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* ​TheVe aXWhRUV jRiQWO\ diUecWed WhiV ZRUN 
ʺ

GHQHV UHTXLUHG IRU WXPRU SUROLIHUDWLRQ DQG VXUYLYDO (GHSHQGHQFLHV) DUH 
FKDOOHQJLQJ WR SUHGLFW IURP FDQFHU JHQRPH GDWD, EXW DUH RI KLJK WKHUDSHXWLF 
YDOXH. WH GHYHORSHG DQ DOJRULWKP (QHWZRUN SXULI\LQJ VHOHFWLRQ >NPS@) WKDW 
DJJUHJDWHV ZHDN VLJQDOV RI SXULI\LQJ VHOHFWLRQ DFURVV D JHQH¶V ILUVW RUGHU 
SURWHLQ-SURWHLQ LQWHUDFWLRQ QHWZRUN. WH DSSOLHG NPS WR 4,742 WXPRU JHQRPHV WR 
VKRZ WKDW D JHQH¶V NPS VFRUH LV SUHGLFWLYH RI ZKHWKHU LW LV D GHSHQGHQF\ DQG 
YDOLGDWHG 58 NPS-SUHGLFWHG GHSHQGHQFLHV LQ VL[ FDQFHU FHOO OLQHV. IPSRUWDQWO\, ZH 
GHPRQVWUDWH WKDW OHYHUDJLQJ NPS SUHGLFWLRQV WR H[HFXWH WDUJHWHG CRISPR VFUHHQV 
LV D SRZHUIXO, KLJKO\ FRVW-HIILFLHQW DSSURDFK IRU LGHQWLI\LQJ DQG YDOLGDWLQJ 
GHSHQGHQFLHV TXLFNO\, EHFDXVH LW HOLPLQDWHV WKH VXEVWDQWLDO H[SHULPHQWDO 
RYHUKHDG UHTXLUHG IRU ZKROH-JHQRPH VFUHHQLQJ. 
  
CeOOV becRPe WXPRUigeQic ZheQ geQRPic dUiYeU eYeQWV cRQfeU a SRViWiYe VeOecWiYe 
adYaQWage RQ WheP. E[aPSOeV Rf dUiYeU eYeQWV aUe VRPaWic PXWaWiRQV, cRS\ QXPbeU 
aOWeUaWiRQV, RU geQRPic fXViRQV WhaW SURPRWe ceOO gURZWh aQd RQcRgeQeViV. IdeQWif\iQg 
Whe geQeV affecWed b\ dUiYeU PXWaWiRQV iQ WXPRUV iV cUXciaO WR gaiQiQg PechaQiVWic aQd 
WheUaSeXWic iQVighWV iQWR caQceU eWiRORg\. OYeU Whe OaVW decade, WeQV Rf WhRXVaQdV Rf 
WXPRUV haYe beeQ VeTXeQced aQd PeWhRdV VXch aV MXWSig, OQcRdUiYe, GISTIC, RAE 
aQd MXWPaQQiQg haYe ideQWified hXQdUedV Rf geQeV SURQe WR dUiYeU eYeQWV WhaW SURPRWe 
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WXPRU fRUPaWiRQ ​(DieWOeiQ eW aO. 2020; LaZUeQce eW aO. 2014; MeUPeO eW aO. 2011; MXOaURQi 
eW aO. 2016)​. Of eTXaO, if QRW gUeaWeU, WheUaSeXWic iQWeUeVW aUe geQeV XQdeU SXUif\iQg 
VeOecWiRQ WhaW ZheQ PXWaWed QegaWiYeO\ iPSacW WXPRU deYeORSPeQW RU PaiQWeQaQce. 
SRPe geQeV (e.g., PIK3CA, ESR1 aQd AFF1) ​(GhaQdi eW aO. 2019; IOic eW aO. 2017)​ caQ 
be bRWh RQcRgeQeV aQd deSeQdeQcieV aQd aUe SaUWicXOaUO\ aWWUacWiYe caQdidaWeV fRU 
ShaUPacRORgicaO iQWeUYeQWiRQ. 
 
CaQceU PXWaWiRQ UaWeV caQ be PRdeOed aV UaQdRPO\ diVWUibXWed acURVV Whe WXPRU 
geQRPe aQd aUe iQfOXeQced b\ DNA VeTXeQce cRPSRViWiRQ aQd geQRPic SRViWiRQ, 
UeSOicaWiRQ WiPiQg, WUaQVcUiSWiRQ-cRXSOed DNA daPage UeSaiU aQd PXWaWiRQaO hRWVSRWV 
(DieWOeiQ eW aO. 2020; LaZUeQce eW aO. 2014; WeghRUQ & SXQ\aeY 2017)​. TheUefRUe, 
geQeV XQdeU SXUif\iQg VeOecWiRQ VhRXOd, iQ SUiQciSOe, be deWecWabOe fURP caQceU geQRPe 
daWa aV WhRVe ZiWh feZeU PXWaWiRQV WhaQ e[SecWed. HRZeYeU, becaXVe caQceU geQRPe 
daWa aUe bRWh QRiV\ (e.g., dXe WR PXWaWiRQ UaWe heWeURgeQeiW\, geUPOiQe YaUiaQWV iQ 
VeTXeQciQg daWa, geQe cRS\ QXPbeU aQd PXWaWiRQ UaWeV) aQd VSaUVe (PRVW geQeV aUe 
QRW PXWaWed), PeaVXUiQg a VWaWiVWicaO VigQaO fRU geQeV XQdeU SXUif\iQg VeOecWiRQ UeTXiUeV 
OaUge VaPSOe Vi]eV ​(TVheUQiaN eW aO. 2017; WeghRUQ & SXQ\aeY 2017)​.  
 
DeVSiWe WheVe chaOOeQgeV, geQeV XQdeU SXUif\iQg VeOecWiRQ haYe beeQ VXcceVVfXOO\ 
ideQWified b\ cRQVWUaiQiQg WheiU VeaUch WR highO\ VSecific feaWXUeV Rf Whe caQceU geQRPe. 
TheVe iQcOXde geQeV WhaW iQWURdXce a YXOQeUabiOiW\ WhURXgh Whe ORVV Rf RQe aOOeOe aV a 
UeVXOW Rf geQRPic cRS\ QXPbeU chaQgeV (e.g., CYCLOPS) ​(NijhaZaQ eW aO. 2012)​ aQd 
fXQcWiRQaOO\ cRheUeQW geQe VeWV deUiYed fURP The CaQceU GeQRPe AWOaV ZiWh PXWXaOO\ 
e[cOXViYe ORVV-Rf-fXQcWiRQ VigQaWXUeV ​(R\aQ eW aO. 2014)​. WhiOe iPSRUWaQW aQd SiRQeeUiQg, 
QRQe Rf WheVe aSSURacheV caQ be aSSOied iQ aQ XQcRQVWUaiQed aQd geQRPe-Zide 
PaQQeU WR diUecWO\ deWecW caQceU YXOQeUabiOiWieV fURP Whe WeQV Rf WhRXVaQdV Rf aYaiOabOe 
caQceU geQRPeV.  
 
CRQVeTXeQWO\, caQceU UeVeaUcheUV haYe hiVWRUicaOO\ e[ecXWed VPaOO-VcaOe geQe 
SeUWXUbaWiRQ e[SeUiPeQWV iQ caQceU ceOO OiQeV WR aVVeVV Whe UeVXOWiQg effecWV RQ ceOO 
gURZWh ​(BaVV eW aO. 2009; EWePadPRghadaP eW aO. 2010; GaUUaZa\ & LaQdeU 2013; KiP 
& SabaWiQi 2004; LRSe] & HaQahaQ 2002; MaQVRXUi eW aO. 1998; ONhUiPeQNR eW aO. 2005; 
RaPVa\ & GRQda 2008)​. MRUe UeceQWO\, Whe deYeORSPeQW Rf geQRPe-Zide RNAi 
NQRcNdRZQ aQd CRISPR-CaV9 NQRcNRXW e[SeUiPeQWV haV Pade iW SRVVibOe WR 
V\VWePaWicaOO\ VWXd\ aOO geQeV iQ a Zide UaQge Rf ceOO OiQeV ​(CheXQg eW aO. 2011; Me\eUV 
eW aO. 2017; TVheUQiaN eW aO. 2017; WaQg eW aO. 2015)​. TheVe VcUeeQV haYe ideQWified 
PaQ\ SaQ-eVVeQWiaO aQd ceOO OiQe-VSecific deSeQdeQcieV WhaW caQ be UeSURdXcibO\ fRXQd 
iQ iQdeSeQdeQW VcUeeQV ​(DePSVWeU eW aO. 2019; Me\eUV eW aO. 2017)​ aQd iW iV QRZ 
SRVVibOe WR SeUVRQaOi]e WheVe PeWhRdV WR ideQWif\ XQiTXe, SaWieQW-VSecific deSeQdeQcieV  
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FLJXUH 1. NHWZRUN PXULI\LQJ SHOHFWLRQ (NPS) DSSOLHG WR FDQFHU GHSHQGHQF\ GDWD VHWV.​ ​D)​ SWXd\ 
RYeUYieZ deSicWiQg Whe caOcXOaWiRQ Rf Whe PXWaWiRQ bXUdeQ iQ Whe QeighbRUhRRd Rf a caQdidaWe caQceU 
deSeQdeQc\ geQe SURdXcW, AFF2, aQd XVe Rf a SeUPXWaWiRQ VchePe WR ePSiUicaOO\ deUiYe Whe 
VigQificaQce Rf Whe aggUegaWed PXWaWiRQ bXUdeQ acURVV iWV iQWeUacWiRQ QeWZRUN. ​E)​ EQUichPeQW Rf 
e[SecWed YV. RbVeUYed PXWaWiRQ bXUdeQ fROd chaQge Rf caQdidaWe geQeV fURP fRXU deSeQdeQc\ daWa 
VeWV. 
 

RQ a WUeaWPeQW-UeOeYaQW WiPeVcaOe ​(HRQg eW aO. 2016)​. DeVSiWe WhiV WUePeQdRXV SURgUeVV, 
Whe ideQWificaWiRQ Rf aOO SRVVibOe deSeQdeQcieV ZRXOd UeTXiUe VcUeeQiQg PRUe WhaQ 5,000 
ceOO OiQeV, aQ e[WUePeO\ UeVRXUce- aQd WiPe-cRQVXPiQg eQdeaYRU ​(TVheUQiaN eW aO. 2017)​. 
TheUefRUe, a cRPSXWaWiRQaO PeWhRd WhaW caQ UeOiabO\ ideQWif\ geQeV XQdeU SXUif\iQg 
VeOecWiRQ diUecWO\ fURP caQceU geQRPe daWa iV highO\ UeOeYaQW WR RQcRORg\. 
 
We SUeYiRXVO\ deYeORSed NeWSig, a URbXVW VWaWiVWic WhaW cRPbiQeV caQceU PXWaWiRQ daWa 
ZiWh SURWeiQ QeWZRUN iQfRUPaWiRQ WR diVcRYeU caQceU dUiYeU geQeV (HRUQ eW aO., 2018). 
HeUe, Ze XVed aQ aQaORgRXV aSSURach WR cUeaWe NeWZRUN PXUif\iQg SeOecWiRQ (NPS), a 
VWaWiVWic WhaW aggUegaWeV ZeaN VigQaOV Rf QegaWiYe VeOecWiRQ acURVV a geQe¶V fiUVW RUdeU, 
high-cRQfideQce, SURWeiQ-SURWeiQ iQWeUacWiRQ (PPI) QeWZRUN aQd Ze VhRZ WhaW WhiV 
VigQaWXUe iV SUedicWiYe Rf Whe geQe iWVeOf beiQg XQdeU SXUif\iQg VeOecWiRQ. TR caOcXOaWe Whe 
VigQaO Rf SXUif\iQg VeOecWiRQ fRU a giYeQ geQe, Ze cRQVideUed Whe fiUVW RUdeU iQWeUacWRUV Rf 
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iWV eQcRded SURWeiQ (heUeafWeU deVigQaWed aV QeighbRUhRRd) fURP PPI eYideQce (IQWeb3 
aQd IQBiR MaS ​(Lage eW aO. 2007; Li eW aO. 2017)​, Vee OQOiQe MeWhRdV) iQWegUaWed ZiWh 
caQceU geQRPe daWa ​(LaZUeQce eW aO. 2014)​ ​( ​FLJ. 1D ​). We caOcXOaWed a geQe-VSecific 
NPS VWaWiVWic XViQg Whe geQeWic daWa fURP 4,742 hXPaQ caQceUV acURVV 21 caQceU W\SeV 
aQd RbWaiQed a VeW Rf 91 geQe deSeQdeQcieV WhaW Ze caOO NPS5000 (aV iW cRQViVWV Rf 
abRXW 5,000 SaWieQW VaPSOeV aQd WR fROORZ Whe QaPiQg cRQYeQWiRQ Rf SUeYiRXV ZRUN 
(HRUQ eW aO. 2018; LaZUeQce eW aO. 2014)​) ( ​SXSSOHPHQWDU\ TDEOH 1 ​). 
 
TR accRXQW fRU NQRZOedge cRQWaPiQaWiRQ, Ze XVed a SeUPXWaWiRQ VchePe WhaW cRQVideUV 
Whe QeWZRUN WRSRORg\ Rf Whe QeighbRUhRRd. BUiefO\, WhiV VWUaWeg\ cRQViVWV iQ UeSOaciQg 
eYeU\ QeighbRU Rf a giYeQ geQe ZiWh a geQe haYiQg a ViPiOaU cRQQecWiYiW\ iQ Whe QeWZRUN 
(Vee ​MHWKRGV ​ fRU PRUe deWaiOV) aQd caOcXOaWe Whe PXWaWiRQ bXUdeQ Rf WhiV SeUPXWed 
QeighbRUhRRd. We deWeUPiQed Whe SUedicWiYe SeUfRUPaQce Rf Whe NPS aOgRUiWhP RQ fRXU 
ZeOO-eVWabOiVhed geQe deSeQdeQc\ daWa VeWV (​FLJ. 1E ​). FiUVW, Ze aSSOied NPS WR 
CYCLOPS (​CRS\-QXPbeU aOWeUaWiRQV YieOdiQg CaQceU LiabiOiWieV OZiQg WR PaUWiaO ORVS​) 
aQd fRXQd a VWURQg eQUichPeQW Rf Whe NPS5000 geQe VeW (fROd chaQge = 4.6; ​P​ < 0.01, 
h\SeUgeRPeWUic WeVW) ​(NijhaZaQ eW aO. 2012)​. SecRQd, Ze e[aPiQed E[AC, a hXPaQ 
SRSXOaWiRQ geQeWic daWa VeW Rf a80,000 e[RPeV (SLI > 0.9) aQd fRXQd a ​VigQificaQW 
NPS5000 eQUichPeQW​ (fROd chaQge = 1.6, ​P​ < 0.001, h\SeUgeRPeWUic WeVW) ​(LeN eW aO. 
2016)​. The WhiUd daWa VeW XVed fRU aVVeVViQg Whe NPS SUedicWiRQV ZaV RbWaiQed fURP a 
VPaOO-VcaOe geQe NQRcNRXW e[SeUiPeQW iQ caQceU ceOO OiQeV XViQg CRISPR-CaV9 aQd 
GeQe-WUaS WechQRORgieV (heUeafWeU UefeUUed WR aV Whe WaQg-CRISPR daWa VeW ​(WaQg eW 
aO. 2015)​). We fRXQd VWURQg eQUichPeQW Rf RXU caQdidaWe geQeV (fROd chaQge = 3.3, ​P​ < 
4.3e-23, h\SeUgeRPeWUic WeVW) aV e[SecWed fURP a VWXd\ fRcXViQg RQ geQeV WhaW aUe 
eVVeQWiaO WR ceOO fXQcWiRQ. LaVWO\, Ze ORRNed aW deSeQdeQc\ SURbabiOiWieV iQ RQe Rf Whe 
OaUgeVW geQe NQRcNRXW VWXdieV aYaiOabOe, Whe CaQceU DeSeQdeQc\ MaS SURjecW ​(DeSMaS 
2020)​, a geQRPe-Zide CRISPR-CaV9 NQRcNRXW iQ 769 ceOO OiQeV, aQd heUe WRR fRXQd 
VWURQg eQUichPeQW Rf Whe NPS5000 deSeQdeQc\ geQe VeW (fROd chaQge = 5.23, ​P​ = 
3.73-28, h\SeUgeRPeWUic WeVW) ​(TVheUQiaN eW aO. 2017)​. 
 
TR deWeUPiQe ZheWheU Whe NPS aOgRUiWhP iV SUedicWiQg SaQ-eVVeQWiaO geQeV RU 
QRPiQaWiQg SRWeQWiaO caQceU ceOO OiQe-VSecific deSeQdeQcieV, Ze fiUVW VWUaWified Whe 
NPS5000 caQdidaWe geQeV b\ WheiU E[AC SLI VcRUe (SLI > 0.9), Zhich UefOecWV Whe 
WROeUaQce Rf a giYeQ geQe WR Whe ORVV Rf fXQcWiRQ aQd caQ WheUefRUe be VeeQ aV 
UeSUeVeQWaWiYe Rf Whe eYROXWiRQaU\ cRQVWUaiQWV acWiQg RQ geQeV. We Qe[W XVed Whe 
DeSMaS AYaQa 20Q2 daWa VeW WR cRQfiUP WhaW Whe 91 NPS-ideQWified geQeV aUe 
SaQ-eVVeQWiaO (​SXSSOHPHQWDU\ TDEOH 2 ​). SWUiNiQgO\, geQeV cOaVVified aV deSeQdeQcieV 
iQ Whe E[AC daWa VeW WeQd WR aOVR be SaQ-deSeQdeQcieV iQ ceOO OiQeV (​P​ = 2.93e-05, 
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WiOcR[RQ VigQed-UaQN WeVW), iQdicaWiQg WhaW NPS iV abOe WR SUedicW SaQ-eVVeQWiaO geQeV 
fURP WXPRU VeTXeQciQg daWa. BaVed RQ bRWh Whe E[AC SLI aQd caOcXOaWed deSeQdeQc\  

 

FLJXUH 2. ​In vitro​ YDOLGDWLRQ RI NHWZRUN PXULI\LQJ SHOHFWLRQ (NPS)-SUHGLFWHG FDQFHU 
GHSHQGHQFLHV.​ ​D,E)​ CRPSaUiVRQ Rf VgRNA effecWV RQ geQe e[SUeVViRQ (fROd chaQge) (a) aQd CERES 
geQe VcRUeV (b) iQ DeSMaS aQd CRISPR DURSRXW daWa Rf 58 geQeV iQ WhUee ceOO OiQeV. DRWV UeSUeVeQW 
each Rf Whe 58 geQeV. ​F) ​CERES geQe VcRUeV (cRS\ QXPbeU cRUUecWed geQe VcRUeV) fRU aOO geQeV iQ Whe 
6 WeVWed ceOO OiQeV. 
 

VcRUeV, Ze VeOecWed 58 geQeVaQd 40 SUedicWed SaQ-deSeQdeQW geQe cRQWUROV fRU 
e[SeUiPeQWaO YaOidaWiRQ.​ ​We WeVWed Whe 58 caQdidaWe geQeV fRU eVVeQWiaOiW\ iQ WXPRU 
deYeORSPeQW iQ a VPaOO VcaOe e[SeUiPeQW XViQg Whe DeSMaS CRISPR-CaV9 NQRcNRXW 
SURWRcRO. We VeOecWed Vi[ ceOO OiQeV WhaW aUe UeSUeVeQWaWiYe Rf diYeUVe WiVVXeV (Vee 
MHWKRGV ​ fRU PRUe deWaiOV) aQd Rf Zhich WhUee haYe ViQce beeQ WeVWed iQ Whe DeSMaS 
SURjecW, PeaQiQg WhaW RXU YaOidaWiRQ daWa haV beeQ UeSOicaWed iQ aQRWheU VWXd\ aQd 
cRQWaiQV XQiTXe ceOO W\SeV. We aQaO\]ed Whe VcUeeQiQg UeVXOWV XViQg CERES WR accRXQW 
fRU VgRNA PXOWi-WaUgeW effecWV ​(Me\eUV eW aO. 2017)​( ​SXSSOHPHQWDU\ TDEOHV 3 & 4 ​). 
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CRPSaUed ZiWh DeSMaS UeVXOWV, RXU caQdidaWe geQeV diVSOa\ed ViPiOaU behaYiRU iQ Whe 
WhUee WeVWed ceOO OiQeV (A375, G401, PANC1) (​FLJ. 2D,E ​).  
 
OXU UeVXOWV VhRZ WhaW NPS ideQWifieV caQceU deSeQdeQcieV fURP WXPRU VeTXeQciQg daWa 
aORQe XViQg a QeWZRUN-baVed aSSURach WhaW e[cOXdeV PXWaWiRQ iQfRUPaWiRQ Rf Whe geQe 
beiQg WeVWed, WhiV Za\ SUeYeQWiQg biaVeV iQWURdXced b\ Whe PXWaWiRQ UaWe Rf Whe iQde[ 
geQe. EQUichPeQW aQaO\VeV cRPSaUiQg Whe NPS-iPSXWed geQeV ZiWh CYCLOPS aQd 
CRISPR-CaV9 caQceU ceOO-eVVeQWiaO geQeV UeYeaO VigQificaQW NPS-eQUichPeQW, iQdicaWiQg 
WhaW a VXbVWaQWiaO VXbVeW Rf Whe geQeV ideQWified WhURXgh WhiV QeWZRUN aSSURach aUe 
NQRZQ caQceU deSeQdeQcieV. The RYeUOaS beWZeeQ NPS-iPSXWed geQeV aQd geQeV iQ 
Whe E[AC daWabaVe iQdicaWeV WhaW Whe NPS PeWhRd haV ideQWified geQeV ZhRVe iQWegUiW\ 
iV eVVeQWiaO WR QRUPaO ceOO fXQcWiRQ, VXSSRUWiQg WhaW RWheU geQeV VigQificaQWO\ ideQWified iQ  
NPS bXW QRW iQ E[AC aUe OiNeO\ WR be WXPRU-VSecific deSeQdeQcieV. IQ addiWiRQ, geQeV 
SUedicWed b\ NPS Oead WR VWaWiVWicaOO\ VigQificaQW WXPRU gURZWh abeUUaWiRQV ZheQ NQRcNed 
RXW (aV deWeUPiQed iQ DeSMaS, Me\eUV eW aO., 2017), VhRZiQg Whe diUecW UeOeYaQce Rf 
WheVe geQeV iQ VXVWaiQiQg WXPRU SUROifeUaWiRQ. IPSRUWaQWO\, Ze dePRQVWUaWe WhaW 
OeYeUagiQg NPS SUedicWiRQV WR e[ecXWe WaUgeWed CRISPR VcUeeQV iV a SRZeUfXO aQd 
highO\ cRVW-efficieQW aSSURach fRU ideQWif\iQg aQd YaOidaWiQg deSeQdeQcieV TXicNO\, 
becaXVe iW eOiPiQaWeV Whe VXbVWaQWiaO e[SeUiPeQWaO RYeUhead UeTXiUed fRU ZhROe-geQRPe 
VcUeeQiQg. 
 
OXU aSSURach cRUURbRUaWeV SUeYiRXV VWXdieV RQ caQceU deSeQdeQcieV ZhiOe aOVR 
ideQWif\iQg a QRYeO VeW Rf SRWeQWiaO caQceU YXOQeUabiOiWieV. IPSRUWaQWO\, Ze iOOXVWUaWe WhaW iW 
iV SRVVibOe WR ideQWif\ ​bRQa ​ ​fide ​ geQeV XQdeU SXUif\iQg VeOecWiRQ diUecWO\ fURP caQceU 
geQRPe daWa. We e[SecW WhaW NPS ZiOO be ZideO\ aSSOicabOe aV PRUe caQceU geQRPeV 
aUe VeTXeQced. The NPS cRde iV aYaiOabOe aW ZZZ.OageOab.RUg, aQd Ze PaNe Whe OaWeVW 
SUedicWiRQV XViQg aQ XSdaWed QeWZRUN aQd PXWaWiRQaO daWa aYaiOabOe aV a cRPPXQiW\ 
UeVRXUce. 
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MHWKRGV 

CDOFXODWLQJ WKH QHWZRUN SXULI\LQJ VHOHFWLRQ VFRUH 
FRU a giYeQ iQde[ geQe, Whe NeWZRUN PXUif\iQg SeOecWiRQ VWaWiVWic iV fRUPaOi]ed iQWR a 
SURbabiOiVWic VcRUe WhaW UefOecWV Whe iQde[-geQe-VSecific cRPSRViWe SXUif\iQg VeOecWiRQ 
(i.e., Whe aggUegaWe Rf ViQgOe-geQe MXWSig VXiWe Q YaOXeV UeSRUWed iQ ​(LaZUeQce eW aO. 
2014)​) acURVV iWV fiUVW RUdeU biRORgicaO QeWZRUN aQd iV caOcXOaWed Yia a WhUee-VWeS 
SURceVV. FiUVW, Ze ideQWif\ aOO geQeV iW iQWeUacWV ZiWh diUecWO\ aW Whe SURWeiQ OeYeO, RQO\ 
iQcOXdiQg high-cRQfideQce TXaOiW\-cRQWUROOed daWa fURP Whe fXQcWiRQaO hXPaQ QeWZRUNV 
IQWeb3 aQd IQBiR_MaS (ZheUe Whe YaVW PajRUiW\ Rf cRQQecWiRQV VWeP fURP diUecW 
Sh\VicaO iQWeUacWiRQ e[SeUiPeQWV aW Whe SURWeiQ OeYeO). SecRQd, Whe cRPSRViWe SXUif\iQg 
VeOecWiRQ VcRUe acURVV PePbeUV Rf Whe UeVXOWiQg QeWZRUN iV TXaQWified b\ aggUegaWiQg 
ViQgOe-geQe MXWSig VXiWe Q YaOXeV fURP LaZUeQce eW aO. iQWR RQe YaOXe ĭ XViQg aQ 
aSSURach iQVSiUed b\ FiVheU¶V PeWhRd fRU cRPbiQiQg P-YaOXeV: ĳ∼í2N�i=0OQ(Ti) ZheUe T 
iV Whe MXWSig VXiWe Q YaOXe fRU geQe i, aQd N iV Whe QXPbeU Rf geQeV iQ Whe fiUVW RUdeU 
QeWZRUN Rf Whe iQde[ geQe (i.e., Whe iQde[ geQe¶V degUee). ThiUd, b\ SeUPXWiQg Whe 
QeighbRUhRRd XViQg a QRde SeUPXWaWiRQ VchePe, Ze cRPSaUe Whe aggUegaWed bXUdeQ Rf 
PXWaWiRQV WR a UaQdRP e[SecWaWiRQ. IQ WhiV VWeS, Whe degUee Rf Whe iQde[ geQe, aV ZeOO aV 
Whe degUeeV Rf aOO geQeV iQ Whe iQde[ geQe¶V QeWZRUN iV caUefXOO\ cRQVideUed WR be Rf 
ViPiOaU cRQQecWiYiW\. The fiQaO NPS VcRUe Rf aQ iQde[ geQe iV WheUefRUe aQ ePSiUicaO P 
YaOXe WhaW UefOecWV Whe SURbabiOiW\ Rf RbVeUYiQg a ORZeU cRPSRViWe PXWaWiRQ bXUdeQ WhaQ 
e[SecWed acURVV iWV fiUVW RUdeU Sh\VicaO iQWeUacWiRQ SaUWQeUV (aW Whe SURWeiQ OeYeO) 
QRUPaOi]ed fRU Whe degUee Rf Whe iQde[ geQe aV ZeOO aV Whe degUeeV Rf aOO Rf iWV fiUVW RUdeU 
iQWeUacWiRQ SaUWQeUV. BecaXVe Ze aUe iQWeUeVWed iQ eVWiPaWiQg Whe SXUif\iQg VeOecWiRQ 
iQdeSeQdeQW Rf Whe iQde[ geQe, WhiV geQe iV QRW iQcOXded iQ Whe aQaO\ViV aQd iW dReV QRW 
affecW Whe NPS caOcXOaWiRQ. 

GHQHUDWLQJ WKH NPS5000 VHW. 
NPS SURbabiOiWieV ZeUe deWeUPiQed fRU eYeU\ geQe iQ IQWeb 3 aQd IQWeb_IM WhaW ZaV 
cRYeUed b\ iQWeUacWiRQ daWa XViQg 10^6 SeUPXWaWiRQV. The FDR Q YaOXeV ZeUe 
caOcXOaWed aV deVcUibed b\ BeQjaPiQi aQd HRchbeUg ​(BeQjaPiQi & HRchbeUg 1995)​, 
baVed RQ Whe QRPiQaO P YaOXeV. We VaZ a cRUUeOaWiRQ beWZeeQ NPS VigQificaQce aQd 
Whe QXPbeU Rf iQWeUacWRUV Rf a giYeQ geQe (R=0.39, PeaUVRQ) (​SXSSOHPHQWDU\ FLJXUH 
1 ​). We caOcXOaWed Whe cRQVeQVXV caQdidaWe geQe VeW acURVV 4,742 hXPaQ caQceU 
geQRPeV b\ WaNiQg Whe XQiRQ Rf aOO QRPiQaOO\ VigQificaQW geQeV fURP IQWeb 3 aQd aOO 
VigQificaQW geQeV afWeU cRUUecWiRQ fRU PXOWiSOe WeVWiQg fURP IQWeb_IM, Zhich Oed WR a VeW 
Rf 91 geQeV QaPedNPS5000 aQd XVed iQ aOO dRZQVWUeaP aQaO\VeV. 
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DLVVHFWLQJ WXPRU JHQH HVVHQWLDOLW\.  
We WeVWed Whe effecWV Rf NPS geQe NQRcNRXWV iQ fRXU diffeUeQW daWa VeWV: 1) The 
CYCLOPS (​CRS\-QXPbeU aOWeUaWiRQV YieOdiQg CaQceU LiabiOiWieV OZiQg WR PaUWiaO ORVS​) 
daWa iV iQdXced haSORiQVXfficieQc\ dXe WR cRS\ QXPbeU ORVV. We defiQed WhiV VeW aV 
geQeV iQ WheiU PaQXVcUiSW ​(NijhaZaQ eW aO. 2012)​. 2) E[AC (E[RPe AggUegaWiRQ 
CRQVRUWiXP) a VRXUce Rf abRXW 80,000 e[RPe daWa VeWV. We VeOecWed Whe VeW Rf geQeV 
ZiWh SLI < 0.9 ​(LeN eW aO. 2016)​, iQdicaWiQg WhaW WheVe geQeV aUe XQdeU eYROXWiRQaU\ 
cRQVWUaiQW. 3) The WaQg-CRISPR daWa VeW Rf geQe NQRcNRXWV iQ ceOO OiQeV XViQg bRWh 
CRISPR aQd GeQe WUaS ​(WaQg eW aO. 2015)​. DefiQed deSeQdeQc\ geQeV aV geQeV iQ 
WheiU VXSSOePeQW.  4) The DeSeQdeQc\ MaS daWaVeW YeUViRQ 20Q2 ​(DeSMaS 2020)​ Rf 
caQceU ceOO OiQe deSeQdeQcieV. 
TR VeOecW geQeV fRU dRZQVWUeaP YaOidaWiRQ, Ze VeOecWed geQeV WhaW had a > 50% 
SURbabiOiW\ Rf beiQg a deSeQdeQc\ iQ aQ\ ceOO OiQe iQ Whe AYaQa daWa aQd a SLI < 0.9 iQ 
E[AC (WR deSOeWe QRQ-caQceU-VSecific deSeQdeQcieV). 

CHOO LLQHV  
PANC1 aQd A375 ceOOV ZeUe cXOWXUed iQ DXObeccR¶V PRdified eagOe PediXP (DMEM, 
GibcR), NCIH1373 ceOOV ZeUe cXOWXUed iQ RPMI 1640 PediXP (GibcR), HCT166 ceOOV 
ZeUe cXOWXUed iQ McCR\¶V 5A PediXP (GibcR), aQd T47D ceOOV ZeUe cXOWXUed iQ SheQRO 
Ued-fUee RPMI 1640 PediXP (GibcR). AOO cXOWXUe Pedia ZaV VXSSOePeQWed ZiWh 10% 
(Y/Y) feWaO bRYiQe VeUXP (SigPa-AOdUich), 100 XQiWV/PL SeQiciOOiQ, 100 Xg/PL 
VWUeSWRP\ciQ, aQd 2 PM L-gOXWaPiQe (GibcR). CeOOV PaiQWaiQed aW 37�C iQ 5% CO2, aQd 
SaVVaged 2-3[ SeU ZeeN WR PaiQWaiQ cRQfOXeQce beWZeeQ 20% aQd 80%. AOO ceOO OiQeV 
VRXUced fURP ATCC.  
 

CRISPR-CDV9 DURSRXW SFUHHQ 
CaV9-e[SUeVViQg ceOO OiQeV ZeUe geQeUaWed b\ OeQWiYiUaO WUaQVdXcWiRQ Rf a CaV9 
e[SUeVViRQ YecWRU ZiWh a bOaVWicidiQ UeViVWaQce caVVeWWe (SLX_311-CaV9, AddgeQe 
#96924). CeOOV ZeUe WUaQVdXced b\ addiWiRQ Rf YiUaO Pedia iQ Whe SUeVeQce Rf 8 Xg/PL 
SRO\bUeQe (SaQWa CUX] BiRWechQRORg\), ceQWUifXged aW 1178 [ g fRU 30 PiQXWeV aW 37C, 
UePRYiQg YiUaO Pedia afWeU 16 hRXUV. TUaQVdXced ceOOV ZeUe VeOecWed b\ addiWiRQ Rf 5-15 
Xg/PL bOaVWicidiQ (Life TechQRORgieV, IQc) WZR da\V SRVW-WUaQVdXcWiRQ, aQd cXOWXUed fRU aW 
OeaVW 14 da\V befRUe VcUeeQiQg. A OibUaU\ Rf 256 CRISPR VgRNA WaUgeWiQg 58 geQeV 
ZaV cORQed iQWR Whe CROP-SeT-GXide-PXUR e[SUeVViRQ YecWRU (AddgeQe #86708) aQd 
SacNaged iQWR OeQWiYiUXV, WheQ WUaQVdXced aV deVcUibed abRYe iQWR UeVSecWiYe CaV9 
e[SUeVViQg ceOO OiQeV acURVV 3 UeSOicaWeV aW a MOI<1, aQd aW a UeSUeVeQWaWiRQ Rf aW OeaVW 
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1 [ 10^3 ceOOV SeU gXide. TZR da\V afWeU WUaQVdXcWiRQ, ceOOV ZeUe VeOecWed fRU 48 hRXUV 
ZiWh SXURP\ciQ (Life TechQRORgieV, IQc) aW 2-4 Xg/PL. CeOOV ZeUe PaiQWaiQed aW a 
deQViW\ Rf aW OeaVW 0.3 [ 10^6 WR PaiQWaiQ OibUaU\ UeSUeVeQWaWiRQ fRU 21 da\V (SaVVagiQg 
eYeU\ 3-4 da\V), haUYeVWiQg aW OeaVW 0.3 [ 10^6 ceOOV SeU UeSOicaWe b\ ceQWUifXgaWiRQ aW 4, 
14, aQd 21 da\V SRVW-WUaQVdXcWiRQ.  
 

NH[W-GHQHUDWLRQ SHTXHQFLQJ 
CeOOV aUe ZaVhed RQce ZiWh PBS, SeOOeWed, aQd Ue-VXVSeQded iQ O\ViV bXffeU (1 PM 
CaCO2, 3 PM MgCO, 1PM EDTA, 1% TUiWRQ X-100 (SigPa-AOdUich), 10 PM TUiVHCO, SH 
7.5) aW a cRQceQWUaWiRQ Rf 10,000 ceOOV/XL. L\VaWeV ZeUe iQcXbaWed aW 65C fRU 10 
PiQXWeV, WheQ 95C fRU 15 PiQXWeV. GeQRPic UegiRQV cRQWaiQiQg gXide VeTXeQceV aUe 
PCR aPSOified XViQg SaiUed SUiPeUV ZiWh 25 XL 2[ JXPSSWaUW TaT PRO\PeUaVe Read\ 
Mi[ (SigPa-AOdUich), 1.5 XL 10 XM SUiPeU SaiU (CURSSeT_NGS_P7, CURSSeT_NGS_P5), 
12.5 XL ceOO O\VaWe, dH​2​0 XS WR 50 XL aW Whe fROORZiQg c\cOiQg cRQdiWiRQV: 95C fRU 5 PiQ, 
28 c\cOeV aW 95C fRU 20 V, 55C fRU 30V, 72C fRU 30V, aQd 72C fRU 4 PiQXWeV. IQdiYidXaO 
VaPSOeV aUe iQde[ed ZiWh a VecRQd PCR VWeS XViQg SaiUed 3¶ aQd 5¶ IOOXPiQa TUXSeT 
iQde[iQg SUiPeUV, XViQg 12.5 XL JXPSSWaUW TaT PRO\PeUaVe Read\ Mi[, 1.25 XL 5 XM 
iQde[ SUiPeU SaiU, 1.25 XL SURdXcW fURP fiUVW PCR, aQd dH​2​0 WR 25 XL aW Whe fROORZiQg 
c\cOiQg cRQdiWiRQV: 95C fRU 5 PiQV, 18 c\cOeV Rf 95C fRU 20V, 55C fRU 30V, 72C fRU 30V, 
aQd 72C fRU 4 PiQXWeV. PCR SURdXcWV aUe SRROed aW eTXaO YROXPe UaWiRV aQd UXQ RQ aQ 
agaURVe geO, geO SXUified, aQd TXaQWified XViQg a QXBiW 4 FOXRURPeWeU (IQYiWURgeQ). 
SaPSOeV VeTXeQced RQ a MiQiVeT (IOOXPiQa) XViQg VWaQdaUd IOOXPiQa SURWRcROV ZiWh a 
20% PhiX VSiNe-iQ.  
 
 
CURSSeT_NGS_P7 CTGGAGTTCAGACGTGTGCTCTTCCGATCaagcaccgacWcggWgccac 

CURSSeT_NGS_P5 ACACGACGCTCTTCCGATCTWcWWgWggaaaggacgaaac 

 

SFUHHQ DDWD AQDO\VLV 
ReadV aUe decRQYROXWed b\ XQiTXe 5¶ aQd 3¶ iQde[ SaiUV fURP UaZ VeTXeQciQg XViQg Whe 
VWaQdaUd MiQiSeT SiSeOiQe. FRU each UeSOicaWe Rf RQe VaPe VaPSOe, UeadV cRQWaiQiQg Whe 
e[SecWed gXide VeTXeQce ZeUe cRXQWed aQd QRUPaOi]ed agaiQVW WRWaO UeadV fURP WhaW 
VaPSOe. CERES VcRUeV ZeUe caOcXOaWed aV deVcUibed iQ ​(Me\eUV eW aO. 2017)​. We did 
QRW WUaQVfRUP CERES VcRUeV iQWR SURbabiOiWieV (aV iV VWaQdaUd iQ UeceQW DeSeQdeQc\ 
MaS SXbOicaWiRQV) becaXVe RXU daWa VeW ZaV WRR VPaOO WR VaWiVf\ VcRUe caOibUaWiRQ 
UeTXiUePeQWV. 
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