
In ZhaW fRllRZV belRZ, Whe RUiginal We[W fURm Whe UeYieZeUV iV in gUe\ iWalic, Zhile RXU UeVSRnVeV aUe
in black VWUaighW We[W.

EdiWRUial cRmmenWV

AV \oX Zill Vee fUom Whe UepoUWV, boWh UefeUeeV aUe bUoadl\ faYoUable and find Whe ZoUk of poWenWial inWeUeVW, bXW Whe\
UaiVe impoUWanW iVVXeV WhaW Ze mXVW aVk \oX Wo addUeVV, in Whe foUm of a UeYiVed manXVcUipW, befoUe Ze Ueach a final
deciVion on pXblicaWion. In paUWicXlaU, iW VeemV Wo XV Wo be eVVenWial WhaW RefeUee 1'V conceUnV aboXW cellV claVVified aV
³pooU qXaliW\´  aUe UeVolYed. RefeUeeV 2 and 3  boWh haYe conceUnV UelaWing Wo oXWlieUV and hoZ Whe\ aUe WUeaWed and
diVcXVVed. PleaVe enVXUe WhaW WheVe and all oWheU iVVXeV UaiVed b\ Whe UefeUeeV aUe addUeVVed in fXll.

We Whank Whe ediWRUV fRU WhiV aVVeVVmenW. In RXU UeYiViRn, Ze haYe fRcXVed Rn Whe SRinW abRXW
ZhaW cellV aUe deemed SRRU TXaliW\ and SURYided fXUWheU anal\VeV and deVcUiSWiRnV.

We aUe conVideUing \oXU manXVcUipW aV a 'MeWhod' aUWicle. ThiV iV oXU foUmaW foU pXbliVhing aUWicleV WhaW deVcUibe a
meWhodological innoYaWion WhaW iV a VignificanW adYance oYeU pXbliVhed meWhodV and likel\ Wo be of bUoad XWiliW\, bXW
WhaW do noW pUoYide VignificanW biological inVighWV. When UeYiVing Whe manXVcUipW, pleaVe enVXUe Whe manXVcUipW
confoUmV Wo oXU VW\le foU MeWhodV aUWicleV (Vee
hWWpV://genomebiolog\.biomedcenWUal.com/VXbmiVVion-gXidelineV/pUepaUing-\oXU-manXVcUipW/meWhod); Vpecificall\, Whe
abVWUacW VhoXld be XndeU 100 ZoUdV. PleaVe noWe WhaW if Ze decide Wo pXbliVh \oXU manXVcUipW Ze Zill UeqXiUe WhaW Whe
VoXUce code iV made pXblicl\ aYailable XndeU an open VoXUce licenVe complianW ZiWh Open SoXUce IniWiaWiYe, ZiWh Whe
licenVe cleaUl\ VWaWed in Whe manXVcUipW. The VoXUce code VhoXld be depoViWed in a pXblic UepoViWoU\, VXch aV foU
inVWance giWhXb, ZiWh Whe acceVVion linkV inclXded in Whe manXVcUipW. We alVo aVk WhaW Whe YeUVion of VoXUce code
XVed in Whe manXVcUipW iV depoViWed in a DOI-aVVigning UepoViWoU\, VXch aV ]enodo, ZiWh Whe link alVo inclXded. All WhiV
infoUmaWion VhoXld be liVWed in a VepaUaWe AYailabiliW\ of DaWa and MaWeUialV VecWion of Whe manXVcUipW.

We haYe dRXble checked nRZ WhaW RXU manXVcUiSW cRnfRUmV WR Whe MeWhRd aUWicle gXidelineV. In
SaUWicXlaU, RXU abVWUacW iV nRZ 100 ZRUdV, Whe VRXUce cRde (bRWh Whe VRfWZaUe and anal\VeV) iV
aYailable fURm a ZenRdR DOI and Whe UeleYanW infRUmaWiRn iV dRcXmenWed in Whe µAYailabiliW\ Rf
DaWa and MaWeUialV¶ VecWiRn.

https://genomebiology.biomedcentral.com/submission-guidelines/preparing-your-manuscript/method


ReYieZeU #1: ReYieZ

MacnaiU & RobinVon pUopoVe a YeUVion of a GaXVVian mi[WXUe model Wo be applied Wo VXmmaUi]ed QC
meWUicV in VcRNA-Veq daWa Wo idenWif\ oXWlieUV coUUeVponding Wo 'bad' cellV.

The model, Zhich XVeV UobXVW infeUence Wo fiW in Whe pUeVence of oXWlieUV aV Zell aV inclXding
baWch-Vpecific mean VhifWV, iV beaXWifXll\ deVigned ZiWh a YeU\ nice coUUeVponding R package WhaW coXld
find XVe in man\ fieldV be\ond VcRNA-Veq.

The XVe of logiVWic WUanVfoUmaWion of Whe miWochondUial pUopoUWion iV a gUeaW idea; Whe logiVWic
WUanVfoUmaWion of fUacWionV iV YeU\ XndeUXWili]ed in Whe field.

We Whank Whe UeYieZeU fRU WhiV SRViWiYe aVVeVVmenW; indeed, Whe lRgiVWic WUanVfRUmaWiRn iV an
XndeUXWili]ed WUick.

The VimXlaWion VWUaWeg\ oXWlined b\ aXWhoUV iV compUehenViYe and appUopUiaWe. DaWa iV VimXlaWed
accoUding Wo Whe VpecificaWion of Whe model pUopoVed b\ Whe aXWhoUV. The\ demonVWUaWe cleaUl\ WhaW Whe
model Zill VXcceVVfXll\ be able Wo UecoYeU Whe VimXlaWion condiWionV beWWeU Whan alWeUnaWiYeV. While Whe
UeVXlWV aUe poViWiYe and encoXUaging (mi[WXUe modelV aUe haUd Wo geW fiWWing coUUecWl\ eYen foU daWa
VimXlaWed diUecWl\ fUom Whe modelV!), iW onl\ demonVWUaWeV infeUence iV poVVible UaWheU Whan WUXl\ idenWif\ing
'bad' cellV.

Indeed, Whe UeYieZeU highlighWV RXU e[acW challenge in WhiV ZRUk. OXU VimXlaWiRn encaSVXlaWeV
SUeYiRXV VXVSiciRnV abRXW µbad¶ cellV, bXW indeed Ze dR nRW haYe cRncUeWe infRUmaWiRn abRXW
ZhaW µbad¶ cellV Ueall\ aUe and hRZ Whe\ manifeVW. We haYe added a VWaWemenW abRXW WhiV in Whe
DiVcXVViRn: ³UlWimaWel\, RXU VimXlaWiRn highlighWV WhaW infeUence fURm RXU mRdel iV SRVVible, bXW
dReV nRW diUecWl\ VhRZ WhaW cellV aUe `bad'.´

AV oppoVed Wo man\ modeling + Vingle cell papeUV, heUe Whe aXWhoUV haYe pUopeUl\ qXanWified Whe
peUfoUmance of WheiUV and alWeUnaWiYe meWUicV ZiWh pUeciVion-Uecall cXUYeV. IW ZoXld be gUeaW if WheVe UeVXlWV
ZeUe pUeVenWed in FigXUe 2, Zhich iV moUe XVefXl Whan Whe e[ample VcaWWeU ploWV cXUUenWl\ pUeVenWed Zhich
doeVn'W qXanWif\ Whe peUfoUmance and inVWead UelieV on menWal paWWeUn maWching b\ a UeadeU.

We ZRXld be haSS\ WR change Whe SURgUeVViRn Rf figXUeV baVed Rn Whe EdiWRU¶V feedback, bXW
XlWimaWel\ Ze alVR ZanWed WR highlighW Whe challengeV in YiVXali]ing cellV deemed lRZ TXaliW\, and
VRme Rf Whe e[SlRUaWRU\ anal\ViV WhaW SamSleQC RffeUV. We Whink WhaW FigXUe 2 highlighWV nicel\
Whe challenge be\Rnd Whe VchemaWic WhaW iV VhRZn in FigXUe 1.

CellV aUe labeled aV 'pooU qXaliW\' oU 'bad' if Whe\ aUe faU inWo Whe WailV of Whe GaXVVian mi[WXUe componenWV.
IW iV noW cleaU Zh\ WheVe cellV ZoXld be of pooU qXaliW\ aV oppoVed Wo folloZing biological YaUiaWion ZiWh
ZideU diVWUibXWion Whan can be UepUeVenWed b\ a mXlWiYaUiaWe noUmal. OfWen Ueal ZoUld daWa need Wo be
modeled ZiWh W-diVWUibXWion UaWheU Whan GaXVVian diVWUibXWionV Wo pUopeUl\ mimic Whe obVeUYed daWa.

ThiV iV an inWeUeVWing SRinW; hRZeYeU, in SUacWice, Whe cellV WhaW aUe called aV RXWlieUV aUe alVR in
Whe WailV Rf W-diVWUibXWed daWa. The URbXVW infeUence machineU\ Ze XVed can alVR handle
W-diVWUibXWiRnV WhaW haYe heaYieU WailV: Whe eVWimaWeV Rf mean and cRUUelaWiRn Uemain accXUaWe,



alWhRXgh Whe diVWance fURm Whe meanV aW Zhich a cell iV called aV an RXWlieU Zill be VlighWl\ laUgeU.
We haYe WeVWed SamSleQC Rn W-diVWUibXWed VimXlaWed daWa, and find WhaW Zhile WheUe iV a Vmall
negaWiYe imSacW Rn SeUfRUmance, SamSleQC VWill RXWSeUfRUmV Whe RWheU meWhRdV cRnVideUed
(Vee SXSS Fig S4 in UeYiVed manXVcUiSW).

RelaWedl\, Whe aVVXmpWion of Whe cell QC GMM iV WhaW laUge clXVWeUV coUUeVpond Wo XVefXl cellV Zhile
oXWlieUV coUUeVpond Wo 'bad' cellV. HoZeYeU, in pUacWice iW iV common Wo find a diVWincW clXVWeU beWZeen QC
meWUicV Zhich iV enUiched foU YaUioXV maUkeUV of cell deaWh oU degUadaWion.

The UeYieZeU SRinWV WR a Yalid alWeUnaWiYe aSSURach WR QC. We haYe added addiWiRnal anal\ViV
(ZiWh UeVXlWV VhRZn in SXSS Fig S11), ZheUe Ze aSSlied WhiV aSSURach WR Vingle cell daWa fURm
RYaUian canceU WiVVXe. We fRXnd WhaW Zhile VRme clXVWeUV VhRXld cleaUl\ be e[clXded, RWheU
clXVWeUV VhRZed a Zide Uange Rf QC meWUicV, VhRZing WhaW WhiV aSSURach WR e[clXding SRRU
TXaliW\ cellV ma\ be mRUe difficXlW in VamSleV nRW cRmSUiVing healWh\ cellV. We haYe alVR
RbVeUYed VimilaU UeVXlWV in VnRNA-VeT VamSleV fURm bUainV ZiWh neXURdegeneUaWiRn; iW ma\ be
WhaW WheUe aUe VXbVWanWial diffeUenceV in QC diVWUibXWiRnV beWZeen mRdel-baVed (e.g., mRXVe)
and clinical VamSleV. We haYe added We[W WR Whe DiVcXVViRn VecWiRn Rn WhiV SRinW.

IW iV a UeaVonable WheoU\ WhaW diffeUenW biological cell W\peV Zill pUodXce diffeUenW clXVWeUV in 'QC Vpace'. BXW
foU none of Whe daWaVeWV iV iW demonVWUaWed WhaW diffeUenW cell W\peV indeed haYe diffeUenW QC diVWUibXWionV.
FoU Whe Vake of a UeadeU iW ZoXld be appUopUiaWe Wo UelaWe e[ampleV of diffeUenW kindV of cell W\peV WhaW can
haYe diffeUenW QC YalXeV and Zh\.

OYeUall, RXU enWiUe aSSURach iV mRWiYaWed b\ Ueal
daWaVeWV, aV VhRZn in FigXUe 2 and SXSSlemenWaU\
FigXUe 1, ZheUe Ze ³Vee´ diUecWl\ diffeUenW mi[WXUeV
in µQC VSace¶ afWeU making VWandaUd aVVeVVmenWV Rf
cellV called (e.g., b\ CellRangeU). HRZeYeU, WhiV
dReV nRW VhRZ diUecWl\ hRZ cell W\SeV aUe
diVWUibXWed. A UefeUence fRU WhiV ShenRmena iV
GeUmain eW al. 2020, FigXUe 3 (VcUeenVhRW VhRZn aW
Whe UighW); WhiV iV alVR e[SlRUed aW Whe WiVVXe leYel in
OVRUiR eW al. 2020.

One addiWiRnal caYeaW heUe iV WhaW in mRVW daWaVeWV,
annRWaWiRn WakeV Slace afWeU filWeUing, VR Ze dR nRW
alZa\V haYe Whe RSWiRn WR knRZ if filWeUed cellV cRXld in facW be annRWaWed. ThaW iV, Ze aUe lacking
Ueal daWaVeWV WhaW haYe gRRd/bad VWaWXV aV Zell aV cellW\SeV annRWaWed.

AnoWheU aVVXmpWion iV WhaW Whe majoUiW\ of cellV Zill be 'good'/XVefXl. HoZeYeU, foU Vome e[peUimenWal
V\VWemV ZiWh paUWicXlaUl\ fUagile cellV a majoUiW\ Zill be 'bad'/dead. Since modeUn plaWfoUmV can capWXUe
WenV of WhoXVandV of cellV peU Vample iW WendV Wo noW be an iVVXe Vince \oX can VWill capWXUe hXndUedV of
XVefXl cellV. The aXWhoUV VhoXld pUoYide gXidance UegaUding WheVe VeWWingV.



ThiV iV an inWeUeVWing SRinW. IW iV ZRUWh highlighWing heUe WhaW SamSleQC allRZV Whe fle[ibiliW\ WR
VSecif\ ceUWain clXVWeUV fRU e[clXViRn if iW iV knRZn in adYance ZheWheU VRme VXbVeWV aUe
VXVSecWing WR be lRZ TXaliW\. We haYe added cRmmenWV in Whe XVeU gXide abRXW WheVe iVVXeV.

The aXWhoUV ZUiWe WhaW e[clXding cellV ZiWh moUe Whan 5%/10% miWochondUial UeadV iV a common appUoach
Wo QC. IW ZoXld be good if Whe aXWhoUV demonVWUaWed ZiWh a feZ UecenW e[ample pXblicaWionV Wo illXVWUaWe
Whe pUeYalence of WhiV pUacWice. The aXWhoUV do haYe a UefeUence Wo a UeYieZ Uecommending WhiV, bXW WhiV
doeV noW indicaWe Wo a UeadeU WhaW WhiV iV a Zidel\ XVed pUacWice in Whe field.

The UealiW\ iV WhaW WheUe aUe man\ SUacWiceV XVed in Whe field (i.e., nR VWandaUd) and VR Ze haYe
UeShUaVed Whe cRmmenW WR nRZ menWiRn WhaW filWeUing baVed Rn miWRchRndUial SeUcenWage iV
UecRmmended (e.g., in a ³BeVW SUacWiceV´ aUWicle and in Whe OSCA bRRk) and WhaW 5%/10% iV a
VSecific e[amSle WhaW ZaV SUeYiRXVl\ SURSRVed.

IW iV VWaWed WhaW Whe cXUUenW indXVWU\ VWandaUdV foU QC aUe 'VcaWeU' and 'SeXUaW'. IW ZoXld be good Wo pUoYide
e[ampleV of Whe XVe of WhiV VWUaWeg\. Reading papeUV fUom Whe field, iW VeemV faU moUe common Wo make
aUbiWUaU\ cXWoffV on a coXple of cXVWom meWUicV in each papeU.

We baVed WhiV cRmmenW abRXW ³indXVWU\ VWandaUdV´ accRUding WR ZhaW UecRmmendaWiRnV SeRSle
find Zhen Whe\ VeaUch fRU Vingle cell SiSelineV, inclXding Whe OSCA (OUcheVWUaWing Single Cell
Anal\ViV) Rnline bRRk and SeXUaW YigneWWeV. AV menWiRned abRYe, Whe UealiW\ iV WhaW daWa
anal\VWV imSlemenW YaUiRXV (SUeVXmabl\ VenVible bXW aUgXabl\ aUbiWUaU\) VWUaWegieV. We haYe
UeZRUded Whe We[W WR cRnYe\ WhiV VenWimenW.

The aXWhoUV menWionV WhaW appl\ing QC filWeUing Wo each Vample indiYidXall\ inWUodXceV biaV, bXW WhiV iV noW
inYeVWigaWed oU pUeVenWed in WhiV papeU.

ToZaUdV Whe end of Whe papeU Whe aXWhoUV VWaWe WhaW joinWl\ anal\]ing all VampleV incUeaVeV VenViWiYiW\ b\
boUUoZing VWUengWh acUoVV VampleV. TheUe iV hoZeYeU no diVcXVVion of compaUiVon of peUfoUmance of
anal\]ing Whe VampleV indiYidXall\ aV oppoVed Wo joinWl\.

We cRnVideU WhaW ³aSSl\ing QC filWeUing WR each VamSle´ iV UeSUeVenWed b\ µVcaWeU¶, Vince
eVWimaWeV aUe baVed Rn MADV calcXlaWed VeSaUaWel\ fRU each VamSle. TheUe iV nR Za\ WR WeVW
SamSleQC Rn Vingle VamSleV, becaXVe iW e[SliciWl\ UeTXiUeV mXlWiSle VamSleV WR eVWimaWe Whe
mi[WXUe Rf GaXVVianV.

A laUge iVVXe iV hoZ WhiV meWhod fiWV inWo an anal\ViV ZoUkfloZ. The cenWUal claim iV WhaW diffeUenW cell W\peV
of XVefXl cellV Zill pUodXce diffeUenW denViWieV of QC meWUicV. FoU a pUacWiWioneU Wo make XVe of daWa ZiWh
mXlWiple cell W\peV, WheVe need Wo be annoWaWed foU fXUWheU anal\ViV. BXW in WhiV VeWWing 'bad' cellV ZoXld
foUm WheiU oZn clXVWeUV oU fail Wo be annoWaWed in moUe VXpeUYiVed VeWWingV. Since Whe ZoUk of clXVWeUing
cellV and labeling VWill needV Wo be done, iW ZoXld Veem eaVieU Wo idenWif\ 'bad' cellV aW WhaW VWep.

In RXU e[SeUience, Ze haYe RbVeUYed WhaW bRWh mRdelV - clXVWeUV Rf bad cellV, and cRnWinXa Rf
cellW\SeV ZiWh decUeaVing TXaliW\ - RccXU in SUacWice. AV diVcXVVed abRYe (Vee UeVSRnVe WR
UeYieZeU cRmmenW beginning ³RelaWedl\, Whe aVVXmSWiRn Rf Whe cell QC GMM´), Ze haYe added
neZ anal\ViV WhaW VhRZV WhaW e[clXding clXVWeUV Rf bad cellV iV nRW aSSURSUiaWe fRU all daWaVeWV.



UlWimaWel\, aW leaVW fRU clXVWeUing, Whe XVeU needV WR dUaZ a line aW VRme SRinW and Whe UeVXlWV
(e.g., WhaW aUe alUead\ baVed Rn VeWV Rf highl\ YaUiable geneV) aUe deSendenW Rn WhRVe chRiceV.
We haYe added DiVcXVViRn abRXW WhiV in Whe SaUagUaSh VWaUWing ³QC dReV nRW need WR be
cRndXcWed enWiUel\ aW Whe filWeUing VWage´.

IW ZoXld be appUopUiaWe Wo diVcXVV Zhich QC meWUicV Wo XVe, and hoZ Whe\ UelaWe Wo poWenWial failXUe modeV
in Whe VcRNA-Veq pUoceVV. The aXWhoUV do diVcXVV WhiV foU Whe inWUonic YV e[onic UaWio of UeadV foU
VnRNA-Veq and offeU a plaXVible WheoU\ (albeiW VpecXlaWiYe, Zhich coXld XVe a qXalifieU Wo indicaWe WhiV).

We agUee WhaW WhiV ZRXld be helSfXl WR XVeUV, and haYe added a SaUagUaSh in Whe DiVcXVViRn
VecWiRn.

Upon Veeing Whe faceW_gUid in FigXUe S2 iW iV noW obYioXV ZhaW Whe YeUWical a[iV UepUeVenW. IW appeaUV Wo be
indiYidXal VampleV; iW ZoXld be good if Whe aXWhoUV XVed Whe 'labelleU = "label_boWh"' opWion Wo make WhiV
cleaU.

Thank \RX fRU WhiV cRmmenW. We haYe mRdified Whe YiVXali]aWiRn in FigXUe S2 WR beWWeU cRnYe\
Whe YeUWical a[iV.

In VXmmaU\, Whe laUgeVW iVVXeV aUe: 1) IW iV noW cleaU ZheWheU cellV labelled aV 'bad' heUe aUe 'bad' aV
oppoVed Wo one of Whe QC clXVWeUV being 'bad'. 2) WheWheU peUfoUming WhiV labeling ZoXld be XVefXl in Whe
fiUVW caVe Vince in Whe clXVWeUing VWep of anal\ViV UeVeaUcheUV ZoXld idenWif\ bad cellV an\Za\.

TheVe aUe imSRUWanW SRinWV. TR addUeVV Whem, Ze haYe added neZ anal\ViV Rf RYaUian canceU
daWa (aV diVcXVVed abRYe), and amSlified Whe UeleYanW SaUWV Rf Whe DiVcXVViRn. OXU RbVeUYaWiRnV,
fURm RYaUian canceU and bUain WiVVXe VnRNA-VeT VamSleV, iV WhaW mRUe challenging VamSleV
ma\ be leVV likel\ WR cRnWain Rne µbad¶ clXVWeU, and WhaW man\ cell W\SeV / clXVWeUV ma\ cRnWain a
SURSRUWiRn Rf cellV Rf lRZ TXaliW\. RaWheU Whan idenWif\ing Rne µbad¶ clXVWeU, SamSleQC idenWifieV
µbad¶ cellV accRUding WR being in Whe lRZ-denViW\ UegiRnV Rf Whe mXlWi-VamSle-baVed mXlWiYaUiaWe
QC VSace. We dR nRW haYe VSecific UeaVRnV WhaW Whe\ aUe WUXl\ lRZ-TXaliW\, be\Rnd Whe
RbVeUYaWiRn WhaW Whe\ b\ definiWiRn haYe mRUe e[WUeme QC meWUicV.



ReYieZeU #2: ===

MacnaiU and colleagXeV deYelop SampleQC foU Vingle-cell RNA-Veq daWa qXaliW\ conWUol (QC).  The\ do
noW pUopoVe neZ QC cUiWeUia, bXW an appUoach Wo combine mXlWiple e[iVWing QC cUiWeUia Wo beWWeU idenWif\
pooU qXaliW\ cellV. To WhiV end, Whe\ pUopoVe a mXlWiYaUiaWe GaXVVian mi[WXUe model, and WUeaW oXWlieUV fUom
Whe fiWWed model aV loZ qXaliW\ daWa poinWV. The\ eYalXaWe WheiU meWhod XVing VimXlaWed daWa, Zhich iV
baVed on WheiU pUopoVed model, When appl\ WheiU model Wo anal\]e a pXblicl\ aYailable Ueal Vingle nXclei
RNAVeq daWaVeW fUom hXman bUain.

The pUopoVed meWhod iV incUemenWal compaUed Wo e[iVWing appUoacheV. TheUe aUe a feZ meUiWV of Whe
pUopoVed model. PeUhapV Whe main adYanWage of WhiV appUoach iV WhaW iW doeV noW UeqXiUe a pUedefined
WhUeVhold foU ceUWain QC meWUicV, VXch aV UMI coXnWV and miWochondUia fUacWionV, bXW Whe model UeqXiUeV
addiWional paUameWeUV WhaW aUe noW eaVil\ idenWifiable fUom daWa, e.g. QC cellW\pe nXmbeUV and WhUeVhold
foU oXWlieUV. The model iV noW Zell YalidaWed. In addiWion, WheUe aUe a nXmbeU of VignificanW ZeakneVVeV aV
deWailed beloZ.

MajoU commenWV:

1.  The pUopoVed meWhod lackV UigoUoXV YalidaWion. QXanWiWaWiYe eYalXaWion iV done onl\ foU a Vpecific
VimXlaWed daWaVeW, Zhich iV geneUaWed baVed on Whe aVVXmpWion WheiU VWaWiVWical model iV coUUecW. ThiV iV
cleaUl\ a ciUcXlaU aUgXmenW, and Whe UeleYance foU Ueal daWa applicaWion iV XncleaU. TheUe aUe a nXmbeU of
pXbliVhed WoolV foU Vingle-cell RNAVeq VimXlaWionV. The aXWhoUV VhoXld conVideU one of mXlWiple of WheVe
WoolV in oUdeU Wo obWain a moUe objecWiYe eYalXaWion of WheiU meWhod. AlVo, VimXlaWed daWa haV impoUWanW
inWUinVic limiWaWionV Zhich need Wo be Uecogni]ed. To aYoid XndXe opWimiVm in Ueal applicaWionV, Whe
aXWhoUV VhoXld alVo caUefXll\ eYalXaWe Whe peUfoUmance of WheiU meWhod baVed on Ueal daWa. I Uecogni]e iW
can be difficXlW Wo deWeUmine WUXe eUUoU UaWeV foU Ueal daWa, bXW alWeUnaWiYe VWUaWegieV can be XVed VXch aV
UobXVWneVV and conViVWenc\ ZiWh liWeUaWXUe findingV, aV commonl\ done in VimilaU VWXdieV.

ThiV UeYieZeU highlighWV Rne Rf RXU biggeVW challengeV in WhiV ZRUk. DeVSiWe WheUe being lRWV Rf
VcRNA-VeT VimXlaWRUV RXW WheUe (Ze eYen haYe a VWXd\ cRmSaUing Whem1), Ze ZeUe nRW able WR
find Rne WhaW VimXlaWeV µbad¶/¶lRZ-TXaliW\¶ cellV. SR, WhaW iV Zh\ Ze imSlemenWed Rne fURm VcUaWch
XVing ZhaW liWWle Ze knRZ abRXW hRZ µbad¶ cellV manifeVW, and Ze belieYe Ze aUe faiUl\ hRneVW
abRXW Whe limiWaWiRnV Rf VimXlaWiRn (See SaUagUaSh in DiVcXVViRn VWaUWing ³IW iV ZoUWh noWing WhaW
oXU peUfoUmance UeVXlWV depend on Whe choiceV made in implemenWing Whe VimXlaWion ..´). AV
menWiRned abRYe, WheUe iV alVR an abVence Rf Ueal daWaVeWV WhaW caUU\ a gURXnd WUXWh WR dR
SURSeU aVVeVVmenWV. HRZeYeU, Ze did aSSl\ SamSleQC WR mXlWiSle Vingle cell daWa W\SeV (e.g.,
CITE-VeT), WhXV highlighWing iWV fle[ibiliW\. We¶Ye e[Sanded Rn all WheVe aVSecWV in Whe DiVcXVViRn
(Vee SaUagUaSh VWaUWing ³One of Whe main challengeV in WhiV ZoUk iV Whe lack of gUoXnd WUXWh´) WR
make Whe challengeV cleaU.

We dR nRW fXll\ XndeUVWand Whe cRmmenW ³alWeUnaWiYe VWUaWegieV can be XVed VXch aV URbXVWneVV
and cRnViVWenc\ ZiWh liWeUaWXUe findingV, aV cRmmRnl\ dRne in VimilaU VWXdieV´, becaXVe RWheU
(neZl\-SURSRVed) QC WRRlV (e.g., miQC and Whe RUiginal SURSRValV fURm VcUan and VcaWeU) alVR
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dR nRW haYe cRmSUehenViYe benchmaUkV, again becaXVe WheUe iV a lack Rf gURXnd WUXWh. We
haYe menWiRned WheVe limiWaWiRnV TXiWe a biW in Whe We[W.

2. A ke\ challenge in QC anal\ViV iV Wo diVWingXiVh good fUom bad daWa poinWV Zhile conVideUing Whe
XndeUl\ing biological YaUiabiliW\. AV noWed b\ Whe aXWhoUV, YaUiaWion in meWUicV VXch aV UMI coXnWV and
miWochondUial fUacWionV ma\ be dXe Wo inWUinVic biological YaUiaWion. HoZeYeU, WhiV iVVXe can onl\ be
addUeVVed b\ caUefXll\ modeling Whe VoXUceV of biological and Wechnical YaUiaWionV. InVWead, a ke\
limiWaWion of VampleQC iV WhaW iW doeV noW aWWempW Wo diVWingXiVh biological and Wechnical componenWV. AV a
UeVXlW, iW iV haUd Wo inWeUpUeW Whe UeVXlWV. An e[ample iV WhaW UaUe cell W\peV ma\ appeaU oXWlieUV WhaW ZoXld
be e[clXded fUom doZnVWUeam anal\ViV. SimilaUl\, Whe WeUm 'QC cellW\pe' iV confXVing and haUd Wo inWeUpUeW.

We aUe nRW VXUe WhaW Whe UeYieZeU¶V cRmmenWV heUe aUe fXll\ cRUUecW. FRU e[amSle, Whe mRdel
dReV haYe VamSle-VSecific VhifWV, Zhich handleV SaUW Rf Whe WechQical YaUiaWiRn (e.g., diffeUenW
baVeline VeTXencing deSWhV acURVV VamSleV); and in UandRm VamSling, Ze e[SecW a diVWUibXWiRn
Rf VeTXencing deSWhV (and RWheU QC meWUicV) fRU Whe cellV ZiWhin a Vingle VamSle, WhXV
UeSUeVenWing biRlRgical YaUiaWiRn in Whe mRdel. FXUWheUmRUe, Whe cRmmenW abRXW ³UaUe cell W\SeV
ma\ aSSeaU [aV] RXWlieUV´ iV e[acWl\ Zh\ Ze cUeaWed RXU SamSleQC mRdel; aV lRng aV UaUe cell
W\SeV aUe UeSUeVenWed b\ a µQC cellW\Se¶ in Rne Rf Whe VamSleV, iW Zill be UeWained in Whe fiW Rf Whe
RWheU VamSleV. We belieYe WhaW WhiV diUecW mRdeling allRZV SamSleQC WR be leVV VXVceSWible WR
filWeUing UaUe cell W\SeV Whan an\ Rf Whe cRmSeWing meWhRdV.

Indeed, µQC cellW\Se¶ cRXld be a cRnfXVing WeUm. HRZeYeU, if \RX cRnVideU Whe mi[WXUeV VhRZn in
Whe mRWiYaWing e[amSleV in FigXUe 2B, Ze belieYe WhiV helSV Whe inWXiWiRn Rn Whe WeUm. We haYe
e[Sanded Whe caSWiRn WR highlighW Whe WeUm µQC cellW\Se¶ in WhiV cRnWe[W.

3. The benefiW of XVing WhiV pUopoVed QC meWUic in doZnVWUeam anal\VeV iV XncleaU. FoU e[ample, doeV iW
help impUoYe Whe accXUac\ of cell-W\pe idenWificaWion, WUajecWoU\ anal\ViV, eWc?

We alUead\ knRZ a faiU biW abRXW hRZ filWeUing affecWV dRZnVWUeam anal\ViV. FRU e[amSle, RXU
ZRUk in SiSeCRmS2 highlighWed WhaW ³doXbleW UemoYal peUfoUmed ZoUVe Zhen combined ZiWh
lenienW oU no filWeUing´ and WheUe iV a SecWiRn WiWled ³E[clXding moUe cellV iV noW neceVVaUil\
beWWeU´. HeUe, iW cRmeV back WR Whe cRmmenW abRYe UegaUding Whe lack Rf gURXnd WUXWh; Ze can
SeUfRUm YaUiRXV dRZnVWUeam anal\VeV afWeU YaUiRXV filWeUing, bXW in all caVeV, Ze dR nRW haYe
annRWaWiRnV fRU alUead\-filWeUed cellV, VR Ze can Rnl\ Ueall\ aVVeVV ZhaW moUe filWeUing RffeUV.

We¶Ye inclXded WhiV aVSecW in Whe cRmmenWaU\ in Whe DiVcXVViRn, i.e., WhaW Ze dR nRW haYe Whe
gURXnd WUXWh in Ueal daWaVeWV becaXVe filWeUed cellV aUe nRW annRWaWed.

4. A ke\ paUameWeU in VampleQC iV Whe nXmbeU k foU GMM. IW iV XncleaU hoZ WhiV paUameWeU iV choVen.
The aXWhoUV Uecommend Whe XVeUV Wo inVpecW a feZ ploWV geneUaWed b\ Whe pUogUam Wo make WheiU oZn
choice, bXW WhiV iV YeU\ difficXlW ZiWhoXW a gXiding pUinciple. WiWh WhiV ke\ paUameWeU XnVeWWled, iW iV alVo YeU\
difficXlW Wo eYalXaWe Whe peUfoUmance of Whe model foU Ueal daWa.

2 hWWSV://genRmebiRlRg\.biRmedcenWUal.cRm/aUWicleV/10.1186/V13059-020-02136-7
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Indeed, Whe nXmbeU Rf mi[WXUeV iV a ke\ SaUameWeU in Whe mRdeling Rf mi[WXUeV and WhiV haV
been a Zell-VWXdied WhRXgh XnVRlYed SURblem in VWaWiVWicV fRU decadeV. In RXU e[SeUience and aV
diVcXVVed in Whe UVeU GXide Rf Whe SamSleQC VRfWZaUe, iW becRmeV TXiWe cleaU in Whe anal\ViV Rf
a giYen daWaVeW Zhen Whe chRVen YalXe Rf k iV VXbRSWimal and WheUefRUe, iW becRmeV
VWUaighWfRUZaUd WR VelecW an aSSURSUiaWe YalXe fRU iW. FRU e[amSle, iW iV W\Sicall\ nRW WhaW caVe WhaW
k=1 (e.g., Vee FigXUe 2B), bXW gRRd fiWV Rf Whe mXlWi-mRdal diVWUibXWiRn can be made in mRVW
caVeV ZiWh k in Whe Uange 2-5. TRgeWheU, Whe VSace fRU Whe anal\VW WR UeaVRnabl\ e[SlRUe iV nRW
WRR laUge.

5. B\ modeling Whe Vhape of Whe QC meWUic, UaWheU Whan e[amining Whe acWXal YalXeV, iW iV difficXlW Wo
eYalXaWe Whe oYeUall qXaliW\ of a daWa Vample, Zhich iV ofWen Whe moVW impoUWanW goal foU QC. AW an
e[WUeme, a bad Vample Zhich haV feZ oXWlieUV ma\ be XWili]ed moUe compaUed Wo a good Vample ZiWh
moUe oXWlieUV. ThiV VeemV Wo be an inWUinVic limiWaWion of WhiV pUopoVed model.

E[SlRUing Whe e[WUeme caVe menWiRned (bad VamSle ZiWh feZ RXWlieUV YeUVXV gRRd VamSle ZiWh
mRUe RXWlieUV) iV cRYeUed Zell b\ Whe QC UeSRUWV WhaW SamSleQC SURYideV (Vee alVR FigXUe 4).
FRU e[amSle, WhiV VhRZV a clXVWeUing Rf VamSleV baVed Rn ma[imXm mean diVcUeSanc\ and can
be XVefXl WR idenWif\ baWch effecWV RU iVVXeV ZiWh indiYidXal VamSleV. We haYe added We[W WR Whe
UVeU GXide deVcUibing WhiV.

6. WhaW e[acWl\ iV Whe cUiWeUia foU oXWlieUV? The deVcUipWion in Whe papeU iV YeU\ YagXe.

ThankV fRU WhiV cRmmenW. The cUiWeUia fRU RXWlieUV ZaV bXUied in Whe SRfWZaUe VXbVecWiRn Rf Whe
MeWhRdV. We haYe nRZ cUeaWed a VXbVecWiRn WiWled ³CUiWeUia foU oXWlieUV´ WR deVcUibe WhiV mRUe
e[SliciWl\.

MinoU commenWV

1. IW iV XncleaU hoZ man\ QC feaWXUeV aUe conVideUed in WhiV model. FigXUe S1 indicaWeV WhUee meWUicV:
coXnWV, feaWXUeV, and miWochondUia fUacWionV. IV WhiV all Wo be conVideUed?

Indeed, Whe feaWXUeV WR be inclXded need WR be defined b\ Whe XVeU. In RXU e[SeUience, cRXnWV,
feaWXUeV and miWRchRndUia fUacWiRnV caSWXUe Whe neceVVaU\ feaWXUeV fRU VWandaUd Vingle cell
RNA-VeT daWa; aV menWiRned in RXU anal\ViV Rf Whe CITE-VeT daWa, e[WUa dimenViRnV WheUe
inclXde Whe nXmbeU Rf anWibRd\ Wag UeadV and/RU Whe nXmbeU Rf nRn-]eUR anWibRd\ WagV
RbVeUYed; fRU Vingle nXclei RNA-VeT, Whe inWURn/e[Rn UaWiR iV indicaWiYe. FRU RWheU mRdaliWieV,
RWheU feaWXUeV aUe ceUWainl\ UeleYanW (e.g., VSaUVeneVV in VcATAC-VeT, eWc). We haYe nRZ
menWiRned WheVe in Whe DiVcXVViRn (e.g., VenWence fUagmenW: ³b\ VelecWing appUopUiaWe meaVXUeV
(e.g., anWibod\ Wag depWhV foU CITE-Veq, VpaUVeneVV foU VcATAC-Veq, eWc.)´).

2. The aXWhoUV VXggeVWed Whe poWenWial XWiliW\ of VXmming Xp infoUmaWion fUom loZ qXaliW\ daWa poinWV. ThiV
ma\ be WUXe, bXW iW VhoXld be a VepaUaWe iVVXe Whan QC anal\ViV. SimilaUl\, binaUi]aWion iV noW an inWUinVic
flaZ foU QC anal\ViV, aV Whe fXll conWinXoXV VcoUeV can be UeWUieYed.



We dR nRW e[SliciWl\ menWiRn binaUi]aWiRn and aUe WheUefRUe nRW cRmSleWel\ cRnfidenW Rf RXU
inWeUSUeWaWiRn Rf WhiV cRmmenW, bXW WhiV cRXld mean in cRnWe[W Rf Whe aVVignmenW Rf µbad¶ cellV;
indeed, aV Whe UeYieZeU menWiRnV, binaUi]aWiRn iV nRW VWUicWl\ UeTXiUed Vince Whe fXll cRnWinXRXV
VcRUeV aUe aYailable. In facW, WheVe cRnWinXRXV meaVXUeV aUe VRmeWhing WhaW cRXld be VhRZn
afWeU a clXVWeUing anal\ViV WR e[SlRUe ZheWheU enWiUe clXVWeUV aUe Rf debaWable TXaliW\. A cRmmenW
(³SampleQC VXmmaUieV (e.g., P-YalXeV UepUeVenWing cellV in loZ-denViW\ UegionV of WheiU QC
Vpace) coXld be XVed afWeUZaUdV aV indicaWoUV foU UemoYal of indiYidXal clXVWeUV´) abRXW WhiV iV
made in Whe DiVcXVViRn.



ReYieZeU #3:
ThiV manXVcUipW deVcUibeV a neZ qXaliW\ conWUol appUoach foU VcRNA-Veq daWa WhaW XVeV GMMV Wo deWecW
oXWlieU VampleV and cellV Wo be e[clXded fUom Whe anal\ViV. The aXWhoUV deVcUibe Whe meWhod Zell,
jXVWif\ing WheiU modificaWionV Wo Whe VWandaUd appUoacheV foU idenWif\ing GMMV, i.e. Vample Vpecific VhifW
WeUmV and XVing an appUoach Wo eVWimaWe meanV and coYaUiance maWUiceV WhaW iV UobXVW Wo oXWlieUV. The
Vample-Wo-Vample diVWance embedding in UMAP ploWV oYeUlaid ZiWh Vample meWadaWa infoUmaWion iV a
helpfXl Wool foU aVVeVVing poWenWiall\ pUoblemaWic VampleV. UVing VimXlaWed daWa, Whe\ VhoZ WhaW Whe\ can
deWecW oXWlieUV ZiWh a UedXcWion in WoWal coXnWV and feaWXUeV, and an incUeaVe in miWochondUial pUopoUWionV -
W\pical meWUicV XVed Wo idenWif\ pooU qXaliW\ cellV in Vingle cell RNA-Veq QC.

IW ZoXld be helpfXl Wo haYe moUe in-depWh legendV foU Whe figXUeV, and/oU moUe We[W deVcUibing Whe figXUeV
and hoZ Wo inWeUpUeW Whem. FoU e[ample, in Whe anal\ViV of Ueal, comple[ daWa, Whe aXWhoUV VhoZ WhaW
SampleQC deWecWV diffeUenW oXWlieU cellV compaUed Wo VcaWeU and miQC. HoZeYeU, Zhile I can Vee Zh\
Whe\ aUe conVideUed oXWlieUV baVed on Whe model, I did noW find a cleaU biological jXVWificaWion foU Zh\ Vome
cellV deWecWed b\ SampleQC VhoXld be e[clXded. FoU e[ample in FigXUe 5C,D,E, SampleQC deWecWV
Vome cellV WhaW haYe high coXnWV and loZ miWo and good Vplice UaWioV in Whe Wop lefW of 5C. WhaW aUe WheVe
cellV WhaW VcaWeU and miQC UeWain? Do Whe\ haYe paUWicXlaU feaWXUeV?  PeUhapV fXUWheU deWailV haYe noW
been pUoYided becaXVe Whe daWa aUe noW pXbliVhed and Whe biolog\ haV noW been deVcUibed, bXW iW ZoXld
be helpfXl Wo XndeUVWand ZhaW mighW be dUiYing WhoVe diffeUenceV.

Thank \RX fRU WheVe cRmmenWV. We haYe inYeVWigaWed and adjXVWed YaUiRXV legendV in RUdeU WR
make Whem all mRUe in-deSWh; WheVe adjXVWmenWV can be Veen in Whe UeYiVed YeUViRn Rf Whe
manXVcUiSW in RUange We[W.

We haYe inYeVWigaWed Whe QC meWUic diVWUibXWiRnV Rf Whe RXWlieUV idenWified XndeU each meWhRd;
VRme illXVWUaWiYe UeVXlWV (fRU 6 UandRml\ VelecWed VamSleV) aUe VhRZn belRZ. SRme cRnclXViRnV
can be dUaZn fURm WheVe UeVXlWV, e.g., WhaW miQC e[clXdeV all cellV abRYe a giYen miWRchRndUial
WhUeVhRld; WhaW in VRme VamSleV, VcaWeU e[clXdeV all cellV ZiWh lRZeU Whan a giYen libUaU\ Vi]e.
HRZeYeU, cRnclXViRnV abRXW SamSleQC aUe b\ Whe naWXUe Rf Whe mRdel XVed mRUe difficXlW WR
dUaZ. OXWlieUV aUe deWeUmined Rn Whe baViV Rf UelaWiYe lRcal denViW\, UaWheU Whan glRball\ e[WUeme
YalXeV. We ZRXld aUgXe WhaW WhiV iV jXVW aV Yalid a mRWiYaWiRn fRU e[clXding cellV aV WhRVe XVed
b\ VcaWeU and miQC, ZheUe Ze haYe VhRZn WhaW Whe aVVXmSWiRnV XVed can UeVXlW in e[clXding
cellV WhaW aUe µgRRd¶ TXaliW\ bXW cRme fURm cellW\SeV ZiWh e[WUeme QC meWUic YalXeV.



We agUee WhaW fRU a Vmall nXmbeU Rf cellV, e[WUeme YalXeV Rf Whe RbVeUYed QC meWUicV ZRXld nRW
be a gRRd UeaVRn WR e[clXde Whem. HRZeYeU, WheVe cellV aUe, aV a UeVXlW Rf being RXWlieUV in
SamSleQC, XnXVXal in WhaW WheUe aUe YeU\ feZ cellV ZiWh WhiV VSecific cRPbiQaWiRQ Rf QC
meWUicV. FRU e[amSle, WheVe cRXld be cellV ZiWh QC meWUic YalXeV WhaW aUe e[WUeme UelaWiYe WR
WhaW cell¶V cellW\Se. HRZeYeU, WhiV iV difficXlW WR WeVW, Vince cellW\Se annRWaWiRn RccXUV afWeU
e[clXViRn Rf SRRU TXaliW\ cellV.



In an\ caVe, Whe deViUed benefiW Rf SamSleQC iV WR UedXce biaV in enWiUe cellW\SeV. We belieYe
WhaW Whe gain Rf UaUe cellW\SeV can be ZRUWh Whe WUade-Rff Rf lRVing a Vmall nXmbeU Rf SRWenWiall\
µgRRd¶ cellV fURm mRUe abXndanW cellW\SeV (ZhRVe lRVV iV Xnlikel\ WR haYe an\ effecW Rn
dRZnVWUeam anal\VeV).

I appUeciaWe WhaW Whe anal\VeV haYe been Zell oUgani]ed in GiWhXb XVing ZoUkfloZU Wo enable
UepUodXcibiliW\. HoZeYeU, I ZaV noW able Wo UepUodXce all Whe anal\VeV pUoYided in Whe GiWhXb link,
hWWpV://giWhXb.com/ZmacnaiU/SampleQC_papeU_anal\VeV.
- foU Whe file qc01_pUep_daWa.Rmd,  Whe foldeU daWa/miqc doeV noW e[iVW in Whe Uepo (Vee
hWWpV://giWhXb.com/ZmacnaiU/SampleQC_papeU_anal\VeV/WUee/main/daWa).
I alVo Uan inWo pUoblemV UXnning qc04_Ueal.Rmd:
- in Whe "VeWXp_helpeUV" chXnk, I had WUoXble loading Whe file and had Wo e[pliciWl\ VeW m\ ZoUking diUecWoU\
- Zhen UXnning Whe "load_qc" chXnk, I goW an eUUoU "EUUoU in colnameVInW([, neZoUdeU, check_dXpV =
FALSE) : aUgXmenW Vpecif\ing colXmnV Vpecif\ non e[iVWing colXmn(V): colV[5]='Vplice_UaWio'".

We Whank Whe UeYieZeU fRU SRinWing WhiV RXW. We haYe adjXVWed Whe UeSRViWRU\ VR WhaW iW iV eaVieU
WR UeSURdXce, alWhRXgh Ze UecRmmend XVing BiRcRndXcWRU 3.13 / R 4.0.[ in RUdeU WR maWch Whe
SackageV WhaW Ze XVed fRU Whe anal\ViV.

If Whe aXWhoUV coXld go inWo gUeaWeU depWh UegaUding ZhaW Whe cellV aUe WhaW SampleQC iV deWecWing WhaW
oWheU meWhodV do noW, I can Vee WhiV appUoach being of bUoad XWiliW\ and of gUeaW inWeUeVW Wo a bUoad
aXdience of biologiVWV and daWa anal\VWV. IW ZoXld alVo be XVefXl if Whe VofWZaUe coXld accepW oWheU file
foUmaWV, e.g. VeXUaW objecWV, Zhich aUe commonl\ XVed foU VcRNA-Veq anal\ViV and ZoXld alloZ foU eaVieU
incoUpoUaWion of WhiV appUoach inWo VWandaUdi]ed ZoUkfloZV.

AV menWiRned abRYe, Ze haYe nRZ giYen mRUe deWailV abRXW Whe diffeUenceV beWZeen ZhaW
SamSleQC filWeUV and SUeYiRXV meWhRdV dR; XlWimaWel\, Ze Wend WR e[clXde cellV WhaW aUe e[WUeme
in QC meWUicV ZiWhin Whe cRnWe[W Rf VimilaU cellV. We alUead\ haYe a deVcUiSWiRn in Whe giWhXb
UeSRViWRU\ (Vee README.md) abRXW hRZ WR XVe SamSleQC ZiWhin eiWheU a SeXUaW- RU
BiRcRndXcWRU-baVed SiSeline (XlWimaWel\, SamSleQC iV baVed Rn a daWa.fUame Rf Whe QC
VXmmaUieV, Zhich iV faiUl\ VWUaighWfRUZaUd WR e[WUacW fURm an\ cXUUenW SiSeline).


