(€

INFORMATICS

ASK for confident decisions:
Harnessing the power of semantics

Erich Gombocz
Vice President, Chief Scientific Officer
O Informatics, Inc., Berkeley, CA, USA.

PR -



Outline

(€

INFORMATICS

ASK:

Network Semantic Collections Confident
Graph to Queries of Patient
Model (SPARQL) Biomarker Screening

Signatures

Challenges
in Predictive
Biology

Semantic
Integration

\

Implications
for PM




I@ Challenges

NFORMATICS

Data Integration Lack of Tools Qualification Applicability
Coherence Woes wintuitive, science- wBiomarker WEase of access
WwSource WHesitance in Data driven tools for classifier and use for
heterogeneity Sharing hypothesis and validation with clinicians at
WTaxonomies WSecurity decision support mechanistic and multiple levels
ontologies : compliar’me hard to find functlonal |_n5|ghts required
WSynonyms, non- WwComplexity in wRequirement for Is demanding wConfidence
s meaningful complex ad-hoc wUnifying publg: grlte;rl_a for
: : : queries resources an ecision support
inormalizator experimental and [f§  demanding inernal datasets || need to be
challenges clinical data wHypothesis and proper accepted for
generation weighing of patient screening

markers is non-
trivial

requires more
than domain
expertise




I@ Semantic Integration

INFORMATICS

T

Dynamic, extensible
data model U

modeling data as a
graph is more flexible
and intuitive than a

using a table

Relational databases
scale well to size -

but what about
scaling to complexity
of biological
systems?




I@ Methodology

NFORMATICS

Create

Qualify Build Model(s)

Applied Decision

Semantic Biological WSave the resulting Semantic supported
Framework Validity sub-network as Knowledgebase Screening
wMerge and map wQualify viability of ?glr;)n :gt(lch(;uery (ASK) WApply ASK arrays
results from multiple experimental ST ISR _ to unknowns for
modalities into a correlation networks uery (SPAROL wRepresent your screening
semantic framework through qrof%) TR model as array of WUse scoring of the
WVisualize, incorporation of e semantic queries in mat ch -tg-fuihti \
investigate and mechanistic public bi%lo DI - an Applied for informed
analyze data knowledge to : diea’P Semantic decision-making
relationships ensure their el EiEm ol Knowledgebase with high
functional biology ranges and weights (ASK) S

on biomarkers wValidate each

model through

iterative refinement
with additional test
cases



I@ Systems Biology Complexity
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A Biomarkers in context of biological system

A Genomic data, proteomic data, clinical chemistry,
mechanistic data from public resources U all
Il nterconnected, hali r&al | s of

A How to find classifiers? O ‘, .
A Matching patients?
A How can | trust my findings?

THIS IS WAY TOO COMPLEX!
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(3) BIT_5.n3 - Sentient Knowledge Explorer

File Edit View DataStores Tools Help
- Age

- Donor 1D

- First Transplant
- Gender

- Patient 1D

- Pimary Disease
- Rejection Status
- Relationship “ . da

- Sample Time !
- Secondary Disease —h
- Transplant Centre
- Uniprot Accession

14 instances of Primary Disease *
Chronic renal failure, aeticlogy uﬂi
Cortical or tubular necrosis
Diabetic nephropathy associated
Focal glomerulosclerosis - adults
Glomerulonephritis, histologically
Glomerulonephritis, histologically
Hereditary nephritis with nerve de!
IgA Nephropathy {proven by immi
Lupus Erythematosus
Membranoproliferative glomerulor|
Other identiied renal disorders
Polycystic kidneys, adult type {do —
Renal vascular disease - type un: _
< | 1 | »

| Entiy List | Entity Detais | Relationship(0..15) |

m

i - 20

FocnSoN your

———

[V] Automatically

Entity Relationship

A-263 hasDonor

A-263 hasEthnicity

A-263 hasPrimaryDisease
A-263 hasSecondaryDisease
A-263 isFirst Transplant

Entity

6619

Caucasian

Focal glomerulosclerosis - adults
NULL

Yes

n

Relations
hasRejectionStatus
hasTxCentre
hasGender

hasAge
hasEthnicity

[m |

1

hasSecondaryDisease

isFirst Transplant

hasDonor

http://proof icapture.ubc ca/Patient ID#A-263

< | [T |

m

Status: Ready

—— = ——— —————
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@ BIT_5.n3 - Sentient Knowledge Explorer

File Edit View Data Stores

- Age
- Donor |D

.. Ethnicity

- First Transplant

- (Gender

- Patient 1D

- Primary Dizease

- Protein

- Rejection Status

- Relationship

- Sample Time

- Secondary Disease
- Transplant Centre
- |UniprotAccession

Teols  Help

500 instances of Protein(d.. 500) i
Amyloid lambda 6 light chain variable re
Amyloid lambda 6 light chain variable re
Anchor protein

Angiopoietinelated protein 3 precursor
Angiotensinogen precursor B
AngRem104 =
ANKRD26 protein

ANKS3 protein

Anleyrin-3

Ankyrin G119

Anleyrin repeat and SAM domain-contai
Anlcyrin repeat and zine finger domain-
Ankyrin repeat domain-containing prote —

1| 1] 3

[ Entity List | Entty Details | Relationship(0.15) |

Yes

AGES BETWEEN 1 AND 57

Caucasian M

AGES BETWEEN 31 AND 50

TxLentre

imary Dis 21

ge mple

asSample

1

hasSecondaryDis
Patient ID

A-211-1326
primary renzal disease)

hasDays

210

E]
12

Daonor 1D

IPI00385264.1

IPI00827581.1
IP100382500.1

IPID0525812.4

Automaticaly

Entity
A211
A211
A211

A-211
A211

Relationship

hasDonor
hasEthnicity
hasPrimanyDisease
hasSecondaryDisease
izFirst Transplant

Enttity o
6261.0

Caucasian

Chronic renal failure, aetiology uncertain

Renal vascular disease due to hypertension (MO primary renal disease)
Yes

Lm |

< |

UL

Relations

hasSample
hasRejectionStatus
has TuCentre
hasGender

hasfAge
hasEthnicity

hasPrimanyDisease

hasSecondary Diseasze
isFirst Transplant

http://proof icapture

ubc.ca/Patient IDEA-211

Go

l =
W
I I 1

1| m

m

| Status: Ready
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@ BIT_5.n3 - Sentient Knowledge Explorer

=B R

L

File Edit View Data Stores

- Age

- Donor 1D

- Bthniicity

- First Transplart

- (Gender

- Patient 1D

- Primary Disease

- Protein

- Rejection Status

e

| :_ Query Teol
SPARGL Endpairt:

Tools

Help

enth | paded Dataszst

Graphical Query | Text Search | SPARGL |

AGES BETWEEN 1 AND 57

7Rejection_Status contains AR

Patiert 1D

A211
A-211
A211
A-211
A211
A211
A-211
A211
A-211
A211
A-211

Danar ID

6261.0
6261.0
6261.0
6261.0
6261.0
6261.0
6261.0

Rejecti...

AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

Dizease

Chrenic renal failure, acticlogy uncertain
Chranic renal failure, aeticlogy uncertain
Chrenic renal failure, acticlogy uncertain
Chranic renal failure, aeticlogy uncertain
Chrenic renal failure, acticlogy uncertain
Chrenic renal failure, acticlogy uncertain
Chranic renal failure, aeticlogy uncertain
Chrenic renal failure, acticlogy uncertain
Chranic renal failure, aeticlogy uncertain
Chrenic renal failure, acticlogy uncertain
Chranic renal failure, aeticlogy uncertain

4 |

(L

Protein i
Pratein

Isoform A of Coagulation factor VIl
Keratin- type | cytoskeletal 10
Peroxisomal membrane protein PEX
Protein kinase C gamma type

Isoform 1 of Neurofibromin |:|
hypothetical protein LOC124565 iso
|soform 1 of Solute carmier famity 12
Apolipoprotein

|soform 1 of Metrin receptor UNCSD
614 kDa protein i

2993 results retumed.

* Cathnana)

Query Graph

Clear

Load

Main Graph

Clear Main Graph

Results

Graph Resulis

F
AGES BETWEEN 31 AND 50 -

IPI00385264.1

IPI00827581.1

IP100382500.1

IPID0525812.4

Automaticaly

Relations ol

hasSample
hasRejectionStatus
has TuCentre
hasGender

hasfAge
hasEthnicity
hasPrimanyDisease
hasSecondary Diseasze ||
isFirst Transplant -

f| 1] | »

m

Ready




* PROOF_BM_2009-07_9i.n3 - Sentient Knowledge Explorer
File Edit View Tools Plugins Help

[T~
[T]] o5 7

— ea  REl2gl

33270 | E" ] !Hv’
' [T] Vo

2

B 1286?\ |4
254 :3?)

38 instances of OMIM &

o
| BB

ist | Entity Detailsl Relationship l Relations
— || geneTotalRecords

Relationship d hasEC Enzyme Classffication
hasEntrezitem has zlt:
hasEntrezltem S
hasEntrezitem
hasEntrezitem
hasEntrezitem
geneTotalRecords
hasEntrezitem
hasEntrezitem
hasEntrezitem
hasEntrezitem
hasEntrezitem
IP100017601.1 hasGene Symbol

g

Q2239989233 7

(Back ] (Forward ] [ftt



ene Expression
Protein
- EC Enzyme Classification
- 1P| Accession Mumber
-PGC
- Protein ID
- Protein Name

i PROOF_BM_2009-07_9i.n3 - Sentient Knowledge Explorer

(7]
Ll
(7] \

Protein S SPARQL Endpaint: merthy Loaded Dataset

- Protein Value

- [ Graphical Guery |

Visualizer

2.0 < ?Protein_Walue2 < 2.8
—

Erttity List | Entity Details | Relation

£y Controls Protein Value

ARSI 1.2020111
IARETTI 1.2547318

SPARGL

]
L]

L]

45 < 2Gene Value11111 <60 B8

37 < ?Gene Value <49 -

Protein Valuel

1.2538073
1.2861187

Protein Value2

2.6899097
2.039926

Gene Value Value
4516525668  3.5490974
4409232668 43625542

4123552538

5.945186835

Relations
hasClass
has|Pl Accession Number



Refining the Model

Graphical Query | Text Search | SPARGL

PREFIX igii: <http://io-informatics com/rdfiH>

PREFIX rdfs: <http:/Awww w3 .org/2000/01/rdf-schema

PREFIXaanls: <hitp://www.w3.0rg/2001/XMLSchemaj

PREFIXrdf: <http://www.w3.0rg/1999/02/22 rdf 5

PREFIXici: <hitp://iodnfomatics com./rdf &>

SELECT DISTINCT ?Cartrols ?Protein_Value ?Prg

Value ?Gene_Value1 7Gene_Value 11 7Gene_V3

WHERE

Wontrols <http://io-informatics.com./rdfhasPrg

Wortrols <http://io-informatics.com./rdf #hasPrg

Montrols <http.//iodnformatics com/rdfghasP!

7Protein_Value ioi:hasPGC <hitp:/io-informati

Protein_Value 1 ioi:hasPGC <http://io-rforms

Protein_Value? ioihasPGC <http:/Ao-informa

Controls ioi-hasValue ?Gene_Value

TGene_Value <hitp.//iodnformatics.com./rdf:

informatics.com/rdf/Probe % 2052t %2010

Controls ici hasValue 7Value

MValue <hitp://ioinformatics com/rdf#has Probe ™
informatics.com/df/Probe % 205et 1:201DH235412,

MControls ioi-hasValue #Gene_Valuel.

MGene_Value1 <http://io-informatics.com./rdfhasProh
informatics.com/rdf/Probe % 205et 2 20ID#221841_s_ai

Montrols ioihasValue #Gene_Value11

MGene_Value 11 <hitp:/ioinformatics.com/rdffhasProbe %N
informatics.com/rdf/Probe %.205et 220IDH202749_at>.

Wontrols ioi:hasValue ?Gene_Value111.

Gene_Value 111 <hitp://ioinformatics com/rdf#has Probe %205t %
informatics.com/rdf./Probe%.205et 1.201DH226851_at>.

Wontrols ii-hasValue ?Gene_Valug1111.

ene_Value1111 <http://ioirformatics.com/rdf fhasProbe %205et %2010 = <http://io-
informatics.com/rdf/Probe %2056t %.20|D#207883_s_at>.

Controls ioi-hasValue ?Gene_Valus11111.

Gene_Value 11117 <hitp://ioinformatics. com/rdfﬁhas F'robe % 205et %2010 <http:/iia-
informattics.com/rdf/Probe .205et 20104209580 _s

?Protein_Value rdfs label ?Protein_ValueFitter. F\LTEFmeIs double( ?Protein_ValueFilter ) >
1.00). FILTER {xmls double( ?Profein_ValueFiter ) < 1.50]

7Protein_Value 1 rdfslabel ?Protein_Value 1Fiter. FILTER {xmls :double{ ?Protein_Value 1Fitter ) >
1.10). FILTER {xmls double{ ?Protein_Value1Filter } < 1.65)

Protein_Value rdfslabel ?Protein_ValueZFiter. FILTER ({ xmls:double{ ?Protein_Value2Filter ) >
2.0). FILTER { xmls:double( ?Protein_Value2Fiter ) < 2.8).

TGene_Value rdfslabel 7Gene_ValueFilter. FILTER {xmls double( ?Gene_ValueFilter ) > 3.7).
FILTER {xmls:double( 7Gene_ValusFitter ) < 4.9),

MNValue rdfs label ValueFitter. FILTER (xmis:double( ?ValueFiter ) > 3.1). FILTER {xmls:double{
MValueFilter ) < 4.8).

7Gene_Value 1 rdfslabel 2Gene_Value 1Fiter. FILTER (xmls double( ?Gene_Value1Fitter ) > 5.4).
FILTER {xmls:double{ ?Gene_Value1Fitter ) < 7.1).

MGene_Value11 rdfslabel 7Gene_Value11Fiter. FILTER {xmls:double( 7Gene_Value11Fiter ) >
4.6). FILTER {xmls:double( ?Gene_Value11Filter ) < 5.0]

TGene_Value111 rdfs label 7Gene_Value111Filter. FILTER {2mls:double{ ?Gene_Value111Fiter )
>4 5). FILTER (xmls:double( ?Gene_Value111Fiter ) < 5.0).

Gene_Value1111 rdfsdabel ?Gene_Value1117Fiter. FILTER {xmls:double{ ?

Cortrols | Protein Valus | Frotein Value? | Protein Value2 | Gene Valus | Value Wain Graph

|BR& 12020111 12538073 2 6899097 4516525668 39490974 | Clear Main Graph
2039926 4409232668 4.3625542

BRE 1 12547318 12861187

Resufts

Graph Results

ﬁj I ] ij
2 results retumed.

Import to Memany




