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Summary

While a variety of data integration frameworks have been proposed and been used for quite some time, M'.“;;3%:’;‘;?;‘L':J:;;%"‘z‘.‘n‘;‘t:’;?;?;?F“
most of them commonly lack the ability to generate coherent, meaningful datasets across different

disciplines. This report introduces the use of semantitnglogies to apply an integrated systems biology
approach using data relationships and merged ontologies to better make sense of findings from genomics,
proteomics, metabolomics and clinical endpoints. This approach remedies many obstacles on the path —— « Userspecies arelliorhip thesaurus of impor
towards a functional integration.

Such an undertaking requires the ability to merge datasets independently of their existing taxonomie %"
ontologies or semantic standards and to consolidate vocabularies for data classes, terms and th
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subclasses of the new, merged ontology tree whenever needed. The latter specifically applies wt
integrating inhouse experimental data with public domain reference sources wétly gpecific
taxonomies and hierarchies. In this work, we present examples of toxicity biomarker studies acrc =
different sample types andOMICs data. To meaningfully integrate such data requires a semantic
representation of the resulting knowledgebasairibg data import and relationship mapping, one or
multiple thesauri are applied in the background to agtmerate a coherent network from all sources.

Through use of a combination of experimental observations and publicly available reference infgrmatio

Equivalent entities are merged to their
representative terms.

«| [Cluster headache, Cluster headache syndrome, Cluster headache syndrome
| [(disorder), Histamine cephalgia, Histamine headache, Horton's headache, Horton's
neuralgia, Migrainous neuralgia, Neuralgic migraine, Vasomotor headache

«During data import, equivalent classes with
equivalent superclasses are merged using a

Ontology Merging  [sysytiwiane

| Upon import, relationships are converted to

their respective groups' representative terms ngle entry in the thesaurus

a sef of terms

jroup has a single “Representative Term”

rms are “equivalent” if they are in the same’
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Use cases

the merged network is able to provide insights about complex relationships and interactions by reductfgg.1:Diagranmatic overview: Definitions, requiremenexample andise casesase for nerging of ontologies

to querydriven subnetworks and their subsequent analysis. In this example, we were able to quali

potential biomarkers within their multespong activity across tissues and toxicants. The strength and [-....
applicability of such a methodology for rational drug discovery and application in personalized medici|
as well as its impact towards a better understanding of complex biological processes assatisc
Challengs | = it
1 General @ta coherencedifferent sourcedata are typically categorized in different taxonomies; r
this results in normaliza&in issues, termnconsistencies and propertgisparitiesacross large,
complex experimental data sets
1 Pharmacodynamic correlations are not necessarily functionally linked within the biochemica
network; despite resulting from the same drug perturbation, the observ@ICs expression
changes may represent very different biological processes
1 In many cases,ala relationships are not a priori contained in the data sets
1 Different incompatible semantic standards make merging towards a common ontology extremel
difficult; this also impacts applicability of query and reasoning tools
1 Relationship consolidation ahclass hierarchy validation or adjustment may be required to make
inferencing and reasoning meaningful
1 Lack of intuitive, sciencdriven tools makes researchers shy away from network data analysis
approaches in general. ————
1 Scalabilityand performancessues confine mostetwork approacheso relatively small datasets Fig.2 Mapping and managig nomenclaure via SentientThesaurus Managex(left); a common knowledgebase
from genes, proteins, metabolites, tissue analytics and clinical diseaseingd&sy U A Sy U Yy 2 ¢t SR3IS
Methodology
1 Useimport mappingto consolidate relationshipsseparate numeric from nenumeric content B
during class generatioim account for scaling via numerical properties ,g:
1 Apply controlled vocabulariesvhen importing or merging, usingne or multiple thesaurand B
provide authoring capabilities for groups ame@presentative terms forboth, classes and 'f;-_:
relationships =
1 Allow for proper handling of non wefbrmed RDF :
1 Provide a facilit to import from ordirectly connect to viaJRIs
1 Exercisea multifunctional query tool supporting graphical and SPARQL quéoieseduce
network complexity
9 Facilitate output of theresultingknowledgebase with or without its graphical representation to
ROF, N3or triple store backend
Approach e == I m—
1 For output from queries to relational databases (in tsv, csv, xml, fqml) or from devices ofig-3 From web quey on experimental observatior{eft) to a mult-source, miti-standard merged ontology and
databases using PBI, an interactivegraphical/textual import mapper for relationships network analysis using publieferenceresources: Bllout to NCBI, UniProt, IntAct, BioGrid, KE@&HMDB
applied; it also can beonfigured for automatic background mapping when deployed in .
conjunction with webbased query to multiple relational databases Conclusions
f Use author and applyne or multiplethesauri for consolidation of classes and relationships PaAy3a {SYdASyildn G zé@reworklwa wereablé to heygé SEDNUICS exp@ymeriial
T a5 Nb-By26f SRISo I with automatay dasgskieayon osemantic data inRDF,N3, observations with publicly available resources in a variety of formats towards a common ontology
OBO and OWIlogal or remotefile system) semantic knowledgebase and apply it to discovery and qualification of toxicity bioma8ggsificail,
§ Permitdirect URI input to welbased reference resources we were able to demonstrate the following:
T Utilize entity browser with sorting (by subject, predicate and object) and paging for large datasets q  Coherent merging of experimental and public data across standards, taxonomies and ontologie
to navigate through instance properties into an integrated, semantically organized data and relationship network
T Provide means toeduce network complexity: apply criteria for connection depth, numeric ¢ Apility to focuson visualizatiorand analysi®f a subnetwork of specificscientific interest(e.g.
scaling and weightingndother conditions (such as at least, at most, exactly n connections) biomarker qualification across tissues, different treatments, different genetic responder profiles,
1 Employa built-in query tool which supportsgraphica) textualand SPARQL queriés specify etc.)in acomplex, largelataset
conditions then replot the resulting suinetworks to reveal hidden or unknown functional 1 Qualification ofpotential biomaker panels for toxicity across tissues and taits andgairing
biological relationshipand their entitiesin context insights in complex biological functiomsolvingmultiple pathwayg
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