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Prehled

= High throughput biology

Automation

Omics

Transcriptomics and high throughputtranscriptomics
High throughputinteractomics and how to read it
High throughput of anything

1000(+1) genomes, GWAS

ENCODE

Epigenenome and epitranscriptome

= Little about Systems biology

Omics
Holism and modules
Gene regulationin E. coli




COMPUTING

LABORATORY




Examples of automation in human history

assembly
line




Automation in transcriptomics

bigger
multichannel multichannel
pipette pipette

| Head™
Standard Volume

transcriptome sequencing microarray pipetting robot

In short, the construction of single methods shown in other lecture(s) can be automatized and we can find plenty of
resources online, premade. The most widely used model organism, the better.
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KIAA1841 in mouse expressed in neurons

emouseatlas.org




Protoplasting/cell sorting
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Protoplast cells

ot
Shoeh Frst
| Detector

Sort GFP-positive protoplasts

ol
Extract and label mRNA

* Apply to microarray

H
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Plants have cell walls which is removed by cell wall degrading enzymes. The cell-wall free cell — protoplast —is
released. If that contains fluorescently labeled signal (originating from a tissue specific marker) it can be separated by
flow cytometer. From the tube of fluorescent cells collected, we can extract RNA and put to microarray or RNAseq to

check the expression levels.



eFP browser
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http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi

Some people did such experiments and one can online check the expression of one’s favorite gene (unfortunately,
slightly prone of artifacts).



Yeast two-hybrid (Y2H) summary

protein-protein interaction hunt

Prey AD

No transcription

Transcription

In simple words: Y2H allows us identifying interacting partner of our favorite gene.
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High throughput yeast two hybrid
for various organisms

articles
—

A comprehensive analysis of ,,
protein—protein interactions
in Saccharomyces cerevisiae

Potor Ustz' 1, Loic Glot* |, Gerard Cagney/, Traci A. Mansfield , Richard S. Judson!, James R. Knight:, Daniel Lockshon',

3 3 . Ying L2, ) 5
Theodore Kaibflelsch:, Govindan Vijayadamodar, Meiia Yang:, Mark Johnston! , Staniey Fields ' & Jonathan M. Rothbery

A Protein Interaction Map of

Drosophila melanogaster

L Giot," ). S. Bader,'* C. Brouwer,’* A. Chaudhuri,’

B. Kuang,' Y. Li,’ Y. L. Hao," C. E. Ooi," B. Godwin," E. Vitols,"
G. Vijayadamodar," P. Pochart,’ H. Machineni,’ M. Welsh,"

Y. Kong," B. Zerhusen," R. Malcolm,’ Z. Varrone,' A. Collis,’
M. Minto," S. Burgess,’ L. McDaniel,” E. Stimpson,’ F. Spriggs,”

). Williams," K. Neurath," N. loime," M. Agee," E. Voss,'

v. Furtak, R. Renzulli,' N. Aanensen,’ S. Carrolla,’

1 1 lickelhaupt,’ Y. Lazovatsky,' A. DaSilva," J. Zhong,*

Evidence for Network Evolution itanyon,? R. L. Finley Jr.? K. P. White,” M. Braverman,’

i“ an Arabidapsis Interactome Map rvie,’ S. Gold," M. Leach,’ J. Knight,” R. A. Shimkets,’

M. P. McKenna," J. Chant,; J. M. Rothberg’

R, (2009) (2005)
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TAP purification
affinity purification interaction hunt

.....

MALDI-TOF

Tandem affinity purification is better and becomes more and more popular: identifies whole complexes.
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So, far high throughput affinity purification
approach slightly less popular

Functional organization of the yeast  (2002)

proteome by systematic analysis of
protein complexes

e ooty vy O by g ey By iy Uyl by
e e B oy e

A Protein Complex Network
of Drosophila melanogaster (201 1)

K.G. Guruharsha,'# Jean-Francois Rual,'* Bo Zhai,'# Julian Mintseris, " ¢ Pufta Vadya,! Nemita Vadys.
Ghapman Boskman," Chrsting Wong.' David Y. Fhoe, Odiso Cenay! Em ! Saumini Shah." Mark Staploton.?
Kennoth H. Wan,? Chartes Yu.2 B:ly:m Parsa,? Joseph W. Carlson dia,? K. ViayRaghavan,®
Steven P. Gygi," Susan E. Celniker, Robert A. Obar,"* and Spyros

thebiogrid.org - highly relevant for searching for interactors,

but look also elsewhere!
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Example how to work with databases.

Interactors of EMB2016

use databases if you have a conserved complex

LB eMB2016

tandem affinity purification

Geert de Jaeger lab
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EMB2016 interactors — RNA
methylase

s d
i EMB2016

RING finger/HAKAI was
also shown to associate
with splicing factors
(human)

AtFIP37
empty vector

MTA + FIP3748  ©
MTA é
/

empty vector g .
\ MTA-A - homolog of MTA

Zhong et al. 2009
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Inferred protein complex

EMB2016
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Inferred protein complex

Flybase: EMB2016 interacts
with HAKAI (no data on Biogrid)

Interacting group Assay References.
vir - stau anti bait coimmunoprecipitation, parial dna sequence  (Laveretal 2013)
identfication by hydridzation

protals prokela’

Interacting group Assay References

vir- CG7358 experimental knowledge based (Guruharsha et al, 2011)

> vir - Hakal experimental knowledge based (Gurunarsha et al, 2011)

wir - (2)d experimental knowledge based (Guruharsha et al, 2011)
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T-DNA insertion at random locations
in the genome

| Selection |

T-DNA plasmid

Examples of possible insertions:
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You can order your mutant from
the stock center

HHI

the same for Drosophila,
mouse, worm etc.
signal.salk.edu
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You can order your mutant from
the stock center

I
HE
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the same for Drosophila,
What to do if you cannot find mouse, worm etc.
insertion line for your gene? signal.salk.edu
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CRISPR — an elegant and rapidly developing technology which allows specific editing of your gene. Everybody lieks

CRISPR nowadays.

+ RNAi/amiRNA (can be also ordered)
+ CRISPR
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You can order even various constructs
regarding your gene from stock centers

even basic fusions (GFP, myc, TAP etc.) often
ready for you

signal.salk.edu
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You can order antibodies against your protein

12 3 4

L 250

+— 150

. pp— +— 100

several human proteins 75
providers:

—5

http://www.scbt.com/
www.acris-antibodies.com/

g =3
etc. i
- even get western and
immunocytochemistry in 5

Plants so far lagging behind — agrisera.com perhaps little bit.
Rather commercial service.
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Light sheet microscopy — high throughput

...perhaps video will work

Tomancak lab, MPI Dresden
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Phenoscope

(v o

Management
(do'\' \ Y= { database
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PHENOSCOPE: an automated large-
scale phenotyping platform Thisne et al. 2013




Phenoscope

[ C [
—Cot0
I ~/
2
10 15 20 2
Days after sowing

Automatized detection of leaf shape area and its quatification.
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Phenoscope

leaf area (camera)
photosynthesis (spectra)
weight

temperature (thermo camera)
in a dynamic manner

various ecotypes only, so far
commercially promising
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Check your phenotype online

seedgenes.org
— database of plant embryonic mutants (in-dept)

http://rarge.psc.riken.jp/phenome/
- RIKEN Arabidopsis Phenome Information
Database (kind of attempt on adult plant)

29



1000 genomes

1000 human genomes sequenced over the world

Insertion (R T W W)
Deletion CH—W0)
Copy Number Varlant CRCI MO
Inversion CHC T W0

Reference T 1)

wikipedia.org
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1001 genomes - Arabidopsis

http://1001genomes.org/ :::,::m s;nqt:.(::,?e%m
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How the ecotypes are collected

Olivier Loudet web page
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B Details

Caucasus
Cent. Asia
S. Africa

1001 genomes user interface
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Select Tracks | Clear ighighing

several single nucleotide polymorphisms (SNP)
in the selected gene
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What could be natural variation good for?

34



What could be natural variation good for?

Quantitative trait loci (QTL)
- nature makes genetic screen for you
- QTL is analogous to gene in genetic screen

35



Genome wide association studies (GWAS)

Slovak et al. 2014, Busch lab, Vienna

36



Genome wide association studies (GWAS)

T 163 accessions (ecotypes),

: e several replicates (8 x 3)

: e — searching for those different

. v (SAY hOw different they might be!)

Slovak et al. 2014
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Genome wide association studies (GWAS)

163 accessions (ecotypes),

: re vty several replicates (8 x 3)

: e searching for those different

. (e. g. root growth, slim root,

. resistant to exogenous treatment)

Slovak et al. 2014
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Genome wide association studies (GWAS)

high p-value => SNP specifically
in the “resistant” line [
(N-way ANOVA etc.) - ATSG
" AT5G23060 = AT5G23065

EH IR I

-

s, Relative root growth rate (day 2 - 3)

-log,(p-value)

=

chromosome (locus)

The phenotypic variation was 3 times associated with ecotypes having polymorphisms (“mutations”) in gene
AT5G23060 above given threshold, that’s too unlikely to be an accident.



Genome wide association studies (GWAS)

In contrast to human: Root growth rate

N
i (agar plates)
- how to test it? B < T

g,
.
-—

AT5G23060 =

Wisanm Cas 8, .
£

________________ s

9 4
o

cas-1 WT

cas-1 mutant has
indeed shorter root

Slovak et al. 2014

You can test it by complementation (transforming with wild type DNA)..
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Genome wide association studies (GWAS)
Manhattan plot by human

Relative root growth rate (day 2 - 3)

-log, (p-value)
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Status of cytosine methylations in various tissues
can be explored in various tissues (human)

N A L i

Epigenetic modifications
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How to find methylated bases in genome?

Which bases are methylated?
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How to sequence methylation of genome?

b
‘conversion

0:.0..0:.. = ;.OU.Ox.U

| |

v C C C GciC A (C)G A(T C T

]

ACGACTACGC

NH; NH, 2
(g‘” Hacfg” bisulfite sequencing | )N\H

N/&O N)\O N (0]

H H H
cytosine 5-methylcytosine uracil
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What is methylation of cytosine good for?

Are there other covalent modifications?
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>130 base modification detected in nucleic acids, incl. RNA
N6-methyl adenosine most common in mRNA
(0.5 - 5 % adenosines methylated)

MeRIP — detecting adenine methylation on RNA

VY a—
Bound HNA&_\_M
o~

Input control _/l Anti-mfA IP
l Elution with mfA
~

IP sample —
|
A~

RNA-seq

meA near the
o stop codon

A

»

m*A near the
5+ transcription
start

m*A peaks (%)

' UTR Coding sequence ¥UR

mA distribution

Nature Reviews | Molecular Cell Biology
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Similar technique also adapted on DNA in C. elegans

80-100% methylation density
20-80% methylation density

Lir Py .
|
i

10-20% methylation density

Greer et al. DNA Methylation on N6-Adenine in C. elegans, Cell 2015
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The ENCODE project
The Encyclopedia of DNA Elements

Is really only ~1 % human genome functional?

1 % = gene coding regions

September 2012

About an ambitious high throughput initiative in human.
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ENCODE - think big

80 million dollars (1/2 yearly GACR
budget)

1,640 data sets

147 cell types

Nature (6), Genome Biology (18),
Genome Research (6 papers)
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The ENCODE project

Mainly cancer cells, lymphocytes etc.

RNA transcribed regions:
RNA-seq, CAGE, RNA-PET and manual annotation

Protein-coding regions:
mass spectrometry

Transcription-factor-binding sites:
ChIP-seq, DNase-seq

Chromatin structure:
DNase-seq, FAIRE-seq, histone ChIP-seq and MNase-seq

DNA methylation sites:
RRBS assay (cheaper version of bisulfite seq)

50



ENCODE - summary

~80 % genome associated with biochemical function:

- enhancers, promoters

- transcribed to non-coding RNA

- 75 % genome transcribed, at least little bit

- number of recognition sequences of DNA
binding proteins doubled

E. g. 75 % meaningful number?
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mod

(ENCOPE ModENCODE on the way
C~
S & 2

C. elegans C. brennen C. briggsae C. japonica C. remanei

D. melanogaster D. ananassae D. mojavensis D. pseudoobscura D, simulans D viriks D. yakuba

Drosophila tissue sources: Adulteclosion + several days
Adult female
Adult male
Embryos 0-1, 0-2, 0-12, 10-12 hr etc
Larvae in various instars
Pupae in various stages
Mated males or females
etc.

http://www.modencode.org
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Question: where do you see the limits of
high throughput biology?
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Cons

sometimes low quality data or artifacts
occasionally data missing

biological material is quite complex
what to do with so many data?

where is the idea?
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What is systems biology

* next name for something between
biology and chemistry?
biochemistry -> proteomics
molecular biology -> (functional) genomics

* areal new concept?

e

N

A€ Plant Systems Biology, Gent, BE

Few words about systems biology. An effort to use advanced mathematics to model — “understanding everything in
organism at once”’.



“Multidimensional biology’

Genomics

Epigenomics
Transcriptomics
Epitranscriptomics
Translatomics / Proteomics
Metabolomics

L.nteractomics

o O O O 0O ©O

]

Fluxomics
NeuroElectroDynamics
Phenomics

Biomics

0O O O O
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Systems theory

Forget about reductionism, think holistically.

0Aro¢ [hol'-os] — greek. all, the whole, entire, complete
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Reductionism vs. holism

Components view

Component
Function
S4Ee—eX—= E4P
Time-dependent

concentration

Compute flux for
function

Systems view

Needed
homeostasis

Reaction
network

Steady state
flux map

Calculate k Calculate C
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Ludwig von Bertalanffy

(1901-1972)

Copyrighted material; sample page 3 of 22

8 The Sywem Concept in the Sciences of Man
The Revol

The Image of Man in Contemporary Thought
Spem Theoresical Reoricaistion
Sywems in the Social Sciences
A System Theoretical Concept of History
The Future in Sysem Thearetical Aspect

9 General Sysiem Theory In Prychology and Prychisiry
The Quandary of Modern Puychology
Syeerm Comcep in Pychopatholog)
Conclwion

10 The Relusivity of Categories
The Whorfan

Hypothess
The Biological Relatiity of Categories

HHH BEYY ESEREEE
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Omics-revolution shifts paradigm to large

systems

High Throughput Data

- Integrative bioinformatics
- (Network) modeling

Cellular Complexity
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E. coligenome and
proteome is small

Interactions Components

>25,000 2,000 Metaboiites -/ o g /| Metabolism
1,000 Proteins . ,A!'! gog,y Biochemical Information

N reactions / s processing
) tructure
/.w,mwmwr) / Sirace

>100,000 6-10,000

>5,000 5,000 Transcriptome
‘\\ I||| I{h[ 1” ﬂl ﬂ']ﬂ[ [l Transcription
0 4,000 g Gonn Genome
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Reductionism within holism

A B /\

/\>\ /f ! \ /‘

AL

Lets e.g. assume that transcription and translation
is one module.

Example of module — simplifying the models.
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Conclusions — systems biology

computing capacities allow handling large data
sets

fashionable

modelling whole cell processes in silico?

story frequently missing, there will be always
question marks
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Great web sites for organismal models

http://www.yeastgenome.org/ S. cerevisiae
http://www.pombase.orqg/ S. pombe
http://flybase.org/ Drosophila
http://www.wormbase.org/ C. elegans
http://www.arabidopsis.org/ A. thaliana
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Also nice web sites

http://encodeproject.org/
http://www.thebiogrid.org/
http://www.genemania.org/

http://string-db.org/

...and many others

...pay attention, if they are kept alive and curated
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Additional literature

Venter, J.C. (2008). Alife decoded: my genome, my life (London: Penguin),

Albert-Laszlé Barabasi (2005) V pavuciné siti. (Paseka) (znamenita kniha o matematice
siti, dynamicky se ijejicimoboru od predni étového védce)

PA052 Uvod do systémové biologie, Pfednasky. Fakulta Informatiky MU

http//www.youtube.com/watch?v=Z BHVFPOLk and further — excellent talks about systems
biology from Uri Alon (Weizman Institute) — absolutely best

http://www.pnas.org/content/110/29/11952 (paper which challenges something conclusions
in ENCODE)

feel free to ask: kamil.ruzicka@ceitec.muni.cz
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