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Functions -
(Cell Type / Localization Specific):
- Cell Growth
- Metabolism
- Protein Translation
- Autophagy
- Ribosome Biogenesis
- Axon Guidance
- Dendritic Spine Density / Size
- Neuronal Polarity / Migration
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K`"
"

'&=$+13,(7"(2" ),=71++,7="175" 3;&" )$%)&X$&73"&^>'&)),(7"(2" =&7&)"0;,*;">',61',+4" ,72+$&7*&" 3;&"

),F&"(2" 3;&"*&++8"6#[\GK"1>>&1')" 3("%&">',61',+4" ,7D(+D&5" ,7" ,72+$&7*,7=" 3;&" );1>&"(2" 3;&"*&++M"

#;'($=;"'&=$+13('4"6&*;17,)6)",7D(+D&5",7"*(73'(++,7="6#[\GK"2$7*3,(7"1'&">(('+4"$75&')3((58"

6#[\GK",)"%&+,&D&5"3("%&"$75&'"3;&"'&=$+13('4"*(73'(+"(2"3;&"#.G",7"1"6177&'"),6,+1'"3("3;13"(2"

6#[\G!"-N$17="J"B177,7="K::O/M"N(0&D&'8"3;&"&^1*3"*(6>(7&73)"'&=$+13,7="3;&,'",73&'1*3,(7"

;1D&"7(3"%&&7"*+&1'+4",5&73,2,&5M"<$7*3,(71++48"6#[\GK";1)"%&&7"5&6(7)3'13&5"3(">+14"1"'(+&",7"

3;&" 2('613,(7" (2" 3;&" 1*3,7" *43()E&+&3(78" 1)" ,3" ;1)" %&&7" (%)&'D&5" 3(" ),=71+" 3;'($=;" )61++" \;("

P#S1)&)" 175" >'(3&,7" E,71)&" G" 1+>;1" -STG/" 3(" '&=$+13&" 3;&" 2('613,(7" (2" <A1*3,7M" W55,3,(71++48"

6#[\GK";1)"1+)("%&&7"(%)&'D&5"3("*(73'(+"3;&"2('613,(7"(2"P#SA%($75"\1*!"0;,*;"1+)(">+14)"1"

'(+&" ,7"<A1*3,7" 2('613,(7" -f1*,73("&3"1+M"K::`/M"N(0&D&'8" 3;&"&^1*3"6&*;17,)6"0;,*;"%4"0;,*;"

6#[\GK" ,72+$&7*&)" 3;&)&">'(>()&5">1'37&')" ,)" )3,++" *$''&73+4"%&,7=" ,7D&)3,=13&5M" <$'3;&'6('&8"

6#[\GK" ;1)" 1+)(" 5&6(7)3'13&5" 3;&" 1%,+,34" 3(" >;()>;('4+13&" WE3" 13" .&'`VL" 3(" 1*3,D13&" ,3)"

2$7*3,(78" )$==&)3,7="6#[\GK"614" )&'D&" 3("6&5,13&" 1" >(),3,D&" 2&&5%1*E"6&*;17,)6" %&30&&7"

6#[\"175"WE3"),=71++,7="3("*(73'(+"3;&,'"2$7*3,(7"-f1*,73("&3"1+M"K::R/M"""

" [%)&'D13,(7" (2" 3;&" ,73&'A*(77&*3&57&))" (2" 6#[\" 3(" ,3)" ),=71++,7=" >1'37&')" )3'(7=+4"

)$==&)3)" 3;13" #[\" E,71)&)" >1'3,*,>13&" ,7" *',3,*1+" &D&73)" 3;13" ,73&='13&" &^3&'71+" ),=71+)" 0,3;"

,73&'71+" ),=71+)" 3(" *(A('5,713&" *&++$+1'" ='(03;8" )$'D,D1+" 175" >'(+,2&'13,(7M" 6#[\" &22&*3,D&+4"

'&*&,D&)"),=71++,7=",7>$3"0;,*;",75,*13&"0;&3;&'"3;&"3'17)*',>3,(71+"175"3'17)+13,(71+"61*;,7&'4"

);($+5"%&"$>'&=$+13&58"3;&7"&22,*,&73+4"3'17)6,3)"3;&6"3("3;&"1>>'(>',13&"5(07)3'&16"31'=&3)M"

]7"'&*&73"5&*15&)8"),=7,2,*173"&D,5&7*&";1)"1**$6$+13&5"3(")$==&)3"3;13"54)'&=$+13,(7"(2"6#[\"

175" 6174" (2" ,3)" 1))(*,13&5" ),=71++,7=" >1'37&')" (23&7" (**$')" ,7" 6174" 34>&" (2" *17*&')" 175"

7&(>+1),1"5,)('5&')8" 2'(6"%'&1)3"*17*&'"3("3$%&'($)")*+&'(),)"-G;(("J"C+&7,)"K::RI"G',7("&3"1+M"

K::R/M""



KZ"
"

)*P4(%8!(83>,<93,>4(!699(!?296('6>19<-3/,Q(A3BB6.6,-3<-3/,(@(E<-6((

U;,+&"*+1)),*1+"(%)&'D13,(7)"(2"3;&"2$7*3,(71+"),=7,2,*17*&"(2"3;&"#.G">'(3&,7)";1D&"6()3"

*+()&+4"1))(*,13&5" 3;&6"0,3;"3;&"'&=$+13,(7"(2" 3;&"6#[\"),=71+,7="*1)*15&8"1"='(0,7="%(54"(2"

'&)&1'*;";1)"2($75"3;13"3;&4">1'3,*,>13&",7"3;&"'&=$+13,(7"(2"D1',($)"*&++$+1'">'(*&))&)8"3;'($=;"

6#[\A,75&>&75&73"6&17)M"#;&)&")3$5,&)">',61',+4";,=;+,=;3"#$%&',78"1)" 3;&"1*3,D&"*(6>(7&73"

(2"3;&"#.G8",7"3;&)&"2$7*3,(7)8")$==&)3,7="1"),=7,2,*173"'(+&"2('"3;&">'(3&,7"1)"1"E&4"'&=$+13('"(2"

*&++$+1'"),=71+,7=M""

H(30,3;)3175,7=",3)"6#[\A6&5,13&5"&22&*3)"(7"*&++"*4*+&">'(='&)),(78"#$%&',7";1)"%&&7"

2$'3;&'",6>+,*13&5"1)"1"'&=$+13('"(2"3;&"*&++"*4*+&8"3;'($=;",3)",72+$&7*&"(7"1"7$6%&'"(2"*&++"*4*+&"

'&=$+13('4">'(3&,7)M"\&*&73")3$5,&)"*(75$*3&5"%4"\()7&'"&3"1+M"-K::V1/";1D&"2($75"3;13"#$%&',7"

%&1')" 3;&" 1%,+,34" 3(" '&=$+13&" 3;&" +(*1+,F13,(7" (2" 3;&" G4*+,7A5&>&75&73" E,71)&" ,7;,%,3('8" >KV8"

3;'($=;",7;,%,3,(7"(2",3)"!`ALAL"6&5,13&5"*43(>+1)6,*"'&3&73,(7"-\()7&'"J"N&7=)3)*;+1=&'"K::`I"

\()7&'"&3"1+M"K::V1/M"#;&4"(%)&'D&5"3;13",7"P:"*&++)8"#$%&',7"%,75)"3(">KV8")&X$&)3&',7=",3"2'(6"

!`ALAL"175">'&D&73,7="3;&"WE3A6&5,13&5">;()>;('4+13,(7"(2">KV"0,3;,7" ,3)"7$*+&1'" +(*1+,F13,(7"

),=71+" -Ha./" 13" #!ZV" -.&E,6(3("&3" 1+M" K::`/M" #;,)" ,73&'1*3,(7"0,3;"#$%&',7" )$%)&X$&73+4" 1++(0)"

>KV" 3(" $75&'=(" Ha.A,6>('3,7A5&>&75&73" 7$*+&1'" +(*1+,F13,(78" 0;&'&" ,3" ,7;,%,3)" 3;&" *131+43,*"

1*3,D,34" (2" G4*+,7" cbG?TK" 175" G4*+,7" ?bG?T`" *(6>+&^&)" 175" '&)3',*3)" >'(='&)),(7" 3;'($=;" 3;&"

P!b.">;1)&"*;&*E>(,73"-W+%&'3)"&3"1+M"K::K/M"]7"155,3,(7"3(",3)"&22&*3)"(7">KV"+(*1+,F13,(78"#$%&',7"

;1)" 1+)(" %&&7" (%)&'D&5" 3(" ,73&'1*3" 5,'&*3+4"0,3;" G4*+,7" C!8" G4*+,7" W8" 175" G?T!" -G1317,1" &3" 1+M"

K::!/M"<,51+=("51".,+D1"&3"1+M"-K:!!/"1+)("0&73"(7"3("2,75"3;13"$>(7"%,75,7="3("G4*+,7"C!8"#$%&',7"

01)"*1>1%+&"(2"'&31,7,7=",3"0,3;,7"3;&"*43(>+1)68"'&)3',*3,7=">'(='&)),(7"3;'($=;"3;&"PKbB">;1)&"

*;&*E>(,73"-<,51+=("51".,+D1"&3"1+M"K:!!/M""



KR"
"

#$%&',7";1)"1+)("%&&7"5&6(7)3'13&5"3(",73&'1*3"0,3;"D1',($)"),=71+,7="*1)*15&)",7D(+D&5"

,7"'&=$+13,7="*&++"5,22&'&73,13,(7"175"*&++"213&"*;(,*&M"#;&"2,')3"16(7="3;&)&",)"3;&"U73"),=71+,7="

>13;014M" ]7" 3;&,'" K::L" )3$548" B1E" &3" 1+M" 5&6(7)3'13&5" 3;13" 3;&" #.G" ,73&'1*3&5" 0,3;" 3;&"

*17(7,*1+" U73" ),=71+,7=" >13;0148" 1)" ,3" 01)" 1%+&" 3(" '&=$+13&" A*13&7,7" )31%,+,34" 175" >'(3&,7"

&^>'&)),(78" ,7;,%,3&5"U73A,75$*&5" A*13&7,7A5&>&75&73" 3'17)*',>3,(71+" 1*3,D,34" 175" ,73&'1*3&5"

0,3;" 3;&" P.TL A5&='1513,(7" *(6>+&^" -B1E" &3" 1+M" K::L/M" <(++(0" $>" )3$5,&)" 1+)(" 2($75" 3;13"

#$%&',7"01)"1+)("1%+&"3("%,75"5,'&*3+4"3("3;&"U73"),=71+,7="*(6>(7&73"?,);&D&++&5"-?);/"-B1E"&3"

1+M"K::Z/M"]7(E,"&3"1+M"-K::R/"+13&'"(%)&'D&5"3;13"#$%&',7")&'D&5"1)"1"5,'&*3">;4),(+(=,*1+")$%)3'13&"

2('"P.TL 8"17",6>('3173"*(6>(7&73"(2"3;&"*17(7,*1+"U73">13;0148"%&,7=">;()>;('4+13&5"%4",3"

13" .!L`!8" .!LLV8" .!LLL8" 175" #!LKO" -]7(E," &3" 1+M" K::R/M" #;&4" 0&73" (7" 3(" *(7*+$5&" 3;13" U73"

2$7*3,(7&5" 1)" 1" >(),3,D&" '&=$+13('" (2" 6#[\" 1*3,D,348" 3;'($=;" ,7;,%,3,(7" (2" P.TL"

>;()>;('4+13,(7b1*3,D13,(7"(2"#$%&',7M"

"#$%&',7" ;1)" 1+)(" %&&7" ,6>+,*13&5" 1)" 17" $>)3'&16" '&=$+13('" (2" 3;&" H(3*;" ),=71+,7="

>13;014M"B1"&3"1+M"-K:!:/"(%)&'D&5"3;13"3;&"#.G"1*3)"1)"1"7&=13,D&"'&=$+13('"(2"H(3*;"1*3,D13,(78"

,7"17"6#[\A5&>&75&73"6177&'8"0;&'&,7",71*3,D13,(7"(2"3;&"#.G"'&)$+3&5",7"*(7)3,3$3,D&"1*3,D,34"

,7"\;&%8"0;,*;" ,7"3$'7" +&5"3(")&X$&73,1+"1*3,D13,(7"(2"6#[\G!"175".#W#LM".#W#L"1*3,D13,(78" ,7"

3$'78"+&15"3(">RLA6&5,13&5"$>'&=$+13,(7"(2"f1==&5!"175")$%)&X$&73"H(3*;!"1*3,D13,(7"-B1"&3"1+M"

K:!:/M"W"),6,+1'"'(+&"2('"#$%&',7"01)"1+)(")$==&)3&5"%4"T1'%(07,*F&E"&3"1+M"-K:!:/8"%$3"0;,+&")3,++"

5&>&75&73"(7"3;&"#.GA\;&%",73&'1*3,(78"H(3*;"'&=$+13,(7"01)")$==&)3&5"3("(**$'"3;'($=;"17"1)"

4&3"5&3&'6,7&5"6#[\A,75&>&75&73"6&*;17,)6"-T1'%(07,*F&E"&3"1+M"K:!:/M"""

W55,3,(71++48"#$%&',7";1)"1+)("%&&7"2$7*3,(71++4"+,7E&5"3("3;&"BWST"),=71+,7=">13;014",7"

1" '&=$+13('4"*1>1*,34M"c^>'&)),(7"(2"\;&%";1)"%&&7"5&6(7)3'13&5" 3("7&=13,D&+4" '&=$+13&"CA\12"

E,71)&" 1*3,D,348" 175" )$%)&X$&73" >;()>;('4+13,(7" 175" 1*3,D13,(7" (2" >`Kb``" BWST8" 3;'($=;" 1"



KV"
"

5,'&*3"%,75,7=",73&'1*3,(7"0,3;"CA\12"-]6"&3"1+M"K::KI"T1'%(07,*F&E"&3"1+M"K::`/M""#;,)",6>+,*13&)"

#$%&',7" 1)" 1" >(),3,D&" '&=$+13('" (2" >`Kb``"BWST" ),=71+,7=8" D,1" '&=$+13,(7" (2" \;&%" 1*3,D13,(7M"

<$'3;&'6('&8" )3$5,&)" 2(*$),7=" (7"6&5$++(%+1)3(61" >13;(=&7&),)" ;1D&" ,75,*13&5" 3;13" #$%&',7"

)&'D&)" 1)" 17" ,75,'&*3" 5(07)3'&16" &22&*3('" (2" .(7,*" N&5=&;(=" -.NN/" ),=71+,7=8" 0;&'&,7" .NN"

1*3,D,34"2$7*3,(7)"*((>&'13,D&+4"0,3;"S]LTbWE3"1*3,D13,(78"3("7&=13,D&+4"'&=$+13&"#$%&',7"1*3,D,34"

-C;13,1"&3"1+M"K::O/M"N(0&D&'8"3;&"&^1*3"6&*;17,)6"%4"0;,*;"3;,)"*((>&'13,D&",73&'1*3,(7"(**$')"

,)")3,++"$75&'",7D&)3,=13,(7M"""

)*R4(%8!)(@(%8!F(J6,6(C1-<-3/,74(!/,76S16,267(B/.(%8!(E1,2-3/,(

B$313,(7)",7"&,3;&'"(2"3;&"#.G!"('"#.GK"=&7&)";1D&"%&&7"7(3&5"3("5,)'$>3"3;&"2('613,(7"

(2" 3;&" #.G8" +&15,7=" 3(" 1%'(=13,(7" (2" 3;&" #.G)" *;1'1*3&',)3,*" 2$7*3,(7)M" ]7" 3&'6)" (2" &22&*38"

6$313,(7)",7"&,3;&'"=&7&"+&15"3("3;&")16&">;&7(34>,*"($3*(6&8"3;&"*(7)&X$&73">13;(=&7&),)"(2"

#.M"N(0&D&'8"3;&"6&*;17,)6)"%4"0;,*;"3;&"6$313,(7)"*17">'&D&73"#.G"2$7*3,(7"1'&"%&+,&D&5"3("

%&"5,22&'&73M"B$313,(7)" ,7"#.G!"1'&"%&+,&D&5" 3(" '&)$+3">',61',+4" ,7" 3;&" 3'$7*13,(7"(2"N161'3,78"

'&6(D,7=" '&=,(7)" (2" 3;&" >'(3&,7" 3;13" 1'&" '&X$,'&5" 3(" 6&5,13&" ,3)" ,73&'1*3,(7" 0,3;" #$%&',7"

-N(5=&)"&3"1+M"K::!/M"#;,)",7"3$'7">'&D&73)"#.G"2('613,(7"175"+&15)"3("3;&")$%)&X$&73"$%,X$,3,7"

6&5,13&5" 5&='1513,(7" (2" #$%&',7" -C&7D&7$3(" &3" 1+M" K:::I" f(7&)" &3" 1+M" !OOVI" N((=&D&&7A

U&)3&'D&+5" &3" 1+MK:!:/M" B$313,(7)" ,7" #.GK8" (7" 3;&" (3;&'" ;1758" *17" >(3&73,1++4" ;1D&" 1" 6('&"

)$%3+&"&22&*38"1)"3;&4"(23&7"5("7(3"1+014)"+&15"3("3'$7*13,(7"(2"3;&"'&)$+3173">'(3&,7"-B1;&);01'"

&3"1+M"!OOVI"B14&'"&3"1+M"K::L/M"#.GK"6$313,(7)"*17"+&15"3("2('613,(7"(2"1"7(7A2$7*3,(71+"#.G8",7"

0;,+&" #$%&',7AN161'3,7" %,75,7=8" 3;($=;" 0&1E&7&58" *17" )3,++" (**$'" -B14&'" &3" 1+M" K::L/M"

W55,3,(71++48" 3;&4" *17" 1+)(" >'&D&73" 3;&" %,75,7=" 3(" N161'3,78" D,1" 5,)'$>3,(7" (2" '&=,(7)" 3;13"

6&5,13&"3;&"#$%&',7AN161'3,7",73&'1*3,(78")$*;"1)"3;&">;()>;('4+13,(7"),3&)"'&),5,7="GA3&'6,71+"



K9"
"

3("3;&"N161'3,7"%,75,7="5(61,7"-H&++,)3"&3"1+M"K::!/M"#;&)&"6$313,(7)8"2'&X$&73+4"(%)&'D&5",7"#."

>13,&73)8")$>>('3"3;&",6>('317*&"(2")>&*,2,*"'&),5$&)"($3),5&"(2"3;&"N161'3,7"%,75,7="5(61,7"3("

61,731,7,7="3;&">'(>&'">'(3&,7"*(72('613,(7"7&*&))1'4"2('"6&5,13,(7"(2"3;&"#$%&',7AN161'3,7"

,73&'1*3,(7"-W,*;&'"&3"1+M"K::!/M"<$'3;&'6('&8",7"*(75,3,(7)"(2"#.8">13,&73)";1D&"*(66(7+4"%&&7"

(%)&'D&

,3)"5(07)3'&16"),=71++,7=">1'37&')"175")$%)&X$&73"1%'(=13,(7"(2"1>>'(>',13&"5,22&'&73,13,(7"175"

213&" *;(,*&)"0,3;,7"#."122+,*3&5"*&++" 34>&)8"175"7(31%+48"5$',7="7&$'1+" 213&"5&*,),(7)"0,3;,7" 3;&"

GH.""-f(7&)"&3"1+M"!OOO/M""

)*T4(G61./>6,6737(<,0(-=6('6>19<-3/,(/B(G61.<9(!699(E<-6((

( H&$'1+"5&D&+(>6&73"*17"%&"*;1'1*3&',)&5"1)"1">'(*&))"0;,*;",)"*(6>',)&5"(2"1")&',&)"(2"

&D&73)"175" ,73&'1*3,(7)"0;,*;"=$,5&">+$',>(3&73")3&6"175">'(=&7,3('"*&++)" 3(" 31E&"(7"1"7&$'1+"

*&++" 213&" 175" %&=,7" >'(='16)" (2" 5,22&'&73,13,(7" 3;13" $+3,613&+4" =,D&" ',)&" 3(" )(6&" (2" 3;&"6()3"

)>&*,1+,F&5" 175" $7,X$&" *&++" 34>&)" 2($75" 0,3;,7" 3;&" 61661+,17" %(54M" ]73&='13,7=" 1" '17=&" (2"

*&++$+1'"6&*;17,)6)"0;,*;"6(5,24">133&'7)"(2"=&7&"&^>'&)),(7"175"*&++"*4*+&">'(='&)),(78"7&$'1+"

5&D&+(>6&73" ,)" &22&*3&5" >',61',+4" 3;'($=;" 3;&" >'(*&))&)" (2" 7&$'(=&7&),)" 175" =+,(=&7&),)M"

.&'D,7=" 1)" 3;&" >(,73" (2" ,7,3,13,(7" 2('" 7&$'1+" 5&D&+(>6&738" 7&$'1+" ,75$*3,(7" ,)" 3;&" >'(*&))" %4"

0;,*;" 3;&" )3&6" *&++)" (2" 3;&" &6%'4(7,*" &*3(5&'6" 1'&" )3,6$+13&5" 3(" 15(>3" 7&$'1+" *&++" 213&)8"

*(7)&X$&73+4"+&15,7="3("3;&"5&D&+(>6&73"(2"3;&"*&++"34>&)"0;,*;"*(6>()&"3;&"7&'D($)")4)3&6M"

?$',7="=1)3'$+13,(78"3;&">;1)&"(2"&1'+4"&6%'4(7,*"5&D&+(>6&73"0;,*;"+&15)"3("2('613,(7"(2"3;&"

&*3(5&'61+8" 6&)(5&'61+" 175" &75(5&'61+" =&'6" *&++" +14&')" 2'(6" 3;&" ),7=+&" +14&'&5" %+1)3$+18"

&>,%+1)3" *&++)" (2" 3;&" 6&)(5&'61+" =&'6" *&++" +14&'" 2('6" 3(=&3;&'8" =,D,7=" ',)&" 3(" 3;&" '(5A+,E&"

)3'$*3$'&"E7(07"1)"3;&"7(3(*;('5"-W+%&'3)"&3"1+M"K::K/M""#;&"E&4"

3;&" 7(3(*;('5" '&=$+13&)" 3;&" &^>'&)),(7" 175" 1*3,D13,(7" (2" D1',($)" 6('>;(=&7,*" 21*3(')" 175"



KO"
"

),=71++,7=" *1)*15&)" 3(" >'(6(3&" 7&$'1+" ('=17,F13,(7" 175" >133&'7,7=8" 1)" 0&++" 1)" 7&$'1+" 213&"

5&*,),(7)" ,7" 3;&" *&++)"(2" 3;&"15Q1*&73" &*3(5&'61+">'(=&7,3(')M"W6(7=" 3;&" 21*3(')" '&=$+13&5"%4"

3;&" 7(3(*;('5" 1'&" C(7&" B('>;(=&7&3,*" S'(3&,7)" -CBS)/8" )>&*,1+,F&5" 6&6%&')" (2" 3;&"

[%)&'D&5"3("%&">(3&73"'&=$+13(')"(2">133&'7,7="175">(+1',34"0,3;,7"5&D&+(>,7="&6%'4()8"0;&'&"
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D1+$&)"(2"*(''&*3&5">A>V:.RT"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"4"p"-->A>V:.RT"[?"b"W*3,7"[?/"b"

->V:.RT"[?"b"W*3,7"[?//M""
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ZO"
"

I*F4(%156.3,( 96V697(0/(,/-(2=<,>6(73>,3B32<,-9?(5<760(/,(269919<.( 9/2<93b<-3/,(01.3,>(,61./,<9(

2699(03BB6.6,-3<-3/,(

( #$%&',7" >'(3&,7" +&D&+)"0&'&" )&&7" 3(" 5&*+,7&" 5$',7=" 7&$'(71+" 5,22&'&73,13,(7" 2('"0;(+&"

*&++">'(3&,7"&^3'1*3)",7".N.gAZg"*&++)"-<,=$'&"`"W"J"C/M"#("5&3&'6,7&"0;&3;&'"3;&)&"5,22&'&7*&)",7"

&^>'&)),(7"1+)(",72+$&7*&5"3;&"*&++$+1'"+(*1+,F13,(7"(2"#$%&',78"('"(**$'")&+&*3,D&+4",7"(7&"*&++$+1'"

*(6>1'36&73" 5$',7=" 3;&" *($')&" (2" 7&$'(71+" *&++" 5,22&'&73,13,(78" *&++" 2'1*3,(713,(7" 01)"

>&'2('6&5"175">'(3&,7"+&D&+)"6&1)$'&5M"\&3,7(,*"1*,5"3'&13&5".NA.gZg"*&++)"0&'&",7*$%13&5"175"

1++(0&5"3("5,22&'&73,13&"1*'())"1"LA514"5,22&'&73,13,(7"3,6&"*($')&"-<,=$'&"R/M"]73&'&)3,7=+48"0;,+&"

'&>&13)"1'&"'&X$,'&5"3("5&3&'6,7&")313,)3,*1+"),=7,2,*17*&8"+&D&+)"(2"#$%&',7"5&*+,7&5"$7,X$&+4",7"

3;&"7$*+&1'"*(6>1'36&73"175"0&'&" ,7" 21*3" ,7*'&1),7=" ,7" 3;&"*43(>+1)6,*"*(6>1'36&73M"\HLLC"

*&++)8" )3,6$+13&5"3("5,22&'&73,13&"1*'())"1"R"514" 3,6&"*($')&8"0&'&"1+)("$)&5"3(" ,7D&)3,=13&" 3;&"

&22&*3"(2"+(*1+,F13,(7"-<,=$'&"V/M"W)"0,3;"0;(+&"*&++"+4)13&)8"+&D&+)"1>>&1'&5"3("%&"'&+13,D&+4")31%+&"

,7"%(3;"3;&"7$*+&1'"175"*43(>+1)6,*"*(6>1'36&73)"(2"3;,)"*&++"+,7&"5$',7="5,22&'&73,13,(7"-<,=$'&"

VG8" ?/M" #;&)&" '&)$+3)" )$>>('3" (%)&'D13,(7)" 3;13" #$%&',7" ,)" &^>'&))&5" ,7" %(3;" 3;&" 7$*+&1'" 175"

*43(>+1)6,*" *(6>1'36&73)" (2" %(3;" *&++" +,7&)" 3&)3&5" 5$',7=" 7&$'(71+" 5,22&'&73,13,(7I" 175" 3;13"

+&D&+)"0&'&"(7+4")&+&*3,D&+4"6(5$+13&5",7"3;&"7$*+&1'"*(6>1'36&73"(2"(7&"(2"3;&)&"*&++"+,7&)M""
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"

E3>1.6(P(G('36('"?(*(?5"&C"+3<($%)"#$&4(%)"&663$"%)"47(")36?(!$"6&8#!$48()4"&C",=L,MNM"6(??5I(

( N$617" .NA.gZg" 7&$'(%+1)3(61" *&++)" 0&'&" *$+3$'&5" ,7" 3;&" >'&)&7*&" (2" !LA*,)" '&3,7(,*"

1*,5"3(")3,6$+13&"7&$'(71+"5,22&'&73,13,(7"(D&'"1"L"514"5,22&'&73,13,(7"3,6&"*($')&M"H$*+&1'"175"

*43(>+1)6,*">'(3&,7"2'1*3,(7)"0&'&"*(++&*3&5"2'(6";1'D&)3&5".NA.gZg)"175"171+4)&58"D,1"U&)3&'7"

%+(33,7=8" 13" 3;&" 2(++(0,7=" 5,22&'&73,13,(7" 3,6&" >(,73)_" ?14" :8" ?14" !8" ?14" K" 175" ?14" LM" " #;"

]66$7(%+(33,7="2('"7$*+&1'"-a&23/"175"*43(>+1)6,*"#$%&',7"-',=;3/"01)"*(75$*3&5"$),7="!::"l="(2"

>'(3&,7" +(15&5" &X$1++4" 1*'())" 1++" +17&)M" #(>(,)(6&'1)&" ]] " A#$%$+,7"

-S17&+" L/" 0&'&" $)&5" 1)" 7$*+&1'" 175" *43(>+1)6,*" 2'1*3,(713,(7" *(73'(+)8" '&)>&*3,D&+4M" S'(3&,7)"

0&'&"'&)(+D&5"(7"!:Y"5&713$',7=">(+41*'4+16,5&"=&+)"$),7=".?.ASWPc"-\&>+,*13&)_"Hp!/M"M(Y(!;"

n$173,313,D&" 171+4)&)" (2" #$%&',7" +&D&+)8" 2('" %(3;" 7$*+&1'" -C/" 175" *43(>+1)6,*" -G/8" >'(3&,7"

2'1*3,(7)"0&'&"*(75$*3&5"$),7=")>(3"5&7),3(6&3'4M"?&7),3(6&3'4"D1+$&)"-gA1^,)/"2('"#$%&',7";&'&"

'&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2" *(''&*3&5" >'(3&,7" (>3,*1+" 5&7),34" D1+$&)" -4/8"0;&'&"

47$*+&1'" p" -#$%&',7" [?" b" #(>(,)(6&'1)&" ]] " [?/" ('" 4*43(>+1)6,*" p" -#$%&',7" [?" b" A#$%$+,7" [?/M"

.313,)3,*1+" 171+4),)" 01)" *(75$*3&5" $),7=" +,7&1'" '&='&)),(7" (2" #$%&',7" +&D&+" D)M" #,6&M" \&)$+3)"

,75,*13&"17"7p!I"'&>&13)"1'&"'&X$,'&5"3("5&3&'6,7&")313,)3,*1+"),=7,2,*17*&M""
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"

E3>1.6(R(+3<($%)"#$&4(%)"?(*(?5"!$("3<%R3%4&35"%)"6(??3?!$"C$!64%&)5"&C"GDOOP"6(??5"'3$%):")(3$&)!?"

'%CC($()4%!4%&)I(

.3,6$+13&5" 3(" 5,22&'&73,13&" 1+(7=" 1*'())" 17" 9" 514" 3,6&" *($')&8" \13" \HLLC" *&++)" 0&'&"

;1'D&)3&5"2('">'(3&,7"171+4),)"13"3;&"2(++(0,7="3,6&">(,73)_"?14":8"?14"K8"?14"`8"?14"R"175"?14"9M"

S'(3&,7"&^3'1*3)"2'(6"3;&"7$*+&1'"175"*43(>+1)6,*"*&++$+1'"2'1*3,(7)"0&'&"*(++&*3&5"175"171+4)&5"

D,1"U&)3&'7"%+(33,7=M"#;" ]66$7(%+(33,7="2('"7$*+&1'"-a&23/"175"*43(>+1)6,*"#$%&',7"-\,=;3/"01)"

*(75$*3&5"$),7="!::"l="(2">'(3&,7"+(15&5"&X$1++4"1*'())"1++"+17&)M"#(>(,)(6&'1)&"]] "

-S17&+" K/" 175" A#$%$+,7" -S17&+" L/" 0&'&" $)&5" ;&'&" 1)" 7$*+&1'" 175" *43(>+1)6,*" 2'1*3,(713,(7"

*(73'(+)8" '&)>&*3,D&+4M" S'(3&,7)" 0&'&" '&)(+D&5" 3;'($=;" .?.ASWPc8" $),7=" !:Y" 5&713$',7="

>(+41*'4+16,5&"=&+)M" -\&>+,*13&)_"HpK/M"M( Y(!;"n$173,313,D&" 171+4)&)"(2" #$%&',7" +&D&+)8" 2('"%(3;"

7$*+&1'" 175" *43(>+1)6,*8" >'(3&,7" 2'1*3,(7)" 0&'&" *(75$*3&5" $),7=" )>(3" 5&7),3(6&3'4M"

?&7),3(6&3'4" D1+$&)" -gA1^,)/" 2('" #$%&',7" ;&'&" '&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2"

*(''&*3&5">'(3&,7"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"47$*+&1'"p"-#$%&',7"[?"b"#(>(,)(6&'1)&"]] "[?/"

('" 4*43(>+1)6,*" p" -#$%&',7" [?" b" A#$%$+,7" [?/M" .313,)3,*1+" 171+4),)" 01)" *(75$*3&5" $),7=" +,7&1'"

'&='&)),(7"(2"#$%&',7"+&D&+"D)M"#,6&M"
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R`"
"

I*I4('6>19<-3/,(/B(%8!F(K'G#(96V697(01.3,>(,61./,<9(03BB6.6,-3<-3/,((

( U,3;"3;&"(%)&'D13,(7"3;13"#$%&',7">'(3&,7"+&D&+)"0&'&"$75&'=(,7="'&=$+13,(7"5$',7="3;&"

*($')&" (2" 7&$'(71+" 5,22&'&73,13,(78" 2$'3;&'" ,7D&)3,=13,(7" 01)" *(75$*3&5" 3(" &^16,7&" 0;&3;&'"

'&=$+13,(7" ,7"#.GK"&^>'&)),(7"01)"1+)("(**$'',7="13" 3;&"6\HW" +&D&+M"n\#ASG\"171+4),)"(2" 3(31+"

#.GK"6\HW" +&D&+)" 01)" *(75$*3&5" 2('" %(3;" .NA.gZg" -<,=$'&" 9/" 175" \HLLC" *&++)" -<,=$'&" O/" 3("

1))&))" *;17=&)" 5$',7=" 7&$'(71+" 5,22&'&73,13,(7M" !LA*,)" '&3,7(,*" 1*,5" )3,6$+13&5" .NA.gZg" *&++)"

0&'&"5,22&'&73,13&5"1*'())"L"514"175"K`";($'"3,6&"*($')&)M"W*'())"3;&"L"514"3,6&"*($')&8"6&17"

#.GK" 6\HW" +&D&+)" 21,+&5" 3(" 5&6(7)3'13&" ),=7,2,*173" *;17=&)" ,7" 6\HW" +&D&+)" -<,=$'&" 9W/M"

#;'($=;($3" 3;&" K`" ;($'" 3,6&" *($')&8" ;(0&D&'8"6&17" #.GK"6\HW" +&D&+)" 5,)>+14&5" 1" %,>;1),*"

>133&'7" (2" &^>'&)),(78" 0,3;" 1" ),=7,2,*173" (D&'1++" 5&*'&1)&" ,7" +&D&+)8" 1)" ,75,*13&5" 3;'($=;"

'&='&)),(7" 171+4),)" -\K" p" " :MZV!!8" >" p" :M:L::8" " p" :M:Z/" -<,=$'&" 9C/M" #&6>&'13$'&A)3,6$+13&5"

\HLLC"*&++)"0&'&"1+)("&^16,7&5"1*'())"R"514"175"K`";($'"5,22&'&73,13,(7"3,6&"*($')&)"-<,=$'&"O/M"

W*'())" 3;&"R"514" 3,6&" *($')&8"6&17"#.GK"6\HW"5,)>+14&5"7(" ),=7,2,*173" *;17=&)" -<,=$'&"OW/M"

.,6,+1'+48"6\HW"+&D&+)"6&1)$'&5"1*'())"3;&"K`";($'"3,6&"*($')&"1+)("5,5"7(3"5&6(7)3'13&"174"

),=7,2,*173"*;17=&)"-<,=$'&"OC/M"#;$)8"5&)>,3&"3;&"*;17=&)"(%)&'D&5"1*'())"3;&".NA.gZg"K`";($'"

5,22&'&73,13,(7" *($')&8" #.GK" 6\HW" +&D&+)" 1>>&1'" 3(" '&61,7" '&+13,D&+4" )31%+&" 5$',7="

5,22&'&73,13,(7M"
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E3>1.6(T(+,-0"8GDE"?(*(?5"!$(")&4"$(:3?!4('"!6$&55"C3??")(3$&)!?"'%CC($()4%!4%&)"%)",=L,MNM"6(??5"""

.NA.gZg"7&$'(%+1)3(61"*&++)"0&'&" )3,6$+13&5"0,3;"!LA*,)" '&3,7(,*" 1*,5" 3("5,22&'&73,13&"

1*'())" L" 514" :#;" 175" K`" ;($'" :M;" 3,6&" *($')&)M" #(31+"6\HW"01)" &^3'1*3&5" 2'(6" *&++" )16>+&)"

*(++&*3&5" 13" 3;&" ,75,*13&5" 3,6&" >(,73)" 175" n\#ASG\" 171+4),)" *(75$*3&5M" 6\HW" +&D&+)" 1'&"

>'&)&73&5"1)" 3;&"*1+*$+13&5"6&17" +(=!:"\n"D1+$&)" 2('"&1*;"3,6&">(,73" -gA1^,)/8"0,3;"&''('"%1')"

,75,*13,7=" 3;&" )31751'5" &''('M" #1'=&3" 6\HW" &^>'&)),(7" +&D&+)" 0&'&" 7('61+,F&5" 3(" PWS?N8"

*1+,%'13&5" $),7=" #" p" :" -?14" :" ('" :" 6,7$3&/" 6\HW" +&D&+)" 1)" 3;&" ,73&'71+" *1+,%'13('" 175" 1'&"

'&>'&)&73&5" ,7" '&+13,(7" 3(" #" p" :" +&D&+)M" #;" #.GK" 6\HW" +&D&+)" 1*'())" 3;&" L" 514" 3,6&" *($')&"

-\&>+,*13&)_" H" p" L/M"M;" #.GK"6\HW" +&D&+)" 1*'())" 3;&" K`" ;($'" 3,6&" *($')&" -\&>+,*13&)_" H" p" K/M"

.313,)3,*1+" 171+4),)" 01)" *(75$*3&5" $),7=" +,7&1'" '&='&)),(7" (2" #.GK" 6\HW" +&D&+" D)M" #,6&" -\Kp"

:MZV!I">"p":M":L:!I" "p":M:Z/M""
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"

E3>1.6(U(+,-0"8GDE"?(*(?5"'&")&4"3)'($:&"$(:3?!4%&)"'3$%):")(3$&)!?"'%CC($()4%!4%&)"%)"GDOOP"

6(??5(

\HLLC"*&++)"0&'&"3&6>&'13$'&")3,6$+13&5"3("5,22&'&73,13&"1*'())"R"514" :#;"175"K`";($'"

:M;" 3,6&"*($')&)M"#(31+"6\HW"01)"&^3'1*3&5" 2'(6"*&++" )16>+&)"*(++&*3&5" 13" 3;&" ,75,*13&5" 3,6&"

>(,73)"175"n\#ASG\"171+4),)"*(75$*3&5M"6\HW"+&D&+)"1'&">'&)&73&5"1)"3;&"*1+*$+13&5"6&17"+(=!:"

\n" D1+$&)" 2('" &1*;" 3,6&" >(,73" -gA1^,)/8" 0,3;" &''('" %1')" ,75,*13,7=" 3;&" )31751'5" &''('M" #1'=&3"

6\HW"&^>'&)),(7"+&D&+)"0&'&"7('61+,F&5"3("PWS?N8"*1+,%'13&5"$),7="#"p":"-?14":"('":"6,7$3&/"

6\HW" +&D&+)"1)" 3;&" ,73&'71+"*1+,%'13('"175"1'&"'&>'&)&73&5" ,7"'&+13,(7"3("#"p":" +&D&+)M"#;"#.GK"

6\HW"+&D&+)"1*'())"1"R"514"5,22&'&73,13,(7"*($')&"-\&>+,*13&)_"HpK/M"M;"#.GK"6\HW"+&D&+)"1*'())"

3;&"K`";($'"3,6&"*($')&"-\&>+,*13&)_"HpL/M""
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RO"
"

I*L4( %8!F( K'G#( 96V697( 7=/c( <( 793>=-( V<.3<-3/,( 56-c66,( H<.-3<99?( 2/KK3--60( <,0( 7-6KY93d6(

,61./,<9(2699(H/H19<-3/,7(

#;($=;"*(66(7+4"$)&5"1)"'&>'&)&7313,D&"(2"7&$'1+">'(=&7,3('">(>$+13,(7)8" 3;&"6(5&+"

*&++"+,7&)"&6>+(4&5",7"3;&">'&*&5,7=")3$5,&)"0&'&"5&',D&5"2'(68"175"*(7),)3"(28"1";&3&'(=&7&($)"

*&++" >(>$+13,(7" -S'&,)" &3" 1+M" !O99I" U;,33&6('&" J"U;,3&" !OOL/M" " N&7*&" 3;&)&" *&++)" &^,)3" 1)" 1"

>1'3,1++4" *(66,33&5" >(>$+13,(7" *(6>',)&5" (2" *&++)" 13" D1',($)" )31=&)" (2" 7&$'1+" +,7&1=&"

*(66,36&738" %&30&&7" 7&$'1+" >'(=&7,3(')" 175" 2$++4" 5,22&'&73,13&5" 7&$'(7)" ('" =+,1+" *&++)M" #("

&^16,7&"0;&3;&'"#$%&',7"&^>'&)),(7" ,)"5,22&'&73,1++4"&^>'&))&5",7"3;&"6('&")3&6A+,E&"*&++)8"0&"

$)&5" 3;&" 7&$'()>;&'&" 2('613,(7" 1))148" 5&),=7&5" %4" S1*&4" 175" 1))(*,13&)" 3(" )&+&*3" 2('" 3;,)"

>(>$+13,(7"-S1*&4"&3"1+M"K::R/M"""

H&$'()>;&'&" 2('613,(7" 1))14)" 0&'&" *(75$*3&5" $),7=" %(3;" .NA.gZg" -<,=$'&" !:/" 175"

\HLLC" *&++)" -<,=$'&" !!/M" .3&6A+,E&" .NA.gZg" *&++)" 0&'&" )3,6$+13&58" $),7=" *$+3$'&" 6&3;(5)"

&)31%+,);&5",7"S1*&4"&3"1+M"K::R8"3("2('6"D1',1%+4"),F&58"'($=;+4")>;&',*1+"*+$)3&')"(2"*&++)8"0;,*;"

0&'&" )$%)&X$&73+4" &7',*;&5" 2('" 30(" >1))1=&)" >',('" 3(" ;1'D&)3,7=" -<,=$'&" !:W" J" C/M" n\#ASG\"

171+4),)"01)"$)&5"3("*(6>1'&"6&17"#.GK"6\HW"+&D&+)"%&30&&7"7&$'()>;&'&"*$+3$'&5"*&++)"175"

6(7(+14&'" *$+3$'&M" #(" ,75,*13&" 3;&" '&+13,D&"5&='&&"(2"5,22&'&73,13,(7"0,3;,7" 3;&" *(6>1'&5" *&++"

>(>$+13,(7)8" 6&17" 6\HW" +&D&+)" 0&'&" 1+)(" &^16,7&5" 2('" 3;&" 7&$'(71+" >'(=&7,3('b)3&67&))"
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W*3,7"[?/"b"->V:.RT"[?"b"W*3,7"[?//M".313,)3,*1+"&D1+$13,(7"(2"#$%&',7"175">A>V:.RT"+&D&+)"0&'&"

*(75$*3&5" $),7=" +,7&1'" '&='&)),(78" 3(" (%)&'D&" (D&'1++" *;17=&)" 2('" &1*;" 61'E&'" 1*'())" 3;&"

5&D&+(>6&731+" *($')&8" 0;,+&" >1,'&5" )16>+&" 3A3&)3" -[7&A),5&5I" " p" :M:Z/" 01)" 3(" *(6>1'&"

,75,D,5$1+"*;17=&)"%&30&&7"3,6&">(,73)M"#0(A014"WH[eW"01)"$)&5"3("*(6>1'&"3;&"+&D&+"*;17=&"

3'&75)" 2('"#$%&',7"175">A>V:.RT"1*'())" 3;&"5&D&+(>6&731+"*($')&" - "p":M:Z/

171+4),)"01)" 1+)(" $)&5" 3("5&3&'6,7&" 3;&" >'&)&7*&" (2" 174" *(''&+13,(7" %&30&&7" #$%&',7" 175">A

>V:.RT"+&D&+)M"

(

(

(
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Developmental Time Points

Regression:
y = 5E-05x + 1.1608

ANOVA (Change: Tuberin - p-p70S6K):
F(1,6) = 0.4180, p = 0.5283, ! = 0.05

" = 0.0356
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90
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p-p70S6K (T389)

p70S6K

Actin

Tuberin (XP)

70 kDa

250 kDa

70 kDa

42 kDa

N = 2 (Olfactory Bulb)

A)

!"#$%& '( ! "#



9!"
"

E3>1.6()I(+3<($%)"?(*(?5"!)'"!64%*%4B"!$("6&)54!)4"A%47%)"47("&?C!64&$B"<3?<"'3$%):"?!4("(8<$B&)%6"

!)'"#&54)!4!?"'(*(?&#8()4"

" S'(3&,7")16>+&)"0&'&">'&>1'&5"2'(6"(+21*3('4"%$+%"3,))$&"&^3'1*3&5" 2'(6"CWaCb*"6,*&"

1*'())" 1" )&',&)" (2" 3,6&" >(,73)" 5$',7=" +13&" &6%'4(7,*" 175" >()37131+" 5&D&+(>6&73M" #;" #$%&',7"

-S17&+"!/"175">A>V:.RT"-S17&+"L/"0&'&"D,)$1+,F&5"3;'($=;"0&)3&'7"%+(3"171+4),)"*(75$*3&5"$),7="

K::"l="(2">'(3&,7"+(15&5"&X$1++4"1*'())"1++"+17&)M">V:.RT"-S17&+"K/"175"W*3,7"-S17&+"`/"1'&");(07"

1)" *(73'(+)M" S'(3&,7" +4)13&)" 0&'&" 171+4F&5" $),7=" .?.ASWPc8" '&)(+D&5" (7" 1" VMZY" 5&713$',7="

>(+41*'4+16,5&"=&+"-\&>+,*13&)_"HpK/M"MY!;(G(6>1',)(7"(2">'(3&,7"&^>'&)),(7"%&30&&7",75,D,5$1+"

3,6&" >(,73" )16>+&)"01)" *(75$*3&5" $),7=" )>(3" 5&7),3(6&3'4" 171+4),)M" ?&7),3(6&3'4" D1+$&)" -gA

1^,)/" 2('" #$%&',7" '&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2" *(''&*3&5" >'(3&,7" (>3,*1+" 5&7),34"

D1+$&)"-4/8"0;&'&"4"p"-#$%&',7"[?"b"W*3,7"[?/M"">A>V:.RT"5&7),3(6&3'4"D1+$&)"'&>'&)&73"3;&"a(=!:"

3'17)2('6&5"D1+$&)"(2"*(''&*3&5">A>V:.RT"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"4"p"-->A>V:.RT"[?"b"

W*3,7"[?/"b"->V:.RT"[?"b"W*3,7"[?//M".313,)3,*1+"171+4)&)"0&'&"*(75$*3&5"1)"5&)*',%&5",7"<,=$'&"

!KM"(

(

(

(

(

(

(

(
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Regression:
y = 0.0002x + 1.2814

ANOVA (Change: Tuberin - p-p70S6K):
F(1,5) = 0.0074, p = 0.9324, ! = 0.05

" = 0.3131
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70 kDa

250 kDa

70 kDa
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A)

!"#$%& '( ! "#



9L"
"

E3>1.6( )L( +3<($%)" ?(*(?5" !)'" !64%*%4B" !$(" 3<%R3%4&35" A%47%)" 47(" 6($(<$!?" 6&$4(J" '3$%):" ?!4("

(8<$B&)%6"!)'"#&54)!4!?"'(*(?&#8()4"

" S'(3&,7")16>+&)"0&'&">'&>1'&5"2'(6"*&'&%'1+"*('3&^"3,))$&"&^3'1*3&5"2'(6"CWaCb*"6,*&"

1*'())" 1" )&',&)" (2" 3,6&" >(,73)" 5$',7=" +13&" &6%'4(7,*" 175" >()37131+" 5&D&+(>6&73M" #;" #$%&',7"

-S17&+"!/"175">A>V:.RT"-S17&+"L/"0&'&"D,)$1+,F&5"3;'($=;"0&)3&'7"%+(3"171+4),)"*(75$*3&5"$),7="

K::"l="(2">'(3&,7"+(15&5"&X$1++4"1*'())"1++"+17&)M">V:.RT"-S17&+"K/"175"W*3,7"-S17&+"`/"1'&");(07"

1)" *(73'(+)M" S'(3&,7" +4)13&)" 0&'&" 171+4F&5" $),7=" .?.ASWPc8" '&)(+D&5" (7" 1" VMZY" 5&713$',7="

>(+41*'4+16,5&"=&+"-\&>+,*13&)_"HpK/M"MY!;(G(6>1',)(7"(2">'(3&,7"&^>'&)),(7"%&30&&7",75,D,5$1+"

3,6&" >(,73" )16>+&)"01)" *(75$*3&5" $),7=" )>(3" 5&7),3(6&3'4" 171+4),)M" ?&7),3(6&3'4" D1+$&)" -gA

1^,)/" 2('" #$%&',7" '&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2" *(''&*3&5" >'(3&,7" (>3,*1+" 5&7),34"

D1+$&)"-4/8"0;&'&"4"p"-#$%&',7"[?"b"W*3,7"[?/M"">A>V:.RT"5&7),3(6&3'4"D1+$&)"'&>'&)&73"3;&"a(=!:"

3'17)2('6&5"D1+$&)"(2"*(''&*3&5">A>V:.RT"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"4"p"-->A>V:.RT"[?"b"

W*3,7"[?/"b"->V:.RT"[?"b"W*3,7"[?//M".313,)3,*1+"171+4)&)"0&'&"*(75$*3&5"1)"5&)*',%&5",7"<,=$'&"

!KM"(

(

(

(

(

(

(

"



ANOVA (Change: Tuberin - p-p70S6K):
F(1,5) = 0.0797, p = 0.7818, ! = 0.05

" = 0.1170
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p70S6K

Tuberin(XP)

A)

!"#$%& '( ! "#



9Z"
"

E3>1.6( )N( +3<($%)" ?(*(?5" !)'" !64%*%4B" !$(" $('36('" '3$%):" #&54L)!4!?" '(*(?&#8()4" %)" 47("

6($(<(??38""

" S'(3&,7" )16>+&)" 0&'&" >'&>1'&5" 2'(6" *&'&%&++$6" 3,))$&" &^3'1*3&5" 2'(6" CWaCb*" 6,*&"

1*'())"1")&',&)"(2"3,6&">(,73)"5$',7="+13&"&6%'4(7,*"175"&1'+4">()37131+"5&D&+(>6&73M"#;"#$%&',7"

-S17&+"!/"175">A>V:.RT"-S17&+"L/"0&'&"D,)$1+,F&5"3;'($=;"0&)3&'7"%+(3"171+4),)"*(75$*3&5"$),7="

K::"l="(2">'(3&,7"+(15&5"&X$1++4"1*'())"1++"+17&)M">V:.RT"-S17&+"K/"175"W*3,7"-S17&+"`/"1'&");(07"

1)" *(73'(+)M" S'(3&,7" +4)13&)" 0&'&" 171+4F&5" $),7=" .?.ASWPc8" '&)(+D&5" (7" 1" VMZY" 5&713$',7="

>(+41*'4+16,5&"=&+"-\&>+,*13&)_"HpK/M"MY!;(G(6>1',)(7"(2">'(3&,7"&^>'&)),(7"%&30&&7",75,D,5$1+"

3,6&" >(,73" )16>+&)"01)" *(75$*3&5" $),7=" )>(3" 5&7),3(6&3'4" 171+4),)M" ?&7),3(6&3'4" D1+$&)" -gA

1^,)/" 2('" #$%&',7" '&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2" *(''&*3&5" >'(3&,7" (>3,*1+" 5&7),34"

D1+$&)"-4/8"0;&'&"4"p"-#$%&',7"[?"b"W*3,7"[?/M"">A>V:.RT"5&7),3(6&3'4"D1+$&)"'&>'&)&73"3;&"a(=!:"

3'17)2('6&5"D1+$&)"(2"*(''&*3&5">A>V:.RT"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"4"p"-->A>V:.RT"[?"b"

W*3,7"[?/"b"->V:.RT"[?"b"W*3,7"[?//M.313,)3,*1+"171+4)&)"0&'&"*(75$*3&5"1)"5&)*',%&5",7"<,=$'&"

!KM"(

(

(

(

(
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(

(



9R"
"

I*P4(A673>,(<,0(2/,7-.12-3/,(/B(7='G#(H9<7K30(V62-/.7(B/.(3,(V3-./(d,/2d0/c,(/B(%8!F(

( [$'" (%)&'D13,(7)" 5&6(7)3'13,7=" 3;&" '&=$+13,(7" (2" #.GK" +&D&+)" 175" 1*3,D,34" 5$',7="

7&$'(71+"*&++"5&D&+(>6&73"%(3;" %)"*%4$&"175" %)"*%*&8"*($>+&5"0,3;">$%+,);&5"&D,5&7*&"($3+,7,7="

3;&" 5&2&*3)" ,7" 7&$'(71+" 5&D&+(>6&73" 175"6('>;(+(=4" 3;13" 1**(6>174" >&'3$'%13,(7)" ,7" #.GK"

&^>'&)),(78" )$==&)3" 3;13" #.GK" *($+5" >(3&73,1++4" >+14" 17" ,6>('3173" '(+&" ,7" 7&$'1+" *&++" 213&"

5&*,),(7)"-#1D1F(,&"&3"1+M"K::Z8"<+(',*&+"&3"1+M"K::V8"G;(,"&3"1+M"K::9/M"#("*(7*'&3&+4"155'&))"3;&"

'(+&"2('"#$%&',7" ,7"7&$'1+"5,22&'&73,13,(78");\HW">+1)6,5"D&*3(')8"5,'&*3&5"1=1,7)3"%(3;";$617"

175" '13" #.GK8" 0&'&" 5&),=7&5" 175" *(7)3'$*3&5" 3(" %&" $)&5" 2('" 3;&" >$'>()&)" (2" %)" *%4$&" =&7&"

E7(*E5(07")3$5,&)M"#;&)&"3((+)"0&'&"*(7)3'$*3&5"3("&+$*,513&"3;&"&))&73,1+,34"(2"#$%&',7">'(3&,7"

&^>'&)),(7" 3(" 7&$'1+" 5,22&'&73,13,(7" 175" *&++" 213&" 5&*,),(7)M" G(7)3'$*3&5" $3,+,F,7=" 3;&" >aC" 175"

>aT[M!");\HW"%1*E%(7&"D&*3(')8"3;&)&">+1)6,5)"0&'&"5&),=7&5"2('",73'(5$*3,(7",73("31'=&3"*&++)"

$3,+,F,7="+&73,D,'1+",72&*3,(7")4)3&6)M""

G(7)3'$*3,(7" (2" 3;&" >aC" %1)&5" D&*3(')" 01)" *(6>+&3&5" 3;'($=;" ,7)&'3,(7" (2" );\HW"

*1))&33&"(+,=(7$*+&(3,5&")&X$&7*&)"31'=&3&5"1=1,7)3"6$+3,>+&"'&=,(7)"1*'())",)(2('6"!"(2"3;&"'13"

#.GK"3'17)*',>3"-<,=$'&"!RW/M"#;&)&"(+,=()"0&'&",7)&'3&5"%&30&&7"3;&"N>1]"175"h;(]"'&)3',*3,(7"

),3&)"(2" 3;&">aC"*+(7,7=" ),3&" -<,=$'&"!RC/M"<(++(0,7=" +,=13,(78" 3;&"*(+(7,&)"0&'&")*'&&7&5"$),7="

>(+41*'4+16,5&" =&+" &+&*3'(>;('&),)" &^16,7,7=" ?HW" 2'1=6&73)" =&7&'13&5" 3;'($=;" 5,=&)3,(7" 13"

3;&" $7,X$&" '&)3',*3,(7" &7F46&" ),3&)" h%1]" 175" h;(]" -<,=$'&" !RG/M" d>(7" *(72,'613,(7" (2"

(+,=(7$*+&(3,5&",7*('>('13,(7"3;'($=;")*'&&7,7=8"3;&"'&)$+3173">+1)6,5"D&*3(')8">aCA#.GK);\HW"

DM!"b"DMK"175">aCA);\HWG(73'(+8"0&'&"1+)(" )&X$&7*&5" 3("D&',24" *(''&*3" ,7)&'3,(7"(2" 3;&");\HW"

*1))&33&")&X$&7*&)",73(">aC"-<,=$'&"!R?"J"c/M"a&73,D,'1+",72&*3,(7",73("\HLLC"*&++)"01)"3;&7"$)&5"

3(" *(72,'6" D&*3('" ,73&=',34" 175" &^>'&)),(78" 1)" ,75,*13&5" %4" (%)&'D13,(7" (2" &P<S" 2+$('&)*&7*&"

-<,=$'&"!R</M"



9V"
"

" G(7)3'$*3,(7" (2" 3;&" >aT[M!" ;$617" +&73,D,'1+" &^>'&)),(7" D&*3(')" 01)" *(75$*3&5" %4"

,7)&'3,7=" );\HW" *1))&33&" (+,=(7$*+&(3,5&" )&X$&7*&)" -<,=$'&" !VW/8" (',=,71++4" 5&),=7&5" 175"

D1+,513&5" 1)" >1'3" (2" 3;&"\HW," *(7)('3,$6" +,%'1'4M"[+,=()"0&'&" ,7)&'3&5" %&30&&7" 3;&" W=&]" 175"

c*(\]"'&)3',*3,(7"&7F46&"),3&)"-<,=$'&"!VC/M"<(++(0,7="+,=13,(7"(2"3;&"(+,=(7$*+&(3,5&")&X$&7*&)"

,73(" 3;&" >aT[M!" *+(7,7=" ),3&8" )&X$&7*,7=" (2" 3;&" >+1)6,5" D&*3('" 01)" $)&5" 3(" *(72,'6" *(''&*3"

,7*('>('13,(7"175"(',&7313,(7"(2"3;&");\HW"*1))&33&")&X$&7*&)M".$**&))2$+"=&7&'13,(7"(2"3;&)&"

>+1)6,5)" 0,++" %&" ,7D1+$1%+&" 3((+)" 2('" 3;&" 2$3$'&" 5&3&'6,713,(7" (2" 3;&" &))&73,1+,34" (2" #$%&',7"

5$',7="7&$'1+"*&++"213&"5&*,),(7)M""

"

"

"

"

"

"

"

"

"

"

"

"



pLB
8831 bp

HpaI XhoI

pLB-
TSC2shRNA
v.1 /v.2

XhoIHpaI

pLB-shRNA
Control

XhoIHpaI
Double Digest
With HpaI / XhoI;
Remove 25bp
Fragment

pLB
8806 bp

XhoIHpaI

Ligate Oligos to
Backbone Using
T4 DNA Ligase
and PEG 6000

XhoIHpaI

Construct Rat TSC2-Directed
shRNA Oligonucleotides / Con-

trol Sequence

XhoIHpaI

pLB
8871 bp

Screen Products
via G.E. &
Sequencing

B)

A)

!"#$%&'()*+,- .
/012314 &513647 89$--':'%''-%%-'--:'-%::'%-%%'--:-:-%-:''-%:'%%:%--%::-:''$;9
+<=<1)< &513647 89$%':-::'%''-%%-'--:'-%::'%-%'%'%%:--%-:''-%:'%%:%--%::-:':%%$;9

!"#$%&'()*+,- (
/012314 &513647 89$--'::%:--%:'::''%'--'--%%%'--:-:--%%:%%:-::'':'-%%'-'''$;9
+<=<1)< &513647 89$%':-:::%:--%:'::''%'--'--%%'%'%%:---%%:%%:-::'':'-%%'-'':%%$;9

!"#$)*+,- '06510>
/012314 &513647 89$--':%''%::-:-%::''--'-%-%%'--:-:-%-%:%%::''-%'%''-::-''$;9
+<=<1)< )513647 89$%':-::%''%::-:-%::''--'-%-%'%'%%:--%-%:%%::''-%'%''-::-':%%$;9

!"#$%& '( $ ??



C)

pL
B
- T
SC
2s
hR
NA
v.1

pL
B
- T
SC
2s
hR
NA
v.2

pL
B
- s
hR
NA
Co
nt
ro
l

pL
B
- B
ac
kb
on
e

501 bp
489 bp
404 bp
331 bp

242 bp
190 bp

111 bp

147 bp

~378 bp
~340 bp

D)

!"#$%& '( ! "#



E)

!"#$%& '( ! "#



F)

G)

!"#$%& '( ! "#



OK"
"

E3>1.6()P(9(5%:)"!)'"6?&)%):"&C"57GDE"*(64&$5"C&$"S)&6S'&A)"&C"$!4"+,-0"%)"*%4$&"

B$',7&" );\HW" D&*3(')"0&'&" %1)&5" (7" 3;&" 99L!" %>" >aC"6$',7&" &^>'&)),(7" %1*E%(7&8"

0;,*;" *(731,7)" 1" P'&&7" <+$('&)*&73" S'(3&,7" -&P<S/" '&>('3&'" =&7&" $75&'" 3;&" *(73'(+" (2" GBe"

>'(6(3&'M" #;( >aCA#.GK);\HW" DM!" 175" >aCA#.GK);\HW" DMK" 0&'&" *(7)3'$*3&5" $),7=" );\HW"

*1))&33&"(+,=(7$*+&(3,5&")&X$&7*&)"5&),=7&5"1=1,7)3"'13"#.GK",)(2('6"!M">aCA);\HWG(73'(+"01)"

*(7)3'$*3&5"$),7="1"7$*+&(3,5&")&X$&7*&"0;,*;"5(&)"7(3"613*;"3("'13"#.GK",)(2('6"!M"M;"G+(7,7="

(2"3;&">aC"D&*3(')"01)"*(75$*3&5"$),7="3;&"($3+,7&5")3'13&=4M"[+,=(7$*+&(3,5&")&X$&7*&)"0&'&"

+,=13&5" ,73(" 3;&" >aC" %1*E%(7&8" 0;,*;" ;15" >'&D,($)+4" %&&7" 5,=&)3&5" 13" ,3)" =#!>" 175" T7&>"

'&)3',*3,(7" ),3&)8" 3(" >'(5$*&" 3;&" *(6>+&3&5" D&*3(')M" !;" S(+41*'4+16,5&" =&+" )*'&&7,7=" 01)"

*(75$*3&5"3("*(72,'6",7*('>('13,(7"(2"3;&"5&),=7&5");\HW"*1))&33&"(+,=(7$*+&(3,5&)"0,3;,7"3;&"

>aC" *+(7,7=" ),3&M" .$**&))2$+" +,=13,(78" (%)&'D&5" 2('" >aCA#.GK);\HW" DM!bDMK" 175" >aCA);\HW"

G(73'(+8" ,)" ,75,*13&5"%4" 3;&" >'&)&7*&" (2" 1"?HW" 2'1=6&73" (2" 1>>'(^,613&+4" LV9%>" ,7" ),F&M" #;&"

713,D&" 2'1=6&738" +1*E,7=" 3;&" ,7)&'38" 2'(6"3;&">aC"%1*E%(7&" ,)">,*3$'&5"1)"1"*(73'(+M"A;(e&*3('"

61>"(2"3;&"*(7)3'$*3&5"*(73'(+">+1)6,5_">aCA);\HW"G(73'(+M"&;(e&*3('"61>)"(2"3;&"*(7)3'$*3&5"

>+1)6,5)_" >aCA#.GK);\HW" DM!" 175" >aCA#.GK);\HW" DM!M( E;" <+$('&)*&7*&"6,*'(='1>;)" >,*3$',7="
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N$617" );\HW" D&*3(')" 0&'&" *(7)3'$*3&5" $),7=" 3;&" V:9Z" %>" >aT[M!A#.GK" ;$617"

&^>'&)),(7"%1*E%(7&8"0;,*;"*(731,7)"1"S$'(64*,7")&+&*3,(7"61'E&'"=&7&M"#;(>aT[M!A#.GK);\HW"

DM!" 175" >aT[M!A#.GK);\HW" DMK" 0&'&" *(7)3'$*3&5" $),7=" );\HW" *1))&33&" (+,=(7$*+&(3,5&"

)&X$&7*&)" (',=,71++4" 5&),=7&5" %4" .,=61AW+5',*;M"M;" G+(7,7=" (2" 3;&" >aC" D&*3(')"01)" *(75$*3&5"

$),7="3;&"($3+,7&5")3'13&=4M"[+,=(7$*+&(3,5&")&X$&7*&)"0&'&"+,=13&5",73("3;&">aT[M!"%1*E%(7&8"

0;,*;";15">'&D,($)+4"%&&7"5,=&)3&5"13",3)"E:(>"175"K6&G>"'&)3',*3,(7"),3&)8"3("'&6(D&"3;&"(',=,71+"
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I*R4(%67-3,>(/B(2/,7-.12-60(%8!F(7='G#(H9<7K30(V62-/.7(

( #("&^16,7&" 3;&"&22&*3)"(2" #.GK"E7(*E5(07"(7"7&$'1+" *&++" 213&"5&*,),(7)8" 3&)3,7=" 3',1+)"

0&'&" *(75$*3&5" 3("D&',24" 3;&" ,73&=',34" 175" 2$7*3,(7"(2" 3;&" *(7)3'$*3&5">aC"175">aT[M!A%1)&5"

);\HW"

*(75$*3&5"$3,+,F,7=".NA.gZg"*&++)8"2('">aT[M!"%1)&5";$617"&^>'&)),(7"D&*3(')8"175"\HLLC"*&++)8"

2('"3;&">aCA%1)&5"6$',7&"&^>'&)),(7"D&*3(')"-<,=$'&"!9/M"

"]7,3,1+"E7(*E5(07"3',1+)"0&'&"133&6>3&5"$),7="?HW"3'17)2&*3,(7"6&3;(5)"-<,=$'&"!9W/M"

<('" 3;&)&" 3',1+)8" '&>&13&5" 3'17)2&*3,(7)" 0&'&" *(75$*3&58" ,75,D,5$1++4" $),7=" (7&" (2" 3;'&&"

3'17)2&*3,(7" '&1=&73)_" S(+4&3;4+&7&,6,7&" -Sc]/8" a,>(2&*316,7&" a#h"175"<$=&7&"N?M" #',1+)"0&'&"

*(75$*3&5"1*'())"6$+3,>+&"&^>&',6&73)" ,7"0;,*;" 3;&"X$173,3,&)b*(7*&73'13,(7)"(2" '&1=&73" 175"

?HW8"1)"0&++"1)"3;&"3'17)2&*3,(7"175">()3A3'17)2&*3,(7"'&*(D&'4"3,6&)8"0&'&"D1',&5M"W55,3,(71++48"

.NA.gZg" 3'17)2&*3,(7)" 0&'&" 1+)(" *(75$*3&5" $),7=" 3;&" *(66&'*,1++4" (%31,7&5" >aT[M!A#.GK"

-W55=&7&/" 175" >'&D,($)+4" *(7)3'$*3&5" >aT[M!A.*'16%+&5" D&*3(')M" U&)3&'7" %+(3" 171+4),)8"

2(++(0,7=" *(++&*3,(7" (2" >'(3&,7" +4)13&)8" 21,+&5" 3(" *(7),)3&73+4" 5,)>+14" ),=7,2,*173" E7(*E5(07" ,7"

#$%&',7"+&D&+)8"0;&7"*(6>1'&5"3("*(73'(+)">'&>1'&5"2'(6"*&++)"='(07"$75&'"7('61+"175")&'$6A

)31'D&5"*$+3$'&"*(75,3,(7)" -<,=$'&"!9C/M"<('" 3;&">aT[M!"D&*3(')8"155,3,(71+"133&6>3)"0&'&"1+)("

615&" 3(" D,)$1+,F&" E7(*E5(07" $),7=" )&',1+" 3'17)2&*3,(7" (2" .NA.gZg" *&++)" &*3(>,*1++4" &^>'&)),7="

#.GK8" 3;'($=;"3'17)2&*3,(7"0,3;"3;&">GBeA#.GK"6+$A"61661+,17"&^>'&)),(7"D&*3('M"N(0&D&'8"

3;&)&" 133&6>3)" 0&'&" $7)$**&))2$+" 5$&" 3(" *&++" 5&13;8" $>(7" )&',1+" 3'17)2&*3,(7" 0,3;" >aT[M!A

#.GKb>aT[M!A#.GK);\HW"DM!bDMK8"('"+())"(2"(D&'&^>'&)),(7">',('"3("0&)3&'7"%+(33,7=M"

G(7*$''&73"0,3;"3;&"3'17)2&*3,(7"3',1+)8"+&73,D,'1+",72&*3,(7"3',1+)"0&'&"1+)("*(75$*3&5"3("

5&3&'6,7&" 3;&" 2$7*3,(71+" E7(*E5(07" 1%,+,34" (2" 3;&" 5&),=7&5" >+1)6,5" D&*3(')" -<,=$'&" !9W/M"
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>aT[M!A#.GK8">aT[M!A.*'16%+&58">aT[M!A#.GK);\HW"DM!8">aT[M!A#.GK);\HW"DMK"-.NA.gZg/I">aCA

#.GK);\HW" DM!8" >aCA#.GK);\HW" DMK8" >aCA);\HW"G(73'(+" -\HLLC/M" W)" ,7" 3;&" 3'17)2&*3,(7" 3',1+)8"

)&D&'1+" &^>&',6&73)" 0&'&" *(75$*3&58" $3,+,F,7=" D1',13,(7" ,7" 3;&"6$+3,>+,*,34" (2" ,72&*3,(7" -B[]/8"
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E3>1.6()T(+(54%):"!)'"4$&3<?(57&&4%):"&C"#UP"!)'"#UVHI."+,-0"57GDE"#?!58%'"*(64&$5"

" #&)3,7="(2">aC"175">aT[M!">+1)6,5"D&*3(')"01)"3;'($=;"%(3;")31751'5"3'17)2&*3,(7"175"

+&73,D,'1+" ,72&*3,(7"6&3;(5)M" #'17)2&*3,(7"('" ,72&*3,(7" *(75,3,(7)8" ,7*+$5,7=" '&1=&73"$)&58"?HW"

16($73bB[]8"*$+3$'&"),F&8"'&1=&73"*(7*&73'13,(78"175",7*$%13,(7b'&*(D&'4">&',(5)"1'&",75,*13&5"

2('"&1*;" *&++" +,7&M"\&)$+3)" 175"(%)&'D13,(7)" 2(++(0,7=" ,72&*3,(78" )&+&*3,(7"175"171+4),)" 1'&"1+)("
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]3" ;1)" %&&7"0&++" 5(*$6&73&5" 3;13" )(613,*" 6$313,(7)" (**$'',7=" ,7" &,3;&'" 3;&" #.G!" ('"

#.GK"=&7&)")&'D&"1)"3;&">',7*,>+&"*1$)&"(2"#."-f(7&)"&3"1+M"!OOOI".17*1E"&3"1+M"K::ZI"H,,51"&3"1+M"

!OOOI"D17".+&=3&7;(')3"&3"1+M"!OOO/M"#;&)&"6$313,(7)8"0;,*;"1**$6$+13&",7"1"6177&'"*(7),)3&73"

&),)8"34>,*1++4"'&)$+3",7"3;&"1%'(=13,(7"(2"3;&"P#S1)&"2$7*3,(7"(2"3;&"#.G8"

('"($3',=;3",7;,%,3,(7"(2"#.G"2('613,(7"1+3(=&3;&'"-T7$5)(7"!OV!8"f(7&)"&3"1+M"!OOV8"N((=&D&&7A

U&)3&'D&+5" &3" 1+M" K:!:/M" G(7)&X$&73" ,7;,%,3,(7" (2" #.G" 2$7*3,(7" 1%(+,);&)" ,3)" '(+&" 1)" 1" E&4"

&22&*3(')"-T$61'"&3"1+M"K::ZI"f10(')E,"&3"1+M"K::ZI"U$++)*;+&=&'"&3"1+M"K::RI"G;(,"&3"1+M"K::9I"N17"

J".1;,7"K:!!/M""#."=&7&"6$313,(7)"(**$'"5$',7="3;&"&6%'4(7,*")31=&"(2"5&D&+(>6&738"+&15,7="3("

>13;(+(=,&)"0,3;,7" 1" '17=&" (2" ('=17" )4)3&6)M" N(0&D&'8" (2" 1++" 3;&" ,7D(+D&5" 3,))$&)8" 3;&" GH." ,)"

6()3" 2'&X$&73+4" 122&*3&5" -B1'*(33&"J"G',7("K::R/M"#;&'&" ,)" &D,5&7*&" 3(" )$>>('3" 3;13" 3;&"GH."
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>'(*&&5)" 3;'($=;" 5&D&+(>6&73" 3(" %&*(6&" 1" 5,22&'&73,13&5" 175" )>&*,1+,F&5" *&++" -G&>E(" &3" 1+M"

!OOR/M" ?$',7=" 3;,)" >'(*&))8" 17" ,6613$'&" *&++8" ,7" '&)>(7)&" 3(" *$&)" 2'(6" 3;&" &7D,'(76&738"

$75&'=(&)" ,73&'71+" *;17=&)" ,7" =&7&" &^>'&)),(7" 0;,*;" ,7,3,13&" 1" >'(='16" (2" 5,22&'&73,13,(78"

5,'&*3,7=" 3;&" *&++" 3(01'5)" ,3)" 3&'6,71+" 213&" -G&>E(" &3" 1+M" !OORI" a,D&)&4" J" G&>E(" K::!/M" <13&"
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,75$*&")>&*,2,*13,(7"175b('"*(66,36&73"(2" 3;&"*&++I"175"5,22&'&73,13,(78"0;&'&"3;&"*(66,33&5"

*&++" '&)>(75)" 3(" &^3&'71+" ('" ,73&'71+" *$&)" 0;,*;" ,7,3,13&" >'(='16)" (2" ),=71+,7=" 175" =&7&"

&^>'&)),(7"0;,*;"5,'&*3"3;&"*&++"3("31E&"(7"3;&"X$1+,3,&)"(2"17"&75A)31=&")>&*,1+,F&5"*&++"-#$'7&'"J"

G&>E("!O9VI"N(+3"&3"1+M"!O99/M"G&++"213&",)",72+$&7*&5"%4"21*3(')",7*+$5,7="3;&"*(6>&3&7*&"(2"3;&"

*&++"3("'&)>(75"3("1"=,D&7"*$&8"175"3;&">(3&7*4"(2"3;&"*&++"3("5,22&'&73,13&",73("1">1'3,*$+1'"'17=&"

(2" *&++" 34>&)" -G&>E(" &3" 1+M" !OORI" \1D,7" &3" 1+M" K::9I"U&^+&'" &3" 1+M" K::O/M" .3$5,&)" *(75$*3&5" %4"

)&D&'1+"'&)&1'*;"='($>)";1D&",5&73,2,&5"#$%&',7"3("%&"6&*;17,)3,*1++4"+,7E&5"0,3;"3;&"),=71+,7="(2"

)&D&'1+" ,73&'b,73'1*&++$+1'" '&=$+13(')" (2" *&++" )>&*,2,*13,(7" 175" 5,22&'&73,13,(78" +,E&"U738" H(3*;8"

BWST" 175" .NN8" 175"614" >+14" 17" ,6>('3173" '(+&" ,7" 3;&" '&=$+13,(7b6&5,13,(7" (2" 3;&,'" &22&*3)"

-Artavanis-Tsakonasv et al. 1999; C,%&+"J"C1'5&"K:::I"\(%&'3)(7"&3" 1+M"K::`I"T1'%(07,*F&E"J"

N&7)E&"K::ZI"C;13,1"&3"1+M"K::OI"B1"&3"1+M"K:!:/M"""
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,7D&)3,=13,7="3;&">133&'7)"(2"#$%&',7"&^>'&)),(7"175"1*3,D,34" ,7"*&++)"175"3,))$&)"3;13"1'&" ,7"3;&"
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3;'($=;($3" 7&$'1+" 5&D&+(>6&73" 175" 3;13" +&D&+)" (2" #$%&',7" 5&*+,7&" 5$',7=" 7&$'(71+"

5,22&'&73,13,(7",7"1"3,))$&")>&*,2,*"6177&'M"[$'"5131"5(&)"7(3"'&2+&*3"1")3'(7="*(''&+13,(7",7"3;&"

3&6>('1+"1*3,D13,(7")313&"(2"3;&">',61'4"5(07)3'&16"&22&*3('"(2"#$%&',78"6#[\G!M"#;&)&"'&)$+3)"

)$==&)3"3;13"3;&" ,73&'1*3,(7"%&30&&7"#$%&',7"175"6#[\G!"614"%&"6('&"*(6>+&^8";&'&" ,7"3;&"

*(73&^3"(2"7&$'1+"213&"*;(,*&8"3;17"*;1'1*3&',)3,*"(%)&'D13,(7"(2"3;&"54716,*"%&30&&7"3;&)&"30("

>'(3&,7)"6,=;3")$==&)3M"

L*)4((!"#$%&'()*+),+-$."/(*+011$/2+-3/)$#3+'3"+4)$/2"+),+5"$/)*&%+4"%%+6(,,"/"*'(&'()*+(*+7('/)8+
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" #;&"'(+&"(2"#$%&',78"1)"1"'&=$+13('"(2"1"'17=&"(2"*&++$+1'"6&*;17,)6)8")$*;"1)"*&++"*4*+&"

'&=$+13,(78" =&7&" 3'17)*',>3,(78" >'(3&,7" 3'17)+13,(7" 175" *&++" ='(03;8" ;1)" %&&7" &^3&7),D&+4"

,7D&)3,=13&5" (D&'" 3;&" +1)3" 30(" 5&*15&)M" ]73&'&)3,7=+48" ,3)" ,7D(+D&6&73" ,7" 7&$'(71+" 6,='13,(78"

1^(7"=$,517*&"175"1$3(>;1=48";1D&"*+1)),*1++4"%&&7"2'16&5" ,7" 3;&"*(73&^3"(2" 2$7*3,(7,7="1)"1"

'&=$+13('"(2"6#[\"),=71+,7="1*3,D,34"-U$++)*;+&=&'"&3"1+M"K::R/M"]3";1)"%&&7"(%)&'D&5"3;13"#$%&',7"

,73&'1*3)"0,3;"1">+&3;('1"(2"(3;&'"),=71+,7=">13;014)"0;,*;";1D&"5,'&*3"&22&*3)"(7"3;&"'&=$+13,(7"
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