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Definice

Systémova biologie je védecky smér v biologii
vyuzivajici pfistupy dalSich véd, 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
napfiklad v molekularni biologii), tedy predpoklad, Ze
systém je vic nez pouhy soucet jeho Casti.

Systémova biologie ¢asto 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, jejichz chovani nelze redukovat na linearni
soucet funkci jejich Casti. Systémova biologie nemusi
nutné zahrnovat velké mnozstvi komponent nebo
rozsahlych datovych souboru, jako je tomu v genomice
nebo konektomice, ale cCasto vyzaduje metody
kvantitativniho modelovani puvodné vyvinuté fyziky
(Nature).




Definice

Nazorné vysvétluje na videu Dr. Nathan Price,

zastupce  TFeditele Ustavu pro  systémovou biologii  na
https://www.youtube.com/watch?v=0rXRl 8UFHU.
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= Analyza genové ontologie




Vysledky —omickych studii vs.
biologicky relevantni zavery

o Vysledky —omickych studii reprezentuji enormni mnozstvi
dat, napf. geny s rozdilnou expresi. Ale jak z nich ziskat
biologicky relevantnizavéry?

Ddii et al., unpublished

gene locus sample_1 sample_2 status value_|  value 2  log2(fold_change) test_stat p_value g value significant
175789+ 000039180
ATIGOTTSS 124142852414967 WT  WT oK 0 1.18041797834208 3 688885005 Tyes
HRS1 1:4558891 Wt oK 0 0,6995831.7578%+208 corsseas 0t
ATMLOM4 wrooowT oK 0 0,5148091.757652+308 -
NRT1.8 wroowT oK 0 0.8778851.75769e+308 " azmeess 07 yes
ATIG275T0 wroowr oK 0 2,08291.79789e+308 57802908 6.647e05 yes
984552
AT1G80035 W oK 0 0.6885881.75769+308 9.95501e.08 07 yes
ATIGD3020 wr oK 0 0.00913915 0,0277358yes
wr oK 0
wr oK 0
wr oK 0
ATIG31370 wr oK 0
APUMIO wr oK 0
ATIG48T00 wr oK 0
AT1G59077 MT oK 0
AT1GB0050 wr 0

Excample of an output of transcriptional profiling study using Illumina
sequencing performed in our lab. Shown is just a tiny fragment of the complete
list, copmprising about 7K genes revealing differential expression in the studied
mutant.




Vyvoj rostlinnych vodivych
pletiv

o Vodive pletivo jako vyvojovy model pro GO analyzu a MRN
modelovani

Lehesranta etal., Trendsin Plant Sci (2010)

Molecular Regulatory Networks (MRN)




Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

o Rostlinné hormony reguluji ukladani ligninu v bunéénych
sténach a transport vody xylémem

hormonal mutant
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lignified cell walls

Acid-insoluble lignins
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mutant

WT  hormonal mutants
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Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

o Transkripcni profilovani pomoci sekvenovani RNA

WT . hormonal mutant_
AT R w» iCoo S0
4 Sk 3 ..\
mRNA
¥ i
\V/ m
CDNA ()
Library Preparation Custer Generation Sequencing by Synthesis CASAVA
N 2 h [15 min hands-on (Nexteral] -5 h (<10 min hands-on) 1510 11 days 2 days (30 min hands-on)

<6 h [<3 h hands-on (TruSeq)
% k s-0n |

Sekvenovani spole¢nosti lllumina a urceni
poctu transkriptl
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Vysledky —omickych studii vs.
biologicky relevantni zavery

- Transkripéni profilovani identifikovalo vic neZz 9K odlisné
regulovanychgenu...

Ddiietal., ur
gene locus sample_1 sample_2 status value_1  value2  log2(fold_change) test stat p_value q_value significant
1.75769. 0,00039180
AT1GOT7S5 1:2414285-2414967 WT ur oK ] 1.18041.79765e+308 6.838850.05 yes
Se+ 4
HRS1 1:4556891-4558708  WT uT oK 0 0,8995831.75769e+308 £.515942-08 0
0,00053505
ATMLO14 1:9227472-52322%6  WT uT oK 0 05148091.75765e+308 08 9.742192-05 Syes
1 3.50131e-
NRT1.8 1:9400883-9403789  WT uT oK 0 3.2892e08 07 yes
+
AT1G27570 9562378 WT ur oK 0 9.76039e-06 € 647e-05 yes
Se+ $.84392-
AT1G80085 wT uT oK 0  06885881.79765e+308 308 9.95901e-08 07 yes
AT1G03020 uT oK 0 1.788591.75765e+308 000913915 0,0277958yes
+
ur oK 0 355814 0.00021883 0,00108079yes
+
wT oK 0 0562888 9e+308 0.00115582 0,00471437 yes
1.9108%-
AT1622120 ur oK 0 06173541.75769e+308 248352606 05 yes
+ 0.00028514
AT1G31370 ur oK 0 1.462541.79769e+308 483522005 3yes
APUM10 uT oK 0 0581031
0.00037473
AT1G48700 ur oK Byes
1.7576%+
ATIGE3077 ur oK 08 0.00122789 0,00456818yes
1.79769e+
AT1G30050 uT oK 0.0042001 yes

Excample of an output of transcriptional profiling study using Illumina
sequencing performed in our lab. Shown is just a tiny fragment of the complete
list, copmprising about 7K genes revealing differential expression in the studied
mutant.




Analyza genove ontologie

Jednim z moznych pfistupt je studium genové ontologie, t].
klasifikace genu podle kontrolovanych biologickych procesu

Differentially expressed IAA-related genes

ARR differential expression

> » % % 2 » > » » 3
2 3 3 3 3 3 3 3 3 3

IRXs

3
KORVRIG RURXA conLumxs AUTIIRXE SUT2ARXI0 —
CESASRX) CESATARXS CESAMRXS FRASIRIT 39 LACHRNI2 was

Ddii et al., unpublished

XYLEM MARKERS
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Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy

L

e
GORriLLA

Edenet al., BMC Bi atics (2009

One of such recent and very useful tools is Gorilla software, freely available at
http://cbl-gorilla.cs.technion.ac.il/.




Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy
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Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy
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Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy
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Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni
seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy

D |5 ]
* —— a " O
glucuronoxylan 1.01E-12 1.6E-9 3.43 (6331,72,999,39)
metabolic process
xylan biosynthetic 1.77E-12 1.86E-9 3.39 (6331,73,999,39)
process
hemicellulose 2.97E-12 2.34E-9 3.29 (6331,77,999,40)
metabolic process
prylan metabolic 321E-12 2.03E-9 3.34 (6331,74,999,39)
process
nitrate transport 3.64E-12 1.92E-9 3.92(6331,58,891,32)
cell wall
polysaccharide 5.74E-12 2.59E-9 3.30(6331,75,999,39)
biosynthetic process
cellular component
macromolecule 5.74E-12 2.27E-9 3.30(6331,75,999,39)

thetic process
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Analyza genove ontologie

o Nastroje umozZiujici statisticky vyhodnotit obohaceni

seznamu diferencialné regulovanych gent o geny asociované
se specifickymi procesy
o - :
Description Povalue EDR g-value Enrichment (N, B n. b Genes
response 10 nitrate 4.76E-13 1.5E-9 4.13 (6331,55,891,32) [+] Shor
glucuronoxylan metabolic process 1.01E-12 1.6E-9 3.43(6331,72.999.39) [+l
xylan biosynthetic process 1.77E-12 1.86E-9 3.39(6331,73,999.39)
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Osnova

= Bayesovské sité
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Bayesovske site

» Co je Bayesovska sit’?

Pravdépodobnostni graficky model, ktery se pouzZiva k vytvareni modelu
z dat a/nebo nazoru odborniku

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

21




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 véetné predikci, detekci anomalii,
diagnostiky, automatického objasnovani, zduvodnovani, predikce
vyvoje v case a rozhodovani za nejistoty

= UZLY
= kazdy uzel predstavuje proménnou, jako je vy$ka, vék nebo pohlavi.
Proménna muze byt diskrétni, jako napfiklad Pohlavi = {samic¢i, sam¢i}, nebo
spojita, jako napr. vék
= HRANY

= spojnice popisujici zavislosti mezi uzly

22




Bayesovske site

UZLY
[Sprinkler Rain j
- HRANY

Grass wet

23




CTrue [ 10000% v
Faise 0.00% B
OFe)

Asijska Bayesovska sit’

Visit to Asia

V
Has Tuberculosis
ue 25.79%

False - 7421%

XRay Result
Abnormal l 33.54%
Normal - 66.46%

Smoker
True 0.00%
fase [ 10000% v
e
! \
Has Lung Cancer Has Bronchitis
True | 5.16% True 0.00%
Fase [ ocsex Fase [ 10000% v
o) . O
\ V
Tuberculosis or Cancer
e B 30.69%
fase [l 6931
Dyspnea
Tue [ 10000% v
False 0.00%
. O

https://www bayesserver.com/
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Osnova

= Modelovani molekularnich/genovych regulacnich siti
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Modelovani molekularnich
regulacnich siti

o Vodivé pletivo jako vyvojovy model pro Molecular Regulatory Network
(MRN) modelovani

TR

Vascular bundle
/ r OO YW

e

Inflorescence stem section

Benitez and Hejatko, PLoS One, 2013
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Modelovani molekularnich
regulacnich siti

o Vyhledavani publikovanych dat a vytvoreni malé databaze

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

Spatial patterns of A-type ARR gene expressionand [27]
CKresponse are consistentwith partially redundant
function of these genesin 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.

AHP6 —| AHP ahp6 partially recovers the mutant phenotype ofthe  [9]
CKreceptor WOL.
Using an in vitro phosphotransfer system, it was [©]

shown that, unlike the AHPs, native AHP6 was
unable to accepta phosphoryl group. Nevertheless,
AHPS6 is able to inhibit phosphotransfer from other
AHPs to ARRs.

Benitez and Hejatko, PLoS One, 2013
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Modelovani molekularnich
regulacnich siti

Formulovani
modelu
Network node
cK
CKX

AHKs
AHPs

B-Type ARRs

A-Type ARRs

logickych pravidel

Dynamical rule

2 Ifipt=1 and ckx=0

1 Ifipt=1 and ckx=1

Oelse

1 If barr>0 or arf=2

Oelse

ahk=ck

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
Oelse

1 If ahp>0
Oelse

1 If arf<2 and ahp>0
Oelse

Benitez and Hejatko, PLoS One, 2013

definujicich  dynamiku
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Modelovani molekularnich
regulacnich siti

o Specifikace mobilnich prvku a jejich chovani v modelu

-
* -
- — 3 o]

a’ S

> & e Mo

nts M RN ele

Pc

A
il
e
B

All elements
Updating of logical |

rules

l Mobile elements

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

According to experimental evidence for the system under study, the hormone |AA, the
peptide TDIF, and the microRNA MIR165/6 are able to move among the cells. In the case
of TDIF and MIR165/6, the mobility is defined as diffusion and is given by the following
equation:

g9(t+1)T[i]= H(g(t)[i]+ D (g(t)[i+1]+g(t)[i-1] — N(g(t)[i]))-b) (2),

where g(t)T[i] is the total amount of TDIF or MIR165 in cell (i). D is a parameter that
determines the proportion of g that can move from any cell to neighboring ones and is
correlated to the diffusion rate of g. b is a constant corresponding to a degradation term.
H is a step function that converts the continuous values of g into a discrete variable that
may attain values of 0, 1 or 2. N stands for the number of neighbors in each cell.
Boundary conditions are zero-flux. In the case of IAA, the mobility is defined as active
transport dependent on the radial localization of the PIN efflux transporters and is
defined by the equation:

iaa(t+1)T[i]=Hiaa(iaa(t)[i]+Diaa(pin(t)[i+1])(iaa(t)[i+1])+Diaa(pin(t)[i-1])(iaa(t)[i-
1])-N(Diaa)(pin(t)[i])(iaa(t)[i])-biaa) (3),

where Diaa is a parameter that determines the proportion of IAA that can be
transported among cells. The transport depends on the presence of IAA and PIN in the
cells and biaa corresponds to a degradation term. As in equation 2, H is a step function
that converts the continuous values to discrete ones and N stands for the number of
neighbors in each cell. Boundary conditions for IAA motion are also zero-flux.

29




Modelovani molekularnich
regulacnich siti

Priprava prvni verze modelu a jeji testovani

The proposed model considers data that we identified and evaluated through an
extensive search (up to January 2012). It takes into account molecular
interactions, hormonal and expression patterns, and cell-to-cell communication
processes that have been reported to affect vascular patterning in the bundles of
Arabidopsis. The model components and interactions are graphically presented in
the figure above. In the network model, nodes stand for molecular elements
regulating one another’s activities. Most of the nodes can take only 1 or 0 values
(light gray nodes in the figure), corresponding to “present” or “not present,”
respectively. Since the formation of gradients of hormones and diffusible
elements may have important consequences in pattern formation, mobile
elements TDIF and MIR, as well as members of the CK and IAA signaling systems,
can take 0, 1 or 2 values (dark gray nodes in the figure above) Benitez and
Hejatko, submitted.
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Modelovani molekularnich

regulacnich siti

o Specifikace chybéjicich interakci ze znamych predikci
Interaction Evidence

CK — PIN7 radial Predicted interaction (could be direct or indirect)
localization
Informedby 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 expressionis altered in wol, cre1,
ahk3 and ahp6 mutants.

CK—APL Predicted interaction (could be direct or indirect)

Consistentwith 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.

References

(8]

[18,20]

(9]

[21]

(TAIR,
ExpressionSet1
005823559,
[22])
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regulacnich siti

A
A_ARR B_ARR PXY  Jigand
AHP6 PIN_location CKX APXY
1 " /
APLL woxa

o Priprava dalsi verze modelu a jeji testovani

Modelovani molekularnich

Benitez and Hejatko, PLoS One, 2013

In comparison to the model shown on slide 21, the final version of the model

contains the predicted interactions (dashed lines).
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Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen napodobit realitu

Vascular bundle

Y "':.';f:v rg

Procambium
(pc)

WOX4

Benitez and Hejatko, PLoS One, 2013
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Modelovani molekularnich
regulacnich siti

o Specifikace rovnic popisujicich vzajemné vztahy v modelu

|
> 7»”»V»”»_“""“*x—»-,, o \
® = Static nodes: gn(t+1)= +(Gn1(8)Gn2(V), .-, Giult)

mnozstvi TDIF nebo MIR165 v burice i

Mobile nodes: gy = H(Q(t;;i;"' D (9 fi+11*9t) fi-11— N(9e) [i)))_:l/’)

konstatnta popisujici dobu degradace

podil mobilnich elementt
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Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen simulovat realitu

[ B
Staticke uzly: gn(t+1)=Fn(gn1(t);Gn2(1),--., Ink(t))
Mobilni uzly: g +1)r = H(9e i+ D (9 fi+17+¥9 1) fi-1) — N(9 ) i))-b)
Xylem Procambium Phloem

_ Initial condition

& 0
= E 1
2

Steady state

I INNNENEENEEEEEEENEEE

BR T,
oK / L —— _ben_uez?nd Hejatko, submitted

The initial conditions specify the initial state of some of the network elements (figure above) and are the following :

1) In the procambial position (central compartment), CK is initially available and there is an initial and sustained IAA input or self-upregulation. This
condition is supported by several lines of evidence. Also HB8, a marker of early vascular development that has been found in preprocambial cells, is
assumed to be initially present at this position. These conditions are not fixed, however. After the initial configuration, all the members of the CK and
IAA signaling pathways, as well as HB8, can change their states according to the logical rules.

1) In the xylem and phloem positions, it is assumed that no element is initially active except for the CK signaling pathway and TDIF, both in the phloem
position.The level of expression for a given node is represented by a discrete variable g and its value at a time t+1 depends on the state of other
components of the network (g1, g2, ..., gN) at a previous time unit. The state of every gene g therefore changes according to:

gn(t+1)=Fn(gn1(t),gn2(t),..., gnk(t)) (1).

In this equation, gnl, gn2,.., gnk are the regulators of gene gn and Fn is a discrete function known as a logical rule (logical rules are grounded in
available experimental data, for example see slide 20). Given the logical rules, it is possible to follow the dynamics of the network for any given initial
configuration of the nodes expression state. One of the most important traits of dynamic models is the existence of steady states in which the entire
network enters into a selfsustained configuration of the nodes state. It is thought that in developmental systems such self-sustained states correspond
to particular cell types.

According to experimental evidence for the system under study, the hormone IAA, the peptide TDIF, and the microRNA MIR165/6 are able to move
among the cells. In the case of TDIF and MIR165/6, the mobility is defined as diffusion and is given by the following equation:

g(t+1)Tli]= H(g(t)[i]+ D (g(t)[i+1]+g(t)[i-1] — N(q(t)[i]))-b) (2),

where g(t)T[i] is the total amount of TDIF or MIR165 in cell (i). D is a parameter that determines the proportion of g that can move from any cell to
neighboring ones and is correlated to the diffusion rate of g. b is a constant corresponding to a degradation term. H is a step function that converts the
continuous values of g into a discrete variable that may attain values of 0, 1 or 2. N stands for the number of neighbors in each cell. Boundary
conditions are zero-flux. In the case of IAA, the mobility is defined as active transport dependent on the radial localization of the PIN efflux
transporters and is defined by the equation:

iaa(t+1)T[i]=Hiaa(iaa(t)[i]+Diaa(pin(t)[i+1])(iaa(t)[i+1])+Diaa(pin(t)[i-1])(iaa(t)[i-1])-N(Diaa)(pin(t)[i])(iaa(t)[i])-biaa) (3),

where Diaa is a parameter that determines the proportion of IAA that can be transported among cells. The transport depends on the presence of IAA
and PIN in the cells and biaa corresponds to a degradation term. As in equation 2, H is a step function that converts the continuous values to discrete
ones and N stands for the number of neighbors in each cell. Boundary conditions for IAA motion are also zero-flux.

Using the logical rules, equations 1-3, and a broad range of parameter values (not shown here), it is possible fully to reproduce the results and
analyses reported in the following sections (see the figure above for the simulation time course).
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Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen simulovat realitu

A . B -
Xylem ‘ T —
Procambium .‘.‘ ‘ g P ' -
Phloem ‘. .. - - \ ; “.
- [ iy @ - "o
- b
(S -
a - -
v [
C D
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- - e ew @ - - @
- -
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Benitez and Hejatko, submitted

Another representation of the distinct expression profiles in the individual
vascular bundle compartments (phloem, procambium and xylem).

36




arnich

r

lekul

r

r

anli mo

Modelov

Vascular bundle

regulacnich siti

Simulace mutantu

Inflorescence stem section

O~—«N

37




Osnova

= QOdvozeni genovych regulaénich siti z velkych -omickych
dat
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Systémova biologie ve
vyzkumu rakoviny

4.2. Computational 4.2.1. emergence 4.2.2. spread
models of metastasis
5.1. Bioinformatics of
microenvironment

S
i
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sequencing Wttt

Compound €
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1
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4.13. 1 b N 5.2.
g {
networks | : Statistical
: : models of
1 ! clinical
412 \ .
gene \ \ outcomes
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b,
\
411 3
miRNA
N - > 7
4.1. Bioinformatics of 5.3. Computational models
signature identification 4. Primary S. Brain of metastatic growth
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MIRNA/MRNA profilovani

0.0 30
o S o o - o
z z z I T <

4

-log10 (P-value)
N

log2 (fold change)

Guo et al., Mol Med Reports, 2017

Hypertrophic scars (HS) area fibroproliferative disorder of the skin, which causes aesthetic and
functional impairment. However, the molecular pathogenesis of this disease remains largely
unknown and currently no efficient treatment exists. MicroRNAs (miRNAs) are involved in a
variety of pathophysiological processes, however the role of miRNAs in HS development remains
unclear. To investigate the miRNA expression signature of HS, microarray analysis was performed
and 152 miRNAs were observed to be differentially expressed in HS tissue compared with normal
skin tissues. Of the miRNAs identified, miRNA-21 (miR-21) was significantly increased in HS
tissues and hypertrophic scar fibroblasts (HSFBs) as determined by reverse
transcription-quantitative polymerase chain reaction analysis. It was also observed that, when
miR-21 in HSFBs was blocked through use of an antagomir, the phenotype of fibrotic fibroblasts
in vitro was reversed, as demonstrated by growth inhibition, induction of apoptosis and
suppressed expression of fibrosis-associated genes collagen type | a 1 chain (COL1A1), COL1A2
and fibronectin. Furthermore, miR-21 antagomir administration significantly reduced the
severity of HS formation and decreased collagen deposition in a rabbit ear HS model. The total
scar area and scar elevation index were calculated and were demonstrated to be significantly
decreased in the treatment group compared with control rabbits. These results indicated that
the miR-21 antagomir has a therapeutic effect on HS and suggests that targeting miRNAs may be
a successful and novel therapeutic strategy in the treatment of fibrotic diseases that are difficult
to treat with existing methods.

miRNA expression signature profiling in hypertrophic scars (HS). (A) Volcano plot presenting
differentially expressed miRNAs between HS and paired (non-scar, obtained from donor sites
during scar resection) NS tissue. miRNA microarray expression profiling from three paired HS and
NS tissues was performed. Differentially expressed miRNAs were identified by fold change and a
P-value calculated using Student's t-test. The threshold set to identify up and downregulated
genes was a fold change 22 and P<0.05. Red dots indicate points-of-interest that exhibit
large-magnitude fold-changes (x-axis; log2 of the fold change) and high statistical significance
(y-axis; -log10 of the P-value). (B) Hierarchical clustering showing differentially expressed miRNAs
from HS samples compared with paired NS tissues. Each row represents one miRNA and each
column represents one tissue sample. The relative miRNA expression is depicted according to
the color scale. Red indicates upregulation and green indicates downregulation. N1-3 represents
NS tissue samples, whereas H1-3 represents HS tissue samples. The differentially expressed
miRNAs were clearly separated into clusters. miRNA, microRNA; hsa-miR, human microRNA; HS,
hypertrophic scar; NS, normal skin.
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Genove regulacni sité
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In the root, several functional and anatomical units could be recognized.

Along the longitudinal axis, the root meristem forms a distal root tip, including
stem cell niche, columella and lateral root cap, proximal meristem with a
population of rapidly dividing cells and elongation zone where cells leaving the
root meristem undergo rapid elongation and mature.
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Genove regulacni sité -
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Haeseleer, Computational Biology, 2005

GENIST algorithm

The MATLAB source code for GENIST is publically available at
https://github.com/madeluis/GENIST.

For the detailed description of the procedure, see de Luis Balaguer et al., 2017, SI
(https://www.pnas.org/content/114/36/E7632/tab-figures-data)
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de Luis Balaguer et al., PNAS, 2017

GENIST algorithm

The MATLAB source code for GENIST is publically available at
https://github.com/madeluis/GENIST.

For the detailed description of the procedure, see de Luis Balaguer et al., 2017, SI

(https://www.pnas.org/content/114/36/E7632/tab-figures-data)

GENIST block diagram. GENIST is implemented in MATLAB, and is composed of

two consecutive steps, clustering and GRN inference. Clustering is performed
based on a spatial dataset. Each resulting cluster is

independently processed by the GRN inference step, based on a temporal
dataset.
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PAN subnetwork in the QC inferred with the 12 developmental time points of the
Arabidopsis root. (A) Optimal configuration (combination of signs— activation or
repression—of the regulations that were inferred with undefined signs, which best fits
the data in the simulations of the equations) of the subnetwork of PAN and its
downstream targets. (B and C) Resulting expression values of PAN and its downstream
targets, over time, after simulating the optimal configuration of the model. Simulations
were run for 5 d and plots are shown until all factors reached steady states in the WT
and pan mutant simulations. (B)Model simulated with the fitted equation parameters.
(C)Model simulated with the PAN-associated parameters set to zero to simulate a pan
mutant situation. (D) Normalized expression values of PAN and its predicted
downstream targets in Col-0 wild type and in pan mutant. Statistically significant
changes of expression between the mutant and the wild type, *q < 0.05.

In the WT simulation, all targets reached steady states by day 1 with subtle changes of
expression during the transients (time length until expression values reach their steady
states). On the contrary, the pan mutant simulation showed that EIN3 and WIP4
presented high expression values during the transients and reached steady states at
later stages (days 3 and 4, respectively). These delayed responses and initial activations
of EIN3 and WIP4 reflect the prediction that these genes are indirectly affected by PAN.
Further, the dynamics of our simulations depict that BRAVO, NTT, and WIP4 are, in our
equations, connected through feedback loops. During the transient phase of the mutant
simulation, NTT and BRAVO show an exponential decay, which is consistent with the
prediction that they activate each other in the absence of PAN. However, their steady
states are not immediately reached since they are activated by WIP4 and EIN3.
Conversely, WIP4, which is repressed by a decaying NTT, shows high levels of expression.
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Souhrn

= Definice systémové biologie

= Nastroje

Analyza genové ontologie
Bayesovskeé sité
Modelovani molekularnich/genovych regulaénich siti

Odvozeni genovych regulacnich siti z velkych -omickych
dat
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