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Reviewer #1 (Remarks to the Author): 

Predicting RNA-RBP interactions in a dynamic manner across different cell lines is an important 

challenge for understanding the interactions between RNAs and RBPs. In this manuscript, the 

authors present a novel deep-learning method called HDRNet to address this problem. The method 

utilizes multi-source biological features, including dynamic global contextual information and in-

vivo RNA secondary structure profiles. The authors compare HDRNet with existing tools in multiple 

RBP datasets and demonstrate its superior performance in both static and dynamic prediction 

tasks. Additionally, the authors perform motif analysis and high-attention binding region 

identification to provide biological interpretability. Furthermore, the authors conduct potential 

genetic variants analysis and genome-wide functional studies for TDP-43 to better understand the 

associations between dynamic RNA-RBP binding behavior and human diseases. The overall 

structure of the article is clear and the research results are quite interesting. However, there are 

some comments that need to be addressed before publication. 

1. The authors employed icSHAPE to obtain in-vivo RNA secondary structures profiles. However, it 

is difficult to obtain structure profiles from icSHAPE for most of the given RNA sequences. 

Therefore, the authors should explore other RNA structure representation methods such as 

RNAfold, a computational tool for predicting RNA secondary structure, as an alternative to icSHAPE 

and demonstrate their impact on prediction performance. 

2. The authors compared HDRNet with other existing deep learning approaches but did not 

compare it with machine learning algorithms. Therefore, the validity of HDRNet cannot be 

guaranteed, and the authors should include a comparison with machine learning algorithms. 

3. The authors proposed a hierarchical deep neural network to extract sequence and structure 

features separately. However, they did not combine the multi-source features at the beginning of 

the network. The authors should explain the advantages of using hierarchical networks and the 

differences between the learned characteristics of hierarchical and non-hierarchical networks. 

4. The motif analysis and biological interpretability provided by the authors are interesting. 

However, the manuscript lacks a detailed description of the motif calculation method. Therefore, 

the authors should include this part in an appropriate place. 

5. The authors studied the effect of variant alleles within the high-attention binding region on RNA-

RBP binding on the TDP-43 dataset. However, they only explored the sequence variation, and it is 

unclear whether this variation could lead to structural changes in the sequence. 

6. The authors provide a user-friendly web server for online static and dynamic RNA-RBP binding 

prediction, which is helpful for biologists. However, the web server address is a digital IP instead of 

a domain name, making it unofficial. Additionally, there is a lack of detailed instructions and 

potential bug previews in the web server. Furthermore, when uploading a .fasta file with 1000 

sequences, the results were returned in an acceptable time, but the authors should consider using 

a more advanced server to increase the speed of operation. Finally, the authors should provide an 

option to download the results and an optional visualization of the high-attention binding region. 

Reviewer #2 (Remarks to the Author): 

This manuscript by Zhu et al presents HDRNet, a new deep learning-based approach to predict 

dynamic RNA binding protein (RBP) in different cellular contexts. The main components of the 

HDRNet pipeline consist of i) the generation of input multi-source information by characterizing 

RNA sequence and structure profiles using BERT and the icSHAPE, respectively, ii) the unified 

alignment of the sequence and structure feature representation maps, and iii) extraction, 

prediction, and scoring to determine the prominent nucleotide tokens and RNA-protein interactions 

using the hierarchical multi-scale residual network (HMRN) and the deep protein-RNA binding 

predictor (DPRBP). By comparing five baseline methods (PrismNet, DMSK, iDeep, DeepBlind and 

Graphroot) and subsequent evaluations, the authors demonstrate the robustness and better 



performance of the proposed HDRNet pipeline. Moreover, HDRNet is employed to reveal the 

relationship between TDP-43 binding properties and disease-related genetic variants. The 

approach and results introduced by this study will be valuable for the RNA and related research 

community. However, a revision will be required to further clarify the key analyses and data 

interpretation to better illustrate the function and usage of the HDRNet pipeline. 

Major comments: 

1) Why is icSHAPE pipeline specifically used for generating RNA structure profiles? icSHAPE papers 

should be referenced properly in the main text. Also, it would be helpful for authors to compare 

and discuss icSHAPE and other methods (e.g., icSHAPE-MaP, DMS-seq and related). Will 

integrating RNA structure information from different methods further improve the performance of 

HDRNet? 

2) Are there sub-groups of binding events that are better characterized by HDRNet (e.g., high vs 

low AUC scores) or improved at different levels by the newly developed HDRNet vs other methods 

(e.g., PrismNet)? What are the features associated with these sub-groups (e.g., structural 

complexity or context variations)? 

3) Related to 2), FMR1 and FXR2 binding site identification enhancement by HDRNet is highlighted 

as examples in the main text. Is this only observed in HEK293 cells or also in other cells? What are 

the specific features associated with FMR1 and FXR2? 

4) How does HDRNet perform for RBPs with high and low expression levels and for target RNA 

events with high and low expression levels in different cellular contexts? 

5) In addition to cell lines, how does HDRNet perform for predicting dynamic RNA-protein 

interactions in vivo tissue contexts (normal or disease conditions)? Is the model trained using cell 

line data (e.g., K562 and/or HepG2) sufficient for predicting dynamic interactions in tissues? Or 

additional tissue data are required. Examples, such as CLIP-Seq data from in brain, heart, muscle, 

and myoblasts (Wang et al. Cell 2012, PMID: 22901804), could be useful to further explore and 

compare the applications of HDRNet in different contexts? 

Minor comments: 

6) Some supplementary notes/figures (e.g., 1, 4 ...) are not referenced in the main text. 

7) Page 12: "transformation to the variant allels" -> alleles and improper citation 

"[cite:bardou2014jvenn]". 

8) Further clarification for static and dynamic protein-RNA interactions would be helpful, including 

the authors' choice of dynamic embedding model BERT and the impact and limitations of input 

data from different contexts (e.g., different cell lines, tissues, and disease conditions). 

9) A better description of the candidate drug prediction analysis in Fig. S10 (also highlighted in Fig. 

1e) would be helpful. How many neurological disease-associated genes (68 genes from 

Supplementary Note 6 or 28 genes from Fig. 8c) are used for the analysis? 

Reviewer #3 (Remarks to the Author): 

This is a new method for the prediction of protein-RNA interactions in the RNA sequences. It relies 

on a deep network and several input types. I appreciate a comprehensive nature of the empirical 

comparisons and the downstream analysis of the results. The ablation analysis is also a plus. 

However, I have a few concerns. 

PrismNet was published over 2 years ago and may no longer represent state of the art in the field. 

Authors heavily rely on this approach as motivation for their own solution. More recent methods 

should be surveyed and considered. For instance, a recently released relevant framework, 

PRIESSTESS (https://academic.oup.com/nar/article/50/19/e111/6677328), should be 

investigated. Authors should compare against it and consider this type of approach as a useful 



resource to augment inputs to their network. 

While the proposed predictive architecture is an improvement over PrismNet (with the above 

caveat), the use of BERT, deep residual networks and self-attention is not particularly innovative. 

The literature is already populated with similar “end-to-end” solutions. The authors need to 

provide much more complete accounting of modern methods and more compelling explanation of 

the novel aspects of their method. 

The survey of tools that is included in the introduction has missed an entire large community that 

performs these predictions on the protein side, by predicting RNA-binding proteins and RNA-

binding amino acids. 

On a minor note, quality of writing needs substantial improvements. There are grammatical errors 

(even in the abstract), some passages/sentences are poorly phrased, problems with articles, and 

other issues. The article should be carefully copyedited by a skilled native speaker. 



:ji]dgh Id^ci)Wn)Id^ci JZhedchZh id i]Z JZk^ZlZgh% XdbbZcih #=ncVb^X X]VgVXiZg^oVi^dc VcY ^ciZgegZiVi^dc [dg egdiZ^c)JG:

^ciZgVXi^dch VXgdhh Y^kZghZ XZaajaVg XdcY^i^dch jh^c\ A=JGZi# Wn R]j Zi Va* &G<HFFK)./),4-23' hjWb^iiZY id CNab_R 9\Z'

Zb[VPNaV\[` dc ./gY)?ZWgjVgn).,./*

Reviewer #1:

IgZY^Xi^c\ JG:)J;I ^ciZgVXi^dch ^c V YncVb^X bVccZg VXgdhh Y^[[ZgZci XZaa a^cZh ^h Vc ^bedgiVci X]VaaZc\Z [dg jcYZghiVcY^c\

i]Z ^ciZgVXi^dch WZilZZc JG:h VcY J;Ih* Bc i]^h bVcjhXg^ei( i]Z Vji]dgh egZhZci V cdkZa YZZe)aZVgc^c\ bZi]dY XVaaZY A=JGZi

id VYYgZhh i]^h egdWaZb* L]Z bZi]dY ji^a^oZh bjai^)hdjgXZ W^dad\^XVa [ZVijgZh( ^cXajY^c\ YncVb^X \adWVa XdciZmijVa ^c[dgbVi^dc

VcY ^c)k^kd JG: hZXdcYVgn higjXijgZ egd!aZh* L]Z Vji]dgh XdbeVgZ A=JGZi l^i] Zm^hi^c\ iddah ^c bjai^eaZ J;I YViVhZih

VcY YZbdchigViZ ^ih hjeZg^dg eZg[dgbVcXZ ^c Wdi] hiVi^X VcY YncVb^X egZY^Xi^dc iVh`h* :YY^i^dcVaan( i]Z Vji]dgh eZg[dgb bdi^[

VcVanh^h VcY ]^\])ViiZci^dc W^cY^c\ gZ\^dc ^YZci^!XVi^dc id egdk^YZ W^dad\^XVa ^ciZgegZiVW^a^in* ?jgi]ZgbdgZ( i]Z Vji]dgh Xdc)

YjXi ediZci^Va \ZcZi^X kVg^Vcih VcVanh^h VcY \ZcdbZ)l^YZ [jcXi^dcVa hijY^Zh [dg L=I)0/ id WZiiZg jcYZghiVcY i]Z VhhdX^Vi^dch

WZilZZc YncVb^X JG:)J;I W^cY^c\ WZ]Vk^dg VcY ]jbVc Y^hZVhZh* L]Z dkZgVaa higjXijgZ d[ i]Z Vgi^XaZ ^h XaZVg VcY i]Z gZhZVgX]

gZhjaih VgZ fj^iZ ^ciZgZhi^c\* AdlZkZg( i]ZgZ VgZ hdbZ XdbbZcih i]Vi cZZY id WZ VYYgZhhZY WZ[dgZ ejWa^XVi^dc*

?FRPONRF3 OZ ldjaY a^`Z id i]Vc` ndj [dg ndjg ^ch^\]i[ja XdbbZcih VcY hj\\Zhi^dch* ?dg i]Z eVhi 0 bdci]h( lZ ]VkZ Yjan [da)

adlZY ndjg XdbbZcih VcY hj\\Zhi^dch id XVgZ[jaan VYYgZhh Vaa i]Z gV^hZY XdcXZgch Vh ZaVWdgViZY ^c i]Z [daadl^c\ gZhedchZh* Bc

eVgi^XjaVg( lZ ldjaY a^`Z id i]Vc` ndj [dg ndjg XdchigjXi^kZ XdbbZcih i]Vi ZcVWaZY jh id ^begdkZ djg bVcjhXg^ei ^c cjbZgdjh

lVnh* L]Vc` ndj kZgn bjX] [dg ndjg egZX^djh i^bZ VcY `^cY ViiZci^dc*

-* HUR NbaU\_` RZ]Y\fRQ VPG>7E; a\ \OaNV[ V['cVc\ FC7 `RP\[QN_f `a_bPab_R` ]_\!YR`( >\dRcR_& Va V` QVS!PbYa a\ \OaNV[ `a_bP'

ab_R ]_\!YR` S_\Z VPG>7E; S\_ Z\`a \S aUR TVcR[ FC7 `R^bR[PR`( HUR_RS\_R& aUR NbaU\_` `U\bYQ Re]Y\_R \aUR_ FC7 `a_bPab_R

_R]_R`R[aNaV\[ ZRaU\Q` `bPU N` FC7S\YQ& N P\Z]baNaV\[NY a\\Y S\_ ]_RQVPaV[T FC7 `RP\[QN_f `a_bPab_R& N` N[ NYaR_[NaVcR a\

VPG>7E; N[Q QRZ\[`a_NaR aURV_ VZ]NPa \[ ]_RQVPaV\[ ]R_S\_ZN[PR(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg XdchigjXi^kZ XdbbZcih* OZ V\gZZ i]Vi ^i ^h Y^[!Xjai id dWiV^c higjXijgZ egd!aZh [gdb

^XKA:I> [dg bdhi d[ i]Z \^kZc JG: hZfjZcXZh* L]ZgZ[dgZ( id [daadl ndjg hj\\Zhi^dch( lZ XdcYjXiZY VYY^i^dcVa ZmeZg^bZcih

id ZmeadgZ di]Zg JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZah ^cXajY^c\ JG:[daY &-' VcY ild di]Zg ^c)k^kd hZXdcYVgn higjX)

ijgVa X]VgVXiZg^oVi^dc bZi]dYh6 =FK)hZf &.' VcY =FK)FVIKZf &/'* Bc VYY^i^dc( lZ Vahd k^hjVa^oZY i]Z hZXdcYVgn higjXijgZ d[

JG: jh^c\ i]dhZ Y^kZghZ higjXijgVa [ZVijgZh id ^aajhigViZ i]Z Y^[[ZgZcXZh ^c JG: higjXijgVa gZegZhZciVi^dch*

@TPPLFMFNSBQX =OSF +3 6OMPBQJNH JD@:4>8 VJSI OSIFQ JN UJUO BNE DOMPTSBSJONBLLX PQFEJDSFE RFDONEBQX RSQTDSTQF

PQO!LFR

Ld YZbdchigViZ i]Z Z[[ZXi^kZcZhh d[ ^XKA:I> ^c djg A=JGZi bdYZa [jgi]Zg( lZ XdcYjXiZY Vc ZmeZg^bZci id XdbeVgZ ^XKA:I>

l^i] di]Zg JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZah( cVbZan JG:[daY &-' VcY ild ^c)k^kd hZXdcYVgn higjXijgVa X]VgVX)

iZg^oVi^dc bZi]dYh6 =FK)hZf &.' VcY =FK)FVIKZf &/'* Ld ZchjgZ V [V^g XdbeVg^hdc( lZ `Zei Vaa di]Zg bdYjaZh d[ A=JGZi(

hjWhi^iji^c\ dcan ^XKA:I> l^i] i]Z higjXijgVa [ZVijgZh YZg^kZY [gdb i]Z XdbeVgVi^kZ bZi]dYh* L]Z ZmeZg^bZciVa gZhjaih VgZ

@TbeTa R[h n @<JFXg U\bJ!\i n .





A=JGZi bdYZa( hjXXZhh[jaan XVeijgZY Xdci^cjdjh ]^\])ViiZci^dc gZ\^dch* <dckZghZan( =FK)hZf VcY =FK)FVIhZf Zm]^W^iZY

V Xdch^YZgVWaZ cjbWZg d[ b^hh^c\ edh^i^dch( gZhjai^c\ ^c V aVX` d[ Xdci^cj^in ^c i]Z gZ\^dch i]Zn ^YZci^[n* FdgZdkZg( i]Z JG:

bdYZah l^i] i]dhZ hZXdcYVgn higjXijgZ [ZVijgZh Zm]^W^i h^\c^!XVci Y^[[ZgZcXZh7 [dg ^chiVcXZ( ^XKA:I> XdjaY egZY^Xi JG: bdY)

Zah l^i] \gZViZg higjXijgVa ]ZiZgd\ZcZ^in VcY V ]^\]Zg cjbWZg d[ cjXaZdi^YZ eV^g^c\h* <dckZghZan( JG:[daY higjXijgZh gZhZbWaZY

i]dhZ XdchigV^cZY jh^c\ =FK)FVIhZf( hj\\Zhi^c\ i]Vi i]Z eZg[dgbVcXZ d[ =FK)FVIhZf ^c higjXijgZ egZY^Xi^dc bVn WZ kjacZg)

VWaZ id d[ b^hh^c\ edh^i^dch* Hc i]^h WVh^h( lZ XVc XdcXajYZ i]Vi i]ZhZ VcVanhZh cdi dcan ]^\]a^\]i i]Z Z[[ZXi^kZcZhh d[ ^XKA:I>

[ZVijgZh Wji Vahd jcYZghXdgZh ediZci^Va a^b^iVi^dch* K^cXZ i]Z VXfj^h^i^dc d[ ^XKA:I> YViV gZa^Zh dc hZfjZcX^c\ ZmeZg^bZcih(

JG:[daY dg di]Zg hZXdcYVgn higjXijgZ egZY^Xi^dc Va\dg^i]bh bVn hZgkZ Vh hj^iVWaZ VaiZgcVi^kZh [dg egZY^Xi^dc iVh`h* L]ZhZ dW)

hZgkVi^dch Zbe]Vh^oZ i]Z ^bedgiVcXZ d[ XVgZ[jaan hZaZXi^c\ i]Z bdhi Veegdeg^ViZ JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZa

WVhZY dc i]Z heZX^!X gZfj^gZbZcih d[ i]Z iVh` Vi ]VcY*

OZ Vahd XdcYjXiZY [jgi]Zg ZmeZg^bZcih id ^ckZhi^\ViZ VcY XdbeVgZ i]Z eZg[dgbVcXZ d[ A=JGZi Wn ^ciZ\gVi^c\ JG: higjXijgZ

^c[dgbVi^dc [gdb Y^[[ZgZci bZi]dYh* KeZX^!XVaan( lZ ZmeadgZY bjai^eaZ hZXdcYVgn higjXijgZ [ZVijgZh dWiV^cZY [gdb Y^[[ZgZci

bZi]dYh VcY i]Zc ZbeadnZY V XdcXViZcVi^dc higViZ\n id ^ciZ\gViZ ^i ^cid i]Z A=JGZi bdYZa* :h YZbdchigViZY ^c @TPPLFMFN&

SBQX 9JH' ,( djg dWhZgkVi^dch ^cY^XViZ i]Vi i]Z eZg[dgbVcXZ d[ A=JGZi lVh cdi [jgi]Zg ^begdkZY Wji ha^\]ian YZXgZVhZY Wn

^ciZ\gVi^c\ di]Zg hZXdcYVgn higjXijgZ [ZVijgZh* L]^h dWhZgkVi^dc ^cY^XViZh i]Vi i]dhZ ^c k^kd hZXdcYVgn higjXijgZ ^c[dgbVi^dc

egdk^YZh V bdgZ VXXjgViZ YZe^Xi^dc d[ i]Z JG: Zck^gdcbZci i]Vc i]Z XdbejiVi^dcVaan egZY^XiZY hZXdcYVgn higjXijgZ ^c[dgbV)

i^dc &JG:[daY'( i]jh Zchjg^c\ i]Z eZg[dgbVcXZ d[ A=JGZi* L]ZhZ gZhjaih hjeedgi i]Z gZa^VW^a^in d[ A=JGZi VcY hj\\Zhi i]Vi

i]Z dg^\^cVa A=JGZi ^h hj[!X^Zcian gdWjhi Vh V hiVcYVadcZ bdYZa*

0.87

0.88

Supplementary Fig. 3. 9U_Tg\ba Vb`cTe\fba eXfh_gf bY \agXZeTg\aZ JF9 fgehVgheX \aYbe`Tg\ba Yeb` W\YYXeXag `Xg[bWf+ Ag VTa UX bUfXeiXW g[Tg Vb`U\a\aZ bg[Xe YXTgheXf W\Wa%g

Yheg[Xe \`cebiX g[X cXeYbe`TaVX bY @<JFXg+

@TbeTa R[h n @<JFXg U\bJ!\i n 0



.* HUR NbaU\_` P\Z]N_RQ >:FCRa dVaU \aUR_ ReV`aV[T QRR] YRN_[V[T N]]_\NPUR` Oba QVQ [\a P\Z]N_R Va dVaU ZNPUV[R YRN_[V[T

NYT\_VaUZ`( HUR_RS\_R& aUR cNYVQVaf \S >:FCRa PN[[\a OR TbN_N[aRRQ& N[Q aUR NbaU\_` `U\bYQ V[PYbQR N P\Z]N_V`\[ dVaU ZN'

PUV[R YRN_[V[T NYT\_VaUZ`(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg kVajVWaZ VcY ^ch^\]i[ja XdbbZcih* OZ V\gZZ i]Vi [jgi]Zg Z[[dgih VgZ cZXZhhVgn id

ZchjgZ i]Z kVa^Y^in d[ A=JGZi* OZ ]VkZ [daadlZY ndjg XdbbZcih id XdcYjXi Vc ZmeZg^bZci XdbeVg^c\ A=JGZi l^i] hZkZc

bVX]^cZ aZVgc^c\ Va\dg^i]bh( cVbZan P@;ddhi &0'( JVcYdb ?dgZhi &J?' &1'( Ed\^hi^X JZ\gZhh^dc &EJ' &2'( :gi^!X^Va GZjgVa

GZildg` &:GG' &3'( >migVLgZZ<aVhh^!Zg &>L<' &4'( K@=<aVhh^!Zg &K@=<' &5'( VcY @Vjhh^VcG; &@G;' &-,' ^c @TPPLFMFN&

SBQX =OSF ** L]ZhZ Va\dg^i]bh VgZ ^beaZbZciZY jh^c\ hX^`^i)aZVgc eVX`V\Z &--'*

@TPPLFMFNSBQX =OSF *3 :7?=FS PQOUJEFR CFSSFQ PFQGOQMBNDF SIBN DLBRRJD MBDIJNF LFBQNJNH BLHOQJSIMR

Ld [jgi]Zg YZbdchigViZ i]Z Z[[ZXi^kZcZhh d[ djg egdedhZY A=JGZi( lZ XdbeVgZY A=JGZi l^i] hZkZc bVX]^cZ aZVgc^c\ Va\d)

g^i]bh( cVbZan P@;ddhi &-.'( JVcYdb ?dgZhi &J?' &-/'( Ed\^hi^X JZ\gZhh^dc &EJ' &2'( :gi^!X^Va GZjgVa GZildg` &:GG' &3'(

>migVLgZZ<aVhh^!Zg &>L<' &4'( K@=<aVhh^!Zg &K@=<' &5'( VcY @Vjhh^VcG; &@G;' &-,'* L]ZhZ Va\dg^i]bh lZgZ ^beaZbZciZY

^c hX^`^i)aZVgc eVX`V\Z &-0'* L]Z ZmeZg^bZciVa gZhjaih VgZ h]dlc ^c @TPPLFMFNSBQX 9JH' ** ?gdb i]Z XdbeVg^hdc gZhjaih(

lZ ]VkZ dWhZgkZY i]Vi A=JGZi djieZg[dgbZY i]dhZ bVX]^cZ aZVgc^c\ Va\dg^i]bh VXgdhh V hjWhiVci^Va egdedgi^dc d[ i]Z J;I

YViVhZih ^c Wdi] hiVi^X VcY YncVb^X egZY^Xi^dc iVh`h* :h ^aajhigViZY ^c @TPPLFMFNSBQX 9JH' *B( A=JGZi VX]^ZkZY i]Z ]^\]Zhi

:M< ^c i]Z hiVi^X egZY^Xi^dc iVh`* Bi ^h ldgi] cdi^c\ i]Vi( Vbdc\ i]Z XdbeVgZY bVX]^cZ aZVgc^c\ Va\dg^i]bh( P@;ddhi Zm]^W^iZY

hjeZg^dg eZg[dgbVcXZ( l]ZgZVh >L< eZg[dgbZY i]Z ldghi* :GG Vahd egdYjXZY XdbeVgVWaZ gZhjaih( a^`Zan YjZ id i]Z egd!X^ZcXn

d[ i]Z cZjgVa cZildg` [gVbZldg` [dg ZmigVXi^c\ [ZVijgZh* AdlZkZg( :GG eZg[dgbZY ZmigZbZan eddgan dc XZgiV^c J;I YViVhZih(

l^i] Vc :M< d[ ,*1( l]ZgZVh A=JGZi VX]^ZkZY Vc :M< ZmXZZY^c\ ,*4* Hc i]Z di]Zg ]VcY( Vh YZe^XiZY ^c @TPPLFMFNSBQX 9JH'

*C( A=JGZi Xdch^hiZcian djieZg[dgbZY Vaa XdbeVgZY bVX]^cZ aZVgc^c\ Va\dg^i]bh ^c YncVb^X egZY^Xi^dc iVh`h* GdiVWan( i]Z

YncVb^X egZY^Xi^dc eZg[dgbVcXZ d[ :GG lVh YZ\gVYZY( XdbeVgZY id i]Z hiVi^X egZY^Xi^dc eZg[dgbVcXZ* HkZgVaa( i]ZhZ gZhjaih

]^\]a^\]i i]Z WZcZ!ih VcY VYkVciV\Zh d[ i]Z egdedhZY A=JGZi VgX]^iZXijgZ( Vh i]Z cZjgVa cZildg` [gVbZldg` VadcZ eZg[dgbh

eddgan ^c YncVb^X egZY^Xi^dc*

/* HUR NbaU\_` ]_\]\`RQ N UVR_N_PUVPNY QRR] [Rb_NY [Rad\_X a\ Rea_NPa `R^bR[PR N[Q `a_bPab_R SRNab_R` `R]N_NaRYf( >\dRcR_&

aURf QVQ [\a P\ZOV[R aUR ZbYaV'`\b_PR SRNab_R` Na aUR ORTV[[V[T \S aUR [Rad\_X( HUR NbaU\_` `U\bYQ Re]YNV[ aUR NQcN[aNTR`

\S b`V[T UVR_N_PUVPNY [Rad\_X` N[Q aUR QVSSR_R[PR` ORadRR[ aUR YRN_[RQ PUN_NPaR_V`aVP` \S UVR_N_PUVPNY N[Q [\['UVR_N_PUVPNY

[Rad\_X`(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg ^ch^\]ih* OZ V\gZZ l^i] ndj VcY ]VkZ [daadlZY ndjg XdbbZcih id ZmeaV^c i]Z VYkVc)

iV\Zh dc djg X]dhZc cZildg` VgX]^iZXijgZ VcY Y^[[ZgZcXZh* Bc A=JGZi( lZ aZkZgV\Z bjai^eaZ [ZVijgZh id egZY^Xi i]Z W^cY^c\ h^iZh

d[ J;I( ^cXajY^c\ i]Z hZfjZcXZ [ZVijgZh \ZcZgViZY Wn ;>JL( Vadc\ l^i] V[ cVc\ hZXdcYVgn higjXijgZ ^c[dgbVi^dc YZg^kZY [gdb

^XKA:I>* ?gdb i]Z eZgheZXi^kZ d[ [ZVijgZ Y^bZch^dch( hZfjZcXZ [ZVijgZh ]VkZ 324 X]VccZah( l]ZgZVh i]Z hZXdcYVgn higjXijgZ

[ZVijgZh VgZ kZXidgh( XdggZhedcY^c\ ^c aZc\i] id i]Z hZfjZcXZ VcY edhhZhh^c\ V h^c\aZ X]VccZa* @^kZc i]Z Y^heVg^in ^c X]VccZa

Y^bZch^dcVa^in WZilZZc i]dhZ ild ineZh d[ [ZVijgZh( lZ lZgZ XdcXZgcZY i]Vi ^ciZ\gVi^c\ i]Zb Vi i]Z WZ\^cc^c\ d[ i]Z bdYZa

XdjaY ediZci^Vaan ViiZcjViZ i]Z gZegZhZciVi^dc d[ i]Z hZXdcYVgn higjXijgZ [ZVijgZh( i]ZgZWn V[[ZXi^c\ egZY^Xi^dc eZg[dgbVcXZ VcY
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i]Z ^YZci^!XVi^dc d[ ]^\])ViiZci^dc W^cY^c\ gZ\^dch* Ld VYYgZhh i]^h XdcXZgc( lZ XdcYjXiZY Vc ZmeZg^bZci id ^ckZhi^\ViZ i]Z ^b)

eVXi d[ ]^ZgVgX]^XVa cZildg`h kZghjh cdc)]^ZgVgX]^XVa cZildg`h dc i]Z egZY^Xi^kZ eZg[dgbVcXZ d[ djg egdedhZY A=JGZi* :[iZg

i]Vi( lZ k^hjVa^oZY i]Z aViZci ZbWZYY^c\ YZg^kZY [gdb i]Z VWaVi^dc d[ A=JGZi id Y^hXZgc i]Z Y^heVg^i^Zh aZVgcZY Wn ]^ZgVgX]^XVa

VcY cdc)]^ZgVgX]^XVa cZildg`h*

Ld YZbdchigViZ i]Z Z[[ZXi^kZcZhh d[ djg X]dhZc cZildg` VgX]^iZXijgZ( lZ ^c^i^Vaan XdchigjXiZY V cdc)]^ZgVgX]^XVa A=JGZi( gZ)

[ZggZY id Vh A=JGZi)cdc]^Zg( l]^X] XdbW^cZY bjai^)hdjgXZ [ZVijgZh Vi i]Z cZildg`%h ^cXZei^dc* :[iZg i]Vi( V XdbeVgVi^kZ

VcVanh^h lVh XdcYjXiZY WZilZZc djg egdedhZY A=JGZi VcY A=JGZi)cdc]^Zg( ZkVajVi^c\ i]Z^g eZg[dgbVcXZ ^c Wdi] hiVi^X VcY

YncVb^X egZY^Xi^dc iVh`h* L]Z XdbeVgVi^kZ gZhjaih VgZ hjbbVg^oZY ^c @TPPLFMFNSBQX 9JH' /B( gZkZVa^c\ i]Vi i]Z A=J)

GZi( X]VgVXiZg^oZY Wn ^ih ]^ZgVgX]^XVa higjXijgZ( Zm]^W^iZY h^\c^!XVcian hjeZg^dg egZY^Xi^dc eZg[dgbVcXZ XdbeVgZY id ^ih cdc)

]^ZgVgX]^XVa XdjciZgeVgi &A=JGZi)cdc]^Zg'* FdgZdkZg( A=JGZi( l^i] ^ih ]^ZgVgX]^XVa VgX]^iZXijgZ( YZbdchigViZY hjeZg^dg

eZg[dgbVcXZ ^c ^ciZgXZaajaVg YncVb^X egZY^Xi^dc* ?jgi]ZgbdgZ( lZ eZg[dgbZY [ZVijgZ XdggZaVi^dc VcVanh^h VcY k^hjVa^oVi^dc

VXgdhh Y^[[ZgZci kZgh^dch d[ A=JGZi* ?dg ^aajhigVi^dc ejgedhZ( lZ ZbeadnZY i]Z L;J@0 egdiZ^c YViVhZi ^c AZe@. XZaah Vh V

gZegZhZciVi^kZ hVbeaZ( Vh YZe^XiZY ^c @TPPLFMFNSBQX 9JH' /C* OZ XVc dWhZgkZ i]Vi A=JGZi l^i] V ]^ZgVgX]^XVa higjXijgZ ]Vh V

bdgZ Y^hi^cXi [ZVijgZ XdggZaVi^dc VcY ]^ZgVgX]n i]Vc i]Z cdc)]^ZgVgX]^XVa dcZ* L]ZgZ[dgZ( hZfjZcXZ ^c[dgbVi^dc VcY hZXdcYVgn

higjXijgZ egd!aZh XVc WZ cdgbVa^oZY VcY [jhZY( Zcg^X]^c\ i]Z [ZVijgZh aZVgcZY Wn A=JGZi id WZ gdWjhi*
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(a)

HDRNet HDRNet-nonhierHDRNet HDRNet-nonhier
(b)

Supplementary Fig. 6. &T' HXeYbe`TaVX Vb`cTe\fba bY @<JFXg j\g[ W\YYXeXag [\XeTeV[\VT_ fgehVgheXf+ L[X eXfh_gf WX`bafgeTgX g[Tg g[X cebcbfXW [\XeTeV[\VT_ aXgjbe^

TV[\XiXf fhcXe\be cXeYbe`TaVX \a Ubg[ fgTg\V TaW WlaT`\V ceXW\Vg\ba gTf^f+ &U' >XTgheX VbeeX_Tg\ba TaT_lf\f bY W\YYXeXag @<JFXg iXef\baf+ FbgTU_l) @<JFXg Xk[\U\gf fhUfgTag\T_

YXTgheX VbeeX_Tg\ba TaW YXTgheX [\XeTeV[l+
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0* HUR Z\aVS N[NYf`V` N[Q OV\Y\TVPNY V[aR_]_RaNOVYVaf ]_\cVQRQ Of aUR NbaU\_` N_R V[aR_R`aV[T( >\dRcR_& aUR ZN[b`P_V]a YNPX` N

QRaNVYRQ QR`P_V]aV\[ \S aUR Z\aVS PNYPbYNaV\[ ZRaU\Q( HUR_RS\_R& aUR NbaU\_` `U\bYQ V[PYbQR aUV` ]N_a V[ N[ N]]_\]_VNaR ]YNPR(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z XdchigjXi^kZ XdbbZcih* OZ V\gZZ l^i] ndj VcY ]VkZ [daadlZY ndjg XdbbZcih id

egdk^YZ V XdbegZ]Zch^kZ YZhXg^ei^dc d[ i]Z bdi^[ XVaXjaVi^dc bZi]dY ^c @TPPLFMFNSBQX =OSF +)( l]^X] ^h Xde^ZY WZadl [dg

ZVhn gZ[ZgZcXZ6

@TPPLFMFNSBQX =OSF +)3 <OSJG DBLDTLBSJON

L]Z bjai^)]ZVY hZa[)ViiZci^dc bZX]Vc^hb ]Vh i]Z XVeVX^in id VXXjgViZan ^YZci^[n VcY YZXdYZ h^\c^!XVci \Zcdb^X gZ\^dch* Bc djg

hijYn( lZ aZkZgV\Z YncVb^X \adWVa XdciZmijVa ZbWZYY^c\ id ZmeadgZ i]Z W^dad\^XVa [jcXi^dcVa^i^Zh d[ JG: hZfjZcXZh* FdgZ

Zmea^X^ian( lZ XdbejiZY i]Z ViiZci^dc hXdgZ [dg i]Z 1)i] ZbWZYYZY 2)bZg id`Zc( YZcdiZY Vh ,.350' i]gdj\] i]Z hjbbVi^dc(

i]ZgZWn ^YZci^[n^c\ i]Z igVchXg^ei [gV\bZci ^c ZVX] JG: hZfjZcXZ i]Vi d[[Zgh i]Z bdhi hjWhiVci^Va Xdcig^Wji^dc idlVgYh Ydlc)

higZVb XaVhh^!XVi^dc( l]^X] XVc WZ [dgbjaViZY Vh [daadlh6

,.350' =
$X

(=1

064(+&
"#% ! (''

%
/)

P&
)=1

064(+&
"#% ! ()'

%
/)

#*$

l]ZgZ * hnbWda^oZh i]Z cjbWZg d[ ViiZci^dc ]ZVYh( - gZegZhZcih i]Z cjbWZg d[ id`Zch ^c V \^kZc JG: hZfjZcXZ( +&
"#% YZ)

cdiZh i]Z fjZgn kZXidg d[ i]Z heZX^Va id`Zch S<EKT( (' YZcdiZh i]Z `Zn kZXidg d[ i]Z 1)i] 2)bZg id`Zc l^i] 1 " #1%2% $$$%)$ l]ZgZ

) YZcdiZh i]Z cjbWZg d[ ^ceji id`Zch( VcY / ^h i]Z Y^bZch^dcVa^in d[ i]Z [ZVijgZ kZXidgh* :[iZg Xdbeji^c\ i]Z ViiZci^dc hXdgZ

[dg ZVX] id`Zc( lZ XaVhh^!ZY JG: [gV\bZcih Vh J;I)W^cY^c\ bdi^[h WVhZY dc i]Z [daadl^c\ i]gZZ Xg^iZg^V6 &-' L]Z ViiZci^dc

hXdgZ d[ i]Z [gV\bZci ZmXZZYh i]Z VkZgV\Z hXdgZ d[ i]Z hZfjZcXZ7 &.' L]Z ViiZci^dc hXdgZ d[ i]Z [gV\bZci ^h -, i^bZh ]^\]Zg i]Vc

i]Z adlZhi ViiZci^dc hXdgZ7 VcY &/' L]Z b^c^bjb aZc\i] d[ i]Z [gV\bZci ^h 2*

1* HUR NbaU\_` `abQVRQ aUR RSSRPa \S cN_VN[a NYYRYR` dVaUV[ aUR UVTU'NaaR[aV\[ OV[QV[T _RTV\[ \[ FC7'F8E OV[QV[T \[ aUR H:E'.-

QNaN`Ra( >\dRcR_& aURf \[Yf Re]Y\_RQ aUR `R^bR[PR cN_VNaV\[& N[Q Va V` b[PYRN_ dURaUR_ aUV` cN_VNaV\[ P\bYQ YRNQ a\ `a_bPab_NY

PUN[TR` V[ aUR `R^bR[PR(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z ^ch^\]i[ja XdbbZcih* BcYZZY( hZfjZcXZ ]dbdad\n VcY ^ih gZaVi^dch]^eh id higjXijgVa

]dbdad\n VgZ ValVnh ^cig^\j^c\* Ld VYYgZhh ndjg XdcXZgch( lZ ]VkZ [daadlZY ndjg XdbbZcih id Y^hXjhh i]Z ediZci^Va higjXijgVa

X]Vc\Zh aZY Wn hZfjZcXZ kVg^Vi^dch*

:h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' */ GQOM @TPPLFMFNSBQX =OSF *,( lZ k^hjVa^oZY JG: bdYZah l^i] h^\c^!XVci higjXijgVa

VaiZgVi^dch* Bc eVgi^XjaVg( lZ ZbeadnZY JG:[daY id egZY^Xi VcY k^hjVa^oZ i]Z edhh^WaZ JG: higjXijgZ V[iZg adXjh bjiVi^dc( VcY

i]Zc XdbeVgZY ^i l^i] i]Z egZY^XiZY hZXdcYVgn higjXijgZh XdchigV^cZY Wn ^XKA:I>* @TPPLFMFNSBQX 9JH' */B hjbbVg^oZh i]Z

]^\])ViiZci^dc W^cY^c\ gZ\^dch d[ i]Z G=M?:-.)W^cY^c\ igVchXg^ei kVg^Vci &>GKL,,,,,103542' d[ L=I)0/ ^YZci^!ZY Wn A=J)

GZi ^c D12. XZaah( Wdi] WZ[dgZ VcY V[iZg bjiVi^dch( Vadc\ l^i] i]Z XdggZhedcY^c\ egZY^XiZY JG: hZXdcYVgn higjXijgZ bdYZah*

?gdb i]^h !\jgZ( lZ XVc dWhZgkZ i]Vi i]Z bjiVi^dch dXXjgg^c\ Vi edh^i^dch 5053-1-4 VcY 5053-1.5 dc X]gdbdhdbZ -. XdjaY

@TbeTa R[h n @<JFXg U\bJ!\i n 5



ediZci^Vaan aZVY id Xdch^YZgVWaZ X]Vc\Z ^c i]Z dkZgVaa higjXijgZ d[ i]Z hZ\bZci V[iZg i]Z adXVa kVg^Vi^dc7 [dg ^chiVcXZ( Vc :)9M

bjiVi^dc Vi edh^i^dc .1 d[ i]Z hZfjZcXZ gZhjaih ^c V adhh d[ eV^g^c\ l^i] M Vi edh^i^dc 2-( ^chiZVY eV^g^c\ l^i] : Vi V XadhZg

edh^i^dc( ^*Z* 03* :YY^i^dcVaan( i]Z :MMMMM [gV\bZci Vi edh^i^dch /3 id 0. [dgbh Vc ZmeVcYZY adde higjXijgZ edhi)bjiVi^dc*

K^b^aVg higjXijgVa X]Vc\Zh lZgZ Vahd ^YZci^!ZY ^c igVchXg^ei >GKL,,,,,1-3/23( i]Z G=M?;5 W^cY^c\ \ZcZ d[ L=I)0/ ^c

A>D.5/ XZaah* :h YZbdchigViZY ^c @TPPLFMFNSBQX 9JH' */C( i]Z bjiVi^dch Vi edh^i^dch -.01/5.5, VcY -.01/5/-/ dc X]gd)

bdhdbZ 4 Vahd aZVY id higjXijgVa kVg^Vcih( l]ZgZ i]Z <)9@ bjiVi^dc Vi edh^i^dc . VcY i]Z @)9< bjiVi^dc Vi edh^i^dc .1 gZhjai

^c eV^g^c\h i]Vi ldjaY cdi dgY^cVg^an dXXjg ^c i]Vi hZ\bZci6 i]Z @ Vi edh^i^dc . eV^gZY l^i] i]Z < Vi edh^i^dc -,,( VcY i]Z <

Vi edh^i^dc .1 eV^gZY l^i] i]Z @ Vi edh^i^dc -,* ?jgi]ZgbdgZ( @TPPLFMFNSBQX 9JH' *0 egdk^YZh i]Z ^c"jZcXZ d[ JG: WVhZ

bjiVi^dch dc \adWVa higjXijgVa X]Vc\Zh* :h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' *0B( i]Z @)9< bjiVi^dc Vi edh^i^dc 0, l^i]^c i]Z

>GKL,,,,,.32245 igVchXg^ei YdZh cdi bdY^[n i]Z eV^g^c\ WZ]Vk^dg Vi i]Vi eVgi^XjaVg edh^i^dc7 ]dlZkZg ^i aZVYh id Vc h^\c^!XVci

VaiZgVi^dc ^c i]Z dkZgVaa higjXijgZ d[ i]Z hZ\bZci* K^b^aVgan( @TPPLFMFNSBQX 9JH' *0C ]^\]a^\]ih i]Z ^beVXi d[ i]Z ::)9MM

bjiVi^dc Vi edh^i^dch 03)04 ^c >GKL,,,,,1-3/23( ^cYjX^c\ V higjXijgVa h]^[i* ?dg ^chiVcXZ( i]Z < Vi edh^i^dc -, cd adc\Zg

eV^gh l^i] i]Z @ Vi edh^i^dc ./ Wji ^chiZVY Va^\ch l^i] i]Z @ Vi edh^i^dc 3,( l]^aZ egZhZgk^c\ ^ih eV^g^c\ WZ]Vk^dg Vi i]Z bjiVi^dc

h^iZ* HkZgVaa( i]Z VWdkZ VcVanh^h ^aajhigViZh i]Vi hZfjZcXZ kVg^Vcih bVn aZVY id hjWhiVci^Va higjXijgVa VaiZgVi^dch l^i]^c JG:

hZfjZcXZh( l]^X] ^c ijgc V[[ZXih i]Z W^cY^c\ WZ]Vk^dg*

2* HUR NbaU\_` ]_\cVQR N b`R_'S_VR[QYf dRO `R_cR_ S\_ \[YV[R `aNaVP N[Q Qf[NZVP FC7'F8E OV[QV[T ]_RQVPaV\[& dUVPU V` URY]SbY

S\_ OV\Y\TV`a`( >\dRcR_& aUR dRO `R_cR_ NQQ_R`` V` N QVTVaNY ?E V[`aRNQ \S N Q\ZNV[ [NZR& ZNXV[T Va b[\S!PVNY( 7QQVaV\[NYYf&

aUR_R V` N YNPX \S QRaNVYRQ V[`a_bPaV\[` N[Q ]\aR[aVNY ObT ]_RcVRd` V[ aUR dRO `R_cR_( <b_aUR_Z\_R& dUR[ b]Y\NQV[T N (SN`aN !YR

dVaU +*** `R^bR[PR`& aUR _R`bYa` dR_R _Rab_[RQ V[ N[ NPPR]aNOYR aVZR& Oba aUR NbaU\_` `U\bYQ P\[`VQR_ b`V[T N Z\_R NQcN[PRQ

`R_cR_ a\ V[P_RN`R aUR `]RRQ \S \]R_NaV\[( <V[NYYf& aUR NbaU\_` `U\bYQ ]_\cVQR N[ \]aV\[ a\ Q\d[Y\NQ aUR _R`bYa` N[Q N[ \]aV\[NY

cV`bNYVgNaV\[ \S aUR UVTU'NaaR[aV\[ OV[QV[T _RTV\[(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg i]dj\]i[ja XdbbZcih* OZ Vedad\^oZ i]Vi djg lZW hZgkZg XjggZcian ji^a^oZh V Y^\)

^iVa BI gVi]Zg i]Vc V YdbV^c cVbZ( l]^X] bVn YZigVXi [gdb ^ih eZgXZ^kZY [dgbVa^in* OZ ]VkZ dWiV^cZY V YdbV^c cVbZ Vi

ISSP3((VVV'BJCJO&LBC'DOM3.).)( [dg djg hZgkZg id Zc]VcXZ ^ih XgZY^W^a^in VcY ZVhZ d[ VXXZhh* L]Zc( lZ ]VkZ [daadlZY ndjg

XdbbZcih id ^beaZbZci V ]Zae lZWeV\Z( l]^X] ^h cdl a^c`ZY ^c i]Z ]ZVY^c\ hZXi^dc d[ i]Z lZWh^iZ( egdk^Y^c\ ^chigjXi^dch VcY

ediZci^Va Wj\ egZk^Zlh* Bih hXgZZch]di ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

Ld ^begdkZ i]Z heZZY VcY i]Z YdlcadVY egdXZhh d[ i]Z gZhjaih( lZ ]VkZ gZeaVXZY i]Z egZk^djh hZgkZg l^i] V bdgZ VYkVcXZY dcZ(

gZhjai^c\ ^c Zc]VcXZY egdXZhh^c\ heZZY VcY Z[!X^ZcXn* ?jgi]ZgbdgZ( i]Z gZhjaih l^aa WZ hZci id jhZgh k^V ZbV^ah( Vaadl^c\ jhZgh

id VXXZhh i]Z egZY^XiZY gZhjaih VcY i]Z k^hjVa^oVi^dc d[ i]Z ]^\])ViiZci^dc W^cY^c\ gZ\^dc*
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Fig. 1. L[X aXj_l WXiX_bcXW [X_c*jXUcTZX+
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Fig. 2. L[X aXj_l WXiX_bcXW [X_c*jXUcTZX+
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Reviewer #2:

L]^h bVcjhXg^ei Wn R]j Zi Va* egZhZcih A=JGZi( V cZl YZZe aZVgc^c\)WVhZY VeegdVX] id egZY^Xi YncVb^X JG: W^cY^c\ egd)

iZ^c &J;I' ^c Y^[[ZgZci XZaajaVg XdciZmih* L]Z bV^c XdbedcZcih d[ i]Z A=JGZi e^eZa^cZ Xdch^hi d[ ^' i]Z \ZcZgVi^dc d[ ^ceji

bjai^)hdjgXZ ^c[dgbVi^dc Wn X]VgVXiZg^o^c\ JG: hZfjZcXZ VcY higjXijgZ egd!aZh jh^c\ ;>JL VcY i]Z ^XKA:I>( gZheZXi^kZan(

^^' i]Z jc^!ZY Va^\cbZci d[ i]Z hZfjZcXZ VcY higjXijgZ [ZVijgZ gZegZhZciVi^dc bVeh( VcY ^^^' ZmigVXi^dc( egZY^Xi^dc( VcY hXdg^c\

id YZiZgb^cZ i]Z egdb^cZci cjXaZdi^YZ id`Zch VcY JG:)egdiZ^c ^ciZgVXi^dch jh^c\ i]Z ]^ZgVgX]^XVa bjai^)hXVaZ gZh^YjVa cZildg`

&AFJG' VcY i]Z YZZe egdiZ^c)JG: W^cY^c\ egZY^Xidg &=IJ;I'* ;n XdbeVg^c\ !kZ WVhZa^cZ bZi]dYh &Ig^hbGZi( =FKD(

^=ZZe( =ZZe;^cY VcY @gVe]egdi' VcY hjWhZfjZci ZkVajVi^dch( i]Z Vji]dgh YZbdchigViZ i]Z gdWjhicZhh VcY WZiiZg eZg[dgbVcXZ

d[ i]Z egdedhZY A=JGZi e^eZa^cZ* FdgZdkZg( A=JGZi ^h ZbeadnZY id gZkZVa i]Z gZaVi^dch]^e WZilZZc L=I)0/ W^cY^c\ egde)

Zgi^Zh VcY Y^hZVhZ)gZaViZY \ZcZi^X kVg^Vcih* L]Z VeegdVX] VcY gZhjaih ^cigdYjXZY Wn i]^h hijYn l^aa WZ kVajVWaZ [dg i]Z JG: VcY

gZaViZY gZhZVgX] Xdbbjc^in* AdlZkZg( V gZk^h^dc l^aa WZ gZfj^gZY id [jgi]Zg XaVg^[n i]Z `Zn VcVanhZh VcY YViV ^ciZgegZiVi^dc id

WZiiZg ^aajhigViZ i]Z [jcXi^dc VcY jhV\Z d[ i]Z A=JGZi e^eZa^cZ*

?FRPONRF6 OZ ldjaY a^`Z id i]Vc` ndj [dg ndjg ^ch^\]i[ja VcY ]Zae[ja XdbbZcih* ?dg i]Z eVhi 0 bdci]h( lZ ]VkZ Yjan [da)

adlZY ndjg XdbbZcih VcY hj\\Zhi^dch id XVgZ[jaan VYYgZhh Vaa i]Z gV^hZY XdcXZgch Vh ZaVWdgViZY ^c i]Z [daadl^c\ gZhedchZh* Bc

eVgi^XjaVg( lZ ldjaY a^`Z id i]Vc` ndj [dg ndjg XdchigjXi^kZ XdbbZcih i]Vi ZcVWaZY jh id ^begdkZ djg bVcjhXg^ei ^c cjbZgdjh

lVnh* L]Vc` ndj kZgn bjX] [dg ndjg egZX^djh i^bZ VcY `^cY ViiZci^dc*

-* JUf V` VPG>7E; ]V]RYV[R `]RPV!PNYYf b`RQ S\_ TR[R_NaV[T FC7 `a_bPab_R ]_\!YR`6 VPG>7E; ]N]R_` `U\bYQ OR _RSR_R[PRQ

]_\]R_Yf V[ aUR ZNV[ aRea( 7Y`\& Va d\bYQ OR URY]SbY S\_ NbaU\_` a\ P\Z]N_R N[Q QV`Pb`` VPG>7E; N[Q \aUR_ ZRaU\Q` $R(T(&

VPG>7E;'BNE& :BG'`R^ N[Q _RYNaRQ%( JVYY V[aRT_NaV[T FC7 `a_bPab_R V[S\_ZNaV\[ S_\Z QVSSR_R[a ZRaU\Q` Sb_aUR_ VZ]_\cR aUR

]R_S\_ZN[PR \S >:FCRa6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg ^ch^\]i[ja XdbbZcih* OZ XVgZ[jaan Xdch^YZgZY bjai^eaZ [VXidgh l]Zc hZaZXi^c\ ^X)

KA:I>* HcZ d[ i]Z eg^bVgn gZVhdch ^h i]Vi i]Z ^XKA:I> &-1' e^eZa^cZ Vaadlh [dg i]Z \ZcZgVi^dc d[ JG: higjXijgZ egd!aZh(

egdk^Y^c\ ^ch^\]ih ^cid i]Z YncVb^X cVijgZ d[ JG: higjXijgZ VXgdhh i]Z Zci^gZ igVchXg^eidbZ [gdb V[ cVc\ ZmeZg^bZcih( ZcVWa^c\

i]Z \adWVa VcY VXXjgViZ X]VgVXiZg^oVi^dc d[ i]Z gZaVi^dch]^e WZilZZc JG: higjXijgZ VcY JG: W^cY^c\ egdiZ^c &J;I' ^ciZgVXi^dch

&-2( -3'* L]^h ^h ZhhZci^Va [dg i]Z YZh^\c d[ djg egZY^Xi^kZ bdYZah( Vh i]Z JG:)egdiZ^c ^ciZgVXi^dch lZ VgZ ign^c\ id egZY^Xi VgZ

[jcYVbZciVaan V[[ZXiZY Wn i]ZhZ higjXijgVa [ZVijgZh* :h hjX]( djg cZZY [dg ZcXVehjaVi^c\ i]ZhZ ZaZbZcih cVijgVaan aZY jh idlVgYh

^XKA:I>*

Bc eVgi^XjaVg( ^XKA:I> ^h V X]Zb^XVa bdY^!XVi^dc)WVhZY VeegdVX] l]^X] ^h `cdlc [dg egdk^Y^c\ i]Z cVijgVa gZ"ZXi^dc dc JG:

[daY^c\ &-4'* EVhian( Vcdi]Zg `Zn [VXidg ^c djg hZaZXi^dc d[ ^XKA:I> ^h ^ih l^YZhegZVY VXXZeiVcXZ VcY jhV\Z l^i]^c i]Z gZhZVgX]

Xdbbjc^in &-2( -3'* L]^h idda ]Vh \VgcZgZY h^\c^!XVci hjeedgi VcY ^h WVX`ZY Wn ]^\])fjVa^in YViV* L]Z VkV^aVW^a^in VcY fjVa^in

d[ i]ZhZ YViV( XdbW^cZY l^i] ^XKA:I>%h lZaa)YdXjbZciZY igVX` gZXdgY( Xdck^cXZY jh d[ i]Z idda%h hj^iVW^a^in [dg djg Veea^XV)

i^dc VcY higZc\i]ZcZY djg X]d^XZ &-1'* Bc VYY^i^dc( lZ gZXd\c^oZ i]Z ^bedgiVcXZ d[ VX`cdlaZY\^c\ VcY egdeZgan gZ[ZgZcX^c\

i]Z [djcYVi^dcVa ldg`h i]Vi jcYZge^c djg gZhZVgX]* OZ ]VkZ Veegdeg^ViZan X^iZY i]Z gZaZkVci ^XKA:I> eVeZgh l^i] 0 X^iVi^dch

&-1s-4' ^c djg gZk^hZY bVcjhXg^ei*
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FZVcl]^aZ( id VYYgZhh ndjg hZXdcY XdbbZci( lZ ]VkZ [daadlZY ndjg XdbbZci id XdcYjXi Vc ZmeZg^bZci id ZmeadgZ di]Zg JG:

hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZah ^cXajY^c\ JG:[daY &-' VcY ild di]Zg V['cVc\ hZXdcYVgn higjXijgVa X]VgVXiZg^oVi^dc

bZi]dYh6 =FK)hZf &.' VcY =FK)FVIKZf &/'* Bi ^h ldgi] cdi^c\ i]Vi lZ ZmXajYZY ^XKA:I>)FVI [gdb djg XdbeVg^hdc \gdje(

Vh ^i ^h heZX^!XVaan YZh^\cZY [dg hbVaa JG: VcY YdZh cdi egdk^YZ JG: hZXdcYVgn higjXijgZ ^c[dgbVi^dc l^i] hj[!X^Zci aZc\i]

XdkZgV\Z &-5'* L]ZgZ[dgZ( ^i lVh cdi hj^iVWaZ [dg djg J;I YViVhZih* Bc VYY^i^dc( lZ YZX^YZY id ^cXajYZ =FK)FVIhZf YViV( Vc

ZkdakZY kZgh^dc d[ =FK)hZf( ^c djg VcVanh^h* =FK)FVIhZf ]Vh egdkZc id WZ ]^\]an Z[[ZXi^kZ ^c \ZcdbZ)l^YZ VcY iVg\ZiZY

JG: higjXijgZ egdW^c\( i]ZgZWn egdk^Y^c\ V WgdVY VcY XdbegZ]Zch^kZ aVcYhXVeZ d[ JG: higjXijgZh &/'* ?^cVaan( lZ XdbeVgZY

VcY Y^hXjhhZY ^XKA:I> VcY di]Zg JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bZi]dYh &JG:[daY( =FK)hZf( VcY =FK)FVIKZf'

^c djg A=JGZi bdYZa id YZbdchigViZ ^ih Z[[ZXi^kZcZhh*

@TPPLFMFNSBQX =OSF +3 6OMPBQJNH JD@:4>8 VJSI OSIFQ JN UJUO BNE DOMPTSBSJONBLLX PQFEJDSFE RFDONEBQX RSQTDSTQF

PQO!LFR

Ld YZbdchigViZ i]Z Z[[ZXi^kZcZhh d[ ^XKA:I> ^c djg A=JGZi bdYZa [jgi]Zg( lZ XdcYjXiZY Vc ZmeZg^bZci id XdbeVgZ ^XKA:I>

l^i] di]Zg JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZah( cVbZan JG:[daY &-' VcY ild ^c)k^kd hZXdcYVgn higjXijgVa X]VgVX)

iZg^oVi^dc bZi]dYh6 =FK)hZf &.' VcY =FK)FVIKZf &/'* Ld ZchjgZ V [V^g XdbeVg^hdc( lZ `Zei Vaa di]Zg bdYjaZh d[ A=JGZi(

hjWhi^iji^c\ dcan ^XKA:I> l^i] i]Z higjXijgVa [ZVijgZh YZg^kZY [gdb i]Z XdbeVgVi^kZ bZi]dYh* L]Z ZmeZg^bZciVa gZhjaih VgZ

hjbbVg^oZY ^c @TPPLFMFNSBQX 9JH' +* :h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' +B( i]Z A=JGZi bdYZa l^i] ^XKA:I> [dg

higjXijgVa gZegZhZciVi^dc djieZg[dgbZY A=JGZi bdYZah l^i] di]Zg higjXijgVa [ZVijgZh ^c ^YZci^[n^c\ egdiZ^c)JG: ^ciZgVXi^dch*

OZ heZXjaViZ i]Vi XdbejiVi^dcVaan egZY^XiZY hZXdcYVgn higjXijgZh XdjaY WZ dWhdaZiZ VcY ]ZcXZ egdcZ id Vgi^[VXih* Bc XdcigVhi(

^c)k^kd hZXdcYVgn higjXijgZ hXdgZh( gZegZhZci^c\ i]Z egdWVW^a^i^Zh d[ cjXaZdi^YZ eV^g^c\( XdjaY ediZci^Vaan d[[Zg g^X] higjXijgVa

^c[dgbVi^dc* LV`^c\ i]Z KELF egdiZ^c YViVhZi [gdb D12. XZaah Vh Vc ZmVbeaZ( lZ hjWhZfjZcian ji^a^oZY i)KG> id k^hjVa^oZ i]Z

ZbWZYY^c\ gZegZhZciVi^dc d[ A=JGZi l^i] kVg^djh higjXijgVa ^c[dgbVi^dc* :h ^aajhigViZY ^c @TPPLFMFNSBQX 9JH' +C( ^XKA:I>

YZbdchigViZY V Y^hi^cXi Y^k^h^dc WZilZZc edh^i^kZ VcY cZ\Vi^kZ hVbeaZh( l^i] ZVX] \gdje XaZVgan h^ijViZY dc deedh^iZ h^YZh*

AdlZkZg( [dg =FK)hZf VcY =FK)FVIhZf( edh^i^kZ VcY cZ\Vi^kZ hVbeaZh VgZ Xdch^YZgVWan dkZgaVeeZY WZilZZc i]Z XajhiZgh(

l]ZgZVh i]Z eZg[dgbVcXZ d[ JG:[daY lVh YZZbZY hjWdei^bVa YjZ id ^chj[!X^Zci hVbeaZ hZeVgVi^dc*

@TPPLFMFNSBQX 9JH' +D egdk^YZh V k^hjVa gZegZhZciVi^dc d[ i]Z ]^\])ViiZci^dc W^cY^c\ gZ\^dch ^YZci^!ZY Wn Y^[[ZgZci JG:

hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZah* GdiVWan( ^XKA:I> VcY JG:[daY( l]Zc jhZY Vh i]Z higjXijgVa [ZVijgZh l^i]^c i]Z

A=JGZi bdYZa( hjXXZhh[jaan XVeijgZY Xdci^cjdjh ]^\])ViiZci^dc gZ\^dch* <dckZghZan( =FK)hZf VcY =FK)FVIhZf Zm]^W^iZY

V Xdch^YZgVWaZ cjbWZg d[ b^hh^c\ edh^i^dch( gZhjai^c\ ^c V aVX` d[ Xdci^cj^in ^c i]Z gZ\^dch i]Zn ^YZci^[n* FdgZdkZg( i]Z JG:

bdYZah l^i] i]dhZ hZXdcYVgn higjXijgZ [ZVijgZh Zm]^W^i h^\c^!XVci Y^[[ZgZcXZh7 [dg ^chiVcXZ( ^XKA:I> XdjaY egZY^Xi JG: bdY)

Zah l^i] \gZViZg higjXijgVa ]ZiZgd\ZcZ^in VcY V ]^\]Zg cjbWZg d[ cjXaZdi^YZ eV^g^c\h* <dckZghZan( JG:[daY higjXijgZh gZhZbWaZY

i]dhZ XdchigV^cZY jh^c\ =FK)FVIhZf( hj\\Zhi^c\ i]Vi i]Z eZg[dgbVcXZ d[ =FK)FVIhZf ^c higjXijgZ egZY^Xi^dc bVn WZ kjacZg)

VWaZ id d[ b^hh^c\ edh^i^dch* Hc i]^h WVh^h( lZ XVc XdcXajYZ i]Vi i]ZhZ VcVanhZh cdi dcan ]^\]a^\]i i]Z Z[[ZXi^kZcZhh d[ ^XKA:I>

[ZVijgZh Wji Vahd jcYZghXdgZh ediZci^Va a^b^iVi^dch* K^cXZ i]Z VXfj^h^i^dc d[ ^XKA:I> YViV gZa^Zh dc hZfjZcX^c\ ZmeZg^bZcih(

JG:[daY dg di]Zg hZXdcYVgn higjXijgZ egZY^Xi^dc Va\dg^i]bh bVn hZgkZ Vh hj^iVWaZ VaiZgcVi^kZh [dg egZY^Xi^dc iVh`h* L]ZhZ dW)

hZgkVi^dch Zbe]Vh^oZ i]Z ^bedgiVcXZ d[ XVgZ[jaan hZaZXi^c\ i]Z bdhi Veegdeg^ViZ JG: hZXdcYVgn higjXijgZ gZegZhZciVi^dc bdYZa
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WVhZY dc i]Z heZX^!X gZfj^gZbZcih d[ i]Z iVh` Vi ]VcY*

OZ Vahd XdcYjXiZY [jgi]Zg ZmeZg^bZcih id ^ckZhi^\ViZ VcY XdbeVgZ i]Z eZg[dgbVcXZ d[ A=JGZi Wn ^ciZ\gVi^c\ JG: higjXijgZ

^c[dgbVi^dc [gdb Y^[[ZgZci bZi]dYh* KeZX^!XVaan( lZ ZmeadgZY bjai^eaZ hZXdcYVgn higjXijgZ [ZVijgZh dWiV^cZY [gdb Y^[[ZgZci

bZi]dYh VcY i]Zc ZbeadnZY V XdcXViZcVi^dc higViZ\n id ^ciZ\gViZ ^i ^cid i]Z A=JGZi bdYZa* :h YZbdchigViZY ^c @TPPLFMFN&

SBQX 9JH' ,( djg dWhZgkVi^dch ^cY^XViZ i]Vi i]Z eZg[dgbVcXZ d[ A=JGZi lVh cdi [jgi]Zg ^begdkZY Wji ha^\]ian YZXgZVhZY Wn

^ciZ\gVi^c\ di]Zg hZXdcYVgn higjXijgZ [ZVijgZh* L]^h dWhZgkVi^dc ^cY^XViZh i]Vi i]dhZ ^c k^kd hZXdcYVgn higjXijgZ ^c[dgbVi^dc

egdk^YZh V bdgZ VXXjgViZ YZe^Xi^dc d[ i]Z JG: Zck^gdcbZci i]Vc i]Z XdbejiVi^dcVaan egZY^XiZY hZXdcYVgn higjXijgZ ^c[dgbV)

i^dc &JG:[daY'( i]jh Zchjg^c\ i]Z eZg[dgbVcXZ d[ A=JGZi* L]ZhZ gZhjaih hjeedgi i]Z gZa^VW^a^in d[ A=JGZi VcY hj\\Zhi i]Vi

i]Z dg^\^cVa A=JGZi ^h hj[!X^Zcian gdWjhi Vh V hiVcYVadcZ bdYZa*

0.87

0.88

Supplementary Fig. 3. 9U_Tg\ba Vb`cTe\fba eXfh_gf bY \agXZeTg\aZ JF9 fgehVgheX \aYbe`Tg\ba Yeb` W\YYXeXag `Xg[bWf+ Ag VTa UX bUfXeiXW g[Tg Vb`U\a\aZ bg[Xe YXTgheXf W\Wa%g

Yheg[Xe \`cebiX g[X cXeYbe`TaVX bY @<JFXg+

.* 7_R aUR_R `bO'T_\b]` \S OV[QV[T RcR[a` aUNa N_R ORaaR_ PUN_NPaR_VgRQ Of >:FCRa $R(T(& UVTU c` Y\d 7I9 `P\_R`% \_ VZ]_\cRQ

Na QVSSR_R[a YRcRY` Of aUR [RdYf QRcRY\]RQ >:FCRa c` \aUR_ ZRaU\Q` $R(T(& E_V`ZCRa%6 JUNa N_R aUR SRNab_R` N``\PVNaRQ dVaU

aUR`R `bO'T_\b]` $R(T(& `a_bPab_NY P\Z]YReVaf \_ P\[aRea cN_VNaV\[`%6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z XdchigjXi^kZ hj\\Zhi^dch* QZh( i]ZgZ Zm^hih hjW)\gdjeh d[ W^cY^c\ ZkZcih i]Vi VgZ WZiiZg

X]VgVXiZg^oZY Wn A=JGZi &Z*\*( ]^\] kh adl :M< hXdgZh' dg ^begdkZY Vi Y^[[ZgZci aZkZah Wn i]Z cZlan YZkZadeZY A=JGZi kh

di]Zg bZi]dYh &Z*\* Ig^hbGZi'*

Bc i]^h eVgi( lZ XdcYjXiZY V XdbeVg^hdc WZilZZc A=JGZi VcY Ig^hbGZi( [dXjh^c\ dc i]Z^g eZg[dgbVcXZ VXgdhh kVg^djh XZaa
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a^cZh( VcY i]Z YZiV^aZY gZhjaih d[ i]^h XdbeVg^hdc VgZ egZhZciZY ^c @TPPLFMFNSBQX 9JH' 0B* :h YZbdchigViZY ^c i]^h !\jgZ( lZ

XVc dWhZgkZ i]Vi A=JGZi lVh Xdch^hiZcian hjeZg^dg id Ig^hbGZi ^c Vaa XZaa a^cZh ZkVajViZY( l^i] h^\c^!XVci Zc]VcXZbZci dW)

hZgkZY ^c A>D.5/( AZe@.( VcY D12. XZaah* Ld ^ckZhi^\ViZ ^i( lZ hZaZXiZY YViVhZih [gdb i]ZhZ i]gZZ XZaa a^cZh ^c l]^X] A=JGZi

lVh Vi aZVhi 1$ WZiiZg i]Vc Ig^hbGZi* OZ i]Zc VcVanoZY i]Z eZg[dgbVcXZ \Ve WZilZZc i]Z egdedhZY A=JGZi VcY Ig^hbGZi

bdYZah [dg i]ZhZ YViVhZih( Vh YZbdchigViZY ^c @TPPLFMFNSBQX 9JH' 0C* OZ [djcY i]Vi A=JGZi h]dlZY V bdgZ h^\c^!XVci

eZg[dgbVcXZ ^begdkZbZci ^c egZY^Xi^c\ bjai^eaZ YViVhZih ^c A>D.5/ XZaa a^cZ* ?dg ^aajhigVi^dc ejgedhZ( lZ [jgi]Zg ZmeadgZY

i]dhZ J;Ih ^c A>D.5/ XZaa a^cZh* Ld ZmeadgZ i]Z^g gZaVi^dch]^eh( lZ ]VkZ bVeeZY i]ZhZ J;Ih ^cid KLJBG@ &.,' VcY i]Zc jhZY

i]Z i]Z FVg`dk <ajhiZg :a\dg^i]b &F<E' l^i] Vc ^c"Vi^dc gViZ d[ .*1 id XajhiZg i]Zb( Vh YZbdchigViZY ^c @TPPLFMFNSBQX 9JH'

0D* :h XVc WZ hZZc [gdb i]Z !\jgZ( J;Ih l^i] h^b^aVg W^dad\^XVa [jcXi^dch VgZ XajhiZgZY id\Zi]Zg( l]^aZ J;I YViVhZih Zm]^W^i)

^c\ h^\c^!XVci eZg[dgbVcXZ ^begdkZbZcih VgZ Xdch^hiZcian \gdjeZY ^cid i]Z hVbZ [jcXi^dcVa XajhiZgh( Z*\*( -1$ [dg ?FJ. VcY

-/$ [dg ?PJ-( ^c i]Z hjWXajhiZgh gZegZhZciZY Wn i]Z gZY cdYZh ]^\]a^\]iZY* FdgZdkZg( ^c i]^h XajhiZg( egZk^djh hijY^Zh ]VkZ

YZbdchigViZY i]Vi hZkZgVa J;Ih &Z*\*( ?PJ.( ?FJ-( EBG.4;' ]VkZ i]Z XdZmegZhh^dc ^c i]Z hVbZ i^hhjZh &.-'( l]^X] [jgi]Zg

^cY^XViZh i]Vi i]ZhZ J;Ih ^c i]Z XajhiZg bVn ]VkZ h^b^aVg XdciZmi dg higjXijgZh*

O^i] i]Z Y^hi^cXi hjW\gdjeh ^YZci^!ZY( lZ egdXZZYZY l^i] Vc VcVanh^h d[ i]Z higjXijgVa XdbeaZm^in d[ i]ZhZ J;Ih* Bc^i^Vaan(

lZ ji^a^oZY A=JGZi id hXVc i]Z J;I YViVhZih VcY ZmigVXiZY i]Z ]^\])ViiZci^dc 2)bZg [gV\bZcih i]Vi A=JGZi ^YZci^!ZY bdhi

[gZfjZcian* K^b^aVg id Ig^hbGZi( lZ i]Zc XVaXjaViZY i]Z higjXijgVa XdbeaZm^in d[ i]ZhZ 2)bZg [gV\bZcih( \ZcZgViZY i]Z IOF

bVig^m VcY gZegZhZciZY i]Z^g higjXijgVa bdi^[h l]ZgZ i]Z higjXijgZ XdbedcZci jh^c\ i]Z aVWZah pMq [dg jceV^gZY cjXaZdi^YZ VcY

pIq [dg eV^gZY* :h h]dlc ^c @TPPLFMFNSBQX 9JH' 0E( lZ dWhZgkZ i]Vi J;Ih ^c i]Z hVbZ hjW\gdje h]dl higjXijgVa h^b^aVg^i^Zh*

?dg ^chiVcXZ( i]Z hjW\gdje d[ GM=L.-( <IK?.( VcY <IK?0 Zm]^W^iZY V egZkVaZci egZ[ZgZcXZ [dg W^cY^c\ id eV^gZY higjXijgZh(

l]ZgZVh J;Ih ^c i]Z hjW\gdje XdciV^c^c\ EBG.4: YZbdchigViZY V ]^\]Zg iZcYZcXn id ^ciZgVXi l^i] XdbeaZm higjXijgZ [gV\)

bZcih* FZVcl]^aZ( i]Z W^cY^c\ gZ\^dc d[ ?;E jhjVaan YdZh cdi eV^g* L]ZhZ e]ZcdbZcV YZbdchigViZ i]Z ediZci^Va higjXijgVa

Y^[[ZgZcXZh WZilZZc Y^[[ZgZci hjW\gdjeh*

Ld ^ckZhi^\ViZ XdciZmi kVg^Vi^dch [jgi]Zg( lZ ZmeadgZY i]Z XdciZmi kVg^Vi^dch WZilZZc J;I XajhiZgh jh^c\ /)bZg VcVanh^h( iV^adgZY

id i]Z id`Zc^oVi^dc jhZY Wn djg YncVb^X \adWVa XdciZmijVa ZbWZYY^c\ VeegdVX]* Bc heZX^!X( lZ XVaXjaViZY i]Z gZaVi^kZ XdciZci

d[ ZVX] /)bZg id`Zc l^i]^c ZVX] J;I YViVhZi* KjWhZfjZcian( lZ ZbeadnZY ]^ZgVgX]^XVa XajhiZg^c\ id \gdje J;Ih WVhZY dc i]Z^g

/)bZg id`Zc XdciZci( i]ZgZWn Vhh^\c^c\ J;Ih l^i] h^b^aVg egd!aZh id i]Z hVbZ XajhiZg* :h h]dlc ^c @TPPLFMFNSBQX 9JH' 0F(

^i XVc WZ hZZc i]Vi i]Z gZhjaih VgZ ^c XadhZ V\gZZbZci l^i] i]Z XajhiZgh lZ dWiV^cZY i]gdj\] i]Z KLJBG@ YViVWVhZ7 [dg ^chiVcXZ(

J;Ih hjX] Vh ?FJ-( ?PJ.( EBG.4:( VcY EBG.4; lZgZ Xdch^hiZcian Vhh^\cZY id i]Z hVbZ XajhiZg( l]^aZ <IK?. VcY <IK?0

lZgZ ^c V Y^hi^cXi XajhiZg* L]ZhZ !cY^c\h [jgi]Zg hjeedgi i]Z cdi^dc i]Vi i]Z /)bZg id`Zc l^i] XdciZmijVa ^c[dgbVi^dc XVc hZgkZ

Vh Vc ^c[dgbVi^kZ [ZVijgZ id ^YZci^[n Y^[[ZgZci hjW)\gdjeh d[ J;Ih*

@TbeTa R[h n @<JFXg U\bJ!\i n .5





/* FRYNaRQ a\ ,%& <BF+ N[Q <KF, OV[QV[T `VaR VQR[aV!PNaV\[ R[UN[PRZR[a Of >:FCRa V` UVTUYVTUaRQ N` ReNZ]YR` V[ aUR ZNV[

aRea( ?` aUV` \[Yf \O`R_cRQ V[ >;@,3- PRYY` \_ NY`\ V[ \aUR_ PRYY`6 JUNa N_R aUR `]RPV!P SRNab_R` N``\PVNaRQ dVaU <BF+ N[Q

<KF,6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z XdchigjXi^kZ XdbbZcih* :XXdgY^c\ id ndjg 6OMMFNSR +( lZ dWhZgkZ i]Vi A=JGZi

djieZg[dgbZY Ig^hbGZi VXgdhh Y^[[ZgZci XZaa a^cZh* Bc eVgi^XjaVg( A=JGZi%h hjeZg^dg^in ^h cdi Xdc!cZY id A>D.5/ XZaah VadcZ7

^i Vahd YZbdchigViZh ZmXZaaZci eZg[dgbVcXZ ^c AZe@. VcY D12. XZaah7 [dg ^chiVcXZ( ^c i]Z ?FJ- YViVhZi d[ i]Z D12. XZaa a^cZ(

i]Z eZg[dgbVcXZ d[ A=JGZi ^begdkZY Wn 1$( VcY ^c i]Z ?PJ. YViVhZi d[ D12. VcY AZe@. XZaa a^cZh( i]Z eZg[dgbVcXZ d[

A=JGZi lVh WddhiZY Wn 2$ VcY .$( gZheZXi^kZan* Ld [jgi]Zg ZmeadgZ i]Z ediZci^Va X]VgVXiZg^hi^Xh d[ ?FJ- VcY ?PJ.( lZ Vahd

XdcYjXiZY VYY^i^dcVa ZmeadgVi^dch ^cid ?FJ- VcY ?PJ. id ZajX^YViZ i]Z heZX^!X [ZVijgZh VhhdX^ViZY l^i] i]Zb*

<dch^YZg^c\ i]Z ^cig^ch^X egdeZgi^Zh d[ ?FJ- VcY ?PJ. egdiZ^ch( Vh egZk^djhan bZci^dcZY( Wdi] ?FJ- VcY ?PJ. VgZ bZbWZgh

d[ i]Z [gV\^aZ P bZciVa gZiVgYVi^dc egdiZ^c &?FJI' [Vb^an VcY VgZ Xd)ZmegZhhZY ^c i]Z XnideaVhb d[ heZX^!X Y^[[ZgZci^ViZY

cZjgdch &..'* =Zhe^iZ WZ^c\ ZcXdYZY Wn Y^[[ZgZci \ZcZh adXViZY dc X]gdbdhdbZ P VcY X]gdbdhdbZ -3( ?FJ- VcY ?PJ.

h]VgZ Xdch^YZgVWaZ h^b^aVg^in( l^i] 2,$ hZfjZcXZ ^YZci^in* FdgZdkZg( i]Zn Y^heaVn dkZgaVee^c\ i^hhjZ Y^hig^Wji^dc VcY ]VkZ

WZZc [djcY id ^ciZgVXi V[ cVc\ &./'* :YY^i^dcVaan( ?FJI egdiZ^ch Zm]^W^i hjWhiVci^Va [jcXi^dcVa dkZgaVe ^c iZgbh d[ igVchaVi^dcVa

gZ\jaVi^dc VcY JG:)W^cY^c\ heZX^!X^in &.0'( hj\\Zhi^c\ [jcXi^dcVa ]dbdad\n WZilZZc ?FJ- VcY ?PJ. &.1'*

?jgi]ZgbdgZ( lZ ^ckZhi^\ViZY i]Z ediZci^Va egdeZgi^Zh d[ ?FJ- VcY ?PJ. ^c i]Z XdciZmi d[ J;I W^cY^c\ bdi^[h* ?^ghian(

lZ [dXjhZY dc i]Z 2)bZg Y^hig^Wji^dc d[ i]Z W^cY^c\ h^iZh d[ ?FJ- VcY ?PJ. VXgdhh Y^[[ZgZci XZaa a^cZh* :h YZiV^aZY ^c

@TPPLFMFNSBQX 9JH' 1B( lZ ^YZci^!ZY i]Z ide iZc 2)bZgh l^i] i]Z ]^\]Zhi Zcg^X]bZci ^c ZVX] YViVhZi* GdiVWan( i]Z XdciZci

d[ i]ZhZ 2)bZgh YZbdchigViZY gZbVg`VWaZ h^b^aVg^i^Zh( l^i] <:@<:@ WZ^c\ ]^\]an gZegZhZciZY VXgdhh YViVhZih* FdgZdkZg( V

egZYdb^cVcXZ d[ :@ dg <M@ XdbedcZcih l^i]^c i]ZhZ 2)bZgh lVh cdiZY( hj\\Zhi^c\ ediZci^Va gdaZh d[ :@ VcY <M@ ^c i]Z

W^cY^c\ YdbV^ch d[ ?FJ- VcY ?PJ.*

Ld [jgi]Zg ^ckZhi^\ViZ i]Z W^cY^c\ X]VgVXiZg^hi^Xh d[ ?FJ- VcY ?PJ.( lZ Veea^ZY A=JGZi id hXVc i]ZhZ YViVhZih VcY iVWjaViZY

i]Z 2)bZg id`Zch l^i] i]Z bVm^bjb ViiZci^dc hXdgZ ^c ZVX] hZfjZcXZ* L]Z ide iZc ]^\])ViiZci^dc 2)bZgh( bdhi [gZfjZcian

^YZci^!ZY Wn A=JGZi( VgZ YZe^XiZY ^c @TPPLFMFNSBQX 9JH' 1C* L]^h VcVanh^h gZkZVaZY V XdchZchjh ]^\])ViiZci^dc 2)bZg(

<:L@@:( ^c ?FJ- YViVhZih( l]^aZ <L@<L@ lVh Xdch^hiZcian [djcY VXgdhh ?PJ. YViVhZih* GdiZldgi]n dWhZgkVi^dch ^cXajYZ

i]Z egZhZcXZ d[ :@::@: ^c i]Z ?FJ- YViVhZi VcY ::@::@ ^c i]Z ?PJ. YViVhZi( XdggdWdgVi^c\ i]Z W^cY^c\ bdi^[ egZk^djhan

hj\\ZhiZY ^c &.2'* ?dg V bdgZ egZX^hZ k^hjVa^oVi^dc d[ W^cY^c\ egdeZgi^Zh( hVa^Zci gZ\^dch "V\\ZY Wn A=JGZi VgZ YZe^XiZY ^c

@TPPLFMFNSBQX 9JH' 1D( l]ZgZ :@)g^X] VcY <M@)g^X] gZ\^dch VgZ ]^\]a^\]iZY l^i]^c ?FJ- VcY ?PJ. YViVhZih gZheZXi^kZan*

BciZgZhi^c\an( l^i]^c i]Z ?FJ-UA>D.5/ YViVhZi( A=JGZi VXXZcijViZY i]Z @@: hZ\bZci( ^c he^iZ d[ i]Z egdb^cZcXZ d[ i]Z

<:L@@: 2)bZg* K^bjaiVcZdjhan( ^c i]Z ?PJ.UAZe@. YViVhZi( Vadc\ l^i] i]Z jcYZga^cZY <M@ gZ\^dc( A=JGZi Y^hXZgcZY

i]Z ::@::@ bdi^[* <dggZhedcY^c\an( i]Z ViiZci^dc Y^hig^Wji^dc YZg^kZY [gdb i]Z YncVb^X \adWVa XdciZmijVa gZegZhZciVi^dc

bdYZa [jgi]Zg ]^\]a^\]iZY i]Z :@)g^X] gZ\^dch( Vh YZe^XiZY ^c @TPPLFMFNSBQX 9JH' 1E( l]ZgZ i]Z Xdchi^ijZci id`Zch Xdbeg^hZ

:@::@:( Xd^cX^Y^c\ l^i] i]Z bdi^[ lZ egZk^djhan ^YZci^!ZY* L]^h YZbdchigViZh i]Z egZ[ZgZci^Va [dXjh d[ A=JGZi dc i]Z

gZ\^dch Zcg^X]ZY l^i] :@( hj\\Zhi^c\ V ediZci^Vaan h^\c^!XVci gdaZ d[ i]ZhZ :@)g^X] gZ\^dch ^c i]Z JG: W^cY^c\ egdXZhh d[

@TbeTa R[h n @<JFXg U\bJ!\i n /-



?FJ- VcY ?PJ.*

(a)
FMR1_K562 FMR1_HEK293 FXR2_K562 FXR2_HepG2 FXR2_HEK293FMR1_K562 FMR1_HEK293 FXR2_K562 FXR2_HepG2 FXR2_HEK293

(b)

(d)(c)

FMR1_K562 FMR1_HEK293 FXR2_K562 FXR2_HepG2 FXR2_HEK293

FMR1_K562
ENST00000342160: 12582-12682

FMR1_HEK293
ENST00000425762: 464-564

FXR2_K562
ENST00000571617: 50-150

FXR2_HepG2
ENST00000233242: 12250-12350

FXR2_HEK293
ENST00000357736: 1952-2052

FXR2_HepG2
ENST00000233242: 12297-12315

Supplementary Fig. 8. &T' :Te V[Teg bY 3*`Xe VbagXagf Ybe >EJ. TaW >PJ/ TVebff W\YYXeXag VX__ _\aXf+ &U' KgTg\fg\Vf bY g[X `bfg f\Za\!VTag 3*`Xe eXZ\baf \WXag\!XW Ul @<JFXg

ba g[X >EJ. TaW >PJ/ WTgTfXgf+ &V' N\fhT_\mTg\ba bY g[X fT_\Xag `Tc WXgXVgXW Ul @<JFXg) [\Z[_\Z[g\aZ fcXV\!V U\aW\aZ eXZ\baf j\g[\a g[X >EJ. TaW >PJ/ WTgTfXgf+ &W'

N\fhT_\mTg\ba bY TggXag\ba W\fge\Uhg\ba hf\aZ WlaT`\V Z_bUT_ VbagXkghT_ X`UXWW\aZ) j\g[ TggXag\ba VbaVXageTgXW \a 9,?*e\V[ eXZ\baf+

0* >\d Q\R` >:FCRa ]R_S\_Z S\_ F8E` dVaU UVTU N[Q Y\d Re]_R``V\[ YRcRY` N[Q S\_ aN_TRa FC7 RcR[a` dVaU UVTU N[Q Y\d

Re]_R``V\[ YRcRY` V[ QVSSR_R[a PRYYbYN_ P\[aRea`6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg ^ch^\]i[ja XdbbZcih* Ld VYYgZhh ndjg XdbbZcih( lZ ]VkZ XdcYjXiZY ild VYY^i^dcVa

VcVanhZh6 &-' ?^ghian( id ZkVajViZ i]Z Z[[ZXi^kZcZhh d[ A=JGZi VXgdhh kVg^djh ZmegZhh^dc aZkZah d[ J;Ih ^c Wdi] i]Z hVbZ

VcY Y^[[ZgZci XZaajaVg XdciZmi( lZ dWiV^cZY i]Z ZmegZhh^dc aZkZah d[ J;Ih ^c AZe@. VcY D12. XZaa a^cZh [gdb i]Z gZ[ZgZcXZ

&.3' ejWa^h]ZY ^c CNab_R( l]^X] egdk^YZh V XdbegZ]Zch^kZ XdaaZXi^dc d[ ]jbVc J;Ih ^c D12. VcY AZe@. XZaah [gdb i]Z

>cXnXadeZY^V d[ =G: >aZbZcih &>G<H=>' egd_ZXi e]VhZ BBB( ^cXajY^c\ i]Z ZmegZhh^dc aZkZah d[ J;Ih VXgdhh Y^[[ZgZci XZaa

a^cZh l^i]^c i]Z Z<EBI YViVhZi* :[iZg i]Vi( WVhZY dc i]ZhZ ZmegZhh^dc aZkZah( lZ Y^hXjhhZY i]Z eZg[dgbVcXZ d[ A=JGZi dc J;Ih

l^i] Wdi] ]^\] VcY adl ZmegZhh^dc aZkZah( l]ZgZ i]Z VkZgV\Z lVh hZi Vh i]Z i]gZh]daY WdgYZg* :YY^i^dcVaan( lZ [jgi]Zg kVa^YViZY

@TbeTa R[h n @<JFXg U\bJ!\i n /.



i]Z Z[[ZXi^kZcZhh d[ A=JGZi Wn ZmVb^c^c\ Y^[[ZgZci^Va J;Ih WZilZZc AZe@. VcY D12. XZaah7 &.' Ld ^ckZhi^\ViZ i]Z iVg\Zi

ZmegZhh^dc aZkZah d[ J;Ih( lZ ^YZci^!ZY J;Ih l^i] h^\c^!XVci Y^[[ZgZcXZh ^c iVg\Zi ZmegZhh^dc aZkZah V[iZg J;I `cdX`Ydlc

ZmeZg^bZcih* ;VhZY dc i]ZhZ J;Ih( lZ VcVanoZY i]Z eZg[dgbVcXZ d[ A=JGZi ^c XVeijg^c\ i]Z X]Vc\Zh ^c ZmegZhh^dc aZkZah d[

J;I iVg\Zih* L]Z heZX^!X VcVanh^h ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

Ld dWhZgkZ i]Z kVa^Y^in d[ A=JGZi VXgdhh kVg^djh ZmegZhh^dc aZkZah d[ J;Ih ^c Wdi] i]Z hVbZ VcY Y^[[ZgZci XZaajaVg XdciZmih(

lZ XdbeVgZY i]Z eZg[dgbVcXZ d[ A=JGZi l^i] WVhZa^cZ bZi]dYh hZeVgViZan dc D12. VcY AZe@. XZaa a^cZh* :h ^aajhigViZY ^c

@TPPLFMFNSBQX 9JH' 2B( lZ dWhZgkZY i]Vi A=JGZi Zm]^W^iZY hjeZg^dg hiVi^X egZY^Xi^dc eZg[dgbVcXZ [dg J;Ih l^i] kVgn^c\

ZmegZhh^dc aZkZah ^c Y^[[ZgZci XZaa a^cZh* ?jgi]ZgbdgZ( lZ cdiZY V ha^\]i ^begdkZbZci ^c A=JGZi%h eZg[dgbVcXZ dc J;Ih

l^i] ]^\]Zg ZmegZhh^dc aZkZah XdbeVgZY id i]dhZ l^i] adlZg ZmegZhh^dc aZkZah l^i]^c i]Z hVbZ XZaa a^cZ* FZVcl]^aZ( id [jgi]Zg

^ckZhi^\ViZ i]Z gZaVi^dch]^e WZilZZc J;I ZmegZhh^dc aZkZah VcY i]Z eZg[dgbVcXZ d[ A=JGZi( lZ XVaXjaViZY i]Z^g XdggZaVi^dc* :h

YZe^XiZY ^c @TPPLFMFNSBQX 9JH' 2C( lZ [djcY V lZV` edh^i^kZ XdggZaVi^dc WZilZZc i]Z eZg[dgbVcXZ d[ A=JGZi( Vh bZVhjgZY

Wn bZig^Xh hjX] Vh i]Z :M< VcY J;I ZmegZhh^dc aZkZah( hj\\Zhi^c\ i]Vi i]Z W^cY^c\ h^iZh d[ J;Ih l^i] ]^\]Zg ZmegZhh^dc aZkZah

lZgZ bdgZ a^`Zan id WZ VXXjgViZan gZXd\c^oZY Wn A=JGZi*

L]Zc( lZ VcVanoZY i]Z gZaVi^dch]^e WZilZZc i]Z eZg[dgbVcXZ d[ A=JGZi VcY J;I ZmegZhh^dc aZkZah [gdb i]Z eZgheZXi^kZ d[

YncVb^X egZY^Xi^dc* :h YZbdchigViZY ^c @TPPLFMFNSBQX 9JH' 2D( lZ !ghi XdbejiZY i]Z XdggZaVi^dc d[ J;I ZmegZhh^dc aZkZah

^c i]Z D12. VcY AZe@. XZaa a^cZh* OZ [djcY V higdc\ edh^i^kZ XdggZaVi^dc WZilZZc i]Z J;I ZmegZhh^dc aZkZah ^c i]ZhZ ild XZaa

a^cZh( ^cY^XVi^c\ h^b^aVg J;I ZmegZhh^dc eViiZgch WZilZZc i]Zb* L]ZgZ[dgZ( lZ ZkVajViZY i]Z YncVb^X egZY^Xi^dc eZg[dgbVcXZ

d[ A=JGZi WVhZY dc i]ZhZ XViZ\dg^oVi^dch* :h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' 2E( Xdch^hiZci l^i] i]Z hiVi^X egZY^Xi^dc gZhjaih(

A=JGZi Zm]^W^iZY i]Z bdhi VXXjgViZ YncVb^X egZY^Xi^kZ eZg[dgbVcXZ [dg i]ZhZ J;Ih* AdlZkZg( ^i ^h ldgi] cdi^c\ i]Vi i]ZgZ

VgZ Y^[[ZgZci^Vaan ZmegZhhZY J;Ih WZilZZc i]Z ild XZaa a^cZh* Ld ^YZci^[n i]ZhZ Y^[[ZgZci^Vaan ZmegZhhZY J;Ih( lZ ZbeadnZY

i]Z =>KZf. eVX`V\Z( Vh YZhXg^WZY ^c i]Z gZ[ZgZcXZ &.3'* : idiVa d[ /1 J;Ih lZgZ ^YZci^!ZY( d[ l]^X] -1 lZgZ Y^[[ZgZci^Vaan

ZmegZhhZY J;Ih ^c D12. XZaah( VcY ., lZgZ Y^[[ZgZci^Vaan ZmegZhhZY J;Ih ^c AZe@. XZaah* @TPPLFMFNSBQX 9JH' 2F k^hjVa^oZh

i]Z eZg[dgbVcXZ d[ A=JGZi dc i]ZhZ Y^[[ZgZci^Vaan ZmegZhhZY J;Ih( Xdc!gb^c\ ^ih hjeZg^dg eZg[dgbVcXZ ^c Wdi] XVhZh* ;VhZY

dc i]ZhZ gZhjaih( lZ [jgi]Zg ^ckZhi^\ViZY l]Zi]Zg i]Z ZmegZhh^dc aZkZah d[ J;Ih ^c"jZcXZY i]Z YncVb^X egZY^Xi^dc eZg[dgbVcXZ

d[ A=JGZi* :h Y^heaVnZY ^c @TPPLFMFNSBQX 9JH' 2G( lZ dWhZgkZY i]Vi i]Z W^cY^c\ h^iZh d[ J;Ih l^i] ]^\]Zg ZmegZhh^dc aZkZah

lZgZ bdgZ ZVh^an ^YZci^!ZY Yjg^c\ i]Z YncVb^X egZY^Xi^dc egdXZhh*

Hc i]Z di]Zg ]VcY( lZ XdcYjXiZY [jgi]Zg VcVanh^h id ZkVajViZ i]Z eZg[dgbVcXZ d[ A=JGZi dc J;Ih l^i] Y^[[ZgZci iVg\Zi Zm)

egZhh^dc aZkZah* J;Ih eaVn V XgjX^Va gdaZ ^c gZ\jaVi^c\ \ZcZ ZmegZhh^dc Wn ^ciZgVXi^c\ l^i] JG: VcY [dgb^c\ g^WdcjXaZdegdiZ^c

XdbeaZmZh* AdlZkZg( i]Z >G<H=> egd_ZXi YViV &.3' [dg J;Ih ^c D12. VcY AZe@. XZaah YdZh cdi egdk^YZ ZmegZhh^dc kVajZh

[dg i]Z^g iVg\Zi JG:h( bV`^c\ ^i X]VaaZc\^c\ id Y^gZXian bZVhjgZ i]Z ]^\] VcY adl ZmegZhh^dc aZkZah d[ iVg\Zi JG: ZkZcih*

GZkZgi]ZaZhh( i]Zn ]VkZ ZbeadnZY JG: hZfjZcX^c\ V[iZg YZeaZi^c\ J;Ih jh^c\ h]dgi ]V^ge^c JG: &h]JG:' dg <JBKIJ

id ^ckZhi^\ViZ J;I iVg\Zi W^cY^c\ h^iZ [jcXi^dcVa^in VcY ZmVb^cZY ZmegZhh^dc aZkZa Y^[[ZgZcXZh WZ[dgZ VcY V[iZg `cdX`Ydlc

&.3'* Hc i]^h WVh^h( i]ZgZ VgZ 0 J;Ih ^cXajY^c\ ==/P/( ==P2( E:JI0 VcY J;F-1 i]Vi ]VkZ egZk^djhan WZZc ^YZci^!ZY Vh

JG: YZXVn [VXidgh* :[iZg J;I)`cdX`Ydlc ZmeZg^bZcih( i]Z^g iVg\Zi \ZcZh Zm]^W^iZY jegZ\jaVi^dc ^c heZX^!X XZaa XdcY^i^dch

&`cdX`Ydlc)^cXgZVhZY'( ^cY^XVi^c\ i]Vi i]ZhZ J;Ih VgZ VhhdX^ViZY l^i] adl ZmegZhh^dc aZkZah d[ i]Z^g iVg\Zi \ZcZh* K^b^aVgan(

i]ZgZ VgZ 2 J;Ih ^cXajY^c\ :D:I-( ==P11( :IH;></<( ?FJ-( <IK?2( VcY B@?.;I/ i]Vi ]VkZ WZZc egZk^djhan gZXd\c^oZY
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Prediction Performance on RBPs with low expression level in K562 cell linePrediction Performance on RBPs with low expression level in K562 cell line

Prediction Performance on RBPs with low expression level in HepG2 cell linePrediction Performance on RBPs with low expression level in HepG2 cell line

(a)
Prediction Performance on RBPs with high expression level in K562 cell linePrediction Performance on RBPs with high expression level in K562 cell line

Prediction Performance on RBPs with high expression level in HepG2 cell linePrediction Performance on RBPs with high expression level in HepG2 cell line

(c)

(d) (f)(e)
Dynamic Prediction Performance on RBPs with high expression level in both K562 and HepG2 cell line

(b)

Dynamic Prediction Performance on RBPs with low expression level in both K562 and HepG2 cell lineDynamic Prediction Performance on RBPs with low expression level in both K562 and HepG2 cell line

Supplementary Fig. 9. &T' KgTg\V ceXW\Vg\ba cXeYbe`TaVX Vb`cTe\fba bY @<JFXg TaW UTfX_\aX `bWX_f ba W\YYXeXag XkceXff\ba _XiX_f bY J:Hf+ &U' L[X VbeeX_Tg\ba UXgjXXa

@<JFXg%f cXeYbe`TaVX TaW J:H XkceXff\ba _XiX_f+ &V' L[X VbeeX_Tg\ba bY J:H XkceXff\ba _XiX_f UXgjXXa C23/ TaW @Xc?/ VX__ _\aXf+ &W' L[X cXeYbe`TaVX Vb`cTe\fba bY

@<JFXg ba J:Hf j\g[ \WXag\VT_ XkceXff\ba _XiX_f TVebff VX__ _\aXf+ &X' L[X cXeYbe`TaVX Vb`cTe\fba bY @<JFXg ba W\YYXeXag\T__l XkceXffXW J:Hf TVebff VX__ _\aXf+ &Y' L[X

VbeeX_Tg\ba UXgjXXa J:H XkceXff\ba _XiX_f TaW @<JFXg%f WlaT`\V ceXW\Vg\ba cXeYbe`TaVX+
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id ^cXgZVhZ i]Z hiVW^a^in d[ JG: iVg\Zih7 VcY i]Z^g iVg\Zi \ZcZh h]dlZY YdlcgZ\jaVi^dc V[iZg J;I `cdX`Ydlc ^c heZX^!X XZaa

XdciZmih &`cdX`Ydlc)YZXgZVhZY'( ^cY^XVi^c\ i]Vi i]ZhZ J;Ih VgZ VhhdX^ViZY l^i] ]^\]Zg ZmegZhh^dc aZkZah d[ i]Z^g iVg\Zi \ZcZh*

O^i] i]ZhZ iVg\Zi JG: ZkZcih l^i] ]^\] VcY adl ZmegZhh^dc aZkZah( lZ !ghi ZmVb^cZY i]Z hiVi^X egZY^Xi^kZ eZg[dgbVcXZ d[

A=JGZi dc i]Z heZX^!X XZaa a^cZ YViV [dg i]ZhZ J;Ih* :h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' *)B%C( A=JGZi Xdch^hiZcian

VX]^ZkZY i]Z WZhi eZg[dgbVcXZ VcY h]dlZY h^\c^!XVci ^begdkZbZcih XdbeVgZY id di]Zg WVhZa^cZ bZi]dYh* ?dg ^chiVcXZ( ^c

i]Z J;F-1UD12. YViVhZi( A=JGZi h]dlh ^ih eZg[dgbVcXZ \V^c d[ 4$ dkZg Ig^hbGZi7 ^c i]Z ?FJ-UD12. YViVhZi( dcan

A=JGZi%h :M< bZig^X ZmXZZYZY ,*5* L]ZhZ gZhjaih ^cY^XViZ i]Vi A=JGZi ^h XVeVWaZ d[ VXXdbbdYVi^c\ J;Ih l^i] Y^[[ZgZci

iVg\Zi ZmegZhh^dc aZkZah VcY Z[[ZXi^kZan ^YZci^[n^c\ i]Z^g W^cY^c\ X]VgVXiZg^hi^Xh* ?jgi]ZgbdgZ( lZ hZaZXiZY i]dhZ J;Ih l^i]^c

i]^h Xd]dgi i]Vi VaadlZY [dg YncVb^X egZY^Xi^dc VcY XdbeVgZY A=JGZi%h YncVb^X egZY^Xi^kZ eZg[dgbVcXZ* :h YZbdchigViZY

^c @TPPLFMFNSBQX 9JH' *)D%E( A=JGZi Vahd Zm]^W^iZY hjeZg^dg eZg[dgbVcXZ ^c YncVb^X egZY^Xi^dc Vh lZaa* ?dg ZmVbeaZ( lZ

dWhZgkZY V eZg[dgbVcXZ ^begdkZbZci d[ dkZg -,$ [dg J;F-1 l]Zc XdbeVg^c\ A=JGZi id Ig^hbGZi* GdiVWan( di]Zg WVhZa^cZ

bZi]dYh Y^heaVnZY Xdch^YZgVWaZ ^chiVW^a^in ^c i]Z YncVb^X egZY^Xi^dc iVh`h7 [dg ^chiVcXZ( =FKD [V^aZY id VXXjgViZan ^YZci^[n

i]Z W^cY^c\ h^iZh d[ ==P/P( VcY Ig^hbGZi eZg[dgbZY eddgan dc :D:I-( l^i] Vc :M< WZadl ,*3* L]ZhZ gZhjaih [jgi]Zg

kVa^YViZ i]Z VYVeiVW^a^in VcY gdWjhicZhh d[ A=JGZi id J;Ih l^i] Y^[[ZgZci iVg\Zi ZmegZhh^dc aZkZah*

1* ?[ NQQVaV\[ a\ PRYY YV[R`& U\d Q\R` >:FCRa ]R_S\_Z S\_ ]_RQVPaV[T Qf[NZVP FC7']_\aRV[ V[aR_NPaV\[` V[ cVc\ aV``bR P\[aRea`

$[\_ZNY \_ QV`RN`R P\[QVaV\[`%6 ?` aUR Z\QRY a_NV[RQ b`V[T PRYY YV[R QNaN $R(T(& @/0, N[Q)\_ >R]=,% `bS!PVR[a S\_ ]_RQVPaV[T

Qf[NZVP V[aR_NPaV\[` V[ aV``bR`6 D_ NQQVaV\[NY aV``bR QNaN N_R _R^bV_RQ( ;eNZ]YR`& `bPU N` 9A?E'GR^ QNaN S_\Z V[ O_NV[&

URN_a& Zb`PYR& N[Q Zf\OYN`a` $JN[T Ra NY( 9RYY ,*+,& EB?:4 ,,3*+2*.%& P\bYQ OR b`RSbY a\ Sb_aUR_ Re]Y\_R N[Q P\Z]N_R aUR

N]]YVPNaV\[` \S >:FCRa V[ QVSSR_R[a P\[aRea`6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z XdchigjXi^kZ XdbbZcih* OZ V\gZZ i]Vi VYY^i^dcVa i^hhjZ YViV VgZ cZZYZY id [jgi]Zg

ZmeadgZ VcY XdbeVgZ i]Z Veea^XVi^dch d[ A=JGZi VXgdhh Y^[[ZgZci XdciZmih* Ld VYYgZhh ndjg XdcXZgch( lZ ]VkZ [daadlZY

ndjg XdbbZcih id XdcYjXi i]gZZ VYY^i^dcVa ZmeZg^bZcih id ZmeadgZ VcY XdbeVgZ i]Z egZY^Xi^kZ XVeVW^a^i^Zh d[ A=JGZi [dg

YncVb^X JG:)egdiZ^c ^ciZgVXi^dch VXgdhh Y^[[ZgZci i^hhjZ XdciZmih6 &-' OZ !ghi XdaaZXiZY F;GE. ABLK)<EBI W^cY^c\ egd!aZ

^c WgV^c id ZmeadgZ i]Z YncVb^X egZY^Xi^dc eZg[dgbVcXZ d[ A=JGZi ^c cdgbVa VcY Y^hZVhZ XdcY^i^dch7 &.' OZ dWiV^cZY ild

VYY^i^dcVa Z<EBI YViVhZih( =@<J4 VcY AGJGIM( [gdb VYgZcVa i^hhjZh egdk^YZY Wn >G<H=> id kVa^YViZ l]Zi]Zg A=JGZi(

igV^cZY dc D12. dg AZe@. XZaa a^cZ YViV( XdjaY VXXjgViZan egZY^Xi W^cY^c\ WZ]Vk^dg ^c i^hhjZ XdciZmih7 &/' ?daadl^c\ ndjg

gZXdbbZcYVi^dch( lZ Xdbe^aZY <EBI)hZf YViV d[ F;GE- [gdb bjai^eaZ i^hhjZh ^c b^XZ id [jgi]Zg kVa^YViZ i]Z Z[!XVXn d[

A=JGZi [dg YncVb^X egZY^Xi^dc VXgdhh kVg^djh i^hhjZh*

Ld YZbdchigViZ i]Z Z[[ZXi^kZcZhh d[ A=JGZi ^c Wdi] cdgbVa VcY Y^hZVhZ XdcY^i^dch( lZ ]VkZ bZi^Xjadjhan XjgViZY i]Z F;GE.

&FjhXaZWa^cY E^`Z Kea^X^c\ JZ\jaVidg .' W^cY^c\ eZV` YViV &.4' &@>H VXXZhh^dc6 @K>2445,' ^c ]jbVc WgV^c i^hhjZh [gdb

IHKL:J &.5'* L]^h YViV hdjgXZ ^h Xdbeg^hZY d[ !kZ Y^hi^cXi YViVhZih( ^cXajY^c\ Vjidehn i^hhjZh &]^eedXVbejh VcY [gdciVa

XdgiZm' [gdb i]Z eVi^Zcih l^i] bndidc^X Ynhigde]n ineZ - &=F-( . YViVhZih'( bndidc^X Ynhigde]n ineZ . &=F.( - YViVhZi d[

]^eedXVbejh'( VcY Xdcigda hjW_ZXih &. YViVhZih'( l]ZgZ =F- VcY =F. VgZ egd\gZhh^kZ VcY bjai^)hnhiZb^X cZjgdbjh)XjaVg

Y^hdgYZgh( dg^\^cVi^c\ [gdb i]Z VWZggVci hZfjZhigVi^dc VcY VXi^kVi^dc d[ JG: egdXZhh^c\ [VXidgh VcY J:G igVchaVi^dc* L]Zc( lZ

Xdchda^YViZY gZea^XViZ YViV l^i]^c ZVX] YViVhZi VcY hiVcYVgY^oZY i]Z W^cY^c\ eZV`h id V aZc\i] d[ -,- cjXaZdi^YZh* KjWhZfjZci
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(a)

(d)

(b)

(c)

Knockdown-increased Knockdown-decreased

Supplementary Fig. 10. &T' L[X cXeYbe`TaVX Vb`cTe\fba bY @<JFXg ba J:Hf j\g[ _bjXe gTeZXg XkceXff\ba _XiX_f+ &U' L[X cXeYbe`TaVX Vb`cTe\fba bY @<JFXg ba J:Hf

j\g[ [\Z[Xe gTeZXg XkceXff\ba _XiX_f+ &V' L[X Vb`cTe\fba bY @<JFXg%f WlaT`\V ceXW\Vg\ba cXeYbe`TaVX ba J:Hf j\g[ _bjXe gTeZXg XkceXff\ba _XiX_f+ &W' L[X Vb`cTe\fba bY

@<JFXg%f WlaT`\V ceXW\Vg\ba cXeYbe`TaVX ba J:Hf j\g[ [\Z[Xe gTeZXg XkceXff\ba _XiX_f+
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ZkVajVi^dch d[ i]Z YncVb^X egZY^Xi^dc eZg[dgbVcXZ dc i]ZhZ i^hhjZ YViVhZih ^ckdakZY A=JGZi( Vadc\ l^i] WVhZa^cZ bdYZah

^cXajY^c\ Ig^hbGZi( =FKD( ^=ZZe( @gVe]Igdi( =ZZe;^cY( VcY IJB>KKL>KK* ?^ghian( i]Z ZkVajVi^dch [dXjhZY dc Xgdhh)i^hhjZ

YncVb^X egZY^Xi^dc ZmeZg^bZcih jcYZg h^c\aZ XdcY^i^dch( hjX] Vh cdgbVa)cdgbVa VcY =F-)=F- egZY^Xi^dch* :h h]dlc ^c

9JH' -B( A=JGZi Xdch^hiZcian djieZg[dgbZY i]Z di]Zg bdYZah VXgdhh Wdi] XdcY^i^dch* GdiVWan( lZ dWhZgkZY V h^\c^!XVci

eZg[dgbVcXZ \Ve WZilZZc A=JGZi VcY Ig^hbGZi ^c i]Z Xgdhh)i^hhjZ egZY^Xi^dc iVh`( l]^aZ IJB>KKL>KK [V^aZY id ^YZci^[n i]Z

W^cY^c\ h^iZh d[ F;GE. ^c i]Z =F- [gdciVa XdgiZm YViVhZi( gZcYZg^c\ ^i ^cXVeVWaZ d[ eZg[dgb^c\ i]Z YncVb^X egZY^Xi^dc iVh`*

L]Zc( id kVa^YViZ i]Z Z[!XVXn d[ A=JGZi ^c XVeijg^c\ YncVb^X i^hhjZ XdcY^i^dch WZilZZc cdgbVa VcY Y^hZVhZh( lZ XdcYjXiZY

ZmeZg^bZcih dc Xgdhh)XdcY^i^dc YncVb^X egZY^Xi^dch( hjX] Vh( lZ jhZY i]Z bdYZa igV^cZY dc cdgbVa Xdcigda i^hhjZ YViV id

egZY^Xi W^cY^c\ h^iZh ^c Y^hZVhZ i^hhjZh* :h h]dlc ^c 9JH' -C( A=JGZi bV^ciV^cZY higdc\ YncVb^X egZY^Xi^dc XVeVW^a^i^Zh

^c Xgdhh)XdcY^i^dc YncVb^X egZY^Xi^dc* Bi VX]^ZkZY i]Z ]^\]Zhi :M< bZig^X d[ ,*4( l^i] Vc :M< Y^[[ZgZcXZ ZmXZZY^c\ -,$

XdbeVgZY id Ig^hbGZi* L]ZhZ gZhjaih YZbdchigViZ i]Vi A=JGZi XVc Z[[ZXi^kZan aZVgc i]Z W^cY^c\ eViiZgch d[ J;Ih VXgdhh

Y^kZghZ XdcY^i^dch* :YY^i^dcVaan( Vh ]^\]a^\]iZY ^c 9JH' -D BNE @TPPLFMFNSBQX 9JH' **B( A=JGZi Zm]^W^iZY V gdWjhi XVeVX^in

id YZiZXi VcY VXXjgViZan XVeijgZ Y^hZVhZ)gZaViZY ]^\])ViiZci^dc W^cY^c\ gZ\^dch* L]ZhZ gZ\^dch gZegZhZci i]Z Xg^i^XVa ^ciZgVXi^dc

h^iZh WZilZZc F;GE. VcY =F- ZmiZcYZY <M@ gZeZVih VcY =F. <<M@ ZmeVch^dc JG:h( l]^X] VgZ eVi]de]nh^dad\^XVa

]VaabVg`h d[ bndidc^X Ynhigde]^Zh( Vh egZk^djhan gZkZVaZY ^c &.4( /,'* ;n hjXXZhh[jaan XVeijg^c\ i]ZhZ gZ\^dch( A=JGZi cdi

dcan V^Yh ^c ^YZci^[n^c\ `Zn bdaZXjaVg ^ciZgVXi^dch Wji Vahd Zc]VcXZh djg jcYZghiVcY^c\ d[ Y^hZVhZ bZX]Vc^hbh*

Ld [jgi]Zg ^ckZhi^\ViZ i]Z egZY^Xi^kZ XVeVW^a^i^Zh d[ djg egdedhZY bdYZa gZ\VgY^c\ YncVb^X ^ciZgVXi^dch ^c i^hhjZh( lZ XdcYjXiZY

Vc ZmeZg^bZci id egZY^Xi ild VYY^i^dcVa Z<EBI J;I YViVhZih [gdb VYgZcVa i^hhjZh dWiV^cZY [gdb >G<H=>( cVbZan =@<J4

VcY AGJGIM* L]Z ZmeZg^bZci gZhjaih VgZ hjbbVg^oZY ^c @TPPLFMFNSBQX 9JH' **C( l]ZgZ djg bdYZa VX]^ZkZY i]Z ]^\]Zhi

:M< bZig^X* :h YZe^XiZY ^c i]^h !\jgZ( lZ XVc dWhZgkZ i]Vi A=JGZi VX]^ZkZY ^YZci^XVa eZg[dgbVcXZ ^c YncVb^XVaan egZY^Xi^c\

J;I W^cY^c\ ^c Wdi] D12. VcY AZe@. XZaa a^cZh( l]^aZ di]Zg WVhZa^cZ bZi]dYh Zm]^W^iZY kVg^VW^a^in ^c eZg[dgbVcXZ l]Zc

jh^c\ bdYZah igV^cZY dc Y^[[ZgZci XZaa a^cZh [dg YncVb^X egZY^Xi^dc* L]^h dWhZgkVi^dc [jgi]Zg ]^\]a^\]ih i]Z VW^a^in d[ A=JGZi

id ^YZci^[n J;I W^cY^c\ eViiZgch VXgdhh Y^[[ZgZci hdjgXZh d[ J;I W^cY^c\ YViV* BciZgZhi^c\an( lZ Vahd dWhZgkZY i]Vi Ig^hbGZi(

Vai]dj\] ha^\]ian ^c[Zg^dg id A=JGZi( h]dlZY ^begdkZY eZg[dgbVcXZ dc i]Z cZl Z<EBI YViV XdbeVgZY id i]Z egZk^djh F;GE.

YViV* OZ heZXjaViZ i]Vi i]^h ^begdkZbZci ^h YjZ id i]Z [VXi i]Vi i]Z Ig^hbGZi bdYZa lVh heZX^!XVaan YZh^\cZY WVhZY dc Z<EBI

YViV* Bc eVgi^XjaVg( i]Z hiVi^X ZcXdY^c\ l^i]^c Ig^hbGZi a^b^ih ^ih eZg[dgbVcXZ dc di]Zg eaVi[dgbh* Bc VYY^i^dc( djg dWhZgkVi^dch

gZkZVaZY i]Vi i]Z A=JGZi bdYZa( igV^cZY dc XZaa a^cZ YViV( hjXXZhh[jaan ]^\]a^\]iZY h^\c^!XVci W^cY^c\ gZ\^dch ^c i]Z i^hhjZ

W^cY^c\ YViV l]^X] lZgZ [jcXi^dcVaan gZaZkVci7 [dg ZmVbeaZ( [dXjh^c\ dc i]Z =@<J4 egdiZ^c( ^i ]Vh WZZc gZedgiZY id W^cY id

ZmiZcYZY <@@ gZeZVi hZfjZcXZh( aZVY^c\ id eVgi^Va hZfjZhigVi^dc d[ =@<J4 ^c <@@ JG: V\\gZ\ViZh( XdchZfjZcian gZYjX^c\

i]Z egdXZhh^c\ d[ b^JG:h &/-'* Bc @TPPLFMFNSBQX 9JH' **D( lZ XVc dWhZgkZ i]Vi A=JGZi Z[[ZXi^kZan ^YZci^!Zh i]Z YncVb^X

<@@ gZeZVi W^cY^c\ gZ\^dc( ^cY^XVi^c\ ^ih XVeVW^a^in id YncVb^XVaan ^YZci^[n J;I W^cY^c\ eViiZgch* :YY^i^dcVaan( A=JGZi

VXXjgViZan ^YZci^!ZY i]Z @)g^X] W^cY^c\ gZ\^dc d[ AGJGIM( Vh YZe^XiZY ^c 9JH' -E* GdiVWan( jedc k^hjVa^o^c\ ediZci^Va JG:

bdYZah( lZ Y^hXdkZgZY i]Vi i]Z ^YZci^!ZY @)g^X] W^cY^c\ gZ\^dch egZYdb^cVcian XdggZhedcYZY id @)fjVYgjeaZm higjXijgZh(

l]^X] VgZ hiVWaZ hZXdcYVgn higjXijgZh [dgbZY Wn @)@ WVhZ eV^gh* BcYZZY( Vh gZedgiZY Wn &/.'( AGJGIM Zm]^W^ih V egZ[ZgZcXZ

[dg gZXd\c^o^c\ @)fjVYgjeaZmZh ^c JG:h Vh W^cY^c\ bdi^[h* L]ZhZ gZhjaih ]^\]a^\]i i]Z gdWjhicZhh d[ A=JGZi dc J;I YViV

VXgdhh Y^[[ZgZci eaVi[dgbh( YZbdchigVi^c\ i]Vi A=JGZi l^i] D12. VcY AZe@. XZaa a^cZ YViV ^h hj[!X^Zci id VXXjgViZan egZY^Xi

YncVb^X ^ciZgVXi^dch ^c i^hhjZh*
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EVhian( lZ ]VkZ Vahd [daadlZY ndjg XdbbZcih id VYY i]Z Y^gZXi gZ\jaVidgn iVg\Zih d[ F;GE- &FjhXaZWa^cY E^`Z Kea^X^c\

JZ\jaVidg -' ^c WgV^c( ]ZVgi( bjhXaZ( VcY bndWaVhih [gdb b^XZ &OVc\ Zi Va* <Zaa .,-.( IFB=6 ..5,-4,0' &/,' [gdb i]Z

<EBI)KZf YViV id [jgi]Zg ZmeadgZ i]Z eZg[dgbVcXZ d[ A=JGZi ^c Y^[[ZgZci XdciZmih* Bc eVgi^XjaVg( lZ XdaaZXiZY V idiVa d[ !kZ

YViVhZih &@>H VXXZhh^dc6 @K>/55--'( ^cXajY^c\ ild [gdb i]Z WgV^c &-.5;gV^c( ;2;gV^c'( dcZ [gdb bjhXaZ &;2FjhXaZ'( dcZ

[gdb ]ZVgi &;2AZVgi'( VcY dcZ [gdb bndWaVhih &<.<-. XZaah'( l]ZgZ -.5 VcY ;2 VgZ ^cY^k^YjVa bdjhZ B= cjbWZgh* L]Z

ZmeZg^bZciVa gZhjaih( Vh ^aajhigViZY ^c @TPPLFMFNSBQX 9JH' *+B BNE 9JH' -F( YZbdchigViZ i]Vi A=JGZi egdk^YZY eZg[dgbVcXZ

^begdkZbZcih XdbeVgZY id di]Zg WVhZa^cZ bZi]dYh( gZhjai^c\ ^c Vc ^cXgZVhZ ^c :M< [gdb 1$ id -,$* FZVcl]^aZ( ^i ^h

^bedgiVci id cdiZ i]Vi F;GE- VcY F;GE. VgZ Wdi] bZbWZgh d[ i]Z bjhXaZWa^cY)a^`Z &F;GE' egdiZ^c [Vb^an( VcY i]ZgZ[dgZ

F;GE- h]VgZh h^b^aVg W^cY^c\ eViiZgch l^i] F;GE.( Vh Y^hXjhhZY egZk^djhan( h]dl^c\ W^cY^c\ heZX^!X^in id <M@ VcY <<M@

eVi]dad\^XVa ZmeVch^dch &.4( /,'* :h ^aajhigViZY ^c @TPPLFMFNSBQX 9JH' *+C( A=JGZi XVc YncVb^XVaan Y^hi^c\j^h] i]ZhZ

Y^hZVhZh)gZaViZY JG: gZeZVih hZfjZcXZh jh^c\ bdYZah igV^cZY dc Y^[[ZgZci F;GE- W^cY^c\ YViV( ^cY^XVi^c\ i]Vi A=JGZi XVc

Z[[ZXi^kZan ZmigVXi J;I W^cY^c\ egdeZgi^Zh [gdb i]Z J;I W^cY^c\ YViV ^c Y^[[ZgZci e]nh^dad\^XVa Zck^gdcbZcih* Bc hjbbVgn(

i]ZhZ gZhjaih YZbdchigViZ i]Z XdbegZ]Zch^kZcZhh d[ A=JGZi ^c i]Z iVh` d[ YncVb^X egZY^Xi^dc d[ J;I W^cY^c\ h^iZh ^c bjai^eaZ

i^hhjZh*

F^cdg XdbbZcih6

-* G\ZR `b]]YRZR[aN_f [\aR` !Tb_R` $R(T(& +& . (((% N_R [\a _RSR_R[PRQ V[ aUR ZNV[ aRea(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z kVajVWaZ XdbbZcih* OZ Vedad\^oZ [dg hdbZ hjeeaZbZciVgn cdiZh VcY !\jgZh i]Vi cdi

gZ[ZgZcXZY ^c i]Z bV^c iZmi* OZ ]VkZ gZ[ZgZcXZY i]Z hjeeaZbZciVgn cdiZh VcY !\jgZh ^c i]Z Veegdeg^ViZ hZXi^dch d[ i]Z bV^c

iZmi* L]Zc( lZ &i]Z !ghi Vji]dg VcY XdggZhedcY^c\ Vji]dgh' ]VkZ X]ZX`ZY i]Z gZk^hZY bVcjhXg^ei ^c bjai^eaZ gdjcYh V\V^c id

Vkd^Y i]^h `^cY d[ h^ijVi^dc*

.* ENTR +,4 "a_N[`S\_ZNaV\[ a\ aUR cN_VN[a NYYRY`" '5 NYYRYR` N[Q VZ]_\]R_ PVaNaV\[ "LPVaR4ON_Q\b,*+.WcR[[M"(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg XVgZ[ja XdbbZcih* OZ ]VkZ XdggZXiZY i]Z heZaa^c\ Zggdgh VcY ^begdeZg X^iVi^dch

i]ZgZ* Bc VYY^i^dc( lZ &i]Z !ghi Vji]dg VcY XdggZhedcY^c\ Vji]dg' XdcYjXiZY hZkZgVa bdgZ gdjcYh d[ egdd[gZVY^c\ i]Z bVcjhXg^ei

id ZchjgZ i]Vi i]ZhZ Zggdgh ldjaY cdi gZVeeZVg*

/* <b_aUR_ PYN_V!PNaV\[ S\_ `aNaVP N[Q Qf[NZVP ]_\aRV['FC7 V[aR_NPaV\[` d\bYQ OR URY]SbY& V[PYbQV[T aUR NbaU\_`# PU\VPR \S

Qf[NZVP RZORQQV[T Z\QRY 8;FH N[Q aUR VZ]NPa N[Q YVZVaNaV\[` \S V[]ba QNaN S_\Z QVSSR_R[a P\[aRea` $R(T(& QVSSR_R[a PRYY YV[R`&

aV``bR`& N[Q QV`RN`R P\[QVaV\[`%(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z XdchigjXi^kZ XdbbZcih* OZ Vedad\^oZ [dg i]Z ^chj[!X^Zcian YZiV^aZY YZhXg^ei^dc

VWdji i]Z hiVi^X VcY YncVb^X egdiZ^c)JG: ^ciZgVXi^dch* OZ VeegZX^ViZ ndjg hj\\Zhi^dch VcY ]VkZ [daadlZY ndjg XdbbZcih id

YZhXg^WZ i]Zb ^c ;NSQOETDSJON( l]^X] ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

@TbeTa R[h n @<JFXg U\bJ!\i n /6





;NSQOETDSJON

Bc eVgVaaZa( i]Z ZhiVWa^h]bZci d[ a^c`h WZilZZc J;Ih VcY i]Z^g iVg\Zih [gdb i]Z eZgheZXi^kZ d[ JG: hZfjZcXZh ZcVWaZh

jcYZghiVcY^c\h dc i]Z gZ\jaVi^dc bZX]Vc^hb* : kVg^Zin d[ Z[[dgih ]VkZ WZZc YZkZadeZY id VYYgZhh ^i ^c ^YZci^XVa XZaajaVg

XdcY^i^dch( gZ[ZggZY id Vh hiVi^X egdiZ^c)JG: ^ciZgVXi^dch7 [dg ^chiVcXZ( =ZZeW^cY &//' lVh YZkZadeZY id jcYZghiVcY J;I

W^cY^c\ egZ[ZgZcXZh ^c JG: hZfjZcXZ YViV jh^c\ V YZZe cZjgVa cZildg` &=GG'* BaVc Zi Va* YZkZadeZY =EIJ; &/0'( V cZl

=GG VeegdVX] WVhZY dc Xdckdaji^dcVa cZjgVa cZildg`h &<GG' VcY gZXjggZci cZjgVa cZildg`h &JGG' [dg aZVgc^c\ ^cig^ch^X

J;I W^cY^c\ egZ[ZgZcXZh VcY egZY^Xi^c\ cdkZa ^ciZgVXi^dch* IVc Zi Va* YZkZadeZY ^=ZZe &/1'( V ]nWg^Y Xdckdaji^dcVa cZjgVa

cZildg` VcY YZZe WZa^Z[ cZildg`)WVhZY bdYZa id egZY^Xi i]Z J;I ^ciZgVXi^dc h^iZh VcY bdi^[h dc JG:h* =Vc^Za Zi Va* egdedhZY

@gVe]Igdi &/2' i]Vi ^ciZ\gViZh hZfjZcXZ VcY XdbejiVi^dcVaan)egZY^XiZY JG: hZXdcYVgn higjXijgZ ^c[dgbVi^dc ^cid \gVe])`ZgcZa

[ZVijgZh* EVkZgin Zi Va* ^cigdYjXZY IJB>KKL>KK &/3'( V jc^kZghVa JG: bdi^[)!cY^c\+hXVcc^c\ higViZ\n XVeVWaZ d[ ^YZci^[n^c\

Zcg^X]ZY JG: hZfjZcXZ VcY+dg higjXijgZ bdi^[h i]Vi VgZ hjWhZfjZcian gZYjXZY id V hZi d[ XdgZ bdi^[h Wn ad\^hi^X gZ\gZhh^dc l^i]

E:KKH gZ\jaVg^oVi^dc* AdlZkZg( i]ZhZ bZi]dYh dcan VXXdjci [dg V heZX^!X XZaajaVg XdcY^i^dc VcY VgZ ]ZcXZ a^b^iZY ^c i]Z^g

VW^a^in id egZY^Xi JG:)egdiZ^c ^ciZgVXi^dch ^c di]Zg XZaa a^cZh l]^aZ Xdch^YZg^c\ i]Z YncVb^X XdciZmih*

BcYZZY( i]Z W^cY^c\ WZ]Vk^dg d[ J;I)JG: ^ciZgVXi^dch ]Vh WZZc YZbdchigViZY id WZ YncVb^X ^c Y^[[ZgZci XZaa ineZh( Vh ^i ^h

^c"jZcXZY Wn Y^[[ZgZci XZaajaVg dg i^hhjZ Zck^gdcbZcih &/4'* Bc di]Zg ldgYh( i]Z W^cY^c\ h^iZh d[ i]Z J;I i]Vi VgZ ZmXajh^kZan

egZhZci ^c heZX^!X XZaah dg i^hhjZh XVc WZ YZh^\cViZY Vh YncVb^X egdiZ^c)JG: ^ciZgVXi^dch* JZXZcian( V cZl YZZe aZVgc^c\)WVhZY

bZi]dY XVaaZY Ig^hbGZi &.2'( lVh YZkZadeZY id VXXjgViZan egZY^Xi YncVb^X J;I W^cY^c\ ^c kVg^djh XZaajaVg XdcY^i^dch Wn

^ciZ\gVi^c\ ^c k^kd ZmeZg^bZciVa JG: higjXijgZ ^c[dgbVi^dc &/5'* GdcZi]ZaZhh( jc[dgijcViZan( lZ XdcXZ^kZ i]Vi i]ZgZ VgZ

hi^aa gddb [dg ^begdkZbZcih7 [dg ^chiVcXZ( i]Z VgX]^iZXijgVa YZh^\c d[ i]Z YZZe cZjgVa cZildg` l^i] ^c Ig^hbGZi XVc hi^aa

WZ ^ckZhi^\ViZY ^c i]Z XdciZmi d[ cZjgVa cZildg` VgX]^iZXijgZ hZVgX]( ^cY^XVi^c\ i]Z ediZci^Va [dg [jgi]Zg ^begdkZbZcih ^c

J;I)JG: W^cY^c\ egZY^Xi^dc* Bc VYY^i^dc( i]Z dcZ)]di ZcXdY^c\ gZegZhZciVi^dc ^c Ig^hbGZi Zm]^W^ih a^b^iVi^dch i]Vi bVn

]^cYZg ^ih VW^a^in id XVeijgZ JG: [ZVijgZh \adWVaan* ?jgi]ZgbdgZ( i]Z ]ZiZgd\ZcZ^in d[ igVchXg^eih gZhjaih ^c l^YZan hZfjZci^Va

gZaVi^dch]^eh VXgdhh Y^[[ZgZci XdciZmih( hjX] Vh kVg^djh XZaa a^cZh( i^hhjZh( VcY cdgbVa dg Y^hZVhZ XdcY^i^dch* L]Z dcZ)]di

ZcXdY^c\ bVn dkZgadd` i]^h XdciZmijVa ^c[dgbVi^dc( igZVi^c\ ZVX] edh^i^dc ^cYZeZcYZcian VcY ediZci^Vaan b^hh^c\ XgjX^Va

hZfjZcXZ eViiZgch* L]ZgZ[dgZ( ^i ^h XgjX^Va id VYYgZhh i]ZhZ a^b^iVi^dch Wn Zmeadg^c\ VaiZgcVi^kZ XdY^c\ bZi]dYh id aZkZgV\Z i]Z

XdciZmijVa VcY hZfjZci^Va cVijgZ d[ JG: hZfjZcXZh*

L]Z XdciZmijVa gZaVi^dch]^e ]Vh WZZc V [dXjh d[ ^cXgZVh^c\ ViiZci^dc( Vh ldgY ZbWZYY^c\ iZX]c^fjZh &0,s0.' ]VkZ egdkZc id WZ

Z[[ZXi^kZ [gVbZldg`h [dg VjidbVi^XVaan ZcXdY^c\ JG: hZfjZcXZh YjZ id i]Z^g hnciVXi^X( aZm^XVa( VcY hZbVci^X h^b^aVg^i^Zh id ]j)

bVc aVc\jV\Z &0/'* Hc i]^h WVh^h( bjX] Z[[dgi ]Vh WZZc YZkdiZY id i]Z Veea^XVi^dc d[ VYkVcXZY GEI iZX]c^fjZh ^c JG:)gZaViZY

egdWaZbh &00s02'* AdlZkZg( bdhi Zm^hi^c\ gZhZVgX] dc i]Z Veea^XVi^dc d[ GEI iZX]c^fjZh ^c JG:)gZaViZY egdWaZbh ]Vh gZa^ZY

dc hiVi^X ZbWZYY^c\ bdYZah hjX] Vh OdgY.NZXidg &03'( @adNZ &0-'( =dX.NZXidg &0.' VcY ?VhiLZmi &04'* K^b^aVg id dcZ)]di

gZegZhZciVi^dc( hiVi^X ZbWZYY^c\ bZi]dYh bV^ciV^c i]Z hVbZ cjXaZdi^YZ ZcXdY^c\ VXgdhh Vaa XdciZmih( l]^X] aZVYh id [V^a id

XVeijgZ i]Z XdciZmi)WVhZY YncVb^X hZbVci^X ^c[dgbVi^dc d[ JG: hZfjZcXZh VcY i]ZgZ[dgZ XVccdi gZegZhZci JG: hZfjZcXZ

[ZVijgZh \adWVaan* FdgZdkZg( hiVi^X ZbWZYY^c\ YdZh cdi XVeijgZ i]Z jcYZgan^c\ ^c[dgbVi^dc d[ cjXaZdi^YZ hZfjZcXZh ^c Y^[[ZgZci
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XZaajaVg XdciZmih( i]jh a^b^i^c\ i]Z VW^a^in d[ YncVb^X egZY^Xi^dc ^c di]Zg XZaajaVg XdcY^i^dch* Ld VYYgZhh i]^h `cdlaZY\Z

\Ve( lZ egdedhZ id VYdei VcY Xjhidb^oZ i]Z ;^Y^gZXi^dcVa >cXdYZg JZegZhZciVi^dch [gdb LgVch[dgbZgh &;>JL' bdYZa &05'

id aZVgc i]Z XdciZmi)YZeZcYZci ^c[dgbVi^dc d[ JG: hZfjZcXZh( l]^X] XVc \ZcZgViZ gdWjhi ZmegZhh^dch XdciV^c^c\ i]Z \adWVa

XdciZmijVa ^c[dgbVi^dc Wn egZ)igV^c^c\ l^i] V aVg\Z)hXVaZ jcaVWZaZY iZmi Xdgejh ^c V hZa[)hjeZgk^hZY [Vh]^dc* Bc XdcigVhi id

hiVi^X ZbWZYY^c\h l]ZgZ cjXaZdi^YZ ZbWZYY^c\h gZbV^c i]Z hVbZ gZ\VgYaZhh d[ i]Z XdciZmi( i]Z eg^bVgn VYkVciV\Z d[ YncVb^X

ZbWZYY^c\h a^Zh ^c i]Z^g VW^a^in id \ZcZgViZ XdciZmi)heZX^!X [ZVijgZh ^c Y^[[ZgZci cjXaZdi^YZ XdciZmih* FdgZdkZg( Xdch^YZg^c\

i]Z ]ZiZgd\ZcZ^in d[ igVchXg^eih jcYZg Y^[[ZgZci XZaajaVg( i^hhjZ( dg e]nh^dad\^XVa XdcY^i^dch &Z*\*( cdgbVa dg Y^hZVhZY'( YncVb^X

ZbWZYY^c\h XVc dkZgXdbZ i]Z a^b^iVi^dc d[ V h^c\aZ gZegZhZciVi^dc [dg Y^kZghZ XdciZmijVa hZfjZcXZh( Zcg^X]^c\ i]Z \adWVa

[ZVijgZh d[ i]Z hZfjZcXZh VcY hjgeVhh^c\ i]Z eZg[dgbVcXZ WdiiaZcZX` ^c YncVb^XVaan egZY^Xi^c\ J;I W^cY^c\ h^iZh* L]ZgZ[dgZ(

Wn aZkZgV\^c\ i]Z VYkVciV\Zh d[ i]Z igVch[dgbZg bdYZa( lZ VYdei i]Z ;>JL bdYZa id ZcXdYZ JG: hZfjZcXZh ^c YncVb^X

ZbWZYY^c\ kZXidgh i]Vi i]Zc XdciV^c g^X]( \adWVa XdciZmijVa hZbVci^X ^c[dgbVi^dc [dg ^YZci^[n^c\ YncVb^X JG:)W^cY^c\ ZkZcih

WZilZZc Y^[[ZgZci XZaa a^cZh( i^hhjZh( dg e]nh^dad\^XVa XdcY^i^dch &cdgbVa dg Y^hZVhZY'* ! ! ! ! ! !#

0* 7 ORaaR_ QR`P_V]aV\[ \S aUR PN[QVQNaR Q_bT ]_RQVPaV\[ N[NYf`V` V[ <VT( G+* $NY`\ UVTUYVTUaRQ V[ <VT( +R% d\bYQ OR URY]SbY(

>\d ZN[f [Rb_\Y\TVPNY QV`RN`R'N``\PVNaRQ TR[R` $02 TR[R` S_\Z Gb]]YRZR[aN_f C\aR 0 \_ ,2 TR[R` S_\Z <VT( 2P% N_R b`RQ S\_

aUR N[NYf`V`6

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z Xg^i^XVa XdbbZcih* OZ jhZY i]Z ^YZci^!ZY i]Z 24 cZjgdad\^XVa Y^hZVhZ)VhhdX^ViZY

\ZcZh [gdb @TPPLFMFNSBQX =OSF / #NOV @TPPLFMFNSBQX =OSF *-$ [dg i]Z XVcY^YViZ Ygj\ egZY^Xi^dc VcVanh^h* OZ ]VkZ

XaVg^!ZY ^i VcY ]VkZ [daadlZY ndjg XdbbZcih id bV`Z V bdgZ YZiV^aZY YZhXg^ei^dch VWdji i]Z XVcY^YViZ Ygj\ VcVanhZh( l]^X] ^h

Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

<dch^YZg^c\ Vaa 24 ^YZci^!ZY \ZcZh VhhdX^ViZY l^i] cZjgdad\^XVa Y^hZVhZh Vh ediZci^Va Ygj\ iVg\Zih( lZ ZbeadnZY >cg^X]g

id VXXZhh i]Z =gj\ K^\cVijgZh =ViVWVhZ &=K^\=;' VcY XdcYjXiZY Vc VcVanh^h id ^YZci^[n ediZci^Va Ygj\ bdaZXjaZh [dg i]Z

igZVibZci d[ cZjgdad\^XVa Y^hZVhZh( jh^c\ igVchXg^eidb^X h^\cVijgZh* :h h]dlc ^c KjeeaZbZciVgn LVWaZ .( lZ ZmigVXiZY i]Z ide

-, X]Zb^XVa XdbedjcYh i]Vi XdjaY WZ ediZci^Va XVcY^YViZh [dg cZjgdad\^XVa Y^hZVhZh i]ZgVe^Zh WVhZY dc i]Z 4)NVajZ& 0$0017

[dg ^chiVcXZ( lZ ^YZci^!ZY VbWgdmda( V bjXdani^X XdbedjcY egZYdb^cVcian egZhXg^WZY [dg gZhe^gVidgn XdcY^i^dch a^`Z X]gdc^X

WgdcX]^i^h &1,'* BciZgZhi^c\an( gZXZci hijY^Zh ]VkZ jcXdkZgZY VbWgdmda%h gdaZ Vh V e]VgbVXdad\^XVa X]VeZgdcZ [dg \ajXdhna)

XZgVb^YVhZ &@<VhZ'( Vc ZconbZ i]Vi ^h d[iZc [djcY id ]VkZ gZYjXZY VXi^k^in ^c i]Z WgV^ch d[ IVg`^chdc%h Y^hZVhZ eVi^Zcih(

ediZci^Vaan Xdcig^Wji^c\ id i]Z YZ\ZcZgVi^dc d[ YdeVb^cZg\^X cZjgdch &1-'* @^kZc VbWgdmda%h VW^a^in id Vj\bZci @<VhZ aZkZah(

^i ]daYh egdb^hZ Vh V ediZci^Va Y^hZVhZ)bdY^[n^c\ ^ciZgkZci^dc [dg IVg`^chdc%h Y^hZVhZ &1.s10'* FdgZdkZg( VbWgdmda ^h Vahd V

XVcY^YViZ Ygj\ [dg :bndigde]^X EViZgVa KXaZgdh^h Vh ^i egdbdiZh VcY egdiZXih bdidg jc^ih VcY ^begdkZh VmdcVa eaVhi^X^in &11'*

OZ Vahd ZmigVXiZY FZi[dgb^c ]nYgdX]adg^YZ( V lZaa)`cdlc Vci^Y^VWZi^X bZY^XVi^dc Xdbbdcan jhZY id bVcV\Z ineZ . Y^VWZiZh*

AdlZkZg( ZbZg\^c\ hijY^Zh ]VkZ hj\\ZhiZY i]Vi bZi[dgb^c bVn ]VkZ V gdaZ ^c i]Z gZ\jaVi^dc d[ cZjgdad\^XVa hnhiZbh &12'*

BcYZZY( gZhZVgX] ]Vh ^cY^XViZY i]Vi FZi[dgb^c ]Vh i]Z ediZci^Va id YZaVn i]Z egd\gZhh^dc d[ :ao]Z^bZg%h Y^hZVhZ Wn ^begdk^c\

^chja^c hZch^i^k^in VcY gZYjX^c\ ^c"VbbVidgn gZhedchZh &13( 14'* FdgZdkZg( Zk^YZcXZ hj\\Zhih i]Vi bZi[dgb^c XdjaY egdk^YZ

cZjgdegdiZXi^dc Wn VXi^kVi^c\ i]Z :FI)VXi^kViZY egdiZ^c `^cVhZ &:FID' eVi]lVn( l]^X] XdjaY ]Zae VaaZk^ViZ hnbeidbh d[
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IVg`^chdc%h Y^hZVhZ( Vh ^c DVi^aV Zi Va* &15'* :cdi]Zg XdbedjcY lZ ZmigVXiZY lVh <Vg!aodb^W( V heZX^!X egdiZVhdbZ ^c]^W^idg

eg^bVg^an jhZY [dg i]Z igZVibZci d[ bjai^eaZ bnZadbV( eVgi^XjaVgan ^c XVhZh i]Vi VgZ gZ[gVXidgn id di]Zg igZVibZci bdYVa^i^Zh dg

]VkZ gZaVehZY &2,'* >miZch^kZ gZhZVgX] ]Vh WZZc XdcYjXiZY dc i]Z gZaVi^dch]^e WZilZZc i]Z egdiZVhdbZ VcY cZjgdYZ\ZcZgVi^kZ

Y^hZVhZh( hjX] Vh :ao]Z^bZg%h Y^hZVhZ( IVg`^chdc%h Y^hZVhZ( VcY Ajci^c\idc%h Y^hZVhZ &2-s2/'* McYZg i]ZhZ XdcY^i^dch( i]Z

VWcdgbVa VXXjbjaVi^dc d[ heZX^!X egdiZ^ch XdjaY aZVY id cZjgdcVa YVbV\Z VcY YZVi] &2/( 20'* Bcig^\j^c\an( <Vg!aodb^W

[jcXi^dch Vh Vc Ze^YZgbVa \gdli] [VXidg gZXZeidg &>@?J' ^c]^W^idg( l]^X] ]Vh WZZc gZedgiZY id WZ VhhdX^ViZY l^i] hjhXZei^W^a^in

id IVg`^chdc%h Y^hZVhZ &21( 22'*

Bc XdcXajh^dc( djg XVcY^YViZ Ygj\ egZY^Xi^dc VcVanh^h ^YZci^!ZY hZkZgVa egdb^h^c\ Ygj\h l^i] ediZci^Va kVajZ [dg i]Z igZVibZci

d[ cZjgdad\^XVa Y^hdgYZgh* L]ZhZ !cY^c\h lVggVci [jgi]Zg ^ckZhi^\Vi^dc VcY egdk^YZ edhh^WaZ ^ch^\]ih ^cid cdkZa i]ZgVeZji^X

higViZ\^Zh [dg i]dhZ XdbeaZm XdcY^i^dch*
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Reviewer #3:

L]^h ^h V cZl bZi]dY [dg i]Z egZY^Xi^dc d[ egdiZ^c)JG: ^ciZgVXi^dch ^c i]Z JG: hZfjZcXZh* Bi gZa^Zh dc V YZZe cZildg` VcY

hZkZgVa ^ceji ineZh* B VeegZX^ViZ V XdbegZ]Zch^kZ cVijgZ d[ i]Z Zbe^g^XVa XdbeVg^hdch VcY i]Z YdlchigZVb VcVanh^h d[ i]Z

gZhjaih* L]Z VWaVi^dc VcVanh^h ^h Vahd V eajh* AdlZkZg( B ]VkZ V [Zl XdcXZgch*

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z Xg^i^XVa VcY ]Zae[ja XdbbZcih* ?dg i]Z eVhi 0 bdci]h( lZ ]VkZ Yjan [daadlZY ndjg

XdbbZcih VcY hj\\Zhi^dch id XVgZ[jaan VYYgZhh Vaa i]Z XdcXZgch Vh ZaVWdgViZY ^c i]Z [daadl^c\ gZhedchZh* Bc eVgi^XjaVg( lZ

ldjaY a^`Z id i]Vc` ndj [dg ndjg Xg^i^XVa XdbbZcih l]^X] ]VkZ ^begdkZY i]Z bVcjhXg^ei ^c cjbZgdjh lVnh* L]Vc` ndj kZgn

bjX] [dg ndjg egZX^djh i^bZ VcY `^cY ViiZci^dc*

-* E_V`ZCRa dN` ]bOYV`URQ \cR_ , fRN_` NT\ N[Q ZNf [\ Y\[TR_ _R]_R`R[a `aNaR \S aUR N_a V[ aUR !RYQ( 7baU\_` URNcVYf _RYf \[

aUV` N]]_\NPU N` Z\aVcNaV\[ S\_ aURV_ \d[ `\YbaV\[( B\_R _RPR[a ZRaU\Q` `U\bYQ OR `b_cRfRQ N[Q P\[`VQR_RQ( <\_ V[`aN[PR&

N _RPR[aYf _RYRN`RQ _RYRcN[a S_NZRd\_X& EF?;GGH;GG $Uaa]`4))NPNQRZVP(\b](P\Z)[N_)N_aVPYR)/*)+3)R+++)0011-,2%& `U\bYQ OR

V[cR`aVTNaRQ( 7baU\_` `U\bYQ P\Z]N_R NTNV[`a Va N[Q P\[`VQR_ aUV` af]R \S N]]_\NPU N` N b`RSbY _R`\b_PR a\ NbTZR[a V[]ba` a\

aURV_ [Rad\_X(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg ^ch^\]i[ja XdbbZcih VcY [dg Wg^c\^c\ i]Z IJB>KKL>KK [gVbZldg` &/3' id djg Vi)

iZci^dc* OZ ]VkZ VYYZY VcY X^iZY ^i id i]Z gZ[ZgZcXZ a^hi dc i]Z gZk^hZY bVcjhXg^ei* OZ VeegZX^ViZ ndjg hj\\Zhi^dc id Xdch^YZg

gZXZci bZi]dYh ^c djg hijYn( VcY V\gZZ i]Vi ^i ^h XgjX^Va id hiVn jeYViZY l^i] i]Z aViZhi VYkVcXZbZcih ^c i]Z !ZaY* FZVcl]^aZ(

lZ ]VkZ i]dgdj\]an ^ckZhi^\ViZY i]Z IJB>KKL>KK [gVbZldg` VcY [djcY i]Vi ^i ^cYZZY d[[Zgh V jc^fjZ VeegdVX] [dg [ZVijgZ

gZegZhZciVi^dc( l]^X] XdbeaZbZcih i]Z bZi]dYdad\n jhZY ^c Ig^hbGZi VcY djg egdedhZY bdYZa* OZ VeegZX^ViZ i]Z higZc\i]h

d[ IJB>KKL>KK( eVgi^XjaVgan ^ih ild)hiZe egdXZhh ^c bdi^[ \ZcZgVi^dc VcY V\\gZ\ViZ bdYZa XgZVi^dc( l]^X] egdk^YZh V XdbegZ)

]Zch^kZ gZegZhZciVi^dc d[ JG: hZfjZcXZ VcY higjXijgZ* Bih X^iVi^dc ]Vh WZZc VYYZY dc i]Z gZk^hZY bVcjhXg^ei*

Ld VYYgZhh ndjg XdcXZgch( lZ ]VkZ VYYZY i]Z IJB>KKL>KK bZi]dY id djg XdbeVg^hdc \gdje dc i]dhZ .2- J;I YViVhZih

VXgdhh Wdi] hiVi^X VcY YncVb^X XZaajaVg XdcY^i^dch* Bc VYY^i^dc( lZ ]VkZ Xdch^YZgZY i]Z ediZci^Va d[ ^ciZ\gVi^c\ VheZXih d[ i]Z

IJB>KKL>KK [gVbZldg` id Vj\bZci i]Z ^cejih d[ djg cZildg`* Bi ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

#! ! ! ! ! ! <^gXdh eadi ^c ?^\* .V h]dlh i]Z dkZgVaa ZmeZg^bZciVa gZhjaih d[ A=JGZi XdbeVgZY id i]Z di]Zg bZi]dYh VXgdhh i]Z .2-

J;I YViVhZih* :h YZe^XiZY ^c i]^h !\jgZ( lZ cdi^XZ i]Vi A=JGZi Xdch^hiZcian djieZg[dgbZY di]Zg VeegdVX]Zh* Bc eVgi^XjaVg(

djg bdYZa hjWhiVci^Vaan Zc]VcXZY i]Z eZg[dgbVcXZ ^c ^YZci^[n^c\ ?FJ- VcY ?PJ. W^cY^c\ h^iZh ^c A>D.5/ XZaah7 [dg ^chiVcXZ(

?FJ-6 Ig^hbGZi 8 ,*23 kh* A=JGZi 8 ,*4,7 ?PJ.6 Ig^hbGZi 8 ,*3- kh* A=JGZi 8 ,*43* FdgZdkZg( lZ XdcYjXiZY VYY^i^dcVa

VcVanhZh dc i]Z VhhdX^ViZY X]VgVXiZg^hi^Xh d[ ?FJ- VcY ?PJ.( ^YZci^[n^c\ i]Z^g heZX^!X [ZVijgZh &KjeeaZbZciVgn GdiZ 2( Kje)

eaZbZciVgn ?^\* 4'* FZVcl]^aZ( lZ cdi^XZ i]Vi A=JGZi djieZg[dgbZY IJB>KKL>KK dc Vabdhi Vaa YViVhZih* L]^h Y^hXgZeVcXn

bVn Vg^hZ [gdb i]Z [VXi i]Vi IJB>KKL>KK ^h ]^\]an YZeZcYZci dc i]Z bdi^[ ZmigVXi^c\ egdXZhh ^c i]Z ^c^i^Va hiV\Z( VcY bVn cdi

WZ VWaZ id ^YZci^[n hVa^Zci eViiZgch VXgdhh i]Z YViVhZih l^i] ^chj[!X^Zci W^cY^c\ eViiZgch( gZhjai^c\ ^c V a^b^iZY igV^c^c\ [ZVijgZ

hZi* FdgZdkZg( i]Z h^oZ d[ i]Z YViVhZi Vahd eaVnh V XgjX^Va gdaZ ^c ^c"jZcX^c\ i]Z Z[!X^ZcXn d[ bdi^[ gZXd\c^i^dc* O]Zc i]Z

YViVhZi ^h gZaVi^kZan hbVaa( ^i XVc ediZci^Vaan gZhjai ^c ^cVXXjgVX^Zh dg i]Z [V^ajgZ id gZXd\c^oZ bdi^[h( XdchZfjZcian Y^b^c^h]^c\
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i]Z egZY^Xi^kZ eZg[dgbVcXZ* Bc VYY^i^dc( i]Z ad\^hi^X gZ\gZhh^dc bdYZa WVhZY dc E:KKH gZ\jaVg^oVi^dc l^i]^c IJB>KKL>KK

XdjaY n^ZaY hjWdei^bVa eZg[dgbVcXZ l]Zc Xdc[gdciZY l^i] cdca^cZVg YZX^h^dc WdjcYVg^Zh( l]^aZ YZZe aZVgc^c\ bZi]dYdad\^Zh

iZcY id Zm]^W^i bdgZ [VkdgVWaZ djiXdbZh* :ai]dj\] IJB>KKL>KK YZbdchigViZY hjWdei^bVa eZg[dgbVcXZ( ^ih jc^fjZ Fdi^[

ZmigVXi^dc egdXZhh XdjaY ediZci^Vaan Zc]VcXZ A=JGZi( Vh ^aajhigViZY ^c KjeeaZbZciVgn GdiZ / VcY KjeeaZbZciVgn ?^\h* 0)1* Bc

i]Z k^da^c eadi d[ ?^\* .W( lZ dWhZgkZ i]Vi djg egdedhZY A=JGZi eZg[dgbZY bdgZ Xdch^hiZcian VcY ]VY WZiiZg egZY^Xi^dc eZg[dg)

bVcXZ dc i]Z bV_dg^in d[ i]Z YViVhZih i]Vc i]Z XdbeZi^c\ VeegdVX]Zh* L]Z gZVhdc [dg i]Z ^begdkZY eZg[dgbVcXZ bVn XdbZ cdi

dcan [gdb i]Z hZa[)hjeZgk^hZY XVeVW^a^in d[ i]Z igVch[dgbZg i]Vi XVeijgZh i]Z \adWVa XdciZmijVa VcY hZbVci^X ^c[dgbVi^dc d[ i]Z

JG: hZfjZcXZh Wji Vahd [gdb i]Z VW^a^in d[ i]Z egdedhZY cZildg` VgX]^iZXijgZ id aZVgc VcY igVch[dgb adc\)gVc\Z YZeZcYZcX^Zh*

OZ Vahd egdk^YZ i]Z gZXZ^kZg deZgVi^c\ X]VgVXiZg^hi^X &JH<' XjgkZ d[ i]Z !ghi [djg YViVhZih i]Vi VgZ eadiiZY ^c ?^\* .X* L]Z JH<

XjgkZ VcVanhZh YZbdchigViZY i]Vi A=JGZi ]VY V ]^\]Zg igjZ edh^i^kZ gViZ &LIJ' XdbeVgZY id i]Z di]Zg bZi]dYh( ^cY^XVi^c\ i]Vi

A=JGZi ]Vh V ]^\]Zg hZch^i^k^in [dg ^YZci^[n^c\ J;I W^cY^c\ h^iZh* ! ! ! ! ! !#

=FV JNRJHISR CX DIBQBDSFQJYJNH ?=4 CJNEJNH FUFNSR CFSVFFN EJGGFQFNS DFLL LJNFR JN B EXNBMJD MBNNFQ

! ! ! ! ! ! ?^\* /V egdk^YZh i]Z ]ZVibVe d[ i]Z YncVb^X egZY^Xi^dc gZhjaih( [gdb l]^X] lZ XVc hZZ i]Vi i]Z egdedhZY A=JGZi

djieZg[dgbZY i]Z di]Zg bZi]dYh [dg Wdi] D12. VcY AZe@. egZY^Xi^dch l]^aZ =ZZeW^cY eZg[dgbZY i]Z ldghi VXgdhh i]Z bV)

_dg^in d[ YViVhZih( l^i] Z^i]Zg i]Z adlZhi :M< kVajZ dg WZ^c\ ^cXVeVWaZ d[ bV`^c\ YncVb^X egZY^Xi^dch* O]Zc egZY^Xi^c\ i]Z

J;I h^iZh ^c D12. XZaah V[iZg igV^c^c\ dc AZe@. XZaah( i]Z VkZgV\Z :M< gZhjai d[ A=JGZi lVh ,*35( l]^X] ^h 0$ ]^\]Zg i]Vc

Ig^hbGZi* Bc eVgi^XjaVg( i]Z :M< gZhjaih d[ J;F-1 VcY PJG. J;Ih VgZ -.$ VcY 5$ ]^\]Zg i]Vc Ig^hbGZi( gZheZXi^kZan*

K^b^aVgan( egZY^Xi^c\ AZe@. XZaah W^cY^c\ h^iZh V[iZg igV^c^c\ dc D12. XZaah( i]Z VkZgV\Z :M< gZhjai d[ A=JGZi lVh Vahd 0$

WZiiZg i]Vc Ig^hbGZi* L]Z gZhjaih [dg J;F-1( K?/;0 VcY KELF Vahd h]dlZY h^\c^!XVci ^begdkZbZci dkZg Ig^hbGZi( l^i]

i]Z eZg[dgbVcXZ \V^ch d[ 5$( --$ VcY 5$( gZheZXi^kZan* FZVcl]^aZ( lZ Vahd cdi^XZ i]Vi A=JGZi hjWhiVci^Vaan djieZg[dgbZY

IJB>KKL>KK [dg i]Z YncVb^X iVh`h l^i] ]^\]Zg :M< kVajZh l]^aZ IJB>KKL>KK djieZg[dgbZY =ZZeW^cY( @gVe]Igdi( ^=ZZe

VcY =FKD ^c iZgbh d[ YncVb^X egZY^Xi^dc* ?^\* /W h]dlh i]Z egZY^XiZY kh dWhZgkZY W^cY^c\ h^iZh d[ AGJGI:- dc i]Z

FL)G=1 igVchXg^ei* :XXdgY^c\ id Z<EBI( i]Z FL)G=1 igVchXg^ei XdciV^ch -- AGJGI:- W^cY^c\ h^iZh ^c AZe@. XZaah( VcY 2

W^cY^c\ h^iZh ^c D12. XZaah* OZ [djcY i]Vi A=JGZi XdggZXian egZY^XiZY Vaa -- W^cY^c\ h^iZh l^i]^c i]Z FL)G=1 igVchXg^ei ^c

AZe@. XZaah l^i] cd [VahZ edh^i^kZh( Wn jh^c\ i]Z bdYZa igV^cZY dc D12. XZaah* Bc XdcigVhi( =ZZe;^cY VcY @gVe]Igdi( XdggZXian

egZY^XiZY dcan . d[ i]Z -- h^iZh( VcY ^=ZZe VcY =FKD XdggZXian egZY^XiZY 0 d[ i]Z -- h^iZh( VcY Ig^hbGZi VcY IJB>KKL>KK

XdggZXian egZY^XiZY 3 d[ i]Z -- W^cY^c\ h^iZh* ?^\* /X YZe^Xih i]Z JH< XjgkZh d[ i]Z !ghi ild YViVhZih* K^b^aVg id i]Z WZ[dgZ

:M< gZhjaih( A=JGZi ]VY hjeZg^dg YncVb^X egZY^Xi^dc i]Vc i]Z di]Zg bZi]dYh hjeedgiZY Wn WZiiZg LIJ kVajZh* ! ! ! ! ! ! #

?dg i]Z aVhi XdbbZci( lZ jcYZghiddY ndjg XdcXZgch VcY ]VkZ [daadlZY ndjg XdbbZcih id Xdch^YZg i]Z IJB>KKL>KK bZi]dY

Vh i]Z [ZVijgZ gZegZhZciVi^dc id Vj\bZci ^cejih id djg bdYZa* Bc i]Z dg^\^cVa hijYn( IJB>KKL>KK lVh ^cigdYjXZY Vh V jc^kZghVa

JG: bdi^[)!cY^c\+hXVcc^c\ higViZ\n XVeVWaZ d[ ^YZci^[n^c\ Zcg^X]ZY JG: hZfjZcXZ VcY+dg higjXijgZ bdi^[h* Ld ^cXdgedgViZ i]Z

IJB>KKL>KK [ZVijgZ gZegZhZciVi^dc ^cid djg bdYZa( lZ ZbeadnZY V hiZe)Wn)hiZe VeegdVX]* ?^ghi( lZ jhZY JG:[daY id egZY^Xi

i]Z hZXdcYVgn higjXijgZ d[ ZVX] hZfjZcXZ VcY VccdiViZY i]Zb jh^c\ i]Z hZkZc Vae]VWZih VccdiVi^dc YZhXg^WZY ^c IJB>KKL>KK*

L]Zc( lZ ji^a^oZY i]Z KLJ>F> idda id ZmigVXi Zcg^X]ZY bdi^[h l^i]^c ZVX] Vae]VWZih VccdiVi^dc( \ZcZgVi^c\ Idh^i^dc ?gZfjZcXn

FVig^XZh &I?Fh' [dg ZVX] bdi^[* ?dg ZVX] VccdiVi^dc( lZ hXVccZY i]Z dWiV^cZY I?Fh dc i]Z YViV* Ld XgZViZ Vc Vj\bZciVi^dc d[

A=JGZi( lZ XVaXjaViZY i]Z hjb d[ i]Z ide [djg hXdgZh eZg hZfjZcXZ [dg ZVX] I?F* L]^h Vj\bZciVi^dc( YZg^kZY bV^can [gdb i]Z

@TbeTa R[h n @<JFXg U\bJ!\i n 02







hZfjZcXZ)higjXijgZ bdi^[h( lVh ^ciZ\gViZY ^cid i]Z ^XKA:I> [ZVijgZ id Zc]VcXZ i]Z ZmegZhh^dc d[ i]Z higjXijgZ egd!aZh* KeZX^[)

^XVaan( lZ ZbeadnZY V [jaan XdccZXiZY cZildg` id VY_jhi i]Z [ZVijgZ aZc\i] id bViX] l^i] i]Vi d[ ^XKA:I> VcY i]Zc hjbbZY

i]Zb id\Zi]Zg*

:[iZg i]Vi( lZ XdcYjXiZY ZmeZg^bZcih id kZg^[n l]Zi]Zg i]Z Vj\bZciZY [ZVijgZh XVc [jgi]Zg ^beVXi i]Z eZg[dgbVcXZ d[ A=J)

GZi* :h YZe^XiZY ^c @TPPLFMFNSBQX 9JH' -( djg gZhjaih YZbdchigViZ i]Vi i]Z VkZgV\Z eZg[dgbVcXZ d[ A=JGZi V[iZg [ZVijgZ

Zc]VcXZbZci lVh ZfjVa id i]Z dg^\^cVa [ZVijgZh ^c hiVi^X egZY^Xi^dc iVh` VcY h]dlZY V kZgn ha^\]i YZXgZVhZ ^c i]Z YncVb^X egZ)

Y^Xi^dc iVh`( Vh ^aajhigViZY ^c @TPPLFMFNSBQX 9JH' .* AdlZkZg( ^i ^h ldgi] cdi^c\ i]Vi lZ dWhZgkZY h^\c^!XVci ^begdkZbZcih

^c i]Z eZg[dgbVcXZ d[ i]Z bdYZa V[iZg YViV Vj\bZciVi^dc dc XZgiV^c YViVhZih* ?dg ^chiVcXZ( ^c i]Z <-3HJ?41UA>D.5/ VcY

LGJ<2:UA>D.5/ YViVhZih( i]Z eZg[dgbVcXZ d[ hiVi^X egZY^Xi^dc lVh Zc]VcXZY Wn .*.$ VcY .*0$( gZheZXi^kZan* :YY^i^dc)

Vaan( lZ Vahd dWhZgkZY V .$ eZg[dgbVcXZ ^begdkZbZci ^c i]Z YncVb^X egZY^Xi^dc iVh` dc i]Z ==P1. YViVhZi* L]ZhZ !cY^c\h

hjeedgi i]Z cdi^dc i]Vi i]Z bdi^[ ZmigVXi^dc VcY hXdg^c\ WVhZY dc i]Z bjai^)hZfjZcXZ)higjXijgZ VccdiVi^dc VeegdVX] ji^a^oZY Wn

IJB>KKL>KK h^\c^!XVcian Xdcig^WjiZ id i]Z ^YZci^!XVi^dc d[ JG:)W^cY^c\ egdiZ^c &J;I' W^cY^c\ h^iZh VcY XVc WZ Vc Z[[ZXi^kZ

VeegdVX] id Zc]VcXZ i]Z eZg[dgbVcXZ d[ A=JGZi l]Zc i]Z W^cY^c\ h^iZ bdi^[ eViiZgch d[ ^ciZgZhi VgZ lZaa)XdchZgkZY*
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Supplementary Fig. 4. HXeYbe`TaVX Vb`cTe\fba bY @<JFXg TaW @<JFXg j\g[ YXTgheX ThZ`XagTg\ba ba fgTg\V ceXW\Vg\ba gTf^+
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Supplementary Fig. 5 HXeYbe`TaVX Vb`cTe\fba bY @<JFXg TaW @<JFXg j\g[ YXTgheX ThZ`XagTg\ba ba WlaT`\V ceXW\Vg\ba gTf^+

@TbeTa R[h n @<JFXg U\bJ!\i n 06



Bc VYY^i^dc( lZ Vahd Zbe]Vh^oZ( egZhZci( VcY VYY Zmea^X^i X^iVi^dch id i]Z IJB>KKL>KK Va\dg^i]b ^c KZXi^dc 6OMPFSJNH MFSI&

OER* Bi ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

6OMPFSJNH MFSIOER

r IJB>KKL>KK &/3' &]iieh6++\^i]jW*Xdb+`V^ia^c/,5+IJB>KKL>KK'( ^h V jc^kZghVa VcY gZXZci JG: bdi^[)!cY^c\+hXVcc^c\

higViZ\n XVeVWaZ d[ ^YZci^[n^c\ Zcg^X]ZY JG: hZfjZcXZ VcY+dg higjXijgZ bdi^[h* IJB>KKL>KK Xdch^hih d[ ild hiZeh* L]Z

!ghi hiZe \ZcZgViZh V aVg\Z XdaaZXi^dc d[ Zcg^X]ZY bdi^[h ZcXdbeVhh^c\ Wdi] JG: hZfjZcXZ VcY higjXijgZ* L]Z hZXdcY hiZe

egdYjXZh Vc V\\gZ\ViZ bdYZa( l]^X] XdbW^cZh i]Z bdi^[ hXdgZh ^cid V h^c\aZ kVajZ( VcY \Vj\Zh i]Z gZaVi^kZ ^bedgiVcXZ d[

ZVX] bdi^[*

.* JUVYR aUR ]_\]\`RQ ]_RQVPaVcR N_PUVaRPab_R V` N[ VZ]_\cRZR[a \cR_ E_V`ZCRa $dVaU aUR NO\cR PNcRNa%& aUR b`R \S 8;FH& QRR]

_R`VQbNY [Rad\_X` N[Q `RYS'NaaR[aV\[ V` [\a ]N_aVPbYN_Yf V[[\cNaVcR( HUR YVaR_Nab_R V` NY_RNQf ]\]bYNaRQ dVaU `VZVYN_ "R[Q'a\'R[Q"

`\YbaV\[`( HUR NbaU\_` [RRQ a\ ]_\cVQR ZbPU Z\_R P\Z]YRaR NPP\b[aV[T \S Z\QR_[ ZRaU\Q` N[Q Z\_R P\Z]RYYV[T Re]YN[NaV\[

\S aUR [\cRY N`]RPa` \S aURV_ ZRaU\Q(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg ndjg Xg^i^XVa XdbbZcih* OZ V\gZZ l^i] ndj* Qdjg XdbbZcih ]VkZ egdk^YZY jh l^i]

Vc deedgijc^in id [jgi]Zg gZ!cZ djg ldg` VcY WZiiZg Vgi^XjaViZ ^ih jc^fjZ Xdcig^Wji^dch* OZ ]VkZ [daadlZY ndjg XdbbZcih id

egdk^YZ bjX] bdgZ XdbeaZiZ VXXdjci^c\ d[ bdYZgc bZi]dYh VcY bdgZ XdbeZaa^c\ ZmeaVcVi^dc d[ i]Z cdkZa VheZXih* BcYZZY(

cjbZgdjh #ZcY)id)ZcY# bZi]dYh ]VkZ WZZc YZkZadeZY id ^YZci^[n JG:)W^cY^c\ egdiZ^c &J;I' W^cY^c\ h^iZh* AdlZkZg( i]dhZ

bZi]dYh VgZ d[iZc YZh^\cZY VcY dei^b^oZY [dg heZX^!X XZaajaVg XdcY^i^dch( a^b^i^c\ i]Z^g WgdVYZg Veea^XVW^a^in* OZ WZa^ZkZ i]Z

Y^hi^cXi VYkVciV\Z d[ djg egdedhZY A=JGZi VgX]^iZXijgZ ^h ^ih XVeVX^in id egZY^Xi EXNBMJD J;I W^cY^c\ ZkZcih BDQORR EJGGFQFNS

DFLL LJNFR BNE SJRRTFR* L]ZgZ[dgZ( l]^aZ ;>JL( YZZe gZh^YjVa cZildg`h( VcY hZa[)ViiZci^dc VgZ egZkVaZci iddah( i]Z cdkZain d[

djg ldg` a^Zh ^c i]Z^g eVgi^XjaVg VbVa\VbVi^dc VcY VYVei^dc* Bc VYY^i^dc( i]gdj\] i]Z hjWhiVci^Va gZk^h^dch l^i] / ^cYZeZcYZci

gZk^ZlZgh ^c i]Z eVhi [djg bdci]h( lZ VgZ Vahd Xdc!YZci i]Vi i]Z gZhjaiVci ZmeZg^bZciVa gZhjaih ^c i]^h hijYn XVc Vahd hZgkZ Vh Vc

^cYZeZcYZci VcY XdbegZ]Zch^kZ WZcX]bVg` WZndcY i]Z bZi]dYdad\n Xdcig^Wji^dch*

Bc iZgbh d[ SFDINJDBL DONSQJCTSJON( i]Z `Zn VYkVciV\Z d[ A=JGZi ^h ^ih YncVb^X ^YZci^!XVi^dc VcY ^ciZgegZiVi^dc d[ JG:)

W^cY^c\ egdiZ^c &J;I' W^cY^c\ h^iZh* L]^h YncVb^X VeegdVX] hZih ^i VeVgi [gdb bVcn di]Zg bdYZah VcY [dgbh i]Z XdgZ d[ ^ih

cdkZain* Ld aZVgc i]Z ediZci^Va gZegZhZciVi^dc d[ i]Z hZfjZcXZ [dg i]Z egdiZ^csJG: ^ciZgVXi^dch Z[[ZXi^kZan( lZ ]VkZ cVggdlZY

djg hXdeZ id V YZZe aZVgc^c\ bdYZa VcY [djcY i]Vi Ig^hbGZi ^h Vahd V YZZe aZVgc^c\ bdYZa id egZY^Xi YncVb^X J;I W^cY^c\

ZkZcih* Bc i]Z [daadl^c\( lZ ]VkZ ZcYZVkdgZY id ]^\]a^\]i i]Z jc^fjZ VheZXih VcY VYkVciV\Zh d[ A=JGZi Wn XdbeVg^c\ ^i

Y^gZXian l^i] Ig^hbGZi* L]Z Y^hi^c\j^h]^c\ [ZVijgZh VcY higZc\i]h d[ A=JGZi( ^c XdcigVhi id Ig^hbGZi( VgZ djia^cZY ^c i]Z

[daadl^c\ hZXi^dch6

-* ?^ghian( V Xg^i^XVa a^b^iVi^dc d[ Ig^hbGZi ^h ^ih gZa^VcXZ dc igVY^i^dcVa hiVi^X dcZ)]di ZcXdY^c\* L]^h hiVi^X ZcXdY^c\ [V^ah id

XVeijgZ i]Z YncVb^X hZbVci^X ^c[dgbVi^dc d[ JG: hZfjZcXZh VcY i]Z^g \adWVa [ZVijgZh* FdgZdkZg( ^i higj\\aZh id XVeijgZ

WVh^X ^c[dgbVi^dc d[ cjXaZdi^YZ hZfjZcXZh jcYZg kVgn^c\ XZaajaVg dg i^hhjZ XdciZmih( ]^cYZg^c\ YncVb^X egZY^Xi^dc VW^a^)

i^Zh* Ld VYYgZhh i]^h( A=JGZi ji^a^oZh YncVb^X \adWVa XdciZmi gZegZhZciVi^dc( ZcXdY^c\ cjXaZdi^YZh Y^[[ZgZcian YZeZcY^c\

dc i]Z XdciZmi* L]^h YncVb^X gZegZhZciVi^dc XVc gZ"ZXi i]Z XdciZmi gZaVi^dch]^eh d[ cjXaZdi^YZh VcY [jgi]Zg Zc]VcXZ i]Z

@TbeTa R[h n @<JFXg U\bJ!\i n 1-



VW^a^in d[ A=JGZi id gZXd\c^oZ i]Z heZX^!X J;I W^cY^c\ h^iZh* FdgZdkZg( NO FWJRSJNH QFRFBQDI FMPLOXR EXNBMJD DON&

SFWS QFPQFRFNSBSJON BR B GOTNEBSJON GOQ EXNBMJD PQFEJDSJON SBRKR( edh^i^dc^c\ A=JGZi Vi i]Z [dgZ[gdci d[ ^ccdkVi^dc

^c i]^h VgZV( Vh Y^hXjhhZY ^c @TPPLFMFNSBQX =OSF *2% 9JH' .*

.* KZXdcYan( igVY^i^dcVa YZZe aZVgc^c\ Va\dg^i]bh( ^cXajY^c\ Ig^hbGZi( d[iZc [VXZ V Y^hXgZeVcXn ^c i]Z Y^bZch^dch d[ hZ)

fjZcXZ VcY hZXdcYVgn higjXijgZ [ZVijgZh* L]ZhZ bdYZah ine^XVaan XdcXViZcViZ i]ZhZ ild Y^heVgViZ [ZVijgZ ineZh Vi i]Z

^ceji hiV\Z( V higViZ\n i]Vi XVc ^cVYkZgiZcian aZVY id Vc jcZkZc [ZVijgZ Y^hig^Wji^dc* L]^h ^bWVaVcXZ XVc dWhigjXi i]Z

bdYZa%h VW^a^in id [jaan XdbegZ]ZcY VcY aZVgc [gdb Wdi] i]Z hZfjZcXZ VcY hZXdcYVgn higjXijgZ [ZVijgZh( ]^cYZg^c\ i]Z

bdYZa%h VW^a^in id \gVhe i]Z ^cig^XVX^Zh d[ J;I W^cY^c\ h^iZh Z[[ZXi^kZan* Ld gZXi^[n i]^h( :7?=FS JMPLFMFNSR B EJMFN&

RJON TNJGXJNH BQDIJSFDSTQF BS SIF ONRFS( ]Vgbdc^o^c\ i]Z Y^bZch^dch d[ hZfjZcXZ VcY higjXijgVa [ZVijgZh VcY egdk^Y^c\

V WVaVcXZY [ZVijgZ gZegZhZciVi^dc* BcYZZY( A=JGZi Zbeadnh Xdckdaji^dcVa cZjgVa cZildg` &<GG' WadX`h l^i] V kVg^Zin

d[ `ZgcZa h^oZh id VX]^ZkZ i]^h WVaVcXZ* :h Vc VYVei^kZ bZX]Vc^hb( i]ZhZ <GG WadX`h Z[[ZXi^kZan ZfjVa^oZ i]Z Y^bZc)

h^dcVa^in d[ i]Z [ZVijgZ hZih* L]^h gZhjaih ^c V jc^[dgb^in WZilZZc i]Z hZfjZcXZ VcY e]nh^XdX]Zb^XVa [ZVijgZh( Vaadl^c\

i]Z bdYZa id Vhh^b^aViZ VcY aZVgc i]Z X]VgVXiZg^hi^Xh d[ Wdi] hZih d[ [ZVijgZh bdgZ Z[!X^Zcian( Vh YZe^XiZY ^c 9JH' / BNE

@TPPLFMFNSBQX 9JH' /*

/* Bc XdcigVhi id Ig^hbGZi( l]^X] Zbeadnh V WVh^X gZh^YjVa higjXijgZ id egdXZhh i]Z [jhZY [ZVijgZh d[ hZfjZcXZh VcY hZXdcYVgn

higjXijgZh( :7?=FS JNSQOETDFR B NOUFL IJFQBQDIJDBL MTLSJRDBLF QFRJETBL NFSVOQK #:<?=$ RSQTDSTQF* L]^h VeegdVX]

ediZci^Vaan gZhdakZh i]Z X]VaaZc\Z [VXZY Wn Ig^hbGZi( l]^X] d[iZc higj\\aZh id VXXjgViZan ^YZci^[n i]Z XdbW^cZY eViiZgch

d[ hZfjZcXZh VcY higjXijgZh YjZ id ^ih gZa^VcXZ dc V WVh^X gZh^YjVa higjXijgZ* Hjg AFJG higjXijgZ ^cXdgedgViZh V cZl YjVa)

eVi] eVgVaaZa higjXijgZ i]Vi hZeVgViZan ZmigVXih i]Z XdbW^cZY eViiZgch d[ hZfjZcXZh VcY higjXijgZh( Zchjg^c\ i]Vi A=JGZi

^h VWaZ id XVeijgZ i]Z heZX^!X W^cY^c\ egZ[ZgZcXZh d[ Vc ^cY^k^YjVa J;I [gdb i]Z hZfjZcXZ VcY higjXijgZ eZgheZXi^kZ(

gZheZXi^kZan* Bc VYY^i^dc( lZ Vahd Zbeadn V bjai^)hXVaZ <GG YZh^\c ^cid A=JGZi( jh^c\ <GG `ZgcZah d[ kVgn^c\ h^oZh(

[jgi]Zg Zc]VcX^c\ ^ih VW^a^in id YncVb^XVaan ^YZci^[n J;I W^cY^c\ h^iZh( Vh YZbdchigViZY ^c @TPPLFMFNSBQX 9JH' /*

0* ?^cVaan( a^`Z bVcn YZZe aZVgc^c\ Va\dg^i]bh( Ig^hbGZi bZgZan VkZgV\Zh i]Z [ZVijgZh ^c i]Z !cVa egZY^Xi^dc hiV\Z VcY jhZh

V [jaan XdccZXiZY aVnZg id \ZcZgViZ i]Z !cVa egZY^Xi^dc hXdgZ* L]^h aZVYh id V WaZcY^c\ d[ \adWVa [ZVijgZh( ediZci^Vaan

]^cYZg^c\ i]Z ZmigVXi^dc d[ i]Z bdhi h^\c^!XVci W^cY^c\ gZ\^dch* AZgZ( VF PQOPORF SIF 7FFP >QOSFJN&?5> 5JNEJNH

>QFEJDSOQ #7>?5>$ JN :7?=FS id VYYgZhh i]^h ^hhjZ* =IJ;I ^h V engVb^Y)h]VeZY YZZe higjXijgZ l]ZgZ i]Z aZc\i]

d[ i]Z cjXaZdi^YZ hZfjZcXZ YZXgZVhZh Vi ZVX] hjXXZhh^kZ aVnZg( gZiV^c^c\ i]Z cjXaZdi^YZ [gV\bZcih i]Vi bdhi h^\c^!XVcian

^c"jZcXZ i]Z VXXjgViZ egZY^Xi^dc d[ J;I W^cY^c\ h^iZh( Vh ^aajhigViZY ^c 9JH' /* ;n egd\gZhh^kZan h]dgiZc^c\ i]Z hZfjZcXZ

aZc\i] Vi ZVX] aVnZg( =IJ;I XVc egZhZgkZ i]Z bdhi h^\c^!XVci adXVa gZ\^dch( i]jh egdk^Y^c\ A=JGZi l^i] V gdWjhi

bZX]Vc^hb [dg egZX^hZan XVeijg^c\ J;I W^cY^c\ egZ[ZgZcXZh* L]^h VgX]^iZXijgZ Y^hi^c\j^h]Zh A=JGZi [gdb di]Zg YZZe

aZVgc^c\ Va\dg^i]bh( d[[Zg^c\ Vc VYkVcXZY hdaji^dc [dg egZY^Xi^c\ J;I W^cY^c\ h^iZh*

:h YZbdchigViZY ^c djg ZmeZg^bZcih( i]^h bdYZa [dgbjaVi^dc Vaadlh jh id VXXdbea^h] i]Z [daadl^c\ iVh`h hjXXZhh[jaan6

-* @SBSJD DFLLTLBQ PQOSFJNZ?=4 JNSFQBDSJON JEFNSJ!DBSJON' A=JGZi ji^a^oZh YncVb^X \adWVa XdciZmi gZegZhZciVi^dc VcY

^XKA:I> hZXdcYVgn higjXijgZ ^c[dgbVi^dc id \ZcZgViZ gdWjhi W^cY^c\ h^iZ gZegZhZciVi^dch i]gdj\] V cdkZa ]^ZgVgX]^XVa

cZildg` VgX]^iZXijgZ VcY YZZe egdiZ^c)JG: W^cY^c\ egZY^Xidg* Bc V XdbegZ]Zch^kZ XdbeVg^hdc VXgdhh .2- WZcX]bVg`

YViVhZih jh^c\ hZkZgVa hiViZ)d[)i]Z)Vgi WVhZa^cZ Va\dg^i]bh( A=JGZi djieZg[dgbh ^ih XdjciZgeVgih ^c hiVi^X egZY^Xi^dc iVh`h

@TbeTa R[h n @<JFXg U\bJ!\i n 1.



l^i]^c heZX^!X XZaajaVg XdciZmih* FdgZdkZg( i]gdj\] k^hjVa^o^c\ i]Z aViZci [ZVijgZh aZVgcZY Wn i]Z bdYZa( A=JGZi XVc

gZkZVa Y^hi^cXi YViV XajhiZgh( ]^\]a^\]i^c\ ^ih gdWjhicZhh( Vh ZajX^YViZY ^c 9JH' +*

.* 7XNBMJD PQFEJDSJON OG DFLLTLBQ PQOSFJNZ?=4 JNSFQBDSJON BDQORR EJGGFQFNS DFLL LJNFR' A=JGZi%h [dgZbdhi VYkVciV\Z

^ih hjeZg^dg XVeVW^a^in [dg YncVb^X egZY^Xi^dc d[ J;I W^cY^c\ h^iZh( i]gdj\] V XdbegZ]Zch^kZ aZVgc^c\ d[ J;I W^cY^c\

X]VgVXiZg^hi^Xh [gdb i]Z YncVb^X \adWVa XdciZmijVa gZegZhZciVi^dc Wn i]Z jc^fjZ VgX]^iZXijgZ d[ A=JGZi* OZ i]dgdj\]an

kVa^YViZY A=JGZi%h YncVb^X egZY^Xi^kZ VW^a^in VXgdhh YViVhZih [gdb kVg^djh XZaa a^cZh d[ 24 J;Ih* BbedgiVcian( A=JGZi

XVc Vahd \ZcZgViZ gdWjhi aViZci [ZVijgZh [dg J;I W^cY^c\ h^iZ YViV [gdb di]Zg XZaa a^cZh Yjg^c\ i]Z YncVb^X egZY^Xi^dc

egdXZhh( l]^X] [VX^a^iViZh A=JGZi id VXXjgViZan Y^hXZgc i]Z W^cY^c\ egdeZgi^Zh d[ J;Ih* FdgZdkZg( A=JGZi bV^ciV^ch

^ih hjeZg^dg eZg[dgbVcXZ Xdch^hiZcian VXgdhh J;Ih d[ kVgn^c\ ZmegZhh^dc aZkZah VcY i]dhZ iVg\Zi^c\ Y^[[ZgZci ZmegZhh^dc

aZkZah( Vh h]dlc ^c 9JH' ,% @TPPLFMFNSBQX 9JHR' 2&*)*

/* :7?=FS"R DBPBDJSX GOQ EXNBMJD PQFEJDSJON JR NOS LJMJSFE SO DFLL LJNFR' A=JGZi hiVcYh Vh i]Z !QRS idda XVeVWaZ d[

egZY^Xi^c\ J;I W^cY^c\ h^iZh VXgdhh ^c k^kd i^hhjZh* OZ Veea^ZY A=JGZi dc i]Z ]jbVc WgV^c( VYgZcVa \aVcY VcY b^XZ

bjhXaZ YViVhZi VcY YZbdchigViZ V gZbVg`VWaZ VW^a^in id VXXjgViZan Y^hXZgc J;I W^cY^c\ h^iZh ^c Wdi] cdgbVa VcY Y^hZVhZY

XdcY^i^dch* :YY^i^dcVaan( A=JGZi Zm]^W^ih V jc^fjZ VYVei^kZ VW^a^in( ZcVWa^c\ ^i id ji^a^oZ bdYZah igV^cZY dc XZaa a^cZ YViV

id egZY^Xi i]Z W^cY^c\ h^iZh dc i^hhjZ YViV* L]Z YncVb^X egZY^Xi^dc XVeVW^a^in d[ A=JGZi dc i^hhjZ YViV egdk^YZh cZl

^ch^\]ih [dg hijYn^c\ i]Z gZ\jaVi^dc d[ J;I ^c k^kd ^c V YncVb^X bVccZg( h]dlXVh^c\ ^ih jc^fjZ kVajZ ^c i]^h !ZaY( Vh

YZe^XiZY ^c 9JH' -% @TPPLFMFNSBQX 9JHR' **&*+*

0* :7?=FS FWIJCJSR FWPLBJNBCLF JNSFQPQFSBCJLJSX' A=JGZi XVc ^c^i^Vaan Y^hXZgch ediZci^Va J;I W^cY^c\ bdi^[h Wn aZkZg)

V\^c\ ;>JL Vh i]Z [ZVijgZ ZcXdYZg l^i] hZa[)ViiZci^dc bZX]Vc^hb* Bi i]Zc gZ!cZh i]^h jcYZghiVcY^c\ Wn XVeijg^c\ egZX^hZ

J;I W^cY^c\ egZ[ZgZcXZh [gdb i]Z YncVb^X XdciZmi ZbWZYY^c\h* L]^h ild)hiZe VeegdVX] egd!X^Zcian ^aajb^cViZh h^\c^!)

XVci hZfjZcXZ gZ\^dch ^cY^XVi^kZ d[ J;I W^cY^c\ X]VgVXiZg^hi^Xh dg Y^hZVhZ VhhdX^Vi^dch* ?dg ZmVbeaZ( A=JGZi VXXjgViZan

YZbVgXViZh i]Z <M@)g^X] gZ\^dc d[ F;GE ^c ]jbVc WgV^c YViVhZi VcY i]Z @)g^X] gZ\^dc l^i] @)fjVYgjeaZm higjXijgZ

d[ AGJGIM ^c ]jbVc VYgZcVa \aVcY YViVhZi* ?jgi]ZgbdgZ( i]gdj\] i]Z hiVi^hi^XVa VcVanh^h d[ A=JGZi)^YZci^!ZY hVa^Zci

gZ\^dch VcY k^hjVa^oVi^dc d[ hVa^Zci bVeh( lZ \aZVcZY YZZeZg ^ch^\]ih ^cid i]Z W^cY^c\ egZ[ZgZcXZh d[ ?FJ- VcY ?PJ.*

O^i] ^ih gdWjhi VW^a^in id XdggZaViZ XdbejiVi^dcVa egZY^Xi^dch l^i] W^dad\^XVa jcYZghiVcY^c\( i]Z VYkVcXZY ^ciZgegZiVW^a)

^in d[ A=JGZi ]daYh ^bbZchZ ediZci^Va [dg egdk^Y^c\ cdkZa ^ch^\]ih VcY \j^Y^c\ [jijgZ gZhZVgX] ^c JG: W^dad\n VcY

Y^hZVhZ( Vh ]^\]a^\]iZY ^c 9JH' 0% @TPPLFMFNSBQX 9JHR' 1% **&*.% @TPPLFMFNSBQX ABCLF **

1* :7?=FS BLRO FWIJCJSR SIF DBPBCJLJSX SO NOSJDF BNE IJHILJHIS POSFNSJBL MTSBSJON RPOSR' A=JGZi XVc ^YZci^[n ]^\])

ViiZci^dc W^cY^c\ gZ\^dch Zcg^X]ZY l^i] bjiVWaZ cjXaZdi^YZ h^iZh* :[iZg XdbeVg^c\ l^i] YViVWVhZ Zcig^Zh VcY bVcjVaan

bjiVi^c\ i]Z XdggZhedcY^c\ cjXaZdi^YZh( A=JGZi%h adXVa W^cY^c\ WZ]Vk^dg ^YZci^!XVi^dc Zm]^W^ih h^\c^!XVci VaiZgVi^dch(

i]ZgZWn jcYZghXdg^c\ ^ih XVeVX^in id YZiZXi ediZci^Va bjiVci W^cY^c\ h^iZh #9JH' 1% @TPPLFMFNSBQX 9JHR' *.&*0$* L]^h

jc^fjZ Viig^WjiZ d[ A=JGZi V^Yh ^c i]Z hijYn d[ i]Z gdaZ d[ bjiVi^dch ^c J;I W^cY^c\ ZkZcih( i]jh Xdcig^Wji^c\ id V

WgdVYZg jcYZghiVcY^c\ d[ Y^hZVhZ eVi]d\ZcZh^h VcY egd\gZhh^dc* FdgZdkZg( lZ XdcYjXiZY Vc ^c)YZei] hijYn [gdb V

igVchXg^eidb^X k^Zled^ci dc i]Z ^ciZggZaVi^dch]^e WZilZZc L=I)0/ W^cY^c\ \ZcZh VcY ]jbVc Y^hZVhZh( VcY eZg[dgbZY

V hZg^Zh d[ \Zcdb^X VcVanhZh* L]^h aZY id i]Z hjXXZhh[ja ^YZci^!XVi^dc d[ ediZci^Va XVcY^YViZ Ygj\h [dg i]Z igZVibZci d[

cZjgdYZ\ZcZgVi^kZ Y^hZVhZh( Vh ZajX^YViZY ^c @TPPLFMFNSBQX 9JHR' *1&+,% @TPPLFMFNSBQX ABCLF +*
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EVhian( ^i ^h ZhhZci^Va id ]^\]a^\]i i]Vi A=JGZi ^h i]Z egZb^Zg YZZe aZVgc^c\ bdYZa i]Vi ji^a^oZh YncVb^X XdciZmi ZbWZYY^c\

gZegZhZciVi^dc id iVX`aZ YncVb^X egZY^Xi^dc iVh`h VXgdhh kVg^djh XZaa a^cZh* ?jgi]ZgbdgZ( aZkZgV\^c\ i]Z kVajVWaZ ^ch^\]ih gZ)

XZ^kZY [gdb djg gZk^ZlZgh dc i^hhjZ egZY^Xi^dc( lZ l^h] id jcYZga^cZ i]Vi A=JGZi ]Vh ZbZg\ZY Vh i]Z !ghi gZa^VWaZ idda [dg

EXNBMJD PQFEJDSJON CFSVFFN NOQMBL BNE EJRFBRFE DONEJSJONR JN JN UJUO SJRRTF EBSB( VcY SIF SQBJNFE :7?=FS MOEFL ON

DFLL LJNF EBSB JR RTG!DJFNS SO PQFEJDS EXNBMJD CJNEJNH CFIBUJOTQ JN SJRRTF( l]^X] VgZ ZmigZbZan gVgZ ^c i]Z XjggZci !ZaY d[

YncVb^X egZY^Xidch d[ J;I W^cY^c\ h^iZh &id i]Z WZhi d[ djg `cdlaZY\Z'* L]ZhZ VcVanhZh [jgi]Zg Xdc!gb i]Z Z[[ZXi^kZcZhh VcY

gdWjhicZhh d[ A=JGZi* Bc Vc Z[[dgi id Vhh^hi i]Z WgdVYZg gZhZVgX] Xdbbjc^in( lZ egdk^YZ Vc VXXZhh^WaZ A=JGZi lZWhZgkZg Vi

ISSP3((VVV'BJCJO&LBC'DOM3.).)( VcY deZc)hdjgXZ A=JGZi XdYZ Vi ISSPR3((HJSITC'DOM(YITIQ+*,(:7?=FS* L]ZhZ gZhdjgXZh

l^aa [VX^a^iViZ jhZgh ^c egZY^Xi^c\ J;I h^iZh VcY ^YZci^[n^c\ h^\c^!XVci W^cY^c\ gZ\^dch*

Bc VYY^i^dc( lZ Vahd egdk^YZ V bdgZ XdbegZ]Zch^kZ dkZgk^Zl d[ bdYZgc bZi]dYh ^cXajY^c\ hZa[)ViiZci^dc( ;>JL VcY YZZe

gZh^YjVa cZildg`h( [dg egdiZ^c)JG: ^ciZgVXi^dch ^c @TPPLFMFNSBQX =OSF *2 id Y^[[ZgZci^ViZ djg ldg` [gdb Zm^hi^c\ hijY^Zh* Bi

^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

KZa[)ViiZci^dc bZX]Vc^hbh ]VkZ \V^cZY edejaVg^in VXgdhh kVg^djh !ZaYh [dg i]Z^g VW^a^in id ]^\]a^\]i ^bedgiVci [ZVijgZh ^c hZ)

fjZcXZh l]^aZ YdlceaVn^c\ ^ggZaZkVci dcZh* Bc i]Z XdciZmi d[ egdiZ^c)JG: ^ciZgVXi^dch( i]Z hZa[)ViiZci^dc bdYZa ZcVWaZ i]Z

[dXjh dc `Zn cjXaZdi^YZh VcY i]Z^g ^ciZgVXi^dch* KZkZgVa ZcY)id)ZcY bdYZah ]VkZ VagZVYn ^cXdgedgViZY hZa[)ViiZci^dc bZX]V)

c^hbh7 [dg ^chiVcXZ( OVc\ Zi Va* egdedhZY K:)G>L &23'( l]^X] ZcXdYZh cjXaZdi^YZ hZfjZcXZh ^cid 0)bZg id`Zch VcY ^YZci^!Zh

W^cY^c\ h^iZh i]gdj\] V hZa[)ViiZci^dc aVnZg* K^b^aVgan( IVc Zi Va* ^cigdYjXZY <JFKGZi &24'( V YZZe aZVgc^c\ bdYZa i]Vi aZkZg)

V\Zh Xdckdaji^dc VcY gZh^YjVa bjai^)]ZVY hZa[)ViiZci^dc WadX`h id egZY^Xi J;Ih% W^cY^c\ h^iZh dc JG: hZfjZcXZ* L]ZhZ bZi]dYh

ZmXZhh^kZan gZan dc i]Z hZa[)ViiZci^dc bZX]Vc^hb( aZVY^c\ id Vc ^chj[!X^Zci Y^kZgh^in d[ [ZVijgZ ZmigVXi^dc VcY V ]^\] YZbVcY [dg

YViV [dg igV^c^c\ &25'* Ld VYYgZhh i]^h a^b^iVi^dc( ;>JL( h]dgi [dg #;^Y^gZXi^dcVa >cXdYZg JZegZhZciVi^dch [gdb LgVch[dgbZgh#(

lVh egdedhZY Wn YZh^\c^c\ V YZZe aZVgc^c\ bdYZa WVhZY dc hZa[)ViiZci^dc bZX]Vc^hb* Bih higZc\i] a^Zh ^c jcYZghiVcY^c\ i]Z

XdciZmijVa gZaVi^dch]^eh d[ ldgYh l^i]^c hZciZcXZh Wn VcVano^c\ i]Z iZmi YViV W^Y^gZXi^dcVaan* @^kZc i]Z h^b^aVg^in WZilZZc

cjXaZdi^YZ hZfjZcXZh VcY iZmijVa hZfjZcXZh( ;>JL ]Vh WZZc VYdeiZY [dg i]Z ^YZci^!XVi^dc d[ J;I W^cY^c\ h^iZh* ?dg ZmVbeaZ(

QVbVYV Zi Va* egdedhZY ;>JL)J;I Vh V bdYZa id egZY^Xi JG:sJ;I ^ciZgVXi^dch Wn VYVei^c\ i]Z ;>JL VgX]^iZXijgZ egZ)

igV^cZY dc V ]jbVc gZ[ZgZcXZ \ZcdbZ &3,'* L]Z eg^cX^eVa h]dgiXdb^c\ d[ i]^h `^cY d[ ;>JL)WVhZY bZi]dY a^Zh ^c i]Z [VXi i]Vi

^ih !cZ)ijc^c\ egdXZhh XVccdi h^\c^!XVcian dei^b^oZ i]Z eVgVbZiZgh d[ i]Z ;>JL bdYZa( aZVY^c\ id ^cVXXjgVX^Zh ^c XVeijg^c\

i]Z W^cY^c\ X]VgVXiZg^hi^Xh d[ J;Ih( eVgi^XjaVgan jcYZg YncVb^X XZaajaVg XdcY^i^dch* GZkZgi]ZaZhh( i]Z egZ)igV^c^c\ egdXZhh d[

;>JL( l]^X] ^ckdakZh aZVgc^c\ [gdb V kVhi Vbdjci d[ igVchXg^eidbZ YViV( ZbedlZgh ^i id XdbegZ]Zch^kZan \gVhe i]Z XdciZmijVa

gZaVi^dch]^eh l^i]^c i]Z \ZcdbZ* L]ZgZ[dgZ( hjX] VYkVciV\Zh bV`Z ;>JL Vc ViigVXi^kZ dei^dc id WZ aZkZgV\ZY Vh V \ZcZgVi^kZ

bdYZa [dg XgZVi^c\ YncVb^X XdciZmijVa gZegZhZciVi^dch d[ cjXaZdi^YZ hZfjZcXZh* KZkZgVa ZcY)id)ZcY YZZe aZVgc^c\ bdYZah WVhZY

dc i]^h YncVb^X XdciZmijVa gZegZhZciVi^dch ]VkZ WZZc YZkZadeZY( ^cXajY^c\ A<JGZi &3-'( <^gXKKGG &3.'( VcY CE<J; &3/'*

AdlZkZg( bdhi d[ i]ZhZ ZcY)id)ZcY bZi]dYh lZgZ YZh^\cZY id ^YZci^[n J;I W^cY^c\ h^iZh dc X^gXjaVg JG:h jcYZg V h^c\jaVg

XZaajaVg XdcY^i^dc* Ld i]Z WZhi d[ djg `cdlaZY\Z( i]Z YncVb^X XdciZmijVa gZegZhZciVi^dc d[ cjXaZdi^YZ hZfjZcXZh ]Vh cdi nZi

WZZc X]VgVXiZg^oZY [dg YncVb^X egZY^Xi^dc d[ J;I W^cY^c\ h^iZh dc a^cZVg JG: &VXgdhh Y^[[ZgZci XZaa a^cZh dg ^c k^kd i^hhjZh'(

l]^X] bdi^kViZh djg [jgi]Zg gZhZVgX] ^c i]^h !ZaY*
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JZhGZih( ^c^i^Vaan ^cigdYjXZY ^c i]Z !ZaY d[ XdbejiZg k^h^dc &30'( ]VkZ Wgdj\]i VWdji V gZkdaji^dcVgn ^beVXi* Gdl( i]ZhZ

JZhGZih VgZ Veea^ZY id i]Z !ZaY d[ J;I W^cY^c\ h^iZh ^YZci^!XVi^dc* JZhGZih XVc hdakZ i]Z kVc^h]^c\ \gVY^Zci egdWaZb Xdb)

bdc ^c YZZe cZjgVa cZildg`h( Vaadl^c\ [dg i]Z hjXXZhh[ja igV^c^c\ d[ kZgn YZZe cZildg`h* GjbZgdjh ZcY)id)ZcY bdYZah ]VkZ

VYdeiZY i]Z gZh^YjVa higjXijgZ id egZY^Xi J;I W^cY^c\ h^iZh( ^cXajY^c\ <J;I=E &31'( <JFKK &32'( ^<^gXJ;I)=AG &00'( VcY

<^gXKKGG* Mc[dgijcViZan( i]ZhZ bZi]dYh VgZ eg^bVg^an [dXjhZY dc egZY^Xi^c\ J;I W^cY^c\ h^iZh dc X^gXjaVg JG:h ^c heZX^!X

XZaa a^cZh( a^b^i^c\ i]Z^g WgdVYZg Veea^XVW^a^in* ?jgi]ZgbdgZ( dcZ Xdbbdc VheZXi ^c i]ZhZ bZi]dYh( ^cXajY^c\ Ig^hbGZi( ^h i]Z

jhZ d[ V WVh^X JZhGZi higjXijgZ( l]^X] ^ciZ\gViZh bjai^eaZ [ZVijgZh WZ[dgZ ^cejii^c\ i]Zb ^cid i]Z gZh^YjVa cZildg`* L]^h WVh^X

VgX]^iZXijgZ edhhZhhZh V g^h` Vh i]Z VbVa\VbVi^dc d[ [ZVijgZh b^\]i aZVY id Vc ^cVW^a^in id Y^hi^c\j^h] WZilZZc hZfjZcXZ)heZX^!X

VcY higjXijgVa W^cY^c\ X]VgVXiZg^hi^Xh( i]jh gZhig^Xi^c\ i]Z eZg[dgbVcXZ d[ J;I W^cY^c\ h^iZ ^YZci^!XVi^dc* Ld b^i^\ViZ i]^h g^h`(

lZ egdedhZ V ]^ZgVgX]^XVa bjai^)hXVaZ gZh^YjVa higjXijgZ( Xdbeg^h^c\ V eVgVaaZa( YjVa)eVi]lVn [gVbZldg` i]Vi XVc ZmigVXi i]Z

aViZci [ZVijgZh d[ JG: hZfjZcXZh VcY hZXdcYVgn higjXijgZh hZeVgViZan( Zchjg^c\ i]Z dei^bVa eZg[dgbVcXZ ^c djg jc^fjZ YncVb^X

egZY^Xi^dc iVh`* FdgZdkZg( i]Z bjai^)hXVaZ higjXijgZ ZcVWaZh A=JGZi id aZVgc W^cY^c\ eViiZgch VXgdhh kVgn^c\ hZfjZcXZ aZc\i]h*

/* HUR `b_cRf \S a\\Y` aUNa V` V[PYbQRQ V[ aUR V[a_\QbPaV\[ UN` ZV``RQ N[ R[aV_R YN_TR P\ZZb[Vaf aUNa ]R_S\_Z` aUR`R ]_RQVPaV\[`

\[ aUR ]_\aRV[ `VQR& Of ]_RQVPaV[T FC7'OV[QV[T ]_\aRV[` N[Q FC7'OV[QV[T NZV[\ NPVQ`(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z hj\\Zhi^dch* OZ VeegZX^ViZ ndjg hj\\Zhi^dc dc i]Z iddah gZaViZY id i]Z egZY^Xi^dc d[

JG:)W^cY^c\ egdiZ^ch VcY JG:)W^cY^c\ Vb^cd VX^Yh ^c i]Z hjgkZn d[ iddah ^cXajYZY ^c i]Z ^cigdYjXi^dc* L]ZgZ[dgZ( lZ ]VkZ

[daadlZY ndjg XdbbZcih id XVgZ[jaan ^ckZhi^\ViZY i]Z gZXZci a^iZgVijgZ dc i]Z egZY^Xi^dc d[ J;I)JG: W^cY^c\ [gdb V egdiZ^c

eZgheZXi^kZ id !aa i]Z VWhZcXZ d[ i]^h eVgi ^c i]Z ;NSQOETDSJON* Bi ^h Xde^ZY WZadl [dg ndjg ZVhn gZ[ZgZcXZ6

;NSQOETDSJON

! ! ! ! ! ! L]Vc`h id i]Z YZkZadebZci d[ Xgdhh)a^c`ZY ^bbjcdegZX^e^iVi^dc hZfjZcX^c\ iZX]cdad\n &.-( 33'( bVcn J;I)JG: W^cY)

^c\ iVg\Zih ]VkZ WZZc jcXdkZgZY &34( 35'( ZcVWa^c\ jh id YZkZade Z[[ZXi^kZ YViV)Yg^kZc XdbejiVi^dcVa bZi]dYh &4,'* L]ZhZ

bZi]dYh( XVc WZ WgdVYan XaVhh^!ZY ^cid ild XViZ\dg^Zh &4-'( Z^i]Zg egZY^Xi^c\ JG:)W^cY^c\ h^iZh dc i]Z egdiZ^c hjg[VXZ &4.' dg

bdYZa^c\ i]Z egZ[ZggZY JG: hZfjZcXZh d[ JG:)W^cY^c\ egdiZ^ch &4/'* ?gdb i]Z egdiZ^c eZgheZXi^kZ( hZkZgVa XdbejiVi^dcVa

iddah ]VkZ WZZc YZkZadeZY id egZY^Xi i]Z J;I)JG: W^cY^c\ h^iZh Vi i]Z egdiZ^c aZkZa* ?dg ^chiVcXZ( K<JB;>J( jhZh egZY^X)

i^dch d[ W^cY^c\ gZh^YjZh [dg hZkZgVa eVgicZg ineZh id Z[[ZXi^kZan gZYjXZ Xgdhh)egZY^Xi^dc d[ i]Z djieji egdiZ^c)W^cY^c\ gZh^YjZh(

XdbW^c^c\ cdkZa VcY egZk^djhan jhZY ^ceji ineZh &40'( l]^aZ VIJ;^cY( YZkZadeZY Wn E^j Zi Va*( XdbW^cZh egdiZ^c hZfjZcXZ VcY

higjXijgVa [ZVijgZh [dg JG:)W^cY^c\ gZh^YjZ egZY^Xi^dc &41'* =JG:egZY &42'( V [Vhi hZfjZcXZ)WVhZY bZi]dY i]Vi VXXjgViZan

egZY^Xih VcY Y^hXg^b^cViZh =G:) VcY JG:)W^cY^c\ gZh^YjZh lVh egdedhZY Wn QVc Zi Va*( l^i] gZ\gZhh^dc i]Vi eZcVa^oZh Xgdhh)

egZY^Xi^dch( VcY V ild)aVnZgZY VgX]^iZXijgZ* AdlZkZg( i]ZhZ hiVi^hi^XVa dg bVX]^cZ aZVgc^c\)WVhZY Va\dg^i]bh d[iZc ZcXdjciZg

eZg[dgbVcXZ a^b^iVi^dch Vh i]Z h^oZ d[ i]Z YViVhZi Xdci^cjZh id \gdl* L]^h ^h eg^bVg^an YjZ id i]Z^g ^cVW^a^in id Z[[ZXi^kZan XVe)

ijgZ XdbeaZm eViiZgch VcY gZaVi^dch]^eh ^c aVg\Z)hXVaZ YViV( l]^X] XVc aZVY id jchVi^h[VXidgn egZY^Xi^kZ eZg[dgbVcXZ* JZXZcian(

id VYYgZhh hjX] a^b^iVi^dch( YZZe aZVgc^c\ bZi]dYh ]VkZ YZkZadeZY7 [dg ^chiVcXZ( =ZZeK^iZ Zbeadnh V /= YZZe Xdckdaji^dcVa

cZjgVa cZildg` id egZY^Xi i]Z W^cY^c\ h^iZ jh^c\ egdiZ^c higjXijgZ &43'* P^V Zi Va* egdedhZY @gVe];^cY( Vc ZcY)id)ZcY \gVe]
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cZjgVa cZildg` i]Vi jhZh ]^ZgVgX]^XVa \gVe] cZjgVa cZildg`h id ^YZci^[n cjXaZ^X)VX^Y)W^cY^c\ gZh^YjZh dc egdiZ^ch &44'* R]Vc\

Zi Va* egZhZciZY =ZZe=BKH;^cY&45'( V YZZe bjai^)iVh` VgX]^iZXijgZ i]Vi VXXjgViZan egZY^Xih =G:)( JG:) VcY egdiZ^c)W^cY^c\

gZ\^dch [gdb egdiZ^c hZfjZcXZh* Fdhi gZXZcian( EVb Zi Va* ^cigdYjXZY GjXaZ^XGZi( V YZZe aZVgc^c\ bdYZa i]Vi egZY^Xih i]Z

W^cY^c\ egZ[ZgZcXZ d[ JG: WVX`WdcZ Xdchi^ijZcih VcY Y^[[ZgZci WVhZh [gdb adXVa e]nh^XdX]Zb^XVa X]VgVXiZg^hi^Xh d[ i]Z egdiZ^c

higjXijgZ hjg[VXZ &5,'* L]ZhZ bZi]dYh ]VkZ XdaaZXi^kZan Zc]VcXZY djg jcYZghiVcY^c\ d[ i]Z W^cY^c\ egdeZgi^Zh d[ J;Ih Vi i]Z

egdiZ^c hjg[VXZ aZkZa*

Bc eVgVaaZa( i]Z ZhiVWa^h]bZci d[ a^c`h WZilZZc J;Ih VcY i]Z^g iVg\Zih [gdb i]Z eZgheZXi^kZ d[ JG: hZfjZcXZh ZcVWaZh jcYZg)

hiVcY^c\h dc i]Z gZ\jaVi^dc bZX]Vc^hb* : kVg^Zin d[ Z[[dgih ]VkZ WZZc YZkZadeZY id VYYgZhh ^i ^c ^YZci^XVa XZaajaVg XdcY^i^dch(

gZ[ZggZY id Vh hiVi^X egdiZ^c)JG: ^ciZgVXi^dch7 [dg ^chiVcXZ( =ZZeW^cY &//' lVh YZkZadeZY id jcYZghiVcY J;I W^cY^c\ egZ[Zg)

ZcXZh ^c JG: hZfjZcXZ YViV jh^c\ V YZZe cZjgVa cZildg` &=GG'* BaVc Zi Va* YZkZadeZY =EIJ; &/0'( V cZl =GG VeegdVX]

WVhZY dc Xdckdaji^dcVa cZjgVa cZildg`h &<GG' VcY gZXjggZci cZjgVa cZildg`h &JGG' [dg aZVgc^c\ ^cig^ch^X J;I W^cY^c\ egZ[Zg)

ZcXZh VcY egZY^Xi^c\ cdkZa ^ciZgVXi^dch* IVc Zi Va* YZkZadeZY ^=ZZe &/1'( V ]nWg^Y Xdckdaji^dcVa cZjgVa cZildg` VcY YZZe WZa^Z[

cZildg`)WVhZY bdYZa id egZY^Xi i]Z J;I ^ciZgVXi^dc h^iZh VcY bdi^[h dc JG:h* =Vc^Za Zi Va* egdedhZY @gVe]Igdi &/2' i]Vi

^ciZ\gViZh hZfjZcXZ VcY XdbejiVi^dcVaan)egZY^XiZY JG: hZXdcYVgn higjXijgZ ^c[dgbVi^dc ^cid \gVe])`ZgcZa [ZVijgZh* EVkZgin

Zi Va* ^cigdYjXZY IJB>KKL>KK &/3'( V jc^kZghVa JG: bdi^[)!cY^c\+hXVcc^c\ higViZ\n XVeVWaZ d[ ^YZci^[n^c\ Zcg^X]ZY JG:

hZfjZcXZ VcY+dg higjXijgZ bdi^[h i]Vi VgZ hjWhZfjZcian gZYjXZY id V hZi d[ XdgZ bdi^[h Wn ad\^hi^X gZ\gZhh^dc l^i] E:KKH gZ\j)

aVg^oVi^dc* AdlZkZg( i]ZhZ bZi]dYh dcan VXXdjci [dg V heZX^!X XZaajaVg XdcY^i^dc VcY VgZ ]ZcXZ a^b^iZY ^c i]Z^g VW^a^in id egZY^Xi

JG:)egdiZ^c ^ciZgVXi^dch ^c di]Zg XZaa a^cZh l]^aZ Xdch^YZg^c\ i]Z YncVb^X XdciZmih*

BcYZZY( i]Z W^cY^c\ WZ]Vk^dg d[ J;I)JG: ^ciZgVXi^dch ]Vh WZZc YZbdchigViZY id WZ YncVb^X ^c Y^[[ZgZci XZaa ineZh( Vh ^i ^h

^c"jZcXZY Wn Y^[[ZgZci XZaajaVg dg i^hhjZ Zck^gdcbZcih &/4'* Bc di]Zg ldgYh( i]Z W^cY^c\ h^iZh d[ i]Z J;I i]Vi VgZ ZmXajh^kZan

egZhZci ^c heZX^!X XZaah dg i^hhjZh XVc WZ YZh^\cViZY Vh YncVb^X egdiZ^c)JG: ^ciZgVXi^dch* JZXZcian( V cZl YZZe aZVgc^c\)WVhZY

bZi]dY XVaaZY Ig^hbGZi &.2'( lVh YZkZadeZY id VXXjgViZan egZY^Xi YncVb^X J;I W^cY^c\ ^c kVg^djh XZaajaVg XdcY^i^dch Wn ^ciZ)

\gVi^c\ ^c k^kd ZmeZg^bZciVa JG: higjXijgZ ^c[dgbVi^dc &/5'* GdcZi]ZaZhh( jc[dgijcViZan( lZ XdcXZ^kZ i]Vi i]ZgZ VgZ hi^aa gddb

[dg ^begdkZbZcih7 [dg ^chiVcXZ( i]Z VgX]^iZXijgVa YZh^\c d[ i]Z YZZe cZjgVa cZildg` l^i] ^c Ig^hbGZi XVc hi^aa WZ ^ckZhi^\ViZY

^c i]Z XdciZmi d[ cZjgVa cZildg` VgX]^iZXijgZ hZVgX]( ^cY^XVi^c\ i]Z ediZci^Va [dg [jgi]Zg ^begdkZbZcih ^c J;I)JG: W^cY^c\

egZY^Xi^dc* Bc VYY^i^dc( i]Z dcZ)]di ZcXdY^c\ gZegZhZciVi^dc ^c Ig^hbGZi Zm]^W^ih a^b^iVi^dch i]Vi bVn ]^cYZg ^ih VW^a^in id

XVeijgZ JG: [ZVijgZh \adWVaan* ?jgi]ZgbdgZ( i]Z ]ZiZgd\ZcZ^in d[ igVchXg^eih gZhjaih ^c l^YZan hZfjZci^Va gZaVi^dch]^eh VXgdhh

Y^[[ZgZci XdciZmih( hjX] Vh kVg^djh XZaa a^cZh( i^hhjZh( VcY cdgbVa dg Y^hZVhZ XdcY^i^dch* L]Z dcZ)]di ZcXdY^c\ bVn dkZgadd` i]^h

XdciZmijVa ^c[dgbVi^dc( igZVi^c\ ZVX] edh^i^dc ^cYZeZcYZcian VcY ediZci^Vaan b^hh^c\ XgjX^Va hZfjZcXZ eViiZgch* L]ZgZ[dgZ( ^i ^h

XgjX^Va id VYYgZhh i]ZhZ a^b^iVi^dch Wn Zmeadg^c\ VaiZgcVi^kZ XdY^c\ bZi]dYh id aZkZgV\Z i]Z XdciZmijVa VcY hZfjZci^Va cVijgZ d[

JG: hZfjZcXZh*

L]Z XdciZmijVa gZaVi^dch]^e ]Vh WZZc V [dXjh d[ ^cXgZVh^c\ ViiZci^dc( Vh ldgY ZbWZYY^c\ iZX]c^fjZh &0,s0.' ]VkZ egdkZc id

WZ Z[[ZXi^kZ [gVbZldg`h [dg VjidbVi^XVaan ZcXdY^c\ JG: hZfjZcXZh YjZ id i]Z^g hnciVXi^X( aZm^XVa( VcY hZbVci^X h^b^aVg^i^Zh id

]jbVc aVc\jV\Z &0/'* Hc i]^h WVh^h( bjX] Z[[dgi ]Vh WZZc YZkdiZY id i]Z Veea^XVi^dc d[ VYkVcXZY GEI iZX]c^fjZh ^c JG:)

gZaViZY egdWaZbh &00s02'* AdlZkZg( bdhi Zm^hi^c\ gZhZVgX] dc i]Z Veea^XVi^dc d[ GEI iZX]c^fjZh ^c JG:)gZaViZY egdWaZbh
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]Vh gZa^ZY dc hiVi^X ZbWZYY^c\ bdYZah hjX] Vh OdgY.NZXidg &03'( @adNZ &0-'( =dX.NZXidg &0.' VcY ?VhiLZmi &04'* K^b^aVg id

dcZ)]di gZegZhZciVi^dc( hiVi^X ZbWZYY^c\ bZi]dYh bV^ciV^c i]Z hVbZ cjXaZdi^YZ ZcXdY^c\ VXgdhh Vaa XdciZmih( l]^X] aZVYh id [V^a

id XVeijgZ i]Z XdciZmi)WVhZY YncVb^X hZbVci^X ^c[dgbVi^dc d[ JG: hZfjZcXZh VcY i]ZgZ[dgZ XVccdi gZegZhZci JG: hZfjZcXZ

[ZVijgZh \adWVaan* FdgZdkZg( hiVi^X ZbWZYY^c\ YdZh cdi XVeijgZ i]Z jcYZgan^c\ ^c[dgbVi^dc d[ cjXaZdi^YZ hZfjZcXZh ^c Y^[[ZgZci

XZaajaVg XdciZmih( i]jh a^b^i^c\ i]Z VW^a^in d[ YncVb^X egZY^Xi^dc ^c di]Zg XZaajaVg XdcY^i^dch* Ld VYYgZhh i]^h `cdlaZY\Z \Ve(

lZ egdedhZ id VYdei VcY Xjhidb^oZ i]Z ;^Y^gZXi^dcVa >cXdYZg JZegZhZciVi^dch [gdb LgVch[dgbZgh &;>JL' bdYZa &05' id aZVgc

i]Z XdciZmi)YZeZcYZci ^c[dgbVi^dc d[ JG: hZfjZcXZh( l]^X] XVc \ZcZgViZ gdWjhi ZmegZhh^dch XdciV^c^c\ i]Z \adWVa XdciZmijVa

^c[dgbVi^dc Wn egZ)igV^c^c\ l^i] V aVg\Z)hXVaZ jcaVWZaZY iZmi Xdgejh ^c V hZa[)hjeZgk^hZY [Vh]^dc* Bc XdcigVhi id hiVi^X ZbWZY)

Y^c\h l]ZgZ cjXaZdi^YZ ZbWZYY^c\h gZbV^c i]Z hVbZ gZ\VgYaZhh d[ i]Z XdciZmi( i]Z eg^bVgn VYkVciV\Z d[ YncVb^X ZbWZYY^c\h

a^Zh ^c i]Z^g VW^a^in id \ZcZgViZ XdciZmi)heZX^!X [ZVijgZh ^c Y^[[ZgZci cjXaZdi^YZ XdciZmih* FdgZdkZg( Xdch^YZg^c\ i]Z ]ZiZgd\ZcZ)

^in d[ igVchXg^eih jcYZg Y^[[ZgZci XZaajaVg( i^hhjZ( dg e]nh^dad\^XVa XdcY^i^dch &Z*\*( cdgbVa dg Y^hZVhZY'( YncVb^X ZbWZYY^c\h

XVc dkZgXdbZ i]Z a^b^iVi^dc d[ V h^c\aZ gZegZhZciVi^dc [dg Y^kZghZ XdciZmijVa hZfjZcXZh( Zcg^X]^c\ i]Z \adWVa [ZVijgZh d[ i]Z

hZfjZcXZh VcY hjgeVhh^c\ i]Z eZg[dgbVcXZ WdiiaZcZX` ^c YncVb^XVaan egZY^Xi^c\ J;I W^cY^c\ h^iZh* L]ZgZ[dgZ( Wn aZkZgV\^c\

i]Z VYkVciV\Zh d[ i]Z igVch[dgbZg bdYZa( lZ VYdei i]Z ;>JL bdYZa id ZcXdYZ JG: hZfjZcXZh ^c YncVb^X ZbWZYY^c\ kZXidgh

i]Vi i]Zc XdciV^c g^X]( \adWVa XdciZmijVa hZbVci^X ^c[dgbVi^dc [dg ^YZci^[n^c\ YncVb^X JG:)W^cY^c\ ZkZcih WZilZZc Y^[[ZgZci

XZaa a^cZh( i^hhjZh( dg e]nh^dad\^XVa XdcY^i^dch &cdgbVa dg Y^hZVhZY'* ! ! ! ! ! !#

F^cdg XdbbZcih6

-* D[ N ZV[\_ [\aR& ^bNYVaf \S d_VaV[T [RRQ` `bO`aN[aVNY VZ]_\cRZR[a`( HUR_R N_R T_NZZNaVPNY R__\_` $RcR[ V[ aUR NO`a_NPa%&

`\ZR ]N``NTR`)`R[aR[PR` N_R ]\\_Yf ]U_N`RQ& ]_\OYRZ` dVaU N_aVPYR`& N[Q \aUR_ V``bR`( HUR N_aVPYR `U\bYQ OR PN_RSbYYf P\]f'

RQVaRQ Of N `XVYYRQ [NaVcR `]RNXR_(

?FRPONRF6 L]Vc` ndj kZgn bjX] [dg i]Z ]Zae[ja XdbbZcih* OZ Vedad\^oZ [dg i]Z \gVbbVi^XVa Zggdgh VcY inedh* Ld XdggZXi

i]dhZ Zggdgh( lZ ]VkZ Vh`ZY V cVi^kZ >c\a^h] heZV`Zg id egdd[gZVY i]Z gZk^hZY bVcjhXg^ei* Bc VYY^i^dc( lZ &i]Z !ghi Vji]dg VcY

i]Z XdggZhedcY^c\ Vji]dgh' ]VkZ egdd[gZVY i]Z bVcjhXg^ei [dg bjai^eaZ gdjcYh V\V^c* >c\a^h] \gVbbVi^XVa Zggdgh VcY inedh

]VkZ WZZc !mZY id djg WZhi Z[[dgi*
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ceXYXeXaVXf bY eaT*U\aW\aZ cebgX\af+ @ZIRKOI 3IOJX CKXKGWIN) 2-&.6'7X...oX...) /-//+

05+ ET__bel 9 >eXXUXeZ) L\aZ @Ta) BT`Xf B EbeXfVb) 9aWl CbaZ) Qh*;[XaZ QTaZ) R[\ Bb[a Dh) Bb[a J QTgXf) TaW Bb[a C C\`+ HXeiTf\iX TaW WlaT`\V cebgX\a U\aW\aZ f\gXf bY g[X `eaT geTafVe\cgb`X

\a fTVV[Teb`lVXf VXeXi\f\TX+ 9KTUSK HOURUM^) .17.o/-) /-.0+

06+ JbUXeg ; Kc\gT_X) JlTa 9 >_laa) I\TaZYXaZ ;_\YY R[TaZ) HXgX ;e\fT__\) :leba DXX) BbaZ*O[T BhaZ) @TaaXf Q ChV[X_`X\fgXe) HXWeb B :Tg\fgT) =WhTeWb 9 LbeeX) =e\V L Cbb_) Xg T_+ KgehVgheT_ \`ce\agf

\a i\ib WXVbWX eaT eXZh_Tgbel `XV[Ta\f`f+ @GYZWK) 2.6&4211'7153o16-) /-.2+

1-+ K\`ba <h) BTfba DXX) QhTaWbaZ L\Ta) 9Teg\ K\aZ[) TaW :TeaTUTf HbVmbf+ ?eTW\Xag WXfVXag _XTeaf baX*[\WWXa*_TlXe Vaa7 <ba%g UX TYeT\W bY fche\bhf _bVT_ `\a\`T+ Aa ;TYKWTGYOUTGR 5UTLKWKTIK UT

?GINOTK >KGWTOTM) cTZXf .006o.015+ HEDJ) /-.5+

1.+ BXYYeXl HXaa\aZgba) J\V[TeW KbV[Xe) TaW ;[e\fgbc[Xe < ETaa\aZ+ ?_biX7 ?_bUT_ iXVgbef Ybe jbeW eXceXfXagTg\ba+ Aa BWUIKKJOTMX UL YNK +)*- IUTLKWKTIK UT KSVOWOIGR SKYNUJX OT TGYZWGR RGTMZGMK

VWUIKXXOTM $7?@>B%) cTZXf .20/o.210) /-.1+
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1/+ IhbV DX TaW Lb`Tf E\^b_bi+ <\fge\UhgXW eXceXfXagTg\baf bY fXagXaVXf TaW WbVh`Xagf+ Aa ;TYKWTGYOUTGR IUTLKWKTIK UT SGINOTK RKGWTOTM) cTZXf ..55o..63+ HEDJ) /-.1+

10+ KT\ R[TaZ) B\aZg\Ta R[bh) @T\_\a @h) @T\cXaZ ?baZ) D\ZbaZ ;[Xa) ;[Tb ;[XaZ) TaW B\TalTaZ RXaZ+ 9 WXXc _XTea\aZ YeT`Xjbe^ Ybe `bWX_\aZ fgehVgheT_ YXTgheXf bY eaT*U\aW\aZ cebgX\a gTeZXgf+

@ZIRKOI GIOJX WKXKGWIN) 11&1'7X0/oX0/) /-.3+

11+ Qha\aZ QTaZ) R\_baZ @bh) R[\d\TaZ ET) P\TaZgTb D\) TaW CT*;[ha ObaZ+ \V\eVeUc*W[a7 \WXag\!VTg\ba bY V\eVeaT*eUc \agXeTVg\ba f\gXf hf\aZ WXXc [\XeTeV[\VT_ aXgjbe^+ 4WOK!TMX OT 4OUOTLUWSGYOIX) //

&1'7UUTT/41) /-/.+

12+ @h\ D\) R[Tb[baZ <XaZ) @T\gTb QTaZ) P\TblbaZ HTa) R[\f[XaZ OX\) @baZ*:\a K[Xa) Chc*KmX ;[b\) DX\ OTaZ) K[\gbaZ OTaZ) TaW B\aZ Oh+ V\eVeaT*U\aW\aZ cebgX\a f\gX ceXW\Vg\ba UTfXW ba `h_g\*i\Xj

WXXc _XTea\aZ) fhUfcTVX _XTea\aZ TaW `h_g\*i\Xj V_Tff\!Xe+ 4WOK!TMX OT 4OUOTLUWSGYOIX) /0&.'7UUTU061) /-//+

13+ R[XaZYXaZ OTaZ TaW P\h]hTa DX\+ HeXW\Vg\ba bY eUc U\aW\aZ f\gXf ba V\eVeaTf hf\aZ Ta _fg`*UTfXW WXXc fXdhXaVX _XTea\aZ TeV[\gXVgheX+ 4WOK!TMX OT 4OUOTLUWSGYOIX) //&3'7UUTU01/) /-/.+

14+ Lb`Tf E\^b_bi) CT\ ;[Xa) ?eXZ ;beeTWb) TaW BXYYeXl <XTa+ =Y!V\Xag Xfg\`Tg\ba bY jbeW eXceXfXagTg\baf \a iXVgbe fcTVX+ GWFO[ VWKVWOTY GWFO[2*,)*',/0*) /-.0+

15+ H\bge :b]Tabjf^\) =WbhTeW ?eTiX) 9e`TaW Bbh_\a) TaW Lb`Tf E\^b_bi+ =ae\V[\aZ jbeW iXVgbef j\g[ fhUjbeW \aYbe`Tg\ba+ EWGTXGIYOUTX UL YNK GXXUIOGYOUT LUW IUSVZYGYOUTGR ROTMZOXYOIX) 27.02o.13)

/-.4+

16+ BTVbU <Xi_\a) E\aZ*OX\ ;[TaZ) CXagba DXX) TaW Ce\fg\aT LbhgTabiT+ :Xeg7 HeX*geT\a\aZ bY WXXc U\W\eXVg\baT_ geTafYbe`Xef Ybe _TaZhTZX haWXefgTaW\aZ+ GWFO[ VWKVWOTY GWFO[2*0*)')-0).) /-.5+

2-+ ETe\b ET_XeUT TaW :XTge\VX JTZab_\+ 9`Uebkb_ \a g[X /.fg VXaghel7 c[Te`TVb_bZ\VT_ TaW V_\a\VT_ hcWTgX+ 7]VKWY UVOTOUT UT JWZM SKYGHUROXS " YU]OIURUM^) 1&5'7...6o../6) /--5+

2.+ ETgg[Xj = ?XZZ TaW 9ag[bal @N KV[Tc\eT+ L[X eb_X bY Z_hVbVXeXUebf\WTfX \a cTe^\afba W\fXTfX cTg[bZXaXf\f+ ENK 874D PUZWTGR) /52&.6'7026.o03-0) /-.5+

2/+ ;J9 K\_iX\eT) B ETVC\a_Xl) C ;b_X`Ta) R D\) = >\aZXe) J :Teg[T) K9 Ebeebj) B OX__f) E :bee\X) J? L\ebaT) Xg T_+ 9`Uebkb_ Tf T abiX_ W\fXTfX*`bW\Yl\aZ geXTg`Xag Ybe cTe^\afba%f W\fXTfX WX`Xag\T7

HebgbVb_ Ybe T f\aZ_X*VXageX) eTaWb`\mXW) WbhU_X*U_\aW) c_TVXUb*Vbageb__XW ge\T_+ 4?5 TKZWURUM^) .67.o.-) /-.6+

20+ 9_\fWT\e EVFX\__) BbTaT ETZT_[TXf) ;[XaZZhb K[Xa) CT\*Q\a ;[Th) <XeeT_la @hZ[Xf) 9gh_ EX[gT) Lb` >b_gla\X) B ETe^ ;bbcXe) 9aWeXl Q 9UeT`bi) ETgg[Xj ?XZZ) Xg T_+ 9`Uebkb_ \`cebiXf

_lfbfb`T_ U\bV[X`\fgel \a Z_hVbVXeXUebf\WTfX `hgTg\ba*_\a^XW cTe^\afba W\fXTfX VX__f+ 4WGOT) .04&2'7.15.o.162) /-.1+

21+ KgXc[Xa Eh__\a) DTheT K`\g[) CTg[Xe\aX DXX) ?Tl_X <%KbhmT) H[\_\c ObbWZTgX) Bbf[ =_"X\a) BXaal @t__di\fg) ETeVb LbYYb_\) 9WT` KgeXXgXe) BbTaaX @bf^\aZ) Xg T_+ 9`Uebkb_ Ybe g[X geXTg`Xag bY

cTg\Xagf j\g[ cTe^\afba W\fXTfX j\g[ TaW j\g[bhg Z_hVbVXeXUebf\WTfX ZXaX `hgTg\baf7 T abaeTaWb`\mXW) abaVbageb__XW ge\T_+ <3?3 TKZWURUM^) 44&1'71/4o101) /-/-+

22+ 9_XkTaWeT :bhfVTel) ;le\_ IhXffTWT) 9_g[uT EbfUTV[) Fbv__X ;T__\mbg) E\V[TX_ KcXWW\aZ) BXTa*H[\_\ccX DbXY"Xe) TaW 9_XkTaWeX @Xae\dhXf+ 9`Uebkb_ [lWebV[_be\WX \`cebiXf `bgbe YhaVg\baf TaW

XkgXaWf fhei\iT_ \a T `bhfX `bWX_ bY YT`\_\T_ T`lbgebc[\V _TgXeT_ fV_Xebf\f+ 8WUTYOKWX OT VNGWSGIURUM^) .-7550) /-.6+

23+ B\aZ OTaZ) <Xa\f ?T__TZ[Xe) DbeXa E <XN\gb) ?bamT_b A ;TaV\ab) <Ti\W Lfh\) D\aZ @X) ?beWba E CX__Xe) HTh_ O >eTa^_TaW) <Ti\W J CTc_Ta) TaW >eXWT < E\__Xe+ EXgYbe`\a TVg\iTgXf Ta Tglc\VT_

c^V*VUc cTg[jTl gb ceb`bgX aXhebZXaXf\f TaW Xa[TaVX fcTg\T_ `X`bel Ybe`Tg\ba+ 5KRR XYKS IKRR) ..&.'7/0o02) /-./+

24+ BTeXW E ;T`cUX__) ETgg[Xj < KgXc[Xafba) :TeUbeT <X ;bhegXa) ATa ;[Tc`Ta) KhfTa E :X__`Ta) TaW =WbTeWb 9eb`TgTe\f+ EXgYbe`\a hfX TffbV\TgXW j\g[ eXWhVXW e\f^ bY WX`Xag\T \a cTg\Xagf

j\g[ W\TUXgXf7 T flfgX`Tg\V eXi\Xj TaW `XgT*TaT_lf\f+ <UZWTGR UL 3R_NKOSKW#X 6OXKGXK) 32&1'7.//2o./03) /-.5+

25+ 9`\g ?hcgT) :[Teg\ :\f[g) TaW ;[\a`bl KTa^Te <Xl+ HXe\c[XeT_ \afh_\a*fXaf\g\mXe WehZ `XgYbe`\a T`X_\beTgXf aXhebaT_ \afh_\a eXf\fgTaVX TaW T_m[X\`Xe%f*_\^X V[TaZXf+ @KZWUVNGWSGIURUM^) 3-&3'7

6.-o6/-) /-..+

26+ F\^\gT CTg\_T) Kha\_ :[hegX_) K\aT K[TWYTe) Kha\_ Ke\iTfgTi) KTU\gT FXhcTaX) MggT` G][T) ?\_*KTXaZ BXbaZ) TaW <baZ*QbhaZ ;[b\+ EXgYbe`\a _bjXef !*flahV_X\a c[bfc[bel_Tg\ba TaW hceXZh_TgXf

aXhebgebc[\V YTVgbe \a g[X `cgc `bhfX `bWX_ bY cTe^\afba%f W\fXTfX+ @KZWUVNGWSGIURUM^) ./27063o1-4) /-.4+

3-+ <Ti\W K K\XZX_) L[b`Tf ETeg\a) E\V[TX_ OTaZ) JTi\ N\]) 9aWemX] B BT^hUbj\T^) KTZTe Dba\T_) KhmTaaX LehWX_) N\f[T_ Ch^eXg\) F\mTe :T[_\f) EX_\ffT 9_f\aT) Xg T_+ 9 c[TfX / fghWl bY f\aZ_X*TZXag

VTe!_mb`\U &ck*.4.*--0*T.' \a cTg\Xagf j\g[ eX_TcfXW TaW eXYeTVgbel `h_g\c_X `lX_b`T+ 4RUUJ& ENK <UZWTGR UL YNK 3SKWOIGT DUIOKY^ UL :KSGYURUM^) ./-&.1'7/5.4o/5/2) /-./+

3.+ I\hlTaZ R[XaZ) L\`bg[l @hTaZ) D\f[Ta R[TaZ) Q\aZ R[bh) @baZ Dhb) @hTk\ Ph) TaW P\a OTaZ+ <lfeXZh_Tg\ba bY hU\dh\g\a*cebgXTfb`X flfgX` \a aXhebWXZXaXeTg\iX W\fXTfXf+ 8WUTYOKWX OT GMOTM

TKZWUXIOKTIK) 570-0) /-.3+

3/+ RT\eT GegXZT TaW BbfX B DhVTf+ MU\dh\g\aocebgXTfb`X flfgX` \aib_iX`Xag \a [hag\aZgba%f W\fXTfX+ 8WUTYOKWX OT SURKIZRGW TKZWUXIOKTIK) 4744) /-.1+

30+ ;[e\f EVC\aaba TaW KTeT[ B LTUe\m\+ L[X hU\dh\g\a*cebgXTfb`X flfgX` \a aXhebWXZXaXeTg\ba+ 3TYOU]OJGTYX " WKJU] XOMTGROTM) /.&.4'7/0-/o/0/.) /-.1+

31+ ;[e\fgbc[Xe 9 Jbff TaW E\V[X__X 9 Hb\e\Xe+ HebgX\a TZZeXZTg\ba TaW aXhebWXZXaXeTg\iX W\fXTfX+ @GYZWK SKJOIOTK) .-&Khcc_ 4'7K.-oK.4) /--1+

32+ B\Ta\aZ B\a) D\ PhX) P\a_\aZ :T\) P\TbaT R[TaZ) I\aZjh L\Ta) TaW 9a`h P\X+ 9ffbV\Tg\ba UXgjXXa Xc\WXe`T_ Zebjg[ YTVgbe eXVXcgbe ZXaX cb_l`bec[\f`f TaW fhfVXcg\U\_\gl gb cTe^\afba%f W\fXTfX+

@KZWUXIOKTIK >KYYKWX) 4037.02/40) /-/-+

33+ Hhf[XaZ IhTa) CT\ OTaZ) K[\ QTa) K[\ebaZ OXa) ;[XaZdha OX\) P\alh R[TaZ) B\aZjX\ ;Tb) TaW D\YXa QTb+ AagXZeTgXW aXgjbe^ TaT_lf\f \WXag\Yl\aZ cbgXag\T_ abiX_ WehZ VTaW\WTgXf TaW gTeZXgf Ybe

cTe^\afba%f W\fXTfX+ DIOKTYO!I CKVUWYX) ..&.'7.o6) /-/.+

34+ P\al\ OTaZ) E\aZlTaZ R[TaZ) ;[ha_\a DbaZ) D\a QTb) TaW E\a R[h+ KX_Y*TggXag\ba UTfXW aXheT_ aXgjbe^ Ybe ceXW\Vg\aZ eaT*cebgX\a U\aW\aZ f\gXf+ ;777(35? EWGTXGIYOUTX UT 5USVZYGYOUTGR 4OURUM^

GTJ 4OUOTLUWSGYOIX) /-&/'7.136o.146) /-//+

35+ R[XaZfXa HTa) K[hfXa R[bh) @T\_\a Rbh) ;[Ta]hTa D\h) Eh]ha RTaZ) LbaZ D\h) TaW I\aZ]ha OTaZ+ ;e`faXg7 9 WXXc _XTea\aZ `bWX_ g[Tg hfXf Vbaib_hg\ba TaW eXf\WhT_ `h_g\*[XTW fX_Y*TggXag\ba

U_bV^ gb ceXW\Vg eUcf Ybe eaT fXdhXaVX+ BWUYKOTX2 DYWZIYZWK& 8ZTIYOUT& GTJ 4OUOTLUWSGYOIX) /-/0+

36+ @T\k\a Di) B\aZ_baZ ;[Xa) LbaZlTaZ HTa) L\TaV\ R[TaZ) QbaZ >XaZ) TaW K[Xa D\h+ 9ggXag\ba `XV[Ta\f` \a \agX__\ZXag YTh_g W\TZabf\f bY `TV[\aXel7 9 eXi\Xj bY gXV[a\dhX TaW Tcc_\VTg\ba+

?KGXZWKSKTY) cTZX ...261) /-//+

4-+ CX\fh^X QT`TWT TaW E\V[\T^\ @T`TWT+ HeXW\Vg\ba bY eaTocebgX\a \agXeTVg\baf hf\aZ T ahV_Xbg\WX _TaZhTZX `bWX_+ 4OUOTLUWSGYOIX 3J[GTIKX) /&.'7iUTV-/0) /-//+

4.+ Qha\aZ QTaZ) R\_baZ @bh) QTafbaZ OTaZ) @baZ_\ ET) H\aZc\aZ Kha) R[\d\TaZ ET) CT*;[ha ObaZ) TaW P\TaZgTb D\+ @VeaXg7 [\Z[*g[ebhZ[chg V\eVeaT*U\aW\aZ XiXag \WXag\!VTg\ba Yeb` V_\c*fXd WTgT

hf\aZ WXXc gX`cbeT_ Vbaib_hg\baT_ aXgjbe^+ 4WOK!TMX OT 4OUOTLUWSGYOIX) /0&/') /-//+

4/+ ;[Tb ;Tb) K[h[baZ QTaZ) EXaZ_\ D\) TaW ;[haZh\ D\+ ;\eVffaa7 V\eVeaT*U\aW\aZ f\gX ceXW\Vg\ba i\T fXdhXaVX fX_Y*TggXag\ba aXheT_ aXgjbe^f j\g[ ceX*abe`T_\mTg\ba+ 4?5 HOUOTLUWSGYOIX) /1&.'7//-)

/-/0+

40+ P\hdhTa <h TaW R[\ZTaZ PhX+ B_VeU7 9 ha\!XW `h_g\*i\Xj*UTfXW ]b\ag eXceXfXagTg\ba _XTea\aZ Ybe V\eVeaT U\aW\aZ f\gXf ceXW\Vg\ba+ <UZWTGR UL 4OUSKJOIGR ;TLUWSGYOIX) .037.-1/0.) /-//+

41+ CT\`\aZ @X) P\TaZlh R[TaZ) K[Tbd\aZ JXa) TaW B\Ta Kha+ <XXc eXf\WhT_ _XTea\aZ Ybe \`TZX eXVbZa\g\ba+ Aa BWUIKKJOTMX UL YNK ;777 IUTLKWKTIK UT IUSVZYKW [OXOUT GTJ VGYYKWT WKIUMTOYOUT) cTZXf

44-o445) /-.3+

42+ EXaZg\aZ F\h) IhTa Rbh) TaW ;[Xa D\a+ ;eUcW_7 AWXag\!VTg\ba bY V\eVeaT*eUc \agXeTVg\ba f\gXf hf\aZ Ta XafX`U_X aXheT_ aXgjbe^ TccebTV[+ B>UD IUSVZYGYOUTGR HOURUM^) .5&.'7X.--6465) /-//+

43+ D\f[Xa R[TaZ) ;[XaZd\Ta Dh) E\a RXaZ) QTb[TaZ D\) TaW B\Tak\a OTaZ+ ;e`ff7 ceXW\Vg\aZ V\eVeaT*eUc U\aW\aZ f\gXf UTfXW ba `h_g\*fVT_X V[TeTVgXe\m\aZ fXdhXaVX TaW fgehVgheX YXTgheXf+ 4WOK!TMX
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OT 4OUOTLUWSGYOIX) /1&.'7UUTV20-) /-/0+

44+ BXeaX] M_X) C\e^ : BXafXa) ETggXb JhZZ\h) 9_Wb EX_X) 9_]Tm M_X) TaW JbUXeg : <TeaX__+ ;_\c \WXag\!Xf abiT*eXZh_TgXW eaT aXgjbe^f \a g[X UeT\a+ DIOKTIK) 0-/&2315'7././o./.2) /--0+

45+ Bha*@Tb D\) K[ha D\h) @h\ R[bh) D\TaZ*@h Ih) TaW B\Ta*@hT QTaZ+ fgTeUTfX i/+ -7 WXVbW\aZ `\eaT*VXeaT) `\eaT*aVeaT TaW cebgX\aoeaT \agXeTVg\ba aXgjbe^f Yeb` _TeZX*fVT_X V_\c*fXd WTgT+ @ZIRKOI

GIOJX WKXKGWIN) 1/&<.'7<6/o<64) /-.1+

46+ ?XeW 9aWXef) KXUTfg\Ta < ETV^bj\T^) ETei\a BXaf) BbaTf ETTf^b_T) 9aWeXTf ChagmTZ^) F\^b_Thf JT]Xjf^l) ETe^hf DTaWg[T_Xe) TaW ;[e\fgbc[ <\XgXe\V[+ Wbe\aT7 T WTgTUTfX bY eaT \agXeTVg\baf \a

cbfg*geTafVe\cg\baT_ eXZh_Tg\ba+ @ZIRKOI GIOJX WKXKGWIN) 1-&<.'7<.5-o<.53) /-./+

5-+ B\aZaT K\) B\aZ ;h\) B\a ;[XaZ) TaW JbaZ_\aZ Oh+ ;b`chgTg\baT_ ceXW\Vg\ba bY eaT*U\aW\aZ cebgX\af TaW U\aW\aZ f\gXf+ ;TYKWTGYOUTGR PUZWTGR UL SURKIZRGW XIOKTIKX) .3&..'7/30-0o/30.4) /-.2+

5.+ Bha^TaZ OX\) K\lhTa ;[Xa) D\V[XaZ RbaZ) P\a ?Tb) TaW Qh D\+ HebgX\aoeaT \agXeTVg\ba ceXW\Vg\ba j\g[ WXXc _XTea\aZ7 fgehVgheX `TggXef+ 4WOK!TMX OT HOUOTLUWSGYOIX) /0&.'7UUTU21-) /-//+

5/+ B\aZ QTa) KgXYTa\X >e\XWe\V[) TaW Dh^Tfm CheZTa+ 9 Vb`ceX[Xaf\iX Vb`cTeTg\iX eXi\Xj bY fXdhXaVX*UTfXW ceXW\Vgbef bY WaT*TaW eaT*U\aW\aZ eXf\WhXf+ 4WOK!TMX OT HOUOTLUWSGYOIX) .4&.'755o.-2)

/-.3+

50+ R[\V[Tb E\Tb TaW =e\V OXfg[bY+ 9 _TeZX*fVT_X TffXff`Xag bY ahV_X\V TV\Wf U\aW\aZ f\gX ceXW\Vg\ba cebZeT`f+ B>UD IUSVZYGYOUTGR HOURUM^) ..&./'7X.--1306) /-.2+

51+ B\Ta R[TaZ TaW Dh^Tfm CheZTa+ KVe\UXe7 TVVheTgX TaW cTegaXe glcX*fcXV\!V ceXW\Vg\ba bY cebgX\a*U\aW\aZ eXf\WhXf Yeb` cebgX\af fXdhXaVXf+ 4OUOTLUWSGYOIX) 02&.1'7\010o\020) /-.6+

52+ QTaZ D\h) OX\^TaZ ?baZ) QTacXaZ R[Tb) PhXd\aZ <XaZ) K[Ta R[TaZ) TaW ;[ha[hT D\+ TceU\aW7 cebgX\aoeaT \agXeYTVX ceXW\Vg\ba Ul Vb`U\a\aZ fXdhXaVX TaW \*gTffXe `bWX_*UTfXW fgehVgheT_

YXTgheXf _XTeaXW j\g[ Vbaib_hg\baT_ aXheT_ aXgjbe^f+ 4OUOTLUWSGYOIX) 04&4'7604o61/) /-/.+

53+ B\aZ QTa TaW Dh^Tfm CheZTa+ <eaTceXW) YTfg fXdhXaVX*UTfXW `Xg[bW g[Tg TVVheTgX_l ceXW\Vgf TaW W\fVe\`\aTgXf WaT*TaW eaT*U\aW\aZ eXf\WhXf+ @ZIRKOI GIOJX WKXKGWIN) 12&.-'7X51oX51) /-.4+

54+ Bbfu B\`uaXm) KgXYTa <bXee) ?XeTeW ETegwaXm*JbfX__) 9_XkTaWXe K JbfX) TaW ?\Taa\ <X >TUe\g\\f+ <XXcf\gX7 cebgX\a*U\aW\aZ f\gX ceXW\Vgbe hf\aZ 0W*Vbaib_hg\baT_ aXheT_ aXgjbe^f+ 4OUOTLUWSGYOIX) 00

&.6'70-03o0-1/) /-.4+

55+ Q\aZ P\T) ;[ha*I\h P\T) P\TblbaZ HTa) TaW @baZ*:\a K[Xa+ ?eTc[U\aW7 cebgX\a fgehVgheT_ VbagXkg X`UXWWXW eh_Xf _XTeaXW Ul [\XeTeV[\VT_ ZeTc[ aXheT_ aXgjbe^f Ybe eXVbZa\m\aZ ahV_X\V*TV\W*U\aW\aZ

eXf\WhXf+ @ZIRKOI GIOJX WKXKGWIN) 16&6'7X2.oX2.) /-/.+

56+ >h[Tb R[TaZ) :\ R[Tb) OXaUb K[\) E\a D\) TaW Dh^Tfm CheZTa+ <XXcW\fbU\aW7 TVVheTgX ceXW\Vg\ba bY eaT*) WaT*TaW cebgX\a*U\aW\aZ \age\af\VT__l W\fbeWXeXW eXf\WhXf j\g[ WXXc `h_g\*gTf^ _XTea\aZ+

4WOK!TMX OT HOUOTLUWSGYOIX) /0&.'7UUTU2/.) /-//+

6-+ BbeWl @b`\aZ DT`) Qh D\) D\m[X R[h) JT`mTa M`Tebi) @Ta_ha B\TaZ) 9`u_\X @u_\bh) >h C\g K[XbaZ) L\Talha D\h) QbaZ^TaZ DbaZ) QhaYX\ D\) Xg T_+ 9 WXXc _XTea\aZ YeT`Xjbe^ gb ceXW\Vg U\aW\aZ

ceXYXeXaVX bY eaT Vbafg\ghXagf ba cebgX\a fheYTVX+ @GYZWK IUSSZTOIGYOUTX) .-&.'7161.) /-.6+
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Reviewer #1 (Remarks to the Author): 

I think the current version is good enough for acceptance. 

Reviewer #2 (Remarks to the Author): 

The authors have addressed my comments, and the additional data have strengthened the study's 

conclusions. 

Reviewer #3 (Remarks to the Author): 

The authors have addressed my comments.



2QPFLNO :LGKP'@T':LGKP ;COMLKOCO PL PFC ;CRGCSCNO# ALJJCKPO "4TK?JGA AF?N?APCNGU?PGLK ?KB GKPCNMNCP?PGLK DLN MNLPCGK';82

GKPCN?APGLKO ?ANLOO BGRCNOC ACIIQI?N ALKBGPGLKO QOGKE 54;8CP" @T >FQ CP ?I( $83977<'+,')/*-.2% OQ@JGPPCB PL Nature Com-

munications LK 0PF'2QEQOP'+)+,(

Reviewer #1:

6 PFGKH PFC AQNNCKP RCNOGLK GO ELLB CKLQEF DLN ?AACMP?KAC(

Response: =F?KH TLQ RCNT JQAF DLN TLQN MLOGPGRC ALJJCKPO( =FCT SCNC FGEFIT ?MMNCAG?PCB ?KB GJMNLRCB PFC J?KQOANGMP

PNCJCKBLQOIT( =F?KH TLQ RCNT JQAF DLN TLQN MNCAGLQO PGJC ?KB HGKB ?PPCKPGLK(

Reviewer #2:

=FC ?QPFLNO F?RC ?BBNCOOCB JT ALJJCKPO& ?KB PFC ?BBGPGLK?I B?P? F?RC OPNCKEPFCKCB PFC OPQBT#O ALKAIQOGLKO(

Response1 =F?KH TLQ RCNT JQAF DLN PFC MLOGPGRC ALJJCKPO ?KB PF?KH TLQ DLN PFC BCP?GICB OQEECOPGLKO( =F?KH TLQ RCNT JQAF

DLN TLQN MNCAGLQO PGJC ?KB HGKB ?PPCKPGLK(

Reviewer #3:

=FC ?QPFLNO F?RC ?BBNCOOCB JT ALJJCKPO(

Response1 =F?KH TLQ RCNT JQAF DLN ?II TLQN ALJJCKPO& SFGAF SCNC FGEFIT ?MMNCAG?PCB F?RC J?BC ? OGEKG!A?KP GJMNLRCJCKP

PL PFC J?KQOANGMP( =F?KH TLQ RCNT JQAF DLN TLQN MNCAGLQO PGJC ?KB HGKB ?PPCKPGLK(
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