
Post-transcriptional gene regulation by 
Polycomb and Trithorax group genes



Homeotic genes and Drosophila melanogaster development

Body patterning in D. melanogaster is controlled by Hox genes

Antennapedia and Bithorax complexes are gene clusters that encode a series of 
homeotic genes (Hox genes). Hox genes are powerful transcription factors.

Hox genes show body segment specific gene expression and are essential to define 
the gene expression patterns of each body segment
- Expression is specific in the larvae but also
- in the body segment that has been developed from the larval segement
Mutation of Hox genes cause characteristic developmental defects in the body 
segment that lack hox gene expression

Homeotic transformation:  a normal body part is replaced by a 
body part which is regularly found in other regions.

Colinearity – poterior/anterior gene arrangement
corresponds with posterior/anterior gene expression

(conserved in vertebrates – Hox gene cluster)



Polycomb group genes were first defined in Drosophila melanogaster

T2 wings
T3 halteres

Ubx controls formation of halteres 
Loss of Ubx expression à Antp ectopically expressed in T3 à wing formation induced

Homeotic genes and Drosophila melanogaster development



Wild-type
fly

Ectopic expression of antennapedia (using 
another promoter)

in the larval segment that gives rise to 
antenne

Homeotic transformation:  a normal body part is replaced by a 
body part which is regularly found in other regions.

Homeotic genes and Drosophila melanogaster development



Polycomb group genes were first defined in Drosophila melanogaster

Wild-type
fly

Ectopic expression of antennapedia
in the larval segment that gives rise to antenne

Homeotic transformation:  a normal body part is replaced by a 
body part which is regularly found in other regions.

Antennapedia activates the “leg” gene expression program in the antenne

HOWEVER: 

Other fly mutations were isolated that did not impact on Antennapedia or 
Bithorax complexes but caused homeotic transformations!!!

Colinearity – poterior/anterior gene arrangement
corresponds with posterior/anterior gene expression

(conserved in vertebrates – Hox gene cluster)



Mutations in Pc (Polycomb) and other related genes results in aberrant expression of abdominal B in larvae

Polycomb (Pc) is required to limit the gene expression of Hox genes to the relevant larval segment

à Pc does represses Hox genes in segements where respective Hox gene shoulds not activate its 
respective gene expression program

à Pc is expressed in many segments
à Pc is  not the only gene that has this function: several gene that similar phenotypes were grouped 

together:  POLYCOMB GROUP GENES (PcG)

à IMPORTANT: Pc mutations can recapitulate a gain of function phenotype of a Hox gene

Discovery of mutations that are not located in Hox genes, but cause homeotic transformations



Wild type

Mutation in 

Antennapedia

gene

Su(z)12 mutant (polycomb group gene)

with antennapedia phenotype

Polycomb mutants recapitulate

Hox gene mutations

PcG mutations can recapitulate a gain of function phenotype of a Hox gene

Wild-type

fly

Ectopic expression of antennapedia

in the larval segment that gives rise to antenne

LEG

Important:

PcG phenotypes

are complex, several

body segements can be 

affected.

à PcG group proteins 

regulate many genes and 

maintain gene expression 

programs in different 

segments

PcG group genes are key 

regulators of gene 

expression that repress 

silence genes on the 

epigenetic level

Polycomb group genes

are highly conserved!



Polycomb group genes are conserved regulators of development in vertebrated

Homeotic transformation of vertebrae:
Ring 1A-/- mice (PcG gene)

8 instead of 7 vertebrae

Polycomb group genes are key regulators of
- Development
- Disease



Polycomb group genes are conserved in evolution

DNA binding

Polycomb
repressive 
complex 2

(PRC2)

Polycomb
repressive 
complex 1

(PRC1)

Epigenetic writers



PcG loss of function gives complex phenotypes, many PcG genes have been discovered in mutational screens

à might function as complex?

HOW CAN I PURIFY THE POLYCOMB PROTEIN IN A COMPLEX??

PcG mutations can recapitulate a gain of function phenotype of a Hox gene



Polycomb complexes induce histone modifications

H3K27me3
Mediated by

EZH1 or EZH2 
(EZH2 is more

important; EZH1 has rather low expression)

TRANSCRIPTIONAL
SILENCING BY:

PRC2 – Polycomb repressive complex 2



PRC2 – Polycomb repressive complex 2

PCL: an ESC  like gene
à Enhances the trimethlation of H3K27

PRC2 imposes H3K27me3, however the 
direct structural impact of H3K27me3 on 
chromatin structure is not known.

H3K27me3 form a platform for binding of 
EED à entire PRC2 complex is stabilized 
àEZH induces more H3K27me3 à self re-
inforcing loop

à Heredity of gene silencing

à H3K27me3 is also a binding platform 
for PRC1 complex

UTX is a de-methylase of the TRITHORAX group
à Antagonism Polycomb - Trithorax



Polycomb complexes induce histone modifications

ubH2AK119 and ubH2AK118
Mediated by

Ring1a/Ring1b Ubiquitin ligases

Heterogeneity of PRC1 complex components
TRANSCRIPTIONAL

SILENCING “MEASURABLE” BY:

Posterior sex comb - PSC
Polycomb – PC
Polyhomeotic – PH
Sex combs extra - SCE

Uniform complex Multiple exchangeable
subunits



PRC1 – Polycomb repressive complex 1

PRC1 is recruited byH3K27me3
à PRC1 restricts access of RNA Pol II and 

SNI/SNF chromatin remodeling complexes à
impede gene activation.

Role of ubH2A118/119:
- Inhibit the recruitment of the FACT chromatin 
remodeling complex

The PSC/dRING containing dRAF complex
dRAF complex contains PRC1 proteins and the 
KDM2 jumonji domain protein
- dRING makes ubH2AK118/119 
- KDM2 demethylates H3K36me; Kis7 looses 
access

à Antagonism Polycomb – Trithorax
TRX and ASH1 place active methylation marks; Kismet-L binds 

active methylation mark and stimulates transciptional
elongation

H3K4me4

The FACT complex has been shown to destablilize the interaction between the H2A/H2B 
dimer and the H3/H4 tetramer of the nucleosome, thus reorganizing the structure of the 
nucleosome. In this way, the FACT complex may play a role in DNA replication and other
processes that traverse the chromatin, as well as in transcription elongation.



PRC2 and PRC1 gene silencing is highly relevant for gene expression
on the entire genome level

D. Melanogaster polythene chromosomes

Un cromosoma politenico è un cromosoma gigante. I 
cromosomi politenici si formano in seguito a vari cicli
di replicazione che producono molte copie (anche
centinaia) di cromatidi fratelli che rimangono uniti.La
formazione dei cromosomi politenici ha la funzione
di aumentare il volume cellulare ma può anche
comportare un vantaggio metabolico dato che
l'elevato numero di copie di geni permette un alto 
livello di espressione genica. In Drosophila 
melanogaster, per esempio, i cromosomi delle
ghiandole salivari delle larve subiscono numerosi cicli
di endoreplicazione, e questo consente di produrre
grandi quantità di secreto prima dell'impupamento.



PRC2 and PRC1 gene silencing is highly relevant for gene expression
on the entire genome level

D. Melanogaster chromatin map
PSC and PC locate in regions with no H3K4me3: inactive monovalent chromatin à no RNA expression

PSC and PC locate in regions with H3K4me3: inactive bivalent chromatin à no RNA expression

PSC and PC locate excluded from regions with H3K4me3: active monovslent chromatin à RNA expression



MECHANISMS OF POLYCOMB GROUP GENE- DEPENDENT SILENCING

1. PRC1 induces a stalling of RNA Polymerase at promoters of Polycomb target genes (in drosophila)

What is a stalled RNA Polymerase II?
- Replication, transcription, and translation stress lead to stalling of respective polymerases
- When stalling at promoters, RNA Polymerase produces a significant amount of short ncRNAs –> detectable by RNA-Seq
- Important: Overlapping RNA-Seq data and Polycomb ChIP seq revealed that many PRC1 target genes produce short 

ncRNAs from promoters à PRC1 stalls RNA Pol II

RNA Pol II stalling: production of ncRNAs from
PRC1 target gene promoters

Transcription elongation is not a smooth ride along the DNA railway. For proofreading, the polymerase is made to back-
up, erase some of the RNA it has already made and have another go at transcription. In general, RNA polymerase does
not transcribe through a gene at a constant pace. Rather it pauses periodically at certain sequences, sometimes for 
long periods of time before resuming transcription. In extreme cases, for example, when the polymerase encounters a 
damaged nucleotide, it comes to a complete halt. More often, an elongating polymerase is stalled near the promoter. 
Promoter-proximal pausing during early elongation is a commonly used mechanism for regulating genes poised to be 
expressed rapidly or in a coordinated fashion. 



MECHANISMS OF POLYCOMB GROUP GENE- DEPENDENT SILENCING

2. PRC1 induces chromatin compaction (aggregation)

Purified nucleosomal arrays incubate with recombinant polycomb proteins
à Arrays are compacted

CBX2



PRC2 recruited by PRE (polycomb responsive elements)
àmediates H3K27me3à PRC1 recruitment

à silencing of promoter

PRC2 recruited by PRE (polycomb responsive elements)
àmediates H3K27me3à PRC1 recruitment à loop
àFormation à exclusion of RNA-Pol (silencing)

PRC2  is recruited by DNA elements (polycomb responsive elements)
that are localized in vicinity of promoters

MECHANISMS OF POLYCOMB GROUP GENE- DEPENDENT SILENCING

3. PRC2 - PRC1 induces chromatin looping – RNA polymerase exclusion



PRC2 is essential for gene expression control in development/differentiation/disease

mES: mouse embryonic stem cells
MEFs:Mouse embryonic fibroblasts
NPC: neuronal progenitor cells



HOW ARE PcG PROTEINS RECRUITED TO TARGET GENES? – POLYCOMB RESPONSE ELEMENTS 

Polycomb repressive complex 1/2 interacts with defined DNA sequences = PRE Polycomb responsive elements

PRE elements were discovered in Drospophila à enrichment of PRC1/2 components at PRE sites

PRC2 and PRC1 components do not have DNA binding domains

PRC2 and PRC1 interact with specialized PcG group proteins that bind PREs
D.melanogaster: PHO Pleiohomeotic; PHO-L Pleiohomeotic like à form PhoRC complex

PhoRC complex at app 45% of all PRC1/2 target genes; other sites: PRC1/PRC2 interacts with other DNA binding proteins



Polycomb group genes are conserved in evolution

DNA binding

Polycomb
repressive 
complex 2

(PRC2)

Polycomb
repressive 
complex 1

(PRC1)

Epigenetic writers

PRE BINDING PROTEINSMammals: Function in PRC 
recruitment debated



PREs have many binding sites  for certain TFs – not only for Pho/Phol

PREs consist of modules of sequences that
can recruit multiple transcriptional regulators 
that interact
Polycomb group proteins.

The set of transcription factors available for 
binding to
PRE elements is defined by the cell-identity 
(gene expression
Profile of the respective cell) 

(NOTE: also TrxG proteins can be found at 
PREs)

A. DNA motifs shown to be important for PRE/TRE 

function, bound by specific proteins

B. Motifs are short an occur frequently in 

regulatory regions of random genes. Many of 

these motifs are important for regulating genes

that do not have PRE/TREs, for example the 

Drosophila white gene which is regulated by the 

Zeste protein (600 bp of upstream regulatory

region are shown). These motifs are also short 

and occur randomly in DNA, such as in the 

bacterial LacZ gene (the first 600 bp of the 

coding sequence are shown). 

C. PRE/TREs have different combinations of 

motifs, with no preferred order or number. 

Shown here are ~600 bp of the bxd and Fab-7 

PREs from the Drosophila Bithorax complex, 

and of PRE/TREs from the Drosophila engrailed

(en), vestigial (vg) and homothorax (hth) loci. 

Grey boxes show minimal PRE/TREs where

these have been defined (Dejardin et al., 2005; 

Brown et al., 2005). Flanking sequences contain

additional motif clusters which may contribute

to the function of these PRE/TREs in their

endogenous context.



HOW ARE PcG PROTEINS RECRUITED TO TARGET GENES? – POLYCOMB RESPONSE ELEMENTS 

(1) PREs attract H3K27me3, 
(2) A PRE forms a new binding site for PcG proteins when 

inserted at a new location within the genome, and
(3) they confer PcG-based repression to a reporter gene.

Classic PRE elements are composed of several motifs, identified by matematical prediction and need 
experimental validation

MINIMAL CRITERIA FUNCTIONAL RELEVANT PRE ELEMENTS:

Drosphila



Pho RECRUITS POLYCOMB PROTEINS TO DEFINED GENES

Un cromosoma politenico è un cromosoma gigante. I 
cromosomi politenici si formano in seguito a vari cicli
di replicazione che producono molte copie (anche
centinaia) di cromatidi fratelli che rimangono uniti.La
formazione dei cromosomi politenici ha la funzione
di aumentare il volume cellulare ma può anche
comportare un vantaggio metabolico dato che
l'elevato numero di copie di geni permette un alto 
livello di espressione genica. In Drosophila 
melanogaster, per esempio, i cromosomi delle
ghiandole salivari delle larve subiscono numerosi cicli
di endoreplicazione, e questo consente di produrre
grandi quantità di secreto prima dell'impupamento.



Vertebrates

HOW ARE PcG PROTEINS RECRUITED TO TARGET GENES? – POLYCOMB RESPONSE ELEMENTS 

PREs are ill defined in vertebrates: a ”consensus PRE site” does not exist

Polycomb proteins accumulate around gene promoters

PRC2/PRC1 target sites can be defined by ChIP Seq

Often  YY1 co-localizes with PRC1/2; however there is no defined mechanism that explains PRC1/2 complex recruitment
to PRC1/PRC2 target genes à multiple transcription factors can interact with PRC1/2 (i.e. OCT4)

PRC1/2 Recruitment:

- TRANSCRIPTION FACTORS (Repressors)
- ncRNA COMPONENTS 
- YY1?
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HOW ARE PcG PROTEINS RECRUITED TO TARGET GENES? – POLYCOMB RESPONSE ELEMENTS 

A LINK BETWEEN H3K27me3 – PRC1 – PRC2 – CpG DNA METHYLATION

In self-renewing embryonic stem cells

CpG islands show low DNA methylation but
are enriched for H3K27me3

During differentiation most H3K27me3 CpGs
gain DNA methylation 

PRC2 interact with DNMTs (IP)

MODEL: H3K27me3 (PRC1/2) at CpG islands
of bivalent genes mediate
the inactivation of the gene  by DNA methylation
during differentiation 



Recruitment of PcG proteins by ncRNAs

- Xist RNA: Vertebrate X chromosome inactivation

- HOTAIR lncRNA in human cancer

- lncRNAs in genomic imprinting



DOSAGE COMPENSATION IN VERTEBRATES: X chromosome inactivation (XCI)

rox lncRNA

Xist lncRNA - POLYCOMB



X chromosome inactivation = process of dosage compensation of X-linked gene expression in vertebrate species

PRC1/2 CAN INTERACT WITH ncRNA

Female Cell Female Cell

- X-linked Xist gene transcribes Xist
ncRNA that localizes along X-
chromosome

- Xist marks the territory of the 
inactive X chromosome

- Xist recruits as first step during XCI 
PRC2 and PRC1

- Silencing of most genes on 
inactive X chromosome

- RNA PolII excluded from Xist
territories



PRC1/2 CAN INTERACT WITH ncRNA

Xic: (X inactivation center)
Encodes a series of ncRNAs that are involved in choice and silencing of one specific X chromosome. 
Xist is upregulate from one of the 2 X chromosomes and drives the silencing of an entire (most) X chromosome

In vivo: Blastocyste stage
In vitro: Studied in cells that correspond to the blastocyst stage = embryonic stem cells:
- Differentiating female embryonic stem cells (endogenous Xic) or 
- Male embryonic stem cells that carry an inducible Xist transgene on autosome (inactivation by Xist occurs on 

autosome) 



PRC1/2 CAN INTERACT WITH ncRNA

Xist and PRC2

Inner cell mass = epiblast cells: BOTH X chromosomes are active in female cells
Embryonic stem cells are cultivated from the inner cell mass and contain active X chromosome chromatin

Xpi Xma Xpa Xma

Xpi Xma or Xma Xpi

Model systems to study the epigenetics of XCI:
In vivo: Blastocyste stage
In vitro: Studied in cells that correspond to the blastocyst stage = embryonic stem cells:
- Differentiating female embryonic stem cells (endogenous Xic) or 
- Male embryonic stem cells that carry an inducible Xist transgene on autosome (inactivation by Xist occurs on autosome) 



Embryonic stem cells revealed Xist dependet XCI
A stem-loop repeat motif of the Xist
lncRNA recruits PRC2 to the future Xi

Xist RNA spreads along the entire
X chromosome (model: Xist expression from inducible 
Promoter)

Also PRC2 components (i.e. Eed) spread across
The future Xi

PRC2 (Ezh2) mediates chromosome wide
H3K27me3 methylation

PRC1 is also recruited to the Xi (PRC2 independent)
H2AK119 ubiquitination

Deacetylation
Imposition of DNA methylation
Incorporation of histone variants

CHROMOSOME WIDE GENE SILENCING (redundant pathways)

Male 
embryonic
stem cell

with a 
doxycyclin

inducible Xist
Transgene
Addition of 

Doxycyclin to 
the medium 

mediates Xist
expression



Xist RNA-FISH on female embryonic stem cells that initiate X inactivation

2 X chromosomes
Express Xist at low leves

(both X active)

1 X chromosome
Express Xist at high levels

(choice,
silencing of 1 X chromosome)

1 X chromosome
Express Xist at high levels

(silencing of 1 X chromosome)
Other X chromosome has silenced

comoletely its Xist gene

48 hours indiction of mESC differentiation

Developmental program activates counting – choice - silencing

Embryonic stem cells revealed Xist dependet XCI



PRC1/2 CAN INTERACT WITH ncRNA

After PRC2 recruitment (H2K27me3)
Also PRC1 is recruited to mediate ubH2AK118/9

Xist contains RNA regions that:
- Recruit PRC2
- interact with the PRC2 co-factor
Jarid2
(important: Jarid helps RPC2 to 
interact with chromatin à general 
function of Jarid2 in PRC2 complex

Gene

Function of 
relevant Xist RNA region



PRC1/2 CAN INTERACT WITH ncRNA

• Xist recruits Polycomb complexes, which modify histones on 
the inactive X

Xist RNA produced from the Xic locus accumulates on the future inactive X (Xi). 
Adapted from A. Wutz and J. Gribnau, Curr. 
Opin. Genet. Dev. 17 (2007): 387-393. 



Recruitment of PcG proteins by ncRNAs

- Xist RNA: Vertebrate X chromosome inactivation

- HOTAIR lncRNA in human cancer

- lncRNAs in genomic imprinting



HOTAIR lncRNA interacts with PRC2 à DIRECTS PRC2 TO TARGET GENES (i.e Hox4)

PRC1/2 CAN INTERACT WITH lncRNA in cancer

HOTAIR lncRNA is overexpressed in tumors àà altered gene expression àà tumorformation and progression

HOTAIR IS OVEREXPRESSED IN HUMAN CANCER

HOTAIR lncRNA expression is a prognostic marker (poor survival)



HOTAIR lncRNA interacts with PRC2 à DIRECTS PRC2 TO TARGET GENES (i.e Hox4)

PRC1/2 CAN INTERACT WITH lncRNA in cancer

HOTAIR lncRNA is overexpressed in tumors àà altered gene expression àà tumorformation and progression

HOTAIR Complexes with LSD1 and PRC2

LSD1: DEMTHYLATION OF H3K4
PRC2: METHYLATION OF H3K27

Aberrantly expressed HOTAIR targets gene silencing 
to genes promoters of tumor suppressor genes

HOTAIR lncRNA expression is a prognostic marker (poor survival)



Recruitment of PcG proteins by ncRNAs

- Xist RNA: Vertebrate X chromosome inactivation

- HOTAIR lncRNA in human cancer

- lncRNAs in genomic imprinting



PRC1/2 CAN INTERACT WITH ncRNA – genomic imprinting

Epigenetic information is not
erased from all genes after

fertilization.
Some genes maintain the epigentic

information from the 
paternal/maternal chromosomes

= IMPRINTED GENES

à Exclusive expression of the maternal or paternal gene

à For example imprinted XCI



PRC1/2 CAN INTERACT WITH lncRNA to mediate genetic imprinting
Genomic Imprinting: Kcnq1 LOCUS IN MOUSE

Maternal allele: ACTIVE – expression of protein 
coding genes around Kcnq1.
WHY: Kcnq1 lncRNA has ICE (CpG island) 
methylation at promoter (ICE: Imprinting control 
element) à Kcnq1 is silenced

Paternal allele: INACTIVE – genes around Kcnq1 
are  silenced.
WHY: Kcnq1 CpG island is unmethylated. Kcnq1 
lncRNA is expressed.
lncRNA recruits PRC2 that silences nearby genes

ICE

Insertion of premature poly-A signal into Kcnq1 
gene:
- On maternal allele: no effect
- On paternal allele: loss of silencing of imprinted 

genes



OVERVIEW: IMPACT OF POLYCOMB ON GENE EXPRESSION

- ncRNAs
- trancription factors
- Polycomb DNA bindig proteins

- Chromatin remodeling (i.e. FACT)
- H3K36me3 (i.e. KDM2)



EXPERIMENTAL APPROACH IN DROSOPHILA:

A SUPPRESSOR MUTATION SCREEN TO IDENTIFY
EPIGENTIC REGULATORS THAT ACTIVATE GENE EXPRESSION

--- TRITHORAX GROUP GENES ---

WILD-TYPE PRC2 mutation
In Su(z)12

(partial) rescue 
of phenotype

Mutation
screen

Supressor - Mutation
screen

POLYCOMB GROUP
GENES
(PcG)

TRITHORAX
GENES
(TrxG)

Screen Screen



A SUPPRESSOR MUTATION SCREEN TO IDENTIFY
EPIGENTIC REGULATORS THAT ACTIVATE GENE EXPRESSION

--- TRITHORAX GROUP GENES ---

Drosophila males use their sex combs to grasp the females' abdomen and genitalia and to spread their wings prior to copulation.



A SUPPRESSOR MUTATION SCREEN TO IDENTIFY
EPIGENTIC REGULATORS THAT ACTIVATE GENE EXPRESSION

--- TRITHORAX GROUP GENES ---

Drosophila males use their sex combs to grasp the females' abdomen and genitalia and to spread their wings prior to copulation.



Simon and Kingston, 2009

TRITHORAX GROUP GENES TrxG

CHROMATIN MODIFCATION
H3K4 METHYLATION

CHROMATIN MODIFCATION
H3K4 – H3K36 METHYLATION

CHROMATIN REMODELLING

CHROMATIN REMODELLING

CHROMATIN MODIFCATION



Un cromosoma politenico è un cromosoma gigante. I 
cromosomi politenici si formano in seguito a vari cicli
di replicazione che producono molte copie (anche
centinaia) di cromatidi fratelli che rimangono uniti.La
formazione dei cromosomi politenici ha la funzione
di aumentare il volume cellulare ma può anche
comportare un vantaggio metabolico dato che
l'elevato numero di copie di geni permette un alto 
livello di espressione genica. In Drosophila 
melanogaster, per esempio, i cromosomi delle
ghiandole salivari delle larve subiscono numerosi cicli
di endoreplicazione, e questo consente di produrre
grandi quantità di secreto prima dell'impupamento.

TRITHORAX GROUP GENES ARE LOCALIZED TO DEFINED POSTIONS IN THE GENOME

BRM TRX



1. TRITHORAX GROUP GENES COVALENTLY MODIFY HISTONES

Fly TRX has 6 HKMTs homologs in humans:
- hSET1A
- hSET1B
- MLL1
- MLL2
- MLL3
- MLL4

COMPASS complex components: H3K4 methylation and promotion of shift 
from transcriptional initiation to elongation; in general H3K4me associates 
with active transcription

H3K4me associates with active transcription

REMEMBER THE LINK BETWEEN H3K4me and DNA methylation

Fly ASH1 has 1 HKMT homolog in humans:
- hASH1 H3K4me and H3K36 methylation à activation of transcription

2. A LINK BETWEEN TrxG PROTEINS AND HISTONE ACETYLATION 
Fly: 
-
TRX is associated with dCBP: a histone lysine acetyl transferase (dCBP is not a TrxG gene)
(humans: CBP/p300 HAT complex!!!). Recruitment of TrxG proteins by transcrition factor brings 
HAT and leads to histone acetylation
- TrxG protein kismet (kis) contains a helicase domain is recruited after ASH1 activity à
chromatin remodeling
à H3K4 methylation, H3K36 methylation
à H3 and H4 acetylation
à Reduced H3K9 methylation
à Reduced H3K27 methylation
à Reduced DNA methyaltion (humans)

EPIGENETIC ACTIVATION OF GENE
EXPRESSION

PRE/TRE



Trithorax group proteins BRM (fly) BRG1 (human) belong to the 
SWI/SNF family of chromatin remodelers.

SWI/SNF family chromatin remodeling complexes contain up to 
18 subunits and can shift nucleosomes to increase the 
accessibility of regulatory sequences

Chromatin remodelers are recruited by transcription factors but 
are also recruited during transcriptional elongation.

à Chromatin remodeling is essential during all phases of 
transcription

à #25000 complexes in a human cell: highly important for gene 
expression control

3. TRITHORAX GROUP PROTEINS ARE CENTRAL CHROMATIN REMODELERS



3. TRITHORAX GROUP PROTEINS ARE CENTRAL CHROMATIN REMODELERS

Kismet (fly) CHD7 (human) has affinity for 
H3K36methylated chromatin
à Chromatin remodelling complex (multiprotein)
à Associated with RNA polymerase

PRE/TRE



CHARGE syndrome (formerly known as CHARGE association), is a syndrome caused by a genetic disorder. It was first described in 1979.In 1981, the term "CHARGE" came into use as an acronym 
for the set of unusual congenital features seen in a number of newborn children.
The letters stand for: coloboma of the eye, heart defects, atresia of the nasal choanae, retardation of growth and/or development, genital and/or urinary abnormalities, and ear abnormalities 
and deafness.
These features are no longer used in making a diagnosis of CHARGE syndrome, but the name remains. CHARGE syndrome is the leading cause of congenital deafblindness.

CHARGE syndrome was formerly referred to as CHARGE association, which indicates a non-random pattern of congenital anomalies that occurs together more frequently than one would expect 
on the basis of chance. Very few people with CHARGE will have 100% of its known features. In 2004, mutations on the CHD7 gene (located on Chromosome 8) were found in 10 of 17 patients in a 
study conducted in the Netherlands, making CHARGE an official syndrome. A further study in the US of 110 individuals with CHARGE syndrome showed that 60% of those tested had a mutation 
of the CHD7 gene. The trithorax group member CHD7 is parto of the chromodomain helicase DNA-binding (CHD) protein family that plays a role in transcription regulation by chromatin 
remodeling.

CHARGE SYNDROME IS CAUSED BY MUTATION IN HUMAN kis (CHD7) 

1/10000 births
500 different mutations in CDH7 identified



c4. TRITHORAX GROUP PROTEINS ARE ASSCIATED WITH THE TRANSCRIPTIONAL COMPLEX

à The mediator complex is a large protein complex (<20 
proteins) that communicates between the basal transcription
factors and activating regulatoy elements. TRP230, TRAP240

à Essential for the initiation of transcription!!

5. TRITHORAX GROUP PROTEINS ARE 
LINKED WITH LONG-RANGE 
CHROMATIN INTERACTION

Rad21 is member of trithorax group genes!
Has a role in long range chromatin interaction
Links enhancers with promoters via loop formation



5. TRITHORAX GROUP PROTEINS ARE LINKED WITH LONG-RANGE CHROMATIN 
INTERACTION

Rad21 is member of trithorax group genes!
Has a role in long range chromatin interaction
Links enhancers with promoters via loop formation

enhancer

promoter



Trithorax group proteins are recruited by TRE – Trithorax reponse elements

DROSOPHILA

TRE elements are concentrated DNA binding sites for Trithorax group proteins

àRecruitment function

NOTE: MOST TRE elements overlap with PRE elements

For example: GAF/Psq and Zeste have an important role in Trithorax recruitment

And gene activation.

However, sites are located in PREs

à Cell type specific transcription program (type and dosage of expressed transcription factors 

co-ordinate balance of Polycomb/Trithorax function

PRE/TRE motifs and flexibility of PRE/TRE design. (A) DNA motifs shown to be important for PRE/TRE function. The 
Grh (Grainy head) protein binds to several different PRE/TRE sites. The motif shown is that found in PRE/TREs by 
Blastyak et al. (Blastyak et al., 2006). The Dsp1 protein also has broad DNA-binding specificity (Brickman et al., 
1999). The motif shown is that used by Dejardin et al. (Dejardin et al., 2005). Gaf binds the same target sequence 
as Pipsqueak (Psq), suggesting that the two proteins may compete or cooperate at closely spaced sites. (B) Many 
of these motifs are important for regulating genes that do not have PRE/TREs, for example the Drosophila white 
gene which is regulated by the Zeste protein (600 bp of upstream regulatory region are shown). These motifs are 
also short and occur randomly in DNA, such as in the bacterial LacZ gene (the first 600 bp of the coding sequence 
are shown). (C) PRE/TREs have different combinations of motifs, with no preferred order or number. Shown here 
are ∼600 bp of the bxd and Fab-7 PREs from the Drosophila Bithorax complex, and of PRE/TREs from the 
Drosophila engrailed (en), vestigial (vg) and homothorax (hth) loci. Grey boxes show minimal PRE/TREs where 

these have been defined (Dejardin et al., 2005; Brown et al., 2005). Flanking sequences contain additional motif 
clusters which may contribute to the function of these PRE/TREs in their endogenous context.



COMPETEING FUNCTION OF POLYCOMB AND TRITHORAX GROUP PROTEINS AT PRE/TREs

à ASH1 mediates H3K4me3 and H3K36me3

à H3K36 methylation enhances transcriptional elongation

à TRX/CBP complex mediates H3K4methyaltion and 
H3K27acetylation

à H3K27acetylation prevents H3K27methyaltion by E(z)

à H3K4me3 inhibits the recruitment of PRC2

à H3K36methylation inhibits the activity of PRC2 

FUNCTIONAL ANTAGONISM + PREVENTION OF SPREADING
OF PcG and TrxG TYPE OF CHROMATIN

REMEMBER: TRANSCRIPTION FACTORS CONTROL THE EQUILIBRIUM
BETWEEN PcG and TxG



EXPERIMENTAL APPROACH IN DROSOPHILA:

A SUPPRESSOR MUTATION SCREEN TO IDENTIFY
EPIGENTIC REGULATORS THAT ACTIVATE GENE EXPRESSION

--- TRITHORAX GROUP GENES ---

WILD-TYPE PRC2 mutation
In Su(z)12

(partial) rescue 
of phenotype

Mutation
screen

Supressor - Mutation
screen

POLYCOMB GROUP
GENES(PcG)

TRITHORAX GROUP
GENES(TrxG)

Screen Screen

NO REPRESSIVE EFFECT 
FROM PRE à TrX group
genes take their chance to 
activate gene expression à
homeotic transformation

PcG mutated: no repression; TrX group
gene mutation à no activation
rescue of homeotic transformation

caused by PcG mutation


