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Sampling from environment

Filtering step

Extraction of DNA

~
Sequencing D_L’

"1

Koy sequance
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Taxonomic analysis
16S rRNA

etc
Quality control
r\ -
Exdiogic Metabolism (34%) R T : .
o —— :V:m Functional analysis
- : -« “'/r mmune system (1% . .
\,‘:’ | otuar Identification and
Localization = i~ homecdatasa (136 . .
Ga) " — N\ Biological characterisation of
e grf;; ﬁlc;?t;l)gr?ent Devgl;)gp/r;mnt adhesion (2%) . .
and ?‘&QZ;‘GS'S . -Reproduction (3%) prOteln COdlng
) sequences
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Applications of metagenomics

b
b

Candidate CAZymes
= testad for activity (n=90)

@
g

=~ BLASTP hits 1 CAZy
« BLASTP hits to NCBI_NR

Type Il secretion
system  Exopolysaccharide cycionexane
transport

Siderophore
Silver production

'
. (oesean

L]
i Cyclohexanol dvhyd rogenase Chemota
4

A
il & @\ Carboxylic acids
n 3““a{§/§ \= ‘F\?\M\ ino 1c:1s"y .

Phosphate
Cobalv

Zinc __ CadmiumvZinc import

Flagellum

Sequences per sample

= with cellulolytic B = an00 n_um’ M hits ta RCBI_ENY.
20 activity (=51 £E
2 ;g 2000
H I
o 15 g5
- sE
=] = o+
- 20 30 40 50 60 7O 80 0 100
210 Sequence identity to best BLAST hit (%)
£
=
5
0
30 40 50 60 70 80 a0 100
Sequence identity to best BLAST hit in CAZy (%)
3500
~8—clean
3000 =@~ contaminated
é 2500
o
°
g 2000
2
2
o
‘s 1500
g
£
E 1000
=
500
0 T T T
0 1000 2000 3000 4000 5000 6000

Diversity analysis

Reconstruction of
community pathways

60

Escherichia

7
=

Bifidobacterium

Streptococcus

-
S

|

Sutterella

Roseburia

w
=

Parabacteroides

- “ Subdoligranulum

“ Eubacterium

Faecalibacterium
“Prevotella
& Bacteroides

Cases Controls

% of total 16S rRNA reads
~
S

5

o

Comparing populations/
activities from different
sites or states

"

centrode

MARE ciéncias do mar

e do ambiente






191 OSD Sites amostrados em simuig:;o!
(2015) + 300 Sites MyOSD
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=)
OSD 2014 Main Event: Geographical distribution §3

ediansa by Bieiedmsmaarios nasbasiagy

) Participating OSD sites ranged from:

e Subtropical waters in Hawaii to extreme environments such as the Fram

Strait in the Arctic Ocean
> All seven major oceanic divisions (Pacific-, Atlantic-, Indian-,
Antarctic- and Arctic Ocean) and continents are covered:
o Majority in Europe (105) and North America (34)
o Vast majority in Northern Hemisphere (171)
o 37 sites in the Mediterranean and the Black Sea (OSD-Med Sub-network)

o Best coastal coverage along the western coast of Portugal with 13 sites
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> 1000 filtros Sterivex (2014)
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> 1,5 Toneladas
de gelo seco (2014)
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~150 h de trabalho

~ 325 extraccoes
(2014)




22 616 729 sequéncias 16S

5 089 384 sequéncias 18S
(2014)

-

’mri

"




15 007 Proteinas
ldentificadas (2014)

"




21 938 730 Péptidos
ldentificados (2014)




e
% EBI
http://www.ebi.ac.uk/metagenomics

A free resource for the analysis, archiving & browsing of
metagenomic study data

Easy submission Powerful analysis Data archiving

< ¢ =

"
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EBI Metagenomics taxonomy visualizations

Taxonomy analysis

Functional analysis

Download

These are the results from the taxonomic analysis steps of our pipeline. You can switch between different views of the data using the menu of icons below (pie, bar, stacked
and interactive krona charts). If you wish to download the full set of resuits, all files are listed under the "Download" tab.

Export ~
Phylum composition (Total: 22996
OTUs)

Overview Quality control
Switch view a = i a
Bpot ~
Phylum
100 COMPOSi.. - .
Cyanasactera | Top taxonomy Hits
Synergistetes < 1
B Tenericutes.
W Actincbacters ) a pre—
75 W Unassigned Switch view J = H 3
Protectactera
g W Bacteroidetes I
€ W Unassigned Bacteria
% W Firmicutes
E “ Domain composition
€
2
k]
&
25
° M Bacteria
M Unassigned
A 4
—
Switch view 0 = g @
Bpot ~
e Phylum composition (Total: 22996
composition OTUs)
Firmicutes
Bactena
Unassigned Bacteria
enigned Bactercicetes
Protectactens l
Unassigned
Actincbacteria
Tenericutes
Synesgistetes
Cysnobactens
™7

Filter table: | |
Phylum Domain Unique OTUs %
1 Firmicutes Bacteria 10722  46.63
2 Unassigned Bacteria Bacteria 7430 32.31
3 Bacteroidetes Bacteria 4329 18.83
4 Proteobacteria Bacteria 320 1.39
5 Unassigned Unassigned 90 0.39
6 Actinobacteria Bacteria 62 0.27
7 Tenericutes Bacteria 25 0.1
8 Synergistetes Bacteria 9 0.04
9 Cyanobacteria Bacteria 8 0.03
10 m ™7 Bacteria 1 0
Switch view. ‘J = H e

e
R
([ [ o
[E:][z]mm

Total: 4189

97%of
Bacteroidetes

18% of
Bacteria

18%0f
o

pratecvscterin 1% [l
Actrooscteris 03% [l
Terercates 01% [
Synergistetes noos.
Cranctacteria 00% [

e ooos [l
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Hidden Markov Models I[ZJIrrllr?t?sr

INker
Protein sequence analysis J§ & classification
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The aim of InterPro

MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEP
WQFSMLAAYMFLLIVLGFPINFLTLYVTVQHKKLR
ITPLNYILLNLAVADLFMVFGGFTTTLYTSLHGYFVF
GPTGCNLEGFFATLGGEIALWSLVVLAIERYVVVC
KPMSNFRFGENHAIMGVAFTW|

A

= Protein family membership:

@ L-lactate/malate dehydrogenase (IPRO01557)
=@ Malate dehydrogenase, type 1 (IPRO10097}

~@ Malate dehydrogenase, type 1, bacterial (IPR023958}

= Sequence features summary

= Sequence features

B8 1rroOO1252 Malate dehydrogenase, active site

InterPro

@ Family

Malate dehydrogenase, type 1, bacterial (IPR023958)

e: Malate_DH_typel_bac
Family relationships

Malate dehydrogenase, type 1
» Malate dehydrogenase, type 1, bacterial

[+ Add your annotation

Contributing signatures
Signatures from InterPro
member databases are used
o construct an entry.

HH: prediction
HAMAP

Description

This enzyme catalyzes the reversible ox|
superfamily,specifically to the MDH type]

GO terms

Biological Pracess: tricarby

© Domain

Lactate/malate dehydrogenase, C-terminal (IPR022383)

Domain relationships

Lactate dehydrogenase/glycoside hyd

Contributing signatures

Signatures from InterPro
member databases are used
to construct an entry.

family 4, C-terminal

&
& GO:0055114 oxidati

Molecular Function: 1 GO:0030060 L-malal

s

Description

L-lactate dehydrogenases are metabolic enzymes which catalyse the conversion of L-lactate to pyruvate, the last step in anaerobic
glycolysis [# PubMed: 1

hydroxyisocaproate dehyt

malate to oxaloacetate [

This entry represents the

GO terms
Biological Process:

Molecular Function

IB Active site

Malate dehydrogenase, active site (IPR001252)

AS

Short name: Malate,

Description

» Domain

» PSO0068 (MoH)

Malate dehydrogenase (EC:1.1.1.37) (MDH) [ PubMed: 1610875] catalyzes the interconversion
of malate to oxaloacetate utilizing the NAD/NADH cofactor system. The enzyme participates in
the citric acid cycle and exists in all aerobics organisms.

While prokaryotic organisms contains a single form of MDH, in eukaryotic cells there are two isozy
mitochondrial matrix and the other in the cytoplasm. Fungi and plants also harbor a glyoxysomal fol
glyoxylate pathway. In plants chloroplast there Is an additional NADP-dependent form of MDH (EC:
both the universal C3 photosynthesis (Calvin) cycle and the more specialised C4 cycle.

The pattern for this enzyme includes two residues involved in the catalytic mechanism [ PubMed:
is involved in a proton relay mechanism, and an arginine which binds the substrate.

GO terms

Biological Process: ' GO:0006108 malate metabolic process
#1GO:0055114 oxidation-reduction process

Molecular Function: 1 GO:0016615 malate dehydrogenase activity

"
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The Gene Ontology

biological
process

biological cellular
regulation process

° Away to capture
biological knowledge
In a written and

sighaling

. B regulation of
signaling biological

computable form

’%”7&“‘*‘\\

reSSFﬁ?}g; of signal resgiulr?tailfnn of reg&'ﬁg&? of cell reg:lsalttilgr? of
biological transmission %ocessg rocess communication biological
process P P process
* A set of concepts Y
d h - I - h - reSSIga?}gr? of signal regulcaglilon of reg?t?lsaltti:: of
cellular transduction - cellular
anda their relationships Sracess ot

to each other arranged

negative negative . positive positive
T regulation of regulation of regLs,liIatnlgln of regulation of regulation of
as a hierarc
process communication process communication

negative

regulation of
signal

transduction

www.ebi.ac.uk/QuickGO
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The Concepts in GO

Insulin

1. Molecular Function \ * protein kinase activity

W % » insulin receptor activity
Receptor A g

o\

2. Biological Process

cell division

» mitochondrion

» mitochondrial matrix

3. Cellular Component

- mitochondrial inner membrane
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Anatomy of a GO term

Unique identifier

[ Term Information Ancestor Chart Proteln Annotation Co-occurring Terms | Change Log
ID ¥ GO:D005634 Term name
Name nucleus —

Ontology | Cellular Component
Definition | A membrane-bounded organelle of eukaryotic cells in which chromosomes are housed and replicated. In most cells, the nucleus contains all of
the cell's chromosomes except the arganellar chromosomes, and is the site of RNA synthesis and processing. In some species, or in specialized

cell types, RNA metabolism or DMA replication may be absent.

Comment
GONUTS | GO0005634 Wiki Page

UL Taxon Constraints | GO Slims | Cross-references Replaces . el
) Definition

Synonyms are alternative words or phrases closely related in meaning to the term name, with indication of the relationship between the name 0

and synonym given by the synonym scope. Click on the 0 ican for mare details.

Type Synonym
exact | cell nucleus \1

Synonyms
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InterPro2G0O

MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEP

WQFSMLAAYMFLLIVLGFPINFLTLYVTVQHKKLR
TPLNYILLNLAVADLFMVFGGFTTTLYTSLHGYFVF
GPTGCNLEGFFATLGGEIALWSLVVLAIERYVVVC
KPMSNFRFGENHAIMGVAFTW| y

InterPro

@ Family

Malate dehydrogenase, type 1, bacterial (IPR023958)

Sh ate ypel_bac

Family relationships

Malate dehydrogenase, type 1
» Malate dehydragenase, type 1, bacterial

Description

superfamily,specifically to the MDH type 1 family.
GO terms

Biological Process: 7 GO:0006099 tricarboxylic acid cycle
B G0:0055114 oxidation-reduction process

Molecular Function: & GO:0030060 L-malate dehydrogenase activity

[F1Add your annotation

Contributing signatures
Signatures from InterPro
member databases are used
to construct an entry.

HH: prediction

HAMAP

@ ' MF_O1.

516
(Malate_dehydrog_1)

This enzyme catalyzes the reversible oxidation of malate to oxaloacetate. It exist as a homodimer and belongs to the LDH/MDH

Biological Process

@ GO:0055114 oxidation-reduction process
& GO:0006099 tricarboxylic acid cycle

Molecular Function

g

30060 L-malate dehydrogenase activity

© Domain AGS you

Lactate/malate dehydrogenase, C-terminal (IPR022383) Contributing signatures

Signatures from InterPro
member databases are used

Domain relationships to construct an entry.
Lactate dehydrogenase/glycoside hydrolase, family 4, C-terminal HH:

Plam
» Lactate/ malate dehydrogenase, C-terminal L

Description

L-lactate dehydrogenases are metabolic enzymes which catalyse the conversion of L-lactate to pyruvate, the last step in anaerobic
glycolysis [# PubMed: 11276087). L-lactate dehydrogenase is also found as a lens crystallin in bird and crocodile eyes. L-2-
hydroxyisocaproate dehydrogenases are also members of the family. Malate catalyse the

malate to oxaloacetate [ PubMed

of

17664]. The enzyme participates in the citric acid cycle.
This entry represents the C-terminal, and is thought to be an is an unusual alpha+ beta fold.
GO terms

Biological Process: exidation-reduction process.

Molecular Function: % GO:0016616 oxidoreducta

acting on the CH-OM group of donors, NAD or NADP as acceptor

16 oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor

"
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METADATA AND DATA FLOW

@BIS

B

SeaDataNet

nen
Uo

Ocean Sampling Day

ENASAA

European Nucleotide Archive

« O

*

i

- Q

*E

3

Biodiversity
Bioinformatics
Biotechnology

"
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Environmental data
published at PANGAEA:
 Metadata

e Sensors (underway)
» Sensors (vert. profiles)
* Water samples
* Contextual data
* more to come

EVENT

«device
*method
scomment

sconten

*size-fraction_

*date/time : :
*size-fraction_

*longitude

*site : stitle
«platform *Jatitude «depth

*campaign

<\.
&S
A
ey
(/) |
&
S

stemperature
5 et *salinity
) | dentifier *material
*quantity
scurrency
*method

°taxon_identiﬁer'blcm1e

*sex

«life_stage

*biovolume
*biomass

ORGANISM

Taxonomic and imaging

d b blished

disseminated to OBIS

Ten Hoopen, et al. M2B3, Standards in Genomic Science (ACCEPTED!!!)

ENASAA, Contextual environmental

European Nucleotide Archive data disseminatEd to
EBI/ENA for each sequence
submitted by Genoscope:

Sample metadata
Temperature
Salinity

Oxygen

Nutrients
Chlorophyll

Selected environmental data
from all sampling sites
disseminated to SeaDataNet:

Temperature
Salinity
Oxygen
Nutrients
Chlorophyll

"
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Biodiversity

Bioprospection

Applications

Ecological

Quality Status Marine Security
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Diversity Index 18S
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Diversity Index 16S
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Fungi Shannon Diversity

| — - = — 3.5
= 5
2.5
2
,‘ 1.5
S
5 BN
i
>
3
™ 0.5
S
0
0° 90°E 180°E
centro de

[/]] MARE ciéncias domar

e do ambiente



Cnidaria

S @ Pressure [db]=first
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sum_ASP @ Pressure [db]=first
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Small_multidrug resistance @ Pressure [db]=first
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UniPept

k__Archaea @ Pressure [db]=first
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A Global Map of Human Impact on

Marine Ecosystems

Benjamin 5. Halpern,’t Shaun Walbridge,* Kimberly A. Selkoe,™**t Carrie V. Kappel,
Fiorenza Micheli,® Caterina D'Agrosa,*t John F. Bruno,® Kenneth 5. Casey,® Colin Ebert,®
Helen E. Fox,” Rod Fujita,® Dennis Heinemann,® Hunter S. Lenihan,®® Elizabeth M. P. Madin,**
Matthew T. Perry, Elizabeth R. Selig,®'% Mark Spalding,* Robert Steneck,* Reg Watson*

B Very Low Impact (<1.4) [[] Medium Impact (4.95-847) [ High Impact (12-15.52)

71 Low Impact (1.4-4.95) [F] Medium High Impact (8.47-12) Il Very High Impact (>15.52)
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Flavin amine oxidase

Mercuric transport protein periplasmic
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