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<b>REVIEWER COMMENTS</B> 

Reviewer #1 (Remarks to the Author): 

The nucleolus is the organelle for ribosome biogenesis and for sensing various types of stress. In 

this manuscript, Yu et al. provided a novel perspective on its role in regulating stem cell fate. The 

authors present evidence that nucleolar stress induced by interfering rRNA biogenesis can drive a 

2-cell stage embryo-like (2C-like) transcriptional program and induce an expanded 2C-like cell 

population in mouse embryonic stem (mES) cells. It is well-known that the liquid-liquid phase 

separation (LLPS) mediated by rRNA and nucleolar proteins maintains the nucleolar integrity and 

the formation of peri-nucleolar heterochromatin (PNH). The authors found that Pol-I inhibitor CX-

5461 but not other cellular stress inducers treatments caused RNA biogenesis defect and disrupted 

LLPS of the nucleolus, causing dissociation of the NCL/TRIM28 complex from PNH and changes of 

epigenetic states and reorganization of the 3D structure of PNH. Consequently, Dux, a 2C program 

transcription factor gene, is released from the PNH region and activates the 2C-like program. The 

in vivo functional relevance of this regulatory axis was validated by demonstrating that embryos 

with rRNA biogenesis defect are incompatible to develop from 2-cell (2C) to 4-cell stage, with 

delayed repression of 2C/ERV genes and a transcriptome skewed toward earlier cleavage embryo 

signatures. The results in this study highlight that nucleolar integrity maintained by rRNA-

mediated LLPS and 3D chromatin structure regulates the fate transition of mES cells to 2C-like 

cells, and that rRNA biogenesis is a critical regulator during the 2-cell-to-4-cell transition of murine 

preimplantation embryo development. 

Overall, this is an interesting story with novel insights into our understanding of nucleolus 

functions in cell fate determination and early development. The findings should also provide new 

ways in reprogramming mES cells back to 2C-like cells by manipulating the ribosome biogenesis 

process through LLPS and 3D chromatin structure remodeling at the PNH. There do exist a few 

major and minor issues that should be addressed to further improve the quality of this manuscript. 

Major critiques: 

1. It is unclear how long CX-5461 treatment was used for the study. Detailed information such as 

dosage and time length of CX-5461 treatment for the RNA-seq samples have not been mentioned 

in this manuscript. Since 2CLCs are trigged by CX-5461 in ESCs, what will happen if rRNA 

biogenesis inhibition is sustained by long-term Pol-I inhibition? Will a higher percentage of 2CLCs 

maintained by CX-5461? Will ESCs be apoptotic? differentiating? or enter a diapause status like 

mTOR inhibition? 

2. Have the authors ever compared the rRNA transcription level between the sporadically 2C like 

cells vs the non-2C like mESCs? This could be an important piece of data to further substantiate 

the CX-5461 treated datasets. 

3. There are hundreds of snoRNAs within the mouse genome, which snoRNA has been knockout for 

the snoRNA knockout cell line? In addition, the knockout of snoRNA and degradation of Pol I need 

to be confirmed by qPCR and WB. 

Minor points: 

1. Fig. 2d-e mentioned “mislocations”, what kind of mislocation should be specified. In addition, it 

seems obvious that reduced signal density as well besides the mislocation. 

2. In Fig.2f-h, since the authors used Lenti-NCL-mCherry/ Lenti-NPM1-mCherry/ Lenti-FBL-

mCherry for the FRAP experiment, it is better to keep the pseudo color consistent with the 

fluorescence protein (mCherry). And the overexpression level between the control and CX5461-

FBL is not comparable in fig.2h. 

3. The references for Inactive Hub, NAD, L1 in figure 4 should be mentioned in the main text. 

4. Fig6c, one mislabeling for a bar chart, it should be “Pre-rRNA”. Fig. 6d, the color-coding is hard 

to distinguish different development stage. Fig.6e panel “e” is missing. 

5. CX-5461 or CX5461 consistency issue. 

6. page 9 line 11, (Figure.5m) is actually (Fig.4m). 

7. It is better if the author can clearly specify which datasets are their own or from public 

resources. i.e., provide ref# or GES# in the figure legend, or provide a Suppl Table for all data 

they have used. 

8. The authors did a HiC-seq analysis in ESCs with Pol-I inhibitor treatment. It will be interesting 



by more global analysis from their HiC-seq data, but not just focusing on the inductive hub, NAD, 

and L1 regions. 

9. Pol I protein (PRA1): PRA1 does not sound right. Please double check the accuracy. 

Reviewer #2 (Remarks to the Author): 

The nucleolus is a nuclear body for ribosome biogenesis, which consists of multiphase liquid 

droplets. Yu et al. reported that nucleolar stress induced by interfering rRNA biogenesis could drive 

2C-like transcriptional program and increased 2C-like cell population in mES cells. The process was 

accompanied by not only the structural changes of nucleoli but also the reorganization of the 3D 

chromatin structure: a 2C program transcription factor gene Dux was dissociated from peri-

nucleolar heterochromatin regions and became active. Yu et al. claimed that rRNA biogenesis and 

matured nucleoli are indispensable for the 2-cell to 4-cell transition in mouse embryos. The 

authors also claimed that the structural integrity of nucleoli is maintained by rRNA mediated-

liquid-liquid phase separation (LLPS) and plays a role in transcriptionally repressing 2C program 

for the transition from the 2-cell to the 4-cell stage embryos when zygotic genes are activated. 

Since the LLPS is a hot topic in cell biology, the issues in this manuscript are timely and potentially 

intriguing in the related fields. However, the novelty of the main message is not clear to me. In 

addition, there are several concerns to be addressed. My specific comments are as follows: 

Major comments: 

1) It is unclear what is new on how the nucleolar LLPS involves the establishment and the 

maintenance of peri-nucleolar heterochromatin including Dux loci. Although the authors claimed 

that the nucleolin is a key player, it was already shown that it represses the Dux/2C program in 

Ref. 14 (PMID: 29937225). 

2) Fig.1a-d. Rapamycin inhibits ribosome biogenesis, including rRNA transcription and processing 

(e.g., PMID: 15004009; PMID: 14612424). However, the rapamycin treatment did not seem to 

induce 2C-like cells. The authors should clarify this point. 

3) "the percentage of tdTomato positive cells was maintained even at 24 hours after CX-5461 

withdrawal (Fig.1k)." I do not agree because the density plots after CX-5461 removal in Fig. 1k 

look different from that with just CX-5461 treatment (Fig. 1j). 

4) Fig.2b-e. I found that DAPI signals are enriched around peri-nucleolar region after the CX-5461 

treatment. This seems to be inconsistent with a feature of 2-cell like cells: a loss of chromocenters 

as shown in Ref. 14 (PMID: 29937225). I am not convinced that CX-5461 treatment really 

disassembled peri-nucleolar heterochromatin and subsequently induced the subsequent 2-cell like 

cells. 

5) “Altogether, these results demonstrated the rRNA biogenesis defect led to impaired nucleolar 

phase separation”. What did “impaired phase separation” mean? Even after CX-5461 treatment, 

some parts of the nucleolar structure remained and still phase-separated in Fig. 2a-c. The 

nucleolar structure after Pol I inhibition or depletion was well characterized in PMID: 33055158. 

6) Extended Data Fig. S2f. I found only tiny differences between the ChIP-seq signals with and 

without CX-5461 treatment. Fig. 2i-2p, particularly on the NCL and TRIM28 signals, are not 

convincing. 

7) Fig. 4. It was reported that CX-5461 is a G-quadruplex stabilizer in the human genome (PMID: 

28211448). I wonder whether the authors can exclude the possibility that CX-5461 treatment 

drives 3D chromatin reorganization independently of the nucleolar stress. 

8) Fig. 5k. Pol I degradation increased the percentage of 2C::tdTomato positive cells to about 

20%, while CX-5461 treatment increased it to just 2~4 % in Fig. 2l. I wonder why it is so different 

between them. 



Minor comments: 

1) “we generated two rRNA biogenesis-inhibited mES cell lines: 1) a line with degraded Pol I 

protein (PRA1)…”. "PRA1" is a typo; it should be "RPA1". 

2) Fig. 5b. I found that the nucleolar shape after Pol I degradation does not look similar to ones 

treated with CX-5461 shown in Figs. 2b and 4m. Specifically, in Fig. 5b, the nucleolus after Pol I 

degradation does not show round shape, contrasting with the ones after CX5461 treatment. Could 

the authors clarify this point? 

3) Extended Data Fig. S6f. Fibrillarin (FBL) distribution looks similar between control blastocyst 

embryos and CX-5461-treated blastocyst embryos. Could the authors explain why? 

4) I wonder whether CX-5461 treatment can affect the level of LINE1 RNA, which regulates Dux 

silencing in ESC shown in Ref. 14 (PMID: 29937225). 

5) Fig1j, "0.4um" is confusing. 

6) Fig. 6e. Panel “e” in Figure 6 is missing. 

Reviewer #3 (Remarks to the Author): 

In the present manuscript, Hua Yu and colleagues investigate the effect of nucleolar stress on the 

reprogramming of mouse embryonic stem cells (mES). In particular, the authors reported that 

treatment of mES cells with CX-5461, a potent inhibitor of rRNA synthesis, induces transcriptional 

changes consistent with the transition of mES cells into a 2C embryo-like (2C-like) cells. 2C-like 

cells share molecular features of the totipotent 2C-embryo stage. Using different approaches, the 

authors demonstrated that upon treatment with CX-5461, markers of the 2-cell stage are 

activated, including Dux and Gm12794. Consistent with these transcriptional changes, the authors 

observed an expansion in the 2C-like cell population in mES cells. Combining microscopy, ChIP-

seq, and Hi-C, the authors linked nuclear stress to changes in 3D chromatin structure and 

reorganization of PNH, affecting the epigenome of mES and driving the transcriptional 

reprogramming toward a 2-cell like state. Based on their results, the authors thus concluded that 

rRNA biogenesis influences the 2C-like program by regulating nuclear phase separation and 3D 

structure at the PNH. For the most part, the data support the authors' conclusions and provide a 

novel mechanism contributing to the reprogramming of mES cells. This reviewer appreciated the 

excellent Hi-C analysis performed by the authors. However, this reviewer's opinion that the data 

presented not strongly supports Dux's role. Data presented in Figure 3c are not very convincing 

and supportive of Dux's role in binding the genes regulated by CX-5461 treatment. Since the 

authors showed in Figure 3g that depletion of Dux offsets the transcriptional changes induced by 

CX-5461, the authors should assess Dux binding and chromatin state of CX-5461 genes after Dux 

silencing. Does Dux silencing affect chromatin accessibility and deposition of H3K27me3 and 

H3K9me3 at deregulated genes? 

In Extended Figure S2f, the ChIP-seq tracks do not decrease the indicated markers between 

control and CX-5461; however, ChIP-seq analysis is not quantitative unless "spick-ins" are added 

to normalized ChIP-seq results. Such limitation should be addressed or at least discussed



Reviewer #1 (Remarks to the Author):

N\Y biW`Yc`ig ]g h\Y cf[UbY``Y Zcf f]VcgcaY V]c[YbYg]g UbX Zcf gYbg]b[ jUf]cig hmdYg cZ

ghfYgg, Cb h\]g aUbigWf]dh* Si Yh U`, dfcj]XYX U bcjY` dYfgdYWh]jY cb ]hg fc`Y ]b fY[i`Uh]b[

ghYa WY`` ZUhY, N\Y Uih\cfg dfYgYbh Yj]XYbWY h\Uh biW`Yc`Uf ghfYgg ]bXiWYX Vm ]bhYfZYf]b[

fLH; V]c[YbYg]g WUb Xf]jY U 0+WY`` ghU[Y YaVfmc+`]_Y (0=+`]_Y) hfUbgWf]dh]cbU` dfc[fUa UbX

]bXiWY Ub YldUbXYX 0=+`]_Y WY`` dcdi`Uh]cb ]b acigY YaVfmcb]W ghYa (a?M) WY``g, Ch ]g

kY``+_bckb h\Uh h\Y `]ei]X+`]ei]X d\UgY gYdUfUh]cb (FFJM) aYX]UhYX Vm fLH; UbX biW`Yc`Uf

dfchY]bg aU]bhU]bg h\Y biW`Yc`Uf ]bhY[f]hm UbX h\Y ZcfaUh]cb cZ dYf]+biW`Yc`Uf

\YhYfcW\fcaUh]b (JHB), N\Y Uih\cfg ZcibX h\Uh Jc`+C ]b\]V]hcf =R+324/ Vih bch ch\Yf

WY``i`Uf ghfYgg ]bXiWYfg hfYUhaYbhg WUigYX LH; V]c[YbYg]g XYZYWh UbX X]gfidhYX FFJM cZ

h\Y biW`Yc`ig* WUig]b[ X]ggcW]Uh]cb cZ h\Y H=F-NLCG06 Wcad`Yl Zfca JHB UbX W\Ub[Yg

cZ Yd][YbYh]W ghUhYg UbX fYcf[Ub]nUh]cb cZ h\Y 1> ghfiWhifY cZ JHB, =cbgYeiYbh`m* >il* U

0= dfc[fUa hfUbgWf]dh]cb ZUWhcf [YbY* ]g fY`YUgYX Zfca h\Y JHB fY[]cb UbX UWh]jUhYg h\Y

0=+`]_Y dfc[fUa, N\Y ]b j]jc ZibWh]cbU` fY`YjUbWY cZ h\]g fY[i`Uhcfm Ul]g kUg jU`]XUhYX Vm

XYacbghfUh]b[ h\Uh YaVfmcg k]h\ fLH; V]c[YbYg]g XYZYWh UfY ]bWcadUh]V`Y hc XYjY`cd Zfca

0+WY`` (0=) hc 2+WY`` ghU[Y* k]h\ XY`UmYX fYdfYgg]cb cZ 0=-?LP [YbYg UbX U hfUbgWf]dhcaY

g_YkYX hckUfX YUf`]Yf W`YUjU[Y YaVfmc g][bUhifYg, N\Y fYgi`hg ]b h\]g ghiXm \][\`][\h h\Uh

biW`Yc`Uf ]bhY[f]hm aU]bhU]bYX Vm fLH;+aYX]UhYX FFJM UbX 1> W\fcaUh]b ghfiWhifY

fY[i`UhYg h\Y ZUhY hfUbg]h]cb cZ a?M WY``g hc 0=+`]_Y WY``g* UbX h\Uh fLH; V]c[YbYg]g ]g U

Wf]h]WU` fY[i`Uhcf Xif]b[ h\Y 0+WY``+hc+2+WY`` hfUbg]h]cb cZ aif]bY dfY]ad`UbhUh]cb YaVfmc

XYjY`cdaYbh,

IjYfU``* h\]g ]g Ub ]bhYfYgh]b[ ghcfm k]h\ bcjY` ]bg][\hg ]bhc cif ibXYfghUbX]b[ cZ biW`Yc`ig

ZibWh]cbg ]b WY`` ZUhY XYhYfa]bUh]cb UbX YUf`m XYjY`cdaYbh, N\Y Z]bX]b[g g\ci`X U`gc

dfcj]XY bYk kUmg ]b fYdfc[fUaa]b[ a?M WY``g VUW_ hc 0=+`]_Y WY``g Vm aUb]di`Uh]b[ h\Y

f]VcgcaY V]c[YbYg]g dfcWYgg h\fci[\ FFJM UbX 1> W\fcaUh]b ghfiWhifY fYacXY`]b[ Uh h\Y

JHB, N\YfY Xc Yl]gh U ZYk aU^cf UbX a]bcf ]ggiYg h\Uh g\ci`X VY UXXfYggYX hc Zifh\Yf

]adfcjY h\Y eiU`]hm cZ h\]g aUbigWf]dh,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j \oZ\cc\ek Zfdd\ek k_Xk fli ]`e[`e^j gi\j\ek\[

Xi\ efm\c Xe[ `ek\i\jk`e^ Xe[ Xggi\Z`Xk\ k_\ Zi`k`Zj k_Xk X ]\n b\p hl\jk`fej e\\[ kf Y\

X[[i\jj\[ kf dXb\ k_\j\ ]`e[`e^j dfi\ Zfem`eZ`e^-

Major critiques:

Comment 1: Ch ]g ibW`YUf \ck `cb[ =R+324/ hfYUhaYbh kUg igYX Zcf h\Y ghiXm, >YhU]`YX

]bZcfaUh]cb giW\ Ug XcgU[Y UbX h]aY `Yb[h\ cZ =R+324/ hfYUhaYbh Zcf h\Y LH;+gYe

gUad`Yg \UjY bch VYYb aYbh]cbYX ]b h\]g aUbigWf]dh, M]bWY 0=F=g UfY hf][[YX Vm =R+



324/ ]b ?M=g* k\Uh k]`` \UddYb ]Z fLH; V]c[YbYg]g ]b\]V]h]cb ]g gighU]bYX Vm `cb[+hYfa Jc`+

C ]b\]V]h]cb: Q]`` U \][\Yf dYfWYbhU[Y cZ 0=F=g aU]bhU]bYX Vm =R+324/: Q]`` ?M=g VY

Udcdhch]W: X]ZZYfYbh]Uh]b[: cf YbhYf U X]UdUigY ghUhig `]_Y aNIL ]b\]V]h]cb:

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j \oZ\cc\ek Xe[ _\cg]lc jl^^\jk`fe- P_\ ki\Xkd\ek

[fjX^\ f] ?T,4350 ]fi NJ=,j\h nXj 1~I Xe[ k_\ ki\Xkd\ek k`d\ f] ?T,4350 ]fi NJ=,j\h

nXj 01_- S\ _Xm\ X[[\[ k_\ [\kX`c\[ ki\Xkd\ek [fjX^\j Xe[ k`d\j f] k_i\\ jdXcc dfc\Zlc\

Z_\d`ZXcj kf fli e\n i\m`j\[ dXeljZi`gk 'LX^\ 3 H`e\j 87,0//(- Ee[\\[+ n\ _Xm\ `e_`Y`k\[

iNJ= Y`f^\e\j`j Yp ?T,4350 n`k_ [`]]\i\ek ki\Xkd\ek [fjX^\j Xe[ k`d\j- S\ lj\[ k_i\\

ki\Xkd\ek k`d\ gf`ekj `eZcl[`e^ 01_+ 13_ Xe[ 25_+ Xe[ ]`m\ [`]]\i\ek ki\Xkd\ek [fjX^\j

`eZcl[`e^ /-3~I+ 0-1~I+ 1-/~I+ 1-7~I Xe[ 2-5~I 'B`^ 0X `e k_`j c\kk\i(- S\ fYj\im\[ k_Xk

k_\ dAO Z\ccj Xi\ Xcdfjk Xcc Xgfgkfk`Z n_\e ki\Xk\[ n`k_ ?T,4350 25_ le[\i 0-1~I+ 1-/~I+

1-7~I Xe[ 2-5~I+ Xe[ 13_ le[\i 1-/~I+ 1-7~I Xe[ 2-5~I 'B`^ 0X `e k_`j c\kk\i(- S\ k_lj

j\c\Zk\[ fk_\i ki\Xkd\ek [fjX^\j Xe[ k`d\gf`ekj kf d\Xjli\ 1? dXib\ij 'I\imc,Lfc Xe[

@lo(+ Xgfgkfk`Z dXib\i '?Xjg7(+ [`]]\i\ek`Xk`fe dXib\ij '?[o1+ JXef^ Xe[ CXkX5( Xe[

[`XgXlj\,c`b\ jkXklj dXib\ij 'IpZ+ OcZ27X0 Xe[ OcZ27X1( 0+1 lj`e^ hNP,L?N \og\i`d\ek-

S\ _Xm\ fYj\im\[ Zfej`jk\ek Xe[ lg,i\^lcXk\[ \ogi\jj`fe f] ?Xjg7 ]ifd 01_ kf 25_ le[\i

/-3lI ki\Xkd\ek [fjX^\+ ]ifd 01_ kf 13_ le[\i 0-1~I ki\Xkd\ek [fjX^\ Xe[ ]ifd /-3~I

kf 2-5~I le[\i 01_ ki\Xkd\ek 'B`^ 0Y Xe[ B`^ 0Z `e k_`j c\kk\i(- Bfi k_\ [`]]\i\ek`Xk`fe Xe[

[`XgXlj\ dXib\ij+ n\ _Xm\ efk fYj\im\[ k_\ dfefkfeflj ki\e[ f] `eZi\Xj\ fi [\Zi\Xj\

f] k_\`i \ogi\jj`fe ]ifd 01_ kf 25_ le[\i /-3~I ki\Xkd\ek [fjX^\ Xe[ ]ifd /-3~I kf

2-5~I le[\i 01_ ki\Xkd\ek 'B`^ 0Y Xe[ B`^ 0Z `e k_`j c\kk\i(- Dfn\m\i+ n\ _Xm\ fYj\im\[

fYm`flj lgi\^lcXk`fe f] [`]]\i\ek`Xk`fe dXib\i tCXkX5u Xe[ [`XgXlj\,c`b\ dXib\ij 'B`^ 0Y

`e k_`j c\kk\i( ]ifd 01_ kf 13_ le[\i 0-1~I ki\Xkd\ek [fjX^\- HUR`R _R`bYa` V[QVPNaRQ

aUNa Z\QR_NaR Q\`NTR` N[Q aVZR` \S 7K(/.0+ dVYY V[QbPR Z9G PRYY` V[a\ ,7(YVXR `aNaR'

QVSSR_R[aVNaV\[' \_ QVN]Nb`R(YVXR `aNab`' fRa Y\[T(aR_Z V[UVOVaV\[ \S _FB5 OV\TR[R`V`

dVYY YRNQ a\ Z9G PRYY N]\]a\`V`)

=j n\cc j_fne `e B`^ 0Y,0Z `e k_`j c\kk\i+ ?T,4350 t1~I+01_u ki\Xkd\ek `e[lZ\[ _`^_\jk 1?

dXib\i ^\e\ \ogi\jj`fe Xe[ Xggifgi`Xk\ \ogi\jj`fe c\m\cj f] Xgfgkfj`j+ [`]]\i\ek`Xk`fe Xe[

[`XgXlj\ dXib\ij+ n\ _Xm\ k_\i\]fi\ j\c\Zk\[ t1~I 01_u ]fi jlYj\hl\ek `em\jk`^Xk`fe- Pf

Z_\Zb n_\k_\i k_\ dAO Z\ccj ki\Xk\[ n`k_ t1~I+01_u ?T,4350 _Xm\ \ek\i\[ [`XgXlj\,c`b\

jkXklj ^cfYXccp+ n\ Zfe[lZk\[ _`\iXiZ_`ZXc Zcljk\i`e^ f] kiXejZi`gkfd\j [\i`m\[ ]ifd fli

Zlii\ek jkl[p+ dflj\ gi\,`dgcXekXk`fe \dYipfj 2 Xe[ knf gi\m`flj [`XgXlj\,c`b\ jkXklj

jkl[`\j 0+1- S\ ]fle[ k_Xk k_\ kiXejZi`gkfd\ f] ?T,4350 ki\Xk\[ dAO Z\ccj nXj dfi\ j`d`cXi

n`k_ 1,Z\cc \dYipfj k_Xe [`XgXlj\,c`b\ dAO Z\cc Xe[ gXlj\[ E?I \dYipf 'B`^ 0\ `e k_`j

c\kk\i(- 7\YYRPaVcRYf' aUR`R _R`bYa` `bTTR`aRQ aUNa aUR Z9G PRYY` a_RNaRQ dVaU h,oA'+,Ui

7K(/.0+ dR_R ZNV[Yf [\a QVSSR_R[aVNaRQ \_ R[aR_RQ aUR QVN]Nb`R(YVXR `aNab` Oba N_R

a_N[`VaV\[ V[a\ RN_YVR_ ,(PRYY YVXR PRYY)











:VT /) N& EddlefYcfkk`e^ j_fn`e^ k_\ \ogi\jj`fe c\m\c f] B>H Xe[ B>H,d?_\iip `e A03

'SP(+ A03 \ogi\jj`e^ B>H,d?_\iip Xe[ ?T,4350 ki\Xk\[ A03 \ogi\jj`e^ B>H,d?_\iip

Z\ccj: O& EddlefYcfkk`e^ j_fn`e^ k_\ \ogi\jj`fe c\m\c f] JLI Xe[ JLI,\CBL `e A03 'SP(+

A03 \ogi\jj`e^ JLI,\CBL Xe[ ?T,4350 ki\Xk\[ A03 \ogi\jj`e^ JLI,\CBL Z\ccj: P&

EddlefYcfkk`e^ j_fn`e^ k_\ \ogi\jj`fe c\m\c f] J?H Xe[ J?H,d?_\iip `e A03 'SP(+ A03

\ogi\jj`e^ J?H,\CBL Xe[ ?T,4350 ki\Xk\[ A03 \ogi\jj`e^ J?H,\CBL Z\ccj-

Comment 6: N\Y fYZYfYbWYg Zcf CbUWh]jY BiV* H;>* F/ ]b Z][ifY 2 g\ci`X VY aYbh]cbYX ]b

h\Y aU]b hYlh,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc Xe[ ZfejkilZk`m\ jl^^\jk`fe- =ZZfi[`e^

kf k_\ i\m`\n\ivj jl^^\jk`fe+ n\ X[[\[ k_\ Zfii\jgfe[`e^ i\]\i\eZ\j f] EeXZk`m\ DlY+ J=@

Xe[ H0 kf fli e\n i\m`j\[ dXeljZi`gk 'gc\Xj\ j\\ LX^\ 6 H`e\j 064,067 f] fli e\n i\m`j\[

dXeljZi`gk(-

LX^\ 6 H`e\j 064,067 f] fli e\n i\m`j\[ dXeljZi`gk

tIfi\fm\i+ n\ fYj\im\[ `eZi\Xj\[ D2G3d\2 Xe[ D2G16XZ c\m\cj Xe[ `dgifm\[ Z_ifdXk`e

XZZ\jj`Y`c`kp Xk EeXZk`m\ DlY 33+ J=@ 34+36 Xe[ H0 i\^`fej '[fnecfX[\[ ]ifd Q?O? PXYc\

>ifnj\i( `e ?T,4350 ki\Xk\[ Z\ccju-

Comment 7: @][4W* cbY a]g`UVY`]b[ Zcf U VUf W\Ufh* ]h g\ci`X VY qJfY+fLH;r, @][, 4X* h\Y

Wc`cf+WcX]b[ ]g \UfX hc X]gh]b[i]g\ X]ZZYfYbh XYjY`cdaYbh ghU[Y, @][,4Y dUbY` qYr ]g a]gg]b[,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc jl^^\jk`fe- =ZZfi[`e^ kf k_\ i\m`\n\ivj

jl^^\jk`fe+ n\ Zfii\Zk\[ k_\ d`jcXY\c`e^ \iifi `e B`^ 5Z `e fli e\n i\m`j\[ ]`^li\- S\ Xcjf

i\m`j\[ k_\ Zfcfi,Zf[`e^ f] B`^ 5[ kf Y\kk\i [`jk`e^l`j_ [`]]\i\ek [\m\cfgd\ek jkX^\j `e fli

e\n i\m`j\[ ]`^li\- S\ X[[\[ k_\ gXe\c t\u kf B`^ 5\ `e fli e\n i\m`j\[ ]`^li\-

Comment 8: =R+324/ cf =R324/ Wcbg]ghYbWm ]ggiY,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc jl^^\jk`fe- =ZZfi[`e^ kf k_\ i\m`\n\ivj

jl^^\jk`fe+ n\ Zfii\Zk\[ k_\ `eZfej`jk\eZp `jjl\ f] ?T,4350 Xe[ ?T4350 Xe[ le`]`\[ kf

?T,4350 `e fli e\n i\m`j\[ dXeljZi`gk-

Comment 9: dU[Y 7 `]bY //* (@][ifY,3a) ]g UWhiU``m (@][,2a),

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc Xe[ ZfejkilZk`m\ jl^^\jk`fe- =ZZfi[`e^

kf k_\ i\m`\n\ivj jl^^\jk`fe+ n\ _Xm\ i\m`j\[ k_`j cXY\c \iifi `e fli e\n i\m`j\[ dXeljZi`gk-

Comment 10: Ch ]g VYhhYf ]Z h\Y Uih\cf WUb W`YUf`m gdYW]Zm k\]W\ XUhUgYhg UfY h\Y]f ckb cf

Zfca diV`]W fYgcifWYg, ],Y,* dfcj]XY fYZ$ cf A?M$ ]b h\Y Z][ifY `Y[YbX* cf dfcj]XY U Midd`

NUV`Y Zcf U`` XUhU h\Ym \UjY igYX,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ZfejkilZk`m\ Xe[ _\cg]lc jl^^\jk`fe- =ZZfi[`e^



kf k_\ i\m`\n\ivj jl^^\jk`fe+ `e fli e\n i\m`j\[ dXeljZi`gk+ n\ _Xm\ [\jZi`Y\[ n_`Z_

[XkXj\kj n\i\ gif[lZ\[ Yp fli Zlii\ek jkl[p fi n\i\ fYkX`e\[ ]ifd glYc`Z [XkX i\jfliZ\j

Yp gifm`[`e^ k_\ J?>E CAK XZZ\jj`fe eldY\i `e k_\ ]`^li\ c\^\e[- Ee X[[`k`fe+ n\ Xcjf

gifm`[\[ X Olggc\d\ekXip PXYc\ 'Olggc\d\ekXip PXYc\ 3( ]fi Xcc [XkXj\kj lj\[ `e fli jkl[p-

Comment 11: N\Y Uih\cfg X]X U B]+=+gYe UbU`mg]g ]b ?M=g k]h\ Jc`+C ]b\]V]hcf hfYUhaYbh,

Ch k]`` VY ]bhYfYgh]b[ Vm acfY [`cVU` UbU`mg]g Zfca h\Y]f B]=+gYe XUhU* Vih bch ^igh ZcWig]b[

cb h\Y ]bXiWh]jY \iV* H;>* UbX F/ fY[]cbg,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ZfejkilZk`m\ Xe[ _\cg]lc jl^^\jk`fe- S\ _Xm\

g\i]fid\[ X dfi\ ^cfYXc XeXcpj`j Xe[ ZfdgXi\[ Zfekifc dAO Z\ccj Xe[ ?T,4350,ki\Xk\[

dAO Z\ccj D`,? dXgj+ n`k_ cpdg_fYcXjkf`[ Z\ccj Xj X i\]\i\eZ\ ]fi ]lcc [`]]\i\ek`Xk\[ Z\ccj-

= ^cfYXc XeXcpj`j f] ='XZk`m\(.>'`eXZk`m\( ZfdgXikd\ek jki\e^k_ j_fn\[ X jc`^_k [\Zi\Xj\

f] D`,? ZfekXZkj n`k_`e k_\ > ZfdgXikd\ekj `e ?T,4350,ki\Xk\[ dAO Z\ccj ZfdgXi\[ n`k_

Zfekifc dAO Z\ccj 'B`^ 5X,5Y `e k_`j c\kk\i Xe[ Aok\e[\[ @XkX B`^-O3\,O3_ `e fli e\n

i\m`j\[ dXeljZi`gk(- Dfn\m\i+ Xk kfgfcf^`ZXccp XjjfZ`Xk`e^ [fdX`e 'P=@( fi Z_ifdXk`e cffg

c\m\c+ n\ ]fle[ X d`c[ `eZi\Xj\ `e k_\`i jki\e^k_ `e ?T,4350,ki\Xk\[ dAO Z\ccj 'B`^ 5Z,5] `e

k_`j c\kk\i Xe[ Aok\e[\[ @XkX B`^-O3`,O3d `e fli e\n i\m`j\[ dXeljZi`gk(- Ee X[[`k`fe+ n\

Xcjf ZfdgXi\[ k_\ [`]]\i\eZ\ f] 2@ `ek\iXZk`fe Xe[ jkilZkliXc Zfii\cXk`fe Y\kn\\e EeXZk`m\

DlY+ J=@ Xe[ H0 i\^`fej Xe[ iXe[fdcp j\c\Zk\[ ^\efd`Z i\^`fej- S_\e ZfdgXi\[ n`k_

Zfekifc dAO Z\ccj+ n\ fYj\im\[ k_Xk EeXZk`m\ DlY+ J=@ Xe[ H0 i\^`fej _Xm\ j`^e`]`ZXekcp

dfi\ [\Zi\Xj\[ 2@ Z_ifdXk`e `ek\iXZk`fe Xe[ jkilZkliXc Zfii\cXk`fe k_Xe iXe[fdcp j\c\Zk\[

^\efd`Z i\^`fej `e ?T,4350 ki\Xk\[ dAO Z\ccj 'gc\Xj\ j\\ LX^\j 8,0/ H`e\j 138,155 f]

fli e\n i\m`j\[ dXeljZi`gk(-





S_`ke\p Q k\jk+ k_\ i\gc`ZXk\j f] \og\i`d\ek e<0/+ g,mXcl\j<0-75A,5+ 4-/2A,5+ 3-/1A,4 ]fi

EeXZk`m\ DlY+ J=@ Xe[ H0+ i\jg\Zk`m\cp( 'B`^-3[,3] Xe[ B`^-3a,3c(-u

Comment 12: Jc` C dfchY]b (JL;/)8 JL;/ XcYg bch gcibX f][\h, J`YUgY XciV`Y W\YW_ h\Y

UWWifUWm,

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc jl^^\jk`fe- =ZZfi[`e^ kf k_\ i\m`\n\ivj

jl^^\jk`fe+ n\ Zfii\Zk\[ LN=0 kf NL=0 `e fli e\n i\m`j\[ dXeljZi`gk-

Reviewer #2 (Remarks to the Author):

N\Y biW`Yc`ig ]g U biW`YUf VcXm Zcf f]VcgcaY V]c[YbYg]g* k\]W\ Wcbg]ghg cZ ai`h]d\UgY

`]ei]X Xfcd`Yhg, Si Yh U`, fYdcfhYX h\Uh biW`Yc`Uf ghfYgg ]bXiWYX Vm ]bhYfZYf]b[ fLH;

V]c[YbYg]g Wci`X Xf]jY 0=+`]_Y hfUbgWf]dh]cbU` dfc[fUa UbX ]bWfYUgYX 0=+`]_Y WY``

dcdi`Uh]cb ]b a?M WY``g, N\Y dfcWYgg kUg UWWcadUb]YX Vm bch cb`m h\Y ghfiWhifU` W\Ub[Yg

cZ biW`Yc`] Vih U`gc h\Y fYcf[Ub]nUh]cb cZ h\Y 1> W\fcaUh]b ghfiWhifY8 U 0= dfc[fUa

hfUbgWf]dh]cb ZUWhcf [YbY >il kUg X]ggcW]UhYX Zfca dYf]+biW`Yc`Uf \YhYfcW\fcaUh]b fY[]cbg

UbX VYWUaY UWh]jY, Si Yh U`, W`U]aYX h\Uh fLH; V]c[YbYg]g UbX aUhifYX biW`Yc`] UfY

]bX]gdYbgUV`Y Zcf h\Y 0+WY`` hc 2+WY`` hfUbg]h]cb ]b acigY YaVfmcg, N\Y Uih\cfg U`gc W`U]aYX

h\Uh h\Y ghfiWhifU` ]bhY[f]hm cZ biW`Yc`] ]g aU]bhU]bYX Vm fLH; aYX]UhYX+`]ei]X+`]ei]X d\UgY

gYdUfUh]cb (FFJM) UbX d`Umg U fc`Y ]b hfUbgWf]dh]cbU``m fYdfYgg]b[ 0= dfc[fUa Zcf h\Y

hfUbg]h]cb Zfca h\Y 0+WY`` hc h\Y 2+WY`` ghU[Y YaVfmcg k\Yb nm[ch]W [YbYg UfY UWh]jUhYX,

M]bWY h\Y FFJM ]g U \ch hcd]W ]b WY`` V]c`c[m* h\Y ]ggiYg ]b h\]g aUbigWf]dh UfY h]aY`m UbX

dchYbh]U``m ]bhf][i]b[ ]b h\Y fY`UhYX Z]Y`Xg, BckYjYf* h\Y bcjY`hm cZ h\Y aU]b aYggU[Y ]g bch

W`YUf hc aY, Cb UXX]h]cb* h\YfY UfY gYjYfU` WcbWYfbg hc VY UXXfYggYX, Gm gdYW]Z]W WcaaYbhg

UfY Ug Zc``ckg8

N\jgfej\9 S\ k_Xeb k_\ i\m`\n\i ]fi _`j ^ff[ Xe[ gfj`k`m\ Zfdd\ek fe fli efm\c ]`e[`e^j

Xe[ Xggi\Z`Xk\ k_\ Zi`k`Zj k_Xk X ]\n b\p hl\jk`fej e\\[ kf Y\ X[[i\jj\[ kf dXb\ k_\j\

efm\c ]`e[`e^j dfi\ Zfem`eZ`e^- Pf Y\ dfi\ Zc\Xicp [\dfejkiXk\ k_\ efm\ckp f] fli Zlii\ek

nfib+ n\ _`^_c`^_k\[ k_i\\ Xjg\Zkj f] k_\ b\p ]`e[`e^j f] fli jkfip Xj ]fccfn9

:V_`a' aUR Z\`a VZ]\_aN[a [\cRYaf \S \b_ d\_X V` aUNa dR S\b[Q aUNa _FB5 OV\TR[R`V`

QRSRPa a_VTTR_` -8 `a_bPab_R _R\_TN[VgNaV\[ \S ]R_V([bPYR\YN_ URaR_\PU_\ZNaV[ %DB<&'

dUVPU YRNQ` a\ 8be' N ,7 ]_\T_NZ a_N[`P_V]aV\[ SNPa\_ TR[R' a\ OR _RYRN`RQ S_\Z aUR

DB< _RTV\[ N[Q NPaVcNaV\[ \S aUR ,7(YVXR ]_\T_NZ) =[ dRYY `b]]\_a dVaU aUV` SV[QV[T'

dR \O`R_cRQ aUNa -8 `a_bPab_R \S DB< _R\_TN[VgR` NSaR_ RN_Yf ,(PRYY Qb_V[T Z\b`R

]_R(VZ]YN[aNaV\[ RZO_f\ QRcRY\]ZR[a' P\V[PVQV[T dVaU aUR _FB5 OV\TR[R`V` N[Q

8be _R]_R``V\[)

GRP\[Q' dR _R]\_aRQ aUNa [bPYR\YN_ `a_R`` V[QbPRQ Of V[aR_SR_V[T _FB5 OV\TR[R`V`

PN[ Q_VcR ,(PRYY `aNTR RZO_f\(YVXR %,7(YVXR& a_N[`P_V]aV\[NY ]_\T_NZ N[Q V[QbPR N[

Re]N[QRQ ,7(YVXR PRYY ]\]bYNaV\[ V[ Z9G PRYY`) BbPYR\Yb`' aUR YN_TR`a ZRZO_N[R(

YR`` P\[QR[`NaR V[ N PRYY' V` N `a_R``(`R[`VaVcR \_TN[RYYR N[Q R[`b_R ^bNYVaf P\[a_\Y



\S [bPYRN_ ]_\aR\ZR b[QR_ `a_R`` .(2) D_RcV\b` `abQVR` \[ [bPYR\Yb` V[ `aRZ PRYY`

ZNV[Yf S\Pb`RQ \[ aUR _\YR \S _FB5 N[Q Va` N``\PVNaRQ PU_\ZNaV[ V[ aUR P\[aRea \S

9G QVSSR_R[aVNaV\[ 3'+*) =[ P\[a_N`a' dR _RcRNYRQ Va` _\YR V[ _R]_\T_NZZV[T 9G PRYY`

ONPX a\ , PRYY(YVXR PRYY`)

HUV_Q' Of V[ cVc\ Sb[PaV\[NY Re]R_VZR[a' dR QRZ\[`a_NaRQ aUNa _FB5 OV\TR[R`V` V` N

P_VaVPNY _RTbYNa\_ Qb_V[T ,(PRYY(a\(.(PRYY a_N[`VaV\[ \S Zb_V[R ]_R(VZ]YN[aNaV\[ RZO_f\

QRcRY\]ZR[a)

Ee jlddXip+ fli nfib _`^_c`^_k\[ k_Xk elZc\fcXi `ek\^i`kp dX`ekX`e\[ Yp iNJ= Y`f^\e\j`j

Xe[ 2@ Z_ifdXk`e jkilZkli\ i\j_Xg`e^ f] LJD ZfdgXikd\ek i\^lcXk\j k_\ ]Xk\ kiXej`k`fe

Y\kn\\e dAO Z\ccj Xe[ 1?,c`b\ Z\ccj- C`m\e k_\ [peXd`Z i\^lcXk`fe f] elZc\fclj Xe[ `kj

XjjfZ`Xk\[ Z_ifdXk`e 00,03 `e Z\cc ]Xk\ kiXej`k`fej Xe[ \em`ifed\ekXc g\ikliYXk`fej+ `k `j

ZfeZ\`mXYc\ k_Xk k_\ d\Z_Xe`jdj \clZ`[Xk\[ `e fli jkl[p d`^_k Y\ Xggc`\[ kf fk_\i Zfek\okj

f] g_pj`fcf^`ZXc Xe[ gXk_fcf^`ZXc gifZ\jj\j-

Major comments:

Comment 1: Ch ]g ibW`YUf k\Uh ]g bYk cb \ck h\Y biW`Yc`Uf FFJM ]bjc`jYg h\Y

YghUV`]g\aYbh UbX h\Y aU]bhYbUbWY cZ dYf]+biW`Yc`Uf \YhYfcW\fcaUh]b ]bW`iX]b[ >il `cW],

;`h\ci[\ h\Y Uih\cfg W`U]aYX h\Uh h\Y biW`Yc`]b ]g U _Ym d`UmYf* ]h kUg U`fYUXm g\ckb h\Uh

]h fYdfYggYg h\Y >il-0= dfc[fUa ]b LYZ, /2 (JGC>8 07715003),

FR`]\[`R4 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ^ff[ Xe[ _\cg]lc Zi`k`Z- Ee k_`j nfib+ n\ [f efk

`ek\e[ kf fm\ijkXk\ k_Xk k_\ ]Xk\ kiXej`k`fe f] dAO Z\cc kf 1?,c`b\ Z\cc ki`^^\i\[ Yp iNJ=

Y`f^\e\j`j [\]\Zk Xi\ ]lccp \ogcX`e\[ Yp elZc\fcXi HHLO 04- S_Xk n\ fYj\im\[ `j k_Xk

elZc\fcXi `ek\^i`kp d\[`Xk\[ Yp iNJ= Y`f^\e\j`j dX`ekX`ej k_\ efidXc HHLO Xe[ 2@

jkilZkli\ f] g\i`,elZc\fcXi _\k\ifZ_ifdXk`e- =j j_fne `e k_\ dX`e k`kc\ f] fli gi\m`flj

m\ij`fe f] dXeljZi`gk tiNJ= >`f^\e\j`j N\^lcXk\j Iflj\ 1?,c`b\ OkXk\ Yp 2@ OkilZkli\

N\fi^Xe`qXk`fe f] L\i`,JlZc\fcXi D\k\ifZ_ifdXk`eu+ fli b\p _pgfk_\j`j `j k_Xk elZc\fcXi

`ek\^i`kp [\]\Zk ki`^^\i\[ Yp `e_`Y`k`e^ iNJ= Y`f^\e\j`j i\j_Xg\[ 2@ Z_ifdXk`e jkilZkli\

f] LJD ZfdgXikd\ek+ n_`Z_ i\^lcXk\j k_\ ]Xk\ kiXej`k`fe f] dAO Z\ccj kf 1?,c`b\ Z\ccj- S\

_Xm\ ZXi\]lccp i\m`j\[ fli gi\m`flj m\ij`fe f] dXeljZi`gk kf Zfii\Zk fli jkXk\d\ekj ]fi

jlggfik`e^ k_`j _pgfk_\j`j-

Ee fli gi\m`flj jkl[p+ n\ _Xm\ ]fle[ k_Xk k_\ elZc\fclj,cfZXc`q\[ HEJ17 gifk\`e gifdfk\j

iNJ= Y`f^\e\j`j Xe[ i\gi\jj\j @lo \ogi\jj`fe Xe[ 1?,c`b\ kiXejZi`gk`feXc gif^iXd 'B`^

6 `e k_`j c\kk\i(- Kli HEJ17 nfib _Xm\ i\Z\ekcp Y\\e glYc`j_\[ fe Lifk\`e % ?\cc Xe[ `j

XZZ\jj`Yc\ Yp _kkgj9..[f`-fi^.0/-0//6.j02127,/10,//753,4- Pf ]lik_\i Zfe]`id n_\k_\i

iNJ= Y`f^\e\j`j i\^lcXk\j dflj\ 1?,c`b\ jkXk\ Yp 2@ jkilZkli\ i\fi^Xe`qXk`fe f] LJD+ n\

]lik_\i g\i]fid\[ D`,? \og\i`d\ek `e n`c[,kpg\ Xe[ H`e17X,., dAO Z\ccj- =j \og\Zk\[+ n\

fYj\im\[ k_\ j`d`cXi 2@ Z_ifdXk`e jkilZkli\ i\fi^Xe`qXk`fe f] H`e17X,., dAO Z\ccj n`k_ ?T,

4350 ki\Xk\[ dAO Z\ccj 'B`^ 06 `e k_`j c\kk\i(-













:VT +,) Eddlef]clfi\jZ\eZ\ XeXcpj`j f] HEJA0 G@,`e[lZ\[ 1?,c`b\ Z\ccj- CiXg_ [\g`Zkj

k_\ g\iZ\ekX^\ f] CBL* Z\ccj k_Xk _Xm\ k_\ \og\Zk\[ ]\Xkli\j 'cfjj f] Z_ifdfZ\ek\ij Xe[

KZk3 gifk\`e(- OZXc\ YXi+ 0/ dd: e+ eldY\i f] Z\ccj- P_`j ]`^li\ Xe[ c\^\e[ n\i\ fYkX`e\[

]ifd 'L\iZ_Xi[\ \k Xc- ?\cc+ 1/07(-

:VT +-) Eddlef]clfi\jZ\eZ\ hlXek`]p`e^ k_\ cfjj f] gcli`gfk\eZp '`-\-+ k_\ gi\j\eZ\ '*( fi

XYj\eZ\ 'z( f] LKQ4B0 gifk\`e( Xe[ Z_ifdfZ\ek\ij '?_ifdf( `e dAO?j X]k\i \Zkfg`Z @lo

\ogi\jj`fe+ e < 00/ Z\ccj- OZXc\ YXi+ 0/ ~d- P_`j ]`^li\ Xe[ c\^\e[ n\i\ fYkX`e\[ ]ifd

'D\e[i`Zbjfe \k Xc- JXkli\ C\e\k`Zj+ 1/06(-

LX^\ 6 H`e\j 076,08/ f] fli e\n i\m`j\[ dXeljZi`gk

t=ckf^\k_\i+ k_\j\ i\jlckj [\dfejkiXk\[ k_\ iNJ= Y`f^\e\j`j [\]\Zk X]]\Zk\[ k_\ efidXc

jkXk\ f] elZc\fcXi g_Xj\ j\gXiXk`fe Xe[ Z_Xe^\[ k_\ \g`^\e\k`Z jkXk\ f] k_\

_\k\ifZ_ifdXk`Z i\^`fej Xk k_\ g\i`g_\ip f] elZc\fclj Yp Yi\Xb`e^ lg k_\ Y`e[`e^ f]

J?H.PNEI17 Zfdgc\o fe k_\ LJD i\^`fe-u

Comment 5: q;`hc[Yh\Yf* h\YgY fYgi`hg XYacbghfUhYX h\Y fLH; V]c[YbYg]g XYZYWh `YX hc

]adU]fYX biW`Yc`Uf d\UgY gYdUfUh]cbr, Q\Uh X]X q]adU]fYX d\UgY gYdUfUh]cbr aYUb: ?jYb

UZhYf =R+324/ hfYUhaYbh* gcaY dUfhg cZ h\Y biW`Yc`Uf ghfiWhifY fYaU]bYX UbX gh]`` d\UgY+



gYdUfUhYX ]b @][, 0U+W, N\Y biW`Yc`Uf ghfiWhifY UZhYf Jc` C ]b\]V]h]cb cf XYd`Yh]cb kUg kY``

W\UfUWhYf]nYX ]b JGC>8 11.33/36,

FR`]\[`R4 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ^ff[ Xe[ _\cg]lc Zi`k`Z- S\ X^i\\ n`k_ k_\

i\m`\n\ivj Zfdd\ek k_Xk jfd\ gXikj f] k_\ elZc\fcXi jkilZkli\ i\dX`e\[ Xe[ jk`cc g_Xj\,

j\gXiXk\[ \m\e ?T,4350 ki\Xkd\ek- Ee fli gi\m`flj m\ij`fe f] dXeljZi`gk+ k_\ t`dgX`i\[

g_Xj\ j\gXiXk`feu `j Xe `dgifg\i jkXk\d\ek- S\ Xi\ jfiip ]fi k_`j `dgifg\i ZcX`d+ Xe[ n\

_Xm\ i\m`j\[ k_`j ZcX`d kf tiNJ= Y`f^\e\j`j [\]\Zk X]]\Zk\[ k_\ efidXc jkXk\ f] elZc\fcXi

g_Xj\ j\gXiXk`feu `e fli e\n i\m`j\[ dXeljZi`gk 'LX^\ 6 H`e\j 076,077(-

LX^\ 6 H`e\j 076,08/ f] fli e\n i\m`j\[ dXeljZi`gk

t=ckf^\k_\i+ k_\j\ i\jlckj [\dfejkiXk\[ k_\ iNJ= Y`f^\e\j`j [\]\Zk X]]\Zk\[ k_\ efidXc

jkXk\ f] elZc\fcXi g_Xj\ j\gXiXk`fe Xe[ Z_Xe^\[ k_\ \g`^\e\k`Z jkXk\ f] k_\

_\k\ifZ_ifdXk`Z i\^`fej Xk k_\ g\i`g_\ip f] elZc\fclj Yp Yi\Xb`e^ lg k_\ Y`e[`e^ f]

J?H.PNEI17 Zfdgc\o fe k_\ LJD i\^`fe-u

Comment 6: ?lhYbXYX >UhU @][, M0Z, C ZcibX cb`m h]bm X]ZZYfYbWYg VYhkYYb h\Y =\CJ+gYe

g][bU`g k]h\ UbX k]h\cih =R+324/ hfYUhaYbh, @][, 0]+0d* dUfh]Wi`Uf`m cb h\Y H=F UbX

NLCG06 g][bU`g* UfY bch Wcbj]bW]b[,

FR`]\[`R4 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ^ff[ Zi`k`Z- Bfi \g`^\e\k`Z dXib\ij f] D2G8d\2+

D2G16d\2+ D2G3d\2 Xe[ D2G16XZ+ n\ _Xm\ j\c\Zk\[ fk_\i i\^`fej n`k_`e LJD kf ]lik_\i

Zfe]`id k_\ fYj\im\[ Z_Xe^\j X]k\i ?T,4350 ki\Xkd\ek 'B`^ 03X,03Z `e k_`j c\kk\i+ Xe[ B`^

O1Y Xe[ B`^ O1[ `e fli e\n i\m`j\[ dXeljZi`gk(- =j Xcjf n\cc j_fne n`k_ Yfo gcfkj Xe[

i`^fiflj jkXk`jk`ZXc XeXcpj`j `e B`^ 1`,1e Xe[ B`^ O1X,O1[ `e fli e\n i\m`j\[ dXeljZi`gk

'B`^ 04 `e k_`j c\kk\i(+ k_\ D2G8d\2 Xe[ D2G16d\2 c\m\cj f] LJD n\i\ i\dXibXYcp

[\Zi\Xj\[ Xe[ k_\ D2G3d\2 Xe[ D2G16d\2 c\m\cj f] LJD n\i\ j`^e`]`ZXekcp `eZi\Xj\[

X]k\i ?T,4350 ki\Xkd\ek- :\_ B7@ N[Q HF=A,2' dR UNcR Sb_aUR_ _R]RNaRQ 7U=D(`R^

Re]R_VZR[a) 7\Z]N_RQ dVaU aUR _R`bYa` \S 7U=D(`R^ Re]R_VZR[a V[ \b_ ]_RcV\b`

cR_`V\[ \S ZN[b`P_V]a' dR UNcR \O`R_cRQ Z\_R \OcV\b` _RQbPaV\[ \S B7@ N[Q

HF=A,2 OV[QV[T \[ DB< %:VT +0 V[ aUV` YRaaR_' :VT ,\(,^' :VT G,R N[Q G,S V[ \b_ [Rd

_RcV`RQ ZN[b`P_V]a&) P_\j\ i\jlckj ]lccp [\dfejkiXk\[ k_Xk iNJ= Y`f^\e\j`j [\]\Zk _Xm\

Z_Xe^\[ k_\ \g`^\e\k`Z jkXk\ f] k_\ _\k\ifZ_ifdXk`Z i\^`fej Xk k_\ g\i`g_\ip f] elZc\fclj

Yp `e]cl\eZ`e^ k_\ Y`e[`e^ f] J?H.PNEI17 Zfdgc\o fe k_\ LJD-







n\i\ ]`kk\[ kf 0dY- P_\ i\^`fej f] [`]]\i\ek c\e^k_j f] H0 j\hl\eZ\j n\i\ ]`kk\[ kf 0bY

'Aok\e[\[ [XkX B`^ O1\ `e fli gi\m`flj m\ij`fe f] dXeljZi`gk(: Q& D\XkdXg gcfkj

[\dfejkiXk\ k_\ Y`e[`e^ j`^eXcj f] J?H Xe[ PNEI17 fe n`k_`e 0dY i\^`fe Xifle[ jkXik

Xe[ \e[ j`k\j f] EeXZk`m\ DlY Xe[ J=@+ Xe[ n`k_`e 0bY i\^`fe Xifle[ jkXik Xe[ \e[ j`k\j

f] H0- P_\ i\^`fej f] [`]]\i\ek c\e^k_j f] EeXZk`m\ DlY Xe[ J=@ ]iX^d\ekj n\i\ ]`kk\[ kf

0dY- P_\ i\^`fej f] [`]]\i\ek c\e^k_j f] H0 j\hl\eZ\j n\i\ ]`kk\[ kf 0bY 'Aok\e[\[ [XkX

B`^ 1f,1h `e fli e\n i\m`j\[ dXeljZi`gk(: R& >fogcfkj [\dfejkiXk\ k_\ Xm\iX^\[ Y`e[`e^

j`^eXcj f] J?H Xe[ PNEI17 fe 0/0 EeXZk`m\ DlY ]iX^d\ekj+ 467 J=@ ]iX^d\ekj Xe[ 23777

H0 j\hl\eZ\j: ))9 g;/-/0+ )))9 g;/-//0+ S`cZfo j`^e\[ iXeb k\jk 'B`^ 1f Xe[ 1g `e fli

gi\m`flj m\ij`fe f] dXeljZi`gk(: S& >fogcfkj [\dfejkiXk\ k_\ Xm\iX^\[ Y`e[`e^ j`^eXcj f]

J?H Xe[ PNEI17 fe 0/0 EeXZk`m\ DlY ]iX^d\ekj+ 467 J=@ ]iX^d\ekj Xe[ 23777 H0

j\hl\eZ\j: ))9 g;/-/0+ )))9 g;/-//0+ S`cZfo j`^e\[ iXeb k\jk 'B`^ O1\ `e fli e\n i\m`j\[

dXeljZi`gk(-

Comment 7: @][, 2, Ch kUg fYdcfhYX h\Uh =R+324/ ]g U A+eiUXfid`Yl ghUV]`]nYf ]b h\Y \iaUb

[YbcaY (JGC>8 060//226), C kcbXYf k\Yh\Yf h\Y Uih\cfg WUb YlW`iXY h\Y dcgg]V]`]hm h\Uh

=R+324/ hfYUhaYbh Xf]jYg 1> W\fcaUh]b fYcf[Ub]nUh]cb ]bXYdYbXYbh`m cZ h\Y biW`Yc`Uf

ghfYgg,

FR`]\[`R4 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j ^ff[ Zi`k`Z- Pf \oZcl[\ k_\ gfk\ek`Xc gfjj`Y`c`kp

k_Xk iNJ= Y`f^\e\j`j [\]\Zk '?T,4350 ki\Xkd\ek( [i`m\j 2@ Z_ifdXk`e i\fi^Xe`qXk`fe

`e[\g\e[\ekcp f] elZc\fcXi jki\jj+ n\ g\i]fid\[ ]lik_\i \og\i`d\ekj f] D`,? lj`e^ n`c[,

kpg\ Xe[ H`e17X,., dAO Z\ccj- P_\ iXk`feXc`kp f] g\i]fid`e^ k_`j \og\i`d\ek `j k_Xk9 0( HEJ17=

`j X ZcXjj`Z NJ= Y`e[`e^ gifk\`e Xe[ _Xj efk Y\\e i\gfik\[ [`i\Zkcp i\^lcXk`e^ 2@ Z_ifdXk`e

jkilZkli\: 1( HEJ17= cfZXc`q\[ n`k_`e elZc\fclj Xe[ gifdfk\[ iNJ= Y`f^\e\j`j: 2( H`e17X

[\]`Z`\eZp ki`^^\[ elZc\fcXi jki\jj+ XZk`mXk\[ 1?,c`b\ gif^iXd+ Xe[ gifdfk\ k_\ kiXej`k`fe

f] dAO Z\ccj kf 1?,c`b\ Z\ccj- P_\ XYfm\ ]`e[`e^j _Xm\ i\Z\ekcp Y\\e glYc`j_\[ Xk Lifk\`e

% ?\cc Xe[ `j XZZ\jj`Yc\ Yp _kkgj9..[f`-fi^.0/-0//6.j02127,/10,//753,4. P_lj+ H`e17X,.,

dAO Z\ccj ZXe Y\ lj\[ Xj X nXp f] mXc`[Xk`fe ]fi elZc\fcXi jki\jj,`e[lZ\[ 2@ Z_ifdXk`e

i\fi^Xe`qXk`fe+ Xe[ X nXp kf \oZcl[\ k_\ gfjj`Y`c`kp f] ?T,4350,`e[lZ\[ fk_\i \]]\Zkj jlZ_

Xj jkXY`c`q`e^ C,hlX[ilgc\o- =j \og\Zk\[+ `e H`e17X,., dAO Z\ccj+ n\ fYj\im\[ j`d`cXi 2@

jkilZkli\ i\fi^Xe`qXk`fe n`k_ ?T,4350 ki\Xk\[ dAO Z\ccj 'B`^ 06 `e k_`j c\kk\i(+ eXd\cp+

H`e17X befZbflk Z\ccj _Xm\ i\[lZ\[ `ek\iXZk`fe n`k_`e LJD+ i\[lZ\[ `ek\iXZk`fe Y\kn\\e

LJD Xe[ k_\ @lo cfZlj Xe[ dfi\ fYm`flj kfgfcf^`ZXc XjjfZ`Xk\[ [fdX`e 'P=@( jkilZkli\

Xifle[ IANRH ^\e\ cfZ`- P_\j\ fYkX`e\[ i\jlckj ]lik_\i Zfe]`id\[ k_Xk ?T,4350 ki\Xkd\ek

[i`m\j 2@ Z_ifdXk`e i\fi^Xe`qXk`fe `j [\g\e[\ek fe k_\ elZc\fcXi jki\jj-













YaVfmc+`]_Y (0=+`]_Y) WY``g, 0=+`]_Y WY``g g\UfY ac`YWi`Uf ZYUhifYg cZ h\Y hch]dchYbh 0=+

YaVfmc ghU[Y, Og]b[ X]ZZYfYbh UddfcUW\Yg* h\Y Uih\cfg XYacbghfUhYX h\Uh idcb hfYUhaYbh

k]h\ =R+324/* aUf_Yfg cZ h\Y 0+WY`` ghU[Y UfY UWh]jUhYX* ]bW`iX]b[ >il UbX Aa/0572,

=cbg]ghYbh k]h\ h\YgY hfUbgWf]dh]cbU` W\Ub[Yg* h\Y Uih\cfg cVgYfjYX Ub YldUbg]cb ]b h\Y

0=+`]_Y WY`` dcdi`Uh]cb ]b a?M WY``g, =caV]b]b[ a]WfcgWcdm* =\CJ+gYe* UbX B]+=* h\Y

Uih\cfg `]b_YX biW`YUf ghfYgg hc W\Ub[Yg ]b 1> W\fcaUh]b ghfiWhifY UbX fYcf[Ub]nUh]cb cZ

JHB* UZZYWh]b[ h\Y Yd][YbcaY cZ a?M UbX Xf]j]b[ h\Y hfUbgWf]dh]cbU` fYdfc[fUaa]b[

hckUfX U 0+WY`` `]_Y ghUhY, <UgYX cb h\Y]f fYgi`hg* h\Y Uih\cfg h\ig WcbW`iXYX h\Uh fLH;

V]c[YbYg]g ]bZ`iYbWYg h\Y 0=+`]_Y dfc[fUa Vm fY[i`Uh]b[ biW`YUf d\UgY gYdUfUh]cb UbX 1>

ghfiWhifY Uh h\Y JHB, @cf h\Y acgh dUfh* h\Y XUhU giddcfh h\Y Uih\cfg' WcbW`ig]cbg UbX

dfcj]XY U bcjY` aYW\Ub]ga Wcbhf]Vih]b[ hc h\Y fYdfc[fUaa]b[ cZ a?M WY``g, N\]g fYj]YkYf

UddfYW]UhYX h\Y YlWY``Ybh B]+= UbU`mg]g dYfZcfaYX Vm h\Y Uih\cfg, BckYjYf* h\]g fYj]YkYf'g

cd]b]cb h\Uh h\Y XUhU dfYgYbhYX bch ghfcb[`m giddcfhg >il'g fc`Y,

S\ k_Xeb k_\ i\m`\n\i ]fi k_`j \oZ\cc\ek Zfdd\ek k_Xk fli ]`e[`e^j `e k_`j jkl[p gifm`[\ X

efm\c d\Z_Xe`jd Zfeki`Ylk`e^ kf k_\ i\gif^iXdd`e^ f] dAO Z\ccj Xe[ Xggi\Z`Xk\ k_\ Zi`k`Zj

k_Xk X ]\n hl\jk`fej XYflk @lovj ifc\ e\\[ kf Y\ X[[i\jj\[ kf dXb\ k_\j\ ]`e[`e^j dfi\

Zfem`eZ`e^-

Comment 1: >UhU dfYgYbhYX ]b @][ifY 1W UfY bch jYfm Wcbj]bW]b[ UbX giddcfh]jY cZ >il'g

fc`Y ]b V]bX]b[ h\Y [YbYg fY[i`UhYX Vm =R+324/ hfYUhaYbh, M]bWY h\Y Uih\cfg g\ckYX ]b

@][ifY 1[ h\Uh XYd`Yh]cb cZ >il cZZgYhg h\Y hfUbgWf]dh]cbU` W\Ub[Yg ]bXiWYX Vm =R+324/*

h\Y Uih\cfg g\ci`X UggYgg >il V]bX]b[ UbX W\fcaUh]b ghUhY cZ =R+324/ [YbYg UZhYf >il

g]`YbW]b[, >cYg >il g]`YbW]b[ UZZYWh W\fcaUh]b UWWYgg]V]`]hm UbX XYdcg]h]cb cZ B1E05aY1

UbX B1E7aY1 Uh XYfY[i`UhYX [YbYg:

FR`]\[`R4 S\ k_Xeb k_\ i\m`\n\i ]fi k_`j _\cg]lc Xe[ ZfejkilZk`m\ jl^^\jk`fe- =ZZfi[`e^

kf k_\ i\m`\n\ivj jl^^\jk`fe+ n\ _Xm\ ]lik_\i g\i]fid\[ ?_EL,hL?N \og\i`d\ekj le[\i

]fli Zfe[`k`fej `eZcl[`e^ Zfekifc dAO Z\ccj+ ?T,4350 ki\Xk\[ dAO Z\ccj+ @lo j`c\eZ\[ dAO

Z\ccj Xe[ @lo j`c\eZ\[ % ?T,4350 ki\Xk\[ dAO Z\ccj kf Xjj\jj k_\ Z_Xe^\j f] D2G8d\2

% D2G16d\2 c\m\cj Xe[ @lo Y`e[`e^ f] ?T,4350 `e[lZ\[ 1? dXib\i ^\e\j- S\ fYj\im\[

k_Xk+ X]k\i @lo j`c\eZ`e^+ Yfk_ f] D2G8d\2 Xe[ D2G16d\2 Xi\ `eZi\Xj\[+ Xe[ @lo Y`e[`e^

`j [\Zi\Xj\[ ]fi ?T,4350 `e[lZ\[ 1? ^\e\j 'B`^ 11X,11Z(- S_\e @lo `j j`c\eZ\[ `e k_\

?T,4350,ki\Xk\[ dAO Z\ccj+ n\ fYj\im\[ k_Xk D2G8d\2 % D2G16d\2 c\m\cj Xe[ @lo

Y`e[`e^ fe ?T,4350 `e[lZ\[ 1? ^\e\j Xi\ gXik`Xccp i\m\ij\[ 'B`^ 11X,11Z `e k_`j c\kk\i(-

S\ k_\e ]lik_\i g\i]fid\[ =P=?,j\h \og\i`d\ek kf Xjj\jj k_\ Z_Xe^\j f] Z_ifdXk`e

XZZ\jj`Y`c`kp X]k\i @lo j`c\eZ`e^- Ee n\cc jlggfik n`k_ k_\j\ i\jlckj+ n\ fYj\im\[ k_Xk

Z_ifdXk`e XZZ\jj`Y`c`kp f] k_\ ?T,4350 `e[lZ\[ 1? ^\e\j `j i\m\ij\[ Yp @lo j`c\eZ`e^ 'B`^

11[ `e k_`j c\kk\i(- Pf^\k_\i+ k_\j\ i\jlckj ]lik_\i Zfe]`id\[ k_Xk ?T,4350 `e[lZ\[ 1? ^\e\j

XZk`mXk`fe `j i\^lcXk\[ Yp @lo-











/, <i`ih+EUfg`]c[`i* ;, Yh U`, Cb\]V]h]cb cZ aNIL ]bXiWYg U dUigYX d`if]dchYbh ghUhY,

JXkli\ 540* //7+/01* Xc]8/.,/.16-bUhifY0.356 (0./4),

0, BiggY]b* ;, G, Yh U`, GYhUVc`]W =cbhfc` cjYf aNIL+>YdYbXYbh >]UdUigY+`]_Y MhUhY,

@\m\cfgd\ekXc ?\cc 52* 014+03.* Xc]8/.,/./4-^,XYjWY`,0./7,/0,./6 (0.0.),

1, Qi* D, Yh U`, N\Y `UbXgWUdY cZ UWWYgg]V`Y W\fcaUh]b ]b aUaaU`]Ub dfY]ad`UbhUh]cb

YaVfmcg, JXkli\ 534* 430+435* Xc]8/.,/.16-bUhifY/64.4 (0./4),

2, H]Wc`Ug* ?, \k Xc- Cbjc`jYaYbh cZ \iaUb f]VcgcaU` dfchY]bg ]b biW`Yc`Uf ghfiWhifY UbX

d31+XYdYbXYbh biW`Yc`Uf ghfYgg, JXkli\ ?fddle`ZXk`fej 7* //17. (0./4),

3, <ci`cb* M,* QYghaUb* <,D,* BihhYb* M,* <c]gjYfh* @,G, & FUacbX* ;,C, N\Y biW`Yc`ig

ibXYf ghfYgg, Ifc\ZlcXi ?\cc 40* 0/4+005 (0./.),

4, MUj]z* H, \k Xc- `bWLH; aUhifUh]cb hc ]b]h]UhY \YhYfcW\fcaUh]b ZcfaUh]cb ]b h\Y

biW`Yc`ig ]g fYei]fYX Zcf Yl]h Zfca d`if]dchYbWm ]b ?M=g, ?\cc Ok\d ?\cc 15* 50.+512

(0./2),

5, SUb[* ;, \k Xc- HiW`Yc`]b aU]bhU]bg YaVfmcb]W ghYa WY`` gY`Z+fYbYkU` Vm giddfYgg]cb

cZ d31 dfchY]b+XYdYbXYbh dUh\kUm, FflieXc f] >`fcf^`ZXc ?_\d`jkip 286* 2115.+21160

(0.//),

6, MUbi``]* M, \k Xc- BJ/ fYg\UdYg biW`YcgcaY WcfY hc dfcachY d\UgY gYdUfUh]cb cZ

\YhYfcW\fcaUh]b, JXkli\ 575* 17.+172 (0./7),

7, Mhfca* ;,L, \k Xc- J\UgY gYdUfUh]cb Xf]jYg \YhYfcW\fcaUh]b XcaU]b ZcfaUh]cb,

JXkli\ 547* 02/+023 (0./5),

/., Bb]gn* >,* M\f]b]jUg* E,* Scib[* L,;,* =\U_fUVcfhm* ;,E, & M\Ufd* J,;, ; J\UgY

MYdUfUh]cb GcXY` Zcf NfUbgWf]dh]cbU` =cbhfc`, ?\cc 169* /1+01 (0./5),

//, Bi[* =,<, & PUeiYf]nUg* D,G, N\Y <]fh\ cZ h\Y 1> AYbcaY Xif]b[ ?Uf`m ?aVfmcb]W

>YjY`cdaYbh, Pi\e[j `e C\e\k`Zj 34* 7.1+7/2 (0./6),

/0, <cfgcg* G, & NcffYg+JUX]``U* G,?, <i]`X]b[ id h\Y biW`Yig8 biW`YUf cf[Ub]nUh]cb ]b

h\Y YghUV`]g\aYbh cZ hch]dchYbWm UbX d`if]dchYbWm Xif]b[ aUaaU`]Ub XYjY`cdaYbh,

C\e\j Xe[ @\m\cfgd\ek 30* 4//+40/ (0./4),

/1, AiYh[* =, & MUbhcfc* L, @cfaUh]cb cZ biW`YUf \YhYfcW\fcaUh]b8 h\Y biW`Yc`Uf dc]bh cZ

j]Yk, Ag`^\e\k`Zj 7* 6//+6/2 (0./0),

/2, AidhU* M, & MUbhcfc* L, LY[i`Uh]cb UbX Lc`Yg cZ h\Y HiW`Yc`ig ]b ?aVfmcb]W MhYa

=Y``g8 @fca L]VcgcaY <]c[YbYg]g hc AYbcaY If[Ub]nUh]cb, Ok\d ?\cc N\gfikj 15* /0.4+

/0/7 (0.0.),

/3, FYg`]Y* G, MYdUfUh]cb Ubl]Yhm, OZ`\eZ\ 371* 114+116*

Xc]8/.,//04-gW]YbWY,15/,4305,114 (0.0/),

/4, <\Uh J* Bcbgcb >* AihhaUb G, HiW`YUf WcadUfhaYbhU`]nUh]cb Ug U aYW\Ub]ga cZ

eiUbh]hUh]jY Wcbhfc` cZ [YbY YldfYgg]cb, JXk N\m Ifc ?\cc >`fc, Xc]8 /.,/.16-g2/36.+.0/+

..165+/ (0.0/),



/5, FUZcbhU]bY* >, F, D, & L]VUW_* D, ;, N\Y biW`Yc`ig Ug U ai`h]d\UgY `]ei]X WcbXYbgUhY,

JXkli\ N\m`\nj Ifc\ZlcXi ?\cc >`fcf^p 22* /43+/60* Xc]8/.,/.16-g2/36.+.0.+.050+4

(0.0/),

/6, @fchh]b* @, \k Xc- N\Y biW`Yc`ig ZibWh]cbg Ug U d\UgY+gYdUfUhYX dfchY]b eiU`]hm Wcbhfc`

WcadUfhaYbh, OZ`\eZ\ 365* 120+125 (0./7),

/7, @Yf]W* G, \k Xc- =cYl]gh]b[ F]ei]X J\UgYg ObXYf`]Y HiW`Yc`Uf MiVWcadUfhaYbhg, ?\cc

165* /464+/475 (0./4),

Science 373

0/, BYbXf]W_gcb* J, A, Yh U`, =cbgYfjYX fc`Yg cZ acigY >OR UbX \iaUb >OR2 ]b

UWh]jUh]b[ W`YUjU[Y+ghU[Y [YbYg UbX G?LPF-B?LPF fYhfchfUbgdcgcbg, JXkli\ C\e\k`Zj

49* 703+712* Xc]8/.,/.16-b[,1622 (0./5),

00, JYfW\UfXY* G, Yh U`, ; FCH?/+HiW`Yc`]b JUfhbYfg\]d LY[i`UhYg ?Uf`m >YjY`cdaYbh

UbX ?M= CXYbh]hm, ?\cc 174* 17/+2.3,Y1/7* Xc]8/.,/./4-^,WY``,0./6,.3,.21 (0./6),

01, Cg\]iW\]* N, Yh U`, ?Uf`m YaVfmcb]W+`]_Y WY``g UfY ]bXiWYX Vm XckbfY[i`Uh]b[

fYd`]WUh]cb+XYdYbXYbh W\fcaUh]b UggYaV`m, JXkli\ OkilZkliXc % Ifc\ZlcXi >`fcf^p 22*

440+45/* Xc]8/.,/.16-bgaV,1.44 (0./3),

02, =\c]* S, D, & F]b* =, J, >YZ]W]YbWm cZ a]WfcLH; a]L+12U YldUbXg WY`` ZUhY dchYbh]U` ]b

d`if]dchYbh ghYa WY``g, OZ`\eZ\ 355* 4103 Xc]8/.,//04-gW]YbWY,UU[/705 (0./5),



<b>REVIEWERS' COMMENTS</b> 

Reviewer #1 (Remarks to the Author): 

The authors have obviously devoted tremendous amounts of effort to address all reviewers' 

concerns raised during the initial review. While I am satisfied with the rebuttal to my concern, I 

am not so pleased in reading the revised manuscript due to the extremely crowded data figures 

and often ambiguous/unclear statements. 

A major question that remains in my mind is how the CX-5461-induced 2CLCs maintain translation 

functions if rRNA biogenesis or related RiBi was compromised or totally messed up. Don't 

totipotent stem cells also require normal translational control? 

There are several minor points below: 

Fig. 2a: “we observed that CX-5461-treated mES cells displayed abnormal nucleolar structure, 

missing the outer layer usually associated with dense electron intensity”. I feel difficult to 

appreciate this. Can authors try to label or mark directly in the figure panel so readers can better 

appreciate what has been described? The same applies to Fig. 4a-f panels. 

Fig. 2b-c: the ring structure change is not so obvious or significant in my eyes. Any other way to 

present this in a more quantitative and straightforward fashion, so readers don’t have to stare at 

the images and guess? 

Page 9, Line 255, description of Fig. 4a-c. Dux locus is significantly further away…. How to 

appreciate this without even seeing Dux in those figure panels? There are many occasions that I 

feel difficult to follow what the authors claimed. I highly recommend authors add some additional 

text/labels directly on the figure panels for easy reading. 

Page 14, line 380-382. It seems to be a broken English sentence with a grammar error. Double-

check the sentence. 

Page 15, line 416. “It is worth to mention…” is better to be replaced with “It is worth 

mentioning…”. 

Reviewer #2 (Remarks to the Author): 

The authors addressed most of my comments with a considerable amount of additional data. 

However, I am still concerned about the novelty of this paper and its suitability for publication in 

Nature Communications. 

Reviewer #3 (Remarks to the Author): 

In this revised version of the manuscript, the authors addressed my previous concerns.
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LYj]YkYf $/ (LYaUf_g hc h\Y ;ih\cf)8

N\Y Uih\cfg \UjY cVj]cig`m XYjchYX hfYaYbXcig Uacibhg cZ YZZcfh hc UXXfYgg U``

fYj]YkYfg' WcbWYfbg fU]gYX Xif]b[ h\Y ]b]h]U` fYj]Yk, Q\]`Y C Ua gUh]gZ]YX k]h\ h\Y fYVihhU`

hc am WcbWYfb* C Ua bch gc d`YUgYX ]b fYUX]b[ h\Y fYj]gYX aUbigWf]dh XiY hc h\Y

YlhfYaY`m WfckXYX XUhU Z][ifYg UbX cZhYb UaV][icig-ibW`YUf ghUhYaYbhg,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj `ak hgkalan] [gee]fl lg gmj ogjc Yf\ Yhhj][aYl]

l`] [jala[k YZgml afkm^^a[a]fl j]Y\YZadalq g^ gmj hj]nagmk eYfmk[jahl- Ff gmj j]nak]\

eYfmk[jahl+ o] `Yn] [Yj]^mddq Y\\j]kk]\ l`ak hjgZd]e lg eYc] gmj ogjc ]Yka]j j]Y\af_-

T] `Yn] \ana\]\ l`] [jgo\]\ \YlY g^ Ca_-0+ Ca_-1+ Ca_-3+ Ca_-P0 Yf\ Ca_-P3 g^ gmj

hj]nagmk n]jkagf g^ eYfmk[jahl lg emdlahd] ^a_mj]k- T] `Yn] Ydkg ^mjl`]j j]nak]\ gmj

^a_mj]k Yf\ eYfmk[jahl Yf\ ^a_mj]k lg eYc] gmj ^af\af_k egj] aflmalan]+ imYflalYlan] Yf\

[d]Yj]j-

; aU^cf eiYgh]cb h\Uh fYaU]bg ]b am a]bX ]g \ck h\Y =R+324/+]bXiWYX 0=F=g aU]bhU]b

hfUbg`Uh]cb ZibWh]cbg ]Z fLH; V]c[YbYg]g cf fY`UhYX L]<] kUg Wcadfca]gYX cf hchU``m

aYggYX id, >cb'h hch]dchYbh ghYa WY``g U`gc fYei]fY bcfaU` hfUbg`Uh]cbU` Wcbhfc`:

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`ak ]p[]dd]fl [gee]fl gf gmj [mjj]fl klm\q- >k

k`gof af Ca_mj] 1[ g^ gmj hj]nagmk tO]khgfk] lg O]na]o]jvk d]ll]ju+ l`] khgflYf]gmk

1@99l\QgeYlg hgkalan] 1@I@k `Yn] egj] d]kk ljYfkdYlagf Y[lanalq l`Yf 1@99l\QgeYlg

f]_Ylan] eBP []ddk- Q`]k] j]kmdlk `Yn] km__]kl]\ l`Yl 1@I@k Yj] d]kk \]h]f\]fl gf

ljYfkdYlagf l`Yf eBP []ddk Yf\ l`]k] []ddk Yj] af Y egj] ima]k[]fl klYl] [gehYj]\ oal`

eBP []ddk- T] `Yn] lj]Yl]\ eBP []ddk oal` \a^^]j]fl \gkY_]k Yf\ lj]Yle]fl lae]k g^ @U,

4350- T] ^gmf\ l`Yl dgf_,l]je gj `a_` \gkY_] @U,4350 af`aZalagf g^ jOK> Zag_]f]kak

d]Y\k lg eBP []dd Yhghlgkak 'Ca_mj] 0Y,0\ af gmj hj]nagmk tO]khgfk] lg O]na]o]jvk

d]ll]ju(- Q`ak j]kmdl `Yn] af\a[Yl]\ l`Yl ljYfkdYlagf ak f][]kkYjq ^gj Zgl` khgflYf]gmk

1@99l\QgeYlg hgkalan] 1@I@k Yf\ 1@99l\QgeYlg f]_Ylan] eBP []ddk- >dl`gm_` l`]

j]\m[]\ ]phj]kkagf d]n]d g^ jaZgkgeYd _]f]k+ o] [Yf kladd gZk]jn] l`] ]phj]kkagf g^

jaZgkgeYd _]f]k mf\]j @U,4350 lj]Yle]fl- Q`ak `Yn] km__]kl]\ l`Yl t1}J+ 01`u @U,

4350 lj]Yle]fl \a\ fgl [gehd]l]dq af`aZal ljYfkdYlagf Yf\ l`] ljYfkdYlagf Y[lanalq g^ 1@I@k

af\m[]\ Zq t1}J+ 01`u @U,4350 ak ]fgm_` ^gj alk kmjnanYd-

@][, 0U8 rkY cVgYfjYX h\Uh =R+324/+hfYUhYX a?M WY``g X]gd`UmYX UVbcfaU` biW`Yc`Uf

ghfiWhifY* a]gg]b[ h\Y cihYf `UmYf igiU``m UggcW]UhYX k]h\ XYbgY Y`YWhfcb ]bhYbg]hms, C ZYY`

X]ZZ]Wi`h hc UddfYW]UhY h\]g, =Ub Uih\cfg hfm hc `UVY` cf aUf_ X]fYWh`m ]b h\Y Z][ifY dUbY` gc

fYUXYfg WUb VYhhYf UddfYW]UhY k\Uh \Ug VYYb XYgWf]VYX: N\Y gUaY Udd`]Yg hc @][, 2U+Z



dUbY`g,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`ak _gg\ Yf\ `]dh^md km__]klagf- T] `Yn] eYjc]\

\aj][ldq af l`] ^a_mj] hYf]d ^gj Ca_-1Y,1[ 'Ca_mj] 2Y,2[ af gmj j]nak]\ eYfmk[jahl( Yf\

Ca_-3Y,3^ 'Ca_mj] 5Y,5^ af gmj j]nak]\ eYfmk[jahl( lg ^Y[adalYl] j]Y\]jk Z]ll]j Yhhj][aYl]

o`Yl `Yk Z]]f \]k[jaZ]\-

@][, 0V+W8 h\Y f]b[ ghfiWhifY W\Ub[Y ]g bch gc cVj]cig cf g][b]Z]WUbh ]b am YmYg, ;bm ch\Yf

kUm hc dfYgYbh h\]g ]b U acfY eiUbh]hUh]jY UbX ghfU][\hZcfkUfX ZUg\]cb* gc fYUXYfg Xcbth

\UjY hc ghUfY Uh h\Y ]aU[Yg UbX [iYgg:

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`ak _gg\ Yf\ [gfkljm[lan] [gee]fl- Ff\]]\+ l`ak

egd][mdYj h`]fglqh] oYk gZk]jn]\ af 82$ @U,4350 lj]Yl]\ eBP []ddk '15 gml g^ 17

\]l][l]\ @U,4350 lj]Yl]\ eBP []ddk(- T] Y\\]\ l`ak j]kmdl lg gmj j]nak]\ eYfmk[jahl lg

egj] imYflalYlan] k`go l`] \akYhh]YjYf[] g^ l`] KMJ0, Yf\ K@I,eYjc]\ tjaf_u

kljm[lmj]- T] `Yn] Ydkg eYjc]\ \aj][ldq af l`] ^a_mj] hYf]d g^ Ca_-1Z,1[ 'Ca_mj] 2Z,2[ af

gmj j]nak]\ eYfmk[jahl( lg egj] kljYa_`l^gjoYj\ af\a[Yl] l`] \akYhh]YjYf[] g^ l`] KMJ0,

Yf\ K@I,eYjc]\ tjaf_u kljm[lmj]-

JU[Y 7* F]bY 033* XYgWf]dh]cb cZ @][, 2U+W, >il `cWig ]g g][b]Z]WUbh`m Zifh\Yf UkUmq, Bck

hc UddfYW]UhY h\]g k]h\cih YjYb gYY]b[ >il ]b h\cgY Z][ifY dUbY`g: N\YfY UfY aUbm

cWWUg]cbg h\Uh C ZYY` X]ZZ]Wi`h hc Zc``ck k\Uh h\Y Uih\cfg W`U]aYX, C \][\`m fYWcaaYbX

Uih\cfg UXX gcaY UXX]h]cbU` hYlh-`UVY`g X]fYWh`m cb h\Y Z][ifY dUbY`g Zcf YUgm fYUX]b[,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`ak _gg\ Yf\ `]dh^md km__]klagf- T] `Yn] eYjc]\

\aj][ldq af l`] ^a_mj] hYf]d ^gj Ca_-1Y 'Ca_mj] 2Y af gmj j]nak]\ eYfmk[jahl( Yf\ Ca_-3Y,3^

'Ca_mj] 5Y,5^ af gmj j]nak]\ eYfmk[jahl( lg ^Y[adalYl] j]Y\]jk Z]ll]j Yhhj][aYl] o`Yl `Yk

Z]]f \]k[jaZ]\-

JU[Y /2* `]bY 16.+160, Ch gYYag hc VY U Vfc_Yb ?b[`]g\ gYbhYbWY k]h\ U [fUaaUf Yffcf,

>ciV`Y+W\YW_ h\Y gYbhYbWY,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`ak `]dh^md km__]klagf- T] `Yn] [`][c]\ Yf\

j]nak]\ l`ak k]fl]f[] lg Ynga\ _jYeeYj ]jjgj-

JU[Y /3* `]bY 2/4, rCh ]g kcfh\ hc aYbh]cbqs ]g VYhhYf hc VY fYd`UWYX k]h\ rCh ]g kcfh\

aYbh]cb]b[qs,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj `ak `]dh^md [gee]fl- T] `Yn] j]nak]\ l`] h`jYk]

tFl ak ogjl` lg e]flagfu lg tFl ak ogjl` e]flagfaf_u af gmj j]nak]\ eYfmk[jahl-

LYj]YkYf $0 (LYaUf_g hc h\Y ;ih\cf)8

N\Y Uih\cfg UXXfYggYX acgh cZ am WcaaYbhg k]h\ U Wcbg]XYfUV`Y Uacibh cZ UXX]h]cbU`



XUhU, BckYjYf* C Ua gh]`` WcbWYfbYX UVcih h\Y bcjY`hm cZ h\]g dUdYf UbX ]hg gi]hUV]`]hm Zcf

diV`]WUh]cb ]b HUhifY =caaib]WUh]cbg,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj l`] hgkalan] [gee]fl gf gmj Y\\alagfYd \YlY- Q`]

eYaf fgn]dlq g^ gmj [mjj]fl klm\q ak l`Yl fm[d]gdYj afl]_jalq eYaflYaf]\ Zq jOK>,e]\aYl]\

daima\,daima\ h`Yk] k]hYjYlagf 'IIMP( Yf\ 2A [`jgeYlaf kljm[lmj] g^ h]ja,fm[d]gdYj

`]l]jg[`jgeYlaf 'MKE( j]_mdYl]k l`] ^Yl] ljYfkalagf g^ egmk] ]eZjqgfa[ kl]e []ddk lg 1

[]dd,klY_] ]eZjqg,dac] []ddk+ Yf\ l`Yl jOK> Zag_]f]kak j]_mdYl]k l`] 1,[]dd,lg,3,[]dd

ljYfkalagf g^ emjaf] hj]aehdYflYlagf ]eZjqg \]n]dghe]fl- Lmj ogjc hjgna\]k Y hgl]flaYd

oYq af j]hjg_jYeeaf_ eBP []ddk ZY[c lg 1@,dac] []ddk Yf\ e]Yfo`ad] ]f`Yf[]k gmj

mf\]jklYf\af_ g^ fm[d]gdmk ^mf[lagfk af kl]e []dd ^Yl] \]l]jeafYlagf Yf\ ]Yjdq

\]n]dghe]fl- Q`mk+ o] l`afc l`Yl l`] fgn]dlq Yf\ [gfljaZmlagf g^ gmj ogjc lg l`ak ^a]d\ Yj]

kmalYZadalq ^gj hmZda[Ylagf af KYlmj] @geemfa[Ylagfk-

LYj]YkYf $1 (LYaUf_g hc h\Y ;ih\cf)8

Cb h\]g fYj]gYX jYfg]cb cZ h\Y aUbigWf]dh* h\Y Uih\cfg UXXfYggYX am dfYj]cig WcbWYfbg,

O]khgfk]9 T] l`Yfc l`] j]na]o]j ^gj `ak hgkalan] [gee]fl gf gmj [mjj]fl ogjc-


