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GeneV
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AbVWUacW: Ph\logeneWic SUofiling iV a comSXWaWional meWhod Wo SUedicW geneV inYolYed in Whe Vame
biological SUoceVV b\ idenWif\ing SUoWein familieV Zhich Wend Wo be joinWl\ loVW oU UeWained
acUoVV Whe WUee of life. Ph\logeneWic SUofiling haV cXVWomaUil\ been moUe Zidel\ XVed
ZiWh SUokaU\oWeV Whan eXkaU\oWeV, becaXVe Whe meWhod iV WhoXghW Wo UeTXiUe man\
diYeUVe genomeV. TheUe aUe noZ man\ eXkaU\oWic genomeV aYailable, bXW WheVe aUe
conVideUabl\ laUgeU, and W\Sical Sh\logeneWic SUofiling meWhodV UeTXiUe TXadUaWic Wime
oU ZoUVe in Whe nXmbeU of geneV. We inWUodXce a faVW, Vcalable Sh\logeneWic SUofiling
aSSUoach enWiWled HogPUof, Zhich leYeUageV hieUaUchical oUWhologoXV gUoXSV foU Whe
conVWUXcWion of laUge SUofileV and localiW\-VenViWiYe haVhing foU efficienW UeWUieYal of
VimilaU SUofileV. We VhoZ WhaW Whe aSSUoach oXWSeUfoUmV Enhanced Ph\logeneWic TUee,
a Sh\logen\-baVed meWhod, and XVe Whe Wool Wo UeconVWUXcW neWZoUkV and TXeU\ foU
inWeUacWoUV of Whe kineWochoUe comSle[ aV Zell aV conVeUYed SUoWeinV inYolYed in Ve[Xal
UeSUodXcWion: HaS2, SSo11 and Ge[1. HogPUof enableV laUge-Vcale Sh\logeneWic
SUofiling acUoVV Whe WhUee domainV of life, and Zill be XVefXl Wo SUedicW biological
SaWhZa\V among Whe hXndUedV of WhoXVandV of eXkaU\oWic VSecieV WhaW Zill become
aYailable in Whe coming feZ \eaUV. HogPUof iV aYailable aW
hWWSV://giWhXb.com/DeVVimo]Lab/HogPUof  .

AddiWional InfoUmaWion:

QXeVWion ReVSonVe

Financial DiVcloVXUe

EnWeU a financial diVcloVXUe VWaWemenW WhaW
deVcUibeV Whe VoXUceV of fXnding foU Whe
ZoUk inclXded in WhiV VXbmiVVion. ReYieZ
Whe VXbmiVVion gXidelineV foU deWailed
UeTXiUemenWV. VieZ SXbliVhed UeVeaUch
aUWicleV fUom PLOS ComSXWaWional Biolog\
foU VSecific e[amSleV.

ThiV VWaWemenW iV UeTXiUed foU VXbmiVVion
and Zill aSSeaU in Whe SXbliVhed aUWicle if
Whe VXbmiVVion iV acceSWed. PleaVe make
VXUe iW iV accXUaWe.

We Whank MoniTXe Zahn foU helSfXl feedback on Whe manXVcUiSW. ThiV ZoUk ZaV fXnded
b\ a gUanW b\ Whe NoYaUWiV FoXndaWion foU Medical-Biological ReVeaUch (#17B111 Wo
CD), b\ Whe SZiVV NaWional Science FoXndaWion (GUanW 183723 Wo CD), b\ Whe SZiVV
Leading HoXVe foU Whe LaWin AmeUican Region (Wo CD and PSA), and b\ Whe Agencia
Nacional de PUomociµn CienW¯fica \ Tecnolµgica (PICT-2017-0854 Wo PSA).

* hWWS://ZZZ.VWifWXngmedbiol.noYaUWiV.com
* hWWSV://clV.XniVg.ch/de/foUVchXng/leading-hoXVe/fXnding-inVWUXmenWV/2019-Veed-
mone\-gUanWV
* hWWS://ZZZ.Vnf.ch
* hWWSV://ZZZ.aUgenWina.gob.aU/ciencia/agencia

The fXndeUV had no Uole in VWXd\ deVign, daWa collecWion and anal\ViV, deciVion Wo
SXbliVh, oU SUeSaUaWion of Whe manXVcUiSW.
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UnfXnded VWXdieV
EnWeU: The aXWhoU(V) UeceiYed no VSecific
fXnding foU WhiV ZoUk.

FXnded VWXdieV
EnWeU a VWaWemenW ZiWh Whe folloZing deWailV:

IniWialV of Whe aXWhoUV Zho UeceiYed each
aZaUd

ವ

GUanW nXmbeUV aZaUded Wo each aXWhoUವ
The fXll name of each fXndeUವ
URL of each fXndeU ZebViWeವ
Did Whe VSonVoUV oU fXndeUV Sla\ an\ Uole in
Whe VWXd\ deVign, daWa collecWion and
anal\ViV, deciVion Wo SXbliVh, oU SUeSaUaWion
of Whe manXVcUiSW?

ವ

NO - InclXde WhiV VenWence aW Whe end of
\oXU VWaWemenW: The fXndeUV had no Uole in
VWXd\ deVign, daWa collecWion and anal\ViV,
deciVion Wo SXbliVh, oU SUeSaUaWion of Whe
manXVcUiSW.

ವ

YES - SSecif\ Whe Uole(V) Sla\ed.ವ

* W\SeVeW

ComSeWing InWeUeVWV

UVe Whe inVWUXcWionV beloZ Wo enWeU a
comSeWing inWeUeVW VWaWemenW foU WhiV
VXbmiVVion. On behalf of all aXWhoUV,
diVcloVe an\ comSeWing inWeUeVWV WhaW
coXld be SeUceiYed Wo biaV WhiV
ZoUkಧacknoZledging all financial VXSSoUW
and an\ oWheU UeleYanW financial oU non-
financial comSeWing inWeUeVWV.

ThiV VWaWemenW Zill aSSeaU in Whe
SXbliVhed aUWicle if Whe VXbmiVVion iV
acceSWed. PleaVe make VXUe iW iV
accXUaWe. VieZ SXbliVhed UeVeaUch aUWicleV
fUom PLOS ComSXWaWional Biolog\ foU
VSecific e[amSleV.

The aXWhoUV haYe declaUed WhaW no comSeWing inWeUeVWV e[iVW.
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NO aXWhoUV haYe comSeWing inWeUeVWV

EnWeU: The aXWhoUV haYe declaUed WhaW no
comSeWing inWeUeVWV e[iVW.

AXWhoUV ZiWh comSeWing inWeUeVWV

EnWeU comSeWing inWeUeVW deWailV beginning
ZiWh WhiV VWaWemenW:

I haYe Uead Whe joXUnal'V Solic\ and Whe
aXWhoUV of WhiV manXVcUiSW haYe Whe folloZing
comSeWing inWeUeVWV: [inVeUW comSeWing
inWeUeVWV heUe]

* W\SeVeW

DaWa AYailabiliW\

AXWhoUV aUe UeTXiUed Wo make all daWa
XndeUl\ing Whe findingV deVcUibed fXll\
aYailable, ZiWhoXW UeVWUicWion, and fUom Whe
Wime of SXblicaWion. PLOS alloZV UaUe
e[ceSWionV Wo addUeVV legal and eWhical
conceUnV. See Whe PLOS DaWa Polic\ and
FAQ foU deWailed infoUmaWion.

A DaWa AYailabiliW\ SWaWemenW deVcUibing
ZheUe Whe daWa can be foXnd iV UeTXiUed aW
VXbmiVVion. YoXU anVZeUV Wo WhiV TXeVWion
conVWiWXWe Whe DaWa AYailabiliW\ SWaWemenW
and Zill be SXbliVhed in Whe aUWicle, if
acceSWed.

ImSoUWanW: SWaWing ಫdaWa aYailable on UeTXeVW
fUom Whe aXWhoUಬ iV noW VXfficienW. If \oXU daWa
aUe onl\ aYailable XSon UeTXeVW, VelecW ಫNoಬ foU
Whe fiUVW TXeVWion and e[Slain \oXU e[ceSWional
ViWXaWion in Whe We[W bo[.

Do Whe aXWhoUV confiUm WhaW all daWa

XndeUl\ing Whe findingV deVcUibed in WheiU

manXVcUiSW aUe fXll\ aYailable ZiWhoXW

UeVWUicWion?

YeV - all daWa aUe fXll\ aYailable ZiWhoXW UeVWUicWion

DeVcUibe ZheUe Whe daWa ma\ be foXnd in
fXll VenWenceV. If \oX aUe coS\ing oXU
VamSle We[W, UeSlace an\ inVWanceV of XXX
ZiWh Whe aSSUoSUiaWe deWailV.

The daWa iV aYailable aV VXSSlemenWaU\ maWeUialV. The code iV UeleaVed on GiWHXb
XndeU an oSen VoXUce licenVe.
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If Whe daWa aUe held oU Zill be held in a
SXblic UeSoViWoU\, inclXde URLV,
acceVVion nXmbeUV oU DOIV. If WhiV
infoUmaWion Zill onl\ be aYailable afWeU
acceSWance, indicaWe WhiV b\ Wicking Whe
bo[ beloZ. FoU e[amSle: All XXX fileV
aUe aYailable fUom Whe XXX daWabaVe
(acceVVion nXmbeU(V) XXX, XXX.).

ವ

If Whe daWa aUe all conWained ZiWhin Whe
manXVcUiSW and/oU SXSSoUWing
InfoUmaWion fileV, enWeU Whe folloZing:
All UeleYanW daWa aUe ZiWhin Whe
manXVcUiSW and iWV SXSSoUWing
InfoUmaWion fileV.

ವ

If neiWheU of WheVe aSSlieV bXW \oX aUe
able Wo SUoYide deWailV of acceVV
elVeZheUe, ZiWh oU ZiWhoXW limiWaWionV,
SleaVe do Vo. FoU e[amSle:

DaWa cannoW be VhaUed SXblicl\ becaXVe
of [XXX]. DaWa aUe aYailable fUom Whe
XXX InVWiWXWional DaWa AcceVV / EWhicV
CommiWWee (conWacW Yia XXX) foU
UeVeaUcheUV Zho meeW Whe cUiWeUia foU
acceVV Wo confidenWial daWa.

The daWa XndeUl\ing Whe UeVXlWV
SUeVenWed in Whe VWXd\ aUe aYailable
fUom (inclXde Whe name of Whe WhiUd SaUW\
and conWacW infoUmaWion oU URL).

ವ

ThiV We[W iV aSSUoSUiaWe if Whe daWa aUe
oZned b\ a WhiUd SaUW\ and aXWhoUV do
noW haYe SeUmiVVion Wo VhaUe Whe daWa.

ವ

* W\SeVeW

AddiWional daWa aYailabiliW\ infoUmaWion:
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1b

b

ScaOabOe PK\ORJeQeWLc PURfLOLQJ XVLQJ MLQHaVK UQcRYeUV 

LLNeO\ EXNaU\RWLc Se[XaO ReSURdXcWLRQ GeQeV 

DaYLd MRL 1,2,3,*, LaXUeQW KLOchReU1,2,3, PabOR S. AgXLOaU 4,5 aQd ChULVWRShebDeVVLPR]1,2,3,6,7,*b

1DeSaUWPeQW Rf CRPSXWaWLRQaO BLRORg\, UQLYeUVLW\ Rf LaXVaQQe, SZLW]eUOaQd; 2CeQWeU fRU IQWegUaWLYe GeQRPLcV,b b b b b b b b b b b b

UQLYeUVLW\ Rf LaXVaQQe, SZLW]eUOaQd; 3SIB SZLVV IQVWLWXWe Rf BLRLQfRUPaWLcV, LaXVaQQe, SZLW]eUOaQd; 4IQVWLWXWR deb b b b b b b b b b b b b

IQYeVWLgacLRQeV BLRWecQRORgLcaV (IIBIO), UQLYeUVLdad NacLRQaO de SaQ MaUWìQ BXeQRV ALUeV, AUgeQWLQa; 5IQVWLWXWR deb b b b b b b b b b b b b

FLVLRORgìa, BLRORgìa MROecXOaU \ NeXURcLeQcLaV (IFIBYNE-CONICET), 6DeSaUWPeQW Rf GeQeWLcV, EYROXWLRQ, aQdb b b b b b b b b b b

EQYLURQPeQW, UQLYeUVLW\ CROOege LRQdRQ, UK; 7DeSaUWPeQW Rf CRPSXWeU ScLeQce, UQLYeUVLW\ CROOege LRQdRQ, UK.b

*CRUUeVSRQdLQg aXWhRUV: daYLd.PRL@XQLO.ch aQd chULVWRShe.deVVLPR]@XQLO.chbb

b

AbVWUacWb

b

Ph\ORgeQeWLc SURfLOLQg LV a cRPSXWaWLRQaO PeWhRd WR SUedLcW geQeV LQYROYed LQ Whe VaPe bLRORgLcaOb b b b b b b b b b b b b b

SURceVV b\ LdeQWLf\LQg SURWeLQ faPLOLeV ZhLch WeQd WR be MRLQWO\ ORVW RU UeWaLQed acURVV Whe WUee Rfb b b b b b b b b b b b b b b b b

OLfe. Ph\ORgeQeWLc SURfLOLQg haV cXVWRPaULO\ beeQ PRUe ZLdeO\ XVed ZLWh SURNaU\RWeV WhaQb b b b b b b b b b b b

eXNaU\RWeV, becaXVe Whe PeWhRd LV WhRXghW WR UeTXLUe PaQ\ dLYeUVe geQRPeV. TheUe aUe QRZb b b b b b b b b b b b b b

PaQ\ eXNaU\RWLc geQRPeV aYaLOabOe, bXW WheVe aUe cRQVLdeUabO\ OaUgeU, aQd W\SLcaO Sh\ORgeQeWLcb b b b b b b b b b b b

SURfLOLQg PeWhRdV UeTXLUe TXadUaWLc WLPe RU ZRUVe LQ Whe QXPbeU Rf geQeV. We LQWURdXce a faVW,b b b b b b b b b b b b b b b b

VcaOabOe Sh\ORgeQeWLc SURfLOLQg aSSURach eQWLWOed HRgPURf, ZhLch OeYeUageV hLeUaUchLcaOb b b b b b b b b

RUWhRORgRXV gURXSV fRU Whe cRQVWUXcWLRQ Rf OaUge SURfLOeV aQd ORcaOLW\-VeQVLWLYe haVhLQg fRU effLcLeQWb b b b b b b b b b b b b

UeWULeYaO Rf VLPLOaU SURfLOeV. We VhRZ WhaW Whe aSSURach RXWSeUfRUPV EQhaQced Ph\ORgeQeWLc TUee,b b b b b b b b b b b b b

a Sh\ORgeQ\-baVed PeWhRd, aQd XVe Whe WRRO WR UecRQVWUXcW QeWZRUNV aQd TXeU\ fRU LQWeUacWRUV Rfb b b b b b b b b b b b b b b

Whe NLQeWRchRUe cRPSOe[ aV ZeOO aV cRQVeUYed SURWeLQV LQYROYed LQ Ve[XaO UeSURdXcWLRQ: HaS2,b b b b b b b b b b b b b

SSR11 aQd Ge[1. HRgPURf eQabOeV OaUge-VcaOe Sh\ORgeQeWLc SURfLOLQg acURVV Whe WhUee dRPaLQV Rfb b b b b b b b b b b b b

OLfe, aQd ZLOO be XVefXO WR SUedLcW bLRORgLcaO SaWhZa\V aPRQg Whe hXQdUedV Rf WhRXVaQdV Rfb b b b b b b b b b b b b b b

eXNaU\RWLc VSecLeV WhaW ZLOO becRPe aYaLOabOe LQ Whe cRPLQg feZ \eaUV. HRgPURf LV aYaLOabOe aWb b b b b b b b b b b b b b b

hWWSV://gLWhXb.cRP/DeVVLPR]Lab/HRgPURf.b
b

b

Manuscript with figures COLcN KeUe WR acceVV/dRZQORad;MaQXVcULSW;HRJPURf PaQXVcULSW
(3).Sdf

Could you please , re - phrase ?
See comments on page I .
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D. MRL eW aO. 2b

b

IQWURGXcWLRQbb

The NCBI SeTXeQce Read AUchLYe (SRA) cRQWaLQV 1.6[10 16 QXcOeRWLde baVeV Rf daWa aQd Wheb b b b b b b b b b b b b b

TXaQWLW\ Rf VeTXeQced RUgaQLVPV NeeSV gURZLQg e[SRQeQWLaOO\. TR PaNe VeQVe Rf aOO Rf WhLV QeZb b b b b b b b b b b b b b b

geQRPLc LQfRUPaWLRQ, aQQRWaWLRQ SLSeOLQeV Qeed WR RYeUcRPe VSeed aQd accXUac\ baUULeUV. EYeQ LQb b b b b b b b b b b b b

a ZeOO-VWXdLed PRdeO RUgaQLVP VXch aV AUabLdRSVLV WKaOLaQa, QeaUO\ a TXaUWeU Rf aOO geQeV aUe QRWb b b b b b b b b b b b b b b b

aQQRWaWed ZLWh aQ LQfRUPaWLYe geQe RQWRORg\ WeUP [1]. OQe Za\ WR LQfeU Whe fXQcWLRQ Rf a geQeb b b b b b b b b b b b b b b b b

SURdXcW LV WR aQaO\Ve Whe bLRORgLcaO QeWZRUN LW LV LQYROYed LQ aQd fRUP a h\SRWheVLV baVed RQ LWVb b b b b b b b b b b b b b b b b b

Sh\VLcaO RU UegXOaWRU\ LQWeUacWRUV. UQfRUWXQaWeO\, bLRORgLcaO QeWZRUN LQfeUeQce LV PRVWO\ OLPLWed WRb b b b b b b b b b b b

PRdeO RUgaQLVPV aV ZeOO aQd geQRPe VcaOe daWa LV RQO\ aYaLOabOe WhURXgh Whe XVe Rf QRLV\b b b b b b b b b b b b b b b b

hLgh-WhURXghSXW e[SeULPeQWV.b

TR aVcULbe bLRORgLcaO fXQcWLRQV WR WheVe QeZ VeTXeQceV, PRVW Rf ZhLch RULgLQaWe fURP QRQ-PRdeOb b b b b b b b b b b b b b

RUgaQLVPV, cRPSXWaWLRQaO PeWhRdV aUe eVVeQWLaO [UeYLeZed LQ 2]. APRQg Whe cRPSXWaWLRQaO fXQcWLRQb b b b b b b b b b b b

SUedLcWLRQ WechQLTXeV WhaW OeYeUage Whe e[LVWLQg bRd\ Rf e[SeULPeQWaO daWa, RQe LPSRUWaQW bXW VWLOOb b b b b b b b b b b b b b

XQdeUXWLOLVed aSSURach LQ eXNaU\RWeV LV SK\ORJeQeWLc SURILOLQJ [3]: SRVLWLYeO\ cRUUeOaWed SaWWeUQV Rfb b b b b b b b b b b b

geQe gaLQV aQd ORVVeV acURVV Whe WUee Rf OLfe aUe VXggeVWLYe Rf geQeV LQYROYed LQ Whe VaPeb b b b b b b b b b b b b b b b b

bLRORgLcaO SaWhZa\V.b

Ph\ORgeQeWLc SURfLOLQg haV beeQ PRUe cRPPRQO\ SeUfRUPed RQ SURNaU\RWLc geQRPeV WhaQ RQb b b b b b b b b b b b

eXNaU\RWLc RQeV. PeUhaSV dXe WR Whe UeOaWLYe SaXcLW\ Rf eXNaU\RWLc geQRPeV LQ Whe 2000V, eaUOLeUb b b b b b b b b b b b b b b

beQchPaUNLQg VWXdLeV RbVeUYed SRRUeU SeUfRUPaQce ZLWh eXNaU\RWeV WhaQ ZLWh PURNaU\RWeV [4ş6].b b b b b b b b b b b

The VLWXaWLRQ WRda\ LV cRQVLdeUabO\ dLffeUeQW; Whe GOLD daWabaVe [7] WUacNV RYeU 6000 eXNaU\RWLcb b b b b b b b b b b b b b

geQRPeV. MXOWLSOe VXcceVVfXO aSSOLcaWLRQV Rf Sh\ORgeQeWLc SURfLOLQg LQ eXNaU\RWeV haYe beeQb b b b b b b b b b b

SXbOLVhed LQ UeceQW \eaUV, e.g. WR LQfeU VPaOO RNA SaWhZa\ geQeV [8], Whe NLQeWRchRUe QeWZRUN [9],b b b b b b b b b b b b b b b b

cLOLaU\ geQeV [10], RU hRPRORgRXV UecRPbLQaWLRQ UeSaLU geQeV [11].bb

SWLOO, OaUge-VcaOe Sh\ORgeQeWLc SURfLOLQg ZLWh eXNaU\RWeV UePaLQV cRPSXWaWLRQaOO\ chaOOeQgLQg,b b b b b b b b b

becaXVe eXNaU\RWLc geQRPeV aUe OaUgeU aQd PRUe cRPSOe[ WhaQ WheLU SURNaU\RWLc cRXQWeUSaUWV, aQdb b b b b b b b b b b b b

becaXVe VWaWe-Rf-Whe-aUW Sh\ORgeQeWLc SURfLOLQg PeWhRdV W\SLcaOO\ VcaOe aW OeaVW TXadUaWLcaOO\ ZLWhb b b b b b b b b b b

Whe QXPbeU Rf geQe faPLOLeV aQd OLQeaUO\ ZLWh Whe QXPbeU Rf geQRPeV. AV a UeVXOW, PRVWb b b b b b b b b b b b b b b b
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ScaOabOe PK\ORJeQeWLc PURILOLQJ UVLQJ MLQHaVK 3b

PaLQVWUeaP Sh\ORgeQRPLc daWabaVeV, VXch aV EQVePbO [12], EggNOG [13], OUWhRDB [14], RU OMAb b b b b b b b b b b b b

[15] dR QRW SURYLde Sh\ORgeQeWLc SURfLOeV.b

The LQfeUeQce Rf Sh\ORgeQeWLc SURfLOeV XVLQg OaUge daWaVeWV LV chaOOeQgLQg. SRPe SLSeOLQeV UeVRUW WRb b b b b b b b b b b b b b

aOO-YV-aOO VeTXeQce VLPLOaULW\ VeaUcheV WR deULYe RUWhRORgRXV gURXSV aQd RQO\ cRXQW bLQaU\b b b b b b b b b b b b

SUeVeQce RU abVeQce Rf a PePbeU Rf each gURXS LQ a OLPLWed QXPbeU Rf geQRPeV [16,17] RU fRUegRb b b b b b b b b b b b b b b b b b

WhLV VWeS aOWRgeWheU aQd LgQRUe Whe eYROXWLRQaU\ hLVWRU\ Rf each gURXS Rf hRPRORgXeV, UeO\LQgb b b b b b b b b b b b b b

LQVWead RQ cR-RccXUUeQce LQ e[WaQW geQRPeV [18]. OWheU WUee-baVed PeWhRdV LQfeU Whe XQdeUO\LQgb b b b b b b b b b b b b

eYROXWLRQaU\ hLVWRU\ fURP Whe SUeVeQce Rf e[WaQW hRPRORgXeV [19]. IQ RXU SLSeOLQe, Ze OeYeUaged Wheb b b b b b b b b b b b b b b

aOUead\ e[LVWLQg OMA RUWhRORg\ LQfeUeQce aOgRULWhP, ZhLch haV beeQ beQchPaUNed aQd LQWegUaWeVb b b b b b b b b b b b

ZLWh RWheU SURWeRPLc aQd geQRPLc UeVRXUceV [15]. The OMA daWabaVe deVcULbeV Whe RUWhRORg\b b b b b b b b b b b b b

UeOaWLRQVhLSV aPRQg aOO SURWeLQ cRdLQg geQeV Rf RYeU 2000 ceOOXOaU RUgaQLVPV. OQe cRUe RbMecW Rfb b b b b b b b b b b b b b b

WhLV daWabaVe LV Whe HLeUaUchLcaO OUWhRORgRXV GURXS (HOG) [20]. Each HOG cRQWaLQV aOO Rf Wheb b b b b b b b b b b b b b b

deVceQdaQWV Rf a VLQgOe aQceVWRU geQe. WheQ a geQe LV dXSOLcaWed dXULQg LWV eYROXWLRQ, Wheb b b b b b b b b b b b b b b

SaUaORgRXV geQeV aQd Whe deVceQdaQWV Rf Whe RUWhRORgXe aUe cRQWaLQed LQ VeSaUaWe VXbhRgV ZhLchb b b b b b b b b b b b b b

deVcULbe WheLU OLQeage bacN WR WheLU VLQgOe aQceVWRU geQe (heQce Whe hLeUaUchLcaO deVcULSWRU). A bULefb b b b b b b b b b b b b b b

LQWURdXcWRU\ YLdeR WXWRULaO RQ HOGV LV aYaLOabOe aW hWWSV://\RXWX.be/5S5[5g[]hZA.b

HeUe, Ze LQWURdXce a VcaOabOe aSSURach ZhLch cRPbLQeV Whe effLcLeQW geQeUaWLRQ Rfb b b b b b b b b b b b

Sh\ORgeQ\-aZaUe SURfLOeV fURP hLeUaUchLcaO RUWhRORgRXV gURXSV ZLWh XOWUafaVW UeWULeYaO Rf VLPLOaUb b b b b b b b b b b

SURfLOeV XVLQg ORcaOLW\ VeQVLWLYe haVhLQg. FXUWheUPRUe, Whe aSSURach OeYeUageV Whe SURSeUWLeV Rfb b b b b b b b b b b b

PLQhaVh VLgQaWXUeV WR aOORZ fRU Whe VeOecWLRQ Rf cOade VXbVeWV aQd fRU cOade ZeLghWLQgV LQ Wheb b b b b b b b b b b b b b b b

cRQVWUXcWLRQ Rf SURfLOeV. The LPSURYePeQWV LQ SeUfRUPaQce Rf RXU PeWhRd PaNe LW SRVVLbOe WR bXLOdb b b b b b b b b b b b b b b

SURfLOeV fRU Whe RYeU 2000 geQRPeV cRQWaLQed LQ OMA. We VhRZ WhaW Whe PeWhRd LV aV accXUaWe aVb b b b b b b b b b b b b b b b b b

a VWaWe-Rf-Whe-aUW Sh\ORgeQ\-baVed PeWhRd, aQd LOOXVWUaWe LWV XVefXOQeVV b\ UeWULeYLQg bLRORgLcaOO\b b b b b b b b b b b

UeOeYaQW UeVXOWV fRU VeYeUaO geQeV Rf LQWeUeVW. BecaXVe Whe PeWhRd LV XQaffecWed b\ Whe QXPbeU Rfb b b b b b b b b b b b b b b b

geQRPeV LQcOXded aQd VcaOeV ORgaULWhPLcaOO\ ZLWh Whe QXPbeU Rf hLeUaUchLcaO RUWhRORgRXV gURXSVb b b b b b b b b b b b

added, LW ZLOO effLcLeQWO\ SeUfRUP ZLWh Whe e[SRQeQWLaOO\ gURZLQg QXPbeU Rf eXNaU\RWLc geQRPeV.b

AOO Rf Whe cRde XVed WR SURdXce Whe UeVXOWV VhRZQ LQ WhLV PaQXVcULSW caQ be dRZQORaded aWb b b b b b b b b b b b b b b b b

hWWSV://gLWhXb.cRP/DeVVLPR]Lab/HRgPURf.b

b

RHVXOWVb
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D. MRL eW aO. 4b

IQ Whe fROORZLQg VecWLRQV Ze fLUVW cRPSaUe RXU SURfLOLQg dLVWaQce PeWULc agaLQVW RWheU SURfLOeb b b b b b b b b b b b b b

dLVWaQceV LQ RUdeU WR chaUacWeUL]e Whe JaccaUd haVh eVWLPaWLRQŖV SUecLVLRQ aQd UecaOOb b b b b b b b b b b b

chaUacWeULVWLcV. FROORZLQg WhLV TXaQWLfLcaWLRQ, Ze VhRZ RXU SLSeOLQeŖV caSacLW\ LQ UecRQVWLWXWLQg ab b b b b b b b b b b b

ZeOO NQRZQ LQWeUacWLRQ QeWZRUN aV ZeOO aV aXgPeQWLQg LW ZLWh PRUe SXWaWLYe LQWeUacWRUV XVLQg LWVb b b b b b b b b b b b b b b

VeaUch fXQcWLRQaOLW\. FLQaOO\, WR LOOXVWUaWe a W\SLcaO XVe caVe Rf RXU WRRO, Ze e[SORUe a SRRUO\b b b b b b b b b b b b b b b b

chaUacWeUL]ed QeWZRUN.b

A VcaOabOH SK\ORJHQHWLc SURILOLQJ PHWKRG XVLQJ ORcaOLW\-VHQVLWLYH KaVKLQJ aQG KLHUaUcKLcaOb

RUWKRORJRXV JURXSVb

MRVW Sh\ORgeQeWLc SURfLOLQg PeWhRdV cRQVLVW Rf WZR VWeSV: cUeaWLQg a SURfLOe fRU each hRPRORgRXVb b b b b b b b b b b b b b

RU RUWhRORgRXV gURXS, aQd cRPSaULQg SURfLOeV. WheQ Whe\ ZeUe fLUVW LPSOePeQWed, SURfLOeV ZeUeb b b b b b b b b b b b b

cRQVWUXcWed aV bLQaU\ YecWRUV Rf SUeVeQce aQd abVeQce acURVV VSecLeV [3]. SLQce WheQ, YaULaQWVb b b b b b b b b b b b b b

haYe beeQ SURSRVed, ZhLch WaNe cRQWLQXRXV YaOXeV [9]ŠVXch aV aOLgQPeQW VcRUeV ZLWh Whe geQe Rfb b b b b b b b b b b b b b b

a UefeUeQce VSecLeV [11]ŠRU ZhLch cRXQW Whe QXPbeU Rf SaUaORgV SUeVeQW LQ each VSecLeV. YeWb b b b b b b b b b b b b b b

RWheU YaULaQWV cRQYe\ Whe QXPbeU Rf eYeQWV RQ bUaQcheV Rf Whe VSecLeV WUee [6]. HRZeYeU, aOOb b b b b b b b b b b b b b b b

aSSURacheV aUe OLPLWed ZLWh UeVSecW WR Whe cRPSXWaWLRQaO SRZeU UeTXLUed WR cOXVWeU SURfLOeV XVLQgb b b b b b b b b b b b b b

WheLU UeVSecWLYe dLVWaQce PeWULcV. DXe WR WhLV cRPSXWaWLRQaO cRVW, SURfLOLQg effRUWV aUe W\SLcaOO\b b b b b b b b b b b b b

fRcXVed RQ UecRQVWUXcWLQg SaWhZa\V ZLWh NQRZQ LQWeUacWRUV XVLQg e[LVWLQg aQQRWaWLRQV aQdb b b b b b b b b b b

eYLdeQce UaWheU WhaQ beLQg XVed aV aQ e[SORUaWRU\ WRRO WR VeaUch fRU QeZ LQWeUacWRUV aQdb b b b b b b b b b b b b b b

UecRQVWLWXWLQg cRPSOeWeO\ XQNQRZQ QeWZRUNV.b

IQ RXU aSSURach WR Whe SURbOeP Rf SURfLOLQg, Ze caSWXUed Whe eYROXWLRQaU\ hLVWRU\ Rf each HOG LQb b b b b b b b b b b b b b b b b

eQhaQced Sh\ORgeQLeV aQd eQcRde WheP LQ SURbabLOLVWLc daWa VWUXcWXUeV (FLg. 1). TheVe aUe XVed WRb b b b b b b b b b b b b b b

cRPSLOe VeaUchabOe daWabaVeV WR aOORZ fRU Whe UeWULeYaO Rf cReYROYLQg HOGV ZLWh VLPLOaUb b b b b b b b b b b b b

eYROXWLRQaU\ hLVWRULeV aQd cRPSaUe Whe VLPLOaULW\ Rf WZR HOGV. The WZR PaMRU cRPSRQeQWV Rf Wheb b b b b b b b b b b b b b b

SLSeOLQe WhaW aUe UeVSRQVLbOe fRU cRQVWUXcWLQg Whe eQhaQced Sh\ORgeQLeV aQd caOcXOaWLQgb b b b b b b b b b b

SURbabLOLVWLc daWa VWUXcWXUeV WR UeSUeVeQW WheP aUe S\HaP aQd DaWaVNeWch, UeVSecWLYeO\. FXUWheUb b b b b b b b b b b b

deWaLOV RQ Whe LPSOePeQWaWLRQ aUe SURYLded LQ Whe MeWhRdV VecWLRQ. The cRPbLQaWLRQ Rf WheVe WZRb b b b b b b b b b b b b b b

WRROV QRZ aOORZV fRU Whe PaLQ LQQRYaWLRQ Rf RXU SLSeOLQe: Whe effLcLeQW e[SORUaWLRQ aQd cOXVWeULQg Rfb b b b b b b b b b b b b b b b

SURfLOeV WR VWXd\ NQRZQ aQd QRYeO bLRORgLcaO QeWZRUNV.b

b
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ScaOabOe PK\ORJeQeWLc PURILOLQJ UVLQJ MLQHaVK 5b

b

FLJ. 1. DLaJUaP VXPPaUL]LQJ WKH GLIIHUHQW VWHSV RI WKH SLSHOLQH WR JHQHUaWH WKH LSHb b b b b b b b b b b b b

FRUHVW aQG KaVK VLJQaWXUHV IRU HacK HOG. The OabeOOed Sh\ORgeQeWLc WUeeV geQeUaWed b\b b b b b b b b b b b b b

S\HaP aUe cRQYeUWed LQWR Sh\ORgeQeWLc SURfLOeV aQd XVed WR geQeUaWe a ZeLghWed PLQhaVhb b b b b b b b b b b b b

VLgQaWXUe ZLWh DaWaVNeWch. The haVh VLgQaWXUeV aUe LQVeUWed LQWR Whe LSH FRUeVW aQd VWRUed LQb b b b b b b b b b b b b b b

aQ HDF5 fLOe.bb

AccXUac\ RI SUHGLcWHG SK\ORJHQHWLc SURILOHV LQ aQ HPSLULcaO bHQcKPaUNb
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We cRPSaUed Whe SeUfRUPaQce Rf RXU SURfLOLQg PeWULc WR e[LVWLQg SURfLOe dLVWaQceV XVLQgb b b b b b b b b b b b b

beQchPaUNLQg daWa aYaLOabOe LQ Ta eW aO. [16]. IQ WhaW beQchPaUN, Whe WUXe SRVLWLYe SURWeLQ-SURWeLQb b b b b b b b b b b b b b b

LQWeUacWLRQV (PPIV) ZeUe cRQVWUXcWed XVLQg daWa aYaLOabOe fURP CORUM [21] aQd Whe MIPS [22]b b b b b b b b b b b b b b

daWabaVeV fRU Whe hXPaQ aQd \eaVW LQWeUacWLRQ daWaVeWV. TUXe QegaWLYeV ZeUe cRQVWUXcWed b\b b b b b b b b b b b b b

PL[LQg SURWeLQV NQRZQ WR be LQYROYed LQ dLffeUeQW cRPSOe[eV. The daWaVeW LV baOaQced ZLWh 50%b b b b b b b b b b b b b b b

SRVLWLYe aQd 50% QegaWLYe VaPSOeV. UVLQg WheLU UQLSURW LdeQWLfLeUV, WheVe LQWeUacWLRQ SaLUV ZeUeb b b b b b b b b b b b b

PaSSed WR WheLU UeVSecWLYe HOGV aQd WheLU SURfLOeV ZeUe cRPSaUed XVLQg Whe haVh baVed JaccaUdb b b b b b b b b b b b b b b

VcRUe eVWLPaWe. The cRPSaULVRQ beORZ VhRZV HRgPURf aORQgVLde RWheU SURfLOLQg dLVWaQce PeWULcVb b b b b b b b b b b b

WhaW aUe cRQVLdeUabO\ PRUe cRPSXWaWLRQaOO\ LQWeQVLYe, LQcOXdLQg Whe EQhaQced Ph\ORgeQeWLc TUeeb b b b b b b b b b b

PeWULc VhRZQ LQ Ta eW aO. [16]. YeW, RXU aSSURach RXWSeUfRUPed WheVe SUeYLRXV PeWhRdV, \LeOdLQgb b b b b b b b b b b b b b b

Whe hLgheVW AUea UQdeU Whe CXUYe fRU bRWh \eaVW aQd hXPaQ daWaVeWV (FLgXUe 2, TabOe 1).b

b

FLJ. 2. ROC cXUYHV IRU aOO SURILOLQJ PHWKRGV. a. YeaVW SURWeLQ-SURWeLQ LQWeUacWLRQV. JaccaUdb b b b b b b b b b b b b

HaVh aQd JaccaUd HaVh OSW SeUfRUP beWWeU WhaQ aOO PeWULcV RYeUaOO bXW ZheQ hLgh SUecLVLRQ LVb b b b b b b b b b b b b b b b

UeTXLUed, EPT VcRUe LV VWLOO VOLghWO\ PRUe accXUaWe. b. HXPaQ SURWeLQ-SURWeLQ LQWeUacWLRQV.b b b b b b b b b b b b

JaccaUd HaVh aQd JaccaUd HaVh OSW SeUfRUP beWWeU WhaQ aOO PeWULcV RYeUaOO bXW agaLQ, ZheQ hLghb b b b b b b b b b b b b b b b

SUecLVLRQ LV UeTXLUed, EPT VcRUe LV VWLOO VOLghWO\ PRUe accXUaWe. IQ bRWh VXbfLgXUeV, JaccaUd haVhb b b b b b b b b b b b b b b

UefeUV WR Whe SURfLOeV cRQWaLQLQg aOO cOadeV ZLWh aOO ZeLghWV fRU each eYeQW aQd Wa[RQRPLc OeYeO VeWb b b b b b b b b b b b b b b b b

WR 1. ŗEPT_VcRUeŘ UefeUV WR Whe EQhaQced Ph\ORgeQeWLc TUee PeWULc deYeORSed LQ [16]. ŗBLQ_PVŘb b b b b b b b b b b b b b

UefeUV WR a dLVWaQce XVLQg bLQaU\ YecWRUV aQd PeaUVRQ cRUUeOaWLRQ deVcULbed LQ [23]. ŗOcc_EdŘb b b b b b b b b b b b b b

b

÷:÷÷"i€
*where is the core for this metric?



ScaOabOe PK\ORJeQeWLc PURILOLQJ UVLQJ MLQHaVK 7b

aQd ŗOcc_PVŘ UefeU WR Whe RccXUeQce SURfLOeV ZLWh EXcOLdeaQ dLVWaQce aQd PeaUVRQ cRUUeOaWLRQ aVb b b b b b b b b b b b b b

deVcULbed LQ [24].b

b

TabOH 1. AUC YaOXHV IRU PURILOLQJ GLVWaQcH PHWULcV.bb

MHWULcb AUC YHaVWb AUC HXPaQb
JaccaUd HaVhb 0.6634b 0.6155b

EPTb 0.6104b 0.5875b
BIN PSb 0.5840b 0.5463b
OCC EDb 0.5829b 0.5268b
OCC PSb 0.6028b 0.5714b

b

RHcRYHU\ RI a caQRQLcaO QHWZRUN: WKH NLQHWRcKRUH QHWZRUNb

TR fXUWheU YaOLdaWe RXU SURfLOLQg aSSURach RQ a NQRZQ bLRORgLcaO QeWZRUN, Ze XVed RXU SLSeOLQe WRb b b b b b b b b b b b b b b b

UeSOLcaWe SUeYLRXV ZRUN VhRZQ LQ YaQbHRRffbeWbaO.b[9]. TheLU aQaO\VLV fRcXVeV RQ Whe eYROXWLRQaU\b b b b b b b b b b b b

d\QaPLcV Rf Whe NLQeWRchRUe cRPSOe[, a PLcURWXbXOe RUgaQL]LQg VWUXcWXUe WhaW ZaV SUeVeQW LQ Wheb b b b b b b b b b b b b b

OaVW eXNaU\RWLc cRPPRQ aQceVWRU (LECA) aQd haV XQdeUgRQe PaQ\ PRdLfLcaWLRQV WhURXghRXWb b b b b b b b b b b

eYROXWLRQ LQ each eXNaU\RWLc cOade ZheUe LW LV fRXQd. IWV PRdXOaU RUgaQL]aWLRQ haV aOORZed fRUb b b b b b b b b b b b b b b

cOade-VSecLfLc addLWLRQV RU deOeWLRQV Rf PRdXOeV WR Whe cRUe cRPSOe[ ZhLch UePaLQV UeOaWLYeO\b b b b b b b b b b b b b

VWabOe. ThLV PRdXOaU RUgaQLVaWLRQ aQd cOade-VSecLfLc ePeUgeQce Rf ceUWaLQ SaUWV Rf Whe cRPSOe[b b b b b b b b b b b b b

PaNe LW aQ LdeaO WaUgeW fRU Sh\ORgeQeWLc SURfLOLQg aQaO\VLV.bb

We VhRZ WhaW RXU PLQhaVh VLgQaWXUe cRPSaULVRQV aUe aOVR caSabOe Rf UecRYeULQg Whe NLQeWRchRUeb b b b b b b b b b b b b b

cRPSOe[ RUgaQLVaWLRQ. AfWeU cRQVLdeULQg MXVW Whe HOGV fRU Whe faPLOLeV XVed LQ YaQbHRRffbeWbaO. [9],b b b b b b b b b b b b b b

Ze aXgPeQWed WheLU VeW Rf SURfLOeV XVLQg Whe LSH FRUeVW WR UeWULeYe LQWeUacWRUV WhaW Pa\ aOVR beb b b b b b b b b b b b b b b b b

LQYROYed LQ Whe NLQeWRchRUe aQd aQaShaVe SURPRWLQg cRPSOe[ (APC) QeWZRUN ZhLch haYe QRW beeQb b b b b b b b b b b b b b

deWecWed b\ WheVe aXWhRUV. B\ XVLQg a ZeOO-VWXdLed QeWZRUN LQ eXNaU\RWeV WR WeVW Whe LSH FRUeVWb b b b b b b b b b b b b b b b

VeaUch, Ze caQ UeO\ RQ SUeYLRXV ZRUN aQd aQQRWaWLRQV WR TXaQWLf\ Whe TXaOLW\ Rf Whe UeWXUQed UeVXOWV.b b b b b b b b b b b b b b b b b

UVLQg Whe GeQe OQWRORg\ (GO) WeUPV [25] Rf aOO SURWeLQV UeWXUQed LQ RXU VeaUcheV fRU QRYeOb b b b b b b b b b b b b b b b

LQWeUacWRUV, Ze TXaQWLf\ hRZ eQULched Whe\ aUe fRU Whe VSecLfLc fXQcWLRQV Ze ZRXOd e[SecW WR beb b b b b b b b b b b b b b b b

UeOaWed WR RXU QeWZRUN Rf LQWeUeVW.b

IQ WheLU ZRUN, YaQ HRRff eW aO. [9] XVed SaLUZLVe PeaUVRQ cRUUeOaWLRQ cReffLcLeQWV beWZeeQ Wheb b b b b b b b b b b b b b b

SUeVeQce aQd abVeQce YecWRUV Rf Whe YaULRXV SURWeLQ cRPSRQeQWV Rf Whe NLQeWRchRUe LQ Whe 90b b b b b b b b b b b b b b b

SURWeRPeV Rf a PaQXaOO\ VeOecWed VeW Rf RUgaQLVPV aV a dLVWaQce PeWULc beWZeeQ a PaQXaOO\b b b b b b b b b b b b b b b

[
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D. MRL eW aO. 8b

cXUaWed VeW Rf SURfLOeV cRUUeVSRQdLQg WR each cRPSRQeQW Rf Whe cRPSOe[. UVLQg WhLV SaLUZLVeb b b b b b b b b b b b b b

cRPSaULVRQ Rf aOO YecWRUV, Whe\ cOXVWeUed Whe SURfLOeV aQd ZeUe abOe WR UecRYeU NQRZQb b b b b b b b b b b b b b

VXb-cRPSRQeQeQWV Rf Whe cRPSOe[ XVLQg MXVW eYROXWLRQaU\ LQfRUPaWLRQ. UVLQg RXU haVh-baVedb b b b b b b b b b b

JaccaUd dLVWaQce PeWULc LQ aQ aOO-YV-aOO cRPSaULVRQ beWZeeQ Whe HOGV cRUUeVSRQdLQg WR each Rfb b b b b b b b b b b b b b

WheVe SURWeLQ faPLOLeV, Ze ZeUe aOVR abOe WR UecRYeU Whe PaLQ PRdXOeV Rf Whe NLQeWRchRUe cRPSOe[b b b b b b b b b b b b b b b b

ZLWh a VLPLOaU RUgaQLVaWLRQ WR Whe RQe defLQed b\ YaQ HRRff eW aO. The cRORU cOXVWeULQg LQ fLgXUe 3b b b b b b b b b b b b b b b b b b b

cRUUeVSRQdV WR WheLU RULgLQaO PaQXaO defLQLWLRQ Rf WheVe dLffeUeQW VXbcRPSOe[ PRdXOeV baVed.b b b b b b b b b b b b

DeVSLWe Whe YaVWO\ dLffeUeQW PeWhRdV XVed LQ Whe cRQVWUXcWLRQ aQd cRPSaULVRQ Rf Whe SURfLOeV XVedb b b b b b b b b b b b b b b

WR UecRYeU Whe QeWZRUN LQ bRWh SLSeOLQeV, Ze RbVeUYe WhaW Whe dLVWaQce PaWULceV geQeUaWed b\ eachb b b b b b b b b b b b b b b b

SURfLOLQg aSSURach aUe cRUUeOaWed aQd aUe UecRYeULQg VLPLOaU eYROXWLRQaU\ VLgQaOV, ZLWh SSeaUPaQb b b b b b b b b b b b

cRUUeOaWLRQ Rf 0.26 (S < 1e-100) aQd PeaUVRQ cRUUeOaWLRQ Rf 0.35 (S < 1e-100).b

bb

b
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ScaOabOe PK\ORJeQeWLc PURILOLQJ UVLQJ MLQHaVK 9b

b

FLJ. 3. RHcRYHU\ RI NLQHWRcKRUH aQG APC cRPSOH[HV. AfWeU PaSSLQg each Rf Whe SURWeLQb b b b b b b b b b b b b b

faPLOLeV SUeVeQWed LQ VaQ HRRff eW aO. [9] WR WheLU cRUUeVSRQdLQg HOG, a dLVWaQce PaWUL[ ZaVb b b b b b b b b b b b b b b b

cRQVWUXcWed b\ cRPSaULQg Whe JaccaUd haVh dLVWaQce beWZeeQ SURfLOeV XVLQg HRgPURf. NaPeb b b b b b b b b b b b

cRORUV LQ Whe URZV aQd cROXPQV Rf Whe PaWUL[ cRUUeVSRQd WR Whe NLQeWRchRUe aQd APCb b b b b b b b b b b b b b b

VXbcRPSOe[ cRPSRQeQWV aV defLQed PaQXaOO\ XVLQg OLWeUaWXUe VRXUceV LQ YaQ HRRff eW aO. AOOb b b b b b b b b b b b b b

cRde XVed WR cRQVWUXcW Whe fLgXUe LV aYaLOabOe RQ Whe HRgPURf UeSRVLWRU\.bb

The AOO-YV-AOO cRPSaULVRQ Rf Whe SURfLOeV UeYeaOV VeYeUaO ZeOO defLQed cOXVWeUV LQ bRWh ZRUNVb b b b b b b b b b b b b b

LQcOXdLQg Whe DaP-Dad-SSc19 aQd CeQP VXbcRPSOe[eV. HRZeYeU, RXU SURfLOeV ZeUe cRQVWUXcWedb b b b b b b b b b b
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aORQgVLde aOO RWheU HOGV LQ OMA aQd ZeUe QRW cXUaWed befRUe beLQg cRPSaUed. WLWh RQO\ Wheb b b b b b b b b b b b b b b b

LQfRUPaWLRQ Rf ZhLch SURWeLQV ZeUe LQ Whe cRPSOe[, Ze PaSSed WheP WR WheLU cRUUeVSRQdLQg OMAb b b b b b b b b b b b b b b

HOGV aQd, ZLWh WhLV e[aPSOe, dePRQVWUaWed Whe abLOLW\ WR UecRQVWUXcW aQ\ QeWZRUN Rf LQWeUeVW RUb b b b b b b b b b b b b b b

cRQVWUXcW SXWaWLYe QeWZRUNV XVLQg Whe VeaUch fXQcWLRQaOLW\ Rf RXU SLSeOLQe ZLWh PLQLPaO cRPSXWLQgb b b b b b b b b b b b b

WLPe. HRZeYeU, LW VhRXOd be QRWed WhaW Whe TXaOLW\ Rf Whe OMA HOGV XVed WR cRQVWUXcW Wheb b b b b b b b b b b b b b b b b

eQhaQced Sh\ORgeQLeV aQd haVh VLgQaWXUeV dLUecWO\ LQfOXeQceV RXU abLOLW\ WR UecRYeU cRPSOe[b b b b b b b b b b b b

RUgaQLVaWLRQ.b

TR LOOXVWUaWe Whe XWLOLW\ Rf Whe VeaUch fXQcWLRQaOLW\ Rf RXU WRRO Ze XVed Whe SURfLOeV NQRZQ WR beb b b b b b b b b b b b b b b b b b

aVVRcLaWed ZLWh Whe NLQeWRchRUe cRPSOe[ WR VeaUch fRU RWheU LQWeUacWRUV. AOO HOGV cRUUeVSRQdLQgb b b b b b b b b b b b b

WR Whe SURWeLQ faPLOLeV XVed WR aQaO\Ve Whe NLQeWRchRUe eYROXWLRQaU\ d\QaPLcV LQ YaQ HRRff eW aO. [9]b b b b b b b b b b b b b b b b b

ZeUe XVed aV TXeULeV agaLQVW aQ LSH FRUeVW cRQWaLQLQg aOO HOGV LQ OMA. B\ SeUfRUPLQg aQb b b b b b b b b b b b b b b b

aOO-YV-aOO cRPSaULVRQ Rf Whe PLQhaVh VLgQaWXUeV Rf Whe TXeULeV aQd UeWXUQed UeVXOWV, a JaccaUdb b b b b b b b b b b b b b

dLVWaQce PaWUL[ ZaV geQeUaWed VhRZLQg SRWeQWLaO fXQcWLRQaO PRdXOeV aVVRcLaWed ZLWh each NQRZQb b b b b b b b b b b b

cRPSRQeQW Rf Whe NLQeWRchRUe aQd APC cRPSOe[eV.b

b

q
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b

FLJ. 4. PXWaWLYH QRYHO cRPSRQHQWV RI WKH NLQHWRcKRUH aQG APC cRPSOH[HV. The SURfLOeVb b b b b b b b b b b b

aVVRcLaWed ZLWh aOO HOGV PaSSLQg WR NQRZQ NLQeWRchRUe cRPSRQeQWV VhRZQ LQ FLgXUe 3 ZeUeb b b b b b b b b b b b b b

XVed WR VeaUch Whe LSH FRUeVW aQd UeWULeYe Whe WRS 10 cORVeVW cReYROYLQg HOGV UeVXOWLQg LQ a OLVWb b b b b b b b b b b b b b b b b b

Rf 871 HOGV LQcOXdLQg Whe TXeULeV fURP Whe RULgLQaO cRPSOe[eV. The JaccaUd dLVWaQce PaWUL[ LVb b b b b b b b b b b b b b b

VhRZQ beWZeeQ Whe haVh VLgQaWXUeV Rf aOO TXeU\ aQd UeVXOW HOGV. UPGMA cOXVWeULQg ZaVb b b b b b b b b b b b b b

aSSOLed WR Whe dLVWaQce PaWUL[ URZV aQd cROXPQV. LabeOOed URZV aQd cROXPQV cRUUeVSRQd WRb b b b b b b b b b b b b b

SURfLOeV fURP Whe VWaUWLQg NLQeWRchRUe daWaVeW [9]. A cXWRff hLeUaUchLcaO cOXVWeULQg dLVWaQce Rf 1.3b b b b b b b b b b b b b b
T
why ?
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(bOXe OLQeV) ZaV XVed WR geQeUaWe a WRWaO Rf 136 cOXVWeUV Rf HOGV XVed fRU GO eQULchPeQW WRb b b b b b b b b b b b b b b b b b

LdeQWLf\ fXQcWLRQaO PRdXOeV. The cRORULQg Rf Whe SURWeLQ faPLO\ QaPeV WR Whe ULghW aQd beORZ Wheb b b b b b b b b b b b b b b b

PaWUL[ LV LdeQWLcaO WR Whe cRPSOe[ UeOaWed cRORULQg VhRZQ LQ FLgXUe 3. AOO cRde XVed WR cRQVWUXcWb b b b b b b b b b b b b b b b b

WhLV fLgXUe LV aYaLOabOe LQ Whe HRgPURf UeSRVLWRU\.b

b

TR YeULf\ WhaW Whe UeVXOWV UeWXUQed b\ RXU VeaUch ZeUe QRW VSXULRXV, Ze SeUfRUPed GO eQULchPeQWb b b b b b b b b b b b b b b b

aQaO\VLV Rf Whe UeWXUQed HOGV WhaW ZeUe QRW SaUW Rf Whe RULgLQaO VeW Rf TXeULeV bXW aSSeaUed WR beb b b b b b b b b b b b b b b b b b b

cReYROYLQg cORVeO\ ZLWh NQRZQ NLQeWRchRUe cRPSRQeQWV. GLYeQ Whe LQcRPSOeWe QaWXUe Rf GeQeb b b b b b b b b b b b

OQWRORg\ aQQRWaWLRQV [ŗRSeQ ZRUOd aVVXPSWLRQŘ, 26], PaQ\ Rf WheVe SURWeLQV Pa\ acWXaOO\ beb b b b b b b b b b b b b

LQYROYed LQ Whe NLQeWRchRUe LQWeUacWLRQ QeWZRUN bXW WhLV bLRORgLcaO fXQcWLRQ cRXOd be VWLOOb b b b b b b b b b b b b

XQdLVcRYeUed. HRZeYeU, eYeQ ZLWh WhLV OLPLWaWLRQ, VaOLeQW aQQRWaWLRQV UeOeYaQW WR Whe NLQeWRchRUeb b b b b b b b b b b b

QeWZRUN ZeUe UeWXUQed LQ Whe VeaUch UeVXOWV (TabOe 2 aQd SXSSOePeQWaU\ DaWa 1). The LdeQWLfLeUV Rfb b b b b b b b b b b b b b b b

aOO SURWeLQ VeTXeQceV cRQWaLQed LQ Whe HOGV UeWXUQed b\ Whe VeaUch UeVXOWV ZeUe cRPSLOed aQd Wheb b b b b b b b b b b b b b b b

GO eQULchPeQW Rf each cOXVWeU VhRZQ LQ FLgXUe 4 ZaV caOcXOaWed XVLQg Whe OMA aQQRWaWLRQ cRUSXVb b b b b b b b b b b b b b b b

aV a bacNgURXQd. The eQULchPeQW UeVXOWV ZeUe PaQXaOO\ SaUVed aQd VaOLeQW aQQRWaWLRQV UeOaWed WRb b b b b b b b b b b b b b

HOGV ZeUe VeOecWed WR be UeYLeZed fXUWheU LQ Whe aVVRcLaWed OLWeUaWXUe WR checN fRU Whe aVVRcLaWLRQb b b b b b b b b b b b b b b b

Rf Whe VeaUch UeVXOW ZLWh Whe TXeU\ HOG (TabOe 2).b

b

TabOH 2. MaQXaOO\ cXUaWHG bLRORJLcaOO\ UHOHYaQW VHaUcK UHVXOWV IRU LQWHUacWRUV cRHYROYLQJb b b b b b b b b b b

ZLWK YaQ HRRII eW aO.ŖV NLQHWRcKRUH aQG APC VHOHcWHG SURWHLQ IaPLOLHV [9]. NRWabOe SURWeLQb b b b b b b b b b b b b b

faPLOLeV (ReVXOW) UeWXUQed ZLWhLQ cOXVWeUV cRQWaLQLQg TXeU\ HOGV (COXVWeU) aUe OLVWed ZLWh WheLUb b b b b b b b b b b b b

SeUWLQeQW aQQRWaWLRQ aQd OLWeUaWXUe. GO eQULchPeQW UeVXOWV Rf cOXVWeUV WhaW cRQWaLQed RQe RU PRUeb b b b b b b b b b b b b b

TXeULeV fURP Whe RULgLQaO NLQeWRchRUe QeWZRUN ZeUe aQaO\]ed PaQXaOO\. We VeaUched fRUb b b b b b b b b b b b

OLWeUaWXUe VXSSRUWLQg Whe UeOeYaQW GO aQQRWaWLRQV, WheUeb\ cRQfLUPLQg WhaW Whe UeVXOWV UeWXUQed b\b b b b b b b b b b b b b

Whe LSH ZeUe aVVRcLaWed ZLWh NLQeWRchRUe aQd APC SURceVVeV. ThLV LV a QRQ-e[haXVWLYeb b b b b b b b b b b b b

VXPPaU\ Rf VRPe VeOecWed UeVXOWV. The fXOO eQULchPeQW UeVXOWV aUe aYaLOabOe aV SXSSOePeQWaU\b b b b b b b b b b b b b

DaWa 1.b

COXVWHUb RHVXOWbb GO THUPb CLWaWLRQb
APC1b CFAP157b GO:0035082 a[RQePe aVVePbO\b b [27]b
HOMRADb BRWD1b GO:0007010 c\WRVNeOeWRQ RUgaQL]aWLRQb [28]b
APC12b CDC26b GO:0007346 UegXOaWLRQ Rf PLWRWLc ceOO c\cOeb [29]b

b

-
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KNL1b TACC3b GO:0007091 PeWaShaVe/aQaShaVe WUaQVLWLRQ Rfb
PLWRWLc ceOO c\cOeb

[30]b

b

b

FRU LQVWaQce, TACC3, a NQRZQ Sh\VLcaO LQWeUacWRU Rf Whe NLQeWRchRUe cRPSOe[ aQd LPSRUWaQWb b b b b b b b b b b b b

UegXOaWRU Rf Whe NLQeWRchRUe WeQVLRQ [30]ZaV fRXQd b\ RXU VeaUch. AQRWheU e[aPSOe LV CFAP157, ab b b b b b b b b b b b b b b

cLOLa aQd fOageOOa aVVRcLaWed SURWeLQ ZhLch Pa\ VeeP OLNe aQ XQOLNeO\ LQWeUacWRU ZLWh Whe APC.b b b b b b b b b b b b b b b

HRZeYeU, LW haV SUeYLRXVO\ beeQ VhRZQ WhaW Whe APC acWLYLW\ UegXOaWeV cLOLaU\ OeQgWh XQVWabLOL]LQgb b b b b b b b b b b b b b

a[RQePaO PLcURWXbXOeV [31]. ThXV, CFAP157 PLghW be LQYROYed LQ UecUXLWPeQW Rf APC UegXOaWRUVb b b b b b b b b b b b b

(VXch aV Cdc20) RU cLOLaU\ NLQaVeV (VXch aV NeN1) bRWh NQRZQ WR PedLaWe APC UegXOaWLRQ Rf cLOLaU\b b b b b b b b b b b b b b b b b

d\QaPLcV [31] . WhLOe WheVe UeVXOWV aUe ceUWaLQO\ SURPLVLQg, PaQ\ Rf Whe XQaQQRWaWed SURWeLQVb b b b b b b b b b b b b b

UeWXUQed b\ RXU VeaUch OLNeO\ cRQWaLQ PRUe UegXOaWRU\, PeWabROLc aQd Sh\VLcaO LQWeUacWRUV ZhLchb b b b b b b b b b b b b

Pa\ SURYe WR be LQWeUeVWLQg e[SeULPeQWaO WaUgeWV. The dLYeUVe W\SeV Rf LQWeUacWLRQV deWecWed b\ RXUb b b b b b b b b b b b b b b

SLSeOLQe aUe dLVcXVVed fXUWheU LQ Whe dLVcXVVLRQ VecWLRQ.b

SHaUcK IRU a QRYHO QHWZRUNb

WheQ VWXd\LQg QeWZRUNV ZLWh a OacN Rf aQQRWaWLRQ aQd e[SeULPeQWaO chaUacWeUL]aWLRQ, LW LV dLffLcXOWb b b b b b b b b b b b b b

WR TXaQWLf\ Whe UeOeYaQce Rf UeWULeYed VeaUch UeVXOWV. IQ W\SLcaO UeVeaUch caVeV LQYROYLQgb b b b b b b b b b b b b

XQchaUacWeUL]ed SURWeLQ faPLOLeV LQ SRRUO\ VWXdLed QeZRUNV, WhLV ZLOO RfWeQ be Whe caVe. IQ WhLVb b b b b b b b b b b b b b b

VecWLRQ Ze SUeVeQW Whe VeaUch UeVXOWV fRU WhUee HOG TXeULeV NQRZQ WR be LQYROYed LQ Whe SURceVVeVb b b b b b b b b b b b b b b b b

Rf PeLRVLV, V\QgaP\ aQd NaU\RgaP\. TheVe WhUee PaMRU eYeQWV RccXU LQ aOPRVW aOO Ve[XaOO\b b b b b b b b b b b b b b

UeSURdXcLQg eXNaU\RWeV dXULQg WheLU UeSURdXcWLYe c\cOe. DeVSLWe Whe XbLTXLWRXV QaWXUe Rf Ve[ aQdb b b b b b b b b b b b b

LWV SURbabOe SUeVeQce LQ LECA [32], Whe SURWeLQ QeWZRUNV LQYROYed LQ each SaUW Rf WheVe SURceVVeVb b b b b b b b b b b b b b b b

aUe YeU\ SRRUO\ XQdeUVWRRd aQd OLPLWed e[SeULPeQWaO daWa LV aYaLOabOe eYeQ LQ PRdeO RUgaQLVPV.b b b b b b b b b b b b b b

HRZeYeU, VRPe Ne\ SURWeLQ faPLOLeV LQYROYed LQ WheVe bLRORgLcaO SURceVVeV aUe NQRZQ WR haYeb b b b b b b b b b b b b b

eYROXWLRQaU\ SaWWeUQV LQdLcaWLQg aQ aQceVWUaO VeTXeQce LQ Whe LECA ZLWh VXbVeTXeQW PRdLfLcaWLRQVb b b b b b b b b b b b

aQd ORVVeV [32]. The WhUee fROORZLQg VecWLRQV deWaLO Whe UeWXUQed UeVXOWV Rf Whe Sh\ORgeQeWLc SURfLOLQgb b b b b b b b b b b b b b b

SLSeOLQe ZLWh Whe HaS2, Ge[1 aQd SSR11 faPLOLeV ZhLch aOO VhaUe WhLV eYROXWLRQaU\ SaWWeUQ aQd aUeb b b b b b b b b b b b b b b b

NQRZQ WR be cULWLcaO fRU Whe SURceVV Rf gaPeWe fXVLRQ, QXcOeaU fXVLRQ aQd PeLRWLc UecRPbLQaWLRQ,b b b b b b b b b b b b b b b

UeVSecWLYeO\. AV LQ VecWLRQ 3.2 Ze aOVR XVed GO eQULchPeQW WR TXaQWLf\ Whe UeOeYaQce Rf Wheb b b b b b b b b b b b b b b b

UeWXUQed VeaUch UeVXOWV. The SURWeLQV cRQWaLQed LQ Whe WRS 100 HOGV UeWXUQed b\ Whe LSH FRUeVWb b b b b b b b b b b b b b b b

ZeUe aQaO\]ed fRU GO eQULchPeQW XVLQg aOO OMA aQQRWaWLRQV aV a bacNgURXQd. DXe WR Whe SUeVeQceb b b b b b b b b b b b b b b b

Rf bLaVeV LQ Whe GO aQQRWaWLRQ cRUSXV [33] Ze haYe aOVR chRVeQ WR VhRZ Whe QXPbeU Rf SURWeLQVb b b b b b b b b b b b b b b b b b
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aQQRWaWed ZLWh each bLRORgLcaO SURceVV VeOecWed fURP Whe eQULchPeQW RXW Rf Whe WRWaO QXPbeU Rfb b b b b b b b b b b b b b b

aQQRWaWed SURWeLQV.b

QXeU\ ZLWh HaS2b

The HaS2 SURWeLQ faPLO\ haV beeQ VhRZQ WR caWaO\]e gaPeWe PePbUaQe fXVLRQ LQ PaQ\ eXNaU\RWLcb b b b b b b b b b b b b b b

cOadeV [34,35]. IW haV a SaUWLcXOaUO\ VSRWW\ SaWWeUQ Rf SUeVeQce aQd abVeQce RQ Whe Wa[RQRPLc WUeeb b b b b b b b b b b b b b b b

deVSLWe LWV Sh\ORgeQ\ VXSSRUWLQg Whe h\SRWheVLV Rf YeUWLcaO deVceQW fURP LECA. ThLV SURWeLQ faPLO\b b b b b b b b b b b b b b

LV NQRZQ WR be hLghO\ dLYeUgeQW LQ aPLQR acLd VeTXeQce deVSLWe LWV cRQVeUYed fROd aQd VhaUeVb b b b b b b b b b b b b b b b

hRPRORg\ ZLWh YLUaO aQd VRPaWLc PePbUaQe fXVLRQ SURWeLQV [35ş37]. The HOG cRQWaLQLQg HaS2 LQb b b b b b b b b b b b b b

OMA RQO\ cRQWaLQV Whe eXNaU\RWLc gaPeWe fXVLRQ SURWeLQ VXbfaPLO\ Rf WhLV VWUXcWXUaO VXSeUfaPLO\.b b b b b b b b b b b b b

PaUW Rf Whe GO eQULchPeQW Rf Whe VeaUch UeVXOWV fRU Whe WRS 100 cReYROYLQg HOGV aUe VhRZQ beORZb b b b b b b b b b b b b b b b b b

LQ WabOe 3.b

TabOH 3. MaQXaOO\ cXUaWHG bLRORJLcaOO\ UHOHYaQW HQULcKHG GO WHUPV IURP UHWXUQHG UHVXOWV.b b b b b b b b b b b b

The chRVeQ LQSXW SURWeLQ VeTXeQce fRU HaS2 LV WhaW Rf UQLPURW eQWU\ F4JP36 aQd Wheb b b b b b b b b b b b b b b

cRUUeVSRQdLQg OMA eQWU\ ARATH26614 beORQgLQg WR OMA HOG:0406399. The fXOO eQULchPeQWb b b b b b b b b b b

UeVXOWV aUe aYaLOabOe LQ Whe SXSSOePeQWaU\ DaWa 2.b

TeUPb BLRORgLcaO SURceVVb P-YaOXeb N-SURWeLQVb
GO:0006338b chURPaWLQ UePRdeOLQgb 9.72e-54b 61/3426b
GO:0048653b aQWheU deYeORSPeQWb 1.69e-35b 17/3426b
GO:0009793b ePbU\R deYeORSPeQW eQdLQg LQ Veed dRUPaQc\b 2.88e-13b 15/3426b
GO:0051301b ceOO dLYLVLRQb 6.88e-16b 5/3426b

b

WLdeO\ cRQVeUYed VeTXeQceV QRW beORQgLQg WR Whe HaS2 HOG aQd fRXQd LQ cReYROYLQg HOGV ZeUeb b b b b b b b b b b b b b b

OLQNed WR gaPeWe deYeORSPeQW aQd UeSURdXcWLYe VWUXcWXUe deYeORSPeQW (TabOe 3) [38,39]. ThLVb b b b b b b b b b b b

PLUURUV Whe LQLWLaO dLVcRYeU\ Rf HaS2, ZhLch ZaV fLUVW fRXQd LQ aQgLRVSeUPV aQd OLQNed WR SROOeQ WXbeb b b b b b b b b b b b b b b b b

gXLdaQce befRUe Whe dRXbOe feUWLOL]aWLRQ eYeQW. SLQce MeQdeO, e[WeQVLYe ZRUN haV beeQ caUULed RXWb b b b b b b b b b b b b b

deVcULbLQg UeSURdXcWLYe SURceVVeV LQ SOaQWV. TheUefRUe, LW LV e[SecWed WhaW Whe cRUSXV Rf aYaLOabOeb b b b b b b b b b b b b b

aQQRWaWLRQV ZRXOd be bLaVed fRU aQQRWaWLRQV UeOaWed WR SOaQW UeSURdXcWLYe SURceVVeV. The HaS2b b b b b b b b b b b b b

HOG aOVR aSSeaUV WR be cReYROYLQg ZLWh HOGV UeOaWed WR chURPaWLQ UePRdeOLQg, aQ LPSRUWaQW SaUWb b b b b b b b b b b b b b b

Rf Whe UeSURdXcWLYe SURceVV dXULQg gaPeWe geQeUaWLRQ, aQd aOVR SRVW fXVLRQ, afWeU Whe ]\gRWe ceOO LVb b b b b b b b b b b b b b b b

fRUPed.b

OQe SaUWLcXOaU faPLO\ Rf LQWeUeVW ZhLch ZaV UeWXUQed LQ RXU VeaUch UeVXOWV LV aOUead\ chaUacWeUL]ed LQb b b b b b b b b b b b b b b b

aQgLRVSeUPV: LFR RU Oeaf aQd fORZeU UeOaWed [40]. ThLV SURWeLQ faPLO\ LV UeTXLUed fRU Whe deYeORSPeQWb b b b b b b b b b b b b b b b

b

I
* No result

.
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Rf UeSURdXcWLYe VWUXcWXUeV LQ fORZeUV aQd VeUYeV aV a PaVWeU UegXOaWRU Rf Whe e[SUeVVLRQ Rf PaQ\b b b b b b b b b b b b b b b b

UeSURdXcWLRQ UeOaWed geQeV, bXW LWV UROe LQ ORZeU eXNaU\RWeV UePaLQV XQdeVcULbed deVSLWe LWV bURadb b b b b b b b b b b b b b

eYROXWLRQaU\ cRQVeUYaWLRQ. E[SeULPeQWV WaUgeWLQg LFRŖV SRWeQWLaO UegXOaWLRQ Rf HaS2 e[SUeVVLRQb b b b b b b b b b

Pa\ SURYLde LQVLghW LQWR hRZ Whe fXVLRQ SURceVV LV WUaQVcULSWLRQaOO\ cRQWUROOed LQ gaPeWeV acURVVb b b b b b b b b b b b b b

PaQ\ eXNaU\RWeV deVSLWe WheLU dLVWLQcW UeSURdXcWLYe VWUaWegLeV.b

QXeU\ ZLWh Ge[1b

Ge[1 haV beeQ VhRZQ WR be LQYROYed LQ QXcOeaU fXVLRQ (ŗNaU\RgaP\Ř) aQd LV SUeVeQW LQ PaQ\ Rf Wheb b b b b b b b b b b b b b b b b b

VaPe cOadeV aV HaS2, ZLWh a VLPLOaU VSRWW\ SaWWeUQ Rf abVeQce acURVV eXNaU\RWeV aQd a Sh\ORgeQ\b b b b b b b b b b b b b b b b

LQdLcaWLQg a YeUWLcaO deVceQW fURP LECA [41]. GO eQULchPeQW Rf Whe VeaUch UeVXOWV fRU Whe WRS 100b b b b b b b b b b b b b b b b b

cReYROYLQg HOGV VhRZV Whe SUedLcWLYe SRWeQWLaO Rf HRgPURf (WabOe 4).b

b

TabOH 4. MaQXaOO\ cXUaWHG bLRORJLcaOO\ UHOHYaQW HQULcKHG GO WHUPV IURP UHWXUQHG UHVXOWV.b b b b b b b b b b b b

The LQSXW SURWeLQ VeTXeQce chRVeQ fRU Ge[1 LV baVed RQ Whe UQLPURW LdeQWLfLeU Q681K7 aQd Wheb b b b b b b b b b b b b b b b

cRUUeVSRQdLQg OMA LdeQWLfLeU ARATH38809 beORQgLQg WR OMA HOG:0416115. The fXOOb b b b b b b b b b

eQULchPeQW UeVXOWV aUe aYaLOabOe aV SXSSOePeQWaU\ DaWa 3.b

GO THUPb P-YaOXHb N- PURWHLQVb
GO:0042753  SRVLWLYe UegXOaWLRQ Rf cLUcadLaQb
Uh\WhPb

2.12e-285b 113/2685b

GO:0048364  URRW deYeORSPeQWb 7.81e-125b 70/2685b
GO:0051726 UegXOaWLRQ Rf ceOO c\cOeb 1.22e-92b 99/2685bb
GO:0000712  UeVROXWLRQ Rf PeLRWLc UecRPbLQaWLRQb
LQWeUPedLaWeVb

1.65e-47b 26/2685b

GO:0007140  PaOe PeLRWLc QXcOeaU dLYLVLRQbb 1.19e-39b 26/2685b
GO:0009553  ePbU\R Vac deYeORSPeQWbb 1.43e-28b 17/2685b
GO:0022619  geQeUaWLYe ceOO dLffeUeQWLaWLRQb 3.59e-18b 5/2685b
b

IQ PaQ\ Ve[XaOO\ UeSURdXcLQg RUgaQLVPV, NaU\RgaP\ LV fROORZed b\ UeVWaUWLQg Rf Whe ceOO c\cOe. OXUb b b b b b b b b b b b b b b

UeVXOWV VWURQgO\ VXggeVW WhaW HOGV UeOaWed WR Whe UeVWaUWLQg Rf Whe ceOO c\cOe haYe cReYROYed ZLWhb b b b b b b b b b b b b b b b

Ge[1 (TabOe 4). AgaLQ Ze fLQd PaQ\ aQgLRVSeUP VSecLfLc aQQRWaWLRQV dXe WR Whe SULRU ZRUN LQ Wheb b b b b b b b b b b b b b b b b

VWXd\ Rf WheLU Ve[XaO UeSURdXcWLRQ. AV ZaV Whe caVe fRU HaS2, Whe Wa[RQRPLc VSUead Rf Whe HOGVb b b b b b b b b b b b b b b b b

fRXQd LQ WhLV VeaUch LV bURadeU WhaQ MXVW aQgLRVSeUPV. Ge[1 haV aOVR beeQ VhRZQ WR be LQYROYed LQb b b b b b b b b b b b b b b b b b

gaPeWe deYeORSPeQW aQd ePbU\RgeQeVLV [42] aQd WheUefRUe GO WeUPV 0022619 aQd 0009553 aUeb b b b b b b b b b b b b

*Previous paragraphs (and the following ones)
do not correspond with a clear description
of a result derived from experimental tests.
* see all highlighted in green .

TItza
* English grammar should be

heavily reused through the
Text .
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aSSOLed WR WhLV SURWeLQ. ThXV SURWeLQV WhaW HRgPURf LdeQWLfLed aV SXWaWLYe Ge[1 LQWeUacWRUV VhaULQgb b b b b b b b b b b b b b

WheVe GO WeUPV LQdLcaWeV Whe SRWeQWLaO UeOeYaQce Rf WheVe VeaUch UeVXOWV.b

OQe UeVXOW Rf SaUWLcXOaU LQWeUeVW LV a SURWeLQ faPLO\ ZhLch gReV b\ Whe O\ULcaO QaPe Rf SaUWLQg daQceUVb b b b b b b b b b b b b b b b b b

(PTD). PTD beORQgV WR a faPLO\ WhaW haV beeQ chaUacWeUL]ed LQ AUabLdRSVLV WhaOLaQa aQd \eaVW, aQdb b b b b b b b b b b b b b b b

LV NQRZQ WR be UeTXLUed LQ UecLSURcaO hRPRORgRXV UecRPbLQaWLRQ LQ PeLRVLV aQd ORcaOL]eV WR Wheb b b b b b b b b b b b b b b

QXcOeXV [43]. OXU VeaUch VhRZV WhaW Ge[1 cReYROYed cORVeO\ ZLWh PTD, a SURWeLQ NQRZQ WR beb b b b b b b b b b b b b b b b

LQYROYed LQ SUeSaULQg geQeWLc PaWeULaO fRU LWV eYeQWXaO PeUgeU ZLWh aQRWheU ceOOŖV QXcOeXV.b

QXeU\ ZLWh SSR11b

SSR11 LV a heOLcaVe WhaW haV beeQ VhRZQ WR be LQYROYed LQ PeLRVLV b\ caWaO\]LQg DNA dRXbOeb b b b b b b b b b b b b b b b b

VWUaQded bUeaNV (DSBV) WULggeULQg hRPRORgRXV UecRPbLQaWLRQ. SSR11 LV hLghO\ cRQVeUYedb b b b b b b b b b

WhURXghRXW eXNaU\RWeV aQd hRPRORgXeV aUe SUeVeQW LQ aOPRVW aOO cOadeV [44]. The GO eQULchPeQW Rfb b b b b b b b b b b b b b b

Whe VeaUch UeVXOWV fRU Whe WRS 100 cReYROYLQg HOGV aUe VhRZQ beORZ LQ WabOe 5.b

TabOH 5. MaQXaOO\ cXUaWHG bLRORJLcaOO\ UHOHYaQW HQULcKHG GO WHUPV IURP UHWXUQHG UHVXOWV.b b b b b b b b b b b b

The chRVeQ LQSXW SURWeLQ VeTXeQce fRU SSR11-1 LV baVed RQ Whe UQLPURW LdeQWLfLeU Q9M4A2b b b b b b b b b b b b b b

aQd Whe cRUUeVSRQdLQg OMA LdeQWLfLeU ARATH19148 beORQgLQg WR OMA HOG:0605395. The fXOOb b b b b b b b b b b b

eQULchPeQW UeVXOWV aUe aYaLOabOe LQ SXSSOePeQWaU\ DaWa 4.b

GO THUPb P-YaOXHb N- PURWHLQVb
GO:0000737 DNA caWabROLc SURceVV, eQdRQXcOeRO\WLcb 0.00e+00b 415/20562b
GO:0043137  DNA UeSOLcaWLRQ, UePRYaO Rf RNA SULPeUb 0.00e+00b 353/20562b
GO:0006275  UegXOaWLRQ Rf DNA UeSOLcaWLRQbb 0.00e+00b 552/20562b
GO:0006302  dRXbOe-VWUaQd bUeaN UeSaLUb b 8.11e-242b 285/20562b
GO:0007292  fePaOe gaPeWe geQeUaWLRQb 2.71e-184b 136/20562b
GO:0022414  UeSURdXcWLYe SURceVVbb 1.66e-93b 127/20562b

b

The SURceVV Rf chURPRVRPe UecRPbLQaWLRQ LV RQe Rf Whe cUXcLaO VWeSV LQ Whe geQeUaWLRQ Rf gaPeWeV aQdb b b b b b b b b b b b b b b b b

haSSeQV dXULQg PeLRWLc SURShaVe I ZheQ hRPRORgRXV chURPRVRPeV aUe SaLUed aQd fRUP Whe V\QaSWRQePaOb b b b b b b b b b b b b b

cRPSOe[. IW LV eQcRXUagLQg WR fLQd WhaW SSR11, Whe WULggeU Rf PeLRWLc DSBV, haV cReYROYed ZLWh RWheU faPLOLeVb b b b b b b b b b b b b b b b b b

LQYROYed LQ Whe LQYeUVe SURceVV Rf UeSaLULQg Whe DSBV aQd fLQLVhLQg Whe SURceVV Rf UecRPbLQaWLRQ (TabOe 5).b b b b b b b b b b b b b b b b b

OWheU LdeQWLfLed HOGV cRQWaLQ aQQRWaWLRQV VXch aV gaPeWe geQeUaWLRQ aQd UeSURdXcWLRQ aOVR fRcXVLQg aWb b b b b b b b b b b b b b

SURceVVeV WhaW UeVXOW LQ ceOOXOaU cRPPLWPeQW WR a gaPeWe ceOO faWe WhURXgh PeLRVLV. PUROLfeUaWLQg ceOO QXcOeaUb b b b b b b b b b b b b b b b

aQWLgeQ RU PCNA [45] ZaV aOVR UeWULeYed b\ RXU VeaUch. ThLV XbLTXLWRXV SURWeLQ faPLO\ LV aQ aX[LOLaU\ VcaffROdb b b b b b b b b b b b b b b b b b

SURWeLQ WR Whe DNA SRO\PeUaVe aQd UecUXLWV RWheU LQWeUacWRUV WR Whe SRO\PeUaVe cRPSOe[ WR UeSaLU daPagedb b b b b b b b b b b b b b b b

DNA, PaNLQg LW aQ LQWeUeVWLQg caQdLdaWe fRU a SRWeQWLaO Sh\VLcaO LQWeUacWRU ZLWh SSR11.b

b

✓ * Very expecoLatin .

y
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IQ VXPPaU\, WhLV HRgPURf VeaUch fRcXVed RQ WhUee SURWeLQV LQYROYed LQ Ve[XaO UeSURdXcWLRQ \LeOded a OLVW Rfb b b b b b b b b b b b b b b b b

SURPLVLQg caQdLdaWe SURWeLQV.b

A bURadeU VeaUch fRU Whe UeSURdXcWLYe QeWZRUNb

A PRUe LQ - deSWh WUeaWPeQW Rf Whe eYROXWLRQaU\ cRQVeUYaWLRQ Rf gaPeWe ceOO faWe cRPPLWPeQW aQd PaWLQg LVb b b b b b b b b b b b b b b b

aYaLOabOe LQ SUeYLRXV SXbOLcaWLRQV [32,41,46ş50]. UVLQg WheVe VRXUceV, a OLVW Rf bURadO\ cRQVeUYed SURWeLQb b b b b b b b b b b b b b

faPLOLeV NQRZQ WR be LQYROYed LQ Ve[XaO UeSURdXcWLRQ ZeUe cRPSLOed WR be XVed aV HOG TXeULeV WR Whe LSHb b b b b b b b b b b b b b b b b b b

FRUeVW WR UeWULeYe Whe WRS 10 cORVeVW cReYROYLQg HOGV. The haVh VLgQaWXUeV Rf Whe TXeULeV aQd UeVXOWVb b b b b b b b b b b b b b b b b

ZeUe cRPSLOed aQd XVed LQ aQ aOO-YV-aOO cRPSaULVRQ WR geQeUaWe a JaccaUd dLVWaQce PaWUL[.b

b

[
Basically 13 pages of ' ' revolts" are surnamed in this statement ?

fontenay be size ) ?
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b

FLJ. 5. HRJPURIŖV UHSURGXcWLYH QHWZRUN. A OLVW Rf SURWeLQV NQRZQ WR be LQYROYed LQ cRQVeUYedb b b b b b b b b b b b b b

Ve[XaO UeSURdXcWLRQ bLRORgLcaO SURceVVeV ZaV cRPSLOed aQd each SURWeLQ faPLO\ ZaV PaSSed WRb b b b b b b b b b b b b

LWV HOG aQd XVed WR VeaUch aQ LSH fRUeVW cRQWaLQLQg aOO HOGV LQ OMA. Each URZ aQd cROXPQ Rfb b b b b b b b b b b b b b b b b b b

Whe JaccaUd dLVWaQce PaWUL[ cRUUeVSRQdV WR a HOG cRQWaLQLQg NQRZQ Ve[XaO UeSURdXcWLRQb b b b b b b b b b b b

SaWhZa\ SURWeLQ faPLOLeV RU a HOG UeWXUQed b\ Whe VeaUch. A JaccaUd dLVWaQce PaWUL[ ZaVb b b b b b b b b b b b b b b

geQeUaWed b\ SeUfRUPLQg aQ AOO YV AOO cRPSaULVRQ Rf Whe HaVh VLgQaWXUeV Rf Whe UeVXOWV aQdb b b b b b b b b b b b b b b b

TXeULeV. UPGMA cOXVWeULQg ZaV SeUfRUPed RQ Whe URZV aQd cROXPQV WR RUgaQL]e Whe HOGV LQWRb b b b b b b b b b b b b b b

b

1
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fXQcWLRQaO PRdXOeV. The LQLWLaO VeW Rf 121 SURWeLQ VeTXeQceV ZaV aXgPeQWed XVLQg Whe VeaUchb b b b b b b b b b b b b b

fXQcWLRQaOLW\ Rf Whe LSH b\ addLQg Whe WRS 20 cORVeVW UeWXUQed HOGV UeVXOWLQg LQ a WRWaO Rf 2041b b b b b b b b b b b b b b b b b b

HOGV LQcOXdLQg Whe TXeULeV. A cXWRff dLVWaQce Rf .995 ZaV XVed WR geQeUaWe a WRWaO Rf cOXVWeUV Rfb b b b b b b b b b b b b b b b b b

HOGV (bOXe OLQeV). The OabeOV cRUUeVSRQd WR Whe QaPeV Rf Whe SURWeLQV XVed WR geQeUaWe Wheb b b b b b b b b b b b b b b b

TXeULeV. HOG QaPeV VhRZQ cRUUeVSRQd WR Whe \eaVW geQe QaPeV ( aSaUW fURP HaS2 ZhLch LV QRWb b b b b b b b b b b b b b b b b

SUeVeQW LQ fXQgL ). ThLV QRPeQcOaWXUe ZaV chRVeQ dXe WR Whe OaUge bRd\ Rf ZRUN UeOaWed WR Wheb b b b b b b b b b b b b b b b b b

\eaVW SheURPRQe UeVSRQVe aQd PaWLQg SaWhZa\V. The HOGV UeWXUQed b\ RXU VeaUch aUe QRWb b b b b b b b b b b b b b

OabeOOed RQ Whe dLVWaQce PaWUL[. AOO cRde XVed WR cRQVWUXcW WhLV fLgXUeV LV aYaLOabOe RQ Wheb b b b b b b b b b b b b b b b

HRgPURf UeSRVLWRU\.b

b

The aOO-YV-aOO cRPSaULVRQ Rf Whe JaccaUd dLVWaQceV beWZeeQ WheVe UeWXUQed HOGV UeYeaOV cOXVWeUVb b b b b b b b b b b b b

Rf SXWaWLYe LQWeUacWRUV cReYROYLQg cORVeO\ ZLWh VSecLfLc SaUWV Rf Whe Ve[XaO UeSURdXcWLRQ QeWZRUN.b b b b b b b b b b b b b

The GO eQULchPeQW Rf VeTXeQceV ZLWhLQ each cOXVWeU ZaV aQaO\]ed PaQXaOO\ aQd VeYeUaOb b b b b b b b b b b b b

aQQRWaWLRQV UeOaWed WR Ve[XaO UeSURdXcWLRQ ZeUe fRXQd. TheVe aUe VXPPaUL]ed LQ TabOe 6 afWeU ab b b b b b b b b b b b b b b

PaQXaO cXUaWLRQ aQd OLWeUaWXUe UeYLeZ aV dRQe LQ WabOe 2 fRU Whe NLQeWRchRUe VeaUch UeVXOWV. IQb b b b b b b b b b b b b b b b

addLWLRQ WR aQQRWaWed SURWeLQ VeTXeQceV aQd HOGV, PaQ\ XQaQQRWaWed, cReYROYLQg HOGV ZheUeb b b b b b b b b b b b

fRXQd. AgaLQ, WheVe Pa\ SURYe WR be XVefXO e[SeULPeQWaO WaUgeWV WR aQVZeU RSeQ TXeVWLRQV RQ Wheb b b b b b b b b b b b b b b b

PechaQLVPV behLQd Ve[XaO UeSURdXcWLRQ.bb

PaUWLcXOaUO\ fRU bLRORgLcaO SURceVVeV aV cRPSOe[ aQd eYROXWLRQaULO\ dLYeUVe aV Ve[XaO UeSURdXcWLRQ,b b b b b b b b b b b b

GeQe OQWRORg\ aQQRWaWLRQV aUe, XQVXUSULVLQgO\, LQcRPSOeWe. FRUWXQaWeO\, RXU SURfLOLQg aSSURach LVb b b b b b b b b b b

VXcceVVfXO LQ LdeQWLf\LQg SURWeLQ faPLOLeV ZLWh VLPLOaU eYROXWLRQaU\ SaWWeUQV WhaW haYe aOUead\ beeQb b b b b b b b b b b b b

chaUacWeULVed aQd aUe dLUecWO\ UeOeYaQW WR Ve[XaO UeSURdXcWLRQ (TabOe 6). B\ cRQVLdeULQg Wheb b b b b b b b b b b b b

XQchaUacWeUL]ed RU SRRUO\ chaUacWeUL]ed faPLOLeV aW Whe VeTXeQce aQd VWUXcWXUe OeYeO, Ze Pa\ beb b b b b b b b b b b b b b

abOe WR SUedLcW WheLU fXQcWLRQV aQd UecRQVWLWXWe WheLU ORcaO LQWeUacWRPe. OXU XOWLPaWe gRaO LV WR gXLdeb b b b b b b b b b b b b b b b

LQ YLYR e[SeULPeQWV WR WeVW aQd chaUacWeUL]e WheVe WaUgeWV ZLWhLQ Whe bURadeU cRQWe[W Rf eXNaU\RWLcb b b b b b b b b b b b b b b

Ve[XaO UeSURdXcWLRQ.b

TabOH 6. MaQXaOO\ cXUaWHG bLRORJLcaOO\ UHOHYaQW SXWaWLYH LQWHUacWRUV IURP VH[XaOb b b b b b b b b b

UHSURGXcWLRQ VHaUcK UHVXOWV. NRWabOe SURWeLQ faPLOLeV (ReVXOW) ZLWhLQ cOXVWeUV cRQWaLQLQg TXeU\b b b b b b b b b b b

HOGV (COXVWeU) aUe OLVWed ZLWh WheLU SeUWLQeQW aQQRWaWLRQ aQd OLWeUaWXUe. GO eQULchPeQW UeVXOWV Rfb b b b b b b b b b b b b b

cOXVWeUV WhaW cRQWaLQed RQe RU PRUe TXeULeV fURP RXU OLVW Rf TXeULeV ZeUe aQaO\]ed PaQXaOO\. Web b b b b b b b b b b b b b b b

VeaUched fRU OLWeUaWXUe aVVRcLaWed WR Whe UeOeYaQW GO aQQRWaWLRQV cRQfLUPLQg UeVXOWV UeWXUQed b\b b b b b b b b b b b b b

Whe LSH WhaW ZeUe aVVRcLaWed ZLWh Ve[XaO UeSURdXcWLRQ. ThLV LV a QRQ-e[haXVWLYe VXPPaU\ Rfb b b b b b b b b b b b b b

↳
n ... .. ..

..... ,µ , µ,
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VRPe VaOLeQW UeWXUQed UeVXOWV. The fXOO eQULchPeQW UeVXOWV aUe aYaLOabOe LQ Whe SXSSOePeQWaU\b b b b b b b b b b b b b

DaWa 5.b

COXVWHUb RHVXOWb GO THUPb CLWaWLRQb
REC8b NSE4b GO:0030915  SPc5-SPc6 cRPSOe[b [51]b
SPC72b MID2b GO:0000767  ceOO PRUShRgeQeVLVb

LQYROYed LQ cRQMXgaWLRQb
[52]b

SPO71b LES2b GO:0031011  IQR80 cRPSOe[b [53,54]b
SHC1, SPO16b POG1b GO:0000321  Ue-eQWU\ LQWR PLWRWLc ceOOb

c\cOe afWeU SheURPRQe aUUeVWb
[55,56]b

b

ThLV e[aPSOe UeOaWed WR Whe aQceVWUaO Ve[XaO UeSURdXcWLRQ QeWZRUN LOOXVWUaWeV Whe XWLOLW\ Rf Whe LSHb b b b b b b b b b b b b b b

FRUeVW VeaUch fXQcWLRQaOLW\ aQd OMA UeVRXUceV LQ e[SORUaWRU\ chaUacWeUL]aWLRQ Rf SRRUO\ deVcULbedb b b b b b b b b b b b

QeWZRUNV. The LQWeUacWLRQV SUeVeQWed abRYe LQ TabOe 6 RQO\ UeSUeVeQW RXU OLPLWed effRUW WR PaQXaOO\b b b b b b b b b b b b b b b

UeYLeZ OLWeUaWXUe WR hLghOLghW SRWeQWLaOO\ cUedLbOe LQWeUacWLRQV deWecWed b\ RXU SLSeOLQe. AgaLQ, aV ZaVb b b b b b b b b b b b b b

Whe caVe ZLWh RXU NLQeWRchRUe aQd APC UeOaWed VeaUcheV, VeYeUaO LQWeUacWLRQV PLghW QRW aSSeaUb b b b b b b b b b b b b b

RbYLRXV RQ WheLU face. FRU e[aPSOe, SPC72 aQd MID2 aUe bRWh LQYROYed LQ PeLRWLc SURceVVeV bXWb b b b b b b b b b b b b b b b

ORcaOL]ed WR dLffeUeQW SaUWV Rf Whe ceOO (Whe ceQWULROe aQd Whe PePbUaQe UeVSecWLYeO\). HRZeYeU, LW haVb b b b b b b b b b b b b b b b

beeQ VhRZQ WhaW PLcURWXbXOe RUgaQL]aWLRQ aQd PePbUaQe LQWegULW\ VeQVLQg SaWhZa\V dR VhRZb b b b b b b b b b b b

LQWeUacWLRQ dXULQg gaPeWe PaWXUaWLRQ [57]. OWheUV, OLNe Whe IQR80 cRPSOe[ UeOaWed LeV2 VXbXQLW aQdb b b b b b b b b b b b b b

SPO71 aSSeaU WR be dLUecWO\ LQYROYed LQ Whe bLRORgLcaO SURceVV Rf DNA UePRdeOOLQg dXULQgb b b b b b b b b b b b b b

UecRPbLQaWLRQ aQd LW Pa\ be eaVLeU WR LPagLQe WheLU PRde Rf LQWeUacWLRQ aQd deVLgQ e[SeULPeQWV WRb b b b b b b b b b b b b b b b

SURbe LW.b

b

DLVcXVVLRQb

We LQWURdXced a VcaOabOe V\VWeP fRU Sh\ORgeQeWLc SURfLOLQg fURP hLeUaUchLcaO RUWhRORgRXV gURXSV.b b b b b b b b b b b b

The ROC aQd AUC YaOXeV VhRZQ LQ Whe beQchPaUN Rf VecWLRQ 3.1 LQdLcaWeV WhaW Whe PLQhaVhb b b b b b b b b b b b b b b b

JaccaUd VcRUe eVWLPaWe beWZeeQ SURfLOeV LV a cRPSeWLWLYe aOWeUQaWLYe WR SUeYLRXV WUee aQd YecWRUb b b b b b b b b b b b b b

baVed PeWULcV, ZhLOe aOVR beLQg PXch faVWeU WR cRPSXWe. ThLV LV UePaUNabOe LQ WhaW RQe W\SLcaOO\b b b b b b b b b b b b b b b b

e[SecW a WUade-Rff beWZeeQ VSeed aQd accXUac\, ZhLch dReV QRW aSSeaU WR be Whe caVe heUe. Web b b b b b b b b b b b b b b b b

h\SRWheVLVe WhaW Whe eUURU LQWURdXced b\ Whe faVW PLQhaVh aSSUR[LPaWLRQ LV PRUe WhaQb b b b b b b b b b b b b

cRPSeQVaWed b\ Whe LQcOXVLRQ Rf aQ XQSUecedeQWed aPRXQW Rf geQRPeV aQd Wa[RQRPLc QRdeV LQb b b b b b b b b b b b b b

Whe OabeOOed Sh\ORgeQLeV XVed WR cRQVWUXcW Whe SURfLOeV.b

b

* a
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FXUWheUPRUe, ZhLOe RXU PLQhaVh-deULYed JaccaUd eVWLPaWeV aUe abOe WR caSWXUe VRPe Rf Wheb b b b b b b b b b b b b

dLffeUeQceV beWZeeQ LQWeUacWLQg aQd QRQ-LQWeUacWLQg HOGV, aV VhRZQ abRYe, WheLU XQLTXe VWUeQgWhb b b b b b b b b b b b

OLeV LQ Whe faVW UecRYeU\ Rf cORVe SURfLOeV. OQce WheVe SURfLOeV aUe UecRYeUed, Whe LQfeUeQce Rfb b b b b b b b b b b b b b b b

VXbPRdXOeV RU QeWZRUN VWUXcWXUe caQ be UefLQed XVLQg RWheU, SRWeQWLaOO\ PRUe cRPSXWe LQWeQVLYeb b b b b b b b b b b b b

PeWhRdV, RQ WhLV PXch VPaOOeU VXbVeW Rf daWa.b

BecaXVe Sh\ORgeQeWLc SURfLOLQg LV QRW \eW bURadO\ XVed RQ eXNaU\RWLc daWa, HRgPURf LV OaUgeO\b b b b b b b b b b b b b b

RUWhRgRQaO WR aQd WhXV SaUWLcXOaUO\ effecWLYe cRPbLQed ZLWh e[LVWLQg fXQcWLRQaO aQQRWaWLRQV. Web b b b b b b b b b b b

VhRZed WhaW HRgPURf ZaV abOe WR UecRQVWLWXWe Whe PRdXOaU RUgaQLVaWLRQ Rf Whe NLQeWRchRUe, aV ZeOOb b b b b b b b b b b b b b b

aV LQcUeaVe Whe OLVW Rf SURWeLQ faPLOLeV LQWeUacWLQg ZLWhLQ Whe QeWZRUN ZLWh VeYeUaO NQRZQ LQWeUacWRUVb b b b b b b b b b b b b b b

Rf Whe NLQeWRchRUe aQd Whe APC. AV fRU Whe RWheU HOGV UeWXUQed LQ WheVe VeaUcheV, RXU UeVXOWVb b b b b b b b b b b b b b b b b

VXggeVW WhaW VRPe aUe \eW XQNQRZQ LQWeUacWRUV LQYROYed LQ aVSecWV Rf Whe ceOO c\cOe RU cLOLaU\b b b b b b b b b b b b b b b b

d\QaPLcV. LLNeZLVe, RXU aWWePSW aW UeWULeYLQg caQdLdaWe PePbeUV Rf Whe Ve[XaO UeSURdXcWLRQb b b b b b b b b b b b

QeWZRUN UecaSLWXOaWed PaQ\ NQRZQ LQWeUacWLRQV, ZhLOe aOVR VXggeVWLQg QeZ RQeV.bb

The cXUUeQW SaUadLgP fRU e[SORULQg LQWeUacWLRQ RU SaUWLcLSaWLRQ LQ dLffeUeQW bLRORgLcaO SaWhZa\Vb b b b b b b b b b b b

acURVV SURWeLQ faPLOLeV UeOLeV heaYLO\ RQ daWa LQWegUaWLRQ VWUaWegLeV WhaW WaNe LQWR accRXQWb b b b b b b b b b b b b

heWeURgeQRXV hLgh-WhURXghSXW e[SeULPeQWV aQd NQRZOedge fRXQd LQ Whe OLWeUaWXUe. MaQ\ WLPeV,b b b b b b b b b b b

WheVe daWaVeWV RQO\ deVcULbe Whe QeWZRUNV LQ TXeVWLRQ LQ RQe RUgaQLVP aW a WLPe. FXUWheUPRUe,b b b b b b b b b b b b b b b

VLgQaOLQg, PeWabROLc aQd Sh\VLcaO LQWeUacWLRQ QeWZRUNV aUe aOO cRYeUed b\ dLffeUeQW W\SeV Rfb b b b b b b b b b b b b

e[SeULPeQWV aQd daWa SURdXced b\ WheVe V\VWePV LV ORcaWed LQ heWeURgeQeRXV daWabaVeV. B\b b b b b b b b b b b b b

cRQWUaVW, Sh\ORgeQeWLc SURfLOeV caQ SRWeQWLaOO\ XQcRYeU aOO WhUee W\SeV Rf QeWZRUNV fURP VeTXeQcLQgb b b b b b b b b b b b b

daWa aORQe. ThLV ZaV hLghOLghWed LQ RXU ZRUN dXULQg UeWULeYaO Rf SRWeQWLaO LQWeUacWRUV ZLWhLQ Wheb b b b b b b b b b b b b b b

Ve[XaO UeSURdXcWLRQ aQd NLQeWRchRUe QeWZRUNV ZLWh Whe UeWULeYaO Rf LFR aQd CFAP157, UeVSecWLYeO\.b b b b b b b b b b b b b

IQ bRWh caVeV, a UegXOaWRU\ acWLRQ ZLWhLQ Whe QeWZRUN ZaV Whe bLRORgLcaO SURceVV ZhLch LQYROYedb b b b b b b b b b b b b b b

bRWh Whe TXeU\ aQd UeWULeYed HOGV, QRW a Sh\VLcaO LQWeUacWLRQ. The adYaQceV SXW fRUZaUd b\ RXUb b b b b b b b b b b b b b b b

QeZ PeWhRdRORg\ aQd Whe SURSeUW\ Rf UeWULeYLQg eQWLUe QeWZRUNV aQd QRW MXVW Sh\VLcaO LQWeUacWLRQVb b b b b b b b b b b b b b

RSeQV Whe SRVVLbLOLW\ Rf SeUfRUPLQg cRPSaUaWLYe SURfLOLQg RQ aQ XQSUecedeQWed VcaOe aQd Oa\V Wheb b b b b b b b b b b b b b

gURXQdZRUN fRU LQWegUaWLYe PRdeOLQg Rf Whe LQWeUSOa\ beWZeeQ PPI, UegXOaWLRQ aQd PeWabROLcb b b b b b b b b b b b

QeWZRUNV LQ a PRUe hROLVWLc Za\.bb

FXUWheU ZRUN UePaLQV WR be dRQe RQ WXQLQg Whe SURfLOe cRQVWUXcWLRQ ZLWh Whe aSSURSULaWe ZeLghWV aWb b b b b b b b b b b b b b b b

each Wa[RQRPLc OeYeO, aV ZeOO aV ZheQ WR cRQVWUXcW SURfLOeV fRU VXbfaPLOeV aULVLQg fURP dXSOLcaWLRQVb b b b b b b b b b b b b b b

ZhLch Pa\ XQdeUgR QeRfXQcWLRQaOL]aWLRQ. DRZQVWUeaP SURceVVLQg Rf Whe e[SOLcLW UeSUeVeQWaWLRQ Rfb b b b b b b b b b b

-

y*t%%¥

O



D. MRL eW aO. 22b

Whe daWa, aV RSSRVed WR Whe Whe haVh VLgQaWXUe, caQ aOVR be deVLgQed XVLQg PRUe cRPSXWaWLRQaOO\b b b b b b b b b b b b b b b b

LQWeQVLYe PeWhRdV WR deWecW LQWeUacWLRQV RQ VPaOOeU VXbVeWV Rf SURfLOeV afWeU XVLQg Whe LSH aV a fLUVWb b b b b b b b b b b b b b b b b

VeaUch.b

The Sh\ORgeQeWLc SURfLOLQg SLSeOLQe SUeVeQWed LQ WhLV ZRUN ZLOO be LQWegUaWed LQWR OMA Zeb-baVedb b b b b b b b b b b b b b

VeUYLceV. MeaQZhLOe, LW LV aOUead\ aYaLOabOe RQ GLWhXb aV a VWaQdaORQe SacNage.b

MHWKRGVb

The fROORZLQg VecWLRQ deWaLOV Whe cUeaWLRQ Rf Sh\ORgeQeWLc SURfLOeV XVLQg OMA daWa, WheLUb b b b b b b b b b b b b

WUaQVfRUPaWLRQ LQWR PLQhaVh baVed SURbabLOLVWLc daWa VWUXcWXUeV aQd Whe WechQLcaO deWaLOV Rf Wheb b b b b b b b b b b b b

LPSOePeQWaWLRQ.b

PURILOH cRQVWUXcWLRQb

TR geQeUaWe OaUge-VcaOe geQe Sh\ORgeQLeV OabeOOed ZLWh VSecLaWLRQ, dXSOLcaWLRQ aQd ORVV eYeQWVb b b b b b b b b b b b

(a.N.a. eQKaQced SK\ORJeQLeV RU WUee SURILOeV) fRU each HOG LQ OMA, Ze SURceVVed LQSXW daWa LQb b b b b b b b b b b b b b b b

OUWhRXML fRUPaW [58] ZLWh S\HaP [59], XVLQg Whe NCBI Wa[RQRPLc WUee [60] SUXQed WR cRQWaLQ RQO\b b b b b b b b b b b b b b b b

Whe geQRPeV UeSUeVeQWed LQ OMA [15]. TUee SURfLOeV cRQWaLQ a VSecLeV WUee aQQRWaWed aW eachb b b b b b b b b b b b b b b

Wa[RQRPLc OeYeO ZLWh LQfRUPaWLRQ RQ ZheQ Whe OaVW cRPPRQ aQceVWRU geQe aSSeaUed, ZheUe ORVVeVb b b b b b b b b b b b b b

aQd dXSOLcaWLRQV RccXUUed aQd Whe cRS\ QXPbeU Rf Whe geQe aW each Wa[RQRPLc OeYeO. MRUeb b b b b b b b b b b b b b b

LQfRUPaWLRQ RQ Whe S\HaP LQfeUeQce Rf eYROXWLRQaU\ eYeQWV caQ be fRXQd LQ [59].b

UVLQg WhLV geQe WUee UeSUeVeQWaWLRQ Rf Whe HOG, a PXOWLVeW fRU SUeVeQce, ORVV aQd dXSOLcaWLRQ aWb b b b b b b b b b b b b b b b

each Wa[RQRPLc OeYeO LV cRPSLOed LQWR a YecWRU UeSUeVeQWaWLRQ. IQ WhLV UeSUeVeQWaWLRQ each cROXPQb b b b b b b b b b b b b b

cRUUeVSRQdV WR aQ eYROXWLRQaU\ eYeQW RU SUeVeQce Rf a geQe aW a VSecLfLc Wa[RQRPLc OeYeO aQd Wheb b b b b b b b b b b b b b b b b

ZeLghW LQ Whe cROXPQ cRUUeVSRQdV WR Whe ZeLghW (RU LPSRUWaQce) gLYeQ WR each QRde Rf Wheb b b b b b b b b b b b b b b b

Wa[RQRPLc WUee fRU WhaW cOaVV Rf eYeQWV (FLg. 1). IQ WhLV fRUPXOaWLRQ, Whe JaccaUd VcRUe beWZeeQb b b b b b b b b b b b b b b b

PXOWLVeWV [61] UeSUeVeQWLQg SURfLOeV ZLOO be PRUe heaYLO\ LQfOXeQced b\ QRdeV ZLWh a hLgheU ZeLghW. IQb b b b b b b b b b b b b b b b

WhLV PaQXVcULSW RQO\ SURfLOeV ZLWh bLQaU\ YecWRUV aUe cRQVLdeUed; Whe RSWLPL]aWLRQ Rf ZeLghWLQg aQdb b b b b b b b b b b b b b

RWheU UefLQePeQWV Rf Whe SURfLOLQg SLSeOLQe ZLOO be Whe VXbMecW Rf fXWXUe SXbOLcaWLRQV.b

PURILOH cRQVWUXcWLRQ ZLWK WHLJKWHG MLQKaVKLQJ aQG DaWabaVH cRQVWUXcWLRQ XVLQJ LSH FRUHVWb

b
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HLVWRULcaOO\, dLVWaQce PeWULcV beWZeeQ SURfLOeV haYe faOOeQ LQWR WZR caWegRULeV: WUee-baVed aQdb b b b b b b b b b b b

YecWRU-baVed PeWULcV [6,17]. CRPSaULQg aOO-YV-aOO SURfLOeV WR defLQe a dLVWaQce PaWUL[ XVLQg PeWULcVb b b b b b b b b b b b b

deWaLOed LQ RWheU Sh\ORgeQeWLc SURfLOLQg aSSURacheV, VXch aV PXWXaO LQfRUPaWLRQ, HaPPLQg dLVWaQceb b b b b b b b b b b b

RU WUee-aZaUe PeWhRdV [6,18,62ş64], VcaOeV TXadUaWLcaOO\ ZLWh Whe QXPbeU Rf SURfLOeV. The WLPe LWb b b b b b b b b b b b b b

WaNeV WR caOcXOaWe SURfLOeV aQd a dLVWaQce beWZeeQ WZR SURfLOeV W\SLcaOO\ VcaOeV SRRUO\ ZLWh Wheb b b b b b b b b b b b b b b

QXPbeU Rf geQRPeV cRQVLdeUed, eVSecLaOO\ ZLWh WUee-baVed PeWhRdV. TheVe cRPSXWaWLRQV aUe QRWb b b b b b b b b b b b

SUacWLcaO ZheQ cRPSaULQg Whe OabeOOed Sh\ORgeQLeV SURdXced b\ S\HaP fRU aOO HOGV LQ OMA, eYeQb b b b b b b b b b b b b b b

ZLWh hLgh SeUfRUPaQce cRPSXWLQg.b

SeYeUaO VWXdLeV haYe eVWabOLVhed Whe JaccaUd VLPLOaULW\ [65] beWZeeQ WZR SURfLOeV Rf SUeVeQce aQdb b b b b b b b b b b b b b

abVeQce SaWWeUQV acURVV e[WaQW geQRPeV aV a YaOLd Sh\ORgeQeWLc SURfLOLQg dLVWaQce PeWULc, ZhLch LVb b b b b b b b b b b b b b

abOe WR caSWXUe aQ eYROXWLRQaU\ VLgQaO cORVeO\ UeOaWed WR VhaUed SURWeLQ fXQcWLRQV [18,66,67]. ThLVb b b b b b b b b b b b b b

SURfLOe dLVWaQce PeWULc LQWegUaWeV ZeOO ZLWh Whe aYaLOabOe aOgRULWhPV aQd daWa VWUXcWXUeV aYaLOabOe LQb b b b b b b b b b b b b b

Whe DaWaVNeWch OLbUaU\ [68]. TheVe daWa VWUXcWXUeV aUe bXLOW aURXQd PLQhaVhLQg WechQLTXeV WRb b b b b b b b b b b b b

UeWULeYe VLPLOaU VeWV Rf eOePeQWV LQ VXbOLQeaU WLPe aQd aOORZ a XVeU WR effLcLeQWO\ VeaUch Whe SURfLOeb b b b b b b b b b b b b b b b b

VSace ZLWhRXW e[SOLcLWO\ caOcXOaWLQg Whe dLVWaQce PaWUL[ beWZeeQ aOO SURfLOeV, aV ZeOO aV aSSUR[LPaWeb b b b b b b b b b b b b b

Whe JaccaUd VLPLOaULW\ beWZeeQ SURfLOeV, b\ cRPSaULQg haVh VLgQaWXUeV. UVLQg WheVe daWa VWUXcWXUeVb b b b b b b b b b b b b

WR UeSUeVeQW aQd VeaUch fRU Whe Sh\ORgeQeWLc SURfLOeV effecWLYeO\ UePRYeV Whe QeceVVLW\ fRU aQb b b b b b b b b b b b b b

aOO-YV-aOO cRPSaULVRQ.b

MLQhaVhLQg WechQLTXeV ZeUe deYLVed WR PeaVXUe Whe VLPLOaULW\ Rf dRcXPeQWV aQd VeaUch fRU VLPLOaUb b b b b b b b b b b b b b

dRcXPeQWV ZLWhLQ OaUge daWaVeWV cRQWaLQLQg bLOOLRQV Rf eOePeQWV [69ş71]. A dRcXPeQW caQ eLWheU beb b b b b b b b b b b b b b

eQcRded aV a VeW Rf XQLTXe ZRUdV WhaW RccXU ZLWhLQ LW RU aV a PXOWLVeW UeSUeVeQWLQg Whe QXPbeU Rfb b b b b b b b b b b b b b b b b b b

RccXUUeQceV Rf each XQLTXe ZRUd. WheQ deaOLQg ZLWh VeWV ZheUe Whe WRWaO QXPbeU Rf XQLTXeb b b b b b b b b b b b b b b

eOePeQWV LV XQNQRZQ befRUe SURceVVLQg aOO VeWV, LW LV SUefeUabOe WR eQcRde WheP XVLQg Whe PLQhaVhb b b b b b b b b b b b b b b b

aOgRULWhP, ZhLch aOORZV Whe haVh VLgQaWXUe Rf Whe VeW WR be XSdaWed aV QeZ XQLTXe eOePeQWV aUeb b b b b b b b b b b b b b b b b

added ZLWhRXW SULRU NQRZOedge Rf aOO SRVVLbOe eOePeQWV. WheQ Whe WRWaO VeW Rf XQLTXe eOePeQWV (e.g.b b b b b b b b b b b b b b b b

aOO Rf Whe SRVVLbOe ZRUdV LQ a cRUSXV Rf dRcXPeQWV RU aOO Rf Whe Wa[a SUeVeQW LQ Whe VSecLeV WUee) LVb b b b b b b b b b b b b b b b b b b b b

NQRZQ, LW LV SRVVLbOe WR XVe a PLQhaVh VLgQaWXUe WR UeSUeVeQW Whe QXPbeU Rf WLPeV each W\Se Rfb b b b b b b b b b b b b b b b b b

eOePeQW RccXUV LQ a PXOWLVeW Rf aOO SRVVLbOe eOePeQWV. ThLV UeSUeVeQWaWLRQ LV NQRZQ aV a ZeLghWedb b b b b b b b b b b b b b b b

PLQhaVh aQd, deSeQdLQg RQ Whe daWaVeW, Pa\ be PRUe SUecLVe LQ UeWULeYLQg UeOeYaQW haVh VLgQaWXUeVb b b b b b b b b b b b b b b

(e.g. a dRcXPeQW WhaW PeQWLRQV a VSecLfLc ZRUd PaQ\ WLPeV). The PaWhePaWLcaO SULQcLSOeVb b b b b b b b b b b b b
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XQdeUSLQQLQg ZeLghWed PLQhaVhLQg aQd ORcaOLW\ VeQVLWLYe haVhLQg fRUeVW aOgRULWhPV aQd WheLUb b b b b b b b b b b

LPSOePeQWaWLRQ aUe deVcULbed LQ eaUOLeU SaSeUV [61,72,73].b

AfWeU WUaQVfRUPLQg HOG SURfLOe YecWRUV WR WheLU cRUUeVSRQdLQg ZeLghWed PLQhaVheV XVLQg Wheb b b b b b b b b b b b

daWaVNeWch OLbUaU\, aQ eVWLPaWLRQ Rf Whe JaccaUd dLVWaQce beWZeeQ SURfLOeV caQ be RbWaLQed b\b b b b b b b b b b b b b b

caOcXOaWLQg Whe HaPPLQg dLVWaQce beWZeeQ WheLU haVh VLgQaWXUeV [61]. The VSeed Rf cRPSaULVRQb b b b b b b b b b b b b

aQd ORZeU bRXQd fRU accXUac\ Rf Whe eVWLPaWLRQ Rf Whe JaccaUd VcRUe LV VeW b\ Whe QXPbeU Rfb b b b b b b b b b b b b b b b b b

haVhLQg fXQcWLRQV. The cRPSaULVRQ Rf haVh VLgQaWXUeV haV O(N) WLPe cRPSOe[LW\ ZheUe N LV Wheb b b b b b b b b b b b b b b

QXPbeU Rf haVh fXQcWLRQV XVed WR geQeUaWe Whe PLQhaVh VLgQaWXUe. DXe WR WhLV SURSeUW\, aQb b b b b b b b b b b b b b b

aUbLWUaU\ QXPbeU Rf eOePeQWV caQ be eQcRded LQ WhLV VLgQaWXUe ZLWhRXW VORZLQg dRZQ cRPSaULVRQV.b b b b b b b b b b b b b b

IQ RXU XVe caVe, WhLV eQabOeV Whe XVe Rf aQ aUbLWUaULO\ OaUge QXPbeU Rf Wa[a fRU ZhLch Ze caQb b b b b b b b b b b b b b b b b b b

cRQVLdeU eYROXWLRQaU\ eYeQWV. WLWh RWheU PeWULcV, VXch aV PeaUVRQ cRUUeOaWLRQ beWZeeQ YecWRUV, Wheb b b b b b b b b b b b b

SURfLOe cRPSaULVRQ beWZeeQ YecWRUV VcaOeV OLQeaUO\ ZLWh Whe QXPbeU RU geQRPeV RU Wa[a cRQVLdeUedb b b b b b b b b b b b b b

LQ Whe beVW caVe VceQaULR. IQ PRUe cRPSOLcaWed WUee-baVed PeWhRdV, WheVe cRPSaULVRQV caQ beb b b b b b b b b b b b b b

PXch PRUe cRVWO\.b

WeLghWed PLQhaVh RbMecWV caQ aOVR be XVed WR cRPSLOe a VeaUchabOe daWa VWUXcWXUe UefeUUed WR aV ab b b b b b b b b b b b b b b b b

LRcaOLW\ SeQVLWLYe HaVhLQg FRUeVW (LSH FRUeVW) [72]. The LSH FRUeVW caQ be TXeULed ZLWh a haVhb b b b b b b b b b b b b b b b

VLgQaWXUe WR UeWULeYe Whe K QeLghbRUV ZLWh Whe hLgheVW JaccaUd VLPLOaULW\ WR Whe TXeU\ haVh. The Kb b b b b b b b b b b b b b b b b

cORVeVW haVheV aUe UeWULeYed fURP a B-TUee daWa VWUXcWXUe [74]. ThLV bUaQchLQg WUee daWa VWUXcWXUeb b b b b b b b b b b b b b b

aOORZV fRU Whe d\QaPLc LQVeUWLRQ, deOeWLRQ aQd TXeU\LQg Rf Whe LSH FRUeVW daWa VWUXcWXUe bXLOW XSRQb b b b b b b b b b b b b b b b

LW aW RUdeUV Rf PagQLWXde faVWeU WhaQ SUeYLRXV SURfLOLQg effRUWV. AV SUeYLRXVO\ PeQWLRQed, caOcXOaWLQgb b b b b b b b b b b b b b

OLQNageV beWZeeQ aOO gURXSV LQ QRQ-SURbabLOLVWLc daWa VWUXcWXUeV UeTXLUeV aQ aOO-YV-aOO cRPSaULVRQ Rfb b b b b b b b b b b b b

SURfLOeV ZhLch VcaOeV TXadUaWLcaOO\ ZLWh Whe QXPbeU Rf SURfLOeV LQ Whe daWaVeW aQd caQ eaVLO\b b b b b b b b b b b b b b b

becRPe cRPSXWaWLRQaOO\ SURhLbLWLYe. ThLV SeQaOW\ aOVR aSSOLeV ZheQeYeU QeZ geQRPeV RUb b b b b b b b b b b

Wa[RQRPLc OeYeOV aUe added WR Whe LQSXW PaWUL[ aQd Whe OLQNageV PXVW be UecaOcXOaWed. IQ Whe caVeb b b b b b b b b b b b b b b b b

Rf Whe LSH FRUeVW, haVh VLgQaWXUeV Rf HOGV cRQWaLQLQg Whe QeZ geQRPe caQ be deOeWed aQdb b b b b b b b b b b b b b b b

UeSOaced LQ Whe daWabaVe ZLWh a WLPe cRPSOe[LW\ WhaW VcaOeV ORgaULWhPLcaOO\ ZLWh Whe QXPbeU Rfb b b b b b b b b b b b b b b

HOGV LQ Whe daWaVeW. IQ QRQ-SURbabLOLVWLc daWa VWUXcWXUeV, ZheQeYeU a QeZ HOG LV added WR aQb b b b b b b b b b b b b b b b

e[LVWLQg LQSXW PaWUL[ aQd OLQNageV aUe UecaOcXOaWed, Whe SeQaOW\ LV OLQeaUO\ SURSRUWLRQaO WR Wheb b b b b b b b b b b b b b

QXPbeU Rf HOGV aOUead\ LQ Whe daWaVeW aQd Whe QXPbeU Rf HOGV added ZheUeaV LQ Whe caVe Rf Wheb b b b b b b b b b b b b b b b b b b

LSH FRUeVW, Whe WLPe cRPSOe[LW\ VcaOeV ORgaULWhPLcaOO\ ZLWh Whe QXPbeU Rf HOGV aOUead\ LQ Wheb b b b b b b b b b b b b b b

daWaVeW aQd OLQeaUO\ ZLWh Whe QXPbeU Rf HOGV added. QXeU\ WLPe cRPSOe[LW\ LQ W\SLcaO SURfLOLQgb b b b b b b b b b b b b b b

aSSURacheV LV heaYLO\ SeQaOL]ed fRU Whe QXPbeU Rf RUWhRORgRXV gURXSV aQd geQRPeV LQcOXded LQb b b b b b b b b b b b b b

b
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Whe aQaO\VLV ZheUeaV HRgPURf LV XQaffecWed b\ Whe QXPbeU Rf geQRPeV LQcOXded (VLQce LW LV RQO\b b b b b b b b b b b b b b b b

deSeQdeQW RQ Whe QXPbeU Rf haVh fXQcWLRQV XVed WR geQeUaWe Whe ZeLghWed PLQhaVh VLgQaWXUe Rfb b b b b b b b b b b b b b b

HOGV) aQd VcaOeV ORgaULWhPLcaOO\ ZLWh Whe QXPbeU Rf HOGV added WR Whe daWabaVe.b

OUWKRORJ\ GaWa aQG VRIWZaUH OLbUaULHV XVHGb

OXU daWaVeW cRQWaLQV aSSUR[LPaWeO\ 600,000 HOGV cRPSXWed fURP Whe 2,167 geQRPeV LQ OMAb b b b b b b b b b b b b

(JXQe 2018 UeOeaVe) The PaLQ cRPSXWaWLRQaO bRWWOeQecN LQ RXU SLSeOLQe LV Whe caOcXOaWLRQ Rf Wheb b b b b b b b b b b b b b b

OabeOOed geQe WUeeV fRU each HOG XVLQg S\HaP. EYeQ ZLWh WhLV cRPSXWaWLRQ, cRPSLOed LSH fRUeVWb b b b b b b b b b b b b b b

RbMecWV cRQWaLQLQg Whe haVh VLgQaWXUeV Rf aOO HOGVŖ geQe WUeeV caQ be cRPSLOed LQ XQdeU 3 hRXUVb b b b b b b b b b b b b b b b b

(ZLWh 10 CPUV bXW WhLV caQ VcaOe eaVLO\ WR PRUe cRUeV) ZLWh RQO\ 2.5 GB Rf RAM aQd TXeULedb b b b b b b b b b b b b b b b b b b

e[WUePeO\ effLcLeQWO\ (aQ aYeUage Rf 0.01 VecRQdV RYeU 1000 TXeULeV agaLQVW a daWabaVe cRQWaLQLQgb b b b b b b b b b b b b b

SURfLOeV fRU aOO HOGV LQ OMA RQ aQ IQWeO(R) XeRQ(R) CPU E5530 @ 2.40 GH] aQd 2 GB Rf RAM WRb b b b b b b b b b b b b b b b b b b b b

ORad Whe LSH daWabaVe RbMecW LQWR PePRU\). ThLV SeUfRUPaQce PaNeV LW SRVVLbOe WR SURYLde RQOLQeb b b b b b b b b b b b b b b

VeaUch fXQcWLRQaOLW\, ZhLch Ze aLP WR UeOeaVe LQ aQ XScRPLQg Zeb-baVed YeUVLRQ Rf Whe OMAb b b b b b b b b b b b b b b

bURZVeU. MeaQZhLOe, Whe cRPSLOed SURfLOe daWabaVe caQ be XVed fRU aQaO\VLV RQ W\SLcaOb b b b b b b b b b b b b

ZRUNVWaWLRQV (QRWe WhaW PePRU\ aQd CPU UeTXLUePeQWV ZLOO deSeQd RQ Whe QXPbeU Rf haVhb b b b b b b b b b b b b b

fXQcWLRQV LPSOePeQWed LQ Whe cRQVWUXcWLRQ Rf SURfLOeV aQd Whe fLOWeULQg Rf Whe LQLWLaO daWaVeW WR cOadeVb b b b b b b b b b b b b b b b

Rf LQWeUeVW WR Whe XVeU).b

AOO geQe RQWRORg\ (GO) aQQRWaWLRQV (eQcRPSaVVLQg PROecXOaU fXQcWLRQV, ceOOXOaU ORcaWLRQV, aQdb b b b b b b b b b b

bLRORgLcaO SURceVVeV) fRU HOGV cRQWaLQed LQ OMA ZeUe aQaO\]ed ZLWh GOATOOLS [75]. TRb b b b b b b b b b b b b

caOcXOaWe Whe eQULchPeQW Rf aQQRWaWLRQV, Whe UeVXOWV UeWXUQed b\ Whe LSH FRUeVW aQQRWaWLRQV fRU aOOb b b b b b b b b b b b b b b

SURWeLQ VeTXeQceV cRQWaLQed LQ Whe HOGV UeWXUQed b\ Whe VeaUch ZeUe cROOecWed aQd Whe eQWLUeb b b b b b b b b b b b b b b

OMA aQQRWaWLRQ cRUSXV ZaV XVed aV bacNgURXQd.bb

HDF5 fLOeV ZeUe cRPSLOed ZLWh H5PY (YeU. 2.9.0). PaQdaV (YeU. 0.24.0) ZaV XVed fRU daWab b b b b b b b b b b b b b b

PaQLSXOaWLRQ. LabeOOed Sh\ORgeQLeV ZeUe PaQLSXOaWed ZLWh eWe3 [76]. DaWaVNeWch (YeU. 1.0.0) ZaVb b b b b b b b b b b b

XVed WR cRPSLOe ZeLghWed PLQhaVheV aQd LSH FRUeVW daWa VWUXcWXUeV. PORWV ZeUe geQeUaWed XVLQgb b b b b b b b b b b b b b

PaWSORWOLb (YeU. 3.0.2). P\HaP (YeU 1.1.6) ZaV XVed WR caOcXOaWe OabeOOed Sh\ORgeQLeV fRU Whe HOGVb b b b b b b b b b b b b b b

LQ OMA.bb

PHaUVRQ aQG SSHaUPaQ cRUUHOaWLRQ cRPSaULVRQ RI GLVWaQcH PaWULcHVb

* The only paragraph with
"
dear

"

procedures .

•
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DLVWaQce PaWULceV beWZeeQ aOO SaLUV Rf SURfLOeV LQ Whe NLQeWRchRUe aQd APC cRPSOe[ SURWeLQ faPLOLeVb b b b b b b b b b b b b b b

defLQed LQ [9] ZeUe cRPSaUed XVLQg Whe SSeaUPaQ aQd PeaUVRQ VWaWLVWLcaO aQaO\VLV fXQcWLRQV fURPb b b b b b b b b b b b b b

Whe Whe ScLP\ S\WhRQ SacNage WR YeULf\ Whe PRQRWRQLcLW\ Rf Whe VcRUeV beWZeeQ faPLOLeV.b

b

AcNQRZOHGJHPHQWVb

We WhaQN MRQLTXe ZahQ fRU heOSfXO feedbacN RQ Whe PaQXVcULSW. ThLV ZRUN ZaV fXQded b\ a gUaQWb b b b b b b b b b b b b b b b b

b\ Whe NRYaUWLV FRXQdaWLRQ fRU MedLcaO-BLRORgLcaO ReVeaUch (#17B111 WR CD), b\ Whe SZLVVb b b b b b b b b b b b b

NaWLRQaO ScLeQce FRXQdaWLRQ (GUaQW 183723 WR CD), b\ Whe SZLVV LeadLQg HRXVe fRU Whe LaWLQb b b b b b b b b b b b b b b

APeULcaQ RegLRQ (WR CD aQd PSA), aQd b\ Whe AgeQcLa NacLRQaO de PURPRcLĂQ CLeQWìfLca \b b b b b b b b b b b b b b b

TecQROĂgLca (PICT-2017-0854 WR PSA) .b

b

CRQIOLcW RI IQWeUeVW: QRQe decOaUed.b
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