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AbVWUacW

The WUadiWiRQaO PRdeO Rf geQRPic daWa aQaO\ViV ± dRZQORadiQg daWa fURP ceQWUaOi]ed ZaUehRXVeV fRU aQaO\ViV
ZiWh ORcaO cRPSXWiQg UeVRXUceV ± iV iQcUeaViQgO\ XQVXVWaiQabOe. NRW RQO\ aUe WUaQVfeUV VORZ aQd cRVW SURhibiWiYe,
bXW WhiV aSSURach aOVR OeadV WR UedXQdaQW aQd ViORed cRPSXWe iQfUaVWUXcWXUe WhaW PakeV iW difficXOW WR eQVXUe
VecXUiW\ aQd cRPSOiaQce Rf SURWecWed daWa. The NHGRI GeQRPic DaWa ScieQce AQaO\ViV, ViVXaOi]aWiRQ, aQd
IQfRUPaWicV Lab-VSace (AQVIL; hWWSV://aQYiOSURjecW.RUg) iQYeUWV WhiV PRdeO, SURYidiQg a XQified cORXd cRPSXWiQg
eQYiURQPeQW fRU daWa VWRUage, PaQagePeQW, aQd aQaO\ViV. AQVIL eOiPiQaWeV Whe Qeed fRU daWa PRYePeQW,
aOORZV fRU acWiYe WhUeaW deWecWiRQ aQd PRQiWRUiQg, aQd SURYideV VcaOabOe, VhaUed cRPSXWiQg UeVRXUceV WhaW caQ
be acTXiUed b\ UeVeaUcheUV aV Qeeded. ThiV SUeVeQWV PaQ\ QeZ RSSRUWXQiWieV fRU cROOabRUaWiRQ aQd daWa
VhaUiQg WhaW ZiOO XOWiPaWeO\ Oead WR VcieQWific diVcRYeUieV aW VcaOeV QRW SUeYiRXVO\ SRVVibOe.
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MaLQ Te[W

I. HLVWRU\ Rf geQRPLcV daWa VKaULQg

GeQRPicV haV becRPe a ceQWUaO cRPSRQeQW WR Whe VWXd\ Rf PaQ\ faceWV Rf biRORg\ aQd PediciQe (GUeeQ eW aO.,
2020; KRbROdW eW aO., 2013). AcURVV aQceVWU\ aQaO\ViV (B\UVka-BiVhRS eW aO., 2021; KaUc]eZVki eW aO., 2020),
diVeaVe & WUaiW aVVRciaWiRQV (TaOiXQ eW aO., 2021; WaiQVchWeiQ eW aO., 2019), deYeORSPeQWaO biRORg\ (TaQa\ &
RegeY, 2017; TUaSQeOO eW aO., 2014), aQd PaQ\ RWheU fieOdV, OaUge VcaOe geQRPe aQd geQRPicV VeTXeQciQg haV
gURZQ WUePeQdRXVO\ RYeU Whe SaVW feZ decadeV, dUiYeQ iQ OaUge SaUW b\ Whe WechQRORgicaO iPSURYePeQWV WhaW
haYe VXbVWaQWiaOO\ decUeaVed Whe cRVW aQd WiPe UeTXiUed fRU VeTXeQciQg (GRRdZiQ eW aO., 2016). FRU e[aPSOe,
Whe NaWiRQaO HXPaQ GeQRPe ReVeaUch IQVWiWXWe (NHGRI) CeQWeUV fRU CRPPRQ DiVeaVe GeQRPicV (CCDG)
aQd CeQWeUV fRU MeQdeOiaQ GeQRPicV (CMG) SURgUaPV Veek WR ideQWif\ Whe geQeWic cRPSRQeQWV Rf PaQ\ PajRU
cRPPRQ aQd UaUe diVeaVeV WhURXgh Whe VeTXeQciQg Rf PRUe WhaQ RQe hXQdUed WhRXVaQd geQRPeV (GUeeQ eW
aO., 2020). ThiV VcaOe Rf aQaO\ViV RSeQV PaQ\ QeZ RSSRUWXQiWieV fRU diVcRYeU\ WhaW ZRXOd QRW RWheUZiVe be
SRVVibOe, eVSeciaOO\ fRU deWecWiQg Zeak aVVRciaWiRQV ZiWh UaUe YaUiaQWV WhaW caQ RQO\ be PeaVXUed RYeU OaUge
cRhRUWV (McCaUWh\ eW aO., 2008). HRZeYeU, WhiV VcaOe Rf VeTXeQciQg aOVR iQWURdXceV PajRU QeZ WechQicaO
chaOOeQgeV WhaW UeTXiUe RYeUhaXOiQg hRZ geQRPicV aQd geQRPicV daWa VcieQce aUe SeUfRUPed. MRVW XUgeQWO\, iW
haV becRPe iQcUeaViQgO\ iPSUacWicaO WR SeUfRUP geQRPicV UeVeaUch b\ UeSOicaWiQg SURjecW daWa acURVV
iQVWiWXWiRQaO cRPSXWiQg cOXVWeUV, caXViQg XV WR UefRUPXOaWe hRZ geQRPicV daWa caQ be VhaUed aQd aQaO\]ed.

BecaXVe Whe SRZeU Rf geQRPicV iV RfWeQ RQO\ UeaOi]ed WhURXgh OaUge VcaOe daWa aggUegaWiRQ, geQRPicV haV
deYeORSed a VWURQg WUadiWiRQ fRU cROOabRUaWiYe UeVeaUch aQd Whe RSeQ VhaUiQg Rf daWa. MRVW faPRXVO\, WhiV WeQeW
ZaV cRdified b\ Whe OeadeUV Rf Whe HXPaQ GeQRPe PURjecW iQ 1996 aV Whe ³BeUPXda PUiQciSOeV´, ZheUe Whe\
agUeed WhaW aOO hXPaQ geQRPic VeTXeQce iQfRUPaWiRQ geQeUaWed b\ Whe SURjecW VhRXOd be Pade fUeeO\ aYaiOabOe
aQd iQ Whe SXbOic dRPaiQ ZiWhiQ 24 hRXUV afWeU geQeUaWiRQ (BaUUaQcR, 2021). TheVe SUiQciSOeV ZeUe eVWabOiVhed
WR Pa[iPi]e Whe beQefiW Rf Whe daWa WR VRcieW\, eVSeciaOO\ aV SUiYaWe cRPSaQieV dXUiQg WhiV eUa ZeUe begiQQiQg
WR aSSO\ fRU SaWeQWV aURXQd hXPaQ geQe VeTXeQceV (GROd & CaUbRQe, 2010). TheVe cRUe SUiQciSOeV ZeUe OaWeU
e[WeQded iQ 2009 b\ Whe ³TRURQWR AgUeePeQW´, Zhich eVWabOiVhed Whe UXOeV fRU VhaUiQg daWa SUeSXbOicaWiRQ
(TRURQWR IQWeUQaWiRQaO DaWa ReOeaVe WRUkVhRS AXWhRUV eW aO., 2009), aQd OaWeU iQ 2015 b\ Whe NIH GeQRPic
DaWa ShaUiQg PROic\, Zhich UeTXiUeV aOO OaUge VcaOe VeTXeQciQg daWa fXQded b\ Whe NIH WR be RSeQO\ VhaUed
(NaWiRQaO IQVWiWXWeV Rf HeaOWh, 2014). CRPSOePeQWiQg Whe effRUWV b\ Whe fXQdiQg ageQcieV, PaQ\ PajRU VcieQWific
jRXUQaOV QRZ UeTXiUe daWa WR be deSRViWed iQWR SXbOic daWabaVeV befRUe SaSeUV ZiOO be SXbOiVhed, eVSeciaOO\
jRXUQaOV VeUYiQg Whe geQRPicV cRPPXQiW\ (PRZeOO, 2021).

IQ UeVSRQVe WR WheVe UeTXiUePeQWV fRU daWa VhaUiQg, VeYeUaO OaUge UeSRViWRUieV haYe beeQ eVWabOiVhed fRU
VWRUiQg aQd VhaUiQg geQRPicV daWa. FRU high WhURXghSXW VeTXeQciQg daWa, Whe NCBI SeTXeQce Read AUchiYe
(SRA) haV ePeUged aV Whe OaUgeVW SXbOicO\ aYaiOabOe UeSRViWRU\, ZiWh RYeU 50 PeWabaVeV (PbS) Rf daWa cXUUeQWO\
aYaiOabOe WhURXgh PXOWiSOe cORXd SURYideUV aQd NCBI VeUYeUV (LeiQRQeQ eW aO., 2011). AV PRVW SaWieQWV haYe QRW
cRQVeQWed fRU RSeQ UeOeaVe Rf WheiU geQRPicV daWa, Whe cORVeO\ UeOaWed daWabaVe Rf GeQRW\SeV aQd PheQRW\SeV
(dbGaP) ZaV deYeORSed WR aUchiYe aQd diVWUibXWe geQRPicV aQd UeOaWed daWa fURP VWXdieV WhaW haYe
iQYeVWigaWed Whe iQWeUacWiRQ Rf geQRW\Se aQd SheQRW\Se iQ hXPaQV (TU\ka eW aO., 2014). ThiV daWabaVe cXUUeQWO\
PaQageV acceVV fRU 7,582 daWaVeWV iQ 1,232 VWXdieV, PRVW Rf Zhich aUe ³cRQWUROOed acceVV´ ZheUe UeVeaUcheUV
PXVW aSSO\ fRU acceVV WR Whe daWaVeWV WR aQ NIH DaWa AcceVV CRPPiWWee (DAC) WhaW eYaOXaWeV if Whe UeVeaUch
gRaOV aUe cRQViVWeQW ZiWh SaWieQW cRQVeQW fRUPV aQd aQ\ cRQVWUaiQWV ideQWified b\ Whe iQVWiWXWiRQV WhaW VXbPiWWed
Whe daWa.
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HRZeYeU, aV YaOXabOe aV WheVe aQd UeOaWed daWabaVeV haYe becRPe, Whe\ aUe geQeUaOO\ VWaWic UeVRXUceV WhaW
dR QRW aOORZ deWaiOed aQaO\ViV WR be SeUfRUPed diUecWO\ ZiWhiQ WheVe V\VWePV. IQVWead, UeVeaUcheUV XViQg SXbOic
daWa aQd UeVeaUcheUV iQYROYed iQ OaUge VeTXeQciQg effRUWV PRVW RfWeQ begiQ b\ dRZQORadiQg Whe daWa WR aQ
iQVWiWXWiRQaO cRPSXWiQg cOXVWeU fRU aQaO\ViV.

II. IQYeUWLQg WKe PRdeO Rf daWa VKaULQg

The WUadiWiRQaO PRdeO Rf geQRPic aQaO\ViV haV beeQ ceQWeUed aURXQd iQVWiWXWiRQaO cRPSXWiQg cOXVWeUV ZheUe
UeVeaUcheUV iQVWaOO aQd PaiQWaiQ WheiU RZQ VXiWe Rf cRPSXWaWiRQaO WRROV WR aQaO\]e Whe daWaVeWV WhaW aUe VWRUed
diUecWO\ ZiWhiQ WheiU daWa ceQWeU. ThiV PRdeO SUeVeQWV a high OeYeO Rf fOe[ibiOiW\ aQd cRQWURO fRU aQ iQdiYidXaO
UeVeaUcheU, bXW Whe ViORed QaWXUe Rf WhiV PRdeO iQWURdXceV VeYeUaO PajRU baUUieUV aQd iQefficieQcieV. TR VWaUW, WhiV
PRdeO OeadV WR UedXQdaQW iQfUaVWUXcWXUe ZheUe each iQVWiWXWiRQ eVWabOiVheV iWV RZQ daWa ceQWeU, aQd cUeaWeV
PajRU adPiQiVWUaWiYe iQefficieQcieV ZheUe PaQ\ Rf Whe VaPe aQaO\ViV WRROV PXVW be deSOR\ed aQd PaiQWaiQed
ZiWhiQ each ceQWeU. SRfWZaUe PaQagePeQW WRROV Oike biRcRQda (GU�QiQg eW aO., 2018) RU iQWegUaWed aQaO\ViV
VXiWeV VXch aV BiRcRQdXcWRU (GeQWOePaQ eW aO., 2004), aiP WR ViPSOif\ VXch iQVWaOOaWiRQV, bXW PaiQWaiQiQg
VRfWZaUe UePaiQV a hXge bXUdeQ iQ aggUegaWe cRQVideUiQg Whe OaUge QXPbeU Rf daWa ceQWeUV aQd XVeUV
iQYROYed.

ThiV PRdeO iV SaUWicXOaUO\ chaOOeQgiQg fRU cROOabRUaWiYe aQaO\ViV, aV iW UeTXiUeV daWa WR be cRSied fURP RQe daWa
ceQWeU WR aQRWheU, Zhich becRPeV PRUe difficXOW aQd cRVWO\ aV Whe daWa VeWV iQcUeaVe iQ Vi]e. FRU e[aPSOe, a
PRdeUaWeO\ OaUge SURjecW, VXch aV Whe 1000 GeQRPeV SURjecW, Zhich cRQWaiQV Whe CRAM fiOeV fRU 3,202
geQRPeV iQ Whe e[WeQded cROOecWiRQ (B\UVka-BiVhRS eW aO., 2021) iV a80TB aQd UeTXiUeV VeYeUaO da\V WR Pake a
ViQgOe cRS\ RYeU W\SicaO iQVWiWXWiRQaO IQWeUQeW cRQQecWiRQV. LaUgeU VWXdieV, VXch aV Whe UeceQW TRSMed UeOeaVe
ZiWh 53,831 geQRPeV (TaOiXQ eW aO., 2021) iV aSSUR[iPaWeO\ 2PB iQ Vi]e fRU Whe CRAM fiOeV aQd ZiOO UeTXiUe
VeYeUaO ZeekV WR VeYeUaO PRQWhV WR Pake a ViQgOe cRS\. ETXaOO\ iPSRUWaQW, UeSURdXcibiOiW\ iV YeU\ chaOOeQgiQg iQ
VXch a diVWUibXWed aQaO\ViV aV iW becRPeV iQcUeaViQgO\ difficXOW WR UecRUd Whe SURYeQaQce Rf hRZ fiOeV aUe cUeaWed
acURVV V\VWePV. IQ e[WUePe caVeV, iQcRPSaWibOe RU cRQfOicWiQg YeUViRQV Rf a WRRO RU daWaVeW cRXOd be XVed b\
diffeUeQW gURXSV, OeadiQg WR VcieQWificaOO\ iQYaOid UeVXOWV.

A PXch PRUe VcaOabOe PRdeO fRU cROOabRUaWiYe UeVeaUch iV WR iQYeUW Whe PRdeO Rf daWa VhaUiQg: iQVWead Rf
PRYiQg daWa WR each UeVeaUcheU, UeVeaUcheUV UePRWeO\ PRYe WR Whe daWa WhURXgh Whe XVe Rf cORXd cRPSXWiQg
UeVRXUceV (LaQgPead & NeOORUe, 2018; SchaW] eW aO., 2010) (FLgXUe 1). ThiV Za\ RQO\ a ViQgOe cRS\ Rf Whe daWa
QeedV WR be PaiQWaiQed, Zhich caQ WheQ be acceVVed aQd aQaO\]ed b\ aQ\ QXPbeU Rf UeVeaUcheUV. ThiV PRdeO
iQWURdXceV VXbVWaQWiaO adYaQWageV, iQcOXdiQg UedXced UedXQdaQc\ aQd cRVWV fRU daWa VWRUage aQd gUeaWeU
fOe[ibiOiW\ iQ cRPSXWiQg UeVRXUceV. NRWabO\, cRPSXWiQg iQ Whe cORXd iV ³eOaVWic´, PeaQiQg WhaW addiWiRQaO
cRPSXWaWiRQaO UeVRXUceV caQ be d\QaPicaOO\ added WR PaWch Whe QeedV fRU Whe aQaO\ViV WR be SeUfRUPed aW a
giYeQ WiPe. CUXciaOO\, WheVe UeVRXUceV caQ aOVR be VcaOed dRZQ ZheQ Whe\ aUe QRW Qeeded afWeU aQ aQaO\ViV iV
cRPSOeWe WR OiPiW Whe cRVWV iQYROYed. ThiV PRdeO iV aOVR PXch PRUe efficieQW WR PaQage, aV VRfWZaUe RQO\ QeedV
WR be iQVWaOOed RU XSdaWed iQ RQe ORcaWiRQ fRU aOO XVeUV WR beQefiW. FiQaOO\, ceQWUaOi]ed VeUYiceV, eVSeciaOO\
iQWUXViRQ deWecWiRQ aQd aXdiWiQg, caQ be faU PRUe deWaiOed WR eQVXUe daWa VecXUiW\ fRU SURWecWed daWa VeWV.

SXch Zeb-baVed aQd cORXd-baVed UeVRXUceV haYe a VWURQg aQd gURZiQg UROe iQ geQRPicV, VWaUWiQg ZiWh
XbiTXiWRXV aQd cOaVVic e[aPSOeV VXch aV Whe NCBI BLAST VeUYeU (JRhQVRQ eW aO., 2008) RU Whe UCSC GeQRPe
BURZVeU (NaYaUUR GRQ]aOe] eW aO., 2021). AQRWheU Uich e[aPSOe iV GaOa[\ (GReckV eW aO., 2010; JaOiOi eW aO.,
2020), aQ RSeQ, Zeb-baVed cRPSXWaWiRQaO ZRUkbeQch fRU SeUfRUPiQg acceVVibOe, UeSURdXcibOe, aQd WUaQVSaUeQW
geQRPic VcieQce ZiWh feaWXUeV fRU e[ecXWiQg VcieQWific ZRUkfORZV, daWa iQWegUaWiRQ, aQd daWa aQd aQaO\ViV
SeUViVWeQce. EYeQ PRUe UeceQW ZaV Whe NCI CORXd PiORWV SURgUaP, Zhich aiPed WR SURYide VecXUe RQ-dePaQd
acceVV WR caQceU daWaVeWV, aQaO\ViV WRROV aQd cRPSXWiQg UeVRXUceV (LaX eW aO., 2017). HRZeYeU, hiVWRUicaOO\
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WheVe V\VWePV haYe QRW beeQ VXfficieQW fRU cRPSOeWe eQd-WR-eQd aQaO\VeV Rf OaUge-VcaOe hXPaQ geQeWicV aQd
geQRPicV UeVeaUch: WheiU aQaO\ViV & daWa PaQagePeQW caSabiOiWieV ZeUe WRR QaUURZ, Whe daWa fRRWSUiQW ZaV WRR
OaUge WR effecWiYeO\ PaQage, RU Whe cRPSXWiQg eQYiURQPeQW ZaV QRW ceUWified fRU Whe aQaO\ViV Rf SURWecWed
daWaVeWV. FRUWXQaWeO\, aV deVcUibed beORZ, UeceQW adYaQceV QRZ Pake iW SRVVibOe WR addUeVV aOO Rf WheVe iVVXeV
aQd SURYide a cORXd-baVed cRPSXWiQg eQYiURQPeQW WhaW iV fOe[ibOe eQRXgh aQd VcaOabOe eQRXgh WR VXSSRUW aQ\
aQaO\ViV aV ZeOO aV RU beWWeU WhaQ a ORcaO cRPSXWiQg cOXVWeU.

FLgXUe 1. IQYeUWLQg WKe PRdeO fRU daWa VKaULQg. IQ Whe WUadiWiRQaO PRdeO (OefW), SURjecW daWa aUe cRSied fURP WR
PXOWiSOe ViWeV ZheUe Whe\ aUe acceVVed b\ XVeUV RQ iQVWiWXWiRQaO cRPSXWiQg cOXVWeUV. IQ Whe iQYeUWed PRdeO
(UighW), XVeUV cRQQecW WR a cORXd-eQabOed UeVRXUce VXch aV Whe AQVIL WR UePRWeO\ acceVV aQd aQaO\]e Whe daWa
ZiWhRXW cRS\iQg.

III. AQVIL S\VWeP AUcKLWecWXUe

IQ UeVSRQVe WR WheVe QeedV, Ze Whe AQVIL WeaP ZiWh Whe VXSSRUW Rf Whe NHGRI haYe deYeORSed Whe GeQRPic
DaWa ScieQce AQaO\ViV, ViVXaOi]aWiRQ, aQd IQfRUPaWicV Lab-VSace (AQVIL). The AQVIL iV a fedeUaWed cORXd
SOaWfRUP deVigQed WR PaQage aQd VWRUe geQRPicV aQd UeOaWed daWa, eQabOe SRSXOaWiRQ-VcaOe aQaO\ViV, aQd
faciOiWaWe cROOabRUaWiRQ WhURXgh Whe VhaUiQg Rf daWa, cRde, aQd aQaO\ViV UeVXOWV. IW iQcOXdeV a YaUieW\ Rf gUaShicaO
XVeU iQWeUfaceV aORQg ZiWh RESTfXO iQWeUfaceV aQd APIV fRU SURgUaPPaWic acceVV iQ VeYeUaO SRSXOaU OaQgXageV.
The cRPSXWe eQYiURQPeQW fRU AQVIL iV cXUUeQWO\ bXiOW RQ Whe GRRgOe CORXd POaWfRUP (GCP) WR eQabOe PaVViYe
VcaOabiOiW\ aQd caSaciW\ fRU XVeUV, aV ZeOO aV a URbXVWO\ eVWabOiVhed VecXUiW\ SeUiPeWeU aXWhRUi]ed fRU Whe
VWRUage aQd aQaO\ViV Rf cRQWUROOed acceVV daWaVeWV. SSecificaOO\, Whe AQVIL iV a FISMA-MRdeUaWe ceUWified
cRPSXWiQg eQYiURQPeQW aQd cRPSOieV ZiWh aOO UeTXiUePeQWV VeW fRUWh iQ NIST-800-53. ThiV iQcOXdeV URbXVW
ORggiQg Rf acceVV WR daWa, SeUiRdic aXdiWV b\ WhiUd SaUW\ aQaO\VWV, aQd PRQiWRUiQg fRU abQRUPaO XVe SaWWeUQV.

WiWhiQ Whe AQVIL, XVeUV haYe VeYeUaO RSWiRQV fRU aQaO\ViV aQd a Uich daWa PaQagePeQW ecRV\VWeP aOORZiQg
UeVeaUcheUV WR VeaUch acURVV OaUge cROOecWiRQV Rf daWa aQd bXiOd QRYeO V\QWheWic cRhRUWV WR ePSRZeU QeZ
diVcRYeUieV RXW Rf e[iVWiQg daWaVeWV. The aQaO\ViV cRPSRQeQWV caQ be bURadO\ chaUacWeUi]ed aV WhRVe
VXSSRUWiQg baWch cRPSXWiQg, eVSeciaOO\ WhURXgh Whe XVe Rf Whe WRUkfORZ DeVcUiSWiRQ LaQgXage, aQd iQWeUacWiYe
cRPSXWiQg, XViQg SRSXOaU aQaO\ViV VXiWeV VXch aV R/BiRcRQdXcWRU, JXS\WeU QRWebRRkV, aQd GaOa[\. ThURXgh
WheVe cRPSRQeQWV, WhRXVaQdV Rf geQRPicV aQaO\ViV WRROV aQd ZRUkfORZV aUe aYaiOabOe fRU a Zide YaUieW\ Rf
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aQaO\VeV. ThiV iQcOXdeV SRSXOaWiRQ-VcaOe YaUiaQW caOOiQg ZiWh GATK RU fUeeba\eV (GaUUiVRQ & MaUWh, 2012; VaQ
deU AXZeUa eW aO., 2013), geQe e[SUeVViRQ aQaO\ViV fRU bRWh bXOk aQd ViQgOe ceOO daWaVeWV (APe]TXiWa eW aO.,
2020; GUabheUU eW aO., 2011; Li eW aO., 2020), PeWh\OaWiRQ aQaO\ViV (KUXegeU & AQdUeZV, 2011), COVID-19 YiUaO
geQRPicV aQaO\ViV ZRUkfORZV (BakeU eW aO., 2020; LePieX[ eW aO., 2021), aQd WhRXVaQdV PRUe. FRU e[aPSOe,
SXSSOePeQWaO NRWe 1 diVSOa\V Whe ZRUkVSace fRU geUPOiQe YaUiaQW caOOiQg XViQg GATK4. WiWh iW, a VWaQdaUd 30[
cRYeUage VhRUW Uead daWaVeW caQ be aOigQed aQd YaUiaQW caOOed iQ OeVV WhaQ 1 da\ aQd fRU OeVV WhaQ $5.00 ZRUWh
Rf cRPSXWe. IQWeUeVWiQgO\, becaXVe Rf Whe highO\ VcaOabOe QaWXUe Rf cORXd cRPSXWiQg, SURceVViQg addiWiRQaO
VaPSOeV, eYeQ hXQdUedV RU WhRXVaQdV Rf addiWiRQaO VaPSOeV, ZiOO UeTXiUe aSSUR[iPaWeO\ Whe VaPe aPRXQW Rf
ZaOO cORck WiPe, aOWhRXgh cRVWV ZiOO VcaOe aSSUR[iPaWeO\ OiQeaUO\ ZiWh Whe QXPbeU Rf VaPSOeV. SXSSOePeQWaO
NRWe 2 diVSOa\V Whe ZRUkVSace fRU aQaO\]iQg diffeUeQWiaO geQe e[SUeVViRQ ZiWh BiRcRQdXcWRU¶V edgeR Sackage.
UViQg Whe iQWeUacWiYe QRWebRRkV eQYiURQPeQW, cRde aQd YiVXaOi]aWiRQV caQ eaViO\ be iQWeUOeaYed WhURXghRXW Whe
aQaO\ViV, VWaUWiQg ZiWh TXaOiW\ cRQWURO WhURXgh Whe ideQWificaWiRQ Rf VWaWiVWicaOO\ VigQificaQW diffeUeQWiaOO\ e[SUeVVed
geQeV. IQ WhiV e[aPSOe, 1,933 geQeV decUeaVed e[SUeVViRQ aQd 1,794 geQeV iQcUeaVed e[SUeVViRQ ZiWhiQ a
BACH1 kQRckRXW daWaVeW. A PajRU cXUUeQW fRcXV iV WR iQWegUaWe addiWiRQaO WRROV aQd ZRUkfORZV fRU cOiQicaO
geQRPicV, eVSeciaOO\ Whe caOcXOaWiRQ aQd XWiOi]aWiRQ Rf SRO\geQic UiVk VcRUeV (TRUkaPaQi eW aO., 2018) aQd
ShaUPacRgeQRPicV aQaO\ViV (LaXVchke & IQgeOPaQ-SXQdbeUg, 2020). AOUead\ PRUe WhaQ 15,000 XVeUV haYe
XVed Whe AQVIL, aQd Whe QXPbeU Rf XVeUV iV UaSidO\ gURZiQg. HeUe Ze UeYieZ VRPe Rf Whe PajRU aQaO\ViV
cRPSRQeQWV fRXQd ZiWhiQ Whe AQVIL (FLgXUe 2).

AQVIL PRUWaO: EQWU\ iQWR Whe AQVIL ecRV\VWeP

The iQiWiaO eQWU\ SRiQW fRU AQVIL XVeUV iV WhURXgh Whe AQVIL PRUWaO (hWWSV://aQYiOSURjecW.RUg). The SRUWaO SURYideV
XQified eQWU\ WR aOO Rf Whe aYaiOabOe WRROV aQd daWaVeWV aYaiOabOe ZiWhiQ Whe V\VWeP. IQ addiWiRQ WR a Zide YaUieW\
Rf WUaiQiQg PaWeUiaOV aQd aQQRXQcePeQWV, Whe SRUWaO aOVR haV a VeaUchabOe caWaORg Rf Whe daWa WhaW aUe ORaded
ZiWhiQ Whe AQVIL. CXUUeQWO\, Whe AQVIL hRVWV daWa fURP >280,000 hXPaQ geQRPeV fURP >240 diffeUeQW cRhRUWV
VSaQQiQg CCDG, CMG, Whe EOecWURQic MedicaO RecRUdV aQd GeQRPicV (eMERGE) NeWZRUk, GTE[ (GTE[
CRQVRUWiXP, 2020) aQd VeYeUaO RWheUV (FLgXUe 2). BecaXVe RQO\ VXPPaU\ iQfRUPaWiRQ iV diVSOa\ed, aQ\ XVeU
caQ bURZVe aOO Rf Whe daWaVeWV WhaW aUe SUeVeQW eYeQ if Whe\ aUe QRW aXWhRUi]ed WR YieZ Whe VSecific daWa fiOeV.
ThiV Za\ a XVeU caQ OeaUQ ZhaW iV aYaiOabOe (e.g. aOO VWXdieV Rf a SaUWicXOaU diVeaVe RU SheQRW\Se), aQd if
QeceVVaU\, diUecW WheP WR aSSO\ fRU aXWhRUi]aWiRQ WhURXgh Whe aSSURSUiaWe DaWa AcceVV CRPPiWWee (e.g. dbGaP
RU Whe cRQVRUWiXP WhaW PaiQWaiQV Whe daWa). The AQVIL aOVR PaiQWaiQV a feZ cUiWicaO RSeQ acceVV daWaVeWV,
eVSeciaOO\ Whe ZideO\ XVed 1000 GeQRPeV cROOecWiRQ Rf diYeUVe hXPaQ VaPSOeV (B\UVka-BiVhRS eW aO., 2021),
iQcOXdiQg bRWh UaZ daWa aQd haUPRQi]ed YaUiaQW caOOV.

GeQ3: MaQagePeQW, aQaO\ViV, haUPRQi]aWiRQ, aQd VhaUiQg Rf OaUge daWaVeWV

GeQ3 (hWWSV://geQ3.WheaQYiO.iR) iV aQ RSeQ-VRXUce cORXd-baVed daWa SOaWfRUP fRU PaQagiQg, aQaO\]iQg,
haUPRQi]iQg, aQd VhaUiQg OaUge daWaVeWV. IW iV baVed RQ a VeW Rf VWaQdaUdV-baVed VeUYiceV ZiWh RSeQ APIV
caOOed IUDPHZRUN VHUYLFHV fRU aXWheQWicaWiRQ, aXWhRUi]aWiRQ, cUeaWiQg aQd acceVViQg FAIR daWa RbjecWV
(WiOkiQVRQ eW aO., 2016), aQd iPSRUWiQg aQd e[SRUWiQg bXOk cOiQicaO aQd SheQRW\Se daWa. IQ SaUWicXOaU, iW VXSSRUWV
aVVigQiQg SeUViVWeQW digiWaO ideQWifieUV WR daWa RbjecWV, aVVigQiQg aVVRciaWed PeWadaWa, aQd acceVViQg Whe daWa
RbjecWV XViQg Whe GA4GH DRS VWaQdaUd. GeQ3 VXSSRUWV aXWheQWicaWiRQ aQd aXWhRUi]aWiRQ PaQagePeQW XViQg
OSeQID WRkeQV aQd iQWeURSeUaWeV ZiWh Whe NIH ReVeaUch aQd AXWhRUi]aWiRQ SeUYice (RAS).  FUaPeZRUk
VeUYiceV aUe aOVR XVed b\ RWheU OaUge VcaOe geQRPicV SOaWfRUPV, iQcOXdiQg NCI¶V CaQceU ReVeaUch DaWa
CRPPRQV, NHLBI¶V BiRDaWa CaWaO\VW, aQd Whe KidV FiUVW DaWa ReVRXUce.  FUaPeZRUk VeUYiceV SURYide Whe
baVic VcaffROdiQg VR WhaW V\VWePV VXch aV AQVIL caQ acceVV daWa fURP RWheU cORXd-baVed SOaWfRUPV fRU
geQRPic daWa aQd, iQ WXUQ, Pake WheiU daWa aYaiOabOe WR WheVe SOaWfRUPV, aVVXPiQg Whe aSSURSUiaWe SROicieV
VXSSRUWiQg WhiV iQWeURSeUabiOiW\ aUe iQ SOace.
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GeQ3 aOVR SURYideV VeUYiceV fRU PaQagiQg cOiQicaO aQd SheQRW\Se daWa aQd PeWadaWa XViQg a gUaSh daWabaVe.
GeQ3¶V WiQdPiOO VeUYice iV aQ iQWeUacWiYe ZebViWe bXiOW RYeU Whe gUaSh daWabaVe WhaW aOORZV XVeUV WR e[SORUe,
VXbPiW, aQd dRZQORad daWa. NRWabO\, Whe WiQdPiOO VeUYice aOORZV fRU iQWeUacWiYe daWa e[SORUaWiRQ, VeaUch aQd
cRhRUW-bXiOdiQg baVed RQ SheQRW\Sic YaUiabOeV aQd daWa W\SeV. SeOecWed cRhRUWV caQ WheQ be e[SRUWed iQWR a
TeUUa ZRUkVSace fRU dRZQVWUeaP SURceVViQg.

FLgXUe 2: OYeUYLeZ Rf AQVIL. (WRS) The AQVIL iV a fedeUaWed cORXd eQYiURQPeQW fRU Whe aQaO\ViV Rf OaUge
geQRPic aQd UeOaWed daWaVeWV. The AQVIL iV bXiOW RQ a VeW Rf eVWabOiVhed cRPSRQeQWV WhaW haYe beeQ XVed iQ a
QXPbeU Rf fOagVhiS VcieQWific SURjecWV. The TeUUa SOaWfRUP SURYideV a cRPSXWe eQYiURQPeQW ZiWh VecXUe daWa
aQd aQaO\ViV VhaUiQg caSabiOiWieV. DRckVWRUe SURYideV VWaQdaUdV baVed VhaUiQg Rf cRQWaiQeUi]ed WRROV aQd
ZRUkfORZV. R/BiRcRQdXcWRU, JXS\WeU, aQd GaOa[\ SURYide eQYiURQPeQWV fRU XVeUV aW diffeUeQW VkiOO OeYeOV WR
cRQVWUXcW aQd e[ecXWe aQaO\VeV. The GeQ3 daWa cRPPRQV fUaPeZRUk SURYideV daWa aQd PeWadaWa iQgeVW,
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TXeU\iQg, aQd RUgaQi]aWiRQ. (bRWWRP) SXPPaU\ Rf Whe daWaVeWV aYaiOabOe ZiWhiQ Whe AQVIL aV Rf MaUch 2021 aV
VhRZQ aW hWWSV://aQYiOSURjecW.RUg/daWa.

TeUUa: AcceVV daWa, RXQ aQaO\ViV WRROV, aQd CROOabRUaWe iQ WRUkVSaceV

TeUUa (hWWSV://aQYiO.WeUUa.biR) iV a cORXd-QaWiYe SOaWfRUP fRU biRPedicaO UeVeaUcheUV WR acceVV daWa, UXQ aQaO\ViV
WRROV, aQd cROOabRUaWe ZiWhiQ Whe AQVIL. WRUkVSaceV aUe Whe bXiOdiQg bORckV Rf TeUUa - a dedicaWed VSace ZheUe
cROOabRUaWRUV caQ acceVV aQd RUgaQi]e Whe VaPe daWa aQd WRROV aQd UXQ aQaO\VeV WRgeWheU. Each ZRUkVSace iV
aVVRciaWed ZiWh a cORXd bXckeW ZheUe daWa caQ be VWRUed, VXch aV daWa geQeUaWed b\ a ZRUkfORZ aQaO\ViV
(ReiWeU eW aO., 2020) RU QRWebRRk fiOeV fRU iQWeUacWiYe cRPSXWiQg. WRUkVSaceV aOVR SURYide daWa WabOeV fRU VWRUiQg
aQd PaiQWaiQiQg VWUXcWXUed daWa ViPiOaU WR a VSUeadVheeW. B\ iQcOXdiQg OiQkV WR Whe daWa'V acWXaO ORcaWiRQ iQ Whe
cORXd, Whe daWa WabOe OiQkV OaUge VcaOe daWa VeWV WR ZRUkVSace WRROV. FiQaOO\, ZiWhiQ a ZRUkVSace, XVeUV caQ
OaXQch baWch aQaO\ViV jRbV RU RQe Rf VeYeUaO iQWeUacWiYe cRPSXWiQg eQYiURQPeQWV.

BaWch aQaO\ViV iQ TeUUa XVeV Whe WRUkfORZ DeVcUiSWiRQ LaQgXage (WDL, hWWSV://RSeQZdO.RUg). WDL iV a
VSeciaOi]ed SURgUaPPiQg OaQgXage WR VSecif\ daWa SURceVViQg ZRUkfORZV ZiWh a hXPaQ-UeadabOe aQd -ZUiWabOe
V\QWa[. WDL PakeV iW VWUaighWfRUZaUd WR defiQe aQaO\ViV WaVkV, chaiQ WheP WRgeWheU iQ ZRUkfORZV, aQd
SaUaOOeOi]e WheiU e[ecXWiRQ ZiWhRXW UeWRROiQg Whe aSSOicaWiRQ WR fiW a QeZ SURgUaPPiQg SaUadigP. The OaQgXage
PakeV cRPPRQ SaWWeUQV (VcaWWeU/gaWheU, eWc) ViPSOe WR e[SUeVV, ZhiOe aOVR adPiWWiQg XQcRPPRQ RU
cRPSOicaWed behaYiRU WhURXgh cRQdiWiRQaOV; aQd VWUiYeV WR achieYe SRUWabiOiW\ QRW RQO\ acURVV e[ecXWiRQ
SOaWfRUPV, bXW aOVR diffeUeQW W\SeV Rf XVeUV. WDLV caQ be VWRUed, VhaUed, aQd deVcUibed iQ DRckVWRUe
(deVcUibed beORZ), aQd e[ecXWed iQ TeUUa XViQg Whe CURPZeOO cRPSXWe eQgiQe (hWWSV://cURPZeOO.UeadWhedRcV.iR)
aOORZiQg fRU UeSURdXcibOe aQaO\ViV Rf eYeQ Whe OaUgeVW cRhRUWV ZiWh WeQV Rf WhRXVaQdV Rf VaPSOeV.

DRckVWRUe: RegiVWU\ Rf TRROV aQd WRUkfORZV

The DRckVWRUe (hWWSV://dRckVWRUe.RUg) SURYideV a SOace ZheUe XVeUV caQ fiQd, VhaUe, aQd XVe cXUaWed WRROV aQd
ZRUkfORZV. WRUkfORZ cRQWeQW iV eQcaSVXOaWed iQ DRckeU (BReWWigeU, 2015) aQd deVcUibed XViQg a ZRUkfORZ
OaQgXage. The XVe Rf DRckeU PakeV ZRUkfORZV iQ DRckVWRUe UeSURdXcibOe b\ PakiQg WheP eaV\ WR UXQ ZiWhRXW
XVeU iQVWaOOaWiRQ. DRckVWRUe eQabOeV VcieQWiVWV WR VhaUe aQaO\WicaO WRROV iQ a Za\ WhaW PakeV WheP PachiQe
UeadabOe aQd UXQQabOe iQ a YaUieW\ Rf eQYiURQPeQWV. DRckVWRUe cXUUeQWO\ VXSSRUWV 4 ZRUkfORZ OaQgXageV: Whe
WRUkfORZ DeVcUiSWiRQ LaQgXage (WDL), CRPPRQ WRUkfORZ LaQgXage (CWL), Ne[WfORZ, aQd GaOa[\ WRUkfORZV
(GW). DRckVWRUe cXUUeQWO\ cRQWaiQV 536 ZRUkfORZV iQ WDL WhaW caQ be OaXQched iQ TeUUa ZiWhiQ a feZ cOickV Rf a
bXWWRQ. AV VXch, DRckVWRUe SURYideV RQe Rf Whe PRVW VWUaighWfRUZaUd eQWU\ SRiQWV fRU XVeUV WR add baWch
ZRUkfORZV WR AQVIL aV iW caQ ZRUk ZiWh aQ\ WRRO/ZRUkfORZ WhaW caQ be eQcaSVXOaWed iQWR a DRckeU cRQWaiQeU aQd
e[ecXWed RQ Whe cRPPaQd OiQe.

JXS\WeU NRWebRRkV: TUaQVSaUeQW CRde, ViVXaOi]aWiRQV, aQd NaUUaWiYeV

JXS\WeU NRWebRRkV (hWWSV://jXS\WeU.RUg) aUe ZideO\-XVed RSeQ-VRXUce Zeb aSSOicaWiRQV WhaW aOORZ XVeUV WR
cUeaWe aQd VhaUe dRcXPeQWV WhaW cRQWaiQ OiYe cRde, eTXaWiRQV, YiVXaOi]aWiRQV, aQd QaUUaWiYe We[W. UVeV iQcOXde:
daWa cOeaQiQg aQd WUaQVfRUPaWiRQ, QXPeUicaO ViPXOaWiRQ, VWaWiVWicaO PRdeOiQg, daWa YiVXaOi]aWiRQ, PachiQe
OeaUQiQg, aQd PaQ\ RWheU aQaO\VeV. JXS\WeU VXSSRUWV PXOWiSOe SURgUaPPiQg OaQgXageV, iQcOXdiQg P\WhRQ, R,
JXOia, aQd ScaOa. JXS\WeU NRWebRRkV aUe aQ RSeQ dRcXPeQW fRUPaW baVed RQ JSON WhaW cRQWaiQ a cRPSOeWe
UecRUd Rf Whe XVeU'V VeVViRQV aQd iQcOXde cRde, QaUUaWiYe We[W, eTXaWiRQV aQd Uich RXWSXW. The faPiOiaU
SURgUaPPiQg eQYiURQPeQW PakeV iW eaV\ fRU QeZ XVeUV WR SeUfRUP cXVWRP aQaO\ViV Rf AQVIL daWa iQ a VecXUe
aQd cROOabRUaWiYe UeVeaUch eQYiURQPeQW.
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RSWXdiR: IQWeUacWiYe MachiQe LeaUQiQg, SWaWiVWicaO CRPSXWiQg, aQd ViVXaOi]aWiRQV

RSWXdiR (hWWSV://UVWXdiR.cRP) iV aQ iQWegUaWed deYeORSPeQW eQYiURQPeQW fRU R, a SURgUaPPiQg OaQgXage fRU
VWaWiVWicaO cRPSXWiQg aQd YiVXaOi]aWiRQ. R aQd iWV OibUaUieV iPSOePeQW a Zide YaUieW\ Rf VWaWiVWicaO aQd gUaShicaO
WechQiTXeV, iQcOXdiQg OiQeaU aQd QRQOiQeaU PRdeOiQg, cOaVVicaO VWaWiVWicaO WeVWV, WiPe-VeUieV aQaO\ViV,
cOaVVificaWiRQ, cOXVWeUiQg, aQd RWheUV. R iV eaViO\ e[WeQVibOe WhURXgh fXQcWiRQV aQd e[WeQViRQV, aQd Whe R
cRPPXQiW\ acWiYeO\ cRQWUibXWeV PaQ\ QeZ SackageV. OWheU VWUeQgWhV Rf R iQcOXde adYaQced VWaWic aQd
iQWeUacWiYe gUaShicV, aQd faciOe cUeaWiRQ Rf gUaShicaO XVeU iQWeUfaceV fRU eaV\ XVe Rf highO\ VSeciaOi]ed
SackageV.

BiRcRQdXcWRU: CRPPXQiW\-dUiYeQ IQWeUacWiYe GeQRPicV ZiWh R aQd RSWXdiR

BiRcRQdXcWRU (hWWSV://biRcRQdXcWRU.RUg) iV a fUee, RSeQ VRXUce aQd RSeQ deYeORSPeQW VRfWZaUe SURjecW fRU Whe
aQaO\ViV aQd cRPSUeheQViRQ Rf geQRPic daWa, ZiWh a fRcXV RQ deYeORSiQg QeZ cRPSXWaWiRQaO aQd VWaWiVWicaO
PeWhRdV WR iQWeUSUeW biRORgicaO daWa. MaQ\ Rf WheVe PeWhRdV aUe deYeORSed b\ PePbeUV Rf Whe BiRcRQdXcWRU
cRPPXQiW\ (GeQWOePaQ eW aO., 2004), aQd Whe BiRcRQdXcWRU SURjecW VeUYeV aV a VRfWZaUe UeSRViWRU\ fRU a Zide
UaQge Rf VWaWiVWicaO WRROV deYeORSed iQ Whe R SURgUaPPiQg OaQgXage. UViQg a Uich aUUa\ Rf VWaWiVWicaO aQd
gUaShicaO feaWXUeV iQ R, PRUe WhaQ 1,900 BiRcRQdXcWRU VRfWZaUe SackageV, 3,200 e[ePSOaU\ e[SeUiPeQWV, aQd
50,000 PRdeO RUgaQiVP aQQRWaWiRQ UeVRXUceV haYe beeQ cXUaWed fRU XVe iQ geQRPic daWa aQaO\ViV. The XVe Rf
WheVe SackageV UeTXiUeV RQO\ aQ XQdeUVWaQdiQg Rf Whe R OaQgXage. AV a UeVXOW, R / BiRcRQdXcWRU SackageV,
Zhich iQcOXde VWaWe-Rf-Whe-aUW VWaWiVWicaO iQfeUeQce WRROV WaiORUed WR SURbOePV aUiViQg iQ geQRPicV, aUe ZideO\
XVed b\ biRORgiVWV ZhR beQefiW VigQificaQWO\ fURP WheiU abiOiW\ WR e[SORUe aQd aQaO\]e bRWh SXbOic aQd SUiYaWeO\
deYeORSed daWaVeWV. MaQ\ R / BiRcRQdXcWRU aSSOicaWiRQV caQ be SUeVeQWed WR XVeUV iQ a Za\ WhaW dReV QRW
UeTXiUe adYaQced SURgUaPPiQg e[SeUWiVe, e.g., aV µShiQ\¶ aSSOicaWiRQV ZiWh gUaShicaO iQWeUfaceV. The
AQVIL/BiRcRQdXcWRU eQYiURQPeQW cRQWaiQV PaQ\ iPSRUWaQW UeVRXUceV fRU Whe AQVIL, iQcOXdiQg a fXOO\
cRPSXWabOe YeUViRQ Rf Whe RQOiQe bRRk OUcheVWUaWiQg SiQgOe CeOO AQaO\ViV ZiWh BiRcRQdXcWRU (APe]TXiWa eW aO.,
2020).

GaOa[\: AcceVVibOe, ReSURdXcibOe, aQd TUaQVSaUeQW GeQRPic ScieQce

GaOa[\ (hWWS://XVegaOa[\.RUg) iV aQ RSeQ, Zeb-baVed cRPSXWaWiRQaO ZRUkbeQch fRU SeUfRUPiQg acceVVibOe,
UeSURdXcibOe, aQd WUaQVSaUeQW geQRPic VcieQce WhaW iV XVed daiO\ b\ WhRXVaQdV Rf VcieQWiVWV acURVV Whe ZRUOd.
TheUe aUe PRUe WhaQ 8,000 aQaO\ViV WRROV aYaiOabOe ZiWhiQ GaOa[\ WhaW aUe QRZ acceVVibOe ZiWhiQ Whe AQVIL
iQcOXdiQg fRU YaUiaQW caOOiQg & iQWeUSUeWaWiRQ, ChIP-VeT aQaO\ViV, RNA-VeT aQaO\ViV, geQRPe aVVePbO\,
SURWeRPicV, eSigeQRPicV, WUaQVcUiSWRPicV, aQd a hRVW Rf RWheU aQaO\VeV iQ Whe Oife VcieQceV. TR PaiQWaiQ daWa
VecXUiW\, each AQVIL XVeU UXQV ZiWhiQ aQ iQdeSeQdeQW GaOa[\ iQVWaQce ZheUe Whe\ caQ iPSRUW bRWh XQSURWecWed
daWa aQd Whe SURWecWed hXPaQ geQRPicV daWaVeWV Whe\ aUe aXWhRUi]ed WR acceVV. ThiV iV accRPSOiVhed XViQg a
QeZO\ deYeORSed iPSRUW WRRO aOORZiQg daWa WR be added iQWR a XVeU'V iQVWaQce, ZheUe Whe fXOO VXiWe Rf GaOa[\
WRROV aQd ZRUkfORZV caQ be VecXUeO\ UXQ. AQ AQVIL XVeU caQ WhXV XVe aQ\ aYaiOabOe GaOa[\ WRRO WR aQaO\]e RU
YiVXaOi]e daWa ZiWhiQ Whe bRXQdaUieV Rf a cRPSOiaQW, iVROaWed, aQd VecXUe eQYiURQPeQW. ThiV PaUkV a PajRU
adYaQce aV AQVIL XVeUV caQ QRZ OeYeUage GaOa[\ fRU Whe aQaO\ViV Rf SURWecWed hXPaQ daWaVeWV, Zhich iV QRW
SRVVibOe ZiWh RWheU SXbOic iQVWaQceV Rf GaOa[\.

E[WeQdiQg Whe AQVIL

IQ addiWiRQ WR Whe cRPSRQeQWV deVcUibed abRYe, WheUe aUe PaQ\ Za\V WR e[WeQd Whe AQVIL WR iQcOXde QeZ
caSabiOiWieV. The PRVW VWUaighWfRUZaUd aSSURacheV aUe WR deYeORS a QeZ DRckeU-baVed WDL WhaW caQ OaXQch
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QRYeO aQaO\ViV WRROV RU WR ZUaS aQ aQaO\ViV RU YiVXaOi]aWiRQ WRRO VR WhaW iW caQ be e[ecXWed ZiWhiQ Whe GaOa[\
GUI. MRUe VRShiVWicaWed iQWegUaWiRQV aUe aOVR SRVVibOe, XViQg a YaUieW\ Rf ORZ OeYeO APIV aQd UeVRXUceV. ReceQW
effRUWV haYe fRcXVed RQ deSOR\iQg QeZ aSSOicaWiRQV XViQg KXbeUQeWeV (hWWSV://kXbeUQeWeV.iR), Zhich caQ be
XVed fRU PaQagiQg YeU\ cRPSOicaWed VRfWZaUe VWackV RQ VcaOabOe iQfUaVWUXcWXUe. ASSOicaWiRQV aUe deSOR\ed aQd
PaQaged iQ Whe KXbeUQeWeV cOXVWeU b\ HeOP (hWWSV://heOP.Vh/) iQ Whe fRUP Rf ChaUWV. IQ WhiV deVigQ, a HeOP
chaUW WUaQVOaWeV aQ aSSOicaWiRQ'V VRfWZaUe VWack iQWR cXVWRPi]abOe KXbeUQeWeV PaQifeVWV. ThiV PRdeO, RUigiQaOO\
deYeORSed b\ Whe GaOa[\ TeaP WR eQabOe GaOa[\'V deSOR\PeQW ZiWhiQ Whe AQVIL, caQ be UeSOicaWed aQd
e[WeQded WR faciOiWaWe Whe iQWegUaWiRQ Rf RWheU SOaWfRUPV Rf YaU\iQg cRPSOe[iW\ iQWR Whe AQVIL. We aOVR haYe
VeYeUaO PajRU addiWiRQaO cRPSRQeQWV iQ deYeORSPeQW, iQcOXdiQg deSOR\iQg VeTU (hWWSV://VeTU.bURadiQVWiWXWe.RUg)
aQd Whe UCSC GeQRPe BURZVeU (NaYaUUR GRQ]aOe] eW aO., 2021) ZiWhiQ Whe AQVIL.

IV. DaWa AcceVV aQd DaWa UVe

A ke\ SUiRUiW\ Rf Whe AQVIL iV eQVXUiQg UeVSRQVibOe daWa VhaUiQg, Zhich iQcOXdeV VecXUe acceVV WR Whe daWa iQ iWV
cORXd VWRUage aQd cRPSXWe eQYiURQPeQWV. The AQVIL DaWa AcceVV WRUkiQg GURXS (DAWG) defiQeV Whe
PeWhRdV XVed WR VecXUeO\ cRQWURO aQd gUaQW acceVV WR cRQWUROOed-acceVV daWaVeWV hRVWed ZiWhiQ AQVIL, aQd iV
WeVWiQg iPSURYed SURceVVeV fRU haQdOiQg daWa acceVV UeTXeVWV (DARV). The DAWG eYaOXaWeV Whe daWa cRPiQg
iQWR AQVIL aQd cRQVideUV dRZQVWUeaP daWa acceVV QeedV. FRU e[aPSOe, Whe DAWG geQeUaWed Whe CRQVRUWiXP
GXideOiQeV fRU AQVIL DaWa AcceVV
(hWWSV://aQYiOSURjecW.RUg/OeaUQ/fRU-cRQVRUWia/cRQVRUWiXP-daWa-acceVV-gXideOiQeV) WR cOaUif\ e[SecWaWiRQV fRU Whe
YaUiRXV cRQVRUWia XViQg AQVIL faciOiWaWe iQWeU-cRQVRUWiXP daWa VhaUiQg aQd acceVV cRQWUROV.

IPSRUWaQWO\, Whe DAWG iV OeadiQg a SiORW Rf Whe DaWa UVe OYeUVighW S\VWeP (DUOS)
(hWWSV://dXRV.bURadiQVWiWXWe.RUg/), a SOaWfRUP deYeORSed b\ Whe BURad IQVWiWXWe, Zhich aiPV WR e[SediWe daWa
acceVV fRU UeVeaUcheUV, b\ faciOiWaWiQg aQd eQhaQciQg daWa acceVV cRPPiWWee'V ZRUkfORZV. The SiORW cXUUeQWO\
iQcOXdeV PXOWiSOe NIH DACV, ZhR aUe WeVWiQg Whe V\VWeP aQd SURYidiQg feedback WR fXUWheU deYeORS Whe DUOS
VRfWZaUe, PRVW QRWabO\ DUOS¶ DAR deciViRQ-VXSSRUW aOgRUiWhP. ThiV aOgRUiWhP OeYeUageV Whe GORbaO AOOiaQce
fRU GeQRPicV aQd HeaOWh (GA4GH) DaWa UVe OQWRORg\ (DUO) (hWWSV://giWhXb.cRP/EBISPOT/DUO) WR cRde
bRWh daWaVeWV¶ daWa XVe WeUPV aQd UeVeaUcheUV¶ SURSRVed UeVeaUch cRQWaiQed ZiWhiQ DARV. WiWh bRWh Rf WheVe
iQSXWV iQ WeUPV fURP Whe VaPe RQWRORg\, Whe aOgRUiWhP caQ aVVeVV if Whe SURSRVed UeVeaUch iV ZiWhiQ Whe bRXQdV
Rf Whe daWa XVe WeUPV, aQd SURYide a UecRPPeQded deciViRQ WR Whe DAC. IQ Whe ORQg WeUP, Whe SiORW ZiOO aOVR
SURYide SRZeUfXO ePSiUicaO aQd cRQceSWXaO eYideQce Rf Whe feaVibiOiW\ Rf VePi-aXWRPaWed aSSURacheV WR daWa
XVe RYeUVighW.

The DAWG iV aOVR UefiQiQg Whe LibUaU\ CaUd cRQceSW, b\ Zhich aQ iQVWiWXWiRQ caQ SUe-aXWhRUi]e WUXVWed
UeVeaUcheUV WR Pake cRQWUROOed-daWa acceVV UeTXeVWV. ThiV cRQceSW ZiOO OeYeUage Whe GA4GH PaVVSRUW ViVa
VSecificaWiRQ (hWWSV://giWhXb.cRP/ga4gh-dXUi/ga4gh-dXUi.giWhXb.iR). If iPSOePeQWed, Whe LibUaU\ CaUd cRQceSW
ZRXOd UedXce Whe VWeSV UeTXiUed fRU UeVeaUcheUV WR VXbPiW a DAR, ZhiOe eQVXUiQg Whe UeVeaUcheU haV Whe
aSSURSUiaWe SeUPiVViRQV WR dR VR.

If VXcceVVfXO, Ze beOieYe DUOS aQd Whe LibUaU\ CaUd cRQceSW ZiOO VWaQdaUdi]e aQd VWUeaPOiQe Whe DAR
SURceVV. AV Whe QXPbeU Rf UeTXeVWV fRU daWa iQcUeaVeV iQ PagQiWXde RYeU Whe \eaUV, DUOS cRXOd eQVXUe DAC
PePbeUV¶ WiPe iV UeVeUYed fRU fiQe-gUaiQed jXdgePeQW Rf cRPSOe[ UeTXeVWV aQd Whe LibUaU\ CaUd cRXOd
VWUeaPOiQe Whe aXWhRUi]aWiRQ Rf UeVeaUcheUV. We hRSe WhaW b\ SiRQeeUiQg iPSOePeQWaWiRQV Rf Whe GA4GH DUO
aQd PaVVSRUWV VWaQdaUdV, AQVIL ZiOO dUiYe iQWeURSeUabOe, eWhicaO, aQd acceOeUaWed geQRPicV UeVeaUch.
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V. AQVIL CRPPXQLW\

The AQVIL iV deVigQed WR VXSSRUW a bURad UaQge Rf XVeU cRPPXQiWieV, fURP PXOWi-iQVWiWXWiRQ cRQVRUWia, WR
iQdiYidXaO OabV aQd WheiU WUaiQeeV, WR cRPSXWaWiRQaO WRRO deYeORSeUV, aQd UeVeaUcheUV aW iQVWiWXWiRQV ZiWhRXW
acceVV WR high-SeUfRUPaQce cRPSXWiQg. SRPe QeedV Rf WheVe cRPPXQiWieV aUe cRPPRQ - Whe abiOiW\ WR XSORad,
PaQage, aQd VhaUe cRQWUROOed acceVV SURWecWed daWa, Whe abiOiW\ WR dR high-SeUfRUPaQce cRPSXWaWiRQ iQ eiWheU
ZRUkfORZ RU iQWeUacWiYe eQYiURQPeQWV, aQd Whe abiOiW\ WR deYeORS WUaiQiQg PaWeUiaOV aQd VhaUe UeVXOWV ZiWh Whe
bURadeU cRPPXQiW\. HRZeYeU, Whe diYeUViW\ Rf Whe AQVIL XVeU baVe aOVR UeTXiUeV VaWiVf\iQg VSecific QeedV Rf Whe
cRQVWiWXeQW cRPPXQiWieV.

Ɣ CRQVRUWLa aQd daWa geQeUaWRUV - The SUiPaU\ QeedV Rf WheVe gURXSV iQcOXde daWa iQgeVWiRQ, TXaOiW\
cRQWURO, PaQagePeQW aQd VhaUiQg ZiWhiQ cRQVRUWiXP PePbeUV aQd cROOabRUaWRUV. We haYe deYeORSed a
SURceVV fRU daWa iQgeVWiRQ aQd PaQagePeQW RQ Whe AQVIL SOaWfRUP WhaW VXSSRUWV cRQVRUWia WR VhaUe
WheiU daWa ZhiOe eQVXUiQg XVeU PaQagePeQW aQd acceVV Yia acceVV gURXSV fROORZiQg cRQVRUWiXP¶V daWa
VhaUiQg aQd acceVV gXideOiQeV. AV Rf FebUXaU\ 2021, Whe AQVIL cRQWaiQed RYeU 200 NHGRI daWaVeWV
iQcOXdiQg Whe SRSXOaU GTE[ YeUViRQ 8 daWa, Zhich iV aOVR RSWiRQaOO\ aYaiOabOe fRU diUecW dRZQORad fUee Rf
egUeVV chaUgeV.

Ɣ ReVeaUcK gURXSV aQd LQYeVWLgaWRUV - The SUiPaU\ QeedV Rf WheVe gURXSV iQcOXde acceVV WR daWa,
iQWeUacWiYe aQd baWch ZRUkfORZ cRPSXWiQg eQYiURQPeQWV, aQd Whe abiOiW\ WR PaQage WheiU daWa VcieQce
SURjecWV. We haYe deYeORSed a XVeU PaQagePeQW V\VWeP OeYeUagiQg Whe TeUUa ZRUkfORZ aQd ZRUkVSace
acceVV PaQagePeQW V\VWeP. We haYe aOVR SaUWQeUed ZiWh STRIDES
(hWWSV://daWaVcieQce.Qih.gRY/VWUideV) WR VXSSRUW VeYeUaO SiORW XVeU edXcaWiRQ eYeQWV ZiWh aQ e\e WRZaUd
VcaOiQg VXSSRUW WR Whe bURadeU UeVeaUch cRPPXQiW\. AV Rf FebUXaU\ 2021, Whe AQVIL haV VXSSRUWed
cRPSXWaWiRQ fURP PRUe WhaQ 1,950 XVeUV UXQQiQg PRUe WhaQ 775 ZRUkfORZV aQd OaXQchiQg PRUe WhaQ
240 ZRUkVSaceV.

Ɣ CRPSXWaWLRQaO WRRO deYeORSeUV - WRRO deYeORSeUV Qeed aQ eQYiURQPeQW ZheUe Whe\ caQ UeSURdXcibO\
WeVW WheiU geQRPic daWa VcieQce WRROV, iQWegUaWe WheP iQWR ZRUkfORZV, aQd VhaUe WheP ZiWh Whe bURadeU
cRPPXQiW\. The AQVIL VXSSRUWV VeYeUaO PajRU aYeQXeV Rf deSOR\PeQW, iQcOXdiQg DRckeU cRQWaiQeUV WR
e[ecXWe aV WDL ZRUkfORZV, cRQda SackageV WhaW caQ e[ecXWe ZiWhiQ GaOa[\, RU QeZ BiRcRQdXcWRU
SackageV. NRWabO\, b\ OeYeUagiQg e[iVWiQg daWa VcieQce WRRO deYeORSeU cRPPXQiWieV WhRXVaQdV Rf
BiRcRQdXcWRU VRfWZaUe SackageV aQd GaOa[\ ZRUkfORZV aUe aOUead\ iQWegUaWed iQ Whe AQVIL
eQYiURQPeQW.

Ɣ UQdeU-UeVRXUced GeQRPLc DaWa ScLeQce CRPPXQLWLeV - RQe Rf Whe biggeVW adYaQWageV Rf a fXOO\
cORXd-baVed cRPSXWaWiRQaO eQYiURQPeQW Oike Whe AQVIL iV Whe abiOiW\ WR dR high-SeUfRUPaQce cRPSXWiQg
fURP aQ\ZheUe. GeQRPic daWa VcieQce ZiWh Whe AQVIL iV acceVVibOe WR aQ\RQe ZiWh a Zeb bURZVeU aQd
aQ iQWeUQeW cRQQecWiRQ - e[WeQdiQg acceVV WR high-SeUfRUPaQce cRPSXWiQg WR cRPPXQiWieV WhaW dR QRW
haYe ORcaO UeVRXUceV WR VXSSRUW WhiV kiQd Rf VcieQce. We haYe begXQ a cROOabRUaWiRQ caOOed Whe GeQRPic
DaWa ScieQce CRPPXQiW\ NeWZRUk (hWWS://gdVcQ.RUg) ZiWh cRPPXQiW\ cROOegeV, hiVWRUicaOO\ bOack
cROOegeV aQd XQiYeUViWieV, aQd WUibaO cROOegeV WR VXSSRUW daWa iQWeQViYe geQRPic UeVeaUch aQd WeachiQg
XViQg Whe AQVIL.

VI. IQWeURSeUabLOLW\ ZLWK RWKeU cORXd SOaWfRUPV

CORXd-baVed V\VWePV VXch aV Whe NHGRI AQVIL aV ZeOO aV NCI'V CRDC aQd CORXd ReVRXUceV aQd NHLBI'V
BiRDaWa CaWaO\VW haYe VhifWed Whe Za\ UeVeaUcheUV ZRUk ZiWh geQRPic aQd RWheU OaUge RPicV daWaVeWV. FUeed
fURP Whe cRQVWUaiQW Rf QeediQg WR dRZQORad daWa WR ORcaO cRPSXWe iQfUaVWUXcWXUe, WheVe eQYiURQPeQWV haYe

10

.CC-BY 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 April 23, 2021. ; https://doi.org/10.1101/2021.04.22.436044doi: bioRxiv preprint 

https://datascience.nih.gov/strides
http://gdscn.org/
https://doi.org/10.1101/2021.04.22.436044
http://creativecommons.org/licenses/by/4.0/


aOORZed UeVeaUcheUV WR VWUeaPOiQe daWa acceVV aQd fRcXV RQ Whe aQaO\ViV WR be dRQe. AcURVV Whe AQVIL aQd
SeeU SURjecWV iQcOXdiQg NHLBI'V BiRDaWa CaWaO\VW (BDCaW, hWWSV://biRdaWacaWaO\VW.QhObi.Qih.gRY), CRPPRQ
FXQd¶V GabUieOOa MiOOeU KidV FiUVW PediaWUic ReVeaUch PURgUaP (GMFK, hWWSV://kidVfiUVWdUc.RUg), aQd NCI CaQceU
ReVeaUch DaWa CRPPRQV (CRDC, hWWSV://daWacRPPRQV.caQceU.gRY) fRU e[aPSOe, aOPRVW eighW SeWab\WeV Rf
geQRPic aQd UeOaWed daWa aUe acceVVibOe WR UeVeaUcheUV iQ cORXd-baVed aQaO\ViV SOaWfRUPV aQd gURZiQg TXickO\.
Each Rf WheVe SOaWfRUPV hRVWV XQiTXe daWaVeWV aQd RffeUV XQiTXe aQaO\ViV cRPSRQeQWV WR VeUYe WheiU UeVSecWiYe
UeVeaUch cRPPXQiWieV. YeW, deVSiWe Whe eQRUPRXV RSSRUWXQiW\ WR cURVV-aQaO\]e daWa fURP WheVe UeVRXUceV,
UeVeaUcheUV aUe faced ZiWh a daXQWiQg WaVk Rf XQdeUVWaQdiQg Whe YaUiRXV WechQicaO iQWeUface diffeUeQceV
beWZeeQ V\VWePV iQ RUdeU WR aQaO\]e acURVV WheP -- fURP a SURgUaPPaWic, XVeU iQWeUface, aQd eYeQ SROic\
SeUVSecWiYe. AV a UeVXOW, WheUe iV gUeaW PRWiYaWiRQ fRU WheVe V\VWePV WR adRSW cRQViVWeQW cRQYeQWiRQV aQd
VWaQdaUdV, eQabOiQg iQWeURSeUabiOiW\ WhaW faciOiWaWeV UeVeaUcheUV abiOiW\ WR aVk TXeVWiRQV acURVV Whe iQdiYidXaO
SOaWfRUPV.

The AQVIL SURjecW haV SXVhed Whe iQWeURSeUabiOiW\ eQYeORSe b\ SiORWiQg QeZ WechQRORgieV aQd adRSWiQg ke\
VWaQdaUdV aQd cRQYeQWiRQV, fURP kQRZQ VWaQdaUdV bRdieV VXch aV Whe GORbaO AOOiaQce fRU GeQRPicV aQd
HeaOWh (GA4GH, hWWSV://ZZZ.ga4gh.RUg). ThiV ZaV dRQe WR UeaOi]e Whe YiViRQ Rf UeVeaUcheUV XViQg daWa aQd
cRPSXWe acURVV NIH cORXd-baVed SOaWfRUPV VeaPOeVVO\. AQVIL'V iQWeURSeUabiOiW\ VWUaWeg\ fRcXVeV RQ 4 diVWiQcW
aUeaV: 1) daWa acceVV, 2) SRUWabOe aQaO\ViV, 3) aXWheQWicaWiRQ & aXWhRUi]aWiRQ, aQd 4) VeaUch aQd haQdRff
beWZeeQ V\VWePV. FRU daWa acceVV, AQVIL haV iPSOePeQWed Whe GA4GH DaWa ReSRViWRU\ SeUYice (DRS),
Zhich SURYideV a cRQViVWeQW iQWeUface WR daWa UeVRXUceV RQ cORXd eQYiURQPeQWV (bRWh SXbOic aQd SUiYaWe). TR
eQabOe SRUWabOe aQaO\ViV, AQVIL VXSSRUWV bRWh Whe WRUkfORZ DefiQiWiRQ LaQgXage (WDL) aQd GaOa[\ WRUkfORZV
WhURXgh TeUUa aQd GaOa[\, UeVSecWiYeO\. Each V\VWeP aOORZV UeVeaUcheUV WR ZUiWe aQaO\ViV WRROV aQd ZRUkfORZV
WhaW OeYeUage DRckeU iPageV, a SRSXOaU cRQWaiQeUi]aWiRQ WechQRORg\ WhaW faciOiWaWeV SRUWabiOiW\. TheVe ZRUkfORZV
aUe VhaUed WhURXgh DRckVWRUe Zhich, iWVeOf, VXSSRUWV Whe GA4GH TRRO RegiVWU\ SeUYice (TRS), PakiQg iW
SRVVibOe WR VhaUe ZRUkfORZV beWZeeQ PaQ\ diffeUeQW V\VWePV be\RQd AQVIL. FRU aXWheQWicaWiRQ aQd
aXWhRUi]aWiRQ Whe AQVIL XVeV Whe ReVeaUch AXWh SeUYice (RAS) fURP NIH. ThiV XVeV Whe OIDC/OAXWh2
VWaQdaUdV aQd OeYeUageV GA4GH PaVVSRUWV, SURYidiQg a cRQViVWeQW Za\ WR deVcUibe daWaVeWV a UeVeaUcheU iV
aXWhRUi]ed WR acceVV. FiQaOO\, AQVIL haV e[SORUed VeaUch aQd daWa diVcRYeU\ WhURXgh Whe FaVW HeaOWhcaUe
IQWeURSeUabiOiW\ ReVRXUce (FHIR) VWaQdaUd aQd deYeORSed a VeaUch haQdRff PechaQiVP beWZeeQ Whe AQVIL
daWa diVcRYeU\ SRUWaO aQd TeUUa aQaO\ViV eQYiURQPeQW XViQg Whe PRUWaO FRUPaW fRU BiRiQfRUPaWicV (PFB).

The iQWeURSeUabiOiW\ YiViRQ aQd accRPSOiVhPeQWV Rf AQVIL ZeUe QRW dRQe iQ iVROaWiRQ bXW aV SaUW Rf a OaUgeU
cROOabRUaWiRQ ZiWhiQ Whe NIH. The NIH CORXd POaWfRUP IQWeURSeUabiOiW\ (NCPI, hWWSV://aQYiOSURjecW.RUg/QcSi) effRUW
ZaV VWaUWed iQ OaWe 2019 ZiWh Whe gRaO Rf eVWabOiVhiQg aQd iPSOePeQWiQg gXideOiQeV aQd WechQicaO VWaQdaUdV WR
ePSRZeU eQd-XVeUV WR aQaO\]e daWa acURVV SaUWiciSaWiQg SOaWfRUPV aQd WR faciOiWaWe Whe UeaOi]aWiRQ Rf a
WUaQV-NIH, fedeUaWed daWa & cRPSXWe ecRV\VWeP VSaQQiQg AQVIL, BDCaW, CRDC, aQd GMFK, aORQg ZiWh
VWURQg WieV WR RWheU NIH VeUYiceV VXch aV dbGaP aQd Whe SRA. The NCPI S\VWePV IQWeURSeUaWiRQ ZRUkiQg
gURXS haV fRcXVed RQ OeYeUagiQg Whe iQWeURSeUabiOiW\ VWaQdaUdV Rf DRS aQd TRS, cRQYeQWiRQV Oike PFB, aQd
Whe aXWh VeUYiceV Rf RAS WR addUeVV UeaO-ZRUOd VcieQWific XVe caVeV. IQ 2020 WheVe iQWeURSeUabiOiW\ VWaQdaUdV
ZeUe SXW WR XVe aQd UeVeaUcheUV ZeUe abOe WR VeaUch acURVV WZR Rf Whe SaUWiciSaWiQg VWackV (BDCaW aQd AQVIL),
acceVV daWa fURP bRWh iQ Whe AQVIL ZRUkVSace eQYiURQPeQW, SaUaPeWeUi]e aQd UXQ a ZRUkfORZ, aQd geQeUaWe a
PeaQiQgfXO UeVXOW. The NCPI iV XViQg WhiV dePRQVWUaWiRQ aV Whe fRXQdaWiRQ fRU fXWXUe ZRUk iQ 2021 ZiWh Whe gRaO
Rf e[SaQdiQg Whe iQWeURSeUabiOiW\ beWZeeQ V\VWePV WR aOO Rf Whe NCPI (addiQg GMKF aQd CRDC) aQd be\RQd.

Be\RQd WechQicaO iQWeURSeUabiOiW\, iV Whe Qeed fRU VePaQWic iQWeURSeUabiOiW\. The AQVIL hRVWV daWa fURP a Zide
diYeUViW\ Rf SURjecWV Zhich cRQWaiQ diffeUiQg OeYeOV Rf aQQRWaWiRQ, aOWeUQaWe RQWRORgieV, aQd eYeQ PiVPaWched
PeaVXUePeQW XQiWV, VRPeWiPeV eYeQ ZiWhiQ Whe VaPe SURjecW. TheVe iVVXeV Pake aQaO\]iQg SheQRW\Sic daWa iQ
cRQjXQcWiRQ ZiWh Whe geQRPic daWa difficXOW, eYeQ if Whe V\VWePV XWiOi]e Whe VaPe APIV fRU daWa WUaQVfeU. IQ
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deYeORSiQg a XQified daWa WUaQVfRUP fRU Whe AQVIL daWa daVhbRaUd, Ze eQcRXQWeUed kQRZQ SURbOePV ZiWh
cRPPRQ PeWadaWa aQd SheQRW\Sic daWa eOePeQWV, VXch aV iQcRQViVWeQW RU PiVViQg: SURjecW diVeaVe PaSSiQg,
VXbjecW diVeaVe affecWed VWaWXV, cRQViVWeQW ke\V fRU VSeciPeQ, VSeciPeQ aWWUibXWeV, CRAM/BAM VWaWiVWicV, aQd
RWheU PiVViQg fiOeV.

E[WeQdiQg RQ WheVe daWa QRUPaOi]aWiRQ effRUWV UeVeaUcheUV fURP Whe AQVIL SURjecW begaQ PaSSiQg cRPPRQ
eOePeQWV WR RWheU RWheU NIH SURjecWV. OQe e[aPSOe Rf NIH iQYeVWPeQW iQ WheVe VWaQdaUdV iV HL7 FaVW
HeaOWhcaUe IQWeURSeUabiOiW\ ReVRXUceV (FHIR, hWWS://hO7.RUg/fhiU) - a VWaQdaUd fRU UeSUeVeQWiQg, VeaUchiQg, aQd
VhaUiQg cOiQicaO daWa. FRU daWa cRPPRQV, FHIR caQ be VeeQ aV a WaUgeW daWa PRdeO aQd VWagiQg daWabaVe fRU
daWa iQWeUchaQge effRUWV. WiWh a cRPPRQ daWa PRdeO, SURWRcRO aQd VeaUch PechaQiVP fRU cOiQicaO aWWUibXWeV iQ
SOace, Whe gaS becRPeV a diffeUeQce beWZeeQ PeWa-daWa YaOXeV aQd RQWRORgieV. ReceQW NRWiceV fURP NHGRI
aQd Whe NIH aW OaUge haYe ePShaVi]ed Whe iPSRUWaQce fRU SURjecWV WR fROORZ VWaQdaUdV fRU PeWa-daWa fRUPaWWiQg
(hWWSV://gUaQWV.Qih.gRY/gUaQWV/gXide/QRWice-fiOeV/NOT-HG-21-022.hWPO), iQcOXdiQg Whe XVe Rf FHIR
(LXXTW://gVaRXW.RML.gSZ/gVaRXW/gYMde/RSXMce-ƻPeW/NOT-OD-19-122.LXQP). AQd ZhiOe Whe RUigiQaO SUiPaU\ fRcXV Rf
FHIR deYeORSPeQW ZaV RQ eQabOiQg Whe e[chaQge Rf PedicaO daWa, iWV fRUPaOi]aWiRQ Rf UecRUd YeUViRQiQg,
SURYeQaQce WUackiQg aQd RQWRORg\ PaSSiQg Pake iW a XVefXO SOaWfRUP fRU cURVV SURjecW daWa iQWeURSeUabiOiW\. ThiV
WechQRORg\ iV QRZ beiQg XWiOi]ed WR SURYide PRUe QRUPaOi]ed daWa PRdeOV WhaW aOORZ fRU TXeUieV acURVV AQVIL
aQd RWheU NIH SURjecWV, VXch aV Whe Kid'V FiUVW DaWa ReVRXUce (hWWSV://kidVfiUVWdUc.RUg/).

VI. OXWORRN

The OaVW WZeQW\ \eaUV haYe VeeQ WUePeQdRXV gURZWh iQ geQRPicV, ZiWh PiOOiRQV Rf hXPaQ geQRPeV VeTXeQced
VR faU aQd PaQ\ PiOOiRQV PRUe WR be VeTXeQced iQ Whe QeaU fXWXUe (SWeSheQV eW aO., 2015). TheVe daWa,
cRPbiQed ZiWh eYeU gURZiQg aPRXQWV Rf ViQgOe ceOO & fXQcWiRQaO geQRPicV daWa, eOecWURQic PedicaO UecRUdV, aQd
RWheU heaOWhcaUe daWa haYe Whe SRWeQWiaO WR VXbVWaQWiaOO\ eQhaQce RXU XQdeUVWaQdiQg Rf Whe baVic SURceVVeV fRU
heaOWh\ Oife aV ZeOO aV UeYROXWiRQi]e Whe WUeaWPeQW Rf diVeaVe. ThiV UeVeaUch ZiOO be accRPSOiVhed, iQ SaUW, b\
aggUegaWiQg aQd V\QWheVi]iQg daWa XViQg QeZ cRPSXWaWiRQaO, VWaWiVWicaO aQd PachiQe OeaUQiQg PeWhRdV,
cRPbiQed ZiWh QeZ high WhURXghSXW e[SeUiPeQWaO PeWhRdV WhaW caQ V\VWePaWicaOO\ eYaOXaWe OaUge QXPbeUV Rf
caQdidaWe UeOaWiRQVhiSV. HRZeYeU, UeachiQg WheVe aPbiWiRXV gRaOV UeTXiUeV XV WR ePbUace QeZ SaUadigPV fRU
cRPSXWaWiRQaO UeVeaUch ZheUe cORXd cRPSXWiQg SOa\V a ceQWUaO UROe; WheUe iV ViPSO\ QR RWheU Za\ WR effecWiYeO\
VhaUe aQd aQaO\]e daWa aW WheVe VcaOeV.

The AQVIL OaXQched jXVW RYeU WZR \eaUV agR. WhiOe WheUe haV beeQ UePaUkabOe SURgUeVV ViQce WheQ, WheUe iV
VWiOO VigQificaQW ZRUk UeTXiUed befRUe Whe SURPiVe Rf WhiV effRUW iV fXOO\ UeaOi]ed. We aUe VWiOO iQ Whe eaUOieVW VWageV
Rf Whe cORXd WUaQVfRUPaWiRQ ZiWhiQ Whe Oife VcieQceV, aQd iQVWiWXWiRQV haYe aOUead\ Pade VigQificaQW iQYeVWPeQWV
iQWR iQVWiWXWiRQaO cRPSXWiQg cOXVWeUV aQd daWa ceQWeUV WhaW Ze caQQRW igQRUe. DXUiQg WhiV WUaQViWiRQ SeUiRd iW iV
OikeO\ WhaW cORXd UeVRXUceV ZiOO be XVed fRU Whe OaUgeVW aQaO\VeV aQd cROOabRUaWiYe UeVeaUch SURjecWV, bXW
VXPPaUi]ed daWa aQd iQVWiWXWiRQaOO\ geQeUaWed SUiYaWe daWa ZiOO VWiOO be aQaO\]ed ORcaOO\. AV VXch, RQe Rf Whe ke\
UeTXiUePeQWV fRU Whe AQVIL iV WhaW aOO Rf Whe PajRU aQaO\ViV cRPSRQeQWV caQ be UXQ ORcaOO\: WDLV aUe
iQcUeaViQgO\ XVed RQ iQVWiWXWiRQaO cRPSXWiQg cOXVWeUV, R/BiRcRQdXcWRU ZRUkV eTXaOO\ ZeOO RQ a OaSWRS RU iQ Whe
cORXd, aQd GaOa[\ caQ be deSOR\ed RQ a OaSWRS RU ZiWhiQ aQ iQVWiWXWiRQaO cOXVWeU aV Qeeded. WiWhiQ AQVIL Ze
aOVR SURYide fUee egUeVV fRU RQe Rf Whe PRVW iPSRUWaQW daWaVeWV, Whe UaZ daWa fRU Whe ZideO\ VWXdied GTE[
daWaVeW, b\ PiUURUiQg RXU cORXd cRS\ ZiWhiQ aQ acadePic cRPSXWiQg ceQWeU VR WhaW aXWhRUi]ed XVeUV caQ acceVV
iW fUeeO\ RYeU IQWeUQeW2
(hWWSV://aQYiOSURjecW.RUg/QeZV/2020/11/20/QhgUi-aQYiO-QRZ-VXSSRUWV-fUee-e[SRUW-Rf-gWe[-daWa)

AQRWheU PajRU cRQVideUaWiRQ fRU cORXd-baVed UeVeaUch aUe Whe cRVWV iQYROYed. EYeQ if Whe cRVW SeU geQRPe RU
cRVW SeU VaPSOe iV RQO\ a feZ dROOaUV, RQce PXOWiSOied b\ WhRXVaQdV Rf geQRPeV, Whe WRWaO cRVWV fRU aQ aQaO\ViV
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caQ TXickO\ becRPe a PajRU e[SeQVe. WhiOe cRPSXWiQg cRVWV aOVR SOa\ a PajRU UROe fRU ORcaO cRPSXWiQg, WheVe
cRVWV aUe RfWeQ aPRUWi]ed RU VXSSOePeQWed WhURXgh iQVWiWXWiRQ-Zide RU deSaUWPeQW-Zide iQiWiaWiYeV be\RQd
iQdiYidXaO UeVeaUch OabV. ReVeaUcheUV cXUUeQWO\ haYe OiPiWed iQfRUPaWiRQ fRU Whe e[SecWed cRVWV fRU UXQQiQg
aQaO\ViV WRROV iQ Whe cORXd, Zhich chaOOeQgeV bXdgeWiQg aQd SUeYeQWV PaQ\ UeVeaUcheUV fURP adRSWiQg cORXd
VROXWiRQV. IQ addiWiRQ, VRfWZaUe deYeORSeUV Pa\ QRW fRcXV RQ RSWiPi]iQg cRVWV fRU cORXd eQYiURQPeQWV, Zhich
iQcUeaVeV e[SeQVe eYeQ ZheQ UeOaWiYeO\ ViPSOe RSWiPi]aWiRQV aUe aYaiOabOe. We aQd Whe eQWiUe geQRPicV
cRPPXQiW\ PXVW addUeVV WhiV XViQg aOO RSWiRQV aYaiOabOe, iQcOXdiQg (1) edXcaWiQg XVeUV Rf Whe e[SecWed cRVWV
fRU diffeUeQW aQaO\VeV aQd VWUaWegieV fRU PiQiPi]iQg cRVWV; (2) iPSOePeQWiQg addiWiRQaO WechQRORg\ VafegXaUdV
(³bXPSeUV´) WhaW ZiOO SUeYeQW XVeUV fURP XQcRQWUROOed VSeQdiQg; aQd (3) deYeORSiQg RSWiPi]ed WRROV aQd
ZRUkfORZV WR UedXce cRVWV. AV cORXd cRVWV aUe bURadO\ a fXQcWiRQ Rf CPU WiPe, Seak RAM UeTXiUed, aQd diVk
VSace, WhiV ZiOO iQcOXde RSWiPi]aWiRQV fRU decUeaViQg cRPSXWiQg WiPe b\ OeYeUagiQg SaUaOOeO & YecWRUi]ed
cRPSXWiQg iQVWUXcWiRQV (e.g. AVX512 YecWRUi]aWiRQ (DaUb\ eW aO., 2020)) RU adYaQced VeaUch VWUaWegieV (e.g.
OeaUQed iQde[ VWUXcWXUeV (KiUVche eW aO., 2020; KUaVka eW aO., 2017)), decUeaViQg RAM UeTXiUePeQWV XViQg PRUe
adYaQced daWa VWUXcWXUeV (e.g. BXUURZV-WheeOeU WUaQVfRUP (LaQgPead eW aO., 2009), BORRP fiOWeUV (Chikhi &
Ri]k, 2013), RU SeTXeQce BORRP TUeeV (SRORPRQ & KiQgVfRUd, 2016)), aQd decUeaViQg VWRUage UeTXiUePeQWV b\
XViQg cRPSUeVVed daWa fRUPaWV (e.g. CRAM (HVi-YaQg FUiW] eW aO., 2011)), XViQg RSWiPi]ed IO URXWiQeV (e.g.
fi[ed OeQgWh UecRUdV iQVWead Rf YaUiabOe OeQgWh UecRUdV (LaQgPead eW aO., 2019)), aQd UePRYiQg iQWeUPediaWe
daWa. ThiV ZiOO aOVR iQcOXde deYeORSiQg heXUiVWicV aQd aSSUR[iPaWiRQ WechQiTXeV WhaW caQ RfWeQ UXQ VXbVWaQWiaOO\
faVWeU WhaQ PRUe e[haXVWiYe aSSURacheV (OQdRY eW aO., 2016; Rh\keU RaQaOOR-BeQaYide] eW aO., 2020).

OYeUaOO, Whe fXWXUe Rf Whe AQVIL aQd Whe fXWXUe Rf cORXd cRPSXWiQg iQ geQRPicV iV YeU\ bUighW. We haYe VeYeUaO
PajRU iQiWiaWiYeV XQdeUZa\ WR eQhaQce RXU caSabiOiWieV fRU baVic VcieQce aQd cOiQicaO geQRPicV, VXch aV b\
iQWegUaWiQg Whe WRROV aQd daWa fURP Whe TeORPeUe-WR-TeORPeUe (Miga eW aO., 2020) aQd HXPaQ RefeUeQce PaQ
GeQRPe SURjecWV WR SURYide PRUe cRPSUeheQViYe aQd PRUe diYeUVe UefeUeQce hXPaQ geQRPeV aV ZeOO aV
PajRU effRUWV ZiWh Whe APeUicaQ HeaUW AVVRciaWiRQ (AHA), Whe EOecWURQic MedicaO RecRUdV aQd GeQRPicV
(eMERGE) NeWZRUk aQd Whe COiQicaO SeTXeQciQg EYideQce-GeQeUaWiQg ReVeaUch (CSER) SURgUaPV WR
iQcUeaVe RXU caSabiOiWieV fRU cOiQicaO geQRPicV. We aUe SaUWicXOaUO\ e[ciWed b\ hRZ WheVe effRUWV ZiOO aOORZ XV WR
cRQVideU addiWiRQaO YaUiaQW W\SeV, eVSeciaOO\ cRPSOe[ VWUXcWXUaO YaUiaQWV, aQd addiWiRQaO fXQcWiRQaO geQRPicV
daWa W\SeV, iQcOXdiQg aW Whe ViQgOe ceOO OeYeO OeYeO, WR deYeORS a beWWeU XQdeUVWaQdiQg Rf Whe PROecXOaU baViV Rf
heaOWh aQd diVeaVe acURVV diYeUVe SaWieQW SRSXOaWiRQV. IQWeUQaOO\, Ze aOVR haYe VeYeUaO PajRU WechQicaO
eQhaQcePeQWV SOaQQed, VXch aV RffeUiQg PXOWicORXd VXSSRUW, aQd eQhaQced VXSSRUW fRU deSOR\iQg addiWiRQaO
cRPSOe[ aSSOicaWiRQV XViQg kXbeUQeWeV. IQ addiWiRQ, NHGRI iV bURadeQiQg Whe VXSSRUW fRU Whe AQVIL b\
SURPRWiQg iW aV a SUiPaU\ daWa VhaUiQg SOaWfRUP aQd/RU a SUiPaU\ daWa aQaO\ViV SOaWfRUP fRU VeYeUaO fXQdiQg
RSSRUWXQiWieV. FiQaOO\, WheVe effRUWV aUe cRXSOed ZiWh PajRU effRUWV fRU WUaiQiQg aQd RXWUeach WR eQVXUe eYeU\RQe
iV aZaUe Rf Whe SOaWfRUP aQd caQ XVe iW fRU WheiU UeVeaUch QeedV fRU PaQ\ \eaUV WR cRPe.

AcNQRZOedgePeQWV

ThiV ZRUk iV dedicaWed WR Whe OaWe JaPeV PeWeU Ta\ORU, Whe RaOSh S. O¶CRQQRU PURfeVVRU Rf BiRORg\ aQd
CRPSXWeU ScieQce aW JRhQV HRSkiQV UQiYeUViW\, ZhR ZaV RQe Rf Whe RUigiQaO aUchiWecWV fRU Whe AQVIL aQd aQ
aUdeQW chaPSiRQ fRU RSeQ VcieQce (hWWSV://gaOa[\SURjecW.RUg/j[W[). V.D.F., E.M.G., C.H., N.K., S.K.S., A.S, C.W.,
aQd K.L.W. SURYided VXbVWaQWiaO iQYROYePeQW aQd gXidaQce WR Whe SURjecW acWiYiWieV aQd cRQWUibXWed WR WhiV
PaQXVcUiSW iQ WheiU RfficiaO UROeV aV SURgUaP cRRUdiQaWRUV fRU Whe NaWiRQaO IQVWiWXWeV Rf HeaOWh, NaWiRQaO HXPaQ
GeQRPe ReVeaUch IQVWiWXWe. The AQVIL iV VXSSRUWed WhURXgh cRRSeUaWiYe agUeePeQW aZaUdV fURP NHGRI ZiWh
cR-fXQdiQg fURP OD/ODSS WR Whe BURad IQVWiWXWe (#U24HG010262) aQd JRhQV HRSkiQV UQiYeUViW\
(#U24HG010263). The GDSCN iV VXSSRUWed WhURXgh a cRQWUacW WR JRhQV HRSkiQV UQiYeUViW\
(75N92020P00235).
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DecOaUaWLRQ Rf IQWeUeVWV

A. PhiOiSSakiV iV a VeQWXUe PaUWQeU aW GV aQd haV UeceiYed fXQdiQg fURP IQWeO, IBM, MicURVRfW, AOShabeW, aQd
Ba\eU. D. BakeU, E. AfgaQ, J. GReckV, J.ChiOWRQ, aQd A. NekUXWeQkR aUe fRXQdeUV Rf aQd hROd eTXiW\ iQ
GaOa[\WRUkV, LLC.  The UeVXOWV Rf Whe VWXd\ diVcXVVed iQ WhiV SXbOicaWiRQ cRXOd affecW Whe YaOXe Rf
GaOa[\WRUkV, LLC. TheVe aUUaQgePeQWV haYe beeQ UeYieZed aQd aSSURYed b\ Whe JRhQV HRSkiQV UQiYeUViW\,
OUegRQ HeaOWh & ScieQce UQiYeUViW\, aQd The PeQQV\OYaQia SWaWe UQiYeUViW\ iQ accRUdaQce ZiWh WheiU
UeVSecWiYe cRQfOicW Rf iQWeUeVW SROicieV. V. CaUUe\ haV fiQaQciaO iQWeUeVW iQ APa]RQ, NVIDIA, aQd AMD.
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Ruchi Munshi Data Sciences Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Sushma Chaluvadi Data Sciences Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Valerie Reeves Data Sciences Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
William Disman Data Sciences Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Salin Thomas Data Sciences Platform, Outreach and Communications Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Allie Hajian Data Sciences Platform, User Education Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Elizabeth Kiernan Data Sciences Platform, User Education Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Candace Patterson Genomics Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Namrata Gupta Genomics Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Trish Vosburg Genomics Platform Broad Institute of MIT and Harvard 415 Main St, Cambridge, MA 02142
Frederick J Tan Embryology Carnegie Institution 3520 San Martin Drive, Baltimore, MD 21218
Ludwig Geistlinger Department of Epidemiology and Biostatistics City University of New York 55 W 125th St, New York, NY 10027, USA
Levi Waldron Institute for Implementation Science in Public Health City University of New York 55 W 125th St, New York, NY 10027
Marcel Ramos Institute for Implementation Science in Public Health City University of New York 55 W 125th St., New York, NY 10027
Sehyun Oh Institute for Implementation Science in Public Health City University of New York 55 W 125th St, New York, NY 10027
Dave Rogers AnVIL Portal Working Group Clever Canary 850 Front St #1491 Santa Cruz CA 95061
Frances McDade AnVIL Portal Working Group Clever Canary 850 Front St #1491 Santa Cruz CA 95061
Mim Hastie AnVIL Portal Working Group Clever Canary 850 Front St #1491 Santa Cruz CA 95061
Nitesh Turaga Department of Data Science Dana Farber Cancer Institute 450 Brookline Ave, Boston, MA
Jeffrey T. Leek Biostatistics Johns Hopkins Bloomberg School of Public Health 615 N. Wolfe Street Baltimore, Maryland 21205
Kasper D Hansen Department of Biostatistics Johns Hopkins Bloomberg School of Public Health 615 N. Wolfe Street Baltimore, Maryland 21205
Alexander Ostrovsky Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Alexandru Mahmoud Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Dannon Baker Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Dave Clements Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Enis Afgan Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Jennifer Vessio Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Katherine E L Cox Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Sergey Golitsynskiy Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Stephen Mosher Department of Biology Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Samantha Zarate Department of Computer Science Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Casey Overby Taylor Department of Medicine and Biomedical Engineering Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Michael C. Schatz Departments of Biology and Computer Science Johns Hopkins University 3400 N. Charles St., Baltimore, MD 21218
Sarah J Wheelan Departments of Oncology and Biostatistics Johns Hopkins University School of Medicine 1550 Orleans St, Baltimore MD 21287
Kai Kammers Division of Biostatistics and Bioinformatics, Department of Oncology Johns Hopkins University School of Medicine 550 N Broadway, Baltimore, MD 21205
Vincent J. Carey Channing Division of Network Medicine Mass General Brigham 181 Longwood Avenue Boston MA 02115
Ana Stevens National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20899
Carolyn Hutter National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20894
Christopher Wellington National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20896
Elena M. Ghanaim National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20897
Ken L Wiley Jr National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20893
Nataliya Kucher National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20898
Shurjo K Sen National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20895
Valentina Di Francesco National Human Genome Research Institute National Institutes of Health 6700B Rockledge Dr, Bethesda, MD 20892
Denis Yuen Adaptive Oncology Ontario Institute for Cancer Research MaRS Centre, 661 University Avenue, Suite 510, Toronto, Ontario, Canada, M5G 0A3
Jeremy Goecks Biomedical Engineering Oregon Health & Sciences University 3181 SW Sam Jackson Park Road; Portland OR 97239
Kyle Ellrott Biomedical Engineering Oregon Health & Sciences University 3181 SW Sam Jackson Park Road; Portland OR 97239
Brian Walsh Computational Biology Oregon Health & Sciences University 3181 SW Sam Jackson Park Road; Portland OR 97239
Luke Sargent Computational Biology Oregon Health & Sciences University 3181 SW Sam Jackson Park Road; Portland OR 97239
Vahid Jalili Department of Biomedical Engineering, Knight Cancer Institute Oregon Health & Sciences University 3181 SW Sam Jackson Park Road; Portland OR 97239
Anton Nekrutenko Biochemistry and Molecular Biology Pennsylvania State University University Park, PA, US
John Chilton Biochemistry and Molecular Biology Pennsylvania State University University Park, PA, US
Lori Shepherd Biostatistics and Bioinformatics Roswell Park Comprehensive Cancer Center Elm and Carlton Streets, Buffalo, NY 14263
Marcel Ramos Biostatistics and Bioinformatics Roswell Park Comprehensive Cancer Center Elm and Carlton Streets, Buffalo, NY 14263
Martin Morgan Biostatistics and Bioinformatics Roswell Park Comprehensive Cancer Center Elm and Carlton Streets, Buffalo, NY 14263
BJ Stubbs Computer Science Tufts University 419 Boston Ave, Medford, MA 02155
Ash O'Farrell Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Benedict Paten Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Charles Overbeck Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Charles Reid Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
David Charles Steinberg Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Elizabeth A Sheets Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Julian Lucas Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Kevin Osborn Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Lon Blauvelt Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Louise Cabansay Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Noah Warren Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Brian Hannafious Genomics Institute University of California, Santa Cruz 1156 High St, Santa Cruz, CA 95064
Alessandro Culotti Center for Translational Data Science University of Chicago 5454 South Shore Drive, Chicago, IL, 60615
Robert L. Grossman Center for Translational Data Science University of Chicago 5454 South Shore Drive, Chicago, IL, 60615
Eric Torstenson Department of Biomedical Informatics Vanderbilt University Medical Center 2525 West End Ave, Suite 1500, Nashville, TN 37203
Kristin Wuichet Department of Biomedical Informatics Vanderbilt University Medical Center 2525 West End Ave, Suite 1500, Nashville, TN 37203
Robert J Carroll Department of Biomedical Informatics Vanderbilt University Medical Center 2525 West End Ave, Suite 1500, Nashville, TN 37203
M Katie Banasiewicz Vanderbilt Institute for Clinical and Translational Research Vanderbilt University Medical Center 2525 West End Ave, Suite 1500, Nashville, TN 37203
Ting Wang Department of Genetics Washington University School of Medicine 660 S. Euclid Ave., St. Louis, MO 63110-1010
Haley J Abel Department of Medicine Washington University School of Medicine 660 S. Euclid Ave., St. Louis, MO 63110-1010
Jason Walker McDonnell Genome Institute Washington University School of Medicine 660 S. Euclid Ave., St. Louis, MO 63110-1010
Ira M Hall Genetics Yale University School of Medicine 333 Cedar St., New Haven, CT 06510
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