The combination of 'OMICS' data from different sources provides
novel insights into transcription factor function
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,Central Dogma of Molecular Biology*

DNA > RNA > Protein — Metabolism

|1 Physiology

Genome —— Transcriptome ——| Proteome — Metabolome

.Central Dogma of functional Genomics"

Besides the four classical ,omes‘, a number of derived omes exist:

with  Interactome being probably the most important one!

There is high interdependency between the different ,omes’ | %ﬁ
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empirical data =——>| Yes/No/Maybe

Qualitative Analysis ‘

The biologist is an expert in his field and
defines the scientific question!

Z l MBP



—>| Yes/No/Maybe

experimental
validation of
hypothesis

metric data — significance




Quantitative vs. qualitative analyses

Acquiring of quantitative data of subcellular processes with high spatio-
temporal resolution in living (plant) cells in their native tissue environment

Quantitative data > Dynamics
same direction, but different speed!
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All quantitative data come as (huge) tables

—

Genome —>’ Transcriptome |—> Proteome — Metabolomel
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Genome — | Transcriptome |—> Proteome 4'} Metabolomel

!

Interestingly, due to the quantitative nature of the data types, both
OMICS analyses use similar programs for analysis and
cope with similar problems

Z l MBP



Analysis of developing barley caryopses

—

Genome —>| Transcriptome |—— Proteome —— Metabolome
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Transcriptome changes during heat stress and diurnal (day/night) cycle | %ﬁ
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Mangelsen et al., 2010a; Mangelsen et al., 2010b



Analysis of developing barley caryopses
e

— Proteome — Metabolome |

Genome — | Transcriptome
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- high temporal correlation between transcripts and certain metabolites Zﬁgp
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Mangelsen et al., 2010a; Mangelsen et al., 2010b
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Genome — | Transcriptome |—— Proteome 4'} Metabolome

Diurnal regulated AND Heat stress regulated
Use the
Sucrose
hypergeometric anti-correlated
. . . 10520
distribution to 2078
expressed genes

check whether the on the array

overlap is

significant, or not!

Gene list overlap is a typical application to compute the probability of
occurrence by hypergeometric distribution.

Z l MBP

Mangelsen et al., 2010a; Mangelsen et al., 2010b



N is the population size
* mis the number of success states in the population 4 red > 4/13
* nis the number of draws

(i.e. quantity drawn in each trial) 2 blue >2/13
« X is the number of observed successes 4 have a white dot > 4/13

After sampling 4 balls from the bowl,
| gained 2 red ones! Was this expected on average?
Hyper.Dist. returns the probability (P,,,) of successes (x) in a sample (n),

without replacement, from a finite population (N), in which the total
number of successes is known (m).

1 Z l MBP




13 is the population size
» 4 is the number of success states in the population 4 red > 4/13
* 4 is the number of draws

(i.e. quantity drawn in each trial) 2 blue >2/13
« 2 is the number of observed successes 4 have a white dot > 4/13

After sampling 4 balls from the bowl,
I gained 2 red ones! Was this expected on average? P, , = 0.30
Hyper.Dist. returns the probability (Hyp P) of successes (x) in a sample (n),

without replacement, from a finite population (N), in which the total
number of successes is known (m).

12 Z l MBP




nalysi eveloping barley caryopse
T ——

Genome —>| Transcriptome |—— Proteome 4'} Metabolome

Diurnal regulated AND Heat stress regulated
Sucrose
« 10520 is the population size anti-correlated
« 2364 is the number of success 10520
states in the population 2ue expressed genes

720 is the number of draws
(i.e. quantity drawn in each trial)
286 is the number of observed successes

on the array

Are 286 genes a significant overlap between the two gene lists?

Answer:
Yes, a P,,, = 1,58 10/ supports a highly significant difference from what could
be expected on average.

Z l MBP
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Mangelsen et al., 2010a; Mangelsen et al., 2010b
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Genome — | Transcriptome |—— Proteome 4'} Metabolome

14
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Percentage

25;

10 520 expressed genes

* %

* *

956 upregulated B 1 122 downregulated

GO Molecular Function

Gene Ontology (GO) analysis > compare your gene-list-of-interest with

lists of genes with already known molecular function I %@
MBP

Mangelsen et al., 2010a; Mangelsen et al., 2010b



Genome —>| Transcriptome |—— Proteome 4'} Metabolome

metric data — significance

experimental validation o infer a mechanistic model
(e.g. logic connections)

ZIMBP
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Quantitative vs. quali’ra’rive ana\yses

Acquiring of quantitative data of subcellular processes with high spatio-
temporal resolution in living (plant) cells in their native tissue environment

| Dynamics: spatio - temporal resolution I

4 A Y

' high resolution

imaging A
Z | var

| Time course I
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Arabidopsis thaliana

AtGencxpress
\ 5 — first 4-dimensional transcriptome analysis
—~ — Cold (gene — time — stress - tissue)

— provides insights into gene expression
dynamics at high comparability between
UV-B light the stress treatments

Oxidative |
S 5
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S tissue (shoot)
E stress ,
Salt Osmotic / Time %@
stress stress tissue (root) Z | ver

Kilian et al., 2007



Transcriptome of the abiotic stress response in
Arabidopsis thaliana

A g .
2 &
ONode O 6}
X
Edge 0 tissue (shoot)
Node
time
tissue (root) Z | yep

Kilian et al., 2007 Wanke et al.,2009



1295 microarray experiments

AtGenrxpress

..was a multinational effort designed to uncover the transcriptome of the
multicellular model organism Arabidopsis thaliana

All 41 different experimental core-conditions have been finished in time:

Development

Biotic Stress Treatment
Abiotic Stress Treatment
Nutrient Experiment
Hormone Treatment

We contributed the abiotic stress experiments

Currently, there are more than 3000 highly comparable microarray
expression profiles in the database

Z | e
- The Arabidopsis Functional Genomics Network '



Franscriptome

MAP Kinase
second
messengers

transcription
factors

Regulatory networks of all genes (right)
or of a subset (left) help to derive
functional models

Wanke et al.,2009
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meoral resolu!non provu!es a !ynamuca' msug!! m!o slr'ess responses

?ranscriptome
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- including the time trajectory in regulatory network analyses
uncovers information flow and dynamics of stress responses

Z lMBP

Wanke et al.,2009




' DNA 1

protein-DNA interaction
protein-DNA interaction

«FRET-FLIM~
rlce Arabidopsis thaliana

IO Mo hog
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~<protein-DNA jnteractionoarey

D! &Y IFRET-FLIM spectro-microskopy FRET-FLIM, Arabidopsis thaliana

«Cis-regulatory elements variey ™
uiatory e Is-regutatory elements

rice tr-anscrip'gggnfactorSFREFFLH\-’l.Ap

barley [y I 1CE rice ™
A ‘“y b a r l.e FRET-FLIM

© cis-regulatory elements cis-regulatory elements

barley Spectr()- m | Cros kOE)Ly

protein-DNA interaction



My research interest: Gene expression control

Introns

transcrlptlon -start
ﬁ ATG
:-—/-—-\—d s —
dlstal proxmal \ E /

Promoter

Genome — Can we infer putative binding sites in genomes?

Gene expression
control is magic

Transcriptome - What are the effects of transcription
factor (TF) binding?

Proteome - Which are the TF binding sites in vivo?
- Which protein partners act together?

23



'Genome

transcription-start

| Cis |
distal proximal

T ]

Promoter
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ATG

24

cis |—

Berendzen et al., 2006
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istribution in promoters

Ge nome
TATAAA
. e
A. thaliana

25

0. sativa

D. melanogaster

A. thaliana
0. sativa

D. melanogaster

-15 kb ATG 15 kb
AAAAAA
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pazAjoub sa40Aup)na |0

Z IMBP



BPC proteins are plant GAGA-binding proteins

—
Genome

’ We identified unique GAGA-frequency characteristics in
' plant promoters by bioinformatics

GAGAGA

0. sativa WMMMMW

D. melanogaster i bl i sl i
-1.5 kb ATG 1.5 kb

A. thaliana

Interactome
g %
3 E
5 i3 § A
2 - yeast 1-hybrid screen Z | ner

Wanke & Harter, 2009; Berendzen et al., 2006, Santi et al., 2003



anTt an

enome

anima

— 0.05 changes
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97f —— AtBPC1

— AtBPC3

100

AtBPC7

99 — AtBPC4
AtBPC5
AtBPC6
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Ceratopteris richardii

Physcomitrella patens

acTrtors are unreilave

| dnoug

|| dnoig

B z- | o &Il

Psq
I eex
) BPCo

BTB/POZ coiled coil
n glutamine-rich (Q) helix-turn-helix
[ BBR/BPC specific B2 zinc finger

Although plant and animal GAGA-binding factors recognize GAGA-motifs,
they appear to be phylogenetically unrelated and functionally distinct

27

Wanke et al., 2011; Santi et al., 2003 Z l MBP



|nferacfome

| Question: Is the N-terminal Coiled-Coil domain important for homodimerization?

BPC6 ERDAJNTOERNLE I SEKKARVAERDMFLQRDTEN T AERNNET
C-Jun SRKRKLERIARPEEKVKTIKAQNSEASTANMIR EQVAQIIKQKVM

28

Use the available structural information of
c-Jun to derive a predicted model structure
for BPC6

Apply Molecular Dynamics simulations to
compare the different domains

Wanke et al., 2011 ZIMBP



A unique Alanine-zipper domain in BPC6

—
Interactome
Genome
C-Jun SRKRKLERIARLEEKVKTLKAQNSELASTANMLREQVAQLKQKVM
BPC6 ERDARIQERNIE I SERKAIWAERDMAFLORDTIATAERNNIAT
Physcomitrella 11 KEKAQMERERMOIEREKAQVE
Microcystis
Azorhizobium
Aspergillus :
Homo \K CRRDWIFQERDKI VAERD
Sus JOEQKEK

29

Answer:

* Yes, the CC-domain can form dimers that
are stabilized by salt bridges between the
monomers

* Molecular Dynamics simulations propose
that parallel dimers are formed.

Wanke et al., 2011 :ZIMBP



nieractome

Experimental validation: Is the model correct?
> Important functional implications for DNA-binding

parallel orientation anti-parallel orientation
- neighboring DNA-motifs - DNA-motifs on different
on the same strand strands of DNA %M@BP

30



Quantitative vs. quali’ra’rive ana\yses

Acquiring of quantitative data of subcellular processes with high spatio-
temporal resolution in living (plant) cells in their native tissue environment

| Dynamics: spatio - temporal resolution I

4 A Y

fluorescence | Time course I

lifetime A
imaging %Mﬁgp

31



Fluorescence Lifetime Imaging Microscopy (FLIM)

—
Interactome
81 _‘MLL, excited RFP-BPC6

state control

energy
]

emitted
fluorescence
photon

ground

&, state
So

GFP-BPC6

Green- and Red- fluorescent protein fusions
under UV excitation light

32 Wanke et al., 2011; Elgass et al., 2010 Z MBP



|nferacfome

energy

33

Fluorescence is not instantaneous:

Si" = . Excited state has a certain lifetime
o excited
7—%\ state
S1 TCSPC
(time correlated single photon counting)
VW, VN,

emitted
fluorescence
photon

v ground

i3 state
So

25ns
chromophore excited by short pulsed laser (~100 ps)

H stop-watch:
e starts with each laser pulse
stops with first detected fluorescence photon ~
Z l MBP

Wanke et al., 2011; Elgass et al., 2010



|nferacfome

in plasma membrane

13 IRF
> Decay
— Fit Fluorescence-decay shape depends
< 01 on the cellular environment!
© H
>
-% If possible ,acceptors’ are present,
< 0'01'5 the lifetime decreases
1E‘3 T v T ‘«q’&f@@ lO
40 50 60
Time [ns]

Time with detectable GFP signal AFTER the excitation light was switched off! l

Wanke et al., 2011; Elgass et al., 2010 Z l MBP




|nferacfome

B i
2,5
Gp,
Rou,, o 2
o’?}@b’ g .
:‘G__.) ’
g
O
0,5
)
o 0
BPCE. GFP-BPC6
fusion proteins
/ The closer donor chromophore and acceptor
777 . chromophore are positioned towards each other,
s /s the shorter will be the lifetime of the donor (GFP)
Q‘/OO o
Ve

Wanke et al., 2011; Elgass et al., 2010 Z l MBP
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|nferacfome

BPC6-RFP
GFP-BPC6

RFP-BPC6
BPC6-GFP

RFP-BPC6
GFP-BPC6

BPC6-RFP
BPC6-GFP

mCHERRY-NLS

BPC6-GFP

BPC6-GFP

e 41 =~®
@ =y,
e
@ =,
Y

e

D s
@ i

20 25

GFP-fluorescence lifetime [ns]

* FRET-FLIM validates that parallel homotypic dimers are formed in vivo
* First experiment to study protein conformation in a living eukaryote cell

36

Wanke et al., 2011; Elgass et al., 2010 Z l MeP



WHY is that an Interactome? - FLIM data is generated for
all pixels (‘Pixelome’)
Pixelome

’ All GFP-lifetime data of all pixels of a spectro-microscopic image |

The pixel-wise information of an image is a
qualitative ‘'ome’ already!

P
| .
W

i /4
a4

Z_ Z
77
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pixel-wise FLIM is an Pixelome’ OMICS

—
Pixelome

All GFP-lifetime data at all pixels of a spectro-microscopic image l

1.
&l g
. 2 0.14
&] =
§%)
[
. 2 0.014
& =
N
N 1E-3+1— - -
\ 40 50 60 70
\ Time [ns]
\ ,
—_ t=1.4 ns
-]
‘25. 0.14
P
§7)
C
~ 2 0.014
£
. 1E-3+1— . - : \
40 50 60 70
Time [ns] Z | wer




pixel-wise FLIM is an Pixelome’ OMICS

—
Pixelome

Pixel-wise comparison between different fluorescence signal of the same image l

\
\

Comparison of quantitative

fluorescence information

between different channels

> spacial signal information

> lifetime (LT) changes in
microdomains

> in vivo interaction data

s ||

5
:
3

V.

y
y
ZH

Z.MBP
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Spatial analysis of protein - protein interaction by FLIM

GFP-CUC2
RFP-TIFY1

Quantitative analysis of
donor-fluorescence lifetime in vivo

[siunlsiueag

4=m no interaction

s
@
@
-+
E
=
=
E]
@

=
=
o

A

GFP-BPC6
RFP-LHP1

[siunlsiueag

> spacial signal information LT change in the

> lifetime (LT) changes in
microdomains
> in vivo interaction data

nucleolus, LHP1

s
@
@
-+
E
=
=
E]
@

=
=
o

A

4mm BPC6 and LHP1 interact
in the nucleoplasm

z MBP

.




nieractome

Question: Are there more proteins interacting with BPC6?

Answer: Yes!

41 Wanke et al., 2011; Elgass et al., 2010 ZIMBP



Group IT BPCs interact with LHP1 and VRNZ2 and others...

nteractome
BPC6-GFP BPC1ADBD

-GFP
GFRenergy
transfer ' ——
\2

G‘pp

“@* .
O

GFP fluorescence lifetime [ns]

FLIM uncovered that a larger BPC6 dependent complex exists in the nucleoplasm:
LHP1 (part of PRC1) and VRN2 (part of PRC2) associate with BPC6 in vivo

42 Wanke et al., 2011; Hecker et al., 2015 ZIMBP




@@m PRC1 and PRC2 are involved in gene silencing

active gene

PRC2 @ Drosophila Arabidopsis

recruitment
@ PRC2 %
Ny

_
R

:
T

H3K27me3
setting 4 - M
tri-methylation PRC1
mark w

R
T4

PRC1 PRCS

Our data suggest a role for BPC6 in gene silencing via
Histone 3 trimethylation (H3K27me3)

Hecker et al., 2015
repressed gene 43



nieractome

Question: Does BPC6 recruit LHP1 to GAGA-motifs? I

,His GFP
Lpy - o AT

e

LHP1
BPC I1

Recombinant LHP1-His and GFP-BPC6 are extracted from E.coli
> DPI-R-ELISA (DNA-Protein-Interaction - Recruitment-ELISA)

44 Hecker et al., 2015 Z l MBP




|nferacfome

Iquantitative readout! I |qua|itative only! |
| | | | | |

488nm 510nm substrate light

U

Recombinant LHP1-His and GFP-BPC6 are extracted from E.coli
> DPI-R-ELISA (DNA-Protein-Interaction - Recruitment-ELISA)

45 Hecker et al., 2015 Z l MBP




|nferacfome

GFP-BPC6

GFP-fluorescence

LHP1-His

luminescence

GAGA-probe
GACT-probe

substrate light

A

GFP-BPC6 binds GAGA-motifs

GFP-BPC6 is required for LHP1
recruitment to DNA

GFP-BPC6
LHP1-His
empty His-vector

Hecker et al., 2015 ZIMBP



nteractome

|Answer: Yes, BPC6 is sufficient to recruit LHP1 to GAGA-motifs. I

47 Fischer et al., 2016 Z l MBP



Rosetta@home

roteome gg Protein Folding, Design, and Docking

Rosetta (David Baker Lab) uses all available data on protein structures to
identify ‘lead’-signatures for the de novo model structure prediction.

Question:

Can we propose a structure for the DNA-binding

domain that consolidates our data on the
Interactome (protein-DNA, dimerization)
Genome (GAGA-distribution)?

48 Theune et al., 2017 Z MBP



Rosetta@home

roteome gg Protein Folding, Design, and Docking

Answer:

Yes, a conclusive model structure was derived for BPC-DNA-binding domains
The DNA-binding domains were proposed to interact strongly via disulfide bonds

49 Theune et al., 2017 Z | wer




roteome

Rosetta@home

Protein Folding, Design, and Docking
Question: Are the disulfide bonds important for DNA-binding? [%"

Inter- and intramolecular disulfide binds are formed I

50

BPC1
BPC1_
BPC1_
BPC1_
BPC1_
BPC1_
BPC1_

BPC1_
BPC1_

1 185 218 283
_I- _

mutl _1_-
mut2 —_
mut3 _I_-_
mut4 _I)_
mut5 _A -'—:
mut6 _'0'0'—:
DBD N —
short ! ; —

Theune et al., 2017 Z | e



roteome

’ Question: Are the disulfide bonds important for DNA-binding? |

roteomics using

300 d
EZSO I
3 K4
_E 200 [ Kneg
|
150
E * c e b
£ 100 b
§ 50 [ _I—l T : :
fﬁ o (e IL wir ol ]
BPC1 BPC1_ BPC1_ BPC1_ BPClL_ BPCI_ BPC1_ BRC1_ BPCI_ BL21
mutl mut2 muts mut4 muts muté DBD shert
Answer:

goritnm
@

RggoigtﬁEmag, Desig!.,‘ag mcis

1 185 218 283
BPC1 ' 1. —
BPC1_mutl | i - —
BPC1_mut2 i 1 e —
BPC1_mut3 | 1 > cm—
BPC1_mut4 i TR
BPC1_mut5 | >4 > m—
BPCL_mut6 i > o e am—
BPC1_DBD : N —
BPC1_short : —

Yes, they modulate binding specificity, but do not contact the DNA-bases directly.
Deletion of all five Cysteins did not prevent GAGA-motif binding.

51

Theune et al., 2017

Z l MBP



Meta-Proteomics using the Rosetta-Algorithm

Proteome
Question: If not the Cysteins are making contact with the DNA,

Qg Protein Folding, Design, and Docking
WhICh residues might bind to GAGA-motifs then?

1 185 270 283
BPC]. | | 1N _
BPCI-TIK | _
BPC1-WARH = :

Theune et al., submitted

52



g a-Algori

Rosetta@home

roteome Protein Folding, Design, and Docking
Question: If not the Cysteins are making contact with the DNA, %

which residues might bind to GAGA-motifs then?

I

100
1 185 270 283 < l ) K4
BPC1 ' 11— 9 801 1 W Kneg
BPC1-TIK ' o — 560
! 1w - 5
BPC1-WARH 5 P < 40 | I
e Sa Hi
-
BPC1-TIK®
Answer:
The very N-terminus with its conserved WAKHGTN and TIK peptide signatures is
required for GAGA-motif recognition. A
53 Z MBP

Theune et al., submitted



enome

Emboth e=TC == GA

| GAGA-motifs are significantly enriched close to the translation start site! I

54 Hecker et al., 2015 Z l MBP
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Biological relevance of our findings

Mutants in transcription factor genes exhibit differences in development l

Control Ihpl-4 bpc4 bpc6 lhpl-4
bpc4 bpc6




Col-0

Biological relevance of our findings

lhp1-4
bpc4
bpcé

s 111/
YT IL]]

nw”"’..

Ihp1-4 bpc4 bpcb

111l

Scm

Hecker et al., 2015 Z | mgp
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Biological relevance of our findings

I'I'ranscriptome

Strong developmental defects! ‘

Control lhpl-4 bpc4 bpc6 lhpl-4
bpc4 bpc6

———> Transcriptome (microarray) analysis to understand what is wrong!



ranscriptome
bpc4 bpcé lhp1-4 bpc4 bpcé Ihp1-4 bpcd bpcé Ihp1-4

all regulated
genes

H3K27me3

bpc4 bpc6 lhpl

bpc4 bpc6 Ihp1 bpc4 bpc6 Ihp1

Problem:
The hypergeometric distribution works only between two gene lists and their overlap.
But not for 3! - 3 consecutive analyses

Hecker et al., 2015 ZIMBP



ranscriptome
bpc4 bpcé lhp1-4 bpc4 bpcé Ihp1-4 bpcd bpcé Ihp1-4

all regulated
genes

bpc4 bpcé hp1 bpc4 bpcé Ihp1 bpc4 bpcé Ihp1

H3K27me3

* more induced genes in the mutants > function as repressor proteins
* repression coincides with already known repressive H3K27me3 marks A
z MBP

Hecker et al., 2015



VRN-PRC2

?
( MSI1

H3K27me3

BPC6 recruits LHP1 to Polycomb-repressive
element (PRE)-like GAGA-Motifs
Hecker et al., 2015 ZIMBP




IEenome - Interactome

» two replicate libraries from BPC6-expressing plants
* single end reads
« ~ 50 Mio analyzable reads each

Isolation of Sequencing
— —

target DNA by NGS

——)> Interactome (ChIP-seq) analysis to identify direct target genes!

Z IMBP
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nteractome
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GFP-BPC6

MGFP control
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e we could identify 4032 unambiguous peaks that coincide with GAGA motifs |

Shanks et al., 2018

Z l MBP



ranscriptome - interactome

A bpc4 bpc6  Ihp1-4

all regulated
genes

Ihp1-4 bpc4 bpc6

| microarray I

bpc4 bpcé Ihp1-4

all regulated
genes that are
direct targets

Ihp1-4 bpc4 bpc6

ChiIP-seq I

e significant overlap between expression in the triple mutant and ChIP data
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Transcriptome
(@  NaoH 50 nM BA (b) 6
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z
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- i e i
Q E Q ‘g Owt O bpe1,2 W bpc1,2,3
® 3 B O bpcd, 6 @ bpc1,2,4,6 O bpc1,2,3,4,6
l l l W bpc?,2,3,4,6,7 O ahk2,4
| Transcriptome (RNA- seq) Answer:

Mutants with multiple loss-of-function mutants in
BPC genes are less sensitive to a the plant hormone
Cytokinin. Involvement in hormone homeostasis!

Shanks et al., 2018




Transcriptome
WT cytokinin bpcl,2,3,5,6 cytokinin
response response
genes genes
692
1312*
(c)
S
s
[&]
ke
2
Answer:
Mutants with multiple loss-of-function
mutants in BPC genes are less sensitive to a 0 ACS7 ARRT2 ATL78 MYCZ

the plant hormone Cytokinin.
Involvement in hormone homeostasis!

Shanks et al., 2018

BwT

B WT BA

O bpc1,2,3,4,6

O bpc1,2,3,4,6 BA

Z l MBP



cytoKinin response genes

ranscriptome - Interactome

bpcl,2,3,5,6 BPC6 target

RNA-seq genes

DEG ChlP-seq
307

% 2794 o

41* &

Z

va

124* 170*

ChlP-seq

ARR10 target genes
ChIP-seq (Zubo etal., 2017)

Answer:

bpc1,2,3,4,6 BA

BPC6 Peaks

ARR10 Peaks BA

WRKY39 ANNAT3
= E— () 7(0) “IEEIE-
WT
WT BA
bpc1,2,3,4,6

1kb

Differentially expressed genes (DEGSs) in the mutant are not direct targets of BPC6. But
a subset of hormone responsive genes are targeted by ARR10 (cytokinin signal
integrator) and BPC6 simultaneously.




enome

BPC6
targets
(NGS)

2435000

Ref. bp
119146348

Answer:

nteractome

9018486

2016)

! I
H3K27me3 (NGS)
(Molitor et al.

4210045

“ 5

2
/.:i‘y"‘y
-
G
.
. Z -
.

2z
e

2

.

LHP1 targets (NGS)
(Molitor et al., 2016)

GAGA
(Genome)

Yes, about 25% of the sequences are targeted simultaneously!

MBP
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360 kb
|

gene model

BPC6 target

LHP1 target

AT1G02030.1

H3K27me3
GAGA-motif
TCTC-motif

AT1G02040.1

AT1G02060.1

AT1G02065.1

Answer:

Yes, about 25% of the sequences are targeted simultaneously!




at about bpc-dependent gene expression?

—
G

enome - Transcriptome - Interactome

Tigf4p6348 LHP1 target
(Molitor et al., 2016)
4210045
BPC6 2933591 GAGA
targets
Answer:
DEGs are not targeted by neither
BPC6 or LHP1, nor regulated by
H3K27me3 and are not associated
with GAGA-motifs.
i H3K|27me3 9018486 1320145 bpcl,2,3,4,6
(Molitor et al., 2016) mutant

(Shanks et al., 2018) Z| yer



1295 microarray experiments

AtGenrxpress

E

_ The Arabidopsis Functional Genomics Network



bpc4 bpcb

lhp1-2

bpc4 bpc
lhp1-2

SA regulated

GA regulated

GFP-BPC6 targets

GFP-BPC6 targets

24747
all genes

bpc4 bpcb
lhp1-2

GFP-BPC6 targets

MJ regulated

bpc4 bpcb
lhp1-2

GFP-BPC6 targets

IAA regulated

ZIMBP
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bpc4 bpcb
lhp1-2

GFP-BPC6 targets bpc4 bpcb
lhp1-2

165

4214 4241

9

69 42

BL regulated BL signaling

GFP-BPC6 targets

Answer:

ALL known brassinosteroid signaling components are targeted
by BPC6 in vivo! This finding is exclusive for brassinosteroid and
not found for any other hormone signaling pathway!

The use of brasinosteroids as a plant hormone has evolved
‘recently’ in land plant evolution!

Z l MBP



very different levels!
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Answer:

ALL known brassinosteroid signaling components are targeted
by BPC6 in vivo! This finding is exclusive for brassinosteroid and
not found for any other hormone signaling pathway!

The use of brasinosteroids as a plant hormone has evolved |
‘recently’ in land plant evolution! %@
Z MBP




BL-dependent signaling processes in the cytosol

BRI1
<
o
plasmamembrane

. |nh|b|t|on of
. — @~
in the presence of BL,
BZR1 and BES1
are not degraded

and can enter the

nucl
absence of BL ucleus

degradation of / \
PIF4, BZR1 and
BES1 in the .

Z l MBP



very diffterent levels!

e

BL-dependent signaling processes in the nucleus I

n

uclear envelope

-~

~

—

\_BR-repressed genes

AR

Ve

L BR-activated genes

4
/ ) MYB30
e, < )

\ BR-repressed genes )

_MAMP-controlled defense  { BR-activated genes

e Tnpartlde regulatory growth & immunity module

~

N

J

.< BZR1 ) BZR1

Integration of BL, auxin, *
GA and light signaling

-

Root branching

\_ABA signals - germination )

Z l MBP



e take-home-message
—

Combined ‘Omics’ analyses are a powerful resource of in functional biology! |

* Integration of novel quantitative interactome methods
(protein-DNA or protein-protein-.... interaction) is highly desirable

* Try to apply simulations to gain novel insights into the functional
mechanistic of your research object

* Be clear in the scientific questions you are asking
and check whether your experiment will provide you with an answer

* don’t stay with significance — validate your results independently!
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