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SXSSOHPHQWDU\ MHWKRGV 
 
IGHQWLILFDWLRQ DQG VHOHFWLRQ RI SODQDULDQ ECM JHQHV  
TR ideQWif\ aQd VelecW SlaQaUiaQ ECM cRPSRQeQWV fRU aVVeVVPeQW ZiWh VWeP 
cell UegXlaWRU\ fXQcWiRQV, hRPRlRgV PaPPaliaQ ECM geQeV aUe XVed, ZiWh Whe 
QRWiRQ WhaW Whe iQfRUPaWiRQ gaiQed Zill be PRUe UeleYaQW aQd WUaQVlaWe WR 
PaPPaliaQ VWeP cell fXQcWiRQ. The SXblicl\ aYailable hXPaQ aQd PRXVe 
PaWUiVRPe daWabaVe (1) (hWWS://PaWUiVRPeSURjecW.PiW.edX/) iV XVed WR bXild a 
caQdidaWe geQe liVW. ECM geQeV iQ Whe PaWUiVRPe daWabaVe aUe caWegRUi]ed iQWR 
cRUe ECM (iQYRlYed iQ VWUXcWXUal RUgaQi]aWiRQ), ECM-affiliaWed (VecUeWed 
SURWeiQV iQWeUacWiQg ZiWh cRUe ECM), ECM UegXlaWRUV (eQ]\PeV WhaW PRdif\ 
ECM), aQd ECM UeceSWRUV (PePbUaQe SURWeiQV WhaW iQWeUacW ZiWh ECM). FURP 
Whe PaWUiVRPe daWabaVe, a VeW Rf caQdidaWe geQeV iV ideQWified WhaW iQclXded all 
cRUe ECM (186 geQeV), ECM-UelaWed SURWeiQV WhaW Sh\Vicall\ iQWeUacW ZiWh cRUe 
ECM (38 geQeV), aQd a VXbVeW Rf ECM-affiliaWed aQd UegXlaWRU geQeV VhRZQ WR 
haYe URleV WR PRdif\ RU degUade cRUe ECM aQd UelaWed SURWeiQV (72 geQeV).  
 
 The SeSWide VeTXeQceV Rf Whe ideQWified ECM aQd UelaWed geQeV ZeUe 
e[WUacWed fURP NCBI hXPaQ SURWeiQ daWabaVe aQd VeaUched XViQg SURWeiQ 
BLAST agaiQVW Whe RQliQe aYailable S. PHGLWHUUDQHD geQRPic daWabaVeV 
(PlaQMiQe: hWWS://SlaQPiQe.PSi-cbg.de/SlaQPiQe/begiQ.dR aQd SPedGD: 
hWWS://VPedgd.VWRZeUV.RUg/) WhaW UeVXlWed iQ Whe ideQWificaWiRQ Rf 217 SRWeQWiall\ 
UelaWed SlaQaUiaQ geQeV, all ZiWh e-YalXe <0.01. AV a YalidaWiRQ Rf 
PaWUiVRPe/ECM ideQWiW\, WheVe SlaQaUiaQ geQeV ZeUe aVVeVVed fURP a UeYeUVe-
BLAST agaiQVW Whe hXPaQ aQd C. HOHJDQV SURWeiQ daWabaVeV (NCBI-QU), 
PaWchiQg SeSWide dRPaiQV ZiWh clRVeVW hRPRlRg\ ZiWh a hXPaQ/C. HOHJDQV 
ECM, aQd ZiWh a cUiWeUia WhaW Whe VeTXeQce VhRXld cRQWaiQ leaVW RQe ECM-
UelaWed dRPaiQ aV SUedicWed b\ Whe ViPSle PRdXlaU aUchiWecWXUe UeVeaUch WRRl 
(SMART) (SI ASSeQdi[, Fig. S1A).  
 
 ThiV VelecWiRQ SURWRcRl ideQWified 165 caQdidaWeV ZiWh ECM RU ECM-UelaWed 
fXQcWiRQ/chaUacWeUiVWic. ThiV VeW UeSUeVeQWV RXU SUiPaU\ liVW Rf high cRQfideQce 
aV ECM geQeV fRU fXQcWiRQal aVVeVViQg (Fig. 1A). The UePaiQiQg 68 caQdidaWeV 
Zill VeUYe aV VecRQdaU\ liVW Rf UefeUeQce geQeV fRU fXWXUe aVVeVVPeQW RU iQ daWa 
iQWeUSUeWaWiRQ aV Whe\ cRQWaiQ ECM-UelaWed dRPaiQV bXW VhaUe clRVeVW 
hRPRlRg\ ZiWh a QRQ-ECM UelaWed SURWeiQ iQ hXPaQ aQd C. HOHJDQV geQRPe.  
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PK\ORJHQHWLF DQDO\VLV RI SODQDULDQ FROODJHQV 
SeTXeQceV fRU Sh\lRgeQeWic aQal\ViV ZeUe RbWaiQed fURP UeSUeVeQWaWiYe 
VSecieV aV VXPPaUiVed iQ (SI ASSeQdi[, DaWaVeW S2) aQd aligQed XViQg Whe NC1 
dRPaiQ fRU T\Se IV cRllageQV, aQd Whe WUiSle helical dRPaiQ aQd NC1 dRPaiQ fRU 
fibUillaU cRllageQV. AligQPeQWV ZeUe caUUied RXW RQ EBI XViQg Whe MUSCLE 
PXlWiSle VeTXeQce aligQPeQW SURgUaP (2), aQd gaSV ZeUe UePRYed XViQg 
GblRckV (3). Ma[iPXP likelihRRd Sh\lRgeQeWic WUeeV XQdeU diffeUeQW PRdelV 
(Da\hRff, JTT, LG, LG4X, LG4M, VT, WAG) ZeUe bXilW XViQg Whe IQ-TREE Zeb 
VeUYeU (4), aQd Whe beVW fiWWiQg PRdel ZaV VelecWed fRU Whe fiQal WUee. LG4X ZaV 
VelecWed fRU T\Se IV cRllageQ aQd fibUillaU cRllageQ NC1 dRPaiQ aligQPeQWV. 
VT+R3 ZaV VelecWed fRU fibUillaU cRllageQ WUiSle heli[ aligQPeQWV. TUeeV ZeUe 
aVVeVVed fRU UeliabiliW\ XViQg 10,000 XlWUa-faVW bRRWVWUaS UeSlicaWeV (5).  
 
PODQDULDQ PDLQWHQDQFH, Ȗ-LUUDGLDWLRQ DQG RNAL 
AVe[Xal SFKPLGWHD PHGLWHUUDQHD VWUaiQ CIW4 ZeUe keSW aV SUeYiRXVl\ 
deVcUibed (6). FRU QeRblaVW UeSRSXlaWiRQ aVVa\, SlaQaUiaQV ZeUe iUUadiaWed b\ a 
VXb-leWhal dRVe Rf 1,250 Uad Rf Ȗ-iUUadiaWiRQ fURP a 137CV VRXUce (7). FRU 
e[SeUiPeQWV ZheUe all QeRblaVWV fURP Whe bRd\ Qeeded WR be UePRYed, ZRUPV 
ZeUe e[SRVed WR a leWhal dRVe Rf 6,000 Uad Rf Ȗ-iUUadiaWiRQ. FRU RNAi 
e[SeUiPeQWV, cDNAV Rf caQdidaWe geQeV ZeUe clRQed iQWR a SPR-T4P YecWRU aV 
SUeYiRXVl\ deVcUibed (8), WUaQVfRUPed iQWR HT115 bacWeUia.  PUeSaUaWiRQ Rf 
bacWeUial RNAi fRRd ZeUe SeUfRUPed aV SUeYiRXVl\ deVcUibed (9). BUiefl\, 
WUaQVfRUPed bacWeUia ZeUe gURZQ iQ 100 Pl Rf 25 �g/Pl KaQaP\ciQ-
VXSSlePeQWed 2[YT PediXP, 37°C ZiWh VhakiQg, WR aQ O.D.600 Rf 0.8, fRllRZed 
b\ iQdXcWiRQ ZiWh 1 PM IPTG fRU 2 hRXUV. CXlWXUed bacWeUia ZeUe ceQWUifXged iQ 
3,000 g fRU 8 PiQ. PalleW ZaV Pi[ed ZiWh 500 ȝl Rf liYeU SaVWe (1/200Wh Rf Whe WRWal 
cXlWXUe YRlXPe) aQd fRRd d\e b\ YRUWe[iQg aQd SiSeWWiQg, aliTXRWed aQd keSW aV 
VWRckV iQ -80�C. LiYeU SaVWe iV Pade iQ a 3:1 UaWiR beWZeeQ liYeU aQd SlaQaUiaQ 
ZaWeU. FRU a QegaWiYe FRQWURO(RNAL), GFP ZaV XVed aV Whe geQe WR geQeUaWe 
dVRNA aV SUeYiRXVl\ deVcUibed (10). TR iQiWiaWe Whe e[SeUiPeQWV, ZRUPV ZeUe 
VWaUYed fRU RQe Zeek, aQd WheQ fed ZiWh RNAi fRRd RQce eYeU\ 3 da\V fRU 8 
dRVeV XQleVV RWheUZiVe VSecified. AfWeU each feediQg, ZRUPV aUe e[aPiQed, 
ZheUe WhRVe did QRW XSWake Whe RNAi fRRd aUe UePRYed fURP Whe e[SeUiPeQWV. 
APSXWaWiRQ RU J-iUUadiaWiRQ ZaV SeUfRUPed 7 da\V afWeU Whe laVW RNAi feed. GeQe 
kQRck dRZQ efficieQc\ acURVV diffeUeQW gURXSV ZaV aVVeVVed b\ TRT-PCR (SI 
ASSeQdi[, Fig. S15G). 
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 IQ ZRUPV ZheUe RNAi Rf WZR geQeV (dRXble RNAi) aUe WR be SeUfRUPed. IQ 
VXch e[SeUiPeQWV, all RNAi gURXSV ZeUe fed ZiWh VaPe aPRXQW Rf WRWal bacWeUial 
dVRNA fRRd. ThXV, ViQgle geQe RNAi ZRUPV iQ VXch a gURXS Rf e[SeUiPeQWV 
ZeUe fed ZiWh eTXal aPRXQW Rf cRQWURl (GFP) RNAi fRRd, balaQciQg Whe dRVage 
WR WhaW iQ dRXble RNAi ZRUPV. 
 
QXDQWLWDWLYH UHDO-WLPH PCR 
cDNA VaPSleV fRU TRT-PCR ZeUe V\QWheVi]ed b\ UeYeUVe WUaQVcUiSWiRQ UeacWiRQ 
fURP WRWal RNA e[WUacWed fURP aSSUR[iPaWel\ 3 - 10 ZRUPV XViQg a SXSeUScUiSW 
III ReYeUVe TUaQVcUiSWaVe KiW (IQYiWURgeQ) RU PUiPeScUiSW RT ReageQW KiW ZiWh 
gDNA EUaVeU (TakaUa). TR cRQfiUP cRPSleWe UePRYal Rf geQRPic DNA, QegaWiYe 
cRQWURlV ZeUe dRQe ZheUe Whe RNA VaPSleV XQdeUZeQW RT bXW ZiWhRXW UeYeUVe 
WUaQVcUiSWaVe added, PCR iV dRQe RQ WheVe VaPSleV XViQg JDSGK TPCR 
SUiPeUV, WR check if aPSlificaWiRQ Rf geQRPic DNA RccXUUed. ReacWiRQV ZeUe 
SeUfRUPed iQ WechQical WUiSlicaWe aQd biRlRgical WUiSlicaWe RQ a BiR-Rad CFX96 
TRXch Real-TiPe PCR DeWecWiRQ S\VWeP ZiWh SYBR GUeeQ PCR MaVWeU Mi[ 
(RRche) aV SeU PaQXfacWXUeU'V iQVWUXcWiRQV. FRU Whe aPSlificaWiRQ Rf each geQe, 
SUiPeUV ZeUe deVigQed WR eQclRVe beWZeeQ 80 ± 200 bS. FRU each UeacWiRQ, 
aURXQd 10 Qg Rf cDNA WePSlaWe aQd 0.6 ȝM Rf each SUiPeU ZeUe XVed; 
aQQealiQg WePSeUaWXUe ZaV VeW WR be 60�C fRllRZed b\ 20 V Rf elRQgaWiRQ. 
RelaWiYe e[SUeVViRQ leYelV Rf aQal\]ed geQe ZeUe deWeUPiQed b\ QRUPali]iQg 
Whe CT YalXe (2CT(gaSdh)-CT(geQe)) ZiWh Whe hRXVe-keeSiQg geQe, JDSGK (11).  
 
 
SLQJOH FHOO WUDQVFULSWRPLF GDWD DQDO\VLV 
A ViQgle cell WUaQVcUiSWRPic daWaVeW ZeUe cRllecWed fURP SUeYiRXVl\ SXbliVhed 
VWXd\ (12). WSNE SlRWV Rf all geQeV PeQWiRQed iQ WhiV VWXd\ caQ be fRXQd iQ 
SXblicl\ aYailable ReddieQ gURXS¶V DigiZRUP ZebViWe 
(hWWSV://digiZRUP.Zi.PiW.edX/). DaWa RbWaiQed fRU geQe e[SUeVViRQ YiRliQ SlRWV 
aUe RbWaiQed fURP GEO acceVViRQ: GSE111764. 
 
:KROH PRXQW ISH DQG DQWLERG\ VWDLQLQJ 
WhRle PRXQW ISH aQd FISH ZeUe SeUfRUPed aV SUeYiRXVl\ deVcUibed (9, 13). 
SaPSleV fRU COLIV iPPXQRVWaiQiQg ZeUe killed iQ 2% HCl aQd fi[ed iQ 
MeWhacaUQ (6:3:1 MeWhaQRl: ChlRURfRUP: AceWic acid) fRU 30 PiQXWeV RQ a URlleU 
aW 4�C, befRUe bleachiQg RYeUQighW iQ 6% H2O2 iQ PeWhaQRl. RibRSURbeV ZeUe 
SUeSaUed ZiWh digR[\geQiQ (DIG), flXRUeVceiQ (FITC), RU diQiWURSheQ\l (DNP) 
labelliQg Pi[. BlRckiQg bXffeU ZaV SUeSaUed ZiWh 5% (Y/Y) hRUVe VeUXP, 0.5% 
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(Y/Y) RRche WeVWeUQ BlRckiQg ReageQW, iQ MABT (100PM Paleic acid, 150PM 
NaCl, 0.1% TZeeQ-20, SH 7.5). AQWi-UibRSURbe aQWibRdieV XVed iQclXde aQWi-
DIG-AP (1:4000), aQWi-DIG-POD (1:500), aQWi-FITC-POD (1:300), RU aQWi-DNP-
AP (1:2000). CRlRUiPeWUic VWaiQV ZeUe deYelRSed XViQg 4-QiWUR blXe WeWUa]RliXP 
chlRUide (NBT, RRche 11383213001) ZiWh 5-bURPR-4-chlRUR-3-iQdRl\l-
ShRVShaWe (BCIP, RRche 11383221001). FISH VWaiQV ZeUe deYelRSed ZiWh 
eiWheU W\UaPide aPSlificaWiRQ, RU FaVW BlXe B SalW (SigPa D9805) ZiWh QaShWhRl 
AS-MX ShRVShaWe (SigPa 855). T\UaPide aPSlificaWiRQV ZeUe SeUfRUPed iQ 
0.1M bRUaWe bXffeU, SH 8.5(14). DAPI (SigPa, D9542) iV added WRgeWheU ZiWh 
PRXQWiQg PediXP WR cRXQWeUVWaiQ bUaiQ, VNC aQd iQWeVWiQal VWUXcWXUeV. 
IQWeVWiQal bRXQdaU\ RXWliQed iQ Fig. 6 A, B aQd E iV deWeUPiQed b\ DAPI VigQal 
Zhich caQ be YiVXali]ed XQdeU higheU bUighWQeVV aQd cRQWUaVW WhaQ Whe 
SUeVeQWed iPageV.  
 

FRU iPPXQRVWaiQiQgV, aQWibRdieV ZeUe XVed WR deWecW ShRVShR-hiVWRQe 
H3 (UabbiW PRQRclRQal aQWi-H3VeU10S, 1:1,000, MilliSRUe 05-817R-I), COLIV 
(UabbiW SRl\clRQal aQWi-cRllageQ IV, 1:400, AbcaP ab6586) (15) aQd PXVcle 
(PRXVe PRQRclRQal aQWi-6G10, 1:1,000, H\bUidRPa BaQk 6G10-2C7, deSRViWed 
WR Whe DSHB b\ Za\aV, R.M). SecRQdaU\ hRUVeUadiVh SeUR[idaVe (HRP)-
cRQjXgaWed aQWi-PRXVe RU aQWi-UabbiW aQWibRdieV (JackVRQ IPPXQRUeVeaUch 
115-036-006 aQd 111-035-144) ZaV XVed aW 1:500, ZiWh VXbVeTXeQW W\UaPide 
aPSlificaWiRQ. CRQfRcal iPageV ZeUe WakeQ fURP WheVe FISH/IF-VWaiQed 
VaPSleV, RQ eiWheU CaUl ZeiVV LSM700 laVeU VcaQQiQg cRQfRcal PicURVcRSe, RU 
Leica DMIRE2 iQYeUWed flXRUeVceQce PicURVcRSe ZiWh a HaPaPaWVX Back-
ThiQQed EM-CCD caPeUa aQd VSiQQiQg diVc cRQfRcal VcaQ head. FRU ZhRle 
aQiPal RU bURad-UaQge iPageV, Wiled iPageV ZeUe cRPbiQed b\ VWiWchiQg, ZiWh 
10% RYeUlaS beWZeeQ QeighbRUiQg WileV. FRU Z-VWackiQg, WhickQeVV beWZeeQ 
QeighbRUiQg Z-VecWiRQV iV 5 RU 10 ȝP. RaZ cRQfRcal iPageV ZeUe SURceVVed iQ 
Fiji iPage-J, AdRbe PhRWRVhRS. FigXUeV ZeUe aVVePbled iQ IQkVcaSe. 
CRlRUiPeWUic ISH ZeUe iPaged RQ a Leica M165 flXRUeVceQW diVVecWiQg 
PicURVcRSe.  
 
T8NEL DQG BUG8 SXOVH-FKDVH H[SHULPHQW 
TUNEL VWaiQiQg aQd BUdU SXlVe-chaVe e[SeUiPeQWV aUe SeUfRUPed aV 
SUeYiRXVl\ deVcUibed (9). FRU TUNEL VWaiQiQg, TeUPiQal DeR[\QXcleRWid\l 
TUaQVfeUaVe (TdT) eQ]\Pe (TheUPR, EP0162) iV XVed. WRUPV XVed fRU WhiV 
aVVa\ aUe SUe-fi[ed aQd deh\dUaWed iQ 100% eWhaQRl fRU leVV WhaQ 3 da\V. 
WRUPV ZeUe bleached iQ 6% H2O2 dilXWed iQ PBST[ XQdeU diUecW lighW befRUe 
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VWaiQiQg. DXUiQg VWaiQiQg, leVV WhaQ 10 ZRUPV ZeUe iPPeUVed iQ 40�l Rf labeliQg 
Pi[ (28�l UeacWiRQ bXffeU, 12�l TdT eQ]\Pe Pi[) aW 37�C fRU 2 hRXUV. ThiV 
SURceVV ZaV UeSeaWed RQce, befRUe SURceeded WR MABT ZaVh, 1 hRXU RRche 
WeVWeUQ blRckiQg aQd RYeUQighW 1:1000 aQWi-DIG-POD VWaiQiQg. FRU BUdU SXlVe-
chaVe e[SeUiPeQWV, BUdU (SigPa B5002-5G, 25 Pg/Pl) ZaV diVVRlYed iQ 50% 
eWhaQRl WR becaPe a 10[ VWRck (100 Pg/Pl), Zhich ZaV fXUWheU dilXWed iQWR liYeU 
SaVWe iQ 1:9 UaWiR ZiWh fRRd d\e iPPediaWel\ befRUe fed WR aQiPalV (9). FRU BUdU 
deWecWiRQ, ZRUPV ZeUe haUYeVWed 4 da\-SRVW-feediQg aQd VWaiQed aV SUeYiRXVl\ 
deVcUibed (9) ZiWh aQWi-BUdU aQWibRd\ (BD #347580, 1:300 iQ blRckiQg VRlXWiRQ). 
FRU BUdU VWaiQiQg cRPbiQed ZiWh FISH, acid h\dURl\]aWiRQ aQd aQWibRd\ labeliQg 
VWeSV ZeUe SeUfRUPed afWeU FISH VWaiQiQg SURcedXUe. 
 
NHREODVW FXOWXULQJ RQ SODQDULDQ GHFHOOXODUL]HG PDWUL[ VFDIIROG 
RNAi ZRUPV Rf Vi]e leVV WhaQ 3PP leQgWh ZeUe haUYeVWed b\ UiQViQg iQ 5% NAC 
RQ Whe 7Wh da\ SRVW-8 RNAi feedV (8fd7) fRU VcaffRld e[WUacWiRQ, WheQ UiQViQg iQ 
H2O aQd fUee]e-WhaZ iQ -30�C. ESideUPiV iV UePRYed b\ fRUceSV, fRllRZed b\ 
1% TUiWRQX100 (iQ H2O) ZaVh iQ URRP WePSeUaWXUe fRU 2 hRXUV iQ a SeWUi diVh 
ZiWh QXWaWiRQ, fRllRZed b\ H2O fRU 5 WiPeV, 5 PiQ each, WheQ DNaVe I iQ DNaVe 
bXffeU (IQYiWURgeQ, #18068015) fRU 2 hRXUV iQ 37 �C. LaVWl\, ZaVhed b\ PBS 5 
WiPeV, 5 PiQ SeU ZaVh, aQd WUaQVfeUUed iQWR aQ ESSeQdRUf WXbe ZiWh 500�l Rf 
IPM PediXP. FRU QeRblaVW SUeSaUaWiRQ, Zild W\Se ZRUPV Rf 5PP leQgWh ZeUe 
fiUVW SUe-iQcXbaWed aW leaVW RQe RYeUQighW iQ SlaQaUiaQ ZaWeU ZiWh 50�g/Pl Rf 
QeRP\ciQ VXlfaWe. WRUPV ZeUe UiQVed WZice b\ cRld CMF VRlXWiRQ, aQd geQWl\ 
gURXQded XS b\ a VWeUile SlaVWic SeVWle iQ a 1.5Pl ESSeQdRUf WXbe. Cell/CMF 
Pi[WXUe ZaV SaVVed WhURXgh a 20 �P filWeU, fRllRZed b\ a 10�P filWeU WR UePRYe 
PRVW laUge Vi]e cellV (QeRblaVWV haYe diaPeWeU leVV WhaQ 10�P), WheQ 
ceQWUifXged iQ 300 g fRU 5 PiQ. SXSeUQaWaQW ZaV UePRYed aQd SalleW ZaV 
UeVXVSeQded b\ IVRWRQic PlaQaUiaQ MediXP (IPM) (16-18) ZiWh aQWibiRWicV 
(SeQicilliQ aQd VWUeSWRP\ciQ) aQd 1% FBS. CellV fURP 5 ZRUPV aUe VXVSeQded 
iQ 1 Pl Rf IPM. FRU QeRblaVW-ECM iQcXbaWiRQ, 500�l Rf cellV ZeUe added iQWR Whe 
ESSeQdRUf WXbeV WhaW alUead\ cRQWaiQed 500�l Rf IPM ZiWh ECM VcaffRld, WheQ 
ceQWUifXged aW 300g fRU 5PiQ WR faciliWaWe VeediQg. Mi[WXUe ZaV cXlWXUed iQ daUk, 
URRP WePSeUaWXUe. IPM VRlXWiRQ ZaV UeSlaced eYeU\ da\ dXUiQg iQcXbaWiRQ. TR 
haUYeVW fRU FISH VWaiQiQg, cXlWXUe ZaV iQcXbaWed ZiWh 4% fRUPaldeh\de (iQ PBS) 
fRU 10PiQ, fRllRZed b\ PBS UiQVe aQd WheQ bURXghW WR SeUfRUP FISH VWaiQiQg 
ZiWh VaPe SURWRcRl aV deVcUibed abRYe. OQe liWeU Rf IPM cRQWaiQV HeSeV (fUee 
acid) 7208.8Pg, HeSeV (VRdiXP ValW) 3514.1Pg, NaCl 985.4Pg, NaHCO3 
800.1Pg, KCl 26.4Pg, CaCl2 113.23Pg, MgSO4 44.02Pg, MQCl2 0.19Pg, 
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KH2PO4 68.5Pg, d-biRWiQ 0.3Pg, D-glXcRVe 300.0Pg, D-WUehalRVe 50.0Pg, 
WUiciQe 2.5Pg, MEM eVVeQWial aPiQR acidV VRlXWiRQ 2Pl, MEM QRQ-eVVeQWial 
aPiQR acidV VRlXWiRQ 5.00Pl, MEM YiWaPiQ VRlXWiRQ 3Pl, SRdiXP S\UXYaWe 
(100[) 14Pl, 100[ PeQ/SWUeS 10Pl, L-glXWaPiQe (100[) 2Pl, aQd 1% FBS. SH 
ZaV adjXVWed WR 7.3. 
 
TUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 
PUeSaUaWiRQ Rf VaPSleV aQd iPagiQg SURcedXUeV aUe dRQe aV deVcUibed 
SUeYiRXVl\ (9). SaPSle SUeSaUaWiRQ aQd iPagiQg ZeUe dRQe aW Whe NaQRVcale 
IPagiQg FaciliW\ aW Whe HRVSiWal fRU Sick ChildUeQ.  
 
SWDWLVWLFDO TXDQWLILFDWLRQV 
DeQViWieV Rf diffeUeQW cell W\SeV aQd cR-lRcali]aWiRQV ZeUe deWeUPiQed b\ cell 
QXPbeU TXaQWificaWiRQ XViQg Whe ³cell cRXQWeU´ fXQcWiRQ RU ³ThUeVhRld´ aQd WheQ 
³aQal\]e SaUWicle´ fXQcWiRQV iQ Whe VRfWZaUe Fiji IPageJ (aYailable aW: 
hWWS://UVb.iQfR.Qih.gRY/ij/). SigQal iQWeQViW\ Rf iPageV aUe TXaQWified b\ GUe\ 
YalXe, ZheUe all iPageV ZiWhiQ Whe VaPe e[SeUiPeQW ZeUe WakeQ XQdeU Whe VaPe 
PicURVcRSe VeWWiQgV aQd SURceVViQg. WheQ cell deQViWieV, WiVVXe leQgWh/aUea RU 
geQe e[SUeVViRQ leYelV ZeUe cRPSaUed beWZeeQ e[SeUiPeQWal aQd cRQWURl 
gURXSV, SWXdeQW WZR-Wailed W-WeVW aVVXPiQg XQeTXal YaUiaQce ZaV aSSlied WR 
deWeUPiQe aQ\ VWaWiVWical VigQificaQce, Zhich iV VWaWed iQ Whe figXUe legeQdV, 
WRgeWheU ZiWh QXPbeU Rf aQiPalV iQ each gURXS (N YalXe). All VWaWiVWical WeVWiQg 
RQ daWa ZeUe SeUfRUPed ZiWh E[cel. All gUaShV ZeUe SlRWWed ZiWh GUaShPad 
PUiVP Y8.0. FRU dRW SlRWV, each SRiQW UeSUeVeQWV a ViQgle PeaVXUePeQW; FRU baU 
gUaShV, each baU VhRZV Whe PeaQ YalXe; each eUURU baU UeSUeVeQWV SWaQdaUd 
EUURU Rf Whe MeaQ (V.e.P). 
 
DDWD DYDLODELOLW\ 
The aXWhRUV declaUe WhaW all daWa VXSSRUWiQg Whe fiQdiQgV Rf WhiV VWXd\ aUe 
aYailable ZiWhiQ Whe aUWicle aQd iWV SXSSlePeQWaU\ IQfRUPaWiRQ fileV RU fURP Whe 
cRUUeVSRQdiQg aXWhRU XSRQ UeaVRQable UeTXeVW. 
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Figure S1. Identification of ECM in planarian.  
(A) Outline of planarian ECM candidate gene identification and selection from the  human and mouse matrisome database, and the 
planarian genomic database. (B) Summary of ECM in human and mouse matrisome (Right), and ECM identified in  S. mediterranea 
genome (Left). ECM genes are grouped according to t heir corresponding families, including core ECM, ECM receptor, regulator and 
affiliated proteins. (C) Whole mount colorimetric-ISH showing neoblast (piwi-1) localization, as compared to ECM genes expressed in 
 
ECM-expressing tissues have different degree of proximity to the neoblast compartment ( piwi-1). Scale bar = 100 �m.  
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Figure S2. Fibrillar collagens phylogenetics and peptide domains.  
Top panels: Phylogenetic trees of fibrillar collagen protein sequences constructed using maximum likelihood. The numbers represent
bootstrap values generated from 10,000 replicates. The scale bar represents 0.3 substitutions per amino acid site. Fibrillar collagens 
are clustered into A, B and C clades (green, blue and pink box, respectively). “Smedcolf”:  S. mediterranea-colf chains; “Djcolf”: 
Dugesia japonica-colf chains. Red hollow boxes highlighted human fibrillar collagen sequences. Left: Tree built using multiple 
sequence alignment based on triple helical domain. Right: Tree built using multiple sequence alignment based on NC1 domain. 
Bottom panel: fibrillar collagen peptide domains. The general domains are similar between human and planarian homologs, except 
most planarian homologs have more chain interruptions. Smedcolf -10 has a unique short triple helical domain with highest number of 
chain interruptions, and is the only chain with two TSPN-like domains in N-terminal. 
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Figure S3. COLIV phylogenetics and peptide domains.  
Top panel: Phylogenetic tree of COLIV protein sequences constructed using maximum likelihood using the multiple sequence alignment
of the NC1 domain. The numbers represent bootstrap values generated from 10,000 replicates. The scale bar represents 0.2  
substitutions per amino acid site. COLIV in human, C. elegans, hydra and insect species can be grouped into �1-like (yellow) and �2-
like (violet) subclusters. In contrast, flatworm COLIV chains form a separate clusters (orange and grey); the grey cluster can be further 
divided into two sub-clusters (light grey), annotated by blue and orange characters. Bottom panel: All planarian COLIV peptide domains 
are similar to human homologs. 
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Figure S4. RNAi feeding schedules in ECM screening.  
(A) RNAi Screening is first done by the Standard 8 -feed schedule (top panel). Genes without any observable neoblast repopulation 
phenotypes after the primary schedule will be re -screened using the Alternative feeding schedule (bottom panel) which underwent 
additional rounds of feeding and amputations to facilitate further ECM turnover in RNAi animals. (B) Schematic diagrams outlining the 
potential outcomes that can be obtained in the neoblast repopulation assay in reference to control(RNAi) with lower neoblast density for 
ECM1(RNAi) and higher neoblast density for ECM2(RNAi). 
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FLJXUH S5. NHREODVW UHSRSXODWLRQ LQ ZLOG W\SH ZRUPV.  
A dePRQVWUaWiRQ Rf QeRblaVW UeSRSXlaWiRQ dXUiQg Whe fiUVW 14 da\V. Wild W\Se SlaQaUiaQV UeceiYed a dRVe Rf 1,250 Uad Rf J-iUUadiaWiRQ, 
Zhich eliPiQaWed PRVW QeRblaVWV fURP 0-3 da\V SRVW-J-iUUadiaWiRQ (dSi). ReSRSXlaWiRQ iV RbVeUYed fURP 3-14 dSi. LefW: NeRblaVW SRSXlaWiRQ 
(SLZL-1+) iQ each WiPe SRiQW iV VWaiQed b\ FISH aQd RbVeUYed b\ VSiQQiQg diVc cRQfRcal XQdeU Wiled Z-SURjecWiRQV (2 UeSUeVeQWaWiYe iPageV 
SeU WiPe SRiQW). Scale baU = 100 PP. RighW: DeQViW\ Rf QeRblaVWV iQ each WiPe SRiQW iV TXaQWified. NXPbeU Rf aQiPalV WeVWed iV iQdicaWed 
b\ Whe QXPbeU Rf daWa SRiQWV iQ each gURXS. MeaQௗ�ௗV.e.P iV SUeVeQWed. 
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FLJXUH S6. NHREODVW GHIHFWV LQ laPiQiQ(RNAi), ddU(RNAi) DQG iQWegUiQ(RNAi) ZRUPV.  
(A) ReSUeVeQWaWiYe cRQfRcal-iPageV Rf QeRblaVW (SLZL-1+) FISH VWaiQV aQd TXaQWificaWiRQ Rf WheiU deQViWieV iQ ZRUPV ZiWh ODPLQLQ(RNAL) 
(ODPA, ODPB aQd ODPC) XQdeU VWaQdaUd feediQg VchedXle (8fd7), fRllRZed b\ 1,250 Uad J-iUUadiaWiRQ aQd 14 da\V Rf UeSRSXlaWiRQ. (B) 
ReSUeVeQWaWiYe cRQfRcal-iPageV Rf QeRblaVW (SLZL-1+) FISH VWaiQV aQd TXaQWificaWiRQ Rf WheiU deQViWieV iQ ZRUPV ZiWh ECM UHFHSWRU(RNAL) 
(LWJB1, LWJA1, LWJA2, LWJA3, LWJA5, GGU-1 aQd GGU-2) XQdeU VWaQdaUd feediQg VchedXle (8fd7), fRllRZed b\ 1,250 Uad J-iUUadiaWiRQ aQd 14 
da\V Rf UeSRSXlaWiRQ. (C aQd D) NeRblaVW SheQRW\SeV RbWaiQed b\ AlWeUQaWiYe feediQg VchedXle. (C) QHWULQ-2(RNAL) UeVXlW iQ QR VigQificaQW 
UeSRSXlaWiRQ UaWe (RighW), bXW clXPSiQg Rf UeSRSXlaWiQg QeRblaVWV iQ aQWeUiRU UegiRQ (lefW, Ued aUURZhead) cRPSaUed WR FRQWURO(RNAL) (blXe 
aUURZhead) aW 11 dSi. (D) KHPLFHQWLQ-1(RNAL) aQd PHJI6(RNAL) UeVXlWed iQ ecWRSic QeRblaVW ePeUgeQce iQ eSideUPal UegiRQ 
(aUURZheadV). ReSUeVeQWaWiYe iPageV VhRZed Pid-bRd\ WUaQVYeUVe VecWiRQV. FRU all iPageV, Vcale baU = 100 PP. FRU all gUaShV, QXPbeU 
Rf aQiPalV WeVWed iV iQdicaWed b\ Whe QXPbeU Rf daWa SRiQWV iQ each gURXS. MeaQௗ�ௗV.e.P iV SUeVeQWed, aQd VWaWiVWical VigQificaQce ZaV 
aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. *S<0.05; **S<0.01; ***S<0.001; ****S<0.0001. CRQfRcal iPageV aUe VhRZQ aV Wiled 
Z-SURjecWiRQ (A-C) RU ViQgle Z-SlaQe (D). 
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Figure S7. Expression of fibrillar and short chain collagens shown by scRNAseq tSNE plots. 
Expressions of colf-1 – 11 in Main clusters and Muscle sub-clusters. Red lines highlights collagen-expressing clusters. Heat maps of 
 tSNE plots are plotted by ln(UMI -per-10,000 +1). “nb” neoblast, “plu” pluripotent, “ep” epidermis, “in” intestine, “ph” pharynx, “mu” 
muscle, “nu” neuron., “pn” protonephridia, “cat” cathepsin+, “DV” dorsal-ventral, “subepi” subepidermal.
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Figure S8. Expression of COLIV. 
(A) scRNAseq tSNE plots of COLIV genes, shown in main clusters (top), muscle sub-clusters (middle) and neoblast sub -clusters 
(bottom). In muscle sub -clusters, red lines enclosed clusters of mature muscle cells expressed by the COLIV genes; purple lines 

“plu” pluripotent, “�” gamma, “�” zeta, “mu” muscle, “in” intestine, “nu” neuron., “pn” protonephridia, “cat” cathepsin+. (B) Annotation of  
different neoblast sub-clusters with corresponding marker genes. Left panel: general neoblast marker piwi-1 is expressed by most 

of COLIV gene col4-1 before and after selective neoblast removal (3 dpi after 1,250 rad �-irradiation) is shown by ISH (C) and qRT-PCR 

triplicates. Mean�±�s.e.m is presented, and statistical significance was assessed using two-tailed unpaired Student t tests. ***p<0.001. 
(E) Confocal maximum intensity Z-projection of the head region in control(RNAi) and col4-1(RNAi) worms after 6 RNAi feeds (Day 22), 
COLIV (�COLIV) and muscle ( �6G10) stains. (F) Single Z-plane dorsal view of the parenchymal region in RNAi worms. Lower panels 
are enlarged gut-parenchymal region, where dense COLIV patches are found only in col4-1(RNAi) worms. Scale bars in C, E and F: 
upper panels = 100 �m;  F lower panels = 10 �m.  

(gene expression relative to housekeeping gene   gapdh) (D). Each group is conducted with biological triplicate and experimental  

enclosed early progenitors. For neoblast sub-clusters, black lines enclosed neoblast types that express the corresponding COLIV gene. 

neoblast cells. Right panels: marker genes specifically expressed by different neoblast sub-populations. (C and D) Expression change 
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FLJXUH S9. PKHQRW\SHV RI ILEULOODU, VKRUW FKDLQ DQG W\SH I9 FROODJHQ RNAL XQGHU QRQ-J-LUUDGLDWHG FRQGLWLRQ.  
(A) ReSUeVeQWaWiYe iPageV Rf H3P VWaiQV iQ FRQWURO(RNAL) aQd ILEULOODU/VKRUW FKDLQ FROODJHQ(RNAL) ZRUPV. Scale baU = 100 PP. (B) 
QXaQWificaWiRQ Rf H3P+ cell deQViW\. (C) CRQfRcal PXlWiSle Z-SlaQe-iPageV VhRZiQg ILEULOODU/VKRUW FKDLQ FROODJHQ(RNAL) ZRUPV haYe iQWacW 
PXVcXlaWXUe aV VeeQ iQ FRQWURO(RNAL) ZRUPV, aV RSSRVed WR LWJB1(RNAL) PXVcleV ZiWh diVRUgaQi]ed fibeUV. Scale baU = 10 PP. (D) 
QXaQWificaWiRQ Rf MXVcle fibeU deQViW\. (E) CRQfRcal Wiled Z-SURjecWiRQ iPageV Rf SLZL-1 aQd H3P VWaiQV iQ FRQWURO(RNAL) aQd FRO4-1(RNAL) 
ZRUPV. Scale baU = 100 PP. RighW VPall SaQelV aUe ]RRPed-iQ iPageV Rf aQWeUiRU SaUeQch\Pal UegiRQV. HRllRZ aUURZhead highlighWV 
deQVe QeRblaVW clXVWeUV. Scale baU = 50 PP. (F) QXaQWificaWiRQV Rf H3P+ cell deQViW\. (G) The UelaWiYe SURSRUWiRQV Rf WJV-1+, ] aQd 
J�QeRblaVWV ZiWhiQ QeRblaVW SRRl. (H) QXaQWificaWiRQ Rf Whe SURSRUWiRQ Rf SLZL-1+ cellV ZiWhiQ eaUl\ eSideUPal SURgeQiWRUV (eS) (]IS-1+), 
SURWRQeShUidia (SQ) (FDYII+), QeXURQ (QX) (CKA7+), iQWeVWiQe (iQ) (KQI4+), D/V PXVcleV (D/V-PX), gXW PXVcleV (iQ-PX) aQd VXbeSideUPal 
PXVcleV (VXbeS-PX) (FRO4-2+).FRU gUaShV iQ B, D, F aQd H, QXPbeU Rf aQiPalV WeVWed iV iQdicaWed b\ Whe QXPbeU Rf daWa SRiQWV iQ each 
gURXS. MeaQௗ�ௗV.e.P iV SUeVeQWed, aQd VWaWiVWical VigQificaQce ZaV aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. *S<0.05; **S<0.01; 
***S<0.001; ****S<0.0001. 
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FLJXUH S10. TLVVXH ORVV DQG GLVRUJDQL]DWLRQ LQ ODWH VWDJH cRl4-1(RNAi) ZRUPV.  
(A) Tiled Z-SURjecWiRQ cRQfRcal iPageV Rf ZhRle ZRUP-eSideUPal SURgeQieV SURJ2+ FISH VWaiQ Rf FRQWURO(RNAL) aQd FRO4-1(RNAL) 
iQWeUPediaWe SheQRW\Se (IPaged WakeQ b\ VSiQQiQg diVc cRQfRcal PicURVcRS\). (B) LefW SaQel: dePRQVWUaWiRQ Rf lRcaWiRQV ZheUe 
WUaQVYeUVe VecWiRQV aUe WakeQ fRU FISH aQal\ViV, iQ FRQWURO(RNAL) aQd FRO4-1(RNAL) ZRUPV. TheVe iQclXde head (SRVW-e\eVSRW aQd QRQ-
UegUeVViQg ]RQe) aQd SUe-ShaU\Qgeal UegiRQ (iPPediaWel\ iQ fURQW Rf ShaU\Q[). RighW SaQelV: SiQgle Z-SlaQe cRQfRcal iPageV Rf QeRblaVWV 
(SLZL-1+), eaUl\ eSideUPal SURgeQieV (SURJ2+) aQd cell QXclei (DAPI) iQ aQWeUiRU (iQWacW UegiRQ) WUaQVYeUVe VecWiRQV Rf FRQWURO(RNAL) aQd 
iQWeUPediaWe FRO4-1(RNAL) ZRUPV. Scale baU = 100 PP. (C) QXaQWificaWiRQV Rf SURJ2+ cell deQViWieV alRQg diffeUeQW UegUeVViRQ VeYeUiWieV 
(iQW: iQWeUPediaWe; VeY: VeYeUe). (D) QXaQWificaWiRQV Rf eSideUPal SURgeQiWRU-WR-QeRblaVW UaWiR iQ head WUaQVYeUVe VecWiRQV. (E) DeQViW\ 
TXaQWificaWiRQ Rf ciUcXlaU, lRQgiWXdiQal aQd diagRQal PXVcle fibeUV aW UegUeVViQg aQd ³iQWacW´ UegiRQV Rf Whe headV, UeVSecWiYel\. (F) 
E[SUeVViRQ Rf SaWWeUQiQg cRQWURl geQeV QRWXP aQd VOLW iQ FRQWURO(RNAL) aQd iQWeUPediaWe FRO4-1(RNAL) ZRUPV. (G) ASRSWRViV Rf 
FRQWURO(RNAL) aQd FRO4-1(RNAL) ZRUPV fURP Pild WR VeYeUe SheQRW\SeV, VWaiQed ZiWh TUNEL+ cellV. (H) QXaQWificaWiRQ Rf aSRSWRWic cell 
deQViW\. NXPbeU Rf aQiPalV WeVWed iV iQdicaWed b\ Whe QXPbeU Rf daWa SRiQWV iQ each gURXS. MeaQௗ�ௗV.e.P iV SUeVeQWed, aQd VWaWiVWical 
VigQificaQce ZaV aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. **S<0.01; ****S<0.0001. (I) GXW diVRUgaQi]aWiRQ iQ FRO4-1(RNAL) 6 
feedV iV YiVXali]ed b\ ISH Rf gXW PaUkeU PDW. TRS YieZ (cRURQal), Vide YieZ (VagiWWal) aQd Qeck cURVV-VecWiRQV (WUaQVYeUVe, cRXQWeUVWaiQed 
ZiWh DAPI). RegiRQV Rf gXW RXWgURZWh RU diVRUgaQi]aWiRQ iV iQdicaWed b\ a ZhiWe aUURZ. (J) dFISH Rf gXW (KQI4+) aQd QeRblaVW (SLZL-1+). 
RighW SaQelV aUe eQlaUged fURP ZhiWe bR[eV iQ ³PeUged´ iPageV. AUURZheadV iQdicaWe cR-lRcali]aWiRQV Rf deQVe SLZL-1+ clXVWeUV aQd 
diVRUgaQi]ed gXW bUaQcheV. Scale baU iQ A-J = 100 PP. (K) ReSUeVeQWaWiYe elecWURQ PicURVcRS\ iPageV Rf iQWacW aQWeUiRU laWeUal UegiRQ 
VXbeSideUPal BM aQd PXVcle fibeUV ³M´ iQ FRQWURO(RNAL) aQd iQWeUPediaWe FRO4-1(RNAL) ZRUPV, 8fd7. WhiWe bR[eV highlighW UegiRQV Rf 
BM WhaW iV eQlaUged iQ lRZeU SaQelV. Scale baU = 2 PP. (L) NeRblaVW (SLZL-1+) aQd BM (COLIV+) lRcali]aWiRQV aW gXW-iQQeU SaUeQch\Pa 
bRXQdaU\ iV YiVXali]ed iQ FRQWURO(RNAL) aQd iQWeUPediaWe FRO4-1(RNAL) ZRUPV. WhiWe liQe iQ FRQWURO(RNAL) iPage highlighWV a cleaU 
bRXQdaU\ beWZeeQ Whe WZR WiVVXe cRPSaUWPeQWV. Scale baU = 10 PP. CRQfRcal iPageV aUe VhRZQ aV Wiled Z-SURjecWiRQ (A, F, G, I (cRURQal, 
VagiWWal)) RU ViQgle Z-SlaQe (B, I (WUaQVYeUVe), J, L). 
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FLJXUH S11. TLPH SRLQW FRPSDULVRQ RI WLVVXH ZRXQGLQJ DQG QHREODVW SKHQRW\SHV LQ cRl4-1(RNAi) ZRUPV 
(A) SchePaWic diagUaP Rf e[SeUiPeQWal VeWXSV. FRQWURO/FRO4-1 RNAi ZRUPV ZeUe VeSaUaWed iQWR 6 gURXSV ZiWh 3 ± 8 dRVeV Rf RNAi feedV, 
UeVSecWiYel\. Each URXQd Rf feediQg ZaV 3 da\V aSaUW. AfWeU Whe laVW feed, ZRUPV ZeUe PaiQWaiQed ZiWhRXW feediQg fRU 3 PRUe da\V befRUe 
SURceediQg WR leWhal (6,000 Uad), VXbleWhal (1,250 Uad) RU QR J-iUUadiaWiRQ, aQd iQcXbaWed fRU 3 PRUe da\V befRUe haUYeVWiQg. 3fd6: 3-
feedV-da\6, 4fd6: 4-feedV-da\6, 5fd6: 5-feedV-da\6, 6fd6: 6-feedV-da\6, 7fd6: 7-feedV-da\6, 8fd6: 8-feedV-da\6. (B aQd C) FRld chaQge 
Rf ZRXQdiQg geQeV IRV-1 aQd MXQ-1 iQ FRO4-1(RNAL) ZRUPV cRPSaUed WR FRQWURO(RNAL) ZRUPV, fURP 12 da\V Rf RNAi (3fd6) WR 21 da\V 
Rf RNAi (6fd6), XQdeU hRPeRVWaWic (B) aQd leWhall\ J-iUUadiaWed 3 dSi (C) cRQdiWiRQV, UeVSecWiYel\. IQ WhiV TRT-PCR, each gURXS iV dRQe 
ZiWh biRlRgical WUiSlicaWe aQd e[SeUiPeQWal WUiSlicaWe. DaWa UeSUeVeQW Whe PeaQௗ�ௗV.e.P aQd VWaWiVWical VigQificaQce ZaV aVVeVVed XViQg 
WZR-Wailed XQSaiUed SWXdeQW W WeVWV. *S<0.05. (D aQd E) ASRSWRWic cell deQViW\ deWeUPiQed b\ TUNEL, iQ 21 da\V Rf RNAi ZRUPV. CRQfRcal 
(Wiled Z-SURjecWed) iPageV iQ C aQd TXaQWificaWiRQV iQ E. F ReSUeVeQWaWiYe iPageV Rf SURJ2 cRlRUiPeWUic-ISH VWaiQ iQ 21 da\V Rf RNAi 
ZRUPV, SURJ2+ cell deQViW\ iQ dRUVal SUeShaU\Qgeal UegiRQ (beWZeeQ e\eVSRW aQd ShaU\Q[) iV TXaQWified iQ G. IQ each gURXS PeaQௗ�ௗV.e.P 
iV SUeVeQWed, aQd VWaWiVWical VigQificaQce ZaV aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. Q.V. QRW VigQificaQW, **S<0.01. FRU all 
iPageV, Vcale baU = 100 PP. 
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FLJXUH S12. iQ YiWUR QHREODVW FXOWXULQJ LQ cRl4-1(RNAi) ECM VFDIIROG 
(A) SchePaWic diagUaP VhRZiQg hRZ PaWUi[ VcaffRldV aUe SUeSaUed, hRZ cellV aUe iVRlaWed, aQd hRZ Whe cR-iQcXbaWiRQ iV dRQe. (B aQd 
C) Cell-fUee PaWUi[ VcaffRld (QR cell Veeded) ZeUe VhRZQ XQdeU bUighWfield (B) aQd FISH ZiWh SLZL-1 aQd DAPI VWaiQ (cRQfRcal ViQgle Z-
SlaQe) (C), cRQfiUPiQg QR Yiable cellV e[iVW. (D) Wild W\Se cell deQViW\ aQd (E) Whe SeUceQWage Rf QeRblaVWV (SLZL-1+/DAPI+) aUe deWeUPiQed 
iQ WiVVXe cXlWXUe RQ FRQWURO(RNAL) aQd FRO4-1(RNAL) PaWUi[ VcaffRld, afWeU 0 aQd 2 da\V Rf iQcXbaWiRQV, UeVSecWiYel\. NXPbeU Rf UeSlicaWeV 
WeVWed iV iQdicaWed b\ Whe QXPbeU Rf daWa SRiQWV iQ each gURXS. IQ each gURXS PeaQௗ�ௗV.e.P iV SUeVeQWed, aQd VWaWiVWical VigQificaQce 
ZaV aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. Q.V. QRW VigQificaQW, **S<0.01. (F) CRQfRcal iPageV Rf WiVVXe cXlWXUe RQ 
FRQWURO(RNAL) aQd FRO4-1(RNAL) PaWUi[ VcaffRld afWeU 2 da\V Rf iQcXbaWiRQ. FRU all iPageV, Vcale baU = 100 PP. 
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FLJXUH S13. E[SUHVVLRQ RI cRl4-1 DFURVV UHJHQHUDWLRQ  
E[SUeVViRQ Rf FRO4-1 b\ cRlRUiPeWUic-ISH iQ WT ZRUPV fURP aPSXWaWiRQ WR fXll UegeQeUaWiRQ RYeU a SeUiRd Rf 192 hRXUV (8 da\V). The 
bRXQdaU\ beWZeeQ Whe blaVWePal aQd Rld WiVVXe iV iQdicaWed b\ dRWWed black liQeV. Scale baU = 100 PP. 
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FLJXUH S14. IPSDLUHG WLVVXH UHJHQHUDWLRQ LQ cRl4-1(RNAi) ZRUPV 
(A) ReSUeVeQWaWiYe iPageV VhRZiQg iQcUeaViQg FRO4-1 e[SUeVViRQ iQ Whe blaVWePa UegiRQ cRUUelaWeV ZiWh UedXciQg QeRblaVW SURlifeUaWiRQ 
fURP 6 ± 48 hSa. WhiWe dRWWed liQeV highlighWed edge Rf aQiPalV. (B-L) FRQWURO(RNAL) aQd FRO4-1(RNAL) ZRUPV aPSXWaWed aW 7 da\V afWeU 
8-RNAi feedV (8fd7) aW UegiRQV aQWeUiRU aQd SRVWeUiRU Rf Whe ShaU\Q[, WheVe WUXQk fUagPeQWV aUe allRZed WR fXll\ UegeQeUaWe RYeU 15 da\V. 
(B) GURZWh Rf blaVWePa (ZhiWe WiVVXe aW WRS aQd bRWWRP Rf fUagPeQWV) fURP 2 ± 9 dSa. (C) QXaQWificaWiRQ Rf Whe aQWeUiRU blaVWePal Vi]e WR 
ZhRle bRd\ Vi]e UaWiR. (D) DCOLIV aQd D6G10 (PXVcle) VWaiQV. (E) ESideUPal (SURJ2+), PXVcle (6G10+) aQd bUaiQ (CKA7+) cellV. DRWWed 
liQeV: blaVWePa/Rld WiVVXe bRXQdaU\. (F) QXaQWificaWiRQV Rf blaVWePal eSideUPal SURgeQ\ deQViWieV. (G) QXaQWificaWiRQ Rf Whe QeZ 
bUaiQ/ZhRle bRd\ aUea UaWiR. (H) PURlifeUaWiQg QeRblaVWV (H3P+) iQ WUXQk fUagPeQWV. (I) QXaQWificaWiRQ Rf H3P+ deQViW\ fURP 1 ± 15 dSa. (J) 
AVVeVVPeQW Rf SURlifeUaWiQg QeRblaVWV (H3P+/SLZL-1+) iQ blaVWePal UegiRQ Rf FRO4-1(RNAL) ZRUPV. (K) QXaQWificaWiRQV Rf QeRblaVWV (SLZL-
1+), aQd (L) SURlifeUaWiRQ (H3P+) deQViWieV. FRU UegeQeUaWiRQ e[SeUiPeQWV, QXPbeU Rf aQiPalV WeVWed iV iQdicaWed b\ Whe QXPbeU Rf daWa 
SRiQWV iQ each gURXS. MeaQௗ�ௗV.e.P iV SUeVeQWed, aQd VWaWiVWical VigQificaQce ZaV aVVeVVed XViQg WZR-Wailed XQSaiUed SWXdeQW W WeVWV. 
*S<0.05; **S<0.01; ***S<0.001; ****S<0.0001. All Vcale baUV = 100 PP. A, D, E, H aQd J aUe Wiled Z-SURjecWed cRQfRcal iPageV. 
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FLJXUH S15. ECM UHFHSWRUV LQWHJULQ DQG DDR RNAL UHVXOWHG LQ LQFUHDVHG UDWH RI QHREODVW UHSRSXODWLRQ 
(A aQd B) E[SUeVViRQV Rf LWJB1, LWJA1, LWJA2 aQd GGU-1, deWeUPiQed b\ VcRNAVeT WSNE SlRWV, iQ PaiQ clXVWeUV (A) aQd QeXUal VXb-clXVWeU 
fRU GGU-1, ZheUe PC2+ QeXURQV aUe highlighWed (B). CiUcleV iQ LWJB1 aQd LWJA2 SlRWV iQdicaWe e[SUeVViRQ Rf WheVe geQeV iQ QeRblaVW clXVWeU; 
ciUcle iQ GGU-1 SlRW iQdicaWeV e[SUeVViRQ iQ QeXUal clXVWeU. (C) CRlRUiPeWUic-ISH Rf each ECM UeceSWRU¶V ZhRle-bRd\ e[SUeVViRQ. (D) TUiSle 
FISH/IF Rf LWJA4 ZiWh QeRblaVWV (SLZL-1+) aQd COLIV (Pid-bRd\ WUaQVYeUVe VecWiRQ). (E) SchePaWic diagUaP VhRZiQg Whe SUR[iPiW\ Rf 
QeRblaVWV (iQ SaUeQch\Pa), QeXURQV aQd gXW, iQ dRUVal aQd WUaQVYeUVe YieZV. RighW SaQelV: cRQfRcal YiVXali]aWiRQ Rf bUaiQ aQd gXW 
VWUXcWXUeV b\ DAPI iV dePRQVWUaWed, WRgeWheU ZiWh SLZL-1 FISH. (F) FISH Rf QUJ-7, GGU-1, CKA7 aQd DAPI iQ FRQWURO(RNAL) aQd FRO4-
1(RNAL) aQiPalV aW 18 da\V Rf RNAi (6fd3), XQdeU Whe VaPe iPagiQg cRQdiWiRQ (laVeU SRZeU aQd e[SRVXUe WiPe) cRPSaUed QUJ-7 
e[SUeVViRQ leYel iQ GGU-1+/CKA7+ QeXURQV. (G) E[SUeVViRQ Rf FRO4-1 iQ dRXble RNAi gURXSV (6fd7, QRQ-J-iUUadiaWed) b\ TRT-PCR. GeQe 
e[SUeVViRQ leYelV aUe QRUPali]ed b\ hRXVe-keeSiQg geQe JDSGK. Each gURXS iV dRQe ZiWh biRlRgical WUiSlicaWe (each cRQViVWed Rf cDNA 
SRRled fURP 3 ZRUPV) aQd e[SeUiPeQWal WUiSlicaWe. DaWa UeSUeVeQW Whe PeaQௗ�ௗV.e.P aQd VWaWiVWical VigQificaQce ZaV aVVeVVed XViQg WZR-
Wailed XQSaiUed SWXdeQW W WeVWV. ***S<0.001, Q.V. QRW VigQificaQW. D, E aQd F aUe ViQgle Z-SlaQe cRQfRcal iPageV. Scale baUV: F VPall 
SaQelV = 10 PP; all RWheUV = 100 PP. 
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