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Abstract

In this doctoral study, a novel computational approach was devised for the interpretation of
various omics data, based on the semantic network analysis, exploiting the biomedical
ontologies. Biomedical ontologies constitute controlled vocabularies, which are used to organise
the existing knowledge in a specific biological domain and annotate the biomolecules (mainly
genes and proteins), providing a multi-faceted semantic description for each one. A novel
software library was constructed in order to implement the above computational approach. The
library contains versatile classes and configured workflows for the integration, processing and
manipulation of biomedical ontologies, as well as the topological analysis on their graphs. Within
the frames of that library, an unsupervised, automated, analytical workflow was developed for
the semantic interpretation of omics data, which combines the execution of pathway analysis
and gene prioritization, using the annotation and structure of biomedical ontologies. Its final goal
is to transform the distribution of signals of a high-throughput experiment into a semantic
network and detect the pivotal regulatory biomolecules into it. The workflow, named
BiolnfoMiner, integrates algorithmic modules that have been developed as separate tools in the
past. These tools were redesigned so as to be optimally integrated in a unified analytical
pipeline, operating in virtual machines of cloud technologies. Besides, a novel workflow was
constructed for the interactive visualization of the results in front-end interfaces. An instantiation
of BiolnfoMiner was integrated in a Galaxy-based platform for the analysis of metagenomic
data. Additional modules were developed for the comparative analysis of semantic networks,
while a qualitative evaluation of semantic similarity measures was performed. Within the frames
of this thesis, BiolnfoMiner and modules of the software library were used in three different
projects. The first project was related to the semantic interpretation of transcriptomic data,
derived from the study of the role of TRAIL in the activation of NK cells, during viral infection. In
the second, the semantic profile of proteostasis machinery for thousands of species was
calculated, targeting to evaluate its evolutionary imprinting. Finally, a study of the SARS-CoV-2
host interactome was performed, in order to pinpoint basic motifs of its pathogenic course and
elucidate its correlation with other interactomes of pathogenic viruses. All these studies led to
novel findings of high merit, supporting the efficiency of BiolnfoMiner, regarding the reduction of
the dimensionality and complexity of various omics datasets. They also confirmed that such a
system-level semantic approach may reveal the nodal cellular events and regulatory
biomolecules in a phenotypic condition under study and extract critical, novel biological
information.
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2Tnv Tmapouca diatpifr), avamTuXOnke yia véa UTTOAOYIOTIKA TTPOCOEyyIon, Baciopévn oTnv 10€a
TNG avAAUONG ONUACIOAOYIKWY OIKTUWY, HE OKOTTO TNV €EPMNVEIA OPIKWYV OeDOUEVWY,
XPNOIUOTTOIVTAG TIG PBlolaTpikéG ovToAoyieg. O BIoiaTPIKEG OVTOAOYiEG QTTOTEAOUV e€AeyXOUEVQ
ACIKA opydvwaong TnG UTTAPYXOUOdS Yvwong o€ kAAdoug Tng Bioloyiag (1m.X. 0a0Béveleg,
MOpPIaKEG AsiToupyieg, PETAROAIKG POVOTIATIO) KAl XPNOIKMOTTOIOUVTAl VIO TO OXOAOOUO TwV
Blopopiwv (Kupiwg yovIdiwv Kal TTPWTEIVWYV), TTOPEXOVTOG Wi TTOAUTTAEUPN ONUOCIOAOYIKA
TEPIYPA® yia 1O KA&GBe €va. Ta Tnv UAOTTOINOA TNG OUYKEKPIYEVNG  TTPOCEYYIONG,
KaTraokeudoTnke pia véa BIBAIOBAKN Aoyiopikou. H BIBAIOBAKN TTEPIEXEI CUVAPTAOEIG, KAAOEIG Kal
POEC EPYATIWV YIO TNV EVOWNATWON, €TTECEPYATia Kal XpAon Twv OvIoAoyIwy, KABWg Kal Tnv
TOTTOAOYIKA} avAAucn OTOUG YpAQoug auTwyv. la Tnv gpunveia Twv OMIKWY OEdOUEVWV
KATOOKEUAOTNKE PIA PN ETTOTITEUOMEVN, QUTOUATOTTOINKEVN, AVAAUTIKN POr €pyaciwy, n oTroia
ouvdudadlel TIg eEBOdOUG TG avaAucng YOVOTTATIWY Kal TNG 1EPAPXNONG YoVvIdiwy, agIOTTOIVTAG
TO OXONOOPO Kal Tn OOuA TWV PIOIATPIKWY OVIOAOYIWV. ZKOTTOG TNG €ival n PETATPOTTA TNG
KATAVOUAG TWV ONPATWY €VOG TTEIPAPATOS UWNANG atTdd0o0ng o€ dIKTUO ONUACIOAOYIKWY OpwV
KOl O EVTOTTIONOG TWV KEVTPIKWY PUBUIOTIKWY Blopopiwy TTdvw og autd. AuTh n pon Epyaciwyv
ovopadetal BiolnfoMiner kai evowpoTwvel OAYOPIBUIKEG €VOTNTEG TTOU €XOUV QVATITUXOEI WG
EexwploTd epyoAegia oto TTAPEABOV. Ta epyaAeia autd emmavaoyedldoTnkav HPE OKOTTO vd
evowpatwlouv oe €va evotroiNuéVO UTTOAOYIOTIKG €pyaAcio, IKavd va AeIToupyroel o€
oucoTANOTa TEXVOAoyiag vEépoug. EmmimAéov, dnuioupynbnke pia pory epyaciwv OIadpacTIKAG
ATTEIKOVIONG TWV ATTOTEAEOPATWY o€ TTePIBAANov dieTagris. Mia €kdoon Tou BiolnfoMiner
evowpatwelnke oe dIAdIKTUOKN €QApUoyr, PacIoPévn OTO UTTOAOYIOTIKO cuoTnua Galaxy, yia
TNV avAAucon PeTayeEVWMIKWY dedouévwy. MNa Tn OUuykpITIK avdAucn onuacioAoyikKwy dIKTUWV
avamTuxeinkav KAaTtaAANAEG TTOPAPETPOTTOINCIPEG CUVOPTATEIG, EVW TTPAYHATOTTOINBNKE TTOIOTIKI)
OUYKPION TWV UTTOPXOVTWY ONUACIOAOYIKWY UETPWY. ZTa TTAQiOIa TNG TTapoucag dIaTpIBAg, o
BiolnfoMiner kai n ev Adyw BIBAIOBAKN xpnoipotroiénkav o€ TpeIG HEAETES. H TTpwTn agopoulce
OTNV EPMNVEID JETAYPAPWHIKWYV OEDONEVWYV, OXETIKA PE TN MEAETN TOu pOAoU TNG TTPWTEIVNG
TRAIL otn Aeiroupyia Twv NK KUTTApwv 0€ OUVBNKES 10yevoUg AOIPwENG. XTn deUTePN MEAETN,
KATAOKEUAOTNKE TO ONUACIOAOYIKO TTPOQPIA TOU UNXavioPoU TNG TTPwTEO0TACNG YIA EKATOVTADEG
OpYaVIOUOUG, PE OTOXO TNV agIoAdYNon TNG €EEAIKTIKNG TOU aTTOTUTTWONG. TEAOG MEAETHONKE TO
TTPWTEIVIKO OIKTUO TTOU OAANAETTIOPA pE TIGC TTpwTeiveg Tou 10U SARS-CoV-2, woTe va
EVTOTTIOTOUV TA BACIKA POTIRa TNG TTaBoydvou dpdong Tou Kal N ouoxETIon TOU JE avTioToIxa



OikTua GAAwv TTaBoyovwy 1wv. O1 TTaparmdvw HEAETEC 0drfiynoav O€ véa eupruata agiag,
utrooTnpifoviag Tnv atroteAeouatnikétnta Tou BiolnfoMiner, oxemkd pe TR peiwon NG
dIA0TACINOTNTAG KAl TTOAUTTAOKOTATAG TWV GUVOAWYV OMIKWV dedopévwy. ETtiong, emBepaiwoav
OTI N ev AOYyWw CUCTNMIKA CNUOCIOAOYIKA TTPOCEYYION UTTOPEI va avadeitel Ta KOUPIKA KUTTOPIKA
yeyovoTa Kal puBUICTIKA BIoudpia O€ HIO UTTO MEAETN QAIVOTUTTIKI) GUVONKN Kal va eEayayel
Kpiolun, véa BIoAoyIKr TTAnpo®opia.





