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<-,#)%7%8@c#AFD#<%-#+('4#8(&(#3+&@a#>/))#L/>>+$g#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+g#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..g#
L/>>+$#8+>%'%+-&#%-#L,&4#37+$6%8%-+#(-8#&$%&,-#\FN..g#L/>>+$#8+>%'%+-&#%-#D;(3%-#$%L,-/')+(3+#%-4%L%&,$c#"))#
+57+$%6+-&3#',-&$%L/&%-*#&,#&4%3#>%*/$+#',-&(%-+8#N^*#)%-FOXF)/'#:;"J#I.#6C#$;OB3J#9%&4#I#4,/$3#%-'/L(&%,-#
(&#GX#o!c#=++#(77+-8%5#RJ#&(L)+#I.c#
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!

'48!G=CA4;!A=8;8B<8F!:B!7:GD=8!JL!:BF:3C<8!45O!<48!F:778=8B<!ED778=!359A5;:<:5B;!C7783<!

<48!9.+#!>:86F!57!<=CB;3=:A<:5B!7=59!75D=!F:778=8B<!;C9A68!<>A8;T!'48!;C9A68!<>A8;!

:B36DF8!<=CB;3=:A<:5B!O:<4!B5!6:A:F!R7:GD=8!JL!#SV!<=CB;3=:A<:5B!7=59!0+#!:B!2--!0)H*V!

O4568!;C9A68!R6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<V!7:GD=8!JL!?SV!<=CB;3=:A<:5B!7=59!0+#!:B!

2--!0)H*V!6:UD:F!3=>;<C6!A4C;8!5B6>!R7:GD=8!JL!$S!CBF!<=CB;3=:A<:5B!7=59!0+#!:B!2--!

0)H*V!;DA8=BC<CB<!5B6>!R7:GD=8!JL0ST!-<!:;!368C=!<4C<!<48!G8B8=C6!<=8BF!:B!9.+#!>:86F!:;!

35B;8=I8F!C3=5;;!<48!75D=!F:778=8B<!;C9A68!<>A8;T!":GD=8!JL!;45O;!<4C<!=895I:BG!<=:<5B!

QNLKK!7=59!<48!<=CB;3=:A<:5B!ED778=!3CD;8;!CB!:B3=8C;8!:B!<48!>:86F!57!9.+#T!

'=CB;3=:A<:5B!:B!<48!CE;8B38!57!<=:<5B!CAA8C=;!<5!E8!4:G48=!:B!C66!;:<DC<:5B;V!CBF!F58;!

B5<!3CD;8!F8G=CFC<:5B!57!.+#T!.895I:BG!.+C;:B!7=59!<48!ED778=!3CD;8;!F8G=CFC<:5B!57!

.+#[!.+C;:B!3CBB5<V!<48=875=8V!E8!=895I8F!7=59!<48!ED778=V!F8;A:<8!CB!CAAC=8B<!

:B3=8C;8!:B!9.+#!>:86F!:B!:<;!CE;8B38T!-B!C66!3C;8;!:<!:;!C6;5!;88B!<4C<!=895IC6!57!

;A8=9:F:B8!=8FD38;!<48!<=CB;3=:A<:5BC6!>:86F!E>!C;!9D34!C;!5B8!4C67V!:B!C335=FCB38!O:<4!

A=8I:5D;!;<DF:8;T!!

!

!

G]d*08;565691*<93>>6<63154*9>*&".*5;814<;6A3B*61*5:3*-##*=:843*9>*?+0%*
'48!9.+#!A=5FD38F!OC;!:;56C<8F!7=59!<48!6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<!A4C;8;!57!<48!

<=CB;3=:A<:5B!;C9A68!CBF!<48!9.+#!>:86F!7=59!8C34!A4C;8!OC;!5E<C:B8F!CBF!359AC=8FT!

-B:<:C66>!:<!OC;!<45DG4<!<4C<!CBC6>;:BG!CBF!359AC=:BG!<48!653C<:5B!57!<=CB;3=:E8F!

98;;8BG8=!.+#!O5D6F!A=5I:F8!:B;:G4<;!:B<5!<48!F8<C:68F!9834CB:;9!57!<=CB;3=:A<:5BV!

:B36DF:BG!<48!653C<:5B!57!<=CB;3=:A<:5BV!ED<!=838B<!O5=P!3C==:8F!5D<!4C;!;45OB!<4C<!<48!

AC=<:<:5B!35877:3:8B<!57!0+#!CBF!.+#!F:778=!G=8C<6>T!.8;D6<;!;45O!<4C<!F5DE68!;<=CBF8F!

0+#!:;!6C=G86>!C;;53:C<8F!O:<4!<48!6:UD:F!3=>;<C6!A4C;8V!O4:68!.+#!:;!6C=G86>!653C<8F!:B!

<48!;DA8=BC<CB<!A4C;8V!CBF!<48;8!5E;8=IC<:5B;!C=8!;DAA5=<8F!E>!<48!6:<8=C<D=8T!'48!

AC=<:<:5B!35877:3:8B<!8QA8=:98B<;!O8=8!C6;5!3C==:8F!5D<!DBF8=!F:778=8B<!ED778=!

35BF:<:5B;!<5!C;38=<C:B!O48<48=!<48!=8C3<:5B!35BF:<:5B;!4CF!CB>!87783<!5B!<48!AC=<:<:5B!

35877:3:8B<!57!.+#T!/C9A68;!O8=8!;A6:<!:B<5!6:A:F!CBF!;DA8=BC<CB<!359A5B8B<;!E>!

=895I:BG!Lc!t6!57!;DA8=BC<CB<!R7=59!CB!8;<:9C<8F!Li!t6!=89C:B:BG!C7<8=!:B3DEC<:5B!C<!

`Y!u$!75=!<O5!45D=;S!7=59!<48!7:B:;48F!<=CB;3=:A<!CBF!=835I8=:BG!:<!<5!C!B8O!<DE8T!

/C9A68;!O8=8!<48B!A=538;;8F!C;!B5=9C6V!O:<4!<48!.+8C;>!P:<T!!

!

*

*

*



*'8&0%+!1!! ! F+8)$7+(&0(#)!%G&%+(6%)0$!

"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! 5B!

G]d]K*E8O<PO85691*9>*5:3*=8;565691*<93>>6<6315*9>*D&".*
'48!75665O:BG!8UDC<:5B;!F895B;<=C<8!45O!<48!%MNI:;:E68!;A=83<=C6!FC<C!3CB!E8!D;8F!<5!

O5=P!5D<!AC=<:<:5B!35877:3:8B<;!75=!.+#V!C;!O866!C;!8UD:6:E=:D9!35B;<CB<;!CBF!<48!,:EE;!

7=88!8B8=G>T!

!

 

]%*/$+#IIa#:%(*$(6#34,9%-*#74(3+#3+7($(&%,-#,>#&$(-3'$%7&%,-#3(67)+3c#O4+#3/7+$-(&(-&#<Nd#^)@#9(3#$+6,0+8#
(-8#$+',0+$+8#&,#(#-+9#&/L+#94+-#&4+#3(67)+3#9+$+#37)%&c# 

!

'48!.+#!35B38B<=C<:5B;!7=59!<48!CE5I8!;8AC=C<:5B!3CB!E8!D;8F!<5!O5=P!5D<!<48!k=8C6l!

35B38B<=C<:5B;!:B!<48!;DA8=BC<CB<!CBF!6:UD:F!3=>;<C6!A4C;8;!RO48B!<48!;DA8=BC<CB<!:;!

=895I8F!5B6>!Lc!t6!C=8!<CP8B!O4:34!98CB;!C!;9C66!=8;:FD8V!57!C=5DBF!L!x6!O:66!=89C:BST!!

!

* [RNA]TOT = [RNA]LC
exp + [RNA]SN

exp * kG]Kl*

* [RNA]SN
real = [RNA]SN

exp 1+ (v ! x)
x

"
#$

%
&'
* kG]Gl*

* [RNA]LC
real = [RNA]LC

exp !
v ! x
x
[RNA]SN

exp"
#$

%
&'
* kG]_l*

!

\48=8!z.+#{')'!=8A=8;8B<;!<48!9CQ:9D9!35B38B<=C<:5B!57!9.+#V!z.+#{8QA!CBF!

z.+#{=8C6!C=8!<48!=835I8=8F!CBF!<=D8!35B38B<=C<:5B;!57!9.+#!:B!<48!6:UD:F!3=>;<C6!R&$S!

CBF!;DA8=BC<CB<!R/+S!A4C;8;!=8;A83<:I86>T!'48!<=D8!35B38B<=C<:5B;!57!9.+#V!<8=98F!

z.+#{=8C6!C=8!3C63D6C<8F!7=59!<48!8QA8=:98B<C66>!F8=:I8F!35B38B<=C<:5B;!D;:BG!C!

35==83<:5B!7C3<5=V!O4:34!C665O;!75=!C!;9C66!C95DB<!57!;DA8=BC<CB<!E8:BG!687<!O:<4!<48!

6:UD:F!3=>;<C6!A4C;8V!O48=8!3!=8A=8;8B<;!<48!<5<C6!C;;C>!I56D98!=89C:B:BG!C7<8=!

<=CB;3=:A<:5BV!8;<:9C<8F!<5!E8!Li!t6V!CBF!G!=8A=8;8B<;!<48!I56D98!57!;DA8=BC<CB<!

=895I8F!75=!AD=:7:3C<:5B!RLc!t6ST!'48!35877:3:8B<!75=!AC=<:<:5B:BG!57!.+#!:B<5!<48!

;DA8=BC<CB<!A4C;8!RIS!9C>!<48B!E8!3C63D6C<8F!C;!75665O;Z* *

*

Supernatant

Liquid crystal



*'8&0%+!1!! ! F+8)$7+(&0(#)!%G&%+(6%)0$!

"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! 5A!

* K =
[RNA]SN

real

[RNA]TOT
* kG]bl#

'48;8!AC=C98<8=;!O8=8!3C63D6C<8F!75=!ED778=;!O:<45D<!;A8=9:F:B8V!<=:<5B!fNLKK!5=!

8:<48=!C;!75665O;Z!

!

*

]%*/$+#IGa#S$(74#34,9%-*#&4+#7($&%&%,-#',+>>%'%+-&J#GJ#>,$#+('4#L/>>+$#3?3&+6J#(3#'()'/)(&+8#%-#+W/(&%,-#<Ice@c#
AFDa#>/))#L/>>+$J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+J#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+#
(-8#&$%&,-#\FN..c#],$#8(&(#3++#(77+-8%5#RJ#&(L)+#Iec#

!

-<!3CB!E8!;88B!7=59!7:GD=8!J`!<4C<!<48!AC=<:<:5B!35877:3:8B<V!IV!C;!3C63D6C<8F!:B!8UDC<:5B!

RJTbS!:;!<48!;C98!75=!C66!ED778=!;>;<89;V!C<!C=5DBF!KTgT!'4:;!IC6D8!;45O;!<48=8!:;!C!

A=878=8B38!75=!.+#!<5!E8!AC=<:<:5B8F!:B<5!<48!;DA8=BC<CB<!A4C;8!=C<48=!<4CB!<48!6:UD:F!

3=>;<C6!A4C;8T!!'48;8!=8;D6<;!C=8!:B!G55F!CG=8898B<!O:<4!=8;D6<;!:B!<48!6:<8=C<D=8!7=59!

;>;<89;!O48=8!9.+#!:;!CFF8F!<5!C!6:UD:F!3=>;<C6!A4C;8!=C<48=!<4CB!E8:BG!<=CB;3=:E8F!

7=59!<48!A4C;8!:<;867[!:B!<4:;!3C;8!<48!AC=<:<:5B!35877:3:8B<!75=!2--!0)H*V!:B!7D66!ED778=V!

OC;!3C63D6C<8F!C;!KTYa!y!KTKiT!

*

G]d]G*E8O<PO85617*5:3*c6AA4*>;33*313;7C*9>*5:3*4C453D*
'48!k=8C6l!IC6D8;!75=!.+#!35B38B<=C<:5B!:B!<48!6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<!3C63D6C<8F!

:B!8UDC<:5B;!RJTJS!CBF!RJT`S!3CB!<48B!E8!D;8F!<5!3C63D6C<8!<48!8UD:6:E=:D9!35B;<CB<!57!

<48!;>;<89!RI%JSZ!

* *
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! 51!

* Keq =
[RNA]SN

real

[RNA]LC
real * kG]al*

* *

'4:;!C665O;!<48!,:EE;!7=88!8B8=G>!R!KS!<5!E8!3C63D6C<8F!C;!A8=!8UDC<:5B!RJTiSV!O48=8!L!:;!

<48!:F8C6!GC;!35B;<CB<!CBF!F!:;!<48!<89A8=C<D=8!:B!^86I:BT!

!

* !G = "RT lnKeq * kG]fl*

!

*

]%*/$+#Iea#"S#0()/+3#'()'/)(&+8#>,$#&4+#7($&%&%,-%-*#,>#6D;"#%-&,#&4+#3/7+$-(&(-&#74(3+#,>#&$(-3'$%7&%,-#
+57+$%6+-&3#>$,6#&4+#%-0+$3+#4+5(*,-()#74(3+#,>#:HBEn:;"c#AFDa#>/))#L/>>+$J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+J#
L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+#(-8#&$%&,-#\FN..c##

!

":GD=8!Jb!;45O;!<4C<!<48!,:EE;!7=88!8B8=G>!75=!<48!;>;<89!:;!B8GC<:I8!75=!C66!ED778=;!

<8;<8FV!;45O:BG!<4C<!:B!C66!3C;8;!<4C<!AC=<:<:5B:BG!57!<48!.+#!:B<5!<48!;DA8=BC<CB<!A4C;8!

:;!C!;A5B<CB85D;!CBF!7CI5D=CE68!A=538;;T!'48!",!IC6D8;!75=!C66!;C9A68;!5I8=6CA!O:<4:B!

8==5=T!
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! *
]%*/$+#Ida#S+)#+)+'&$,74,$+3%3#,>#3(67)+3#&([+-#>$,6#7($&%&%,-%-*#+57+$%6+-&3c#=(67)+3#"#(-8#R#$+7$+3+-&#
7,3%&%0+#',-&$,)3#<U#)(-+3#%-#&,&()@g#!a#&$(-3'$%7&%,-#>$,6#122#)%7%8n:;"J#94,)+#3(67)+g#:a#&$(-3'$%7&%,-#>$,6#122#
)%7%8n:;"J#)%W/%8#'$?3&()#74(3+#,-)?g#Ea#&$(-3'$%7&%,-#>$,6#122#)%7%8n:;"J#3/7+$-(&(-&#74(3+#,-)?c#

'48!5E;8=I8F!AC=<:<:5B:BG!57!<48!9.+#!:B<5!<48!;DA8=BC<CB<!A4C;8!:;!9:==5=8F!E>!<48!

G86!8683<=5A45=8;:;!:9CG8!A=8;8B<8F!C;!7:GD=8!JcT!'48!7C:B<!ECBF;!6CE8668F!C;!m0e!

=8A=8;8B<!9.+#!=835I8=8F!7=59!<48!6:UD:F!3=>;<C6!A4C;8V!O4:68!<48!FC=P8=!ECBF;!

R6CE8668F!m*eS!;45O!9.+#!=835I8=8F!7=59!<48!;DA8=BC<CB<T!!

!

G]d]_*%`=O8185691*9>*9A43;23B*=8;565691*<93>>6<63154*9>*&".*81B*?".*

#;!98B<:5B8F!A=8I:5D;6>V!<48!AC=<:<:5B!35877:3:8B<!75=!6:B8C=:;8F!*,"H!0+#!R<48!;C98!

A6C;9:F!O:<4!<48!6D3:78=C;8!G8B8!=895I8F!CBF!=8A6C38F!O:<4!<48!G8B8!75=!,"HS!OC;!

3C63D6C<8F!<5!E8!RgQLKN`SV!O:<4!C!",!IC6D8!57!=5DG46>!LcTb!P@!956NLTYc!-<!:;!368C=!<4C<!<4:;!

AC=<:<:5B!35877:3:8B<!CBF!=86C<8F!34CBG8!:B!,:EE;!7=88!8B8=G>!:;!;:GB:7:3CB<6>!F:778=8B<!<5!

<45;8!3C63D6C<8F!75=!.+#!CBF!6:;<8F!:B!<48!6:<8=C<D=8VYi!;DGG8;<:BG!<4C<!:B!35B<=C;<!<5!

.+#V!AC=<:<:5B:BG!57!0+#!:B<5!<48!;DA8=BC<CB<!A4C;8!:;!8B8=G8<:3C66>!DB7CI5D=CE68T!!

-B!5=F8=!<5!;45O!O4>!<48!AC=<:<:5B!35877:3:8B<;!57!.+#!CBF!0+#!E8<O88B!<48!2--!A4C;8!

CBF!<48!;DA8=BC<CB<!C=8!;5!F:778=8B<!<48!8B<4C6A:3!CBF!8B<=5A:3!35B<=:ED<:5B;!9D;<!E8!

35B;:F8=8FT!'5!8;<CE6:;4!O4>!:<!:;!7CI5D=CE68!75=!0+#!<5!E8!653C<8F!:B!<48!A5=8;!57!<48!

6:UD:F!3=>;<C6!A4C;8!O8!9D;<!35B;:F8=!<4=88!;8AC=C<8!;<C<8;Z!ED6P!OC<8=V!0+#!:B!ED6P!

OC<8=!CBF!0+#!C;;53:C<8F!O:<4!<48!2--!A4C;8!R;88!7:GD=8!JiST!'48!7:=;<!<O5!;<C<8;!3=8C<8!

C!B8GC<:I8!34CBG8!:B!8B<=5A>V!"/V!O4:34!=8;D6<;!:B!C!A5;:<:I8!IC6D8!75=!",V!C;!F:;3D;;8F!

:B!;83<:5B!LTc!57!<4:;!=8A5=<T!'48!<4:=F!;<C<8!3CB!E8!;A6:<!:B<5!<O5!A5;;:E68!5D<3598;[!<48!

0+#!:B!<48!A5=8;!5=!<48!0+#!5B!<48!;D=7C38!57!<48!A4C;8!R7:GD=8!Ji!?!CBF!$!

=8;A83<:I86>SLaT!-B!3C;8!$!<48!0+#!:;!486F!5B!<48!;D=7C38!E>!8683<=5;<C<:3!:B<8=C3<:5B;!

E8<O88B!<48!;D=7C38!CBF!<48!A45;A4C<8!EC3PE5B8!57!0+#V!=868C;:BG!C!;9C66!C95DB<!57!

OC<8=!RCBF!E5DBF!35DB<8=:5B;S!O4:34!A=5FD38;!C!;9C66!:B3=8C;8!:B!<48!F:;5=F8=!57!<48!

;>;<89`KV!YYT!#;!0)H*!:;!C!jO:<<8=:5B!CBF!4C;!B5!B8<!34C=G8V!:B<8=C3<:5B;!E8<O88B!<48!
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0+#!CBF!<48!6:A:F!C=8!C;;:;<8F!E>!3C<:5B;!A=5I:F8F!:B!<48!:;5<5B:3!;C6:B8!D;8F!:B!;C9A68!

A=8AC=C<:5BV!CBF!:B!<48!<=CB;3=:A<:5B!ED778=T!&:<8=C<D=8!;5D=38;!;DGG8;<!<4C<!;3=88B:BG!
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E88B!E5<4!BD98=5D;!CBF!IC=>:BG!<4=5DG45D<!<48!6C;<!78O!F83CF8;[!<48!A4C;8!F:CG=C9!

57!0)H*!4C;!E88B!8Q<8B;:I86>!8QA65=8F!C6<45DG4!9CB>!;<DF:8;!C=8!6:9:<8F!<5!<48!D;8!57!

F8:5B:;8F!OC<8=!C;!<48!4>F=C<:BG!CG8B<T!'48!9:Q<D=8;!:B!UD8;<:5B!C=8!=5D<:B86>!D;8F!

FD=:BG!<=CB;783<:5B!C;!AC=<!57!<48!F:I8=;8!C=8C!57!=8;8C=34!5B!D;:BG!3C<:5B:3!6:A:F;!C;!

G8B8!F86:I8=>!;>;<89;T!"8O!;<DF:8;!8QC9:B8!<48!A4C;8!E84CI:5D=!57!0)H*W0+#!CBF!

0)H*W0)'#HW0+#!9:Q<D=8;!DBF8=!A4>;:565G:3C6!35BF:<:5B;T!'4:;!D;8V!359E:B8F!O:<4!

<48!;<DF:8;!5B!<=CB;3=:A<:5B!57!0+#!:B!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*L!5D<6:B8F!

8C=6:8=!:B!<4:;!<48;:;!98CB!<4C<!:<!:;!<48=875=8!95=8!CAA=5A=:C<8!<5!;<DF>!<48;8!;>;<89;!

DBF8=!95=8!=8C6:;<:3!35BF:<:5B;V!75=!8QC9A68V!C<!A4>;:565G:3C6!<89A8=C<D=8!CBF!:B!C!

ED778=!;>;<89!<4C<!:;!95=8!=87683<:I8!57!<48!3866D6C=!8BI:=5B98B<T!'48!C:9!57!<48;8!

;<DF:8;!OC;!<5!8B;D=8!<4C<!<48!A4C;8!C=34:<83<D=8!57!<48!:BI8=;8!48QCG5BC6!0)H*W0+#!

;C9A68;!:;!35B;8=I8F!FD=:BG!<48!<=CB;3=:A<:5B!;<DF:8;!C6=8CF>!3C==:8F!5D<!CBF!<5!

8IC6DC<8!<48!6:9:<;!57!<48!:BI8=;8!48QCG5BC6!A4C;8!75=!7D<D=8!8QA8=:98B<;T!!

"5=!<48!=8C;5B;!5D<6:B8F!CE5I8V!9:Q<D=8;!57!6:A:F!:B!OC<8=V!;C6:B8!CBF!ED778=!4CI8!E88B!

8QC9:B8F!D;:BG!A56C=:;:BG!6:G4<!9:3=5;35A>!CBF!;9C66!CBG68!QN=C>!F:77=C3<:5B!<5!3=8C<8!C!

A4C;8!F:CG=C9!75=!<48!0)H*W0)'#H!CBF!0)H*W0)'#HW0+#!;>;<89;T!'48!;C9A68!

A=8AC=C<:5B!6:;<8F!:B!A=8I:5D;!;<DF:8;!E>!989E8=;!57!<48!/C7:B>C!G=5DALiV!aK!F:778=;!7=59!

O4C<!O5D6F!E8!CB!CAA=5A=:C<8!A=5<5356!75=!359AC=:;5B!<5!<48!O5=P!DBF8=<CP8B!:B!<4:;!

;<DF>!R;D34!C;!<48!<=CB;3=:A<:5BV!;:9D6C<:5B!CBF!<=CB;783<:5B!;<DF:8;!F8<C:68F!:B!

34CA<8=;!JV!b!CBF!c!57!<4:;!<48;:;SV!O:<4!AC=<:3D6C=!=868ICB38!<5!<48!OC<8=!35B<8B<!57!<48!

;C9A68;T!'48!;<=D3<D=C6!;<DF:8;!3C==:8F!5D<!E>!989E8=;!57!<48!/C7:B>C!G=5DA!D;8!

F:;A8=;:5B;!57!6:A:F!CBF!0+#V!CBF!<48!0+#!D;8F!:;!B5<!C6OC>;!6:B8C=V!CBF!<48!;C9A68!

A=8AC=C<:5B!=8;D6<8F!:B!C!6:A:F!35B<8B<!57!KTL!9G!96NL!:B!CUD85D;!;56D<:5BV!O4:34!:;!B5<!

359AC=CE68!<5!<48!ED6PNA4C;8!;C9A68;!D;8F!48=8TT!H=8I:5D;!O5=P!5B!<48!0)H*W0)'#H!

9:Q<D=8;!C6;5!7C:6;!<5!A=5I:F8!:B!<48!6:<8=C<D=8!C!359A68<8!A4C;8!F:CG=C9!C3=5;;!<48!

O4568!=CBG8!57!0)H*!CBF!0)'#H!35B38B<=C<:5B;V!8I8B!DA5B!8QC9:BC<:5B!57!<48!

;DAA6898B<C=>!:B75=9C<:5B!CIC:6CE68!:B!<48!6:<8=C<D=8T!

*

_]G*09O8;643B*F67:5*/6<;94<9=C*
H4C;8!9CA;!O8=8!35B;<=D3<8F!E>!359AC=:BG!<48!A4C;8!E84CI:5D=!5E;8=I8F!DBF8=!<48!

A56C=:;8F!6:G4<!9:3=5;35A8!O:<4!<48!FC<C!5E<C:B8F!7=59!QN=C>!F:77=C3<:5B!8QA8=:98B<;T!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! >>!

H4C;8!:F8B<:7:3C<:5B!OC;!F8<8=9:B8F!EC;8F!5B!36C;;:3C6!34C=C3<8=:;<:3;!57!<48!9C:B!

A4C;8;!F:;A6C>8F!E>!6>5<=5A:3!6:UD:F!3=>;<C6;aLV!aJV!75=!8QC9A68!<48!4:G4!F8G=88!57!

E:=87=:BG8B38V!7C38<8F!EDEE68;V!78C<48=>!<8Q<D=8!CBF!4:G4!I:;35;:<>!8Q4:E:<8F!E>!<48!

:BI8=;8!48QCG5BC6!A4C;8VL!O4:34!:;!F59:BCB<!:B!0)H*!9:Q<D=8;T!\48=8!34C=C3<8=:;<:3;!

57!95=8!<4CB!5B8!A4C;8!O8=8!5E;8=I8FV!<48!9:Q<D=8!OC;!F8;:GBC<8F!C;!E:A4C;:3V!CBF!

O48=8!A5;;:E68!F8;3=:A<:5B;!57!<48!F:778=8B<!359A5B8B<;!57!<48!E:A4C;8!O8=8!:F8B<:7:8FT!

)B8!8QC9A68!57!<4:;!O5D6F!E8!<48!48QCG5BC6W6C9866C=!E:A4C;:3!;>;<89V!O48=8!m:;6CBF;e!

57!:BI8=;8!48QCG5BC6!A4C;8!C=8!5E;8=I8F!O:<4!C=8C;!57!9C<8=:C6!O:<4!A=8F59:BCB<6>!

6C9866C=!34C=C3<8=:;<:3;!765O:BG!E8<O88B!<489T!#!;>;<89!;D34!C;!<4:;!4C;!CB!

CAA8C=CB38!=89:B:;38B<!57!m3=Cj>!ACI:BGe!DBF8=!<48!9:3=5;35A8T!H4C;8!9CA;!O8=8!

8QC9:B8F!75=!9:Q<D=8;!O:<4!IC=>:BG!0)H*!CBF!0)'#H!35B<8B<V!C<!C!;8=:8;!57!4>F=C<:5B!

68I86;V!:B!OC<8=!CBF!:B!<=CB;3=:A<:5B!ED778=T!

!

! *
]%*/$+#eea#%-0+$3+#4+5(*,-()#<A@#(-8#)(6+))($#<D@#74(3+3#(3#0%+9+8#/-8+$#&4+#7,)($%3+8#)%*4&#6%'$,3',7+c#;,&+#
&4+#b>+(&4+$?#&+5&/$+_#(-8#>('+&+8#L/LL)+3#%-#&4+#%-0+$3+#4+5(*,-()#74(3+J#(-8#&4+#b,%)?#3&$+([_#&+5&/$+#(-8#
$,/-8+8#L/LL)+3#,>#&4+#)(6+))($#74(3+c#

!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! >?!

!
]%*/$+#eda#H0+$)(?#,>#74(3+#8%(*$(63#,>#:HBEn:HO"Bn9(&+$#6%5&/$+3#<L)('[@#(-8#:HBEn:HO"BnL/>>+$#
6%5&/$+3#<$+8J#8(34+8@#(&#GX#W!c#

!

'48!A4C;8!F:CG=C9!F:;A6C>8F!:B!7:GD=8!bc!:;!CB!5I8=6C>!57!<48!A4C;8!E84CI:5D=!57!

0)H*W0)'#H!9:Q<D=8;!:B!OC<8=!CBF!:B!ED778=!C<!`Y!u$T!-<!:;!368C=!7=59!<4:;!A4C;8!

F:CG=C9V!CBF!C66!5<48=;!359A:68F!FD=:BG!<4:;!A=5]83<V!<4C<!<48!95B5A4C;:3!:BI8=;8!

48QCG5BC6!CBF!6C9866C=!=8G:5B;!533D=!75=!=86C<:I86>!;9C66!A5=<:5B;!57!<48!A4C;8!

F:CG=C9T!15B5A4C;:3!=8G:5B;!533D=!O48=8!<48!F59:BCB<!6:A:F!;A83:8;!A=8;8B<!7CI5D=;!

75=9C<:5B!57!<48!95B5A4C;8V!75=!8QC9A68!;C9A68;!O:<4!C!6C=G8!0)H*!35B<8B<!7CI5D=!<48!

2--!A4C;8V!O4:68!;C9A68;!O:<4!C!4:G4!0)'#H!35B<8B<!8Q4:E:<!6C9866C=!E84CI:5D=T!"5=!

9:Q<D=8;!57!:B<8=98F:C<8!35B38B<=C<:5B!57!0)H*!CBF!0)'#H!<48!A4C;8!E84CI:5D=!

5E;8=I8F!:;!<4C<!57!C!9:Q8FNA4C;8!;>;<89V!O:<4!=8G:5B;!<4C<!C=8!F59:BC<8F!E>!<48!

:BI8=;8!48QCG5BC6!A4C;8!>8<!35B<C:B:BG!;598!6C9866C=!34C=C3<8=V!CBF!<48B!C!

A=8F59:BCB<6>!6C9866C=!;>;<89!O:<4!;9C66!=8G:5B;!=8<C:B:BG!48QCG5BC6!34C=C3<8=T!#<!

CE5I8!aKX!0)'#H!<48!<=D8!6C9866C=!A4C;8!:;!5E;8=I8FV!CBF!:;!34C=C3<8=:;8F!E>!<48!

36C;;:3!m5:6>N;<=8CPe!<8Q<D=8!C;;53:C<8F!O:<4!6C9866C=!A4C;8;!CBF!<48!CAA8C=CB38!57!

m1C6<8;8!3=5;;e!95<:7;T!'48!CE5I8!A4C;8!F:CG=C9!F8<C:68F!:B!7:GD=8!bc!OC;!359A:68F!



Chapter 3  Experimental Phase Behaviour 

"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! >@!

D;:BG!9:3=5;35A8!5E;8=IC<:5B;!C<!<48!A5:B<;!F:;A6C>8F!C;!G=8>!F5<;V!CBF!G=5DA;!57!

A4C;8!E84CI:5D=!O:<4!;:9:6C=!CAA8C=CB38!4CI8!E88B!5D<6:B8F!CBF!6CE8668F!C335=F:BG6>T!

":GD=8!bc!F:;A6C>;!<48!87783<!57!<=CB;3=:A<:5B!ED778=!5B!<48!A4C;8!E84CI:5D=!57!<48!

;>;<89V!:B!359AC=:;5B!O:<4!<48!;C98!;>;<89!:B!OC<8=T!'48!<=CB;3=:A<:5B!ED778=!

35B<C:B;!C!BD9E8=!57!F:778=8B<!;C6<;V!:B!CFF:<:5B!<5!<48!=84>F=C<:5B!57!<48!;C9A68!O:<4!L!

x6!:;5<5B:3!;C6:B8V!:B!C!98<45F!:F8B<:3C6!<5!<48!5B8!D;8F!<5!3=8C<8!<48!6:A:F!;C9A68;!75=!

<=CB;3=:A<:5BT!-<!:;!368C=!<4C<!<48!35B38B<=C<:5B!57!;C6<;!A=8;8B<!A=8;8=I8;!<48!:BI8=;8!

48QCG5BC6!34C=C3<8=V!E5<4!<4=5DG4!<48!;:BG68!A4C;8!48QCG5BC6!=8G:5BV!CBF!C6;5!<4=5DG4!

<48!E:A4C;:3!=8G:5B;T!'48!=8G:5B!6CE8668F!&nW&-!:B!<48!OC<8=!A4C;8!F:CG=C9!4C;!

359A68<86>!F:;CAA8C=8F!DA5B!CFF:<:5B!57!ED778=T!'48;8!<=8BF;!C=8!;598<4:BG!<4C<!:;!

A=8;8=I8F!C3=5;;!<48!A4C;8!F:CG=C9;!C<!<48!<89A8=C<D=8;!;<DF:8F!RJc!u$V!CBF!`Y!u$!ST!

H5;;:E68!8QA6CBC<:5B;!75=!<4:;!E84CI:5D=!C=8!87783<:I8!;3=88B:BG!57!<48!A5;:<:I8!34C=G8!

57!0)'#H!E>!35DB<8=:5B;!A=8;8B<!:B!<48!ED778=!;56D<:5B;V!5=!F84>F=C<:5B!87783<;V!CGC:B!

C;!C!=8;D6<!57!<48!:5B;!A=8;8B<!:B!<48!;>;<89T!'48!F:778=8B38!:B!;<=D3<D=8!E8<O88B!
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'48!0)H*!6:A:F!O:<4!:<;!359AC=C<:I86>!;9C66!48CFG=5DA!CBF!ED6P>!3:;NDB;C<D=C<8F!

34C:B;!;45O;!C!A=5A8B;:<>!75=!C!4:G4!F8G=88!57!B8GC<:I8!3D=IC<D=8T!$5BI8=;86>V!<48!

A5;:<:I8!34C=G8!57!0)'#H!9CP8;!:<;!87783<:I8!48CFG=5DA!;:j8!35B;:F8=CE6>!6C=G8=!<4CB!

<4C<!57!0)H*V!F8;A:<8!E8:BG!;6:G4<6>!;9C668=!:B!<8=9;!57!C<59:3!;<=D3<D=8T!'48!34C=G8F!

48CFG=5DA;!57!9D6<:A68!0)'#H!95683D68;!O:66!C3<:I86>!=8A86!8C34!5<48=V!3CD;:BG!

;O866:BG!CBFV!C<!4:G4!8B5DG4!0)'#H!35B<8B<;!8I8B<DC6!F:;=DA<:5B!57!<48!:B<8=BC6!

45B8>359E!;<=D3<D=8!57!<48!:BI8=;8!48QCG5BC6!A4C;8T!\48=8!;C9A68;!O8=8!A=8AC=8F!

O:<4!<=CB;3=:A<:5B!ED778=V!<48!A=8;8B38!57!:5B;V!:B!AC=<:3D6C=!B8GC<:I86>!34C=G8F!3465=:F8!

:5B;!35D6F!A=5I:F8!;3=88B:BG!57!<48!34C=G8!O:<4:B!<48!:B<8=BC6!48QCG5BC6!;<D3<D=8V!

A=8I8B<:BG!<48!F:;=DA<:5B!57!<48!:BI8=;8!48QCG5BC6!A4C;8!DB<:6!4:G48=!0)'#H!35B<8B<;T!

'48!5<48=!A5;;:E:6:<>V!87783<:I8!F84>F=C<:5B!O5D6F!A=8;8=I8!<48!:BI8=;8!48QCG5BC6!

A4C;8!E>!F=CO:BG!OC<8=!5D<!57!<48!ED6P!6:A:F!A4C;8!CBF!A=8;8=I:BG!<48!B8GC<:I8!

3D=IC<D=8!7CI5D=8F!E>!<48!0)H*T!!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?B!

!
]%*/$+#eUa#B4(3+#8%(*$(6#,>#:HBEn:HO"B#3?3&+63#%-#&$(-3'$%7&%,-#L/>>+$#(&#Id#o!#<L)('[J#3,)%8@#(-8#GX#o!#<$+8J#
8(34+8@#

!

":GD=8;!bi!CBF!bY!;45O!<4C<!<48!:BI8=;8!48QCG5BC6!=8G:5B;!57!<48!A4C;8!F:CG=C9;!C=8!

A=8;8=I8F!O:<4!:B3=8C;:BG!<89A8=C<D=8T!'4:;!:;!:B!G55F!CG=8898B<!O:<4!<48!6:<8=C<D=8!

5B!6:A:F!CBF!0+#!359A68Q8;T!'O5!8UD:6:E=:D9!;<=D3<D=8;!C=8!=8A5=<8FV!<48!&n$!CBF!2--$!

G8598<=:8;!F:;3D;;8F!A=8I:5D;6>T!%BF8=!35BF:<:5B;!:B!O4:34!<48!;A5B<CB85D;!3D=IC<D=8!

57!<48!6:A:FV!3KV!:;!65O!Rj8=5S!CBF!<48!E8BF:BG!95FD6D;!57!<48!A4C;8V!sV!:;!4:G4!RPrP?'S!

<48!6C9866C=!359A68Q!:;!7CI5D=8FT!\48B!<48!6:A:F!4C;!C!6C=G8!RB8GC<:I8S!;A5B<CB85D;!

3D=IC<D=8V!C;!:B!<48!3C;8!57!0)H*V!CBF!<48!E8BF:BG!95FD6D;!:;!65O!RP}P?'S!<48!:BI8=;8!

48QCG5BC6!359A68Q!:;!75=98FT!%A5B!=C:;:BG!<48!<89A8=C<D=8!<48!IC6D8!57!P?'!:;!=C:;8FV!

34CBG:BG!<48!35BF:<:5B;!;D34!<4C<!<48!:BI8=;8!48QCG5BC6!G8598<=>!9C>!E8!7CI5D=8FTLiV!

a`!!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?A!

!
]%*/$+#eXa#B4(3+#8%(*$(6#,>#:HBEn:HO"B#3?3&+63#%-#9(&+$#(&#Id#o!#<L)('[J#3,)%8@#(-8#GX#o!#<$+8J#8(34+8@#

!

!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?1!

_]_*h@;8C*B353;D613B*45;P<5P;3*9>*<;C458O4*
\4:68!:<!:;!<=D8!<4C<!<48!5=:8B<C<:5BC6!5=F8=:BG!57!C<59;!9C>!E8!;<DF:8F!D;:BG!+1.!

<834B:UD8;V!<48!;<DF>!57!<=CB;6C<:5BC6!5=F8=:BG!=8UD:=8;!;<DF>!E>!F:77=C3<:5B!57!

=CF:C<:5B!;3C<<8=8F!E>!C<59;!:B!C!;C9A68T!\48B!CB!QN=C>!E8C9!AC;;8;!<4=5DG4!C!

;C9A68V!<48!OCI8;!;3C<<8=8F!E>!<48!C<59:3!;:<8;!359E:B8!CBFV!<4=5DG4!<48!A48B598BC!

57!35B;<=D3<:I8!CBF!F8;<=D3<:I8!:B<8=78=8B38!A=5FD38!C!F:77=C3<:5B!AC<<8=BT!!

fN=C>!F:77=C3<:5B!D<:6:;8;!<48!CE:6:<>!57!C<59:3!8683<=5B;!<5!;3C<<8=!8683<=59CGB8<:3!

=CF:C<:5B!O:<4!OCI868BG<4!57!LTcb!q[!<4:;!;3C<<8=:BG!A5O8=!:B3=8C;8;!O:<4!C<59:3!

BD9E8=V!;D34!<4C<!4>F=5G8B!4C;!C!I8=>!65O!;3C<<8=:BG!CE:6:<>!O48B!359AC=8F!O:<4!

48CI:8=!C<59;T!'48!F:77=C3<8F!QN=C>;!9C>!B5<!E8!753D;;8F!D;:BG!68B;8;!CBF!C;!;D34!<48!

;<=D3<D=8!9D;<!E8!F8FD38F!9C<489C<:3C66>!7=59!CBC6>;:;!57!<48!=8;D6<CB<!F:77=C3<:5B!

AC<<8=BT!"5=!F8<C:68F!F8<C:68F!F8;3=:A<:5B;!5B!QN=C>!F:77=C3<:5B!A68C;8!;88!O5=P;!E>!

?=CGGab!CBF!,D:B:8=TacV!ai!

'48!A8CP;!5E;8=I8F!C;!AC=<!57!CB!QN=C>!F:77=C3<:5B!AC<<8=B!C=:;8!7=59!?=CGGe;!&COT!

.8A8C<:BG!A6CB8;!O:<4:B!<48!;<=D3<D=8!3CD;8!86C;<:3!;3C<<8=:BG!57!<48!:B3:F8B<!=C>;V!;D34!

<4C<!35B;<=D3<:I8!:B<8=78=8B38!E8<O88B!=87683<8F!QN=C>;!533D=;!5B6>!O48B!?=CGGe;!&CO!

:;!;C<:;7:8FT!

! 

n" = 2d sin# ! ! ! ! k_]Kl!

'48!F:=83<:5B;!57!:B3:F8B<!CBF!F:77=C3<8F!E8C9;!C=8!;A83:7:8F!E>!<48:=!OCI8I83<5=;V!P:!

CBF!P;V!O45;8!95FD6:!C=8!G:I8B!E>!

! 

k i = ks =
2"
# ! ! ! ! k_]Gl

!

O48=8!<48!9CGB:<DF8;!C=8!8UDC6!C;!<48!;3C<<8=:BG!:;!86C;<:3T!'48!A8CP!A5;:<:5B;!57!<48!

;3C<<8=8F!=C>;!C=8!57<8B!F8;3=:E8F!:B!<8=9;!57!<48:=!;3C<<8=:BG!I83<5=V!wV!O4:34!

=8A=8;8B<;!<48!34CBG8!:B!OCI8I83<5=!57!<48!;3C<<8=8F!E8C9T!!

Q = ks ! ki( ) ! ! ! ! k_]_l!

! 

Q ! Q =
4" sin#

$
! ! ! k_]bl

!

'48!;3C<<8=:BG!I83<5=!3CB!E8!=86C<8F!EC3P!<5!?=CGGe;!&CO!C;!75665O;!

! 

Qn = n 2"
d ! ! ! ! k_]al

!

-B!<4:;!7C;4:5BV!<48!;3C<<8=:BG!I83<5=!75=!C!;8<!57!8UD:F:;<CB<!A6CB8;!4C;!:B<8B;:<>!57!j8=5V!

8Q38A<!75=!<45;8!3C;8;!O48=8!?=CGGe;!&CO!:;!;C<:;7:8FT!!

*

*
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?2!

_]_]K*09NB3;*`@;8C*B6>>;8<5691*81B*O6=6B*48D=O34*
'834B:UD8;!D;8F!:B!<48!QN=C>!F:77=C3<:5B!57!A5OF8=!;C9A68;!>:86F!C!A5O8=7D6!CBC6><:3C6!

<556!75=!CBC6>;:;!57!6:A:F!;<=D3<D=8T!&:P8!<48!A5OF8=!;C9A68V!C!6:A:F:3!;C9A68!35B<C:B;!

9CB>!9:3=5F59C:B;V!O:<4!=CBF59!5=:8B<C<:5BTiV!La!'4:;!98CB;!<4C<!<48!?=CGG!8UDC<:5B!

:;!;C<:;7:8F!75=!C66!IC6D8;!57!)V!CBF!C66!F:77=C3<:5B!A8CP;!C=8!;:9D6<CB85D;6>!5E;8=I8FT!

*C34!F:77=C3<:5B!;A5<!:;!CI8=CG8F!<5!G:I8!?=CGG!=:BG;V!=C<48=!<4CB!A8CP;V!O4:34!3CB!C6;5!

E8!D;8F!<5!F8FD38!<48!5I8=C66!;<=D3<D=8!57!<48!;C9A68T!'48!CAA8C=CB38!57!=:BG;!

:F8B<:7:8;!<48!;C9A68!C;!E8:BG!75=98F!57!F:778=8B<6>!5=:8B<8F!F59C:B;[!FD=:BG!<48!

35B;<=D3<:5B!57!C!A4C;8!F:CG=C9!7=59!QN=C>!FC<CV!;C9A68;!C<!38=<C:B!9:Q<D=8;!9C>!

F:;A6C>!8I:F8B38!57!C6:GB98B<V!:B!<48!CAA8C=CB38!57!E=:G4<!;A5<;!C65BG!<48!?=CGG!=:BG;Ti!!

*

_]_]G*FC95;9=6<*O6^P6B*<;C458O4*81B*=:843*6B3156>6<85691*
'48=8!C=8!9CB>!F:778=8B<!A4C;8;!5E;8=I8F!:B!6:A:F:3!;>;<89;V!C66!F=:I8B!E>!<48!

4>F=5A45E:3!87783<V!AC=<:<:5B:BG!57!<48!4>F=5A4:6:3!CBF!4>F=5A45E:3!359A5B8B<;V!CBF!

4>F=C<:5B!57!<48!6:A:F!95683D68;T!'48!0)H*W0)'#H!;>;<89!;<DF:8F!C;!AC=<!57!<4:;!H40!

8Q4:E:<;!A=8F59:BCB<6>!:BI8=;8!48QCG5BC6!CBF!6C9866C=!A4C;8!E84CI:5D=[!<48!QN=C>!

F:77=C3<:5B!AC<<8=B;!57!<48;8!6>5<=5A:3!A4C;8;!C=8!F:;<:B3<!CBF!8C;:6>!:F8B<:7:CE68T!?=CGG!

=:BG;!7=59!C!6C9866C=!359A68Q!75=9!C335=F:BG!<5!<48!=C<:5;!LV!JV!`V!b[!O4:68!?=CGG!=:BG;!

=8;D6<:BG!7=59!CB!:BI8=;8!48QCG5BC6!;<=D3<D=8!4CI8!<48!=C<:5!LV!~`V!JV!~YTi!!

*

_]_]_*h@;8C*B6>>;8<5691*3`=3;6D3154*
fN=C>!F:77=C3<:5B!8QA8=:98B<;!O8=8!3C==:8F!5D<!:B!3566CE5=C<:5B!O:<4!<48!189E=CB8!

?:5A4>;:3;!.8;8C=34!,=5DA!C<!-9A8=:C6!$5668G8!&5BF5BT!#!?8F8!1:3=5;5D=38!G8B8=C<5=!

O:<4!C!35AA8=!CB5F8!CBF!B:3P86!7:6<8=;!OC;!D;8F!<5!A=5FD38!<48!QN=C>;!O4:34!O8=8!<48B!

AC;;8F!<4=5DG4!C!3D;<59!F8;:GB8FV!A86<:8=!F=:I8B!<89A8=C<D=8!35B<=5668F!;C9A68!

34C9E8=!CBF!F8<83<8F!E>!C!$$0!F8<83<5=!;DAA6:8F!E>!H45<5B:3!/3:8B38T!'48!FC<C!75=!

8C34!;C9A68!OC;!356683<8F!C;!C!'-""!:9CG8!7:68V!CBF!<48B!CBC6>;8F!5B!3D;<59!;57<OC=8!

3C668F!#f38;;Ta`!"=59!<4:;!;57<OC=8!:<!:;!A5;;:E68!<5!5E<C:B!<48!DN;AC3:BGV!O4:34!

35==8;A5BF;!F:=83<6>!<5!<48!6C<<:38!AC=C98<8=!75=!C!6C9866C=!A4C;8!CBF!:;!8C;:6>!

35BI8=<8F!<5!6C<<:38!AC=C98<8=!75=!<48!48QCG5BC6!A4C;8Ti!!

-B!G55F!CG=8898B<!O:<4!<48!A56C=:;8F!6:G4<!9:3=5;35A>!8QA8=:98B<;V!<48!QN=C>!

F:77=C3<:5B!8QA8=:98B<;!;45O!C!48QCG5BC6!;>;<89!<4C<!G:I8;!OC>!<5!C!E:A4C;:3!;>;<89V!

C<!:B<8=98F:C<8!0)H*!CBF!0)'#H!35B38B<=C<:5B;V!E875=8!F:;A6C>:BG!C!6C9866C=!A4C;8!C<!

4:G48=!0)'#H!35B38B<=C<:5B;T!%B75=<DBC<86>V!<48!QN=C>!F:77=C3<:5B!AC<<8=B;!57!C66!

359A5B8B<;!57!<48!E:A4C;:3!=8G:5B;!C=8!B5<!C6OC>;!I:;:E68V!95;<!57<8B!F:;A6C>:BG!5B6>!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?4!

<48!F59:BCB<!A4C;8T!'4C<!;C:FV!A4C;8!AC=C98<8=;!3CB!;<:66!E8!3C63D6C<8F!7=59!<489V!

C665O:BG!:B;:G4<!:B<5!O4C<!4CAA8B;!<5!<48!A4C;8!F:98B;:5B;!O:<4!C6<8=8F!6:A:F!35B<8B<!

CBF!4>F=C<:5BT!#;!O:<4!<48!9:3=5;35A>!;<DF:8;V!;C9A68;!O8=8!C665O8F!<5!8UD:6:E=C<8!C<!

`Y!u$!75=!;8I8=C6!FC>;!E875=8!E8:BG!:B;8=<8F!:B<5!3CA:66C=:8;[!;C9A68;!O:<4!4:G4!

48QCG5BC6!34C=C3<8=!O8=8!:B;8=<8F!:B<5!3CA:66C=:8;!D;:BG!<48!A6DBG8=!7=59!C!2C9:6<5BN

;<>68!;>=:BG8!<5!G8B<6>!8C;8!<48!;C9A68!<5!<48!E5<<59!57!<48!;4C7<V!O4:68!;C9A68;!O:<4!C!

G=8C<8=!F8G=88!57!6C9866C=!34C=C3<8=!O8=8!:B;8=<8F!:B<5!<48!3CA:66C=:8;!D;:BG!

38B<=:7DGC<:5BT!!

!

*
]%*/$+#eha#:%>>$('&%,-#7(&&+$-3#>$,6#:HBEn:;"#3(67)+3#%-#9(&+$c#;,&+#&4+#R$(**#7+([3#(&#NJ#qI#(-8#qG#>,$#
&4+#122#8%>>$('&%,-#7(&&+$-J#(-8#&4+#7+([3#(&#N#(-8#qe#>,$#&4+#Af#7(&&+$-c#

*

_]_]b*(:3*3>>3<5*9>*:CB;85691*D3B6PD*91*:3`87918O*B@4=8<617*

!
]%*/$+#eja#0($%(&%,-#,>#&F37('%-*#9%&4#%-'$+(3%-*#:HO"B#',-&+-&#(>&+$#%-'/L(&%,-#%-#9(&+$J#%3,&,-%'#3()%-+#(-8#
(#3,)/&%,-#,>#3()6,-#37+$6#:;"#<N.#6*#6)FN@##

!

":GD=8!ba!;45O;!45O!<48!DN;AC3:BG!57!<48!:BI8=;8!48QCG5BC6!A4C;8!IC=:8;!O:<4!

4>F=C<:5B!98F:D9!5I8=!<48!:BI8=;8!48QCG5BC66>!F59:BCB<!=8G:5B!57!<48!A4C;8!F:CG=C9!

R:T8T!C<!6:A:F!35B<8B<!68;;!<4CB!`K!X!0)'#H!:B!0)H*V!CBF!7=59!;C9A68;!:B!8Q38;;!OC<8=V!

CE5I8!iK!O<!X!4>F=C<:5BST!-<!OC;!75DBF!<4C<!C!DN;AC3:BG!57!�!iJTc!q!OC;!5E;8=I8F!75=!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?5!

AD=8!0)H*V!O48<48=!<48!;C9A68!OC;!=84>F=C<8F!O:<4!OC<8=V!:;5<5B:3!;C6:B8!5=!C!LK!9G!

96NL!;56D<:5B!57!;C695B!;A8=9!0+#T!'4:;!IC6D8!35==8;A5BF;!<5!C!DB:<!3866!6C<<:38!

AC=C98<8=!57!YJTJ!qV!O4:34!:;!:B!G55F!CG=8898B<!O:<4!6:<8=C<D=8!;5D=38;T!-<!3CB!E8!;88B!

7=59!<48!FC<C!<4C<!:B3=8C;:BG!<48!0)'#H!35B<8B<!57!<48!A4C;8!3CD;8;!C!;O866:BG!57!<48!

A4C;8V!<5!C!DM;AC3:BG!57!=5DG46>!ig!qV!<4C<!:;!;3=88B8F!<5!;598!8Q<8B<!E>!<48!:;5<5B:3!

;C6:B8!;56D<:5BT!'48!CFF:<:5B!57!;C695B!;A8=9!0+#!<5!<48!6:A:F!;C9A68;!;45O;!C!

A=8;8=IC<:5B!57!<48!:BI8=;8!48QCG5BC6!DM;AC3:BG!57!�!iJTc!q!C66!<48!OC>!<4=5DG4!<48!

:BI8=;8!48QCG5BC6!=8G:5B!<5!C!6:A:F!359A5;:<:5B!57!`K!9568!A8=38B<!0)'#H!:B!0)H*T!#<!

0)'#H!35B38B<=C<:5B;!4:G48=!<4CB!<4:;!<48!QN=C>!F:77=C3<:5B!AC<<8=B!B5!65BG8=!;45O;!C!

368C=!48QCG5BC6!35==86C<:5B!75=!CB>!;C9A68V!=8GC=F68;;!57!O4:34!;56D<:5B!:;!D;8F!<5!

4>F=C<8!:<T!'48;8!5E;8=IC<:5B;!C=8V!45O8I8=V!:B!I8=>!G55F!CG=8898B<!O:<4!E5<4!<48!

;:9D6C<:5B!CBF!<48!A56C=:;:BG!6:G4<!9:3=5;35A8!;<DF:8;T!'48!A=8;8=IC<:5B!57!<48!:BI8=;8!

48QCG5BC6!DM;AC3:BG!:B!<48!A=8;8B38!57!:;5<5B:3!;C6:B8!:;!:B!P88A:BG!O:<4!<48!5E;8=I8F!

A=8;8=IC<:5B!57!<48!48QCG5BC6!34C=C3<8=!57!<48!;>;<89!C<!:B3=8C;8F!;C6<!35B38B<=C<:5B!

RE>!9:3=5;35A>SV!CBF!<48!;<CE:6:;C<:5B!57!<48!:BI8=;8!48QCG5BC6!A4C;8!E>!;C695B!;A8=9!

0+#!:;!:B!G55F!CG=8898B<!O:<4!<48!;:9D6C<8F!FC<CT!!

'48!0+#!35B38B<=C<:5B!:B!E5<4!<48!;<DF:8;!:BI56I:BG!0)H*W0)'#HW0+#!R;C695B!

;A8=9S!CBF!<48!;:9D6C<8F!;>;<89;!:;!4:G46>!359AC=CE68T!-B!<48!;:9D6C<:5BV!<O86I8!5D<!

57!<48!;8I8B<88B!34CBB86;!C=8!533DA:8FV!O4:68!<48!8QA8=:98B<C6!;>;<89;!O8=8!

35B;<=D3<8F!;5!<4C<!KTi!9G!0+#!OC;!CFF8F!<5!8C34!c!9G!6:A:F!;C9A68T!'4:;!35==8;A5BF;!

<5!JTg!Q!LKLc!95683D68;!57!0+#!JKK!EC;8!AC:=;!:B!68BG<4T!-7!<48!3=5;;N;83<:5BC6!C=8C!57!

<48!0)H*!48CFG=5DA!:;!E8<O88B!bg!CBF!ic!qJVL!<4:;!G:I8;!C!IC6D8!57!E8<O88B!LiTc!CBF!

LaTK!6:A:F!95683D68;!C==CBG8F!C=5DBF!C!34CBB86!57!F:C98<8=!bYTJ!qV!C;!75DBF!:B!<48!

:BI8=;8!48QCG5BC6!A4C;8!57!0)H*T!'48!BD9E8=!57!0+#!95683D68;!<4C<!3CB!E8!

C335995FC<8F!E>!c!9G!6:A:F!6:8;!E8<O88B!bTg!CBF!iTc!Q!LKLc!95683D68;V!G:I:BG!C!34CBB86!

533DAC<:5B!57!E8<O88B!L!:B!LTY!CBF!L!:B!JT`!34CBB86;!7:668FT!'48!533DAC<:5B!57!<48!

;>;<89!;<DF:8F!E>!;:9D6C<:5B!OC;!L!:B!LTb!34CBB86;V!O4:34!:;!359AC=CE68!O:<4!<45;8!

;>;<89;!;<DF:8F!8QA8=:98B<C66>T!'48!;:9D6C<8F!;>;<89!35B;:;<;!57!C!;:9D6C<:5B;!E5Q!

:B7:B:<86>!=8A6:3C<8F!:B!C66!F:=83<:5B;V!CBF!:;!B5<!O4566>!=87683<:I8!57!<48!ED6P!;<C<8!57!<48!

6:A:FT!-B!C!=8C6!;>;<89!<48!:BI8=;8!48QCG5BC6!A4C;8!57!<48!6:A:F!;>;<89!35B;:;<;!57!C!

BD9E8=!57!9:3=5F59C:B;!<4C<!C=8!5=:8B<8F!=CBF596>!O:<4:B!<48!ED6P!;C9A68T!-BF88FV!

<4:;!E84CI:5D=!G:I8;!=:;8!<5!<48!36C;;:3!78C<48=>!E:=87=:BG8B38!5E;8=I8F!:B!<4:;!<>A8!57!

;C9A68!FD=:BG!A56C=:;8F!6:G4<!9:3=5;35A>T!'4:;!C==CBG898B<!57!F59C:B;!98CB;!<4C<!

;598!34CBB86;!O:<4:B!<48!;C9A68!9C>!B5<!E8!CIC:6CE68!75=!533DAC<:5B!E>!0+#!

95683D68;!C;!E5<4!8BF;!57!<48!34CBB86!O:66!E8!653C<8F!O:<4:B!<48!ED6P!A4C;8T!-<!:;!

<48=875=8!;DGG8;<8F!<4C<!<4:;!68I86!57!0+#!533DAC<:5B!:;!C;!365;8!<5!;C<D=C<:5B!C;!:;!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ?=!

=8C6:;<:3C66>!A5;;:E68!:B!CB!8QA8=:98B<C6!;>;<89[!:B3=8C;:BG!<48!0+#!35B<8B<!57!<48!

;>;<89!E>!]D;<!C!7=C3<:5B!57!C!9:66:G=C9!O5D6F!98CB!<4C<!<48=8!OC;!CB!8Q38;;!57!0+#!

95683D68;!O48B!359AC=8F!O:<4!<48!0+#N35BF8B;:BG!A=5A8=<:8;!57!<48!6:A:FT!-B!<8=9;!57!

359AC=CE:6:<>!57!<48!8QA8=:98B<C6!CBF!;:9D6C<8F!;>;<89;V!<48!533DAC<:5B!57!0+#!

O:<4:B!<48!34CBB86;!:;!368C=6>!359AC=CE68V!O48B!359AC=8F!O:<4!E:565G:3C66>!C3<:I8!

;C9A68;!D;8F!75=!<48!<=CB;3=:A<:5B!CBF!<=CB;783<:5B!86898B<;!57!<4:;!<48;:;V!O4:34!4CI8!

C!0+#!35B38B<=C<:5B!;8I8=C6!5=F8=;!57!9CGB:<DF8!65O8=T!!

!

!
]%*/$+#d.a#S$(74#34,9%-*#8F37('%-*#,>#&$(-3'$%7&%,-#3(67)+3#,>#)%7%8#(-8#&$(-3'$%7&%,-#L/>>+$#9%&4#(-8#
9%&4,/&#N#p*#)%-+($%3+8FOXF)/'%>+$(3+#:;"J#0($?%-*#)%7%8#',67,3%&%,-J#9%&4#(-8#9%&4,/&#%-'/L(&%,-#9%&4#
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r(t + !t) = r(t) + !tv(t) + 1
2
!t 2a(t) + ...

r(t + !t) = r(t) " !tv(t) + 1
2
!t 2a(t) " ...

! ! kb]GJ_l

!

'48;8!8UDC<:5B;!3CB!E8!CFF8F!<5!G:I8!

r(t + !t) = 2r(t) " r(t " !t) + dt 2a(t) !! ! kb]bl!
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#B!:9A5=<CB<!78C<D=8!57!6C=G8N;3C68!95683D6C=!;:9D6C<:5B!:;!<4C<!<48!CE:6:<>!57!<48!95F86!<5!
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b]G]b*(:3*c&+/.E'*'6DPO85691*08<M873*
,.)1#$/!R,.)B:BG8B!1C34:B8!75=!$489:3C6!/:9D6C<:5BS!:;!C!;57<OC=8!AC3PCG8!F8;:GB8F!

75=!=DBB:BG!10!;:9D6C<:5B!5B!AC=C6686!359AD<:BG!;>;<89;TLLgV!LLa!-<!OC;!F8I865A8F!E>!C!

G=5DA!57!3566CE5=C<5=;!C<!<48!%B:I8=;:<>!57!,=5B:BG8B!:B!<48!+8<48=6CBF;!:B!<48!8C=6>!LaaK;V!

C;!C!;D338;;5=!<5!<48:=!A=8I:5D;!,.)1)/!A=5G=C9T!#6<45DG4!5=:G:BC66>!F8;:GB8F!75=!

;>;<89;!35B<C:B:BG!359A68Q!E:595683D68;V!;D34!C;!A=5<8:B;V!6:A:F;!CBF!BD368:3!C3:F;V!:<!:;!

;D:<CE68!75=!C66!P:BF;!57!;:9D6C<:5B!EC;8F!5B!AC:=!A5<8B<:C6;V!C;!C!=8;D6<!57!87783<:I8!

:9A6898B<C<:5B!57!B5BNE5BF8F!75=38!3C63D6C<:5B;T!!,.)1#$/!F58;!B5<!4CI8!C!75=38!7:86F!57!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! ABA!

:<;!5OBV!ED<!:;!359AC<:E68!O:<4!C!BD9E8=!57!F:778=8B<!75=38!7:86F;V!:B36DF:BG!$2#.11!CBF!

#1?*.!R75=!C<59:;<:3!;:9D6C<:5BS!CBF!<48!1#.'-+-!75=38!7:86F!D;8F!:B!<48!35C=;8!G=C:B8F!

;:9D6C<:5B;!:B!<4:;!;<DF>T!!#FF:<:5BC6!I8=;C<:6:<>!57!<48!,.)1#$/!AC3PCG8!3598;!7=59!<48!

7C3<!<4C<!<48=8!:;!C!4:G4!F8G=88!57!3D;<59:;CE:6:<>!ED:6<!:B<5!<48!;57<OC=8V!C665O:BG!

:B<8=7C3:BG!O:<4!A5AD6C=!UDCB<D9!9834CB:3C6!AC3PCG8;!<5!3=8C<8!9:Q8F!w1W11!

;:9D6C<:5B;T!,.)1#$/!:;!O=:<<8B!:B!<48!A=5G=C99:BG!6CBGDCG8!$!CBF!D;8;!<48!1H-!

R18;;CG8!HC;;:BG!-B:<:C<:I8S!98<45F!57!3599DB:3C<:5B!E8<O88B!A=538;;5=;T!!

*

b]_*(:3*3`=3;6D3154*<8;;63B*9P5*61*5:64*45PBC*
'48!8QA8=:98B<;!3C==:8F!5D<!:B!<4:;!;<DF>!C=8!;A6:<!:B<5!<O5!G=5DA;[!C!;<DF>!57!<48!A4C;8!

E84CI:5D=!57!C!;>;<89!57!0)H*!CBF!0+#!O:<4!=8;A83<!<5!4>F=C<:5B!CBF!<48!;<DF>!57!<48!

87783<!57!0)'#H!35B38B<=C<:5B!5B!<48!;C98!;>;<89T!'48;8!G=5DA;!O8=8!F8;:GB8F!<5!7:BF!<48!

6:9:<:BG!4>F=C<:5B!57!<48!0)H*W0+#!;>;<89!:B!5=F8=!<5!359AC=8!:<!<5!8QA8=:98B<C6!IC6D8;V!

CBF!<5!C;;8;;!<48!87783<!57!0)'#H!5B!<48!:BI8=;8!48QCG5BC6!;<=D3<D=8T!*QA8=:98B<;!O8=8!

;8<!DA!;D34!<4C<!cbbK!6:A:F;!CBF!<O86I8!A:838;!57!0+#!R8C34!`K!EC;8!AC:=;!:B!68BG<4S!O8=8!

7:Q8F!:B!C!75=38F!6C9866C=!A4C;8!R:T8T!C!6C9866C=!A4C;8!<4C<!O5D6F!B5<!E8!8QA83<8F!<5!E8!

75DBF!C;!CB!8UD:6:E=:D9!;<C<8!57!<48!;>;<89ST!'48!0+#!486:38;!O8=8!C==CBG8F!;5!<4C<!O48B!

I:8O8F!3=5;;N;83<:5BC66>!<48>!533DA:8F!<48!I8=<:38;!57!C!bQ`!G=:FT!2>F=C<:5B!57!<48!;>;<89!

OC;!3C==:8F!5D<!D;:BG!<48!,.)1#$/!G8BE5Q!7DB3<:5B!O:<4!F:778=8B<!4>F=C<:5B!68I86;!

C34:8I8F!E>!C6<8=:BG!<48!ICB!F8=!\CC6;!=CF:D;!57!<48!OC<8=!95683D68;!R45O!365;8!<48!OC<8=!

95683D68;!C=8!C665O8F!<5!3598!<5!8C34!5<48=ST!\48=8!;>;<89;!35B<C:B8F!CB!DBEC6CB38F!

34C=G8!R8:<48=!C;!C!=8;D6<!57!<48!B8GC<:I86>!34C=G8F!A45;A4C<8!EC3PE5B8!57!<48!0+#!5=!

7=59!<48!3C<:5B:3!0)'#H!6:A:F;S!<4:;!OC;!B8D<=C6:;8F!E>!CFF:<:5B!57!CAA=5A=:C<8!BD9E8=;!

57!;5F:D9!5=!3465=:F8!:5B;V!D;:BG!<48!,.)1#$/!G8B:5B!3599CBFT!*B8=G>!9:B:9:;C<:5B;!

O8=8!3C==:8F!5D<!E5<4!C7<8=!;56IC<:5B!57!<48!6C9866C=!A4C;8V!CBF!C7<8=!CFF:<:5B!57!:5B:3!

;A83:8;T!/:9D6C<:5B;!O8=8!:B:<:C<8F!E>!;45=<!=DB;!57!cK!;<8A;!57!95683D6C=!F>BC9:3;!O:<4!

:B3=8C;:BG!<:98;<8A!7=59!KTKKKL!A;!<5!KTKLc!A;!E875=8!E8:BG!;8<!DA!<5!=DB!bQLKi!;<8A;!5B!C!

AC=C6686!;>;<89T!'5!G8<!<48!`KK!B;!FD=C<:5B!D;8F!75=!<48!CBC6>;:;!:B!<4:;!;<DF>!<48!1H-!

;:9D6C<:5B!OC;!8Q<8BF8F!<5!;:Q!AC=<;!R8C34!35I8=:BG!CAA=5Q:9C<86>!cK!B;S!75=!8C34!;>;<89!

;<DF:8FT!!

!

*

*



Chapter - Simulations  Lipid composition study 

"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! AB1!

b]_]K(:3*:CB;85691*45PBC*
'48!E84CI:5D=!57!<48!0)H*Z0+#!;>;<89!OC;!5E;8=I8F!<5!E8!;:GB:7:3CB<6>!F:778=8B<!<5!<48!

AD=8!0)H*!;>;<89T!#!;:9D6C<:5B!57!ibKK!0)H*!95683D68;!OC;!75DBF!<5!DBF8=G5!<=CB;:<:5B!

7=59!C!6C9866C=!<5!CB!:BI8=;8!48QCG5BC6!A4C;8!C<!C!OC<8=!35B<8B<!57!�LcKKK!1#.'-+-!

OC<8=;!R8UD:IC68B<!<5!iKKKK!k=8C6l!OC<8=;V!7=59!48=8:B!<48!BD9E8=!57!=8C6!OC<8=;!O:66!E8!

UD5<8FST!'4:;!35==8;A5BF;!<5!C!OC<8=W6:A:F!956C=!=C<:5!57!aTbV!O4:34!:;!E865O!<48!

8QA8=:98B<C66>NF8=:I8F!6:9:<:BG!4>F=C<:5B!57!0)H*VLJ!CBF!<48!5E;8=IC<:5B!57!6:A:F!;<C6P!

75=9C<:5B!:B!;:9D6C<:5B;!O48=8!<48!OC<8=!35B<8B<!:;!}!LJ!OC<8=;W6:A:FTLJK!\48B!0+#!:;!

:B36DF8F!:B!<48!6:A:F!A4C;8V!<48!E84CI:5D=!5E;8=I8F!:;!;598O4C<!F:778=8B<[!C<!�iKVKKK!

OC<8=!95683D68;!C!;>;<89!35B<C:B:BG!cbbK!6:A:F;!CBF!LJ!0+#!486:38;!=8;D6<;!:B!C!

35B<:BDC66>!DBFD6C<:BG!6C9866C=!A4C;8!ROC<8=W6:A:F!=C<:5!57!LLTKST!'48!<=CB;:<:5B!<5!CB!

:BI8=;8!48QCG5BC6!A4C;8!:;!B5<!5E;8=I8F!DB<:6!<48!OC<8=!35B<8B<!:;!=8FD38F!<5!�JKVKKK!

OC<8=!95683D68;!RI:C!C!9:Q8F!A4C;8!C<!bKVKKK!OC<8=!95683D68;ST!'4:;!35==8;A5BF;!<5!`TY!

OC<8=;W6:A:F!75=!<48!48QCG5BC6!A4C;8V!CBF!YTb!OC<8=;W6:A:F!75=!<48!E:A4C;:3!;C9A68T!'4:;!

=8FD3<:5B!57!OC<8=!35B<8B<!:B!<48!A=8;8B38!57!<48!0+#!486:38;!:;!8QA83<8F!CBF!35B;:;<8B<!

O:<4!F:;A6C3898B<!57!OC<8=!O:<4:B!<48!2--!CUD85D;!34CBB86;T!

!

!
]%*/$+#dea#B4(3+#&$(-3%&%,-#,>#(#:HBEa:;"#3?3&+6#(&#),9#4?8$(&%,-#>$,6#)(6+))($#&,#%-0+$3+#4+5(*,-()#,0+$#&4+#
>%$3&#N.#-3#,>#3%6/)(&%,-c#AFDa#3&($&%-*#',->,$6(&%,-#,>#(#>,$'+8#)(6+))($#74(3+g#$+($$(-*+6+-&#,>#:;"#4+)%'+3#
9%&4%-#&4+#>%$3&#N.#-3g#($$(-*+6+-&#,>#&4+#)%7%8#&(%)3#(>&+$#&4+#>%$3&#N.#-3#,>#3%6/)(&%,-#

!

'48!7:=;<!ACB86!57!7:GD=8!cb!F8<C:6;!<48!m75=38Fe!;<C=<:BG!35B75=9C<:5B!57!<48!6:A:FN0+#!

359A68Q[!C6<45DG4!<4:;!;BCA;45<!:;!<CP8B!7=59!<48!65O!4>F=C<:5B!;:9D6C<:5BV!<4:;!

C==CBG898B<!OC;!5E;8=I8F!C<!<48!;<C=<!57!C66!;:9D6C<:5B;!35B<C:B:BG!0+#T!-<!:;!368C=!7=59!

<48!9:FF68!ACB86!<4C<!<48!:B:<:C<:5B!57!A4C;8!<=CB;:<:5B!533D=;!O:<4:B!<48!7:=;<!LK!B;!57!

;:9D6C<:5BV!<4=5DG4!95I898B<!57!<48!0+#!486:38;!<5!<48!48QCG5BC6!75=9C<:5B!8QA83<8F!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! AB2!

7=59!<4:;!9:Q<D=8[!<4:;!:;!:BF:3C<8F!E5<4!E>!<48!=CA:F!95I898B<!57!<48!486:38;!CBF!C6;5!<48!

7C3<!<4C<!<48!486:38;!F5!B5<!95I8!7D=<48=!5I8=!<48!35D=;8!57!<48!;:9D6C<:5BT!'4:;!:998F:C<8!

95I898B<!57!<48!0+#!:;!:BF:3C<:I8!57!;598!65BGN=CBG8!5=F8=:BG!57!<48!0+#!486:38;T!'48!

=89C:BF8=!57!<48!;:9D6C<:5B!RDA!<5!`KK!B;S!:BI56I8;!=8C==CBG898B<!57!<48!6:A:F;!<5!

359A68<8!<48!<=CB;:<:5BT!'48!<4:=F!ACB86!57!<48!C75=898B<:5B8F!7:GD=8!F8<C:6;!<48!

A5;:<:5B:BG!57!<48!6:A:F!<C:6;!C7<8=!<48!7:=;<!<8B!BCB5;835BF;!57!;:9D6C<:5BT!'48!75=9C<:5B!57!

6:A:F!;<C6P;!:;!368C=6>!I:;:E68!CBF!:;!4:G46:G4<8F!E>!<48!E5Q8;!F=COB!5I8=!<48!;:9D6C<:5B;!

:9CG8T!'4:;!:;!CB!:9A5=<CB<!5E;8=IC<:5B!C;!:<!35B7:=9;!<48!E86:8I8F!9834CB:;9!75=!;D34!

A4C;8!<=CB;:<:5B;VLJLV!LJJ!CBF!4C;!E88B!5E;8=I8F!:B!;:9D6C<:5B;!57!;:9:6C=!6:A:F:3!;>;<89;TLJK!

!

!
]%*/$+#dda#O4+#+>>+'&#,>#4?8$(&%,-#,-#74(3+#&$(-3%&%,-#,>#(#:HBEa:;"#3?3&+6#>$,6#)(6+))($#&,#%-0+$3+#4+5(*,-()#
,0+$#&4+#>%$3&#N.#-3#,>#3%6/)(&%,-c#AFDa#(#b7+$>+'&_#4+5(*,-()#74(3+#>,$6+8#(&#),9#4?8$(&%,-g#(&#X#9(&+$3n)%7%8#(-#
%67+$>+'&#4+5(*,-()#74(3+#%3#,L3+$0+8g#(#L%74(3%'#3?3&+6#%3#,L3+$0+8#(&#NN#9(&+$3n)%7%8#

!

":GD=8!cc!4:G46:G4<;!<48!:BCE:6:<>!57!<48!0)H*Z0+#!A4C;8!<5!C335995FC<8!OC<8=T!'48!

mA8=783<e!48QCG5BC6!A4C;8!5E;8=I8F!C<!<48!65O!4>F=C<:5B!68I86!57!J!OC<8=;W6:A:F!:;!F:;=DA<8F!

E>!CB!:B3=8C;8!:B!4>F=C<:5BT!#<!Y!OC<8=;W6:A:F!F:;<5=<:5B!:;!5E;8=I8F!:B!<48!:BI8=;8!

48QCG5BC6!A4C;8!G8598<=>!;D34!<4C<!<48!6:A:F!48CFG=5DA;!C=8!95=8!F:;A8=;8!CBF!<48=8!:;!

9D6<:A68!533DAC<:5B!57!0+#!95683D68;!:B!<48!A5=8;T!#<!<48!>8<!4:G48=!4>F=C<:5B!57!LL!

OC<8=;W6:A:FV!7D=<48=!;O866:BG!57!<48!48QCG5BC6!A4C;8!:;!5E;8=I8FV!O:<4!7D=<48=!:B3:F8B38;!

57!9D6<:A68!533DAC<:5B!57!A5=8;!E>!0+#!95683D68;T!'48=8!C=8!C6;5!A5=8;!<4C<!C=8!

;DE;<CB<:C66>!O:F8=!<4CB!<48!0+#!95683D68;V!CBF!8I:F8B38!57!6C9866C=N<>A8!=8G:5B;!O:<4:B!

<48!;:9D6C<:5B!E5QT!#!F8G=88!57!48QCG5BC6!34C=C3<8=!:;!=8<C:B8F!:B!<4C<!6C<<:38!AC=C98<8=;!

C=8!:F8B<:7:CE68!CBF!3C63D6CE68V!C6<45DG4!<48>!C=8!B5<!DB:75=9!C;!5E;8=I8F!A=8I:5D;6>!C<!

65O8=!4>F=C<:5BT!!

*
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! AB4!

b]_]G*F6=6B*<9D=9465691*45PBC*
'4=88!0)'#H!35B38B<=C<:5B;!O8=8!;<DF:8F!:B!5=F8=!<5!5E;8=I8!<48!87783<!57!0)'#H!5B!<48!

:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!CBF!0+#T!!

!

!
]%*/$+#dUa#O4+#+>>+'&#,>#:HO"B#',-&+-&#,-#74(3+#&$(-3%&%,-#,>#(#:HBEa:;"#3?3&+6#(&#),9#4?8$(&%,-#>$,6#)(6+))($#
&,#%-0+$3+#4+5(*,-()#,0+$#&4+#>%$3&#N.#-3#,>#3%6/)(&%,-c#AFDa#(#b7+$>+'&_#4+5(*,-()#74(3+#>,$6+8#,-#&4+#(L3+-'+#,>#
:HO"Bg#94+-#&4+#:HO"B#',-&+-&#%3#%-'$+(3+8#&,#I.r#,>#&4+#&,&()#)%7%8#',-&+-&#&4+#74(3+#%3#3&%))#4+5(*,-()g#(&#e.r#
:HO"B#7+&/$L(&%,-#,>#&4+#%-0+$3+#4+5(*,-()#*+,6+&$?#%3#,L3+$0+8#

!

":GD=8!ci!;45O;!<48!87783<!57!CFF:BG!<48!3C<:5B:3!6:A:F!0)'#H!<5!<48!:BI8=;8!48QCG5BC6!

A4C;8!5E;8=I8F!C<!65O!4>F=C<:5B!RJ!OC<8=;W6:A:FS!F8<C:68F!:B!<48!A=8I:5D;!;83<:5BT!

$5BI8=;:5B!57!0)H*!6:A:F;!<5!0)'#H!6:A:F;V!;5!<4C<!<48!5I8=C66!0)'#H!35B<8B<!57!<48!6:A:F!

;C9A68!:;!JK!956!X!;45O;!=8<8B<:5B!57!<48!:BI8=;8!48QCG5BC6!G8598<=>V!O4:34!:;!:B!G55F!

CG=8898B<!O:<4!9:3=5;35A>!CBF!;9C66!CBG68!fN=C>!F:77=C3<:5B!;<DF:8;!C6;5!3C==:8F!5D<!:B!

<4:;!;<DF>T!*C34!57!<48!<O86I8!0+#!95683D68;!:;!C6:GB8F!:B!<48!;C98!F:=83<:5BV!O:<4!8I8B!

;AC3:BG!E8<O88B!FDA68Q8;T!'48!:BI8=;8!48QCG5BC6!A4C;8!:;V!45O8I8=V!;:GB:7:3CB<6>!

F:;=DA<8F!5B!:B3=8C;:BG!<48!0)'#H!35B<8B<!57!<48!A4C;8!<5!bK!956!XT!'4:;!:;!4:G46:G4<8F!E>!

<48!9CBB8=!:B!O4:34!<48!0+#!486:38;!C=8!B5!65BG8=!C6:GB8F!5=!8I8B6>!;AC38FV!O:<4!<48!8BF;!

57!<48!FDA68Q8;!A5:B<:BG!:B!F:778=8B<!F:=83<:5B;T!'48=8!:;!C6;5!I:;:E68!F:;=DA<:5B!57!<48!6:A:F;!

<489;86I8;V!O:<4!<48!=8FD3<:5B!57!B8C<6>!F:;<=:ED<8F!48CF!G=5DA;!C=5DBF!<48!0+#!C;!;88B!

C<!65O8=!0)'#H!35B38B<=C<:5B;T!'48!5=:8B<C<:5B!57!<48!6:A:F;!:;!B5<!C;!DB:75=9!C;!5E;8=I8F!

C<!65O8=!0)'#H!35B38B<=C<:5B;!CBF!8I:F8B38!75=!C!<=CB;:<:5B!<5!C!6C9866C=!A4C;8!:;!

F:;A6C>8FT!'4:;!F:;<5=<:5B!:;!:B!8Q38668B<!CG=8898B<!O:<4!8QA8=:98B<C6!=8;D6<;V!O48=8!C<!C!

0)'#H!35B<8B<!57!bK!956!X!8I:F8B38!57!E5<4!6C9866C=!CBF!:BI8=;8!48QCG5BC6!34C=C3<8=!:;!

5E;8=I8F!E>!QN=C>!F:77=C3<:5B!CBF!DBF8=!<48!9:3=5;35A8T!
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"#$%&'()%!*#+$(!,!-'./.!0'%$($! ! AB5!

'48!F:;<=:ED<:5B!57!<48!6:A:F!48CFG=5DA;!:B!=86C<:5B!<5!<48!A45;A4C<8!G=5DA;!57!<48!0+#!
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A56>98=C;8V!O4:34!:;!B5<!<=:I:C6T!18<45F;!75=!F5:BG!;5!:B36DF8!F86:I8=>!57!I:=D;8;!95F:7:8F!

<5!A=5FD38!'Y!.+#HV!9C<D=8!9.+#!;8UD8B38;!75=!'Y!.+#H!CBF!F86:I8=>!57!<48!A56>98=C;8!

:<;867TLcJ!!
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a]K]a*F6^P6B*<;C458O*1819=8;56<O34*kFE"4l*
'48!D;8!57!&$+;!<5!F86:I8=!0+#!4C;!;45OB!A=59:;8!:B!=838B<!>8C=;T!0:;A8=;:5B;!57!6:A5A68Q!

;>;<89;!C=8!8C;:8=!<5!4CBF68!<4CB!ED6P!A4C;8;V!CBF!9C>!E8!F86:I8=8F!<5!3866;!:B!<48:=!3866!

3D6<D=8!98F:D9T!'48!<=CB;783<:5B!8QA8=:98B<;!F8;3=:E8F!:B!<4:;!<48;:;!D;8!:BI8=;8!

48QCG5BC6!F:;A8=;:5B;V!<8=98F!48Q5;598;T!#UD85D;!F:;A8=;:5B;!57!<48!0)H*W0)'#H!

9:Q<D=8;!F8;:GB8F!<5!7C66!O:<4:B!<48!:BI8=;8!48QCG5BC6!=8G:5B!57!<48!A4C;8!F:CG=C9!O8=8!

3=8C<8F!E>!F:;;56I:BG!C!aZL!RO<WO<S!6:A:FZH6D=5B:3N"LJY!9:Q<D=8!:B!LX!8<4CB56T!HC=<:368;!

O8=8!F:;A8=;8F!E>!;5B:3C<:5B!75=!J!45D=;V!CBF!<48B!687<!<5!8UD:6:E=C<8!5I8=B:G4<!C<!`Y!u$T!

/C9A68;!O8=8!<48B!:B3DEC<8F!O:<4!0+#!:B!3866!3D6<D=8!98F:D9!CBF!C665O8F!<5!8UD:6:E=C<8!

C<!`Y!u$!75=!;8I8=C6!FC>;T!&:A5A68Q8;!O8=8!<48B!F86:I8=8F!<5!28&C!3866;!I:C!:B3DEC<:5BT!!

*

a]G*08;56<O3*46j617*B858*
'48!;:j8!57!<48!48Q5;598;!75=98F!E>!;5B:3C<:5B!OC;!C;;8;;8F!D;:BG!F>BC9:3!6:G4<!

;3C<<8=:BG!R0&/ST!/598<:98;!=878==8F!<5!C;!A45<5B!35==86C<:5B!;A83<=5;35A>V!0&/!:;!5B8!57!

<48!95;<!A5AD6C=!98<45F;!57!;:j:BG!AC=<:368;V!CBF!O5=P;!E>!;4:B:BG!C!6C;8=!6:G4<!;5D=38!C<!C!

;56D<:5B!57!;A48=:3C6!AC=<:368;!:B!?=5OB:CB!95<:5BT!'48!95<:5B!57!<48!AC=<:368;!3CD;8;!C!

05AA68=!;4:7<!57!<48!6:G4<!;5D=38V!O4:34!:;!=86C<8F!<5!<48!;:j8!57!<48!AC=<:368;T!#FICB<CG8;!57!

0&/!:B36DF8!<48!=86C<:I86>!;45=<!C3UD:;:<:5B!<:98!CBF!<48!7C3<!<4C<!35998=3:C6!AC=<:368!

;:j8=;!C=8!CIC:6CE68T!!

!
]%*/$+#dja#B($&%')+#3%P+#,>#4+5,3,6+#(-8#:;"#3,)/&%,-3#%-#'+))#'/)&/$+#6+8%/6#(3#8+&+$6%-+8#L?#:A=#

!



Chapter 5  Transfection Experiments 

Josephine Corsi – PhD Thesis  117 

":GD=8!ca!;45O;!0&/!FC<C!7=59!C!IC=:8<>!57!F:778=8B<!48Q5;598!CBF!0+#!359E:BC<:5B;!:B!

E5<4!;8=D9N35B<C:B:BG!CBF!;8=D9N7=88!98F:D9[!C;!<48!48Q5;598!;56D<:5B;!98C;D=8F!O8=8!

7=59!<48!<=CB;783<:5B!8QA8=:98B<;!3C==:8F!5D<!<48>!F:F!B5<!35B<C:B!CB<:E:5<:3;T!-<!:;!368C=!

7=59!<48!G=CA4!<4C<!AC=<:368!;:j8!:;!B5<!;:GB:7:3CB<6>!C6<8=8F!E>!:B3=8C;:BG!0)'#H!35B<8B<!57!

<48!AC=<:368V!O48<48=!8UD:6:E=C<8F!:B!;8=D9N7=88!98F:D9!R)A<:N1*1SV!5=!98F:D9!

35B<C:B:BG!<=CF:<:5BC6!78<C6!3C67!;8=9!R01*1!;DAA6898B<8F!O:<4!c!X!"$/ST!'48!=CBG8!57!

AC=<:368!;:j8;!5E;8=I8F!F83=8C;8;!O:<4!:B3=8C;:BG!0)'#H!35B<8B<V!;DGG8;<:BG!<4C<!<48!

AC<:368!;:j8!E83598;!95=8!DB:75=9V!ED<!C<!C66!0)'#H!35B38B<=C<:5B;!<48!98C;D=8F!AC=<:368!

;:j8;!5I8=6CA!O:<4:B!8==5=V!:BF:3C<:BG!<4C<!CB>!A8=38:I8F!F:778=8B38!:B!AC=<:368!;:j8!:;!B5<!

;<C<:;<:3C66>!;:GB:7:3CB<T!-<!:;!A5;;:E68!<4C<!O:<4!:B3=8C;:BG!0)'#H!35B<8B<!<48!48Q5;598;!

GC:B!C!G=8C<8=!A=5A5=<:5B!57!95683D68;!CE68!<5!;4:86F!<48!5:6WOC<8=!:B<8=7C38V!C;!<48!0)'#H!

95683D68;!35B<C:B!C!4:G46>!4>F=5A4:6:3!CBF!A5;:<:I86>!34C=G8F!48CFG=5DAT!-B!<48!;8=D9N

7=88!98F:D9!<4:;!O5D6F!6:P86>!98CB!<4C<!C;!<48!0)'#H!35B<8B<!:;!:B3=8C;8F!<48=8!:;!CB!

:B3=8C;8F!UDCB<:<>!57!6:A:F!95683D68;!O:<4!C!A=878=8B38!75=!65O8=!3D=IC<D=8V!O4:34!C665O;!

75=!G=8C<8=!;4:86F:BG!57!<48!4>F=5A45E:3!=8G:5B;!57!<48!:BI8=;8!48QCG5BC6!AC=<:368;T!-7!<4:;!

O8=8!;5V!CB!:B3=8C;8!:B!<48!6C<<:38!AC=C98<8=!57!<48!:BI8=;8!48QCG5BC6!A4C;8!O5D6F!E8!

5E;8=I8FT!'4:;!:B3=8C;8!:;!38=<C:B6>!<48!3C;8!75=!ED6P!A4C;8!;C9A68;V!ED<!:B!5=F8=!<5!

98C;D=8!<48!;<=D3<D=C6!AC=C98<8=;!57!<48!AC=<:3D6C<8!F:;A8=;:5B;V!C!;>B34=5<=5B!QN=C>!

;5D=38!9D;<!E8!D;8FT!/D34!8QA8=:98B<;!4CI8!E88B!3C==:8F!5D<!5B!0)H*W0)'#HW0+#!

9:Q<D=8;!E>!989E8=;!57!<48!/C7:B>C!G=5DA!CBF!4CI8!;45OB!CB!:B3=8C;8!:B!<48!:BI8=;8!

48QCG5BC6!6C<<:38!AC=C98<8=!<5!E8!<48!3C;8TLi!
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a]_*(;814<;6=5691*>;9D*?".*61*:3`949D34*
-B!5=F8=!<5!;45O!<4C<!<=CB;3=:A<:5B!()!3(0+#!:;!A5;;:E68!:B!<48!A=8;8B38!57!48Q5;598;V!:B!C!

;:9:6C=!9CBB8=!<5!<48!<=CB;3=:A<:5B!:B!<48!ED6P!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!<4C<!OC;!

F8;3=:E8F!:B!34CA<8=!J!57!<4:;!<48;:;V!<=CB;3=:A<:5B!C;;C>;!O8=8!;8<!DAT!'48!C;;C>!OC;!

:F8B<:3C6!<5!<45;8!D;8F!:B!34CA<8=!J!ED<!<48!:B3DEC<:5B!<:98!OC;!bK!9:BD<8;!=C<48=!<4CB!<48!

J!45D=;!D;8F!75=!;598!A=8I:5D;!8QA8=:98B<;V!;5!<4C<!98C;D=898B<;!O8=8!<CP8B!E875=8!<48!

8QA8=:98B<!=8C348F!;C<D=C<:5BV!:B!P88A:BG!O:<4!<48!P:B8<:3!FC<CT!!

!
]%*/$+#U.a#S$(74#34,9%-*#%-#0%&$,#&$(-3'$%7&%,-#>$,6#:;"#(33,'%(&+8#9%&4#4+5,3,6+3#(-8#&4+#L/)[F74(3+#%-0+$3+#
4+5(*,-()#74(3+#,>#:HBE#<%-'/L(&%,-#&%6+#e.#6%-/&+3@c#AFDa#7,3%&%0+#',-&$,)#<3&(-8($8@g#4+5,3,6+3#(-8#:;"#
%-'/L(&+8#(&#GX#o!#>,$#3+0+$()#8(?3g#L/)[#122#74(3+#,>#:HBE#9%&4#:;"g#4+5,3,6+3#(88+8#&,#3&(-8($8#&$(-3'$%7&%,-#
$+('&%,-#<-,#',),'()%3(&%,-@c##

!

":GD=8!iK!;45O;!<4C<!<48!9.+#!>:86F!A=5FD38F!7=59!48Q5;598;!35653C6:;8F!O:<4!0+#!:;!

;6:G4<6>!4:G48=!<4CB!<4C<!5E<C:B8F!7=59!0+#!C;;53:C<8F!O:<4!<48!ED6P!:BI8=;8!48QCG5BC6!

A4C;8!57!0)H*T!'48!7C3<!<4C<!<48=8!:;!C!=8FD3<:5B!:B!<=CB;3=:A<:5BC6!C3<:I:<>!O48B!

359AC=:BG!<48!48Q5;598NC;;53:C<8F!0+#!O:<4!<48!;<CBFC=F!A5;:<:I8!35B<=56!:;!;DGG8;<:I8!

<4C<!<48!0+#!AC=<:<:5B;!:B<5!<48!48Q5;598;!CBF!:;!<48=875=8!68;;!CIC:6CE68!:B!;56D<:5B!RCBF!
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:B!P88A:BG!O:<4!<48!FC<C!7=59!34CA<8=!JST!'48!7C3<!<4C<!<48!<=CB;3=:A<:5BC6!C3<:I:<>!57!

48Q5;598NC;;53:C<8F!0+#!:;!G=8C<8=!<4CB!<4C<!57!0+#!C;;53:C<8F!O:<4!<48!ED6P!:BI8=;8!

48QCG5BC6!A4C;8!35D6F!E8!C!=8;D6<!57!<48!7C3<!<4C<!<48!48Q5;598;!75=9!C!F:;A8=;:5B!=C<48=!

<4CB!C!ED6P!A4C;8V!C;!<4:;!O5D6F!A=8;8B<!C!G=8C<8=!;D=7C38!C=8C!57!6:A:FT!'4:;!O5D6F!B5<!5B6>!

A=5I:F8!C!G=8C<8=!;D=7C38!C=8C!75=!0+#!AC=<:<:5B:BG!ED<!C6;5!C!G=8C<8=!:B<8=7C38!O:<4!<48!

;56D<:5B!359A5B8B<!57!<48!<=CB;3=:A<:5B!=8C3<:5B!CBF!<48=875=8!<48!A56>98=C;8!CBF!

BD3685<:F8;!B838;;C=>!<5!A=5FD38!98;;8BG8=!.+#T!!

#;!<48!<=CB;3=:A<:5B!8QA8=:98B<;!DBF8=<CP8B!C;!AC=<!57!O5=P!<5OC=F;!<4:;!34CA<8=!

:BI8;<:GC<8!<48!87783<!57!0)'#H!35B<8B<!5B!<=CB;783<:5B!877:3:8B3>V!:<!OC;!:9A5=<CB<!<5!

DBF8=;<CBF!45O!:B36DF:BG!0)'#H!:B!<48!6:A:F!A4C;8!C7783<8F!<=CB;3=:A<:5BT!?D6P!A4C;8!6:A:F!

9:Q<D=8;!57!0)H*W0)'#HW0+#!O8=8!A=8AC=8F!CBF!D;8F!75=!<=CB;3=:A<:5B!=8C3<:5B;!

;:9:6C=!<5!<45;8!3C==:8F!5D<!:B!34CA<8=!J!57!<4:;!<48;:;T!!

!
]%*/$+#UNa#+>>+'&#,>#:HO"B#',-'+-&$(&%,-#,-#%-#0%&$,#&$(-3'$%7&%,-()#?%+)8#,>#6D;"#

!

-B3=8C;:BG!<48!0)'#H!35B<8B<!57!<48!ED6P!6:A:F!A4C;8!3CD;8;!C!F83=8C;8!:B!<=CB;3=:A<:5BC6!

C3<:I:<>!57!<48!0+#T!#<!C!0)'#H!35B38B<=C<:5B!57!c!956!X!<48=8!:;!5B6>!C!;6:G4<!F83=8C;8!:B!

<=CB;3=:A<:5BC6!C3<:I:<>!RiTc!tG!359AC=8F!O:<4!YTL!tG!75=!0)H*S!O48B!359AC=8F!O:<4!C!

6:A:F!A4C;8!57!AD=8!0)H*[!<48!8==5=!EC=;!75=!<48;8!;C9A68;!5I8=6CAV!;45O:BG!<4C<!<4:;!

F:778=8B38!:;!B5<!;:GB:7:3CB<T!'4:;!:;!A5;;:E6>!E83CD;8!<48!CFF:<:5B!57!<4:;!65O!35B38B<=C<:5B!

57!0)'#H!F58;!B5<!3CD;8!;:GB:7:3CB<!F:;=DA<:5B!57!<48!:BI8=;8!48QCG5BC6!A4C;8T!#<!LK!956!
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X!0)'#H!<48!<=CB;3=:A<:5BC6!C3<:I:<>!57!<48!A4C;8!4C;!7C668B!E>!=5DG46>!4C67!O48B!

359AC=8F!O:<4!<48!C3<:I:<>!57!0+#!C;;53:C<8F!O:<4!0)H*V!CBF!C<!0)'#H!35B38B<=C<:5B;!57!

JK!956!X!CBF!G=8C<8=!<48!0+#!:;!B5!65BG8=!<=CB;3=:A<:5BC66>!C3<:I8T!'48=8!C=8!;8I8=C6!

A5;;:E68!=8C;5B;!75=!<4:;!F=5A!:B!C3<:I:<>V!ED<!<48!95;<!5EI:5D;!5B8;!E8:BG!CB!:B3=8C;8F!

C<<=C3<:5B!E8<O88B!<48!6:A:F!CBF!0+#!C;!<48!B8<!A5;:<:I8!34C=G8!57!<48!ED6P!A4C;8!4C;!

:B3=8C;8FV!5=!F8BC<D=C<:5B!57!<48!A56>98=C;8!E>!<48!0)'#HT!-B!5=F8=!<5!:BI8;<:GC<8!<48;8!

A5;;:E:6:<:8;V!'Y!.+#!A56>98=C;8!OC;!:B3DEC<8F!O:<4!<48!6:A:F!A4C;8V!5I8=!C!=CBG8!57!

F:778=8B<!0)'#H!35B38B<=C<:5B;T!-B!356D9B;!`Nc!57!7:GD=8!iJ!<48!0+#!OC;!CFF8F!O:<4!<48!

A56>98=C;8!CBF!:B3DEC<8F!O:<4!<48!A4C;8V!O4:68!:B!356D9B;!iNg!57!7:GD=8!iJ!<48!0+#!OC;!

CFF8F!C7<8=!<48!A56>98=C;8!4CF!E88B!:B3DEC<8F!O:<4!<48!A4C;8!A=:5=!<5!<=CB;3=:A<:5BT!?5<4!

;8<;!57!FC<C!R<45;8!O48=8!<48!0+#!OC;!:B36DF8F!:B!<48!A56>98=C;8!:B3DEC<:5B!CBF!<45;8!

O48=8!0+#!OC;!CFF8F!6C<8=S!;45O!<48!;C98!E84CI:5D=T!'48!>:86F!57!9.+#!F83=8C;8;!O:<4!

:B3=8C;:BG!0)'#H!35B<8B<V!C6<45DG4!<=CB;3=:A<:5B!:;!B5<!<5<C66>!:B4:E:<8F!C<!JK!956!X!

0)'#HV!C;!OC;!5E;8=I8F!:B!7:GD=8!iJV!O48B!<48!0+#!OC;!:B36DF8F!:B!<48!ED6P!6:A:F!A4C;8T!!

!
]%*/$+#UIa#2-'/L(&%,-#,>#OX#D;"#7,)?6+$(3+#<`@#:;"#(-8#OX#D;"B#<F@#:;"#9%&4#L/)[#74(3+#:HBEn:HO"B#6%5&/$+3c#
2-'/L(&%,-#9(3#'($$%+8#,/&#>,$#(#7+$%,8#,>#&9,#4,/$3#%-#&$(-3'$%7&%,-#L/>>+$#7$%,$#&,#&$(-3'$%7&%,-#(&#GX#o!#>,$#e.#
6%-/&+3c#2-%&%(&%,-#,>#&$(-3'$%7&%,-#9(3#('4%+0+8#L?#&4+#(88%&%,-#,>#$;OB3J#(-8#&+67)(&+#:;"#%-#&4,3+#3(67)+3#
94+$+#:;"#9(3#-,&#%-')/8+8#%-#&4+#%-'/L(&%,-#,>#&4+#7,)?6+$(3+#9%&4#&4+#L/)[#)%7%8#74(3+c##

!

":GD=8;!iL!CBF!iJ!;45O!<4C<!<48!65;;!:B!<=CB;3=:A<:5BC6!C3<:I:<>!5E;8=I8F!5B!CFF:BG!0)'#H!

<5!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!4C;!<O5!3CD;8;T!'48=8!:;!;598!:BC3<:IC<:5B!57!<48!
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'Y!.+#!A56>98=C;8!8Bj>98!3CD;8F!E>!<48!:B3=8C;:BG!0)'#H!35B38B<=C<:5B!R;88!7:GD=8!

iLST!-<!:;!A5;;:E68!<4C<!<4:;!87783<!:;!;:9:6C=!<5!<48!F8C3<:IC<:5B!57!'Y!.+#H!E>!0)H*!

5E;8=I8F!:B!<48!CE;8B38!57!0''!:B!<48!<=CB;3=:A<:5B!ED778=V!C;!F8<C:68F!:B!;83<:5B!JTg!57!<4:;!

<48;:;T!'4:;!4>A5<48;:;!35D6F!E8!<8;<8F!E>!:B3=8C;:BG!<48!0''!35B<8B<!57!<48!<=CB;3=:A<:5B!

ED778=V!C6<45DG4!=8;D6<;!F8<C:68F!:B!34CA<8=!J!57!<4:;!<48;:;!;45O8F!<4C<!0''!35B38B<=C<:5B;!

57!`K!91!CBF!G=8C<8=!C3<DC66>!3CD;8F!C!F83=8C;8!:B!<=CB;3=:A<:5BC6!C3<:I:<>!;5!<4:;!9C>!B5<!

O5=PT!":GD=8!iL!;45O;!359A68<8!F8C3<:IC<:5B!57!<=CB;3=:A<:5B!5B38!C!0)'#H!35B<8B<!57!JK!

956!X!:;!C34:8I8FT!#;!<48;8!;C9A68;!35B<C:B8F!0+#!O:<4:B!<48!:BI8=;8!48QCG5BC6!

;<=D3<D=8V!CBF!<48=8!:;!8I:F8B38!:B!<48!6:<8=C<D=8!75=!:B3=8C;8F!AC=<:<:5B:BG!57!0+#!:B<5!<48!

:BI8=;8!48QCG5BC6!A4C;8!C<!C!0)'#H!35B<8B<!57!c!956!X!:B!0)H*VYc!:<!:;!6:P86>!<4C<!C<!JK!

956!X!<48!AC=<:<:5B!35877:3:8B<!:;!;D77:3:8B<6>!4:G4!<5!A=8I8B<!<=CB;3=:A<:5BT!!
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a]b*F843;*'<811617*E91>9<8O*/6<;94<9=C*kF'E/l*
'48!&$/1!;<DF>!3C==:8F!5D<!C;!AC=<!57!<4:;!O5=P!:BI56I8F!D;:BG!;8AC=C<8!6C;8=!6:G4<!;5D=38;!

5B!<48!&8:3C!/Hc!9:3=5;35A8!<5!8Q3:<8!:BF:I:FDC6!76D5=5A45=8;T!$866;!O8=8!3D6<D=8F!:B!

9:3=5;35A8!34C9E8=;V!O:<4!E5<<59;!57!35I8=;6:A!<4:3PB8;;T!'5!E8G:B!8C34!;8;;:5BV!

DB<=8C<8F!3866;!O8=8!D;8F!<5!;8<!<48!GC:B!IC6D8;!5B!<48!9:3=5;35A8!34CBB86;V!;D34!<4C<!B5!

BC<D=C6!CD<576D5=8;38B38!OC;!F8<83<8FT!'4:;!8B;D=8F!<4C<!CB>!;:GBC6!F8<83<8F!7=59!3866;!

<=8C<8F!O:<4!<=CB;783<:5B!CG8B<;!OC;!F:=83<6>!3CD;8F!E>!<48!8QA8=:98B<C6!;8<DAT!/C9A68;!

O8=8!I:8O8F!<4=5DG4!<48!35B753C6!9:3=5;35A8!8>8A:838V!CBF!O48B!3866;!;45O:BG!C!A5;:<:I8!

<=CB;783<:5B!=8;D6<!R:T8T!<48!A=5FD3<:5B!57!#9$>CBSV!CB!:9CG8!OC;!356683<8F!D;:BG!<48!

9:3=5;35A8!;57<OC=8T!'4:;!A=5I:F8F!<48!E8;<!98<45F!75=!;3CBB:BG!8C34!O4568!O866!57!<48!

9:3=5;35A8!34C9E8=!75=!A5;:<:I8!3866;T!'>A:3C6!3866!68BG<4!75=!C!3D6<D=8!57!28&C!3866;!<4C<!

C=8!O866NCF48=8F!CBF!:B!G55F!48C6<4!:;!=5DG46>!bKNcK!t1T!

!

# A(L+)# E5'%&(&%,-#t6(5#n-6# E6%33%,-#t6(5#n-6# A(3+$#)%-+#n-6#

A%7%8# A%33(6%-+#D4,8(6%-+#R# //O! /O:! /;:!

:;"#
")+5(#ehh# (N/! /:N! (JJ!

A(L+)F2O#!?d# ;(N! ;O)! ;KK!

B$,&+%-# "6!?(-# (/J! (N:! (/J!

O(L)+#Ga#])/,$,74,$+3#/3+8#%-#&4+#&$(-3>+'&%,-#+57+$%6+-&3#

!
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a]a*!=58M3*9>*?+0%*:3`949D34*AC*-3F8*<3OO4* *
H=86:9:BC=>!8QA8=:98B<;!:BI56I:BG!<48!:B3DEC<:5B!57!0)H*!48Q5;598;!F5A8F!O:<4!KTL!956!

X!6:;;C9:B8!=45FC9:B8N?!48CFG=5DAN6CE8668F!0)H*!O:<4!28&C!3866;!O8!3C==:8F!5D<T!$866;!

O8=8!:B3DEC<8F!O:<4!48Q5;598;!75=!F:778=8B<!68BG<4;!57!<:98!E8<O88B!L!CBF!g!45D=;V!CBF!

O8=8!7:Q8F!75=!9:3=5;35A>!RD;:BG!b!X!AC=C75=9C6F84>F8!;56D<:5BV!345;8B!75=!:<;!B5BN

A=83:A:<C<:BG!A=5A8=<:8;S!C<!<48!8BF!57!<48:=!:B3DEC<:5B!<:98T!!

# #

I#4,/$#%-'/L(&%,-J#H7&%FCEC# I#4,/$#%-'/L(&%,-J#:CEC#

# #

G#4,/$#%-'/L(&%,-J#H7&%FCEC# G#4,/$#%-'/L(&%,-J#:CEC#

# #

e#4,/$#%-'/L(&%,-J#H7&%FCEC# e#4,/$#%-'/L(&%,-J#:CEC#

# #

d#4,/$#%-'/L(&%,-J#H7&%FCEC# d#4,/$#%-'/L(&%,-J#:CEC#
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# #

U#4,/$#%-'/L(&%,-J#H7&%FCEC# U#4,/$#%-'/L(&%,-J#:CEC#

]%*/$+#UGa#T7&([+#,>#:HBE#4+5,3,6+3#L?#1+A(#'+))3#%-#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6#(-8#:CEC#dr#]!=c#2-#
+('4#%6(*+#&4+#)+>&F4(-8#7(-+#$+7$+3+-&3#&4+#6(5%6/6#7$,k+'&%,-#%6(*+#>,$#&4+#)%7%8#'4(--+)J#94%)+#&4+#$%*4&F
4(-8#7(-+#34,93#(#3%-*)+#3)%'+#,>#&4+#)%7%8#'4(--+)#3/7+$%67,3+8#,-#&4+#:2!#'+))/)($#%6(*+c##

!

":GD=8!i`!;45O;!<4C<!<48!48Q5;598;!C=8!:B<8=BC6:;8F!E>!<48!3866;!O:<4:B!<O5!45D=;!57!

:B3DEC<:5BT!#<!C=5DBF!c!45D=;!57!:B3DEC<:5B!B8<O5=P;!O:<4:B!<48!3866;!CAA8C=!<5!E8!6CE8668F!

E>!<48!76D5=8;38B<!6:A:F[!<4:;!:;!AC=<:3D6C=6>!I:;:E68!:B!<48!9CQ:9D9!A=5]83<:5B!:9CG8!57!<48!

8QA8=:98B<!3C==:8F!5D<!:B!)A<:N1*1!R;88!7:GD=8!ibST!-<!:;!C6;5!CAAC=8B<!7=59!<4:;!;8<!57!

:9CG8;!<4C<V!8I8B!C7<8=!C!65BG!:B3DEC<:5BV!O48=8!C!6C=G8!C95DB<!57!6:A:F!:;!F8A5;:<8F!5B!<48!

3866;V!<4C<!3><5<5Q:3:<>!:;!B5<!CB!:;;D8!C<!<48!35B38B<=C<:5B!57!6:A:F!D;8F!Rb!9G!96NLSV!O4:34!:;!

75D=!<:98;!<48!35B38B<=C<:5B!<4C<!OC;!D;8F!:B!;DE;8UD8B<!8QA8=:98B<;T!'48!CAA8C=CB38!57!

I8;:3D6C=!;<=D3<D=8;!C7<8=!:B3DEC<:5B!C<!`Y!u$!75=!8:G4<!45D=;!R;88!7:GD=8!icS!7D=<48=!

;DAA5=<;!<48!;DGG8;<:5B!<4C<!6:A:F!:;!<CP8B!DA!7=59!<48!48Q5;598;!CBF!=8AC3PCG8F!O:<4:B!

3866;T!&:A:F;!C=8!368C=6>!I:;:E68!:B!9CB>!AC=<;!57!<48!:B<8=BC6!3866D6C=!;<=D3<D=8V!C6<45DG4!

B8I8=!<48!BD368D;!RC;!:;!;DAA5=<8F!E>!<48;8V!CBF!5<48=!:9CG8;!75=9:BG!AC=<!57!<4:;!;<DF>V!

;88!7:GD=8;!ib!CBF!icS!E875=8!68CI:BG!<48!3866!C;!I8;:368;T!!

!

]%*/$+#Uea#4+5,3,6+3#<:HBEa7)/$,-%'#]FNIXg#jaN@#
%-'/L(&+8#9%&4#'+))3#>,$#d#4,/$3#%-#H7&%FCEC#
$+8/'+8#3+$/6#6+8%(J#L+>,$+#>%5(&%,-#9%&4#(#GcX#r#
7($(>,$6()8+4?8+#3,)/&%,-c#

#

!

!
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#

]%*/$+#Uda#4+5,3,6+3#<:HBEa7)/$,-%'#]FNIXg#jaN@#
%-'/L(&+8#9%&4#'+))3#>,$#h#4,/$3#%-#H7&%FCEC#$+8/'+8#
3+$/6#6+8%(J#L+>,$+#>%5(&%,-#9%&4#(#GcX#r#
7($(>,$6()8+4?8+#3,)/&%,-c#;,&+#4,9#&4+#-/')+%#($+#
')+($)?#0%3%L)+#%-#&4+#'+))3J#L?#&4+%$#(L3+-'+#,>#)%7%8#
<8%37)(?+8#%-#$+8@c#"$$,93#4(0+#L++-#/3+8#&,#
4%*4)%*4&#0+3%'/)($#3&$/'&/$+3#,>#>)/,$+3'+-&#)%7%8#&4(&#
4(0+#)+>&#&4+#'+))3c#O4+3+#($+#0%3%L)+#(3#36())#$%-*3#,>#
$+8#7%*6+-&c#

!

!

a]f*E9O9<8O6485691*9>*O6=6B4*81B*?".*
'48=8!C=8!9CB>!ADE6:3C<:5B;!5B!<48!;<=D3<D=8;!75=98F!7=59!6:A:F;!CBF!0+#V!CBF!:B!

AC=<:3D6C=!<48!F=:I:BG!75=38;!E84:BFV!CBF!8I:F8B38!57V!0+#!AC=<:<:5B:BG!:B<5!<48!:BI8=;8!

48QCG5BC6!A4C;8!57!A45;A456:A:F;T!-B!5=F8=!<5!;45O!<4C<!<48!0+#!:;!653C<8F!O:<4:B!<48!

:BI8=;8!48QCG5BC6!A4C;8!:B!48Q5;598!75=9V!<48!0)H*!A5=<:5B!57!<48!48Q5;598;!OC;!F5A8F!

O:<4!KTL!956!X!6:;;C9:B8!=45FC9:B8!?!R&.?S!48CFG=5DAN6CE8668F!0)H*V!O4:68!6:B8C=:;8F!

0+#!OC;!C6;5!76D5=8;38B<6>!6CE8668FT!!

!

! !

"a#I4#:HBEJ#H7&%FCEC# Ea#e4#:HBE#H7&%FCEC#

! !

Ra#I4#:HO"B#d#6,)#r#%-#:HBEJ#H7&%FCEC# ]a#e4#:HO"B#d#6,)#r#%-#:HBEJ#H7&%FCEC#
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! !

!a#I4#:HO"B#N.#6,)#r#%-#:HBEJ#H7&%FCEC# Sa#e4#:HO"B#N.#6,)#r#%-#:HBEJ#H7&%FCEC#

! !

:a#I4#:HO"B#I.#6,)#r#%-#:HBEJ#H7&%FCEC# 1a#e4#:HO"B#I.#6,)#r#%-#:HBEJ#H7&%FCEC#

]%*/$+#UUa#!,),'()%3(&%,-#,>#:;"#&4(&#%3#>)/,$+3'+-&)?#)(L+))+8#L?#B!DF8$%0+-#%-',$7,$(&%,-#,>#(-#")+5(Fehh#&(**+8#
(6%-,())?)#8TOB#-/')+,&%8+#<*$++-@#(-8#4+5,3,6+3#)(L+))+8#9%&4#)%33(6%-+F$4,8(6%-+#R#4+(8*$,/7#)(L+))+8#
:HBE#<$+8@c#H-#&4+#)+>&#4(-8#3%8+#,>#&4+#&(L)+#<%6(*+3#"F:@#($+#'+))3#&4(&#4(0+#L++-#%-'/L(&+8#9%&4#&4+#4+5,3,6+3#
>,$#I#4,/$3J#94%)+#,-#&4+#$%*4&#<%6(*+3#EF1@#34,9#'+))3#%-'/L(&+8#9%&4#4+5,3,6+3#>,$#e#4,/$3c#C,0%-*#8,9-#&4+#
&(L)+#$+7$+3+-&3#(-8#%-'$+(3+#%-#:HO"B#',-&+-&#,>#&4+#4+5,3,6+3J#,0+$#&4+#4+5(*,-()#$+*%,-#8+&+$6%-+8#>,$#
:HBE#(-8#:HO"B#6%5&/$+3#L?#="\=#(-8#7,)($%3%-*#)%*4&#6%'$,3',7?#(3#,/&)%-+8#%-#,&4+$#'4(7&+$3#,>#&4+#&4+3%3c#

!

!

":GD=8!ii!;45O;!:9CG8;!57!&.?!6CE8668F!48Q5;598;!F5A8F!O:<4!6:B8C=:;8FN<YN3>CB!0+#!

6CE8668F!E>!H$.!:B35=A5=C<:5B!57!C!76D5=8;38B<!#68QCNbgg!6CE8668F!C9:B5C66>6NF%'H!

CBC65GD8T!'48!:9CG8;!;45O!C!4:G4!F8G=88!57!35653C6:;C<:5B!57!<48!6:A:F!CBF!0+#!;A83:8;!:B!

;8=D9N7=88!98F:D9V!O4:34!:B3=8C;8;!O:<4!:B3=8C;:BG!0)'#H!35B<8B<T!'48!35653C6:;C<:5B!57!

<48!0+#!CAA8C=;!<5!E8!I:;:E68!75=!<48!;C9A68;!O48=8!C!G=8C<!F8G=88!57!CGG=8GC<:5B!533D=;V!

O4:34!:;!;DGG8;<:I8!<4C<!8I8B!:B!;C9A68;!CAA8C=:BG!<5!;45O!B5!35653C6:;C<:5BV!:<!9C>!E8!

<4C<!<48!;:GBC6!7=59!<48!#68QCNbgg!:;!<55!O8CP!<5!E8!F8<83<8FT!

'48!35B38B<=C<:5B!57!6CE8668F!0+#!OC;!:B3=8C;8F!R7=59!KTb!tG!0+#!A8=!9G!6:A:FV!C;!OC;!

D;8F!:B!<48!<=CB;3=:A<:5B!8QA8=:98B<;!57!34CA<8=!JV!<5!J!tG!0+#!A8=!9G!6:A:FS!CBF!C!;6:G4<!

:9A=5I898B<!:B!I:;:E:6:<>!57!<48!0+#!OC;!5E;8=I8FV!ED<!:<!OC;!;<:66!B5<!A5;;:E68!<5!;88!<48!

653C<:5B!57!<48!0+#!:B!;:<DC<:5B;!5<48=!<4CB!O48=8!6C=G8!CGG=8GC<8;!4CF!75=98FT!-<!:;!O5=<4!

B5<:BG!7=59!<48;8!A:3<D=8;V!45O8I8=V!<4C<!8I8B!O:<4!=86C<:I86>!4:G4!35B38B<=C<:5B;!57!
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48Q5;598;!RJ!9G!96NL!<5<C6!6:A:FS!<48!3866;!C=8!CF48=8FV!76C<!CBF!8I8B6>!;A=8CF!O:<4!B5!;:GB!

57!=5DBF:BGV!CBF!CAA8C=!:B!G8B8=C6!G55F!48C6<4T!'48!A:3<D=8;!:B!7:GD=8!ii!O8=8!<CP8B!57!

3866;!7:Q8F!CAA=5Q:9C<86>!Jb!45D=;!C7<8=!CFF:<:5B!57!6:A:FV!;DGG8;<:BG!C!=86C<:I86>!65O!68I86!

57!<5Q:3:<>!<4C<!6:P86>!=8;D6<;!7=59!<48!7C3<!<4C<!0)H*!:;!C!BC<D=C66>!533D==:BG!6:A:FT!

-B3DEC<:5B;!57!<48;8!76D5=8;38B<!48Q5;598;!CBF!28&C!3866;!4CI8!E88B!3C==:8F!5D<!75=!<:98!

A8=:5F;!57!DA!<5!8:G4<!45D=;[!FD=:BG!<48;8!8QA8=:98B<;!<48!G8B8=C6!48C6<4!57!<48!3866;!

CAA8C=;!<5!E8!G55FV!CBF!95I898B<!57!<48!76D5=8;38B<6>!<CGG8F!6:A:F!O:<4:B!<48!3866!3CB!E8!

5E;8=I8FV!O:<4!;<=D3<D=8;!;D34!C;!<48!8BF5A6C;9:3!=8<:3D6D9!E8359:BG!I:;:E68V!E875=8!

76D5=8;38B<!I8;:368;!C=8!5E;8=I8F!68CI:BG!<48!3866;!C;!AC=<!57!8Q53><5;:;!R;88!7:GD=8!icST!-<!:;!

C6;5!CAAC=8B<!<4C<!O:<4:B!<O5!45D=;!57!:B3DEC<:5B!<48!6:A:F!4C;!8B<8=8F!<48!3866V!C6<45DG4!

=8;D6<;!:B!;8=D9N35B<C:B:BG!98F:D9!;DGG8;<!<4C<!C!95=8!CAA=5A=:C<8!:B3DEC<:5B!<:98!9C>!

E8!75D=!45D=;V!C;!<48=8!:;!68;;!CGG=8GC<:5B!:B!<48;8!;C9A68;!CBF!DA<CP8!57!6:A:F!359A68Q8;!

CAA8C=;!<5!E8!;65O8=T!$866;!:B3DEC<8F!O:<4!6:A5A68Q8;!:B!01*1!C=8!68;;!E=:G4<!DBF8=!<48!

9:3=5;35A8V!O:<4!68;;!6:A:F!I:;:E68!5B!<48!3866!;D=7C38T!

!

-9A=5I8F!=8;D6<;!7=59!<48!35653C6:;C<:5B!;<DF:8;!O8=8!;5DG4<!D;:BG!CB!C6<8=BC<:I8!98<45F!

57!76D5=8;38B<6>!6CE866:BG!0+#T!'48!&CE86N-'!BD368:3!C3:F!6CE866:BG!;>;<89!7=59!1:=D;!?:5!

C:9;!<5!6CE86!CB!:B<C3<!A:838!57!0+#!R8:<48=!6:B8C=!5=!A6C;9:FSV!=C<48=!<4CB!<4=5DG4!

8Bj>9C<:3!:B35=A5=C<:5BT!'4:;!98<45F!4C;!E88B!;D338;;7D66>!D;8F!:B!;<DF:8;!;:9:6C=!<5!<4:;!

<5!4:G46:G4<!<48!D;8!57!48Q5;598!;A83:8;!<5!F86:I8=!A6C;9:F!0+#V!C6<45DG4!<48!;<DF>!

;45O8F!<4C<!0+#!CBF!6:A:F!O8=8!B5<!35653C6:;8F!:B;:F8!3866;T!!

'48!9C:B!CFICB<CG8!57!<48!1:=D;!&CE86N-'!<CGG:BG!;>;<89!5I8=!<48!H$.!:B35=A5=C<:5B!57!

76D5=8;38B<!BD3685<:F8!CBC65GD8;!:;!<4C<!<48!F8B;:<>!57!<48!6CE86!9C>!E8!G=8C<6>!:B3=8C;8F!:B!

!

*

]%*/$+#UXa#O4+#C%$/3#A(L+)#2O#:;"#)(L+))%-*#[%&c#O4+#>)/,$,74,$+#<'?d@#%3#(&&('4+8#&,#&4+#:;"#L?#(#',0()+-&#L,-8#
9%&4#&4+#$+('&%0+#*$,/7#(&#&4+#+-8#,>#&4+#)%-[+$#6,)+'/)+c#D+7$,8/'+8#9%&4#7+$6%33%,-#>$,6#C%$/3#R%,#
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<48!6CE86N-'!A=5<5356T!H$.!:B35=A5=C<:5B!D;8;!CB!C9:B5C66>6NF%'H!CBC65GD8V!O4:34!3CB!5B6>!

=8A6C38!C!9CQ:9D9!57!L!:B!b!BD3685<:F8;!:B!<48!H$.!;8UD8B38!R:B!=8C6:<>!<48!=8C3<:5B!

35BF:<:5B;!F:3<C<8!<4C<!<48!BD9E8=!57!76D5=5A45=8;!:B36DF8F!<48!H$.!A=5FD3<!:;!7C=!65O8=!

<4CB!<4:;ST!'48!&CE86N-'!A=538FD=8!:BI56I8;!35IC68B<!E5BF:BG!57!C!76D5=5A45=8!<5!<48!0+#!

FDA68QV!CB>O48=8!C65BG!:<;!68BG<4T!'48!=8;D6<!57!<4:;!:;!<4C<!<48!I:;:E:6:<>!57!6CE8668F!0+#!:;!

7C=!G=8C<8=!O48B!D;:BG!<48!&CE86N-'!A=5<5356V!O:<4!I:;:E:6:<>!57!0+#!C<!;9C66!35B38B<=C<:5B;!

<4C<!O8=8!B5<!I:;:E68!D;:BG!0+#!6CE8668F!E>!H$.!:B35=A5=C<:5BT!

!
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a]d*%26B31<3*9>*<9O9<8O6485691*9>*O6=6B*81B*?".*9P546B3*81B*N65:61*<3OO4**

#

"a#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#:CEC#

#

Ra#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#:CEC#

#

!a#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#:CEC#

]%*/$+#Uha#26(*+3#34,9%-*#',),'()%3(&%,-#,>#4+5,3,6+3#(-8#A(L+)F2O#'?d#&(**+8#)%-+($%3+8FOXF'?(-#:;"#%-'/L(&+8#
>,$#3+0+$()#8(?3#%-#:CEC#3/77)+6+-&+8#9%&4#d#r#>+&()#'()>#3+$/6J#%-#&4+#(L3+-'+#,>#'+))3c#O4+#*$++-#'4(--+)#<)+>&@#
$+7$+3+-&3#&4+#:;"J#&4+#$+8#'4(--+)#<6%88)+@#$+7$+3+-&3#4+5,3,6+3#(-8#&4+#$%*4&#4(-8#'4(--+)#34,93#L,&4#$+8#
(-8#*$++-#'4(--+)3J#',),'()%3(&%,-#%3#,L3+$0+8#(3#?+)),9#8,&3#%-#&4+#$%*4&#4(-8#'4(--+)c#

!
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#

"a#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#H7&%FCEC#

#

Ra#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#H7&%FCEC#

#

!a#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3#(-8#'?d#)(L+))+8#:;"#%-#H7&%FCEC#

]%*/$+#Uja#26(*+3#34,9%-*#',),'()%3(&%,-#,>#4+5,3,6+3#(-8#A(L+)F2O#'?d#&(**+8#)%-+($%3+8FOXF'?(-#:;"#%-'/L(&+8#
>,$#3+0+$()#8(?3#%-#H7&%FCEC#3+$/6F>$++#6+8%/6J#%-#&4+#(L3+-'+#,>#'+))3c#O4+#*$++-#'4(--+)#<)+>&@#$+7$+3+-&3#&4+#
:;"J#&4+#$+8#'4(--+)#<6%88)+@#$+7$+3+-&3#4+5,3,6+3#(-8#&4+#$%*4&#4(-8#'4(--+)#34,93#L,&4#$+8#(-8#*$++-#
'4(--+)3#

":GD=8;!ig!CBF!ia!;45O!<4C<!75=!C!0)'#H!35B38B<=C<:5B!57!DA!<5!LK!956!XV!:B!;8=D9N

35B<C:B:BG!CBF!;8=D9N7=88!98F:D9!<48=8!:;!C!G=8C<!F8G=88!57!35653C6:;C<:5B!E8<O88B!<48!

0+#!CBF!<48!48Q5;598;T!'48!BD9E8=!57!G=88B!;A5<;!CAA8C=;!<5!:B3=8C;8!O:<4!:B3=8C;:BG!

0)'#H!35B<8B<V!;DGG8;<:BG!<4C<!<48=8!9C>!E8!C!4:G48=!F8G=88!57!35653C6:;C<:5B!O:<4!

:B3=8C;:BG!0)'#H!35B<8B<T!-B!C66!3C;8;!G=88B!;A5<;!=8A=8;8B<:BG!0+#!3CB!E8!9C<348F!<5!
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<48:=!=8F!6:A:F!35DB<8=AC=<V!;DGG8;<:BG!<4C<!<48=8!:;!B5!CGG=8GC<8F!6:A:FN7=88!0+#!:B!<48!

;>;<89T!#66!;C9A68;!CAA8C=!<5!E8!AC=<:3D6C<8V!:B!<4C<!E5<4!34CBB86;!;45O!F:;3=88<!;:GBC6;!

=C<48=!<4CB!C!G8B8=C6!G65OT!

#

"a#:HBE#4+5,3,6+3J#e#4,/$3#%-'/L(&%,-#9%&4#'+))3#%-#:CEC#

#

Ra#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#e#4,/$3#%-'/L(&%,-#9%&4#'+))3#%-#:CEC#

#

!a#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#e#4,/$3#%-'/L(&%,-#9%&4#'+))3#%-#:CEC#

]%*/$+#X.a#26(*+3#34,9%-*#',),'()%3(&%,-#,>#4+5,3,6+3#(-8#A(L+)F2O#'?d#&(**+8#)%-+($%3+8FOXF'?(-#:;"#%-'/L(&+8#
>,$#3+0+$()#8(?3#%-#:CEC#3/77)+6+-&+8#9%&4#d#r#>+&()#'()>#3+$/6J#%-#&4+#7$+3+-'+#,>#'+))3#<%6(*+#&([+-#Ie#4,/$3#
(>&+$#(#e#4,/$#%-'/L(&%,-#9%&4#'+))3@c#O4+#*$++-#'4(--+)#<)+>&@#$+7$+3+-&3#&4+#:;"J#&4+#$+8#'4(--+)#<6%88)+@#
$+7$+3+-&3#4+5,3,6+3#(-8#&4+#$%*4&#4(-8#'4(--+)#34,93#L,&4#$+8#(-8#*$++-#'4(--+)3c#"$$,93#($+#/3+8#&,#
4%*4)%*4&#3,6+#,>#&4+#($+(3#,>#',),'()%3(&%,-#,>#)%7%8#(-8#:;"#9%&4%-#'+))3J#&4+$+#($+#3+0+$()#+5(67)+3#%-#+('4#
7%'&/$+c#
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!

#

"a#:HBE#4+5,3,6+3J#e#4,/$3#%-'/L(&%,-#9%&4#'+))3#%-#H7&%FCEC#

#

Ra#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#e#4,/$3#%-'/L(&%,-#9%&4#'+))3#%-#H7&%FCEC#

]%*/$+#XNa#26(*+3#34,9%-*#',),'()%3(&%,-#,>#4+5,3,6+3#(-8#A(L+)F2O#'?d#&(**+8#)%-+($%3+8FOXF'?(-#:;"#%-'/L(&+8#
>,$#3+0+$()#8(?3#%-#H7&%FCEC#3+$/6F>$++#6+8%/6J#%-#&4+#7$+3+-'+#,>#'+))3c#O4+#*$++-#'4(--+)#<)+>&@#$+7$+3+-&3#&4+#
:;"J#&4+#$+8#'4(--+)#<6%88)+@#$+7$+3+-&3#4+5,3,6+3#(-8#&4+#$%*4&#4(-8#'4(--+)#34,93#L,&4#$+8#(-8#*$++-#
'4(--+)3c#"$$,93#($+#/3+8#&,#4%*4)%*4&#3,6+#,>#&4+#($+(3#,>#',),'()%3(&%,-#,>#)%7%8#(-8#:;"#9%&4%-#'+))3J#()&4,/*4#
&4+$+#($+#3+0+$()#+5(67)+3#%-#+('4#7%'&/$+c#

-<!:;!368C=!7=59!7:GD=8;!YK!CBF!YL!<4C<!<48=8!:;!C!G55F!F8G=88!57!35653C6:;C<:5B!57!6:A:F!CBF!

0+#!O:<4:B!<48!3866;T!'4:;!:;!CAAC=8B<!7=59!<48!7C3<!<4C<!C<!65O8=!0)'#H!35B<8B<;!RDA!<5!c!

956!X!0)'#H!:B!0)H*S!<48=8!C=8!B5!C=8C;!57!0+#!R:B!G=88BS!<4C<!3CBB5<!E8!9C<348F!<5!CB!

C=8C!57!6:A:F!R=8FST!#;!<48!0)'#H!35B<8B<!:;!:B3=8C;8F!<5!LK!956!X!R7:GD=8!YK$S!C=8C;!57!

G=88B!C=8!;88B!<4C<!C=8!B5<!35653C6:;8F!O:<4!=8FV!;DGG8;<:BG!<4C<!;598!57!<48!0+#!:;!

F:;;53:C<8F!7=59!<48!6:A:F!:B;:F8!<48!3866T!-<!:;!C6;5!I:;:E68!<4C<V!75=!<48!95;<!AC=<V!6:A5A68Q8;!

C=8!653C<8F!O:<4:B!<48!3><5A6C;9!5=!C<!<48!8FG8!57!<48!BD368D;!CBF!B5<!O:<4:B!<48!BD368D;!

:<;867T!!

H=8I:5D;!8QA8=:98B<;!F8<C:68F!:B!<48!6:<8=C<D=8!D;8F!9:Q<D=8;!57!0)H*!CBF!0)H$!O:<4!

3C<:5B:3!6:A:F;!0)'#HV!0)/H#!CBF!01.-*!<5!<=CB;783<!95D;8!7:E=5E6C;<!3866;!O:<4!A6C;9:F!
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0+#TJ`V!Lc`!-<!OC;!;45OB!<4C<!75=!&n$!359A68Q8;!;598!35653C6:;C<:5B!57!6:A:F!CBF!0+#!OC;!

5E;8=I8F!O:<4:B!3866;V!ED<!<4C<!C!;:GB:7:3CB<!C95DB<!57!0+#!OC;!A=8;8B<!:B!<48!3><5A6C;9!C;!

C!6:A:FN7=88!CGG=8GC<8T!'4:;!;<DF>!OC;!8Q<8BF8F!<5!C!0)H*!O8:G4<!7=C3<:5B!57!KTY!RF87:B8F!C;!

0)H*WR0)H*!v!0)'#HSSV!O4:34!35==8;A5BF;!<5!C!0)'#H!35B38B<=C<:5B!57!`K!956!X!:B!

0)H*!D;:BG!<48!B598B36C<D=8!89A65>8F!:B!<4:;!<48;:;T!'48!0+#!D;8F!:B!<48!;<DF>!E>!&:B!%0!

89!OC;!C!A6C;9:F!8B35F:BG!<48!6D3:78=C;8!G8B8V!O:<4!B5!8I:F8B38!57!:<!4CI:BG!E88B!6:B8C=:;8F!

:B!<48!ACA8=T!'48!<=CB;783<:5B!;<DF>!5D<6:B8F!:B!<4:;!<48;:;!F:778=;!7=59!<48!&:B!%0!89!;<DF>!:B!

<4C<!<48!6:A:F!9:Q<D=8;!D;8F!I8B<D=8F!F88A8=!:B<5!<48!:BI8=;8!48QCG5BC6!=8G:5B!57!<48!

A4C;8!F:CG=C9V!C<!4:G48=!0)H*!35B<8B<;V!CBF!D;8F!C!6:B8C=:;8F!0+#!<89A6C<8!75=!75=9C<:5B!

57!<48!:BI8=;8!48QCG5BC6!359A68Q8;T!

!
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a]I*(;8146315*5;814>3<5691*59*=;9BP<3*(d*&".*=9OCD3;843*
-B!5=F8=!<5!6:BP!<48!<=CB;783<:5B!8QA8=:98B<;!<5!<48!<=CB;3=:A<:5B!57!0+#!653C<8F!:B!<48!

:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!R;88!34CA<8=!JSV!48Q5;598;!57!0)H*!O:<4!0+#!35B<C:B:BG!

<48!G8B8!75=!<48!A=5<8:B!#9$>CB!DBF8=!'Y!35B<=56!O8=8!:B<=5FD38F!<5!3866;T!!

-B!5=F8=!<5!A=595<8!A=5FD3<:5B!57!<48!#9$>CB!A=5<8:B!DBF8=!'Y!35B<=56!:B!<48!48Q5;598;!

35653C6:;8F!O:<4!6:B8C=:;8FN'YN3>CB!0+#V!<48!28&C!3866;!7:=;<!4CF!<5!E8!9CB:AD6C<8F!<5!

A=5FD38!'Y!.+#!A56>98=C;8T!'48=8!C=8!;8I8=C6!5A<:5B;!:B!<48!6:<8=C<D=8V!:B36DF:BG!

:B<=5FD3<:5B!57!95F:7:8F!I:=D;8;!<4C<!35B<C:B!<48!G8B8<:3!;8UD8B38!75=!'Y!.+#!

A56>98=C;8VL`bV!L`cV!L`YV!Lcb!:B<=5FD3<:5B!57!9.+#!35F:BG!75=!'Y!.+#!A56>98=C;8VLcc!5=!

<=CB;:8B<!<=CB;783<:5B!7=59!C!A6C;9:F!I83<5=T!'O5!57!<48;8!98<45F;!O8=8!8IC6DC<8F!D;:BG!

<48!#9$>CB!G8B8!<5!C;;8;;!<48:=!877:3:8B3>T!'48!98;;8BG8=!.+#!98<45F!OC;!C<<89A<8FV!

D;:BG!'=CB;98;;8BG8=!.+#!<=CB;783<:5B!=8CG8B<!Rw:CG8BSV!ED<!A=5FD3<:5B!57!;D77:3:8B<!

9.+#!RE>!()!3(0+#!<=CB;3=:A<:5BS!<4C<!35B<C:B8F!E5<4!<48!Y9,!3CA!CBF!A56>R#S!<C:6!=8UD:=8F!

75=!877:3:8B<!<=CB;6C<:5B!OC;!F:77:3D6<T!'48!Y9,!3CA!OC;!:B35=A5=C<8F!E>!F5A:BG!<48!

=:E5BD3685<:F8!9:Q<D=8!O:<4!3CA!CBC65GD8!:B!C!;<CBFC=F!'Y!.+#!A56>98=C;8!<=CB;3=:A<:5B!

CBF!<48!<C:6!OC;!CFF8F!;DE;8UD8B<6>V!D;:BG!C.!7#9(!A56>R#S!A56>98=C;8T!'48!<=CB;783<:5B!

=8CG8B<!R'=CB;98;;8BG8=V!E>!w:CG8BS!A=5I8F!:B3=8F:E6>!3><5<5Q:3V!3CD;:BG!CA5A<5;:;!:B!

aKX!57!3866;!C<!<48!;A83:7:8F!35B38B<=C<:5B!C7<8=!CB!:B3DEC<:5B!<:98!57!68;;!<4CB!<O5!45D=;V!

CBF!C;!;D34!<=CB;783<:5B!877:3:8B3>!OC;!A55=T!'=CB;:8B<!<=CB;783<:5B!OC;!7:=;<!C<<89A<8F!

D;:BG!<48!35998=3:C66>!CIC:6CE68!A#9$>CB!A6C;9:F!R$65B<834S!CBF!#<<=C3<8B8!<=CB;783<:5B!

=8CG8B<!Rw:CG8BST!#<<=C3<8B8!OC;!C6;5!75DBF!<5!E8!UD:<8!3><5<5Q:3!ED<!C!<:<=C<:5B!OC;!

A8=75=98F!<5!7:BF!<48!95;<!CAA=5A=:C<8!35B38B<=C<:5B!75=!<48!3866;V!:B!<8=9;!57!65O8=!

3><5<5Q:3:<>!CBF!G=8C<8=!A=5<8:B!A=5FD3<:5B!:B!C66!3866;T!$5B38B<=C<:5B;!57!#<<=C3<8B8!D;8F!

:B!<48!<:<=C<:5B!C=8!;45OB!:B!<CE68!bV!O:<4!CB!IC6D8!57!<=CB;783<:5B!877:3:8B3>!G:I8B!75=!

;D338;;7D6!35B38B<=C<:5B;T!2:G48=!35B38B<=C<:5B;!O8=8!B5<!C;;:GB8F!<=CB;783<:5B!

877:3:8B3:8;!C;!<48!3866!F8B;:<>!4CF!F83=8C;8F!E>!<55!9D34!RE>!G=8C<8=!<4CB!cKXV!CBF!C<!<48!

4:G48;<!35B38B<=C<:5B;!G=8C<8=!<4CB!aKXS!<5!G:I8!C!=8A=8;8B<C<:I8!IC6D8T!'48!48C6<4!57!<48!

3866;!OC;!C;;8;;8F!E>!95B:<5=:BG!<48:=!G8B8=C6!95=A4565G>[!C;!CF48=8B<!3866;!DBF8=G5!

CA5A<5;:;V!<48>!E83598!=5DBF8F!CBF!=C:;8FV!E875=8!F8<C34:BG!7=59!<48!;D=7C38T!

'=CB;783<:5B!:;!UDCB<:7:8F!D;:BG!<48!<=CB;783<:5B!877:3:8B3>[!<4:;!9C>E8!E8!GC<48=8F!D;:BG!

76D5=8;38B38!C;;:;:<8F!3866!;5=<:BG!R"#$/S!O48=8!7C3:6:<:8;!C665OV!5=!E>!8QA=8;;:BG!<48!

BD9E8=!57!3>CB!3866;!=86C<:I8!<5!<48!<5<C6!BD9E8=!57!3866;!C;!C!A8=38B<CG8T!
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!

!,-'+-&$(&%,-#
28+-&%>%'(&%,-#

Y,)/6+#,>#H7&%F
CECn^)#

Y,)/6+#,>#
7"6!?(-#
:;"n^*#

"&&$('&+-+#<^)@n#
Y,)c#H7&%FCEC#

<^)@#

"&&$('&+-+#<^)@n#
Y,)c#H7&%FCEC#
<^)@#94+-#(88+8#

&,#'+))3#

O$(-3>+'&%,-#
E>>%'%+-'?nr#

:P! U.# .ce# Id#5#N.FG# ecI#5#N.FG# 4Q'!
.! NI.# .ce# NG#5#N.FG# IcN#5#N.FG# 4Q'!
K! Nh.# .ce# hcG#5#N.FG# Nce#5#N.FG# 4Q'!
(PP! Ie.# .ce# UcG#5#N.FG# Nc.#5#N.FG# 4Q'!
/! G..# .ce# dc.#5#N.FG# .ch#5#N.FG# K(5J!
;! GU.# .ce# ecI#5#N.FG# .cX#5#N.FG# :(5(!
J! d..# .ce# Gc.#5#N.FG# .cd#5#N.FG# :.5K!
:)! U..# .ce# Icd#5#N.FG# .ce#5#N.FG# O5O!

O(L)+#ea#$+('&%,-#',-8%&%,-3#>,$#',-'+-&$(&%,-#*$(8%+-&#,>#(&&$('&+-+#&$(-3>+'&%,-#$+(*+-&c#u8+-,&+3#(80%3+8#
',-'+-&$(&%,-#>,$#I#'6I#8%34J#uu8+-,&+3#',$$+37,-8%-*#(80%3+8#',-'+-&$(&%,-#>,$#N#'6I#*$,9&4#($+(#/3+8#%-#&4%3#
3&/8?c#Q4+$+#&4+#&$(-3>+'&%,-#+>>%'%+-'?#%3#-,&#*%0+-J#&4+#'?&,&,5%'%&?#,>#&4+#"&&$('&+-+#$+(*+-&#9(3#&,,#*$+(&#&,#
k/8*+#&4+#+>>%'%+-'?#

!

'48!0+#!;56D<:5B!OC;!F:6D<8F!:B!<48!CAA=5A=:C<8!C95DB<!57!)A<:N1*1!;8=D9!7=88!98F:D9V!

E875=8!CFF:<:5B!57!<48!C<<=C3<8B8!<=CB;783<:5B!=8CG8B<T!'48!359A68Q8;!O8=8!:B3DEC<8F!C<!

=559!<89A8=C<D=8!RJK!9:BD<8;S!E875=8!CFF:<:5B!<5!3866;!:B!7=8;4!01*1!RO:<4!LKX!"$/!ED<!

B5!CB<:E:5<:3;ST!$866;!O8=8!:B3DEC<8F!75=!Jb!45D=;!DBF8=!B5=9C6!3D6<D=8!35BF:<:5B;T!!

!

!
]%*/$+#XIa#!,-'+-&$(&%,-#*$(8%+-&#,>#"&&$('&+-+#&$(-3>+'&%,-#(*+-&#(-8#7"6!?(-#%-#'+))3#7$,8/'+8#9%&4#0($?%-*#
',-'+-&$(&%,-3#,>#"&&$('&+-+#&$(-3>+'&%,-#$+(*+-&c#AFDa#',-'+-&$(&%,-3#dJ#UJ#h#(-8#N.#<3++#&(L)+v@#

!
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)B38!:<!OC;!8;<CE6:;48F!<4C<!<=CB;:8B<!<=CB;783<:5B!35D6F!E8!=86:CE6>!D;8F!<5!A=5FD38!

#9$>CB!76D5=8;38B<!A=5<8:BV!<48!#9$>CB!G8B8!OC;!8Q3:;8F!7=59!<48!A6C;9:F!CBF!=8A6C38F!

O:<4!<48!G8B8!35F:BG!75=!'Y!.+#!A56>98=C;8V!O4:34!4CF!E88B!8Q3:;8F!7=59!<48!'C=G8'=5B!

A#.LJLa!I83<5=!R/:G9CSV!ED:6<!E>!0CICB655!%0!89.!:B!<48!LagK;TLci!'4:;!A6C;9:F!OC;!

CBC6>;8F!D;:BG!G86!8683<=5A45=8;:;!CBF!<48B!C9A6:7:8F!E>!<=CB;75=9C<:5B!:B!C.!7#9(.!'4:;!

A6C;9:FV!<8=98F!A#9'YH56!OC;!D;8F!<5!<=CB;783<!3866;!CAA=5Q:9C<86>!Jb!45D=;!A=:5=!<5!

:B<=5FD3<:5B!57!<48!48Q5;598!359A68Q8;V!:B!P88A:BG!O:<4!<48!=835998BF8F!A=5<5356;!75=!

E5<4!<48!#<<=C3<8B8!=8CG8B<!CBF!<48!A#9$>CB!I83<5=T!!!

#!35B38B<=C<:5B!G=CF:8B<!57!#<<=C3<8B8!D;:BG!<48!A#9$>CB!A6C;9:F!OC;!3C==:8F!5D<!<5!

C;38=<C:B!<48!5A<:9C6!35BF:<:5B;!75=!<=CB;:8B<!<=CB;783<:5B!:B!<4:;!OC>!R:T8T!E8;<!A=5FD3<:5B!

57!A=5<8:BV!:B!<48!95;<!3866;!O:<4!68C;<!<5Q:3:<>ST!-<!OC;!F:;35I8=8FV!C;!;45OB!:B!7:GD=8!YJ!

<4C<!<48!E8;<!35B38B<=C<:5B!75=!A=5FD3<:5B!57!#9$>CB!D;:BG!#<<=C3<8B8!OC;!35B38B<=C<:5B!

c!R:B!<CE68!bST!-<!:;!O5=<4!B5<:BGV!45O8I8=V!<4C<!<48!A#9$>CB!A6C;9:F!;5D=38F!7=59!

$65B<834!35B<C:B;!G8B8;!<4C<!C=8!9C99C6:CB!35F5B!5A<:9:;8FV!O4:34!O5D6F!A5;;:E6>!98CB!

<4C<!A=5FD3<:5B!57!<48!'Y!.+#!A56>98=C;8!G8B8!A=5FD3<!9C>!E8!68;;!877:3:8B<!<4CB!<48!

76D5=8;38B<!G8B8T!-<!:;!CAAC=8B<V!45O8I8=V!7=59!<48!5E;8=IC<:5B!57!3>CB!A=5<8:B!A=5FD38F!

7=59!<48!A#9'YW'Y3>CB!;>;<89!<4C<!'Y!.+#!A56>98=C;8!A=5FD38F!C;!C!=8;D6<!57!

<=CB;783<:5B!D;:BG!#<<=C3<8B8!R;88!7:GD=8!Y`ST!!

!

a]g*0;9BP<5691*9>*.DEC81*>;9D*5:3*(d@A843B*4C453D*
28Q5;598;!O8=8!A=8AC=8F!E>!F:;A8=;:BG!F=:8F!6:A:F!;C9A68;!RLK!9G!<5<C6!6:A:FS!:B!`KK!t6!

A6D=5B:3N"LJY!35E653P!A56>98=!;56D<:5B!R`T`!9G!96NL!:B!LX!8<4CB56S!:B!CB!D6<=C;5B:3!EC<4T!

28Q5;598!;56D<:5B;!O8=8!<48B!;<5=8F!C<!`Y!u$!DB<:6!D;8!R48Q5;598;!O8=8!9CF8!7=8;4!75=!

8C34!8QA8=:98B<!CBF!;<5=8F!5I8=B:G4<!C<!`Y!u$!E875=8!F:6D<:5B!:B!3866!3D6<D=8!98F:D9V!

C6<45DG4!<48=8!:;!8I:F8B38!<5!;DGG8;<!<4C<!<48>!C=8!;<CE68!75=!A8=:5F;!57!;:Q!95B<4;!5=!

95=8ST!H=:5=!<5!<=CB;783<:5B!:B<5!3866;V!48Q5;598;!O8=8!F:6D<8F!:B!CAA=5A=:C<8!3866!3D6<D=8!

98F:D9!R8:<48=!O:<4!5=!O:<45D<!;8=D9S!CBF!6:BNA'Y$>CB!0+#!OC;!CFF8FT!'O8B<>N75D=!

45D=;!C7<8=!<=CB;:8B<!<=CB;783<:5B!57!<48!28&C!3866;!<5!A=5FD38!'Y!.+#!A56>98=C;8V!<48!

48Q5;598;!O8=8!:B3DEC<8F!O:<4!3866;!75=!b!45D=;T!'48!48Q5;598N35B<C:B:BG!98F:D9!OC;!

<48B!=895I8F!7=59!<48!3866;V!O4:34!O8=8!OC;48F!O:<4!H?/!CBF!=8;D;A8BF8F!:B!;8=D9N

35B<C:B:BG!98F:D9T!$866;!O8=8!687<!<5!A=5FD38!3>CB!76D5=8;38B<!A=5<8:B!75=!bg!45D=;!E875=8!

E8:BG!7:Q8F!O:<4!`TYX!AC=C75=9C6F84>F8!;56D<:5B!CBF!;<5=8F!:B!H?/ZG6>38=56!RLKZaKS!75=!

:9CG:BGTLcY!!
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!

!
:HBE#4+5,3,6+3#9%&4#&4+#"6OXnOX'?(-#3?3&+6#%-#H7&%FCEC#

!
d#6,)r#:HO"B#%-#:HBE#4+5,3,6+3#9%&4#&4+#"6OXnOX'?(-#3?3&+6#%-#H7&%FCEC#

]%*/$+#XGa#O$(-3>+'&%,-#,>#1+A(#'+))3#9%&4#"6!?(-#/3%-*#&4+#"6OXnOX'?(-#8,/L)+#&$(-3>+'&%,-#6+&4,8c#!+))3#
+57$+33%-*#8+&+'&(L)+#)+0+)3#,>#'?(-#7$,&+%-#($+#4%*4)%*4&+8c##

!

'48!:9CG8;!F:;A6C>8F!:B!7:GD=8!Y`!4:G46:G4<!3866;!<4C<!C=8!A=5FD3:BG!<48!#9$>CB!A=5<8:B!

7=59!C!6:B8C=:;8F!A:838!57!0+#!35B<C:B:BG!C!'Y!A=595<8=!:B;:F8!28&C!3866;!A=5FD3:BG!'Y!

.+#!A56>98=C;8T!'48!877:3:8B3>!57!<=CB;783<:5BV!F87:B8F!C;!<48!BD9E8=!57!3866;!8QA=8;;:BG!

#9$>CB!=86C<:I8!<5!<48!<5<C6!BD9E8=!57!3866;V!:;!65O!RJJX!75=!0)H*!48Q5;598;V!cc!X!75=!

48Q5;598;!57!c!956!X!0)'#H!:B!0)H*S!ED<!:<!:;!O5=<4!B5<:BG!<4C<!<48!35B38B<=C<:5B!57!

C<<=C3<8B8!<=CB;783<:5B!=8CG8B<!OC;!35B38B<=C<:5B!g!R=878==8F!<5!:B!<CE68!b!CBF!C;!F8<C:68F!

:B!7:GD=8!YJST!*77:3:8B3>!57!<=CB;783<:5B!C<!<4:;!35B38B<=C<:5B!:;!=86C<:I86>!65OT!*I8B!;5V!<48=8!

C=8!;<:66!C!78O!E6D8!3866;!I:;:E68!:B!<4:;!;9C66!:9CG8!R<O5!:B!<48!3C;8!57!0)H*V!;:Q!75=!

48Q5;598;!9CF8!57!c!956!X!0)'#H!:B!0)H*ST!-<!:;!C6;5!O5=<4!98B<:5B:BG!<48!7C3<!<4C<!<48!

0+#!35B<C:B:BG!<48!A=5<8:B!;8UD8B38!:;!6:B8C=:;8FV!CBF!<4C<!<4:;!9C>!O866!C7783<!<48!

877:3:8B3>!57!<=CB;3=:A<:5B!CBF!<=CB;6C<:5B!57!<48!G8B8!A=5FD3<T!'48=8!:;!;598!8I:F8B38!<5!

;45O!<4C<!<=CB;3=:A<:5B!7=59!A6C;9:F!<89A6C<8;!:;!95=8!877:3:8B<!<4CB!<4C<!7=59!6:B8C=!
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<89A6C<8;!E83CD;8!<48!A56>98=C;8!9C>!;<C>!5B!<48!A6C;9:FV!:B;<8CF!57!F:;C;;53:C<:BG!O:<4!

<48!0+#!CBF!4CI:BG!<5!5B38!CGC:B!7:BF!<48!35==83<!A6C38!5B!<48!;C98!;<=CBFV!5=!CB5<48=!

;<=CBF!57!0+#T!-B!<4:;!9CBB8=V!<48!C;;53:C<:5B!57!<48!A56>98=C;8!O:<4!<48!'Y!A=595<8=!

;8UD8B38!O5D6F!6:P86>!E83598!<48!=C<8N6:9:<:BG!;<8A!57!<48!A=538;;T!'48!F8<83<CE68!

A=5FD3<:5B!57!#9$>CB!A=5<8:B!7=59!;598!3866;!:;!C3359ACB:8F!E>!C!9C=P8FV!I:;:E68!34CBG8!

:B!<48!CD<576D5=8;38B38!57!<48!=89C:B:BG!3866;!O48B!I:8O8F!<4=5DG4!<48!8>8A:838!57!<48!

35B753C6!9:3=5;35A8T!'4:;!34CBG8!:;!B5<V!45O8I8=V!A:3P8F!DA!E>!<48!F8<83<5=T!-<!:;!<48=875=8!

368C=!<4C<!A=5FD3<:5B!57!<48!#9$>CB!G8B8!D;:BG!<4:;!98<45F!:;!A5;;:E68V!C6<45DG4!;DE]83<!<5!

C!F8G=88!57!A5;;:E68!5A<:9:;C<:5B!<4C<!OC;!B5<!DBF8=<CP8B!FD=:BG!<4:;!;<DF>T!'4C<!<48!

68I86;!57!A=5<8:B!A=5FD3<:5B!:B!3866;V!CBF!<48!:B3:F8B38!57!A=5<8:BNA=5FD3:BG!3866;!CAA8C=;!

<5!E8!;:9:6C=!O48B!<48!48Q5;598;!35B;:;<!8B<:=86>!57!0)H*V!5=!57!c!956X!0)'#H!:B!0)H*!

:;!<5!E8!8QA83<8FV!C;!<48!68I86;!57!()!3(0+#!<=CB;3=:A<:5B!C=8!B5<!C7783<8F!E>!<48!:B<=5FD3<:5B!

57!c!956!X!0)'#H!E5<4!:B!<48!75=9C<!57!C!ED6P!A4C;8V!5=!C!F:;A8=;:5BV!C;!;45OB!A=8I:5D;6>!

:B!7:GD=8;!iL!CBF!iJT!!
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a]KH*E915;9O*%`=3;6D3154*
/8I8=C6!35B<=56!8QA8=:98B<;!O8=8!3C==:8F!5D<!<5!8;<CE6:;4!<48!6:9:<C<:5B;!57!D;:BG!<4:;!

F5DE68N<=CB;783<:5B!98<45F!57!G8B8!F86:I8=>T!'48!A=:9C=>!35B38=B!OC;!<4C<!<48!3866;!O5D6F!

<CP8!DA!<48!0+#!A=8;8B<8F!<5!<489!O:<45D<!<48!B88F!75=!48Q5;598;V!C6<45DG4!<4:;!A=5I8F!

<5!E8!DB75DBF8FV!O:<4!9D6<:A68!8QA8=:98B<;!;45O:BG!<4C<!<48!3866;!F:F!B5<!A=5FD38!<48!

#9$>CB!A=5<8:B!:B!<48!A=8;8B38!:B!;56D<:5B!57!8:<48=!A6C;9:F!5=!6:B8C=!0+#!35B<C:B:BG!<48!

=868ICB<!G8B8T!/:9:6C=6>V!:B<=5FD3:BG!48Q5;598;!35B<C:B:BG!<48!#9$>CB!G8B8!DBF8=!'Y!

35B<=56!F:F!B5<!>:86F!<48!G8B8!A=5FD3<!:B!3866;!<4C<!4CF!B5<!7:=;<!E88B!<=CB;:8B<6>!

<=CB;783<8F!<5!A=5FD38!'Y!.+#!A56>98=C;8T!!

!

!
]%*/$+#Xea#"6!?(-#7$,8/'&%,-#%-#'+))3#&$(-3>+'&+8#&9%'+#9%&4#"&&$('&+-+#&$(-3>+'&%,-#(*+-&c#O$(-3>+'&%,-#,-+a#
"&&$('&+-+#9%&4#7OX7,)g#&$(-3>+'&%,-#&9,a#"&&$('&+-+#9%&4#)%-F7OX!?(-#

!

":GD=8!Yb!;45O;!<4C<!'Y!.+#!A56>98=C;8!:;!A=5FD38F!:B!C66!3866;!I:;:E68T!'4:;!:BF:3C<8;!<4C<!

<48!98<45F!57!F5DE68!<=CB;783<:5B!<5!A=5FD38!'Y!.+#!A56>98=C;8!CBF!#9$>CB!DBF8=!'Y!

35B<=56!:;!A5;;:E68!CBF!O5=P;!O866!D;:BG!35998=3:C6!<=CB;783<:5B!=8CG8B<;T!-<!:;!O5=<4!

98B<:5B:BGV!45O8I8=V!<4C<!<48!3866!F8B;:<>!:B!<48!CE5I8!:9CG8!:;!I8=>!65OV!C<!CE5D<!5B8!

<8B<4!57!<48!3866!F8B;:<>!;88B!7=59!5<48=!8QA8=:98B<;!RLKVcKK!39NJV!359AC=8F!O:<4!5I8=!

LKKVKKK!39NJ!75=!C!;:BG68!<=CB;783<:5B!O:<4!0)H*!48Q5;598;ST!'4:;!:;!E83CD;8!57!<48!

3><5<5Q:3!87783<;!57!#<<=C3<8B8!8QA8=:8B38F!O48B!C<<89A<:BG!<5!F86:I8=!0+#!<5!28&C!3866;T!

$866;!<4C<!<CP8!DA!<55!9D34!57!<48!#<<=C3<8B8!359A5DBF!7=8UD8B<6>!E83598!=5DBF8F!CBF!

7C66!577V!68CI:BG!48C6<4>!3866;!<4C<!CAA8C=!<5!E8!8QA=8;;:BG!68;;!A=5<8:BT!'48!=86C<:I8!C95DB<!
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57!#9$>CB!359AC=8F!O:<4!A5;:<:I8!35B<=56;!D;:BG!C!;:BG68N<=CB;783<:5B!57!A#9$>CB!R;88!

7:GD=8!YJS!CAA8C=;!<5!E8!9D34!65O8=T!-<!:;!6:P86>!<4C<!<4:;!:;!E83CD;8!<48!'YN3>CB!;>;<89!

D;8;!C!6:B8C=!A:838!57!0+#V!7=59!O4:34!<48!<=CB;3=:A<:5B!O5D6F!E8!9D34!68;;!877:3:8B<!O48B!

359AC=8F!O:<4!C!A6C;9:F!<89A6C<8V!=8;D6<:BG!:B!68;;!A=5<8:B!E8:BG!A=5FD38F!CBF!3866;!<4C<!

C=8!B5<!C;!E=:G4<!DBF8=!<48!9:3=5;35A8T!!

-<!:;!C6;5!A5;;:E68!<4C<!A=5FD3<:5B!57!'Y!.+#!A56>98=C;8!:;!:<;867!A=5E689C<:3!75=!<48!28&C!

3866;T!'4:;!:;!;DGG8;<8F!E83CD;8!57!<48!6C3P!57!C!;<CE68!28&C!3866!6:B8!<=CB;783<8F!O:<4!'Y!

.+#!A56>98=C;8T!#;!28&C!3866;!CBF!'Y!.+#!A56>98=C;8!=8A=8;8B<!<O5!;>;<89;!<4C<!C=8!

7=8UD8B<6>!;<DF:8F!:B!E:53489:3C6!CBF!E:5A4>;:3C6!8QA8=:98B<;V!:<!O5D6F!E8!8QA83<8F!<4C<!C!

;<CE68!3866!6:B8!O5D6F!4CI8!E88B!F8A5;:<8F!:B!5B8!57!<48!3866!=8A5;:<5=:8;!CIC:6CE68!

O5=6FO:F8T!'4:;V!A6D;!<48!7C3<!<4C<!5<48=!98<45F;!57!'Y!.+#!A56>98=C;8!8QA=8;;:5B!:B!

28&C!3866;V!;D34!C;!<48!95F:7:8F!MC33:B:C!;>;<89!=8A5=<8F!E>!?8=BC=F!15;;!CBF!

35668CGD8;VL`b!:B!O4:34!<48!28&C!F:8!YJ!45D=;!A5;<!<=CB;783<:5B!C=8!;DGG8;<:I8!57!:B;<CE:6:<>T!

"5=!<48;8!=8C;5B;!7D=<48=!8QA8=:98B<;!O8=8!3C==:8F!5D<V!D;:BG!<48!48Q5;598!;>;<89!<5!

:B<=5FD38!E5<4!A6C;9:F!CBF!6:B8C=!0+#!35B<C:B:BG!<48!#9$>CB!G8B8!DBF8=!9C99C6:CB!

A=595<8=!35B<=56V!D;:BG!<48!35998=3:C66>!CIC:6CE68!A#9$>CB!I83<5=!D;8F!75=!35B<=56!

8QA8=:98B<;!F8;3=:E8F!8C=6:8=!:B!<4:;!34CA<8=T!

!

a]KK*0;9BP<5691*9>*.DEC81*>;9D*=O84D6B*?".*
'48!CE:6:<>!57!48Q5;598;!<5!:B35=A5=C<8!A6C;9:F!0+#!:B<5!3866;!OC;!C;;8;;8F!D;:BG!<48!

A#9$>CB!A6C;9:F!AD=34C;8F!7=59!$65B<834T!'48!A6C;9:F!OC;!:B3DEC<8F!:B!3866!3D6<D=8!

98F:D9!O:<4!<48!48Q5;598;!C<!`Y!u$!75=!<4=88!FC>;V!C;!:B!5<48=!8QA8=:98B<;T!28Q5;598;!

O8=8!<48B!:B<=5FD38F!<5!3866;!CBF!:B3DEC<8F!75=!<48!;<CBFC=F!b!45D=;V!5=!5I8=B:G4<!CBF!

<48B!=895I8F!7=59!<48!3866;T!$866;!O8=8!:B3DEC<8F!DBF8=!B5=9C6!3866!3D6<D=8!35BF:<:5B;!75=!

bg!45D=;!<5!C665O!A=5FD3<:5B!57!<48!#9$>CB!A=5<8:BT!!

!
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!
"a#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#7"6!?(-#:;"J#%-'/L(&%,-#e#4#%-#H7&%FCECJ#eh#4#7,3&F&$(-3>+'&%,-#

!
Ra#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#7"6!?(-#:;"J#%-'/L(&%,-#e#4#%-#H7&%FCECJ#eh#4#7,3&F&$(-3>+'&%,-#

]%*/$+#Xda#O$(63>+'&%,-#9%&4#7"6!?(-#(-8#:HBEn:HO"B#4+5,3,6+3J#%-'/L(&%,-#e4#(&#GX#o!J#eh#4#7,3&#
&$(-3>+'&%,-#
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!
"a#:HBE#4+5,3,6+3J#7"6!?(-#:;"J#%-'/L(&%,-#e#4#%-#:CEC#`#dr#]!=J#eh#4#7,3&F&$(-3>+'&%,-#

!
Ra#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#7"6!?(-#:;"J#%-'/L(&%,-#e4#%-#:CEC#`#dr#]!=J#eh#4#7,3&F&$(-3>+'&%,-#
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!
!a#I.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#7"6!?(-#:;"J#%-'/L(&%,-#e4#%-#:CEC#`#dr#]!=J#eh4#7,3&F&$(-3>+'&%,-#

]%*/$+#XUa#O$(-3>+'&%,-#9%&4#7"6!?(-#(-8#:HBEn:HO"B#4+5,3,6+3#%-#:CECJ#%-'/L(&%,-#e4#(&#GX#o!J#eh4#7,3&#
&$(-3>+'&%,-#

!

":GD=8;!Yc!CBF!Yi!=8A=8;8B<!<48!<=CB;783<:5B!FC<C!75=!3866;!<=CB;783<8F!O:<4!48Q5;598;!

C3359ACB:8F!E>!A6C;9:F!0+#T!":GD=8;!57!<4:;!<>A8!R:B36DF:BG!<48;8!CBF!7:GD=8;!Yg!C9F!YaS!

;45D6F!E8!CBC6>;8F!C335=F:BG!<5!<48!A=8;8B38!57!#9$>CB!A=5<8:B!:B!3866;!<4C<!35B<C:B!E5<4!

6:A:F!R=8FS!CBF!0+#!RG=88BSV!:F8B<:7:CE68!7=59!<48:=!=8;A83<:I8!34CBB86;!CBF!<48!5I8=6C>!

:9CG8T!-<!:;!368C=!<4C<!#9$>CB!A=5<8:B!:;!A=5FD38F!7=59!<48!A6C;9:FV!O4:34!:;!:B35=A5=C<8F!

:B<5!3866;!:B!<48!A=8;8B38!57!48Q5;598;T!-<!:;!C6;5!CAAC=8B<!<4C<!<48!:B35=A5=C<:5B!57!

A6C;9:F!0+#!:;!A5;;:E68!:B!<48!A=8;8B38!CBF!CE;8B38!57!;8=D9V!C6<45DG4!CAA8C=;!<5!E8!

;6:G4<6>!E8<<8=!:B!<48!3866;!CBF!48Q5;598;!:B3DEC<8F!:B!01*1!;DE;<:<D<8F!O:<4!c!X!"$/T!

,=8C<8=!A=5A5=<:5B;!57!0)'#H!:B!<48!48Q5;598!CAA8C=!<5!:B3=8C;8!<48!<=CB;783<:5B!

877:3:8B3>!57!<48!;>;<89V!:B!6:B8!O:<4!8QA8=:98B<;!3C==:8F!5D<!:B!<48!6:<8=C<D=8T!-<!4C;!E88B!

A=8I:5D;6>!;45OB!<4C<!C!9:Q<D=8!57!0)H*!CBF!0)'#HV!O48=8!<48!=C<:5!57!0)H*Z0)'#H!:;!

7:=96>!:B!<48!6C9866C=!=8G:5B!57!<48!A4C;8!F:CG=C9;!57!ED6P!A4C;8!A=8AC=C<:5B;!;<DF:8F!:B!

34CA<8=!d!57!<4:;!<48;:;V!4CI8!E88B!D;8F!<5!F86:I8=!A6C;9:F!0+#!O:<4!C!95F8=C<86>!4:G4!

<=CB;783<:5B!877:3:8B3>T!$5B;:F8=:BG!<4:;!:B75=9C<:5BV!CBF!<48!CAA8C=CB38!57!48Q5;598;!
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35B;:;<:BG!57!JK!956!X!0)'#H!:B!0)H*!C;!C!368C=!;56D<:5BV!359AC=8F!O:<4!<48!<D=E:F:<>!57!

5<48=!48Q5;598!A=8AC=C<:5B;!O:<4!65O8=!0)'#H!35B<8B<;V!:<!:;!35B36DF8F!<4C<!C<!JK!956!X!

0)'#H!<48!F:;A8=;:5B!35D6F!E8!I8;:3D6C=!=C<48=!<4CB!48Q5;59C6T!-<!:;!<45DG4<!<4C<!<48!

:BI8=;8!48QCG5BC6!A4C;8!9C>!B5<!E8!CE68!<5!C335995FC<8!C!A6C;9:F!0+#!R8I8B!O48B!

;DA8=35:68FSV!C;!8C;:6>!C;!C!6:B8C=!<89A6C<8V!C;!<48!;<=D3<D=C6!F:98B;:5B;!O5D6F!E8!G=8C<8=!

<4CB!<45;8!57!C!6:B8C=!0+#!FDA68QV!C6<45DG4!<4:;!OC==CB<;!7D=<48=!:BI8;<:GC<:5BT!-BF88FV!

95;<!57!<48!;<=D3<D=8;!57!6:A:FN0+#!:BI8=;8!48QCG5BC6!A4C;8;!:B!<48!6:<8=C<D=8!:B36DF8!

6:B8C=!=C<48=!<4CB!A6C;9:F!0+#T!

-<!:;!C6;5!O5=<4!B5<:BG!<4C<!:B!7:GD=8!Yi!<48!<=CB;783<:5B!877:3:8B3:8;!57!48Q5;598;!9CF8!

5B6>!57!0)H*!CBF!<45;8!35B;:<:BG!57!c!956!X!0)'#H!:B!0)H*!C=8!A55=V!=8;D6<:BG!:B!5B8!3866!

8QA=8;;:BG!#9$>CB!C3=5;;!8C34!O4568!8QA8=:98B<T!'48!:B3DEC<:5B!<:98!O:<4!48Q5;598;!

CBF!A6C;9:F!0+#!OC;!:B3=8C;8F!7=59!75D=!45D=;!<5!5I8=B:G4<V!:B!CB!8775=<!<5!:9A=5I8!<48!

<=CB;783<:5B!877:3:8B3>T!

!
7"6!?(-#`#:HBE#4+5,3,6+3#%-#:CECndr#]!=J#,0+$-%*4&#%-'/L(&%,-#

!
7"6!?(-#`#d#6,)r#:HO"B#%-#:HBE#4+5,3,6+3#%-#:CECndr#]!=J#,0+$-%*4&#%-'/L(&%,-#

]%*/$+#XXa#"6!?(-#>)/,$+3'+-&#7$,&+%-#7$,8/'+8#L?#'+))3#',-&(%-%-*#7"6!?(-#%-&$,8/'+8#L?#4+5,3,6+3#>$,6#(-#
,0+$-%*4&#%-'/L(&%,-c##

!
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#7<8=!5I8B:G4<!:B3DEC<:5B!O:<4!48Q5;598;!35B<C:B:BG!5B6>!0)H*!CBF!c!956!X!0)'#H!:B!

0)H*!O:<4!A#9$>CB!0+#V!<=CB;783<:5B!OC;!5E;8=I8F!:B!C!BD9E8=!57!3866;!R;88!7:GD=8!YYST!

'4:;!:B3=8C;8!:B!<=CB;783<:5B!877:3:8B3>!O:<4!65BG8=!:B3DEC<:5B!<:98!:;!;598<4:BG!<4C<!35D6F!

E8!8QA65=8F!O48B!D;:BG!<48!6:B8C=!0+#!<89A6C<8V!A5;;:E6>!=8;D6<:BG!:B!4:G48=!<=CB;783<:5B!

877:3:8B3>T!
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a]KG*?3O623;C*9>*O6138;*=.DEC81*?".*P4617*-3`949D34*
'5!5I8=3598!A=5E689;!8QA8=:8B38F!:B!<48!9CB:AD6C<:5B!57!<48!'YN3>CB!F5DE68N

<=CB;783<:5B!A=5<5356!RBC986>!<48!3><5<5Q:3!87783<;!57!#<<=C3<8B8S!<=CB;783<:5B!OC;!

C<<89A<8F!O:<4!<48!6:B8C=:;8F!I8=;:5B!57!<48!A#9$>CB!A6C;9:F!<5!A=5FD38!<48!#9$>CB!

A=5<8:B!7=59!C!6:B8C=!<89A6C<8!DBF8=!9C99C6:CB!A=595<8=!35B<=56T!!

!

#

"a#:HBE#4+5,3,6+3J#)%-+($%3+8#"6!?(-#:;"J#%-'/L(&%,-#e#4,/$#H7&%FCECJ#eh#4,/$3#7,3&F&$(-3>+'&%,-#
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#

Ra#:HBEa:HO"B#<jdad@#4+5,3,6+3J#)%-+($%3+8#"6!?(-#:;"J#%-'/L(&%,-#e4#%-#H7&%FCECJ#eh4#7,3&F&$(-3>+'&%,-#

# #

!a#:HBEa:HO"B#<j.aN.@#4+5,3,6+3J#)%-+($%3+8#"6!?(-#:;"J#%-'/L(&%,-#e4#%-#H7&%FCECJ#eh4#7,3&F&$(-3>+'&%,-#
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#

:a#:HBEa:HO"B#<h.aI.@#4+5,3,6+3J#)%-+($%3+8#"6!?(-#:;"J#%-'/L(&%,-#e4#%-#H7&%FCECJ#eh4#7,3&F&$(-3>+'&%,-#

]%*/$+#Xha#A%-+($#7"6!?(-#:;"#8+)%0+$+8#L?#4+5,3,6+3#9%&4#0($?%-*#:HBE#(-8#:HO"B#',-&+-&J#9%&4#e#4,/$#
%-'/L(&%,-#%-#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6J#L+>,$+#eh#4,/$3#*$,9&4#%-#:CEC#`#d#r#]!=#(-8#"-&%L%,&%'F
"-&%6?',&%'#3,)/&%,-c#2-8%0%8/()#7,%-&3#,>#%-&+$+3&#($+#4%*4)%*4&+8#%-#+('4#'4(--+)c#],$#+('4#%6(*+J#AFD#<&,7@a#
"6!?(-J#)%7%8#<ADR#)(L+))+8@J#:;"#<'?d#)(L+))+8@g#AFD#<L,&&,6@a#:2!#'+))/)($#%6(*+J#,0+$)(?#,>#())#'4(--+)3##

!

C,)#r#

:HO"B#%-#

:HBE#

!?(-#'+))3#

n%6(*+#

O,&()#'+))3#

n%6(*+#

"$+(#

3/$0+?+8##

n^6I#

!?(-#'+))3#

n'6I#

O,&()#'+))3#

n'6I#

O$(-3>+'&%,-#

+>>%'%+-'?nr#

.# .K! J.! O/NK:! .NNKO! :)J);)! .O5O!

d# K)! /.! OJNO/! K;NJ)! ;(/(/! /O5/!

N.# :/! ..! ;J:O:! .:.O(! K:K/.! ;O5N!

I.# .;! K/! J)O((! K:JON! (K.J(! OK5J!

O(L)+#da#!()'/)(&%,-#,>#6+(-#&$(-3>+'&%,-#+>>%'%+-'?#>$,6#'+))3#&$(-3>+'&+8#9%&4#)%-F7"6!?(-#%-#4+5,3,6+3J#/3%-*#H7&%F
CEC#$+8/'+8#3+$/6#6+8%/6c#2-8%0%8/()#8(&(#3+&3#'(-#L+#>,/-8#%-#(77+-8%5#v#

!

-<!:;!368C=!7=59!<48!:9CG8;!F:;A6C>8F!:B!7:GD=8!Yg!<4C<!C66!75D=!48Q5;598!359A5;:<:5B;!

;<DF:8F!A=5FD38!;:GB:7:3CB<!<=CB;783<:5B!O:<4!6:B8C=!A#9$>CB!0+#T!'4:;!75665O;!5B!7=59!

<48!8QA8=:98B<;!3C==:8F!5D<!5B!<48!'Y!F5DE68!<=CB;783<:5B!;>;<89!=8I:8O8F!8C=6:8=!:B!<4:;!

34CA<8=V!CBF!=8:B75=38;!<48!B5<:5B!<4C<!0+#!<4C<!:;!653C<8F!O:<4!<48!:BI8=;8!48QCG5BC6!
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A4C;8!57!0)H*N35B<C:B:BG!6:A:F!9:Q<D=8;!:;!CIC:6CE68!75=!E:565G:3C6!A=538;;8;T!'48!5I8=6C>!

:9CG8;!75=!8C34!;8<!57!=8;D6<;!;DGG8;<!<4C<!<48!35653C6:;C<:5B!57!6:A:F!CBF!0+#!5D<;:F8!<48!

3866!:;!G=8C<8=!C<!65O8=!0)'#H!35B<8B<;V!O:<4!C!6C=G8!C95DB<!57!B5BN35653C6:;8F!0+#!I:;:E68!

:B!7:GD=8!Yg0V!R48Q5;598;!75=98F!7=59!JK!956!X!0)'#H!:B!0)H*ST!#;!>5D!:B3=8C;8!<48!

0)'#H!35B<8B<!57!<48!48Q5;598;V!95=8!C=8C;!C=8!5E;8=I8F!:B!<48!0+#!RG=88BS!34CBB86!

<4C<!3CBB5<!E8!9C<348F!<5!A5:B<;!:B!<48!6:A:F!R=8FS!34CBB86T!/83<:5B!cTY!57!<4:;!<48;:;!

8QA65=8F!<48!35653C6:;C<:5B!57!6:A:F!CBF!0+#!O:<4:B!3866;V!CBF!<48!:9CG8;!<CP8B!C<!LK!956!X!

0)'#H!:B!0)H*!C=8!C6;5!;DGG8;<:I8!<4C<!35653C6:;C<:5B!57!6:A:F!CBF!0+#!O:<4:B!<48!3866!

F83=8C;8;!O:<4!:B3=8C;:BG!0)'#H!35B<8B<T!-<!:;V!57!35D=;8V!8B<:=86>!A5;;:E68!<4C<!E>!<48!

A5:B<!C<!O4:34!<48;8!:9CG8;!O8=8!<CP8BV!bg!45D=;!A5;<!<=CB;783<:5BV!<4C<!C!6C=G8!C95DB<!57!

6:A:F!4CF!:B!7C3<!E88B!A=538;;8F!E>!<48!3866;V!:B!P88A:BG!O:<4!<48!<:98N35D=;8!FC<C!F:;A6C>8F!

:B!;83<:5B!JTLJ!57!<4:;!<48;:;T!'4:;!O5D6F!C335DB<!75=!<48!7C:B<!CAA8C=CB38!57!<48!6:A:F!

34CBB86T!/45D6F!<48!0+#!B5<!E8!:B36DF8F!O:<4:B!<48!A5=8;!57!<48!:BI8=;8!48QCG5BC6!

;<=D3<D=8!:<!9C>!B5<!E8!8C;:6>!:B35=A5=C<8F!:B<5!3866;!C65BG;:F8!<48!6:A:FT!'4:;!O5D6F!E8!<48!

3C;8!:7!<48!:B3=8C;8!:B!0)'#H!35B<8B<!3CD;8F!<48!95=A4565G>!57!<48!6:A:F!F:;A8=;:5B!<5!

;O:<34!7=59!48Q5;59C6!<5!6:A5;59C6T!'4C<!35B;:F8=8FV!C<!C66!0)'#H!35B38B<=C<:5B;!<48!

<=CB;783<:5B!877:3:8B3>V!:B!<8=9;!57!<48!BD9E8=!57!8QA=8;;:BG!3866;!CBF!<48:=!=86C<:I8!

E=:G4<B8;;!CAA8C=;!35B;<CB<V!;DGG8;<:BG!<4C<!;:9:6C=!UDCB<:<:8;!57!0+#!O8=8!<CP8B!DA!E>!

<48!3866;T!'48=8!F58;!CAA8C=!<5!E8!C!9C=P8F!F:778=8B38!:B!<48!BD9E8=!57!3866;!A=8;8B<!C7<8=!

8QA8=:98B<;!35B<C:B:BG!F:778=8B<!UDCB<:<:8;!57!0)'#H[!75=!3866;!:B3DEC<8F!O:<4!48Q5;598;!

57!0)H*!<48!3866!35DB<!:;!LKgVKiK!39NJV!O4:34!7C66;!<5!b`VJgb!39NJ!C<!C!0)'#H!35B<8B<!57!JK!

956!XT!'4:;!:;!O5=<4!98B<:5B:BGV!35B;:F8=:BG!<4C<!<48!3866!F8B;:<>!OC;!35B;<CB<!C<!<48!<:98!

57!<=CB;783<:5BT!'48!F8B;:<>!57!3866;!CAA8C=;!<5!4CI8!F=C9C<:3C66>!:B3=8C;8F!DA5B!

:B<=5FD3<:5B!57!0)H*!48Q5;598;!O48B!359AC=8F!O:<4!<48!DB<=8C<8F!35B<=56!;C9A68;V!>8<!

<4:;!87783<!:;!B5<!5E;8=I8F!:B!<45;8!8QA8=:98B<;!35B<C:B:BG!LK!CBF!JK!956!X!0)'#HT!

"D=<48=!CBC6>;:;!57!<4:;!:;!DBF8=<CP8B!:B!;83<:5B!cT`T!

!
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#

"a#:HBE#4+5,3,6+3J#)%-F"6!?(-#:;"J#%-'/L(&%,-#e4#:CEC#`#dr#]!=J#eh4#7,3&F&$(-3>+'&%,-#

#

Ra#d#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#)%-F"6!?(-#:;"J#%-'/L(&%,-#e4#%-#:CEC#`#dr#]!=J#eh4#7,3&F&$(-3>+'&%,-#
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#

!a#N.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#)%-F"6!?(-#:;"J#%-'/L(&%,-#e4#%-#:CEC#`#dr#]!=J#eh4#7,3&F&$(-3>+'&%,-#

#

:a#I.#6,)#r#:HO"B#%-#:HBE#4+5,3,6+3J#)%-F"6!?(-#:;"J#%-'/L(&%,-#e4J#:CEC#`#dr#]!=J#eh4#7,3&F&$(-3>+'&%,-#

]%*/$+#Xja#A%-+($#7"6!?(-#:;"#8+)%0+$+8#L?#4+5,3,6+3#9%&4#0($?%-*#:HBE#(-8#:HO"B#',-&+-&J#9%&4#e#4,/$#
%-'/L(&%,-#%-#:CEC#`#d#r#]!=J#L+>,$+#eh#4,/$3#*$,9&4#%-#:CEC#`#d#r#]!=#(-8#"-&%L%,&%'F"-&%6?',&%'#3,)/&%,-c#
2-8%0%8/()#7,%-&3#,>#%-&+$+3&#($+#4%*4)%*4&+8#%-#+('4#'4(--+)g#AFD#<&,7@a#"6!?(-J#)%7%8#<ADR#)(L+))+8@J#:;"#<'?d#
)(L+))+8@g#AFD#<L,&&,6@a#:2!#'+))/)($#%6(*+J#,0+$)(?#,>#())#'4(--+)3#
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!

C,)#r#:HO"B#

%-#:HBE#

!?(-#'+))3#

n%6(*+#

O,&()#'+))3#

n%6(*+#

"$+(#

3/$0+?+8#

n^6I#

!?(-#'+))3#

n'6I#

O,&()#'+))3#

n'6I#

O$(-3>+'&%,-#

+>>%'%+-'?n#r#

.# :.! JN! O/NK:! :/O.K! ::/N).! :K5;!

d# N! OO! ON:KN! :.:/K! NO:JJ! :.5(!

N.# :.! /N! ;OKO;! :OO;J! J;O;;! .)5(!

I.# K)! ;O! J)O((! KO(OJ! JK).(! (/5K!

O(L)+#Ua#!()'/)(&%,-#,>#6+(-#&$(-3>+'&%,-#+>>%'%+-'?#>$,6#'+))3#&$(-3>+'&+8#9%&4#)%-F7"6!?(-#%-#4+5,3,6+3J#/3%-*#
H7&%FCEC#$+8/'+8#3+$/6#6+8%/6c#2-8%0%8/()#8(&(#3+&3#'(-#L+#>,/-8#%-#(77+-8%5#v#

!

'=CB;783<:5B!57!48Q5;598;!359A68Q8F!O:<4!6:BNA#9$>CB!:B!<48!A=8;8B38!57!;8=D9!CAA8C=;!

<5!E8!68;;!877:3:8B<!<4CB!5E;8=I8F!7=59!8QA8=:98B<;!3C==:8F!5D<!:B!=8FD38F!;8=D9!98F:D9T!

'48!5B6>!F:778=8B38!E8<O88B!<48!<O5!;8<;!57!8QA8=:98B<;!F8<C:68F!:B!7:GD=8;!Yg!CBF!Ya!:;!

<4C<!<48!:B3DEC<:5B!57!<48!48Q5;598N0+#!359A68Q8;!CBF!3866;!OC;!3C==:8F!5D<!:B!;8=D9N

F87:3:8B<!R)A<:N1*1S!CBF!;8=D9N35B<C:B:BG!R01*1S!3D6<D=8!98F:D9T!!

!
]%*/$+#h.a#O$(-3>+'&%,-#+>>%'%+-'?#%-#'+))3#%-'/L(&+8#9%&4#4+5,3,6+3#',-&(%-%-*#)%-F7"6!?(-#:;"c#2-'/L(&%,-#&%6+#
9(3#e#4,/$3J#%-#+%&4+$#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6#,$#:CEC#`#dr#]!=c#
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a]K_*%>>3<5*9>*?+(.0*91*<3OO4*
-<!OC;!5E;8=I8F!<4C<!0)'#H!35B38B<=C<:5B;!57!LK!956!X!5=!G=8C<8=!3CD;8F!C!F83=8C;8!:B!

3866!BD9E8=T!'4:;!OC;!95=8!A=5B5DB38F!:B!<45;8!3866;!<4C<!4CF!E88B!:B3DEC<8F!O:<4!

48Q5;598;!:B!<48!CE;8B38!5=!;8=D9T!!

!

]%*/$+#hNa#:2!#%6(*+3#,>#'+))3#%-'/L(&+8#9%&4#4+5,3,6+3#9%&4#0($?%-*#8,&(7#',-&+-&c#AFDa#:HBEJ#d#6,)#r#:HO"B#%-#
:HBEJ#N.#6,)#r#:HO"B#%-#:HBEJ#I.#6,)#r#:HO"B#%-#:HBEg#&,7a#%-'/L(&%,-#%-#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6g#
L,&&,6a#%-'/L(&%,-#%-#:CEC#`#d#r#]!=c#">&+$#4+5,3,6+#%-'/L(&%,-#())#'+))3#9+$+#$+&/$-+8#&,#&4+#%-'/L(&,$#%-#
:CEC#`#d#r#]!=#`#"-&%L%,&%'F"-&%6?',&%'#3,)/&%,-#(-8#*$,9-#>,$#eh#4,/$3#(&#GX#o!#(-8#d#r#!HI#

!

-<!:;!368C=!<4C<!:B3=8C;:BG!<48!0)'#H!35B38B<=C<:5B!=8;D6<;!:B!C!65O8=!3866!F8B;:<>V!CBF!<4C<!

<4:;!87783<!:;!95=8!A=5B5DB38F!:B!3866;!<4C<!O8=8!:B3DEC<8F!O:<4!48Q5;598;!:B!)A<:N1*1!

=8FD38F!;8=D9!98F:D9T!'4:;!35D6F!E8!C!=8;D6<!57!<48!CGG=8GC<:5B!<4C<!:;!5E;8=I8F!O48B!

;C9A68;!<4C<!35B<C:B!4:G48=!35B38B<=C<:5B;!57!0)'#H!C=8!:B3DEC<8F!:B!3866;T!#GG=8GC<:5B!:;!

368C=6>!I:;:E68!:B!<48!DAA8=!=5O!57!7:GD=8!gL!C;!<48!G65ED6C=!;<=D3<D=8;!I:;:E68!5B!<5A!57!<48!

3866;T!-BF88FV!<48!0-$!:9CG8!57!48Q5;598;!57!c!956!X!0)'#H!:B!0)H*!:B3DEC<8F!:B!98F:C!

35B<C:B:BG!;8=D9!R7:GD=8!gL"S!;45O;!C!G=8C<8=!BD9E8=!57!3866;!<4C<!C=8!;955<4!CBF!48C6<4>!

655P:BG!O48B!359AC=8F!O:<4!:<;!65O!;8=D9!35DB<8=AC=<!R7:GD=8!gL?ST!!

!

!

A B

HGFE

DC
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!
]%*/$+#hIa#!+))#8+-3%&?#7+$#'6I#>,$#&$(-3>+'&%,-3#'($$%+8#,/&#%-#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6#(-8#:CEC#
3/L3&%&/&+8#9%&4#dr#]!=#

!

#;!A=8I:5D;6>!98B<:5B8F!:B!<4:;!<48;:;!<48!3><5<5Q:3:<>!35D6F!E8!3CD;8F!E>!C!G=8C<8=!DA<CP8!

57!48Q5;598;!<4C<!:;!A5;;:E68!:B!<48!CE;8B38!57!;8=D9V!8:<48=!<4=5DG4!<48!3866;e!5OB!DA<CP8!

9834CB:;9;!5=!C;!C!=8;D6<!57!<48!:B3=8C;8F!CGG=8GC<:5B!5E;8=I8F!DBF8=!=8FD38F!;8=D9!

35BF:<:5B;T!/8=D9!35B<C:B;V!C95BG!5<48=!<4:BG;!6:A:F;V!3C==:8=!A=5<8:B;!CBF!G=5O<4!7C3<5=;T!

'48!6:<8=C<D=8!;45O;!<4C<!28&C!3CB!E8!;D338;;7D66>!3D6<D=8F!:B!C!6:A:FN7=88V!3489:3C66>!

F87:B8F!8BI:=5B98B<V!O4:34!O5D6F!E8!3489:3C66>!;:9:6C=!<5!<4C<!A=5FD38F!E>!)A<:N1*1T!-<!

:;!A5;;:E68!<4C<!C6<45DG4!28&C!3866;!C=8!4C=F>!8B5DG4!<5!E8!3D6<D=8F!:B!<4:;!OC>V!<4C<!<48!

3D6<D=8!35BF:<:5B;!F5!B5<!8B<:=86>!988<!<48!=8UD:=898B<;!57!<48!3866;V!=8;D6<:BG!:B!DA<CP8!57!

CIC:6CE68!6:A:F!;A83:8;!:B!<48!75=9!57!48Q5;598;T!.8GC=F68;;!57!<48!=8C;5BV!:<!:;!CAAC=8B<!

<4C<!95=8!57!<48!48Q5;598!;A83:8;!C=8!<CP8B!DA!FD=:BG!:B3DEC<:5B!:B!=8FD38F!;8=D9!

98F:D9!<4CB!<=CF:<:5BC6!;8=D9N35B<C:B:BG!98F:D9V!=8;D6<:BG!:B!<48!:B3=8C;8F!3><5<5Q:3:<>!

5E;8=I8F!:B!7:GD=8;!gL!CBF!gJ!CBF!<48!:B3=8C;8F!<=CB;783<:5B!877:3:8B3>!F:;A6C>8F!:B!7:GD=8!

gKT!-<!:;!B5<V!45O8I8=V!<=D8!<4C<!<=CB;783<:5B!:B!;8=D9N35B<C:B:BG!98F:D9!F58;!B5<!O5=P[!

5<48=!8QA8=:98B<;!F:;A6C>8F!:B!7:GD=8;!YY!;45O;!<48!A=59:;8!57!:B3=8C;8F!:B3DEC<:5B!<:98!

O48B!35B;:F8=:BG!<=CB;783<:5B!D;:BG!A6C;9:F!0+#!C<!65O!0)'#H!35B38B<=C<:5B;!:B!<48!

A=8;8B38!57!;8=D9T!)A<:9:;:BG!<48!;>;<89!75=!D;8!O:<4!;8=C!:;!CFICB<CG85D;!C;!:<!8B;D=8;!
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<4C<!<48!0)H*NEC;8F!48Q5;598!;>;<89!:;!359AC<:E68!O:<4!()!3(3#!35BF:<:5B;T!"5=!

CAA6:3C<:5B;!DBF8=!<=D8!()!3(3#!35BF:<:5B;!:<!:;!6:P86>!<4C<!<48!48Q5;598;!O:66!B5<!E8!

=895I8F!7=59!<48!<C=G8<!3866;V!C;!<48>!4CI8!E88B!:B!<4:;!;<DF>T!-<!O5D6F!<48=875=8!E8!

A=DF8B<!<5!5A<:9:;8!<48!;>;<89!;D34!<4C<!<48!F5;8!57!48Q5;598!:;!;D77:3:8B<!B5<!<5!3CD;8!

<5Q:3:<>V!>8<!A=5FD38!C!4:G4!>:86F!57!<C=G8<!A=5<8:BV!O:<45D<!<48!6:A:F!;A83:8;!E8:BG!=895I8F!

7=59!<48!3866;T!!

-B!6:G4<!57!<4:;!5E;8=I8F!3><5<5Q:3:<>!:<!:;!CFICB<CG85D;!<5!:BI8;<:GC<8!<48!<=CB;783<:5B!

877:3:8B3>!57!48Q5;598;!O:<4!:B3=8C;:BG!0)'#H!35B<8B<!:B!<8=9;!57!<48!<5<C6!BD9E8=!57!

3866;!A8=!DB:<!C=8CT!!

!
]%*/$+#hGa#;/6L+$#,>#'?(-#'+))3#7+$#'6I#>$,6#&$(-3>+'&%,-3#'($$%+8#,/&#%-#H7&%FCEC#$+8/'+8#3+$/6#6+8%/6#(-8#
:CEC#3/L3&%&/&+8#9%&4#dr#]!=c#

!

'48!<5<C6!BD9E8=!57!3>CB!3866;!A8=!DB:<!C=8C!=89C:B;!35B;<CB<!C<!C=5DBF!`KVKKK!3866;!39J!

C3=5;;!C66!0)'#H!35B38B<=C<:5B;!O48B!<=CB;783<:5B!:;!3C==:8F!5D<!O:<4!C!b!45D=!:B3DEC<:5B!

:B!)A<:N1*1!=8FD38F!;8=D9!98F:D9T!\48B!<=CB;783<:5B!359A68Q8;!C=8!:B3DEC<8F!O:<4!

3866;!:B!01*1!;DE;<:<D<8F!O:<4!cX!"$/!<48!BD9E8=!57!3>CB!3866;!A8=!DB:<!C=8C!:B3=8C;8;!E>!

95=8!<4CB!F5DE68V!7=59!RLcYKK!y!aKKS!3866;!39NJ!75=!48Q5;598;!9CF8!57!0)H*!<5!R`Y`KK!y!

caKKS!3866;!39NJ!C<!JK!956!X!0)'#H!:B!0)H*T!!
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a]K_*?64<P44691*
-<!:;!CAAC=8B<!7=59!FC<C!A=8;8B<8F!:B!<4:;!=8A5=<!CBF!86;8O48=8!<4C<!0)H*W0)'#H!6:A5A68Q!

;>;<89;!5778=!C!I:CE68!F86:I8=>!;>;<89!75=!0+#!:B!<48!35B<8Q<!57!G8B8!<48=CA>T!"8O!;<DF:8;!

4CI8!753D;;8F!5B!<48!D;8!57!0)H*!:<;867!C;!C!<=CB;783<:5B!CG8B<V!O:<4!<48!9C]5=:<>!57!O5=P;!

38B<8=:BG!5B!3C<:5B:3!6:A:F;V!:T8T!0)'#HV!75=!G8B8!F86:I8=>T!-<!4C;!E88B!;45OB!:B!<4:;!;<DF>!

<4C<!0)H*!4C;!9D34!95=8!<5!5778=!<5!<48!7:86F!57!G8B8!F86:I8=>!:B!<8=9;!57!:<;!CE:6:<>!<5!

F86:I8=!I:CE68!0+#!<5!3866;T!!

*QA8=:98B<;!:B!<4:;!;<DF>!;45O8F!<4C<!0)H*NEC;8F!48Q5;598;!;>;<89;!C=8!CE68!<5!F86:I8=!

E5<4!A6C;9:F!CBF!6:B8C=:;8F!0+#!<5!28&C!3866;!:B!<48!A=8;8B38!CBF!CE;8B38!57!;8=D9T!

*QA8=:98B<;!:B!<48!CE;8B38!57!;8=D9!;45O8F!G=8C<8=!<=CB;783<:5B!877:3:8B3:8;!<4CB!<45;8!

3C==:8F!5D<!:B!;8=D9N;DAA6898B<8F!98F:D9V!45O8I8=V!<48!5I8=C66!3866!BD9E8=!OC;!9D34!

4:G48=!:B!<48!A=8;8B38!57!;8=D9V!:BF:3C<:BG!C!65O8=!<5Q:3:<>!75=!359A68Q8;!DBF8=!<48;8!

35BF:<:5B;T!08B;:<:8;!57!3>CB!3866;!A8=!39J!O8=8!O:<4:B!8==5=!75=!359A68Q8;!O:<4!JK!956!X!

0)'#HV!C6<45DG4!<48!:B3=8C;8F!3866!F8B;:<>!C;!C!=8;D6<!57!;8=D9!A=8;8B38!=8;D6<8F!:B!C!

65O8=!3C63D6C<8F!<=CB;783<:5B!877:3:8B3>T!

'48!8QA8=:98B<;!F8<C:68F!:B!<4:;!<48;:;!4CI8!:BF:3C<8F!<4C<!<48!35B38A<!57!F86:I8=:BG!0+#!

D;:BG!;>;<89;!O48=8!<48!6:A:F!359A5B8B<!:;!359A=:;8F!8B<:=86>!57!0)H*!:;!B5<!5B6>!

A5;;:E68V!ED<!<4C<!O:<4!;598!5A<:9:jC<:5B!R8TGT!:B3=8C;8F!:B3DEC<:5B!<:98S!<48!A=538;;!

;45D6F!E8!=86:CE68!:B!;8=D9N35B<C:B:BG!98F:D9V!DBF8=!=8C3<:5B!35BF:<:5B;!<4C<!C=8!95=8!

;:9:6C=!<5!<45;8!8B35DB<8=8F!()!3(3#!<4CB!C=8!57<8B!D;8FT!'48!CFICB<CG8;!57!D;:BG!C!0)H*N

EC;8F!;>;<89!R:T8T!<4C<!<48!6:A:F!9C<8=:C6!:;!BC<D=C66>!533D==:BG!CBF!<48=875=8!8C;:6>!

A=538;;8F!E>!3866;S!A=8;8B<!C!A=59:;:BG!;56D<:5B!<5!<48!<5Q:3:<>!:;;D8;!C;;53:C<8F!O:<4!

3C<:5B:3!6:A:FN98F:C<8F!G8B8!F86:I8=>T!
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E:8=53;*f*
!

E91<OP46914*81B*,P;5:3;*\9;M*
!

f]K*(;814<;6=5691*45PB634*
'48!<=CB;3=:A<:5B!8QA8=:98B<;!F8;3=:E8F!:B!34CA<8=!J!57!<4:;!<48;:;!F8;3=:E8!45O!0+#!<4C<!

:;!653C<8F!O:<4:B!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!3CB!E8!D;8F!<5!A=5FD38!9.+#!

<4=5DG4!<=CB;3=:A<:5B!O:<4!'Y!.+#!A56>98=C;8T!'48!9.+#!A=5FD38F!4C;!E88B!;45OB!<5!

E8!57!<48!8QA83<8F!68BG<4!RE>!G86!8683<=5A45=8;:;S!CBF!57!=8A=5FD3:E68!UDCB<:<:8;!R<4=5DG4!

#JiK!IC6D8;ST!'48!8;;8B<:C6!359A5B8B<;!75=!<48!<=CB;3=:A<:5B!ED778=!O8=8!;45OB!<5!E8!

'=:j9CV!1G$6JV!;A8=9:F:B8V!.+C;:BV!CBF!0''V!O:<4!<=:<5B!fNLKK!E8:BG!F8898F!C!B5BN

8;;8B<:C6!359A5B8B<T!-<!OC;!C6;5!;45OB!<4C<!<48!AC=<:<:5B:BG!57!9.+#!:B<5!<48!;DA8=BC<CB<!

A4C;8!57!<48!6:UD:F!3=>;<C6!;>;<89!=89C:B;!35B;<CB<!DBF8=!C!IC=:8<>!57!F:778=8B<!ED778=!

35BF:<:5B;T!'48!5A<:9C6!=:E5BD3685<:F8!35B38B<=C<:5B!OC;!75DBF!<5!E8!JK!91!E5<4!:B!<48!

A=8;8B38!CBF!CE;8B38!57!C!6:UD:F!3=>;<C6!A4C;8V!CBF!<48!5A<:9C6!:B3DEC<:5B!<:98!75=!

<=CB;3=:A<:5B!OC;!;45OB!<5!E8!bc!9:BD<8;T!!

'4C<!<48!0+#!:;!:B35=A5=C<8F!:B<5!<48!:BI8=;8!48QCG5BC6!A4C;8!:;!G8B8=C66>!C338A<8F!E>!

;8I8=C6!989E8=;!57!<48!8QA8=:98B<C6!CBF!<485=8<:3C6!7:86FV!CBF!35==5E5=C<8F!E>!

AC=<:<:5B:BG!;<DF:8;!ADE6:;48F!=838B<6>T!-BI8=;8!48QCG5BC6!;>;<89;!57!6:A:F!CBF!0+#!5778=!

;35A8!75=!F8I865A98B<!57!35998=3:C6!A=5<8:B!A=5FD3<:5B!98<45F;T!-<!35D6F!E8!A5;;:E68!<5!

8QA65:<!<48!<=CB;3=:A<:5B!98<45F;!;<DF:8F!48=8!CBF!35DA68!<489!<5!C!<=CB;6C<:5B!;>;<89!<5!

3=8C<8!C!9:3=576D:F:3!F8I:38!75=!A=5<8:B!A=5FD3<:5BT!

!

f]G*0:843*A3:8269P;*9>*?+0%i?+(.0*81B*?+0%i?+(.0i?".*4C453D4*
*QA8=:98B<C6!;<DF>!5B!<48!A4C;8!E84CI:5D=!57!9:Q<D=8;!57!0)H*!CBF!0+#V!CBF!

0)H*W0)'#H!CBF!0+#!;45O8F!<4C<!C<!8I8B!65O!35B38B<=C<:5B;V!<48!0+#!486A8F!;<CE:6:;8!

<48!:BI8=;8!48QCG5BC6!A4C;8T!'4:;!OC;!5E;8=I8F!<4=5DG4!<48!A=8;8=IC<:5B!57!<48!6C<<:38!

AC=C98<8=!57!;C9A68;!O:<4!0)'#H!35B<8B<!|!JK!956!X!:B!0)H*T!'48!/#f/!FC<C!A=8;8B<8F!

=8A=8;8B<;!<48!<5<C6!<4C<!OC;!C33D9D6C<8F!FD=:BG!8QA8=:98B<;!:B!<48!189E=CB8!

?:5A4>;:3;!=8;8C=34!G=5DAV!C<!-9A8=:C6!$5668G8!&5BF5BT!%B75=<DBC<86>V!<48!E8C96:B8!E8:BG!

D;8F!;D778=8F!C!E=8CPF5OB!AC=<!OC>!<4=5DG4!<48!;<DF>!CBF!;598!8QA8=:98B<;!O8=8!5B6>!

=8A8C<8F!5B38T!-<!O5D6F!E8!A=DF8B<!<5!=8A8C<!<48;8!8QA8=:98B<;T!



Chapter 6  Conclusions and Further Work 

Josephine Corsi – Ph.D. thesis  159 

-<!:;!C6;5!CAAC=8B<!7=59!<48!A56C=:;8F!6:G4<!9:3=5;35A>!O5=P!<4C<!6C=G8!C=8C;!57!<48!A4C;8!

F:CG=C9!35B;:;<!57!C!9:Q<D=8!57!A4C;8;T!'4:;!:;!B5<!C6OC>;!F8<83<8F!:B!<48!/#f/!=8;D6<;V!;5!:<!

:;!:9A5=<CB<!<5!D;8!E5<4!98<45F;!C;!C!98CB;!57!A4C;8!:F8B<:7:3C<:5BT!#B5<48=!;56D<:5B!

O5D6F!E8!<5!<=>!;>B34=5<=5B!/#f/V!O4:34!:;!95=8!A5O8=7D6V!CBF!9C>!F8<83<!C66!57!<48!

A4C;8;!A=8;8B<!:B!<48!9:Q<D=8T!!

!

f]_*E98;43*7;8613B*D9O3<PO8;*BC18D6<4*46DPO85691*
-B!5=F8=!75=!C!;:9D6C<:5B!<5!E8!35B;:F8=8F!IC6DCE68V!<48!;>;<89!R75=387:86FV!35F8V!CBF!

A=5<5356S!9D;<!7:=;<V!O48=8!A5;;:E68!E8!D;8F!<5!G8B8=C<8!=8;D6<;!<4C<!CG=88!O:<4!

8QA8=:98B<C66>!F8=:I8F!CB;O8=;!<5!<48!;C98!A=5E689T!'48!;:9D6C<:5B;!F:;3D;;8F!:B!<4:;!

<48;:;!O8=8!CE68!<5!=8A=5FD38!E84CI:5D=!5E;8=I8F!8QA8=:98B<C66>V!CBF!G:I8!;<=D3<D=C6!

AC=C98<8=;!75=!6:A5A68Q!;>;<89;!<4C<!C=8!:B!G55F!CG=8898B<!O:<4!8QA8=:98B<C66>!F8=:I8F!

5B8;T!'4C<!;C:FV!<48=8!O8=8!BD98=5D;!;:9D6C<:5B;!3C==:8F!5D<!<4C<!F:F!B5<!A=5FD38!<48!

C=34:<83<D=8;!8QA83<8F[!<4:;!:;!B5<!O4566>!DB8QA83<8F!C;!<48!1#.'-+-!95F86!OC;!
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;8=D9N35B<C:B:BG!01*1T!&:A:FW0+#!359A68Q8;!O8=8!<48B!CFF8F!<5!<48!3866;!F=5AO:;8T!

'48!3866;!O8=8!=8<D=B8F!<5!<48!:B3DEC<5=!CBF!95B:<5=8F!75=!8I:F8B38!57!3><5<5Q:3:<>T!#7<8=!
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JN`!45D=;!<48!6:A5A68Q8;!O8=8!=895I8F!C65BG!O:<4!<48!98F:CV!3866;!O8=8!OC;48F!O:<4!H?/!

CBF!98F:C!=8A6C38FT!$866;!O8=8!=8<D=B8F!<5!<48!:B3DEC<5=!75=!Jb!45D=;T!!

.a]_A*(;814D3443173;*D&".*5;814>3<5691*;387315*
#;!O866!C;!<=CB;:8B<!<=CB;783<:5B!57!3866;!<5!A=5FD38!'Y!.+#!A56>98=C;8!7=59!C!A:838!57!

A6C;9:F!0+#V!:<!OC;!C<<89A<8F!<5!A=5FD38!'Y!.+#H!7=59!C!A:838!57!98;;8BG8=!.+#!35F:BG!

75=!<48!A=5<8:BT!!

*

.a]b*,OP9;34<315OC@58773B*?".*
/8I8=C6!98<45F;!O8=8!D;8F!<5!76D5=8;38B<6>!6CE86!<48!0+#V!O:<4!<48!A=878==8F!98<45F;!

E8:BG!:B35=A5=C<:5B!57!C!76D5=5A45=8N35DA68F!C9:B5C66>!F%'H!BD3685<:F8!E>!H$.V!CBF!

:B3DEC<:5B!O:<4!C!A5O8=7D6!:B<8=3C6C<5=T!

*

.a]b]K*#1<9;=9;85691*9>*8*>OP9;34<315*1P<O3956B3*AC*0E&*
0+#!OC;!76D5=8;38B<6>!<CGG8F!D;:BG!CB!C9:B5C66>NF%'H!CBC65GD8!35DA68F!<5!<48!

76D5=5A45=8!#68QCNbgg!R-BI:<=5G8BST!/598!;<DF:8;!O8=8!3C==:8F!5D<!D;:BG!#<<5Nbgg!R@8BC!

?:5;3:8B38S!:B;<8CF!57!#68QCNbggV!C6<45DG4!;DAA6>!:;;D8;!7CI5D=8F!<48!#68QC!CBC65GD8T!#;!

<48!;A83<=C6!A=5A8=<:8;!57!E5<4!76D5=5A45=8;!C=8!C695;<!:F8B<:3C6V!E5<4!E8:BG!8BG:B88=8F!C;!

C6<8=BC<:I8;!<5!76D5=8;38:BV!<48!6CE8668F!BD3685<:F8;!O8=8V!C<!<:98;V!D;8F!:B<8=34CBG8CE6>T!!

!
!

]%*/$+#hea#")+5(Fehh#8TOB# ]%*/$+#hda#"OOH#)(L+))+8#(6%-,())?)#8TOB#

!

'48!A=5<5356!D;8F!75=!BD3685<:F8!:B35=A5=C<:5B!OC;!<CP8B!7=59!<48!:B;<=D3<:5B!;488<!75=!

<48!#68QCNbgg!BD3685<:F8T!'48!=8C3<:5B;!O8=8!3C==:8F!5D<!D;:BG!&5BG#9A!R+8O!*BG6CBF!

?:56CE;S!C;!;598!57!<48!H$.!=8C3<:5B;!8B<C:68F!35A>:BG!57!6C=G8!C95DB<;!57!<48!A6C;9:FV!

CBF!8775=<;!<5!F5!;5!O:<4!'CU!A56>98=C;8!O8=8!DB;D338;;7D6T!&5BG#9A!:;!C!9:Q<D=8!57!'CU!

Data sheet

Aminoallyl-dUTP - ATTO 488

5-(3-Aminoallyl)-2’-deoxy-uridine-5’-triphosphate, labeled with ATTO 488,

Triethylammonium salt

Cat. No. Amount
NU-803-488 20 µl / 1 mM

P
O

O

O

O

P
O

OH

O
N

NH

O

O
P

HO

O

HN

OH OH OH

dye

structural formula of Aminoallyl-dUTP

excitation and emission spectrum of ATTO 488

Cat. No.: NU-803-488

Molecular Formula: C12H20N3O14P3 - ATTO 488 (free
acid)

Molecular Weight: 1094.22 (free acid)

Purity: > 95%, clear aqueous solution, pH 7.5

Spectroscopic properties:

λexc 501 nm; λem 523 nm; � 90,000 cm-1 M-1

Storage conditions:

Short term exposure (up to 1 week cumulative) to ambient
temperature possible. Long term storage at < -20°C. If
stored as recommended, Jena Bioscience guarantees
optimal performance of this product for 12 months after
date of delivery.

For research use only!

Jena Bioscience GmbH | Löbstedter Str. 80 | 07749 Jena, Germany | Tel.:+49-3641-6285 000 | Fax:+49-3641-6285 100

http://www.jenabioscience.com
Last update: May 25, 2010
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A56>98=C;8V!75=!:<;!;A88FV!CBF!H7D!A56>98=C;8!75=!:<;!A=557=8CF:BG!CE:6:<:8;[!<4:;!:;!<48!G56FN

;<CBFC=F!75=!35A>:BG!65BG!A:838;!57!0+#T!!

!

# !,67,-+-&# !,-'+-&$(&%,-# Y,)/6+#(88+8n^)# !

! #D+('&%,-#R/>>+$# /Z! :)!! !

! O+67)(&+#:;"# :!4+![-9:! :!!! !

! ],$9($8#B$%6+$# :)!1*! .!! !

! D+0+$3+#B$%6+$# :)!1*! .!! !

! 8"OBJ#8SOBJ#8!OB# :)!&*! :!! !

! 8OOB# .!&*! K5O/! !

! ")+5(FehhF8TOB# :!&*! :! !

! A,-*"67# ! .!! !

! Q(&+$# 9! .O5./!! !

! O,&()#(33(?#0,)/6+# F# d.## !

O(L)+#NGa#!,67,-+-&3#%-')/8+8#%-#B!D#%-',$7,$(&%,-#,>#")+5(Fehh#8TOB#(-(),*/+#&,#7$,8/'+#>)/,$+3'+-&#:;"#

!

# =&+7# O+67+$(&/$+no#!# :/$(&%,-n3# ;/6L+$#,>#!?')+3# !

! 2-%&%()#8+-(&/$(&%,-# N(! K)! :! !

! :+-(&/$(&%,-# N(! .)!

K)!

!

! "--+()%-*# /J! ()! !

! E5&+-3%,-# ;/! /)Q\]! !

! ]%-()#+5&+-3%,-# ;/! :)!6%-/&+3! :! !

! B$+3+$0(&%,-# (! ^! :! !

O(L)+#Nea##O4+$6,'?')+$#7$,*$(6#>,$#B!D#%-',$7,$(&%,-#,>#&4+#")+5(Fehh#8TOB#(-(),*/+!

!

.a]b]G*/6;P4*F8A3O@#(*1P<O36<*8<6B*O8A3OO617*M65*
'48!1:=D;!&CE86N-'!P:<!A=5I:F8;!8B5DG4!=8CG8B<;!<5!6CE86!LKK!xG!57!0+#T!!

*

.a]a*0;3=8;85691*9>*:3`949D3i?".*49OP56914*
28Q5;598;!O8=8!A=8AC=8F!C;!5D<6:B8F!:B!;83<:5B!LTJV!O:<4!KTL!956X!6:;;C9:B8N=45FC9:B8!

?!6CE8668F!0)H*!:B35=A5=C<8F!:B<5!<48!0)H*!359A5B8B<T!28Q5;598;!O8=8!CFF8F!<5!3866!

3D6<D=8!98F:D9!:B!<48!F8;:=8F!UDCB<:<:8;V!C;!F8<C:68F!75=!:BF:I:FDC6!8QA8=:98B<;V!C65BG!

O:<4!0+#!<4C<!OC;!8:<48=!35F:BG!75=!<48!#9$>CB!G8B8!DBF8=!'Y!35B<=56V!5=!C!76D5=8;38B<!
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A:838!57!0+#T!28Q5;598!CBF!0+#!;56D<:5B;!:B!3866!3D6<D=8!98F:D9!O8=8!;<5=8F!:B!<48!

:B3DEC<5=!75=!;8I8=C6!FC>;!A=:5=!<5!D;8V!<5!8B;D=8!7D66!35653C6:;C<:5B!57!6:A:F!CBF!0+#T!

*

.a]f*(;814>3<5691*N65:*:3`949D34*
28Q5;598;!9:Q8F!O:<4!0+#!O8=8!:B<=5FD38F!<5!3866;!:B!98F:C!O:<4!CBF!O:<45D<!;8=D9!

R01*1!CBF!)H'-989V!=8;A83<:I86>ST!"5=!C66!8QA8=:98B<;V!=8GC=F68;;!57!<48!48Q5;598!

35B38B<=C<:5BV!<48!BC<D=8!57!<48!0+#!R:T8T!35F:BG!5=!76D5=8;38B<SV!CBF!<48!:B3DEC<:5B!<:98V!

<48!A=5<5356!75=!<=CB;783<:5B!=89C:B8F!<48!;C98T!$866;!A=8N;88F8F!:B!9:3=5;35A!34C9E8=;!

O8=8!OC;48F!O:<4!A=8NOC=98F!H?/V!CBF!<48B!<48!48Q5;598W0+#!9:Q<D=8;!:B!98F:C!O8=8!

CFF8F!<5!<48!3866;!:B!`KK!x6!I56D98;V!:B!<48!A6C38!57!=8GD6C=!3D6<D=8!98F:D9T!$866;!O8=8!

<48B!=8<D=B8F!<5!<48!:B3DEC<5=!75=!<48!CAA=5A=:C<8!:B3DEC<:5B!<:98V!CBF!3483P8F!

A8=:5F:3C66>T!#<!<48!8BF!57!<48!<=CB;783<:5B!A8=:5FV!3866;!O8=8!=895I8F!7=59!<48!:B3DEC<5=!

CBF!<48!48Q5;598N35B<C:B:BG!98F:C!OC;!C;A:=C<8F!7=59!<48!3866;T!'48!3866;!O8=8!<48B!

OC;48F!O:<4!A=8NOC=98F!H?/!CBF!<48!98F:C!=8A6C38F!O:<4!CAA=5A=:C<8!98F:C!R:T8T!01*1!

5=!)H'-989ST!$866;!O8=8!=8<D=B8F!<5!<48!:B3DEC<5=!DB<:6!7:QC<:5BT!!

*

.a]d*,6`85691*9>*<3OO4*
$866;!O8=8!7:Q8F!:B!A=8AC=C<:5B!75=!9:3=5;35A>!O:<4!`TYX!AC=C75=9C6F84>F8!;56D<:5BT!'48!

;56D<:5B!OC;!A=8AC=8F!C;!5D<6:B8F!:B!<CE68!d!CBF!<48B!F:;;56I8F!E>!48C<:BG!<5!ic!u$T!18F:C!

OC;!C;A:=C<8F!7=59!<48!3866;!E875=8!OC;4:BG!O:<4!A=8NOC=98F!H?/T!HC=C75=9C6F84>F8!

;56D<:5B!R`KK!x6S!OC;!CFF8FV!CBF!7:QC:5B!OC;!3C==:8F!5D<!C<!=559!<89A8=C<D=8!75=!LcNJK!

9:BD<8;T!$866;!O8=8!<48B!OC;48F!5B38!95=8!O:<4!H?/V!CBF!<48B!;<5=8F!C<!b!u$!:B!aKX!

G6>38=56!H?/T!!

*
!
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.==31B6`*Y*?3586O3B*B34<;6=5691*9>*3`=3;6D3154*
!

YK*&3D92617*4=3;D6B613*81B*5;6591*h@KHH*>;9D*5:3*5;814<;6=5691*AP>>3;*
*QA8=:98B<;!O8=8!3C==:8F!5D<!O48=8!;A8=9:F:B8!CBF!<=:<5B!O8=8!=895I8F!7=59!<48!

<=CB;3=:A<:5B!ED778=T!'48;8!8QA8=:98B<;!O8=8!3C==:8F!5D<!O:<4!A5;:<:I8!CBF!B8GC<:I8!35B<=56;!

R359A68<8!ED778=!CBF!6C3P:BG!:B!0+#V!=8;A83<:I86>S!C65BG;:F8!ED778=;!F87:3:8B<!:B!;A8=9:F:B8V!

<=:<5B!fNLKK!CBF!E5<4!;A8=9:F:B8!CBF!<=:<5B!fNLKKT!/C9A68;!O8=8!3=8C<8F!:B!<=:A6:3C<8V!

3=8C<:BG!Lc!;C9A68;!A8=!8QA8=:98B<!;8<T!!

!

YG]K*+=56D6485691*9>*5;814<;6=5691*AP>>3;4*
.8C3<:5B;!O8=8!;8<!DA!<5!359AC=8!<48!87783<;!57!;A8=9:F:B8!CBF!<=:<5B!fNLKK!:B!<48!

<=CB;3=:A<:5B!ED778=!R75=!B5=9C6:;8F!FC<C!;88!;83<:5B;!`TL!N!`T`!57!<4:;!=8A5=<S!E>!359A:6:BG!

ED778=;!F87:3:8B<!:B!<48;8!359A5DBF;!CBF!<8;<:BG!<489!:B!<48!A=8;8B38!CBF!CE;8B38!57!<48!

0)H*W0+#!:BI8=;8!48QCG5BC6!A4C;8T!

!

YG]K]K8*(;814<;6=5691*N65:*81B*N65:9P5*4=3;D6B613*81B*5;6591*h@KHH*
'48!8QA8=:98B<;!D;8F!<5!G8B8=C<8!<48;8!=8;D6<;!O8=8!@$WcLbKWKLV!KcV!LKV!LcV!La!CBF!JaT!!'48!

ED778=;!O8=8!359A:68F!C;!75665O;Z!

!

#
]/))#L/>>+$#

p!nd..GnhInN#

<F@#=7+$6%8%-+#

p!nd..GnhInI#

<F@#O$%&,-#

p!nd..GnhInG#

<F@#=7+$6%8%-+J##

<F@#O$%&,-#

p!nd..GnhIne#

O$%P6(# :NK5JR-! :NK5JR-! :NK5JR-! :NK5JR-!

C*!)I# ./)R-! ./)R-! ./)R-! ./)R-!

=7+$6%8%-+# :))R-! 9! :))R-! 9!

O$%&,-#\FN..# :))R-! :))R-! 9! 9!

:OO# NN5(R! NN5(R-! NN5(R-! NN5(R-!

D;"3%-# /)R-! /)R-! /)R-! /)R-!

Q(&+$# .);5JR-! K);5JR-! K);5JR-! ();5JR-!

O,&()# N...^)# N...^)# N...^)# N...^)#

O(L)+#Nda#7$+7($(&%,-#,>#L/>>+$3#8+>%'%+-&#%-#37+$6%8%-+#(-8#&$%&,-#\FN..##

!

'48!ED778=;!D;8F!CE5I8!O8=8!<48B!:B35=A5=C<8F!:B<5!<=CB;3=:A<:5B!C;;C>;!C335=F:BG!<5!<48!

75665O:BG!=83:A8T!'48!0+#!;<53P!D;8F!OC;!dT!CBF!35==8;A5BF8F!<5!JTc!t6!tGNLT!!
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!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! .5/R-! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_P! .R-! !

! Y>@-2'E29B#22!D'62#! :.5./R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#NUa#!,67,3%&%,-#,>#&$(-3'$%7&%,-#(33(?3#p!ndNe.n.NJ.dJN.JNdJNjJIjc#uB,)?6+$(3+#9(3#3/77)%+8#L?#
=%*6(g#&4%3#9(3#)(&+$#$+7)('+8#L?#OX#D;"B#3/77)%+8#L?#;+9#E-*)(-8#R%,)(L3c#

!

'=CB;3=:A<:5B!OC;!3C==:8F!5D<!C<!`Y!u$!!75=!JTc!45D=;!CBF!AD=:7:8F!D;:BG!<48!.+8C;>!6:A:F!<:;;D8!

9:B:!P:<!C;!5D<6:B8F!:B!CAA8BF:Q!#bTLT!'48!=8;D6<CB<!.+#!;C9A68;!O8=8!UDCB<:7:8F!E>!%MN

I:;:E68!;A83<=598<=>!<5!G:I8!<48!75665O:BG!FC<CZ!

!

R/>>+$#&?7+#
]/))#L/>>+$#

p!nd..GnhInN#

<F@#=7+$6%8%-+#

p!nd..GnhInI#

<F@#O$%&,-#

p!nd..GnhInG#

<F@#=7+$6%8%-+J##

<F@#O$%&,-#

p!nd..GnhIne#

6D;"##

?%+)8#

<^*@#

KN5O)! :O5::! ((5J;! :J5.J!

KO5:)! :N5:.! (N5OJ! :K5;J!

K;5N:! ..5K.! K(5O/! :N5/;!

()5)(! .)5)N! K;5)(! :(5..!

KJ5./! .)5..! K;5N(! :O5(/!

KN5).! :;5JN! KO5/J! :O5)N!

KN5(:! :;5KO! KJ5K:! :/5NJ!

K;5OO! :;5((! KO5O;! :;5;K!

C+(-# KJ5()! :N5J.! KN5/)! :;5;:!

=&(-8($8#8+0%(&%,-# :5KK! .5.(! /5:.! :5N;!

O(L)+#NXa#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.n.NJ.dJN.JNdJNjJIjg#&4+#+>>+'&#,>#37+$6%8%-+#(-8#&$%&,-#
\FN..#,-#&$(-3'$%7&%,-()#?%+)8c###

!

!

*

*
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YG]K]KA*%>>3<54*9>*4=3;D6B613*81B*5;6591*91*5;814<;6=5691*61*-##*?+0%**
'48!87783<;!57!;A8=9:F:B8!CBF!<=:<5B!fNLKK!O8=8!C;;8;;8F!:B!<48!A=8;8B38!57!<48!:BI8=;8!

48QCG5BC6!A4C;8!57!0)H*!CBF!<89A6C<8!0+#!R6:BN'YN6D3ST!*QA8=:98B<;!O8=8!F8;:GB8F!<4C<!

:BI56I8F!<=CB;3=:A<:5B!:B!<48!A=8;8B38!57!C!6:UD:F!3=>;<C6!A4C;8!RD;:BG!<48!;C98!ED778=;!C;!:B!

<45;8!8QA8=:98B<;!F8<C:68F!:B!CAA8BF:Q!?LTLTLS!O4:34!O8=8!359AC=8F!<5!C!A5;:<:I8!35B<=56!

;C9A68!RO4:34!D;8F!<48!7D66!ED778=!O:<45D<!C!6:UD:F!3=>;<C6!A4C;8S!C;!O866!C;!C!B8GC<:I8!35B<=56!

R7D66!ED778=!O:<4!C!6:UD:F!3=>;<C6!A4C;8!ED<!B5<!0+#ST!'48!8QA8=:98B<;!O8=8!C;;89E68F!;5!<4C<!

<48!;<CBFC=F!JKt6!<=CB;3=:A<:5B!C;;C>!OC;!A6C38F!5B!<5A!57!C!6:UD:F!3=>;<C6!A4C;8!57!0)H*!

:B7D;8F!O:<4!LtG!6:B8C=:;8F!<89A6C<8!0+#T!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! 9! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_P! )5JR-! !

! Y>@-2'E29B#22!D'62#! :.5./R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#Nha#!,67,3%&%,-#,>#&$(-3'$%7&%,-#(33(?3#p!ndNe.neIJd.JdUJUGc#uB,)?6+$(3+#>,$#&4+3+#+57+$%6+-&3#9(3#
3/77)%+8#L?#;ERJ#.ch^)#9(3#/3+8#94%'4#',$$+37,-8+8#&,#e.#/-%&3J#,$#Uj-Cc#"88%&%,-#,>#:;"#9(3#/--+'+33($?#(3#
:;"#9(3#7$+3+-&#%-#&4+#%-0+$3+#4+5(*,-()#74(3+c#

!

'=CB;3=:A<:5B!OC;!=DB!C<!`Y!u$!!75=!JTc!45D=;!CBF!AD=:7:8F!D;:BG!<48!.+8C;>!6:A:F!<:;;D8!9:B:!

P:<!C;!5D<6:B8F!:B!CAA8BF:Q!#bTLT!'48!=8;D6<CB<!.+#!;C9A68;!O8=8!UDCB<:7:8F!E>!%MNI:;:E68!

;A83<=598<=>!<5!G:I8!<48!75665O:BG!FC<CZ!

!

!

!

!

!

!

!

!

!

!
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R/>>+$#&?7+#
B,3%&%0+#',-&$,)#

p!nd..GnhInN#

]/))#L/>>+$#

p!nd..GnhInN#

<F@#=7+$6%8%-+#

p!nd..GnhInI#

<F@#O$%&,-#

p!nd..GnhInG#

<F@#=7+$6%8%-+#

<F@#O$%&,-#

p!nd..GnhIne#

6D;"##

?%+)8#

<^*@#

.)5/;! :;5O/! :(5)(! :N5JO! :/5NN!

:J5.N! :J5;K! :/5OO! :N5;K! :(5/.!

.N5;N! ::5:N! :K5J.! .O5/(! :.5NO!

K)5:J! .;5::! :;5K:! .(5:O! :(5J/!

K:5J/! :;5O(! :/5NO! .;5ON! ::5O(!

.(5O.! :N5)/! :.5(O! .O5.O! !

.J5N;! :/5::! ! :(5;J! !

.O5O/! :/5)O! ! :J5NK! !

K)5/O! :J5(J! ! ! !

C+(-# IUcjd# NXceU# NecXG# IIcGU# Nec.I#

=&(-8($8#

8+0%(&%,-#
ecXd# ec.d# NcdI# ecXd# NcUX#

O(L)+#Nja#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.neIJd.JdUJUGg#&4+#+>>+'&#,>#37+$6%8%-+#(-8##

&$%&,-#\FN..#,-#&$(-3'$%7&%,-()#?%+)8#>$,6#&+67)(&+#:;"#%-#&4+#%-0+$3+#4+5(*,-()#74(3+#,>#:HBEc#

!

!

YG]K]G*%>>3<54*9>*4=3;D6B613*81B*5;6591*91*5:3*=8;565691617*9>*D&".**
'48!C75=898B<:5B8F!ED778=;!O8=8!D;8F!<5!C;;8;;!<48!87783<;!57!ED778=!359A5B8B<;!5B!<48!

AC=<:<:5B:BG!57!9.+#!E8<O88B!<48!;DA8=BC<CB<!CBF!6:UD:F!3=>;<C6!A4C;8!57!<48!<=CB;3=:A<:5B!

8QA8=:98B<T!'=CB;3=:A<:5B!8QA8=:98B<;!O8=8!;8<!DA!C;!:B!?LTLTJ!ED<!E875=8!AD=:7:3C<:5B!CBF!

CBC6>;:;!;C9A68;!O8=8!;A6:<!:B<5!6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<!359A5B8B<;!E>!=895I:BG!Lc!t6!

;DA8=BC<CB<!R57!CB!8;<:9C<8F!<5<C6!57!Lit6!=89C:B:BG!C7<8=!JTc!45D=;!C<!`Y!u$!S!<5!C!368CB!

9:3=538B<=:7DG8!<DE8T!/C9A68;!O8=8!<48B!A=538;;8F!;8AC=C<86>!C65BG;:F8!A5;:<:I8!CBF!

B8GC<:I8!35B<=56;!CBF!O4568!;C9A68!8Q<=C3<;T!

!

!

!

!

!



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  180 

YG]K]G8*08;565691*<93>>6<6315*9>*D&".*61*>POO*AP>>3;*
'=CB;3=:A<:5B!OC;!3C==:8F!5D<!:B!ED778=!@$WcLbKWJJWL.!75=!JTc!45D=;!C<!`Y!u$!!CBF!A=538;;8F!

<5!G:I8!<48!75665O:BG!>:86F;!57!<=CB;3=:A<!.+#Z!

!

=(67)+#&?7+# B,3%&%0+#',-&$,)# O,&()#+5&$('&# A%7%8#D;"# =/7+$-(&(-&#D;"#

6D;"##

?%+)8#

<^*@#

K(5.:! .(5(.! /5NN! :N5(J!

K)5);! .O5.(! J5J:! :J5N:!

.K5N(! .;5J:! (5KN! :K5JN!

K/5(K! :N5/:! .5()! .K5NN!

.J5NN! ..5JO! :5ON! :N5K.!

.K5ON! .O5O;! .5:N! :;5/J!

K)5.N! ./5((! .5O:! .;5O/!

K)5KJ! .J5:;! K5(O! :N5;J!

.O5/(! .J5JK! (5;;! :/5;O!

K)5JK! .:5O(! ;5):! :J5K;!

.N5:.! .;5;:! /5K;! :N5.)!

.J5.O! :N5(/! (5:(! :O5K/!

.J5(.! :J5;;! .5ON! :O5)/!

.O5J)! :.5;.! ;5(:! :/5N.!

K:5O(! :O5O:! (5NJ! !

.J5;O! :O5))! (5(/! !

! :N5;.! (5OK! !

! ! /5;/! !

C+(-# IjcGe# IIcUN# ecd.# NhcXI#

=&(-8($8#8+0%(&%,-# Gc.d# ecXU# NcXh# GcGG#

O(L)+#I.a#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.g#&4+#7($&%&%,-%-*#,>#6D;"##

R+&9++-#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$c#

!

!

'48;8!FC<C!O8=8!<48B!D;8F!<5!3C63D6C<8!<48!AC=<:<:5B!35877:3:8B<!57!.+#!E8<O88B!<48!6:UD:F!

3=>;<C6!CBF!;DA8=BC<CB<!A4C;8;V!C;!5D<6:B8F!:B!;83<:5B!`TY!57!<4:;!=8A5=<T!

!

!

!

!



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  181 

!

'48!BCB5F=5A!FC<C!O8=8!C6;5!8QA=8;;8F!C;!C!=C<:5!5I8=!<48!A5;:<:I8!35B<=56!IC6D8!75=!8C;>!

359AC=:;5B!57!FC<CZ!

C+(-#7,3%&%0+#',-&$,)# # O,&()#+5&$('&# A%7%8#D;"# =/7+$-(&(-&#D;"#

<IjcGe#w#Gc.d@#^*#

D(&%,a#

=(67)+#&?7+n#

B,3%&%0+#',-&$,)!

)5JK.! )5.)(! )5;;(!

)5N.J! )5K))! )5;(/!

)5N:(! )5:/)! )5(OK!

)5;;/! )5)J.! )5J:J!

)5OON! )5);:! )5;/N!

)5N(;! )5)O/! )5/;/!

)5J;O! )5)N.! )5N:.!

)5N;)! )5::J! )5;O:!

)5NJK! )5:/N! )5/K(!

)5O(:! )5.)/! )5;.;!

)5N)O! )5:JK! )5;/(!

)5;;K! )5:(:! )5/N:!

)5;K;! )5)N/! )5/J:!

)5(K)! )5.:J! )5/(K!

)5;)(! )5:O)! !

)5/ON! )5:/.! !

)5;;N! )5:;:! !

! )5:NK! !

# C+(-! .cXXN# .cNdG# .cUGh#

#
=&(-8($8#

8+0%(&%,-!
.c.Gj# .c.Ne# .c.G.#

O(L)+#IIa#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.g#&4+#7($&%&%,-%-*#,>#6D;"##

R+&9++-#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$c#

!()'/)(&%,-# "33(?#-/6L+$# V# =&(-8($8#8+0%(&%,-#

K =
[RNA]SN

real

[RNA]LC
exp + [RNA]SN

exp !

a,Q/:()Q;/! )5JK(! )5):O!

a,Q/:()QOK! )5J(.! )5)/N!

a,Q/:()QO(! )5ONO! )5):;!

a,Q/:()QJ.! )5ONJ! )5);.!

a,Q/:()QJ;! )5O.N! )5)/N!

*2'4! )5J))! )5)(/!

C+(-#,0+$#())#8(&(# .ch..# .c.Nd#

O(L)+#INa#B($&%&%,-#',+>>%'%+-&#L+&9++-#)%W/%8#'$?3&())%-+#(-8#3/7+$-(&(-&#74(3+3J#>/))#L/>>+$#
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YG]K]GA*08;565691*<93>>6<6315*9>*D&".*61*AP>>3;*N65:9P5*4=3;D6B613*
'=CB;3=:A<:5B!OC;!3C==:8F!5D<!:B!ED778=!@$WcLbKWJJWJ.!75=!JTc!45D=;!C<!`Y!u$!!CBF!A=538;;8F!

<5!G:I8!<48!75665O:BG!>:86F;!57!<=CB;3=:A<!.+#Z!

!

=(67)+#&?7+#
B,3%&%0+#',-&$,)#

p!ndNe.nIInND#

<F#@37+$6%8%-+##

<F@#A!#

p!ndNe.nIInID#

O,&()#+5&$('&# A%7%8#D;"#
=/7+$-(&(-&#

D;"#

6D;"#

?%+)8#

<^*@#

.(5J(! :N5;J! .:5)N! .5.;! :K5O:!

.:5(N! :;5K:! .)5:O! .5/.! :/5J.!

.O5(/! :;5:N! :K5K:! .5OJ! :)5.N!

./5J(! :O5:O! :K5KN! K5::! J5/N!

.;5J)! :;5O:! :(5;O! .5N/! ::5N)!

K(5:O! :(5.K! :(5)(! .5NN! :)5(/!

K:5K;! :/5;K! :(5;/! (5:.! ::5K;!

K:5.K! :;5;.! :)5)K! .5;(! :.5()!

KO5/O! .K5)N! :/5((! .5/J! :)5O:!

..5;.! :K5J)! :/5J)! .5(J! :(5;/!

./5(.! :(5J/! :;5NO! .5.:! :K5N(!

C+(-# IUcjd# NXceU# NecXG# IIcGU# Nec.I#

=&(-8($8#

8+0%(&%,-#
ecXd# ec.d# NcdI# ecXd# NcUX#

O(L)+#IGa#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.g#&4+#7($&%&%,-%-*#,>#6D;"##

R+&9++-#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+c#

!

'48;8!FC<C!O8=8!<48B!D;8F!<5!3C63D6C<8!<48!AC=<:<:5B!35877:3:8B<V!^Z!

!

!()'/)(&%,-# "33(?#-/6L+$# V# =&(-8($8#8+0%(&%,-#

K =
[RNA]SN

real

[RNA]LC
exp + [RNA]SN

exp !

a,Q/:()QNO! )5J;O! )5)::!

a,Q/..:Q)K! )5OO(! )5)K;!

a,Q/..:Q)O! )5OON! )5)(/!

a,Q/..:Q::! )5J(:! )5)K:!

*2'4! )5J:/! )5).K!

C+(-#,0+$#())#8(&(# .chNd# .c.d.#

O(L)+#Iea#B($&%&%,-#',+>>%'%+-&#L+&9++-#)%W/%8#'$?3&())%-+#(-8#3/7+$-(&(-&#74(3+3J#L/>>+$#8+>%'%+-&#%-#
37+$6%8%-+c#



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  183 

!

'48!BCB5F=5A!FC<C!O8=8!<48B!8QA=8;;8F!C;!=C<:5;!5I8=!<48!A5;:<:I8!35B<=56!IC6D8;Z!

!

!

!

!

C+(-#7,3%&%0+#

',-&$,)# #

B,3%&%0+#<l@#

=7+$6%8%-+#
O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

<IhcUe#w#GcGd@#

^*#

D(&%,a#

=(67)+#&?7+n#

B,3%&%0+#',-&$,)!

)5O)(! )5;J:! )5)NO! )5(.;!

)5J:.! )5J:O! )5)NO! )5//:!

)5O(/! )5(NN! )5:)N! )5(K;!

)5J.:! )5/).! )5:)(! )5/N.!

)5J/)! )5/(N! )5::;! )5KJ/!

)5O)(! )5(K/! )5::)! )5K..!

)5;);! )5(/(! )5)NK! )5((;!

)5;(K! )5/(:! )5:.J! )5K.(!

)5;.;! )5//(! )5)J.! )5K/.!

)5((:! )5/N/! )5)N)! )5KJ(!

)5(J(! ! )5)JO! )5KO/!

)5/:/! ! )5)OO! )5/:(!

)5J)N! ! ! )5(JJ!

)5(J(! ! ! !

)5/.)! ! ! !

# C+(-! .cUUd# .cdUG# .c.jj# .ceG.#

#
=&(-8($8#

8+0%(&%,-!
.cNGj# .cNNG# .c.Nd# .c.hd#

O(L)+#Ida#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndNe.njXg#p!ndIINn.GJ.XJNNg#&4+#7($&%&%,-%-*#,>#6D;"#
L+&9++-#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+c#

!

!

*

*

*

*

*
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YG]K]G<*08;565691*<93>>6<6315*9>*D&".*61*AP>>3;*N65:9P5*5;6591*
'=CB;3=:A<:5B!OC;!3C==:8F!5D<!:B!ED778=!@$WcLbKWJJW`.!75=!JTc!45D=;!C<!`Y!u$!!CBF!A=538;;8F!

<5!G:I8!<48!75665O:BG!>:86F;!57!<=CB;3=:A<!.+#Z!

!

!

=(67)+#&?7+#
B,3%&%0+#',-&$,)#

p!ndNe.nIInND#

<F@#&$%&,-#<F@#A!#

p!ndNe.nIInGD#
O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

6D;"#

?%+)8#

#<^*@#

.N5(N! KJ5;J! ./5)K! (5N(! :O5:K!

K)5))! K(5NK! .K5:K! /5O;! :;5JK!

.(5:;! .J5/N! .K5.O! ;5:.! :;5N;!

.J5J(! K(5(N! ./5/.! ;5O;! .:5O.!

.J5J(! KK5ON! ./5(:! /5/)! :N5.(!

./5NJ! KK5KK! .O5K.! ;5K/! .:5:K!

C+(-# IXchh# GGc.G# Iecjd# dcjN# NhchG#

=&(-8($8#

8+0%(&%,-#
IcIj# Icdd# NcdX# .cUe# IcI.#

O(L)+#IUa#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndIINnNUJNhJI.g#&4+#7($&%&%,-%-*#,>#6D;"#L+&9++-#)%W/%8#
'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..c#

!

'48;8!IC6D8;!O8=8!<48B!D;8F!<5!3C63D6C<8!<48!AC=<:<:5B!35877:3:8B<V!^V!D;:BG!<48!98<45F!

F8<C:68F!:B!;83<:5B!JTYTL!57!<4:;!<48;:;T!

!

!

!()'/)(&%,-# "33(?#-/6L+$# V# =&(-8($8#8+0%(&%,-#

K =
[RNA]SN

real

[RNA]LC
exp + [RNA]SN

exp !

a,Q/..:Q:;! )5O/.! )5)..!

a,Q/..:Q:J! )5OO)! )5))O!

a,Q/..:Q.)! )5ONJ! )5)KJ!

*2'4! )5OOK! )5).K!

C+(-#,0+$#())#8(&(# .cXXG# .c.G.#

O(L)+#IXa#B($&%&%,-#',+>>%'%+-&#L+&9++-#)%W/%8#'$?3&())%-+#(-8#3/7+$-(&(-&#74(3+3J#L/>>+$#8+>%'%+-&#%-#&$%&,-#

!

!

!

!
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'48!BCB5F=5A!FC<C!O8=8!C6;5!8QA=8;;8F!C;!C!=C<:5!5I8=!<48!A5;:<:I8!35B<=56Z!

!

C+(-#7,3%&%0+#

',-&$,)# #
B,3%&%0+#<l@#O# O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

<IXchh#w#IcIj@#

^*#

D(&%,a#

=(67)+#&?7+n#

B,3%&%0+#',-&$,)!

:5KJO! )5JNJ! )5:OO! )5;:(!

:5./K! )5J.N! )5.)O! )5;)(!

:5).;! )5JK(! )5..)! )5;)J!

:5.KO! )5N:/! )5.(.! )5OON!

:5.:.! )5N::! )5:NO! )5;N)!

:5:N;! )5NJ)! )5..J! )5O/J!

# C+(-! NcINh# .chjd# .cINI# .cUXU#

#
=&(-8($8#

8+0%(&%,-!
.cNNX# .c.dU# .c.IG# .c.Xj#

O(L)+#Iha#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndIINnNUJNhJI.g#&4+#7($&%&%,-%-*#,>#6D;"#L+&9++-#)%W/%8#
'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..c#

!

YG]K]GB*08;565691*<93>>6<6315*9>*D&".*61*AP>>3;*N65:9P5*4=3;D6B613*9;*5;6591*
'=CB;3=:A<:5B!OC;!3C==:8F!5D<!:B!ED778=!@$WcLbKWJJWb.!75=!JTc!45D=;!C<!`Y!u$!!CBF!A=538;;8F!

<5!G:I8!<48!75665O:BG!>:86F;!57!<=CB;3=:A<!.+#Z!

=(67)+#&?7+#
B,3%&%0+#',-&$,)#

p!ndNe.nIInND#

<F@#=#<F@#O#<F@#A!#

p!ndNe.nIIneD#
O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

6D;"#

?%+)8#

<^*@#

.)5O(! :(5N.! N5.(! (5;O! :;5..!

.)5(K! :K5(/! :)5(;! /5;O! :;5).!

.)5KN! :K5::! :)5/J! .5:(! O5.K!

.)5KK! :N5/N! :K5KN! .5..! O5)N!

.)5(;! :J5))! :K5O.! :5;;! O5)(!

.)5:J! .)5.N! :K5.J! /5KK! :)5:J!

.)5K.! :N5/.! :K5;K! .5::! :)5NO!

.)5K(! :O5N)! ! /5KK! :)5:;!

.)5K:! .)5:.! ! K5K(! :)5OO!

C+(-# I.ce.# NXceG# N.cUG# GcGj# N.cUG#

=&(-8($8#

8+0%(&%,-#
.cNU# IchX# Gcd.# Ncdh# Gcd.#

O(L)+#Ija#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndIINnIUJG.JGIg#&4+#7($&%&%,-%-*#,>#6D;"#L+&9++-#)%W/%8#
'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+#(-8#&$%&,-#\FN..c#



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  186 

*

*
'48;8!FC<C!O8=8!<48B!D;8F!<5!3C63D6C<8!<48!AC=<:<:5B!35877:3:8B<V!^Z!

!

!()'/)(&%,-# "33(?#-/6L+$# V# =&(-8($8#8+0%(&%,-#

K =
[RNA]SN

real

[RNA]LC
exp + [RNA]SN

exp !

a,Q/..:Q.;! )5ON)! )5).K!

a,Q/..:QK)! )5O.N! )5)NO!

a,Q/..:QK.! )5O(/! )5)N(!

C+(-# .cXdd# .c.GI#

C+(-#,0+$#())#8(&(# .cXU.# .c.XN#

O(L)+#G.a#B($&%&%,-#',+>>%'%+-&#L+&9++-#)%W/%8#'$?3&())%-+#(-8#3/7+$-(&(-&#74(3+3J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+#
(-8#&$%&,-#\FN..#

!

!

!

!

'48!BCB5F=5A!FC<C!O8=8!C6;5!8QA=8;;8F!C;!C!=C<:5!5I8=!<48!A5;:<:I8!35B<=56Z!

!

C+(-#7,3%&%0+#

',-&$,)# #

B,3%&%0+##

<F@#=#<F@#O#
O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

<I.cGI#w#.cGG@#

^*#

D(&%,a#

=(67)+#&?7+n#

B,3%&%0+#',-&$,)!

)5/NO! )5KO)! )5:JO! )5;(N!

)5/KJ! )5(:J! )5:KO! )5;(:!

)5/./! )5(.K! )5.)J! )5.JN!

)5OJ(! )5/K;! )5)JN! )5.J(!

)5O.)! )5/(N! )5);;! )5.J:!

)5J:.! )5/K:! )5)O.! )5()O!

)5OJ:! )5/(/! )5.:K! )5(KN!

)5O:;! ! )5)J(! !

)5J)/! ! )5.:K! !

! ! )5)J;! !

# C+(-! .chdh# .cdjG# .cNUX# .cdId#

#
=&(-8($8#

8+0%(&%,-!
.cNeN# .c.jI# .c.Xh# .cNjh#

O(L)+#GNa#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndIINnNUJNhJI.g#&4+#7($&%&%,-%-*#,>#6D;"#L+&9++-#)%W/%8#
'$?3&()#(-8#3/7+$-(&(-&#74(3+3#,>#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..c#

*
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YG]K]G3*'PDD8;C*9>*=8;565691*<93>>6<6315*B858**

R/>>+$#&?7+# ]/))#L/>>+$# <F@#=7+$6%8%-+# <F@#O$%&,-#
<F@#=7+$6%8%-+J##

<F@#O$%&,-#

R/>>+$#28+-&%&?#
a,Q/))KQJ.Q:!

a,Q/:()Q..Q:`!

a,Q/))KQJ.Q.!

a,Q/:()Q..Q.`!

a,Q/))KQJ.QK!

a,Q/:()Q..QK`!

a,Q/))KQJ.Q(!

a,Q/:()Q..Q(`!

C+(-#

6D;"#

?%+)8#

<^*@#

B,3%&%0+# .N5K(!H!K5)/! .;5N/!H!(5O/! .O5JJ!H!.5.N! .)5()!H!)5:;!

:+>%'%+-&#`0+# 9!! :O5(;!H!(5)/! KK5)K!H!.5//! :O5(K!H!.5JO!

Q4,)+# ..5;:!H!(5O;! :(5OK!H!:5/.! .(5N/!H!:5/O! :)5;K!H!K5/)!

A!# (5/)!H!:5OJ! ..5K;!H!(5O/! /5N:!H!)5;(! K5KN!H!:5/J!

=;# :J5O.!H!K5KK! :(5).!H!:5;O! :J5JK!H!.5.)! :)5;K!H!K5/)!

B($&%&%,-#',+>>%'%+-&J#V# )5J))!H!)5):/! )5J:/!H!)5)/)! )5OOK!H!)5)K)! )5O;)!H!)5)O:!

C+(-#

$(&%,3#

:+>#`n7,3# 9! )5;;/!H!)5:KN! :5.:J!H!)5::O! )5J/J!H!)5:(:!

Q4,)+n7,3# )5OO:!H!)5)KN! )5/;K!H!)5::K! )5JN/!H!)5)/;! )5/NK!H!)5)N.!

A!n7,3# )5:/K!H!)5):(! )5)NN!H!)5):/! )5.:.!H!)5).K! )5:;O!H!)5)OJ!

=;n7,3# )5;KJ!H!)5)K)! )5(K)!H!)5)J/! )5;O;!H!)5)ON! )5/./!H!)5:NJ!

O(L)+#GIa#=/66($?#,>#7($&%&%,-#',+>>%'%+-&#8(&(#>,$#>/))#L/>>+$#(-8#L/>>+$3#8+>%'%+-&#%-#37+$6%8%-+J#&$%&,-#\F
N..#(-8#L,&4#37+$6%8%-+#(-8#&$%&,-#\FN..g#8(&(#>$,6#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.JjXg#
p!ndIINn.GJ.XJNNJNUJNhJI.JIUJG.JGIc#

!

!

!

!
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YG]K]_*c6AA4*>;33*313;7634*
'48!IC6D8;!75=!<48!,:EE;!7=88!8B8=G:8;!57!<48!;>;<89!O8=8!3C63D6C<8F!D;:BG!<48!98<45F!

F:;3D;;8F!:B!;83<:5B!JTYTJ!57!<4:;!<48;:;T!

!

YG]K]_8*,POO*AP>>3;q*rEiaKbHiGGiK&*
# KD;"M$+()#=;n^*# KD;"M$+()#A!n^*# V+W# xSn[p#6,)FN#

Keq =
[RNA]SN

real

[RNA]LC
real !

!

!G = "RT lnKeq !

:(5.J! :5;K! J5ON! 9/5;)!

J5N:! :5K.! ;5OO! 9(5NK!

:)5K/! :5;/! ;5.J! 9(5O(!

..5:/! :5.)! :J5(O! 9O5/.!

:O5J(! .5:;! J5.O! 9/5((!

:/5K:! K5()! (5/)! 9K5JJ!

.:5O.! K5;)! ;5)K! 9(5;K!

:/5NJ! K5(:! (5;J! 9K5NJ!

:.5O.! .5;:! (5JO! 9(5)J!

:N5)K! :5OJ! :)5O)! 9;5::!

:N5N)! /5(O! K5;K! 9K5KK!

:O5NJ! (5:)! (5KJ! 9K5J:!

:)5.)! (5/K! .5./! 9.5)N!

:N5;K! (5.N! (5/O! 9K5N.!

:J5K(! /5(K! K5KJ! 9K5:(!

C+(-# NUcIj# GcN.# UcdN# Feceh#

=&(-8($8#8+0%(&%,-# ecII# NceU# ec..# NcGG#

O(L)+#GGa#!()'/)(&%,-#,>#G"I#(-8#JK#>,$#>/))#L/>>+$J#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.g#&4+#7($&%&%,-%-*#,>#

&$(-3'$%7&#6D;"#L+&9++-#122#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#

!

!

!

*

*

*

*

*

*
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YG]K]_A*YP>>3;*B3>6<6315*61*4=3;D6B613q*rEiaKbHiGGiG&*
# KD;"M$+()#=;n^*# KD;"M$+()#A!n^*# V+W# xSn[p#6,)FN#

Keq =
[RNA]SN

real

[RNA]LC
real !

!

!G = "RT lnKeq !

:;5(:! :5.O! :.5N:! 9;5/N!

:K5O:! :5(/! N5(/! 9/5ON!

:/5J.! :5/N! N5NK! 9/5N.!

:)5.N! .5:O! (5O(! 9(5):!

J5/N! .5;)! K5K)! 9K5)J!

::5N)! .5./! /5K)! 9(5K)!

:)5(/! .5KO! (5()! 9K5J.!

::5K;! K5(/! K5.N! 9K5)O!

:.5()! :5N:! ;5/)! 9(5JK!

:)5O:! :5N/! /5/)! 9(5KN!

:(5;/! :5;.! N5)K! 9/5;O!

:K5N(! :5KN! :)5).! 9/5N(!

::5.J! /5JO! :5N.! 9:5;J!

:(5/N! ::5./! :5K)! 9)5;O!

::5/O! ;5J:! :5O)! 9:5K;!

C+(-# NIcdN# GcI.# dcjd# Fec.X#

=&(-8($8#8+0%(&%,-# IcIe# IcXU# GcdU# NchI#

O(L)+#Gea#!()'/)(&%,-#,>#G"I#(-8#JK#>,$#+57+$%6+-&3#p!ndNe.njXg#p!ndIINn.GJ.XJNNg#&4+#7($&%&%,-%-*#,>#&$(-3'$%7&#

6D;"#L+&9++-#122#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+#

*
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YG]K]_<*YP>>3;*B3>6<6315*61*5;6591q*rEiaKbHiGGi_&*
# KD;"M$+()#=;n^*# KD;"M$+()#A!n^*# V+W# xSn[p#6,)FN#

Keq =
[RNA]SN

real

[RNA]LC
real !

!

!G = "RT lnKeq !

:J5;/! (5.J! (5K/! 9K5ON!

:J5K.! /5.)! K5/K! 9K5./!

:J5(;! /5/J! K5K:! 9K5)J!

:N5J)! (5NN! K5NO! 9K5//!

:O5/(! K5NJ! (5()! 9K5J.!

:N5./! (5;;! (5:K! 9K5;;!

.:5.K! K5;)! /5N)! 9(5/O!

:;5J(! .5/;! ;5/N! 9(5J;!

:;5;K! (5(:! K5OO! 9K5(.!

C+(-# NhcdI# ecGU# ecee# FGcXh#

=&(-8($8#8+0%(&%,-# NceU# .cjN# NcN.# .cdj#

O(L)+#Gda#!()'/)(&%,-#,>#G"I#(-8#JK#>,$#+57+$%6+-&3#p!ndIINnNUJNhJI.g#&4+#7($&%&%,-%-*#,>#&$(-3'$%7&#6D;"#

L+&9++-#122#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#&$%&,-#\FN..#

*

*

YG]K]_B*YP>>3;*B3>6<6315*61*4=3;D6B613*81B*5;6591q*rEiaKbHiGGib&*

*
# KD;"M$+()#=;n^*# KD;"M$+()#A!n^*# V+W# xSn[p#6,)FN#

Keq =
[RNA]SN

real

[RNA]LC
real !

!

!G = "RT lnKeq !

N5:/! .5.O! (5)K! 9K5/N!

J5NJ! :5/O! /5O)! 9(5(N!

J5N:! :5O;! /5)O! 9(5:N!

J5;.! (5):! .5:/! 9:5NJ!

N5K)! :5.(! O5/:! 9/5.)!

.5K:! )5JN! .5/N! 9.5(/!

C+(-# Xchh# NcjU# ecdN# FGcUd#

=&(-8($8#8+0%(&%,-# IcXe# NcNN# Ic.N# NcIG#

O(L)+#GUa#!()'/)(&%,-#,>#G"I#(-8#JK#>,$#+57+$%6+-&3#p!ndIINnIUJG.JGIg#&4+#7($&%&%,-%-*#,>#&$(-3'$%7&#6D;"#

L+&9++-#122#:HBEn:;"#(-8#&$(-3'$%7&%,-#L/>>+$#8+>%'%+-&#%-#L,&4#37+$6%8%-+#(-8#&$%&,-#\FN..#

*

*

*
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YG]K]_3*'PDD8;C*9>*c6AA4*>;33*313;7634*

*
# KD;"M$+()#=;n^*# KD;"M$+()#A!n^*# V+W# xSn[p#6,)FN#

]/))#L/>>+$#

p!ndNe.nIInND#
:;5.N!H!(5..! K5:)!H!:5(;! ;5/:!H!(5))! 9(5(J!H!:5KK!

<F@#=7+$6%8%-+#

p!ndNe.nIInID#
:.5/:!H!.5.(! K5.)!H!.5O;! /5N/!H!K5/;! 9(5)O!H!:5J.!

<F@#O$%&,-#

p!ndNe.nIInGD#

:J5/.!H!:5(;! (5K;!H!)5N:! (5((!H!:5:)! 9K5OJ!H!)5/N!

<F@#=7+$6%8%-+J##

<F@#O$%&,-#

p!ndNe.nIIneD#

O5JJ!H.5O(! :5N;!H!:5::! (5/:!H!.5):! 9K5;/!H!:5.K!

O(L)+#GXa#=/66($?#,>#,>#G"I#(-8#JK#>,$#>/))#L/>>+$#(-8#L/>>+$3#8+>%'%+-&#%-#37+$6%8%-+J#&$%&,-#\FN..#(-8#L,&4#

37+$6%8%-+#(-8#&$%&,-#\FN..g#8(&(#>$,6#+57+$%6+-&3#p!ndNe.nUdJXGJXeJhIJhUJj.JjXg#

p!ndIINn.GJ.XJNNJNUJNhJI.JIUJG.JGIc#

*

*

*

*

YG]K]b*(;814<;6=5691*61*5:3*8A431<3*9>*8*;6A91P<O3843*61:6A659;*
.+#;:B!=:E5BD368C;8!:B4:E:<5=!OC;!=895I8F!7=59!<48!<=CB;3=:A<:5B!ED778=!<5!C;;8;;!68I86;!57!

<=CB;3=:A<:5B!:B!:<;!CE;8B38T!-<!OC;!75DBF!<4C<!.+#;:B!OC;!B5<!8;;8B<:C6!<5!A=5FD38!4:G4!>:86F;!

57!9.+#!ED<!OC;!B838;;C=>!75=!A=5<83<:5B!57!<48!<=CB;3=:A<!.+#!7=59!.+C;8!F8G=CFC<:5BT!-<!

OC;!C6;5!UD8;<:5B8F!O48<48=!<48!6:UD:F!3=>;<C6!A4C;8!:<;867!O5D6F!A=5<83<!<=CB;3=:E8F!9.+#!

7=59!F8G=CFC<:5B!ED<!<4:;!OC;!B5<!<48!3C;8!R;88!G86!8683<=5A45=8;:;V!7:GD=8!dST!'4:;!;DGG8;<;!

<4C<!<48!.+#!:B!<48!6:UD:F!3=>;<C6!A5=<:5B!:;!DB6:P86>!<5!E8!:B!<48!A5=8;!57!<48!:BI8=;8!

48QCG5BC6!A4C;8!ED<!C;;53:C<8F!O:<4!<48!;D=7C38!:B;<8CFT!

!

!

!

!

!
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C+(-#7,3%&%0+#

',-&$,)# #
B,3%&%0+#<F@#D# O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

<GUcGI#w#ecIe@#

<^*@#

6D;"#?%+)8#

<^*@!

((5;J! :/5:N! (5/J! .:5).!

/:5NK! :;5;K! J5:K! .:5/.!

/)5K;! ..5JN! J5NN! .O5.O!

()5K(! ..5/O! O5:O! .)5;.!

(K5N(! .J5KJ! O5((! .(5;:!

((5;/! .;5K)! N5JO! :N5:/!

# C+(-! edcjh# INcjj# XcX.# IIcGU#

#
=&(-8($8#

8+0%(&%,-!
ecGe# dcIN# NchI# Gc..#

O(L)+#Gha#O$(-3'$%7&%,-#8(&(#>$,6#+57+$%6+-&3#p!ndIINnGUJeNJddJX.g#&$(-3'$%7&%,-#/3%-*#L/>>+$#8+>%'%+-&#%-#
D;"3%-#$%L,-/')+(3+#%-4%L%&,$J#%-#&4+#7$+3+-'+#(-8#(L3+-'+#,>#122#:HBE#

!

!

!

# #

]%*/$+#hUa#S+)#+)+'&$,74,$+3%3#%6(*+3#,>#&$(-3'$%7&%,-#>$,6#L/>>+$3#9%&4,/&#D;"3%-g#p!ndNe.nX.c##"a#)(88+$J#
L$%*4&+3&#L(-8#',$$+37,-83#&,#G...L7#D;"g#Ra#&$(-3'$%7&#D;"#>$,6#A!#74(3+J#-,&+#3&$+([%-*#,>#3(67)+g#!a#D;"#
>$,6#3/7+$-(&(-&J#-,&+#3&$+([%-*#>,#3(67)+g#:a#7,3%&%0+#',-&$,)#<`#D;"3%-@J#9%&4#3)%*4&#,0+$),(8%-*#,>#3(67)+g#Ea#
&+67)(&+#:;"g#]a#D;"#>$,6#L/>>+$#9%&4,/&#D;"3%-J#-,#)%W/%8#'$?3&()#74(3+g#Sa#D;"#>$,6#L/>>+$#9%&4,/&#D;"3%-J#
:HBEn:;"#)%W/%8#'$?3&()#74(3+J#94,)+#3(67)+#+5&$('&c##

!

YG]G*/3<:816456<*'5PB634*
'48!9834CB:;<:3!;<DF:8;!F8;3=:E8F!:B!34CA<8=!b!57!<4:;!=8A5=<!:BI56I8F!8QA65=:BG!<48!87783<;!57!

0''!5B!<48!<=CB;3=:A<:5B!;>;<89T!-<!OC;!75DBF!<4C<!0''!OC;!B838;;C=>!<5!A=8I8B<!

F8BC<D=C<:5B!57!<48!A=5<8:B!:B!<48!A=8;8B38!57!<48!:BI8=;8!48QCG5BC6!A4C;8T!*QA8=:98B<;!O8=8!
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F8;:GB8F!<4C<!8QA5;8F!<48!A56>98=C;8!<5!<48!:BI8=;8!48QCG5BC6!A4C;8!DBF8=!<48!35BF:<:5B;!

75=!<=CB;3=:A<:5B!:B!<48!A=8;8B38!CBF!CE;8B38!57!0''T!/C9A68;!O8=8!<48B!;A6:<!:B<5!6:UD:F!

3=>;<C6!CBF!;DA8=BC<CB<!A4C;8;!CBF!<8;<8F!75=!<=CB;3=:A<:5BC6!C3<:I:<>!E>!CFF:BG!98C;D=8F!

C95DB<;!57!0''T!-<!OC;!75DBF!<4C<!<=CB;3=:A<:5BC6!C3<:I:<>!35D6F!E8!=835I8=8F!7=59!F8BC<D=8F!

A56>98=C;8!E>!CFF:BG!0''V!C6<45DG4!<48!C95DB<!57!C3<:I:<>!=835I8=8F!IC=:8F!F8A8BF:BG!5B!

;C9A68!<>A8T!

!

YG]G]K*(:3*3>>3<5*9>*?((*91*5;814<;6=5691*N65:9P5*81*-##*=:843*
*QA8=:98B<;!O8=8!35BFD3<8F!O48=8!ED778=;!F87:3:8B<!:B!0''!O8=8!:B35=A5=C<8F!:B<5!C!

;<CBFC=F!<=CB;3=:A<:5B!5B!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*W0+#T!'48!75665O:BG!FC<C!

O8=8!=835I8=8FZ!

!

=(67)+#&?7+#
B,3%&%0+#',-&$,)#<F@#A!#

p!ndIINnGUnNp#,$#I;#

<F@#:OO#<F@#A!#

p!ndIINnGUne:#

6D;"#

?%+)8#

<^*@#

K/5.K! .N5O;!

KO5/N! K)5)(!

K;5K/! .O5N;!

K(5::! K)5N.!

K)5:N! ./5.;!

K;5JK! .J5O/!

KK5:/! .N5N.!

KJ5K;! K:5/(!

KO5;;! .J5J.!

K.5N(! (.5;J!

KJ5):! K:5;)!

KJ5.:! K;5))!

C+(-# GdcXN# GNcN.#

=&(-8($8#8+0%(&%,-# IcUN# eced#

O(L)+#e.a#O$(-3'$%7&%,-#,>#:;"#%-#>/))#L/>>+$#',67($+8#9%&4#&$(-3'$%7&%,-#%-#L/>>+$#8+>%'%+-&#%-#:OOJ#-,#)%7%8#
7$+3+-&g#8(&(#>$,6#+57+$%6+-&3#p!ndIINnGUJddJdjJUIJUdc#

!

*

*

*
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YG]G]G*(:3*3>>3<5*9>*?((*91*5;814<;6=5691*61*5:3*=;3431<3*9>*81*-##*=:843*
C+(-#7,3%&%0+#

',-&$,)# #
#<l@#:OO#<l@#A!## O,&()#+5&$('&# A%7%8#D;"#

=/7+$-(&(-&#

D;"#

<GdcXI#w#IcUN@#

^*#

D(&%,a#

=(67)+#&?7+n#

B,3%&%0+#',-&$,)!

.K5ON! :5O)! :5)/! (5.K!

.O5)J! :5/J! )5;N! :5O)!

.)5N:! .5:;! )5;:! :5/(!

! /5;K! )5O:! K5.J!

! .5;:! :5)(! .5/.!

# C+(-! IGcjG# IcXG# .chI# IcUd#

#
=&(-8($8#

8+0%(&%,-!
Gc.h# NcUX# .cIN# .cd.#

O(L)+#eNa#:(&(#>$,6#+57+$%6+-&3#p!ndIINnUIJUdg#&4+#+>>+'&#,>#:OO#,-#&$(-3'$%7&%,-#F#:;"#%-#&4+#122#74(3+#,>#
:HBE#

*



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  195 

YG]G]G8*.BB617*?((*59*6D=;923*5;814<;6=5691L*

=(67)+#&?7+#
]/))#R/>>+$#<l@#A!#

K:OOM#i#N.#6C#

]/))#R/>>+$#<l@#A!#

K:OOM#i#I.#6C#

]/))#R/>>+$#<`@#A!#

K:OOM#i#N.#6C#

]/))#R/>>+$#<`@#A!#

K:OOM#i#I.#6C#

6D;"#

?%+)8#

<^*@#

.J5OK! :N5NO! .(5)N! .(5.;!

.;5)O! .J5N.! K;5;N! ..5)(!

./5O(! .:5/:! ..5N)! .J5J.!

K:5J/! ..5/(! ..5J(! .)5O:!

.:5J(! ./5:(! ./5:.! ::5..!

.;5N/! .K5)J! .)5:;! :J5OO!

.(5::! .(5JJ! :(5/J! :;5OO!

.N5(N! .)5:J! :O5K:! :)5JJ!

./5/)! .J5KK! :(5JJ! ::5);!

.J5/N! KK5)K! :)5/.! :(5;/!

.;5(;! K)5NJ! ..5.N! :O5NO!

.O5;J! .J5//! .:5)K! !

./5;.! ! ! !

.O5.K! ! ! !

KK5.J! ! ! !

:N5JO! ! ! !

.O5KN! ! ! !

C+(-# IUchd# Idcdj# INc.G# NXcjI#

=&(-8($8#8+0%(&%,-# GcIe# ecGI# UcUG# dchI#

O(L)+#eIa#O4+#+>>+'&#,>#(88%-*#:OO#&,#3(67)+3#()$+(8?#',-&(%-%-*#:OOJ#8(&(#>$,6#+57+$%6+-&3#p!ndIINnUdJjeg#
p!ndIdXn.dJNNJNhc#

!

'CE68!bJ!;45O;!<4C<!CFF:BG!8Q<=C!0''!<5!ED778=;!<4C<!C6=8CF>!35B<C:B!0''!F58;!B5<!3CD;8!CB!

:B3=8C;8!:B!<=CB;3=:A<:5BV!CBF!9C>!E8!;C:F!<5!E8!F8<=:98B<C6!<5!<=CB;3=:A<:5BC6!C3<:I:<>T!\48B!

0''!OC;!B5<!A=8;8B<!:B!<48!<=CB;3=:A<:5B!ED778=V!CBF!<48=875=8!3CD;8F!<48!'Y!.+#!A56>98=C;8!

<5!E83598!F8C3<:IC<8FV!CFF:BG!0''!A=5FD38F!CB!:B3=8C;8!:B!<=CB;3=:A<:5BC6!>:86FT!!

!

!

!

!

!

!
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C+(-#7,3%&%0+#

',-&$,)# #

#<l@#:OO#<`@#A!##

K:OOM#i#.#6C#

<l@#:OO#<`@#A!##

K:OOM#i#N.#6C#

<l@#:OO#<`@#A!##

K:OOM#i#I.#6C#

<IUchdw#GcIe@#

^*#

6D;"#?%+)8#

<^*@!

)5O(! J5N(! :/5N)!

:5:/! ::5:)! :;5J;!

)5K;! N5K(! :K5;(!

)5(.! :.5OO! :.5).!

)5/(! :(5).! (5(J!

)5K;! ::5)O! :5/(!

)5((! (5(.! (5).!

)5KO! :5O(! K5:/!

)5((! K5OO! ;5K(!

)5/.! /5OO! (5K:!

)5;N! /5;(! J5./!

)5N.! N5(N! !

:5)N! K5/J! !

)5NK! K5NJ! !

# C+(-! .cUe# XcNG# hcIG#

# =&(-8($8#8+0%(&%,-! .cIh# ec.X# dceU#

O(L)+#eGa#D+',0+$?#,>#&$(-3'$%7&%,-()#('&%0%&?#L?#(88%-*#:OO#&,#3(67)+3#94+$+#OX#D;"#7,)?6+$(3+#4(3#L++-#
8+-(&/$+8#L?#&4+#:HBE#74(3+#%-#L/>>+$#8+>%'%+-&#%-#:OOg#8(&(#>$,6#+57+$%6+-&3#p!ndIINnjeg#p!ndIdXn.dJNNJNh#

!

*
YG]G]GA*&3<923;617*5;814<;6=56918O*8<56265C*AC*8BB617*?((*m*-##*?+0%*91OC*
*QA8=:98B<;!O8=8!;8<!DA!;5!<4C<!<48!A56>98=C;8!OC;!687<!<5!:B3DEC<8!:B!<48!A=8;8B38!57!<48!

:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!75=!J!45D=;!C<!`Y!u$!V!:B!7D66!ED778=!5=!ED778=!F8:7:3:8B<!:B!0''T!

#7<8=!:B3DEC<:5B!;C9A68;!O8=8!;A6:<!:B<5!6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<!A4C;8;!E>!=895I:BG!

Lc!t6!;DA8=BC<CB<!CBF!=835I8=:BG!<5!C!B8O!<DE8T!'=CB;3=:A<:5B!OC;!:B:<:C<8F!E>!CFF:<:5B!57!

9:Q8F!=:E5BD3685<:F8;!CBF!<89A6C<8!0+#T!#FF:BG!0''!<5!CAA=5A=:C<8!;C9A68;!75=!

<=CB;3=:A<:5B!3CD;8;!IC=:C<:5B!:B!<48!5I8=C66!C;;C>!I56D98[!<48!87783<;!57!<4:;!34CBG8!5B!ED778=!

35B38B<=C<:5B;!:;!5D<6:B8F!E865OZ!

!

!

!

!
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!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! 9! !

! L$42'#!"O!->@$B2#'E2!<YW! 9! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :O5.R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#eea#7$+7($(&%,-#,>#6%5&/$+#>,$#%-'/L(&%,-#,>#OX#D;"#7,)?6+$(3+#9%&4#%-0+$3+#4+5(*,-()#:HBEJ#
+57+$%6+-&3#p!ndIdXnG.#

!

# !,67,-+-&#
=/7+$-(&(-&#

$+('&%,-#

A%W/%8#!$?3&()#

$+('&%,-#
#

! C%5+8#$;OB3# :5./R-! :5./R-! !

!
A%-+($#OX#)/'%>+$(3+#

:;"#
/5OR-! /5OR-! !

!
D+('&%,-#

3/7+$-(&(-&#
:/!R-! 9! !

!
;/')+(3+F>$++#

9(&+$#
9! ::5//R-! !

!
N.5#&$(-3'$%7&%,-#

L/>>+$#
9! :5/R-! !

!
A%W/%8#'$?3&()#

',67,-+-&#
9! DA7-2! !

# O,&()#(33(?#0,)/6+# INcjd^)# I.^)# #

O(L)+#eda#7$+7($(&%,-#,>#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#',67,-+-&3#>,$#&$(-3'$%7&%,-#%-#%-0+3&%*(&%,-3#,>#&4+#
$+',0+$?#,>#&$(-3'$%7&%,-#>$,6#OX#D;"#7,)?6+$(3+#8+-(&/$+8#L?#122#:HBEJ#+57+$%6+-&3#p!ndIdXnG.#

!!

!

!

!

!

!

!

!



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  198 

*7783<;!5B!<=CB;3=:A<:5B!ED778=!35B38B<=C<:5B;!R6:UD:F!3=>;<C6!;C9A68;SZ!!

R/>>+$# ;,$6()#(33(?# ]/))# F:OO#

<F@#:OOn#

N.#6C#

(88+8#

<F@#:OOn#

I.#6C#

(88+8#

<F@#:OOn#

G.#6C#

(88+8#

O,&()##

Y,)/6+!
.)R-! .)R-! .)R-! .)5.R-! .)5(R-! .)5;R-!

I.^)n#

0,)/6+!
:! :! :! )5NN! )5NJ! )5NO!

"#$%&'! ()!&*! K)!&*! K)!&*! .N5O&*! .N5(&*! .N5:&*!

*+,-.! ./!&*! :J5O/!&*! :J5O/!&*! :J5/;&*! :J5KJ&*! :J5.)!&*!

012#&$3$42! .5/!&*! :5JO/!&*! :5JO/!&*! :5J/;&*! :5JKJ&*! :5J.)!&*!

"#$674!89:))! )5:;&*! )5:.&*! )5:.&*! )5::JJ&*! )5::O;&*! )5::;(&*!

<""! :)!&*! O5/!&*! 9! N5N&*! :N5;&*! .N5:&*!

O(L)+#eUa#+>>+'&#,>#(88%-*#:OO#,-#L/>>+$#',-'+-&$(&%,-3#%-#)%W/%8#'$?3&()#3(67)+3J#+57+$%6+-&3#p!ndIINnG.#

!

!

!

!

*7783<;!5B!<=CB;3=:A<:5B!ED778=!35B38B<=C<:5B;!R;DA8=BC<CB<!;C9A68;SZ!!

R/>>+$#
;,$6()#

(33(?#
]/))# <F@#:OO#

<F@#:OOn#

N.#6C#

(88+8#

<F@#:OOn#

I.#6C#

(88+8#

<F@#:OOn#

G.#6C#

(88+8#

O,&()##

Y,)/6+!
.)R-! .:5N/R-! .:5N/R-! ..5:/!R-! ..5K/R-! ..5//R-!

I.^)n#

0,)/6+!
:! )5N::! )5N::! )5N)K! )5JN/! )5JJO!

"#$%&'! ()!&*! K;5(K&*! K;5(K&*! K;5:)!&*! K/5OJ&*! K/5(;&*!

*+,-.! ./!&*! ..5OO&*! ..5OO&*! ..5/;&*! ..5K;&*! ..5:;&*!

012#&$3$42! .5/!&*! .5.J&*! .5.J&*! .5.;&*! .5.(&*! .5..&*!

"#$674!89:))! )5:;&*! )5:(;&*! )5:(;&*! )5:((&*! )5:(K&*! )5:(.&*!

<""! :)!&*! N5:&*! 9! N5)!&*! :O5N&*! .;5;&*!

O(L)+#eXa#+>>+'&#,>#$+',0+$%-*#3/7+$-(&(-&#(-8#(88%-*#:OO#,-#L/>>+$#',-'+-&$(&%,-3#%-#3/7+$-(&(-&#3(67)+3J#
+57+$%6+-&3#p!ndIINnG.#

!

!

!

!
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!

=(67)+#&?7+#
]/))#L/>>+$##

<F@#A!#

]/))#R/>>+$#

<`@#A!#

<F@#:OO#

#<`@#A!#

.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

N.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

I.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

G.#6C#:OO#

(88+8#

6D;"#

?%+)8#

<^*@#

A!#

:5K.! .5:K! )5J;! :5/)! :5//! .5):!

:5KN! .5J;! )5O)! :5.(! :5/J! :5(:!

:5NO! :5;O! )5N.! :5:N! :5O)! :5.O!

.5O;! :5J)! )5/)! :5;/! /5NN! :5O(!

.5OJ! :5KN! )5/N! .5)J! K5N(! .5J/!

.5O;! .5/K! )5;)! .5.)! .5:N! :5)O!

=;#

:;5.O! K5OK! :5.O! ;5(/! (5KN! ;5;N!

:/5K)! O5(.! :5.K! K5((! K5/N! J5J;!

::5.:! :(5//! )5;N! (5K:! :)5;(! J5KJ!

::5:N! :K5)/! )5/.! J5:/! N5O(! ;5O)!

:;5:N! ! )5;:! J5:)! J5()! :)5/;!

:/5(:! ! )5;N! J5JJ! ! !

A!#
C# IcNU# Ic.U# .cX.# NcUe# IchG# NcXI#

=:# .cX.# .cdd# .cNU# .ceI# NcXj# .cUe#

=;#
C# NecIU# jcUj# .che# UcdU# XcGd# hcIe#

=:# Ice.# dc.I# .cGG# IcIe# GcNh# NcUI#

O(L)+#eha#O$(-3'$%7&%,-#>$,6#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+#,>#3(67)+3#%-'/L(&+8#9%&4#OX#D;"#

7,)?6+$(3+n&$(-3'$%7&%,-#L/>>+$#L+>,$+#L+%-*#3+7($(&+8#7$%,$#&,#&$(-3'$%7&%,-g#+57+$%6+-&3#p!ndIdXnG.#

*
YG]G]G<*.BB617*?((*59*;3<923;*5;814<;6=5691*m*-##*?+0%i?".*
-B!8QA8=:98B<;!;:9:6C=!<5!<45;8!5D<6:B8F!:B!?JTJTJV!<48!A56>98=C;8!OC;!687<!<5!:B3DEC<8!:B!<48!

A=8;8B38!57!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*W0+#!75=!J!45D=;!C<!`Y!u$!V!:B!7D66!ED778=!5=!

ED778=!F8:7:3:8B<!:B!0''T!#7<8=!:B3DEC<:5B!;C9A68;!O8=8!;A6:<!:B<5!6:UD:F!3=>;<C6!CBF!

;DA8=BC<CB<!A4C;8;!E>!=895I:BG!Lc!t6!;DA8=BC<CB<!CBF!=835I8=:BG!<5!C!B8O!<DE8T!

'=CB;3=:A<:5B!OC;!:B:<:C<8F!E>!CFF:<:5B!57!9:Q8F!=:E5BD3685<:F8;V!C;!O866!C;!<89A6C<8!0+#!CBF!

CFF:<:5BC6!0''!O48=8!CAA=5A=:C<8T!#FF:BG!0''!<5!<48!;C9A68!75=!<=CB;3=:A<:5B!3CD;8;!

IC=:C<:5B!:B!<48!5I8=C66!C;;C>!I56D98[!<48!87783<;!57!<4:;!34CBG8!5B!ED778=!35B38B<=C<:5B;!:;!

5D<6:B8F!E865OZ!

!

!

!
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!

!

!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! 9! !

! L$42'#!"O!->@$B2#'E2!<YW! 9! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :O5.R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#eja#:+3'$%7&%,-#,>#',67,-+-&3#%-')/8+8#%-#%-'/L(&%,-#6%5&/$+#,>#7,)?6+$(3+#(-8#:HBEn:;"c#O4+#
',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc##

!

!

!

!

# !,67,-+-&#
=/7+$-(&(-&#

$+('&%,-#

A%W/%8#!$?3&()#

$+('&%,-#
#

! C%5+8#$;OB3# :5./R-! :5./R-! !

!
A%-+($#OX#)/'%>+$(3+#

:;"#
/R-! 9! !

!
D+('&%,-#

3/7+$-(&(-&#
:/!R-! 9! !

!
;/')+(3+F>$++#

9(&+$#
9! :O5./R-! !

!
N.5#&$(-3'$%7&%,-#

L/>>+$#
9! :5/R-! !

!
A%W/%8#'$?3&()#

',67,-+-&#
9! DA7-2! !

# O,&()#(33(?#0,)/6+# INcId^)# I.^)# #

O(L)+#d.a#7$+7($(&%,-#,>#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#',67,-+-&3#>,$#&$(-3'$%7&%,-#%-#%-0+3&%*(&%,-3#,>#&4+#
$+',0+$?#,>#&$(-3'$%7&%,-#>$,6#OX#D;"#7,)?6+$(3+#8+-(&/$+8#L?#122#:HBEJ#+57+$%6+-&3#p!ndIdXnGeJeN#

!

!

!
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!

!

*7783<;!5B!<=CB;3=:A<:5B!ED778=!35B38B<=C<:5B;!R6:UD:F!3=>;<C6!;C9A68;SZ!!

R/>>+$# ;,$6()#(33(?# ]/))# <F@#:OO#

<F@#:OOn#

N.#6C#

(88+8#

<F@#:OOn#

I.#6C#

(88+8#

<F@#:OOn#

G.#6C#

(88+8#

O,&()##

Y,)/6+!
.)R-! .)R-! .)R-! .)5.R-! .)5(R-! .)5;R-!

I.^)n#

0,)/6+!
:! :! :! )5NN! )5NJ! )5NO!

"#$%&'! ()!&*! K)!&*! K)!&*! .N5O&*! .N5(&*! .N5:&*!

*+,-.! ./!&*! :J5O/!&*! :J5O/!&*! :J5/;&*! :J5KJ&*! :J5.)!&*!

012#&$3$42! .5/!&*! :5JO/!&*! :5JO/!&*! :5J/;&*! :5JKJ&*! :5J.)!&*!

"#$674!89:))! )5:;&*! )5:.&*! )5:.&*! )5::JJ&*! )5::O;&*! )5::;(&*!

<""! :)!&*! O5/!&*! 9! N5N&*! :N5;&*! .N5:&*!

O(L)+#dNa#+>>+'&#,>#$+',0+$%-*#3/7+$-(&(-&#(-8#(88%-*#:OO#,-#L/>>+$#',-'+-&$(&%,-3#%-#)%W/%8#'$?3&()#3(67)+3J#
+57+$%6+-&3#p!ndIINnGeJeN#

!

!

!

!

*7783<;!5B!<=CB;3=:A<:5B!ED778=!35B38B<=C<:5B;!R;DA8=BC<CB<!;C9A68;SZ!!

R/>>+$# ;,$6()#(33(?# ]/))# <F@#:OO#

<F@#:OOn#

N.#6C#

(88+8#

<F@#:OOn#

I.#6C#

(88+8#

<F@#:OOn#

G.#6C#

(88+8#

O,&()##

Y,)/6+!
.)R-! .:5./R-! .:5./R-! .:5(/R-! .:5;/R-! .:5J/R-!

I.^)n#

0,)/6+!
:! )5N(:! )5N(:! )5NK.! )5N.(! )5N:/!

"#$%&'! ()!&*! KO5;(&*! KO5;(&*! KO5.J&*! K;5N;&*! K;5;)!&*!

*+,-.! ./!&*! .K5/K&*! .K5/K&*! .K5K)!&*! .K5:)!&*! ..5JJ&*!

012#&$3$42! .5/!&*! .5K/!&*! .5K/!&*! .5KK&*! .5K:&*! .5.N&*!

"#$674!89:))! )5:;&*! )5:/:&*! )5:/:&*! )5:(N&*! )5:(J&*! )5:(;&*!

<""! :)!&*! N5(&*! 9! N5K&*! :J5/!&*! .O5/!&*!

O(L)+#dIa#+>>+'&#,>#$+',0+$%-*#3/7+$-(&(-&#(-8#(88%-*#:OO#,-#L/>>+$#',-'+-&$(&%,-3#%-#3/7+$-(&(-&#3(67)+3J#

+57+$%6+-&3#p!ndIINnGeJeN#

!
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!

!

!

!

=(67)+#&?7+#
]/))#L/>>+$##

<F@#A!#

]/))#R/>>+$#

<`@#A!#

<F@#:OO##

<`@#A!#

.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

N.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

I.#6C#:OO#

(88+8#

<F@#:OO##

<`@#A!#

G.#6C#:OO#

(88+8#

6D;"#

?%+)8#

<^*@#

A!#

:5.)! .5)J! )5;O! )5/:! )5JO! )5/;!

:5;/! .5KO! )5;J! )5(;! )5(.! )5;K!

:5(;! :5:O! )5/N! )5NK! )5O;! :5:(!

.5(:! :5(/! )5(;! )5;N! )5J.! )5O.!

:5O(! :5K;! )5OK! )5NN! )5J.! )5OJ!

.5:N! :5;(! )5(:! )5;(! )5(N! )5OO!

=;#

.;5OJ! :K5:N! )5J;! (5.:! J5/.! (5;O!

.)5(/! :;5(/! )5/O! ;5)/! :)5O;! /5NJ!

.J5O/! :;5NN! :5K)! K5/.! /5N(! K5:J!

! N5.J! )5;K! ;5K.! (5/:! (5N.!

! N5:.! )5;K! ;5(:! O5OK! O5(:!

! :;5:;! )5(J! (5O:! /5)O! ;5NO!

A!#
C# NcXX# NcUh# .cdj# .cX.# .cX.# .cXX#

=:# .ced# .ceU# .cNG# .cII# .cNj# .cI.#

=;#
C# IdcGG# NGcdG# .cXd# dcI.# Xc.j# dcdI#

=:# ecGe# GcUN# .cG.# NcII# IcGX# Ncdh#

O(L)+#dGa#O$(-3'$%7&%,-#>$,6#)%W/%8#'$?3&()#(-8#3/7+$-(&(-&#74(3+#,>#3(67)+3#%-'/L(&+8#9%&4#OX#D;"#

7,)?6+$(3+n&$(-3'$%7&%,-#L/>>+$#L+>,$+#L+%-*#3+7($(&+8#7$%,$#&,#&$(-3'$%7&%,-g#+57+$%6+-&3#p!ndIdXnGeJeN#

!



Appendix B  Data Tables 

Josephine Corsi – Ph.D. thesis  203 

YG]_*X61356<*'5PB634*
!

YG]_]K*%>>3<54*9>*?".*<91<315;85691*
#!35B38B<=C<:5B!G=CF:8B<!57!0+#!OC;!;8<!DA!;5!<4C<!<=CB;3=:A<:5B!A=5FD3<;!35D6F!E8!CBC6>;8F!

<5!;45O!45O!<=CB;3=:A<:5BC6!>:86F!:;!C7783<8F!E>!0+#!35B38B<=C<:5BT!'48;8!8QA8=:98B<;!O8=8!

AC=<:3D6C=6>!D;87D6!:B!359AC=:BG!<=CB;3=:A<!.+#!A=5FD38F!7=59!;<CBFC=F!=8C3<:5B;!CBF!<48!

35B38B<=C<:5B!57!0+#!8;<:9C<8F!:B!<48!;DA8=BC<CB<!A4C;8!57!<=CB;3=:A<:5B!;C9A68;!35B<C:B:BG!

C!6:UD:F!3=>;<C6!CBF!;DA8=BC<CB<!A4C;8T!!

!

"6,/-&#,>#

:;"#

(88+8n^*#

e# I# N# .cN# .c.N# .c..N# .c...N#

6D;"#?%+)8#

<^*@#

(K5(.! (K5;K! .K5JN! :.5NK! :.5O.! :5OJ! )5O/!

K;5;J! K:5)O! .J5JN! :K5;K! ::5O:! :5;;! )5NK!

/)5N.! (.5))! ./5:J! :;5)(! :.5))! :5(:! :5:.!

(K5JN! K.5NN! .:5ON! :K5/O! :.5J.! :5OJ! :5.:!

(:5:)! ! K:5(;! :K5;)! ::5(O! :5O)! :5);!

! ! .:5/O! ::5//! ::5O:! :5O/! :5)/!

! ! .K5)N! :;5;N! :)5O;! :5NO! :5(;!

! ! ! :(5N(! :)5J)! :5/;! :5//!

! ! ! :K5.;! :)5;O! :5(O! :5((!

C+(-# eGcI.# GXceI# IdcNI# Nec.I# NNcUG# NcUX# NcNX#

=&(-8($8#

8+0%(&%,-#
dcNX# UcGN# GcXG# NcU.# .ch.# .cNX# .cIU#

O(L)+#dea#&$(-3'$%7&#D;"#',-'+-&$(&%,-3#,L&(%-+8#/3%-*#(#',-'+-&$(&%,-#*$(8%+-&#,>#:;"J#>$,6#+57+$%6+-&3#
p!ndIINnehJ#dN#(-8#dec#:(&(#9(3#/3+8#&,#*+-+$(&+#>%*/$+3#Ih#(-8#Ijc#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#
e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

!

!

!

!

!

!
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'48!35B38B<=C<:5B!G=CF:8B<!57!0+#!OC;!3=8C<8F!D;:BG!C!;8=:C6!F:6D<:5B!7=59!C!;<53P!;56D<:5B!57!

0+#Z!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! K5JKR-! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :.5:.R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#dda#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#9%&4#(#',-'+-&$(&%,-#*$(8%+-&#,>#:;"#<N^*#(-8#L+),9@J#
p!ndIINnehJdNJdec#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

=,)/&%,-#-/6L+$#
"6,/-&#,>#:;"#%-#

(33(?n^*#
>$,6# Y,)/6+#(88+8n^)# Y,)/6+#9(&+$n^)#

:! :! 067@\! 9! 9!

.! )5:! 067@\! K5JK! K(5.!

K! )5):! 067@\! :5;)! K;5(!

(! )5)):! S.T! :5;)! K;5(!

/! )5))):! SKT! :5;)! K;5(!

O(L)+#dUa#B$+7($(&%,-#,>#(#',-'+-&$(&%,-#*$(8%+-&#,>#:;"#L?#3+$%()#8%)/&%,-J#3(67)+3#/3+8#%-#+57+$%6+-&3#
p!ndIINnehJdNJdec#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

YG]_]G*(6D3*<9P;43*3`=3;6D3154*
*QA8=:98B<;!O8=8!3C==:8F!5D<!;D34!<4C<!:F8B<:3C6!<=CB;3=:A<:5B!=8C3<:5B;!O8=8!;<5AA8F!C<!<:98!

:B<8=IC6;V!A=538;;8F!CBF!CBC6>;8F!75=!<=CB;3=:A<!.+#!68I86;T!'48;8!FC<C!O8=8!<48B!D;8F!<5!

3=8C<8!<48!G=CA4;!;45OB!:B!;83<:5B;!cTJ!CBF!cT`!57!<4:;!=8A5=<T!!

!

!

YG]_]G8*s"(0t*u*GH*D/J*19*O6^P6B*<;C458O*=:843*
'48!;<CBFC=F!<=CB;3=:A<:5B!=8C3<:5B!OC;!3C==:8F!5D<!5I8=!C!<:98!35D=;8!<5!8;<CE6:;4!45O!

UD:3P6>!<48!=8C3<:5B!=8C348;!;C<D=C<:5B!:B!<48!CE;8B38!57!C!6:UD:F!3=>;<C6!A4C;8T!'48!0+#!D;8F!
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OC;!,:GC!L!1+'WcJJJWab!CBF!4CF!C!35B38B<=C<:5B!57!cYJ!BG!t6NLT!'48!=8C3<:5B;!O8=8!

C;;89E68F!C;!75665O;Z!

!

!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! :5O(R-! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :(5.:R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#dXa#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#9%&4#(#&,&()#$%L,-/')+,&%8+#',-'+-&$(&%,-#,>#I.#6Cg#3(67)+3#9+$+#
/3+8#%-#&%6+#',/$3+#+57+$%6+-&#p!ndIdXnUI#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

!

O%6+n6%-/&+3#
6D;"#?%+)8#<^*@#

C+(-#
=&(-8($8#

8+0%(&%,-#N# I# G#

.# )5(J! )5;:! )5KO! )5(N! )5:.!

Nd# O5KK! (5OO! K5K(! /5:/! .5).!

G.# :)5K;! :)5)N! :(5)K! ::5(N! .5.)!

U.# 9! :(5O.! :/5)(! :;5:J! .5.;!

j.# :;5J.! .:5..! :J5(/! :J5JK! .5..!

NI.# :J5ON! .:5KJ! :O5.O! :N5K.! .5N)!

Nd.# :N5:O! .K5)/! .K5/(! .:5N.! .5KN!

Nh.# .:5(N! .(5JJ! :N5(:! .:5NK! .5O;!

O(L)+#dha#;(-,8$,7#8(&(#>$,6#&$(-3'$%7&#p!ndIdXnUIg#&%6+F',/$3+#+57+$%6+-&#(&#I.#6C#$%L,-/')+,&%8+#
',-'+-&$(&%,-c##

!

!

!

*

*

*
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YG]_]GA*s"(0t*u*GH*D/J*-##*?+0%i?".*O6^P6B*<;C458O*=:843*
0+#!OC;!A6C38F!:B!<48!:BI8=;8!48QCG5BC6!A4C;8!57!0)H*!CBF!A=8AC=8F!75=!<=CB;3=:A<:5B!E>!

CFF:<:5B!57!JTct6!:;5<5B:3!;C6:B8!75665O8F!E>!:B3DEC<:5B!C<!bKu$!75=!L!45D=T!/C9A68;!O8=8!<48B!

C;;89E68F!75=!<=CB;3=:A<:5B!CBF!:B:<:C<8F!O:<4!CFF:<:5B!57!'Y!.+#!A56>98=C;8!RbK!DB:<;V!

iaB1S!CBF!:B3DEC<8F!C<!`Y!u$!!5I8=!b!45D=;T!'=:A6:3C<8!G=5DA;!57!;C9A68;!O8=8!=895I8F!CBF!

A=538;;8F!C<!=8GD6C=!<:98!:B<8=IC6;!<5!C;;8;;!45O!<48!A=5FD3<:5B!57!98;;8BG8=!.+#!IC=:8;!

O:<4!=8C3<:5B!<:98T!!

!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! 9! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :/5N/R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#dja#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#9%&4#(#&,&()#$%L,-/')+,&%8+#',-'+-&$(&%,-#,>#I.#6Cg#3(67)+3#9+$+#
/3+8#%-#&%6+#',/$3+#+57+$%6+-&#p!ndIdXnUdc#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

O%6+n6%-/&+3#
6D;"#?%+)8#<^*@#

C+(-#
=&(-8($8#

8+0%(&%,-#N# I# G#

.# )5.;! )5/J! )5;K! )5(N! )5.)!

Nd# K5;K! .5:J! K5JO! K5..! )5N.!

G.# (5.)! ;5)(! ;5KJ! /5/(! :5:J!

U.# N5/)! :)5KN! :)5(:! :)5:)! )5/.!

j.# :.5((! :)5::! ::5).! ::5:N! :5:O!

NI.# :/5./! :K5K.! :(5;;! :(5(:! )5NN!

Nd.# :.5;O! :(5/:! :/5KJ! :(5:N! :5KJ!

Nh.# 9! :(5N;! :/5NN! :/5(O! )5OK!

IN.# :O5)J! :J5NN! :;5.N! :O5(;! :5KN!

Ie.# :;5/J! :(5JK! :O5:K! :;5:J! :5.)!

O(L)+#U.a#;(-,8$,7#8(&(#>$,6#&$(-3'$%7&#p!ndIdXnUdg#&%6+F',/$3+#+57+$%6+-&#(&#I.#6C#$%L,-/')+,&%8+#
',-'+-&$(&%,-J#122#:HBEn:;"#7$+3+-&c##

!
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YG]_]G<*s"(0t*u*GH*D/J*AP>>3;*B3>6<6315*61*4=3;D6B613J*19*O6=6B*
'48!;<CBFC=F!<=CB;3=:A<:5B!=8C3<:5B!ED778=!OC;!8Q34CBG8F!75=!C!ED778=!F87:3:8B<!:B!;A8=9:F:B8!

CBF!<=CB;3=:A<:5B!C;;89E68F!O:<45D<!C!6:UD:F!3=>;<C6!A4C;8T!'=CB;3=:A<:5B!OC;!=DB!C<!`Y!u$!!

CBF!<=:A6:3C<8!;C9A68;!O8=8!=895I8F!C<!=8GD6C=!<:98!:B<8=IC6;!CBF!A=538;;8F!<5!95B:<5=!<48!

A=5FD3<:5B!57!<=CB;3=:A<!.+#!5I8=!C!A8=:5F!57!<:98T!!

!

!

!

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! :5./R-! !

! L$42'#!"O!->@$B2#'E2!<YW! ! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! :/5N/R-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#UNa#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#9%&4#(#&,&()#$%L,-/')+,&%8+#',-'+-&$(&%,-#,>#I.#6Cg#3(67)+3#9+$+#
/3+8#%-#&%6+#',/$3+#+57+$%6+-&#p!ndNe.nhIc#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

!

!

O%6+n6%-/&+3#
6D;"#?%+)8#<^*@#

C+(-# =&(-8($8#8+0%(&%,-#
N# I# G#

.# )5.;! )5/J! )5;K! )5(N! )5.)!

Nd# ;5/J! (5NO! K5K.! (5N;! :5;K!

G.# ;5JO! /5.;! /5//! /5JN! )5J;!

U.# :)5:)! ::5.J! J5:(! N5J(! :5/J!

j.# :(5)N! :K5:(! :(5K(! :K5J;! )5;K!

NI.# :;5KN! :/5(;! :;5KJ! :;5)J! )5/K!

Nd.# :O5(J! :O5KO! :(5;K! :;5(N! :5;:!

Nh.# :O5J.! :N5.:! :;5;/! :O5JN! :5.J!

IN.# :O5:;! :N5);! :O5:O! :O5J)! :5:)!

Ie.# :/5J(! :J5N)! :;5K;! :O5)K! :5;(!

G..# :J5JN! :;5/J! :;5).! :O5:;! :5/.!

O(L)+#UIa#;(-,8$,7#8(&(#>$,6#&$(-3'$%7&#p!ndNe.nhIg#&%6+F',/$3+#+57+$%6+-&#(&#I.#6C#$%L,-/')+,&%8+#
',-'+-&$(&%,-J#L/>>+$#8+>%'%+-&#%-#37+$6%8%-+J#-,#)%W/%8#'$?3&()#74(3+#7$+3+-&c##

!

!
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Y_]_*(;814<;6=5691*P4617*8*<91<315;85691*7;8B6315*9>*;6A91P<O3956B34*
#;!5B8!57!<48!;DE;<=C<8;!57!'Y!.+#!A56>98=C;8V!=:E5BD3685<:F8;!9C>!E8!D;8F!<5!A=5E8!<48!

9834CB:;9!57!<=CB;3=:A<:5BT!-B!<48!75665O:BG!8QA8=:98B<;!!C!35B38B<=C<:5B!G=CF:8B<!57!9:Q8F!

=:E5BD3685<:F8;!OC;!;8<!DA!:B!5=F8=!<5!5E;8=I8!<48:=!87783<;!57!.+#!A=5FD3<:5BT!'48!

35B38B<=C<:5B!G=CF:8B<!OC;!E8<O88B!K!91!CBF!bK!91!<5<C6!BD3685<:F8!35B38B<=C<:5BV!O:<4!

8UDC6!35B38B<=C<:5B;!57!8C34!+'H!A=8;8B<T!!

*
YG]_]_*%>>3<5*9>*;"(0*<91<315;85691*7;8B6315*N65:9P5*O6=6B*

*

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! #R-! !

! L$42'#!"O!->@$B2#'E2!<YW! .5)/R-! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! S:/5:/9#TR-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#UGa#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#('$,33#(#',-'+-&$(&%,-#*$(8%+-&#,>#$%L,-/')+,&%8+3g#3(67)+3#9+$+#
/3+8#%-#+57+$%6+-&#p!ndIdXndIJdGJdec#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

*

*

*

*

*

*

*

*
!

!

!

!

!

!
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K$;OBM#

<6C@#
d# N.# Nd# I.# Id# G.# Gd# e.#

C%5+8##$;OB#

<^)@#
)5K:! )5;K! )5N(! :5./! :5/;! :5JJ! .5:.! .5/)!

;/')+(3+F>$++#

9(&+$#<^)@#
:(5J(! :(5/.! :(5.:! :K5N)! :K5/N! :K5.O! :K5)K! :.5;/!

6D;"#?%+)8#

<^*@#

:)5/;! :K5J;! :N5O(! :O5.N! :O5OJ! :N5KJ! :.5.J! :)5;:!

:K5O;! ::5:O! :/5)(! :/5K(! .)5.(! .)5;N! :/5.:! N5);!

:.5O/! :K5N.! :(5/O! :J5:/! ..5OO! .)5:(! :)5);! /5.K!

:.5)/! :O5/(! ..5))! .)5((! :K5/;! :(5NN! J5;.! O5;)!

N5)J! :/5O:! ..5J/! .)5.N! .)5(.! :N5(/! ;5J;! (5/O!

:)5J;! :(5OO! .K5)N! .)5(K! :J5):! :/5))! :.5/)! /5:K!

:.5:)! :(5K(! ..5()! ./5.)! :K5J;! :K5:N! N5O:! K5;K!

:)5N:! :K5/J! ..5J(! ! :O5((! :K5N/! :)5:(! (5(O!

:.5).! :/5K:! :J5/K! ! :O5J:! :(5:.! ! K5JJ!

C+(-# NNcdX# NeceX# I.cNI# Njcdj# NXcjj# NUcXX# N.cUX# Uc.I#

=&(-8($8#

8+0%(&%,-#
NcGX# NcXe# GcGh# GcNG# Icjh# Gc.U# Icdj# Iceh#

O(L)+#Uea#&$(-3'$%7&#D;"#',-'+-&$(&%,-3#,L&(%-+8#/3%-*#(#',-'+-&$(&%,-#*$(8%+-&#,>#$;OB3J#>$,6#+57+$%6+-&#
p!ndIdXndIJdGJde#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

*

YG]_]_8*%>>3<5*9>*;"(0*<91<315;85691*7;8B6315*N65:*O6=6B*

*

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! #R-! !

! L$42'#!"O!->@$B2#'E2!<YW! 9! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! S:O5.)9#TR-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#Uda#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#('$,33#(#',-'+-&$(&%,-#*$(8%+-&#,>#$%L,-/')+,&%8+3#%-#&4+#7$+3+-'+#,>#
&4+#122#74(3+#,>#:HBEn:;"g#3(67)+3#9+$+#/3+8#%-#+57+$%6+-&#p!ndIdXndU#O4+#',-'+-&$(&%,-#,>#OX#D;"#
7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

*
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*
K$;OBM#

<6C@#
d# N.# Nd# I.# Id# G.# Gd# e.#

C%5+8##$;OB#

<^)@#
)5K:! )5;K! )5N(! :5./! :5/;! :5JJ! .5:.! .5/)!

;/')+(3+F>$++#

9(&+$#<^)@#
:;5JN! :;5/O! :;5.;! :/5N/! :/5;(! :/5K.! :/5)J! :(5O)!

6D;"#?%+)8#

<^*@#

(5N;! ;5;K! :)5O.! :N5(N! :.5::! :)5))! (5.:! .5.)!

J5KN! J5JK! :.5)O! :/5/J! :J5./! /5O)! (5)N! :5N)!

;5/N! O5/(! :(5J)! :/5)J! :/5::! N5.J! (5:(! .5N)!

/5O/! N5)/! J5OO! :J5:J! :K5NK! N5N(! O5N:! K5:O!

;5:)! O5:J! ::5(N! :J5:J! :)5KO! J5J)! K5.;! K5K;!

C+(-# UcGU# Xche# NNcdX# NXcG.# NGcjd# hcXe# ecXI# IcX.#

=&(-8($8#

8+0%(&%,-#
NcIh# Nc.d# IcNj# Nchj# Gc..# NcXX# NchI# .cUG#

O(L)+#UUa#&$(-3'$%7&#D;"#',-'+-&$(&%,-3#,L&(%-+8#/3%-*#(#',-'+-&$(&%,-#*$(8%+-&#,>#$;OB3J#>$,6#+57+$%6+-&#
p!ndIdXndU#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

*

*

*

YG]_]_]A%>>3<5*9>*;"(0*<91<315;85691*7;8B6315*N65:9P5*O6=6BJ*_H*D61P534*

*

# !,67,-+-&# Y,)/6+#(88+8# #

! *$Z23!#Y"_E! #R-! !

! L$42'#!"O!->@$B2#'E2!<YW! :5O(R-! !

! :)Z!#2'@6$74!]>BB2#! .R-! !

! "O!`YW_! )5JR-! !

! Y>@-2'E29B#22!D'62#! S:/5(;9#TR-! !

# O,&()#(33(?#0,)/6+# I.^)# #

O(L)+#UXa#"33+6L)?#,>#&$(-3'$%7&%,-#$+('&%,-3#('$,33#(#',-'+-&$(&%,-#*$(8%+-&#,>#$%L,-/')+,&%8+3g#3(67)+3#9+$+#
/3+8#%-#+57+$%6+-&#p!ndIdXnU.c#O4+#',-'+-&$(&%,-#,>#OX#D;"#7,)?6+$(3+#%3#e.#/-%&3n(33(?#,$#Uj-Cc#

*

*
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*
K$;OBM#

<6C@#
d# N.# Nd# I.# Id# G.# Gd# e.#

C%5+8##$;OB#

<^)@#
)5K:! )5;K! )5N(! :5./! :5/;! :5JJ! .5:.! .5/)!

;/')+(3+F>$++#

9(&+$#<^)@#
:/5:/! :(5JK! :(5/.! :(5.:! :K5N)! :K5/J! :K5K(! :.5N;!

6D;"#?%+)8$#

<^*@#

:.5(.! :K5/O! :K5J.! :.5KK! ::5N(! J5)O! .5O;! )5NO!

:.5OO! ::5N(! :.5O:! :;5);! ::5NN! O5N/! K5KN! :5JK!

:)5)(! ::5()! :/5.K! :(5JO! ::5NO! ;5;O! (5).! .5JK!

C+(-# NNcXe# NIcG.# NGcjI# NeceI# NNcjU# XcdU# GcGj# Nchh#

=&(-8($8#

8+0%(&%,-#
Nceh# NcNG# NcIU# NcjN# .c.G# .cXX# .cUG# .cjG#

O(L)+#Uha#&$(-3'$%7&#D;"#',-'+-&$(&%,-3#,L&(%-+8#/3%-*#(#',-'+-&$(&%,-#*$(8%+-&#,>#$;OB3J#>$,6#+57+$%6+-&#
p!ndIINnU.#

*

*

*

YG]_]_<*(6D3*<9P;43*3`=3;6D315J*s;"(0t*u*a*D/*

*

O%6+n6%-/&+3#
6D;"#?%+)8#<^*@#

C+(-#
=&(-8($8#

8+0%(&%,-#N# I# G#

.# :5/J! )5/J! )5(J! )5JJ! )5;:!

N.# ;5/.! /5J)! /5K)! /5JJ! )5;:!

I.# J5/)! N5).! ;5()! O5NO! :5KN!

G.# N5K;! :K5KN! J5)N! :)5.J! .5O;!

ed# :)5(K! :)5:N! :O5:O! :)5K:! )5:O!

U.# ::5;(! :.5N;! O5(;! :.5K)! )5NK!

j.# N5JK! :K5;)! :.5NO! :.5:K! .5).!

O(L)+#Uja#;(-,8$,7#8(&(#>$,6#&$(-3'$%7&#p!ndNe.nUGg#&%6+F',/$3+#+57+$%6+-&#(&#d#6C#$%L,-/')+,&%8+#
',-'+-&$(&%,-J#>/))#L/>>+$J#-,#)%W/%8#'$?3&()#74(3+#7$+3+-&c##

*

*

*

*
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YG]_]_B*(6D3*<9P;43*3`=3;6D315J*s;"(0t*u*bH*D/*

*

O%6+n6%-/&+3#
6D;"#',-'+-&$(&%,-#<-*#^)FN@#

C+(-#
=&(-8($8#

8+0%(&%,-#N# I# G#

.# )5)N! )5O(! )5K;! )5()! )5KK!

Nd# )5/N! )5;.! )5;.! )5;:! )5):!

G.# )5O(! )5/.! )5N)! )5O.! )5:N!

U.# )5O;! :5)/! :5)/! )5N/! )5:O!

j.# :5:)! )5;;! )5JK! )5J;! )5..!

NI.# )5JO! :5K.! )5;/! )5N/! )5K(!

Nd.# )5J)! :5;)! :5//! :5K.! )5(/!

Nh.# :5JK! :5JN! .5J)! .5:O! )5//!

O(L)+#X.a#;(-,8$,7#8(&(#>$,6#&$(-3'$%7&#p!ndNe.nUeg#&%6+F',/$3+#+57+$%6+-&#(&#e.#6C#$%L,-/')+,&%8+#
',-'+-&$(&%,-J#>/))#L/>>+$J#-,#)%W/%8#'$?3&()#74(3+#7$+3+-&c##

*
!
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Y_*%`=3;6D3158O*=:843*A3:8269P;*
'48!A4C;8!E84CI:5D=!57!<48!6:A5A68Q!;>;<89;!OC;!;<DF:8F!D;:BG!A56C=:;:BG!6:G4<!9:3=5;35A>T!

1:Q<D=8;!57!6:A:F!CBF!4>F=C<:5B!98F:D9!O8=8!C665O8F!<5!8UD:6:E=C<8!C<!`Y!u$!75=!<4=88!FC>;!

CBF!8QC9:B8F!DBF8=!<48!9:3=5;35A8!C<!Jc!u$!CBF!`Y!u$T!!

!

!

]%*/$+#hXa#B4(3+#8%(*$(6#,>#:HBEn:HO"B#6%5&/$+3#(&#Id#o!#%-#9(&+$#

!

!

]%*/$+#hha#B4(3+#8%(*$(6#,>#:HBEn:HO"B#6%5&/$+3#(&#Id#o!#%-#&$(-3'$%7&%,-#L/>>+$#

!
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!

]%*/$+#hja#B4(3+#8%(*$(6#,>#:HBEn:HO"B#6%5&/$+3#(&#GX#o!#%-#&$(-3'$%7&%,-#9(&+$!

!

!

]%*/$+#j.a#B4(3+#8%(*$(6#,>#:HBEn:HO"B#6%5&/$+3#(&#GX#o!#%-#&$(-3'$%7&%,-#L/>>+$!

!

'48!FC<C!A65<<8F!:B!7:GD=8;!gY!<5!aK!=8A=8;8B<!<48!EC;:;!57!<48!A4C;8!F:CG=C9;!A=8;8B<8F!:B!

34CA<8=!J!57!<4:;!<48;:;T!!
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Y_]K*(@4=8<617*28OP34*>;9D*'.h'*3`=3;6D3154*
/#f/!8QA8=:98B<;!O8=8!3C==:8F!5D<!5B!6:A:F!9:Q<D=8;!=84>F=C<8F!O:<4!OC<8=V!:;5<5B:3!;C6:B8V!

5=!C!;56D<:5B!57!;C695B!;A8=9!0+#!RLK!9G!96NLST!/C9A68;!O8=8!;8C68F!:B!G6C;;!3CA:66C=:8;!CBF!

C665O8F!<5!8UD:6:E=C<8T!'48!QN=C>!F:77=C3<:5B!8QA8=:98B<;!O8=8!3C==:8F!5D<!C<!`Y!u$!D;:BG!C!

A86<:8=NF=:I8B!;C9A68!456F8=T!/#f/!8QA8=:98B<;!O8=8!3C==:8F!5D<!D;:BG!C!E8B34N<5A!;>;<89!C<!

-9A8=:C6!$5668G8!&5BF5B!

!

!

#
C,)#r#:HO"B#%-#:HBE#

.# d# N.# I.# G.#

&F37('%-*ns#

;.5:! ;(5O! ;/5(! ;N5)! ;;5:!

;.5/! ;/5.! ;;5:! ;O5J! ;J5.!

;.5J! ;(5/! ;/5/! ! ;N5;!

;.5)! ;K5N! ! ! !

;.5K! ! ! ! !

C+(-# UIcG# UecU# UdcX# Uhce# Uhc.#

=&(-8($8#

8+0%(&%,-#
.cG# .cU# .ce# .ch# Nch#

O(L)+#XNa#&F37('%-*#0()/+3#*+-+$(&+8#L?#="\=#>,$#:HBEn:HO"B#6%5&/$+3#4?8$(&+8#9%&4#9(&+$#

!

!

!

!

#
C,)#r#:HO"B#%-#:HBE#

.# d# N.# I.# G.#

&F37('%-*ns!

;.5O! ;K5.! ;(5(! ;;5;! ;/5.!

;.5O! ;K5)! ;K5O! ;;5J! ;O5O!

;.5K! ;:5O! ;K5;! ;(5O! ;O5N!

;.5N! ! ! ;(5K! ;O5O!

C+(-! UIcX# UIcU# UGcj# UdcU# UXcN#

=&(-8($8#

8+0%(&%,-!
.cI# .ch# .ce# NcG# NcG#

O(L)+#XIa#&F37('%-*#0()/+3#*+-+$(&+8#L?#="\=#>,$#:HBEn:HO"B#6%5&/$+3#4?8$(&+8#9%&4#%3,&,-%'#3()%-+!

!

!

!

!

!
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#
C,)#r#:HO"B#%-#:HBE!

.# d# N.# I.# G.#

&F37('%-*ns#

;.5.! ;.5(! ;K5/! ;K5:! ;.5OO!

;.5K! ;.5/! ;.5)! ;.5.! !

;.5.! ;.5K! ;.5O! ;K5N! !

;:5:! ;.5:! ! ;K5(! !

;(5(! ;.5O! ! ;.5/! !

! ;:5N! ! ;K5)! !

C+(-# UIcd# UIcG# UIcX# UGc.# UIch#

=&(-8($8#

8+0%(&%,-#
NcI# .cG# .cX# .cU# F#

O(L)+#XGa#&F37('%-*#0()/+3#*+-+$(&+8#L?#="\=#>,$#:HBEn:HO"B#6%5&/$+3#4?8$(&+8#9%&4#3()6,-#37+$6#:;"#<N.#

6*#6)FN@#

!

!

C,)#r#:HO"B#%-#

:HBE#

&F37('%-*ns#

1?8$(&%,-#9%&4#9(&+$#
1?8$(&%,-#9%&4#3()%-+##

<.cNd#C@#

1?8$(&%,-#9%&4#3()6,-#

37+$6#:;"#<N.#6*#6)FN@#

.# ;.5K!H!)5K! ;.5O!H!)5.! ;K!H!:!

d# ;(5;!H!)5;! ;.5;!H!)5J! ;.5K!H!)5K!

N.# ;/5O!H!)5(! ;K5N!H!)5(! ;.5O!H!)5O!

I.# ;J5(!H!)5J! ;;!H!:! ;K5)!H!)5;!

G.# ;J!H!.! ;O!H!:! ;.5J!

O(L)+#Xea#=/66($?#,>#&4+#8(&(#8%37)(?+8#%-#&(L)+3#v#&,#vg#8(&(#/3+8#&,#*+-+$(&+#>%*/$+#v#

!

!

*

Y_]G*(@4=8<617*28OP34*>;9D*5;814<;6=5691*48D=O34*
/#f/!8QA8=:98B<;!O8=8!3C==:8F!5D<!5B!;C9A68;!:F8B<:3C6!<5!<45;8!D;8F!75=!<=CB;3=:A<:5BT!'48!

87783<!57!A=:5=!4>F=C<:5B!O:<4!:;5<5B:3!;C6:B8V!<=CB;3=:A<:5B!ED778=V!CBF!:B36D;:5B!57!L!tG!

6:B8C=:;8F!'YN6D3:78=C;8!0+#!O8=8!8QA65=8FT!
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!

# # # C,)#r#:HO"B#%-#:HBE!

# # # .# d# N.# I.#

&F37('%-*ns#

;
,#
7$
%,
$#4

?8
$(
&%,

-#

O$(-3'$%7&%,-#

L/>>+$#

# ;K5.! ;.5.! 9! ;:5N!

# ;K5.! ;K5)! ;.5(! ;.5N!

C# ;K5.! ;.5;! ;.5(! ;.5(!

=:# )5)! )5;! ! )5O!

O$(-3'$%7&%,-#

L/>>+$#`#:;"#

<N#^*@#

# ;.5N! ;.5;! ;.5(! 9!

# ;.5(! ;.5;! ;K5:! ;.5(!

C# ;.5;! ;.5;! ;.5O! ;.5(!

=:# )5K! )5)! )5/! !

B$
%,
$#4

?8
$(
&%,

-#
<3
()
%-
+@
# O$(-3'$%7&%,-#

L/>>+$#

# ;K5O! ;K5;! ;/5)! 9!

# ;K5/! ;:5J! ;K5)! ;.5N!

C# ;K5;! ;.5O! ;(5)! ;.5N!

=:# )5.! :5K! :5(! !

O$(-3'$%7&%,-#

L/>>+$#`#:;"#

<N#^*@#

# ;(5;! ;:5O! ;J5:! ;)5;!

# ;(5;! ;.5:! ;(5J! ;:5N!

C# ;(5;! ;:5N! ;;5/! ;:5K!

=:# )5)! )5K! .5K! )5N!

O(L)+#Xda#&F37('%-*#0()/+3#,>#&$(-3'$%7&%,-())?#$+)+0(-&#3(67)+3##

!

!

C,)#r#:HO"B#%-#

:HBE#

&F37('%-*ns!

Q%&4,/&#7$%,$#4?8$(&%,-#9%&4#3()%-+# Q%&4#7$%,$#4?8$(&%,-#<3()%-+@#

O$(-3'$%7&%,-#L/>>+$#
O$(-3'$%7&%,-#L/>>+$#

(-8#:;"#
O$(-3'$%7&%,-#L/>>+$#

O$(-3'$%7&%,-#L/>>+$#

(-8#:;"#

.# ;K5.!H!)5/! ;.5;!H!)5;! ;.5(!H!)5/! ;.5(!H!)5O!

d# ;.5;!H!)5K! ;.5;!H)5:! ;.5O!H!)5/! ;.5(!H!)5;!

N.# ;K5;!H!)5/! ;K!H!:! ;(!H!:! ;.5N!H!)5O!

I.# ;(5;!H!)5.! ;:5N!H!)5/! ;O!H!.! ;:5K!H!)5N!

O(L)+#XUa#=/66($?#,>#&F37('%-*#0()/+3#>$,6#&$(-3'$%7&%,-())?#$+)+0(-&#3(67)+3c#:(&(#/3+8#&,#*+-+$(&+#>%*/$+#v#

!

!

!

!

!

!
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Yb*'6DPO856914**
'48!;:9D6C<:5B;!F8<C:68F!:B!34CA<8=!b!57!<4:;!<48;:;!C=8!;D99C=:;8F!:B!<CE68!d!)<48=!

;:9D6C<:5B;!O8=8!3C==:8F!5D<V!ED<!<48!FC<C!G8B8=C<8F!OC;!B5<!D;8F!:B!O=:<:BG!<4:;!<48;:;T!

!

!

!

C,)#r#:HO"B#

%-#:HBE#
.r# I.r# e.r#

#;/6L+$#,>#

:HBE#)%7%83#
/;;)! (/.J! KKN;!

;/6L+$#,>#

:HO"B#)%7%83#
)! ::K.! ..;(!

O,&()#-/6L+$#

,>#)%7%8#

6,)+'/)+3#

/;;)! /;;)! /;;)!

;/6L+$#,>#

9(&+$#7($&%')+3#

<C"DO2;2@#

:/ONO! N;KJ! KKJ;! :;)KK! :));(! ((;J! :;.J;! KJ./!

Q<6($&%-%@n)%7%

8#
.5ON! :5O)! )5;)! .5JK! :5OJ! )5ON! .5JJ! )5;J!

;/6L+$#,>#

9(&+$#7($&%')+3#

<('&/()@#

;K:JJ! KJ//.! :K/((! ;(:K.! ()./;! :OJO.! ;/:((! :/K))!

Q<('&/()@n)%7%8# NNcNU# UchN# IcGj# NNcGG# XcNN# GcNU# NNcdN# IcX.#

;(`#%,-3#(88+8# J;(! )! )!

!)F#%,-3#(88+8# )! .;J! :())!

2-0+$3+#

4+5(*,-()#

74(3+#

>,$6(&%,-#

L%74(3%'# ?+3# ?+3# L%74(3%'# ?+3# ?+3# L%74(3%'# 8%3&,$&+8#

A+-*&4#,>#

3%6/)(&%,-n-3#
())! KO)! K))! ())! KO)! K))! K))! K))!

O(L)+#XXa#=/66($?#,>#8(&(#>$,6#3%6/)(&%,-3#',-&$%L/&%-*#&,#&4%3#&4+3%3#
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Yb]K*(@4=8<617*28OP34*<8O<PO853B*>;9D*46DPO853B*B858*
'48!5D<AD<!35B75=9C<:5B;!O8=8!D;8F!<5!G8B8=C<8!FC<C!75=!<48!;<=D3<D=C6!AC=C98<8=;!57!<48!

:BI8=;8!48QCG5BC6!A4C;8T!-BF:I:FDC6!C<59;!C<!<48!38B<=8!57!<48!0+#!486:Q!O8=8!;8683<8F!CBF!

<48:=!355=F:BC<8;!B5<8FT!'48!DM;AC3:BG!OC;!<48B!3C63D6C<8F!D;:BG!<=:G5B598<=:3!98<45F;T!

/<=D3<D=C6!AC=C98<8=;!G8B8=C<8F!:B!<4:;!7C;4:5B!O8=8!75DBF!<5!E8!:B!G55F!CG=8898B<!O:<4!<48!

8QA8=:98B<C6!FC<CT!

!

!
C,)#r#:HO"B#%-#:HBE#

.# I.# e.#

&F37('%-*ns#

<6+(3/$+8#>$,6#

3%6/)(&+8#3?3&+6@#

/(5)! /;5)! ;/5)!

/J5.! ;(5(! J/5K!

;O5N! ;/5)! O.5.!

;)5)! ;(5;! ;O5/!

;;5/! ;)5.! O)5:!

;(5(! ;)5(! ;;5N!

;N5/! ;)5K! J/5)!

;:5O! ;/5N! ;O5N!

;)5:! ;:5N! /(5O!

;.5(! O/5K! O/5)!

;K5.! /N5N! O;5/!

;:5N! O/5:! /(5.!

/K5/! ;(5O! /J5N!

/:5)! ;/5)! /J5N!

;)5:! /N5K! /O5J!

/N5)! ;:5J! J)5/!

;J5N! ;:5O! ;)5/!

/O5/! ;K5:! ;N5:!

;;5:! ! ;)5.!

;(5:! ! O.5;!

! ! :))5(!

C+(-# UNcd# UGcU# Ujcd#

=&(-8($8#:+0%(&%,-# dcN# ecj# NNcU#

O(L)+#Xha#&F37('%-*#0()/+3#*+-+$(&+8#>$,6#3%6/)(&+8#8(&(#

!
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Ya*?858*4P==9;5617*7;8=:4*B64=O8C3B*61*5;814>3<5691*<:8=53;**
!

Ya]K*08;56<O3*46j617*B858*
/56D<:5B;!57!48Q5;598;!CBF!0+#!:B!F:778=8B<!3866!3D6<D=8!98F:D9!O8=8!;:j8F!D;:BG!<48!$5D6<8=!

+bKKv!AC=<:368!;:j8=T!'48!FC<C!G8B8=C<8F!O8=8!A65<<8F!G=CA4:3C66>T!!

# 1+5,3,6+#&?7+#
C,)#r#:HO"B#%-#:HBE#

.# d# N.# I.#

B($&%')+#

3%P+n-6#

A%-+($#7"6!?(-#%-#

H7&%FCEC#
(//!H!.):! K)O!H!:.N! ..J!H!N.! :/K!H!;:!

A%-+($#7"6!?(-#%-#

:CEC#`#dr#]!=#
.OJ!H!::J! .JO!H!::;! .()!H!NJ! .JK!H!N:!

7"6!?(-#%-#H7&%F

CEC#
K(O!H!:(O! .N.!H!:.:! .K)!H!NK! :(N!H!/O!

7"6!?(-#%-#:CEC#

`#dr#]!=#
.O:!H!::/! K;N!H!:;K! .(.!H!N(! .O(!H!NJ!

O(L)+#Xja#:(&(#*+-+$(&+8#L?#&4+#!,/)&+$#;e..`#

!

*

*

*

Ya]G*(;814<;6=5691*>;9D*?".*61*:3`949D34*
'=CB;3=:A<:5B!OC;!3C==:8F!5D<!DBF8=!75D=!F:778=8B<!;8<;!57!35BF:<:5B;V!:B36DF:BG!C!;<CBFC=F!

A5;:<:I8!35B<=56!R7D66!ED778=V!B5!6:A:FSV!0)H*!48Q5;598;!<4C<!35B<C:B8F!0+#V!<48!0)H*W0+#!

ED6P!:BI8=;8!48QCG5BC6!A4C;8V!CBF!48Q5;598;!O48=8!<48!0+#!OC;!B5<!:B36DF8F!O:<4:B!<489V!

ED<!OC;!CFF8F!O:<4!<48!=89C:B:BG!359A5B8B<;!C<!<48!:B:<:C<:5B!57!<=CB;3=:A<:5BT!
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!

#
=(67)+#O?7+#

7,3%&%0+#',-&$,)# 4+5,3,6+3#<`@#:;"# 1<22@#L/)[#<`@#:;"# 4+5,3,6+3#<F@#:;"#

6D;"#?%+)8#

<^*@#

:)5J)! K5/.! :/5O)! :K5JN!

:)5)J! (5;N! :;5O/! (5J;!

::5)O! /5(.! :(5J;! :/5O:!

::5J.! :K5.K! :(5:J! K5K(!

::5:O! /5J.! :K5(.! K5K/!

:(5.K! /5KO! :/5K)! O5:N!

:;5(.! :;5)O! :;5)/! /5K(!

:.5;O! ;5(K! :O5N)! O5N(!

:.5OO! :(5KO! :(5;:! K5)K!

:K5O.! ..5NJ! ! !

::5N)! O5:N! ! !

:K5KK! :(5NJ! ! !

:/5N/! ! ! !

:;5KO! ! ! !

:;5)(! ! ! !

C+(-# NGcII# N.c.N# XcNI# NdceI#

=&(-8($8#

8+0%(&%,-#
.cdU# NcXU# .ceU# .ced#

O(L)+#h.a#6D;"#?%+)8#*+-+$(&+8#>$,6#&$(-3'$%7&%,-#$+('&%,-3#'($$%+8#,/&#%-#4+5,3,6+3J#',67($+8#9%&4#&4+#

L/)[#%-0+$3+#4+5(*,-()#74(3+c#O$(-3'$%7&%,-#9(3#'($$%+8#,/&#>,$#e.#6%-/&+3#(&#GX#o!#

!

!

*

*

Ya]_*(:3*3>>3<5*9>*?+(.0*91*5;814<;6=56918O*C63OB*
#;!;598!57!<48!48Q5;598;!A=8AC=C<:5B;!D;8F!75=!<=CB;783<:5B!35B<C:B!0)'#HV!<48!87783<!57!<48!

3C<:5B:3!6:A:F!5B!9.+#!>:86F!OC;!C;;8;;8FT!0)'#H!OC;!CFF8F!<5!<48!ED6P!A4C;8!57!0)H*!CBF!

<=CB;3=:A<:5B!OC;!=DB!75=!bK!9:BD<8;!C<!`Y!u$T!

!

!

!

!

!

!
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#

=&(-8($8#

7,3%&%0+#',-&$,)#

<-,#)%7%8@#

C,)#r#:HO"B#%-#:HBE#

.# d# N.# I.# e.#

6D;"#

?%+)8#

<^*@#

:N:5)K! OO5KJ! O(5:)! (.5;N! O5(:! O5)/!

:(.5(:! /J5((! /K5(;! ..5KJ! O5KO! .5K)!

::N5/.! NN5;(! O/5J(! .K5OJ! O5..! O5/N!

:J.5).! ;;5)K! ON5((! ! (5:/! .5O;!

::)5//! /)5;.! /J5;J! ! (5OK! K5JO!

:.:5.:! ;;5:.! /;5/K! ! J5:J! :5K:!

:.J5./! O;5JO! O:5;;! ! N5:(! !

:.;5:O! O.5KO! (O5N;! ! (5J:! !

NO5NN! OK5)K! K/5;;! ! (5/N! !

C+(-# NGdceU# XNcNX# UecXN# IjcUI# Uce.# ecNd#

=&(-8($8#

8+0%(&%,-#
GNceX# NGch.# NNchh# NNcGe# Nche# IcU.#

O(L)+#hNa#6D;"#?%+)8#*+-+$(&+8#>$,6#&$(-3'$%7&%,-#$+('&%,-3#'($$%+8#,/&#%-#&4+#L/)[#%-0+$3+#4+5(*,-()#74(3+#

,>#:HBE#(-8#:HBEn:HO"B#6%5&/$+3c#O$(-3'$%7&%,-#9(3#'($$%+8#,/&#>,$#e.#6%-/&+3#(&#GX#o!!

!

!

!

!

!

!

!

Ya]b*0;9A617*5:3*O944*9>*5;814<;6=56918O*8<56265C*84*8*;34PO5*9>*?+(.0*61<OP4691**
*QA8=:98B<;!O8=8!3C==:8F!5D<!;D34!<4C<!<48!A56>98=C;8!OC;!:B3DEC<8F!75=!J!45D=;!O:<4!

0)H*W0)'#HW0+#!CBF!0)H*W0)'#H!:BI8=;8!48QCG5BC6!A4C;8;!A=:5=!<5!<=CB;3=:A<:5BT!'48!

AD=A5;8!57!<48;8!8QA8=:98B<;!OC;!<5!C;38=<C:B!O48<48=!<48!65;;!:B!C3<:I:<>!5E;8=I8F!5B!

:B36D;:5B!57!0)'#H!:B!<48!0)H*W0+#!2--!;>;<89!OC;!3CD;8F!E>!<48!DBCIC:6CE:6:<>!57!0+#!C<!

:B3=8C;8F!0)'#H!35B<8B<;V!5=!CB!:BC3<:IC<:5B!57!'Y!.+#!A56>98=C;8!:B!<48!A=8;8B38!57!

0)'#HT!

!

!

!

!

!

!
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#

=&(-8($8#

7,3%&%0+#

',-&$,)#

<-,#)%7%8@#

C,)#r#:HO"B#%-#:HBE#

B,)?6+$(3+#2-'/L(&%,-#9%&4#)%7%8#(-8#:;"#
B,)?6+$(3+#%-'/L(&%,-#9%&4#)%7%8#

,-)?#<:;"#(88+8#)(&+$@#

.# d# N.# I.# .# N.# I.#

6D;"#

?%+)8#

<^*@#

N5(J! N5(J! N5(J! N5(J! N5(J! N5(J! :)5(/! /5/.!

.:5J)! J5N;! J5..! N5;;! /5:.! N5NJ! ;5(K! :)5NN!

:(5J:! N5.J! O5JK! O5J;! J5:O! :K5:)! N5(:! O5;/!

:N5:)! :)5;N! :)5KN! ;5/O! K5(.! :)5/(! N5;N! O5(K!

:(5.(! ::5.:! O5)/! ! /5JO! O5):! J5.K! :5:J!

::5N/! K5;(! O5(O! ! /5(:! O5NJ! ;5:.! .5J(!

:J5.)! ! ! ! ! :.5)K! (5:(! K5K;!

::5);! ! ! ! ! ;5NJ! ! !

:.5:.! ! ! ! ! (5(;! ! !

:.5JK! ! ! ! ! ! ! !

:.5;.! ! ! ! ! ! ! !

N5J)! ! ! ! ! ! ! !

:)5)N! ! ! ! ! ! ! !

..5JJ! ! ! ! ! ! ! !

N5N/! ! ! ! ! ! ! !

:.5:J! ! ! ! ! ! ! !

:.5.(! ! ! ! ! ! ! !

::5J.! ! ! ! ! ! ! !

C+(-# NGcXG# hcj.# hch.# UcUG# Uc.X# jcdN# XcGN# dcdX#

=&(-8($8#

8+0%(&%,-#
ec.h# IcXN# Nchh# IcIh# NcjI# GcN.# IcdN# GcGj#

O(L)+#hIa#6D;"#?%+)8#*+-+$(&+8#>$,6#&$(-3'$%7&%,-#$+('&%,-3#'($$%+8#,/&#(>&+$#%-'/L(&%,-#,>#OX#D;"#

7,)?6+$(3+#9%&4#&4+#L/)[#%-0+$3+#4+5(*,-()#74(3+#,>#:HBE#(-8#:HBEn:HO"B#6%5&/$+3#9%&4#(-8#9%&4,/&#

:;"c#O$(-3'$%7&%,-#9(3#'($$%+8#,/&#>,$#e.#6%-/&+3#(&#GX#o!#

!

!

!

!

!

!

!

!

!

!
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Ya]a*(;814>3<5691*3>>6<631<634*9>*:3`949D34*61*-3F8*<3OO4*
*QA8=:98B<;!:BI56I:BG!F86:I8=>!57!48Q5;598;!CBF!0+#!35B<C:B:BG!<48!G8B8!75=!#9$>CB!<5!

28&C!3866;!O8=8!3C==:8FT!'48!'=CB;783<:5B!877:3:8B3>!OC;!<48B!3C63D6C<8F!D;:BG!<48!75665O:BG!

75=9D6CZ!

!

! ! Transfection efficiency = Number of cyan cells
Total number of cells

!100 !

!

!

#

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8#

O,&()#-/6L+$#

,>#'+))3#

',/-&+8#

"$+(#

3/$0+?+8n#

^6I#

!?(-#'+))3n#

'6I#

O,&()#'+))3n#

'6I#

O$(-3>+'&%,-#

+>>%'%+-'?#<r@#

! :J! O.! ;;K);! .O:(O! :)J/JO! ./5)!

! .J! N.! J///;! K.O.O! :)O/K.! K)5(!

C+(-# IG# hI# XdjGN# IjjGX# N.h.U.# IXcX#

=&(-8($8#

8+0%(&%,-#
X# Ne# NGUNI# GjeU# XeU# Gch#

O(L)+#hGa#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#H7&%FCEC#$+8/'+8#3+$/6#

6+8%/6c#

!

!

!

!

!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! KJ! /O! J///;! (((:/! ;;;.K! ;;5O!

! KK! ;.! J///;! KJ/O:! O.(;O! /K5.!

! K:! ;)! J///;! K;.K(! O):K)! /:5O!

! :O! .N! /N.K:! .JO):! (JN;:! /J5;!

C+(-# G.# dI# XhjXd# GUjh.# Ueded# dXcd#

=&(-8($8#

8+0%(&%,-#
j# Nd# NGNUG# Ud.e# N.UUe# Uch#

O(L)+#hea#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#d#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#H7&%FCEC#

$+8/'+8#3+$/6#6+8%/6!

!

!
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!

!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! :/! .:! ;;K);! ..;..! K:;O:! O:5(!

! :)! :/! /.;/)! :JNNK! .J(N)! ;;5O!

! :N! .N! J///;! ...)J! KKJN;! ;/5/!

C+(-# Nd# II# UhNXN# INIXe# GNGdI# UXcj#

=&(-8($8#

8+0%(&%,-#
d# X# NUdGI# NjhU# IXNX# GcN#

O(L)+#hda#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#N.#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#H7&%FCEC#

$+8/'+8#3+$/6#6+8%/6!

!

!

!

!

#

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

# .:! .J! ;;K);! K:;O:! (...J! O/5)!

# KN! /(! J///;! (//J(! ;K::O! O.5.!

# .(! K.! J///;! .J)/.! KO().! O/5)!

# :N! .;! J///;! ...)J! K)KJN! OK5:!

C+(-# IU# Gd# h.Xee# GNhXj# eGIhe# XGch#

=&(-8($8#

8+0%(&%,-#
j# NG# jUId# jjGe# Ne.hX# Nce#

O(L)+#hUa#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#I.#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#H7&%FCEC#

$+8/'+8#3+$/6#6+8%/6#

!

!

!

'48!;C98!8QA8=:98B<;!O8=8!3C==:8F!5D<!:B!)A<:N1*1!=8FD38F!;8=D9!98F:D9!R<CE68;!d!<5!dS!

CBF!01*1!v!cX!78<C6!3C67!;8=D9!R<CE68;!d!<5!dST!

!

!

!

!

!
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!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! :)! O)! ;;K);! :/)J.! :)//O:! :(5K!

! :(! :)J! J///;! :;K;(! :.;.KK! :K5)!

C+(-# NI# hj# XdjGN# NdXIG# NNdj.I# NGcU#

=&(-8($8#

8+0%(&%,-#
G# IX# NGUNI# j.U# NeUN.# .cj#

O(L)+#hXa#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#:CEC#`#dr#]!=!

!

!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! ::! ;O! ;;K);! :;/N)! :):)(O! :;5(!

! :)! J/! J///;! ::;JJ! NNK/)! ::5J!

! O! OJ! J///;! J:J.! N::;J! N5)!

C+(-# j# XX# XjNGj# NINdG# jXNhh# NIce#

=&(-8($8#

8+0%(&%,-#
I# j# NNNNe# eIIG# dIhI# Gch#

O(L)+#hha#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#d#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#:CEC#`#dr#

]!=!

!

!

!

!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! :)! //! ;;K);! :/)J.! J.N(N! :J5.!

! :(! ;.! ;J((/! .)(/(! N)/J(! ..5;!

C+(-# NI# dj# UXGXU# NXXUh# hUXUU# I.ce#

=&(-8($8#

8+0%(&%,-#
G# d# NdNG# GXjj# dGjj# GcN#

O(L)+#hja#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#N.#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#:CEC#`#dr#

]!=!

!

!

!

!
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!

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8!

O,&()#-/6L+$#

,>#'+))3#

',/-&+8!

"$+(#

3/$0+?+8n#

^6I!

!?(-#'+))3n#

'6I!

O,&()#'+))3n#

'6I!

O$(-3>+'&%,-#

+>>%'%+-'?#<r@!

! ./! /N! ;;K);! KOO)(! JJNJ:! (.5(!

! K.! ;/! J///;! KO().! O/NO(! (N5.!

! K:! ;N! J///;! K;.K(! J);(N! ((5N!

! KK! O(! J///;! KJ/O:! J;(NK! ((5;!

C+(-# G.# UX# h.Xee# GXeXh# hG.Ie# edcG#

=&(-8($8#

8+0%(&%,-#
e# U# jUId# jUU# dhdU# Icj#

O(L)+#j.a#O$(-3>+'&%,-#9%&4#4+5,3,6+3#,>#I.#6,)#r#:HO"B#%-#:HBE#(-8#)%-+($%3+8#7"6!?(-#%-#:CEC#`#dr#

]!=!

!

!

#

C,)#r#

:HO"B#%-#

:HBE#

;/6L+$#,>#

'?(-#'+))3#

,L3+$0+8#

O,&()#

-/6L+$#,>#

'+))3#

',/-&+8#

"$+(#

3/$0+?+8n#

^6I#

!?(-#'+))3n#

'6I#

O,&()#'+))3n#

'6I#

O$(-3>+'&%,-#

+>>%'%+-'?#<r@#

H
7&
%FC

EC
# .# .K! J.! O/NK:! .NNKO! :)J);)! .O5O!

d# K)! /.! OJNO/! K;NJ)! ;(/(/! /O5/!

N.# :/! ..! ;J:O:! .:.O(! K:K/.! ;O5N!

I.# .;! K/! J)O((! K:JON! (K.J(! OK5J!

:
C
EC

#`
#d
r
#

]!
=#

.# :.! JN! O/NK:! :/O.K! ::/N).! :K5;!

d# N! OO! ON:KN! :.:/K! NO:JJ! :.5(!

N.# :.! /N! ;OKO;! :OO;J! J;O;;! .)5(!

I.# K)! ;O! J)O((! KO(OJ! JK).(! (/5K!

O(L)+#jNa#=/66($?#,>#&$(-3>+'&%,-#8(&(#>$,6#&4+#8+)%0+$?#,>#4+5,3,6+3#&,#1+A(#'+))3c##

!

!

!
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'48!75665O:BG!FC<C!O8=8!D;8F!<5!A65<!C!G=CA4!57!<=CB;783<:5B!877:3:8B3>!CGC:B;<!0)'#H!

35B38B<=C<:5B!75=!8QA8=:98B<;!3C==:8F!5D<!:B!;8=D9NF87:3:8B<!R)A<:N1*1S!CBF!;8=D9N

35B<C:B:BG!R01*1!v!cX!"$/S!98F:D9T!!

!

!

# # O$(-3>+'&%,-#E>>%'%+-'?#<r@#

# # H7&%FCEC# :CEC#`#dr#]!=#

C,)#r#:HO"B#%-#:HBE#

.# .O5O!H!K5J! :K5;!H!)5N!

d# /O5/!H!;5J! :.5(!H!K5J!

N.# ;O5N!H!K5:! .)5(!H!K5:!

I.# OK5J!H!:5(! (/5K!H!.5N!

O(L)+#jIa#O$(-3>+'&%,-#+>>%'%+-'%+3#,>#4+5,3,6+3#',-&(%-%-*#0($?%-*#(6,/-&3#,>#:HO"BJ#%-#3+$/6F',-&(%-%-*#

(-8#3+$/6F8+>%'%+-&#6+8%/6c#

!

!

!

'48!3866!F8B;:<>!OC;!C6;5!CBC6>;8F!C;!C!7DB3<:5B!57!0)'#H!35B<8B<!:B!5=F8=!<5!F8<8=9:B8!<48!

=86C<:I8!3><5<5Q:3:<>!57!0)'#HN35B<C:B:BG!48Q5;598;T!!

!

!

# # !+))#8+-3%&?n'6I#

# # H7&%FCEC# :CEC#`#dr#]!=#

C,)#r#:HO"B#%-#:HBE#

.# :)J)))!H!O))! ::;)))!H!:/)))!

d# ;()))!H!::)))! NO)))!H!/)))!

N.# K:)))!H!:))))! JO)))!H!/)))!

I.# (K)))!H!:()))! JK)))!H!;)))!

O(L)+#va#!+))#8+-3%&%+3#(>&+$#&$(-3>+'&%,-#+57+$%6+-&3#9%&4#4+5,3,6+3#',-&(%-%-*#0($?%-*#(6,/-&3#,>#:HO"BJ#

%-#3+$/6F',-&(%-%-*#(-8#3+$/6F8+>%'%+-&#6+8%/6c!

!

!

!

!
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#!98C;D=8!57!<=CB;783<:5B!877:3:8B3>!OC;!C6;5!5E<C:B8F!7=59!<48!F8B;:<>!57!3>CB!3866;V!<5!

35B;:F8=!<48!BD9E8=;!57!3866;!A=5FD3:BG!<48!<C=G8<!A=5<8:BV!:==8;A83<:I8!57!<48!BD9E8=!57!3866;!

;D=I:I:BG!<48!<=CB;783<:5B!A=538;;T!!

!

# # ;/6L+$#,>#'?(-#'+))3n'6I#

# # H7&%FCEC# :CEC#`#dr#]!=#

C,)#r#:HO"B#%-#:HBE#

.# K))))!H!()))! :;)))!H!:)))!

d# KO)))!H!O)))! :.)))!H!()))!

N.# .:)))!H!:))))! :J)))!H!()))!

I.# K.)))!H!:))))! KO)))!H!:)))!

O(L)+#jGa#:+-3%&?#,>#'?(-#'+))3#(>&+$#&$(-3>+'&%,-#+57+$%6+-&3#9%&4#4+5,3,6+3#',-&(%-%-*#0($?%-*#(6,/-&3#,>#

:HO"BJ#%-#3+$/6F',-&(%-%-*#(-8#3+$/6F8+>%'%+-&#6+8%/6c#

!
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.==31B6`*E*m*F653;85P;3*E653B*
!

LT! $5=;:V!@T[!0>95BFV!1T!^T[!$8;V!)T[!1D3PV!@T[!_:BPV!0T[!#<<C=FV!,T!/TV!0+#!<4C<!:;!F:;A8=;8F!:B!
<48!6:UD:F!3=>;<C66:B8!A4C;8;!57!A45;A456:A:F;!:;!C3<:I86>!<=CB;3=:E8FT!*'%6(789!
7#66:)(780(#)$!P*86V+(D<%H!C)<98)DQ!GHHIJ!!RJKSV!J`KYNaT!
JT! $5=;:V!@T[!2CO<:BV!.T!\T[!$8;V!)T[!#<<C=FV!,T!/T[!^4C6:FV!/TV!0+#!6:A5A68Q8;Z!75=9C<:5B!57!<48!
:BI8=;8!48QCG5BC6!A4C;8!5E;8=I8F!E>!35C=;8NG=C:B8F!95683D6C=!F>BC9:3;!;:9D6C<:5BT!
;8)<6:(+!GHKHJ!1=!RLbSV!LJLLaNJcT!
`T! &DjjC<:V!MT[!'C=F:8DV!#TV!&:A:F!H4C;8;Z!/<=D3<D=8!CBF!/<=D3<D=C6!'=CB;:<:5B;T!W)):89!
L%3(%X!#Y!-'T$(789!*'%6($0+T!KgdbJ!15!RLSV!YaNabT!
bT! ,=DB8=V!/T!1T[!$D66:;V!HT!.T[!25A8V!1T!@T[!':6353PV!$T!HT!/TV!&:A:F!H56>95=A4:;9Z'48!
15683D6C=!?C;:;!57!+5BE:6C>8=!H4C;8;T!W)):89!L%3(%X!#Y!Z(#&'T$(7$!8)D!Z(#&'T$(789!*'%6($0+T!
KgIaJ!A4!RLSV!JLLNJ`gT!
cT! 1C=;4V!0TV![8)DV##\!#Y!;(&(D!Z(98T%+$T!$.$!H=8;;Z!?53C!.C<5BV!"65=:FCV!LaaKT!
iT! /8FF5BV!@T!1TV!/<=D3<D=8!57!<48!:BI8=<8F!48QCG5BC6!R2--S!A4C;8V!CBF!B5BN6C9866C=!A4C;8!
<=CB;:<:5B;!57!6:A:F;T!Z(#7'(6(78!%0!V(#&'T$(78!8708!KggHJ!AB2A!RLSV!LNiaT!
YT! &DjjC<:V!MTV!-B!Z(#9#<(789!6%6V+8)%$V!$4CA9CBV!0TV!*FT!#3CF89:3!H=8;;Z!&5BF5BV!LaY`[!
M56T!JT!
gT! 'C=F:8DV!#T[!&DjjC<:V!MT[!.89CBV!"T!$TV!/<=D3<D=8!CBF!A56>95=A4:;9!57!<48!4>F=53C=E5B!
34C:B;!57!6:A:F;Z!C!;<DF>!57!683:<4:BNOC<8=!A4C;8;T!"!]#9!Z(#9!Kgd_J!>5!RbSV!YLLN``T!
aT! $D66:;V!HT!.T[!F8!^=D:]77V!?TV!&:A:F!A56>95=A4:;9!CBF!<48!7DB3<:5BC6!=568;!57!6:A:F;!:B!
E:565G:3C6!989E=CB8;T!Z(#7'(6(78!%0!V(#&'T$(78!8708!KgdgJ!55@!RbSV!`aaNbJKT!
LKT! ?5B:V!&T!'T[!2D:V!/T!\TV!H56>95=A4:3!A4C;8!E84CI:5D=!57!
F:6:B5685>6A45;A4C<:F>68<4CB56C9:B8!CBF!AC69:<5>65685>6A45;A4C<:F>63456:B8!9:Q<D=8;T!
/<=D3<D=C6!34CBG8;!E8<O88B!48QCG5BC6V!3DE:3!CBF!E:6C>8=!A4C;8;T!Z(#7'(6(78!%0!V(#&'T$(78!8708!
KgI_J!>2A!RJSV!LYYNgcT!
LLT! \8BB8=;<=59V!2T[!&:BF9CBV!?TV!1:38668;T!H4>;:3C6!3489:;<=>!57!;D=7C3<CB<!C;;53:C<:5BT!
-'T$(7$!L%&#+0$!KgdgJ!51!RLSV!LNgiT!
LJT! 'C<8V!1T!\T[!,=DB8=V!/T!1TV!'89A8=C<D=8!F8A8BF8B38!57!<48!;<=D3<D=C6!F:98B;:5B;!57!
<48!:BI8=<8F!48QCG5BC6!R2--S!A4C;8!57!A45;A4C<:F>68<4CB56C9:B8N35B<C:B:BG!989E=CB8;T!
Z(#7'%6($0+T!KgIgJ!1?!RLKSV!bJbcNc`T!
L`T! /C7:B>CV!$T!.TV!/<=D3<D=8;!57!6:A:FN0+#!359A68Q8;Z!;DA=C95683D6C=!C;;89E6>!CBF!G8B8!
F86:I8=>T!*:++!^&()!_0+:70!Z(#9!GHHKJ!AA!RbSV!bbKNgT!
LbT! .CF68=V!@T!)T[!^56<5I8=V!-T[!/C6F:<<V!'T[!/C7:B>CV!$T!.TV!/<=D3<D=8!57!0+#N3C<:5B:3!6:A5;598!
359A68Q8;Z!0+#!:B<8=3C6C<:5B!:B!9D6<:6C9866C=!989E=CB8;!:B!F:;<:B3<!:B<8=486:3C6!AC3P:BG!
=8G:98;T!_7(%)7%!KggdJ!1>5!Rc`KLSV!gLKNbT!
LcT! ^56<5I8=V!-T!/TV!'[!/C7:B>CV!$T!.TV!H4C;8!0:CG=C9V!/<CE:6:<>V!CBF!)I8=34C=G:BG!57!&C9866C=!
$C<:5B:3!!
&:A:Fh0+#!/867N#;;89E68F!$59A68Q8;T!Z(#&'T$(789!"#:+)89!KgggJ!>>V!aLcNaJbT!
LiT! ^56<5I8=V!-T!8T!CTV!#B!-BI8=<8F!28QCG5BC6!H4C;8!57!$C<:5B:3!&:A5;598N0+#!$59A68Q8;!
.86C<8F!<5!0+#!.868C;8!CBF!086:I8=>T!_7(%)7%!KggIJ!1?AV!YgNgLT!
LYT! /C7:B>CV!$T!.T[!*O8=<V!^T[!#49CFV!#T[!*ICB;V!2T!1T[!.CI:IV!%T[!+88F689CBV!0T!@T[!&:BV!#T!@T[!
/6C3PV!+T!&T[!,85=G8V!$T[!/C9D86V!$T!*TV!$C<:5B:3!6:A5;598N0+#!359A68Q8;Z!7=59!6:UD:F!3=>;<C6!
;3:8B38!<5!G8B8!F86:I8=>!CAA6:3C<:5B;T!-'(9#$!F+8)$870!W!]80'!-'T$!C)<!_7(!GHHfJ!2=4!RLgbYSV!
JcY`NaiT!
LgT! HC<:6V!/T!0T[!.45F8;V!0T!,T[!?D=G8;;V!0T!@TV!0+#NEC;8F!<48=CA8D<:3;!CBF!0+#!F86:I8=>!
;>;<89;Z!C!359A=848B;:I8!=8I:8OT!F'%!WW-_!`#:+)89!GHHaJ!>!RLSV!*iLNYYT!
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LaT! H5FG5=B:PV!.T[!2C==:8;V!0T[!HC=;8G:CBV!MT!#T[!/<=8>V!2T!2TV!15683D6C=!-B<8=C3<:5B;!:B!
&:A:F;V!0+#V!CBF!0+#N&:A:F!$59A68Q8;T!-B!K%)%!8)D!*%99!F'%+8&Ta!F'%+8&%:0(7!]%7'8)($6$!8)D!
_0+80%<(%$V!/9><4!'89A68<5BV!+TV!*FT!$.$!H=8;;Z!?53C!.C<5BV!"65=:FCV!JKK`T!
JKT! $48;B5>V!/T[!2DCBGV!&TV!/<=D3<D=8!CBF!7DB3<:5B!57!6:A:FN0+#!359A68Q8;!75=!G8B8!
F86:I8=>T!W)):89!+%3(%X!#Y!V(#&'T$(7$!8)D!V(#6#9%7:98+!$0+:70:+%!GHHHJ!1@V!JYNbYT!
JLT! 2C78jV!-T!1T[!$D66:;V!HT!.TV!.568;!57!6:A:F!A56>95=A4:;9!:B!:B<=C3866D6C=!F86:I8=>T!WD3!/+:<!
/%9(3!L%3!GHHKJ!4>!RJN`SV!L`aNbgT!
JJT! _CEB8=V!@T[!"C;E8BF8=V!#T!@T[!15B:BG8=V!'T[!H5866:BG8=V!^T!#T[!\86;4V!1T!@TV!$866D6C=!CBF!
95683D6C=!EC==:8=;!<5!G8B8!<=CB;78=!E>!C!3C<:5B:3!6:A:FT!"!Z(#9!*'%6!KggaJ!1>B!R`JSV!LgaaYN
aKKYT!
J`T! &:BV!#T!@T[!/6C3PV!+T!&T[!#49CFV!#T[!^56<5I8=V!-T[!,85=G8V!$T!fT[!/C9D86V!$T!*T[!/C7:B>CV!$T!.TV!
/<=D3<D=8!CBF!;<=D3<D=8N7DB3<:5B!;<DF:8;!57!6:A:FWA6C;9:F!0+#!359A68Q8;T!"#:+)89!#Y!D+:<!
08+<%0()<!GHHHJ!?!RLSV!L`NJYT!
JbT! (CG49D=V!#T[!,6C<<8=V!)TV!$4C=C3<8=:jC<:5B!CBF!A5<8B<:C6!CAA6:3C<:5B;!57!BCB5;<=D3<D=8F!
CUD85D;!F:;A8=;:5B;T!WD3!*#99#(D!E)0%+Y87%!_7(!GHHgJ!A4>MA4?V!```NbJT!
JcT! ?5>FV!?T!@T[!05BGV!(T!0T[!.CF8;V!'TV!+5B6C9866C=!6:UD:F!3=>;<C66:B8!BCB5;<=D3<D=8F!
AC=<:368;Z!CFICB38;!:B!9C<8=:C6;!CBF!;<=D3<D=8!F8<8=9:BC<:5BT!"!;(&#$#6%!L%$!GHHgJ!A@!RLSV!LJN
JgT!
JiT! "C=455FV!2T[!/8=E:BCV!+T[!2DCBGV!&TV!'48!=568!57!F:5685>6!A45;A4C<:F>68<4CB56C9:B8!:B!
3C<:5B:3!6:A5;598!98F:C<8F!G8B8!<=CB;78=T!Z(#7'(6(78!%0!V(#&'T$(78!8708!KggaJ!A125!RJSV!JgaN
acT!
JYT! "86GB8=V!@T!2T[!^D9C=V!.T[!/=:F4C=V!$T!+T[!\48868=V!$T!@T[!';C:V!(T!@T[!?5=F8=V!.T[!.C9;8>V!HT[!
1C=<:BV!1T[!"86GB8=V!HT!&TV!*B4CB38F!G8B8!F86:I8=>!CBF!9834CB:;9!;<DF:8;!O:<4!C!B5I86!;8=:8;!
57!3C<:5B:3!6:A:F!75=9D6C<:5B;T!"!ZE#9!*'%6!KggbJ!1=@!RbSV!JccKNiLT!
JgT! .5348!#AA6:8F!/3:8B38!0)'#H!&:A5;59C6!'=CB;783<:5B!.8CG8B<T!4<<AZWWOOOT=5348N
CAA6:8FN;3:8B38T359WAC3PN:B;8=<WLgLLLYYCTAF7!RC338;;8F!+5I89E8=ST!
JaT! !"#$%&'%#$(&)*+,-./,0*'#$*+,1./,2+,3.,4./,5"6$*+,0./,7&*''+,8.,1.+,9:*;&$%&,<=,#$,*$:&">&;,
48QCG5BC6!A4C;8!:B!;867NC;;89E68F!A45;A456:A:FN0+#N98<C6!359A68Q8;T!C:+#&'T$(7$!;%00%+$!
GHHbJ!=>!RbSV!iiaNiYcT!
`KT! \CGB8=V!^T[!2C==:8;V!0T[!1C>V!/T[!^C46V!MT[!.CF68=V!@T!)T[!?8BN/4CD6V!#TV!0:=83<!*I:F8B38!75=!
$5DB<8=:5B!.868C;8!DA5B!$C<:5B:3!&:A:FN0+#!$5BF8B;C<:5BT!;8)<6:(+!GHHHJ!A=V!`K`N`KiT!
`LT! /<8:<jV!'T!#TV!M:;DC6:j:BG!A56>BD3685<:F8!A56>98=C;8!9C34:B8;!C<!O5=PT!F'%!C]Z^!
`#:+)89!GHHfJ!15!RLcSV!`bcgNigT!
`JT! 1C=<:BV!$T!'T[!1D668=V!0T!^T[!$5689CBV!@T!*TV!H=538;;:I:<>!:B!8C=6>!;<CG8;!57!<=CB;3=:A<:5B!
E>!'Y!.+#!A56>98=C;8T!Z(#7'%6($0+T!KgIIJ!1>!RLLSV!`aiiNYbT!
``T! $488<4C9V!,T!1T!'T[!/<8:<jV!'T!#TV!/<=D3<D=8!57!C!<=CB;3=:E:BG!'Y!.+#!A56>98=C;8!
:B:<:C<:5B!359A68QT!_7(%)7%!KgggJ!1?=!RKK`iNgKYc!RH=:B<SSV!J`KcNJ`KaT!
`bT! 'C4:=5IV!'T!2T[!'89:CP5IV!0T[!#B:P:BV!1T[!HC<6CBV!MT[!13#66:;<8=V!\T!'T[!MC;;>68IV!0T!,T[!
(5P5>C9CV!/TV!/<=D3<D=8!57!C!'Y!.+#!A56>98=C;8!359A68Q!C<!JTa#!=8;56D<:5BT!b80:+%!GHHGJ!
41BV!b`NcKT!
`cT! (:BV!(T!\T[!/<8:<jV!'T!#TV!/<=D3<D=C6!EC;:;!75=!<48!<=CB;:<:5B!7=59!:B:<:C<:5B!<5!865BGC<:5B!
<=CB;3=:A<:5B!:B!'Y!.+#!A56>98=C;8T!_7(%)7%!GHHGJ!1@?!RLKacNaJK`!R*683<=5B:3SSV!L`gYNL`acT!
`iT! /988P8B;V!/T!HT[!.59CB5V!&T!@TV!H=595<8=!CBF!B5B;A83:7:3!0+#!E:BF:BG!E>!<48!'Y!.+#!
A56>98=C;8T!b:79%(7!W7(D$!L%$!KgIfJ!A4!RiSV!JgLLNJYT!
`YT! 1CV!^T[!'89:CP5IV!0T[!#B:P:BV!1T[!13#66:;<8=V!\T!'TV!H=5E:BG!35B75=9C<:5BC6!34CBG8;!:B!
'Y!.+#!A56>98=C;8!FD=:BG!:B:<:C<:5B!CBF!<8=9:BC<:5B!E>!D;:BG!8BG:B88=8F!F:;D67:F8!6:BPCG8;T!
-+#7%%D()<$!#Y!0'%!b80(#)89!W78D%6T!#Y!_7(%)7%$!#Y!0'%!c)(0%D!_080%$!#Y!W6%+(78!GHHaJ!AB1!RbaSV!
LYiLJNYT!
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`gT! '89:CP5IV!0T[!#B:P:BV!1T[!13#66:;<8=V!\T!'TV!$4C=C3<8=:jC<:5B!57!'Y!.+#!A56>98=C;8!
<=CB;3=:A<:5B!359A68Q8;!C;;89E68F!5B!BD368:3!C3:F!;3C7756F;T!"!Z(#9!*'%6!GHHGJ!1>>!RbaSV!
bYK`cNb`T!
`aT! ,D5V!wT[!+C>CPV!0T[!?=:8ECV!&T!,T[!/5D;CV!.TV!1C]5=!35B75=9C<:5BC6!34CBG8;!FD=:BG!'Y!
.+#H!<=CB;3=:A<:5B!:B:<:C<:5B!35:B3:F8!O:<4V!CBF!C=8!=8UD:=8F!75=V!A=595<8=!=868C;8T!"!]#9!Z(#9!
GHHaJ!252V!JciNJYKT!
bKT! '48:;V!^T[!,5BGV!HT[!1C=<:BV!$T!'TV!'5A565G:3C6!CBF!35B75=9C<:5BC6!CBC6>;:;!57!<48!
:B:<:C<:5B!CBF!865BGC<:5B!359A68Q!57!<Y!.+#!A56>98=C;8!;DGG8;<;!C!B8O!<O:;<T!Z(#7'%6($0+T!
GHHbJ!42!RbKSV!LJYKaNLcT!
bLT! &:DV!$T[!1C=<:BV!$T!'TV!H=595<8=!368C=CB38!E>!'Y!.+#!A56>98=C;8T!-B:<:C6!EDEE68!3566CA;8!
CBF!<=CB;3=:A<!F:;;53:C<:5B!95B:<5=8F!E>!EC;8!CBC65G!76D5=8;38B38T!"!Z(#9!*'%6!GHHGJ!1>>!RbSV!
JYJcN`LT!
bJT! &>CP45IV!0T!&T[!28V!?T[!_4CBGV!fT[!/<DF:8=V!"T!\T[!0DBBV!@T!@T[!13#66:;<8=V!\T!'TV!HCD;:BG!CBF!
<8=9:BC<:5B!E>!EC3<8=:5A4CG8!'Y!.+#!A56>98=C;8T!"!]#9!Z(#9!KggIJ!1?B!RJSV!JKLNL`T!
b`T! 1C3F5BC6FV!&T!*T[!0D=E:BV!.T!^T[!0DBBV!@T!@T[!13#66:;<8=V!\T!'TV!$4C=C3<8=:jC<:5B!57!<O5!
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