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Thesis Abstract

Myeloid malignancies consist of a heterogeneous spectrum of clonal stem cell disorders driven by genetic
and epigenetic alterations resulting in dysregulated hematopoiesis. The investigation of the mechanisms
underpinning myeloid neoplasia relies on experimental models of disease biology and the phenotyping of
primary patient samples using emerging genomic technologies. In recognition of the increasing complexity,
scale and dimensionality of the datasets generated by these approaches, this thesis develops analytical
frameworks within and across different omics modalities (genomics, transcriptomics, epigenomics) and
sequencing techniques (bulk and single cell), aiming to enhance the understanding of the underlying biology
of myeloid neoplasms. Specifically, this work deploys principles from multi-view data fusion and
interconnection to analyze signals in an integrative manner, setting out to elucidate molecular landscapes
and assist the study of phenotypes at a genetic level.

Particularly, chapter 2 investigates the transcriptional repertoire and chromatin profile of SF3B1 mutated
Myelodysplastic Syndromes (MDS), leveraging bulk RNA and ATAC sequencing data from patient-derived
genetically matched normal and SF3B1 mutated induced pluripotent stem cell (iPSC) lines. We introduce a
multi-stage fusion framework that merges signals from diverse data layers derived from transcriptome
sequencing (splicing, transcript usage, gene expression). The analytical framework developed as part of this
work leads to the derivation of a splicing signature linked to 34 genes, which associates with the SF3B1
mutational status of primary MDS patient cells. Additional unimodal chromatin accessibility analysis showed
increased priming of SF3B1 hematopoietic progenitors toward the megakaryocyte - erythroid lineage, as well
as the enrichment of motifs from the TEA (TEAD) domain in accessible regions linked to genes with
upregulated expression. Overall, chapter 2, applies a multi-stage fusion approach on transcriptomic data
views to prioritize mis-spliced gene targets, and concurrently provides a formal overview of the SF3B1
mutated chromatin landscape and nominates transcriptional programs with putative roles in MDS disease
biology.

Chapter 3 examines if single cell gene expression signals together with the computational capacity of neural
networks are able to predict a cell’s malignant status and subsequently its genotype for specific abnormalities
in IDH1/2 mutated Acute Myeloid Leukemia (AML). To this end, using single cell RNA sequencing data from
6 AML patients and 4 healthy individuals, a feedforward neural network was trained to predict the cell’s
malignant or wild-type (WT) status in a binary fashion, achieving an accuracy of 98% on the holdout test-set.
Furthermore, in a multi-label setting, this work deploys a similar architecture to predict the mutational status
of specific genomic abnormalities at the single cell level, showing a macro-average AUC ROC=0.84 and NRAS
mutational status prediction AUC ROC=0.83 on the holdout test-set. Altogether, chapter 3 applies deep
learning in a supervised context to explore the connection between single cell gene expression profiles and
genotypes in IDH1/2 AML and shows the potential of such modeling approaches in capturing meaningful
genotypic-phenotypic relationships.



NepiAnyn

Ol pueloyeveic kakonBeleg amoTeAoUV eTEPOYEVELC SLOTAPAXEG KAWVIKWY BAAOTOKUTTAPWY, TToU odeilovtal
OE YEVETIKEG KOl ETILYEVETIKEC OAAOLWOELG KoL 0dNyoUvV Ot EAATTWHATIKA alpomoinon. H £peuva twv
UNXOVIOUWY TWV HUEAOYEVWY VEOTANOUATWY PacileTtol 0 MEPAPATIKA HOVTEAQ Bloloyiag Kal oto
bavoTUTIKO TIPOCSLOPLOPO TIPWTOYEVWY  SELYUATWY aoBeVWY HECW OVEPYXOUEVWY  YOVISLWHATIKWY
TEXVOAOYLWV. ITO TEPLOWPLO TNC AUEAVOLEVNC TTIOAUTTAOKOTNTACG, TOU OYKOU KAl TNG SLaoTACLUOTNTAG TWV
6e6opévwy Tou dnpLloupyolvTal amd QUTEG TIC TIPAKTLKEG, N €V AOYyw S1aTPLBr avamtUoosl UTIOAOYLOTIKA
mMalola  xpnotpomolwvtag  Sladopetikd  OULKA  TPodiA  (yovidlwpaTIKA, — peTaypOodpWHATLKA,
ETUYOVISLWHATLKA) Kal £(6n Texvikwyv oAAnAouxiag (MOlIKAG KOl MELOVWHEVWY KUTTAPWV), UE OTOXO va
EVIOYXUOEL TNV KOTAVONON NG UTOKE(HeEVNC BloAoylog TwV HUEAOYEVWY VEOTTAOOUATWY. JUYKEKPLUEVQ, N
epyacio autr otnpiletal otn cvumpaln kot tn Stacuvdeon moAamAwy OPewv SeSoUEVWY yLa TNV OALOTIKN
OVAAUCON ONUATWY, QTOCKOTIWVIAG va omocadnvioel HoploKkA Tomia Kol va €MIKOUPAOEL T UEAETN
daLvOTUTIWY OE YEVETIKO £Ttinedo.

To Keddhalo 2 epeuvd Tto TOTiO METAYPAGWUOTOC KOl YpwHaTivng twv SF3B1 petalaypévwv
MugloduomhaoTtikwy Zuvdpouwv (MDS), aflomotwvtag Sedopéva paltkng aAAnAouyioc RNA kat ATAC ano
LOOYOVIKEG UYLELG Kal SF3B1 peTaAAQY LEVEG OELPEC ETIAYOEVWY TTIOAUS UV WY BAACTIKWY KUTTAPWV. ELOIKA,
vlormoloUpe éva avaAuTikd mAaiolo ouyxwveuong mAnpodoplwyv amod Sladopetikd eminedo Sedouévwv
oAAnAouxiag RNA (udtiopa, xprion petaypadnudtwy, ékbpacn yovidiou). To mAaiolo autd Eexwpilel éva
oUvoAo cupfaviwyv patiopatog and 34 yovidla, To omolo oxetileTal pe TNV KATAOTAON TNG UETAAAAENC
SF3B1 ot mpwrtoyevn Seiypata acBevwv pe MDS. Mapalnia, n avaluon tng mpooBactpudtnTag g
Xpwpoativng deixvel auénuévn nmapouoia potiBwv TEAD oe éva cUVOAO OVOLXTWY TIEPLOXWVY TNG KaBwC Kot
auénuévn KAON TWV OLUOTIONTIKWY TPOYOVIKWV KUTtdpwv SF3B1 mpog tnv katevBuvon twv
LEYAKOPUOKUTTAPWY - EPUBPOELSWV. ZUVOALKA, TO KEPAAALO aUTO, cUVOUALEL TtpoPoAEg amod edopéva RNA
ylo Vol KOTNYOPLOTIOLOEL YOVISLOKOUC OTOXOUC HE EAATTWHATIKO HATIOHA, €VW EMIONG TIOPEXEL ML
ETILOKOTINGN TOU TOTILOU TNC Xpwiativng SF3B1 MDS kot mpoTtelvel tpoypdppata petaypodnig e mbavolg
poAoug otn Bloloyia thg vocou MDS.

To Kedalaio 3 efetdlel €av n £kdpacn yoviSiwv UEUOVWUEVWY KUTTAPWY HaAll PE TNV UTMOAOYLOTIKN
LKOVOTNTA TWV VEUPWVLKWV SIKTUWV UTTopouV va TIPoPAEPOUV XAPOKTNPLOTIKA TOU KUTTAPLKOU YOVOTUTIOU
otnv IDH1/2 petolAayuévn Ofela Mueghoyevi Asuxatpio (AML). Zuykekplpéva, xpnotponotlwvtag dedopéva
oAAnAouyiag RNA pepovwpévwy KUTTapwy amd 6 acBeveic pe AML kat 4 vyl dtopa, eKmaldeVTnKe éva
VEUPWVLIKO SIKTUO TIoU TPOPAEMEL TNV KAKOAON 1 UYL] KOTAOTAON TOU KUTTAPOU He akpifela 98%. 2tn
OUVEXELD, OOKLUAOTNKE MO TIOPOMOLO OPXLTEKTOVIKN YL TNV TOUTOXpovn TPOPAEPn CUYKEKPLUEVWY
YOVISLWUATLIKWY QVWHOALWY O HEPOVWHEVA KUTTAPQ, N omoia apoucioce macro-average AUC ROC=0.84
kat AUC ROC=0.83 yiwa tnv mpoPAedn ¢ petaAAaéng NRAS. Ev katakAeid,, to keddalalo 3, péow
emPAenopevou deep learning, ocuvdéel ta mpodil yovidlokng £kdppacng Kol yovOTUTIOU HEUOVWHEVWV
Kuttapwyv otnv IDH1/2 petoMaypévn AML Kot Selxvel TNV TIPOOTTIKA TETOLWV TPOCEYYIOEWY
povteAomnolnong otnv anotunwaon oXECEWV YOVOTUTIOU-GatvOTUTIOU.
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