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9#! #LT@HK! #$KHg! 9Q#! 9H$Eg!

99! @FT#F#! #$@Fg! @LF! 9O$Eg!

e! HOTLF@! #$FEg! K9E! 9L$Og!
!"##$%&%'()*+,P)L$%,6A,Q%*8%'()9%,10,I.';1I/R9%'%/,1',%)8H,8H*1&1/1&%,.',IH.8H,1"*,

&%(H1;,.;%'(.0.%;,/.9'.0.8)'(,/+'1'+&1"/,81'/(*).'(A,



! ("

!

-I/ -%JE%*4%&4'3@',1+1'*&"*?&4'?'*&E,"2%&1*&-)K,&
!

"')-+!1!*1a.0!=+8'()!(.1&!2.0!,;'8!8,D=<!C18!,.!-.),0.&!2.0!,;+!8>+-'2'-!-.=.)!8+ID+)-+!')!

+1-;!C')=.CT!C+!-10+2D&&<!+M1*')+=!,;+!8+ID+)-+!-.*>.8','.)!.2!,;+!0+('.)8!0+>.0,+=!18!
8'()'2'-1),$! [;+<! =.! 8;.C! -+0,1')! 8DA,&+! A'18+8! ')! 8+ID+)-+! -.*>.8','.)! -.*>10+=! ,.!

.,;+0!334"!>0.,+')P-.=')(!8+ID+)-+8$!7.0!+M1*>&+T!,;+<!;1/+!@$Eg!&.C+0!Yc3!-.),+),!1,!
2'08,!1)=!,;'0=!-.=.)!>.8','.)8!WAD,!#$Hg!;'(;+0!1,!8+-.)=Z$!3>Y!=')D-&+.,'=+8!8>1)!@$9g!

.2!8+-.)=!1)=!,;'0=!-.=.)!>.8','.)8T!-.*>10+=!,.!9$Eg!')!.,;+0!-.=')(!0+('.)8T!AD,!,;+<!

10+! 8&'(;,&<! =+>&+,+=! 8>1))')(! -.=.)! >.8','.)8! W#T9Z! 1)=! W@T#Z$! J)-.=+=! 8+0')+! 0+8'=D+8!
10+! *.0+! 20+ID+),! WO$9g! .2! 8',+8T! -.*>10+=! ,.! L$9gZ! 1)=! ,0<>,.>;1)! '8! &+88! 20+ID+),!

W#$Qg! /8$! #$9gZ$! [;+8+! 1)=! )D*+0.D8! .,;+0! )D-&+.,'=+T! =')D-&+.,'=+! 1)=! 1*').! 1-'=!

A'18+8! 10+! 8,1,'8,'-1&&<! 8'()'2'-1),! W"D>>&+*+),10<! [1A&+! 9T! A+&.CZT! AD,! ).)+! 0+>0+8+),!
*.0+!,;1)!1!#$EP2.&=!+)0'-;*+),!.0!=+>&+,'.)T!1)=!*.8,!210!&+88$![.!>D,!,;'8!')!>+08>+-,'/+T!

;D*1)!5678! 8;.C! -.*>101A&+! .0! (0+1,+0! -.*>.8','.)1&! /10'1,'.)! 20.*! -;0.*.8.*+! ,.!
-;0.*.8.*+V! 2.0! +M1*>&+T! 5678! .)! -;0.*.8.*+! @! 10+! #$EP2.&=! +)0'-;+=! 2.0! %>%!

=')D-&+.,'=+8! 1-0.88! -.=.)! >.8','.)8! W@T#ZT! 1)=! -;0.*.8.*+! #O! 5678! 10+! ,C.2.&=!

=+>&+,+=!2.0![>%]8!8>1))')(!-.=.)!>.8','.)8!W9T@Z$!
5,;+0!-.*>.8','.)1&!>0.>+0,'+8!.2!,;+!"3J8!1&&.C+=!D8!,.!0D&+!.D,!-+0,1')!>.88'A&+!

10,'21-,D1&!+M>&1)1,'.)8!2.0!,;+'0!&.C!='/+0(+)-+!1-0.88!*1**1&8T!1,!&+18,!18!>0+=.*')1),!

+22+-,8$!7'08,T!8;.0,!,1)=+*!1)=!*'-0.81,+&&',+!0+>+1,8!C',;')!-.=')(!0+('.)8T!C;'-;!-1)!A+!

*1'),1')+=! ,;0.D(;! +/.&D,'.)! A<! ).)P8+&+-,'/+! >0.-+88+8! W6'-;10=' ()' *+,! 9QQLZT! *'(;,!

0+8+*A&+! -.=.)8!C',;! -.)8+0/+=! 8<).)<*.D8! 8',+8T! AD,! ,;+! "3J8! 10+! =+>&+,+=! 2.0! 8D-;!
0+>+1,8!0+&1,'/+!,.!334"!-.=')(!0+('.)8!WQ$LKg!/8$!9$Q@g!.2!>.8','.)8!'=+),'2'+=!A<![67!.0!

,;+! 1>>0.>0'1,+! 8DA8+,! .2! 6+>+1,U18B+0! 1)).,1,'.)8Z$! "+-.)=T! A'18+8! ')! 4N%!*'8*1,-;!

0+>1'0! -1)! &+1=! ,.! 1! 0+=D-+=! 1>>10+),! )+D,01&! 8DA8,',D,'.)! 01,+! C',;')! 8.*+! (+).*'-!

'8.-;.0+8! W3;1*10<' ()' *+,! 9QQHZT! AD,! ,;+! &.C+0! Yc3! -.),+),! 1,! ,;'0=! -.=.)! >.8','.)8! ')!

"3J8! '8! -.),010<! ,.! ,;+! ,0+)=! ')! 0+('.)8! ,;1,! ;1/+! +M>+0'+)-+=! 8D-;! A'18+=! -.)/+08'.)8!

WY1&,'+0!1)=!4D0+,!9QQKZ$![;'0=T!-.=.)!D81(+!A'18+8!0+&1,+=!,.! ,01)8&1,'.)1&!+22'-'+)-<!.0!

A1-B(0.D)=!-.*>.8','.)1&!+22+-,8!-1)!0+=D-+!8<).)<*.D8!='/+0(+)-+!C',;.D,!1==','.)1&!

./+0&1>>')(!2D)-,'.)T!1)=!C;'&+!,;+!0+&1,'/+!D81(+!20+ID+)-'+8!.2!8<).)<*.D8!-.=.)8!,+)=!
,.! ='22+0! A+,C++)! "3J8! 1)=! .,;+0! -.=')(! 0+('.)8! W"D>>&+*+),10<! [1A&+! @ZT! ,;+! ./+01&&!

-.=.)!D81(+!')!"3J8!'8!1-,D1&&<!8&'(;,&<!&+88!A'18+=!,;1)!1/+01(+V!,;+!J22+-,'/+!ND*A+0!.2!

3.=.)8!WJN3T!_0'(;,!#OOQT!7D(&81)(!9QQHZ!')!1&&!"3J8!,1B+)!,.(+,;+0!'8!FH$LT!;'(;+0!,;1)!
')! ).)P8'()'2'-1),! 0+('.)8! WFE$EZ$! "'*'&10&<T! ,;+! JN3! ')! 1! ,<>'-1&! 567! -.),1')')(! 1)! "3J!

W*+='1)!F#$9Z!'8!8&'(;,&<!;'(;+0!,;1)!')!.,;+0!5678!W*+='1)!FQ$#Z$!R)!-.),018,T!,;+!JN3!'8!
*10B+=&<! 0+=D-+=! ')! 5678! C',;! 8,0.)(! -.=.)! A'18! .C')(! ,.! '8.-;.0+P8>+-'2'-! Yc3!

-.*>.8','.)!W3;1*10<'()'*+,!9QQHZ$!

R)! 8D**10<T! ,;+! "3J8! 8;.C! 8'()'2'-1),! AD,! ).,! +M,0+*+! ='22+0+)-+8! ')! 8+ID+)-+!
-.*>.8','.)!1)=! -.=.)!D81(+! -.*>10+=! ,.!.,;+0! -.=')(! 0+('.)8T!C;'-;!>0.A1A&<! 0+2&+-,!

,;+! 8+ID+)-+P=+>+)=+),! A'.&.('-1&! )1,D0+! .2! ,;+! ./+0&1>>')(! 2D)-,'.)1&! +&+*+),8! ,;+<!

+)-.=+$! [;+<! *1<! 1&8.! >10,&<! 0+2&+-,! A'18+8! ')! .D0! >;<&.(+)+,'-! *.=+&8! 10'8')(! 20.*!
-.),+M,D1&!+22+-,8! ,;+<!=.!).,!1--D01,+&<!-1>,D0+T!AD,! ,;+!.A8+0/+=!-.*>.8','.)1&!A'18+8!

=.!).,! 8D((+8,! -0'>>&')(! 8;.0,-.*')(8!.2! .D0!./+01&&! 1>>0.1-;$! R)!>10,'-D&10T! ,;+! &1-B!.2!



! )"

')-0+18+=! -.=.)! D81(+! A'18! ')! "3J8! ')='-1,+8! ,;1,T! 18! '),+)=+=T! .D0! *+,;.=! +M-&D=+=!

0+('.)8!+M>&1')+=!A<!,;'8!+22+-,$!
!
!"##$%&%'()*+,P)L$%,4,301$$1I/,1','%S(,#)9%7A,ND-&+.,'=+!1)=!=')D-&+.D,'=+!8+ID+)-+!

-.*>.8','.)!A'18+8!')!"3J8!W#FP-.=.)!0+8.&D,'.)Z$!3.&D*)8V!

• *0,-.=.)!0+1=')(!201*+!WQT!#T!.0!9Z,

• T&%*,,;+!)D-&+.,'=+!.0!=')-D&+.,'=+!')!ID+8,'.),

• %S#,,;+!1/+01(+!W+M>+-,+=Z!20+ID+)-<!.2!,;+!)D-&+.,'=+!1,!,;+!8>+-'2'+=!-.=.)!>.8','.)!')!

01)=.*!8DA8+,8!.2!334"!8+ID+)-+8,

• /;,8,1)=10=!=+/'1,'.)!.2!+M>!1-0.88!*D&,'>&+!01)=.*!8DA8+,8!.2!334"!8+ID+)-+8!W+1-;!C',;!

-.*>101A&+!-./+01(+!,.!,;+!0+1&!"3J8Z,

• 1L/,20+ID+)-<!.A8+0/+=!')!"3J8,

• %'*.8H,&.(9!2.&=P+)0'-;*+),G=+>&+,'.)!0+&1,'/+!,.!,;+!01)=.*!0+('.)8,

• U,lP8-.0+!.2!+)0'-;*+),G=+>&+,'.)!0+&1,'/+!,.!,;+!01)=.*!0+('.)8!Wm.A8!n!+M>oG8=Z,



rf kmer exp sd obs enrich

ment

Z

0 A 26.76% 0.07% 28.46% 0.0888 23.50

1 A 31.54% 0.09% 30.50% -0.0482 -11.89

2 A 19.44% 0.06% 22.01% 0.1791 39.65

0 C 24.72% 0.09% 23.89% -0.0489 -9.27

1 C 23.15% 0.08% 25.47% 0.1377 28.52

2 C 29.62% 0.09% 27.10% -0.1284 -28.31

0 G 31.40% 0.10% 29.78% -0.0767 -17.02

1 G 18.83% 0.07% 19.16% 0.0254 4.77

2 G 28.34% 0.08% 25.57% -0.1485 -33.03

0 T 17.12% 0.06% 17.87% 0.0619 11.84

1 T 26.48% 0.08% 24.87% -0.0908 -20.16

2 T 22.60% 0.07% 25.33% 0.1642 37.07

0 AA 9.45% 0.05% 10.17% 0.1059 13.17

1 AA 6.90% 0.04% 7.49% 0.1200 13.56

2 AA 5.20% 0.04% 6.57% 0.3365 34.84

0 AC 5.27% 0.04% 5.58% 0.0827 8.48

1 AC 7.50% 0.05% 7.16% -0.0665 -7.46

2 AC 3.89% 0.03% 4.23% 0.1219 11.25

0 AG 5.54% 0.04% 6.37% 0.1997 20.37

1 AG 10.74% 0.06% 8.90% -0.2717 -33.03

2 AG 7.52% 0.04% 8.08% 0.1030 13.34

0 AT 6.50% 0.04% 6.34% -0.0349 -3.90

1 AT 6.40% 0.04% 6.95% 0.1182 12.92

2 AT 2.83% 0.03% 3.13% 0.1471 10.81

0 CA 7.40% 0.04% 7.00% -0.0792 -9.30

1 CA 6.06% 0.04% 6.70% 0.1465 15.53

2 CA 10.21% 0.05% 10.11% -0.0142 -1.94

0 CC 6.05% 0.05% 7.18% 0.2478 24.88

1 CC 8.28% 0.05% 7.93% -0.0620 -7.33

2 CC 8.47% 0.05% 7.41% -0.1924 -20.12

0 CG 3.27% 0.03% 2.96% -0.1452 -8.96

1 CG 2.37% 0.03% 3.36% 0.5074 33.92

2 CG 4.25% 0.04% 3.48% -0.2890 -21.83

0 CT 8.00% 0.05% 6.75% -0.2451 -27.10

1 CT 6.45% 0.04% 7.47% 0.2122 25.22

2 CT 6.69% 0.04% 6.09% -0.1337 -14.57

0 GA 11.92% 0.07% 10.67% -0.1606 -18.85

1 GA 3.46% 0.03% 4.14% 0.2575 22.88

2 GA 7.34% 0.04% 6.78% -0.1144 -12.48

0 GC 6.90% 0.05% 6.80% -0.0220 -1.95

1 GC 6.42% 0.05% 5.81% -0.1439 -12.35

2 GC 7.37% 0.05% 6.64% -0.1506 -15.51

0 GG 6.49% 0.04% 6.92% 0.0937 11.32

1 GG 5.10% 0.04% 4.85% -0.0716 -5.86

2 GG 9.81% 0.05% 8.49% -0.2084 -24.17

0 GT 6.09% 0.04% 5.39% -0.1761 -16.03

1 GT 3.85% 0.03% 4.36% 0.1805 16.12

2 GT 3.82% 0.03% 3.66% -0.0628 -5.81

0 TA 2.77% 0.03% 2.66% -0.0559 -4.08

1 TA 3.02% 0.03% 3.67% 0.2796 22.59

2 TA 4.01% 0.03% 5.01% 0.3184 30.86

0 TC 4.93% 0.04% 5.91% 0.2608 27.27

1 TC 7.42% 0.05% 6.20% -0.2605 -23.11

2 TC 4.99% 0.04% 5.61% 0.1692 15.74

0 TG 3.53% 0.03% 2.92% -0.2740 -19.19

1 TG 10.14% 0.04% 8.46% -0.2612 -38.88

2 TG 9.82% 0.06% 9.73% -0.0133 -1.58

0 TT 5.89% 0.04% 6.38% 0.1151 10.94

1 TT 5.90% 0.04% 6.54% 0.1490 17.22

2 TT 3.78% 0.04% 4.99% 0.3980 34.22



! !*"

!"##$%&%'()*+,P)L$%,K,301$$1I/,1','%S(,#)9%7A,3.=.)!D81(+!A'18+8!')!"3J8!W#FP-.=.)!

0+8.&D,'.)ZA,3.&D*)8V!

• BBA81;1',1*').!1-'=!WRp:%3!&+,,+0Z!1)=!-.=.),

• %S#,1/+01(+!W+M>+-,+=Z!20+ID+)-<!.2!,;+!-.=.)!')!01)=.*!8DA8+,8!.2!334"!8+ID+)-+8T!18!1!

201-,'.)!.2!1&&!8',+8!+)-.=')(!,;+!-.00+8>.)=')(!1*').!1-'=,

• /;,8,1)=10=!=+/'1,'.)!.2!+M>!1-0.88!*D&,'>&+!01)=.*!8DA8+,8!.2!334"!8+ID+)-+8!

W-.*>101A&+!-./+01(+!,.!,;+!0+1&!"3J8Z,

• 1L/,20+ID+)-<!.A8+0/+=!')!"3J8,

• %'*.8H,&.(9!2.&=P+)0'-;*+),G=+>&+,'.)!0+&1,'/+!,.!,;+!01)=.*!0+('.)8,

• U,lP8-.0+!.2!+)0'-;*+),G=+>&+,'.)!0+&1,'/+!,.!,;+!01)=.*!0+('.)8!Wm')-!.A8!n!+M>oG8=Z,

• ;%9%'!=+(+)+01-<T!)D*A+0!.2!8<).)<*.D8!-.=.)8!2.0!,;'8!1*').!1-'=



AA.codon exp sd obs enrich Z degen

A.GCA 23.32% 0.2479% 23.50% 0.01 0.75 4

A.GCC 40.12% 0.3020% 34.39% -0.22 -18.96 4

A.GCG 9.89% 0.1871% 14.12% 0.51 22.58 4

A.GCT 26.68% 0.2844% 27.99% 0.07 4.63 4

C.TGC 53.29% 0.5960% 50.90% -0.07 -4.01 2

C.TGT 46.71% 0.5960% 49.10% 0.07 4.01 2

D.GAC 52.86% 0.4267% 50.24% -0.07 -6.14 2

D.GAT 47.14% 0.4267% 49.76% 0.08 6.14 2

E.GAA 43.37% 0.3318% 49.95% 0.20 19.82 2

E.GAG 56.63% 0.3318% 50.05% -0.18 -19.82 2

F.TTC 53.13% 0.4211% 46.37% -0.20 -16.07 2

F.TTT 46.87% 0.4211% 53.63% 0.19 16.07 2

G.GGA 25.38% 0.3470% 28.72% 0.18 9.63 4

G.GGC 33.82% 0.3304% 27.29% -0.31 -19.79 4

G.GGG 24.48% 0.3060% 24.12% -0.02 -1.18 4

G.GGT 16.32% 0.2635% 19.87% 0.28 13.49 4

H.CAC 57.59% 0.4544% 53.21% -0.11 -9.63 2

H.CAT 42.41% 0.4544% 46.79% 0.14 9.63 2

I.ATA 17.07% 0.2947% 20.57% 0.27 11.88 3

I.ATC 46.14% 0.4364% 37.55% -0.30 -19.67 3

I.ATT 36.80% 0.3844% 41.88% 0.19 13.23 3

K.AAA 44.09% 0.3051% 51.58% 0.23 24.56 2

K.AAG 55.91% 0.3051% 48.42% -0.21 -24.56 2

L.CTA 7.16% 0.1559% 8.64% 0.27 9.49 6

L.CTC 19.02% 0.2011% 16.95% -0.17 -10.27 6

L.CTG 39.47% 0.2531% 31.52% -0.32 -31.41 6

L.CTT 13.40% 0.1638% 15.05% 0.17 10.08 6

L.TTA 7.96% 0.1122% 11.51% 0.53 31.60 6

L.TTG 13.00% 0.1771% 16.34% 0.33 18.85 6

M.ATG 100.00% 0.0000% 100.00% 0.00 N/A 1

N.AAC 52.05% 0.4332% 49.17% -0.08 -6.64 2

N.AAT 47.95% 0.4332% 50.83% 0.08 6.64 2

P.CCA 27.99% 0.2903% 28.19% 0.01 0.72 4

P.CCC 32.25% 0.3025% 27.51% -0.23 -15.66 4

P.CCG 10.87% 0.2156% 14.03% 0.37 14.65 4

P.CCT 28.89% 0.2906% 30.27% 0.07 4.72 4

Q.CAA 26.61% 0.3306% 32.42% 0.28 17.58 2

Q.CAG 73.39% 0.3306% 67.58% -0.12 -17.58 2

R.AGA 21.24% 0.2545% 25.86% 0.28 18.18 6

R.AGG 20.41% 0.2821% 22.26% 0.13 6.57 6

R.CGA 11.21% 0.2428% 11.90% 0.09 2.84 6

R.CGC 18.58% 0.3395% 15.48% -0.26 -9.12 6

R.CGG 20.54% 0.2967% 16.66% -0.30 -13.09 6

R.CGT 8.03% 0.1475% 7.83% -0.04 -1.32 6

S.AGC 23.94% 0.2384% 21.42% -0.16 -10.58 6

S.AGT 15.48% 0.2304% 16.58% 0.10 4.80 6

S.TCA 15.23% 0.2230% 15.64% 0.04 1.83 6

S.TCC 21.27% 0.2543% 19.69% -0.11 -6.22 6

S.TCG 5.33% 0.1396% 6.88% 0.37 11.15 6

S.TCT 18.76% 0.2234% 19.79% 0.08 4.63 6

T.ACA 28.74% 0.3174% 28.51% -0.01 -0.74 4

T.ACC 34.74% 0.3226% 31.24% -0.15 -10.85 4

T.ACG 11.22% 0.2457% 13.23% 0.24 8.21 4

T.ACT 25.31% 0.2887% 27.02% 0.09 5.96 4

V.GTA 11.94% 0.2130% 16.19% 0.44 19.92 4

V.GTC 23.31% 0.2890% 22.05% -0.08 -4.35 4

V.GTG 46.27% 0.3526% 38.58% -0.26 -21.80 4

V.GTT 18.48% 0.2786% 23.18% 0.33 16.88 4

W.TGG 100.00% 0.0000% 100.00% 0.00 N/A 1

Y.TAC 54.82% 0.4607% 51.83% -0.08 -6.49 2

Y.TAT 45.18% 0.4607% 48.17% 0.09 6.49 2



! !#"

,

-L/ )="6"4+%61,+14,&'(&2%*%,&4'*+"1*1*2&-)K,&

!
V%'%,$%'9(HA!R)!,;+!*1')!,+M,T!C+!).,+!,;1,!,;+!5678!-.),1')')(!"3J8!,+)=!,.!A+!&.)(+0!

,;1)!.,;+0!334"!5678T!AD,!).,!8'()'2'-1),&<!&.)(+0!.0!8;.0,+0!,;1)!+M>+-,+=!A18+=!.)!

01)=.*&<!81*>&')(!5678!C+'(;,+=!A<!,;+'0!&+)(,;$![;+!-.)8'8,+)-<!.2!,;+!.A8+0/+=!567!

&+)(,;!='8,0'AD,'.)!C',;!,;+!01)=.*!='8,0'AD,'.)!-.D&=!A+!,1B+)!,.!8D((+8,!1!>0.A&+*!C',;!

,;+!"3J!=1,18+,$!R)!>10,'-D&10T!'2!.D0!*+,;.=!aD8,!01)=.*&<!-1&&+=!.)+!21&8+!>.8','/+!.D,!.2!

+/+0<!2!C')=.C8!,+8,+=T!C+!C.D&=!1&8.!+M>+-,!,.!8++!,;+!01)=.*!567!&+)(,;!='8,0'AD,'.)$!

`.C+/+0T!')!1==','.)!,.!.D0!0'(.0.D8!*D&,'>&+!,+8,')(!-.00+-,'.)8!2D0,;+0!8D>>.0,+=!A<!
8'*D&1,'.)!1)=!>+0*D,1,'.)!A+)-;*10B8!W"D>>&+*+),!"@T!1A./+ZT!C+!-.&&+-,+=!1!2+C!.,;+0!

8,1,'8,'-8!,;1,!8,0.)(&<!10(D+!1(1')8,!01)=.*!21&8+!>.8','/+8!18!1!>0+=.*')1),!+M>&1)1,'.)V!

• "3J8!10+!=+>&+,+=!')!,;+!&+)(,;'+8,!ID10,'&+!.2!8')(&+P+M.)!5678!0+&1,'/+!,.!

-.*>101A&+!*D&,'P+M.)!5678!WQ$KH!/8$!#$9#!"3J8!>+0!#TQQQ!-.=.)8Z$!"D-;!1!
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GO term description w W B w+b prop w prop W enrich bonfP w W B w+b prop w prop W enrich bonfP

GO:0016568 chromatin modification 94 134 16777 6033 1.56% 70.15% 1.97 7.87E-13 949 25223 1701979 29731 3.19% 3.76% 2.19 8.12E-102

GO:0005249 voltage-gated potassium channel activity 65 97 16814 6033 1.08% 67.01% 1.88 7.14E-07 330 10184 1717018 29731 1.11% 3.24% 1.88 1.37E-22

GO:0022843 voltage-gated cation channel activity 78 117 16794 6033 1.29% 66.67% 1.87 1.87E-08 392 12702 1714500 29731 1.32% 3.09% 1.79 2.95E-23

GO:0034703 cation channel complex 65 98 16813 6033 1.08% 66.33% 1.86 1.43E-06 357 10301 1716901 29731 1.20% 3.47% 2.01 6.84E-30

GO:0004842 ubiquitin-protein ligase activity 66 101 16810 6033 1.09% 65.35% 1.83 2.85E-06 468 15026 1712176 29731 1.57% 3.11% 1.81 4.93E-29

GO:0005267 potassium channel activity 77 121 16790 6033 1.28% 63.64% 1.78 8.65E-07 381 11963 1715239 29731 1.28% 3.18% 1.85 5.31E-25

GO:0006813 potassium ion transport 91 143 16768 6033 1.51% 63.64% 1.78 2.19E-08 414 15029 1712173 29731 1.39% 2.75% 1.60 6.31E-16

GO:0019787 small conjugating protein ligase activity 74 117 16794 6033 1.23% 63.25% 1.77 2.91E-06 505 16122 1711080 29731 1.70% 3.13% 1.82 4.42E-32

GO:0030955 potassium ion binding 68 110 16801 6033 1.13% 61.82% 1.73 5.64E-05 272 11771 1715431 29731 0.91% 2.31% 1.34 9.41E-03

GO:0034702 ion channel complex 68 110 16801 6033 1.13% 61.82% 1.73 5.64E-05 363 11432 1715770 29731 1.22% 3.18% 1.84 1.69E-23

GO:0005244 voltage-gated ion channel activity 98 159 16752 6033 1.62% 61.64% 1.73 5.92E-08 453 16764 1710438 29731 1.52% 2.70% 1.57 3.67E-16

GO:0022832 voltage-gated channel activity 98 159 16752 6033 1.62% 61.64% 1.73 5.92E-08 453 16764 1710438 29731 1.52% 2.70% 1.57 3.67E-16

GO:0045892 negative regulation of transcription, DNA-dependent 89 148 16763 6033 1.48% 60.14% 1.69 3.20E-06 540 15124 1712078 29731 1.82% 3.57% 2.07 5.45E-50

GO:0051253 negative regulation of RNA metabolic process 90 150 16761 6033 1.49% 60.00% 1.68 3.06E-06 553 15310 1711892 29731 1.86% 3.61% 2.10 9.36E-53

GO:0016564 transcription repressor activity 89 149 16762 6033 1.48% 59.73% 1.67 5.27E-06 629 16040 1711162 29731 2.12% 3.92% 2.28 4.91E-73

GO:0016881 acid-amino acid ligase activity 78 131 16780 6033 1.29% 59.54% 1.67 6.42E-05 519 17796 1709406 29731 1.75% 2.92% 1.69 8.67E-26

GO:0010629 negative regulation of gene expression 129 222 16689 6033 2.14% 58.11% 1.63 2.09E-08 891 25014 1702188 29731 3.00% 3.56% 2.07 1.20E-83

GO:0016481 negative regulation of transcription 122 210 16701 6033 2.02% 58.10% 1.63 7.94E-08 828 23515 1703687 29731 2.78% 3.52% 2.05 2.74E-75

GO:0022836 gated channel activity 140 242 16669 6033 2.32% 57.85% 1.62 4.28E-09 768 28566 1698636 29731 2.58% 2.69% 1.56 2.65E-28

GO:0016879 ligase activity, forming carbon-nitrogen bonds 87 151 16760 6033 1.44% 57.62% 1.62 9.69E-05 541 20471 1706731 29731 1.82% 2.64% 1.54 9.10E-18

GO:0007399 nervous system development 146 256 16655 6033 2.42% 57.03% 1.60 6.76E-09 811 28878 1698324 29731 2.73% 2.81% 1.63 4.81E-36

GO:0016071 mRNA metabolic process 135 239 16672 6033 2.24% 56.49% 1.58 1.18E-07 830 23952 1703250 29731 2.79% 3.47% 2.01 2.03E-72

GO:0006512 ubiquitin cycle 202 358 16553 6033 3.35% 56.42% 1.58 1.86E-12 1013 42940 1684262 29731 3.41% 2.36% 1.37 5.74E-19

GO:0003713 transcription coactivator activity 80 142 16769 6033 1.33% 56.34% 1.58 1.32E-03 550 17356 1709846 29731 1.85% 3.17% 1.84 1.91E-36

GO:0005261 cation channel activity 114 204 16707 6033 1.89% 55.88% 1.57 9.45E-06 585 24428 1702774 29731 1.97% 2.39% 1.39 4.44E-11

GO:0043565 sequence-specific DNA binding 228 408 16503 6033 3.78% 55.88% 1.57 1.13E-13 1224 33856 1693346 29731 4.12% 3.62% 2.10 1.26E-120

GO:0003702 RNA polymerase II transcription factor activity 101 182 16729 6033 1.67% 55.49% 1.56 1.23E-04 744 19988 1707214 29731 2.50% 3.72% 2.16 3.37E-77

GO:0004674 protein serine/threonine kinase activity 180 325 16586 6033 2.98% 55.38% 1.55 7.77E-10 942 44306 1682896 29731 3.17% 2.13% 1.24 5.40E-07

GO:0003700 transcription factor activity 399 722 16189 6033 6.61% 55.26% 1.55 1.69E-24 2204 69219 1657983 29731 7.41% 3.18% 1.85 3.83E-159

GO:0046873 metal ion transmembrane transporter activity 132 239 16672 6033 2.19% 55.23% 1.55 1.59E-06 657 28801 1698401 29731 2.21% 2.28% 1.33 7.52E-09

GO:0016563 transcription activator activity 127 230 16681 6033 2.11% 55.22% 1.55 3.45E-06 865 26907 1700295 29731 2.91% 3.21% 1.87 2.57E-61

GO:0048731 system development 229 415 16496 6033 3.80% 55.18% 1.55 7.16E-13 1218 46666 1680536 29731 4.10% 2.61% 1.52 1.11E-40

GO:0003712 transcription cofactor activity 124 226 16685 6033 2.06% 54.87% 1.54 9.33E-06 853 26168 1701034 29731 2.87% 3.26% 1.89 6.04E-63

GO:0008134 transcription factor binding 162 296 16615 6033 2.69% 54.73% 1.53 4.60E-08 1142 35308 1691894 29731 3.84% 3.23% 1.88 1.82E-83

GO:0045934 negative regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process128 234 16677 6033 2.12% 54.70% 1.53 6.75E-06 853 26127 1701075 29731 2.87% 3.26% 1.90 3.12E-63

GO:0006397 mRNA processing 114 209 16702 6033 1.89% 54.55% 1.53 6.37E-05 698 20017 1707185 29731 2.35% 3.49% 2.03 1.79E-61

GO:0008380 RNA splicing 96 176 16735 6033 1.59% 54.55% 1.53 8.36E-04 596 16636 1710566 29731 2.00% 3.58% 2.08 6.98E-56

GO:0051172 negative regulation of nitrogen compound metabolic process128 235 16676 6033 2.12% 54.47% 1.53 9.73E-06 853 26201 1701001 29731 2.87% 3.26% 1.89 1.03E-62

GO:0006325 chromatin organization 135 248 16663 6033 2.24% 54.44% 1.53 3.80E-06 1118 31560 1695642 29731 3.76% 3.54% 2.06 2.04E-104

GO:0006357 regulation of transcription from RNA polymerase II promoter179 329 16582 6033 2.97% 54.41% 1.53 7.82E-09 991 34259 1692943 29731 3.33% 2.89% 1.68 6.18E-50

GO:0004672 protein kinase activity 262 482 16429 6033 4.34% 54.36% 1.52 6.48E-14 1422 70231 1656971 29731 4.78% 2.02% 1.18 2.98E-06

GO:0016773 phosphotransferase activity, alcohol group as acceptor 306 573 16338 6033 5.07% 53.40% 1.50 3.83E-15 1616 82576 1644626 29731 5.44% 1.96% 1.14 6.71E-04

GO:0016310 phosphorylation 286 540 16371 6033 4.74% 52.96% 1.48 2.40E-13 1557 74870 1652332 29731 5.24% 2.08% 1.21 2.90E-10

GO:0006468 protein amino acid phosphorylation 267 506 16405 6033 4.43% 52.77% 1.48 4.93E-12 1490 70338 1656864 29731 5.01% 2.12% 1.23 4.92E-12

GO:0044451 nucleoplasm part 144 273 16638 6033 2.39% 52.75% 1.48 1.95E-05 833 32028 1695174 29731 2.80% 2.60% 1.51 1.66E-26

GO:0005216 ion channel activity 154 292 16619 6033 2.55% 52.74% 1.48 5.82E-06 828 34875 1692327 29731 2.78% 2.37% 1.38 1.02E-15

GO:0030528 transcription regulator activity 561 1064 15847 6033 9.30% 52.73% 1.48 2.60E-28 3275 1E+05 1618955 29731 11.02% 3.03% 1.76 4.58E-208

GO:0045941 positive regulation of transcription 117 222 16689 6033 1.94% 52.70% 1.48 5.57E-04 765 24942 1702260 29731 2.57% 3.07% 1.78 1.57E-46

GO:0045935 positive regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process122 232 16679 6033 2.02% 52.59% 1.47 3.59E-04 784 25841 1701361 29731 2.64% 3.03% 1.76 4.62E-46

GO:0015672 monovalent inorganic cation transport 135 257 16654 6033 2.24% 52.53% 1.47 8.23E-05 608 27721 1699481 29731 2.05% 2.19% 1.27 1.80E-05

GO:0031327 negative regulation of cellular biosynthetic process 135 257 16654 6033 2.24% 52.53% 1.47 8.23E-05 856 27637 1699565 29731 2.88% 3.10% 1.80 4.60E-54

GO:0009890 negative regulation of biosynthetic process 135 258 16653 6033 2.24% 52.33% 1.47 1.13E-04 856 27651 1699551 29731 2.88% 3.10% 1.80 5.63E-54

GO:0015267 channel activity 160 308 16603 6033 2.65% 51.95% 1.46 1.21E-05 839 35775 1691427 29731 2.82% 2.35% 1.36 1.12E-14

GO:0022803 passive transmembrane transporter activity 160 308 16603 6033 2.65% 51.95% 1.46 1.21E-05 839 35775 1691427 29731 2.82% 2.35% 1.36 1.12E-14

GO:0022838 substrate specific channel activity 155 299 16612 6033 2.57% 51.84% 1.45 2.57E-05 830 35251 1691951 29731 2.79% 2.35% 1.37 6.69E-15

GO:0010558 negative regulation of macromolecule biosynthetic process130 251 16660 6033 2.15% 51.79% 1.45 4.52E-04 845 27032 1700170 29731 2.84% 3.13% 1.82 6.51E-55

GO:0010628 positive regulation of gene expression 118 228 16683 6033 1.96% 51.75% 1.45 1.81E-03 766 25309 1701893 29731 2.58% 3.03% 1.76 1.40E-44

GO:0006793 phosphorus metabolic process 345 668 16243 6033 5.72% 51.65% 1.45 2.36E-14 1829 89535 1637667 29731 6.15% 2.04% 1.19 5.56E-10

GO:0006796 phosphate metabolic process 345 668 16243 6033 5.72% 51.65% 1.45 2.36E-14 1829 89535 1637667 29731 6.15% 2.04% 1.19 5.56E-10

GO:0031324 negative regulation of cellular metabolic process 159 308 16603 6033 2.64% 51.62% 1.45 2.43E-05 989 34706 1692496 29731 3.33% 2.85% 1.66 4.03E-47

GO:0010605 negative regulation of macromolecule metabolic process 159 310 16601 6033 2.64% 51.29% 1.44 4.41E-05 1035 35560 1691642 29731 3.48% 2.91% 1.69 1.80E-53

GO:0051173 positive regulation of nitrogen compound metabolic process122 238 16673 6033 2.02% 51.26% 1.44 2.30E-03 784 26388 1700814 29731 2.64% 2.97% 1.73 7.08E-43

GO:0009892 negative regulation of metabolic process 166 324 16587 6033 2.75% 51.23% 1.44 2.33E-05 1052 36379 1690823 29731 3.54% 2.89% 1.68 3.91E-53

GO:0016301 kinase activity 329 643 16268 6033 5.45% 51.17% 1.43 8.44E-13 1743 87838 1639364 29731 5.86% 1.98% 1.15 7.01E-06

GO:0051276 chromosome organization 153 300 16611 6033 2.54% 51.00% 1.43 1.36E-04 1182 40303 1686899 29731 3.98% 2.93% 1.70 3.24E-63

GO:0043687 post-translational protein modification 408 801 16110 6033 6.76% 50.94% 1.43 4.57E-16 2422 1E+05 1622647 29731 8.15% 2.32% 1.35 1.84E-44

GO:0009653 anatomical structure morphogenesis 167 333 16578 6033 2.77% 50.15% 1.41 1.53E-04 823 35747 1691455 29731 2.77% 2.30% 1.34 1.54E-12

GO:0003723 RNA binding 267 538 16373 6033 4.43% 49.63% 1.39 5.37E-08 1913 53892 1673310 29731 6.43% 3.55% 2.06 8.52E-184

GO:0006464 protein modification process 524 1061 15850 6033 8.69% 49.39% 1.38 1.10E-17 2945 1E+05 1593708 29731 9.91% 2.21% 1.28 8.34E-39

GO:0043412 biopolymer modification 538 1100 15811 6033 8.92% 48.91% 1.37 4.48E-17 2992 1E+05 1590103 29731 10.06% 2.18% 1.27 3.86E-36

GO:0007275 multicellular organismal development 352 721 16190 6033 5.83% 48.82% 1.37 4.76E-10 1892 81123 1646079 29731 6.36% 2.33% 1.35 2.44E-35

GO:0048856 anatomical structure development 385 800 16111 6033 6.38% 48.13% 1.35 4.61E-10 2026 86940 1640262 29731 6.81% 2.33% 1.35 6.40E-38

GO:0030154 cell differentiation 250 523 16388 6033 4.14% 47.80% 1.34 2.52E-05 1283 55660 1671542 29731 4.32% 2.31% 1.34 3.93E-21

GO:0010468 regulation of gene expression 891 1901 15010 6033 14.77% 46.87% 1.31 5.86E-23 5781 2E+05 1519970 29731 19.44% 2.79% 1.62 1.88E-297

GO:0051252 regulation of RNA metabolic process 788 1689 15222 6033 13.06% 46.65% 1.31 4.81E-19 5224 2E+05 1540428 29731 17.57% 2.80% 1.62 5.09E-267

GO:0006355 regulation of transcription, DNA-dependent 781 1678 15233 6033 12.95% 46.54% 1.30 1.78E-18 5177 2E+05 1541494 29731 17.41% 2.79% 1.62 5.64E-261

GO:0006350 transcription 676 1453 15458 6033 11.21% 46.52% 1.30 2.07E-15 4670 2E+05 1561275 29731 15.71% 2.81% 1.64 2.12E-240

GO:0006996 organelle organization 331 712 16199 6033 5.49% 46.49% 1.30 4.76E-06 2126 91046 1636156 29731 7.15% 2.34% 1.36 1.55E-40

GO:0045449 regulation of transcription 826 1781 15130 6033 13.69% 46.38% 1.30 3.13E-19 5379 2E+05 1530336 29731 18.09% 2.73% 1.59 1.99E-252

GO:0044428 nuclear part 349 756 16155 6033 5.78% 46.16% 1.29 4.57E-06 2068 88972 1638230 29731 6.96% 2.32% 1.35 3.87E-38

GO:0048869 cellular developmental process 298 647 16264 6033 4.94% 46.06% 1.29 1.07E-04 1561 69087 1658115 29731 5.25% 2.26% 1.31 8.89E-23

GO:0080090 regulation of primary metabolic process 969 2111 14800 6033 16.06% 45.90% 1.29 1.61E-21 6066 2E+05 1498267 29731 20.40% 2.65% 1.54 2.38E-256

GO:0060255 regulation of macromolecule metabolic process 967 2107 14804 6033 16.03% 45.89% 1.29 1.96E-21 6117 2E+05 1498501 29731 20.57% 2.67% 1.55 2.53E-269

GO:0019219 regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process861 1881 15030 6033 14.27% 45.77% 1.28 4.01E-18 5500 2E+05 1520197 29731 18.50% 2.66% 1.54 4.72E-231

GO:0016070 RNA metabolic process 297 649 16262 6033 4.92% 45.76% 1.28 2.46E-04 1809 67942 1659260 29731 6.08% 2.66% 1.55 4.63E-68

GO:0010556 regulation of macromolecule biosynthetic process 872 1906 15005 6033 14.45% 45.75% 1.28 2.48E-18 5653 2E+05 1518832 29731 19.01% 2.71% 1.58 5.05E-260

GO:0051171 regulation of nitrogen compound metabolic process 862 1892 15019 6033 14.29% 45.56% 1.28 2.03E-17 5501 2E+05 1519283 29731 18.50% 2.65% 1.54 5.50E-227

GO:0019222 regulation of metabolic process 1051 2308 14603 6033 17.42% 45.54% 1.28 2.93E-22 6438 2E+05 1480425 29731 21.65% 2.61% 1.52 2.12E-257

GO:0031323 regulation of cellular metabolic process 1011 2222 14689 6033 16.76% 45.50% 1.28 4.82E-21 6255 2E+05 1486607 29731 21.04% 2.60% 1.51 7.73E-245

GO:0032502 developmental process 767 1686 15225 6033 12.71% 45.49% 1.28 7.79E-15 4084 2E+05 1542417 29731 13.74% 2.21% 1.28 2.14E-57

GO:0031326 regulation of cellular biosynthetic process 895 1975 14936 6033 14.84% 45.32% 1.27 2.10E-17 5722 2E+05 1512612 29731 19.25% 2.67% 1.55 1.04E-245

GO:0009889 regulation of biosynthetic process 895 1979 14932 6033 14.84% 45.22% 1.27 4.38E-17 5722 2E+05 1512473 29731 19.25% 2.66% 1.55 4.80E-245

GO:0003677 DNA binding 772 1708 15203 6033 12.80% 45.20% 1.27 4.38E-14 4654 2E+05 1541626 29731 15.65% 2.51% 1.46 4.42E-146

GO:0005634 nucleus 1523 3382 13529 6033 25.24% 45.03% 1.26 1.24E-32 8934 4E+05 1353886 29731 30.05% 2.39% 1.39 1.03E-253

GO:0016043 cellular component organization 567 1262 15649 6033 9.40% 44.93% 1.26 6.97E-09 3381 2E+05 1565035 29731 11.37% 2.08% 1.21 5.65E-27

GO:0003676 nucleic acid binding 1127 2513 14398 6033 18.68% 44.85% 1.26 3.23E-21 6918 3E+05 1456529 29731 23.27% 2.56% 1.48 5.15E-256

GO:0044267 cellular protein metabolic process 691 1544 15367 6033 11.45% 44.75% 1.25 4.49E-11 3604 2E+05 1553648 29731 12.12% 2.08% 1.21 7.11E-28

GO:0034960 cellular biopolymer metabolic process 1577 3565 13346 6033 26.14% 44.24% 1.24 4.77E-29 9096 4E+05 1328381 29731 30.59% 2.28% 1.32 6.09E-194

GO:0044260 cellular macromolecule metabolic process 1596 3619 13292 6033 26.45% 44.10% 1.24 1.14E-28 9157 4E+05 1323694 29731 30.80% 2.27% 1.32 2.90E-189

GO:0008270 zinc ion binding 739 1694 15217 6033 12.25% 43.62% 1.22 4.00E-09 4598 2E+05 1518541 29731 15.47% 2.20% 1.28 1.93E-64

GO:0043284 biopolymer biosynthetic process 799 1841 15070 6033 13.24% 43.40% 1.22 1.54E-09 5093 2E+05 1528020 29731 17.13% 2.56% 1.49 4.67E-178

GO:0034961 cellular biopolymer biosynthetic process 792 1826 15085 6033 13.13% 43.37% 1.22 2.36E-09 5063 2E+05 1529464 29731 17.03% 2.56% 1.49 5.62E-178

GO:0006139 nucleobase, nucleoside, nucleotide and nucleic acid metabolic process1006 2326 14585 6033 16.67% 43.25% 1.21 1.62E-12 6182 3E+05 1468268 29731 20.79% 2.39% 1.39 4.37E-157

GO:0009059 macromolecule biosynthetic process 806 1865 15046 6033 13.36% 43.22% 1.21 3.67E-09 5109 2E+05 1526089 29731 17.18% 2.54% 1.48 2.79E-173

GO:0034645 cellular macromolecule biosynthetic process 798 1847 15064 6033 13.23% 43.21% 1.21 5.28E-09 5078 2E+05 1527848 29731 17.08% 2.55% 1.48 2.77E-174

GO:0005515 protein binding 2310 5360 11551 6033 38.29% 43.10% 1.21 8.15E-39 11938 6E+05 1128759 29731 40.15% 1.99% 1.16 1.40E-84

GO:0005737 cytoplasm 1114 2610 14301 6033 18.47% 42.68% 1.20 3.09E-12 5589 3E+05 1434532 29731 18.80% 1.91% 1.11 9.08E-14

GO:0043283 biopolymer metabolic process 1706 4002 12909 6033 28.28% 42.63% 1.19 6.79E-22 9631 4E+05 1281161 29731 32.39% 2.16% 1.25 1.06E-139

GO:0043170 macromolecule metabolic process 1713 4039 12872 6033 28.39% 42.41% 1.19 1.04E-20 9645 4E+05 1278529 29731 32.44% 2.15% 1.25 7.58E-135

GO:0046872 metal ion binding 1276 3045 13866 6033 21.15% 41.90% 1.17 1.43E-11 7058 4E+05 1357285 29731 23.74% 1.91% 1.11 9.31E-19

GO:0043167 ion binding 1297 3108 13803 6033 21.50% 41.73% 1.17 3.74E-11 7119 4E+05 1350015 29731 23.94% 1.89% 1.10 6.98E-15

GO:0043169 cation binding 1282 3073 13838 6033 21.25% 41.72% 1.17 6.46E-11 7078 4E+05 1353807 29731 23.81% 1.90% 1.10 2.47E-16

GO:0019538 protein metabolic process 805 1931 14980 6033 13.34% 41.69% 1.17 2.36E-05 4076 2E+05 1511499 29731 13.71% 1.89% 1.10 9.24E-07

GO:0006807 nitrogen compound metabolic process 1082 2597 14314 6033 17.93% 41.66% 1.17 2.46E-08 6413 3E+05 1443423 29731 21.57% 2.26% 1.31 4.31E-116

GO:0043227 membrane-bounded organelle 2165 5263 11648 6033 35.89% 41.14% 1.15 1.31E-19 11134 5E+05 1187811 29731 37.45% 2.06% 1.20 2.87E-113

GO:0043231 intracellular membrane-bounded organelle 2165 5263 11648 6033 35.89% 41.14% 1.15 1.31E-19 11134 5E+05 1187811 29731 37.45% 2.06% 1.20 2.87E-113

GO:0043229 intracellular organelle 2363 5755 11156 6033 39.17% 41.06% 1.15 5.08E-22 12110 6E+05 1131586 29731 40.73% 2.03% 1.18 2.49E-109

GO:0043226 organelle 2363 5757 11154 6033 39.17% 41.05% 1.15 6.61E-22 12110 6E+05 1131304 29731 40.73% 2.03% 1.18 9.78E-109

GO:0046914 transition metal ion binding 849 2070 14841 6033 14.07% 41.01% 1.15 2.97E-04 4943 2E+05 1483367 29731 16.63% 2.03% 1.18 6.61E-31

GO:0044237 cellular metabolic process 1911 4666 12245 6033 31.68% 40.96% 1.15 5.09E-15 10244 5E+05 1232295 29731 34.46% 2.07% 1.20 5.65E-103

GO:0044249 cellular biosynthetic process 962 2364 14547 6033 15.95% 40.69% 1.14 1.89E-04 5687 2E+05 1480872 29731 19.13% 2.31% 1.34 9.07E-116

GO:0009058 biosynthetic process 996 2449 14462 6033 16.51% 40.67% 1.14 1.15E-04 5795 3E+05 1471749 29731 19.49% 2.27% 1.32 2.62E-105

GO:0005488 binding 3764 9279 7632 6033 62.39% 40.56% 1.14 2.50E-45 19233 1E+06 700799 29731 64.69% 1.87% 1.09 3.33E-75

GO:0044238 primary metabolic process 1991 4925 11986 6033 33.00% 40.43% 1.13 7.13E-13 10576 5E+05 1195260 29731 35.57% 1.99% 1.16 5.74E-67

GO:0044424 intracellular part 2934 7302 9609 6033 48.63% 40.18% 1.13 6.48E-23 14840 8E+05 967777 29731 49.91% 1.95% 1.14 3.72E-92

GO:0008152 metabolic process 2123 5432 11479 6033 35.19% 39.08% 1.10 8.61E-07 11134 6E+05 1152279 29731 37.45% 1.94% 1.13 1.01E-48

GO:0050794 regulation of cellular process 1887 4859 12052 6033 31.28% 38.84% 1.09 2.21E-04 10477 5E+05 1216935 29731 35.24% 2.05% 1.19 1.15E-97

GO:0050789 regulation of biological process 1938 5000 11911 6033 32.12% 38.76% 1.09 2.48E-04 10677 5E+05 1204313 29731 35.91% 2.04% 1.19 1.76E-94

GO:0065007 biological regulation 2033 5275 11636 6033 33.70% 38.54% 1.08 6.92E-04 11018 6E+05 1172006 29731 37.06% 1.98% 1.15 1.58E-69

GO:0009987 cellular process 3160 8315 8596 6033 52.38% 38.00% 1.07 1.96E-06 15948 9E+05 852035 29731 53.64% 1.82% 1.06 1.82E-21

GO:0044464 cell part 4060 10772 6139 6033 67.30% 37.69% 1.06 1.34E-09 20233 1E+06 606876 29731 68.05% 1.81% 1.05 4.73E-28

GO:0003674 molecular_function 4450 11835 5076 6033 73.76% 37.60% 1.05 3.66E-12 22032 1E+06 479926 29731 74.10% 1.77% 1.03 5.86E-10

GO:0008150 biological_process 3998 10775 6136 6033 66.27% 37.10% 1.04 1.00E-03 19661 1E+06 609400 29731 66.13% 1.76% 1.02 1.05E-03
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• #TQH9!K*+08!-.00+8>.)=')(!,.!,;+!0+/+08+!-.*>&+*+),!.2!>.8','.)8!9PL!1)=![c9PK!
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U.,'28! "3J8! 70+I!')!

"3J8!
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334"!

J)0'-;$!

-P/1&D+!

70+Is!')!

"3J8!

70+Is!')!

334"!

J)0'-;$!

-P/1&D+!!

J"J8! %&&! #Q$EKg! #Q$FOg! Q$OO! O$LEg! L$O#g! h#QP#K!

6+/$!-.*>$!J"J8! b! K$@Lg! H$KOg! h#QPF#! L$9@g! K$KHg! h#QPF!

";D22&+=!J"J8! b! L$9Kg! K$OOg! h#QP##! L$#Og! K$HLg! h#QPH!

J"J8! ">1))')(!+M.)P+M.)!

aD)-,'.)8!.)&<!

##$H9g! #Q$FOg! h#QP9H! #9$Q#g! L$O#g! h#QP@L!

6+/$!-.*>$!J"J8! b! K$KEg! H$KOg! h#QP@#! L$OLg! K$KHg! h#QPK!

";D22&+=!J"J8! b! O$#Fg! K$OOg! h#QPEQ! O$O9g! K$HLg! h#QP9E!

*'6N%!8++=8! %&&! L$LLg! L$H@g! h#QPK! O$LHg! O$9@g! h#QPH!

6+/$!-.*>$!8++=8! b! K$OOg! L$9#g! #! L$9Hg! L$9Fg! Q$EF!

";D22&+=!8++=8! b! H$L#g! H$HLg! h#QP@! K$QFg! H$LHg! Q$QE!

*'6N%!8++=8! f18,!-.=')(!+M.)!

.)&<!

O$@9g! L$H@g! h#QPF! #9$EQg! O$9@g! h#QPF!

6+/$!-.*>$!8++=8! b! K$OOg! L$9#g! Q$OE! L$OOg! L$9Fg! Q$#9!

";D22&+=!8++=8! b! K$QHg! H$HLg! Q$QQ@! L$QHg! H$LHg! Q$Q9!
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!
^'1I',

9%'%,

CCD!,_D, E*.%'(A, 2%'9(H,

3BB7,

Q"()(.>%,)$(%*')(%,(*)'/$)(.1', C1&&%'(/,

WAC CCDS7159.1 "+)8+! 188 CMRGNSRDSVMAVTTGGGTRSLTRHLSIHRRVTPV

AVITDMKRCETPEILHHQIKCCGDLIVLKTNTVTA

QVTVRPKMCILTELERGMVGPVTLHKKIHTTTVLF

IVQIHILLIQAITQAKLQMHLMILQMTGLSILALL

GKSTTTIVEQKFHNGKNQKSGLKENRDKKKQTRWQ

STASQKIGITEER 

Predicted in 

AF116666 

PHF7 CCDS2854.1 "+)8+! 171 GNFFRKTISACIISVLSYLVSCLRGASPTEASMDF

CLKTSKRRQPGLLGRSALCARKRELLSTARRISAS

ETSICLVAKKGVAFHNFLESTNHFVTNIAQHRTSN

MGMWGRKAASYVVKTYPNRVLRTSRARVVVKPSTT

ASAYRNMPTHQQSISSNVHSVTIEKSFLKKC 

Predicted in 
AF151060 

ZNF3 CCDS43619.1 "+)8+! 240 IPTLSHIRDSPWETDPISVMNVARALIELQTLFNI

RESTLGKSPMNVMSVGRPSARAHTLFSIRESTLGK

NLMNVVIVGKPSAVALPSFCIGGSTRGRNPMNVMS

VGRPSAGAPPSPTIRESTLVRNPTPAMNVGRPSAG

AQPLFTIRESTLEKNPMNVMNVGKPSARAHTSIST

RESTLERSPTNVWNVEESLPTVQALFSIKESTPGR

TPMNVVSVGKPSGTARLLFAIREFTLERSL 

High similarity to 
various other ZNFs 

FAM98A CCDS33179.1 "+)8+! 220 WAGCLTEVVDPMKSNLHPQRCHRGRRGKMAPSSKQ

EAEEEGEVAMNIPHTEDEEVMNKEAGEVDVVAMTM

VAEGEEEEISIKEAGQMEGVVEEVATKMVVIEIQV

SSQVAIMVATAVVAIKAEVMVASKHLLHIQEVDTR

VVATSRTIDTKMAGTMVIVVVVVVGEVVVEAEVVV

QAREEAGEEEGARIITKGVNLNSISSMEVISIIIL

DLDREDITLV 

 

UBE2E2 CCDS2637.1 "+)8+! 136 CPLRHKELMTVQALVEEVPMEINVKVFSKNQKENK

FSPRKRREKYPAKPLLNCQLVLKEFRRNLQKSHWT

LLPTVVLDPKETTFMNGGQLYWDPQDLSMKEGCSF

LTLPFHQTIRLNPLRLPSEQESITVILTAKV 

 



! !("

EYA1 CCDS34906.1 "+)8+! 178 TISQVQQLGAVVSAHDQLTSSLHHRFTLPTDHTHI

FSLPLPHKLWLHMGKHSLPQECNKLQPMPRTHSQD

SRTAFPHMVHCGQASRLKVDCHSLSHLDRQDFSAM

AQASVPLNLDRHHTATRCKVAVLQHHQEYIQEIIH

SQIPLDLIVHSRTIRLIPVLARVSTHSIITAHRIQ

HII 

!

RBMX CCDS14661.1 "+)8+! 242 KEDHHQEVGVLLLRDLHLQDQFAVAVEWEEELLYH

VEEIVMEVHLEGNRCPLVEMFICPQEMMGILLKTA

IQAEITQVLVILEIMHHHHEIILTVIMVIPVHVMT

IHQEDIAIEMDMVVIVTIQIIQVEVPTEIHMRVMV

THVVLHLHEGPRHLMVEAVAMMITAAHVTDMVEVE

TVTQAAEVISTQVVVIGLADKKEGFPLLWKGGTLL

HVIPTAVQAAEHQEVVAVEEADLIEGEAEADT 

Supported by 
NM_001164803 

!

ALG9 CCDS41714.1 "+)8+! 138 WISEFQCSLCFGSPSPTTDFSYGIPAAEISCSEFR

PPVLAYLGSNVYLVYNFLHPASQRGEISFPCVSTY

MSLWRCGSLCTSAQFSVLPEMLPLCVSTISPGALY

CDIELAGIRNCLPVWALVIFSLCGTVQRISRAP 

!

SLC35F3 CCDS1600.1 "+)8+! 242 GGSEMVALRGGSHQRAGGAHVHRGADPAHHWLLWL

PALGSELQKGGAPPGLPGPGGGPGTGRGGGRRESE

SPLLDVLPGATQEDLLGRGGRAVRVLLVGGLHAAR

QADLQEVRRALHPHVVCHQLELFILPVVLRGARLQ

VHREAVCEAAIQGMLSIFWRQWLDFEGVFYQGSTL

WCSLDTHKLPVLTCNKENKHYGCLRVVLLQQSFCV

LALMDRSQGQIHGSEDCGRHPRHRWHCDDDLR 

!

SRCAP CCDS10689.2 "+)8+! 421 SCVLYSLSSIVIFTPHLCPHHTSCPSLGSTHHPHL

SPLDCFCFGPSSVDQCDSTIGTCCPSGSWTSLLGT

IWCFPVSISLDSRFGHSSIPVFISDTWSPSVVGSH

LFTCSRVELNRGPSMLTCPGASFGSGQSFSVSTKS

SSSSGFPSGSSIFCISGSSHPSGSYGGSTDSNSGS

FSSSSSGSSSGPGTIARCCSCPGFITDSGSSYGSI

VYSRNLFSLSFTGTSSNPCVGSIINSNYATSPGSV

TSPEPGFYADTGPSPSFSTHSWRLISISDTLFGNG

EPPGTLSNSDIVINSSIIPGTNSSPDTVFGTRTTT

GSNSDAVSGSSTPSGSSFSSGPSPSSHADFGSSIV

ICFTPGPSFSADTDLEPCPSSYPGPGRSSDLGAGP

SLHTVPSFPGIFPCGFGIWCRSLACHHGIPAACFQ

G 

!

FOXP2 CCDS43635.1 "+)8+! 186 WASSQHICSACVSGHDDSPGDHPSANAADPSATSP

VSSAATSPSPTTAGCHAAAATTTRVLQETARAVTS

SAFAAAAATAAAATTAATTAAATTTTTAATTAAAA

ATAAAAATASWKASERAAAAAAAATAIGSPAACLP

AAASPDATTPAAAASAQPSASGTHLHSTWPGSTSC

PIAASSWLKSC 

!

SMG7 CCDS1355.1 "+)8+! 188 LPVHPHSSPWSLPSSSQQARVSAPNICYPPACGIF

YGLRLHLPSWCFCPRNLSSAYSSLSSRKPGASWET

VPHSLQPATALWTRANEPGTSTITATFPATPYIFT

SSANSTVYKPAAGSSSNSATTIPYKSCAGFGEKPA

SPLWIPAVSTGRCLQTAVESPSGSRPIRENYACET

ALLPSDPRPHKTV 

!

KLHL31 CCDS34478.1 %),'8+)8+! 208 LVVLRPLVELGAEALDALLVLLLALVPAPHQVGAA

MQRRDARSAHSHLQRRRVAPLAGRGAVALHGEHVH

ALPARPQLAAAHHVHSVAQRDRAVPAPGCAEVRQL

LPRVAGRVVGAHRARVGVGYVASGHQHAAVGDRAS

VAAARHLQGRLRLPLIGGGHVALQRGQASFCVAAA

RGVHEPVEHAQAEVRALLVHAGQVYPGVEAGIV 

!

TRPC3 CCDS3725.1 %),'8+)8+! 210 VAEGVVPLLLHAVPALAEIVVRPLDPGTLHQQHVH

HFVFLAVRRQDDGGDVRREARAVLVVSVEVVVLQL

LLTGAQSETLAGREARVVEDGLYDAHVALADGEQQ

GVANARQVLLLEQQLGHLQVLVAHSQLQRVLAHVV

HAVDVQRLGLLQHLAHHWDVAVLGGVEEALLLGGE

AGAAVIEHEGRAPDSLAPALLPHHCHASQGWASLH 

!

ALKBH5 CCDS42272.1 %),'8+)8+! 256 EHSHASPAHRQGKHWFRHPNRLELELAAEAQRRVA

KEGHGHDGALEDVDGVHVRHDAAAGLVVVDDGAVD

EALGDDAVLHQLLDHQLVHPLGDLVHVARRVEALL

AGPALLQLGAVSVAFAEEVLVAQWGPVHRVLVVQA

LLSAGHHLVNAGLDLGALVLAEEAHLADAALHLAR

LLLLLQLLLLIVAALGVRVLLILALGPGHRVRFGG

SGGCGCGGYGGCGSGGGLPAARLIVVPGRHGLELL

TQVRVAAGGRH 

Evidence for 

antisense 
transcription!



! !)"

RSBN1 CCDS862.1 %),'8+)8+! 234 SLGGFDQRHPSSPLAVFLLVLVLEIGSAGAGITIG

AAVVMVLVPLLVALMLGPGRAHRQRREGEEGRGAW

GRERGSDSGPGGCQRRWRRRRQEKRLNRAWDSWGC

IRWRQRPRMLAAATPPVRGSERGLLARPPPLLLRP

PTARSALPFNSPRGDPSMRFLLPLFVRLLLRRHRP

YYAHRSDLRSHFTHKHTFKWPDRPPVRASRKRRPR

TARWALESLLRPPLVGRSSSRDEH 

!

SON CCDS13629.1 %),'8+)8+! 384 TEISSATVATGCPGNSGAPGCPGNSSTPVARGCPK

SSSAPAAPDCPENSSAPAAMSGPGNSSAPVATGCP

DNSSALVAEGSPGNSGTPVTEGCPGNSSAVVATGC

PGNSSTIVASGCPSNPVAVVTSGCPGCSTVVIPTG

CSNSVVVTGCSVNSIATVTAGCSGNSTAAVTKGSP

GNSCAITGGSGTSCGGSNPMDGAGSPGNSCDNCGT

GVTEGPGNSGTAVAGGPGNSGTGVERGPGNSGTGV

AEGPGNSSTGVTGGPCNSGMEVAGGPGNSIAEATD

DSCSSNAVVLGSSGNSCGLVMDESAISDGTSTGCS

GNLSASIADDSGKSIVVDVLGSGYTSVGVSDDTTR

VSEGSNTFATGGSTNMIFDGSGDVLSTDFSTDFI 

Hit to PRK07003 
(DNA PolIII 

subunit) domain, 
weak similarity to 

collagen proteins 

!

TNKS CCDS5974.1 %),'8+)8+! 209 AAKCRGEDFRPAMSFAFTFAASTSLFTRDTSPLRQ

ASSSSRRAPLTAGTPVPGPAAPGPSGAVLLTPAAS

GLSAKLDPGEDGEEDEEEVGEEEDDGELLLPLPAG

LGATPAADEVETAGTTGAAATVQIVLVVLQQLVPS

TGSGDRGLSGGSRLPSPSGSARPCRGEAKGARPLA

VGEAGVVPGARPGLSGGGGGGGGAEAPGAGWSCC 

!

FAM135A CCDS34481.1 %),'8+)8+! #OK! VSLSTVGISEYICVRFNTSLFFFIVLSSLTSVLLE

MEPEMTQGVPKQISFEFNVIAVPVELLDLSGLWKP

LHIVSKLGLELQLLFTSLEVSSSEKTNCKGSLMLE

FKECIATVSLSKFPENTTLCCCKVILDFLVSSHFG

KSVVPRFNTVLLSFRWHSGTTDFLEFSSGDSSSSE

GREFMDVKDDCISLIALVLSVQ 

!

!"##$%&%'()*+,P)L$%,JA,C)';.;)(%,'1>%$,;")$:81;.'9,EF@/,)//18.)(%;,I.(H,!CG/A



! !+"

&

-.R/ 0&+'&S&%?1+1*2&,1+%,&1*&-)K,&
[1A&+!"#!')!,;+!8D>>&+*+),!.2!f'!+,!1&$!W9QQOZ!&'8,8!2.D0,++)!>0+/'.D8&<!B).C)!%P,.PR!

0+-.=')(!8',+8!')!;D*1)!(+)+8$!%&&!.2!,;+8+!10+!2.D)=!C',;')!334"!5678T!1)=!,+)!&'+!C',;')!
,;+!#FP-.=.)!"3J8V!

!

Y+)+!)1*+! Y+).*'-!>.8','.)!W;(#LZ! %*').!1-'=!-;1)(+! "3Jt!

6"7$8' -;0EV#FLEKK@9F! uv6! #!

6"7$8' -;0EV#FLFQQKEE! 6vY! #!

769!-:' -;0EVFKHKQOO#! ^v6! !

769!-:' -;0EVFKHK#QE@! 6vY! !

#;97-8' -;0FV#FHHHO@LH! ^vJ! !

6"7$<' -;0##V#QF@QOOQE! 6vY! #!

=#>$%' -;0#9VELO9QQ@! Rvw! #!

!?#$-' -;09QV@FFLQOEK! ^v6! #!

!?#$-' -;09QV@FFLQOKK! uv6! #!

!?#$-' -;09QV@FFLQOLH! Xv3! #!

6"7=%' -;09#V9OLKFH9#! uv6! #!

6"7$@' -;0eV#99E9HHE@! 6vY! !

6$!"$' -;0eV#F##QLOKF! RvU! #!

9?>$' -;0eV#F@9@@#EE! uv6! #!

!"##$%&%'()*+,P)L$%,]A,@1"*(%%',T'1I',B:(1:_,*%81;.'9,/.(%/,0*1&,P)L$%,!6,10,2.,%(,)$A,

W9QQOZ=,(%',10,IH.8H,$.%,I.(H.',!CG/A,

,

[;+!;'(;P,;0.D(;>D,!8+ID+)-')(!1>>0.1-;!')!,;1,!8,D=<!'=+),'2'+=!FE!+=',')(!8',+8!')!

;D*1)!5678T!.2!C;'-;!EL!&'+!C',;')!334"!5678T!.2!C;'-;!EQ!10+!)./+&!W).,!')-&D=+=!')!,;+!

1A./+!&'8,Z$![;+8+!10+!&'8,+=!')!,;+'0![1A&+!"@$!52!,;.8+!2.0,<T!,;+!2.&&.C')(!,;0++!&'+!C',;')!
"3J8V!
,

Y+)+!)1*+! Y+).*'-!>.8','.)!W;(#LZ! %*').!1-'=!-;1)(+!

#$A-B' -;0@VH9@OLLEK! JvY!

9?>!' -;0@VFL##HLE#! uv6!

6"7$8' -;0EV#FLEKK@9O! N.)+!WuvuZ!
!"##$%&%'()*+,P)L$%,MA,PH*%%,'1>%$,B:(1:_,%;.(.'9,/.(%/,I.(H.',CCD!,EF@/,.;%'(.0.%;,L+,2.,%(,

)$A,W9QQOZ,$.%,I.(H.',!CG/A,

,



! #*"

-../ &9O0&,+6E4+E6%,&1*&-)K,&
!

!
!

!
!"##$%&%'()*+,@.9"*%,4A,FOB,/%81';)*+,/(*"8("*%,.',!CG/,10,(.(.',3''(7A,)7,!CG/,3L$)8T7,

'%)*,(H%,/()*(,81;1',.',1'%,(H%,./101*&/,10,(H%,9%'%,(.(.',3#"*#$%7,1>%*$)#,I%$$:/"##1*(%;,

FOB,/%81';)*+,/(*"8("*%,#*%;.8(%;,L+,G>1@1$;,39*%%'7A,,L7,!%$%8(%;,/%<"%'8%/,0*1&,(H%,

9%'1&.8,)$.9'&%'(,)*%,/H1I',(19%(H%*,I.(H,(H%,#*%;.8(%;,/%81';)*+,/(*"8("*%,.',

#)*%'(H%/./,01*&)(A,Q)*(,10,(H%,/(*"8("*%,3(H%,/(%&,/()*(.'9,)(,#1/.(.1',6K7,./,%S(*%&%$+,I%$$,

/"##1*(%;,L+,81&#%'/)(1*+,/"L/(.("(.1'/,39*%%'7A,B,'"&L%*,10,(H%,/H1I',/#%8.%/,I%*%,'1(,

"/%;,01*,/(*"8("*%,.'0%*%'8%,)';,/"L/(.("(.1'/,.',(H%/%,&)+,#*1>.;%,.';%#%';%'(,%>.;%'8%,

01*,(H%,/(*"8("*%,3%A9A=,(H%,8)/%,01*,2)&#*%+7A,B,81&#%'/)(1*+,;%$%(.1',H)/,()T%',#$)8%,.',

!$1(H=,IH.8H,)$/1,#*1>.;%/,/(*1'9,%>.;%'8%,01*,(H%,/%$%8(.1',01*,&).'().'.'9,(H%,/(*"8("*%A,87,

!%81';)*+,/(*"8("*%,;*)I.'9,10,(H%,/(*"8("*%A,



! #!"

!

!
,

,

!"##$%&%'()*+,@.9"*%,KA,`).*#.',.',!CG/,10,FOB,L.';.'9,9%'%A,)7,!CG/,3L$)8T7,1>%*$)#,)',

G>1@1$;,H).*#.',#*%;.8(.1',39*%%'7,.',(H%,FOB:L.';.'9,9%'%,)*+,3#"*#$%,)';,9*%%'7A,PH%,

#*1(%.',#*1;"8(,10,a^_,L.';/,(1,(H%,Xb:OBCcBBd:O36=457:cBBd:Kb,&1(.0=,#)*(,10,IH.8H,

3OCBcBB7,./,01"';,e"/(,"#/(*%)&,10,(H%,H).*#.',3H.9H$.9H(%;,.',*%;7,WY1&10)+1D!1)=!6'-;10=!

9QQFZA,L7,c'.<"%,/%<"%'8%/,0*1&,(H%,9%'1&.8,)$.9'&%'(,)*%,/H1I',(19%(H%*,I.(H,(H%,

#*%;.8(%;,H).*#.',.',#)*%'(H%/./,01*&)(A,!"L/(.("(.1'/,)*%,81$1*:81;%;,)881*;.'9,(1,(H%.*,

%00%8(,1',(H%,/(*"8("*%A,_'/%*(.1'/,)';,;%$%(.1'/,3.';%$/7,)*%,.9'1*%;,L+,G>1@1$;,)';,(H%,

;1"L$%,.'/%*(.1',.',/<".**%$,(H%*%01*%,/(*1'9$+,/"##1*(/,(H%,/(*"8("*%A,!#%8.%/,'1(,"/%;,01*,

/(*"8("*%,.'0%*%'8%,)*%,/H1I',I.(H,*%;,')&%/A,87,!%81';)*+,/(*"8("*%,;*)I.'9A,

G>1@1$;,&"(")$,%'*.8H&%'(A#_+!')','1&&<!8,D='+=!,;+!(+)+01&!188.-'1,'.)!A+,C++)!"3J8!

1)=!6N%!8+-.)=10<!8,0D-,D0+8!A<!'),+08+-,')(!C',;!J/.7.&=!>0+='-,'.)8!A18+=!.)!,;+!9O!

*1**1&8!1)=!.,;+0!8>+-'+8!W:10B+0T!U.&,B+T!1)=!:+=+08+)T!')!>0+>$T!:+=+08+)'()'*+,!9QQHZ$!

_+!2.D)=!,;1,!L$9g!.2!,;+!"3J8!WOP-.=.)!0+8.&D,'.)Z!./+0&1>!>0+='-,'.)8!.2!-.)8+0/+=!

6N%!8,0D-,D0+8!A<!J/.7.&=T!-.*>10+=!,.!.)&<!9$Hg!.2!-.00+8>.)=')(!01)=.*!-.=')(!

0+('.)8!W@$9P2.&=!+)0'-;*+),Z$![;+!"3J8!-.)/+08+&<!./+0&1>!##g!.2!,;+!iOTQQQ!J/.7.&=!

>0+='-,'.)8!&<')(!C',;')!334"!5678!W@$9P2.&=!+)0'-;*+),ZT!>0./'=')(!1==','.)1&!+/'=+)-+!

2.0!./+0&1>>')(!2D)-,'.)8!')!,;.8+!0+('.)8$!`.C+/+0T!8.*+!*D,D1&!+)0'-;*+),!'8!+M>+-,+=!



! ##"

8')-+!J/.7.&=!'8!')2&D+)-+=!A<!-.)8+0/1,'.)!1)=!8+ID+)-+!-.*>.8','.)T!A.,;!.2!C;'-;!10+!

.A/'.D8&<!='22+0+),!')!"3J8!-.*>10+=!,.!.,;+0!-.=')(!0+('.)8$![;+0+2.0+T!C+!1&8.!
D)=+0,..B!1!*.0+!-10+2D&&<!-.),0.&&+=!,;+0*.=<)1*'-!8,1A'&',<!1)1&<8'8$!

!
FOB,(H%*&1;+')&.8,/()L.$.(+,)')$+/./A!_+!D8+=!6N%?!WY0DA+0'()'*+,!9Q#QZ!,.!-1&-D&1,+!

,;+!b-.)8+)8D8!*')'*D*!20++!+)+0(<d!W-.)8+)8D8!U7JZ!')!,;+!"3J8!1)=!01)=.*!-.),0.&8$!

6N%?!'8!A18+=!.)!,;+!6N%1&'2.&=!1&(.0',;*!W`.21-B+0'()'*+,!9QQ9Z!,;1,!>0+='-,8!,;+!.>,'*1&!
2.&=')(!+)+0(<!A<!')-.0>.01,')(!>;<&.(+)+,'-!')2.0*1,'.)!W8D-;!18!-.)8'8,+),!.0!

-.*>+)81,.0<!*D,1,'.)8Z!'),.!,;+!-&188'-1&!+)+0(<!*.=+&$!7.&&.C')(!,;+!-.)/+),'.)!2.0!

U7J8!.2!8')(&+!8+ID+)-+8T!&.C+0!W'$+$!*.0+!)+(1,'/+Z!-.)8+)8D8!U7J!')='-1,+!1!*.0+!
8,1A&+G*.0+!-.)8+0/+=!6N%!8+-.)=10<!8,0D-,D0+!')!1)!1&'()*+),$!%8!-.),0.&!8+,8!C+!W'Z!

-;.8+!01)=.*!-.=')(!0+('.)8!')!,;+!(+).*+!C',;!-.*>101A&+!&+)(,;!='8,0'AD,'.)!1)=!,.,1&!
)D*A+0T!W''Z!8;D22&+=!,;+!-.=.)8!')!,;+!1&'()*+),8!A<!+M,+)=')(!,;+!1&(.0',;*!'),0.=D-+=!

')!_18;'+,&!x!`.21-B+0!W9QQEZT!!1)=!W'''Z!8'*D&1,+=!01)=.*!1&'()*+),8!C',;!,;+!81*+!

1/+01(+!=')D-&+.,'=+!-.),+),!WY+8+&&!1)=!_18;'+,&!9QQLZ$!!
!

!
!"##$%&%'()*+,@.9"*%,WA,C1'/%'/"/,&.'.&"&,0*%%,%'%*9+,3-@G7,)';,&%)',#).*I./%,

.;%'(.(+,;./(*.L"(.1'/,01*,6X:81;1',!CG/,)';,81'(*1$,/%(/A,PH%,!CG/,I%*%,%S(%';%;,L+,

0$)'T.'9,*%9.1'/,10,6X,'"8$%1(.;%/,/.'8%,(H%,L1"';)*.%/,10,(H%,#*%;.8(%;,81'/(*).'%;,

*%9.1'/,)*%,"'$.T%$+,(1,81**%/#1';,%S)8($+,(1,#1(%'(.)$,FOB,/(*"8("*%/A,!.&.$)*,)')$+/./,I.(H,

(H%,1(H%*,!CG,#*%;.8(.1',/%(/,)';,0$)'T.'9,*%9.1'/,10,K5,'"8$%1(.;%/,,9)>%,81&#)*)L$%,

*%/"$(/,3'1(,/H1I'7A,

%&,;.D(;!,;+!-.)8+)8D8!U7J!='8,0'AD,'.)!2.0!"3J8!'8!A+,,+0!,;1)!01)=.*!-.=')(!0+('.)8T!',!
'8!).,!='8,')(D'8;1A&+!20.*!8;D22&+=!1)=!8'*D&1,+=!-.),0.&8$!![;+0+2.0+T!,;+!='22+0+)-+!

A+,C++)!,;+!"3J8!1)=!01)=.*!-.=')(!0+('.)8!'8!>0.A1A&<!&10(+&<!+M>&1')+=!A<!,;+!
='22+0+)-+!')!8+ID+)-+!-.*>.8','.)!1)=!-.)8+0/1,'.)!&+/+&8!,.!C;'-;!,;+!-.)8+)8D8!U7J!'8!

0+&1,'/+&<!8+)8','/+$!70.*!,;+8+!0+8D&,8!',!'8!D)&'B+&<!,;1,!,;+!"3J8!-.),1')!1!;'(;!201-,'.)!.2!

+M,0+*+&<!8,1A&+!6N%!8+-.)=10<!8,0D-,D0+8$!",0D-,D01&!-&D8,+0')(!.2!,;+!J/.7.&=!
>0+='-,'.)8!C',;')!"3J8!1&8.!='=!).,!0+/+1&!-.*>+&&')(!21*'&'+8!-.*>101A&+!,.!,;.8+!

='8-./+0+=!')!).)P-.=')(!0+('.)8$!

!



! #$"

R,!8;.D&=!A+!).,+=!,;1,!,;+!>.C+0!.2!,;'8!1)1&<8'8!'8!8+/+0+&<!&'*',+=!A<!,;+!;'(;!

-.)8+0/1,'.)!&+/+&8!W10.D)=!OQg!*+1)!>1'0C'8+!'=+),',<Z!1)=!,;+!-.00+8>.)=')(!&1-B!.2!
')2.0*1,'.)!20.*!*D,1,'.)1&!>1,,+0)8$!!7.0!*1)<!;'(;&<!-.)8+0/+=!1&'()*+),8!,;+!1)1&<8'8!

'8!+22+-,'/+&<!,;+!81*+!18!8')(&+!8+ID+)-+!1)1&<8'8T!C;'-;!'8!(+)+01&&<!).,!8'()'2'-1),!
+).D(;!,.!=+,+-,!*.8,!.2!,;+!B).C)!2D)-,'.)1&!6N%!8,0D-,D0+8!W_18;'+,&!1)=!`.21-B+0!

9QQEZ$!!

-.;/ OE4$%','3%&@',1+1'*1*2&1*&%N'*,&4'*+"1*1*2&-)K,&
!

[.!188+88!)D-&+.8.*+!>.8','.)')(!C',;')!+M.)8!-.),1')')(!"3J8T!C+!=.C)&.1=+=!,;+!

bND-&+.8.*+!8-.0+8!>0.2'&+d!20.*!
!;,,>VGG='0$);&A'$)';$(./G>1>+08G&*'G+>'(+).*+8G;(,-+&&)D-&+.8.*+8$18>M!

C;'-;!'8!>.8,>0.-+88+=!20.*!;'(;P,;0.D(;>D,!8+ID+)-')(!.2!)D-&+.8.*+PA.D)=!4N%!!')!

0+8,')(!;D*1)!34Ec![P-+&&8!W"-;.)+8'()'*+,!9QQLZ$![;'8!=1,1!>0./'=+8!1!8-.0+!2.0!+1-;!#QA>!
C')=.C!')!,;+!(+).*+T!')='-1,')(!,;+!,.,1&!)D*A+0!.2!0+1=8!*1>>')(!1,!1)!1>>0.>0'1,+!

='8,1)-+!D>8,0+1*!.0!=.C)8,0+1*!,.!')='-1,+!)D-&+.8.*+!.--D>1)-<$!
7.0!+1-;!334"!+M.)T!C+!-.*>D,+=!,;+!*+1)!8-.0+!.2!1&&!,;+!#QA>!C')=.C8!.2!C;'-;!

1,!&+18,!.)+P;1&2!10+!C',;')!,;+!+M.)T!1)=!-.*>10+=!,;+!='8,0'AD,'.)!.2!,;'8!*+1)!8-.0+!2.0!

+M.)8!-.),1')')(!1,!&+18,!.)+P;1&2!.2!1)!"3J!1)=!.,;+0!+M.)8$!7.0!0+2+0+)-+T!C+!1&8.!
-.*>D,+=!,;+!*+1)!8-.0+!')!2&1)B')(!'),0.)8$!

!
3.)8'8,+),!C',;!0+-+),!0+>.0,8T!+M.)8!;1/+!;'(;+0!)D-&+.8.*+!.--D>1)-<!,;1)!2&1)B')(!
'),0.)8$!`.C+/+0T!+M.)8!-.),1')')(!"3J8!W0+=T!#FP-.=.)!0+8.&D,'.)Z!,+)=!,.!;1/+!&.C+0!

)D-&+.8.*+!.--D>1)-<!,;1)!.,;+0!+M.)8!WA&D+T!-!q!#$Q$#QP##T!U1))P_;',)+<!pZ$!!



! #%"

!

-.B/ TK7&(1$%,&('6&,>*'*>3'E,&4'*,+6"1*+&%$%3%*+,&
!

[;+!SJ4!2'&+8!8>+-'2<')(!,;+!&.-1,'.)8!.2!,;+!8<).)<*.D8!-.)8,01'),!+&+*+),8!10+!1/1'&1A&+!

20.*!,;+!2.&&.C')(!C+A!8',+V!
!

;,,>VGG-.*>A'.$*',$+=DG"3JG!

-.F/ 9%(%6%*4%,&

!

%0/+8,1=!f!1)=!S0D).!_r$!#OOK$!J8,'*1,'.)!.2!0+/+08'A&+!8DA8,',D,'.)!*1,0'-+8!20.*!

*D&,'>&+!>1'08!.2!8+ID+)-+8$!C,'D3+,'EF3+,'WXf,HOHPKQ@$!!
S+)a1*')'!X!1)=!X+BD,'+&'!4$!9QQ#$![;+!-.),0.&!.2!,;+!21&8+!='8-./+0<!01,+!')!*D&,'>&+!

,+8,')(!D)=+0!=+>+)=+)-<$!G.('$22*+4'3H'B)*)/4)/I4'4?f,##HFP##LL$!!
318,'&&.P41/'8!3T!U+B;+=./!"fT!`10,&!4fT!^..)')!JwT!1)=!^.)=018;./!7%$!9QQ9$!"+&+-,'.)!

2.0!8;.0,!'),0.)8!')!;'(;&<!+M>0+88+=!(+)+8$!>*),'6(2(),'K6f,E#FPE#L$!!

3;1*10<!rwT!:10*&+<!rfT!1)=!`D08,!f4$!9QQH$!`+10')(!8'&+)-+V!N.)P)+D,01&!+/.&D,'.)!1,!

8<).)<*.D8!8',+8!')!*1**1&8$!>*),'"(F,'6(2(),']f,OLP#QL$!=.'V#Q$#Q@LG)0(#KKQ$!

71'0A0.,;+0!_YT!X+;!67T!";10>!:%T!1)=!SD0(+!3S$!9QQ9$!:0+='-,'/+!'=+),'2'-1,'.)!.2!+M.)'-!
8>&'-')(!+);1)-+08!')!;D*1)!(+)+8$!BI/(2I('4?]f,#QQKP#Q#@$!

=.'V#Q$##9HG8-'+)-+$#QK@KKE$!

7D(&81)(!%$!9QQH$!J8,'*1,')(!,;+!y+22+-,'/+!)D*A+0!.2!-.=.)8yV![;+!C0'(;,!C1<!.2!
=+,+0*')')(!-.=.)!;.*.?<(.8',<!&+1=8!,.!8D>+0'.0!+8,'*1,+8$!6(2()/I4'6]4f,#@Q#P#@QK$!

=.'V#Q$#F@EG(+)+,'-8$#QF$QEOHE@$!

Y1&10)+1D!%!1)=!6'-;10=!"$!9QQF$![10(+,!6N%!*.,'2!1)=!,10(+,!*6N%8!.2!,;+!ID1B')(!

"[%6!>0.,+')$!>*),'B)1JI),'D3+,'!/3+,'64f,HO#PHOL$!=.'V#Q$#Q@LG)8*AOH@$!

Y1&,'+0!N!1)=!4D0+,!f$!9QQK$!%=1>,1,'.)!.0!A'18+=!(+)+!-.)/+08'.)t!+M,+)=')(!,;+!)D&&!
;<>.,;+8'8!.2!*.&+-D&10!+/.&D,'.)$!G1(254'/2'6(2()/I4'4Kf,9K@P9KK$!=.'V45RV!

#Q$#Q#HGa$,'($9QQK$Q@$Q##$!

Y+8+&&![!1)=!_18;'+,&!"$!9QQL$!4')D-&+.,'=+!-.),0.&&+=!)D&&!*.=+&8!2.0!-.*>101,'/+!6N%!

(+)+!>0+='-,'.)$!!D#'!/3/2H31K*)/I4'?f,9EL$!=.'V#Q$##LHG#EK#P9#QFPOP9EL$!

Y.&=*1)!N!1)=!X1)(!l$!#OOE$!%!-.=.)PA18+=!*.=+&!.2!)D-&+.,'=+!8DA8,',D,'.)!2.0!>0.,+')P

-.=')(!4N%!8+ID+)-+8$!D3+,'!/3+,'EF3+,'66f,K9FPK@H$!!

Y0'22',;8Pr.)+8!"T!"1')'!`^T!/1)!4.)(+)!"T!1)=!J)0'(;,!%r$!9QQL$!*'6S18+V![..&8!2.0!

*'-0.6N%!(+).*'-8$!>JI+,'$I/54'"(4,'KJf,4#FEP#FL$!=.'V#Q$#QO@G)10G(B*OF9$!
Y0DA+0!%6T!7')=+'88!"T!_18;'+,&!"T!`.21-B+0!RfT!1)=!",1=&+0!:7$!9Q#Q$!6)1?!9$QV!R*>0./+=!

).)-.=')(!0)1!=+,+-,'.)$!-*I,'BLKM,'!/3I3KMJ),'6Xf,HOPKO$!!

`.21-B+0!RfT!7+B+,+!UT!1)=!",1=&+0!:7$!9QQ9$!"+-.)=10<!8,0D-,D0+!>0+='-,'.)!2.0!1&'()+=!
6N%!8+ID+)-+8$!C,'D3+,'!/3+,'K6?f,#QFOP#QHH$!=.'V#Q$#Q#HG"QQ99P9L@HWQ9ZQQ@QLPe$!

^.8'.&!3T!`.&*+8!RT!1)=!Y.&=*1)!N$!9QQK$!%)!+*>'0'-1&!-.=.)!*.=+&!2.0!>0.,+')!8+ID+)-+!
+/.&D,'.)$!D3+,'!/3+,'EF3+,'4Wf,#EHEP#EKO$!=.'V#Q$#QO@G*.&A+/G*8*QHE$!

f+C'8!S:T!SD0(+!3ST!1)=!S10,+&!4:$!9QQF$!3.)8+0/+=!8++=!>1'0')(T!.2,+)!2&1)B+=!A<!

1=+).8')+8T!')='-1,+8!,;1,!,;.D81)=8!.2!;D*1)!(+)+8!10+!*'-0.6N%!,10(+,8$!#(++'645f,
#FP9Q$!=.'V#Q$#Q#HGa$-+&&$9QQE$#9$Q@F$!



! #&"

f'!rST!f+/1).)!JXT!X..)!rT!%1-;!rT!e'+!ST!f+:0.D8,!JT!l;1)(!^T!Y1.!XT!1)=!3;D0-;!YU$!9QQO$!

Y+).*+PC'=+!'=+),'2'-1,'.)!.2!;D*1)!6N%!+=',')(!8',+8!A<!>101&&+&!4N%!-1>,D0')(!1)=!
8+ID+)-')($!BI/(2I('K4Wf,#9#QP#9#@$!=.'V#Q$##9HG8-'+)-+$##KQOOF$!

:+=+08+)!r"T!S+a+01).!YT!"'+>+&!%T!6.8+)A&..*!^T!f')=A&1=P[.;!^T!f1)=+0!J"T!^+),!rT!U'&&+0!
_T!1)=!`1D88&+0!4$!9QQH$!R=+),'2'-1,'.)!1)=!-&188'2'-1,'.)!.2!-.)8+0/+=!6N%!8+-.)=10<!

8,0D-,D0+8!')!,;+!;D*1)!(+).*+$!-?3B'#3KMJ),'!/3+,'4f,+@@$!

=.'V#Q$#@K#Ga.D0)1&$>-A'$QQ9QQ@@$!
:.)=!"^!1)=!UD8+!"w$!9QQF$!"',+P,.P8',+!/10'1,'.)!.2!8<).)<*.D8!8DA8,',D,'.)!01,+8$!D3+,'

!/3+,'EF3+,'44f,9@KFP9@LF$!=.'V#Q$#QO@G*.&A+/G*8'9@9$!

:.??.&'!pT!U+).??'!YT!3.*'!Y:T!31(&'1)'!6T!S0+8.&')!NT!1)=!"'0.)'!U$!9QQK$!R),0.)!8'?+!')!
*1**1&8V!3.*>&+M',<!-.*+8!,.!,+0*8!C',;!+-.).*<$!G1(254'/2'6(2()/I4'4Kf,9QP9E$!

=.'V45RV!#Q$#Q#HGa$,'($9QQH$#Q$QQ@$!
6'-;10=!Y7T!^+00+8,!%T!1)=!4Da.)!S$!9QQL$!3.*>101,'/+!(+).*'-8!1)=!*.&+-D&10!=<)1*'-8!

.2!4N%!0+>+1,8!')!+DB10<.,+8$!D/I13N/3+,'D3+,'!/3+,'"(F,']4f,HLHPK9K$!

=.'V#Q$##9LGUUS6$QQQ##PQL$!
"-;*'=!^!1)=!X1)(!l$!9QQL$![;+!,0.DA&+!C',;!8&'=')(!C')=.C8!1)=!,;+!8+&+-,'/+!>0+88D0+!

')!S63%#$!-?3B'O2('Kf,+@KEH$!=.'V#Q$#@K#Ga.D0)1&$>.)+$QQQ@KEH$!

"-;.)+8!4JT!3D'!^T!3D==1>1;!"T!6.;![T!S108B'!%T!_1)(!lT!_+'!YT!1)=!l;1.!^$!9QQL$!

4<)1*'-!0+(D&1,'.)!.2!)D-&+.8.*+!>.8','.)')(!')!,;+!;D*1)!(+).*+$!#(++'6K4f,LLKPLOL$!

=.'V45RV!#Q$#Q#HGa$-+&&$9QQL$Q9$Q99$!
"'+>+&!%!1)=!`1D88&+0!4$!9QQE$!:;<&.(+)+,'-!+8,'*1,'.)!.2!-.),+M,P=+>+)=+),!8DA8,',D,'.)!

01,+8!A<!*1M'*D*!&'B+&';..=$!D3+,'!/3+,'EF3+,'46f,EHLPELL$!!

",1)&+<!"T!S1'&+<![T!1)=!U1,,'-B!r$!9QQH$!Y5N5UJV!U+18D0')(!-.00+&1,'.)8!A+,C++)!Y5!

,+0*8!1)=!(+).*'-!>.8','.)8$!!D#'!/3/2H31K*)/I4']f,OE$!!

",10B!%T!f')!U7T!^;+01=>.D0!:T!:+=+08+)!r"T!:10,8!fT!310&8.)!r_T!30.8A<!U%T!618*D88+)!

U4T!6.<!"T!4+.018!%NT!+,!1&$!9QQK$!4'8-./+0<!.2!2D)-,'.)1&!+&+*+),8!')!#9!=0.8.>;'&1!

(+).*+8!D8')(!+/.&D,'.)10<!8'()1,D0+8$!>*)J1('WX5f,9#OP9@9$!

=.'V#Q$#Q@LG)1,D0+QH@EQ$!
",.0+<!r4!1)=!['A8;'01)'!6$!9QQ@$!",1,'8,'-1&!8'()'2'-1)-+!2.0!(+).*+C'=+!8,D='+8$!-13I,'

>*)+,'$I*5,'BI/,'P,'B,'$,'655f,OEEQPOEEF$!=.'V#Q$#QK@G>)18$#F@QFQO#QQ$!

p00D,'1!%5!1)=!`D08,!f4$!9QQ@$![;+!8'()1,D0+!.2!8+&+-,'.)!*+='1,+=!A<!+M>0+88'.)!.)!
;D*1)!(+)+8$!6(23K('"(4(*1I.'6Kf,99HQP99HE$!=.'V#Q$##Q#G(0$HE##Q@$!

_18;'+,&!"!1)=!`.21-B+0!Rf$!9QQE$!3.)8+)8D8!2.&=')(!.2!1&'()+=!8+ID+)-+8!18!1!)+C!
*+18D0+!2.0!,;+!=+,+-,'.)!.2!2D)-,'.)1&!6N%8!A<!-.*>101,'/+!(+).*'-8$!C,'D3+,'!/3+,'KW4f,

#OP@Q$!=.'V#Q$#Q#HGa$a*A$9QQE$QK$Q#L$!

_;+&1)!"!1)=!Y.&=*1)!N$!#OOO$!4'8,0'AD,'.)8!.2!8,1,'8,'-8!D8+=!2.0!,;+!-.*>10'8.)!.2!
*.=+&8!.2!8+ID+)-+!+/.&D,'.)!')!>;<&.(+)+,'-8$!D3+,'!/3+,'EF3+,'6Jf,#9O9P#9OO$!!

_0'(;,!7$!#OOQ$![;+!\+22+-,'/+!)D*A+0!.2!-.=.)8]!D8+=!')!1!(+)+$!6(2('M]f,9@P9O$!=.'V45RV!
#Q$#Q#HGQ@KLP###OWOQZOQEO#PO$!

X1)(!lT!N'+&8+)!6T!Y.&=*1)!NT!1)=!:+=+08+)!%^$!9QQQ$!3.=.)P8DA8,',D,'.)!*.=+&8!2.0!

;+,+0.(+)+.D8!8+&+-,'.)!>0+88D0+!1,!1*').!1-'=!8',+8$!6(2()/I4'6XXf,E@#PEEO$!!
!


