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3aBAaHHA feKUil:

e HasaTu 3arasibHe yaBAEHHS NPO CUCTEMHUN MiAXiA Y
MeAULMHI Ta bionaoril

Bucsitantn:

e OCHOBHI ck/1aA0Bi cMCcTeMHOT bionorii

e JlesiKi 4OCArHEHHSA cMCcTeMHOI bionorii

® 3araJibHOAOCTYMHI pecypcu

e OcHOBHI Npobaemu cnctemMHol bionorii

* [lepcnekTnBM 3aCTOCYBAHHA IHCTPYMEHTIB
CMCTEMHOrO MigxoA4y 40 biomeanyHNX J0CNiAXEHb



CucTeMHUM Niagxia, Wo Le:

CuctémHumit niaxig (aHra. Systems thinking — cuctemHe MUCIEHHS) -
HanpsAM MeTOA 00T AOCAIAXEHb, SKUM NONATAE B J0CAIAXKEHHI 06'eKTa SK

LLiNICHOT MHOXMHW €1eMEeHTIB B CYKYMHOCTI BiAHOLWEHb i 3B'A3KIB MiXX HUMU, TOBTO
po3rnasg ob'ekTa Kk cucTemum.
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YaBJIeHHA NPO NOHATTH «KCUCTEMa».

Cuctéma (Big 4aB.-rp. CUCTNUN — KCMOJYYEHHS») - MHOXMHA B3aEMOMOB'I3aHUX
e/IeMEHTIB, LW,0 B3aEMOJIE 3 cepelOBULLEM, AK EAUHE Liae | BIJOKPEM/IEHA BiA
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BaactuBocTi 6ion0riyHMX cucrteMm:

e Bidkpumicucmemu — CNCTEMMU, AKI NOCTINHO
OOMiHIOIOTECSA PEYOBUHOIO | EHEPIIEID 3 30BHILLUHIM
cepegosuem. ( /1. doH bepTanaHoi)

e O6MiH, WO NpM3BOANTb A0 MNOCTIMHUX 3MiH
BJIACTUBUUN QUHAMIYHUM CUCMEeMaM

* lepapxivyHa cmpykmypa Ta baraTopiBHEBI B3aEMOZ,ii
N B3AEMOAil MiXK KOMMNOHEHTaMMU




y

CuctemHa 6ionoria, popmMyatOBaHHA NOHATTS:

* ueKkoMn'toTepHe Ta MaTeMaTU4YHE MO e/ IH0BaHHA
CKIagHMX 6ioNoriyHnx cmctem, TO6TO iHXEHEPHUN
niaxia 20 biomeanyHmx Ta 6iOAOrIYHMX HAYKOBMX
aocnigxeHb. OTxe, Le IHTep- Ta
TpaHCAUCUUNAIHAPHI AOCAIAXKEHHS, WO BUBYAKOTb
KOMMNJIEKCHI B3AEMOAIT BcepeanHi 6ionoriyHmx
CUCTEM, BUKOPUCTOBYHOUM LiNICHUM Nigxia, (Xoniam
3aMiCTb peayKLioHi3My) B 6ioN0riYHNUX Ta MeANYHMX
NOCAIAXEHHSAX.



CuctemHa 6ionoria NoOHATTA «iHWi cNpobu»:

e Systems biology is the study of systems of biological components, which
may be molecules, cells, organisms or entire species. Living systems are
dynamic and complex, and their behavior may be hard to predict from the
properties of individual parts. (sysbio.med.harvard.edu)

e MexancuunamHapHoe Hay4YHoe Hanpas/aeHne, obpasoBaBLueecs Ha
CTbike BMONOrNY U TEOPUM CIOXKHBIX CUCTEM, OPUEHTUPOBAHHOE HA
M3y4eHMe CNOXHbIX B3aMMOZENCTBUIM B XUBbIX cMCTeMaX. BnepBsble
TepMUH ncnonblyetcs B ctaTbe 1993 roga astopos W. Zieglgansberger u
TR. Tdlle . LUnpokoe pacnpocTpaHeHWe TEPMUH KCUCTEMHAs bruoorms»
nonyuunn nocne 2000 roaa. Micnoab3yeT HOBbIV NOAX0Z, B
buonormm: xonmsm BMecTo pegykumoHnsma. OCHOBHOE BHMMAHME B
CMCTEMHOW BUoNOrMm yaenaeTcs Tak Ha3biBAaEMbIM SMEPAKEHTHbIM
CBOMCTBaM, TO eCTb CBOMCTBAM BNOIOrMYECKMX CUCTEM, KOTOpPbIE
HEBO3MOXHO OOBACHUTb TO/IbKO C TOUYKM 3PEHUSA CBOUCTB €€
komnoHeHToB.(ru.wikipedia.org/wiki/CncrtemHasn_6buonorus)



[lonuTt Ha cuctemny bionorito
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ETanu po3suTky cnctemHoi 6ionorir:
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ETanu po3suTky cnctemHoi 6ionorir:

CucTtemMHMN aHani3
A MaTemaTunyHe

MO/,e/It0BaHHA

BioiHpopmaTMKa

v/

HacTkoBe po3yMiHHA

OTpMMaHHﬂ HOBUX AadHUNX

MeaunumnHa
lon1oris

Po3BUTOK HOBUX
TeXHOJ10T N



IntocTpayia cnctemHoro nigxoay Ao 6ionori.

Apply knowledge of
microbial functional
capabilities
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FUNCTIONS
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Genes and other CAPABILITIES
' TO UNDERSTAND
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PROTEIN BIOLOGICAL

AN e .\ R ¥
MACHINES SYSTEMS e Many prolein
m - machines interact

through complex,
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pathways. Analyzing
these dynamic processes
will lead to models of life
processes.

DNA sequences
conlain instructi
on how an

Proteins perform many of life’s most essential functions. To carry out their CHARACTERIZE GENE
specific roles, ”\EY often work logc!hcr in the cell as protein machines REGULATORY NETWORKS

e "Genomics GTL Pictorial Program". Licensed under Public Domain via Wikimedia Commons -

https://commons.wikimedia.org/wiki/File:Genomics_GTL_Pictorial_Program.jpg#/media/File:Genomics_GTL_Pi
ctorial_Program.jpg



systems-level and small scale measurements

metabolomics

phenomics
interactomics

transcriptomics

proteomics
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multiscale system characteristics

temporal and spatial dynamics of multiple compartments
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temporal and spatial dynamics of molecular interactions

«Lline 6inbLie, HiXK CymMa MOro YacTUH»

multiscale modeling

metabolites ay/x)/X=5F,(Y(X), K)-5G,(Y(X),K)Y(X)
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(Fred D. Mast et al, 2014)

-Bci yacTnHM Ta npouecu L,ifIoro B3aEMOBMN/IMBAOTL Ta B3AEMOOOYMOBAIOOTL OAWH O4HOrO-



MeToaun cuctemHoi bionorir:

B cnctemHin 6iosorii 3acToCOBYOTLCA METOAMN:

° |HTepakToMmiky (NOBHE Bif0bpaxxeHHS MOIEKYIAIPHUX B3AEMOAIN B
MNeBHIN KNITUHI);

° HenpoenektpoamHamikni (MHaAMIYHA CUCTEMA MO30OK LUSIXOM
e/IeKTPOMArHiTHUX B3aEMOZIN Pery/itoe NpoL,ech);

e DOaykcomikn (BUBYEHHSA 3MiH MOJIEKYASIPHOI AMHAMIKM 3 YaCOM);

° Biomiku (CUCTEMHUI aHani3 biomy),

e Cemiomiky (QHaNI3 CUCTEM «3HAKOBMX» B3AEMOAIN OpraHiamy abo
IHWKX BiocncTem);

e (CuctemHoi bionorii paky.

TobTo gocnigXeHHA B cMCTEeMHIN B6ionoril B CBOIM OCHOBI MalOTh,

nobyaoBy CkAagHOT MOAEI MiDKCUCTEMHOT B3aEMOAIT KNI TUHHUX

CTPYKTYpP, CGOPMOBAHOI Ha OCHOBI KiIbKICHUX AaHUX, OTPUMAHMX MiZ

4yacC BUBYEHHA eNeMeHTapHUX NPOLLeCiB AK OA4UHUL, I CK1a4HOIO

KOMMAEeKcy.



NATPOPMU OTPUMAHHSA AAHNX B CUCTEMHIN
bionorir:

DeHomika —BapiaTUBHICTb GEHOTUMIB OPraHi3MiB Ta 1X 3MiHa
MPOTArOM XUTTS,;

feHomika — cekBeHyBaHHA AHK, Bkatoyaoum cneymndiyny
KNITUHHY BapiaTUBHICTb (HANPUKAAA A4O0BXWHA TesloMep);
EnireHomikal/enireHeTmka — TPAHCKPUNTOMHO peryatotoui
daKTOpPU KNITUHHOT CNeLnPiYHOCTI Ta cneyn@iyHoCTI
OpraHi3mis, W0 HEeMNipMYHO 3aKOA40BaHI B NOC/I40BHOCTI
AHK (meTnntoBaHHa AHK, aueTnayBaHHS NiCTOHIB Ta
AealeTU/IIOBAHHSA Ta iHLL.);

I'panckpunTomika — NOBHOreHOMHe A0CNIAXEeHHSA eKcrnpecil
reHis 3 BukopuctaHHam AHK-mikpoumnis abo nocaigoBHUM
aHa/li3 eKkcrpecil reHiB Ha BCIX PIBHAX OpraHisay, il XXusol
cucTemu,



NATPOPMU OTPUMAHHSA AAHNX B CUCTEMHIN
bionorir:

IHTepbepeomika — BUBYEHHS GaKTOPIB KOpeKL i

TpaHCKpl/II'ILI,II Ha BCIX PIBHAX OpraHi3ay il XXMBOI CUCTEMMU
(iHTepdepeHuis PHK);

'lpoTeomika/TpaHciaTomMika — AOCNIAXEHHA NPOTEIHIB

Ta NenTUAIB Ha BCIX PIBHAX OpraHisaLiil XMBOI CUCTEMM 3
BUKOPWUCTAHHAM JBOBUMIPHOIO re/ib-eNekTpogopesy,
Macc-CneKTPOMETPIl YN TaHAEMHOI XpOMaTO-Macc-
CNeKTPOMeTpil, BUABAEHHS XiIMIYHO MOANPIKOBAHMNX
NPOTEIHIB;

MeTabosiomika — BUBYEHHS MeTaboITiB Ha BCiX PiBHAX
OopraHisay,il XXMBoIl CUCTEMMU,

[ IIKOMIKa — BUBYEHHSA BYr/IeBOZIB Ha BCIX PIBHAX
OopraHisay,il XXMBoI CUCTEMMU,

Jlinigomika — BUBYEHHSA NiNIAIB Ha BCIX PIBHAX
OopraHisay,ii XXMBoI CUCTEMMU.



HanBaxusille 3aBAaHHA CUCTEMHOI Bionoril:

I'IoGyp,OBa mMojenen

BigCyTHICTb EAMHOIO, CTaHAAPTU30BAHOT KMOBU» A8 ONMCYy 6ioN0riYHNX
npoueciB YHEMOX/MB/IOE OOMiH iHpopMaLi€to

GML.org The Systems Biology Markup Language

e MaTtemaTryHe MOAeNtoBaHHA BUKOPUCTOBYETLCA A151 ONUCY MeTabonivyHMX Ta
BioxiMiYHMX WASXIB HA rNobasibHOMY piBHi

e [lobysoBa MaTEMATUYHUX MOAENEN B CUCTEMHIN BioOriT MOX/IMBA 33 HASIBHOCTI
KONeKTUBY 3 biosoris, XimikiB, Gi3nKiB Ta MaTEMATUKIB



I[HCTpYMeHTM cnucTemHol 6ionorii:

[porpamu gasa nobyaosu moaenen

ba3un gaHunx

PenosuTopii moaeneun

Pecypcu gocnip>xeHHs Bigommx Ta nepesbavyBaHmx
B3aeMOil biomonekyn



Nesqki 6a3un gaHnx cuctemHol biosorir:

e http://www.genome.jp/kegq/

e http://www.ebli.ac.uk/biomodels/
e https://cellml.org

e http://stitch.embl.de/

e http://eggnog.embl.de/

e http://string-db.org/

e http://www.reactome.org/




Aesaki 6a3u gaHnx cnctemHol 6ionorir:
e http://www.genome.jp/kegq/

I PRIMARY IMMUNODEFICIENCY

ORAII defici
Mo g TAF2 ——
fgg{{ﬁ@y CDSa || LCK

ZAPT0 deficiency

>
CD4 ////
-~
___________ - e R - CD8+Tcell Te
T S

DP Teell
f _Severe comhined * APECED
/ Sov mbined immunodeficiency ~J f gy
'‘ere €0
/ immunodeficiency (ress | (RExAF]
! 1L-7Ra. REGANK] [ CITA |
/ MHC class L1 ORAIL deﬁmy
deficiency CD4+ T cell Th

Hematopoietic
HSC k

\ Severe comb ined A

\ immunodeficiency

‘ [Rac1] [Raca] EDA.-ID

IKKy «
[Pre-BCH [Pre-BCH /" Plsmacell
/s
7
-r——‘~b- ———+ —_ ——

Pro-B ﬂell Pre-Bl cell Pre-B2 cell Irmature B cell B cel
= v [cp40 ] [cpaoL ] [cos ] [raFrr]
7 X-linked UNG AID CDI TACI
- g @] ] (o] (]
Autosomal recessive HIGM syndrome E:mmum’a \Iﬁ:arnhmb
agammagloh ulinaemia ¥

Mexaory B cell

05340 822113
(c) Kanehisa Laboratories
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[porpamu ana nobyaosm moaenen (aesxi):

PySB (Python framework for Systems Biology modeling)
[Lopez, C. F., Muhlich, J. L., Bachman, J. A. & Sorger, P.
K. Programming biological models in Python using
PySB. Mol Syst Biol 9, (2013). doi:10.1038/msb.2013.1]
StochSS (A Cloud Computing Framework for Modeling
and Simulation of Stochastic Biochemical Systems)
[http://www.stochss.org/]

PhysioDesigner (An open platform for multilevel
modeling) [http://physiodesigner.org/]

CellDesigner 4.4 [nttp://systems-
biology.org/software/celldesigner/celldesigner-44-
20140712.html]




PySB

from pysb import *
from pysb.integrate import odesolve
from pylab import linspace, plot, xlabel, ylabel, show

# A simple model with a reversible binding rule
Model()

# Declare the monom
Monomer('L', ['s'])
's'])

Monomer( ‘R", s

ers

# Declare the parameters
Parameter(’'L_0@', 100)
Parameter('R_©', 200)
Parameter('kf', 1le-3)
Parameter('kr', le-3)

# Declare the initial conditions
Initial(L(s=None), L_@)
Initial(R(s=None), R_0)

# Declare the binding rule
Rule('L_binds_R', L(s=None) + R(s=None) <> L(s=1) % R(s=1), kf, kr)

# Observe the complex
Observable('LR', L(s=1) % R(s=1))
if __name__ == '__main__":
# Simulate the model through 4@ seconds
time = linspace(@, 40, 100)
print "Simulating..."
x = odesolve(model, time)
# Plot the trajectory of LR
plot(time, x['LR'])
xlabel('Time (seconds)"’)
ylabel('Amount of LR")
show()
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Human genome

From Wikipedia, the free encyclopedia

For a non-technical introduction to the topic, see Introduction to genetics

The human genome is the complete set of genetic information for humans (Homo sapiens). This information is encoded as DNA sequences
within the 23 chromosome pairs in cell nuclei and in a small DNA molecule found within individual mitochondria. Human genomes include both
protein-coding DNA genes and noncoding DNA. Haploid human genomes (contained in egg and sperm celis) consist of three billion DNA base
pairs, while diploid genomes (found in somatic cells) have twice the DNA content. While there are significant differences among the genomes of
human individuals (on the order of 0.1%).I"] these are considerably smaller than the differences between humans and their closest living
relatives, the chimpanzees (approximately 4%!%)) and bonobos.

The Human Genome Project produced the first complete sequences of individual human genomes. As of 2012, thousands of human genomes
have been completely sequenced, and many more have been mapped at lower levels of resolution. The resulting data are used worldwide in
biomedical science, anthropology, forensics and other branches of science. There is a widely held expectation that genomic studies will lead to
advances in the diagnosis and treatment of diseases, and to new insights in many fields of biology, including human evolution.
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