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$%&'()&*! E&N$'+O&" $,P" ,&H'*$0" +I$N&(" 1&*&" Q*+I$*+0." P*$1," #*)I" '2&" 7,'&*,$'+),$0" 6##&%'+O&"

K+%'H*&"5.('&I"/R$,N"&'"$0;"?SSC9;"E&N$'+O&"+I$N&("+,%0HP&P"Q+%'H*&(")#")O&*'"'2*&$'("/$''$%T+,N"

$,+I$0(>"1&$Q),(9>"P+($('&*(" /U)IU+,N(>"Q0$,&"%*$(2&(9>"N*$Q2+%"P&Q+%'+),(")#" (+%T")*" +,VH*&P"

+,P+O+PH$0(>"$,P")'2&*"$*)H(+,N",&N$'+O&" +I$N&*."12&*&$(",&H'*$0" +I$N&("P&Q+%'&P" +,,)%H)H("

()%+$0"$,P",),()%+$0"(%&,&(;"6("+,"Q*+)*"1)*T"/W)0%)("&'"$0;"=88J>"=88B9>"1&"()HN2'"')"&XH$'&"

,&N$'+O&"$,P",&H'*$0"Q+%'H*&("),"%&*'$+,"2+N2&*Y)*P&*"#&$'H*&("'2$'"I$."&,N$N&"'2&"%+*%H+'*.")#"

+,'&*&('"/+;&;>"Q*&(&,%&")#"2HI$,(9;"4)"$''$+,"$"(H##+%+&,'"($IQ0&"(&'")#",&H'*$0"+I$N&("P&Q+%'+,N"

Q&)Q0&>" #+#'." (HQQ0&I&,'$*." ,&H'*$0" +I$N&(" #&$'H*+,N" Q&)Q0&"1&*&" %)IQ+0&P" U." &-Q&*+I&,'&*("

$,P"(2$*&P"#*)I"Q*+)*"1)*T"/Z$I$($T+"&'"$0;"=88=9>"12+%2"1&*&",)*I&P"#)*"O$0&,%&"$,P"$*)H($0"

U."$"(&Q$*$'&"N*)HQ")#"+:JB"Q$*'+%+Q$,'("$,P"$PP&P" ')" '2&"Q))0")#" +I$N&(" /P$'$"$,P" +I$N&("

$O$+0$U0&"),"*&XH&('9;"41)"(&'(")#"<8",&N$'+O&"Q+%'H*&("1+'2"%)IQ$*$U0&"O$0&,%&"$,P"$*)H($0>"

$,P" '1)" (&'(" )#" <8" ,&H'*$0" Q+%'H*&(" 1+'2" %)IQ$*$U0&" O$0&,%&" $,P" $*)H($0" 1&*&" (&0&%'&P" $("

('+IH0+"#)*"'2&"#)H*"&-Q&*+I&,'$0"%),P+'+),(;"7,"$PP+'+),>"$00"#)H*"(&'("1&*&"I$'%2&P"#)*"*&0&O$,'"

$(Q&%'(" )#" (%&,&" %),'&,'" [Q*)Q)*'+)," )#" +I$N&(" P&Q+%'+,N" Q&)Q0&" 1+'2" O+(+U0&" #$%&(>" Q&)Q0&(\"

U)P+&(" 1+'2)H'" O+(+U0&" #$%&(>" Q*)Q)*'+)," )#" Q+%'H*&(" '$T+,N" Q0$%&" +,P))*(" $,P" )H'P))*(" /",-" ]"

8;<9^>"(&&"5HQQ0&I&,'$*."4$U0&"?;"

"

./-0! -%1(2%(13*! 6" I+-&P" U0)%TY&O&,'" *&0$'&P" P&(+N," $,P" )Q'+I+_&P" $,$0.(+(" (Q&%+#+%$'+),("

&,$U0&P" +,P&Q&,P&,'" P&'&%'+)," )#" '*$,(+&,'" $,P" (H('$+,&P" AGRW" *&(Q),(&(" 1+'2+," $" (+,N0&"

&-Q&*+I&,'"$,P"I)P&0+,N"$,$0.(+(" /`+((%2&*"&'"$0;"=88<@"W)(&,U$%2"&'"$0;"=88!9;"42+("P&(+N,"

+,%)*Q)*$'&(" U)'2" U*+&#" $,P" Q&*(+('&,'" &-Q&*+I&,'$0" I$,+QH0$'+),(" ')" &O)T&" '*$,(+&,'" $,P"

(H('$+,&P" ,&H*$0" *&(Q),(&(>" *&(Q&%'+O&0.;" a)IQ$*+()," )#" U*+&#" *&(Q),(&(" ')" ,&N$'+O&" O&*(H("

,&H'*$0" +I$N&(" +()0$'&P" '*$,(+&,'" &I)'+),$0" *&(Q),(&(" /b$*+*+" &'" $0;" =88<@" A*+'')," &'" $0;" =88!@"
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G?9%-4*"4=>93;(4"89")47$8654"6'$743"6)*;%43"38$84"$)=648@"$)*">3@%<9><@369?976%$?"(43>9)343"

8<$8">4(3638"3;>4(9(*6)$84"89"6'$74">(434)8$869)3"AD($*?4@"48"$?E"C00PO"S'68<"48"$?E".//T1E"Q<;32"

R4" >(4*6%84*" <467<84)4*" $)=648@" *;(6)7" ?4)78<@" G?9%-3" %9)8$6)6)7" 9)?@" )47$8654" 6'$74"

>(434)8$869)3"(4?$8654"89"G?9%-3"6)"R<6%<">$(86%6>$)83"-)4R"8<4@"R9;?*"564R"9)?@")4;8($?">6%8;(43E"

Q<4" 34%9)*" '$)6>;?$869)" 6)59?54*" '9*;?$86)7" 84'>9($?" >(9>4(8643" 9:" >6%8;(4"

>(434)8$869)32" >(434)86)7" 8<4" 6'$743" R68<6)" 468<4(" >(4*6%8$G?4" H%9;)8*9R)3I" 9(" R68<"

;)>(4*6%8$G?42"($)*9'"86'6)73"AB67;(4"CU1E"Q<63"*4367)":4$8;(4"R$3"%<934)"G$34*"9)">(69("R9(-"

*4'9)38($86)7" 8<4" 6)<4(4)8" $)=6974)6%" >(9>4(8643" 9:" 84'>9($?" ;)%4(8$6)8@" AM$*9;%4;(" 48" $?E"

.///O" V$(?489)" 48" $?E" .//!O" +4((@" 48" $?E" .//!1" $)*" 683" %9)8(6G;869)" 89" 8<4" >$8<9><@369?97@" 9:"

$)=648@"*639(*4(3"AF;7$3"48"$?E"C00WO"M$*9;%4;("48"$?E".///1E"X4">(4*6%84*"8<$8">4(36384)8"8$3-J

459-4*"$)=648@"R9;?*"G4"6)*;%4*"G@"84'>9($??@";)>(4*6%8$G?4">6%8;(4">(434)8$869)32">$(86%;?$(?@"
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"#$%&'($)*! +,)-'$-.!@*,-'5" 4A:B" 3($''-'5;" +$,.-(-+$'.3" #-&C&)" '&5$.-#&" $')" '&*.,$%" -1$5&3"

&1/&))&)"C-.D-'" (2'.&8.3" 24" +,&)-(.$/%&" 2," *'+,&)-(.$/%&" .-1-'53" 9<-5*,&" EF>?" G$%4" 24" /%2(63"

(2'.$-'&)"2'%0"'&5$.-#&"+-(.*,&3H" .D&",&1$-'-'5"D$%4"(2'.$-'&)"2'%0"'&*.,$%"+-(.*,&3?"F" .2.$%"24"

4-4.&&'" +-(.*,&3" C&,&" +,&3&'.&)" +&," /%2(6?" ID&" #$%&'(&" 1$'-+*%$.-2'" C$3" (,233&)" C-.D" $"

+,&)-(.$/-%-.0"1$'-+*%$.-2'?"G$%4"24".D&"/%2(63"(2'.$-'&)"+,&)-(.$/%&".-1-'53;"(2'3-3.-'5"24"$"2'&"

.2" &-5D." 3&(2')" J(2*'.)2C'K" -'" CD-(D" '*1/&,3" C&,&" (2'3&(*.-#&%0" +,&3&'.&);" $((*,$.&%0"

,&+,&3&'.-'5" .D&"'*1/&,"24"3&(2')3" ,&1$-'-'5"*'.-%"+-(.*,&"2'3&." 9<-5*,&"EF;" .2+"+$'&%>?"ID&"

2.D&,"D$%4"24"/%2(63"(2'.$-'&)"*'+,&)-(.$/%&".-1-'53"(2'3-3.-'5"24",$')21"'*1/&,3".D$."+,2#-)&)"

'2"+,&)-(.-#&"-'42,1$.-2'"C-.D",&5$,)".2"+-(.*,&"2'3&."9<-5*,&"EF;"/2..21"+$'&%>?"<2,"$%%"/%2(63;"

'*1/&," +,&3&'.$.-2'3" #$,-&)" +3&*)2,$')21%0" C-.D" 2'&" .2" &-5D." 3&(2')3" /&.C&&'" +-(.*,&3?"

L$(D" +-(.*,&" C$3" +,&3&'.&)" 2'(&" $')" .D&" $33-5'1&'." 24" +-(.*,&3" .2" *'+,&)-(.$/%&" $')"

+,&)-(.$/%&"/%2(63"C$3"+3&*)2,$')21-M&)"$(,233"+$,.-(-+$'.3?""

N($'" ,*'3" (2'3-3.&)" 24" .C2" EE!73&(2')" /%2(63" -'.&,%&$#&)" C-.D" OP73&(2')" ,&3.-'5"

4-8$.-2'"+&,-2)3?"Q%2(63"/&5$'"C-.D"$"R73&(2')"3.$,."(*&"$%&,.-'5"+$,.-(-+$'.3"24".D&"42,.D(21-'5"

/%2(6".0+&".2" -32%$.&"$(.-#-.0"$332(-$.&)"C-.D".,$'3-.-2'3" -'.2"$".$36"3&."9S2'-3D-"&."$%?"=PPE>;" .2"

&'3*,&"3*3.$-'&)"$(.-#-.0"&3.-1$.&3"C&,&"(2'3.,$-'&)".2"1$-'.&'$'(&"4*'(.-2'3;"$')".2"1-.-5$.&"

.D&"'&&)"42,".D&"+$,.-(-+$'.".2"5,$)*$%%0")&(-+D&,".D&"/%2(6".0+&?"<2%%2C-'5".D&"2'7(*&;"3.-1*%*3"

+,&3&'.$.-2'" (2'.-'*2*3%0" $%.&,'$.&)" /&.C&&'" '*1/&," 9E" 3&(2')" +&," '*1/&,H" T-..&,&)" 2'&" .2"

&-5D."'*1/&,3>"$')"+-(.*,&"+,&3&'.$.-2'3"9R"3&(2')3>?""

U$,.-(-+$'.3"C&,&" -'3.,*(.&)" .2"+$33-#&%0" #-&C" .D&"'*1/&,"3.-1*%-;"/&-'5"1-')4*%"24" .D&"

-'42,1$.-2'"+,2#-)&)"/0".D&"'*1/&,3?"<2,"&$(D"+-(.*,&"+,&3&'.$.-2';"+$,.-(-+$'.3"C&,&"-'3.,*(.&)"

.2"+,&33"2'&"24".C2"/*..2'3"-')-($.-'5"CD&.D&,".D&"+-(.*,&".226"+%$(&"-')22,3"2,"2*.)22,3"9V$'&"

&."$%?"EWWXH"Y(D3'&,"&."$%?"=PPZ>;"$" %2C7%&#&%" .$36"(D23&'" .2" -'.&,4&,&"1-'-1$%%0"C-.D"$44&(.-#&"
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#$201$)"0;1*:*1>",B'(*%9*"$1"023"455C73"D8'"%?;9".2';A%"8$#$"&#$%$(1$)"&$#"#?(E"8*19".2';A"'#)$#"

&%$?)'#0()'/*F$)"8*19*("0()"0;#'%%"&0#1*;*&0(1%"#$%?21*(+"*("$*+91".2';A%"&#$%$(1$)"0;#'%%"19$"

$G&$#*/$(1",18'"#$&$1*1*'(%"'<"$0;9"1>&$73"H1*/?2*"8$#$"&#$%$(1$)"?%*(+"I$)#?%"H?&$#20."J3534"

,H0(" K$)#'E" IL7E" *(1$#<0;$)" 8*19" 19$" -?/*(0" M$%&'(%$" .'GE" 89*;9" #$;'#)$)" &0#1*;*&0(1" A$>"

&#$%%$%"0()"<NMO"1#*++$#%3"P?#*(+"%;0((*(+E":*%?02"%1*/?2*"8$#$")*%&20>$)"'(1'"0".0;A"&#'Q$;1*'("
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$:'A$)".>")*<<$#$(1" 10%A".2';A%3"H&$;*<*;022>E"&0#1*;*&0(1%"8$#$"0%A$)" 1'"#01$"'("0"'($" 1'"(*($"
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%)&2-.')C# 5(.LA%,2L%&# ()N'%5G# 6$(')# %DD%E5# 2D# *+4# 6O6!>789:;<P;># !:=<!9<# IM%-%# 3(.# (1.2# (#

.'C)'D'E()5# ,(1%)E%# 0G# F-%&'E5(0'1'5G# ')5%-(E5'2)# 6O6!>789:!B<JR>#!Q=<==!9># &-',%)# 0G# (# .5-2)C%-#

%DD%E5# 2D# /)F-%&'E5(0'1'5G# 2)# 5(.LA%,2L%&# ()N'%5G# D2-# )%C(5',%# 5M()# )%/5-(1# '$(C%# 012EL.#

S6/)F-%&'E5(01%# )%C(5',%# T# /)F-%&'E5(01%# )%/5-(19# ,%-./.# 6F-%&'E5(01%# )%C(5',%# T# F-%&'E5(01%#

)%/5-(19# 567B9:"<"J>#!Q=<==!9U<#O')(11G>#3%#20.%-,%&#(# ,(1%)E%#0G# *+# ')5%-(E5'2)# 6O6!789:J<RR>#

!:=<=!79># 3'5M# C-%(5%-# *+# F-%&'E5')C# M'CM%-# )%-,2/.)%..# -(5')C.# D2-# )%C(5',%# '$(C%# 012EL.#

6!V.Q=<="9#0/5#)25#)%/5-(1#012EL.#6!V.W=<J9<#

"2#,$.',/+3'$!),$'$+/)+4.5/62'$1+K-(')#-%C'2).#5-().'%)51G#(E5',%#52#)%C(5',%#F'E5/-%.#6-%1(5',%#52#

)%/5-(1#F'E5/-%.9#(-%#1'.5%&#')#I(01%#!<#XE5',%#-%C'2).#')E1/&%&#5M%#1%D5#6N:A;!>#G:AP>#@:A!P9#()&#

-'CM5#($GC&(1(#6N:;">#G:A!>#@:A;=?#O'C/-%#RXAK9#()&#()#(-%(#2D#5M%#$'&0-(')#E2).'.5%)5#3'5M#5M%#

F%-'(Y/%&/E5(1#C-(G# 6$'&0-(')Z[X\?# N:J># G:AR=># @:A!R?#]/FF1%$%)5(-G#O'C/-%#!9<#I'$%E2/-.%#

&(5(#6&%-',%&#D-2$#O*H#.'C)(1#%.5'$(5%.9#3(.#%N5-(E5%&#D-2$#"$$#H^*.#E%)5%-%&#2)#(E5',(5'2)#

F%(L.# ()&# %,(1/(5%&# 2DD1')%# D2-# ')&%F%)&%)5# %DD%E5.# 2D# F-%&'E5(0'1'5G# ()&# ()N'%5G<# _DD%E5.# 2D#

F-%&'E5(0'1'5G# 2)# 5M%# -'CM5# ($GC&(1(# -%.F2).%# 3%-%# )25# .'C)'D'E()5# 6$(')# %DD%E5># ,(1%)E%# 0G#

F-%&'E5(0'1'5G#')5%-(E5'2)#!V.#W#=<R9#0/5#3%-%#Y/(1'D'%&#0G#(#.'C)'D'E()5#,(1%)E%#0G#F-%&'E5(0'1'5G#0G#

*+# ')5%-(E5'2)# 6O6!>7R9:"<=;># !:=<=79<# ]F%E'D'E(11G># F%(L# 5-().'%)5# -%.F2)&')C# 52# )%C(5',%#

F'E5/-%.# %$0%&&%&# ')# /)F-%&'E5(01%# 5'$')C.# 3(.# .%1%E5',%1G# %N(CC%-(5%&# 3'5M# C-%(5%-# *+#

6-67"9:=<R!>#!:=<=!B>#H;:=<!?#O'C/-%#R`9>#3M%-%(.#*+#&'&#)25#F-%&'E5#($GC&(1(#-%.F2).%.#52#5M%#

Page 21 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'(#)$*+,%,$*-#.!/-012"32#4'5%#6789+6:6#6)%,;,%8#<6-#*$%#7$+=:6%'+#>8#?('+,)%6>,:,%8#.!/-012@3A#
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'-%,76%'# 5$(# -=-%6,*'+#6)%,;,%8A# :'5%T# Q121EUV# (,9&%T# Q12!GW3#$(#7$+=:6%'+# -=-%6,*'+#6)%,;,%8# 6-#6#
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!F121G32#N&,-#'55')%#<6-#-=>-%6*%,6::8#<'6R'(#%&6*#$%&'(#-=-%6,*'+#'55')%-#6*+#<$=:+#*$%#-=(;,;'#
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('9,$*-#$5# %&'#>(6,*#%&6%# ('76,*'+#)$*%,*=$=-:8#6)%,;'# %&($=9&$=%#%6-R#>:$)R-#?($?$(%,$*6::8# %$#

%6-RQ';$R'+#6*Y,'%8A#<&,)&#<6-#&',9&%'*'+#;,6#*'96%,;'#;6:'*)'#6*+#%'7?$(6:#=*?('+,)%6>,:,%8#

76*,?=:6%,$*-# .'292A#D,9=('#@32#K$-,%,;'#*'=(6:#?('+,)%$(-#$5#-=-%6,*'+#6*Y,'%8# ,*):=+'+# %&'# :'5%#

6*+# (,9&%# ,*5'(,$(# 5($*%6:# 98(=-# .ZL[G7# ,*# %&'# .K(,)'# @11G3# *$7'*):6%=('# 6*+#L('6# !@# ,*# %&'#

?(,76%'V#:'5%#YFQEHA#8F@1A#\FQ![V#(,9&%#YFEEA#8F@UA#\FQ!@V#D,9=('#[Z3#%&6%#'Y%'*+'+#%$#%&'#,*-=:6(#

)$(%'Y# .YFE1A# 8FEA# \F!13A# 6-#<'::# 6-# %&'# (,9&%# ;'*%(6:# >6-6:# 5$('>(6,*J>'+#*=):'=-#$5# %&'# -%(,6#

%'(7,*6:,-# .]ZDJZ^SNV#YFQHA# 8FQEA# \FQ@@V#D,9=('#[LV#-''#N6>:'#@# 5$(# 5=::# :,-%#$5#6)%,;6%,$*-32# B*#
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+='# %$# -?6%,6:# )$*%,9=,%8# <,%&# 6# 7$('# ?$-%'(,$(# ):=-%'(# $=%-,+'# $5# %&'# ]ZDJZ^SNQ?($?'(A# 6*+# ,*# %&'#
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'+,5,#-,.&()5#A!N5OHG!MEG#

P,# ,<$76$',%# ',3;(-$7# 5;,8&L&8&'=# :=# ,<$76$'&).# 9+,'+,-# '+,5,# -,.&()5# $75(# 5+(9,%#

'-$)5&,)'# -,5;()5,5# '(# ;&8'6-,# ,<,)'5# :=# ',5'&).# '-$)5&,)'# :,'$# ,5'&3$',5# 9&'+&)# '+,5,# QR>5G#

S('$:7=*#$77#-,.&()5#$75(#5+(9,%#5(3,#%,.-,,#(L#'-$)5&,)'#$8'&<$'&()#-,7$'&<,#'(#-,5'&).#L&T$'&()#

A!N5UHGHIEG#V(9,<,-*#6)7&@,#'+,#'-$)5&,)'#-,5;()5,5#-,;(-',%#,$-7&,-*#-,5;()5,5#&)#'+,5,#-,.&()5#

5+(9,%# )(# 3$&)# ,LL,8'5# (L# ;-,%&8'$:&7&'=# (-# <$7,)8,*# $)%# )(# 3(%67$'&()# (L# $8'&<&'=# :=# >?#

A!N5OHG!EG#

0# 5,8()%# $;;-($8+# '(# ,<$76$'&).# 565'$&),%# ,3('&()$7# -,5;()5,5# 9$5# '(# ',5'# L(-#

-,;7&8$'&()#(L#1234&)567$#$)%#/SKW#,).$.,3,)'#65&).#:$5&8#8()'-$5'5#'+$'#%&%#)('#-,7=#()#5,7LX

-,;(-'G#P+(7,X:-$&)#;$&-,%# 'X',5'5# '$-.,'&).#%&LL,-,)'&$7# 565'$&),%#,LL,8'5#(L# <$7,)8,# A565'$&),%#

$8'&<&'=# &)# :7(8@5# 8()'$&)&).# ),.$'&<,# <,-565# ),6'-$7# ;&8'6-,5E# $)%# ;-,%&8'$:&7&'=# A:7(8@5#

8()'$&)&).#6);-,%&8'$:7,#<,-565#;-,%&8'$:7,#'&3&).5E#$75(#&%,)'&L&,%#'+,#-,.&()5#%,58-&:,%#$:(<,#

$'#!UHGHC*#9+(7,#:-$&)#8(--,8',%#'+-,5+(7%&).G#K;,8&L&8$77=*#.-,$',-#$8'&<&'=#9$5#(:5,-<,%#&)#$-,$#

1234&)567$#$)%#Y/B4/SKW#'(#),.$'&<,#-,7$'&<,#'(#),6'-$7#565'$&),%#5'$',5*#$)%#'(#6);-,%&8'$:7,#

-,7$'&<,#'(#;-,%&8'$:7,#565'$&),%#5'$',5#AW$:7,#IEG#

#

"#$%&'()*+ ,)$!-($)$+ %-+$%&%)$+-.+ /)$$),+&(0')%1G#W+,#86--,)'#%,5&.)#;,-3&'',%# &%,)'&L&8$'&()#(L#

-,.&()5#5+(9&).#3$T&3$7#565'$&),%#$8'&<&'=#&)#8()',T'5#(L#7(9#$)T&,'=G#W(#%(#5(*#9,#Z6,-&,%#L(-#

.-,$',-# 565'$&),%# $8'&<&'=# 9&'+# 7,55,-# '$5@X,<(@,%# $)T&,'=# :=# 65&).# 56:[,8'# -$'&).5# (L# '$5@X

,<(@,%#$)T&,'=#$5# &)<,-5,#8()'-$5'#9,&.+'&).5# &)#$#.-(6;#9+(7,X:-$&)#$)$7=5&5# A5,,#\,'+(%5EG#
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M+/.-(# %&)+7-)%&# ,%0+4%,# 9017# $NO# -.-(*&%&# 19# )3%# 4;<<=47>?<# :P77# &83%0%# &'001'.,+./#
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80%,+2)-6(%#21.)%5)&#:!UTLPKL##

#

"#$%&'()*+%,&($')(%- '(%),&.%'/($- '(- )0/%'/(- ,)$!/($)- &(*- ,)1#2&%'/(3->0+10# 0%&%-023# -&&-*+./#

(+76+2=80%901.)-(# 2+02'+)0*# :V+(-,# -.,# W'+0Q# DTTD@# >3%(8&# %)# -(L# DTTP@# X13.&)1.%# %)# -(L# DTT"@#

M1(+7-.#%)#-(L#DT!TK#&'//%&)&#-.#+.4%0&%#0%(-)+1.&3+8#6%)Y%%.#)3%#4;<<=47>?<#-.,#-7*/,-(-L#

J3%# ,%&+/.# 19# )3%# 2'00%.)# &)',*# 8%07+))%,# )%&)+./# 910# +.4%0&%# +.)%0-2)+1.&# 6%)Y%%.# &'&)-+.%,#

&+/.-(&# -.,# )3%# 7-/.+)',%# 19# &)+7'('&GY%,,%,# )0-.&+%.)# 0%&81.&%&L# H+4-0+-)%# 2100%(-)+1.#

-.-(*&%&# 19# 8-0-7%)%0# %&)+7-)%&# 9017# 80%4+1'&(*G,%9+.%,# -7*/,-(-# -.,# 47>?<# $NO&# :&%%#

-614%K# %4-('-)%,# Y3%)3%0# )3%# ,%/0%%# 19# &'&)-+.%,# 4;<<=47>?<# %./-/%7%.)# 80%,+2)%,# )3%#

7-/.+)',%# 19# )0-.&+%.)# -7*/,-(-# 0%&81.&%# )1# .%/-)+4%# %4%.)&L# H%2-'&%# )3%# 21.&)0'2)# 19# OR#

+&1(-)%&#'.2%0)-+.)*G0%(-)%,#-.5+%)*C#Y%#912'&#-.-(*&%&#1.#+.)%0-2)+1.&#6%)Y%%.#)3%&%#0%/+1.&#+.#

)3%#'.80%,+2)-6(%#83-&%&#19#)3%#%58%0+7%.)L#$%&'()&#+.,+2-)%,#)3-)#&'&)-+.%,#'.,%00%20'+)7%.)#

19# )3%# 4;<<=47>?<# ,'0+./# '.80%,+2)-6(%# &)-)%&# 80%,+2)%,# )3%# ,%/0%%# 19# %5-//%0-)+1.# 19#

)0-.&+%.)# -7*/,-(-# 0%&81.&%&# )1# .%/-)+4%# 8+2)'0%&# +.# '.80%,+2)-6(%# 21.)%5)&# :0:IBKAGTLBEC#

!ATLTTP@# $DATL!I@# ?+/'0%# I<KL# J3+&# 0%(-)+1.&3+8# Y-&# &8%2+9+2# )1# )0-.&+%.)# .%/-)+4%# 8+2)'0%#

0%&81.&%&C#-&#)3%#+.4%0&%#2100%(-)+1.#Y-&#.1)#%4+,%.)#Y3%.#21.&+,%0+./#.%')0-(#8+2)'0%&#:!UTL!KL!

#
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*).=# /*# -=+# KLMN# /%3# '%*)4/# 2+,/'%+3# .(%-'%)()*4B# +%5/5+3# -=2()5=()-# 4+%5-=B# +,(-'(%/4#

.(%-+&-*C#*=(D'%5#52+/-+2#/.-'<'-B#3)2'%5#*-/-+*#(6#=+'5=-+%+3#/%&'+-B7#O)2-=+2C#3(D%2+5)4/-'(%#
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1%.()&+4-+%&# +%.'(4-2# '%4&*&+%):%# (<# *)&A2-4# &*0)-2&# 1A4*)0# :()+%C+&# *)B(2B*)0# ,%*0,+%)%1#

-)C*%+/@#9*+,#-11*+*()-22/#%C-00%4-+%1#-:+*B*+/#(3&%4B%1#*)#,*0,#YZ#*)1*B*1A-2&#1A4*)0#:()+%C+&#(<#

+%.'(4-2#A)'4%1*:+-3*2*+/#E&%%#-2&(#ER*..()&#%+#-2D#!""SLLD#7#4(2%#<(4# +,%# *)&A2-# *)#.-*)+-*)*)0#

&+-+%&# (<# -)C*(A&# -4(A&-2# <*+&# 9%22# 9*+,# *+&# '4('(&%1# 4(2%# -&# -)# *)+%04-+(4# (<# 3(1/# &+-+%#

Page 27 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'()*+$'%,# -.$/.# $0# +.'12.+# +'# 0133'(+# 3.40$'5'2$/*5# 13(6215*+$'%# *00'/$*+67# -$+.# *%8$6+4#

9:*1510# *%7# ;+6$%# !<<=>?# @A$76%/6# +.*+# *%+$*%8$6+4# )67$/*+$'%0# 01/.# *0# B6%C'7$*C63$%60#

(671/6# $%015*(# */+$A$+4# $%# *# 7'06D7636%76%+# &*0.$'%# 9:*1510# 6+# *5?# !<<E>,# *%7# +.*+# 04)3+')#

(671/+$'%#$%#FGH#/'((65*+60#-$+.#56006(#$%015*#06%0$+$A$+4#9I'6.%D;*($/#6+#*5?#!<<J>#0133'(+0#+.$0#

/'%/63+1*5$C*+$'%?# K%+6(60+$%254,# +.6# $%&6($'(# &('%+*5#24(10#.*0#B66%# $)35$/*+67# $%#/'2%$+$A6# +*0L#

06+#)*$%+6%*%/6#$%#%'%6)'+$'%*5#/'%+68+0#96?2?,#9H'06%B*/.#6+#*5?#!<<=>>?#M1(+.6(#(606*(/.#$0#

%66767# +'# 76+6()$%6# +.6# 68*/+# %*+1(6# '&# +.606# *7N*/6%+# (62$'%0O# (65*+$A6# /'%+($B1+$'%0# +'#

6)'+$'%*5# *%7# %'%6)'+$'%*5# +*0L# 06+0,# *%7# +'# &1(+.6(# 3('B6#-.6+.6(# +.6# /'2%$+$A6# '36(*+$'%0#

01B06(A67# B4# +.$0# (62$'%# *(6# *%8$6+4D036/$&$/# '(# 7')*$%D26%6(*5# 3('/60060# 7(*-%# '%# 71($%2#

*%8$'10#0+*+60?#

P.6# 3(606%+# 0+174# $76%+$&$67# +.6# B67# %1/5610# '&# +.6# 0+($*# +6()$%*5$0# 9QR;P># *0#

)*$%+*$%$%2#36(0$0+6%+# 0+*+60#'&# .6$2.+6%67#*%8$6+4?#P.6#QR;P#.*0#B66%#-$7654# $)35$/*+67# $%#

010+*$%67#*%8$6+4#10$%2#*%$)*5#)'7650#9H*A$0#6+#*5?#"SSTU#I*))*/L#6+#*5?#!<<J>,# +.'12.#.*0#

(6)*$%67# 6510$A6# $%# .1)*%# $)*2$%2# (6015+0# 1%+$5# (6/6%+54?# I1)*%# 9;+(*1B6# 6+# *5?# !<<TU#

;')6(A$556#6+#*5?#!<"<U#G5A*(6C#6+#*5?#!<"">#*%7#%'%D.1)*%#3($)*+6#9M'8#G?#;?#6+#*5?#!<<VU#W56(#

6+# *5?# !<<S># 0+17$60# .*A6# B621%# +'# +*(26+# +.$0# 0+(1/+1(6,# &$%7$%2# $%/(6*067# */+$A$+4# 71($%2#

010+*$%67# *%+$/$3*+'(4# 0+*+60?# W1(# 3($'(# -'(L# .*0# 76)'%0+(*+67# +.*+# XQMYQR;P# *%7# $%015*#

*/+$A$+4# +(*/L0# 010+*$%67# +.(6*+#)'%$+'($%2# 10$%2# *%# 6A6%+D&(66# 3*(*7$2)# $%#-.$/.# +.(6*+# 56A65#

05'-54# *%7# /'%+$%1'1054# &51/+1*+67# 9;')6(A$556# 6+# *5?# !<"<>?# K+# $0# %'+*B56# +.*+# XQMYQR;P# *%7#

$%015*#(6/(1$+)6%+# $%#*#3($'(#0+174#9;')6(A$556#!"#$%&#!<"<>#-*0#68*226(*+67#$%# $%7$A$71*50#-$+.#

.$2.#+(*$+#*%8$6+4,#-.6(6*0#+.6#3(606%+#0+174#'B06(A67#KZ#)'715*+$'%#$%#+.6#$%015*,#B1+#%'+#+.6#

XQMYQR;P?#K+# $0#3'00$B56#+.*+#+.6#6836($)6%+*5#/'%+68+#/'%+($B1+67#+'#+.606#7$&&6(6%+$*5#6&&6/+0?#

[.6(6*0# +.6#3(606%+#0+174#1+$5$C67#01B+56#A*56%/6#*%7#3(67$/+*B$5$+4#)*%$315*+$'%0,#;')6(A$556#

6+#*5?#9!<"<>#(63'(+67#&$%7$%20#&(')#*#0.'/LD+.(6*+#3*(*7$2),#5$L654#*#)'(6#3'-6(&15#*%7#0*5$6%+#

)*%$315*+$'%# '&# 010+*$%67# *%8$6+4?# P.10,#-.$56# B'+.# 0+17$60# (63'(+# 6%2*26)6%+# '&# $%015*# *%7#

XQMYQR;P# /$(/1$+(4,# 3'+6%+$*5# 3.40$/*5# +.(6*+# 6A'L67# &1(+.6(# XQMYQR;P# 13(6215*+$'%# $%#)'(6#

Page 28 of 55Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!!"

#$%&'()" &$*&+&*(#,)-" .#/0$" 1'2013045" 130)0" 6&$*&$2)" 7'$)1&1(10" #77(8(,#1&$2" 0+&*0$70" 13#1" 130"

&$604&'4"64'$1#,"294()":;<8=5"&$)(,#"#$*">?@A?BC.")(DD'41"130"8#&$10$#$70"'6"#$%&'()"08'1&'$"

+&#"1'$&7")&2$#,&$2-"

"

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

, E$"7'$14#)1"1'"7&47(&149")3'F&$2"240#104"1#)/G0+'/0*"#$%&0195"F0"'H)04+0*"240#104"#71&+&19"

F&13",0))04"#$%&019"#,'$2"130"7'41&7#,"8&*,&$0")D#$$&$2"130"+0$14#,"#$104&'4"7&$2(,#10"7'410%"#$*"

+0$14'80*&#,"D4064'$1#,"7'410%-".30"+8I@J"#)"H00$"&8D,&7#10*" &$"130"0%1&$71&'$"'6"7'$*&1&'$0*"

60#4" :K&,#*" #$*" L(&4/" !MM!N" I30,D)" 01" #,-" !MM;=" #$*" &$" D40*&71&$2" D')&1&+0" &$104D401#1&'$)" '6"

#8H&2('()" &$6'48#1&'$" :O&8" 01" #,-" !MMP=-" .30" D40)0$1" 6&$*&$2)" )(220)1" 13#1" 130" +8I@J"8#9"

#,)'" #77'8D,&)3" 402(,#1&'$" '6" H4&06" #66071&+0" 40)D'$)0)" +&#" 240#104" )()1#&$0*" )&2$#,&$2"

134'(23'(1"7'$10%1)"&$"F3&73"0$+&4'$80$1#,"7(0)"&$)14(71"#$"&$*&+&*(#,"13#1"$'13&$2"$02#1&+0"F&,,"

3#DD0$":0-2-5"$0(14#,"H,'7/)="#$*"13#1"$'13&$2"($0%D0710*"F&,,"3#DD0$":0-2-5"D40*&71#H,0"H,'7/)=-"

E$*00*5"D40*&71&+0"/$'F,0*20"40,#1&$2"1'"7(440$1"#$*"6(1(40"0$+&4'$80$1#,"0+0$1)" &)" 13'(231" 1'"

H(6604" &$*&+&*(#,)" 64'8" 0%D04&0$7&$2" )1#10" #$%&019" H9" H,($1&$2" 7'2$&1&'$)" #))'7&#10*" F&13"

&$1',04#$70"'6"($7041#&$195"#"/09"20$04#1'4"'6"#$%&'()"#4'()#,":Q#*'(70(4"01"#,-"!MMM=-""

R77'4*&$2,95" &$*&+&*(#,)" F&13" 3&2304" ES" )3'F0*" 40*(70*" 0$2#2080$1" '6" 130"

+RJJA+8I@J" *(4&$2" ($D40*&71#H,0" 7'$10%1)-" .3&)" 40*(71&'$"8#9" &$6,(0$70" '4" 406,071" #$%&'()"

&$*&+&*(#,)T" &$3040$1")0$)&1&+&19" 1'"#8H&2(&19" :U9)0$7/"VWW!N"Q#*'(70(4"01"#,-"!MMM=5")(73" 13#1"

)&2$#,)" '6" X)#6019T" #40" F0#/0$0*" &$" 7'$10%1)" &$" F3&73" 0$+&4'$80$1#," &$D(1)" #40" 108D'4#,,9"

#8H&2('()-" .3&)" &*0#" 7'$+0420)" F&13" F'4/" *08'$)14#1&$2" *&66040$1&#," 0$2#2080$1" '6" 13&)"

7&47(&149" &$" 7,&$&7#,,9" #$%&'()" #*',0)70$1)" F3&,0" D4'70))&$2" ($7041#&$19" :O4#&$" 01" #,-" !MMY=-"

@(413045"B&1)73/0"#$*"7',,0#2(0)" 40D'410*" 13#1" 140#180$1" 40)D'$)0"066&7#79" &$" &$*&+&*(#,)"F&13"

7,&$&7#,,9" )&2$&6&7#$1" #$%&019" &)" D')&1&+0,9" D40*&710*" H9" +0$14#," #$104&'4" 7&$2(,#10" 7'410%"

40)D'$)&+&19" :B&1)73/0" 01" #,-" !MMW=-" .30" D40)0$1" 40)(,1)" )(220)1" 13#1" H,($10*" )()1#&$0*"

Page 29 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&&'$()*&# +,-.$.-/# (+/# 01# 231# (1,4+3.5(# 0/# 64.,4# .37.$.78+9# 7.::1;13,15# .3# <=# ,+3#

.3:9813,1#-23.,#+3>.1-/#5.?3+95@#

A1$1;+9# 5-87.15# 4+$1# 72,8(13-17# +3# .3$1;51# ;19+-.2354.B# 01-6113# -41# $%&&'$()*&#

+37# +(/?7+9+C# 6.-4# ?;1+-1;# $%&&'$()*&# .3$29$1(13-# B;17.,-.3?# +# ;178,-.23# 2:# +(/?7+9+#

;15B2351#DE.(#1-#+9@#!FF"G#=;;/#1-#+9@#!FFHG#I2435-231#1-#+9@#!FFJK#+37#,2(B;.5.3?#+#:83,-.23+9#

31-62;L#58BB2;-17#0/#7.;1,-# ;1,.B;2,+9#+3+-2(.,+9#B;2M1,-.235# D%(+;+9#NOPHG#Q4+54?4+1.#+37#

R+;0+5# !FF!K@# <3# -41# B;1513-# 5-87/C# 91551;# 585-+.317# $%&&'$()*&# ;1,;8.-(13-# B;17.,-17# -41#

71?;11# 2:# 1>+??1;+-.23# 2:# +(/?7+9+# ;15B2351# -2# 31?+-.$1# B.,-8;15# 6.-4# ?;1+-1;# -;+.-# +3>.1-/C#

64.,4#,23$1;?15#6.-4#2-41;#;1,13-#:.37.3?5#D<372$.3+#1-#+9@#!FNNK@#<-#.5#32-+091#-4+-#.3#-41#,8;;13-#

5-87/C# -41# 91$19# 2:#!"!#$%&'(# $%&&'$()*&# ;15B2351#31?+-.$19/#B;17.,-17# #)$&!%'&## +(/?7+9+#

5135.-.$.-/@# S4.5# 58??15-5# -4+-# -23.,# 5.?3+95# 2:# 5+:1-/# (+/# 2;,415-;+-1# (2(13-T-2T(2(13-#

1(2-.23+9# 5135.-.$.-/C# +3+92?285# -2# -23.,TB4+5.,# .3-1;+,-.235# -428?4-# -2# ,22;7.3+-1# ,2?3.-.$1#

2B1;+-.235# 58,4# +5# 585-+.317# +--13-.23# D)2531;# +37# )1-1;513# NOOFK# +37# ,2?3.-.$1# ,23-;29#

D&+;-1;#1-#+9@#NOOPG#R2-$.3.,L#1-#+9@#NOOOG#U25130+,4#1-#+9@#!FFPK@#S428?4#28-5.71#2:# -41#,2;1#

V71:+89-#(271W#31-62;L#71(235-;+-.3?# 5B23-+31285#+37# ,2;;19+-17#+,-.$.-/# +-# ;15-# D*2>#X@#U@#

+37# Y+.,491# !FFJKC# -41# 92,85# 2:# $%&&'$()*&# +,-.$.-/# 4+5# ;1,13-9/# 0113# .713-.:.17# +5# +#

5805/5-1(# 2:# -41# 71:+89-# (271# 31-62;L# 6.-4# 5-;23?# .3-;.35.,# ,2331,-.$.-/# 6.-4# ;1?.235# 2:# -41#

(17.+9# -1(B2;+9# 9201# D%37;165TZ+33+# 1-# +9@# !FNFK@# S4.5# 31-62;L# .5# -428?4-# -2# 58BB2;-# 519:T

2;.13-17#,2?3.-.235#+37#-41#,235-;8,-.$1#;1B;1513-+-.23#2:#:8-8;1#1$13-5C#-428?4#.-5#B;1,.51#;291#

.3# 1(2-.23+9# 2;# +3>.2?13.,# ,23-1>-5# ;1(+.35# 831>B92;17@# <3# -41# B;1513-# 5-87/C# B1;5.5-13-#

$%&&'$()*&#+,-.$.-/#.5#585B13717#.3#,23-1>-5#.3#64.,4#B+;-.,.B+3-5#+;1#(+71#-2#:119#+3>.285@#

*8-8;1# ;151+;,4# .3,2;B2;+-.3?# +::1,-.$1# -+5L5# +37# ;15-.3?# 5-+-1# ,2331,-.$.-/# 7+-+# (+/# :8;-41;#

5B1,.:/#+::1,-.$1#,23-;.08-.235#-2#V71:+89-T(271W#+,-.$.-/@#

S41#,8;;13-#:.37.3?5#(+/#4297#B+;-.,89+;#;191$+3,1#-2#-41#318;+9#5805-;+-15#2:#(227#+37#

+3>.1-/# 7.52;71;5@# [41;1+5# -41# 5/(B-2(5# 2:# 52(1# +3>.1-/# 7.52;71;5# +;1# -428?4-# -2# 01#

(2789+-17# 0/# 1>+??1;+-17# 5135.-.$.-/# 2:# -41# -4;1+-T71-1,-.23# 5/5-1(# DR+;926# NOPPKC# -41#

Page 30 of 55Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'()&*()+),%#)-#)(./0#*123/(%#43$)04/0$#5$67.#*$#89:;#*0/#&*0</4#=%#7.0)137#*14#.3,./0>

)04/0#*''0/./1$3)1#)-#-6(60/#(.0/*($#(.*(#*0/#1)(#1/7/$$*03+%#(03,,/0/4#=%#*1#/2(/01*+#(.0/*(#76/#

5?.&*1#@AABC#D*1,#/(#*+E#!FFF;E#G.)6,.#(./#'0/$/1(#$(64%#)1+%#*$$/$$/$#H*03*(3)1#I3(.31#(./#

./*+(.%# 0*1,/# )-# (0*3(# *123/(%J# (./$/# 4*(*# &*%# 31-)0&# '0/437(3)1$# 0/,*0431,# (./# $'/73-373(%# )-#

(0*1$3/1(# *14# $6$(*31/4# *--/7(3H/# 1/(I)0<$# )1# K-/*0K>=*$/4# *14# L*123/(%K>=*$/4# -/*(60/$# )-#

&))4#*14#*123/(%#4%$0/,6+*(3)1E#M)0#/2*&'+/J#*#&/(*>*1*+%$3$#5N(<31#O#P*,/0J#!FFQ;#0/')0(/4#

/2*,,/0*(/4# *&%,4*+*# 0/$')1$/$# 31# *123/(%# 43$)04/0$# I3(.# 7)0/# L-/*0K>+3</# -/*(60/$# 5/E,EJ#

$'/73-37# '.)=3*$J# $)73*+# *123/(%# 43$)04/0;E#R)I/H/0J# $67.# *# 7+/*0# '*((/01# )-# .%'/00/$')1$/# 3$#

+/$$#/H34/1(#31#)(./0#*123/(%#43$)04/0$#$67.#*$#89:E#S*(./0J#(./#+3(/0*(60/#0/')0($#&32/4#0/$6+($J#

I3(.# $)&/# $.)I31,# /2*,,/0*(/4# *&%,4*+*# 0/$')1$/$# 31# 89:# '*0(373'*1($# ()# (.0/*(# 76/$#

5T7U+60/#/(#*+E#!FFQC#T)1<#/(#*+E#!FFV;J#$)&/#$.)I31,#43&313$./4#0/$')1$/$#5W+*30#/(#*+E#!FFV;J#

$)&/# 0/')0(31,# 1)# 43--/0/17/$# 5P.*+/1# /(# *+E# !FFV;J# *14# )(./0$# 4/&)1$(0*(31,# 7)&'*0*=+/#

0/$')1$/$# ()# *H/0$3H/# 76/$# =6(# 3143$703&31*(/# *14# /2*,,/0*(/4# 0/$')1$/$# 31# 89:# ()#

*1(373'*()0%#76/$#5X3($7.</#/(#*+E#!FFA;E#N(<31#*14#7)++/*,6/$#5!FFA;#.*H/#$6,,/$(/4# (.*(# (./#

7)11/7(3)1$#=/(I//1#$6=0/,3)1$#)-#(./#*&%,4*+*#*14#*0/*$#)-#(./#-0)1(*+#*14#'*03/(*+#7)0(37/$#

$.)I# $/+/7(3H/# *=/00*1(# '*((/01$# )-# *7(3H3(%# 31# 89:J# 3&'+%31,# *# =0)*4# 1/(I)0<# )-#

'*(.)'.%$3)+),%#31#43$)04/0$#$67.#*$#89:#&*0</4#=%#7.0)137#*14#+/$$#76/>403H/1#$%&'()&$#)-#

*123/(%E#G./#'0/$/1(# -31431,$#)--/0# (./#$6,,/$(3)1# (.*(# (./#./(/0),/1/3(%#)-#*123/(%#$%&'()&$#

$//1#*70)$$#43$)04/0$#&*%#'0/437(#$/+/7(3H/#4%$0/,6+*(3)1#)-#5)0#31(/0*7(3)1$#=/(I//1;#=03/-#*14#

'/0$3$(/1(# *--/7(# 730763(03/$# 34/1(3-3/4# 31# (./# '0/$/1(# $(64%E# T)0/# ,/1/0*++%J# (.3$# I)0<#

4/&)1$(0*(/$#(.*(#/H*+6*(31,#*--/7(3H/#'0)7/$$/$#*70)$$#=0)*4/0#(3&/$7*+/$#)--/0$#1/I#31$3,.($#

31()#.)I#/&)(3)1*+#=0*31#$%$(/&$#7*1#$6'')0(#(./#I34/#H*03/(%#)-#/&)(3)1*+#=/.*H3)0$#.6&*1$#

/2.3=3(J#31#./*+(.%#*14#'*(.)+),37*+#$(*(/$E#

Page 31 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'(&)*#+,(-#./01#.2-#-%33/045'#67#4,5#824(/&29#:&-4(4%45#/;#<5&429#=5294,#>?@@<=ABCBDE#4/#

FG=GHIJ# 4,5# 824(/&29# HK(5&K5# $/%&'24(/&# >8H$ACLM!!A# 4/# NG<G?O# P02'%245# Q5-520K,#

$599/.-,(3#4/#FG=GHGIJ#2&'#4,5#R204S/%4,#T02(&#:S2)(&)#U5&450G#

Page 32 of 55Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'()*+,-.+'/01# 2+# 3%&'()*+,-+# 45# 630+78# 69:;0/;'+# 6(*7+:8# <(,,# =+3/9+:/('8# <3..7#

>(:3'8#?;03#@9;'8#3',#A+(:-+#2(*B(:,# B(:#300;0/3'%+#3',#9+*CBD*#%(..+'/08#E+F;'#?343:# B(:#

093:;'-#0/;.D*D0#.3/+:;3*08#3',#$'/(';3#=3.;*/('#B(:#093:;'-#B>GH#ID3*;/7#300D:3'%+#/((*0J#

Page 33 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&%'%()%*#
#

+,-.'%/# $01# 23%(# 41# 5678'9.# :1# ;.<,.(# $1# 4'=,,6(# 2># !?@@># 03.*=)# .(7# *8*A.=(%7# &%.'# =(#
38B.(*#%,=)=A*#7=*A=()A#<.AA%'(*#6&#C'.=(#.)A=-=AD>#E%8'6=B.F%>#GGHIJKLM??>#

+B.'.,#N4>#@KJO>#+BDF7.,63=<<6).B<.,#.(7#.BDF7.,6)6'A=).,#<'6P%)A=6(*#=(#A3%#<'=B.A%#C'.=(>#
+7-.()%B%(A*#=(#QR<%'=B%(A.,#S%7=).,#5=6,6FD>#!?IHIL@">#

+(7'%T*LU.((.#:$1#$%=7,%'#:V1#V%<8,)'%#:1#068,=(#$1#58)9(%'#$W>#!?@?>#X8()A=6(.,L.(.A6B=)#
&'.)A=6(.A=6(#6&#A3%#C'.=(Y*#7%&.8,A#(%AT6'9>#E%8'6(>#OGHGG?LGO!>#

5.'LU.=B#Z1#W.BD#N1#0%'F.B=(#W1#5.9%'B.(L;'.(%(C8'F#S:1#-.(#[/%(766'(#SU>#!??">#\3'%.AL
'%,.A%7# .AA%(A=6(.,# C=.*# =(# .(R=68*# .(7# (6(.(R=68*# =(7=-=78.,*H# +# B%A.L.(.,DA=)# *A87D>#
0*D)36,6F=).,#58,,%A=(>#@IIH@L!M>#

5.',6T#NU>#@KJJ>#+(R=%AD#.(7#=A*#7=*6'7%'*>#E%T#Z6'9H#48=,&6'7#0'%**>#

5.',6T#NU>#!???>#]('.-%,=(F#A3%#BD*A%'=%*#6&#.(R=%AD#.(7#=A*#7=*6'7%'*#&'6B#A3%#<%'*<%)A=-%#6&#
%B6A=6(#A3%6'D>#+B%'=).(#0*D)36,6F=*A>#GGH@!M"L@!OI>#

5%)9# +\1# ^.'7# 2U1# S%(7%,*6(# S1# S6)9# :1# Q'C.8F3# :># @KO@># +(# =(-%(A6'D# &6'# B%.*8'=(F#
7%<'%**=6(>#+')3=-%*#6&#4%(%'.,#0*D)3=.A'D>#MHGO@LG"@>#

5%,6-.# S+1# 0.A6(# ::1# S6''=*6(# VQ1# V.,/B.(# 2N># !??"># QR<%)A.A=6(# B678,.A%*# (%8'.,#
'%*<6(*%*#A6#<,%.*.(A#.(7#.-%'*=-%#*A=B8,=#=(#<'=B.A%#.BDF7.,.>#E%8'6(>#GGHK"?LKJM>#

5=*36<# V:># !??"># E%8'6)6F(=A=-%# B%)3.(=*B*# 6&# .(R=%ADH# .(# =(A%F'.A=-%# .))68(A># \'%(7*# =(#
26F(=A=-%#V)=%()%*>#@@HI?"LI@O>#

5=*36<# V:># !??K># \'.=A# .(R=%AD# .(7# =B<6-%'=*3%7# <'%&'6(A.,# )6(A'6,# 6&# .AA%(A=6(># E.A8'%#
E%8'6*)=%()%>#@!HK!LKJ>#

5=*36<#V:1#:%(9=(*#$1#W.T'%()%#+N>#!??">#E%8'.,#<'6)%**=(F#6&#&%.'&8,#&.)%*H#%&&%)A*#6&#.(R=%AD#
.'%#F.A%7#CD#<%')%<A8.,#).<.)=AD#,=B=A.A=6(*>#2%'%C'.,#26'A%R>#@"H@GKGL@O?I>#

5,.='#;1#V3.DT=A/# :1#VB=A3#5^1#$367%*#$1#4%'.)=#S1# :6(%*#S1#S)2.&&'%D#N1#_DA3=,=(F.B#S1#
X=(F%'#Q1#S6(7=,,6#;1#:.)6C*#S1#23.'(%D#NV1#5,.='#$:1#N'%-%A*#^21#0=(%#NV>#!??J>#$%*<6(*%#
A6# %B6A=6(.,# %R<'%**=6(*# =(# F%(%'.,=/%7# *6)=.,# <36C=.# .(7# F%(%'.,=/%7# .(R=%AD# 7=*6'7%'H#
Q-=7%()%#&6'#*%<.'.A%#7=*6'7%'*>#+B%'=).(#:68'(.,#6&#0*D)3=.A'D>#@OGH@@KIL@!?!>#

56A-=(=)9# S1# ED*A'6B# WQ1# X=**%,,# ;1# 2.'A%'# 2V1# 263%(# :N># @KKK># 26(&,=)A# B6(=A6'=(F# -%'*8*#
*%,%)A=6(L&6'L.)A=6(#=(#.(A%'=6'#)=(F8,.A%#)6'A%R>#E.A8'%>#M?!H@"KL@J@>#

5'.7,%D#SS1#28A3C%'A#5E1#W.(F#0:>#@KKO>#0=)A8'%#B%7=.#.(7#%B6A=6(H#Q&&%)A*#6&#.#*8*A.=(%7#
.&&%)A=-%#)6(A%RA>#0*D)36<3D*=6,6FD>#IIHOO!LO"?>#

5'.(7`6#SW1#+*(*%,6(=#_a1#0.(7b**=6# :Q1#N%#+'.cP6#:Q1#2.*A=,36#_S>#@KKK>#E%8'6)3%B=).,#
B%)3.(=*B*#6&#A3%#7%&%(*=-%#C%3.-=6'#=(#A3%#76'*.,#B=7C'.=(>#E%8'6*)=%()%#.(7#5=6C%3.-=6'.,#
$%-=%T*>#!IHJOILJ"G>#

Page 34 of 55Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&''()#*+,#-./0(%#12,#13456&76%#89,#:&;6%<()#=>#!??@>#2.A&.0#6BC%6DD&()D#.)4#A(7C06B#=EF1#
C&A'3%6DG#A(77()#.)4#4&HH6%6)'&.0#)6'I(%JD>#K63%(&7.L6>#MNGO?@PONO>#

$35%#8,#93L.D#Q*>#!??!>#-56#=)'(06%.)A6#(H#R)A6%'.&)'/#1A.06G#FD/A5(76'%&A#C%(C6%'&6D#(H#'56#
S)L0&D5#T6%D&()>#$65.T&(3%#%6D6.%A5#.)4#'56%.C/>#U?GOMNPOUV>#

$35%#8,#93L.D#Q*>#!??@>#=)T6D'&L.'&)L#'56#A()D'%3A'#T.0&4&'/#(H#&)'(06%.)A6#(H#3)A6%'.&)'/#.)4#&'D#
3)&W36#%60.'&()D5&C#I&'5#I(%%/>#*(3%).0#(H#E)B&6'/#9&D(%46%D>#!?G!!!P!M@>#

+.%06'()# XK,# 15.%C6# 9,# ED73)4D()# Y*># !??Z># E)B&6'/# D6)D&'&T&'/# .)4# &)'(06%.)A6# (H#
3)A6%'.&)'/G# %6W3&D&'6D#(H# '56# H3)4.76)'.0# H6.%D[#$65.T&(%.0#X6D6.%A5#.)4#-56%.C/>#UVG!M?ZP
!MN@>#

+.%0D()# *Q,# Y%66);6%L# -,# X3;&)# 9,# Q3\&A.PF.%(4&# :X># !?NN># 2660&)L# .)B&(3DG# E)'&A&C.'(%/#
.7/L4.0(P&)D30.%# %6DC()D6D# C%64&A'# '56# H660&)L# (H# .)B&(3D# .)'&A&C.'&()>#1(A&.0,#+(L)&'&T6,# .)4#
EHH6A'&T6#K63%(DA&6)A6>#@GZUP"N>#

+.%'6%#+1,# $%.T6%# -1,#$.%A5#9Q,# $('T&)&AJ#QQ,#K(00#9,#+(56)# *9># NOO">#E)'6%&(%# A&)L30.'6#
A(%'6B,#6%%(%#46'6A'&(),#.)4#'56#()0&)6#7()&'(%&)L#(H#C6%H(%7.)A6>#1A&6)A6>#!"?GZUZPZUO>#

+.%T6%#+1,#]5&'6#-:>#NOOU>#$65.T&(%.0#&)5&;&'&(),#;65.T&(%.0#.A'&T.'&(),#.)4#.HH6A'&T6#%6DC()D6D#
'(#&7C6)4&)L#%6I.%4#.)4#C3)&D576)'G##-56#$=1^$E1#DA.06D>#*(3%).0#(H#F6%D().0&'/#.)4#1(A&.0#
FD/A5(0(L/>#@ZGMNOPMMM>#

+53.#F,#8%.7D#Q,#-()&#=,#F.DD&)L5.7#X,#9(0.)#X>#NOOO>#E#H3)A'&().0#.).'(7/#(H#.)'&A&C.'(%/#
.)B&6'/>#K63%(&7.L6>#OGV@MPVZN>#

+(D'.# F-,# QA+%.6# XX># NOON># K6(# 2&T6P2.A'(%# =)T6)'(%/# _KS`P22=a# F%(H6DD&().0# Q.)3.0>#
`46DD.,#2:G#FD/A5(0(L&A.0#EDD6DD76)'#X6D(3%A6D>#

+%.&L#E9># !??M># =)'6%(A6C'&()G# -56# D6)D6# (H# '56# C5/D&(0(L&A.0# A()4&'&()# (H# '56# ;(4/>#+3%%6)'#
`C&)&()#&)#K63%(;&(0(L/>#NMGV??PV?V>#

+%.DJ6#QY,#X.3A5#1:,#R%D.)(#X,#F%6)(T6.3#*,#F&)6#91,#b&);.%L#XS>#!??O>#]5.'#&D#.)#.)B&6'/#
4&D(%46%[#96C%6DD&()#.)4#E)B&6'/>#!@GN?@@PN?"V>#

+%&'A506/# c9,#QA=764#XK,# 26.'56%D'()6# S,#Q.'5&.D# +*,# 9(0.)# X># !??!># d(0&'&().0# A()'%(0# (H#
.3'()(7&A#.%(3D.0G#E#H3)A'&().0#7.L)6'&A#%6D().)A6#D'34/>#K63%(&7.L6>#N@GO?OPONO>#

9.T&D#Q>#NO"">#E%6#4&HH6%6)'#C.%'D#(H# '56#6B'6)464#.7/L4.0.# &)T(0T64# &)# H6.%#T6%D3D#.)B&6'/[#
$&(0(L&A.0#FD/A5&.'%/>#NVGN!MOPN!UZ>#

9.T&D#Q,#].0J6%#9:,#:66#e>#NOOZ>#E7/L4.0.#.)4#;64#)3A063D#(H#'56#D'%&.#'6%7&).0&DG##9&HH6%6)'&.0#
%(06D# &)# H6.%# .)4# .)B&6'/# 76.D3%64# I&'5# '56# .A(3D'&A# D'.%'06# %6H06B># E)).0D# (H# '56# K6I# e(%J#
EA.467/#(H#1A&6)A6D>#"!NGM?VPMMN>#

9.T&D#Q,#].0J6%#9:,#Q&06D# :,#Y%&00()#+># !?N?>#F5.D&A# TD# D3D'.&)64# H6.%# &)# %.'D# .)4# 537.)DG#
X(06#(H#'56#6B'6)464#.7/L4.0.#&)#H6.%#TD#.)B&6'/>#K63%(CD/A5(C5.%7.A(0(L/#X6T&6ID>#MVGN?VP
NMV>#

Page 35 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!"#

$%&'(#)*#+,%-./#012#!3342#5,.#%6789%-%:#;'8'-%/<.#%/9#.6=>'=/2#)=-.<?-%@#0(7<,'%>@72#A:4BC
BD2#
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>,.#6.9'%-#>.6O=@%-#-=K.#6.6=@7#(7(>.6#'/#@.>@'.&'/8#.6=>'=/%-#6.6=@'.(2#0@=<..9'/8(#=N#>,.#
S%>'=/%-#V<%9.67#=N#I<'./<.(*#WIV2#43!:!A!AC!AB42#

$=(./K%<,# SW*# E%'@# $V*# J=,./# VF*# I<,-%88%@# GF*# 0.>.@(./# IX2# !33Y2# V# 9?%-C/.>Z=@[(#
%@<,'>.<>?@.#=N#>=OC9=Z/#<=/>@=-2#5@./9(#'/#J=8/'>'&.#I<'./<.(2#4!:""C43U2#

$=(./K%<,# SW*# ;'((<,.@# H)*# 0%-6.@# X$*# )'.L'/# E)*#+./8.@# HH*# H%/8# \J*# G?@8?/9# X$*#
]@'6.(#VF*#I<,-%88%@#GF*#0.>.@(./#IX2# !33A2#V# <=@.# (7(>.6# N=@# >,.# '6O-.6./>%>'=/# =N# >%([#
(.>(2#S.?@=/2#U3:T""CY4!2#
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%/P'.>7#9'(=@9.@2#V@<,'&.(#=N#]./.@%-#0(7<,'%>@72#AA:4BA4C4BT!2#
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D5'F.C#E3.DF,F3.-D#H-%'#%EI5F<F,F3.#%.D#-6,F.E,F3.J#%#BF6-DK,'F%:#HLMN#<,5D0>#O-5'3.>#PQJ?!RK?ST>#

$%D35E-5'# M*# +3<<-:F.# 8*# 45C%<# L1># PQQQ># 76;-'FB-.,%:# B%.F;5:%,F3.# 3H# F.,3:-'%.E-# 3H#
5.E-',%F.,0J#%#<,5D0#3H#%#,9-3'-,FE%:#B3D-:#3H#U3''0>#&-9%G#M-<#V9-'>#!@J?!!K?S">#

$%.-#M4*#WF.X#+M*#29%5#8L*#43:%.#M1>#"??R>#O-5'%:#%E,FG%,F3.#D5'F.C#<-:-E,FG-#%,,-.,F3.# ,3#
<5/Y-E,FG-#-B3,F3.%:#'-<;3.<-<>#O-5'3'-;3',>#@J!?Z?K!?RP>#

$%.C#81*#&'%D:-0#LL*#25,9/-',#&O>#"??R>#N.,-'.%,F3.%:#=HH-E,FG-#8FE,5'-#)0<,-B#[8FE,5'-<\>#N.>#
+%F.<GF::-*#W$>#

$%.C# 81*# 4%GF<# L*# ]9B%.# =># PQQQ># W-%'# %.D# %.6F-,0J# %.FB%:# B3D-:<# %.D# 95B%.# E3C.F,FG-#
;<0E93;90<F3:3C0>#135'.%:#3H#=HH-E,FG-#4F<3'D-'<>#Z"J"!RK"T?>#

$-4356#1>#"??@>#W-%'#%.D#,9-#/'%F.J#U9-'-#9%G-#U-#/--.*#%.D#U9-'-#%'-#U-#C3F.C^#&F3:3CFE%:#
8<0E9F%,'0>#SSJ"PP?K"P!@>#

$F-/-'B%.# L4*# 7F<-./-'C-'# ON*# 2'3EX-,,# L1*# V3B# )L*# 8H-FH-'# 1A*#_%0# &L># PQQR># 85,,F.C#
H--:F.C<# F.,3#U3'D<J#=HH-E,# :%/-:F.C# DF<'5;,<# %B0CD%:%# %E,FGF,0# F.# '-<;3.<-# ,3# %HH-E,FG-# <,FB5:F>#
8<0E93:3CFE%:#)EF-.E->#"@JSP"KSP@>#

$3C%.# +4*# +3'D3.# M4># PQQ"># 76-E5,FG-# E3.,'3:# 3H# GF<5%:# %,,-.,F3.# F.# D5%:K,%<X# <F,5%,F3.<>#
8<0E93:3CFE%:#M-GF-U>#"Q@J!?!KS!S>#

L%E$-3D#2*#L%,9-U<#=>#"?@@>#=.6F-,0#%.D#,9-#%::3E%,F3.#3H#%,,-.,F3.#,3U%'D#,9'-%,>#`5%',-':0#
135'.%:#3H#76;-'FB-.,%:#8<0E93:3C0>#SQJZT!KZRQ>#

L%EO%B%'%# =*# A%YE%X# +># PQQ?># =.6F-,0# %.D# <;%,F%:# %,,-.,F3.# B3D-'%,-# ,9-# -:-E,'3E3',FE%:#
'-<;3.<-#,3#%G-'<FG-#;FE,5'-<>#O-5'3;<0E93:3CF%>#SRJP?RTKP?@Q>#

LE2:5'-# 7&*# L3.X# 2)*# O-:<3.# 77*# 8%''F<9# 1L*# =D:-'# =*# &:%F'# M1*# W'3BB# )*# 29%'.-0# 4)*#
$-F/-.:5H,#7*#7'.<,#L*#8F.-#4)>#PQQR>#=/.3'B%:#%,,-.,F3.#B3D5:%,F3.#3H#H-%'#EF'E5F,#H5.E,F3.# F.#
;-DF%,'FE#C-.-'%:Fa-D#%.6F-,0#DF<3'D-'>#='E9FG-<#3H#C-.-'%:#;<0E9F%,'0>#ZSJ?RK"QZ>#

LEO%5C9,3.#O*#23''# 81># PQQS># =# ,U3KDFB-.<F3.%:# .-5'3;<0E93:3C0# 3H# D-H-.<-J# W-%'b%.6F-,0#
%.D#D-H-.<FG-#DF<,%.E->#O-5'3<EF-.E-#%.D#&F3/-9%GF3'%:#M-GF-U<>#P@JP@TK!QT>#

L-0-'#V1*#LF::-'#L$*#L-,aC-'#M$*#&3'X3G-E#V4>#"??Q>#4-G-:3;B-.,#%.D#G%:FD%,F3.#3H#,9-#8-..#
),%,-#_3''0#`5-<,F3..%F'->#&-9%G#M-<#V9-'>#P@JS@RKS?T>#

LF:%D# LM*# `5F'X# +1># PQQP># O-5'3.<# F.# B-DF%:# ;'-H'3.,%:# E3',-6# <FC.%:# B-B3'0# H3'# H-%'#
-6,F.E,F3.>#O%,5'->#SPQJRQKRS>#

L3//<#4*#L%'E9%.,#1$*#A%<<%/F<#4*#)-0B35'#&*#V%.#+*#+'%0#L*#8-,'3GFE#8*#43:%.#M1*#W'F,9#
24>#PQQ?>#W'3B#,9'-%,# ,3# H-%'J#V9-#.-5'%:#3'C%.Fa%,F3.#3H#D-H-.<FG-# H-%'#<0<,-B<# F.#95B%.<>#
135'.%:#3H#O-5'3<EF-.E->#P?J"PP!ZK"PPS!>#

L3//<#4*#8-,'3GFE#8*#L%'E9%.,#1$*#A%<<%/F<#4*#_-F<X3;H#O*#)-0B35'#&*#43:%.#M1*#W'F,9#24>#
PQQR># _9-.# H-%'# F<# .-%'J# ,9'-%,# FBBF.-.E-# -:FEF,<# ;'-H'3.,%:K;-'F%I5-D5E,%:# C'%0# <9FH,<# F.#
95B%.<>#)EF-.E->#!"RJ"QR?K"Q@!>#
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$%&'#()*#+,-.,/#01*#$%22#3*#4/56-,7#48*#$59#:*#;%</%#1$*#(=,&#>*#$?(-</,@+%&,#04*#0/&AB#
$*# 89&,# C)D# "EEFD# GH7265-5# 5&6# I,&B/%-5B,/5-# J/,K/%&B5-# ?%/B,L# 5?B9I5B9%&# B%# H5A',6# 5&2/7#
K5?,A# 9&# ?=9-6/,&# 5&6# 56%-,A?,&BA# M9B=# 2,&,/5-9.,6# 5&L9,B7# 69A%/6,/D# G/?=9I,A# %K# >,&,/5-#
8A7?=95B/7D#NOPONF@OQND#

R9BA?=',# S4*# )5/9&%J%<-%A# T*# U5B=,A# CS*# S%=&AB%&,# +*#V=5-,&# 8S*# C5I96A%&# WS*# 35-9&# R1D#
"EEXD# G&B9?9J5B%/7# 5?B9I5B9%&# 9&# B=,# 5H7265-5# 5&6# 5&B,/9%/# ?9&2<-5B,# 9&# 2,&,/5-9.,6# 5&L9,B7#
69A%/6,/#5&6#J/,69?B9%&#%K#B/,5BH,&B#/,AJ%&A,D#GH,/9?5&#S%</&5-#%K#8A7?=95B/7D#YNNP!E"@!YED#

U?=A&,/#3R*#3&9,/9H#3*#;<6-%M#C1*#15&,-9&#S*#W5H5?=5&6/5&#+*#>-%I,/#>*#$5?',7#)(D#"EEZD#
W,K-,?B9&2#<J%&#K,,-9&2AP#G&#K$WT#AB<67#%K#&,</5-#A7AB,HA#A<JJ%/B9&2#B=,#5BB/9[<B9%&#%K#,H%B9%&#
B%#A,-K#5&6#%B=,/D#S%</&5-#%K#(%2&9B9I,#R,</%A?9,&?,D#YNPYQZN@YQQ"D#

U=H5&# GD# YXX!D# \,5/# 5&6# 5&L9,B7# 5A# ,H%B9%&5-# J=,&%H,&5P# # (-9&9?5-# J=,&%H,&%-%27*#
,I%-<B9%&5/7#J,/AJ,?B9I,A*#5&6#9&K%/H5B9%&@J/%?,AA9&2#H,?=5&9AHAD#T&P#;,M9A#$*#15I9-5&6#S$*#
,6AD#15&6[%%'#%K#,H%B9%&A##R,M#]%/'P#><9-K%/6#8/,AA#J#OYY@O!ND#

U-,/#SG*#\%L#G)*#)=,-B%&#)0*#(=/9AB95&#4+*#$</5-9#C*#U5',A#+W*#C5I96A%&#WS*#35-9&#R1D#"EEXD#
),/%B%&9&#B/5&AJ%/B,/#5I59-5[9-9B7#9&#B=,#5H7265-5#5&6#[,6#&<?-,<A#%K#B=,#AB/95#B,/H9&5-9A#J/,69?BA#
5&L9%<A# B,HJ,/5H,&B#5&6#[/59&#2-<?%A,#H,B5[%-9?#5?B9I9B7D#S%</&5-#%K#R,</%A?9,&?,D#"XPXXNY@
XXNND#

85<-<A#$8*#\,9&AB,9&#S)*#(5AB9--%#>*#)9HH%&A#GR*#)B,9&#$4D#"EEOD#C%A,@6,J,&6,&B#6,?/,5A,#
%K# 5?B9I5B9%&# 9&# [9-5B,/5-# 5H7265-5# 5&6# 9&A<-5# [7# ;%/5.,J5H# 6</9&2# ,H%B9%&# J/%?,AA9&2D#
G/?=9I,A#%K#>,&,/5-#8A7?=95B/7D#N"P"F"@"FFD#

85<-<A#$8*#)B,9&#$4D#"EEND#G&#9&A<-5/#I9,M#%&#5&L9,B7D#49%-%29?5-#8A7?=95B/7D#NEP!F!@!FQD#

8,B,/A%&# WG*# W,9AA# )D# YXFQD# +,AB# H5&<5-# K%/# B=,# G&L9,B7# ),&A9I9B7# T&6,LD# U/-5&6# 85/'*# T;P#
T&B,/&5B9%&5-#C952&%AB9?#)7AB,HAD#

8=,-JA#0G*#C,-256%#$W*#R,5/9&2#3T*#;,C%<L#S0D#"EEZD#0LB9&?B9%&# -,5/&9&2# 9&#=<H5&AP#/%-,#%K#
B=,#5H7265-5#5&6#IH8\(D#R,</%&D#Z!PFXQ@XEOD#

8=,-JA#0G*#U^(%&&%/#3S*#>5B,&[7#S(*#>%/,#S(*#>/9--%&#(*#C5I9A#$D#"EEYD#G?B9I5B9%&#%K#B=,#-,KB#
5H7265-5#B%#5#?%2&9B9I,#/,J/,A,&B5B9%&#%K#K,5/D#R5B</,#R,</%A?9,&?,D#ZPZ!Q@ZZYD#

8%A&,/#$T*# 8,B,/A,&#)0D# YXXED# +=,# 5BB,&B9%&# A7AB,H# %K# B=,# =<H5&# [/59&D# G&&<5-#W,I9,M# %K#
R,</%A?9,&?,D#Y!P"O@Z"D#

8/9?,#S;D#"EEQD#C,K9&9B9%&#%K#B=,#%/[9B5-#?%/B,L#9&#/,-5B9%&#B%#AJ,?9K9?#?%&&,?B9%&A#M9B=#-9H[9?#5&6#
I9A?,/5-# AB/<?B</,A#5&6#%B=,/# ?%/B9?5-# /,29%&AD#G&&5-A#%K# B=,#R,M#]%/'#G?56,H7#%K#)?9,&?,AD#
YY"YPOZ@QYD#

W%[9&A%&# US*# ;,B'9,M9?.# G$*# UI,/AB/,,B# (*# 0/&AB# $*# >/9--%&# (D# "EYYD# +=,# ,KK,?B# %K# 9&<?,6#
5&L9,B7# %&# ?%2&9B9%&P# +=/,5B# %K# A=%?'# ,&=5&?,A# 5I,/A9I,# J/%?,AA9&2# 9&# =,5-B=7# 9&69I96<5-AD#
(%2&9B9I,*#GKK,?B9I,*#5&6#4,=5I9%/5-#R,</%A?9,&?,D#YYP"YQ@""QD#

)5-,,H#3)*#3%&6%#1*#8/9?,#S;D#"EEFD#(%HJ-,H,&B5/7#?9/?<9BA#?%&&,?B9&2#B=,#%/[9B5-#5&6#H,695-#
J/,K/%&B5-# &,BM%/'A#M9B=# B=,# B,HJ%/5-*# 9&A<-5/*# 5&6# %J,/?<-5/# ?%/B,L# 9&# B=,#H5?5_<,#H%&',7D#
S%</&5-#%K#(%HJ5/5B9I,#R,</%-%27D#OENPNOX@NX!D#
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CDEDB"F'40%<$&'<G"H*%&';"$'<&4&)$<&('"I(H*+$<0,"'0*%$+"%0,)(',0,"<("$J0%,&('" &'"@*I$'"&',*+$"
$'H"$IG;H$+$B"K0%0L%$+"K(%<0MB"CDNOCOPOQDB"

#0+&;I$'" 3>RB" EOSTB" K@%('&4" U0$%" )%(H*40H" LG" *')%0H&4<$L+0" 0+04<%&4" ,@(45B" =(*%'$+" (U"
K(I)$%$<&J0"$'H"R@G,&(+(;&4$+"R,G4@(+(;GB"SSNQDCPQEEB"

#&II(',"V."3$<<@06,"#K."R$*+*,"3R."#<0&'"3AB"CDDTB" -'<(+0%$'40"(U" *'40%<$&'<G" 4(%%0+$<0,"
6&<@"&',*+$"$4<&J$<&('"H*%&';"$UU04<&J0"$IL&;*&<GB"?0*%(,4&0'40"+0<<0%,B"Q!DNOCPOWB"

#&I),('" =X." 1%0J0<," 2K." #'GH0%" VY." /*,'$%H" 1V." X$&4@+0" 3>B" CDDEB" >I(<&('P&'H*40H"
4@$';0," &'"@*I$'"I0H&$+")%0U%('<$+"4(%<0MN" --B"1*%&';"$'<&4&)$<(%G"$'M&0<GB"R%(400H&';,"(U" <@0"
?$<&('$+"V4$H0IG"(U"#4&0'40,."F#VB"OTNSTTPSO!B"

#I&<@" =K." A%$H+0G" 33." 9$';" R=B" CDDZB" #<$<0" $'M&0<G" $'H" $UU04<&J0" )@G,&(+(;GN" >UU04<," (U"
,*,<$&'0H"0M)(,*%0"<("$UU04<&J0")&4<*%0,B"A&(+(;&4$+"),G4@(+(;GB"SONCQWPCSDB"

#(+&I$'"[."/+$<<"K>."A$<@"8/."90J&<$"9."=('0,"X3."R$<<60++"##."=&';"1."\(<<0'@$I"?."VI,("1."
#(I0%J&++0"9:."](,,":F."/+(J0%"/."A$++('"1=."9&,<('"K."\0,+(J&4@"\."]$'"80I)0'"\."900"[#."
K$,0G"A=B"CDEDB"V";0'0<&4"J$%&$'<"A1?[")(+GI(%)@&,I"$+<0%,"0M<&'4<&('"+0$%'&';"&'"L(<@"I(*,0"
$'H"@*I$'B"#4&0'40B"!CWNTS!PTSSB"

#(I0%J&++0" 9:." 8&I" :." =(@',<('0" \." V+0M$'H0%" V9." 2@$+0'" R=B" CDDQB" :*I$'" $IG;H$+$"
%0,)(',0," H*%&';" )%0,0'<$<&('" (U" @$))G" $'H" '0*<%$+" U$40,N" K(%%0+$<&('," 6&<@" ,<$<0" $'M&0<GB"
A&(+(;&4$+"R,G4@&$<%GB"ZZNTOWPOD!B"

#(I0%J&++0"9:."2@$+0'"R=."80++0G"23B"CDEDB"A0H"'*4+0*,"(U"<@0",<%&$"<0%I&'$+&,"&'H0M0,"<('&4"
@G)0%J&;&+$'40"&'"@*I$',B"A&(+(;&4$+"R,G4@&$<%GB"STNQESPQCQB"

#)&0+L0%;0%" K1." /(%,*4@" X9." 9*,@0'0" X>B" EOTTB" #\V-P3$'*$+" U(%" <@0" #<$<0" \%$&<" V'M&0<G"
-'J0'<(%GB"R$+("V+<(."KVN"K(',*+<&';"R,G4@(+(;&,<,"R%0,,B"

#<0&'" 3A." #&II('," V?." [0&',<0&'" =#." R$*+*," 3RB" CDDWB" -'4%0$,0H" $IG;H$+$" $'H" &',*+$"
$4<&J$<&('"H*%&';"0I(<&('")%(40,,&';"&'"$'M&0<GP)%('0",*L^04<,B"VI0%&4$'"=(*%'$+"(U"R,G4@&$<%GB"
ESQN!ETP!CWB"

#<%$*L0" \." 30'<70+" :P=." 3&+'0%" 2:XB" CDDWB" 2$&<&';" U(%" ,)&H0%,N" A%$&'" $4<&J$<&('" H*%&';"
$'<&4&)$<(%G"$'M&0<G"&'",)&H0%")@(L&4,B"?0*%(&I$;0B"!WNEQCWPEQ!SB"

\$+$&%$4@"=."\(*%'(*M"RB"EOTTB"K(P)+$'$%",<0%0(<$M&4"$<+$,"(U"<@0"@*I$'"L%$&'B"?06"_(%5."?_N"
\@&0I0"30H&4$+"R*L+&,@0%,B"

F%%G":9."J$'"X005*I"K3."=(@',<('0"\."8$+&'"?:."\@*%(6"3>."#4@$0U0%":#."=$45,('"KV."[%G0"
K=." /%0&,4@$%" 99." V+0M$'H0%" V9." 1$J&H,('" X=B" CDDSB" VIG;H$+$" $'H" J0'<%(I0H&$+" )%0U%('<$+"
4(%<0M"$%0" &'J0%,0+G"4(*)+0H"H*%&';"%0;*+$<&('"(U"'0;$<&J0"$UU04<"$'H")%0H&4<"H&*%'$+")$<<0%'"(U"
4(%<&,(+",04%0<&('"$I(';"(+H0%"$H*+<,B"=(*%'$+"(U"?0*%(,4&0'40B"CSNQQEZPQQCZB"

]$'">,,0'"1K."1&45,('"=.":$%60++"=.":$'+('"1."V'H0%,('"K:."1%*%G":VB"CDDEB"V'"&'<0;%$<0H"
,(U<6$%0" ,G,<0I" U(%" ,*%U$40PL$,0H" $'$+G,&," (U" 40%0L%$+" 4(%<0MB" =(*%'$+" (U" VI0%&4$'" 30H&4$+"
-'U(%I$<&4,"V,,(4&$<&('B"TNQQ!PQZOB"
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$%&&'()*# +,-# ,%).%/# 0,-# +)112# 34-# 56'7/)*# 89-# :;/<1=&;/# :>-# ,'?@;2# ,A-# 5(<1;=%<# $,-#
A)B)*&)/# C4D# EFF!D# ,%G)=# H1;'7)=I)@)/BJ*)1<B)=# =)&%K/&# &)L<*<B)# B*</&%)/B# </=# &6&B<%/)=#
<'B%@%B2#%/#M,8>D#N)6*;%O<K)D#PQRPSQ"JPTFUD#

V<K)*#W:-# @</#?&B#$?-#X6K()&#59-#:<@%=&;/&#,9-# 9%/=Y6%&B#,?-#Z'(&/)*#+ND# EFFQD#5*<%/#
O)=%<B;*&#;M#'<*=%;@<&'61<*# *)&L;/&)&#B;#&;'%<1# B(*)<B-#L<*B# >>R#A*)M*;/B<1J&6H';*B%'<1#L<B([<2&#
</=#*)1<B%;/&(%L#[%B(#</G%)B2D#N)6*;%O<K)D#"TRU!SJU\PD#

V(<1)/#A3D# PQQUD# 0)<*-# @%K%1</')-# </=# <OH%K6%B2R# # >/%B%<1# /)6*;%O<K%/K# &B6=%)&# ;M# B()# (6O</#
<O2K=<1<D#]6**)/B#:%*)'B%;/&#%/#A&2'(;1;K%'<1#C'%)/')D#TRPTTJPUUD#

V(<1)/# A3-# 3;(/&B;/)# W-# C;O)*@%11)# 9X-# N%B&'(7)# 35-# A;1%&# C-# ?1)G</=)*# ?9-# :<@%=&;/# 83-#
+<1%/#NXD#EFFUD#?# M6/'B%;/<1#O<K/)B%'# *)&;/</')# %O<K%/K#L*)=%'B;*# ;M# B*)<BO)/B# *)&L;/&)# B;#
@)/1<M<G%/)#%/#K)/)*<1%.)=#</G%)B2#=%&;*=)*D#5%;1;K%'<1#A&2'(%<B*2D#S!RU\UJUS!D#

V%K#^C-#56'7/)*#89-#C'(<'B)*#:9D#EFFQD#8)L)B%B%;/#L*%O%/K#%/M16)/')&#=%&B%/'B#H*<%/#&2&B)O&R#
4@%=)/')# M*;O# B<&7J)@;7)=# =<B<# </=# *)&B%/KJ&B<B)# ';**)1<B%;/&D# 3;6*/<1# ;M# N)6*;L(2&%;1;K2D#
PFPRES!EJES"UD#

_<O<&<7%#X-#9<5<*#+C-#,']<*B(2#^D#EFFED#:%&&;'%<H1)#L*)M*;/B<1#H*<%/#&2&B)O&# M;*#<BB)/B%;/#
</=# )O;B%;/D# A*;'))=%/K&# ;M# B()# N<B%;/<1# ?'<=)O2# ;M# C'%)/')&# ;M# B()# `/%B)=# CB<B)&# ;M#
?O)*%'<D#QQRPP""TJPP"\PD#
#
!
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!"#$%& '(& )& *& +& ,&
!"#$%&'"()(!"*%+$,(-&.%*+"/#
6.-0%'#72+/(8# )9# :);# :<=# :;# >*"?#
@35A4%'%# # :;)# :># :)># =*!<#
@35A4%'%# # ;B# :)# :;?# =*;!#
C8/(,4(4#@35A4%'%DE,-0'%F# # :B;# :)# :)"# !*B;#
C8/(,4(4#@35A4%'%DE,-0'%F# # !=# ;# :;?# "*">#
E,G(+.2+#H+2,/%'#I5+0-# B># :B"# !;# ># "*=B#
J.4&+%.,# # =# :;<# :=# "*B)#
J.4&+%.,DK(+.%L0(40M/%'#I+%5F# # :=# :;<# :)!# B*;)#
E,G(+.2+#H+2,/%'#I5+0-# <# "?# )!# ;B# "*?"#
E,G(+.2+#H+2,/%'#I5+0-# B=D)?# "!# !9# :)# B*9?#
J.44'(#H+2,/%'#I5+0-# =# :B9# B# ;"# B*"9#
(
!"*%+$,()(!"#$%&'"(-&.%*+"/(
E,G(+.2+#K%+.(/%'#N2&0'(# B?# "=# :"!# !<# =*!=#
J(4.%'#K+(G+2,/%'#72+/(8# =# :=# )"# =?# =*!;#
J(4.%'#K+(G+2,/%'#72+/(8# )?D))# )9# B!# :);# =*?!#
O01(+.2+#H+2,/%'#I5+0-# <# :)"# B"# ;?# B*B9#
O01(+.2+#H+2,/%'#I5+0-# <# !=# !># ;<# B*)B#
O01(+.2+#K%+.(/%'#N2&0'(# ># );# :=;# B># !*<=#
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J.44'(#$(312+%'#I5+0-# ;)# :"># :)B# !# !*">#
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$P+(-P2'4#0Q?*?"R#SP2'(:&+%.,#M2++(M/(4*#@+(%-#S./P#F#4(,2/(#-0&M'0-/(+-#(,M231%--(4#S./P.,#

'%+A(+#G0,M/.2,%'#%M/.T%/.2,#M'0-/(+-*#U@VU+243%,,#@+(%*#
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?0A(4/34#B430.%'#C64,-# DE2# !!# )N# 8G)# D*FF#
K/-,%'#>--3;/%./30#O34.(:# !E# )E# 8PP# !# D*!!#
K/-,%'#O34.(:# GH# 8GP# 8"E# N# !*HN#
+,5(4/34#Q;;/5/.%'#C64,-# GN# # 8DP# 8"F# GD# D*E!#
+,5(4/34#B430.%'#C64,-# "# 8N# 8GG# "G# !*HN#
+,5(4/34#$(2534%'#C64,-# )F# D)# 8)E# 8N# !*HP#
*
!"#$%&'(")*+%',-"'%'*.(/0*:%#$%&'(")*1&'2345-2%6*7"8(%/9*
K(0.4%'#>OO@92RBO# !)# 8"# !E# 8GE# !*PG#
K(0.4%'#>OO@92RBOJ# !)# !# )N# 8G)# !*!H#
#
!"#$%&'(%)*+,-.)$"/01'%*,2)*(1'3(3,
;<'/&("%6*=%)&/(5%*5'*;<'/&("%6*=%</$&>*
>0.(4/34#?0-,'%# GG# 8!F# GG# 8!# D*FN#
?0A(4/34#B430.%'#C64,-# GG# DH# GE# 8G"# !*H!#
K(0.4%'#L%-%'#B34(&4%/0@LM+$# # "# 8!# 8)# D*FP#
#
;<'/&("%6*?",$%6(#/&@>%*5'*;<'/&("%6*A$%6(#/&@>%#
>0.(4/34#?0-,'%@?0A(4/34#B430.%'#C64,-# DE# !F# )"# 8G!# D*!!#
K(0.4%'#L%-%'#B34(&4%/0@LM+$# # G)# F# !# !*""#

#

$=4(-=3'1#,SF*FPT#<=3'(8&4%/0#;344(;.(1*#>4(%-#</.=#J#1(03.(#-,&;',-.(4-#(0;325%--(1#</.=/0#

'%4U(4# A,0;./30%'# %;./9%./30# ;',-.(4-*# L>VL4312%00# >4(%*# LM+$VL(1# M,;'(,-# 3A# .=(# +.4/%#

$(42/0%'/-*#>OOV>0.(4/34#O/0U,'%.(#O34.(:*#92RBOVK(0.432(1/%'#R4(A430.%'#O34.(:*#
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#

$%&'()# 12# 34,)(%5)/-+6# 7)0%&/# +/7# +/+680%0# 09:)5+-%92# ;<=#>%-:%/# +# -+0?# @6.9?A# /)&+-%B)# .(#

/)'-(+6#,%9-'()0#+()#,()0)/-)7#;!#0)9#7'(+-%./=#)5@)77)7#C%-:%/#B+(%+@6)D7'(+-%./#,()7%9-+@6)#.(#

'/,()7%9-+@6)# -%5%/&02# ;E=# F9:)5+-%9# %5+&)0# 7),%9-%/&# 9+/./%9+6# -(+/0%)/-# )B)/-# ()0,./0)0#

;-.,=# -:+-# +()# )0-%5+-)7# 0),+(+-)68# G(.5# 0'0-+%/)7# ()0,./0)0# -:+-# ()5+%/# ,)(0%0-)/-68# +9-%B)#

-:(.'&:.'-#-:)#@6.9?0#;@.--.5=2#H:%0#G%&'()#%0#G.(#%66'0-(+-%./#,'(,.0)0#./68#+/7#%0#/.-#%/-)/7)7#-.#

+99'(+-)68#(),()0)/-#-:)#+9-'+6#)4,)(%5)/-+6#,+(+5)-)(02#

#

$%&'()#I2#H+0?D)B.?)7#+/4%)-82#E6.9?0#9./-+%/%/&#./68#/)&+-%B)#,%9-'()0#)B.?)7#&()+-)(#+/4%)-8#

-:+/#@6.9?0#9./-+%/%/&#/)'-(+6# ,%9-'()0A# +/7#@6.9?0#C%-:#'/,()7%9-+@6)# -%5%/&0#)B.?)7#&()+-)(#

+/4%)-8# -:+/# @6.9?0# 9./-+%/%/&# ,()7%9-+@6)# -%5%/&02# H:)# )GG)9-# .G# '/,()7%9-+@%6%-8# C+0#

)4+&&)(+-)7# C:)/# ,()0)/-)7# C%-:# /)&+-%B)# ,%9-'()02# 3((.(# @+(0# 7)/.-)# 0-+/7+(7# )((.(# .G# -:)#

5)+/2#

#

$%&'()#!2#J)+/#-(+/0%)/-#()0,./0)0#-.#K)&+-%B)#B)(0'0#K)'-(+6#,%9-'()02#;<=#H:)#6)G-#+/7#(%&:-#

+58&7+6+#()0,./7)7#5.()#0-(./&68#-.#/)&+-%B)#-:+/#/)'-(+6#,%9-'()02#L5+&)#-:()0:.67#!#M#N2NOA#

C:.6)# @(+%/# 9.(()9-)72# ;E=# H%5)9.'(0)# .G# (%&:-# +58&7+6+# ;4PIQA# 8PD1A# RPDIN=# ()0,./0)# -.#

,%9-'()0#+0#+#G'/9-%./#.G#B+6)/9)#+/7#,()7%9-+@%6%-82#H%5)9.'(0)#B+6')0#C)()#7)(%B)7# G(.5#$LS#

,+(+5)-)(# )0-%5+-)0T# )((.(# @+(0# 7)/.-)# 0-+/7+(7# )((.(# .G# -:)#5)+/2# ;*=#U()+-)(# -(+%-# +/4%)-8#

,()7%9-0# )4+&&)(+-)7# (%&:-# +58&7+6+# ()0,./0)# -.# /)&+-%B)# ,%9-'()0# C:)/# )5@)77)7# C%-:%/#

'/,()7%9-+@6)#-%5%/&02#U(+8#9'(B)0#7)/.-)#VOW#9./G%7)/9)#%/-)(B+62#

#

$%&'()#Q2#F'0-+%/)7# ()0,./0)0# -:+-# %/9()+0)#+0#+# G'/9-%./#.G#&()+-)(# -+0?D)B.?)7#+/4%)-82# ;<=#

H:)#(%&:-#XE$YEKFHA# 6)G-#;E=#+/7#(%&:-# %/0'6+# %/9()+0)7#%/#0'0-+%/)7#+9-%B%-8#C%-:#&()+-)(#-+0?D

)B.?)7#+/4%)-82#L5+&)#-:()0:.67#!#M#N2NOA#C:.6)D@(+%/#9.(()9-)72#;*=#J)+/#0%&/+6#)0-%5+-)0#%/#
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$%&'(# %)*+,-# ./0!!1# 20341# 506738# 9,:((;<# =:$# (';# =:+$# *+*(-%);<# >:)<%(%:)*?# @$$:$# A-$*# <;):(;#

*(-)<-$<#;$$:$#:=#(';#B;-)?#

#

C%&+$;# D?# E$;-(;$# $;*9:)<%)&# %)# ,;**# -)/%:+*# *(-(;*# %)# (';# $%&'(# F;)($-,# -)(;$%:$#

>%)&+,-(;GF;)($:B;<%-,# 9$;=$:)(-,# >:$(;/# .H8?# IB-&;# ('$;*':,<#!# J#K?KD1#L':,;6A$-%)# >:$$;>(;<?#

.M8#N%&)-,#;*(%B-(;*# %)#./0!1#20341#506738#9,:((;<#=:$# (';#=:+$#*+*(-%);<#>:)<%(%:)*?#@$$:$#A-$*#

<;):(;#*(-)<-$<#;$$:$#:=# (';#B;-)?# .O8#E$;-(;$# $;>$+%(B;)(#:=# FHOOGFBPCO# (:#+)9$;<%>(-A,;#

*(-(;*# 9$;<%>(*# ,;**;$# ($-)*%;)(# -B2&<-,-# $;*9:)*;# (:# +)9$;<%>(-A,;# );&-(%F;# ;F;)(*?# E$-2#

>+$F;*#<;):(;#4DQ#>:)=%<;)>;#%)(;$F-,?#
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!"#$%&'()'*+,&%"-&./01'2&3"#.'0.2'0.0143"3'356&-0/"5)'789':"/6".'0'/03;'<1=5;>'.&#0/"?&'=%'.&$/%01',"5/$%&3'
0%&',%&3&./&2'7@'3&5'2$%0/"=.9'&-<&22&2'A"/6".'?0%"0<1&B2$%0/"=.',%&2"5/0<1&'=%'$.,%&2"5/0<1&'/"-".#3)'7C9'
D56&-0/"5'"-0#&3'2&,"5/".#'50.=."501'/%0.3"&./'&?&./'%&3,=.3&3'7/=,9'/60/'0%&'&3/"-0/&2'3&,0%0/&14'E%=-'
3$3/0".&2'%&3,=.3&3'/60/'%&-0".',&%3"3/&./14'05/"?&'/6%=$#6=$/'/6&'<1=5;3'7<=//=-9)'F6"3'E"#$%&'"3'E=%'

"11$3/%0/"=.',$%,=3&3'=.14'0.2'"3'.=/'"./&.2&2'/='055$%0/&14'%&,%&3&./'/6&'05/$01'&+,&%"-&./01',0%0-&/&%3)''
(GH+II--'7@HH'+'@HH'JKL9''

!
!
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!"#$%&'()'*+,-.&/0-&1'+23"&45)'6708-,'8024+"2"2#'0275'2&#+4"/&'9"84$%&,'&/0-&1'#%&+4&%'+23"&45'4:+2';708-,'
8024+"2"2#'2&$4%+7'9"84$%&,<'+21';708-,'="4:'$29%&1"84+;7&'4">"2#,'&/0-&1'#%&+4&%'+23"&45'4:+2';708-,'

8024+"2"2#'9%&1"84+;7&'4">"2#,)'*:&'&??&84'0?'$29%&1"84+;"7"45'=+,'&3+##&%+4&1'=:&2'9%&,&24&1'="4:'2&#+4"/&'
9"84$%&,)'@%%0%';+%,'1&204&',4+21+%1'&%%0%'0?'4:&'>&+2)''

ABC3AAD>>'EBFF'3'BFF'GHIJ''
!
!

Page 47 of 55 Cerebral Cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   

 
!"#$%&'()'*&+,'-%+,."&,-'%&./0,.&.'-0'1&#+-"2&'2&%.$.'1&$-%+3'/"4-$%&.)'567'89&'3&:-'+,;'%"#9-'+<=#;+3+'
%&./0,;&;'<0%&'.-%0,#3='-0',&#+-"2&'-9+,',&$-%+3'/"4-$%&.)'><+#&'-9%&.903;'/'?'@)@AB'C903&'D%+",'
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2+3&,4&'+,;'/%&;"4-+D"3"-=)'M%%0%'D+%.';&,0-&'.-+,;+%;'&%%0%'0:'-9&'<&+,)'5N7'O%&+-&%'-%+"-'+,F"&-='/%&;"4-.'
&F+##&%+-&;'%"#9-'+<=#;+3+'%&./0,.&'-0',&#+-"2&'/"4-$%&.'C9&,'&<D&;;&;'C"-9",'$,/%&;"4-+D3&'-"<",#.)'

O%+='4$%2&.';&,0-&'PAQ'40,:";&,4&'",-&%2+3)''
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,
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!"##$%&%'()*+,?.6"*%,AB,C, *%6.-',-/, (7%,&.53*).',1-'2.2(%'(,4.(7, (7%,#%*.)D"%5"1()$,6*)+, ECF,

5%&-'2(*)(%5, 2.6'./.1)'($+, 6*%)(%*, (*)'2.%'(, *%2#-'2%2, (-,'%6)(.9%, *%$)(.9%, (-,'%"(*)$, #.1("*%2B,

0&)6%,(7*%27-$5,#,G,HBHI:,47-$%J3*).',1-**%1(%5B,EKF,L.&%1-"*2%,-/,&.53*).'MNCO,E8PQ:,+PJRH:,

SPJARF,*%2#-'2%,(-,#.1("*%2,)2,),/"'1(.-',-/,9)$%'1%,)'5,#*%5.1()3.$.(+B,L.&%1-"*2%,9)$"%2,4%*%,

5%*.9%5,/*-&,?0T,#)*)&%(%*,%2(.&)(%2U,%**-*,3)*2,5%'-(%,2()'5)*5,%**-*,-/,(7%,&%)'B,

,

!"##$%&%'()*+, ?.6"*%, VB,N*%5.1()3.$.(+, 3+, 0'(-$%*)'1%, -/,W'1%*().'(+, .'(%*)1(.-', .', *.67(, .'2"$),

)1(.9.(+B,0'5.9.5")$2,4.(7,7.67,0W,27-4,),2%$%1(.9%,%8)66%*)(.-',-/,2"2().'%5,.'2"$)*,*%1*".(&%'(,

5"*.'6,"'#*%5.1()3$%,1-'(%8(2B,0W,6*-"#2,5%/.'%5,3+,&%5.)',2#$.(,/-*,#*%2%'()(.-',#"*#-2%2B,,,

,

!"##$%&%'()*+, ?.6"*%, RB, O*%)(%*, 0'(-$%*)'1%, -/, W'1%*().'(+, E0WF, #*%5.1(2, 2"2().'%5,

"'5%**%1*".(&%'(, -/, (7%, 9CXXM9&N?X,5"*.'6, 2()(%2, -/, "'#*%5.1()3.$.(+B,!"#$Y,Z"($.%*2, )*%, '-(,

%81$"5%5, /*-&, )')$+2%2:, (7-"67, %81$"2.-', -/, (7%, (4-, #)*(.1.#)'(2, 4.(7, $-4%2(, 9CXXM9&N?X,

)1(.9.(+, *%2"$(2, .', ), &-*%, *-3"2(, 1-**%$)(.-', E#PHBHH[FB, O*)+, 1"*9%2, 5%'-(%, \I], 1-'/.5%'1%,

.'(%*9)$B,

,
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!PE0EE/,)'9,)*7"2)$, M(M//GNA/K0GHO,!PE0EE/Q,2%(2,/RB,<%*2"2,FRCN,;41$%, *%&)1'1':,.)$)'3%9,

;1(41',%)34,<)$%'3%,3)(%:7*+, M2%(,/,<%*2"2,BQ, 2%(,F,<%*2"2,CN0,!%(2,/,)'9,F,;%*%,%&.%99%9,
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(4%, %L#%*1&%'(0, 5)$%'3%, )'9, )*7"2)$, <)$"%2, ;%*%, ()S%', =*7&, T68!, '7*&)(1<%, *)(1':2, )'9,

2"##$%&%'()*+, '7*&1':, 9)(), 9%23*1.%9, 1', (4%,&)1', (%L(0, 5)$%'3%, *)(1':2, *)':%9, =*7&, /, (7, J,

M/A<%*+,'%:)(1<%O,JA<%*+,#721(1<%NQ,)*7"2)$, *)(1':2, *)':%9, =*7&,/, (7,J, M/A$7;,)*7"2)$O,JA41:4,

)*7"2)$N0,-7,37'(*7$, =7*, $7;U$%<%$, =%)("*%2, (4)(,&1:4(,%':):%, (4%,31*3"1(*1%2,7=, 1'(%*%2(O,)$$, =7"*,
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9./'.4.8)'($+,/*%)(%*,(*)'9.%'(,*%9#3'9%9,(3,'%/)(.>%,*%$)(.>%,(3,'%"(*)$,#.8("*%91,?&)/%,(5*%953$6,#,@,A1ABC,
:53$%D7*).',83**%8(%61,<E=,F.&%83"*9%,34,&.67*).'GH2I,<JKLC,+KDMAC,NKD0M=,*%9#3'9%,(3,#.8("*%9,)9,),

4"'8(.3',34,>)$%'8%,)'6,#*%6.8()7.$.(+1,,
OOBJ0AB&&,<PO,J,PO,QH?=,,  
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!"##$%&%'()*+,-./"*%,01,2*%3.4()5.$.(+,5+,6'(7$%*)'4%,78,9'4%*().'(+,.'(%*)4(.7',.',*./:(,.';"$),)4(.<.(+1,

6'3.<.3")$;,=.(:,:./:,69,;:7=,),;%$%4(.<%,%>)//%*)(.7',78,;";().'%3,.';"$)*,*%4*".(&%'(,3"*.'/,"'#*%3.4()5$%,
47'(%>(;1,69,/*7"#;,3%8.'%3,5+,&%3.)',;#$.(,87*,#*%;%'()(.7',#"*#7;%;1,,

00?>@AB&&,CD0,>,D0,E26F,,  
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"':%**%5*".(&%'(,46,(<%,=>??@=&A-?,:"*.'/,;()(%;,46,"'#*%:.5()B.$.(+1,C4(%D,E"($.%*;,)*%,'4(,,
%F5$":%:,6*4&,)')$+;%;G,(<4"/<,%F5$";.4',46,(<%,(H4,#)*(.5.#)'(;,H.(<,$4H%;(,=>??@=&A-?,,
)5(.=.(+,*%;"$(;,.',),&4*%,*4B";(,54**%$)(.4',8#IJ1JJK91,2*)+,5"*=%;,:%'4(%,LMN,54'6.:%'5%,,

.'(%*=)$1,,
OPQFPQL&&,8RO,F,RO,SA39,,
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