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Supplementary Table:  

Table S1 includes list of genes that are differentially expressed among RCA subgroups, D8 
BDD2-C8 sorted cells, and D8 CD13/CD201 dual antibodies sorted populations;  list of 
transcription factors identified from 10X scRNA-seq library analysis; list of variable 
transcription factors identified from scATAC-seq libraries across reprogramming; list of 
FOSL1 and TEAD4 functional targets. 

  



Supplementary Figure 1
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FLJXUH S1. QC RI VcATAC-SHT aQd VcRNA-SHT OLbUaULHV 

 

(A) RepUeVenWaWiYe bUighW field imageV and d\e VWaining imageV inclXding Calcein (gUeen) and TRA-1-
60 (Ued), in a D16+ (Wop) and a D16- (boWWom) cell. 

(B) FACS anal\ViV foU MACS VoUWed D16 TRA-1-60+ (Wop) and D16 TRA-1-60- (boWWom) popXlaWionV. 

(C) RepUeVenWaWiYe VWaining imageV of NXcleXV (blXe), TRA-1-81 (gUe\), TRA-1-60 (gUeen) and OCT4 
(Ued) in iPSC cloneV geneUaWed XVing pol\ciVWUonic O2S, K2M UepUogUamming V\VWem. 

(D) BiVXlfiWe DNA meWh\laWion anal\ViV on Whe NANOG pUomoWeU in iPSCV (lefW), hESCV (middle) and 
BJ cellV (UighW). Black ciUcleV denoWe meWh\laWed c\WoVine UeVidXe, ZheUeaV Whe ZhiWe ciUcleV denoWe 
XnmeWh\laWed c\WoVine UeVidXeV.  

(E) HemaWo[\lin and eoVin VWaining of WeUaWomaV deUiYed fUom immXnodeficienW mice injecWed ZiWh 
iPSCV geneUaWed XVing Whe pol\ciVWUonic O2S, K2M UepUogUamming V\VWem. 

(F) HeaWmapV demonVWUaWing Whe e[pUeVVion leYelV of plXUipoWenW and VomaWic geneV (Wop), and 
MeVench\mal and EpiWhelial geneV (boWWom) WhUoXghoXW UepUogUamming. Each colXmn UepUeVenWV a 
Vingle-cell, and each UoZ indicaWeV a gene. The e[pUeVVion UangeV fUom blXe (loZ) Wo Ued (high). 

(G) QC of Whe pUepaUed 10X VcRNA-SeT libUaUieV demonVWUaWing Whe nXmbeU of geneV (lefW), XniTXe 
molecXlaU idenWifieUV (UMI) (middle), and peUcenWage of miWochondUial DNA deWecWed (UighW).  

(H) CoUUelaWion anal\ViV beWZeen miWochondUial DNA and UMI (lefW) and beWZeen nXmbeU of geneV and 
UMI (UighW). The anal\ViV VhoZed a negaWiYe coUUelaWion beWZeen UMI and miWochondUial DNA.  

(I) SXpeUimpoViWion of Whe Vingle-cell-e[pUeVVion leYelV of LI128A on Whe UMAP ploW.  

(J) AYeUage enUichmenW pUofile of a D16- VcATAC-SeT libUaU\ aUoXnd TUanVcUipWion SWaUW SiWeV (TSS) of 
Whe genome ZiWh a ZindoZ of -3K Wo 3K. Y-a[iV denoWeV Whe aYeUage noUmali]ed Uead coXnWV of Whe 
libUaU\ oYeU Whe indicaWed Uegion in Whe genome ([-a[iV). 

(K) HiVWogUam of inVeUW Vi]e meWUicV of a D16- VcATAC-SeT libUaU\, UeYealing a nXcleoVomal paWWeUn, 
chaUacWeUiVWic of a good VcATAC-SeT libUaU\. The hiVWogUam ZaV geneUaWed XVing Whe 
³CollecWInVeUWSi]eMeWUicV´ of PicaUd. 

 

 

 

 

 

 
 



Supplementary Figure 2
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FLJXUH S2. IdHQWLILcaWLRQ RI VXbJURXSV IURP FOXLdLJP VcRNA-SHT OLbUaULHV XVLQJ RCA aQaO\VLV 

 

(A) RCA heaWmap VhoZing Whe higheVW coUUelaWed lineageV foU BJ VcRNA-SeT libUaUieV. 

(B) RCA heaWmap VhoZing Whe higheVW coUUelaWed lineageV foU Whe pXbliVhed BJ bXlk RNA-SeT libUaUieV. 
The VoXUceV of BJ RNA-SeT libUaUieV aUe indicaWed beloZ. 

(C) RCA heaWmapV VhoZing Whe VXbgUoXpV of D2 (Wop), D8 (middle), and D16+ (boWWom) cellV clXVWeUed 
baVed on WheiU coUUelaWion Wo cellV of diffeUenW lineage oUigin. Each UoZ indicaWeV a lineage. The 
coUUelaWion UangeV fUom blXe (loZ) Wo Ued (high). ColoU baU on Wop indicaWeV Whe Wime-poinWV (aboYe) 
and Whe UeVpecWiYe VXbgUoXpV (beloZ). GUe\ coloU indicaWeV Whe minoUiW\ oXWlieU cellV Zhich doeVn¶W 
belong Wo Whe indicaWed VXbgUoXpV. 

(D) Bo[ploWV demonVWUaWing Whe e[pUeVVion of Whe Vpecified diffeUenWiall\ e[pUeVVed geneV (DEGV) acUoVV 
Whe UepUogUamming Wime-poinWV and WheiU UeVpecWiYe VXbgUoXpV. LineV in Whe bo[ UepUeVenW median 
e[pUeVVion, ZheUeaV diamondV in Whe bo[ UepUeVenW mean e[pUeVVion. 

(E) SWemneVV anal\ViV foU Whe geneV highl\ e[pUeVVed in D8 G1&G2 (lefW) and D8 G3 (UighW) cellV. 
SignificanW adjXVWed P YalXeV aUe indicaWed. 

(F) SWemneVV anal\ViV foU Whe geneV highl\ e[pUeVVed in D16+ G1 (Wop) and D16+ G2 (boWWom) cellV. 
SignificanW adjXVWed P YalXeV aUe pUeVenWed. 

(G) HeaWmap VhoZing Whe PeaUVon coUUelaWion calcXlaWed beWZeen D8 VXbgUoXpV and Whe cellV of oWheU 
UepUogUamming Wime-poinWV, baVed on Whe DEGV of D8 VXbgUoXpV. The coUUelaWion UangeV fUom blXe 
(loZ) Wo Ued (high). ColoU baU on Wop indicaWeV Whe Wime-poinWV (aboYe) and Whe UeVpecWiYe VXbgUoXpV 
(beloZ). Side coloU baU indicaWeV Whe VXbgUoXpV of D8.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 3
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FLJXUH S3. AQaO\VLV RI 10X GHQRPLcV VcRNA-SHT OLbUaULHV 

 

(A) RCA heaWmapV VhoZing Whe VXbgUoXpV of D2 (Wop), D8 (middle), and D16+ (boWWom) cellV, clXVWeUed 
baVed on WheiU coUUelaWion Wo YaUioXV lineageV in RCA panel. Each UoZ indicaWeV one lineage. The 
coUUelaWion UangeV fUom blXe (loZ) Wo Ued (high). ColoU baU on Wop indicaWeV Whe VXbgUoXpV. GUe\ coloU 
indicaWeV Whe minoUiW\ oXWlieU cellV Zhich doeVn¶W belong Wo Whe indicaWed VXbgUoXpV. 

(B) UnVXpeUYiVed clXVWeUing of D2 VXbgUoXpV (lefW), D8 VXbgUoXpV (middle), and D16+ VXbgUoXpV (UighW) 
idenWified fUom FlXidigm and 10X GenomicV VcRNA-SeT libUaUieV, baVed on Whe CoUUelaWion 
CoefficienW calcXlaWed beWZeen Whem. ColoU UepUeVenWV Whe CoUUelaWion CoefficienW YalXe, Uanging 
fUom \elloZ (loZ) Wo Ued (high). 

(C) SWacked colXmn UeYealing Whe diVWUibXWion of D2 VXbgUoXpV acUoVV Whe pVeXdoWempoUal VWaWeV. ColoUV 
UepUeVenW D2 VXbgUoXpV. GUe\ coloU UepUeVenWV cellV of oWheU UepUogUamming Wime-poinWV. 

(D) RCA heaWmap VhoZing Whe combined RCA clXVWeUing of D2 and D8 cellV baVed on WheiU coUUelaWion 
Wo cellV of YaUioXV lineage oUiginV. Each UoZ indicaWeV one lineage. The coUUelaWion UangeV fUom blXe 
(loZ) Wo Ued (high). ColoU baU on Wop indicaWeV Whe UepUogUamming Wime-poinWV.  

(E) PiechaUW indicaWing Whe peUcenWage of D2 VXbgUoXpV calcXlaWed againVW D2 cellV ZiWh coUUelaWion 
YalXeV of aboYe 2 Wo Whe RCA libUaU\ ³L2_ESC´. 

(F) SWacked colXmn UeYealing Whe peUcenWage of Whe D16+ VXbgUoXpV acUoVV Whe WUajecWoU\ VWaWeV. GUe\ 
coloU indicaWeV cellV of Whe oWheU Wime-poinWV. 

(G)  SXpeUimpoViWion of lineage idenWiWieV on UMAP ploW. ColoU UepUeVenWV pVeXdoWempoUal VWaWe (lefW) 
and lineage enUichmenW VcoUe (UighW). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 4
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FLJXUH S4. IdHQWLILcaWLRQ RI IOXRUHVcHQW SURbHV WR HQULcK IRU WKH HaUO\ UHSURJUaPPHd cHOOV 

 

(A) DiVWUibXWion ploW foU Whe flXoUeVcenW pUobe VcUeen. PoViWiYel\ VWained aUea of Whe d\eV ZeUe meaVXUed 
and noUmali]ed Wo Whe cell nXmbeU (D\e/nXclei) foU D8 cellV cXlWXUed in A83-01 (\-a[iV) and DMSO 
conWUol ([-a[iV). Red doWV UepUeVenW d\eV ZiWh XnVpecific VWaining, and gUeen doWV UepUeVenW d\eV WhaW 
aUe capable of diVWingXiVhing eaUl\ UepUogUammed cellV.  

(B) RepUeVenWaWiYe VWaining imageV of chemical d\eV and TRA-1-60 in D21 UepUogUamming cellV. CellV 
ZeUe VWained ZiWh Whe indicaWed chemical d\eV and VXbVeTXenWl\ fi[ed foU TRA-1-60 
immXnoflXoUeVcence VWaining.  

(C) Chemical VWUXcWXUe and molecXlaU foUmXla of Whe candidaWe flXoUeVcenW pUobeV. 

(D) QXanWificaWion of TRA-1-60+ colonieV \ielded fUom D8 cellV VoUWed ZiWh Whe UeVpecWiYe chemical 
d\eV (Wop). Top 10% and boWWom 10% of Whe VWained cellV ZeUe collecWed and Veeded foU TRA-1-60 
ImmXno-hiVWochemical VWaining aW D21. RepUeVenWaWiYe imageV aUe VhoZn beloZ. n=3; eUUoU baU 
indicaWeV SD. 

(E) QXanWificaWion of TRA-1-60+ colonieV \ielded fUom D8 cellV VoUWed ZiWh Whe indicaWed chemical d\eV 
aW da\ 8 of UepUogUamming, indXced fUom MRC5. n=2; eUUoU baU indicaWeV SD. 

(F) BaUchaUW VhoZing Whe noUmali]ed BDD2-C8 VWaining aUea oYeU cell nXmbeU in D12 cellV, Xpon 
depleWion of Whe UepUogUamming UegXlaWoUV aW da\ 5 of UepUogUamming. Vi5 UefeUV Wo Whe combined 
knockdoZn of 60AD3, 6F5611, =0<02, E6E7 and 6AE1. n=4; eUUoU baU indicaWeV SD.  

(G) PCA ploW baVed on Whe RCA anal\ViV foU D8, D8BDD2-C8 high and D8BDD2-C8 loZ VcRNA-SeT libUaUieV. 
ColoU UepUeVenWV cell idenWiW\. 

(H) HieUaUchical dendUogUam foU Whe RCA clXVWeUing of D8 VXbgUoXpV, D8BDD2-C8 high and D8BDD2-C8 loZ 
cellV. ColoU UepUeVenWV Whe cell idenWiW\. 

(I) UnVXpeUYiVed clXVWeUing of D8 VXbgUoXpV (FlXidigm) and BDD2-C8 VoUWed cellV, baVed on Whe 
CoUUelaWion CoefficienW calcXlaWed beWZeen Whem. ColoU UepUeVenWV Whe CoUUelaWion CoefficienW YalXe, 
Uanging fUom \elloZ (loZ) Wo Ued (high). 

(J) HeaWmap UeYealing Whe GO WeUmV enUiched b\ Whe geneV diffeUenWiall\ e[pUeVVed in D8BDD2-C8 high and 
D8BDD2-C8 loZ cellV. 

(K) HeaWmap UeYealing Whe VWUXcWXUal comple[eV enUiched b\ Whe geneV diffeUenWiall\ e[pUeVVed in 
D8BDD2-C8 high and D8BDD2-C8 loZ cellV. EnUichmenW UangeV fUom ZhiWe (no) Wo daUk Ued (high). 

(L) Confocal imageV foU VWaining of oUganelle-Vpecific pUobeV and BDD2-C8 in H1 hESCV. GUeen 
indicaWeV oUganelle pUobeV Vignal, Ued indicaWeV d\e Vignal, and blXe indicaWeV nXclei VWaining Vignal. 

(M) HeaWmap demonVWUaWing Whe e[pUeVVion of geneV inYolYed in VecUeWoU\ paWhZa\ in D8BDD2-C8 high 
and D8BDD2-C8 loZ cellV. E[pUeVVion UangeV fUom ZhiWe (no) Wo Ued (high). 



(N) BaUchaUW VhoZing Whe BDD2-C8 VWaining VignalV in BJ fibUoblaVWV, Xpon depleWion of Whe geneV 
inYolYed in Whe VecUeWoU\ paWhZa\. BJ cellV ZeUe VWained ZiWh BDD2-C8 aW 72 hUV poVW ViRNA 
mediaWed knockdoZn foU FACS anal\ViV. The knockdoZn of WheVe geneV did noW affecW Whe XpWake of 
BDD2-C8 in boWh cell W\peV. HoZeYeU, Whe knockdoZn negaWiYel\ inflXenced Whe VecUeWion and 
UemoYal of BDD2-C8 fUom BJ fibUoblaVWV. 

(O) RepUeVenWaWiYe imageV foU BDD2-C8 VWaining in BJ fibUoblaVWV Xpon depleWion of Whe geneV inYolYed 
in Whe VecUeWoU\ paWhZa\. BJ cellV ZeUe VWained ZiWh BDD2-C8 aW 72 hUV poVW ViRNA mediaWed 
knockdoZn. CellV ZeUe VWained ZiWh BDD2-C8 foU 1 hU folloZed b\ de-VWaining foU 3 hU. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 5
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FLJXUH S5. IdHQWLILcaWLRQ RI VXUIacH PaUNHUV WR HQULcK IRU WKH HaUO\ UHSURJUaPPHd cHOOV 

 

(A) Bo[ploWV VhoZing Whe e[pUeVVion of VXUface maUkeUV acUoVV Whe UepUogUamming Wime-poinWV and WheiU 
UeVpecWiYe VXbgUoXpV. LineV in Whe bo[ UepUeVenW Whe median e[pUeVVion. 

(B) DoWploW indicaWing Whe e[pUeVVion of 352C5 (CD201) along Whe pVeXdoWime. SmooWh lineV UepUeVenW 
Whe mean e[pUeVVion leYel aW each pVeXdoWime, UegaUdleVV of Whe VWaWe. 

(C) Bo[ploWV VhoZing Whe e[pUeVVion of VXUface maUkeUV in Whe D8BDD2-C8 high and D8BDD2-C8 loZ cellV. 
LineV UepUeVenW Whe median e[pUeVVion. 

(D) DoWploWV VhoZing Whe co-VWaining VignalV of CD13 and CD44 in Whe UepUogUamming cellV of Whe 
indicaWed Wime-poinWV. LineV indicaWe Whe gaWing WhUeVhold. 

(E) DoWploWV VhoZing Whe co-VWaining VignalV of CD13 and CD201 in Whe UepUogUamming cellV of Whe 
indicaWed Wime-poinWV. LineV indicaWe Whe gaWing WhUeVhold. 

(F) OYeUlaid hiVWogUamV VhoZing Whe flXoUeVcence inWenViW\ (X-a[iV) of CD13 (lefW), CD44 (middle), and 
CD201 (UighW) in Whe MSC paUenWal cellV (Wop panel) and D8 Sendai UepUogUamming cellV indXced 
fUom MSCV (boWWom panel). The nXmbeUV on Wop indicaWe Whe peUcenWage of poViWiYel\ VWained cellV 
ZiWh Whe UeVpecWiYe VXUface maUkeUV. 

(G) DoWploW VhoZing Whe co-VWaining VignalV of CD13 and CD44 in Whe D8 Sendai UepUogUamming cellV 
indXced fUom MSCV. LineV indicaWe Whe gaWing WhUeVhold. 

(H) HiVWogUam VhoZing Whe CD13 VWaining inWenViWieV in Whe VoUWed CD13+ and CD13- cellV. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 6
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FLJXUH S6. AQaO\VLV RI CD13 VRUWHd 10X VcRNA-SHT OLbUaULHV  

 

(A) Violin ploWV demonVWUaWing Whe nXmbeU of geneV (lefW), XniTXe molecXlaU idenWifieUV (UMI) (middle), 
and peUcenWage of miWochondUial DNA deWecWed (UighW) in Whe D8 CD13 VoUWed 10X VcRNA-SeT 
libUaUieV.  

(B) SXpeUimpoViWion of CD13 e[pUeVVion on Whe WSNE ploW of Whe 10X D8 CD13 VoUWed VcRNA-SeT 
libUaUieV. ColoU UepUeVenWV e[pUeVVion leYel, Uanging fUom gUe\ (loZ) Wo pXUple (high). 

(C) HeaWmap VhoZing Whe e[pUeVVion of Whe diffeUenWiall\ e[pUeVVed geneV of CD13- and CD13+ in 
D8BDD2-C8 high and D8BDD2-C8 loZ cellV. PeaUVon coUUelaWion iV calcXlaWed beWZeen D8BDD2-C8 loZ and 
CD13+, and beWZeen D8BDD2-C8 high and CD13-, Zhich aUe indicaWed beloZ. ColoU UepUeVenWV Whe 
e[pUeVVion leYel, Uanging fUom daUk blXe (loZ) Wo daUk Ued (high).  

(D) Violin ploW demonVWUaWing Whe e[pUeVVion of CD13 acUoVV Whe idenWified CD13 clXVWeUV.   

(E) SXpeUimpoViWion of CD13 clXVWeUV on Whe MAGIC ploW foU CD13 and GDF3. ColoU indicaWeV Whe 
CD13 clXVWeUV. 

(F) MAGIC ploW VhoZing Whe coUUelaWiYe e[pUeVVion of CD13 and CD44 in Whe D8 CD13 VoUWed 10X 
libUaUieV. ColoU UepUeVenWV Whe e[pUeVVion leYel of GDF3, Uanging fUom black (no) Wo \elloZ (high). 

(G) SXpeUimpoViWion of CD13 clXVWeUV on Whe MAGIC ploW foU CD13 and CD44. ColoU indicaWeV Whe 
CD13 clXVWeUV. 

(H) MAGIC ploW VhoZing Whe coUUelaWiYe e[pUeVVion of CD13 and CD201 in Whe D8 CD13 VoUWed 10X 
libUaUieV. ColoU UepUeVenWV Whe e[pUeVVion leYel of GDF3, Uanging fUom black (no) Wo \elloZ (high). 

(I) Violin ploW demonVWUaWing Whe e[pUeVVion of CD201 acUoVV Whe idenWified CD13 clXVWeUV.   

(J) UnVXpeUYiVed clXVWeUing of D8 VXbgUoXpV (10X) and CD13-CD201 VoUWed cellV, baVed on Whe 
CoUUelaWion CoefficienW calcXlaWed beWZeen Whem. ColoU UepUeVenWV Whe CoUUelaWion CoefficienW YalXe, 
Uanging fUom \elloZ (loZ) Wo Ued (high). 

(K) DoWploWV VhoZing Whe compaUaWiYe e[pUeVVion of DEGV of Whe dXal anWibodieV VoUWed D8 cellV, in 
D16+ oYeU D16- cellV. Each doW UepUeVenWV a gene highl\ e[pUeVVed in Whe UeVpecWiYe VoUWed cellV. Y-
a[iV UepUeVenWV Whe fold change in e[pUeVVion (D16+/D16-), ZheUeaV X-a[iV denoWeV Whe mean 
e[pUeVVion of Whe UeVpecWiYe gene in eiWheU D16- (Wop) oU D16+ (boWWom) cellV. The nXmbeU beVideV 
each ploW indicaWeV Whe peUcenWage of geneV e[pUeVVed higheU (moUe Whan 2 fold) in D16- (Wop) oU 
D16+ (boWWom) cellV. 

(L)  OYeUlaid hiVWogUamV VhoZing Whe VWaining inWenViWieV of CD13 (lefW) and CD201 (UighW) in Whe D8 
Sendai UepUogUamming cellV, indXced fUom BJ cellV.  



(M) HiVWogUamV VhoZing Whe flXoUeVcence inWenViWieV (X-a[iV) of CD13 (lefW) and CD201 (UighW) in  
Whe D8 Sendai UepUogUamming cellV ZiWh Whe indicaWed VXUface maUkeUV pUofileV. The UepUogUamming 
ZaV indXced fUom BJ cellV XVing Sendai YiUXV. 

(N) BaUchaUW e[hibiWing Whe nXmbeU of TRA-1-60+ colonieV geneUaWed fUom CD13/CD201 dXal 
anWibodieV VoUWed D8 cellV (Wop). The UepUogUamming ZaV indXced fUom BJ cellV XVing Sendai YiUXV. 
RepUeVenWaWiYe imageV aUe VhoZn beloZ. n=2; eUUoU baU indicaWeV SD. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 7
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FLJXUH S7. COaVVLILcaWLRQ RI TFV baVHd RQ WKH d\QaPLcV RI WKHLU H[SUHVVLRQ aQd PRWLI accHVVLbLOLW\ 
acURVV UHSURJUaPPLQJ  

 

(A) Violin ploWV demonVWUaWing Whe e[pUeVVion of Whe UepUeVenWaWiYe TFV belonging Wo Whe caWegoUieV 
defined in FigXUe 5A, acUoVV Whe pVeXdoWempoUal VWaWeV.  

(B) HeaWmapV VhoZing Whe e[pUeVVion of EaUl\ (lefW) oU LaWe (UighW) Silenced TFV in D8BDD2-C8 high and 
D8BDD2-C8 loZ cellV. ColoU UepUeVenWV Whe e[pUeVVion leYel and UangeV fUom daUk blXe (loZ) Wo daUk Ued 
(high e[pUeVVion). E[pUeVVion of WheVe TFV in Whe CD13/CD201 dXal anWibodieV VoUWed D8 cellV aUe 
indicaWed beVide. TFV WhaW aUe highl\ e[pUeVVed in doXble poViWiYe oU Vingle poViWiYe cellV aUe labelled 
on Whe UighW. ColoU UepUeVenWV Whe peU UoZ noUmali]ed e[pUeVVion YalXe, Zhich iV Vcaled e[pUeVVion 
noUmali]ed againVW Whe ma[imXm YalXe of Whe UeVpecWiYe gene acUoVV Whe VampleV.  

(C) HeaWmap VhoZing Whe e[pUeVVion of Whe TUanVienWl\ e[pUeVVed TFV in Whe CD13/CD201 dXal 
anWibodieV VoUWed D8 cellV. DiffeUenWiall\ e[pUeVVed TFV aUe labelled on Whe UighW. ColoU UepUeVenWV 
Whe peU UoZ noUmali]ed e[pUeVVion YalXe, Zhich iV Vcaled e[pUeVVion noUmali]ed againVW Whe 
ma[imXm YalXe of Whe UeVpecWiYe gene acUoVV Whe VampleV. 

(D) HeaWmapV VhoZing Whe e[pUeVVion of Whe EaUl\ (lefW) and LaWe (UighW) E[pUeVVed TFV in Whe 
CD13/CD201 dXal anWibodieV VoUWed D8 cellV. TFV WhaW aUe highl\ e[pUeVVed in doXble negaWiYe cellV 
aUe labelled on Whe UighW. ColoU UepUeVenWV Whe peU UoZ noUmali]ed e[pUeVVion YalXe, Zhich iV Vcaled 
e[pUeVVion noUmali]ed againVW Whe ma[imXm YalXe of Whe UeVpecWiYe gene acUoVV Whe VampleV. 

(E) CoUUelaWion beWZeen Whe dXplicaWe VcATAC-SeT libUaUieV (baWch 1 and 2) of BJ (lefW), D8 (middle) 
and D16+ (UighW) cellV, baVed on Whe pUomoWeUV acceVVibiliW\ leYelV. The a[eV UepUeVenW Whe log10 of 
Whe acceVVibiliW\ leYel in each UeplicaWe. 

(F) Top: InWegUaWiYe UMAP ploWV foU VcATAC-SeT and VcRNA-SeT libUaUieV (FlXidigm). LibUaU\ W\pe iV 
labelled on Whe lefW ploW, and Wime-poinWV of VcRNA-SeT libUaUieV and Whe pUedicWed Wime-poinWV of 
VcATAC-SeT aUe labelled on Whe UighW ploW. BoWWom: Table VhoZing Whe nXmbeU of VcATAC-SeT 
libUaUieV (UoZ) pUedicWed Wo be Whe VcRNA-SeT of Whe indicaWed Wime-poinWV (colXmn). 

(G-K) SXpeUimpoViWion of Whe moWif enUichmenW VcoUeV foU OC moWif- JDP2 (G), TUanVienW moWif-SOX8, 
PAX6, and HNF4G (H), and CO moWif: W\pe I-OCT4 (I); W\pe II-TCF4 (J) and YY2 (K) on Whe 
VcATAC-SeT WSNE ploW. ColoU indicaWeV Whe acceVVibiliW\ leYel and UangeV fUom daUk blXe (no 
enUichmenW) Wo daUk Ued (high enUichmenW). 

(L) HeaWmap demonVWUaWing Whe UegXlon acWiYiW\ of TFV calcXlaWed fUom Whe 10X VcRNA-SeT libUaUieV b\ 
SCENIC, acUoVV Whe UepUogUamming Wime-poinWV and WheiU VXbgUoXpV. ColoU indicaWeV Whe UegXlon 
acWiYiW\ leYel, Uanging fUom blXe (loZ) Wo Ued (high). Silenced oU OC TFV aUe coloUed in Ued and daUk 
Ued, and TUanVienW TFV aUe coloUed in blXe, ZheUeaV E[pUeVVed and CO TFV aUe coloUed in pXUple.  

 
 
 



Supplementary Figure 8
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FLJXUH S8. FXQcWLRQaO UROHV RI FOSL1 aQd TEAD4 dXULQJ cHOOXOaU UHSURJUaPPLQJ 
 

(A) DoWploW UeYealing Whe pUopoUWion of fUagmenWV in peakV  (Y-a[iV) and libUaU\ Vi]e (X-a[iV) foU each 
D8 VcATAC-SeT libUaU\. The Ued doWWed lineV UepUeVenW Whe WhUeVhold foU each cUiWeUion.  

(B) LefW: W-SNE ploW of D8 VcATAC-SeT libUaUieV baVed on Whe deYiaWion VcoUeV of JASPAR moWifV. RighW: 
SXpeUimpoViWion of Whe baWch nXmbeU and acceVVibiliW\ VcoUeV of FOSL1 and TEAD4 moWifV on Whe 
W-SNE ploW.  

(C) SXpeUimpoViWion of F26L1 and 7EAD4 e[pUeVVion on Whe UepUogUamming WUajecWoU\. 

(D) LefW: MAGIC ploW VhoZing coUUelaWiYe e[pUeVVion of F26L1 and 7EAD4 in Whe 10X libUaUieV. RighW: 
SXpeUimpoViWion of GDF3 e[pUeVVion on Whe MAGIC ploW. 

(E) Line ploW demonVWUaWing Whe pUolifeUaWion of BJ cellV in Zhich F26L1 ZaV depleWed (F26L1 KD). 
Non-WaUgeWing ViRNA conVWUXcW (NT2 KD) ZaV XVed aV conWUol. X-a[iV denoWeV Whe Wime-poinW poVW 
ViRNA WUanVfecWion, ZheUeaV Y-a[iV UepUeVenWV Whe nXmbeU of cellV on Whe UeVpecWiYe Wime-poinW. n=3; 
eUUoU baU indicaWeV SD. 

(F) Bar chart exhibiting the relative expression of FOSL1 (Y-axis) at the indicated time-points (X-axis) 
after depleting FOSL1 using siRNA in BJ cells. Expression was measured by qRT-PCR. Relative 
expression of FOSL1 was calculated by normalizing to the Non-targeting siRNA construct (siNT2) 
of the respective time-point. n=2. EUUoU baU indicaWeV SD. 

(G) Bar chart exhibiting the relative expression of FOSL1 (Y-axis) in the reprogramming cells of the 
indicated time-points (X-axis) upon depleting FOSL1 at D5 of reprogramming. Expression was 
measured by qRT-PCR. Relative expression of FOSL1 was calculated by normalizing to the Non-
targeting siRNA construct (siNT2) of the respective time-point. n=2. EUUoU baU indicaWeV SD. 

(H) Bar chart revealing the number of TRA-1-60+ colonies formed (Y-axis) from wells in which FOSL1 
was depleted (siFOSL1) at D5 of reprogramming. Mutant construct (siFOSL1-mutant) was used as 
control along with a non-targeting construct (siNT2). Representative images are shown below. n=3; 
error bar indicates SD. 

(I) Bar chart exhibiting the relative expression of FOSL1 (Y-axis) upon depleting FOSL1 using wild-
type (siFOSL1) or mutant (siFOSL1-mutant) siRNA constructs at D5 of reprogramming. Expression 
was measured by qRT-PCR. Relative expression of FOSL1 was calculated by normalizing to the 
Non-targeting siRNA construct (siNT2). n=2. EUUoU baU indicaWeV SD. 

(J) BaU chaUW demonVWUaWing Whe nXmbeU of TRA-1-60+ colonieV (\-a[iV) Xpon knock-doZn F26L1 aW 
D7 of Sendai virus reprogramming, induced from BJ cells. Non-WaUgeWing ViRNA conVWUXcW (ViNT2) 
ZaV XVed aV conWUol. RepUeVenWaWiYe imageV aUe VhoZn beloZ, n=3. EUUoU baU indicaWeV SD. 

(K) Bar chart exhibiting the relative expression of TEAD4 (Y-axis) at the indicated time-points after 
depleting TEAD4 using siRNA in hESCs. Expression was measured by qRT-PCR. Relative 



expression of TEAD4 was calculated by normalizing to the Non-targeting siRNA construct (siNT2) 
of the respective time-point. n=2. EUUoU baU indicaWeV SD. 

(L) Bar chart exhibiting the relative expression of TEAD4 (Y-axis) in the reprogramming cells of the 
indicated time-points (X-axis) upon depleting TEAD4 using siRNA at D5 of reprogramming. 
Expression was measured by qRT-PCR. Relative expression of TEAD4 was calculated by 
normalizing to the Non-targeting siRNA construct (siNT2) of the respective time-point. n=2. EUUoU 
baU indicaWeV SD. 

(M) BaU chaUW UeYealing Whe nXmbeU of TRA-1-60+ colonieV foUmed (Y-a[iV) fUom ZellV in Zhich 
7EAD4 ZaV depleWed (Vi7EAD4) aW D5 of UepUogUamming. MXWanW conVWUXcW (Vi7EAD4-mXWanW) ZaV 
XVed aV conWUol along ZiWh a non-WaUgeWing conVWUXcW (ViNT2). RepUeVenWaWiYe imageV aUe VhoZn 
beloZ, n=3. EUUoU baU indicaWeV SD. 

(N) Bar chart exhibiting the relative expression of TEAD4 (Y-axis) upon depleting TEAD4 using wild-
type (siTEAD4) or mutant (siTEAD4-mutant) siRNA constructs at D5 of reprogramming. Expression 
was measured by qRT-PCR. Relative expression of TEAD4 was calculated by normalizing to the 
Non-targeting siRNA construct (siNT2). n=2. EUUoU baU indicaWeV SD. 

(O) BaU chaUW demonVWUaWing Whe nXmbeU of TRA-1-60+ colonieV \ielded fUom D8 CD13- cellV ZiWh 
7EAD4 depleWion. RepUeVenWaWiYe imageV aUe VhoZn beloZ, n=3. EUUoU baU indicaWeV SD. 

(P) BaUchaUW UeYealing Whe nXmbeU of H9 cellV aW Whe indicaWed da\ afWeU Vi7EAD4 WUanVfecWion. n=3; eUUoU 
baU indicaWeV SD.  

(Q) BaUchaUW VhoZing Whe UelaWiYe e[pUeVVion of 7EAD4 aW da\ 4 afWeU Vi7EAD4 WUanVfecWion. Expression 
was measured by qRT-PCR. RelaWiYe e[pUeVVion calculated by normalizing Wo ViNT2. n=2; eUUoU baU 
indicaWeV SD.  

(R) RepUeVenWaWiYe bUighW-field imageV of H9 cellV aW da\ 4 poVW Vi7EAD4 WUanVfecWion.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 9
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FLJXUH S9. GHQRPLc bLQdLQJ RI FOSL1 aQd TEAD4 

 

(A) AYeUage enUichmenW pUofile of D8 FOSL1 ChIP-SeT UeadV aUoXnd WUanVcUipWion VWaUW ViWeV (TSS) of 
Whe genome ZiWh a ZindoZ of -5K Wo 5K bp. 

(B) MoWifV VignificanWl\ enUiched foU Whe D8 FOSL1 ChIP-SeT ViWeV. 

(C) AYeUage enUichmenW pUofile of TEAD4 ChIP-SeT UeadV aUoXnd all WUanVcUipWion VWaUW ViWeV (TSS) of 
Whe genome ZiWh a ZindoZ of -5K Wo 5K bp. 

(D) Venn diagUam VhoZing Whe oYeUlap of loci deWecWed in D8 CD13- TEAD4 and D8 CD13+ TEAD4 
ChIP-SeT libUaUieV. The nXmbeU and peUcenWage of boXnd ViWeV falling in each caWegoU\ aUe indicaWed.  

(E) MoWifV VignificanWl\ enUiched foU Whe TEAD4 boXnd ViWeV deWecWed Vpecificall\ and commonl\ in Whe 
D8 CD13+ TEAD4, and CD13- TEAD4 ChIP-SeT libUaUieV.  

(F) LefW: W-SNE clXVWeUing of BJ, D16+, and D16- VcATAC-SeT libUaUieV baVed on Whe deYiaWion VcoUeV 
foU D8 FOSL1 ChIP-VeT, D8 CD13- TEAD4 ChIP-VeT, and D8 CD13+ TEAD4 ChIP-VeT ViWeV. RighW: 
SXpeUimpoViWion of deYiaWion VcoUeV foU FOSL1 Vpecific boXnd ViWeV and TEAD4 CD13- Vpecific 
boXnd ViWeV on Whe W-SNE ploW. ColoU indicaWeV Whe acceVVibiliW\ leYel. 

(G) MA ploW of VcATAC-SeT UeYealing Whe diffeUenWiall\ acceVVible FOSL1 and TEAD4 boXnd ViWeV in 
BJ and D16+ cellV. Y-a[iV UepUeVenWV Whe Log fold changeV (D16+/BJ), ZheUeaV X-a[iV denoWeV Whe 
mean of noUmali]ed coXnWV in BJ cellV. Red doWV denoWe Whe ViWeV ZiWh VignificanW acceVVibiliW\ 
changeV. 

(H) LefW: W-SNE ploW of D8 VcATAC-SeT libUaUieV baVed on Whe deYiaWion VcoUeV of D8 FOSL1 ChIP-VeT, 
D8 CD13 VoUWed TEAD4 ChIP-VeT. RighW: SXpeUimpoViWion of Whe baWch nXmbeUV of Whe VcATAC-
SeT libUaUieV on Whe W-SNE ploW.  

(I)  HeaWmap of D8 VcATAC-SeT libUaUieV baVed on Whe deYiaWionV VcoUeV of D8 FOSL1 Vpecific ChIP-
VeT ViWeV, CD13- Vpecific and CD13+/- common TEAD4 Vpecific ChIP-VeT ViWeV. ColoU indicaWeV Whe 
acceVVibiliW\ leYel and UangeV fUom daUk blXe (no enUichmenW) Wo daUk Ued (high enUichmenW). D8 cellV, 
VhoZing high enUichmenW foU FOSL1 Vpecific ChIP-VeT ViWeV onl\, ZeUe labelled aV ³FOSL1 ChIP 
onl\´ cellV, ZheUeaV D8 cellV, VhoZing high enUichmenW foU CD13- Vpecific oU CD13+/- common 
TEAD4 Vpecific ChIP-VeT onl\, ZeUe labelled aV ³TEAD4 ChIP onl\´ cellV.  

(J) LefW: Venn diagUamV VhoZing Whe oYeUlap beWZeen Whe IDV of cellV ZiWh VWUong enUichmenW of FOSL1 
moWif and ³FOSL1 ChIP onl\ cellV´. RighW: Venn diagUam VhoZing Whe oYeUlap beWZeen Whe IDV of 
cellV ZiWh VWUong enUichmenW of TEAD4 moWif and ³TEAD4 ChIP onl\ cellV´. 

(K)  LefW: HeaWmapV demonVWUaWing Whe highl\ acceVVible UegionV (lefW) and highl\ e[pUeVVed geneV (UighW) 
of each clXVWeU idenWified b\ coXpled NMF anal\ViV. The e[pUeVVion heaWmap (UighW) demonVWUaWeV 
Whe coUUeVponding geneV ZhoVe e[pUeVVion coUUelaWeV ZiWh Whe acceVVibiliW\ of Whe UegionV in Whe 



acceVVibiliW\ heaWmap (lefW). The highl\ acceVVible and e[pUeVVed geneV foU each clXVWeU aUe indicaWed 
on Whe UighW. ColoUV UepUeVenW [pUeVVion and acceVVibiliW\ leYelV.  

(L) Line ploWV indicaWing Whe CiceUo co-acceVVibiliW\ linkV beWZeen Whe UegionV highlighWed in Ued and Whe 
diVWal ViWeV in Whe VXUUoXnding Uegion. The heighW indicaWeV Whe CiceUo co-acceVVibiliW\ VcoUe beWZeen 
Whe connecWed peakV. The Wop VeWV of linkV aUe conVWUXcWed fUom cellV of clXVWeU 2, Zhile Whe boWWom 
VeWV aUe bXilW fUom cellV of clXVWeU 1. 60AD3 (UighW) iV highl\ e[pUeVVed and acceVVible and haV moUe 
inWeUacWion ZiWh Whe VXUUoXnding UegionV in clXVWeU 2, ZheUeaV CDH1 (lefW) aUe highl\ acWiYe and 
inWeUacWiYe in clXVWeU 2. 

(M) The inWeUacWome anal\ViV indicaWing Whe Wop paWhZa\V enUiched b\ Whe clXVWeU 1 (lefW) and clXVWeU 
2 (UighW) Vpecific geneV, Zhich ZeUe idenWified fUom Whe coXpled NMF anal\ViV. 

(N-O) BaU chaUWV demonVWUaWing Whe nXmbeU of TRA-1-60+ colonieV Xpon knock-doZn of FOSL1 WaUgeWV 
(N) and TEAD4 WaUgeWV (O) aW D5 of UepUogUamming. RepUeVenWaWiYe imageV aUe VhoZn beloZ. n=3. 
EUUoU baU indicaWeV SD. 
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