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I@ Challenges

NFORMATICS

Lack of Tools

* Intuitive, science-
driven tools for

Data
Coherence

Integration
Woes

Qualification

» Biomarker
classifier

Applicability

» Ease of access

« Source « Hesitance in Data : A and use for
heterogeneity Sharing hypothesis and validation with clinicians at

« Taxonomies . Security decision support mechanistic and multiple levels
ontologies ’ Compliar’me hard to find functlonal |_nS|ghts required

- Synonyms, non- . Gl « Requirement for is demanding - Confidence
e meaningful complex ad-hoc * Unifying public criteria for
vocabularies integration of queries - resources and decision support

« Normalization experimental and demanding internal datasets need to be
challenges clinical data * Hypothesis and Propef accepted for

generation weighing of patient screening

markers is non-

requires more \al
trivial

than domain
expertise




I@ Semantic Integration
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Dynamic, extensible
data model —

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
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Create Qualify Build Model(s) Applied Decision
Semantic Biological . Save the resulting Semantic supported
Framework Validity sub-network as Knowledgebase Screening
: S t
» Merge and map » Qualify viability of ?SeQZIQ(IQCLC)]uery (ASK) * Apply ASK arrays
modaiticsmtoa || comelation newworks |[ * Each semanti + Represent your sereening
semantic framework through query (SPARQL model as array of . fth
o through profile) represents a : P * Use scoring of the
« Visualize incorporation of : semantic queries in match (“hits-to-fit”)
' inate and mechanistic public signature of a an Applied for informed
IthﬁStlgaéetan knowledge to biological process Semantic dor laiseldats >
analyze data ge . Set criteria for Knowledgebase ecision-making
relationships ensure their TG with high
functional biology ranges and weignts (ASK) onfidence

on biomarkers « Validate each

model through

iterative refinement
with additional test
cases



I@ Systems Biology Complexity
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 Biomarkers in context of biological system

« Genomic data, proteomic data, clinical chemistry,
mechanistic data from public resources — all
Interconnected, hairballs of relationships ... D

 How to find classifiers? &

: : ' S ,f%\\
 Matching patients? o :?
e How can | trust my findings? ,:@‘ =)

A




() BIT_5.n3 - Sentient Knowledge Explorer

File Edit View  Data Stores

- Age

.. Donor 1D

... Ethinicity

- First Transplant

.. Gender

- Patient 10

- Primary Disease
- Rejection Status
- Relationship

- Sample Time

- Secondary Diseas\é"%{.__
- Transplant Centre
- |UniprotAccession

s

Chronic renal failure, aetiology un
Cortical or tubular necrosis
Diabetic nephropathy associated
Focal glomerulosclerosis - adults
Glomerulonephritis, histologically «
Glomerulonephritiz, histologically
Hereditary nephritis with nerve de
lgA Nephropathy {proven by imm
Lupus Envthematosus
Membranoprolferative glomerulor
Other identified renal disorders

m

Renal vascular disease -type un: _

:| : 1] | 3

14 instances of Primary Disease *

Palycystic kidneys, adult type (do—

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

Tools  Help

—

A

Automatically

| e
A-263
A-263
A-Z63
l A-263
A-Z63

Relationship

hasDonor
hasEthnicity
hasPrimaryDisease

hasSecondaryDisease

isFirst Transplant

Ertity

6619

Caucasian

Focal glomerulosclerosis - adults
MULL

Yes

[

UL

lm |

http://procf icapture ubc.ca/Patient IDEA-263

e
1

Relations
hasRejectionStatus
has TxCentre
hasGender

hasAge
hasEthnicity

hasSecondaryDisease
isFirst Transplant
hasDonor

i 1]

Status: Ready

e

m




-
@ 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

s Sample

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

L




@ 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
Tools  Plugins  Help

View

ene Expression
- Protein
EC Enzyme Classification
IPl Accession Mumber
PGC
Protein |10
Protein Name
Protein Symbaol
Protein Value

isualizer

38 instances of OMIM

Entity List || Entity Details |

ity

Erti
CcP
CcP
CcP
CcP
CcP
CcP
CcP
CcP
CcP
CcP
CcP

1000176011

55

Relationship
hasEntrezitem
hasEntrezitem
hasEntrezitem
hasEntrezitem
hasErtrezit
gene TotalR
hasErtrezit
hasErtrezttemn
hasErtrezttemn
hasErtrezttemn

205ymbol#CP

[BE
“is' LT
a8
(1] v [T LT
IR& =
e LT
/bl
[ L ,
Y | 4. 362554269
ot |4.805029681 | | 4948120582 .
aa 8 0 2805029681 || !
3
L] =
. & 4.123552533
(1] 4
i 7.046012152 =
0.7511583 5945186835
IEﬁl !.3 : ' 4
1] ] : : .
(7]
(1]

assification

3562578
38321
573
6330855
7012354
7040035
8050338
8206865
CcpP



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



Query Tool  Query Tool

SPARQGL Endpoint: STy (A® SPARGL Endpoint: | SE=gn Rl R0

| e
‘ Graphical Query ” Text Search Graphical Query | Text SeargpFSPARGL

PREFIX igii: <http://io-informatig
PREFIX rdfs: <http/Awwnw w3,
PREFIXoanls: <hitp:/Awww.w3,
PREFIX rdf: <http://www.w3.0r
Il | PREFIXici: <http://ioinformatiq
SELECT DISTINCT ?Cantrols
Value ?Gene_Value1 7Gene_)
WHERE

Wontrols <http://io-informatics
Wortrols <http://io-informatics
MWontrols <http.//ioinformatics
Protein_Value ioi:hasPGC <hity
?Protein_Value1 ioithasPGC <hf
Protein_Value? ioihasPGC <hi
Cortrols ioi-hasValue ?Gene_
TGene_Value <hitp:/sio-informa)
informatics.com/rdf/Probe 7. 209
Controls ici hasValue 7Value
MValue <hitp://ioinformatics .col
informatics.com/rdf/ Probe %209
Controls ioi-hasValue #Gene_
! MGene_Value1 <http://io-nform
informatics.com/rdf /Probe %205
Montrols ioihasValue Gene_!
Gene_Value 11 <http://io-infon
informatics.com/rdf /Probe %205
Wontrols ioi-hasValue #Gens
MGene_Value 111 <hitp://io4nf
informatics.com/rdf./Probe %209
Wontrols ioi-hasValue #Gens_
ene_Value1111 <http://io-ir
informatics.com/rdf./Probe . 209
Controls ioi-hasValue ?Gene_
ene_Value 111171 <Hitp:/io-i
informatics.com/rdf/ Probe 7. 209
?Protein_Value rdfs label ?Protq
1.00). FILTER (xmls :double({ 7F}
Protein_Value 1 rdfslabel 7Py
1.10). FILTER (xmis:double{ 7F
Protein_Value? rdfslabel 7Py
2.0). FILTER {xmls:double( 7P
TGene_Value rdfslabel 7Gene |
FILTER {xmls:double{ ?Gene_)
Walue rdfs label 7ValueFiter. F|
MValueFilter ) < 4.8).
Gene_Value 1 rdfslabel 7Geng
FILTER {zmls:double{ ?Gene_)
MGene_Value11 rdfslabel 7Gen
4.6). FILTER {xmls:double( 7Gqg
TGene_Value111 rdfs label 7Ge
> 4.5). FILTER (xmls:double( 7
ene_Value1111 rdfs:abel 73

Choose Array: Organ failures » | Search

A Acute Rejection, m
B Acute Rejecton, m

e i) { Acute Rejection, h

[4875

[ Acute Rejection, w
E  Mon Rejection, me:

F  Mon Rejection, me:

(5 Acute Rejectan, It

H Acute Rejection, u

Controls Protein Value Protein Valuel | Protein Valus2 | Gene Value | Walue iain Graph
JERAIIY 12020111 [RREY 12020111 1.7538073 26899097 4516525668 3.9490974
[ARE 12547318 BRE 1.2547318 1.2861187 2.039926 4409232668  4.3625542)

Results
Graph Result
=] 4 3
2 results retumed. 2 results retumed




cal Signatures

10 Informatics Sentient Suite "

Welcome Administrato

ASK Arrays

Choose Array: Organ failures

Acute Rejection, medium confidence [Gene BMs]
Acute Rejection, medium confidence [Protein BMs]

Acute Rejection, high confidence [Combinatorial BMs]

Acute Rejection, very tight range (ALL Combinatorial EMs)
Mon Rejection, medium confidence [Protein BMs]

Mon Rejection, medium confidence [5 Protein BMs, 1 Gene BM]

Acute Rejection, low confidence [Gene BMs]

Acute Rejection, uncertain [1 weak Gene BM]

Acute Rejection, medium confidence [Gene BMs] Open in Knowledge Explorer(RQ)

Your search returned 4 recordis)
Export: Excel Text (TSV) HTML XML Open in Knowledge Explorer (FOML] Char@

4922748721 4.743109483 3.96468382 4.02275853 5.829296888 0.8852
AR5 5.15055870% 4.716695571 3.373487898 5.368614783 5.983364312 0.5975

Show/Hide SQL

‘matics

| |.l 1"



s Lammm— ==
—— ]I |
Eg———
G 2 pmaw SKArays sy o ]
Filel Ede i Vicw | P B¥ Windows Live  Bing [ ~ © WhatsNew Profle Mail Photos Calendar MSN  Share ‘ & v ”| [%] Signin

¢ Favorites |2 & ASK SPARQL Arrays ' fi ~ B ~ [ mh v Pagev Safetyv Tools~ @@~ 0 In 53 &L

&

10 Informatics Sentient Suite

Browse Welcome Administrator: Profile Logout

o" V24
r Search pem SQL | SPARQL | Administration | Migration

ASK Arrays @)

Choose Array: Organ failures

Acute Rejection, medium confidence [Gene BMs]
Acute Rejection, medium confidence [Protein BMs]
Acute Rejection, high confidence [Combinatorial BMs]

Acute Rejection, very tight range (ALL Combinatorial BMs)
Non Rejection, medium confidence [Protein BMs]

Non Rejection, medium confidence [5 Protein BMs, 1 Gene BM]

Acute Rejection, low confidence [Gene BMs]

Acute Rejection, uncertain [1 weak Gene BM]

i

€ Local intranet | Protected Mode: Off
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D

-
@U" [E.‘_ hitp://hawk2008/5entient/\WQ/User/ASKArmays.aspx 0 v|
File Edit View Favorites Tools Help ¥ B9 Windows Live Bing E -~ What's New  Profile  Mail Photos Calendar  MSN  Share ‘ =T = [¥Z]  Signin

v Favorites 23+ € 10 Informatics: DataIntegr.. | @8 ASKSPARQL Amays X | fif * B ~ [ o v Pagev Safety~v Tools~ @@~ 0 ot 53 &

-

10 Informatics Sentient Suite
S Site Admini Welcome Administrator: Profile Logout

My Queries \ ASK Arrays | Qi | SPARQL I Administration | Migration

ASK Arrays @)

patients

Choose Array: Organ fail

Acute Rejection, medium confidence [Gene BMs]
Acute Rejection, medium confidence [Protein BMs]
Acute Rejection, high confidence [Combinatorial BMs]

Acute Rejection, very tight range (ALL Combinatorial BMs)
Non Rejection, medium confidence [Protein BMs]
MNon Rejection, medium confidence [5 Protein BMs, 1 Gene BM]

Acute Rejection, low confidence [Gene BMs]

Acute Rejection, uncertain [1 weak Gene BM]

i

€ Local intranet | Protected Mode: Off a v -
—— e L e W




& ASK SPARQL Amrays - Windows Internet Explorer

o ;-r-\\ -
@U' [B_ hitp://hawk2008/Sentient/WQ/User/ASKArrays.aspx=results

S—

v |42 | X [*9 Google P v

File Edit View Favontes Tools

Help X £% Windows Live

¢ Favontes aa |

ot

£ 10 Informatics: Data Integr... | & ASK SPARQL Arrays

ASK Arrays

Choose Array: Organ failures

STy

Acute Rejection, high confidence [Combinatorial BMs] Open in Knowledge Explorer(RQ)

Bing EJ' What's Mew  Profile Mail Photos Calendar MSN  Share ‘_.,. - ”| [+Z]  Signin

X | fi v~ B v [ M v Pagev Safetyv Toolsv @@~ 0 0ot 53 L

@

-

Acute Rejection, medium confidence [Gene BMs]
Acute Rejection, medium confidence [Protein BMs]
Acute Rejection, high confidence [Combinatorial BMs]

Acute Rejection, very tight range (ALL Combinatoria . BM<)
Non Rejection, medium confidence [Protein BMs]

Men Rejection, medium confidence [5 Protein BMs,

i

Acute Rejection, low confidence [Gene BMs]
Acute Rejection, uncertain [1 weak Gene BM]

and scoring

Your search returned 2 record(s)

Export: Excel Text (T5V) HTML XML Open in Knowledge Explorer (FOML) ChﬂrN

Controls Value Value1 Value2 Valued Valued Pmt‘i‘ln_\'alue Protein_Value1 Protein_Value Protein_Value3 Score Score Scorel
ARZ 4.922748721 4.743109483 3.96468382 4.02275853 5.829294888 1.534376 1.050%057 1.164798 0.9107218 0.0579 0.0127 0.027
ARS 5.150558709 4.716695571 3.373487898 5.368614783 5.983364312 1.725311 0.9254474 1.2732773 1.0197685 0.1585 0.1144 0.10%1

javascriptishowChart(this,'ctl00_ContentPlaceHolderl _rptGrid_ctl02_gv_btnExportKE')

€ Local intranet | Protected Mode: Off f3 v H10% -




@ ASK SPARQL Arrays - Windows Intemet Explorer |l= |8 & |

@i\_,z‘l L4 |E_ hittp://hawk2008/Sentient/WQ/User/ ASKAmmays.aspesresults V] 43 l A | |h:' Google L "l
File. Edit View Favonies Tools Help | X £% Windows Live  Bing P& ~ : What'sNew Profile Mail Photos Calendar MSN  Share I (=" ” [#] Signin

T Favorites |22 - | 63 10 Informatics: Data Integr... | €5 ASK SPARQL Arrays x; _‘ o Bl L g v Page~ Safety~ Took~ @~ | & 5y &

ASK Arrays

- Call |
Choose Array: Organ failures - the R P —_— _ I,__x_l -

patient
>

L

@ Value
@ Valuel
@ Valued
@ Valued
@ Valued
@ Prolein_Value
@ Protein_Value1
@ Prolein_Value2
@ Protein_Valuel

DONE.

Acute Rejection, high S a Ve | ive S —

Your search returned 2

{ Export: Excel Text (TSV) FaSt & easy.

Controls Value Value R
AR2 4.922748721 4.7431094
ARS 5.150558709 4.716695571 3

" Horizontal
* Vertical

—_— .
- e b s




I@ Implications for PM

INFORMATICS

Actionable inferences about disease states and treatments using
clinical, multi-OMIC, molecular phenotypic data and mechanistic
insights from public knowledge networks combined, is a remarkable
step towards patient-centric personalized medicine.

o

Applied Semantic Knowledgebases (ASK) provide researchers faced

with complex biological questions relying on solid decision-support with a
novel, directly applicable approach.

S

To use, share and apply knowledge based on sophisticated network
models via an intuitive web tool - hiding complexity, yet providing
concise information which data (disease states, patients) and how
good it fits the model - is changing the way how knowledge is built,
refined and applied in life sciences and personalized medicine.
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Thank you!

Questions?

9 Best Practices

© 2011 10 Informatics
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