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Outline

* Tools of systems biology
= Gene ontology analysis
= Molecular Regulatory Networks Modeling

= Model organisms
=  Mus musculus
= Arabidopsis thaliana

» Selected methods of molecular biology
= Preparation of transgenic organisms
= PCR
= Design and preparation of primers (Dr. Hana KonecCna)



Outline

* Tools of systems biology
= Gene ontology analysis
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Results of —omics Studies vs
Biologically Relevant Conclusions

0 Results of —omics studies represent huge amount of data,
e.g. genes with differential expression. But how to get any

biologically relevant conclusions out of it?

Ddii

et al., unpublished

locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test_stat p_value q_value significant
1.79769e+ 0,00039180

1:2414285-2414967 WT MT OK 0 1,1804 1.79769e+308 308 6.88885e-05 1yes
1.79769e+ 4.67708e-

1:4556891-4558708 WT MT OK 0 0,6965831.79769e+308 308 6.61994e-06 05 yes
1.79769e+ 0,00053505

1:9227472-9232296 WT MT OK 0 0,5146091.79769e+308 308 9.74219e-05 5yes
1.79769e+ 3.50131e-

1:9400663-9403789 WT MT OK 0 0,8778651.79769e+308 308 3.2692e-08 07 yes
1.79769e+

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¢-

22162419 WT MT OK 0 0,6885881.79769e+308 308 9.95901e-08 07 yes
1.79769e+

1:698206-698515 WT MT OK 0 1,788591.79769e+308 308 0,00913915 0,0277958 yes
1.79769e+

1:4662720-4663471 WT MT OK 0 3,55814 1.79769e+308 308 0,00021683 0,00108079 yes
1.79769e+

1:7553100-7553876 WT MT OK 0 0,5628681.79769e+308 308 0,00115582 0,00471497 yes
1.79769e+ 1.91089e-

1:7806308-7809632 WT MT OK 0 0,6173541.79769e+308 308 2.48392e-06 05 yes

1:11238297- 1.79769e+ 0,00028514

11239363 WT MT OK 0 1,46254 1.79769e+308 308 4.83523e-05 3yes

1:13253397- 1.79769e+ 5.46603e-

13255570 WT MT OK 0 0,5810311.79769e+308 308 7.87855e-06 05 yes

1:18010728- 1.79769e+ 0,00037473

18012871 WT MT OK 0 0,5565251.79769e+308 308 6.53917e-05 6yes

1:21746209- 1.79769e+

21833195 WT MT OK 0 138,886 1.79769e+308 308 0,00122789 0,00496816 yes

1:22121549- 1.79769e+

22123702 WT MT OK 0 0,370087 1.79769e+308 308 0,00117953 0,0048001 yes

4:8705786-8706997 WT MT OK 0,00930712 17,9056 10,9098 -4,40523 1.05673e-05 7.13983e-05 yes

5:12499071-

12500433 WT MT OK 0,0498375 52,2837 10,0349 -9,8119 0 Oyes

4:7421055-7421738 WT MT OK 0,0195111 15,8516 9,66612 -3,900439.60217e-05 0,000528904 yes

1:22100651-

22105276 WT MT OK 0,0118377 7,18823 9,24611 -7,503826.19504e-14 1.4988e-12 yes

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



Molecular Regulatory
Networks Modeling

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

0 Plant Hormones Regulate Lignin Deposition in Plant Cell
Walls and Xylem Water Conductivity

Acid-insoluble lignins
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Hormonal Control Over Vascular
Tissue Development

o Transcriptional profiling via RNA sequencing

hormonal mutant
B ‘IF‘/'L/ ‘T‘{:‘::""

eSO

Library Preparation Cluster Generation Sequencing by Synthesis. CASAVA
~2 h [15 min hands-on (Nextera)] ~5 h (<10 min hands-on) ~1.5t0 11 days 2 days (30 min hands-on)
< 6 h [< 3 h hands-on (TruSeq)]

Sequencing by lllumina and
number of transcripts determination




Results of —omics Studies vs
Biologically Relevant Conclusions

o Transcriptional profiling yielded more then 7K differentially
regulated genes...

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



Gene Ontology Analysis

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

Differentially expressed IAA-related genes

ARR differential expression
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Gene Ontology Analysis

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

H ol GOvilln - a tool for igeraifying ennched ...

Archmicn.se.il

Eden et al., BMC Biinformatics (2009)

A & D-

Gene Ontology enRIchment analysis and visuaLizArtion tool

GOrills is a tosl for idenrifying and visualizing enriched GO terms In ranked los of genes.
It can be rus m cne of fvo modes:

1. Searching for enriched GO termns that appear densely at the top of a ranked list of genes o
2 Searching for enriched GO terms in 2 target list of genss compared 1 3 backgroued list of genes

For further details see References

Runming example Usage

GOl News(Updased December rd 20123

Step 1: Choose organism

Arnbuckispmss thnhara -
Step I: Choose running mode

® Single ranked list of gencs Two umramked Lists of genes (Lapel and background lists)
Step 3: Paste 3 ranked list of pene/protein names
Names shiould be separated by an <ENTER> The preferred format is gene

symibal Other supporied formats are: gese and protein RefSeq, Uniprot, Unigene
and Ensembl Use WebGestalt for conversion from cther identifler formats

Or apload a file: 0 Result2017Mannne | Pros

Step 4: Choose an ontology

@ Process. Function Component All
Search Enviched GO terms

References




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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Gene Ontology Analysis

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

0 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

o Feudty 4 |
technicn.acd knSithl e APITO0 349, | |49 - Googie 2 B~
Description | P-value | FDR q-value | Enrichment (N, B, n, b) Genes
response to nitrate | 4 76E-13 | 1.5E-9 | 4.13 (6331,55.891,32) +] Show genes
‘glucuronoxylan metabolic process i 1.01E-12 1.6E-9 | 3.43 (6331.72.999.39) [+] Show genes

[-] Hide genes
GUT? - putstive plycosyliransferase
PGEIPS - plant glycogenim-like starch wmtiation protein 3
FRAS - exostosin-like protemn
GAUTI2 - alpha-1 4-galacturonosyltransferase
ATAG22460 - mfunctional inhibatorlipad-transfer protein/seed
storage 25 albumm-like protem
AT5GA2180 - peroxidase 64
AT3G10910 - nng-h2 finger protein atl72
LACIL7 - laccase 17
KNATT - homeobox protemn knotted-1-like 7
NACO12 - nae domain-containing profein 12
TRX% - nucleotide-diphospho-sugar transferases-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
TRXS - cobra-like protein 4
MYRB&3 - myb doman protem 63
xylan biosynthetic process 1.77E-12 1.86E-9 3.39(6331.73.999.39) PGSIP1 - plant glycogenin.like starch initiation protein 1
- ATSGA6340 - putative o-acetyltransferase
AT3G21710 - hypothetical protein
AT2G03200 - aspartyl protease-like protein
AT1G09440 - protein kinase family protein
AT5G40020 - pathogenesis-related th in-like protein
AT3G23090 - targeting protemn for xkip2-like protein
AT5GE7210 - hypothetical protein
AT3G36230 - bth/poz domain-contaming protein
AT2G31930 - hypothetical protein
JP&30 - putative polygalachironase non-catalytic subunit jp630
MAPT0-5 - microtubule-associated protems 70-5
AT3G50220 - hypothetical protein
AGL44 - protein agamous-like 44
IRX12 - laccase-4
NACOT3 - nac domain contaming protein 73
IRX3 - cellulose synthase a catalytic subunst 7 [udp-forming]
AT4G27435 - hypothetical protein
MYB46 - transerption factor myb46
AT1GT72220 - ring-h2 finger protein atl54
FRD3 - mate efflux family protein
AT1G33800 - hypothetical protein
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Outline

= Molecular Regulatory Networks Modeling



Molecular Regulatory
Networks Modeling

o Vascular tissue as a developmental model for MRN modeling

Benitez and Hejatko, submitted



Molecular Regulatory
Networks Modeling

0 Literature search for published data and creating small database

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, submitted



Molecular Regulatory
Networks Modeling

0 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




Molecular Regulatory
Networks Modeling

| o Specifying mobile elements and their model behaviour

ile Mo

ents MRN ele

Pc

Updating of logical
rules

I J All elements

-

l Mobile elements

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



Molecular Regulatory
Networks Modeling

0 Preparing the first version of the model and its testing




Molecular Regulatory
Networks Modeling

0 Specifying of missing interactions via informed predictions

Interaction

CK — PIN7 radial
localization

CK— APL

Evidence References

Predicted interaction (could be direct or indirect)
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 [18,20]
with no significant influence of ethylene.

In the root, CK signaling is required for the CK regulation of [19]
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 [21]
delays xylem cell differentiation, as does CKs.

(TAIR,
Partially supported by microarray data and phloem-specific ExpressionSet:1
expression patterns of CK response factors. 005823559,

[22])



Molecular Regulatory
Networks Modeling

0 Preparing the next version of the model and its testing

Benitez and Hejatko, PlosONE, 2013




Molecular Regulatory
Networks Modeling

0 Good model should be able to simulate reality

PXY igand ASL

Moo
q \,/;/

Procambium
(pc)

WOX4

Benitez and Hejatko, PlosONE, 2013



Molecular Regulatory
Networks Modeling

0 Formulating equations describing the relationships in the model

logical rule function @ state in the time t

Static nodes: gn(t+1):|:n(gn1(t)1g n2(t) ----- gnk(t))

state in the time t+1

Amount if TDIF or MIR165 in cell i

‘ Mobile nodes: 9.1y = H(O¢ it D (9 i+ 90 -1y — N9 ip))-b)

state in the time t+1 constant corresponding to a degradation term

proportion of movable element



Molecular Regulatory
Networks Modeling

| 0 Good model should be able to simulate reality

Static nodes: g, (t+1)=F (G (0).9no(t). - Iie®)
Mobile nodes: g.ayri= HOw it D (9 +1579 0 -y — N(Q ey i))-0)

Xylem Procambium Phloem
| Initial condition
g- 0
@ 1
2
Y
. : Steady state
o EeEs 3% = - Ca == Lt R = gl I =+ E0.=CF5OW 5
SELEECRENBEYREEBESREYP SRy g ORERE <B55258 m%%gi%g% Eé%l& g5
o

— _— _— — _— _— _— — — = e T T T e e e e et e i S e e i ST DR . H
Benitezand Hejatko, submitted
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Molecular Regulatory
Networks Modeling

0 The good model should be able to simulate reality

A
Xylem

Procambium

Benitez and Hejatko, submitted



Molecular Regulatory
Networks Modeling

o Simulation of mutants

Vascular bundle

Inflorescence stem section

Procambium
(pc)
WOX4

O
o




Outline

= Model organisms
= Mus musculus



Mus musculus

house mouse

= Low requirements for area

» Relatively large number of offspring (3-14, 6-8 on
average)

= Genome size is close to the size of human genome
(about 3000 Mbp), the number of genes as well (about
24K)

= 20 chromosomes (19+1)

= Suitable for a wide range of physiological experiments |
(anatomical and physiological similarity to human)

= Possibility to obtain (quite easily) KO mutants and | d
transgenic lines




Mus musculus
house mouse

Genome known since 2002
(http://www.ncbi.nIlm.nih.gov/projects/genome/assembly/grc/mouse/)

M = Gerume Reference Consurtmrn: Mause .. | + ? )
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- Genome Reference Consortium
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Mouse Genome Overview

The GRC and the 10th 28 Jul 2012
International Zebrafish
Genetics and Development

Information concerning the continuing improvement of the mouse genome.

1 2 3 a 5 5 7 8 9 10 11 12 The GRC is working hard to provide the best possible reference assembly for mouse. We Meeting (June 20-24, 2012 - Madison,
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®  Reglons containing fix patches updated in MG-4143. This duplicate Jira
An idecgram representation of the |atest mouse assembly (not issue is being used to manage an update
showing unplaced or unlocalized sequences). at this gap that is being considered for

patch release.
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Outline

= Model organisms
=  Mus musculus
= Arabidopsis thaliana



Arabidopsis thaliana

mMouse-ear Cress

Low requirements for cultivation area

High number of seeds (20.000 per plant and more)

Small and compact genome, (125 MBp, about
25.000 genes, average size 3 kb)

5 chromosomes

Suitable for wide range od physiological experiments

High natural variability (approximately 750 ecotypes
(Nottingham Arabidopsis Seed Stock Centre))

N1298 N1602

Columbia 0 Landsberg 0 Wassilewskija 0

http://seeds.nottingham.ac.uk/



Arabidopsis thaliana

mMouse-ear Cress

Genome known since 2000 (http://www.arabidopsis.org/)

@ i arabidopsis.org

*  MNajit  genome
—
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The Arabidopsis Information Resource

The Arabidopsis Information Resource (TAIR) maintains a database of genetic and molecular
biology data for the model higher plant Arabidopsis thaliana . Data available from TAIR includes
the complete genome sequence along with gene structure, gene product information,
metabolism, gene expression, DNA and seed stocks, genome maps, genetic and physical
markers, publications, and information about the Arabidopsis research community. Gene product
function data is updated every two weeks from the latest published research literature and
community data submissions. Gene structures are updated 1-2 times per year using
computational and manual methods as well as community submissions of new and updated

genes. TAIR also provides extensive linkouts from our data pages to other Arabidopsis resources.

The Arabidopsis Biclogical Resource Center at The Ohio State University collects, reproduces,
preserves and distributes seed and DNA resources of Arabidopsis thaliana and related species.
Stock information and ordering for the ABRC are fully integrated into TAIR.

Cannecie  TAIR is located at the Camegie Institution for Science Department of Plant :
"Sciewce  Biology and funded by the National Science Foundation with additional @;
support from TAIR sponsors. an

Updates on TAIR funding are available here.

lr;_\ -~ ‘\T . \,\\ ‘
Click here
to try our new online submission form

and submit the molecular function (e.g. protein kinase), biological
process (e.g. seed development), localization (e.g. plasma membrane)
or interacting partner of your favorite gene

¥ Dakii 4 Predchori & Zjraznit [ | Rozlizovat velikost

[€] Kalendar - Osob...

Breaking News
[ Subscribe to news feed

Follow our Twitter feed
3 Join our Facebook group

New Set of Confirmed T-DNA
Lines Available

[November 28, 2012]

The fourth one-allele set of
confirmed T-DNA lines
representing 3,263 new loci is
now available for ordering as
C527944.

New from ABRC Education
and Outreach!

[October 31, 2012]

ABRC is pleased to announce a
re-designed Education and
Qutreach website at
http://abreoutreach.osu.edu.
The website allows quick and
easy donation of education
modules, direct ordering and
online evaluation of
education kits.

2012 MASC Report Now
Available

[Huly 11, 2012]

Please check out the latest
report from the Multinational
Arabidopsis Steering
Committee

New Protein Chip and Cell
Cultures at ABRC

[May 9, 2012]

A new protein chip
(AtProteinChip 2) developed
by M. Snyder and S.P. Dinesh-
Kumar, is now available. Cell

[
£ & B-
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Outline

» Selected methods of molecular biology
= Preparation of transgenic organisms



¢ 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.

Magnified view Progeny of single ICM cell

of blastocyst in nutrient culture medium
r
Transform stem cells with a cloned gene. 6 Inject transformed ES cells into blastocysts 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
DNA with
antibiotic
resistance
ES cells

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

Chimera

Ta | g -

Parents Heterozygous F,

Homozygous strain
from ES cell, F,
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Transformation of Arabidopsis by
Agrobacterium tumefaciens

Crown gall of raspberry caused by Agrobacterium tumefaciens.
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Transformation of Arabidopsis by
Agrobacterium tumefaciens
Transfer of bacterial DNA into plant cells

Agrobacterium mediated plant transformahip
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Transformation by cocultivation of leaf discs
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Transformation by cocultivation of calluses

Control BAP Trans-zeatin Dexamethasone

2 mg/l IAA, 0,5 mg/l 2,4-D, 0,5 mg/l 9-ipR

No hormones

4 S
A 4 gy 5 x 2 .
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Transformation by biolistic delivery of DNA

- \ _’a = Biolistic delivery of DNA
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Transformation of inflorescence

Wheon plants have parmary balis 515 om they arg ready 1o infillrate,
(| PRing of prirmary bolls is nol necessany.

Plants are allowed to grow to maturity. They are staked to avoid
sead loss end facilitate plant Farvesting.

MNOTE: Leaves degenerate within 2 weeks of infiltsation. This is
nammal ang does not affect seed sat.

Aftar infiltration, pots ara placed on their sides to allow for drainage
and are coversd with plastic wrap. Plants sre returned, in this state,
1o the growth chambes for 24 hours. After 24 hours, they are turned
upright into a fresh flat.

http://www.bch.msu.edu/pamgreen/green.htm



Transformation of inflorescence
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Outline

» Selected methods of molecular biology

= Preparation of transgenic organisms
= PCR



PCR




Outline

» Selected methods of molecular biology

= Preparation of transgenic organisms
= PCR
= Design and preparation of primers (Dr. Hana KonecCna)



Summary

* Tools of systems biology
= Gene ontology analysis
= Molecular Regulatory Networks Modeling

= Model organisms
=  Mus musculus
= Arabidopsis thaliana

» Selected methods of molecular biology
= Preparation of transgenic organisms
= PCR
= Design and preparation of primers (Dr. Hana KonecCna)



Discussion
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