
 

 

 
 
 

Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ChromID identifies the protein interactome at chromatin marks

Citation for published version:
Villaseñor, R, Pfaendler, R, Ambrosi, C, Butz, S, Giuliani, S, Bryan, E, Sheahan, TW, Gable, AL, Schmolka,
N, Manzo, M, Wirz, J, Feller, C, von Mering, C, Aebersold, R, Voigt, P & Baubec, T 2020, 'ChromID
identifies the protein interactome at chromatin marks', Nature Biotechnology, vol. 38, no. 6, pp. 728-736.
https://doi.org/10.1038/s41587-020-0434-2

Digital Object Identifier (DOI):
10.1038/s41587-020-0434-2

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Peer reviewed version

Published In:
Nature Biotechnology

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 15. May. 2025

https://doi.org/10.1038/s41587-020-0434-2
https://doi.org/10.1038/s41587-020-0434-2
https://www.research.ed.ac.uk/en/publications/39f85177-6679-4283-bb49-9526f921063c


! "!

!"#$%&'(#)*)+,-( .")(/#$.)$%)(0$%/$-1.1$2($3(4)5(0"#$%+.12(-.+.)-( 12(%6#12)(-.)%("!

0),,-7(#!

!$!

"#$%&'#!(&))*+,-#%!./01!"*2#3!45*,3$),%!./01!67%&+8&3*!92:%#+&!./1;01!<8,5*3!=>8?!./1;01!<*%*!%!

@&>)&*3&!./01!A)*3*!=%B*3!.C01!D7#2*+!EF!<7,*7*3!.C01!933&G*!@*:),!.H1;01!I&3*!<J72#)G*!&!

./01!K*++&2&)&*3#!K*3?#!./1;01!L#M)!E&%?! ./01!67%&+8&*3!N,)),%! .O01!67%&+8&*3!P#3!K,%&3'!.H01!'!

">,$&!9,:,%+#)$!.O01!47&)&QQ!(#&'8!.C01!*3$!D>3J*B!=*>:,J!./0!(!

!)!

!*!

/F! R,Q*%82,38!#5!K#),J>)*%!K,J7*3&+2!#5!R&+,*+,1!S3&P,%+&8B!#5!T>%&J71!T>%&J71!<U&8?,%)*3$!"+!

;F! V&5,! <J&,3J,! T>%&J7! @%*$>*8,! <J7##)1! S3&P,%+&8B! #5! T>%&J7! *3$! ADW! T>%&J71! T>%&J71!""!

<U&8?,%)*3$!!"#!

CF! E,))J#2,!6,38%,!5#%!6,))!=&#)#'B1!<J7##)!#5!=&#)#'&J*)!<J&,3J,+1!S3&P,%+&8B!#5!A$&3:>%'71!"$!

A$&3:>%'71!SX!"%!

HF! Y3+8&8>8,! #5! K#),J>)*%! V&5,! <J&,3J,+! *3$! <U&++! Y3+8&8>8,! #5! =&#&35#%2*8&J+1! S3&P,%+&8B! #5!"&!

T>%&J71!T>%&J71!<U&8?,%)*3$!"'!

OF! R,Q*%82,38!#5!=&#)#'B1!Y3+8&8>8,!#5!K#),J>)*%!<B+8,2+!=&#)#'B1!ADW!T>%&J71!<U&8?,%)*3$!"(!

*3$!N*J>)8B!#5!<J&,3J,1!S3&P,%+&8B!#5!T>%&J71!<U&8?,%)*3$!")!

!"*!

6#%%,+Q#3$,3J,Z!8>3J*BF:*>:,J[>?7FJ7!!#+!

#"!



! #!

89-.#+0.((##!

!#$!

Chromatin modifications instruct genome function through spatiotemporal recruitment of #%!

regulatory factors to the genome. However, how these modifications define the proteome #&!

composition at distinct chromatin states remains to be fully characterized. Here, we made #'!

use of natural protein domains as modular building blocks to develop engineered chromatin #(!

readers (eCRs) selective for histone and DNA modifications. By stably expressing eCRs in #)!
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;\2,%J*Q8#,87*3#)!.<&'2*!9)$%&J701!*3$!7#2,2*$,!),>G*,2&*!&37&:&8#%B!5*J8#%!.VYN0!*8!C^!w6!%)"!

&3!^v!6f;F!6,))!)&3,+!U,%,!#:8*&3,$!:B!%,J#2:&3*+,\2,$&*8,$!J*++,88,!,]J7*3',!."K6A0F!%)#!

=%&,5)B1!,3'&3,,%,$!J7%#2*8&3\%,*$,%!J#38*&3&3'!"K6A!J#3+8%>J8+!U,%,!J#\8%*3+5,J8,$!U&87!*!%)$!

6"A!%,J#2:&3*+,!,]Q%,++&#3!Q)*+2&$!./Z!bFd!x'!RI9!%*8&#0!8#!"K6A\J#2Q,8,38!*3$!:&#8&3!%)%!

)&'*+,!.=&%90\Q#+&8&P,!2#>+,!A<!J,))!)&3,+!;;F!DU#!%#>3$+!#5!+,),J8&#3!U,%,!*QQ)&,$!8#!B&,)$!*!%)&!



! #"!

7#2#',3#>+!Q#Q>)*8&#3!#5!,6"!,]Q%,++&3'!J,))+Z! &0!J,))+!87*8!$&$!3#8!,]J7*3',!87,!"K6A\%)'!

J*++,88,+! U,%,! 5&%+8! %,2#P,$! :B! 3,'*8&P,! +,),J8&#3! .C2K! '*3J&J)#P&%! 5#%! H! $*B+01! &&0! J,))+!%)(!

,]Q%,++&3'! 87,! ,6"! #5! &38,%,+8! U,%,! %,8*&3,$! :B! Q#+&8&P,! +,),J8&#3! .;2K! Q>%#2BJ&3! 5#%! ;!%))!

$*B+0F!W#2#',3#>+!*3$!+8*:),!Q%#8,&3!,]Q%,++&#3!U*+!87,3!2#3&8#%,$!:B!2,*+>%&3'!,@N4!%)*!

,]Q%,++&#3!>+&3'!5)#U!JB8#2,8%B1!&22>3#5)>#%,+J,3J,!.YN0!*3$!&22>3#:)#88&3'F!D%*3+5,J8&#3+!%*+!

U,%,!J*%%&,$!#>8!>+&3'!V&Q#5,J8*2&3,!Cbbb!%,*',38!.D7,%2#!N&+7,%!<J&,38&5&J1!VCbbbb/O0!*8!*!%*"!

;Z/!x'!RI9!%*8&#!&3!fQ8&KAK!2,$&>2!.D7,%2#!N&+7,%!<J&,38&5&J1!C/`eOb^b0F!D7,!+,-#Xf!J,))!%*#!

)&3,! U*+! ',3,%*8,$! :B! 8%*3+5,J8&3'! Q]CCb! U&87! *! '>&$,! .@@D@999999D99D@D66D@0!%*$!

8*%',8&3'!,]#3!e! 8#',87,%!U&87!*!%,J#2:&3*8&#3\%,Q#8,%!deF!Cd!7#>%+!*58,%! 8%*3+5,J8&#31!J,))+!%*%!

U,%,!8%,*8,$!U&87!;!>'h2)!Q>%#2BJ&3! 5#%!Cd!7F!<&3'),!A<!J,))!J#)#3&,+!U,%,!7*%P,+8,$!*3$!%*&!

'RI9!U*+!+J%,,3,$!:B!46"! .5#%U*%$!Q%&2,%Z!@9@@696D9@@D@99996D@@91! %,P,%+,!%*'!

Q%&2,%Z! 6969@9@66D@D6966D@DD0F! 4#+&8&P,! Xf! J)#3,+! U,%,! P*)&$*8,$! :B! <*3',%!%*(!

+,a>,3J&3'! .K&J%#+B3870! *3$! WCX;^2,C! E,+8,%3! :)#88&3'F! D7,! ,3$#',3#>+)B! 8*'',$!%*)!

./0123)!J,))!)&3,!U*+!',3,%*8,$!U&87!*!'>&$,!.9@D9@966D@@69@9D@@9@0!8*%',8&3'!,]#3!%**!

;;1!>+&3'!87,!+*2,!*QQ%#*J7!#>8)&3,$!*:#P,F!^;!7#>%+!*58,%!8%*3+5,J8&#31!+&3'),!@N4\Q#+&8&P,!&++!

J,))+!U,%,!+#%8,$!&38#!`d\U,))+!:B!5)#U!JB8#2,8%BF!<&3'),!A<!J,))!J#)#3&,+!U,%,!7*%P,+8,$!*3$!&+"!

'RI9! U*+! +J%,,3,$! :B! 46"! .5#%U*%$! Q%&2,%Z! 9@696999D66696D@99@6D@1! %,P,%+,!&+#!

Q%&2,%Z! D6@D@669DD6@9DDDD6D@9@60F! 4#+&8&P,! J)#3,+! U,%,! P*)&$*8,$! :B! <*3',%!&+$!

+,a>,3J&3'F!I,>%#3*)!$&55,%,38&*8&#3!#5!A<!J,))+!U*+!Q,%5#%2,$!*+!Q%,P&#>+)B!$,+J%&:,$!d`F!&+%!

!&+&!

N)#U!JB8#2,8%BZ!!&+'!

6,))+!U,%,!7*%P,+8,$!:B!8%BQ+&3&+*8&#3!*3$!%,+>+Q,3$,$!&3!R4=<!5#%!*3*)B+&+F!Y5!3,J,++*%B1!&+(!

J,))+! U,%,! &3J>:*8,$! U&87! VY(AhRA9RDK! N&]*:),! I,*%\Y"! R,*$! 6,))! <8*&3! .Y3P&8%#',31!&+)!

VCH`^O0! 8#! $&+J%&2&3*8,! J,))! P&*:&)&8BF! <*2Q),+! U,%,! *3*)B+,$! 5#%! ,@N4! ,]Q%,++&#3! *3$!&+*!

VY(AhRA9RDK!+8*&3!:B!5)#U!JB8#2,8%B!#3!*!N96<6*38#!.=R!=&#+J&,3J,+0F!6,))+!U,%,!'*8,$!&"+!

5#%!P&*:),!*3$!&3$&P&$>*)!J,))+1!J7*33,)!P#)8*',+!5#%!,@N4!.9),]*!N)>#%!Hee\90!*3$!)&P,h$,*$!&""!

.946\6B^90! +&'3*)+! U,%,! +,8! %,'*%$&3'! P,%&5&,$! 3,'*8&P,! *3$! Q#+&8&P,! ,@N4\,]Q%,++&3'!&"#!

J#38%#)! J,))+F! "*U! 5&),+! U,%,! *3*)B+,$! *3$! P&+>*)&+,$! >+&3'! N)#UL#! +#58U*%,! .D%,,! <8*%t!&"$!



! ##!

P,%+&#3!/bFbF^0F!N#%!6R;H!2,*+>%,2,38+! &3!3,>%#3*)!Q%#',3&8#%+1! +&3'),!J,))! +>+Q,3+&#3+!&"%!

U,%,!#:8*&3,$!5%#2!3,>%#3*)!Q%#',3&8#%+!*58,%!e!$*B+!#5!$&55,%,38&*8&#3!87%#>'7!8%BQ+&3&?*8&#3!&"&!

*3$!5&)8,%,$!87%#>'7!Hb\>2!J,))!+8%*&3,%+!.=R!=&#+J&,3J,+01!*+!Q%,P&#>+)B!$,+J%&:,$!d`F!N#%!J,))!&"'!

+>%5*J,!+8*&3&3'!J,))+!U,%,!&3J>:*8,$!5#%!Cb!2&3!*8!Hw6!U&87!+*8>%*8&3'!J#3J,38%*8&#3!#5!*38&\&"(!

6R;H*!2#3#J)#3*)!*38&:#$B!&3!87,!Q%,+,3J,!#5!*38&\6R/dh6RC;!.,=&#+J&,3J,0F!N#%!)&P,!$,*$!&")!

J,))!,]J)>+&#3!VY(AhRA9R!N&]*:),!I,*%\Y"!R,*$!6,))!<8*&3!.Y3P&8%#',30!U*+!>+,$F!<*2Q),+!&"*!

U,%,!*Ja>&%,$!>+&3'!N96<N#%8,++*!.=R!=&#+J&,3J,+0!*3$!$*8*!U,%,!*3*)B+,$!>+&3'!N)#UL#!&#+!

+#58U*%,!.D%,,!<8*%0F!&#"!

!&##!

E,+8,%3!:)#88&3'Z!!&#$!

N#%! U,+8,%3! :)#88&3'1! ;b! x'! #5! Q%#8,&3! U,%,! %,+#)P,$! &3! I>49@A\I#P,]! =&+\D%&+! Hp/;v!&#%!

'%*$&,38!',)+!.Y3P&8%#',30!*3$!8%*3+5,%%,$!#3!Q#)BP&3B)&$,3,!5)>#%&$,!.4(RN0!2,2:%*3,+!&3!*!&#&!

8*3G!J#38*&3&3'!8%*3+5,%!:>55,%!.Ob2K!D%&+1!bFHK!')BJ&3,1!bFbOv!<R<1!*3$!;bv!K,fW0F!D7,!&#'!

2,2:%*3,!U*+!U*+7,$!#3J,!U&87!D=<D!./b2K!D%&+!QW!eFb1!/Ob2K!I*6)1!*3$!bF/v!DU,,3\&#(!

;b01!:)#JG,$!U&87!Ov!.UhP0!=<9!&3!D=<D1!*3$!+8*&3,$!U&87!87,!J#%%,+Q#3$&3'!Q%&2*%B!*38&:#$B!&#)!

*38&\W4/:h6=c/!./Z/1bbb1!6<Dt!med^d0!#%!V*2&3!=/!./Z/bbb1!<*38*!6%>?1!+J\C^Hb/O0!*8!Hw6!&#*!

#P,%3&'78F!958,%!U*+7&3'!87%,,!8&2,+!U&87!D=<D!5#%!/b!2&3>8,+1!87,!+&'3*)!U*+!$,8,J8,$!U&87!&$+!

J#%%,+Q#3$&3'! +Q,J&,+\+Q,J&5&J! 7#%+,%*$&+7! Q,%#]&$*+,! .W"40\J#3_>'*8,$! +,J#3$*%B!&$"!

*38&:#$&,+F! D7%,,! *$$&8&#3*)! D=<D! U*+7,+! U,%,! *QQ)&,$! Q%&#%! Q%#8,&3! $,8,J8&#3! >+&3'! 87,!&$#!

92,%+7*2!A6V!E,+8,%3!:)#88&3'!$,8,J8&#3!%,*',38!.@A!W,*)87J*%,!V&5,!<J&,3J,+t!"4I;/b`0!&$$!

U&87! +>:+,a>,38! +&'3*)! $,P,)#Q2,38! #3! 92,%+7*2! WBQ,%5&)2! A6V! .@A! W,*)87J*%,! V&5,!&$%!

<J&,3J,+t!;e`bdeCd0F!N#%!P*)&$*8&#3!#5!A,$!Xf!J,))!)&3,+1!J,))+!U,%,!)B+,$!U&87!IADI!:>55,%!&$&!

.;b!2K!D%&+!.QW!e01!bFO!v!.PhP0!I4\Hb1!/bb!2K!I*6)1!/!2K!ARD9!.QW!e00!+>QQ),2,38,$!U&87!&$'!

/!]!Q%#8,*+,!&37&:&8#%!J#JG8*&)!."#J7,t!6fARD9N\"f0!*3$!/!2K!RDD!.<&'2*!9)$%&J71!RDD\&$(!

"f0F!I>J),&!U,%,!Q,)),8,$!*8!d1Obb!]!'!5#%!/b!2&3!*8!H!w61!U*+7,$!#3J,!U&87!IADIF!W&+8#3,+!&$)!

U,%,!*J&$\,]8%*J8,$!#P,%3&'78!*8!H!w6!&3!bF;!I!W6)!*8!*!$,3+&8B!#5!H!]!/b^!3>J),&!Q,%!2)F!W&+8#3,!&$*!

,]8%*J8+!U,%,!87,3!J,38%&5>',$!*8!d1Obb!]!'!5#%!/b!2&3!*8!H!w6!8#!Q,)),8!$,:%&+!*3$!O!>'!U,%,!&%+!

)#*$,$!#38#!*!I>49@A\I#P,]!/dv!D%&+\@)BJ&3,!@,)!.Y3P&8%#',30F!E,+8,%3!=)#8!*3$!Q%#8,&3!&%"!



! #$!

$,8,J8&#3!U,%,!Q,%5#%2,$!*+!*:#P,!U&87!*!8%*3+5,%!:>55,%!J#38*&3&3'!3#!<R<1!:>8!;b!v!K,fW1!&%#!

*3$!2,2:%*3,!U*+!+8*&3,$!U&87!Q%&2*%B!*38&:#$B!*38&\WCX;^2,C!.R&*',3#$,1!6/OH/b/`O01!&%$!

*38&\W&+8#3,!W/!.K&))&Q#%,1!bO\HO^0!*3$!*38&\W&+8#3,!WC!.9:J*21!*:/^`/0F!&%%!

!&%&!

V&P,\J,))!&2*'&3'!*3$!&2*',!Q%#J,++&3'Z!!&%'!

;]!/byH!,6"\,@N4!5>+&#3!,]Q%,++&3'!J,))+!U,%,!+,,$,$!#3!bF;v!',)*8&3\J#*8,$!CO\22!')*++!&%(!

:#88#2!J7*2:,%+!.Y:&$&t!ebe;d0!#3,!$*B!:,5#%,! &2*'&3'F!I,]8!$*B1!J,))+!U,%,!+8*&3,$!U&87!&%)!

W#,J7+8!CCCH;!.Y3P&8%#',3t!d;;H`0! 5#%!/b!2&3>8,+1!U*+7,$! 8U&J,!U&87!R4=<1!*3$!J#P,%,$!&%*!

U&87!A<!J,))! &2*'&3'!2,$&>2!J#38*&3&3'!RKAK!.Y3P&8%#',3t!C/bOCb;e01!+>QQ),2,38,$!U&87!&&+!

/Ov!5#,8*)!:#P&3,!+,%>2!.N=<t!Y3P&8%#',301!/]!3#3\,++,38&*)!*2&3#!*J&$+!.Y3P&8%#',301!;2K!&&"!

V\')>8*2&3,! .Y3P&8%#',301! bFb/v! ;\2,%J*Q8#,87*3#)! .<&'2*! 9)$%&J701! *3$! 7#2,2*$,!&&#!

),>G*,2&*! &37&:&8#%B! 5*J8#%! .VYN0F! "*3$#2)B! +,),J8,$! J,))+! U,%,! &2*',$! U&87! +,a>,38&*)!&&$!

*Ja>&+&8&#3!+,88&3'+!#3!*!V,&J*!<4O! &3P,%8,$!J#35#J*)! )*+,%!+J*33&3'!2&J%#+J#Q,!,a>&QQ,$!&&%!

U&87!*!J)&2*8,!J7*2:,%1!*3!9%'#3!)*+,%!5#%!HOC1!H^d1!Hee1!H`d1!*3$!O/H!321!*3$!*!$&#$,!)*+,%!&&&!

5#%!Od/!32F!D7,!5&)8,%+!5#%!5)>#%,+J,3J,!&2*'&3'!U,%,!@N4!.,]!=4!H^bhHb1!,2!=4!O;OhOb0!*3$!&&'!

IC!.,]!=4!OHdh/;1!dbbhHbb0F!6#35#J*)!&2*',+!U,%,!*Ja>&%,$!U&87!*3!W6c!4V!94f!V,&J*!dCu!&&(!

#&)!&22,%+&#3!#:_,J8&P,!U&87!WBR!$,8,J8#%+F!T!+8*JG+!U,%,!*Ja>&%,$!Q,%!+&8,!>+&3'!*!bFC!µ2!&&)!

+8,Q!+&?,F!!&&*!

D&2,\)*Q+,! 5)>#%,+J,3J,!2&J%#+J#QB!U*+!Q,%5#%2,$!U&87!*!J#35#J*)!+Q&33&3'!$&+G! &2*'&3'!&'+!

+B+8,2! .f)B2Q>+! YcQ)#%,!<Q&3<"/b1!f)B2Q>+!6#%Q#%*8&#30!,a>&QQ,$!U&87!*!6<S\E/!>3&8!&'"!

.sfXf@9E90!*3$!*!dbu!S4V<94f!S4)*3!<!9Q#!+&)&J#3!#&)!#:_,J8&P,!#5!/FC!I9!.f)B2Q>+!&'#!

6#%Q#%*8&#30F!//!?!Q)*3,+!U,%,!*Ja>&%,$!Q,%!+&8,!./µ2!+8,Q!+&?,0!,P,%B!O!2&3!5#%!*QQ%#]&2*8,)B!&'$!

12.5 hours. A 488nm laser was used to excite the GFP probe while emitted light was filtered &'%!

by a 525/50 band pass filter and captured by *!4%&2,!=<Y!<J&,38&5&J!6Kf<!J*2,%*!.;bHe!u!&'&!

;bHe!Q&],)+1!D,),$B3,!47#8#2,8%&J+0F!Y2*',+!U,%,!$,J#3P#)P,$!>+&3'!W>B',3+!4%#5,++&#3*)!&''!

/`F/b!+#58U*%,!.<J&,38&5&J!(#)>2,!Y2*'&3'0!>+&3'!>Q!8#!Hb!&8,%*8&#3+!#5!87,!6)*++&J!K*]&2>2!&'(!

V&G,)&7##$!A+8&2*8&#3!*)'#%&872!U&87!*!87,#%,8&J*)!4<NF!=*JG'%#>3$!J#%%,J8&#3!U*+!*>8#2*8&JF!&')!



! #%!

D7,!+&'3*)\8#\3#&+,! %*8&#!+,88&3'!U*+!*$_>+8,$!,2Q&%&J*))B! 8#!/d! 8#!'&P,!+*8&+5*J8#%B! %,+>)8+F!&'*!

Y2*',!*3*)B+&+!U*+!Q,%5#%2,$!#3!87,!%,+>)8&3'!&2*',!+,%&,+!>+&3'!NYLY!.P,%+&#3!;FbFb0!*3$!87,!&(+!

=&#\N#%2*8+!Y2Q#%8,%!Q)>'&3F!9QQ%#Q%&*8,!+&3'),!?\Q)*3,+!U,%,!87,3!+,),J8,$!5#%!5>%87,%!&2*',!&("!

*3*)B+&+!*3$!$&+Q)*BF!&(#!

!&($!

Y22>3#+8*&3&3'!*3$!&22>3#5)>#%,+J,3J,Z!&(%!

6,))+!U,%,!'%#U3!&3!bF;v!',)*8&3,\J#*8,$!CO\22!')*++!:#88#2!J7*2:,%+!.Y:&$&t!ebe;d01!5&],$!&(&!

&3!Hv! 5#%2*)$,7B$,! &3!4=<! 5#%!/b!2&3!*8! %##2! 8,2Q,%*8>%,1!U*+7,$! 87%,,! 8&2,+! &3!4=<1!&('!

Q,%2,*:&)&?,$!5#%!O!2&3!*8!%##2!8,2Q,%*8>%,!&3!4=<!+>QQ),2,38,$!U&87!bF/v!D%&8#3!c\/bb!&((!

*3$! bF;Ov! =<9! .<&'2*,9)$%&J701! *3$! U*+7,$! 8U&J,! &3! 4=<F! 6#%%,+Q#3$&3'! Q%&2*%B! .*38&\&()!

WCX`2,CZ! *:ee`e! .*:J*201! *38&\WCX;^2,CZ! 6/OH/b/`O! .$&*',3#$,01! *38&\@N4Z!&(*!

//e/HHdbbb/!.K&))&Q#%,0!*3$!+,J#3$*%B!*38&:#$&,+!.9),]*!N)>#%!Hee!*38&,2#>+,!*3$!Ode!*38&,&)+!

%*::&8! Y'@+! 5%#2!D7,%2#N&+7,%0!U,%,!$&)>8,$! &3!4=<!J#38*&3&3'!;v!N=<!*3$!bFb;v!=<9F!&)"!

4%&2*%B! *38&:#$B! &3J>:*8&#3+! U,%,! Q,%5#%2,$! #P,%3&'78! *8! Hw6F! <,J#3$*%B! *38&:#$B!&)#!

&3J>:*8&#3+!U,%,!Q,%5#%2,$!5#%!/7!*8!%##2!8,2Q,%*8>%,F!N#))#U&3'!*38&:#$B!&3J>:*8&#3+1!J,))+!&)$!

U,%,!U*+7,$!#3J,!U&87!4=<!*3$!&3J>:*8,$!5#%!/b!2&3!U&87!4=<!J#38*&3&3'!Hz1d,$&*2&$&3#,;,&)%!

Q7,3B)&3$#),!$&7B$%#J7)#%&$,!.R94Y1!bFO!x'h2)0!5#%!/b!2&3>8,+!*8!%##2!8,2Q,%*8>%,!8#!+8*&3!&)&!

RI9F!N#))#U&3'!87%,,!U*+7&3'!+8,Q+!&3!4=<1!J,))+!&3!2>)8&,U,))!Q)*8,+!U,%,!G,Q8!&3!4=<!5#%!&)'!

&2*'&3'F!"*3$#2)B!+,),J8,$!J,))+!U,%,!&2*',$!U&87!+,a>,38&*)!*Ja>&+&8&#3!+,88&3'+!#3!*!V,&J*!&)(!

<4O!&3P,%8,$!J#35#J*)!)*+,%!+J*33&3'!2&J%#+J#Q,F!&))!

!&)*!

@,3,%*8&#3!#5!%,J#2:&3*38!3>J),#+#2,+Z!&*+!

4,"'056! WC! *3$! WH! *3$! 7>2*3! W;9! *3$! W;=! U,%,! ,]Q%,++,$! 5%#2! QAD\C*! #%! QAD\C$!&*"!

P,J8#%+!&3!=V;/!.RAC0!QVB+<!5#%!WC1!W;91!*3$!W;=!#%!=V;/!.RAC0!5#%!WH!87%#>'7!&3$>J8&#3!&*#!
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%,*$,%! .";;9\,6"\=9<S0F! <7#U3! *%,! *P,%*',! VN{! &38,3+&8&,+! .)#';\N60! 5%#2! 5#>%!"+&"!
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'%,,3! 5)>#%,+J,3J,!Q%#8,&3t! Y"A<Z! &38,%3*)! %&:#+#2*)!,38%B!+&8,t!496Z!4>%#2BJ&3!I\9J,8B)\"+*&!
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