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AEVWUDFW
AccXUaWe WUaQVcULSWLRQ VWaUW VLWe (TSS) aQQRWaWLRQV aUe eVVeQWLaO fRU XQdeUVWaQdLQg

WUaQVcULSWLRQaO UegXOaWLRQ aQd LWV UROe LQ KXPaQ dLVeaVe. GeQe cROOecWLRQV VXcK aV GENCODE

cRQWaLQ aQQRWaWLRQV fRU WeQV Rf WKRXVaQdV Rf TSSV, bXW QRW aOO Rf WKeVe aQQRWaWLRQV aUe

e[SeULPeQWaOO\ YaOLdaWed QRU dR WKe\ cRQWaLQ LQfRUPaWLRQ RQ ceOO W\Se-VSecLfLc XVage. TKeUefRUe,

Ze VRXgKW WR geQeUaWe a cROOecWLRQ Rf e[SeULPeQWaOO\ YaOLdaWed TSSV b\ LQWegUaWLQg RNA

AQQRWDWLRQ DQG MDSSLQJ RI PURPRWHUV IRU WKH AQDO\VLV RI GHQH E[SUHVVLRQ (RAMPAGE) daWa

fURP 115 ceOO aQd WLVVXe W\SeV, ZKLcK UeVXOWed LQ a cROOecWLRQ Rf aSSUR[LPaWeO\ 50 WKRXVaQd

UeSUeVeQWaWLYe RAMPAGE SeaNV. TKeVe SeaNV ZeUe SULPaULO\ SUR[LPaO WR GENCODE-aQQRWaWed

TSSV aQd ZeUe cRQcRUdaQW ZLWK RWKeU WUaQVcULSWLRQ aVVa\V. BecaXVe RAMPAGE XVeV

SaLUed-eQd UeadV, Ze ZeUe WKeQ abOe WR cRQQecW SeaNV WR WUaQVcULSWV b\ aQaO\]LQg WKe geQRPLc

SRVLWLRQV Rf WKe 3' eQdV Rf Uead PaWeV. UVLQg WKLV SaLUed-eQd LQfRUPaWLRQ, Ze cOaVVLfLed WKe YaVW

PaMRULW\ (37 WKRXVaQd) Rf RXU RAMPAGE SeaNV aV YeULfLed TSSV, XSdaWLQg TSS aQQRWaWLRQV fRU

20% Rf GENCODE geQeV. We aOVR fRXQd WKaW WKeVe XSdaWed TSS aQQRWaWLRQV ZeUe VXSSRUWed

b\ eSLgeQRPLc aQd RWKeU WUaQVcULSWRPLc daWaVeWV. TR dePRQVWUaWe WKe XWLOLW\ Rf WKLV RAMPAGE

UPeaN cROOecWLRQ, Ze LQWeUVecWed LW ZLWK WKe NHGRI/EBI GWAS caWaORg aQd LdeQWLfLed QeZ

caQdLdaWe GWAS geQeV. OYeUaOO, RXU ZRUN dePRQVWUaWeV WKe LPSRUWaQce Rf LQWegUaWLQg

e[SeULPeQWaO daWa WR fXUWKeU UefLQe TSS aQQRWaWLRQV aQd SURYLdeV a YaOXabOe UeVRXUce fRU WKe

bLRORgLcaO cRPPXQLW\.
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IQWURGXFWLRQ
AccXUaWe PaSV Rf geQeV aQd WKeLU WUaQVcULSWLRQ VWaUW VLWeV (TSSV) aUe eVVeQWLaO fRU VWXd\LQg geQe

UegXOaWLRQ aQd deWeUPLQLQg WKe LPSacW Rf geQeWLc YaULaWLRQ. WKLOe geQe aQd WUaQVcULSW

aQQRWaWLRQV KaYe LPSURYed VXbVWaQWLaOO\ RYeU WKe \eaUV, beQefLWLQg fURP adYaQceV LQ

e[SeULPeQWaO aQd cRPSXWaWLRQaO WecKQRORgLeV, accXUaWe, ceOO W\Se-VSecLfLc aQQRWaWLRQV aUe faU

fURP cRPSOeWe. EffRUWV VXcK aV WKe GENCODE SURMecW (FUaQNLVK eW aO. 2019) KaYe geQeUaWed

deWaLOed aQQRWaWLRQV fRU RYeU 60 WKRXVaQd geQeV aQd 100 WKRXVaQd WUaQVcULSWV acURVV WKe

KXPaQ geQRPe. TKeVe ZLdeO\ XVed aQQRWaWLRQV cRPbLQe WUaQVcULSWRPLc, SURWeRPLc, aQd

KRPRORg\ eYLdeQce WKURXgK PaQXaO cXUaWLRQ aQd aXWRPaWed cRPSXWaWLRQaO SLSeOLQeV. HRZeYeU,

WKeVe aQQRWaWLRQV aUe bXLOW LQ a ceOO W\Se-agQRVWLc PaQQeU; WKe\ UeSUeVeQW WKe cROOecWLYe

WUaQVcULSWRPLc OaQdVcaSe acURVV WKRXVaQdV Rf XQLTXe ceOO aQd WLVVXe W\SeV. TKeUefRUe, LW LV

dLffLcXOW WR NQRZ ZKLcK WUaQVcULSWV aUe acWLYeO\ WUaQVcULbed LQ a SaUWLcXOaU ceOO RU WLVVXe W\Se aQd,

b\ e[WeQVLRQ, ZKLcK UegXOaWRU\ eOePeQWV aQd geQeWLc YaULaQWV Pa\ LPSacW geQe e[SUeVVLRQ.

WKLOe SXbOLc RNA-VeT daWa aUe accXPXOaWLQg acURVV a ZLde aUUa\ Rf WLVVXeV aQd ceOOV W\SeV,

PaQ\ Rf ZKLcK aUe fURP cRRUdLQaWed effRUWV VXcK aV WKe GeQRW\Se-TLVVXe E[SUeVVLRQ (GTE[)

(GTE[ CRQVRUWLXP 2020) aQd EQc\cORSedLa Rf DNA EOePeQWV (ENCODE) (ENCODE PURMecW

CRQVRUWLXP eW aO. 2020) SURMecWV, WKeVe e[SeULPeQWV aUe QRW RSWLPaO fRU aQQRWaWLQg VSecLfLc

WUaQVcULSWV aQd WKeLU VWaUW VLWeV. MRVW RNA-VeT SURWRcROV SeUfRUP VKRUW-Uead VeTXeQcLQg, ZKLcK

caQ accXUaWeO\ TXaQWLf\ geQe e[SUeVVLRQ OeYeOV bXW aUe XQabOe WR fXOO\ deOLQeaWe WUaQVcULSW

LVRfRUPV QRU SUecLVeO\ PaS WKe 5' eQdV Rf WUaQVcULSWV. TKeUefRUe, aVVa\V WKaW WaUgeW aQd SUeVeUYe

5' eQdV, VXcK aV WKe FDS DQDO\VLV JHQH H[SUHVVLRQ (CAGE) aVVa\ (KRd]LXV eW aO. 2006), aUe

SUefeUUed fRU TSS LdeQWLfLcaWLRQ. TKe FANTOM cRQVRUWLXP geQeUaWed a TSS caWaORg acURVV WKe

KXPaQ geQRPe b\ LQWegUaWLQg WKRXVaQdV Rf CAGE e[SeULPeQWV (FANTOM CRQVRUWLXP aQd WKe

RIKEN PMI aQd CLST (DGT) eW aO. 2014). HRZeYeU, CAGE XVeV VKRUW, VLQgOe-eQd UeadV, ZKLcK

KaYe ORZ PaSSabLOLW\ aQd caQ QRW cRQQecW TSSV WR WKeLU dRZQVWUeaP WUaQVcULSWV. TR RYeUcRPe

WKeVe OLPLWaWLRQV, GLQgeUaV aQd cROOeagXeV deYeORSed WKe RNA AQQRWDWLRQ DQG MDSSLQJ RI

PURPRWHUV IRU WKH AQDO\VLV RI GHQH E[SUHVVLRQ (RAMPAGE) aVVa\ (BaWXW eW aO. 2013), ZKLcK

caSWXUeV WKe 5' eQd Rf caSSed RNAV XVLQg SaLUed-eQd UeadV WR eQabOe PRUe accXUaWe geQRPLc

PaSSLQg aQd WUaQVcULSW cKaUacWeUL]aWLRQ. TKe GLQgeUaV Oab geQeUaWed bRWK RAMPAGE aQd

RNA-VeT daWa fRU PRUe WKaQ RQe-KXQdUed KXPaQ VaPSOeV dXULQg WKe ENCODE PURMecW

(ENCODE PURMecW CRQVRUWLXP eW aO. 2020).
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HeUe, Ze LQWegUaWed 115 KLgK-TXaOLW\ ENCODE RAMPAGE e[SeULPeQWV WR LdeQWLf\ 52,546

UeSUeVeQWaWLYe RAMPAGE SeaNV (UPeaNV), a cXUaWed cROOecWLRQ Rf TSSV aQd WKeLU acWLYLWLeV

acURVV WKe 115 KXPaQ VaPSOeV. TKeVe UPeaNV aUe VXSSRUWed b\ RWKeU WUaQVcULSWLRQ aVVa\V

LQcOXdLQg CAGE, ORQg-Uead RNA-VeT XVLQg WKe PacBLR SOaWfRUP, aQd KLgK-UeVROXWLRQ QXcOeaU

UXQ-RQ Rf caSSed WUaQVcULSWV (GRO-caS) (CRUe eW aO. 2014). UVLQg SaLUed-eQd RAMPAGE UeadV,

Ze OLQNed WKe PaMRULW\ Rf UPeaNV WR aQQRWaWed geQeV aQd LdeQWLfLed TSSV Rf XQaQQRWaWed VSOLced

WUaQVcULSWV. TKeVe YeULfLed UPeaNV ZeUe PRUe eQULcKed fRU WUaQVcULSWRPLc aQd eSLgeQRPLc

feaWXUeV WKaQ GENCODE TSSV fRU WKe VaPe geQeV QRW VXSSRUWed b\ RAMPAGE. FLQaOO\, Ze

XVed WKLV cROOecWLRQ Rf UPeaNV WR aQQRWaWe KXPaQ YaULaQWV aVVRcLaWed ZLWK geQRPe-ZLde

aVVRcLaWLRQ VWXdLeV (GWAS) aQd LdeQWLf\ QRYeO SKeQRW\Se-aVVRcLaWed geQeV. OYeUaOO, RXU TSS

cROOecWLRQ cRPSOePeQWV e[LVWLQg geQe aQQRWaWLRQV aQd dePRQVWUaWeV WKe XWLOLW\ Rf ceOO

W\Se-VSecLfLc TSS aQQRWaWLRQV LQ LQWegUaWLYe aQaO\VeV.

RHVXOWV
CXUDWLRQ RI 52,546 UHSUHVHQWDWLYH RAMPAGE SHDNV
We cXUaWed 115 KLgK-TXaOLW\ RAMPAGE e[SeULPeQWV (SXSSOHPHQWDO 7DEOH S1D) fURP ENCODE

WR geQeUaWe RXU cROOecWLRQ Rf UeSUeVeQWaWLYe RAMPAGE SeaNV (UPeaNV) (FLJ. 1D). TKeVe

RAMPAGE e[SeULPeQWV VSaQQed 87 WLVVXeV aQd 28 ceOO W\SeV fURP a YaULeW\ Rf bLRORgLcaO

cRQWe[WV. We caOOed SeaNV LQ LQdLYLdXaO RAMPAGE e[SeULPeQWV aV SUeYLRXVO\ deVcULbed (ZKaQg

eW aO. 2019), LdeQWLf\LQg WKUee cRPSRQeQWV fRU eacK SeaN: (1) a fXOO SeaN; (2) a KLgK deQVLW\

UegLRQ LQ WKe SeaN WKaW accRXQWV fRU 70% Rf WKe SeaN'V WRWaO RAMPAGE VLgQaO; aQd (3) a VXPPLW,

ZKLcK LV WKe geQRPLc SRVLWLRQ ZLWK WKe KLgKeVW VLgQaO. GLYeQ WKaW WKe RAMPAGE aVVa\ eQULcKed

fRU UeadV aW WKe 5' eQdV Rf WUaQVcULSWV, Ze fLOWeUed RXW WKe VPaOO VXbVeW Rf RAMPAGE SeaNV WKaW

Kad KLgKeU RNA-VeT VLgQaOV WKaQ RAMPAGE VLgQaOV LQ WKe PaWcKed bLRVaPSOe (Vee MHWKRGV,

SXSSOHPHQWDO FLJ. S1D), UeWaLQLQg abRXW WeQ WKRXVaQd SeaNV SeU e[SeULPeQW (SXSSOHPHQWDO

7DEOH S1D). We WKeQ cOXVWeUed RYeUOaSSLQg SeaNV acURVV WKe 115 e[SeULPeQWV fRU WZR geQRPLc

VWUaQdV VeSaUaWeO\ aQd VeOecWed a UeSUeVeQWaWLYe SeaN (UPeaN) fRU eacK cOXVWeU ZLWK WKe KLgKeVW

ReadV PeU KLORbaVe, SeU MLOOLRQ PaSSed UeadV (RPKM, FLJ. 1D). AddLWLRQaO fLOWeULQg ZaV

SeUfRUPed WR UePRYe ORZ VLgQaO, VLQgOe-e[SeULPeQW UPeaNV ZKLcK ZeUe OLNeO\ faOVe SRVLWLYeV; LQ

WRWaO, Ze aUULYed aW 52,546 UPeaNV (SXSSOHPHQWDO 7DEOH S1E). TKe fXOO UPeaNV aQd WKeLU
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KLgK-deQVLW\ UegLRQV RccXS\ 0.23% aQd 0.09% Rf WKe KXPaQ geQRPe, KaYLQg PedLaQ ZLdWKV Rf

121 aQd 43 QXcOeRWLdeV (QWV), UeVSecWLYeO\ (SXSSOHPHQWDO FLJ. S1E, F).

TKe PaMRULW\ (59%) Rf UPeaNV eLWKeU RYeUOaSSed RU ZeUe SUR[LPaO WR (� 500 bS bXW dLd QRW

RYeUOaS) a GENCODE-aQQRWaWed TSS (GENCODE 31 baVLc TSSV; FLJ. 1E). TKe UePaLQLQg

UPeaNV RYeUOaSSed e[RQLc, LQWURQLc, RU LQWeUgeQLc UegLRQV (14%, 18%, aQd 9% Rf UPeaNV,

UeVSecWLYeO\). We XVed WKeVe geQRPLc cRQWe[WV (TSS, TSS-SUR[LPaO, e[RQ, LQWURQ, aQd

LQWeUgeQLc) WKURXgKRXW RXU aQaO\VeV. AV e[SecWed, RAMPAGE UPeaNV ZeUe KLgKO\ eQULcKed fRU

aQQRWaWed TSSV aQd deSOeWed LQ LQWeUgeQLc UegLRQV cRPSaUed WR WKe geQRPLc fRRWSULQWV Rf WKeVe

cRQWe[WV (CKL-VTXaUe WeVW, S < 1 × 10Ư300, FLJ. 1F). AddLWLRQaOO\, TSS, TSS-SUR[LPaO, e[RQLc, aQd

LQWURQLc UPeaNV Kad KLgKeU VWUaQd cRQcRUdaQce WKaQ LQWeUgeQLc UPeaNV, PeaQLQg WKe\ ZeUe PRUe

OLNeO\ WR faOO RQ WKe VaPe VWaQd aV WKeLU RYeUOaSSLQg RU cORVeVW geQe (FLJ. 1G). TKLV fLQdLQg

VXggeVWV WKaW LQWeUgeQLc UPeaNV OLNeO\ UeVXOWed fURP PLVaQQRWaWed RU QRYeO TSSV RU fURP

WUaQVcULSWLRQ aW UegXOaWRU\ eOePeQWV VXcK aV eQKaQceU RNAV (eRNAV).

Ne[W, Ze aQaO\]ed WKe abLOLW\ Rf eacK UPeaN WR accXUaWeO\ UeSUeVeQW WKeLU XQdeUO\LQg cOXVWeUV.

WKeQ Ze aQaO\]ed WKe UaQge Rf bLRVaPSOe acWLYLWLeV Rf WKe RAMPAGE SeaN cOXVWeUV, Ze

RbVeUYed a bLPRdaO dLVWULbXWLRQ (SXSSOHPHQWDO FLJ. S1G, SXSSOHPHQWDO 7DEOH S1E), LQdLcaWLQg

WKaW VRPe UPeaNV UeSUeVeQW SeaNV fURP PaQ\ RAMPAGE e[SeULPeQWV, ZKLOe RWKeUV UeSUeVeQW

RQO\ a feZ. TKe UPeaNV LQ dLffeUeQW geQRPLc cRQWe[WV dLffeU gUeaWO\ LQ WKLV UegaUd. TSS UPeaNV

UeSUeVeQW SeaNV fURP 26 e[SeULPeQWV RQ aYeUage, PXcK KLgKeU WKaQ RWKeU UPeaNV (SaLUZLVe

FLVKeU'V e[acW WeVW, S < 1 × 10Ư300, SXSSOHPHQWDO FLJ. S1H). FRU WKe YaVW PaMRULW\ Rf UPeaNV,

WKeLU VXPPLWV ZeUe aW QeaUO\ LdeQWLcaO SRVLWLRQV WR WKe SeaNV WKe\ UeSUeVeQWed (Ze e[cOXded WKe

SeaN WKaW ZaV cKRVeQ aV WKe UPeaN fRU WKLV aQaO\VLV), ZLWK a dLffeUeQce LQ PedLaQ Rf 0 bS acURVV

e[SeULPeQWV (FLJ. 1H). We RbVeUYed PRUe YaULabLOLW\ LQ WKe bRXQdaULeV Rf WKe KLgK-deQVLW\

UegLRQV aQd fXOO SeaNV, ZLWK a dLffeUeQce LQ PedLaQ Rf 8 aQd 18 bS, UeVSecWLYeO\, ZKLcK LV VWLOO

UeOaWLYeO\ VPaOO RQ a geQRPe-ZLde VcaOe. AV aQ LOOXVWUaWLYe e[aPSOe, WKe UPeaN (ZH38T0001231)

WKaW RYeUOaSSed a TSS Rf WKe PPIE geQe UeSUeVeQWed RAMPAGE SeaNV fURP 114 e[SeULPeQWV

SUecLVeO\ aW WKeLU VXPPLWV aQd KLgK-deQVLW\ UegLRQV (FLJ. 1I, SXSSOHPHQWDO 7DEOH S1F).

TR aVVeVV WKe bLRORgLcaO VSecWUXP Rf UPeaN acWLYLW\, Ze SeUfRUPed dLPeQVLRQaOLW\ UedXcWLRQ ZLWK

UMAP fRU aOO WLVVXe VaPSOeV (N = 87), XVLQg RAMPAGE VLgQaO SURfLOeV acURVV WKe UPeaNV LQ

WKeVe VaPSOeV (FLJ. 1J). SLPLOaU WLVVXeV geQeUaOO\ cOXVWeUed WRgeWKeU, e.g., bUaLQ, KeaUW aQd Oeg
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PXVcOe, aQd gaVWURLQWeVWLQaO WLVVXeV, UeVSecWLYeO\. SRPe feWaO WLVVXeV cOXVWeUed ZLWK WKeLU

cRUUeVSRQdLQg adXOW WLVVXeV, LQcOXdLQg KeaUW, OLYeU, aQd OXQg. HRZeYeU, feWaO WK\URLd aQd VWRPacK

WLVVXeV cOXVWeUed e[cOXVLYeO\ ZLWK RWKeU feWaO WLVVXe VaPSOeV, VXggeVWLQg WKaW WKeVe feWaO VaPSOeV

VKaUe deYeORSPeQWaO WUaQVcULSWLRQaO SaWWeUQV aW WKe VXUYe\ed OLfe VWageV. We RbVeUYed VLPLOaU

SaWWeUQV XVLQg aOO 115 bLRVaPSOeV, aObeLW ZLWK WLVVXeV cOXVWeULQg VeSaUaWeO\ fURP SULPaU\ ceOOV

aQd ceOO OLQeV (SXSSOHPHQWDO FLJ. S1I). OYeUaOO, WKeVe UeVXOWV LQdLcaWe WKaW RXU RAMPAGE

UPeaNV aUe a XQLfLed VeW Rf WUaQVcULSWLRQaO VLWeV WKaW eQabOeV V\VWePaWLc LQYeVWLgaWLRQV LQWR WKe

WUaQVcULSWLRQaO OaQdVcaSe acURVV PXOWLSOe bLRVaPSOeV.

RAMPAGE UPHDNV DUH FRQFRUGDQW ZLWK RWKHU WUDQVFULSWLRQ VWDUW VLWH DQQRWDWLRQV
TR eYaOXaWe WKe accXUac\ aQd cRPSUeKeQVLYeQeVV Rf RXU RAMPAGE UPeaNV cROOecWLRQ, Ze

cRPSaUed LW ZLWK RWKeU cROOecWLRQV Rf WUaQVcULSWLRQ VWaUW VLWe aQQRWaWLRQV. TKe OaUgeVW aQd PRVW

bLRORgLcaOO\ dLYeUVe Rf WKeVe cROOecWLRQV LV WKe aWOaV Rf CAGE SeaNV geQeUaWed b\ WKe FANTOM5

cRQVRUWLXP, ZKLcK cRPSULVeV 209,911 SeaNV aQQRWaWed acURVV 1,816 e[SeULPeQWV (FANTOM

CRQVRUWLXP aQd WKe RIKEN PMI aQd CLST (DGT) eW aO. 2014; AbXgeVVaLVa eW aO. 2017).

ASSUR[LPaWeO\ WZR-WKLUdV Rf RXU UPeaNV RYeUOaSSed a CAGE SeaN, ZKLOe RQO\ RQe-WKLUd Rf WKe

CAGE SeaNV RYeUOaSSed aQ UPeaN (FLJ. 2D). SWUaWLfLed b\ geQRPLc cRQWe[W, WKe

CAGE-RYeUOaSSLQg UPeaNV ZeUe PRUe OLNeO\ WR be aW GENCODE TSSV RU TSS-SUR[LPaO ORcL aQd

OeVV OLNeO\ WR be aW e[RQLc, LQWeUgeQLc, RU LQWURQLc ORcL (CKL-VTXaUe WeVW, S < 1.0 î 10í300, FLJ. 2E).

TKRXgK a PaMRULW\ Rf TSS aQd TSS-SUR[LPaO UPeaNV ZeUe VKaUed beWZeeQ RAMPAGE aQd

CAGE, Ze LdeQWLfLed VeWV Rf geQeV ZLWK TSSV WKaW ZeUe e[cOXVLYeO\ SUR[LPaO WR CAGE SeaNV

(CAGE-RQO\ geQeV, SXSSOHPHQWDO 7DEOH S2D) RU ZeUe e[cOXVLYeO\ SUR[LPaO WR RAMPAGE

UPeaNV (RAMPAGE-RQO\ geQeV, SXSSOHPHQWDO 7DEOH S2E). GeQe RQWRORg\ aQaO\VLV UeYeaOed

WKaW WKe 6,932 CAGE-RQO\ geQeV ZeUe eQULcKed LQ WeUPV VXcK aV 7 FHOO UHFHSWRU FRPSOH[ aQd

SKRWRUHFHSWRU GLVF PHPEUDQH (FLJ. 2F, SXSSOHPHQWDO 7DEOH S2F). EQULcKPeQW LQ WKeVe WeUPV LV

QRW VXUSULVLQg aV WKe cRUUeVSRQdLQg bLRVaPSOeV²T ceOOV aQd e\e WLVVXeV²ZeUe aVVa\ed b\

CAGE bXW QRW RAMPAGE. AddLWLRQaO eQULcKPeQW fRU QeXURQaO WeUPV VXcK aV LQWHJUDO

FRPSRQHQWV RI SRVWV\QDSWLF GHQVLW\ PHPEUDQHV ZaV XQe[SecWed aV Ze LQWegUaWed RAMPAGE

daWa fURP VeYeQ feWaO bUaLQ VaPSOeV aQd LQ YLWUR dLffeUeQWLaWed QeXURQV. AOWeUQaWLYeO\, WKe 1,573

RAMPAGE-RQO\ geQeV ZeUe SULPaULO\ eQULcKed fRU WZR WeUPV, LPPXQRgORbXOLQ SURdXcWLRQ aQd

NeUaWLQL]aWLRQ (FLJ. 2F, SXSSOHPHQWDO 7DEOH S2G), dXe WR aQ abXQdaQce Rf LPPXQRgORbXOLQ

NaSSa (IGK) geQeV aQd NeUaWLQ-aVVRcLaWed SURWeLQ (KR7AP) geQeV, UeVSecWLYeO\. WKLOe Ze
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RbVeUYed geQeV fURP WKeVe faPLOLeV LQ bRWK WKe RAMPAGE-RQO\ aQd CAGE-RQO\ geQe VeWV, WKe

VeTXeQceV fOaQNLQg WKe TSSV Rf RAMPAGE-RQO\ IGK aQd KR7AP geQeV VKaUed KLgKeU

VeTXeQce VLPLOaULW\ WKaQ WKe cRUUeVSRQdLQg CAGE-RQO\ geQeV (WLOcR[RQ WeVWV, S = 7.1 î 10í7

aQd 4.7 î 10í5, UeVSecWLYeO\, FLJ. 2G, SXSSOHPHQWDO FLJ. S2D). We K\SRWKeVL]e WKaW WKe 101 QW,

SaLUed-eQd RAMPAGE UeadV caQ XQLTXeO\ PaS WR geQRPLc UegLRQV VKaULQg KLgKeU VeTXeQce

VLPLOaULW\ beWWeU WKaQ WKe 36 QW, VLQgOe-eQd CAGE UeadV, aOORZLQg XV WR LdeQWLf\ UPeaNV LQ PRUe

SaUaORgV Rf WKeVe WZR geQe faPLOLeV. IQ cRQcOXVLRQ, WKe SULPaU\ dLffeUeQceV LQ WKe geQe cRYeUage

b\ RAMPAGE UPeaNV aQd CAGE SeaNV OaUgeO\ UefOecW dLffeUeQceV LQ WKeLU bLRVaPSOe cROOecWLRQV

aQd aVVa\ Uead OeQgWK.

TR aYRLd cRYeUage dLffeUeQceV dXe WR bLRVaPSOe cRPSRVLWLRQ, Ze dLUecWO\ cRPSaUed RAMPAGE

UPeaNV aQd CAGE SeaNV acWLYe LQ K562 aQd GM12878 ceOO OLQeV²bLRVaPSOeV XVed LQ bRWK

SeaN cROOecWLRQV²aORQg ZLWK GRO-caS (CRUe eW aO. 2014) aQd PacBLR ORQg-Uead RNA-VeT daWa

(W\PaQ eW aO.) LQ WKe UeVSecWLYe ceOO OLQeV. GeQeUaOO\, WKe fRXU VeWV Rf TSS aQQRWaWLRQV ZeUe

KLgKO\ cRQcRUdaQW, ZLWK WKe PaMRULW\ Rf RAMPAGE UPeaNV, CAGE SeaNV, aQd PacBLR 5' eQdV

RYeUOaSSLQg RQe aQRWKeU aQd cRQWaLQLQg KLgK GRO-caS VLgQaOV (SXSSOHPHQWDO FLJ. S2E). IQ

WRWaO, 98% Rf K562 aQd GM12878 UPeaNV ZeUe VXbVWaQWLaWed b\ RYeUOaSV ZLWK aW OeaVW RQe RWKeU

WUaQVcULSWRPe aQQRWaWLRQ, aQd a PaMRULW\ Rf WKe UPeaNV²65% LQ K562 aQd 74% LQ

GM12878²ZaV VXSSRUWed b\ aOO Rf WKe RWKeU aVVa\V (FLJ. 2H aQd SXSSOHPHQWDO FLJ. S2F).

TKeVe VXSSRUWed UPeaNV Kad KLgKeU RAMPAGE VLgQaOV (PaLUZLVe WLOcR[RQ WeVW, S < 1.0 ×

10Ư300, FLJ. 2I, SXSSOHPHQWDO FLJ. S2G) aQd ZeUe PRUe OLNeO\ WR RYeUOaS TSSV (CKL-VTXaUe WeVW,

S = 2.5 × 10Ư259, FLJ. 2J, SXSSOHPHQWDO FLJ. S2H) WKaQ UPeaNV VXSSRUWed b\ feZeU RU QR RWKeU

aVVa\V. We aOVR aQaO\]ed WKe QXPbeU Rf geQeV ZLWK TSSV VXSSRUWed b\ RAMPAGE, CAGE RU

PacBLR daWa, aQd RbVeUYed WKaW RAMPAGE UPeaNV LdeQWLfLed aQ aYeUage Rf 17% feZeU geQeV

WKaQ CAGE aQd PacBLR (SXSSOHPHQWDO FLJ. S2I, J). OQ WKe RWKeU KaQd, 96% Rf RAMPAGE

geQeV ZeUe VXSSRUWed b\ aQRWKeU aVVa\ cRPSaUed WR 90% Rf CAGE geQeV aQd 88% Rf PacBLR

geQeV. TKXV, RXU UPeaN aSSURacK VOLgKWO\ cRPSURPLVeV UecaOO fRU beWWeU SUecLVLRQ.

SWUaWLfLed b\ geQRPLc cRQWe[W, TSS UPeaNV Kad WKe KLgKeVW OeYeOV Rf GRO-caS VLgQaO aQd

RYeUOaSSed WKe gUeaWeVW QXPbeU Rf PacBLR 5�-eQdV, fROORZed b\ TSS-SUR[LPaO, LQWURQLc aQd

LQWeUgeQLc UPeaNV (SXSSOHPHQWDO FLJ. S2K-M). IQ cRQWUaVW, e[RQLc UPeaNV cRQVLVWeQWO\ Kad WKe

ORZeVW OeYeOV Rf GRO-caS VLgQaO, aQd WKRXgK WKe\ RYeUOaSSed a PRdeUaWe QXPbeU Rf PacBLR

5�-eQdV (SXSSOHPHQWDO FLJ. S2L), WKeVe PacBLR UeadV ZeUe VLgQLfLcaQWO\ VKRUWeU WKaQ WKRVe
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RYeUOaSSLQg RWKeU UPeaN cOaVVeV (SaLUZLVe WLOcR[RQ WeVW ZLWK FDR cRUUecWLRQ, S < 1.0 × 10Ư16 ,

SXSSOHPHQWDO FLJ. S2M). TKeVe UeVXOWV VXggeVW WKaW PaQ\ Rf WKe e[RQLc UPeaNV OLNeO\ aUe QRW

TSSV aQd Pa\ aULVe fURP PRNA UecaSSLQg (TURWPaQ aQd ScKReQbeUg 2019).

OQO\ 2% Rf K562 aQd GM12878 RAMPAGE UPeaNV ZeUe QRW VXSSRUWed b\ RQe Rf WKe RWKeU

aVVa\V (N = 301 aQd 212, UeVSecWLYeO\). TKeVe SeaNV Kad WKe ORZeVW RAMPAGE VLgQaOV aQd

ZeUe PRUe OLNeO\ WR RYeUOaS e[RQV, LQWURQV, aQd LQWeUgeQLc UegLRQV (FLJ. 2I-J, SXSSOHPHQWDO FLJ.

S2G-H). TKeVe ZeaNeU WUaQVcULSWLRQ VLWeV aUe QRW aV UeSURdXcLbOe acURVV aVVa\V RU Pa\ be faOVe

SRVLWLYeV. OYeUaOO, RXU UeVXOWV dePRQVWUaWe WKaW RXU VeW Rf RAMPAGE UPeaNV aUe KLgKO\

cRQcRUdaQW ZLWK RWKeU WUaQVcULSWRPe aQQRWaWLRQV aQd OLNeO\ UeSUeVeQW a cRQVeUYaWLYe VeW Rf

WUaQVcULSWLRQ VWaUW VLWeV.

7KUHH-TXDUWHUV RI RAMPAGE UPHDNV DUH DVVLJQHG WR JHQHV YLD VSOLFHG WUDQVFULSWV
OQe adYaQWage Rf WKe RAMPAGE aVVa\ LV WKaW LW SURdXceV SaLUed-eQd UeadV, ZKLcK QRW RQO\

UeVXOW LQ PRUe accXUaWeO\ PaSSed fUagPeQWV bXW aOVR KaYe WKe abLOLW\ WR aVVLgQ UPeaNV WR geQeV.

UPeaNV aUe deULYed fURP WKe 5' eQdV Rf RAMPAGE Uead SaLUV, aQd b\ aQaO\]LQg WKe geQRPLc

SRVLWLRQV Rf 3' eQdV Rf WKe Uead SaLUV, Ze caQ aWWePSW WR OLQN UPeaNV WR dRZQVWUeaP WUaQVcULSWV

aQd cRQVeTXeQWO\ aVVLgQ UPeaNV WR geQeV. SXcK a SURceVV cRXOd gR dRZQ RQe Rf WZR geQeUaO

SaWKV (FLJ. 3D). If WKe geQeUaWed WUaQVcULSW LV VSOLced (e.g., PRNAV aQd OQcRNAV), WKe 3' eQd Rf

WKe Uead SaLU ZRXOd PaS WR aQ e[RQ WKaW LV WKRXVaQdV Rf baVe SaLUV dRZQVWUeaP Rf WKe UPeaN,

aQd Ze caQ aVVLgQ WKe UPeaN WR WKe geQe WKaW WKe e[RQ beORQgV WR. HRZeYeU, Lf WKe geQeUaWed

WUaQVcULSW LV XQVSOLced (e.g. SUe-PRNAV, VLQgOe-e[RQ WUaQVcULSWV, VPaOO RNAV, aQd PRVW eRNAV),

WKe 3' eQd ZLOO PaS OeVV WKaQ 1 NLORbaVeV (Nb) dRZQVWUeaP (WKe Pa[LPXP VeOecWed fUagPeQW VL]e

fRU WKe RAMPAGE aVVa\; PedLaQ = 335 QW) aQd Ze caQQRW cRQfLdeQWO\ aVVLgQ WKe UPeaN WR a

VSecLfLc geQe.

TR deWeUPLQe WKe SRUWLRQV Rf RAMPAGE UeadV deULYed fURP VSOLced aQd XQVSOLced WUaQVcULSWV,

Ze caOcXOaWed WKe dLVWaQce beWZeeQ WKe 5' aQd 3' eQdV Rf WKe Uead SaLUV WKaW VXSSRUW aQ UPeaN

(L.e., WKe 5' eQd Rf WKe Uead SaLU RYeUOaSV aQ UPeaN). FRU TSS-RYeUOaSSLQg UPeaNV, Ze RbVeUYed a

bLPRdaO dLVWULbXWLRQ, ZLWK 83% Rf UeadV fURP VSOLced WUaQVcULSWV (dLVWaQce > 1 Nb) aQd 17% fURP

XQVSOLced WUaQVcULSWV (dLVWaQce � 1 Nb, FLJ. 3E). FRU RWKeU UPeaN cOaVVeV, Ze aOVR RbVeUYed

VXbVWaQWLaO SeUceQWageV Rf UeadV deULYLQg fURP VSOLced WUaQVcULSWV (43-68%), VXggeVWLQg WKaW

WKeVe UPeaNV Pa\ cRUUeVSRQd WR TSSV fRU PLVaQQRWaWed WUaQVcULSWV, QRYeO LVRfRUPV, RU QRYeO
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geQeV. TKeVe UeVXOWV LQdLcaWed WKaW Ze caQ XVe RAMPAGE Uead SaLUV fURP VSOLced WUaQVcULSWV WR

aVVLgQ UPeaNV WR geQeV.

We deYeORSed a cRPSXWaWLRQaO SLSeOLQe WR V\VWePaWLcaOO\ aVVLgQ UPeaNV WR geQeV

(SXSSOHPHQWDO FLJ. S3D). BecaXVe Rf WKe afRUePeQWLRQed ORZ GRO-caS VLgQaO aW e[RQLc

UPeaNV, Ze e[cOXded aOO e[RQLc UPeaNV WKaW dLd QRW RYeUOaS WKe fLUVW e[RQ Rf aQ aQQRWaWed

WUaQVcULSW (N = 6,709) fURP WKLV aQaO\VLV aV WKe\ OLNeO\ caSWXUe UecaSSLQg RU degUadaWLRQ eYeQWV

UaWKeU WKaQ VLWeV Rf WUaQVcULSWLRQ. We fXUWKeU dLVcaUded fRXU UPeaNV ZKRVe VXSSRUWLQg UeadV

PaSSed PRUe WKaQ 500 Nb aZa\. We cOaVVLfLed WKe UePaLQLQg 45,833 UPeaNV LQWR fLYe geQeUaO

caWegRULeV deSeQdLQg RQ ZKeWKeU aQ UPeaN RYeUOaSV a GENCODE-aQQRWaWed TSS aQd ZKeWKeU

LWV VXSSRUWLQg UeadV RYeUOaSSed a GENCODE-aQQRWaWed e[RQ, ZLWK WKe PRVW SURPLQeQW

VceQaULRV VXPPaUL]ed aV fROORZV (FLJ. 3F) aQd ZLWK deWaLOV SURYLded LQ SXSSOHPHQWDO 7DEOH

S3D. FLUVW, Lf aQ UPeaN RYeUOaSV a GENCODE-aQQRWaWed TSS aQd LWV VXSSRUWLQg UeadV RYeUOaS a

dRZQVWUeaP e[RQ Rf WKe VaPe geQe, WKe UPeaN LV cOaVVLfLed aV YeULfLed GENCODE TSS.

SecRQd, Lf aQ UPeaN dReV QRW RYeUOaS a GENCODE-aQQRWaWed TSS bXW LWV VXSSRUWLQg UeadV

RYeUOaS a GENCODE-aQQRWaWed e[RQ, WKe UPeaN LV cOaVVLfLed aV YeULfLed XQaQQRWaWed TSS.

TKLUd, Lf aQ UPeaN RYeUOaSV a GENCODE-aQQRWaWed TSS aQd LWV VXSSRUWLQg UeadV RYeUOaS WKe

fLUVW e[RQ Rf WKe geQe, aQd Lf WKe geQe KaV RQO\ RQe e[RQ RU LWV fLUVW e[RQ LV ORQgeU WKaQ 500 QWV,

WKeQ WKe UPeaN LV cOaVVLfLed aV caQdLdaWe GENCODE TSS. FRXUWK, Lf aQ UPeaN¶V VXSSRUWLQg

UeadV PaS WR PRUe WKaQ 1 Nb dRZQVWUeaP fURP WKe UPeaN aQd dR QRW RYeUOaS a

GENCODE-aQQRWaWed e[RQ, WKe UPeaN LV deePed WR be WKe TSS Rf aQ XQaQQRWaWed WUaQVcULSW.

FLfWK, Lf aQ UPeaN¶V VXSSRUWLQg UeadV aUe ZLWKLQ 1 Nb Rf WKe UPeaN aQd WKe UPeaN LV QRW a

caQdLdaWe GENCODE TSS (WKLUd caWegRU\ abRYe), WKeQ LW LV deePed WR RULgLQaWe fURP ORcaO (L.e.,

XQVSOLced) WUaQVcULSWLRQ. UVLQg RXU SLSeOLQe, Ze aVVLgQed 84% Rf UPeaNV WR geQeV (WKe fLUVW WKUee

caWegRULeV, FLJ. 3G), ZKLcK LV 4,641 PRUe geQeV aQd 12,466 PRUe WUaQVcULSWV WKaQ VLPSO\ XVLQg

RYeUOaSV (FLJ. 3H). IQ WRWaO, Ze cXUaWed 19,821 YeULfLed GENCODE TSSV, 17,447 YeULfLed

XQaQQRWaWed TSSV, aQd 1,088 caQdLdaWe GENCODE TSSV fRU 22,801 geQeV aQd 4,129 TSSV

fRU XQaQQRWaWed WUaQVcULSWV (SXSSOHPHQWDO 7DEOH S3D).

TKe YaVW PaMRULW\ Rf TSS-RYeUOaSSLQg UPeaNV (19,821 Rf 21,278, 93%) aUe YeULfLed GENCODE

TSSV, LQdLcaWLQg WKaW RXU aSSURacK LV Rf KLgK accXUac\ (FLJ. 3I, SXSSOHPHQWDO 7DEOH S3E).

TKeVe YeULfLed GENCODE TSSV aPRXQW WR 43% Rf aOO UPeaNV. TKe Qe[W OaUgeVW caWegRU\ Rf

UPeaNV LV YeULfLed XQaQQRWaWed TSS (38%, N = 17,447, SXSSOHPHQWDO 7DEOH S3F), aQd WKeVe
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UPeaNV aUe SRWeQWLaOO\ QRYeO TSSV Rf VSOLced GENCODE-aQQRWaWed geQeV UeYeaOed b\ RXU

cROOecWLRQ Rf RAMPAGE daWa. TKUee e[aPSOeV fURP K562 ceOOV aUe KLgKOLgKWed (SXSSOHPHQWDO

FLJ. S3E-G): e[RQLc UPeaN ZH38T0014149, a YeULfLed TSS Rf ING1, (SXSSOHPHQWDO FLJ. S3E);

LQWURQLc UPeaN ZH38T0050003, a YeULfLed TSS Rf GALN712 (SXSSOHPHQWDO FLJ. S3F); aQd

LQWeUgeQLc UPeaN ZH38T0049993, a YeULfLed TSS Rf NAN6 (SXSSOHPHQWDO FLJ. S3G). TKeVe

WKUee YeULfLed TSSV aQd WKeLU OLQNed WUaQVcULSWV ZeUe aOVR VXSSRUWed b\ PacBLR UeadV LQ K562

ceOOV.

TKe caQdLdaWe GENCODE TSS caWegRU\ Rf UPeaNV (N = 452) cRQVWLWXWeV 88% Rf WKe

TSS-RYeUOaSSLQg UPeaNV WKaW ZeUe QRW VXSSRUWed b\ UeadV fURP VSOLced WUaQVcULSWV (N = 511).

TKe GENCODE geQeV WKaW RYeUOaS WKeVe UPeaNV eLWKeU KaYe RQO\ RQe e[RQ RU KaYe a ORQg (>

500 QWV) fLUVW e[RQ (SXSSOHPHQWDO 7DEOH S3G). We RbVeUYed a VLPLOaU SaWWeUQ fRU TSS-SUR[LPaO

aQd e[RQLc UPeaNV QRW VXSSRUWed b\ UeadV fURP VSOLced WUaQVcULSWV, WKRXgK aW ORZeU

SeUceQWageV. TKeVe UPeaNV aUe PRVW OLNeO\ WKe TSSV Rf WKe RYeUOaSSLQg geQeV, aOWKRXgK RXU

SaLUed-eQd PaSSLQg aSSURacK LV QRW abOe WR PaNe WKe aVVLgQPeQW defLQLWLYeO\; WKXV, Ze

aVVLgQed WKeP WKe caQdLdaWe deVLgQaWLRQ.

TKe XQaQQRWaWed WUaQVcULSW caWegRU\ LQcOXdeV 4,129 UPeaNV (9% Rf UPeaNV), ZKLcK aUe OLNeO\

TSSV Rf XQaQQRWaWed VSOLced WUaQVcULSWV. TKe UPeaNV WKePVeOYeV aUe SULPaULO\ LQWeUgeQLc,

LQWURQLc, RU aQWLVeQVe TSS-SUR[LPaO ZLWK UeVSecW WR GENCODE-aQQRWaWed geQeV (SXSSOHPHQWDO

FLJ. S4D, SXSSOHPHQWDO 7DEOH S3H). AOWKRXgK WKLV caWegRU\ Rf UPeaNV VKRZV VLPLOaU OeYeOV Rf

eYROXWLRQaU\ cRQVeUYaWLRQ WR WKe ORcaO WUaQVcULSWLRQ caWegRU\ Rf UPeaNV, WKe fRUPeU caWegRU\ LV

acWLYe LQ PRUe bLRVaPSOeV aQd PRUe OLNeO\ WR RYeUOaS PacBLR TSSV (SXSSOHPHQWDO FLJ. S4E-H,

SXSSOHPHQWDO 7DEOH S4). AddLWLRQaOO\, WKe PacBLR UeadV WKaW RYeUOaSSed WKe YeULfLed

XQaQQRWaWed WUaQVcULSW UPeaNV Kad a VLPLOaU OeQgWK dLVWULbXWLRQ WR WKe PacBLR UeadV WKaW

RYeUOaSSed UPeaNV LQ WKe YeULfLed GENCODE TSS caWegRU\, VXggeVWLQg WKaW WKe YeULfLed

XQaQQRWaWed WUaQVcULSW UPeaNV Pa\ cRUUeVSRQd WR OQcRNAV PLVVed b\ GENCODE (FLJ S4I, J).

TR WeVW WKLV K\SRWKeVLV, Ze LQWeUVecWed WKeVe UPeaNV ZLWK OQcRNA TSSV cXUaWed b\ WKe OQcBRRN

daWabaVe (Ma eW aO. 2019) aQd fRXQd WKaW 30% Rf RXU YeULfLed XQaQQRWaWed WUaQVcULSW UPeaNV

RYeUOaSSed WKe OQcBRRN OQcRNA TSSV, a VLgQLfLcaQW eQULcKPeQW RYeU WKe ORcaO WUaQVcULSWLRQ

UPeaNV aQd UaQdRP geQRPLc UegLRQV (7% aQd <1% RYeUOaS, UeVSecWLYeO\, FLVKeU'V e[acW WeVW, S <

8.8 × 10Ư148, SXSSOHPHQWDO 7DEOH S3H). TKLV UeVXOW VXggeVWV WKaW PaQ\ Rf RXU YeULfLed
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XQaQQRWaWed WUaQVcULSW UPeaNV aUe OLNeO\ OQcRNAV aQd fXUWKeU e[SaQdV WKe gURZLQg OLVW Rf

OQcRNAV LQ WKe KXPaQ geQRPe.

RAMPAGE-YHULILHG 7SSV DUH HQULFKHG IRU UHJXODWRU\ VLJQDWXUHV
We cRPSaUed RXU RAMPAGE-YeULfLed TSS aQQRWaWLRQV ZLWK GENCODE-aQQRWaWed TSSV fRU

eQULcKPeQW LQ fXQcWLRQaO, eSLgeQRPLc, aQd addLWLRQaO WUaQVcULSWRPLc aQQRWaWLRQV. FRU WKeVe

aQaO\VeV, Ze RQO\ cRQVLdeUed geQeV ZLWK bRWK a RAMPAGE-YeULfLed XQaQQRWaWed TSS aQd a

GENCODE TSS WKaW dLd QRW RYeUOaS eacK RWKeU (4,751 geQeV) aQd XVed a XQLfRUP 100 bS

UegLRQ ceQWeUed aW aQ UPeaN VXPPLW RU GENCODE TSS WR SURYLde aQ XQbLaVed cRPSaULVRQ.

RAMPAGE-YeULfLed XQaQQRWaWed TSSV ZeUe PRUe OLNeO\ WR RYeUOaS ENCODE caQdLdaWe

cLV-UegXOaWRU\ eOePeQWV (ENCODE PURMecW CRQVRUWLXP eW aO. 2020) (cCREV, 1.3 fROd eQULcKPeQW,

FLVKeU'V e[acW WeVW, S = 1.7 × 10Ư125) aQd GTE[ e[SUeVVLRQ TXaQWLWaWLYe WUaLW ORcL (GTE[

CRQVRUWLXP eW aO. 2017) (eQTLV, 1.2 fROd eQULcKPeQW, FLVKeU'V e[acW WeVW, S = 2.8 × 10Ư6),

cRPSaUed WR PaWcKed GENOCDE TSSV (FLJ. 4D). WKeQ Ze UeVWULcWed RXU aQaO\VLV WR

RAMPAGE-YeULfLed XQaQQRWaWed TSSV acWLYe LQ K562 aQd WKeLU PaWcKed GENCODE TSSV, Ze

RbVeUYed WKaW WKe YeULfLed TSSV ZeUe PRUe OLNeO\ WR RYeUOaS K562 cCREV (1.8 fROd eQULcKPeQW,

FLVKeU'V e[acW WeVW, S = 8.7 × 10Ư92, FLJ. 4E) aQd SeaNV fURP WKe SXUYe\ Rf RegXOaWRU\ EOePeQWV

(SXRE) aVVa\, a PaVVLYeO\ SaUaOOeO UeSRUWeU aVVa\ WeVWLQg SURPRWeU acWLYLW\ (YaQ AUeQVbeUgeQ eW

aO. 2017) (1.9 fROd eQULcKPeQW, FLVKeU'V e[acW WeVWV, S = 1.1 [ 10Ư79, FLJ. 4D). TKe K562

RAMPAGE-YeULfLed XQaQQRWaWed TSSV aOVR Kad KLgKeU H3K4Pe3 aQd H3K27ac CKIP-VeT

VLgQaOV, ZKLcK Kad WKe caQRQLcaO aV\PPeWULc SaWWeUQ cRUUeVSRQdLQg WR WUaQVcULSWLRQaO dLUecWLRQ,

cKURPaWLQ acceVVLbLOLW\, aQd PRO II CKIP-VeT VLgQaOV cRPSaUed WR WKe PaWcKed GENCODE TSSV

(FLJ. 4F).

We aOVR cRPSaUed WKe YeULfLed XQaQQRWaWed TSSV ZLWK WKe K562 aQd GM12878 PacBLR

ORQg-Uead RNA-VeT daWa. RAMPAGE-YeULfLed XQaQQRWaWed TSSV ZeUe PRUe OLNeO\ WR RYeUOaS WKe

5' eQdV Rf PacBLR UeadV cRPSaUed WR WKe GENCODE-PaWcKed cRQWUROV (PedLaQ Rf 3 VXSSRUWLQg

UeadV YV. 0 VXSSRUWLQg UeadV, FLJ. 4G, WLOcR[RQ WeVW, S = 5.1 × 10Ư121). OQe e[aPSOe LV

KLgKOLgKWed aW WKe INPP1 ORcXV (FLJ. 4H). ZH38T0029211 LV a RAMPAGE-YeULfLed TSS ORcaWed

8,844 bS XSVWUeaP Rf WZR GENCODE-aQQRWaWed TSSV fRU WKe INPP1 geQe. TKe PaMRULW\ Rf

RAMPAGE UeadV OLQN ZH38T0029211 WR WKe fLUVW cRdLQg e[RQ (e[RQ 3), ZKLOe a PLQRULW\ OLQNV LW WR

e[RQ 2; VLPLOaUO\, PacBLR UeadV VXSSRUW ZH38T0029211 aV a TSS Rf INPP1 ZLWK WKe PaMRULW\
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aOVR e[cOXdLQg e[RQ 2. FXUWKeUPRUe, eSLgeQRPLc VLgQaOV, VXcK aV cKURPaWLQ acceVVLbLOLW\ aQd

KLVWRQe CKIP-VeT, aOVR VXSSRUW ZH38T0029211 aV a QRYeO TSS Rf INPP1.

DeVSLWe WKe eQULcKPeQW fRU fXQcWLRQaO, eSLgeQRPLc, aQd WUaQVcULSWRPLc aQQRWaWLRQV, WKe

RAMPAGE-YeULfLed XQaQQRWaWed TSSV ZeUe OeVV eYROXWLRQaULO\ cRQVeUYed WKaQ WKeLU PaWcKed

GENCODE TSSV aV PeaVXUed b\ SKaVWCRQV (SLeSeO eW aO. 2005) (FLJ. 4I, S4K; WLOcR[RQ WeVW, S

= 2.5 × 10Ư19) aQd OLfWOYeU (HLQULcKV eW aO. 2006) WR WKe PP10 geQRPe (SXSSOHPHQWDO FLJ. S4L;

FLVKeU'V e[acW WeVW, S = 1.5 × 10Ư15). HRZeYeU, WKe RAMPAGE-YeULfLed TSSV ZeUe VWLOO PRUe

cRQVeUYed WKaQ dLVWaO eQKaQceU cCREV (cCREV-dELS, SXSSOHPHQWDO FLJ. S4K, WLOcR[RQ WeVW,

S = 7.4 × 10Ư81, SXSSOHPHQWDO FLJ. S4L, FLVKeU'V e[acW WeVW S = 1.2 × 10Ư80) aQd PXcK PRUe

cRQVeUYed WKaQ UaQdRP geQRPLc UegLRQV (WLOcR[RQ WeVW, S < 1.0 × 10Ư300; FLVKeU'V e[acW WeVW, S <

1.0 × 10Ư300, SXSSOHPHQWDO FLJ. S4K, L). TKeVe fLQdLQgV VXggeVW WKaW ZKLOe WKe

RAMPAGE-YeULfLed XQaQQRWaWed TSSV aUe PRUe bLRcKePLcaOO\ aQd WUaQVcULSWLRQaOO\ acWLYe LQ WKe

eYaOXaWed ceOO W\SeV, GENCODE TSSV cRUUeVSRQd WR WUaQVcULSWV e[SUeVVed LQ RWKeU ceOO W\SeV

WKaW KaYe QRW beeQ VXUYe\ed b\ WKe RAMPAGE aVVa\. TKeUefRUe, fRU ceOO W\Se-agQRVWLc daWa

aQaO\VeV, Ze VXggeVW XVeUV VXSSOePeQW GENCODE TSS aQQRWaWLRQV ZLWK

RAMPAGE-aQQRWaWed TSSV, ZKLOe fRU ceOO W\Se-VSecLfLc aQaO\VeV, RXU UeVXOWV VKRZ WKaW

RAMPAGE TSSV aUe a PRUe SUecLVe aQd accXUaWe VeW Rf TSSV WKaQ WKe XVLQg WKe eQWLUe VeW Rf

GENCODE aQQRWaWLRQV.

RAMPAGE UPHDNV LGHQWLI\ QRYHO JHQHV WKDW DUH DVVRFLDWHG ZLWK G:AS

SKHQRW\SHV
We LQWeUVecWed RXU RAMPAGE UPeaNV ZLWK YaULaQWV UeSRUWed LQ WKe NHGRI-EBI geQRPe-ZLde

aVVRcLaWLRQ VWXd\ (GWAS) caWaORg WR eYaOXaWe WKe XWLOLW\ Rf RXU cROOecWLRQ Rf e[SeULPeQWaOO\

deULYed TSSV (BXQLeOOR eW aO. 2019). AccRXQWLQg fRU SRSXOaWLRQ-VSecLfLc OLQNage dLVeTXLOLbULXP

(LD, U2 > 0.7), RXU UPeaNV RYeUOaSSed 1,345 YaULaQWV aVVRcLaWed ZLWK 208 SKeQRW\SeV

(SXSSOHPHQWDO 7DEOH S5D). TR LdeQWLf\ dLVeaVe-aVVRcLaWed ceOO aQd WLVVXe W\SeV, Ze SeUfRUPed

bLRVaPSOe eQULcKPeQW aQaO\VLV XVLQg RXU SUeYLRXVO\ SXbOLVKed SLSeOLQe (ENCODE PURMecW

CRQVRUWLXP eW aO. 2020). HRZeYeU, XQOLNe RXU SUeYLRXV ZRUN, ZKLcK XVed QeaUO\ RQe PLOOLRQ

cCREV, cRYeULQg a8% Rf WKe KXPaQ geQRPe, RXU UPeaNV Kad a PXcK VPaOOeU geQRPLc fRRWSULQW;

WKeUefRUe Ze RQO\ RbVeUYed eQULcKPeQWV SaVVLQg RXU FDR WKUeVKROdV fRU WKUee SKeQRW\SeV: (1)

RbeVLW\ UeOaWed WUaLWV; (2) LQWeOOLgeQce; aQd (3) geQeUaO cRgQLWLYe abLOLW\ (Vee MHWKRGV;
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SXSSOHPHQWDO 7DEOH S5E). GeQeUaOO\, eQULcKed ceOO W\SeV ZeUe UeOaWed WR dLVeaVe eWLRORg\. FRU

e[aPSOe, LQWeOOLgeQce aQd cRgQLWLYe abLOLW\ YaULaQWV ZeUe eQULcKed aW UPeaNV acWLYe LQ WKe

QeXURbOaVWRPa ceOO OLQe SK-N-DZ ZKeUeaV RbeVLW\ YaULaQWV ZeUe eQULcKed LQ UPeaNV acWLYe LQ a

YaULeW\ Rf gaVWURLQWeVWLQaO aQd WK\URLd WLVVXeV. TKLV UeVXOW VXggeVWV WKaW ZKLOe Ze dR QRW KaYe WKe

SRZeU WR deWeUPLQe SKeQRW\Se-UeOeYaQW ceOO W\SeV fRU PRVW VWXdLeV XVLQg RQO\ RAMPAGE

UPeaNV, WKe\ caQ VWLOO caSWXUe bLRORgLcaOO\ UeOeYaQW eQULcKPeQWV WR aLd dRZQVWUeaP YaULaQW

LQWeUSUeWaWLRQ.

APRQg WKe 1,345 YaULaQWV WKaW RYeUOaSSed RAMPAGE UPeaNV, 76% RYeUOaSSed YeULfLed TSSV

(50% GENCODE-aQQRWaWed TSSV aQd 26% XQaQQRWaWed TSSV) aQd ZeUe WKeUefRUe OLQNed ZLWK

aQ aQQRWaWed geQe b\ SaLUed-eQd UeadV. Of WKeVe YeULfLed TSS-RYeUOaSSLQg YaULaQWV, 52% ZeUe

OLQNed ZLWK a geQe WKaW ZaV QRW SUeYLRXVO\ UeSRUWed b\ WKe RULgLQaO GWAS aQd 37% ZeUe OLQNed

ZLWK a geQe WKaW ZaV QRW UeSRUWed b\ aQ\ GWAS, gLYLQg QeZ LQVLgKWV LQWR dLVeaVe ULVN

(SXSSOHPHQWDO 7DEOH S5F). Of SaUWLcXOaU LQWeUeVW ZeUe RAMPAGE-YeULfLed XQaQQRWaWed

WUaQVcULSW TSSV WKaW ZeUe RULgLQaOO\ cOaVVLfLed aV LQWeUgeQLc XVLQg GENCODE aQQRWaWLRQV; WKeVe

QRYeO TSSV eQabOed XV WR aVVLgQ 41 LQWeUgeQLc SNPV, ZKLcK ZeUe aVVRcLaWed ZLWK 68

SKeQRW\SeV, WR geQeV. FLJ. 5D KLgKOLgKWV UV2620666, ZKLcK LV LQ KLgK LD ZLWK WZR Oead SNPV

UV750472 aQd UV13251458 UeSRUWed WR be aVVRcLaWed ZLWK VeYeUaO cRgQLWLYe WUaLWV

(SXSSOHPHQWDO 7DEOH S5G). TKe RULgLQaO VWXdLeV UeSRUWed FO;H1 aQd C<HR1 aV SRVVLbOe

caQdLdaWe geQeV dXe WR WKeLU cORVe SUR[LPLW\ WR WKe Oead SNPV. AOWKRXgK UV2620666 OLeV RQO\

1,694 bS XSVWUeaP Rf a GENCODE-aQQRWaWed FO;H1 TSS, LW RYeUOaSV a RAMPAGE-YeULfLed

XQaQQRWaWed TSS Rf PPP1R16A (ZH38T0048822, FLJ. 5E), ZKLcK eQcRdeV a SURWeLQ

SKRVSKaWaVe UegXOaWRU\ VXbXQLW. TKLV QRYeO TSS LV 11,915 bS XSVWUeaP Rf WKe QeaUeVW

GENCODE-aQQRWaWed TSS fRU PPP1R16A aQd WKLV geQe aVVLgQPeQW LV aOVR VXSSRUWed b\

PacBLR UeadV (FLJ. 5E, SXSSOHPHQWDO 7DEOH S5H). TKe QRYeO TSS KaV KLgK RAMPAGE VLgQaO LQ

QeXUaO ceOOV, bUaLQ WLVVXeV, aQd bORRd ceOOV; PRUeRYeU, WKe GTE[ cRQVRUWLXP LdeQWLfLed UV2620666

aV aQ eQTL fRU VeYeUaO geQeV (SXSSOHPHQWDO 7DEOH S5I), WKe PRVW VLgQLfLcaQW Rf ZKLcK LV

PPP1R16A LQ ZKROe bORRd VaPSOeV, VXggeVWLQg WKaW WKLV YaULaQW Pa\ LQfOXeQce PPP1R16A

e[SUeVVLRQ. TKLV e[aPSOe KLgKOLgKWV WKe LPSRUWaQce Rf KaYLQg a cRPSUeKeQVLYe cROOecWLRQ Rf

aQQRWaWed TSSV VR WKaW YaULaQWV aUe aVVLgQed cRUUecWO\ WR WKe OLQNed geQeV.

FLQaOO\, Ze LQYeVWLgaWed WKe 34 GWAS YaULaQWV WKaW RYeUOaSSed TSSV Rf RAMPAGE-YeULfLed

XQaQQRWaWed WUaQVcULSWV (SXSSOHPHQWDO 7DEOH S5D). Of SaUWLcXOaU LQWeUeVW ZaV UV10930089, aQ
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LQWeUgeQLc SNP LQ KLgK LD ZLWK UV6759626 aQd UV9287826, WZR Oead SNPV aVVRcLaWed ZLWK

geQeUaO cRgQLWLYe abLOLW\ (DaYLeV eW aO. 2018). RV10930089 RYeUOaSV ZH38T0028803, WKe TSS Rf

a RAMPAGE-YeULfLed XQaQQRWaWed WUaQVcULSW WKaW KaV KLgK RAMPAGE VLgQaO LQ SK-N-DZ (a

QeXURQaO ceOO OLQe), caUdLac WLVVXeV, aQd PaOe UeSURdXcWLYe WLVVXeV (FLJ. 5F, SXSSOHPHQWDO 7DEOH

S5J). ZH38T0028803 RYeUOaSV WKe TSSV Rf WZR OQcRNA WUaQVcULSWV aQQRWaWed LQ OQcBRRN, bRWK

Rf ZKLcK aUe cRQVLVWeQW ZLWK WKe RAMPAGE UeadV SaLUV (FLJ. 5G). IQ WKe RWKeU dLUecWLRQ Rf WKe

geQRPe, ZH38T0028803 OLeV 282,766 bS XSVWUeaP Rf KCNH7, ZKLcK eQcRdeV a SRWaVVLXP

YROWage cKaQQeO WKaW KaV NQRZQ UROeV LQ QeXURQV aQd WKe KeaUW (GeQeCaUdV HXPaQ GeQe

DaWabaVe). VaULaQWV LQ KCNH7 KaYe aOVR beeQ SUeYLRXVO\ aVVRcLaWed ZLWK bLSROaU dLVRUdeU

(SWUaXVV eW aO. 2014) aQd WUeaWPeQW UeVSRQVe LQ VcKL]RSKUeQLa (WaQg eW aO. 2019), VXggeVWLQg LW

Pa\ SOa\ aQ LPSRUWaQW UROe LQ QeXURQaO SaWKZa\V. We fRXQd WKaW 3D cKURPaWLQ cRQWacW daWa

OLQNed ZH38T0028803 ZLWK KCNH7 LQ caUdLac P\Rc\WeV (MRQWefLRUL eW aO. 2018) (FLJ. 5F) bXW QRW

LQ LPSC-deULYed QeXURQV (RaMaUaMaQ eW aO. 2018; SRQg eW aO. 2019). FXUWKeUPRUe, ZH38T0028803

KaV KLgK cKURPaWLQ acceVVLbLOLW\ LQ SK-N-DZ, caUdLac ceOOV, aQd KeaUW WLVVXeV, bXW ORZ cKURPaWLQ

acceVVLbLOLW\ LQ feWaO bUaLQ aQd LPSC-deULYed QeXURQV (SXSSOHPHQWDO 7DEOH S5K). TaNeQ

WRgeWKeU, WKeVe UeVXOWV VXggeVW WKaW UV10930089 Pa\ PRdXOaWe WKe fXQcWLRQ Rf ZH38T0028803,

WKe TSS Rf a OQcRNA e[SUeVVed LQ QeXURQaO aQd caUdLac ceOOV, aQd WKLV TSS Pa\ aOVR acWV aV aQ

eQKaQceU fRU KCNH7 LQ bRWK Rf WKeVe WZR W\SeV Rf ceOOV, ZLWK WKe caYeaW WKaW WKe 3D cRQQecWLRQ

LV LQ QeXURQaO ceOO W\SeV RWKeU WKaQ LPSC-deULYed QeXURQV.

DLVFXVVLRQ
We aQQRWaWed 52,546 RAMPAGE UPeaNV b\ LQWegUaWLQg 115 RAMPAGE e[SeULPeQWV, XQLfRUPO\

cXUaWLQg VLWeV Rf WUaQVcULSWLRQ LQ KXQdUedV Rf KXPaQ ceOO aQd WLVVXe W\SeV. UVLQg SaLUed-eQd

RAMPAGE UeadV, Ze aVVLgQed WKe PaMRULW\ Rf WKeVe UPeaNV aV TSSV Rf aQQRWaWed geQeV aQd

addLWLRQaOO\ LdeQWLfLed TSSV Rf RYeU fRXU WKRXVaQd QRYeO WUaQVcULSWV. We WKeQ VKRZed WKaW WKe

TSSV LQ RXU caWaORg ZeUe eQULcKed fRU YaULRXV UegXOaWRU\ VLgQaWXUeV defLQed XVLQg eSLgeQeWLc

aQd fXQcWLRQaO daWa aQd RXU caWaORg cRPSOePeQWV e[LVWLQg TSS aQQRWaWLRQV VXcK aV WKRVe b\

GENCODE. TKURXgK V\VWePaWLc cRPSaULVRQV ZLWK CAGE, GRO-caS aQd PacBLR ORQg-Uead

daWa, Ze aOVR deWeUPLQed WKaW RXU caWaORg Rf RAMPAGE UPeaNV ZeUe KLgKO\ SUecLVe aQd

accXUaWe. IQ SaUWLcXOaU, PacBLR aQd RAMPAGE Kad WKe KLgKeVW RYeUOaS LQ bRWK GM1878 aQd

K562 ceOOV. PacBLR ORQg UeadV QRW RQO\ VXSSRUWed RXU RAMPAGE TSS aQQRWaWLRQV bXW aOVR

VXSSRUWed RXU aVVLgQPeQWV Rf WKeVe TSSV WR geQeV (FLJ. 4H, 5E, S3E-G). PacBLR ORQg-Uead daWa
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aUe SaUWLcXOaUO\ adYaQWageRXV aV WKe\ aOORZ XV WR LdeQWLf\ QRYeO LVRfRUPV aQd aQQRWaWe WKe 3'

eQdV Rf WUaQVcULSWV LQ addLWLRQ WR aQQRWaWLQg TSSV. AV WKeVe daWa cRQWLQXe WR be SURdXced fRU a

ZLde YaULeW\ Rf bLRVaPSOeV b\ WKe ENCODE cRQVRUWLXP, WKe\ ZLOO be YeU\ XVefXO fRU fXUWKeU

e[SaQdLQg RXU TSS caWaORg aQd eQULcKLQg WUaQVcULSW aQQRWaWLRQV.

IQ bRWK K562 aQd GM12878 ceOOV, CAGE SeaNV WeQded WR be WKe OeaVW cRQcRUdaQW ZLWK WKe

RAMPAGE UPeaNV aQd PacBLR 5' eQdV (SXSSOHPHQWDO FLJ. S2E). We aOVR QRWed WKaW

CAGE-VSecLfLc SeaNV ZeUe PXcK PRUe OLNeO\ WR be LQWURQLc aQd LQWeUgeQLc WKaQ RAMPAGE

UPeaNV. HRZeYeU, CAGE SeaNV ZeUe VXSSRUWed b\ GRO-caS VLgQaOV aW a cRPSaUabOe OeYeO aV

RAMPAGE UPeaNV, VXggeVWLQg WKaW CAGE-VSecLfLc SeaNV cRQWaLQ WUXe TSSV (SXSSOHPHQWDO

FLJ. S2E). We K\SRWKeVL]e WKaW WKe CAGE aVVa\ caQ LdeQWLf\ a VXbcOaVV Rf LQWeUgeQLc aQd

LQWURQLc WUaQVcULSWLRQ VLWeV, OLNeO\ eRNAV, WKaW aUe QRW deWecWed b\ RAMPAGE RU PacBLR

ORQg-Uead RNA-VeT. TKLV abLOLW\ caQ be XVed WR aQQRWaWe TSS-dLVWaO UegXOaWRU\ eOePeQWV. TKXV,

addLWLRQaO cRPSaULVRQV Qeed WR be SeUfRUPed ZLWK WUaQVcULSWLRQ aVVa\V WKaW KaYe KLgK UaWeV Rf

eRNA deWecWLRQ, VXcK aV BUXUV-VeT (MagQXVRQ eW aO. 2015) aQd PRO-VeT/caS (KZaN eW aO.

2013).

WKeQ Ze cRPSaUed RXU caWaORg Rf RAMPAGE UPeaNV WR WKe FANTOM cRQVRUWLXP'V CAGE SeaN

cROOecWLRQ, Ze fRXQd WKaW ORcL PLVVed b\ RAMPAGE ZeUe SULPaULO\ dXe WR dLffeUeQceV LQ

VXUYe\ed bLRVaPSOeV (FLJ. 2F). TKLV UeVXOW LQdLcaWeV WKaW WKeUe LV KLgK YaULabLOLW\ LQ WKe

WUaQVcULSWLRQaO OaQdVcaSeV aPRQg dLffeUeQW ceOO W\SeV aQd a PRUe cRPSUeKeQVLYe TSS cROOecWLRQ

caQ be acKLeYed b\ VXUYe\LQg a OaUgeU cROOecWLRQ Rf bLRVaPSOeV; KRZeYeU, WKeUe aUe addLWLRQaO

cRQVLdeUaWLRQV UegaUdLQg WKe cRPSRVLWLRQ Rf a VaPSOe cROOecWLRQ. TKRXgK Ze cXUUeQWO\ LQcOXde

RYeU RQe-KXQdUed bLRVaPSOeV LQ RXU RAMPAGE UPeaN caWaORg, WKe PaMRULW\ Rf WKeVe bLRVaPSOeV

aUe bXON WLVVXe VaPSOeV ZKLcK cRPSULVe PaQ\ dLffeUeQW ceOO W\SeV. We fRXQd WKaW WLVVXe VaPSOeV

geQeUaOO\ cOXVWeUed VeSaUaWeO\ fURP SULPaU\ aQd LQ YLWUR dLffeUeQWLaWed ceOO VaPSOeV deVSLWe VRPe

VKaULQg VLPLOaU bLRORgLcaO SURfLOeV (SXSSOHPHQWDO FLJ. S1I), SRVVLbO\ dXe WR WKe WecKQLcaO

dLffeUeQceV LQ aVVa\LQg WLVVXeV YeUVXV ceOOV. TKe LPSacW Rf bLRVaPSOe cRPSRVLWLRQ RQ TSS

aQQRWaWLRQ ZaV aOVR aSSaUeQW ZKeQ Ze RbVeUYed aQ eQULcKPeQW Rf QeXURQ-UeOaWed GeQe

OQWRORg\ WeUPV fRU CAGE-RQO\ geQeV deVSLWe WKe SUeVeQce Rf feWaO bUaLQ WLVVXeV aQd

LPSC-deULYed QeXURQV LQ RXU RAMPAGE VaPSOe cROOecWLRQ. TKLV UeVXOW VXggeVWV WKaW WKeVe eaUO\

deYeORSPeQWaO bUaLQ WLVVXeV Pa\ be dRPLQaWed b\ SUecXUVRU ceOOV VXcK aV LPPaWXUe QeXURQaO

SURgeQLWRUV RU UadLaO gOLa aQd WKaW WKe LPSC-deULYed QeXURQV Pa\ UeSUeVeQW aOWeUQaWLYe ceOO
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VWaWeV fURP PaWXUe QeXURQV. IQWeUeVWLQgO\, RQ a geQRPe-ZLde VcaOe, SK-N-DZ KaV a

WUaQVcULSWLRQaO SURfLOe WKaW LV PRUe VLPLOaU WR LPSC-deULYed QeXURQV WKaQ WR PaWXUe QeXURQV, aV

eYLdeQW fURP UMAP ePbeddLQg (SXSSOHPHQWDO FLJ. S1I). TKe dLVcUeSaQc\ aPRQg WKe dLffeUeQW

W\SeV Rf QeXURQaO ceOOV ZaV fXUWKeU KLgKOLgKWed b\ RXU GWAS aQaO\VLV ZKeUe Ze RbVeUYed WKaW

WKe cRgQLWLYe SKeQRW\Se UeOaWed SNPV RYeUOaSSed a QRYeO TSS acWLYe LQ SK-N-DZ ceOOV bXW QRW

LQ LPSC-deULYed QeXURQV. TKeUefRUe, aOWKRXgK SK-N-DZ ceOOV RYeUaOO VKaUe VLPLOaU WUaQVcULSWRPLc

VLgQaWXUeV WR LPSC-deULYed QeXURQV, WKeUe aUe VXbWOe dLffeUeQceV LQ ceOOXOaU VWaWe WKaW Pa\ KaYe

LPSRUWaQW LPSacWV RQ YaULaQW aQd dLVeaVe LQWeUSUeWaWLRQ. WLWK fXUWKeU deYeORSPeQWV Rf VLQgOe-ceOO

WUaQVcULSWRPLc WecKQRORgLeV WR caSWXUe WKe 5�eQd Rf WUaQVcULSWV, LW ZLOO be LPSRUWaQW WR e[SaQd RXU

TSS LdeQWLfLcaWLRQ PeWKRdV WR bXLOd a cRPSUeKeQVLYe caWaORg b\ ceOO W\Se, SaUWLcXOaUO\ LQ

KeWeURgeQeRXV WLVVXeV VXcK aV WKe bUaLQ.

EYeQ WKRXgK Ze RbVeUYed eQULcKPeQWV LQ VRPe WLVVXeV fRU GWAS YaULaQWV aVVRcLaWed ZLWK

WKUee SKeQRW\SeV, RXU cRPSaULVRQV ZeUe XQdeUSRZeUed cRPSaUed WR RXU SUeYLRXV ZRUN

(ENCODE PURMecW CRQVRUWLXP eW aO. 2020) dXe WR WKe VPaOO geQRPLc fRRWSULQW Rf RAMPAGE

UPeaNV. DeVSLWe WKLV, Ze dePRQVWUaWed WKaW accXUaWe TSS aQQRWaWLRQV, SaUWLcXOaUO\ WKRVe TSSV

OLQNed ZLWK NQRZQ WUaQVcULSWV, aUe LPSRUWaQW fRU LQWeUSUeWLQg YaULaQWV UeSRUWed b\ GWAS.

AddLWLRQaOO\, Ze aQWLcLSaWe WKaW VXcK cROOecWLRQV ZLOO aOVR be LPSRUWaQW fRU WKe deWecWLRQ aQd

LQWeUSUeWaWLRQ Rf UaUe aQd GH QRYR YaULaQWV XQcRYeUed b\ ZKROe-geQRPe VeTXeQcLQg effRUWV, aV

WKeVe YaULaQWV KaYe OaUgeU effecW VL]eV aQd Pa\ be PRUe OLNeO\ WR faOO ZLWKLQ SURPRWeU UegLRQV

WKaQ LQ dLVWaO UegXOaWRU\ eOePeQWV. FRU e[aPSOe, a UeceQW VWXd\ fRXQd aQ eQULcKPeQW Rf GH QRYR

YaULaQWV aVVRcLaWed ZLWK aXWLVP VSecWUXP dLVRUdeU LQ SURPRWeUV (AQ eW aO. 2018). TKeUefRUe,

accXUaWe, ceOO W\Se-VSecLfLc TSS aQQRWaWLRQV caQ LPSURYe RXU SRZeU fRU LQWeUSUeWLQg WKe LPSacW

Rf GH QRYR geQeWLc YaULaWLRQ acURVV ceOO W\SeV.

FLQaOO\, Ze LdeQWLfLed 4,129 TSSV fRU XQaQQRWaWed WUaQVcULSWV, PaQ\ Rf ZKLcK Ze K\SRWKeVL]e WR

be OQcRNAV aOWKRXgK Ze cRXOd QRW WeVW WKLV K\SRWKeVLV ZLWK RQO\ WKe begLQQLQg SRUWLRQ Rf WKeVe

WUaQVcULSWV. IW LV aOVR XQcOeaU Lf WKeVe WUaQVcULSWV caUU\ RXW aQ\ ceOOXOaU fXQcWLRQV. A ZLde UaQge Rf

fXQcWLRQaO PecKaQLVPV KaYe beeQ UeSRUWed fRU OQcRNAV, YaU\LQg fURP WUaQVcULSWLRQaO UegXOaWLRQ

Rf RWKeU geQeV YLa eSLgeQeWLc RU aQWLVeQVe PeaQV WR VLPSO\ beLQg WKe b\SURdXcWV Rf VWURQg

eQKaQceUV (QXLQQ aQd CKaQg 2016; FaQg aQd FXOOZRRd 2016). WLWK deYeORSPeQW Rf aQWLVeQVe

ROLgRQXcOeRWLde (ASO) aQd CRISPR SeUWXUbaWLRQ WecKQRORgLeV, LW LV QRZ SRVVLbOe WR SeUfRUP

VcUeeQV WR LdeQWLf\ fXQcWLRQaO OQcRNAV LQ a KLgK-WKURXgKSXW PaQQeU (JRXQg eW aO. 2017; LLX eW aO.
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2017; RaPLORZVNL eW aO. 2020). AV WKeVe cROOecWLRQV Rf fXQcWLRQaOO\ YaOLdaWed OQcRNAV becRPe

aYaLOabOe acURVV dLYeUVe ceOOXOaU cRQWe[WV, Ze SOaQ WR fXUWKeU UefLQe RXU TSS caWaORg WR LQcOXde

VXcK fXQcWLRQaO LQfRUPaWLRQ.

IQ VXPPaU\, RXU caWaORg Rf RAMPAGE UPeaNV e[SaQdV WKe KXPaQ WUaQVcULSWLRQaO OaQdVcaSe

acURVV RYeU RQe KXQdUed ceOO aQd WLVVXe W\SeV. TKe caWaORg SURYLdeV a YaOXabOe UeVRXUce WR WKe

bLRORgLcaO cRPPXQLW\ b\ LPSURYLQg aQQRWaWLRQV fRU VWXd\LQg geQe UegXOaWLRQ aQd aLdLQg LQ WKe

LQWeUSUeWaWLRQ Rf geQeWLc YaULaQWV aVVRcLaWed ZLWK KXPaQ dLVeaVeV.

AFNQRZOHGJHPHQWV
We WKaQN GabULeOa BaOdeUUaPa-GXWLeUUe], DLaQe TURXW, aQd JXOLeQ LagaUde fRU dLVcXVVLRQV RQ

KRZ WR beVW aQaO\]e TSSV fURP ORQg Uead PacBLR daWa. TKLV ZRUN ZaV VXSSRUWed b\ gUaQWV fURP

WKe NIH XQdeU U24HG009446 aQd UM1HG009443.

CRPSHWLQJ IQWHUHVWV
Z. WeQg LV a cRfRXQdeU Rf RgeQWa TKeUaSeXWLcV aQd VKe VeUYeV RQ LWV VcLeQWLfLc adYLVRU\ bRaUd.

MDLQ FLJXUH OHJHQGV

FLJXUH 1 _ CXUDWLQJ D FROOHFWLRQ RI UHSUHVHQWDWLYH RAMPAGE SHDNV (UPHDNV) DFURVV 115

ELRVDPSOHV. D, WRUNfORZ fRU cXUaWLQg RAMPAGE UPeaNV. FLUVW, Ze caOOed SeaNV LQ LQdLYLdXaO

RAMPAGE daWaVeWV acURVV 115 ceOO W\SeV aQd WLVVXeV. We WKeQ SRROed WKeVe SeaNV

(N=1,147,456) aQd VeSaUaWed WKeP b\ geQRPLc VWUaQd. We cOXVWeUed RYeUOaSSLQg SeaNV RQ WKe

VaPe VWUaQd, VeOecWed WKe SeaN ZLWK WKe KLgKeVW RAMPAGE VLgQaO (L.e., WKe UPeaN) WR UeSUeVeQW

eacK cOXVWeU, UePRYed aOO WKe SeaNV RYeUOaSSLQg WKe UPeaN fURP WKe SRRO, aQd SeUfRUPed

cOXVWeULQg RQ WKe UePaLQLQg SeaNV. We UeSeaWed WKLV SURceVV LWeUaWLYeO\ XQWLO aOO SeaNV ZeUe

accRXQWed fRU b\ UPeaNV. We SeUfRUPed addLWLRQaO fLOWeULQg XVLQg RNA-VeT daWa, UePRYLQg SeaNV

WKaW Kad a KLgKeU RNA-VeT VLgQaO WKaQ RAMPAGE VLgQaO, fLQaOO\ aUULYLQg aW 52,546 UPeaNV. E,

BaU SORWV VKRZLQg WKe QXPbeU Rf RAMPAGE UPeaNV VWUaWLfLed LQWR dLVWLQcW VeWV b\ geQRPe

cRQWe[W: RYeUOaSSLQg GENCODE V31 TSSV (Ued), SUR[LPaO (� 500 bS) WR TSSV (SLQN),

RYeUOaSSLQg e[RQV (daUN gUeeQ), RYeUOaSSLQg LQWURQV (OLgKW gUeeQ), aQd LQWeUgeQLc (gUa\). F, BaU

SORWV VKRZLQg WKe fROd eQULcKPeQW fRU WKe QXPbeU Rf geQRPLc SRVLWLRQV cRYeUed b\ UPeaNV RYeU
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WKe fRRWSULQWV Rf WKe geQRPLc cRQWe[WV LQ E. G, BaU SORWV VKRZLQg WKe SeUceQWage Rf UPeaNV LQ

eacK geQRPLc cRQWe[W aV LQ E WKaW aUe RQ WKe VaPe VWUaQd aV WKeLU RYeUOaSSLQg TSS, geQe (e[RQ

aQd LQWURQ), RU QeaUeVW geQe (TSS-SUR[LPaO aQd LQWeUgeQLc). H, BR[ SORWV dLVSOa\LQg WKe YaULaWLRQ

LQ WKe SRVLWLRQV Rf UPeaN VXPPLWV (OefW), KLgK-deQVLW\ UegLRQ bRXQdaULeV (PLddOe), aQd fXOO SeaN

bRXQdaULeV (ULgKW), VWUaWLfLed b\ WKe geQRPLc cRQWe[WV aV LQ E. I, AQ e[aPSOe TSS-RYeUOaSSLQg

UPeaN ZH38T000123 fURP K562 ceOOV aQd WKe RAMPAGE SeaNV LW UeSUeVeQWV LQ 113 RWKeU

bLRVaPSOeV. FRU eacK SeaN, WKe fXOO ZLdWK LV deQRWed LQ OLgKW bOXe, KLgK-deQVLW\ UegLRQV LQ bOXe,

aQd VXPPLW LQ bOacN. J, ScaWWeUSORW dLVSOa\LQg a WZR-dLPeQVLRQaO UQLfRUP MaQLfROd

ASSUR[LPaWLRQ aQd PURMecWLRQ (UMAP) ePbeddLQg Rf 87 WLVVXe VaPSOeV XVLQg RAMPAGE VLgQaO

acURVV aOO UPeaNV aV LQSXW feaWXUeV. CLUcOeV deQRWe adXOW WLVVXeV aQd WULaQgOeV deQRWe feWaO

WLVVXeV. MaUNeUV aUe cRORUed b\ WLVVXe Rf RULgLQ aV defLQed LQ WKe OegeQd.

FLJXUH 2 _ RAMPAGE UPHDNV DUH FRQFRUGDQW ZLWK RWKHU WUDQVFULSWRPH DQQRWDWLRQV. D, BaU

gUaSK VKRZLQg WKe SeUceQWage Rf RAMPAGE UPeaNV WKaW RYeUOaS CAGE SeaNV (SXUSOe) aQd WKe

SeUceQWage Rf CAGE SeaNV WKaW RYeUOaS RAMPAGE UPeaNV (SLQN). E, BaU gUaSK VKRZLQg WKe

SeUceQWageV Rf CAGE-RYeUOaSSLQg RAMPAGE SeaNV LQ VSecLfLc geQRPLc cRQWe[WV aV defLQed LQ

FLJ. 1E. F, VeQQ dLagUaP deSLcWLQg WKe RYeUOaS Rf geQeV ZKRVe TSSV KaYe aW OeaVW RQe SeaN

ZLWKLQ 500 bS beWZeeQ WKe VeWV Rf CAGE SeaNV (SLQN) aQd RAMPAGE UPeaNV (SXUSOe). BeORZ

aUe UeSUeVeQWaWLYe geQe RQWRORg\ WeUPV (ceOOXOaU cRPSRQeQW) eQULcKed LQ CAGE-RQO\ geQeV

(SLQN) RU RAMPAGE-RQO\ geQeV (SXUSOe). A fXOO OLVW Rf eQULcKed WeUPV caQ be fRXQd LQ

SXSSOHPHQWDO 7DEOH S2. G, DeQVLW\ SORW VKRZLQg WKe dLVWULbXWLRQV Rf WKe VLPLOaULW\ VcRUeV fRU

VeTXeQceV VXUURXQdLQg WKe TSSV Rf LPPXQRgORbXOLQ NaSSa (IGK) geQeV VXSSRUWed b\ RQO\

RAMPAGE SeaNV (SXUSOe) RU RQO\ CAGE SeaNV (SLQN). SeTXeQce VLPLOaULW\ ZaV caOcXOaWed aV

WKe Pa[LPaO VcRUe Rf aOO SaLUZLVe ORcaO aOLgQPeQWV. P-YaOXe cRUUeVSRQdV WR a WZR-VLded WLOcR[RQ

WeVW. H, (WRS) VeQQPLe dLagUaP ZLWK cRQceQWULc cLUcOeV dLVSOa\LQg K562 RAMPAGE UPeaNV WKaW

RYeUOaS K562 CAGE SeaNV (SLQN) RU PacBLR 5' eQdV (gUeeQ), RU KaYe KLgK GRO-VeT VLgQaOV

(RUaQge). TKe RYeUaOO SeUceQWageV aUe VKRZQ LQ SaUeQWKeVeV. (bRWWRP) BaU SORW ZLWK WKe QXPbeU

Rf K562 UPeaNV VWUaWLfLed b\ WKe QXPbeU Rf VXSSRUWLQg WUaQVcULSWRPLc aVVa\V LQ WKe abRYe

VeQQPLe. I, VLROLQ-bR[SORW VKRZLQg WKe dLVWULbXWLRQV Rf WKe K562 RAMPAGE VLgQaO Rf UPeaNV

VWUaWLfLed b\ WKe QXPbeU Rf VXSSRUWLQg aVVa\V aV defLQed LQ H. P-YaOXeV cRUUeVSRQd WR WZR-VLded

SaLUZLVe WLOcR[RQ WeVWV ZLWK FDR cRUUecWLRQ. J, SWacNed baU gUaSKV VKRZLQg WKe SeUceQWage Rf

K562 UPeaNV beORQgLQg WR eacK geQRPLc cRQWe[W (TSS: Ued, TSS-SUR[LPaO: SLQN, e[RQ: daUN
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gUeeQ, LQWURQ: OLgKW gUeeQ, LQWeUgeQLc: gUa\) VWUaWLfLed b\ WKe QXPbeU Rf VXSSRUWLQg aVVa\V aV

defLQed LQ H. P-YaOXeV cRUUeVSRQd WR CKL-VTXaUe WeVWV.

FLJXUH 3 _ AVVLJQLQJ RAMPAGE UPHDNV WR JHQHV XVLQJ SDLUHG-HQG UHDGV. D, ScKePaWLc

dePRQVWUaWLQg KRZ SaLUed-eQd RAMPAGE UeadV (SXUSOe) caQ dLVWLQgXLVK beWZeeQ VSOLced aQd

XQVSOLced WUaQVcULSWV, XQOLNe VLQgOe-eQd CAGE UeadV (SLQN). E, DeQVLW\ SORW Rf WKe dLVWaQceV

beWZeeQ WKe 5' aQd 3' eQdV Rf RAMPAGE Uead SaLUV, VWUaWLfLed b\ UPeaN geQRPLc cRQWe[W. TKe

Pa[LPXP fUagPeQW OeQgWK (1 Nb) LV VKRZQ b\ WKe daVKed OLQe. F, ScKePaWLc deSLcWLQg WKe

SaLUed-eQd Uead PeWKRd fRU OLQNLQg RAMPAGE UPeaNV ZLWK geQeV aQd WKe UeVXOWLQg fLYe

caWegRULeV. G, PLe cKaUW dLVSOa\LQg WKe SeUceQWage Rf RAMPAGE UPeaNV cOaVVLfLed aV WKe fLYe

caWegRULeV LQ F: YeULfLed GENCODE TSSV (Ued), YeULfLed XQaQQRWaWed TSSV (RUaQge), caQdLdaWe

GENCODE TSSV (\eOORZ), XQaQQRWaWed WUaQVcULSW TSSV (bOXe), RU ORcaO WUaQVcULSWLRQ (gUa\). H.

BaU gUaSKV VKRZLQg WKe QXPbeU Rf GENCODE geQeV (OefW) aQd WUaQVcULSWV (ULgKW) WKaW aUe

accRXQWed fRU b\ RYeUOaSSLQg RAMPAGE UPeaNV (bOacN) YV. WKe SaLUed-eQd Uead PeWKRd

LOOXVWUaWed LQ D aQd F (cRORUV). BaUV fRU WKe SaLUed-eQd PeWKRd aUe VWUaWLfLed b\ TSS cOaVV (aV

defLQed LQ F, G). GeQeV ZLWK PXOWLSOe TSSV ZeUe cRXQWed RQO\ RQce ZLWK WKe fROORZLQg SULRULW\:

YeULfLed GENCODE TSSV, YeULfLed XQaQQRWaWed TSSV, WKeQ caQdLdaWe GENCODE TSSV. I, BaU

gUaSKV VKRZLQg WKe SeUceQWage Rf UPeaNV WKaW aUe cOaVVLfLed aV YeULfLed GENCODE TSSV (Ued),

YeULfLed XQaQQRWaWed TSSV (RUaQge), caQdLdaWe GENCODE TSSV (\eOORZ), XQaQQRWaWed

WUaQVcULSW TSSV (bOXe), RU ORcaO WUaQVcULSWLRQ (gUa\), VWUaWLfLed b\ geQRPLc cRQWe[W.

FLJXUH 4 _ RAMPAGE-YHULILHG UPHDNV DUH HQULFKHG IRU UHJXODWRU\ VLJQDWXUHV. D, BaU SORWV

dLVSOa\ WKe SeUceQWage Rf RAMPAGE-YeULfLed TSSV (SXUSOe) aQd PaWcKed GENCODE-aQQRWaWed

TSSV (gUa\) WKaW RYeUOaS ceOO W\Se-agQRVWLc cCREV aQd WKe fXOO cRPSeQdLXP Rf GTE[ eQTLV.

P-YaOXeV aUe fURP FLVKeU'V e[acW WeVW. E, BaU SORWV dLVSOa\ WKe SeUceQWage Rf RAMPAGE-YeULfLed

TSSV e[SUeVVed LQ K562 (SXUSOe) aQd PaWcKLQg GENCODE-aQQRWaWed TSSV (gUa\) WKaW RYeUOaS

K562 cCREV aQd SXRE aVVa\ SeaNV. P-YaOXeV aUe fURP FLVKeU'V e[acW WeVW. F, AggUegaWLRQ

SORWV Rf eSLgeQRPLc VLgQaOV, DNaVe (WeaO), H3K4Pe3 (Ued), H3K27ac (\eOORZ), aQd PRO II (bOXe),

aW K562 RAMPAGE-YeULfLed TSSV (cRORUV) aQd PaWcKed GENCODE-aQQRWaWed TSSV acURVV a �

2Nb ZLQdRZ ceQWeUed RQ WKe VXPPLWV aQd TSS, UeVSecWLYeO\. G, NeVWed YLROLQ bR[SORWV VKRZLQg

WKe QXPbeU Rf PacBLR 5' Uead eQdV WKaW RYeUOaS K562 RAMPAGE-YeULfLed TSSV (SXUSOe) aQd

PaWcKed GENCODE-aQQRWaWed TSSV (gUa\). P-YaOXe LV fURP a WLOcR[RQ UaQN VXP WeVW. H,

GeQRPe bURZVeU YLeZ Rf INPP1 ORcXV LQ K562. RAMPAGE-YeULfLed TSS, ZH38T0029211, LV
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OLQNed WR WKe INPP1 geQe b\ SaLUed-eQd RAMPAGE UeadV (SXUSOe) ZKeUeaV WKe

GENCODE-aQQRWaWed TSSV aUe QRW VXSSRUWed b\ RAMPAGE UeadV. PacBLR UeadV (gUeeQ) aOVR

VXSSRUW ZH38T0029211 aV a YeULfLed TSS Rf INPP1 aQd eSLgeQRPLc VLgQaOV, DNaVe (WeaO),

H3K4Pe3 (Ued), aQd H3K27ac (\eOORZ), VXSSRUW SURPRWeU acWLYLW\ aW ZH38T0029211 aQd QRW aW

WKe aQQRWaWed GENCODE TSSV. RAMPAGE UPeaNV ZLWK RPM > 2 LQ K562 aUe VKRZQ LQ SXUSOe

ZKLOe WKRVe ZLWK RPM � 2 aUe VKRZQ LQ gUa\. I, NeVWed YLROLQ bR[SORWV Rf aYeUage PKaVWCRQV

cRQVeUYaWLRQ VcRUeV acURVV RAMPAGE-YeULfLed TSSV (SXUSOe) aQd PaWcKed

GENCODE-aQQRWaWed TSSV (gUa\). P-YaOXe LV fURP a WLOcR[RQ UaQN VXP WeVW.

FLJXUH 5 _ DLVHDVH-DVVRFLDWHG SNPV DUH OLQNHG ZLWK QHZ FDQGLGDWH JHQHV XVLQJ WKH

RAMPAGE UPHDN FDWDORJ. D, GeQRPe bURZVeU YLeZ Rf WKe C<HR1-PPP1R16A ORcXV.

RV2620666 LV LQ KLgK LD (VKRZQ aV U2 YaOXeV) ZLWK GWAS SNPV UV13251458 aQd UV750472, aQd

RYeUOaSV RAMPAGE UPeaN ZH38T0048822 (daVKed bR[). RAMPAGE UPeaNV ZLWK RPM > 2 LQ

QeXUaO ceOOV aUe VKRZQ LQ SXUSOe ZKLOe WKRVe ZLWK RPM � 2 aUe VKRZQ LQ gUa\; RAMPAGE VLgQaO

LV VKRZQ LQ SXUSOe. SXSSRUWLQg eSLgeQRPLc VLgQaOV fURP QeXUaO ceOOV, H3K4Pe aQd H3K27ac,

aUe VKRZQ LQ Ued aQd \eOORZ, UeVSecWLYeO\. TKe UegLRQ VKaded LQ gUa\ LV PagQLfLed LQ E. E,

ZRRPed-LQ geQRPe bURZVeU YLeZ (gUa\ KLgKOLgKW LQ D) dLVSOa\LQg RAMPAGE UeadV (SXUSOe) aQd

PacBLR UeadV (gUeeQ) VXSSRUWLQg RAMPAGE SeaN ZH38T0048822 (daVKed bR[) ZKLcK LV a

YeULfLed XQaQQRWaWed TSS Rf PPP1R16A aQd RYeUOaSV GWAS SNP UV2620666. RAMPAGE

SeaNV aUe cRORUed aV LQ D aQd a PagQLfLed LPage Rf ZH38T0048822 LV VKRZQ LQ a OaUgeU daVKed

bR[ ZLWK ZKLWe bacNgURXQd. F, GeQRPe bURZVeU YLeZ Rf WKe KCNH7 ORcXV. RV10930089 LV LQ

KLgK LD ZLWK GWAS SNPV UV6759626 aQd UV9287826 aQd RYeUOaSV RAMPAGE UPeaN

ZH38T0028803 (daVKed bR[). RAMPAGE SeaNV aUe cRORUed aV deVcULbed LQ D fRU caUdLac

PXVcOe aQd SK-N-DZ ceOOV. SXSSRUWLQg eSLgeQRPLc VLgQaOV fURP caUdLac PXVcOe ceOOV aQd

SK-N-DZ aUe VKRZQ ZLWK DNaVe LQ WeaO aQd H3K27ac LQ \eOORZ. CHL-C OLQNV fRU caUdLac ceOOV aUe

VKRZQ LQ bOacN. TKe UegLRQ VKaded LQ gUa\ LV PagQLfLed LQ G. G, ZRRPed-LQ geQRPe bURZVeU

YLeZ (gUa\ KLgKOLgKW LQ F) dLVSOa\LQg RAMPAGE UeadV (SXUSOe) fURP caUdLac PXVcOe aQd

SK-N-DZ ceOOV VXSSRUWLQg RAMPAGE SeaN ZH38T0028803 (LQ daVKed bR[) ZKLcK RYeUOaSV WZR

WUaQVcULSWV Rf WKe OQcBRRN OQcRNA H6ALNG0020057 aQd GWAS SNP UV10930089. RAMPAGE

SeaNV VKRZQ LQ SXUSOe KaYe RPM > 2 LQ bRWK caUdLac PXVcOe aQd SK-N-DZ ceOOV.
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SXSSOHPHQWDO FLJXUH OHJHQGV
SXSSOHPHQWDO FLJXUH S1 _ GHQHUDO SURSHUWLHV RI RAMPAGE UPHDNV. D, A VcaWWeUSORW

cRPSaULQg WKe RNA-VeT VLgQaOV ([-a[LV) aQd RAMPAGE VLgQaOV (\-a[LV) LQ K562 ceOOV aW

RAMPAGE SeaNV LdeQWLfLed LQ K562. PRLQWV aUe cRORUed b\ geQRPLc cRQWe[W: TSS LQ Ued,

TSS-SUR[LPaO LQ SLQN, e[RQ LQ daUN gUeeQ, LQWURQ LQ OLgKW gUeeQ aQd LQWeUgeQLc LQ gUe\. DeQVLW\

SORWV aORQg WKe [- aQd \-a[eV VKRZ WKe dLVWULbXWLRQV Rf VLgQaO VWUaWLfLed b\ geQRPLc cRQWe[W fRU

RNA-VeT aQd RAMPAGE VLgQaOV, UeVSecWLYeO\. TKe daVKed OLQe UeSUeVeQWV WKe [=\ OLQe XVed WR

fLOWeU RAMPAGE SeaNV SULRU WR WKe UPeaN SLSeOLQe; SeaNV faOOLQg beORZ WKLV OLQe ZeUe e[cOXded. E,

A KLVWRgUaP deSLcWLQg WKe dLVWULbXWLRQ Rf UPeaN fXOO-SeaN ZLdWKV. F, A KLVWRgUaP deSLcWLQg WKe

dLVWULbXWLRQ Rf UPeaN KLgK-deQVLW\ UegLRQ ZLdWKV. G, A KLVWRgUaP deSLcWLQg WKe QXPbeU Rf

RAMPAGE e[SeULPeQWV UeSUeVeQWed b\ eacK UPeaN. H, A YLROLQ-bR[SORW deSLcWLQg WKe QXPbeU Rf

e[SeULPeQWV UeSUeVeQWed b\ eacK UPeaN VWUaWLfLed b\ geQRPLc cRQWe[W aV LQ D. I, ScaWWeUSORW

dLVSOa\LQg a WZR-dLPeQVLRQaO UQLfRUP MaQLfROd ASSUR[LPaWLRQ aQd PURMecWLRQ (UMAP)

ePbeddLQg Rf 115 bLRVaPSOeV XVLQg RAMPAGE VLgQaO acURVV aOO UPeaNV aV LQSXW feaWXUeV.

MaUNeUV aUe VKaSed b\ bLRVaPSOe caWegRU\ aQd cRORUed b\ WLVVXe Rf RULgLQ aV defLQed LQ WKe

OegeQd.

SXSSOHPHQWDO FLJXUH S2 _ CRPSDULVRQ RI RAMPAGE UPHDNV ZLWK LQGLYLGXDO WUDQVFULSWRPH

DQQRWDWLRQV. D, A deQVLW\ SORW VKRZLQg WKe dLVWULbXWLRQV Rf WKe VLPLOaULW\ VcRUeV fRU VeTXeQceV

VXUURXQdLQg WKe TSSV Rf RAMPAGE-RQO\ (SXUSOe) aQd CAGE-RQO\ (SLQN) KRTAP geQeV.

SeTXeQce VLPLOaULW\ LV caOcXOaWed b\ WaNLQg WKe Pa[LPXP VcRUe Rf aOO SaLUZLVe ORcaO aOLgQPeQWV.

P-YaOXe cRUUeVSRQdV WR a WZR-VLded WLOcR[RQ WeVW. E, A KeaWPaS dLVSOa\LQg WKe SeUceQWage Rf

RAMPAGE UPeaNV (SXUSOe), CAGE SeaNV (SLQN) aQd PacBLR 5' Uead eQdV (gUeeQ) WKaW RYeUOaS

eacK RWKeU aQd KaYe KLgK GRO-caS VLgQaO LQ K562 (OefW) aQd GM12878 (ULgKW) ceOOV. F, (WRS)

VeQQPLe dLagUaP dLVSOa\LQg WKe SeUceQWage Rf GM12878 RAMPAGE UPeaNV WKaW RYeUOaS K562

CAGE SeaNV (SLQN) RU PacBLR 5' eQdV (gUeeQ), RU KaYe KLgK GRO-VeT VLgQaOV (RUaQge).

CRQceQWULc cLUcOeV VKRZ WKe SeUceQWageV WKaW aUe VLPLOaUO\ VXSSRUWed beWZeeQ WKe WKUee aVVa\V.

(bRWWRP) BaU SORW ZLWK WKe QXPbeU Rf GM12878 UPeaNV VWUaWLfLed b\ WKe QXPbeU Rf VXSSRUWLQg

WUaQVcULSWRPLc aVVa\V aV deVcULbed LQ WKe abRYe VeQQPLe. G, VLROLQ-bR[SORW VKRZLQg WKe

dLVWULbXWLRQV Rf WKe aYeUage GM12878 RAMPAGE VLgQaO acURVV UPeaNV VWUaWLfLed b\ WKe QXPbeU

Rf VXSSRUWLQg aVVa\V aV defLQed LQ F. P-YaOXeV cRUUeVSRQd WR WZR-VLded SaLUZLVe WLOcR[RQ WeVWV

ZLWK FDR cRUUecWLRQ. H, SWacNed baU gUaSKV VKRZLQg WKe SeUceQWage Rf GM12878 UPeaNV
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beORQgLQg WR eacK geQRPLc cRQWe[W (TSS: Ued, TSS-SUR[LPaO: SLQN, e[RQ: daUN gUeeQ, LQWURQ: OLgKW

gUeeQ, LQWeUgeQLc: gUa\) VWUaWLfLed b\ WKe QXPbeU Rf VXSSRUWLQg aVVa\V aV defLQed LQ F. P-YaOXeV

cRUUeVSRQd WR CKL-VTXaUe WeVWV. I, VeQQ dLagUaP VKRZLQg WKe RYeUOaS Rf geQeV ZLWK TSSV WKaW

RYeUOaS eLWKeU RAMPAGE UPeaNV (SXUSOe), CAGE SeaNV (SLQN) RU PacBLR 5' eQdV (gUeeQ) LQ

K562. J, VeQQ dLagUaP aV deVcULbed LQ I fRU aQQRWaWLRQV LQ GM12878. K, BR[SORWV VKRZLQg WKe

GRO-caS VLgQaO aW RAMPAGE UPeaNV VWUaWLfLed b\ geQRPLc cRQWe[W LQ K562 (WRS) aQd GM12878

ceOOV (bRWWRP). L, BR[SORWV SORWV VKRZLQg WKe QXPbeU Rf PacBLR 5' eQdV WKaW RYeUOaS RAMPAGE

UPeaNV VWUaWLfLed b\ geQRPLc cRQWe[W LQ K562 (WRS) aQd GM12878 ceOOV (bRWWRP). M, BR[SORWV

SORWV VKRZLQg WKe PedLaQ OeQgWKV Rf WKe PacBLR UeadV ZLWK 5' eQdV WKaW RYeUOaS eacK RAMPAGE

UPeaN VWUaWLfLed b\ geQRPLc cRQWe[W LQ GM12878 (WRS) aQd K562 ceOOV (bRWWRP).

SXSSOHPHQWDO FLJXUH S3 _ E[DPSOHV RI H[RQLF, LQWURQLF, DQG LQWHUJHQLF UPHDNV LQ K562

FHOOV. D, DecLVLRQ WUee deSLcWLQg WKe cRPSXWaWLRQaO ZRUNfORZ fRU aVVLgQLQg RAMPAGE UPeaNV WR

geQeV. E, GeQRPe bURZVeU YLeZ Rf WKe ING1 ORcXV. E[RQLc RAMPAGE UPeaN ZH38T0014149

(LQ a VPaOO daVKed bR[, ZLWK a PagQLfLed YeUVLRQ VKRZQ WR LWV ULgKW) RYeUOaSV aQ aQQRWaWed e[RQ

Rf ING1, bXW LV aOVR a QRYeO TSS fRU WKLV geQe. TKLV aQQRWaWLRQ LV VXSSRUWed QRW RQO\ b\

RAMPAGE VLgQaO aQd UeadV (SXUSOe), bXW PacBLR UeadV (gUeeQ) aQd eSLgeQRPLc VLgQaOV

(DNaVe: WeaO; H3K27ac: \eOORZ; H3K4Pe3: Ued) LQ K562. Read SaLUV aUe deQRWed b\ daVKed

gUa\ OLQeV aQd VSOLW UeadV (L.e., VLQgOe UeadV WKaW VSaQ VSOLce MXQcWLRQV) aUe deQRWed b\ cRORUed

OLQeV (SXUSOe fRU RAMPAGE aQd gUeeQ fRU PacBLR). F, GeQRPe bURZVeU YLeZ Rf WKe GALN712

ORcXV. IQWURQLc RAMPAGE UPeaN ZH38T0050003 (WKe VPaOOeU daVKed bR[, ZLWK a PagQLfLed

YeUVLRQ VKRZQ WR LWV OefW), RYeUOaSV aQ aQQRWaWed LQWURQ Rf GALN712, bXW LV aOVR a QRYeO TSS fRU

WKLV geQe. TKLV aQQRWaWLRQ LV VXSSRUWed QRW RQO\ b\ RAMPAGE VLgQaO aQd UeadV (SXUSOe), bXW

PacBLR UeadV (gUeeQ) aQd eSLgeQRPLc VLgQaOV (cRORUed aV LQ E) LQ K562. G, GeQRPe bURZVeU

YLeZ Rf WKe NAN6 ORcXV. IQWeUgeQLc RAMPAGE UPeaN ZH38T0049993 (WKe VPaOOeU daVKed bR[,

ZLWK a PagQLfLed YeUVLRQ VKRZQ WR WKe ULgKW), OLeV XSVWUeaP Rf NAN6, bXW LV aOVR a QRYeO TSS fRU

WKLV geQe. TKLV aQQRWaWLRQ LV VXSSRUWed QRW RQO\ b\ RAMPAGE VLgQaO aQd UeadV (SXUSOe), bXW

PacBLR UeadV (gUeeQ) aQd eSLgeQRPLc VLgQaOV (cRORUed aV LQ D) LQ K562.

SXSSOHPHQWDO FLJXUH S4 _ FHDWXUHV RI RAMPAGE UPHDNV VWUDWLILHG E\ 7SS FODVV. D, BaU

gUaSK dLVSOa\LQg WKe geQeWLc cRQWe[W Rf RAMPAGE UPeaNV WKaW ZeUe cOaVVLfLed aV TSSV Rf

XQaQQRWaWed WUaQVcULSWV (TSS: Ued, TSS-SUR[LPaO: SLQN, e[RQ: daUN gUeeQ, LQWURQ: OLgKW gUeeQ,

LQWeUgeQLc: gUa\). E, NeVWed YLROLQ-bR[SORWV dLVSOa\LQg WKe aYeUage SKaVWCRQV cRQVeUYaWLRQ
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VcRUe fRU RAMPAGE UPeaNV VWUaWLfLed b\ TSS cOaVV (YeULfLed GENCODE: daUN Ued, YeULfLed

XQaQQRWaWed: RUaQge, caQdLdaWe GENCODE: \eOORZ, XQaQQRWaWed WUaQVcULSW: daUN bOXe, ORcaO

WUaQVcULSWLRQ: gUa\). P-YaOXeV cRUUeVSRQdLQg WR WZR-VLded SaLUZLVe WLOcR[RQ WeVWV ZLWK FDR

cRUUecWLRQ aUe aYaLOabOe LQ SXSSOHPHQWDO 7DEOH S4D. SWaUV deQRWe SaLUV ZLWK VWaWLVWLcaOO\

VLgQLfLcaQW dLffeUeQceV (* S < 0.05, ** S < 0.01; *** S < 0.001) F, NeVWed YLROLQ-bR[SORWV dLVSOa\LQg

WKe QXPbeU Rf acWLYe bLRVaPSOeV (RPM > 2) Rf RAMPAGE UPeaNV VWUaWLfLed b\ geQe aVVLgQPeQW

caWegRU\ (aV cRORUed LQ E). P-YaOXeV cRUUeVSRQdLQg WR WZR-VLded SaLUZLVe WLOcR[RQ WeVWV ZLWK

FDR cRUUecWLRQ aUe aYaLOabOe LQ SXSSOHPHQWDO 7DEOH S4F. AOO SaLUV aUe VWaWLVWLcaOO\ VLgQLfLcaQW

(*** S < 0.001) e[ceSW ZKeUe QRWed. G, NeVWed YLROLQ-bR[SORWV dLVSOa\LQg WKe QXPbeU Rf

RYeUOaSSLQg K562 PacBLR 5' eQdV fRU K562 RAMPAGE UPeaNV VWUaWLfLed b\ geQe aVVLgQPeQW

caWegRU\ (aV cRORUed LQ E). P-YaOXeV cRUUeVSRQdLQg WR WZR-VLded SaLUZLVe WLOcR[RQ WeVWV ZLWK

FDR cRUUecWLRQ aUe aYaLOabOe LQ SXSSOHPHQWDO 7DEOH S4F. AOO SaLUV aUe VWaWLVWLcaOO\ VLgQLfLcaQW

(*** S < 0.001) e[ceSW ZKeUe QRWed. H, NeVWed YLROLQ-bR[SORWV dLVSOa\LQg WKe QXPbeU Rf

RYeUOaSSLQg GM12878 PacBLR 5' eQdV fRU GM12878 RAMPAGE UPeaNV VWUaWLfLed b\ geQe

aVVLgQPeQW caWegRU\ (aV cRORUed LQ E). P-YaOXeV cRUUeVSRQdLQg WR WZR-VLded SaLUZLVe WLOcR[RQ

WeVWV ZLWK FDR cRUUecWLRQ aUe aYaLOabOe LQ SXSSOHPHQWDO 7DEOH S4G. I, BR[SORWV dLVSOa\LQg WKe

OeQgWK Rf K562 PacBLR UeadV ZLWK RYeUOaSSLQg 5' eQdV fRU K562 RAMPAGE UPeaNV VWUaWLfLed b\

geQe aVVLgQPeQW caWegRU\ aQd cRORUed b\ geQeWLc cRQWe[W (aV defLQed LQ D). P-YaOXeV

cRUUeVSRQdLQg WR SaLUZLVe FLVKeU'V e[acW WeVWV ZLWK FDR cRUUecWLRQ aUe aYaLOabOe LQ

SXSSOHPHQWDO 7DEOH S4H. J, BR[SORWV dLVSOa\LQg WKe OeQgWK Rf GM12878 PacBLR UeadV ZLWK

RYeUOaSSLQg 5' eQdV fRU GM12878 RAMPAGE UPeaNV VWUaWLfLed b\ geQe aVVLgQPeQW caWegRU\

aQd cRORUed b\ geQeWLc cRQWe[W (aV defLQed LQ D). P-YaOXeV cRUUeVSRQdLQg WR SaLUZLVe FLVKeU'V

e[acW WeVWV ZLWK FDR cRUUecWLRQ aUe aYaLOabOe LQ SXSSOHPHQWDO 7DEOH S4I. K, NeVWed

YLROLQ-bR[SORWV dLVSOa\LQg WKe aYeUage SKaVWCRQV cRQVeUYaWLRQ VcRUe fRU RAMPAGE-YeULfLed

TSSV (SXUSOe), PaWcKed GENCODE-aQQRWaWed TSSV (gUa\), cCREV-dELS (\eOORZ), aQd UaQdRP

geQRPLc UegLRQV (ZKLWe). P-YaOXeV cRUUeVSRQd WR WZR-VLded SaLUZLVe WLOcR[RQ WeVWV ZLWK FDR

cRUUecWLRQ. L, BaU SORWV dLVSOa\LQg WKe SeUceQWage Rf RAMPAGE-YeULfLed TSSV (SXUSOe), PaWcKed

GENCODE-aQQRWaWed TSSV (gUa\), cCREV-dELS (\eOORZ), aQd UaQdRP geQRPLc UegLRQV (ZKLWe)

WKaW OLfWOYeU WR WKe PP10 geQRPe. P-YaOXeV cRUUeVSRQd WR SaLUZLVe FLVKeU'V e[acW WeVWV ZLWK

FDR cRUUecWLRQ.
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SXSSOHPHQWDO 7DEOHV
SXSSOePeQWaO TabOe S1. SXPPaU\ Rf RAMPAGE daWaVeWV aQd UPeaNV

SXSSOePeQWaO TabOe S2. GeQe RQWRORg\ eQULcKPeQW fRU CAGE-RQO\ aQd RAMPAGE-RQO\ geQeV

SXSSOePeQWaO TabOe S3. AVVLgQPeQW Rf RAMPAGE UPeaNV WR geQeV

SXSSOePeQWaO TabOe S4. EQULcKPeQW fRU RAMPAGE UPeaNV feaWXUeV VWUaWLfLed b\ TSS cOaVV

SXSSOePeQWaO TabOe S5. OYeUOaS Rf GWAS YaULaQWV ZLWK RAMPAGE UPeaNV

MHWKRGV
GHQHUDWLQJ D FROOHFWLRQ RI RAMPAGE UPHDNV
CXUaWLQJ RAMPAGE H[SHULPHQWV

AV Rf SeSWePbeU 1, 2020 WKeUe ZeUe 155 ENCODE3 RAMPAGE e[SeULPeQWV aW WKe ENCODE

SRUWaO

(KWWSV://ZZZ.eQcRdeSURMecW.RUg/VeaUcK/?W\Se=E[SeULPeQW&VWaWXV=UeOeaVed&SeUWXUbed=faOVe&aV

Va\_WLWOe=RAMPAGE&aZaUd.Ufa=ENCODE3&SeUWXUbed=WUXe). FURP WKe SRUWaO, Ze dRZQORaded

RAMPAGE baP aOLgQPeQW fLOeV, ZKLcK cRQWaLQed UeadV PaSSed WR WKe GRCK38/Kg38 UefeUeQce

geQRPe b\ WKe ENCODE DaWa CRRUdLQaWLRQ CeQWeU XVLQg STAR

(KWWSV://ZZZ.eQcRdeSURMecW.RUg/daWa-VWaQdaUdV/UaPSage/). We WKeQ UePRYed UedXQdaQW UeadV

aV deVcULbed LQ ZKaQg HW DO. (ZKaQg eW aO. 2019), bULefO\ VXPPaUL]ed aV fROORZV. FLUVW, SURSeUO\

aOLgQed Uead SaLUV (R1 aQd R2 deQRWe eacK PaWe Rf a Uead SaLU) ZLWK XQLTXeO\ aOLgQed R2 UeadV

ZeUe cROOaSVed ZLWK WKe VaPe aOLgQPeQW cRRUdLQaWeV aQd WKe LdeQWLcaO 15-bS baUcRde aW WKe

5�-eQd Rf R2 UeadV WR UePRYe PCR dXSOLcaWeV. We WKeQ SRROed Uead SaLUV fURP bLRORgLcaO

UeSOLcaWeV WRgeWKeU afWeU WKe PCR dXSOLcaWe UePRYaO aQd cUeaWed VLgQaO bLgWLg fLOeV Rf WKe 5'

eQdV Rf R1 UeadV WKaW Ze XVed fRU aOO VXbVeTXeQW VLgQaO TXaQWLfLcaWLRQV (aYaLOabOe fRU dRZQORad

RQ RXU cRPSaQLRQ VLWe). FLQaOO\, Ze e[cOXded aOO e[SeULPeQWV ZLWK a QRQ-UedXQdaQc\ fUacWLRQ

OeVV WKaQ 0.25, ZKLcK UeVXOWed LQ a fLQaO cROOecWLRQ Rf 115 KLgK TXaOLW\ RAMPAGE e[SeULPeQWV

(SXSSOHPHQWDO 7DEOH S1).

ReOeYaQW VcULSW: UP_ScU.S\

CaOOLQJ RAMPAGE SHaNV

We caOOed RAMPAGE SeaNV aV deVcULbed LQ ZKaQg HW DO. (=KDQJ HW DO. 2019). BULefO\, RAMPAGE

SeaNV ZeUe cOXVWeUed ZLWK WKe 5�-PRVW baVe Rf aOLgQed R1 UeadV XVLQg F-VeT (BR\Oe eW aO. 2008)
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(SaUaPeWeU: feaWXUe OeQgWK = 30 aQd fUagPeQW VL]e = 0). FRU eacK SeaN, Ze LdeQWLfLed a

KLgK-deQVLW\ UegLRQ, ZKLcK cRQWaLQed 70% Rf WKe UeadV LQ eacK RULgLQaO SeaN, aQd a VXPPLW,

ZKLcK ZaV WKe geQRPLc SRVLWLRQ ZLWK WKe KLgKeVW QXPbeU Rf R1 5' Uead eQdV.

ReOeYaQW VcULSW: caOO_SeaN.S\

FLOWHULQJ RAMPAGE SHaNV

FRU eacK RAMPAGE e[SeULPeQW, WKe GLQgeUaV Oab aOVR SeUfRUPed a PaWcKLQg WRWaO RNA-VeT

e[SeULPeQW RQ WKe VaPe bLRVaPSOe, ZKLcK Ze XVed WR fLOWeU RAMPAGE SeaNV. UVLQg

bLgWLgAYeUageOYeUBed, Ze caOcXOaWed WKe WRWaO RNA-VeT aQd RAMPAGE VLgQaOV (cROXPQ fRXU

Rf WKe UeVXOWLQg fLOe, VXP) acURVV eacK RAMPAGE SeaN. We e[cOXded SeaNV ZKRVe RNA-VeT

VLgQaOV ZeUe gUeaWeU WKaQ WKeLU RAMPAGE VLgQaOV (L.e., SeaNV WKaW feOO beORZ WKe [=\ OLQe,

SXSSOHPHQWDO FLJ. S1). TKeVe SeaNV SUedRPLQaQWO\ RYeUOaSSed aQQRWaWed e[RQV. FLQaOO\, WR

fXUWKeU VeOecW fRU KLgK-TXaOLW\ aQQRWaWLRQV, Ze RQO\ UeWaLQed SeaNV ZLWK RPM (UeadV SeU PLOOLRQ) >

2, ZKLcK UeVXOWed LQ a VeW Rf 1,147,456 SeaNV acURVV aOO e[SeULPeQWV ZLWK aQ aYeUage Rf 9,978

SeU e[SeULPeQW (SXSSOHPHQWDO 7DEOH S1).

ReOeYaQW VcULSW: 1_PeaN-FLOWeULQg.VK

GHQHUaWLQJ UHSUHVHQWaWLYH RAMPAGE SHaNV

TR geQeUaWe UeSUeVeQWaWLYe RAMPAGE SeaNV (RAMPAGE UPeaNV), Ze adaSWed WKe

UeSUeVeQWaWLYe DNaVe H\SeUVeQVLWLYLW\ SLWe (UDHS) SLSeOLQe aV deVcULbed b\ WKe ENCODE

PURMecW CRQVRUWLXP (ENCODE PURMecW CRQVRUWLXP eW aO. 2020). FLUVW, WR UeWaLQ VWUaQd-VSecLfLc

LQfRUPaWLRQ, Ze VeSaUaWed SeaNV baVed RQ DNA VWUaQd, aQd WKeQ cOXVWeUed WKe VWUaQd-VSecLfLc

SeaNV acURVV aOO 115 e[SeULPeQWV XVLQg EHGWRROV PHUJH (QXLQODQ DQG HDOO 2010). FRU eacK

cOXVWeU, Ze VeOecWed WKe SeaN ZLWK WKe KLgKeVW RPKM (UeadV SeU NLORbaVe SeU PLOOLRQ) VLgQaO aV

WKe UPeaN. AOO SeaNV WKaW RYeUOaSSed WKLV UPeaN²aV defLQed b\ XVLQg EHGWRROV LQWHUVHFW ZLWK

defaXOW SaUaPeWeUV²ZeUe WKeQ UePRYed. We LWeUaWLYeO\ UeSeaWed WKLV SURceVV XQWLO aOO 1.1M

RAMPAGE SeaNV ZeUe UeSUeVeQWed b\ a cROOecWLRQ Rf 80,157 QRQ-RYeUOaSSLQg UPeaNV. TR

UedXce faOVe SRVLWLYeV, Ze dLVcaUded aOO VLQgOeWRQ UPeaNV (L.e., UPeaNV WKaW UeSUeVeQWed RQO\ RQe

e[SeULPeQW) XQOeVV WKe\ Kad aQ RPM > 5, UeVXOWLQg LQ a fLQaO VeW Rf 52,546 UPeaNV.

ReOeYaQW VcULSW: 2_UPeaN-AQQRWaWLRQ.VK

24

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

The copyright holder for this preprint (whichthis version posted May 13, 2021. ; https://doi.org/10.1101/2021.05.12.443890doi: bioRxiv preprint 

https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Pipeline/0_Peak-Calling/call_peak.py
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Pipeline/1_Peak-Filtering.sh
https://paperpile.com/c/VPehdc/R9Is
https://paperpile.com/c/VPehdc/Hn0i
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Pipeline/2_rPeak-Annotation.sh
https://doi.org/10.1101/2021.05.12.443890
http://creativecommons.org/licenses/by-nc/4.0/


GHQRPLF FRQWH[W DQG HQULFKPHQW
DHWHUPLQLQJ JHQRPLF FRQWH[W

We XVed WKe fROORZLQg KLeUaUcKLcaO aSSURacK WR aVVLgQ geQRPLc cRQWe[WV WR aQQRWaWLRQV

(LQcOXdLQg RAMPAGE UPeaNV aQd FANTOM CAGE SeaNV). We XVed EHGWRROV LQWHUVHFW WR

deWeUPLQe RYeUOaSSLQg feaWXUeV ZLWK RYeUOaS UeTXLUePeQWV aV deVcULbed beORZ:

1) 766-RYHUODSSLQJ: UPeaN RYeUOaSSed aQ aQQRWaWed TSS fURP GENCODEY31 baVLc

aQQRWaWLRQV. UVe defaXOW SaUaPeWeUV fRU EHGWRROV LQWHUVHFW.

2) 766-PUR[LPDO: UPeaN feOO ZLWKLQ � 500 bS Rf aQ aQQRWaWed TSS fURP GENCODEY31

baVLc. ReTXLUed aW OeaVW 50% Rf RAMPAGE UPeaN WR RYeUOaS UegLRQ (-f 0.5).

3) E[RQ: UPeaN RYeUOaSSed "e[RQ" aQQRWaWLRQ fURP GENCODEY31 baVLc ZKLcK LQcOXde

cRdLQg e[RQV (CDS), e[RQV Rf QRQ-cRdLQg geQeV, aQd XQWUaQVOaWed UegLRQV (UTRV).

ReTXLUed aW OeaVW 50% Rf RAMPAGE UPeaN WR RYeUOaS e[RQ (-f 0.5).

4) IQWURQ: UPeaN RYeUOaSSed aQ aQQRWaWed geQe fURP GENCODEY31 baVLc bXW QRW aQ e[RQ.

ReTXLUed aW OeaVW 50% Rf RAMPAGE UPeaN WR RYeUOaS geQe (-f 0.5).

5) IQWHUJHQLF: aOO UePaLQLQg UPeaNV

ReOeYaQW VcULSW: DeWeUPLQe-GeQRPLc-CRQWe[W.VK

AVVLJQLQJ VWUaQG

1) 766-RYHUODSSLQJ: aVVLgQ VWUaQd Rf WKe WUaQVcULSW WKe RAMPAGE UPeaN RYeUOaSV. If WKe

RAMPAGE UPeaN RYeUOaSV TSSV RQ bRWK VWUaQdV, WKe VWUaQd PaWcKLQg WKe UPeaN LV

aVVLgQed.

2) PUR[LPDO: aVVLgQ VWUaQd Rf WKe WUaQVcULSW RAMPAGE UPeaN faOOLQg ZLWKLQ 500 bS. If WKe

RAMPAGE UPeaN RYeUOaSV TSSV RQ bRWK VWUaQdV, WKe VWUaQd PaWcKLQg WKe UPeaN LV

aVVLgQed.

3) E[RQ: aVVLgQ VWUaQd Rf WKe WUaQVcULSW cRQWaLQLQg WKe e[RQ WKe UPeaN RYeUOaSV. If WKe

RAMPAGE UPeaN RYeUOaSV e[RQV RQ bRWK VWUaQdV, WKe VWUaQd PaWcKLQg WKe UPeaN LV

aVVLgQed.

4) IQWURQ: aVVLgQ VWUaQd Rf WKe WUaQVcULSW WKe UPeaN RYeUOaSV. If WKe RAMPAGE UPeaN

RYeUOaSV WUaQVcULSWV RQ bRWK VWUaQdV, WKe VWUaQd PaWcKLQg WKe UPeaN LV aVVLgQed.
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5) IQWHUJHQLF: aVVLgQ VWUaQd Rf WKe cORVeVW WUaQVcULSW aV deWeUPLQed b\ EHGWRROV FORVHVW

XVLQg WKe TSS baVLc aQQRWaWLRQV. If WKe RAMPAGE UPeaN LV eTXaOO\ cORVe WR WUaQVcULSWV

RQ bRWK VWUaQdV, WKe VWUaQd PaWcKLQg WKe UPeaN LV aVVLgQed.

ReOeYaQW VcULSW: DeWeUPLQe-GeQRPLc-CRQWe[W.VK

DHWHUPLQLQJ JHQRPLF FRQWH[W HQULFKPHQW

TR deWeUPLQe WKe geQRPLc bacNgURXQd, Ze caOcXOaWed WKe SeUceQWage Rf WKe GRCK38 geQRPe

cRPSULVLQg eacK Rf WKe aQQRWaWLRQV: (TSS: 0.0004%; TSS-SUR[LPaO: 2.2%; E[RQ: 3.7%; IQWURQ:

45.5%; IQWeUgeQLc: 48.6%). We WKeQ deWeUPLQed WKe SeUceQWage Rf WRWaO UPeaNV faOOLQg LQ eacK

aQQRWaWLRQ aQd caOcXOaWed fROd eQULcKPeQW.

ReOeYaQW VcULSW: DeWeUPLQe-GeQRPLc-CRQWe[W.VK

BRXQGDU\ DQG VXPPLW DQDO\VLV
FRU eacK UPeaN, Ze caOcXOaWed WKe PedLaQ SeaN bRXQdaU\, KLgK-deQVLW\ bRXQdaU\ aQd VXPPLW

YaULaWLRQ fRU eacK SeaN WKaW ZaV UeSUeVeQWed. We dLd QRW LQcOXde SeaNV WKaW ZeUe VeOecWed aV

WKe UPeaNV LQ WKLV aQaO\VLV.

ReOeYaQW VcULSW: CRPSaUe-BRXQdaU\-VaULaWLRQ.VK

8MAP
We SeUfRUPed WZR VeSaUaWe UMAP aQaO\VeV: RQe XVLQg aOO 115 bLRVaPSOeV (FLJXUH S1I) aQd

RQe XVLQg WKe VXbVeW Rf aOO 87 WLVVXe VaPSOeV (FLJXUH 1J). FRU eacK bLRVaPSOe, Ze caOcXOaWed

WKe RPKM (UeadV SeU NLORbaVe SeU PLOOLRQ) aW eacK UPeaN. We WKeQ cRPbLQed WKeVe UeVXOWV WR

cUeaWe WZR LQSXW PaWULceV, 52,547 b\ 115 aQd 52,547 b\ 87, UeVSecWLYeO\, ZKeUe eacK URZ LV a

RAMPAGE UPeaN aQd eacK cROXPQ LV a bLRVaPSOe. FRU eacK eQWU\ Rf WKe PaWUL[ Ze WRRN WKe

ORg10 Rf eacK eQWU\ aQd QRUPaOL]ed eacK URZ XVLQg VNOeaUQSWaQdaUdScaOeU. We WKeQ

LPSOePeQWed WKe UMAP aOgRULWKP XVLQg WKe S\WKRQ UMAP-OeaUQ SacNage ZLWK Q_QeLgKbRUV = 10

aQd defaXOW YaOXeV fRU WKe UePaLQLQg SaUaPeWeUV.

ReOeYaQW VcULSW: UMAP-AQaO\VLV.VK
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CRPSDULVRQV ZLWK RWKHU WUDQVFULSWLRQ DQQRWDWLRQV
CRPSaULVRQ ZLWK CAGE SHaNV

We dRZQORaded CAGE SeaNV aQd TXaQWLfLcaWLRQV fURP WKe FANTOM cRQVRUWLXP:

Ɣ PeaNV:

KWWSV://faQWRP.gVc.ULNeQ.MS/5/daWafLOeV/UeSURceVVed/Kg38_OaWeVW/e[WUa/CAGE_SeaNV/Kg38

_faLU+QeZ_CAGE_SeaNV_SKaVe1aQd2.bed.g]

Ɣ QXaQWLfLcaWLRQV:

KWWSV://faQWRP.gVc.ULNeQ.MS/5/daWafLOeV/UeSURceVVed/Kg38_OaWeVW/e[WUa/CAGE_SeaNV_e[SU

eVVLRQ/Kg38_faLU+QeZ_CAGE_SeaNV_SKaVe1aQd2_WSP.RVc.W[W.g]

TR cRPSaUe WKe RYeUaOO cRQcRUdaQce Rf SeaN cROOecWLRQV, Ze LQWeUVecWed WKe eQWLUe cROOecWLRQ Rf

CAGE SeaNV ZLWK WKe eQWLUe cROOecWLRQ Rf RAMPAGE SeaNV XVLQg EHGWRROV LQWHUVHFW ZLWK WKe

UeTXLUePeQW WKaW aW OeaVW 25% Rf WKe CAGE SeaN RYeUOaSSed WKe RAMPAGE SeaN aQd WKe SeaNV

feOO RQ WKe VaPe VWUaQd.

ReOeYaQW VcULSW: RAMPAGE-CAGE-AOO-PeaN-CRPSaULVRQ.VK

TR e[WUacW SeaNV acWLYe LQ K562 aQd GM12878, Ze VeOecWed aOO SeaNV ZLWK aQ aYeUage TPM

(WUaQVcULSWV SeU PLOOLRQ) > 2 acURVV WKe WKUee VXUYe\ed UeSOLcaWeV (cROXPQV 563-565 fRU K562 aQd

cROXPQV 171-173 fRU GM12878). We cRPSaUed WKeVe SeaNV ZLWK RAMPAGE UPeaNV ZLWK RPM

> 2 LQ K562 aQd GM12878, UeVSecWLYeO\, XVLQg EHGWRROV LQWHUVHFW, UeTXLULQg RYeUOaSSLQg SeaNV WR

be RQ WKe VaPe VWUaQd aQd RYeUOaS a PLQLPXP Rf 25% Rf WKe CAGE SeaN.

ReOeYaQW VcULSW: E[WUacW-CAGE-PeaNV.VK

CRPSaULVRQ ZLWK PaFBLR ORQJ-UHaG RNA-VHT GaWa

We dRZQORaded WKe fROORZLQg baP fLOeV fURP WKe ENCODE SURMecW daWa SRUWaO: ENCFF546DOT

aQd ENCFF709YES fRU K562 aQd ENCFF247TLH, ENCFF431IOE, ENCFF520MMC, aQd

ENCFF626GWM fRU GM12878. We PeUged aQd VRUWed baP fLOeV fRU eacK ceOO W\Se, VSOLW UeadV

b\ geQRPLc VWUaQd, aQd XVed EHGWRROV EDPWREHG WR e[WUacW WKe 5' eQdV Rf UeadV.

ReOeYaQW VcULSW: FRUPaW-PacBLR-DaWa.VK
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We XVed EHGWRROV LQWHUVHFW ZLWK defaXOW SaUaPeWeUV WR LQWeUVecW PacBLR 5' Uead eQdV ZLWK

RAMPAGE aQd CAGE SeaNV. TR RQO\ cRXQW VWUaQd PaWcKLQg LQWeUVecWLRQV, RAMPAGE aQd

CAGE SeaNV ZeUe fLUVW VSOLW b\ VWUaQd aQd WKeQ LQWeUVecWed ZLWK 5' eQdV RQ WKe VaPe VWUaQd.

ReOeYaQW VcULSW: CRPSaUe-TSS-AQQRWaWLRQV.VK

CRPSaULVRQ ZLWK GRO-FaS VLJQaO

We dRZQORaded WKe fROORZLQg GRO-caS VLgQaO fLOeV fURP GEO XQdeU acceVVLRQV GSM1480321

aQd GSM1480323 fRU K562 aQd GM12878, UeVSecWLYeO\:

Ɣ GSM1480321_K562_GROcaS_ZTAP_SOXV.bLgWLg

Ɣ GSM1480321_K562_GROcaS_ZTAP_PLQXV.bLgWLg

Ɣ GSM1480323_GM12878_GROcaS_ZTAP_SOXV.bLgWLg

Ɣ GSM1480323_GM12878_GROcaS_ZTAP_PLQXV.bLgWLg

TR caOcXOaWe aYeUage VLgQaO aW RAMPAGE UPeaNV, CAGE SeaNV, aQd PacBLR 5' eQdV, Ze OLfWed

dRZQ WKe 1 bS VXPPLWV RU Uead eQdV WR WKe Kg19 geQRPe XVLQg WKe UCSC OLfWOYeU WRRO (KXKQ eW

aO. 2013) ZLWK defaXOW SaUaPeWeUV. We WKeQ VeW UegLRQ ZLdWK WR a XQLfRUP 50 bS ceQWeUed RQ WKe

SeaN VXPPLWV RU 5' eQdV aQd, XVLQg WKe UCSC bLgWLgAYeUageOYeUBed fXQcWLRQ, caOcXOaWed WKe

aYeUage VLgQaO acURVV eacK UegLRQ.

TR deWeUPLQe a VLgQaO WKUeVKROd fRU KLgK GRO-caS VLgQaO, Ze fLUVW UaQdRPO\ VeOecWed 500N 50 bS

geQRPLc UegLRQV aQd caOcXOaWed WKeLU aYeUage GRO-caS VLgQaO. We WKeQ VeOecWed WKe 99.5WK

SeUceQWLOe aV WKe WKUeVKROd fRU KLJK VLJQDO ZKLcK ZaV 0.06 LQ K562 aQd 0.08 LQ GM12878,

UeVSecWLYeO\.

ReOeYaQW VcULSW: CaOcXOaWe-GROcaS-SLgQaO.VK

CRPSaULVRQ RI GENCODE FRYHUHG JHQHV

We fLUVW VeW SeaN ZLdWK WR a XQLfRUP 100 bS ceQWeUed aURXQd eacK SeaN VXPPLW RU 5' Uead eQd

aQd WKeQ LQWeUVecWed WKeVe UegLRQV ZLWK aQQRWaWed TSSV Rf GENCODE 31 geQeV XVLQg defaXOW

EHGWRROV LQWHUVHFW aQd UeTXLULQg aQQRWaWLRQV WR be RQ WKe VaPe VWUaQd (-V fOag). We SeUfRUPed

geQe RQWRORg\ aQaO\VLV XVLQg PaQWKeUDB'V RQOLQe daWabaVe (ML eW aO. 2017). We fLUVW SeUfRUPed
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WKLV aQaO\VLV fRU WKe eQWLUe VeWV Rf RAMPAGE aQd CAGE SeaNV, WKeQ fRU SeaNV aQd PacBLR 5'

Uead eQdV LQ K562 aQd GM12878 ceOOV.

ReOeYaQW VcULSWV: RAMPAGE-CAGE-GeQe-CRPSaULVRQ.VK,

RAMPAGE-CAGE-PacBLR-GeQe-CRPSaULVRQ.VK

AVVLJQLQJ RAMPAGE UPHDNV WR GHQHV
CXUaWLQJ YHULILHG GENCODE TSSV, YHULILHG XQaQQRWaWHG TSSV, XQaQQRWaWHG WUaQVFULSW

TSSV aQG ORFaO WUaQVFULSWLRQ UPHaNV

We deYeORSed WKe fROORZLQg cRPSXWaWLRQaO ZRUNfORZ WR OLQN RAMPAGE UPeaNV ZLWK geQeV, ZKLcK

LV deWaLOed LQ FLJXUH S3D. BULefO\, baVed RQ WKe geQeWLc cRQWe[W Rf WKe UPeaN aQd WKe ORcaWLRQ Rf

LWV VXSSRUWLQg 3' UeadV, Ze aVVLgQed WKe UPeaN LQWR RQe Rf VL[ caWegRULeV:

1) 9HULILHG GENCODE 766: UPeaN RYeUOaSV aQ aQQRWaWed GENCODE TSS aQd LWV 3' Uead

eQdV RYeUOaS a dRZQVWUeaP e[RQ.

2) 9HULILHG XQDQQRWDWHG 766: UPeaN dReV QRW RYeUOaS aQ aQQRWaWed GENCODE TSS (L.e.,

UPeaN LV eLWKeU TSS-SUR[LPaO, e[RQLc, LQWURQLc, RU LQWeUgeQLc) aQd LWV 3' Uead eQdV RYeUOaS

a dRZQVWUeaP e[RQ.

3) CDQGLGDWH GENCODE 766: UPeaN RYeUOaSV a TSS, fLUVW e[RQ RU LV TSS-SUR[LPaO WR

eLWKeU a VLQgOe e[RQ WUaQVcULSW, RU a WUaQVcULSW ZLWK a fLUVW e[RQ gUeaWeU WKaQ 500 QW.

4) 8QDQQRWDWHG WUDQVFULSW 766: UPeaN LV VXSSRUWed b\ UeadV ZLWK 3' eQdV WKaW dR QRW

RYeUOaS aQ aQQRWaWed GENCODE e[RQ.

5) LRFDO WUDQVFULSWLRQ: UPeaN LV VXSSRUWed b\ UeadV WKaW VSaQ OeVV WKaQ 1 Nb RU PaS WR WKe

fLUVW e[RQ Rf WKe WUaQVcULSW.

6) DLVFDUG: We dLVcaUded aOO UPeaNV WKaW RYeUOaSSed e[RQV WKaW ZeUe QRW WKe fLUVW e[RQ Rf a

WUaQVcULSW RU RQO\ VXSSRUWed b\ UeadV WKaW VSaQQed PRUe WKaQ 500 Nb.

ReOeYaQW VcULSWV: AQaO\]e-RAMPAGE-Read-MaWeV.VK

AVVLgQ-GeQe-LLQNV.VK

OYHUOaS RI QRYHO WUaQVFULSWV ZLWK OQFRNAV

We dRZQORaded OQcRNA aQQRWaWLRQV (OQcRNA_LQcBRRN_GRCK38_9.28.gWf) fURP OQcBRRN (Ma

eW aO. 2019) (KWWSV://bLgd.bLg.ac.cQ/OQcbRRN/LQde[) aQd e[WUacWed aQQRWaWed TSSV. TKeQ, Ze

29

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

The copyright holder for this preprint (whichthis version posted May 13, 2021. ; https://doi.org/10.1101/2021.05.12.443890doi: bioRxiv preprint 

https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/RAMPAGE-CAGE-Gene-Comparison.sh
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/RAMPAGE-CAGE-PacBio-Gene-Comparison.sh
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/Analyze-RAMPAGE-Read-Mates.sh
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/Assign-Gene-Links.sh
https://paperpile.com/c/VPehdc/Rrmd
https://paperpile.com/c/VPehdc/Rrmd
https://bigd.big.ac.cn/lncbook/index
https://doi.org/10.1101/2021.05.12.443890
http://creativecommons.org/licenses/by-nc/4.0/


LQWeUVecWed RAMPAGE UPeaNV XVLQg defaXOW EHGWRROV LQWHUVHFW SaUaPeWeUV aQd UeTXLULQg

aQQRWaWLRQV WR be RQ WKe VaPe VWUaQd (-V fOag). We aOVR caOcXOaWed WKe RYeUOaS Rf OQcBRRN TSSV

ZLWK 500N 100 bS UaQdRP geQRPLc UegLRQV geQeUaWed XVLQg EHGWRROV UDQGRP.

ReOeYaQW VcULSW: IQWeUVecW-OQcBRRN-TSSV.VK

CRPSDULVRQ RI GENCODE DQG YHULILHG 7SSV
GHQHUaWLQJ VHWV RI PaWFKHG GENCODE TSSV

We fLUVW VeOecWed aOO GENCODE geQeV WKaW dLd QRW KaYe a VLQgOe aQQRWaWed TSS RYeUOaSSLQg a

RAMPAGE UPeaN. Of WKeVe, Ze WKeQ VeOecWed aOO geQeV ZLWK a RAMPAGE-YeULfLed TSS.

BecaXVe Rf WKe QR RYeUOaSSLQg UeTXLUePeQW, WKeVe RAMPAGE-YeULfLed TSSV ZeUe eLWKeU

TSS-SUR[LPaO, e[RQLc, LQWURQLc, RU LQWeUgeQLc. TKe GENCODE-aQQRWaWed TSSV Rf WKeVe geQeV

VeUYed aV WKe PaWcKed GENCODE TSS VeW. IQ WRWaO, Ze cXUaWed 8,391 GENCODE-PaWcKed

TSSV WR cRPSaUe ZLWK 6,243 RAMPAGE-YeULfLed TSSV. We aOVR cXUaWed K562-VSecLfLc

aQQRWaWLRQV b\ VeOecWLQg aOO RAMPAGE-YeULfLed TSSV ZLWK aQ RPM > 2 LQ K562 aQd WKeLU

PaWcKed GENCODE TSSV, UeVXOWLQg LQ a VeW Rf 1,768 GENCODE-PaWcKed TSSV WR cRPSaUe

ZLWK 966 RAMPAGE-YeULfLed TSSV LQ K562 ceOOV.

UQOLNe WKe RAMPAGE-YeULfLed TSSV, GENCODE TSSV ZeUe RQO\ 1 bS LQ ZLdWK; WKeUefRUe, WR

eOLPLQaWe bLaVeV dXe WR UegLRQ ZLdWK, Ze geQeUaWed XQLfRUP 100 bS UegLRQV ceQWeUed RQ eLWKeU

RAMPAGE -YeULfLed TSS VXPPLWV RU GENCODE TSSV, UeVSecWLYeO\.

ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

OYHUOaS RI RAMPAGE-YHULILHG aQG PaWFKHG GENCODE TSSV ZLWK ENCODE FCREV

We dRZQORaded ceOO W\Se-agQRVWLc cCREV aQd K562-VSecLfLc cCREV fURP WKe ENCODE

SCREEN daWabaVe (VcUeeQ.eQcRdeSURMecW.RUg). FRU WKe K562 cCREV, Ze fLOWeUed RXW

"LRZ-DNaVe" cCREV, ZKLcK aUe UegXOaWRU\ UegLRQV deePed LQacWLYe LQ WKe ceOO W\Se. UVLQg

EHGWRROV LQWHUVHFW ZLWK defaXOW SaUaPeWeUV aQd WKe -X fOag WR cRXQW XQLTXe eOePeQWV, Ze

LQWeUVecWed WKe XQLfRUP 100 bS VL]ed TSS UegLRQV (aV deVcULbed abRYe) ZLWK WKe ceOO

W\Se-agQRVWLc cCREV. We UeSeaWed WKLV aQaO\VLV XVLQg WKe K562 cCREV aQd WKe XQLfRUP 100 bS

VL]ed K562 UegLRQV.

30

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

The copyright holder for this preprint (whichthis version posted May 13, 2021. ; https://doi.org/10.1101/2021.05.12.443890doi: bioRxiv preprint 

https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/Intersect-lncBook-TSSs.sh
https://github.com/weng-lab/RAMPAGE-Analysis/blob/master/rPeak-Analysis/Scripts/Compare-Verified-TSS-GENCODE.sh
https://screen.encodeproject.org/
https://doi.org/10.1101/2021.05.12.443890
http://creativecommons.org/licenses/by-nc/4.0/


ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

OYHUOaS RI RAMPAGE-YHULILHG aQG PaWFKHG GENCODE TSSV ZLWK GTE[ HQTLV

We dRZQORaded eQTLV fURP WKe GTE[ daWabaVe (GTE[_AQaO\VLV_Y8_eQTL.WaU), aggUegaWed

acURVV aOO *VLgQLf_YaULaQW_geQe_SaLUV.W[W fLOeV, aQd UefRUPaWWed WKe UeVXOWV LQWR bed fRUPaW. UVLQg

EHGWRROV LQWHUVHFW ZLWK defaXOW SaUaPeWeUV aQd WKe -X fOag WR cRXQW XQLTXe eOePeQWV, Ze

LQWeUVecWed WKe XQLfRUP 100 bS VL]ed TSS UegLRQV (aV deVcULbed abRYe) ZLWK WKe eQTL bed fLOe.

ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

OYHUOaS RI K562 RAMPAGE-YHULILHG aQG PaWFKHG GENCODE TSSV ZLWK SXRE SHaNV

We dRZQORaded SXRE SeaNV fURP WKe SXSSOePeQWaU\ DaWa VecWLRQ Rf YaQ AUeQVbeUgeQ HW DO.

(YDQ AUHQVEHUJHQ HW DO. 2017)

(SXRE-SeaNV_K562.45.55_UaZ_VeS_gORbaOLaPbda.aQQRWaWed_LP160616.W[W).

We UefRUPaWWed WKLV fLOe LQWR bed fRUPaW, aQd OLfWed WKe UegLRQV fURP WKe Kg19 geQRPe XS WR WKe

Kg38 geQRPe XVLQg UCSC'V OLfWOYeU WRRO ZLWK defaXOW SaUaPeWeUV aQd WKe

Kg19TRHg38.RYeU.cKaLQ cKaLQ fLOe. We WKeQ LQWeUVecWed WKe XQLfRUP 100 bS VL]ed TSS UegLRQV

fURP K562 (aV deVcULbed abRYe) ZLWK Kg38 K562 SXRE SeaNV XVLQg EHGWRROV LQWHUVHFW ZLWK

defaXOW SaUaPeWeUV aQd WKe -X fOag WR cRXQW WKe QXPbeU Rf XQLTXe UegLRQV WKaW RYeUOaSSed.

ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

AJJUHJaWH HSLJHQRPLF VLJQaOV aW RAMPAGE-YHULILHG aQG PaWFKHG GENCODE TSSV

UVLQg 1 bS bLQV, Ze caOcXOaWed WKe aYeUage DNaVe-VeT, aQd H3K4Pe3, H3K27ac aQd PRO II

CKIP-VeT VLgQaOV, aORQg a 4 Nb ZLQdRZ ceQWeUed acURVV WKe RAMPAGE-YeULfLed UPeaN VXPPLW RU

PaWcKed GENCODE TSS, UeVSecWLYeO\, accRXQWLQg fRU VWUaQd RULeQWaWLRQ. We XVed WKe fROORZLQg

XQLfRUPO\ SURceVVed bLgWLg fLOeV fURP WKe ENCODE SRUWaO:

SLJQDO E[SHULPHQW BLJ:LJ AFFHVVLRQ

DNaVe-VeT ENCSR921NMD ENCFF971AHO

H3K4Pe3 ENCSR000DWD ENCFF847JMY

H3K27ac ENCSR000AKP ENCFF779QTH
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PRO II ENCSR388QZF ENCFF321FZQ

ReOeYaQW VcULSW: RXQ-AggUegaWe-SLgQaO.VK

OYHUOaS RI RAMPAGE-YHULILHG aQG PaWFKHG GENCODE TSSV ZLWK PaFBLR 5' UHaG HQGV

We LQWeUVecWed WKe XQLfRUP 100 bS VL]ed TSS UegLRQV fURP K562 (aV deVcULbed abRYe) ZLWK

K562 PacBLR 5' Uead eQdV (geQeUaWed fURP FRUPaW-PacBLR-DaWa.VK, Vee abRYe fRU PRUe deWaLOV)

XVLQg EHGWRROV LQWHUVHFW ZLWK WKe -c fOag²ZKLcK cRXQWV WKe QXPbeU Rf RYeUOaSSLQg eQWULeV²aQd

UeTXLULQg geQRPLc VWUaQdV WR PaWcK.

ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

CRQVHUYaWLRQ RI RAMPAGE-YHULILHG aQG PaWFK GENCODE TSSV

We caOcXOaWed WKe aYeUage PKaVWCRQV cRQVeUYaWLRQ (100Za\ YeUWebUaWe) acURVV WKe XQLfRUP 100

bS UegLRQV (aV deVcULbed abRYe) XVLQg UCSC'V bLgWLgAYeUageOYeUBed (KeQW eW aO. 2010).

We OLfWed WKe XQLfRUP 100 bS VL]ed TSS UegLRQV (aV deVcULbed abRYe) RYeU WR WKe PP10 geQRPe

XVLQg UCSC'V OLfWOYeU WRRO (HLQULcKV eW aO. 2006) ZLWK a PLQMaWcK = 0.5 aQd WKe

Kg38TRMP10.RYeU.cKaLQ cKaLQ fLOe. We WKeQ caOcXOaWed WKe SeUceQWage Rf WRWaO UegLRQV WKaW

VXcceVVfXOO\ OLfWed RYeU. We aOVR cRPSaUed WKe OLfWOYeU UaWeV Rf ENCODE

cCREV-dELS²e[WUacWed fURP WKe ceOO W\Se-agQRVWLc VeW Rf cCREV²aQd 500N UaQdRP UegLRQV Rf

WKe geQRPe geQeUaWed fURP EHGWRROV UDQGRP. FRU cRPSaULVRQ, bRWK WKeVe VeWV Rf UegLRQV ZeUe

UeVL]ed WR 100 bS aURXQd WKe UegLRQ ceQWeU.

ReOeYaQW VcULSW: CRPSaUe-VeULfLed-TSS-GENCODE.VK

IQWHUSUHWLQJ G:AS YDULDQWV ZLWK WKH RAMPAGE UPHDN FDWDORJ
OYHUOaS RI GWAS YaULaQWV

We cXUaWed SNPV UeSRUWed b\ WKe NHGRI-EBI GWAS caWaORg aV Rf JaQXaU\ 2019 aQd XVLQg

SRSXOaWLRQ VSecLfLc OLQNage dLVeTXLOLbULXP, LQcRUSRUaWLQg aOO SNPV LQ KLgK LD (U2 > 0.7) ZLWK WKLV

cROOecWLRQ, aV deVcULbed LQ (ENCODE PURMecW CRQVRUWLXP eW aO. 2020). We cUeaWed a PaVWeU bed

fLOe ZLWK WKeVe aQQRWaWLRQV aQd LQWeUVecWed WKeP ZLWK RXU RAMPAGE UPeaN caWaORg XVLQg defaXOW
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bedWRROV SaUaPeWeUV. TR cRPSaUe geQe aVVLgQPeQWV, Ze e[WUacWed UeSRUWed aQd PaSSed geQeV

fURP WKe RULgLQaO VWXdLeV (cROXPQV 14 aQd 15 fURP WKe dRZQORaded NHGRI-EBI GWAS caWaORg

fLOe) aQd deWeUPLQed Lf RXU UPeaN OLQNed geQeV (fURP Uead SaLU aQaO\VLV) ZeUe UeSUeVeQWed RQ WKe

OLVW.

ReOeYaQW VcULSW: OYeUOaS-GWAS-SNPV.VK

CHOO W\SH HQULFKPHQW

We WeVWed ZKeWKeU VeWV Rf GWAS SNPV ZeUe eQULcKed LQ RAMPAGE UPeaNV acWLYLW\ LQ VSecLfLc

bLRVaPSOeV XVLQg WKe VaPe GWAS eQULcKPeQW SLSeOLQe aV deVcULbed LQ (ENCODE PURMecW

CRQVRUWLXP eW aO. 2020). BecaXVe RAMPAGE UPeaNV KaYe a PXcK VPaOOeU geQRPLc fRRWSULQW

WKaQ RWKeU cROOecWLRQV Rf geQRPLc UegLRQV (e.g., cCREV), Ze RQO\ LQcOXded VWXdLeV fRU ZKLcK aW

OeaVW 15 LD bORcNV cRQWaLQed a SNP WKaW RYeUOaSSed a RAMPAGE UPeaN (67 RXW Rf 397 LQLWLaOO\

WeVWed GWAS VWXdLeV). We UeSRUWed aOO eQULcKPeQWV ZLWK aQ FDR cRUUecWed S-YaOXe OeVV WKaQ

0.05 (SXSSOHPHQWDO 7DEOH S5E).

ReOeYaQW UeSRVLWRU\: KWWSV://gLWKXb.cRP/ZeQg-Oab/VIPER

3D FKURPaWLQ LQWHUaFWLRQV EHWZHHQ ZH38T0028803 aQG KCNH7

We dRZQORaded WKe caUdLRP\Rc\We SURPRWeU caSWXUe HL-C daWa (MRQWefLRUL eW aO. 2018) fURP

AUUa\E[SUeVVLRQ XQdeU WKe acceVVLRQ E-MTAB-6014:

Ɣ E-MTAB-6014.SURceVVed.1.]LS ²> caSW-CM-UeSOLcaWed-LQWeUacWLRQV-1Nb.bedSe

aQd LPSC QeXURQ SURPRWeU caSWXUe HL-C daWa (SRQg eW aO. 2019) fURP GEO XQdeU WKe acceVVLRQ

GSE113481:

Ɣ GSM3106832_cRUWLcaO.cXWRff.5.ZaVKU.W[W.g]

Ɣ GSM3598046_KLSSRcaPSaO.cXWRff.5.ZaVKU.W[W.g]

Ɣ GSM3598048_PRWRU.cXWRff.5.ZaVKU.W[W.g]

We aOVR UeTXeVWed LPSC QeXURQ HL-C ORRS caOOV dLUecWO\ fURP RaMaUaMaQ HW DO. (RaMaUaMaQ eW aO.

2018), ZKR geQeURXVO\ SURYLded WKeVe aQQRWaWLRQV.
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UVLQg EHGWRROV LQWHUVHFW ZLWK defaXOW SaUaPeWeUV, Ze LQWeUVecWed OLQNV ZLWK WKe KCNH7 ORcXV,

UeTXLULQg RQe Rf WKe KCNH7 GENCODE TSSV WR RYeUOaS RQe aQcKRU aQd ZH38T0028803 WR

RYeUOaS WKe RWKeU aQcKRU. BecaXVe WKe caUdLRP\Rc\We daWa ZaV PaSSed WR WKe Kg19 geQRPe,

Ze OLfWed dRZQ WKe KCNH7 TSSV aQd ZH38T0028803 cRRUdLQaWeV WR Kg19 XVLQg UCSC OLfWOYeU

ZLWK defaXOW SaUaPeWeUV.

ReOeYaQW VcULSW: CRPSaUe-3D-CKURPaWLQ-LLQNV.VK
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