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2. Introduction

Transcriptional programs regulate the expression of distinct subsets of genes in different cell types and under 
changing environmental conditions. While the mechanisms of transcriptional activation are the subject of many 
previous and ongoing studies, how transcription is repressed is poorly understood. However, the actions of both 
opponents – activators and repressors - are crucial for the maintenance of transcriptional programs. 

Transcriptional repression is mediated by DNA-binding repressors that contain repressive domains (RDs), which 
recruit co-repressors (CoRs), such as Groucho or CtBP and it has been shown that RDs alone are sufficient to 
mediate repression when tethered to a reporter. However, neither the identity nor the properties of many RDs are 
known, nor have the respective CoRs been identified.
 
In order to systematically identify RDs, we developed a high-throughput next-generation sequencing-based method 
called Repressive Domain-sequencing (RD-seq). RD-seq identifies various RDs in a comprehensive pool of short 
candidate fragments. These domains are part of known repressors, but also proteins that have not been identified as 
transcriptional repressors so far.

To further dissect the ways by which different groups of RDs lead to transcriptional repression, we will analyze RD 
sequences and determine the CoRs they recruit.
 
Altogether, I expect my PhD project to reveal distinct types of RDs, their sequence characteristics and CoRs. This will 
not only improve our understanding of repression but also lead to a more comprehensive picture of gene regulation 
in general. 

Transcriptional repression is mediated 
by DNA-binding repressors (R) that 
recruit non-DNA-binding co-repressors 
(CoR). 
Interestingly, repressors are modular and 
consist of a DNA-binding domain (DBD) 
and a repressive domain (RD). Different 
studies have shown that RDs alone 
tethered to a transcriptional reporter for 
example through the Gal4-UAS system 
are sufficient to mediate the repression 
of this reporter.

A)

B)

A)

A) RD-seq: Candidate fragments are integrated into a library with the 
Gal4-DBD (Gal4). Drosophila S2 cells stably expressing GFP driven by 
an enhancer and a core-promoter (CP) with upstream UAS sites are 
transfected with the library. GFP-negative cells in which the GFP 
expression is repressed and GFP-positive cells are sorted by FACS 
and the enriched fragments in each fraction are identified by 
next-generation sequencing (NGS). The mRNAs of RDs are enriched 
in the fraction of GFP-negative cells.
B) The candidate library consists of 200,000 fragments tiling the 
transcripts of 1,000 transcription-related Drosophila melanogaster 
genes. If a short RD is present within a protein it might be present in 
several of the 50 amino acid long candidate fragments.

4. Hits of RD-seq screens 

B)

A) UCSC genome browser tracks for the 
factor engrailed. Black bars resemble 
the entire transcripts. The normalized 
candidate fragment coverage from 
GFP-negative (top) and GFP-positive 
(bottom) cells is shown. Called RDs are 
indicated as red bars and correspond to 
an enrichment of candidate fragments in 
GFP-negative cells. 

B) RD-seq detects 132 different RDs. A 
majority of these hits are domains of 
known or putative repressors, but the 
screen also reveals RDs in other 
proteins not reported as repressors until 
now. 

5. Validations of RD-sequencing hits

A) RD-seq hits are validated by expressing Gal4-RD fusions in the same reporter cell line used for the 
screen and subsequently monitoring changes in the GFP signal by flow cytometry.
B) Using flow cytometry we can observe a decrease of the cell population’s GFP signal when the RD of 
engrailed (en) is tethered to the reporter in comparison to a control cell population expressing an empty 
Gal4 construct. 

Gal4
-em

pty
ADD1 en

CG15
26

9
brk

sh
n-R

D1
sn

a cb
t lid ham hkb pps

sh
n-R

D4 tio

Glut4E
F

Parp

Kr-h
1-R

D1

CG42
74

1

mip13
0

ye
m-R

D2
trs

n
0

5

10

15

20

25

30

FC
 re

pr
es

si
on

Gal4-RD fusions

17 of 20 tested RDs validate

6. Discovery of conserved peptide motif within RDs

A) Using the MEME motif discovery tool, we found short peptide motifs enriched in the RD-seq hits. The EH1 and the PXDLS motifs have been 
reported in the literature to recruit the CoRs groucho and CtBP, respectively.
B) Validation experiments for the wild type RDs an RDs with mutated EH1 or PXDLS motifs confirm the requirement of these motifs for the activity 
of the respective RDs.

7. Outlook
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In the future, we will perform RD-seq 
with reporter cell lines utilizing 
different enhancer promoter 
combinations driving GFP 
expression. 
We expect this to reveal global as 
well as context specific RDs that 
differ in their sequence features, for 
example regarding conserved 
peptide motifs, and in the CoRs they 
recruit. 
We plan to identify these interaction 
partners of RDs using 
immunoprecipitation followed by 
mass spectrometry analysis.

Aims of the PhD project:
1)  Identify and classify RDs.
2)  Explore their repressive mechanisms by identifying RD interaction partners.

C) The strength of an RD is shown as the Fold change (FC) of repression calculated as the offset of the medians of the GFP signal 
between the RD and the control.
D) With this validation strategy we validated 17 out of 20 tested RDs that show diffferent repressive strengths. Two validated RDs 
lie within uncharacterized Drosophila proteins.
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