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,%0+,%$.-)+(-+(#))57:-.% S,%$.-)+(-+eXeU8



Z%",101;2%+-$.0-+)-45L$'#1)+,0#"&0#1)

! H+45L+,%(-+$%)+"%).010+1+-).05.501+,0#"&0#1+(-+5"1+,0%.-/$1+S)-45L$'#1Ul

! B0%.-/$1)+'%"+1+"-)"1+:5$;2%+-"+(#:-0-$.-)+%0A1$#)"%)+'%",10.#7G1"+)-"-7G1$;1)+$1+)51)+
)-45L$'#1)+(-+1"#$%&'#(%)8



93%75;2%+"%7-'5710+S"#%)#$1UP++1+)-45L$'#1+,0#"10#1+6+93%75;2%+"%7-'5710+S"#%)#$1UP++1+)-45L$'#1+,0#"10#1+6+
)-"-7G1$.-+-"+(#:-0-$.-)+%0A1$#)"%)

Human  1     MSASSDAEMAVFGERAPYLRKSEKERIEAQNKPFDAKTSVFVAEPKESYVKSTIQSKEGG  60
MSA SDAEMA+FGE APYLRKSEKERIEAQNKPFDAKTSVFVAEPKESYVKS IQSK+GG

Mouse  1     MSAGSDAEMAIFGEAAPYLRKSEKERIEAQNKPFDAKTSVFVAEPKESYVKSVIQSKDGG  60

Human  61    KVTVKTEGGATLTVREDQVFPMNPPKYDKIEDMAMMTHLHEPGVLYNLKERYAAWMIYTY  120
KVTVKTE GATLTV+EDQVFPMNPPKYDKIEDMAMMTHLHEPGVLYNLKERYAAWMIYTY

Mouse  61    KVTVKTESGATLTVKEDQVFPMNPPKYDKIEDMAMMTHLHEPGVLYNLKERYAAWMIYTY  120

Human  121   SGLFCVTVNPYKWLPVYKPEVVAAYRGKKRQEAPPHIFSISDNAYQFMLTDRENQSILIT  180
SGLFCVTVNPYKWLPVY PEVVAAYRGKKRQEAPPHIFSISDNAYQFMLTDRENQSILIT

Mouse  121   SGLFCVTVNPYKWLPVYNPEVVAAYRGKKRQEAPPHIFSISDNAYQFMLTDRENQSILIT  180

Human  4     SSDAEMAVFGERAPYLRKSEKERIEAQNKPFDAKTSVFVAEPKESYVKSTIQSKEGGKVT  63
S D EM  FG  A YLRK EKERIEAQN+PFDAKT+ FV+EPKE Y+K  ++SKEGGK T

Z Fish 2     SGDPEMECFGPAAVYLRKPEKERIEAQNRPFDAKTAYFVSEPKEMYLKGVLKSKEGGKAT  61

Human  64    VKTEGGATLTVREDQVFPMNPPKYDKIEDMAMMTHLHEPGVLYNLKERYAAWMIYTYSGL  123
V+T  G TLTV+ED++FPMNPPK+DKIEDMAMMTHL+EP VLYNLKERYAAWMIYTYSGL

Z fish 62    VQTLCGKTLTVKEDEIFPMNPPKFDKIEDMAMMTHLNEPTVLYNLKERYAAWMIYTYSGL  121

Human  124   FCVTVNPYKWLPVYKPEVVAAYRGKKRQEAPPHIFSISDNAYQFMLTDRENQSILITGES  183
FCVTVNPYKWLPVY   VV+ YRGKKR EAPPHIFSISDNAYQFMLTDRENQSILITGES

Z Fish 122   FCVTVNPYKWLPVYDAVVVSGYRGKKRIEAPPHIFSISDNAYQFMLTDRENQSILITGES  181



93%75;2%+"%7-'5710P+B%06"*+451$.%+"1#)+(#).1$.-+$1+-3%75;2%+93%75;2%+"%7-'5710P+B%06"*+451$.%+"1#)+(#).1$.-+$1+-3%75;2%+
6+%+%0A1$#)"%*+"-$%)+'%$)-031(1+6+1+)-45L$'#1+,0#"&0#1

Humano 17    PYLRKSEKERIEAQNKPFDAKTSVFVAEPKESYVKSTIQSKEGGKVTVKTEGGATLTVRE  76
PYL  S ++R   Q+KP+D+K S ++ + KE Y+   I++ +G  V+V  +GG    ++ 

Mosca 15    PYLFVSLEQRRIDQSKPYDSKKSCWIPDEKEGYLLGEIKATKGDIVSVGLQGGEVRDIKS  74

Humano 77    DQVFPMNPPKYDKIEDMAMMTHLHEPGVLYNLKERYAAWMIYTYSGLFCVTVNPYKWLPV  136
++V  +NPPK++KIEDMA MT L+ P VL+NL++RY A +IYTYSGLFCV +NPYK  PV

Mosca 75    EKVEKVNPPKFEKIEDMADMTVLNTPCVLHNLRQRYYAKLIYTYSGLFCVAINPYKRYPV  134

Humano 137   YKPEVVAAYRGKKRQEAPPHIFSISDNAYQFMLTDRENQSILITGESGAGKTVNTKRVIQ  196
Y       YRGK+R E PPHIF+ISD AY  MLT+  NQS+LITGESGAGKT NTK+VI 

Mosca 135   YTNRCAKMYRGKRRNEVPPHIFAISDGAYVDMLTNHVNQSMLITGESGAGKTENTKKVIA  194



9).05.501+e-'5$(&0#1



[#$5)+B157#$A+-+c%?-0.+Z%0-V

! [#$5)+B157#$A+-+c%?-0.+Z%0-V+:%01"+%)+,#%$-#0%)+$%+-).5(%+(1+-).05.501+(-+,0%.-/$1)8

! !$17#)1$(%+1+(#:01;2%+(-+01#%)Xp+'15)1(1+,%0+'0#).1#)+(-+(#,-,./(#%) -+.0#,-,./(#%)*+-7-)+%?)-03101"+45-+1+
7#A1;2%+,-,./(#'1+6+,71$18



!+7#A1;2%+,-,./(#'1+6+,71$1

! o).%+,%045-+1)+7#A1;<-)+'10?%$/7#'1) -+1"/(#'1) -).2%+-"+0-))%$f$'#18

! a-).1+:%0"1*+1+7#A1;2%+1"/(#'1 6+:#J1+-+$2%+,%(-+0%(10+$%+,71$%8

! !,-$1)+1)+(51)+7#A1;<-)+0-).1$.-)+SZWXZH+-+qXZWU+,%(-"+0%(10+r7#30-"-$.-r8



!+#",%0.f$'#1+(1+7#A1;2%+,-,./(#'1+$%+-$%3-71"-$.%+(1)+!+#",%0.f$'#1+(1+7#A1;2%+,-,./(#'1+$%+-$%3-71"-$.%+(1)+
,0%.-/$1)

! !+7#A1;2%+,-,./(#'1+6+0/A#(1+-+,71$18

! o).%+,%045L+-J#).-+5"1+0-))%$f$'#1+-+'%",10.#7G1"-$.%+(-+-76.0%$)+-$.0-+%)+&.%"%)+(-+Z*+q+-+H8

! B%0+#))%*+1+7#A1;2%+ZXq+)-+'%",%0.1+'%"%+5"1+(5,71+7#A1;2%8



!+'1(-#1+,0#$'#,17+-+1)+'1(-#1)+71.-01#)+(-+5"1+,0%.-/$1

! H+'%$F5$.%+(1)+7#A1;<-)+,-,./(#'1)+(-+5"+,%7#,-,./(#%+6+'G1"1(%+(-+'1(-#1+,0#$'#,178

! H)+A05,%)+c+(%)+1"#$%&'#(%)*+)2%+'G1"1(%)+(-+'1(-#1)+71.-01#)8



q-"+.%(1)+1)+-).05.501+)2%+,%))/3-#)8888

! H+,7%. (1+c1"1'G1$(01$ :%#+'0#1(%+,-7%+?#%45/"#'%+G#$(5+
Q%,171)1"5(01" q101V1$1 c1"1'G1$(01$ F5$.%+'%"+Z8+
c1"1s0#)G$1$ -+t#)d1$1.G1$ e1)#)-sG101$8

! a%#)+f$A57%)+(-:#$-"+1+'%$:%0"1;2%+(-+5"+,-,./(#%)P+"
S,G#U+,101+1+7#A1;2%+Z!Xq -+# S,)#U+,101+1+7#A1;2%+Z!XZ8

! H)+f$A57%)++" -+# .L"+317%0-)+:#J%)8

! 9).-)+317%0-)+)2%+(-3#(%+1%+01#%+1.K"#'%+-+(1)+7#A1;<-)+
-$3%73#(1)*+-+.1"?6"+,%0+'15)1+(-+-:-#.%)+-).60#'%)8



H+H+,7%.,7%.(-+(-+(-+c1"1'G1$(01$

! H+,7%.-+(1+c1"1'G1$(01$ :%#+'0#1(%+,-7%+?#%45/"#'%+G#$(TQ%,171)1"5(01" q101V1$1 c1"1'G1$(01$
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Z!XZ8
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.1"?6"+,%0+'15)1+(-+-:-#.%)+-).60#'%)8



H+H+,7%.,7%.(-+(-+(-+c1"1'G1$(01$

! H+,7%.-+(1+c1"1'G1$(01$ :%#+'0#1(%+,-7%+?#%45/"#'%+G#$(TQ%,171)1"5(01" q101V1$1 c1"1'G1$(01$
F5$.%+'%"+Z8+c1"1s0#)G$1$ -+t#)d1$1.G1$ e1)#)-sG101$8

! a%#)+f$A57%)+(-:#$-"+1+'%$:%0"1;2%+(-+5"+,-,./(#%)P+" S,G#U+,101+1+7#A1;2%+ZXq! -+# S,)#U+,101+1+7#A1;2%+
Z!XZ8

! H)+f$A57%)++" -+# .L"+317%0-)+:#J%)8+9).-)+317%0-)+)2%+(-3#(%+1%+01#%+1.K"#'%+-+(1)+7#A1;<-)+-$3%73#(1)*+-+
.1"?6"+,%0+'15)1+(-+-:-#.%)+-).60#'%)8



!+%0A1$#I1;2%+(1+'1(-#1+,0#$'#,17+(-.-0"#$1+1+-).05.501+(-+!+%0A1$#I1;2%+(1+'1(-#1+,0#$'#,17+(-.-0"#$1+1+-).05.501+(-+
5"1+,0%.-/$1)

! !+-).05.501+)-'5$(&0#1+(-+5"+,-,./(#%+%5+,0%.-/$1+)-+
0-:-0-+1+'%$:%0"1;2%+(1+'1(-#1+,0#$'#,178

! !)+(51)+-).05.501)+"1#)+'%"5$)+)2%+1+!XG67#'-+-+1+:%7G1+$
,0-A5-1(18

! !+!XG67#'-+6+451$(%+1+'1(-#1+,0#$'#,17+)-+-$0%71+$5"1+
-),#017+(-+nY8O+3%7.1)8+

! 9).1+-).05.501+6+-).1?#7#I1(1+,-71+:%0"1;2%+(-+7#A1;<-)+(-+
G#(0%AL$#%+-$.0-+%)+A05,%)+ZRH+-+uq`+(1+7#A1;2%+
,-,./(#'18



!++!++!!X!XXG67#'-

! !+17:1XG67#'-+-$'%$.01+-"+,0%.-/$1)+.-"+-"+.%0$%+(-+Y+X Y8O+1"#$%&'#(%)+,%0+3%7.18



!+7#A1;2%+(-+G#(0%AL$#%+-+1+-).05.501+(-+,0%.-/$1)

! Z1(1+`#(0%AL$#%+'100-A1+5"1+'10A1+,%)#.#31+
,10'#17+S%IU+-$451$.%+%+&.%"%+(-+HJ#AL$#%+
1,0-)-$.1+5"1+'10A1+$-A1.#31+,10'#17+'5F1+)%"1+
6+-45#317-$.-+v)+(51)+7#A1;<-)+`XH+S%%#U8

! o).%+,-0"#.-+1+:%0"1;2%+(1+'G1"1(1+7#A1;2%+(-+
G#(0%AL$#%8

! !+7#A1;2%+(-+G#(0%AL$#%+6+0-71.#31"-$.-+:01'1P+1+
-$-0A#1+$-'-))&0#1+,101+0%",-X71+6+(-+1,-$1)+CY+
s_w"%7+S'%",10-+'%"+\^D+s_w"%7+,101+1+7#A1;2%+
HX`+%5+Y\N+s_w"%7+,101+1+7#A1;2%+ZXZU8

! !+7#A1;2%+(-+G#(0%AL$#%+6+1,0%J#"1(1"-$.-+
MDx+'%317-$.-+S(-3#(%+v+)%?0-,%)#;2%+(-+
%0?#.1#)U+-+]Dx+-7-.0%).&.#'18



[#A1;<-)+(-+G#(0%AL$#%+-).1?#7#I1"+1+'%$:%0"1;2%+(-+[#A1;<-)+(-+G#(0%AL$#%+-).1?#7#I1"+1+'%$:%0"1;2%+(-+!!X!XXG67#'-

! q1+17:1XG67#'-*+1+-).05.501+6+-).1?#7#I1(1+,-71+:%0"1;2%+(-+7#A1;<-)+(-+G#(0%AL$#%+#$.01X'1(-#18

! o).%+6*+1+-).1+-).05.501+6+-).1?#7#I1(1+,-71+:%0"1;2%+(-+7#A1;<-)+(-+G#(0%AL$#%+-$.0-+%)+A05,%)+ZRH+-+uq`+
(1+7#A1;2%+,-,./(#'18



!+:%7G1+!+:%7G1+$$,0-A5-1(1

! B157#$A+1$(Z%0-V+,0-3#01"*+.1"?6"*+5"+%5.01+
'%$:%0"1;2%+,%))/3-7+,101+1+7#A1;2%+,-,./(#'1+
45-+-7-)+'G1"101"+(-+'%$:%0"1;2%+$8

! 9).1+6+5"1+'%$:%0"1;2%+-).-$(#(1*+-+1)+
7#A1;<-)+,-,./(#'1)+-$'%$.01"X)-+-"+I#AXI1A8+

! q-).1+-).05.501*+1)+7#A1;<-)+(-+G#(0%AL$#%+)2%+
:%0"1(1)+-$.0-+'1(-#1)+,0#$'#,1#)+1(F1'-$.-)*+1%+
#$36)+(-+%'%00-"+$1+"-)"1+'1(-#1*+'%"%+$%+
'1)%+(1+!XG67#'-8

! a%#)+.#,%)+(-+:%7G1)+$ ,0-A5-1(1)+)2%+
%?)-031(1)P+1$.#X,1017-71)+%5+,1017-71)8



9).-0-%#)%"-0#19).-0-%#)%"-0#1(%)+1"#$%&'#(%)

! Z%"+-J'-;2%+(1+A7#'#$1*+%+'10?%$%+17:1+(-+.%(%)+%)+1"#$%&'#(%)+-).&+7#A1(%+1+451.0%+A05,%)+(#:-0-$.-)+-+6*+,%0.1$.%*+5"+'-$.0%+
45#017 $1+"%76'5718

! !))#"*+1"#$%&'#(%)+1,0-)-$.1"+-).-0-%#)%"-0#1 -+(%#)+-$1$.#K"-0%) 45-+)-+$2%+)-+)%?0-,<-"*+-+)2%+'%"+#"1A-$)+$%+
-),-7G%8



9).05.501+)-'5$(&0#1+-+1+9).05.501+)-'5$(&0#1+-+1+45#017#(1(-45#017#(1(-(%)+1"#$%&'#(%)

! E%(%)+%)+1"#$%&'#(%)+-$'%$.01(%)+$1)+
,0%.-/$1)+)2%+[X1"#$%&'#(%)8

! B%0+45-*+1#$(1+6+5"+"#).60#%8



9).05.501+E-0'#&0#1



9).05.501+.-0'#&0#1+(-+5"1+,0%.-/$1

! !+'%"?#$1;2%+(1)+-).05.501)+)-'5$(&0#1)*+1))#"+'%"+(1)+0-A#<-)+y(-)-$%3-71(1)z*+)-"+-).05.501)+
(-:#$#(1)*+'%",<-"+1+-).05.501+:#$17+S.-0'#&0#1U+(-+5"1+,0%.-/$18



!+'1(-#1+71.-017+(%)+1"#$%&'#(%)+,10.#'#,1"+(1+-).05.501+-+!+'1(-#1+71.-017+(%)+1"#$%&'#(%)+,10.#'#,1"+(1+-).05.501+-+
:5$;2%+(-+5"1+,0%.-/$1



!)+#$.-01;<-)+,%(-"+)-0+#K$#'1)*+G#(0%:@?#'1)*+!)+#$.-01;<-)+,%(-"+)-0+#K$#'1)*+G#(0%:@?#'1)*+
'%31$.-)
!)+#$.-01;<-)+,%(-"+)-0+#K$#'1)*+G#(0%:@?#'1)*+!)+#$.-01;<-)+,%(-"+)-0+#K$#'1)*+G#(0%:@?#'1)*+
'%31$.-)'%31$.-)%5+,%0+7#A1;<-)+(-+G#(0%AL$#%



!+'1(-#1+71.-017+(%)+1"#$%&'#(%)+,10.#'#,1"+(1+-).05.501+-+!+'1(-#1+71.-017+(%)+1"#$%&'#(%)+,10.#'#,1"+(1+-).05.501+-+
:5$;2%+(-+5"1+,0%.-/$1

! a51)+:%0;1)+)2%+#",%0.1$.-)+,101+%+'%00-.%+r-$%3-71"-$.%r+(-+5"1+,0%.-/$18+

! H)+1"#$%&'#(%)+G#(0%:@?#'%)+r:%A-"r+(1+&A51+-+:#'1"+-)'%$(#(%)+(-$.0%+(1+,0%.-/$18

! H)+1"#$%&'#(%)+G#(0%:/7#'%)*+)2%+#",%0.1$.-)+,101+"1$.-0+1+,0%.-/$1+-"+)%75;2%+-+:#'1"+$1+)5,-0:/'#-8



!+-).05.501+,0#"&0#1+,%(-+(-.-0"#$10+1+-).05.501+)-'5$(&0#1

! !"#$%&'#(%)+:13%0-'-"+%5+#$#?-"+1+
:%0"1;2%+(-+!XG67#'-) %5+:%7G1)+$8

! B%0+-J-",7%*+,0%7#$1 #$#?-+1+:%0"1;2%+(-+
!XG67#'-)8

! B0%7#$1 -+A7#'#$1)+)2%+'%"5"-$.-+
-$'%$.01(1)+-"+0-A#<-)+(-+y(%?01z8+



9).05.501+b51.-0$&0#1



9).05.501+451.-0$&0#1

J2,(85(4';.

<(5K82;(
@;6*5';.



!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+(-$1.501;2%(-$1.501;2%%5+!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+
(-)-$%3-71"-$.%

! !%+)-0-"+)#$.-.#I1(1)*+1)+,0%.-/$1)+)-+-$%3-71"+01,#(1"-$.-*+1))5"#$(%+)51+'%$:%0"1;2%+$1.#318

! o).%+,%(-+%'%00-0+(-+:%0"1+-),%$.f$-1+%5+15J#7#1(1)+,%0+%5.01)+,0%.-/$1)*+'G1"1(1)+(-+'G1,-0%$1)8

! !%+,0%'-(-0X)-+1%+#)%71"-$.%+-+,50#:#'1;2%+(-+5"1+,0%.-/$1*+17.-01;<-)+:/)#'1)+-+45/"#'1)+,%(-"+17.-010+1+-).05.501+(-+
5"1+,0%.-/$1)*+'15)1$(%+1+,-0(1+(-+)51+1.#3#(1(-+?#%7@A#'18

! a#I-"%)+45-+-).1+,0%.-/$1+-).&+(-)$1.501(18



!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+(-$1.501;2%(-$1.501;2%%5+!7.-01;<-)+-).05.501#)+(1)+,0%.-/$1)P+
(-)-$%3-71"-$.%

! o).%+%'%00-+,%045-+G&+45-?01+(1+7#A1;<-)+$2%+'%317-$.-)+45-+"1$.6"+1)+-).05.501)+)-'5$(&0#1)+-+.-0'#&0#1)+(-+5"1+
,0%.-/$18

! B%06"*+1)+7#A1;<-)+'%317-$.-)+-+1+7#A1;2%+,-,./(#'1*+-).2%+#$.1'.1)8+B%0.1$.%*+1+,0%.-/$1+)-+-$'%$.01+(-)-$%3-71(1+%5+
(-)-).05.501(1)*+$5"1+'%$:%0"1;2%+-).-$(#(18

! B%0+-J-",7%*+1+-J,%)#;2%+(-+,0%.-/$1)+1+17.1)+.-",-01.501)+SMDD%ZU*+7-31+1+(-)$1.501;2%8

! j"1+-J'-;2%+#",%0.1$.-+)2%+1)+,0%.-/$1)+(-+)-0-)+45-+3#3-"+1+17.1)+.-",-01.501)*+'%"+1)+,0%.-/$1)+(%)+-J.0-"@:#7%)
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7#A1;<-)+(-+G#(0%AL$#%+'%"+1+&A51+S506#1U*+.1"?6"+,%(-"+(-)$1.5010+,0%.-/$1)8
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D266(;L;-'./1.8;M3'-./
9*-52.:/ND19O

>'F:.GH(/02/:.'(6#P
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-$-0A#1+1.0136)+(-+5"+1'-7-01(%0+(-+,10./'571)8+



ciq+,101+(-.-0"#$1;2%+(1+-).05.501+(-+,0%.-/$1)P+ciq+,101+(-.-0"#$1;2%+(1+-).05.501+(-+,0%.-/$1)P+{05s-0{05s-0NDD+i`I

D266(;L;-'./1.8;M3'-./
9*-52.:/ND19O



{#?7#%A01:#1

! [-#1"+%+'1,/.57%+Y S!"#$%+&'#(%)*+B-,./(-%)+-+B0%.-/$1)U+(%+[-G$#$A-0 u B0#$'/,#%)+(-+
{#%45/"#'1

H5
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