CETEBAA MEAULIMHA

EBUH
UTOPb AJIEKCEEBWUY
vevin@list.ru



NEOHAPA, SUNEP
1736

Euler L. Solutio
problematis ad
geometriam situs
pertinentis //
Commentarii
academiae
scientiarum

Petropolitanae 8§,
1741, pp. 128-140.




Stanley Milgram

SIX DEGREES
OF SEPARATION

OR SMALL
WORLD
PHENOMENON




1998, Small world networks

Steven Strogatz Duncan Watts




Laszlo Barabasi and Reka Albert 1999
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In 1999 American physicits Barabasi and Albert have shown that distribution

of nodes by the number of links in tke most real networks is described by
power law and they called such networks as

scale-free networks
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Reprinted from Linked: The New Science of Networks by Albert-Laszlo Barabasi




SCALE-FREE NETWORKS

Many real world networks have a similar architecture:

Scale-free networks

WWW, Internet (routers and domains), electronic circuits, computer software, movie
actors, coauthorship networks, sexual web, instant messaging, email web, citations,
phone calls, metabolic, protein interaction, protein domains, brain function web,
linguistic networks, comic book characters, international trade, bank system,
encryption trust net, energy landscapes, earthquakes, astrophysical network...



Bus stops of Moscow interconnected

by various routs




TOPOLOGY OF THE PROTEIN NETWORK

Nodes: proteins _ o
Links: physical interactions-binding
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H. Jeong, S.P. Mason, A.-L. Barabasi, Z.N. Oltvai, Nature 411, 41-42 (2001)



METABOLIC NETWORK

: 1 IIIIII| 1 IIIIII| | IIIIII: E | IIIIIII| | IIIIIII| | IIIII% E: T |||||II| I-.[.E"']I-IIII“ 1 Illllf
- LN OUT —8—4 L[\ oUT —&— -
10° F A fulzidus 4 F 4 L ]
lﬂ-ﬁ BT IR T R R BT T R TIT T T T
10 10! 10% 10°10Y 10' 10° 10° 10° 10' 10% 10°
k k k
Archaea Bacteria Eukaryotes
] P (k) ~ k—2.2
Organisms from all three in
I I - | _
domains of life are scale-free! Pout (k) ~ k22

H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature, 407 651 (2000)

Network Science: Scale-Free Property rebruary 7, 2011



* Yaule Bcero 60one3Hb Bbi3BaHa
B3aumoAaeucTsMem npoLeccoB Ha
MOJIEKYNIAPHOM YpOBHe. B3anmocBA3u
MeXKAay 3STMMM npoueccamm otobparkatotca B
MHTEepPaAKTOME — MHOroC/1I0MHOMU CceTeBOU
CTPYKTYype BKAlOYaloLwwen B ceba Bce
B3aMMOAEUCTBUA B XMBOMU KNETKe: OT CeTu
B3anmoaeuctsmm 6enok-6enokK ao
perynAaTopHbIX CeTen U cetTeun
meTabonunueckmnx peakuuu.



Goh et al. Human disease network. PNAS. May
22, 2007, vol. 104, no. 21, 8687

 Goh at al .42 ucnonbsya cBA3u reH-3aboneBaHue,
cobpaHHbie B 6a3e gaHHbIX Online Mendelian
Inheritance in Man (OMIM), noctpounu B 2007 roay
nepsylo ceTb 3a6oneBaHUU, B KOTOPOU y3/1aMM
ABNAIOTCA 3aboneBaHna. [1ea y3na CBA3aHbl MeXAay
cobou B 3TOM CeTu CBA3bIO, €C/IM COOTBETCTBYIOLWUE
uUm 601€3HU MMEeloT OA4UH UIN HECKOIbKO 06 KnX
reHoB, MyTauun B KOTOPbIX CBA3aHbI C 06onmm
3aboneBaHMAMMU. ITa ceTeBana CTPYKTYpaA NOAYy4YMANa
Ha3BaHue anucmnsom (ot aHrnmuckoro disease —
6onesHb, 3abonesaHune).



CETb 3ABOJIEBAHMU YEJTIOBEKA
Goh at al. PNAS, 2007, vol. 104, no. 21, 8687

The human disease network

Gob K & Crseck MIC Walle D Chrficds 1L Wi M. Thembcie A L (2007) oo Nal Acced Sci LA 104 SGA% S000




U3 299 wuccheposaHHbIX 3aboneBaHun 22 cBA3aHbI
reHeTUYeCKn, a 226 wumeroT 6onee wWUPOKUe
MONEKYNAPHble CBA3M B UHTepaKTtome. Obwme reHbl He
AAOT NoNAHOU UHPOPMALUM O CBA3AX MmeXAay bonesHamu.
Heobxogumo wuccnepoBatb U HaXoauTb TaKkue CBA3U B
bonee WKMPOKOM nnaHe — HA MOJNIEKYNAAPHOM YpPOBHe.
BbiAsCHMNOCb, HaNpMUMmep, YTO acTMma, 3aboneBaHne TOHKOM
KUMWIKKW, rnaoTeHoBaa 6onesHb, pecnupatopHoe n
AyTOMMMYHHOe 3aboneBaHus nmeroT obwume
MONEKYNAPHbIE KOPHU, HECMOTPA Ha  [AO0BOJIbHO
pa3sinyHble cMMnToMbl. TakuMe cBA3KM mexay 6onesHamwm
obHapyKeHbl B 3HAUUTENBHOW mepe bharogapa metogam
TEOPUN CNOXKHbDIX CeTeMn.



the degree k (humber of other disorders a disorder shares genes with) of all disorders in the HDN. Gray symbols
correspond to a linear binning, while red dots represent the logarithmically-binned data,
maintaining the same statistical significance in each bin. The continuous lines represent the fit to
the log-binned data, following the generalized power-law f(x)=c(x+a)-bwith (A) b=2.7 and (B)
b=6.5, obtained from the least-square fit.
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bone3sHn Kak MHOroCNOUHbIE CEeTU

= [ Social inks
W Family ties
B Physical praximity

/ W Metabolic
ratwark

[T Protein-prosesn
nteractons

B Repulatory
retwork




MeTabonmyeckaa cetb 3ab60/1eBaHUN

Ba Metabolic disease network




OEHOTUMNMUYECKASA CETb
3ABOJIEBAHUN

e XoTA ycnexu B UCNOJIb30BAaHUMN CETEBDIX
MeToA0B Ha MOJIEKYNAPHO-TeHEeTUYECKOM
YPOBHE A1 N3y4eHUA pa3InyHbiX 3abosieBaHUM
BeCbMa Bne4yaT/faioLwm, HeMasio NoJ1Ie3HOMU
MHPOpPMaLLMN MOXKHO NONYYNTb NPUMEHAA
ceTeBble TEXHONI0TUM NMPU aHaNn3e
daKTMYecKux AaHHbIX No 3aboneBaHMAM Ha
deHoTUNMYEeCKoMm ypOoBHE B BUAE UCTOPUMU
6onesHen nayuueHTOB, coaeprKaLlmx
MHPOpPMaLMIO O CBA3AX Pa3/IMYHbIX
3abonesaHnmn mexkay cobom u nporpecce 3TUX
3aboneBaHum.



deHoTunuyeckaa Cetb bonesHen

B 2009 roay 6bina nocTpoeHa
deHoTnnUueckana Cetb bonesHeun
(Phenotypic Disease Network (PDN)) Ha
OCHOBE U3y4yeHUA Koppenaumm nctopum
6onesHeun 6bonee TpnaLaTU MUNNOHOB
NaLMueHTOoB



Zhou X. Z., Mencht J., Barabasi A.L., Sharma A..

Human symptoms-disease network. Nature
Communications. 2014, 5-4212.DOI: 10.1038

* Bbbino ycraHoBNEHO, YTO 6onesHu
NPOrpeccupyloT n pasBmMBaloTCA
npeMmyLLecTBeHHO BAOJ/Ib CBA3EN 3TOU CETU U,
6onee TOro, 6b1/10 BbIABNGHO, UTO TaKoeE
pa3BuTME pPas/IMYMHO A1 NAaLUEHTOB Pa3HOro
nosia U pas/IMYHbIX pac. bblno yctaHoBEeHO
TaKXXe, YTO NaLuMneHTbl, cTpaaatoLime
3abonesaHmem, nmerowmum 6osbLLIOE YNCSIOM
CBA3eU, YMMPAIOT paHblUe, YeM NaLMUeHTbl C
3abonesaHmem c He6obLLMM UNCIOM CBA3EMN.



« ®PeHoTNMyeckaa Cetb bonesHeun
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Pa3nnuune B cBA3AX mexxay 3abonesaHmamum B cetn PDN
B 3aBUCUMOCTU OT 3STHUYECKOro U MON0BOT0 pa3nnyima
Ha npumepe 6enbix N HErpoB (My»KUYMH)




BbiasneHue 3abosesaHu U3 HenoOJIHOU
MHTEPAKTOMbDI

[MpeackasatenbHble BO3MOKHOCTHU COBPEMEHHbIX
NoAXo40B, OCHOBAHHbLIX HA TEOPUU CNOXKHbIX CEeTew,
OrpaHUYEeHbl MHOXecTBOM NpUYUH. Bo-nepsBblx, cerogHsA
HamM W3BECTHO /uWwb OKosno 20% o0buwen CTpyKTypbl
MHTEPAKTOMA M MO3TOMY B  MOMCKAX MONEKYNAPHbIX
MEXaHU3MOB 3a00/1eBaHUN BbIHYXAEHbI ONMPATbCA Ha
NOKa elle OYeHb HenosiHble AaHHble O ceTu OenkoBbIX
B3aMmoaencTsmnin. Bo-BTopbiX, MPOAYKTbl MYyTauUWUWN FreHOB
— COOTBETCTBYIOWME BENKM — pacceAaHbl MO UHTEPAKTOMY He

CNYYaMHbIM obpasom, a nmeroT TEHAEHUMIO
B3aMMOAENCTBOBATb Apyr ¢ Apyrom, dopmumpya oauH U3
HECKONbKMX noAarpados, Ha3bIBaeMbIM Moaynem

3abonesaHuna (disease module).



e CornacHO Teopuwu nepkonaunmn,  AOnNA
3ab0n1€eBaHNA  MPUYMHOM KOTOpOro 6bino
MeHblle 25 reHoB, ero moayib CAULLIKOM
bparmeHTUPOBaAH, 4yTObObI ObITb
Habagaembim B MHTepakKTome. To ecTb,
TO/IbKO 3aboneBaHUA, NPUYNHOU KOTOPbIX
bbi10 6onbwe 25 reHosB, MMEKT XOPOLUO
Habntogaemble moaynm 3aboneBaHuM



PHYSICAL REVIEW E 92, 022806 (2015

Prognostic interaction patterns in diabetes mellitus I1: A random-matrix-theory relation

Apama R, Amit Kumar Pawar, and Saika Jlan'*”
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*Complex Systems Lab, Discipine of Physics, Indian Pttt of Technology Indore, Indore 452017, Indi
(Received T March 2013; revised manuscript received 28 May 2015, published 11 August 2015)



. CeTn 6enok-6enKoBbIX
B3aUMOOENCTBUN B HOPME




CeTtn 6enoK-6enkoBbIX B3aMMOAENCTBUNA U NpU
3a60/1€BaHUK CaxapHbIM AnabeTom




OCHOBHbIE XapaKTEPUCTUKN [OBYX CETEBbLIX CTPYKTYP
6enoK-6enKkoBbIX B3aUMOAENCTBUN B HOPME U
naTonormm npu 3aboneBaHnm caxapHbim AnabeTom
BTOPOro TUMa

Metwork N Ne (k) D (CC)

N1 2083 11017 10 17 035
N2 1705 98EE 11 12 0.33
D ba6 3628 11 10 0.36
2 &4 [8E2 10 9 046




PacnpepeneHune 4ucna y3so0B Mo YMC/y CBA3EN B ceTAX benok-
H6enKkoBbIX B3aMMOAENCTBUM B KNETKAX NOAKENYA0YHON Kese3bl
B HOPME M NAaTO/IOTUN ABNIAETCA CTEMEHHbIM

=
T

In(p(k))
A
I L B N B




e AHaNus CBOWCTB ceTeu benKoBbIX

B3aMMOAENCTBMM B HOPME U NATONOTUMU
NOKa3blBAe€T, YTO CETU 340POBbIX KJIETOK
noa)Xenyao4yHom Kenesbl ABNAOTCA bonee
CIy4alHbIMK, Yem ceTn OONbHbIX KNETOK W
TaKoe OTCYyTCTBME  [JOCTAaTOMHO  BbICOKOW
C/Iy4alHOCTU CeTU, No —BUAMMOMY ,M1 BedeT K
3aboneBaHuUto



e 1na noaTsepKAeHNA 3TOM
rmnoTesbl LenecoobpasHo
BbIYUUCIUTL SHTPONUIO CETEWN
6enKkoBbiX B3aMmoaencTtsmmn
30pO0BbIX N 60/IbHbIX KNETOK
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