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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
mouse embryonic stem cells and measuring their subnuclear localisation, genomic
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detailed view of the protein interaction network determined by the chemical language on

chromatin.!
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F7HU, S *1 $,53, B! Q*85, 43! UIS7! +"3%)+! 5441 §7,1 6=c/\;]167H2#! ,6""1 *§l ROANS, 3+, !
JTHH2HI, 38, 1+ *3$1 87,1 6=C\! *3$! $46;\;]6TH2#H! , 6"+ 542431 $i+Jh,8,1 +>13>J), *H!
xR 47 135), *HQ , HQT , HBI* SIS 3$I3> ), #H.NI"FI/J1*3$1<>QQ), 2, 3T<UBING"FI; *0F!
D7, +, 1 %831 Q*88, h3+! %%, 11$, 30I%)! 841 U781 7%+1 =, , 31, Qa, $! 5441 87,1 +>:3>J), *H!
SL+8H s >B431 #51 WCX 2, C! *3$1 WCX A2, Cll |, +Q, J8P,)B! M1 .<>QQ), 2, 38%4B! Ni*F! ; 2 0F! ¥3!
JH3B*+8 G441 87 1 JTUH2HSH2 I3+ 67,1 +137),1 *3$! $>%)1 DONC! 47$\$#2*131 , 6" +7#U , $! *!
THOHT | 3>+ HT 3R GTHES T THSY 67,1, 380, 1 350), >+ .<>QQ), 2, 38%HBI Ni"F! ;*0! *+! Qh, Pi#>+)B!
, QA8 , SISHHIWCXHZ , CISI+H8H - >HU#3I>+3 " 1*3a - #$L, +11F1 | 6" +IIH#3B*I3U3 " 13 "), IK=RISH2*I3+!
2 IK=R/MHIK , 64 ; I #I)i+, SIUB7IR 19\2,87B)*8, SIROANS, 3+, I7THH24 , 38, k+ 11+ 20)*H!
B1G7 ) I, +QH3BI3 " 155))\), 37871 QU i3+1.<>QQ), 2, 3E*HBINL™FI ; %01+ FINSHS7 , 6244, 1P, \J,)!
(2% (37145187, 1, @NANS* ™", $1, 6"+, 3% ), $I>+18#1  TQ)#, 187, (I *)+*G#31$>13 1 3, )1 JBJ) , !
QU ™H, ++H3I*3SI*H3 187 , 1I#3$, 3+, SIK\Q7*+, LITH2#+#2 , +1.<>QQ) , 2, 3PH4BINI™FI ; I\, 1*3$!
<>QQ), 2, 38*BI (I$, #+F!!
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2>)BP*), 381038, W< IGH3+ <, 1, a>lh, $FIDHITSIET , HIP*I$*S, 187H11U, 1 258, 1>+, 14514, JH3+4E>8, $!
3>J), #+#2,+1 JHBI3"I WCXH2, C! #l WCX; A2, Cl 2%4G+! #31 1#87! Th+8#3, 1 §<)+F1 4>))$#U3!
,1Q, 2, 38+1>+13" 1, J#2 1 13% 381 +3%), \IHI $#> 1), \ISH2 X3!, 6" +1ISSII*E, 1 - >+81i38, I+ Jai#e3+1
HIBIHIIS>*)IS#2*I3+11  SBIBHIHIHI"), \SH2*I3!, 6" +11+>QQHIU3 " 187,13, I, ++IBBIHSI2>)P*) , 38!
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SH=BIPH>*)U3+Q , JUH3MSIT , 1 13SI3 " B IGHU , W+, 4P, B!, 6" "\+Q, JEJI+L" 3%)+ LIk, +QH#3$I3" !
8187 , ) SI+8HL: SRS 451 B%4" , 81 I3, | 2HSII <83+ *3$! R 19! 2, §7B)*U#311 (3$II*H3 " I , Jo!
IR SHBIBHIST , + 1 274G+ NE"FL/$\51*3$1 <>QQ) , 2 , 38*HBINL"FIC*\ = 0FI D7 , i1+, ), I8P, 1 133"
Qb,5, 4,30, 1B#1 I 7H# 283 2HGBLI B3+ U*+1*)+#1 JH35H2 , $12BI* , 342, \UIS, |, 3HI72 , 35+1*3$!
S, JBIH2QFH+HIBHITIHEHS , I2HSBLI*BH3+HIR 1912, 7B)*U#31*3B!, 354", 3#>+1, *$, HQHHS, (3+!
NETH /711 <>QQ), 2, 38%HB! NI*F! CI\$! *3$! H*\SOF! D7, +" 3%+ #:8%13, $! 52! (3SIPIS>*)! , 6"
Sxpx+, 6+ (3BI*, $1 67 , 11 J), *H! SL+BI3I0A3! (3! 1I3BI3 1841 T, 3H21! ), 2, 38+ 2#$I, B! 1BI87,!
It +QH3SIZ ™ BXHT 8 2HSBII*BH3+H .<>QQ), 2, 3744B! Ni"F 0™\$01 U7,4,1 , 6"+ +Q, Ji5iJ! 544!
WCXHZ2, CLQH, 5, %, 38%))BI *++#J*8, $IUBT! ™, 3, | Q248 k+1IWCX ™2, Clh, *$, b+ U714, Q, 881P , !
), 2,38+ I*3SIR 1912, §7B)*8i#3Mh, *$, h+UB7! 2, 57B\6Q@\S, 3+, !, J#3+1.<>QQ), 2, 3¢*BINI"F!
0, 0F 1 #8% 2 )BLI*3$N3I*JI#$*3J , IUBTIP,\J, JH2* 13" 11#3)B!, ]Q, K2, 38+!1>+3" 1, 6" +IUBT718U#!
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"L 3H2\UIS, | I3$I3" 1641 JTHH2*H3) 2HSIBI*B43+ NIF ;%\ 11 $1*3$1 <>QQ), 2 , 38*HB! N *F! dJOF!
D7, 14+%2 | $iH> QS #51 I+ B3 U+ 42+ 4P $1 5441 UYSI8BQ, 14, *$, 1+1i3! * =+, 3], 1 #5167 1
h,+Q, JBP, ! JTHH2*U3! 2%GH 747 7)i" 783! 87%8! 1i3SI3 "1 i+ 5>)B! $,Q,3$, 38! #3! 87,1 44" 8!
DHSBI*IHIFIDTIHS, Q, 35, 3IBIUX+1+7#U3! - Bl#++1#51 113$13" 145K , 64 ;\/]K=RU3!J, )3, +!
*JGI3" IR 1912 ,§7B)*8i#31.) " * DX FOII*3$16=c"\ ; | 674 2#11313,)))i3, +)*IGI3 " IWCX ;A2 , C!
A, S\XFOLNEF; J1*3$1<>QQ) , 2, 38*4BINE FIA$\60F!
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! ,J80U, 1, 2Q#B,$! 2%++1 +Q, B2, B1BI *+1 *31 874" #3%)1 *QQk#*J7! 8#1 (S, 358! 87 ,!
71843, 1 ADKH 87581 %4, 1 Qk, 5, %, 38*))B! :#>3$! 1BI67,1, 6" +1(31)IPi3"1 J, ))+F DAU*H$+! 87411 U, !
$,8,J8, $I1*3$ a>*305k, $107 , | 2HSHI*HI+HH3I T1+843, +1, 34I7, $1316714!,]Q, K2, 3¢+1>+3 " 1*1
+B387,80%,5,%,3J,10, Q8S, )iz HBU3I)>$I3 " e UBSIPIS>*)*3SIIH2 113, SI2*HG+H3I7I+8#3 , 15%)+!
SE#21W; OUWC!*3$IWH! 1.<>QQ), 2, 38%)INE*FIA*1*3$1 - 0FI FP, §%))1187, 1, 3HJ7 , $! 71+8#3 , 1 ADK +!
§,5),J80 87,1 %, 3#2 ,\UIS, | Jthh, 03+ S, +JHz , S * 1 #P, 11 55407 , i1 Itk - #4431 87,1 +Q, JiskJ!
*BWBISIET , I, *$ , HISH2*IB+ISHUIET , 1h1+> - +88, +0SIPI3 "1, )+LNL"FI 5, OFIV31J*+ | 145187, IDONC\
2147$!, 61U, 1,8, JBI 71843, IWCIE*)+17*81I*HHBISI* 3SIHN! - >BI3#81 2#3#\2 , 87B) 83! 2*4G+]
*§I87 , )BH3, IHIh, +$> , *3BI5>487 , k244, 10, 8B)*8, SIWCI*3SIWHL X IIX/HI#3I 744443 , IWCI*3$IXOL!
XelIX/ ; 1IX/dW3174+8#3 , IWHOLNEFL; , \5P<3$1<>QQ) , 2, 35*<4BING" FINJOFIWE+G43 , IWCIE*)+1I#38%1313" !
2,878, $! X 1 XA #1 XCdl %, +H$>,+1 U, %,1 ",3,%%)B! $,0Q),8,$! 13! 87,1 DONC\;]47$! ,6""!
Q>)$HUS+H .NI"FL 5 , 0FY31 JH38+811 6=C/\; ] 6 THH2#! , 6"\, 3HI7, $I 7843, 18%0)+1Qh, $#213*39)B!
J*HBIST , IWCX ™ IBH\2 , B7B)I 2*4GI*+1U , ) *+IWHX ; b2 , CLNI™ >k, 15 , \S0L* 1 24T *#31IH\, T1+813"!
UIB7IWCX ™2, Cl*8tk, Q , B8P, 17, 8, W 7 2*8131°01. <>QQ) , 2 , 38*HBING"FNS\, OF3I-$HIBH3LU , 1*)+#1
$,8, 8 §7%81 WC</D\Q7H+Q744B)*8#3! Qk, P, 38+! =43$I3"1 #51 47,1 6=C/\, 6" ##1 WCX 2, Cll *+!
Qk, P#>+)BlY, Q48 , SIs#HG=C /11" (S I/LNL"FL 5 , 17 OF!!
|

D*G, 3! 8#" 87,4187, +,1,]Q, M2, 38+ PX)$*8, 187, 184" 81 +Q, J5LJI8B! #5187, Li3B#HS>J , !
, 6" HEHI I T2 * U3 2FUGHINSHET | K24k, 1187 , 1428513, Sl +>)+174" )" 78187 , 1+>18% - )8BI#5! , 6"+
* 4 25)BNQHQH+, 13, ))>)*HIQUE T , +1B#1S 8, JBIBT , 1BL+8Hi SHHBIHEI I 7 2*813] 2HSIBII*Bi#t3+I31)iPI3 "
J,)HZBIP, U2* "3 11", 3# 21T+ *3SIQkHSE, #2141
|
|

67i#2YR! Y, P, *)+187 1 Q%#8, #2 , | IH20#+8#3! *§! WCX "\ *3$! R 1 9\2 ,87B)*8, $! +i8, +! Pi*! , 6"\

2,508, $101#]1218B! - (#8I31)* = , )3 !

!
! W*P{3 " 15>))BIJ7*H*J8, i+, $187, 11" ($1$ 1 -43$i3 ™ 1+Q, JibiJiBBI#5! , 6 +11U , IU*38, $l8#!, ] Q)#s!

87,800 ", 3H#20J! WHI*)+*a#3! ! $,8,380 87,1 QUHS,#2,! JH20Q#+H8#3! *8! $i+8i3I8! J7HH#2*83!
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DHSIELI*BH3+! PIx! QUA]I208B! < H#8131 1" *8#3! .Ni"F! C*OF! D! 870+1 , 311 U, 18, +8, $1 87, , | $i55, %, 38!
QUA2L+I>H>+! I3 )L™ >+, +15HH187 , B> 2, i3 ™1, Bk, 3IBI$>H3 ™| s HI 7#>H+1(31 253, T A< ], )+1!
=IOg!""//e@\2>8*38IC II=I#R ; I°°1*3$1=9<SIM . <>QQ), 2 , 3F*BINL"Fle*\ : (FI=I#(R ; I*3$!1=9<S!
F7HU, 187, 17077, 481 )%z )I3™1 55Uk, 3IB! >3$, 1 87, +, | JHISIBH3+11 87, b, 54, 1 U, 1 >+, $187,+, !
Jim x4, +UBIIH2 1 I3*UHIHIUIBT 87, 1+Q, JBIIWCX 2, C\h, *$, KI#! , +8% 2 )i+ 7187 , QB2 *)! JH3SiBI43+!
>H3"1a>* 3PP, 1)* 2, 5k, , IVB\K<IK<FID7 , 1QH#8, I3\i38, W J8#2 , 518701 2%4GI 7%+ -, , 31U, )\
$,+JH: , SUBI2*22%)*31T, ) +OUI*BS14+ 1P, S+ QSIS IH3 , QSIS , 53 , QU2 %!+, 8813 " +!
S 6 THE2YR!.<>QQ), 2, 37UBING"F e\, 1 *3$! K , B7#S+0FINI3*))BLI =%+, SI#3187 , 1 +1" 3%)181 3¢+, |
WGHIU , LI7H+, 1=O<SIUIBTI/ 17454+ - W8I3\8, %82 , 3815#)#U , $1BI70" 7)BI+8H3 " , 381U*+743 " IUKT7!
<R<I*+187 | 1 2#+\HQB2*)! I3 S8 3F!!

|

! SH3"1§7,+,1 JH3SB#3+! U, ! i$, 3861, $! Oe! 70" 7\I#35$, 33,1 WCX ™2, C\*++#J1*3, $!
QkH, 13+!, 3HI7, SISHH@ , 3, 1384 " BIS, K2+1)i3G, SIBHIQ, K , BIMIIAIS, J#2 , W17, 8, W Tha 2 *431!
JH3SW2I3 " IQWHS, 13+154>3SUBHAT , HQUHS , #20I1*QQH*IT , +1*3BISHHUSKSI+-Jk , , 3+100C0IC0 NG=FIC 2\
JN<>QQ), 2, 3B*UBINE"Fle, 1*3$ID* 1), | /0FIN#>3SIS*JetthH130)>$, 187 , IWCX 12, 87B)Bi*3+45, I+ , +1
<ADR=/1!1AWKD/!*3$! AWKD ; [°"Ce11§7 , IWS<W1J#2Q) , ]| JH#20#3 , 38! K44e! 1187, 1 JTH# 243!
b, 24$,)), 410D CIPUK , 64 *3SISW  N/IVINH=  +$, +187 , +, IS IS+ 1M 2  S7HS!, 3% 1), $I>+!
BHIS , BUIBI 243153 " , WQHS, I3+1IUTII7IT*P, 1=, , 313G, $I8#17 .8, WL 72431 A F@TL E YTy
*3$! 2>)81Q), 113+8%3, +187%81 7%P, 1 3#81 =, , 31I7**J8, e, $1U3167 , 1 I#38, T8 4651 7,8, eI Tt 2 *8i3!
69<T/U TIN;HI TIN; ;1 TINO/ ;=1 TINO/e=1! TIN;eb=! *3$! TIN;ebROF! D#!8,+8! 55! §7, !
3, U)B\S, 385, $! QS 13+ |4 %)i2, 1 881 WCX ™ 2, C\2*4G, $! J7HH2*81311 U, 1 55467 , 1 P*)i$*8, $167,!
IR SHBHBT 1, 34", 3#>+T IN; ebRIQHS , IBFINAB7H1IU , 1, 3$#" , 3#>+)BB*" ", $ITIN;ebR!
[312#>+, IA<1J, )H*3$1Q, 52 , B! 1 #1316 7V4\+ , al.<>QQ), 2, 3E*IBINE"F *\: (11 @, 3¢#2, \Ui$,, !
21313 " AT IN; ebRM 74U+ 843 " IHI* )i *8#31Q% 5, %, 30, BHIWCX ™ 2, 18, +11J#35H 213" 78!
BTH2IRISBS, , $!%, P, *)+ QS , (3+!*++#J1%8, $1UIB71+Q , I JTHF2*H31 274G+ . <>QQ), 2, 3¢*4B!
N "1™ I\SOF!!
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! E,!3,]8!>+,$! 6 7¥#2YR!3! I#3 >3I8#31 Uig7187,10\2,87B\6Q@\+Q, JibJ! , 6" . K=R/\
/1K=R0, +>)83 " 143187, 1i$ , 384T *8i# 31 #51 QU8 , 43+ *++#J1*8, S U7 R 19! 2, §7B)*8i#3! +>J71 *+!
RIKD/! *3$! SW"*N/! "0 *3$! QW#s,i3+! ,3KJI7,$! 4 @,3,! F38H)#B! §,42+! 4,)*8, 5! 84!
7,8, T2 %03 #0 b, I# T BisA3 #I R 1O Y, QRI*B#3! .NE"FI CS\, 11 <>QQ) , 2, 38*4B! Nk "F! /b*! *3$!
D*:),!;0F =, +$, +IG3HUII*IGH+LIU, 1) +#1# - + %P, $1+, P, i*)I13#P , )15* J8#k+187*81 7*P, 13#8! -, , 3!
*++#J0%8, $IUB7IR 1912, 87B)*8i#343IA<I], ) +14+>J71*+IDYN/OL*)+#IG3#U3*+ID" 'YK ; HII'6 9<T /1!
TINO/ ; =H#4IDA9OR/!.NL"FICS0FID7 , 1)*88, hIU*+1%, J, 38)BIs#>3$!8#! - {3$!8#!12 ,87B)*8, $!R 1 9%43IWD\
<AVAC! ,]0,%2,38+! "I D#1 §,+81 87,1 +Q, JI5iJI8B! #5! 87, +,1 138, W+ I8 3+! 544! R1 Q! 2 ,87B)*8i#3!
b, *$H#>BUU, %,Q,*8,$187,+,!1,]Q, k2, 3¢+!1>+3 187, 12>*381026\%, *$, . K=R/\/]JK=R\""; ; 90!
5>+, BIB#!I =O<SH E, | $i$!3#8!$, 8, I8! *3B! +i" 3i5kI*38)B! , 3KJ 7 , $! Qhi#b , i3+ Uig 7187 , 1 2>8*381026\
b, *$, Ul +>" " +83 " 1878187 , 1P, 3815, B! QU#HS, (3+! *++#3i*8, 1UBT7IR 19! 2, 87B)*8i#3! N "FI C$! *3$!
<>QQ), 2, 3F*UBINE"FI/b*\J0F!!

I

A373, 0, B! b, *SH>B #5! IH2 I3*GHN*)! 7i+8#3,! ADK+! ,3* D), +! 1S, JMbII*G#3! #5! Ql#l, (3+!

*++#J0*8, $IUBT71 2#3#P*) , 381*3$! - (P*) , 381J 7# 2 *83F!

!
! 1>0), #+#2 4 11P*),30B! 2#$bI,$! B! WCXH2,C! *3$! WCX;/2,C! *h,1 5#>3$! *3!
$.P,HQ2,30%)!", 3, QW28 +1*3SI%H | 174> " T8BHIQH, 187, 141, JQh, +HHSISHHIS2 | BI*JUP*§#3!
A ELOSSh, ++3 7187, 1, BH2UJ! $i+8H - >Bi#3 * ISkl QIS , 131 H2QH-+HBIH3! #51 11P*) , 8B 2#$l5L, !
B, +1FBSIHT U IHD < ISFGH*) AT FUHIH TH+1 2 | 3IXI2% 441 J7%)), 3% 1$> | 181> IGI #5184 +]
B7*81 , 3% 1), 1 H2SJB*3, #>+! $,8, JUHI! #51 tH#71 2UGH! DI #P, UIH2 | 870+ U2U*8H311 U, | 548!
JTH*38, bk, B! +B387, I %, *$, k+! , 3713, L, B! 5#H H2>)8*3, #>+1 $,8, JU#3! #51 WCXH2, C! *3$!
WCX ;A2 , CH3RT7, 4% 2, 135]), #+#2 ,F1, 6" +II#3E%13I3 " 187 , 16 =C\G TH 24SH 2 <317 , 1346\
BTHH2HSH2 >35>+, SBHIT7 , IDONC\ATSISH2*I3IU , ¥, 146* 1 )BL, JQh, ++, SUBIA<L, J+1*+1$, +JHi- , $!
*#P,1.<>QQ), 2, 38*BI Ni"F! //*\:0F @, 3#2,\UI$, ! 1I3$I3"1 *3*)B+i+! 13$1J*8, + Qh,5, %, 381)!
SI3SI3TIHSIST , +, 1 2IP*), 380, 6" HIBH T 3H2UIIHE, +1 2%4G , $1 Bl - #7IWCXH2 , C1*3$IWCX ; A2, C!
DHSBI*BHI+HIUTY, 1%, "3+ IH3EXI3U3 "1, 187 , IWCXH2 , CHHIWCX ; A2, CIU , ¥, 13481, 3KJ7 , $16#!

§7,1+%2 1), P, )+LNE"FIH*\J!*3$!<>QQ) , 2, 38*¥BINL"FI //I\, OFl K#3#P*), 38! , 6" "+ Ui8 7! *5543i8B! 8#!

! Il+
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WCXHZ2, CI#HIWCX ; A2, C1#3)BL+7#U , $l%, $>J, $!, 3HI 72, 38+!18#! 2iP>), 381, "#3+11U7¢),! 2 ,i3"!
Qh, $#2(3*38)B!%, J4>(8 , $I6#!+E, +! 2#Fidk , $! - BIWCXHZ2 , CIH#HIWCX ; A2, Cll%, +Q, J&P , )BI.NE"FIH*\: !
*3$!<>QQ), 2, 38*%B! NL"FI //JI50F! D#!18, +8187 , 1%, a>h, 2, 381 #5! - #871 SH2*(3+! 544187 , 1 #2+, 4P, $!
HIB3$I3 "1 U, 1i38#$>T , B 2>8*8#3+113! , 187, %187, DONC\4A7$! .REe bhe™~/99!7 01#4187 1 6=c™
BTHH2#ISH2*13+. ECOQLN0HBIRT , 12IP*), 38l , *$, WIE , 1tz +, 4P, J#++1451 1 (3$(3 " 1*81 2 {P*) , 38148, +!
SH - #8712 >8* 38 PFUE*38+! .<>QQ) , 2, 38*)INE"F! /5 *\JOF! DA 55487 , %!, P*)>*8, 187 , 1%, a>h, 2, 38! #5!
THBTVTiH8H3 | 2# BT * A3+ 54 %, JU>I82 , 381 #5187, 1 ZiP*), 381, >, k11 U, 1 7P, Hi38#S>T , $!167 !
DONC\6=c™M\:{P*), 38!, 6" 18#!+ , -\XFIA<!J, )+!)*IG3 " IWCX ;A2 , CFIY3I* 2 +, 3], #IWCX ;2 2, Cl!
87 ,124P*), 381%, *$, I5*E)+184! - 43B!18#167 , 17, 3#2,1.<>QQ), 2, 38*)INL"FI/ ; S\, 0L15>487 , %! +>QQ#83 ™ !
87, 1563$E3 ™ 187*81i8+! - 43BI3 " 1i+1$,Q, 3%, 381 #31 2>)8P*) , 3814, *$#>81 #5! - 4871 2# Bk I*8i#3+! - BI§7 , !
BU#, *$, ISH2 *(3+FIY2 Q418> 38)BLI 2>8*i#3+1i3187 , 1%, *$, WSH2*I3+1#41* -+, 37, #IWCX ; A2, C!
), *$! 8#! I#2Q),8, ! J#++! #5! (33" 841 67,1 7, 3H2, 1 UiB7! 3! *$Bisi#3*)! 433" #:+, 4P, $! *8!
WCXH2 , C\HHIWCX ; A2, C\2*4G , $I+8, +115>487 , hE3BLI*B3 ™ 187*8187 , 1-4P>) , 38M, *$, h+1*%, 1+Q , JI5J!
Sz iP*), 38)BI2#$i0% , $I13>) , #+#2 , +FTaken together, the modular architecture of eCRs opens
new possibilities to study and manipulate combinatorial modifications in living cells.

!

! D7,!$5,%,3J,+13! ", 3#2(J! -(3B3 " 1# 2+, %P, $I5#4187 , 1 2#3#P*), 381 *3$! - iP*), 38! , 6" +!
, 3IHSI* T BISHIBRIQ, #2216 7T 2YRIUET!, 6 +1+Q , JJIIB#IWCXH2 , CIIWCX ; A2, CI*3$! - {P*), 38!
3>]), #+#2 , +FV3I8#8*)11/Cd!>3la> , IQU#8, (3 +187*81%kh , I8)BHI3 B, I8)BU3E, h*ISIUIBT 187 , 1D 7 2 *8i3!
2*G+IU b, 5#>3$H+ " 3i56I*30)B!, 37 , $I* Jit++187 , +, 874, , 1$*6*+,8+1.<>QQ), 2, 38*UBINE"FI/C*\
J1*3$ID* 1), I/0F1O18#8*) 1451/ ; O1QU#8 , £3+1U , %, 19,8, I8, $I*BIWCXH2 , CI.DONC\, 6" *01! , 3%J 763 ™ 154h!
@F!8,%2+!1 %, )*8, B! 84! B*3+INQBH3*)! h, ™ >)*4i#3! *3$! WCXH2,C! .NE™F! O*0L! {37)>$3 ™! +, P, 1*)!
B 3+IMQBIH 3! 5> I8H+1! - UH2H#PH2*(3! QI , 13+ 7i+8#3, 1 24Pk, B *3B! I7TH2*43! 4, 2#F, )3 ™!
J#2Q), ], !> +U, )*+12 , 2 U+I#5187 , IDY* 3+IRQ8AIIN* ISH#NYR . DNYYROLIY38, "W 8#INIK , $i*s#\!
*3$1<>Q, WA " *8#3\I#2Q), ], +'.<>QQ), 2, 38*UBINL"FI/C*\-1*3$!D*:), I /0F! B#8* 1 )BLIU, I*)+#!
$,8, I81QUH8, 13+USPH)P , 13! IH\SN* 3+ IHQBAI ™) I QU , ++, +1+>J71*+187 1" 1 O\+Q, JibiI! *$ , 3#+3, !

$,*2i3*+,19R9""/1*3$!87, 1 7i+8#3,12"" 1 9!Ci! , 3$!QH#J , ++13 " 15* 84 69<4e94 ; INVO<W!PIg#!
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2, RIS, $IUBTIWCXHZ , CHUZII7IU , LI#35H2 , $1 - BIIH2Q*H3 ™1™, 3# 201 I *)i+ 831 #5!
NVO<WI*3SIWCXH2 , CI*88*3+J% - , $176+6#3, 1", 3, +.Ni*FIO 2 OF!!

|

! D7,IWCX;A2,C\,*$, 41, 3% 1), $I >+ 8#11$ , 385B! ; b! 74" 7\J#35$ , 33,1 7i6+11 , 3HI 743" 154!
@18, h2+1*++4J0%8, S UIBTI ARBIH2 < 1%, Qb +HP, 1J#2Q), ], +1*3$! 714843 , 1 2., TB)B*345, <+, +1
NETFIO*11<>QQ), 2 , 38*BINETFL/C*\z 1*3$ID* 1), I/FIO2#3 " 578+, I718+1U , W2+, 4P, $IU, )\ +8>$1, $!
£>1>3B+H#514"6/1%3$14"6 ;1.1 @; IIATW; LHIKDN ; I*3$1LO" "R ; 0F 148% 2 )BLIU , 1*)+#1i$, 3851, $!
5% Jttk+! (3PH)P, $! 131 WCX ! 2 ,87B)*8i#31 )iG, | <ADR=/! #4! 87,1 243J! 513" , ¥l Qk#8, 13+ EVT! *3$!
TINO/e=l! +>"" 481371 *1 Q#8, 34*)! Jkt++E%)G! = ,8U, ,3! QU#, 13+ :#>3$! *8 WCX 2,C! *3$!
WCX ;A2 , Cl+8, +F1 Y2 Q#48%30)BL1 876+ (+1 348! $>, 1 881 >3+Q , JBLI! I )i+ *8i#31 #5187 , 1 WCX ;A2 C!
b, *$, b+ BHIWCX ™ 2, CHIPL, TP, 113, LU, T $H#1 3H1 1+ WP 1870+ Jitt+-+\h, * JBIPIBBI 5 21 #>H1
6714\+,al $*8*1 .<>QQ), 2, 38*HB! Ni"F! /CIOF! N>H§7, %244, 1! 1Bl Q, Utth2(3" | GTH#2YR! Uis7! 87,1
WCX ;A2 C\+Q, JBIJI, *$, k+IBIA<I T, )+ *IGI3 " IWCX ;A2 , Cl .+, -\XFULIU, 1U#>)$! , ]Q, J8I878!
£>37153+Q, JBINU3S, - IGH3+HUHS)SIQ, I++FIWHU , P, KLU, I5<0)18#1$, 8, J81*3B! , 317, $IQW#HS, (3+1!
[BSIB3T1 87T 67,1 %, Q48,1 38, KFINH3H! 13$,,$! #HTIS*,] HH2! WCX;A2,Cl +8,+!
.<>QQ), 2, 38*4BINL"FI/CSOF!!

|

! Ni3*))BLIBT , \J#2 = U3*G8h%) 1k , J# ™ B#3145! - 1P*) , BIWCXH2 , CI*3SIWCX ; A2, CI#J - BIS7 !
6=CMDINC\, 6", 3% 1), $I>+BHISi+ JHP , HICCI7L" T\IH35S, 3], I5% Ietk+ 1> ++#J1%8, SIUBT! 21P*) , 38!
JTHE2*Y3L, 3HI7, U@ TS, h2+1, <8, SIBHIG3+ JHQBIASS)I* JUP*E#3I*3$ 1, Q, ++#3! . NE“FIO*1!
<>QQ), 2, 3B*HBINI"FI/CH\: 1%3$ID* 1), 1/IFID7 , +, Hi3J)>$, $1I*)BUII+> - >3+ JH2Q#3 , 35+145!
87, TKVV/ZNKVV ; 1187, 1 I <VI 704843, 1%, 8BIBI*3+5, %+, 1%3$187 , IDNIRI 2 %+7%)1 8% 3+ JHQBA3! 5% Jakh!
J#2Q), J1 <87#>"7) DNWRI JH#2Q#3,36+1 U, 4,1 $,8, 8, $1 %81 J#U ¥ ), P, )+1 JH2Q*H, $I 8414, +>)5+!
#2813, SIUIBTI87, 1 2#3#P), 3BIWCXH2 , Cllh, *$, I 87, W5+ J8#4+1i30)>$, |, 37%3J, H#S1A#)BI#2 - |
TH2MH" AAG/1*3SIAA6 ;01 *3$! JH2QH3, 38+ #5187, 1 1 >OH! 71+84#3, 1%, 8B)§I*345, I+, 1. WODO!
J#2Q), J1O7OF G -GS T IHSHISIBSI3 T+ X1, I, 381+8>$BI 2%QQ, $167 , 1 J*E%)BYUI!+> 1 >3 #5187, !
1 >0HII#2Q), ]1.DIAdb0BA! - (P*), 38k, “H3+U312#>+ , IA<IT | )+IFN38, &, +8i3 7 )BLIU , P*)+#4$ , 3065, $!

§7,171+8#3,1)B+3, 17 1*3$ICd!$, 2 ,87B)*+, I XRKHBILKLR ; 6!°MC187*81 J#)#I* )i+ , +1UIB7!ATW ; 143!
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2#>+,1A<1], )+ *3SI4WNel *I$, 2, 87B)*+, Ui3PH)P, $1i31%, 2#P*)#5IWCX " 2, ;IIWCX; A2, ;!
*3$1 WHX ;b2 , /\, H$>, +1 OO 92431 87,1 J#th, | JH2Q#3, 36+ #51 §7,1 4"'6/! *3$! 46!
J#2Q),1.+1U, %)+ $,8,38, 8! =6 F "1l K@94! *3$! VK=V ; | U71I7! %%, 1 Q*48! #5187 ,1%)8, §3*8P , !
4" 6/F/1*3$14" 6 /FdII#2Q), ], +O FI#E* 1 )BUIU, %)+t + 4P, 57,12, 87B)IBE#H3 , ISH]B" , 3%+, !
DAD/!*3$187 , 1853+ JHQBH3*)1, Qb , ++#41<V 1 CO! = , 13" 1*++#J1%8, $18#1 1 IP*), 381 +8, +131)i3, 1UK7!
Qb, Pi#E>+1 ™, 3#2131 +8>$1, +1 +7#UI3 " DAD/! *3$! <V 1 CO! *8! =iP*), 38! Q#2448 , k+1431 A< J, ))+! PoF1
NI3*))BLI U, 1 i38#$>J, $187,1 z1P*), 381 %, *$, 4 (31 A<! J, )+ )*JGI3 " WCX; A2, CI *3$! Q, kst 2 , $!
GTIHDYR! 81 JH3YH)! S0 5+ | \QHHBIP , | Q8 13+1 48, 2 213" 1521 >3+Q , JIJ! i3, I+ I3+ #5187 1
%S, bl UIB7! 2%UGH #8+S$, 1 #513>) , #+#2 | +1 2415, $! -BIWCX ;A2 , CI*3$IWCXH2 , CFI Y31 670+!
I*4,1U, L I4>)$! 3#81IS , 34581 *3B! +1" 3B1I*34)B! , 37 , ! QS , i3+11 I3SLI*8I3 1678187, 1%, Q48 , B!
QUi I3+! %4, 113$, , SIHI*)i+, BI8#1 2 IP*), 3YB\2#HSI5L, BI, "W#3+13187,1 ", 3#2,1.<>QQ), 2, 38*B!
Ni"FI/C, 0F!!
|

D# ,1J)>$, 187%8187 ,1 =O<S! #8131 )i"*+, | J#>)$1I35)>, 33,1 ™, SH2UIN I * i+ *8i#31 #5187, !
%S, k! *3B187 b, 54, 1 5% B K, QG QS I3+ SKE21 48, +1 3#81 $, JH*8, $! 2B 87,1 6%4 8, $!
DHSBI*HIHIU , 1Q, U2, $1: HIB\GTVA\+, a7, |, 6" \=O<SIIH3+8k>J8+*3$1I#2Q*h, $87 , th!
21337184187, 1QH, Pl>+)B\# 18%13, $1 %%+, §+145] , @NA\>+H#3! JH3+81>8+1 .<>QQ), 2, 3E+4BINL"F!
JHR\IOFI="+, SH3IHSH" | 3#2 , \UIS, 1*3%)B++11 113813 " IU*+174" 7)BII#AH %8, $1: ,8U, , 3187, 1+%2 1
b, *$, k15>+, SIHI 187,41, @NAHI=O<SIU3SII*U3 " 1878187 , Ik, *$ , HISH2*13+1*%, 13#8135)>, 3, $!
“BIB7 , 1 <SS #5187, 1 W31 " *+  FIY3I +> 2 2%UBIIGT , +, 1, +>)8+] 74" 7)™ 78187 , 1 *QQ)J™* - )igB! #5!
DHSS)UL, 6" HEHIXIQ)EH 2 1541 T BB *+ 1, JESI82 , 3811, 3% BT 4> JT , ++53)US , U5 <R3]
87, PR++#31%8, SIQHHS , (3+IHSIITHH2*§31+> 28BQ , +F!
|
|

Y38, "W*BIP, | *3*)B+it! #5! G 7HH2YR! $*8*+,8+1 %, P, *)+187 1 I7WH#2*83! Q%,5,%,3J, I #5! %, *>)*G#4B!

QU8 43+!
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=%+, SI#3187 , 1 I#2 113, $I1$*8%+, B+I5H 21 ) 6 TH2YR! ,]Q, W2, 38+1U, 1i3P, +8."*8, $187 , !
BiHH - SB#3! #51 Qi#8, i3+ 1 ,8U, , 3187, 1 i85, %, 381 J7WH2*UI! +8%8, +11 %, P, *)3 ™! Q8 3+! +7%%, $!
2,00, , 31 25)00Q), | 72 %831 +8%8, +11 *3S! Qi 13+! +Q, JISII! 81 +i3 "), | ITHH2 *83! 2HSISI* Yt 3+F!
D7, 1)*88, HU*+12#+IQ# 213, BBHIWCXH2 , C\*++#£J1*8, $IQk48, (3+1.NL"FI0J11<>QQ) , 2 , 38*4BINE"F!
JO*0F! I#8*2)BL! +,P,1*)! Qi#8,13+! i$, 385k, $! *81 WCX;/A2,Cl #41 =iP*), 38! %, "W#3+! UK, ! *)}+#!
*++#J0%8, $IUB7IWCXH2 , CIU7II 7Y+, ]Q, I8, $! ™iP, 3187, 4P, K)*QI#5187 , +, | 2#$I5II*8i#3+1i3! A<!
J,)HITHEEY I SSIgH 31U , 15#>3$1 25)8Q) , 1QW#, i3+1+7*4, $! - ,8U, , 3IWCX™ 2, CI*3$IWCX ; A2, Cl!
U78), 1)i80), 1P, ) *QIU*+15#>38! - ,8U, , 3187, IWCX™ 2, Cl+,81*3$IQk#8, i3+1$,8, 38, $! :BIWCXH2, C!
#4121P*), 381, "#3+1.NL"FI0J*3$!<>QQ) , 2 , 38*HBING "FI/O*(FI@IP, 3187, 1U )\, +8% 2 )it 7, SIJhitt++8*)G!
2,80, ,3IR 1912 ,87B)*8#3!1*3$IWCX ™ 2, ClIU, li$, 385, $!*14+> 1 +§*38*)1#P , 1)*Q! - ,8U, , 3187, +, !
+,8+1.<>QQ), 2, 34*BINE"FI/0: (FID7 , 15>3J0#3*)lh , ) <83+ 71QI#5187 , 1S5, 8, I8, SIS+ JBti+IU*+15>487 , !
Pi+>*)it , SIGH21 70" T\IH35S , 3T, 1138, W+ 83! +J#8h, +1 #20%13, S 52187, 1 <D* "V 1 @! $*8* - *+,19/1)
h,P, )31 *1 +8k#3 71 (38, %433, JUPIBB! - ,8U, ,3! Q#S,I3+! *3$! J#2Q),],+! *F++#I*,$! U7
WCXH2,CI*3$! 2 iP*), 3814, “i#3+1#H1UIB7! 7,8, W TH2*83! 2*4G ,, $! - BIWCX ™ 2, CI#HIWCX ;2 2, C!
Ni"FIO$0F!
|

D#! #:8%13! *1 a>*388*61P, | Pi, U! #3187, 1 Si+8iz >8#3! #5! b, " >)*8H4B! Qi#8, 13+ *)#37147, !
138, Wit ™ >0, SLITHH2*B3I 2XUG+IU , 10)>+8, i, SIT+ IS+ B2 IS5, 381%, = >)*B44B! " htt>Q+1 - %+, $1#3!
87,18, 3HI7 2, 381> Jhtt++1%)) | $*0>+ , 8+ NE"FIO , OFNAHIBI* 3+ QBT I+ U, 142+, 4P, $1+, P, %)
*++JPFU#3HUBTIWCXH2 , Clh, "#3+!. FFl<4 ; IKOCUNFCX; UTNCOFY3I*$$igi#311+, P, %) DN-+!
2*3)B! >3I7*H*38, 4+, B! TUN! Qi 13+11 *h, 1 *++#Ji*, $! UiS7! R19! 2,87B)*8#3! .TIN;eb=1!
TEN; ;UTEINHA; 1169<T/UDBN;b0!*3$1U, 1*)+#1%, J#P , KIDN+Qh, Pi#t>+)BliS , 3850, $1841138, I+ 8!
Uig7!2,87B)*8, $'R 1 9U31Q>)\$HUSHHIWD\<AVAC!*++*B+L XVNHL"""*A=/UT IN/~ /h; HO! M1 NG "F!
0, OF! <i20)*H1 8#1 DN+ J7HH#2*431%, 24$ ,)), b+ +, Q*I*8, 13641 *1 "#>Q1 Qk , $#213*30)BI *++#J1*8, !
UiB7WCXH2,CL. ,F*FI=""R; I=""RHLY 1 Febll6AG" " ; 01I*3$!*1"5#>Q!IQk, 5, % , 38%) BI++#Ji*8, $1UI87!
Jp+, $17H#2%831. ,FTFIOD" " Cl!=9T; 9lI<K 9" 6 9/(FI6 7H# 243! UK8 , k+!+>J71*+IWCXH\+Q , Ji5iJ!
2 ,87B)8i*3+45, %+, +1 . XKD;OU XKD;=0! *3$! 7+8#3,! *J,8B)*3+5,4%*+,+1 .A4Cbb0! U,4,!

Qh,5,%,38*))B!#I*8, $! *BWCXH2 , CLIUT7E), T UKS, %+ #51%, Q% , ++iP , | 2*UG+! *++#Ji*8, $! UBB7! R 19!

! "%



$&U  2,87B)*BHIUWCX ™2, CI*3h#h WCX ;72 ,Cl.R I KD/ AWKD/h; 1! I <R/UATW ; OFIN>H87 , § 244, 1!
$&&!  *IPU3N3,UBT!",3#2,\UiS, 1213$I3 ™ I$*8*1!, %+, h+1+>J71*+IXRK ; OUIXRK ; =lIDAD/#HIXRK 09!
$&"! U,h,! Qh,$#213*30)B! 5#>3$! *8! WCXH2,C! +8,+1! *3$! U, ! 5%3$! +,P,5*)! RIO! b, Q*Hh! 5> Ja#th+!
& FHH#IE, $! UIBT! %, Qh, ++P, ! JTHH2*83! 2*KG+! .NL"F! 0,0 D*G, 3! 8#" 87,411 87 ,+,1 $*6*+,8+!
$&)!  #:8%13,$! :BIGTIH2YRIQUHPIS, I*IP*)>* 2, I, +#>4] , 1451 I 74# 2 %83\ 2 , $I*8, $IQU#8 , 13138, %™ Jsi#3+!

$&* 13187 ,1A<!1I,)I", 3H2 !
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" 1-06--1$2(
|
! W, %, 1 U, ! Qk,+,38 B7HH2YRI *1 a>*348*8IP, | *QQUH*J7! 87*81 , 3% ), +1I$, SU5LI*8#3! #5!
QUH, 13+ *++#J1%8, S UIBTH3SIPIS>*)1 * 3$! JH2 1I3*BHH*)! J7HH2*H3! 2#SIEI*4#3+1(31)PI3"1J, ) +H!
BTHH2IRIBFG, +1*$P*30*" | 517 , I*5E3IBIHS!, 3713, , 4, SIITHE2*B3M, *$, H+IIUTII7IU, 14 28%i3, $!
G2 13*EI) I, *$, HSH2 XS +HIU NI T+I8, i+, SIITHE2 831K, *>)*84+ . 6=c/116=Cc I$461!
DONCI K=R/! *3$! K , 64 ;0F Nis+8L! U, 1 J7*%J8, i+, ! *3$! 5>3I8#3%))B! P*)i$*8, $167, ! 2i3$i3"!
+,), JBPIBBHSIF)!, 6 +1>+3" 11+ i, +1#51a>*3B8*8P , *3SB>3IHHI*)I2 , BTHSHUBI2#>+, IA<I], ) +!
D7, 1#:8%13, Sl 4, +>)8+1 707 7)i" 78187, 1 *QQUUI* i8B! #51 , 6" "+1 *+1 ¥31 %8 U3*5IP , | 84 * 30k #$1, +1 584!
+B>SBIB ™ 1+>13>J), <M+ B3N ", 3#2 , \UIS , 1$i+04 1 >B#31*3$I 71+8#3 , \ADKIIH 2 1 [3*Bi#3+1i3!
JPI3™1J, ) +F1Y38, %, +8137)BLI +3"), I $#2*I3! , 6"+ U, ¥, 1 #58, 3113+>564J4, 381 8#1 *J 74, P, | 1(3$13" 164!
TIHBH3 | 2HSBII 43+ >3, § Q7B+ " 1%)| JH3SIBHI+HI D7i+1+1BN)3, 1UB7!+, P, 1)1 U, )\G3#U3!
,1%2Q),+1U7, b, 1 2I3$I3" 5155)\), 37871QW#HS, (3+1#413#2Q) , ], + 181 I 7H#2 %4314, B3I 2>)8P), 38!
38, W+ J8#3+ M IBI)>SI3 ™1 %, T, 381 +8>$E, +1 8781 13BKHS>T , B! +B387, B! JTHE2 U3, *$ , ] 5!
[22>3#5)>#h, +J, 3, | #1] *IBP*8i431 #51 b, QG 11 ™, 3, +1 SO E 1 2%, 1 >+, 1 #5167, 14, a>l, $!
2>)8P*), 3838, W+ JBHI+ISHI ", 3, 18, 1+B387, 8l *$, h+I878N, I i, IBUH 2HSIEI*4#3+1#3167 1
¥%2 1350) 42  FIDTIHIF)HU , SI>+BHISH, J)BIS<H" 81", 3H21J1+8, +187%81%4, 1:(P*), 39BI2*4G , !
2Bl WCXH2, Cl *3$1 WCX ;A2 , CLI QU#PISI3 ™! 34P )1 84+ 8! +8>$B1 *3$! 2*3(Q>)*8, | J7H#2*43!
DHSBII*UHIHIBI*1IH3S, TN, Q, 35, 3812*33, k!l
|

NI3*))BLIS#NS , BIBIST , LI 72 *BI3\*++#J1%8, $IQWHS, #2, 11U, 1$, P, J#Q, $I6 7TH2YRIUT , 1, !
U, 1>+, 187,1, 6" +I8#18,87 , WQUH2L+I>H>+1 T HBIBL)L" %+, +1881 J7HH2*U31NY, +>)U3 " 113! < (#813B) i3
H51QHHB , [3+1131%1 JICOI 3214 $i>+*ktt>3$187 , | 2HBIEI*UH31451138, b, +FIDTUH XU , $1>+18#1$ 8, I8!
QUHS, I3+1 §7%81 ik, JBB! *3$! I3k, JB! *++Ji*8, 1 UIB7! I7H#2*813] 2HSBII*8#3+1 131)>$i3" I R 19!
2, 87B)*8i#311 WCXH2, Cll WCX ;A2 ,Cl *3$I WCX™ 2, Cll b, +>)813 71 13! *1 8#8*)! #51 0/e! i$, 3805t $!
QU I3+F1 924371 §7,+,1 U, 1 i$, 385, ! /eb! 74" 7\J#35$,3J, ! Qi i3+! ,3HJ7, B! *Jit++ =)l
SrBxH, 8411, 3% 1)i3 " I>HIBHI R +H" BI5F I8 - x4 SIH3187, IIQH, 5, %, 3T, 18U+ H3"), 1441 2>)Q) , !

J7WH2*U312*¥G+1=B!, 2Q)#Bi3" 187, ! 2{P*), 381, *$, ¥1IU , 15>%87 , %!1*J7¢, P, $1+Q, IS , 38bkI*8i#3!
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%Illl!

H#51QUHS, 13+ 1 #>3$1 %81 +i8, +1 244G, $! :BIWCXH2, CI*3$IWCX ;A2 , Cllh, P, *)i3" 187, 1Qk, +, 3], 145!
*JUP*H3 "1 *3$1%, Qh, ++i3 "1 QUH, 13+ S 2] DHETHI*]! *3$! AH)BIH2 11 I#2Q), ], + *3$! *SSibi#3*)!
% J8HH+ 8781 I4>)BIQ)*BI* ), UIITHEZ *BIBN , * >)*8#31*8! 2 (P*) , 38148, +F1!

|

! TP, )11 87, L, +>)8+1 B#21 87, LISSIPIS>*)! *3$! JH2 - (3*8#*) 2, *+>4, 2, 34+1 74" 7)i" 78!
BTHH2IRI*+I*I3#P I *QQIF*I7I8#1>3I4P , W 7#UIQHHS, 1314, JH>I82 , 381+1i35)>, 3], $! : BLITHH2*43!
DHSIEI*BHI+ 131 JIPI3"1 I, )HFI V2 QMIE*BBLIET , 1 >+%" | 1451 B¥>R)1§ *$ 4l $#2*13+1 (31 GTHH2IR!
2U20J+IQTBHMH"II*)!, 37", 2, 3UHSIQHHS, (3+IUBTIITHE2*USFIDTIHT*+1+, P 1%l -, 3, 5ig+11+13J !
87,1,6""\2, $I*8, $1i38, W+ JBH3+1S#1 3HIE, a>lh, | Jtt++)I3GI3 ™ 1441 +137), \+85<3$, $IR 1 OF1 93487 , !
1,3, S5 G THE2IRIHET , 1>+% " SIQMF]I218B! - (48131)i" *B#318#1)* -, )I*3$1+> 1+, a>, 30)BlS , 345B!
87, VQUS, I3+ *++#J1%8, ST UIB7! S5, ¥, 381 J7HF 2831 5)* P>+ 131 1 3051, $ 2%33, #I D74+ , 3% 1), +!
JH2QFWEP, 148>$k, +1 18U, , 31855, ¥, 381 J7HH2*B13! 2HSBLI*B#3+11 JI>2P , 38137187, 13, J , ++8B!
HEI*3G#SE, +1IUTIITIT*P, I%)U*BH 1, | BNI23 " UB1+>I71%++*B+1$> | 184187, (I P*H*8i#31131 *55318B!
*3B! FPISIBBL < IG! 451 *PHi)* - i8B! *3B! I+ NSUST , K244, 11 #3J, 1 < I#83B)*8, $11 87,1 Qi 13+1 %4, !
,3HI7, $I>H3 170" 7)B\BHI " , BBIU*+7I3 " 1*3$!, | >8I JHISIBAI !, 3+>H3 "1, 5, JP , 1, 2#P*)1#5!
2 * GBS+ 3% X3S, QHES>Ji:), 1B, 8, JBHBI*3SI 2B+ 2Q) , IIH2Q*Hi+#3F!!

!

E,!,]Q,J8 67H2YRI 88 =, 1>+, Sl 8 J7*181§7,1 ", 3#2,\UIS, ! Qi #2,1 *81 2>)80Q), !
JTHE2*3I 2HSBII B3+ *3SUIIZ> 2, kit>+1] ,))18BQ , +USIHAS, HB#I>3$, h+§*3$I 7#UIT , 1I7 , 210%)!
3 S*T 1 #31 JTHE2 %3] $il, I8+ QWS U3 b, JH>I82 , 381 (3! *1 +Q*Biks, 2Q44*)l 2*33, 4! D7, !
*QQ)UI* - )iBBHSI6 THE2TRUSNIPIZ "1, )+1I*+IU )+, 6 +1*+1+4B387 , 8l , *$, h+1I5>H67 , K#Q, 3+187 !
Q#++iz i8B! 8#1 Q, WS#421 H2*H ,]Q, K2, 38+ 13! *1 gir+>,\+Q, JBEI! 2*33, 4l 131 )iPI3 "1 *32*)+1!
QUAPISIZ ™1, JIIB3 " 15584, %P, 3>, +IB#II 748187 , 1, QNQWHS, #2 , I$>H3 " I$B3* 211, ))>)*HIQH] , ++, +]

*3%$!$,P,)#Q2, 36! !
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8042% 3 ,)<?)%)2.(

(

E, 187*3GIRUGI<I7>, = ,), H.NKILI=*+  J0I5#4 Q#PISI3 " 187 , 1) "*NDXFIA<!, ) )i3, 1*3$14%>)  OF!
XT*P*4il. <8*35HSO5HHIR 191, 3IHSI3" 87, 1=0< S (31" *+ , FINSHET , 4244, 11= , §3$!" #+I7182GHL!
L#3*+ @ktt++2*331*3$IDH 1 (*+IX#IC2*33L.N@B TILATHQIX3H 1 , ). S<TOI*3SIK K K* J7H2*G!
*3$1 "4 :131X), 221 . STWO! 5 §7 , 1BI%)! Sl I>++i# 3+ #31  HAB\IR! 2 , 8745+ *3$1 S, BIGH3F E |
U#>)$1)IG, 18#187%361 2, 2 1, k#5187 , IN>3IB#3*)| @ , 3H21I+ 6, 38, U T>HI 715441 74" 7\8 7> " 7Q>8!
+,a>, 303" 1*3$1 2% ++1+Q, JHH2 , BHBI+>QQHIBLILA+KIKFHIFIK*S, #+1*3BILA*3*IR | ) *SH K *HgI3+!
52187 ,16 , 38, 15 I+ JHQBI*3SIV2% " | 193%)B+(+11*3$187,1<Ji, 3, 1D!.<CID0I8, * 21 %8187 , !
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#)N22 ,%+H#314 -, I8P, 'UB7'WBR!S$, 8, IS+ TI+8*JG+IU L%, 1*Ja>th, $1Q, W +8, 1>+3 ™ 1 *IbFCI u2!
+8, Q142 FI!

Di2,\)*Q+, 15)>#h,+J, 33, | 20J%#+I#QB U*+!1Q, #4122 , $1 Uid7! *! J#35#J*)! +Qi3313 " I $i+G1{2* "(3 7!
+B+8, 2! . FB2Q>+YcQ)#h, | <Qi3<"'/bll F)B2Q>+! GH#HQHI*8#30! , a>IQQ, $! UB7! *1 6<S\E/! >3H!
STXF@IEQ(! *33$!*!dbu! S4V<94F! S4)*3! <! OQ#! +)IJ#3 #l) 1 #: _, I8P, 1#5!1 /FCI 19! . F)B2Q>+!
GHIQAN*8U#30FL/ /1?1Q)*3, +1U %, *Ja>h, $1Q, %H+8, L. /248, Q1+?, 01, P, UBIO1 23 5#4!*QQl# ]i2*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 *!14%2 ,!1=<V1<Ji, 38%JI 6K F<!J*2,%*!. ; bHe!u!
-bHe!Qi],)+1ID,), $B3, I47H#2 , BHI+0FN2*"  +1U %, 1$, JH3PH)P , $I>HB " IW>B™ , 3+14%#5 , ++i#3*)!
/E/DI+58UN 1L <Jb, 385N (#)> 2, 2> " I3 701> HI3 " ISQI8#IHD 18, i 8i#3+1#5187 , 16)*++HIJ I K*]i2>2!

VIG , N THHSIA+B 2 *8i#31%) " #4187 21UI87 1> 187 , #% , 8.I*)IA<NFI=*JG " ¥i#t>3$1 I , B3 IU*+1* >4 2 >4 IF!
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D7, 141" S*NBABHLE , TG+, B3 ™ L U*+1%$ >+8, S, 2QUI*))BI 81 /dlI B "IP , 1 +%BL5*JBHBLH , +>)8+F!
Y2 FBFBHAIURHIQ, U2 , SHBIBT , I, +>BB " U2* ", 1+, +1>+3 " INVLYLP , b+i#31 ; FOFb0I*3$157 , !
=HANFH2 %8+ 2848, 4IQ)> " I3FIOQQUH#QHE, 1+3") , I\Q)*3, +1U , 4, 87, 31+ ,), I8, SI5#H15>487 , 42> " 1
*3%)BH:+ 1 * 3BI$i+Q)*BF!

|

12 2534441313 " 1*3$1 2 2>315)>#4, +J, 3],

6,)+HU, %, "6#USN3IDF; 1", <83, \J#*8, SICO\2 21" P+ - #8#2107*2 1 1.V 2i$itlebe ; dO15] , B!
[3THV/15#62%)$, 7BS, 1131 4=<I 541 /bl 2131 *Y k#4218, 2Q, %64, 11 U*+7 , $187%, , 1812 , +1131 4=<!
Q,42,* 2012, BI5HHI 01 i3I %81 W4 218, 2Q, 18>, 1131 4=<1+>QQ), 2, 38, $! U7 bF/\/1 DKis#3! c\/bb!
*3$! b ; OV =<9! .<|” 2*,9)$HI701! *3$! U*+7,$!8ULT, 113! 4=<F! 644k, +Q#3$I3 "1 QH2*4B! . * 38\
WCX™2,Cll *:ee el .*:J*201l *3AWCX;A2,Cll 6/0H/b/ 01 .$i**,3#%,01l *3H\@N4L!
//e/HHdbbb/!. KD)IQ#H , 0*3$ 1+, JH3S*HBI*3%: #%1, +1.9), ]*INj>#IHee 34, 2#>+, I*3$10de!*38i,
i 2 2 I8V @+ 521 D7, K2#NIHT H01U %, 1 $1)>8, $1i31 4=<1 JH38*I3I3" | ; \WIN=<1*3$! bb ; \/! =<OF!
AY2*HBI >3 HSB! 13T> %43+ U, 4,1 QU442 , B! #P, 431" 781 *8 HWEF! <, J#3$*UB! *34: #$B!
[3I> - *BH3+IU L b, 1Q, B2 , SISHH/TI8I#218, 2Q, 8>k, FINE)HUIS ™ 1% 381 #$BUBI> 1 *8i#3+11J , )+!
U, %, 1U*+7, $1#3J, 1UB714=<I*3$1i3]> - *3, $I5#41 /bl 2131 U714=<1J#36*1313 " Hrld, $I* 2I$i3H#, ;
Q7.,3B)i3%#), | SI7BSHI7)HHS , | ROAVIIDFOIX "h2)0l5#H /b! 2038, +1 <8 W# 218, 2Q, 164, 18#1 4613
R 1 OFIN#)#UIB™ 1874, , | U*+7137 148, Q+1i31 4=<l1], )}+1i3! 2>)8, U, ))! Q)*8, +1U %, 16, Q813! 4=<I5¢!
(2%3"F*3$H2)BI+,), 8, $1J, ) HU K, U2* ", SIUBTH , a> , 38%)*Ja>t+Bk31+ , B3 " +H31*IV , 1!
<A0N3P, 18, SIIHIHI*) >+, 4+ J*33U3 " 1 204t+JHQ P

|

@, 3, B3I, JH2 113*3013>]), #H#2 , +I

4,""056! WC! *3$! WH! *3$! 7>2*31W; 9! *3$! W3 =1 U, %,! ,]Q, ++, $! 521 QAD\C*! #4! QAD\CS$!
P, JB#+I31=V 5 /1. RACOIQVB+<ISHHIWCIIW ; O11*3$IW; =1#11 =V ; /1 RACOI5#H WHIB 74> * 7113$> J6i#3!
UIB710F ; 1 2 K NAD@U5#4IHI 7PRIC WBFIIABH3 , +1U , b, IQ>H5L, SISk 2 U I)>+t 31 - #$L, +1*3$H#)> 2 )i+, S
(31 >35#)$I3" 1 25, 41 . ;bI2K! DEHWE)! QWINOL AIKT *>*3i$i3, | WE)I! /b2 K! RDDIF! AT8k<J8, $!

Ti+8H3, +1U 0, 1B6%)B+, $1* " *(3+8187%, , 1J7*3 " , +1#51 >, *1$*)B+i+! - >55, 4. /b 2 KIDi+!WE)! QW!el!

! #%
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MK, *11/bb!1 2K T *6)1I/I12KIARDONOIZ2K! -, §*¥\2 , 1I*Q8# , §7*3#)11874+1 *3$! )1 +> 2+, a>, 38!
TE+8#3, 1$%)B++! 48, Q+1U b, LI ™, $! #>81 *8I HWE0! *3$!67 , 31 Q>Hidk, $!15>487 , %! - BIQ*++3 ™ 1#P, il *!
WIDI*QI{13#)>231L. @AW, *)87J*%, 01 =, 5##%, 1 243$I3 " 8#1*3$! 1 *6)! " IS, 38!, )>8i# 3154 2 IWIDH*Ql <4!
J*B#3!, JI7*+3 ", 1 I7WH2*8# " Q7B J#)>23+! .@AI W, *)873*h, OF! NI I&#3+! I#38*(343 ™! 7i+8#3 , +!
U, %, 1Q##), $I*3SI$H)*B+, $187%, , 182, +1* " *3+81 UG, W J#38*i313 " 101 2K -, 8*\2 , 1I*Q8#, 87*3#)!
*3$N)BHQT7HF , SHHNNHI NG, W2 +8#* ", I*B\ebwSFID#!, 1Q%, ++!76+8#3 , +5H#NI3*8P , 137 , 263%*) )i ™ *8i#3!
D6V J#3+81>38+! , 3I#$I3 " 1§1>37*8,$! 4, " 056! 7i+6#3, IWCIU %, ! 7, 3, *8, $1{3I QAD\C*F! N#h!
", 3, W83 #51 WCXH2 , C\2#$ibk, $! 76+8#3 , +11 §1>33*8, $! WC! )*JC3 ™!, +i$>, +! /\C/! *58,%! 87, !
I3 +8H#N12 , 87i# 313, LU I*187% , #313 , \6#\JIB+8, 13, +> - +8i8>0i# 31*8IQ#+BI#3!C ; 14514, " " 056!WC!*3$!
*1JB+8, 43, \6#\*)* 313, 1+> - +8i8>81# 31 *81Q#+i8i#3!//b!.WC1 /pC/'KDC ; 6!6//b901U*+!, ] Q%, ++, 13!
=V;/1.RACQIQVB+<!*3$!Q>Ni5 , $!*+1* 1 #P, 11, ]I, Q8I5#HI87 , 15i3*) 1 $i*)B++ 11U 7EI7TU>+1 I *Uii , $I#>8!
*+1 §UA! >3+ 451 $i*)B+I+! * " *(3+8! /12 KI RDD!HI! W, FI *3$!1 #3, Hi#>3$! * " *{3+8! bFO! 2 K! D6 A4!
L, 5, BHQTEIH B3I 3SI+8#™* " L FINHAL ™ , 3, W UHIIHIWCXK ;A2 , C\2#$E, $! 7i+8#3 , +11* 1+ 20)*Y)B!
§1>3J*8, $! c, 3#Q>+! WC! J#3+81>J8! U*+! >+, $11 )*JGI3"!1 87, 1 5ilk+8! HHI %, +i$>, +! *3$! J*WiBE3 ™! *!
8§7%, #313, \86#\JB+8, (3, 1 2>8*8#3!*8!% , +i$>, IHO!.WC 1 /pHO!KDH06!6/ /b 90!

D8P, 137, 203%) )i *8#31%h, *J8#3+1U, %, 1 I*Wh, $! #>81(3!1 dIKI @>*3i$i3, ' W6E)1! ; Ob! 2 K! +#$1>2!
Q7#+Q7*8,! =>5,% QWINF; 11 /0bI2KIH\2 , %J*Q8#Q7 , 3B)*J, 81! *Ji$! . K49901! Ob! 2 K! D6 A4! 5!
NITIXQIHE 218, 2Q, W 8>%, U7 J#3+8* 381 * = (8 *8#3F! ", *J8i#3+1U , %, 187, 31$i*)B+, $187%, , 182, +!
FEXEIHEL Sh, * $eF)BHA! D>, U L+, L * AP, o>80 UR7! /12K! RDD! {348, *$! #5! O12K! -, 8%\
2 ,453*Q8#,87*3#)0FIVE™ *8, $>)\), 3787124l , $I71+8#3, +1U %, H, Q*¥*8, SIk#21>3)i" *8, $I7i+8#3, !
§7%#H>" 71 J*8#3! , JI7*3 ", 1 T 2*8# " i *Q7B! #3! * I WIDI*Q! <4! J#)>23! .@A0! *3$!87 , 3! $i*)B+, $!
FEXSHBI87Y, ,1I7F3 T, HIAHI U, I I#3BXIBIS T IO 2K ! -, §9\2 , %I *Q8#, 87*3#)! -, 5#h, 1) BH#Q7H)i?*8#3!
*3$! 80", X8 \ebw6! >38)! >+, FIN#H WCXH2 , C! *3$! WCXH2 , /\2#$ibk, $! 7i+8#3 , +1IWC1/pC/!
KDC;6!6//b9!U*+h,*J8, $1Ui7!*!1+B387,8J!1Q, Q8i$, 1+Q*33(3 " I, +i$>, +1/pC/1#5! 71+8#3 , IWCF/!
JH3E*I3A3 ™! B\! #0 2#3#\2 ,87B)*8, $! )B+3, ! *81 Q#+B#3! H! *3$! *1 6\8,%2(3*)! =, 3?7B)! 874#, +8, %!

A, QUS, 14%#8, 631", +, *hI7IVBSFLIN*Y, 7* 21 SXOFINARWCX ;N2 , C\2#$i5k, $! 76+8#3 , +LIWC T /pHH!
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KDHO6!6//b91U*+1%, *J8, $IUB7!*1+B387 , 8J1Q, QBiS , 1+Q*33I3 " IWCF/ 1%, +i$> , +1/pHHIBJ)>$i3" !
B2 ,87B)*8, $I)BHS3 , I*BIQH+HBHI! ; AI*3SI*16\8, h2(3%)! - , 37B)187i , +8, Y]

DA, JH3+BIESE, 171+8#3 , HIE* 2, U187, HSHIM, 1704843, H1U K, 1, +>+Q , 3%, SU3I>35#)$13 " 1255, bl
4, PFHP 0U20] , SUSFI2 >+ B H51/1/1/F 5 1/F ; LWCIWHIW ; OIW ; =011 3ISi%)B+, $I* " *13+887% , , !
J7*3",+1 #6514, 581371 ->5, K1 ./bI2K! D+ WE)! QWlel! ;IK! 1*6)1! /12K! ARDOL OI2K! =, 8%\
2, UJI*QBH#, §7*3#)01 <8 HWGF! 958, U1 J , 385> " 831 841, 24P, 1Qh, JIQIE*S, 15442, $I $>H3 ™| $I*)B+i+1!
It JOB <+, 27), B! THEH3, LHIEF2 I+ U b, 1 QWS $1 2B 42,1, JI)>+#3! JTHE2 84 1<Q7B 3!
h,5H)$I3"1 >5, 4 #3! *1 <;bb! JH)>23! .@A! W, *)87J%k, 0l >+3"1 *31 OGE*! 4S"" Al +B+§, 2! .@A!
W, *)870%%, 0F R 118, 2Q)*8, |54 2#3#3>]), #+#2 , 1 *++ 2 1) BIU*+! " 3, 1*8, $1 -B1 46" "1 Uig7! *!
1 LH33B)*8, SISHHUIS! Q2 , L * 2Q)5BI3 " 1*1 ;b\ QIS+ "2, 3813, 38, 4, $! *#>3$187,, | /HAN Q! db/!
3>0), #H#2 , IQ#+HBH#3I3 " 1+, a>, 3], IG#)#U , $1 2 BIA6 " QK5I *Bi#31*3$! , |>8#3li38#IDAI  >5 , HID#!
b, JH3+B8>E, 1, JH2 1 13* 301 2#3#3>]), #+#2 , +IIR 1 O1*3$! 7843, 1#I8* 2 4+1U b, 1 J#2 213, $113!
h,5$I3"1 =>5, 1 +>Q0),2,38,$! U7! OIK! 1%6)! 8! J#2Q,3+%8,1 54l %, $>J4#3! (3! 1*6)!
JH3J, 30431 $> , 1 8 IBHHS>INH3! 451 DAL 1>55, ¥ UIS7187 1 R I OLS#)HU , $! B! S, 38! $i*)B++!
" %3481 DAl 35, § $#U3I8# HDbI 2 K! 1 *6)1*3$187 , 31%148, QI $I*)B+i+!* " *{3+81 DAI 2 >55, 41 *8! HWGF!
FQU2*) B+ IEIR 1 QI*3$I70+8#3 , HIB* 2 HIU , 4, 1S, 8, § 213, SIH+#IB7*8I%81) , *+81~ O\ IR 1 QIU*+!
J#2Q),7, SU - SBUBTHSIHP N> ++, 2 2)BI*3$1>3+Q , JEJIR 1 Q! 1I3$I3 " 1#51 714843, +F10++, 2 1)1, +]
U, %, 183, )BLI7, 3G, $12BIS*EP, 1=, )1,), JB#Q7 4, +i+ 14310\ JUB)* 218, 17, J+I3ID@A! - >5, 41!

|

=*J8, W%)!, JQU, ++H3M5!, 6"\, @NAWI+15>+HH3IQkHS , 13+1!

L6\, @NAL>+H#3IQk, 13+1U, %, 1, JOh, ++, $U3I=V; /1. RACO+1(8 "0l : BU3$>J8#3I5#HICI 71*8IC 6!
UiS7! bFOI2 K1 Y4D@!i3187 ,1Q%, +, 33, 145! ;b | KI T36).11 6, )+ U, b, 1, +>+Q, 3%, $131)B++! =5, bl
.;bI2KIDH+W6)IQW!el! Obb!2K! 1*6)LIbF/\/! 1 A\HDLbFOI2 K1 4K <NOI*3$!)B+, $! - BI+#31J*8#3F!
VB+*,+1U, %, 1J), %%, $! -BIJ, 385> " *8i#31 *8! ; Clbbb! " 154! Cb! 2131 %8I HUGF! 6), *4, $1)B+*8, +1U %, !
133> %8, $IUIBT! <, Q7*kit+, 1AIN*+8INJEU! 1\ K DO, +31. @AIW, 873} , 015441 /17F1 9))1 Q> K5I *8i#3!
48,0+ U, b, 1 J*HH, $! #581 *81 HWGF! =, *$+! 5441 J#), I8, $! =Bl zH,5 J, 30K5>"*4#3! *8! ebb!™1!
b, +>+Q, 3%, $l31/b! 2)1#5IChbI 2 KIU*+71 355, k1 .ObI2K! 1*W. 4 F4|QW!ellCbbI2K! 1 *6)1! ; b1 2K!

12i$*?#) , 1IbF/1 2 KIAK <N01*3$18*3+5, ¥t , $I8#!*1/b\2)10#)BQ% , QII#)>2 31 =i#*$0FI<, 8) , $! = , *$+!

! #I
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U, K, 187, 31U%+7, $1#3, |UBT!/DI2) 451 /IKIU+71 255 K1+, 1% 24P 11 =>4 U7 /1K 1348, *$1#51
Chb!2K! 19J)011 *3$1#3J, 1 UI71012)1 #51 U*+71 =355 b+, 1% #P 11 2581 U748 AK<NOL! - , 54,1
,)>8#3LUIB71012)! , )>8i#3! = >55, 41 .ObI2K! 1 *W.4-Fy! QWlel! Cob!2K! 1*6)1! ; ObI2K1i2i$*24) , 01!
J#)), I3 " 1OFON2) i IR 3+FI N JB#3+1U , b, 1<3%)B+, $I 2 BI US54 QB , (31 *++*Bl . =i#*$0! *3$!
<R<\49@AF Ni*Jgi#3+! JH#38*I3I3"187,1$, +1h, B! , 6"\, @NA! 5>+#3! Q8,131 U, %, 1 Q##), $! *39!
$I*)B+, ! *TX3+48 §74, ,1 J7*3",+! #5 =6/bb! .;bI2K! WA4A<! XFW! QWlel! /bb!2K! X6)!
/b\/17)BJ, H#)1IDFOI 2 KIRDDOI*BIHWG %3514, \*3%)B+, $1 2 BI=i*$54i$! *3$I <R<\A O @AF!

|

1>J), #+#2 ,10>))$HUSI*++*B+]]

NHHIQ>))SHUB++*BHUIBT I, JH2 1 (3* 324Gl $I13>J), #+#2 , +1%3$], 6"\, @NAE>+HH3IQHHS, 13+1!
8%, QB*PUSI!+, Q7>+, 1707 71Q, 15#12%3J, 11, *$+L @AW, <870k, Lle! | I#51+)>HBIQ , 41 Q>))$#U30!
U, %, 124, 5BIU*+7,$1874, , 1812, +1UIB71Q>)$#U3! 55, il . ; bI 2 KIWAAA<I X-FWIQWIAF 11 /0b1 2 K]
1*6)11/bv/!")BJ, #)LI/12 KIARDO1!/1 2 KIRDDIIDF ; 1 2 KI4K <NUDBE/\/! 1 4\HDOFIO))1J , 385> " *§i#3!
48, Q+1U, ¥, 1%k, SHE>8181/10bb! * #8413 1 243 1*8IHWGFIO)) 43> - *8i#31+8, Q+1U , t, 1I*Hil, SH>8I*8IHWGH!
95, 1 U*+7,+11 =, *$+1 U, %, 1 i33>:%8,$! #P, k31" 78! UIB7! CI| "1 #51 *++,21),$! %, J#2:13*38!
3>J), #+#2 , +1I3IDAI$)>8, $1 UB7!1Q>)$#US! =55, §*3$1*$ >+3, $16#1 bF/\/! 1 4\Hb! *3$! /00! 2K!
1 *6)153%)1#3J , 383! - BI*$SIs#3 1451 /bv/! 1 4\HD!*3SI01K! 1 *6)11h, +Q , JBIP, )BOIUT71J#3+8% 34!
KB 3UBIBT , \IHSIH# 2=, *$+1U , 4, 187, 31J4)), I8, $I- B, 386> *Bi#3I*3$IU*+7 , $1 1 i, 5)BIUIET!
874, ,1 J7*3", +1 #51 Q>))$#US! 55 11 =, *$\: #>3$! 35J), #+#2,+1 U, 187,31 133>:%8, $! UiS7!
[3J%, *+H3"1*2#>30+151, 6"\, @NAIS>+#3IQHHS , 13+1584H1 ;171535 , hIH3+8%381* " I§*8i4313187 , 1 I $!
W 2FI= , *$+1U |, 187 , 31U+7, SIUBTIQ>)$#U3! - >5 , il - BIO\21313> - *8#31>3$, KB 3FIN#!
DONCIA7S!, 6" 15>+#3+IBU#IU*+7 , +IUB7IQ>))$#U3! - >5, HI#3E*1313 " | 1 A\HbI5#)#U , $! :BIS7Y, !
U*+7 ,+1i31Q>))$#U3! 2 >5, K UB7#>8 1 4\HD! U, %, 1Q, 15#42 , SFIN#H 6=CN 6 THE2#! , 6" 15>+{#3+1]
SHSHIU*+7 , +1310>)$#U31:>5, HUBT! T A\HD#)#U , $1- BBUHIU*+7 , HIUB7#>81 1 A\HDIU , b, 13%Hi, $!
H>BF1988, WU*+7 , +11 1#>3SI QI 13+1U, %, 1,)>8, SISHE21 1, *$+1 1Bl 2 #)i3 " 1511 01 243! *81 ~ Ow6! Uis7!
/FO]! <R<! +*20),! :>5, 4 . 0I2K! D+ W6)! QWidFel! Z0v!")BJ, ##)l! CvI<R<l! ~0!2K! RDDI!
bE/ONV! - 2#Q7 , 3#)! 1)> , 0FL A%, 13! 2133 ™1 U+ *3*B+, $1 -BI E , +8, k3! =}883 " | UIG7! *3B\Wi+!

*3W-#SB! .<i"2*1 W/bj; ; 70 *3B\WH! *38-#$B! .6,))! <t"3*)3"! D,I73#)#"Bll /C/ 01! *38)\

! #(



WCXH2, Cl.* 1 J* 211* - e0eb01!*3$I*3MWCX ; A2, C1.6 ,))I<i" 3*)i3" 1D, J73#)# " Bl ~ACCOF How/ 145!
#>3$14%2Q), IUH)E*S, $I#3 " 1UIB7! ; b\ 451305814+ % 2Q) , +1

|

=3I THE2*BI3U2 2> 34k, JIQIEEH3!. : FAG 7140

N#HL Ji++1)i3CI3"! *3$! J7H#2*43! |, J8r-Js#3L CbpOblul/byd! J,)+! U, k1 7*4P,+5,$! B!
BBQHBH B3I U*+7, $1#3], 1I*3$15] , $I5#41 1 2031 UBTI/\VIH2%)$, TBS, 1*8IH#218, 20, *5>k, |
(312, $1>21 34381313 IRKAKLY3Pii# " , 301+>QQ), 2 , 38, SIUBTI/OVI5# , %)l - #PI3, 1+, > 21 N=<t!
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*22#31>211(3*h - #3*8,FING, ,1Q, Q&S , 1 1\, h2i3UU, %, 1$, HP*8? , $18ULI, 12 B, *J83 " 10! | VI#HI$d\
*J,8J1*37BSHS , LICO! | VIH#EI/IKI* 2 2#36> 21 113 % - #3*8, 1*3$I/b\/O! | VI#HEI/T; 1$)>8 , $1* 2 2#31>2!
TBRUH ]S, 1+#)>8#318#1G, , Q187 , IQW!I*BleF1O58, %I87 , 1%, *J8i#31 2(]8>%, IU*+IP#48, ] , $I*3$U3JI>:*8, $!
*BICNWS!5#HIHO! 2i3>8, +1U7!+7*Gi3 " 1*8lebb!%Q2143!*!D7 , h2#2(] , #l!islU*+la>, 337, $!UIB7!CO!
[V /T K *22#30> 21 1 3*6z#3*8, 1187, 1 +#)>8#31 PH#)>2 , 1 U*+1%, $>J, $! 8#! /0! | V13! *1+Q, , $!

P*J>>21 J, 385>",1 *3$! 87,1 $,WP*B?2*8#3! Qi , $>h,! U*+! §,Q,*8, $F 958, %! $, WP*82*8i#3!!
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Q,Q8$,+! U,h,1 ,P*Q#*8, $! (3! *1 +Q, ,$! P*I>>21 J, 385>, 1 *81 CN w6! 8#1 3, % $4B3, ++l!
h,+>+Q, 3%, $13! ; bl | VIHSIDF/\/I8HE)>#* ] , 81! * Ji$! . DNOOLIS7 , IQWIU*+1*$ >+8, $1Uis7!0bv/!DNO!
+H)>BH3IBHIQW! 5 1*3$187,1Q, Q8IS , +1U, , 1Q>Hi5E, $! - BI*1<8* ™, DIQIQI#E#IH)I>+3 " BU#ISI+I+1#516 /€!
S#U , B! 2Bl #3, 1 SL+I! #51 *JI8P*8, $! I*¥h-#3! .C! KI A2Q#4, 0F! 958, %1 <8*, DiQ! Q>Hi5iJ*8i#31! 87, !
+*%2Q),+1U, %, 1, P*Q#1*8, SUBI*1+Q, , $IP*I>>217, 385> ", IB#13, *HISHB3 , ++1*3S1+8#4% , $I>38)1 2% ++!
+Q, JO#2 , BHBI* Ja>iHB# 3R = , 5, | K<I*3%)B+i+1187 , 1 76+8#3,1Q, Q8IS , +1U, k, 1k, +>+Q, 3%, $143! ; b
| VI#5! bF/\/! DNO! *3$! $i)>8, $! /1/b!i3! bF/\/! DNO! +>QQ),, 2, 38, $! Ui7!4"*D!'%,5,%,3J,1Q, Q8i$ , +!
=l " SO

D7, K<\, *$B! 7i+8#3, | +#)>8#31 U*+1+, Q*I*8, $1 #31 *1%, P, b+, 1 Q7%+, 1 jia>i$! I7H#2*8# " §*Q7B!
J#)>231.E*8, i+ 9Ja>i8B! W<<!DCl! 6/el! /fe! | KIFID7 1 J#)>231 U*+! J#33, J8, $! 8#! *1 3*3#5)#U!
S4V6! .E*S, %+ K\G)*++0! *3$! Q,Q8$,+! U,k,! ,), Io+Q*B, $! 13! *1 L1 AJ*J8P,! WN! 2*++!
+Q, J8#2 ,8,4.D7 , W2H#INI+7 , K<Jb, B8BLIOFI=>55, HIQIU*+1J#2Q#t+ , SHSIOF/\/ 51 211> JISH3 WAV 6\
“ixg, 1U*, HI*3$! 2 >55, H=1U*+IDF/\/ IS4 2131 H$U3I* T, 8#318K) , 14, QUS , +1U , %, 1,)>8, $U3I*1)i3, *4!
"ixgh, 3BIUITI*BEUN*S, I#51CHDI3VIQ, K 2i3>8 , 11+8*3i3 ™ I*81/\/1=1*3$!* 2 Qi3 " 18#ICOWV 1131001 231!
S#)#U , B! 2BI*3143%, *+, I8#IHON/|=1i3101 23115#)#U , $! - BI*31i3J4h, *+, 18#1dONV1i3IC1 213154#)#U , $!
BI*3143Jh, *+, 18#! ~ev1i310! 2131 *3$!187, 31 7#)$i3 "1 *81 ~e\/! =I5 *3#7 , %! /bl 2(3F1 D7 , 1 2*++!
+Q, I8KH2,8, HU*+I#Q, §*8, $1i31$*8*\i3$, Q, 35, 38! *Ja>i+B3! 2#$ , #31 I 7H#2*8# "< 2+1U !
,185% 38, $1UIB7! <GB)i3, | *3B! $*8*1 +>2 22 *4i#31 * B! +8*4i+817*)1 *3*)B+i+! U*+1Q, U5t 2 , $1i3! "
*3$1A1J,)1N,)), K*3$19, o, +#)$U2*3>+IHQBLIIQH,, Q*H*8i#30F3 - i, 51I*1+Q , IFNI 7HH 2 %84 "+ 21
JizHFHBIU*+! J#3+85>J8 , $I>+3 " I+ #8#QII*))B)* - , ), $!%,5, %, 3], 1+B387,8!Q, Qti$ , +1*3$! 2*3>*) B!
J>H*8, Bl +Q, B! 521 J,))>)<h! 7i+8#3,1 Qh, QFU*8i#3+F! D#! 1$,305B! *3$! a>*38B! 7i+8#3, !
2HSEI*GH3+H D7, W24 U5, +1U L%, 1i2Q#48, $! 1384187 , | <GB)I3, ! 7i+8#3, 18, 2Q)*8, 1 *3$!Q, *G!
i$, 3USI*G#3! *3P! (#3! ITHH2*BH 21 [ JorI8#3] U*+l QU542 ,$! >+i3"! §7,1 +Q, I8k*)\
JTHH2*BH "I 2 1) %*UBF19))1Q , *Gli38, "W B 3+IU, K, 12*3>*))BIP*)ig*8, $FI*", )*8iP, 1* - >3$*3] , +1#5!
*J,8B)%8, B! Q, QUSHSHHU2+! U, 4,1 J*)I>)*8, $! >H3"1 87,1, 81*I8, B! 1#31 I7HHE2*# "I~ 2+! 541 *))!
Q, Q8IS +187*81+7%%,187 ,14+*2 1+ ,a>,3],11i3])>$i3" 187, 1 >32#%i5t, $!Q, Q8IS , 11 *JI#4$I3 " 184187 , !
SH#N2>)*+1$, +I0 2, $IQ%, Pi#>+)B!I FII
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1), %4, T8 JBH3 1544 6 TH 2RI

6,)+ U, 4, 135854, SIUBTIA<I 2, $I>21*3$13$>J , SISHHIST , 1 044, +Q#3$I3 " 1812 ,1Q, Wkt +./;\; HI
7H>4+01 US7! ObxK! 13! .<i” 2%0! $i++#)P,$! 131 RA=<F! 6,))+ U, ¥, "8#U3! 8# *:#>81 “bw/!
J#35)>, 3IBI#3I/0I 2147 , +1. *QQH]I2*8, )BIOD! ]1/byd!J , ) +0UI 7*4P , +8, $I - BISIBQHII+ 831! *3$!
Q,)).8,$!:B1J, 384i5> " *B#31*81 /bbb Q2 HHIO2I3FIDT , 1+> 1+, a>, 38148, Q+1U, ¥, !, 87 , H1Q , K5t 2, $!
#31, %8I HIGFI 4,)),8+1U %, 1", 39)BIh, +>+Q, 38, $!. - BI+7*Gi3"0113101Q,)), 8! P#)>2 , +1.4 (015!
3>J), %4, 18381 >55, §1/1. 1 A=/t1/b2 KIWA4A<IQWAFOL/b 2 KIX6)1// 2 KIARDOL/FO2 KIK " 6); 1!
/2K SIBTIHETY, 184)) .RDDOL *3$! /]! 41600 *3$! +U,)), $! #31 1J, 1 5441 /b! 243>, +1! 5#)#U , $! B!
J, 345> " 831 %81 ; bbb! " 1544 /b! 213>, +14,)),8+1U,%,187, 3!, 3084, +>+Q, 3%, $!i3! ;11 4 (1 #5!
L A=/U5#)#U , $1: BISH>3 , ITH2H#" | B+ *B#31>+3 " X+ | 10181 /bIB2 , +1>QI*3SIS#UIIF 1 >J), !
U, %,13#)), 38, $! 2B, 385> " 843181 ; bbb! * 15411/ D1 21358, +1*3$1, +>+Q , 3, $U3/ 114 (5! 1 A=/!
~1/ XN 2) 50 =, 32#3*+, | KU)IQHH, 11 A/ ; b0l 81 $i™ , +81 ™, 3#20JI RIOU5#)#U , $! -BI#P, 7, *$!
L3I %8I HIB A8 , , L 744+ 1), 10U, 4, 187, 31Q,)), 8, $! 2BLI, 38K5> " *8i#31*8! ; bbb! " 15441 /b!
213>, +1lh, +>+Q, 3%, $1131/]1 4 (#5! LA=;\HOb!. ; b2 KIWA4A<!QWIFOLIbF ; 2KI ARDOLI /FO2K!
K*6);1! ;bv!")BJ, k#)IIHOb2K! 1*6)11/2KIRDDL*3$! /11 41601 R#>3J, | TH2#" , 3i+, $1>+3" 1]
8" 781Q+8)! /D182, +1>Q1 *3$1 $#UI0L P, T, SUSH)HU , $! 1 BIHP, U7 , *SIk#E*8#3] *8 HWG! 511 #3 , !
THSHE 6,)! S, s+ UK, 1%, 24P, $! 2Bl J, 305> *8#3! *8! ;bbb! "I 544 /bl 2438, +F1 D7, ! +*)8!
JH3J, BYFUHIHERT , 13>), 41, o8+, FANU*+1*$ >+§, $I8#1/0b 2K - BISHHQ\UL+ , *$Sigi315! ;]!
b, HESF)IPH>2 1451 FA=\L <!+, 1% :#P  IUBTH>E 1%6)011*3$! 14HD!), P, )+1U, K, 1%$ >+8, $18#!
bFC\/FI<> 1+, a>, 3Y)BLIQWHS, 1313#3J , BB*8H3+1U , b, 12, %4>k, $1>+3 " 1{{> 1 BDKI44#8, 1319++*BIXis!
D7, U2#INIT , H<Jb, 385IULCC ; /7P AQ>*)1* 24538+ H5IQHH8, 13+1U |, 1>+, $1Q, kYA +6%3$4$11 ;!
2" 01*3SIQHS, 131)B+*8, IPH)>2, +1U, , 1*$ >+8, SI8# , a>*)IP#)>2 , +1UBT7IVA! 155 k1 4=t 1A=;\
/0b1IbFC\/! 1 4Hb1!/ 2 KIRDDII*3$!1/]14160R!!

|

<8, QB*PISI3! 1 , *$+IQ, QX834 *553I8BIQ> LI Bt 31!!

<84, Q*PISI3IK\; eb!RB3* 1, *$+1.D7  §2#INI+7 501U , b, 1, a>i)iz 8, $I87%, , 162, +UB7IVA=! +, !
* 4P, 01 BIHP, U7 , *SUHT*H3ISHH /DI 21358, +I*8IHIGI*3$14+> 1+, a>, 38BIQK, \1 4G, $U3NA=I~1/\/!

JH)SIGHTI" ) *BU3HE*83 " THWE I5#0I#3 , 1 7T#>HFINE3™))BL! -, *$+1U %, 18*%G, 31>QU34=1.+*2 | IP#)>2 ]
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UGS " IPH)>2 , OFIHD!IX)1#51Q%, \ 2 J#JG , $!<8h, Q8*PIB3IK\; eb!: , *$+IU, 4, 1*$$, $18#1)B+*8, +1*3$!
133> 28, 1P, 431" 781U#8*83 ™ 1*8IHWGF!!

!

WE" 714813 " , 3IBIU*+7 , +1*3$1#3\ - , *$IBL " , +8i# 31540 6 71+ 2R

058, WH3J> - *BH3IHHI3>T) , *hNB+*8, +IUM7! - , *S+I#8*83 " I*BIHWG 1P , 434" 781! , *$+1U , %, 1+, Q*%*8, $!
W 2187 ,1>3 - #>3B15* Ie#31#31*12* " 3, 814> JCI*3$1U*+7 , $18ULJ , UIB7! ; wI<R<U3!DA!.~I/2K!
RDDIU/]AY60!15#41 /D1 213>8, +1U#H8*83 ™ 14#P , %7 , *$I*8l# 218, 2Q, 1*8>%, 1. " "D01#3J , U7 74" 71+*)8!
235, 1. W<=t!0b2 KINVA4A<!IQW!" 0L/ 2 KIARDOL/ v !DYig#3!c\/bbl!bF/\/!$ , #]BI7#)*8, lIbF/\/!
<R<!!Obb2K! 1*6)l! /2K!RDDI! *3$! /]! 460! 54! /b! 2(3>8, +! *§! **D1I #3J, ! Ui7! RF6! :>5,4!
.;0b2K!Vi6)l! /b2 K! D+ QW! eFbl! bFOW! 1 4Hbl!bFOV!$, #]BJI7#)*8, 11 /2 K!ARD91! /2 KIRDD!!
*33! /7] 460! 54! /b! 2(3>8, +! *§1 HW6 1! *3$!18ULT , 1 Uig7! DA! - >55, 41 .~1 /2 KIRDDI! /]! 4Y60! 54! /b!
2(3>8, +1*8IHWBF 958, %187 , IU*+7 , +11 2 , *$+IU b, lit#)*8, SIS 2187 , 1) *+8IDAIU*+7I#3!1*12* " 3 §iJ!
i*JGI*3B!187, 1QW#8, 13+1U %, 1" , +8, $1UIB7!DFO! X " 18WBQ+3! . 4%#2 , " *t! (0///01i3!Hb>)1$i " , +8i#3!
235,40 /KIS, *1310b 2 K! DY+ QW! eFbl! /2 KID#+\. ; \J*%-#]B, 87B)0\Q7#+Q73! .D6 A400! $t% , J8)B!
#3112, *S+UHP,%3L" 78181 ; dwe!*3$!+7*Gi3 " 1 *8!dbb!%Q2F! I , ]8!1$*B1I87 , 1Bt , +8, $IQ¥#S, (3\Q, QS !
20V U*+1+#)*8, I 21 -, *$+1*3$1%, $>J, $1UBT! ; 2KIDBA4!5#H HOI 263>, +!*81 **D11 *3$!87 , 3!
*)GB)*8, $1U7! /b2 K!I6 7)#i#*J ,8*2i$,!.6)990!5#4! Ch2i3!*8! " *D1t3187 , 1$*UGFID7 , I$t" , +8#31U*+!
+#QQ, $! 87,1 3,]8! $*B! B! *Ji$HBI3"!87,! Q, Q8 , +! U7! Dib)>#4*J, 8J! *Jis! .DNOO! 8#! *1 53%*)!
J#3J, 38*8i#3! #5! bFONV/ 1! *3$!187,19J, 8#3i8) , | .96 10! J#3J, 38*8#3! U*+! *$ >+8, $! 8#! C\/! Q!
JH*$i3 " 1#316/e!<*" , DIQ+F!!

I

6/e!<8*" ,DIQ+1J), *3\>Q!!

Fo043,910,8%5,+1U,%,1J),*3,8\>Q! >+3 " H3\7#>+, | Qi#$>T , $! .N>3I8i#3*)! @, 3# 21+ 6, 38, 4!
TSHITUN@OGTO! 6/e\<8* ", DIQ+F! Niw+81187 ,+,1U %, 1 7>21$85%, $! Uig7! /bbw! 2 ,87*3#)! .K, FWOL!
J),*3,$!8UiJ, 1 Uig7! db\/! 96 L t!bF/\/! DNOL *3$! I#3$isi#3 , $!8ULJ, 1 Uis7! C\/!1 96 1t bF/ /! DNOF!
D7,311Q, Q$, +1U, 4, j#*$, $1#36#187 , 1<t* ", DIQ+LI*3$187 , 1J#), I8, SIHUNTHES " TIU*+ S, $!
* = X3F 958, WU+ 87 ,1Q, Q8S, +1 U L%, 1 $,+*)8, $18ULJ, 1 UIB7! Cv! 96 11! bF/\/! DNO1! *3$! 53*))B!

,)>8, 318U, 1U7!dbv!196 I tIbF/\V/IDNOFIR , +*)8, $1Q, Q&S , +1U , b, +7#IGIN#H? , 3U3Nia>i$!3ish# " , 3!

! $&



)*!
*4t
_
4
x4
40
48
gl
x4 (1
*4)!
-
wrry)
)
i
*g)
g
g
.
*n ()
)]
|
4]
4|
444
*#3!
49
48

*#"1

1;013#2Q), 8, )BISH, SU3I*1+Q, , $IP*I>>21J, 385> ", 11*3$14+>:+, a>, 3)Bl, +#)P, SU3IC\V196 I t!
bE/\/ 542031 Ji$! . NOULIIH#38*1313 " 1138, %3*)1k , 8, U2 , 14" "D+I=t# " 3#+B+UI+8*3$4$IQ , QUS, +F1!
|

R, 8, JBi#31#5! - 1#3I3B)*8, SIQHHS, I3+ BIS*EA\$, Q, 35, 38*Ja>i+Bi#3!. RRON 2*++1+Q, JB#2 , 8iBI!
E,!>+,$! *31 A*+B\3V6! /bbb! WAV6E! +B+8, 21 #Q, k*U3 "1 (31 8*QI hl ,)>8,1 2#$, 1 .8*Q! J#)>231!
9JJ)*1214 ,QK*Q!/bb!6/e1IC>211/bbOlIbFb 0] ; b2 211+, Q**8i#31 J#)> 2311 AO<S\<Qi*BI6/€l!
6/ell ;>211 /bb9ll bib"0J0bb221! D, 2Q1! Obws0! J#>Q),$! 8! *31 Fh:igeQl N>+i#3! 2%++]
+Q, JB#2 8,41 .D7 , ¥2#1 <Jk, 35JI0F DI<QI*3$! +, Qxi8i#31 JH)>231U , 1, |, a8, $1UBT71 /5 15)!
*3$1dI>) )P, 38191 bE/ININOUSIUS, HOUK , +Q, JBP , )BFL; 15167 , 1, +>+4Q, 35, $1+%20Q), 1+#)>8#3!
U*+1i3_, J8, SI#38#187 , 185%Q1 J#)>2 31 %81 J#3+6* 381 Q% , ++>4, 1.Obb! = *401*3$1Q, Q8i$, +1U, ¥, 1 ,)>8, $!
UIS7!1% 5 U, 5IOFCT h2131>+H3 " 187 , I5#)#UI3 1 ", 3621 ; I\ ; OIV/1=1.bF/IN/INO Y3196 1 013!
0b! 2131 ; ONIC ; IV1=131/b1 2131%31C ; I\ AINI=131/b! 24371958, /b1 213151 U*+ 743" 1 - B~ Al
VISFIWE™ 71%JI54%IBI2*%++1+Q, J*IU i, 1% Ja>lh, $1UIB7!1* 312 B1*QIN>+HASI 2%++1+Q , It 2 , 8, 4!
D7, %2#1<Jt, 38EI0I>+H3 187 , 1) HUIB " 1Q*H*2 , 8, 11 +J*314*3 " , 1#51Cbb\/Obb! 21?11 9@ 6\8*4 " , 8!
H#51H, OLlk, +#)>8#31 451 / ; bibbb! . %81 20?1 ; bb0L *3$!1 %1 2*[i2>21(3 , JU#3! 82 , 1 #5001 2+ FI R*§*\
$,0Q,3%, 38 K<hK<!+Q, JB*1 U, b, 1%, J#S$, $1131 8#Q1 +Q, , $! 2#$, 113187, 13, *H! 431 8*Q! >+3"!
a>*$H>QH) , ) *8#3] . /FdI 2021 UIBSHUOL O@6!18%4" , 81451 / , HIIChbI2 +1 2*i2> 2113 , J8i#3182, 1!
WER\SK* " 2, 36%4i#3! UIB7! Ch! \/! J#)i+#3! , 3, 4Bl *1 2%]i2>21 IBJ), 1 812, | #5! Cl+, J1l *3$! %)
*Pxfr ) 1QFH)), )i2% 2), 1812, IU* !, 3% 1) SFIKHSHIHBHQIIIQh, >4+ 3%)+1U ¥, 1+,), I8, BI5#H!
K<IK<IUB7IJ74" , 14+8%8, +17 ,8U , , 31 I*3$IN*3$I*1 2(312> 21+ 3*)1i38, 3+{8BI#510 , CFIRB3* 24J!
L JI)>HASTUS 1+ 81641 01+, J1*3$1%31 | ]J)>+i#3! UI3SHUI#5! /bIQQ2F! 95,k $*8%1 J)) , Jei#31187 1
Q,*Gl)H+B+H U, b, 1 *, 3,148, $I >H3B"1*>84# 2%, $14>), \ =%+, 1 JH#3P, 48, §1 JH3W)! "C1 %31 4kt , #2 !
RUJHP, %, 4 ;F/1.D7 , ¥2#1<Ji, 4EIF!!

I

AWH8,13US , BUSI*GHII*IBI)* -, \5h, , 10K, 13la>* 8B B3 IHSIRROIS*§*1!!

A4H8, 13US , BUAI*GHII*IBN* 1, \5h, , 1a>*BUSI*BH3IU*+$#3, IUBTIK*]{>*38L.P , h+i#31 /FOFCECHO!
>H3"1§7,1 O3$HH2, $*1 +, %1371 , 3713, 1 %3B! )* 1 )\5k, , | a>*35iI*a#3! WNLO0! I D7, 1 24>+, !

h,5,%,3J,! QWS #2,! .S3U4MHIX=h<Ui++\4%#8! *3$! S3i4%WX=DIAK=V0! P,%+#3! ;b/e /;!
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JH2 143, $! UIB7! 2*3>%))Bl *33#8%8, $! JH38*213*381 QB 13+ U™+ +,*4I7, $! Us7! Qi 131 *3$!
Q,Q8$, I NR" " IP*)>, +1+, 81 8#1 bF/F! O))) K*]{>*381 Q*4*2, 8, +1 J*31 =, 154535113187, | >Q)#*$, $!
Q*i2,8,450), 11 4QTHD 2aQ*HF]2)l.$, Q#+8, $! 131 87,1 4 YRA! %, QH+BHBIF! 4,4+, >+! P k+{#3+!
JROR/R/0NUS 41>+ | SISHHIHEXG8I%) X 3R )B++ ORI +>)6+1U b, 1508, %, $IG#1G, 24P, 14, P, b+, 1718+ *3$!
QU I3+1#3)BUS , 3850, $! = BI+8, FIN>487 , h11#3)BIQHHS , I3+15#>3BL31*81) , *+8ICK, QUI*8, +1U , ¥, 1G , QBF!
K3 IP¥)>, +1U %, 12Q>8, $I56#21%1 /Fel+*3$*HBIS , PIrGi#3+1) , B\+ 7158 , S1@*>++* 31l 1 >B#3!
UIB7 I IUIS7 HSIOFCLY , <8P , 18187 , +8*3S*USIS , PIBI#BISI2 , *+>4, $IP*)> , +OFIA#S , 38%)138, I+ Jeth+]
U,K,1$,8, 5203, $1 >+3"1 %1 \§, +81 *3$! Ph+>*)i+ | $1 =Bl *1 PA)I*3# QR < 3U5J*3J,1)i3,+1 U, %, !
$,8, 4213, $1:BI*IQ, K2 >B*4H3\ - *+, $12 , 74#$I UIUBTI*IINR " IP*)> , 5I0Fh/1*3$I<bIP*)> , +.I>4P , |
=, 3S0HSIDE/18#1/1.$ , 5+ 1+ THUSNUIIPH) I* QS+ 0 F 2813, Sl +>)8+1U , b, 1, JQ#H8, $1*3$15>H67 , !
PL>*)it , SI>+H3 187, 4E8+8I%) 1 JH2Q>8, H)*3>** | 1"1 P §+{#31CFOF ; F!!

I

A+H2*BH3IH5IQHHS, 131% 1 >3$*3], 11 BIS*8*\i3$, Q, 3%, 381*Ja>i+Bi#3!. RYO0!!

6,)+ U, b, I k#UBIBHI* 1 #>8 bv1J#35)> , 3IBI#3I/DII21SI+7 , +1.*QQk#]i2*8, )BI/0] 1 /byd!J , ) +l!
74P, +8, $! - BIBIBQ+HIL+*8#311*3$1Q, )),8, $! 1 BIJ, 38H5> " *8#31*81 /bbbI4Q2 1544101 21316 , )1 3>J) , !
U, %, 1, J88, SI5#)#UIB " 187 ,13>), *4, 18I0 3IQHET , $>4, 1.$, +JH: , $I* 4P, 01>38) 11" , +8#31#5!
" 3H2WIRIOH 1>J),41U,4,187,310,)),8,$! 2Bl J, 385> "*8#31 *81 ;bbb! *I 584! /b! 2(3>, +! *3$!
b, +>+Q,3%,$!i3! Ch! |)1)B++ =5, 1 Hv! . UNPO! <R<1! /bb! 2K! DHHWEV! QW! €F ; 0F VB+*3, | U*+!
133> %8, $I*81OlW6 544101 2131>3$, 1 /bbbIHQ 21+ 7*Gi3 " I5#)#U , $! 2 BLJ, 385> " 8143181 /dbbb! *!
S441/D1 21358, + 181 DFI<>Q, k3*E*BUU*+IQWA, ++, S22 , $i*8, )BI>+H3 " INO<A!. Et+31, U+Gl , 81*)1!
-bb ™00 >+371 Ob! | ™1 #51 8#6%)! QB 131 *+1 2 %4>, $I Bl £>2181 48,131 O++*Bl Xig! .{LCC;//1!
D7, $2#Ni+7 , 407 DYBQBIIIQ, QYIS , +1U, %, 1), *3, $\>QI >+3" LB\ 7#>+, | Qi#$>J, $1 6/€\<B* " , DiQ+F!
4,088, + U, %, 14, +>+Q, 3%, $1 13! Cv/! *J, 8#318K) , 11 DE/\/! 582101 *Ji$! 13! U*8, 1 13)>$i3" ! i**D!
Q, QUS, +1. =" 3t+B+1I<I7)L, ¥, 3UI<UIB? , K*3S0F!!

9))lR**\I3$, Q, 3%, 38! *Ja>+Bi#3! .RYON U*+1Q, 15442 , $1#31 %31 T I8-Q! N>+H3! V> 2#+! 2% ++]
+Q, JB#2 8, 4.D7  H2HINI+T , W<Jt, 38BN <*3IL#+, 116901I#>Q), $I#3)i3, 18#1*19Ja>IBISAVE! K\
IP++L E*8, $HIKUSHSLIK Q0I>H3 " 1414134 (1, UI0dOI3* 34+ Qi Bl+#>4 , L I, UMF=_, JP, 0F14 , Q8S, !

2018540, +1 U4, T+, Q*1*8, $! 3! *1 +37),\Q>2Q! §*Qh, )>8, ! 2#$, 11 >H3 ™! *1 §i*QQi3"! .3*3#A*+, !

! $(
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<B22,8iB!6/ell0!x21!/eb!x2!ul ; b12201*3$!*3!*3*)BgJ*)! I#)>23!.3*3#A*+, IW<<IDC!6/el!
/bb!All/Fe!x211M01x 217! ; 0b! 2 20F<#)P, 381Q1U*+1U*S, hllbF/\/ 1582101 * Ji$! *3$1+#)P , 381=1U*+!
*J, 8#3i8) , 1! DF/\/ 1589261 * JISFI DFO! | *1Q, Q8P , +h+*2Q), TU %, 1)#*S, T U7 *1 J#3+8* 381 5)#U! 5!
bFOV/1+#)P, 38! =11*8! /0IXVh2{31#38#!87 , 181*QQi3 " 13#)>2 3FIDH*QQI3 " 182 , lU*+!bFO! 2(3F! 4, Q8i$ , +!
U,%,!,)>8, $IPE*187, 1*3*)BsJ*)! I#)>231UIB7!*1 J#3+8* 38! 5)#U ! #5! Cbb! 3Vh2i3F R>3 " 187, 1, )>8i# 3!
+§,Q1187,1Q, %3, 38* ", 1#51+#)P, 381=1{3J%, *+, $U3!*I3#3)i3, *hIs*+7i#31MH#2 eV 18#! ; ; i3le ;123!
*3%!; 5 VIHIC; vli3le! 23!

Y31, SUSH)HU3 " 1K <!+, 883" +!1U , %, 1*QQ)t , $1! K </1+J*3!*8!/ ; bibbb ! - (81> Q!h , +#)>8#3!1Uig7!*3!
9@6!8*%" ,81#5! /hul /byd! *3$!I 2*F3_, J8#31812 , 1451/ /el 2+1i3187 , 1 2% ++1i*<3 ", 1#5ICOb!8#!/ ; bO!
21U 5#)#U, $! -BIOb! RYOQ! +J* 3+ J#P , W3 "1 *1 Qh, I>U+#H! 2*++1*3" | 145 Hbb! 8#! /bbb! 2h?! Ui87!
) *8# 3N UISSHUIULSE7+1#5!/ ; 1 202FID 7, 1+J* 3, +#)>8# 313187 , 1% - (8% QIU*+!1+, 818#! /0ibb b ! Ui 7!
*319@6!8%4" , 8145 /lul /byd! *3$1 2*]FIi3 _, I8#3142 , 145! ;01 2+FID7 , IWBR! J#))i+i#3! , 3, " BIU*+!
+, 818#ICbw/F!!

R*8*193*)B++FI V3! 24, S11%* U5, +1U, %, 1 *3*)B+, $1i3! <Q, I8i#3*>81 4>)+*4! ./CF"F/~ //bdFHCAOO!!
=i#" 3#+B+0! - B! k- W*%B\S%, , ! Rék, JBRYOSFID7, ! - *+J!I QK3Q) , +! #5! Rék , JSRYOQ! *3*)B+i+! 7*P, 1 -, , 3!
Q%, Pi#>+)B! $, +J%i- , $! -BI D+#>! 81 *)Fl .RFVI! /bF/bCeh32,87FC; 000F! D7, 1+, *437,+1U, %, $#3,!
*EX3461 87,1 24>+, 14,5,%,33, ! Q¥#8, #2,1 . S3UAHEX=h<Ui++\4%#80! *3$! 87,! @N4! %,5,%,3J,F!
<, *hJI71%, +>)8+1U %, 1508, %, BB/ INR " 1#31Q%, I>h+#0! * 35! QU#8 , 3! "1#>Q!), P, )P F3)B!87 , 18#Q!C!
Q, Q8B +1U %, 1>+, SI5HN)* 2 ) \Sh, , 1 Q1#8, 31438, 3+i8B! J*)JI>)*8i#3F! D7, ! QI8 (3! "W>Q! b, QAH8! #5!
+ " 30> 381QUHS , (3 +U*+I5>087 , >+, SIS#HIQ)#83 = 143! " *F!

!

N>3J8#3*)1", 3, 1+,8!, 3WI72 , 381*3$!3, SUHNG! Pi+>*)i+*5i# 31!

9))! Qi#8, (3+! 4%, 38k, $! Q, Pi#>+)BI U, %, 1 2*QQ, $! 8#! 7>2*3I <DV 1 @! {$, 38i5%, ¥+! PE*187,1 7,3, !
3*2,+1*3%!+,a>,3J, | H20)*KBFI N>3J8#3*)! =, 3,1 +,8! ,3KI72, 381 U*+!1Q, ¥#h2 , $! >+37187,!
CAMH, 13+ UIBT! (*)>, +h" "*3G+E!5>3J81#3*)i8B 3! <D""Y N @P/ /1 /15441 , *J71 JTH#2*8131%, *$, 471 D7, !
W BB T7*3" P B *IGTIH>3SIU L b, >+, SFIN#21*))8, h2+!, 317, SU3I*3BI#HI7 , 1 7H#H2*83!
h,*$,0+11313,1@,3, ! F3#)#"B! 6,))>)*h 6#20Q#3,38!8,%2+!.D7,! @, 3, ! F38)#"B! 6#3+#18>21!

;07700 U737 UL, T +7 3i6id*38)B! , 317, $! 63! *81 ), *+81 #3, 1 #51 87,1 %, *$, %+ Uk, ! +,),38, $F!

! $)
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B6B#+I*Q, |.P, hH#IICFF/0IU*+1>+ , $I8#1)*B#>8187 , 1~ 1QU#8, 13+187*81U , %, kS, 38i5%, $3!6 71#2VR!
,1Q, K2, 38+ *3$I %, 12,22 b+ #51%81), *+81#3, 1 #5187 ,1+,), I8, $! @ F!8, h2+F! (b+>*)i+*Bi# 3 U*+!
R SIA3I@ T, 0212, 21, 1 T7IQ N #3)BF A*I T QE#HS, 131 U*+1%, Qh, +, 38, $! ZBI*1QE, 1 I7*H8 U7L7!
+" 35k, +1 43T U767, *$, 0l 87,1 QI#l, 63! U*+! +1" 3i5iJ*38)B! $,8, 38, $! *58, ! V\K<hK<F! <D"*Y 1 @!
138, ¥+ J8#313#35$ , 3, +1U, I, 1*$$, $I*+1i3G+! - ,8U, , 31QH#S, (3+11UMT7!*1I>8#55!+, 81 *81 J#35%$ , 37, !
DFHFIN#AI5#4 , >3 $IQIH8 , 1313 , BUHNGIPL+>* )it *8it 311*)) I QU#HS , (3 +1 U7 I 1Q#+HP , )™ ; 15#)$1J7*3 ", |
i31*3BI#5187 , 1 J7H#2*831%, *$, b+ I#2Q*, $18#!13=9<SIU, %, | I#3+HS$ , ki, $! *+!5#h, "W#>3$FID7 , ih!
QU#8, (3\QU#S, (31 138, i< J8#3! 3, 8UG! U*+! 4,84, P,$! 52! <D*" YR @P//! V1 Uig7! *3! 138, > J8i#3!
J#35%$,3J, 187%, +7#)S #5IDFFID7, 1 3, UG U*+1i2Q#48 , $!i38#! 6B8#+I*Q, | P, i+i#3! CFF/0! *3$!
PL>*)i?, $I>+3" 187, 104%, 5>+, IN#4J, IR, I8, $IFQ, 36VIV*B#>8EF!

!

R*§*1*3J, ++1!!

9)l+,a>, 3X3 718>+, §+1QU#S>T , BUIBT7L+I+8>FBI7*P, I -, , 31$, Q#+i8, $I8#187,116=1'@,3,!
A]Q%, ++i#3F23L:>+!>38$, %187 ,1*3J, ++#3I@<A/ ;€ b NFIOSPBH3 ™)+, a>, A3 " I$*8*+, §+!
SE214#87 ,%1Q> 2 iI* B4 3+1*%, )i+8, $13187,1<>QQ) , 2, 38*¥BID*:), ICFID7 , 1 2*++1+Q , I8H#2 , 84B!

QU8 , #20J+1$*8*17*P, 1=, , 31$, Q#+8, BI6#187 , 1AW, #2 ,cI7*3" , 16#3+#8>21Pi*187 , 14" YRA!

Q*%83, %, Q#+iBHUBI U8 7187 , 1$*8*+, 814 , 3815, %14 CcRb/HHeCF!( (
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Al?26#)(B) ?) 2<~(

AL?6#)(CI\I 1>J), >4l *3$! * , 3#20J! J#I*)i+*8i#3! (3$1I*8, +! I#h, I8! , 6" "1 {38, *Jbi#3+! Uig7!87,!

"L3H2,!

+DIDHQIIITHE2*BI31, *$ , HISH 2 *I3+1>+, $UBITI+H+E>FBI*3SI87 , ih1+Q , JIShJIBL, +I8H#U*US+I 72 *83!
2FUGH =HIH 2 +I7 , 2*GI+! 451 IH3+R> I8+ SB)+ , $16#1 =, 3,148, 1 2#>+,1, 2 14B#3iI1 48, 21, ))+!
JJOK, ++371, 3713, L4, $1 ITH2*GB1 4, *$, Ut ., 6" +F1 , 6" +! i | J#2Q#+, $I #51 +H3 "), 1 #4l $>)!
JTHH2*431 4, *$, 4 S#2*(3+! 5>+, S 5H*2 , 1441, @NA! *3! *1 2 (#6431 *JJ, QB! +8, ! .+, 1 *)+#!
<>QQ), 2, 3S*BINL"FI/*0FIOD(*" , J#2 143*+,\K, $i*8, $!16*++,8, |A]I7*3", 1." KGAN#)#U , $! - B!
$#>1),1+,), JU#31 . @*3II)HPMH! *3F! A>H#2BI30 U*+*QQ)i, $18#1 ™, 3, 1%, 1+8% 1), 1438, "H*8#31 #5!
87,1, JQ%, ++i#31J#3+§>J81*81*1$ 53, $I+i8, 03187 , 124>+, 1%, 3¢ 2  FI<t*:)B!, JQ%, ++, B!, 6" +1*}, !
I"'($IS ™! 2 #8IBB)*8, B! 2 BI*1 2*J8, i) =O)i™*+  FIODIVIP , 1i2* *(3 " 1+7#U+13>J) , *1 I * )it *it31 45!
H3"), 1 *3$! $>*)1 | 6" +! (31 2#>+,1 A<! J, )+ 1>]), %0 ,@NA! +, 4P, +! *+! J#38#)! <, ! *)+#
<>QQ), 2, 3F*UBIN"FI ; 0Fl <i?, ! - ¥+ r10! | 2FI<ED! @, 3#2, 1 - iU+, 0, ]*2Q), +1 +7#UI3 " 1 Ik, !
I BB, 6"+ I IHBI3 " BHI THH 2 *UBI 24BN *B#3+1$, 8, I8, $1 2 BI* 381 - #$B\G 7V4\+, al*3$!
R19! 2 ,§7B)*8i#3! B! K, RV4\+,aF! Nl 7i+8#3,\ADK! %, *$, li+11 #3)B! , 6" "+! UI7! 8U#! %, *$, 4!
$#H2*(3+1%, 1+7#U31.<, , 1+>QQ), 2, 3FUBINL"FICI#41+3 ") , \$# 2 %131, 6" +IFI<THUSN+7 , )iz 4B\
2%+, $h, *$I$, 3+BBI*81/bb 1 QU3S, UP*)+FI@, 3, 12#F, J+1*3$187 , IQ#+BH3 516 Q@ i+)*3$+1* 3!
h,Q,88(P,1,), 2, 30+1*h, UBBLI*E, SFIPDIA , *Ht#31 04 , ) *8itt31+ ¢k , 142 6%13 , SIS 21 I# 2 Q*Hi+#3+1#5!
, 6" HIUIB71 72 %431 2#SBISI* 8 3+1%81+,), I8, $! ™ , 3# 2171438, hP*)+IQHHEIP , 1544187, 1438, Wit ™ 8, $!
JTHH2*U31 2H# BB * Bt 3+F11!

|

AL?6#) (F\IN>3J8i#3*)1*3*)B+i+1i3$(J*8,, +1$,0Q, 3%, 3IB1#3h, *$ , hIS#2 *{3+1*3S! 2# 5L Bt 3+ 154!

J#th, J8!, 6 " 1J#J*)i+*Bi# 3F!!

!
+EODI@, 3#2, 1 J#U+, 0, ]*2Q), +15##++1#5] 1I3BI3 ™ 1451 2>8* 36\, 6" " +18#!1+8, +! , 3KJI7 , $! - BIUYS!
8BQ, !, 6" +FI<7#UIN+IE7 , Nz WIB\3#2*)i+, S, *$!I$, 3+8BI*8!/bb - QU38, ¥P*)+F@, 3, 12#$, )+1*3$!

87,1 Q#+ii#3! #5! 6Q@! i+)*3%+! *3$! %, Q,88%P,! ,), 2,38+ *%,!1{3$J*8, $F OD! @, 3#2,! #U+,4!

! %+
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,1%20), B+ 516 =™\ ; |6 THH2H\, 6" 12 (3$I3 " 184187, 1™, 3#2 , U31* 1+, 3], HEIWCX ; A2, Cli3(
+, S\XTFLD,)+F <D =H] 1 QB+ + THUIS ™ ++145] 113SI3 ™ 1451 258%381 , 6" +18#1+i8, +1 - #>3$! :BIS7 , ih!
UYS\SBQ, P, hHA3+ENIIFSSIBAILY, 2#P*) 51 1 I3BI3 " 14> 1 4818, +H>J7I+IR 1912, §7B)*8i#31.) "'\
DXFOHHIWCX ;A2 , Cl+, -\XTFOl , +>)8+ U3 N)++151 - (3513 " HEIUYS\IBQ, |, 6"+ 84187 , 1084, +Q#3$13 "1
+8, +FI<7HUSI*E, 4 \NG!, 3HI72, 38+1%81Q, *Glh, " 1#3+US , 385k, SI5#H17 , 1UHS\BBQ, |, 6" "+U31UYS$!
8BQ, 13, )+F =#],+1$, 3¢, 187 , VL 1*3S1UTE+G, b+ ZFONVL  FDIW, *82%Q1 +7#UIS " 167 , 1 7H+8#3, \
ADK)#" ;\NG!, 3HI72, 38M+J#th, +1# 18513, S 216 =C/\; |6 TH 2#1*3$IDONC\; ]47$!, 6" 16 7V4F!
Wi8#3 , \ADIK %4 13)>+8, %, $1 =%+, $14#3! , 3HI72, 361 +I#, +F GH#SH IHS, | 2, U877, *82%(Q!
[BSII*E, +1 THEH3, | [+ +] *3$] 2HSEI*B43! 8BQ, +1 $,8, 8, B! 13! 871+! *++*BFI IE2D! =41 Q)#8+!
FTHUIB™! , 3HIT2, 308, Q), 8431 5441 +,), 38, $! 7i+8#3, \ADIK+! *3$1 87,1 |55, I8! #51 JH2 - (3*84)!
+, 43, \/b! Q7H+QTHIB) 843! #3! 6=C/\; |6 TH#2#! 1(3$I3"F AW = *h+! 3BII*8, 1 87,1 +6*3S*$!
$, PIU#3I5# 218U#13S, Q, 35, 3814, QUJI*8, 12, *+>4, 2, 34+

|

AL?6#) (GNI67¥# 2YRUS , 3815 , +1QU%#8 , i3+ *++#J1*8 , $IUB7IWCX ™2 ,CI*3$!R 19! 2 , 87B)*8i# 3F!!

+D1<J7,2*8J!1$, +U (3" 16 7TIH2YR!I>+3"!,3%(3, , %, BII7TH2* 43!, *$, h+!5>+, SI#IQUH 2(+I>H#>+]
D3N *+, +L =VOFIODI (#)I* 3#IQ#8I+ THUI3 " 16 TI# 2R, +>)8+ 1 - 8%(3 , $!1>+3 " 187, 16=c/\, 6"\
=O<SIg*)" 843" TWCX ™2, CI#P, i *1%,*$ I\, ,!13>J), *h! =9<S!.3=9<S0! I#3H)F! <8*8+81J*))B\
, 3MI7 , B! QUHS, (3+! *, 1 {3$EI*8, B! .NR*"\J#Hh, I8, $! 6\8,+81! NR""! r! bFb/1! 3! r! H! (3$,Q, 3%, 38!
h,QNJ*8, +0F14 , Q8IS , +!>+, I8#US , 38B!6=C/12*8I7187 , 16 TH#2#$#2*3!>+, %3187, !, 6" "FIODI="}!
Q)#8+!4%,Q%, +, 38437187, 18#Q! /b J, ))>)*h J#2Q#3 , 38! @ F!8,4%2+! , 3%J7,$! :B!6=C/\, 6" "\=9<SFf!
D7,13#2:(3,$!+J#%, lis calculated by multiplying the In(p-value) from Fisher's exact test and
the z-score. !<DIW,*82*Q!%, Ql, +, 38*B#3!1 #5! +i " 314 *38)B! , 3%J7 , $! QU#8 , £3+! I*Q8>h, 1 UIB7 187, !
026\%,*$,4% .K=R/\, 6" "\=9<S0! *3$! J#2Q*%, $! 8! %, +>)8+! #:8*(3, $! >+3"! *1 2>§*381 026\
h,*$, 0 .75 9\, 6" \=9<SIF <7#U3! *%,! *P §*" 1 YN{! (38, 3+8,+! .)#" ;\NG0! Si#2! 5#>4!
13%,0,3%,3812,*+>l, 2, 38+F14 , Qt$, +1>+, $I8#lS , 38BIK=R/12*8]7187 , | K=RI$#2*{3!>+, $!i3!
87,1, 6" FHDI<*2 | 1*+131J11 - >8I QA8 , 13+! , 3KJ7 , $! - BIK=R/\, 6" "\=9<SF!

! %ll
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AL?6H) (HI\! @, 3, ¥*8#3! *3$! P*iS*8i#3! #5! , 6" +1%, *$i3"! ={P*), 3B WCXH2 ,C! *3$! WCX ;72 ,C!

227G+

+HI@,3#2, 11U+, %, ]*2Q), 1+7#UI3 " 1J#38, 10\$, Q, 3%, 38)A#I* )i+ B 351 $>*)\h, *$, !, 6" +18#!
1IP*), 381+, +1$, I#H*8, $! - BIWCXHZ2 , CI*3B#HIWCX ;A2 , CHI=(3$I3 " 1i+1Q%, 5, %, 38*))BI Sl , I8, $18#!
1IP*), 381+, +1IU7E), M, "#3+12#$5, $! 2 BIWCXHZ2 , C\IHHIWCX ; A2, C\#3)BI+ 7#U) , ++1h, J¥>i82 , 38F!
@,3,12#3,)+1*38187 , IQ#+B#3HI6Q@N+)*3$+*3$M, Q, B8P, 1, ), 2, 38+!*h, U3 *8, SF1ODI<I*8, %!
Q)8+ U3 *B3 167 , 1Bi+8E - >8i#31. 70" 7)i" 78, $I$*8*IQ#35+01*3$!, 3HI72 , 381 I#)H#>H0I5#4187 , 18, +8, B!
, 6" HIF)H3TIET 124>+, 17, 3#H2, 117+, $SIH3IWCX; A2, CI*3$#HIWCXHZ2 , Cl 2 *IG+HI<7#U3li+187 , !
, 372, 3H#IWCX ;A2 , CI*3$IWCXHZ2 , CI*81/G - TUIBSHU+I IHP , 13" 187, 1, 38, 1™, 3#2, 1. "%, BOF!
6##>h, $1$*8*1QA38+1I3$II*E, 187, 18#Q! /\/! 7, 3# 201 UI3SHU+! , W7, $! -BI187, 1i3$6J*8, $! , 6" °F!
, 6" +H1+Q, JIIHNHS , I 2#SIBII* 831+, Q*I*8, BHU*US+IE7 , i, +Q, I8P, H+> 2 +81*8, +11U74), 87, 1$>*)!
h,*$, W )#I*)+, +1Qh, SH#203*38)BI8#167, ! 1IP*), IO\2#$ibk, S +8, +!.<, , 1 *)+#!1<>QQ), 2, 38*UB! N&"F!
//7$0FI0DIOP, > " , IS, 3+i8B!QK#SY) , +!*I#>3$IWCXH2 , C\LK, $0I*3$IWCX ;22 , C\2#3#P*), 381, 2)>, 0!
#l24P*), 30\Q, *G+!. "%, , 30FIR*8*13$LI*8, +13J%, *+,$!Q%,5,%, 3T, HOI87 , 1$>*\h, *$, 4, 6" " 1544187 , !
1iP*),381Q, *G+ U7E), ! zi3$3 "I *JIWCXH2 ,C\I *3$!WCX ;2 ,C\H3)B! Q, *G+! i+! +8%#3")Bl %, $>J , $!
<, 1*)H#I<>QQ), 2, 38*UBING"FI//, OF!!

!

AL?6H) (IINI67H# 2RI , 38i5, +187 , 1QUH8 , #2 , I *++#J1*8, $1UB7!G, B I 7I#2*831 2*UG+1i31 2#>+, |
A<!J,))+!

DI =*H Q8+, Qb , +, 3837187, 18#Q! /bl J, ))>)*h I#2Q#3, 38! @ F!8, h2+! , 347, $! *8!WCXH2 , C\l!

WCX;A2,C\ *3$! ziP*), 3YB\2#SEL, S J7HH2*83F O)( @,34#2,! WU+, ,]*2Q),! 5
NVO<WHEO<4e94 ;| JHI*)iH3 ™1 *§1 B3+ : , $! 7i+8#3,1 ™, 3, +1 2%4G, $! Uis7! WCXH2 , CF OD!
W, *82%Q! &, Qh, +, 35*8H3! #5! QuH, 13+ +i"3EI*30)B\, 3I7, $! (3! 87,4 #5 87,1 6TH2R!
.10, 2, 38+1+Q, JBIBHHIWCX ™ 2, C\IWCXH2 , C\LIWCX ;A2 , C\I#H! - 1P*), 39)B\2#S$i5k, $1I 7243
[312#>+ 1A<1], )+LNR""\J#k, J8, $18\8, +8LINR"*Irlbfb/1I3Ir HE3$ , Q, 3%, 38%, QJ*8, +0FID7 , IVN4!
38, 3+81, +1.)#" ;\NGUHP , H3=0<SI*h, +7#USFIKDIL , JUIGI3%)B+i+1: %+ SIH3IQk#S, 13+1: , j#3"13"!
B 2% #4113, ))>)FH JH2QH3, 38 @ F+ 8, 42+11$, 3850, $1 131 %) 6TH2YR! ,]Q, K2 , 38+F! 13SPIS>*)!

QU#8, d3+1*%, H7HU3I*+I3#S, +11, $7 , +U3$LI*8, 438, h* I8l 3+, 8, P, $5H# 2187, I<D" "V 1 @!$*8* 2 *+, !

! Yot



"H)SL 638, I I831+ I, | HIDFT OF1Ak#8, (3+1$,8, 38, BUBI6 THE2YR! , ]Q, W2 , 38+ 1 >813#81%)), B!+ " 3iI* 38!
)% zBI§7, 18\, +81%%, I+ 7H#UII*+ ", BI3#S, +FI<i " 3151I*38)B! , 3KI7 , BIQWHS, 13+!*h, LIS, $I*IIHHSI3 ™!
)& 887,14, xS, %87 ,BI 7P, o, 3i$, 38650, $F! DI W, *82*Q! h, Qh, +, 38F8#3! #5! ($, 385k, B! 5+ I8+
)T JpRHGE, B x+, SIH3RT, WS> I8 3* N8B+ 3B1I)>+8, b, SIFIIHBI3 T 184187, 1II#2Q>8, SIVNL 438, 3+i8L, +!
") )#T;\NBI3=9<SHA¥#,i3+1U, %, 1+,), 38, $! - *+, $I#312(31bFON# " ; \NBU3!*8!), *+81#3, 16 7H#2VR!

") ,10,%2, 38! !

! %$
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J6//7)%)2.+5(A126#)~(

(

J6//7,)%)2.+#5(A126#) (C((

DI GHH>IOH >+, SI8#1I3S, "8, 1%3S! , JQk, ++1, 6" 13 24>+, 148, 217, )+, 6" P38+ %4, |
*PXipF ) I>H3T 7, W A3, UL, *$, b+ S#2*(3+11318%3$, 2FI DK*3 "), +11 V4] 41 +i8, +1 69@1!
GO@@<!QWH2HS, ht! - I#1! - H3I* 1T, QIS , 1 I V<II3>J), SUHI*)H+ #3140 3411, @N4T!, 37*3], $!
“h,,315)>#h, +J,3J, | QI8 (31" A<T1138, h3*) s #+#2%) | 3WB! 8, t! 4961 4>k 2BJ3! 1\9J, 8B)\
B*345, %+, t1; 01 ; O+, J5\J), *P* 1), 1Q, QUS$, FID7, 1; O+, J5\J), *P*:), 10, QBI$, 1, 3% 1), +18#1" , 3, %3, !
,6"+)*JGI3"I@NALUTIITIU, 1>+, SI8#18, +887 , 135>, 3], 5I@N4AIH3! ", 3#2 ,\UIS$, |, 6111313
131<>Q0Q), 2, 35*4BINI*F! ; JF1 ODINOG<I QIS , +1+7H#UIS ™ 1+§% 1), 1*3$1 TH2#" , 3#>+1 QU ++#31 45!
P>+, 6" +HI31 24>+, IA<1], ))i3, +F1OD(=*HQ)#8+! $1+Q)*BI3 " 18, 131 * 1 >3$*3J , +1i3!, 6""1J,))!
i3, +12, >4, $1- BISH , JARIOFIDHQICIQH, J>h+#i+1Q, HQ, Q8IS 1U, 4, 1>+, $I5#Hla>*388B1I*)J>)*§#3!
#14,5,%, 33, QWS (3+1. "%, BO*3$!, 6" \@NAB>HAIIQHS, 131, "%, , 304K, (3+1U, b, 44, b, SIS 2!
71T 71 81 JHUL QU131 *2>3$%3J,F1 <D( E, 48,431 1 )#8l *3*)B+i+! JH2Q*H3 "1 QS 13! ), P, )+ #5!
,3$H#" , 3H>+16=C/1*3$16=C/\, 6" |>H3 " 1*31*34: #$BI+Q, JBII5HHE7 , 16=C/| 6 TH2HSH2*(3]
[313>J), %41, 8*J6+ #2613, B 521 A<I J, )+, TQ¥, ++i3"1 187,187, 1 , @NA#3)B! #4187 ,! 6=C/\
STBTHH2H, 6 I IHIHSIHFIVF 203=/ 1+ 1>+ | I+ *$I3 " LI#3HHF ) EDINOB<I 2, *+54 | 2 | 38+
HIA<IT, NG, HP , $13, SHH3*)IQUt ™, 3B#H1 T, ))+1%58, K1 , 2 -UBHS!  #EBISI++HIBH3I+THUHIS, 387%)!
Q,HJ, 386%™, 1*3SISL+8H SUHBIHELT )+, JQh, +H3 187,13, SHH3%)1+>H5% ], 1 2%4G , § 6R ; HFILA<1J, )+
UK, 1>+, $I%+13, %8P, LI#38#)+F!, 0U3$LI*8, +187,1Q, 4, 38% ™, HSIQH+BIP, 1], ) +1*3$150187 , I6R ; H!
138, 3+i8B1 431 87,1 J,))! QHQ>)*B#3F! 2D KIJWH+IHQBLIZ2* ™ | +1 451 I"($IE" 1 $, WP, B! 3, Sk#3+! +7#U+!
#3303, ++5>)1 BI85, b, 38Bi43! #51 3, >43%)! J,))+! $, WP, B! 52! JH3EkH)! A<! J, )+ *3$! A<! J,))+!
,JQ%, ++3"1, 6"+

|

|

J6//7,)%)2.+#5(A126#) (F((

HDIVIP \J, 2% I3 "1 +7HUI3 ™1 3>J), *H HI*2*8H3! 451 +137), 1 *3$1 $>*)1 , 6"+ 1>J),*H! , @N4!

+, 4P, +1*+1J#300#) 1 * 3B+ 7THU+! | J)>+H# 3N 2 1 208#8I I I T 2#+#2 , +F1<(? 12 *4Ir 101 | 2F19DING] , $\

! %%
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J)H2*3" 1 H2Q* 3™ WCX™ 2, Cl J#I*)i+*8#3! *3$! 6=C/\;|674#2#! ,6""| #I*)+*8#3! 1B
*381: #$B1 +8*1313 "F(OD! 6#2Q*H+#3! 7 ,8U, , 315] , $\J, )1 *3$1)iP,\J, )1 i2* 13" I>+3" 167 ,1 6=C/\
]6THE2#! L6 TUTT)T T8 87,1 +>I8% BB 51 , 6"+ G +8>$B! JHIF)+FUAS] #31 K\QT*+, !
JTHE2H+H2 ,+FI<DIVIP \J, 2% 1371, ]+ 20Q), +1#514+8% 1)B\, JQb, ++, $1$>%)! , 6" +113! 2#>+, | A<!
3, ) HHTHUIB " DI 8H 3181138, §Q 7+, | ITHHDH+#2  +L1>J), %K1, @NAL+, HP, +1%+1 JH3G#) 1 *3$!
FTHUH , JI)>+HASIH2 ] DU JTHEH+#2 | +F1<(? 1 %1 r1 O | 2F1 )D(DBQLI*)(5) 2-+8HQ+ #5182 , \
P<Q+, 15)>#,+3, 30, 2% 13 145IQIAIS, 1Bi3 710, ) +13187 , |@NAI #3811, )) i3, (.DHQUSIH 21 2#PL, !
</01*3$187 , IWCX; A2, Clt, *$, #1.6=c™N, @NA\, 601, JQH, +H3"1J, )3, | =HBH2 U2 24P, |
<;0F16,))+!>3$, h#3 " ISIPLH#3I*, 1Ji), $U3!B, HUI*3$IU, b, 1i2* ", $1*810, 203138, KP*)+!<i?, !
X PO | 20 3D E, 48,431 )#81 $,8, B3 #51 WEr\s*" =, $1 , 6" +1 | K7, $! >+3 "1 1, JH3+48>8, !
3>J), #+#2 , 1248050, $1 B!, 187 , IWCXH2 , CHHIWCX ; A2, CFIA]Q, W2 , 38+1U, %, 1Q , ¥t 2 , $IUIST7!
87%, , 1 IS5, ¥, 381 *2#>30+ #5187, 1 13B1I*8, ! , 6" +! ,JQk, ++, ! Sh#21 +787UFL V581 Q*3, )l +7#U+!
Q>)$HU3H Q, 1512 , $1 >HB"IWCXH2 , C\2#S$L, $! 2#3#3>]), #+#2 , +1 * " *|3+8| DONC\/ ] 47$! #4!
DONC\; J47$!, 6" +1I*3$1" 7810%3, )I>+H3 " IWCX ; A2, CI* " *I3+816 =C /] 6 THE2#1H] ; | 6 T 2#!
(

J6//7,)%)2.+#5(A126#) (G((

+EOD! @, 3#2, 1 WU+, U, ]*2Q), + 5K /1 ]! $#2*13\, 61 *3$! ;1 ]! $H2*I3\, 61 I+ 83!
*J SIS " 184 JTHH 2831 2HSELI* 83 +1*3BI5>)\), 37871 QS , I3+ JH3EFIU3 " 167 , 1%, *$, K S#2*(3+!
U7, %, PR ) FIWE#3, | 2#$EI*0#3+1U ¥, 15,8, 38, $1 2%+, $1#31*38: #$B\6 714\+ , aFl<7#U3!
FHI7 , 6z HBASH2 )i, S, *$IS, 3+BBI*8/bb: QU3 kP*1+FI@, 3, 12#$, )+1*3$17 , IQ#+B# 3151600
[H)*<3+ *3$1 4, Q, 80P, ,), 2,30+ *h, | I3BII*E, $F( OD! GH++\J#, 843! 2*84]! +74#UI3"1 87,
"L 3H2 \UIS, IS 3IS], 6" +HUIBT 71843 , I 2HSIBII 8314, *h+#3i+1I4H , <8431+ J#t, IU*+!
J*)ISPRE, $1 2%+, $IHBNG, *$IIHS38+1%81/1G 1 1138, 4P*)+1 I#P, 3187, 1, 30, 1™, 342, FI*, "I#3+IUIT!
WU 2*QQ* - )I8BI+J#h, +1U i, 1, 24P, SISHH21871+1¥3%)B+i+F1 <Dl <J*8, hQ)#8+1 +7#UI3 " | 13513 " 145!
87,1, 6"+ 8 %))l *3%)B+, $1 J7THF2*BI3! 2XHG+FI R*5*1 Q38+ b, Qf, +, 381 j#™ ; \BH*3+5#42 , $1 b, *$!
I3+ <G /1 G2V I38, HP*)+! X317 1 2+, 1 " 3HD F 4, Fh#3i+] JHh, <8431 J#, 55004, 381 1+
(3$43%8, $F!!

(

! %&



gl
g
"h(
"))
s
g
g
!
"g3
g
"1gg)
g
"1y
"g)!
g
ey
"
"y
ey

gl

me )
meey)

ey
(4]

()
"

J6//7,)%)2.+#5(A126#) (H((

+DIDHQI <I*8, HQJHS+1 JH2Q*H3 ™1 2I3BI3 ™ 1451 , 6" +18# 1I3BI3 " I$*B*1#:8%I3 , BISH2197 , 15>))\), 367!
QU I3+IH3EFIBI3 "7, I, +Q, JBP, Ih, *$, hSH 2 *IB+FI=HH 211<I*88, QU+ IH2Q*H3 " 1 113$I3 " 15!
87, 15>))\), 3"871QU48, I3+18#187, 1k, +Q , JBIP, |I7HH2 %831 2HSBIBLI* Bt 3+FIR*8* Q38+, Qk , +, 38" ;\
B 3+5HH2 , S1t, *$I IS8+ %81 /1 G2 138, UP*)+ X3 7187 , 1 28>+, 17 3H2 LA, *h+#3i+] Ik , ) <83
It 55038, 381 1+ I3SII*E, $F1 ODI W, *81 2*Q+ #51 TH8#3 , | 2HSEI*B#3+ *3$! , 6" 213BI3" 1 8#1 Q, *G+!
IS, 3050, $! %+, SIH31* 34 - #SBI67VA\+, al$*E*ISHHIWCXH2 , CIWCX ;A2 , CI*3$IWCX ™ 2, CAID7 , +, !
b, +>)0+3SII*E, ¥ "HASI* ", , 2, 303! (3B 15!, 6" HIBHIST , | Ak, +QH3BI3 1 2XUGHI 1443, 187!
WCXH2, CI*3SIWCX ;A2 , CIT*P, 1*14+> 2 +§*38%)1#P , H*QI$>, 1841 - (P*), 38)BI 2#$i5i, Sl " 1#3+F10D!
=H]IQHE++THUIZ " 1201 , 3UIT2 , 30+I#5! | 6" +1*3SI 714843 , | 2HSHI*BHI+H*DIQ , *G+1i$, 38051, $!
>H3"IWCXH2 , CIWCX ;A2 , CP3$IWCX ™ 2, CI$*8* 1, §+1.+%2 | +131: (FIAZHI 72, 381+1I*)I>)*8, !
*4UHT S I7*3 ", 1451 6TYANH, alk, *$+ #P il J#th, +QH#3$I3 " 113Q>8 b, *$+F1 =#] , +1$, 3#8, 157, !
38, \a>*4), 113, 1 YL M00 <3S UTIHG, bt /FO1 V6" 'R <Dl =*41 Q#+! +7#UIB™167,1Q, 43, 38%" , 1 45!
T3, | 2HSEI*UH3 Q, *G+! b, SIWCXH2, Cl! "%, ,3IWCX ™2, Cll 1)>,IWCX ;A2 , C0l J#P, %, $! = B!
Q,*G+I$, 305k, $143187,1, 6" 1 67VA\+, al $*8*FIY3Jh, *+, $1 4P, " | 1#5IWCXH2 , C1Q, *G+! =BIS7, !
WCX;A2,Clh, *$, 1+.6=C\, 6" 1I$46\, 6 0I+I$> 54157, 14813 " 4P, )j*Q! - ,8U, , 3IWCX ; /2, C!
*3SIWCXH2 , CIQ, *G+*81 - (P*), 381+8, +1i31 24>+, IA<IT, )HFIGHP 1% ™, IU*+1J%)I5)*8, $1 %+, $I#3!
24 IQFUHAP  §*QQI3 " 187, 1i3$1I*8, $1Q, *Gl+, +1!

|

J6//7,)%)2.+#5(A126#) (1 (

+EOD! =#]! QS+ +THUIB ™, BHIT 2, 38151 JTHH2*HU3! 254G+ %81 Q, *G+11$, 385k, B! >+H3 " 1 IBSIPIS>*)!
LB ISHEF I+ BHEIWIHB#3 , I 2HSIBII*B#3], SHIT2 , B8+I%)I>)%8, SI*+)# ™ ; \s#)$II7*3" , 516 714\+, al
b, *$+HP , HI3Q>8N, *$+HIR 1912 , B7B)*B#31+1%)I>)*8, $I*+1Q, KJ, 36% " , 4512, §7B)*8, $IIB4#+3 , +!
[3187,1Q, *Gll, "i#31>H3"IUTH), 1", 342, 1 :1+>)Q788, 1+, a>, 303" . E@=<0'$*G*F1 =#] , +1$, 348, !
87,1438, Ma>*4gl), | %3, 1 YL 01 *3$! U7i+G, b+ /FO! V6" "FI OD! B7HE2WKK\ =%+, $! +,P, 3\+5%8, !
£,7 2 BPUHIHNT 125+ IAKIT )T, BHD2 1%+ SHBIHSHI T3 1I2XGHI<, "2 | 3E*U#3IU*+]
#28%13, SIS 21A | 6 FRAISE<6!*3$18% 1), 1I3SII*8, +187 , 1 24$, )IQ*4*2 8, !>+, SFI<DI=#]1Q)#8+!

+7#UI3"! ,3KI72, 38! #5! J7H#2*%3! 2*4C+! *3$! , 6 +! *81 §7,! +,P, 31 +8%8, +! #:8*3, $! #2!

! 0"
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BTIHH2WKIKFASKIT2 , 38+1 %%, 1J%)I>)%8, $I*+1 4" s \5#)$1 I7%3" , 1#51 67V4\+ , alk, *$+1#P , #113Q>8!
b, *SHI=#] , +1$, 3#8, 157 , 138, Na>*u), 3, LYL  0*3SIUTIHG , b+1/FONG" FYDI<B*IGC, $I 2 *HIQ)H8+!
FTHUIBT 7,1, 6" X 3SI71+8#3 , 1I2#SEI*UH3IQ, *C\IHP, %™ | ISHH8H: SBH3I* 2#3 " PXii#>+1" | 3#21J!
5, %Gk, +FIGHP, %" IUS+II%)I>)*8, $1 2%+, $I#31 1%+ 1Q%+#P  §*QQI3" 1 ,8U, , 3187,1Q, *G+*3$!
87, 1iBSII*E, $15, *8>h, +F10@ , 32, \UIS, E187, LIHP, ™ | | QUHQHIGIHS #5187 , 1>+, BI5, *E>k, +1i3187 !
Dt 17 3HD FIDI<IFE, SQHS+HHTHUIS 130, %+, $1 213137 1+Q, JBIIBBILS! , 6"+ IH3(313 " 19U
b, *$, HSH2*I3+BHET , 12 (3BI3 ™ 1> 1 4818, +FIR*B*IQ#38+H, Qh, +, 38" 1 \SH)SII7*3 " , +13%)I>)*5, $!
x4, SIH31, XS IH> 30+ %81 /162 138, kP*)+1#51 ;1 ]ISH2XI3!, 6" +1#P, U /1 ]I$H2*13] , 6"+ B\*]i+0!
P>+ 17 \s#)$! | 3HIT2, 381 #51 G7VA! #P 41 (3Q>8! 5HHl T1+8#3,1 254G+ J\FJH0F! 4, *+#3+]
Jtthh <831+ 3BT *E , BF!

!

J6/7,)%)2.+#5(A126#) (K(

+DI NOG<! QI#SI), +1 JH2Q*H3 ™! ,JQk, ++#31 ), P, )1+ *3$!1 | JQh, ++#3! 7#2#" , 3, i8B! (3! 87,1 J,))!
QHQ>P 83! 5441 J, )1 i3, +1 ,JQk, ++3 "1 UY$! 8BQ, | *3$! 2>6%38! , 6"'F! 9! 122>3#5)>#4, +J,3J, !
[3BLI*S, +IHI*)E 83451 UYSIBBQ , 1*3$1 2>6%381, 6" +1i31UNS$!8BQ , 1A<1J, )+ *3$1U)$I8BQ, !, 6"+
[31258%3813, )3, 1.4+, ~\XFI*3$D) " *NDXFOFI<i?, | =% rlO! | 2F0D@, 3#2 , 1 :k#tU+, 1, ]*20), !
A -+ 451 < (I3 7 14651 258% 30K =R\, 6"+ 8#1 48, +1 , 34I7, $! :BIUYSIBQ, | , 6"+ <7#U3!+187 !
JisFHBASHH2 )it , B! b, *$! $,3+8B! *8! /bb:Q! i38,HPF1HF <D WAVE\K<! 2,*+>%, 2,381 #I
2 ,87B)JBB#H3, 1*3S1IBBHH3, LIBBII*E, +1% 2+, 3], 512 §7B)*U#313187, 1) "*INDXFLIHS, +1>+, B!
7%, FLAKKER - *4+1$, 348, 1+§*3SXUSIS , PIFSH3ISH2187%, , 113$,Q, 3%, 38!k, QUJ*8, 12, *+>4, 2, 36+
IIE , 48, §31 JHBI* 3% B+ IP*)i$*8, H)#++HBIWCX ;A2 , CU3RT , 14+, ~\X LI, )3, +FIWEH#3 , IW/1*3$!
WCH+, P, 1<+ 4*$13 | J#3844)+F1301 < I8, BQ)#8+ 1+ THULS " DH-++1#51 - [3$13 " 18#1 I THE2 %83 1+> - +§)%5 , +]
S#H UDS! 6=CN\GTHE2A! #1 K=R\:*+,$! 6"+ {31 J,))! i3, +! J*JGI3"1 WCX;~2,C! #il R19!
2, 87B) 843114, +Q , JBP , BFI<7HU3I 4, ™ ;\#)$1I7*3" , +1 18U, , 31,6+ 2*QQ, $1i31 U)$!8BQ, !
*3$I258% YA, ) +LBVFIH0IP, k+>+187 , 1, +Q, JUP , 1245 *8i#3U3IUYSHBOQ, 1, ))+L.]\<]H+0!, 187, 1!
*4)#" \S!, BHIT2 , 38H5 783, | 2HGIEI*HI+HHP  H1ISQ>81 I 72 * UL HI*) I3 , 383!
#1 2 87B\GQ@+! J#" 111! /bb:Q! %+, $! #31 E@=<! $*5*0! 544 K=R\, 6"+ R*§*1 Q#38+! *}, !

J*)ISPFE, $1 %+, 317G 1438, HP*) 41!

! "(
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Figure 1 - Nuclear and genomic localisation indicates correct eCR interactions with the genome

a) Top: chromatin reader domains used in this study and their specificities towards chromatin marks. Bottom: schematics of constructs
utilised to generate mouse embryonic stem cells expressing engineered chromatin readers (eCRs). eCRs are composed of single or
dual chromatin reader domains fused in frame to eGFP and a biotin acceptor site (see also Supplementary Fig. 1a). b) Recombinase-
Mediated Cassette Exchange (RMCE) followed by double selection (Ganciclovir and Puromycin) was applied to generate stable
integration of the expression construct at a defined site in the mouse genome. Stably expressed eCRs are in vivo biotinylated by a
bacterial BirA ligase. c) Live imaging shows nuclear localisation of single and dual eCRs in mouse ES cells. Nuclear eGFP serves as
control (See also Supplementary Fig. 2). Size bars = 5 ym. d-f) Genome browser examples showing correct localisation of eCRs
according to chromatin modifications detected by antibody-ChIP-seq and DNA methylation by MeDIP-seq. For histone-PTM readers,
only eCRs with two reader domains are shown (See supplementary Fig. 3 for single-domain eCRs). Shown is the library-normalised
read density at 100bp intervals. Gene models and the position of CpG islands and repetitive elements are indicated. g) Pearson
correlation score obtained from comparisons of eCRs with chromatin modifications at selected genomic intervals positive for the
interrogated chromatin modifications.
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Figure 2 - Functional analysis indicates dependency on reader domains and modifications for correct eCR localisation.

a-b) Genome browser examples for loss of binding of mutant-eCRs to sites enriched by wild type eCRs. Shown is the library-
normalised read density at 100bp intervals. Gene models and the position of CpG islands and repetitive elements are indicated.

c) Genome browser example for loss of CBX7-2xChromo-eCR binding to the genome in absence of H3K27me3 in Eed-KO cells.
d) Box plots showing loss of binding of mutant eCRs to sites bound by their wild-type versions. In addition, removal of binding
substrates such as DNA methylation (Dnmt-TKO) or H3K27me3 (Eed-KO) results in loss of binding of wild-type eCRs to the
corresponding sites. Shown are log2-FC enrichments at peak regions identified for the wild-type eCRs in wild type cells. Boxes
denote the IQR and whiskers 1.5 IQR. e) Heatmap showing the histone-PTM log2-FC enrichment scores obtained from CBX1-
2xChromo and TAF3-2xPhd eCR ChlIP. Histone-PTMs are clustered based on enrichment scores. Colour code below the heatmap
indicates histone isoforms and modification types detected in this assay. f-g) Bar plots showing enrichment/depletion for selected
histone-PTMs, and the effect of combinatorial serine-10 phosphorylation on CBX1-2xChromo binding. Error bars indicate the

standard deviation from two independent replicate measurements.
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Figure 3 - ChromID identifies proteins associated with H3K9me3 and DNA methylation.

a) Schematic describing ChromID using engineered chromatin readers fused to promiscuous
biotin ligases (BioL). b) Volcano plot showing ChromID results obtained using the CBX1-eCR
-BASU targeting H3K9me3 over a reader-free nuclear BASU (nBASU) control. Statistically-
enriched proteins are indicated (FDR-corrected t-test, FDR = 0.01, n = 4 independent replicates).
Peptides used to identify CBX1 match the Chromodomain used in the eCR. c) Bar plots
representing the top 10 cellular component GO terms enriched by CBX1-eCR-BASU. The
combined score is calculated by multiplying the In(p-value) from Fisher's exact test and the
z-score. d) Heatmap representation of significantly enriched proteins captured with the 5SmC-
reader (MBD1-eCR-BASU) and compared to results obtained using a mutant 5mC-reader
(R22A-eCR-BASU). Shown are average LFQ intensities (log2-FC) from four independent
measurements. Peptides used to identify MBD1 match the MBD domain used in the eCR.

e) Same as in ¢, but for proteins enriched by MBD1-eCR-BASU.






















































