[IporpammumpoBaHue
BHYTPUKINETOYHbIX peaKkLunn



Ycnexm BblMUCTIUTENbHOW
ononorun

1944 — E. Schrodinger « What is life? The Physical Aspect of
the Living Cell»

1948 — camoBOCnpon3BoadaLLMeca aBTomMaTbl POH-
HenmaHa

1952 — A.M. Turing “The Chemical Basis of Morphogenesis”
1953 — oTKpbITME CTPYKTYpPbl AHK

1958 — BnepBble HalgeHa BbICOKOTOYHAaS
NPOCTPaHCTBEHHAA CTPYKTypa bernka

1958 — cpopmynmpoBaHa OCHOBHas gorma
monekynspHon buonorun: QHK->PHK->bernok

1968 — paclundpoBKka reHeTU4eCKoro Koga



Ycnexm BblMUCTIUTENbHOW
ounonorun

1970 - ... nocrenoBaTernbHOCTN OAHOTUMHBIX OOBEKTOB
nccreayTca npm nomowmn SBM:

« OHK/PHK (A,C,G,T/U)

- Genku (A,R,N,D,C,E,Q,G,H,I,LKM,FPSTWY\V)
1972 — NOABNAKTCA OTKPbITble BaHKM BENKOBbLIX CTPYKTYP
(wwPDB - 77000 3anuncen)

1977 — cekBeHUpoOBaHWE NepBoOro NOHOro reHoma (dar
dX174, 5386 H., 11 6enkos)

1977 — OTKpbITble BaHKM AaHHbIX reHoMoB (NCBI)
* BbICLLUME OpraHn3mbl (859)
* HU3LIMEe opraHn3mbl (3147)
* BUpYChbI (2879)



Ycnexm BblMUCTIUTENbHOW
ononorum

1990 - S. Altschul, W. Gish, W. Miller, E. Myers, D. Lipman
(October 1990). “Basic local aligment search tool” (BLAST)

2001 — CeKBEHMPOBAHME MOJSTHOro reHoma 4verioseka (3,2
MIpA. H., 25 TbiC. OenKoB)

2004 — Luka Cardelli “Bioware Languages”

2008 — A.M. T'ynan, UN.B. CeprueHko «OntumarbHble
npouenypbl pacnodHaBaHUA»

2010 — co3gaHue UcKycctBeHHo bakTepum Mycoplasma
Laboratorium (0,5 MIH. H., 382 reHa)

2010 - FO.M. PomaHoBckuin, A.H. TuxoHoB
«MonekynsipHble npeobpasoBaTeny 3HEPrnmn XXNBOK
knetkn. NpotoHHas ATd-cnHTasza — BpallaroLwmnca
MOJIEKYNSAPHbBIN MOTOP» YOH

2011 — G. Chaitin “Life as evolving software”



Bupyc ummyHoaedpunumuta yernoBeka

[eHOM BMpyca MMMyHOAedMUNTa YernoBeka npeacTaBeH ABYMS
naeHTnYHbIMM monekynamm PHK, kaxxgas u3 KoTopbiX UMeeT ONUHY
YyTb MeHbLLUEe 10000 HyKneoTnaoB. Bcero reHom Bupyca BKIo4aeT 9
reHoB. OHKM KogupytloT 15 pas3nuyHbix 6enkos. Bcero
NCnosnb30Banochb 17 6enkos.



BHyTpeHHFIFI XN3Hb KITETKW

e BioVisions - Inner Life of the Cell



Pe3ynbraTtbl Autonomy Labs

Kak cobpaTb KOPOOKM BMECT!

OYEHb NMPOCTbIE POBOTHI

KaK OTCOPTUPOBATb KaMHIW MO pa3mMepy Q) sevorcu .
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OU3NKA

C.C. XunbkeBun4y «dPusunka BOKPYr Hac» BOKPYT HAC
Uto NnpoucxoguT Npu BCTpAXmBaHUA (C.
61), Bubpocenapaums




CpaBHEHNE XXUBOW KITETKU U
OBM

IBM KneTtka
[3Y « OHK
O3Y * Llntonnasma
ba3oBble onepartopbl * AMUHOKUCNOTHI
[TIporpamMmmeil * benkun
KonupoBaHue nporpammbl * CuHTE3 Derika
n3 r3y s O3Y
OcBoboxaeHne O3Y . Pacnag 6enka

rnocre BbINONMHEHUS
nporpamMmmsl



CpaBHEHNE XXUBOW KITETKU U

9BM

3BM
OpHosigepHbie O9BM
MuorosgepHble O9BM

HacregoBaHWe unu
komno3sununa B OOl

AeKkrnapaTuBHbIV CTUMb B
Ol

KneTtka
NPOKapuoThI
9yKapuoThl

OOMEHHasi CTPYKTypa
0enkos

OTCYTCTBUE ABHO
3aJaHHOU
nocrnenoBaTeENbHOCTU
OenkoBbIX
B3aMMOOEeNCTBUN



[lporpammumpoBaHue nNpu
NOMOLLM YacTuL

B3anmogenctema mexay yactmuamm 3agarTcs
anropuTMmMYecKkn, npupoaa B3aMuMoaencTBuMn He
n3yyaertcq

YacTunubl obnagaroTt 3apsgamMm, KoTopble NO3BONAoT
YTOUYHATb B3aMOOeNCTBUS

CocTaBHble YacTuLbl HACNEeAYT XapakTePUCTUKMN CBOUX
COCTaBNAKLLUX

XapakTepUCTUKN YacTuLbl 3aBUCAT OT €€ CTPYKTYpPbI

CTPYKTYypYy YacTuLbl MOXHO ONucaTb B BUAE NUHENHOM
nocnegoBaTeNbHOCTU CUMBOIIOB KOHEYHOTO andasuTa

Java->Scala



AndpaBut

MHo>ecTBO 0a30BbIX YacTUIB
MHoxecTBOoIT cBA30K BUA&!]

AndaBnnA onpeaensieTcd MHOYKTUBHO:

1. aeB=acA;

2. yla,o,]e ATR€ y eT a0, € A

3. HUYTO APYroe He ABIAETCA 3JTIEMEHTOM

JinHenHoe npeacTaBneHne Yactuubly =y [a.,y, o, , o, 1]

[MpeacTtaBneHue B BUae buHapHoro gepesa:
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a,
a,,0,,0, €B
o, O



KoHurypauyus

MHO>XXeCTBO NOMOXEHUN YaCTuULbl B CUCTEME: | K |< o
K

KoHdourypauusw = (o,,..., oy ) € A"

OTHoLweHne coceacTBa: K xK [ {0,1} n(k,x") :{

[yTb ANMHOWM & = (k|,...,k,) & eK”

n(k,,kK,,)=1 Vi=lm-1
PaccToaHng, (x, k') - ANWHA KpaTyauLero nyTu Mexay
NO3NUUNAMU ;- «c K Ui’ €K ; ,D(K,K') — o0 , €CJIN TaKOlro

' .
1, x,x" —cocenu;

0, nHaue

NyTn HE CyLLeCTBYET O--0--0--0--O
OKpyXeHue: &--O--0--O--
N ={k'eK|p',k)<rjcK ¢”¢— i
<-4
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B3aanmogencrteug

Bsanmopencrene: ¢ : A* [ A™
B3avMoaencTBre COCTaBHbIX YacTUL:

4
; ¢. () ¢ BepOsATHOCTHIO 1/2 /\
¢y[a,a’](a)) —

¢" () ¢ BEpOATHOCTBIO 1/2 o o

Papunyc neictensi (a) o' =¢(0) o, =w, vk eK\NH*
[Tpumep: cny4YamnHoe bnyxgaHue

!
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HanpsaXXeHHOCTb

HanpsbkeHHocTb:e® : A [] R

®@ ® O O O O
HanpspkeHHocTb 6a30BoM YacTULb! ® o 0%9 o
K KK O O//"-dl)--,\\.
ep(@)= 255" (@) o (b -b-6)
K'eN?E N7
O ONO-4--0.®
e C,ecnuo, =0, =8 O @ @O0 O
lg (0) =
0, nHaue O O @ @ O O
Pagunyc nencreus;
ANYC AGUCTBUS, ()

4
HaI'IpFI)KeHHOCTb COCTaBHbIX HaCTWL: /\

& raa(©) =&, (@) + &, (0) a o

OHEPrUsA KOHMUrypaunm: g,y - Y el (o)

kekK

O @ O O O 0 O



[ITnHamMmunka cuctemsl

* Mpouenypag:A¥ [ A¥ 0™ =0(w")
1. Bbibpatbk e K C paBHOMEpPHON BEPOATHOCTRIQ [

Bblumcnnten' = ¢ (o')
BbIYNCIUTBAE = E(0') - E(0')
ECNUAE <0, TOO(0') = o'
Ecnuag >, TO

A WD

-AE
®' C BEPOSITHOCTBIO €
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* llcxoaHasa KoHurypaums; o o ok
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PyHKUMA Nnepexoaa

DyHKUKMA nepexogan — o' = O(w)
p(o,0) =q(0,0)g(0,0") w# o'
BbI60p HOBOW KOHUIypaLMW(w, »')

g(w,0") >0 Vo,0 e A®
> q(0,0) =1 Vo e A"
wel)

[puHATME/OTKNOHEHNE BbIOpaHHOW KOHMUIYPaLWi, «")

g(w,0") = min{l,e ")}

YT SRS 59 ESSONS WIS

K
o"eAlX



CocTosaHue

« CoctosaHune cuctemst(w) 7z eIl
7(@)>0 VoeA®
Y m(w)=1
weAK
* NameHeHne cocTosHMA noa AencTBrgy!
7 (@)= Y ' (0)p(eo)

o'cAlX!

* PaBHOBECHOE COCTOAHUEL* - 1]

(@)= ) 7 (0")p(o,o)

w'cAX



Moaenb

Mogenb: s =(A,K.n(-).&5().45().0")

A -andaBut

K - MHOXecTBO no3nuum

n(-,-) - OTHOLLEHne cocenCcTBa
g"(-) - HaMpPsHKEHHOCTb

¢"(-) - B3aumoaeuncTane

w° - Ha4anbHasa KoHurypaums

HoCTKMMbIE KOHDUIYPaUNY, — ' FneN:p (0,0") >0
B3anMHO JOCTUXUMbBIE: ) ¢35 i) <> @' —> D A @D —> @'

MHOXeCTBO AOCTUXKUMbIX KOHUIypaLmi Moaely — A K

Q={wecA" 0" [] o



Teopema 1

[Tyckan s = <A,K,n(-,-),g§ (), 0. (-),a)0> - MOOESb CUCTEMDI,
Q — A™- MHOXXECTBO OOCTMXKNMBbIX KOHGOUTYpaLUi Mogenu,
1 BbINOMHSAOTCS YCNOBUSI:

l. oo Vo,0'ecQ,;
2. doeQ:q(w,0)>0;

3. g(w.0)=q(0,0) Yo,0'eQ:
Torgagy UMeeT eAUHCTBEHHOE PaBHOBECHOE COCTOSHMES [

4

npuyem: 7" () = %e_m»

7 = Ze‘E(w)

weld



Teopema 2

[Tyckan BbINOMHAKTCA ycnoBua Teopemsbl 1, Torga MOXKHO
yKasaTb Takoe YNCN@ , YTO BEPOATHOCTb HAaxXOXOeHUS aecA

YyacTuubl Hame3uunn npu PUKCUPOBAHHbIX
NactLax Ha No3nuusx . B pPaBHOBECHOM COCTOSIHUU

HE 3aBUCUT OT YacTuL, HaXGHLMXC




[Tpmepbl

Cny4yanHoe bnyxgaHue
[MputakeHne/oTTankmuBaHue

CocTtaBHble 3apsabl

dopmumpoBaHue CBA3N

B3anmogencrteue, 3aBuUcsLLEeE OT 3apsia
Peakumnsa benoycosa->KaboTnHckoro
Pmnbocoma n MPHK



[Ipumep 1: cocTaBHbIe 3apsAabl
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C' | ® b-squared.org.ua/exampleElectronProton.html

k|

w A

Name
proton

Description
shortcut for p[a,v,v.f] e

electron!

shortcut for e[a,u,u,f]

L

0

®| f ffloating particle with step 2 W
O] pl.] |default bond |
u__[repulsive particle

plav,vf] Add

Interactions per frame:

This example demonstrates how to build complex charges out of simple ones. Initially
J we have simple charges that only attract to or repulse from the charges of the same
o type. We are to create a pair of particles that would behave as electron and proton:

e electrons are attracted to protons and repulse from other electrons, and protons are |
attracted to electrons and repulse from other protons.

The set of basic particles B = {0, f,a,u,v} where:

0 - empty placeholder, or water molecule;

[ - floating particle with step 2. :

a - charge with radius 2 and value -2 that attracts electrons to protons;

u - charge with radius 2 and value 2 that is used for electron repulsion;
- charge with radius 2 and charge 2 that is used for proton repulsion.

The set of bonds I = {e, p} where:

® ¢ - the bond which is used to compose electrons from simple charges;
* p - the bond which is used to compose protons from simple charges.

One of the possible sohution for such a pair would be: electron = e[a,u.,u, f] and
proton = pla,v,v, f]. You can type the actual particle names(e[a. u,u, f].
pla.v,v, f]) or predefined shortcuts (electron, proton) into the corresponding field.
Try how the following pairs of particles behave (each pair separately): (electron-
electron). (proton-proton). (electron-proton). Hint: fill configuration with 0 to remove
all particles.
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C' | ® b-squared.org.ua/exampleElectronProton.html w A
r k| Name Description
v |repulsive particle -

o |empty space placeholder =
a_|attractive particle
e[.] |default bond
proton ishortcut for p[a,v,v,f]

@
Qe

Interactions per frame:

pla,v,v.f]

1015

This example demonstrates how to build complex charges out of simple ones. Initially
we have simple charges that only attract to or repulse from the charges of the same
type. We are to create a pair of particles that would behave as electron and proton:
electrons are attracted to protons and repulse from other electrons. and protons are
attracted to electrons and repulse from other protons.

4

The set of basic particles B = {o, f,a,u,v} where:

u - charge with radius 2 and value 2 that is used for electron repulsion;
- charge with radius 2 and charge 2 that is used for proton repulsion.

* 0 - empty placeholder, or water molecule;

* f - floating particle with step 2. : N
ac ® @ - charge with radius 2 and value -2 that attracts electrons to protons: \

.

.

The set of bonds I = {e, p} where:

® ¢ - the bond which is used to compose electrons from simple charges:
* p - the bond which is used to compose protons from simple charges.

One of the possible solution for such a pair would be: electron = e[a,u,u, f] and
proton = pla,v,v, f]. You can type the actual particle names(e[a, u.,u, f).
pla.v,v, f]) or predefined shortcuts (electron, proton) into the corresponding field.
Try how the following pairs of particles behave (each pair separately): (electron-
electron). (proton-proton). (electron-proton). Hint: fill configuration with 0 to remove
all particles.
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[Tpnmep 2: MeMObpaHHbIN
TPaAHCNOPT

“ ® Research
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(© Membrane Transport :

\ ® Complex charge (ele«

C' | ® b-squared.org.ua/exampleMembraneTransport.html w N
q g P P!
® o Name Description
pt
o o 0 |empty space placeholder | o
e & o ® |8 ]resou... shortcut for c[cletr],clerr,err,err,f] |—
e | emmm [charge that keeps membrane cons.
® ® @ ®transp...shorteut for ccletm],clett,ett],clet.
®| uct |destroys ct[.] bond 1
e & o
o e transport|
@] o0
[ ] (o) Interactions per frame: 10015
o o

In this example we will program a transport particle for transporting some resource (for instance glicose molecules, which
are used by cell to produce energy) through the membrane from the environment into the cell.

The set of basic particles B = {o, f.ernm,etm.ett.emmm,err.etr.bet,uct} where:

® 0 - empty placeholder, or water molecule, with no charge=0 and no interaction:

[ - floating particle with step 1; (f,0) — (0. f)

emm - charge that prevents binding of membrane particle with another membrane particle, radius = 0, charge = 1;
etm - charge that supports binding of transport particle with membrane, radius= 0, charge = -0.25;

ett - charge that prevents binding of transport particle with another transport particle, radius = 0, charge = 1;
emmm - charge that attracts membrane particles and keeps consistency of membrane, radius = 1, charge =
err - charge that prevents transport particle carrying a resource to bind to another resource, radius = 0, charge =
I
etr - charge that supports binding of transport particle with a resource, radius = 0, charge = -0.25;
bet - interacting particle that creates ct bond: (bet,a) — (ct[bet,al.0),a # o:

uct - interacting particle that destroys ¢t bond: (ct[bct.al.0) —. (bet,a),a # o.

. o

The set of bonds I" = {c,ct} where:

® ¢ - default bond that is used to compose particles;
* ct - bond that is used by transport particle to bind to membrane or to resource.

Type resource into the particle field and click on left part of configuration 10 times to create resource particles outseide
of the cell. Start simulation to make sure that resource particles can not get through the membrane directly. We are to
create a particle incide the cell to get resource particles from left part of the configuration to the right part of it. Type
transport (which is shortcut for ¢[c[etm].c[ett.ett].c[etr], f,bet uct]) and click 5 times on the right part of
configuration to create 5 transport particles. You will see that after a while resource particles get uniformly distributed
over the configuration. Hint: fill configuration with 0 to remove all particles.
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r‘& ® Research

C | ® b-squared.org.ua/exampleMembraneTransport.html w A
e e Name Description
oo L4 0 |empty space placeholder -
o o L] ® | resou... shortcut for c[c[etr],c[err,err,err],f] | —|
© ®| emmm [charge that keeps membrane cons...
ge

2o @ @ transp.../shortcut for c[c[etm],clett,ett],clet...

° 4 ®| uct |destroys ct[.] bond v
] transport

[ @] ®

@ ® Interactions per frame: 100(5
LR
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In this example we will program a transport particle for transporting some resource (for instance gluicose molecules, which
4 areused by cell to produce energy) through the membrane from the environment into the cell.

The set of basic particles B = {0, f,emm,etm,ett,emmm.err.etr.bet,uct} where:

* 0 - empty placeholder, or water molecule, with no charge=0 and no interaction:

* [ - floating particle with step 1; (f,0) — (0. f)

* emm - charge that prevents binding of membrane particle with another membrane particle, radius = 0, charge = 1:

* etm - charge that supports binding of transport particle with membrane, radius= 0, charge = -0.25;

® ett - charge that prevents binding of transport particle with another transport particle, radius charge = 1;

* emmm - charge that attracts membrane particles and keeps consistency of membrane, radiu: charge =-1;

* err - charge that prevents transport particle carrying a resource to bind to another resource, radius = 0, charge =
1

* etr - charge that supports binding of transport particle with a resource, radius = 0, charge = -0.25;

.

bt - interacting particle that creates ¢t bond: (bet,a) — (ct[bet.al.0),a # o;
uct - interacting particle that destroys ¢t bond: (ct[bct,al,0) —. (bet,a),a # o.

The set of bonds ' = {c,ct} where:

¢ - default bond that is used to compose particles:
ct - bond that is used by transport particle to bind to membrane or to resource.

.

Type resource into the particle field and click on left part of configuration 10 times to create resource particles outseide
of the cell. Start simulation to make sure that resource particles can not get through the membrane directly. We are to
create a particle incide the cell to get resource particles from left part of the configuration to the right part of it. Type
transport (which is shortcut for ¢[c[etm].c[ett.ett].c[etr], f,bet uct]) and click 5 times on the right part of
configuration to create 5 transport particles. You will see that after a while resource particles get uniformly distributed
over the configuration. Hint: fill configuration with 0 to remove all particles.




[Tpumep 3: peakyms
benoycoBa->XaboTnHcKkoro
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{ (© Aexample applet « \@® Complex charge (elec » @ Transport x =
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Belousov-Zhabotinsky type reaction

r

b

publications

about myself

contacts

Réaction oscillante wapjcnaTh

¥

More info

(] ~ Te 1
Beta: 1
. L]
Average E 3.9508770
L}
Average D 25.677147
Swarm #: 32
- Unswarm #: 8
N
Start Stop
impressing
— L]
research

This oscillating reaction was discovered by Belousov who worked on non-organic analog of Krebs cycle reactions.

Transport x

© Aexample applet ® Complex charge (elec » " @

€« C  © b-squared.org.ua/exampleBz.html

Belousov-Zhabotinsky type reaction

b

- T 1
" Beta 1
Average E 0.2931808
Average D 11.489832
| Swarm #: 2
- - Unswarm #: 38
»
™ Start
> L L}
impressing
L}
research
publications ] [ ]
]
i =2
about myself
L] L L]
contacts L
=

Réaction oscillante wagicnan ¥ Moreinfo

This oscillating reaction was discovered by Belousov who worked on non-organic analog of Krebs cycle reactions.
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