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Challenges
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Data 
Coherence

ẇSource 
heterogeneity

ẇTaxonomies, 
ontologies

ẇSynonyms, non-
standardized 
vocabularies

ẇNormalization 
challenges

Integration 
Woes

ẇHesitance in Data 
Sharing

ẇSecurity, 
compliance 

ẇComplexity in 
meaningful 
integration of 
experimental and 
clinical data

Lack of Tools

ẇIntuitive, science-
driven tools for 
hypothesis and 
decision support 
hard to find

ẇRequirement for 
complex  ad-hoc 
queries 
demanding

ẇHypothesis 
generation 
requires more 
than domain 
expertise

Qualification

ẇBiomarker 
classifier 
validation with 
mechanistic and 
functional insights 
is demanding

ẇUnifying public 
resources and 
internal datasets 
and proper 
weighing of 
markers is non-
trivial

Applicability

ẇEase of access 
and use for 
clinicians at 
multiple levels 
required

ẇConfidence 
criteria for 
decision support 
need to be 
accepted for 
patient screening



Semantic Integration
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Dynamic, extensible 
data model Ṹ

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? 



Methodology
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Create 
Semantic 
Framework

ẇMerge and map 
results from multiple 
modalities into a 
semantic framework

ẇVisualize, 
investigate and 
analyze data 
relationships

Qualify 
Biological 
Validity

ẇQualify  viability of 
experimental  
correlation networks 
through 
incorporation of 
mechanistic public 
knowledge to  
ensure their 
functional biology

Build Model(s)

ẇSave the resulting 
sub-network as 
semantic query 
(SPARQL)

ẇEach semantic 
query  (SPARQL 
profile) represents a 
signature of a 
biological process

ẇSet criteria for 
ranges and weights 
on biomarkers

Applied 
Semantic 
Knowledgebase

(ASK)

ẇRepresent your 
model as  array of 
semantic queries in 
an Applied 
Semantic 
Knowledgebase 
(ASK) 

ẇValidate each 
model through 
iterative refinement 
with additional test 
cases

Decision 
supported 
Screening

ẇApply ASK arrays 
to unknowns for 
screening

ẇUse scoring of the 
match (ẁhits-to-fitẂ) 
for informed  
decision-making 
with high 
confidence.

ẇProvide a web-
based real-time  
actionable patient 
care 



Systems Biology Complexity

ÅBiomarkers in context of biological system
ÅGenomic data, proteomic data, clinical chemistry, 

mechanistic data from public resources Ṹall 
interconnected, hairballs of relationships ẋ

ÅHow to find classifiers?

ÅMatching patients?

ÅHow can I trust my findings?

THIS IS WAY TOO COMPLEX!
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Not really 
ǘƻƻ ǎŎŀǊȅ ΧFocus on your 

ƛƴǘŜǊŜǎǘ Χ











Refining the Model
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