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Osnova

= Kuvalitativni analyza exprese genl

= Prfiprava transkripni fuze promotoru analyzovaného genu s
reporterovym genem (gen zpravodaj)
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Transkripéni fuze

o  Priprava transkripéni faze promotoru s reportérem

. Identifikace a klonovani promotorové oblasti genu

= pfiprava rekombinantni DNA nesouci promotor a reportérovy gen
(uidA, GFP)

5 UTR P

TATA box ATG...ORF reportérového genu
promotor L. .
pocatek transkripce
‘BamHI
GAGGAGGCACAAAATGACGAA —//~ TGTATTCTT TTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAAGAAGA TAA A TG GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGI AGAAACCCCAACC
‘\\ @RI PRV GQSL MLRPVETEPT
\\\\ /"/
\\\_ rd :

-2739

v ———

BamH

(GAGGAGGCACAARATGACGAA - //- GIT ”\|l\(:l\l\'(§i/|(:l\(” CAAAT GATGGTGAAAGT TACAAAGCTT GI GGCTTCACGI CGGATCCCCCGGGTAGGT CAGTCCCT TATGI TACGT CCTGI AGAAMCCCCAACC
M MV KVTKLVASRRIPRVYGQSLMLRPVETEPT
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TranskripCni fuze

o Priprava transkripéni flize promotoru s reportérem

. Identifikace a klonovani promotorové oblasti genu

= pfiprava rekombinantni DNA nesouci promotor a reportérovy gen
(uidA, GFP)

=  pfiprava transgennich organismu nesoucich tuto rekombinantni DNA a
jejich histologicka analyza




LacZ reporter in mouse embryos
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Osnova

= Prfiprava transla¢ni flze koédujici oblasti analyzovaného genu s
reporterovym genem

EHDACEITEC
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Translacni fuze

o Priprava translaéni flize kédujici oblasti analyzovaného genu s repotérovym genem

. Identifikace a klonovani promotorové a kodujici oblasti analyzovaného
genu

L] pfiprava rekombinantni DNA nesouci promotor a koédujici sekvenci
studovaného genu ve flzi s reportérovym genem (uidA, GFP)

TATA box 5 UTR ATG...ORF analyzovaného genu....ATG...ORF reportérového genu........ STOP

promotor

=T E=C
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Translacni fuze

Translaéni faze kédujici oblasti analyzovaného genu s repotérovym genem

pfiprava transgennich organismd nesoucich tuto rekombinantni DNA a
jejich histologicka analyza

oproti transkripéni fuzi umoznuje analyzovat napf. intracelularni lokalizaci
genového produktu (proteinu) nebo jeho dynamiku
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Translacni fuze

Translaéni flize koédujici oblasti analyzovaného genu s repotérovym genem
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Vyuziti dostupnych dat ve vefejnych databazich

EHDACEITEC
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Databaze

Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
Arabidopsis, Affymetrix ATH 22K Array)
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Databaze
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Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
Arabidopsis, Affymetrix ATH 22K Array)
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Databaze

o Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
| Arabidopsis, Affymetrix ATH 22K Array)

P CEITEC
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Databaze

o  Analyza exprese pomoci ePlant

AtGenExpress eFP: AT1G13330/ QQPZ HOP2
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Databaze

Globular Heart Torpedo

| o  Analyza exprese pomoci ePlant
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Osnova

= Tkanoveé a bunétné specificka analyza genové exprese

EHDACEITEC
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Expression Maps - RNA o
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Brady et al., Science, 2007

Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Expression Maps - RNA

| o High-Resolution Expression Map in Arabidopsis Root
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Expression Maps - RNA

| o High-Resolution Expression Map in Drosophilla
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Expression Maps - Proteins

| o Human Protein Atlas
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Expression Maps - Proteins

| o Human Protein Atlas (http://www.proteinatlas.org/)
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Expression Maps - Proteins

| o Human Protein Atlas (http://www.proteinatlas.org/)
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (70). CC, companion cells.
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Osnova

Kvantitativni analyza exprese
DNA Cipy

EHDACEITEC
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DNA &ipy

metoda umoznujici rychlé porovnani velkého mnozZstvi
genU/proteind mezi testovanym vzorkem a kontrolou

nejcastéji jsou pouzivané oligo DNA Cipy

. k dispozici komeréné dostupné sady pro cely genom
DNA Eipy firma Operon (Qiagen), 29.110 70-mer oligonulkleotidi reprezentujicich
26.173 gent kdduijicich proteiny, 28.964 transkripti a 87 microRNA genu
Arabidopsis thaliana
moznost pouzivat pro pfipravu &ipu fotolitografické techniky-usnadnéni
ErTre—— syntézy oligonukleotidil napf. pro cely genom ¢&lovéka (cca 3,1 x 10° bp) je
o touto technikou mozno pfipravit 25-mery v pouze 100 krocich) Affymetrix ATH1 Arabidopsis genome array
gipy nejen pro analyzu exprese, Critical Specifications
ale napf. i genotypovani (SNP Nurm ber of arrays One
Fotolitografie . po|ymorﬁzmy‘ sekvenovani Mum ber ?f SROUENGE reBpresented =>24,000 gene sequencas
& pomoci éipﬂ, ) Fafalure size i 18pm
Oligonucleoti de probe length 25-mar
Probe pairsissquence 1
Control saquences E. colf genas bioB, bioC, bioD.
e B. subtilis gane lysA. Phage P1 cre gane.
| Arabidopsis maintenance genes GAPDH,
. Ubiguitin, and Actin
- Datection sansitivity 1:100,000%

s measured by detection In comparative analysis between a complex target containing spiked

m control transcrl plions and a complex target with no spikes.




DNA &ipy
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Fotolitografie
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DNA &ipy

L] pro spravnou interpretaci vysledku je nutna dobra znalost
pokrocilych statistickych metod

. je nutné zahrnout dostate¢ny pocet kontrol i opakovani

kontrola na presnost méfeni (opakované méfeni m«'ﬁfk’"m”mm" Sk

na nékolika Cipech se stejnym vzorkem, vyneseni

stejnych vzorku analyzovanych na riznych &ipech vtair Home | About TAIR | Sitemap | Contact | el | Grder | Login
: X Bearch | Tools | Arabidopsis Info | News |Links | FTP | Stocks
proti sobé) e
Gene | Search
. o ey . Experiment: Aluminum Stress
kontiola 'reprodumblllty méfeni (gpgkovane mefent T — S B e
s ruznymi vzorky, izolovanymi za stejnych Slide Details
0 iném Eipu-steind f i > Replicate o -
sggglnek na stejném cipu-stejné podminky proti Jg;x;:‘) ol ’ ) f;"»lmavw”’:"‘:"‘s‘i s ® sorimrt Lol 10
no treatTeT .y
T
. . L - Hoskengas? — lra0s_cyaza0s cys[E9011 8 | oy
identifikace hranice spolehlivého méreni e / 63 o)
(Svese " /] T304 o 55| |L_Dowioad
fsvong offal sess lrane cys 1305 cualpeersrs e, | oy
. x . ) ) [ 7304 Cy5 7305 Cyafpoci o
konec¢né vyneseni experimentu proti kontrole nebo el [czibens)
riznych podminek proti sobé — vlastni vysledek i
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Osnova

] Next gen transkripni profilovani
= Viz pfistupy systémové biologie nize

CHICEITEC
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KliCové koncepty — analyza
genove exprese

= Promotory a dalSi regulacni elementy fidi genovou expresi s
riznou mirou ¢asoprostorové specificity

= Genovou expresi lze studovat pomoci kvalitativnich nebo
kvantitativnich pfistup

= Cenné udaje o specifité genové exprese Ize ziskat i ve vefejné
dostupnych databazich a to i na urovni jednotlivych bunék
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Osnova

. Next gen transkrip&ni profilovani
= Viz pfistupy systémové biologie nize
=  Systémova biologie
= Definice
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l
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Systémova biologie - definice

Systémova biologie je védecky smér v biologii vyuZivajici pfistupy dalSich
véd, pfedevsim biochemie, chemie, informatiky a matematiky. Zabyva se
studiem biologickych funkci a mechanizml vzniklych nasledkem
komplexnich interakci v biologickych systémech.

Zakladni mysSlenkou je komplexni pohled, opak redukcionismu (ktery je
prevladajicim paradigmatem napfiklad v molekularni biologii), tedy
predpoklad, Ze systém je vic nez soucet jeho Casti.

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

Systémova biologie se zabyva studiem biologickych systému, jejichz
chovani nelze redukovat na linearni soucet funkci jejich ¢asti. Systémova
biologie nemusi nutné zahrnovat velké mnozstvi komponent nebo
rozsahlych datovych souborli, jako je tomu v genomice nebo
konektomice, ale Casto vyZaduje metody kvantitativniho modelovani
vypujcené z fyziky (Nature).
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Systémova biologie - definice

Definice dle Dr. Nathana Price,
zastupce feditele Ustavu pro systémovou biologii, Seattle, USA; https://www.youtube.com/watch?v=0rXRI _8UFHU.
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Vysledky —omickych studii vs.
biologicky relevantni zavery

dat, napf. geny s rozdilnou expresi. Ale jak z nich ziskat
biol og ICky relevantni zavery? Ddii, Amaud et al., bioRxiv 10.1101/2023.07.26.550726
gene locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test_stat p_value q_value significant
176765043 000039180
AT1G07795 1:2414285-2414967 WT MT oK (] 1,1804 1.79769e+308 08 6.88885e-05 yes
179769843 or708e
HRS1 1:4556891-4558708 WT MT OK o 0,696583 1.79769e+308 6.61994e-06 05
1767650+ 00053505
ATMLO14 1:9227472-9232296 WT MT OK o 0,514609 1.79769e+308 9.74219e-05
1797658+ so13te
NRT16 TeosesacTEs W MT OK 0 08778651.797690+308 32692008 07
1.79769e+3
AT1G27570 1:9575425-9582376 WT MT OK o 2,08291.79769e+308 08 9.76039-06 6.647e-05 yes
176763843 a84992.
AT1G60095 1:22159735-22162419 WT MT OK o 0,688588 1.79769e+308 08 9.95901e-08 07 yes
1.79769e+3
AT1G03020 1:698206-698515 wT MT OK o 1,788591.79769e+308 08 0,00913915  0,0277958 yes
170765843
AT1G13609 1:4662720-4663471  WT MT OK o 3,55814 1.79769e+308 08 0,00021683 0,00108079 yes
1.79769e+3
ATIG21850 17ss1007ssI8Te WT MT 0K 0 oseaseeiroreseraos 08 0,00115562 000471497 yes
170765843 191085
AT1G22120 1:7806308-7809632 WT MT OK o 0,617354 1.79769e+308 08 2.48392e-06 05 yes
176763843 000028514
AT1G31370 1:11238297-11239363 WT MT OK o 1,46254 1.79769e+308 08 4.83523e-05 3yes
1.79769e+3 603e-
APUM10 1:13253397-13255570 WT MT OK o 0,5810311.79769e+308 7.87855e-06 05 yes
1.79769e+3 00037473
AT1G48700 1:18010728-18012871 WT MT oK o 0,556525 1.79769e+308 6.53917e-05 B yes
1.79769e+3
ATIGS9077 rome00 BB WT MT oK 0 1388861 79769+308 0,00122789 000496515 yes
1.79769e+3
AT1G60050 1:22121549-22123702 WT MT OK o 0,370087 1.79769e+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
ATSG33251 S140007112500438 WT  MT  OK 00498375 522837 oo o110 3 oyes
AT4G12520 4:7421055-7421738  WT MT oK 0,0195111 15,8516 9,66612 -3,900439.60217e-05 0,000528904 yes
AT1G60020 1:22100851-22105276 WT s oK 00118377 718823 9.24611 -7.503826.19504e-14 1.4988e-12  yes = (=
AT5G15360 Sace72i4089182 WT  MT  OK 00988273 564834 0,157 04302 3

Excample of an output of transcriptional profiling study using lllumina 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.
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Vyvoj rostlinnych vodivych pletiv

O

Vodivé pletivo jako vyvojovy model
modelovani
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Lehesranta etal., Trends in Plant Sci (2010)
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Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

o Rostlinné hormony reguluji ukladani ligninu v bunécnych
sténach a transport vody xylemem

— lignified cell walls

............................................................

Acid-insoluble lignins

Water Conductivity by
1 H
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P CEITEC
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Hormonalni regulace vyvoje
rostlinnych vodivych pletiv

o Transkripéni profilovani pomoci sekvenovani RNA

hormpn;a[ mutant

Library Preparation Cluster Generation Sequencing by Synthesis CASAVA
~2 h [15 min hands-on (Nextera)] -5 h (<10 min hands-on) ~1.5to0 11 days 2 days (30 min hands-on)
< 6 h [< 3 h hands-on (TruSeq)]

|

m Sekvenovani pomoci lllumina a uréeni pfesného pocétu transkripti

l

=I'TE=C

b

e
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Sekvenovani DNA metodami NGS

Original video at https://www.youtube.com/watch?v=-7GK1HXwCtE.

For more detailed description see e.g.
https://www.youtube.com/watch?v=fCd6B5HRaZ8.
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Vysledky —omickych studii vs.
biologicky relevantni zavery

o Transkripéni profilovani identifikovalo vic nez 9K odlisné
regulovanych geni...

Ddii, Arnaud et al., bioRxiv 10.1101/2023.07.26.550726

gene locus. sample_1 sample_2 status value 1  value 2  log2(fold_change) fest stat p_value  qvalue significant
1.79769¢+3 0,00039180

AT1G07795 1:2414285-2414967  WT [ oK 0 1,18041.79769¢+308 08 6.83885€-05 1yes
1.79769+3 4.67708e-

HRS1 1:4556891-4558708  WT mT oK 0 0,6965631.79769e+308 08 6.61994¢-06 05 yes
1.79769¢+3 0,00053505

ATMLO14 1:9227472-923229  WT mT oK 0 05146091.79769¢+308 08 9.74219¢-05 Syes
1.79769€+3 3.50131e-

NRT1.6 1:9400663-9403789  WT mT oK 0 0877865 1.79769+308 08 3.26926-08 07
1.79769¢+3

AT1G27570 1:9575425-9582376  WT mT oK 0 2,08291.79769e+308 08 9.76039¢-06 6.647e-05  yes
1.79769¢+3 9.84992¢-

AT1G60095 1:22159735-22162419 WT mT oK 0 0,6885881.79769¢+308 08 9.95901e-08 07
1.79769+3

AT1G03020 1:698206-698515  WT mT oK 0 1788591.79769e+308 08 000913915 0,0277958yes
1.79769¢+3

AT1G13609 1:4662720-4663471  WT [ oK 0 3558141.79769¢+308 08 000021683 0,00108079yes
1.79769e+3

AT1G21550 1:7553100-7553876  WT mT oK 0 05628681.79769¢+308 08 000115582 0,00471497 yes
1.79769¢+3 1.9108%-

AT1G22120 1:7806308-7800632  WT mT oK 0 06173541.79769+308 08 2.48392¢-06 05 yes
1.79769e+3 0,00028514

AT1G31370 1:11238297-11239363 WT mT oK 0 1.462541.79769+308 08 4.83523¢-05 3yes
1.79769+3 5.46603e-

APUMIO 1:13263397-13265570 WT mT oK 0 05810311.79769+308 08 7.87855¢-06 05 yes
1.79769¢+3 0,00037473

AT1G48700 1:18010728-18012871 WT mT oK 0 05565251.79769¢+308 08 6.53917e-05 6yes
1.79769+3

AT1G59077 1:21746209-21833195 WT mT oK 0 138,8861.79769e+308 08 000122789 0,00496816 yes
1.79769+3

AT1G60050 1:22121549-22123702 WT mT oK 0 0,3700871.79769+308 08 000117953 0,0048001 yes

AT4G15242 4:8705786-8706997 WT mT OK 000930712 17.9056 10,9098 -4,405231.05673-05 7.13983¢-05 yes

AT5G33251 5:12499071-12500433 WT mT oK 00498375 52,2837 10,0349 98119 0 Oyes

AT4G12520 47421055-7421738  WT MT oK 00195111 15,8516 9,66612 -3,900439.60217e-05 0,000528904 yes

AT1G60020 1:22100651-22105276 WT mT oK 00118377 7.18823 9.24611 -7.503826.19504¢-14 1.4988e-12  yes

AT5G15360 5:4987235-4989182  WT mT oK 00988273 56,4834 9,1587 10,4392 0 Oyes

Excample of an output of transcriptional profiling study using lllumina 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.
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Analyza genové ontologie

(]

Jednim z moznych pfistupt je studium genové ontologie, tj. dfive prokazané spojitosti

mezi geny a biologickymi procesy
ARR differential expression
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Analyza genové ontologie

o Neékolik nastroji umoznuje statisticky vyhodnotit obohaceni o geny spojené se specifickymi
procesy

Eden et al., BMC Biinformatics (2009)

P CEITEC

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

Co je Bayesovska sit?
= Pravdépodobny graficky model, ktery se pouziva k vytvareni modelti z dat a/nebo nazoru
odbornika

Bayesovské sité
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Bayesovske site
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Bayesovske site

Co je Bayesovska sit?
= Pravdépodobny graficky model, ktery se pouziva k vytvareni modelli z dat a/nebo nazoru
odbornika
= mlze byt vyuzit v Siroké $kale Ukolid vcéetné predikce, detekce anomalie, diagnostiky,
automatického pohledu na véc, uvazovani, predikce ¢asové rady a rozhodovani za nejistoty

uzZLy

= kazdy uzel pfedstavuje proménnou, jako je vy$ka, vék nebo pohlavi. Promé&nna muze byt diskrétni,
jako napfiklad pohlavi = {sami€i, sam¢i}, nebo spojita, jako napf. vék

SPOJE

= pfidany mezi uzly, aby ukazovaly, ze jeden uzel ma pfimy vliv na druhy
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Bayesovske site

UZLY

Sprinkler

SPOJE/OKRAJE

Grass wet

58



Asijska Bayesovs

0 w]
Visit to Asia

_tue M to000% o
False 0.00%
L
|
\l.'
Has Tuberculosis
ue I 2570%
Faise [ 721
o
\\\
™

XRay Result
Abnormal l 33.54%
Morma [l seas

Smoker
True 0.00%
Faise [ 100.00%

Ly

/ \

Has Lung Cancer

Tue | 5.16%
Faice [ o2sas
o
\\
=Y ¥
Tuberculosis or Cancer
e 30.60%
Faise [ so31%
o
N
N s
Dyspnea
tue [ 100003
False 0.00%

L

ka sit

Has Bronchitis

True 0.00%
Faise [ 10000

L=l

https://www.bayesserver.com/

P CEITEC

59



Osnova

= Modelovani molekularnich/genovych regulacnich siti
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Modelovani molekularnich
regulacnich siti

o Vodivé pletivo jako vyvojovy model pro MRN modelovani

Inflorescence stem section

Benitez and Hejatko, PLoS One, 2013

P CEITEC




Modelovani molekularnich
regulacnich siti

o Vyhledavani publikovanych dat a vytvoreni malé databaze

Interaction
A-ARRs —| CK
signaling

AHP6 —| AHP

Evidence References

Double and higher order type-A ARR mutants show [27]
increased sensitivity to CK.

Spatial patterns of A-type ARR gene expression and CK [27]
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.

ahp6 partially recovers the mutant phenotype of the CK  [9]
receptor WOL.

Using an in vitro phosphotransfer system, it was shown [9]
that, unlike the AHPs, native AHP6 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

o Formulace 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

| o Specifikace mobilnich prvki a jejich chovani v modelu

:‘ ile o
'ts M R N e.

All elements
Updating of logical

rules

l Mobile elements

Diffusion (TDIF, MIR)

m PIN-dependent transport (auxin) £ CEIrTEC

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)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.
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Modelovani molekularnich
regulacnich siti

o Pfiprava prvni verze modelu a jeji testovani

B_ARR

L

PIN_location

AHP6

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 O 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, PLoS One, 2013.
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Modelovani molekularnich
regulacnich siti

o Specifikace chybéjicich interakci ze znamych predikci

Interaction Evidence References
CK — PIN7 radial ~ Predicted interaction (could be direct or indirect)
localization

Informed by the following data:

During the specification of root vascular cells in Arabidopsis [18]
thaliana, CK regulates the radial localization of PIN7.

Expression of PIN7:GFP and PIN7::GUS is upregulated by CK with [18,20]
no significant influence of ethylene.

In the root, CK signaling is required for the CK regulation of PIN1,  [19]
PIN3, and PIN7. Their expression is altered in wol, cre1, ahk3 and
ahp6 mutants.

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

Consistent with the fact that APL overexpression prevents or delays [21]
xylem cell differentiation, as does CKs.
(TAIR,
Partially supported by microarray data and phloem-specific ExpressionSet: 10
expression patterns of CK response factors. 05823559, [22])




Modelovani molekularnich
regulacnich siti

o Pfiprava dalsi verze modelu a jeji testovani

vavavavavava

APL1 oX4
- /
i/
BR KAN

. : g CE=| =
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 simulovat realitu

Vascular bundle
GoX I XA e

AsL

1! Inflorescence stem section
VND ,/'
/
/

Procambium
(pc)

WOox4

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

o Formulace rovnic popisujicich vzdajemné vztahy v modelu

logical rule function | state in the time ¢

Static nodes: g,(t+1)=F.(g,1(t),9,2(t),..., Gx(t)

state in the time t+171

Amount if TDIF or MIR165 in cell i

Mobile nodes: gy = H(G g i+ D (9 fis17+9 e i-17 = N9y 1))-D)

state in the time t+171

proportion of movable element

constant corresponding to a degradation term
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Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen simulovat realitu
Static nodes: g, (t+1)=F.(g,1(t),9,2(),...; i(t)

Mobile nodes: gyu.qyr = H(9yy i+ D (91 11+ 99 -1y — N(9y) 1i))-b)

Xylem Procambium Phloem
I Initial condition
g 0
: H 1
2
Steady state

LA CEITE=EC




Modelovani molekularnich
regulacnich siti

o Dobry model by mél byt schopen simulovat r(;litu
A B B

Procambium

Xylem . .. . /’ ‘‘‘‘‘‘‘‘‘ M}
~ _'*;»
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Odvozeni genovych......
regulacnich siti
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Odvozeni genovych
regulacnich siti

e Endodermis
8 Endodermis
-
© £ Kortex
£ % Cortex
% = Epiderims
E ] Epidermis
a & oL
- Iniciala endodermis a kortexu
o € Inicialy stéle Endodermis and cortex initial
°og Stele initials o
)} Klidové centrum
5 E Inu_:lély e.pu?e_rr_ms Quiescent centre
] £ Epidermis initials
k<] Inicialy kolumely
Columella initials

~

Postranni kofenova ¢epicka
Lateral root cap

=x. Kolumela
Columella cell files

EDPCEITEC

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 S|te -

pAGL42::erGFP pWOX5:.erGFP

GENIST

» Odvozeni GR siti pfes
GENIST

= GEne regulatory  Network
Inference from SpatioTemporal
data algorithm

= Kombinace prostorovych- a
Casové- specifickych  profild
exprese genu

spTMO5::3xGFP D pCYCD6::GUS-GFP}

de Luis Balaguer et al., PNAS, 2017

l
'h' Birnbaum et al., Science, 2003

Specific subpopulations from the stem cell niche (SCN) were isolated via protoplasting
the root (removing the cell wall enzymatically allowing to release the individual cells) of
several specific reporter lines (A-D in the figure on the right) and GFP-positive cells were
isolated using cell sorter. The mRNA was isolated and transcriptional; profiling via NGS
was performed.

By comparing the cell type-specific transcriptomes with developmental-specific root
transcriptomes (isolating mRNA from meristematic (1, the figure on the left), elongation
(2) and differentiation (13) zones, the stem cell-specific transcritomes were identified.
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Kombinace velkych omickych
datovych sad |
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Genoveé regulacni site

GENIST

» QOdvozeni GR siti pres
GENIST

= shlukovani (klastrovani) gent

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

= Odvozeni spojeni uvnitf klastru

= Selekce potencialnich
regulatort a ko-
regulatort

= Na zakladé ¢asové
korelace ve zméné
exprese a/nebo
specifikace uzivatele

= Modelovani dynamické
Bayesovské sité

Experiment 2

Experiment 1_
~

Experiment 1

Experiment 2 b

Bob Crimi

Haeseleer, Computational Biology, 2005

EDPCEITEC

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

» QOdvozeni GR siti pres
GENIST

= shlukovani (klastrovani) gent

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

= Odvozeni spojeni uvnitf klastru

= Selekce potencialnich
regulatort a ko-
regulatort

= Na zakladé ¢asové
korelace ve zméné
exprese a/nebo
specifikace uzivatele

= Modelovani dynamické
Bayesovské sité

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

S L EITTE=C

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, Sl
(https://www.pnas.org/content/114/36/E7632/tab-figures-data)
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Genove regulacni site -
GENIST

de Luis Balaguer et al., PNAS, 2017

Network of the 201 TFs enriched in the SCN, inferred with the 12
developmental time points of the Arabidopsis root. Clusters of nodes
indicate groups of TFs functionally related or functioning in the same cell
type. Node sizes indicate importance of the nodes in terms of the number
of TFs that they regulate. The highly connected groups of genes or
subnetworks correspond to the dynamic Bayesian network (DBN) inferred
for each cluster. Green (orange) nodes represent factors that are
differentially down-regulated (up-regulated) in the pan mutant with respect
to Col-0 wild type. Blue represents the PAN node.
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de Luis Balaguer et al., PNAS, 2017

Network of QC-enriched TFs. (A) Network among the QC-enriched TFs
inferred with the 12 developmental time points of the Arabidopsis root.
Node sizes indicate importance of the nodes in terms of the number of TFs
that they regulate. Color-coded nodes represent genes downstream of
PERIANTHA (PAN) that were used for the mathematical model and
experimental confirmations.
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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.

With the exception of indirect target EIN3, the qRT PCR-based gene expression quantification
confirmed the predicted expression values.
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KliCové koncepty — systémova
biologie

Systémova biologie se pokousi identifikovat nové vlastnosti/chovani
skupin funkénich podjednotek (regulatord/molekul), které nejsou
prostym souctem vlastnosti jednotlivych podjednotek, ale jsou novou
vlastnosti zavislou na zpUsobu jejich vzajemné interakce

Vyuziva matematické modely, ¢asto Bayesovske sité

Genové regulacni sité Ize identifikovat i pomoci (semi)automatickych
nastroju z velkych datovych sad (napf. genové exprese na urovni
celého genomu)

Vyuziti metod strojového uceni (,uméla inteligence®)
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