
!"
"

!"#$%&'#()$*+!"#$#%&'()*+'#%',-./!01%'1%2'
!"#$%&'()*)+,&-$*'.(+.$'/(!"#$%&'()!"#$%&'"
!"#$%&!!"#$%&'()*$+,-).("-$/,0-.(!()0.("-!!
"

#$%&'"()*+)!,-,."/"$)0"122$)34&%"56"7+82&'9$:&;!,-,."/"

!"7+<$8'2+)'"3=">+)+'&?"@+0&?&)+"$)0"7+A+%3<2+)',"B)&A+8;&'C"3=">+)+A$"@+0&?$%"D?E33%,"!-!!"
>+)+A$,"DF&'9+8%$)0"
-"G);'&'4'+"=38">+)+'&?;"$)0">+)32&?;"&)">+)+A$"H&>1.I,"B)&A+8;&'C"3=">+)+A$,"!-!!">+)+A$,"DF&'9+8%$)0"
."DF&;;"G);'&'4'+"3="J&3&)=382$'&?;,"!-!!">+)+A$,"DF&'9+8%$)0"
/"K388+;<3)0&)*"$4'E38"

"#$%&'(%!

L&'E"'E+"$0A+)'"3="MNOP;+Q4+)?&)*"'+?E)3%3*C"F+")3F"E$A+"'E+"<3F+8"'3"0+'+?'"0&==+8+)'"'C<+;"3="

$%'+8)$'&A+";<%&?&)*"$)0"E3F"7NO"A$8&$'&3)"$==+?';";<%&?&)*6"#3F+A+8,"*&A+)"'E+";E38'"8+$0"%+)*'E;"4;+0"

&)"23;'"<3<4%$'&3)"R$;+0"MNOP;+Q4+)?&)*"+S<+8&2+)';,"Q4$)'&=C&)*"'8$);?8&<';"$??48$'+%C"8+2$&);"$"

?E$%%+)*+6"#+8+"F+"<8+;+)'"$")3A+%"2+'E30,"O%'8$);,"=38"0&;?3A+8C"3="$%'+8)$'&A+";<%&?&)*"Q4$)'&'$'&A+"

'8$&'"%3?&"H$;T5U;I6"53"$;;+;;"'E+"<+8=382$)?+"3="O%'8$);"F+"?32<$8+0"&'"'3"K4==%&):;,"$"F+%%P+;'$R%&;E+0"

'8$);?8&<'"Q4$)'&=&?$'&3)"2+'E306"D&24%$'&3);";E3F"'E$'"&)"'E+"<8+;+)?+"3="'8$);?8&<';"$R;+)'"=832"'E+"

$))3'$'&3),"O%'8$);"<+8=382;"R+''+8"&)"Q4$)'&=&?$'&3);"'E$)"K4==%&):;6"L+"E$A+"$<<%&+0"O%'8$);"$)0"

K4==%&):;"'3"'E+">+4A$0&;"0$'$;+',"FE&?E"?32<8&;+;";$2<%+;"=832"1483<+$)"$)0"O=8&?$)"<3<4%$'&3);,"$)0"

0&;?3A+8+0"HV7M"W"!XI"!YZ["$)0"-\."$;T5U;"F&'E"O%'8$);,"$)0"!]^["$)0"-YY"$;T5U;"F&'E"K4==%&):;"=38"

1483<+$);"$)0"O=8&?$);,"8+;<+?'&A+%C6"O%'E34*E"K4==%&):;"8+;4%';"8+<%&?$'+0"R+''+8"$?83;;"'E+"'F3"

<3<4%$'&3);,"'E&;"%&:+%C"04+"'3"'E+"&)?8+$;+0";+);&'&A&'C"3="O%'8$);"&)"0+'+?'&)*"E$80+8"'3"0+'+?'"

$;;3?&$'&3);6"L+";E3F"'E$',"RC"0&;?3A+8&)*"$";+'"3="$;T5U;"&)"$";2$%%+8";4R;+'"3="1483<+$)";$2<%+;"$)0"

8+<%&?$'&)*"'E+;+"&)"'E+"8+2$&)&)*"%$8*+8";4R;+'"3="1483<+$);,"R3'E"2+'E30;"$?E&+A+";&2&%$8"8+<%&?$'&3)"

%+A+%;"H^\X"$)0"^YX"8+<%&?$'&3)"&)"O%'8$);"$)0"K4==%&):;,"8+;<+?'&A+%CI6"L+"=&)0"'E$'"2+'E30";<+?&=&?"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-"
"

$;T5U;"$8+"%$8*+%C"04+"'3"0&==+8+)'"'C<+;"3="$%'+8)$'&A+";<%&?&)*"+A+)';"0+'+?'+0"RC"+$?E"2+'E306"L+"

3A+8%$<<+0"'E+"$;T5U;"F&'E"R&3?E+2&?$%%C"$?'&A+"8+*&3);"3="'E+"*+)32+"$)0"3R;+8A+0";&*)&=&?$)'"

+)8&?E2+)';"=38"2$)C"=4)?'&3)$%"2$8:;"$)0"A$8&$)';"&)";<%&?&)*"8+*&3);,"E&*E%&*E'&)*"'E+"R&3%3*&?$%"

8+%+A$)?+"3="'E+"$;T5U;"&0+)'&=&+06"O%%"'3*+'E+8,"F+"<8+;+)'"$")3A+%"$<<83$?E"=38"0&;?3A+8&)*"$;T5U;"'E$'"

&;"$"238+"0&8+?'"$;;+;;2+)'"3=";<%&?&)*"?32<$8+0"'3"3'E+8"2+'E30;"$)0""&;"?32<%+2+)'$8C"'3"3'E+8"

'8$);?8&<'"Q4$)'&=&?$'&3)"2+'E30;6""

)*%&+,-(%.+*"

G)"+4:$8C3'+;"$%'+8)$'&A+";<%&?&)*"&;"&)A3%A+0"&)"0+A+%3<2+)',"0&==+8+)'&$'&3)"H>8$A+%+C"+'"$%6"-Z!!I"$)0"

0&;+$;+"H_3;E&0$"+'"$%6"-Z!!I"&)"$"'&;;4+";<+?&=&?"2$))+86"D<%&?&)*"+A+)';"?$)"R+"?$'+*38&9+0"4)0+8"

;:&<<+0"+S3),"8+'$&)+0"&)'83),"$%'+8)$'&A+".`"38"]`";<%&?+";&'+;,"24'4$%%C"+S?%4;&A+"+S3);,"$%'+8)$'&A+"=&8;'"

38"%$;'"+S3);,"38"'$)0+2"B5M"?$'+*38&+;6""J+=38+"'E+"&)A+)'&3)"3="2&?83$88$C"'+?E)3%3*C"'E+"<83<38'&3)"

3="24%'&P+S3)&?"*+)+;"4)0+8*3&)*"$%'+8)$'&A+";<%&?&)*"F$;"+;'&2$'+0"$'"$<<83S&2$'+%C"]ZX"HU$)0+8"+'"$%6"

-ZZ!I6"#3F+A+8"$;"'E+"'+?E)3%3*C"&2<83A+0"'E+;+"+;'&2$'+;"&)?8+$;+0"'3"a\X"F&'E"2&?83$88$C;"

Hb3E);3)"+'"$%6"-ZZ.I"$)0"'3"$%23;'"!ZZX"F&'E"MNOP;+Q4+)?&)*"HL$)*"+'"$%6"-ZZYI6"O%'E34*E"MNOP

;+Q4+)?&)*"E$;"R++)"$"A+8C"<3F+8=4%"'33%"&)"0&;?3A+8&)*"4)&Q4+"'8$);?8&<'&3)"&)"'&;;4+;"$)0"0&;+$;+;"

HL$)*"+'"$%6"-Z!-I,"$)0"$%;3"&)"+%4?&0$'&)*"'E+"8+*4%$'&3)"3="'8$);?8&<'&3)"H@3)'*32+8C"+'"$%6"-Z!Zc"

d&?:8+%%"+'"$%6"-Z!Zc"U$<<$%$&)+)"+'"$%6"-Z!.I,"$??48$'+%C"Q4$)'&=C&)*"'8$);?8&<';"8+2$&);"$"?E$%%+)*+"04+"

'3"'E+";E38'"8+$0"%+)*'E"4;+0"&)"23;'"<3<4%$'&3)"R$;+0";'40&+;6""K488+)'%C"'E+8+"$8+"24%'&<%+"'8$);?8&<'"

Q4$)'&=&?$'&3)"2+'E30;"$A$&%$R%+"&)?%40&)*"!"#$%&%"Q4$)'&=&?$'&3)"2+'E30;"%&:+"K4==%&):;"H58$<)+%%"+'"$%6"

-Z!ZI"$)0"D?8&<'48+"H>4''2$)"+'"$%6"-Z!ZI,"$)0"$))3'$'&3)PR$;+0"2+'E30;"%&:+"@GD("He$'9"+'"$%6"-Z!ZI"

$)0"V%4S"K$<$?&'38"H@3)'*32+8C"+'"$%6"-Z!ZI6"#3F+A+8"R3'E"$<<83$?E+;"E$A+"&)E+8+)'"=%$F;";&)?+"!"#

$%&%"2+'E30;"2$:+"'E+"$;;42<'&3)"'E$'"'E+"23;'"<$8;&23)&34;";3%4'&3)"R+;'"0+;?8&R+;"'E+"4)0+8%C&)*"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


."
"

'8$);?8&<'32+"$)0"$))3'$'&3)"R$;+0"2+'E30;"$;;42+"?32<%+'+":)3F%+0*+"3="'E+"'8$);?8&<'32+,"R3'E"

3="FE&?E"$8+"4)%&:+%C"'3"R+"'84+6"

G)"'E&;";'40C"F+"<8+;+)'"$")3A+%"2+'E30"=38"8+%$'&A+"Q4$)'&=&?$'&3)"3=";<%&?&)*"+A+)';"=832"MNOP

;+Q4+)?&)*"0$'$"?$%%+0"O%'8$);6"(48"$<<83$?E"&;"$)"$))3'$'&3)PR$;+0"2+'E30,"FE&?E"2$:+;"'E+"%+$;'"

)42R+8"3="$;;42<'&3);"=832"'E+"$))3'$'&3)6"53"'E&;"+)0"F+"?E3;+"'3";&2<%&=C"'E+"<83R%+2"$)0"Q4$)'&=C"

8+%$'&A+"=8+Q4+)?&+;"3="3R;+8A+0"+S3)"<$&8&)*;"&)"MNOP;+Q4+)?&)*"0$'$"=38"$%%"?$'+*38&+;"3=";<%&?&)*"

+A+)';6"5E&;"$<<83$?E"3)%C"$;;42+;"?388+?'":)3F%+0*+"3="'E+"+S3);"&)"'E+"'8$);?8&<'32+,"$)0"&;"

$*)3;'&?"'3"'E+"&;3=382";'84?'48+;"0+=&)+0"&)"$)"$))3'$'&3),"FE&?E"F34%0,"&)"'E+38C,"2$:+"&'"238+"

$??48$'+"$)0";+);&'&A+"&)"'E+"<8+;+)?+"3="4):)3F)"&;3=382;6"L+"'+;'+0"'E+"<+8=382$)?+"3="O%'8$);"

A+8;4;"$"F+%%P+;'$R%&;E+0"'8$);?8&<'"Q4$)'&=&?$'&3)"2+'E30,"K4==%&):;"H58$<)+%%"+'"$%6"-Z!ZI"$)0"

R+)?E2$8:+0"348"2+'E30"&)"'F3"F$C;6"V&8;'%C"F+"?3)04?'+0"$";&24%$'&3)";'40C"$)0"$;;+;;+0"'E+"

?3)?380$)?+"3="'E+"2+$;48+0"Q4$)'&=&?$'&3);"RC"+$?E"2+'E30"F&'E"'E+";&24%$'+0"Q4$)'&=&?$'&3);6"

D+?3)0%C,"F+"$;;+;;+0"'E+"8+%$'&A+"<3F+8"3="0&;?3A+8&)*"$%'+8)$'&A+";<%&?&)*"Q4$)'&'$'&A+"'8$&'"%3?&"

H$;T5U;I"=38"+$?E"2+'E306"V38"'E+"$;T5U"$)$%C;+;"F+"?E3;+"'E+">+4A$0&;"0$'$;+',";&)?+"&'"F$;,"$'"'E+"

'&2+"3="$)$%C;+;,"'E+"%$8*+;'"<4R%&?$%%C"$A$&%$R%+"<3<4%$'&3)PR$;+0"MNOP;+Q4+)?&)*";'40C6"5E+">+4A$0&;"

0$'$;+'"?32<8&;+;"\[-"&)0&A&04$%;"&)"'E+"!ZZZ">+)32+;"<83f+?'"H>+)32+;"d83f+?'"+'"$%6"-Z!-I"=832"]"

<3<4%$'&3);g"'E+"K1d#"HK1BI,"V&));"HVGNI,"J8&'&;E"H>JMI,"53;?$)&"H5DGI"$)0"_384R$"H_MGI,"$)0"?3)'$&);"0$'$"

=38"FE3%+"*+)32+"7NO";+Q4+)?&)*"$)0"0++<"2MNO";+Q4+)?&)*"&)"'E+"%C2<E3R%$;'3&0"?+%%"%&)+"HUKUI"

HU$<<$%$&)+)"+'"$%6"-Z!.I,"$)0"&;"'E4;"$)"&0+$%"0$'$;+'"=38"348"<48<3;+;6""

/0$-1%$!

2.3-1'%.+*!&0$-1%$!

5E+"*+)+8$%"3A+8A&+F"3="'E+"O%'8$);"$%*38&'E2"&;"<83A&0+0"&)"!"#$%&'(6"L+"=&8;'"$&2+0"'3"?32<$8+"'E+"

8+;4%';"R+'F++)"O%'8$);"$)0"K4==%&):;"4;&)*";&24%$'&3);6"L+"?32<$8+0"\";?+)$8&3;,"3)+"FE+8+"'E+"*&A+)"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


\"
"

$))3'$'&3)"<+8=+?'%C"0+;?8&R+0"'E+"'8$);?8&<';"&)"'E+";&24%$'&3);"$)0"'E8++"3'E+8;"F&'E"-]X,"]ZX,"$)0"

a]X")3A+%"'8$);?8&<';"$R;+)'"=832"'E+"$))3'$'&3)6"D4R;+Q4+)'%C"F+"Q4$)'&=&+0"'E+"\";&24%$'&3)"8+;4%';"

F&'E"R3'E"$%*38&'E2;"4;&)*"'E+":)3F)"$))3'$'&3)"&)"$%%"?$;+;6"5E&;"F$;"03)+"'3"$;;+;;"E3F"2+'E30;"

<+8=382+0"&)"?$;+;"3="?32<%+'+"A+8;4;"&)?32<%+'+"'8$);?8&<'32+":)3F%+0*+6"5E+"'8$);?8&<'"

Q4$)'&=&?$'&3);"*+)+8$'+0"RC"K4==%&):;"F+8+"'8$);=382+0"&)'3"%&):"Q4$)'&=&?$'&3);"'3"2$:+"'E+2"

?32<$8$R%+"'3"'E3;+"*+)+8$'+0"RC"O%'8$);6""

5E+"8+;4%';"3="'E+";&24%$'&3)"$)$%C;&;"$8+";E3F)"&)"!"#$%&')6"L+"3R;+8A+"'E$'"K4==%&):;"<+8=382;"R+''+8"

'E$)"O%'8$);"FE+)"'E+"$))3'$'&3)"&;"<+8=+?',"R4'"$;"'E+"<+8?+)'$*+"3=")3A+%"'8$);?8&<';"&)"'E+"

;&24%$'&3);"&)?8+$;+;"O%'8$);"<+8=382;"R+''+8"$;"&'";4==+8;"%+;;"=832"'E+"&2<+8=+?'"$))3'$'&3)"4;+0"&)"

'E+"Q4$)'&=&?$'&3)6"G)"380+8"'3"<8304?+"$")4%%"8$)032"0&;'8&R4'&3)"=38"+$?E"2+'E30"F+"'33:"'E+"%&):"

Q4$)'&=&?$'&3);"=38"+$?E"*+)+"$)0"<+824'$'+0"'E+;+"=38"!ZZ"'&2+;"F&'E&)"'E+"%&):;"3="'E&;"*+)+6"L+"'E+)"

2+$;48+0"'E+"?388+%$'&3)"3="'E+;+"8$)032"$;;&*)2+)';"F&'E"'E+";&24%$'+0"3)+;"$)0"=&)0"'E$'"K4==%&):;"

=$%%;"'3"'E+"%+A+%;"3="8$)032"$;;&*)2+)'"3="%&):"Q4$)'&=&?$'&3);"$;"'E+")3A+%"'8$);?8&<';"&)?8+$;+"&)"'E+"

;&24%$'&3);6""L+"+;'&2$'+0"'E+"<83<38'&3)"3=")3A+%"'8$);?8&<';"RC"4;&)*";<%&'"8+$0"2$<<&)*;"=832"$"F+%%P

;'40&+0"UKU"'8$);?8&<'32+"MNOP;+Q4+)?&)*"+S<+8&2+)'"HU$<<$%$&)+)"+'"$%6"-Z!.I"$)0"$"%+;;"F+%%P;'40&+0"

<$)?8+$'&?"R+'$"?+%%"'8$);?8&<'32+"MNOP;+Q4+)?&)*"+S<+8&2+)'"HN&?$"+'"$%6"-Z!.I6"L+"3R;+8A+"'E$'"&)"

'E+"UKU;"3)"$A+8$*+"-]6YX"H;0"W".6]XI"$)0"&)"'E+"R+'$"?+%%;".\6aX"H;0"W"^6.XI"3="'E+"f4)?'&3);"$8+")3'"

=34)0"&)"'E+">1NK(71"A+8;&3)"!-"$))3'$'&3)6"5E+8+=38+"F+"?3)?%40+"'E$'"&)"MNOP;+Q4+)?&)*"

+S<+8&2+)';"FE+8+"'E+"$))3'$'&3)"03+;")3'"=4%%C"8+=%+?'"'E+"4)0+8%C&)*"&;3=382"A$8&+'C"O%'8$);"&;"$"

;+);&'&A+"2+'E30"=38"Q4$)'&=C&)*"+S3)"f4)?'&3);6"

4.$5'1%0&*'%.60!$71.(.*8!9:;!,.$(+60&<!'*,!&071.('%.+*!#0%=00*!7+7-1'%.+*$!

5E+">+4A$0&;"0$'$;+'"?32<8&;+;".a."1483<+$)"H1BMI"$)0"Y^"O=8&?$)"H_MGI";$2<%+;"$)0"'E+"?&;P$;T5U"

0&;?3A+8C"F$;"?3)04?'+0";+<$8$'+%C"&)"+$?E"<3<4%$'&3)"$;"0+;?8&R+0"&)"'E+"2+'E30;";+?'&3)6"O'"$)"V7M"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


]"
"

'E8+;E3%0"3="!X"F+"=&)0"!YZ["$)0"!]^["$;T5U"*+)+;"&)"'E+"1483<+$)"<3<4%$'&3)"F&'E"O%'8$);"$)0"

K4==%&):;,"8+;<+?'&A+%C6"V38"'E+"O=8&?$);"'E+;+")42R+8;"$8+"-\."$)0"-YY,"8+;<+?'&A+%C"H*+,-&'(I6"5E+8+"&;"$"

;&*)&=&?$)'"3A+8%$<"R+'F++)"'E+"2+'E30;"&)"'E+"$;T5U"*+)+;,"F&'E"O%'8$);"=&)0&)*"$<<83S&2$'+%C"].X"3="

'E+"*+)+;"&0+)'&=&+0"RC"K4==%&):;"&)"'E+"1483<+$);"$)0"$R34'".]X"&)"'E+"O=8&?$);"H*+,-&'(I6"5E+"8+%$'&A+"

0+?8+$;+"3="3A+8%$<"R+'F++)"'E+"2+'E30;"&)"'E+"O=8&?$)"<3<4%$'&3)"&;"04+"'3"'E+"0+?8+$;+0";$2<%+;"

;&9+,"E+)?+"<3F+8,"&)"'E&;"?3E38'"?32<$8+0"'3"'E+"1483<+$);6"LE+)"F+"<%3'"'E+";&*)&=&?$)'"$;T5U;"

0&;'$)?+;"=832"'E+"'8$);?8&<'&3)";'$8'";&'+"H5DDI"F+"3R;+8A+"'E$'"=38"R3'E"2+'E30;"'E+"$;T5U;"'E$'"$8+"

;E$8+0"R+'F++)"'E+"'F3"<3<4%$'&3);"$)0"$;T5U;"F&'E";'83)*+8"+==+?';"'+)0"'3"R+"?%3;+8"'3"'E+"5DD"'E$)"

<3<4%$'&3)";<+?&=&?"$)0"F+$:+8"$;T5U;"H!"#$%&'.+I6"O;"+S<+?'+0,"*&A+)"'E+";$2<%+";&9+;"3="+$?E"

<3<4%$'&3),"2$f38&'C"3="'E+"$;T5U;"&)"1483<+$);"$'"'E&;"V7M"'E8+;E3%0"$8+"4)&Q4+"'3"'E&;"<3<4%$'&3);"

H^ZX"=38"O%'8$);"$)0"Y]X"=38"K4==%&):;I"FE+8+$;"23;'"3="'E+"O=8&?$)"$;T5U;"$8+"$%;3"=34)0"&)"'E+"

1483<+$);"HaYX"=38"O%'8$);"$)0"Y.X"=38"K4==%&):;I"H!"#$%&'.,I6"B;&)*"$"238+";+);&'&A+"h!"$<<83$?E"

HD'38+C"$)0"5&R;E&8$)&"-ZZ.I"F+"+;'&2$'+"'E$'"].X"3="'E+"O%'8$);"$;T5U;"&)"1483<+$);"$8+"8+<%&?$'+0"&)"

O=8&?$);"$)0"^aX"3="'E+"O=8&?$)"$;T5U;"$8+"8+<%&?$'+0"&)"1483<+$);6"G)"'E+"?$;+"3="K4==%&):;"'E+;+"

+;'&2$'+;"$8+"[^X"$)0"^aX,"8+;<+?'&A+%C"H!"#$%&'./I6""

L+"E$A+"'$:+)"'E+"D<+$82$)`;"8E3"$;"$"<83SC"'3"'E+"+==+?'";&9+"3="$)"$;T5U,"$)0"?32<$8+0"'E+"$R;3%4'+"

A$%4+"0&;'8&R4'&3)"3="'E+"8E3;"3=";&*)&=&?$)'"$;T5U;"&0+)'&=&+0"RC"+$?E"2+'E30"&)"R3'E"<3<4%$'&3);"

H0$11-&2&34+%5'!"#$%&'(I6"K4==%&):;"$;T5U;`"E$A+";&*)&=&?$)'%C"E&*E+8"+==+?'";&9+;"'E$)"O%'8$);"$;T5U;"

H@$))PLE&')+C"'"i"-+P!["&)"1483<+$);"$)0"'"i"]6\+P!Z"&)"O=8&?$);I"&)"R3'E"<3<4%$'&3);,"&)0&?$'&)*"'E$'"

O%'8$);"&;"&0+)'&=C&)*"$;;3?&$'&3);"F&'E";2$%%+8"+==+?'";&9+;"?32<$8+0"'3"K4==%&):;"$)0"'3*+'E+8"F&'E"

?E$)*+;"&)";$2<%+";&9+,"'E&;"?3)'8&R4'+;"'3"8+%$'&A+"%$?:"3="8+<%&?$'&3)"3="O%'8$);"$;T5U;"$?83;;"

<3<4%$'&3);6"G)"380+8"'3"'+;'"'E+"8+<%&?$'&3)"3="$;T5U;"RC"+$?E"2+'E30"&)0+<+)0+)'"3=";$2<%+";&9+"$)0"

0&==+8+)'"<3<4%$'&3);,"F+"E$A+";+%+?'+0"^!"1483<+$)"&)0&A&04$%;"R+%3)*&)*"'3"'E+"K1B"<3<4%$'&3)"$)0"

8+<%&?$'+0"'E+"=&)0&)*;"3="'E&;"?3E38'"&)"'E+"%$8*+8"-Y-"8+2$&)&)*"1483<+$)";$2<%+;6"LE+)"F+"?$%?4%$'+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


["
"

'E+"h!";'$'&;'&?"&)"'E&;"$)$%C;&;"F+"3R;+8A+"'E+"R3'E"2+'E30;"$''$&)";&2&%$8"%+A+%;"3="8+<%&?$'&3)"Hh!"W"^\X"

=38"O%'8$);"$)0"^YX"=38"K4==%&):;I"H0$11-&2&34+%5'!"#$%&')I6"G)"'E+"$R;+)?+"3="$":)3F)"j'84+k";+'"3="

$;T5U;"F+"E$A+"'$:+)"'E+")42R+8"3="$;T5U;"0&;?3A+8+0"$;"$"<83SC"'3"'E+";+);&'&A&'C"3="$"2+'E30,";&)?+"

'E+8+"&;")3"<8&38"'3";4**+;'"'E$'"*+)3'C<+;"F34%0"8$)032%C"?388+%$'+"F&'E";<%&?&)*6"@38+3A+8,"F+"4;+0"

'E+"h!"A$%4+;"$''$&)+0"=832"'E+"8+<%&?$'&3)"F&'E&)"'E+"1483<+$)";$2<%+;"$)0"'E+"'3'$%")42R+8"3="*+)+;"

'+;'+0"RC"+$?E"2+'E30"'3"?388+?'"'E+")42R+8"3=";&*)&=&?$)'"$;T5U;"&0+)'&=&+0"RC"+$?E"2+'E30"

H6&4789:I6"L+"3R;+8A+"'E$',"FE+)"'E+;+"?388+?'&3);"$8+"$<<%&+0,"O%'8$);"=&)0;"![.Z"$;T5U;"&)"

1483<+$);"$)0"-!^"$;T5U;"&)"O=8&?$);"FE+8+$;"K4==%&):;"&0+)'&=&+;"!][\"$)0"-Y-"$;T5U;"&)"1483<+$);"

$)0"O=8&?$);,"8+;<+?'&A+%C,"FE&?E"$8+"E&*E%C"%&:+%C"'3"R+"'84+"<3;&'&A+;6"5E&;";&2&%$8"%+A+%;"3=";+);&'&A&'C"

$?E&+A+0"RC"+$?E"2+'E30"&)0&?$'+;"'E+"A$%&0&'C"3="R3'E"$<<83$?E+;6"

/071.('%.+*!+>!,.$(+60&.0$!#<!+*0!30%?+,!.*!%?0!+%?0&!30%?+,!

L+"F$)'+0"'3"$;;+;;"E3F"0&;?3A+8&+;"3="3)+"2+'E30"?32<$8+0"'3"'E+"3'E+86"V38"+$?E";&*)&=&?$)'"

A$8&$)'P%&):"<$&8"&)"3)+"<3<4%$'&3)"RC"3)+"2+'E30,"F+"?$%?4%$'+0"'E+"<PA$%4+"3="'E+";$2+"A$8&$)'P%&):"

<$&8"&)"'E+";$2+"<3<4%$'&3)"R$;+0"3)"Q4$)'&=&?$'&3);"RC"'E+"3'E+8"2+'E306"V832"'E+;+"<PA$%4+"

0&;'8&R4'&3);"F+"?$%?4%$'+0"'E+"h!";'$'&;'&?,"FE&?E"&)0&?$'+;"'E+"<83<38'&3)"3="'84+"<3;&'&A+;"

H0$11-&2&34+%5'!"#$%&'.I6"L+"+;'&2$'+"'E$'"\^X"3="O%'8$);"$;T5U;"&)"1483<+$);"$)0"]-X"O%'8$);"

$;T5U;"&)"O=8&?$);"$8+"8+<%&?$'+0"RC"K4==%&):;"Q4$)'&=&?$'&3);"&)"'E+"?388+;<3)0&)*"<3<4%$'&3)6"LE+8+$;"

8+<%&?$'&3)"&)"'E+"3'E+8"0&8+?'&3),"K4==%&):;"$;T5U;"&)"O%'8$);,"&;"E&*E+8"$)0"&;"aYX"$)0"^ZX"=38"1483<+$);"

$)0"O=8&?$);,"8+;<+?'&A+%C6"5E&;";4**+;';"'E$'"$;T5U"0&;?3A+8+0"RC"K4==%&):;"$8+"?3223)"R+'F++)"'E+"

2+'E30;"238+";3"'E$)"'E+"$;T5U;"=34)0"RC"O%'8$);,"?3)=&82&)*"'E+"?32<%+2+)'$8C")$'48+"3="'E+"'F3"

$<<83$?E+;6"

@38+3A+8"F+"?32<$8+0"'E+"'C<+;"3=";<%&?&)*"+A+)';"'E$'"$8+"=34)0"'3"R+";&*)&=&?$)'"RC"R3'E"2+'E30;"

H0$11-&2&34+%5'!"#$%&';I"$)0"3R;+8A+0"'E$'"'E+8+"$8+";&*)&=&?$)'"0&==+8+)?+;"R+'F++)"'E+"'F3"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


a"
"

2+'E30;6"5E+"2$f38&'C"H[[XI"3="'E+";&*)$%"'E$'"O%'8$);"?$<'48+;"&;"04+"'3"+S3)";:&<<&)*"+A+)';"=3%%3F+0"

RC"$%'+8)$'&A+"]`"$)0".`"B5M;"H!]X"$)0"!!X,"8+;<+?'&A+%CI6"G)"?32<$8&;3)"K4==%&):;"E$;"$"238+"4)&=382"

0&;'8&R4'&3)"3=";&*)&=&?$)'"+A+)'"'C<+;"F&'E"'E+"23;'"?3223)"R+&)*"$%'+8)$'&A+"]`"B5M"H-.XI,"=3%%3F+0"

RC"+S3)";:&<<&)*"H!]XI"$)0"$%'+8)$'&A+"=&8;'"+S3);"H!\XI6"5E&;"0&==+8+)?+"&)"'C<+;"3=";&*)&=&?$)'";<%&?&)*"

+A+)';"+$?E"2+'E30"=&)0;,"E&*E%&*E';"'E+&8"8+%$'&A+"2+8&';"&)"&0+)'&=C&)*"0&==+8+)'"'C<+;"3=";<%&?&)*"+A+)';"

$)0"&;"'E+"2$&)"8+$;3)"=38"2+'E30";<+?&=&?";&*)&=&?$)'"8+;4%';6""

O%'E34*E"'E+"2+'E303%3*C"&)"&0+)'&=C&)*";<%&?&)*"T5U;"&)"'E+"38&*&)$%">+4A$0&;"$)$%C;&;"0&==+8;"

;&*)&=&?$)'%C"=832"'E+"<83?+;;"0+;?8&R+0"E+8+,"F+"$%;3"?E+?:+0"'E+"$;T5U"*+)+"%+A+%"3A+8%$<"R+'F++)"

'E+"<4R%&;E+0"%&;';"3=";<%&?&)*"T5U;"HU$<<$%$&)+)"+'"$%6"-Z!.I"$)0"'E+"3)+;"&0+)'&=&+0"E+8+"

H0$11-&2&34+%5'!"#$%&'<I6""L+"=&)0"'E$'"O%'8$);"0+'+?';"-Y."34'"3="'E+"[-Z"$;T5U;"&0+)'&=&+0"&)"'E+"

1483<+$);"&)"'E+"38&*&)$%";'40C,"$)0"K4==%&):;"=&)0;"..."3A+8%$<<&)*"$;T5U;6"5E+"4)&3)"3="R3'E"2+'E30;"

4;+0"E+8+"&0+)'&=&+;".^]"*+)+;"$;";&*)&=&?$)'"$;T5U;"34'"3="'E+"[-Z"&)"'E+"38&*&)$%"0&;?3A+8C6"G)"'E+"

O=8&?$)"<3<4%$'&3)"'E+"3A+8%$<"<83<38'&3);"$8+";&2&%$8"F&'E"O%'8$);"=&)0&)*"-a"34'"3="Y."$;T5U;"$;"$%;3"

;&*)&=&?$)',"FE+8+$;"K4==%&):;"=&)0;".\"?3223)"*+)+;,"$)0"'E+"4)&3)"3="O%'8$);"$)0"K4==%&):;"3A+8%$<;"

F&'E"\!"$;T5U;"&)"'E+"38&*&)$%";'40C6"5E&;"&;"$)3'E+8"?3)=&82$'&3)"3="'E+"?32<%+2+)'$8C")$'48+"3="$;T5U"

0&;?3A+8C"2+'E30;6"

@-*(%.+*'1!&0106'*(0!+>!'$9:;$!

G)"'E+"$R;+)?+"3="$":)3F)"$)0"'84+";+'"3="$;T5U;"F+"?$)"4;+"'E+"=4)?'&3)$%"$))3'$'&3)"3="'E+"E42$)"

*+)32+"*+)+8$'+0"RC"'E+"1NK(71"<83f+?'"'3"$;;+;;"FE+'E+8"'E+"$;T5U;"0&;?3A+8+0"$8+"%&:+%C"'3"R+"

R&3%3*&?$%%C"$?'&A+6"G="'E+"&0+)'&=&+0"$;T5U;"$8+"j8+$%k"'E+)"F+"F34%0"+S<+?'"'E+2"'3"%&+"&)"R&3?E+2&?$%%C"

=4)?'&3)$%"8+*&3);"3="'E+"*+)32+"238+"3='+)"'E$)"+S<+?'+0"RC"?E$)?+6"L+"E$A+"'+;'+0"'E&;"RC"

3A+8%$<<&)*"$;T5U;"F&'E"=4)?'&3)$%"$))3'$'&3);"<83A&0+0"RC"'E+"1);+2R%+"8+*4%$'38C"R4&%0"HV%&?+:"+'"$%6"

-Z!.I"$)0"?32<$8&)*"'E&;"3A+8%$<"'3"'E$'"3="8$)032";+'")3)P$;T5U"A$8&$)';,"FE&?E"F+8+"2$'?E+0"'3"'E+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


Y"
"

$;T5U;"R$;+0"3)"8+%$'&A+"0&;'$)?+"=832"5DD"$)0"$%%+%+"=8+Q4+)?C"H6&4789:I6"L+"=&)0";&*)&=&?$)'"

+)8&?E2+)';"=38"2$)C"'8$);?8&<'&3)"=$?'38"<+$:;"H2+0&$)"-6aS"2+0&$)"'"W"^6\^+PY"=38"O%'8$);"$)0"

2+0&$)".6.S"2+0&$)"'"W"!6]!+Pa"=38"K4==%&):;I,"7N$;+!"EC<+8;+);&'&A+";&'+;"H-6\S"'"W"-6]a+P.-"=38"O%'8$);"

$)0"-6ZS"'"W"-6.!+P!\"=38"K4==%&):;I,"?E832$'&)"2$8:;"=38"$?'&A+"<8323'+8;"H2+0&$)"-6[S"2+0&$)"'"W"

-6Z]+P.a"=38"O%'8$);"$)0"2+0&$)"-6aS"2+0&$)"'"W".6[\+P.a"=38"K4==%&):;I"$;"F+%%"$;";'83)*"+)E$)?+8"

2$8:;"H2+0&$)"-6.S"2+0&$)"'"W"^6.[+PYa"=38"O%'8$);"$)0"2+0&$)"-6.S"2+0&$)"'"W"-6.-+P!["=38"K4==%&):;I"

&)"$;T5U;"&0+)'&=&+0"RC"R3'E"2+'E30;"H!"#$%&';I6"L+"$%;3"3R;+8A+"$";&*)&=&?$)'"0+<%+'&3)"&)"8+<8+;;38"

2$8:;"H.6\S"'"W"!6][+P\Y"=38"O%'8$);"$)0"\6\S"'"W"!6[Z+P\-"=38"K4==%&):;I6"O%%"'3*+'E+8"'E+;+"8+;4%';"

?3)=&82"'E+"=4)?'&3)$%"8+%+A$)?+"3="$;T5U;"$)0"&)0&?$'+"'E$'"F+"$8+"?$<'48&)*"'84+"R&3%3*&?$%";&*)$%6"

V48'E+8238+"F+"$%;3"3R;+8A+";'83)*";&*)&=&?$)'"+)8&?E2+)';"=38"A$8&$)';"'E$'"$8+"&)";<%&?+"$??+<'38"

H!a6!S"'"W"a6^]+P^"=38"O%'8$);"$)0"..6.S"'"W"a6^]+P^"=38"K4==%&):;I"$)0"03)38";&'+;"H.6.S"'"W"Z6Z]"=38"

O%'8$);"$)0"[S"'"W"Z6Z."=38"K4==%&):;I"$;"F+%%"$;"A$8&$)';"&)";<%&?+"8+*&3);"H.6\S"'"W".6^+P^"=38"O%'8$);"$)0"

a6[S"'"W"!6^^+P-["=38"K4==%&):;I,"FE&?E"$%;3"&)0&?$'+;"'E$'"F+"$8+"?$<'48&)*"A$8&$)';"&)A3%A+0"&)";<%&?&)*"

2$?E&)+8C6""

A.$(-$$.+*!

#+8+"F+"<8+;+)'"$")3A+%"2+'E30,"O%'8$);,"=38"8+%$'&A+"Q4$)'&=&?$'&3)"3=";<%&?&)*"+A+)';"H!"#$%&'(I"'3"R+"

4;+0"&)"<3<4%$'&3)"*+)+'&?;";'40&+;"&)"0&;?3A+8C"3="$;T5U;6"D&)?+"'E+"<E+)3'C<+"&;";<%&?&)*"8$'&3;"3="+S3)"

%&):;"?$%?4%$'+0"=832"2$<<&)*"3="MNOP;+Q4+)?&)*"8+$0;"F&'E34'"230+%&)*"3="'8$);?8&<'";'84?'48+,"&'"&;"$"

238+"0&8+?'"+;'&2$'&3)"3=";<%&?&)*6"L+"E$A+"$;;+;;+0"'E+"<+8=382$)?+"3="'E+"O%'8$);"$%*38&'E2"A+8;4;"

'E+"K4==%&):;"2+'E30"R3'E"3)";&24%$'+0"$)0"R&3%3*&?$%"0$'$6"5E+";&24%$'&3)"$)$%C;&;"&)0&?$'+;"'E$'"FE+)"

'E+"$))3'$'&3)"<+8=+?'%C"0+;?8&R+;"'E+"4)0+8%C&)*"&;3=382"A$8&+'C"K4==%&):;"<+8=382;"R+''+8"'E$)"O%'8$);6"

5E&;"&;"04+"'3"'E+"=$?'"'E$'"K4==%&):;"Q4$)'&=&+;"'8$);?8&<'"8$'E+8"'E$)"+S3)"%&):;,"&6+6"&'"4;+;"'E+"'3'$%"

%+)*'E"3="'E+"'8$);?8&<'"&)"Q4$)'&=&?$'&3);,"FE+8+$;"O%'8$);"3)%C"4;+;"'E+"3R;+8A+0"8+$0;"'E$'"$8+"%&):&)*"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


^"
"

$"<$&8"3="+S3);6"LE+)"F+"?3)A+8'"'E+"'8$);?8&<'"Q4$)'&=&?$'&3);"3="K4==%&):;"&)'3"%&):"Q4$)'&=&?$'&3);,"'E&;"

2+$);"'E$'"$%%"'E+"%&):;"&)"$"'8$);?8&<'"F&%%"jR3883Fk"&)=382$'&3)"=832"3'E+8"%&):;"3="'E+"'8$);?8&<'c"

FE+8+$;"&)"O%'8$);"$%%"'E+"%&):;"F&%%"R+"&)0+<+)0+)'%C"2+$;48+0"=832"'E+"3R;+8A+0"8+$0;"3A+8%$<<&)*"'E+"

%&):6"@38+3A+8,"FE+)"'E+"<+8=+?'"$))3'$'&3)"&;"$A$&%$R%+"4;&)*"'8$);?8&<'"Q4$)'&=&?$'&3);,"$;"&)"'E+"?$;+"

3="K4==%&):;,"&;"$"238+"$??48$'+"$<<83$?E6"#3F+A+8"'E+";&24%$'&3);"$%;3";E3F"'E$'"FE+)"'E+8+"$8+")3A+%"

'8$);?8&<';,"&6+6"&;3=382;"'E$'"$8+")3'"+S<%$&)+0"RC"'E+"$))3'$'&3),"'E+"$??48$?C"3="'8$);?8&<'"

Q4$)'&=&?$'&3);"0+?8+$;+;"=38"K4==%&):;"FE+8+$;"O%'8$);"Q4$)'&=&?$'&3);"03")3'";4==+8"$;"24?E"$;"'E+"

'8$);?8&<'"Q4$)'&=&?$'&3);"6"L+"+;'&2$'+"'E$'"&)"%+;;"F+%%P;'40&+0"'8$);?8&<'32+;"%&:+"'E+"E42$)"

<$)?8+$'&?"R+'$"?+%%"'8$);?8&<'32+"HN&?$"+'"$%6"-Z!.I"'E+"<83<38'&3)"3="'E+"%&):;"R+'F++)"+S3);"'E$'"$8+"

)3A+%"F34%0"R+"E&*E"+)34*E"'E$'"4;&)*"'E+":)3F)"$))3'$'&3)"2$C"8+;4%'"&)"4)8+%&$R%+"+;'&2$'+;6""

G'"&;"&2<38'$)'"'3"$;;+;;"'E+"<+8=382$)?+"3="$"2+'E30"4;&)*"R&3%3*&?$%"0$'$,"$)0"F+"$<<%&+0"O%'8$);"$)0"

K4==%&):;"'3"'E+">+4A$0&;"0$'$;+'"HU$<<$%$&)+)"+'"$%6"-Z!.I"F&'E"'E+";<+?&=&?"$&2"3="&0+)'&=C&)*"$;T5U;6"

L+"=&)0"!YZ["$)0"!]^["$;T5U"*+)+;"&)"'E+"1483<+$)"<3<4%$'&3)"$)0"-\."$)0"-YY"$;T5U;"&)"'E+"O=8&?$);"

F&'E"O%'8$);"$)0"K4==%&):;,"8+;<+?'&A+%C6"5E+8+"&;"$"0+?8+$;+"&)"'E+"8+<%&?$'+0"A$8&$)'P%&):"<$&8;"R+'F++)"

<3<4%$'&3);"&)"O%'8$);"FE+)"?32<$8+0"'3"K4==%&):;6"#3F+A+8"'E&;"&;"04+"'3"O%'8$);"0+'+?'&)*"E$80+8"'3"

0+'+?'"$;;3?&$'&3);,"8+=%+?'+0"&)"'E+"+==+?'";&9+;"3="'E+"$;T5U;"&0+)'&=&+0"RC"+$?E"2+'E30"

H0$11-&2&34+%5'!"#$%&'(I6"B;&)*"'F3";4R;+';"=832"'E+"1483<+$)";$2<%+;"F+";E3F"'E$'"O%'8$);"$)0"

?4==%&):;"$?E&+A+";&2&%$8"%+A+%;"3="8+<%&?$'&3)6"5E+"2+'E30";<+?&=&?"$;T5U;"$8+"+S<%$&)+0"RC"'E+"0&==+8+)'"

'C<+;"3="$%'+8)$'&A+";<%&?&)*"+A+)';"+$?E"2+'E30"?$<'48+;"H0$11-&2&34+%5'!"#$%&';I6"O%'8$);"&;"238+"

<3F+8=4%"&)"?$<'48&)*"+S3)";:&<<&)*"+A+)';,"FE+8+$;"K4==%&):;"$<<+$8;"'3"R+"$;"<3F+8=4%"&)"?$<'48&)*"

+A+)';"&)"'E+"+)0;"3="'8$);?8&<';6"5E&;"&;"$)"+S<+?'+0"8+;4%'"*&A+)"E3F"+$?E"2+'E30"F38:;6"D&)?+"O%'8$);"

&;"+S$2&)&)*"8+$0;"'E$'"%&):"24%'&<%+"+S3);"&'"F&%%"<+8=382"8+%$'&A+%C"<338%C"FE+)"$"8+$0"<$&8"E$;"'3"

+S'+)0"3A+8"?3);'&'4'&A+"<$8';"3="+S3)"*834<;"&="?3);'&'4'&A+"<$8';"$8+"%$8*+8"'E$)"'E+"&);+8'";&9+"3="'E+"

+S<+8&2+)',";&)?+"'E+8+"F&%%"R+"A+8C"=+F"8+$0;"f3&)&)*"'E+;+"'C<+;"3="+S3);6"()"'E+"3'E+8"E$0";&)?+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!Z"
"

K4==%&):;"4;+;"$%%"8+$0;"3A+8"$"'8$);?8&<'"&'"F&%%")3'"=$&%"'3"Q4$)'&=C"'E+;+"'C<+;"3="+A+)'"$??48$'+%C"$)0"

'E&;"&;"8+=%+?'+0"&)"'E+"'C<+;"3="+A+)';"+$?E"$%*38&'E2"&0+)'&=&+;6"V48'E+8238+,"FE+)"F+"?32<$8+"

8+<%&?$'&3)"3="8+;4%';"3="3)+"2+'E30"RC"'E+"3'E+8"2+'E30"F+"3R;+8A+"'E$'"K4==%&):;"8+;4%';"8+<%&?$'+"

R+''+8"&)"O%'8$);"'E$)"&)"'E+"3'E+8"0&8+?'&3)"H0$11-&2&34+%5'!"#$%&'.I6"5E+;+"8+;4%';"'$:+)"'3*+'E+8"

&)0&?$'+;"'E$'"O%'8$);"E$;"&)?8+$;+0";+);&'&A&'C"3A+8"K4==%&):;"&)"0+'+?'&)*"?+8'$&)"'C<+;"3=";<%&?&)*"+A+)'6"

5E+"8+%+A$)?+"3="'E+;+"$;T5U;"&0+)'&=&+0"RC"R3'E"2+'E30;"&;"?3)=&82+0"RC"'E+&8";&*)&=&?$)'"3A+8%$<"F&'E"

=4)?'&3)$%"$))3'$'&3);6"5E&;"8+;4%',"&)"'E+"$R;+)?+"3="$"?32<8+E+);&A+"%&;'"3="$;T5U;,";E3F;"'E$'"$;T5U;"

'E$'"F+"$8+"?$<'48&)*"8+;&0+"&)"R&3?E+2&?$%%C"$?'&A+"8+*&3);"3="'E+"*+)32+,"FE&?E"8+$==&82;"'E$'"F+"$8+"

?$<'48&)*"8+$%"R&3%3*&?$%";&*)$%6"#3F+A+8"'E+8+"$8+"0&==+8+)?+;"&)"'E+"$;T5U;"0+'+?'+0"RC"0&==+8+)'"

2+'E30;"H0$11-&2&34+%5'!"#$%&'<I6"5E&;"&;"04+"'3"'E+"=$?'"'E$'"&)"MNOP;+Q4+)?&)*"F&'E";E38'"8+$0"

%+)*'E;,"$%%"2+'E30;"E$A+"'3"&)=+8"Q4$)'&=&?$'&3);"3="'8$);?8&<'"38";<%&?+"f4)?'&3);,"$)0"+$?E"2+'E30"&)"

03&)*";3"E$;"&';"8+%$'&A+"2+8&';6"#+8+"F+"<8+;+)'"$")3A+%"$<<83$?E"'3"'E&;"<83R%+2,"?$%%+0"O%'8$);,"$)0"

;E3F"'E$'"&'"&;";+);&'&A+"$)0"<+8=382;"?32<$8$R%C"'3"3'E+8"2+'E30;6"5E+"O%'8$);";3='F$8+"&;"$A$&%$R%+"$'"

E''<gll;348?+=38*+6)+'l<83f+?';l$%'8$);l6"L+"R+%&+A+"&'"F&%%"<83A+"4;+=4%"&)"'E+";+$8?E"=38"$%'+8)$'&A+"

;<%&?&)*"T5U;"&)"<3<4%$'&3)"*+)+'&?;";'40&+;6""

B0%?+,$!

"1%&'*$!30%?+,!>+&!&01'%.60!C-'*%.>.('%.+*!+>!$71.(.*8!060*%$!

O%'8$);"&;"$"2+'E30"=38"'E+"8+%$'&A+"Q4$)'&=&?$'&3)"3=";<%&?&)*"+A+)';6"G'"&;"F8&''+)"&)"Kmm"$)0"8+Q4&8+;"$"

JO@"$%&*)2+)'"=&%+"HU&"+'"$%6"-ZZ^I"=832"$)"MNOP;+Q"+S<+8&2+)'"$)0"$)"$))3'$'&3)"=&%+"&)">5V"=382$'"

?3)'$&)&)*"+S3)"%3?$'&3);6"5E+"JO@"=&%+"&;"8+$0"4;&)*"'E+"J$2533%;"OdG"HJ$8)+''"+'"$%6"-Z!!I6"O%'8$);"

4'&%&9+;"<$&8+0"+)0"8+$0;,"FE+8+"3)+"2$'+"2$<;"'3"3)+"+S3)"$)0"'E+"3'E+8"2$'+"'3"$"0&==+8+)'"+S3),"

$)0l38";<%&'"8+$0;";<$))&)*"+S3)P+S3)"f4)?'&3);"'3"?34)'"j%&):;k"R+'F++)"'F3"+S3);6"()%C"'E+"<8&2$8C"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!!"
"

$%&*)2+)';"3="8+$0;"$%&*)&)*"'3"24%'&<%+"%3?$'&3);"$8+"?3);&0+8+06"5E+"=&8;'"+S3)"&)"$"%&):"&;"8+=+88+0"'3"$;"

'E+"j<8&2$8C"+S3)k6"5E+"$%*38&'E2"&;"$;"=3%%3F;g"

!6 >834<"3A+8%$<<&)*"+S3);"=832"$))3'$'&3)"&)'3"+S3)"*834<;6"D&)?+"F+"$8+"Q4$)'&=C&)*";<%&?&)*"

+A+)';"$)0")3'"&)0&A&04$%"'8$);?8&<';,"'8$);?8&<'"%+A+%"&)=382$'&3)"&;"&*)38+0"$)0"+S3);"F&'E"

&0+)'&?$%"?3380&)$'+;"R+%3)*&)*"'3"24%'&<%+"'8$);?8&<';"$8+"'8+$'+0"$;"3)+"4)&Q4+"+S3)"H!"#$%&'

(+I6"

-6 G)"380+8"'3"$;;&*)"8+$0;"'3"3A+8%$<<&)*"+S3);,"&0+)'&=C"4)&Q4+"<38'&3)H;I"3="+$?E"+S3)"&)"$)"+S3)"

*834<6"1S3);"F&'E"&22+0&$'+"4)&Q4+"<38'&3);,"FE+8+"'E+8+"&;")3"3'E+8"3A+8%$<<&)*"+S3)"$)0"

FE+8+"$"8+$0"?$)"R+"4)$2R&*434;%C"$;;&*)+0"'3"'E+"+S3),"$8+"?$%%+0"j%+A+%"!"+S3);k6"V38"+S3);"

F&'E")3"4)&Q4+"<3;&'&3);,"8+23A+"'E+"%+A+%"!"+S3);"=832"'E+"+S3)"*834<"'3"0+'+82&)+"

<;+403P4)&Q4+"<3;&'&3);"=38"'E+"8+2$&)&)*"+S3);,"FE+8+"$*$&)"'E+8+"&;")3"3'E+8"3A+8%$<<&)*"

+S3)"$='+8"'E+"8+23A$%"3="'E+"%+A+%"!"+S3);,"$)0"&)?8+2+)'"'E+"%+A+%"3="'E+;+"+S3);6"G)"'E+"8$8+"

?$;+;"FE+8+"$)"+S3)";E$8+;"&';";'$8'"<3;&'&3)"F&'E"3)+"+S3)"$)0"&';"+)0"<3;&'&3)"F&'E"$)3'E+8,"

?$4;&)*"&'"'3"E$A+")3"4)&Q4+"<38'&3),"'E+)"'E&;"+S3)"&;"8+23A+0"=832"'E+"$)$%C;&;"&)"380+8"'3"R+"

$R%+"'3"$;;&*)"4)&Q4+"<38'&3);"'3"'E+"8+2$&)&)*"+S3);"&)"'E+";$2+"+S3)"*834<6"G'+8$'+"'E834*E"

'E&;"<83?+;;"3="8+23A&)*"+S3);"'E$'"E$A+"4)&Q4+"38"<;+403P4)&Q4+"8+*&3);"4)'&%"$%%"+S3);"&)"$"

*834<"E$A+"4)&Q4+"38"<;+403P4)&Q4+"<38'&3);"H!"#$%&'(+I6""

.6 B;+"'E+;+"4)&Q4+"$)0"<;+403P4)&Q4+"<38'&3);"'3"$;;&*)"2$'+"<$&8;"38";<%&'"8+$0;"'3"%&):;"H!"#$%&'

(+I6"U&):;"$;;&*)+0"'3"<;+403P4)&Q4+"<38'&3);"$8+"<4'$'&A+"$;;&*)2+)';"$)0"n0+?3)A3%4'&3)n"3="

'E+;+"&;"E$)0%+0"&)"'E+")+S'";'+<6""

\6 D&)?+"+S3);"F&'E"<;+403P4)&Q4+"<38'&3);";E$8+"'E&;"8+*&3)"F&'E"3'E+8"+S3)H;I,"8+$0;"$%&*)&)*"

E+8+"2$C"R+%3)*"'3"24%'&<%+"+S3);6"G)"380+8"'3"4)$2R&*434;%C"Q4$)'&=C"%&):;"R+'F++)"'E+;+"

+S3);"F+"?$%?4%$'+"j%&):"?3A+8$*+k"=38"$%%"<$&8;"3="+S3);"&)"$"*&A+)"F&)03F";&9+6"5E+"0+=$4%'"

2+'E30"0&A&0+;"'E+"%&):"?34)';"F&'E"'E+"<83R$R&%&'C"3="3R;+8A&)*";4?E"$"%&):"*&A+)"'E+"&);+8'";&9+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!-"
"

0&;'8&R4'&3),"FE&?E"&;"+2<&8&?$%%C"0+'+82&)+0"=832"<$&8;"$%&*)&)*"'3"%3)*"+S3);"H!"#$%&'(,I6"5E+"

;+?3)0"2+'E30"&)A3%A+;"?$%?4%$'&)*"'E+")42R+8"3="j;%3';k"%&):&)*"'F3"+S3);"*&A+)"'E+"

+2<&8&?$%%C"0+'+82&)+0"23;'"=8+Q4+)'"&);+8'";&9+"H!"#$%&'(/I6"5E+"%&):"?3A+8$*+"2+'8&?"+);48+;"

'E$'"'E+"%&):"?34)';"$8+")382$%&9+0"=38"'E+";<+?&=&?"&);+8'";&9+"0&;'8&R4'&3)"3="'E+"+S<+8&2+)',"

FE&?E"E$;"0&8+?'"+==+?'"3)"'E+"3R;+8A+0"%&):"?34)';6"#+)?+"%&):"?3A+8$*+"$%%3F;"4;"'3"Q4$)'&=C"$)"

+S3)"%&):"=832"'E+"4)&Q4+"<38'&3);"3)%C,"&6+6"'E&;"A$%4+";E34%0"R+"+Q4&A$%+)'"'3"'E+"3)+"F+"F34%0"

?$%?4%$'+"&="F+"F+8+"$R%+"'3"2+$;48+"'E+"FE3%+"+S3)6"5E+"?3A+8$*+"R+'F++)"%+A+%"!"+S3);"?$)"

R+"?$%?4%$'+0"0&8+?'%C"4;&)*"'E+"4)&Q4+"<38'&3);,"FE+8+$;"%&):;"R+'F++)"E&*E+8P%+A+%"+S3);"$8+"

?$%?4%$'+0"RC"&'+8$'&A+%C";4R'8$?'&)*"?3A+8$*+"3="$%%"'E+"3'E+8"%3F+8"%+A+%"%&):;"=832"'E+"?3A+8$*+"

3="'E+;+"%&):;"H!"#$%&'(&I6"""

]6 K$%?4%$'+"'E+"Q4$)'&'$'&A+"2+'8&?,"V"A$%4+,"=38"3)+"+S3)"%&):"$;"'E+"?3A+8$*+"3="'E+"%&):"3A+8"'E+"

;42"3="'E+"?3A+8$*+;"3="$%%"'E+"%&):;"'E$'"'E+"<8&2$8C"+S3)"2$:+;"H!"#$%&'(9'='&I6"B;&)*"'E&;"

=8$?'&3)"8$'E+8"'E$)"%&):"?34)';"38"?3A+8$*+"+);48+;"'E$'"'E+"2+'8&?"&;"&)0+<+)0+)'"3="*%3R$%"

+==+?';"3)"*+)+"+S<8+;;&3)6"

[6 M+<+$'";'+<"]"&)"R3'E"]`P'3P.`"H=38F$80I"$)0".`P'3P]`"H8+A+8;+I"0&8+?'&3);"'3"?$<'48+";<%&?+"

$??+<'38"$)0"03)38"+==+?';"8+;<+?'&A+%C"H!"#$%&'(&I6"

5E+"<83*8$2"$%;3"$%%3F;"'E+"4;+8"'3"?$%?4%$'+"$)"V"A$%4+"=832"$%%"'E+"%&):;"'E$'"$"<8&2$8C"+S3)"2$:+;"

8+*$80%+;;"3="'E+"0&8+?'&3)6"O23)*"F&'E"'E+"V"A$%4+;,"'E+"8$F"%&):"?34)';"$8+"$%;3"34'<4''+0"FE&?E"$%%3F"

=&%'+8&)*"3="8+;4%';"+%&2&)$'&)*"%3F"?34)'"%&):;6"5E+;+"8$F"?34)';"?$)"$%;3"R+")382$%&9+0,"$)0"

;4R;+Q4+)'%C"8+8+$0"RC"'E+"<83*8$2"'3"?$%?4%$'+"'E+"V"A$%4+;6"@+238C"4;$*+"$)0";<++0"E+$A&%C"0+<+)0"

3)"'E+"?32<%+S&'C"3="'E+"$))3'$'&3)"$)0"'E+")42R+8"3="8+$0;"&)"'E+"$%&*)2+)'"=&%+6""V38"$";$2<%+"

$%&*)2+)'"F&'E"]Z"2&%%&3)"8+$0;"$)0"$)"$))3'$'&3)"F&'E"].^a\Y"4)&Q4+"+S3);"O%'8$);"8$)"=38"-Z"2&)4'+;"

$)0"?3);42+0"aY\"@J"3="MO@"3)"$";&)*%+"-6-">#9"?38+"4)0+8"U&)4S6"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!."
"

4+*60&$.+*!+>!%&'*$(&.7%!C-'*%.>.('%.+*$!%+!1.*D!C-'*%.>.('%.+*$!

L+"?3)A+8'"'E+"'8$);?8&<'"Q4$)'&=&?$'&3);"*+)+8$'+0"F&'E"K4==%&):;"'3"8+%$'&A+"%&):"Q4$)'&=&?$'&3);6"5E&;"&;"

$?E&+A+0"RC"$;;&*)&)*"'E+";$2+"Q4$)'&=&?$'&3)"'3"$%%"%&):+0"+S3);"3="$"'8$);?8&<'"R$;+0"3)"'E+"2+$;48+0"

Q4$)'&=&?$'&3)"3="'E+";$&0"'8$);?8&<'6"L+"'E+)"$<<%C"'E+";$2+"2+'E30"3="8+%$'&A+"%&):"Q4$)'&=&?$'&3)"4;+0"

&)"'E+"O%'8$);"$%*38&'E2,";<+?&=&?$%%C";'+<;"]"$)0"["&)"'E+"<8+A&34;";+?'&3),"'3"?$%?4%$'+"'E+"V"A$%4+"=38"$%%"

'E+"%&):;"$"<8&2$8C"+S3)"2$:+;6"

2.3-1'%.+*!'*'1<$.$!

G)"380+8"'3"R+)?E2$8:"'E+"%&):"Q4$)'&=&?$'&3);"*+)+8$'+0"RC"O%'8$);"F+"?3)04?'+0"$";&24%$'&3)"$)$%C;&;"

4;&)*"'E+"V%4S"D&24%$'38";3='F$8+"H>8&+R+%"+'"$%6"-Z!-I6"L+";&24%$'+0"$)"MNOP;+Q4+)?&)*"+S<+8&2+)'"

F&'E"]Z"2&%%&3)"8+$0;"F&'E"'E+">1NK(71"A+8;&3)"!-"$))3'$'&3)"H#$883F"+'"$%6"-Z!-I"8+=%+?'&)*"?$;+;"

FE+8+"F+"E$A+"$"<+8=+?'"$))3'$'&3)"0+;?8&R&)*"$%%"'E+"3R;+8A+0"'8$);?8&<';"&)"'E+"0$'$6"O00&'&3)$%%C"F+"

&)'8304?+0")3A+%"'8$);?8&<';,"2$0+"4<"3="+S&;'&)*"+S3);"3="$"*+)+,"&)'3"'E+"$))3'$'&3)"$)0";&24%$'+0"."

?$;+;"F&'E"]Z"2&%%&3)"8+$0;"FE+8+"'E+")3A+%"'8$);?8&<';"$??34)'+0"=38"-]X,"]ZX,"$)0"a]X"3="$%%"

'8$);?8&<';"8+=%+?'&)*"?$;+;"FE+8+"'E+"$))3'$'&3)"&;")3'"<+8=+?'6"O%'8$);"$)0"K4==%&):;"H58$<)+%%"+'"$%6"

-Z!ZI"F+8+"84)"3)"'E+;+"\";&24%$'+0"0$'$;+';"4;&)*"'E+";'$)0$80">1NK(71"A+8;&3)"!-"$))3'$'&3)6"G)"

+$?E";&24%$'&3)"'E+"j?388+?'k"Q4$)'&=&?$'&3)"3="$"'8$);?8&<'"&;"'$:+)"$;"'E+"MNO"23%+?4%+"?34)'"'E$'"'E+"

V%4S"K$<$?&'38"4;+0"'3";&24%$'+"8+$0;"=38"$"*&A+)"'8$);?8&<'6"L+"E$A+"?3)A+8'+0"'E+;+"j?388+?'k"

'8$);?8&<'"Q4$)'&=&?$'&3);"$)0"'E+"2+$;48+0"'8$);?8&<'"Q4$)'&=&?$'&3);"3="K4==%&):;"'3"+S3)"%&):"

Q4$)'&=&?$'&3);,"$;"0+;?8&R+0"&)"'E+"<8+A&34;";+?'&3),"$)0"?388+%$'+0"'E+";&24%$'+0"+S<+?'+0"%&):"

Q4$)'&=&?$'&3);"F&'E"'E+"2+$;48+0"%&):"Q4$)'&=&?$'&3);"=38"'E+"-"<83*8$2;"&)"'E+"\";&24%$'&3)";?+)$8&3;c"

4;&)*"%&):;"FE+8+"'E+8+"F+8+"3A+8%$<<&)*"8+$0;"38"%&):;"'E$'"F+8+"Q4$)'&=&+0"R3'E"&)"'E+";&24%$'&3)"$)0"

'E+"*&A+)"<83*8$26""L+"2+$;48+0"'E+"?3)?380$)?+"R+'F++)"'E+";&24%$'+0"$)0"2+$;48+0"

Q4$)'&=&?$'&3);"4;&)*"D<+$82$)`;"?388+%$'&3)6"5E+"+;'&2$'+;"3=")3A+%";<%&?&)*"&)"$"0$'$;+'"$8+"03)+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!\"
"

'E834*E"?34)'&)*"'E+")42R+8"3="4)&Q4+%C"2$<<&)*";<%&'"8+$0;6"L+"'E+)"'$:+"f4)?'&3);"'E$'"$8+"

8+<8+;+)'+0"RC"$'"%+$;'"Y";<%&'"8+$0;"$)0"?E+?:"FE+'E+8"'E&;"f4)?'&3)"&;"<8+;+)'"&)"'E+"$))3'$'&3)6"

4.$5!'1%0&*'%.60!$71.(.*8!9:;!,.$(+60&<!#<!0'(?!30%?+,!.*!%?0!E0-6',.$!,'%'$0%!

5E+"MNOP;+Q"8+$0;"F+8+"$%&*)+0"'3"'E+"E42$)"8+=+8+)?+"*+)32+"H>MKE.aI"4;&)*"'E+">1@"$%&*)+8"

H@$8?3PD3%$"+'"$%6"-Z!-I"$)0"$%&*)2+)';"F+8+"=&%'+8+0"=38"<83<+8%C"<$&8+0"$)0"4)&Q4+%C"2$<<&)*"8+$0;"

H2$<<&)*"Q4$%&'C"*8+$'+8"'E$)"38"+Q4$%"'3"!]ZI6"5E+"*+)3'C<+"0$'$"F+8+"=&%'+8+0"=38"A$8&$)';"F&'E"@OV"i"

]X"$)0"#L1"'"i"!+P["=38"+$?E"<3<4%$'&3)";+<$8$'+%C"$)0"F+8+"?388+?'+0"=38"<3<4%$'&3)";'8$'&=&?$'&3)"

4;&)*"'E+"=&8;'"'E8++"$)0"'F3"+&*+)A+?'38;"=38"1483<+$);"$)0"O=8&?$);,"8+;<+?'&A+%C"HU$<<$%$&)+)"+'"$%6"

-Z!.I6"5E+"O%'8$);"%&):"?34)';"F+8+")382$%&9+0"4;&)*"'E+"=&8;'"!]"<8&)?&<$%"?32<3)+)';"?$%?4%$'+0"=832"

'E+;+"%&):"?34)';6"L+"=&%'+8+0"'E+"O%'8$);"8+;4%';"=38"<8&2$8C"+S3);"'E$'"2$0+"$'"%+$;'"!Z"%&):;"&)".ZX"3="

'E+";$2<%+;"'E$'"38&*&)$'+0"=832"+S3)"*834<;"F&'E"$'"%+$;'"!]"%&):;"&)"YZX"3="'E+";$2<%+;"$)0"'E&;"=&%'+8"

F$;"$<<%&+0"'3"+$?E"<3<4%$'&3)";+<$8$'+%C6"K4==%&):;"Q4$)'&=&?$'&3);"F+8+"84)"4;&)*"'E+"$))3'$'&3)"F&'E"

'E+"o>5V"3<'&3)6"G)"'E+"?$;+"3="K4==%&):;"'E+"'8$);?8&<'"Q4$)'&=&?$'&3);"F+8+"?3)A+8'+0"'3"%&):"

Q4$)'&=&?$'&3);"$)0"F+"$;;+;;+0"%&):;"38&*&)$'&)*"=832"'E+";$2+"*+)+;"FE+8+"'E+8+"F+8+"O%'8$);"

Q4$)'&=&?$'&3);6"5E+"?&;P"F&)03F"=38"$;T5U"0&;?3A+8C"F$;"!"2R"=%$):&)*"'E+"'8$);?8&<'&3)";'$8'";&'+"3="

+$?E"*+)+6"5E+"3R;+8A+0")32&)$%"<PA$%4+;"F+8+"?$%?4%$'+0"RC"?388+%$'&)*"'E+"*+)3'C<+"$)0"%&):"

Q4$)'&=&?$'&3);"4;&)*"D<+$82$)`;"8$):"?388+%$'&3)6"D4R;+Q4+)'%C"F+"8$)"<+824'$'&3);"=38"+$?E"%&):"

;+<$8$'+%C"'3"$;;&*)"+2<&8&?$%"<PA$%4+;"'3"+$?E"%&):6"5E+"<+824'$'&3)";?E+2+"&)A3%A+0"<+824'&)*"+$?E"

%&):"Q4$)'&=&?$'&3)"$'"%+$;'"!ZZ"'&2+;"'3"$"2$S&242"3="!ZZ,ZZZ"'&2+;,"?388+%$'&)*"'E&;"<+824'+0"0$'$"

F&'E"$%%"'E+"*+)3'C<+;"&)"'E+"?&;P"F&)03F"$)0"?34)'&)*"'E+")42R+8"3="<+824'$'&3);"FE+8+"'E+"R+;'"

<+824'+0"<PA$%4+"F$;"238+";&*)&=&?$)'"'E$)"'E+"3R;+8A+0"R+;'")32&)$%"<PA$%4+6"5E&;"F$;"03)+"4)'&%"!ZZ"

238+";&*)&=&?$)'"<+824'$'&3)"<PA$%4+;"F+8+"$?E&+A+0"F&'E"$"2$S&242"3="!ZZ,ZZZ"<+824'$'&3);"<+8"%&):6"

5E+"+2<&8&?$%"<PA$%4+"&;"?$%?4%$'+0"$;"'E+")42R+8"3="<+824'$'&3);"F&'E"$"238+";&*)&=&?$)'"<PA$%4+"'E$)"

'E+"R+;'")32&)$%"<PA$%4+"3="$"*&A+)"%&):"3A+8"'E+"'3'$%")42R+8"3="<+824'$'&3)"&'+8$'&3);6"5E+;+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!]"
"

+2<&8&?$%"<PA$%4+;"$8+"'E+)"?388+?'+0"=38"24%'&<%+"'+;'&)*"4;&)*"'E+"QA$%4+"M"<$?:$*+"HD'38+C"$)0"

5&R;E&8$)&"-ZZ.I6""""

G)"380+8"'3"?$%?4%$'+"'E+"8+%$'&A+"<3F+8"3="+$?E"2+'E30"&)"=&)0&)*";&*)&=&?$)'"$;T5U;"F+"4;+0"'E+"^!"K1B"

;$2<%+;"'3"0&;?3A+8"$;T5U;6"L+"'E+)"8+<%&?$'+0"'E+;+"$;T5U;"&)"3'E+8")3)P3A+8%$<<&)*"-Y-"1483<+$)""

;$2<%+;6"V832"'E+"8+;4%'&)*"<PA$%4+"0&;'8&R4'&3);"F+"?$%?4%$'+0"'E+"h!";'$'&;'&?6"L+"24%'&<%&+0"'E+"

)42R+8"3=";&*)&=&?$)'"$;T5U;"0&;?3A+8+0"RC"+$?E"2+'E30"F&'E"'E+"h!";'$'&;'&?"3="+$?E"2+'E30,"'3"&0+)'&=C"

'E+")42R+8"3="*+)+;"'E$'"$8+"E&*E%C"%&:+%C"'3"R+"'84+"<3;&'&A+"$;T5U;"&)"+$?E"2+'E306"L+"'E+)"

24%'&<%&+0"'E+"K4==%&):;"$;T5U"*+)+")42R+8"F&'E"'E+"8$'&3"3="*+)+;"'+;'+0"&)"O%'8$);"'3"'E+"*+)+;"'+;'+0"

&)"K4==%&):;"'3"$??34)'"=38"'E+"=+F+8")42R+8"3="*+)+;"'+;'+0"&)"K4==%&):;6"5E&;"8+;4%'+0"&)"$)"$0f4;'+0"

?34)'"3="j'84+k"$;T5U;"=38"+$?E"2+'E306"

41'$$.>.('%.+*!+>!$71.(.*8!060*%$!

5E+"$%'+8)$'&A+";<%&?&)*"+A+)';"F+8+"?%$;;&=&+0"&)'3"!Z"?$'+*38&+;,")$2+%C"$%'+8)$'&A+".`";<%&?+";&'+,"

$%'+8)$'&A+".`"B5M,"$%'+8)$'&A+"]`";<%&?+";&'+,"$%'+8)$'&A+"]`"B5M,"$%'+8)$'&A+"=&8;'"+S3),"$%'+8)$'&A+"%$;'"

+S3),"24'4$%%C"+S?%4;&A+"+S3),";:&<<+0"+S3),"'$)0+2".`"B5M,"$)0"'$)0+2"]`"B5M6"V38"238+"&)=382$'&3)"

3)"'E+;+"+A+)';"8+=+8"'3"HL$)*"+'"$%6"-ZZYI6"L+"'E+)"?%$;;&=C"+$?E"<8&2$8C"+S3)"&)'3"'E+;+"?%$;;+;"R$;+0"

3)"$%%"3="'E+"3R;+8A+0"%&):;"3="'E+"<8&2$8C"+S3)6"5E&;"2+$);"'E$'"$"<8&2$8C"+S3)"2$C"R+"&)A3%A+0"&)"

24%'&<%+";<%&?&)*"+A+)';6"V832"'E+;+"?%$;;&=&?$'&3);"F+"'E+)"?$%?4%$'+"'E+"<83<38'&3)"3="+$?E";<%&?&)*"

?%$;;"&)"'E+"<33%"3=";&*)&=&?$)'"<8&2$8C"+S3);6"5E&;"2+'E30"3="?%$;;&=&?$'&3)"F$;"?E3;+)";&)?+"+$?E"%&):"

Q4$)'&=&?$'&3)"&;"0+<+)0+)'"3)"'E+"Q4$)'&=&?$'&3)"3="$%%"'E+"3'E+8"%&):;"'E$'"$"<8&2$8C"+S3)"2$:+;6""

@-*(%.+*'1!0*&.(?30*%!+>!'$9:;$!

53"?32<$8+"'E+"$;T5U"A$8&$)';"'3"$")4%%"0&;'8&R4'&3)"3=";&2&%$8"A$8&$)';"F&'E34'";<%&?&)*"$;;3?&$'&3),"F+"

;$2<%+0"*+)+'&?"A$8&$)';"&)"'E+";$2+"()*+"F&)03F"3="!"2R";48834)0&)*"'E+"5DD"$)0"2$'?E+0"'E+2"'3"

$%'+8)$'&A+";<%&?&)*"A$8&$)';"F&'E"8+;<+?'"'3"8+%$'&A+"0&;'$)?+"'3"5DD"HF&'E&)"]":RI"$)0"2&)38"$%%+%+"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!["
"

=8+Q4+)?C"HF&'E&)"-XI6""5E+"A$8&$)'"+==+?'"<8+0&?'38"Hp1dI"HO09E4R+&"+'"$%6"-Z!ZI"'33%"=832"1);+2R%"F$;"

230&=&+0"'3"<8304?+"?4;'32"'$*"FE&?E"F+8+"D5(dq>OGN17,"DdUGK1q7(N(M,"DdUGK1qOKK1d5(M,"$)0"

VMO@1qD#GV56"5E&;"230&=&+0"A+8;&3)"3="p1d"F$;"$<<%&+0"'3"'E+"&2<4'+0"*+)3'C<+;"4;&)*"'E+">1NK(71"

A!-"H#$883F"+'"$%6"-Z!-I"$))3'$'&3)6"53"'E&;"F+"$00+0"&)=382$'&3)"3="3A+8%$<"F&'E"?E832$'&)";'$'+;"

H18);'"$)0"e+%%&;"-Z!ZI"$)0"'E+"1);+2R%"8+*4%$'38C"R4&%0"HV%&?+:"+'"$%6"-Z!.I"FE&?E"?3);'&'4'+0"348"

=4)?'&3)$%"$))3'$'&3)6"5E+"+)8&?E2+)'"=38"$"*&A+)"?$'+*38C"F$;"?$%?4%$'+0"$;"'E+"<83<38'&3)"R+'F++)"

)42R+8"8+*4%$'38C"$;;3?&$'&3);"&)"$"*&A+)"?$'+*38C"$)0"$%%"8+*4%$'38C"A$8&$)';"3A+8"'E+";$2+"<83<38'&3)"

&)"'E+")4%%"0&;'8&R4'&3)"3="A$8&$)';6"5E+"<PA$%4+"=38"'E&;"+)8&?E2+)'"&;"?$%?4%$'+0"F&'E"'E+"V&;E+8"+S$?'"

'+;'6""

"(D*+=10,8030*%$!
5E&;"8+;+$8?E"&;";4<<38'+0"RC"*8$)';"=832"1483<+$)"K322&;;&3)"D_DK(U"Vda"HB1aPD_DK(UP-]Y-.[I,"

1483<+$)"M+;+$8?E"K34)?&%,"U34&;"b+$)'+'"V34)0$'&3),"DF&;;"N$'&3)$%"D?&+)?+"V34)0$'&3),"$)0"'E+"NG#P

NG@#"H>51SI6"5E+"?32<4'$'&3);"F+8+"<+8=382+0"$'"'E+"p&'$%PG5"HE''<gllFFF6A&'$%P&'6?EI"DF&;;"G);'&'4'+"

3="J&3&)=382$'&?;6"

"

"

"

"

"

"

"

"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!a"
"

!"#$%&'(>'0/7&2+4"/'8?'47&'@-4%+3:'+-#8%"472>"H$I"(A+8%$<<&)*"+S3);"$8+"*834<+0"&)'3"+S3)"*834<;"

FE+8+"&0+)'&?$%"+S3);"R+%3)*&)*"'3"24%'&<%+"'8$);?8&<';"$8+"'8+$'+0"$;"3)+"4)&Q4+"+)'&'C6"5F3"

'8$);?8&<';,";E3F)"$;"?3))+?'+0"R83F)"$)0"*8++)"R3S+;,"8+;4%'"&)"'F3"+S3)"*834<;"$)0"'E8++"+S3);"

;E3F)"$;"R%4+"R3S+;6"N+S'"4)&Q4+"8+*&3);"3="+$?E"+S3),"0+<&?'+0"$;"%&*E'"R%4+"R3S+;"$)0"$";4R;?8&<'"4"

=3%%3F+0"RC"'E+"%+A+%"3="'E+"+S3),"$8+"&0+)'&=&+06"D&)?+"1-"E$;"$"8+*&3)"FE&?E"&;")3'";E$8+0"RC"$)C"3'E+8"

+S3)"&'"&;"$;;&*)+0"$"j%+A+%k"3="!,"$)0"'E+"8+$0;"$%&*)&)*"'3"1-4,!"?$)"R+"4)$2R&*434;%C"$;;&*)+0"'3"1-6"

1!"03+;")3'"E$A+"$"4)&Q4+"<38'&3),"'E+8+=38+"'E+"%+A+%"!"+S3),"1-,"&;"8+23A+0"=832"'E+"+S3)"*834<"$)0"

'E+"FE3%+"3="1!"R+?32+;"$"<;+403P4)&Q4+"<38'&3),";E3F)"$;"$)"+2<'C"R%4+"R3S,"F&'E"$"%+A+%"3="-6"5E+;+"

4)&Q4+"8+*&3);"$8+"4;+0"FE+)"$;;&*)&)*"2$'+"<$&8;"'3"%&):;"$;";E3F)"F&'E"'E+"8+0"%&)+;"FE+8+"'E+";3%&0"

<38'&3);"3="'E+"%&)+"$8+"'E+";+Q4+)?+0"2$'+;"$)0"'E+"0$;E+0"<$8'"8+<8+;+)';"'E+"&)=+88+0"&);+8'6"HRI"5E+"

0+=$4%'"2+'E30"=38"?$%?4%$'&)*"%&):"?3A+8$*+6"U&):"?3A+8$*+"&;")+?+;;$8C"'3")382$%&9+"'E+"3R;+8A+0"

?34)';"=38"'E+"%+)*'E"3="'E+"4)&Q4+"<38'&3);"R+&)*"%&):+0"$)0"'E+"&);+8'";&9+6"5E+"'E+38+'&?$%"2&)&242"

$)0"2$S&242"&);+8'";&9+;"%&):&)*"'E+"'F3"4)&Q4+"<38'&3);,"8+<8+;+)'+0"$;"R83F)"$)0"*8++)"%&)+;"

8+;<+?'&A+%C,"$8+"?$%?4%$'+0"$)0"*&A+)"'E+"+2<&8&?$%%C"0+'+82&)+0"&);+8'";&9+"0&;'8&R4'&3),"'E+"$8+$"4)0+8"

'E+"?48A+"R+'F++)"'E+"2&)&242"$)0"2$S&242"&);+8'";&9+;"&;"+;'&2$'+06"5E+"%&):"?3A+8$*+"+Q4$%;"'E+"

)42R+8"3="2$'+"<$&8;"%&):&)*"'E+"'F3"4)&Q4+"<38'&3);"3A+8"'E+"8$'&3"3="'E&;"$8+$"'3"'E+"$8+$"3="'E+"FE3%+"

&);+8'";&9+"0&;'8&R4'&3)6"H?I"5E+";%3';"2+'E30"=38"0+'+82&)&)*"%&):"?3A+8$*+6"#+8+"*&A+)"$"8+$0"%+)*'E"$)0"

&);+8'";&9+"3="."$)0"'F3"+S3);"'E$'"$8+"["$)0"]"R$;+;"%3)*,"'E+8+"$8+"'E8++";%3';,"'E+38+'&?$%")42R+8"3="

<3;&'&3);"FE+8+"$"2$'+"<$&8"H*&A+),"&)"'E&;"?$;+,".m.m."W"^"R<"%3)*"=8$*2+)'";&9+I"+S&;';"'E$'"%&):;"'E+;+"

+S3);"3)"'E+"2MNO,";E3F)"$;"R%$?:"%&)+;6"5E+"%&):"?3A+8$*+"&;"'E+")42R+8"3="2$'+"<$&8;"%&):&)*"'E+"

+S3);"3A+8"'E+")42R+8"3=";%3';6"H0I"5E+"+Q4$'&3)"'3"?$%?4%$'+"V"A$%4+"=38"$"%&):6"H+I"O"F38:+0"+S$2<%+"3="

?$%?4%$'&3)"3="'E+"V"A$%4+;6"V&8;'"'E+"?3A+8$*+"3="1-"'3"1."%&):"HK1-P1.I"&;"0+'+82&)+0"=832"%+A+%"!"4)&Q4+"

8+*&3);"HK1-4,!P1.4,!I"FE&?E"&;"'E+)";4R'8$?'+0"=832"'E+"?3A+8$*+"$''$&)+0"=832"'E+"<;+403P4)&Q4+"1!"

'3"1."%&):"HK1!4,-P1.4,!I"&)"380+8"'3"?$%?4%$'+"'E+"'84+"1!P1."?3A+8$*+"HK1!P1.I6"G)"'E+"=38F$80"0&8+?'&3)"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!Y"
"

1!"$)0"1-"R+?32+"<8&2$8C"+S3);"$)0"&)"'E+"8+A+8;+"0&8+?'&3)"1."&;"'E+"<8&2$8C"+S3)"$)0"'E+"

?388+;<3)0&)*"V"A$%4+;"$8+"?$%?4%$'+0"$;";E3F)6"

"

!"#$%&')6"0"2$-+4"83'%&:$-4:>'B;&)*"V%4S"D&24%$'38"F+"8$)"\";&24%$'&3);"F&'E"A$8C&)*"%+A+%;"3="

4)$))3'$'+0"'8$);?8&<';6"D4R;+Q4+)'%C"F+"8$)"Q4$)'&=&?$'&3);"F&'E"-"2+'E30;"F&'E"'E+":)3F)"'E+"

>1NK(71"A+8;&3)"!-"$))3'$'&3)6"L+"?32<$8+0"'E+";&24%$'+0"A;6"2+$;48+0"%&):"Q4$)'&=&?$'&3);"4;&)*"

D<+$82$)r;"8$):"?388+%$'&3)6"5E+;+"?32<$8&;3);"$8+";E3F)"$;"?3%38+0";3%&0"%&)+;6"G)"380+8"'3"<8304?+"$"

)4%%"8$)032"0&;'8&R4'&3)"=38"+$?E"2+'E30"F+"'33:"'E+"%&):"Q4$)'&=&?$'&3);"=38"+$?E"*+)+"$)0"

<+824'$'+0"'E+;+"=38"!ZZ"'&2+;"F&'E&)"'E+"%&):;"3="'E&;"*+)+"$)0"2+$;48+0"'E+"?388+%$'&3)"3="'E+;+"

8$)032"$;;&*)2+)';"F&'E"'E+";&24%$'+0"3)+;6"JC"4;&)*"'E&;";$2<%&)*"2+'E30";'8$'&=&+0"RC"*+)+;"F+"

$??34)'"=38"'E+"A$8&$R&%&'C"3=")42R+8"3="&;3=382;"<+8"*+)+6"5E+;+"?388+%$'&3);"=38"8$)032"$;;&*)2+)';"

$8+";E3F)"$;"0$;E+0"%&)+;6"L+"$%;3"?32<$8+0"'E+"?3)?380$)?+"3="O%'8$);"F&'E"K4==%&):;";E3F)"$;"'E+"

*8+C"R$8;6"L+"3R;+8A+"'E$'"$;"'E+"<+8?+)'$*+"3=")3A+%"'8$);?8&<';"&)?8+$;+"'E+"<+8=382$)?+"3="K4==%&):;"

;4==+8;,"FE+8+$;"'E&;"&;")3'"'E+"?$;+"=38"O%'8$);,"FE&?E"8+;4%';"&)"R+;'"Q4$)'&=&?$'&3);"F&'E"&)?8+$;+0"

%+A+%;"3="4)$))3'$'+0"'8$);?8&<';6""

'

!"#$%&'.>'+:A*B'9":/8C&%5>""H$I"5E+"8+%$'&A+"0&;'$)?+"3="$;T5U;"'3"'E+"5DD"A+8;4;"'E+"<PA$%4+6"HRI"@3;$&?"

<%3';"3="*+)+"%+A+%";E$8&)*"3="$;T5U;"=38"+$?E"2+'E30"$'"V7M"W"!X6"H?I"5E+"<PA$%4+"0&;'8&R4'&3);"3="$"

A$8&$)'P%&):"<$&8"'+;'+0"&)"'E+"3'E+8"<3<4%$'&3)"=38"+$?E"2+'E306"V832"'E+;+"<PA$%4+"0&;'8&R4'&3);"'E+"h!"

;'$'&;'&?"&;"?$%?4%$'+0"FE&?E"+;'&2$'+;"'E+"<83<38'&3)"3="'84+"<3;&'&A+;6"

"

"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


!^"
"

!"#$%&';>'!$3/4"83+-'&3%"/72&34:'8?'+:A*B:'9":/8C&%&9',5'@-4%+3:'D%&9E'+39''F$??-"3G:'D,-$&E6"O%%"

A$8&$)';"&0+)'&=&+0"&)";+<$8$'+"<3<4%$'&3);"$8+"2+8*+06"5E+")4%%"H=8+Q4+)?C"$)0"0&;'$)?+"2$'?E+0I"&;"

8+<8+;+)'+0"$;"'E+"R%$?:"E38&93)'$%"%&)+6"5E+")42R+8;"$R3A+"+$?E"R$8"$8+"'E+"P%3*!Z"<PA$%4+;"3="'E+"

+)8&?E2+)',"O%'8$);"+)8&?E2+)'"<PA$%4+"=3%%3F+0"RC"K4==%&):;"<PA$%4+6"

"

*+,-&'(>'H$2,&%'8?'#&3&:'4&:4&9'+39'+:A*B:'9":/8C&%&9'+4'!IJ'K'(L'"3'&+/7'181$-+4"83'+39',5'&+/7'

2&47896"5E+"3A+8%$<"?3%42)"%&;';"'E+"?3223)"*+)+;"R+'F++)"'E+"2+'E30;"$)0"'E+"<PA$%4+"8+=+8;"'3"

'E&;"3A+8%$<"$8&;&)*"RC"?E$)?+6""

"

"

"

"

"

"

"

"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-Z"
"

@.8-&0$!

"

!"#$%&'('

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-!"
"

"

!"#$%&')'

"

"

"

Z"

Z6!"

Z6-"

Z6."

Z6\"

Z6]"

Z6["

ZX")3A+%" -]X")3A+%"]ZX")3A+%"a]X")3A+%"

01
&+

%2
+3

M:
'%7

8'
F83/8%9+3/&'8?':"2$-+4&9':1-"/&'N$3/O83'

P$+3OQ/+O83:'C:>'2&:$%&9'P$+3OQ/+O83:'"3'
N$3/O83:'R"47'8C&%-+11"3#'%&+9:''

K4s&):;"A;6"O%'8$);"

O%'8$);"

K4s&):;"

M$)032"O%'8$);"

M$)032"K4s&):;"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


--"
"

"

!"#$%&'.'

"

"

"

"

"

"

"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-."
"

"

"

"

!"#$%&';'

"

!"#$%&'(")"
!"#$%&'()'

!"#"$"
!"#$%&'"

!"#$%"&
!"#$%&'"

!"#$%&'()'
!"#"$"

!"#!"#$%&"

!"#$%"&
!"##$%&'(" !"#$%&'" !"#$%&'"

!S!"#$%"

!"#" !""#" !"#$" !"#$" !]^[" !"#" !"!!P!"#"

!"#" !!"#" !"#" !"#$" !""" !""" !"#$%P!""
"

*+,-&'('

"

PO
U2

F2 Tr
4

TA
F1

NF
KB

Cm
yc

Po
lII

G
ab

p

AT
F3

Eg
r1

Yy
1

H3
K9

ac

ET
S1

EL
F1

Tc
f1

2

H3
K2

7a
c

BC
LA

F1

H3
K4

m
e3

Si
n3

Ak
20

ZE
B1

H3
K7

9m
e2

Pa
x5

Cf
os

BA
TF

DN
as

e1

p3
00

M
ax

SP
1

SI
X5 PU

1

US
F1

H3
K4

m
e2

M
EF

2A EB
F

H2
AZ Sr

f

H3
K3

6m
e3

ZB
TB

33

H3
K2

7m
e3

SP
LI

CE
_A

CC
EP

TO
R_

VA
RI

AN
T

FR
AM

ES
HI

FT
_V

AR
IA

NT

SP
LI

CE
_R

EG
IO

N_
VA

RI
AN

T

SP
LI

CE
_D

O
NO

R_
VA

RI
AN

T

5_
PR

IM
E_

UT
R_

VA
RI

AN
T

SY
NO

NY
M

O
US

_C
O

DO
N

NO
N_

SY
NO

NY
M

O
US

_C
O

DO
N

3_
PR

IM
E_

UT
R_

VA
RI

AN
T

IN
TR

O
N_

VA
RI

AN
T

C
SC

0

5

10

15

12
.4

 6

1.
9 

0.
6

11
.3

 6
.8

2.
6 

0

4.
2 

2.
7

80
.8

 4
4.

6

7.
4 

4.
9

2.
1 

1.
1

2 
2.

6

15
.2

 1
0.

5

36
.7

 3
6.

4

2.
9 

1.
7

14
.9

 1
6.

4

8.
7 

6.
9

44
.3

 2
8.

9

2.
1 

3.
1

53
.9

 4
5.

3

6.
8 

15
.2

3.
4 

3.
5

29
.3

 2
6.

6

2.
4 

0.
3

2.
1 

4.
6

4.
2 

0.
5

31
.6

 1
3.

6

0.
9 

1.
4

2 
1.

3

3.
7 

0.
1

1.
7 

1

4.
2 

0

1.
5 

1

21
.7

 1
5.

3

2.
2 

1

3.
8 

0.
5

4.
4 

2.
7

0.
3 

1.
7

18
.9

 6
1.

6 0.
2 

2.
3

47
.8

 4
1.

8

2.
4 

3.
8

8.
4 

25
.7

1.
3 

1.
5

14
.8

 1
2.

4

9.
5 

3.
6

5.
1 

5.
1

4.
5 

37
.7

15
0.

2 
21

.2

 

Altrans
CufflinksAltrans

Cufflinks

Functional enrichments of asQTLs

28
30
32
34

   
     

 
      

 
 

 
   

 
  

 
         

 
 

 

 

8.1 8.1

 

 
 

   
 

  

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-\"
"

"

"

"

References 
Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, Bork P, Kondrashov AS, Sunyaev 

SR. 2010. A method and server for predicting damaging missense mutations. Nature methods 
7(4): 248-249. 

Barnett DW, Garrison EK, Quinlan AR, Stromberg MP, Marth GT. 2011. BamTools: a C++ API and 
toolkit for analyzing and managing BAM files. Bioinformatics 27(12): 1691-1692. 

Ernst J, Kellis M. 2010. Discovery and characterization of chromatin states for systematic annotation of 
the human genome. Nature biotechnology 28(8): 817-825. 

Flicek P, Ahmed I, Amode MR, Barrell D, Beal K, Brent S, Carvalho-Silva D, Clapham P, Coates G, 
Fairley S et al. 2013. Ensembl 2013. Nucleic acids research 41(Database issue): D48-55. 

Genomes Project C, Abecasis GR, Auton A, Brooks LD, DePristo MA, Durbin RM, Handsaker RE, Kang 
HM, Marth GT, McVean GA. 2012. An integrated map of genetic variation from 1,092 human 
genomes. Nature 491(7422): 56-65. 

Graveley BR, Brooks AN, Carlson JW, Duff MO, Landolin JM, Yang L, Artieri CG, van Baren MJ, 
Boley N, Booth BW et al. 2011. The developmental transcriptome of Drosophila melanogaster. 
Nature 471(7339): 473-479. 

Griebel T, Zacher B, Ribeca P, Raineri E, Lacroix V, Guigo R, Sammeth M. 2012. Modelling and 
simulating generic RNA-Seq experiments with the flux simulator. Nucleic acids research 40(20): 
10073-10083. 

Guttman M, Garber M, Levin JZ, Donaghey J, Robinson J, Adiconis X, Fan L, Koziol MJ, Gnirke A, 
Nusbaum C et al. 2010. Ab initio reconstruction of cell type-specific transcriptomes in mouse 
reveals the conserved multi-exonic structure of lincRNAs. Nature biotechnology 28(5): 503-510. 

Harrow J, Frankish A, Gonzalez JM, Tapanari E, Diekhans M, Kokocinski F, Aken BL, Barrell D, 
Zadissa A, Searle S et al. 2012. GENCODE: the reference human genome annotation for The 
ENCODE Project. Genome research 22(9): 1760-1774. 

Johnson JM, Castle J, Garrett-Engele P, Kan Z, Loerch PM, Armour CD, Santos R, Schadt EE, Stoughton 
R, Shoemaker DD. 2003. Genome-wide survey of human alternative pre-mRNA splicing with 
exon junction microarrays. Science 302(5653): 2141-2144. 

Katz Y, Wang ET, Airoldi EM, Burge CB. 2010. Analysis and design of RNA sequencing experiments 
for identifying isoform regulation. Nature methods 7(12): 1009-1015. 

Lander ES Linton LM Birren B Nusbaum C Zody MC Baldwin J Devon K Dewar K Doyle M FitzHugh 
W et al. 2001. Initial sequencing and analysis of the human genome. Nature 409(6822): 860-921. 

Lappalainen T, Sammeth M, Friedlander MR, t Hoen PA, Monlong J, Rivas MA, Gonzalez-Porta M, 
Kurbatova N, Griebel T, Ferreira PG et al. 2013. Transcriptome and genome sequencing uncovers 
functional variation in humans. Nature 501(7468): 506-511. 

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G, Abecasis G, Durbin R. 2009. The 
Sequence Alignment/Map format and SAMtools. Bioinformatics 25(16): 2078-2079. 

Marco-Sola S, Sammeth M, Guigo R, Ribeca P. 2012. The GEM mapper: fast, accurate and versatile 
alignment by filtration. Nature methods 9(12): 1185-1188. 

Montgomery SB, Sammeth M, Gutierrez-Arcelus M, Lach RP, Ingle C, Nisbett J, Guigo R, Dermitzakis 
ET. 2010. Transcriptome genetics using second generation sequencing in a Caucasian population. 
Nature 464(7289): 773-777. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/


-]"
"

Nica AC, Ongen H, Irminger JC, Bosco D, Berney T, Antonarakis SE, Halban PA, Dermitzakis ET. 2013. 
Cell-type, allelic, and genetic signatures in the human pancreatic beta cell transcriptome. Genome 
research 23(9): 1554-1562. 

Pickrell JK, Marioni JC, Pai AA, Degner JF, Engelhardt BE, Nkadori E, Veyrieras JB, Stephens M, Gilad 
Y, Pritchard JK. 2010. Understanding mechanisms underlying human gene expression variation 
with RNA sequencing. Nature 464(7289): 768-772. 

Storey JD, Tibshirani R. 2003. Statistical significance for genomewide studies. Proceedings of the 
National Academy of Sciences of the United States of America 100(16): 9440-9445. 

Trapnell C, Williams BA, Pertea G, Mortazavi A, Kwan G, van Baren MJ, Salzberg SL, Wold BJ, 
Pachter L. 2010. Transcript assembly and quantification by RNA-Seq reveals unannotated 
transcripts and isoform switching during cell differentiation. Nature biotechnology 28(5): 511-
515. 

Wang ET, Cody NA, Jog S, Biancolella M, Wang TT, Treacy DJ, Luo S, Schroth GP, Housman DE, 
Reddy S et al. 2012. Transcriptome-wide Regulation of Pre-mRNA Splicing and mRNA 
Localization by Muscleblind Proteins. Cell 150(4): 710-724. 

Wang ET, Sandberg R, Luo S, Khrebtukova I, Zhang L, Mayr C, Kingsmore SF, Schroth GP, Burge CB. 
2008. Alternative isoform regulation in human tissue transcriptomes. Nature 456(7221): 470-476. 

Yoshida K, Sanada M, Shiraishi Y, Nowak D, Nagata Y, Yamamoto R, Sato Y, Sato-Otsubo A, Kon A, 
Nagasaki M et al. 2011. Frequent pathway mutations of splicing machinery in myelodysplasia. 
Nature 478(7367): 64-69."

"

"

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 22, 2015. ; https://doi.org/10.1101/014126doi: bioRxiv preprint 

https://doi.org/10.1101/014126
http://creativecommons.org/licenses/by-nc-nd/4.0/

