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Osnova

= Nastroje systémové biologie
= Analyza genové ontologie
= Modelovani molekularnich regulaénich siti

= Modelové organismy
= Mus musculus
=  Arabidopsis thaliana

= Vybrané metody molekularni biologie
= Pfiprava transgennich organism
= PCR
= Design a pfiprava primer(i (Dr. Hana Kone¢na)
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= Nastroje systémové biologie
= Analyza genové ontologie




gene
ATIGOT795
HRS1
ATMLO14
NRT1.6
AT1G27570
AT1G60095
AT1G03020
ATIG13608
AT1G21550
ATIG22120
AT1G31370
APUM1D
AT1G48700
ATIG59077
AT1GE0050
AT4G15242
AT5G33251
AT4G12520

AT1GE0020
AT5G15360

Results of —omics Studies vs
Biologically Relevant Conclusions

Results of —omics studies are representred by huge amount

of data, e.g. differential gene expression. But how to get any
biologically relevant conclusions?

locus
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1:698206-698515
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52,2837
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Ddii et al., unpublished
p_value  q value
000039180
6.88885¢-05 1yes
4.67708e-
6.61994e-06 05 yes
0,00053505
9.74219¢-05 Syes
3.50131e-
3.26920-08 07 yes

significant

9.76039¢-06 6.647¢-05 yes
9.84992¢-
9.95901e-08 07 yes

000813915 0,0277958 yes
0,00021683 0,00108078 yes.
0,00115582 0,00471497 yes

1.9108%-
2.48392¢-06 05 yes
0,000

4.835230-05

5.46603¢-
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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.




Molecular Regulatory
Networks Modeling

o Vascular tissue as a developmental model for GO analysis and MRN
modeling sam
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Hormonal Control Over Vascular
Tissue Development

o1 Plant Hormones Regulate Lignin Deposition in Plant Cell
Walls and Xylem Water Conductivity
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Hormonal Control Over Vascular
Tissue Development

o Transcriptional profiling via RNA sequencing

hormonal mutant

Sequencing by Synthesis
151011 days

Library Preparation Cluster Generation CASAVA
=2 h [15 min hands-on (Nextera)] -5 h (<10 min hands-on) 2 days (30 min hands-on)
<6 h <3 h hands-on (TruSeq))

Sequencing by lllumina and
number of transcripts determination
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Results of —omics Studies vs
Biologically Relevant Conclusions
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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.




Gene Ontology Analysis

One of the possible approaches is to study gene ontology, i.e.
previously demonstrated association of genes to biological

processes

ARR differential expression
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Gene Ontology Analysis

o Several tools allow statistical evaluation of enrichment for
genes associated with specific processes

Eden et al., BMC Biinformatics (2009)

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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Gene Ontology Analysis

o Several tools allow statistical evaluation of enrichment for
genes associated with specific processes
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Gene Ontology Analysis

o Several tools allow statistical evaluation of enrichment for
genes associated with specific processes
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Gene Ontology Analysis

o Several tools allow statistical evaluation of enrichment for
genes associated with specific processes
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Gene Ontology Analysis

Several tools allow statistical evaluation of enrichment for
genes associated with specific processes
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Gene Ontology Analysis

Several tools allow statistical evaluation of enrichment for
genes associated with specific processes
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Osnova

= Modelovani molekularnich regulaénich siti
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Molecular Regulatory
Networks Modeling

o Vascular tissue as a developmental model for MRN modeling

oo

Vascular bundle

Inflorescence stem section

Benitez and Hejatko, submitted
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Molecular Regulatory
Networks Modeling

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

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

A-type ARRs decreases B-type ARR6-LUC.

Note: In certain contexts, however, some A-ARRs

AHP6 —| AHP ahp6 partially recovers the mutant phenotype of the
CK receptor WOL.

Using an in vitro phosphotransfer system, it was
shown that, unlike the AHPs, native AHP6 was
unable to accept a phosphoryl group. Nevertheless,
AHPS is able to inhibit phosphotransfer from other
AHPs to ARRs.

Benitez and Hejatko, submitted

appear to have effects antagonistic to other A-ARRs.

o Literature search for published data and creating small database

References
[27]

[27]

[13]

[27]

[9]

[9]
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Molecular Regulatory
Networks Modeling

o Formulating logical rules defining the model dynamics

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, submitted
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Molecular Regulatory
Networks Modeling

| o Specifying mobile elements and their model behaviour
»>

Mo

MRN ele

Pc

All elements
Updating of logical I

rules

1 Mobile elements

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

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:

g9(t+1)T[i]= H(g(t)[i]+ D (g(t)[i+1]+9(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

21




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.

21




Molecular Regulatory
Networks Modeling

Preparing the first version of the model and its testing

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, submitted.
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Molecular Regulatory
Networks Modeling

Interaction

CK — PINTY 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.

o Specifying of missing interactions via informed predictions

References

(18]

[18,20]

[19]

[21]

(TAIR,
ExpressionSet:1
005823559,
(22])
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Molecular Regulatory
Networks Modeling

o Preparing the next version of the model and its testing

AHPS& PIN_location

HB8
¥

™~
'/' \ Benitez and Hejatko, PlosONE, 2013
»
BR KAN |
|

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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Molecular Regulatory
Networks Modeling

o Good model should be able to simulate reality

Vascular bundle

0k Y
Patoy ¥

asL

1! Inflorescence stem section

VND

Procambium
(pc)

WOX4

Benitez and Hejatko, PlosONE, 2013
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Molecular Regulatory
Networks Modeling

o Formulating equations describing the relationships in the model

logical rule function |l state in the time ¢
»

b '”‘"’" Static nodes: g,(t+1)=F(9,1(t).gpa(t),-.; Grilt)
’L‘#‘\? <
o\ b state in the time t+1

Amount if TDIF or MIR165 in cell i

] -
‘ Mobile nodes: gu1r = H(G i+ D (9 fis17* Yy fi-11 = NG i))-b)

state in the time t+17

proportion of movable element

constant corresponding to a degradation term
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Molecular Regulatory
Networks Modeling

o Good model should be able to simulate reality

Static nodes: g,(t+1)=F (g,:(t),9,2(t),---» Grilt))
Mobile nodes: g.qyr = H(Gw iy D (9 v+ 9y -7 = N(9y 1y))-0)
Xylem Procambium Phloem

=] Initial condition

0
1
2

Steady state

aun

Wit PIT IO I I ]}

wox4
apxy

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

[) 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 HBS8, 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(gni(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
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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)T[ij= H(g(t)[i]+ D (g9(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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. Molecular Regulatory
Networks Modeling
o The good model should be able to simulate reality
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Another representation of the distinct expression profiles in the individual
vascular bundle compartments (phloem, procambium and xylem).
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Vascular bundle

Simulation of mutants
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Osnova

= Modelové organismy
=  Mus musculus
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Mus musculus

mys domaci, house mouse

* malé naroky na chovnou plochu
» relativné velké mnozstvi mladat (3-14, v priméru 6-8)

» velikost genomu se blizi velikosti genomu clovéka
(cca 3000 Mbp), podobné jako pocet gendl (cca 24K)

* 20 chromozom( (19+1)
= vhodna pro Siroké spekirum fyziologickych

experimentll (anatomicky i fyziologicky podobna
¢lovéku)

= mozno pomérné snadno ziskavat K.O. mutanty i
transgenni linie

More info about mouse at
http://www.informatics.jax.org/greenbook/index.shtml.
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Mus musculus

mys domaci, house mouse

Genom znamy od roku 2002

(http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/mouse/)
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Osnova

= Nastroje systémové biologie
= Analyza genové ontologie
= Modelovani molekularnich regulaénich siti

= Modelové organismy
= Mus musculus
=  Arabidopsis thaliana
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Arabidopsis thaliana
husenicek polni, mouse-ear cress

malé naroky na kultivaéni plochu

velké mnozstvi semen (20.000/rostlinu a vice)

maly a kompaktni genom, (125 MBp, cca 25.000
gen, pram. velikost 3 kb)

5 chromozomtl

vhodna pro Siroké spektrum fyziologickych experimentt

velka pfirozena variabilita (cca 750 ekotypl (Nottingham
Arabidopsis Seed Stock Centre))

Columbia 0 Landsberg 0 Wassilewskija 0

http://seeds.nottingham.ac.uk/
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Arabidopsis thaliana
husenicek polni, mouse-ear cress

Genom znamy od roku 2000 (http://www.arabidopsis.org/)
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Osnova

= Vybrané metody molekularni biologie
= Pfiprava transgennich organismu
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ﬂ Isolate single cells from a blastocyst of black mouse parents. @ Pick a single cell from the first culture and grow a clone of this cell in
cultures for 15 mitotic generations. Repeat every 10 days for a year.
These are ES (embryonic stem) cells.

2@ == ==

Magnified view Progeny of single ICM cell

of blastocyst in nutrient culture medium
ﬂ Transform stem cells with a cloned gene. ﬂ Inject transformed ES cells into blastocysts 9 Resultant pups will be chimeras
Include an antibiotic resistance marker in the from white mice. Implant into surrogate of ES cells from black parent
cloned gene. Culture ES cells in presence of mother. and white parent. Black ES cells
antibiotic to select transformants. contain transgene.
Cloned w
DNA with g
antibiotic ~ w
resistance . ‘__:‘m
ES cells ;

Some germ cells will
@ Breed chimeric mice to produce homozygous transgenic offspring. be from a black ES cell

Chimera

White =" {
Homozygous strain
Parents  HeterozygousF;  from ES cell, F,

T o " aVERSTy, INVESTICE DO ROZVOJE VZDELAVANI
* * . o '
.' : |'m-l— o £ Z Tato prezentace je spolufinancovana
z
Sy o i —— % & Evropskym socidlnim fondem

S
pro konkurenceschopnost a statnim rozpodtem Ceské republiky

-~ _
e

Vensy

%
Trana oF

EVROPSKA UNIE

Individula ICM cells of the embryo could be isolated and later re-introgressed
into the new embryo. These ICM cells are called embryonic stem (ES) cells. It is
very important technique that allows production of transgenic mice.

The isolated ES cells are transformed via foreign DNA construct and it is injected
within the embryo. The transformed cell becomes a part of the embryo and
might result into formation of different tissue types, among them the
spermatogonia or oogonia. i.e. the tissue that provides progenitor for sperm or
egg cells in the resulting chimera. Thus, the progeny of those chimeras will
inherit the modified cell with certain probability and these individuals will carry
the transgene in every cell of their body. Thus, the trangenic mice will be
produced.

This is very important mainly with regard of the knockout mutant (K.O.)
production. In the modified ES, the genes might be specifically eliminated via
DNA recombination. In that way, function of many of the mice genes was
identified.

E.g. the gene NODAL is expressed in the anterior portion of the primitive streak
that is equivalent to the Hensen’s node. nodal/nodal embryos are lethal, they do
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not undergo gastrulation and from almost no mesoderm.
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Transformace Arabidopsis prostiednictvim
Agrobacteria tumefaciens

Crown gall of raspberry caused by Agrobacterium tumefaciens.
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Transformace Arabidopsis prostifednictvim
Agrobacteria tumefaciens
pfenos bakterialni DNA do rostlinné buriky

Byl Il 12218

)—Iind 11l 1345
Sal 11732

mediated plant

PVKH::(355::CKli2:pA)
13032 bp

pVS1-rep
Le pVS1-sta
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Transformace kokultivaci listovych diski
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Transformace kokultivaci kalust

Control Trans-zeatin Dexamethasone

2 mg/l 1AA, 0,5 mgfl 2,4-D, 0,5 mg/l 8-ipR

No hormones

£ Evropskym socidlnim fondem
Tana B% a statnim rozpottem Ceské republiky

aVERSTy, INVESTICE DO ROZVOJE VZDELAVANI
I % R ‘s,

Imr 3 s M Z Tato prezeniace je spolufinancovéna
&

EVROPSKA UNIE hl”




Transformace ,nastrelovanim“ DNA

acceloraton
tubo

Rupture disk
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Transformace kvétenstvi

When plants have primary
Clipping of primary bolls

5-15 ¢m they are ready 1o
eGessary

seed

Plants are allowed 1o grow to maturity

s end facilitate plant Farvesting.
NOTE: Leaves degenerate

normal anc does not affect s

They ar2 staked to avoid

thin 2 weeks of infiltration. This is
2ed sel.

on their
p. Plar
for 24 hours

des to allor

for drainage
re relumed, in

this state.

. they are turned

1 flat.
http:/Mmww.bch.msu.edu/pamgreen/green.htm
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Transformace kvétenstvi

http:/iwwy beh.msuy.edu/pamare: (8000, Plant transformed seedlings in soil




Osnova

= Vybrané metody molekularni biologie
= Pfiprava transgennich organismu
= PCR
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PCR
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Osnova

= Vybrané metody molekularni biologie
= Pfiprava transgennich organism
= PCR
= Design a pfiprava primer(i (Dr. Hana Kone¢na)
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Shrnuti

= Nastroje systémové biologie
= Analyza genové ontologie
= Modelovani molekularnich regulaénich siti

= Modelové organismy
= Mus musculus
=  Arabidopsis thaliana

= Vybrané metody molekularni biologie
= Pfiprava transgennich organism
= PCR
= Design a pfiprava primer(i (Dr. Hana Kone¢na)
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Diskuse

INVESTICE DO ROZVOJE VZDELAVANI
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