
Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

Prompsy, Kirchmeier et al. present ChromScape a web application for the analysis of single cell 

ChIP-seq or ATAC-seq datasets. The application is aimed to researcher without bioinformatic 

expertise. ChromScape implements common steps for the analysis and visualization of count 

matrices. 

The webapp is well made and in principle could be very helpful, however I think it is important to 

address these points before publication. 

Major points: 

1) If the goal is to provide an end to end pipeline for people without scripting skills it is necessary 

to start from raw sequencing data and not from count data. These steps should be included in the 

current pipeline and integrated in the Shiny user interface. This can be easily accomplished by 

integrating the other library you have created: 

https://github.com/vallotlab/scChIPseq_DataEngineering 

2) Although the goal is to provide a user-friendly graphical application it is not clear what is the 

quality of the results produced. To this end it is important to compare the results obtained with 

this pipeline with recent pipelines even though they don’t provide a web-based interface. 

- For ChIP-seq data, please compare your results with methods also based on count matrices like 

EpiScanpy (https://europepmc.org/article/ppr/ppr80155) or Seurat 

(https://satijalab.org/seurat/v3.0/atacseq_integration_vignette.html). 

- For ATAC-seq data in addition to EpiScanpy several methods have been proposed. A systematic 

comparison is presented in Chen et al 2019 

(https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1854-5). From their 

analysis it is clear that it is not necessary to compare ChromScape with all the available recent 

methods but only with the top performing i.e. SnapATAC, Cusanovich 2018 and CisTopic. Without 

this comparison it is hard to assess the quality of the proposed results. 

3) “No batch correction option is implemented in this version of the application.” Explain the 

implications of this, warn the users and suggest some alternatives to remove batch effects using 

available packages. Alternatively, consider including a simple method for batch correction in 

ChromScape, for example, the method developed by the Marioni lab 

(https://www.ncbi.nlm.nih.gov/pubmed/29608177) based on mutual nearest neighbors. 

4) Please provide some information on memory requirement and running time for the datasets 

presented. Also, what is the maximum count matrix size a user can analyze on a personal 

computer with 8 or 16GB or memory? 

5) The peak analysis is disconnected from the rest, since the tool takes in input count matrices, 

however for this step is necessary to obtain bam files and to have experience with command line 

tools and scripting. As mentioned before to make ChromScape truly useful to non-expert, it is 

necessary to start from raw sequencing data. 

6) The support for ATAC-seq data is very primitive and limited. The assumption again is to start 

from a count matrix and some custom scripts were necessary to proceed with the analysis “The 

count matrix of reads in 188 peaks was downloaded from GEO accession number GSE99172, split 

into distinct matrices for 189 each sample and formatted to be accepted as input by ChromSCape.” 

If you want to support scATAC-seq datasets it is necessary to include the preprocessing steps to 



get a matrix from raw reads. 

Minor points: 

1) Line 286: extra space in “Ad ditionally” 

2) Windows support? In the docker version clear instructions are provided for Linux/Mac OS, 

however no instructions are provided for Windows. This is a missing opportunity given that Docker 

is also supported on Windows and a simple modification can be provided to support also this 

platform. 

Reviewer #2 (Remarks to the Author): 

Recent technological advancement enables epigenetics analysis at a single-cell level, but analysis 

tools dedicated for sparse single-cell epigenome datasets are currently lacking and thus desirable. 

In this study, Prompsy et al. developed ChromSCape, a GUI application that is designed for single-

cell data and allows e.g. identification of subpopulations of cells based on epigenome states. Using 

ChromSCape, the authors showed the ability of their software that accepts count matrix of 

genomic bins (cells x bins) and automates the following data analysis steps including filtering 

outlier cells, lower-dimensional representation, clustering, calling peaks and differential enriched 

regions. They performed demonstrations on scChIP-seq data from their previous report as well as 

scATAC-seq data used for another scATAC-seq analytical tool chromVar, showing ChromSCape 

worked well on both datasets. Thus, this work has a potential to liven the blooming field of single-

cell epigenomics by providing a user-friendly analysis tool. At this stage, however, the software 

seems immature and specifically dedicated to their own droplet-based scChIP-seq technology. This 

manuscript merely introduces their data analysis tips and a combo of BioConductor tools, rather 

than proposes novel computational/statistical ideas and/or technical advancements in the sparse 

and high-dimensional single-cell epigenomic data analysis. Overall, although ChromSCape could be 

a valuable tool for single-cell epigenome analysis, the manuscript in its current form does not 

necessarily need to be published on the journal Nature Communications and thus may be suitable 

for other more specific journals. 

Specific points 

1: The authors stated that "With ChromSCape (Fig. 1), we propose a user-friendly, step-by-step 

and customizable R/Shiny application to analyze sparse single-cell histone modifications datasets. 

(line 54)". Setting up ChromScape, however, appears to still require high computational skills, 

especially for general biologists. More importantly, installing the application does not work in my 

brief trial (both R environment and docker container, a point related to path resolving problem 

after uploading count matrix). This implies this software has not been well tested. 

2: ChromScape does not provide a general guideline for a wide variety of single-cell epigenomic 

technologies recently developed, such as CUT&Tag, scChIL, scChIC and CoBATCH. It seems the 

authors merely follow droplet-based scRNA-seq data analysis (e.g., "In order to efficiently remove 

outlier cells from the analysis, e.g. cells with excessively high or low coverage, the user sets a 

threshold on a minimum read count per cell and the upper percentile of cells to remove. (line 

92)”). The authors should provide a universal exploratory data analysis platform for e.g. deciding 

filtering threshold, optimizing bin-size, correction of unwanted variations and batch-effects. 

Otherwise its applicability and/or robustness on many other single-cell epigenomic datasets have 

not sufficiently been demonstrated. 



3: (Calling differentially enriched regions) Comparing one specified cluster with all the others 

seems less sensitive for detecting candidates because of the large variability of out-of-cluster cells. 

Providing options to test all possible pairs of clusters will be useful for users. 

4: (Statistical modeling for categorical variables) Why do the authors prefer non-parametric 

(Wilcoxon rank sum) tests over Poisson or Negative binomial modeling of count data? If 

recommended, the authors should compare these different statistical approaches with regard to 

sensitivity/specificity. 

Reviewer #3 (Remarks to the Author): 

Prompsy and colleagues describe in their manuscript a software (called ChromSCape) for the 

analysis of single-cell ChIP-seq data and illustrate the use with data from their recent publication 

(Grosselin et al. 2019, Nat. Genet.). Overall, I believe the chosen examples serve the illustrative 

purpose and I appreciate the attempt to create user-friendly software for single-cell data analysis, 

but I believe the solution falls completely short of providing a truly user-friendly tool in its current 

form. The authors also need to add a proper comparison to the state-of-the-art. If these issues 

can be resolved / improved upon, I would be supportive for publication in Nature Communications. 

Major points -- software: 

- The tool is primarily targeted at experimental biologists with limited bioinformatics skills (“[to] 

enable users without any bioinformatics skills […] run the application in a web browser”). I very 

much doubt that the average target user will be able to install the software in its basic setup (R, 

bedtools, command line execution) and even less so with additional packages required for 

advanced analysis (SAMtools, bedtools, MACS2, for peak calling l. 144ff.). For me, the installation 

script asking me to downgrade my Bioconductor release, which I of course chose not to do to 

avoid conflicts with other projects. Setting up an R install just for ChromSCape is a big ask. Really, 

the authors should implement ChromSCape as a Bioconductor package which will force them to 

mind dependencies and versioning. 

Providing a Docker image with pre-installed software requirements is a good thought in order to 

ease the installation burden (this is what I chose to do after the problems I described above), 

however, this first requires Docker to be installed and admin rights on the computer, plus being 

comfortable with setting up directories and changing permissions –again considerable stumbling 

stones for many prospective users. 

All installation problems can probably be managed with additional time investment and help of 

computer-savvy colleagues, but a quick and easy way to test and trial the software is required for 

potential users to evaluate whether it’s worth to go through all that trouble. 

I would therefore highly recommend setting up a public demo server with the application that 

allows immediate execution with a trial dataset. 

- Even after installing the Docker version of the software from Docker Hub and following the 

instructions on the GitHub page about creating directories and running as root, I faced difficulties 

using it (I used Ubuntu Linux). Uploading new datasets (I used the count matrices provided on 

figshare) consistently resulted in disconnection from the server. I then tried to download the 

precompiled analysis (also provided by the authors on figshare) and tried putting it in the 

Data_ChomSCape folder (no detailed instructions provided what else to do with it) – I could not 

see it from the running application. I gave up at this point, having spent a considerable amount of 

time without being able to try the software. 



It seems to be that these kind of issues should be resolved by the authors by some proper 

software testing. They should install the software following their own instruction on a “clean” 

computer – i.e. one that is not already set up with all their commonly used tools and configuration. 

They might also recruit help from non-bioinformatics colleagues of theirs and see where they fail. 

The software must be in working order for publication to go ahead and this should not involve the 

user having to fix or work around issues not properly documented by the authors. 

- What are the plans for maintenance and development of the software? This should also be stated 

in the manuscript. 

Major points -- manuscript: 

- No proper comparison to existing solutions is performed, which makes it difficult to put the tool 

into perspective and to assess novelty. The authors only state that “If tools for scATAC-seq are 

publicly available, […] these tools are dedicated to scATAC-seq and are not stand-alone 

applications” (which is a tautology and should be re-written). The authors demonstrate the use of 

their tool for scATAC-seq data – can the other tools not also be applied to scChIP-seq data? If not, 

the reasons should be clearly stated. At least one other Shiny tool exists that boasts support for 

scChIP-seq data: https://zhiji.shinyapps.io/scrat/. There are also standalone applications that 

support scATAC-seq data, e.g. scOrange (https://singlecell.biolab.si/). A more systematic and 

comprehensive comparison in terms of functionality, mode of implementation, usability, and 

limitations to all existing frameworks (including but not limited to the software quoted in the 

current manuscript) should be made. This should probably go with a Supplementary Figure or 

Table. 

- “The pipeline is designed for high-throughput single-cell datasets with samples containing as low 

as 100 cells and with a minimum of 1,000 reads per cell” (l. 58ff.) This establishes a lower bound 

on the supported data, but what’s the upper bound? As single-cell datasets grow larger and larger, 

can the software deal with that? What are the parameters that influence scalability? 

Minor: 

- The paper references the Docker Hub repository (pacomito/chromscape), which eases 

installation, but the link is missing on the GitHub documentation. 

- Spell tools / resources correctly: SAMtools, bedtools, GENCODE, Benjamini-Hochberg (not 

“Hocheberg”). 

- “We haven’t observed any batch effect between our experiments in our first study most probably 

because we were working with a single batch of hydrogel beads. No batch correction option is 

implemented in this version of the application.” (l. 116ff.) I imagine the lack of batch correction / 

dataset integration methods (such as implemented in Seurat, LIGER, CONOS, etc.) will be major 

limitation for practical usefulness in future applications. The extent to which these problems 

pertain to scChIP-seq data is currently not clear and an evaluation seems beyond the scope of this 

manuscript (which is why I’m listing this as a minor point here, even though I consider it very 

important). Based on my experience with all other types of genomics data, however, I can only 

assume that batch effects will be pervasive. Do the authors have any plans of adding functionality 

to deal with this, e.g. by integrating methods such as the ones from Seurat/Signac, etc? 

- The language needs some correcting, but I will leave details to the editors.
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LT WPeT ]^f X\_[T\T]cTS X] 8Wa^\H8P_T P QPcRW R^aaTRcX^] UTPcdaT% QPbTS ^] cWT ;PbcBCC P[V^aXcW\ Pb
bdVVTbcTS Qh cWT aTeXTfTa' >U ]TRTbbPah% cWT dbTa RP] ]^f b_TRXUh QPcRW X]U^a\PcX^] U^a TPRW bTc ^U RT[[b' >] bdRW
RPbT% aTSdRTS UTPcdaT b_PRT Xb R^aaTRcTS U^a QPcRW TUUTRc U^a UdacWTa S^f]bcaTP\ P]P[hbXb' GTVPaSX]V SXUUTaT]cXP[
P]P[hbXb% c^ PRR^d]c U^a QPcRW TUUTRc% fT WPeT X\_[T\T]cTS cWT _PXafXbTLX[R^g Ud]RcX^] Ua^\ cWT bRaP] _PRZPVT%
bTccX]V cWT QPcRW ^U ^aXVX] Pb P lQ[^RZX]V [TeT[m U^a TPRW RT[['
I^ cTbc cWXb Ud]RcX^]P[Xch% fT WPeT ad] 8Wa^\H8P_T ^] =,@+0\T, bR8W>E&bT` SPcPbTcb Ua^\ Wd\P] RT[[b
^aXVX]PcX]V Ua^\ cWT bP\T E9M \^ST[ #=78g2.$ Qdc dbX]V cf^ SXUUTaT]c QPcRWTb ^U QTPSb% Tg_TRcX]V P QPcRW
TUUTRc' IWT UXabc QPcRW R^aaTb_^]Sb c^ RT[[b Ua^\ ^da _aTeX^db bcdSh #<a^bbT[X] Tc P['% +)*2$% P]S fT WPeT ]^f
_TaU^a\TS P] PSSXcX^]P[ bR8W>E&bT` Tg_TaX\T]c ^] P QX^[^VXRP[ aT_[XRPcT ^U =78g2. dbX]V P ]^eT[ QPcRW ^U
QTPSb #]^f bdQ\XccTS c^ <:D% <H:*.+.)+$' I^ R^]ca^[ U^a ^eTa&R^aaTRcX^]% fT WPeT X]R[dSTS RT[[b Ua^\ P
aTbXbcP]c cd\^a #=78g&2.&8P_PG% <a^bbT[X] Tc P[' +)*2$ _a^RTbbTS fXcW ^]T ^U cWT QPcRWTb% fWXRW PaT Tg_TRcTS
c^ SXb_[Ph P SXUUTaT]c T_XVT]^\T cWP] RT[[b Ua^\ =78g&2.' LXcW^dc P]h QPcRW R^aaTRcX^]% RT[[b Va^d_ PRR^aSX]V
c^ eTabX^] ^U cWT QTPSb aPcWTa cWP] RT[[ XST]cXch% fWTaTPb U^[[^fX]V ;PbcBCC&QPbTS R^aaTRcX^]% RT[[b Va^d_
PRR^aSX]V c^ bP\_[T ^U ^aXVX]' LT WPeT ]^f X]cTVaPcTS cWXb P]P[hbXb X] Hd__[T\T]cPah ;XVdaT + P]S X] cWT
\P]dbRaX_c [X]Tb ,). c^ ,*0'

.% CWPL^P []ZaTOP ^ZXP TYQZ]XL_TZY ZY XPXZ]d ]P\`T]PXPY_ LYO ]`YYTYR _TXP QZ] _SP OL_L^P_^ []P^PY_PO( 6W^Z&
bSL_ T^ _SP XLcTX`X NZ`Y_ XL_]Tc ^TeP L `^P] NLY LYLWdeP ZY L [P]^ZYLW NZX[`_P] bT_S 2 Z] +0<7 Z] XPXZ]d5

D] P BPR7^^Z6Xa0%+ >]cT[ 8^aT X. *%/ <=i fXcW + R^aTb P]S - <Q ^U G6B% 8Wa^\H8P_T fPb PQ[T c^ aTPS
bX\d[cP]T^db[h ** R^d]c \PcaXRTb c^cP[[X]V ,'2 <Q% R^aaTb_^]SX]V c^ \^aT cWP] +2%))) RT[[b' IWT UX[cTaX]V bcT_%
ZTT_X]V j*)%))) RT[[b% P]S SX\T]bX^] aTSdRcX^] " R[dbcTaX]V Pb fT[[ Pb SXb_[Ph ^U WTPc\P_ c^^Z [Tbb cWP] /)
\X]dcTb' IWT SXUUTaT]cXP[ P]P[hbXb " VT]T bTcb P]P[hbXb c^^Z P]^cWTa PSSXcX^]P[ /) \X]dcTb' IWT PSeP]cPVT ^U
8Wa^\H8P_T Xb cWPc cWT dbTa ^][h ]TTSb c^ d_[^PS " _a^RTbb R^d]c \PcaXRTb ^]RT% cWT aTbd[c ^U cWTbT bcT_b Xb
cWT] bc^aTS P]S RP] QT [^PSTS Pdc^\PcXRP[[h c^ bcPac SXaTRc[h fXcW SXUUTaT]cXP[ P]P[hbXb P]S VT]T bTc T]aXRW\T]c'

/% FSP [PLV LYLWd^T^ T^ OT^NZYYPN_PO Q]ZX _SP ]P^_& ^TYNP _SP _ZZW _LVP^ TY TY[`_ NZ`Y_ XL_]TNP^& SZbPaP] QZ] _ST^
^_P[ T^ YPNP^^L]d _Z ZM_LTY MLX QTWP^ LYO _Z SLaP Pc[P]TPYNP bT_S NZXXLYO WTYP _ZZW^ LYO ^N]T[_TYR( 6^
XPY_TZYPO MPQZ]P _Z XLVP 8S]ZXENL[P _]`Wd `^PQ`W _Z YZY'Pc[P]_& T_ T^ YPNP^^L]d _Z ^_L]_ Q]ZX ]Lb ^P\`PYNTYR
OL_L(

6b \T]cX^]TS X] ^da P]bfTa c^ cWT UXabc R^\\T]c PQ^eT% 8Wa^\H8P_T RP] ]^f bcPac Ua^\ P[XV]TS UX[Tb #bX]V[T
RT[[ 76B ^a 7:9 UX[Tb$4 bcPacX]V Ua^\ aPf UPbc` UX[Tb SXS ]^c bTT\ UTPbXQ[T fXcWX] P [TP] GHWX]h 6__% R^]bXSTaX]V
cWT SXeTabXch ^U cTRW]^[^VXRP[ STbXV] P]S cWT bXiT ^U aPf bT`dT]RX]V UX[Tb'
GTVPaSX]V cWT _TPZ RP[[X]V% fT WPeT ]^f T]WP]RTS ^da _TPZ RP[[X]V UTPcdaT c^ \PZT Xc Pb bcaPXVWcU^afPaS Pb
_^bbXQ[T% cWT dbTa ]^f ^][h WPb c^ bT[TRc cWT U^[STa R^]cPX]X]V cWT 76B UX[Tb% P]S cWT Ud]RcX^] fX[[ Pdc^\PcXRP[[h
bT_PaPcT RT[[b Qh R[dbcTa P]S ad] cWT _TPZ RP[[X]V' J]U^acd]PcT[h% cWTaT Xb RdaaT]c[h ]^ _TPZ RP[[X]V c^^[
X\_[T\T]cTS X] G & Pb B68H+ & cWPc ad]b fXcW^dc cWT ]TTS ^U P \PcRWTS X]_dc #fWXRW fT S^ ]^c WPeT U^a bX]V[T
RT[[ T_XVT]^\XR SPcPbTcb$' IWTaTU^aT fT SXS ]^c UX]S P b^[dcX^] c^ X\_[T\T]c cWT _TPZ RP[[X]V bcT_ fXcWX] cWT P__
SXaTRc[h' NTc% fT bTT cWT _TPZ RP[[X]V bcT_ Pb P] ^_cX^]% Xc ]^c \P]SPc^ah% P]S TeT] \^aT% dbT[Tbb fWT] cWT
PVVaTVPcX^] ^U bXV]P[ WPb QTT] S^]T X]XcXP[[h ^] STUX]TS VT]^\XR aTVX^]b% Pb 8Wa^\H8P_T ]^f T]PQ[Tb Xc'

0% FSP ^`[[Z]_ QZ] 6F68'^P\ OL_L T^ aP]d []TXT_TaP LYO WTXT_PO( FSP L^^`X[_TZY LRLTY T^ _Z ^_L]_ Q]ZX L NZ`Y_
XL_]Tc LYO ^ZXP N`^_ZX ^N]T[_^ bP]P YPNP^^L]d _Z []ZNPPO bT_S _SP LYLWd^T^ hFSP NZ`Y_ XL_]Tc ZQ ]PLO^ TY +22
[PLV^ bL^ OZbYWZLOPO Q]ZX <:B LNNP^^TZY Y`XMP] <E:33+1,& ^[WT_ TY_Z OT^_TYN_ XL_]TNP^ QZ] +23 PLNS ^LX[WP
LYO QZ]XL__PO _Z MP LNNP[_PO L^ TY[`_ Md 8S]ZXE8L[P(i >Q dZ` bLY_ _Z ^`[[Z]_ ^N6F68'^P\ OL_L^P_^ T_ T^

$



$

YPNP^^L]d _Z TYNW`OP _SP []P[]ZNP^^TYR ^_P[^ _Z RP_ L XL_]Tc Q]ZX ]Lb ]PLO^(

LT WPeT ]^f \^SXUXTS 8Wa^\H8P_T b^ cWPc Xc RP] Pdc^\PcXRP[[h WP]S[T P lR^\QX]TS \PcaXgm aTVa^d_X]V RT[[b ^U
ePaX^db R^]SXcX^]b ^a RT[[ ch_Tb [XZT X] <H:22*0+' 8Wa^\H8P_T Pdc^\PcXRP[[h STcTRcb fWXRW RT[[b QT[^]V c^
fWXRW bP\_[T QPbTS ^] RT[[ ]P\Tb' 8Wa^\H8P_T ]^f P[b^ PRRT_cb 'Rbe UX[Tb' IWT dbTa ^][h WPb c^ S^f][^PS
cWT R^d]c \PcaXg Pc "<H:22*0+ "% d]iX_ Xc P]S d_[^PS Xc X] 8Wa^\H8P_T% RWTRZX]V cWT lR^]cPX]b \d[cX_[T bP\_[Tm
Q^g P]S _aTRXbX]V cWT ]d\QTa ^U bP\_[Tb #WTaT +) bP\_[Tb g 2/ RT[[b 5 *%2+) RT[[b$' IWT P__[XRPcX^] fX[[
Pdc^\PcXRP[[h aTR^V]XiT R^]SXcX^]b QPbTS ^] RT[[ ]P\Tb'

BX]^a _^X]cb3

+% ?TYP ,204 Pc_]L ^[LNP TY h6O OT_TZYLWWdi

LT WPeT ]^f aT\^eTS cWXb TgcaP b_PRT'

,% HTYOZb^ ^`[[Z]_5 >Y _SP OZNVP] aP]^TZY NWPL] TY^_]`N_TZY^ L]P []ZaTOPO QZ] ?TY`c)@LN BE& SZbPaP] YZ
TY^_]`N_TZY^ L]P []ZaTOPO QZ] HTYOZb^( FST^ T^ L XT^^TYR Z[[Z]_`YT_d RTaPY _SL_ 9ZNVP] T^ LW^Z ^`[[Z]_PO ZY
HTYOZb^ LYO L ^TX[WP XZOTQTNL_TZY NLY MP []ZaTOPO _Z ^`[[Z]_ LW^Z _ST^ [WL_QZ]X(

8Wa^\H8P_T Xb bd__^acTS ^] fX]S^fb% TgRT_c U^a cWT ^_cX^]P[ _TPZ RP[[X]V _Pac fWXRW aT`dXaTb B68H+ "
H6Bc^^[b% cf^ c^^[b ]^c PePX[PQ[T ^] fX]S^fb' LT WPeT ]^f bdRRTbbUd[[h X]bcP[[TS Ua^\ VXcWdQ P]S dbTS
8Wa^\H8P_T _PRZPVT ^] bTeTaP[ LX]S^fb \PRWX]Tb'

$



$

Vizmi{iv$'6$,Viqevow$xs$xli$Eyxlsv->�

GTRT]c cTRW]^[^VXRP[ PSeP]RT\T]c T]PQ[Tb T_XVT]TcXRb P]P[hbXb Pc P bX]V[T&RT[[ [TeT[% Qdc P]P[hbXb c^^[b
STSXRPcTS U^a b_PabT bX]V[T&RT[[ T_XVT]^\T SPcPbTcb PaT RdaaT]c[h [PRZX]V P]S cWdb STbXaPQ[T' >] cWXb bcdSh%
Ea^\_bh Tc P[' STeT[^_TS 8Wa^\H8P_T% P <J> P__[XRPcX^] cWPc Xb STbXV]TS U^a bX]V[T&RT[[ SPcP P]S P[[^fb T'V'
XST]cXUXRPcX^] ^U bdQ_^_d[PcX^]b ^U RT[[b QPbTS ^] T_XVT]^\T bcPcTb' JbX]V 8Wa^\H8P_T% cWT PdcW^ab bW^fTS
cWT PQX[Xch ^U cWTXa b^UcfPaT cWPc PRRT_cb R^d]c \PcaXg ^U VT]^\XR QX]b #RT[[b g QX]b$ P]S Pdc^\PcTb cWT U^[[^fX]V
SPcP P]P[hbXb bcT_b X]R[dSX]V UX[cTaX]V ^dc[XTa RT[[b% [^fTa&SX\T]bX^]P[ aT_aTbT]cPcX^]% R[dbcTaX]V% RP[[X]V _TPZb
P]S SXUUTaT]cXP[ T]aXRWTS aTVX^]b' IWTh _TaU^a\TS ST\^]bcaPcX^]b ^] bR8W>E&bT` SPcP Ua^\ cWTXa _aTeX^db aT_^ac
Pb fT[[ Pb bR6I68&bT` SPcP dbTS U^a P]^cWTa bR6I68&bT` P]P[hcXRP[ c^^[ RWa^\KPa% bW^fX]V 8Wa^\H8P_T
f^aZTS fT[[ ^] Q^cW SPcPbTcb' IWdb% cWXb f^aZ WPb P _^cT]cXP[ c^ [XeT] cWT Q[^^\X]V UXT[S ^U bX]V[T&RT[[
T_XVT]^\XR Qh "_a^eXSX]V P dbTa&UaXT]S[h P]P[hbXb c^^[' 6c cWXb bcPVT% W^fTeT"a% cWT b^UcfPaT bTT\b X\\PcdaT P]S
b_TRXUXRP[[h STSXRPcTS c^ cWTXa ^f] Sa^_[Tc&QPbTS bR8W>E&bT` cTRW]^[^Vh' IWXb \P]dbRaX_c \TaT[h X]ca^SdRTb
cWTXa SPcP P]P[hbXb cX_b P]S P R^\Q^ ^U 7X^8^]SdRc^a c^^[b% aPcWTa cWP] _a^_^bTb ]^eT[ R^\_dcPcX^]P[(bcPcXbcXRP[
XSTPb P]S(^a cTRW]XRP[ PSeP]RT\T]cb X] cWT b_PabT P]S WXVW&SX\T]bX^]P[ bX]V[T&RT[[ T_XVT]^\XR SPcP P]P[hbXb'
DeTaP[[% P[cW^dVW 8Wa^\H8P_T R^d[S QT P eP[dPQ[T c^^[ U^a bX]V[T&RT[[ T_XVT]^\T P]P[hbXb% cWT \P]dbRaX_c X] Xcb
RdaaT]c U^a\ S^Tb ]^c ]TRTbbPaX[h ]TTS c^ QT _dQ[XbWTS ^] cWT Y^da]P[ CPcdaT 8^\\d]XRPcX^]b P]S cWdb \Ph QT
bdXcPQ[T U^a ^cWTa \^aT b_TRXUXR Y^da]P[b'

H_TRXUXR _^X]cb
+4 FSP L`_SZ]^ ^_L_PO _SL_ "HT_S 8S]ZXE8L[P $;TR( +%& bP []Z[Z^P L `^P]'Q]TPYOWd& ^_P['Md'^_P[ LYO
N`^_ZXTeLMWP D)ESTYd L[[WTNL_TZY _Z LYLWdeP ^[L]^P ^TYRWP'NPWW ST^_ZYP XZOTQTNL_TZY^ OL_L^P_^( $WTYP /.%"( EP__TYR
`[ 8S]ZXENL[P& SZbPaP]& L[[PL]^ _Z ^_TWW ]P\`T]P STRS NZX[`_L_TZYLW ^VTWW^& P^[PNTLWWd QZ] RPYP]LW MTZWZRT^_^(
@Z]P TX[Z]_LY_Wd& TY^_LWWTYR _SP L[[WTNL_TZY OZP^ YZ_ bZ]V TY Xd M]TPQ _]TLW $MZ_S D PYaT]ZYXPY_ LYO OZNVP]
NZY_LTYP]& L [ZTY_ ]PWL_PO _Z [L_S ]P^ZWaTYR []ZMWPX LQ_P] `[WZLOTYR NZ`Y_ XL_]Tc%( FST^ TX[WTP^ _ST^ ^ZQ_bL]P SL^
YZ_ MPPY bPWW _P^_PO(

LT WPeT ]^f RWP]VTS ^da P__[XRPcX^] X]c^ P] G _PRZPVT% fWXRW RP] QT X]bcP[[TS fXcW P ^]T&[X]T R^\\P]S [X]T
X] cWT G R^]b^[T% X]bcP[[OVXcWdQ#neP[[^[PQ(8Wa^\H8P_To$' IWXb ]Tf eTabX^] ^U cWT P__[XRPcX^]% fXcW \d[cX_[T ]Tf
Ud]RcX^]P[XcXTb & X]R[dSX]V ]Tf X]_dc U^a\Pcb% QPcRW R^aaTRcX^]% JB6E eXbdP[XiPcX^]% \d[cX_[T SXUUTaT]cXP[ cTbcX]V &
WPb QTT] cTbcTS Qh bTeTaP[ R^[[TPVdTb% Q^cW QX^[^VXbcb " QX^X]U^a\PcXRXP]b% c^ \PZT bdaT ]^ QdVb Xb T]R^d]cTaTS
SdaX]V X]bcP[[PcX^] " dbT ^U 8Wa^\H8P_T #cTbcTS ^] + fX]S^fb \PRWX]T% - \PR% P]S + [X]dg$' 6[[ ST_T]ST]RXTb
PaT X]bcP[[TS Pdc^\PcXRP[[h fWT] ad]]X]V cWT X]bcP[[PcX^] R^\\P]S P]S cWT P__ Xb QT aTPSh c^ [Pd]RW Pb b^^] Pb
cWT X]bcP[[PcX^] Xb UX]XbWTS' 6SSXcX^]P[[h% fT WPeT _dQ[XbWTS P ST\^ bTaeTa ^U cWT P__[XRPcX^] Pc
Wcc_b3((eP[[^c[PQ'bWX]hP__b'X^(8Wa^\H8P_T( U^a dbTab c^ cPZT P eXacdP[ c^da ^U cWT P__ QTU^aT X]bcP[[X]V Xc XU
]TRTbbPah'

,4 8S]ZXENL[P OZP^ YZ_ []ZaTOP L RPYP]LW R`TOPWTYP QZ] L bTOP aL]TP_d ZQ ^TYRWP'NPWW P[TRPYZXTN _PNSYZWZRTP^
]PNPY_Wd OPaPWZ[PO& ^`NS L^ 8GF#FLR& ^N8S>?& ^N8S>8 LYO 8Z76F8=( >_ ^PPX^ _SP L`_SZ]^ XP]PWd QZWWZb
O]Z[WP_'ML^PO ^NDA6'^P\ OL_L LYLWd^T^ $P(R(& ">Y Z]OP] _Z PQQTNTPY_Wd ]PXZaP Z`_WTP] NPWW^ Q]ZX _SP LYLWd^T^& P(R(
NPWW^ bT_S PcNP^^TaPWd STRS Z] WZb NZaP]LRP& _SP `^P] ^P_^ L _S]P^SZWO ZY L XTYTX`X ]PLO NZ`Y_ [P] NPWW LYO _SP
`[[P] [P]NPY_TWP ZQ NPWW^ _Z ]PXZaP( $WTYP 3,%i%( FSP L`_SZ]^ ^SZ`WO []ZaTOP L `YTaP]^LW Pc[WZ]L_Z]d OL_L LYLWd^T^
[WL_QZ]X QZ] P(R( OPNTOTYR QTW_P]TYR _S]P^SZWO& Z[_TXTeTYR MTY'^TeP& NZ]]PN_TZY ZQ `YbLY_PO aL]TL_TZY^ LYO
ML_NS'PQQPN_^( B_SP]bT^P T_^ L[[WTNLMTWT_d LYO)Z] ]ZM`^_YP^^ ZY XLYd Z_SP] ^TYRWP'NPWW P[TRPYZXTN OL_L^P_^ SLaP
YZ_ ^`QQTNTPY_Wd MPPY OPXZY^_]L_PO(

;^[[^fX]V cWT aTeXTfTamb R^\\T]c% fT WPeT ]^f X\_[T\T]cTS P bTaXTb ^U Ud]RcX^]P[XcXTb U^a 8Wa^\H8P_T c^
QTR^\T P d]XeTabP[ Tg_[^aPc^ah c^^[ U^a bX]V[T RT[[ T_XVT]^\XR SPcPbTcb% Q^cW RWa^\PcX] PRRTbbXQX[Xch P]S WXbc^]T
\^SXUXRPcX^] SPcPbTcb% fWPcTeTa cWT cTRW]^[^Vh' I^ S^ b^% 8Wa^\H8P_T ]^f P[[^fb Pb X]_dc bcP]SPaS bX]V[T&RT[[
U^a\Pcb U^a P[XV]TS aTPSb aPcWTa cWT] ^][h b_TRXUXR U^a\PccTS R^d]c cPQ[Tb' JbTab RP] ]^f d_[^PS bX]V[T&RT[[
76B UX[Tb ^a bX]V[T&RT[[ 7:9 UX[Tb' IWT dbTa RP] RW^^bT c^ PVVaTVPcT cWT bXV]P[ X]c^ TXcWTa VT]^\XR QX]b% _TPZb
#cWT dbTa \dbc _a^eXST P] PSSXcX^]P[ 7:9 UX[T R^]cPX]X]V _TPZb$% ^a X]c^ aTVX^]b Pa^d]S VT]T IHH #cWT dbTa RP]
RWP]VT cWT d_(S^f]bcaTP\ aTVX^] c^ cPZT Pa^d]S cWT IHH$' 6[[^fX]V P [PaVT ePaXTch ^U X]_dcb P]S [TccX]V cWT dbTa
cTbc \d[cX_[T fPh ^U R^d]cX]V #T'V' SXUUTaT]c QX] bXiTb% QX]b eb _TPZbk$ fX[[ X]STTS VaTPc[h T][PaVT cWT dbPQX[Xch ^U
8Wa^\H8P_T'

LT WPeT P[b^ TeP[dPcTS cWT dbPQX[Xch ^U 8Wa^\H8P_T U^a ^cWTa ch_Tb ^U bX]V[T&RT[[ WXbc^]T \^SXUXRPcX^] SPcP
^QcPX]TS Qh ^cWTa cTRW]^[^VXTb cWP] bR8W>E&bT`' LT WPeT P]P[hiTS cf^ _dQ[XR SPcPbTcb ^U bR8JI"IPV P]S
bR8W>8&bT` cPaVTcX]V =,@+0\T, P]S =,@-\T, \PaZb aTb_TRcXeT[h' 8Wa^\H8P_T ]^f UPRX[XcPcTb cWT P]P[hbXb ^U
bdRW _dQ[XR SPcPbTc Pb cWT dbTa ^][h WPb c^ S^f][^PS bX]V[T&RT[[ 7:9 UX[Tb P]S SXaTRc[h X]_dc cWT\ X] cWT
P__[XRPcX^]% b_TRXUh cWT ]d\QTa ^U bP\_[Tb P]S RP] RW^^bT cWT _PacXcX^] X]c^ fWXRW ^]T PVVaTVPcTb cWT bXV]P['
LT WPeT ]^f X]R[dSTS cWTbT P]P[hbXb X] Hd__[T\T]cPah ;XVdaT *P% P]S X] cWT \P]dbRaX_c [X]Tb ,*1 c^ ,+1' ;^a
Q^cW SPcPbTcb% 8Wa^\H8P_T TUUXRXT]c[h bT_PaPcTb RT[[b Pb X] cWT ^aXVX]P[ bcdSXTb' LT \TPbdaTS P] 6G> ^U )'20/
U^a @./+ " =* RT[[b U^a bR8JI"IPV% P]S U^a cWT bR8W>8&bT` SPcPbTc fWTaT ]^ Va^d]S cadcW fPb PePX[PQ[T% fT

$



$

aTRP_Xcd[PcT cWT bTV\T]cPcX^] X] 0 R[dbcTab ^] cWT JB6E aT_aTbT]cPcX^]% Pb U^d]S Qh cWT PdcW^ab X] cWTXa X]XcXP[
bcdSh'

LT WPeT ]^f X\_[T\T]cTS X] 8Wa^\H8P_T P QPcRW R^aaTRcX^] UTPcdaT% QPbTS ^] cWT ;PbcBCC P[V^aXcW\ Pb
bdVVTbcTS Qh cWT aTeXTfTa' >U ]TRTbbPah% cWT dbTa RP] ]^f b_TRXUh QPcRW X]U^a\PcX^] U^a TPRW bTc ^U RT[[b' >] bdRW
RPbT% aTSdRTS UTPcdaT b_PRT Xb R^aaTRcTS U^a QPcRW TUUTRc U^a UdacWTa S^f]bcaTP\ P]P[hbXb' GTVPaSX]V SXUUTaT]cXP[
P]P[hbXb% c^ PRR^d]c U^a QPcRW TUUTRc% fT WPeT X\_[T\T]cTS cWT _PXafXbTLX[R^g Ud]RcX^] Ua^\ cWT bRaP] _PRZPVT%
bTccX]V cWT QPcRW ^U ^aXVX] Pb P lQ[^RZX]V [TeT[m U^a TPRW RT[['
I^ cTbc cWXb Ud]RcX^]P[Xch% fT WPeT ad] 8Wa^\H8P_T ^] =,@+0\T, bR8W>E&bT` SPcPbTcb Ua^\ Wd\P] RT[[b
^aXVX]PcX]V Ua^\ cWT bP\T E9M \^ST[ #=78g2.$ Qdc dbX]V cf^ SXUUTaT]c QPcRWTb ^U QTPSb% Tg_TRcX]V P QPcRW
TUUTRc' IWT UXabc QPcRW R^aaTb_^]Sb c^ RT[[b Ua^\ ^da _aTeX^db bcdSh #<a^bbT[X] Tc P['% +)*2$% P]S fT WPeT ]^f
_TaU^a\TS P] PSSXcX^]P[ bR8W>E&bT` Tg_TaX\T]c ^] P QX^[^VXRP[ aT_[XRPcT ^U =78g2. dbX]V P ]^eT[ QPcRW ^U
QTPSb #]^f bdQ\XccTS c^ <:D% <H:*.+.)+$' I^ R^]ca^[ U^a ^eTa&R^aaTRcX^]% fT WPeT X]R[dSTS RT[[b Ua^\ P
aTbXbcP]c cd\^a #=78g&2.&8P_PG% <a^bbT[X] Tc P[' +)*2$ _a^RTbbTS fXcW ^]T ^U cWT QPcRWTb% fWXRW PaT Tg_TRcTS
c^ SXb_[Ph P SXUUTaT]c T_XVT]^\T cWP] RT[[b Ua^\ =78g&2.' LXcW^dc P]h QPcRW R^aaTRcX^]% RT[[b Va^d_ PRR^aSX]V
c^ eTabX^] ^U cWT QTPSb aPcWTa cWP] RT[[ XST]cXch% fWTaTPb U^[[^fX]V ;PbcBCC&QPbTS R^aaTRcX^]% RT[[b Va^d_
PRR^aSX]V c^ bP\_[T ^U ^aXVX]' LT WPeT ]^f X]cTVaPcTS cWXb P]P[hbXb X] Hd__[T\T]cPah ;XVdaT + P]S X] cWT
\P]dbRaX_c [X]Tb ,). c^ ,*0'

-4 $8LWWTYR OTQQP]PY_TLWWd PY]TNSPO ]PRTZY^% 8ZX[L]TYR ZYP ^[PNTQTPO NW`^_P] bT_S LWW _SP Z_SP]^ ^PPX^ WP^^ ^PY^T_TaP
QZ] OP_PN_TYR NLYOTOL_P^ MPNL`^P ZQ _SP WL]RP aL]TLMTWT_d ZQ Z`_'ZQ'NW`^_P] NPWW^( C]ZaTOTYR Z[_TZY^ _Z _P^_ LWW
[Z^^TMWP [LT]^ ZQ NW`^_P]^ bTWW MP `^PQ`W QZ] `^P]^(

;^[[^fX]V cWT aTeXTfTamb bdVVTbcX^]% fT WPeT ]^f X\_[T\T]cTS X] 8Wa^\H8P_T P _PXafXbT cTbcX]V ^_cX^] X]
PSSXcX^] c^ ^]T&eb&aTbc SXUUTaT]cXP[ cTbcX]V c^ T]PQ[T cWT dbTa c^ _TaU^a\ TeTah _^bbXQ[T R^\_PaXb^] QTcfTT]
R[dbcTab'

.4 $E_L_T^_TNLW XZOPWTYR QZ] NL_PRZ]TNLW aL]TLMWP^% HSd OZ _SP L`_SZ]^ []PQP] YZY'[L]LXP_]TN $HTWNZcZY ]LYV ^`X%
_P^_^ ZaP] CZT^^ZY Z] APRL_TaP MTYZXTLW XZOPWTYR ZQ NZ`Y_ OL_L5 >Q ]PNZXXPYOPO& _SP L`_SZ]^ ^SZ`WO NZX[L]P
_SP^P OTQQP]PY_ ^_L_T^_TNLW L[[]ZLNSP^ bT_S ]PRL]O _Z ^PY^T_TaT_d)^[PNTQTNT_d(

LT WPS RW^bT] cWT ]^]&_PaP\TcaXR LX[R^g^] aP]Z bd\ cTbc c^ Pe^XS \PZX]V P]h Pbbd\_cX^]b ^] cWT SXbcaXQdcX^]
^U bR8W>E&bT` SPcP' >] ^da WP]Sb% cWT SXbcaXQdcX^] ^U bR8W>E&bT` SPcP Xb TeT] \^aT iTa^&X]U[PcTS cWP]
bRGC6&bT`% SdT c^ cWT X]WTaT]c Tg_TaX\T]cP[ [X\XcPcX^]b% P]S WPb P [^fTa Sh]P\XR aP]VT' >] PSSXcX^]% P aTRT]c
cW^a^dVW QT]RW\PaZ ^U SXUUTaT]cXP[ P]P[hbXb \TcW^Sb U^a bX]V[T&RT[[ SPcP WPeT bW^f] cWPc LX[R^g^] cTbc Xb P\^]V
cWT QTbc _TaU^a\X]V cTbcb c^VTcWTa fXcW _PaP\TcaXR cTbcb #H^]Tb^] " G^QX]b^] +)*1$'
NTc% ]^f cWPc 8Wa^\H8P_T cPZTb X] X]_dc bTeTaP[ ch_Tb ^U bX]V[T&RT[[ T_XVT]^\XR SPcPbTcb% fT WPeT STRXSTS c^
[TPeT cWT RW^XRT c^ cWT dbTab ST_T]SX]V ^] cWT SXbcaXQdcX^] ^U TPRW bcdSXTS SPcPbTc' ;^[[^fX]V cWT aTeXTfTamb
bdVVTbcX^]% fT WPeT ]^f X\_[T\T]cTS X] 8Wa^\H8P_T P] ^_cX^] c^ ad] _PaP\TcaXR SXUUTaT]cXP[ cTbcX]V dbX]V
lTSVTGm _PRZPVT #BR8PacWh Tc P['% +)*+$ cWPc Pbbd\Tb cWPc cWT bXV]P[ U^[[^fb P ]TVPcXeT QX]^\XP[ SXbcaXQdcX^]'
HdRW P__a^PRW WPb QTT] bW^f] c^ QT P] PSP_cTS \^ST[X]V bcaPcTVXTb U^a bX]V[T&RT[[ GC6 SPcPbTcb #H^]Tb^] "
G^QX]b^] +)*1$' LT WPeT Ydbc bcPacTS c^ f^aZ ^] cWT STeT[^_\T]c ^U P b_TRXUXR bcPcXbcXRP[ UaP\Tf^aZ c^ \^ST[
bR8W>E&bT` SPcPbTcb X] R^[[PQ^aPcX^] fXcW ?TP]&EWX[X__T KTac Pc <^^V[T APQ% P]S fX[[ X\_[T\T]c Xc X]
8Wa^\H8P_T X] cWT UdcdaT'

$





$

\^ST[ bR8W>E&bT` SPcPbTcb X] R^[[PQ^aPcX^] fXcW ?TP]&EWX[X__T KTac Pc <^^V[T APQ% P]S fX[[ X\_[T\T]c Xc X]
8Wa^\H8P_T X] cWT UdcdaT c^ T]WP]RT Xcb PQX[Xch c^ STcTRc SXUUTaT]cXP[[h T]aXRWTS aTVX^]b QTcfTT] RT[[b'

@LUZ] [ZTY_^ '' XLY`^N]T[_4
' AZ []Z[P] NZX[L]T^ZY _Z PcT^_TYR ^ZW`_TZY^ T^ [P]QZ]XPO& bSTNS XLVP^ T_ OTQQTN`W_ _Z [`_ _SP _ZZW TY_Z [P]^[PN_TaP
LYO _Z L^^P^^ YZaPW_d( FSP L`_SZ]^ ZYWd ^_L_P _SL_ h>Q _ZZW^ QZ] ^N6F68'^P\ L]P [`MWTNWd LaLTWLMWP& IfJ _SP^P _ZZW^
L]P OPOTNL_PO _Z ^N6F68'^P\ LYO L]P YZ_ ^_LYO'LWZYP L[[WTNL_TZY^i $bSTNS T^ L _L`_ZWZRd LYO ^SZ`WO MP
]P'b]T__PY%( FSP L`_SZ]^ OPXZY^_]L_P _SP `^P ZQ _SPT] _ZZW QZ] ^N6F68'^P\ OL_L j NLY _SP Z_SP] _ZZW^ YZ_ LW^Z MP
L[[WTPO _Z ^N8S>C'^P\ OL_L5 >Q YZ_& _SP ]PL^ZY^ ^SZ`WO MP NWPL]Wd ^_L_PO( 6_ WPL^_ ZYP Z_SP] ESTYd _ZZW PcT^_^ _SL_
MZL^_^ ^`[[Z]_ QZ] ^N8S>C'^P\ OL_L4 S__[^4))eSTUT(^STYdL[[^(TZ)^N]L_)( FSP]P L]P LW^Z ^_LYOLWZYP L[[WTNL_TZY^ _SL_
^`[[Z]_ ^N6F68'^P\ OL_L& P(R( ^NB]LYRP $S__[^4))^TYRWPNPWW(MTZWLM(^T)%( 6 XZ]P ^d^_PXL_TN LYO NZX[]PSPY^TaP
NZX[L]T^ZY TY _P]X^ ZQ Q`YN_TZYLWT_d& XZOP ZQ TX[WPXPY_L_TZY& `^LMTWT_d& LYO WTXT_L_TZY^ _Z LWW PcT^_TYR Q]LXPbZ]V^
$TYNW`OTYR M`_ YZ_ WTXT_PO _Z _SP ^ZQ_bL]P \`Z_PO TY _SP N`]]PY_ XLY`^N]T[_% ^SZ`WO
MP XLOP( FST^ ^SZ`WO []ZMLMWd RZ bT_S L E`[[WPXPY_L]d ;TR`]P Z] FLMWP(

>] [X]T fXcW R^\\T]cb Ua^\ P[[ aTeXTfTab% fT WPeT ]^f R^\_PaTS cWT _TaU^a\P]RT ^U 8Wa^\H8P_T c^ TgXbcX]V
_X_T[X]Tb fXcW ^a fXcW^dc X]cTaUPRT' LT WPeT UXabc cTbcTS U^da aTUTaT]RT _X_T[X]Tb #fXcW^dc VaP_WXR X]cTaUPRT$ &
:_XHRP]_h P[^]V fXcW cWT cWaTT QTbc _TaU^a\X]V \TcW^Sb U^a bR6I68&bT` \TcW^Sb #PRR^aSX]V c^ cWT QT]RW\PaZ
Qh 8WT] Tc P[' +)*2$' I^ SPcT% _TaU^a\X]V P QT]RW\PaZ U^a bR8W>E&bT` SPcP P]P[hbXb aT\PX]b P RWP[[T]VT VXeT]
cWT eTah [^f PePX[PQX[Xch ^U aTUTaT]RT SPcPbTcb% Tb_TRXP[[h U^a aT_aTbbXeT WXbc^]T \PaZb bdRW Pb =,@+0\T,' =TaT%
fT \XgTS c^VTcWTa bTeTaP[ ^U ^da =,@+0\T, bR8W>E&bT` SPcPbTcb c^ QT PQ[T c^ TeP[dPcT cWT _TaU^a\P]RT ^U
TPRW _X_T[X]T PRR^aSX]V c^ cWT Z]^f] Va^d]S cadcW' LT \XgTS QaTPbc cd\^a RT[[b Ua^\ ^da =78g++ E9M \^ST[
P]S ?daZPc P]S GP\^b RT[[b Ua^\ ^da _aTeX^db bcdSh #<a^bbT[X] Tc P[' +)*2$% P]S RT[[b Ua^\ P QaTPbc RP]RTa RT[[
[X]T B96&B7&-/1 #d]_dQ[XbWTS SPcPbTc% ]^f bdQ\XccTS c^ <:D% <H:*.+.)+$' GTbd[cb PaT ]^f X]R[dSTS X]
;XVdaT + ^U cWT \P]dbRaX_c' 6[[ RT[[b WPeT QTT] _a^RTbbTS fXcW cWT bP\T STbXV] ^U QTPSb% P]S ?daZPc " GP\^b
RT[[b fTaT _a^RTbbTS dbX]V cWT TgPRc bP\T QPcRW ^U QTPSb fXcWX] ^]T \XRa^U[dXSXRb Tg_TaX\T]c #Pb Tg_[PX]TS X]
<a^bbT[X] Tc P[' +)*2$' LT bW^f cWPc P[[ R^\_dcPcX^]P[ \TcW^Sb% X]R[dSX]V 8Wa^\H8P_T% \P]PVT fT[[ c^
bT_PaPcT cWT - RT[[ ch_Tb' LT PaT PfPaT cWPc cWXb R^\_PaXb^] Xb b^\TfWPc [X\XcTS Qh cWT aTUTaT]RT SPcPbTc% U^a
fWXRW RT[[b \XVWc QT TPbX[h bTV\T]cTS% hTc c^ ^da Z]^f[TSVT Xc Xb cWT ^][h SPcPbTc fXcW Va^d]S cadcW U^a WXbc^]T
\^SXUXRPcX^]b' >] cWT UdcdaT% Xc fX[[ QT X]cTaTbcX]V c^ _TaU^a\ PVPX] bdRW QT]RW\PaZX]V fXcW \^aT R^\_[Tg
SPcPbTcb% \XgX]V U^a TgP\_[T bTeTaP[ ]^a\P[ bdQch_Tb fXcW \X]^a SXUUTaT]RTb X] T_XVT]^\XR [P]SbRP_Tb'

;^[[^fX]V cWT aTeXTfTamb R^\\T]c% fT WPeT P[b^ R^\_PaTS 8Wa^\H8P_T c^ cf^ P__[XRPcX^]b fXcW VaP_WXR
X]cTaUPRT STbcX]TS c^ QX^[^VXbcb " QX^X]U^a\PcXRXP]b3 bRDaP]VT #Wcc_b3((bX]V[TRT[['QX^[PQ'bX($ " H8G6I
#"Wcc_b3((iWXYX'bWX]hP__b'X^(bRaPc("$% aTbd[cb PaT P[b^ X]R[dSTS X] ;XVdaT + ^U cWT \P]dbRaX_c'
HRDaP]VT Xb P bcP]S&P[^]T _[PcU^a\ P[[^fX]V aTbTPaRWTab c^ RaTPcT cWTXa ^f] f^aZU[^f c^ P]P[hiT bX]V[T&RT[[
SPcPbTcb Qh _a^_^bX]V P VaTPc ePaXTch ^U l\^Sd[Tbm% bdRW Pb [^PSX]V% UX[cTaX]V% aTSdRX]V cWT SX\T]bX^]b Qh E86 ^a
c&HC:% P]S _a^SdRX]V `dP[Xch bRPccTa _[^cb P]S WTPc\P_b' =^fTeTa% cWT dbTab ]TTS c^ WPeT Z]^f[TSVT ^U fWPc
P]P[hcXRP[ bcT_b PaT aT`dXaTS c^ XST]cXUh cWTXa RT[[ _^_d[PcX^]b% fWXRW Xb ]^] caXeXP[ X] cWT RPbT ^U bX]V[T&RT[[
T_XVT]^\XR SPcPbTcb' LWT] ad]]X]V fXcW bRDaP]VT cWT P]P[hbXb ^U P] X]&bX[XR^ \Xg ^U =,@+0\T, bR8W>E ?daZPc%
GP\^b% =78g++ " B96&B7&-/1 fXcW ^]T ^U cWT STUPd[c f^aZU[^fb #l8[dbcTaX]V " 8[dbcTa 6]P[hbXbm $% RT[[b ch_Tb
fTaT ]^c bT_PaPcTS X] aTSdRTS b_PRT% Qdc ^][h PUcTa ^_cX\XiX]V cWTbT bcT_b #bTT ;XV' +R% lD_cX\XiTSm eb l9TUPd[cm$'
IWT c^^[ Xb RdaaT]c[h \^aT STSXRPcTS c^ bRGC6&bT`% Pb ]^ lcT\_[PcTm f^aZU[^f TgXbcb U^a bX]V[T&RT[[ T_XVT]^\XR
SPcP #bR6I68 ^a bR8W>E$' >] PSSXcX^]% cWTaT Xb ]^ fPh c^ [X]Z VT]^\XR aTVX^]b c^ VT]T P]]^cPcX^]% X] ^aSTa c^
_a^_Ta[h X]cTa_aTc cWT RT[[ R[dbcTab' LWX[T fT cWX]Z cWPc bRDaP]VT Xb P VaTPc c^^[ U^a aTbTPaRWTa cWPc PaT aTPSh c^
b_T]S \^aT cX\T ^] cWT b^UcfPaT c^ RaTPcT STSXRPcTS ]Tf f^aZU[^fb% cWT P__[XRPcX^] Xb RdaaT]c[h ]^c lWP]Sb&^]m
c^ P]P[hiT P]S \PZT bT]bT ^U T_XVT]^\XR bX]V[T RT[[ SPcPbTcb' �

H8G6I Xb P G(HWX]h _PRZPVT c^ P]P[hiT bX]V[T&RT[[ T_XVT]^\XR SPcP% bX\X[Pa c^ 8Wa^\H8P_T' H8G6I cPZTb 76B
UX[Tb Pb X]_dc P]S ^UUTab cWT dbTa c^ R^d]c ^] ePaX^db UTPcdaTb 3 IaP]bRaX_cX^] ;PRc^a B^cXUb% R^&aTVd[PcTS 9C6bT
=h_TabT]bXcXeXch bXcTb ^] :C8D9:% <T]Tb ^a Rdbc^\ UTPcdaTb #bdRW Pb _TPZb RP[[TS QTU^aTWP]S Qh cWT dbTa$' IWT
dbTa X]cTaUPRT P]S cWT eXbdP[XiPcX^] Xb W^fTeTa `dXcT [X\XcTS Pb cWT dbTa Xb ]^c X]U^a\TS ^U cWT RT[[ [PQT[b ^a
R^]SXcX^]b U^a TgP\_[T' LWT] ad]]X]V H8G6I fXcW STUPd[c _PaP\TcTab ^] cWT "TY'^TWTNZ \Xg% fT SXS]mc \P]PVT c^
bT_PaPcT RT[[b ch_Tb Pc P[[' LWT] ^_cX\XiX]V _PaP\TcTab% fT ^QcPX]TS - R[dbcTab% Qdc fXcW ]^ X]U^a\PcX^] ^] cWT
bP\_[T ^U ^aXVX] ^U cWT RT[[b' >] PSSXcX^]% Pb U^a bRDaP]VT% cWT X]cTa_aTcPcX^] ^U cWT SPcP Xb [X\XcTS% fXcW ]^
_PcWfPh T]aXRW\T]c P]P[hbXb c^ X]cTa_aTc R[dbcTab'
IWP]Zb c^ cWT SXUUTaT]c R^\\T]cb Ua^\ aTeXTfTab% fT QT[XTeT 8Wa^\H8P_T ]^f "WPb P bTaXTb ^U Ud]RcX^]P[XcXTb c^
QTR^\T P d]XeTabP[ Tg_[^aPc^ah c^^[ U^a bX]V[T RT[[ T_XVT]^\XR SPcPbTcb' >c ]^f P[[^fb ]Tf X]_dc U^a\Pcb% QPcRW
R^aaTRcX^]% JB6E eXbdP[XiPcX^]% \d[cX_[T SXUUTaT]cXP[ cTbcX]V _^bbXQX[XcXTb% cWPc fX[[ VaTPc[h T][PaVT Xcb dbPQX[Xch' >]
PSSXcX^]% Xc RP] WP]S[T Q^cW RWa^\PcX] PRRTbbXQX[Xch P]S WXbc^]T \^SXUXRPcX^] SPcPbTcb fWPcTeTa cWT cTRW]^[^Vh
#bTT Hd_' ;XV' *$' LT WPeT X]STTS TeP[dPcTS cWT dbPQX[Xch ^U 8Wa^\H8P_T U^a ^cWTa ch_Tb ^U bX]V[T&RT[[ WXbc^]T
\^SXUXRPcX^] SPcP ^QcPX]TS Qh ^cWTa cTRW]^[^VXTb cWP] bR8W>E&bT`' 6]P[hiX]V cf^ _dQ[XR SPcPbTcb ^U bR8JI"IPV
P]S bR8W>8&bT` cPaVTcX]V =,@+0\T, P]S =,@-\T, \PaZb aTb_TRcXeT[h% fT WPeT ^QbTaeTS cWPc 8Wa^\H8P_T
RP] TUUXRXT]c[h bT_PaPcTb RT[[b Pb X] ^aXVX]P[ bcdSXTb'

$



$

' hFSP [T[PWTYP T^ OP^TRYPO QZ] STRS'_S]Z`RS[`_ ^TYRWP'NPWW OL_L^P_^ bT_S ^LX[WP^ NZY_LTYTYR L^ WZb L^ +** NPWW^
LYO bT_S L XTYTX`X ZQ +&*** ]PLO^ [P] NPWWi $W( /2QQ(% FST^ P^_LMWT^SP^ L WZbP] MZ`YO ZY _SP ^`[[Z]_PO OL_L& M`_
bSL_g^ _SP `[[P] MZ`YO5 6^ ^TYRWP'NPWW OL_L^P_^ R]Zb WL]RP] LYO WL]RP]& NLY _SP ^ZQ_bL]P OPLW bT_S _SL_5 HSL_
L]P _SP [L]LXP_P]^ _SL_ TYQW`PYNP ^NLWLMTWT_d5

D] P "QegFssoEmv;06 Mrxip Gsvi m9 50: KL~ {mxl 6 gsviw erh 8 Kf VEQ0 GlvsqWGeti {ew efpi xs vieh mr 55 qexvmgiw$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
xsxeppmrk 72= Kf0 qsvi xler 6=0444 gippw2 Xli jmpxivmrk xs oiit �540444 gippw0 hmqirwmsr vihygxmsr * gpywxivmrk ew {ipp ew$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

hmwtpe} sj liexqet xsso piww xler :4 qmryxiw0 xli hmjjivirxmep erep}wmw * kiri wixw erep}wmw xsso ersxliv ehhmxmsrep :4$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

qmryxiw2 Xli ehzerxeki sj GlvsqWGeti mw xlex xli ywiv srp} riihw xs ytpseh * tvsgiww xli qexvmgiw srgi erh ger$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

xlir$"[^PS Pdc^\PcXRP[[h cWT bPeTS P]P[hbTb'

@TYZ]4
' FSP [L[P] ]PQP]PYNP^ _SP 9ZNVP] =`M ]P[Z^T_Z]d $[LNZXT_Z)NS]ZX^NL[P%& bSTNS PL^P^ TY^_LWWL_TZY& M`_ _SP WTYV
T^ XT^^TYR ZY _SP <T_=`M OZN`XPY_L_TZY(

IWXb fX[[ QT aT\^eTS bX]RT cWT R^ST Xb ]^f T\QTSSTS X] P G _PRZPVT P]S P[[ ST_T]ST]RXTb fX[[ Pdc^\PcXRP[[h QT
X]bcP[[TS fWT] ad]]X]V cWT X]bcP[[PcX^] R^\\P]S'

' E[PWW _ZZW^ ) ]P^Z`]NP^ NZ]]PN_Wd4 E6@_ZZW^& MPO_ZZW^& <:A8B9:& 7PYULXTYT'=ZNSMP]R $YZ_ h=ZNSPMP]Ri%(

LT WPeT ]^f R^aaTRcTS cWT b_T[[X]V X] cWT cTgc'

' hHP SLaPYg_ ZM^P]aPO LYd ML_NS PQQPN_ MP_bPPY Z`] Pc[P]TXPY_^ TY Z`] QT]^_ ^_`Od XZ^_ []ZMLMWd MPNL`^P bP
bP]P bZ]VTYR bT_S L ^TYRWP ML_NS ZQ SdO]ZRPW MPLO^( AZ ML_NS NZ]]PN_TZY Z[_TZY T^ TX[WPXPY_PO TY _ST^ aP]^TZY ZQ
_SP L[[WTNL_TZY(i $W( ++0QQ(% > TXLRTYP _SP WLNV ZQ ML_NS NZ]]PN_TZY ) OL_L^P_ TY_PR]L_TZY XP_SZO^ $^`NS L^
TX[WPXPY_PO TY EP`]L_& ?><:D& 8BABE& P_N(% bTWW MP XLUZ] WTXT_L_TZY QZ] []LN_TNLW `^PQ`WYP^^ TY Q`_`]P
L[[WTNL_TZY^( FSP Pc_PY_ _Z bSTNS _SP^P []ZMWPX^ [P]_LTY _Z ^N8S>C'^P\ OL_L T^ N`]]PY_Wd YZ_ NWPL] LYO LY
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REVIEWERS' COMMENTS: 

Reviewer #1 (Remarks to the Author): 

I acknowledge all the hard work that the authors have put in revising this manuscript and I am 

overall satisfied with the point by point response, however I feel that the ChromScape software 

has not been tested sufficiently and therefore not ready for publication. 

I tried on a fresh installation of R 3.6.3 (Windows 10 machine) to follow their instructions, however 

the installation failed with the following error: 

Error: Failed to install 'ChromSCape' from GitHub: 

(converted from warning) dependency ‘XML’ is not available 

The command I have used is, as instructed in the documentation: 

if (!requireNamespace("devtools", quietly = TRUE)){ 

install.packages("devtools") 

} 

devtools::install_github("vallotlab/ChromSCape") 

I tried to manually install the XML library but without success: 

Warning in install.packages : 

package ‘XML’ is not available (for R version 3.6.3) 

Also I suggest to provide again the Docker image (it was excluded after the revision). If you install 

macs2 and samtools within the docker image, Windows users can still have the option to perform 

the peak calling procedures and the software will still work and it will be easier to maintain long 

term. 

Reviewer #2 (Remarks to the Author): 

I appreciate the author's many efforts on this fairly improved version of this manuscript 

(benchmarks and supports for other sc technologies) and several new features to ChromSCape. 

However, I could not find either of the conceptual advance of sc epigenome analysis methods 

(novelty) nor completeness of the software (technically sound) in this stage. 

I have tried to launch the software but had faced the following issues. I hope these comments are 

useful for you and It should be solved prior to open the software. 

Technical Comments 

The installation was succeeded using dev tools, however, some errors that seem to be related to 

dependency exists. 

``` 

Error in : 'calculateQCMetrics' is defunct. 

Use 'perCellQCMetrics' instead. 

``` 

After managing this issue by hand, the next error shows up. 

``` 

Error in filter_scExp: is(scExp, "SingleCellExperiment") is not TRUE 



``` 

I could not proceed next to the Filtering step. 

Since ChromSCape is largely dependent on other BioC packages, I recommend submitting your 

packages to BioConductor to resolve such dependency issues before publication. 

Reviewer #3 (Remarks to the Author): 

Prompsy et al. submit a revised version of their manuscript about ChromSCape, a web tool for 

single-cell epigenomics data analysis. 

I had two main concerns about the initial submission: usability problems with the software and a 

missing comparison to other solutions in the manuscript. I believe the authors have made a good 

attempt at improving on both points: the software is now available as an R package and a demo 

server has been provided (which I have briefly tried out and both seem to work), and the 

manuscript contains a satisfactory comparison to other software. I also note that another of my 

minor points, which was also picked up by other reviewers, namely batch correction, has also been 

addressed. I am therefore quite happy with the revised paper and would be in favor of publication 

in Nature Communications. 

There are a few mistakes in the text, which I trust the editors will help to resolve. I also have a 

few small comments mostly concerning the figures / plots produced by the software and practical 

improvements: 

1. Plot quality in Fig. 2c is rather poor with tiny, illegible text. This might be ok/necessary if the 

plots are direct outputs of the tools that were used for comparison – which I think is the case – but 

please state this explicitly in the legend. 

2. Fig. 3b/d: Colors used for “Percentage of cells assigned to cluster” are quite difficult 

(impossible) to interpret exactly. I would suggest to use a more informative color scale, possibly 

broken up in steps of 10 or 5 percentage points. Perhaps also numbers could be overlaid on the 

heatmaps. 

3. Fig. 3a/c: Different shades of dark/light color are used for “replicates” of the same sample 

group. However, at the same time, transparency is used to show overlapping points. This can 

make it difficult to distinguish points belonging to each sample. I also note that light/dark color are 

used inconsistently for blasts (SU353 light, SU070 dark) and LSCs (SU353 dark, SU070 light). My 

comments about colors vs. transparency also pertain (even more strikingly) to Fig. 4b/c. 

4. Fig. 4a: “Count” is ambiguous. The label should be replaced by “Read count”, “Number of 

mapped reads”, or something similar. 

5. Fig. 4d: No color key is provided. 

6. Fig. 4f: Not clear what “Count” means in these plots. 

7. Fig. 4h: Not entirely clear how “top 15” pathways were ranked – by adjusted p-value? The plot 

would probably be easier to read if rotated clockwise. 

8. “Single-cell H3K27me3 enrichment levels can be visualized for genes within the top 100 most 

significant differential regions using a t-SNE.” (l. 188ff) – I don’t understand how a t-SNE (low-

dimensional projection) is used for visualization of enrichments. Does this refer to overlaying 

H3K27me3 counts at selected genes onto a t-SNE plot, as in Fig. 4f? 

9. I note a competing interests statement has been added without disclosure of the names of all 

parties involved. I’m not sure what the journal’s policy is on this. 

10. Support for multiple data inputs has been provided. Since data files can become quite large, a 

straightforward improvement (I would argue a necessary improvement) would be to add support 

for gzipped files (with a gzip connection wrapper). They can be largely handled in the same way as 

uncompressed text files but save on disk space and data transfer. 

11. Why is there a maximum upload size even when I’m trying to upload to my local server? I 

couldn’t upload data obtained from Satpathy et al 2019 (GSE129785). 

12. I did not manage to select files using the multi-file selector for “Index, Peak & Barcode files”, 



“Single-cell BAM files”, or “Single-cell BED files” inputs when using Google Chrome browser: I get 

a popup dialog and can browser files, but I did not find a way to select files. Perhaps I missed 

something (if so, can it be made more obvious?). Why not just use the standard file selector as for 

“Count matrix(ces)”? 

Finally an idea for future improvements: The authors perform pathway enrichment analysis using 

MSigDB. There are a number of tools for performing functional enrichment analysis either based 

on associating genomic regions with genes (e.g., GREAT, McLean et al (2010), 

http://great.stanford.edu/) or based on overlaps with “known” genomic regions (e.g. coloc-stats, 

Simovski et al (2018), https://hyperbrowser.uio.no/coloc-stats/; LolaWeb, Nagraj et al (2018), 

http://lolaweb.databio.org/). The authors may consider inclusion / linking out to these tools (many 

also come as web services) as a future improvement for ChromSCape. 
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[i leh xiwxih GlvsqWGeti mrwxeppexmsr sr sziv 54 qeglmriw ,fsxl Qeg erh [mrhs{w-0 }ix$ $ $ $ $ $ $ $ $ $ $ $ $ $

hmh rsx irgsyrxiv wygl ivvsv2 Ew wykkiwxih f} x{s vizmi{ivw0 xs tvizirx er} mrwxeppexmsr$ $ $ $ $ $ $ $ $ $ $ $ $ $

tvsfpiqw hyi xs tegoeki hitirhirgmiw0 erh irwyvi e vsfywx erh wxefpi {e} xs mrwxepp syv$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

ettpmgexmsr0 {i lezi rs{ wyfqmxxih syv tegoeki jsv xli ri|x FmsGsrhygxsv vipiewi$ $ $ $ $ $ $ $ $ $ $ $

,"lxxtw>33kmxlyf2gsq3Fmsgsrhygxsv3Gsrxvmfyxmsrw3mwwyiw35:86"-2 Xs hs ws0 {i lezi ehetxih syv$ $ $ $ $ $ $ $

tegoeki xs V zivwmsr 824 erh gyvvirx hizip sj Fmsgsrhygxsv ,zivwmsr 7256-2 Syv tegoeki lew$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

tewwih xli Fmsgsrhygxsv gligow erh mw gyvvirxp} yrhiv vizmi{ jsv xli ri|x vipiewi0 sr$ $ $ $ $ $ $ $ $ $ $ $ $ $

[ihriwhe}$Sgxsfiv$6<xl2$$
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. Epws M wykkiwx xs tvszmhi ekemr xli Hsgoiv mqeki ,mx {ew i|gpyhih ejxiv xli vizmwmsr-2 Mj }sy$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

mrwxepp qegw6 erh weqxsspw {mxlmr xli hsgoiv mqeki0 [mrhs{w ywivw ger wxmpp lezi xli stxmsr$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

xs tivjsvq xli tieo geppmrk tvsgihyviw erh xli wsjx{evi {mpp wxmpp {svo erh mx {mpp fi iewmiv xs$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
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$

[i gviexih e Hsgoiv Mqeki jsv GlvsqWGeti gsrxemrmrk Fmsgsrhygxsv hizip zivwmsr 7256$ $ $ $ $ $ $ $ $ $ $ $

erh V282426 tpyw weqxsspw erh QEGW6 jsv psrk1xivq qemrxirergi erh stxmqep ywiv$ $ $ $ $ $ $ $ $ $ $ $

i|tivmirgi sr [mrhs{w ",lxxtw>33lyf2hsgoiv2gsq3v3tegsqmxs3glvsqwgeti"-2 Xli gsqqerh$ $ $ $ $ $

pmri riihih xs peyrgl xli hsgoiv gsrxemriv erh xli ettpmgexmsr mw ezempefpi sr xli kmxlyf$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

teki2$

$



$
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$

M ettvigmexi xli eyxlsv+w qer} ijjsvxw sr xlmw jemvp} mqtvszih zivwmsr sj xlmw qerywgvmtx$ $ $ $ $ $ $ $ $ $ $ $ $ $
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Jsv xli wigsrh tevx sj xli gsqqirx0 xli svhiv sj xli pikirh pefipw mr Jmk 8f {ew mrhiih$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

qmwpiehmrk ,WY7970 WY4;40 WY4;40 WY797-2 [i glerkih xlex ws xlex xli svhiv mw rs{$ $ $ $ $ $ $ $ $ $ $ $ $ $

gpiev> EQP fpewxw WY797 ,pmklx fpyi-0 EQP fpewxw WY4;4 ,hevo fpyi-0 EQP PWG WY797 ,pmklx$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

kviir-0$EQP$PWG$WY4;4$,hevokviir-2$

$



Mr Jmkyvi 8f3g0 {i lezi xiwxih qypxmtpi gsqfmrexmsrw sj gspsvw0 eptle teveqixiv jsv$ $ $ $ $ $ $ $ $ $ $ $ $

xverwtevirg} erh wm~i0 erh hmhr×x jmrh e xvyp} fixxiv {e} sj vitviwirxmrk xli tsmrxw mr x{s$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

hmqirwmsrw ws xlex xli tsmrxw evi rimxliv xss wqepp0 xss xverwtevirx sv xss levh xs hmwxmrkymwl$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

jvsq$sri$ersxliv2$

$

82 Jmk2 8e> ÔGsyrxÕ mw eqfmkysyw2 Xli pefip wlsyph fi vitpegih f} ÔVieh gsyrxÕ0 ÔRyqfiv sj$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

qettih$viehwÕ0$sv$wsqixlmrk$wmqmpev2$$

$

[i$lezi$qshmjmih$Jmkyvi$8e$pikirh$xs$ÖVieh$gsyrx×2$

$

92$Jmk2$8h>$Rs$gspsv$oi}$mw$tvszmhih2$

$

[i$lezi$rs{$ehhih$e$gpiev$gspsv$oi}2$

$

:2$Jmk2$8j>$Rsx$gpiev${lex$ÔGsyrxÕ$qierw$mr$xliwi$tpsxw2$

$

[i$lezi$rs{$qshmjmih$Jmkyvi$8j$pikirh$xs$wtigmj}$ÖVieh$Gsyrx×2$

$

;2 Jmk2 8l> Rsx irxmvip} gpiev ls{ Ôxst 59Õ texl{e}w {ivi veroih Ò f} ehnywxih t1zepyiC Xli$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

tpsx${syph$tvsfefp}$fi$iewmiv$xs$vieh$mj$vsxexih$gpsgo{mwi2$

$

[i lezi rs{ wtigmjmih xlex xli Xst 59 texl{e}w {ivi veroih f} ehnywxih t1zepyi erh$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

vsxexih$xli$tpsx$gpsgo{mwi2$

$

<2 ÔWmrkpi1gipp L7O6;qi7 irvmglqirx pizipw ger fi zmwyepm~ih jsv kiriw {mxlmr xli xst 544$ $ $ $ $ $ $ $ $ $ $ $ $ $

qswx wmkrmjmgerx hmjjivirxmep vikmsrw ywmrk e x1WRI2Õ ,p2 5<<jj- Ò M hsr×x yrhivwxerh ls{ e$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

x1WRI ,ps{1hmqirwmsrep tvsnigxmsr- mw ywih jsv zmwyepm~exmsr sj irvmglqirxw2 Hsiw xlmw vijiv xs$ $ $ $ $ $ $ $ $ $ $ $ $

szivpe}mrk$L7O6;qi7$gsyrxw$ex$wipigxih$kiriw$srxs$e$x1WRI$tpsx0$ew$mr$Jmk2$8jC$

$

Mrhiih0 xli tpsx vitviwirxw xli szivpe} sj L7O6;qi7 gsyrxw ex wipigxih psgm sr xs xli x1WRI$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

tpsx2 [i lezi qshmjmih syv {svhmrk xs gpevmj} xlmw tsmrx> ÔJsv xli xst 544 qswx wmkrmjmgerx$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

hmjjivirxmep vikmsrw0 wmrkpi1gipp L7O6;qi7 irvmglqirx pizipw ger fi zmwyepm~ih szivpe}mrk$ $ $ $ $ $ $ $ $ $

L7O6;qi7$gsyrxw$jsv$iegl$gipp$ex$wipigxih$kiriw$srxs$e$x1WRI$tpsxÕ2$

$

=2 M rsxi e gsqtixmrk mrxiviwxw wxexiqirx lew fiir ehhih {mxlsyx hmwgpswyvi sj xli reqiw sj$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

epp$tevxmiw$mrzspzih2$M×q$rsx$wyvi${lex$xli$nsyvrep×w$tspmg}$mw$sr$xlmw2$

$

[i$lezi$ehhih$reqiw$sj$mrzspzih$tevxmiw2$

$

542 Wyttsvx jsv qypxmtpi hexe mrtyxw lew fiir tvszmhih2 Wmrgi hexe jmpiw ger figsqi uymxi$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

pevki0 e wxvemklxjsv{evh mqtvsziqirx ,M {syph evkyi e rigiwwev} mqtvsziqirx- {syph fi xs$ $ $ $ $ $ $ $ $ $ $ $ $

ehh wyttsvx jsv k~mttih jmpiw ,{mxl e k~mt gsrrigxmsr {vettiv-2 Xli} ger fi pevkip} lerhpih$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

mr$xli$weqi${e}$ew$yrgsqtviwwih$xi|x$jmpiw$fyx$wezi$sr$hmwo$wtegi$erh$hexe$xverwjiv2$

$



Xlmw mw e ziv} kssh erh wxvemklxjsv{evh mqtvsziqirx xlex {i {mpp mqtpiqirx sr xli ri|x$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

fmsgsrhygxsv vipiewi ,Ievp} 6465- jsv 2x|x0 2xwz erh FIH jmpiw2 [i evi epws tperrmrk sr$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

eggitxmrk$xli$Ö2qx|×${mhip}$ywih$jsvqex2$

$

552 [l} mw xlivi e qe|mqyq ytpseh wm~i izir {lir M×q xv}mrk xs ytpseh xs q} psgep wivzivC$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

M$gsyphr×x$ytpseh$hexe$sfxemrih$jvsq$Wextexl}$ix$ep$645=$,KWI56=;<9-2$

$

Mrhiih0 xli ytpseh pmqmx {ew wix f} hijeypx xs 9KF0 {i lezi mrgviewih xli ytpseh pmqmx xs$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

94Kf${lmgl$wlsyph$fi$wyjjmgmirx$jsv$qswx$hexewixw2$

$

562 M hmh rsx qereki xs wipigx jmpiw ywmrk xli qypxm1jmpi wipigxsv jsv ÔMrhi|0 Tieo * Fevgshi$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

jmpiwÕ0 ÔWmrkpi1gipp FEQ jmpiwÕ0 sv ÔWmrkpi1gipp FIH jmpiwÕ mrtyxw {lir ywmrk Ksskpi Glvsqi$ $ $ $ $ $ $ $ $ $ $ $ $

fvs{wiv> M kix e tstyt hmepsk erh ger fvs{wiv jmpiw0 fyx M hmh rsx jmrh e {e} xs wipigx jmpiw2$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

Tivletw M qmwwih wsqixlmrk ,mj ws0 ger mx fi qehi qsvi sfzmsywC-2 [l} rsx nywx ywi xli$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

wxerhevh$jmpi$wipigxsv$ew$jsv$ÔGsyrx$qexvm|,giw-ÕC$

$

Xli fyxxsr {ew qmwpiehmrk erh {i lezi gpevmjmih xlex xli ywiv mw wyttswih xs wipigx e jsphiv$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

gsrxemrmrk epp xli jmpiw erh rsx hmvigxp} xli jmpiw2 [i viewsrih xlex wipigxmrk xlsywerhw sj$ $ $ $ $ $ $ $ $ $ $ $ $ $ $

jmpiw gsyph fi xihmsyw0 iwtigmepp} ew xli jmpi fvs{wiv xirhw xs fi yrviwtsrwmzi ex xlmw lmkl$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

ryqfiv sj jmpiw2 Xli pefipw rs{ gpievp} mrhmgexi ÔYtpseh jsphiv$ $ $ $ $ $ $ $ $ $

,FIH3FEQ3Tieo1Mrhi|1Fevgshi-Õ erh ÔWipigx jsphiv gsrxemrmrk ve{ jmpiwÕ2 [i epws ythexih$ $ $ $ $ $ $ $ $ $

xli$lipt$ewwsgmexih$xs$xli$gsvviwtsrhmrk$lipt$fyxxsr2$

$

Jmrepp} er mhie jsv jyxyvi mqtvsziqirxw> Xli eyxlsvw tivjsvq texl{e} irvmglqirx erep}wmw$ $ $ $ $ $ $ $ $ $ $ $

ywmrk QWmkHF2 Xlivi evi e ryqfiv sj xsspw jsv tivjsvqmrk jyrgxmsrep irvmglqirx erep}wmw$ $ $ $ $ $ $ $ $ $ $ $ $

imxliv fewih sr ewwsgmexmrk kirsqmg vikmsrw {mxl kiriw ,i2k20 KVIEX0 QgPier ix ep ,6454-0$ $ $ $ $ $ $ $ $ $ $ $ $ $

lxxt>33kviex2wxerjsvh2ihy3- sv fewih sr szivpetw {mxl Ôors{rÕ kirsqmg vikmsrw ,i2k2$ $ $ $ $ $ $ $ $ $

gspsg1wxexw0 Wmqszwom ix ep ,645<-0 lxxtw>33l}tivfvs{wiv2yms2rs3gspsg1wxexw3? Pspe[if0 Rekven$ $ $ $ $ $ $ $

ix ep ,645<-0 lxxt>33pspe{if2hexefms2svk3-2 Xli eyxlsvw qe} gsrwmhiv mrgpywmsr 3 pmromrk syx xs$ $ $ $ $ $ $ $ $ $ $ $ $

xliwi$xsspw$,qer}$epws$gsqi$ew${if$wivzmgiw-$ew$e$jyxyvi$mqtvsziqirx$jsv$GlvsqWGeti2$

$

[i xlero xli vizmi{iv jsv xliwi ziv} vipizerx mhiew sj mqtvsziqirx2 [i {mpp ehh wygl xsspw$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

mr e jyxyvi Fmsgsrhygxsv vipiewi erh {i {mpp jspps{ xli vizmi{iv+w vigsqqerhexmsr ws xlex$ $ $ $ $ $ $ $ $ $ $ $ $ $

ywivw$ger$glsswi$fix{iir$qypxmtpi$xsspw$jsv$Kiri$Wix$Erep}wmw2$

$

$

$


