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Osnova

» Definice systémove biologie

= Nastroje
= Analyza genové ontologie
= Bayesovské site
= Modelovani molekularnich/genovych regulacnich siti

= Odvozeni genovych regulacnich siti z velkych -omickych
dat



Definice

Systémova biologie je védecky smeér v biologii
vyuzivajici pristupy dalsich ved, predevsim biochemie,
chemie, informatiky a matematiky. Zabyva se studiem
biologickych funkci a mechanizmu vyskytujicich se v
biologickych systémech jako dusledek komplexnich
interakci.

Zakladni myslenkou je komplexni pohled, opak
redukcionismu (ktery je prevladajicim paradigmatem
napriklad v molekularni biologii), tedy predpoklad, ze
system je vic nez pouhy soucet jeho Casti.

Systémova biologie Casto pracuje s modely, které jsou
vytvareny matematickymi a informatickymi pristupy na
zakladé biologickych dat, jejichz vlastnosti jsou posléze
porovnavany s vlastnostmi zivych systému (Wikipedia).



Definice

Systémova biologie se zabyva studiem biologickych
systému, jejichZz chovani nelze redukovat na linearni
soucet funkci jejich Casti. Systemova biologie nemusi
nutné zahrnovat velké mnozstvi komponent nebo
rozsahlych datovych souboru, jako je tomu v genomice
nebo konektomice, ale CcCasto vyzaduje metody
kvantitativnihno modelovani puvodné vyvinuté fyziky
(Nature).



Definice

Nazorne vysvetluje na videu Dr. Nathan Price,

zastupce  reditele Ustavu pro  systémovou biologii na
https://www.youtube.com/watch?v=0rXRIl 8UFHU.




Osnova

= Nastroje

= Analyza genové ontologie



Vysledky —omickych studii vs.
biologicky relevantni zavery

0 Vysledky —omickych studii reprezentuji enormni mnozstvi
dat, napr. geny s rozdilnou expresi. Ale jak z nich ziskat
biologicky relevantni zavery?

Ddii et al., unpublished

gene locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test_stat p_value q_value significant
1.79769e+ 0,00039180
AT1G07795 1:2414285-2414967 WT MT OK 0 1,1804 1.79769e+308 308 6.88885e-05 1yes
1.79769e+ 4.67708e-
HRS1 1:4556891-4558708 WT MT OK 0 0,6965831.79769e+308 308 6.61994e-06 05 yes
1.79769e+ 0,00053505
ATMLO14 1:9227472-9232296 WT MT OK 0 0,5146091.79769e+308 308 9.74219e-05 5yes
1.79769e+ 3.50131e-
NRT1.6 1:9400663-9403789 WT MT OK 0 0,8778651.79769e+308 308 3.2692e-08 07 yes
1.79769e+
AT1G27570 1:9575425-9582376 WT MT OK 0 2,0829 1.79769e+308 308 9.76039e-06 6.647e-05 yes
1:22159735- 1.79769e+ 9.84992¢-
AT1G60095 22162419 WT MT OK 0 0,6885881.79769e+308 308 9.95901e-08 07 yes
1.79769e+
AT1G03020 1:698206-698515 WT MT OK 0 1,78859 1.79769e+308 308 0,00913915 0,0277958 yes
1.79769e+
AT1G13609 1:4662720-4663471 WT MT OK 0 3,55814 1.79769e+308 308 0,00021683 0,00108079 yes
1.79769e+
AT1G21550 1:7553100-7553876 WT MT OK 0 0,5628681.79769e+308 308 0,00115582 0,00471497 yes
1.79769e+ 1.91089e-
AT1G22120 1:7806308-7809632 WT MT OK 0 0,6173541.79769e+308 308 2.48392e-06 05 yes
1:11238297- 1.79769e+ 0,00028514
AT1G31370 11239363 WT MT OK 0 1,46254 1.79769e+308 308 4.83523e-05 3yes
1:13253397- 1.79769e+ 5.46603e-
APUM10 13255570 WT MT OK 0 0,5810311.79769e+308 308 7.87855e-06 05 yes
1:18010728- 1.79769e+ 0,00037473
AT1G48700 18012871 WT MT OK 0 0,5565251.79769e+308 308 6.53917e-05 6yes
1:21746209- 1.79769e+
AT1G59077 21833195 WT MT OK 0 138,886 1.79769e+308 308 0,00122789 0,00496816 yes
1:22121549- 1.79769e+
AT1G60050 22123702 WT MT OK 0 0,370087 1.79769e+308 308 0,00117953 0,0048001 yes
AT4G15242 4:8705786-8706997 WT MT OK 0,00930712 17,9056 10,9098 -4,40523 1.05673e-05 7.13983e-05 yes
5:12499071-
AT5G33251 12500433 WT MT OK 0,0498375 52,2837 10,0349 -9,8119 0 Oyes
AT4G12520 4:7421055-7421738 WT MT OK 0,0195111 15,8516 9,66612 -3,900439.60217e-05 0,000528904 yes
1:22100651-
AT1G60020 22105276 WT MT OK 0,0118377 7,18823 9,24611 -7,503826.19504e-14 1.4988e-12 yes

AT5G15360 5:4987235-4989182 WT MT OK 0,0988273 56,4834 9,1587 -10,4392 0 Oyes



Vyvoj rostlinnych vodivych
pletiv

0 Vodivé pletivo jako vyvojovy model pro GO analyzu a MRN
modelovani
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Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

0 Rostlinné hormony reguluji ukladani ligninu v bunécnych
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Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

0 Transkripcni profilovani pomoci sekvenovani RNA

Library Preparation Cluster Generation Sequencing by Synthesis CASAVA

< 6 h [< 3 h hands-on (TruSeq)]

Sekvenovani spolecnosti lllumina a urceni
poctu transkriptu

~2 h [15 min hands-on (Nextera)] ~5 h (<10 min hands-on) ~1.5t0 11 days 2 days (30 min hands-on) i



Vysledky —omickych studii vs.
biologicky relevantni zavery

o TranskripCni profilovani identifikovalo vic nez 9K odlisné
regulovanych gent...

Ddii et al., unpublished

gene locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test_stat p_value q_value significant
1.79769e+ 0,00039180
AT1G07795 1:2414285-2414967 WT MT OK 0 1,1804 1.79769e+308 308 6.88885e-05 1yes
1.79769e+ 4.67708e-
HRS1 1:4556891-4558708 WT MT OK 0 0,6965831.79769e+308 308 6.61994e-06 05 yes
1.79769e+ 0,00053505
ATMLO14 1:9227472-9232296 WT MT OK 0 0,5146091.79769e+308 308 9.74219e-05 5yes
1.79769e+ 3.50131e-
NRT1.6 1:9400663-9403789 WT MT OK 0 0,8778651.79769e+308 308 3.2692e-08 07 yes
1.79769e+
AT1G27570 1:9575425-9582376 WT MT OK 0 2,0829 1.79769e+308 308 9.76039e-06 6.647e-05 yes
1:22159735- 1.79769e+ 9.84992¢-
AT1G60095 22162419 WT MT OK 0 0,6885881.79769e+308 308 9.95901e-08 07 yes
1.79769e+
AT1G03020 1:698206-698515 WT MT OK 0 1,788591.79769e+308 308 0,00913915 0,0277958 yes
1.79769e+
AT1G13609 1:4662720-4663471 WT MT OK 0 3,55814 1.79769e+308 308 0,00021683 0,00108079 yes
1.79769e+
AT1G21550 1:7553100-7553876 WT MT OK 0 0,5628681.79769e+308 308 0,00115582 0,00471497 yes
1.79769e+ 1.91089e-
AT1G22120 1:7806308-7809632 WT MT OK 0 0,6173541.79769e+308 308 2.48392e-06 05 yes
1:11238297- 1.79769e+ 0,00028514
AT1G31370 11239363 WT MT OK 0 1,46254 1.79769e+308 308 4.83523e-05 3yes
1:13253397- 1.79769e+ 5.46603e-
APUM10 13255570 WT MT OK 0 0,5810311.79769e+308 308 7.87855e-06 05 yes
1:18010728- 1.79769e+ 0,00037473
AT1G48700 18012871 WT MT OK 0 0,5565251.79769e+308 308 6.53917e-05 6yes
1:21746209- 1.79769e+
AT1G59077 21833195 WT MT OK 0 138,886 1.79769e+308 308 0,00122789 0,00496816 yes
1:22121549- 1.79769e+
AT1G60050 22123702 WT MT OK 0 0,370087 1.79769e+308 308 0,00117953 0,0048001 yes
AT4G15242 4:8705786-8706997 WT MT OK 0,00930712 17,9056 10,9098 -4,40523 1.05673e-05 7.13983e-05 yes
5:12499071-
AT5G33251 12500433 WT MT OK 0,0498375 52,2837 10,0349 -9,8119 0 Oyes
AT4G12520 4:7421055-7421738 WT MT OK 0,0195111 15,8516 9,66612 -3,900439.60217e-05 0,000528904 yes
1:22100651-
AT1G60020 22105276 WT MT OK 0,0118377 7,18823 9,24611 -7,503826.19504e-14 1.4988e-12 yes

AT5G15360 5:4987235-4989182 WT MT OK 0,0988273 56,4834 9,1587 -10,4392 0 Oyes



Analyza genove ontologie

o Jednim z moznych pfistupu je studium genové ontologie, tj.
klasifikace genu podle kontrolovanych biologickych procesu

Differentially expressed IAA-related genes

ARR differential expression
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Analyza genove ontologie

0 Nastroje umoznujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych genu o geny asociované
se specifickymi procesy

% cbl-gorilla.cstechnion.acil

GORILLA

Gene Ontology enRIchment anaLysis and visuaLizAtion tool

GOrilla is a tool for identifying and visualizing enriched GO terms in ranked lists of genes. L
Tt can be run in one of two modes: 7
1. Searching for enriched GO terms that appear densely at the top of a ranked list of genes of
2. Searching for enriched GO terms in a target list of genes compared to a backeround list of genes.
For further details see References
Running example  Usage i GOrilla News(Updated December 3rd 2012)  References

Step 1: Choose organism

Arabidopsis thaliana 5
Step 2: Choose running mode

© Single ranked listof genes  © Two unranked lists of genes (target and background lists)
Step 3: Paste a ranked list of gene/protein names

Names should be separated by an <ENTER>. The preferred format is gene
symbol. Other supported formats are: gene and protein RefSeq, Uniprot, Unigene
and Ensembl. Use WebGestalt for conversion from other identifier formats.

Orupload a file: DiResults2012\Marianz

Step 4: Choose an ontology

© Process ©Function  © Component O All

Search Enriched GO terms.

B Raobe Ac. k=

Eden et al., BMC Biinformatics (2009)



Analyza genove ontologie

0 Nastroje umoznujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych genu o geny asociované
se specifickymi procesy

e gy ¥ b

€ @ cbl-gorilla.cs technionacil/GOrille/wwty283t/GOResults.html |88~ Google ol & B~
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Analyza genove ontologie

0 Nastroje umoznujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych genu o geny asociované
se specifickymi procesy
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Analyza genove ontologie

0 Nastroje umoznujici

statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych genu o geny asociované
se specifickymi procesy

[Crero | gy * 5
(,- cbl-gorilla.cstechnion.ac.l/ GOrilla/knSfh qifG OResults. html£0045492 c || 24~ Google B Pl A/ B~
1 1 o
glucuronoxylan 1.01E-12 1.6E-9 3.43 (6331,72,999,39) Show
metabolic process
genes
. . [+]
(#ylanbiosyntheli 1.77E-12 1.86E-9 3.39 (6331,73,999,39) Show
process
genes
- [+]
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metabolic process
enes
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zylanmefibolic 3.21E-12 2.03E-9 3.34 (6331,74,999.39) Show
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genes
cell wall [+]
polysaccharide 5.74E-12 2.59E-9 3.30(6331,75,999,39) Show
biosynthetic process genes
cellular component [+]
macromolecule 5.74E-12 2.27E-9 3.30(6331,75,999,39) Show
biosynthetic process enes
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Analyza genove ontologie

0 Nastroje umoznujici

[ e

€ | @ cbl-gorilla.cs technionacil/GOrilla/knSfhl gi/ GORes

statisticky vyhodnotit
seznamu diferencialné regulovanych genu o geny asociované
se specifickymi procesy

c

Description

P-value

FDR g-value

Enrichment B,n, b

Genes

response to nitrate

4.76E-13

1.5E-9

4.13 (6331,55,891,32)

+] Show genes

glucuronoxylan metabolic process

1.01E-12

1.6E-9

3.43 (6331,72,999.39)

‘ +] Show genes

xylan biosynthetic process

1.77E-12

1.86E-9

3.39(6331.73.999.39)

-] Hide genes
GUT?2 - putative glycosyltransferase
PGSIP3 - plant glycogenin-like starch initiation protein 3
FRAS - exostosin-like protein
GAUTI2 - alpha-1 4-galacturonosyltransferase
AT4G22460 - bifunctional inhibitor/lipid-transfer protein/seed
storage 2s albumin-like protein
AT5G42180 - peroxidase 64
AT3G10910 - ring-h? finger protein atl72
LAC17 - laccase 17
KNAT?7 - homeobox protein knotted-1-like 7
NACO012 - nac domain-containing protein 12
IRX9 - nucleotide-diphospho-sug: like protein
AT1G70500 - pectin lyase-like protein
CESA4 - cellulose synthase a catalytic subunit 4 [udp-forming]
AT1G08340 - rho gtpase activating protein with pak-box/p21-
rho-binding domain
CTL2 - chitinase-like protein 2
IRX6 - cobra-like protein 4
MYB63 - myb domain protein 63
PGSIPI - plant glycogenin-like starch initiation protein 1
AT5G46340 - putative o-acetyltransferase
AT3G21710 - hypothetical protein
AT2G03200 - aspartyl protease-like protein
AT1G09440 - protein kinase family protein
AT5GA40020 - pathogenesis-related thaumatin-like protein
AT3G23090 - targeting protein for xklp2-like protein
AT5G67210 - hypothetical protein
AT3G56230 - btb/poz domain-containing protein
AT2G31930 - hypothetical protein
JP630 - putative polygalacturonase non-catalytic subunit jp630
MAP70-5 - microtubule-associated proteins 70-5
AT3G50220 - hypothetical protein
AGL44 - protein agamous-like 44
TRX12 - laccase-4
NACO073 - nac domain containing protein 73
IRX3 - cellulose synthase a catalytic subunit 7 [udp-forming]
AT4G27435 - hypothetical protein
MYB46 - transcription factor myb46
AT1G72220 - ring-h2 finger protein atl54
FRD3 - mate efflux family protein
AT1G33800 - hypothetical protein
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Osnova

= Bayesovské site



Bayesovske site

» Co je Bayesovska sit’?

= Pravdépodobnostni graficky model, ktery se pouziva k vytvareni modelu
z dat a/nebo nazoru odborniki

https://www.youtube.com/watch?v=4fcqyzVJwHM




Bayesovske site

= Co je Bayesovska sit’?
= Pravdépodobnostni graficky model, ktery se pouziva k vytvareni modelu
z dat a/nebo nazoru odbornika
= muze byt vyuzit v Siroké Skale ukoll vcetné predikci, detekci anomalii,
diagnostiky, automatického objasnovani, zdldvodnovani, predikce
vyvoje v case a rozhodovani za nejistoty

= UZLY

» kazdy uzel pfedstavuje proménnou, jako je vysSka, vék nebo pohlavi.
Proménna muze byt diskrétni, jako napfiklad Pohlavi = {samiCi, sam¢i}, nebo
spojita, jako napr. vek

= HRANY

" spojnice popisujici zavislosti mezi uzly



Bayesovske site

UZLY
./
[Sprinkler Rain ]
HRANY

[G rass wetj




Asuské Bayesovska sit

Visit to Asia
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Osnova

= Modelovani molekularnich/genovych regulacnich siti



Modelovani molekularnich
regulacnich siti

0 Vodiveé pletivo jako vyvojovy model pro Molecular Regulatory Network
(MRN) modelovani

J/

Benitez and Hejatko, PLoS One, 2013



Modelovani molekularnich
regulacnich siti

o Vyhledavani publikovanych dat a vytvoreni malé databaze

Interaction Evidence References
A-ARRs —| CK Double and higher order type-A ARR mutants show  [27]
signaling increased sensitivity to CK.

Spatial patterns of A-type ARR gene expression and [27]
CK response are consistent with partially redundant
function of these genes in CK signaling.

A-type ARRs decreases B-type ARR6-LUC. [13]

Note: In certain contexts, however, some A-ARRs [27]
appear to have effects antagonistic to other A-ARRs.

AHPG6 —| AHP ahp6 partially recovers the mutant phenotype of the  [9]
CK receptor WOL.
Using an in vitro phosphotransfer system, it was [9]

shown that, unlike the AHPs, native AHPG was
unable to accept a phosphoryl group. Nevertheless,
AHP6 is able to inhibit phosphotransfer from other
AHPs to ARRs.

Benitez and Hejatko, PLoS One, 2013



Modelovani molekularnich
regulacnich siti

0 Formulovani logickych pravidel definujicich dynamiku

modelu
Network node Dynamical rule

CK 2 If ipt=1 and ckx=0
1 If ipt=1 and ckx=1
0 else
CKX 1 If barr>0 or arf=2
0 else
AHKs ahk=ck
AHPs 2 If ahk=2 and ahp6=0 and aarr=0

1 If ahk=2 and (ahp6+aarr<2)
1 If ahk=1 and ahp6<1
0 else

B-Type ARRs 1 If ahp>0
0 else

A-Type ARRs 1 If arf<2 and ahp>0
0 else

Benitez and Hejatko, PLoS One, 2013



Modelovani molekularnich
regulacnich siti

| 0 Specifikace mobilnich prvku a jejich chovani v modelu

ile Mo

ents MRN ele

Pc

I All elements
Updating of logical J
rules

-

l Mobile elements

Diffusion (TDIF, MIR)
PIN-dependent transport (auxin)



Modelovani molekularnich
regulacnich siti

0 Priprava prvni verze modelu a jeji testovani




Modelovani molekularnich
regulacnich siti

0 Specifikace chybégjicich interakci ze znamych predikci

Interaction

CK — PIN7 radial
localization

CK— APL

Evidence
Predicted interaction (could be direct or indirect)

Informed by the following data:

During the specification of root vascular cells in Arabidopsis

thaliana, CK regulates the radial localization of PIN7.

Expression of PIN7:GFP and PIN7::GUS is upregulated by CK
with no significant influence of ethylene.

In the root, CK signaling is required for the CK regulation of
PIN1, PIN3, and PIN7. Their expression is altered in wol, cre1,
ahk3 and ahp6 mutants.

Predicted interaction (could be direct or indirect)

Consistent with the fact that APL overexpression prevents or
delays xylem cell differentiation, as does CKs.

Partially supported by microarray data and phloem-specific
expression patterns of CK response factors.
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0 Priprava dalsi verze modelu a jeji testovani




Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen napodobit realitu

| Oprocambium

A_ARR PXY  ligand ASL
cKX APXY VND

HB8

Procambium
(pc)

WOX4

Benitez and Hejatko, PLoS One, 2013



Modelovani molekularnich
regulacnich siti

0 Specifikace rovnic popisujicich vzajemné vztahy v modelu

funkce popisujici logicka pravidla W
(gn1(t)lgn2(t)1'"1 gnk(t))

Static nodes: g, (t+1)=F,

mnozstvi TDIF nebo MIR165 v burice i

‘ Mobile nodes: g.q)r ;= H(9 st D (99 fis17+ 99 fi-17 — N(9 9 i) -D)

konstatnta popisujici dobu degradace

podil mobilnich elementu



Modelovani molekularnich
regulacnich siti

| o Dobry model by mel byt schopen simulovat realitu

Staticke UZIy.' gn(t+1)=Fn(gn1(t):gn2(t)l---: gnk(t))
Mobilni uzly: g t.qyr = H(9 s+ D (99 fis15+ I o) fi-1 = NG9 1i))-b)
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Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen simulovat realitu

A
Xylem

Procambium

Benitez and Hejatko, submitted
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Osnova

= Odvozeni genovych regulacnich siti z velkych -omickych
dat
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Odvozeni genovych
regulacnich siti ...
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Genove regulacni site

Endodermis
Endodermis

Kortex
Cortex

Epiderims
Epidermis

Iniciala endodermis a kortexu
Inicialy stéle Endodermis and cortex initial

Stele initials
Klidové centrum
Inicialy epidermis Quiescent centre

Epidermis initials

distal root | proximal root

meristem | meristem

Inicialy kolumely
Columella initials

Kolumela

Postranni kofenova ¢epicka ]
Columella cell files

Lateral root cap




Genoveé regulacni site -
GENIST

= (QOdvozeni GR siti pres
GENIST

= GEne regulatory Network
Inference from SpatioTemporal
data algorithm

pAGL42::erGFP pWOX5::erGFP

= Kombinace prostorove ___ sPTMO5::3xGFP
vyvojové  specifity  genovew o
exprese \

de Luis Balaguer et al., PNAS, 2017
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Genoveé regulacni site -

GENIST

= QOdvozeni GR siti pres
GENIST

= shlukovani (klastrovani) gen

Expresni podobnost za
ruznych podminek/genetické
pozadi, Casové body, ...

» Identifikace spojeni uvnitr
klastru

Selekce potencialnich
regulatoru a ko- regulatoru

= Na zakladé Casove
korelace ve zméné exprese
a/nebo manualni
specifikace uzivatelem

Modelovani dynamické
Bayesovské site

Experiment 2

Experiment 1

Experiment 1
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Bab Crimi

Haeseleer, Computational Biology, 2005



Genoveé regulacni site -

GENIST

= QOdvozeni GR siti pres

GENIST

= shlukovani (klastrovani) gen

= Expresni podobnost za
ruznych podminek/genetické
pozadi, Casové body, ...

= |dentifikace
klastru

spojeni uvnitr
= Selekce potencialnich
regulatorti a ko- regulator

= Na zakladé Casove
korelace ve zméné exprese
a/nebo manualni
specifikace uzivatelem

= Modelovani dynamické
Bayesovske sité

Gene selection

Spatial dataset

Gene 1

Gene N

WHLIYOOTV 1SIN3O

mporal dataset Temporal dataset
Lt .
Gone 262 Gene et
£ E E £ g F & 2 £
F F F F F

| Selection of possible

regulators

Meodeling DBN

I Finding interaction signs
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Filtering weak
interactions
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GRN
(subnetwork 1)

/ Hub1 ;

Filtering weak interactions
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/[

GRN
(Inter-cluster subnetwork)

GRN

de Luis Balaguer et al., PNAS, 2017
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Genove regulacni site -
GENIST
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Gene expression values in the presence of PAN Gene expression values in the absence of 74N

v 71 | = PAN 1 7|
| ——BRAVO
i NTT B
oy —— WRKY23 =Ll
%, TWReye3 = —— HSFAIE =
» Sl ~—=HSFC1 Sgl
H E 2 —WIP4 2
/
! o —EINg o
- t 34 %4,
L) q> ®
" . -..,.. [0} @ ’
Y G3f 1 &3} ile PAN
B o o
: E < <
32 32
4 z
g <, %4
0 : : 0 <)
® 1 2 3 4 0 1 2 3 4
time (days) time (days)
Zpétnovazebné regulace
_la
=
b
. 0
wv
Sos8
©
>
5 os
(%]
R~ g 04
. A X
H H v
E 0.2
RLT A o ©
i E O
\ ¥ S AN BRAVO WRKY23 HSFALE HSFC1 WIP4  EIN3
P L] B\WS5 MpanW5s



Souhrn

» Definice systémove biologie

= Nastroje
= Analyza genové ontologie
= Bayesovské site
= Modelovani molekularnich/genovych regulacnich siti

= Odvozeni genovych regulacnich siti z velkych -omickych
dat



Diskuse
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