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NEPIAHWH

H duvartdétnta TT000TIKOTIOINONG KI avAAuong Twv TIPOQIA YOVIOIOKAG €KPPAONG O€
ETTITTEQO PoVPWYV KUTTApwV (single-cells), £xel emTpEWel TN HEAETN TNG ETEPOYEVEING TWV
KUTTOPIKWV TTANBUCPWY OTOUG I0TOUG, TNV QVAYVWPION OTTAVIWV KATAOTACEWV Kal Tn
dlgpelvnon Tou POAOU TOUG KOI TWV ATTOTEAECPATWY TNG AAANAETTIOPACNG TOUG UE TO
MIKpO-TTEPIBAAAOV. [BIaiTepo  evdla@EpoV, TTapousIAlel n  MEAETN Twv  OUVAMIKWY
METABAOCEWY 1 TPOXIWV TIOU oXnuaTifovial PETALU OUO KUTTOPIKWY KOTAOTACEWV.
Mpdoarta, avaTrTuxXbnkav apKeToi aAyOpIOUOI yIa TNV AVOKATAOKEUR TPOXIWY, Ol KUPIEG
OI0QOPEG METAEU TWV OTTOIWYV, €ival N ATTAITNON €K TWV TTIPOTEPWV TTANPOPopIag, o
TPOTTOC dIapOPPWONG TNG ToTToAoyiag, n dIdTan Twv KUTTAPWY KAl TO PaBnuaTIKO
TTAQiocl0 O0TO OTT0I0 BaaifovTal.

21N onuocicuon Twv Toakavika [1., Mavarakn A. kai MavwAdkou H.Z., «Machine
learning methods to reverse engineer dynamic gene regulatory networks governing cell
state transitions», bioRxiv, 2018 (DOI: http://dx.doi.org/10.1101/264671), Trepiypa@eTal
éva TMOAVOTIKO TTAQICIO PN-ETTOTITEUOPEVNG MNXAVIKNAG HABNONG yIa TNV QVOKATOOKEUN)
OUVAUIKWY YOVIBIOKWY PUBUICTIKWY OIKTUWV TTOU KaBodnyouv Tn PeTABacn MeTALU
KUTTOPIKWY  KATOOTACEWYV, €l0aydyovTag, Tautoxpova, Tnv €vvold TwV  JIKPO-
KATaoTAOEWV o€ dia Tpoxid. MNa T1n dnuioupyia Tou TTPOTUTTOU TTOU TTEPIYPAPEI TO
KETTIVEVETIKO TOTTIO», XPNOIUOTIOIEITAI €VA PEIYUA KAVOVIKWY KATAVOUWYV HE TIG €K TWV
UOTEPWY TTIBAVOTNTEG TTOU TTPOKUTITOUV VA KaBOopPIi{ouv TIG KUTTOPIKEG KATOOTACEIS KAl
TIC mMOavEG peTaBdoelg PeTagu Toug. [MMepaitépw, o0e KABe TpoxId METABAONG TTOU
oxnuari¢etal  (uetédBaon amd TNV Kardotaon "évapéng" TIPOC TNV KATAOTAON
"TTpoopiopou”), TTpoodiopidovTal dIAdOXIKEG PIKPO-KATAOTACEIS (PACEIG UETABAONG) Ki
avayvwpifovtal Ta KUpia yovidla — pPuBuIOTEG, KOTAAyovtag oTn  dnuioupyia
OTOXEUMEVWYV QITIATWY YOVIOIOKWY PUBUIOTIKWY OIKTUWV avd JIKPO-KATACTOOT.

H Ttapouca OImTAwMATIKA €pyacia, agopd oTn dnuioupyia Ttrakétou R (MLSCAN:
Machine Learning single-cell ANalytics) Tou Bacifetal otn peBodoloyia TG TTapaTTavw
onuoaicuong (Tsakanikas P. et al., 2018), ye duvaTtdTnTa €UEAIKTNG EKTEAEONG OAWYV TWV
Bnudtwy, pe povn aTmmaitoupevn €i00d0, Ta TIPO-ETTECEPYQAOPEVA dedOoPEVA EKPPACNG.
EkT6C Twv TTpoKaBopiouévwyv  emIAOywy, OiveTal n €UXEPEID OTOUG XPAOTEC va
EVOWNOTWOOUV 0€ OTToIodATTOTE Bripa TnG diadikaciag, dIKoUg Toug alyopibuoug ) AdN
Ol0B¢éaiya atmmoteAéopaTta, aAAd, kal va TTapéuBouv PETA Tn dnuioupyia Tou TTPOTUTTOU
MLscAN, TpOTTOTTOIWVTAG OTOIXEIO OTOXEUMEVA. TO TTAKETO, PTTOPEI va XpNoIYoTToINOEi
yia TNV TTapaywyrn Kl OTTTIKOTIOINON TWV OTTOTEAEOUATWY avAAuong o€ OIAQOPETIKA
oTadla TNG PONG eTTEEEpyaciag: amod Tn dIEPEUVNON TOU TTPO-ETTEEEPYACHUEVOU TTiVAKA
Oedopévwy Ewg TN MEiwon TNG dIACTATIKOTATAG, TOV TTPOCOIOPIOUO TWV KUTTAPIKWY
KATOOTACEWYV Kal TwV TTIBavVwV PETARBACEWY, TNV €Eaywyr TWV TPOXIWV KAl TwV HIKPO-
KATAOTAOEWY, TV AvAyvWPION TwWV KUPIWV YOVISiwV KAl TNV KATAOKEUN TWV AITIOTWYV
YOVIOIOKWY PUBIOTIKWY OIKTUWV OTO €TTTEDO TNG MIKPO-KATAOTAONG, ME XPNAON MN-
ETTOTITEUOUEVWY PHEBOBOAOYIWV PINXAVIKAG Habnong.

TéNog, TO TOKETO R XpnoiyotrolinOnke oTnv  gpyacia, yia Tnv  avdAuon evog
Onuoaieupévou auvolou dedONEVWV TTOU aPopd OTnV TPoXIA atrd-OlagopoTtroinong B-
KUTTApWV Twv vnoidiwv Tou Langerhans atépwyv pe cakxapwdn diaBATn TUTTOU 2, UE
oT1éX0 TN OlEPEUVNON TWV ATTOTEAECUATWY TIOU TTAPAyAyovTal O€ OXEOn ME TIG
ETTIAEYMEVES TTOPANETPOUG.
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OEMATIKH MEPIOXH: unxaviky pddnon, avaAucon OedOopEVWY HOVIPWY KUTTAPWY,
BIOTTANPOQOPIKN

AEZ=EIZ KAEIAIA: povipn KUTTOPA, HETABAON PETAEU KATAOTACEWY, ETTIVEVETIKO TOTTIO,

TPOXIA, MIKPO-KATAOTAON, YOVIDIOKO puBuIoTIKG SiKTUO
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ABSTRACT

Our ability to measure and analyze gene expression profiles at the single-cell level has
enabled the study of the heterogeneity of cell populations in tissues, the identification of
rare cell states, as well as their role a formed between pairs of cell states. Recently,
many trajectory inference algorithms have been proposed; their main differences lie in
requiring or not prior information, the methodology applied to determine the topology,
the ordering of the cells and the mathematical frameworks they are based upon.

In their recent paper, “Machine learning methods to reverse engineer dynamic gene
regulatory networks governing cell state transitions”, bioRxiv, 2018 (DOI:
http://dx.doi.org/10.1101/264671), Tsakanikas P., Manatakis D. and Manolakos E.S.,
have proposed a probabilistic machine learning framework for the reconstruction of
dynamic gene regulatory networks (GRNs) governing cell state transitions, without
supervision, while introducing the concept of a trajectory’s micro-states. Furthermore,
each transition’s trajectory (from a “ground” cell-state to a “landing” cell-state), is
partitioned into consecutive micro-states, and after the transition’s key-genes are
identified, a causal GRN can be inferred per micro-state.

The main objective of this thesis was the development of an R package (MLScAN:
Machin the methodology of the aforementioned article, to execute the full workflow, only
requiring the pre-processed expression data as input. Besides the default settings, the
users may incorporate, at each stage of the process, their own algorithms or previously
generated results. Also, the users may focus on any object and specifically alter it. The
package can be used to generate and visualize the results of the top-down analysis at
different stages of the workflow, from the pre-processed data matrix exploration to
dimensionality reduction, states and possible transitions identification, trajectories and
micro-states extraction, key-genes identification and causal GRNs inference down to
the micro-state level, based on unsupervised machine learning methods.

Finally, the developed R package was used to analyse a published dataset concerned
with the dedifferentiation trajectory of B-cells of the islets of Langerhans of subjects with
type 2 diabetes mellitus, aiming at exploring the results generated in conjunction with
the selected parameters.

SUBJECT AREA: machine learning, single-cell data analysis, bioinformatics

KEYWORDS: single-cells, state transition, epigenetic landscape, trajectory, micro-state,

gene regulatory networks

77



