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6XPPDU\:   

7ZR   HSLJHQHWLF   SDWKZD\V   RI   UHSUHVVLRQ,   DNA   PHWK\ODWLRQ   DQG   PRO\FRPE   UHSUHVVLYH   

FRPSOH[   2   (P5C2)   PHGLDWHG   JHQH   VLOHQFLQJ,   UHJXODWH   QHXURQ   GHYHORSPHQW   DQG   IXQFWLRQ,   

EXW   WKHLU   UHVSHFWLYH   FRQWULEXWLRQV   DUH   XQNQRZQ.   :H   IRXQG   WKDW   FRQGLWLRQDO   ORVV   RI   WKH    de   

nRYR    DNA   PHWK\OWUDQVIHUDVH    DnmW3a    LQ   PRXVH   H[FLWDWRU\   QHXURQV   DOWHUHG   H[SUHVVLRQ   RI   

V\QDSVH-UHODWHG   JHQHV,   VWXQWHG   V\QDSVH   PDWXUDWLRQ,   DQG   LPSDLUHG   ZRUNLQJ   PHPRU\   DQG   

VRFLDO   LQWHUHVW.   LRVV   RI    DnmW3a    DEROLVKHG   SRVWQDWDO   DFFXPXODWLRQ   RI   CG   DQG   QRQ-CG   

DNA   PHWK\ODWLRQ,   OHDYLQJ   QHXURQV   ZLWK   DQ   XQPHWK\ODWHG,   IHWDO-OLNH   HSLJHQRPLF   SDWWHUQ   DW   

a140,000   JHQRPLF   UHJLRQV.   7KH   P5C2-DVVRFLDWHG   KLVWRQH   PRGLILFDWLRQ   H3K27PH3   

LQFUHDVHG   DW   PDQ\   RI   WKHVH   VLWHV,   SDUWLDOO\   FRPSHQVDWLQJ   IRU   WKH   ORVV   RI   DNA   PHWK\ODWLRQ.   

OXU   GDWD   VXSSRUW   D   G\QDPLF   LQWHUDFWLRQ   EHWZHHQ   WZR   IXQGDPHQWDO   PRGHV   RI   HSLJHQHWLF   

UHSUHVVLRQ   GXULQJ   SRVWQDWDO   PDWXUDWLRQ   RI   H[FLWDWRU\   QHXURQV,   ZKLFK   WRJHWKHU   FRQIHU   

UREXVWQHVV   RQ   QHXURQDO   UHJXODWLRQ.   

  

ESigeQeWic   PRdificaWiRQV   Rf   DNA   aQd   chURPaWiQ-aVVRciaWed   hiVWRQe   SURWeiQV   eVWabliVh   aQd   

PaiQWaiQ   Whe   XQiTXe   SaWWeUQV   Rf   geQe   e[SUeVViRQ   iQ   PaWXUiQg   aQd   adXlW   QeXURQV    (KXQdakRYic   

aQd   ChaPSagQe,   2015) .   NeXURQ   deYelRSPeQW   UeTXiUeV   Whe   UecRQfigXUaWiRQ   Rf   eSigeQeWic   

PRdificaWiRQV,   iQclXdiQg   PeWh\laWiRQ   Rf   geQRPic   c\WRViQe   (DNA   PeWh\laWiRQ,   RU   PC)    (GXR   eW   al.,   

2014;   LiVWeU   eW   al.,   2013a;   SWURXd   eW   al.,   2017)    aV   Zell   aV   cRYaleQW   hiVWRQe   PRdificaWiRQV   

aVVRciaWed   ZiWh   acWiYe   RU   UeSUeVVed   geQe   WUaQVcUiSWiRQ    (FagiRliQi   eW   al.,   2009;   PXWigQaQR   eW   al.,   

2007) .   While   PC   SUiPaUil\   RccXUV   aW   CG   diQXcleRWideV   (PCG)   iQ   PaPPaliaQ   WiVVXeV,   QeXURQV   

alVR   accXPXlaWe   a   VXbVWaQWial   aPRXQW   Rf   QRQ-CG   PeWh\laWiRQ   (PCH)   dXUiQg   SRVWQaWal   bUaiQ   

deYelRSPeQW   iQ   Whe   fiUVW   2-3   ZeekV   Rf   life   iQ   Pice   RU   Whe   fiUVW   WZR   decadeV   iQ   hXPaQV    (LiVWeU   eW   

al.,   2013a) .   AccXPXlaWiRQ   Rf   PCH,   aQd   Whe   gaiQ   Rf   PCG   aW   VSecific   ViWeV,   deSeQd   RQ   Whe   acWiYiW\   
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Rf   Whe    GH   QRYR    DNA   PeWh\lWUaQVfeUaVe   DNMT3A    (Gabel   eW   al.,   2015) .   IQ   Pice,   Whe   abXQdaQce   Rf   

DQPW3a    PRNA   aQd   SURWeiQ   SeakV   dXUiQg   Whe   VecRQd   SRVWQaWal   Zeek    (LiVWeU   eW   al.,   2013a;   SWURXd   

eW   al.,   2017) ,   a   WiPe   Rf   iQWeQVe   V\QaSWRgeQeViV   aQd   QeXURQal   PaWXUaWiRQ.   DeVSiWe   eYideQce   fRU   a   

XQiTXe   URle   Rf    DQPW3a    aQd   PCH   iQ   eSigeQeWic   UegXlaWiRQ   Rf   deYelRSiQg   QeXURQV,   Whe   lRQg-WeUP  

cRQVeTXeQceV   Rf    DQPW3a -PediaWed   PeWh\laWiRQ   RQ   bUaiQ   fXQcWiRQ   UePaiQ   laUgel\   XQkQRZQ   

(SWURXd   eW   al.,   2017) .   

OQe   challeQge   fRU   iQYeVWigaWiQg   Whe   deYelRSPeQWal   URle   Rf    DQPW3a    haV   beeQ   Whe   lack   Rf   

adeTXaWe   aQiPal   PRdelV.   DeleWiQg    DQPW3a    aURXQd   ePbU\RQic   da\   7.5   dUiYeQ   b\   Whe    NHVWLQ   

SURPRWeU   dUaPaWicall\   iPSaiUed   QeXURPXVcXlaU   aQd   cRgQiWiYe   deYelRSPeQW   aQd   led   WR   eaUl\   

deaWh    (NgX\eQ   eW   al.,   2007) .   ThiV   eaUl\   lRVV   Rf    DQPW3a    VSecificall\   affecWV   Whe   e[SUeVViRQ   Rf   lRQg   

geQeV   ZiWh   high   leYelV   Rf   geQe   bRd\   PCA    (BR[eU   eW   al.,   2019;   KiQde   eW   al.,   2016) .   B\   cRQWUaVW,   

deleWiRQ   Rf    DQPW3a    VWaUWiQg   aURXQd   SRVWQaWal   da\   14   dUiYeQ   b\   Whe    CaPN2a    SURPRWeU   caXVed   

feZ   behaYiRUal   RU   elecWURSh\ViRlRgical   SheQRW\SeV    (FeQg   eW   al.,   2010) ,   ZiWh   RQl\   VXbWle   

alWeUaWiRQV   iQ   leaUQiQg   aQd   PePRU\   deSeQdiQg   XSRQ   Whe   geQeWic   backgURXQd    (MRUUiV   eW   al.,   

2014) .   TheVe   UeVXlWV   VXggeVW   WhaW    DQPW3a    haV   a   cUiWical   URle   dXUiQg   a   VSecific   WiPe   ZiQdRZ   

beWZeeQ   laWe   geVWaWiRQ   aQd   eaUl\   SRVWQaWal   life.   DXUiQg   WheVe   deYelRSPeQWal   VWageV,   UegXlaWed   

gaiQV   aQd   lRVVeV   Rf   DNA   PeWh\laWiRQ   WhURXghRXW   Whe   geQRPe   eVWabliVh   XQiTXe   eSigeQRPic   

VigQaWXUeV   Rf   QeXURQal   cell   W\SeV    (LXR   eW   al.,   2017;   MR   eW   al.,   2015) .   

TR   addUeVV   Whe   URle   Rf    DQPW3a -deSeQdeQW   eSigeQeWic   UegXlaWiRQ   iQ   Whe   fXQcWiRQal   

PaWXUaWiRQ   Rf   cRUWical   e[ciWaWRU\   QeXURQV,   Ze   cUeaWed   a   PRXVe   liQe   XViQg   Whe    NHXURG6    SURPRWeU   

(SchZab   eW   al.,   2000)    (Ne[-CUe)   WR   deleWe   e[RQ   19   Rf    DQPW3a    (ONaQR   HW   aO.,   1999) .   IQ   WhiV   

cRQdiWiRQal   kQRckRXW   (cKO),    DQPW3a    iV   fXQcWiRQall\   ablaWed   iQ   e[ciWaWRU\   QeXURQV   iQ   Whe   

QeRcRUWe[   aQd   hiSSRcaPSXV   VWaUWiQg   iQ   Pid-   WR-laWe   geVWaWiRQ   (ePbU\RQic   da\   E13-15;    DQPW3a   
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cKO)    (GRebbelV   eW   al.,   2006) .   IQ    DQPW3a    cKO   aQiPalV,   DNA   PeWh\laWiRQ   ZaV   VXbVWaQWiall\   

diVUXSWed   iQ   e[ciWaWRU\   QeXURQV,   leadiQg   WR   alWeUed   behaYiRU   aQd   V\QaSWic   Sh\ViRlRg\   ZiWhRXW   

eaUl\   life   leWhaliW\   RU   RYeUW   bUaiQ   PRUShRlRgical   alWeUaWiRQV.   We   geQeUaWed   deeS   DNA   PeWh\lRPe,   

WUaQVcUiSWRPe   aQd   hiVWRQe   PRdificaWiRQ   daWa   iQ    DQPW3a    cKO   aQd   cRQWURl   S\UaPidal   cellV   Rf   Whe   

fURQWal   cRUWe[,   eQabliQg   deWailed   aVVeVVPeQW   Rf   Whe   PRlecXlaU   baViV   Rf   QeXURSh\ViRlRgical   aQd   

behaYiRUal   SheQRW\SeV.   We   fRXQd   WhaW   Whe   PRl\cRPb   UeSUeVViYe   cRPSle[   2   (PRC2)   aVVRciaWed   

chURPaWiQ   PRdificaWiRQ,   H3K27Pe3,   iQcUeaVeV   dXUiQg   SRVWQaWal   deYelRSPeQW   fRllRZiQg   lRVV   Rf   

DNA   PeWh\laWiRQ   iQ   cKO   QeXURQV.   OXU   daWa   VXSSRUW   a   d\QaPic   iQWeUacWiRQ   beWZeeQ   WZR   

fXQdaPeQWal   PRdeV   Rf   eSigeQeWic   UeSUeVViRQ   iQ   deYelRSiQg   bUaiQ   cellV,   Zhich   WRgeWheU   cRQfeU   

URbXVWQeVV   RQ   QeXURQal   UegXlaWiRQ   aQd   SUeYeQW   PRUe   e[WeQViYe   cRQVeTXeQceV   fRU   Whe   lRVV   Rf   

DNA   PeWh\laWiRQ.   

5HVXOWV   

DnmW3a    FRQGLWLRQDO   NQRFNRXW   LQ   S\UDPLGDO   QHXURQV   GXULQJ   PLG-JHVWDWLRQ   VSHFLILFDOO\   

LPSDLUV   ZRUNLQJ   PHPRU\,   VRFLDO   LQWHUHVW,   DQG   DFRXVWLF   VWDUWOH   

PUeYiRXV   VWXdieV   Rf    DQPW3a    KO   Pice   \ielded   UeVXlWV   UaQgiQg   fURP   liWWle   cRgQiWiYe   RU   healWh   

effecWV    (FeQg   eW   al.,   2010;   MRUUiV   eW   al.,   2014)    WR   SURfRXQd   iPSaiUPeQW   aQd   leWhaliW\    (NgX\eQ   eW   

al.,   2007) .   TheVe   VWXdieV   VXggeVW   Whe   deYelRSPeQWal   WiPiQg   Rf    DQPW3a    lRVV   iQ   QeXURQV   Pa\   

deWeUPiQe   Whe   e[WeQW   Rf   VXbVeTXeQW   SheQRW\SeV.   HeUe,   Ze   WRRk   a   WaUgeWed   aSSURach   b\   

fXQcWiRQall\   ablaWiQg    DQPW3a    iQ   cRUWical   S\UaPidal   cellV   VWaUWiQg   dXUiQg   Pid-geVWaWiRQ   (FigXUe   1A).   

We   WRRk   adYaQWage   Rf   Whe   deYelRSPeQWal   RQVeW   Rf    NHXURG6    e[SUeVViRQ   beWZeeQ   ePbU\RQic   da\   

E11   aQd   E13,   afWeU   Whe   RQVeW   Rf    NHVWLQ    e[SUeVViRQ    (ThRPSVRQ   eW   al.,   2014)    bXW   Zell   befRUe   Whe   

PajRU   SRVWQaWal   ZaYe   Rf   UeSURgUaPPiQg   Rf   Whe   QeXURQal   DNA   PeWh\lRPe   (FigXUe   S1A)    (LiVWeU   eW   
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al.,   2013a) .   We   cRQfiUPed   Whe   deleWiRQ   Rf    DQPW3a    e[RQ   19   iQ   cRUWical   e[ciWaWRU\   QeXURQV   Rf   cKO   

aQiPalV   (FigXUe   1B   aQd   S1B),   aQd   Whe   UedXcWiRQ   iQ   DNMT3A   SURWeiQ   iQ   ZhRle   WiVVXe   e[WUacWV   aW   

eaUl\   SRVWQaWal   WiPe   SRiQWV   (P5   aQd   P13)   ZheQ    DQPW3a    PediaWed   accXPXlaWiRQ   Rf   PCH   QRUPall\   

begiQV   iQ   Whe   fURQWal   cRUWe[    (LiVWeU   eW   al.,   2013b)    (FigXUe   S1C).    DQPW3a    cKO   aQiPalV   VXUYiYed   

aQd   bUed   QRUPall\,   ZiWhRXW   RYeUW   PRUShRlRgical   alWeUaWiRQV   iQ   Whe   bUaiQ   (FigXUe   S1D).   We   fRXQd   

QR   iPSaiUPeQWV   iQ   gURVV   PRWRU   fXQcWiRQ   iQ   aQ   RSeQ   field   WeVW:   cKO   Pice   WUaYeled   PRUe   dXUiQg   Whe   

fiUVW   5   PiQXWeV   Rf   WeVWiQg   (FigXUe   S2A)   Zhile   SeUfRUPiQg   feZeU   UeaUiQgV   aVVRciaWed   ZiWh   

e[SlRUaWRU\   iQWeUeVW   (FigXUe   S2B).   MRUeRYeU,   cKO   Pice   had   QR   VigQV   Rf   iQcUeaVed   aQ[ieW\-like   

behaYiRU   RQ   WhUee   VeSaUaWe   behaYiRUal   WeVWV   (FigXUe   S2C-E),   iQ   cRQWUaVW   ZiWh   Whe   UeSRUWed   

aQ[iRgeQic   effecWV   Rf    DQPW3a    kQRckdRZQ   iQ   Whe   PPFC   Rf   adXlW   Pice    (ElliRWW   eW   al.,   2016) .   The   

abVeQce   Rf   PajRU   iPSaiUPeQWV   iQ   RYeUall   healWh,   PRWRU   fXQcWiRQ,   RU   aQ[ieW\-like   behaYiRU   

eVWabliVhed   a   baVeliQe   fRU   iQYeVWigaWiQg   Whe   URle   Rf    DQPW3a    iQ   VSecific   cRgQiWiYe   aQd   VRcial   

behaYiRUV.   

We   fRcXVed   RQ   cRgQiWiYe   dRPaiQV   aVVRciaWed   ZiWh   QeXURdeYelRSPeQWal   illQeVV,   iQclXdiQg   

ZRUkiQg   PePRU\   aQd   VeQVRUiPRWRU   gaWiQg    (Habib   eW   al.,   2019)    aQd   VRcial   iQWeUeVW    (DRdell-FedeU   

eW   al.,   2015) .    DQPW3a    cKO   Pice   did   QRW   alWeUQaWe   VSRQWaQeRXVl\   beWZeeQ   Whe   aUPV   Rf   a   Y-Pa]e   

(S   =   0.0079   fRU   PaleV,   S   =   0.011   fePaleV,   FigXUe   1C),   iQdicaWiQg   iPSaiUed   VSaWial   ZRUkiQg   

PePRU\.   MRUeRYeU,   Pale    DQPW3a    cKO   aQiPalV   VhRZed   leVV   SUefeUeQce   fRU   iQWeUacWiQg   ZiWh   a   

QRYel   PRXVe   iQ   Whe   WhUee-chaPbeU   SaUadigP,   iQdicaWiQg   UedXced   VRcial   iQWeUeVW   (FigXUe   1D,   lefW   

SaQel;   S   =   0.01048).   Male    DQPW3a    cKO   Pice   alVR   had   VigQificaQWl\   aWWeQXaWed   acRXVWic   VWaUWle   

Uefle[   (S   =   0.0019,   FigXUe   1E   aQd   S3B).   We   RbVeUYed   iQcUeaVed   SUeSXlVe   iQhibiWiRQ   (PPI)   iQ   

Pale    DQPW3a    cKO   Pice,   bXW   WhiV   Pa\   be   dUiYeQ   b\   Whe   UedXced   VWaUWle   Uefle[   (FigXUe   S3A,   S   <   

0.05).   IW   iV   QRWeZRUWh\   WhaW   Whe   RbVeUYed   deficiWV   iQ   VWaUWle   UeVSRQVe   ZeUe   QRW   dXe   WR   heaUiQg   
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deficiWV,   ViQce    DQPW3a    cKO   Pice   diVSla\ed   iQWacW   heaUiQg   iQ   WeVWV   Rf   SUeSXlVe   iQhibiWiRQ   aQd   feaU   

cRQdiWiRQiQg.   

  

FLJXUH   1   _    DQPW3a    cRQGLWLRQaO   NQRcNRXW   (cKO)   LQ   cRUWLcaO   S\UaPLGaO   QHXURQV   GXULQJ   PLG-JHVWaWLRQ   
LPSaLUHG   ZRUNLQJ   PHPRU\,   VRcLaO   LQWHUHVW   aQG   acRXVWLc   VWaUWOH   UHVSRQVHV.   (A)    E[perimental   model   of   
the   conditional   loss   of    Dnmt3a    in   e[citator\   neXrons.   P0   and   P39,   postnatal   da\   0   and   39.   FANS,   
flXorescence-actiYated   nXclei   sorting.    (B)    RNA-seq   confirmation   of   the   deletion   of    Dnmt3a    e[on   19   in   P39   
e[citator\   neXrons.   RPKM,   reads   per   kilobase   per   million.   R1/2,   replicate   1/2.   T-test   p   =   0.08.    (C)     Dnmt3a   
cKO   mice   made   feZer   spontaneoXs   alternations   in   the   Y-ma]e   test   of   Zorking   memor\   (Wilco[on   test,   **,   
p   =   0.0079;   *,   p   =   0.011;   n   =15   male   control,   15   male   cKO,   11   female   control,   10   female   cKO).    (D)    Male   
Dnmt3a    cKO   mice   spent   less   time   interacting   Zith   an   Xnfamiliar   moXse,   indicating   redXced   social   interest   
(Wilco[on   test;   *   p=0.01048;   n   =14   male   control,   15   male   cKO,   11   female   control,   10   female   cKO)    (E)   
Male    Dnmt3a    cKO   mice   had   decreased   startle   response   to   a   120   dB   acoXstic   pXlse   (Wilco[on   test,   **,   p   =   
0.0019;   n.s.,   not   significant).   

TR   WeVW   ZheWheU   WheVe   deficiWV   iQ   VSecific   QeXUR-cRgQiWiYe   dRPaiQV   UeflecW   geQeUali]ed   

iPSaiUPeQW   iQ   bUaiQ   fXQcWiRQ,   Ze   aVVeVVed   lRQg-WeUP   PePRU\   XViQg   a   feaU   cRQdiWiRQiQg   

SaUadigP.   TheUe   ZeUe   QR   VigQificaQW   diffeUeQceV   beWZeeQ    DQPW3a    cKO   aQd   cRQWURl   Pale   Pice   iQ   
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acTXiViWiRQ   RU   Uecall   Rf   feaU   PePRU\   fRllRZiQg   Ue-e[SRVXUe   WR   Whe   cRQWe[W   RU   cRQdiWiRQed   VWiPXlXV   

afWeU   24-48   h   (FigXUe   S3C-E),   RU   iQ   e[WiQcWiRQ   (FigXUe   S3F).   AlWRgeWheU,   WheVe   behaYiRUal   UeVXlWV  

iQdicaWe   WhaW    DQPW3a    cKO   iQ   e[ciWaWRU\   QeXURQV   VSecificall\   iPSaiUV   ZRUkiQg   PePRU\,   VRcial   

iQWeUeVW   aQd   acRXVWic   VWaUWle.   

AOWHUHG   H[SUHVVLRQ   RI   KXQGUHGV   RI   JHQHV   LQ    DnmW3a    FKO   H[FLWDWRU\   QHXURQV   

TR   iQYeVWigaWe   Whe   iPSacW   Rf   eSigeQeWic   diVUXSWiRQ   RQ   geQe   e[SUeVViRQ,   Ze   cRPSaUed   Whe   

WUaQVcUiSWRPeV   Rf   cKO   aQd   cRQWURl   e[ciWaWRU\   QeXURQ   QXclei   iQ   PaWXUe   Pice   (SRVWQaWal   da\   39)   

(Table   S1).   We   iVRlaWed   QXclei   fURP   e[ciWaWRU\   QeXURQV   iQ   fURQWal   cRUWe[   b\   backcURVViQg   Whe   

DQPW3a    cKO   aQiPalV   iQWR   Whe   INTACT   PRXVe   backgURXQd    (MR   eW   al.,   2015)    fRllRZed   b\   

flXRUeVceQce-acWiYaWed   QXclei   VRUWiQg   (FANS)   aQd   RNA   VeTXeQciQg.   AlWhRXgh   VRUWed   QXclei   

cRQWaiQ   RQl\   a   VXbVeW   Rf   Whe   cell¶V   WRWal   PRNA   aQd   aUe   eQUiched   iQ   iPPaWXUe   WUaQVcUiSWV,   QXcleaU   

RNA-VeT   iV   QeYeUWheleVV   a   TXaQWiWaWiYel\   accXUaWe   aVVa\   Rf   geQe   e[SUeVViRQ   WhaW   iV   URbXVW   ZiWh   

UeVSecW   WR   QeXUal   acWiYiW\-iQdXced   WUaQVcUiSWiRQ    (BakkeQ   eW   al.,   2018;   LacaU   eW   al.,   2016) .   NXcleaU   

RNA   abXQdaQce   ZaV   highl\   cRQViVWeQW   acURVV   iQdeSeQdeQW   UeSlicaWeV   ZiWhiQ   Whe   VaPe   gURXS   

(SSeaUPaQ   cRUUelaWiRQ    U    =   0.92-0.95,   FigXUe   2A   aQd   S4A).   GiYeQ   Whe   UeSUeVViYe   URle   Rf   DNA   

PeWh\laWiRQ   (PCG   aQd   PCH)   iQ   UegXlaWiQg   geQe   e[SUeVViRQ   iQ   QeXURQV    (GXR   eW   al.,   2014;   LiVWeU   

eW   al.,   2013a) ,   Ze   e[SecWed   WR   fiQd   iQcUeaVed   geQe   e[SUeVViRQ   iQ   Whe   cKO.   CRQViVWeQW   ZiWh   WhiV,   

Ze   deWecWed   932   diffeUeQWiall\   e[SUeVVed   (DE)   geQeV   ZiWh   higheU   e[SUeVViRQ   iQ   Whe   cKO   (FDR   <   

0.05,   FigXUe   2A   aQd   S4B,   Table   S2).   HRZeYeU,   Ze   alVR   deWecWed   VigQificaQWl\   lRZeU   e[SUeVViRQ   

Rf   788   geQeV   iQ   cKO   QeXURQV,   Zhich   VXggeVWV   a   cRPSle[   cellXlaU   UeVSRQVe   WR   Whe   lRVV   Rf   PC.   
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FLJXUH   2   _    DQPW3a    cKO   GLVUXSWHG   H[SUHVVLRQ   RI   JHQHV   aVVRcLaWHG   ZLWK   GHQGULWLc   PRUSKRORJ\   LQ   
cRUWLcaO   S\UaPLGaO   QHXURQV .    (A)    Gene   e[pression   in   control   Ys.    Dnmt3a    cKO   e[citator\   neXrons   at   P39,   
shoZing   significant   Xp-   (red)   and   doZn-regXlated   (blXe)   differentiall\   e[pressed   (DE)   genes   (false   
discoYer\   rate   FDR   <   0.05).   E[amples   of   genes   inYolYed   in   dendrite   morphogenesis   are   highlighted.   
Inset:   Consistent   mRNA-seq   across   tZo   replicates   of    Dnmt3a    cKO.   TPM,   transcripts   per   million;   r,   
Spearman   correlation   coefficient.    (B)    Top   10   significantl\   enriched   Gene   Ontolog\   Biological   Process   
annotations   for   DE   genes   (dashed   line:   FDR   =   0.05).    (C)    Fold-change   for   DE   genes   Zith   an   annotated  
role   in   dendrite   morphogenesis.   

MaQ\   ke\   UegXlaWRUV   Rf   V\QaSVe   fXQcWiRQ   aQd   deQdUiWe   VWUXcWXUe   ZeUe   diffeUeQWiall\   

e[SUeVVed   iQ    DQPW3a    cKO   QeXURQV.   BRWh   XS-   aQd   dRZQ-UegXlaWed   geQeV   ZeUe   VigQificaQWl\   

eQUiched   iQ   fXQcWiRQV   UelaWed   WR   V\QaSWic   Sh\ViRlRg\   aQd   deQdUiWe   VWUXcWXUe   (FigXUe   2B,   

FDR<10 -3 ,   Table   S3).   IQdeed,   ³deQdUiWe   PRUShRgeQeViV´   ZaV   Whe   PRVW   eQUiched   biRlRgical   

SURceVV   fRU   dRZQ-UegXlaWed   geQeV   aQd   ZaV   alVR   highl\   eQUiched   aPRQg   XS-UegXlaWed   geQeV   

(FigXUe   2B   aQd   S4C,   Table   S3).   SeYeUal   DE   geQeV   ZiWh   aQQRWaWed   URleV   iQ   deQdUiWe   

PRUShRgeQeViV   ZeUe   VSecificall\   UelaWed   WR   glXWaPaWeUgic   V\QaSVeV   aQd   YRlWage-gaWed   chaQQelV,   

iQclXdiQg    CaPN2a,   CaPN2E,   CLW,   CaFQa1a,   SKaQN1    aQd    SKaQN2    (FigXUe   2C).   TheVe   UeVXlWV   
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VXggeVW   WhaW   Whe   deYelRSPeQWall\   UegXlaWed   PC   accXPXlaWiRQ   iQ   S\UaPidal   QeXURQV   cRQWUibXWe   WR   

e[ciWaWRU\   QeXURQ   V\QaSVe   fRUPaWiRQ   aQd   PaWXUaWiRQ.   

LRVV   RI    DnmW3a    LPSDLUV   V\QDSVH   PDWXUDWLRQ   DQG   DWWHQXDWHV   QHXURQDO   H[FLWDELOLW\   

TR   diUecWl\   WeVW   Whe   iPSacW   Rf    DQPW3a    cKO   RQ   deQdUiWic   PRUShRlRg\,   Ze   TXaQWified   Whe   QXPbeU   

aQd   VWUXcWXUe   Rf   1,278   DiI-labeled   deQdUiWic   VSiQeV    (Ne[CUe/C57:   Q   =   701   fURP   5   Pice;   cKO:   Q   =   

577   fURP   4   Pice)    Rf   la\eU   2   S\UaPidal   QeXURQV   Rf   Whe   PRXVe   SUeliPbic   UegiRQ   (a2   PP   aQWeUiRU   WR   

BUegPa)    (FigXUe   3A;   MeWhRdV) ,   a   UegiRQ   cUiWical   fRU   ZRUkiQg   PePRU\    (YaQg   eW   al.,   2014)    aQd   

VRcial   aSSURach   behaYiRU    (Lee   eW   al.,   2016) .    While   Whe   RYeUall   deQViW\   Rf   deQdUiWic   VSiQeV   ZaV   

eTXiYaleQW   iQ   cRQWURl   aQd    DQPW3a    cKO   QeXURQV   (FigXUe   3B),   Whe   VSiQeV   ZeUe   VigQificaQWl\   lRQgeU   

(PeaQ   leQgWh   2.219�0.052   �P   iQ   cKO,   1.852�0.034   �P   iQ   cRQWURl)   aQd   QaUURZeU   (PeaQ   ZidWh   

0.453�0.008   �P   iQ   cKO,   0.519�0.008   �P   iQ   cRQWURl)   iQ    DQPW3a    cKO   QeXURQV   (FigXUe   3C,   KS   

WeVW   S   <   0.001;   FigXUe   S5).   CRQViVWeQW   ZiWh   WhiV,   a   laUgeU   SURSRUWiRQ   Rf   VSiQeV   iQ    DQPW3a    cKO   

Pice   ZeUe   claVVified   aV   iPPaWXUe   filRSRdia ,   aQd     feZeU   ZeUe   PXVhURRP-VhaSed   PaWXUe   VSiQeV   

(FigXUe   3D)    accRUdiQg   WR   SUe-eVWabliVhed   PRUShRPeWUic   cUiWeUia   (Vee   MeWhRdV) .   The   SURSRUWiRQ   Rf   

VSiQeV   ZiWh   RWheU   PRUShRlRgieV,   iQclXdiQg   bUaQched   VSiQeV   ZiWh   PRUe   WhaQ   RQe   Qeck   (QRW   

VhRZQ),   ZeUe   QRW   VigQificaQWl\   diffeUeQW   beWZeeQ   geQRW\SeV   (FigXUe   3D).   TheVe   daWa   iQdicaWe   a   

URle   fRU    DQPW3a    iQ   deQdUiWic   VSiQe   PaWXUaWiRQ.   
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FLJXUH   3   _   IPPaWXUH   VSLQH   PRUSKRORJ\   aQG   UHGXcHG   H[cLWabLOLW\   RI   Oa\HU   2   H[cLWaWRU\   QHXURQV   
IROORZLQJ    DQPW3a    cKO.     (A)    E[ample   dendritic   segments   of   la\er   2   p\ramidal   neXrons   in   the   prelimbic   
region   labeled   Zith   DiI   and   YisXali]ed   Xsing   a   63[   objectiYe   coXpled   to   an   Air\scan   confocal   microscope.   
ArroZheads   shoZ   filopodia,   Zhich   Zere   more   abXndant   in    Dnmt3a    cKO   mice.    (B)    The   densit\   of   
membrane   protrXsions   Zas   Xnchanged   in   the    Dnmt3a    cKO   (Wilco[on   test,   n.s.,   not   significant).    (C)   
Membrane   protrXsions   Zere   significantl\   longer   and   narroZer   in   the    Dnmt3a    cKO   (K-S   test,   p   <   0.001).   
(D)    More   spines   Zere   classified   as   immatXre   filopodia,   and   feZer   as   matXre   mXshroom   shaped   spines   
Zith   large   posts\naptic   densities   (Wilco[on   test,   **,   p   =   0.0015;   *,   p   =   0.046   and   0.011   for   Thin   and   
MXshroom,   respectiYel\).    (E)    E[ample   Zhole-cell   patch   clamp   recordings   from   prelimbic   la\er   2   p\ramidal   
neXrons   folloZing   60   pA   cXrrent   injections,   the   minimal   cXrrent   necessar\   to   trigger   an   action   potential   
(rheobase)   in    Dnmt3a    cKO.    (F)    The   median   rheobase   Zas   significantl\   higher   in   the    Dnmt3a    cKO   (t-test,   
**,   p   =   0.0042).    (G)    Action   potential   freqXenc\   Ys.   injected   cXrrent   (mean   �   s.e.m)   shoZed   redXced   
e[citabilit\   in    Dnmt3a    cKO   (Wilco[on   test,   *,   p   <   0.05).    K,L     Dnmt3a    cKO   neXrons   Zere   slightl\   
h\perpolari]ed   at   V resW    Zhen   compared   to   control   (Wilco[on   test,   *,   p   =   0.049)   and   had   loZer   membrane   
resistance   (Wilco[on   test,   *,   p   =   0.023).   

We   Qe[W   SeUfRUPed    SaWch-claPS   e[SeUiPeQWV   iQ    YiVXall\   ideQWified   la\eU   2   S\UaPidal   

QeXURQV    fURP   Whe   SUeliPbic   UegiRQ    WR   WeVW   hRZ   Whe   lRVV   Rf    DQPW3a    aQd   iWV   iPSacW   RQ   VSiQe   

PRUShRlRg\   affecWed   iQWUiQVic   QeXURQal   e[ciWabiliW\   aQd   V\QaSVe   VeQViWiYiW\ (FigXUe   3E) .   

WhRle-cell   cXUUeQW   claPS   UecRUdiQgV   VhRZed   WhaW    DQPW3a    cKO   QeXURQV   (Q   =   22   cellV   fURP   11   
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Pice)   UeTXiUed   gUeaWeU   cXUUeQW   iQjecWiRQV   WhaQ   cRQWURl   (Q   =   17   cellV   fURP   12   Pice)   WR   WUiggeU   aQ   

acWiRQ   SRWeQWial   (higheU   UheRbaVe,   W-WeVW   S   =   0.0042,   FigXUe   3F),   WhRXgh   WheUe   ZaV   QR   diffeUeQce   

iQ   PePbUaQe   SRWeQWial   aW   Whe   fiUiQg   WhUeVhRld   (FigXUe   S6A).    DQPW3a    cKO   QeXURQV   alVR   SURdXced   

feZeU   VSikeV   iQ   UeVSRQVe   WR   iQjecWed   cXUUeQW   (FigXUe   3G).   TheVe   QeXURQV   ZeUe   VlighWl\   

h\SeUSRlaUi]ed   aW   UeVW   (PeaQ   -70.90   �   0.8   PV   iQ   cKO,   Q   =   22   cellV   fURP   11   Pice   YV.   -67.22   �   1.4   

PV   iQ   cRQWURl,   Q   =   17   cellV   fURP   12   Pice,   WilcR[RQ   WeVW   S   =   0.049,    FigXUe   3H),   Zhich   cRXld   

UeflecW   diffeUeQWial   e[SUeVViRQ   Rf   iRQ   chaQQelV   aW   Whe   SlaVPa   PePbUaQe.   CRQViVWeQW   ZiWh   WhiV,   

DQPW3a    cKO   QeXURQV   had   a   lRZeU   iQSXW   UeViVWaQce   (WilcR[RQ   WeVW   S   =   0.023,   FigXUe   3I),   

VXggeVWiQg   iQcUeaVed   e[SUeVViRQ   Rf   fXQcWiRQal   WUaQVPePbUaQe   iRQ   chaQQelV.   WhRle-cell   

YRlWage-claPS   UecRUdiQgV   Rf   PiQiaWXUe   e[ciWaWRU\   SRVWV\QaSWic   cXUUeQWV   (PEPSCV)   VhRZed   

VlighW,   \eW   VigQificaQW,   iQcUeaVed   aPSliWXde   YaUiabiliW\   iQ    DQPW3a    cKO   Pice   (FigXUe   S6B,   

8.77�0.32   SA   iQ   cKO,   Q   =   8   cellV   fURP   4   Pice   YV.   8.67�0.089   SA   iQ   cRQWURl,   Q   =   8   cellV   fURP   5   

Pice,   F-WeVW,   S   =   0.0032),   cRQViVWeQW   ZiWh   a   diVUXSWiRQ   aW   SRVWV\QaSWic   ViWeV.   HRZeYeU,   Ze   fRXQd   

QR   alWeUaWiRQ   iQ   Whe   PeaQ   aPSliWXde   (FigXUe   S6B)   RU   fUeTXeQc\   (FigXUe   S6C)   Rf   PEPSCV   

UecRUded   aW   Whe   VRPa.     
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DnmW3a    FKO   DEROLVKHV   SRVWQDWDO   DNA   PHWK\ODWLRQ   

FLJXUH   4   _   LRVV   RI    DQPW3a    OHaYHV   WKRXVaQGV   RI   JHQRPLc   UHJLRQV   LQ   a   IHWaO-OLNH   GHPHWK\OaWHG   VWaWH.   
(A)    Non-CG   DNA   meth\lation   (mCH)   is   eliminated,   and   mCG   is   redXced,   in   P39    Dnmt3a    cKO   p\ramidal   
cells,   Zhile   mCG   and   mCH   leYels   are   not   changed   in   P0   (T-test:   *,   p   =   0.025;   **,   p   =   0.0020,   n.s.,   not   
significant).   P0   and   P39,   postnatal   da\   0   and   39,   respectiYel\.   Each   bar   represents   the   meth\lation   leYel   
in   one   replicate.    (B)    DNA   meth\lation   in   P39   p\ramidal   cells   (mCG,   mCH;   mean   �   SEM)   in   1   kb   bins   in   
the   region   aroXnd   the   transcription   start   (TSS)   and   end   site   (TES)   of   DE   genes   and   non-DE   genes   Zith   
matched   e[pression   leYel.    (C)    Difference   in   gene   bod\   meth\lation   Ys.   fold-change   of   gene   e[pression   
betZeen   P39    Dnmt3a    cKO   and   control.   The   plots   shoZ   mean   �   SEM   gene   e[pression   fold-change   for   
genes   in   10   non-oYerlapping   bins   (deciles   of   mC   difference).    (D)    The    Nedd4    promoter   locXs   contains   foXr   
differentiall\   meth\lated   regions   (DMRs)   Zith   naiYe,   fetal-like   mCG   in   P39    Dnmt3a    cKO.   Ticks   shoZ   mCG   
at   CG   sites.   OYerlapping   P39   Dnmt3a   cKO   DMRs   and   deYelopmental   DMRs   are   shaded   in   blXe   and   
marked   Zith   arroZs.   CGI,   CpG   island.   R1   and   R2,   replicates   1   and   2.    (E)    OYerlap   of   P39    Dnmt3a    cKO   
DMRs   and   deYelopmental   DMRs.    (F)    P39    Dnmt3a    cKO   h\po-DMRs   are   significantl\   enriched   (depleted)   
in   DMRs   that   normall\   gain   (lose)   meth\lation   dXring   deYelopment   (Fisher   test,   p   <   0.05).   

DeleWiRQ   Rf    DQPW3a    dXUiQg   Pid-geVWaWiRQ   VhRXld   diVUXSW   Whe   VXbVeTXeQW   gaiQ   Rf   DNA   

PeWh\laWiRQ   aW   VSecific   geQRPic   ViWeV   dXUiQg   deYelRSPeQW    (He   eW   al.,   2017;   LiVWeU   eW   al.,   2013a) ,   

ZiWhRXW   affecWiQg   ViWeV   WhaW   PaiQWaiQ   RU   lRVe   PeWh\laWiRQ   afWeU   E14.5.   UViQg   ViQgle   

baVe-UeVRlXWiRQ,   ZhRle-geQRPe   PeWh\lC-VeT    (LiVWeU   eW   al.,   2008) ,   Ze   cRQfiUPed   WhaW   QRQ-CG   

DNA   PeWh\laWiRQ   (PCH)   iQ   e[ciWaWRU\   QeXURQV   iV   abVeQW   aW   biUWh   (<0.1%   Rf   all   CH   ViWeV   aW   P0),   
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aQd   accXPXlaWeV   b\   SRVWQaWal   da\   39   (2.11%   aW   P39)    (LiVWeU   eW   al.,   2013a) .   The   cKO   all   bXW   

eliPiQaWed   PCH   (<0.1%   aW   P0   aQd   P39)   (FigXUe   4A   aQd   S7A).   While   PCH   iQcUeaVeV   iQ   QeXURQV   

dXUiQg   SRVWQaWal   life,   Whe   geQRPe-Zide   leYel   Rf   PCG   iQ   Whe   bUaiQ   UePaiQV   high   WhURXghRXW   Whe   

lifeVSaQ    (LiVWeU   eW   al.,   2013b) .   We   fRXQd   WhaW   Whe   geQRPe-Zide   PCG   leYel   decUeaVed   b\   11.8%   

iQ   PaWXUe   (P39)   cKO   QeXURQV   (67.8%   iQ   cKO   YV.   79.6%   iQ   cRQWURl).   TheUe   ZaV   QR   diffeUeQce   iQ   

PCG   iQ   QeZbRUQ   Pice   (P0,   73.1%   iQ   bRWh   cKO   aQd   cRQWURl,   FigXUe   4A).   PCG   aW   P39   ZaV   

UedXced   iQ   61%   Rf   all   geQRPic   biQV   (10kb   UeVRlXWiRQ),   aQd   ZaV   VigQificaQWl\   lRZeU   iQ   all   geQRPic   

cRPSaUWPeQWV   (SURPRWeUV,   geQe   bRdieV,   e[RQV,   iQWURQV,   aQd   iQWeUgeQic   UegiRQV)   (FigXUe   S7B).   

The   UedXcWiRQ   iQ   PCG   ZaV   VWURQgl\   cRUUelaWed   ZiWh   UedXced   PCH   (SSeaUPaQ   cRUUelaWiRQ   0.677,   

S   <   10 -3 ,   FigXUe   S7C).   TheVe   daWa   VXSSRUW   a   URle   fRU    DQPW3a    iQ   SRVWQaWal    GH   QRYR    CG   aQd   CH   

DNA   PeWh\laWiRQ   acURVV   geQRPic   cRPSaUWPeQWV    (LiVWeU   eW   al.,   2013a;   SWURXd   eW   al.,   2017) .   

5HGXFHG   DNA   PHWK\ODWLRQ   GRHV   QRW   IXOO\   H[SODLQ   DOWHUHG   WUDQVFULSWLRQ   LQ    DnmW3a    FKO   

We   iQYeVWigaWed   ZheWheU   Whe   alWeUed   geQe   e[SUeVViRQ   iQ    DQPW3a    cKO   QeXURQV   cRUUelaWed   ZiWh   

lRVV   Rf   DNA   PeWh\laWiRQ   aW   VSecific   ViWeV.   We   fiUVW   aQal\]ed   DNA   PeWh\laWiRQ   aURXQd   DE   geQeV   

iQ   PaWXUe   QeXURQV   (P39).   The   ViPSle   PRdel   Rf   DNA   PeWh\laWiRQ   aV   a   UeSUeVViYe   UegXlaWRU   Rf   

geQe   e[SUeVViRQ   SUedicWV   WhaW   cKO   QeXURQV   ZRXld   haYe   lRZeU   leYelV   Rf   PC   QeaU   SURPRWeUV   aQd   

geQe   bRdieV   Rf   XS-UegXlaWed   geQeV,   aQd   higheU   PC   leYelV   aW   dRZQ-UegXlaWed   geQeV.   IQVWead,   Ze   

fRXQd   Whe   PCG   leYel   ZaV   lRZeU   iQ   cKO   QeXURQV   aURXQd   bRWh   XS-   aQd   dRZQ-UegXlaWed   geQeV   

(FigXUe   4B),   cRQViVWeQW   ZiWh   Whe   glRbal   UedXcWiRQ   iQ   PCG   iQ   Whe   cKO   aW   P39   (FigXUe   4A).   The   

diffeUeQce   iQ   geQe   bRd\   PeWh\laWiRQ   (PCG   aQd   PCH)   ZaV   QegaWiYel\   cRUUelaWed   ZiWh   geQe   

e[SUeVViRQ   chaQgeV,   cRQViVWeQW   ZiWh   UeSUeVViYe   UegXlaWiRQ    (Gabel   eW   al.,   2015;   LaYeU\   eW   al.,   

2020)    (FigXUe   4C).   HRZeYeU,   WhiV   cRUUelaWiRQ   accRXQWed   fRU   <1%   Rf   Whe   YaUiaQce   Rf   diffeUeQWial   

geQe   e[SUeVViRQ   (FigXUe   S7E).   
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We   Qe[W   VRXghW   WR   deWeUPiQe   if   XS-   aQd   dRZQ-UegXlaWed   geQeV   diffeU   iQ   Za\V   WhaW   cRXld   

e[SlaiQ   WheiU   diffeUeQW   UeVSRQVeV   WR   Whe   lRVV   Rf    DQPW3a .   US-UegXlaWed   geQeV   ZeUe   RQ   aYeUage   

lRQgeU   WhaQ   dRZQ-UegXlaWed   geQeV   (FigXUe   S4D,   WilcR[RQ,   S<10 -5 ),   cRQViVWeQW   ZiWh   Whe   UeSRUWed   

eQUichPeQW   Rf   PCA   aQd   MeCP2-deSeQdeQW   geQe   UeSUeVViRQ   iQ   lRQg   geQeV    (BR[eU   eW   al.,   2019;   

Gabel   eW   al.,   2015;   KiQde   eW   al.,   2016) .   HRZeYeU,   WheUe   ZaV   a   bURad   diVWUibXWiRQ   Rf   geQe   leQgWhV   

fRU   bRWh   XS-   aQd   dRZQ-UegXlaWed   geQeV,   aQd   XS-UegXlaWed   geQeV   ZeUe   QRW   VigQificaQWl\   lRQgeU   

WhaQ   XQaffecWed,   QRQ-DE   geQeV.   We   cRPSaUed   DNA   PeWh\laWiRQ   aW   XS-   YV.   dRZQ-UegXlaWed   

geQeV   WR   WeVW   ZheWheU   Whe\   had   diffeUeQW   eSigeQeWic   SURfileV.   IQ   bRWh   cKO   aQd   cRQWURl   aQiPalV,   

Whe   aPRXQW   Rf   PCG   ZaV   ViPilaU   aURXQd   XS-UegXlaWed   geQeV   aQd   QRQ-DE   geQeV   ZiWh   cRPSaUable   

e[SUeVViRQ   leYelV.   B\   cRQWUaVW,   Whe   PCG   leYelV   aURXQd   dRZQ-UegXlaWed   geQeV   ZeUe   lRZeU   WhaQ   

aURXQd   XS-UegXlaWed   geQeV   aQd   QRQ-DE   geQeV   ZiWh   PaWched   e[SUeVViRQ   (FigXUe   4B).   ThiV   

VXggeVWV   WhaW   dRZQ-UegXlaWed   geQeV   Pa\   be   leVV   VXVceSWible   WR   diUecW   UeSUeVViRQ   b\   DNA   

PeWh\laWiRQ,   aQd   WhaW   WheiU   dRZQUegXlaWiRQ   iV   aQ   iQdiUecW   cRQVeTXeQce   Rf   Whe   lRVV   Rf   PC.   

WheUeaV   PaWXUe    DQPW3a    cKO   QeXURQV   lRVW   11.8%   Rf   Whe   QRUPal   CG   PeWh\laWiRQ,   

QRQ-CG   PeWh\laWiRQ   ZaV   eQWiUel\   abRliVhed   aQd   heQce   Pa\   be   PRUe   VWURQgl\   cRUUelaWed   ZiWh   

diffeUeQWial   geQe   e[SUeVViRQ.   IQdeed,   Ze   fRXQd   WhaW   PCH   iV   PRUe   abXQdaQW   iQ   XS-UegXlaWed   WhaQ   

iQ   dRZQ-UegXlaWed   geQeV   iQ   cRQWURl   QeXURQV   (FigXUe   4B   aQd   S7D).   HRZeYeU,   Ze   alVR   RbVeUYed   

lRZeU   PCH   iQ   bRWh   XS-   aQd   dRZQ-UegXlaWed   geQeV   cRPSaUed   ZiWh   QRQ-DE   geQeV   ZiWh   eTXiYaleQW   

e[SUeVViRQ   leYelV   iQ   cRQWURl   aQiPalV.   ThiV   VXggeVWV   WhaW   VRPe   geQeV   ZiWh   UelaWiYel\   high   leYelV   Rf   

PCH   aQd   PCG   iQ   cRQWURl   QeXURQV   caQ   PaiQWaiQ   WheiU   e[SUeVViRQ   deVSiWe   Whe   lRVV   Rf   DNA   

PeWh\laWiRQ,   aQd   WhaW   de-UeSUeVViRQ   iV   QRW   a   XQiYeUVal   RXWcRPe   fRU   VWURQgl\   PeWh\laWed   geQeV.   

The   UelaWiYel\   lRZeU   PCH   leYel   iQ   dRZQ-UegXlaWed   geQeV,   b\   cRQWUaVW,   cRXld   Pake   WheP   leVV   
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VeQViWiYe   WR   Whe   lRVV   Rf    DQPW3a .   The   d\VUegXlaWiRQ   Rf   WheiU   e[SUeVViRQ   Pa\   be   dXe   WR   VecRQdaU\   

effecWV   VXbVeTXeQW   WR   Whe   diUecW   lRVV   Rf   DNA   PeWh\laWiRQ.    

IQ   addiWiRQ   WR   SURPRWeUV   aQd   geQe   bRdieV,   diVWal   UegXlaWRU\   elePeQWV   VXch   aV   eQhaQceUV   

aUe   PajRU   ViWeV   Rf   d\QaPic   DNA   PeWh\laWiRQ   ZheUe   eSigeQeWic   UegXlaWiRQ   caQ   acWiYaWe   RU   UeSUeVV   

e[SUeVViRQ   Rf   geQeV   RYeU   lRQg   geQRPic   diVWaQceV   WhURXgh   3D   chURPaWiQ   iQWeUacWiRQV    (Malik   eW   

al.,   2014) .   We   iQYeVWigaWed   geQe   UegXlaWRU\   elePeQWV   b\   ideQWif\iQg   diffeUeQWiall\   PeWh\laWed   

UegiRQV   (DMRV)   ZheUe   PCG   iV   alWeUed   iQ   cKO   cRPSaUed   WR   cRQWURl   QeXURQV.   We   fRXQd   a   liPiWed   

QXPbeU   Rf   DMRV   iQ   QeZbRUQ   Pice   (P0:   1,087   DMRV   ZiWh   lRZeU,   164   ZiWh   higheU   PCG   iQ   cKO;   

�30%   PCG   diffeUeQce;   FDR<0.01).   IQ   PaWXUe   QeXURQV   (P39),   b\   cRQWUaVW,   Ze   fRXQd   141,633   

DMRV   ZiWh   VXbVWaQWiall\   lRZeU   PCG   iQ   cKO   cRPSaUed   ZiWh   cRQWURlV   (FigXUe   S7F;   Table   S4).   

OQl\   19   DMRV   had   �30%   higheU   PCG   iQ   cKO.   TR   illXVWUaWe,   Ze   fRXQd   fiYe   DMRV   iQ   a   a40   kb   

UegiRQ   aURXQd   Whe   SURPRWeU   Rf   Whe   diffeUeQWiall\   e[SUeVVed   geQe    NHGG4    (FigXUe   4D).     SeYeUal   Rf   

WheVe   DMRV   ZeUe   alVR   XQPeWh\laWed   iQ   e[ciWaWRU\   QeXURQV   iQ   QeZbRUQ   Pice,   VhRZiQg   WhaW   Whe   

lRVV   Rf    DQPW3a    blRcked   Whe   deYelRSPeQWal   gaiQ   Rf   PCG   aW   WheVe   ViWeV.     

The   PajRUiW\   Rf   P39   cKO   DMRV   (67.8%)   ZeUe   diVWal   (�   10kb)   fURP   aQQRWaWed   

WUaQVcUiSWiRQ   VWaUW   ViWeV.   TheVe   DMRV   ZeUe   VigQificaQWl\   eQUiched   iQ   bRWh   acWiYe   eQhaQceUV   aQd   iQ   

UeSUeVVed   chURPaWiQ,   VXggeVWiQg   Whe\   haYe   a   UegXlaWRU\   URle   (FigXUe   S7G;   Vee   alVR   belRZ).   We   

fRXQd   109,236   deYelRSPeQWal   DMRV   Zhich   lRVe   PCG   beWZeeQ   P0   aQd   P39   iQ   cRQWURl   QeXURQV   

(�30%   diffeUeQce   iQ   PCG,   FDR<0.01).   TheVe   DMRV   VWURQgl\   RYeUlaSSed   (84.1%)   ZiWh   Whe   cKO   

DMRV   iQ   PaWXUe   QeXURQV   (FigXUe   4E-F,   Table   S4).   MRUeRYeU,   Whe   P39   cKO   DMRV   ZeUe   eQUiched   

iQ   DNA   VeTXeQce   PRWifV   Rf   PXlWiSle   WUaQVcUiSWiRQ   facWRUV   aVVRciaWed   ZiWh   QeXURQal   diffeUeQWiaWiRQ,   

iQclXdiQg    RHVW ,    LK[6 ,    PRX3I2    aQd    Pa[6    (FDR<0.05,   FigXUe   S7H,   Table   S5).   TheVe   UeVXlWV   
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VXggeVW   WhaW    DQPW3a    iV   eVVeQWial   fRU   Whe   PeWh\laWiRQ   aQd   VXbVeTXeQW   UeSUeVViRQ   Rf   QeXURQal   

eQhaQceUV   WhaW   aUe   acWiYe   dXUiQg   SUeQaWal   bUaiQ   deYelRSPeQW.     

NRWabl\,   Whe   DMRV   iQ    DQPW3a    cKO   QeXURQV   UeSUeVeQW   RQl\   a   SaUW   Rf   Whe   glRbal   UedXcWiRQ   

iQ   PCG   WhaW   Ze   RbVeUYed   WhURXghRXW   Whe   geQRPe.   IQdeed,   Ze   fRXQd   WhaW   PCG   iV   UedXced   b\   

a10%   iQ   all   geQRPic   cRPSaUWPeQWV,   eYeQ   afWeU   e[clXdiQg   P39   DMRV   (FigXUe   S7B).   MRUeRYeU,   

Whe   deQViW\   Rf   P39   cKO   DMRV   aURXQd   Whe   DE   geQeV   ZaV   QRW   VigQificaQWl\   diffeUeQW   iQ   Whe   XS-   aQd   

dRZQ-UegXlaWed   geQeV   aQd   Whe   QRQ-DE   geQeV   (FigXUe   S7I).   ThiV   fXUWheU   VXSSRUWV   a   cRPSle[   liQk   

beWZeeQ   UedXced   DNA   PeWh\laWiRQ   aQd   Whe   WUaQVcUiSWRPic   chaQgeV   Ze   RbVeUYed   iQ   Whe    DQPW3a   

cKO   aQiPalV.   

IQFUHDVHG   P5C2-DVVRFLDWHG   UHSUHVVLYH   KLVWRQH   PRGLILFDWLRQ   H3K27PH3   LQ    DnmW3a    FKO   

GiYeQ   Whe   Zeak   cRUUelaWiRQ   beWZeeQ   chaQgeV   iQ   DNA   PeWh\laWiRQ   aQd   geQe   e[SUeVViRQ,   Ze   

e[SlRUed   RWheU   SRWeQWial   UegXlaWRUV   Rf   Whe    DQPW3a    cKO   DE   geQeV.   TR   ideQWif\   WUaQVcUiSWiRQ   

facWRUV   (TFV)   aQd   chURPaWiQ   UegXlaWRUV   ZiWh   e[SeUiPeQWal   eYideQce   Rf   biQdiQg   aW   ciV-UegXlaWRU\   

UegiRQV   Rf   Whe   DE   geQeV,   Ze   SeUfRUPed   BiQdiQg   AQal\ViV   fRU   RegXlaWiRQ   Rf   TUaQVcUiSWiRQ   (BART)   

(WaQg   eW   al.,   2018) .   ChURPaWiQ   UegXlaWRUV   aVVRciaWed   ZiWh   PRl\cRPb   UeSUeVViYe   cRPSle[   2   

(PRC2),   iQclXdiQg    E]K2 ,    SX]12 ,    EHG    aQd    JaULG2 ,   ZeUe   aPRQg   Whe   WRS   DNA   biQdiQg   SURWeiQV   

eQUiched   QeaU   Whe   SURPRWeUV   Rf   bRWh   XS-   aQd   dRZQ-UegXlaWed   DE   geQeV   (FigXUe   5A).   SeYeUal   

TFV   aVVRciaWed   ZiWh   chURPaWiQ   RUgaQi]aWiRQ,   iQclXdiQg   Whe   hiVWRQe   deaceW\laVe   ( HGaF )   aQd   

dePeWh\laVe   ( KGP )   faPilieV,    C[[F1    aQd    CWFI ,   ZeUe   alVR   eQUiched   (FigXUe   S8A,   Table   S6).   TheVe   

UeVXlWV   VXggeVW    DQPW3a    cKO   iPSacWV   Whe   chURPaWiQ   laQdVcaSe   iQ   e[ciWaWRU\   QeXURQV,   SRWeQWiall\   

Yia   alWeUed   PRC2   acWiYiW\.   
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FLJXUH   5   _   PRO\cRPb   UHSUHVVLYH   cRPSOH[   2   (PRC2)   aVVRcLaWHG   KLVWRQH   PRGLILcaWLRQ   H3K27PH3   LV   
XSUHJXOaWHG   IROORZLQJ   ORVV   RI   DNA   PHWK\OaWLRQ.   (A)    Transcription   factors   (TFs)   predicted   to   regXlate   
P39    Dnmt3a    cKO   differentiall\   e[pressed   genes   inclXde   man\   proteins   associated   Zith   PRC2.   The   
fXnctional   TF   rank   score   Zas   assigned   b\   Binding   Anal\sis   of   RegXlation   of   Transcription   (BART) (Wang   
et   al.,   2018) .   ( B)    BroZser   YieZ   of   the    Mab21l2    locXs,   Zhere   increased   H3K27me3   (differentiall\   modified   
regions,   bottom   red   bars)   coincides   Zith   loss   of   DNA   meth\lation   ( Dnmt3a    cKO   DMRs,   orange   bars   Xnder   
the   ³P39   cKO"   track)   in   P39    Dnmt3a    cKO.   This   region   loses   H3K27me3   dXring   normal   deYelopment   in   
control   p\ramidal   neXrons   (blXe   bars,   P39   <   E14).   DMR,   differentiall\   meth\lated   region;   E14,   embr\onic   
da\   14;   P0   and   P39,   postnatal   da\   0   and   39.    (C)    Histone   modification   ChIP-seq   peaks   for   actiYe   marks   
(H3K4me3,   H3K27ac)   are   largel\   preserYed   in   the    Dnmt3a    cKO,   Zhile   repressiYe   H3K27me3   peaks   
e[pand.   

TR   e[SeUiPeQWall\   addUeVV   WhiV,   Ze   SeUfRUPed   ChIP-VeT   iQ   e[ciWaWRU\   QeXURQV   aW   

ePbU\RQic   da\   14   (E14)   aQd   SRVWQaWal   da\V   0   aQd   39   WR   PeaVXUe   WUiPeWh\laWiRQ   Rf   hiVWRQe   H3   

l\ViQe   27   (H3K27Pe3),   a   UeSUeVViYe   PaUk   ZhRVe   deSRViWiRQ   iV   caWal\]ed   b\   PRC2   WhaW   iV   

iPSRUWaQW   fRU   WUaQVcUiSWiRQal   VileQciQg   Rf   deYelRSPeQWal   geQeV.   IQ   P39   QeXURQV,   Ze   alVR   

PeaVXUed   WZR   hiVWRQe   PRdificaWiRQV   aVVRciaWed   ZiWh   acWiYe   chURPaWiQ:   H3K4Pe3   (WUiPeWh\laWiRQ   

Rf   hiVWRQe   H3   l\ViQe   4,   aVVRciaWed   ZiWh   SURPRWeUV)   aQd   H3K27ac   (aceW\laWiRQ   Rf   hiVWRQe   H3   

l\ViQe   27,   aVVRciaWed   ZiWh   acWiYe   SURPRWeUV   aQd   eQhaQceUV)    (HeiQ]   eW   al.,   2015) .   The   acWiYe   aQd   
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UeSUeVViYe   PaUkV,   aV   Zell   aV   PCG   aQd   PCH,   had   SRViWiYe   aQd   QegaWiYe   cRUUelaWiRQV   ZiWh   PRNA   

e[SUeVViRQ,   UeVSecWiYel\   (FigXUe   S8B).   We   QRWed   UegiRQV,   VXch   aV   Whe    MaE21O2    lRcXV   (FigXUe   

5B),   ZheUe   iQcUeaVed   H3K27Pe3   iQ   P39    DQPW3a    cKO   QeXURQV   cRiQcided   ZiWh   Whe   lRVV   Rf   

PeWh\laWiRQ   aW   DMRV.     

UViQg   a   cRQVeUYaWiYe   VWUaWeg\   WR   call   ChIP-VeT   SeakV    (ZaQg   eW   al.,   2009) ,   Ze   fRXQd   WhaW   

PaUkV   aVVRciaWed   ZiWh   WUaQVcUiSWiRQal   acWiYiW\   (H3K4Pe3   aQd   H3K27ac)   ZeUe   laUgel\   cRQVeUYed   

iQ   Whe   P39   cKO   aQd   cRQWURl   (FigXUe   5C).   B\   cRQWUaVW,   Ze   fRXQd   51.9%   PRUe   H3K27Pe3   SeakV   iQ   

PaWXUe   (P39)   cKO   WhaQ   cRQWURl   QeXURQV   (FigXUe   5C,   Table   S7).   WheQ   Ze   diUecWl\   ideQWified   

diffeUeQWiall\   PRdified   (DM)   UegiRQV,   Ze   fRXQd   QR   DM   fRU   H3K4Pe3   aQd   H3K27ac   beWZeeQ   Whe   

cKO   aQd   cRQWURl   iQ   P39   QeXURQV   (FigXUe   S8C).   B\   cRQWUaVW,   Ze   fRXQd   4,040   UegiRQV   ZiWh   

VigQificaQWl\   iQcUeaVed   H3K27Pe3   iQ   Whe   P39   cKO,   cRYeUiQg   a31.05   MB   Rf   Whe   geQRPe   (FigXUe   

S8D,   FDR<0.05,   Table   S8).   DiffeUeQWial   H3K27Pe3   aSSeaUV   laWe   dXUiQg   bUaiQ   PaWXUaWiRQ:   RQl\   3   

DM   UegiRQV   ZeUe   fRXQd   iQ   eaUlieU   deYelRSPeQW   VWageV   (E14   RU   P0;   FigXUe   S9).   GeQeV   aVVRciaWed   

ZiWh   WheVe   DM   UegiRQV   ZeUe   eQUiched   iQ   deYelRSPeQW   UelaWed   fXQcWiRQV   (FigXUe   S8E,   Table   S9).   

TheVe   UeVXlWV   VXggeVW   WhaW   Whe   iQcUeaVe   Rf   H3K27Pe3   iQ    DQPW3a    cKO   e[ciWaWRU\   QeXURQV   

RccXUUed   SRVW-QaWall\,   fRllRZiQg   Whe   PajRU   iPSacW   Rf   lRVV   Rf    DQPW3a    RQ   QeXURQal   DNA   

PeWh\laWiRQ.   
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FLJXUH   6   _   IQcUHaVHG   H3K27PH3   
cRPSHQVaWHV   ORVV   RI   SRVWQaWaO   DNA   
PHWK\OaWLRQ.   (A)    Most   (56.1%)   of   the   P39   
H3K27me3   peaks,   bXt   onl\   some   (23.3%)   
of   the   P39   H3K27ac   peaks,   oYerlap   Zith   
P39    Dnmt3a    cKO   DMRs.    (B)    Significant   
enrichment   (red)   or   depletion   (blXe)   of   P39   
Dnmt3a    cKO   DMRs   in   the   histone   
modification   ChIP-seq   peaks   (Fisher   test,   p   
<   0.05).   E14,   embr\onic   da\   14;   P0   and   
P39,   postnatal   da\   0   and   39.    (C)    Histone   
modification   ChIP-seq   signal   aroXnd   the   
center   of   DMRs.   Shaded   ribbon   indicates   
standard   error   of   the   mean.   RPKM,   reads   
per   kilobase   per   million.   ***,   Wilco[on   rank   
sXm   test   p   <   0.001.    (D)    Correlation   of   P39   
H3K27me3   signal   fold-changes   and   P39   
CG   meth\lation   leYels   differences   betZeen   
Dnmt3a    cKO   and   control   in   H3K27me   
ChIP-seq   peaks.   The   smoothed   line   is   fitted   
Xsing   a   generali]ed   additiYe   model,   and   the   
shaded   area   shoZs   95%   confidence   interYal   
of   the   fit.   r,   Spearman   correlation   coefficient.   
(E)    P39    Dnmt3a    cKO   DE   genes   Zith   
oYerlapping   P39    Dnmt3a    cKO   DMRs   shoZ   
small   bXt   significant   increases   of   
H3K27me3   in   P39   cKO.   ***,   Wilco[on   rank   
sXm   test   against   ]ero,   p   <   0.001.   DE   genes   
that   do   not   oYerlap   Zith   P39   cKO   DMRs   are   
shoZn   in   FigXre   S10A.   H3K27me3   signal   
Zas   calcXlated   as   the   RPKM   fold-change   
betZeen   H3K27me3   and   IgG.   

The   iQcUeaVe   iQ   H3K27Pe3   ZaV   clRVel\   aVVRciaWed   ZiWh   UegiRQV   WhaW   lRVW   DNA   

PeWh\laWiRQ   iQ   Whe    DQPW3a    cKO.   The   PajRUiW\   (56.1%)   Rf   Whe   UegiRQV   PaUked   b\   H3K27Pe3   iQ   

Whe   cKO   RYeUlaS   ZiWh   P39   cKO   DMRV   (FigXUe   6A,   FiVheU   WeVW   S   <   1e-100).   LikeZiVe,   P39   cKO   

DMRV   ZeUe   VigQificaQWl\   eQUiched   iQ   SeakV   aQd   DM   UegiRQV   Rf   H3K27Pe3   (28.1%   RYeUlaSSed   

H3K27Pe3   SeakV   iQ   cKO,   S<1e-100)   (FigXUe   6B).   The   DMRV   ZeUe   leVV   aVVRciaWed   ZiWh   

H3K27ac   (13.5%,   S   <   1e-100),   aQd   deSleWed   iQ   UegiRQV   PaUked   b\   H3K4Pe3   (1.1%,   S   =   

4.5e-38)   (FigXUe   6A-B   aQd   S8F-G).   MRUeRYeU,   H3K27Pe3   ZaV   PRUe   abXQdaQW   aW   Whe   ceQWeU   Rf   

DMRV   iQ   cKO   cRPSaUed   WR   cRQWURl   QeXURQV   aW   P39   (FigXUe   6C).   TheUe   ZaV   QR   cRUUeVSRQdiQg   

iQcUeaVe   Rf   H3K27Pe3   aW   WheVe   DMRV   iQ   QeZbRUQ   (P0)   RU   feWal   (E14)   QeXURQV.   GRiQg   be\RQd   
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RYeUlaSV   Rf   UegiRQV,   Ze   fRXQd   a   TXaQWiWaWiYe   aVVRciaWiRQ   beWZeeQ   Whe   chaQgeV   iQ   DNA   

PeWh\laWiRQ   aQd   H3K27Pe3   iQ   PaWXUe   (P39)   QeXURQV   (FigXUe   6D).   AW   H3K27Pe3   SeakV,   Whe   

ChIP-SeT   VigQal   iQWeQViW\   fRld-chaQge   beWZeeQ   cKO   aQd   cRQWURl   cRUUelaWed   ZiWh   Whe   lRVV   Rf   PCG   

iQ   cKO   (SSeaUPaQ   U   =   -0.27,   S   <   0.001).     

We   fXUWheU   e[aPiQed   ZheWheU   Whe   iQcUeaVed   H3K27Pe3   cRXld   accRXQW   fRU   Whe   UedXced   

e[SUeVViRQ   Rf   VRPe   geQeV   iQ   Whe    DQPW3a    cKO   QeXURQV.   We   fRXQd   WhaW   dRZQ-UegXlaWed   geQeV   

WhaW   RYeUlaS   DMRV   gaiQed   114%   PRUe   H3K27Pe3   WhaQ   XS-UegXlaWed   geQeV   (Fig.   6E,   WilcR[RQ   

UaQk   VXP   WeVW   S   =   7.35e-6;   FigXUe   S10A).   TheVe   daWa   Pa\   SaUWiall\   e[SlaiQ   Whe   facW   WhaW   788   

geQeV   ZeUe   dRZQ-UegXlaWed   eYeQ   afWeU   Whe   lRVV   Rf   UeSUeVViYe   DNA   PeWh\laWiRQ   iQ   Whe    DQPW3a   

cKO   (FigXUe   2A).   PRC2-PediaWed   UeSUeVViRQ   Pa\   cRPSeQVaWe   fRU   Whe   lRVV   Rf   PCG   aQd/RU   

PCH,   acWiQg   aV   aQ   alWeUQaWiYe   UeSUeVViYe   PechaQiVP   ZheQ   DNA   PeWh\laWiRQ   iV   diVUXSWed.   

DHYHORSPHQWDO   FKDQJHV   LQ   H3K27PH3   DUH   QRW   DIIHFWHG   E\    DnmW3a    FKO   

OXU   fiQdiQg   WhaW    DQPW3a    cKO   diVUXSWV   Whe   QRUPal   deYelRSPeQWal   gaiQ   Rf   DNA   PeWh\laWiRQ   

SURPSWed   XV   WR   aVk   ZheWheU   Whe   chaQgeV   iQ   H3K27Pe3   iQ   Whe   cKO   aUe   likeZiVe   aVVRciaWed   ZiWh   

deYelRSPeQWal   UegXlaWiRQ   Rf   H3K27Pe3.   IQdeed,   RXU   ChIP-SeT   daWa   fURP   E14,   P0   aQd   P39   

e[ciWaWRU\   QeXURQV   UeYealed   VWUikiQg   deYelRSPeQWal   d\QaPicV   iQ   H3K27Pe3.   We   ideQWified   

12,994   deYelRSPeQWall\   UegXlaWed   H3K27Pe3   DM   UegiRQV   beWZeeQ   E14   aQd   P39,   ZiWh   a   ViPilaU   

QXPbeU   Rf   UegiRQV   WhaW   gaiQ   (6,774)   aQd   lRVe   (6,220)   H3K27Pe3   (FigXUe   7A   aQd   S10B,   Table   

S10).   GeQeV   aVVRciaWed   ZiWh   WheVe   DM   UegiRQV   ZeUe   eQUiched   iQ   biRlRgical   SURceVVeV   iQYRlYed   

iQ   deYelRSPeQW   VXch   aV   QeUYRXV   V\VWeP   deYelRSPeQW   aQd   QeXURgeQeViV   (FigXUe   S10C).   The   

deYelRSPeQWal   H3K27Pe3   DM   UegiRQV   RYeUlaSSed   deYelRSPeQWal   DMRV,   ZiWh   a   QRWable   RYeUlaS   

Rf   UegiRQV   gaiQiQg   bRWh   PCG   aQd   H3K27Pe3   (FigXUe   7B).   BRWh   PRdificaWiRQV   Pa\   WhXV   acW   

WRgeWheU   WR   UeSUeVV   WhRXVaQdV   Rf   geQRPic   UegiRQV   dXUiQg   deYelRSPeQW.   
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FLJXUH   7   _   DHYHORSPHQWaO   G\QaPLcV   RI   H3K27PH3.   (A)    Heatmap   of   deYelopmentall\   regXlated   
H3K27me3   regions   in   E14   and   P39   control   samples.   CPM   -   coXnts   per   million;   R1/2   -   replicates.    (B)   
NXmber   of   deYelopmental   differentiall\   modified   H3K27me3   regions   that   oYerlap   deYelopmental   DMRs   
(left),   and   nXmber   of   deYelopmental   DMRs   that   oYerlap   deYelopmental   differentiall\   modified   H3K27me3   
regions   (right).    (C-E)    Normali]ed   H3K27me3   signal   (fold-changes   compared   to   P39   Control),   and   mCG,   
mCH   differences   (compared   to   the   aYerage   of   the   tZo   replicates   from   P39   Control)   in   peaks   that   oYerlaps   
Zith   deYelopmental   loss-of-H3K27me3   regions   ( C ),   deYelopmental   gain-of-H3K27me3   regions   ( D ),   or   
increased   H3K27me3   in   P39    Dnmt3a    cKO   ( E ).   

The   P39    DQPW3a    cKO   chaQgeV   Rf   H3K27Pe3   VigQal   ZeUe   Zeakl\   cRUUelaWed   ZiWh   Whe   

deYelRSPeQWal   chaQgeV   Rf   H3K27Pe3   VigQal   (U   =   ±0.12,   S<2.2e-16,   FigXUe   S10D).   MRUeRYeU,   

WheUe   ZaV   liWWle   aSSUeciable   diffeUeQce   beWZeeQ   Whe   H3K27Pe3   VigQal   fRld-chaQgeV   beWZeeQ   P39   
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aQd   E14   cKO   VaPSleV   cRPSaUed   ZiWh   WhRVe   Rf   cRQWURl   VaPSleV   (SSeaUPaQ   U   =   0.67,   S   <   0.001,   

FigXUe   S10E).     

TR   fXUWheU   VWUaWif\   Whe   jRiQW   diVWUibXWiRQ   Rf   deYelRSPeQWal   aQd    DQPW3a    cKO-deSeQdeQW   

chaQgeV   iQ   bRWh   H3K27Pe3   aQd   DNA   PeWh\laWiRQ,   Ze   aVVigQed   SeakV   WR   WhUee   gURXSV   (FigXUe   

7C-E   aQd   S10F-H).   GURXS   DeYLRVV   aQd   DeYGaiQ   SeakV   lRVe   RU   gaiQ   H3K27Pe3   dXUiQg   

deYelRSPeQW,   UeVSecWiYel\   (FigXUe   7C-D   aQd   S10F-G).   GURXS   cKO   SeakV   haYe   higheU   

H3K27Pe3   iQ   Whe    DQPW3a    cKO   cRPSaUed   WR   cRQWURl   aW   P39   (FigXUe   7E   aQd   S10H).   We   fRXQd   

WhaW   deYelRSPeQWal   SeakV   (DeYLRVV   aQd   DeYGaiQ)   ZeUe   UelaWiYel\   XQaffecWed   b\   Whe   cKO   ( Δ

H3K27Pe3   =   0.11,   -0.20   UeVSecWiYel\,   iQ   XQiWV   Rf   lRg10(CPM+1)),   ZheUeaV   GURXS   cKO   had   

WeQ-fRld   laUgeU   PeaQ   effecW   ( H3K27Pe3   =   1.12   UeVSecWiYel\).   GURXS   cKO   SeakV   alVR  Δ  

e[SeUieQced   gUeaWeU   lRVV   Rf   PCG   ( PCG   =   -21.7%)   WhaQ   GURXS   DeYLRVV   (±13.0%)   RU   DeYGaiQ  Δ  

(16.3%)   (FigXUe   7C-E   aQd   S10F-H,   Piddle   aQd   UighW   SaQelV).   TheVe   UeVXlWV   VXggeVW   WhaW   UegiRQV   

SURQe   WR   alWeUaWiRQ   Rf   H3K27Pe3   b\    DQPW3a    cKO   aUe   diVWiQcW   fURP   Whe   UegiRQV   affecWed   b\   

deYelRSPeQWall\   d\QaPic   H3K27Pe3.     

NRYHO   DNA   PHWK\ODWLRQ   YDOOH\V   ZLWK   LQFUHDVHG   H3K27PH3   VLJQDO   LQ   WKH    DnmW3a    FKO   

DNA   PeWh\laWiRQ   aQd   H2K27Pe3   haYe   cRPSlePeQWaU\   URleV   aW   DNA   PeWh\laWiRQ   Yalle\V   

(DMVV),   i.e.   laUge   UegiRQV   (�5   kb)   ZiWh   lRZ   PCG   (�15%)   WhaW   RccXU   aURXQd   ke\   WUaQVcUiSWiRQal   

UegXlaWRUV   Rf   deYelRSPeQW   iQ   hXPaQ   aQd   PRXVe   WiVVXeV    (MR   eW   al.,   2015;   Xie   eW   al.,   2013) .   

PUeYiRXV   VWXdieV   cRPSaUiQg   Whe   eSigeQeWic   SURfile   Rf   DMVV   acURVV   WiVVXeV   ideQWified   PXlWiSle   

caWegRUieV,   iQclXdiQg   cRQVWiWXWiYe   DMVV   SUeVeQW   iQ   all   WiVVXeV   aV   Zell   aV   WiVVXe-VSecific   DMVV    (Li   

eW   al.,   2018) .   We   fRXQd   PRUe   WhaQ   WZice   aV   PaQ\   DMVV   iQ   P39   cKO   (2,969)   cRPSaUed   ZiWh   

cRQWURl   (1,351)   QeXURQV   (FigXUe   8A,   Table   S12),   cRYeUiQg   a   gUeaWeU   geQRPic   WeUUiWRU\   (25.29   MB   

iQ   cKO,   11.93   MB   iQ   cRQWURl).   MRVW   DMVV   had   acWiYe   hiVWRQe   PaUkV   (H3K4Pe3+,   H3K27Pe3-),   
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Zhile   VRPe   had   UeSUeVVed   RU   biYaleQW   SURfileV   cRQViVWeQW   ZiWh   PRC2-aVVRciaWed   geQe   VileQciQg   

(H3K27Pe3+)   (FigXUe   8B).    B\   clXVWeUiQg   Whe   DMVV   XViQg   WheiU   SaWWeUQ   Rf   DNA   PeWh\laWiRQ,   

chURPaWiQ   PRdificaWiRQV,   aQd   geQe   e[SUeVViRQ,   Ze   fRXQd   Vi[   diVWiQcW   caWegRUieV   (FigXUe   8C-E).   

WheUeaV   PRVW   DMVV   lack   H3K27Pe3   (clXVWeUV   C1,   2,   4   aQd   5),   Ze   fRXQd   WZR   clXVWeUV   

aVVRciaWed   ZiWh   PRdeUaWe   (C3)   RU   high   (C6)   leYelV   Rf   H3K27Pe3.   ClXVWeU   C6   DMVV,   VXch   aV   

RQe   Rf   Whe   SURPRWeUV   Rf    FR[S2    (FigXUe   8C),   had   high   H3K27Pe3   aQd   lRZ   PCG   iQ   bRWh   cRQWURl   

aQd   cKO   QeXURQV,   aQd   ZeUe   QRW   VWURQgl\   affecWed   b\   lRVV   Rf   PC   iQ   Whe    DQPW3a    cKO.   B\   

cRQWUaVW,   clXVWeU   C3   DMVV,   iQclXdiQg   Whe   VecRQd   SURPRWeU   Rf    FR[S2    aQd   Whe   SURPRWeU   Rf  

SOF17a6    (eQcRdiQg   YeVicXlaU   glXWaPaWe   WUaQVSRUWeU,   VglXW2),   gaiQ   PC   dXUiQg   QRUPal   

deYelRSPeQW   (FigXUe   8C).   SRPe   Rf   WheVe   DMVV   gaiQed   H3K27Pe3   iQ   Whe   P39   cKO   cRPSaUed   WR   

cRQWURl   aQiPalV   (FigXUe   8E).   The   lRVV   Rf   PC   iQ   WheVe   UegiRQV   iQ   Whe    DQPW3a    cKO   did   QRW   lead   WR   

VWURQg   acWiYaWiRQ   Rf   geQe   e[SUeVViRQ,   SRWeQWiall\   dXe   WR   cRPSeQVaWRU\   PRC2-PediaWed   

UeSUeVViRQ.     

The   UePaiQiQg   clXVWeUV   lack   H3K27Pe3   aQd   aUe   iQVWead   PaUked   b\   lRZ   PCG   aQd   eiWheU   

high   H3K27ac   (clXVWeU   C5)   RU   bRWh   H3K27ac   aQd   H3K4Pe3   (clXVWeUV   C1,   C2).   ClXVWeU   C5   DMVV,   

VXch   aV   Whe    FR[S1    SURPRWeU   (FigXUe   8C),   haYe   high   PCG   iQ   Whe   feWal   bUaiQ   aQd   lRVe   PeWh\laWiRQ   

iQ   e[ciWaWRU\   QeXURQV   dXUiQg   bUaiQ   deYelRSPeQW.   ThiV   dePeWh\laWiRQ   iV   QRW   affecWed   iQ   Whe   

DQPW3a    cKO,   aQd   Ze   fRXQd   liWWle   diffeUeQce   beWZeeQ   Whe   cRQWURl   aQd   cKO   QeXURQV   aW   WheVe   ViWeV.   

FiQall\,   clXVWeUV   C1   aQd   C2   ZeUe   eQUiched   fRU   XS-   aQd   dRZQ-UegXlaWed   geQeV,   UeVSecWiYel\.   Like   

C5   DMVV,   Whe\   lRVe   PeWh\laWiRQ   dXUiQg   e[ciWaWRU\   QeXURQ   deYelRSPeQW   aQd   aUe   e[SaQded   iQ   Whe   

cKO   cRPSaUed   ZiWh   cRQWURl   aQiPalV   aW   6   ZeekV   Rf   age.   
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FLJXUH   8   _   DLVWLQcW   cOXVWHUV   RI   DNA   PHWK\OaWLRQ   YaOOH\V   ZHUH   aVVRcLaWHG   ZLWK   WKH   LQcUHaVHG   
H3K27PH3   VLJQaO   LQ   WKH    DQPW3a    cKO.      (A)    NXmber   of   DMVs   identified   in   the   P39    Dnmt3a    cKO   and   the   
Control   samples,   categori]ed   b\   Zhether   the\   appear   in   one   or   both   groXps   or   change   si]e   in   the   cKO.   
(B)    OYerlap   of   DMVs   Zith   the   H3K4me4   and/or   the   H3K27me3   ChIP-seq   peaks.    (C)    BroZser   tracks   
shoZing   e[amples   of   XniqXe   DNA   meth\lation   Yalle\s   (DMVs)   in   the    Dnmt3a    cKO   samples   and   the   
increased   H3K27me3   signal   in   their   flanking   regions.    (D)    Heatmap   of   DMVs   clXstered   b\   their   meth\lation   
leYels   and   histone   modifications.   The   last   tZo   colXmns   shoZ   the   enrichments   of   DM   peaks   of   H3K27me3   
and   DE   genes.   R1/2,   replicate   1/2;   RPKM,   reads   per   kilobase   per   million.    (E)    DistribXtion   of   DNA   
meth\lation,   histone   marks,   gene   e[pression,   DE   gene   enrichment,   enrichment   of   DM   peaks   of   
H3K27me3,   and   the   length   of   the   DMVs.   
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DLVFXVVLRQ   

TR   deWeUPiQe   Whe   URle   Rf   DNA   PeWh\laWiRQ   iQ   QeXURQV   afWeU   WheiU   biUWh,   Ze   deYelRSed   a   PRXVe   

PRdel   ZheUe   lRVV   Rf   DNA   PeWh\laWiRQ   RccXUV   iQ   SRVWPiWRWic   QeXURQV,   SUiRU   WR   Whe   SRVWQaWal   

iQcUeaVe   iQ    DQPW3a    e[SUeVViRQ   aQd   QRQ-CG   PeWh\laWiRQ    (LiVWeU   eW   al.,   2013a) .   CRQdiWiRQal   

deleWiRQ   Rf    DQPW3a    iQ   cRUWical   e[ciWaWRU\   QeXURQV   abRliVhed   QRQ-CG   PeWh\laWiRQ   aQd   UedXced   

CG   PeWh\laWiRQ   WhURXghRXW   Whe   geQRPe.   We   fRXQd   WhaW    DQPW3a    cKO   QeXURQV   had   bRWh   

iQcUeaVed   aQd   decUeaVed   e[SUeVViRQ   Rf   hXQdUedV   Rf   geQeV.   SiPilaU   cRPSle[   SaWWeUQV   iQ   geQe   

e[SUeVViRQ   ZeUe   UeceQWl\   UeSRUWed   ZheQ    DQPW3a    ZaV   deleWed   iQ   iQhibiWRU\   QeXURQV    (LaYeU\   eW   

al.,   2020)    aQd   fRllRZiQg   PaQiSXlaWiRQ   Rf   Whe   DNA   PeWh\laWiRQ   UeadeU   MeCP2    (BR[eU   eW   al.,   2019;   

JRhQVRQ   eW   al.,   2017) .   TheVe   geQe   e[SUeVViRQ   chaQgeV   Pa\   SaUWl\   UeflecW   Whe   diUecW   effecW   Rf   

lRZeU   geQe   bRd\   CH   PeWh\laWiRQ   aQd   Rf   lRVV   Rf   CG   aQd   CH   PeWh\laWiRQ   aW   geQe   SURPRWeUV   aQd   

diVWal   eQhaQceUV    (BR[eU   eW   al.,   2019;   ClePeQV   eW   al.,   2019) .   IQ   addiWiRQ,   VRPe   geQe   e[SUeVViRQ   

chaQgeV   cRXld   UeVXlW   fURP   Whe   diVUXSWiRQ   Rf   RWheU   UegXlaWRU\   SURceVVeV,   VXch   aV   WUaQVcUiSWiRQ   

facWRU   e[SUeVViRQ   RU   chURPaWiQ   PRdificaWiRQ.   IQdeed,   Ze   fRXQd   WhaW   Whe    DQPW3a    cKO   DMRV   

RYeUlaSSed   ZiWh   UegiRQV   WhaW   gaiQ   PeWh\laWiRQ   dXUiQg   QRUPal   SRVW-QaWal   deYelRSPeQW.   TheVe   

DMRV   had   iQcUeaVed   H3K27ac   iQ   Whe    DQPW3a    cKO,   cRQViVWeQW   ZiWh   RbVeUYaWiRQV   iQ   adXlW   

aQiPalV   lackiQg    DQPW3a    VSecificall\   iQ   GABAeUgic    SVW-    RU    VLS- e[SUeVViQg   iQWeUQeXURQV    (SWURXd   

eW   al.,   2020) .   IQ   WhRVe   e[SeUiPeQWV,   ePbU\RQic   geQe-UegXlaWRU\   elePeQWV   had   lRZeU   c\WRViQe   

PeWh\laWiRQ   aQd   iQcUeaVed   H3K27ac   aQd   H3K4Pe1    (SWURXd   eW   al.,   2020) .   ThiV   VXggeVWV   aQ   

eVVeQWial   URle   fRU    DQPW3a    aQd   DNA   PeWh\laWiRQ   iQ   VhaSiQg   Whe   WUaQVcUiSWRPe   dXUiQg   

deYelRSPeQW   iQ   SaUW   Yia   iQacWiYaWiRQ   Rf   ePbU\RQic   eQhaQceUV,   ZiWh   SRWeQWiall\   lRQg   laVWiQg   effecWV   

fRU   Whe   geQe   e[SUeVViRQ   SaWWeUQ   Rf   PaWXUe   QeXURQV.   
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TheUe   iV   a   VWURQg   aQWagRQiVWic   UelaWiRQVhiS   beWZeeQ   DNA   PeWh\laWiRQ   aQd   Whe   

PRC2-aVVRciaWed   hiVWRQe   PaUk,   H3K27Pe3    (BUiQkPaQ   eW   al.,   2012;   JeUPaQQ   eW   al.,   2014;   L\Qch   

eW   al.,   2012;   ReddiQgWRQ   eW   al.,   2013;   WX   eW   al.,   2010) .   SZiWchiQg   beWZeeQ   PRl\cRPb-   aQd   DNA   

PeWh\laWiRQ-PediaWed   UeSUeVViRQ   haV   beeQ   RbVeUYed   dXUiQg   deYelRSPeQW   aQd   iQ   caQceU    (MRhQ   

eW   al.,   2008;   SchleViQgeU   eW   al.,   2007;   WidVchZeQdWeU   eW   al.,   2007) .   SeYeUe   deSleWiRQ   Rf   PCG   

caQ   lead   WR   UediVWUibXWiRQ   Rf   H3K27Pe3,   caXViQg   deUeSUeVViRQ   Rf   deYelRSPeQWal   UegXlaWRUV   VXch   

aV   Whe    HR[    geQe   clXVWeUV    (ReddiQgWRQ   eW   al.,   2013) .   We   did   QRW   RbVeUYe   ecWRSic   e[SUeVViRQ   Rf   

WheVe   geQeV,   SRVVibl\   dXe   WR   Whe   UelaWiYel\   PRdeVW   UedXcWiRQ   iQ   PCG   iQ   RXU   PRdel   cRPSaUed   

ZiWh   cellV   lackiQg    DQPW1.    IQVWead,   Ze   fRXQd   WhaW   iQ   cRUWical   e[ciWaWRU\   QeXURQV,   WhRXVaQdV   Rf   

ViWeV   gaiQed   H3K27Pe3   fRllRZiQg   Whe   lRVV   Rf   PCG   iQ   Whe    DQPW3a    cKO.   TheVe   ViWeV,   Zhich   

QRUPall\   gaiQ   PeWh\laWiRQ   dXUiQg   SRVWQaWal   deYelRSPeQW,   ZeUe   lefW   XQPeWh\laWed   iQ   cKO   

QeXURQV.   TheVe   UegiRQV   ZeUe   laUgel\   diVWiQcW   fURP   Whe   ViWeV   WhaW   gaiQ   RU   lRVe   H3K27Pe3   dXUiQg   

QRUPal   deYelRSPeQW.   A   VXbVeW   Rf   WheVe   UegiRQV   fRUP   laUge-Vcale   DNA   PeWh\laWiRQ   Yalle\V   

(DMVV)   VSaQQiQg   ke\   UegXlaWRU\   geQeV.   OYeUall,   RXU   UeVXlWV   VXggeVW   WhaW   ZheQ   DNA   PeWh\laWiRQ   

iV   diVUXSWed,   PRC2-PediaWed   UeSUeVViRQ   Pa\   SaUWiall\   cRPSeQVaWe   fRU   Whe   lRVV   Rf   PCG   aQd/RU   

PCH   aQd   acW   aV   aQ   alWeUQaWiYe   PRde   Rf   eSigeQeWic   UeSUeVViRQ.   

We   fRXQd   QR   diffeUeQWial   e[SUeVViRQ   iQ   adXlW    DQPW3a    cKO   aQiPalV   Rf   Whe   fRXU   cRUe   

cRPSRQeQWV   Rf   PRC2   ( E]K2 ,    SX]12 ,    EHG    aQd    REES4 ).   HRZeYeU,   Whe   e[SUeVViRQ   Rf    MWI2    (alVR   

kQRZQ   aV    PFO2 ),   ZhRVe   SURWeiQ   SURdXcW   iV   a   PRl\cRPb-like   SURWeiQ   UeSRUWed   WR   UecUXiW   PRC2   WR   iWV   

WaUgeW   geQeV    (PeUiQR   eW   al.,   2018) ,   ZaV   a47%   higheU   iQ   Whe    DQPW3a    cKO   (FDR   =   0.016,   

SXSSlePeQWaU\   Table   2).    MWI2    ZaV   alVR   RQe   Rf   Whe   WRS   SUedicWed   UegXlaWRUV   Rf   DE   geQeV   baVed   

RQ   cRPSaUiVRQ   ZiWh   SXblic   ChIP-SeT   daWaVeWV    (WaQg   eW   al.,   2018) .   TheVe   fiQdiQgV   cRXld   iQdicaWe   

a   SRWeQWial   PechaQiVP   fRU   Whe   iQcUeaVed   H3K27Pe3   iQ    DQPW3a    cKO   QeXURQV.   
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Mid-geVWaWiRQ   deleWiRQ   Rf    DQPW3a    iQ   S\UaPidal   QeXURQV   caXVed   Whe   diffeUeQWial   

e[SUeVViRQ   Rf   1,720   geQeV   iQ   e[ciWaWRU\   QeXURQV   Rf   Whe   fURQWal   cRUWe[   Rf   aQiPalV   aQal\]ed   aW   5   

ZeekV   Rf   age.   A   VXbVWaQWial   fUacWiRQ   Rf   WhRVe   geQeV   had   aQQRWaWed   URleV   iQ   deQdUiWe   PRUShRlRg\   

aQd   V\QaSVe   fXQcWiRQ.   PUeYiRXV   VWXdieV   UeSRUWed   gURVV   PRWRU   deficiWV   aQd   a   VhRUWeQed   lifeVSaQ   

fRllRZiQg   eaUl\   ePbU\RQic   deleWiRQ   Rf    DQPW3a    (NJX\HQ   HW   aO.,   2007) .   B\   cRQWUaVW,   RQl\   VlighW   

alWeUaWiRQV   RccXUUed   ZheQ   Whe   deleWiRQ   RccXUUed   SaVW   Whe   VecRQd   SRVWQaWal   Zeek    (FeQg   eW   al.,   

2010;   MRUUiV   eW   al.,   2014) .   IQ   cRQWUaVW,   RXU   Pid-geVWaWiRQ    DQPW3a    cKO   Pice   had   QR   RYeUW   PRWRU   

deficiWV,   bXW   ZeUe   iPSaiUed   iQ   ZRUkiQg   PePRU\,   VRcial   iQWeUeVW   aQd   acRXVWic   VWaUWle.   We   VhRZed   

WhaW   la\eU   2   S\UaPidal   QeXURQV   iQ   Whe   PPFC   Rf    DQPW3a    cKO   aQiPalV   had   a   laUgeU   QXPbeU   Rf   

iPPaWXUe   deQdUiWic   VSiQeV   aQd   ZeUe   VigQificaQWl\   leVV   VeQViWiYe   WR   VRPaWic   iQjecWiRQV   Rf   

deSRlaUi]iQg   cXUUeQW   cRPSaUed   WR   cRQWURl   QeXURQV.   T he\   had   lRZeU   iQSXW   UeViVWaQce,   VXggeVWiQg   

iQcUeaVed   e[SUeVViRQ   Rf   fXQcWiRQal   WUaQVPePbUaQe   iRQ   chaQQelV.   The\   ZeUe   alVR   h\SeUSRlaUi]ed   

aW   UeVW   cRPSaUed   WR   cRQWURl,   bXW   fiUed   aURXQd   ViPilaU   PePbUaQe   YRlWageV.   IW   iV   WhXV   QRWeZRUWh\   

WhaW    DQPW3a    cKO   Pice   e[SUeVVed   VigQificaQWl\   PRUe   PRNA   eQcRdiQg   Whe   SRWaVViXP   chaQQel   

VXbXQiW    KFQT3    (39.5%   iQcUeaVe,   FDR=0.006,   Table   S2),   Zhich   PediaWeV   h\SeUSRlaUi]iQg   

M-cXUUeQWV   iQ   Whe   VXb-WhUeVhRld   YRlWage   UaQge    (BURZQ   aQd   YX,   2000)    aQd   UegXlaWeV   UeVWiQg   

PePbUaQe   SRWeQWial   aQd   QeXURQal   e[ciWabiliW\    (SchZake   eW   al.,   2000) .   

OXU   VWXd\   XVed   cRQdiWiRQal   ablaWiRQ   Rf    DQPW3a    iQ   e[ciWaWRU\   QeXURQV   Rf   Whe   PPFC   dUiYeQ   

b\   Whe   NeXURD6   SURPRWeU,   Zhich   iV   alVR   e[SUeVVed   iQ   Whe   hiSSRcaPSal   deQWaWe   g\UXV   aQd   

VXb-cRUWical   UegiRQV    (GRebbelV   eW   al.,   2006) .   TheVe   UegiRQV   Pa\   cRQWUibXWe   WR   SaUW   Rf   Whe   

behaYiRUal   deficiWV   Ze   RbVeUYed.   HRZeYeU,   Whe   VSecific   iPSaiUPeQWV   iQ   ZRUkiQg   PePRU\   aQd   

VRcial   iQWeUeVW,   aQd   iQ   V\QaSWic   PaWXUaWiRQ   iQ   la\eU   2   QeXURQV   Rf   PPFC,   WRgeWheU   VXggeVW   WhaW   

diVUXSWiRQ   Rf   PeWh\laWiRQ   SaWWeUQV   eVWabliVhed   b\    DQPW3a    dXUiQg   PPFC   QeXUal   PaWXUaWiRQ   cRXld   

haYe   PechaQiVWic   UeleYaQce   iQ   Whe   cRQWe[W   Rf   QeXURdeYelRSPeQWal   diVRUdeUV.   TheVe   daWa   
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cRPSlePeQW   UeceQW   geQeWic   UiVk   aVVRciaWiRQ   VWXdieV   liQkiQg    DQPW3a    ZiWh   aXWiVP    (C   YXeQ   eW   al.,   

2017;   SaQdeUV   eW   al.,   2015) .   

OXU   fiQdiQgV   highlighW   Whe   cUiWical   aQd   iQWeUcRQQecWed   URleV   iQ   bUaiQ   deYelRSPeQW   aQd   

cRgQiWiYe   fXQcWiRQ   Rf   WZR   PajRU   PRdeV   Rf   eSigeQeWic   UeSUeVViRQ   Rf   geQe   e[SUeVViRQ:   DNA   

PeWh\laWiRQ   aQd   PRC2-PediaWed   UeSUeVViRQ.   The   lRVV   Rf   DNA   PeWh\laWiRQ   iQ   e[ciWaWRU\   QeXURQV   

haV   faU-UeachiQg   effecWV   RQ   geQe   e[SUeVViRQ,   V\QaSWic   fXQcWiRQ,   aQd   cRgQiWiYe   behaYiRU,   aQd   

WUiggeUV   a   cRPSeQVaWRU\   gaiQ   Rf   Whe   PRC2-aVVRciaWed   UeSUeVViYe   PaUk   H3K27Pe3.   AlWhRXgh   

H3K27Pe3   SaUWiall\   cRPSeQVaWeV   fRU   Whe   lRVV   Rf   DNA   PeWh\laWiRQ,   Whe   deYelRSPeQWal   SURgUaPV   

aUe   QeYeUWheleVV   diVUXSWed   aQd   lead   WR   alWeUed   ciUcXiW   fRUPaWiRQ   aQd   behaYiRUal   d\VfXQcWiRQ.   OXU   

cKO   iV   a   UeVWUicWed   PaQiSXlaWiRQ   Rf   RQe   QeXURQ   W\Se,   \eW   iW   diUecWl\   iPSacWV   DNA   PeWh\laWiRQ   

WhURXghRXW   Whe   geQRPe   aW   PilliRQV   Rf   ViWeV.   MRYeURYeU,   addiWiRQal   QRQ-eQ]\PaWic   fXQcWiRQV   Rf   

DQPW3a ,   RWheU   WhaQ   iWV   PeWh\lWUaQVfeUaVe   acWiYiW\,   Pa\   alVR   cRQWUibXWe   WR   Whe   SheQRW\SeV   Ze   

RbVeUYed.   FXWXUe   ZRUk   fRcXViQg   RQ   eaUlieU   deYelRSPeQWal   VWageV,   aQd   XViQg   WaUgeWed   PeWhRdV   WR   

PaQiSXlaWe   eSigeQeWic   PaUkV   iQ   lRcal   geQRPic   UegiRQV    (LiX   eW   al.,   2016) ,   Pa\   helS   elXcidaWe   Whe   

caXVal   iQWeUacWiRQV   aPRQg   eSigeQeWic   PRdificaWiRQV   WhaW   aUe   cUiWical   fRU   QeXURQal   PaWXUaWiRQ   aQd   

fXQcWiRQ.   

ME7HOD6   

MeWhRdV   aQd   aVVRciaWed   UefeUeQceV   aUe   aYailable   iQ   Whe   RQliQe   YeUViRQ   Rf   Whe   SaSeU.   

AFNQRZOHGJPHQWV   

ThiV   ZRUk   ZaV   VXSSRUWed   b\   R01MH112763   WR   MMB   aQd   JRE,   aQd   a   KaYli   FRXQdaWiRQ   aZaUd   WR   

MMB,   APD   aQd   SBP.   JRE   iV   aQ   IQYeVWigaWRU   Rf   Whe   HRZaUd   HXgheV   Medical   IQVWiWXWe.   We   

ackQRZledge   VWiPXlaWiQg   diVcXVViRQV   ZiWh   HXda   ZRghbi   aQd   LaXUa   LaYeU\.   We   WhaQk   Whe   
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PePbeUV   Rf   Whe   Salk   BiRShRWRQicV   CRUe   DU.   UUi   MaQRU,   SaPP\   WeiVeU   NRYak,   aQd   DU.   TRQg   

ZhaQg   fRU   iQVighWfXl   VXggeVWiRQV.   We   alVR   WhaQk   JRVeSh   ChaPbeUV   aQd   CRlleeQ   HelleU   fRU   

WechQical   aVViVWaQce   iQ   aQiPal   haQdliQg,   aQd   MV.   FaiWh   ZhaQg   fRU   heU   iQYRlYePeQW   iQ   Whe   

PRUShRPeWUic   aQal\ViV   Rf   deQdUiWic   VSiQeV.   The   WaiWW   AdYaQced   BiRShRWRQicV   CRUe   FaciliW\   aW   Whe   

Salk   IQVWiWXWe   UeceiYeV   fXQdiQg   fURP   NIH-NCI   CCSG:   P30   014195   aQd   Whe   WaiWW   FRXQdaWiRQ.   The   

FlRZ   C\WRPeWU\   CRUe   FaciliW\   Rf   Whe   Salk   IQVWiWXWe   UeceiYeV   fXQdiQg   fURP   NIH-NCI   CCSG:   P30   

014195.   The   aXWhRUV   haYe   QR   cRQflicW   Rf   iQWeUeVW   iQ   UelaWiRQ   WR   Whe   ZRUk   deVcUibed   heUe.   

DDWD   DFFHVV.    All   VeTXeQciQg   daWa   aUe   aYailable   iQ   Whe   GeQe   E[SUeVViRQ   OPQibXV   XQdeU   

acceVViRQ   GSE141587   (UeYieZeU   acceVV   SaVVZRUd:   TYX[TVXTU[XS[ZY).     A   geQRPe   bURZVeU   

diVSla\iQg   Whe   VeTXeQciQg   daWa   iV   aYailable   aW   

hWWSV://bUaiQRPe.XcVd.edX/aQQRj_SUiYaWe/PP_dQPW3a_kR/    (fRU   UeYieZeU   acceVV,   XVeUQaPe:   

UeYieZeU,   SaVVZRUd:   dQPW3a).   

AXWKRU   FRQWULEXWLRQV.    JL,   APD,   JRE,   EAM,   MMB   deVigQed   UeVeaUch.   MMB,   YP,   JDL   cUeaWed   

WUaQVgeQic   PRXVe   PRdelV   aQd   SUeSaUed   VaPSleV   fRU   VeTXeQciQg.   APD,   SBP   SeUfRUPed   aQd   

iQWeUSUeWed   behaYiRUal   VWXdieV.   APD   SeUfRUPed   Vlice   elecWURSh\ViRlRg\   VWXdieV.   APD,   JO,   CYL,   

LF,   ISG   aQal\]ed   VSiQe   PRUShRlRg\.   CL,   JRN,   RGC,   SeUfRUPed   PeWh\lC-VeT,   RNA-VeT.   MZ,   

JRN   aQd   RGC   SeUfRUPed   ChIP-VeT.   JL,   CL   SeUfRUPed   biRiQfRUPaWic   aQd   cRPSXWaWiRQal   aQal\ViV   

Rf   VeTXeQciQg   daWa.   JL,   APD,   MZ,   CL,   JRE,   EAM,   MMB   iQWeUSUeWed   Whe   fiQdiQgV.   JL,   APD,   EAM,   

MMB   ZURWe   aQd   ediWed   Whe   PaQXVcUiSW   iQ   cRQVXlWaWiRQ   ZiWh   all   aXWhRUV.   MMB,   JRE,   EAM   

VXSeUYiVed   Whe   UeVeaUch.   
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FLJXUH   OHJHQGV:   
  

FLJXUH   1   _    DnmW3a    FRQGLWLRQDO   NQRFNRXW   (FKO)   LQ   FRUWLFDO   S\UDPLGDO   QHXURQV   GXULQJ   
PLG-JHVWDWLRQ   LPSDLUHG   ZRUNLQJ   PHPRU\,   VRFLDO   LQWHUHVW   DQG   DFRXVWLF   VWDUWOH   UHVSRQVHV.   
(A)    E[SeUiPeQWal   PRdel   Rf   Whe   cRQdiWiRQal   lRVV   Rf    DQPW3a    iQ   e[ciWaWRU\   QeXURQV.   P0   aQd   P39,   
SRVWQaWal   da\   0   aQd   39.   FANS,   flXRUeVceQce-acWiYaWed   QXclei   VRUWiQg.    (B)    RNA-VeT   cRQfiUPaWiRQ   
Rf   Whe   deleWiRQ   Rf    DQPW3a    e[RQ   19   iQ   P39   e[ciWaWRU\   QeXURQV.   RPKM,   UeadV   SeU   kilRbaVe   SeU   
PilliRQ.   R1/2,   UeSlicaWe   1/2.   T-WeVW   S   =   0.08.    (C)     DQPW3a    cKO   Pice   Pade   feZeU   VSRQWaQeRXV   
alWeUQaWiRQV   iQ   Whe   Y-Pa]e   WeVW   Rf   ZRUkiQg   PePRU\   (WilcR[RQ   WeVW,   **,   S   =   0.0079;   *,   S   =   0.011;   Q   
=15   Pale   cRQWURl,   15   Pale   cKO,   11   fePale   cRQWURl,   10   fePale   cKO).    (D)    Male    DQPW3a    cKO   Pice   
VSeQW   leVV   WiPe   iQWeUacWiQg   ZiWh   aQ   XQfaPiliaU   PRXVe,   iQdicaWiQg   UedXced   VRcial   iQWeUeVW   
(WilcR[RQ   WeVW;   *   S=0.01048;   Q   =14   Pale   cRQWURl,   15   Pale   cKO,   11   fePale   cRQWURl,   10   fePale   
cKO)    (E)    Male    DQPW3a    cKO   Pice   had   decUeaVed   VWaUWle   UeVSRQVe   WR   a   120   dB   acRXVWic   SXlVe   
(WilcR[RQ   WeVW,   **,   S   =   0.0019;   Q.V.,   QRW   VigQificaQW).   
  

FLJXUH   2   _    DnmW3a    FKO   GLVUXSWHG   H[SUHVVLRQ   RI   JHQHV   DVVRFLDWHG   ZLWK   GHQGULWLF   
PRUSKRORJ\   LQ   FRUWLFDO   S\UDPLGDO   QHXURQV .    (A)    GeQe   e[SUeVViRQ   iQ   cRQWURl   YV.    DQPW3a    cKO   
e[ciWaWRU\   QeXURQV   aW   P39,   VhRZiQg   VigQificaQW   XS-   (Ued)   aQd   dRZQ-UegXlaWed   (blXe)   diffeUeQWiall\   
e[SUeVVed   (DE)   geQeV   (falVe   diVcRYeU\   UaWe   FDR   <   0.05).   E[aPSleV   Rf   geQeV   iQYRlYed   iQ   
deQdUiWe   PRUShRgeQeViV   aUe   highlighWed.   IQVeW:   CRQViVWeQW   PRNA-VeT   acURVV   WZR   UeSlicaWeV   Rf   
DQPW3a    cKO.   TPM,   WUaQVcUiSWV   SeU   PilliRQ;   U,   SSeaUPaQ   cRUUelaWiRQ   cRefficieQW.    (B)    TRS   10   
VigQificaQWl\   eQUiched   GeQe   OQWRlRg\   BiRlRgical   PURceVV   aQQRWaWiRQV   fRU   DE   geQeV   (daVhed   liQe:   
FDR   =   0.05).    (C)    FRld-chaQge   fRU   DE   geQeV   ZiWh   aQ   aQQRWaWed   URle   iQ   deQdUiWe   PRUShRgeQeViV.   
  

FLJXUH   3   _   IPPDWXUH   VSLQH   PRUSKRORJ\   DQG   UHGXFHG   H[FLWDELOLW\   RI   OD\HU   2   H[FLWDWRU\   
QHXURQV   IROORZLQJ    DnmW3a    FKO.     (A)    E[aPSle   deQdUiWic   VegPeQWV   Rf   la\eU   2   S\UaPidal   
QeXURQV   iQ   Whe   SUeliPbic   UegiRQ   labeled   ZiWh   DiI   aQd   YiVXali]ed   XViQg   a   63[   RbjecWiYe   cRXSled   WR   
aQ   AiU\VcaQ   cRQfRcal   PicURVcRSe.   AUURZheadV   VhRZ   filRSRdia,   Zhich   ZeUe   PRUe   abXQdaQW   iQ   
DQPW3a    cKO   Pice.    (B)    The   deQViW\   Rf   PePbUaQe   SURWUXViRQV   ZaV   XQchaQged   iQ   Whe    DQPW3a   
cKO   (WilcR[RQ   WeVW,   Q.V.,   QRW   VigQificaQW).    (C)    MePbUaQe   SURWUXViRQV   ZeUe   VigQificaQWl\   lRQgeU   
aQd   QaUURZeU   iQ   Whe    DQPW3a    cKO   (K-S   WeVW,   S   <   0.001).    (D)    MRUe   VSiQeV   ZeUe   claVVified   aV   
iPPaWXUe   filRSRdia,   aQd   feZeU   aV   PaWXUe   PXVhURRP   VhaSed   VSiQeV   ZiWh   laUge   SRVWV\QaSWic   
deQViWieV   (WilcR[RQ   WeVW,   **,   S   =   0.0015;   *,   S   =   0.046   aQd   0.011   fRU   ThiQ   aQd   MXVhURRP,   
UeVSecWiYel\).    (E)    E[aPSle   ZhRle-cell   SaWch   claPS   UecRUdiQgV   fURP   SUeliPbic   la\eU   2   S\UaPidal   
QeXURQV   fRllRZiQg   60   SA   cXUUeQW   iQjecWiRQV,   Whe   PiQiPal   cXUUeQW   QeceVVaU\   WR   WUiggeU   aQ   acWiRQ   
SRWeQWial   (UheRbaVe)   iQ    DQPW3a    cKO.    (F)    The   PediaQ   UheRbaVe   ZaV   VigQificaQWl\   higheU   iQ   Whe   
DQPW3a    cKO   (W-WeVW,   **,   S   =   0.0042).    (G)    AcWiRQ   SRWeQWial   fUeTXeQc\   YV.   iQjecWed   cXUUeQW   (PeaQ   �   
V.e.P)   VhRZed   UedXced   e[ciWabiliW\   iQ    DQPW3a    cKO   (WilcR[RQ   WeVW,   *,   S   <   0.05).    K,L     DQPW3a    cKO   
QeXURQV   ZeUe   VlighWl\   h\SeUSRlaUi]ed   aW   V resW    ZheQ   cRPSaUed   WR   cRQWURl   (WilcR[RQ   WeVW,   *,   S   =   
0.049)   aQd   had   lRZeU   PePbUaQe   UeViVWaQce   (WilcR[RQ   WeVW,   *,   S   =   0.023).   
  

FLJXUH   4   _   LRVV   RI    DnmW3a    OHDYHV   WKRXVDQGV   RI   JHQRPLF   UHJLRQV   LQ   D   IHWDO-OLNH   
GHPHWK\ODWHG   VWDWH.   (A)    NRQ-CG   DNA   PeWh\laWiRQ   (PCH)   iV   eliPiQaWed,   aQd   PCG   iV   UedXced,   
iQ   P39    DQPW3a    cKO   S\UaPidal   cellV,   Zhile   PCG   aQd   PCH   leYelV   aUe   QRW   chaQged   iQ   P0   (T-WeVW:   
*,   S   =   0.025;   **,   S   =   0.0020,   Q.V.,   QRW   VigQificaQW).   P0   aQd   P39,   SRVWQaWal   da\   0   aQd   39,   
UeVSecWiYel\.   Each   baU   UeSUeVeQWV   Whe   PeWh\laWiRQ   leYel   iQ   RQe   UeSlicaWe.    (B)    DNA   PeWh\laWiRQ   iQ   
P39   S\UaPidal   cellV   (PCG,   PCH;   PeaQ   �   SEM)   iQ   1   kb   biQV   iQ   Whe   UegiRQ   aURXQd   Whe   
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WUaQVcUiSWiRQ   VWaUW   (TSS)   aQd   eQd   ViWe   (TES)   Rf   DE   geQeV   aQd   QRQ-DE   geQeV   ZiWh   PaWched   
e[SUeVViRQ   leYel.    (C)    DiffeUeQce   iQ   geQe   bRd\   PeWh\laWiRQ   YV.   fRld-chaQge   Rf   geQe   e[SUeVViRQ   
beWZeeQ   P39    DQPW3a    cKO   aQd   cRQWURl.   The   SlRWV   VhRZ   PeaQ   �   SEM   geQe   e[SUeVViRQ   
fRld-chaQge   fRU   geQeV   iQ   10   QRQ-RYeUlaSSiQg   biQV   (decileV   Rf   PC   diffeUeQce).    (D)    The    NHGG4   
SURPRWeU   lRcXV   cRQWaiQV   fRXU   diffeUeQWiall\   PeWh\laWed   UegiRQV   (DMRV)   ZiWh   QaiYe,   feWal-like   PCG   
iQ   P39    DQPW3a    cKO.   TickV   VhRZ   PCG   aW   CG   ViWeV.   OYeUlaSSiQg   P39   DQPW3a   cKO   DMRV   aQd   
deYelRSPeQWal   DMRV   aUe   Vhaded   iQ   blXe   aQd   PaUked   ZiWh   aUURZV.   CGI,   CSG   iVlaQd.   R1   aQd   R2,   
UeSlicaWeV   1   aQd   2.    (E)    OYeUlaS   Rf   P39    DQPW3a    cKO   DMRV   aQd   deYelRSPeQWal   DMRV.    (F)    P39   
DQPW3a    cKO   h\SR-DMRV   aUe   VigQificaQWl\   eQUiched   (deSleWed)   iQ   DMRV   WhaW   QRUPall\   gaiQ   (lRVe)   
PeWh\laWiRQ   dXUiQg   deYelRSPeQW   (FiVheU   WeVW,   S   <   0.05).   

  
FLJXUH   5   _   PRO\FRPE   UHSUHVVLYH   FRPSOH[   2   (P5C2)   DVVRFLDWHG   KLVWRQH   PRGLILFDWLRQ   
H3K27PH3   LV   XSUHJXODWHG   IROORZLQJ   ORVV   RI   DNA   PHWK\ODWLRQ.   (A)    TUaQVcUiSWiRQ   facWRUV   
(TFV)   SUedicWed   WR   UegXlaWe   P39    DQPW3a    cKO   diffeUeQWiall\   e[SUeVVed   geQeV   iQclXde   PaQ\   
SURWeiQV   aVVRciaWed   ZiWh   PRC2.   The   fXQcWiRQal   TF   UaQk   VcRUe   ZaV   aVVigQed   b\   BiQdiQg   AQal\ViV   
Rf   RegXlaWiRQ   Rf   TUaQVcUiSWiRQ   (BART) (WaQg   eW   al.,   2018) .   ( B)    BURZVeU   YieZ   Rf   Whe    MaE21O2   
lRcXV,   ZheUe   iQcUeaVed   H3K27Pe3   (diffeUeQWiall\   PRdified   UegiRQV,   bRWWRP   Ued   baUV)   cRiQcideV   
ZiWh   lRVV   Rf   DNA   PeWh\laWiRQ   ( DQPW3a    cKO   DMRV,   RUaQge   baUV   XQdeU   Whe   ³P39   cKO"   WUack)   iQ   
P39    DQPW3a    cKO.   ThiV   UegiRQ   lRVeV   H3K27Pe3   dXUiQg   QRUPal   deYelRSPeQW   iQ   cRQWURl   S\UaPidal   
QeXURQV   (blXe   baUV,   P39   <   E14).   DMR,   diffeUeQWiall\   PeWh\laWed   UegiRQ;   E14,   ePbU\RQic   da\   14;   
P0   aQd   P39,   SRVWQaWal   da\   0   aQd   39.    (C)    HiVWRQe   PRdificaWiRQ   ChIP-VeT   SeakV   fRU   acWiYe   PaUkV   
(H3K4Pe3,   H3K27ac)   aUe   laUgel\   SUeVeUYed   iQ   Whe    DQPW3a    cKO,   Zhile   UeSUeVViYe   H3K27Pe3   
SeakV   e[SaQd.     
  

FLJXUH   6   _   IQFUHDVHG   H3K27PH3   FRPSHQVDWHV   ORVV   RI   SRVWQDWDO   DNA   PHWK\ODWLRQ.   (A)    MRVW   
(56.1%)   Rf   Whe   P39   H3K27Pe3   SeakV,   bXW   RQl\   VRPe   (23.3%)   Rf   Whe   P39   H3K27ac   SeakV,   
RYeUlaS   ZiWh   P39    DQPW3a    cKO   DMRV.    (B)    SigQificaQW   eQUichPeQW   (Ued)   RU   deSleWiRQ   (blXe)   Rf   P39   
DQPW3a    cKO   DMRV   iQ   Whe   hiVWRQe   PRdificaWiRQ   ChIP-VeT   SeakV   (FiVheU   WeVW,   S   <   0.05).   E14,   
ePbU\RQic   da\   14;   P0   aQd   P39,   SRVWQaWal   da\   0   aQd   39.    (C)    HiVWRQe   PRdificaWiRQ   ChIP-VeT   
VigQal   aURXQd   Whe   ceQWeU   Rf   DMRV.   Shaded   UibbRQ   iQdicaWeV   VWaQdaUd   eUURU   Rf   Whe   PeaQ.   RPKM,   
UeadV   SeU   kilRbaVe   SeU   PilliRQ.   ***,   WilcR[RQ   UaQk   VXP   WeVW   S   <   0.001.    (D)    CRUUelaWiRQ   Rf   P39   
H3K27Pe3   VigQal   fRld-chaQgeV   aQd   P39   CG   PeWh\laWiRQ   leYelV   diffeUeQceV   beWZeeQ    DQPW3a   
cKO   aQd   cRQWURl   iQ   H3K27Pe   ChIP-VeT   SeakV.   The   VPRRWhed   liQe   iV   fiWWed   XViQg   a   geQeUali]ed   
addiWiYe   PRdel,   aQd   Whe   Vhaded   aUea   VhRZV   95%   cRQfideQce   iQWeUYal   Rf   Whe   fiW.   U,   SSeaUPaQ   
cRUUelaWiRQ   cRefficieQW.    (E)    P39    DQPW3a    cKO   DE   geQeV   ZiWh   RYeUlaSSiQg   P39    DQPW3a    cKO   
DMRV   VhRZ   VPall   bXW   VigQificaQW   iQcUeaVeV   Rf   H3K27Pe3   iQ   P39   cKO.   ***,   WilcR[RQ   UaQk   VXP   
WeVW   agaiQVW   ]eUR,   S   <   0.001.   DE   geQeV   WhaW   dR   QRW   RYeUlaS   ZiWh   P39   cKO   DMRV   aUe   VhRZQ   iQ   
FigXUe   S10A.   H3K27Pe3   VigQal   ZaV   calcXlaWed   aV   Whe   RPKM   fRld-chaQge   beWZeeQ   H3K27Pe3   
aQd   IgG.   
  

FLJXUH   7   _   DHYHORSPHQWDO   G\QDPLFV   RI   H3K27PH3.   (A)    HeaWPaS   Rf   deYelRSPeQWall\   
UegXlaWed   H3K27Pe3   UegiRQV   iQ   E14   aQd   P39   cRQWURl   VaPSleV.   CPM   -   cRXQWV   SeU   PilliRQ;   R1/2   -   
UeSlicaWeV.    (B)    BaUSlRWV   VhRZ   Whe   QXPbeUV   Rf   deYelRSPeQWal   diffeUeQWiall\   PRdified   H3K27Pe3   
UegiRQV   WhaW   RYeUlaS   deYelRSPeQWal   DMRV   (lefW   SaQel),   aQd   Whe   QXPbeUV   Rf   deYelRSPeQWal   
DMRV   WhaW   RYeUlaS   deYelRSPeQWal   diffeUeQWiall\   PRdified   H3K27Pe3   UegiRQV   (UighW   SaQel).    (C-E)   
NRUPali]ed   H3K27Pe3   VigQal   (fRld-chaQgeV   cRPSaUed   WR   P39   CRQWURl),   aQd   PCG,   PCH   
diffeUeQceV   (cRPSaUed   WR   Whe   aYeUage   Rf   Whe   WZR   UeSlicaWeV   fURP   P39   CRQWURl)   iQ   SeakV   WhaW   
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RYeUlaSV   ZiWh   deYelRSPeQWal   lRVV-Rf-H3K27Pe3   UegiRQV   ( C ),   deYelRSPeQWal   gaiQ-Rf-H3K27Pe3   
UegiRQV   ( D ),   RU   iQcUeaVed   H3K27Pe3   iQ   P39    DQPW3a    cKO   ( E ).   

  
FLJXUH   8   _   DLVWLQFW   FOXVWHUV   RI   DNA   PHWK\ODWLRQ   YDOOH\V   ZHUH   DVVRFLDWHG   ZLWK   WKH   
LQFUHDVHG   H3K27PH3   VLJQDO   LQ   WKH    DnmW3a    FKO.      (A)    NXPbeU   Rf   DMVV   ideQWified   iQ   Whe   P39   
DQPW3a    cKO   aQd   Whe   CRQWURl   VaPSleV,   caWegRUi]ed   b\   ZheWheU   Whe\   aSSeaU   iQ   RQe   RU   bRWh   
gURXSV   RU   chaQge   Vi]e   iQ   Whe   cKO.    (B)    OYeUlaS   Rf   DMVV   ZiWh   Whe   H3K4Pe4   aQd/RU   Whe   
H3K27Pe3   ChIP-VeT   SeakV.    (C)    BURZVeU   WUackV   VhRZiQg   e[aPSleV   Rf   XQiTXe   DNA   PeWh\laWiRQ   
Yalle\V   (DMVV)   iQ   Whe    DQPW3a    cKO   VaPSleV   aQd   Whe   iQcUeaVed   H3K27Pe3   VigQal   iQ   WheiU   
flaQkiQg   UegiRQV.    (D)    HeaWPaS   Rf   DMVV   clXVWeUed   b\   WheiU   PeWh\laWiRQ   leYelV   aQd   hiVWRQe   
PRdificaWiRQV.   The   laVW   WZR   cRlXPQV   VhRZ   Whe   eQUichPeQWV   Rf   DM   SeakV   Rf   H3K27Pe3   aQd   DE   
geQeV.   R1/2,   UeSlicaWe   1/2;   RPKM,   UeadV   SeU   kilRbaVe   SeU   PilliRQ.    (E)    DiVWUibXWiRQ   Rf   DNA   
PeWh\laWiRQ,   hiVWRQe   PaUkV,   geQe   e[SUeVViRQ,   DE   geQe   eQUichPeQW,   eQUichPeQW   Rf   DM   SeakV   Rf   
H3K27Pe3,   aQd   Whe   leQgWh   Rf   Whe   DMVV.   
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6XSSOHPHQWDU\   FLJXUH   1   _     DnmW3a    ZDV   GLVUXSWHG   RQ   ERWK   WKH   P5NA   DQG   SURWHLQ   OHYHOV   LQ   
WKH    DnmW3a    FKO   H[FLWDWRU\   QHXURQV.   (A)    E[SUeVViRQ   TXaQWificaWiRQ   Rf    LQ   VLWX    h\bUidi]aWiRQ   daWa   
Rf   geQe    NHVWLQ    aQd    NHXURG6    iQ   WeleQceShalic   YeVicle   fURP   Whe   AlleQ   DeYelRSiQg   BUaiQ   AWlaV   
( hWWS://deYelRSiQgPRXVe.bUaiQ-PaS.RUg/ ).   LefW   SaQel,   heaWPaS   Rf   Whe   geQe   e[SUeVViRQ   acURVV   
ageV   dXUiQg   deYelRSPeQW.   RighW   SaQel,   e[aPSle   iPageV   Rf   Whe   geQe   e[SUeVViRQ   iQ   E11.5.   IPage   
cUediW:   AlleQ   IQVWiWXWe.   E11.5-18.5,   ePbU\RQic   da\V;   P4-28,   SRVWQaWal   da\V.    (B)    GeQRPe   bURZVeU   
WUackV   Rf   PRNA-VeT   daWa   VhRZ   cRQfiUPaWiRQ   Rf   Whe   deleWiRQ   Rf    DQPW3a    e[RQ   19   iQ   P39    DQPW3a   
cKO   e[ciWaWRU\   QeXURQV.   The   WaUgeWed   e[RQ   UegiRQ   iV   highlighWed   iQ   Whe   lighW   blXe   Vhaded   bR[   
ZiWh   aQ   aVWeUiVk.   R1/2,   UeSlicaWe   1/2.    (C)    The   SURWeiQ   SURdXcW   Rf   Whe    DQPW3a    geQe   iV   diVUXSWed   iQ   
Whe   cKO   VaPSle.   TRS   SaQel,   WeVWeUQ   blRW;   BRWWRP   SaQel,   TXaQWificaWiRQ   Rf   Whe   SURWeiQ   
abXQdaQce.   P5   aQd   P13,   SRVWQaWal   da\V   5   aQd   13.   **,   T-WeVW   S   =   0.0017.    (D)    NiVVl   VWaiQed   VliceV   
VhRZ   QR   PRUShRlRgical   alWeUaWiRQV   iQ   Whe   bUaiQ   Rf   Whe    DQPW3a    cKO   aQiPalV.   PPFC,   Pedial   
SUefURQWal   cRUWe[;   CPX,   caXdaWe   SXWaPeQ.     
  

6XSSOHPHQWDU\   FLJXUH   2   _   7KH   FRQGLWLRQDO   DEODWLRQ   RI    DnmW3a    LQ   S\UDPLGDO   QHXURQV   GLG   
QRW   VLJQLILFDQWO\   LPSDLU   PRWRU   DFWLYLW\   QRU   LQFUHDVHG   DQ[LHW\   OHYHOV.   (A)    aQd    (D),    DQPW3a   
FKO    Pice   diVSla\ed   QRUPal   behaYiRU   iQ   Whe   RSeQ   field   WeVW,   WUaYeliQg   a   ViPilaU   diVWaQce    (A)    aV   
cRQWURl   Pice,   aQd   alVR   VhRZiQg   a   ViPilaU   degUee   Rf   ceQWeU   acWiYiW\    (D) .    (B)    The   e[SlRUaWRU\   
acWiYiW\   ZaV   VlighWl\   decUeaVed   iQ    DQPW3a    cKO   aQiPalV,   aV   VXggeVWed   b\   aQ   aWWeQXaWed   UeaUiQg   
behaYiRU.    (C)    The   WiPe   VSeQW   iQ   lighW   iQ   Whe   daUk-lighW   WUaQVfeU   WeVW   ZaV   QRW   VigQificaQWl\   affecWed   
b\   Whe   lack   Rf    DQPW3a.    (E)    The   fePale,   bXW   QRW   Whe   Pale,   cRhRUW   Rf    DQPW3a    cKO   Pice   VSeQW   
VigQificaQWl\   PRUe   WiPe   WhaQ   cRQWURl   Pice   iQ   Whe   RSeQ   aUPV   Rf   Whe   eleYaWed   SlXV   Pa]e,   cRQViVWeQW   
ZiWh   lRZeU   aQ[ieW\   leYelV   (WilcR[RQ   WeVW,   **,   S   =   0.0048;   Q.V.,   QRW   VigQificaQW.).   IQ   Whe   liQe   SlRWV   
( A-B ),   daWa   ZeUe   SUeVeQWed   aV   PeaQ   �   V.e.P.   IQ   all   bR[SlRWV   ( C-E ),   Whe   Piddle   hRUi]RQWal   baU   
UeSUeVeQWV   Whe   PediaQ;   Whe   lRZeU   aQd   XSSeU   hiQgeV   cRUUeVSRQd   WR   Whe   fiUVW   aQd   WhiUd   TXaUWileV,   
aQd   Whe   ZhiVkeU   e[WeQdV   fURP   Whe   hiQge   WR   Whe   YalXe   QR   fXUWheU   WhaQ   1.5   *   IQR   fURP   Whe   hiQge,   
ZheUe   IQR   iV   Whe   iQWeUTXaUWile   UaQge.   The   YalXeV   Rf   iQdiYidXal   e[SeUiPeQWV   aUe   UeSUeVeQWed   b\   
dRWV   VXSeUiPSRVed   RQ   Whe   bR[SlRWV.   WilcR[RQ   WeVW   VigQificaQce:   *,   S   <   0.05;   **,   S   <   0.01;   Q.V.,   QRW   
VigQificaQW.   
  

6XSSOHPHQWDU\   FLJXUH   3   _    DnmW3a    FKO-LQGXFHG   LPSDLUPHQW   RI   VWDUWOH   UHVSRQVH   ZDV   
DFFRPSDQLHG   E\   LQFUHDVHG   SUHSXOVH   LQKLELWLRQ,   DQG   WKH   FKO   GLG   QRW   DIIHFW   IHDU   PHPRU\.   
(A)    The   SeUceQWage   Rf   PPI   aW   SUeSXlVe   iQWeQViW\   Rf   69,   73   aQd   81   dB   (4,   8   aQd   16   dB   abRYe   Whe   
65   dB   backgURXQd,   UeVSecWiYel\)   ZaV   iQcUeaVed   iQ   Pale,   bXW   QRW   fePale   Pice   (WilcRQ[RQ   WeVW,   
***,   S   =   0.00076;   *,   S   =   0.016;   Q.V,   QRW   VigQificaQW).    (B)    The   iQcUeaVed   PPI   accRPSaQied   Whe   
iPSaiUPeQW   iQ   VWaUWle   UeVSRQVeV   WR   a   120   dB   WRQe   Sla\ed   aW   WhUee   WiPe   SRiQWV   dXUiQg   Whe   
UecRUdiQg   VeVViRQ   (HAB1   -   begiQQiQg   Rf   VeVViRQ;   HAB2   -   Piddle   Rf   VeVViRQ;   HAB3   -   eQd   Rf   
VeVViRQ)   (WilcRQ[RQ   WeVW   S   =   0.0027,   0.0019   aQd   0.0035   iQ   Pale   HAB1,   HAB2,   HAB3,   
UeVSecWiYel\,   aQd   QRW   VigQificaQW   iQ   fePale).   The   habiWXaWiRQ   WR   Whe   120   dB   aXdiWRU\   WRQe   (i.e.   Whe   
UelaWiYe   UedXcWiRQ   iQ   VWaUWle   UeVSRQVe   WhURXghRXW   Whe   e[SeUiPeQW)   ZaV   QRW   VigQificaQWl\   diffeUeQW   
beWZeeQ   geQRW\SeV.    (C-F)    FeaU   leaUQiQg   aQd   e[WiQcWiRQ   ZeUe   WeVWed   RYeU   fRXU   cRQVecXWiYe   da\V.   
N    =   14-15   SeU   gURXS.    (C)    FeaU   acTXiViWiRQ   WR   WhUee   WRQe-VhRck   SaiUiQgV   RccXUUed   RQ   da\   1;    (D)   
cRQWe[WXal   feaU   iQ   UelaWiRQ   WR   Whe   acTXiViWiRQ   cRQWe[W   (8ௗPiQ,   BlRck   =   2ௗPiQ)   ZaV   PeaVXUed   RQ   da\   
2;    (E)    cXed   feaU   Uecall   aQd   e[WiQcWiRQ   WUaiQiQg   RccXUUed   RQ   da\   3   (BlRck   =   fRXU   WRQe   WUialV),   aQd    (F)   
e[WiQcWiRQ   Uecall   (BlRck   =   fRXU   WRQe   WUialV)   RccXUUed   RQ   da\   4.    WilcR[RQ   WeVW   UeSRUWed   QR   
VigQificaQW   chaQgeV   beWZeeQ   Whe    DQPW3a    cKO   aQd   cRQWURl.   IQ   bR[SlRWV   ( A ),   Whe   Piddle   hRUi]RQWal   
baU   UeSUeVeQWV   Whe   PediaQ;   Whe   lRZeU   aQd   XSSeU   hiQgeV   cRUUeVSRQd   WR   Whe   fiUVW   aQd   WhiUd   
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TXaUWileV,   aQd   Whe   ZhiVkeU   e[WeQdV   fURP   Whe   hiQge   WR   Whe   YalXe   QR   fXUWheU   WhaQ   1.5   *   IQR   fURP   Whe   
hiQge,   ZheUe   IQR   iV   Whe   iQWeUTXaUWile   UaQge.   The   YalXeV   Rf   iQdiYidXal   e[SeUiPeQWV   aUe   
UeSUeVeQWed   b\   dRWV   VXSeUiPSRVed   RQ   Whe   bR[SlRWV.   IQ   Whe   liQe   SlRWV   ( B-F ),   daWa   ZeUe   SUeVeQWed   
aV   PeaQ   �   V.e.P.     
  

6XSSOHPHQWDU\   FLJXUH   4   _   5NA-VHT   GDWD   VKRZHG   WUDQVFULSWRPLF   GLVUXSWLRQ,   HVSHFLDOO\   LQ   
JHQHV   DVVRFLDWHG   ZLWK   GHQGULWLF   PRUSKRJHQHVLV,   LQ    DnmW3a    FKO   S\UDPLGDO   QHXURQV.     (A)   
CRUUelaWiRQ   Rf   geQe   e[SUeVViRQ   iQ   Whe   WZR   biRlRgical   UeSlicaWeV   Rf   Whe   cRQWURl   PRXVe   e[ciWaWRU\   
QeXURQV.   TPM,   WUaQVcUiSWV   SeU   PilliRQ.   U,   SSeaUPaQ   cRUUelaWiRQ   cRefficieQW.    (B)    VRlcaQR   SlRW   
VhRZV   Whe   geQe   e[SUeVViRQ   fRld-chaQge   Rf   P39    DQPW3a    cKO   YV.   CRQWURl   VaPSleV   aQd   WheiU   
VigQificaQce.   SigQificaQW   XS-   aQd   dRZQ-UegXlaWed   diffeUeQWiall\   e[SUeVVed   geQeV   (DE   geQeV,   FDR   
<   0.05)   aUe   cRlRUed   iQ   Ued   aQd   blXe,   UeVSecWiYel\.    (C)    CRPSaUiVRQ   Rf   fRld   eQUichPeQW   Rf   GO   
WeUPV   VigQificaQWl\   eQUiched   (FDR   <   0.05)   iQ   XS-   aQd   dRZQ-UegXlaWed   geQeV   iQ   P39.   TeUPV   
VigQificaQWl\   eQUiched   RQl\   iQ   XS-UegXlaWed   geQeV,   eQUiched   RQl\   iQ   dRZQ-UegXlaWed   geQeV   aQd   
eQUiched   iQ   bRWh   Whe   XS-   aQd   dRZQ-UegXlaWed   geQeV   aUe   cRlRUed   iQ   Ued,   blXe   aQd   SXUSle,   
UeVSecWiYel\.   ReSUeVeQWaWiYe   WeUPV   UelaWed   WR   deQdUiWe   aQd   VSiQe   deYelRSPeQW   aUe   labeled.    (D)   
GeQe   leQgWh   diVWUibXWiRQ   Rf   P39   DE   geQeV.   AV   cRPSaUiVRQ,   QRQ-DE   geQeV   ZeUe   VelecWed   ZiWh   
FDR   �   0.05   aQd   fRld-chaQge   <   1.1   (Vee   SXSSlePeQWaU\   Table   2).   The   dRZQ-UegXlaWed   geQeV   aUe   
geQeUall\   VhRUWeU   WhaQ   Whe   XS-UegXlaWed   geQeV   RU   Whe   QRQ-DE   geQeV.   kb,   kilRbaVeV.   WilcR[RQ   
WeVW,   ****,   S   <   10 -5 ,   Q.V.   QRW   VigQificaQW.     
  

6XSSOHPHQWDU\   FLJXUH   5   _   7KH   PHPEUDQH   SURWUXVLRQV   LQ   WKH    DnmW3a    FKO   VKRZHG   ORQJHU   
GHQGULWLF   VSLQHV   DQG   QDUURZHU   KHDGV.    RelaWed   WR   FigXUe   3C.   HeUe   each   liQe/bR[   UeSUeVeQWV   
daWa   fURP   RQe   deQdUiWe   fUagPeQW.    (A)    aQd    (C),    The   cXPXlaWiYe   diVWUibXWiRQ   Rf   Whe   leQgWh   ( A )   aQd   
ZidWh   ( C )   Rf   PePbUaQe   SURWUXViRQV   iQ   Whe    DQPW3a    cKO   (RUaQge),   aV   cRPSaUed   WR   cRQWURl   Pice   
(black).    (B)    aQd    (D) ,   diVWUibXWiRQ   Rf   Whe   leQgWh   ( B )   aQd   ZidWh   ( D )   Rf   Whe   SURWUXViRQV.   The   Vhaded   
cRlRUV   iQ   Whe   bR[   UeSUeVeQW   Whe   iQdiYidXal   aQiPalV   fURP   Zhich   Whe   deQdUiWe   fUagPeQW   RUigiQaWed   (5  
cRQWURl   Pice   aQd   4   cKO   Pice).   The   Piddle   hRUi]RQWal   baU   UeSUeVeQWV   Whe   PediaQ;   Whe   lRZeU   aQd   
XSSeU   hiQgeV   cRUUeVSRQd   WR   Whe   fiUVW   aQd   WhiUd   TXaUWileV,   aQd   Whe   ZhiVkeU   e[WeQdV   fURP   Whe   hiQge   
WR   Whe   YalXe   QR   fXUWheU   WhaQ   1.5   *   IQR   fURP   Whe   hiQge,   ZheUe   IQR   iV   Whe   iQWeUTXaUWile   UaQge.   The     
WilcR[RQ   WeVW   ZaV   dRQe   ZiWh   Whe   PediaQV   Rf   Whe   bR[eV   (16   cRQWURl   YV.   15   cKO).   
  

6XSSOHPHQWDU\   FLJXUH   6   _   7KH   FRQGLWLRQDO   DEODWLRQ   RI    DnmW3a    LQ   S\UDPLGDO   QHXURQV   GLG   
QRW   VLJQLILFDQWO\   DOWHU   WKH   PHPEUDQH   SRWHQWLDO   WKUHVKROG   IRU   DFWLRQ   SRWHQWLDO   JHQHUDWLRQ,   
WKH   PHDQ   DPSOLWXGH   RU   IUHTXHQF\   RI   PLQLDWXUH   H[FLWDWRU\   SRVWV\QDSWLF   HYHQWV.   (A)    AcWiRQ   
SRWeQWialV   ZeUe   iQiWiaWed   aW   a   ViPilaU   PePbUaQe   SRWeQWial   iQ   bRWh   geQRW\SeV   (WilcR[RQ   WeVW,   Q.V.,   
QRW   VigQificaQW).    (B)    While   PEPSCV   aPSliWXde   ZaV   QRW   VigQificaQWl\   diffeUeQW   beWZeeQ   geQRW\SeV   
(WilcR[RQ   WeVW,   Q.V.,   QRW   VigQificaQW),   iW   ZaV   VlighWl\,   \eW   VigQificaQWl\,   PRUe   YaUiable   iQ   Whe    DQPW3a   
cKO   (F-WeVW   S   =   0.0032).    (C)    PEPSCV   fUeTXeQc\   ZaV   QRW   VigQificaQWl\   chaQged.   IQ   all   bR[SlRWV,   
Whe   Piddle   hRUi]RQWal   baU   UeSUeVeQWV   Whe   PediaQ;   Whe   lRZeU   aQd   XSSeU   hiQgeV   cRUUeVSRQd   WR   Whe   
fiUVW   aQd   WhiUd   TXaUWileV,   aQd   Whe   ZhiVkeU   e[WeQdV   fURP   Whe   hiQge   WR   Whe   YalXe   QR   fXUWheU   WhaQ   1.5   *   
IQR   fURP   Whe   hiQge,   ZheUe   IQR   iV   Whe   iQWeUTXaUWile   UaQge.   The   YalXeV   Rf   iQdiYidXal   e[SeUiPeQWV   
aUe   UeSUeVeQWed   b\   dRWV   VXSeUiPSRVed   RQ   Whe   bR[SlRWV.     
  

6XSSOHPHQWDU\   FLJXUH   7   _   GHQRPH-ZLGH   UHGXFWLRQ   RI   DNA   PHWK\ODWLRQ   ZDV   REVHUYHG   LQ   
DnmW3a    FKO,   EXW   WKLV   FDQQRW   IXOO\   H[SODLQ   WKH   GLVUXSWLRQ   LQ   WKH   WUDQVFULSWRPH.     (A)    The   
UedXcWiRQ   Rf   geQRPe-Zide   DNA   PeWh\laWiRQ   leYel   iQ   P39   iV   RbVeUYed   iQ   all   WhUee   QRQ-CG   
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cRQWe[WV   (CA,   CC   aQd   CT).   W-WeVW   VigQificaQce,   ***,   S   =   0.00087;   **,   S   =   0.0050.    (B)    DNA   
PeWh\laWiRQ   aW   CG   ViWeV   iV   UedXced   acURVV   all   fXQcWiRQal   geQRPic   cRPSaUWPeQWV   iQ   P39.   UTR,   
XQWUaQVlaWed   UegiRQ.   W-WeVW   VigQificaQce,   ***,   S   <   0.001;   *,   S   <   0.05.    (C)    RedXced   PCG   iV   VWURQgl\   
cRUUelaWed   ZiWh   Whe   UedXcWiRQ   iQ   PCH   iQ   P39   iQ   10-kb   WiliQg   geQRPic   biQV   (258,012   biQV   ZiWh   aW   
leaVW   10   UeadV   cRYeUed   iQ   each   VaPSle).   U,   SSeaUPaQ   cRUUelaWiRQ   cRefficieQW.    (D)    CRUUelaWiRQ   Rf   
geQe   e[SUeVViRQ   aQd   geQe   bRd\   PCH   leYel   fRU   XS-UegXlaWed   geQeV   (Ued),   dRZQ-UegXlaWed   geQeV   
(blXe)   aQd   QRQ-DE   geQeV   (black)   iQ   Whe   P39   CRQWURl   VaPSleV.   FRU   each   geQe   gURXS,   geQeV   aUe   
VWUaWified   b\   WheiU   e[SUeVViRQ   iQ   Whe   cRQWURl   VaPSle   b\   15   biQV,   aQd   Whe   PeaQ   geQe   bRd\   PCH   
leYelV   aUe   SlRWWed.   The   Vhaded   UibbRQ   aUeaV   iQdicaWe   Whe   VWaQdaUd   eUURU   Rf   Whe   PeaQ.   TPM,   
WUaQVcUiSWV   SeU   PilliRQ.    (E)    DeQViW\   VcaWWeU   SlRWV   VhRZiQg   Whe   UelaWiRQVhiS   beWZeeQ   chaQgeV   Rf   
geQe   bRd\   PeWh\laWiRQ   (delWa   PCG   RU   PCH)   aQd   Whe   geQe   e[SUeVViRQ   fRld   chaQgeV   fRU   
e[SUeVVed   geQeV   (14,534   geQeV)   beWZeeQ   P39    DQPW3a    cKO   aQd   cRQWURl   VaPSleV.   The   liQeaU   
UegUeVViRQ   fiWV,   S-YalXeV   aQd   YaUiaQceV   e[SlaiQed   b\   ̈ %PC   (R 2 )   aUe   VhRZQ.    (F)    2-D   diVWUibXWiRQ   
Rf   PCG   leYelV   iQ   P39   CRQWURl   YV.    DQPW3a    cKO   VaPSleV   aW   DMRV.   DMR   deQViW\   iV   eVWiPaWed   
WhURXgh   a   GaXVViaQ   VPRRWhed   keUQel.    (G)    EQUichPeQW   (Ued)   RU   deSleWiRQ   (blXe)   Rf   P39   cKO   
DMRV   iQ   GENCODE   aQQRWaWed   geQe   feaWXUeV   (WRS),   iQ   CSG   iVlaQd   UelaWed   feaWXUeV   (Piddle),   aQd   
iQ   Whe   chURPaWiQ   VWaWeV   PaS   iQ   PRXVe   ePbU\RQic   VWeP   cell   (bRWWRP).   All   eQUichPeQWV   aQd   
deSleWiRQV   VhRZQ   aUe   VigQificaQW   (fiVheU   WeVW   S   <   0.05).    (H)    NXPbeU   Rf   kQRZQ   WUaQVcUiSWiRQ   facWRU   
biQdiQg   PRWifV   ZiWhiQ   P39    DQPW3a    cKO   h\SR-DMRV   aQd   WheiU   fRld   eQUichPeQW.   SigQificaQW   PRWifV   
(FDR   <   0.05)   aUe   cRlRUed   iQ   Ued.    (I)    The   deQViW\   Rf   P39    DQPW3a    cKO   h\SR-DMRV   aURXQd   
diffeUeQWiall\   e[SUeVVed   geQeV.   TSS,   TUaQVcUiSWiRQ   SWaUW   SiWe;   TES,   TUaQVcUiSWiRQ   EQd   SiWe.   
  

6XSSOHPHQWDU\   FLJXUH   8   _   H3K27PH3   VLJQDO   ZDV   LQFUHDVHG   LQ   P39    DnmW3a    FKO   DQG   KLJKO\   
RYHUODSSHG   ZLWK   DM5V.   (A)    TUaQVcUiSWiRQ   facWRUV   (TFV)   aVVRciaWed   ZiWh   chURPaWiQ   RUgaQi]aWiRQ   
ZeUe   SUedicWed   WR   UegXlaWe   DE   geQeV   iQ   Whe   P39    DQPW3a    cKO.   The   fXQcWiRQal   TF   UaQk   VcRUe   ZaV   
giYeQ   b\   BiQdiQg   AQal\ViV   Rf   RegXlaWiRQ   Rf   TUaQVcUiSWiRQ   (BART) (WaQg   eW   al.,   2018) .   TFV   
SUedicWed   WR   UegXlaWe   RQl\   XS-UegXlaWed   geQeV,   WR   UegXlaWe   RQl\   dRZQ-UegXlaWed   geQeV   aQd   WR   
UegXlaWe   bRWh   Whe   XS-   aQd   dRZQ-UegXlaWed   geQeV   aUe   cRlRUed   iQ   Ued,   blXe   aQd   black,   UeVSecWiYel\.   
(B)    CRUUelaWiRQ   heaWPaS   Rf   eSigeQeWic   PaUkV   aQd   RNA   UeadV   iQ   10   kb   WiliQg   geQRPic   biQV.   FRU   
PCG   aQd   PCH,   Whe   PeaQ   PeWh\laWiRQ   iQ   each   biQ   iV   XVed.   FRU   RNA-VeT   aQd   hiVWRQe   
PRdificaWiRQ   ChIP-VeT,   Whe   RPKM   (UeadV   SeU   kilRbaVe   SeU   PilliRQ)   YalXe   iQ   each   biQ   iV   XVed.   The   
deQdURgUaP   iV   calcXlaWed   b\   hieUaUchical   clXVWeUiQg   ZiWh   cRPSleWe   liQkage   XViQg   Whe   eXclideaQ   
diVWaQceV   Rf   Whe   SSeaUPaQ   cRUUelaWiRQ   acURVV   Whe   VaPSleV.   ReS1/2,   UeSlicaWe   1/2.    (C)    MA   SlRWV   
VhRZ   WhaW   QR   VigQificaQW   chaQgeV   Rf   H3K4Pe3   aQd   H3K27ac   VigQal   iQ   P39    DQPW3a    cKO   
cRPSaUed   WR   cRQWURl.    (D)    MA   SlRWV   VhRZ   WhaW   VigQificaQW   diffeUeQWiall\   PRdified   H3K27Pe3   
UegiRQV   aUe   RQl\   fRXQd   iQ   P39    DQPW3a    cKO   bXW   QRW   E14   RU   P0   ZheQ   cRPSaUed   WR   cRQWURl.    (E)   
TRS   10   GeQe   OQWRlRg\   WeUPV   Rf   Whe   BiRlRgical   PURceVV   RQWRlRg\   eQUiched   iQ   Whe   geQeV   
aVVRciaWed   ZiWh   UegiRQV   ZiWh   XS-UegXlaWed   H3K27Pe3   VigQal   iQ   Whe   P39    DQPW3a    cKO   VaPSleV.   
GeQe-UegiRQ   aVVRciaWiRQ   ZaV   eVWiPaWed   XViQg   GREAT    (McLeaQ   eW   al.,   2010) .   FDR,   falVe   
diVcRYeU\   UaWe;   Whe   YeUWical   daVhed   liQe   VhRZV   Whe   WhUeVhRld   Rf   FDR   =   0.05.    (F)    VeQQ   diagUaPV   
VhRZ   RYeUlaSV   Rf   P39    DQPW3a    cKO   DMRV   aQd   H3K27Pe3   aQd   H3K27ac   SeakV   iQ   P39   CRQWURl   
VaPSleV.   64.6%   Rf   Whe   H3K27Pe3   SeakV   RYeUlaS   ZiWh   DMRV   aQd   22.4%   Rf   Whe   H3K27ac   SeakV   
RYeUlaS   ZiWh   DMRV.    (G)    OYeUlaSV   Rf   P39   H3K27Pe3   diffeUeQWiall\   PRdified   UegiRQV   ZiWh   P39   
DQPW3a    cKO   DMRV.   
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/

Li,   PiQWR-DXaUWe    HW   aO.   ³DQPW3a   NQRFNRXW   LQ   H[FLWaWRU\   QHXURQV...´   

  
6XSSOHPHQWDU\   FLJXUH   9   _   7KH   LQFUHDVHG   H3K27PH   VLJQDO   LQ   P39   ZDV   JHQHUDOO\   QRW   
REVHUYHG   LQ   E14   RU   P0.   (A-B)    CRUUelaWiRQV   Rf   Whe   diffeUeQceV   Rf   H3K27Pe3   VigQal   beWZeeQ   
DQPW3a    cKO   aQd   cRQWURl   acURVV   Whe   WhUee   deYelRSPeQW   WiPe   SRiQWV   iQ   10-kb   geQRPic   biQV   ( A )   
aQd   Whe   P39   H3K27Pe   diffeUeQWiall\   PRdified   (DM)   UegiRQV   ( B ).    (C-D) ,   bR[SlRWV   WR   VhRZ   Whe   
diVWUibXWiRQ   Rf   Whe   diffeUeQceV   Rf   H3K27Pe3   VigQal   beWZeeQ    DQPW3a    cKO   aQd   CRQWURl   iQ   E14,   
P0,   aQd   P39,   VWUaWified   b\   ̈ H3K27Pe3   VigQal   aW   P39.   SigQalV   aUe   cRXQWed   iQ   10-kkb   geQRPic   
biQV   ( C ,   aV   iQ    A )   aQd   Whe   P39   H3K27Pe   DM   UegiRQV   ( D ,   aV   iQ    B ).   AVWeUiVkV   VhRZ   Whe   
VigQificaQceV   fURP   WilcR[RQ   UaQk   VXP   WeVWV   agaiQVW   ]eUR   (Ued,   gUeaWeU   WhaQ   ]eUR;   blXe   leVV   WhaQ   
]eUR;   *,   S   <   0.05;   **,   S   <   0.01;   ***,   S   <   0.001).     
  

6XSSOHPHQWDU\   FLJXUH   10   _   5HJLRQV   SURQH   WR   DOWHUDWLRQ   RI   H3K27PH3   E\    DnmW3a    FKO   
ZHUH   GLVWLQFW   IURP   WKH   UHJLRQV   DIIHFWHG   E\   GHYHORSPHQWDOO\   G\QDPLF   H3K27PH3.   (A)   
CRUUelaWiRQV   Rf   geQe   e[SUeVViRQ   fRld-chaQge   aQd   geQe   bRd\   H3K27Pe3   VigQal   diffeUeQce   iQ   P39   
DQPW3a    cKO   DE   geQeV.   LefW,   VcaWWeU   SlRW   WR   VhRZ   Whe   cRUUelaWiRQ.   DE   geQeV   aUe   gURXSed   b\   
ZheWheU   RU   QRW   Whe\   RYeUlaS   ZiWh   P39    DQPW3a    cKO   DMRV.   U,   SSeaUPaQ   cRUUelaWiRQ   cRefficieQW.   
RighW,   P39    DQPW3a    cKO   DE   geQeV   ZiWhRXW   RYeUlaSSiQg   P39   cKO   DMRV   iQ   geQeUal   VhRZ   VPall   
bXW   VigQificaQW   iQcUeaVeV   Rf   H3K27Pe3   iQ   P39   cKO.   AVWeUiVkV   VhRZ   Whe   fRld   chaQge   VigQificaQce   
agaiQVW   ]eUR   XViQg   WilcR[RQ   UaQk   VXP   WeVW    (**,   S   <   0.01;   ***,   S   <   0.001).   NRWe   WhaW   Whe   effecW   
Vi]eV   aUe   VPalleU   WhaQ   WhRVe   Rf    DE   geQeV   ZiWh   RYeUlaSSiQg   P39   cKO   DMRV   (UelaWed   WR   FigXUe   
6B).    (B)    DiffeUeQWiall\   PRdified   H3K27Pe3   UegiRQV   dXUiQg   deYelRSPeQW   iQ   cRQWURl   VaPSleV.    (C)   
TRS   10   PRVW   eQUiched   biRlRgical   SURceVV   WeUPV   fURP   Whe   GeQe   OQWRlRg\   iQ   Whe   geQeV   aVVRciaWed   
ZiWh   diffeUeQWiall\   PRdified   H3K27Pe3   UegiRQV   dXUiQg   deYelRSPeQW   iQ   cRQWURl   VaPSleV.   
GeQe-UegiRQ   aVVRciaWiRQ   ZaV   SUedicWed   b\   GREAT    (McLeaQ   eW   al.,   2010) .   FDR,   falVe   diVcRYeU\   
UaWe;   Whe   YeUWical   daVhed   liQe   VhRZV   Whe   WhUeVhRld   Rf   FDR   =   0.05.    (D)    CRUUelaWiRQV   Rf   P39   
H3K27Pe3   VigQal   fRld-chaQgeV   Rf    DQPW3a    cKO   YV.   CRQWURl   aQd   deYelRSPeQWal   H3K27Pe3   
VigQal   fRld-chaQgeV   Rf   P39   YV.   E14   iQ   H3K27Pe3   ChIP-VeT   SeakV.   NRWe   WhaW   SeakV   ZiWh   big   
abVRlXWe   fRld-chaQgeV   iQ   P39   cKO   YV.   P39   CRQWURl   aUe   geQeUall\   QRW   chaQged   PXch   iQ   P39   
CRQWURl   YV.   E14   CRQWURl,   aQd   Yice   YeUVa.    ReSlicaWe   1   aQd   2   Rf   P39   CRQWURl   aUe   XVed   iQ   Whe   \   aQd   
[   a[iV,   UeVSecWiYel\,   WR   aYRid   dRXble   diSSiQg.   The   VPRRWhed   liQe   iV   fiWWed   XViQg   a   geQeUali]ed   
addiWiYe   PRdel,   aQd   Whe   Vhaded   aUea   VhRZV   95%   cRQfideQce   iQWeUYal   Rf   Whe   fiW.   U,   SSeaUPaQ   
cRUUelaWiRQ   cRefficieQW.    (E)    The   deYelRSPeQWal   H3K27Pe3   VigQal   fRld   chaQgeV   aUe   QRW   affecWed   
b\    DQPW3a    cKO.   U,   SSeaUPaQ   cRUUelaWiRQ   cRefficieQW.    (F-H)    bR[SlRWV   WR   VhRZ   Whe   diVWUibXWiRQ   Rf   
H3K27Pe3   VigQal,   PCG   aQd   PCH   leYelV   iQ   SeakV   WhaW   RYeUlaSV   ZiWh   deYelRSPeQWal   
lRVV-Rf-H3K27Pe3   UegiRQV   ( F ),   SeakV   WhaW   RYeUlaSV   ZiWh   deYelRSPeQWal   gaiQ-Rf-H3K27Pe3   
UegiRQV   ( G )   aQd   SeakV   WhaW   RYeUlaSV   ZiWh   iQcUeaVe   H3K27Pe3   UegiRQV   iQ   P39    DQPW3a    cKO   ( H ).   
AVWeUiVkV   VhRZ   Whe   VigQificaQceV   fURP   SaiUed   W-WeVWV   (***,   S   <   0.001;   Q.V.,   QRW   VigQificaQW).   ̈    
YalXeV   aUe   Whe   PeaQ   Rf   Whe   diffeUeQceV   fRU   Whe   WZR   gURXSV   iQ   cRPSaUiVRQ   (gURXS   RQ   Whe   UighW   YV.   
gURXS   RQ   Whe   lefW).     
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LL,   PLQWR-DXaUWe    et   al.   ³Dnmt3a   knockoXt   in   e[citator\   neXrons...´   

SXSSlemeQWal   meWhRdV   
DQPW3a    kQRckRXW   iQ   e[ciWaWRU\   QeXURQV   iPSaiUV   SRVWQaWal   V\QaSVe   PaWXUaWiRQ   
aQd   iV   SaUWl\   cRPSeQVaWed   b\   UeSUeVViYe   hiVWRQe   PRdificaWiRQ   H3K27Pe3   

JXQKaR  LL 1 *,  AQWRQLR  PLQWR-DXaUWH 2 *,  MaUN  ZaQGHU 3 ,  CKL-YX  LaL 2 ,  JXOLa  OVWHHQ 2 ,  LLQMLQJ  FaQJ 4 ,              
CKRQJ\XaQ  LXR 3,� ,  JaFLQWa  D.  LXFHUR 2 ,  RRVa  GRPH]-CaVWaQRQ 3 ,  JRVHSK  R.  NHU\ 3 ,  IVaL  SLOYa-GaUFLa 2 ,              
YaQ  PaQJ 2 ,  THUUHQFH  J.  SHMQRZVNL 2 ,  SXVaQ  B.  PRZHOO 5 ,  JRVHSK  R.  EFNHU 3,6 � ,  EUaQ  A.  MXNaPHO 1 � ,  M.                 
MaUJaULWa   BHKUHQV 2,5 �   

SXSSOHPHQWaO   MHWKRGV     

GHQHUaWLRQ   RI   WKH    DQPW3a     FKO   PLFH   OLQH   

AOO   aQLPaO   SURcedXUeV   ZeUe   cRQdXcWed   LQ   accRUdaQce   ZLWh   Whe   gXLdeOLQeV   Rf   Whe   APeULcaQ   AVVRcLaWLRQ   fRU   
Whe   AccUedLWaWLRQ   Rf   LabRUaWRU\   AQLPaO   CaUe   aQd   ZeUe   aSSURYed   b\   Whe   SaON   IQVWLWXWe   fRU   BLRORgLcaO   
SWXdLeV   IQVWLWXWLRQaO   AQLPaO   CaUe   aQd   UVe   CRPPLWWee.   FRU   behaYLRU,   VOLce   Sh\VLRORg\   aQd   VSLQe   aQaO\VeV,   
DQPW3a -fOR[ed   aQLPaOV (ONaQR   eW   aO.,   1999)    (bacNcURVVed   WR   C57BL/6   fRU   aW   OeaVW   VeYeQ   geQeUaWLRQV)   ZeUe   
cURVVed   WR    Ne[ -CUe   ( NeXURd6 -CUe) (GRebbeOV   eW   aO.,   2006)    PLce   WR   geQeUaWe    DQPW3a -KO   aQLPaOV   caUU\LQg   
Whe   deOeWLRQ   RQO\   LQ   S\UaPLdaO   ceOOV.   TR   be   abOe   WR   LVROaWe   S\UaPLdaO   QeXURQ   QXcOeL   fRU   DNA   PeWh\OaWLRQ,   
WUaQVcULSWLRQ,   aQd   ChIP   aQaO\VeV,   Whe   PRXVe   OLQeV   ( DQPW3a -KO   aQd    Ne[ -CUe)   ZeUe   cURVVed   WR   a   PRXVe   
OLQe   caUU\LQg   Whe   INTACT   bacNgURXQd   ( B6.129- GW(5O6A)266RU WP5(CAG-SXQ1/VIGFP)NDW/MPEHJ ).   The   deOeWLRQ   
Rf    DQPW3a    fURP   S\UaPLdaO   ceOOV   ZaV   cRQfLUPed   b\   RNA-VeT   (deOeWLRQ   Rf   e[RQ   19)   aQd   WeVWeUQ   bORW   
(FLgXUe   1B,   S1B   aQd   S1C).   FRU   bRWh   bacNgURXQdV,   Ne[-CUe   hePL]\gRXV   PLce   ZeUe   XVed   aV   cRQWUROV.   

FURQWaO   FRUWH[   GLVVHFWLRQ,   NXFOHL   LVROaWLRQ,   aQG   IORZ   F\WRPHWU\   

FURQWaO   cRUWe[   WLVVXe   ZaV   SURdXced   aV   deVcULbed (LLVWeU   eW   aO.,   2013;   LXR   eW   aO.,   2017)    fURP   SRVWQaWaO   da\   
39   (P39)    DQPW3a    cKO   aQd   cRQWURO   aQLPaOV.   The   QXcOeL   Rf   GFP-e[SUeVVLQg   NeXN-SRVLWLYe   e[cLWaWRU\   
QeXURQV   ZeUe   LVROaWed   aQd   cROOecWed   XVLQg   fOXRUeVceQce   acWLYaWed   QXcOeL   VRUWLQg   (FANS)   aV   
deVcULbed (LLVWeU   eW   aO.,   2013;   LXR   eW   aO.,   2017)    ZLWh   Whe   fROORZLQg   PRdLfLcaWLRQ:   SULRU   WR   FANS,   QXcOeL   
ZeUe   OabeOed   ZLWh   aQWL-NeXN-AOe[aFOXRU647   aQd   aQWL-GFP-AOe[aFOXRU488.   NXcOeL   ZeUe   VRUWed   aV   
deVcULbed (LLVWeU   eW   aO.,   2013) .   DRXbOe   SRVLWLYe   QXcOeL   ZeUe   UeWaLQed   fRU   RNA-VeT,   ChIP-VeT   aQd   
MeWh\OC-VeT   OLbUaU\   SUeSaUaWLRQ   aQd   VeTXeQcLQg.   

WHVWHUQ   EORW   

FURQWaO   cRUWe[   SURWeLQV   ZeUe   RbWaLQed   b\   hRPRgeQL]aWLRQ   LQ   RIPA   bXffeU   Rf   Whe   fROORZLQg   cRPSRVLWLRQ:   
150   PM   NaCO,   10   PM   Na2HPO4,   1%   NaDOC,   1%   NP-40,   0.5%   SDS,   1   PM   DTT,   1   PM   PMSF   LQ   
DMSO,   VXSSOePeQWed   ZLWh   SURWeaVe   LQhLbLWRU   (SLgPa-AOdULch   #11836153001)   aQd   ShRVShaWaVe   LQhLbLWRU   
(PLeUce   #A32957)   cRcNWaLOV.   AfWeU   ceQWULfXgaWLRQ   aW   15000   [   g,   VXSeUQaWaQWV   ZeUe   SUeVeUYed   aQd   SURWeLQ   
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cRQceQWUaWLRQ   ZaV   deWeUPLQed   b\   Whe   BCA   PeWhRd   (PLeUce).   PURWeLQ   baQdV   ZeUe   VeSaUaWed   LQ   8%   
PAGE-geOV   aQd   WUaQVfeUUed   WR   QLWURceOOXORVe   PePbUaQeV.   AfWeU   bORcNLQg   LQ   TBS-WZeeQ   ZLWh   5%   PLON,   
DNMT3A   ZaV   deWecWed   b\   Whe   XVe   Rf   aQWL-DNMT3A   aQWLbRd\   (AbcaP)   aQd   chePLOXPLQeVceQce.   
DNMT3A   baQdV   ZeUe   QRUPaOL]ed   WR   ACTIN   cRQWeQW   LQ   each   VaPSOe.   

RNA   H[WUaFWLRQ,   RNA-VHT   OLEUaU\   FRQVWUXFWLRQ   aQG   VHTXHQFLQJ   

NXcOeL   (beWZeeQ   50,000-60,000)   ZeUe   XVed   WR   LVROaWe   RNA   XVLQg   Whe   SLQgOe-CeOO   RNA   PXULfLcaWLRQ   KLW   
(NRUgeQ,   caWaORg#   51800).   IQ   bULef,   aOLTXRWV   Rf   QXcOeL   ZeUe   UeVXVSeQded   LQ   350   �O   Rf   RL   bXffeU   (NRUgeQ)   
aQd   SaVVed   WhURXgh   aQ   18G   V\ULQge   fLYe   WLPeV.   RNA   e[WUacWLRQ,   LQcOXdLQg   DNaVe   dLgeVWLRQ,   fROORZed   
PaQXfacWXUeUV¶   LQVWUXcWLRQV.   RNA   ZaV   eOXWed   LQ   20   �O   Rf    EOXWLRQ   SROXWLRQ   A   (NRUgeQ).   The   QXcOeaU   RNA   
cRQceQWUaWLRQ   ZaV   deWeUPLQed   XVLQg   TaSeSWaWLRQ   (AgLOeQW).   RNA   ZaV   dLOXWed   WR   1   Qg/�O   aQd   a   WRWaO   Rf   5   Qg   
SURceVVed   fRU   RNA-VeT   OLbUaU\   SUeSaUaWLRQ.   RNA   OLbUaULeV   ZeUe   SUeSaUed   XVLQg   NXGeQ   OYaWLRQ�   
RNA SeT   S\VWeP   V2   (#7102-32)   fRU   cDNA   SUeSaUaWLRQ   fROORZLQg   Whe   SURdXcW   PaQXaO.   cDNA   
SXULfLcaWLRQ   ZaV   dRQe   XVLQg   Z\PR   ReVeaUch   DNA   COeaQ   &   CRQceQWUaWRU�-25   ZLWh   PRdLfLcaWLRQ   fURP   
OYaWLRQ   SURWRcRO.   cDNA,   eOXWed   LQ   30-40   �O   Rf   TE   (1   �g   SeU   VaPSOe),   ZaV   fUagPeQWed   aW   300bS   XVLQg   
CRYaULV   S2   (SRQROab   S-VeULeV   V2),   fROORZed   b\    OLbUaU\   SUeSaUaWLRQ   accRUdLQg   WR   KAPA   LTP   LLbUaU\   
PUeSaUaWLRQ   KLW   (KK8232),   XVLQg   IOOXPLQa   LQde[ed   adaSWeUV.   

DNA   H[WUaFWLRQ   

DNA   e[WUacWLRQ   ZaV   SeUfRUPed   XVLQg   Whe   QLageQ   DNeaV\   BORRd   aQd   TLVVXe   NLW   (caWaORg   #69504)   aQd   
eOXWed   LQWR   50±100   �L   AE.     

GHQRPLF   DNA   OLEUaU\   FRQVWUXFWLRQ   aQG   VHTXHQFLQJ   

1.5   �g   Rf   geQRPLc   DNA   ZaV   fUagPeQWed   ZLWh   a   CRYaULV   S2   (CRYaULV,   WRbXUQ,   MA)   WR   400   bS,   fROORZed   
b\   eQd   UeSaLU   aQd   addLWLRQ   Rf   a   3¶   A   baVe.   C\WRVLQe-PeWh\OaWed   adaSWeUV   SURYLded   b\   IOOXPLQa   (IOOXPLQa,   
SaQ   DLegR,   CA)   ZeUe   OLgaWed   WR   Whe   VRQLcaWed   DNA   aW   16ÛC   fRU   16   hRXUV   ZLWh   T4   DNA   OLgaVe   (NeZ   
EQgOaQd   BLROabV).   AdaSWeU-OLgaWed   DNA   ZaV   LVROaWed   b\   WZR   URXQdV   Rf   SXULfLcaWLRQ   ZLWh   AMPXUe   XP   
beadV   (BecNPaQ   CRXOWeU   GeQRPLcV,   DaQYeUV,   MA).   HaOf   Rf   adaSWeU-OLgaWed   DNA   PROecXOeV   ZeUe   
eQULched   b\   6   c\cOeV   Rf   PCR   ZLWh   Whe   fROORZLQg   UeacWLRQ   cRPSRVLWLRQ:   25   �L   Rf   KaSa   HLFL   HRWVWaUW   
Read\PL[   (KaSa   BLRV\VWePV,   WRbXUQ,   MA)   aQd   5   �O   TUXSeT   PCR   PULPeU   ML[   (IOOXPLQa)   (50   �O   fLQaO).   
The   WheUPRc\cOLQg   SaUaPeWeUV   ZeUe:   95ÛC   2   PLQ,   98ÛC   30   Vec,   WheQ   6   c\cOeV   Rf   98ÛC   15   Vec,   60ÛC   30   Vec   
aQd   72ÛC   4   PLQ,   eQdLQg   ZLWh   RQe   72ÛC   10   PLQ   VWeS.   The   UeacWLRQ   SURdXcWV   ZeUe   SXULfLed   XVLQg   AMPXUe   
XP   beadV   aQd   VL]e   VeOecWLRQ   dRQe   fURP   400   ±   600   bS.   LLbUaULeV   ZeUe   VeTXeQced   RQ   IOOXPLQa   HLSeT   4000.   

MHWK\OC-VHT   OLEUaU\   FRQVWUXFWLRQ   aQG   VHTXHQFLQJ   

MeWh\OC-VeT   OLbUaULeV   ZeUe   SUeSaUed   aV   SUeYLRXVO\   deVcULbed (UULch   eW   aO.,   2015) .   AOO   DNA   RbWaLQed   fURP   
Whe   e[WUacWLRQ   ZaV   VSLNed   ZLWh   0.5%   XQPeWh\OaWed   LaPbda   DNA.   The   DNA   ZaV   fUagPeQWed   ZLWh   a   
CRYaULV   S2   (CRYaULV,   WRbXUQ,   MA)   WR   200   bS,   fROORZed   b\   eQd   UeSaLU   aQd   addLWLRQ   Rf   a   3¶   A   baVe.   
C\WRVLQe-PeWh\OaWed   adaSWeUV   SURYLded   b\   IOOXPLQa   (IOOXPLQa,   SaQ   DLegR,   CA)   ZeUe   OLgaWed   WR   Whe   
VRQLcaWed   DNA   aW   16ÛC   fRU   16   hRXUV   ZLWh   T4   DNA   OLgaVe   (NeZ   EQgOaQd   BLROabV).   AdaSWeU-OLgaWed   DNA   
ZaV   LVROaWed   b\   WZR   URXQdV   Rf   SXULfLcaWLRQ   ZLWh   AMPXUe   XP   beadV   (BecNPaQ   CRXOWeU   GeQRPLcV,   
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DaQYeUV,   MA).   AdaSWeU-OLgaWed   DNA   (�450   Qg)   ZaV   VXbMecWed   WR   VRdLXP   bLVXOfLWe   cRQYeUVLRQ   XVLQg   Whe   
MeWh\OCRde   NLW   (LLfe   TechQRORgLeV,   CaUOVbad,   CA)   aV   SeU   PaQXfacWXUeU¶V   LQVWUXcWLRQV.   The   
bLVXOfLWe-cRQYeUWed,   adaSWeU-OLgaWed   DNA   PROecXOeV   ZeUe   eQULched   b\   8   c\cOeV   Rf   PCR   ZLWh   Whe   fROORZLQg   
UeacWLRQ   cRPSRVLWLRQ:   25   �L   Rf   KaSa   HLFL   HRWVWaUW   UUacLO+   Read\PL[   (KaSa   BLRV\VWePV,   WRbXUQ,   MA)   
aQd   5   �O   TUXSeT   PCR   PULPeU   ML[   (IOOXPLQa)   (50   �O   fLQaO).   The   WheUPRc\cOLQg   SaUaPeWeUV   ZeUe:   95ÛC   2   
PLQ,   98ÛC   30   Vec,   WheQ   8   c\cOeV   Rf   98ÛC   15   Vec,   60ÛC   30   Vec   aQd   72ÛC   4   PLQ,   eQdLQg   ZLWh   RQe   72ÛC   10  
PLQ   VWeS.   The   UeacWLRQ   SURdXcWV   ZeUe   SXULfLed   XVLQg   AMPXUe   XP   beadV.   US   WR   WZR   VeSaUaWe   PCR   UeacWLRQV   
ZeUe   SeUfRUPed   RQ   VXbVeWV   Rf   Whe   adaSWeU-OLgaWed,   bLVXOfLWe-cRQYeUWed   DNA,   \LeOdLQg   XS   WR   WZR   
LQdeSeQdeQW   OLbUaULeV   fURP   Whe   VaPe   bLRORgLcaO   VaPSOe.   MeWh\OC-VeT   OLbUaULeV   ZeUe   VeTXeQced   RQ   IOOXPLQa   
HLSeT   4000.     

CKIP-VHT   OLEUaU\   FRQVWUXFWLRQ   aQG   VHTXHQFLQJ   

SRUWed   QXcOeL   ZeUe   cURVVOLQNed   fRU   15PLQ   LQ   1%   fRUPaOdeh\de   VROXWLRQ   aQd   TXeQched   afWeUZaUd   ZLWh   
gO\cLQe   aW   a   fLQaO   cRQceQWUaWLRQ   Rf   0.125   M.   AfWeU   cURVVOLQNLQg,   QXcOeL   ZeUe   VRQLcaWed   LQ   L\VLV   bXffeU   (50   
PM   TULV   HCO   SH   8,   20   PM   EDTA,   1%   SDS,   1X   EDTA   fUee   SURWeaVe   LQhLbLWRU   cRcNWaLO).   ChIP   aVVa\V   
ZeUe   cRQdXcWed   ZLWh   aQWLbRdLeV   agaLQVW   H3K27Pe3   (39156,   AcWLYe   MRWLf),   H3K27ac   (39133,   AcWLYe   
MRWLf)   aQd   H3K4Pe3   (04-745,   MLOOLSRUe   SLgPa).   MRXVe   IgG   (015-000-003,   JacNVRQ   IPPXQRReVeaUch)   
VeUYed   aV   QegaWLYe   cRQWURO.   H3K4Pe3   ChIP-VeT   aVVa\V   ZeUe   cRQdXcWed   ZLWh   100K   QXcOeL   aQd   500K   QXcOeL   
ZeUe   XVed   fRU   H3K27Pe3   aQd   H3K27ac   ChIP-VeT   aVVa\V.   The   UeVSecWLYe   aQWLbRdLeV   aQd   IgG   ZeUe   
cRXSOed   fRU   4-6   hRXUV   WR   PURWeLQ   G   D\QabeadV   (50   �O,   10004D,   TheUPR   FLVheU   ScLeQWLfLc).   ETXaO   aPRXQWV   
Rf   VRQLcaWed   chURPaWLQ   ZeUe   dLOXWed   ZLWh   9   YROXPeV   Rf   BLQdLQg   bXffeU   (1%   TULWRQ   X-100,   0.1%   SRdLXP   
DeR[\chROaWe,   2X   EDTA   fUee   SURWeaVe   LQhLbLWRU   cRcNWaLO)   aQd   VXbVeTXeQWO\   LQcXbaWed   RYeUQLghW   ZLWh   Whe   
UeVSecWLYe   aQWLbRd\-cRXSOed   PURWeLQ   G   beadV.   BeadV   ZeUe   ZaVhed   VXcceVVLYeO\   ZLWh   ORZ   VaOW   bXffeU   (50   
PM   TULV   HCO   SH   7.4,   150   PM   NaCO,   2   PM   EDTA,   0.5%   TULWRQ   X-100),   hLgh   VaOW   bXffeU   (50   PM   TULV   
HCO   SH   7.4,   500   PM   NaCO,   2   PM   EDTA,   0.5%   TULWRQ   X-100)   aQd   ZaVh   bXffeU   (50   PM   TULV   HCO   SH   7.4,   
50   PM   NaCO,   2   PM   EDTA)   befRUe   de-cURVVOLQNLQg,   SURWeLQaVe   K   dLgeVWLRQ   aQd   DNA   SUecLSLWaWLRQ.   
LLbUaULeV   ZeUe   geQeUaWed   ZLWh   Whe   AcceO-NGS   2S   POXV   DNA   LLbUaU\   KLW   (21024,   SZLfW   BLRVcLeQceV)   aQd   
VeTXeQced   RQ   Whe   IOOXPLQa   HLSeT   4000   SeTXeQcLQg   V\VWeP.   
  

RNA-VHT   GaWa   SURFHVVLQJ   

RNA-VeT   UeadV   ZeUe   fLUVW   ZeQW   WhURXgh   TXaOLW\   cRQWURO   XVLQg   FaVWQC (AQdUeZV   eW   aO.,   2012)    (Y0.11.8,   
hWWSV://ZZZ.bLRLQfRUPaWLcV.babUahaP.ac.XN/SURMecWV/faVWTc/ ),   aQd   WheQ   ZeUe   WULPPed   WR   UePRYe   
VeTXeQcLQg   adaSWeUV   aQd   ORZ-TXaOLW\   VeTXeQceV   (PLQLPXP   PhUed   VcRUe   20)   XVLQg   TULP   GaORUe   (Y0.5.0,   
hWWSV://ZZZ.bLRLQfRUPaWLcV.babUahaP.ac.XN/SURMecWV/WULP_gaORUe/ ,   a   ZUaSSeU   WRRO   SRZeUed   b\   
CXWadaSW (MaUWLQ,   2011)    Y1.16)   LQ   Whe   SaLUed-eQd   PRde.   COeaQ   UeadV   ZeUe   WheQ   PaSSed   WR   Whe   PRXVe   
PP10   (GRCP38)   geQRPe   aQd   Whe   GENCODE   aQQRWaWed   WUaQVcULSWRPe   (UeOeaVe   M10)   ZLWh   STAR (DRbLQ   
eW   aO.,   2013)    (SSOLced   TUaQVcULSWV   AOLgQPeQW   WR   a   RefeUeQce,   Y2.5.1b).   GeQe   e[SUeVVLRQ   ZaV   eVWLPaWed   
XVLQg   RSEM (LL   aQd   DeZe\,   2011)    (RNA-SeT   b\   E[SecWaWLRQ   Ma[LPL]aWLRQ,   Y1.2.30).   GeQe-OeYeO   
³e[SecWed   cRXQW´   fURP   Whe   RSEM   UeVXOWV   ZeUe   URXQded   aQd   fed   LQWR   edgeR (RRbLQVRQ   eW   aO.,   2010)   
(Y3.24.1)   WR   caOO   dLffeUeQWLaOO\   e[SUeVVed   geQeV.   OQO\   geQeV   WhaW   ZeUe   e[SUeVVed   (ZLWh   cRXQWV   SeU   PLOOLRQ   >   
2)   LQ   aW   OeaVW   WZR   VaPSOeV   ZeUe   NeSW.   TheVe   cRXQWV   ZeUe   WheQ   QRUPaOL]ed   XVLQg   Whe   TMM   
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PeWhRd (RRbLQVRQ   aQd   OVhOacN,   2010) ,   aQd   DE   geQeV   ZeUe   WheQ   caOOed   LQ   Whe   TXaVL-OLNeOLhRRd   F-WeVW   
PRde,   UeTXLULQg   FDR   <   0.05   aQd   FC   >   20%   (TabOe   S2).   

  

EQULFKPHQW   WHVW   RI   GHQH   OQWRORJ\   (GO)   WHUPV   LQ   GLIIHUHQWLaOO\   H[SUHVVHG   JHQHV     

GO   eQULchPeQW   aQaO\VLV   ZaV   SeUfRUPed   XVLQg   cOXVWeUPURfLOeU (YX   eW   aO.,   2012)    (Y3.10.0).   OQO\   ³BLRORgLcaO   
PURceVV´   WeUPV   ZLWh   QR   OeVV   WhaQ   10   geQeV   aQd   QR   PRUe   WhaQ   250   geQeV   ZeUe   cRQVLdeUed.   TeUPV   ZLWh   FDR   
<   0.05   ZeUe   cRQVLdeUed   VLgQLfLcaQWO\   eQULched.   

  

GHQRPLF   DNA   VHTXHQFLQJ   GaWa   SURFHVVLQJ   aQG   SNP   FaOOLQJ   

TR   eVWLPaWe   Whe   cRPSOeWeQeVV   Rf   Whe   LQbUeedLQg   Rf   Whe   PRXVe   VWUaLQV,   aQd   WR   aYRLd   LQcRUUecW   c\WRVLQe   
cRQWe[W   aVVLgQPeQW   LQ   Whe   fROORZLQg   PeWh\OC-VeT   daWa   SURceVVLQg,   Ze   XVed   Whe   geQRPLc   DNA   VeTXeQcLQg   
daWa   Rf   bRWh   Whe    DQPW3a    cKO   aQd   Whe   cRQWURO   aQLPaOV   WR   caOO   SNPV   agaLQVW   Whe   PRXVe   PP10   geQRPe.   We   
fROORZed   Whe   GATK   ³beVW   SUacWLceV   fRU   geUPOLQe   SNPV   aQd   LQdeOV   LQ   ZhROe   geQRPeV   aQd   e[RPeV´   
SLSeOLQe (DePULVWR   eW   aO.,   2011;   McKeQQa   eW   aO.,   2010;   VaQ   deU   AXZeUa   eW   aO.,   2013) .   BULefO\,   UaZ   daWa   ZeUe   
fLUVW   WULPPed   WR   UePRYe   VeTXeQcLQg   adaSWeUV   aQd   ORZ-TXaOLW\   VeTXeQceV   (PLQLPXP   PhUed   VcRUe   20)   XVLQg   
TULP   GaORUe   LQ   Whe   SaLUed-eQd   PRde.   COeaQ   daWa   ZeUe   WheQ   PaSSed   WR   Whe   PP10   geQRPe   XVLQg   BWA (LL   
aQd   DXUbLQ,   2009)    (Y0.7.13-U1126).   DXSOLcaWeV   UeadV   ZeUe   PaUNed   ZLWh   PLcaUd (BURad   IQVWLWXWe,   2018) .   
TheQ   Whe   aQaO\VLV-Uead\   UeadV   ZeUe   fed   LQWR   GATK   (Y3.7)   WR   SeUfRUP   WZR   URXQdV   Rf   MRLQW   geQRW\SLQg   aQd   
baVe   UecaOLbUaWLRQ.   VaULaQWV   ZeUe   WheQ   fLOWeUed   XVLQg   Whe   fROORZLQg   cULWeULa:   QD   <   2.0   __   FS   >   60.0   __   MQ   <   
40.0   __   MQRaQNSXP   <   -12.5   __   ReadPRVRaQNSXP   <   -8.0   __   SOR   >   4.0   .   B\   WhaW,   Ze   LdeQWLfLed   548,530   aQd   
507,669   SNPV   (UeOaWLYe   WR   PP10)   LQ   Whe    DQPW3a    cKO   aQd   Whe   cRQWURO   aQLPaOV,   UeVSecWLYeO\.   AW   OaVW,   Ze   
cUeaWed   a   VXbVWLWXWed   geQRPe   WR   PaVN   RXW   aOO   WheVe   SNPV   (UeSOaced   ZLWh   NV)   ZLWh   Whe   PaVNfaVWa   WRRO   LQ   Whe   
BEDTRROV   VXLWe (QXLQOaQ   aQd   HaOO,   2010)    (Y2.27.1).   ThLV   VXbVWLWXWed   geQRPe   ZaV   XVed   LQ   Whe   fROORZLQg   
PeWh\OC-VeT   daWa   SURceVVLQg   SLSeOLQe.     

    

MHWK\OC-VHT   GaWa   SURFHVVLQJ   

MeWh\OC-VeT   UeadV   ZeUe   SURceVVed   XVLQg   Whe   PeWh\OS\   SLSeOLQe   (Y1.3.2,   
hWWSV://gLWhXb.cRP/\XSeQghe/PeWh\OS\ )   aV   SUeYLRXVO\   deVcULbed (LLVWeU   eW   aO.,   2013;   MR   eW   aO.,   2015) .   
BULefO\,   cRPSXWaWLRQaOO\   bLVXOfLWe-cRQYeUWed   geQRPe   LQde[   ZaV   bXLOW   XVLQg   Whe   afRUePeQWLRQed   VXbVWLWXWed   
geQRPe   fLOe   aSSeQded   ZLWh   Whe   OaPbda   Shage   geQRPLc   VeTXeQce.   MeWh\OC-VeT   UaZ   UeadV   ZeUe   fLUVW   
WULPPed   WR   UePRYe   VeTXeQcLQg   adaSWeUV   aQd   ORZ-TXaOLW\   VeTXeQceV   (PLQLPXP   PhUed   VcRUe   10)   XVLQg   
CXWadaSW   LQ   SaLUed-eQd   PRde.   TR   acTXLUe   hLgheU   PaSSabLOLW\,   Ze   WUeaWed   Whe   WZR   eQdV   Rf   Whe   cOeaQ   UeadV   aV   
Whe\   ZeUe   VeTXeQced   LQ   VLQgOe-eQd   PRde,   aQd   PaSSed   WheP   WR   Whe   cRQYeUWed   geQRPe   LQde[   ZLWh   
bRZWLe2 (LaQgPead   aQd   SaO]beUg,   2012)    (Y2.3.0)   aV   aOLgQeU   LQ   Whe   VLQgOe-eQd   SLSeOLQe   Rf   PeWh\OS\.   OQO\   
UeadV   XQLTXeO\   PaSSed   ZeUe   NeSW,   aQd   cORQaO   UeadV   ZeUe   UePRYed.   The   bLVXOfLWe   QRQ-cRQYeUVLRQ   UaWe   ZaV   
eVWLPaWed   XVLQg   Whe   VSLNed-LQ   XQPeWh\OaWed   OaPbda   Shage   DNA.   FRU   each   c\WRVLQe,   a   bLQRPLaO   WeVW   ZaV   
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SeUfRUPed   WR   WeVW   ZheWheU   Whe   PeWh\OaWLRQ   OeYeOV   aUe   VLgQLfLcaQWO\   gUeaWeU   WhaQ   0   ZLWh   aQ   FDR   WhUeVhROd   Rf   
0.01.   

FRU   a   SaUWLcXOaU   geQRPLc   UegLRQ,   Whe   UaZ   PeWh\OaWLRQ   OeYeO   fRU   a   gLYeQ   c\WRVLQe   cRQWe[W   (CG   RU   CH)   ZaV   
defLQed   aV:   

,  PC  100ð% =   h
P  

ZheUe   P   LV   Whe   WRWaO   QXPbeU   Rf   PeWh\OaWed   baVed   caOOV   ZLWhLQ   Whe   UegLRQ,   aQd   h   LV   Whe   WRWaO   QXPbeU   Rf   
cRYeUed   baVed   caOOV   ZLWhLQ   Whe   UegLRQ.   MeWh\OaWLRQ   OeYeOV   ZeUe   WheQ   cRUUecWed   fRU   QRQ-cRQYeUVLRQ   UaWe   
(NCR)   XVLQg   Whe   fROORZLQg   Pa[LPXP   OLNeOLhRRd   fRUPXOa:   

,   ZheUe   .  PC_adM % =   100¬ ¬%NCR
%PC¬ ¬%NCR¬ PC_adM∈[0, 100]%    

WheQ   SURfLOLQg   Whe   PeWh\OaWLRQ   OaQdVcaSeV   aURXQd   dLffeUeQWLaOO\   e[SUeVVed   geQeV,   Ze   VeOecWed   cRQWURO   
geQeV   ZLWh   cRPSaUabOe   geQe   e[SUeVVLRQ   XVLQg   Whe   R   SacNage   MaWchIW (HR   eW   aO.,   2011)    (Y3.0.2).   TheVe   
cRQWURO   geQeV   ZeUe   defLQed   ZLWh   QeaUeVW   QeLghbRU   PaWchLQg   Rf   Whe   e[SUeVVLRQ   XVLQg   ORgLVWLc   OLQN   
SURSeQVLW\   VcRUe   aV   a   dLVWaQce   PeaVXUe,   UeTXLULQg   Whe   VWaQdaUd   deYLaWLRQ   Rf   Whe   dLVWaQce   WR   be   OeVV   WhaQ   
0.01.   

  

DLIIHUHQWLaOO\   PHWK\OaWHG   UHJLRQV   (DMRV)   FaOOLQJ   

CG   DMRV   ZeUe   LdeQWLfLed   XVLQg   a   SUeYLRXVO\   UeSRUWed   PeWhRd (Ma   eW   aO.,   2014;   SchPLW]   eW   aO.,   2013;   
SchXOW]   eW   aO.,   2015) ,   ZhLch   LV   LPSOePeQWed   LQ   Whe   DMRfLQd   fXQcWLRQ   LQ   PeWh\OS\.   We   UeTXLUed   aW   OeaVW   3   
dLffeUeQWLaOO\   PeWh\OaWed   VLWeV   ZLWhLQ   a   SaUWLcXOaU   DMR,   aQd   Whe   Pa[LPXP   dLVWaQce   WZR   VLgQLfLcaQW   VLWeV   
caQ   be   WR   be   LQcOXded   LQ   Whe   VaPe   DMR   WR   be   500   QXcOeRWLdeV.   WLWh   aQ   FDR   cXWRff   Rf   0.01   aQd   a   
SRVW-fLOWeULQg   cXWRff   Rf   PeWh\OaWLRQ   OeYeOV   chaQge   gUeaWeU   WhaQ   30%,   Ze   fRXQd   141,633    DQPW3a    cKO   
h\SR-DMRV   LQ   P39   (TabOe   S4).   NRWe   WhaW   ZLWh   WheVe   cULWeULa   Ze   aOVR   fRXQd   19    DQPW3a    cKO   h\SeU-DMRV,   
ZhLch   Ze   WhRXghW   ZeUe   QRLVe   aQd/RU   SNPV   faLOed   WR   be   deWecWed   b\   Whe   PaVNLQg   SLSeOLQe   deVcULbed   eaUOLeU.   
TheUefRUe   Ze   UePRYed   WheVe   h\SeU-DMRV   fURP   fXUWheU   cRQVLdeUaWLRQ.     

EQULFKPHQW   WHVW   RI   DMRV   aQG   RWKHU   JHQRPLF   UHJLRQV   

TR   WeVW   ZheWheU   DMRV   ZeUe   VLgQLfLcaQWO\   eQULched   LQ   ceUWaLQ   geQRPLc   feaWXUeV,   Ze   XVe   PeWhRdV   adaSWed   
fURP   a   UeceQW   UeSRUW (RL]]aUdL   eW   aO.,   2019) .   BULefO\,   fRU   each   geQRPLc   feaWXUe,   Ze   cRQVWUXcWed   a   2   b\   2   
cRQWLQgeQc\   WabOe   Rf   (Q 11 ,   Q 12 ,   Q 21 ,   Q 22 ),   ZheUe:   

Ɣ Q 11    LV   Whe   QXPbeU   Rf   CG   VLWeV   LQ   DMRV   WhaW   ZeUe   LQVLde   Whe   feaWXUe;   
Ɣ Q 12    LV   Whe   QXPbeU   Rf   CG   VLWeV   LQ   DMRV   WhaW   ZeUe   RXWVLde   Rf   Whe   feaWXUe;   
Ɣ Q 21    LV   Whe   QXPbeU   Rf   CG   VLWeV   QRW   LQ   DMRV   WhaW   ZeUe   LQVLde   LQ   feaWXUe;   
Ɣ Q 22    LV   Whe   QXPbeU   Rf   CG   VLWeV   QRW   LQ   DMRV   WhaW   ZeUe   RXWVLde   Rf   Whe   feaWXUe.   

The   WRWaO   QXPbeU   Rf   CG   VLWeV   LQ   cRQVLdeUaWLRQ   ZaV   Whe   QXPbeU   Rf   aXWRVRPaO   aQd   chURPRVRPe   X   CG   LQ   
Whe   UefeUeQce   geQRPe.   CRXQWLQg   QXPbeU   Rf   CG   UaWheU   WhaQ   Whe   QXPbeU   Rf   DMRV   RU   baVeV   accRXQWV   fRU   Whe   
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QRQ-XQLfRUP   dLVWULbXWLRQ   Rf   CG   aORQg   Whe   geQRPe   aQd   aYRLdV   dRXbOe-cRXQWLQg   DMRV   WhaW   aUe   bRWh   LQVLde   
aQd   RXWVLde   Rf   Whe   feaWXUe.   

WLWh   WhLV   cRQWLQgeQc\   WabOe,   Ze   eVWLPaWed   Whe   eQULchPeQW   ORg   Rdd   UaWLR   (OR)   aORQg   ZLWh   LWV   VWaQdaUd   eUURU   
(Ve)   aQd   95%   cRQfLdeQce   LQWeUYaO   (cL)   ZLWh   Whe   fROORZLQg   fRUPXOaV:   

 OR  log Q   log Q   Q   Q  log2 =   2 11 +   2 12 log2 21 log2 22  

 e(log OR)   V 2 =  √1 Q   1 Q   1 Q Q/ 11 +   / 12¬ +   / 21 + 1/ 22  

 i(log OR)  [log OR  2ðVe(log OR),  log OR  2ðVe(log OR)]  c 2 =   2   2   2 +   2  

P-YaOXe   fURP   SeUfRUPLQg   FLVheU¶V   e[acW   WeVW   fRU   WeVWLQg   Whe   QXOO   Rf   LQdeSeQdeQce   Rf   URZV   aQd   cROXPQV   LQ   
Whe   cRQWLQgeQc\   WabOe   (Whe   QXOO   Rf   QR   eQULchPeQW   RU   deSOeWLRQ)   ZaV   cRPSXWed   XVLQg   Whe   fLVheU.WeVW()   
fXQcWLRQ   LQ   R.   

The   geQRPLc   UegLRQV/feaWXUeV   XVed   LQ   WheVe   eQULchPeQW   WeVWV   LQcOXdeV:   a   OLVW   Rf   deYeORSPeQWaO   DMRV   WhaW   
gaLQ   RU   ORVe   PeWh\OaWLRQ   dXULQg   deYeORSPeQW (LLVWeU   eW   aO.,   2013) ;   geQe   feaWXUeV   (geQLc,   e[RQLc,   LQWURQLc,   
SURPRWeU,   5¶UTR,   3¶UTR,   LQWeUgeQLc)   baVed   RQ   Whe   GeQcRde   YM10   aQQRWaWLRQ   (SURPRWeUV   ZeUe   defLQed   aV   
Whe   2Nb   UegLRQV   aURXQd   WUaQVcULSWLRQ   VWaUW   VLWeV);   CSG   LVOaQd   (CGI)   UeOaWed   feaWXUeV   baVed   RQ   Whe    
³cSgIVOaQdE[W´   aQQRWaWLRQ   fURP   Whe   UCSC   geQRPe   bURZVeU (KaUROchLN   eW   aO.,   2004;   KeQW   eW   aO.,   2002)   
( hWWS://geQRPe.XcVc.edX/LQde[.hWPO ),   ZheUe   CGI   VhRUeV   ZeUe   defLQed   aV   CGI   2Nb,   CGI   VheOYeV   ZeUe     
defLQed   aV   2-4Nb   Rf   CGI   aQd   RSeQ   VeaV   ZeUe   defLQed   aV   UegLRQV   WhaW   ZeUe   aW   OeaVW   4Nb   aZa\   fURP   aQ\     
CGI;   Whe   12   VWaWeV   Rf   Whe   chURPaWLQ   VWaWeV   PaS   LQ   PRXVe   ePbU\RQLc   VWeP   ceOO (PLQWacXda   eW   aO.,   2017)   
( hWWSV://gLWhXb.cRP/gXLfeQgZeL/ChURPHMM_PESC_PP10 )   geQeUaWed   b\   ChURPHMM (EUQVW   aQd   KeOOLV,   
2012,   2017)    XVLQg   ChIP-VeT   daWa   fURP   Whe   ENCODE   SURMecW (DaYLV   eW   aO.,   2018;   ENCODE   PURMecW   
CRQVRUWLXP,   2012) ;   Whe   H3K4Pe3,   H3K27ac   aQd   H3K27Pe3   SeaNV   aQd   Whe   H3K27Pe3   dLffeUeQWLaOO\   
bLQdLQg   UegLRQV   geQeUaWed   ZLWh   RXU   ChIP-VeT   daWa   (Vee   Whe   ³ChIP-VeT   daWa   SURceVVLQg´   VecWLRQ).   

PUHGLFWLQJ   IXQFWLRQaO   WUaQVFULSWLRQ   IaFWRUV   UHJXOaWLQJ   WKH   GLIIHUHQWLaOO\   H[SUHVVHG   JHQHV   ZLWK   BART   

The   OLVWV   Rf   XS-UegXOaWed   aQd   dRZQ-UegXOaWed   geQeV   ZeUe   fed   LQWR   BART (WaQg   eW   aO.,   2016,   2018)   
(BLQdLQg   AQaO\VLV   fRU   RegXOaWLRQ   Rf   TUaQVcULSWLRQ)   VeSaUaWeO\   WR   SUedLcW   fXQcWLRQaO   WUaQVcULSWLRQ   facWRUV   
(TFV)   aQd   chURPaWLQ   UegXOaWRUV   WhaW   bLQd   aW   cLV-UegXOaWRU\   UegLRQV   Rf   Whe   DE   geQeV.   TR   PaNe   a   beWWeU   
YLVXaOL]aWLRQ   Ze   WUaQVfRUPed   Whe   UeOaWLYe   UaQN   (a   PeWULc   geQeUaWed   b\   BART   WR   UeSUeVeQW   Whe   aYeUage   UaQN   
Rf   WLOcR[RQ   P-YaOXe,   Z-VcRUe   aQd   Pa[   AUC   fRU   each   facWRU   dLYLded   b\   Whe   WRWaO   QXPbeU   Rf   facWRUV)   LQWR   
Whe   fXQcWLRQaO   TF   UaQN   VcRUe   (ZhLch   LV   VLPSO\   1   PLQXV   Whe   UeOaWLYe   UaQN)   VR   WhaW   Whe   hLgheU   Whe   UaQN   VcRUe   
Whe   PRUe   SRVVLbOe   Whe   TF   UegXOaWeV   Whe   DE   geQeV.   The   LQWegUaWLYe   UaQN   VLgQLfLcaQce   ZaV   eVWLPaWed   ZLWh   Whe   
IUZLQ-HaOO   S-YaOXe.   TFV   ZLWh   IUZLQ-HaOO   S-YaOXe   <   0.05   ZeUe   cRQVLdeUed   VLgQLfLcaQW.   

EQULFKPHQW   WHVW   RI   NQRZQ   WUaQVFULSWLRQ   IaFWRU   ELQGLQJ   PRWLIV   LQ   DMRV   

We   XVed   Whe   ³fLQdMRWLfVGeQRPe.SO´   WRRO   LQ   HOMER    (HeLQ]   eW   aO.,   2010)    (H\SeUgeRPeWULc   OSWLPL]aWLRQ   
Rf   MRWLf   EQRLchPeQW,   Y4.8.3)   WR   fLQd   NQRZQ   WUaQVcULSWLRQ   facWRU   bLQdLQg   PRWLf   LQ   Whe    DQPW3a    cKO   
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DMRV.   The   SaUaPeWeUV   XVed   aUe   aV   fROORZV:   ³-VL]e   500   -OeQ   8,10,12   -S   25   -fdU   100   -S   10   -PVeW   YeUWebUaWeV   
-bLWV   -gc   -QOeQ   3   -QRPRWLf´.   A   VeW   Rf   QRQ-QeXUaO   DMRV (HRQ   eW   aO.,   2013)    ZaV   XVed   aV   Whe   bacNgURXQd.   

CKIP-VHT   GaWa   SURFHVVLQJ   

ChIP-VeT   UeadV   ZeUe   SUe-SURceVVed   ZLWh   Whe   ENCODE   TUaQVcULSWLRQ   FacWRU   aQd   HLVWRQe   ChIP-SeT   
SURceVVLQg   SLSeOLQe   ( hWWSV://gLWhXb.cRP/ENCODE-DCC/chLS-VeT-SLSeOLQe2 ,   Y1.1.6).   BULefO\,   SaLUed-eQd   
UeadV   ZeUe   PaSSed   WR   Whe   PP10   geQRPe   ZLWh   BWA (LL   aQd   DXUbLQ,   2009)    (Y0.7.13-U1126).   ReadV   ZeUe   
WheQ   fLOWeUed   XVLQg   VaPWRROV (LL   eW   aO.,   2009)    (Y1.2)   WR   UePRYe   XQPaSSed,   PaWe   XQPaSSed,   QRW   SULPaU\   
aOLgQPeQW   aQd   dXSOLcaWeV   UeadV   (-F   1804).   PURSeUO\   SaLUed   UeadV   ZeUe   UeWaLQed   (-f   2).   MXOWL-PaSSed   UeadV   
(MAPQ   <   30)   ZeUe   UePRYed.   PCR   dXSOLcaWeV   ZeUe   UePRYed   XVLQg   Whe   MaUNDXSOLcaWeV   WRRO   LQ   
PLcaUd (BURad   IQVWLWXWe,   2018)    (Y2.10.6).   ReadV   PaSSed   WR   Whe   bOacNOLVW   UegLRQV (ENCODE   PURMecW   
CRQVRUWLXP,   2012)    LQ   PRXVe   PP10   geQRPe   
( hWWS://PLWUa.VWaQfRUd.edX/NXQdaMe/aNXQdaMe/UeOeaVe/bOacNOLVWV/PP10-PRXVe/PP10.bOacNOLVW.bed.g] )   ZeUe   
aOVR   UePRYed.   

PeaN   caOOLQg   ZaV   SeUfRUPed   XVLQg   eSLc2 (SWRYQeU   aQd   S WURP,   2019)    (Y0.0.16),   a   UeLPSOePeQWaWLRQ   Rf   
SICER (ZaQg   eW   aO.,   2009) .   FRU   H3K4Pe3   aQd   H3K27ac,   Ze   XVed   Whe   fROORZLQg   SaUaPeWeUV:   ³--bLQ-VL]e   
200   --gaSV-aOORZed   1´.   FRU   H3K27Pe3,   Ze   XVed   Whe   fROORZLQg   SaUaPeWeUV:   ³--bLQ-VL]e   200   --gaSV-aOORZed   
3´.   The   IgG   VaPSOe   ZaV   XVed   aV   a   cRQWURO.   

DLffeUeQWLaOO\   PRdLfLed   UegLRQV   Rf   Whe   hLVWRQe   PRdLfLcaWLRQ   ChIP-VeT   daWa   ZeUe   caOOed   XVLQg   
DLffBLQd (RRVV-IQQeV   eW   aO.,   2012)    (Y2.10.0)   LQ   DESeT2 (LRYe   eW   aO.,   2014)    (Y1.22.1)   PRde.   RegLRQV   ZLWh   
FDR   <   0.05   ZeUe   cRQVLdeUed   VLgQLfLcaQW.   GeQeV   aVVRcLaWed   ZLWh   WheVe   UegLRQV   ZeUe   LdeQWLfLed   XVLQg   
GREAT (McLeaQ   eW   aO.,   2010)    (Y3.0.0)   ZLWh   Whe   ³BaVaO   SOXV   e[WeQVLRQ´   aVVRcLaWLRQ   UXOe   ZLWh   defaXOW   
SaUaPeWeUV.   GO   eQULchPeQW   aQaO\VLV   Rf   Whe   aVVRcLaWed   geQeV   ZaV   SeUfRUPed   ZLWh   GREAT,   aQd   Ze   
cRQVLdeUed   Whe   GO   bLRORgLcaO   SURceVV   WeUPV   ZLWh   h\SeUgeRPeWULc   WeVW   FDR   <   0.05   aV   VLgQLfLcaQW.     

DHILQLWLRQ   RI   ELYaOHQW   aQG   aFWLYH   CGI   SURPRWHUV   

CGI   SURPRWeUV   ZeUe   defLQed   aV   CSG   LVOaQdV   (dRZQORaded   fURP   Whe   UCSC   geQRPe   bURZVeU)   WhaW   
RYeUOaSSLQg   ZLWh   SURPRWeUV   ( 2Nb   UegLRQV   aURXQd   WUaQVcULSWLRQ   VWaUW   VLWeV   aQQRWaWed   LQ   GeQcRde   YM10).     
TheVe   CGI   SURPRWeUV   ZeUe   fXUWheU   WeVWed   WR   Vee   ZheWheU   Whe\   RYeUOaSSed   ZLWh   Whe   ChIP-VeT   SeaNV   Rf   
H3K4Pe3   aQd   H3K27Pe3.   BLYaOeQW   CGI-SURPRWeUV   ZeUe   defLQed   aV   CGI-SURPRWeUV   WhaW   RYeUOaSSed   ZLWh   
bRWh   Whe   H3K4Pe3   aQd   H3K27Pe3   SeaNV,   ZheUeaV   acWLYe   CGI-SURPRWeUV   ZeUe   defLQed   aV   CGI-SURPRWeUV   
WhaW   RYeUOaSSed   ZLWh   RQO\   Whe   H3K4Pe3   SeaNV   bXW   QRW   Whe   H3K27Pe3   SeaNV.     

IGHQWLILFaWLRQ   RI   DNA   PHWK\OaWLRQ   YaOOH\V   (DMVV)   

TR   fLQd   DMVV,   Ze   fLUVW   LdeQWLfLed   UMRV   (XQdeUPeWh\OaWed   UegLRQV)   aQd   LMRV   (ORZ   PeWh\OaWed   UegLRQV)   
XVLQg   MeWh\OSeeNR (BXUgeU   eW   aO.,   2013)    (Y1.22.0)   ZLWh   P   =   0.5,   Q   =   7   aQd   FDR   <   0.05.   NRWed   WhaW   
MeWh\OSeeNR   dLd   QRW   UecRYeU   aQ\   PMDV   (SaUWLaOO\   PeWh\OaWed   dRPaLQV).   DMVV   ZeUe   WheQ   defLQed   aV   
UMRV   WhaW   ZLWh   OeQgWh   �   5   Nb   aQd   PeaQ   PeWh\OaWLRQ   OeYeO   �   15%.   TR   cRPSaUe   DMVV   LdeQWLfLed   LQ   Whe   
DQPW3a    cKO   aQd   Whe   cRQWURO   VaPSOeV,   Ze   fXUWheU   gURXSed   WheVe   DMVV   LQWR   5   caWegRULeV,   QaPeO\   
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cRQVLVWeQW   (e[acW   VaPe   DMV   LQ   Whe   WZR   cRQdLWLRQV),   cKO   XQLTXe,   cRQWURO   XQLTXe,   e[SaQded   (ZLdeU   LQ   Whe   
cKO)   aQd   VhUXQNeQ   (ZLdeU   LQ   Whe   cRQWURO).     

DMR   HQULFKPHQW   aURXQG   CGI   SURPRWHU   

We   XVed   UegLRQeR (GeO   eW   aO.,   2016)    (Y1.14.0)   WR   WeVW   ZheWheU   WZR   VeWV   Rf   geQRPLc   UegLRQV   had   
VLgQLfLcaQWO\   hLgheU   QXPbeUV   Rf   RYeUOaSV   cRPSaUed   WR   e[SecWed   b\   chaQce.   We   XVed   SeUPTeVW()   WR   SeUfRUP   
Whe   SeUPXWaWLRQ   WeVW,    aQd   XVed   Whe   UaQdRPL]eRegLRQV()   fXQcWLRQ   WR   geQeUaWe   Whe   VhXffOed   cRQWURO   fRU   5,000   
WLPeV,   ZheUe   Whe   TXeU\   UegLRQV   ZeUe   UaQdRPO\   SOaced   aORQg   Whe   geQRPe   LQdeSeQdeQWO\   ZhLOe   PaLQWaLQLQg   
WheLU   VL]e.   The   VWUeQgWh   Rf   Whe   aVVRcLaWLRQ   Rf   Whe   WZR   VeWV   Rf   UegLRQV   ZaV   eVWLPaWed   XVLQg   ]-VcRUe,   Whe   
dLVWaQce   (PeaVXUed   LQ   VWaQdaUd   deYLaWLRQ)   beWZeeQ   Whe   e[SecWed   RYeUOaSV   LQ   Whe   VhXffOed   cRQWURO   aQd   Whe   
RbVeUYed   RYeUOaSV,   aQd   Whe   S-YaOXe   ZaV   UeSRUWed.   TR   checN   Lf   Whe   aVVRcLaWLRQ   ZaV   VSecLfLcaOO\   OLQNed   WR   Whe   
e[acW   SRVLWLRQ   Rf   Whe   TXeU\   UegLRQV,   Ze   XVed   Whe   ORcaOZVcRUe()   fXQcWLRQ   ZLWh   ZLQdRZ   =   5000   aQd   VWeS   =   
50,   ZhLch   VhLfWed   Whe   TXeU\   UegLRQV   aQd   eVWLPaWed   hRZ   Whe   YaOXe   Rf   Whe   ]-VcRUe   chaQged   ZheQ   PRYLQg   Whe   
UegLRQV.   

OWKHU   WRROV   XVHG   LQ   WKH   GaWa   aQaO\VLV   

BURZVeU   UeSUeVeQWaWLRQV   ZeUe   cUeaWed   XVLQg   AQQRJ (LLVWeU   eW   aO.,   2009) .   AOO   aQaO\VeV   ZeUe   cRQdXcWed   LQ   R   
(Y3.5.0)   RU   MaWOab   2017a.   GeQRPLc   UaQgeV   PaQLSXOaWLRQ   ZaV   dRQe   eLWheU   ZLWh   bedWRROV (QXLQOaQ   aQd   HaOO,   
2010)    RU   GeQRPLcRaQgeV (LaZUeQce   eW   aO.,   2013) .   MXOWLSOe   cRPSaULVRQ   cRUUecWLRQ   fRU   S-YaOXeV   ZaV   
SeUfRUPed   ZLWh   Whe   BeQMaPLQL-HRchbeUg   FDR   PeWhRd (BeQMaPLQL   aQd   HRchbeUg,   1995) .   ReVXOWV   ZLWh   
FDR   <   0.05   ZeUe   cRQVLdeUed   VLgQLfLcaQW   e[ceSW   ZheUe   VWaWed   RWheUZLVe.   The   VPRRWhed   OLQeV   LQ   FLgXUe   6C   
aQd   S10C   ZeUe   fLWWed   ZLWh   a   geQeUaOL]ed   addLWLYe   PRdeO   XVLQg   Whe   ³gaP´   fXQcWLRQ   LQ   Whe   ³PgcY´   R   
SacNage,   ZLWh   fRUPXOa   =   \   a   V([,   bV   =   ³cV´).     

PaWFK-FOaPS   HOHFWURSK\VLRORJ\   

MaOe   aQd   fePaOe   PLce   (6-9   ZeeNV)   ZeUe   aQeVWheWL]ed   ZLWh   LVRfOXUaQe   aQd   decaSLWaWed.    The   bUaLQV   ZeUe   
TXLcNO\   UePRYed   aQd   cRURQaO   VOLceV   Rf   Whe   fURQWaO   cRUWe[   cRQWaLQLQg   Whe   SUeOLPbLc   UegLRQ   (a2   PP   aQWeULRU   
WR   bUegPa)   ZeUe   cXW   LQ   Lce-cROd   VOLcLQg   PedLXP   Rf   Whe   fROORZLQg   cRPSRVLWLRQ   (LQ   PM):   110   VXcURVe,   2.5   
KCO,   0.5   CaCO 2 ,   7   MgCO 2 ,   25   NaHCO 3 ,   1.25   NaH 2 PO 4 ,   aQd   10   gOXcRVe   (bXbbOed   ZLWh   95%   O 2    aQd   5%   
CO 2 ).    The   VOLceV   ZeUe   WheQ   WUaQVfeUUed   WR   aUWLfLcLaO   CSF   (aCSF)   cRQWaLQLQg   (LQ   PM)   130   NaCO,   2.5   KCO,   
1.25   NaH 2 PO 4 ,   23   NaHCO 3 ,   1.3   MgCO 2 ,   2   CaCO 2    aQd   10   gOXcRVe,   eTXLOLbUaWed   ZLWh   95%   O 2    aQd   5%   CO 2    aW   
35�C   fRU   30   PLQXWeV   aQd   afWeUZaUd   PaLQWaLQed   aW   URRP   WePSeUaWXUe   (22-24   �C)   fRU   aW   OeaVW   1   hRXU   
(SaWch-cOaPS   UecRUdLQg)   befRUe   XVe.   BUaLQ   VOLceV   ZeUe   WheQ   WUaQVfeUUed   WR   a   UecRUdLQg   chaPbeU   aQd   NeSW   
PLQLPaOO\   VXbPeUged   XQdeU   cRQWLQXRXV   VXSeUfXVLRQ   ZLWh   aCSF   aW   a   fORZ   UaWe   Rf   a2   PO/PLQ.    WhROe-ceOO   
UecRUdLQgV   ZeUe   RbWaLQed   fURP   SXWaWLYe   SUeOLPbLc   Oa\eU   2   (L2)   S\UaPLdaO   ceOOV   (LdeQWLfLed   b\   WheLU   
S\UaPLdaO-VhaSed   ceOO   bRdLeV   aQd   ORQg   aSLcaO   deQdULWe   XVLQg   aQ   XSULghW   PLcURVcRSe   eTXLSSed   ZLWh   
dLffeUeQWLaO   LQWeUfeUeQce   cRQWUaVW   RSWLcV).    IQ   acXWe   PPFC   VOLceV,   Whe   SUeOLPbLc   L2   LV   cOeaUO\   dLVWLQgXLVhabOe   
fURP   L1   aQd   L3   aV   a   WhLQ   daUN   baQd   WhaW   LV   deQVeO\   SacNed   ZLWh   QeXURQ   VRPaWa.   PLSeWWeV   had   a   WLS   
UeVLVWaQce   Rf   4-8   M�   ZheQ   fLOOed   ZLWh   aQ   LQWeUQaO   VROXWLRQ   Rf   Whe   fROORZLQg   cRPSRVLWLRQ   (LQ   PM):   125   
K-gOXcRQaWe,   15   KCO,   8   NaCO,   10   HEPES,   2   EGTA,   10   Na 2 PhRVShRcUeaWLQe,   4   MgATP,   0.3   NaGTP   (SH   
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7.25   adMXVWed   ZLWh   KOH,   290-300   POVP).   AcceVV   UeVLVWaQce   (W\SLcaOO\   15-35   Mȍ)   ZaV   PRQLWRUed   
WhURXghRXW   Whe   e[SeULPeQW   WR   eQVXUe   VWabOe   UecRUdLQgV.   

AfWeU   RbWaLQLQg   Whe   ZhROe-ceOO   cRQfLgXUaWLRQ   LQ   YROWage   cOaPS   PRde,   ceOOV   ZeUe   VZLWched   fURP   a   hROdLQg   
SRWeQWLaO   Rf   -70   PV   WR   cXUUeQW-cOaPS   PRde   aQd   Whe   bULdge-baOaQce   adMXVWPeQW   ZaV   SeUfRUPed.    PaVVLYe   
eOecWULcaO   SURSeUWLeV   ZeUe   TXaQWLfLed   fURP   UecRUdLQgV   ZLWh   h\SeUSROaUL]LQg   cXUUeQW   LQMecWLRQV   WhaW   eYRNed   
VPaOO   a5   PV   defOecWLRQV   LQ   PePbUaQe   SRWeQWLaO   fURP   UeVWLQg.   ReVSRQVeV   WR   VWeSZLVe   cXUUeQW   LQMecWLRQV   
(10-300   SA   LQ   LQcUePeQWV   Rf   10   SA;   dXUaWLRQ,   1   V)   ZeUe   UecRUded   aW   20   NH]   LQ   RUdeU   WR   caOcXOaWe   
LQSXW-RXWSXW   cXUYeV   aQd   UheRbaVe   -   Whe   PLQLPaO   cXUUeQW   QeceVVaU\   WR   WULggeU   Whe   fLUVW   acWLRQ   SRWeQWLaO.   
MLQLaWXUe   e[cLWaWRU\   SRVWV\QaSWLc   cXUUeQWV   (PEPSCV)   ZeUe   UecRUded   fRU   5   PLQXWeV   LQ   YROWage-cOaPS   PRde   
(Vh=-70   PV)   LQ   Whe   SUeVeQce   Rf   Whe   Na+   chaQQeO   bORcNeU,   TTX   (0.5    ȝ M),   WR   SUeYeQW   Whe   geQeUaWLRQ   Rf   
acWLRQ   SRWeQWLaOV,   aQd   SLcURWR[LQ   (50    ȝ M),   aQ   aQWagRQLVW   Rf   GABA $    UeceSWRUV,   WR   PLQLPL]e   LQhLbLWRU\   
UeVSRQVeV.   IQ   WheVe   cRQdLWLRQV,   PEPSCV   cRXOd   be   bORcNed   b\   Whe   AMPA   UeceSWRU   aQWagRQLVW,   CNQX   (25   
ȝM).   SLQgOe   eYeQWV   OaUgeU   WhaQ   6   SA   ZeUe   deWecWed   Rff-OLQe   XVLQg   Whe   MLQLaQaO\VLV   SURgUaP   (S\QaSWRVRfW   
IQc.   DecaWXU,   GA).   AOO   daWa   ZeUe   acTXLUed   XVLQg   a   MXOWLcOaPS   700B   aPSOLfLeU   aQd   SCLAMP   9   VRfWZaUe   
(MROecXOaU   DeYLceV,   LLC.   SaQ   JRVe,   CA).   

FOXRUHVFHQW   OaEHOLQJ   RI   GHQGULWLF   VSLQHV   

CRURQaO   bUaLQ   VOLceV   cRQWaLQLQg   Whe   PPFC   Rf   10-13   ZeeNV   fePaOe   PLce   ZeUe   SUeSaUed   aV   fRU   
eOecWURSh\VLRORgLcaO   UecRUdLQgV   aQd   SOaced   LQ   a   beaNeU   fRU   3   hRXUV   aW   URRP   WePSeUaWXUe   (24 �    C)   WR   aOORZ  
fXQcWLRQaO   aQd   PRUShRORgLcaO   UecRYeU\.   OQe   VOLce   ZaV   WheQ   WUaQVfeUUed   WR   a   UecRUdLQg   chaPbeU   aQd   NeSW   
PLQLPaOO\   VXbPeUged   XQdeU   cRQWLQXRXV   VXSeUfXVLRQ   ZLWh   aCSF   bXbbOed   ZLWh   caUbRgeQ   (95%   O 2    /   5%   
CO 2 )   aW   a   fORZ   UaWe   Rf   a2   PO/PLQ.   PUeYLRXVO\   VRQLcaWed   cU\VWaOV   Rf   Whe   fOXRUeVceQW   PaUNeU   DLI   ZeUe   SOaced   
Qe[W   WR   Whe   VRPaWa   Rf   Oa\eU   2   QeXURQV   LQ   Whe   SUeOLPbLc   cRUWe[,   LdeQWLfLed   ZLWh   Whe   aLd   Rf   aQ   XSULghW   
PLcURVcRSe   eTXLSSed   ZLWh   dLffeUeQWLaO   LQWeUfeUeQce   cRQWUaVW   RSWLcV.   The   PLce   LQ   WheVe   e[SeULPeQWV   had   a   
Th\1-YFP   bacNgURXQd   WR   heOS   UXOe   RXW   QRQ   VSecLfLc   OabeOLQg   Rf   deeSeU   Oa\eU   QeXURQV.   The   QeXURQV   ZeUe   
e[SRVed   WR   Whe   DLI   cU\VWaOV   fRU   60   PLQXWeV.   The   VOLceV   ZeUe   WheQ   geQWO\   UePRYed   fURP   Whe   LQcXbaWLRQ   
chaPbeU   ZLWh   a   WUaQVfeU   SLSeWWe   aQd   LPPeUVed   LQ   fL[aWLYe   (4%   PFA)   fRU   30   PLQXWeV.   TheQ,   Whe   VOLceV   ZeUe   
ULQVed   WhUee   WLPeV   ZLWh   PBS   fRU   5±10   PLQXWeV   each,   afWeU   ZhLch   Whe\   ZeUe   PRXQWed   RQ   VOLdeV   ZLWh   SURORQg   
gROd   aQWLfade   PRXQWLQg   PedLXP   (LLfe   TechQRORgLeV   ±   MROecXOaU   PURbeV).   The   VOLdeV   ZeUe   NeSW   LQ   a   daUN   
bR[   fRU   24   h   aW   URRP   WePSeUaWXUe   WR   aOORZ   Whe   OLTXLd   PedLXP   WR   fRUP   a   VePL-ULgLd   geO.   IPagLQg   WRRN   SOace   
24-48   h   fURP   Whe   WLPe   Rf   Whe   LQLWLaO   VWaLQLQg.   

CRQIRFaO   LPaJLQJ   
DeQdULWLc   VSLQeV   ZeUe   LPaged   b\   aQ   LQYeVWLgaWRU   bOLQd   WR   Whe   geQRW\Se   XVLQg   a   ZeLVV   ALU\ScaQ   cRQfRcaO   
OaVeU   VcaQQLQg   PLcURVcRSe.   AOO   LPageV   ZeUe   WaNeQ   XVLQg   Whe   ZeLVV   POaQ-APOCHROMAT   63î  
RLO-LPPeUVLRQ   OeQV   (N/A   1.4).   A   543QP   OaVeU   ZaV   XVed   WR   YLVXaOL]e   Whe   fOXRUeVceQce   ePLWWed   b\   DLI.   SeULaO   
VWacN   LPageV   ZLWh   a   0.2   ȝP   VWeS   VL]e   ZeUe   cROOecWed,   aQd   WheQ   SURMecWed   WR   UecRQVWUXcW   a   WhUee   dLPeQVLRQaO   
LPage   WhaW   ZaV   SRVW-SURceVVed   b\   Whe   ALU\ScaQ   VRfWZaUe.   DeQdULWLc   VegPeQWV   LQ   Oa\eU   1,   ZhLch   ZeUe   
deULYed   fURP   Oa\eU   2   S\UaPLdaO   QeXURQV   UeWURgUadeO\   OabeOed   ZLWh   DLI   aQd   WhaW   ZeUe   ZeOO   VeSaUaWed   fURP   
QeLghbRULQg   QeXUaO   SURceVVeV,   ZeUe   UaQdRPO\   VaPSOed   aQd   LPaged.   Each   deQdULWLc   VegPeQW   LPaged   fRU   
TXaQWLfLcaWLRQ   beORQged   WR   a   dLffeUeQW   QeXURQ.   
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DHQGULWLF   VSLQH   TXaQWLILFaWLRQ   
The   ]-VWacN   VeULeV   ZeUe   LPSRUWed   LQWR   Whe   RecRQVWUXcW   VRfWZaUe   
(hWWS://V\QaSVeZeb.cOP.XWe[aV.edX/VRfWZaUe-0/),   ZLWh   ZhLch   a   VecRQd   LQYeVWLgaWRU   aOVR   bOLQd   WR   Whe   
geQRW\Se   SeUfRUPed   Whe   LdeQWLfLcaWLRQ   Rf   deQdULWLc   VSLQeV   aQd   WheLU   PRUShRPeWULc   aQaO\VLV.   B\   VcUROOLQg   
WhURXgh   Whe   VWacN   Rf   dLffeUeQW   RSWLcaO   VecWLRQV,   LQdLYLdXaO   VSLQe   headV   cRXOd   be   LdeQWLfLed   ZLWh   gUeaWeU   
ceUWaLQW\.   AOO   deQdULWLc   SURWUXVLRQV   ZLWh   a   cOeaUO\   UecRgQL]abOe   VWaON   ZeUe   cRXQWed   aV   VSLQeV.   SSLQe   deQVLW\   
ZaV   deWeUPLQed   b\   VXPPLQg   Whe   WRWaO   QXPbeU   Rf   VSLQeV   SeU   deQdULWLc   VegPeQW   OeQgWh   (30-40   ȝP)   aQd   WheQ   
caOcXOaWLQg   Whe   aYeUage   QXPbeU   Rf   VSLQeV   SeU   ȝP.   IQdLYLdXaO   deQdULWLc   VSLQeV   ZeUe   cOaVVLfLed   LQ   Whe   
fROORZLQg   RUdeU   accRUdLQg   WR   SUe-eVWabOLVhed   cULWeULa:   SURWUXVLRQ   ORQgeU   WhaQ   3   ȝP,   fLORSRdLa;   head   ZLdeU   
WhaQ   0.6   ȝP,   PXVhURRP;   SURWUXVLRQ   ORQgeU   WhaQ   2   ȝP   aQd   head   QaUURZeU   WhaQ   0.6   ȝP,   ORQg-WhLQ;   
SURWUXVLRQ   ORQgeU   WhaQ   1   ȝP   aQd   head   QaUURZeU   WhaQ   0.6   ȝP,   ORQg-WhLQ;   Whe   UePaLQLQg   VSLQeV   ZeUe   OabeOed   
VWXb\).   BUaQched   VSLQeV   (ZLWh   PRUe   WhaQ   RQe   QecN)   ZeUe   cRXQWed   VeSaUaWeO\.   

BEHAVIORAL   TESTING   
PheQRW\SLc   chaUacWeUL]aWLRQ   ZaV   LQLWLaWed   ZheQ   Whe   aQLPaOV   Ueached   9   ZeeNV   Rf   age   XVLQg   cRhRUWV   Rf   
10-15   PaOe   RU   fePaOe   PLce   SeU   geQRW\Se,   accRUdLQg   WR   Whe   RUdeU   deVcULbed   beORZ.   

OSHQ   ILHOG   WHVW   
The   RSeQ   fLeOd   WeVW   ZaV   SeUfRUPed   XVLQg   MED   AVVRcLaWeV   haUdZaUe   aQd   Whe   AcWLYLW\   MRQLWRU   VRfWZaUe   
accRUdLQg   WR   Whe   PaQXfacWXUeU¶V   LQVWUXcWLRQV   (MED   AVVRcLaWeV   IQc,   SW.   AObaQV,   VT).   AQLPaOV   ZeUe   
LQdLYLdXaOO\   SOaced   LQWR   cOeaU   POe[LgOaV   bR[eV   (43.38   [   43.38   [   30.28   cP)   VXUURXQded   b\   PXOWLSOe   baQdV   
Rf   ShRWR   beaPV   aQd   RSWLcaO   VeQVRUV   WhaW   PeaVXUe   hRUL]RQWaO   aQd   YeUWLcaO   acWLYLW\.   MRYePeQW   ZaV   deWecWed   
aV   bUeaNV   ZLWhLQ   Whe   beaP   PaWULceV   aQd   aXWRPaWLcaOO\   UecRUded   fRU   60   PLQXWeV.   

LLJKW/GaUN   WUaQVIHU   WHVW   
The   OLghW/daUN   WUaQVfeU   SURcedXUe   ZaV   XVed   WR   aVVeVV   aQ[LeW\-OLNe   behaYLRU   LQ   PLce   b\   caSLWaOL]LQg   RQ   Whe   
cRQfOLcW   beWZeeQ   e[SORUaWLRQ   Rf   a   QRYeO   eQYLURQPeQW   aQd   Whe   aYRLdaQce   Rf   a   bULghWO\   OLW   RSeQ   fLeOd   
(150-200   OX[   LQ   RXU   e[SeULPeQWV).   The   aSSaUaWXV   ZeUe   POe[LgOaV   bR[eV   aV   fRU   Whe   RSeQ   fLeOd   WeVW   (43.38   [   
43.38   [   30.28   cP)   cRQWaLQLQg   daUN   bR[   LQVeUWV   (43.38   [   12.8   [   30.28   cP).   The   cRPSaUWPeQWV   ZeUe   
cRQQecWed   b\   aQ   RSeQLQg   (5.00   [   5.00   cP 2 )   ORcaWed   aW   fORRU   OeYeO   LQ   Whe   ceQWeU   Rf   Whe   SaUWLWLRQ.   The   WLPe   
VSeQW   LQ   Whe   OLghW   cRPSaUWPeQW   ZaV   XVed   aV   a   SUedLcWRU   Rf   aQ[LeW\-OLNe   behaYLRU,   L.e.   a   gUeaWeU   aPRXQW   Rf   
WLPe   LQ   Whe   OLghW   cRPSaUWPeQW   ZaV   LQdLcaWLYe   Rf   decUeaVed   aQ[LeW\-OLNe   behaYLRU.   MLce   ZeUe   SOaced   LQ   Whe   
daUN   cRPSaUWPeQW   (4-7   OX[)   aW   Whe   begLQQLQg   Rf   Whe   15   PLQXWe   WeVW.   

EOHYaWHG   SOXV   Pa]H   
The   Pa]e   cRQVLVWed   Rf   fRXU   aUPV   (WZR   RSeQ   ZLWhRXW   ZaOOV   aQd   WZR   ZLWh   eQcORVed   ZaOOV)   30   cP   ORQg   aQd   5   
cP   ZLde   LQ   Whe   VhaSe   Rf   a   SOXV   VLgQ.   The   aSSaUaWXV   ZaV   eOeYaWed   aSSUR[LPaWeO\   33   cP   RYeU   a   WabOe.   AW   Whe   
begLQQLQg   Rf   each   WULaO,   RQe   aQLPaO   ZaV   SOaced   LQVLde   a   c\OLQdeU   ORcaWed   aW   Whe   ceQWeU   Rf   Whe   Pa]e   fRU   1   
PLQ.   The   PRXVe   ZaV   WheQ   aOORZed   WR   e[SORUe   Whe   Pa]e   fRU   5   PLQXWeV.   The   VeVVLRQ   ZaV   YLdeR-UecRUded   b\   
aQ   RYeUhead   caPeUa   aQd   VXbMecWed   WR   aXWRPaWed   aQaO\VLV   XVLQg   ANY-Pa]e   VRfWZaUe.   The   aSSaUaWXV   ZaV   
ZLSed   dRZQ   ZLWh   VaQL-ZLSeV   beWZeeQ   WULaOV   WR   UePRYe   WUaceV   Rf   RdRU   cXeV.   The   SeUceQWage   Rf   WLPe   VSeQW   LQ   
RSeQ   RU   cORVed   aUPV   ZaV   VcRUed   aQd   XVed   fRU   aQaO\VLV.   
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Y   Pa]H   WHVW   IRU   VSRQWaQHRXV   aOWHUQaWLRQV   
SSRQWaQeRXV   aOWeUQaWLRQV   beWZeeQ   WhUee   38   cP   ORQg   aUPV   Rf   a   Y-Pa]e   ZeUe   WaNeQ   aV   a   PeaVXUe   Rf   ZRUNLQg   
PePRU\.   SLQgOe   6   PLQXWe   WULaOV   ZeUe   LQLWLaWed   b\   SOacLQg   each   PRXVe   LQ   Whe   ceQWeU   Rf   Whe   Y   Pa]e.   AUP   
eQWULeV   ZeUe   UecRUded   ZLWh   a   YLdeR   caPeUa   aQd   Whe   WRWaO   QXPbeU   Rf   aUP   eQWULeV,   aV   ZeOO   aV   Whe   RUdeU   Rf   
eQWULeV,   ZaV   deWeUPLQed.   The   aSSaUaWXV   ZaV   ZLSed   dRZQ   ZLWh   VaQL-ZLSeV   beWZeeQ   WULaOV   WR   UePRYe   WUaceV   
Rf   RdRU   cXeV.   SSRQWaQeRXV   aOWeUQaWLRQV   ZeUe   defLQed   aV   cRQVecXWLYe   WULSOeWV   Rf   dLffeUeQW   aUP   chRLceV   aQd   
%   VSRQWaQeRXV   aOWeUQaWLRQ   defLQed   aV   QXPbeU   Rf   VSRQWaQeRXV   aOWeUQaWLRQV   dLYLded   b\   Whe   WRWaO   QXPbeU   Rf   
aUP   eQWULeV   PLQXV   2.   

SRFLaO   ASSURaFK   
The   aSSaUaWXV   cRQVLVWed   Rf   a   POe[LgOaV   bR[   (60   [   38   [   23.5   cP)   dLYLded   LQWR   3   cRPSaUWPeQWV   b\   POe[LgOaV   
SaUWLWLRQV   cRQWaLQLQg   RSeQLQgV   WhURXgh   ZhLch   Whe   PLce   cRXOd   fUeeO\   eQWeU   Whe   3   chaPbeUV.   The   WeVW   ZaV   
cRQdXcWed   LQ   WZR   10-PLQXWe   ShaVeV.   IQ   ShaVe   I,   Whe   WeVW   PRXVe   LV   fLUVW   aOORZed   WR   e[SORUe   Whe   chaPbeUV   fRU   
10   PLQXWeV.   Each   Rf   Whe   WZR   RXWeU   chaPbeUV   cRQWaLQed   aQ   ePSW\,   LQYeUWed   VWaLQOeVV   VWeeO   ZLUe   cXS.   IQ   
ShaVe   II,   Whe   WeVW   PRXVe   LV   bULefO\   UePRYed,   aQd   a   Ve[-PaWched   XQfaPLOLaU   PRXVe,   ZaV   SOaced   XQdeU   RQe   Rf   
Whe   ZLUe   cXSV   aQd   SOaVWLc   bORcNV   ZeUe   SOaced   XQdeU   Whe   RWheU   ZLUe   cXS.   The   WeVW   PRXVe   ZaV   WheQ   geQWO\   
SOaced   bacN   LQ   Whe   aUeQa   aQd   gLYeQ   aQ   addLWLRQaO   10   PLQXWeV   WR   e[SORUe.   AQ   RYeUhead   caPeUa   aQd   YLdeR   
WUacNLQg   VRfWZaUe   (ANY-Pa]e,   WRRd   DaOe,   IL)   ZeUe   XVed   WR   UecRUd   Whe   aPRXQW   Rf   WLPe   VSeQW   LQ   each   
chaPbeU.   The   ORcaWLRQ   (OefW   RU   ULghW)   Rf   Whe   QRYeO   RbMecW   aQd   QRYeO   PRXVe   aOWeUQaWeV   acURVV   VXbMecWV.   

AFRXVWLF   VWaUWOH   UHVSRQVHV   aQG   SUHSXOVH   LQKLELWLRQ   RI   WKH   aFRXVWLF   VWaUWOH   UHVSRQVH   
AcRXVWLc   VWaUWOe   UeVSRQVeV   ZeUe   WeVWed   LQVLde   SR-LAB   VWaUWOe   aSSaUaWXV   (SaQ   DLegR   IQVWUXPeQWV,   SaQ   
DLegR,   CA),   cRQVLVWLQg   Rf   aQ   LQQeU   chaPbeU   ZLWh   a   VSeaNeU   PRXQWed   WR   Whe   ZaOO   aQd   a   c\OLQdeU   PRXQWed   
RQ   a   SLe]ReOecWULc   VeQVLQg   SOaWfRUP   RQ   Whe   fORRU.   AW   Whe   begLQQLQg   Rf   WeVWLQg,   PLce   ZeUe   SOaced   LQVLde   Whe   
c\OLQdeU   aQd   WheQ   ZeUe   VXbMecWed   WR   bacNgURXQd   65   dB   ZhLWe   QRLVe   dXULQg   a   5-PLQ   accOLPaWLRQ   SeULRd.   
The   PPI   VeVVLRQ   begaQ   ZLWh   Whe   SUeVeQWaWLRQ   Rf   VL[   SXOVe-aORQe   WULaOV   Rf   120   dB,   40   PV.   TheQ,   a   VeULeV   Rf   
SXOVe-aORQe   WULaOV   aQd   SUeSXOVe   WULaOV   (69,   73,   RU   81   dB,   20   PV   fROORZed   b\   100   PV   SXOVe   WULaO,   120   dB)   
ZeUe   each   SUeVeQWed   12   WLPeV   LQ   a   SVeXdRUaQdRP   RUdeU.   The   VeVVLRQ   cRQcOXded   ZLWh   Whe   SUeVeQWaWLRQ   Rf   
VL[   SXOVe-aORQe   WULaOV.   The   aSSaUaWXV   ZaV   ZLSed   dRZQ   ZLWh   VaQL-ZLSeV   beWZeeQ   WULaOV   WR   UePRYe   WUaceV   Rf   
RdRU   cXeV.   The   VWaUWOe   aPSOLWXde   ZaV   caOcXOaWed   XVLQg   aUbLWUaU\   XQLWV,   aQd   Whe   acRXVWLc   VWaUWOe   UeVSRQVe   ZaV   
Whe   aYeUage   VWaUWOe   aPSOLWXde   Rf   SXOVe-aORQe   WULaOV.   The   SeUceQW   PPI   ZaV   caOcXOaWed   aV   fROORZV:   [100-   (PeaQ   
SUeSXOVe   UeVSRQVe/PeaQ   SXOVe   aORQe   UeVSRQVe)   [   100].   

CXHG   aQG   FRQWH[WXaO   IHaU   FRQGLWLRQLQJ   

FeaU   cRQdLWLRQLQg   e[SeULPeQWV   ZeUe   SeUfRUPed   XVLQg   aXWRPaWed   feaU   cRQdLWLRQLQg   chaPbeUV   (SaQ   DLegR   
IQVWUXPeQWV,   SaQ   DLegR,   CA),   VLPLOaUO\   WR   SUeYLRXV   VWXdLeV (GUeVacN   eW   aO.,   2010;   RLVbURXgh   eW   aO.,   2014) .   
OQ   da\   1,   afWeU   a   2-PLQ   accOLPaWLRQ   SeULRd,   PLce   ZeUe   SUeVeQWed   ZLWh   a   WRQe   cRQdLWLRQed   VWLPXOXV   (CS:  
75ௗdB,   4ௗNH])   fRU   20ௗV   WhaW   cR-WeUPLQaWed   ZLWh   a   fRRW   VhRcN   XQcRQdLWLRQed   VWLPXOXV   (1ௗV,   0.5ௗPA).   A   WRWaO   
Rf   WhUee   WRQe-VhRcN   SaLULQgV   ZeUe   SUeVeQWed   ZLWh   aQ   LQWeU-WULaO   LQWeUYaO   Rf   40ௗV.   TR   aVVeVV   acTXLVLWLRQ,   
fUee]LQg   ZaV   TXaQWLfLed   dXULQg   fRRW   VhRcN   SUeVeQWaWLRQV.   MLce   ZeUe   UeWXUQed   WR   WheLU   hRPe   cageV   2ௗPLQ   
afWeU   Whe   fLQaO   VhRcN.   TheVe   PRdeUaWe   VhRcN   SaUaPeWeUV   ZeUe   SUeYLRXVO\   fRXQd   VXLWabOe   WR   deWecW   bRWh   
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LQcUeaVeV   aQd   decUeaVeV   LQ   feaU-cRQdLWLRQed   behaYLRU (RLVbURXgh   eW   aO.,   2014) .   24ௗh   OaWeU,   RQ   da\   2,   PLce   
ZeUe   Ue-e[SRVed   WR   Whe   cRQdLWLRQLQg   chaPbeU   WR   aVVeVV   cRQWe[W-deSeQdeQW   feaU   UeWeQWLRQ.   ThLV   WeVW   OaVWed   
8ௗPLQ   dXULQg   ZhLch   WLPe   QR   VhRcNV   RU   WRQeV   ZeUe   SUeVeQWed   aQd   fUee]LQg   ZaV   VcRUed   fRU   Whe   dXUaWLRQ   Rf   
Whe   VeVVLRQ.   TLPe   fUee]LQg   ZaV   TXaQWLfLed   acURVV   fRXU   2-PLQ   bORcNV.   Da\   3:   24ௗh   afWeU   Whe   cRQWe[W   
feaU-UeWeQWLRQ   WeVW,   PLce   ZeUe   WeVWed   fRU   CS-LQdXced   feaU   UeWeQWLRQ   aQd   e[WLQcWLRQ.   The   cRQWe[W   Rf   Whe   
chaPbeUV   ZaV   aOWeUed   acURVV   VeYeUaO   dLPeQVLRQV   (WacWLOe,   RdRU,   YLVXaO)   fRU   WhLV   WeVW   LQ   RUdeU   WR   PLQLPL]e   
geQeUaOL]aWLRQ   fURP   Whe   cRQdLWLRQLQg   cRQWe[W.   AfWeU   a   2ௗPLQ   accOLPaWLRQ   SeULRd,   dXULQg   ZhLch   WLPe   QR   
WRQeV   ZeUe   SUeVeQWed   (µSUe-WRQe'),   32   WRQeV   ZeUe   SUeVeQWed   fRU   20ௗV   ZLWh   aQ   LQWeU-WULaO   LQWeUYaO   Rf   5ௗV.   
FUee]LQg   ZaV   VcRUed   dXULQg   each   WRQe   SUeVeQWaWLRQ   aQd   TXaQWLfLcaWLRQV   ZeUe   dRQe   LQ   eLghW   bORcNV   Rf   fRXU   
WRQeV.   MLce   ZeUe   UeWXUQed   WR   WheLU   hRPe   cage   LPPedLaWeO\   afWeU   WeUPLQaWLRQ   Rf   Whe   OaVW   WRQe.   OQ   da\   4,   
afWeU   a   2ௗPLQ   accOLPaWLRQ   SeULRd,   dXULQg   ZhLch   WLPe   QR   WRQeV   ZeUe   SUeVeQWed   (µSUe-WRQe'),   a   VhRUWeU   VeVVLRQ   
Rf   16   WRQeV   ZaV   XVed   WR   aVVeVV   e[WLQcWLRQ.   TLPe   fUee]LQg   ZaV   TXaQWLfLed   acURVV   fRXU   bORcNV   Rf   fRXU   WRQeV.   
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