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B&+3&2$/,&#b#[Ud#$%/$#.&-(2,&4#$(#$%&#"/<&#/22($/$&4#,&2&#'&+&#<&+,&4#*+,-*.*/0#$(#4&413&#3+14&#

(:*2&#3((+4*2/$&"C#

7&01&23&# 3(2"&+:/$*(2# )(+#1)2&# /24#13&4# '/"# 3(<B1$&4#'*$%# \NQAIQD# 8LOPQ77#B/3R/,&# SCTCU;#

1"*2,#/#'*24('#"*X&#()#[#2$C#!-*,2&4#.-(3R"#"B/22*2,#$%&#'%(-&#"&$#()#%1</2#<*VD!"#8<*VP/"&#TZ;#

(+# "2(VD!"# 8"2(VD!P/"&# =;?# +&"B&3$*:&-5# )(+#1)2&# /24#13&4?# '&+&# /""&<.-&4# 1"*2,# $%&# 9/-/E5#

B(+$/-#89*/+4*2&#&$#/-C#FUU>;#./"&4#(2#$%&#ZSH'/5#OfNAKl#/-*,2<&2$#8fI7I#,&2(<&#.+('"&+;C#!"*4&#

)+(<#%,T]?#<<]#/24#.("A/1Z?#.-(3R"#/-"(#3(2$/*2&4#"&01&23&"#)+(<#B/2A+(F?#B(2!.&F?#+%&O/3F?#

+2Z?#3/:\(+=?#&01I/.F?#/24#3/26/<F#8/--#.1*-$#'*$%# $%&#752$&2*3#D&$#<&$%(4;C#A(# $%&#&E3&B$*(2#()#

<*VHTT]=# $%/$# '/"#</21/--5# /44&4# 8/"# *$# *"# <*""*2,# )+(<#<*VP/"&;?# $%&"&# /2/-5"&"# *23-14&4# (2-5#

"%(+$#VD!#"B&3*&"#4&"3+*.&4#*2#%1</2?#5&$#,&2&+/--5#3(2"&+:&4#/3+(""#</<</-"C#

#

A")'(3()(3?%*)')$@/%/*-5*67!*1%)./*

A(#&"$*</$&#<*VD!#&EB+&""*(2#)+(<#@A7#4/$/?#12*01&#"&01&23&"#)+(<#&/3%# *24*:*41/-# -*.+/+5#'&+&#

)*+"$# +&H</BB&4# (2# $%&# ZaF# B+&31+"(+"# ()# $%&# 31+/$&4# 3/$/-(,1&# '*$%# 7Q!\C7@QVA# 8"&&# /.(:&# )(+#

B/+/<&$&+#:/-1&";C#A%&2?#7Q!\#(1$B1$#'/"#B/+"&4#$(#)*-$&+#(1$#+&/4"#'*$%#*24&-"#/24#$%("&#</BB*2,#

(2#$%&#+&:&+"&#"$+/24#8+&-/$*:&-5#$(#$%&#B+&31+"(+#"&01&23&;C#61+$%&+?#'%&2#/#12*01&#"&01&23&#%/4#

<(+&# $%/2# (2&# .&"$# %*$# 8'*$%# /$# <("$# $'(# <*"</$3%&";?# *$"# /."(-1$&# 3(12$# 8/"# &23(4&4# *2# $%&#
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!

*4&2$*)*&+;#'/"#12*)(+<-5#4*"$+*.1$&4#/<(2,#&01/-#.&"$#%*$"C#A'(#</*2#(1$B1$"#'&+&#,&2&+/$&4#)+(<#

$%&#/1$(</$&4#B/+"*2,#()#$%*"#3(2$+(--&4#</BB*2,#"$&B^#8*;#&<B*+*3/-#./"&#3(12$"#/$#&/3%#B("*$*(2#()#

&/3%# B+&31+"(+# /24# 8**;# /# 01/2$*$/$*:&# *2:&2$(+5# ()# /--# 12*01&# <(-&31-&"# 8*C&C?# '*$%# /# 12*01&#

3(<.*2/$*(2# ()# "$/+$# /24# &24# B("*$*(2";# "B/'2&4# .5# &/3%# B+&31+"(+C# K2# .($%# 3/"&"?# @A7# -*.+/+*&"#

'&+&# /-"(# B/+"&4# "&B/+/$&-5# "(# $%/$# 3(<B/+*"(2"# .&$'&&2# ,&2($5B&"# 8(+# *24*:*41/-# /2*</-";#

+&</*2&4# B(""*.-&# *2# /44*$*(2# $(# <&+,&4# /2/-5"&"C# L<B*+*3/-# ./"&# 3(12$"# '&+&# 1"&4# $(# 4&413&#

,&2(<&H'*4&# (:*2&# "&01&23&"# )+(<#@A7# +&/4"# 8"&&# /.(:&;# /"#'&--# /"# $(# &E/<*2&# *<B+*2$*2,# /24#

&4*$*2,?#'%&+&/"#$%&#*2:&2$(+5#'/"#B+(3&""&4#/"#)(--('"C#

f2*01&#<(-&31-&"#)+(<#&/3%#B+&31+"(+#'&+&#)*+"$#"(+$&4#.5#4&"3&24*2,#3(12$#/24#.5#-(3/$*(2#(2#$%&#

B+&31+"(+#8$(#.+&/R#$*&";C#7$/+$*2,#'*$%#$%&#<("$#/.124/2$?#<(-&31-&"#'&+&#$%&2#/""*,2&4#$(#,+('*2,#

g"$/3R"g#./"&4#(2#$%&*+#-(3/$*(2C#7$/3R#%&*,%$#/24#'*4$%#&2-/+,&4#/"#+&01*+&4#$(#/33(<<(4/$&#2&'#

<(-&31-&"#&E3&B$#'%&2#$%*"#'(1-4#+&"1-$#*2#<&+,*2,#$'(#2&*,%.(1+*2,#g"$/3R"gC#K2"$&/4?#$%("&#+/+&#

<(-&31-&"# (:&+-/BB*2,# $'(# "$/3R"#'&+&#4*"3/+4&4C#!$# $%&# &24#()# $%*"# B+(3&""?# &/3%#B+&31+"(+# %/4#

)+(<# (2&# $(# $%+&&# 2(2H(:&+-/BB*2,# "$/3R"# ()#<(-&31-&"# ()# 4&)*2&4# %&*,%$# /24#'*4$%C# 7$/3R"#'&+&#

3-/""*)*&4#*2#g"B&3*&"g#/33(+4*2,#$(#$%&*+#+&-/$*:&#%&*,%$^#*)#$%&#F24#%*,%&"$#'/"#bm#UCT>#/"#/.124/2$#

/"# $%&# %*,%&"$?# .($%# '&+&# 01/-*)*&4# /"# G>BG# /24# G=BG?# 4&B&24*2,# (2# $%&*+# -(3/$*(2J# ($%&+'*"&?# $%&#

%*,%&"$#'/"#01/-*)*&4#/"#G</$1+&G#/24#$%&#F24#%*,%&"$#8*)#B+&"&2$;#/"#G"$/+GC#A%&#)&'#/44*$*(2/-#"$/3R"#

'&+&#3(2"*4&+&4#<*2(+#8&C,C?# -((B;#/24#4*"3/+4&4C#A%(1,%#$%*"#"$/24/+4#2(<&23-/$1+&#8N/24,+/)#&$#

/-C# FUUa;# *"# 1"&4# *2# 71BB-C# A/.-&# 7T?# *$# %/4# 2(# B+/3$*3/-# *2)-1&23&# (2# "$/$*"$*3/-# /2/-5"&"?# '*$%# /--#

"B&3*&"# )+(<# &/3%# B+&31+"(+# &01/--5# 3(2"*4&+&4# *2# 3(<B1$/$*(2"# 8"&&# .&-(';C# i*$%*2# &/3%# "$/3R?#

<(-&31-&"# '&+&# +/2R&4# /33(+4*2,# $(# $%&*+# /.124/23&C# LE3&B$# )(+# *"(<*+# "$/$*"$*3"# +&B(+$&4# *2# $%&#

</*2#$&E$?#$%&#<("$#/.124/2$#<(-&31-&#'/"#"&-&3$&4#$(#+&B+&"&2$#*$"#'%(-&#"B&3*&"#8*2#$&+<"#()#.($%#

"&01&23&# /24# "$/+$j&24# B("*$*(2";?# '%*-&# /--# <(-&31-&"# 3(2$+*.1$&4# $(# $%&# %&*,%$# ()# $%&# "$/3R#

3(++&"B(24*2,#$(#$%&#"B&3*&"C#
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!

A(#/""&<.-&#*2B1$#$/.-&"#)(+#"$/$*"$*3/-#/2/-5"&"#/3+(""#-*.+/+*&"?#"$/3R#%&*,%$"#)(+#&/3%#B+&31+"(+#8/$#

<("$# $'(;#'&+&# 3(<.*2&4#1"*2,#"B&3*&"# )+(<#$%&#<&+,&4#4/$/#"&$#/"#/#,1*4&C#7B&3*)*3/--5?#/# "$/3R#

)+(<#/#B/+$*31-/+#-*.+/+5#'/"# *23-14&4#(2-5# *)#"$/+$j&24#B("*$*(2"#()# *$"#<("$#/.124/2$#<(-&31-&#)&--#

'*$%*2#=#2$#()#$%("&#()#$%&#<&+,&4#4/$/#"&$#)(+#$%&#3(2"*4&+&4#B+&31+"(+C#A%*"#/BB+(/3%#/--('&4#1"#

$(# *,2(+&# "B&3*&"# $5B&"# 41+*2,# 3(<.*2/$*(2# '%*-&# 4*"3/+4*2,# (2# /# 3/"&H.5H3/"&# ./"*"# -*.+/+*&"# *2#

'%*3%# /# ,*:&2# "B&3*&"#'/"# 2($# 3(<B/+/.-&# '*$%# $%("&# )+(<# ($%&+# -*.+/+*&"C# V&"1-$*2,# $/.-&"# '&+&#

2(+</-*"&4#/24#)1+$%&+#/2/-5"&4#'*$%#$%&#V#"$/$*"$*3/-#"()$'/+&#B/3R/,&#8V#M&:&-(B<&2$#I(+&#A&/<?#

k*&22/?#!1"$+*/;#/"#4&"3+*.&4#*2#$%&#</*2#$&E$C#6(+#$%&#/2/-5"&"#+&"$+*3$&4#$(#$%&#!"#$%&'"(#4(</*2?#

"1.H$/.-&"#'&+&# ,&2&+/$&4#.5# )*-$&+*2,# 3(<B-&$&# $/.-&"#(2#B+&31+"(+# -(3/$*(2"C#7*<*-/+# $/.-&"#'&+&#

/""&<.-&4#)(+#"2(VD!"#.5#"&B/+/$&-5#</BB*2,#@A7#+&/4"#$(#$%&#Za#gB+&31+"(+g#"&01&23&"#*4&2$*)*&4#

*2#$%&#(:*2&#!"#$%&'"(#4(</*2C#

#

:')$@/%/*-5*)..3(3-')$*67!*$3B1)13%/*

7&:&2# 2&'# @A7# -*.+/+*&"# '&+&# "&01&23&4# /24# /2/-5"&4# *2# %(1"&# 1"*2,# $%&# K--1<*2/# 7&01&23*2,#

!2/-5"*"#7()$'/+&#TC=C#I(2$+/+5#$(#$%&#)*+"$#./$3%#()#-*.+/+*&"?#01/-*$5#:/-1&"#'&+&#$/R&2#*2$(#/33(12$#

$(#)*-$&+#+&/4"#1"*2,#4&)/1-$#B/+/<&$&+"#()#$%&#B*B&-*2&#8*C&C?#$%("&#'*$%#/#n3%/"$*$5o#-&""#$%/2#UCS#(2#

$'(#(+#<(+&#./"&"#/<(2,#$%&#)*+"$#F>#./"&"#'&+&#4*"3/+4&4;C#!)$&+#)*-$&+*2,?#$%&#/:&+/,&#21<.&+#()#

+&/4"#B&+# -*.+/+5#'/"#:&+5#3-("&# $(# $%/$# )(124# *2# $%&#(+*,*2/-# &EB&+*<&2$# 8S?Z>F?>FZ#:"C#S?=FZ?SS[;#

5&$# '*$%# /# <13%# '*4&+# +/2,&# 8F?=U]?]]Sp[?Z]Z?UF># :"C# >?FFF?]FUpS?S[>?=ZF;C# D&'# +&/4"# '&+&#

$+*<<&4#$(#=>#2$#/24#$%&*+#/4/B$&+#+&<(:&4#.&)(+&#)1+$%&+#B+(3&""*2,C#A%&#3(++&"B(24*2,#<&+,&4#

4/$/#"&$#%/4#YZ=U?UUU#12*01&#"&01&23&"#+&B+&"&2$*2,#YZ=?>UU?UUU#+&/4"#8)(+#"&:&2#-*.+/+*&";C#

A(# /--('# 3(<B/+*"(2# '*$%# $%&# &*,%$# -*.+/+*&"# /-+&/45# /2/-5"&4?# 2&'# "&01&23&"# '&+&# "*<B-5# +&H

</BB&4#(2#$%&#B+&:*(1"-5#&"$/.-*"%&4#<*VD!j"2(VD!#3/$/-(,1&"#/24#$%&#(1$B1$#B/+"&4#/"#/.(:&C#
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!

7*23&#"$/$*"$*3/-#/2/-5"&"#/3$1/--5#+&01*+&4#$%&#1"&#()#$%&#T>#@A7#-*.+/+*&"?#*2B1$#$/.-&"#)+(<#$%&#)*+"$#

/24# "&3(24# ./$3%# %/4# $(# .&# 3(<.*2&4# *2# "(<&# '/5C# A%*"# '/"# 3/++*&4# (1$# $%+(1,%# /# G)1--# c(*2G#

.&$'&&2# $%&# $'(# *2B1$# $/.-&"#'%&+&#<*VD!# "B&3*&"# +('"# )+(<#/# ,*:&2#B+&31+"(+#'&+&# 3(<.*2&4#

'%&2&:&+#"$/+$j&24#B("*$*(2"#()#$%&#<("$#/.124/2$#<(-&31-&#()# $%&*+#+&"B&3$*:&#<&+,&4#4/$/#"&$"#

)&--#'*$%*2#=#2$#()#&/3%#($%&+C#L:&2#*)#+&/"(2/.-&?#$%*"#"$+/$&,5#%/4#$%&#"(<&'%/$#124&"*+/.-&#&))&3$#

()# ,&2&+/$*2,# $'(# 3(<B-&<&2$/+5# G"$/+G# +('"# )(+# F[# B+&31+"(+"#'*$%# 12"$/.-&# G"$/+G# "B&3*&"C#9*:&2#

$%/$#>T#<(+&#<*VD!#"B&3*&"#'&+&#(2-5#)(124#*2#$%&#"&3(24#./$3%#8=a#*2#$%&#($%&+#'/5#/+(124;?#$%*"#

&EB-/*2"# $%&# 4*))&+&23&# .&$'&&2# $%&# 21<.&+"# ()# "B&3*&"# <&2$*(2&4# *2# $%&# </*2# $&E$# '%&2#

+&"B&3$*:&-5# 3(2"*4&+*2,# $%&# )*+"$# ./$3%# /-(2&# 8aZa;# (+# $%&# $'(# ./$3%&"# /$# $%&# "/<&# $*<&#

8aZaqF[q>Tm[FS;C#

#

;-&#)13/-'*-5*67!C*DE3F-'*)'.*7)F&)'*.)()*

!"#LE*0(2#B+(.&"#%/4#.&&2#4&"*,2&4#)(+#%1</2#<*VD!"?# *$#'/"#3+13*/-#$(# *4&2$*)5# $%("&#$%/$#3(1-4#

%5.+*4*X&#$(#(:*2&#<*VD!"#$(#/:(*4#/2/-5"*2,#)/-"&#2&,/$*:&"C#A(#$%*"#&24?#'&#(2-5#3(2"*4&+&4#LE*0(2#

B+(.&"#)(+#'%*3%#$%&#$/+,&$#%1</2#</$1+&#"&01&23&#8/"#B+(:*4&4#.5#LE*0(2;#'/"#)(124#12/-$&+&4#*2#

(1+# +1<*2/2$# B+&31+"(+"# /24# /$# /# -(3/$*(2# '*$%*2# =# 2$# ()# $%&# "$/+$# B("*$*(2# ()# $%&# 3(++&"B(24*2,#

<*VD!#"B&3*&"#8/:&+/,&4#/3+(""#@A7T#/24#@A7F#<&+,&4#4/$/#"&$";C# K2#/2#/$$&<B$#$(#-*<*$#</25H$(H

</25#+&-/$*(2"%*B"#*2#3(<.*2&4#$/.-&"?#'&#)1+$%&+#4*"3/+4&4#B+(.&"#$%/$#'&+&#+&B(+$&4#.5#LE*0(2#/"#

$/+,&$*2,#<(+&#$%/2#/#"*2,-&#<*VD!C#A%*"# -&4#$(#/#3(<.*2&4#$/.-&#()#FS>#<*VD!#"B&3*&"C#A%&#&*,%$#

A/0</2# B+(.&"# '&+&# "&-&3$&4# $(# &2"1+&# B+(B&+# %5.+*4*X/$*(2# $(# (:*2&# <*VD!"# /24# </21/--5#

/""*,2&4#$(#$%&*+#@A7#/24j(+#LE*0(2#3(12$&+B/+$"C#

6(+# $%&# /2/-5"&"# ()# +&-/$*:&# &EB+&""*(2#()# 4(</*2H&23(4&4#<*VD!"#.+(R&2#.5# ,&2($5B&?#@A7# /24#

LE*0(2#4/$/#'&+&# 3(<.*2&4# /"# /.(:&C#@('&:&+?# )(+# )(1+# LE*0(2#B+(.&"# +&c&3$&4#.5# (1+# "$+*2,&2$#
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!

3(<.*2/$*(2#"$+/$&,5#8<*VH=aaH=B?#<*VHZTFH=B?#<*VHS>ZH=B?#<*VHS>>H=B;?#'&#2&:&+$%&-&""#(."&+:&4#

$%&# &EB&3$&4# ,&2($5B&# &))&3$?# '%*3%# *24*3/$&"# $%/$# $%&"&# B+(.&"# "B&3*)*3/--5# %5.+*4*X&# $(# $%&*+#

$/+,&$"C#A%&+&)(+&?#$%&5#'&+&#</21/--5#/44&4#$(#$%&#3(++&"B(24*2,#4/$/#"&$"C#

#

:')$@/%/*-5*'-'G&389:*67!*1%)./#

K2#3(2$+/"$#$(#($%&+#"$14*&"#4&/-*2,#'*$%#%*,%#$%+(1,%B1$#"&01&23*2,#()#"%(+$#VD!"#8&C,C?#V/$%c&2#&$#

/-C#FUU];?#/2#(:&+'%&-<*2,#)+/3$*(2#8Y]Up]=d;#()#(1+#@A7#+&/4"#3(1-4#.&#/))*-*/$&4#$(#(2&#(+#<(+&#

<*VD!#B+&31+"(+"C#A%&# +&</*2*2,# +&/4"#3(2"*"$&4#&*$%&+# *2#=>H2$# "&01&23&"# -/3R*2,#/# +&3(,2*X/.-&#

"&01&23*2,#/4/B$&+#(+#*2#"%(+$&+#8/BB/+&2$-5#2(2H<*VD!;#"&01&23&"#)(--('&4#.5#/#+&,1-/+#/4/B$&+C#

A(# &2"1+&# $%/$#'&#4*4#2($#<*""#/25# *2$&+&"$*2,#"%(+$#VD!#"B&3*&"?#.($%#3-/""&"#()# g(+B%/2g# +&/4"#

'&+&#B((-&4#8'*$%*2#&/3%#./$3%#()#@A7#-*.+/+*&";#/24#"&01&2$*/--5#/2/-5X&4#/"#"1<</+*X&4#*2#71BB-C#

6*,C#T[C#

6*+"$?#"*2,-&#./"&#$+/3$"#'&+&#)*-$&+&4#(1$#1"*2,#/#:&+5#"*<B-&#%&1+*"$*3^#@A7#+&/4"#8'*$%(1$#/4/B$&+#

'%&2#+&3(,2*X/.-&;#%/:*2,#bm#SUd#DG"#(+#bm#]Ud#()#&*$%&+#!?#I?#9?#A#8&E3-14*2,#DG";#'&+&#$/,,&4#/"#

B(-5HD#8(+#!?#I?#9?#A;#/24#4+(BB&4#)+(<#)1+$%&+#/2/-5"&"C#6(+#"*<B-*3*$5?#$%&"&#/+&#+&B(+$&4#/"#GB(-5H

!G# "*23&# $%&# -/$$&+# /<(12$"# )(+# [Sp][d# ()# $%&# @A7# +&/4"# *4&2$*)*&4# '*$%# $%*"# "$+/$&,5C# D&E$?# '&#

/""&<.-&4# /# 31"$(<#4/$/./"&# 3(<B*-*2,# $%&# $'(# "&01&23*2,# /4/B$&+"?# /--#<*VP/"&# TZ#B+&31+"(+"?#

%1</2#"2(VD!"#)+(<#"2(VD!P/"&#=?#/"#'&--#/"#$%&#2(2H+&4124/2$#3(2$&2$#()#V&B./"&#TZCTU#8`1+R/#

&$#/-C#FUU>;C#f"*2,#"$/24/-(2&#PN!7AD#'*$%#/2#LH:/-1&#$%+&"%(-4#()#UCUT?#$%&#+&</*2*2,#+&/4"#'&+&#

$%&2# /22($/$&4# .5# "&01&23&# "*<*-/+*$5# $(# $%&# )*+"$# 4/$/./"&# %*$# 8'%&2# /:/*-/.-&;C# !"# $%*"# PN!7A#

/2/-5"*"# '/"# 4&-*.&+/$&-5# -&""# "$+*2,&2$# $%/2# $%&# (+*,*2/-# 7Q!\# </BB*2,?# *$# *"# 2($# "1+B+*"*2,# $(#

+&$+*&:&# ZTHZ]d# ()# (+B%/2# +&/4"# 3(++&"B(24*2,# $(# R2('2# <*VD!"C# K2# </25# 3/"&"?# $%&"&# 2&'#

g<*VD!g# +&/4"# '&+&# &*$%&+# $((# "%(+$# 8e# T]# 2$;# (+# $((# <1$/$&4# 8b# F# <*"</$3%&"J# *24&-";# $(# .&#
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!

&))&3$*:&-5#</BB&4#.5#7Q!\?#'%*-&#/#$%*+4#3-/""#3(2"*"$&4#()#+&/4"#</BB*2,#$(#+&/-#<*VD!#B+&31+"(+"#

<*""&4#.5#OKVMLL\C# !<(2,# +&/4"#</$3%*2,#V&B./"&# &2$+*&"?# '&# *4&2$*)*&4# )+/,<&2$"# ()# $VD!"?# ()#

.($%#"</--H#/24#-/+,&H"1.12*$#+VD!"?#/24#()#:/+*(1"#($%&+#+&B&/$&4#"&01&23&"C#6*2/--5?#$%&#+&/4"#"$*--#

$(# .&# /22($/$&4# '&+&# -*R&'*"&# 3(<B/+&4# $(# /# 4/$/./"&# ()# .(:*2&# 3MD!"# 8.1*-$# )+(<# L2"&<.-# >S#

1"*2,#PKQO!VA;C#P&"*4&#$%&#&EB&3$&4#)+/,<&2$"#()#%*,%-5H&EB+&""&4#B+($&*2#,&2&"?#$%*"#$%*+4#/2/-5"*"#

5*&-4&4#/#)&'#/44*$*(2/-#$VD!"#/24#"2(VD!"?#'%*3%#'&+&#(.:*(1"-5#/."&2$#)+(<#V&B./"&C#!$#$%&#&24#

()# $%&# /22($/$*(2# B+(3&""?# FTpF]d# ()# $%&# (+B%/2# +&/4"# +&</*2&4# 12*4&2$*)*&4# 8+&B(+$&4# /"#

G12R2('2G;C#

!"# "%('2# *2#71BB-C#6*,C#T[?# $%&#01/-*$/$*:&#.+&/R4('2#()#(+B%/2#+&/4"# *"#:&+5#"*<*-/+#.&$'&&2# $%&#

$'(# ./$3%&"# ()# @A7# -*.+/+*&"?# /-.&*$# +&-/$*:&# /.124/23&# 4*))&+"# 01*$&# </+R&4-5C# A%*"# *"# &"B&3*/--5#

"$+*R*2,# )(+# $'(# B/*+"# ()# 3/$&,(+*&"# $%/$# /BB&/+# $(# .&# "(<&%('# *2# 3(<B&$*$*(2# )(+# 3-(2*2,# (+#

"&01&23*2,^#/4/B$&+"#:"C#B(-5H!#/24#<*VHT#:"C#<*VH=a[C#

A(#-((R#)(+#&24(H"*VD!"#8D*-"&2#FUU[;#*2#(1+#(+B%/2#+&/4"#8*2#$%&#$'(#./$3%&"#()#@A7#-*.+/+*&";?#'&#

1"&4# 6KDM\L!r7# ZCUC[# 86&c&"# &$# /-C# FUU[;# )(--('&4# .5# /# </21/-# /2/-5"*"# ()# $%&# +&"1-$*2,# B&/R"C# K2#

B+/3$*3&?# (+B%/2# +&/4"# *4&2$*)*&4# 8*2# $%&# PN!7AD# /2/-5"*";# /"# B(-5H!# $+/3$"?# "&01&23*2,# /4/B$&+"?#

<*VD!"#(+# "2(VD!"#'&+&# +&<(:&4#.&)(+&#B+(3&&4*2,C# V&/4"#'&+&#/-"(# )*-$&+&4#(2# -&2,$%# 8T]pF>#

2$;#$(#&2"1+&#&))*3*&2$#</BB*2,#(2#$%&#.(:*2&#,&2(<&C#A%(1,%#$%*"#&-*<*2/$&4#/--#$%&#+&</*2*2,#=>H

2$# "&01&23&"?# :*"1/-# *2"B&3$*(2# ()# +/24(<-5# "&-&3$&4# +&/4# ./$3%&"# 3(2)*+<&4# $%/$# <("$# 4+(BB&4#

"&01&23&"#'&+&#/-$&+&4#.&5(24#+&3(,2*$*(2C#f"*2,#7Q!\CIQDAK9#'*$%#$%&#"/<&#B/+/<&$&+#:/-1&"#/"#

)(+# $%&# B+&4*3$*(2# ()# <*VD!# B+&31+"(+"# 8"&&# /.(:&;?# $%&# 01/-*)5*2,# +&/4"# '&+&# </BB&4# (2# $%&#

12</"R&4#3('#3(2$*,"C#A%&2?#7Q!\#(1$B1$#'/"#)*-$&+&4#$(#4*"3/+4#"&01&23&"#</BB*2,#$(#<(+&#$%/2#

)*:&#,&2(<*3# -(3/$*(2"#8$(#/:(*4#+&B&$*$*:&#&-&<&2$";#/24#$%("&#</BB*2,#$(#12R2('2#3%+(<("(<&#

)+/,<&2$"# 8$((# 21<&+(1"# $(# %/24-&# '*$%# 6KDM\L!r7;C# !)$&+# 3(2:&+"*(2# $(# PLM# )(+</$?# $%&# )*-$&+&4#

7Q!\#(1$B1$#'/"#)1+$%&+#B+(3&""&4#.5#$'(#/33&""(+5#3(<B(2&2$"#()#6KDM\L!r7#87L\!V!ALVL!M7#/24#
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!

7QVA6KNL7;C#6KDM\L!r7# *$"&-)#'/"#)*2/--5# *2:(R&4#'*$%#$%&#)(--('*2,#B/+/<&$&+"^#4*"$+*.1$*(2# $5B&#8=#m#

2/$*:&#(+#"&01&23&#3(:&+/,&;?#<*2*<1<#B&/R#"*X&#8T;?#</E*<1<#\LA#8B/*+&4#&24#$/,;#"*X&#8T?UUU#2$;?#

/24#PLM9V!\@#(1$B1$C#6(+#$%&#</21/-#/2/-5"*"?#PLM9V!\@#)*-&"#)(+#$%&#$'(#@A7#&EB&+*<&2$"#'&+&#

"*<1-$/2&(1"-5# 1B-(/4&4# $(# $%&# fI7I# ,&2(<&# .+('"&+# /24# /--# B&/R"# /.(:&# ZUU# *2# '*24('"# ()#

FU?UUU#.B#'&+&#&E/<*2&4#.5#&5&#8[]#3%+(<("(</-#"&,<&2$"#*2#$($/-;C##A%*"#/2/-5"*"#4*4#2($#B+(:*4&#

/25#&:*4&23&#)(+#&24(H"*VD!"?#/24#&:/-1/$&4#B&/R"#3(++&"B(24&4#$(#B+&:*(1"-5#4&"3+*.&4#3/$&,(+*&"#

()#VD!?#2/<&-5#$VD!"?#+VD!"?#($%&+#+&B&/$#"&01&23&"#/24#"</--#B*&3&"#()#B+($&*2#3(4*2,#,&2&"#$%/$#

/+&#R2('2#$(#.&#%*,%-5#&EB+&""&4#*2#"R&-&$/-#<1"3-&#C#

!#4*"$*23$#/2/-5"*"#'/"#3/++*&4#(1$#)(+#$%&#!"#$%&'"(#4(</*2C#P+*&)-5?#$%&#$'(#*2*$*/-#7Q!\#</BB*2,"#

1"&4# $(# &E3*"&#3/24*4/$&#B+&31+"(+"# 8"&&#/.(:&;#'&+&#4*+&3$-5#B+(3&""&4#.5# $%&#6KDM\L!r7#B*B&-*2&#

1"*2,# $%&# "/<&# B/+/<&$&+# :/-1&"# /"# ,&2(<&H'*4&?# &E3&B$# )(+# $%&# <*2*<1<# B&/R# "*X&# 8TU;C# A%*"#

5*&-4&4# TTT# /24# TZS# B&/R"?# +&"B&3$*:&-5# )(+# $%&# )*+"$# /24# "&3(24# ./$3%# ()# @A7# -*.+/+*&"C# \&/R#

-(3/$*(2"#'&+&#$%&2#3(<B/+&4#$(#$%("&#()#$%&#Z]#B+&31+"(+"#B+&4*3$&4#.5#OKVMLL\#$(#+&<(:&#B&/R"#

3(++&"B(24*2,#$(#/-+&/45#*4&2$*)*&4#<*VD!"C#6*2/--5?#$%&#+&</*2*2,#B&/R"#'&+&#&E/<*2&4#.5#&5&#/24#

/# 3(:&+/,&# 31$H())# '/"# "&$# /$# >U?# '%*3%# +&"1-$&4# *2$(# S# &EB+&""&4# B+&31+"(+"# 2($# B+&4*3$&4# .5#

OKVMLL\# $(#.&#/44&4# $(# $%&#4(</*2#<*VD!#3/$/-(,1&# 8"&&#/.(:&;?#/"#'&--#/"#[#<(+&#g"$/3R"g# $%/$#

<*,%$#3(++&"B(24#$(#/44*$*(2/-#<*VD!"#.1$#'&+&#2($#)1+$%&+#3(2"*4&+&4C#

#

D?)$")(3-'*-5*&389:*)553'3(@*5-1*!"#$#

A(#/""&""#<*VD!#/))*2*$5#)(+#$%&#!"#$# $+/2"3+*B$?#'&#/""&<.-&4#$'(#4*))&+&2$#3/$/-(,1&"#()#<*VD!#

"B&3*&"#&23(4&4#.5#$%&#!"#$%&'"(#4(</*2C#A%&#)*+"$#(2&#'/"#-*<*$&4#$(#(:*2&#<*VD!"#/24#3(2$/*2&4#

$%&#<("$#/.124/2$#+&B+&"&2$/$*:&#8'%&2#&EB+&""&4;#()#$%&#TTU#"B&3*&"#*4&2$*)*&4#/)$&+#$%&#)*+"$#@A7#

&EB&+*<&2$?# /"# '&--# /"# Z# "B&3*&"# "B&3*)*3# $(# $%&# "&3(24# @A7# &EB&+*<&2$?# S# /-$&+2/$*:&# <(-&31-&"#

Caiment et al. 2010 – Supplemental Material Page 12/25



!

+&/3%*2,# b# aUd# ()# $%&# <("$# &EB+&""&4# <(-&31-&?# /24# a# &4*$&4# :/+*/2$"?# $%1"# /<(12$*2,# $(# TFa#

4*"$*23$#"&01&23&"?#/--#3(2"*4&+&4#&01/--5C#K2#3(2$+/"$?#$%&#"&3(24#3/$/-(,1&#*23-14&4#aU#%1</2#/24#

aa#<1+*2&#n(+$%(-(,1&"o#*2#/44*$*(2#$(#$%&#TTZ#8TTUqZ;#<("$#/.124/2$#(:*2&#<*VD!#"B&3*&"C#i%&2#

(:*2&#"B&3*&"#4*"B-/5&4#/2#/-$&+2/$*:&#>B#&E$+&<*$5#+&-/$*:&#$(#<*VP/"&#/22($/$*(2?#'&#3(2"*4&+&4#

.($%#B(""*.*-*$*&"# .5# &E$+/3$*2,# /44*$*(2/-# "%*)$&4#(+$%(-(,1&"# )+(<#%1</2# /24#<1+*2&#B+&31+"(+"#

8/24#*2#$%&#($%&+#'/5#/+(124;C#A%*"#3(23&+2&4#<*VHTFa#8>B;?#=[T#8=B;?#ZU]#8=B;?#ZTT/#8>B;?#Z=T#8=B;?#

Z[a/# 8=B;?# >=]# 8>B;?# /24# S>Z# 8>B;C# !-$(,&$%&+?# $%&# "&3(24# 3/$/-(,1&# *23-14&4# TZU# $+*B-&$"# ()#

"&01&23&"#8TTZ#n(:*2&o#"B&3*&"?#[#"%*)$&4#"B&3*&"?#F#%1</2H#/24#T>#<1+*2&H"B&3*)*3#"B&3*&"?#/"#'&--#

/"# $%&# %1</2j<1+*2&# :&+"*(2# ()# <*VHSS[;# /24# '/"# 1"&4# $(# 3(<B1$&# <1-$*(+,/2*"<# 8OQ;# "3(+&"#

"1<<&4#/3+(""#$%&#$%+&&#(+$%(-(,(1"#"&01&23&"#()#$%&#!"#$#$+/2"3+*B$#8"&&#</*2#$&E$#)(+#4&$/*-";C#

A'(#4*))&+&2$# "3(+*2,# &2,*2&"#'&+&#1"&4C# 6(+# 9H"3(+&"?# '&#1"&4# /# 31"$(<*X&4# :&+"*(2#()#IQO\7Ls#

8LOPQ77#B/3R/,&#SCTCU;#/--('*2,#$(#-((R#)(+#RH<&+"#-(2,&+#$%/2#S#2$C#OH"3(+&"#'&+&#3(<B1$&4#'*$%#

OKV!DM!# =CUH"&B$FUU[# 8P&$&-# &$# /-C# FUU[;# 1"*2,# 4&)/1-$# B/+/<&$&+# :/-1&"?# &E3&B$# $%/$# '&# "&$# /#

3(2"&+:/$*:&# "3(+&# 31$H())# 8TZU;# $(# /:(*4# "B1+*(1"# '&/R# </$3%&"# /24# $(# "B&&4# 1B# 3(<B1$/$*(2"C#

D($&# $%/$# 1"*2,# (-4&+# :&+"*(2"# ()# OKV!DM!# 5*&-4&4# "1+B+*"*2,-5# 3(2$+/"$&4# B+&4*3$*(2"# )(+# "(<&#

<*VD!#"B&3*&"#84/$/#2($#"%('2;C#

7%1))-*2,#'/"#3/++*&4#(1$#"&B/+/$&-5#)(+#&/3%#+&,*(2#()#$%&#!"#$#$+/2"3+*B$"#8>GHfAV?#IM7?#=GHfAV;C#K2#

/--# 3/"&"?# $%&# /-,(+*$%<#'/"# /"# )(--('"C# f"*2,# /# =H2$# (:&+-/BB*2,# "-*4*2,# '*24('?# $%&# 21<.&+"# ()#

(331++&23&"#()#/--#213-&($*4&#$+*B-&$"# *2#$%&#+&,*(2#/+&#+&3(+4&4C#6+(<#$%&"&#3(12$"?#'&#4&413&#8T;#

B+(./.*-*$*&"#)(+#"$/+$*2,#4*213-&($*4&"#/24#8F;#3(24*$*(2/-#B+(./.*-*$*&"#)(+#"*2,-&#./"&#&E$&2"*(2"C#A(#

,&2&+/$&# "%1))-&4# "&01&23&"?# /# "&<*H&<B*+*3/-# "$+/$&,5# '/"# B+&)&++&4# $(# /# B1+&-5# B+(./.*-*"$*3#

/BB+(/3%# /)$&+# 3(<B/+*"(2# ()# $%&# B&+)(+</23&"# ()# $%&# $'(# <&$%(4"# 84/$/# 2($# "%('2;C# 6*+"$?# /#

"$/+$*2,# 4*213-&($*4&# *"# +/24(<-5# 4+/'2# )+(<# $%&# &<B*+*3/-# 4*"$+*.1$*(2C# A%&2?# $%&# "&01&23&# *"#

&E$&24&4# 12$*-# $%&# +&01*+&4# -&2,$%# .5# 4+/'*2,# $%&# 2&E$# 213-&($*4&# 3(24*$*(2/--5# (2# $%&# -/"$# $'(#
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!

213-&($*4&"C# 6(+# &/3%# 213-&($*4&?# '&# )*+"$# $+5# $(# 4+/'# )+(<# &<B*+*3/-# B((-"# 3(2$/*2*2,# $%&# $+1&#

21<.&+# ()# "*2,-&# ./"&# &E$&2"*(2"# )(+# &/3%#B+&)*EC# K)# $%*"# )/*-"# 8.&3/1"&# $%&# 31++&2$# B+&)*E# B((-# %/"#

.&&2# &E%/1"$&4# .&)(+&# +&/3%*2,# $%&# &24# ()# $%&# 2/"3&2$# "&01&23&;?# '&# 4+/'# )+(<# $%&# &<B*+*3/-#

4*"$+*.1$*(2#()#"*2,-&#./"&#&E$&2"*(2"#3(++&"B(24*2,#$(#$%&#31++&2$#B+&)*EC#A(#</E*<*X&#$%&#(44"#$(#

,&$# "%1))-&4# "&01&23&"# /"# 3-("&# /"# B(""*.-&# $(# $%&# $+1&# "&01&23&# *2# 3(<B("*$*(2/-# $&+<"?# '&#

,&2&+/$&# $'*3&#$%&#+&01*+&4#21<.&+#()#"&01&23&"?#+/2R#3/24*4/$&"#/33(+4*2,#$(#$%&#"1<#()#$+*B-&$#

3(12$# 4*))&+&23&"# '*$%# $%&# (+*,*2/-# "&01&23&?# /24# R&&B# $%&# 1BB&+# %/-)# ()# $%&# -*"$C# @&23&?# $(# ,&$#

TU?UUU#"%1))-&4#:/+*/2$"#()# $%&#=GHfAV#()#!"#$?#'&#/3$1/--5#,&2&+/$&4#FU?UUU#"&01&23&"?#()#'%*3%#

'&#4*"3/+4&4# $%&#TU?UUU#"&01&23&"# $%/$#'&+&# $%&# -&/"$# "*<*-/+# *2# $+*213-&($*4&#3(<B("*$*(2# $(# $%&#

+&/-#=GHfAVC#

!)$&+#"3(+*2,#/--#"&01&23&"?#BH:/-1&"#'&+&#3(<B1$&4#.5#3(<B/+*2,#&/3%#()#$%&#"B&3*&"#(+#g01/4+*--&g#

"3(+&"# (.$/*2&4# '*$%# $%&# $+1&# "&01&23&# ()# *2$&+&"$# $(# $%&# 3(++&"B(24*2,# 4*"$+*.1$*(2# ()# "3(+&"#

(.$/*2&4# '*$%# $%&# "%1))-&4# "&01&23&"C# A(# /33(12$# )(+# <1-$*B-&# $&"$*2,?# "*<B-&# P(2)&++(2*#

/4c1"$<&2$"#'&+&#/3%*&:&4#.5#4*:*4*2,#$%&#UCU>#"*,2*)*3/23&#$%+&"%(-4#.5#$%&#21<.&+#()#$&"$"C#

#

>H*:')$@/3/*-5*&389:*()14%(/*

I(2"&+:&4#$/+,&$#"*$&"#)(+#3(2"&+:&4#<*VD!#)/<*-*&"#'&+&#4('2-(/4&4#)+(<#$%&#%1</2#A/+,&$73/2#

>CT# '&."*$&# 86+*&4</2# &$# /-C# FUU];C# 6+(<# $%*"# *2*$*/-# <1-$*"B&3*&"# -*"$?# '&# )*+"$# 4*"3/+4&4# /--# +('"#

3(++&"B(24*2,#$(#2(2H.(:*2&#"*$&"C#A%&2?#'&#)1+$%&+#)*-$&+&4#+('"#$(#R&&B#(2-5#$%("&#"*$&"#$/+,&$&4#

.5#(2&#()#$%&#FZ#3(2"&+:&4#<*VD!#)/<*-*&"#'*$%#+&B+&"&2$/$*:&"#*2#$%&#!"#$%&'"(#4(</*2^#<*VHTFa?#

<*VHT=Z?# <*VHT=S?# <*VHT>Z?# <*VHF]]jF]]H=B?# <*VH=UU?# <*VH=F]j=SFH=B?# <*VH=aU?# <*VH

=aSj=aS/.j=aS.H=B?# <*VH=aS3?#<*VH=aa?#<*VH=a]?#<*VH=[F?# <*VHZTU?# <*VHZTT?# <*VHZ=T?# <*VHZ==?#
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<*VHZ[ajZ[a.?#<*VHZ]Z?#<*VHZ]>jTT]F?#<*VHZ]S?#<*VH>Z=?#<*VH>ZZ?#<*VHa>[C# A%*"# +&"1-$&4# *2$(# /#

-*"$#()#Z?a][#"*$&"#"B+&/4#/<(2,#F?[=F#.(:*2&#=GHfAV"C#

I(2$+(-#"&$"#()#,&2&"#()#$%&#"/<&#"/<B-&#"*X&#'&+&#+/24(<-5#4+/'2#/<(2,#$%&#[?Z>[#.(:*2&#,&2&"#

B+&"&2$#*2#$%&#A/+,&$73/2#-*"$C#A%*"#*"#2($&'(+$%5#/"#*$#<&/2"#$%/$#3(2$+(-#,&2&"#%/:&#/--#/$#-&/"$#(2&#

3(2"&+:&4#$/+,&$#"*$&#)(+#/#3(2"&+:&4#<*VD!#)/<*-5?#'%*3%#3(1-4#-&/4#$(#/2#124&+H+&B+&"&2$/$*(2#()#

"(<&#)123$*(2/-# 3-/""&"#8&C,C?#%(1"&HR&&B*2,#,&2&";C#A%*"#'/"#3/++*&4#(1$#&*$%&+#TU?UUU#(+#FUU?UUU#

$*<&"?# 4&B&24*2,# (2# $%&# $($/-# "*X&# ()# 9Q# ,+/B%# 1"&4# *2# $%&# /2/-5"*"# 8"&&# </*2# $&E$# )(+# 4&$/*-";C#

i%&2&:&+# /# ,*:&2# ,&2&# '/"# "&-&3$&4# 8&*$%&+# +/24(<-5# (+# $%+(1,%# /# 3(,2/$&# <*VD!;?# /--# $%&#

/""(3*/$&4# 9Q# $&+<"# ,($# /# %*$C# A%*"# '/"# 4(2&#'*$%(1$#'&*,%$*2,# )(+# $%&#21<.&+# ()#<*VD!# $/+,&$#

"*$&"#*2#$%&#=GHfAV"C#!$#$%&#&24#()#$%&#+/24(<#"/<B-*2,?#$%&#&2+*3%<&2$#'/"#"$/$*"$*3/--5#&:/-1/$&4#

/"#)(+#!"#$#/))*2*$5?#*C&C?#.5#3(<B/+*2,#$%&#21<.&+#()#%*$"#(.$/*2&4#.5#&/3%#*24*:*41/-#9Q#$&+<#'*$%#

$%&#$+1&#"&$#()#,&2&"#$(#$%&#4*"$+*.1$*(2#()#$%&#21<.&+#()#%*$"#(.$/*2&4#.5#$%&#"/<&#$&+<#'*$%#$%&#

"&$"#()# 3(2$+(-#,&2&"C# P(2)&++(2*#/4c1"$<&2$"#1"&4# $%&#21<.&+#()#9Q# 8(+#9Q#7-*<;# $&+<"#/3$1/--5#

/""(3*/$&4# $(# $%&# .(:*2&# A/+,&$73/2# -*"$# 8S?]=U# )(+# $%&# '%(-&# 9Q# ,+/B%# /24# >># )(+# $%&# 9Q# 7-*<#

,+/B%;C#

9Q#/""(3*/$*(2"#'&+&# )&$3%&4# )+(<#$%&# LPK#9Q!#B+(c&3$#8P/++&--#&$#/-C# FUU];C#i&#1"&4# $%&#%1</2#

9Q!#/22($/$*(2#8+&-&/"&#[T?#FT#`/21/+5#FUTU;#"*23&#A/+,&$73/2#(2-5#B+(:*4&"#%1</2#,&2&#"5<.(-"?#

&:&2#)(+#.(:*2&#(+$%(-(,1&"C#A%&#</BB*2,#$(#9Q#7-*<#$&+<"#'/"#B&+)(+<&4#1"*2,#$%&#3(++&"B(24*2,#

9Q!#7-*<#</B#/-"(#/:/*-/.-&#/$#$%&#LPK#6A\#"&+:&+C#!22($/$*(2#()#9Q#$&+<"#'/"#/3%*&:&4#.5#1"*2,#/#

-(3/-#<*++(+#()#$%&#9Q#$&+<4.#4('2-(/4&4#)+(<#%$$B^jj'''C,&2&(2$(-(,5C(+,j#(2#O/+3%#T"$?#FUTUC#

#
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LEB+&""*(2# -&:&-"# /+&# +&-/$*:&# $(# $%&# LML# *24*:*41/-# </+R&4# /"# nV&)oC# # L++(+# ./+"# 3(++&"B(24# $(#

"$/24/+4#&++(+"#()#$%&#&"$*</$&"#(:&+#$+*B-*3/$&"C###

!"##$%&%'()$* S34"1%* ONT# K--1"$+/$*(2# ()# $%&# 2&&4# )(+# /# 3(++&3$*(2# ()# -(,F8*M=;# $(# /33(12$# )(+# $%&#

4&:*/$*(2"#()# $%&#/:&+/,&# 8/3+(""#<*VD!";#()# $%*"#B/+/<&$&+#.&$'&&2# *24*:*41/-"C# #A'(# *24*:*41/-"#

/+&# "%('2?# 3(++&"B(24*2,# $(# /#LML# 8!;# /24# /# H"D&MH"D&# /2*</-# 8P;C# # L/3%# 4($# 3(++&"B(24"# $(# /#

<*VD!#</BB*2,# &*$%&+# $(# $%&#!"#$%&'"(# 4(</*2# 8+&4#4*/<(24";# (+# 2($# 8,+/5# 3*+3-&";C# # A%&# _H/E*"#

3(++&"B(24"#$(# -(,F#()#$%&#+/$*(#.&$'&&2#$%&#21<.&+#()#/4c1"$&4#+&/4"#)(+#$%&#*24*:*41/-#(:&+#$%&#

/:&+/,&#21<.&+#()#/4c1"$&4#+&/4"#/3+(""#$%&#&*,%$#"/<B-&"C# #A%&#tH/E*"#3(++&"B(24"#$(# -(,F#()#$%&#

+/$*(#.&$'&&2#$%&#2(+</-*X&4#@5=#)-1(+&"3&23&#()#$%&#"/<B-&#(:&+#$%&#2(+</-*X&4#@5>#)-1(+&"3&23&#

()#/#B((-#()#$%&#&*,%$#"/<B-&"C##K$#3/2#.&#"&&2#$%/$#)(+#<("$#()#$%&#<*VD!"?#.($%#*24*:*41/-"#%/:&#-('#

-(,F8*M=;#4&"B*$&#$%&#)/3$#$%/$#<*VD!#+&/4#21<.&+"#'&+&#/4c1"$&4#)(+#$%&#$($/-#21<.&+#()#</BB/.-&#

+&/4"#)(+#/#,*:&2# *24*:*41/-C# #6(+#12&EB-/*2&4#+&/"(2"?#"(<&#/2*</-"# *24&&4#%/4#X&+(#(+#2&/+# X&+(#
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!

+&/4"#)(+#<*VD!"#$%/$#'&+&#3%/+/3$&+*X&4#.5#-('#-&:&-#&EB+&""*(2?#5&$#'*$%#3(2"*4&+/.-5#%*,%&+#+&/4#

21<.&+"# *2# <("$# /2*</-"C# A%&# 3(++&3$*(2?# ./"&4# (2# $%&# /:&+/,&# -(,F# +/$*(# (:&+# 2(2# !"#$%&'"(#

<*VD!"#8$(#/:(*4#&+/"*2,#$%&#H"D&#&))&3$#*)#*$#&E*"$";#"%*)$"#$%&#3-(14#$(#$%&#+*,%$C###

!"##$%&%'()$* S34"1%* OOT*!:&+/,&# &EB+&""*(2# -&:&-?# +&-/$*:&# $(# $%&#<&/2# &EB+&""*(2# -&:&-# ()# "&:&2#

*24*:*41/-"# "&01&23&4# $'*3&# 8@A7T#/24#@A7F;?#()#F># "</--# VD!#"B&3*&"#4&+*:&4# )+(<#IjM#"2(VD!"#

'*$%*2#$%&#!"#$%&'"(#4(</*2#*2#"R&-&$/-#<1"3-&#()#&*,%$#"%&&B#"(+$&4#.5#H"D&#,&2($5B&#K,+/5^#LMLN,

.-1&^# L
1>?

MH"D&
D>?
J# +&4^# # H"D&

1>?
ML

D>?
N# B1+B-&^, H"D&MH"D&;C# # L++(+# ./+"# 3(++&"B(24# $(# TC]S# E# $%&#

"$/24/+4#&++(+#()#$%&#&"$*</$&C#######

!"##$%&%'()$*S34"1%*OIT*U:V#N(,TU8TjB;#:/-1&"#()#$%&#&))&3$#()#H"D&#,&2($5B&#(2#$%&#&EB+&""*(2#-&:&-#

()#FS>#"</--#VD!"# *2#"R&-&$/-#<1"3-&#()#&*,%$#[H'&&R#(-4#"%&&BC# #LEB+&""*(2# -&:&-"#'&+&#&"$*</$&4#

)+(<# )-1(+&"3&23&# *2$&2"*$5# (2# LE*0(2# /++/5"Y# # A%&# "$/$*"$*3/-# "*,2*)*3/23&# ()# $%&#H"D&# &))&3$# '/"#

&"$*</$&4#.5#!DQk!C# #9+/5#:&+$*3/-#./+"#3(++&"B(24# $(#<*VD!"#(1$"*4&#()# $%&#!"#$%&'"(#4(</*2?#

+&4# :&+$*3/-# ./+"# $(# <*VD!"# )+(<# $%&#!"#$%&'"(# 4(</*2# /24# (+/2,&# :&+$*3/-# ./+"# $(# "</--# VD!"#

4&+*:&4#)+(<#IjM#"2(VD!#B+&31+"(+"C# #@(+*X(2$/-#.-/3R# -*2&"#3(++&"B(24#$(#$%&#2(<*2/-#8B-/*2# -*2&;#

/24# P(2)&++(2*H/4c1"$&4# 84($$&4# -*2&;# >d# "*,2*)*3/23&# $%+&"%(-4"C# @(+*X(2$/-# .-1&# ./+"# </+R# $%&#

4*))&+&2$#3%+(<("(<&"#8+*,%$#tH/E*";C#fD^#3(++&"B(24#$(#12/""*,2&4#"&01&23&#3(2$*,"C#8WVY##!:&+/,&#

&EB+&""*(2#-&:&-?#+&-/$*:&#$(#$%&#<&/2#&EB+&""*(2#-&:&-#()#"&:&2# *24*:*41/-"#"&01&23&4#$'*3&#8@A7T#

/24#@A7F;?#()# =Z#<*VD!"# )+(<# $%&#!"#$%&'"(#4(</*2# *2# "R&-&$/-#<1"3-&# ()# &*,%$# "%&&B#"(+$&4#.5#

H"D&# ,&2($5B&# K,+/5^# LMLN, .-1&^# L
1>?

MH"D&
D>?
J# +&4^# # H"D&

1>?
ML

D>?
N# B1+B-&^, H"D&MH"D&;C# # L++(+# ./+"#

3(++&"B(24#$(#TC]S#E#$%&#"$/24/+4#&++(+#()#$%&#&"$*</$&C#

!"##$%&%'()$* S34"1%* OKT# V&-/$*:&# /.124/23&# ()# <*VD!# )+(<# $%&#!"#$%&'"(# 4(</*2# *2# "R&-&$/-#

<1"3-&# ()# &*,%$# [H'&&R# (-4# "%&&B# +&B+&"&2$*2,# $%&# )(1+# B(""*.-&# H"D&# ,&2($5B&"# 8:^, LMLN, WT,

H"D&
1>?

ML
D>?
,O,HMLN,;T,L

1>?
MH"D&

D>?
,O,LMHN,=T,H"D&MH"D&,O,HMH;C#fBB&+#%/-)^#V&/4"#4&+*:&4#)+(<#$%&#
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!

3(++&"B(24*2,# <*VD!# &EB+&""&4# /"# /# B&+3&2$/,&# ()# $%&# $($/-# 21<.&+# ()# +&/4"# 4&+*:&4# )+(<# /--#

<*VD!"#*2#$%&#!"#$%&'"(#4(</*2C#N('&+#%/-)^#6-1(+&"3&23&#*2$&2"*$5#)(+#$%&#3(++&"B(24*2,#<*VD!#

&EB+&""&4# /"# /# B&+3&2$/,&# ()# $%&# $($/-# )-1(+&"3&23&# )(+# /--# <*VD!"# *2# $%&#!"#$%&'"(# 4(</*2C#

<*VD!"#$%/$#3(1-4#2($#.&# *2$&++(,/$&4#(2#$%&#LE*0(2#/++/5#/+&#</+R&4#.5#/"$&+*"R"C# #A%&#3(-(+"#()#

$%&#:&+$*3/-#./+"#4*"$*2,1*"%#$%&#*24*:*41/-"#/24#"&01&23*2,#&EB&+*<&2$"#/"#*24*3/$&4#*2#$%&#*2-&$C#A%&#

-*<*$"#()#$%&#-(2,#2(2H3(4*2,#VD!#B+&31+"(+"#/+&#</+R&4#.5#$%&#.-1&#./+"#124&+2&/$%#$%&#,+/B%C###

!"##$%&%'()$*S34"1%*OPT#LEB&+*<&2$H'*4&# -(,8TjB;H:/-1&"# 8:&+$*3/-# +&4# -*2&";# ()# $%&# &))&3$# ()#H"D&#

,&2($5B&#(2#$%&#&EB+&""*(2#-&:&-#()#FS>#<*VD!"#*2#-(2,*""*<1"#4(+"*#()#&*,%$#[H'&&R#(-4#/2*</-"#8FE,

LMLN, FE, H"D&
1>?

ML
D>?
N, FE, L

1>?
MH"D&

D>?
N, F_, H"D&MH"D&;C# # A%&# /2/-5"*"# 3(<.*2&"# @A7# /24# /++/5#

%5.+*4*X/$*(2# 4/$/C# # K2# $%*"# /2/-5"*"?# $%&# /3$1/-# BH:/-1&# ()# $%&# <*VD!H"B&3*)*3# 6H"$/$*"$*3"# '/"#

4&$&+<*2&4#)+(<#B&+<1$/$*(2#4/$/#+/$%&+#$%/2#)+(<#$/.-&"C##A%&#%(+*X(2$/-#.-1&#./+"#</+R#$%&#-*<*$"#

.&$'&&2# $%&# 4*))&+&2$# 3%+(<("(<&"# 8+*,%$# tH/E*";C# # A%&# %(+*X(2$/-# .-/3R# -*2&"# 3(++&"B(24# $(# $%&#

2(<*2/-#8)1--#-*2&;#/24#P(2)&++(2*H3(++&3$&4#8FS>#$&"$"J#4($$&4#-*2&;#>d#"*,2*)*3/23&#$%+&"%(-4"C#

!"##$%&%'()$*S34"1%*OJT*U:V*7$/$*"$*3/-#"*,2*)*3/23&#8-(,8TjB;;#()#$%&#/))*2*$5#()#(:*2&#<*VD!"#*2# $%&#

!"#$%&'"(#4(</*2#)(+#$%&#>xfAV?#3(4*2,#"&01&23&#8QV6;#/24#=xfAV#()#$%&#(:*2&#D3&$$C##A%&#/))*2*$5#

'/"#<&/"1+&4#1"*2,#&*$%&+#9H#8.-1&;#(+#OH"3(+&"#8(+/2,&;#/"#4&)*2&4#*2#$%&#$&E$C##A%&#-/"$#B/*+#()#./+"#

8n01/4o;# /$# $%&# +*,%$# ()# $%&# ,+/B%# 3(++&"B(24# $(# $%&# 01/4+*--&# "3(+&"?# $%&# +&</*2*2,# ./+"# $(# $%&#

"B&3*&"H"3(+&"#/24#/+&# -/.&-&4#/33(+4*2,-5C#BH:/-1&"#'&+&#4&$&+<*2&4#1"*2,#$%&#"&01&23&#"%1))-*2,#

$&"$# 4&"3+*.&4# *2# $%&# </*2# $&E$C# # 7B&3*&"H"3(+&"# +&01*+&# /# P(2)&++(2*# 3(++&3$*(2# )(+# TFa# 8(+# TZU;#

*24&B&24&2$# $&"$"C# UWV# 7/<&# /"# *2# 8!;# &E3&B$# $%/$# $%&# "3(+&"# /+&# n<1-$*(+,/2*"<# 8OQ;# "3(+&"o#

3(<.*2*2,#*2)(+</$*(2#)+(<#"%&&B?#%1</2#/24#<(1"&C###

!"##$%&%'()$*S34"1%*OMT#U:V#6+&01&235#4*"$+*.1$*(2#()#+&/4#21<.&+"#8-(,TU;#</BB*2,#$(#B+&:*(1"-5#

R2('2#<*VD!#B+&31+"(+"C#UWV#7/<&#)(+#2&'-5#4&$&3$&4#<*VD!#B+&31+"(+"C#
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!"##$%&%'()$*S34"1%*OLT#U:V*7</--#VD!"#4&+*:&4#)+(<#IjM#"2(VD!#B+&31+"(+"#</BB*2,#$(#$%&#!"#$%

&'"(# 4(</*2C# # K"(<*+"# /+&# /-*,2&4# '*$%# $%&*+# 3(,2/$&# B+&31+"(+"?# /24# 21<.&+"# ()# 3(++&"B(24*2,#

+&/4"# *24*3/$&4C#A%&#B("*$*(2#()#$%&#<("$#/.124/2$#>B#8+&4;#/24#=B#8,+&&2;#4&+*:&4#"</--#VD!"#(2#

$%&#VD!6QNMHB+&4*3$&4#%/*+B*2#*"#"%('2C#UWV#INf7A!Ni#/-*,2<&2$#()#$%&#TF#IjM#"2(VD!"C##I(2"&2"1"#

"&01&23&#/24#-(3/-*X/$*(2#()#IjM#/24#IxjMx#.(E&"#/+&#4*"B-/5&4C##
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!

!"##$%&%'()$* 7)B$%* OT* 9&2(<&H'*4&# OKVMLL\# <*VD!# 3/$/-(,1&# .1*-$# )+(<# @A7# 4/$/C# \+&31+"(+#

2/<&"# /+&# $/R&2# )+(<# <*VP/"&# TZ?# ./"&4# (2# "&01&23&# "*<*-/+*$5# ()# $%&# 3(++&"B(24*2,# <*VD!#

"B&3*&"C# I%+(<("(</-# -(3/$*(2"# /+&# &EB+&""&4# *2# .(:*2&# 3((+4*2/$&"?# &E3&B$# )(+# $%&#!"#$%&'"(#

4(</*2# '%&+&# 3((+4*2/$&"# /+&# +&-/$*:&# $(# $%&# +&:*"&4# 9&2P/2R# &2$+5# !6=>ZTS[C# 6(+# 3-/+*$5?# (2-5#

2(2H"*2,-&$(2#)/<*-5#21<.&+"#/+&#"%('2C#7B&3*&"#$5B&"#8</$1+&?#"$/+?#>B?#=B;#'&+&#4&$&+<*2&4#/"#*2#

N/24,+/)#&$#/-C# 8FUUa;C#D($&# $%/$#"B&3*&"#$5B&"?#"&01&23&"#/24#"&&4"#/+&#./"&4#(2#@A7T#4/$/#(2-5?#

'*$%# $%&#<("$# /.124/2$# *"(<*+# )+(<# &/3%# /+<# "&-&3$&4# /"# $%&# +&B+&"&2$/$*:&# ()# *$"# "B&3*&"C# V&/4#

21<.&+"#/+&#3(<B1$&4#(2#$%&#<&+,&4#4/$/#"&$"#/24#3(++&"B(24#$(#$%&#%&*,%$#()#$%&#"$/3R#)(+#&/3%#

<*VD!#"B&3*&"C#7&&#</*2#$&E$#/24#71BB-&<&2$/-#O&$%(4"#)(+#4&$/*-"C#*

!"##$%&%'()$* 7)B$%* IT* U:V* 9&2&# (2$(-(,5# $&+<"# &2+*3%&4# /<(2,"$# </<</-*/2# ,&2&"# '*$%#

3(2"&+:&4#$/+,&$#"*$&"#)(+#<*VD!"#*2#$%&#!"#$%&'"(#4(</*2C*UWX;V*N*"$#()#.(:*2&#,&2&"#$/+,&$&4#.5#

<*VD!"#&23(4&4#*2#$%&#!"#$%&'"(#4(</*2#)(+#'%*3%#$%&#9Q#/22($/$*(2#'/"#"*,2*)*3/2$-5#&2+*3%&4C#

Q2-5#=GHfAV#3(2"&+:&4#$/+,&$#"*$&"#)(+#3(2"&+:&4#<*VD!#)/<*-*&"#*4&2$*)*&4#*2#$%&#%1</2#A/+,&$73/2#

'&+&# 3(2"*4&+&4C# A(#.&# *23-14&4?# /# ,*:&2# ,&2&#%/"# $(# .&# 8T;# $/+,&$&4#.5# /$# -&/"$# (2&# $%&#<*VD!#

)/<*-*&"#'*$%# +&B+&"&2$/$*:&"# *2# $%&#!"#$%&'"(# 4(</*2# /24# 8F;# /""(3*/$&4# $(# (2&# (+# <(+&# ()# $%&#

&*,%$#<("$#&2+*3%&4#9Q#$&+<"C#P#y#I#3(++&"B(24#$(#$'(#:/+*/2$"#()#$%&#9Q#/2/-5"*"#87-*<#/24#'%(-&J#

"&&#</*2#$&E$#/24#71BB-&<&2$/-#O&$%(4"#)(+#4&$/*-";C#

!"##$%&%'()$*7)B$%*KT**O(1"&#/24#"%&&B#B+*<&+#"&01&23&"#1"&4#*2#VD!#&4*$*2,#/2/-5"*"#()#<*VD!#

B+&31+"(+"#)+(<#!"#$%&'"(#4(</*2C##

*
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Suppl. Fig. 1
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5p reads / (5p + 3p reads)
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average similarity plot for MIRG across 10 mammals (window = 8nt)
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average similarity plot for MEG8 across 10 mammals (window = 8nt)
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