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ABSTRACT

TKe fLUVW OLQeaJe cKRLce Pade LQ KXPaQ ePbU\R deYeORSPeQW VeSaUaWeV WURSKecWRdeUP

fURP WKe LQQeU ceOO PaVV, ZKLcK SURceedV WR fRUP WKe SOXULSRWeQW eSLbOaVW aQd SULPLWLYe

eQdRdeUP. TURSKecWRdeUP RQ WKe RWKeU KaQd JLYeV ULVe WR WKe SOaceQWa. NawYe

SOXULSRWeQW VWeP ceOOV aUe deULYed fURP WKe SOXULSRWeQW eSLbOaVW Rf WKe bOaVWRc\VW aQd

RffeU SRVVLbLOLWLeV WR e[SORUe KRZ OLQeaJe LQWeJULW\ LV PaLQWaLQed. HeUe, Ze dLVcRYeU WKaW

PRO\cRPb UeSUeVVLYe cRPSOe[ 2 (PRC2) UeVWULcWV aQ LQWULQVLc caSacLW\ Rf QawYe

SOXULSRWeQW VWeP ceOOV WR JLYe ULVe WR WURSKecWRdeUP. TKURXJK TXaQWLWaWLYe eSLJeQRPe

SURfLOLQJ, Ze fLQd WKaW bURad KLVWRQe H3 O\VLQe 27 WULPeWK\OaWLRQ (H3K27Pe3)

K\SeUPeWK\OaWLRQ LV a cRPPRQ feaWXUe Rf QawYe SOXULSRWeQc\ acURVV VSecLeV. We defLQe

a SUeYLRXVO\ XQaSSUecLaWed, QawYe-VSecLfLc VeW Rf bLYaOeQW SURPRWeUV, feaWXULQJ

PRC2-PedLaWed H3K27Pe3 cRQcRPLWaQW ZLWK H3K4Pe3. NawYe bLYaOeQc\ PaLQWaLQV Ne\
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WURSKecWRdeUP WUaQVcULSWLRQ facWRUV LQ a WUaQVcULSWLRQaOO\ SRLVed VWaWe WKaW LV UeVROYed WR

aQ acWLYe VWaWe XSRQ deSOeWLRQ Rf H3K27Pe3 YLa LQKLbLWLRQ Rf WKe eQ]\PaWLc VXbXQLWV Rf

PRC2, EZH1/2. CRQYeUVeO\, SULPed KXPaQ ePbU\RQLc VWeP ceOOV caQQRW be dULYeQ

WRZaUdV WURSKecWRdeUP deYeORSPeQW YLa PRC2 LQKLbLWLRQ. WKLOe QawYe aQd SULPed

KESCV VKaUe WKe PaMRULW\ Rf bLYaOeQW SURPRWeUV, PRC2 cRQWULbXWeV WR WKe UeSUeVVLRQ Rf

OaUJeO\ QRQ-RYeUOaSSLQJ VXbVeWV Rf WKeVe SURPRWeUV LQ eacK VWaWe, KeQce

H3K27Pe3-PedLaWed UeSUeVVLRQ SURYLdeV a KLJKO\ adaSWLYe PecKaQLVP WR UeVWULcW

OLQeaJe SRWeQWLaO dXULQJ eaUO\ KXPaQ deYeORSPeQW.

INTRODUCTION

HXPaQ ePbU\RQLc VWeP ceOOV (KESC) SOa\ a SLYRWaO UROe LQ RXU SXUVXLW Rf XQdeUVWaQdLQJ

PaPPaOLaQ deYeORSPeQW. IQ XWHUR, WKe deYeORSPeQWaO caVcade LV WULJJeUed ZLWK WKe

VSecLfLcaWLRQ Rf WKe LQQeU ceOO PaVV (ICM) aQd WKe WURSKecWRdeUP (TE), WKe RXWeU

eQYeORSe - WURSKRbOaVW - Rf WKe SUe-LPSOaQWaWLRQ bOaVWRc\VW. USRQ LPSOaQWaWLRQ, WKe

WURSKRbOaVW JLYeV ULVe WR SOaceQWaO WLVVXeV ZKLOe WKe ICM SURJUeVVeV YLa WKe eSLbOaVW

VWaJe WR fRUP WKe feWXV. KESCV deULYed fURP WKe ICM Rf WKe deYeORSLQJ bOaVWRc\VWV 1

KaYe WKe caSacLW\ WR VeOf-UeQeZ aQd dLffeUeQWLaWe LQWR aQ\ Rf WKe WKUee (ecWRdeUP,

PeVRdeUP aQd eQdRdeUP) JeUP OLQeaJeV, a feaWXUe defLQed aV SOXULSRWeQc\. IQWULJXLQJ

daWa 2±9 aOVR VXJJeVW WKaW KESCV, LQ cRQWUaVW WR PRXVe ePbU\RQLc VWeP ceOOV (PESCV),

caQ be LQdXced WR dLffeUeQWLaWe LQWR e[WUaePbU\RQLc OLQeaJeV VXcK aV WURSKecWRdeUP

ceOOV, a caSacLW\ QRUPaOO\ UeVWULcWed WR WRWLSRWeQW VWeP ceOOV. TKe PecKaQLVPV UeVWULcWLQJ

eSLbOaVW ceOOV fURP eQWeULQJ WURSKecWRdeUP OLQeaJe LQ WKe deYeORSLQJ bOaVWRc\VW UePaLQ

eOXVLYe.

TR aOLJQ WKe SOXULSRWeQc\ cRQWLQXXP dXULQJ KXPaQ ePbU\RJeQeVLV ZLWK LQ YLWUR cXOWXUed

ceOOV, LQLWLaO SaUaOOeOV ZeUe dUaZQ beWZeeQ KESCV aQd WKe UeOaWLYeO\ ZeOO-cKaUacWeUL]ed

PESC V\VWePV. CRQYeQWLRQaO KESCV (JURZQ ZLWK VeUXP aQd fLbURbOaVW JURZWK facWRU 2)

UeVePbOed WKe SRVW-LPSOaQWaWLRQ eSLbOaVW aQd LWV feaWXUeV cOXVWeUed cORVeU WR WKe PXULQe

eSLbOaVW VWeP ceOOV (ESLSCV) �0,��, ePaQaWLQJ WKe QaPe: SULPed KESCV 12. TR VWabLOL]e

KESCV LQ WKe SUe-LPSOaQWaWLRQ-OLNe VWaWe, UefeUUed WR aV µQawYe¶ VWaWe WKURXJKRXW WKLV
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VWXd\, QXPeURXV SURWRcROV KaYe beeQ deVcULbed 13±18. TKRXJK WKeVe cRQdLWLRQV

UecaSLWXOaWed b\ OaUJe WKe JeQe e[SUeVVLRQ, X cKURPRVRPe UeacWLYaWLRQ aQd DNA

PeWK\OaWLRQ SaWWeUQV RbVeUYed LQ WKe SUe-LPSOaQWaWLRQ ICM LQ YLYR, WKe dLYeUVLW\ LQ

VLJQaOLQJ SaWKZa\V WaUJeWed WR RbWaLQ QawYeW\ QeceVVLWaWed PRUe defLQLWLYe PaUNeUV WR

defLQe QawYe KESC. IQ aQ effRUW WR addUeVV WKLV, VeYeUaO JeQRPLc, WUaQVcULSWRPLc aQd

SURWeRPLc aQaO\VeV KaYe beeQ cRQdXcWed WR fXUWKeU cKaUacWeUL]e WKe ceOOXOaU VWaWeV aQd

XQdeUVWaQd WKe PROecXOaU PecKaQLVPV JRYeUQLQJ WKeP 19±25.

ESLJeQeWLc VLJQaWXUeV, VSecLfLcaOO\ KLVWRQe SRVW WUaQVOaWLRQaO PRdLfLcaWLRQV (KPTMV) KaYe

ePeUJed aV a cULWeULRQ WR eYaOXaWe ceOO VWaWe WUaQVLWLRQV. AQaORJRXV WR PESCV, LQ KESCV

WKe cRQYeUVLRQ fURP SULPed WR QawYe, LV accRPSaQLed b\ cKaQJeV LQ deSRVLWLRQ Rf

UeSUeVVLYe PaUNV H3K27Pe3 aQd H2AK119Ub b\ WKe SRO\cRPb UeSUeVVLYe cRPSOe[eV

(PRC2 aQd PRC1 UeVSecWLYeO\) 24,26,27. IQ addLWLRQ, bLYaOeQc\, SUeVeQce Rf bRWK WKe

UeSUeVVLYe PaUN H3K27Pe3 aQd acWLYe PaUN H3K4Pe3 RQ deYeORSPeQWaOO\ UeJXOaWed

JeQeV, KaV aOVR beeQ UeSRUWed WR be UedXced LQ PESC 28±30. HRZeYeU, QRW PXcK effRUW

KaV beeQ dLUecWed WRZaUdV e[SORULQJ a SRVVLbOe UROe Rf WKeVe eSLJeQeWLc VLJQaWXUeV LQ

SUeYeQWLQJ dLffeUeQWLaWLRQ, RZLQJ SaUWO\ WR WKe facW WKaW PRC2 LV dLVSeQVabOe fRU

PaLQWaLQLQJ SOXULSRWeQc\ LQ KESCV 31,32.

UVLQJ MINUTE-CKIP 33, a TXaQWLWaWLYe CKIP-VeT PeWKRd, Ze SURfLOe cKaQJeV LQ VSecLfLc

KLVWRQe PRdLfLcaWLRQV beWZeeQ QawYe aQd SULPed KESCV. We RbVeUYe aQ LQcUeaVed

SeUYaVLYe deSRVLWLRQ Rf H3K27Pe3 aQd H2AUb WKURXJKRXW WKe JeQRPe Rf QawYe

KESCV. IQ addLWLRQ, ZLWK TXaQWLWaWLYe SURfLOeV Rf H3K4Pe3 Ze dLVcRYeU VSecLfLc WUeQdV aW

bLYaOeQW SURPRWeUV LQ dLffeUeQW SOXULSRWeQW VWaWeV. We cRQfLUP WKaW WKe X-cKURPRVRPe LV

decRUaWed ZLWK H3K27Pe3 LQ WKe QawYe VWaWe aObeLW ZLWK QR VLJQLfLcaQW effecW RQ JeQe

e[SUeVVLRQ. HRZeYeU, cRPSaULQJ eSLJeQeWLc aQd WUaQVcULSWLRQaO cKaQJeV fROORZLQJ

WUeaWPeQW ZLWK aQ EZH2 (caWaO\WLc VXbXQLW Rf PRC2) LQKLbLWRU UeVXOWed LQ LdeQWLfLcaWLRQ Rf

a QeZ VeW Rf QawYe VSecLfLc PRC2 WaUJeWV WKaW RYeUOaS ZLWK WURSKecWRdeUP aQd

e[WUaePbU\RQLc WLVVXe PaUNeUV. IQWeUeVWLQJO\, UePRYaO Rf H3K27Pe3 LV aOVR

accRPSaQLed b\ UeZLULQJ Rf H3K4Pe3 OeYeOV. TaNeQ WRJeWKeU, Ze eOXcLdaWe a QRYeO UROe

Rf PRC2 LQ PaLQWaLQLQJ QawYe SOXULSRWeQc\ LQ KXPaQV.
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RESULTS

Quantitative maps reveal genome-wide H3K27me3 hypermethylation and specific
gains and losses of H3K27me3 at bivalent promoters in nawve human pluripotent
stem cells

TR eOXcLdaWe WKe fXQcWLRQ Rf SURPRWeU bLYaOeQc\ LQ QawYe aQd SULPed KXPaQ SOXULSRWeQc\,

Ze deVLJQed a TXaQWLWaWLYe CKIP-VeT e[SeULPeQW fRU ZKLcK H9 fePaOe KESCV ZeUe

PaLQWaLQed LQ QawYe RU SULPed cXOWXUe cRQdLWLRQV, aQd WUeaWed ZLWK aQd ZLWKRXW EZH2L

(EPZ-6438; 34) fRU 7 da\V (FLJ. 1a). We SURfLOed WKUee KLVWRQe PRdLfLcaWLRQV aVVRcLaWed

ZLWK bLYaOeQW JeQeV, H3K4Pe3, H3K27Pe3 aQd H2AXb. TULSOLcaWe VaPSOeV Rf eacK

cRQdLWLRQ ZeUe cRPbLQed LQ a MINUTE-CKIP e[SeULPeQW (E[WeQded DaWa FLJ. 1a) 33.

PKeQRW\SLcaOO\, EZH2L-WUeaWed QawYe aQd SULPed KESCV PaLQWaLQed WKeLU e[SecWed

PRUSKRORJ\ (E[WeQded DaWa FLJ. 2a).

We cRPSaUed JORbaO OeYeOV Rf eacK KLVWRQe PRdLfLcaWLRQ acURVV WKe fRXU cRQdLWLRQV aV

\LeOded b\ WKe LQSXW-QRUPaOL]ed Uead cRXQWV 33 fURP MINUTE-CKIP. GORbaO H3K4Pe3

OeYeOV ZeUe QRW VLJQLfLcaQWO\ dLffeUeQW beWZeeQ QawYe aQd SULPed KESCV (FLJ. 1b).

NRWabO\, H3K27Pe3 OeYeOV ZeUe VXbVWaQWLaOO\ (a3.3-fROd) KLJKeU LQ QawYe WKaQ LQ SULPed

KESCV (FLJ. 1b), aQ XQe[SecWed RbVeUYaWLRQ RQ WKe bacNJURXQd Rf WKe e[LVWLQJ bRd\ Rf

OLWeUaWXUe UeSRUWLQJ PaUNedO\ ORZ OeYeOV Rf H3K27Pe3 LQ WKe QawYe VWaWe 17,27. HRZeYeU

RXU fLQdLQJV aUe cRQVLVWeQW ZLWK PRUe UeceQW TXaQWLWaWLYe PaVV VSecWURPeWU\ daWa

cRPSaULQJ QawYe aQd SULPed KESCV 26. A KLJKeU H3K27Pe3 OeYeO LQ QawYe KESCV ZaV

fXUWKeU cRQfLUPed b\ LPPXQRfOXRUeVceQce PLcURVcRS\ (E[WeQded DaWa FLJ. 2b, c).

GORbaO H3K27Pe3 OeYeOV ZeUe VWURQJO\ deSOeWed b\ WUeaWPeQW ZLWK EZH2L, ZLWK RQO\

3.2% H3K27Pe3 VLJQaO UePaLQLQJ LQ QawYe KESCV, aQd 7.6% LQ SULPed KESCV (FLJ.

1b). LLNe H3K27Pe3, H2AXb VLJQaO ZaV aOVR VLJQLfLcaQWO\ (2.1-fROd) KLJKeU LQ QawYe aV

cRPSaUed WR SULPed, VXJJeVWLQJ a cRQceUWed UeJXOaWLRQ Rf PRC1/PRC2 acWLYLW\.
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We VRXJKW WR e[aPLQe LQ PRUe deWaLO KRZ WKe KLVWRQe PRdLfLcaWLRQ SaWWeUQV

dLVWLQJXLVKed QawYe aQd SULPed KESCV. We SeUfRUPed JeQRPe-ZLde eQULcKPeQW

aQaO\VLV RQ fXQcWLRQaOO\ aQQRWaWed cKURPaWLQ VWaWeV (FLJ. 1c, E[WeQded DaWa FLJ. 1b-d),

aV ZeOO aV 10Nb ZLQdRZV (FLJXUeV 1d). DeVSLWe QR VLJQLfLcaQW cKaQJe LQ JORbaO OeYeOV

(FLJ. 1b, E[WeQded DaWa FLJ. 3a), H3K4Pe3 ZaV LQcUeaVed VRPeZKaW aW acWLYe

SURPRWeUV LQ WKe QawYe VWaWe (FLJ. 1c, E[WeQded DaWa FLJ. 3, 4). BLYaOeQW SURPRWeUV

OaUJeO\ PaLQWaLQed VWabOe H3K4Pe3 OeYeOV, bXW 11% VKRZed a VLJQLfLcaQW LQcUeaVe aQd

5% a decUeaVe LQ H3K4Pe3 LQ WKe QawYe VWaWe (FLJ. 1c, E[WeQded DaWa FLJ. 3b, c).

NawYe ceOOV Kad a KLJKeU baVaO OeYeO Rf H3K27Pe3 acURVV QRQ-SRO\cRPb cKURPaWLQ

VWaWeV aQd PRVW Rf WKe 10Nb bLQV (FLJXUeV 1c, d, E[WeQded DaWa FLJ. 3a). BURad

H3K27Pe3 K\SeUPeWK\OaWLRQ KaV beeQ RbVeUYed LQ PRXVe QawYe ESC 33,35 LQ WKe

cRQWe[W Rf DNA K\SRPeWK\OaWLRQ 35±38. GORbaO K\SRPeWK\OaWLRQ LV aOVR RbVeUYed LQ

KXPaQ QawYe SOXULSRWeQc\ 17,22,39, aQd ORVVeV Rf CSG PeWK\OaWLRQ cRLQcLded ZLWK JaLQV LQ

H3K27Pe3 acURVV YaULRXV cKURPaWLQ VWaWeV (FLJ. 1c, E[WeQded DaWa FLJ. 2d), WKXV

VXJJeVWLQJ a VLPLOaU LQWeUSOa\ Rf H3K27Pe3 aQd DNA PeWK\OaWLRQ LQ KXPaQ ESCV.

DeVSLWe WKe JORbaO JaLQ, WKe aYeUaJe H3K27Pe3 OeYeO aW bLYaOeQW SURPRWeUV aQd

SRO\cRPb-UeSUeVVed cKURPaWLQ VWaWeV decUeaVed PLOdO\ (FLJ. 1c, E[WeQded DaWa FLJ.

1b). TKe aYeUaJe decUeaVe ZaV WKe UeVXOW Rf a cRQVLdeUabO\ cKaQJLQJ H3K27Pe3

OaQdVcaSe aW WKe OeYeO Rf LQdLYLdXaO JeQeV (FLJ. 1d, e, E[WeQded DaWa FLJ. 3): ZKLOe PRUe

WKaQ 80% Rf SURPRWeUV dLd QRW cKaQJe H3K27Pe3 VWaWXV (E[WeQded DaWa FLJ. 3b, c),

aSSUR[LPaWeO\ 5% Rf SURPRWeUV LQcOXdLQJ a QXPbeU Rf HO; JeQeV aQd RWKeU cOaVVLcaO

bLYaOeQW JeQeV, VKRZed UedXced H3K27Pe3 LQ QawYe KESCV (FLJ. 1e, E[WeQded DaWa

FLJ. 3b, c). APRQJVW WKeVe, QawYe-VSecLfLc JeQeV VXcK aV KLF2 aQd KLF4 eQWLUeO\ ORVW

H3K27Pe3 LQ WKe QawYe VWaWe (FLJ. 1e). OQ WKe RWKeU KaQd, PRUe WKaQ 10% Rf

SURPRWeUV, e.J. SO;11, D8SP6, OT;2 VWURQJO\ JaLQed H3K27Pe3 (FLJ. 1d, e,

E[WeQded DaWa FLJ. 3b, c). OXU TXaQWLWaWLYe daWa WKXV cRQWUadLcWV eaUOLeU UeSRUWV Rf a

dUaVWLc ORVV Rf H3K27Pe3 acURVV bLYaOeQW SURPRWeUV LQ WKe QawYe VWaWe 17,40,41.

Broadly distributed H2A ubiquitination characteri]es the nawve state
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PRC1 LV a SRZeUfXO UeSUeVVRU cRPSOe[ eVVeQWLaO fRU VeOf-UeQeZaO, SOXULSRWeQc\ aQd

RUdeUed dLffeUeQWLaWLRQ Rf PESC 42±45. PRC1 acWV OaUJeO\ LQdeSeQdeQW Rf PRC2 LQ PESC
46±49.  PRC1 VXbXQLW LQWeUacWLRQ PaSV aQd JORbaO bLQdLQJ SaWWeUQV KaYe beeQ deVcULbed

LQ cRQYeQWLRQaO KESCV aQd dLffeUeQWLaWed ceOO OLQe PRdeOV 50±55. HRZeYeU, WKe fXQcWLRQaO

UROe Rf H2AUb LQ H3K27Pe3-deSeQdeQW RU LQdeSeQdeQW WUaQVcULSWLRQaO UeSUeVVLRQ KaV

QRW beeQ VWXdLed LQ QawYe RU SULPed KESC.

LLNe H3K27Pe3, H2AXb VKRZed a KLJKeU JeQRPe-ZLde RccXSaQc\ LQ QawYe KESCV

(FLJ. 1 c,d, E[WeQded DaWa FLJ. 3a-c), ZLWK OeVV WKaQ 2% aQd a20% Rf SURPRWeUV

VLJQLfLcaQWO\ ORZeU aQd KLJKeU H2AXb OeYeOV LQ QawYe, UeVSecWLYeO\ (E[WeQded DaWa FLJ.

3b). WKLOe JeQRPe-ZLde H2AXb aQd H3K27Pe3-OeYeOV ZeUe UeaVRQabO\ cRUUeOaWed LQ

SULPed aQd QawYe KESCV, H2AXb dLd QRW PLUURU PaQ\ Rf WKe JaLQV aQd ORVVeV Rf

H3K27Pe3 (E[WeQded DaWa FLJ. 3d). FRU e[aPSOe, OeYeOV Rf H2AXb dLd QRW VLJQLfLcaQWO\

cKaQJe beWZeeQ QawYe aQd SULPed VWaWe fRU D8SP6 aQd OT;2 (FLJ. 1e).

Globally H2Aub landscape is largely independent of H3K27me3

TR XQdeUVWaQd WKe fXQcWLRQaO UROe Rf PRC2 LQ VeWWLQJ XS WKe QawYe eSLJeQRPLc aQd

WUaQVcULSWLRQaO OaQdVcaSe, Ze deSOeWed H3K27Pe3 b\ LQKLbLWLQJ PRC2 LQ QawYe aQd

SULPed VWaWe. TKLV aOORZed XV WR dLUecWO\ WeVW ZKeWKeU H2A XbLTXLWLQaWLRQ ZaV deSeQdeQW

RQ H3K27Pe3 JORbaOO\ RU ORcaOO\. IQWULJXLQJO\, JORbaO H2AXb OeYeOV ZeUe XQcKaQJed LQ

H3K27Pe3-deSOeWed QawYe ceOOV (FLJ. 1b). FXUWKeUPRUe, WKe H2AXb OaQdVcaSe ZaV

PaLQWaLQed acURVV aOO cKURPaWLQ VWaWeV, bLYaOeQW aQd acWLYe SURPRWeUV (FLJ. 1c), aQd OeVV

WKaQ 0.15 % Rf 10Nb bLQV JeQRPe-ZLde VKRZed a VLJQLfLcaQW UedXcWLRQ LQ H2AXb,

LQcOXdLQJ a0.25% Rf aQQRWaWed bLYaOeQW SURPRWeUV (E[WeQded DaWa FLJ. 3e). FRU

e[aPSOe, H2AXb OeYeOV ZeUe bURadO\ UedXced b\ 10-30% aW HO; JeQe cOXVWeUV (FLJ.

1e), ZLWK Pa[LPaO ORVV a50%  aW HO;C5, HOXB8 aQd HO;B9 SURPRWeUV. TRJeWKeU,

WKeVe UeVXOWV VXJJeVWed WKaW PRC1 UecUXLWPeQW aQd acWLYLW\ ZaV OaUJeO\ LQdeSeQdeQW Rf

H3K27Pe3 ZLWK e[ceSWLRQ Rf a VPaOO VeW Rf bLYaOeQW JeQeV, VXJJeVWLQJ WKaW WKLV VXbVeW

UeTXLUed H3K27Pe3 fRU effLcLeQW caQRQLcaO PRC1 UecUXLWPeQW. IQ VXPPaU\, RXU daWa
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VXJJeVWed WKaW H3K27Pe3 VWaQdV RXW aV aQ adaSWLYe PaUN VKaSLQJ WKe XQLTXe

eSLJeQRPeV Rf QawYe aQd SULPed SOXULSRWeQW VWaWeV.

H3K27me3 accumulates on nawve X chromosomes

SXUYe\LQJ WKe cKURPRVRPe-ZLde dLVWULbXWLRQ Rf RXU TXaQWLWaWLYe CKIP-SeT SURfLOeV, Ze

QRWed aQ RYeUSURSRUWLRQaO H3K27Pe3 VLJQaO RQ WKe X cKURPRVRPe Rf RXU QawYe fePaOe

H9 KESCV, ZKLcK ZaV aOVR RbVeUYed LQ RWKeU fePaOe KESCV (E[WeQded DaWa FLJ. 5a),

WUaQVcULSWLRQaO acWLYLW\ Rf bRWK X-cKURPRVRPeV, cRXSOed WR beLQJ cRaWed b\ XIST aV

VeeQ LQ WKe KXPaQ SUe-LPSOaQWaWLRQ ePbU\RV LV cRQVLdeUed RQe Rf WKe defLQLQJ feaWXUeV

Rf WKe QawYe KESCV 23,56. IQ cXOWXUed SULPed KESCV, a SKeQRPeQRQ WeUPed X

cKURPRVRPe eURVLRQ (Xe) OeadV WR a ORVV Rf XIST e[SUeVVLRQ aQd H3K27Pe3 RQ WKe

LQacWLYe X cKURPRVRPe 57. TKe OacN Rf eQULcKPeQW fRU bRWK H3K27Pe3 aQd H2AXb RQ

WKe X cKURPRVRPeV LQdLcaWed aQ Xe VWaWe Rf RXUV aQd RWKeUV¶ cXOWXUed SULPed KESCV

(FLJ. 2a, b, E[WeQded DaWa FLJ. 5a).

TR fXUWKeU XQdeUVWaQd WKe QaWXUe aQd SXUSRVe Rf H3K27Pe3 eQULcKPeQW RQ WKe acWLYe X

cKURPRVRPeV Rf QawYe KESCV, Ze aQaO\]ed WKe dLVWULbXWLRQ Rf H3K27Pe3, H3K4Pe3

aQd H2AXb RQ a cKURPRVRPaO VcaOe cRPSaULQJ QawYe aQd SULPed VWaWeV  (FLJ. 2a, b).

SWULNLQJO\, H3K27Pe3 deQVLW\ RQ X cKURPRVRPeV ZaV aQ RXWOLeU WR aQ RWKeUZLVe QaUURZ

dLVWULbXWLRQ aPRQJVW WKe aXWRVRPeV. H3K27Pe3 OeYeOV Rf WKe QawYe X cKURPRVRPeV

ZeUe a2-fROd KLJKeU WKaQ QawYe aXWRVRPeV aQd a5-fROd KLJKeU WKaQ WKe aYeUaJe VLJQaO

RQ SULPed cKURPRVRPeV (FLJ. 2a, b). AW Mb VcaOe, UeJLRQV Rf YeU\ KLJK H3K27Pe3

eQULcKPeQW aOWeUQaWed ZLWK OeVV eQULcKed UeJLRQV aORQJ WKe X cKURPRVRPeV (FLJ. 2b). IQ

SaUWLcXOaU, Ze QRWed WKaW WUaQVcULSWLRQaOO\ acWLYe ORcL LQ WKe QawYe VWaWe, VXcK aV WKe XIST

ORcXV, dLd QRW JaLQ H3K27Pe3 aV cRPSaUed WR WKe SULPed VWaWe (FLJ. 2c, E[WeQded DaWa

FLJ. 6a). TKXV, H3K27Pe3 aSSeaUed WR accXPXOaWe WR KLJK OeYeOV RQ WKe X

cKURPRVRPeV XQOeVV cRXQWeUacWed b\ WUaQVcULSWLRQ. IQWeJUaWLQJ WKe H3K27Pe3 VLJQaO

acURVV cKURPRVRPeV, Ze eVWLPaWed WKaW WKe X cKURPRVRPeV caUU\ a10% Rf aOO

H3K27Pe3 PaUNV, PRUe WKaQ aQ\ aXWRVRPe (FLJ. 2d), LQ cRQcRUdaQce ZLWK
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LPPXQRfOXRUeVceQce VWaLQLQJ WKaW VKRZed dLVWLQcWLYe H3K27Pe3 cORXdV fRU X

cKURPRVRPe (FLJ. 2e) 57.

H3K27me3 on nawve X chromosomes does not recruit H2Aub and does not
contribute to dosage compensation

NRWabO\, WKe e[ceSWLRQaOO\ KLJK OeYeOV Rf H3K27Pe3 RQ WKe QawYe X cKURPRVRPe ZeUe

QRW PLUURUed b\ a VLPLOaU cKURPRVRPe-VSecLfLc eQULcKPeQW Rf H2AXb: WKe H2AXb VLJQaO

fURP WKe QawYe X cKURPRVRPeV ZaV QRW VLJQLfLcaQWO\ dLffeUeQW fURP aXWRVRPeV (FLJ. 2a,

b). MRUeRYeU, deSOeWLRQ Rf H3K27Pe3 dLd QRW VLJQLfLcaQWO\ cKaQJe cKURPRVRPe-ZLde

H2AXb OeYeOV QeLWKeU RQ aXWRVRPeV QRU WKe X cKURPRVRPeV (E[WeQded DaWa FLJ. 5b).

TKXV, WKe e[ceSWLRQaO accXPXOaWLRQ Rf H3K27Pe3 RQ WKe QawYe X cKURPRVRPe dReV QRW

aSSeaU WR be WaUJeWed YLa H2A XbLTXLWLQaWLRQ, aQd QeLWKeU dReV KLJK H3K27Pe3 OeYeOV

caXVe aQ LQcUeaVe LQ H2AXb OeYeOV. TKLV LV LQ cRQWUaVW WR WKe UROe Rf H3K27Pe3 LQ X

LQacWLYaWLRQ aV VWXdLed LQ PESCV, ZKeUe accXPXOaWLRQ Rf H2AXb SUecedeV aQd LV

UeTXLUed fRU accXPXOaWLRQ Rf H3K27Pe3 58.

DeVSLWe WKe VWURQJ LQcUeaVe LQ H3K27Pe3 cRPSaULQJ QawYe aQd SULPed X

cKURPRVRPeV, RNA-SeT VKRZed WKaW RYeUaOO WUaQVcULSWLRQaO RXWSXW fURP WKe X

cKURPRVRPeV UeOaWLYe WR aXWRVRPeV dLd QRW cKaQJe, aQd WKe dLVWULbXWLRQ Rf dLffeUeQWLaOO\

e[SUeVVed JeQeV beWZeeQ QawYe aQd SULPed VWaWeV ZaV VLPLOaU WR aXWRVRPeV (FLJ. 2f,

E[WeQded DaWa FLJ. 6b). A SKeQRPeQRQ WeUPed X cKURPRVRPe daPSeQLQJ LV WKRXJKW WR

UedXce dRVaJe Rf WKe X cKURPRVRPeV LQ WKe QawYe VWaWe LQ a PecKaQLVP WKaW LV dLVWLQcW

fURP X LQacWLYaWLRQ aQd QRW ZeOO XQdeUVWRRd 59. HeQce, Ze ZRQdeUed Lf H3K27Pe3, LQ a

QRQ-caQRQLcaO RU H2AXb-LQdeSeQdeQW PaQQeU, cRQWULbXWed WR dRVaJe cRPSeQVaWLRQ LQ

QawYe KESC, e.J. WKURXJK cKURPRVRPe-ZLde ZeaN WUaQVcULSWLRQaO UeSUeVVLRQ WKaW ZRXOd

aWWeQXaWe RXWSXW fURP WKe X cKURPRVRPeV.

TR fROORZ XS RQ WKLV K\SRWKeVLV, Ze aQaO\]ed cKURPRVRPe-ZLde WUaQVcULSWLRQaO RXWSXW

afWeU EZH2L WUeaWPeQW Rf QawYe aQd SULPed KESCV (FLJ. 2f, J). CUXcLaOO\, deSOeWLRQ Rf

H3K27Pe3 XVLQJ EZH2L LQ QawYe KESCV dLd QRW Oead WR a JeQeUaO XSUeJXOaWLRQ Rf

WUaQVcULSWLRQ fURP WKe X cKURPRVRPeV. EYeQ WKRXJK VRPe JeQeV, VXcK aV VGLL1 (FLJ.
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2c, J), ZeUe PaUNed ZLWK H3K27Pe3 LQ WKe QawYe VWaWe aQd VWURQJO\ deUeSUeVVed XSRQ

EZH2L WUeaWPeQW, XS- aQd dRZQUeJXOaWed JeQeV ZeUe VLPLOaU LQ QXPbeU aQd VKRZed a

VLPLOaU fROd-cKaQJe UaQJe aV WKRVe Rf aXWRVRPeV (FLJ. 2f, J, E[WeQded DaWa FLJ. 6c).

TKXV, Ze cRQcOXde WKaW H3K27Pe3 K\SeUPeWK\OaWLRQ RQ WKe QawYe X cKURPRVRPe dReV

QRW cRQfeU cKURPRVRPe-VcaOe dRVaJe cRPSeQVaWLRQ. TKLV dReV QRW e[cOXde WKaW

H3K27Pe3, LQdXced b\ XIST e[SUeVVLRQ aOUead\ RQ WKe QawYe Xa, ZKLOe fXQcWLRQaOO\

QeXWUaO WR WUaQVcULSWLRQaO RXWSXW, Pa\ OaWeU SURPRWe X LQacWLYaWLRQ XSRQ WUaQVLWLRQ WR

SULPed VWaWe.

Quantitative ChIP defines a new set of nawve-specific bivalent genes

AVLde fURP WKe SURQRXQced JaLQ RQ WKe X cKURPRVRPe, Ze QRWed abRYe WKaW a

cRQVLdeUabOe QXPbeU Rf JeQe SURPRWeUV JaLQed H3K27Pe3 LQ WKe QawYe VWaWe (FLJ. 1d,e,

E[WeQded DaWa FLJ 3). HRZeYeU, WKe UROe Rf PRC2 LQ QawYe KESCV KaV beeQ eOXVLYe

becaXVe SULRU VWXdLeV UeSRUWed RYeUaOO ORZ OeYeOV Rf H3K27Pe3 14,16,17,40 aQd WKaW PRC2

acWLYLW\ ZaV dLVSeQVabOe fRU QawYe SOXULSRWeQc\ 60,61. HeQce, Ze VRXJKW WR UeYLVLW WKe UROe

Rf PRC2 LQ UeSUeVVLQJ bLYaOeQW JeQeV LQ QawYe YeUVXV SULPed KESCV. CaOOLQJ dLffeUeQWLaO

RccXSLed SURPRWeUV XVLQJ DESeT2, 3712 SURPRWeUV Kad VLJQLfLcaQWO\ KLJKeU H3K27Pe3

OeYeOV LQ WKe QawYe VWaWe, ZKeUeaV 798 SURPRWeUV Kad VLJQLfLcaQWO\ KLJKeU OeYeOV LQ WKe

SULPed VWaWe (FLJ. 3a). OXW Rf 4561 SUeYLRXVO\ aQQRWaWed bLYaOeQW JeQeV LQ SULPed

KESCV 62, 504 ZeUe VLJQLfLcaQWO\ KLJKeU LQ QawYe aQd 404 ZeUe KLJKeU LQ SULPed

(E[WeQded DaWa FLJ. 7a).

IQWeUVecWLQJ VLJQLfLcaQW cKaQJeV LQ H3K4Pe3 aQd H3K27Pe3 beWZeeQ QawYe aQd

SULPed KESCV LQdLcaWed WKaW WKe\ dLd QRW RccXU LQ a cRQceUWed PaQQeU (FLJ. 1e, 3a),

VXJJeVWLQJ WKaW H3K27Pe3 aQd H3K4Pe3 OeYeOV ZeUe cRQWUROOed OaUJeO\ WKURXJK

LQdeSeQdeQW PecKaQLVPV. HRZeYeU, WKUee VSecLfLc VceQaULRV RccXUUed aW KLJKeU

fUeTXeQc\ (PRUe WKaQ 100 SURPRWeUV LQ eacK VceQaULR) (FLJ. 3a): WKe fLUVW VeW Rf JeQeV

ZeUe e[SUeVVed RQO\ LQ WKe QawYe VWaWe, VXcK aV KLF4, KLF5, BMI1, TB;3, DNMT3L

ORVW H3K4Pe3 aQd JaLQed H3K27Pe3 LQ WKe SULPed VWaWe. AQRWKeU VeW Rf JeQeV

LQcOXdLQJ SO;11, SI;3 JaLQed H3K4Pe4 aQd ORVW H3K27Pe3 LQ WKe SULPed VWaWe. A
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WKLUd VeW, LQcOXdLQJ STS, CGB8, ;AGE2 Kad VLJQLfLcaQWO\ KLJKeU OeYeOV Rf bRWK

H3K27Pe3 aQd H3K4Pe3 LQ WKe QawYe VWaWe.

SLQce SULRU defLQLWLRQ Rf bLYaOeQW JeQe VeWV ZeUe baVed RQ H3K27Pe3/H3K4Pe3

eQULcKPeQW LQ SULPed KESCV RQO\ 17,62, Ze caOOed bLYaOeQW SURPRWeUV GH QRYR fURP RXU

daWaVeWV LQ fLYe caWeJRULeV baVed RQ WKeLU H3K27Pe3 eQULcKPeQW: 520 SULPed-RQO\,1536

QawYe-RQO\ aQd 3383 cRPPRQ bLYaOeQW SURPRWeUV, 12389 H3K4Pe3-RQO\ SURPRWeUV, aQd

a UePaLQLQJ OaUJe JURXS Rf H3K4Pe3-QeJaWLYe SURPRWeUV (QRW VKRZQ) (FLJ. 3b, OefW).

H3K27Pe3 SURfLOeV UefOecWed WKe e[SecWed SULPed-RQO\, QawYe-RQO\ RU cRPPRQ

eQULcKPeQW. EZH2L WUeaWPeQW TXaQWLWaWLYeO\ UePRYed H3K27Pe3 fURP aOO cOaVVeV LQ

QawYe (>97.5% SeaN VLJQaO deSOeWLRQ) aQd SULPed KESCV (>95% SeaN VLJQaO deSOeWLRQ).

H2AXb fROORZed VLPLOaU cOaVV-VSecLfLc WUeQdV beWZeeQ QawYe aQd SULPed VWaWeV aV

H3K27Pe3 aObeLW ZLWKLQ a VPaOOeU d\QaPLc UaQJe (FLJ. 3b, PLddOe). SWULNLQJO\, aV aOUead\

KLQWed b\ WKe JeQRPe-ZLde aQaO\VLV abRYe (FLJ. 1c, d), H2AXb ZaV aOPRVW XQSeUWXUbed

LQ WKe abVeQce Rf H3K27Pe3, VKRZLQJ WKe OaUJeVW decUeaVe (a15%) aW bLYaOeQW

SURPRWeUV LQ WKe QawYe VWaWe (FLJ. 3b, PLddOe).

H3K4Pe3 ZaV cR-eQULcKed LQ bRWK QawYe aQd SULPed cRQdLWLRQ bXW WeQded WR be KLJKeU

LQ QawYe VWaWe (FLJ. 3b, ULJKW). UQe[SecWedO\, H3K4Pe3 dLd QRW LQcUeaVe aW aQ\ Rf WKe

bLYaOeQW SURPRWeU cOaVVeV XSRQ EZH2L WUeaWPeQW (FLJ. 3b, ULJKW). IQVWead H3K4Pe3 ZaV

UedXced a2fROd JORbaOO\ (FLJ. 1b, E[WeQded DaWa FLJ. 4), aQd aOVR aW bLYaOeQW SURPRWeUV

(FLJ. 3b, ULJKW). TKe EZH2 LQKLbLWRU XVed KeUe, EPZ-6438, dReV QRW affecW H3K4Pe3

OeYeOV LQ RWKeU ceOO W\SeV 34 aQd PESC (E[WeQded DaWa FLJ. 2c), WKXV VXJJeVWLQJ WKaW

H3K27Pe3 deSOeWLRQ LWVeOf WULJJeUV a UedXcWLRQ Rf H3K4Pe3 VSecLfLcaOO\ LQ KESC. We

dLd QRW fLQd eYLdeQce fRU a WUaQVcULSWLRQaO dRZQUeJXOaWLRQ Rf H3K4Pe3-VSecLfLc KLVWRQe

PeWK\O WUaQVfeUaVe cRPSOe[ (MLL) VXbXQLWV RU XSUeJXOaWLRQ Rf cRUUeVSRQdLQJ

dePeWK\OaVeV WKaW ZRXOd SURYLde a dLUecW PecKaQLVWLc e[SOaQaWLRQ, KeQce WKe aSSaUeQW

OLQN beWZeeQ H3K27Pe3 aQd H3K4Pe3 UePaLQV WR be eOXcLdaWed. We cRQcOXde WKaW

H3K27Pe3 LV QRW JeQeUaOO\ aQWaJRQLVWLc WR H3K4Pe3. HRZeYeU, aV deWaLOed beORZ, a

VSecLfLc VXbVeW Rf bLYaOeQW SURPRWeUV LQdeed JaLQed H3K4Pe3 XSRQ H3K27Pe3

deSOeWLRQ, cRQcRPLWaQW ZLWK a VWURQJ LQdXcWLRQ Rf WUaQVcULSWLRQ.
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H3K27me3 mediates repression of distinct sets of bivalent genes in nawve and
primed hESC

GLYeQ WKe SUeYLRXVO\ XQaSSUecLaWed QawYe-VSecLfLc VeW Rf bLYaOeQW SURPRWeUV, Ze

ZRQdeUed Lf H3K27Pe3 SOa\ed a fXQcWLRQaO UROe fRU WKeVe JeQeV. TR aQVZeU WKLV

TXeVWLRQ, Ze LQYeVWLJaWed RXU RNA-SeT daWa cROOecWed LQ WKe PaWcKLQJ QawYe aQd SULPed

cRQdLWLRQV, aV ZeOO aV EZH2L WUeaWPeQWV.

We fLUVW fRcXVVed RQ WKe QawYe-RQO\ aQd SULPed-RQO\ bLYaOeQW SURPRWeUV ZKeUe

H3K27Pe3-PedLaWed UeSUeVVLRQ VKRXOd be VSecLfLc WR WKe UeVSecWLYe SOXULSRWeQW VWaWe

(FLJ. 3c, d): QawYe-RQO\ bLYaOeQW JeQeV LQdeed ZeUe SUedRPLQaQWO\ ORZeU e[SUeVVed (S <

5e-103, CRKeQ effecW VL]e PedLXP) LQ QawYe VWaWe WKaQ LQ SULPed (FLJ. 3d, OefW SaQeO),

ZKeUeaV SULPed-RQO\ bLYaOeQW JeQeV ZeUe SUedRPLQaQWO\ KLJKeU e[SUeVVed (S = 3e-49,

CRKeQ effecW VL]e OaUJe) LQ QawYe (FLJ. 3d, ULJKW SaQeO, E[WeQded DaWa FLJ. 7b). CUXcLaOO\,

WUeaWLQJ QawYe KESCV ZLWK EZH2L deUeSUeVVed QawYe-RQO\ bLYaOeQW JeQeV (S = 1e-77,

CRKeQ effecW VL]e PedLXP), ZKLOe LW dLd QRW VLJQLfLcaQWO\ affecW WKe e[SUeVVLRQ Rf

SULPed-RQO\ bLYaOeQW JeQeV (FLJ. 3d, OefW SaQeO). VLce YeUVa, WUeaWLQJ SULPed KESCV ZLWK

EZH2L deUeSUeVVed SULPed-VSecLfLc JeQeV (S = 4e-75, CRKeQ effecW VL]e OaUJe) ZKLOe

QRW VLJQLfLcaQWO\ affecWLQJ QawYe-RQO\ bLYaOeQW JeQeV (FLJ. 3d, ULJKW SaQeO). FLQaOO\, VKaUed

bLYaOeQW JeQeV YaULed LQ e[SUeVVLRQ OeYeO bXW aV a JURXS dLd QRW VKRZ a bLaVed

e[SUeVVLRQ fRU eLWKeU QawYe RU SULPed VWaWe (S = 1e-51, CRKeQ effecW VL]e VPaOO); EZH2L

WUeaWPeQW LQcUeaVed e[SUeVVLRQ LQ bRWK VWaWeV (CRKeQ effecW VL]e PedLXP) (E[WeQded

DaWa FLJ. 7c).

AQ LPSRUWaQW TXeVWLRQ WKaW ePaQaWed fURP WKeVe RbVeUYaWLRQV ZaV KRZ H3K27Pe3

e[eUWV WKe UeSUeVVLRQ Rf bLYaOeQW JeQeV, cUeaWLQJ WKe SRLVed VWaWe. TKe caQRQLcaO

SaWKZa\ Rf PRO\cRPb UeSUeVVLRQ LQYROYeV UecUXLWPeQW Rf caQRQLcaO PRC1 cRPSOe[ YLa

H3K27Pe3, fROORZLQJ H2A XbLTXLWLQaWLRQ, cKURPaWLQ cRPSacWLRQ aQd VLOeQcLQJ. HRZeYeU

H2AXb dLd QRW PLUURU fRUced deSOeWLRQ Rf H3K27Pe3, QeLWKeU RQ a JORbaO OeYeO, QRU aW

bLYaOeQW SURPRWeUV (FLJ. 1b, FLJ. 3b). We WKXV aVNed Lf H2AXb ZRXOd be affecWed PRUe
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VSecLfLcaOO\ aW WKe VXbVeW Rf bLYaOeQW JeQeV WKaW ZeUe aOVR WUaQVcULSWLRQaOO\ deUeSUeVVed

XSRQ H3K27Pe3 deSOeWLRQ: Ze RbVeUYed a ZeaN WUeQd WR ORVe a H2AXb (PedLaQ ORVV

15%) aW deUeSUeVVed JeQeV XSRQ EZH2L WUeaWPeQW WKaW ZeUe bLYaOeQW LQ WKe QawYe VWaWe

(L.e. fURP WKe QawYe-RQO\ RU cRPPRQ cOaVV) (FLJ. 3f, E[WeQded DaWa FLJ. 7d). AV a

cRQWURO, H2AXb dLd QRW fROORZ WKLV WUeQd aW H3K27Pe3-deYRLd SURPRWeUV WKaW ZeUe aOVR

XSUeJXOaWed ZLWK EZH2L (FLJ. 3f, E[WeQded DaWa FLJ. 7d). TKXV, a cRQWULbXWLRQ Rf H2AXb

WR UeSUeVVLRQ Rf bLYaOeQW JeQeV LQ WKe QawYe VWaWe LV QeLWKeU VWURQJO\ VXSSRUWed QRU

UefXWed b\ RXU daWa.

We QRWe WKaW QRW aOO QawYe-RQO\ aQd SULPed-RQO\ bLYaOeQW JeQeV fROORZed WKe WUeQdV

deVcULbed abRYe (L.e. RWKeU QawYe-RQO\ bLYaOeQW JeQeV ZeUe QRW XSUeJXOaWed LQ SULPed

VWaWe aQd/RU ZLWK EZH2 LQKLbLWRU WUeaWPeQW). HeQce, H3K27Pe3 PXVW be cRQVLdeUed aV

RQe SaUW Rf a PRUe cRPSOe[ UeJXOaWRU\ QeWZRUN WKaW XOWLPaWeO\ deWeUPLQeV WUaQVcULSWLRQaO

RXWSXW. NeYeUWKeOeVV, RXU daWa UeYeaOV WKaW SURPRWeU bLYaOeQc\ LV QRW VLPSO\ ORVW LQ WKe

QawYe VWaWe bXW UedLUecWed WR a dLffeUeQW VeW Rf JeQeV. PURPRWeU bLYaOeQc\ LQ WKe QawYe

VWaWe, aV LQ WKe SULPed, KaV WKe caSacLW\ WR cUeaWe a WUaQVcULSWLRQaOO\ SRLVed VWaWe ZKeUe

H3K27Pe3 LV UeTXLUed WR PaLQWaLQ a UeSUeVVed VWaWe.

H3K27me3 contributes to basal repression of nawve and primed pluripotency
markers

APRQJVW WKe JeQeV VZLWcKLQJ bLYaOeQc\ VWaWXV beWZeeQ QawYe aQd SULPed VWaWe (FLJ. 3b)

ZeUe PaQ\ NQRZQ PaUNeU JeQeV Rf QawYe aQd SULPed SOXULSRWeQc\ (Vee aOVR e[aPSOeV

abRYe, KLF4, OT;2, D8SP6 LQ FLJ. 1e, FLJ. 3a). AQRWKeU Ne\ WUaQVcULSWLRQ facWRU

XQLTXeO\ e[SUeVVed LQ QawYe KESCV aQd UeceQWO\ LPSOLcaWed LQ WKe eVWabOLVKPeQW Rf WKe

QawYe WUaQVcULSWLRQaO OaQdVcaSe LV TFAP2C 63. TKe SURPRWeUV Rf TFAP2C JeQe, aV ZeOO

aV WKe UeOaWed TFAP2A JeQe ZeUe LQdeed KLJKO\ eQULcKed LQ H3K4Pe3 aQd deYRLd Rf

H3K27Pe3 LQ WKe QawYe VWaWe, bXW acTXLUed a bLYaOeQW VWaWe ZLWK LQWeUPedLaWe H3K4Pe3

OeYeOV aQd KLJK H3K27Pe3 eQULcKPeQW LQ WKe SULPed VWaWe (E[WeQded DaWa FLJ. 8a).

IQWULJXLQJO\, deSOeWLQJ H3K27Pe3 LQ WKe SULPed VWaWe baVaOO\ acWLYaWed TFAP2A/C

WUaQVcULSWLRQ, aObeLW QRW WR WKe VaPe KLJK OeYeO RbVeUYed LQ WKe QawYe. TKXV, deSOeWLRQ Rf
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H3K27Pe3 LQ SULPed ceOOV UePRYed PRC2-PedLaWed UeSUeVVLRQ bXW ZaV QRW abOe WR

UeYeUW WKe TFAP2A/C JeQeV WR a fXOO µRQ¶ VWaWe, SUeVXPabO\ becaXVe addLWLRQaO acWLYaWLQJ

facWRUV ZeUe QRW e[SUeVVed LQ WKe SULPed VWaWe.

TR JeQeUaOL]e WKLV RbVeUYaWLRQ, Ze aVVeVVed H3K27Pe3 aQd H3K4Pe3 VWaWXV, aV ZeOO

aV RNA-SeT RXWSXW fRU cRPSUeKeQVLYe VeWV Rf QawYe aQd SULPed PaUNeUV UeceQWO\

deULYed fURP VcRNA-SeT 64. We RbVeUYed a VLPLOaU VZLWcK fURP H3K4Pe3-RQO\ SURPRWeU

VWaWXV LQ QawYe WR bLYaOeQW LQ SULPed fRU WKUee addLWLRQaO WUaQVcULSWLRQ facWRUV LPSOLcaWed

LQ VeWWLQJ XS WKe QawYe SOXULSRWeQc\ (KLF4, KLF5, TB;3), aQd WKeVe aOVR LQcUeaVed

baVaO WUaQVcULSWLRQ LQ UeVSRQVe WR H3K27Pe3 deSOeWLRQ LQ WKe SULPed VWaWe (FLJ. 3e).

HRZeYeU, WKe PaMRULW\ Rf QawYe PaUNeUV, VXcK aV DNMT3L, TRIM60, =NF729, dLd QRW

accXPXOaWe H3K27Pe3 LQ WKe SULPed VWaWe aQd ZeUe aOVR QRW UeVSRQVLYe WR EZH2L

WUeaWPeQW (FLJ. 3e).

OQ WKe RWKeU KaQd, PRVW PaUNeUV Rf SULPed SOXULSRWeQc\ 64 Kad H3K4Pe3-RQO\

SURPRWeUV LQ WKe SULPed VWaWe, ZKLOe aVVXPLQJ a H3K27Pe3-KLJK/H3K4Pe3-ORZ

bLYaOeQW SURPRWeU VWaWXV LQ WKe QawYe VWaWe (FLJ. 3e). H3K27Pe3 deSOeWLRQ LQ WKe QawYe

VWaWe UeVXOWed LQ LQcUeaVed WUaQVcULSWLRQ Rf PRVW Rf WKeVe JeQeV (LQcOXdLQJ OT;2, CD24,

D8SP6), aObeLW LQ QR caVe UeacKLQJ WKe OeYeOV Rf WKe SULPed VWaWe (FLJ. 3e, Vee aOVR FLJ.

1e). HeQce, Ze LdeQWLf\ a QeZ fXQcWLRQ fRU PRC2 LQ QawYe SOXULSRWeQc\, UeSUeVVLQJ baVaO

e[SUeVVLRQ Rf SULPed-VSecLfLc JeQeV.

CRQcRPLWaQW ZLWK LQdXcWLRQ Rf SULPed-VSecLfLc facWRUV, QaƯYe PaUNeUV LQcOXdLQJ DPPA3,

KLF4, KLF5, DNMT3L (FLJ. 3e), aV ZeOO aV cRUe SOXULSRWeQc\ facWRUV (E[WeQded DaWa

FLJ. 8c) ZeUe dRZQUeJXOaWed. IQ cRQcOXVLRQ, H3K27Pe3 cRQWULbXWeV WR UeSUeVVLRQ Rf

SULPed-VSecLfLc facWRUV LQ WKe QawYe VWaWe, aQd WR a OLPLWed e[WeQW aOVR WR WKe UeSUeVVLRQ

Rf QawYe-VSecLfLc facWRUV LQ WKe SULPed VWaWe (FLJ. 3e). HeQce, PRC2 aSSeaUV WR eVWabOLVK

aQ eSLJeQeWLc baUULeU beWZeeQ WKe WZR VWaWeV WKURXJK adaSWLYe UeSUeVVLRQ Rf dLffeUeQW

JeQe VeWV LQ QawYe aQd SULPed SOXULSRWeQc\. VLeZed LQ a deYeORSPeQWaO WUaMecWRU\, WKLV

Pa\ VXJJeVW WKaW JeQeV LPSRUWaQW fRU SULPed SOXULSRWeQc\ aUe PaLQWaLQed LQ a SRLVed

VWaWe dXULQJ QawYe SOXULSRWeQc\, WR be acWLYaWed UaSLdO\ aW LPSOaQWaWLRQ.
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PRC2 inhibition derepresses a nawve-specific subset of bivalent genes

HaYLQJ VR faU fRcXVVed RQ JeQeV WKaW VZLWcK bLYaOeQW VWaWe beWZeeQ QawYe aQd SULPed,

Ze cRQVLdeUed WKaW a ZLdeU VeW Rf bLYaOeQW SURPRWeUV Pa\ be VLJQLfLcaQWO\ UeSUeVVed b\

H3K27Pe3 LQ WKe QawYe VWaWe, aQd e[aPLQed aOO dLffeUeQWLaO e[SUeVVed JeQeV beWZeeQ

EZH2L WUeaWed aQd XQWUeaWed QawYe VWaWe. ASSUR[LPaWeO\ VLPLOaU QXPbeUV Rf JeQeV ZeUe

XS- aQd dRZQUeJXOaWed XSRQ EZH2L WUeaWPeQW, aQd, aV aOUead\ QRWed abRYe, bLYaOeQW

JeQeV ZeUe SUedRPLQaQWO\ XSUeJXOaWed (FLJ. 4a). PULQcLSaO CRPSRQeQW  AQaO\VLV (PCA)

Rf RXU RNA-SeT daWaVeWV VKRZed WKaW EZH2L WUeaWPeQW Kad a PXcK PRUe SURfRXQd

effecW LQ QawYe ceOOV (FLJ. 4b). OXW Rf 1894 XSUeJXOaWed JeQeV (ORJ fROd-cKaQJe > 1.5,

FDR < 5%), 898 ZeUe eQULcKed LQ H3K27Pe3 LQ WKeLU SURPRWeU UeJLRQ LQ WKe QawYe VWaWe

(FLJ. 4c). 261 Rf WKeVe ZeUe SUeYLRXVO\ caWeJRUL]ed aV QawYe-RQO\ H3K27Pe3 SURPRWeUV

(FLJ. 3b), KeQce Ze cRQVLdeUed WKeVe JeQeV bRQa-fLde QawYe-VSecLfLc WaUJeWV Rf PRC2,

aV aOUead\ dLVcXVVed abRYe. OQ WKe RWKeU KaQd, 349 JeQeV ZeUe XQLTXeO\ XSUeJXOaWed

ZLWK EZH2 LQKLbLWRUV LQ WKe SULPed VWaWe, aQd 262 RXW Rf WKeVe ZeUe H3K27Pe3-eQULcKed

(FLJ. 4c). AQ addLWLRQaO 169 JeQeV ZeUe XSUeJXOaWed LQ bRWK VWaWeV aQd 101 Rf WKeVe

aOVR ZeUe bLYaOeQW LQ bRWK VWaWeV (FLJ. 4c). TKe VPaOO SURSRUWLRQ Rf cR-UeJXOaWed JeQeV

aPRQJVW WKe JeQeV feaWXULQJ bLYaOeQW SURPRWeUV LQ bRWK VWaWeV KLJKOLJKWV WKe e[TXLVLWeO\

cRQWe[W-VSecLfLc fXQcWLRQ Rf PRC2 LQ UeSUeVVLQJ OaUJeO\ QRQ-RYeUOaSSLQJ JeQe VeWV LQ

cORVeO\ UeOaWed SOXULSRWeQW VWaWeV (FLJ. 4c). EYLdeQWO\, addLWLRQaO cRQWe[W-deSeQdeQW cXeV

PXVW deWeUPLQe Lf ORVV Rf H3K27Pe3 aW bLYaOeQW SURPRWeUV LV VXffLcLeQW WR VZLWcK WKe

UeVSecWLYe JeQe RQ.

H3K27me3-depleted nawve hESCs show similarities to a rare subpopulation
observed in normal nawve hESCs cultures.

Be\RQd WKe JURXS Rf H3K27Pe3-eQULcKed JeQeV WKaW Pa\ UeSUeVeQW dLUecW WaUJeWV Rf

PRC2 UeSUeVVLRQ, Ze RbVeUYed aQ addLWLRQaO 938 XSUeJXOaWed aQd a VLPLOaU QXPbeU Rf

dRZQUeJXOaWed JeQeV ZLWKRXW QRWabOe H3K27Pe3 eQULcKPeQW (FLJ. 4c). TKLV VXJJeVWed
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a ZLdeU WUaQVcULSWLRQaO UeSURJUaPPLQJ WULJJeUed b\ deSOeWLRQ Rf H3K27Pe3, aQd Ze

e[SORUed SRVVLbOe cRUUeOaWLRQV ZLWK NQRZQ ePbU\RQLc e[SUeVVLRQ VLJQaWXUeV.

A UeceQW VLQJOe-ceOO RNA-SeT VWXd\ SURfLOed QawYe aQd SULPed KESCV cXOWXUeV 64 aQd

LdeQWLfLed a VXbSRSXOaWLRQ aPRQJVW QawYe KESCV WKaW JaLQed e[SUeVVLRQ Rf VRPe

PaUNeUV Rf SULPed KESCV, aV ZeOO aV a QXPbeU Rf XQLTXe JeQeV abVeQW LQ eLWKeU QawYe

RU SULPed VWaWe, LQcOXdLQJ ABCG2, CLDN4, 9GLL1, GATA2, GATA3, aQd ERP27 . We

LQLWLaOO\ QRWed WKaW WKe PaUNeU JeQeV fRU WKLV VR-caOOed µLQWeUPedLaWe¶ SRSXOaWLRQ ZeUe

aOVR e[SUeVVed LQ RXU EZH2L-WUeaWed QawYe ceOOV (e.J. 9GLL1, FLJ. 2J). SWULNLQJO\, aOO WRS

50 XSUeJXOaWed JeQeV UeSRUWed fRU WKe LQWeUPedLaWe SRSXOaWLRQ ZeUe aOVR aPRQJVW WKe

WRS-PRVW XSUeJXOaWed JeQeV LQ RXU EZH2L-WUeaWed QawYe ceOOV, aQd PRVW Rf WKe WRS 50

dRZQUeJXOaWed JeQeV ZeUe aOVR dRZQUeJXOaWed (FLJ. 4d). AQ aQaO\VLV Rf SURPRWeU VWaWXV

UeYeaOed WKaW PaQ\ Rf WKe XSUeJXOaWed PaUNeU JeQeV ZeUe bLYaOeQW LQ WKe QawYe VWaWe,

WUaQVLWLRQLQJ WR a H3K4Pe3-RQO\ VWaWe ZLWK EHZ2L WUeaWPeQW (FLJ. 4e, E[WeQded DaWa

FLJ. 9). HeQce, RXU daWa VXJJeVWed WKaW EZH2 LQKLbLWLRQ caQ dULYe QawYe ceOOV WRZaUdV a

WUaQVcULSWLRQ SURJUaP WKaW LV aOVR QaWXUaOO\ e[KLbLWed b\ a VPaOO VXbSRSXOaWLRQ ZLWKLQ

cXOWXUed QawYe KESCV. ReSUeVeQWLQJ RQO\ a2% Rf ceOOV LQ a QawYe KESC cXOWXUe 64, WKe

LdeQWLW\ Rf WKeVe ceOOV KaV KRZeYeU QRW beeQ e[SORUed.

PRC2 is required for repression of trophectoderm and extraembryonic tissue
markers in nawve hESC

TR fXQcWLRQaOO\ defLQe WKe JeQe e[SUeVVLRQ VLJQaWXUe Ze LdeQWLfLed, Ze fXUWKeU PLQed a

cRPSUeKeQVLYe OLVW Rf OLQeaJe PaUNeUV deULYed fURP VcRNA-SeT Rf WKe deYeORSLQJ

KXPaQ ePbU\R 65. A VWULNLQJ SaWWeUQ ePeUJed aVVeVVLQJ WKe e[SUeVVLRQ Rf WKeVe PaUNeU

JeQeV LQ EZH2L-WUeaWed QawYe ceOOV: IQQeU ceOO PaVV, bOaVWRc\VW aQd eSLbOaVW PaUNeUV

ZeUe cRQVLVWeQWO\ dRZQUeJXOaWed ZKLOe WURSKecWRdeUP, e[WUaePbU\RQLc aQd SOaceQWaO

PaUNeUV - c\WRWURSKRbOaVW (CTB), V\Qc\WLRWURSKRbOaVW (STB), e[WUaYLOORXV WURSKRbOaVW

(EVT), aPQLRQ aQd \RON Vac PeVRdeUP - ZeUe XSUeJXOaWed (FLJ. 5a, e). TKe LQdXcWLRQ Rf

WKeVe PaUNeU JeQeV XSRQ EZH2L WUeaWPeQW ZaV VSecLfLc WR WKe QawYe VWaWe (FLJ. 5b,

E[WeQded DaWa FLJ. 10a). APRQJVW WKe PRVW KLJKO\ XSUeJXOaWed PaUNeU JeQeV ZaV

ENPEP, WKe JeQe fRU a VXUface PaUNeU (APA) WKaW PaUNV WURSKecWRdeUP SURJeQLWRU ceOOV
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caSabOe Rf fRUPLQJ STB 9,66; ABCG2, a SOaVPa PePbUaQe WUaQVSRUWeU KLJKO\ e[SUeVVed

LQ WURSKecWRdeUP aQd KXPaQ SOaceQWa 5,67; TP63, a S53 faPLO\ PePbeU defLQLQJ WKe CTB

VWeP ceOO cRPSaUWPeQW 5,68. WeOO NQRZQ WUaQVcULSWLRQ facWRUV VSecLf\LQJ WURSKecWRdeUP

OLQeaJe, CDX2 69,70, GATA3 9,70,71, MSX2 72, NR2F2 73 ZeUe aOVR VSecLfLcaOO\ XSUeJXOaWed

LQ EZH2L WUeaWed QawYe KESCV (FLJ. 5b-e).

GATA3 KaV beeQ cRQVLdeUed WKe PaVWeU WUaQVcULSWLRQ facWRU fRU WURSKecWRdeUP

deYeORSPeQW. GATA3 RYeUe[SUeVVLRQ LQ KESCV caQ UeSOace BMP4 VWLPXOaWLRQ WR LQdXce

WURSKecWRdeUP deYeORSPeQW 9,71. GATA3 KaV aOVR beeQ VKRZQ WR UeSUeVV SOXULSRWeQc\

WUaQVcULSWLRQ facWRUV 9. FXUWKeU, CKIP-SeT LQ WURSKRbOaVW SURJeQLWRUV KaV VKRZQ WKaW

GATA3 bLQdV WR WKe SURPRWeUV Rf PaQ\ PaUNeU JeQeV Rf WURSKecWRdeUP aQd SOaceQWaO

deYeORSPeQW, LQcOXdLQJ KRT23, 9GLL1, CGA aQd TP63 9. IQWeUVecWLQJ ZLWK WKe

SXbOLVKed bLQdLQJ daWa, Ze fRXQd 20% Rf XSUeJXOaWed JeQeV LQ EZH2L WUeaWed QawYe

ceOOV WR be bRXQd b\ GATA3 (E[WeQded DaWa FLJ. 10b).

IQYeVWLJaWLQJ WKe SURPRWeU VWaWXV Rf LQdLYLdXaO LQdXced JeQeV, Ze QRWLced WZR dLVWLQcW

JURXSV - RQe JURXS Rf SURPRWeUV ZaV H3K4Pe3/H3K27Pe3 bLYaOeQW, RQe Kad QR

H3K4Pe3 aQd W\SLcaOO\ aOVR ORZ RU QR H3K27Pe3 (FLJ. 5b, e, E[WeQded DaWa FLJ. 10b).

IW KaV beeQ SURSRVed WKaW GATA3 aQd RWKeU bLYaOeQW TF JeQeV aUe aW WKe WRS Rf a

KLeUaUcK\ Rf JeQe UeJXOaWRU\ eYeQWV OeadLQJ WR aQ LQdXcWLRQ Rf WURSKecWRdeUP

deYeORSPeQW 9. IQdeed, WKRVe PaUNeU JeQeV WKaW dLd QRW caUU\ H3K4Pe3 LQ WKe QawYe

VWaWe RfWeQ feaWXUed GATA3 bLQdLQJ VLWeV, VXJJeVWLQJ WKe\ Pa\ be dLUecWO\ acWLYaWed b\

GATA3 (FLJ. 5b).

We VRXJKW WR cRQfLUP GATA3 LQdXcWLRQ RQ WKe SURWeLQ OeYeO aQd VWaLQed QawYe aQd

EZH2L-WUeaWed QawYe KESC cRORQLeV ZLWK NANOG, SOX2, OCT4 aQd GATA3. NRWabO\,

EZH2 LQKLbLWLRQ LQdXced KeWeURJeQeLW\ ZLWKLQ cRORQLeV, ZLWK LQdLYLdXaO ceOOV ORVLQJ aOO

WKUee SOXULSRWeQc\ PaUNeUV ZKLOe RWKeUV PaLQWaLQed QRUPaO OeYeOV (FLJ. 5c). TKLV ZaV

cRQcRPLWaQW ZLWK WKe aSSeaUaQce Rf GATA3+ VLQJOe ceOOV (FLJ. 5d). PULPed KESCV

VWaLQed aQd LPaJed aORQJVLde WKe QawYe VaPSOeV dLd QRW VKRZ a ORVV Rf SOXULSRWeQc\

PaUNeUV RU GATA3 e[SUeVVLRQ ZLWK EZH2 LQKLbLWLRQ (E[WeQded DaWa FLJ. 10c).
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TKe LQdXcWLRQ Rf GATA3 SRVLWLYe aQd NANOG/SOX2/OCT4 QeJaWLYe ceOOV VXJJeVWV WKaW

LQ WKe cRXUVe Rf WKe 7 da\ EZH2L WUeaWPeQW, a fUacWLRQ Rf QawYe KESCV KaYe cRPPLWWed

WR WURSKecWRdeUP OLQeaJe aQd e[LWed fURP SOXULSRWeQc\. A WLPe cRXUVe e[SeULPeQWV Rf

BMP4-LQdXced WURSKecWRdeUP deYeORSPeQW fURP SULPed KESCV 9 eVWabOLVKed a

WePSRUaO VeTXeQce Rf PaUNeU JeQeV, ZLWK GATA3 aQd MS;2 beLQJ LQdXced aOUead\

afWeU 8 KRXUV, ZKLOe TP63, 9GLL1 aQd CGA aUe RQO\ LQdXced afWeU 48 aQd 72K

UeVSecWLYeO\ (E[WeQded DaWa FLJ. 10d) 9. TKe e[SUeVVLRQ Rf TP63, 9GLL1, CGA LQ RXU

7d EZH2L WUeaWPeQW KeQce VXJJeVWV WKaW, RQce cRPPLWWed, WKe GATA3-SRVLWLYe ceOOV aUe

abOe WR e[ecXWe a W\SLcaO WURSKecWRdeUP deYeORSPeQW SURJUaP WRZaUdV OaWe

WURSKecWRdeUP/STB PaUNeUV (E[WeQded DaWa FLJ. 10d, 11).

IQ VXPPaU\, cKURPaWLQ aQd WUaQVcULSWRPLc VLJQaWXUeV VXJJeVW WKaW deSOeWLQJ H3K27Pe3

dULYeV a fUacWLRQ Rf QawYe KESCV LQWR VSRQWaQeRXV cRPPLWPeQW WR a WURSKecWRdeUP faWe.

HeQce, PRC2 adRSWV aQ LPSRUWaQW UROe LQ VKLeOdLQJ QawYe SOXULSRWeQW ceOOV fURP abeUUaQW

WURSKecWRdeUP dLffeUeQWLaWLRQ.

DISCUSSION

OXU fLQdLQJV dLVaJUee LQ VRPe aVSecWV ZLWK eaUOLeU UeSRUWV WKaW PRC2 LV dLVSeQVabOe fRU

PaLQWeQaQce Rf QawYe SOXULSRWeQc\ LQ 5L/L/A aQd W2LG| PedLa 60,61. OQ WKe RQe KaQd, Ze

fLQd WKaW EZH2L-WUeaWed QawYe KESCV PaLQWaLQ W\SLcaO dRPed cRORQ\ JURZWK WKXV

VXJJeVWLQJ WKaW WURSKecWRdeUP cRPPLWPeQW LV a VWRcKaVWLc eYeQW WKaW UeVXOWV LQ RQO\ a

fUacWLRQ Rf ceOOV KaYLQJ e[LWed SOXULSRWeQc\ aW aQ\ JLYeQ WLPe. IQ VXSSRUW, Ze RbVeUYe

PRVW ceOOV ZLWKLQ a cRORQ\ PaLQWaLQLQJ SOXULSRWeQc\ PaUNeU e[SUeVVLRQ aW QRUPaO OeYeOV,

ZKLOe a VXbVeW ORVeV SOXULSRWeQc\ aQd JaLQV GATA3 e[SUeVVLRQ (FLJ. 5c, d). OQ WKe RWKeU

KaQd, Ze RbVeUYe aQ RYeUaOO UedXcWLRQ Rf cRUe SOXULSRWeQc\ PaUNeU e[SUeVVLRQ RQ WKe

SRSXOaWLRQ OeYeO (E[WeQded DaWa FLJ. 7d), ZKLOe SKaQ eW aO. 61 KaYe UeSRUWed WKaW

NANOG, OCT4, SOX2 aUe XQaffecWed LQ QawYe EZH2-/- KESCV ZLWK addLWLRQaO

VKRNA-PedLaWed deSOeWLRQ Rf EZH1. HRZeYeU, LQ WKLV VWXd\, UePaLQLQJ EZH1 RU
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H3K27Pe3 OeYeOV ZeUe QRW e[SOLcLWO\ aVVeVVed, OeaYLQJ WKe SRVVLbLOLW\ WKaW RXU EZH2L

WUeaWPeQW UeVXOWed LQ a JUeaWeU deSOeWLRQ Rf H3K27Pe3, WKXV a PRUe SURQRXQced

SKeQRW\Se. Of QRWe WKe EZH2 LQKLbLWRU EPZ-6438 aOVR LQKLbLWV EZH1 ZLWK QaQRPROaU

IC50 74, OLNeO\ acKLeYLQJ cRPSOeWe LQKLbLWLRQ Rf EZH1 aQd EZH2 aW WKe 10�M

cRQceQWUaWLRQ XVed KeUe (FLJ. 1b, 3b).

CaSWXULQJ TXaQWLWaWLYe dLffeUeQceV beWZeeQ eSLJeQRPLc SURfLOeV, aV acKLeYed ZLWK

MINUTE-CKIP, KaV aOORZed XV WR XQcRYeU a PRUe cRPSOe[ SaWWeUQ Rf JaLQV aQd ORVVeV

Rf H3K27Pe3 beWZeeQ QawYe aQd SULPed VWaWeV WKaQ SUeYLRXVO\ aSSUecLaWed 14,16,17,40.

IPSRUWaQWO\, Ze fRXQd WKaW WKe bLYaOeQc\ ZaV OaUJeO\ PaLQWaLQed LQ WKe QawYe VWaWe aQd

fRXQd KXQdUedV Rf SURPRWeUV WKaW JaLQed bLYaOeQc\ XQLTXeO\ LQ WKe QawYe VWaWe.

SXUSULVLQJO\, deVSLWe WKe e[WeQVLYe RYeUOaS Rf WaUJeW SURPRWeUV beWZeeQ QawYe aQd

SULPed VWaWeV, LQKLbLWLQJ PRC2 caWaO\WLc acWLYLW\ acWLYaWed LQdeSeQdeQW JeQe VeWV,

cKaUacWeULVWLc fRU eacK VWaWe. HeQce, H3K27Pe3 SeU Ve caQQRW be aWWULbXWed a

cRQVWLWXWLYe UeSUeVVLYe fXQcWLRQ aW bLYaOeQW SURPRWeUV, LQVWead Ze YLeZ bLYaOeQc\ aV a

defaXOW VWaWe Rf PaQ\ deYeORSPeQWaO JeQeV WKaW caQ RSWLRQaOO\ acTXLUe a

WUaQVcULSWLRQaOO\ SRLVed VWaWe (L.e. aQ VWaWe Rf ORZ WUaQVcULSWLRQ LQ ZKLcK VROeO\

H3K27Pe3 LPSedeV acWLYaWLRQ) LQ WKe SUeVeQce Rf ceOO W\Se/OLQeaJe VSecLfLc facWRUV.

SXcK cRQWe[W-VSecLfLc SRLVLQJ caQ e[SOaLQ ZK\ QawYe bXW QRW SULPed KESCV ceOOV JaLQ

WURSKecWRdeUP dLffeUeQWLaWLRQ SRWeQWLaO ZKeQ WUeaWed ZLWK EZH2L. PULPed KESCV caQ

JLYe ULVe WR WURSKecWRdeUP 9,66,68,71, dePRQVWUaWLQJ WKe caSacLW\ WR WUaQVdLffeUeQWLaWe.

HRZeYeU, JeQeWLc abOaWLRQ Rf PRC2 LQ SULPed KESCV UeVXOWV LQ PeVR-eQdRdeUP

deYeORSPeQW UaWKeU WKaQ WURSKecWRdeUP deYeORSPeQW 31,61. IW LV LPSRUWaQW WR QRWe WKaW WKe

SURceVV Rf e[LWLQJ SOXULSRWeQc\ aQd PeVR-eQdRdeUP VSecLaWLRQ LV QRW a UaSLd UeVSRQVe

WR deSOeWLRQ Rf PRC2 LQ SULPed KESC, bXW ePeUJeV RYeU 3-4 ZeeNV Rf cXOWXUe 31,61. OYeU

WKe cRXUVe Rf RXU 7d EZH2L WUeaWPeQW Ze dR QRW RbVeUYe a ORVV Rf cRUe SOXULSRWeQc\

PaUNeUV RU XSUeJXOaWLRQ Rf eQdR-PeVRdeUP PaUNeUV VXcK aV GATA6, GATA4 75

(E[WeQded DaWa FLJ. 8b, 10a), LQ OLQe ZLWK a WLPe cRXUVe cRQdLWLRQaO PRC2 NQRcNRXW

e[SeULPeQW VKRZLQJ fLUVW LQdXcWLRQ Rf eQdR-PeVRdeUP aW da\ 12 aQd decUeaVe LQ

SOXULSRWeQc\ PaUNeUV aW da\ 20 61. TKeUefRUe, WKe WUaQVcULSWLRQaO UeZLULQJ aQd
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aSSeaUaQce Rf GATA3-SRVLWLYe/SOXULSRWeQc\-QeJaWLYe ceOOV ZLWKLQ 7 da\V Rf EZH2L

WUeaWPeQW Rf QawYe KESCV LV LQ VWULNLQJ cRQWUaVW WR WKe VORZ e[LW fURP SOXULSRWeQc\ Rf

SULPed KESCV. TRJeWKeU ZLWK WKe RbVeUYaWLRQV WKaW a VXbSRSXOaWLRQ ZLWK e[SUeVVLRQ Rf

WURSKecWRdeUP PaUNeUV LV aOUead\ SUeVeQW LQ QawYe cXOWXUeV 22,64 aQd WKaW WURSKecWRdeUP

caQ be deULYed dLUecWO\ fURP QawYe KESCV 6,76±78, RXU daWa VXSSRUWV WKaW WKe QawYe VWaWe LV

XQLTXeO\ SRLVed WRZaUdV WURSKecWRdeUP OLQeaJe. We fLQd WKaW Ne\ WURSKecWRdeUP

WUaQVcULSWLRQ facWRUV aQd RWKeU PaUNeU JeQeV XSUeJXOaWed XSRQ ORVV Rf H3K27Pe3,

LQcOXdLQJ CD;2, GATA3, EPAS1, MS;2, TB;3, STS, CGA, CGB8 aUe aOUead\ baVaOO\

e[SUeVVed LQ QawYe KESCV ZKLOe abVeQW LQ SULPed (FLJ. 3e, FLJ. 5b, E[WeQded DaWa FLJ.

11). TKe bLYaOeQW SURPRWeUV Rf WKeVe JeQeV feaWXUe KLJKeU H3K4Pe3 aQd ORZeU

H3K27Pe3 OeYeOV LQ WKe QawYe VWaWe aV cRPSaUed WR SULPed, VXJJeVWLQJ WKaW acWLYaWLQJ

VLJQaOV SUeVeQW XQLTXeO\ LQ WKe QawYe VWaWe VNeZ WKe SRLVed VWaWe WRZaUdV acWLYaWLRQ,

ZKLOe H3K27Pe3 acTXLUeV a cUXcLaO UROe LQ RSSRVLQJ fXOO acWLYaWLRQ.

A caQdLdaWe WUaQVcULSWLRQ facWRU fRU VeWWLQJ XS WKe WLJKW LQWeUcRQQecWLYLW\ beWZeeQ QawYe

SOXULSRWeQc\ aQd WURSKecWRdeUP LQ KXPaQV LV TFAP2C. WKLOe LQVWUXPeQWaO fRU VeWWLQJ XS

WKe WUaQVcULSWLRQaO OaQdVcaSe Rf KXPaQ QawYe KESCV 63, TFAP2C LV aOVR a ZeOO-VWXdLed

dULYeU Rf WURSKecWRdeUP deYeORSPeQW LQ PRXVe aQd LV KLJKO\ e[SUeVVed WKURXJKRXW

e[WUaePbU\RQLc WLVVXeV LQcOXdLQJ KXPaQ aQd PRXVe SOaceQWa 5,9,79. TFAP2C LV RQe Rf

WKe Ne\ WUaQVcULSWLRQ facWRUV LQdXced ZKeQ cRQYeUWLQJ SULPed KESCV WR WURSKecWRdeUP

b\ BMP4 VWLPXOaWLRQ, bLQdLQJ WR SURPRWeUV RU eQKaQceUV Rf PaQ\ WURSKecWRdeUP JeQeV
5,9. TFAP2C LV e[SUeVVed a8fROd KLJKeU LQ QawYe KESCV aV cRPSaUed WR SULPed aQd LWV

e[SUeVVLRQ dReV QRW fXUWKeU LQcUeaVe XSRQ EZH2L WUeaWPeQW (E[WeQded DaWa FLJ. 8a).

HeQce, QawYe ceOOV aOUead\ e[SUeVV a cULWLcaO aPRXQW Rf TFAP2C WR facLOLWaWe

WURSKecWRdeUP dLffeUeQWLaWLRQ. MaQ\ WURSKecWRdeUP PaUNeU JeQeV aUe bLYaOeQW

WKURXJKRXW QawYe aQd SULPed SOXULSRWeQc\. TKe abVeQce Rf acWLYaWLQJ WUaQVcULSWLRQ

facWRUV OLNe TFAP2C, GATA2, GATA3 LQ WKe SULPed VWaWe PLJKW XOWLPaWeO\ e[SOaLQ ZK\

H3K27Pe3 deSOeWLRQ dReV QRW UeVXOW LQ LQcUeaVed e[SUeVVLRQ Rf WKeVe PRC2 WaUJeW

JeQeV. OQO\ LQ WKe SUeVeQce Rf a cULWLcaO PaVV Rf WURSKecWRdeUP WUaQVcULSWLRQ facWRUV,

PRC2 acWLYLW\ PLJKW becRPe cUXcLaO LQ VeWWLQJ XS aQ eSLJeQeWLc baUULeU WR SUeYeQW

VSRQWaQeRXV cRPPLWPeQW WR WURSKecWRdeUP dLffeUeQWLaWLRQ. We VSecXOaWe WKaW eYeQ LQ
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VWaQdaUd QawYe cXOWXUeV, WKLV eSLJeQeWLc baUULeU LV cURVVed LQ VLQJOe ceOOV ZLWK YeU\ ORZ

fUeTXeQc\. OQce RYeUcRPe, WKe e[LVWLQJ SRRO Rf WUaQVcULSWLRQ facWRU SURWeLQV caQ UaSLdO\

JaLQ cRQWURO Rf WKe WUaQVcULSWLRQaO SURJUaP, aQWaJRQLVLQJ WKe cRUe SOXULSRWeQc\ QeWZRUN.

IQ VXPPaU\, RXU TXaQWLWaWLYe cRPSaULVRQ Rf eSLJeQeWLc OaQdVcaSeV LQ QawYe aQd SULPed

KESCV UeYeaOV aQ e[WeQVLYe UeZLULQJ Rf SURPRWeU bLYaOeQc\ LQ ZKLcK PRC2-PedLaWed

H3K27Pe3 cRQVWLWXWeV aQ LPSRUWaQW eSLJeQeWLc baUULeU WKaW d\QaPLcaOO\ fROORZV aQd

UeLQfRUceV OLQeaJe cKRLceV aQd deYeORSPeQWaO SURJUeVVLRQ. IW ZLOO be aQ e[cLWLQJ fRcXV Rf

fXWXUe ZRUN WR eOXcLdaWe Lf aQd KRZ PRC2 LV LQYROYed LQ JXLdLQJ WKe

WRWLSRWeQc\-WR-SOXULSRWeQc\ WUaQVLWLRQ LQ WKe eaUO\ KXPaQ ePbU\R aQd Lf LW caQ be XWLOL]ed

WR facLOLWaWe eVWabOLVKPeQW Rf KXPaQ bOaVWRLdV.
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Fig. 1 - High levels of H3K27me3 and H2Aub broadly cover the nawve pluripotent genome
a E[SeULPeQWaO deVLJQ Rf PXOWLSOe[ed TXaQWLWaWLYe CKIP (MINUTE-CKIP) e[SeULPeQW cRPSaULQJ

KESCV LQ QawYe aQd SULPed cXOWXUe cRQdLWLRQV. IQ addLWLRQ, bRWK QawYe aQd SULPed cXOWXUeV ZeUe

WUeaWed ZLWK EZH2 LQKLbLWRU EPZ-6438 (EZH2L) fRU 7 da\V. TKUee UeSOLcaWeV Rf eacK cRQdLWLRQ

ZeUe baUcRded aQd cRPbLQed LQWR a VLQJOe MINUTE-CKIP SRRO fURP ZKLcK H3K27Pe3,

H3K4Pe3 aQd H2AK119Xb (H2AXb) CKIPV ZeUe SeUfRUPed. See E[WeQded DaWa FLJ. 1a fRU a

VcKePe Rf WKe MINUTE-CKIP ZRUNfORZ. b GORbaO JeQRPe-ZLde OeYeOV Rf H3K27Pe3, H3K4Pe3

aQd H2AXb aV deWeUPLQed b\ LQSXW-QRUPaOL]ed WRWaO Uead cRXQWV (INRC) LQ QawYe RU SULPed

KESC, cXOWXUed ZLWK RU ZLWKRXW EZH2 LQKLbLWRU. P YaOXeV Rf SaLUZLVe cRPSaULVRQV (SWXdeQW¶V W

WeVW) aUe JLYeQ. TUacNV fRU VXbVeTXeQW aQaO\VLV aUe VcaOed accRUdLQJ WR WKe INRC YaOXeV aV

UeadV SeU JeQRPe cRYeUaJe (RPGC), ZLWK QawYe VeUYLQJ aV a UefeUeQce VcaOed WR 1[ JeQRPe

cRYeUaJe (JORbaO aYeUaJe eTXaOV WR 1 RPGC) c HLVWRQe H3K27Pe3, H3K4Pe3 aQd H2AXb

OeYeOV b\ cKURPaWLQ VWaWe. RPGC Rf cRPbLQed UeSOLcaWeV aUe VKRZQ. d GeQRPe-ZLde aQaO\VLV Rf

H3K27Pe3, H3K4Pe3 aQd H2AXb OeYeOV b\ 10Nb bLQV, cRPSaULQJ QawYe aQd SULPed KESC.

LRJ2-WUaQVfRUPed RPGC Rf cRPbLQed UeSOLcaWeV aUe VKRZQ. BRWWRP ULJKW: aQaO\VLV Rf

JeQRPe-ZLde 10Nb bLQV cRPSaULQJ H2AXb OeYeOV LQ QawYe KESC, ZLWK RU ZLWKRXW EZH2L

WUeaWPeQW. DLffeUeQWLaOO\ RccXSLed UeJLRQV aUe KLJKOLJKWed LQ Ued (DESeT2 S.adM < 0.05). BLQV

RYeUOaSSLQJ ZLWK aQQRWaWed bLYaOeQW SURPRWeUV 62 aUe PaUNed LQ WXUTXRLVe. e GeQRPe bURZVeU

e[aPSOeV Rf JeQRPLc UeJLRQV ZLWK dLffeUeQWLaO RccXSaQc\ Rf H3K27Pe3, H3K4Pe3 aQd/RU

H2AXb. SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee UeSOLcaWeV, JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd

SULPed VLJQaO. TUacNV fURP WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC VcaOe.
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Fig. 2 - X chromosomes in nawve hESCs accumulate H3K27me3 without apparent
chromosome-wide repressive function.
a CKURPRVRPe aYeUaJe eQULcKPeQW Rf H3K4Pe3, H3K27Pe3 aQd H2AXb LQ QawYe aQd SULPed

KESCV. RPGC Rf cRPbLQed UeSOLcaWeV aUe VKRZQ. b CKURPRVRPe deQVLW\ SORW cRPSaULQJ WKe X

cKURPRVRPe VLJQaOV LQ QawYe aQd SULPed KESCV WR WKRVe Rf aQ aXWRVRPe ZLWK VLPLOaU VL]e

(cKU7). RPGC Rf cRPbLQed UeSOLcaWeV aUe VKRZQ. c GeQRPe bURZVeU e[aPSOeV Rf UeJLRQV RQ WKe

X cKURPRVRPe ZLWK dLffeUeQWLaO RccXSaQc\ Rf H3K27Pe3, H3K4Pe3 aQd/RU H2AXb, ZLWK

VeOecWed e[aPSOeV Rf JeQeV e[SUeVVed LQ QawYe (XIST) RU SULPed (GRPR) KESC. SLJQaO VKRZV

WKUee UeSOLcaWeV cRPbLQed, JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd SULPed VLJQaOV. TUacNV fURP

WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC VcaOe. d TUeePaS VKRZLQJ a

SURSRUWLRQaO UeSUeVeQWaWLRQ Rf WKe WRWaO (LQWeJUaWed) aPRXQW Rf H3K27Pe3 b\ cKURPRVRPe

(aUea) aQd aYeUaJe deQVLW\ (cRORU LQWeQVLW\). See aOVR E[WeQded DaWa FLJ. 2b fRU addLWLRQaO

cRQWUROV. e IPPXQRfOXRUeVceQce PLcURVcRS\ VKRZLQJ QXcOeaU H3K27Pe3 fRcL LQ QawYe KESC. f
DeQVLW\ SORWV Rf ORJ2 fROd-cKaQJeV LQ SURPRWeU H3K27Pe3 OeYeOV (OefW) aQd RNA-SeT RXWSXW

(PLddOe) Rf JeQeV JURXSed b\ cKURPRVRPe, cRPSaULQJ QawYe aQd SULPed KESC. DeQVLW\ SORWV

Rf ORJ2 fROd-cKaQJeV LQ RNA-SeT RXWSXW Rf JeQeV JURXSed b\ cKURPRVRPe, cRPSaULQJ

XQWUeaWed aQd EZH2L-WUeaWed QawYe KESCV (ULJKW). FROd-cKaQJeV ZeUe deWeUPLQed XVLQJ

DESeT2 fURP WULSOLcaWe daWaVeWV. MedLaQ YaOXeV b\ cKURPRVRPe aUe JLYeQ aQd LQdLcaWed aV

YeUWLcaO OLQe LQ WKe deQVLW\ SORW. g MA-SORW Rf RNA-SeT daWa (BaVe PeaQ aQd ORJ2 fROd-cKaQJe aV

caOcXOaWed ZLWK DESeT2 fURP WULSOLcaWeV) cRPSaULQJ XQWUeaWed aQd EZH2L-WUeaWed QawYe KESC.

GeQeV RQ WKe X cKURPRVRPe aUe KLJKOLJKWed LQ bOacN (SadM < 0.05 KLJKOLJKWed LQ Ued) ZLWK

VeOecWed aQQRWaWLRQV.
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Fig. 3 - H3K27me3 is adaptive to gene expression changes between nawve and
primed pluripotent states and contributes to repression of non-state specific genes.
a AOOXYLaO SORW VKRZLQJ H3K27Pe3, H3K4Pe3 RU H2AXb dLffeUeQWLaOO\ RccXSLed SURPRWeUV

(DESeT2 S.adM < 0.05 aQd fROd-cKaQJe > 0.5 fURP WKUee UeSOLcaWeV) beWZeeQ QawYe aQd SULPed

KESC, aV ZeOO aV WKe cRUUeVSRQdeQce beWZeeQ WKe dLffeUeQWLaOO\ RccXSLed SURPRWeU JURXSV

acURVV WKe WKUee KLVWRQe PRdLfLcaWLRQV. FXQcWLRQaOO\ LQWeUeVWLQJ cRQQecWLRQV (eacK cRQWaLQLQJ

PRUe WKaQ 100 JeQeV) aUe aQQRWaWed.b DH QRYR aQQRWaWLRQ Rf bLYaOeQW SURPRWeUV baVed RQ

DESeT2 aQaO\VLV VKRZQ LQ A, B. FLYe SURPRWeU cOaVVeV ZeUe defLQed: SULPed-RQO\ bLYaOeQW (PU

>> NL), QawYe-RQO\ bLYaOeQW (NL >> PU), cRPPRQ/VKaUed bLYaOeQW, H3K4Pe3-RQO\ aQd H3K4Pe3

QeJaWLYe (QRW VKRZQ). AYeUaJe H3K27Pe3, H2AXb, H3K4Pe3 SURfLOe SORWV LQ QawYe aQd SULPed

KESCV fRU eacK cOaVV aQd cRUUeVSRQdLQJ KeaWPaSV fRU WKe fLUVW WKUee VWaWeV aUe VKRZQ.

AddLWLRQaOO\, SURfLOeV fRU EZH2L-WUeaWed QawYe aQd SULPed cRQdLWLRQV aUe VKRZQ aV daVKed OLQeV.

c CRQWe[W-VSecLfLc WUaQVcULSWLRQaO UeVSRQVe WR JORbaO H3K27Pe3 deSOeWLRQ LQ dLffeUeQW cOaVVeV Rf

bLYaOeQW JeQeV. RNA-SeT cKaQJeV (ORJ2 fROd-cKaQJe fURP DESeT2 aQaO\VLV fURP WKUee

UeSOLcaWeV eacK) aUe SORWWed, cRPSaULQJ QawYe aQd SULPed cRQdLWLRQ aV ZeOO aV EZH2L WUeaWPeQW

aQd WKe UeVSecWLYe cRQWURO cRQdLWLRQ (OefW: QawYe-RQO\ bLYaOeQW SURPRWeUV, ULJKW: SULPed RQO\

bLYaOeQW SURPRWeU). TKe dLVWULbXWLRQ Rf fROd-cKaQJeV Rf aOO JeQeV LV VKRZQ aV YLROLQ SORWV,

ZKeUeaV WKe cOaVV-VSecLfLc JeQeV aUe VKRZQ aV MLWWeU SRLQWV. SLJQLfLcaQce Rf SaLUZLVe SWXdeQW¶V W

WeVW LV JLYeQ. TKe PeaQ fROd-cKaQJeV Rf WKe cOaVV-VSecLfLc JURXS ZaV cRPSaUed WR WKe PeaQ

fROd-cKaQJe Rf aOO JeQeV XVLQJ SWXdeQW¶V W-WeVW aQd CRKeQ¶V d, aQd WKeVe YaOXeV aUe JLYeQ LQ WKe

PaLQ We[W. See E[WeQded DaWa FLJ. 7B fRU cRUUeVSRQdLQJ aQaO\VLV Rf WKe VKaUed bLYaOeQW cOaVV Rf

JeQeV. d DeQVLW\ SORW Rf fROd-cKaQJeV Rf H2AXb OeYeOV fROORZLQJ H3K27Pe3 deSOeWLRQ LQ KESC.

OQO\ JeQeV WKaW ZeUe deUeSUeVVed XSRQ EZH2L-WUeaWPeQW (DESeT2 S.adM < 0.05, fROd-cKaQJe >

1.5 baVed RQ WKUee UeSOLcaWeV) ZeUe LQcOXded LQ WKe aQaO\VLV. TKe JURXS Rf QawYe-bLYaOeQW

SURPRWeUV (KeQce LQcOXdLQJ SURPRWeUV Rf WKe QawYe-RQO\ aQd VKaUed cOaVV) LV cRPSaUed WR

H3K27Pe3-deYRLd SURPRWeUV. FRU aQ aQaO\VLV Rf LQdLYLdXaO cOaVVeV Vee E[WeQded DaWa FLJ. 7C.

e HeaWPaS VKRZLQJ RNA-SeT e[SUeVVLRQ OeYeOV (ORJ2-WUaQVfRUPed TPM) Rf SUeYLRXVO\ defLQed

PaUNeU JeQeV fRU QawYe RU SULPed SOXULSRWeQc\ 64 LQ QawYe aQd SULPed KESCV (+/- EZH2L

WUeaWPeQW), aV ZeOO aV WKe H3K4Pe3 aQd H3K27Pe3 OeYeOV (RPGC) aW WKeLU UeVSecWLYe SURPRWeU.

RPGC fURP cRPbLQed UeSOLcaWeV aUe XVed fRU H3K4Pe3 aQd H3K27Pe3, ZKeUeaV WKe WKUee

LQdLYLdXaO UeSOLcaWe TPM YaOXeV aUe SORWWed fRU RNA-SeT daWa.
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Fig. 4 - PRC2 inhibition derepresses a nawve-specific subset of bivalent genes
a FUacWLRQV Rf VLJQLfLcaQW (S < 0.05) WUaQVcULSWLRQaO cKaQJeV LQ UeVSRQVe WR EZH2 LQKLbLWRU

WUeaWPeQW Rf QawYe aQd SULPed KESC, aPRQJVW aOO RU aQQRWaWed bLYaOeQW 62. b IQWeUVecWLRQ Rf

JeQeV deUeSUeVVed afWeU EZH2L WUeaWPeQW LQ QawYe aQd SULPed KESC. EacK YeQQ LQWeUVecWLRQ LV

fXUWKeU aQQRWaWed b\ WKe H327Pe3 SURPRWeU cOaVV. c PULQcLSaO cRPSRQeQW aQaO\VLV Rf RNA-SeT

daWaVeWV (WULSOLcaWeV VKRZQ LQdLYLdXaOO\). d PaLUed bR[SORWV VKRZLQJ RNA-SeT e[SUeVVLRQ

cKaQJeV (ORJ2 TPM) Rf QawYe ceOOV LQ UeVSRQVe WR EZH2L WUeaWPeQW, fRU PaUNeU JeQeV Rf aQ

µLQWeUPedLaWe¶ SRSXOaWLRQ SUeVeQW aW a2% abXQdaQce LQ QawYe cXOWXUeV aV defLQed LQ MeVVPeU eW.

aO. 2019 64. TKe 50 WRS XS- aQd dRZQ-UeJXOaWed JeQeV UeSRUWed fRU WKe µLQWeUPedLaWe¶ SRSXOaWLRQ

ZeUe VeOecWed, aQd WKeLU e[SUeVVLRQ LQ QawYe KESCV ZLWK RU ZLWKRXW EZH2L WUeaWPeQW LV VKRZQ.

e HeaWPaS VKRZLQJ e[SUeVVLRQ (TPM) LQ QawYe aQd SULPed KESCV (+/- EZH2L WUeaWPeQW), aV

ZeOO aV H3K4Pe3 aQd H3K27Pe3 SURPRWeU VWaWXV Rf WKe VaPe PaUNeU JeQeV. RPGC fURP

cRPbLQed UeSOLcaWeV aUe XVed fRU H3K4Pe3 aQd H3K27Pe3, ZKeUeaV WKe WKUee LQdLYLdXaO

UeSOLcaWe TPM YaOXeV aUe SORWWed fRU RNA-SeT daWa.
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Fig. 5 - Loss of H3K27me3 in nawve activates trophectoderm and placental gene
expression programs. a SWULScKaUW VKRZLQJ e[SUeVVLRQ Rf a cRPSUeKeQVLYe VeW Rf PaUNeU

JeQeV defLQed fURP KXPaQ ePbU\R VLQJOe ceOO daWa cRPSaULQJ QawYe KESCV aQd QawYe KESCV

WUeaWed ZLWK EZH2L.  MaUNeUV aUe JURXSed LQWR SUe-OLQeaJe, LQQeU ceOO PaVV (ICM), eSLbOaVW,

SULPLWLYe eQdRdeUP, (PULPEQdR), WURSKecWRdeUP (TE) c\WRWURSKRbOaVW (CTB),

V\Qc\WLRWURSKRbOaVW (STB), e[WUaYLOORXV WURSKRbOaVW (EVT), aPQLRQ aQd \RON Vac PeVRdeUP

(YVMeV) aQd SULPLWLYe VWUeaN (PULS). SLJQLfLcaQW dLffeUeQceV (DESeT2 S.adM < 0.05 fURP WULSOLcaWe)

aUe KLJKOLJKWed LQ cRORU. b HeaWPaS VKRZLQJ e[SUeVVLRQ (TPM) LQ QawYe aQd SULPed KESCV (+/-

EZH2L WUeaWPeQW), aV ZeOO aV H3K4Pe3 aQd H3K27Pe3 SURPRWeU VWaWXV Rf VeOecWed

WURSKecWRdeUP aQd SOaceQWa-VSecLfLc JeQeV. RPGC fURP cRPbLQed UeSOLcaWeV aUe XVed fRU

H3K4Pe3 aQd H3K27Pe3, ZKeUeaV WKe WKUee LQdLYLdXaO UeSOLcaWe TPM YaOXeV aUe SORWWed fRU

RNA-SeT daWa. GATA3 bLQdLQJ aV deWeUPLQed b\ CKIP-SeT SeaNV dXULQJ WURSKecWRdeUP

dLffeUeQWLaWLRQ 9 LV LQdLcaWed. c, d IPPXQRfOXRUeVceQce PLcURVcRS\ Rf QawYe KESC cRORQLeV ZLWK

RU ZLWKRXW EZH2L WUeaWPeQW aVVeVVLQJ UeOaWLYe e[SUeVVLRQ Rf SOXULSRWeQc\ PaUNeU (NANOG,

SOX2, OCT3/4) aV ZeOOV aV WURSKecWRdeUP WUaQVcULSWLRQ facWRU GATA3. e GeQRPe bURZVeU

e[aPSOeV Rf VeOecWed WURSKecWRdeUP OLQeaJe PaUNeUV. SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee

UeSOLcaWeV fRU H3K27Pe3, H3K4Pe3, H2AXb, RNA-SeT, aV ZeOO aV JaLQ/ORVV WUacNV cRPSaULQJ

QawYe aQd SULPed VLJQaOV. TUacNV fURP WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe

RPGC VcaOe. RNA-SeT e[SUeVVLRQ LV VKRZQ RQ WKe VaPe TPM VcaOe.
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MATERIALS AND METHODS

Data and Software availability

TKe KLJK-WKURXJKSXW daWa UeSRUWed LQ WKLV VWXd\ KaYe beeQ deSRVLWed LQ GEO XQdeU WKe

acceVVLRQ QXPbeU GSE181244, ZKLcK LQcOXdeV dePXOWLSOe[ed aQd dedXSOLcaWed UeadV

aQd a TXaQWLWaWLYeO\ VcaOed bLJZLJ WUacN fRU eacK VaPSOe. AddLWLRQaO cRde,

VXSSOePeQWaU\ daWa aQd KWPO VXPPaULeV aUe aYaLOabOe RQ GLWHXb:

KWWSV://JLWKXb.cRP/eOVaVVeUOab/KeVc-eSLJeQRPLcV

Culture of human embryonic stem cells
PULPed H9 (WLceOO; WA09) S28(11) ZeUe WKaZed XVLQJ NXWULVWeP KESC XF PedLXP

(BLRORJLcaO IQdXVWULeV; 05-100-1A) aQd ZeUe cXOWXUed RQ WLVVXe cXOWXUe SOaWeV (SaUVWedW;

83.3922) SUe-cRaWed ZLWK 10% LN521 (BLROaPLQa; LN521-02). PaVVaJLQJ ZaV dRQe

ZKeQ cRQfOXeQc\ UeacKed 70-80%. NawYe H9 S28(8) QawYe S7 WKaW Kad beeQ SUeYLRXVO\

cRQYeUWed WR WKe QawYe VWeP ceOO VWaWe XVLQJ NawYeCXOWTM LQdXcWLRQ PedLa (SWePceOO

TecKQRORJLeV; 05580) ZeUe WKaZed RQWR KLJK-deQVLW\ PRXVe (ICR) LQacWLYaWed

ePbU\RQLc fLbURbOaVWV (MEFV, GLbcR; A24903) SOaWeV XVLQJ NawYeCXOW e[SaQVLRQ PedLa

(SWePceOO TecKQRORJLeV; 05590) VXSSOePeQWed ZLWK 10�M ROCKL (MeUcN; Y-27632).

TZeQW\-fRXU KRXUV afWeU WKaZLQJ PedLa ZaV cKaQJed WR fUeVK NawYeCXOW e[SaQVLRQ

PedLa. PaVVaJLQJ ZaV dRQe eYeU\ fRXU WR fLYe da\V ZLWK PedLa VXSSOePeQWed ZLWK

10�M ROCKL. BRWK KESCV ZeUe cXOWXUed aW 37�C, 5% O2 aQd 5% CO2.

FRU WKe EZH2L WUeaWPeQW, SULPed aQd QawYe ceOOV ZeUe JURZQ LQ UeVSecWLYe PedLa,

VXSSOePeQWed ZLWK 10�M EZSROXWLRQ� EPZ-6438 (BLRVLVLRQ; 2428-5) fRU VeYeQ da\V,

ZLWK daLO\ PedLa cKaQJeV. FRU VaPSOe cROOecWLRQ, SULPed aQd QawYe H9 ZeUe dLVVRcLaWed

XVLQJ TU\SLE SeOecW (GLbcR; 12563011). PULPed ceOOV ZeUe ZaVKed RQce ZLWK

SKRVSKaWe bXffeUed VaOLQe (PBS; SLJPa D8537) aQd cRXQWed XVLQJ MR[L Z PLQL

aXWRPaWed ceOO cRXQWeU (OUfOR; MXZ001). HaUYeVWed QawYe ceOOV ZeUe ceQWULfXJed aW 300

[ J fRU 4 PLQ, UeVXVSeQded LQ fUeVK NawYeCXOW e[SaQVLRQ PedLa aQd  NeSW RQ Lce. MRXVe

feedeU UePRYaO PLcURbeadV (MLOWeQ\ BLRWecK; 130-095-531) ZeUe XVed accRUdLQJ WR WKe

PaQXfacWXUeU¶V SURWRcRO WR UedXce WKe aPRXQW Rf MEFV LQ WKe QawYe ceOO VaPSOeV. IQ
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bULef, QawYe ceOOV ZeUe PL[ed ZLWK WKe PLcURbeadV aQd LQcXbaWed aW 4�C fRU 15 PLQ.

MeaQZKLOe, WKe cROXPQV ZeUe eTXLOLbUaWed ZLWK NawYeCXOW PedLa. TKe ceOO-PLcURbead

VXVSeQVLRQ ZaV added WR WKe cROXPQ PRXQWed RQWR a PaJQeW, aOORZLQJ XQbRXQd QawYe

ceOOV WR SaVV WKURXJK LQWR a cROOecWLRQ WXbe. CROXPQV ZeUe ULQVed XVLQJ NawYeCXOW

PedLa, aQd WKe fORZ-WKURXJK ZaV cROOecWed LQWR WKe VaPe cROOecWLRQ WXbe. CRXQWLQJ ZaV

SeUfRUPed XVLQJ WKe CRXQWeVV� II AXWRPaWed CeOO CRXQWeU (ASSOLed BLRV\VWePV;

A27977).

Chromatin Immunoprecipitation (ChIP) sequencing
TULSOLcaWe SeOOeWV Rf 1[106 ceOOV ZeUe cROOecWed fRU aOO cRQdLWLRQV, fOaVK fUR]eQ aQd VWRUed

aW -80�C SULRU WR XVe. MRXVe feedeU UePRYaO PLcURbeadV (MLOWeQ\ BLRWecK; 130-095-531)

ZeUe XVed accRUdLQJ WR WKe PaQXfacWXUeU¶V SURWRcRO WR UedXce WKe aPRXQW Rf MEFV LQ

WKe QawYe ceOO VaPSOeV. SaPSOeV ZeUe SUeSaUed fRU CKIP-VeT fROORZLQJ WKe MINUTE

CKIP SURWRcRO 33. BULefO\ QaWLYe ceOO SeOOeWV ZeUe O\Ved, MNaVe dLJeVWed WR PRQR- WR WUL-

QXcOeRVRPe fUaJPeQWV aQd OLJaWed ZLWK dVDNA adaSWRUV (cRQWaLQLQJ T7 SURPRWeU, 8bS

VaPSOe baUcRde aQd a 6bS XQLTXe PROecXOaU LdeQWLfLeU (UMI))  LQ a RQe SRW UeacWLRQ.

BaUcRded VaPSOeV ZeUe WKeQ SRROed aQd aOLTXRWed LQWR LQdLYLdXaO CKIP UeacWLRQV ZLWK

PURWeLQ A/G PaJQeWLc beadV (BLRRad; 161- 4013/23) cRXSOed ZLWK WKe deVLUed

aQWLbRdLeV (5 XJ eacK Rf H3K27Pe3 ^MLOOLSRUe 07-449`, H3K4Pe3 ^MLOOLSRUe 04-745`

aQd H2AUb ^CeOO SLJQaOLQJ 8240S`) . USRQ LQcXbaWLRQ fRU 4 K aW 4�C ZLWK URWaWLRQ, CKIP

DNA ZaV LVROaWed aQd VeW XS LQ VeTXeQWLaO UeacWLRQV Rf LQ YLWUR WUaQVcULSWLRQ, RNA 3¶

adaSWeU OLJaWLRQ, UeYeUVe WUaQVcULSWLRQ aQd PCR aPSOLfLcaWLRQ WR JeQeUaWe fLQaO OLbUaULeV

fRU eacK CKIP (E[WeQded DaWa FLJ. 1a). AfWeU TXaOLW\ aVVeVVPeQW aQd cRQceQWUaWLRQ

eVWLPaWLRQ, OLbUaULeV ZeUe dLOXWed WR 4QM, cRPbLQed aQd VeTXeQced RQ WKe IOOXPLQa

Ne[WSeT500 SOaWfRUP ZLWK SaLUed-eQd VeWWLQJV.

RNA sequencing
1[106 ceOOV SeU JURZWK cRQdLWLRQ ZeUe KaUYeVWed, UeVXVSeQded LQ BXffeU RLT (QLaJeQ;

74106), VSLNed LQ ZLWK 5[104 DURVRSKLOa ceOOV SeU VaPSOe aQd WKeQ WRWaO RNA ZaV

e[WUacWed XVLQJ WKe RNeaV\ POXV MLQL KLW (QLaJeQ; 74136) accRUdLQJ WR WKe

PaQXfacWXUeU'V SURWRcRO. MRXVe feedeU UePRYaO PLcURbeadV (MLOWeQ\ BLRWecK;
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130-095-531) ZeUe XVed accRUdLQJ WR WKe PaQXfacWXUeU¶V SURWRcRO WR UedXce WKe aPRXQW

Rf MEFV LQ WKe QawYe ceOO VaPSOeV. PXULfLed RNA TXaQWLWLeV ZeUe eVWLPaWed XVLQJ WKe

QXbLW RNA HS aVVa\ NLW (LLfe WecKQRORJLeV; Q32852) aQd WKe VaPSOeV ZeUe

VXbVeTXeQWO\ fOaVK fUR]eQ. RNA-VeT OLbUaULeV ZeUe JeQeUaWed aQd VeTXeQced WKURXJK

BGI VeUYLce (ZZZ.bJL.cRP) fRU VWUaQd VSecLfLc RNA-VeT ZLWK PRO\A VeOecWLRQ (DNBVeT

EXNaU\RWLc TUaQVcULSWRPe De QRYR SeTXeQcLQJ).

Immunofluorescence
FRXU SeUceQW PFA-fL[ed VaPSOeV ZeUe SeUPeabLOL]ed XVLQJ 0.3% TULWRQ X-100 (SLJPa

AaOdULcK; T9284-100ML) LQ PBS (GLbcR; 14190144) fRU 10 PLQ, afWeU ZKLcK WKUee ZaVKeV

ZLWK PBS ZeUe caUULed RXW. TKe VaPSOeV ZeUe bORcNed fRU WZR KRXUV XVLQJ 0.1%

TZeeQ-20 (SLJPa AaOdULcK; P9416-100ML) aQd 4% FBS (TKeUPRFLVKeU; 10082147) LQ

PBS. PULPaU\ aQWLbRdLeV (GATA3 cORQe L50-823 (1:200, BD; 558686), H3K27Pe3

C36B11 (1:500, CeOO SLJQaOLQJ TecKQRORJLeV; 9733S), OCT4 (1:200, SaQWaCUX];

Vc-5279), SOX2 cORQe EP103 (1:3, BLRJeQe[; AN833) aQd NANOG (1:200, RQD;

AF1997-SP)) ZeUe dLOXWed LQ bORcNLQJ VROXWLRQ aQd added WR WKe VaPSOeV, ZKLcK ZeUe

LQcXbaWed aW 4�C RYeUQLJKW. E[ceVV aQWLbRdLeV ZeUe ZaVKed aZa\ XVLQJ bORcNLQJ bXffeU.

SecRQdaU\ aQWLbRdLeV:, dRQNe\ a-PRXVe IJG (H+L) AOe[a fOXRU 555, dRQNe\ a-UabbLW IJG

(H+L) AOe[a fOXRU 647, dRQNe\ a-JRaW IJG (H+L) AOe[a fOXRU 647, dRQNe\ a-PRXVe IJG

(H+L) AOe[a fOXRU 488, dRQNe\ a-UabbLW IJG (H+L) AOe[a fOXRU 555 (aOO fURP TKeUPRfLVKeU;

A-31570, A-31573, A-21447, A-21202 aQd A-31572, UeVSecWLYeO\) ZeUe dLOXWed LQ

bORcNLQJ VROXWLRQ, added WR WKe VaPSOeV aQd WKeQ LQcXbaWed fRU WZR KRXUV LQ RT. AJaLQ,

e[ceVV aQWLbRdLeV ZeUe ZaVKed aZa\ aQd VaPSOeV ZeUe LQcXbaWed ZLWK HRecKVW 33342

(TKeUPRfLVKeU; H3570), ZKLcK ZaV fROORZed b\ aQRWKeU VeW Rf ZaVKeV. SaPSOeV ZeUe

PRXQWed XVLQJ DAKO fOXRUeVceQW PRXQWLQJ PedLa (DAKO; S3023). IPaJeV ZeUe

acTXLUed XVLQJ a NLNRQ EcOLSVe TL VSLQQLQJ dLVN cRQfRcaO PLcURVcRSe ZLWK a 20X aLU aQd

a 60X RLO LPPeUVLRQ RbMecWLYe, UeVSecWLYeO\, aQd Z-VWacNV ZeUe aQaO\]ed XVLQJ IPaJeJ.

Immunoblotting
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1[106 ceOO SeOOeWV fRU eacK JURZWK cRQdLWLRQ ZeUe O\Ved LQ 100 ȝO Rf Lce-cROd

UadLRLPPXQRSUecLSLWaWLRQ (RIPA) bXffeU (0.1% VRdLXP deR[\cKROaWe, 0.1% SDS, 1%

TULWRQ X-100, 10 PM HeSeV [SH 7.6], 1 PM EDTA, 5% JO\ceURO aQd 140 PM NaCO)

VXSSOePeQWed ZLWK PURWeaVe IQKLbLWRU CRcNWaLO (PIC, RRcKe) RQ Lce fRU 10 PLQ. L\VaWeV

ZeUe KRPRJeQL]ed b\ VRQLcaWLRQ fRU 8-10 c\cOeV aW KLJK SRZeU, 30 VecRQdV RQ/Rff LQ a

BLRUXSWRU VRQLcaWRU (CRVPR BLR CR. LWd.). SaPSOeV ZeUe bRLOed aW 95 �C fRU 5 PLQV ZLWK

6îSDS VaPSOe bXffeU befRUe ORadLQJ RQWR 4±20% TULV-JO\cLQe JeOV (BLRRad). ReVROYed

SURWeLQV ZeUe WUaQVfeUUed WR QLWURceOOXORVe PePbUaQeV XVLQJ WKe TUaQV-BORW� TXUbR

V\VWeP (BLRRad) accRUdLQJ WR WKe PaQXfacWXUeU'V LQVWUXcWLRQV. MePbUaQeV ZeUe WKeQ

bORcNed fRU 1 K LQ 1% caVeLQ SUeSaUed LQ TULV-bXffeUed VaOLQe aQd 0.1% TZeeQ-20

(TBS-T) befRUe bORWWLQJ ZLWK UeVSecWLYe SULPaU\ aQWLbRdLeV dLOXWed LQ TBST, RYeUQLJKW aW

4�C.  BORWV ZeUe ZaVKed WKUee WLPeV ZLWK TBST aQd LQcXbaWed ZLWK VecRQdaU\

aQWLbRdLeV LQ WKe VaPe bXffeU fRU 1 K aW URRP WePSeUaWXUe (SURWecW fURP OLJKW). AfWeU WKUee

TBST ZaVKeV, WKe PePbUaQeV ZeUe LPaJed RQ a LI-COR Od\VVe\ � FC V\VWeP.

QXaQWLWaWLRQ Rf VLJQaO aQd aQaO\VLV ZaV SeUfRUPed XVLQJ WKe LI-COR IPaJe VWXdLR

VRfWZaUe. PULPaU\ aQWLbRdLeV LQcOXded WRWaO H3 1:10,000 (AcWLYe PRWLf 39763), H3K4Pe3

1: 5000 (MLOOLSRUe 04-745), H3K27Pe3 1: 5000 (MLOOLSRUe 07-449) aQd H2AXb (CeOO

SLJQaOLQJ 8240S). TKe VecRQdaU\ aQWLbRdLeV ZeUe IRD\e� 680RD aQWL-UabbLW aQd

IRD\e� 800CW aQWL-PRXVe (LI-COR) aW 1:5000 dLOXWLRQ.

MINUTE-ChIP analysis

PUeSaUaWLRQ Rf FASTQ fLOeV

SeTXeQcLQJ ZaV SeUfRUPed XVLQJ 50:8:34 c\cOeV (Read1:IQde[1:Read2) IOOXPLQa

bcO2faVWT ZaV XVed WR dePXOWLSOe[ SaLUed-eQd VeTXeQcLQJ UeadV b\ 8QW LQde[1 Uead

(PCR baUcRde). Ne[WSeT OaQeV ZeUe PeUJed LQWR VLQJOe faVWT fLOeV, cUeaWLQJ WKe SULPaU\

faVWT fLOeV. Read1 VWaUWV ZLWK 6QW UMI aQd 8QW baUcRde LQ WKe fRUPaW

NNNNNNABCDEFGH.

PULPaU\ aQaO\VLV

29

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 22, 2021. ; https://doi.org/10.1101/2021.08.21.457215doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.21.457215
http://creativecommons.org/licenses/by-nd/4.0/


MINUTE-CKIP PXOWLSOe[ed FASTQ fLOeV ZeUe SURceVVed XVLQJ PLQXWe, a daWa

SURceVVLQJ SLSeOLQe LPSOePeQWed LQ SQaNePaNe 80. IQ RUdeU WR eQVXUe UeSURdXcLbLOLW\, a

cRQda eQYLURQPeQW ZaV VeW. SRXUce cRde aQd cRQfLJXUaWLRQ aUe aYaLOabOe RQ GLWHXb:

KWWSV://JLWKXb.cRP/NBISZedeQ/PLQXWe. MaLQ VWeSV SeUfRUPed aUe deVcULbed beORZ.

AdaSWRU UePRYaO

Read SaLUV PaWcKLQJ SaUWV Rf WKe adaSWRU VeTXeQce (SBS3 RU T7 SURPRWeU) LQ eLWKeU

Uead1 RU Uead2 ZeUe UePRYed XVLQJ cXWadaSW Y3.2 81.

DePXOWLSOe[LQJ aQd dedXSOLcaWLRQ

ReadV ZeUe dePXOWLSOe[ed XVLQJ cXWadaSW Y3.2 aOORZLQJ RQO\ RQe PLVPaWcK SeU

baUcRde. DePXOWLSOe[ed UeadV ZeUe ZULWWeQ LQWR VaPSOe-VSecLfLc FASTQ fLOeV XVed fRU

VXbVeTXeQW PaSSLQJ aQd GEO VXbPLVVLRQ.

MaSSLQJ

SaPSOe-VSecLfLc SaLUed FASTQ fLOeV ZeUe PaSSed  WR WKe KXPaQ JeQRPe (KJ38) XVLQJ

bRZWLe2 (Y2.3.5.1) ZLWK --faVW SaUaPeWeU. AOLJQPeQWV ZeUe SURceVVed LQWR VRUWed BAM

fLOeV ZLWK VaPWRROV (Y1.10). PRROed BAM fLOeV ZeUe JeQeUaWed fURP UeSOLcaWeV XVLQJ

VaPWRROV.

DedXSOLcaWLRQ

DXSOLcaWe UeadV aUe PaUNed XVLQJ UMI-VeQVLWLYe dedXSOLcaWLRQ WRRO Me-VXLWe (Y2.0.RC)

(KWWSV://JLWKXb.cRP/JbcV-ePbO/Je/). Read SaLUV aUe PaUNed aV dXSOLcaWeV Lf WKeLU Uead1

(fLUVW-LQ-SaLU) VeTXeQceV KaYe WKe VaPe UMI (aOORZLQJ fRU 1 PLVPaWcK) aQd PaS WR WKe

VaPe ORcaWLRQ LQ WKe JeQRPe. BOacNOLVWed UeJLRQV ZeUe WKeQ UePRYed fURP BAM fLOeV

XVLQJ BEDTRROV (Y2.29.2).

GeQeUaWLRQ Rf cRYeUaJe WUacNV aQd TXaQWLWaWLYe VcaOLQJ

IQSXW cRYeUaJe WUacNV ZLWK 1bS UeVROXWLRQ LQ BLJWLJ fRUPaW ZeUe JeQeUaWed fURP BAM

fLOeV XVLQJ deeSTRROV (Y3.5.0) baPCRYeUaJe aQd VcaOed WR a  UeadV-SeU-JeQRPe-

cRYeUaJe Rf RQe (1[RPGC, aOVR UefeUUed WR aV µ1[ QRUPaOL]aWLRQ¶) XVLQJ KJ38 JeQRPe
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VL]e 3095978588. CKIP cRYeUaJe WUacNV ZeUe JeQeUaWed fURP BAM fLOeV XVLQJ

deeSTRROV (Y3.5.0) baPCRYeUaJe. QXaQWLWaWLYe VcaOLQJ Rf WKe CKIP-SeT WUacNV aPRQJVW

cRQdLWLRQV ZLWKLQ eacK SRRO ZaV baVed RQ WKeLU IQSXW-NRUPaOL]ed MaSSed Read CRXQW

(INRC). INRC ZaV caOcXOaWed b\ dLYLdLQJ WKe QXPbeU Rf XQLTXe KJ38-PaSSed UeadV b\

WKe UeVSecWLYe QXPbeU Rf IQSXW UeadV:  #PaSSed[CKIP] / #PaSSed[IQSXW] . TKLV

eVVeQWLaOO\ cRUUecWed fRU aQ XQeYeQ UeSUeVeQWaWLRQ Rf baUcRdeV LQ WKe IQSXW aQd Ze

SUeYLRXVO\ dePRQVWUaWed WKaW WKe INRC LV SURSRUWLRQaO WR WKe aPRXQW Rf eSLWRSe SUeVeQW

LQ eacK cRQdLWLRQ 33. UQWUeaWed QawYe KESCV (SRROLQJ UeSOLcaWeV) ZeUe cKRVeQ aV WKe

UefeUeQce cRQdLWLRQ, ZKLcK ZaV VcaOed WR 1[ cRYeUaJe (aOVR WeUPed ReadV SeU GeQRPe

CRYeUaJe, RPGC). AOO RWKeU cRQdLWLRQV ZeUe VcaOed UeOaWLYe WR WKe UefeUeQce XVLQJ WKe

UaWLR Rf INRCV PXOWLSOLed b\ WKe VcaOLQJ facWRU deWeUPLQed fRU 1[ QRUPaOL]aWLRQ Rf WKe

UefeUeQce: ( #PaSSed[CKIP] / #PaSSed[IQSXW] ) / ( #PaSSed[CKIP_RefeUeQce] /

#PaSSed[IQSXW_RefeUeQce] ) * VcaOLQJ facWRU.

QXaOLW\ cRQWURO

FaVWQC ZaV UXQ RQ aOO FASTQ fLOeV WR aVVeVV JeQeUaO VeTXeQcLQJ TXaOLW\.

PLcaUd (Y2.24.1) ZaV XVed WR deWeUPLQe LQVeUW VL]e dLVWULbXWLRQ, dXSOLcaWLRQ UaWe,

eVWLPaWed OLbUaU\ VL]e. MaSSLQJ VWaWV ZeUe JeQeUaWed fURP BAM fLOeV XVLQJ VaPWRROV

(Y1.10) Ld[VWaWV aQd fOaJVWaW cRPPaQdV. FLQaO UeSRUWV ZLWK aOO WKe VWaWLVWLcV JeQeUaWed

WKURXJKRXW WKe SLSeOLQe e[ecXWLRQ aUe JaWKeUed ZLWK MXOWLQC 82.

DRZQVWUeaP aQaO\VLV aQd YLVXaOL]aWLRQ

TRWaO PaSSed Uead cRXQWV fURP BAM fLOeV ZeUe XVed WR caOcXOaWe UeOaWLYe JORbaO OeYeOV Rf

KLVWRQe PRdLfLcaWLRQV. SXPPaU\ YaOXeV fRU fL[ed VL]ed bLQV RU cXVWRP LQWeUYaOV ZeUe

caOcXOaWed fURP VcaOed BLJWLJ fLOeV XVLQJ ZLJJOeVcRXW

(KWWSV://JLWKXb.cRP/cQOX]RQ/ZLJJOeVcRXW).  DLffeUeQWLaOO\ H3K27P3-eQULcKed bLQV aQd

JeQe TSS ZeUe caOcXOaWed XVLQJ DESeT2 (Y1.32.0) XVLQJ fL[ed VL]e facWRUV VLQce bLJWLJ

fLOeV ZeUe aOUead\ VcaOed b\ WKe PLQXWe SLSeOLQe. FLJXUeV ZeUe cUeaWed XVLQJ R (Y4.1.0)

JJSORW2 (Y3.3.5). AddLWLRQaOO\, cRPbLQed KeaWPaSV ZeUe cUeaWed XVLQJ KeaWPaSO\

(Y1.2.1) aQd e[WUa VWaWLVWLcV ZeUe SORWWed ZLWK JJSXbU (Y0.4.0) SacNaJe ZKeQ UeTXLUed.

FLJ. 2d ZaV Pade ZLWK JJULdJeV (Y 0.5.3). FLJ. 2b ZaV Pade ZLWK NaU\RSORWeR SacNaJe
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(Y1.18.0) 83. FLJ 3a ZaV dRQe ZLWK JJaOOXYLaO (Y 0.12.3). GeQRPe WUacN fLJXUeV ZeUe

Pade XVLQJ IGV LPaJe e[SRUW fXQcWLRQ. CRUUeVSRQdLQJ VRXUce cRde fRU daWa aQaO\VLV

aQd fLJXUeV caQ be fRXQd LQ WKe GLWHXb UeSRVLWRU\ cRPSaQLRQ WR WKLV SXbOLcaWLRQ

(KWWSV://JLWKXb.cRP/eOVaVVeUOab/KeVc-eSLJeQRPLcV). TKe UeSRVLWRU\ ZaV bXLOW XVLQJ

ZRUNfORZU (Y1.6.2). DaWa aQaO\VeV ZeUe UeQdeUed fURP R PaUNdRZQ QRWebRRNV aQd

UeVXOWV caQ be QaYLJaWed aW WKe cRUUeVSRQdLQJ ZebVLWe (LINK), JeQeUaWed XVLQJ

ZRUNfORZU SacNaJe (Y1.6.2) 84.

RNA-Seq analysis

PULPaU\ aQaO\VLV

RNA-VeT daWa ZaV aQaO\Ved b\ RNA-VeT SLSeOLQe (Y2.0) aYaLOabOe LQ Qf-cRUe

(KWWSV://Qf-cR.Ue/UQaVeT/2.0) ZLWK KJ38 aV UefeUeQce, XVLQJ STAR 85 aV Uead aOLJQeU aQd

RSEM 86 WR TXaQWLf\ Uead cRXQWV.

DRZQVWUeaP aQaO\VLV aQd YLVXaOL]aWLRQ

Read cRXQWV SURdXced b\ RSEM ZeUe XVed aV LQSXW fRU DESeT2 87 dLffeUeQWLaO

e[SUeVVLRQ aQaO\VLV ZLWK defaXOW SaUaPeWeUV. LRJ2FC VKULQNaJe aSeJP 88 ZaV XVed WR

fLOWeU ORZ Uead cRXQW JeQeV. SLJQLfLcaQce adMXVWed S-YaOXe cXWRff ZaV VeW RQ S < 0.05 aQd

a fROd cKaQJe Rf 2. IQ KeaWPaS RNA-VeT fLJXUeV, TUaQVcULSWV PeU MLOOLRQ (TPM) YaOXeV

aUe VKRZQ aV (ORJ2(TPM) + 1) LQVWead Rf UaZ cRXQWV. FLJXUeV ZeUe cUeaWed XVLQJ R

(Y4.1.0) JJSORW2 (Y3.3.5). AddLWLRQaOO\, cRPbLQed KeaWPaSV ZeUe cUeaWed XVLQJ

KeaWPaSO\ (Y1.2.1) aQd e[WUa VWaWLVWLcV ZeUe SORWWed ZLWK JJSXbU (Y0.4.0) SacNaJe ZKeQ

UeTXLUed.

MaUNeU-JeQe deWecWLRQ fRU OLQeaJeV

PXbOLVKed daWaVeWV fURP E-MTAB-392923, GSE136447 89, aQd

KWWS://ZZZ.KXPaQ-JaVWUXOa.QeW/ 90ZeUe dRZQORaded aQd SURceVVed aV deVcULbed

SUeYLRXVO\65. BULefO\, UaZ UeadV ZeUe PaSSed WR KJ38 UefeUeQce JeQRPe XVLQJ WKe STAR

aOLJQeU ZLWK defaXOW VeWWLQJV, aQd RQO\ XQLTXeO\ PaSSed UeadV ZeUe NeSW fRU JeQe

e[SUeVVLRQ TXaQWLfLcaWLRQ. Read cRXQWV ZeUe fXUWKeU eVWLPaWed XVLQJ
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UVeP-caOcXOaWe-e[SUeVVLRQ fURP RSEM WRRO ZLWK WKe RSWLRQ Rf ³--VLQJOe-ceOO-SULRU´.

ReVcaOed ORJ-QRUPaOL]ed cRXQWV XVLQJ WKe decRQYROXWLRQ VWUaWeJ\ LPSOePeQWed b\ WKe

cRPSXWeSXPFacWRUV fXQcWLRQ LQ R VcUaQ SacNaJe91 aQd fROORZed b\ PXOWLBaWcKNRUP

fXQcWLRQ LQ WKe R baWcKeORU SacNaJe92 ZeUe XVed WR deWecW WKe PaUNeU JeQeV. CeOOV

beORQJ WR KePRJeQLc eQdRWKeOLaO SURJeQLWRUV aQd eU\WKURbOaVWV fURP CaUQeJLe VWaJe 7

ZeUe e[cOXded fURP WKe aQaO\VLV. AOVR, ceOOV OabeOed aV ³ICM´ aQd ³PSA-EPI´ fURP XLaQJ

eW aO., ZeUe aOVR e[cOXded becaXVe Rf PLVaQQRWaWLRQ aV SUeYLRXVO\ dLVcXVVed 65.

AccRUdLQJ WR SXbOLVKed aQQRWaWLRQ (ESLbOaVW ceOOV fURP E5-E7, E8-E14, aQd CaUQeJLe

VWaJe 7 ZeUe fXUWKeU cOaLPed aV ³EaUO\ ESL´,  ³MLddOe ESL´ aQd ³LaWe ESL´, UeVSecWLYeO\),

SaLUed-ZLVe dLffeUeQWLaO e[SUeVVLRQ aQaO\VLV beWZeeQ OLQeaJeV ZeUe dRQe b\ XVLQJ µURc¶

WeVW Rf FLQdMaUNeUV fXQcWLRQ fURP R SacNaJe SeXUaW 93. TKe WRS 50 XS-UeJXOaWed PaUNeU

JeQeV ZLWK aW OeaVW aYeUaJe SRZeU Rf PRUe WKaQ 0.3 cRQVeUYed LQ aOO cRPSaULVRQV ZeUe

VeOecWed.
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SUPPLEMENTARY TABLES 1-2

Supplementary Table 1 - OYeUYLeZ Rf daWaVeWV JeQeUaWed fRU WKLV VWXd\ aQd SXbOLVKed
daWaVeWV XVed

Supplementary Table 2 - GeQe WabOe cRQWaLQLQJ JeQe QaPeV aQd aQQRWaWLRQV,
SURPRWeU H3K4Pe3, H3K27Pe3, H2AXb OeYeOV, UaZ RNA-SeT e[SUeVVLRQ YaOXeV aQd
DESeT2 UeVXOWV JeQeUaWed LQ WKLV VWXd\.
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Extended Data Fig. 1 - Scheme of MINUTE-ChIP workflow - related to Fig. 1
a ScKePe Rf WKe MINUTE-CKIP ZRUNfORZ. TULSOLcaWe ceOO SeOOeWV fRU eacK cRQdLWLRQ ZeUe O\Ved
aQd WKe cKURPaWLQ ZaV eQ]\PaWLcaOO\ fUaJPeQWed WR PRQR- aQd dL- QXcOeRVRPeV aQd baUcRded
b\ OLJaWLQJ RQ a dVDNA adaSWeU. SaPSOeV ZeUe WKeQ SRROed aQd WKe baUcRded O\VaWe ZaV
aOLTXRWed WR LQdLYLdXaO CKIP UeacWLRQV ( 5% Rf WKe CKIP YROXPe ZaV UeVeUYed aV LQSXW PaWeULaO
aQd caUULed WKURXJK SURWRcRO LQ a PaQQeU VLPLOaU WR WKe IPV ) ZLWK PaJQeWLc beadV SUe-cRXSOed
ZLWK WKe UeVSecWLYe aQWLbRdLeV. SXbVeTXeQWO\ beadV ZeUe ZaVKed aQd IPed DNA ZaV eOXWed ,
SURWeLQaVe K dLJeVWed aQd SXULfLed. FRU cRQVWUXcWLQJ WKe fLQaO OLbUaULeV, DNA fURP eacK IP ZaV LQ
YLWUR WUaQVcULbed XVLQJ WKe T7 SURPRWeU LQ WKe adaSWeU WKaW ZaV OLJaWed RQ LQ WKe LQLWLaO VWeS. TKe
UeVXOWLQJ RNA ZaV aSSeQded ZLWK aQ RNA 3¶ adaSWeU (RA3) aOORZLQJ fRU VSecLfLc SaLUed eQd
VeTXeQcLQJ. TKe RA3 LQ WXUQ ZaV XVed WR SULPe WKe UeYeUVe WUaQVcULSWLRQ UeacWLRQ, JeQeUaWLQJ
cDNA WKaW ZaV XVed aV a WePSOaWe fRU WKe fLQaO ORZ-c\cOe OLbUaU\ PCR. AW WKLV VWaJe, LQ addLWLRQ
WR WKe IOOXPLQa-cRPSaWLbOe VeTXeQceV, PCR SULPeUV aOVR caUULed a VecRQd baUcRde VeTXeQce WR
VeUYe aV aQ LdeQWLfLeU fRU WKe IP SeUfRUPed. FLQaOO\, OLbUaULeV aUe SRROed aQd VeTXeQced RQ WKe
IOOXPLQa SOaWfRUP 33,94. SaOLeQW feaWXUeV Rf WKLV ZRUNfORZ LQcOXde : TKe baUcRde-SRRO aQd VSOLW
VWUaWeJ\ ZKLcK UedXceV WecKQLcaO YaULabLOLW\ beWZeeQ VaPSOeV; WKe T7 baVed OLQeaU aPSOLfLcaWLRQ
VWeS ZKLcK UeTXLUeV RQO\ RQe adaSWeU SeU cKURPaWLQ fUaJPeQW WR be OLJaWed aQd WKe UMI
VeTXeQce WKaW aOORZV fRU caOOLQJ Rf aPSOLfLcaWLRQ dXSOLcaWeV. IPSRUWaQWO\, WKe UeSUeVeQWaWLRQ Rf
eacK baUcRde ZLWKLQ WKe CKIP OLbUaULeV, cRPSaUed WR WKe LQSXW SRRO OLbUaU\, \LeOdV LQfRUPaWLRQ fRU
VcaOLQJ WKe VaPSOeV accRUdLQJ WR WKeLU UeOaWLYe JORbaO OeYeOV fRU WKe CKIPed eSLWRSe PaNLQJ
MINUTE-CKIP a UeOLabOe aQd URbXVW TXaQWLWaWLYe CKIP-VeT PeWKRd. b HLVWRQe H3K27Pe3,
H3K4Pe3 aQd H2AXb OeYeOV b\ cKURPaWLQ VWaWe. RPGC Rf LQdLYLdXaO UeSOLcaWeV aUe VKRZQ. c
GeQRPe-ZLde cRUUeOaWLRQ (10Nb bLQV, PeUVVRQ-cRUUeOaWLRQ cReffLcLeQW) Rf MINUTE-CKIP
UeSOLcaWeV, LQcOXdLQJ cRUUeVSRQdLQJ LQSXWV. d E[ePSOaU\ JeQRPe-ZLde cRPSaULVRQ Rf 10Nb bLQV
aV VcaWWeU SORW
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Extended Data Fig. 2 - H3K27me3 levels in nawve and primed hESCs - related to Fig. 1
a PKaVe cRQWUaVW PLcURVcRS\ LPaJeV Rf SULPed aQd QawYe KESC, XQWUeaWed RU WUeaWed ZLWK
EZH2L RYeU 5 da\V VKRZLQJ VLPLOaU JURZWK aQd PRUSKRORJ\. b IPPXQRfOXRUeVceQce PLcURVcRS\
VKRZLQJ H3K27Pe3 VWaLQLQJ Rf QawYe aQd SULPed KESCV +/- EZH2L WUeaWPeQW, VWaLQLQJV ZeUe
SeUfRUPed LQ SaUaOOeO LQ WKe VaPe aQWLbRd\ dLOXWLRQV aQd LPaJeV ZeUe acTXLUed ZLWK WKe VaPe
JaLQ VeWWLQJV WR aOORZ a TXaQWLWaWLYe cRPSaULVRQ. IPaJe aQaO\VLV \LeOded a a8fROd KLJKeU VLJQaO LQ
QawYe KESC. c PURWeLQ OeYeO H3K4Pe3, H2AXb aQd H3K27Pe3 aVVa\ed XVLQJ WZR-cRORU IR
ZeVWeUQ bORW, LQ KESCV aQd WT(J1) PRXVe ESC (JURZQ LQ 2L/SeUXP) ZLWK aQd ZLWKRXW EZH2L
WUeaWPeQW. DaWa UeSUeVeQWed aV PeaQ aQd VWaQdaUd deYLaWLRQ Rf dXSOLcaWe VaPSOeV.
ReSUeVeQWaWLYe LPaJe VKRZQ. We QRWe WKaW WKe dLVcUeSaQc\ LQ fROd-cKaQJe cRPSaULQJ QawYe aQd
SULPed KESCV ZLWK dLffeUeQW TXaQWLWaWLYe PeWKRdRORJLeV MINUTE-CKIP, IF, ZeVWeUQ bORWV Pa\
aULVe fURP PeWKRd-VSecLfLc WKUeVKROd VeQVLWLYLW\, dRVe-UeVSRQVe cXUYeV aQd VLJQaO VaWXUaWLRQ
OeYeOV. MINUTE-CKIP PeaVXUeV H3K27Pe3-deQVLW\ RQ WKe OeYeO Rf QXcOeRVRPeV, ZKeUeaV
ZeVWeUQ bORW \LeOdV a SeU-KLVWRQe OeYeO TXaQWLfLcaWLRQ. We KaYe SUeYLRXVO\ cRQfLUPed WKaW
MINUTE-CKIP VLJQaO LV OLQeaU SURSRUWLRQaO XQdeU WKe d\QaPLc UaQJe UeOeYaQW WR WKe H3K27Pe3
OeYeOV aVVa\ed KeUe 33.
d ScaWWeUSORW VKRZLQJ ZeaN aQWLcRUUeOaWLRQ Rf H3K27Pe3 aQd DNA CSG PeWK\OaWLRQ acURVV
10Nb JeQRPe ZLde bLQV.
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Extended Data Fig. 3 - Genome-wide histone modification changes between nawve and
primed hESC. related to Fig. 1
a FUacWLRQ Rf JeQRPe-ZLde 10Nb ZLQdRZV WKaW VLJQLfLcaQWO\ (DESeT2 S.adM < 0.05 aQd
fROd-cKaQJe > 0.5 fURP WKUee UeSOLcaWeV) JaLQ RU ORVe H3K27Pe3, H2AXb RU H3K4Pe3 OeYeOV
beWZeeQ QawYe aQd SULPed VWaWe. b FUacWLRQ Rf SURPRWeUV (aOO RU bLYaOeQW 62) WKaW VLJQLfLcaQWO\
(DESeT2 S.adM < 0.05 aQd fROd-cKaQJe > 0.5 fURP WKUee UeSOLcaWeV) JaLQ RU ORVe H3K27Pe3,
H2AXb RU H3K4Pe3 OeYeOV beWZeeQ QawYe aQd SULPed VWaWe. C ScaWWeU SORWV VKRZLQJ
H3K27Pe3, H2AXb RU H3K4Pe3 OeYeOV (ORJ2-WUaQVfRUPed RPGC) aW SURPRWeUV LQ QawYe YeUXV
SULPed KESC. BLYaOeQW JeQeV aUe KLJKOLJKWed LQ bOacN. d ScaWWeU SORWV VKRZLQJ WKe UeOaWLRQ Rf
H3K27Pe3 aQd H2AXb acURVV JeQRPe-ZLde 10Nb bLQV LQ QawYe aQd SULPed KESC, aV ZeOO aV
WKe cRUUeOaWLRQ Rf cKaQJeV. 10Nb bLQV RYeUOaSSLQJ ZLWK bLYaOeQW TSS aUe KLJKOLJKWed LQ WXUTXRLVe
e ScaWWeU SORW VKRZLQJ WKe UeOaWLRQ Rf H2AXb acURVV JeQRPe-ZLde 10Nb bLQV LQ QawYe YV.
EZH2L-WUeaWed QawYe KESC. SLJQLfLcaQW bLQV aUe KLJKOLJKWed LQ Ued. 10Nb bLQV RYeUOaSSLQJ ZLWK
bLYaOeQW SURPRWeUV aUe KLJKOLJKWed LQ WXUTXRLVe. FUacWLRQ Rf 10Nb bLQV VLJQLfLcaQWO\ cKaQJLQJ
(DESeT2 S.adM < 0.05 aQd fROd-cKaQJe > 0.5 fURP WKUee UeSOLcaWeV) aUe JLYeQ fRU aOO 10Nb bLQV,
10Nb bLQV RYeUOaSSLQJ ZLWK SURPRWeUV, aQd 10Nb bLQV RYeUOaSSLQJ ZLWK bLYaOeQW SURPRWeUV.
ScaWWeU SORW VKRZLQJ WKe UeOaWLRQ Rf H2AXb acURVV SURPRWeUV LQ QawYe YV. EZH2L-WUeaWed QawYe
KESC. SLJQLfLcaQW bLQV aUe KLJKOLJKWed LQ Ued. BLYaOeQW SURPRWeUV aUe KLJKOLJKWed LQ bOacN.
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Extended Data Fig. 4 - Genome-wide changes in H3K4me3 in response to EZH2i
treatment. related to Fig. 1
a ScaWWeU SORW VKRZLQJ WKe OeYeOV  Rf H3K4Pe3 acURVV JeQRPe-ZLde SURPRWeUV LQ QawYe YV.
EZH2L-WUeaWed QawYe KESC. SLJQLfLcaQW bLQV aUe KLJKOLJKWed LQ Ued. BLYaOeQW SURPRWeUV aUe
KLJKOLJKWed LQ bOacN. H3K4Pe3 OeYeOV aUe UedXced UeOaWLYeO\ eYeQO\ b\ a2-fROd afWeU EZH2L
WUeaWPeQW. b FUacWLRQ Rf 10Nb bLQV VLJQLfLcaQWO\ cKaQJLQJ (DESeT2 S.adM < 0.05 aQd fROd-cKaQJe
> 0.5 fURP WKUee UeSOLcaWeV) aUe JLYeQ fRU aOO 10Nb bLQV, 10Nb bLQV RYeUOaSSLQJ ZLWK SURPRWeUV,
aQd 10Nb bLQV RYeUOaSSLQJ ZLWK bLYaOeQW SURPRWeUV. c ScaWWeU SORW VKRZLQJ WKe OeYeOV  Rf
H3K4Pe3 acURVV SURPRWeUV LQ QawYe YV. EZH2L-WUeaWed QawYe KESC. SLJQLfLcaQW bLQV aUe
KLJKOLJKWed LQ Ued. BLYaOeQW SURPRWeUV aUe KLJKOLJKWed LQ bOacN. d HLVWRQe H3K4Pe3 OeYeOV b\
cKURPaWLQ VWaWe, QawYe aQd SULPed KESCV +/- EZH2L WUeaWPeQW. RPGC Rf cRPbLQed UeSOLcaWeV
aUe VKRZQ. TZR addLWLRQaO URZV VKRZ ORJ2-fROd JaLQV RU ORVVeV cRPSaULQJ EZH2L-WUeaWed aQd
XQWUeaWed ceOOV. WKLOe H3K4Pe3 UedXced b\ a35% aW acWLYe TSS, WKe aYeUaJe UedXcWLRQ aW
bLYaOeQW SURPRWeUV ZaV 50%, aQd bacNJURXQd OeYeOV ZeUe UedXced b\ 65-75%. TKe EZH2
LQKLbLWRU XVed KeUe, EPZ-6438, dReV QRW affecW H3K4Pe3 OeYeOV LQ RWKeU ceOO W\SeV 34 aQd PESC
(E[WeQded DaWa FLJ. 2C), WKXV WKe UedXcWLRQ LQ H3K4Pe3 OeYeOV aSSeaUV WR be a VSecLfLc
UeVSRQVe WR H3K27Pe3 deSOeWLRQ LQ QawYe aQd SULPed KESC.
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Extended Data Fig. 5 - High H3K27me3 density on nawve X chromosomes - related to Fig.
2
a ReSUeVeQWaWLYe GeQRPe bURZVeU RYeUYLeZ VKRZLQJ H3K27Pe3 deQVLW\ acURVV aOO
cKURPRVRPeV. PXbOLVKed QRQ-TXaQWLWaWLYe H3K27Pe3 CKIP (WRS, 17) aQd MINUTE-CKIP
H3K27Pe3 WUacNV (cRPbLQed UeSOLcaWeV), aV ZeOO aV MINUTE-CKIP LQSXW WUacNV aUe VKRZQ. b
CKURPRVRPe aYeUaJe eQULcKPeQW Rf H3K4Pe3, H3K27Pe3 aQd H2AXb LQ QawYe aQd SULPed
KESC, cXOWXUed ZLWK RU ZLWK EZH2L fRU 7 da\V. RPGC Rf cRPbLQed UeSOLcaWeV LV VKRZQ. c
HeaWPaS VKRZLQJ SeU-cKURPRVRPe aYeUaJe H3K27Pe3, H2AXb aQd H3K4Pe3 VLJQaO LQ QawYe
aQd SULPed KESC, cXOWXUed ZLWK RU ZLWK EZH2L fRU 7 da\V.
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Extended Data Fig. 6 - Comparison of epigenetic and transcriptional status of the X
chromosome in nawve and primed hESCs - related to Fig. 2
a GeQRPe bURZVeU YLeZ Rf XIST QeLJKbRXUKRRd RQ X cKURPRVRPe aW PeJabaVe UeVROXWLRQ.
SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee UeSOLcaWeV fRU H3K27Pe3, H3K4Pe3, H2AXb aV ZeOO aV
JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd SULPed VLJQaO, aQd VWUaQded RNA-SeT VLJQaO. TUacNV fURP
WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC VcaOe. RNA-SeT e[SUeVVLRQ LV
VKRZQ RQ WKe VaPe TPM VcaOe. SWURQJ H3K27Pe3 accXPXOaWLRQ LQ OaUJe bORcNV RQ QawYe X
cKURPRVRPe LV eYLdeQW, ZLWK WKe e[ceSWLRQ Rf VRPe LVOaQdV WKaW W\SLcaOO\ KaUbRU JeQeV acWLYe LQ
QawYe VWaWe, VXcK aV WKe XIST ORcXV, ZKLcK dR QRW accXPXOaWe H3K27Pe3. b MA-SORW Rf
RNA-SeT daWa (BaVe PeaQ aQd ORJ2 fROd-cKaQJe aV caOcXOaWed ZLWK DESeT2 fURP WULSOLcaWeV)
cRPSaULQJ QawYe aQd SULPed KESC. GeQeV RQ WKe X cKURPRVRPe aUe KLJKOLJKWed LQ bOacN ZLWK
VeOecWed aQQRWaWLRQV. c BR[SORWV VKRZLQJ H3K27Pe3 OeYeOV aW SURPRWeUV RQ WKe X cKURPRVRPe
RU aXWRVRPeV LQ QawYe KESCV +/- EZH2L WUeaWPeQW (WRS). TZR JURXSV Rf SURPRWeUV aUe SORWWed:
WKRVe Rf JeQeV XSUeJXOaWed ZLWK EZH2L WUeaWPeQW LQ QawYe KESCV aQd WKRVe dRZQUeJXOaWed.
BR[SORWV VKRZLQJ e[SUeVVLRQ OeYeOV (ORJ2-WUaQVfRUPed TPM) aW JeQeV RQ WKe X cKURPRVRPe RU
aXWRVRPeV LQ QawYe aQd SULPed KESCV +/- EZH2L WUeaWPeQW (bRWWRP).
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Extended Data Fig. 7 Context specific changes in bivalency between pluripotent states
and response to H3K27me3 depletion - related to Fig. 3
a VROcaQR SORW (DESeT2 baVed RQ WKUee UeSOLcaWeV) cRPSaULQJ SURPRWeU H3K27Pe3 OeYeOV
beWZeeQ QawYe aQd SULPed KESC. BLYaOeQW SURPRWeUV 62 aUe KLJKOLJKWed LQ bOacN. b FUacWLRQ Rf
VLJQLfLcaQWO\ XS- RU dRZQUeJXOaWed JeQeV (DESeT2 S.adM < 0.05, fROd-cKaQJe > 1.5 baVed RQ
WKUee UeSOLcaWeV) cRPSaULQJ QawYe aQd SULPed KESCV aPRQJVW aOO JeQeV, RU aQQRWaWed bLYaOeQW
JeQeV fURP SULPed KESCV 62. OYeUaOO, a VLPLOaU fUacWLRQ Rf JeQeV ZaV XS- aQd dRZQUeJXOaWed
VLJQLfLcaQWO\ cRPSaULQJ QawYe YV SULPed KESCV (a25% eacK), bXW aPRQJVW bLYaOeQW JeQeV, 24%
ZeUe dRZQUeJXOaWed aQd 35% XSUeJXOaWed LQ SULPed KESCV c SWaWe-VSecLfLc WUaQVcULSWLRQaO
UeVSRQVe WR JORbaO H3K27Pe3 deSOeWLRQ LQ VKaUed bLYaOeQW JeQeV. RNA-SeT cKaQJeV (ORJ2
fROd-cKaQJe fURP DESeT2 aQaO\VLV fURP WKUee UeSOLcaWeV eacK) aUe SORWWed, cRPSaULQJ QawYe aQd
SULPed cRQdLWLRQ aV ZeOO aV EZH2L WUeaWPeQW aQd WKe UeVSecWLYe cRQWURO cRQdLWLRQ. TKe
dLVWULbXWLRQ Rf fROd-cKaQJeV Rf aOO JeQeV LV VKRZQ aV YLROLQ SORWV, ZKeUeaV WKe cOaVV-VSecLfLc
JeQeV aUe VKRZQ aV MLWWeU SRLQWV. SLJQLfLcaQce Rf SaLUZLVe SWXdeQW¶V W WeVW LV JLYeQ. TKe PeaQ
fROd-cKaQJeV Rf WKe cOaVV-VSecLfLc JURXS ZaV cRPSaUed WR WKe PeaQ fROd-cKaQJe Rf aOO JeQeV
XVLQJ SWXdeQWV W-WeVW aQd CRKeQ¶V d. d DeQVLW\ SORW Rf fROd-cKaQJeV Rf H2AXb OeYeOV fROORZLQJ
H3K27Pe3 deSOeWLRQ LQ KESC. OQO\ JeQeV WKaW ZeUe deUeSUeVVed XSRQ EZH2L-WUeaWPeQW
(DESeT2 S.adM < 0.05, fROd-cKaQJe > 1.5 baVed RQ WKUee UeSOLcaWeV) ZeUe LQcOXded LQ WKe
aQaO\VLV. TKe dLffeUeQW cOaVVeV Rf bLYaOeQW SURPRWeUV aV defLQed LQ FLJ. 3B aUe cRPSaUed WR
H3K27Pe3-deYRLd SURPRWeUV.
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Extended Data Fig. 8 - Genome browser examples of nawve and primed-specific
pluripotency markers  - related to Fig. 4
a GeQRPe bURZVeU YLeZ Rf TFAP2A aQd TFAP2C WUaQVcULSWLRQ facWRUV LQ QawYe aQd SULPed
KESCV +/- 7d EZH2L WUeaWPeQW. SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee UeSOLcaWeV fRU H3K27Pe3,
H3K4Pe3, H2AXb aV ZeOO aV JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd SULPed VLJQaO, aQd VWUaQded
RNA-SeT VLJQaO. TUacNV fURP WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC
VcaOe. RNA-SeT e[SUeVVLRQ LV VKRZQ RQ WKe VaPe TPM VcaOe. b GeQRPe bURZVeU YLeZ Rf QawYe
RU SULPeV-VSecLfLc SOXULSRWeQc\ PaUNeU JeQeV, LQ QawYe aQd SULPed KESCV +/- 7d EZH2L
WUeaWPeQW. SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee UeSOLcaWeV fRU H3K27Pe3, H3K4Pe3, H2AXb
aV ZeOO aV JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd SULPed VLJQaO, aQd VWUaQded RNA-SeT VLJQaO.
TUacNV fURP WKe VaPe KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC VcaOe. RNA-SeT
e[SUeVVLRQ LV VKRZQ RQ WKe VaPe TPM VcaOe. c HeaWPaS VKRZLQJ RNA-SeT e[SUeVVLRQ OeYeOV
(ORJ2-WUaQVfRUPed TPM) Rf cRUe SOXULSRWeQc\ PaUNeUV LQ QawYe aQd SULPed KESCV +/- 7d EZH2L
WUeaWPeQW, aV ZeOO aV WKe H3K4Pe3 aQd H3K27Pe3 OeYeOV (RPGC) aW WKeLU UeVSecWLYe SURPRWeU.
RPGC fURP cRPbLQed UeSOLcaWeV aUe XVed fRU H3K4Pe3 aQd H3K27Pe3, ZKeUeaV WKe WKUee
LQdLYLdXaO UeSOLcaWe TPM YaOXeV aUe SORWWed fRU RNA-SeT daWa.
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Extended Data Fig. 9 - Chromatin features of genes uniquely up- or downregulated in the
µintermediate¶ nawve population  - related to Fig. 4
BR[SORWV VKRZLQJ H3K27Pe3, H3K4Pe3 aQd H2AXb OeYeOV (RPGC) Rf QawYe aQd SULPed ceOOV
+/- 7d EZH2L WUeaWPeQW, fRU PaUNeU JeQeV Rf aQ µLQWeUPedLaWe¶ SRSXOaWLRQ SUeVeQW aW a2%
abXQdaQce LQ QawYe cXOWXUeV aV defLQed LQ MeVVPeU eW. aO. 2019 64. TKe 50 WRS XS- aQd
dRZQ-UeJXOaWed JeQeV UeSRUWed fRU WKe µLQWeUPedLaWe¶ SRSXOaWLRQ ZeUe VeOecWed.
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Extended Data Fig. 10 - Loss of H3K27me3 in nawve activates trophectoderm gene
expression programs - related to Fig. 5
a BaUcKaUW VKRZLQJ VeWV Rf PaUNeU JeQeV fRU dLffeUeQW ceOO faWeV aV deWeUPLQed b\ VLQJOe-ceOO
WUaQVcULSWRPLcV. MaUNeUV aUe JURXSed LQWR SUe-OLQeaJe, LQQeU ceOO PaVV (ICM), eSLbOaVW,  SULPLWLYe
eQdRRdeUP, (PULPEQdR), WURSKecWRdeUP (TE)  c\WRWURSKRbOaVW (CTB), V\Qc\WLRWURSKRbOaVW (STB),
e[WUaYLOORXV WURSKRbOaVW (EVT), aPQLRQ aQd \RON Vac PeVRdeUP (YVMeV) aQd SULPLWLYe VWUeaN
(PULS).  FRU eacK VeW Rf PaUNeU JeQeV, WKe QXPbeU Rf JeQeV WKaW VLJQLfLcaQWO\ LQcUeaVe RU
decUeaVe WKeLU e[SUeVVLRQ XSRQ EZH2L WUeaWPeQW LQ QawYe, SULPed RU bRWK VWaWeV aUe LQdLcaWed. b
GeQRPe bURZVeU e[aPSOeV Rf VeOecWed WURSKecWRdeUP OLQeaJe PaUNeUV ZLWK H3K27Pe3-OeVV
SURPRWeUV. SKRZQ LV WKe cRPbLQed VLJQaO Rf WKUee UeSOLcaWeV fRU H3K27Pe3, H3K4Pe3, H2AXb,
RNA-SeT, aV ZeOO aV JaLQ/ORVV WUacNV cRPSaULQJ QawYe aQd SULPed VLJQaO. TUacNV fURP WKe VaPe
KLVWRQe PRdLfLcaWLRQ aUe VKRZQ RQ WKe VaPe RPGC VcaOe. RNA-SeT e[SUeVVLRQ LV VKRZQ RQ WKe
VaPe TPM VcaOe. c IPPXQRfOXRUeVceQce PLcURVcRS\ VKRZLQJ H3K27Pe3, OXT3/4, SOX2,
NANOG, GATA3 VWaLQLQJ Rf QawYe aQd SULPed KESCV +/- EZH2L WUeaWPeQW. d HeaWPaS
cRPSaULQJ WURSKecWRdeUP PaUNeU JeQe e[SUeVVLRQ LQ RXU SULPed, QawYe, QawYe+EZH2L daWaVeWV
ZLWK a WLPe cRXUVe e[SeULPeQW UeSURJUaPPLQJ SULPed KESCV ZLWK BMP4 9. RNA-SeT
e[SUeVVLRQ LV VKRZQ RQ WKe VaPe TPM VcaOe, WULSOLcaWeV aUe JLYeQ fRU RXU daWaVeW aQd dXSOLcaWeV
fRU WKe SXbOLVKed daWaVeWV.
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Extended Data Fig. 11 - Loss of H3K27me3 in nawve activates placental genes - related to
Fig. 5
HeaWPaSV VKRZLQJ RNA-SeT e[SUeVVLRQ OeYeOV (ORJ2-WUaQVfRUPed TPM) Rf cRUe SOXULSRWeQc\
PaUNeUV LQ QawYe aQd SULPed KESCV +/- 7d EZH2L WUeaWPeQW, aV ZeOO aV WKe H3K4Pe3 aQd
H3K27Pe3 OeYeOV (RPGC) aW WKeLU UeVSecWLYe SURPRWeU. RPGC fURP cRPbLQed UeSOLcaWeV aUe
XVed fRU H3K4Pe3 aQd H3K27Pe3, ZKeUeaV WKe WKUee LQdLYLdXaO UeSOLcaWe TPM YaOXeV aUe
SORWWed fRU RNA-SeT daWa.
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