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7" What is a cyber-infrastructure

» Collecte/Store/Manage
* Integrate/Visualize

infrastructure « Explore/Mine
* Process

* Plant scientists
* Wheat research

Serve a
community

* Several institutes
« Country

Large scope » Continent
» Worldwide

== INQA Hadi Quesneville



4 Plant scientific challenge

Scientific challenge
Study of Complex interactions

Phenotype = Genome
x Environment

x Management
practices

£ IlN?,A Hadi Quesneville



2 URGI Some cyber-infrastructure under
U _
g construction

Wheat Initiative D WheatlS: the information system of the International Wheat
— Y Initiative

Elixir: The European Bioinformatics infrastructure

\ a®
o\\t7 o »

elixir -
~) i i

excelerate

elixir-europe.org

& CYVERSE

i
% &
e N ffb IFB: French Bioinformatics Institute French Elixir node

PHEN(’[)ME Phenome/FPPN/EPPN: Information system for French Plant
sesniiaisdF P P N Phenotyping Network

= = IN?A Hadi Quesneville



2 Cyber-infrastructure goals

Provide the research community with a single entry point of
access to genetic, phenotypic and genomics resources.

databases.

> Promote the development of services on top of current

Authority to define guidelines for data curation,
nomenclature, standards and integration.

Registry for bioinformatics tools.

== INQA Hadi Quesneville
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The French Plant bioinformatics oW |
node
(33 FTEs)
~ | |

Zpe

Genetics and genomics resources
for plants and crop parasites

(INRA)

/)

N

\ -
~Jouth breen |

bioinformatics platform

Genomic resource for southern
and mediterranean plants.

(CIRAD, INRA, IRD)

Contributors (data, tools, and expertise)

e,

ABivs

BIPAA

Resources for plants,
symbionts and pathogens

(INRA,CNRS)

== INRA

Marine biology analysis
(CNRS, UPMC)

Arthropods for
Agroecosystems

(INRA)

Hadi Quesneville




Services

2 ik
oooooooo

analysis

-~

genomics annotation

~

software hosting

S

data repository

data integration

~

database design

software engineering

= = IN?A Hadi Quesneville
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ZfS\WheatlS Expert Working Group

Wheat initiative
commissioned a

WheatlS EWG
RO WHEAT « Build projects
(22 INITIATIV « Build infrastructure

» Report to the
Wheat Initiative

= IN?A Hadi Quesneville



2l WheatlS nodes (#12)

d

EMBL-EBI

EP e (;/la/)ze/ze

S | NIFA| Q ucw

\
licIMMYT.
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WheatlS Architecture

WheatlS Core

Distributed Storage
/ ‘

> ‘ >
—». —». —».

WheatIS nodej WheatlS node/ WheatlS node/

= = IN?A Hadi Quesneville



Z UG _ _
» Cyber-infrastructures key issue

submission
Compute /
Infrastructure |
~

Data standard

/

Interoperability

/N

Semantic
interoperability

H:E; I|N?,A Hadi Quesneville




Zi’ pata must follow FAIR principles

force11.org
To be Findable:

* F1. (meta)data are assigned a globally unique and eternally persistent identifier.
* F2. data are described with rich metadata.

* F3. (meta)data are registered or indexed in a searchable resource.
» F4. metadata specify the data identifier.

« A1 (meta)data are retrievable by their identifier using a standardized communications
protocol.

» A1.1 the protocol is open, free, and universally implementable.
» A1.2 the protocol allows for an authentication and authorization procedure, where necessary.
» A2 metadata are accessible, even when the data are no longer available.

To be nteroperable:

* 1. (meta)data use a_formal, accessible, shared, and broadly applicable lanquage for
knowledge representation.

« 12. (meta)data use vocabularies that follow FAIR principles.
* 13. (meta)data include qualified references to other (meta)data.

To be e-usable:

* R1. meta(data) have a plurality of accurate and relevant attributes.
* R1.1. (meta)data are released with a_clear and accessible data usage license.

i * R1.2. (meta)data are associated with their provenance.

= « R1.3. (meta)data meet domain-relevant community




DATA SUBMISSION
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WheatIS

@ PRATT J.C./INRA D%ﬁ W Follow
9 Dec
DSPACE
jenda
wmeeti...
WheatlS data repository Search DSpace
4 Dec
This space is a digital service that collects, preserves, and distributes public data related to Wheat scientific research. m
You can consult and download submitted data anonymously, You need to register in order to submit datasets among: e &
« Submit Phenotyping data anced Search \G 2016
. mit notyping da ngs-and-W,
. jomit SNP Discovery data
You may look at Wheat Data Interoperabilty Guidelines for recommendations on how and what to submit. Browse 3
Or you can just discover what has already been submitted using browsing features below and in the right menu. Al of DSpace
Communities & Collections 4 Do
By lssue Date
as . Authors
Communities in DSpace Titles out the
[tory
Select a community to browse its collections. wobpr...
. Wi C 2 My Account rgi
Logn b
Begister ’
Recently Added
RSS Feeds 9 Dec
ions di | n in n £ RsS 1
Bread wheat lines -:! ;S“u plant
Eduard Akhunov L_.! BSS 2.0 n
B Atom
Small Grain Cereals dataset

Letelier Thomas

Hadi Quesneville




ZL;{RGI
V Data workflow
DSPDRHCE -/ i-l URGI (Fr) DS
DElE H EEE e
Submission o i || i i i/
.~ R0DS
TGAC/EI (UK)
3B B - - .
HEEEN
Y RODS
EIler/E UDAT (Eu)
CyVerse (Ué QDS

=—INRA
——
_.i-_:._

o SCIENCE & IMPACT

Australla, CGIAR,...

uonesaps) SAOY!
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2 URGH wheatis.org

Submit Data Tools Links WheatlS Nodes

WheatlS Wheat Data Interoperability Guidelines

@ PRATT J.C./INRA ollow

Home Guidelines v Ontologies & Vocabularies «~  Use cases v Getting nvolved  About ~ Q

we|c°me GETTING INVOLVED nd-W,
These d have been prepared by bers of the Wheat Data Interoperability Working
Group (WG), one of the WGs of the Research Data Alkance and the only WG of the Agrculiure Data @ )
Interoperability Interest Group. The group Is coordinated by members of the Wheat Initiative, a global
initiative that aims 10 reinforce synergies between bread and durum wheat national and international ATE ARLIANCE 4 Dec
1 prog: to food security, nutritional value and safety while taking into account
| d ds for ble and resdient agricultural production systems. e
pr.
More specifically, the WG aims to:
Qv e L
9 Dec
PROMOTE FACILITATE FACILITATE
the adoption of common access, discovery and reuse wheat data integration
standards, vocabularies and of wheat data
best practices for Wheat data
management

Whaeat Data Interoperability guldelines Copyright © 2015 ~che . Wores

Hadi Quesneville



Wheat Data Interoperability Guidelines

Welcome

These recommendations hay
Group (WG), one of the WGs
Interoperability Interest Grou
initiative that aims to reinfort
research programmes to inc|
societal demands for sustair

PROMOTE
the adoption of commo
standards, vocabularies a
best practices for Wheat d
management

e the of an coger I
between gaces and the eavirconment in which it grows. Plant pb
several feids, such as breedng programs and biological or agn
locatien 0 bank ]

| end sasociated value) ot be used in several fekds of expertisg

P el en for |
pretreatments Save an etfect on the ghucose yield o in breedn

. affected by the numder of grains and the grain weight.
This secton provides standand formats that are used by the co

and trials in fieids and 1he minimum Metadana required for doo
plariooms

Recommendations

Summary

1. Dot format use cats matrices in Cv, excel
:use

2 ang forath

0B5ervaTOn variables
3. Keep cumated cata (checked cuthers)

1. Data formats

We d foeman with daty
mmmmwmmum«n
Qermplas—s.

54 Tab is an impl of this le. It of o
fies ond files, the lamer being used for data discoven
Information can be found on this dedicated 2oge ofin this p
Cosoma 2015 1t s currently well suned for gesesation by softa
format, phenotype specéc configeration 8ad 100is a%e wnder in

Seethe ool 24 for duns format segandin

SO e d s

2. Metadata and vocabularies

Observation variables

Cbservation Varisbles inciude 11t and envircnmest viriables.
We recommend using exsting variables, listed in the vocabular

3. Raw data
We recommand sharing ot least clean documentad raw data, ke plast

mmmwmmm—mm

srvecal lice geal 3208 and v
elaborated/computed variables used as input for analyses softwares. |
and phenology can be combined 10 get height at flowering. Different el

produced for differest putp Ris 4 > 10 be able %0
ones from raw data.
Some popular Tools

1. Repositories, information systems and dat
tools

The g Manags System, £S5 9 format fol
trial data in fields and uses for variables the Crop Reseasch Omology fi
experiment related metadats a°d trat relsted ontologies of the (oo O
makes it possidtie 1o nalyze dets directly using statistical 100k such 4
R

Gops s a0 INRA information system designed for plant and pest genc
SCienists 10 mine genomic, phenomic and genetic data. For phenomic
allows data discovery $hrough a keyword based, google ke, seooc oo
The latter allows <otaiet o0y mmummm
s based on a strict identif & o through
the Crop Onclogy.

The Sreading AP specifes a standard imerface for plant phenotype/p
serve ther data to crop breeding appiications. it is 3 shared open APL
providers 8ad data CONIUMErs whO wish 10 pArtCiate

es  For biorefinery applications, the best match pretreatment-biomass ach

yulcs con be found through the (Wb clatfonm, The Documents tab ¢

by a kind of pe (ropics Bioret-XX). Data avadabh
pretreatments used. blomass types and characterzation, etc. In the fu
possbie to find the best match prevestmest chesotype

Fart colatomtie offers many services that alow ™ analysis of ger
phenotypic data.

2. Data acquisition

To create new using Me

Templste avaligble 82 Crop Omio nw—mnnwa”d feld ook is e simple o oo for taking phenctypic notes oo field resessc
: and sceles) 90 in the feld has y been & process 3 writing |

creation and sharing. The most fieid n Tis oy We have created Field Book 10 replace paper field boo

femain stable end never Be modified. Furthermore it must neve
deprecated If needed. This way 2 can be used in tals and rem
For Nutsery and Triel -] -

Crtology which describes the terms related 10 nurseries and tr
envionments, study design, etc. These metadata are actively
For biceeh
and terms
mmmmm;wm

Y. we ng the Borefinery oo

and

oGy Y

and vocabelaric

colecton speec wiih Grester daty ~teg-ty
Things to follow in the future

Candidate formats

pec
Bapt

Hacoop File Systess ; HOFS

Wemen by WOI woridng grocp
Published onc 02 October 2004
Updated on: 27 Aped 201§

2 Comments

time fora

Sinzece agologies for not wiung suff

Just some minor ponts | d whie

phesotypes

Also, there's no reference 10 IPfant in the US mumulmnlwmmﬁm
fora

d WO wWere 10 make

Y cd

1 could not find a link to PATO, which | would assume is a useful tool for annotating

phenotype
on iPlant and more may follow in future.

Thank you for your feedbaci.

We have added the link to PATO on the ontology page. There is now also a quick
reference 10 iPlang, but not very detailled since we are not direct users of this system.
Feel free 10 send us 3 more cetalied description, we will work on its insegration.

Repy

Leave a Reply

Your emal acdeess will not be p Q

l

Pod

Post Comment



DATA DISCOVERY
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Data Discovery data model

Sequence feature

GWAS result

e genotype
e xref (Phenotype)

QTL

e feature type
e [sequence_id]
e [sequence version) tran@ \
e ([start_position]
e [end position]
Genetic marker Database entry
e map e id
e map_position e en
e [xref] (Seq. feature) e database_name
L
. L
Accession .
L
e authority °
e [species]*
° WI__
Phenotype
e [trai] Full text search
e [trait_id]
e [environment]* ——— Facettes / Aggregations
e [environment_id]*
e ([statistic]
e [unit]

e xref (Seq. feature)
e xref (Phenotype)

Experiment

e experiment_type
e [xref]* (Phenotype)
e [xref]* (Accession)

Reaction

=N

no additional fields defined

Other

no additional fields defined




2}33@ Full text search of distributed
databases

Q’elastitsearch.
Apache l',,ﬁ
~ EnsemblIPlan Solr - Lucene

EMBL-EBI & %}
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WheatlS ncdes:

ransPlant-MIPS (UP)

- CrowsNest: 13324
raraPant-IPK (UP)

« CREST: 198220

- GEBIS: 52878

- MesaCropr 355
transPlant-EBI (UP)

- Ensombl Plants: 21826!
transplant-IPGPAS (UP):

- PlantPhencDB: 2
T3 (UP)

« Triticeae Toolbox: 1711
CIMMYT (UP)

« CIMMYT Dspace: 918
- CINMYT cataverse: 37

URGI (UP)

- GoplS: 1757714
- WheatdBMine: 271197
= GnplS JBrowse: 23278!

SCIENCE & IMPACT

TRITICEAE TOOLBOX (84)
CREST(7)

GNPIS (3)

ENSEMBL PLANTS (1)
GNPIS JBROWSE (1)
PLANTPMENODS (1)

Type
ACCESSION (42)
PHENOTYPE (14)
EXPERIMENT (3)
EXPRESSED SEQUENCE
TAGS (7)
SECUENCE FEATURE (2)
PHENOTYPE (1)
Qmn (1)
SECQUENCE FEATURE (1)

Species
TRITICUM AESTIVUM (69)
HORDEUM VULGARE (6)
TRITICUM AESTIVUM L. (1)
TRITICUM DURUM (1)

Search

About

WheatlS nodes:

ransPlant-MIPS (UP)
- CrowsNest: 13324

ransPlant-IPK (UP)

- CR-EST: 196220
- GEBIS: 52678
- MeaCrop 355

wheatis.or

“ ‘ 110077 » Wresiksperpage 3] = .
0 Source Taxon Description
Traes 5OL E12C50184 Ensembl Triticum Secuence feature, Ensembl Plants, Traes_S0L_E12C50184. Traes SOL_E12C50184, Mutiple inostol polyphosphate phosphatase
- = Plants oesthum Pryllat [Source UniProsBITIEMBL AcCAOFHBO0], Triscum aestivum, protein_coding, 50
HOP14M22T CREST Hordeum HDP14M22T, expressed sequence tags, CR-EST, Hordeum vuigare, gi26243924 ref]NP_754564. 1) Hypotetical protein yMhB [Escherichia
wigae coll CFTOT3) Hypohetical protel; 926851047 IG0IAAOEI44T. 1| AL2g3TS00 [Aratidopsis thal|.. ]
HOP2000 tw CREST Hordoum HOP2000 1w, expressed secuonce tags, CR-EST, Hordeum wuigare, oi 15604676rofINP_221164.1) SFHB PROTEIN HOMOLOG (s%8)
i wuigare [Ricketsia prownzekd str. Madrid E] SFHB ; gi34006406{ref|NP_914550. 1) POTI0E0S. 16 [Oryza sadva [..]
HDP20001T CREST Hordoum HOP20001T, exprossed secuence tags, CR-EST, Hordoum vuigare, gl 15604678jrefINP_221164.1| SFHB PROTEIN HOMOLOG (s8)
: wuigare [Ricketsia prowazekd sir. Madnid E] SFHB | gi34906406{refiNP_§14550.1| POT10E0S. 16 [Oryza sadva [..]
HDP21C08T CREST Hordeum HDP21CO8T, exgressed sequence tags, CR-EST, Hordeum vuigare, g 15604576|refINP_221154, 1| SFHS PROTEIN HOMOLOG (stha)
AL wuigare [Ricketsa prowazeki sir. Madrid E] SFHB | gi31979237IgbAAPESEI1. 1] bone morphogenesc protein 1(..)
HOP31N10w CREST Hordeum HDP31N10w, expressed sequence tags, CR-EST, Hordeum wuigare, gi 15604676ref]NP_221194.1) SFHB PROTEIN HOMOLOG (s™8)
- wigae [Ricketi=a prowazekd sir. Madrid £] SFHB ; gi4006408refINP_914550.1) POT10E0S5.16 [Oryza satva [..]
HOPASA 10T CREST Hordoum HOP3SA10T, expressed sequonce tags, CR-EST, Mordeumn vuigare, 26248024 rofNP_ 7540641 Hyp protein yth [Esct
wigae coll CFTO73] Hypohetical protei; 91286951047 )g0{AADS3447, 1] A2g37930 [Amabicopsis thal[..]
TS034007 CREST Triticum TS034007y, expressed soguence tags, CR-EST, Triticum aestvum, G 152334 19)ref]NP_152328.1) hy protein [A
o i sosthum thalkana) gil T487460pk|[TO 1820 hypo; Gi| 156046 T6refNP_221184.1| SFHB PROTEN HOMOLOG (sf]...]
HWW FHB Trexcnao Triticum Experiment, Triticeas Toolbax, HWW FHS, phenctype experiment, Inch.des trials FHB_2014_Lincoln, HWWFHB_2014_Brookings,
Tookbaox Desthvum HWWFHS_2014_Facgo, Triscum aesthvum, phenotype
URSN 2012 BrogkingsSD :m ngm Ew::& rm:;mgtm_zmz, S0, triad, traks=F = head bight F head bight

Hadi Quesneville



Next for data discovery

. N, .
Se;nv:gtlc Sew :gﬂc Sew:gtlc
Ontology annotation Ontology index annotation Ontology query translation

2 2 2

URGI
ZW w Data extraction Indexes
O ”
JBrowse
J Faceted search portal
" SouthGreen ) e
= Data extraction Indexes o
> =
J_!@
_ J
a )
ces Data extraction Indexes
R >
JBrowse
_

A ot ot Hadi Quesneville
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Triple Store

ol

scientifique

-

\_

Data types can be
stored in different
databases with
different data model

\

J

ol
el

scientifique

scientifique

Hadi Quesneville



zRa Develop a web semantic
interoperability

Ontology based annotation thFbmodelm?‘ of the Query of dispersed
of database schemas atabases schemas _data for_data
(GO, PO, TO, CO, ...) _ integration through
RDF triple store Semantic web services
storage (SPARQL, web user
= interface)

ZINA

Hadi Quesneville



tlll.

b

W Workflow ETL

RDF file

sTurtle

Relational Database

File format

Virtuoso

RDF Transformation workflow

Some workflows are generic enough to be reused (i.e. GFF3 or
HapMap)

Codes available on GitHub,
https://qgithub.com/SouthGreenPlatform/AgrolLD.

INRA

SCIENCE A MCT Hadi Quesneville




AgrolLD portal

(www.agrold.org)

* Different user profiles

* Provides different entry points

Quick Search Advanced Search Explore Relationships SPARQL Query Editor
Search with keywords and browse AgroLD Search with keywords, browse, and get Search easily existing relationships between Edit and submit your SPARQL Queries to the
Knowledge Base answers to some biological questions entities spargl endpoint of AgroLD located at

http:/volvestre cirad.fr.8890/sparql

= ||N?A Hadi Quesneville
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Integrates information from:

Ontologies: Gene Ontology (GO), Plant Ontology (PO), Plant
Trait Ontology (TO), Plant Environment Ontology (EO)...

Information sources:
. Ontology association: GOA, Gramene (TO, PO and EO)
. Gene/Protein information: OryGenesDB, Gramene, UniProt
. QTL information: TropGeneDB, Gramene

Polymorphisms: SniPlay

. Pathway information: Gramene - Cyc
. Phenotype information: Oryza Tag Line
. Phylogenomic information: GreenPhylDB

SouthGreen

S5 bioinformatics platform

= INRA

= v Hadi Quesneville



2 phenotypic data integration

 RDF conversion from the Breeding API
standard

 Benefit from the work of the BRAPI

international consortium
+ REST API and JSON format

+ Web Service Swagger
https://urgi.versailles.inra.fr/ws/swagger-ui/index.html#/Phenotyping

= IN?A Hadi Quesneville
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Tools -?e

search tools (]

Get Data
Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats

Operate on Genomic Intervals
FASTA manipulation
Emboss Tools

NGS TOOLS

NGS: QC and manipulation
NGS: Mapping

NGS: Assembly

NGS: RNA Analysis

NGS: SAM Tools

NGS: Peak Calling
Alternative splicing tools
Picard Tools

BEDTools

VARIANT/SNP TOOLS
URGI: MAPHITS 2.0
SnpEff tools

Vcf utils

VCF Tools

ANNOTATION TOOLS
Gene Ontology Annotation tools
Repeats annotation

SEQUENCE SIMILARITY TOOLS
NCBI BLAST+

URGI TOOLS

URGI: Get Data for grapevine

URGL: BAC analysis

URGI: MAPHITS - PreProcess Tools
URGL: MAPHITS - Tools

URGI: MAPHITS - PostProcess Tools
URGI: MAPHITS - SNPs Chip Tools
URGI: S-MART

URGL: Differential expression
Analysis Tools

Tools for APLIBIO pipelines

Annotation analysis

» Gene structural and functional annotation

» Repeat detection and annotation (TE, SSR,
SD)

Structural analysis

» SNP calling, InDel detection
» Transcript assembly

Functional analysis

* Differential expression
» ChlP-seq, BS-seq

Genetic diversity analysis

» Population genetic statistics
* genome wide association mapping

Hadi Quesneville



26 Compute infrastructures

Several Compute

- One data
infrastructure RODS

infrastructure

Availability of
infrastructure depend on
funding (scientists,
supporting institutes,
countries, ...)

Standards

~

/VV heatlS Core
VM —

Output
@line Cloud infra. A

v

- \ L Distributed Storage |3 () S]

~

Cloud infra. B

-

Cloud infra. C -~. -_>. -_}.

:z: |N?A WheatIS node)| WheatlS node){ WheatlS node
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A wheat use case

NGS 1Gb of
genomic 50 Tb
data sequence
e would need
wheat 800 Tb
genome
Future 18 varieties
standard (Plant J 2017 14400 T =

analysis Feb 23.)

Hadi Quesneville



Z UG
Big data issues

Difficult to imagine having
such storage capacity

Improve current approach
of data analysis

Compute infrastructure
availability

== INQA Hadi Quesneville
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Metadata ’_\

« FAIR »
repositories

Efficient

data »

storage

Safe data
transfert

protocoles

File completion validation : MD5 checksum, ...
Fault tolerance: Rsync, ...

= lN?A Hadi Quesneville



Efficient workflows

* Noise reduction
* Fit to computing resources

. « Store on adapted media: quick
Data redUCthn access vs storage capacity
» Keep only data that cannot be
recomputed easily

Data « Parallelization
dependancies « Compute time estimation

* Notebooks

AnaIySiS * Follows workflow process
reproducibility « Fault tolerant > resume from

previous steps

= = IN—\)A Hadi Quesneville



4F¢ Efficient computer resources

Hardware

* Media of storage: SSD,
Drives, Tapes, ...

* Media for computation:
GPU, RAM, Core/CPU

B !,,N?ﬁ Hadi Quesneville



Zyal Today’s paradigm:
moving data to tools

Compute l Storage ||
=
N Storage
|
Storage |

== "\RA Hadi Quesneville

Data files
(Mb)

Data files
(Mb)

Data files
(Mb)



zUral Paradigm shift:
moving tools to data

Data files
‘ 1 (GormD)
‘ Storage "

Compute
Data files
(Gb/Tb)
(Kb) Storage
Data files
| | (Gb/Tb)
| l f Storage |

= lN?A Hadi Quesneville



zual ]
g Moving workflows

 Moving complex workflows is challenging
+ Hardware dependancies (Cluster)
+ OS dependancies (Unix/Windows/..., Scheduler)
+ Software dependancies

* Technical solutions exist
« Virtualisation: moving an image as a file

« Installation package: rpm, conda, ansible, puppet,...

= Cloud infrastructure

= = ”\RA Hadi Quesneville



< |
L‘%?GI

Conclusions:
Cyber-infrastructure challenges

K-Dispersed data.
» Curation and
annotation
» Heretogeneous data
type
 Establishment

and adoption
of standards

Data

 Big data issues (DNA\

sequences, images,
environment
measures, ...)

» Data access from
CPU compute resources

|

J

» Easy submission

-

» Bioinformaticians
 Researchers

N
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» Accessibility, easy
exploitation, etc.

« Ethics (credit for
data)

* Institutional support
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