NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS

SCHOOL OF SCIENCE
DEPARTMENT OF INFORMATICS AND TELECOMMUNICATION

POSTGRADUATE PROGRAM
"DATA SCIENCE AND INFORMATION TECHNOLOGIES"

SPECIALIZATION
“BIOINFORMATICS - BIOMEDICAL DATA SCIENCE”

MASTER THESIS

MLscAN
A flexible tool for single-cell data analysis pipelines and model
selection using unsupervised machine learning methods

Arsenios P. Chatzigeorgiou

Supervisor: Elias S. Manolakos, Professor, Department of Informatics and
Telecommunication, National and Kapodistrian University of
Athens

ATHENS

JULE 2021






EONIKO KAI KAIMOAIZTPIAKO MNMANENIZTHMIO AGHNQN
2XOAH OETIKQON ENIZTHMQON
TMHMA NAHPO®OPIKHZ KAI THAEMIKOINQNIQN
AIATMHMATIKO NPOIrPAMMA METANTYXIAKQN ZMNMOYAQN
"ENIZTHMH AEAOMENQN KAI TEXNOAOTIIEZ NAHPO®OPIAZ™
EIAIKEYZH
“BIONAHPO®OPIKH - EMIZTHMH BIOIATPIKQN AEAOMENQN”

AINAQMATIKH EPIrAzIA

MLscAN
EpyaAgio avadAuong S£O0NEVWV HEHOVWHEVWYV KUTTAPWYV Kl
£EepeUVNONG EVOAAGKTIKWY HOVTEAWYV ME XPARON
MN-ETTOTITIKWYV HEOSOOWV UNXaVIKAG Hadnong

Apoéviog . Xar{nyswpyiou

EmiBAéTTWV: HAiag MavwAdkog, Kadnyntig, Turiua NMAnpo@opikng Kkai
TnAemmikoivwviwy, EBvikS kal KatrodioTpiakd MavemioTiuio
ABnvwv

AOHNA

IOYAIOZ 2021



MASTER THESIS

MLscAN
A flexible tool for single-cell data analysis pipelines and model selection using
unsupervised machine learning methods

Arsenios P. Chatzigeorgiou
SRN: DS2.18.0019

Supervisor: Elias S. Manolakos, Professor, Department of Informatics and
Telecommunication, National and Kapodistrian University of Athens

EXAMINATION Elias S. Manolakos, Professor , Department of Informatics and
COMMITEE: Telecommunication, National and Kapodistrian University of Athens
Ema Anastasiadou, Investigator - Assistant Professor Level,
Biomedical Research Foundation of the Academy of Athens (BRFAA)
Dimitris Konstantopoulos, Postdoctoral Researcher,
Biomedical Sciences Research Center "Alexander Fleming"

July 2021



AINAQMATIKH EPTAZIA

MLscAN
EpyaAgio avadAuong OedOUEVWV JEPOVWHEVWY KUTTAPWYV Kal ££€pEUVNONG EVAAAAKTIKWV
MOVTEAWV UE XPNON UN-ETTOTITIKWY PEBOdWYV PNXAVIKAG HdBnong

Apoéviog . Xar{nyswpyiou
A.M.: DS2.18.0019

EMIBAENQN: HAiag Z. MavwAdkog, Kabnyntig, Tunua MANpo@opIkig Kai
TnAemkoivwviwy, EBvIKO Kal KatrodioTplakd MNavetTioTApio ABnvwyv

EZETAZTIKH HAiag Z. MavwAdkog, Kabnyntig, Tunua MANpo@opIkig Kai
ENMITPOIMH: TnAemkoivwviwy, EBvIKO kal KatrodioTplakd MNavetmioTApio ABnvwv
‘Epa AvaoTaoiadou, Epsuvnmig I, 16pupa latpoBioAoyikwv
Epeuvwv Akadnuiag ABnvwy
AnunTpng KwvotavrotrouAog, Metadidaktopikdg Epeuvntng,
EpeuvnTikd Kévtpo BioiaTtpikwyv Emotnuwy "AAECavdpog DAEPIVYK"

louhiog 2021



ABSTRACT
Single-cell RNA-seq (scRNA-seq) technologies provide us with the ability to extract
snapshots of gene expression at very high resolution, i.e., at the cellular level. One of the
fields that scRNA-seq revolutionizes is developmental biology, i.e., studying the
developmental stages and their gene regulation. The same is true for cancer biology
where the stages represent the progression of cancer. Specifically, the introduction of
Trajectory Inference (Tl), i.e., the study of the transition of cells from one state to the other,
allows us to reconstruct the “epigenetic landscape” of a biological process suggested by a
complex scRNA-seq dataset. A lot of TI methods have been proposed, but few of them

provide an unsupervised probabilistic approach.

MLscAN (Machine Learning Single-Cell ANalytics) is asset of methods and R-package for
unsupervised machine learning single-cell data analysis using Gaussian Mixture Models.
MLscAN identifies the different cell-states in a scRNA-seq dataset and infers possible
pairwise trajectories between them without requiring any prior knowledge. The pipeline can
partition state-to-state transitions into phases (micro-states), identify the key genes
governing the state transitions, and reconstruct their Gene Regulatory Networks (GRNSs).
The analysis is fully automated, and the only required input is the pre-processed
expression matrix. Yet, the user may intervene in the pipeline on multiple occasions by
adding any prior knowledge, using their own alternative algorithms, or manually fine-tuning
pipeline parameters. MLscAN emphasizes effective model space exploration, identifying
the optimal model that “best” describes the data and providing powerful insights via

effortlessly produced advanced visualizations at every stage of the analysis.

The main objectives of this thesis were the improvement of the package’s flexibility,
scalability, and robustness, with a focus on model exploration. New methods and
capabilities were introduced, pre-existing options were enriched, and defaults were
calibrated. The second goal was the generation of a relevant use-case with a well-known
large dataset to demonstrate the utility of implemented MLscAN additions, and
improvements. The final objective was the thorough evaluation of MLscAN relative to
state-of-the-art trajectory inference (T1) methods, following benchmark analysis pipelines,

where MLscAN proved to be a very competitive Tl method.

SUBJECT AREA: unsupervised machine learning, single-cell RNA-seq analytics,

bioinformatics

KEYWORDS: single-cells, state transitions, epigenetic landscape, trajectory inference,

gene regulatory network, R package



NMEPIAHWH
O1 Texvohoyieg aAAnAouxiong RNA pepgovwuévwy Kuttapwyv (single-cell RNA-seq), édwoav
TNV dUVATOTNTA VA AVIXVEUOOUME TN YOVIDIOKK £K@pacn piag OedoPEVNG OTIYHAG ME MEYAAN
QIOKPITIKA IKAVOTNTA, MEXP! KAl TO KUTTAPIKO €TTiTTed0. 'Eva a1rd Ta £peuvnTIKA TTEdia OTTOU
e€wOlnoe n ouykekpiyEévn TEXVOAoyia eival n avatrtuglakr PloAoyia kal n PEAETN TNG
pUBUIONG TwV AVOTTITUEIAKWY oTadiwv. AvTioToIXa QAPATWANG gival N BEATiwon oTnv PNEAETN
TWV ETEPOYEVWV KAPKIVIKWYV TUTTWV . ZUYKEKPIYEVA, N £Laywyr] TwV TPOXIWV UETALU TWV
KUTTAPIKWY TUTTWV odnyei 0TV avattapdoTacn VoG ETTOTITIKOU ETTIVEVETIKOU TOTTIOU WIOG
BioAoyikig diepyaaciag, TTou odnyeital atro Ta dedopéva. MNMoANEG PEBodOI Caywyng TPOXIWV
éxouv OnuioupynBei, Aiyeg OPwG akoAouBoUveE IO PN-ETTOTITEUOMEVN KOl TTIOAVOTIKA

TTPOCEyyIon.

To MLscAN (Machine Learning Single-Cell Analytics) eival éva makéto Tng yAwooag R yia
MN-€TTOTTTEUOMEVN avAAUOn OEOOPEVWV  HEMOVWMPEVWY KUTTAPWY ME XpAon MeikTwv
Kavovikwv Katavopwyv. To MLscAN avayvwpilel dIOQOPETIKEG KUTTAPIKEG KATAOTACEIG O€
éva ouvoAlo dedopévwy single-cell RNA-seq, kai €¢dyer mBava ouluyry {euyn TpOXIWV
METAEU TWV KATOOTAOEWYV, XWPIG TNV ATTaiTnOn KATTol0G TTPOTEPNS yvwons. H por Tou
aAyopiBuou, avayvwpilel TIG PIKPO-KOTAOTACEIG EVTOG MIOG TPOXIAG, aAVIXVEUEl Ta KUPIA
yovidla kal TEAOg oTtnv €gdyel Ta PuBuioTikd Movidiokd Aiktud Ttoug. H avdAuon eivai
TTAAPWG QUuTOPATOTTOINKEVN Kal N HOVN OTTAITOUNEVN €i0000G €ival O TTPO-ETTECEPYATHEVOG
TTivakag ékepaong. Aiveral Opywg duvatdtnTa OTOV XProTn va TTapéuBel o€ KaBe Eva atrd
Ta OTAdIa TNG MEBOOOU pe TNV TTPOCONKN TTPOTEPNS yvwong r TTAnpogopiag, Xpron
OlI0QOPETIKWY aAyopiBuwyv 1 puBuion Twv UTTapXOvTwy TTapauéTpwy. To MLscAN divel
EMeacon oTnv €EEpelivnon TwV EVAAAGKTIKWY POVTEAWYV KAl TV avayvwplion Tou BEATIOTOU

TTOU EPMNVEUEl «KOAUTEPAY» Ta dedOMEVA.

2TnVv TTapouca pyaacia, ol KUplol aToXol ATav n BEATIOTOTTOINON TNG €UEAICIAG, KAINAKWONG
Kal eupwoTiag. MNpooTédnkav véeg uEBOdOI, EUTTAOUTIOTNKAV TTPOUTTAPXOUCEG ETTIAOYEG KAl
eTTavappudbpioTnkav ol TTPOETIAOYES. AeUTEPOG OTOXOG Tav n dnuioupyia evog apxeiou
uTTéBeong Xpriong Tou Ba katadeikvuovTav ol SuvaTtoTNTEG, TTPOCONKES Kal BEATILOOEIC TOU
aAyopiBuou. TéAog, To MLscAN agloAoyABnke pe GAAOUG aAyopiBuoug e¢aywyng TpoxIwy,
ME Baon Ta TPOTUTTA agloAdoynong Tl pebddwv. ATd Ta atroTeAéopata @AvnKe OTI TO

MLscAN avtaywvileTal TIG Kopu@aieg neBOdouG.
OEMATIKH MNMEPIOXH: unxaviki pdénon, avdAuon dsdouévwy single-cell RNA-seq
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