CuctemHasa ononorus —
ceTu

M.l'enbdoaH
«CpaBHUTENBHAA rEHOMUKa»

bubn 4 kypc



pa3Hble ceTn

* Denok-benkoBble B3anMoaencTBus
* peErynsaTopHble ceTn (daKkTop-reH)
e MeTabonuyeckune



CBOUCTBA ceTeu

N = Konn4yecTBO BepLUUNH

* pacnpeneneHne cteneHen BepLUnH
P(k) = BEpOATHOCTb TOro, YTO y
Crly4anHo B3STOW BepLnHbl byaet k
pebep

* CpeaHas aAnnHa nNyTn mexay
BepLunMHamu L



criydyanHas CceTb

* MyaCCOHOBCKOE pacnpenerneHme
P(k) = exp(-A\) A</ k!
» Teopema 3paelwla-PeHbn: da3oBbI

nepexon — BO3HMKHOBEHUE TMFAHTCKOW
KOMMOHEHTbI

* cpeoHaa gnuHa nytn ~ log N



scale-free network

* P(k) ~ k™Y
e y>3 — HN4ero ocobeHHoro
» 2<y<3 — hubs, nepapxuga

e y=2 OornbLIonN hub, coeanHeHHbIN ¢ BonbLLOW
Ooneun BepLinH

* [1lpn y<3 yoaneHue crnyd4anHou BepLUNHbI He
paspyLlaeT ceTb, yaaneHne hub’a —
paspyLiaeT

* cpeaHasa anuHa nytn (npu 2<y<3) ~ log log N



P(k)

Random and scale-free P(k)
(linear and log scales)
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A Random network B Scale-free network C Hierarchical network
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npumMepbl

* Denok-benkoBble B3anMoaencTBus
* CUHTETUYECKME neTanu

* pErynauUna TpaHCKpUnuum

* MeTabonunyeckmne cetu



Yeast protein interaction network

* Data from the
high-throughput two-hybrid
experiment (T. lto, et al.
PNAS (2001) )

 The full set containing 4549
iInteractions among 3278
yeast proteins

* 87% nodes in the largest
component

* The highest connected
protein interacts with 285
others!

*Figure shows only nuclear
proteins
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P(k)

Bbenok-6enkoBble B3ammMmoOencTBuUA B
apoxokax: P(k) u paamepbl CBA3HbIX
KOMMOHEHT

o°k (a)
\‘\
t
\_i-“h
10° "
® v
-
* P '\_\
10
= Uetz ¢ 2
® o e e @
g A DIP ~
10 v MIPS
ho: core daa
10s . B " 2
10’ 10' 10°
k

=
&

10° g

(c) 8 Uetz
® Ito
[ L DIP
10 v MIPS
Io: core data
10" aw
. T
.
10t ¢\
V.,
-
2 b \ ;aa®
10 . v Q‘.
: v
\ *a K i
lO“g ‘Q
w
. \ v
10 0 “.l lz 3
10 10 10 10




400

A
1000
350 +# ‘\ g
300 100 =
250 o 1
E 10 "G
8 200 1
L
*
o 1 : i
§ 150 - 10 100
100 *

Synthetic
lethals In
yeast

YBR0%4w CcsSm3 MMS4




Rank vs. degree for metabolites and
reactions in Helicobacter pylori
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Transcription regulatory

Downloaded from the
YPD database: 1276
regulations among 682
proteins by 125
transcription factors (10
regulated genes per TF)

Part of a bigger genetic
regulatory network of
1772 regulations among
908 proteins

Positive to negative ratio
3:1

Broader distribution of
out-degrees (up to 72)
and more narrow of
in-degrees

(up to 21)



perynauua TpaHckpunuum (gpoxxku, ChiP-chip)
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* A:in-degree (OTHOCUTENBLHO perynupyemMblix reHoB): rmctorpamMmma (B
nosnynorapndMmUYeCKNX KoopgmHaTax) Konmyecrsa npoMoTOpOB C 3aaHHbIM
YUCITOM PErynaTopoB— 3KCMOHEHUManbHoe pacnpegeneHme (y 6onbLwmMHCTBa reHoB
Marso perynatopoB). [1ycTble KpyXXKu — CriydanHbin rpad

« B: out-degree (oTHOCUTENBHO (PaKTOPOB): rMMCTOrpaMmMa Konmyectsa pakTopos,
CBA3bIBaOWMX 3aaHHOE KOSIMYECTBO MPOMOTOPOB — scale-free



Transcription regulatory
network 1n Homo Sapiens
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Data courtesy of
Ariadne Genomics
obtained from the
literature search:
1449 regulations
among 689 proteins

Positive to negative
ratio is 3:1 (again!)
Broader distribution
of out-degrees

(up to 95) and more
narrow of in-degrees
(up to 40)



Transcription regulatory
network 1n E. coli

Data (courtesy of Uri
Alon) was curated from
the Regulon database:
606 interactions
between 424 operons
(by 116 TFs)

Positive to negative
ratio is 3:2 (different
from eukaryots!)

Broader distribution of
out-degrees

(up to 85) and more
narrow of in-degrees
(onlyupto6!)



3aBUCUMOCTb (PN3NONOrMYEeCKUX n
reHOMHbIX CBOUCTB OT TOMONMOrum

* OPOXKN:
— ~10% genes with <5 links are essential
— >60% genes with >15 links are essential

* eHbl C DOSIbLUMM YNCITOM CBSI3EN

— C bonbluen BEPOATHOCTbLIO UMEIOT
OPTONIOrOB B MHOIOKNETOUYHbIX 3yKapuoTtax

— bnnxe k optonoram n3 C. elegans



party hubs u date hubs

 bumoganbHOE Stress response . Cellcycle
paCIIpEICTICHUE |
KOPPEISILMNA YPOBHSA
BKCIIPECCUU
— Kpacssiii: hubs
— Tony0oii: non-hubs : oy AN T : A

o o . =10 -05 0 0.5 10 <10 -05 0 0.5 1.0
— UYepHbIU: CIIy4aWHBIA Tpay

a

Party hubs: cam u coceau P }K\
KO-DKCIIPECCUPYIOTCS [ %'} ~— <l
(KOMILIIEKCHI ) - Party hub;

Date hub; same time
Date hub: et ool P
KOPPEIILIUU B YPOBHAX :” ":]
AKCIIPECCHUM (CUTHAIBHBIC 8T
Iy TH) ko

and space



YCTONUYNBOCTD _

K aTake
(pacnageHue
rTMraHTCKou
KOMMOHEHTbI)

OCHOBa CETU
— party hubs

Characteristic path length
® S

= 3

-
N

Breakdown points

.

0.05 0.10 015 0.20
Fraction of nodes removed

KpacHslli: araka Ha
party hubs

KopuyHEBBIN: araka
Ha BCE Xa0bl

['ony0Ooii: aTaka Ha
date hubs

3eeHbIl; aTaka Ha
CIy4aiHble OCJIKU

0.25

A



MOTUBDLI

* KITUKWA

— MHOro B rpadpax 6enok-0enkoBbIX
B3anMOOEeNCTBUN (Macc-cnek. aHanms
KOMMJ1EKCOB — MO OnpeaeneHunio)

* noarpadbl PUKCUPOBAHHOWN CTPYKTYPHI,
BCTpeydakLlwnecd CylleCrBeHHO Halle,
yeM B crnyydyanHom rpadpe (C TemMu xe
CBOMCTBaAMM)



PerynaTtopHbIN KacKan

Motif set A

A1 A2 S
. = 5
R X
R
R R
b
R N | 47107 3.0x10'
s N.ql(2.640.5)x107 5.423.2

Clb2

A motif example

* R — TpaHCKpUIIIIMOHHAA PETYJISALIUS

* X — KO-3KcHopeccus

Clb2
A theme example



Motif set B P m 5

Q\\\J///P i Hap2
@ R R|R R

R R
— B4 i \/
' 2 N..| 1.3x10° 6.1x107 Cox4

c Nl 3.3:23.7 [8.0£2.3)x10]

Hap3

A motif example A theme example

* R — TpaHCKpUIIIIMOHHAS PETYISIU
e P — 0enok-0eJIKkOBOE B3aUMOJIEHICTBUE

e H — roMmosyoruga



CyobeanHuubl (pakTOpOB TPaHCKPUNLUUU

Motif set B P m 5

v i — Hap2 Hap3
m R R|R\ /R

R R
— B4 i \/
' 2 N..| 1.3x10° 6.1x10° Cox4

c Nl 3.3:23.7 |(8.0£2.3)x10]

A motif example A theme example

* R — TpaHCKpUIIIIMOHHAS PETYISIU
e P — 0enok-0eJIKkOBOE B3aUMOJIEHICTBUE

e H — roMmosyoruga



Motif set C

FIFI

o™

C1

=]

c2

X

C3

o

Nreal

5.9x10°%

3.5x10°

1.9x10°

Nrand

(5.4+0.5)x107

(2.7£0.3)x107

(5.320.5)x10°

Hirl

Hhft  PX Hht1

A motif example

* R — TpaHCKpUIIIIMOHHAS PETYIALUA

H — romosiorus

X — KO-3KcHIpeccus

P — 0enok-0erkoBO€e B3aUMOJICHICTBUE

A theme example



Motif set C

FIFI

Eom®

PerynoHbl

C1

=]

c2

X

C3

o

Nreal

5.9x10°%

3.5x10°

1.9x10°

Nrand

(5.4+0.5)x107

(2.7£0.3)x107

(5.3+0.5)x10°

Hirl

Hhft  PX Hht1

A motif example

* R — TpaHCKpUIIIIMOHHAS PETYIALUA

H — romosiorus

X — KO-3KcHIpeccus

P — 0enok-0erkoBO€e B3aUMOJICHICTBUE

A theme example



Motif set D

7/

D3

P

D4

X

5.7x10°

9.9x10°

6.7x10*

1.2x10%

anal(1.120.0)x10°

(8.2+0.3)x107

(5.2+0.2)x10°

(2.7+0.1)x104

P.X

Atpi4

Atp20

P.X

PX Atp3

A motif example

e P — 0enok-0eIKOBOE B3aUMOJICHUCTBUE

* X — KO-3KcHopeccus

Atp14

Atp20
Atp2 Atp15

Atp3
etc.
A theme example



Motif set D

7/

Ko-akcnpeccusa B KoMnneKkcax

D3
JA

P

X

D4
A

5.7x10°

9.9x10°

6.7x10*

1.2x10%

anal(1.120.0)x10°

(8.2+0.3)x107

(5.2+0.2)x10°

(2.7+0.1)x104

P.X

Atpi4

Atp20

P.X

PX Atp3

A motif example

e P — 0enok-0eIKOBOE B3aUMOJICHUCTBUE

* X — KO-3KcHopeccus

Atp2

Atp14

Atp20
Atp15

Atp3
etc.
A theme example



MAOLEARR E1 E2 E3 » |E4 @
s s|s s|H'  “H|H \H
sH/ \sH S I T o
New| 2.7x10° 9.8x10? 3.2x10° 5.6x10°
o” SH ‘e N ara}(1.720.1)x10°((3.8+0.4)x107(1.3£0.1)x10%(1.0£0.2)x 10°

Myo2

S,H/ S,H

Numi SH Tpmi

A motif example

* S — CHHTETHMYECKHE JeTalM (CIa00CTh)

 H —romoyorug

Chs7

Smi1 etc.
Fab1 Sit2
Num1 pmi

A theme example



B3anmo3ameHsieMOCTb napanoros (?)

MOTESRR E1 E2 E3 » |E4 @
s s |s S | H/ H|H/ \H
sH/ \sH S I | T L |
New | 2.7x10° 9.8x10? 3.2x10° 5.6x10°
o” SH ‘e N ana](1.720.1)x10°|(3.8+0.4)x107(1.3£0.1)x109(1.0£0.2)x10°

Myo2

S,H/ S,H

Numi SH Tpmi

A motif example

* S — CHHTETHMYECKHE JeTalM (CIa00CTh)

 H —romoyorug

Chs7

Smi1 etc.

Fab1 Sit2

Num1 pmi

A theme example



KomneHcaTopHble KoMnnekcol (?)

Rpb7
f L]
. Rpb3e ®Rpb9
if F
( ) Moiitset F1 e F2 Fa Fi F5 F6 RpbS Rpb2®  ®Rpb4
P P X P[P P| X Pl X X P P Rpbse ®Rpo21
L 3
> L 4 2 L] kel 9| etc.
S . e H_, o - Ssné. S Cdc73
New | 1.2¢10° 2.7x10° 2.8x10° 4.1x10 1.1x10 4.4x10
- - < - - Ssné Cdc73
N an|(7.620.7)107 |(1.5£0.3)x107(1.3£0.2)x107(1.120.0)x10%(2.020.1)x10°}(2.4+0.1)x10 _
A motif example A theme example
Sec72
i
(g) DASHEsELO G1 G2 G3 ® G4 G5 G6 ® Sec72
, S, S |H S |H H|S S |H S |H H *
' 7 S - cimagd Pac10
, m ac
N O N G R b R S _ /
Now| 2.0x10° | 7.2x10° | 3.0x10° | 2.8x10° | 2.5x10° | 4.3x10* Va2 sm; = <Rt [
- = - Yke2 Gim5
Nianef (2.4£0.3)x1074(3.5+0.3)x107((1.2£0.1)x10(7.0£1.5)x10'|(1.220.2)x109(4.0£0.2)x1 0" ,
A motif example A theme example

S — CHHTETUYECKHE JeTalM (CIad0CTh)

 H —romoyorug

P — Oenok-0enKoBO€E B3aUMOJICCTBUE
¢ X — KO-3KcIpeccus



quBepH bileé MOTUBbLI. B3aUMO3aMEHAEMOCTb

P
S
S

P

1

X

efc.

Nleel

3.5x10?

6.7x10'

lend

0.1610.50

0.13+0.39

Key

+~———= S: synthetic sickness or lethality

* H: sequence homology

+———= X: correlated expression

* P: stable physical interaction

(c)

Sec72 P sSect6

Yke2

Gim5

A motif example

A theme example



Perynauus
TPpaHCKpUNuun
B E. COII

<0 ’
* [loutn BCe /l s

“bi-fan”
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3BOMNOLMUSA

* rich get richer
e AynnmKauuu

* Crly4anHble poxaeHusa/mc4e3HoBeHne
pebep






