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To e camoe NpomcxoamuT ¢ GYHKLMOHANbHbIMWU CakTamMu
B reHoMe B npoL,ecce 3BOOLUN
OT 6aKTEPUN K YENOBEKY



AP-1 (human)

(E.coli)



CNoXXHOCTb KapTUH YMEHbLUAeTcA co BpemeHem?

Mouemy?




eHOM.

KapTunHa macnom...






[eHbl 3aHMUMAIOT MaJZ1I0 MeCTO B reHoOme?

A 4TO Tam 3anNMUCaHO meXxay reHamu?
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ADOLPH@UKOR presents, ,k,
FREDRIC MARCH MmIAN HOPKINS "ROSE HOBART

@E@yﬂﬂ
UHUQ" [F—ﬂgﬂ @&

'U)
>
2
a
e
QL
p)
qv!
—
.\Cf)
=
®
-
qe!
Ji




MOHCTpbI CKpPbITbI B HaLLem reHome?

wild type

Antennae

Antennapedia



Bce 3T MOHCTpPbI — 3T0 IMb6O MmyTauuu B
TPAHCKPUNUUNOHHBbIX paKkTopax (TP),
nnbo mytaumm B UX cauTax.




Td-bl yMEIoT UMTaTb MexKay reHamm

enhancer

enhancer ’——N\

. —— activators ONA '\

L = general transcription factors

codingregion
s
J

pfon;oter RNA transcript




Hapo NOHATH YTO 3aNMUCAHO TaM — HYXKeH
pPerynaTopHbin Kopa,

g e Alexander fasltoiwany

Where ? /
organ,
tissue,
2
% ﬂhen ?

cell
How ?

stage of
development

cell cycle
phase
extracellular
signals

With whom?



UcTopuAa OTKPLITUA reHeTU4YeCKoro Koaa

3TOT Kog, bbin co3aaH

C NOMOLLbIO TEOPUH

B HoBocnbupcke B.PaTHepom
3a 2 roaa

[0 TOrO KaK OH bblin

NONYYEH 3KCNEPUMEH-
TaNbHbIM NyTEM B
3KCNEepUMEHTax

HupeHbepra, KopaHa 1 Xonnaum

(tabnunua u3 KkHUru B.PaTHepa
onyb/MKOBaHHOM NO3Ke)

Tadbnuna 17-2

INopamoK CHMBOIOB B KOAOHAX, NOJYHCHHbLIH ITyTeM HCTOML3OBANMA NPUHIMNA
CBAZIOCTH, COCTABA KOAO0HOB (CM. TaGm. 17-1) M cicKa MYTALMOHHBIX 3aMEl
amuHokHCTOT B Genkax [Parnep, 1966]

42— U C A G L3

U UUU Phe Ucu Ser UAU Tyr UGU Cys U
UUC Phe Ucec Ser UAC (Tyr) UGC Ser C
UUA Leu UCA Thr UAA Lys UGA ? ’é
UUG Leu UCG [Ser] UAG ? UGG (Try)

[ 6 CUU Leu CCU Pro CAU (His) CGU Arg U
CUC Leu CcCC Pro CAC His CGC Arg C
CUA Gln CCA Pro CAA Gin CGA Arg A
CUG |Leu] CCG ? CAG ? CGG ? G

A AUU lle ACU Asn AAU Asn AGU ? U
AUC Ile ACC Thr AAC Asn AGC Ser C
AUA e ACA Thr AAA Lys AGA Arg A
AUG Met ACG [Thr| AAG ? AGG ? G

G GUU Val GCU Ala GAU Asp GGU Gly u
GUC |Val| GCC Ala GAC Asp GGC Gly C
GUA Glu GCA Ala GAA Glu GGA Gly A
GUG [Val] GCG ? GAG ? GGG ? G

Mpusmeuauuce, TTOAYCPKHYTE KOJOHBI, KOTOPLIE B JANLHEHIICM OKAZLINCL O~
oMK, B Kpyriibix cKoBKAX — KOAOHbI, B KOTOPLIX MOPSA0K CUMBONOB YCTAHOB/ICH HE-
ONHO3HAYHO, B KBAAPATHLIX — KOAOHEL, 00aBACHHLIE B XOAC NPOLEAYPL! BLIBOAA WIS 00D-
ACHEHHA MyTalmit i custarocTy. M3 64 kononon 47 cosnanaior ¢ konoM Hupenbepra, 6 1e
copnanaior, a Il (em. Taba. 17-1) e Guumm onpeaciekn mo cocrasy (M3 HUX 9°¢' G u 1perunx
NO3MUUSIX KOLOHOB).



Baagum Anexkcanaposu4 ParHep




TaGauwua 17-1

Cocras kogonos no Hupendepry—Ouoa (uur. no: [Patuep, 1966])

AMHHOKHCIOTA

Konoiist

Anannn (Ala)

Aprunun (Arg)
AcnaparuHosast KucsoTa (Asp)
Acnaparut (Asn)

Liucrenn (Cys)
Pnyramunosas xkuenora (Glu)
Crnyramun (Gln)

Civuin (Gly)

Cuerunun (His)

H3zoneitunn (Ile)

Jeituun (Leu)

JIusun (Lys)

Merunonun (Met)
Mennmanadus (Phe)

[Tponun (Pro)

CepuH (Ser)

Tpeoumu (Thr)

Tpunrodau (Trp)

Tuposusn (Tyr)

Bamun (Val)

Frame-shift mutations

+
Recombinations

Val

1UICIG, 1AICI1G, 2C1G
1UICIG, 2CIG, 2A1G
1UIALG, IAICIG

1U24, 1UIAIC, 241C

2U1G

241G, 1UIAIG

241C, 1U1AIC

102G, 142G, 1C2G

1UIAIC, 1A2C

2U1A, 1U24, 1UIAIC

201G, 2U14, 2U1c¢, 102C, UvUU ?
AAA, TU24, 1G24

1UIGIA

yuy, 2U1¢

CCC, 1A2C, 1U2C

2U1€, 142¢, 1UIGIC, 1A1GIC
2A1C, 1A2C, 1UIAIC

102G

2014, 1U1A1IC

2U1G

Gly

/\ /\

Ala Ser Thr lle

Hekoropsie M3 amix MyTanTos pexoMGuuuponani mMexay coboil:
Arg x "Val = "Gly + Ser.

bbinu AaHHbIE No
COCTaBYy KOOOHOB
HO KapTUHKa KoAa
He CKnaabiBanach.

&= Data

== Qbservations



Koa yaanocb nonyuutb Koraa PaTHep
NPUMEHUN TEOPUIO CBA3ZHOCTU KOAOBbIX CEpUM

Connectivity of the codon series

Second nucleotide

U c A G
ULy ucu UAU ® UGU g U
Phe &l
u| ue uce @ UAC UGE c
UUA Q UCA UAA STOP | UGA STOP | A
UUG ucG UAG STOP | UGG G
cuu ccu cau .. | ceu U
o o CUC @ cce o | cac CGC & %
- CUA CCA CAA m CGA A 3
§ CUG CCG CAG ‘@ CGG G %
g |Aaw g |Acu AAU m | AGU Q | g
£ | auc W | acc @ AAC AGC c §
AUA ACA AAA AGA A
AUG Meb | AcG ac ¥ | ace G
GUU GCU GAU GGU U
o Bue GCC GAC GGC . |C
@ | @ | @ | @ |a
GUG GCG cac @ | cee G

To ecTb HamM HYXXHa Xopouwaa TEOPUA
4YTob6bI Y3HATL perynatopHbin Koa,!!




"Eine gute Theorie ist das Praktischste
was es gibt."

“A good theory is the most
practical thing”

Gustav Robert Kirchhoff

(1824 - 1887), German physicists



[laBaiiTe NOCMOTPUM HA TEOPUIO perynaumm
reHoBs.

TPaHCKPUNLUOH-
Hble PaKTopbI —
rnaBHoe 3BeHO
3TOUN TeopUM,
«YUTAOT»
perynatTopHble
YUYACTKMU
«CapACb» Ha
cauTtbl B [1HK.




CaMTbl 3TN O4EeHb KOPOTKUE U BbIPOXKAEHHbIE

AP-1 Consensus: TGAgTCA

Human collagenase (-2013) TGAGTCA

Xk KXk %k

Mouse IL-2 (-143) TGTGTAA

* % *
Mouse IL-2 (-82) TGTAATA



Nrob6oun yyactoKk AHK npocTo noKpbIT Wybou
U3 TaKMX CanuTos

e VSIKL 01(0.86)  ----- . .V$CREBP1CJUN 01 (0.85)
2 < ——————————— VSIK2 | 01(0 90)  --——- ..VSCREB_01(0.96)
3 - SVSAP2 Q6(0.87)  <=—====—=-- ?——vsGKLF_01<o.87) B
4-->VS$ATF 01(0.89) <mmmmm VSMZF1 01(0.99)  ----...VSELKL 01(0.87)
5 <mmmmm VSAP2 Q6(0.92) <mmmmmmmmm - VS$SP1_Q6(0.88)
6>VSAPIFJ 02(0.89) <mmmmmmmm - VSGKLE 01 (0.85)
7>VSAPL 02(0.87) e VSGKLF 01 (0.86)
8->V$CREB_02(0.86) <mmmmmmmem VSCETS1P54 01(0.90)
9->V$CREB_ Q4 (0.90) <mmmmmmm oo V$NRF2_01(0.90)
10 mmmmmmmmm oo V$GC_01(0.88)
it >VSCAAT 01(0.87)
12 Cmmmmmm oo V$TCFI1_01(0.87)
13 e >VSAP2 06 (0.87)
14 <mmmmm VSUSF 06 (0.93)
16 e ...VSATF 01(0.94)
17 e ...VSAP1FJ 02(0.95)
200 e ...VSCREBP1 02(0.93)
/2 ...VSCREB 02(0.95)
23 ---...VSIK2 01(0.85)
MMCFOS 1 GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG 420
1-->VSCREBP1CJUN 01(0.85)  —===----=----- >VSBARBIE 01 (0.86)
2-->V$CREB 01(0.96) = ———-------m——o >VSTATA 01(0.95)
3 e >VSCAAT 01(0.91)  ——-=-=-—--- >VSAP4 05(0.95)
Mouse C_fos fommm - SVSELKL 01(0.87)  ===—=====—=m—mmmmmm >VSHEN1 01(0.87)
5  —memmmeee >VSAP4 (05(0.88) <--=...VSCMYB 01(0.93)
6 R VSCDPCR3HD 01 (0.93) --...VSVMYB 02(0.89)
7 <mmmmmmm- - VSTATA 01(0.88) -
promOter S A SVSHEN1 02(0.87)
9 Cmmmmmmm oo VSHEN1 02(0.86)
M t H h 10 S V$AP4 01(0.88)
atrix searc 51— SVSLMO2COM 01 (0.93)
12 Kmmmmmmm - VS$LMO2COM_01 (0.93)
f TF b d 13 <mmmmmmmm oo V$MYOD 017(0.88)
or N |ng 17--->V$AP1FJ 02(0.95) <mmmmmmm oo VSAP4 06 (0.99)
20---->V$CREBP1 02 (0.93) <mmmmmmm VSMYOD Q6 (0.96)
. 21---->V$CREB_ 02 (0.95) Transcription start
SlteS) P SVSTK2 01(0.85)
24 - <=========== E2F (0.80)
MMCFOS 1 TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC — 480
1 Kmmmmmmm VSCMYB 01(0.91) ------- ...VSER 06(0.86)
2 <mmmmmmmmmo o V$LMO2COM 01 (0.90) <----...V$TCF1l 01(0.87)
3 e >VSMYOD Q6(0.90) —=-=---- >V$STAT 01(0.93)
4 e >V$VMYB_ 01 (0.89) S VS$STAT 01 (0.89)
T V$SCMYB 01(0.93)  -=-—---- >VS$LMO2COM 02 (0.93)
fmmmmm= >VSUMYB 02 (0.89) Cmmmmmm - VSCAAT 01(0.85)
7 B i >V$VMYB 02 (0.88) -
8  mmmmmmeeeToee- >VSEVI1 04(0.86)
9  mmmmmemeee o >VSGATAL 02(0.93)
12 Kmmmmmmm - V$ZID 01(0.85)
13 <mmmmmmm o V$CP2 01(0.97)
4 e >VSGATA C(0.92)
5 mmmmmmeee o —--=>V$CMYB 01(0.86)
16 ->VSCREL_017(0.91)
24 <=========== E2F (0.82)

MMCFOS 1 CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA 540



U peuctButenbHO, NOKA3aHoO, YTO
Ha ogHOM y4yacTKe AHK moryTt
cnpeTtb pa3Hble TP-bl B pa3HbIX m

KNeTKax 107 74

human TNFa promoter Ap-1. NFAT T-cells

\ - dendritic cells

T-cells + ?

-

Ap.1. C/EBP




To e n3 ChIP-seq akcnepumeHToB — T®-bl CMAAT

noeciogay hu 8 oA4HOM U TOM XKe MmecCTe KaK MYyXU.
Colorectal cancer: tumor-specific enhancer around a SNP in

regulatory region of MYC gene
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1) MepBbiK 3aKOH TEOPUN PErYAATOPHOrO Koaa:

KopoBble cnoBa («KOAOHDbIR)
nepeKkpbIBaAlOTCA

(B oTAMUME OT reHeTUYEeCKoro Koga, B
KoTopom KoaoHbl HE nepeKkpbiBatoTcA)



Td-bi1 ceasbiBatoTca ¢ [1HK «cnabo»
Hapao 3abbiTb 0 npMHLUMNE TOYHOro COBNaaeHusA
depmeHTa € cybcTtpaTom
(Kknroy K 3amKy)

Exact fit

DNA

A ectb Fuzzy Puzzle:



ItAsFuzzyPuzzle !

— —

i b Doesthot@Avorkl
‘ Genel?

Work®

)
Genel]




2) BTopo# 3aKOH TeOpUM PeryaaTopHoOro Koaa:

He TouHoe cosnaaeHue (Fuzzy Puzzle)



Composite Modules (CM)

Composite Module (CM)

FIGURE 3.3. The human interferon-f enhanceosome. HMG represents HMGI/Y, a ubiq-
uitous protein that binds cooperatively with the three activators. HMGI/Y both bends the
DNA and contacts the activators. Each of the transcription factors shown is a member of a
family of related activators. (Mark Ptashne, Alexander Gann Genes and Signals, 2002)




Bbln10 KOraa oTKpbiBaNn reHeTUYEeCKMn Koa:

George Gamow Parad |g 11 Sh |ft

|

Forget about biochemistry!
Nucleotides are just

L_etters

of an unknown
language




Cenyac ana perynaTopHoro Koaa:

Paradigm shift — “Forget about nucleotides as letters!”

Nucleotide

Site
Composition



3) TpeTnit 3aKOH TEOPUN PErynaTopHOro Koaa:

Tonbko KOMBbuHauum cautos nmeloT
CMbIC/
(composite modules)



JTa TeopuAa OKasanacCb O4YeHb
NnpaKTU4yecKasn:

[pumeHeHuMe 3TUX Tpex 3aKoOHOB Nomoraer
HaM HaXo4MUTb JIeKapCcTBa NPOTUB paKa
(cm. HeckonbKo cneayrowmx cnamaos)



Composite Module Analyst (CMA)

Mathematical model

le W R Startof
l‘ (l) (2) ( k) ( k)'l transcription
E Sy S| . S Sy, } -
[1] [1] [1]
I S1 dmax SZ T

CM contains single elements as well as composite elements (site pairs)

[1] [1]
O drme .. d®I
) (2) (k)
qcut—off qcut—off qC“t_Off - ti]?ar;rgggelrtsooge

estimated by GA

¢(1) ¢(2) ¢(k) )



0.8

0.7

0.7 |

0.65

0.6 |

0.5 |

Fitness (max: 0,834975)

Background
sequences

Composite module in promoters of
cell cycle-related genes

Weight: ¢ qcut—off TF matrix
1.000000 0.840072 V$E2F_19

0.954483 0.737637 VSTATA_O1
0.888064 0.939687 V$CREB_01

0.816179 0.941583 V$SP1_Q6

0.039746 0.839702 V$TALIBETAE47_01

Iterations

/ ,-//_;
g agstugt
-1

!

-

. |

i
i,

§
8
§
5

Cell cycle-related

/ promoters




Mouse c-fos promoter

MMCFOS 1

E2F CompOSite mOdUIe ﬂ —————————— >VSELK1 01(0.87)  ——==——===—m——mmmmmm e SVSHEN1 01 (0.87)

(global context)

MMCFOS_1

MMCFOS 1

MMCFOS_ 1

1 Lmmmm e VSIK1 01(0.86)  ----- .. .V$CREBP1CJUN 01 (0.85)
2 Cmmmmm e VSIK2 01(0.90)  ---—- ...VSCREB_01(0.96)
I SVSAP2 Q6(0.87)  <-—--—————==-— VSGKLF_01(0.87)
4-->V$ATF_01(0. 89) <mmmmm o V$MZF1 01(0.99) ----...VSELKl 01(0.87)
5 DRSS \5AP2Q6(092) <mmmmmm e V$SPl _Q6(0.88)
6>VSAP1FJ 02 (0. 89) ————————————— VSGKLF_01 (0.85)
7>VSAPL Q2(0.87) S e VSGKLF_01(0.86)
8->VS$CREB_0Q2 (0.86) R VSCETS1P54 01 (0.90)
9->V$CREB_ 04 (0.90) <mmmmm VSNRF2_01(0.90)
10 <mmmmmmmm oo V$GC_01(0.88)
5 e >V$CAAT 01(0.87)
12 <mmmmm o VSTCF11 01(0.87)
13 e >VSAP2_06(0.87)
14 <mmmmm V$USF_Q6(O.93)
16 e .VSATF 01 (0. 94)
17 e V$AP1FJ 02 (0
200 e V CREBP1 2(0 93)
2 VSCREB QZ (0. 95)
23 -- V$IK2_01?D 85)
GAGCGCCCGCAGAGGGCCTTGGEGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG 420
1-->V$CREBPLCJUN 01(0.85)  —————-——--———- >V$BARBIE 01 (0.86)
2-->VSCREB _01(0.96) ======—————-o- >VSTATA 01(0.95)
3 et >V$CAAT 01(0.91)  —-—---—-—- >VS$SAP4 05 (0.95)
————————— >V$AP4 Q5(0.88) <--—...V$CMYB 01(0.93)
6 <mmmmm V$CDPCR3HD 01 (0-93) -—...VSVMYB 02 (0.89)
7 Lmmmmm e V$TATA 01(0.88) -
8 e T >VSHENL 02 (0.87)
9 e VSHEN1 02 (0.86)
10 <mmmm e VSAP4 01 (0.88)
51 >V$LMO2COM 01 (0.93)
12 <mmmmmmmm o VSLMO2COM_01 (0.93)
13 e VSMYOD 0170.88)
17--->VS$SAP1FJ Q2 ( <mmmmm e VSAP4 Q6 (0.99)
o————>VgCREBP1 Q2(0 93) G VSMYOD Q6 (0.96)
21————>V CREB QZ(0.95) - Transcription start
———————— >VS$IKZ 01(0.85)
24 - R E2F (0.80)
TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC 480
1 Cmmmmm VSCMYB 01(0.91) ——----- ...VSER 06(0.86)
2 <mmmm - VSLMO2COM 01 (0.90) <----...V$TCF11l 01(0.87)
3 e >VSMYOD_Q6(0.90) —---==——- >VSSTAT 01(0.93)
e >V$VMYB_ 01 (0.89) Lo VSSTAT 01 (0.89
Smmmmm e VSCMYB 01 (0.93)  —=--——-- >VSLMO2COM 02 (0.93)
fmmmm—m >V$VMYB_02(0.89) Cmmmmm VSCAAT 01 (0.85)
7T e >V$VMYB_02 (0. 88)
8  mmmmeee T >VSEVI1 04 (0.86
9 e >VSGATAL 02(0.93)
12 <mmmm e v$2zID 01(0.85)
13 T V$CP2_01(0.97)
14 e >V$GATA C(0.92)
15 e T >V$CMYB 01 (0.86)
16 >VSCREL 017(0.91)

24 E2F (0.82)
CMCCGCGACTGCAGCd 540

l-—m—mmmm - >VSER_Q6(0.86)

2=—————- VSTCF11 01(0.87)
ettt >VSAP4_0Q5(0.91)
4 mmmmme e >VSAP4 06 (0.87)
5 —-—m—————- >VSAPIFJ Q2 (0.93)

6 ——m——————= >VS$APL_Q2(0.90)

7T mmmmm - >VSAPL Q4 (0.87)

8 <e—————— VSIK2 01(0.94)

_CTCTGCAGCTCC 580



Master regulator ?




Master-regulator causes a lot of noise in the cell

Master
regulator










Pathway corruption

Cancer

Healthy

0 5 10
State of the system
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Compound N15 50mg/kg

Fig 5¢c Comparison of excised colon carcinoma xenografts treated with ALAB-1 and non-treated control (upper




Tem He meHee, BepHeMcA K BONpoCy O
yMeHbLUeHnU cnoxXHoctm camtos B 1HK B
XoAe 3BOII0LUUMN.



Cybernetics:

Cybernetics studies organization, communication and control in complex
systems by focusing on circular (feedback) mechanisms.

ENTRY OF
WATER

CLOSED

Control or regulation is most fundamentally formulated as a reduction of variety:
perturbations with high variety affect the system's internal state, which should be
kept as close as possible to the goal state, and therefore exhibit a low variety.



Cybernetics:

LAW OF REQUISITE VARIETY

If a system is to be stable the variety in the regulator must be equal to or
greater than the variety in the system being regulated.

Or, the greater the variety within a system, the greater its ability to reduce
variety in its environment through regulation. Only variety (in the regulator) can
destroy variety (in the system being regulated).

The law was formulated by Ross Ashby (1962).

U

The Growth of Structural and Functional Complexity during Evolution







B XXuBbIX cUCTEeMaXx perynatopbl U peryampyembie —
BCe BHYTPU O4HOU U TOU Xe cucrembi!!

U

The Growth of Complexity (Variety) during Evolution

9TO NPUBOAUT K BO3PACTAHUIO C/IO}KHOCTU B
npotiecce 3B0JOLUMN



Oﬂ,HaKO Ha 3TOM NYTU BO3HUKAIOT OrpaHN4YeHuA

Error catastrophe (Eigen M., 1971; Ratner V. and Samin V., 1982)

1

Sequence length: | <« —
Iu - replication errors

Haldane‘s Dilemma (Haldane J., 1957; Crow J. and Kimura M, 1970)

Fitness of population:
V_V — Wmax exp (4 NS |n p) << Wmax Losses due to Genetic Load

Population cannot evolve quickly in many genes simultaneously because
losses are not redressed by fertility.
,... there has not been enough time for evolution to have occurred - not even
for human evolution...”

Solution: S — O Neutrality (Kimura M.)
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BO3HMKaAOT HOBble MeXaHU3Mbl 3BOJIIOLUU KOTOpPbIE
CHMMAIOT OrpaHNYEeHUA N8 3BOJIIOLUMN.



Three mechanisms of biopolymer evolution ﬂ,Oﬂﬂ reHeTu-
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(Protein functional centres) substitutions (Protein folding) (Regulatory regions of eukaryotic
genes)
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Stepwise breaking of the evolutional limitations in the course of progressive
evolution to multicellular eukaryotic organisms

Multicell
eukaryotes

Single-celled
eukaryotes o _ o
Limitations on multicellular organization
Prokaryotes and differentiation
Limitations on Flexibility of gene expression in different
duplications tissues, cells, stages of development,
l» under induction and so on.
Genome length - l
limitations Instability of genomes
to repeats «Decrease of binding specificity
l ' Fuzzy puzzle
Error catastrophe 1 * Induced fitting

Chromatin «Protein-protein interactions

Diploidity l
Multiplicity of regulatory messages
encrypted in regulatory sequences



[lonsa perynATopoB pacTeT ¢ POCTOM 4YMNCNa FTEHOB B
reHome pake cpeaun bakrepum.
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Double-logarithmic plot of transcriptional regulator number against total gene
number for bacteria (green circles) and archaea (blue triangles).



BepHemcsa K wybe — Y10 Tam eLle 3anmucaHo?

1 Kmmmmmm e VSIKL 01(0.86)  ----- .. .VSCREBP1CJUN 01(0.85)
2 R V$IK2 01(0.90)  ----- ...VSCREB_01(0.96)
3 - >VSAP2 06(0.87)  <-----—---- —--V$GKLF_01(0.87) -
4-->VSATF 01(0.89) <=mmmmo- VSMZF1 01(0.99)  ----...V$ELKl 01(0.87)
5 <mmmmmmm o VSAP2 06(0.92)  <—-——-----——- V$SP1 Q6(0.88)
6>VSAP1FJ 02 (0.89) <emmmmm - VSGKLF_01(0.85)
7>V$AP1 02 (0.87) Cmmmmmmm - VSGKLF_01(0.86)
Mouse C-fOS 8->VSCREB 02 (0.86) Cmmmmmmme- VSCETS1P54 01(0.90)
9->V$CREB_ Q4 (0.90) Cmmmmm oo VSNRF2 01(0.90)
10 <mmmmmm T V$GC_01(0.88)
promoter S — >VSCAAT 01(0.87)
12 it VSTCF11_01(0.87)
. 5 Tttt >VSAP2 06(0.87)
(Matrix search for 14 B VsUSE 96 (0.93)
I ...VSATF 01(0.94)
. . . e ...VSAPIFJ 02(0.95)
TF binding sites) 0 Iz . viCREBPT 02(0.93)
7 ...VSCREB 02 (0.95)
23 ---...V$IK2 01(0.85)
MMCFOS 1 GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG 420
1-->V$CREBP1CJUN 01(0.85)  ———---——-—-——- >VSBARBIE 01(0.86)
2-->VSCREB_01(0.96) ~ —————————mm——o >VSTATA 01(0.95)
3 - >VSCAAT 01(0.91)  —==-=---- >VSAP4 05(0.95)
fmmmmmmmmee o >VSELK1 01(0.87)  -—---—-—mmmmmmmmmm oo >VSHEN1_01(0.87)
5 mmeeeeee >V$AP4 (Q5(0.88) <--=...V$CMYB 01(0.93)
6 <mmmmmmm- V$CDPCR3ED 01 (0.93) --...VSVMYB 02(0.89)
7 <mmmmmmem N VSTATA 01(0.88) -
< et e e e >VSHEN1 02(0.87)
9 Cmmmmm VSHEN1_02 (0.86)
10 S V$AP4 01(0.88)
e >VSLMO2COM 01 (0.93)
12 <mmmmmmmmm- V$LMO2COM 01 (0.93)
13 Cmmmmmmm - V$MYOD 017(0.88)
17--->V$AP1FJ 02 (0.95) <mmmmmm - VSAP4 06(0.99)
20---->V$CREBP1_ Q2 (0.93) Kmmmmmmm V$MYOD_06 (0. 96)
21---->VSCREB 02 (0.95) Transcription start
23-----=-- >V$TK2 01(0.85)
24 - <=========== E2F (0.80)
MMCFOS 1 TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC — 480
1 Kmmmmm oo VSCMYB 01(0.91) --—---- ...VSER 06(0.86)
2 <mmmmmmm oo V$LMO2COM 0T (0.90) <----...V$TCF11l 01(0.87)
3 e >VSMYOD Q6(0.90) ————=--- >VSSTAT 01(0.93)
4 e >V$VMYB 01 (0.89) O VSSTAT 01(0.89)
Smmmmmmmmm oo V$CMYB 01(0.93)  -=——---- >V$LMO2COM 02 (0.93)
6--———- >VSVMYB 02 (0.89) S VSCAAT 01(0.85)
7 T e >VSVMYB 02 (0.88) B
I et —---->VSEVI1 04(0.86)
O s >VSGATAL 02(0.93)
12 <mmmmmmmmm—- Vv$zID 01(0.85)
13 <mmmmmmmmoo V$CP2 01(0.97)
4 e >VSGATA C(0.92)
5 s —--->V$CMYB 01 (0.86)
16 e >V$CREL_017(0.91)
24 <=========== E2F (0.82)

MMCFOS 1 CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA 540



Cuctema buHapHasna: KaptuHa + CmoTtpawmm

KapTuHa ynpoliaertca a cmoTpAawmm ycnoXxHsaercall

A cymmapHasn CN0XXHOCTb CUCTEMbI pacTerT.



CalTbl yNnpoLL,alOTCA @ CUCTEMA UX MPOUTEHUA —
KOMMNJ1eKCbl TPAHCKPUNLUMUHHDbIX PaKTOPOB OYEHb
CU/IbHO YCNIOXHAIOTCA.

[



CalTbl YNpoOLLAKOTCA @ CUCTEMA UX NPOUTEHUA —
KOMMNEKCbl TPAHCKPUNLMHHbIX PaKTOPOB OYEHb
CU/IbHO YC/IOXKHAIOTCA.
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CalTbl YNpoOLLAKOTCA @ CUCTEMA UX NPOUTEHUA —
KOMMNEKCbl TPAHCKPUNLMHHbIX PaKTOPOB OYEHb
CU/IbHO YCNIOXHAIOTCA.




CalTbl YNpoOLLAKOTCA @ CUCTEMA UX NPOUTEHUA —
KOMMNEKCbl TPAHCKPUNLMHHbIX PaKTOPOB OYEHb
CU/IbHO YCNIOXHAIOTCA.




Several regulatory messages could be written in the
same sequence. Reading of the messages depends on the
cellular context

gherllojunomd-bype Alexander fasltoiw

1)

he '11 fo Alexander
Wy S

g .0 10l d-by e Alexander
3)

r an Alexander fas. t



Even some messages which were not written

gherllojunomd-bype Alexander fasltoiwany

Alexande

Alexande




Colon cancer

In Karolinska Institute found super-enhancer
- A region near c-Myc gene of the size around 1MB
that becomes overactive in colorectal cancer.

Super-enhancer




They have cut it out ....

Sur et al., Science 2012
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All hail the GWAS
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In this work, we generated mice deficient in Myc-335, a putative MYC regulatory element that contains rs6983267, a SNP

accounting for more human cancer-related morbidity than any other genetic variant or mutation. In Myc-335 null mice, Myc

transcripts were exp i testinal crypts in a pattern similar to that in wild-type mice but at modestly reduced levels.

The mutantQice displayed no overt phenotypebut were markedly resistant to intestinal tumorigenesis induced by the APCmin
ghlig e fact that although a disease-associated polymorphism typically has a relatively modest

effect size, the element that it affects can be critically important for the underlying pathological process. The finding also indicates

mutation. These results

that normal growth control and pathological growth induced by cancer can utilize different mechanisms.

They found nothing wrong with those mice — but
They were much less susceptible to colon cancer !



B reHOmMe eCTb MHOrO MecT, B KOTOPbIX CIIPATaHbI
«MOHCTPbI» - OHKO-cneundunUHble 3HXaHCepbI,
KOTOpble MOTYT MPOCHYTbCA AaXKe NPy OANHOYHbDbIX
MyTaumnax.
9T KMOHCTPbI» He bblIn Tyaa cneumnanbHO
CNpPATaHbl @ OHM BO3HUKAIOT «CQIYYaMHO» 3a cyeT
6onbLLON peryiaTopHON eMKOCTU reHOMa.

[eHOMA, KOTOpPbIU CBOGOAEH OT
3BOJIOLUMOHHbIX OrpaHUYEHUMN.




AHJIPE BPETOH
Manudghecm croppeasuzma 1924 200a

Emmc'melmoe 4TO eme MOXET MEHsI BJJOXHOBHUTH, TaK 3TO CJIOBO "CBOOO/A
TOMY €JUHCTBEHHOMY YIIOBaHUIO, HA KOTOPOE S1 UMEIO IIPaBo. CnenyeT npnsnaTb 4TO
nyxa. Mbl HEIoCTaTOYHO €10 3i0ynoTpebisieM. [IpunyauTs BooOpaxkeHue K pabCcTBy -

Cioppeannsm reHoma — 3TO ero cTtpemsaeHue K
Ceobope!

Ho KaK Bcerga — 3a csoboay npmnxoamrbea
nnaTuTtb!
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