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ABSTRACT

Time-lapse microscopy is an essential imaging method for monitoring the
evolution of living bacteria at the single-cell level. It enables researchers to
capture detailed information about the morphology and gene expression of
each cell at every time point of an experiment. The big data generated by the
analysis of such videos (bacterial "cell-movies") can help us study the growth
dynamics of bacterial communities and identify the sources and role of intra-
and inter-subpopulation heterogeneity. Recent research has highlighted the
importance of this technology for investigating the role of biological “noise” in
gene regulation, cell growth and proliferation etc. Single-cell data analysis of
complex cell-movies, with multiple micro-colonies and thousands of cells in
the field of view that may interact during the experiment can shed light on
important phenomena for human health, such as the competition between
pathogens and benign microbiome cells, dormant cells (persisters)
emergence under different stress conditions, biofilms formation that promote
pathogens’ resistance etc.

However, highly accurate and fully automated biomage analysis and single-
cell data analytics methods remain elusive and will be required before we can
really exploit the abundance of cell-movies big data. In this graduate thesis we
present the capabilities of VISCAR, a package we developed in the R
programming language which along with our group's ongoing efforts on
bacterial image analysis (BaSCA project) allows the visualization and single-
cell statistical analysis of data derived from complex bacterial cell movies.

Users of the R package can easily explore visually and correlate the
spatiotemporal trends of single-cell attributes at different levels of community
organization (i.e. whole population, colony, generation, etc.), construct the
forest of lineage and generation trees, discover possible epigenetic
information transfer across cell generations, extract mathematical and
statistical models describing various stochastic phenomena (e.g. cell growth,
cell division), and even identify and correct unavoidable errors produced
during the image analysis of a complex movie with thousands of cells. All
these unique functionalities empower research towards deciphering the
dynamic behavior of heterogeneous microbial communities and uncovering
mechanisms that lead to specific phenotypes. To the best of our knowledge
there is no other similar R package available in the literature today. We plan to
make the R package freely available to the scientific community once it is
completed.

SUBJECT AREA: Computational Biology

KEYWORDS: time-lapse microscopy, bacteria image analysis, lineage tree
construction, cytometry, single-cell analytics, visualization



NMEPINAHWYH

H time-lapse pIKpOOKOTIiON €ival pla €EEX0VCN OTIEIKOVIOTIKN HEBOSOC yia TNV
TapakoAolBnon ¢ €&ENENG {wvtavwy BoKtnpiwv PEcO OTo XPOVO o€
ETUTIEDO pOVAPWY KLUTTAPWV (single-cell). Mag eTITPETIEL VO ATIOTUTILCOULE
AETITOPEPEIC TIANPOPOPIEC OXETIKA PE TN MOPPOAOYIO Kal TNV EKPPACH YOVIdiwV
KABE KUTTAPOU O€ KABE XPOVIKA OTIYUN €EVOC TIEIPAUATOC. Ta peydAa dedopéva
TIOL TTopEXOVTal aTtd TNV eTegepyaaia TETolwv PBivteo (bacterial cell movies)
MTIOPOUV va pa¢ onBrnoouv va PEAETIOOVUE TN OUVOUIKA TWV KUTTOPIKWY
KOIVWVIWV Kal VO TIPOCdIOPIcOLE TIC TINYEC KAl T ONPOCio TNG ETEPOYEVEINC
TIOU TTAPOUCIAZOUV Ol KUTTAPIKOI UTTIOTTANBLCOI, TOCO €0WTEPIKA OO0 Kal
METAEL TOuC. MPOOEPOTEC EPELVEC ETTICNUAIVOLY TN XPron Kal T onuacia
OUTAG TNC TEXVOAOYIOG yia Tn dlEpebvNaN TOL POAOL Tou PBioAoyikoL “Boplou”
otn pUBPIoN yovidiwy, TNV AVATITLEN Kal TN dlaipEcn TwV KUTIAPwV K.4. H
avAALCN TIEPITIAOKWVY KUTTAPIKWV TAIVIWV O€ ETTITIESD POVAPWVY KUTTAPWV, UE
TIOAATIAEC  MIKPO-OTIOIKIEC OTO OTITIKO TIESIO Kol XIANIAdEC KOTTOpA TIOL
OAANAETUIOPOUY, MTIOPEl va  OIOAELKAVEL CNUOVTIKA  @AIVOUEVA  YIO TNV
avOpwTIIVN LYyEia, OTIWC TL.X. TOV AVIOYWVIOUO METAED TtoBoydvwy Kal
"ayaBwv"  KUTTAPWV TOU  MIKPOPIUATOG, TNV  EUQEAVION  PETOROAIKA
“avevepywv” Baktnpiwv (persisters) o€ ocLVONAKEC OTPEC KAl TO OXNUOATIOUO
BioOpeviwv (biofilms) TToL cuvEIoEEPEL OTN AVOEKTIKOTNTA TwV TTIABoYyOVwY OTa
OVTIBIWTIKA.

Q0T1000, TIPOKEIYEVOU VO UTIOPECOVUE TIPAYMOTIKA VO OEIOTIOINOOUUE TNV
a@bovia oLtV TWV HPEYOAWY OeOOPEVWY, N UTIAPEN AUTOPATOTIOINUEVWV
TEXVIKWV avAaAuong BlolatpikAg EIKOVOC PEYAANG akpifelag €ival amapaitntn,
OTIWG €TTiONG Kol PEBOdWV avAALCNC OEOOUEVWV OE ETUTESD HOVIPWV
KUTTOPWV. Z€ QUTH TNV JITIAWMPOTIKY Epyacia TTopouaialOVUE TIC OUVATOTNTEG
Tou VISCAR, €vO¢ TIAKETOU TIOU OVATITUEOUE OTN YAWOOA TIPOYPAUUATICHOU
R 1O OTI0i0 €TUTPETIEI TN OTOTIOTIKA) OVAAUCN KOl OTITIKOTIOINGT OEQOUEVIV
single-cell TTouv TIpoépxovTal aTo TV avaAucon oLVOETWY PakKInplokwy time-
lapse Toviv. H TtpooTtddela autr) eVIAOOETOl OTO TIAQICIO NG EPEVVNTIKIC
OPOCTNPIOTNTA TNE OPASOC YOG OTNV AVOALON BOKTNPIOKWY EIKOVWVY UEYAANC
TtoAuTtAoKOTNTaC (Bacterial Single-Cell Analytics, BaSCA, project).

Ol Xprjote¢ TOU TIOKETOLU R PTIOPOUV E€UKOAD VO GCUCXETIOOULV Kal Vva
OIEPELVAIOOLY  OTITIKA  TIC  XWPOXPOVIKEC  TACEIC TWV  KUTTOPIKWVY
XOPOKTNPIOTIKWVY O€ dIAQOoPa ETIITIESN 0PYAVWAONC TNG PAKTNPIOKAG KOIVOTNTAG
(T.X. O€ ETIMEdO OULVOAIKOU TIANBULOUOU, OTIOIKIAG, YEVIAG KATL.), va
KOTOOKELAOOUV TO OG00C TWV OEVIPWVY YEVEOAOYIOC Kal  KUTTAPIKWV
OlaIpETEWY, VO avOKAAOWYOULV TuBavr) ETIYEVETIKI] METAPOPA TIANPOQPOPIAG
METAEL TwWV YeVIWV, va ££AyOouV OUTOMATO HOBNUATIKA KOl OTATIOTIKA HJOVTEAX
TIOU TIEPIYPAQPOLV TIOIKIAG OTOXOOTIKA @aivopeva  (TLX. TNV  KUTTOPIKN
avamtuén kai dlaipeon), akoOun Kal va  evtortidouv Kol va  dlopBwvouv
O@AAJOTA  TIOU  OVOTIOQEUKTO CLMPBaivouv  Kata TNV avaAucn  HIoG



TTIOAOTTAOKNG TOUVIOG PE XIAAOEG KOTTOpA. ‘OAEC AUTECG Ol HOVOBIKEG AEITOVPYIEC
eVIoXOOLV TNV €PELVO  YIO TNV  ATIOKPUTITOYPAEPNON NG  OUVOUIKNAG
CUUTIEPIPOPAC TWV  MIKPOPIOKWY  KOIVOTATWY Kol TNV avadeign  Kai
XOPOKTNPIOPMO  TWV  UNXAVIOMWY TIOU  0dnyolv OE  OUYKEKPIUEVOULG
@aIVOTUTIOUC. ATTO 000 yvwpilovpe dev LTIAPXEl oTn dlebvry PIRAloypagia
TIOPOMOIO TIOKETO R, TO OTIOI0 OKOTIEVOLUE va dlaBEcoupe  eAeLBEPO OTNV
ETUOTNMOVIKA KOIVOTNTA HOAIC OAOKANPWOEL.
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