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single-cell, pseudo-bulk and bulk resolution with Isosceles



Reviewer #1 (Remarks to the Author):

The manuscript by Kazba et al. focuses on transcript isoform discovery and quantitation in single 

cells.

I think this is a timely contribution to the fast-growing field of long-read sequencing analysis 

software.

Isosceles focuses on reference-guided de novo detection, accurate quantification, and downstream 

analysis of

full-length isoforms at either single-cell, pseudo-bulk, or bulk resolution levels.

IMHO, the main competitors of Isosceles for transcriptome isoform and discovery and quantitation 

are

IsoQuant (PMID: 36593406) and Bambu (PMID: 37308696).

While I appreciate the addition of Isosceles to the toolkit, I would like to see a few points being 

adressed in a revised version of this manuscript.

(1) I think the manuscript would benefit from an independent benchmark data set as outlined in: 

PMID: 37783886

Data set selection is not an issue then.

(2) You are probably aware of the lrgasp preprint: 

https://www.biorxiv.org/content/10.1101/2023.07.25.550582v1

Could you please update your manuscript and Figure 2 to include the same information (if 

applicable) as in

Figure 2: Overview of evaluation for Challenge 1: transcript identification with a reference 

annotation (from the preprint).

e.g. F1 score is missing.

(3) Since you feature the single cell "level" in your title,

I was a bit dissapointed to see that you "only" use Sicelore

for CBC assignment and UMI detection.

The authors from Sicelore and others (PMID: 33906975) have pointed out some limitations

Maybe, I missed it, but a clear advantage and edge over other solution would be to improve on

CBC and UMI detection performance.

While the latter could help with quantitation, the first could is highly relevant for reducing noise in 

cell type discovery.

(4) Lastly, would your software also work for PacBio data as demonstarted for the competitors.

Reviewer #2 (Remarks to the Author):

Please, see the PDF attached.

Reviewer #2 Attachment on the following page



General comments

FTQ \M\Q^ QZ`U`XQP g4OOa^M`Q X[ZS&^QMP `^MZ_O^U\` PU_O[bQ^e MZP ]aMZ`URUOM`U[Z M` _UZSXQ&OQXX

^Q_[Xa`U[Z cU`T <_[_OQXQ_h PQ_O^UNQ_ M ZQc `[[X R[^ `^MZ_O^U\`[YQ ^QO[Z_`^aO`U[Z MZP

]aMZ`URUOM`U[Z [R X[ZS&^QMP `^MZ_O^U\`[YUO PM`M% [R N[`T NaXW MZP _UZSXQ&OQXX [^USUZ' <Z `TQ bUQc [R

^M\UP Qd\MZ_U[Z [R D@4 _Q]aQZOUZS a_UZS BMO5U[ MZP AdR[^P @MZ[\[^Q `QOTZ[X[SUQ_% `TU_ `[[X

U_ M a_QRaX UZ_`^aYQZ` MZP M bMXaMNXQ MPPU`U[Z `[ `TQ _OUQZ`URUO O[YYaZU`e'

< c[aXP XUWQ `[ QY\TM_UfQ `TQ ]aMXU`e [R <_[_OQXQ_ P[OaYQZ`M`U[Z MZP U`_ O[ZbQZUQZ` UZ_`MXXM`U[Z'

4X`T[aST < \Q^_[ZMXXe P[ Z[` a_Q D `TM` [R`QZ% U` cM_ _`UXX ]aU`Q QM_e `[ UZ_`MXX MZP `Q_` <_[_OQXQ_

[Z `TQ \^[bUPQP `[e PM`M_Q`' ?[^Q[bQ %̂ D UY\XQYQZ`M`U[Z YUST` NQ M NQZQRU` R[^ ^Q_QM^OTQ^_

\Q^R[^YUZS Ra^`TQ^ P[cZ_`^QMY MZMXe_U_ a_UZS [`TQ^ D \MOWMSQ_' <_[_OQXQ_ TM_ N[`T `TQ _T[^`

`a`[^UMX MZP `TQ O[Y\XQ`Q a_Q^ YMZaMX' EUZOQ _[R`cM^Q U_ `TQ YMUZ [a`O[YQ [R `TQ \^[VQO`%

a_MNUXU`e MZP a_Q^&R^UQZPXUZQ__ U_ M bQ^e UY\[^`MZ` M_\QO`' 7M`M a_QP UZ `TQ \M\Q^ M_ cQXX M_ MXX

`TQ O[YYMZP_ a_QP Pa^UZS `TQ NQZOTYM^WUZS M^Q \^[bUPQP'

<_[_OQXQ_ eUQXP_ PQOQZ` `^MZ_O^U\` Y[PQX_ MZP _a\Q^U[^ Qd\^Q__U[Z Q_`UYM`U[Z_ NM_QP [Z

_UYaXM`QP PM`M' FTQ Ma`T[^_ MX_[ \^[bUPQ M ZUOQ QdMY\XQ [R <_[_OQXQ_ NQUZS M\\XUQP UZ ^QMXU_`UO

_`aPe a_UZS Y[a_Q N^MUZ _UZSXQ&OQXX PM`M'

AbQ^MXX% `TQ YMZa_O^U\` U_ cQXX&_`^aO`a^QP MZP QM_e `[ R[XX[c' 5QX[c < _aYYM^UfQ M RQc O[ZOQ^Z_

MZP _aSSQ_`U[Z_% MPP^Q__UZS cTUOT% UZ Ye [\UZU[Z% YMe UY\^[bQ `TQ ]aMXU`e [R `TQ Oa^^QZ`

YMZa_O^U\`'

Major comments

k ?e YMUZ O[ZOQ^Z_ M^Q ^QXM`QP `[ 9USa^Q , #MZP `TQ R[XX[cUZS 9USa^Q E-$% cTUOT U_ [ZQ [R

`TQ WQe RUSa^Q_ _a\\[^`UZS O[ZOXa_U[Z_ MN[a` <_[_OQXQ_ _a\Q^U[^ ]aMZ`URUOM`U[Z MOOa^MOe'

j <` U_ Z[` QZ`U^QXe OXQM^ T[c QdMO`Xe `TQ -))) `^MZ_O^U\`_ cQ^Q _QXQO`QP' FTQ

Ma`T[^_ _`M`Q g-))) `[\ TUSTXe bM^UMNXQ SQZQ_(`^MZ_O^U\`_h' IM_ `TQ _MYQ _Q`

a_QP R[^ QMOT `[[X3 IM_ `TQ _QXQO`U[Z NM_QP [Z `TQ Qd\^Q__U[Z Q_`UYM`Q_ R^[Y

_[YQ \M^`UOaXM^ `[[X3

j FTQ Ma`T[^_ MX_[ \^[bUPQ M _UYUXM^ Ea\\XQYQZ`M^e 9USa^Q E-N%O% cTQ^Q MXX

Qd\^Q__QP `^MZ_O^U\`_ M^Q O[Z_UPQ^QP R[^ `TQ MZMXe_U_ #cTUOT _[aZP_ Y[^Q

^QXQbMZ` `TMZ _QXQO`UZS M _aN_Q` [R `^MZ_O^U\`_$' FTQ MN_[Xa`Q PURRQ^QZOQ UZ

E\QM^YMZ O[^^QXM`U[Z #YM`OTQP b_ PQO[e$ R[^ PURRQ^QZ` `[[X_ _QQY_ `[ NQ MXY[_`

UPQZ`UOMX cTQZ a_UZS MXX `^MZ_O^U\`_% cTUOT P[Q_ Z[` _a\\[^` `TQ O[ZOXa_U[Z MN[a`

<_[_OQXQ_ ]aMZ`URUOM`U[Z _a\Q^U[^U`e'

j AZQ cMe `[ _a\\[^` `TQ O[ZOXa_U[Z_ YMPQ Ne `TQ_Q \X[`_% c[aXP NQ% R[^ QdMY\XQ%

`[ M\\Xe `TQ _MYQ YQ`T[P[X[Se MZP `[ O^QM`Q _UYUXM^ \X[`_ a_UZS _UYaXM`QP PM`M'

FTU_ O[aXP NQ a_QRaX `[ aZPQ^_`MZP T[c `TQ_Q \X[`_ #9US' ,N%O$ O[^^QXM`Q cU`T

MO`aMX ]aMZ`URUOM`U[Z MOOa^MOe YQM_a^QP a_UZS S^[aZP `^a`T' EUYaXM`QP PM`M MX_[

MXX[c_ `[ O^QM`Q ^QRQ^QZOQ \X[`_ _UYUXM^ `[ ,N%O a_UZS S^[aZP `^a`T Qd\^Q__U[Z MZP



O[Y\a`Q `TQ MO`aMX E\QM^YMZ O[^^QXM`U[Z PURRQ^QZOQ NQ`cQQZ YM`OTQP MZP PQO[e

O[Y\M^U_[Z_'

j 4Z[`TQ^ cMe `[ _a\\[^` `TU_ c[aXP NQ `[ ^Q\QM` `TQ Qd\Q^UYQZ` Ne a_UZS

O[Y\XQ`QXe PURRQ^QZ` OQXX XUZQ_ #\[__UNXe Z[` OMZOQ^ XUZQ_$% _[ `TM` `TQ PURRQ^QZOQ

NQ`cQQZ YM`OTQP MZP PQO[e O[Y\M^U_[Z_ U_ Qd`^QYQ'

j <Z 9US' ,O%P `TQ Ma`T[^_ a_Q _\QOURUO UZ`Q^bMX_ R[^ `TQ J MdU_% U'Q' Z[` _`M^`UZS cU`T

)' FTU_ \^[bUPQ_ M _[YQcTM` YU_XQMPUZS UY\^Q__U[Z [Z `TQ PURRQ^QZOQ NQ`cQQZ

`[[X_' < _aSSQ_` a_UZS M )&NM_QP J MdU_ `[ OXQM^Xe PQ\UO` ^QXM`UbQ PURRQ^QZOQ_

NQ`cQQZ NM^_'

j <_[_OQXQ_ P[Q_ TMbQ `TQ NQ_` YQPUMZ ^QXM`UbQ PURRQ^QZOQ% E\QM^YMZ O[^^QXM`U[Z

R[^ YM`OTQP _MY\XQ_ MZP TUSTQ_` PURRQ^QZOQ NQ`cQQZ YM`OTQP MZP PQO[e

O[Y\M^U_[Z_' ;[cQbQ %̂ U` MX_[ _T[c_ `TQ Y[_` _UYUXM^ Qd\^Q__U[Z \^[RUXQ_ UZ

PQO[e O[Y\M^U_[Z_ #Q'S' `TQ X[cQ_` YQPUMZ ^QXM`UbQ PURRQ^QZOQ$' B^[bUPUZS _[YQ

O[YYQZ`_(UZ_UST`_ [Z `TM` YM``Q^ O[aXP NQ UZR[^YM`UbQ'

j FTQ ^Q_aX`_ \^[bUPQP UZ 9US' ,P' _T[c 9>4?8E MZP EOUQX[^Q NQUZS RM^ c[^_Q `TMZ

<_[_OQXQ_ [Z _UYaXM`QP PM`M% cTUXQ `TQ PURRQ^QZOQ _QQY_ `[ NQ RM^ XQ__ P^MYM`UO

MOO[^PUZS `[ ^QMX&PM`M Qd\Q^UYQZ`_ #9US',O$' AZ `TQ O[Z`^M^e% <_[CaMZ` _T[c_

PQOQZ` \Q^R[^YMZOQ [Z _UYaXM`QP PM`M% Na` `TQ c[^_` YQMZ ^QXM`UbQ PURRQ^QZOQ R[^

YM`OTQP _MY\XQ_' < ^QMXUfQ `TM` RUZPUZS `TQ ^QM_[Z R[^ `TQ_Q UZO[Z_U_`QZOUQ_ YUST`

NQ OTMXXQZSUZS% UR Z[` UY\[__UNXQ% U` c[aXP NQ UZ`Q^Q_`UZS `[ TQM^ cTQ`TQ^ Ma`T[^_

TMbQ MZe O[YYQZ`_ ^QSM^PUZS `TU_ [N_Q^bM`U[Z'

Minor comments

k < _aSSQ_` MPPUZS M _T[^` OM\`U[Z `[ 9USa^Q + _`M`UZS cTM` WUZP [R PM`M cM_ a_QP `[ YMWQ

`TQ RUSa^Q _QXR&Qd\XMZM`[^e'

k <Z 9US'+ #MZP R[XX[cUZS _a\\XQYQZ`M^e RUSa^Q_$ `TQ Ma`T[^_ \^[bUPQ 97D [ZXe R[^ MXX

PQ`QO`QP `^MZ_O^U\`_' < ^QO[YYQZP UZ_Q^`UZS `TQ _MYQ _Q\M^M`QP \X[`_ #MZZ[`M`QP MZP

cU`TTQXP$ M_ R[^ FBD'

k E[YQ \X[`_ UZ 9US'+ X[[W _XUST`Xe [bQ^X[MPQP PaQ `[ QMOT `[[X NQUZS XMaZOTQP MX[ZQ MZP

O[a\XQP cU`T E`^UZSFUQ' ITUXQ < M\\^QOUM`Q _aOT M RaXRUXXUZS M\\^[MOT% `TQ Ma`T[^_ YUST`

cMZ` `[ O[Z_UPQ^ WQQ\UZS [ZXe M RQc NQ_`&\Q^R[^YUZS `[[X_% [^ [ZXe _`MZP&MX[ZQ

\Q^R[^YMZOQ MZP Y[bQ O[Y\XQ`Q NQZOTYM^W_ `[ `TQ _a\\XQYQZ`M^e YM`Q^UMX #_UZOQ `TQe

M^Q _`UXX UZR[^YM`UbQ$'

k ITUXQ `TQ Ma`T[^_ a_Q N[`T _UYaXM`QP MZP ^QMX PM`M `[ NQZOTYM^W <_[_OQXQ_% U` O[aXP NQ

MX_[ UZR[^YM`UbQ `[ \^[bUPQ _[YQ NQZOTYM^W_ a_UZS _eZ`TQ`UO Y[XQOaXQ_ _Q]aQZOQP [Z

^QMX _Q]aQZOQ^_% Q'S' E<DH_' E<DH_ A@F PM`M U_ \aNXUOXe MbMUXMNXQ Q'S' M`

T``\_1((SU`TaN'O[Y(ZMZ[\[^Q&cS_&O[Z_[^`UaY(@4*+0/0(NX[N(YM_`Q^(D@4'YP% [^ UZ _[YQ

^QOQZ` _`aPUQ_% _aOT M_ >D:4EB `[[X O[Y\M^U_[Z

#T``\_1((ccc'NU[^dUb'[^S(O[Z`QZ`(*)'**)*(+)+,')/'+.'..).0+b*$ [^ <_[CaMZ`' 9[^

NQZOTYM^WUZS \a^\[_Q_% UZ MPPU`U[Z `[ O[Y\XQ`Q E<DH MZZ[`M`U[Z% >Qd[SQZ MX_[



\^[bUPQ_ MZ MZZ[`M`U[Z cU`T cU`TTQXP `^MZ_O^U\`_ MZP MZ MZZ[`M`U[Z cU`T PQO[e

`^MZ_O^U\`_'

k <` O[aXP NQ UZR[^YM`UbQ R[^ a_Q^_ `[ \^[bUPQ O[Y\a`M`U[ZMX \Q^R[^YMZOQ #6BG `UYQ% cMXX

OX[OW `UYQ% D4? \QMW$ UZ `TQ _a\\XQYQZ`M^e YM`Q^UMX'

k EUZOQ `TQ Ma`T[^_ `^MUZQP @MZ[EUY Y[PQX_ `TQY_QXbQ_% \^[bUPUZS `TQ QdMO` Q^^[^ ^M`Q_

R[^ _UYaXM`QP PM`M UZ `TQ ^Q_\QO`UbQ _a\\XQYQZ`M^e _QO`U[Z YUST` NQ UZR[^YM`UbQ'

Technical comments

k < TMbQ `^UQP ^aZZUZS <_[_OQXQ_ [Z _[YQ [R Ye E<DH PM`M Na` QZO[aZ`Q^QP MZ Q^^[^ UZ `TQ

\^Q\M^QK`^MZ_O^U\`_ RaZO`U[Z1

=[UZUZS cU`T LNe 2 V[UZKNe#`^MZ_O^U\`KUP$L

8^^[^1 XQZS`T#`dKPR"TM_TKUP$ Z[` Q]aMX `[ XQZS`T#aZU]aQ#`dKPR"TM_TKUP$$

< cUXX _aNYU` M NaS ^Q\[^` UZ `TQ ZQM^ Ra`a^Q'

k 4OO[^PUZS `[ O[YYMZP XUZQ_ a_QP R[^ NQZOTYM^WUZS% `TQ Ma`T[^_ _`M`Q `TM` `TQe ^MZ

<_[CaMZ` `cUOQ' < `TUZW <_[CaMZ` U_ OM\MNXQ [R [a`\a``UZS N[`T Qd\^Q__U[Z bMXaQ_ R[^ MXX

^QRQ^QZOQ `^MZ_O^U\`_ MZP Qd\^Q__U[Z bMXaQ_ R[^ MXX PU_O[bQ^QP `^MZ_O^U\`_ #WZ[cZ MZP

Z[bQX$ Pa^UZS `TQ _MYQ ^aZ' < P[Zi` WZ[c cTQ`TQ^ U` YMWQ_ M NUS PURRQ^QZOQ% Na` `TQ

\^[bUPQP NQZOTYM^W_ _QQY `[ NQ ^QM_[ZMNXQ MZecMe'



REVIEWER COMMENTS

N]na]o]j #/ (N]eYjck lg l`] =ml`gj)8

P`] eYfmk[jahl Zq GYrZY ]l Yd, ^g[mk]k gf ljYfk[jahl akg^gje \ak[gn]jq Yf\ imYflalYlagf af

kaf_d] []ddk,

E l`afc l`ak ak Y lae]dq [gfljaZmlagf lg l`] ^Ykl+_jgoaf_ ^a]d\ g^ dgf_+j]Y\ k]im]f[af_ YfYdqkak

kg^loYj],

Ekgk[]d]k ^g[mk]k gf j]^]j]f[]+_ma\]\ \] fgng \]l][lagf* Y[[mjYl] imYfla^a[Ylagf* Yf\

\gofklj]Ye YfYdqkak g^

^mdd+d]f_l` akg^gjek Yl ]al`]j kaf_d]+[]dd* hk]m\g+Zmdc* gj Zmdc j]kgdmlagf d]n]dk,

EIDK* l`] eYaf [geh]lalgjk g^ Ekgk[]d]k ^gj ljYfk[jahlge] akg^gje Yf\ \ak[gn]jq Yf\

imYflalYlagf Yj]

EkgMmYfl (LIE@8 143712.4) Yf\ >YeZm (LIE@8 151.6474),

S`ad] E Yhhj][aYl] l`] Y\\alagf g^ Ekgk[]d]k lg l`] lggdcal* E ogmd\ dac] lg k]] Y ^]o hgaflk Z]af_

Y\j]kk]\ af Y j]nak]\ n]jkagf g^ l`ak eYfmk[jahl,

S] ogmd\ dac] lg l`Yfc Zgl` j]na]o]jk ^gj j]Y\af_ Yf\ [gee]flaf_ gf gmj eYfmk[jahl* Yf\ Yj]

_dY\ l`ak j]na]o]j ^gmf\ gmj ogjc lg Z] Y wlae]dq [gfljaZmlagf lg l`] ^Ykl+_jgoaf_ ^a]d\ g^

dgf_+j]Y\ k]im]f[af_ YfYdqkak kg^loYj]x, S] Yhhj][aYl] l`] j]na]o]jxk `]dh^md [gee]flk Yf\

km__]klagfk* Y\\j]kkaf_ o`a[` `Yk aehjgn]\ l`] eYfmk[jahl, Ld]Yk] ^af\ gmj j]khgfk]k Yf\

j]nakagfk lg ]Y[` hgafl hjgna\]\ Z]dgo,

(/) E l`afc l`] eYfmk[jahl ogmd\ Z]f]^al ^jge Yf af\]h]f\]fl Z]f[`eYjc \YlY k]l Yk gmldaf]\ af8

LIE@8 15561664

@YlY k]l k]d][lagf ak fgl Yf akkm] l`]f,

S] Yhhj][aYl] l`] _j]Yl km__]klagf, S] fgo af[dm\] Yf Y[[mjY[q Z]f[`eYjc mkaf_ l`ak

\YlYk]l (Iaplmj]k = Yf\ > ^jge LIE@8 15561664), P`] j]kmdlk \akhdYq jgm_`dq a\]fla[Yd

Oh]YjeYf [gjj]dYlagf ^gj l`] lgh hjg_jYek Ekgk[]d]k* EkgMmYfl* Yf\ >YeZm o`]f [gehYj]\ lg

_jgmf\+ljml` (Ydd .,75 gf Iap = Yf\ .,76 gf Iap >)* oal` Ekgk[]d]k h]j^gjeaf_ Z]ll]j gf gf] g^

l`] eaplmj] k]lk oal` e]Yf j]dYlan] \a^^]j]f[] (.,5/ nk, .,52 gf Iap = Yf\ ]imYd Yl .,56 gf Iap

>), S] `Yn] Y\\]\ l`ak \YlY lg Ba_, O1* Yf\ lg l`] l]pl gf LY_] 2 (daf]k /03+/1.),

(0) Tgm Yj] hjgZYZdq YoYj] g^ l`] dj_Ykh hj]hjafl8

`llhk8--ooo,Zagjpan,gj_-[gfl]fl-/.,//./-0.01,.5,03,33.360n/

?gmd\ qgm hd]Yk] mh\Yl] qgmj eYfmk[jahl Yf\ Ba_mj] 0 lg af[dm\] l`] kYe] af^gjeYlagf (a^

Yhhda[YZd]) Yk af

Ba_mj] 08 Kn]jna]o g^ ]nYdmYlagf ^gj ?`Ydd]f_] /8 ljYfk[jahl a\]fla^a[Ylagf oal` Y j]^]j]f[]

YffglYlagf (^jge l`] hj]hjafl),

],_, B/ k[gj] ak eakkaf_,



S] l`Yfc l`] j]na]o]j ^gj l`ak km__]klagf, Ef l`] j]nak]\ eYfmk[jahl* o] fgo [al] l`] HNC=OL

hj]hjafl af l`] afljg\m[lagf Yf\ af[dm\] l`] B/+k[gj] af Ba_, 0 Yf\ O0 hYf]dk, S] Ydkg mh\Yl]\

l`] eYaf l]pl lg j]^d][l l`]k] [`Yf_]k (LY_] 2* daf]k //4+//6),

(1) Oaf[] qgm ^]Ylmj] l`] kaf_d] []dd "d]n]d" af qgmj lald]*

E oYk Y Zal \akkYhgafl]\ lg k]] l`Yl qgm "gfdq" mk] Oa[]dgj]

^gj ?>? Ykka_fe]fl Yf\ QIE \]l][lagf,

P`] Yml`gjk ^jge Oa[]dgj] Yf\ gl`]jk (LIE@8 117.4753) `Yn] hgafl]\ gml kge] daealYlagfk

IYqZ]* E eakk]\ al* Zml Y [d]Yj Y\nYflY_] Yf\ ]\_] gn]j gl`]j kgdmlagf ogmd\ Z] lg aehjgn] gf

?>? Yf\ QIE \]l][lagf h]j^gjeYf[],

S`ad] l`] dYll]j [gmd\ `]dh oal` imYflalYlagf* l`] ^ajkl [gmd\ ak `a_`dq j]d]nYfl ^gj j]\m[af_ fgak] af

[]dd lqh] \ak[gn]jq,

P`] j]na]o]j eYc]k Yf aehgjlYfl hgafl `]j]8 l`] Y[[mjY[q g^ imYfla^a[Ylagf Yf\ \gofklj]Ye

YfYdqkak ak j]daYfl gf h]j^gjeYfl mhklj]Ye hjg[]kkaf_* af[dm\af_ ?>? Ykka_fe]fl & QIE

\]l][lagf, =k e]flagf]\* l`ak ak Y ka_fa^a[Yfl j]eYafaf_ _Yh af l`] ^a]d\t gf] l`Yl ak km^^a[a]fldq

dYj_] af k[gh] lg oYjjYfl k]n]jYd ]flaj] hYh]jk Yf\ kg^loYj] kmal]k \]\a[Yl]\ lg al* Yk l`]

j]na]o]j hgaflk gml (LIE@8 117.4753),

Ef gmj eYfmk[jahl* o] mk]\ Oa[]dgj] ^gj l`ak Z][Ymk] al ak gf] g^ l`] egkl [gfk]jnYlan] e]l`g\k*

Zml Y[cfgod]\_] l`Yl al ak fgl oal`gml daealYlagfk, P`]j]^gj]* o] `Yn] \]ka_f]\ Ekgk[]d]k lg Z]

Y_fgkla[ lg l`] mhklj]Ye [`ga[] g^ ?>? gj QIE \]l][lagf-Ykka_fe]fl kg^loYj]* ]fYZdaf_

[gehYlaZadalq oal` ^mlmj] hjg_j]kk af l`ak Yj]Y, Bgj ]pYehd]* Kp^gj\ JYfghgj] ak Ydkg \]n]dghaf_

Y ?>?-QIE \]l][lagf kmal] ^gj kaf_d]+[]dd fYfghgj] \YlY (k]] wf-single-cell*

`llhk8--_al`mZ,[ge-]ha0e]+dYZk-o^+kaf_d]+[]dd) o`a[` ak Ydkg [gehYlaZd] oal` \gofklj]Ye

YfYdqkak mkaf_ Ekgk[]d]k, Ef j]khgfk] lg l`ak [gee]fl* o] `Yn] mh\Yl]\ Ekgk[]d]k

\g[me]flYlagf gf CalDmZ lg af[dm\] afkljm[lagfk ^gj jmffaf_ o^+kaf_d]+[]dd* gj gl`]j ?>?-QIE

\]l][lgj* Yf\ `Yn] Y\\]\ Y Z]f[`eYjc g^ Ekgk[]d]k imYfla^a[Ylagfk klYjlaf_ ^jge ]al`]j Oa[]dgj]

gj o^+kaf_d]+[]dd ?>?-QIE [Yddk af l`] j]nak]\ eYfmk[jahl (Ba_, O3\), L]j^gjeaf_ l`] eYl[`]\ nk

\][gq []dd daf] Z]f[`eYjc (^jge Ba_, 1)* o] ^af\ l`Yl Oa[]dgj] ZYj[g\] [Yddk h]j^gje ka_fa^a[Yfldq

Z]ll]j, P`]j]^gj]* o] hjgna\] l`] Oa[]dgj] ?>?-QIEk lg Ydd hjg_jYek af l`] eYfmk[jahl,

=k ^gj ^]Ylmjaf_ l`] ukaf_d]+[]dd d]n]dv af l`] lald]* af gmj eYfmk[jahl o] ^g[mk]\ gf Yfgl`]j

]imYddq aehgjlYfl Yf\ eYbgj _Yh af dgf_+j]Y\ kaf_d]+[]dd YfYdqkak* o`a[` ak l`] ^d]paZd]

Yhhda[YZadalq g^ AI ^gj imYfla^a[Ylagf Yl kaf_d]+[]dd Yf\ hk]m\g+Zmdc j]kgdmlagfk, P`ak ak gf] g^

l`] eYaf affgnYlagfk g^ Ekgk[]d]k* o`a[` o] Z]da]n] \g]k hjgna\] Y [d]Yj Y\nYflY_] gn]j gl`]j

e]l`g\k l`Yl \g fgl kmhhgjl km[` [YhYZadalq, S] addmkljYl] l`ak Y\nYf[] af gmlh]j^gjeYf[] ^gj

Z]f[`eYjck k`gof af Ba_mj]k 0 & 1* Yk o]dd Yk af hjY[la[]* addmkljYlaf_ l`Yl l`]k] [YhYZadala]k Yj]

]fYZdaf_ ^gj ^d]paZd] ]ph]jae]flYd \]ka_f Yf\ Zagdg_a[Yd \ak[gn]jq af gmj kaf_d]+[]dd [Yk] klm\q

(Ba_mj] 2), Ef l`] j]nak]\ eYfmk[jahl o] Y\\ uhk]m\g+Zmdc* Yf\ Zmdcv j]kgdmlagfk lg l`] lald]* kg

Yk lg egj] [d]Yjdq `a_`da_`l l`ak [YhYZadalq Y[jgkk emdlahd] j]kgdmlagf d]n]dk,

(2) HYkldq* ogmd\ qgmj kg^loYj] Ydkg ogjc ^gj LY[>ag \YlY Yk \]egfklYjl]\ ^gj l`] [geh]lalgjk,



S] l`Yfc l`] j]na]o]j ^gj l`] `]dh^md km__]klagf o`a[` o] Y\\j]kk af l`] j]nak]\ eYfmk[jahl Zq

Y\\af_ Y Z]f[`eYjc lg [gehYj] Ekgk[]d]k* EkgMmYfl* Yf\ >YeZm Y[jgkk dgf_+j]Y\ k]im]f[af_

hdYl^gjek ^gj l`] kYe] []dd daf] (CI/0656), S] [gehYj] fYfghgj] j]Y\k ^jge l`] JYfghgj]

SCO ?gfkgjlame ([@J= LYkk ZYk][Yddk ^jge8

`llhk8--_al`mZ,[ge-fYfghgj]+o_k+[gfkgjlame-J=/0656-ZdgZ-eYkl]j-NJ=,e\* LIE@8 1/52.6/6)

oal` LY[>ag j]Y\k ^jge l`] AJ?K@A ?gfkgjlame (AJ?BB23.R=Q), =k Yf af\]h]f\]fl

hk]m\g+x_jgmf\+ljml`x* o] [gehYj] ]Y[` dgf_+j]Y\ imYfla^a[Ylagf lg l`] k`gjl+j]Y\ EddmeafY

imYda^a[Ylagfk \gofdgY\]\ ^jge l`] AJ?K@A ?gfkgjlame ^gj l`Yl []dd daf] (AJ?BB263KQG),

S] ^af\ l`Yl Ydd l`j]] hjg_jYek h]j^gje o]dd af KJP nk, EddmeafY [gehYjakgfk* `go]n]j

Ekgk[]d]k \g]k \akhdYq kda_`ldq `a_`]j Oh]YjeYf [gjj]dYlagf ^gj LY[>ag nk, EddmeafY Yf\ LY[>ag

nk, KJP (Ba_, O2Y), P`]k] \YlY km__]kl l`Yl Ekgk[]d]k ak Ydkg YZd] lg h]j^gje o]dd mkaf_ LY[>ag

\YlY,



N]na]o]j #0 (N]eYjck lg l`] =ml`gj)8

General comments

P`] hYh]j ]flald]\ u=[[mjYl] dgf_+j]Y\ ljYfk[jahl \ak[gn]jq Yf\ imYfla^a[Ylagf Yl kaf_d]+[]dd

j]kgdmlagf oal` Ekgk[]d]kv \]k[jaZ]k Y f]o lggd ^gj ljYfk[jahlge] j][gfkljm[lagf Yf\

imYfla^a[Ylagf g^ dgf_+j]Y\ ljYfk[jahlgea[ \YlY* g^ Zgl` Zmdc Yf\ kaf_d]+[]dd gja_af, Ef l`] na]o g^

jYha\ ]phYfkagf g^ NJ= k]im]f[af_ mkaf_ LY[>ag Yf\ Kp^gj\ JYfghgj] l][`fgdg_a]k* l`ak lggd

ak Y mk]^md afkljme]fl Yf\ Y nYdmYZd] Y\\alagf lg l`] k[a]fla^a[ [geemfalq,

E ogmd\ dac] lg ]eh`Ykar] l`] imYdalq g^ Ekgk[]d]k \g[me]flYlagf Yf\ alk [gfn]fa]fl afklYddYlagf,

=dl`gm_` E h]jkgfYddq \g fgl mk] N l`Yl g^l]f* al oYk kladd imal] ]Ykq lg afklYdd Yf\ l]kl Ekgk[]d]k

gf l`] hjgna\]\ lgq \YlYk]l, Igj]gn]j* N aehd]e]flYlagf ea_`l Z] Y Z]f]^al ^gj j]k]Yj[`]jk

h]j^gjeaf_ ^mjl`]j \gofklj]Ye YfYdqkak mkaf_ gl`]j N hY[cY_]k, Ekgk[]d]k `Yk Zgl` l`] k`gjl

lmlgjaYd Yf\ l`] [gehd]l] mk]j eYfmYd, Oaf[] kg^loYj] ak l`] eYaf gml[ge] g^ l`] hjgb][l*

mkYZadalq Yf\ mk]j+^ja]f\daf]kk ak Y n]jq aehgjlYfl Ykh][l, @YlY mk]\ af l`] hYh]j Yk o]dd Yk Ydd

l`] [geeYf\k mk]\ \mjaf_ l`] Z]f[`eYjcaf_ Yj] hjgna\]\,

Ekgk[]d]k qa]d\k \][]fl ljYfk[jahl eg\]dk Yf\ kmh]jagj ]phj]kkagf ]klaeYlagfk ZYk]\ gf

kaemdYl]\ \YlY, P`] Yml`gjk Ydkg hjgna\] Y fa[] ]pYehd] g^ Ekgk[]d]k Z]af_ Yhhda]\ af j]Ydakla[

klm\q mkaf_ egmk] ZjYaf kaf_d]+[]dd \YlY,

Kn]jYdd* l`] eYfmk[jahl ak o]dd+kljm[lmj]\ Yf\ ]Ykq lg ^gddgo, >]dgo E kmeeYjar] Y ^]o [gf[]jfk

Yf\ km__]klagfk* Y\\j]kkaf_ o`a[`* af eq ghafagf* eYq aehjgn] l`] imYdalq g^ l`] [mjj]fl

IYfmk[jahl,

S] l`Yfc l`] j]na]o]j ^gj l]klaf_ gmj kg^loYj] Yf\ j]Y\af_ gmj eYfmk[jahl* Yf\ Yj] _dY\ l`]q

^gmf\ gmj eYfmk[jahl lg Z] uo]dd+kljm[lmj]\ Yf\ ]Ykq lg ^gddgov* Yf\ Ekgk[]d]k lg Z] o]dd

\g[me]fl]\* [gfn]fa]fl lg afklYdd* Yf\ Y umk]^md afkljme]fl Yf\ Y nYdmYZd] Y\\alagf lg l`]

k[a]fla^a[ [geemfalq,v S] Yhhj][aYl] l`] j]na]o]jxk afka_`l^md Yf\ [gfkljm[lan] ^]]\ZY[c*

Y\\j]kkaf_ o`a[` `Yk ka_fa^a[Yfldq aehjgn]\ l`] imYdalq g^ l`] j]nak]\ eYfmk[jahl, Ld]Yk] ^af\

gmj j]khgfk] Yf\ \]k[jahlagf g^ j]nakagfk lg Y\\j]kk ]Y[` kh][a^a[ hgafl Z]dgo8

Major comments

z Iq eYaf [gf[]jfk Yj] j]dYl]\ lg Ba_mj] 1 (Yf\ l`] ^gddgoaf_ Ba_mj] O2)* o`a[` ak gf] g^

l`] c]q ^a_mj]k kmhhgjlaf_ [gf[dmkagfk YZgml Ekgk[]d]k kmh]jagj imYfla^a[Ylagf Y[[mjY[q,

S] Y[cfgod]\_] l`] afalaYd dY[c g^ [dYjalq af \]k[jaZaf_ l`] ]ph]jae]flYd \]ka_f Yf\ hYjYe]l]j

[`ga[]k ^gj Ba_mj] 1 Yf\ l`] Y[[gehYfqaf_ Ba_mj] O3 (^gje]jdq O2),

Ef l`ak Z]f[`eYjc o] hml ^gjl` Y j]Ydakla[ [`Ydd]f_] ^gj []dd lqh] \ak[gn]jq* l]klaf_ o`]l`]j l`]

e]l`g\k [Yf [gjj][ldq \a^^]j]flaYl] a\]fla[Yd kYehd]k ^jge kaeadYj Zml \a^^]j]fl \][gq kYehd]k,

S] \]ka_f]\ l`] ]ph]jae]fl lg _an] ]Y[` hjg_jYe Yf ]imYd Yf\ ^Yaj [`Yf[]* ghlaf_ ^gj



hYjYe]l]j [`ga[]k oal` l`ak afl]fl, S] `Yn] ]phYf\]\ gmj \ak[mkkagf Yf\ jYlagfYd] ^gj

hYjYe]l]j k]d][lagf* Y\\j]kkaf_ l`]k] [gf[]jfk oal` ka_fa^a[Yfl j]nakagfk af l`] YfYdqkak ZYk]\

gf l`ak nYdmYZd] ^]]\ZY[c,

y El ak fgl ]flaj]dq [d]Yj `go ]pY[ldq l`] 2... ljYfk[jahlk o]j] k]d][l]\, P`]

Yml`gjk klYl] u2... lgh `a_`dq nYjaYZd] _]f]k-ljYfk[jahlkv, SYk l`] kYe] k]l

mk]\ ^gj ]Y[` lggd< SYk l`] k]d][lagf ZYk]\ gf l`] ]phj]kkagf ]klaeYl]k ^jge

kge] hYjla[mdYj lggd<

S] Yhgdg_ar] ^gj l`] dY[c g^ [dYjalq gf l`ak hgafl* Yf\ `Yn] aehjgn]\ l`ak k][lagf g^ l`] j]kmdlk

(LY_] 4* daf]k /53+/54) Yf\ e]l`g\k l]pl (LY_] /5* daf]k 314+317) af j]khgfk],

AY[` hjg_jYe ak mk]\ af\]h]f\]fldq ^jge klYjl lg ^afak` af l`] Z]f[`eYjc, Og* l`] `a_`dq

nYjaYZd] ljYfk[jahlk (DRP) Yj] \]l]jeaf]\ ^jge ]Y[` hjg_jYexk ]phj]kkagf ]klaeYl]k Yf\ l`gk]

DRPk Yj] kmZk]im]fldq mladar]\ lg \a^^]j]flaYl] eYl[`]\ Yf\ \][gq []dd daf]k,

Oh][a^a[ [g\] \]k[jaZaf_ `go l`] DRPk o]j] k]d][l]\ mkaf_ l`] w_]lPghDRCkx ^mf[lagf ^jge l`]

scran hY[cY_]* ak \g[me]fl]\ af Ekgk[]d]kWLYh]j j]hgkalgjq `]j]8

`llhk8--laeZalr,_al`mZ,ag-Ekgk[]d]kWLYh]j-j]hgjlk-fYfghgj]WZmdcWk[WZ]f[`eYjckW`nlkW2...,`l

ed

y P`] Yml`gjk Ydkg hjgna\] Y kaeadYj Omhhd]e]flYjq Ba_mj] O2Z*[* o`]j] Ydd

]phj]kk]\ ljYfk[jahlk Yj] [gfka\]j]\ ^gj l`] YfYdqkak (o`a[` kgmf\k egj]

j]d]nYfl l`Yf k]d][laf_ Y kmZk]l g^ ljYfk[jahlk), P`] YZkgdml] \a^^]j]f[] af

Oh]YjeYf [gjj]dYlagf (eYl[`]\ nk \][gq) ^gj \a^^]j]fl lggdk k]]ek lg Z] Ydegkl

a\]fla[Yd o`]f mkaf_ Ydd ljYfk[jahlk* o`a[` \g]k fgl kmhhgjl l`] [gf[dmkagf YZgml

Ekgk[]d]k imYfla^a[Ylagf kmh]jagjalq,

P`] jYlagfYd] ^gj k]d][laf_ `a_`dq nYjaYZd] ljYfk[jahlk (DRP) ^gj []dd lqh] \ak[jaeafYlagf ^gddgok

l`] klYf\Yj\ af l`] ^a]d\ ^gj kaf_d]+[]dd ogjc^dgok (]_, LIE@8 1/0/5003) Yf\ l`] hghmdYj

hY[cY_]k scran* seurat* Yf\ scanpy Ydd km__]kl kmZk]llaf_ gfdq s0c `a_`dq nYjaYZd] _]f]k

UDRCV ^gj l`ak hmjhgk], S] Y[cfgod]\_] l`Yl Yfq kaf_d] [`ga[] g^ DRP fmeZ]j ak ^Yajdq

YjZaljYjq* Yf\ Yk Y j]kmdl* af l`] j]nak]\ eYfmk[jahl o] afn]kla_Yl] Y jYf_] g^ 3..* /c* 0c* 2c* 4c*

Yf\ /.c DRPk, D]j]* o] gZk]jn] ka_fa^a[Yfldq _j]Yl]j h]j^gjeYf[] ^gj Ydd hjg_jYek oal` ^]o]j

DRPk mladar]\* kmhhgjlaf_ l`Yl l`ak YhhjgY[` ak Ydkg l`] egkl ]^^][lan] (Ba_, 1[), Ef l`] ]phYf\]\

Z]f[`eYjc* Ekgk[]d]k hjgna\]k Y ka_fa^a[Yfl Yf\ jgZmkl aehjgn]e]fl gn]j gl`]j e]l`g\k Y[jgkk

l`] jYf_] g^ DRPk [`gk]f,

N]_Yj\af_ Ydd ]phj]kk]\ ljYfk[jahlk* o] fgl] l`Yl ]Y[` hjg_jYe Y[lmYddq imYfla^a]k Yf\ gmlhmlk

\a^^]j]fl fmeZ]jk g^ lglYd ljYfk[jahlk (oal` e]Yf hk]m\gZmdc ]phj]kkagf ;: / PLI), Bgj

]pYehd]* BH=IAO j]hgjl]\ //*543* Oa[]dgj] /0*224* EkgMmYfl /3*256* Yf\ Ekgk[]d]k j]hgjl]\

0/*54., =k Y j]kmdl* mladaraf_ Ydd ljYfk[jahlk ^gj ]Y[` hjg_jYe j]kmdlk af d]kk \aj][ldq [gehYjYZd]

e]lja[k Z]lo]]f hjg_jYek, P`]j]^gj]* af l`] j]nak]\ eYfmk[jahl o] mk] /.*... DRPk Yk l`]



eYpaeme o`]f [gehYjaf_ Y[jgkk hjg_jYek* o`a[` ak kladd km^^a[a]fl lg j][YhalmdYl] l`] kaeadYjalq

g^ j]kmdlk ^jge mkaf_ Ydd ljYfk[jahlk,

y Kf] oYq lg kmhhgjl l`] [gf[dmkagfk eY\] Zq l`]k] hdglk* ogmd\ Z]* ^gj ]pYehd]*

lg Yhhdq l`] kYe] e]l`g\gdg_q Yf\ lg [j]Yl] kaeadYj hdglk mkaf_ kaemdYl]\ \YlY,

P`ak [gmd\ Z] mk]^md lg mf\]jklYf\ `go l`]k] hdglk (Ba_, 1Z*[) [gjj]dYl] oal`

Y[lmYd imYfla^a[Ylagf Y[[mjY[q e]Ykmj]\ mkaf_ _jgmf\ ljml`, OaemdYl]\ \YlY Ydkg

Yddgok lg [j]Yl] j]^]j]f[] hdglk kaeadYj lg 1Z*[ mkaf_ _jgmf\ ljml` ]phj]kkagf Yf\

[gehml] l`] Y[lmYd Oh]YjeYf [gjj]dYlagf \a^^]j]f[] Z]lo]]f eYl[`]\ Yf\ \][gq

?gehYjakgfk,

S] l`Yfc l`] j]na]o]j ^gj l`ak afka_`l^md Yf\ aflja_maf_ a\]Y* Y\\j]kkaf_ o`a[` `Yk aehjgn]\ l`]

eYfmk[jahl, Ef j]nakagf* o] aehd]e]fl]\ l`ak Yf\ gZk]jn]\ [gehYjYZd] j]kmdlk af l`] kaemdYl]\

Z]f[`eYjc* oal` Ekgk[]d]k [gfkakl]fldq gmlh]j^gjeaf_ gl`]j e]l`g\k [gehYj]\ lg _jgmf\+ljml`,

Dgo]n]j* gf] fglYZd] \ak[j]hYf[q ]paklk* o`]j] EkgMmYfl h]j^gjek Yl ]imYddq `a_` Y[[mjY[q lg

Ekgk[]d]k kh][a^a[Yddq af kaemdYl]\ \YlY Z]lo]]f 3..+2... DRPk ^gj Oh]YjeYf [gjj]dYlagf gfdq

(oal` fg klYlakla[Yddq ka_fa^a[Yfl \a^^]j]f[] Z]lo]]f l`]e), P`ak Z]f[`eYjc ak fgo Y\\]\ lg Ba_,

O3[,

y =fgl`]j oYq lg kmhhgjl l`ak ogmd\ Z] lg j]h]Yl l`] ]ph]jae]fl Zq mkaf_

[gehd]l]dq \a^^]j]fl []dd daf]k (hgkkaZdq fgl [Yf[]j daf]k)* kg l`Yl l`] \a^^]j]f[]

Z]lo]]f eYl[`]\ Yf\ \][gq [gehYjakgfk ak ]plj]e],

S] Yhhj][aYl] l`] km__]klagf lg mk] ]plj]e]dq \a^^]j]fl []dd daf]k* o`a[` [gmd\ ]^^][lan]dq

k`go[Yk] Ydd kg^loYj] af Y [d]Yj+[ml k[]fYjag, Dgo]n]j* gmj ]ph]jae]fl oYk kh][a^a[Yddq

\]ka_f]\ lg [Yhlmj] l`] fmYf[]k g^ kaf_d]+[]dd YfYdqk]k* o`]j] l][`fa[Yd fgak] Yf\ \YlY

khYjkalq g^l]f gZk[mj] Zagdg_a[Yd ka_fYdk, Ef l`ak [gfl]pl* l`] YZadalq lg \a^^]j]flaYl] kmZld]

nYjaYlagfk* o`a[` Yj] g^l]f Yk Zagdg_a[Yddq j]d]nYfl Yk egj] hjgfgmf[]\ \a^^]j]f[]k* hj]k]flk Y

_j]Yl]j YfYdqla[Yd [`Ydd]f_],

Ef j]khgfk] lg ]Yjda]j ^]]\ZY[c gf Ba_mj] 1* o] `Yn] ]phYf\]\ gmj Z]f[`eYjc lg egj]

hj][ak]dq ]nYdmYl] \]l][lagf g^ km[` kmZld] \a^^]j]f[]k mkaf_ Y jYf_] g^ `a_`dq nYjaYZd]

ljYfk[jahlk (DRPk), P`]k] [`Yf_]k `Yn] ka_fa^a[Yfldq aehjgn]\ l`] jgZmklf]kk Yf\

j]hjg\m[aZadalq g^ gmj j]kmdlk* o`a[` o] Z]da]n] kljgf_dq kmhhgjl l`] [gf[dmkagfk hj]k]fl]\ af gmj

eYfmk[jahl,

y Ef Ba_, 1[*\ l`] Yml`gjk mk] kh][a^a[ afl]jnYdk ^gj l`] T Ypak* a,], fgl klYjlaf_ oal`

., P`ak hjgna\]k Y kge]o`Yl eakd]Y\af_ aehj]kkagf gf l`] \a^^]j]f[] Z]lo]]f

lggdk, E km__]kl mkaf_ Y .+ZYk]\ T Ypak lg [d]Yjdq \]ha[l j]dYlan] \a^^]j]f[]k

Z]lo]]f ZYjk,

S] Yhgdg_ar] ^gj l`] gn]jka_`l, Ef l`] j]nak]\ eYfmk[jahl* l`]k] ZYj [`Yjlk `Yn] Z]]f j]hdY[]\

oal` daf] _jYh`k (oal` klYf\Yj\ ]jjgj k`Y\]\) af gj\]j lg ]fYZd] nakmYdarYlagf g^ l`] \a^^]j]f[] af



eYl[`]\ Yf\ \][gq e]lja[k Yk Y ^mf[lagf g^ 3..+/.c DRPk (Ba_, 1[ Yf\ Ba_, O3[), P`] gja_afYd

ZYj hdglk Yj] kladd YnYadYZd] gf l`] af\ana\mYd j]hgjlk af l`] wEkgk[]d]kWLYh]jx j]hgkalgjq ^gj ]Y[`

DRP fmeZ]j Yf\ Zgl` l`] ZYj hdglk Yf\ l`]aj daf] _jYh` j]hdY[]e]flk mk] Y .+ZYk]\ T+Ypak Yk

km__]kl]\,

y Ekgk[]d]k \g]k `Yn] l`] Z]kl e]\aYf j]dYlan] \a^^]j]f[]* Oh]YjeYf [gjj]dYlagf

^gj eYl[`]\ kYehd]k Yf\ `a_`]kl \a^^]j]f[] Z]lo]]f eYl[`]\ Yf\ \][gq

[gehYjakgfk, Dgo]n]j* al Ydkg k`gok l`] egkl kaeadYj ]phj]kkagf hjg^ad]k af

\][gq [gehYjakgfk (],_, l`] dgo]kl e]\aYf j]dYlan] \a^^]j]f[]), Ljgna\af_ kge]

[gee]flk-afka_`lk gf l`Yl eYll]j [gmd\ Z] af^gjeYlan],

S] l`Yfc l`] j]na]o]j ^gj hgaflaf_ gml l`ak gZk]jnYlagf, S] kh][mdYl] l`Yl l`] _j]Yl]j

[gjj]dYlagf gn]jYdd (af Zgl` eYl[`]\ Yf\ \][gqk) [gmd\ Z] \m] lg l`] `Yf\daf_ g^ YeZa_mgmk

j]Y\k Zq l`] AI Yd_gjal`e, D]j]* j]Y\k l`Yl ea_`l Z] \ak[Yj\]\ Zq gl`]j e]l`g\k Yj] kladd

ghlaeYddq Yhhgjlagf]\ Zq Ekgk[]d]k* hjgna\af_ kda_`ldq `a_`]j YhhYj]fl j]Y\+\]hl`k* Yf\ egj]

[gfkakl]fl imYfla^a[Ylagfk ^gj _]f]k oal` ljYfk[jahl+d]n]d YeZa_malq Yk Y j]kmdl, S] fgo e]flagf

l`ak af gmj jYlagfYd] ^gj eYl[`]\ nk, \][gq [gehYjakgfk af l`] j]kmdlk k][lagf j]dYlaf_ lg Ba_, 1[

(gf LY_]k 3+4* daf]k /5.+/51),

y P`] j]kmdlk hjgna\]\ af Ba_, 1\, k`go BH=IAO Yf\ O[a]dgj] Z]af_ ^Yj ogjk] l`Yf

Ekgk[]d]k gf kaemdYl]\ \YlY* o`ad] l`] \a^^]j]f[] k]]ek lg Z] ^Yj d]kk \jYeYla[

Y[[gj\af_ lg j]Yd+\YlY ]ph]jae]flk (Ba_,1[), Kf l`] [gfljYjq* EkgMmYfl k`gok

\][]fl h]j^gjeYf[] gf kaemdYl]\ \YlY* Zml l`] ogjkl e]Yf j]dYlan] \a^^]j]f[] ^gj

eYl[`]\ kYehd]k, E j]Ydar] l`Yl ^af\af_ l`] j]Ykgf ^gj l`]k] af[gfkakl]f[a]k ea_`l

Z] [`Ydd]f_af_* a^ fgl aehgkkaZd]* al ogmd\ Z] afl]j]klaf_ lg `]Yj o`]l`]j Yml`gjk

`Yn] Yfq [gee]flk j]_Yj\af_ l`ak gZk]jnYlagf,

P`ak ak Y ^Yaj gZk]jnYlagf, Ef\]]\* o] Ydkg gZk]jn] l`ak lj]f\ af l`] j]nak]\ eYfmk[jahlxk

eYl[`]\ nk, \][gq [gehYjakgfk mkaf_ kaemdYl]\ \YlY (Yk km__]kl]\ af l`] j]na]o]jxk ]Yjda]j

[gee]fl), D]j]* EkgMmYfl Ydkg h]j^gjek Z]ll]j gf kaemdYl]\ \YlY l`Yf af l`] ]pY[l kYe]

Z]f[`eYjc mkaf_ Zagdg_a[Yd \YlY, P`Yl kYa\* Yk l`] j]na]o]j [gjj][ldq hgaflk gml* al eYq Z] n]jq

\a^^a[mdl a^ fgl aehgkkaZd] lg a\]fla^q l`] [Ymk] g^ l`ak \ak[j]hYf[q* o`a[` ak dac]dq j]dYl]\ lg

af`]j]fl \a^^]j]f[]k Z]lo]]f kaemdYl]\ nk, ljm] Zagdg_a[Yd \YlY, S] fgo e]flagf l`ak

gZk]jnYlagf af l`] \ak[mkkagf k][lagf gf LY_] 6 (daf]k 04/+042),

Minor comments

z E km__]kl Y\\af_ Y k`gjl [Yhlagf lg Ba_mj] 0 klYlaf_ o`Yl caf\ g^ \YlY oYk mk]\ lg eYc]

l`] ^a_mj] k]d^+]phdYfYlgjq,

S] fgo Y\\ Y k`gjl [Yhlagf lg l`] Ba_mj] 0 d]_]f\ Yk km__]kl]\,

z Ef Ba_,0 (Yf\ ^gddgoaf_ kmhhd]e]flYjq ^a_mj]k) l`] Yml`gjk hjgna\] B@N gfdq ^gj Ydd

\]l][l]\ ljYfk[jahlk, E j][gee]f\ afk]jlaf_ l`] kYe] k]hYjYl]\ hdglk (YffglYl]\ Yf\

oal``]d\) Yk ^gj PLN,



S`ad] o] Yhhj][aYl] l`] j]na]o]j'k km__]klagf lg k]hYjYl] B@N hdglk ^gj YffglYl]\ Yf\

oal``]d\ ljYfk[jahlk* al akf'l ^]YkaZd] \m] lg l`] ]ph]jae]flYd \]ka_f, Ef gmj hjg[]kk* o] kaemdYl]

j]Y\k ^jge Y ^mdd ljYfk[jahl YffglYlagf ^ad] Yf\ hjgna\] Y \gofkYehd]\ YffglYlagf ^ad] lg ]Y[`

hjg_jYe, Bgj PLN (k]fkalanalq YfYdqkak)* o] \a^^]j]flaYl] Z]lo]]f _an]f Yf\ oal``]d\ ljYfk[jahlk

lg k`go \akhYjala]k Z]lo]]f hjg_jYek, Dgo]n]j* ^gj B@N* l`] j]kmdl ak ZYk]\ gf hjg_jYe

gmlhmlk fgl Yda_faf_ oal` ]al`]j _an]f gj oal``]d\ ljYfk[jahlk* j]kmdlaf_ af Y kaf_d] B@N ^gj Ydd

\]l][l]\ ljYfk[jahlk* jYl`]j l`Yf k]_j]_Yl]\ gf]k ^gj _an]f Yf\ oal``]d\ [Yl]_gja]k,

Ef l`] mh\Yl]\ eYfmk[jahl* o] `Yn] Ydkg afljg\m[]\ l`] B/+k[gj]* ]f[gehYkkaf_ l`] B@N Yf\

l`]j]^gj] Ydkg hj]k]fl gfdq l`ak lglYd B/+k[gj] ^gj Ydd ljYfk[jahlk (Ba_, 0* Yf\ Ba_, O0),

z Oge] hdglk af Ba_,0 dggc kda_`ldq gn]jdgY\]\ \m] lg ]Y[` lggd Z]af_ dYmf[`]\ Ydgf] Yf\

[gmhd]\ oal` Oljaf_Pa], S`ad] E Yhhj][aYl] km[` Y ^md^addaf_ YhhjgY[`* l`] Yml`gjk ea_`l

oYfl lg [gfka\]j c]]haf_ gfdq Y ^]o Z]kl+h]j^gjeaf_ lggdk* gj gfdq klYf\+Ydgf]

h]j^gjeYf[] Yf\ egn] [gehd]l] Z]f[`eYjck lg l`] kmhhd]e]flYjq eYl]jaYd (kaf[] l`]q

Yj] kladd af^gjeYlan]),

Ef l`] j]nak]\ eYfmk[jahl* o] c]]h gfdq l`] Z]kl h]j^gjeaf_ nYdm] ^gj ]Y[` Z]f[`eYjc lggd af

l`] eYaf ^a_mj] ([geZafYlagf gj klYf\+Ydgf])* ]p[]hl ^gj Ekgk[]d]k* o`a[` o] k`go oal` Ydd

[geZafYlagfk kaf[] al ak l`] ^g[mk g^ l`] hYh]j, Ba_, O0 kladd j]lYafk l`] ^mdd j]kmdlk Yk km__]kl]\,

z S`ad] l`] Yml`gjk mk] Zgl` kaemdYl]\ Yf\ j]Yd \YlY lg Z]f[`eYjc Ekgk[]d]k* al [gmd\ Z]

Ydkg af^gjeYlan] lg hjgna\] kge] Z]f[`eYjck mkaf_ kqfl`]la[ egd][md]k k]im]f[]\ gf

j]Yd k]im]f[]jk* ],_, OENRk, OENRk KJP \YlY ak hmZda[dq YnYadYZd] ],_, Yl

`llhk8--_al`mZ,[ge-fYfghgj]+o_k+[gfkgjlame-J=/0656-ZdgZ-eYkl]j-NJ=,e\* gj af kge]

j][]fl klm\a]k* km[` Yk HNC=OL lggd [gehYjakgf

(`llhk8--ooo,Zagjpan,gj_-[gfl]fl-/.,//./-0.01,.5,03,33.360n/) gj EkgMmYfl, Bgj

Z]f[`eYjcaf_ hmjhgk]k* af Y\\alagf lg [gehd]l] OENR YffglYlagf* H]pg_]f Ydkg

hjgna\]k Yf YffglYlagf oal` oal``]d\ ljYfk[jahlk Yf\ Yf YffglYlagf oal` \][gq

PjYfk[jahlk,

S] l`Yfc Zgl` j]na]o]jk ^gj l`]aj `]dh^md km__]klagfk lg af[dm\] Z]f[`eYjck mkaf_ kqfl`]la[

egd][md]k k]im]f[]\ gf j]Yd k]im]f[]jk, Ef j]khgfk]* o] `Yn] af[dm\]\ log Y\\alagfYd

Z]f[`eYjck af gmj j]nak]\ eYfmk[jahl (Ba_, O1)* ^g[mkaf_ gf [gehYjakgfk Z]lo]]f Ekgk[]d]k*

>YeZm* Yf\ EkgMmYfl,

P`] ^ajkl Z]f[`eYjc mladar]k O]imafk* [gehYjaf_ Ydd hjg_jYe imYfla^a[Ylagfk lg l`] _jgmf\ ljml`k

\]jan]\ ^jge log \aklaf[l O]imaf eap]k, =k \]lYad]\ af gmj j]khgfk] lg N]na]o]j #/xk ^ajkl

[gee]fl* Ekgk[]d]k \]egfkljYl]\ ^YngjYZd] h]j^gjeYf[] Y[jgkk Ydd ]nYdmYl]\ e]lja[k,

P`] k][gf\ Z]f[`eYjc d]n]jY_]k OENRk* mladaraf_ YffglYl]\* oal``]d\* Yf\ \][gq ljYfk[jahl

YffglYlagfk lg ]nYdmYl] ljYfk[jahl \]l][lagf, =[jgkk l`] l`j]] e]l`g\k* ^Yajdq [gehYjYZd]

h]j^gjeYf[] oYk gZk]jn]\ ^gj ljYfk[jahl \]l][lagf gn]jYdd (]_, B/+k[gj]k jYf_af_ ^jge .,54 lg



.,56), @]khal] a\]fla^qaf_ ^]o]j oal``]d\ ljYfk[jahlk* Ekgk[]d]k* oal` r]jg ^Ydk] hgkalan]k* kda_`ldq

gmlh]j^gje]\ EkgMmYfl* o`a[` `Y\ ^gmj ^Ydk] hgkalan]k Yf\ eakk]\ ^an] YffglYl]\ kljm[lmj]k

(Ba_, O1[+\),

S] mh\Yl]\ l`] l]pl oal` l`]k] j]kmdlk (gf LY_]k 2+3* daf]k /03+/17) Yf\ l`] \ak[mkkagf (gf

LY_] 6* daf]k 042+046) lg j]^d][l l`]k] Y\\alagfk,

z El [gmd\ Z] af^gjeYlan] ^gj mk]jk lg hjgna\] [gehmlYlagfYd h]j^gjeYf[] (?LQ lae]* oYdd

[dg[c lae]* N=I h]Yc) af l`] kmhhd]e]flYjq eYl]jaYd,

S] fgo Y\\ Z]f[`eYjck g^ [gehmlYlagfYd h]j^gjeYf[] (Zgl` ?LQ lae] Yf\ N=I h]Yc) Yk

Ba_mj] O2Z,

z Oaf[] l`] Yml`gjk ljYaf]\ JYfgOae eg\]dk l`]ek]dn]k* hjgna\af_ l`] ]pY[l ]jjgj jYl]k

^gj kaemdYl]\ \YlY af l`] j]kh][lan] kmhhd]e]flYjq k][lagf ea_`l Z] af^gjeYlan],

S] fgo af[dm\] l`] ^gddgoaf_ ]pY[l ]jjgj jYl]k ^gj kaemdYl]\ \YlY af l`] e]l`g\k k][lagf gf

LY_] /2 (daf]k 210+211) Yf\ [Yf Ydkg Z] ^gmf\ af l`] j]Y\Weg\]dk \aj][lgja]k af

Ekgk[]d]kWLYh]j8 `llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]kWLYh]j-lj]]-\]n]d-afhmlW\YlY-j]Y\Weg\]dk

Technical comments

z E `Yn] lja]\ jmffaf_ Ekgk[]d]k gf kge] g^ eq OENR \YlY Zml ]f[gmfl]j]\ Yf ]jjgj af l`]

hj]hYj]WljYfk[jahlk ^mf[lagf8

Fgafaf_ oal` XZq : bgafWZq(ljYfk[jahlWa\)X

Ajjgj8 d]f_l`(lpW\^$`Yk`Wa\) fgl ]imYd lg d]f_l`(mfaim](lpW\^$`Yk`Wa\))

E oadd kmZeal Y Zm_ j]hgjl af l`] f]Yj ^mlmj],

S] Yhhj][aYl] l`] j]na]o]j jmffaf_ gmj [g\] Yf\ j]hgjlaf_ l`ak ]jjgj, S] `Yn] fgo ^ap]\ l`ak

oal` hmdd j]im]kl #2 (`llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]k-hmdd-2) Yf\ dafc]\ lg l`] ^ap af l`]

j]dYl]\ akkm] #0 (`llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]k-akkm]k-0),

z =[[gj\af_ lg [geeYf\ daf]k mk]\ ^gj Z]f[`eYjcaf_* l`] Yml`gjk klYl] l`Yl l`]q jYf

EkgMmYfl loa[], E l`afc EkgMmYfl ak [YhYZd] g^ gmlhmllaf_ Zgl` ]phj]kkagf nYdm]k ^gj Ydd

j]^]j]f[] ljYfk[jahlk Yf\ ]phj]kkagf nYdm]k ^gj Ydd \ak[gn]j]\ ljYfk[jahlk (cfgof Yf\

fgn]d) \mjaf_ l`] kYe] jmf, E \gfxl cfgo o`]l`]j al eYc]k Y Za_ \a^^]j]f[]* Zml l`]

hjgna\]\ Z]f[`eYjck k]]e lg Z] j]YkgfYZd] YfqoYq,

P`ak ak Y j]YkgfYZd] hgafl, Ef l`] gja_afYd kmZeakkagf* o] jYf EkgMmYfl loa[] lg eYaflYaf

[gfkakl]f[q oal` l`] gl`]j hjg_jYek o`a[` o]j] Ydkg j][]anaf_ Yf EkgMmYfl+hjg\m[]\ CPB ^ad]

(^gj Ba_mj] /), Dgo]n]j* lg j]khgf\ lg l`ak* o] o]fl ZY[c Yf\ [gehYj]\ EkgMmYflxk

h]j^gjeYf[] af de novo eg\] af ]al`]j (Y) gf] kaf_d] jmf gj (Z) [gfk][mlan]dq* oal` l`] ^ajkl jmf

hjg\m[af_ l`] CPB+^ad] l`Yl ak hjgna\]\ lg l`] k][gf\ jmf ^gj imYfla^a[Ylagf, S`Yl o] ^gmf\ oYk

afl]j]klaf_t EkgMmYfl h]j^gjek ka_fa^a[Yfldq Z]ll]j gn]jYdd oal` l`] log+jmf hjg[]kk l`Yf al \g]k



af kaf_d]+jmf eg\] (B/+k[gj] 62,6% nk, 52,3%9 O]fkalanalq 52,0% nk, 37,7%9 B@N .,7% nk,

/,1% j]kh][lan]dq), P`]j]^gj] o] hj]k]fl l`]k] log+jmf imYfla^a[Ylagfk af l`] hYh]j jYl`]j l`Yf

l`] kaf_d]+jmf j]kmdlk* Yf\ e]flagf l`ak af l`] e]l`g\k k][lagf gf LY_] /1 (daf]k 2/3+200),

S`ad] o] \a\fxl af[dm\] l`] kaf_d]+jmf j]kmdlk af gmj eYaf gj kmhhd]e]flYd ^a_mj]k* o] hjgna\] Y

dafc lg l`ak j]hgjl af l`] Ekgk[]d]kWLYh]j j]hgkalgjq af l`] e]l`g\k Yf\ ^gj l`] j]na]o]jk `]j]8

`llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]kWLYh]j-ZdgZ-\]n]d-j]hgjlkWklYla[-kaemdYl]\WZmdcWZ]f[`eYjc

kWakgimYfl,ahqfZ

HYkldq* Ydd l`] [`Yf_]k o] `Yn] eY\] lg Ekgk[]d]k kg^loYj] Yf\ hYh]j j]hgkalgja]k Yj] dakl]\ af

l`] egkl j][]fl j]d]Yk]k ^gj Zgl`8

Ekgk[]d]kWLYh]j8 `llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]kWLYh]j-j]d]Yk]k-lY_-.,0,.

Ekgk[]d]k8 `llhk8--_al`mZ,[ge-laeZalr-Ekgk[]d]k-j]d]Yk]k-lY_-.,0,.



Reviewer #1 (Remarks to the Author):

I would like to congratulate the authors to this felicitous revision.

The authors have adressed all of my concerns and the manuscript can be IMHO published as is.

Reviewer #2 (Remarks to the Author):

The authors have successfully addressed my main concern regarding the key figure of this 

manuscript, and patiently clarified all points regarding performed experiments. I sincerely thank 

the authors for this work. The authors also resolved all minor issues and provided sufficient 

technical details. Overall, it feels like the revised version has improved in terms of clarity and 

justification of Isosceles performance.

I have no further questions and wish the authors the best of luck in their further research.

Kind regards

Andrey Prjibelski

Reviewer #2 (Remarks on code availability):

I downloaded and installed Isosceles. I also tested it on my own data and it seems to be working 

without issues.


