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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="

\HLLC"*&++)"13"`h"175"J;(K:h"2(++(0,7="3'17)2&*3,(7"0,3;">aCA#.GK);\HW"DM!M"-.*1+&"p"!"l6/M"""

(

(

(

(

(

(



!"#$%&'()*+,-./0 1%&
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.?1?4,? )84697: ;<'00((*=*(*0(*00*0==*0=((*(0*(*=0=(0=00*(=**(=((=0(=0=*0'><

!"#$%&'()*+,-./0 1%+
2345647 )?@A?9B?: ;<'**==(*00(=0=(*0*0=(**(((=0*(*=0=(*000==0*(=(=0*(*0((=='><
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pLKO.1-
TSC2shRNA
v.1 /v.2

EcoRIAgeI

Double Digest
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T4 DNA Ligase
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OZ"
"

E3>1.6()R"9(5%:)"!)'"6?&)%):"&C"57GDE"*(64&$5"C&$"%)"*%4$&"S)&6S'&A)"&C"738!)"+,-0""

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+"

);\HW"*1))&33&M"!;(e&*3('"61>)"(2"3;&"*(7)3'$*3&5");\HW"175"*(73'(+">+1)6,5)M""

(
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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"

]72&*3,(7)"0&'&" *1'',&5"($38" ,7" .NA.gZg" 175" \HLLC" *&++)8" $),7=" e.eAP" >)&$5(34>&5" +&73,D,'$)8"



OV"
"

>'&>1'&5"1)"($3+,7&5",7"B&3;(5)"175"B13&',1+)"175"*(731,7,7="&1*;"(2"3;&"2(++(0,7=">+1)6,5)_"

>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"

,72&*3,(7"3,6&"175">()3A,72&*3,(7"'&*(D&'4"3,6&",7"('5&'"3("D,)$1+,F&"3;&"E7(*E5(07"(2"#$%&',7"

2'(6"&75(=&7($)" +&D&+)" 3;'($=;"0&)3&'7"%+(3" 171+4),)" -<,=$'&" !9W/M"U,3;,7" 3;&" .NA.gZg" *&++)8"

,72&*3,(7"3',1+)"21,+&5"3(">'(='&))"3("0&)3&'7"%+(3"171+4),)8"1)"0,5&)>'&15"*&++"5&13;"01)"2($75"3("

(**$'"5$',7=">()3A,72&*3,(7">$'(64*,7" )&+&*3,(7" -<,=$'&"!9C/M"#;($=;" 2&0"*&++)"0&'&"7(3&58" ,7"

)(6&" *1)&)8" 3(" 1>>&1'" D,1%+&" 2(++(0,7=" >$'(64*,7" )&+&*3,(78" 3;&4" 21,+&5" 3(" >'(+,2&'13&" 175"

)$%)&X$&73+4" 5,&5M" \HLLC" ,72&*3,(7)8" ;(0&D&'8" 4,&+5&5"6('&" &7*($'1=,7=" '&)$+3)8" 1)" 3;&" D1)3"

61Q(',34" (2" *&++)" )$'D,D&5" 3;&" ,72&*3,(7" >'(*&))8" 4,&+5,7=" 17" 1D&'1=&" 3'17)2&*3,(7" &22,*,&7*4" (2"

1>>'(^,613&+4"R:Y8"6&1)$'&5"3;'($=;">'(>('3,(71+"&P<S"2+$('&)*&7*&"-<,=$'&"!9C/M"W71+4),)"(2"

>'(3&,7"+&D&+)8"3;'($=;",66$7(%+(33,7=8"175"6\HW"+&D&+)8"3;'($=;"n\#ASG\8";(0&D&'8"21,+&5"3("

,75,*13&"*(7),)3&73+4"),=7,2,*173"'&5$*3,(7)",7"#.GK"&^>'&)),(7M""
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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+)("

,75,*13&58"1)"1'&"0&)3&'7"%+(33,7="*(75,3,(7)M""
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"

!=<H-6.(L(

L*(A3721773/,"

]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."

>13;(+(=,&)" )&&7" ,7" #." 614" (**$'8" 13" +&1)3" ,7" >1'38" 5$&" 3(" 5&2&*3,D&" 7&$'1+" 213&" 5&*,),(7)"

-\&77&%&*E"&3"1+M"!OO9I"G',7("J"N&7)E&"!OOOI"#1D1F(,&"&3"1+M"K::ZI"B*H&,++"&3"1+M"K::9I"G;(,"&3"

1+M" K::9/M" #;&)&" (%)&'D13,(7)" )$>>('3" 3;&" 7&&5" 2('" 2$'3;&'" ,7D&)3,=13,(7" (2" 3;&" 2$7*3,(71+"

,7D(+D&6&73"(2"3;&"#.G",7"3;&"'&=$+13,(7"(2"7&$'1+"*&++"5&D&+(>6&73"175"*&++"213&"5&3&'6,713,(7M""

G&++" 213&" 5&3&'6,713,(7" ;1)" *+1)),*1++4" %&&7" 5&2,7&5" 1)" 3;&" >'(*&))" %4" 0;,*;" 1" *&++"

>'(*&&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&"

5&3&'6,713,(7"*17"%&")&&7"3(" ,7D(+D&"30(">'(*&))&)_">133&'7,7=8"0;&'&%4"17" ,6613$'&"*&++8" ,7"

'&)>(7)&"3("*$&)"2'(6"3;&"&7D,'(76&738"$75&'=(&)" ,73&'71+"*;17=&)" ,7"=&7&"&^>'&)),(7"0;,*;"



!:!"
"

,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"""

W*E7(0+&5=,7=" 3;,)8" 3;&"&^>&',6&73)" *(75$*3&5" 1)">1'3" (2" 3;,)" )3$54"0&'&" 2(*$)&5" 13"

,7D&)3,=13,7="3;&">133&'7)"(2"#$%&',7"&^>'&)),(7"175"1*3,D,34" ,7"*&++)"175"3,))$&)"3;13"1'&" ,7"3;&"

>'(*&))"(2"1*X$,',7="1" 3&'6,71+"7&$'1+" 213&M"[$'"'&)$+3)"5&6(7)3'13&"3;13"#$%&',7" ,)"&^>'&))&5"

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