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<&G20# C'&=B):"8'2P5 &)*8"= O$'8B"'E):]@*

!MPM*!123+"2*"#23+( 76$H26. -('@$+"2 B6',,+63/=/31>*$'6#3/',D*

&+$$

!^A0[ (#/2+ #*-$+30'(# ':*2+6',)#(1 -('@$+"2 B(+2-',2+ 3/"+2>*

(+6#$$>*-(+6/2/',>*#=#/$#@/$/31>*312" "$<06$IA0$1!>nD

!J(#)/3/',#$*2'$73/',29

[Co7/$) #*2'-0/23/6#3+) "',/3'(/,5

PC<.60#,5+*$'32*':*/,:'("#3/', 3'*+23#@$/20 /)+# ':*5$'@#$*23#3+

pCN,3(')76+ -('3'6'$ 3'*'-3/"/8+ B"/3/5#3+nD

!X'& #@'739*

! /!23._B <AI9627D 1;&!B$9DI16< 2!"&170$H$_B 31F233.V
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:.82?5E)F.P&% *8'$P8$'"5 .?)6"8A.'G5

! e$'@#$*"+3(/62 :'( ,+3&'(? #,#$18/2 #(+ +.-+,2/=+ B#,)*3+)/'72 3'*6#$67$#3+D

! a'6#$ 23(7637(+2 #(+ 27(-(/2/,5$1 60#(#63+(/23/6 :'( 6'"-$+. ,+3&'(?2

! W,#$18+ )/(+63 ,+/50@'(0'')9
! M+("73#3/',*':*#$$*-#/(2 B3(/#)2D*k*3(/-$+2 B3+3(#)+2D*k*n*':*,+/50@'(2

! K0+6?*/,3+(6',,+63/=/31 B4'3/:D

! K'7,3 '667((+,6+ ':*60#(#63+(/23/6 27@5(#-02

! K#$67$#3+ 23#3/23/6#$ 2/5,/:/6#,6+ ':*'667(+,6+2

(2)

(192)

(6)

(13)
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K)a$2PG)HI&+=%" .?):.82?5

,

1

5



!"#$%&'()%*)+#,-#./.+#!01#2)&345 .55&6)76.55& 85)97&:( ; -&%<0#!057&= 73

6"8A.'G >B&'&P8"'2582P5 &0/)*2#02?2P&0P" @'.?2%"5

[Milo et al. ’04]
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:.82?5 20)>B.'/

!Y/,5*23(7637(+>*:/,5+( 3#@$+2
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a$2PG)HI&+=%" Q\<E)*9+=B.09

!Y/,5*@#2+)>*(#,)'" $',5 )/23#,6+*$/,?2*BaID

! BH#360 '73i*N3m2 :(+h7+,61>*,'3 2/5,/:/6#,6+ /,*30+2+ 6#2+2iD
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D0P'"&520# F.0#,Q258&0P" F20G5)20)*9+=B.09

! a'&+( 6$723+(/,5>*6',=+(5+ 3'*(#,)'"
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K0.8B"' HI&+=%"E)>K6

!G+1%2-#6+ )*)/"+,2/',#$*J'(72
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D0P'"&520# Q2+"052.05 .?)>K6

! a+22 6$723+(/,5>*',$1 2$/503 60#,5+2
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>.++.0)U5"P.0/&'9W)@'.3%"+5)A28B @[@

!M('-+(3/+2 ':*IXJ9

! Y#,)'" #22/5,"+,3 BNIk6''()/,#3+D*" 7,+h7#$ #22/5,"+,3 ':*?+1 2-#6+

! X+3+('5+,+/31 ':*,')+2>*-'-7$#(/31 ':*6',3+,3

! I1,#"/6 #((/=#$ #,)*)+-#(37(+ ':*,')+2 B607(,Dn

!!+6',)#(1 -('@$+"29

! (+2-',2+ 3/"+2>*(+6#$$>*-(+6/2/',>*#=#/$#@/$/31>*312" "$<06$IA0$1!%&]
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:.82?,3&5"/ ]=82+2b&82.0 .?)@[@,*$358'&8"5

! <#60 ,')+ ?,'&2 /32 ,+/50@'(0'') B4'3/:%2/5,#37(+D

! Q@x+63/=+29*

! ;7(1#1<' -9'%$)) -9'%)$: 5: -7(1#1<1=6 ='16/5-%/--2>

! ;='&0:0('# 3-% $))&?@?&0"50(%$('0 A=-( 2'%19$(19'0 -3&$))&BCDEF

! G#7)'#'=( 7)"61= 3-% $))&BCD+

! N,3+(6+-3 x'/, "+22#5+2

! K0+6?*$'6#$ 23#3+

! 23/6?*3'*-('3'6'$ B)'*,'30/,5D*GH9*)/=+(3 :('" -('3'6'$

! J+("/,#3+ x'/, +#($1 B#22/5,/,5 )/::+(+,3*NI*2-#6+D

! I('-*"+22#5+

! J(/55+( (+%x'/, :('" 26(#360 B3#(5+3 #(+# /2 '-3/"#$>*"#.//// 3/"+2D

!H$="$)): .-=0(%".( $=&-9'%)$: (-7-)-6: I-7(1#$)J&(-&0-#' #'(%1.

! K$).")$(' ./$%$.('%10(1. #-(13 016=131.$=.' 7%-31)' A$9'%$6' -3&#-(13
016=$("%'0F

! B'%19' )-.$)): 2'01%'2 #-(13 016=$("%'0

! L''2 ($%6'( #-(13 016=$("%'A0F&1=(- 7)"61=
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]=82+2b20# &)>K6Y

!W227"-3/',9*

! IK8M&10 -7(1#$)&13 $))&=-2'0 $%' $0016='2 0.-7' -3&'N"$) 01<' A,7 IJAK$%ILFJ

!I/(+63+) 3+3(#)+ "'3/: 2/5,#37(+ /2 60#(#63+(/23/6 :'( #$$*,')+2

!M#(#"+3(/8+ M$75/,9

!J#(5+3 4'3/: 2/5,#37(+

!M$75/,%!3(#3+519

!J+("/,#3+ x'/, +#($1

!J(/55+( (+%x'/, B"#./ 3/"+2D
5678

568

5698
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@'"%2+20&'9 H7&%$&82.0E)a$"582.05 &5G"/

N"-$+"+,3+) #2*-$75/, :'( +./23/,5 2/"7$#3/', :(#"+&'(? B-$#,+3*

2/"D

! !/"7$#3/',*237)1 3'*60+6?9

[C I'+2 30+ 4'3/:%@#2+) '-3/"/8#3/', 6',=+(5+ 3'*5$'@#$$1 )+2/(+) 4'3/:

2/5,/:/6#,6+ -(':/$+;

PC X'& 5'')*/2 30+ '=+($#1 #:3+( '-3/"/8#3/',;

! !/"7$#3/',*237)19
! M$#/, 2/"7$#3/', ':*'=+($#1

! KWT*=2C*Q-3/"/8+) KWT

! s#(/#3/',*':*5('7- 2/8+29*P[b f P[d BX'& &+$$*)'*&+ @#$#,6+;D
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-B2PB C%.3&%)D+=&P8)B&5)F.P&% ]=82+2b&82.0M

! IB-'0 H-(13O5$0'2 -7(1#1<$(1-= .-=9'%6' (-&6)-5$)&2'01%'2

H-(13 016=131.$=.' 7%-31)'PJ
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Q.)A" "0B&0P" 8B" F.&/,N&%&0P20# .?)>K6M

! J'-'$'5/6#$ 60#,5+2 $+#) 3'*@+33+( @#$#,6+) #$$'6#3/', k*/,6'"/,5 (+h7+232

! K0+6?*)/(+63 +,=/(',"+,3 #,)*'-3/"/8+ 3'*$'6#$ @#$#,6+

! 4'3/:%@#2+) /2 ',+ '-3/',
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Q."5 28 -.'G-28B ]8B"' @[@)*958"+5)U1KQWM

! G#)+"$/#9

! M$#'07$.' 10 210(%15"('2 '9'=):

! M'16/5-% 0')'.(1-= 7'%&Q;RO#'(%1. A51=$%: (%''S&.-=='.( (-&T&=-2'0 1=&I-77-01('J&

5%$=./'0F

! ?%-(-.-) )'$20 (-&7%'3'%'=(1$) $(($./#'=( $=2&"=5$)$=.'2 0'%91.' %'N"'0(0

! W227"-3/',9

! I!8B&10 -7(1#$)&U/'= 1=O2'6%'' 10 5$)$=.'2J

! I/(+63+) 3(/#)+ "'3/: 2/5,#37(+ /2 60#(#63+(/23/6

! M$75/,%23(#3+519

! IC12'J&A2%-7&#'00$6'S&$9-12 1=.%'$0' -3&1=O2'6%''F
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*2#02?2P&08 :.82? @'.?2%")5$PP"55?$%%9 "582+&8"/M

n=2048, 32 runs, significant motif signature
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D5 8B" 20,/"#'"" 3&%&0P"/M

n=2048, 32 runs, mean distribution of in-degree
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N&%&0P20# 1&/ !"X$"58 @'.P"5520#

! !#"+*/)+# :'( G#)9

! o#$#,6+*30+ /,%)+5(++

! 30+ 2#"+ ,7"@+( ':*(+h7+232 #(+ +.-+63+) :'( #$$

! M('@$+"9*&0#3 /2 30+ "+#,;*X'& &'7$) /3 @+ @#$#,6+);


