Oceanospirillaceae

B Methanosarcinaceae
B Marinilabiliaceae

0 Bacillaceae

B Sphingomonadaceae
0 Fusobacteriaceae

B Porphyromonadaceae
& Flavobacteriaceae

B Moritellaceae

B Shewanellaceae

H Vibrionaceae




MAR databases

BLAST

V™, mariNe [N marime
b METAGENOMICS METAGENOMICS
c , PORTAL v PORTAL
SERVICES DOCUMENTATION COMMUNITY  HELP CONTACT HELPDESK SERVICES DOCUMENTATION COMMUNITY HELP CONTACT HELPDESK
) ]
S The BLAST (Basic Local Alignment Search Tool) finds local similarity between sequences, which can be used ) The BLAST (Basic Local Alignment Search Tool) finds local similarity between sequences, which can be used
to infer functional and evolutionary relationships between sequences as well as help identify members of m to infer functional and evolutionary relationships between sequences as well as help identify members of m
o d gene families. <> gene families.
BLAST BLAST
Click here to open the BLAST page in a new tab Click here to open the BLAST page in a new tab
Query = WP_O 12551601.1 catalase [Aliivibrio salmonicida] 1/1 BLASTP: 1 query, 1 database
SequenceServer 109 © Help & Support
1 50 100 150 200 250 300 350 400 483 Query= WP_012551601.1
>WP_012551601.1 catalase [Aliivibrio salmonicida] x Download FASTA, XML, TSV
MSKKLTTA AENON LQDVWFLEKLAHFDREVI T
KYTKAKIFSDI IRGFSLKF FLRDPLKFP
TVMSDRGI I
KFHF IKNLSDAEA( LDST I TKV
WPHKDYPLIEVGEFELNRNPQNYFAE! ISF VNHQH Standard tabular report
IPVNAPRC]
IL IGKLLGFDISEYNS| Ful tabular report
y Full XML report
Weaker hits S  Stronger hits
Nucleotide databases Protein databases View More ¥
MarDB CDS Nucleotides MarCat CDS Proteins Number ~ Sequences producing significant alignments Total score Evalue  Length
MarRef CDS Nucleotides MarDB CDS Proteins 1 MMP491463_23010 961.06 0.00 483
MarRief CDS Proteins 2. MMP491463_108689 583.56 0.00 481
3. MMP490065_67230 5§77.01 0.00 497
a. MMP494431_93293 557.37 0.00 491
Advanced Parameters: | eg: -evalue 1.0e-5 -num_alignments 100 ?
5. MMP490065_151240 553.90 0.00 491
6. MMP494431_35969 551.59 0.00 496
7. MMP490065_142530 528.48 0.00 500
BLAST against a custom, local database with SequenceServer. [EITRg 8. MMP494431_182909 528.48 0.00 500
Please cite: Priyam et al. (2015) Sequenceserver: a modern graphical user interface for custom BLAST databases & relevant data sources. o. MMP492357_220215 528.48 0.00 500

excelerate
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MAR databases

BLAST

)
(I marme

METAGENOMICS
TAL

> PR

SERVICES DOCUMENTATION  COMMUNITY  HELP  CONTACT

-lg-a The BLAST (Basic Local Alignment Search Tool) finds local similarity between sequences, which can be used
to infer functional and evolutionary relationships between sequences as well as help identify members of
> gene families.

BLAST

Click here to open the BLAST page in a new tab

HELPDESK

v MMP491463_23010 [UniRefS0=UniRef50_AOA1JOLRC4 Cluster: Catalase] [Interpro=IPR002226 Catalase haem-binding site] 1/51 BLASTP: 1 query, | database

[Priam=1.11.16] [mmp_id=MMP491463] [mmp_db=marcat]

Query= WP_012551601.1

Hit length: 483 Select | ® Sequence | & FASTA | ' MMP | Z UniRef50 | Z Interpro | &
Brenda
1. Score E value Identities Gaps Positives Download FASTA, XML, TSV
961.06 (2483) 0.00 448/483 (92.75) 0/483 (0.00) 472/483 (97.72)
Query 1 MSKKLTTAAGCPVAHNQNVQTAGKRGPQLLODVWFLEKLAHFDREVIPERRMHAKGSGAY 60
MSKKLTTAAGCPVAHNQNVQTAGKRGPQLLODVWFLEK+AHFDREVIPERRMHAKGSGAY
Subject 1 MSKKLTTAAGCPVAHNQNVQTAGKRGPQLLQODVWFLEKMAHFDREVIPERRMHAKGSGAY 60

GTFTVTHDITKYTKAKIFSDIGKKTDMFARFSTVAGERGAADAERDIRGFSLKFYTEEGN 120
GTFTVTHDIT+YTKAK+FS+IGKKTD+FARF+TVAGERGAADAERDIRGF+LKFYTEEGN
GTFTVTHDITQYTKAKLFSEIGKKTDLFARFTTVAGERGAADAERDIRGFALKFYTEEGN 120

subject 61

Query 121 WDLAGNNTPVFFLRDPLKFPDLNHAVKRDPRTNMRSAKNNWDFWTSLPEALHQUTIVMSD 180 Full tabular report
WD+ GNNTPVFFLRDPLKFPDLNEAVKRDPRTNMRSAKNNWDFWTSLPEALHQ+TIVMSD

Subject 121 WDMVGNNTPVFFLRDPLKFPDLNHAVKRDPRTNMRSAKNNWDFWTSLPEALHQITIVMSD 180

Query 181 RGIPATYRHMHGFGSHTFSFINSDNERYWVKFHFVSQQGIKNLSDAEAGELVGNDRESHQ 240
RGIPATYRHMHGFGSHTFSFIN+DNER+WVKFHF SQQGIKNLSDAEA +++G+DRESHQ
Subject 181 RGIPATYRHMHGFGSHTFSFINADNERFWVKFHFKSQQGIKNLSDAEAAQVIGDDRESHQ 240
Query 241 RDLLDSIDNQDFPKWTLKVQIMPEADAATVPYNPFDLTKVWPHKDYPLIEVGEFELNRNP 300
RDLLDSIDNQDFPKWTLKVQIMPEADAATVPYNPFDLTK+WPH DYPLIEVGEFELNRNP
Subject 241 RDLLDSIDNQDFPKWTLKVQIMPEADAATVPYNPFDLTKIWPHADYPLIEVGEFELNRNP 300

301 QNYFAEVEQAAFNPANVVPGISFSPDKMLQGRLFAYGDAQRYRLGVNHQHIPVNAPRCPV 360
QN+FAEVEQ+AFNPANVVPGISFSPDKMLOGRLFAYGDAQRYRLGVNHQHIPVNAPRCPV
Subject 301 QNFFAEVEQSAFNPANVVPGISFSPDKMLQGRLFAYGDAQRYRLGVNHQHIPVNAPRCPV 360

Query 361 HSYHRDGAMRVDGNFGSTLGYEPNDQGQOWAEQPDFSEPPLNLDGAAAHWDEREDEDYFSQ 420
YHRDGAMRVDGNFGSTLGYEPN++GQWAEQPDF+EP LN EWDEREDEDYFSQ
Subject 361 HSYHRDGAMRVDGNFGSTLGYEPNNEGQWAEQPDFAEPALNLDGAAAHWDHREDEDYFSQ 420
Query 421 PGDLFGLMTAEKQAILFDNTARNLNGVPKEIQLRHVTHCYKADPAYGEGIGKLLGFDISE 480
PGDLF LMT EKQAILFDNTARNL GVPKEIQLRH+ HCYKADPAYGEGIGKLL D+SE
Subject 421 PGDLFRLMTPEKQAILFDNTARNLGGVPKEIQLRHLRHCYKADPAYGEGIGKLLEIDVSE 480
Query 481 YNS 483
+NS
Subject 481 FNS 483

Query 61

Standard tabular report

Full XML report

Query

v MMP491463_108689 [UniRef50=UniRef50_P42321 Cluster: Catalase] [Interpro=IPR002226 Catalase haem-binding site]
[Priam=1.11.1.6] [mmp_id=MMP491463] [mmp_db=marcat]
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]
—% The marine reference databases are a collection of richly annotated and manually curated
v contextual (metadata) and sequence databases. The contextual data can be accessed by m
browsing, searching or filtering, while the sequence data through BLAST. All data can be
MARINE downloaded.
REFERENCE
DATABASES

]
-@ MARDB

MarDB includes all sequenced marine
microbial genomes regardless of level of

)
"% MARCAT
S o4

MarCat is a gene (protein) catalogue of
uncultivable and cultivable marine genes
and proteins derived from metagenomics
samples. The data is produced by META-
pipe, and the current version has 1443
records.

]
‘% MARREF
>

MarRef is @ manually curated marine
microbial reference genome database
that contains completely sequenced
genomes. The current version has 618
prokaryote genomes.

Browse

completeness. The current version has
3726 partly curated records for
prokaryotic genomes.

Browse
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Accessible from the Marine Metagenomics Portal (MMP)
https://mmp.sfb.uit.no/
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ABSTRACT

We introduce the marine databases; MarRef, MarDB
and MarCat (https:/mmp.sfb.uit.no/databases/),
which are publicly available resources that pro-
mote marine research and innovation. These
data resources, which have been implemented
in the Marine Metagenomics Portal (MMP)
(https:/mmp.sfb.uit.no/), are collections of richly

tated and y (meta-
data) and sequence databases representing three
tiers of accuracy. While MarRef is a database for
completely sequenced marine prokaryotic genomes,
which represent a marine prokaryote reference
genome database, MarDB includes all incomplete

INTRODUCTION

Microorganisms are ubiquitous in the marine environment,
where they play key roles in many global and local biogeo-
chemical processes such as nutrient recycling (1). These mi-
croorganisms and the communities they form, drive and re-
spond to changes in the environment and alterations in the
marine environment (2). With an estimated 10* to 10° cells
per milliliter scawater and totally over 10* bacterial cells in
open sea, the marine microorganisms provide the grounds
for immense genetic diversity (3).

Since the first complete bacterial genome published in
1995 (4), the number of sequenced microbial genomes
has increased dramatically. Currently, more than 103
000 prokaryotic genomes are available in the National
Center for Biotechnology Information (NCBI) Genome

i ial database (https://www.ncbi.nlm.nih.gov/genome/

sequenced prokaryotic g reg; level
of p The last MarcCat, repre-
sents a gene (protein) catalog of uncultivable (and
cultivable) marine genes and proteins derived from
marine g I The first i

of MarRef and MarDB contain 612 and 3726 records,
respectively. Each record is built up of 106 d

microbes/). Originally sequencing efforts were prioritized
to study cultured microbes. However, it is well established
that the vast majority of bacterial and archaeal taxa remain
uncultivated in vitro (5). Recently, cultivation-independent
methods such as single cell genomics and genomes recon-
structed from metagenomic deep sequencing, have begun to

fields including attributes for sampling, sequencing,
assembly and annotation in addition to the organ-
ism and taxonomic information. Currently, MarCat
1227 with 55 fields. On-
tologies and controlled vocabularies are used in the
1al to cor y. The
user-friendly web interface lets the visitors browse,
filter and search in the contextual databases and
perform BLAST searches against the corresponding
q All and
datab are freely ible and d

q

yield plete or near: plete g from many novel
lincages (5-7). Metagenomics, the study of genetic material
recovered directly from environmental samples, is a pow-
erful tool for surveying the diversity of marine microbes,
which are important for the study of marine sciences.
Promi o ics studies in the ma-
rine field include the Sorcerer 11 expeditions (8), Malaspina
expedition (9), Global Ocean Sampling (GOS) campaign
(10) and Tara Oceans expedition (11). Most of these data
as well as other marine metagenomic data are stored in
publicly availabl g icd such as iMicrobe
(https://www.imicrobe.us/), Viral Informatics Resource for

from hitps:/s1.sfb.uit.no/publi /.

M Exploration (VIROME) (12), EBI metage-
nomics (13), Integrated Microbial Genomes and Micro-
biomes (IMG/M) (14) and Metagenomics Rapid Annota-
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