
 

RHYLHZHU 1¬
ThiV PaQXVcUiSW aQal\VeV Whe diVWUibXWiRQ Rf diYidiQg adXlW WeleQceShalic QeXUal VWeP cellV iQ Whe              
adXlW ]ebUafiVh bUaiQ. The\ deWeUPiQe WhaW Whe diVWUibXWiRQ iV Zeakl\ clXVWeUed (QRQ-UaQdRP) aQd b\              
aQal\ViQg diYiViRQV aW WZR WiPe SRiQWV Whe\ fiQd Whe lRcaWiRQV Rf Whe VecRQd diYiViRQV aUe VigQificaQWl\                
cRUUelaWed WR Whe lRcaWiRQ Rf Whe fiUVW diYiViRQ. SRPe VWeP cellV gR WhURXgh WZR VXcceVViYe diYiViRQV                
iQ a UelaWiYel\ VhRUW WiPe. The aXWhRUV iQWeUSUeW WheiU daWa aV eYideQce WhaW a VWeP cell'V UeceQW hiVWRU\                  
Rf diYiViRQ iQflXeQceV Whe SURbabiliW\ Rf WhaW VWeP cell diYidiQg agaiQ. The aXWhRUV faYRXU a cell                
iQWUiQVic PechaQiVP fRU WhiV SheQRPeQRQ UaWheU WhaQ lRcal Qiche eQYiURQPeQW, bXW WheUe iV QR              
eYideQce eiWheU Za\. I feel WhiV ZRUk iV VWill aW Whe deVcUiSWiYe VWage, VRPeZhaW SUeliPiQaU\ aQd                
dReVQ'W \eW RffeU PXch iQVighW iQWR Whe biRlRg\ Rf Whe WRSic. 

SRPe WhiQgV I ZRXld like WR kQRZ: 

If \RX cRPSaUe Whe diVWUibXWiRQ Rf diYiViRQV acURVV all bUaiQV iV WheUe a SaWWeUQ iQ WheiU lRcaWiRQV RU iV                   
iW cRPSleWel\ UaQdRP? FURP FigXUe 3 iW lRRkV like PRUe diYiViRQV aW Whe SeUiSheU\ Rf Whe WeUUiWRU\ Whe\                  
aQal\Ve? AQd UelaWedl\, aUe aQ\ Rf Whe diYiViRQ clXVWeUV UelaWed WR kQRZQ UegiRQal WeUUiWRUieV ZiWhiQ               
Whe WeleQceShalRQ? 

We WhaQk Whe UeYieZeU fRU UaiViQg WheVe iQWeUeVWiQg TXeVWiRQV, Zhich Ze ZRXOd Oike WR addUeVV RQe b\ RQe. 

Ɣ FROORZiQg Whe UeYieZeU¶V VXggeVWiRQ, Ze aQaO\]ed if PRUe ceOOV diYide aW Whe SeUiSheU\ Rf Whe               
aQaO\]ed bUaiQ UegiRQV. TR WhaW eQd, Ze fiUVW ideQWified bRUdeU ceOOV aV WhRVe ceOOV WhaW VSaQ Whe                 
cRQYe[ hXOO Rf WUiaQgXOaWiRQ. IQ each hePiVSheUe ​L ​, Ze WheQ deWeUPiQed Whe diVWaQce Rf aOO S-ShaVe                
NSCV ​S​i WR Whe Qe[W bRUdeU ceOO. FiQaOO\, Ze cRPSaUed Whe diVWUibXWiRQ Rf WheVe diVWaQceV WR Whe                 
diVWUibXWiRQ Rf diVWaQceV fURP ​S​i UaQdRPO\ VaPSOed NSCV. We fiQd WhaW iQ RQO\ 8 RXW Rf 36 (22%)                  
hePiVSheUeV Whe diVWaQce diVWUibXWiRQ iV VigQificaQWO\ diffeUeQW fURP UaQdRP (S < 0.05, KS WeVW). We               
UeSeaWed Whe aQaO\ViV fRU UediYiViRQV aQd fRXQd RQO\ 1 RXW Rf 24 (4%) hePiVSheUeV WR be VigQificaQWO\                 
diffeUeQW (S < 0.05). ThXV, Ze dR QRW beOieYe WhaW diYiViRQV RccXU PRUe fUeTXeQWO\ aW Whe SeUiSheU\ Rf                  
Whe hePiVSheUeV iQ a V\VWePaWic Za\. RaWheU, Ze fiQd WhaW Whe aggUegaWiRQV aUe ORcaWed iQ aUeaV WhaW                 
YaU\ fURP hePiVSheUe WR hePiVSheUe, a facW WhaW iV hRSefXOO\ QRZ PRUe cRPSUeheQVibOe dXe RXU               
QeZO\ added SXSSOePeQWaU\ Fig. 1G ZheUe Ze VhRZ aOO 36 diYiViRQ SaWWeUQV.  

Ɣ TR iQYeVWigaWe ZheWheU WheUe aUe UegiRQaO WeUUiWRU\-UeOaWed SaWWeUQV, Ze PaQXaOO\ aQQRWaWed aQd            
aQaO\]ed OaWeUaO SaOOiXP (DO), PediaO SaOOiXP (DP), aQd aQWeUiRU SaOOiXP (Da) iQ 25 hePiVSheUeV. IQ               
accRUdaQce ZiWh DUa\ eW aO. (DeYeORSPeQW 2015), Ze RbVeUYe a higheU SURSRUWiRQ Rf S-ShaVe NSCV               
iQ Whe DP (Vee figXUe beORZ, OefW). IQWeUeVWiQgO\, Whe SURSRUWiRQ Rf Ue-diYiViRQV iV ViPiOaU iQ aOO UegiRQaO                 
WeUUiWRUieV (Vee figXUe beORZ, UighW). 
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Ɣ We Qe[W eYaOXaWed Whe UegiRQaO WeUUiWRUieV iQ Whe VaPe Za\ aV dRQe fRU Whe ZhROe hePiVSheUeV                
(cRPSaUe SXSSOePeQWaU\ FigXUe 1F) aQd aSSOied Whe RiSOe\¶V K VWaWiVWicV VeSaUaWeO\. We diVcaUded             
UegiRQV ZiWh OeVV WhaQ 10 S-ShaVe NSCV dXe WR VWaWiVWicaO SRZeU, eQdiQg XS ZiWh 35 UegiRQV fURP 25                  
hePiVSheUeV. We fRXQd WhaW aOO UegiRQV VhRZ eiWheU aggUegaWed RU UaQdRP, bXW QR diVSeUVed              
SaWWeUQV. The SURSRUWiRQ Rf aggUegaWed SaWWeUQV decOiQed fURP 48% (12/25) iQ DP RYeU 42% (3/7) iQ                
DO, WR 33% (1/3) iQ Da.  

We ZRXOd WhXV Oike WR QRWe WhaW (i) VeSaUaWiQg hePiVSheUeV iQWR VPaOOeU VXbUegiRQV             
UedXceV Whe QXPbeU Rf diYiViRQV aQd WhXV iPSaiUV RXU RYeUaOO VWaWiVWicaO SRZeU, aQd             
(ii) Ze RfWeQ RbVeUYe SaWWeUQV WhaW VSaQ UegiRQaO WeUUiWRUieV (Vee e[ePSOaU\           
hePiVSheUe UighW). ThiV eQcRXUageV XV iQ RXU aSSURach WR SeUfRUP          
hePiVSheUe-Zide SaWWeUQ aQaO\VeV. We QRZ diVcXVV Whe RSWiRQ WR VeSaUaWe          
hePiVSheUeV iQWR UegiRQaO WeUUiWRUieV iQ Whe UeYiVed YeUViRQ Rf RXU PaQXVcUiSW:  

³FROORZiQg diVWiQcWiRQV iQ Whe diYiViRQ acWiYiW\ deVcUibed SUeYiRXVO\ iQ DUa\ eW aO. (2015), Ze cRPSaUed diYiViRQ                
SURSRUWiRQV aQd VSaWiaO SaWWeUQV iQ WhUee diffeUeQW hePiVSheUe dRPaiQV (OaWeUaO, PediaO, aQWeUiRU) aQd fRXQd              
WhaW WheVe dRPaiQV aOVR VhRZ aggUegaWed aQd UaQdRP, bXW QR diVSeUVed SaWWeUQV. SiQce VeSaUaWe dRPaiQV               
cRQWaiQ iQ a40% Rf aOO caVeV OeVV WheQ 10 S-ShaVe NSCV aQd SaWWeUQV RfWeQ VSaQ acURVV dRPaiQV, Ze UefUaiQ                   
fURP aQaO\]iQg WheP VeSaUaWeO\.´ 

 

Wh\ dR Whe aXWhRUV faYRXU a cell iQWUiQVic PechaQiVP WR e[SlaiQ Whe QRQ-UaQdRP diVWUibXWiRQ UaWheU               
WhaQ lRcal Qiche eQYiURQPeQW? 

We agUee ZiWh Whe UeYieZeU WhaW a UROe SOa\ed b\ a ORcaO Qiche eQYiURQPeQW iQ dUiYiQg Whe SaWWeUQV Rf diYiViRQ                    
caQQRW be UejecWed. We deYeORS aQd addUeVV WhiV aVSecW iQ WZR SaUagUaShV iQ RXU UeYiVed DiVcXVViRQ, ZheUe                 
Ze QRZ ZUiWe: 

³AccRUdiQg WR WhiV PRdeO, cRRUdiQaWiRQ Rf ceOO c\cOe eQWUieV iQ Whe SRSXOaWiRQ caQ be e[SOaiQed b\ Whe iQWeUQaO                  
V\QchURQi]aWiRQ dXe WR Whe ceOOV¶ hiVWRU\. SXch a PRdeO iV VXSSRUWed b\ iQWeUeVWiQg VWXdieV fROORZiQg ceOO                
faPiOieV iQ cXOWXUed ceOO OiQeV, deWecWiQg cRUUeOaWiRQV Rf ceOO c\cOe SaUaPeWeUV beWZeeQ VibOiQgV aQd cRXViQ               
ceOOV aV a UeVXOW Rf iQheUiWed facWRUV bXW iQdeSeQdeQW RQ WheiU ORcaWiRQ ​(MXUa eW aO., 2019; SaQdOeU eW aO., 2015)​.                    
ThiV ceOO-iQWUiQVic dUiYeQ behaYiRU iV iQ cRQWUaVW WR ceOOXOaU V\VWePV eQdRZed ZiWh a cOeaU eQYiURQPeQWaO               
UegXOaWiRQ, iQ SaUWicXOaU iQ VWeP ceOO cRPSaUWPeQWV cRQVWiWXWed b\ a diVWiQcWiYe 3D aUchiWecWXUe Oike iQ Whe bRQe                 
PaUURZ RU Whe haiU fROOicOe iQ Whe VkiQ. TheUe, Whe SUeciVe ORcaWiRQ Rf VWeP ceOOV iV aVVRciaWed ZiWh WheiU c\cOiQg                    
behaYiRU aQd faWe ​(RRPSROaV eW aO., 2013)​, iQdicaWiQg WhaW Whe SRViWiRQ ZiWhiQ aQ eQYiURQPeQW iPSacWV RQ Whe                 
VWeP ceOOV acWiYiW\. IQ Whe QeXURgeQic ]RQe VWXdied heUe, QR diVWiQcWiYe RUgaQi]aWiRQ Rf Whe WiVVXe ZRXOd VR faU                  
hiQW WRZaUdV PRUShRORgicaO feaWXUeV VSecificaOO\ aVVRciaWed ZiWh a NSC¶V acWiYiW\. OXU aQaO\ViV Rf ceOOXOaU              
YROXPeV iQ WhiV VWXd\ dReV QRW iQdicaWe WhaW a diVWiQcWiYe deQViW\ deSeQdeQW Qiche ZRXOd be iQ SOace. IQ WhiV                   
cRQWe[W, iW iV aOVR iQWeUeVWiQg WR QRWe WhaW WZR iQWeUPiQgOed W\SeV Rf SURgeQiWRUV ZiWh UadiaO PRUShRORg\ iQ Whe                  
kiOOifiVh WeOeQceShaORQ UeYeaO diVWiQcW SUROifeUaWiYe behaYiRUV ​(CRROeQ eW aO., 2020) eYeQ if VhaUiQg Whe VaPe               
eQYiURQPeQW, aUgXiQg fRU a VPaOO cRQWUibXWiRQ Rf eQYiURQPeQWaO effecWV RQ VWeP ceOO acWiYiWieV.  

NeYeUWheOeVV, Ze caQQRW UejecW Whe e[iVWeQce Rf ceOO e[WUiQVic PechaQiVPV WhaW PighW cRQWUibXWe WR Whe               
VSaWiR-WePSRUaO SaWWeUQV, VXch aV ORcaO diffXViYe VigQaOiQg acWiYiW\ iQ deOiPiWed gURXSV Rf ceOOV, a fXQcWiRQaO               
acWiYiW\ Rf e[WeQded ceOO-ceOO cRQWacWV (aV haV beeQ RbVeUYed iQ NSCV b\ ObeUPaQQ eW aO. ​(2019)​), RU Whe                  
acWiYiW\ Rf Whe NRWch VigQaOOiQg SaWhZa\ ​(ChaSRXWRQ eW aO., 2010)​. AV a UeVXOW Rf eiWheU PechaQiVPV, OeYeOV Rf                  
PROecXOaU heWeURgeQeiW\ haYe beeQ RbVeUYed: FRU iQVWaQce, YaUiabOe OeYeOV Rf Whe ZiQc fiQgeU SURWeiQ Fe]f2               
UegXOaWe NRWch acWiYiW\ OeYeOV aQd TXieVceQce Rf NSCV ​(BeUbeURgOX eW aO., 2014)​. LikeZiVe, Whe e[SUeVViRQ Rf                
PiR9 iQYROYed iQ keeSiQg TXieVceQce XSVWUeaP Rf NRWch VigQaOiQg iV fRXQd RQO\ iQ a VXbVeW Rf TXieVceQW ceOOV                  
(KaW] eW aO., 2016) VeYeUaO da\V afWeU a diYiViRQ. AQd iQ a UeceQW VWXd\, a VXbSRSXOaWiRQ Rf NSCV WhaW                   
e[SUeVVeV ORZ OeYeOV Rf EOaYO3 haV beeQ chaUacWeUi]ed aV PRVWO\ QRQ-diYidiQg ceOOV iQ WUaQViW WRZaUdV               
QeXURQaO diffeUeQWiaWiRQ (LaQge eW aO., 2020).´ 

FROORZiQg Whe UeYieZeUV cRPPeQW, Ze aQaO\]ed ZheWheU QicheV ZRXOd be PRUShRORgicaOO\ deWecWabOe iQ Whe              
V\VWeP VWXdied heUe, PeaVXUed Whe YROXPeV Rf aOO NSCV aQd cRPSaUed Whe diYidiQg NSCV aQd WheiU diUecW                 
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QeighbRUV (Vee RXU QeZO\ added SXSSOePeQWaU\ FigXUe 3L-Q). The UeVXOWV dR QRW iQdicaWe WhaW a deQViW\                
deSeQdeQW Qiche ZRXOd be iQ SOace.  

 

WhaW dR Whe aXWhRUV WhiQk PighW be Whe adYaQWage WR Whe QRQ-UaQdRP diVWUibXWiRQ? 

The cRQVeTXeQceV Rf Whe aggUegaWed SaWWeUQV PighW be aQ addiWiRQ Rf QeZ bRUQ QeXURQV iQ cORVe-b\                
SUR[iPiW\ dXUiQg VSecific WiPe ZiQdRZV, aOORZiQg fRU QeXURQaO ciUcXiWV beWZeeQ QeZbRUQ QeXURQV WR be bXiOW.               
We added WhiV VSecXOaWiRQ aW Whe YeU\ eQd Rf RXU UeYiVed DiVcXVViRQ, ZheUe Ze QRZ ZUiWe: 

³HeQce, iQ VWeP ceOO SRSXOaWiRQV, iQdiYidXaO ShaVeV Rf TXieVceQce aQd e[iW WheUeRf PighW ZeOO be SUedicWabOe                
accRUdiQg WR iQheUiWed facWRUV, aOORZiQg XV WR XQdeUVWaQd hRZ Whe kiQeWicV Rf WiVVXe PaiQWeQaQce aUe               
UegXOaWed. Be\RQd WhiV VWXd\, Zhich aiPed aW XQdeUVWaQdiQg a UegXOaWiRQ ZiWhiQ da\V-VcaOe WiPe ZiQdRZ, ORQg               
WeUP WUaciQg VWXdieV ZiOO heOS XQdeUVWaQdiQg Whe cRQVeTXeQceV Rf WhRVe SaWWeUQV RQ Whe RUgaQiVaWiRQ Rf Whe                
UeVXOWiQg QeXURQaO ciUcXiWV.´ 
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RHYLHZHU 2¬¬
The PaQXVcUiSW b\ LXSSeUgeU eW al. ZiWh Whe WiWle: "AggUegaWed VSaWiRWePSRUal diYiViRQ SaWWeUQV             
ePeUge fURP UeRccXUUiQg diYiViRQV Rf QeXUal VWeP cellV" deVcUibeV Whe aQal\ViV aQd PaWhePaWical             
PRdeliQg Rf a cRPSUeheQViYe daWaVeW RQ SaWWeUQV Rf adXlW QeXUal VWeP diYiViRQV XViQg ZhRle PRXQWV               
Rf Whe ]ebUafiVh WeleQceShalRQ. MRVW Rf Whe VWeP cellV iQ Whe ]ebUafiVh WeleQceShalRQ aUe TXieVceQW.               
The diYiViRQV RccXU iQ aggUegaWed, QRQ UaQdRP SaWWeUQV. A VigQificaQW SURSRUWiRQ Rf daXghWeU VWeP              
cellV UeeQWeU Whe cell c\cle. MRdeliQg Whe c\cliQg behaYiRU VXggeVWV WhaW WhiV Ue-eQWU\ iQWR S-ShaVe iV                
a ke\ deWeUPiQaQW Rf Whe RbVeUYed SaWWeUQV Rf VWeP cell diYiViRQV. The aXWhRUV cRQclXde WhaW a cell'V                 
c\cliQg hiVWRU\ iV aQ iPSRUWaQW SaUaPeWeU iQ Whe VSaWiRWePSRUal aggUegaWiRQ Rf diYidiQg VWeP cellV              
UegaUdleVV Rf SRVVible feedback PechaQiVPV iQ Whe SRSXlaWiRQ. All WRgeWheU, WhiV ZRUk addUeVVeV Whe              
iPSRUWaQW iVVXe ie WhaW Rf Whe balaQce beWZeeQ SURlifeUaWiRQ aQd TXieVceQce Rf VWeP cellV.  

The VWUeQgWh Rf WhiV VWXd\ lieV iQ Whe facW WhaW iW iV TXaQWiWaWiYe aW a laUge Vcale aQd XVeV ViPXlaWiRQ aV                     
a WRRl WR UeYeal QeZ iQVighWV. I aP iQ faYRXU Rf SXbliVhiQg WhiV SaSeU. TheUe aUe a feZ SURblePV WhaW                    
Qeed WR be VRlYed befRUe. TR aVVXUe a bURad UeadeUVhiS, Whe aXWhRUV VhRXld Pake a biggeU effRUW WR                  
bUidge Whe gaS beWZeeQ Whe diVciSliQeV. FRU PRVWl\ WUadiWiRQall\ WUaiQed cell biRlRgiVW Whe e[SlaQaWiRQ              
Rf aSSURacheV aQd PRdelV QeedV WR be iPSURYed.  

SSecificall\:  

I fiQd Whe iQWURdXcWiRQ aQd Whe deVcUiSWiRQ Rf Whe e[SeUiPeQWV e[WUePel\ deQVe. WhaW iV fRU e[aPSle                
Whe diffeUeQce beWZeeQ diVSeUVed aQd UaQdRP aQd aggUegaWed aQd QRQ-UaQdRP. PleaVe SURYide            
gUaShical PRdelV iQ Whe VXSSlePeQW illXVWUaWiQg Whe SUiQciSle diffeUeQceV beWZeeQ Whe diffeUeQW            
aUUaQgePeQWV.  

We WhaQk Whe UeYieZeU fRU WhiV iQVWUXcWiYe cRPPeQW. We QRZ added a BR[ RQ ³SWaWiVWicaO aQaO\ViV Rf                 
VSaWiR-WePSRUaO SRiQW SaWWeUQV´, ZheUe Ze defiQe Whe WeUPV UaQdRP, aggUegaWed, aQd diVSeUVed aQd SXW WheP               
iQWR Whe ZideU cRQWe[W Rf SRiQW SaWWeUQ aQaO\ViV. We aOVR UeYiVed Whe iQWURdXcWiRQ aQd Whe deVcUiSWiRQ Rf                 
e[SeUiPeQWV. MRUeRYeU, fROORZiQg Whe UeYieZeU¶V VXggeVWiRQ, Ze added SXSSOePeQWaU\ FigXUeV 1B aQd 1D             
ZheUe Ze VhRZ hRZ ViPXOaWed UaQdRP aQd diVSeUVed SaWWeUQV ORRk Oike. FiQaOO\, Ze added SXSSOePeQWaU\               
FigXUe 1G, iQ Zhich Ze VhRZ aOO RbVeUYed VSaWiaO diYiViRQ SaWWeUQV WRgeWheU ZiWh WheiU OabeO (aggUegaWed YV.                 
UaQdRP). We hRSe WheVe addiWiRQV Pake RXU aSSURach aQd Whe WRROV aSSOied beWWeU XQdeUVWaQdabOe. 

FRU cOaVVificaWiRQ Rf SaWWeUQV Ze added a VhRUW SaUagUaSh iQ Whe UeYiVed MeWhRdV:  

³TR cOaVVif\ S-ShaVe SaWWeUQV aV aggUegaWed, UaQdRP RU diVSeUVed Ze caOcXOaWed Whe PeaQ ]-VcRUe beWZeeQ               
30 aQd 150 ȝP. If Whe PeaQ ]-VcRUe iV abRYe 1 Ze cOaVVif\ Whe SaWWeUQ aV aggUegaWed, beWZeeQ -1 aQd 1 aV                      
UaQdRP aQd beORZ -1 aV diVSeUVed.´ 

 

AUe WheVe aggUegaWeV Whe VaPe aV SUeYiRXVl\ deWeUPiQed UegiRQV Rf higheU SURlifeUaWiRQ acWiYiW\? 

The aggUegaWeV RbVeUYed heUe aUe diVWiQcW fURP Whe SUeYiRXVO\ deVcUibed VXbdRPaiQV Rf Whe WeOeQceShaORQ,              
Whe PediaO (DP), aQWeUiRU (Da) aQd OaWeUaO (DO) dRPaiQV (deVcUibed iQ DUa\ eW aO., 2015). We haYe caUefXOO\                  
cRQVideUed WhiV aVSecW aQd fRXQd WhaW aOO UegiRQV VhRZ eiWheU aggUegaWed RU UaQdRP SaWWeUQV, bXW QR                
diVSeUVed SaWWeUQV. The SURSRUWiRQ Rf aggUegaWed SaWWeUQV decOiQed fURP 48% (12/25) iQ DP RYeU 42% (3/7)                
iQ DO, RYeU WR 33% (1/3) iQ Da. We RfWeQ RbVeUYed SaWWeUQV WhaW VSaQ UegiRQaO WeUUiWRUieV aQd chRVe WR SeUfRUP                    
RXU aQaO\VeV RQ Whe eQWiUe hePiVSheUe iQ RUdeU WR PaiQWaiQ a high VWaWiVWicaO SRZeU iQ Whe SaWWeUQ aQaO\VeV.                  
We cRPPeQW RQ WheVe UegiRQaO WeUUiWRUieV iQ Whe UeYiVed ReVXOWV, ZheUe Ze QRZ ZUiWe: 

³SiQce VeSaUaWe dRPaiQV cRQWaiQ iQ a40% Rf aOO caVeV OeVV WheQ 10 S-ShaVe NSCV aQd SaWWeUQV RfWeQ VSaQ                  
acURVV dRPaiQV, Ze UefUaiQ fURP aQaO\]iQg WheP VeSaUaWeO\.´ 

The WeOeQceShaORQ aOVR cRQWaiQV a YeQWUaO UegiRQ ZiWh a VWURQg cRQceQWUaWiRQ Rf PSA-NCAM e[SUeVViQg              
diYidiQg SURgeQiWRUV. ThiV UegiRQ hRZeYeU ZaV QRW cRQWaiQed iQ RXU iPaged ]-VWackV. 
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I aP QRW VXUe ZheWheU Fig. 1B VhRXld be iQclXded iQ Whe PaiQ bRd\. IQ aQ\ caVe iW QeedV, gXidaQce WR                     
aQaWRPical deWailV. Add aQ aUURZ WR iQdicaWe WeleQceShalRQ fRU e[aPSle.  

FROORZiQg Whe UeYieZeU¶V VXggeVWiRQ, Ze diVcaUded WhiV SaQeO iQ Whe UeYiVed YeUViRQ Rf RXU PaQXVcUiSW. 

 

Page 10 WheQ Whe\ UefeU WR Whe fUeTXeQc\ Rf aggUegaWed diYiViRQ SaWWeUQV Whe\ RbVeUYe WhiV RQl\ fRU                 
70% Rf Whe caVeV. HRZ dR Whe caVeV lRRk ZheUe WhiV aggUegaWiRQ iV QRW eYideQW?  

FROORZiQg Whe UeYieZeU¶V UePaUk, Ze QRZ YiVXaOi]e aOO 36 VSaWiaO diYiViRQ SaWWeUQV aQaO\]ed aQd Whe               
cOaVVificaWiRQ accRUdiQg WR RiSOe\¶V K VWaWiVWic iQ SXSSOePeQWaU\ FigXUe 1G (Vee aOVR beORZ). We ZRXOd Oike WR                 
QRWe WhaW Whe UaQdRPQeVV Rf a diYiViRQ SaWWeUQ (SiQk SRiQWV) caQ RQO\ be aVVeVVed ZhiOe WakiQg Whe VeW Rf                   
SRVVibOe diYiViRQ ORcaWiRQV (gUa\ SRiQWV) aV a VXbVWUaWe iQWR accRXQW. HeUe, RXU aQaO\ViV deYiaWeV fURP Whe                
VWaQdaUd VSaWiaO VWaWiVWicV aV deVcUibed e.g. iQ Whe bRRk Rf BaddeOe\ eW aO. ​(2015)​. We cOaUif\ WhiV aVSecW Rf                   
RXU aQaO\ViV iQ Whe QeZO\ added BR[.  
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Wh\ iV WhiV Whe caVe? IV WhiV a UeflecWiRQ Rf Whe biRlRg\ Rf Whe e[SeUiPeQWal aVVeVVPeQW Rf Whe                  
SaWWeUQV.  

We WUied WR addUeVV WhiV TXeVWiRQ iQ Whe UeYiVed DiVcXVViRQ Rf RXU PaQXVcUiSW, ZheUe Ze QRZ ZUiWe: 

³The TXaQWificaWiRQ Rf S-ShaVe NSC SaWWeUQV iV chaOOeQged b\ WheiU heWeURgeQeiW\ aQd Whe UeOaWiYeO\ Zeak               
VigQaO: OQO\ 70% Rf Whe 36 hePiVSheUeV VhRZ aggUegaWed VSaWiaO SaWWeUQV, Whe UePaiQiQg 30% TXaOif\ aV                
UaQdRP, VR Ze ZRQdeUed hRZ WhiV heWeURgeQeiW\ cRPeV abRXW. SiQce Ze eVWiPaWe NSCV WR Ue-diYide ZiWh                
RQO\ 38% SURbabiOiW\, Ze beOieYe WhaW de-QRYR diYiViRQV Rf SUeYiRXVO\ TXieVceQW ceOOV diOXWe Whe aggUegaWiRQ               
SaWWeUQV aUiViQg fURP UeRcXUUiQg diYiViRQV.´ 

 

WhaW aUe Whe TXaliW\ VWaQdaUdV? MaQXal YeUificaWiRQ iV PeQWiRQed. BXW ZhaW iV Whe UeVXlW Rf WhiV?  

TR eQVXUe a high TXaOiW\ Rf ViQgOe ceOO ideQWificaWiRQ, Ze checked eYeU\ aXWRPaWicaOO\ ideQWified S-ShaVe NSC                
b\ PaQXaOO\ e[aPiQiQg iWV S-ShaVe OabeO (EdU, BUdU) aQd gfaS:GFP iQWeQViW\ aV Whe\ aUe Whe baViV Rf RXU                  
aQaO\ViV. We WUied WR cOaUif\ Whe UeVSecWiYe deVcUiSWiRQV iQ RXU UeYiVed PaQXVcUiSW ZheUe Ze QRZ ZUiWe:  

³We ideQWified Whe 3D cRRUdiQaWeV Rf ​gfaS ​:GFP+ NSCV (FigXUe 1C,D,D¶) aQd Rf EdU+ QXcOei (FigXUe 1C¶-D)                
aXWRPaWicaOO\. TR aQaO\]e Whe VSaWiaO SaWWeUQ Rf S-ShaVeV, Ze XVed Whe cRRUdiQaWeV Rf aOO ​gfaS ​:GFP+ NSCV                
(FigXUe 1D¶) aV a UefeUeQce gUid (Vee SXSSOePeQWaU\ FigXUe 1A). Via PaQXaO iQVSecWiRQ Ze WheQ               
diVcUiPiQaWed beWZeeQ EdU+​gfaS ​:GFP+ ceOOV, UeSUeVeQWiQg NSCV iQ S-ShaVe, aQd EdU+​gfaS ​:GFP- ceOOV,           
UeSUeVeQWiQg iQWeUPediaWe SURgeQiWRUV iQ S-ShaVe ​(MlU] eW aO., 2010)​ (FigXUe 1D¶¶,E).´ 

HRZ ViPilaU aUe Whe SaWWeUQV Rf diYiViRQV beWZeeQ diffeUeQW aQiPalV?  

TR addUeVV WhiV iQWeUeVWiQg TXeVWiRQ Ze aQaO\]ed SaUaPeWeU cRUUeOaWiRQV iQ bUaiQV ZheUe Ze had bRWh OefW                
aQd UighW hePiVSheUeV aQd cRPSaUed WhRVe WR UaQdRPO\ VaPSOed hePiVSheUe SaiUV. We fRXQd WhaW bRWh               
VWUeQgWh aQd UadiXV VhRZ a Zeak SRViWiYe cRUUeOaWiRQ fRU Whe 11 hePiVSheUe SaiUV (Vee FigXUe beORZ). Ne[W,                 
Ze SeUPXWed Whe YaOXeV aQd caOcXOaWed cRUUeOaWiRQV agaiQ. DRiQg WhiV Q=10000 WiPeV aOORZV XV WR caOcXOaWe                
ePSiUicaO S-YaOXeV fRU UadiXV aQd VWUeQgWh cRUUeOaWiRQ. We fiQd WhaW Whe ePSiUicaO S-YaOXe iV QeiWheU VigQificaQW                
fRU Whe UadiXV (S=0.12), QRU fRU Whe VWUeQgWh (S=0.25). We WhXV cRQcOXde WhaW SaWWeUQV beWZeeQ aQiPaOV aUe                 
ViPiOaUO\ XQcRUUeOaWed aV SaWWeUQV beWZeeQ SaiUV Rf hePiVSheUeV. 

 

 

The SaWWeUQV Rf diYiViRQ aSSeaU QRQ-UaQdRP iQ VSace ie VRPe UegiRQV aUe PRUe SURlifeUaWiQg WhaQ               
RWheUV. I gXeVV WhiV iV ZhaW \RX UefeU WR aV aggUegaWed? IW ZRXld WhXV QRW be a VXUSUiVe WhaW iQ WheVe                     
UegiRQV cellV ZiWhiQ a ceUWaiQ UadiXV Zill Ue-eQWeU cell c\cle PRUe fUeTXeQWl\ WhaQ aQ\ZheUe elVe.  

We defiQe Whe WeUP µaggUegaWed¶ PRUe caUefXOO\ iQ Whe UeYiVed YeUViRQ Rf Whe ReVXOWV, ZheUe Ze ZUiWe iQ Whe                   
QeZO\ added BR[:  

³NRQ-UaQdRP SaWWeUQV caQ be cOaVVified iQWR WZR W\SeV: WheQ eYeQWV aUe cORVeU WR each RWheU WhaQ e[SecWed                 
fURP Whe UaQdRP QXOO PRdeO, Ze caOO Whe SaWWeUQ aggUegaWed. If eYeQWV aUe fXUWheU aSaUW fURP each RWheU, Ze                   
caOO Whe SaWWeUQ diVSeUVed.´ 
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We agUee WhaW Ue-eQWeUiQg Whe ceOO c\cOe iV RQe Rf Whe RSWiRQV WhaW cRPe WR PiQd ZheQ RbVeUYiQg aggUegaWed                   
SaWWeUQV. HRZeYeU, iW iV VWiOO QeceVVaU\ WR deWecW aQd TXaQWif\ WhRVe SaWWeUQV caUefXOO\ iQ a VSaWiR-WePSRUaO                
PaQQeU. We UeYiVed Whe SaUagUaSh iQ Whe ReVXOWV, ZheUe Ze PRWiYaWe Whe aQaO\ViV Rf ceOO c\cOe Ue-eQWU\: 

³OXU aQaO\ViV UeYeaOed a Zeak aggUegaWiRQ Rf VXcceVViYe NSCV iQ S-ShaVe. AggUegaWed VSaWiR-WePSRUaO             
SaWWeUQV caQ ePeUge fRU VeYeUaO UeaVRQV: SigQaOOiQg ZaYeV WhaW VWiPXOaWe ceOOV WR diYide iQ a SaUWicXOaU UegiRQ,                 
acWiYaWiRQ Yia ceOO-ceOO cRQWacWV, RU a behaYiRU VSecified b\ Whe SaUWicXOaU VWaWe Rf a ceOO. We WhXV iQTXiUed                  
ZheWheU a NSC¶V hiVWRU\ ZRXOd be Rf UeOeYaQce fRU QeZ S-ShaVe eQWUieV aQd Pade XVe Rf Whe                 
dRXbOe-OabeOOiQg aSSURach iQWURdXced abRYe.´ 

 

MRUeRYeU, Whe GFAP-gfS SRViWiYe cell bRdieV dR QRW aSSeaU WR be eTXall\ diVWUibXWed bXW UaWheU fRllRZ                
Whe SaWWeUQ Rf diYidiQg cellV. IV WhiV QRW a WUiYial UeVXlW - Whe PRUe NSCV iQ a UegiRQ Whe PRUe fUeTXeQW                     
cell c\cle eQWU\ iQ WhiV UegiRQ?  

The UeYieZeU UaiVeV a YeU\ YaOid SRiQW heUe, bXW Ze aOUead\ accRXQW fRU Whe SRVVibOe iQhRPRgeQeRXV NSC                 
diVWUibXWiRQ acURVV Whe hePiVSheUeV ZheQ aQaO\]iQg S-ShaVe NSC SaWWeUQV: TR ViPXOaWe UaQdRP QXOO PRdeO              
SaWWeUQV fRU Whe RiSOe\¶V K aQaO\ViV Ze RQO\ VaPSOe fURP NSC ORcaWiRQV. I.e. UegiRQV ZiWh a higheU NSC                  
deQViW\ ZiOO aOVR iQ Whe QXOO PRdeO Oead WR UegiRQV ZiWh higheU S-ShaVe NSC deQViW\. TR beWWeU e[SOaiQ RXU                   
aSSURach, Ze QRZ ZUiWe iQ Whe MeWhRdV:  

³AV Whe XQdeUO\iQg NSC diVWUibXWiRQ cRXOd be iQhRPRgeQeRXV Ze adaSWed Whe PeaVXUe WR accRXQW fRU WhiV                
SRVVibOe iQhRPRgeQeiW\ b\ VaPSOiQg a SRiQW SaWWeUQ RQO\ fURP diVcUeWe NSC ORcaWiRQV aQd WhXV caOO iW diVcUeWe                 
RiSOe\¶V K.´ 

 

"TR iQYeVWigaWe ZheWheU SURlifeUaWiYe acWiYiW\ UegXlaWeV QeZ S-ShaVe eQWUieV, Ze aQal\]ed VSaWial            
diYiViRQ SaWWeUQV aW diffeUeQW WiPe SRiQWV." I fail WR Vee Whe eYideQce fRU UegXlaWiRQ. IW Pa\ be                 
cRUUelaWiRQ. BXW Whe VSecific la\RXW Rf Whe Qiche iWVelf Pa\ SURYide Whe QeceVVaU\ SRViWiYe cXeV WR                
WUiggeU cell c\cle Ue-eQWU\. ThXV, Ue-diYiViRQ ZRXld WheQ QRW be caXVed b\ Whe cell iQWUiQVic hiVWRU\ Rf                 
diYiViRQV.  

We agUee ZiWh Whe UeYieZeU WhaW UegXOaWiRQ iV Whe ZURQg WeUP heUe. We XVe cRUUeOaWiRQ aQd UegXOaWiRQ PRUe                  
caUefXOO\ iQ RXU UeYiVed PaQXVcUiSW aQd UeSOaced Whe UeVSecWiYe VeQWeQce ZiWh: 

³TR iQYeVWigaWe ZheWheU SUROifeUaWiYe acWiYiW\ cRUUeOaWeV ZiWh QeZ S-ShaVe eQWUieV iQ a VSaWiR-WePSRUaO             
PaQQeU, Ze Pade XVe Rf a VecRQd Wh\PidiQe aQaORg, BUdU, aQd RbVeUYed cRQVecXWiYe S-ShaVeV WakiQg               
SOace iQ YiYR.´ 

RegXOaWiRQ Rf ceOO c\cOe Ue-eQWU\ PighW haYe aQ e[WUiQVic cRPSRQeQW aQd Ze dR QRW UXOe RXW WhaW a Qiche effecW                    
cRXOd aUiVe aURXQd aQ acWiYe NSC. We VhRZed iQ facW iQ a SUeYiRXV VWXd\ WhaW NRWch VigQaOiQg iV acWiYaWed iQ                    
QeighbRUV Rf UeceQWO\ diYided ceOOV (ChaSRXWRQ eWaO., J. NeXURVci. 2010). TR aQaO\]e ZheWheU QicheV ZRXOd be                
PRUShRORgicaOO\ deWecWabOe Ze added a 3D YROXPeWUic aQaO\ViV aQd fRXQd QR deYiaWiRQ iQ ceOO Vi]e beWZeeQ                
NSCV iQ S-ShaVe aQd TXieVceQW NSCV. The cRUUeVSRQdiQg, QeZO\ added SaUagUaSh iQ RXU UeYiVed ReVXOWV               
Uead: 

³TR aVVeVV ZheWheU ceOOXOaU QicheV PighW be iQYROYed iQ Whe RbVeUYed UeRccXUiQg diYiViRQV e.g. Yia Whe                
fRUPaWiRQ Rf gURXSV Rf NSCV ZiWh diVWiQcWiYe YROXPeV, Ze VegPeQWed ViQgOe NSCV iQ 3D ZhROe PRXQW bUaiQ                 
iPageV Rf 4 hePiVSheUeV aQd PeaVXUe WheiU YROXPeV (Vee MeWhRdV aQd SXSSOePeQWaU\ FigXUe 3L-P). We               
cRQVideUed WhUee gURXSV Rf NSCV: (i) PCNA+ diYidiQg NSCV, (ii) PCNA+BUdU+ aQd PCNA+EdU+ Ue-diYidiQg              
NSCV aQd (ii) QRQ-diYidiQg NSCV ZiWhRXW aQ\ PaUkeU. MeaVXUiQg Whe YROXPeV Rf aOO WheVe NSCV aQd aOO                 
iPPediaWeO\ WRXchiQg QeighbRUV did QRW UeYeaO aQ\ VigQificaQW diffeUeQce beWZeeQ Whe WhUee gURXSV             
(KUXVkaO-WaOOiV WeVW, S-YaOXeV = 0.1 aQd 0.37 UeVSecWiYeO\, SXSSOePeQWaU\ FigXUe 3Q). HeQce, Whe NSC              
YROXPe dReV QRW UeYeaO aQ\ diVWiQcWiYe RUgaQiVaWiRQ aURXQd acWiYeO\ diYidiQg NSCV, aUgXiQg agaiQVW a PRdeO               
ZheUe ceOO deQViW\ deSeQdeQW QicheV ZRXOd be aVVRciaWed ZiWh NSC acWiYiW\.´ 
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WhaW dReV "A SRViWiYe iQWeUacWiRQ PRdel fiWV Whe RbVeUYed VSaWiR-WePSRUal SaWWeUQV" PeaQ fRU Whe              
biRlRg\ Rf VWeP cellV. DReV WhiV PeaQ WhaW a diYidiQg cell iV iQflXeQciQg a VecRQd cell WR diYide                  
SRViWiYel\ iQ a 100 PicURQ UadiXV.  

We XVe aQ iQWeUacWiRQ PRdeO WR iQfeU SaUaPeWeUV deVcUibiQg Whe W\Se (aggUegaWed YV. UaQdRP YV. diVSeUVed)                
aQd e[WeQd (Whe UaQge RU UadiXV) Rf Whe RbVeUYed SaWWeUQV, iQ OiQe ZiWh VWaQdaUd VSaWiaO VWaWiVWicV XViQg e.g.                  
Whe GibbV PRdeO. ThiV hRZeYeU dReV QRW iPSO\ WhaW Whe SaWWeUQV aUe geQeUaWed b\ aQ iQWeUacWiRQ SURceVV. We                  
WUied WR e[SOaiQ RXU aSSURach b\ UeYiViQg Whe cRUUeVSRQdiQg SaUagUaSh iQ Whe DiVcXVViRQ Rf RXU UeYiVed                
PaQXVcUiSW: 

³The ePeUgeQce Rf cRPSOe[ SaWWeUQV fURP ViPSOe UXOeV haV beeQ aQaO\]ed e[WeQViYeO\, e.g. fRU aUWificiaO               
V\VWePV ​(MaUU aQd H�WW, 2005)​, biRORg\ iQVSiUed PRdeOV ​(KaXffPaQ aQd COa\WRQ, 2006)​, aQd biRORgicaO              
SheQRPeQa ​(MaQXk\aQ eW aO., 2017)​. HeUe, Ze fiUVW XVe aQ iQWeUacWiRQ PRdeO WR deWeUPiQe Whe VWUeQgWh aQd                 
Whe UadiXV Rf Whe RbVeUYed SaWWeUQ Rf S-ShaVe NSCV. ThiV e[WeQdV WUadiWiRQaO GibbV RU CR[ PRdeOV ​(BaddeOe\                 
eW aO., 2015) WR Whe aQaO\ViV Rf a SaUWicXOaU PXOWi-W\Se VSaWiaO SRiQW SaWWeUQ ZheUe S-ShaVe NSCV aSSeaU aW                  
diVcUeWe ORcaWiRQV defiQed b\ Whe SUeVeQce Rf aOO NSCV. HRZeYeU, fiWWiQg aQ iQWeUacWiRQ PRdeO WR               
VSaWiR-WePSRUaO daWa dReV QRW QeceVVaUiO\ iPSO\ WhaW ceOO-ceOO iQWeUacWiRQV aUe SUeVeQW. We WhXV PRdeO              
TXieVceQW aQd S-ShaVe NSCV aV ageQWV iQ a cRQWiQXRXV VSace ZiWh VWRchaVWic ceOO c\cOe kiQeWicV WR                
TXaQWiWaWiYeO\ cRPSaUe WZR h\SRWheVeV: AUe e[WUiQVic effecWV Oike ceOO-ceOO iQWeUacWiRQV RU VigQaOOiQg ZaYeV             
UeTXiUed WR geQeUaWe Whe RbVeUYed aggUegaWed VSaWiR-WePSRUaO diYiViRQ SaWWeUQV, RU dR Ue-diYiViRQV Rf NSCV              
VXffice? We fiQd WhaW ageQW-baVed ViPXOaWiRQV ZiWh Ue-diYidiQg NSCV VXffice WR e[SOaiQ Whe VSaWiR-WePSRUaO              
SaWWeUQV RbVeUYed iQ Whe ]ebUafiVh bUaiQ.´ 

 

HRZ PaQ\ VWeP cellV aUe iQ WhiV aUea?  

We added WhiV iQfRUPaWiRQ WR Whe We[W ZheUe Ze QRZ ZUiWe: 

³OQ aYeUage, Ze fiQd 202 � 63 NSCV (PeaQ � VWd.deY. fURP Q=36 bUaiQV) aQd 6 � 4 NSCV iQ S-ShaVe iQ a                       
100ȝP UadiXV aURXQd aQ NSC iQ S-ShaVe.´ 

 

CaQ RQe RbWaiQ Ueall\ eYideQce fRU iQWeUacWiRQ fURP WheVe PRdelV aQd daWa? The cRQclXViRQ fURP Whe                
ageQW baVed VSaWiR-WePSRUal PRdel iV diffeUeQW. I fiQd WhiV cRQfXViQg. 

We agUee ZiWh Whe UeYieZeU WhaW RXU deVcUiSWiRQ Rf Whe WZR PRdeOV VhRXOd be cOeaUeU. IQ geQeUaO, fiWWiQg aQ                   
iQWeUacWiRQ PRdeO WR VSaWiR-WePSRUaO daWa dReV QRW QeceVVaUiO\ iPSO\ WhaW ceOO-ceOO iQWeUacWiRQV aUe SUeVeQW              
(Vee abRYe). IQVWead, Ze fiQd eYideQce WhaW Ue-diYiViRQV VXffice WR geQeUaWe ViPiOaU SaWWeUQV iQ ViOicR.               
HRZeYeU, if Ue-diYiViRQV UeO\ RQ iQWeUacWiRQV ZiWh QeighbRUiQg ceOOV RU QRW, Ze caQQRW UeVROYe ZiWh RXU                
aSSURach. We hRSe WhaW Whe UeYiVed SaUagUaSh iQ Whe DiVcXVViRQ (Vee abRYe) heOSV WR cRQYe\ RXU WhRXghWV                 
RQ WhaW. 

 

"TR cRQfiUP RXU RbVeUYaWiRQV,«.." IQ WhiV aQd Whe fRllRZiQg SaUagUaSh RQ Sage 5, I lack Whe VWaWiVWical                 
aQal\ViV Rf Whe VWaWePeQWV. TheVe Qeed WR be iQclXded aV abRYe iQ Whe We[W.  

We WhaQk Whe UeYieZeU fRU WhaW cRPPeQW. FRU WhiV VeW Rf e[SeUiPeQWV Ze haYe QRZ SeUfRUPed addiWiRQaO                 
cRXQWiQgV aQd caOcXOaWed Whe SURSRUWiRQV Rf UeRccXUiQg diYiViRQV: 43 � 4% Rf PCNA+ NSCV aUe PaUked ZiWh                 
a VecRQd OabeO ZhiOe 21 � 7% Rf EdU-OabeOOed NSCV aUe OabeOOed b\ BUdU. TheVe UeVXOWV aUe SUeVeQWed iQ                   
SXSSOePeQWaU\ TabOe 3 aQd iQ SXSSOePeQWaU\ FigXUe 3K. ThiV VeW Rf e[SeUiPeQWV VhRZV WhaW Whe XVe Rf a                  
WhiUd ceOO c\cOe OabeO aOVR UeYeaOV ceOO c\cOe Ue-eQWUieV Rf NSCV, aV iQ Whe fiUVW VeW Rf e[SeUiPeQWV.  

We chaQged Whe WeUP ³cRQfiUP´ aQd QRZ ZUiWe: ³TR VXSSRUW WheVe UeVXOWV [«]´ 
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"TR TXaQWiWaWiYel\ eYalXaWe if Ue-diYiViRQV VXffice WR iQdXce Whe RbVeUYed aggUegaWed SaWWeUQV, Ze             
ViPXlaWed diYidiQg NSCV ZiWh aQ ageQW baVed VSaWiR-WePSRUal PRdel." 

PleaVe dR Pake aQ effRUW aQd giYe aQ e[SlaQaWiRQ ZhaW WhiV aSSURach iV aQd ZhaW Whe beQefiWV aUe fRU                   
aQ ageQW baVed VSaWiR-WePSRUal PRdel.  

FROORZiQg Whe UeYieZeU¶V UeTXeVW, Ze QRZ deVcUibe RXU aSSURach iQ PRUe deWaiO iQ Whe UeYiVed ReVXOWV VecWiRQ                 
Rf RXU PaQXVcUiSW: 

³SXch a PRdeO ViPXOaWeV Whe acWiRQV aQd iQWeUacWiRQV Rf aXWRQRPRXV ageQWV, iQ RXU caVe NSCV. HeUe, eYeU\                 
ViQgOe ceOO caQ be PRdeOed aW eYeU\ WiPe SRiQW ZhiOe iQ RWheU QRQ-ageQW-baVed aSSURacheV RQe RQO\ geWV                 
VXPPaU\ VWaWiVWicV RU aYeUageV SeU WiPe SRiQW.´ 

 

HRZ dR Whe SaWWeUQV Rf diYiViRQ cRUUelaWe ZiWh ViQgle cell VeTXeQciQg daWa. DR WheVe daWa SURYide                
PaUkeUV fRU Whe NSCV SURQe WR diYide agaiQ?  

IQdeed, ViQgOe ceOO VeTXeQciQg Rf Whe ]ebUafiVh WeOeQceShaORQ aQd a WhRURXgh aQaO\ViV Rf SURgeQiWRUV cOXVWeUV               
haV beeQ SeUfRUPed b\ CRVacak eW aO. (CeOO ReSRUW, 2019.) cRPbiQiQg cRQWURO aQd aP\ORidȕ WUeaWed aQiPaOV.                
TheUe, Whe aXWhRUV ideQWified VeYeUaO cOXVWeUV Rf SURgeQiWRU ceOOV aQd diVWiQcWiYe ceOO c\cOe WUaQVcUiSWV              
VigQaWXUeV, Rf Zhich VRPe PighW cRUUeVSRQd WR Whe NSCV WhaW diYide VeYeUaO WiPeV, eYeQ WhRXgh VXch eYeQWV                 
aUe SURSRUWiRQaOO\ YeU\ VeOdRP aQd PighW be diOXWed iQ Whe daWaVeW. A SVeXdRWiPe aQaO\ViV VXggeVWed a                
cRQWiQXXP Rf SURgeQiWRU VWaWeV. A diUecW cRPSaUiVRQ ZiWh RXU aQaO\ViV aQd a SUeciVe VSaWiaO PaSSiQg Rf Whe                 
diVWiQcW gURXSV Rf SURgeQiWRUV iV QeYeUWheOeVV difficXOW. 

We haYe added WhiV aVSecW iQ RXU DiVcXVViRQ:  

³SiQgOe ceOO VeTXeQciQg daWa, VXch aV SeUfRUPed b\ CRVacak eW aO. ​(2019) PighW heOS aVVRciaWiQg WheVe                
eYeQWV ZiWh VSecific PROecXOaU SaWhZa\V.´ 
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RHYLHZHU #3:¬¬
The PaQXVcUiSW eQWiWled "AggUegaWed VSaWiR-WePSRUal diYiViRQ SaWWeUQV ePeUge fURP UeRccXUUiQg          
diYiViRQV Rf QeXUal VWeP cellV" b\ LXSSeUgeU, MaUU aQd ChaSRXWRQ (PBIOLOGY-D-20-00516R1)           
addUeVV a SURbleP Rf aggUegaWiRQ Rf c\cliQg VWeP cellV iQ Whe ]ebUafiVh WeleQceShalRQ. The aXWhRUV               
iQYeVWigaWe if QeXUal VWeP cellV WUaQViWiQg WhURXgh Whe cell c\cle S-ShaVe aUe cRRUdiQaWed iQ VSace aQd                
WiPe ZiWhiQ Whe SRSXlaWiRQ Rf Whe adXlW ]ebUafiVh WeleQceShalRQ. B\ XViQg a cRPbiQaWiRQ Rf Whe               
RiSle\'V WeVW aQd a SUeYiRXVl\ SXbliVhed PaWhePaWical PRdel (LXSSeUgeU eW al., 2018. C\WRPeWU\ A.              
93(3):314-322), Whe aXWhRUV dePRQVWUaWed WhaW QeXUal cellV WUaQViWiQg WhURXgh S-ShaVe aUe           
QRQ-UaQdRP bXW Zeakl\ aggUegaWed, bRWh iQ VSace aQd WiPe. B\ XViQg dXal labelliQg iQ S-ShaVe, Whe                
aXWhRUV iQfeUUed cell c\cle aQd S-ShaVe leQgWh Rf Whe WeleQceShalRQ QeXUal VWeP cellV aQd RbVeUYed a                
UaSid cell c\cle Ue-eQWU\ iQ abRXW 15 % Rf Whe QeZl\ bRUQ VWeP cellV. The aXWhRUV deYelRSed a ViPSle                   
QRQ-VSaWial SURbabiliVWic PaWhePaWical PRdel Zhich Whe\ fiWWed WR WheiU e[SeUiPeQWal daWa RQ Whe UaSid              
cell c\cle Ue-eQWU\ WR WheQ XVe WheiU beVW-fiWWed SaUaPeWeU YalXeV iQ a PRUe cRPSle[ VSaWial               
ageQW-baVed PRdel. The cRPbiQed PRdelV SUedicW WhaW Whe SUeVeQce Rf cell c\cle Ue-eQWU\ UeSURdXceV              
Whe RiSle\'V WeVW UeVXlWV Rf aggUegaWiRQ ZhilVW iWV abVeQce leadV WR UaQdRP VSaWiR-WePSRUal             
diVWUibXWiRQ Rf cellV WUaQViWiQg WhURXgh S-ShaVe. The aXWhRUV cRQclXded WhaW "VSaWiR-WePSRUal           
aggUegaWiRQ Rf diYidiQg VWeP cellV caQ WhXV ePeUge fURP Whe cell'V hiVWRU\, UegaUdleVV Rf SRVVible               
feedback PechaQiVPV iQ Whe cell SRSXlaWiRQ". 

The SURbleP Rf hRZ QeXUal VWeP cellV UegXlaWe c\cliQg iQ Whe QeXUal WiVVXe iV Rf gUeaW iPSRUWaQce iQ                  
deYelRSPeQWal biRlRg\ aQd iWV UeSeUcXVViRQV caQ be QaWXUall\ allRcaWed iQ QeXURVcieQce aQd RWheU             
PRUe aSSlied aUeaV Rf PediciQe. HeQce, Whe SURbleP iV YeU\ iQWeUeVWiQg fRU a YaUieW\ Rf UeadeUV Rf                 
PLOS BiRlRg\ aQd Whe aXWhRUV addUeVVed iW b\ XViQg iQQRYaWiYe PeWhRdV. The PRUe RUigiQal aVSecW               
Rf Whe VWXd\, iQ P\ RSiQiRQ, iV Whe XVe Rf RiSle\'V VWaWiVWicV, a VWaWiVWical PeWhRd Zell kQRZQ iQ RWheU                   
aUeaV Rf VcieQce, WR deWeUPiQe VSaWial aggUegaWiRQ. AlWhRXgh Whe aXWhRUV SUeYiRXVl\ VWXdied            
aggUegaWiRQ Rf QeXUal VWeP cell diYiViRQ iQ Whe VaPe WiVVXe iQ a SUeYiRXV SXblicaWiRQ (LXSSeUgeU eW                
al., 2018. C\WRPeWU\ A. 93(3):314-322), Whe\ did QRW XVe WhiV VWaWiVWical PeWhRd iQ Whe SUeYiRXV               
SXblicaWiRQ. AV a PaWWeU Rf facW, Whe\ aQWiciSaWed WhaW Whe\ ZRXld XVe WhiV PeWhRd iQ Whe eQd Rf Whe                   
diVcXVViRQ VecWiRQ Rf Whe SUeYiRXV SaSeU. The Qe[W RUigiQal aVSecW Rf Whe VWXd\ iV WhaW Whe aXWhRUV                 
cRPbiQed Whe SRSXlaU BUdU/EdU dXal labeliQg ZiWh RiSle\'V VWaWiVWicV WR QRZ calcXlaWe aggUegaWiRQ Rf              
cellV PaUked ZiWh bRWh labelV. SiQce bRWh labelV aUe QRW RQl\ VeSaUaWed iQ VSace, bXW PRUe                
iPSRUWaQWl\ iQ WiPe, WhiV allRZed WheP WR eYalXaWe VSaWiR-WePSRUal aggUegaWiRQ Rf cellV. ThaQkV WR              
WheVe WZR aVSecWV Whe aXWhRUV highlighW a QRQ-WUiYial VSaWiR-WePSRUal SaWWeUQ Rf cellV WUaQViWiQg             
WhURXgh S-ShaVe. I belieYe WhaW bRWh, Whe PeWhRdRlRg\ (QRYel iQ deYelRSPeQWal biRlRg\, WR P\              
kQRZledge) aQd Whe UeVXlW iWVelf aUe PRUe WhaQ iQWeUeVWiQg. NeYeUWheleVV, WheUe aUe a feZ SRiQWV               
UegaUdiQg Whe PRdelliQg UeVXlWV aQd Whe cRQclXViRQV fURP iW WhaW Qeed WR be addUeVVed.  

MajRU SRiQWV: 

1. The WiWle Rf Whe PaQXVcUiSW haV WR UeflecW Whe VSecific fiQdiQgV Rf Whe VWXd\. The aXWhRUV did QRW                   
dePRQVWUaWe WhaW Whe aggUegaWed VSaWiR-WePSRUal diYiViRQ SaWWeUQV ePeUge fURP UeRccXUUiQg          
diYiViRQV Rf QeXUal VWeP cellV, aV Whe WiWle Rf Whe VXbPiWWed PaQXVcUiSW VWa\V. IQVWead, Whe\ i) elegaQWl\                 
dePRQVWUaWed Whe e[iVWeQce Rf aQ aggUegaWed VSaWiR-WePSRUal diYiViRQ SaWWeUQ, ii) Whe\ VhRZed WhaW a              
PRdelliQg aSSURach iQcRUSRUaWiQg cellV Ue-eQWeUiQg iQWR Whe cell c\cle iV VXfficieQW WR UeSURdXce Whe              
aggUegaWed SaWWeUQ, iii) WheiU PRdel SUedicWV WhaW iQ Whe abVeQce Rf cell c\cle Ue-eQWeUiQg Whe               
aggUegaWed SaWWeUQ YaQiVheV aQd iY) Whe VWXd\ ZaV SeUfRUPed iQ Whe adXlW ]ebUafiVh WeleQceShalRQ.              
HeQce, Whe PaQXVcUiSW WiWle VhRXld UeflecW WheVe fRXU facWV. RegaUdiQg Whe WeUP "diYiViRQV", SleaVe              
Vee P\ MajRU cRPPeQW NXPbeU 4. 

We WhaQk Whe UeYieZeU fRU WhiV VXggeVWiRQ aQd chaQged Whe WiWOe WR: 

³AgeQW-baVed PRdeOiQg UeYeaOV WhaW UeRccXUiQg QeXUaO VWeP ceOO diYiViRQV iQ Whe adXOW ]ebUafiVh WeOeQceShaORQ              
aUe VXfficieQW fRU Whe ePeUgeQce Rf aggUegaWed VSaWiR-WePSRUaO SaWWeUQV´ 
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We hRSe WhaW Ze WhXV cRYeU Whe 4 SRiQWV OiVWed b\ Whe UeYieZeU ZhiOe keeSiQg Whe WiWOe XQdeUVWaQdabOe. 

 

2. The iQWeUacWiRQ UadiXV SUedicWed fURP Whe ageQW-baVed PRdel iV abRXW half Rf Whe e[SeUiPeQWall\               
deWeUPiQed. Wh\ iV WhaW? CRXld iW be dXe WR Whe diffeUeQW geRPeWU\ Rf Whe iQ VilicR WiVVXe cRPSaUed                  
ZiWh Whe WeleQceShalRQ hePiVSheUeV? The fiUVW RQe iV 2D aQd ciUcXlaU ZhilVW Whe VecRQd RQe iV 3D aQd                  
QRW SUeciVel\ ciUcXlaU. TR WeVW WhiV h\SRWheViV Whe aXWhRUV cRXld WeVW RWheU geRPeWUieV PRUe ViPilaU WR                
Whe e[SeUiPeQWall\ WeVWed. 

We WhaQk Whe UeYieZeU fRU WhiV VXggeVWiRQ. We XVe a ceOOXOaU PRWWV PRdeO ​(GUaQeU aQd GOa]ieU 1992)                 
iPSOePeQWed iQ MRUSheXV, Zhich cUeaWeV ceOO VhaSeV WhaW aUe acWXaOO\ YeU\ ViPiOaU WR ceOO VhaSeV RbVeUYed iQ                 
Whe ]-SURjecWiRQ Rf Whe e[SeUiPeQWaO daWa. We PiVVed WR VhRZ WhiV iQ RXU RUigiQaO VXbPiVViRQ aQd QRZ iQcOXde                  
aQ e[ePSOaU\ ViPXOaWiRQ VQaSVhRW SOXV ]RRP-iQ iQ SXSSOePeQWaU\ FigXUe 4G,H (Vee aOVR beORZ).             
UQfRUWXQaWeO\, Whe MRUSheXV VRfWZaUe RQO\ aOORZV fRU ViPSOeU VhaSeV (e.g. he[agRQV RU VTXaUeV) Zhich Ze               
deePed iQadeTXaWe fRU RXU ViPXOaWiRQV.  
 

 

 

CRQceUQiQg Whe deYiaWiRQV Rf Whe iQfeUUed UadiXV iQ daWa YV. ViPXOaWiRQV, Ze e[WeQded RXU DiVcXVViRQ iQ Whe                 
UeYiVed YeUViRQ Rf RXU PaQXVcUiSW, ZheUe Ze QRZ deWaiO OiPiWaWiRQV Rf RXU aSSURach: 

³OXU ageQW-baVed ViPXOaWiRQV aUe abOe WR UeSURdXce aggUegaWed SaWWeUQV aQd WheiU fUeTXeQc\, hRZeYeU ZiWh a               
VPaOOeU iQWeUacWiRQ UadiXV WheQ RbVeUYed. CRQWUibXWiRQV WR WhiV deYiaWiRQ PighW cRPe fURP Whe abVWUacWed              
PRUShRORg\ Rf Whe hePiVSheUe aQd iQdiYidXaO ceOO VhaSeV (Vee SXSSOePeQWaU\ FigXUe 4G,H), Whe diVcUeSaQc\              
beWZeeQ a 2D PRdeO aQd 3D effecWV iQ Whe bUaiQ, RU Whe SUeYiRXVO\ UeSRUWed XQdeUeVWiPaWiRQ Rf Uadii ZheQ                  
XViQg aQ EXcOideaQ diVWaQce PeaVXUe ​(LXSSeUgeU eW aO., 2018)​.´ 

 

3. IQ Whe VecRQd VecWiRQ Rf ReVXlWV, Whe aXWhRUV SeUfRUPed a VSaWiR-WePSRUal diVWUibXWiRQ RiSle\'V K               
aQal\ViV Rf Whe e[SeUiPeQWV iQ Zhich Whe labelliQg iQWeUYal ZaV 32 hRXUV. TheQ, Whe\ bURadeQed Whe                
UaQge Rf labelliQg iQWeUYalV fURP 9 hRXUV WR 72 hRXUV. The\ TXaQWiWaWiYel\ ideQWified 22 RXW 36                
hePiVSheUeV VSaWiR-WePSRUal aggUegaWed SaWWeUQV Rf S-ShaVe cellV beWZeeQ Whe WZR labelliQg WiPe            
SRiQWV. WhaW iV Whe e[SlaQaWiRQ Rf WhiV heWeURgeQeiW\? WhaW haSSeQV ZiWh Whe RWheU 14 hePiVSheUeV               
(QeaUl\ 40%)? CRXld WhiV heWeURgeQeiW\ be e[SlaiQed ZiWh Whe PRdelV? 

We WhaQk Whe UeYieZeU WR bUiQg XS WheVe iPSRUWaQW SRiQWV. We e[WeQded Whe caSWiRQ Rf SXSSOePeQWaU\ Fig.                 
2B accRUdiQgO\, ZheUe Ze QRZ ZUiWe: 

³QXaQWiWaWiYeO\, Ze ideQWif\ iQ 22 RXW Rf 36 hePiVSheUeV VSaWiR-WePSRUaOO\ aggUegaWed SaWWeUQV Rf diYiViRQV              
beWZeeQ WZR OabeOOiQg WiPe SRiQWV, ZhiOe Whe UePaiQiQg 14 SaWWeUQV aUe cOaVVified aV UaQdRP. (Vee               
SXSSOePeQWaU\ FigXUe 2B).´ 

FROORZiQg Whe UeYieZeU¶V TXeVWiRQ fXUWheU, Ze checked Whe heWeURgeQeiW\ iQ RXU ViPXOaWed VSaWiR-WePSRUaO             
daWa VeW aQd UeSRUW Whe UeVXOW iQ a UeYiVed SaUagUaSh iQ RXU PaQXVcUiSW: 
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³We cRXOd aOVR UeSURdXce Whe RbVeUYed heWeURgeQeiW\ iQ Whe ePeUgeQce Rf Whe VSaWiR-WePSRUaO SaWWeUQV: IQ               
36 ViPXOaWed hePiVSheUeV, Ze fRXQd 58 � 8% aggUegaWed SaWWeUQV (Q=10 iQdeSeQdeQW ViPXOaWiRQV, PeaQ �               
VWd.) iQ accRUdaQce ZiWh RXU e[SeUiPeQWaO RbVeUYaWiRQV (61%, Vee SXSSOePeQWaU\ Fig. 2B). AOVR iQ Whe               
ViPXOaWiRQV, Whe UePaiQiQg SaWWeUQV aUe cOaVVified aV UaQdRP WhURXghRXW.´ 

OQe e[SOaQaWiRQ Rf Whe RbVeUYed VSaWiaO (aQd VSaWiR-WePSRUaO) heWeURgeQeiW\ iV QRZ diVcXVVed iQ Whe UeYiVed               
DiVcXVViRQ: 

³The TXaQWificaWiRQ Rf S-ShaVe NSC SaWWeUQV iV chaOOeQged b\ WheiU heWeURgeQeiW\ aQd Whe UeOaWiYeO\ Zeak               
VigQaO: OQO\ 70% Rf Whe 36 hePiVSheUeV VhRZ aggUegaWed VSaWiaO SaWWeUQV, Whe UePaiQiQg 30% TXaOif\ aV                
UaQdRP, VR Ze ZRQdeUed hRZ WhiV heWeURgeQeiW\ cRPeV abRXW. SiQce Ze eVWiPaWe NSCV WR Ue-diYide ZiWh                
RQO\ 38% SURbabiOiW\, Ze beOieYe WhaW de-QRYR diYiViRQV Rf SUeYiRXVO\ TXieVceQW ceOOV diOXWe Whe aggUegaWiRQ               
SaWWeUQV aUiViQg fURP UeRcXUUiQg diYiViRQV.´ 

 

4. AlRQg Whe We[W, Whe aXWhRUV deVcUibe cell diYiViRQV. BXW Whe aXWhRUV dR QRW acWXall\ PeaVXUe cell                 
diYiViRQV. The\ PeaVXUe cellV WUaQViWiQg WhURXgh S-ShaVe. Of cRXUVe, WheVe aUe c\cliQg cellV WhaW              
eYeQWXall\ Zill diYide. BXW WhiV iV QRW ZhaW Whe\ PeaVXUed. Ma\be Whe\ alVR PeaVXUed cellV iQ PiWRViV                 
bXW I cRXld QRW fiQd iQ Whe PaQXVcUiSW aQ\ UefeUeQce WR WhaW. The RQl\ caVeV iQ Zhich Whe aXWhRUV                   
cRXld VWaWe WhaW Whe cellV did diYide iV ZheQ Whe daXghWeU cellV eQWeUed iQ a VecRQd S-ShaVe.                 
TheUefRUe, Whe aXWhRUV VhRXld ZUiWe 'cellV WUaQViWiQg WhURXgh S-ShaVe' RU 'cellV iQ S-ShaVe' RU              
VRPeWhiQg Rf Whe VRUW iQVWead Rf 'diYidiQg cellV'. 

We WhaQk Whe UeYieZeU fRU WhaW UePaUk. We ZRXOd Oike WR QRWe WhaW Ze deVcUibe Whe aSSeaUaQce Rf dRXbOeW iQ                    
Whe MeWhRdV ZheUe Ze ZUiWe: 

³IQ e[SeUiPeQWV ZiWh ¨W>18h, Whe PajRUiW\ Rf TiPe 1-OabeOOed ceOOV ZeUe fRXQd aV dRXbOeWV, i.e. a SaiU Rf VPaOO                   
ceOOV cORVe WR each RWheU (Vee FigXUe 4K,O,S), ViQce Whe WiPeVSaQ aOORZed Whe PRWheU ceOO WR Ueach iWV PiWRWic                   
(M) ShaVe.´ 

BecaXVe QXcOei OabeOOed b\ BUdU RU EdU aSSeaU aV dRXbOeWV 24 hRXUV afWeU iQcRUSRUaWiRQ, Whe\ PRVW OikeO\                 
haYe beeQ WUaQViWiQg WhURXgh a PiWRWic eYeQW. We WheUefRUe aOORZed RXUVeOYeV Whe XVe Rf Whe WeUP ³diYiViRQ´.                 
MRUeRYeU, Ze UeYiVed Whe ReVXOWV VecWiRQ, ZheUe Ze QRZ ZUiWe: 

³RePaUkabO\, Ze aOVR QRWiced ceOOV ZiWh bRWh S-ShaVe PaUkeUV WhaW, XQOike DLS, ZeUe aUUaQged aV dRXbOeWV,                
i.e. WZR daXghWeU ceOOV cORVe WR each RWheU. TheVe ceOOV aSSaUeQWO\ eQWeUed a VecRQd S-ShaVe, aSSeaUed iQ                 
OabeOOiQg iQWeUYaOV Rf ¨W=24h, 32h, 48h, aQd 72h (FigXUe 3G-T), aQd ZeUe deQRWed aV Ue-diYiViRQV accRUdiQgO\.                
SXch dRXbOeWV aOORZV XV WR e[WUaSROaWe fURP Whe iQcRUSRUaWiRQ Rf S-ShaVe OabeOV WR acWXaO ceOO diYiViRQ                
eYeQWV.´ 

 

5. IQ Whe VecRQd SaUagUaSh Rf Whe diVcXVViRQ VecWiRQ, Whe aXWhRUV deVcUibe ZhaW Whe\ leaUQ ZiWh WheiU                 
PRdelliQg aSSURach. The\ VWaWe WhaW " [Ze] TXaQWiWaWiYel\ cRPSaUe WZR h\SRWheVeV: DR Ze Qeed              
cell-cell iQWeUacWiRQV RU Qiche effecWV WR geQeUaWe Whe RbVeUYed aggUegaWed VSaWiR-WePSRUal diYiViRQ            
SaWWeUQV, RU dR Ue-diYiViRQV Rf VWeP cellV VXffice? We fiQd WhaW Whe ViPSleVW PRdel, i.e. RQe ZiWh QR                  
feedback bXW acWiYe, Ue-diYidiQg NSCV iV able WR e[SlaiQ Whe ePeUgeQW SaWWeUQV RbVeUYed iQ Whe               
]ebUafiVh bUaiQV." I SaUWiall\ agUee ZiWh WhiV cRQclXViRQ. I agUee WhaW Whe\ VhRZed WhaW WheiU PRdel,                
Zhich dReV QRW accRXQW fRU feedback, RU aQ\ RWheU PechaQiVP fRU WhaW PaWWeU, iV VXfficieQW WR                
UeSURdXce WheiU UeVXlWV. BXW I fiQd WZR SURblePV ZiWh Whe UeVW Rf Whe aUgXPeQW.  

1) The\ did QRW TXaQWiWaWiYel\ cRPSaUe Whe SeUfRUPaQce Rf a PRdel ZiWh feedbackV, RU aQ\ RWheU                
PechaQiVP, ZiWh QeiWheU WheiU PRdel QRU ZiWh Whe e[SeUiPeQWal daWa; heQce, Whe VeQWeQce iV QRW               
accXUaWe.  

We agUee ZiWh Whe UeYieZeU¶V cRPPeQW aQd UeYiVed Whe VWaWePeQW accRUdiQgO\. We QRZ ZUiWe:  
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³We WhXV PRdeO TXieVceQW aQd S-ShaVe NSCV aV ageQWV iQ a cRQWiQXRXV VSace ZiWh VWRchaVWic ceOO c\cOe                 
kiQeWicV WR TXaQWiWaWiYeO\ cRPSaUe WZR h\SRWheVeV: AUe e[WUiQVic effecWV Oike ceOO-ceOO iQWeUacWiRQV RU VigQaOOiQg              
ZaYeV UeTXiUed WR geQeUaWe Whe RbVeUYed aggUegaWed VSaWiR-WePSRUaO diYiViRQ SaWWeUQV, RU dR Ue-diYiViRQV Rf              
NSCV VXffice? We fiQd WhaW ageQW-baVed ViPXOaWiRQV ZiWh Ue-diYidiQg NSCV VXffice WR e[SOaiQ Whe              
VSaWiR-WePSRUaO SaWWeUQV RbVeUYed iQ Whe ]ebUafiVh bUaiQ.´ 

 

2) TR WeUP WheiU PRdel Whe ViPSleVW RQe becaXVe iW lackV feedbackV, RU aQ\ RWheU PechaQiVP, iV aW                  
leaVW debaWable. I fiQd PaQ\ SRVVible defiQiWiRQV Rf 'ViPSliciW\' aQd QRW all Rf WheP cRiQcide ZiWh Whe                 
RQe VWaWed iQ Whe SaUagUaSh. Of cRXUVe I XQdeUVWaQd ZhaW Whe aXWhRUV iPSl\ bXW I cRQVideU WhaW Whe                  
cRQceSW Rf "ViPSliciW\" iQ WhiV cRQWe[W iV WR YagXe aQd VhRXld be aYRided. OYeUall, P\ cRQclXViRQ iV                 
WhaW WhaW WhiV SaUagUaSh VhRXld be UeZUiWWeQ. 

We agUee ZiWh Whe UeYieZeU WhaW RXU aUgXPeQWaWiRQ Oacked VWUiQgeQc\ aQd Qeeded UefRUPXOaWiRQ. We              
e[WeQded aQd UeYiVed Whe DiVcXVViRQ accRUdiQgO\, PRUe caUefXOO\ iQWURdXciQg diffeUeQW h\SRWheViV aQd            
e[SOiciWO\ diVcXVViQg Whe OiPiWaWiRQV Rf RXU aSSURach: 

³AccRUdiQg WR WhiV PRdeO, cRRUdiQaWiRQ Rf ceOO c\cOe eQWUieV iQ Whe SRSXOaWiRQ caQ be e[SOaiQed b\ Whe iQWeUQaO                  
V\QchURQi]aWiRQ dXe WR Whe ceOOV¶ hiVWRU\. SXch a PRdeO iV VXSSRUWed b\ iQWeUeVWiQg VWXdieV fROORZiQg ceOO                
faPiOieV iQ cXOWXUed ceOO OiQeV, deWecWiQg cRUUeOaWiRQV Rf ceOO c\cOe SaUaPeWeUV beWZeeQ VibOiQgV aQd cRXViQ               
ceOOV aV a UeVXOW Rf iQheUiWed facWRUV bXW iQdeSeQdeQW RQ WheiU ORcaWiRQ ​(MXUa eW aO., 2019; SaQdOeU eW aO., 2015)​.                    
ThiV ceOO-iQWUiQVic dUiYeQ behaYiRU iV iQ cRQWUaVW WR ceOOXOaU V\VWePV eQdRZed ZiWh a cOeaU eQYiURQPeQWaO               
UegXOaWiRQ, iQ SaUWicXOaU iQ VWeP ceOO cRPSaUWPeQWV cRQVWiWXWed b\ a diVWiQcWiYe 3D aUchiWecWXUe Oike iQ Whe bRQe                 
PaUURZ RU Whe haiU fROOicOe iQ Whe VkiQ. TheUe, Whe SUeciVe ORcaWiRQ Rf VWeP ceOOV iV aVVRciaWed ZiWh WheiU c\cOiQg                    
behaYiRU aQd faWe ​(RRPSROaV eW aO., 2013)​, iQdicaWiQg WhaW Whe SRViWiRQ ZiWhiQ aQ eQYiURQPeQW iPSacWV RQ Whe                 
VWeP ceOOV acWiYiW\. IQ Whe QeXURgeQic ]RQe VWXdied heUe, QR diVWiQcWiYe RUgaQi]aWiRQ Rf Whe WiVVXe ZRXOd VR faU                  
hiQW WRZaUdV PRUShRORgicaO feaWXUeV VSecificaOO\ aVVRciaWed ZiWh a NSC¶V acWiYiW\. OXU aQaO\ViV Rf ceOOXOaU              
YROXPeV iQ WhiV VWXd\ dReV QRW iQdicaWe WhaW a diVWiQcWiYe deQViW\ deSeQdeQW Qiche ZRXOd be iQ SOace. IQ WhiV                   
cRQWe[W, iW iV aOVR iQWeUeVWiQg WR QRWe WhaW WZR iQWeUPiQgOed W\SeV Rf SURgeQiWRUV ZiWh UadiaO PRUShRORg\ iQ Whe                  
kiOOifiVh WeOeQceShaORQ UeYeaO diVWiQcW SUROifeUaWiYe behaYiRUV ​(CRROeQ eW aO., 2020) eYeQ if VhaUiQg Whe VaPe               
eQYiURQPeQW, aUgXiQg fRU a VPaOO cRQWUibXWiRQ Rf eQYiURQPeQWaO effecWV RQ VWeP ceOO acWiYiWieV.  

NeYeUWheOeVV, Ze caQQRW UejecW Whe e[iVWeQce Rf ceOO e[WUiQVic PechaQiVPV WhaW PighW cRQWUibXWe WR Whe               
VSaWiR-WePSRUaO SaWWeUQV, VXch aV ORcaO diffXViYe VigQaOiQg acWiYiW\ iQ deOiPiWed gURXSV Rf ceOOV, a fXQcWiRQaO               
acWiYiW\ Rf e[WeQded ceOO-ceOO cRQWacWV (aV haV beeQ RbVeUYed iQ NSCV b\ ObeUPaQQ eW aO. ​(2019)​), RU Whe                  
acWiYiW\ Rf Whe NRWch VigQaOOiQg SaWhZa\ ​(ChaSRXWRQ eW aO., 2010)​. AV a UeVXOW Rf eiWheU PechaQiVPV, OeYeOV Rf                  
PROecXOaU heWeURgeQeiW\ haYe beeQ RbVeUYed: FRU iQVWaQce, YaUiabOe OeYeOV Rf Whe ZiQc fiQgeU SURWeiQ Fe]f2               
UegXOaWe NRWch acWiYiW\ OeYeOV aQd TXieVceQce Rf NSCV ​(BeUbeURgOX eW aO., 2014)​. LikeZiVe, Whe e[SUeVViRQ Rf                
PiR9 iQYROYed iQ keeSiQg TXieVceQce XSVWUeaP Rf NRWch VigQaOiQg iV fRXQd RQO\ iQ a VXbVeW Rf TXieVceQW ceOOV                  
(KaW] eW aO., 2016) VeYeUaO da\V afWeU a diYiViRQ. AQd iQ a UeceQW VWXd\, a VXbSRSXOaWiRQ Rf NSCV WhaW                   
e[SUeVVeV ORZ OeYeOV Rf EOaYO3 haV beeQ chaUacWeUi]ed aV PRVWO\ QRQ-diYidiQg ceOOV iQ WUaQViW WRZaUdV               
QeXURQaO diffeUeQWiaWiRQ (LaQge eW aO., 2020).´ 

 

MiQRU SRiQWV: 

1. IQ VecWiRQ "A SRViWiYe iQWeUacWiRQ PRdel fiWV Whe RbVeUYed VSaWiR-WePSRUal SaWWeUQV", Whe "SRViWiYe              
iQWeUacWiRQ" iV QRW SURSeUl\ defiQed iQ Whe PaiQ We[W. The PRdel chaUacWeUiVWicV aUe beWWeU deVcUibed iQ                
Whe MeWhRdV VecWiRQ, VXbVecWiRQ "MRdel baVed aQal\ViV", VXb-VXb VecWiRQ "IQflXeQce PRdel" aQd            
PRUe deWailV caQ be RbWaiQed iQ Whe SUeYiRXV SXblicaWiRQ Rf Whe aXWhRUV abRYe PeQWiRQed. BXW, Whe                
QaWXUe Rf Whe iQWeUacWiRQ aQd ZhaW "SRViWiYe" PeaQV VhRXld be SURSeUl\ deVcUibed iQ Whe PaiQ We[W. 

We agUee WhaW Whe WeUP ³SRViWiYe´ iV ZURQg heUe, ViQce aOVR Whe iQWeUacWiRQ VWUeQgWh iV SeU defiQiWiRQ > 0. We                    
WUied WR beWWeU deVcUibe RXU iQWeUacWiRQ PRdeO iQ Whe UeYiVed YeUViRQ Rf RXU PaQXVcUiSW ZheUe Ze QRZ ZUiWe: 
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³RiSOe\¶V K VWaWiVWicV iV OiPiWed: IW dReV QRW aOORZ iQWegUaWiQg diffeUeQW daWaVeWV, aQd iW caQQRW TXaQWiWaWiYeO\                
iQfeU Whe VWUeQgWh aQd UaQge Rf aQ RbVeUYed SaWWeUQ. TR UePed\ WheVe aVSecWV, Ze XVe Whe WePSRUaO                 
e[WeQViRQ Rf a VSaWiaO PRdeO ​(LXSSeUgeU eW aO., 2018) WhaW aOORZV iQfeUUiQg Whe PRVW OikeO\ SaUaPeWeUV fRU                 
iQWeUacWiRQ VWUeQgWh aQd iQWeUacWiRQ UadiXV fRU aQ aUbiWUaU\ QXPbeU Rf daWaVeWV. AggUegaWed SaWWeUQV ePeUge              
fRU aQ iQWeUacWiRQ VWUeQgWh > 1, UaQdRP SaWWeUQV fRU VWUeQgWh = 1, aQd diVSeUVed SaWWeUQV fRU VWUeQgWh < 1 (Vee                    
MeWhRdV).´ 

 

2. IQ FigXUe 4U, Whe aXWhRUV SeUfRUP a WZR-VaPSle KRlPRgRURY-SPiUQRY WeVW cRPSaUiQg Whe QeXUal              
VWeP cellV WhaW aUe iQ S-ShaVe aW a giYeQ WiPe SRiQW ZiWh WhRVe Ue-eQWeUiQg S-ShaVe. NeYeUWheleVV, a                 
ke\ aVVXPSWiRQ Rf Whe KS WeVW iV WhaW Whe WZR VaPSleV aUe PXWXall\ iQdeSeQdeQW. UQfRUWXQaWel\, Whe                
VeW Rf Whe VecRQd VaPSle iV iQclXded iQ Whe VeW Rf Whe fiUVW RQe. HeQce, XQleVV I PiVV VRPeWhiQg, Whe\                    
aUe QRW VWUicWl\ iQdeSeQdeQW. 

The UeYieZeU iV cRUUecW WhaW Whe WZR VeWV aUe QRW VWUicWO\ iQdeSeQdeQW aQd Ze aUe gUaWefXO fRU UaiViQg WhiV SRiQW.                    
We UeYiVed RXU aQaO\ViV aQd QRZ UaQdRPO\ VaPSOe diYiViRQV WZice RQ each hePiVSheUe WR cRXQW Whe aPRXQW                 
Rf aSSeaUiQg UediYiViRQV accRUdiQg WR WhiV QXOO PRdeO. The figXUe iV XSdaWed accRUdiQgO\ (Vee beORZ) aQd Ze                 
QRZ ZUiWe:  

³WhiOe 14 � 8% Rf NSCV iQ S-ShaVe Ue-eQWeU S-ShaVe, RQO\ 1.9 � 1.7% Rf UaQdRPO\ dUaZQ diYiViRQV (VaPe                   
aPRXQW aV RbVeUYed SeU hePiVSheUe) ZRXOd be UedUaZQ aW UaQdRP agaiQ (S=9.4Â10 ​-10 ​, WZR-VaPSOe             
KROPRgRURY-SPiUQRY WeVW, FigXUe 3U).´ 

 

 

3. The aXWhRUV feed Whe VSaWial PRdel ZiWh Whe SaUaPeWeU YalXeV RbWaiQed fURP Whe ViPSleU               
QRQ-VSaWial PRdel fiWWed WR Whe Ue-c\cliQg e[SeUiPeQWal daWa. TheVe SaUaPeWeUV aUe Whe PiQiPal cell              
c\cle leQgWh d_cc, Whe PiQiPal S-ShaVe leQgWh d_VS, WheiU YaUiabiliW\ beWa_cc aQd beWa_VS aQd Whe               
Ue-diYiViRQ SURbabiliW\ S_Ue-diY. Did Whe aXWhRUV YeUif\ WhaW Whe\ SURSeUl\ ZRUk RQ Whe VSaWial PRdel?               
IQ RWheU ZRUdV, did Whe\ YeUif\ WhaW PiQiPal cell c\cle leQgWh aQd Whe PiQiPal S-ShaVe iQ Whe VSaWial                  
PRdel aUe ZhaW Whe\ VhRXld be? If Whe\ iPSRVed a SURbabiliW\ Rf Ue-diYiViRQ Rf 0.38. Did Whe\                 
ePSiUicall\ YeUif\ WhaW Whe RbVeUYed fUeTXeQc\ Rf Ue-diYiViRQV iV abRXW 38 %? AQd VR RQ... If Whe                 
aXWhRUV did WheVe cRQWURlV, Whe\ VhRXld be iQ Whe VXSSlePeQWaU\ iQfRUPaWiRQ.  

ThaQkV fRU WhiV VXggeVWiRQ. The added VXb-figXUe (Vee beORZ) ZiOO aOORZ Whe UeadeU WR Vee WhaW Whe eVWiPaWed                  
SaUaPeWeUV aUe UeSURdXcibOe. We QRZ VhRZ iQ SXSSOePeQW FigXUe 4I-L WhaW Ze aUe abOe WR UeSURdXce Whe                 
eVWiPaWed RbVeUYed Ue-diYiViRQ aQd DLS fUacWiRQV aV ZeOO aV Whe ceOO c\cOe OeQgWh. AOVR Whe iQWeUQaO Ue-diYiViRQ                 
fUacWiRQ ZaV cRQfiUPed ZiWh 38+-0.5%. S-ShaVe OeQgWhV aUe b\ defaXOW cRUUecW aV Ze jXVW dUaZ WheP fURP Whe                  
UeVSecWiYe diVWUibXWiRQ fRU Whe SRVW-ViPXOaWiRQ aQaO\ViV. We QRZ ZUiWe iQ Whe ReVXOWV: 

³FiQaOO\, Ze aQaO\Ve ZheWheU Whe ageQW-baVed ViPXOaWiRQV aUe abOe WR UeSURdXce Whe iQSXW SaUaPeWeUV, i.e.               
RbVeUYed DLS aQd Ue-diYiViRQ fUacWiRQV, ceOO c\cOe OeQgWh aQd UediYiViRQ SURbabiOiW\. Re-diYiViRQ fUacWiRQV aQd              
DLS fUacWiRQV fURP ViPXOaWiRQV aUe ViPiOaU WR Whe RQeV RbVeUYed iQ e[SeUiPeQWaO daWa (SXSSOePeQWaU\ FigXUe               
4I,J) ,aQd ceOO c\cOe OeQgWhV RbVeUYed iQ Whe ViPXOaWiRQV fiW QiceO\ WR Whe SURbabiOiW\ deQViW\ fXQcWiRQ Rf Whe                  
Oag-e[SRQeQWiaO diVWUibXWiRQ (SXSSOePeQWaU\ FigXUe 4K). S-ShaVe OeQgWhV aUe cRUUecW b\ defaXOW aV Ze dUaZ              

LPpperger et al�  �  PLOS BiologT ½»½»  �  ReplT ¼¿ 

https://paperpile.com/c/piRCmt/rzyJ


 

WheP afWeU ViPXOaWiRQ fRU SRVW-ViPXOaWiRQ aQaO\ViV, fURP Whe UeVSecWiYe Oag-e[SRQeQWiaO diVWUibXWiRQ. The            
SURSRUWiRQ Rf Ue-diYidiQg ​ceOOV iQ Whe ViPXOaWiRQ iV cRQfiUPed ZiWh ​ 38 � 0.5 % (SXSSOePeQWaU\ FigXUe 4L).´ 

 

 

4. IQ Whe laVW SaUagUaSh Rf Whe ReVXlWV VecWiRQ Whe aXWhRUV deVcUibed cRQWURl ViPXlaWiRQV iQ Zhich all                 
Whe QeXUal VWeP cellV eQWeUed diYiViRQ ZiWh a SURbabiliW\ Rf 2 [10(-3) SeU hRXU. FiUVW, hRZ WhiV YalXe                  
ZaV RbWaiQed? SecRQd, a SURbabiliW\ b\ defiQiWiRQ iV XQiW-leVV, I gXeVV ZhaW Whe\ aUe UeSRUWiQg iV a                 
UaWe. The\ VhRXld e[SUeVV iW aV VXch. 

We WhaQk Whe UeYieZeU fRU SRiQWiQg WhiV RXW, chaQged ³SURbabiOiW\´ WR ³UaWe´ accRUdiQgO\, aQd QRZ UeSRUW Whe                 
eVWiPaWiRQ Rf Whe YaOXe iQ Whe MeWhRdV:  

³We aSSUR[iPaWe a baVe diYiViRQ UaWe ​S ​dLY ​fURP Whe aYeUage RbVeUYed S-ShaVe ceOO fUacWiRQ (1.9 � 0.7%, Q=36                  
hePiVSheUeV, PeaQ � VWd) aQd S-ShaVe OeQgWh eVWiPaWiRQ (a18h): ​S ​dLY = 0.019 /18h = 1�10 ​-3 diYiViRQV SeU                 
hRXU. ThiV baVe diYiViRQ UaWe VXfficeV fRU cRQWURO ViPXOaWiRQV bXW fRU ViPXOaWiRQV ZiWh Ue-diYiViRQV Ze               
decUeaVed ​S ​dLY VOighWO\. TR RbWaiQ a ViPiOaU aPRXQW Rf RbVeUYed diYiViRQV aV iQ Whe cRQWURO ViPXOaWiRQV Ze fi[ed                  
S ​dLY = 9�10 ​-4 ​diYiViRQV SeU hRXU WR accRXQW fRU Ue-diYiViRQV, Zhich diYide afWeU RQe ceOO c\cOe iQdeSeQdeQWO\ Rf                  
Whe baVe diYiViRQ UaWe ZiWh SURbabiOiW\ ​S ​Ue-dLY​ ​= 0.38 (iQfeUUed fURP Whe ceOO diYiViRQ PRdeO abRYe).´  

We aOVR UeaOi]ed WhaW WheUe ZaV a W\SR iQ RXU iQiWiaO PaQXVcUiSW (2�10 ​-3 ​ iQVWead Rf 1�10 ​-3 ​) aQd cRUUecWed WhaW. 
 

5. IQ Whe FigXUe 1 K, Whe diVcUeWe RiSle\'V cXUYe diVSla\ed cRUUeVSRQdV WR Whe RQl\ RQe hePiVSheUe                 
RbVeUYed iQ SaQel D aQd J, UighW? If VR, WhiV VhRXld be e[SliciWl\ VWaWed RQ Whe FigXUe legeQd. 

The UeYieZeU iV cRUUecW. IQ Whe caSWiRQ Ze QRZ ZUiWe:  

³DiVcUeWe RiSOe\�V K TXaQWificaWiRQ Rf Whe SaWWeUQ VhRZQ iQ (E) UeYeaOV WhaW NSCV iQ S-ShaVe (VROid OiQe) aUe                  
aggUegaWed, WhaW iV, cORVeU WR each RWheU WhaQ e[SecWed fURP UaQdRP (dRWWed OiQe ZiWh 90% cRQfideQce                
iQWeUYaO iQ gUe\) aQd diVSeUVed SaWWeUQV.´ 
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RHYLHZHU #4:¬
ThiV PaQXVcUiSW WackleV Whe iVVXe ZheWheU Whe cell c\cle iQ QeXUal VWeP cellV (NSC) iV cRQWURlled aW                 
Whe VXSeUcellXlaU leYel RU if WheVe cellV diYide iQ a VWRchaVWic cell iQWUiQVic PaQQeU. The\ XVe aV caVe                  
VWXd\ Whe NSC Rf Whe ]ebUafiVh WeleQceShalRQ. The\ chaUacWeUiVe Whe VSaWiR-WePSRUal SaWWeUQV Rf             
QXcleRVide aQalRgXe PXlWi- labelliQg iQ a laUge QXPbeU Rf cellV aQd WiVVXeV (80000 cellV iQ 36 bUaiQV).                 
The\ fiUVW UeYeal, XViQg ViPSle VWaWiVWicV, aQ QRQ-XQifRUP aggUegaWiRQ SaWWeUQ Rf Whe labelled cellV.              
The\ WheQ gR RQ WR PRdel Whe VSaWial SaWWeUQV iQ WZR VWeSV. The\ fiUVW eVWiPaWe Whe cell c\cle aQd                   
S-ShaVe leQgWh diVWUibXWiRQ SaUaPeWeUV, aVVXPiQg WhaW bRWh fRllRZ dela\-e[SRQeQWial deQViW\          
fXQcWiRQV, QeglecWiQg Whe VSaWial iQfRUPaWiRQ iQ Whe daWa VeW. The\ UeYeal WhaW abRXW 15% Rf Whe                
daXghWeU cellV Ue-eQWeU cell c\cle cRUUeVSRQdiQg WR aQ iQWUiQVic SURbabiliW\ SeU cell Rf 0.38. TakiQg Whe                
SaUaPeWeUV Rf Whe diVWUibXWiRQV fURP WhiV fiUVW VWeS, aV cell iQWUiQVic SaUaPeWeUV, Whe\ iPSlePeQW a               
VSaWial ViPXlaWiRQ WhaW caQ UeSURdXce VRPe Rf Whe VWaWiVWical feaWXUeV Rf Whe VSaWial-WePSRUal SaWWeUQV.              
The\ cRQclXde WhaW Whe cRQcRUdaQce Rf Whe ViPXlaWiRQV aQd Whe RbVeUYed SaWWeUQV iQdicaWeV WhaW cell               
iQWUiQVic cRQWURl Rf Whe cell c\cle aQd cell c\cle UeeQWU\ Pa\be VXfficieQW WR e[SlaiQ Whe RbVeUYed                
VSaWiR-WePSRUal SaWWeUQV Rf cell diYiViRQ. The\ diVfaYRXU Whe alWeUQaWiYe h\SRWheViV Rf aQ aggUegaWiQg             
PechaQiVPV caXVed b\ SRSXlaWiRQal iQWeUacWiRQV aQd QicheV.  

The TXeVWiRQ Rf Whe cell iQWUiQVic YeUVXV e[WUiQVic cRQWURl Rf VWeP cell d\QaPicV aQd VSaWiR-WePSRUal               
WiVVXe SaWWeUQiQg iV iPSRUWaQW aQd WiPeleVV. The aXWhRUV aSSURach leYeUagiQg e[SeUiPeQWal daWa,            
VWaWiVWicV aQd cRPSXWaWiRQal PRdelliQg iV cleYeU aQd iQVighWfXl. The aUWicle caQ be iPSURYed fURP iWV               
SUeVeQW fRUP WakiQg iQWR accRXQW VeYeUal SRiQWV. 

 

M\ PajRU iVVXeV ZiWh Whe PaQXVcUiSW aUe Whe fRllRZiQg: 

1. The eVWiPaWeV Rf Whe cell c\cle aQd S-ShaVe leQgWhV VeeP WR be aZfXll\ lRQg. The S-ShaVe leQgWh                  
ZiWh PiQiPal WiPe dVS=16h aQd PeaQ dVS+beWaVS=18.2h VeePV eVSeciall\ lRQg. The cRefficieQW Rf             
YaUiaWiRQ Rf beWaVS/(dVS+beWaVS)§10% alVR iQdicaWeV WhaW Whe cellV ZeUe e[WUePel\ SUeciVe iQ            
cRQWURlliQg WhiV WiPe. IQ SUacWice WhiV PeaQV WhaW NSCV ZRXld VSeQd aW leaVW 16h UeSlicaWiQg DNA aQd                 
ZRXld WheQ cRPSleWe Whe SURceVV ZiWhiQ feZ hRXUV. ThiV iV aW RddV ZiWh 8-9h leQgWh aQd cRefficieQW Rf                  
YaUiaWiRQ 20-40% UeSRUWed b\ WebeU eW al. (2014) iQ cell liQeV Rf l\PShRc\We liQeage, RU Whe 6h                 
PiQiPXP aQd aYeUage Rf 10-12h iQ cell liQeV XViQg FUCCI aV UeSRUWed b\ GUaQW eW al. (2018;                 
dRi:10.1080/15384101.2018.1547001). ThiV Pa\ UeflecW a cell W\Se RU WiVVXe. Ale[iadeV & CeSkR (1996)             
UeSRUWed a laUge SURgUeVViYe deceleUaWiRQ Rf cell c\cle ZiWh PeaQ S- ShaVe leQgWh Rf 5h aW E14 aQd XS                   
WR 18h aW PO dXUiQg deYelRSPeQW Rf UaW UeWiQa, ZiWh S-ShaVe UePaiQiQg abRXW 40% Rf WRWal cell c\cle.                  
HRZeYeU, PRUe UeceQW VWXdieV VeeP WR iQdicaWe VhRUWeU S-ShaVeV. PRiQW eW al. (2013;             
dRi:10.1073/SQaV.1219563110) UeSRUWed eVWiPaWeV fRU PeaQ S-ShaVe leQgWh iQ VWeP cellV (4h),           
QeXURblaVWV (9h) aQd iQWeUPediaWe SURgeQiWRUV (14-17h) Rf PaPPaliaQ bUaiQ WhaW ZeUe PXch lRZeU             
WhaQ Whe eVWiPaWeV heUe. AlVR, AUai eW al. (2011; dRi:10.1038/QcRPPV1155) UeSRUW YalXeV fRU S-ShaVe              
leQgWh Rf 3-5 h. TheVe YalXeV aUe YeU\ difficXlW WR UecRQcile ZiWh Whe PiQiPal abVRlXWe YalXe Rf Whe                  
S-ShaVe Rf 16h. TheVe Pa\ UeflecW biaVeV iQ Whe eVWiPaWeV RU biRlRgicall\ UeleYaQW diffeUeQceV              
beWZeeQ cell liQeageV RU aQiPalV WhaW PXVW be addUeVVed.  

We WhaQk Whe UeYieZeU fRU WhiV cROOecWiRQ Rf UeOeYaQW OiWeUaWXUe RQ S-ShaVe PeaVXUePeQWV. We added a                
cRUUeVSRQdiQg SaUagUaSh WR Whe DiVcXVViRQ Rf RXU UeYiVed PaQXVcUiSW,  ZheUe Ze QRZ ZUiWe: 

³A ceOO diYiViRQ PRdeO aOORZed XV WR eVWiPaWe ceOO c\cOe aQd S-ShaVe OeQgWh diVWUibXWiRQV fURP dRXbOe OabeOOiQg                 
daWa. IW iV iQWeUeVWiQg WR cRQVideU WhaW, ViPiOaUO\ WR YaUiaWiRQV iQ Whe G1 aQd G2 ShaVeV ​(CaOegaUi eW aO. 2005;                    
TakahaVhi eW aO. 1995)​, S-ShaVe OeQgWh caQ be YaUiabOe WRR. LeQgWheQiQg Rf S-ShaVe RccXUV dXUiQg e.g.                
deYeORSPeQW (DXURQiR, GeQeV aQd DeYeORSPeQW, 2012, NRUdPaQ aQd OUU-WeaYeU, DeYeORSPeQW, 2012). The            
ZRUk b\ AUai eW aO. ​(2011) aQd TXUUeUR GaUcta eW aO. ​(2016) UeSRUW diVWiQcW OeQgWhV Rf S-ShaVeV accRUdiQg WR                   
diVWiQcW W\SeV Rf QeXUaO SURgeQiWRUV iQ Whe deYeORSiQg QeRcRUWe[ iQ PRXVe aQd feUUeW, UeVSecWiYeO\. IQ Whe adXOW                 
PRXVe VXbeSeQd\PaO ]RQe ​(PRQWi eW aO., 2013)​, Whe ​gfaS ​+ B-W\Se ceOOV diVSOa\ed YeU\ UaSid S-ShaVeV Rf                
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abRXW 4-5 hRXUV, Zhich iV beORZ Whe YaOXeV Ze PeaVXUed heUe Rf abRXW 18h b\ ideQWif\iQg dRXbOe-OabeOOed                 
QXcOei (Vee FigXUe 3F). SiQce Ze VWiOO deWecWed RccaViRQaO dRXbOe OabeOOed QXcOei ZiWh 24h iQWeUYaOV, bXW QRW                 
OaWeU, Ze caQ VWaWe ZiWh cRQfideQce WhaW WheVe QXcOei ZeUe aOUead\ iQ S-ShaVe aV Whe fiUVW OabeO ZaV SUeVeQW                   
(XQWiO XS WR 4h afWeU Whe iQjecWiRQ) aQd fiQiVhed WheiU S-ShaVe aV Whe VecRQd OabeOOed ZaV adPiQiVWeUed. HeQce,                  
Whe gURXS Rf NSCV defiQed b\ ​gfaS ​:GFP+ iQ Whe ]ebUafiVh WeOeQceShaORQ XQdeUgReV cROOecWiYeO\ aQd              
cRPSaUaWiYeO\ ORQg S-ShaVeV.´ 

 

2. OQ Sage 11 Whe fRUPXla fRU f([;beWa,d) iV iQcRUUecW. The fXQcWiRQ f iV VhRXld be a SURbabiliW\ deQViW\                   
fXQcWiRQ Rf Whe cell c\cle RU S-ShaVe leQgWh [. YeW, Whe fRUPXla SUeVeQWed iV cleaUl\ QRW a SURbabiliW\                  
deQViW\ fXQcWiRQ. FiUVW, iWV iQWegUaWiRQ iQ Whe UaQge [ iQ [0,+IQfiQiW\] dReV QRW \ield 1. SecRQd, iW iV                  
iQcRQViVWeQW aV iW VXPV d, ZiWh diPeQViRQV WiPe (e.g. hRXU), ZiWh a QRUPaliVed e[SRQeQWial              
diVWUibXWiRQ WhaW haV QR diPeQViRQV. I WhiQk Whe aXWhRUV PeaQW WR ZUiWe VRPeWhiQg like:  

 

AlWeUQaWiYel\, Whe\ Pa\ XVe a ViQgle eTXaWiRQ ZiWh Whe HeaYiVide fXQcWiRQ aV iQ Whe eTXaWiRQ 1 Rf                 
WebeU eW al (2014). WheWheU WhiV ZaV a ViPSle W\SR RU UeflecWV Whe Za\ Whe ViPXlaWiRQV ZeUe                 
SaUaPeWeUiVed aQd SeUfRUPed iQ fUaPeZRUk MRUSheXV PXVW be Ue-e[aPiQed b\ Whe aXWhRUV. 

We aUe gUaWefXO WR Whe UeYieZeU fRU SRiQWiQg WhiV RXW. We cRUUecWed Whe fRUPXOa aQd fi[ed a W\SR ([<d iQVWead                    
Rf [<0): 

 

3. The aXWhRUV XVe a cleYeU VWUaWeg\ WR eVWiPaWe Whe SaUaPeWeUV Rf Whe WheiU PRdel Rf VWRchaVWic cell                  
c\cle eQWU\ aQd UeeQWU\ baVed RQ iQWUiQVic dela\ed-e[SRQeQWial diVWUibXWed WRWal cell c\cle aQd             
S-ShaVe leQgWhV. The\ fiUVW eVWiPaWe Whe fRXU SaUaPeWeUV Rf Whe WZR diVWUibXWiRQV igQRUiQg all VSaWial               
cRQVWUaiQWV aQd WheQ SeUfRUP a VSaWial ViPXlaWiRQ XViQg Whe fUaPeZRUk MRUSheXV. ThiV ViPXlaWiRQ             
haV VRPe addiWiRQal iQgUedieQWV, iQclXdiQg Whe fi[ed diYiViRQ UaWe SdiY, Whe UePRYal Rf ³diffeUeQWiaWed´              
cellV afWeU RQe diYiViRQ, Whe PiQiPXP aQd Pa[iPal cell Vi]e, aQd all Whe iQheUeQW SaUaPeWeUV Rf Whe                 
ViPXlaWiRQ. IW ZaV XQcleaU hRZ WheVe addiWiRQal iQgUedieQWV affecW fiQal VWaWiVWicV Rf Whe cell c\cle               
diYiViRQ iQ Whe ViPXlaWiRQV. WhaW I PeaQ iV: did Whe aXWhRUV UeaQal\Ve Whe UeVXlWV Rf Whe VSaWial                 
ViPXlaWiRQV iQ Whe VaPe Za\ WhaW Whe\ aQal\Ved Whe labelliQg daWa WR Pake VXUe WhaW effecWiYe cell                 
c\cle WiPeV aUe Whe VaPe? 

We WhaQk Whe UeYieZeU fRU WhiV VXggeVWiRQ. We QRZ VhRZ iQ SXSSOePeQW FigXUe 4I-L (Vee aOVR beORZ) WhaW Ze                   
aUe abOe WR UeSURdXce Whe eVWiPaWed RbVeUYed Ue-diYiViRQ aQd DLS fUacWiRQV aV ZeOO aV Whe ceOO c\cOe OeQgWh.                  
AOVR Whe iQWeUQaO Ue-diYiViRQ fUacWiRQ ZaV cRQfiUPed ZiWh 38+-0.5%. S-ShaVe OeQgWhV aUe b\ defaXOW cRUUecW aV                
Ze jXVW dUaZ WheP fURP Whe UeVSecWiYe diVWUibXWiRQ fRU Whe SRVW-ViPXOaWiRQ aQaO\ViV. We deVcUibe WhiV aVSecW iQ                 
Whe UeYiVed YeUViRQ Rf RXU ReVXOWV ZheUe Ze QRZ ZUiWe: 

³FiQaOO\, Ze aQaO\Ve ZheWheU Whe ageQW-baVed ViPXOaWiRQV aUe abOe WR UeSURdXce Whe iQSXW SaUaPeWeUV, i.e.               
RbVeUYed DLS aQd Ue-diYiViRQ fUacWiRQV, ceOO c\cOe OeQgWh aQd UediYiViRQ SURbabiOiW\. Re-diYiViRQ fUacWiRQV aQd              
DLS fUacWiRQV fURP ViPXOaWiRQV aUe ViPiOaU WR Whe RQeV RbVeUYed iQ e[SeUiPeQWaO daWa (SXSSOePeQWaU\ FigXUe               
4I,J) ,aQd ceOO c\cOe OeQgWhV RbVeUYed iQ Whe ViPXOaWiRQV fiW QiceO\ WR Whe SURbabiOiW\ deQViW\ fXQcWiRQ Rf Whe                  
Oag-e[SRQeQWiaO diVWUibXWiRQ (SXSSOePeQWaU\ FigXUe 4K). S-ShaVe OeQgWhV aUe cRUUecW b\ defaXOW aV Ze dUaZ              
WheP afWeU ViPXOaWiRQ fRU SRVW-ViPXOaWiRQ aQaO\ViV, fURP Whe UeVSecWiYe Oag-e[SRQeQWiaO diVWUibXWiRQ. The            
SURSRUWiRQ Rf Ue-diYidiQg ​ceOOV iQ Whe ViPXOaWiRQ iV cRQfiUPed ZiWh ​ 38 � 0.5 % (SXSSOePeQWaU\ FigXUe 4L).´ 
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The addiWiRQal iQgUedieQWV QaPel\ Whe SdiY cRXld iQ SUiQciSle RffVeW Whe effecWiYe cell c\cle WiPeV iQ                
Whe ViPXlaWiRQV. TheUe iV QRWhiQg iQ Whe deVcUiSWiRQ Rf Whe ViPXlaWiRQV WhaW eQVXUeV WhaW WhiV ZaV QRW                 
Whe caVe. SXch biaVeV cRXld e[SlaiQ Whe diffeUeQce iQ Whe iQWeUacWiRQ VWUeQgWh aQd UadiXV. 

We WhaQk Whe UeYieZeU fRU WhiV UePaUk. IW iV WUXe WhaW RQe ceOO haV WR ZaiW aW OeaVW RQe ceOO c\cOe dXUaWiRQ XQWiO iW                        
iV aYaiOabOe fRU a VSRQWaQeRXV diYiViRQ Yia S ​diY bXW afWeU ceOOV aUe ROdeU WhaQ WheiU ceOO c\cOe WiPe WheUe VhRXOd                    
be QR iPSacW aQ\PRUe. We accRUdiQgO\ added a VhRUW SaUagUaSh iQ Whe PeWhRd VecWiRQ ZheUe Ze QRZ ZUiWe:  

³AW Whe begiQQiQg Rf Whe ViPXOaWiRQ eYeU\ ceOO haV WR ZaiW aW OeaVW RQe ceOO c\cOe dXUaWiRQ XQWiO iW iV aYaiOabOe fRU                      
a VSRQWaQeRXV diYiViRQ Yia S ​diY​. ThiV OeadV WR a VPaOO biaV iQ Whe begiQQiQg (URXghO\ 1/30Wh Rf Whe ZhROe                   
ViPXOaWiRQ WiPe) bXW afWeU aOO ceOOV aUe ROdeU WhaQ WheiU ceOO c\cOe WiPe WheUe VhRXOd be QR iPSacW aQ\PRUe.´ 

AddiWiRQaOO\ Whe eVWiPaWed ceOO c\cOe OeQgWh iV baVed RQ WiPeV beWZeeQ diYiViRQ aQd Whe UeVSecWiYe UediYiViRQ                
aV WhiV iV iQfeUabOe fURP Whe RbVeUYed daWa. AV PeQWiRQed abRYe, Ze VhRZ iQ Whe QeZO\ added                 
SXSSOePeQWaU\ FigXUe 4K WhaW effecWiYe ceOO c\cOe WiPeV iQ Whe ageQW-baVed ViPXOaWiRQ fiW QiceO\ WR Whe                
SURbabiOiW\ deQViW\ fXQcWiRQ Rf Whe Oag-e[SRQeQWiaO diVWUibXWiRQ. 

 

 

OWheU leVVeU iVVXeV: 

4. The aXWhRUV Va\ WhaW Whe\ deWecW ³a QRQ-UaQdRP, aggUegaWed SaWWeUQV Rf diYidiQg NSCV iQ Whe                
]ebUafiVh bUaiQ.´ The VWaWePeQW ³QRQ-UaQdRP³ iV iQadeTXaWe aQd SeUSeWXaWeV Whe ³cRPPRQ VeQVe´            
QRWiRQ WhaW UaQdRP eTXaWeV WR XQifRUP SURbabiliW\ (iQ WhiV caVe XQifRUP iQ VSace). The aXWhRUV PeaQ                
QRQ-XQifRUP RU QRQ-iVRWURSic RU .... The WUXWh iV Whe\ WhePVelYeV laWeU chaUacWeUiVe Whe cell c\cle aQd                
S-ShaVe leQgWhV, Whe cell-c\cle UeeQWU\, Whe diffeUeQWiaWiRQ aV UaQdRP SURceVVeV. 

TR PRWiYaWe Whe XVed WeUPiQRORg\, Zhich Ze bRUURZ fURP Whe bRRk ³SSaWiaO PRiQW PaWWeUQV: MeWhRdRORg\ aQd                
ASSOicaWiRQV ZiWh R´ fURP BaddeOe\ eW aO., Ze iQVeUWed a BR[ RQ ³SWaWiVWicaO aQaO\ViV Rf VSaWiR-WePSRUaO SRiQW                 
SaWWeUQV´ iQ Whe PaiQ We[W:  
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BR[: SWaWiVWical aQal\ViV Rf VSaWiR-WePSRUal SRiQW SaWWeUQV 
WheQ eYeQWV caQ haSSeQ aW aQ\ SRiQW iQ a 2D EXcOideaQ VSace, a ​VSaWial PRiVVRQ SURceVV OeadV WR a SRiQW                    
SaWWeUQ WhaW iV cRPSOeWeO\ defiQed b\ RQe SaUaPeWeU, Whe deQViW\ Rf SRiQWV. ThiV ​QXll PRdel Rf cRPSleWe                 
VSaWial UaQdRPQeVV ​haV beeQ XVed fRU diYeUVe aQaO\VeV, fURP fRUeVW VWUXcWXUeV ​(CRUUaO-RiYaV eW aO., 2010)               
RYeU acceVVibiOiW\ Rf SediaWUic caUe ​(TaQiPXUa aQd ShiPa, 2011) WR URad accideQW SUeYeQWiRQ ​(NichROVRQ,              
1998)​. IQ RXU caVe, Whe VSace aQaO\]ed iV QRW EXcOideaQ, bXW ​diVcUeWe ​, ViQce S-ShaVe NSCV (Whe ³eYeQWV´)                 
RQO\ aSSeaU ZheUe NSC aUe aOUead\ SUeVeQW iQ Whe ]ebUafiVh hePiVSheUe. The cRUUeVSRQdiQg QXOO PRdeO iV                
WhXV QRW a VSaWiaO PRiVVRQ SURceVV, bXW Whe diVWUibXWiRQ Rf UaQdRPO\ VaPSOed NSCV. 
AccRUdiQgO\, Ze caOO aQ S-ShaVe NSC SaWWeUQ ​UaQdRP if Whe diVWaQceV beWZeeQ Whe eYeQWV aUe QRW                
VigQificaQWO\ diffeUeQW fURP UaQdRPO\ VaPSOed S-ShaVe NSCV. We eYaOXaWe WhiV ZiWh aQ adaSWed YeUViRQ Rf a                
VSaWiaO VWaWiVWicV PeaVXUe caOOed ​RiSle\¶V K ​(RiSOe\, 1976)​. ​NRQ-UaQdRP SaWWeUQV caQ be cOaVVified iQWR WZR               
W\SeV: WheQ eYeQWV aUe cORVeU WR each RWheU WhaQ e[SecWed fURP Whe UaQdRP QXOO PRdeO, Ze caOO Whe SaWWeUQ                   
aggUegaWed​. If eYeQWV aUe fXUWheU aSaUW fURP each RWheU, Ze caOO Whe SaWWeUQ ​diVSeUVed​. A ViPXOaWed UaQdRP                 
diYiViRQ SaWWeUQ iV diVSOa\ed iQ SXSSOePeQWaU\ FigXUe 1B, a ViPXOaWed diVSeUVed diYiViRQ SaWWeUQ RQ Whe VaPe                
hePiVSheUe iV VhRZQ iQ SXSSOePeQWaU\ FigXUe 1D. The cRUUeVSRQdiQg RbVeUYed aggUegaWed diYiViRQ SaWWeUQ             
(ZiWh Whe VaPe QXPbeU Rf eYeQWV) iV VhRZQ iQ FigXUe 1E. We fROORZ iQ RXU QRWaWiRQ aQd QRPeQcOaWXUe Whe                   
bRRk fURP BaddeOe\ eW aO. ​(2015)​, Zhich SURYideV aQ RYeUYieZ aQd e[aPSOeV Rf diYeUVe VSaWiaO VWaWiVWicV                
PeWhRdV. 

 

5. Page 4. ³cellV iQ S-ShaVe VWUaddliQg Whe DelWaW aQd iQcRUSRUaWiQg bRWh labelV´. DReV WhiV PeaQ WhaW                 
Whe cellV VSeQW PRUe WhaQ DelWaW iQ S-ShaVe UeSlicaWiQg WheiU DNA? HRZ caQ Whe aXWhRUV diVWiQgXiVh if                 
Whe cellV ZheUe all Whe WiPe iQ S-ShaVe RU ZeUe XQdeUgRiQg RQe S-ShaVe dXUiQg Whe fiUVW labelliQg aQd                  
S-ShaVe fURP a VXbVeTXeQW URXQd Rf diYiViRQ dXUiQg VecRQd labelliQg? 

We WhaQk Whe UeYieZeU fRU WhiV UePaUk aQd QRZ beWWeU e[SOaiQ Whe diffeUeQce beWZeeQ DLS ceOOV, Zhich                 
iQcRUSRUaWeV bRWh PaUkeUV ZiWhiQ RQe ceOO c\cOe aQd Ue-diYidiQg ceOOV, Zhich fRUP a dRXbOeW (WZR VPaOO ceOOV                 
beiQg cORVe WRgeWheU): 

³ShRUW OabeOOiQg iQWeUYaOV XS WR ¨W=24h UeYeaOed ceOOV iQ S-ShaVe iQcRUSRUaWiQg bRWh OabeOV (FigXUe 3A-F),               
heQce deQRWed aV dRXbOe OabeOOed S-ShaVeV (DLS). RePaUkabO\, Ze aOVR QRWiced ceOOV ZiWh bRWh S-ShaVe               
PaUkeUV WhaW, XQOike DLS, ZeUe aUUaQged aV dRXbOeWV, i.e. WZR daXghWeU ceOOV cORVe WR each RWheU. TheVe ceOOV                  
aSSaUeQWO\ eQWeUed a VecRQd S-ShaVe, aSSeaUed iQ OabeOOiQg iQWeUYaOV Rf ¨W=24h, 32h, 48h, aQd 72h (FigXUe                
3G-T), aQd ZeUe deQRWed aV Ue-diYiViRQV accRUdiQgO\.´  

 

6. The aXWhRUV¶ aUgXPeQW iV RQe Rf SaUViPRQ\. The\ aUgXe WhaW WheUe iV QR Qeed WR eYRke QicheV aQd                   
VXSeUcellXlaU iQWeUacWiRQV WR e[SlaiQ Whe aggUegaWiRQ SaWWeUQV becaXVe cell iQWUiQVic UaWeV Rf cell c\cle              
eQWU\ aQd Ue-eQWU\ (Ue-diYiViRQ) ZRXld be VXfficieQW WR e[SlaiQ Whe SaWWeUQV. YeW, WhiV SaUViPRQ\ iV               
PRUe a PRdelliQg RQe WhaQ a biRlRgical RQe. WhaW aUe Whe PRlecXlaU PechaQiVPV XQdeUSiQQiQg Whe               
UaWe Rf cell c\cle Ue-eQWU\ RU Ue-diYiViRQ? The aXWhRUV Pake a faiU diVcXVViRQ RQ Whe TXeVWiRQ Rf ³hRZ                  
WheVe UecXUUeQW diYiViRQV Rf adXlW VWeP cellV cRPe abRXW´. HRZeYeU, Whe\ Pa\ ZiVh WR ackQRZledge               
WhaW iW Pa\ be eTXall\ SlaXVible PechaQiVWicall\ WR e[SlaiQ Whe lRcal UeeQWU\ iQ c\cle aV a                
cRQVeTXeQce Rf UaQdRP fRci Rf SURdXcWiRQ Rf cell c\cle SURgUeVViRQ VigQalV (aV PeQWiRQed iQ SRiQW 7                
belRZ). 

FROORZiQg Whe UePaUk Rf ReYieZeU 4, Zhich iV ViPiOaU WR a cRPPeQW fURP ReYieZeU 2, Ze e[WeQded Whe                  
accRUdiQg SaUagUaSh RQ ceOO iQWUiQVic aQd ceOO e[WUiQVic PechaQiVPV iQ Whe DiVcXVViRQ: 

³AccRUdiQg WR WhiV PRdeO, cRRUdiQaWiRQ Rf ceOO c\cOe eQWUieV iQ Whe SRSXOaWiRQ caQ be e[SOaiQed b\ Whe iQWeUQaO                  
V\QchURQi]aWiRQ dXe WR Whe ceOOV¶ hiVWRU\. SXch a PRdeO iV VXSSRUWed b\ iQWeUeVWiQg VWXdieV fROORZiQg ceOO                
faPiOieV iQ cXOWXUed ceOO OiQeV, deWecWiQg cRUUeOaWiRQV Rf ceOO c\cOe SaUaPeWeUV beWZeeQ VibOiQgV aQd cRXViQ               
ceOOV aV a UeVXOW Rf iQheUiWed facWRUV bXW iQdeSeQdeQW RQ WheiU ORcaWiRQ ​(MXUa eW aO., 2019; SaQdOeU eW aO., 2015)​.                    
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ThiV ceOO-iQWUiQVic dUiYeQ behaYiRU iV iQ cRQWUaVW WR ceOOXOaU V\VWePV eQdRZed ZiWh a cOeaU eQYiURQPeQWaO               
UegXOaWiRQ, iQ SaUWicXOaU iQ VWeP ceOO cRPSaUWPeQWV cRQVWiWXWed b\ a diVWiQcWiYe 3D aUchiWecWXUe Oike iQ Whe bRQe                 
PaUURZ RU Whe haiU fROOicOe iQ Whe VkiQ. TheUe, Whe SUeciVe ORcaWiRQ Rf VWeP ceOOV iV aVVRciaWed ZiWh WheiU c\cOiQg                    
behaYiRU aQd faWe ​(RRPSROaV eW aO., 2013)​, iQdicaWiQg WhaW Whe SRViWiRQ ZiWhiQ aQ eQYiURQPeQW iPSacWV RQ Whe                 
VWeP ceOOV acWiYiW\. IQ Whe QeXURgeQic ]RQe VWXdied heUe, QR diVWiQcWiYe RUgaQi]aWiRQ Rf Whe WiVVXe ZRXOd VR faU                  
hiQW WRZaUdV PRUShRORgicaO feaWXUeV VSecificaOO\ aVVRciaWed ZiWh a NSC¶V acWiYiW\. OXU aQaO\ViV Rf ceOOXOaU              
YROXPeV iQ WhiV VWXd\ dReV QRW iQdicaWe WhaW a diVWiQcWiYe deQViW\ deSeQdeQW Qiche ZRXOd be iQ SOace. IQ WhiV                   
cRQWe[W, iW iV aOVR iQWeUeVWiQg WR QRWe WhaW WZR iQWeUPiQgOed W\SeV Rf SURgeQiWRUV ZiWh UadiaO PRUShRORg\ iQ Whe                  
kiOOifiVh WeOeQceShaORQ UeYeaO diVWiQcW SUROifeUaWiYe behaYiRUV ​(CRROeQ eW aO., 2020) eYeQ if VhaUiQg Whe VaPe               
eQYiURQPeQW, aUgXiQg fRU a VPaOO cRQWUibXWiRQ Rf eQYiURQPeQWaO effecWV RQ VWeP ceOO acWiYiWieV.  

NeYeUWheOeVV, Ze caQQRW UejecW Whe e[iVWeQce Rf ceOO e[WUiQVic PechaQiVPV WhaW PighW cRQWUibXWe WR Whe               
VSaWiR-WePSRUaO SaWWeUQV, VXch aV ORcaO diffXViYe VigQaOiQg acWiYiW\ iQ deOiPiWed gURXSV Rf ceOOV, a fXQcWiRQaO               
acWiYiW\ Rf e[WeQded ceOO-ceOO cRQWacWV (aV haV beeQ RbVeUYed iQ NSCV b\ ObeUPaQQ eW aO. ​(2019)​), RU Whe                  
acWiYiW\ Rf Whe NRWch VigQaOOiQg SaWhZa\ ​(ChaSRXWRQ eW aO., 2010)​. AV a UeVXOW Rf eiWheU PechaQiVPV, OeYeOV Rf                  
PROecXOaU heWeURgeQeiW\ haYe beeQ RbVeUYed: FRU iQVWaQce, YaUiabOe OeYeOV Rf Whe ZiQc fiQgeU SURWeiQ Fe]f2               
UegXOaWe NRWch acWiYiW\ OeYeOV aQd TXieVceQce Rf NSCV ​(BeUbeURgOX eW aO., 2014)​. LikeZiVe, Whe e[SUeVViRQ Rf                
PiR9 iQYROYed iQ keeSiQg TXieVceQce XSVWUeaP Rf NRWch VigQaOiQg iV fRXQd RQO\ iQ a VXbVeW Rf TXieVceQW ceOOV                  
(KaW] eW aO., 2016) VeYeUaO da\V afWeU a diYiViRQ. AQd iQ a UeceQW VWXd\, a VXbSRSXOaWiRQ Rf NSCV WhaW                   
e[SUeVVeV ORZ OeYeOV Rf EOaYO3 haV beeQ chaUacWeUi]ed aV PRVWO\ QRQ-diYidiQg ceOOV iQ WUaQViW WRZaUdV               
QeXURQaO diffeUeQWiaWiRQ (LaQge eW aO., 2020).´ 

We aOVR aWWePSWed WR addUeVV Whe SRVVibOe e[iVWeQce Rf QicheV aURXQd NSCV iQ diYiViRQ, ZheUe NSCV ZRXOd                 
diVSOa\ a diVWiQcW Vi]e. We did QRW PeaVXUe aQ\ diffeUeQceV iQ Whe ceOO YROXPeV. ThiV UeVXOW ZaV added iQ RXU                    
SXSSOePeQWaU\ FigXUe 3L-Q.  

 

7. The PRdelliQg UeVXlW WhaW RPiWWiQg iQWUiQVic cell-c\cle Ue-eQWU\ leadV WR UaQdRP XQifRUP VSaWial              
SaWWeUQV iV QRW geQeUal. IW iV VSecific WR Whe ViPXlaWiRQV SeUfRUPed aQd baVed RQ Whe cRQVWaQW UaWe                 
WhaW Whe cellV diYide. OQce Whe cellV aUe Slaced accRUdiQg WR a XQifRUP diVWUibXWiRQ iQ VSace Whe                 
cRQVWaQW UaWe UeVXlWV iQ a ³UaQdRP´ VSaWial SaWWeUQV. The lack Rf iQWUiQVic Ue-diYiViRQ Pa\ QRW be                
iQcRPSaWible ZiWh VSaWiR-WePSRUal aggUegaWiRQ SaWWeUQ. MRVW likel\ if WheUe ZRXld be WUaQVieQW fRci Rf              
SURdXcWiRQ Rf a gURZWh facWRU QeceVVaU\ fRU RYeUcRPiQg G1 aUUeVW (fRU e[aPSle) RQe ZRXld Vee               
³UaQdRP´ cell diYiViRQ iQ VSace (aV Whe fRci ZRXld XQifRUPl\ diVWUibXWed iQ VSace) bXW ZiWh aQ                
aSSaUeQW aggUegaWiRQ SaWWeUQ aQd eYeQ aSSaUeQW cell-c\cle Ue-eQWU\ if Whe WUaQVieQW fRci laVWed lRQg              
eQRXgh. 

We agUee ZiWh Whe UeYieZeU WhaW aggUegaWed SaWWeUQV cRXOd aUiVe aV Whe UeVXOW Rf diffeUeQW PechaQiVPV,                
iQcOXdiQg feedback ORRSV aQd fRci Rf acWiYiW\ aV PeQWiRQed. We haYe e[WeQded RXU DiVcXVViRQ RQ Whe aVSecW                 
Rf ceOO iQWUiQVic YeUVXV ceOO e[WUiQVic cRQWURO Rf Whe acWiYiW\ Rf a VWeP ceOO SRSXOaWiRQ (Vee abRYe). The facW WhaW                    
daXghWeU ceOOV Ue-eQWeU diYiViRQ VhRZV iQ iWVeOf a VWURQg ceOO iQWUiQVic cRPSRQeQW. HRZeYeU Whe SaWWeUQV PighW                
aUiVe b\ addiWiRQaO PechaQiVPV. FURP a PRdeOiQg SeUVSecWiYe, fROORZiQg Whe aUgXPeQW Rf SaUViPRQ\ aV Whe               
UeYieZeU SRiQWV RXW, Ze SUefeU Whe PRdeO ZiWh Whe OeaVW QeceVVaU\ aVVXPSWiRQV, i.e. Whe Ue-diYiViRQ PRdeO.                
HeUe, fRci aSSeaU QaWXUaOO\ aV Whe daXghWeU ceOOV Rf a diYidiQg NSC haYe a higheU chaQce WR diYide agaiQ.  

 

8. The UeSeaWed XVe Rf Whe WeUP ³aQalRgRQ´ VXUSUiVed Pe. I didQ¶W Uecall UeadiQg RU heaUiQg iW. I aP                   
XVed WR ³aQalRg´ RU ³aQalRgXe´. GRRgliQg ³aQalRgRQ´ bURXghW PRVWl\ dicWiRQaUieV aQd WheVaXUXV            
UelaWed WR GeUPaQ RU DXWch. TheUe aUe RQl\ 5 SageV Rf SaSeUV XViQg ³aQalRgRQ´ iQ SXbPed YeUVXV,                 
abRXW 5000 XViQg ³aQalRg´ RU ³aQalRgXe´. TheVe SUecedeQWV Rf XViQg ³aQalRgRQ´ QRWZiWhVWaQdiQg,            
Pa\be Whe aXWhRUV VhRXld cRQVideU adRSWiQg Whe PRUe cRQYeQWiRQal WeUP. 

ThaQkV fRU Whe UePaUk, Ze chaQged Whe WeUP WR ³aQaORg´. 
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9. SecWiRQ ³A SRViWiYe iQWeUacWiRQ PRdel fiWV...´ (Sage 4). IW ZRXld helS Whe UeadeU if Whe aXWhRUV ZRXld                  
e[SlaiQ Whe UaWiRQal aQd iQWeUSUeWaWiRQ Rf Whe ³iQWeUacWiRQ VWUeQgWh´. The UefeUeQce WR LXSSeUeUgeU eW              
al. aQd Whe fRUPal defiQiWiRQ iQ Whe cRUUeVSRQdiQg PeWhRdV VecWiRQ iV QRW VXfficieQW WR allRZ Whe                
UeadeU WR Pake VeQVe Rf ³Ze fiQd WhaW a PRdel ZiWh aQ iQWeUacWiRQ UadiXV Rf a 100 ȝP aQd aQ                    
iQWeUacWiRQ VWUeQgWh > 1 deVcUibeV Whe daWa beVW´. See alVR Whe Qe[W SRiQW. 

We UeYiVed Whe VecWiRQ accRUdiQgO\ aQd QRZ WU\ WR beWWeU e[SOaiQ iQWeUacWiRQ VWUeQgWh b\ ZUiWiQg: 

³[...] Ze XVe Whe WePSRUaO e[WeQViRQ Rf a VSaWiaO PRdeO (LXSSeUgeU eW aO., 2018) WhaW aOORZV iQfeUUiQg Whe PRVW                   
OikeO\ SaUaPeWeUV fRU iQWeUacWiRQ VWUeQgWh aQd iQWeUacWiRQ UadiXV fRU aQ aUbiWUaU\ QXPbeU Rf daWaVeWV.              
AggUegaWed SaWWeUQV ePeUge fRU aQ iQWeUacWiRQ VWUeQgWh > 1, UaQdRP SaWWeUQV fRU VWUeQgWh = 1, aQd diVSeUVed                 
SaWWeUQV fRU VWUeQgWh < 1 (Vee MeWhRdV).´ 

 

10. Fig. 3B. The iQWeUacWiRQ VWUeQgWh aQd UadiXV VeeP QRW WR be iQdeSeQdeQW Rf each RWheU, VhRZiQg a                  
cRQVSicXRXV QegaWiYe cRUUelaWiRQ. Wh\ iV WhaW? HRZ dReV iW affecW Whe UeVXlW? FXUWheUPRUe, Whe              
SRVWeUiRU diVWUibXWiRQ VeePV WR be PXlWiPRdal ZiWh VRPe SeUiRdiciW\ aV a fXQcWiRQ Rf Whe UadiXV. ThiV                
PighW be aQ RSWical illXViRQ bXW ViPilaU SaWWeUQV aSSeaU iQ VXSSlePeQWaU\ fig. 3. IV WhiV aQ effecW Rf Whe                   
ABC VaPSliQg? IV Whe PRVW ³PRVW likel\ UadiXV´ Rf 93ȝP Whe SRiQW Rf higheU SURbabiliW\ deQViW\?

 

We WhaQk Whe UeYieZeU fRU WhiV iQWeUeVWiQg UePaUk. HRZeYeU, Whe WZR SaUaPeWeUV aUe QRW SeU Ve cRXSOed. We                  
caQ eaViO\ ViPXOaWe SaWWeUQV ZheUe VWUeQgWh aQd UadiXV aUe decRXSOed (Vee FigXUe beORZ, XSSeU URZ) RU VhRZ                 
RWheU fRUPV Rf cRUUeOaWiRQV (ORZeU URZ). IQ RXU daWa cRUUeOaWiRQV PRVW SURbabO\ aSSeaU becaXVe Whe RbVeUYed                
SaWWeUQV caQ be e[SOaiQed beVW ZiWh SaUWicXOaU VWUeQgWh / UadiXV cRPbiQaWiRQ.  

 

CRQceUQiQg Whe PeQWiRQed PXOWiPRdaOiW\ Ze iQdeed ​VRPeWiPeV (eVSeciaOO\ iQ 9h e[SeUiPeQWV) Vee PRUe WhaQ              
RQe PRde. ThiV iV PRVW OikeO\ Whe cRQVeTXeQce Rf Whe PXOWi hePiVSheUe iQSXW WR Whe PRdeO. OQe PRde ZRXOd                   
cRUUeVSRQd WR Whe SUefeUUed SaUaPeWeU cRPbiQaWiRQ Rf RQe hePiVSheUe, ZhiOe Whe RWheU hePiVSheUeV PighW              
SUefeU aQRWheU RSWiPaO SaUaPeWeU cRPbiQaWiRQ. The ABC aSSURach iWVeOf haV QR effecW RQ PXOWiPRdaOiW\ iQ Whe                
SRVWeUiRU VaPSOiQg aV iW iV SaUW Rf Whe ceOO diYiViRQ PRdeO ZhiOe VWUeQgWh aQd UadiXV eVWiPaWiRQ aUe SaUW Rf Whe                    
iQWeUacWiRQ PRdeO. 

We XSdaWed FigXUe 3B (QRZ FigXUe 2B) aQd QRZ SORW Whe deQViW\ Rf Whe SRVWeUiRU VaPSOiQg WR VhRZ WhaW Whe                    
PRVW OikeO\ UadiXV iV iQdeed iQ Whe PiddOe Rf Whe higheVW deQViW\ UegiRQ.  
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11. Page 10. ³We alVR RbVeUYed Ue-diYiViRQV iQ gfaS:GFP- cellV, Zhich ZeUe cleaUl\ diVWiQgXiVhable              
fURP each gfaS:GFP+ cellV (SXSSlePeQWaU\ FigXUe 4A) aQd RccXUed iQ ViPilaU SURSRUWiRQV            
(SXSSlePeQWaU\ FigXUe 4J).´ ThiV VeQWeQce iV cRQfXViQg aQd VhRXld be beWWeU e[SlaiQed. DReV WhiV              
PeaQ WhaW NSC (GFP+) aQd RWheU cellV (GFP) diYide ZiWh Whe VaPe WePSRUal SaWWeUQV? 

We WhaQk Whe UeYieZeU fRU SRiQWiQg WhiV RXW. We WUied WR cOaUif\ RXU PeVVage aQd QRZ ZUiWe:  

³We aUe cRQfideQW WhaW Ze aUe RbVeUYiQg WhiV SheQRPeQRQ iQ VWeP ceOOV, aV Ze cRXOd cOeaUO\ diVWiQgXiVh                 
beWZeeQ Whe eYeQWV WakiQg SOace iQ ​gfaS ​:GFP+ aQd ​gfaS ​:GFP- SURgeQiWRUV (SXSSOePeQWaUieV FigXUe 3A aQd              
TabOe 2). ReRccXUiQg diYiViRQV iQ NSCV haSSeQed iQ ViPiOaU SURSRUWiRQV aV iQ Whe ​gfaS ​:GFP- SURgeQiWRUV, Whe                
OaWWeU beiQg cRQVideUed VR faU aV WUaQViW aPSOif\iQg SURgeQiWRUV (SXSSOePeQWaU\ FigXUe 3B,C).´ 

 

12. The aXWhRUV UeSRUW Whe XQceUWaiQW\ Rf WheiU daWa ZiWh a 2 VigQificaQW figXUe e.g. 14.4�8.1% RQ Sage                  
10. AlWhRXgh UeSRUWiQg Rf daWa iV iQcUeaViQgl\ Uela[ed iQ Whe VcieQWific liWeUaWXUe iW iV ZRUWh UecalliQg                
Whe UXle WhaW Whe UeSRUWed eVWiPaWed YalXeV VhRXld be URXQded WR Whe fiUVW deciPal Rf Whe XQceUWaiQW\. 

ThaQkV fRU Whe UePaUk. We QRZ ZUiWe: ³14 ​� ​8%´ 

 

13. Page 10, VecRQd SaUagUaSh VWaUWiQg ZiWh ³TR cRQfiUP RXU RbVeUYaWiRQV,...´. AUe Whe UeVXlWV              
cRQViVWeQW ZiWh a VWaWiRQaU\ SURceVV aQd balaQced gURZWh Rf Whe WiVVXe ? AUe Whe VWaWiVWicV RQ Whe                 
fiUVW (L1) WR VecRQd (L2) labelliQg Whe VaPe aV fRU Whe VecRQd WR WhiUd (L3) labelliQg? WhaW I eQYiVage                   
iV a 4 b\ WZR cRQWiQgeQc\ Wable Rf Whe W\Se: URZV L1-L2-, L1+L2-,L1-L2+,L1+L2+ YV URZ fiUVW VeW                 
L1L2:BUdU-24h-EdU aQd VecRQd VeW L1L2:EdU-24h-PCNA. AUe Whe YalXeV iQ WheVe WableV Whe VaPe?             
The ViPilaUiW\ cRXld be addUeVVed XViQg Chi2 WeVW. 

We WhaQk Whe UeYieZeU fRU UaiViQg WhiV iPSRUWaQW SRiQW. The TXeVWiRQ Rf a VWaWiRQaU\ SURceVV iV difficXOW WR                  
aQVZeU heUe, becaXVe Ze ideQWif\ cRQVideUabO\ PRUe PCNA+ ceOOV dXe WR iWV e[SUeVViRQ WhURXghRXW Whe fXOO                
ceOO c\cOe aV cRPSaUed WR BUdU aQd EdU Zhich OabeO RQO\ S-ShaVeV. ThXV, Whe fiUVW WR VecRQd OabeOiQg aUe                   
difficXOW WR cRPSaUe. HRZeYeU, fRU cRPSOeWeQeVV Ze QRZ SURYide Whe cRQWiQgeQc\ WabOeV iQ SXSSOePeQWaU\              
TabOe 3 aQd beORZ. AV VXggeVWed, Ze aQaO\]ed (BUdU48h/EdX24h YV. EdX24h/PCNA) XViQg a chi VTXaUed               
WeVW. The UeVXOWiQg S-YaOXeV aUe VigQificaQW fRU BUaiQ2R aQd BUaiQ1R+1L (S-YaOXeV Rf 0.003 aQd 0.0003               
UeVSecWiYeO\) ZhiOe Whe S-YaOXe Rf BUaiQ2L (S-YaOXe Rf 0.02) iV bRUdeUOiQe aQd dReV QRW aOORZ WR UejecW Whe QXOO                   
h\SRWheVeV Rf bRWh URZV beiQg aVVRciaWed. HRZeYeU, WhiV VeW Rf e[SeUiPeQWV VWiOO VhRZV WhaW Whe XVe Rf a WhiUd                   
ceOO c\cOe OabeO aOVR UeYeaOV ceOO c\cOe Ue-eQWUieV Rf NSCV, aV iQ Whe fiUVW VeW Rf e[SeUiPeQWV.  

We VhRZ Whe UeVXOWV iQ a Sie chaUW diVSOa\iQg Whe SURSRUWiRQV Rf diYidiQg NSCV WhaW haYe beeQ OabeOOed b\ a                    
SUeYiRXV OabeO (SXSSOePeQWaU\ FigXUe 3K), iQ addiWiRQ WR Whe SXSSOePeQWaU\ TabOeV 3 (Vee beORZ). 
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14. Page 6. The aXWhRUV XVe iQcRUUecWl\ Whe WeUP ³SUedicWed´ WR UefeU WR ³eVWiPaWed´ YalXeV, aV iQ Whe                  
VeQWeQce ³IW SUedicWed a PiQiPal cell c\cle WiPe Rf 22.2h´. 

ThaQkV! We chaQged Whe WeUP aQd QRZ ZUiWe:  

³IW eVWiPaWed a PiQiPaO ceOO c\cOe WiPe Rf 22.2h [...].´ 

 

15. The aXWhRUV deQRWed b\ beWa Whe PeaQ Rf Whe e[SRQeQWial cRPSRQeQW Rf Whe dela\ed-e[SRQeQWial               
cell c\cle leQgWh diVWUibXWiRQ. ThiV iV a diffeUeQW QRWaWiRQ fURP Whe RQe XVed iQ Whe UefeUeQce Whe\ ciWe                  
(WebeU eW al., 2014). IQ WebeU eW al. alSha aQd beWa aUe UeVSecWiYel\ Whe PeaQ Rf Whe e[SRQeQWial aQd                   
Whe dela\ Rf Whe dela\ed- e[SRQeQWial. TheUe iV QRWhiQg ZURQg ZiWh adRSWiQg a QeZ QRWaWiRQ (be\RQd                
Whe faXlW\ eTXaWiRQ PeQWiRQed abRYe). TR aYRid cRQfXViQg Whe UeadeU, hRZeYeU, Pa\ be Whe aXWhRUV               
VhRXld Pake a bUief QRWe abRXW WhiV. 

We WhaQk Whe UeYieZeU fRU VSRWWiQg WhiV iQcRQViVWeQc\. HRZeYeU, Ze ZRXOd Oike WR keeS RXU QRWaWiRQ aV ȕ iV                   
cRPPRQO\ kQRZQ aV Whe e[SRQeQWiaO VcaOe SaUaPeWeU (Vee e.g.         
hWWSV://eQ.ZikiSedia.RUg/Ziki/E[SRQeQWiaO_diVWUibXWiRQ ​). FROORZiQg Whe UeYieZeU¶V VXggeVWiRQ, Ze added a bUief         
QRWe iQ Whe MeWhRdV ZheUe Ze ZUiWe:  

³[...] ZheUe ȕ iV Whe VcaOe SaUaPeWeU Rf Whe e[SRQeQWiaO diVWUibXWiRQ aQd d iV Whe deOa\. NRWe WhaW (WebeU eW aO.,                     
2014) XVe a diffeUeQW QRWaWiRQ fRU Whe WZR SaUaPeWeUV.´ 
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16. The aXWhRUV eVWiPaWed a SURbabiliW\ Rf cell c\cle Ue-eQWU\ Rf 0.38, Zhich iV, RQ face YalXe, QRW YeU\                   
diffeUeQW fURP 0.5. IV Whe YalXe 0.5 ZiWhiQ Whe cRQfideQce RU cUedibiliW\ iQWeUYal Rf Whe eVWiPaWe? WRXld                 
Whe UeVXlWV be YeU\ diffeUeQW if Whe aXWhRUV ZRXld iPSRVe a YalXe Rf 0.5? IQWUigXiQgl\, a YalXe Rf 0.5                   
cRXld be iQWeUSUeWed aV aV\PPeWUic cell diYiViRQ Zhich iV RQe Rf Whe claVVical PRdelV fRU VWeP cell                 
Velf-UeQeZal aQd diffeUeQWiaWiRQ. Ma\be Whe aXWhRUV ZRXld like WR addUeVV WhiV iVVXe. 

The UeYieZeU UaiVeV aQ iQWeUeVWiQg SRiQW. We iQVSecWed Whe SaUaPeWeU eVWiPaWeV fURP RXU fiQaO ABC eSRch                
aQd fRXQd WhaW 0.5 iV RXWVide Whe 5-95% UaQge Rf Whe Ue-diYiViRQ SURbabiOiW\ (Vee FigXUe beORZ). HRZeYeU, Ze                  
ZRXOd Oike WR QRWe WhaW Whe UediYiViRQ UaWe iV iQdeSeQdeQW fURP diYiViRQ V\PPeWUieV. ThaW iV iQ RXU PRdeO, each                   
daXghWeU ceOO ZiOO XQdeUgR aQRWheU diYiViRQ ZiWh SURbabiOiW\ 0.38, iQdeSeQdeQW fURP Whe RWheU daXghWeU aQd               
ZiWhRXW aQ\ iPSacW RQ Whe diYiViRQ RXWcRPe, i.e. UePaiQiQg VWeP ceOO faWe RU diffeUeQWiaWiRQ.  

 

 

17. Ma\be Whe aXWhRUV ZRXld like WR diVcXVV WheiU UeVXlWV iQ Whe cRQWe[W Rf Whe aUWicle b\ MXUa eW al.                    
(2019; dRi: 10.1371/jRXUQal.Scbi.1007054).  

We WhaQk Whe UeYieZeU fRU SRiQWiQg WR WhiV iQWeUeVWiQg VWXd\, Zhich iQdeed UeYeaOed WR XV QeZ aVSecWV RQ Whe                   
iPSacW Rf ceOOV¶ hiVWRU\ RQ Whe diVWUibXWiRQ Rf behaYiRUV iQ a ceOO SRSXOaWiRQ. We QRZ ciWe WhiV SaSeU, aV ZeOO aV                     
SaQdOeU eW aO. (NaWXUe, 2015) iQ RXU UeYiVed DiVcXVViRQ.  
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