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IDSC NG:7s #CZ CZZ;KZ TS[ RTS[YE BCZ WJESTRDSCZ BuKS[CYS;QKZ;[KTS B;SZ BCZ SC¥YTSCZ ;BO;@CS[Z ;¥ 
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TSZC[ TH RT[TY @QKSK@;Q ZKISZ ;SB ZKRKQ;Y k¦ZcS¥@QCKS ;Q[CY;[KTSZ KS KST@¥Q;[CB RK@Cs !@@CQCY;[KTS TH 

[JC W;[JTQTIc HTQQTaKSI KST@¥Q;[KTS TH RK@C ?c [KZZ¥CZ HYTR ZcRW[TR;[K@ RK@C ;HHC@[CB ?c ; 

ZcS¥@QCKSTW;[Jcp Z¥WWTY[Z [JC KBC; TH ; vWYKTS¦QKPCw WYTW;I;[KTS TH k¦ZcS¥@QCKS ;Q[CY;[KTSZs 

 

).31/$4#3)/. 

0;[JTQTIK@;Q ;@@¥R¥Q;[KTS TH RKZHTQBCB SC¥YTS;Q WYT[CKSZp QC;BKSI [T ZcS;W[K@ BcZH¥S@[KTS 

;SB @CQQ BC;[Jp KZ ;ZZ¥RCB [T WQ;c ; @CS[Y;Q YTQC KS [JC W;[JTICSCZKZ TH R;Sc SC¥YTBCICSCY;[K`C 

BKZTYBCYZs (TaC`CYp WYKTS BKZC;ZCZ ;YC BKZ[KSI¥KZJ;?QC HYTR T[JCY Z¥@J BKZC;ZCZ ?c [JC H;@[ [J;[ [JCc 

@;S ?C [Y;SZRK[[CB ?C[aCCS KSBK`KB¥;QZ ;SB ;@YTZZ ZWC@KCZs 4JC RKZHTQBCB ;SB ;IIYCI;[CB HTYR TH 

[JC WYKTS WYT[CKS KZ STa ;@@CW[CB [T ?C [JC R;OTYp KH ST[ TSQcp @TRWTSCS[ [J;[ WYTW;I;[CZ [JCZC 

BKZC;ZCZ ?c KSB¥@KSI @TS`CYZKTS TH [JC STYR;Q JTZ[ WYKTS WYT[CKS KS[T K[Z W;[JTQTIK@;Q @TSHTYRCY 

̃0Y¥ZKSCY ›•¶fi’s 4JKZ YCZ¥Q[Z KS WYTW;I;[KTS TH [JC RTQC@¥Q;Y ;Q[CY;[KTSZ TH [JC WYKTS WYT[CKSp 
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KS@Q¥BKSI KSZTQ¥?KQK[c KS STS¦KTSK@ BC[CYICS[Z ;SB W;Y[K;Q YCZKZ[;S@C [T WYT[C;ZC BKICZ[KTSs !Q[JT¥IJ 

0;YPKSZTSuZ BKZC;ZC ̃0$’p BCRCS[K; aK[J ,Cac ?TBKCZ ̃$,"’ ;SB R¥Q[KWQC ZcZ[CR ;[YTWJc ̃-3!’ ;YC 

ST[ KSHC@[KT¥Z W;[JTQTIKCZp [JC WYT@CZZCZ QC;BKSI [T [JC BC`CQTWRCS[ TH KS[Y;@CQQ¥Q;Y k¦ZcS¥@QCKS ̃k¦

ZcS’ KS@Q¥ZKTSZ [JYT¥IJ [JC SCY`T¥Z ZcZ[CR TH W;[KCS[Z aK[J ZcS¥@QCKSTW;[JKCZ ;YC YCRKSKZ@CS[ TH 

[JTZC T?ZCY`CB KS WYKTS BKZC;ZC WYTIYCZZKTSs 2C@CS[ Z[¥BKCZ Z¥IICZ[CB [JC CbKZ[CS@C TH @TRRTS 

RC@J;SKZRZ ¥SBCYQcKSI [JC WYTW;I;[KTS TH k¦ZcS ;SB WYKTS WYT[CKS ;Q[CY;[KTSZ ̃3T[T <O 7E^ fi‹‹¶q 

!I¥ddK fi‹‹•q +Y;RRCY <O 7Es fi‹‹•q -KQQCY fi‹‹•q /Q;STa <O 7E^ fi‹‹•q !SIT[ <O 7E^ fi‹›‹q &YTZ[ <O 7Es 

fi‹›‹’s )SZWKYCB ?c [Y;SZRKZZKTS Z[¥BKCZ TH WYKTS BKZC;ZCZp aC KS`CZ[KI;[CB [JC WT[CS[K;Q ;?KQK[c TH k¦

ZcS ?KT@JCRK@;Q ;Q[CY;[KTSZ [T [Y;SZHCY ?c KST@¥Q;[KTS HYTR TSC RT¥ZC [T ;ST[JCYs 

 

-!3%1)!,2 !.$ -%3(/$2 

 

!NGM8L ;GO8TT8ZT 

&TY [JKZ Z[¥Bcp aC ¥ZCB ; [Y;SZICSK@ RT¥ZC RTBCQ TH ZcS¥@QCKSTW;[Jcp S;RCB QKSC 4I-¶flp 

[J;[ T`CYCbWYCZZCZ J¥R;S !†fl4 k¦ZcS¥@QCKS ̃"‡q #fl(¦4Ĩ3.#!’¶fl6QCz* HYTR 4JC *;@PZTS ,;?TY;[TYc’ 

̃'K;ZZTS <O 7E^ fi‹‹fi’s !H[CY ?CKSI ;S;CZ[JC[KdCB ?c KZT¦HQ¥TY;SC KSJ;Q;[KTSp ‡ aCCPZ TQB JTRTdcIT¥Z 

4I-¶fl RK@C aCYC KST@¥Q;[CB KS[Y;@CYC?Y;QQc ̃Ks@s’ aK[J fi‹ ́Q TH ›” ?Y;KS JTRTICS;[CZ T?[;KSCB 

CK[JCY HYTR TQB ZcRW[TR;[K@ 4I-¶fl RK@C TY HYTR cT¥SI 4I-¶fl RK@C C¥[J;SKdCB aJCS fi RTS[JZ TQBp 

aCQQ ?CHTYC [JC TSZC[ TH @QKSK@;Q ZKISZ QKSPCB [T k¦ZcS W;[JTQTIcs 4JCZC CbWCYKRCS[;Q IYT¥WZ aCYC 

@TRW;YCB aK[J ; @TJTY[ TH STS¦KST@¥Q;[CB 4I-¶fl RK@C ;SB aK[J ZTRC ;IC¦R;[@JCB @TS[YTQZ 

@TSZKZ[CB TH STS¦KST@¥Q;[CB 4I-¶fl RK@C C¥[J;SKdCB aJCS ‡ RTS[JZ TQBs &KS;QQcp [JC WT[CS[K;Q 

[TbK@K[c TH [JC KST@¥Q;p KSBCWCSBCS[Qc TH [JC [Y;SZRKZZKTS TH k¦ZcS ;Q[CY;[KTSZp a;Z @TS[YTQQCB ?c Ks@ 

KST@¥Q;[KTS TH ; IYT¥W TH #†·"Qz‡ RK@Cp WYCZCS[KSI ; BCQC[KTS TH [JC k¦ZcS QT@¥Z ̃3WC@J[ <O 7E^ fi‹‹›’p 

aK[J ; ?Y;KS JTRTICS;[C HYTR TQB ZcRW[TR;[K@ 4I-¶fl RK@Cs 4JC ;SKR;QZ aCYC @;YCB HTY ;SB JT¥ZCB 

KS T¥Y ;WWYT`CB CbWCYKRCS[;Q H;@KQK[KCZ ̃S¤!‡•fl¶·‹¶›’p KS ;@@TYB;S@C aK[J [JC %# $KYC@[K`C 

¶‡z‡‹•z%%# HTY ;SKR;Q CbWCYKRCS[Z ;SB aK[J [JC 2CIKTS;Q #TRRK[[CC HTY %[JK@;Q %bWCYKRCS[;[KTS TS 

!SKR;QZ ̃WYT[T@TQ S¤•¶’s -K@C aCYC Z¥WWQKCB aK[J HTTB ;SB BYKSP 7; EB9BOPF ;SB @JC@PCB [aK@C ; 

aCCPs /S@C [JCc WYCZCS[CB @QKSK@;Q ZKISZp ;SKR;QZ aCYC RTSK[TYCB B;KQc ;SB C¥[J;SKdCB ?c 

;BRKSKZ[CYKSI ; QC[J;Q BTZC TH ZTBK¥R WCS[T?;Y?K[;Q [T ;`TKB Cb@CZZK`C W;KSs "Y;KSZ aCYC YCRT`CB 

;SB Z[TYCB ;[ ¦¶‹¤# ¥S[KQ 7CZ[CYS¦?QT[ ;S;QcZCZs 

 

%YUS8<UGON OD alTZN 

fi‹” ?Y;KS JTRTICS;[CZ aCYC WYCW;YCB KS JKIJ Z;Q[ ?¥HHCY ̃†‹ R- 4YKZ (#Q W( ·s†p ·†‹ R- 

.;#Qp †R- %$4!p ›R- $44’ @TS[;KSKSI ›” WJTZWJ;[;ZC ̃0KCY@C } YCH ·¶‒fi¶’ ;SB WYT[C;ZC ̃3KIR; } 
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0fi·›‒’ KSJK?K[TY @T@P[;KQZs 3;RWQCZ aCYC @CS[YKH¥ICB ;[ QTa ZWCCB ̃›p‹‹‹bI } † RKS ;[ »‒¤#’s fi‹‹ ́Q TH 

Z¥WCYS;[;S[Z aCYC KS@¥?;[CB KS .¦Q;¥YTcQZ;Y@TZcQ ;[ ; HKS;Q @TS@CS[Y;[KTS TH ›‹” ?CHTYC ?CKSI 

¥Q[Y;@CS[YKH¥ICB ;[ ‒‡†p‹‹‹bI ̃› JT¥Y ;[ »‒¤#’ T`CY ; ›‹” Z¥@YTZC @¥ZJKTSs 0CQQC[Z ̃BC[CYICS[¦

KSZTQ¥?QC z 3$3¦ZTQ¥?QC HY;@[KTS’ aCYC YCZ¥ZWCSBCB KS †‹ ́Q TH 4$‒fi›† ?¥HHCYs 

 

6?TU?SNl;LOU 8N8LZTGT 

!H[CY JC;[ BCS;[¥Y;[KTS HTY † RKS¥[CZ ;[ ›‹‹¤# KS 4$‒fi›† ?¥HHCYp WYT[CKSZ HYTR ?Y;KS Cb[Y;@[Z 

aCYC ZCW;Y;[CB ?c CQC@[YTWJTYCZKZ ¥ZKSI ›†” 3$3¦WTQc;@YcQ;RKBC ICQZ ?CHTYC ?CKSI CQC@[YT?QT[[CB TS 

[T 06$& RCR?Y;SCZ ̃"KT2;B’s )RR¥STBC[C@[KTS TH k¦ZcS a;Z WCYHTYRCB aK[J ; Y;??K[ R!? [J;[ TSQc 

BC[C@[Z J¥R;S k¦ZcS WJTZWJTYcQ;[CB TS ZCYKSC ›fi• \›r›‹‹‹‘ ̃!?@;R } YCH ;?†›fi†fl’s !RT¥S[Z TH 

WYT[CKSZ QT;BCB ?c Q;SC aCYC ;ZZCZZCB ?c [JC BC[C@[KTS TH '!0$( ¥ZKSI ; RT¥ZC R!? \›r›‹ ‹‹‹‘ 

̃-KQQKWTYC’s -CR?Y;SCZ aCYC [JCS KS@¥?;[CB aK[J (20¦@TSO¥I;[CB IT;[ ;S[K¦RT¥ZC ̃0KCY@C YCH 

flfi‒fl‹’ TY ¦Y;??K[ ̃0KCY@C } YCH flfi‒‡‹’ ZC@TSB;Yc ;S[K?TBKCZs 4JC KRR¥ST@TRWQCbCZ aCYC `KZ¥;QKdCB 

aK[J @JCRKQ¥RKSCZ@CS[ YC;ICS[Z ̃%#, !RCYZJ;R’p HTQQTaCB ?c CbWTZ¥YC TS "KTR;b -2 +TB;P HKQRZ 

TY ?c ;S;QcZKZ ¥ZKSI [JC 6CYZ; $T@ ZcZ[CR ̃"KT¦2;B’ ;SB 1¥;S[K[c /SC ZTH[a;YC ̃"KT¦2;B’s 4JC 

;WW;YCS[ RTQC@¥Q;Y aCKIJ[Z aCYC BC[CYRKSCB ?c @TRW;YKSI [JC WTZK[KTSZ TH [JC ?;SBZ aK[J ; 

?KT[KScQ;[CB R;YPCY ̃3KIR; } "fi·¶·’s 
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#TRW;YKZTSZ TH [JC Z¥Y`K`;Q BKZ[YK?¥[KTSZ ?C[aCCS [JC CbWCYKRCS[;Q IYT¥WZ ;SB [JC STS¦

KST@¥Q;[CB 4I-¶fl @TS[YTQZ aCYC ;ZZCZZCB ?c ;WWQcKSI ,TI¦2;SP [CZ[Zs 3¥Y`K`;Q @¥Y`CZ aCYC T?[;KSCB 

?c +;WQ;S¦-CKCY RC[JTBs 

 

1%24,32 

! [Y;SZICSK@ RT¥ZC RTBCQ TH ZcS¥@QCKSTW;[Jc S;RCB 4I-¶fl ̃'K;ZZTS <O 7E^ fi‹‹fi’p aJK@J 

ZWTS[;SCT¥ZQc BC`CQTWZ ZC`CYC RT[TY @QKSK@;Q ZKISZ ?C[aCCS ›‹ ;SB fifi RTS[JZ ;ZZT@K;[CB aK[J [JC 

T`CYCbWYCZZKTS TH J¥R;S !†fl4 k¦ZcSp a;Z ¥ZCB HTY [JKZ Z[¥Bc ̃&KI ›’s 4JKZ BY;Z[K@ RT[TY WJCST[cWC KS 

;ICB 4I-¶fl RK@Cp @J;Y;@[CYKdCB ?c YCB¥@CB ;R?¥Q;[KTS QKSPCB [T W;Y[K;Q JKSB QKR? W;Y;QcZKZp Z[KHHSCZZ 

TH [JC [;KQp ;SB WYTZ[Y;[KTSp a;Z @TYYCQ;[CB aK[J @CYC?Y;Q ;@@¥R¥Q;[KTSZ TH W;[JTQTIK@;Q k¦ZcSr 

7CZ[CYS¦?QT[ ;S;QcZCZ TH [JCZC ZcRW[TR;[K@ RK@C YC`C;QCB [JC WYCZCS@C TH KSZTQ¥?QC HTYRZ TH k¦ZcS 

̃RTSTRCYK@ HTYR ;SB RTQC@¥Q;Y ZWC@KCZ aK[J YC[;YBCB CQC@[YTWJTYC[K@ RT?KQK[c’p WJTZWJTYcQ;[CB TS 

ZCYKSC YCZKB¥C ›fi• ̃W3CY›fi• k¦ZcS’ ̃&KI fi’s  
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! ?Y;KS JTRTICS;[C ̃›‹” a[z`TQ’ WYCW;YCB HYTR ;S ;ZcRW[TR;[K@ 4I-¶fl RT¥ZCp 

C¥[J;SKdCB aJCS fi RTS[JZ TQB ?CHTYC [JC TSZC[ TH [JC k¦ZcS W;[JTQTIcp a;Z KST@¥Q;[CB 

KS[Y;@CYC?Y;QQc ̃Ks@s’ KS[T ‡ aCCP¦TQB 4I-¶fl RK@C ̃4;?QC ›’s 7CZ[CYS¦?QT[ Z[¥BKCZ TH [JKZ KST@¥Q¥R BKB 

ST[ BC[C@[ ;Sc KSZTQ¥?QC W3CY›fi• k¦ZcSp KSBK@;[KSI [J;[ [cWK@;Q k¦ZcS RTQC@¥Q;Y ;Q[CY;[KTSZ J;B ST[ 

cC[ T@@¥YYCB KS [JKZ RT¥ZC ̃&KI fi’s 3[;[KZ[K@;Q ;S;QcZCZ H;KQCB [T ZJTa ;Sc ZKISKHK@;S[ BKHHCYCS@C 

̃W…‹sfi·fl’ KS [JC BKZ[YK?¥[KTSZ TH Z¥Y`K`;Q [KRCZ ?C[aCCS 4I-¶fl RK@C KST@¥Q;[CB aK[J [JKZ ?Y;KS 

JTRTICS;[C HYTR ;S ;ZcRW[TR;[K@ RT¥ZC ̃RCBK;S fl†• B;cZ’ ;SB STS¦KST@¥Q;[CB 4I-¶fl RK@C 

̃RCBK;S ‒fl† B;cZ’ ̃&KI ›p [;?QC ›’s  
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Non-inoculated TgM83

TgM83 inoculated with asymptomatic brain (2m)

TgM83 inoculated with symptomatic brain (12m)

TgM83 inoculated with symptomatic brain (18m)

&GEgxf n!o 3¥Y`K`;Q [KRCZ TH 4I-¶fl RK@C KST@¥Q;[CB aK[J ?Y;KS JTRTICS;[CZ @TS[;KSKSI k¦ZcS ;Q[CY;[KTSZ HYTR 
ZcRW[TR;[K@ RK@C aJK@J BKCB HYTR ; ZcS¥@QCKSTW;[Jc aJCS ›fi ̃YCB BT[[CB QKSC’ TY ›¶ ̃YCB @TS[KS¥T¥Z QKSC’ RTS[JZ 
TQBs !ST[JCY IYT¥W TH 4I-¶fl RK@C a;Z KST@¥Q;[CB aK[J ; ?Y;KS JTRTICS;[C HYTR ;S ;ZcRW[TR;[K@ RT¥ZC aK[J ST k¦
ZcS ;Q[CY;[KTSp C¥[J;SKdCB aJCS fi RTS[JZ TQB ̃?Q¥C @TS[KS¥T¥Z QKSC’s .TS¦KST@¥Q;[CB 4I-¶fl RK@C aCYC KS@Q¥BCB ;Z 
@TS[YTQZ ̃?Q;@P @TS[KS¥T¥Z QKSC’s 4JCZC Z¥Y`K`;Q @¥Y`CZ aCYC @TSZ[Y¥@[CB ;@@TYBKSI [T [JC +;WQ;S¦-CKCY RC[JTB 
n"o 0JT[TIY;WJ TH ; ›fl• B;c¦TQB 4I-¶fl RT¥ZC KST@¥Q;[CB aK[J ?Y;KS JTRTICS;[C TH ;S ;ICB ZcR[TR;[K@ 4I-¶fl 
RT¥ZCs 4JKZ RT¥ZC ZJTaZ ;[ •· B;cZ WTZ[¦KST@¥Q;[KTS ;S ;Y@JCB ?;@Pp W;Y;QcZKZ TH [JC JKSB QKR?Z ;SB KRW;KYCB 
YT[;[KTS [T ¥WYKIJ[ WTZ[¥YCp ;Z BCZ@YK?CB KS TQB ¥SKST@¥Q;[CB 4I-¶fl RK@C 
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7C [JCS KS`CZ[KI;[CB [JC WTZZK?QC [Y;SZRKZZKTS TH k¦ZcS ;Q[CY;[KTSZ KS fi CbWCYKRCS[;Q IYT¥WZ 

TH 4I-¶fl RK@C ?c @J;QQCSIKSI [JCR Ks@s aK[J fi BKHHCYCS[ ?Y;KS JTRTICS;[CZp WYCW;YCB HYTR fi 4I-¶fl 

RK@C C¥[J;SKdCB HTQQTaKSI [JC T?ZCY`;[KTS TH @QKSK@;Q ZcRW[TRZ ;[ ›fi ;SB ›¶ RTS[JZp YCZWC@[K`CQcs 

4JC WYCZCS@C TH @J;Y;@[CYKZ[K@ RTQC@¥Q;Y ;Q[CY;[KTSZ TH k¦ZcS KS C;@J TH [JCZC fi RT¥ZC ?Y;KSZ a;Z 

@TSHKYRCB ?c 7CZ[CYS¦?QT[ ;S;QcZCZ ̃&KIs fi’s .T ZKISKHK@;S[ BKHHCYCS@C KS [JC Z¥Y`K`;Q [KRC 

BKZ[YK?¥[KTSZ a;Z HT¥SB ?C[aCCS [JC fi IYT¥WZ TH RK@C KST@¥Q;[CB aK[J ?Y;KS JTRTICS;[CZ HYTR [JC fi 

BKHHCYCS[ TQB ZcRW[TR;[K@ 4I-¶fl RK@C ̃W…‹s‒‡‒’ ̃&KI ›’s #TS`CYZCQcp BC;[J KS ?T[J CbWCYKRCS[;Q 

IYT¥WZ KST@¥Q;[CB aK[J ;Q[CYCB k¦ZcS T@@¥YYCB ZKISKHK@;S[Qc C;YQKCY [J;S KS STS¦KST@¥Q;[CB 4I-¶fl 

RK@C ̃W‰‹s‹‹‹› KS ?T[J @;ZCZ’ ̃&KI ›’s 4JC RCBK;S Z¥Y`K`;Q [KRCZ aCYC ›•fl ;SB ›¶fi B;cZ ̃¢‡ RTS[JZ’ 

YCZWC@[K`CQcp @TRW;YCB [T ‒fl† B;cZ ̃¢›‒s† RTS[JZ’ KS STS¦KST@¥Q;[CB 4I-¶fl RK@C ̃4;?QC ›’s 

)ST@¥Q;[KTS aK[J 4I-¶fl RT¥ZC ?Y;KS JTRTICS;[CZ ZJTaKSI k¦ZcS ;Q[CY;[KTSZ [JCYCHTYC QCB [T ; 

@TSZKBCY;?QC YCB¥@[KTS KS Z¥Y`K`;Q [KRCZ ;SB KST@¥Q;[CB RK@C J;B [T ?C Z;@YKHK@CB ¢¶s† RTS[JZ C;YQKCY 

[J;S STS¦KST@¥Q;[CB RK@Cs -TYCT`CYp [JC Y;SICZ ?C[aCCS BC;[J TH [JC HKYZ[ ;SB Q;Z[ 4I-¶fl RK@C KS 

[JCZC fi CbWCYKRCS[;Q IYT¥WZ ̃›†‒¦fi›¶ ;SB ›‡‹¦flfi¶ B;cZ YCZWC@[K`CQc’ aCYC ZR;QQCY [J;S KS [JC STS¦

KST@¥Q;[CB @TS[YTQZ ̃fi•¶¦‡¶‹ B;cZ’ ̃4;?QC ›’s4I-¶fl RK@C KSHC@[CB aK[J KST@¥Q; WYCW;YCB HYTR TQB 

ZcRW[TR;[K@ 4I-¶fl RK@C BC`CQTWCB @QKSK@;Q ZKISZ @J;Y;@[CYKZ[K@ TH [JC ZcS¥@QCKSTW;[Jc KS [JKZ RTBCQs 

  

Hosts
and number of mice in the experiments

Sources of inocula
Survival times distributions

Median age atdeath [min ; max] in days

Non-inoculated TgM83 20 / 435     [298 ; 680]

Inoculated TgM83

11 Asymptomatic TgM83 (2m) 359     [162 ; 674]  *

10 Symptomatic TgM83 (12m) 193     [154 ; 218]

12 Symptomatic TgM83 (18m) 182     [160 ; 328]

Inoculated C57Bl/6 Δ α-syn 10 Symptomatic TgM83 (18m) **

38;L? x -CBK;SZ ;SB Y;SICZ TH [JC Z¥Y`K`;Q [KRCZ BKZ[YK?¥[KTSZ TH 4I-¶fl RK@C KST@¥Q;[CB aK[J ?Y;KS JTRTICS;[CZ 
@TS[;KSKSI k¦ZcS¥@QCKS ;Q[CY;[KTSZ TY ST[ 

¡ 4JC Q;Z[ RT¥ZC TH [JKZ CbWCYKRCS[;Q IYT¥W a;Z Z[KQQ ;QK`C ;H[CY ‡·‒ B;cZr [JKZ RT¥ZC a;Z ST[ @TSZKBCYCB HTY [JC 
@TRW¥[;[KTS TH [JC Z¥Y`K`;Q [KRCs 4JC ›‹[J RT¥ZC BKCB ;[ †fi· B;cZ  
¡¡ !QQ [JC RK@C TH [JKZ CbWCYKRCS[;Q IYT¥W aCYC Z[KQQ ;QK`C ;H[CY fl†• B;cZ 
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4JC C;YQc TSZC[ TH @QKSK@;Q ZcRW[TRZ KS 4I-¶fl RK@C KST@¥Q;[CB aK[J ?Y;KS JTRTICS;[CZ 

@;YYcKSI ;Q[CYCB k¦ZcS a;Z YCQK;?Qc @TYYT?TY;[CB aK[J [JC WYCZCS@C TH [cWK@;Q RTQC@¥Q;Y HC;[¥YCZ TH 

[JC k¦ZcS W;[JTQTIcr 7CZ[CYS¦?QT[ ;S;QcZCZ TH [JCZC KST@¥Q;[CB RK@C YC`C;QCB ;S C;YQc ;@@¥R¥Q;[KTS 

TH W3CY›fi• k¦ZcS KS [JC BC[CYICS[¦KSZTQ¥?QC HY;@[KTSp aK[J [JC Z;RC RTQC@¥Q;Y HC;[¥YCZ ;Z [JTZC 

WYC`KT¥ZQc T?ZCY`CB KS STS¦KST@¥Q;[CB 4I-¶fl RK@C C¥[J;SKdCB HTQQTaKSI [JC BC`CQTWRCS[ TH @QKSK@;Q 

ZKISZ ̃&KI fi’s /S [JC @TS[Y;Ycp ST RTQC@¥Q;Y ;Q[CY;[KTS TH k¦ZcS @T¥QB ?C BC[C@[CB KS STS¦KST@¥Q;[CB 
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;BTW[CB [JC WYT@CB¥YCZ ¥ZCB [T @J;Y;@[CYKdC WYKTS BKZC;ZCZ [T KS`CZ[KI;[C [JC WT[CS[K;Q 
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;SKR;Q RTBCQp T[JCY KS `K[YT T?ZCY`;[KTSZ J;`C ;QYC;Bc JKIJQKIJ[CB ZKRKQ;YK[KCZ ?C[aCCS 

ZcS¥@QCKSTW;[JKCZ ;SB WYKTS BKZC;ZCZs 4J¥Zp YC@CS[ Z[¥BKCZ J;`C Z¥@@CZZH¥QQc YCWYTB¥@CB [JC 

KSB¥@[KTS TH KS[Y;@CQQ¥Q;Y k¦ZcS ;IIYCI;[KTS KS @¥Q[¥YCB @CQQZr CbTICST¥Z HK?YKQZ ;BBCB [T [JC @¥Q[¥YC 

RCBK¥R ZCCBCB [JC BC`CQTWRCS[ TH KS[Y;@CQQ¥Q;Y KS@Q¥ZKTSZ `K; [JC YC@Y¥K[RCS[ TH @c[TWQ;ZRK@ k¦ZcS 

CbWYCZZCB ?c SC¥YT?Q;Z[TR; @CQQZ ̃$;SdCY <O 7E^ fi‹‹·q ,¥P <O 7E^ fi‹‹•q 7;bR;S <O 7E^ fi‹›‹’ TY 

WYKR;Yc @TY[K@;Q SC¥YTSZ ̃$;SdCY <O 7E^ fi‹‹•’s #T¦@¥Q[¥YC TH BTSTY @CQQZ T`CYCbWYCZZKSI [;IICB k¦ZcS 

aK[J YC@CW[TY @CQQZ ;QZT JKIJQKIJ[CB [JC HTYR;[KTS TH W;[JTQTIK@;Q KS@Q¥ZKTSZ [JYT¥IJ SC¥YTS¦[T¦
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ZcS¥@QCKSTW;[Jcp KSBK@;[KSI [J;[ KST@¥Q;[CB 4I-¶fl RK@C @T¥QB ?C ¥ZCB [T ;@JKC`C H¥Y[JCY 

CbWCYKRCS[Z KS ; ZJTY[ WCYKTB TH [KRCs 4JC BY;Z[K@ YCB¥@[KTSZ KS RCBK;SZ ;SB Y;SICZ TH [JC Z¥Y`K`;Q 

[KRCZ aCYC @TYYCQ;[CB aK[J [JC ;WWC;Y;S@C TH @J;Y;@[CYKZ[K@ @QKSK@;Q ZKISZ ;SB ?KT@JCRK@;Q ;Q[CY;[KTSZ 

@TSZKZ[CS[ aK[J [JC k¦ZcS W;[JTQTIcs )[ KZ ST[ cC[ PSTaS aJC[JCY ZKRKQ;Y YCZ¥Q[Z @T¥QB ?C T?[;KSCB KS 

CbWCYKRCS[;Q ZK[¥;[KTSZ aJCYC [JC aKQB¦[cWC J¥R;S k¦ZcS KZ CbWYCZZCBs 4JCZC B;[; Z¥IICZ[ [J;[ k¦

ZcS ;Q[CY;[KTSZ @;S ?C [Y;SZRK[[CB HYTR TSC RT¥ZC [T ;ST[JCYp Z¥WWTY[KSI [JC KBC; [J;[ H;Y HYTR 
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"K;@;?Cp !s 'sp *;@T?Zp *s 'sp "CS@ZKPp !sp ,;SIC`CQBp *s 0s ;SB ";YTSp 4s 's ̃fi‹‹·’s ⁄(¦[cWC ?T`KSC 

ZWTSIKHTYR CS@CWJ;QTW;[Jcr @TRWQCb RTQC@¥Q;Y HC;[¥YCZ ;SB ZKRKQ;YK[KCZ aK[J J¥R;S WYKTS 
BKZC;ZCZs⁄ 0YKTS x̃›’r ‡›¦¶s 

 
"K;@;?Cp !s 'sp ,;WQ;S@JCp *s ,sp 2cBCYp 3s ;SB ";YTSp 4s ̃fi‹‹‒’s ⁄$KZ[KS@[ RTQC@¥Q;Y WJCST[cWCZ KS 

?T`KSC WYKTS BKZC;ZCZs⁄ %-"/ 2CW ¦̃›’r ››‹¦†s 
 
"K?Qp -sp %ZZCQR;SSp (sp ,Ca@d¥Pp 0sp 4YCSPa;QBCYp #sp /[[Tp -sp +TYSJ¥?CYp *sp 7KQ[H;SIp *s ;SB 

-TQQCSJ;¥CYp "s ̃fi‹›‹’s ⁄#TR?KSCB !S;QcZKZ TH #3& 4;¥p !?C[;‒fip !?C[;›¦‒fi” ;SB !?C[;›¦
‒‹” KS !QdJCKRCY£Z $KZC;ZCp $CRCS[K; aK[J ,Cac "TBKCZ ;SB 0;YPKSZTS£Z $KZC;ZC $CRCS[K;s⁄ 
)S[ * !QdJCKRCYZ $KZ ywxws 

 
"KCYCp !s ,sp 7TTBp 3s *sp 7cWc@Jp *sp 3[C;`CSZTSp 3sp *K;SIp 9sp !S;HKp $sp *;@T?ZCSp &s 7sp *;YTZKSZPKp -s 

!sp 7¥p 's -sp ,T¥KZp *s #sp -;Y[KSp &sp .;YJKp ,s /s ;SB #K[YTSp -s ̃fi‹‹‹’s ⁄0;YPKSZTS£Z BKZC;ZC¦
;ZZT@K;[CB ;QWJ;¦ZcS¥@QCKS KZ RTYC HK?YKQQTICSK@ [J;S ?C[;¦ ;SB I;RR;¦ZcS¥@QCKS ;SB @;SST[ 
@YTZZ¦ZCCB K[Z JTRTQTIZs⁄ * "KTQ #JCR ỹ¦̃‒‒’r fl‒†·‒¦•s 
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* "KTQ #JCR ỹ̃̃†‹’r ‒¶•¶‒¦•fis 

 
'YCCS;RcYCp *s 4sp #;SSTSp *s 2sp $YTQC[p 2s ;SB -;Z[YT?CY;YBKSTp 0s 's ̃fi‹›‹’s ⁄,CZZTSZ HYTR [JC 

YT[CSTSC RTBCQ TH 0;YPKSZTS£Z BKZC;ZCs⁄ 4YCSBZ 0J;YR;@TQ 3@K zx̃‒’r ›‒›¦fiq ;¥[JTY YCWQc 
›‒fi¦fls 

 
'YCCS?;¥Rp %s !sp 'Y;`CZp #s ,sp -KZJKdCS¦%?CYdp !s *sp ,¥WTQKp -s !sp ,cS@Jp $s 2sp %SIQ;SBCYp 3s 7sp 

!bCQZCSp 0s (s ;SB 'K;ZZTSp "s )s ̃fi‹‹†’s ⁄4JC %‒‡+ R¥[;[KTS KS ;QWJ;¦ZcS¥@QCKS KS@YC;ZCZ 
;RcQTKB HK?YKQ HTYR;[KTSs⁄ * "KTQ #JCR y’w̃•’r ·¶‹‹¦·s 

 
'¥Tp *s 0sp !Y;Kp 4sp -KPQTZZcp *s ;SB -@'CCYp 0s ,s ̃fi‹‹‡’s ⁄!?C[; ;SB [;¥ HTYR ZTQ¥?QC @TRWQCbCZ [J;[ 

R;c WYTRT[C ZCQH ;IIYCI;[KTS TH ?T[J KS[T [JC KSZTQ¥?QC HTYRZ T?ZCY`CB KS !QdJCKRCY£Z 
BKZC;ZCs⁄ 0YT@ .;[Q !@;B 3@K 5 3 ! xwz̃‡’r ›•†fl¦¶s 

 
(;KPp 3sp 0YK`;[p .sp !BOT¥p +s 4sp 3;dBT`K[@Jp 6sp $TYRTS[p $sp $¥c@P;CY[Zp #s ;SB (;¥ap *s *s ̃fi‹‹fi’s 

⁄!QWJ;¦ZcS¥@QCKS¦KRR¥STYC;@[K`C BCWTZK[Z KS J¥R;S ;SB ;SKR;Q WYKTS BKZC;ZCZs⁄ !@[; 
.C¥YTW;[JTQ ̃"CYQ’ xwz̃†’r †›‡¦fi‹s 

 



#TS@Q¥ZKTS C[ WCYZWC@[K`CZ 

›‒• 

(;QQKB;cp 'sp (CYYCYTp -s 4sp -¥YWJcp +sp -@#;SSp (sp 2TZ¦"CYS;Qp &sp ";Y@K;p #sp -TYKp (sp "QCZ;p &s *s 
;SB /?CZTp *s !s ̃fi‹‹•’s ⁄.T ,Cac W;[JTQTIc KS RTSPCcZ aK[J T`CY ›‹ cC;YZ TH ZC`CYC -040 
0;YPKSZTSKZRs⁄ -T` $KZTYB y{̃›‹’r ›†›•¦fifls 

 
(;SZCSp #sp !SIT[p %sp "CYIZ[YTRp !s ,sp 3[CKSCYp *s !sp 0KCYKp ,sp 0;¥Qp 'sp /¥[CKYTp 4s &sp -CQPKp 2sp 

+;QQ¥SPKp 0sp &TIp +sp ,Kp *s 9s ;SB "Y¥SBKSp 0s ̃fi‹››’s ⁄;QWJ;¦3cS¥@QCKS WYTW;I;[CZ HYTR RT¥ZC 
?Y;KS [T IY;H[CB BTW;RKSCYIK@ SC¥YTSZ ;SB ZCCBZ ;IIYCI;[KTS KS @¥Q[¥YCB J¥R;S @CQQZs⁄ * #QKS 
)S`CZ[s 

 
(;YYKZp $s !s ̃fi‹‹fl’s ⁄4Y;HHK@PKSIp [¥YST`CY ;SB RCR?Y;SC [TWTQTIc TH 0Y0s⁄ "Y -CB "¥QQ }}r ·›¦¶†s 
 
(;ZCI;a;p -sp &¥OKa;Y;p (sp .TS;P;p 4sp 7;P;?;c;ZJKp +sp 4;P;J;ZJKp (sp ,CCp 6s -sp 4YTO;STaZPKp *s 1sp 

-;SSp $s ;SB )a;[Z¥?Tp 4s ̃fi‹‹fi’s ⁄0JTZWJTYcQ;[CB ;QWJ;¦ZcS¥@QCKS KZ ¥?KX¥K[KS;[CB KS ;QWJ;¦
ZcS¥@QCKSTW;[Jc QCZKTSZs⁄ * "KTQ #JCR ỹ̃̃†‹’r ‒•‹·›¦‡s 
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(CIBCp 2s 3sp 4YCR?Q;cp 0sp 'YT[Jp $sp $C!YRTSBp 3s *sp 0Y¥ZKSCYp 3s "s ;SB ,KSI;WW;p 6s 2s ̃›•••’s 

⁄4Y;SZRKZZK?QC ;SB ICSC[K@ WYKTS BKZC;ZCZ ZJ;YC ; @TRRTS W;[Ja;c TH SC¥YTBCICSCY;[KTSs⁄ 
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‡·›¦¶s 

 
,CCp (s *sp 0;[CQp 3s ;SB ,CCp 3s *s ̃fi‹‹†’s ⁄)S[Y;`CZK@¥Q;Y QT@;QKd;[KTS ;SB CbT@c[TZKZ TH ;QWJ;¦ZcS¥@QCKS 

;SB K[Z ;IIYCI;[CZs⁄ * .C¥YTZ@K y¦̃fi†’r ‡‹›‡¦fi‒s 
 
,CCp (s *sp 3JKSp 3s 9sp #JTKp #sp ,CCp 9s (s ;SB ,CCp 3s *s ̃fi‹‹fi?’s ⁄&TYR;[KTS ;SB YCRT`;Q TH ;QWJ;¦

ZcS¥@QCKS ;IIYCI;[CZ KS @CQQZ CbWTZCB [T RK[T@JTSBYK;Q KSJK?K[TYZs⁄ * "KTQ #JCR ỹ̃̃·’r †‒››¦
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5`CYZPcp 6s .sp ,Kp *s ;SB &KSPp !s ,s ̃fi‹‹›@’s ⁄0CZ[K@KBCZ BKYC@[Qc ;@@CQCY;[C [JC Y;[C TH ;QWJ;¦ZcS¥@QCKS 

HK?YKQ HTYR;[KTSr ; WTZZK?QC H;@[TY KS 0;YPKSZTS£Z BKZC;ZCs⁄ &%"3 ,C[[ ¦ww̃fl’r ›‹†¦¶s 
 
5`CYZPcp 6s .sp 9;RKSp 'sp 3T¥KQQ;@p 0s /sp 'TCYZp *sp 'Q;ZCYp #s "s ;SB &KSPp !s ,s ̃fi‹‹fi?’s ⁄-C[JKTSKSC 

TbKB;[KTS KSJK?K[Z HK?YKQQ;[KTS TH J¥R;S ;QWJ;¦ZcS¥@QCKS KS `K[YTs⁄ &%"3 ,C[[ ¦x̃̃›¦fl’r fifl•¦‒‒s 
 
`;S BCY 0¥[[CSp (sp 7KCBCYJTQBp +s (sp 0YT?Z[p !sp ";Y?KCYKp 3sp -KZ[Qp #sp $;SSCYp 3sp +;¥HHR;SSp 3sp 

(THCQCp +sp 3WTTYCSp 7s 0sp 2¥CIIp -s !sp ,KSp 3sp #;YTSKp 0sp 3TRRCYp "sp 4TQS;cp -s ;SB "KQ?Cp 



#TS@Q¥ZKTS C[ WCYZWC@[K`CZ 

›‡† 

's ̃fi‹‹‹’s ⁄.C¥YTW;[JTQTIc KS RK@C CbWYCZZKSI J¥R;S ;QWJ;¦ZcS¥@QCKSs⁄ * .C¥YTZ@K yw̃›‡’r 
‡‹fi›¦•s 

 
6KQC[[Cp $sp !SBYCTQC[[Kp /sp !Y@JCYp &sp -;BCQ;KSCp -s &sp 6KQT[[Cp *s ,sp ,CJR;SSp 3s ;SB ,;¥BCp (s 

̃fi‹‹›’s ⁄%b `K`T WYTW;I;[KTS TH KSHC@[KT¥Z ZJCCW Z@Y;WKC ;ICS[ KS JC[CYTQTIT¥Z CWK[JCQK;Q @CQQZ 
CbWYCZZKSI T`KSC WYKTS WYT[CKSs⁄ 0YT@ .;[Q !@;B 3@K 5 3 ! \’̃·’r ‒‹††¦•s 

 
6K[;Qp !sp #;SYTSp -s (sp 'KQp 2sp (;¥ap *s *s ;SB 6K[;Qp #s ̃fi‹‹·’s ⁄! ZWTY;BK@ @;ZC TH #YC¥[dHCQB[¦*;PT? 

BKZC;ZC aK[J ?C[;¦;RcQTKB BCWTZK[Z ;SB ;QWJ;¦ZcS¥@QCKS KS@Q¥ZKTSZs⁄ .C¥YTW;[JTQTIc ỹ̃fl’r 
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