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Needs for linked experiment reports



Motivations: reusing (massive) RNA-seq data

TopHat: algorithm to align multiple sequence reads to a reference
genome (known genes).
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Motivations: reusing (massive) RNA-seq data

TopHat: algorithm to align multiple sequence reads to a reference
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1 sample
Input data 2x17 Gb
1-core CPU 170 hours
32-cores CPU 32 hours
Output data 12 Gb
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Motivations: reusing (massive) RNA-seq data

TopHat: algorithm to align multiple sequence reads to a reference
genome (known genes).

1sample | 300 samples

Input data 2x17 Gb 10.2Tb
1-core CPU 170 hours 5.9 years
32-cores CPU 32 hours 14 months
Output data 12 Gb 3.6Tb
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Motivations: reusing (massive) RNA-seq data

TopHat: algorithm to align multiple sequence reads to a reference
genome (known genes).

1sample | 300 samples

Input data 2x17 Gb 10.2Tb
1-core CPU 170 hours 5.9 years
32-cores CPU 32 hours 14 months
Output data 12 Gb 3.6Tb

Challenges

Algorithmic performance, storage, preservation,
reuse (limit recompute) & share.
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Motivations: reusing experiment results

Scientific experiment: RNA sequencing to quantify gene expression
levels under multiple biological conditions.
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Motivations: reusing experiment results

Scientific experiment: RNA sequencing to quantify gene expression
levels under multiple biological conditions.
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Need for scientific context : metadata
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Expected result: human+machine tractable reports

NCBITaxon:9606

efo:EFO_0004421

\ iS / mp:Material

reference
-genome

oa:hasBody

is a
mp:supports

genome-
annotation

oa:hasTarget

"My biological hypothesis"

mp:Data

mp:statement

® Workflow consumed
m or produced raw data | V\

\

isa

‘— mp:supports gene-expression-
measurement

efo:EFO_0003788

A

is a

oa:hasBody

oa:hasTarget

measurement-
annotation

Annotated “Material & Methods”

Links to some workflow artifacts (algorithms, data)
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5-star Linked Open Data

W3C standards for machine and human L|NKED @EN_] D Tﬂﬁ

readable data on the web. On the web @ o0
Machme readﬂb - )

: time and expertise !
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5-star Linked Open Data

W3C standards for machine and human INCED @ij} D Tﬂg

On the web @
Machme rr.=:au:|ﬂb

readable data on the web.

: time and expertise !

How to ease this process ?

e Workflow engines — automation
e PROV — workflow runs as linked data
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PROV only

a prov:Bundle, prov:Entity;
prov:wasAttributedTo <#galaxy2prov>;
prov:generatedAtTime "2016-04-14T18:18:37.000409"""xsd:dateTime;

<#72486b583fel52f0>
a prov:Activity ;
prov:wasAssociatedWith <#catl> ;

prov:startedAtTime "2015-12-15T12:54:50.749845"""xsd:dateTime;
nroawvsandadi+Time "2N1K_12_18M12:R88::K87 N1AR799""*"vadAateaTima:
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LWW&&??&%WGEM Topriaton 43u/12 ‘opsWresgsepictiis, o
= L = n ‘accepte
ga axy!prod gal ﬁleslg dataset 01/dataset ;;é; ggé@ tzftophat‘és'u"gxylpmd-galk Jalaxylgalaxy- flles/galaxy -datasets/001/dataset_1:

al rod-galaxy/galaxy/galaxy-files/galaxv-datasets/00
& ax%gaiax%pm-ggaiaxyxgalaxx}:'galaxg -files/galaxy-datas

Cuffl;nkso AN AN aMIT

Cufflinks o 4EW as!
Cufflinks on BWT2 : gena
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axy.’prod—ggw e 6 [ ng T1
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gl e o : "‘ i i 3 001/ eéaiIOQS .dat I(; |

ﬁgow dat -

Eﬁ éggg%ofﬂ?atasm 1088.dat

-9092.dat

d?&'ﬁf aﬁd data d@%

/galaxy/prod-galaxy/galaxy/galaxy- f||eslgala)%/ da ﬁr e&%%%‘%%@%ﬁ“@ﬁfésu o

S!
] rod- alaxv. -dal
/galaxy/prod- galaxy/galaxy/ggjgm%?p%ﬂ : 4 = Msmsmm It

Igalaxy/poathgn ARG Jleslgdasqiadmddﬁﬁ!

Ri6Q1dataset_1056.dat /g almﬁ & EES,Q EWQ&MgQ

Biddinagat 1077 .dat
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PROV only

a prov:Bundle, prov:Entity;
prov:wasAttributedTo <#galaxy2prov>;

° °
prov:generatedAtTime "2016-04-14T18:18:37.000409"""xsd:dateTime; too fl ne_ g ra I ned

<#72486b583fel52f0>

a prov:Activity ;

B A ane AR iRt | no domain concepts

prov:startedAtTime "2015-12-15T12:54:50.749845"""xsd:dateTime;
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Provenance as a Linked Experiment Report

40 <http://www.symetric.org/resources/insilicoreports/claim#l>
4 ] a mp:Claim ;
mp:statement "My biological hypothesis" .

<http://www.symetric.org/resources/insilicoreports/rna-seq-wf#1>
a mp:Method ;
mp:supports <http://www.symetric.org/resources/insilicoreports/gene-expression-measurement#1> .

<http://www.symetric.org/resources/annot/ref-genome-annot>
a oa:Annotation ;
oa:hasBody <http://www.symetric.org/resources/insilicoreports/gene-expression-measurement#1> ;
oa:hasTarget "GRCm38" ;
oathasTarget <http://www.symetric.org/resources/refGenome> .

<http://www.symetric.org/resources/annot/rna-seg-quant-annot>

GRCm38 My biological hypothesis
hﬂp:ﬂpurI.orgIobof.\lCBlTaxonJ 0080
gmp IAwwWw.ebi. ac’fo/EFo,ooo4421
) %

http://www.symetric.org/r Jannot/ref- neme-annot )
\ http://Awww.symetrics '_lfﬁn'lwfeaslm!@erumﬂ
hﬂp:llwww.symetric.'esourceslinSampIe

; L oot gm b E m&ﬁmﬁ;summentﬁ
Rfm_RLiasiq . - L N\ «A‘t : )

wdfl_R1.10iq . ebi.ac il fo/EFO 0003789“”"'%%5}15!"72 IRA%EEBIPE G essi
htp: M‘f’ . Cufflinks on 6WT3: gene expresémn Sﬂﬂ’essmn

http:/.’www‘symeiric.oré

-R5 T3_R2 fastq
e o1 Ba.faeg hﬂp /lwwwsyméﬂ&gﬂgfre%lannotlma-seq quant- agng} s swil .9
WS RE fast y : ufflinks on gene expression
BWT2-R1.fast

OB fastq http:/lwww.Smlric.oryre%es/rna-mm1:-ﬁg{@w‘)tlout-measurement-annm

Cufflinks on 45WT2: gefie expression

http:Ilwww.syme:ric.ésourcesloutF PKM

few + meaningful statements
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Problem statement & objectives

Problem statement

Scientific workflows produce massive raw results. Their
publication into curated query-able linked data repositories
requires lot of time and expertise.

Can we exploit provenance traces to ease the publication of
scientific results as Linked Data ?
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Problem statement & objectives

Problem statement

Scientific workflows produce massive raw results. Their
publication into curated query-able linked data repositories
requires lot of time and expertise.

Can we exploit provenance traces to ease the publication of
scientific results as Linked Data ?

Objectives

(1) Leverage annotated workflow patterns to generate
provenance mining rules.

(2) Refine provenance traces into linked experiment reports.

A. Gaignard - H. Skaf-Molli - A. Bihouée TaPP ‘16
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Rules generation



Approach

Metadata

Experiment
annotation 2]
template

Workflow
annotation
pattern

Raw data

Raw data
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Input domain-specific annotations (€9,®)

Workflow patterns €)

Sequence patterns, with possibly intermediate steps

e P-PLAN ontology: Step, Variable, hasinputVar, hasOutputVar
e EDAM ontology: hasFunction, RNA sequence, Genome map
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Input domain-specific annotations (€9,®)

Workflow patterns €)

Sequence patterns, with possibly intermediate steps

e P-PLAN ontology: Step, Variable, hasinputVar, hasOutputVar
e EDAM ontology: hasFunction, RNA sequence, Genome map

Experiment report template @)
Link scientific claims, statements, material and methods
MicroPublication ontology: Material, Method, Claims

Experimental factor ontology: Transcriptome, Gene expression
NCBI taxonomy: Homo Sapiens

Open Annotation model: hasBody, hasTarget
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PoeM: generating PrOvEnance Mining rules @&

Input : W : Workflow annotated pattern @,
S1 @ First step of W,
Ss : Last step of W,
A : Annotation template .
Output: Rule: Provenance mining rule.

1 begin
2 INg1 < getInputs(Sy)
3 OUTsy < getOutputs(Ss)
4
5 provGraph < genDataLineage(OUTg9,INg1) (SPARQL Property path)
6 reportGraph < bindReportTargets(provGraph, A)  (SPARQL Basic graph pattern)
7
. Rule provGraph.edge; A ... \ provGraph.edgey (SPARQL Construct query)
i reportGraph

A. Gaignard - H. Skaf-Molli - A. Bihouée TaPP ‘16 21



PoeM: sample generated rule @

PREFIX ...

CONSTRUCT {

./insilicoreport#1> rdf:type <http://purl.org/mp/Micropublication>

. /out-measurement-annot> rdf:type <http://www.w3.org/ns/oa#Annotation>

. ./out-measurement-annot> oa:hasTarget ?lout0

. . /out-measurement-annot> oa:hasBody <http://.../gene-expression-measurement#1> .
. ./gene-expression-measurement#1> rdf:type <http://purl.org/mp/Data>
./gene-expression-measurement#1> rdf:type <http://www.ebi.ac.uk/efo/EFO 0003788>

} WHERE {

prov:wasGeneratedBy ?stepl
dfs:label | “rdfs:label prov:wasDerivedFrom)* ?outS0

ov:used ?in2

rov:wasAssociatedWith ?soft2

Step2 a p-plan:Step

PrlanStep2 rdfs:label ?planStep2Label

FILTER (contains(lcase(str(?soft2)),lcase(str(?planStep2Label)))) .

?2out0 prov:wasGeneratedBy ?step2

?2out0 rdfs:label ?lout0
FILTER (contains(lcase(str(?lout0)), lcase("gene expression")))
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First experiments &
results



Experiment context

SyMeTRIC: systems medicine project (2015-2017, call “Connect
Talent”), funded by the french region Pays de la Loire.

1. Data integration 2. Data analysis,
(local, open)  L[«X modeling,
o in-silico validation.

3. Distributed computing

'
) 4
infrastructures + 5
® CH ) |
. @ Af HCNfliiﬂlg (Od :;icl'rgf @b thML(K;NPPi%t % Iml Inserm \‘g @\)_ ) ;;VYS DE LA LOIRE
WERSITE DE NANTES ATLGETS | COTRENOSIAUEL | coure sosron e
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Experiment

Material & methods

e Real-life RNA-seq workflow to study 3 mice populations
e WF implemented in Galaxy, run on 2 biological samples
® PROV traces exported from Galaxy Histories (API)

A. Gaignard - H. Skaf-Molli - A. Bihouée TaPP ‘16
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Experiment

Material & methods

e Real-life RNA-seq workflow to study 3 mice populations
e WF implemented in Galaxy, run on 2 biological samples
® PROV traces exported from Galaxy Histories (API)

Results (for 1 biological sample)

e 60h CPU (12 cores for genome alignment), 21Gb storage
® 3sto export 81 PROV triples from the Galaxy history
® 2sto apply the rule and produce 35 Micropublication triples
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Conclusion & perspectives

Semi-automated approach

(1) PoeM generates semantic web rules
(2) PoeM rules applied on PROV traces to assemble
linked experiment reports (MicroPublication)

Limitations:
- Sequence workflow patterns only
- SPARQL property paths with complex WF patterns ?
- Syntactic matching between WF patterns and PROV labels

Usage scenarios:
— Query workflow datasets with domain concepts
— Populate RDF repositories with WF results

A. Gaignard - H. Skaf-Molli - A. Bihouée TaPP ‘16
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Conclusion & perspectives

Future works

(1) WEF patterns: split-merge, “common motifs”

(2) Genericity: other domains / other reports (RO, Nanopub.)
(3) PROV heterogeneity: multi-systems PROV

(4) Evaluation: involving biologists, at larger scale

A. Gaignard - H. Skaf-Molli - A. Bihouée TaPP ‘16
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Questions ?

Demo: http://poem.univ-nantes.fr

Contact: alban.gaighard@univ-nantes.fr
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Larger scale experiments (PROV traces)

Construct {?x ?p ?y} where {?x ?p ?y FILTER(?p NOT IN (rdf:type) )}

GAVRY DAY G LOGHSH
/dataset_1173.dat .
galaxy/galaxy-files/galaky it

BVGWA CGATaP_LOO
/galaxyipre-RiAaxdoalaxys

Igalaxy/prod-galaxy/galaxy/galaxy-Hiles/g _rlgzg,;e!ﬁ

REBREM3SISOAA ARG 74.dat 6WT3-R2.fastq

6VGIWT1_CEWBNTLO0GATET L0aéId
ets/00THiatBset 1175.dat /
Ioaln IR BALRIAE
45WT2 : accepted_its \ . )
2 “TopHatlon 46WT1 : accepted_hits 6wt AT 1_CGTGRLOQ
T3: accepted_hits  TopHat on 6WT3:aocfled ts Igalaxy/prod-galaxy/ga /galaxy-mess@-m 5

/

VEWT1_CaATEN.

BVGWT1_CGraGT.
BVGWT1_

/001/dataset_1495.dat 6VGWT1_CGATGT.
/galaxy/prod-galaxy/galaxy_ .

od-gal; Jaxy-fil 5 s
Mw:%s? 6VGWT1_CGAl
LSS, 1 o oGO GBI v

/galaxy/prod-gal iles/galax)
Hat on 6WT2 : acceplapHhatson A jsd_ni(s Ll mfﬂﬂeﬁ S 93,87
i

t_1482.dat
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1232 edges

dataset_1050.dat
_002fastq.gz  /gala

dataset /- /Hﬂ[?ﬁﬁ
G50z P

http://www.w3.org/ns/provitstartedAtTime
http://www.w3.org/ns/provi#twasAssociatedWith
http://www.w3.org/ns/provitwasGeneratedBy
http://www.w3.org/ns/provitwasAttributedTo
http://www.w3.org/ns/provitused
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/provi#twasDerivedFrom

http://www.w3.0rg/2000/01/rdf-schema#label
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35

35

35

88

89

138

239

257

315
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Larger scale experiments (PROV traces)

Construct {?x ?p ?y} where {?x ?p ?y FILTER (?p NOT IN (rdf:type))}

My biological hypothesis

‘/annmlma!\, q
WT1-R1,fz
1l ilic g symemc sources/refGenome
ool S .g;"""" WWP&*&. ‘w P 4 9 e d e S
Do 4 ' eSRCma .

m;:://www,symetmnorg/r'mﬂn%éaﬁgzmlq

T T2 e \
45WT1_RSWEE_R2.fastq "\, Culinks Ap ASWT3: GpPR SRS ENBRssio
6WT2-R2 fastq Oummkfvn owT3: Gl %ﬂ&éﬂﬁ“ :gene expvess\on

. hitg: s symamc.esnurces/oulFPKM
htp: Ilwww.symlrlc.om/res&%mw_ﬁa‘asewesrgfs\’le annot
\

Cuflinks on 6WT2 gene expression

SELECT ?p (COUNT(?s) AS ?count) { ?s ?p 70 } GROUP BY ?p ORDER BY ?count

%

http://purl.org/mp/argues
http://purl.org/mp/statement
http://www.w3.org/ns/oa#hasBody
http://purl.org/mp/supports
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.w3.org/ns/oa#hasTarget
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