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'"/(!"2'..D(VWWXO;((K*,2(-33&/,"'#,3"(,2(-3++3".7('-*,$5$/(#*&3:%*(-*$+,-'.(

2,%"'.,"%;((((((((((((((

)*$+3#'B,2 (,2(#*$('@,.,#7(>3&(-$..2(#3(2$"2$('"/(+35$(:?(' "($B#$&"'.(%&'/,$"#(3>('(

/,>>:2,@.$(-*$+,-'.(2,%"'.(NQ,"%('"/(!"2'..D(VWWXO;((_"%$.+'""(/,2-35$&$/ (

-*$+3#'B,2(,"(@'-#$&,'(,"(Y``Y(NP$&%('"/(K$/$2-3 D(YXâO;((!#(9'2(.'#$&(/,2-35$&$/(

#*'#(-$&#',"($:8'&73#,-(-$..2D(.,8$("$:#&3?*,.2D($?,#*$.,'.(-$..2D(-'"-$&(-$..2D('"/(#*$(

23,.F/9$..,"%('+3$@'( Dictyostelium discoideumD '.23 (-*$+3#'B;((03&$35$&D(+:#'"#(

'"'. 72,2(*'2(&$5$'.$/(#*'#(#*$(?'#*9'72(%35$&","%($:8'&73#,-(-*$+3#'B,2('&$(

.'&%$.7(-3"2$&5$/('-&322(3&%'",2+2(NP'%3&/'(et al., VWWbO;((

!"(?&38'&73#,-(-*$+3#'B,2D(#*$(2,%"'.,"%(?'#*9'72('&$(2*3&#('"/(/$-,2,3"F

+'8,"%(?&3-$22$2('&$(2,+?.$;((_:8'&73#$2D(*39$5$&D('&$(+:-*(.'&%$&('"/(+3&$(

-3+?.$B(#*'"(?&38'&73#$2D('"/ ($:8'&73#,-(-$..(+,%&'#,3"(2#,..(-3"#',"2(2$5$&'.(3?$"(

E:$2#,3"2;((4.#*3:%*(2,%",>,-'"#(?&3%&$22(*'2(@$$"(+'/$(,"(?'&2,"%(#*$(+$-*'",2+2(

3>(-$..(+,%&'#,3"(#*&3:%*(2#:/,$2(3>(+:#'"#(?*$"3#7?$2D(#*$&$(,2("3(2,"%.$(

-3"2$"2:2('@3:#(*39(#*$2$(+$-*'",2+2(-3:?.$(>3&(+35$+$"# (272#$+'#,-'..7;(((I3&(

$B'+?.$D(,#(9'2(>3&(+'"7(7$'&2(@$.,$5$/(#*'#($:8'&73#,-(-$..2(:#,.,U$(spatial sensing 
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/,>>$&$"-$('#(#93(?3,"#2(,"(#*$(%&'/,$"#(2,+:.#'"$3:2.7D(&'#*$&(#*'"(2$E:$"#,'..7;((

A39$5$&D(2#:/,$2(*'5$(2*39"(#*'#($:8'&73#,-(-$..2(+'7(,"2#$'/( $+?.37(temporal 

sensingD(,"(9*,-*(#*$7(,#$&'#,5$.7(&$$5'.:'#$(#*$(/,&$-#,3"(3>(#*$(2#&3"%$2#(-*$+,-'.(

2,%"'.('"/(+35$(#39'&/2(,# D(+:-*(.,8$(@'-#$&,'(/3(NL'&$"#(et al.D(YXXX\(4"/&$9(' "/(

!"2'.. D(VWWa\(P32%&''>(et al.D(VWWX'O;(((

I:&#*$&+3&$D('"($+$&%,"%(5,$9(,2(#*'#(-$..(+,%&'#,3"(,2($5$"(+:-*(+3&$(

-3+?.$B(#*'"(-*$+3#'B,2 (+'7(,"/,-'#$ ;((I3&($B'+?.$D(,#(,2("$-$22'&7(>3&(

-*$+3#'B,"%(-$..2(#3("'5,%'#$(/,>>$&$"#(#7?$2(3>(+$-*'",-'.($"5,&3"+$"#2;((c*$"(

+,%&'#,"%(#39'&/2('(-*$+3'##&'-#'"#(2,%"'.D("$:#&3?*,.2(+:2#(@$('@.$(#3(+,%&'#$(

'.3"%(@.33/(5$22$.(9'..2('"/(#*&3:%*($?,#*$.,'.(%'?(H:"-#,3"2(,"#3(#*$($B#&'-$..:.'&(

+'#&,B(3>(-$..2(3>(5,&#:'..7('"7 (3&%'"(,"(#*$(@3/7(N<'""'#(et al.D(VWYWO;((0,%&'#,"%(-$..2(

2:-*('2($?,#*$.,'.(-$..2D(>,@&3@.'2#2D('"/("$:#&3?*,.2(*'5$('..(@$$"(2*39"(#3(&$2?3"/(

#3(#*$(2#,>>"$22(3>(#*$(2:@2#&'#$(3"(9*,-*(#*$7(-&'9.( N6,2-*$&(et al.D(VWW^\(<'""'#(et 

al.D(VWYWO;((I:&#*$&D(6d-'5 d(et al.(NVWW[O(&$-$"#.7(>3:"/(#*'#(D. discoideum -$..2(-&'9.(

/,&$-#,3"'..7(,"(&$2?3"2$(#3(>.:,/(>.39(,"('(?&3-$22(-'..$/(+$-*'"3#'B,2 ;((K*$&$>3&$D(

9*,.$($:8'&73#,-(-*$+3#'B,2(&$+',"2('"('-#,5$('&$'(3>(&$2$'&-*D(,#(,2(-&,#,-'.(#3(

: "/$&2#'"/(#*'#(-*$+3'##&'-#'"#2('&$(3".7(?'&#(3>('(*32#(3>(2,%"'.2(#*'#('(-$..(+:2#(

&$2?3"/(#3(/:&,"%(+,%&'#,3";((!"(#*,2(93&8D(!(3>>$&(-.:$2('@3:#(*39(3"$(+3/$.(

3&%'",2+D(#*$($:8'&73#,-('+3$@'(Dictyostelium discoideumD(?&3-$22$2(2,+:.#'"$3:2(

-*$+,-'.('"/( +$-*'",-'.( -:$2 ;(((((((((

(

D@ !"#$%&'(%$)*+4-.4+4()3'14)8>+6-.(4:)84'5B+8C)*-!4!&'()*+,-.4 4
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c*,.$(2#:/7,"%(+'++'.,'"(-$..2(*'2( -.$'&(&$.$5'"-$(#3(?*72,3.3%7D(#*$(

-3+?.$B,#7(3>(+'++'.,'"(-$..2(3>#$"(?&$-.:/$2(#*$('28,"%(3>(2,+?.$(E:$2#,3"2;((4"(

,/$'.(-'"/,/'#$(# 3(2#:/7($:8'&73#,-(-*$+3#'B,2(,2(#*$(:",-$..:.'&D(23,.F/9$..,"% (

' +3$@'(Dictyostelium discoideumD(9*,-*(,2(2,+?.$&(#*'"(+'++'.,'"(-$..2 (7$#(

-3"2$&5$2(+'"7(8$7(+'++'.,'" F-$..(-*$+3#'B,2(?'#*9'72 ;((4(+'H3&($B?$&,+$"#'.(

'/5'"#'%$(3>(#*,2(+3/$.(3&%'",2+(,2(#*'#(,#(,2(&$.'#,5$.7(2#&',%*#>3&9'&/(#3(+',"#',"(

'#(V^��) D(9,#*('(?3?:.'#,3"(/3:@.,"%(#,+$(3>($,%*#(*3:&2;((4"3#*$&(@$"$>,#(,2(#*'#(,#(,2(

%$"$#,-'..7(#&'-#'@.$D(9,#*('(2+'..D(-3+?'-#D(*'?.3,/(%$"3+$;((4(#*,&/('/5'"#'%$(,2(

#*$($B,2#$"-$(3>('"($B#$"2,5$('"/(&$'/,.7('5',.'@.$(.,@&'&7(3>(+:#'"#2(#*'#(*'5$(@$$"(

/$5$.3?$/(>3&(5'&,3:2(2#:/,$2(35$&(#*$(?'2#(>,>#7(7$'&2(NQ$22,"D(VWWY\(Q,"%('"/(!"2'.. , 

VWWXO; 

D. discoideum(-$..2($B*,@,#(?$&2,2#$"#(&'"/3+(+3#,3"D(,"(9*,-*(#*$7(-&'9.(,"(

#*$('@2$"-$(3>('"7(%:,/'"-$(-:$2(NQ,"%('"/(!"2'.. D(VWWX\(1'#:.35287(et al.D(VWW`O;((

K*$7(/3(#*,2(@7($B#$"/,"%(?2$:/3?3/,'D(?&3#&:2,3"2(3>(?3.7+$&,U$/('-#,"D(9*,-*(

$2#'@.,2*(#*$(2?$$/D(/,&$-#,3"D('"/(#&'H$-#3&7(3>(+35$+$"#(Ne'"(A''2#$&#D(VWYWO;((

c*$"( '" (E. coli >33/(23:&-$(,2('5',.'@.$D(D. discoideum -$..2('&$(,"('(5$%$#'#,5$(2#'#$(

'"/ (-*$+3#'B(#39'&/2(>3.'#$(2$-&$#$/(@7(#*$(@'-#$&,';((c*$"(2#'&5$/D(*39$5$&D(#*$7(

'&$(,"('(/$5$.3?,"%(2#'#$('"/ (2$-&$#$(9'5$2(3>(-7-.,-('/$"32,"$(+3"3?*32?*'#$(

N-40LO('2('(2:&5,5'.(+$-*'",2+;((G$,%*@3&,"%(-$..2(&$2?3"/(@7(-*$+3#'B,"%(

#39'&/2(#*$(23:&-$(3>(-40LD('"/(#*$7(?&3?'%'#$(#*$(2,%"'.(@7(2$-&$#,"%(#*$,&(39"(

-40L;(( )$..2('&$('??&3B,+'#$.7(YW(f +(,"(.$"%#*('"/(-'"(2$"2$('(-3"-$"#&'#,3"(

/,>>$&$"-$(3>('2(.,##.$('2(Vg(>&3+(>&3"#(#3(@'-8;(((K*$(-$..2(#*$"(@$%,"(2#&$'+,"%D(3&(

'%%&$%'#,"%D(#3($5$"#:'..7(>3&+(>&:,#,"%(@3/,$2;((K*$(>&:,#,"%(@3/,$2(-3"2,2#(3>('(2#'.8(
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*3./,"%(:?('(@'..(3>(-$..2D('(-3">3&+'#,3"(#*'#('..392(-$..2(#3(-3"2$&5$($"$&%7(%,5$"('(

2-'&-$(>33/(2:??.7('"/('.23(,"-&$'2$2(#*$(.,8$.,*33/(3>(/,2?$&2'.(3>(-$..2(#3("$9( 2,#$2(

9,#*('5',.'@.$ (>33/(23:&-$2(NQ$22,"D(VWWY\(Q,"%('"/( !"2'.. D(VWWXO;(((

6$5$.3?$/(D. discoideum &$2?3"/,"%(#3('(-40L(2,%"'.('&$(3>#$"(:2$/(>3&(

-*$+3#'B,2(2#:/,$2\(#&'/,#,3"'..7D(-$..2('&$(2#,+:.'#$/(9,#*(-40L(:2,"%('(

+,-&3?,?$##$(*$./('(2*3&#(/,2#'"-$('9'7D(3&(#*$7('&$(?.'-$/(,"('(/$5,-$( #*'#(-3"#',"2(

' (%&'/,$"#(3>(-40LD(2:-*('2('(6:""D(h,%+3"/D(3&(P37/$"(-*'+@$&(N4"/&$9(' "/(

!"2'.. ,(VWWa\(h,-*'(et al.D(YXXYO;((K*$('5',.'@,.,#7(3>(8"3-83:#(2#&',"2(*'2($"'@.$/(

+ :#'"#(?*$"3#7?$('"'.72,2(#3($B?.3&$(#*$(+3.$-:.'&(?'#*9'72(%35$&","%(D. 

discoideum -*$+3#'B,2(#39'&/2(-40L; ((4#(.$'2#(>3:&(2,%"'.,"%(?'#*9'72(*'5$(@$$"(

,+?.,-'#$/(,"('>>$-#,"%('(-$..i2('@,.,#7(#3(2$"2$('(-*$+,-'.(2,%"'.D(?3.'&,U$(@7(

/,>>$&$"#,'..7(/,2#&,@:#,"%(?&3#$,"($B?&$22,3"D('"/($>>$-#,5$.7(+35$(#39'&/2(#*$(

2,%"'.(Ne'"(A''2#$&#D(VWYW\(Q,"%('"/(!"2'..D(VWWXO;((A39$5$&D(*39(#*$2$(?'#*9'72 (

-33&/,"'#$(,2(2#,..(:"8"39" D('"/ ("3(2,"%.$(-3"2$"2:2(*'2(@$$"(&$'-*$/(3"(*39(

2,%"'.(#&'"2/:-#,3"(-3:?.$2(#3(+35$+$"#;((((((((((((((((

(

E@ #)3'1.4):4 !"#$%&'(%$)*+# 3-8'!*-)6+14.'6.-6>444

1$5$&'.(+3/$.2(*'5$(@$$"(?&3?32$/(#3($B?.',"(#*$(+$-*'",2+(#*'#(D. 

discoideum :2$2(#3(2$"2$('"/(-&'9.(:?('(%&'/,$"#;((K*$(#93(35$&'&-*,"%(?322,@.$(

+$-*'",2+2('&$( ,"2#&:-#,5$('"/( 2$.$-#,5$;(((((((

!"(,"2#&:-#,5$(+$-*'",2+2D(-$..2('&$(,"2#&:-#$/(@7('(-*$+,-'.(2,%"'.(#3(

$B?&$22(?&3#$,"2(9*,-*(-':2$(-*'"%$2;((C"$(.3"%F*$./( ,"2#&:-#,5$(+3/$.( 3>(

-*$+3#'B,2(?&3?32$2(#*'#('(-$..(+$'2:&$2(#*$(-3"-$"#&'#,3"(3>(-*$+3'##&'-#'"#2('#(
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#93(?3,"#2('-&322(#*$(2:&>'-$(3>(#*$(-$..(simultaneously ,"(3&/$&(#3(/$#$&+,"$(#*$(

'B,2(3>(?3.'&,U'#,3"(NL'&$"#('"/(6$5&$3#$2D(YXXXO;((K*$(-$..(,2('8,"(#3('(j-*$+,-'.(

-3+?'22Dk(,"(9*,-*(-$..2(?3.7+$&,U$('-#,"(,"#3(?&3#&:2,3"2(-.32$2#(#3(#*$(23:&-$(3>(

-*$+3'##&'-#'"#D('"/('(&'?,/.7(/,>>:2,"%(,"*,@,#3&(,+?$/$2('-#,"(?3.7+$&,U'#,3"(

3:#2,/$(3>(#*$(?2$:/3?3/(#3(-3">,"$(#*$(2,%"'.;((M'#$&'.(?2$:/3?3/2(+'/$(de novo 

2#$$&(#*$(-$..(9*$"(#*$(23:&-$(3>(-*$+3'##&'-#'"#(-*'"%$2(NP3:&"$('"/(c$,"$&D(

VWWVO;((K*$(-$..(#*:2(,"2#&:-#2(#*$(+3.$-:.'&(+'-*,"$&7(3>(#*$(-$..(#3(&$2?3"/(#3('(

2,%"'.S ,;$;D(+'8$('("$9 (?2$:/3?3/;(((((((

4.#$&"'#,5$.7D('(+3&$($53.5,"%(5,$9(,2(#*$(2$.$-#,5$(+3/$.;((1$.$-#,5$(+3/$.2(

.,8$(#*$(&'"/3+(?&3#&:2,3" F,">3&+$/(-*3,-$(+3/$.( 2:%%$2#(#*'#(,"(2*'..39(

%&'/,$"#2D(?2$:/3?3/2('&$(&'&$.7(+'/$(de novo '"/(,"2#$'/(2?.,#( >&3+(?&$F$B,2#,"%(

?2$:/3?3/2\(-$..2(2#$$&(@7(?&$2$&5,"%(?2$:/3?3/2(#*'#(2'+?.$(*,%*$&(

-3"-$"#&'#,3"2(3>(-*$+3'##&'-#'"#('"/(@7(&$#&'-#,"%(.'#$&'.(?2$:/3?3/2(#*'#('&$(

>:&#*$&(>&3+(#*$(23:&-$(3>(-40L(N4"/&$9('"/(!"2'..D(VWWaO;((I:&#*$&(2#:/,$2(2:%%$2#(

#*'#(?2$:/3?3/2(2?.,#(-3"2,2#$"#.7(,"('(.$>#F&,%*#(?'##$&"('"/(&$#',"(#*$(35$&'..(

/,&$-#,3"(3>(+35$+$"#D(9*,.$(de novo ?2$:/3?3/2(2#$$&(-$..2(,"("$9(/,&$-#,3"2(

NP32%&''>('"/(e'"(A''2#$&#D(VWWX' \(P32%&''>('"/(e'"(A''2#$&#D(VWWX@O;((K*:2D(,"(#*$(

2$.$-#,5$(+3/$.D(#*$(-$..(,2(?&3/:-,"%(?2$:/3?3/2(&'"/3+.7(9,#*(#*$( potential #3(

$B,2#(,"(2$5$&'.(?322,@.$(2#'#$2D('"/(#*$(2,%"'.(2$&5$2(#3(@,'2(#*$(/,&$-#,3"(3>(

+35$+$"#; ((!"(#*,2(2#:/7D(!(?&35,/$(?&$.,+,"'&7($5,/$"-$(#*'#(-$..2(+'7( '.23(:2$('(

2$.$-#,5$(+$-*'",2+( /:&,"%(+$ -*'"3#'B,2;(( ((((((

(
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F@ #'!&+6)*+,-.4&+.47''64)7.'80'34-64 !"#$%&'(%$)*+#+634(+C47'4

1-6B'34*)4!&'()*+,-.4 #444

c*,.$(-*$+3#'B,2(,"( D. discoideum ,2(9$..F$2#'@.,2*$/D(&$-$"#.7D(6d-'5d(et al.(

NVWW[O(&$?3&#$/('("$9(#7?$(3>(+$-*'"3#'B,2 (#*$7(-*'&'-#$&,U$/('2 (2*$'&F>.39 F

,"/:-$/(-$..(+3#,.,#7 ;((0'++'.,'"(-$..2(,"#$&'-#(9,#*(#*$,&(2:@2#&'#$(:2,"%(-$..(

2:&>'-$F+$+@&'"$(&$-$?#3&2(2:-*('2(,"#$%&,"2('"/(-'/*$&,"2(Nc'"%(et al.D(VWWXO\(D. 

discoideum /3("3#(?322$22(#*$2$(&$-$?#3&2D(@:#(+:#'"#(2#:/,$2(2:%%$2#(#*'#(#*$7(

+'7('##'- *(#3('(2:@2#&'#$(:2,"%(*7/&3?*3@,-('"/(*7/&3?*,.,-(2:&>'-$(&$-$?#3&2((

N6d-'5d(et al.D(VWWVO;(((

6d-'5d( et al. NVWWVO(>,&2#(23:%*#(#3(,/$"#,>7(#*$(+$-*'",2+(3>(D. discoideum 

/$#'-*+$"#(>&3+('(2:@2#&'#$(@7('??.7,"%('(2*$'&(2#&$22(#3(#*$(-$..;((K*$7(>3:"/(#*'#(

'#(3&('@35$('(?'&#,-:.'&(#*&$2*3./(2#&$22(3>(V;b(L'D(#*$(-$..2(/$#'-*$/(>&3+(#*$(

2:&>'-$;((P$.39(#*,2(#*&$2*3./(.$5$.D(*39$5$&D(-$..2(/,/("3#(/$#'-*(>&3+(#*$(2:&>'-$(

'"/(,"2#$'/(-*'"%$/(#*$,&(-3"#'-#('"%.$(9,#*(#*$(2:@2#&'#$;((c*$"('-#,"(

+,-&3#:@:.$2(9$&$(/$?3.7+$&,U$/(:2,"%(#*$(/&:%(NFN[F-*.3&3?*$"7.OF,23?&3?7.F

-'&@'+'#$(N)!L)OD(#*$(-$..(/$#'-*+$"#(&'#$(,"-&$'2$/(#$"F>3./;((K*,2(&$2:.#(

,+?.,-'#$/(-7#328$.$#'.("$#93&82(,"(#*$('/*$2,3"(3>(-$..2(#3('(2:@2#&'#$D(&'#*$&(#*'"(

2,+?.7('/*$2,3"(&$-$?#3&2;(((

4(>3..39 F:?(2#:/7(#3(,"5$2#,%'#$(#*$2$(&$2:.#2($"#',.$/(2#,+:.'#,"%(5$%$#'#,5$(

D. discoideum -$..2(9,#*(5'&7,"%(>.:,/(2*$'&(2#&$22$2(@$.39(#*$(/$#'-*+$"#(

#*&$2*3./(N6d-'5d( et al., VWW[O;((!#(9'2(>3:"/(#*'#('-#,"(?3.7+$&,U'#,3"(3--:&2(3"(#*$(

2,/$(3??32,#$(#3(#*$(U3"$(3>(+'B,+:+(2#&$22;(K*,2(?3.'&,U'#,3"(2:@2$E:$"#.7(-':2$2(

-$..2(#3(+,%&'#$(,"(#*$(/,&$-#,3"(3>('-#,"(?3.7+$&,U'#,3"D(#3(#*$(2,/$(3>(#*$(-$..('9'7(
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>&3+(#*$(2*$'&(2#&$22;((K*$(2#:/7('.23(>3:"/('(%&$'#$&(":+@$&(3>(de novo 

?2$:/3?3/2(9$&$(>3&+$/(,"(#*$(/,&$-#,3"(3>(+35$+$"#;((K*$(+3.$-:.'&(+$-*'",2+2(

3>(#*,2(?*$"3+$"3"('&$(.'&%$.7(:"8"39"\(?322,@,.,#,$2(,"-.:/$(#*$('-#,5'#,3"(3>(

2#&$22F'-#,5'#$/(,3"(-*'""$.2( 9*,-* (3&(?&3#$,"(&$-&:,#+$"#(#3(#*$('-#,"(-3&#$B;((4(

?322,@.$($B?.'"'#,3"(>3&(#*,2(+$-*'"3#'-#,-(&$2?3"2$(,2(#*'#(D. discoideum -$..2(

+,%*#(*'5$($53.5$/(#3(&$2?3"/(#3(2*$'&(>3&-$2(,"("'#:&$(2:-*('2(&',"(/&3?2('"/(

2#&$'+2;(((

4" (,"#&,%:,"%(?&3?32'.(,2(#*'#(#*$(+$-*'"3#'B,2('"/(-*$+3#'B,2(2,%"'.,"%(

+$-*'",2+2('&$(.,"8$/(@$-':2$(-$..2(,"(9*,-*(#*$(L![Q(?'#*9 '7(N8"39"(#3(@$(

,+?3&#'"#(>3&(-*$+3#'B,2O(9'2('@&3%'#$/D(#*$(-$..2("3(.3"%$&(&$2?3"/$/(#3(

+$-*'",-'.(2#,+:., ;((1#&,8,"%.7D(-*$+3#'B,2('"/(+$-*'"3#'B,2(*'5$('.23(@$$"( .,"8$/(

,"("$:#&3?*,.2(,"('(&$-$"#(2#:/7(N<'""'#(et al.D(VWYWO;((K*,2(2#:/7(&$?3&#$/(#*'#(#*$(

-*$+3#'-#,-(,"/$B (3>(#*$(-$..2D(3&(#*$($>>,-,$"-7(3>(-*$+3#'B,2D(,"-&$'2$/('2(#*$(

2:&>'-$(3"(9*,-*(-$..2(9$&$('/*$&$/(@$-'+$(2#,>>$&;((c*,.$("3(+3.$-:.'&(@'2,2( >3&(

#*,2(?*$"3+$"3"(9'2($.:-,/'#$/D(#*,2(2#:/7(2:%%$2#$/(#*'#(#*$(-3:?.,"%(3>(

+$-*'"3#'B,2('" /(-*$+3#'B,2(+'7(@$(,+?3&#'"#(,"(+'"7(-$..(#7?$2;(((((((((((((((

K*:2(#*$(-3+?.$B(,22:$(3>(*39(-$..2(,"#$%&'#$(/,>>$&$"#(#7?$2(3>(2,%"'.2(,"(

3&/$&(#3(+35$(&$+',"2('"(3?$"(E:$2#,3"(,"($:8'&73#,-(-$..2;((K*$(>3-:2(3>(#*,2(#*$2,2(

,2(#3(,"5$2#,%'#$(#*$(,"#$&?.'7(@$#9$$"(-*$+,-'.('"/(+$-*'",-'.(2,%"'.2 (,"(D. 

discoideumD('"/(*39(-$..2(-3:?.$(#*$2$(2,%"'.2(,"('(-3*$&$"#(9'7(#3(+,%&'#$D(9,#*(

#*$(:.#,+'#$(>:#:&$(%3'.(3>(2*$//,"%(.,%*#(3"(-3++3"(+$-*'",2+2(2*'&$/(@7 (+3#,.$(

$:8'&73#,-(-$..2;((

(((((
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G@ "4(-!8):15-3-!. H7+.'3 4' ,2'8-('6*+14.*8+*'>C 4

K3('??&3'-*(#*$(?&3@.$+(3>(2#:/7,"%(#*$(,"#$&?.'7(@$#9$$"(-*$+3#'B,2('"/(

+$-*'"3#'B,2D (!(/$2,%"$/('"($B?$&,+$"#(2:-*(#*'#(#*$(%&'/,$"#('"/(#*$(2*$'&(2#&$22(

2,%"'.2(9$&$(?.'-$/(,"(3&#*3%3"'.(/,&$-#,3"2;((!(*7?3#*$2,U$/(#*'#(#*$(?3?:.'#,3"(3>(

-$..2(93:./($B*,@,#(3"$(3>(#93(@$*'5,3&2J(NYO(-$..2(93:./(&$2?3"/(#3($,#*$&(#*$(

-*$+,-'.(3&(#*$(+$-*'",-'.(2,%"'.\(3&(NVO(-$..2(93:./(,"#$%&'#$(#*$(2,%"'.2(,"(23+$(

9'7 ('"/(&$2?3"/(@7(+35,"%(,"('(/,&$-#,3"(#*'#(9'2('( -3+@,"'#,3"(3>(#*$2$(2,%"'.2S

,;$;D(,"('(/,'%3"'.(/,&$-#,3";((!#(,2(,+?3&#'"#(#3("3#$(#*'#(j,"#$%&'#,3"k(,"(#*$(2$-3"/(

-'2$(,2(/$>,"$/('2($,#*$&('(2,+?.$(2:?$&?32,#,3"(3>(#*$(&$2?3"2$2(#3(#*$(#93(2,%"'.2(

3&('(+3&$(-3+?.$B(?&3-$22(3--:&&,"%(,"(#*$(2,%"'.(#&'"2/:-#,3"(?'#*9'7(3>(#*$(-$..;((

4(2-*$+'#,-(3>(#*$2$(*7?3#*$2$2(,2(2*39"(,"(>,%:&$(Y;Y;((K*$('/5'"#'%$(3>(#*,2(

2#&'#$%7(9'2(#*'#(,#('..39$/(,"/$?$"/$"#(3@2$&5'#,3"(3>(#*$(&$2?3"2$(#3($'-*(2,%"'.;((((((((

K&'/,#,3"'.(#$-*",E:$2(>3&(2#:/7,"%(-*$+3#'B,2(,"-.:/$(6:""(-*'+@$&('"/(

+,-&3?,?$##$('22'72;((!"('(6:""(-*'+@$&D('(%&'/,$"#(,2(>3&+$/(@7(.3"%F&'"%$(

/,>>:2,3"(3>(-40L(>&3+('(23:&-$(#3('(2,"8;((!"('(+,-&3?,?$##$('22'7D('(+,-&3?,?$##$(

>,..$/(9,#*(-40L(,2(?.'-$/('/H'-$"#(#3('(-$..D('"/('(-40L(%&'/,$"#(,2(>3&+$/(@7(2*3&#F

&'"%$(/,>>:2,3";((A39$ 5$&D("$,#*$&(3>(#*$2$('22'72(93:./('..39(+$(#3($B$&#('(2*$'&(

2#&$22(3"(#*$(-$..2S $5$"(#*$(6:""(-*'+@$&(,2("3#(#,%*#.7(2$'.$/('"/(-3"#',"2("3(

,".$#2(3&(3:#.$#2(>3&(%$"$&'#,"%(>.39;((K*$&$>3&$D(3"$('##&'-#,5$(3?#,3"(,2(#3(:2$(

+,-&3>.:,/,-2;(((

0 ,-&3>.:,/,-(/ $5,-$2('&$('"($+$&%,"%(?.'#>3&+(>3&(2#:/7 ,"%(-*$+3#'B,2(3>(

"$:#&3?*,.2('"/( D. discoideum(N13"%(et al.D(VWWbO;((!"(+,-&3>.:,/,-2D(#*$(%&'/,$"#(,2(

%$"$&'#$/(@7(>.39(&'#*$&(#*'"(@7(/,>>:2,3"(>&3+(23:&-$(#3('(2,"8D('2(/$2-&,@$/(,"(
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L&3#3-3.(6$5$.3?+$"#D('"/('(%&'/,$"#(-'"(@$($2#'@.,2*$/('"/(+',"#',"$/ (9,#*(+:-*(

%&$'#$&(-3"#&3.(#*'"(#&'/,#,3"'.(#$-*",E:$2;((4"3#*$&('/5'"#'%$(,2(#*'#(+,-&3>.:,/,-2(

&$E:,&$2('(-.32$/D(#,%*#.7(2$'.$/(-*'+@$&('"/(-3"#',"2(,".$#2('"/(3:#.$#2(23(#*'#(>.:,/(

>.39(-'"(@$(%$"$&'#$/($B#$&"'..7;((K*:2D('(+,-&3>.:,/,-(?.'#>3&+(93:./('..39(+$(#3(

?&$-,2$.7(+3/:.'#$(@3#*(#*$(%&'/,$"#(,"(#*$(/$5,-$(N@7('/H:2#,"%(#*$(2#'&#,"%(

-3"-$"#&'#,3"(3>(-40LO('"/(#*$(2*$'&(2#&$22(3"(#*$(-$..2(N@7(+3/:.'#,"%(#*$(>.39(

&'#$(3>(.,E:,/O;(

(

I@ A,2'8-('6*+14J5'.*-)6.4 4

K*$(E:$2#,3"2(!(9,2*$/(#3('//&$22(9$&$(#*$(>3..39,"%J((

Y; c*$"(2#,+:.'#$/(9,#*('(-*$+,-'.('"/(+$-*'",-'.(2,%"'.D(/3(-$..2(&$2?3"/(#3(

$,#*$&(2,%"'.l((!>(23D(/3(#*$7(,"#$%&'#$(#*$(2,%"'.2(,"(23+$(9'7 l((

V; A39(/3(#*$(&$.'#,5$(2#&$"%#*2(3>($'-*(2,%"'.(,+?'-#(#*$(-$..i2(/$-,2,3"l (

[;  !>(,"/$$/(-$..2(,"#$%&'#$(#*$(2,%"'.2D('#(9*'#(.$5$.(/3$2(#*,2(?&3-$22,"%(3--:&l(((

4

K@ <5((+8C4):428)L'!*4 4

!"(#*,2(?&3H$-#D(!('--3+?.,2*$/(#*$(>3..39,"%J(((

Y; !(/$2,%"$/('"/(3?#,+,U$/('(+,-&3>.:,/,-(?.'#>3&+(>3&('//&$22,"%(+7(

$B?$&,+$"#'.(E:$2#,3"2;(

V; !(/$#$&+,"$/(#*'#(9*$"(2#,+:.'#$/(9,#*(@3#*(-*$+,-'.('"/(+$-*'",-'.(

2,%"'.2D(#*$(-$..(,"#$%&'#$2(#*$(2,%"'.2(&'#*$&(#*'"(-*332,"%(3"$;((((

[;  !(/$#$&+,"$/(#*'#(,"-&$'2,"%(#*$('+?.,#:/$ (3>(#*$(+$-*'",-'.(2,%"'.(@:#("3#(

#*$('+?.,#:/$( -*$+,-'.(2,%"'.(,+?'-#2(#*$ (-$..i2(/,&$-#,3";(
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m; !(?&$2$"#($5,/$"-$(#*'#('(-$..i2(/$-,2,3"(#3(+35$(,2(2$.$-#,5$(&'#*$&(#*'"(

,"2#&:-#,5$('"/(,2(-3+?:#$/('#(#*$(?2$:/3?3/(.$5$.;(( (
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!!;( L&3#3-3.(6$5$.3?+$"#(

?@4/'.->6-6>4*&'4(-!8):15-3-!43'0-!'  

K*$(>,&2#(-*'..$"%$(,"(/$5$.3?,"%(#*$($B?$&,+$"#'.(?.'#>3&+(9'2(#3(-&$'#$('(

2#'@.$('"/(&$?&3/:-,@.$(.,"$'&(%&'/,$"#(3>(-40L(,"('(+,-&3>.:/,-(/$5,-$;(( (

c*,.$("3" F+,-&3>.:,/,-(%&'/,$"#(%$"$&'#3&2(&$.7(3"(/,>>:2,3"(3>(-40L(>&3+('(

23:&-$(#3(2,"8(3>(@:>>$&D('(+,-&3>.:,/,-(%&'/,$"#(,2(%$"$&'#$/(@7(>.39(N<$3"D(VWWVO;(

K7?,-'..7('#(#*$(+,-&3>.:,/,-(2-'.$D(>.:,/(:"/$&%3$2(.'+,"'&(>.39 S 2#&$'+2(3>(.,E:,/(

>.39(?'&'..$.(#3(3"$('"3#*$&;((6,>>:2,5$(+,B,"%(3>("$,%*@3&,"%(2#&$'+2(-'"(3--:&(,>(

>.39(&'#$(,2(.39($"3:%* (Nc'"%D(VWW`O;((K*,2(?&,"-,?.$(,2(#*$(8$7(#3(#*$(?7&'+,/'. (

%&'/,$"#(%$"$&'#3&(/$5,-$(#*'#(*'2(@$$"(?&$5,3:2.7(:2$/(#3(2#:/7("$:#&3?*,.D(-'"-$&(

-$..D('"/(D. discoideum -*$+3#'B,2 (N13"%(et al.D(VWWbO;((K*$(/$5,-$(*'2(#93(,".$#2S

3"$(>3&(-*$+3'##&'-#'"#(.,%'"/ ('"/(3"$(>3&(@:>>$&(N>,%:&$(V;Y'O;(639"2#&$'+(3>(

#*$2$(,2('( *,$&'&-*7(3>(2$&?$"#,"$(+,-&3-*'""$.2;((K93(>.:,/(2#&$'+2(-3"5$&%$(#3(

#*&$$(3:#?:#(-*'""$.2;(6:$( #3(.'+,"'&(>.39D(3"$(-*'""$.(-'&&,$2(?:&$(@:>>$&D(3"$(

-*'""$.( -'&&,$2(?:&$(.,%'"/D('"/(#*$(-$"#&'.(-*'""$.(N >,%:&$(V;Y@O(,2(2?.,#(,"#3($E:'.(

2#&$'+2(3>(.,%'"/('"/(@:>>$&;((6,>>:2,5$(+,B,"%(,2(>'-,.,#'#$/(@7(#*$(.$"%#*(3>(#*$(

-*'""$.2('"/(#*$(>3./,"%(%$3+$#&7('#(#*$(-3&"$&2;((K*,2($>>$-#(,2('+?.,>,$/(#*&3:%*(

#*$(.$5$.2(3>(#*$(/$5,-$(23(#*'#(#*$(3:#?:#(3>(#*$("$#93&8(,2('(2$&,$2(3>(?'&'..$.(

2#&$'+2(3>(>.:,/(9,#*(&'#,3+$#&,-'..7(/$-&$'2,"%(-3"-$"#&'#,3"2(3>(-40L(N>,%:&$(

V;Y-O;((639"2#&$'+D(,"(#*$(-$..(-*'+@$&D(#*$(?'&'..$.(2#&$'+2(+,B(/,>>:2,5$.7(#3(

-&$'#$('(2+33#*(%&'/,$"#(?&3>,.$;((K*$(?&,+'&7('/5'"#'%$(#3(#*,2(/$2,%"(,2(#*'#(,#(

&$E:,&$2(3".7(#93(,"?:#2(#3(-&$'#$('(%&'/,$"#;((((
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0 7(>,&2#('##$+?#(#3(/$2,%"(#*,2(%&'/,$"#(%$"$&'#3&(*'/(2$5$&'.(?&3@.$+2(N>,%:&$(

V;V'O;((!(>3:"/(#*'#(#*$(2$&?$"#,"$(-*'""$.2(9$&$("3#(.3"%($"3:%*(#3('..39($"3:%*(

/,>>:2,5$(+,B,"%(@$#9$$"('/H'-$"#(2#&$'+2(3>(>.:,/D('"/(#*$&$(9$&$(#33(>$9(.$5$.2(3>(

#*$(2$&?$"#,"$("$#93&8(#3(-&$'#$('(>,"$(%&'/'#,3"(3>(2#&$'+2;((M,8$9,2$D(@$-':2$(#*$(

-$..(-*'+@$&(9'2(2*3&#D(#*$(2#&$'+2(/39"2#&$'+(3>(#*$("$#93&8(/,/("3#(*'5$(

$"3:%*(#,+$(#3(/,>>:2,5$.7(+,B;((K*$(&$2:.#(9'2('(-3"-$"#&'#,3"(?&3>,.$(#*'#(

&$+', "$/(2#$??$/(&'#*$&(#*'"(2+33#*(N>,%:&$(V;V@O;((c,#*(#*,2(?&3>,.$D(,#(9'2(5$&7(

.,8$.7(#*'#(23+$(-$..2(93:./(@$(2,#:'#$/(,"(#*$(+,//.$(3>('(.'+,"'&( 2#&$'+('"/(

#*$&$>3&$($B?$&,$"-$('(-3"2#'"#(-3"-$"#&'#,3"(3>(-40L(&'#*$&(#*'"('(>&3"#F#3F@'-8(

%&'/,$"#('"/(#*:2 ("3#(+35$;((((((((((((((((((

!(:2$/('(+,-&3>.:,/,-(/$5,-$(/$2,%"(>&3+(<'%$2*(1*'*(NA'&5'&/(0$/,-'.(1-*33.D(

P32#3"D(04O(>3&('(?7&'+,/'.(%&'/,$"#(%$"$&'#3&(>3&(+7($B?$&,+$"#2(N>,%:&$(V;Y'O;((

K*$(/$2,%"(23.5$/(+'"7(3>(+7($'&.,$&(?&3@.$+2S #*$(-*'""$.2(9$&$(.3" %$&D(#*$&$(

9$&$('(%&$'#$&(":+@$&(3>(.$5$.2(,"(#*$(2$&?$"#,"$("$#93&8D('"/(#*$(-$..(-*'+@$&(

9'2(.3"%$&;((!(:2$/(2#'"/'&/(+,-&3>'@&,-'#,3"(#$-*",E:$2(#3(+'8$(#*$(/$5,-$2 D('2(
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al.D(VWWb\(c'"%(et al.D(VWW`O;((!(#&,$/(#*,2(#$-*",E:$('"/(>3:"/(#*'#(:2,"%(?32,#,5$(

?&$22:&$(#3(/&,5$(>.39(#*&3:%*(#*$(,".$#2(>&$E:$"#.7(-':2$/('"(,+@'.'"-$(@$#9$$"(
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-3""$-#,"%(#*&$$(-3",-'.(#:@$2(2$&,$2(:2,"%(&:@@$&(#:@,"%;((_'-*(:",#(3>('//$/(

&$2,2#'"-$('..39$/(>,"$&(-3"#&3.(3>(#*$(>.39(&'#$(:2,"%(#*$(2'+$(&$23.:#,3"(3>(-3"#&3.(
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#*$(#:@,"%(#3(#*$(+,-&32-3?$(2#'%$(23(#*'#(#*$(#:@,"%(9'2('#(#*$(2'+$(*$,%*#('2(#*$(
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+,-&3>.:/,-(/$5,-$2;((A39$5$&D(!(>3:"/(#*'#($5$"(9,#*(#*$(2'+$(?&3-$22('"/(2'+$(

/$2,%"D(#*$&$(,2(5'&,'@,.,#7(>&3+(/$5,-$(#3(/$5,-$(#*'#(-3:./(,+?'-#(?$&>3&+'"-$;((I3&(

$B'+?.$D(,>(#*$&$(,2('"7(&$2,2#'"-$F-':2,"%(@.3-8'%$(,"(#*$(-*'""$.2D(2:-*('2(/$@&,2(
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/$5,-$(@7(>.39,"%('(-3.3&$/(>33/(/7$(#*&3:%*(,".$#(Y('"/(@:>>$&(#*&3:%*(,".$#(V(

@$>3&$(.3'/,"%(#*$(-$..2('"/(5,2:'..7(,"2?$-#,"%(#*'#('(%&'/,$"#(>3&+$/;((!"(+7(,",#,'.(

'##$+?#2D(!(:2$/(>33/(/7$(#3(5$&,>7(#*$(%&'/,$"#(after(#*$(-$..2(*'/(@$$"(.3'/$/(,"#3(

#*$(/$5,-$;((A39$5$&D(!(>3:"/(#*'#(-$..2(3&(&3:"/$/(:?('"/(2#3??$/(+35,"%(9*$"(

$B?32$/(#3(#*$(/7$ ;((4(2,+?.$(23.:#,3"(#*'#(!(-'"(#&7(,"(#*$(>:#:&$(,2(:2,"%('(/7$(9,#*(

.39(#3B,-,#7(>3&(-$..2D(2:-*('2(>.:3&$2-$,"D(#3(5$&,>7(#*$(%&'/,$"#;(

I,"'..7D(' "('//,#,3"'.(-3"2,/$&'#,3"(9'2(#*$(,">.:$"-$(3>( *,%*(>.39(&'#$(3"(#*$(

%&'/,$"#;((42(+$"#,3"$/(?&$5,3:2.7D(#*$(%&'/,$"#(,2(>3&+$/(,"(#*$(/$5,-$(/:$(#3(

/ ,>>:2,5$(+,B,"%(3>(.'+,"'&(2#&$'+2(3>(>.:,/(,"(#*$(-$..(-*'+@$&;((4#(5$&7(*,%*(>.39(

&'#$2D(!(-3"2,/$&$/(#*$(?322,@,.,#7(#*'#(.$22(/,>>:2,5$(+,B,"%(3--:&2('"/(#*$(

-3"-$"#&'#,3"(?&3>,.$(-3:./(@$(2#$??$/(&'#*$&(#*'"(2+33#*D('2(+$"#,3"$/(

?&$5,3:2.7;((K3(-*$-8(#*'#('(2#'@.$(%&'/,$"#(9'2(>3&+$/('#($5$"(*,%*$&(>.39(&'#$2D(!(

+$'2:&$/(#*$(%&'/,$"#('-&322(/,>>$&$"#(?3&#,3"2(3>(#*$(-$..(-*'+@$&(@7(,+'%,"%('(

%&'/,$"#(>3&+$/(>&3+(>33/(/7$('"/(9'#$&;((!(:2$/(!+'%$(<(,+'%$(?&3-$22,"%(23>#9'&$(

#3(+$'2:&$(?,B$.(,"#$"2,#7('"/(>3:"/(#*'#($5$"('#(5'-::+(?&$22:&$2('2(*,%*('2(Yb(

?2,D('(2+33#*(%&'/,$"#(9'2(>3&+$/(,"(#*$(-$..(-*'+@$&(N#*$(*,%*$2#(5'-::+(

?&$22:&$2(!(:2$/(,"(-$..($B?$&,+$"#2(9$&$('#(+32#(YW(?2,O;((K*$(&$2:.#2(3>(#*,2(

$B?$&,+$"#('&$(2*39"(,"(>,%:&$(V;m;(((

!"(3&/$&(#3(?&3/:-$('(/$2,&$/(%&'/,$"#D(!(/,5,/$/(#*$(,",#,'.(-40L(

-3"-$"#&'#,3"(@7(#*$(9,/#*(3>(#*$(-$..(-*'+@$&(Nma^(f +O;((I3&($B'+?.$D(#3(?&3/:-$('(

YW("0of +(%&'/,$"#D(!(:2$/('"(,",#,'.(-40L(-3"-$"#&'#,3"(3>(m;a^(f 0;(((
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3>(-*'..$"%$2(#3(?&$?'&,"%(#*$(/$5,-$2(>3&(#*$('22'7('"/(.3'/,"%( -$..2(,"#3(#*$(/$5,-$;((

P:@@.$2(&$"/$&('"('22'7(:"5,'@.$(@$-':2$(#*$7(@.3-8(:?2#&$'+(-*'""$.2D(#*$&$@7(

-*'"%," %(#*$(%&'/,$"#(?'##$&"D('"/(,>(#*$7(&$'-*('(-$..(-*'+@$&D(#*$7(29$$?(3:#('..(

#*$(-$..2(?&$2$"#;((P:@@.$2(9$&$(3>#$"(,"#&3/:-$/(,"#3(#*$(/$5,-$(#*&3:%*(#*$(,".$#2(,>(

#*$(/&3?.$#('@35$('"(,".$#($5'?3&'#$/;((I:&#*$&D('#(*,%*(5'-::+(?&$22:&$2D(%'2(9'2(

?:..$/( #*&3:%*(#*$(?3&3:2(L601(,"#3(#*$(-*'""$.2('"/(-&$'#$/( de novo(@:@@.$2;((

I,"'..7D(3"-$(#*$(-$..2(9$&$(.3'/$/D('"/('(@:@@.$(9'2(23+$*39(,"#&3/:-$/(,"#3(#*$(

/$5,-$D(#*$&$(9'2("3(+$#*3/(#3($.,+,"'#$(#*$(@:@@.$2(9,#*3:#(*'&+,"%(#*$(-$..2(/:$(
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,"?:#2('#(,".$#2(Y('"/(V(93:./("3#($5'?3&'#$(&'?,/.7; ((!>('"(,".$#(9'2(-3""$-#$/(#3(

#:@,"%D(29,#-*,"%(#:@,"%(3>#$"(,"#&3/:-$/(@:@@.$2D(23(!(2:&&3:"/$/(#*$(,".$#(9,#*('(

/&3?.$#(3>(@:>>$&(9*,.$(29,#-*,"%(#:@,"%;((P$>3&$(#*$(2#'&#(3>($'-*('22'7D(!(/$%'22$/(

#*$($"#,&$(/$5,-$(#3($.,+,"'#$(@:@@.$2('"(,",#,'.('##$+?# (#3(/$%'2(#*$(/$5,-$D(>,..,"%(,#(

9,#*(@:>>$&('"/(2: @+$&%,"%(,#(,"(9'#$&(,"('(5'-::+(-*'+@$&(23(#*'#(#*$(%'2(,"(#*$(

?3&3:2(93:./(@$(?:..$/(,"#3(#*$(2:&&3:"/,"%(9'#$&D(9'2(:"2:--$22>:.(,"(&$+35,"%(

'..(#*$(@:@@.$2(>&3+(#*$(,".$#2;((4"(:.#,+'#$.7(2:--$22>:.('??&3'-*(9'2(#3(>,..(#*$(

$"#,&$(/$5,-$(9,#*(@:>>$&D(-3""$-#($'-*(,".$#(#3(#:@,"%('##'-*$/(#3('(27&,"%$(#*'#(
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/$5,-$(23(#*'#(,>(!(?&$22:&,U$/(,".$#([(3&(,".$#(mD(>.:,/(93:./(>.39(@$#9$$"(3".7(#*$2$(

,".$#2;((!(#*$"(&$+35$/(#*$(#:@,"%(>&3+(,".$#(m('"/(&$?.'-$/(,#(9,#*('(YW(f M(?,?$##$(

#,?(>,..$/(9,#*(-$..2;(((((

4#(>,&2#(!(*'/(#&,$/(,"#&3/:-,"%(#*$(-$..2(,"#3(#*$(/$5,-$(:2,"%('(27&,"%$;((
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#*$(27&,"%$D('"/(-$..2(93:./(@$-3+$( 2#:-8(,"2,/$(#*$("$$/.$(3>(#*$(27&,"%$D(-':2,"%('(

.39(2$$/,"%(/$"2,#7;((!"2#$'/D(!(,"2$&#$/('(?,?$##$(#,?(,"#3(,".$#(m('"/(:2$/ ("$%'#,5$(

?&$22:&$(#3(?:..(-$..2(,"#3(#*$(-$..(-*'+@$&(@7(5$&7(%$"#.7(?:..,"%(#*$(?.:"%$&(3>(#*$(

27&,"%$(-3""$-#$/(#3(,".$#([;((!(#*$"('..39 $/ (-$..2(#3('/*$&$(#3(#*$(%.'22(2:@2#&'#$(>3&(

'#(.$'2#([W(+,":#$2(@$>3&$(%$"#.7(&$+35,"%(#*$(?,?$##$(#,?(>&3+(,".$#(m('"/(&$?.'-,"%(

,#(9,#*(#:@,"%(-3""$-#$/(#3(#*$(5'-::+;((!(#*$"(-.,??$/(#*$(#:@,"%(-3""$-#$/(#3(,".$#(

[('"/(&$+ 35$/(#*$(#:@,"%(-3""$-#$/(#3(,".$#2(Y('"/(V;((!(?.'-$/('(/&3?.$#(3>(/$2,&$/(
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-$..2(93:./($B?$&,$"-$(-40L(%&'/,$"# (@$>3&$(@$,"%(2:@H$-#$/(#3(#*$($B?$&,+$"#'.(

2*$'&(2#&$22(-3"/,#,3";((K*$&$>3&$D(!(*'/(#3(-*332$(3"$(3>(#*$2$(#93(+$#*3/2(>3&(
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'"'.72,2('>#$&(VW(+,":#$2(N'"/(-*$-8,"%(#3(+'8$(2:&$(-$..2(9$&$(+35,"%(
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93:./( @$(&$E:,&$/(#3('/H:2#(#3(3"$(&'#*$&(#*'"(#93(2#,+:.,('#('(#,+$;((K*,&/D(2*$'&(

2#&$22$2(#$"/$/(#3(-':2$(+'"7(3>(#*$(-$..2(#3(/$#'-*(>&3+(#*$(2:@2#&'#$D('"/(!(

9'"#$/(#3('"'.7U$(3".7(#*$(-$..2(#*'#(*'/(@$$"(-*$+3#'B,"%(?&3?$&.7(@$>3&$(#*$(
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'"/(3#*$&2(/,&$-#.7(-*$+3#'B$/(:?( #*$(-40L(%&'/,$"#\(3&(NVO(-$..2(23+$*39(
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'%%&$%'#$2(3>(-$..2;((!(?&3?32$(#*'#(-3+?:#'#,3"(3>(#*$(2,%"'.2(+'7(3--:&('#(#*$(
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Figure 3.1| D. discoideum integrate chemical and mechanical signals
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Figure A.1| Histogram of D. discoideum Displacements
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