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The research infrastructure
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https://arxiv.org/abs/1807.06808
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Building an infrastructure for life scientists
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Services for science are moving to the EUROPEAN OPEN SCIENCE CLOUD

ClOUd BRINGING TOGETHER CURRENT AND FUTURE DATA INFRASTRUCTURES

The “European Open Science Cloud” A Erusted) en eqvionmert Open and Seamjess
for sharing scientific data services to analyse and

reuse research data

aims to create a trusted environment for
hosting and processing research data to & (A
support EU science in its global leading Lmkmg data

Connecting across borders
and scientific disciplines

role.

Connecting scientists

Develop Cloud services which can be globally P lipivig scench

Long term

exploited by life science community. and sustainable
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Galaxy

L] Galaxy | IRIDA-ELIXIR-ITALY test X IS ? = ©
« C @ ® 90147170 2tool_id=toolshed.g2.b P q q 72 @ty Q cCerca &N @ @
= Galaxy / IRIDA-ELIXIR-ITALY test analyzepaa Using 2.3 GB

search o) Short read data from your current history search datasets )
B @ O |26 Mapwith Bowtie for lllumina on data 25: mapped reads - Unnamed history
26 shown

Contaminant list

D @ O |Nothing selected = 319.49 M8 Z®®

Galaxy  (galaxyproject.org is a = e e —r
workflow manager adopted in many life
science research environments in order A

ilter and Sort
~1,000,000 lines, 19 comments

i list of adapters adapter sequences which will be explicity searched against the lbrary. tab delimited file with 2 columns: name and sequence.
e and (—adapterd) format: sam, database: sacCer3,
- . . . Fetch Alignments/Sequences.
to facilitate the interaction with R e
Statistics D& o Nothing selected - IR
e a file that specifies which submodules are to be executed (default=all) and also specifies the thresholds for the each submodules warning parameter
" " 1.QUNE 2.FLAG 3.RNAME
. . . . Disable grouping of bases for reads >50bp
Phenotype Association e
ioinformatics tools an e handlin e e
(To T ey Using this option will cause fastqc to crash and burn if you use it on really long reads, and your plots may end up a ridiculous size. You have been i 4

warned! (--nogroup)

50 SN:chrIII IN:316620

Lower limit on the length of the sequence to be shown in the report .

esq  SwchrIv L)

of large quantities of biological data. T =

covacs As long as you set this to 2 value greater or equal to your longest read length then this wil be the sequence length used to create your read groups. hetg://159.1:
TR T This can be useful for making directly comaparable statistics from datasets with somewhat variable read lengths. (~-min_length) indigo demo/Sc IPfastq
SelectVariants VariantFiltration length of Kmer to look for oo
Hrophcs o comts, e cos o ; ¢ © | format fastasanger, database
Sl i A sacCer3
Fe YA et note: the Kmer test is disabled and needs o be enabled using a custom Submodule and limits file (--kmers)

uploaded fastgsanger file

- «covacs_ApplyRecalibrator gatk
hrough a coherent work environment — >

and an user-friendly web interface it

organizes data, tools and workflows e Need IT infrastructure (proportional to

providing reproducibility, transparency workload).

and data sharing functionalities to ® NeedIT expertise

users. e Need Galaxy admin expertise
s

FastQC aims to provide a simple way to do some quality control checks on raw sequence data coming from high throughput sequencing pipelines. It provides
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Laniakea

Laniakea: Galaxy ‘on-demand” platform  +2qSs

=i ELIXIR ltaly Laniakea

LANIAKEA LANIAKEA is a cloud Galaxy instance provider, based on

. T INDIGO-DataCloud software catalogue. Its arc.hltec.ture

automates the creation of Galaxy-based Vvirtualized

environments exploiting the software catalogue provided
by the INDIGO-DataCloud project.

@ Laniakea 2 0 0 official showcase Gum:mm w‘:w News board
— e No need of local IT infrastructure / expertise
deployment has been
LAN'AKEA e nnsbabind. e Data privacy and security (encrypted data
Automatic deploy {3 96 virt‘ual Galaxy :::vys"::::/h‘arcc Tangaro on February 14, 2020 .23 1
environments for life science vo I U m e s)
Laniakea cluster e Full control over Galaxy instance(s)
deployment problem.
i e Fully customisable
Laniak '} i \ PIPE-T paper\
& prapsn e el P (*) The Laniakea Supercluster (Laniakea; also called Local Supercluster or

Get access to running supported by Cloud networking problems have been

Lovimoniiges e, Local SCl or sometimes Lenakaeia) is the galaxy supercluster that is home
’ e b to the Milky Way and approximately 100,000 other nearby galaxies

[Wikipedia].

Janary 30, 2



https://laniakea-elixir-it.github.io

Lfqgich 0¥ S useGalaxy ‘ o i
The Pulsar Ml Puisar node
Network o

The most innovative computing
centers across Europe are
currently interested to share
their remote computation
power to support the European
Galaxy server UseGalaxy.eu
load.
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The funding model: ELIXIR and H2020 projects

elixir

ITALY

INDIGO - DataCloud

EOSC-Life

EDSC

ELIXIR European Research Infrastructure for biological data which primary
objective is to support research in the field of “life sciences” and their
translational activities to medicine, environment, biotechnological industries
and society.

[2015-2017] ]Develop an open source computing and data platform, targeted at
multi-disciplinary scientific communities, provisioned over public and private
e-infrastructures.

[2019-2022] EOSC-Life brings together biological and medical RIs to create an
open collaborative space for digital biology. It aims to publish FAIR life science
data resources for cloud use creating an ecosystem of innovative tools in
EOSC and enabling groundbreaking data-driven research in Europe by
connecting life scientists to EOSC.

ion of National

ic Initiatives to support EOSC

@b.ornics

Empowering
the
infrastructure:
PON R&l
2014-2020
Avviso 424/2018
Azionell. 1

[2019-2022] EOSC-Pillar will support the implementation of the European Open Science Cloud by
leveraging national initiatives of the EU Member States and thematic initiatives developed by
research communities working in national and European collaborations.




Bio-molecular data resources
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MoBilab
1 {

Llaboratorio di Biodiversitd Molecolare

B
—

. LN

Molecular Biodiversity Laboratory (MoBiLab) has a fully operative platforms based on:
- NGS technologies

- Data storage resources

- Computational analysis

In addition to their support to LifeWatch, the services hosted by MoBiLab contribute to the Italian node of
the European infrastructure ELIXIR.

LW-ERIC, Porto: Feb 26-28 2020



Bio-Molecular Databases

Curated specialized reference databases

v’ ITSoneDB: RNA Internal Transcribed Spacer 1 (ITS1) database

v/ COXI-DB: Cytochrome Oxidase subunit-I database

Findable

go | €

 Interoperable | Re-Usable

LW-ERIC, Porto: Feb 26-28 2020



[ ]
LifeWatch *

E-Science European Infrastructure for Biodiversity and Ecosystem Research

ITSoneDB

i Workflow Inputs

‘ ENA nucleotide database ‘

forcn o mfﬁmm » A comprehensive collection of eukaryotic ribosomal

misc_rRNA, =5 =

‘ —_— e RNA Internal Transcribed Spacer 1 (ITS1)
tsv files | 1 fasta files \

szﬁr:;i:e s ‘ v Sequences

wg:,'::’,,’;,:: 1 5.85 rRNA HMM profile maW’ 188 rRNA HMM profile mappingW’

Python Parser

4 ey l T lw * Hidden Markov Model (HMM) profiles of ITS1 flanking -

(e yyaﬁ 18S and 5.8S rRNA genes — are mapped on all the
\T/ A G

/

w7 eukaryotic sequences in order to refine boundaries
location of this region

k.

Python Parser
ITS1 start and end position from annotation ‘ ‘ 5.8S rRNA boundaries definition —‘ 18S rRNA boundaries definition

ITS1 start and end position
inferred by HMM profile mapping

* More than 1.1 million curated sequences

Python Parser
Duplicate entries merging
VSEARCH

Python Parser

b il “"g:" Availability: http://itsonedb.cloud.ba.infn.it/

i Workflow Outpus v !
| TSV files for DB population ‘ !
|

Santamaria, M., et al. (2018), NAR, 46, D127-D132.

Python
MySQL connector

S Colours schema

Nested Workfklow Default values
[TSoneDB Tools Input/putpus

LW-ERIC, Porto: Feb 26-28 2020
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Barcode of Life
Datasystem
(BOLD - Animals)

COXI- DB

Workflow

COXI true
positive
sequences

Taxonomic labelling
(Python script)

" NCBI
(GenBank - Animal
divisions) ftp: file transfer protocol

Primary Outputs:
- NCBI flat files
| - BOLD tsv file

Outputs parsing
(Python scripts)

Filtering parameters:
Secondary .
Outputs » Sequence length limited
to 25 kbp
Ambiguity (N) base

number in the sequence <=
5

API: Application
Programming Interface

v

Translation into » COXI sequence extraction
Amino acids from complete
sequences mitochondrial genomes

(Python script) entries

Tertiary
Outputs

COXI

Wraper:
(hmmsearch + S'eqHEPCE B ~
Python parsers) ld_enn_ty
Validation

PFAM COXI
profile

Generating Final
Outputs (Python script)

y
(NCBI + BOLD reference taxonomies)

COXI seq Ta

Final COXI sequence output in FASTA format

Taxonomy is provided for each sequence ID at the six main levels:
phylum, class, order, family, genus, species

COXI-DB

on-going

A collection of Animals’ Cytochrome
Oxidase subunit-l (COXI) sequences

More than 5 million curated sequences

Sequences validated against PFAM (COXI
profile)

Updated records’ Taxonomy according to
NCBI taxonomy (whenever possible)

LW-ERIC, Porto: Feb 26-28 2020
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Function-based Metagenomics

« Screen to identify functions of interest such as
vitamins and antibiotic production
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Essential Biodiversity Variables (EBVs)

=

Globis-B

MNIonNnI2=D

f Raw data EBVs Indicators \

Space
@ty X1 X2 XXy XYs o Xys XYe —iInd1 —iInd2
e Ind 3
; ;
d
—
=

o o

o

Biodiversity trend

= Global Biodiversity Monitoring

= Studying, reporting and managing
o Biodiversity change

Observations EBV-ready

o = Harmonization & standardization of

biodiversity data

N Derived & modelled
" EBV data

Raw observations from Data sets with Harmonized data sets Data inter- or Changes in biodiversity
surveys, sensors, satellite measurements and (common format, extrapolated, or (e.g. aggregated trends in
remote sensing, DNA, etc. observation protocols in standardized units, processed with statistical population abundances)

right format quality-checked) model /
Kissling WD et al., 2018

LW-ERIC, Porto: Feb 26-28 2020



Analysis resources
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Shotgun Metagenomics
- identify species, genes and functional capabilities of mixed microbial communities;
- much more expensive in terms of sequencing and computational analysis.

S

| Who's there? —  what are they doing?
R 4 . :

=
O > > P

P %
.

How are they doing?
o <

|
—~
—-—

Meta-Barcoding

High sensitivity in species resolution and identification;

Less expensive in terms of sequencing and computational analysis;

Universal conditions of PCR;

Specialized reference database (e.g. RDP for 16S, ITSoneDB for ITST1)

may be biased due to the different efficiency of marker amplification in the different species;
No functional information.
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 The crifical bofttleneck for NGS
based projects is “Bioinformatics”.
The huge amount of sequence
data generated by NGS platforms
requires adequate computational
infrastructures and bioinformatic
resources for storage, retrieval and
analysis of the data.

The analysis of data requires advanced skills for
establishing and running complex workflow
including many steps.




Bioinformatics, 2017, 1-3

* IIIIIIII 3/bioinformatics/btx036
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e European Infrastructure for Biodiversity and Ecosystem Research

Sequence analysis

MetaShot: an accurate workflow for taxon
classification of host-associated microbiome
from shotgun metagenomic data

B. Fosso M. San tama ria', M. D’Antonio?, D. Lovero', G. Corrado®,
E. Vizza®, N. Passa o AR Ga buglia®, M.R. Capobianchi®,

METASHOT is an automated ik R et

pipeline designed for the Qe
identification of the microbial e
component in genomic G ¢ m o

—_—
Cleaned PE reads
H . Bowtie2
-o€(d) an transcri pt omic Fost Mapping [
Python Script [ sequences identification STAR
Mapping on the
Bowtie2 Human Genome =
= e a t a . Accurate Mapping | Python Script
— Candidate microbial
Python Script sequences

Python Script

Third party tools and ad hoc S RS,

multiple Division

TANGO I ‘

developed Python and BASH T pssanment | -
scripts are  integrated to oroen s SN

manage, analyze and —_——
taxonomically assign Illlumina

PE data.
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MetaShot has been benchmarked against Kraken and MetaPhlAn2.

The Benchmark has been performed by using:
1. Anin-silico generated human microbiome

Python Script

ART - Python Script
’ Human Genome - ‘ HMP 939 strains =i ‘ RefSeq Viral genomes
BISE 108 Human infecting kil l; ARl Aol
‘ 100 strains = iaa 1 [— hixX genome—] [ HERV ]

- 94.5% Human
‘ - 4.8% Prokaryotes

‘ 21 Million lllumina PE reads
- 0.7% Viral

2. A mock community consisting of 4 bacterial and 9 viral species
(S RR3458567 ) ) Modular approach to customise sample
preparation procedures for viral
metagenomics: a reproducible protocol
for virome analysis

Nadia Conceigdo-Neto, Mark Zeller, Hanne Lefrére, Pieter De Bruyn, Leen Beller, Ward Deboutte,

Claude Kwe Yinda, Rob Lavigne, Piet Maes, Marc Van Ranst, Elisabeth Heylen & Jelle Matthijnssens
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Human (host) Prokaryotes Viruses
KR MS MP* KR MS MP KR MS MP
Precision 99.85 100.0 0 35.67 98.13 98.00 94.95 98.30 80.93
Recadll 100.0 99.97 0 35.16 84.52 87.31 92.77 98.19 79.32
F-rate 99.92 100.0 0 35.36 86.79 90.72 92.82 98.07 79.93
Unclas 0.00 1.04 99.99 55.28 2.44 94.50 4.25 3.94 30.74
SRR 7 Kraken 0.07 0.95 0.99
§ & ‘o Mamcax o, o . A o o Corr
‘;“ a o
B 1e-031 /’ Methods MetaShot 0.07 . Z:
g /// i - a ;f/lr:t';?:nhlAnZ . ?Z
% 1e-05 g Expected 0.07
=
1e-04 1e-03 1e-02 v& > i
\’go\ <</+Q \&0\%‘9
Expected relative abundances \&\Q’

MetaShot outperforms Kraken and MetaPhlAn2 in terms of the overadll
accuracy of reads assignment for the Prokaryotes and Viruses at the Family,
Genus and Species levels.
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SAMPLES
COLLECTION

METAGENOME EXTRACTION

BARCODE AMPLIFICATION

SEQUENCING

BIOINFORMATIC ANALYSIS

Hypervariable regions of 16S rRNA

ITS1 of the ribosomal gene cluster

Taxonomic Genomic Markers

*

Ubiquity in taxonomic range of

interest (e.g. Bacteria, Fungi, etc)

Reliable discrimination capacity

at species level

Hyper-variable regions flanked by
highly conserved ones in

taxonomic range under study

Dimension  fitting with the
sequencing platforms read

length
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ity and Research

AmpliconNoise

trim-galore!

BiMa$ | -

.. . . X X Python Script
Biinformatic analysis of Metagenomic AmpliconS

Colours schema

Tools

- Roche 454 step
- llumina step

 Gommon step [ WMepn  [[ sveme |
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BioMaS classification performance has been compared to QIIME and Mothur

RefSeq
Bacteria

. 5
) A
102 species (58 101 species (60
co-generic) co-generic)
In Silico PCR ﬁ

V5 - V6 Amplicons u ITS1 Amplicons

RefSeq
Fungi

MiSeq Sequencing
Simulation

| 510k PE reads «—— 505K PE reads
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100,000 200,000 300,000 400,000 500,000

[ TSN .

0
L

kingdom phylum class order family genus species Unclassified

= BioMaS assigned sequences = QIIME assigned sequences = Mothur assigned sequences
= BioMasS correctly assigned sequences = QIIME correctly assigned sequences Mothur correctly assigned sequences
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kingdom phylum class order family genus species Unclassified
= BioMaS assigned sequences = QIIME assigned sequences = Mothur assigned sequences

= BioMasS correctly assigned sequences = QIIME correctly assigned sequences Mothur correctly assigned sequences




