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LongＧterm,intotoliveimaginganddigital
reconstructionoffaithfullineagelandscapes

sculptingthemouseheartchamber

WiththesupportbytheNationalNaturalScienceFoundationofChina,theinterdisciplinaryteamledby
Prof．HeAiBin(何爱彬)incollaborationwithProf．ChengHePing(程和平)attheInstituteofMolecular
MedicineatPeking UniversityandProf．Xiao WenLeiattheSchoolof MechanicalEngineeringand
AutomationatBeihangUniversity,realizedlongＧterm,intotoliveimaginganddigitalreconstructionof
holisticcellbehaviorssculptingtheembryonicmouseheart,whichwaspublishedinNatureCellBiology (２０２０,
２２(３):３３２—３４０)．Thisstudy,forthefirsttime,presentedaframeworktotrackuninterruptedcelllineage

Figure　TheliveimagingsystemforlongＧterm
recordingofdevelopingmouseheartatsingleＧcell
resolution．

historiesacrosstheirpast,present,andfuturetorevealorganＧlevelmorphogeneticmechanismsinmammals．
Ideally,tofaithfullyrevealthedevelopmentalprocessesoforganogenesis,allsinglecellsshouldbe

followednoninvasivelythroughliveimagingforacertainperiodoftime．Formationofamammalianheart
asthefirstfunctionalorganreflectsanexquisitechoreographyofmassivenumbersofcellsdividingand
migratingthroughthecomplexprocessestoultimatelycreateafourＧchamberedmuscularpump．Many
congenitalmalformationsresultfromanyoftheseanomalies．He􀆳steamovercamethetechnicalchallenges
aspreviouslyencounteredbyoptimizing mouseembryocultureand mounting methods,developinga
vertical,dualＧsideilluminationlightＧsheetmicroscope,equippingitwithanintegratedembryoculture
module,togetherwithaheartbeatＧgatedimagingmodule．Withthisintegrativeapproach,theyrealizeda
３６Ｇh,allcellＧresolvedimagingofthedevelopingmouseheartat３Ｇminintervals．Innovativedigitalimage
processingpipelines,Grapebio,madeitpossibletouncoverallＧcelllandscapesanduninterruptedcell
lineagesforthedevelopingmouseheart,throughrobustlysegmentingandaccuratelylocating~２０００００００
cellsofdifferentshapesandintensitiesin ~７２００volumetric
stacks(obtainedover１．５daysat３minintervals)．

Withdigitalreconstructions,theyunraveledthecellular
basisfortheheartchamberballooningandthecellsof
originforthehearttrabeculation．Incontrasttoawidely
acceptedmodelthathyperproliferationofdiscreteregions
measuredbycellcyclelabelingleadstolocalballooningof
theearlyhearttube,ultimatelyexpandingthechamber,
their modelsupported thatthe preferentially outward
migrationofsurfaceCMscoupled withcellintercalation
and horizontal cell division,rather than regionalized
hyperproliferation,mightprovideadrivingforceforthis
process．Tracingwholeuninterruptedcelllineagehistories
revealedasurprisingmodelinwhichnearlyhalftrabecular
CMsarisefromtheirearliercellfatesegregationfroma
compactlayer,andthesecondhalfthroughorientedcell
divisionanddirectionalcellmigration．

Evidently,bolsteredbythesetechnicalbreakthroughs,
thisstudybyHe􀆳sgrouppavesthewayforcontinuouslive
imagingofmultiＧscaledgranddevelopmentalschemesof
organogenesisaswellassubtlepathologicalalterations,e．
g．,incongenitalheartdiseasemodels．Thisoffersanew
frameworkacrossthebroadfieldofdevelopmentalbiology
fordecipheringorganogenesisin mammalsatsingleＧcell
resolution,yieldinghighlyaccuratecelllineagetreesand
historiesofholisticcellbehaviors．


