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Abstract 
Developmental processes are carefully controlled at the level of tran-
scription to ensure that the fertilized egg develops into an adult organ-
ism. The mechanisms that controls transcription of protein-coding 
genes ultimately ensure that the Pol II machine synthesizes mRNA 
from the correct set of genes in every cell type. Transcriptional control 
involves Pol II recruitment as well as transcriptional elongation. Re-
cent genome-wide studies shows that recruitment of Pol II is often 
followed by an intermediate step where Pol II is halted in a promoter-
proximal paused configuration. The release of Pol II from promoter-
proximal pausing is thus an additional and commonly occurring 
mechanism in metazoan gene regulation. The serine kinase P-TEFb is 
part of the Super Elongation Complex that regulates the release of 
paused Pol II into productive elongation. However, little is known 
about the role of P-TEFb mediated gene expression in development. 
We have investigated the function of P-TEFb in early Drosophila em-
bryogenesis and find that P-TEFb and other Super Elongation Com-
plex subunits are critical for activation of the most early expressed 
genes. We demonstrate an unexpected function for Super Elongation 
Complex in activation of genes with non-paused Pol II. Furthermore, 
the Super Elongation Complex shares phenotypes with subunits of the 
Mediator complex to control the activation of essential developmental 
genes. This raises the possibility that the Super Elongation Complex 
has an unappreciated role in the recruitment of Pol II to promoters. 
The unique chromatin landscape of each cell type is comprised of 
post-translational chromatin modifications such as histone methyla-
tions and acetylations. To study the function of histone modifications 
during development, we depleted the histone demethylase KDM4A in 
Drosophila to evaluate the role of KDM4A and histone H3 lysine 36 
trimethylation (H3K36me3) in gene regulation. We find that KDM4A 
has a male-specific function and regulates gene expression both by 
catalytic-dependent and independent mechanisms. Furthermore, we 
used histone replacement to investigate the direct role of H3K14 acet-
ylation in a multicellular organism. We show that H3K14 acetylation 
is essential for development, but is not cell lethal, suggesting that 
H3K14 acetylation has a critical role in developmental gene regula-
tion. This work expands our knowledge of the mechanisms that pre-
cisely controls gene regulation and transcription, and in addition high-
lights the complexity of metazoan development.
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Pol II     RNA Polymerase II 
CTD     Pol II C-terminal domain 
MBT     Mid-blastula transition (MBT=MZT) 
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Introduction 

 
 
“They are in you and in me; they created us, body and mind; and their 
preservation is the ultimate rationale for our existence. They have 
come a long way, those replicators. Now they go by the name of 
genes, and we are their survival machines.”  
-Richard Dawkins, The selfish gene. 
 
The vast numbers of species that exists today or ever lived show an 
endless variety of beautiful forms and shapes. Marvelous species pop-
ulate every corner of our planet and have done so for billions of years. 
Even more amazing is that when looking at any of the species on our 
planet, we find that they all are related with each other. All organisms 
share a common ancestor. All living organisms use DNA to pass down 
genetic information from one generation to the next. Considering that 
all species share a common ancestor, our own existence is explained 
by an unbroken chain of generations transferring their genetic infor-
mation from the first organism that ever lived, until today. Our bodies 
eventually become old and die, but our genes are immortal and will 
live on. They are passed down to our children, and continue to exist. 
As the genes are passed on, the transmission through generations leads 
to mutations and changes in the genetic code. This is a prerequisite for 
adaptation through evolution. Evolution works many times by chang-
ing old genes to perform new functions. By altering how genes are 
expressed, changes in development takes place 1. One of the most 
astounding facts about biology is that the same genes building an in-
sect body are also involved in making up the human body. The con-
servation of gene function throughout the evolutionary tree is intri-
guing and gives us the opportunity to learn about general biological 
mechanisms by studying any living organism.  
Developmental biology is the study of an organism going from a sin-
gle fertilized egg up to the point of adulthood. The mechanisms of the 
development of multicellular organisms have been one of the biggest 
mysteries in biology, and are still a great challenge for the develop-
mental biologist. It has been known for many years that genes deter-
mine when and where different cell types are to be formed during em-
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bryogenesis. Genes also determine how many cells each cell type will 
have, where limbs will grow out and how to shape the morphology of 
our bodies. Animal development is among the most fascinating events 
ever to take place in nature.  During embryonic development, a single 
fertilized egg cell goes through multiple divisions to form an adult 
organism containing different cell types and organs, ready to transfer 
its genes to new generations. Some of the fundamental questions in 
developmental biology are how cells know what kind of cell they will 
form and what the fundamental differences are between different cell 
types. What factors determines what part of the embryo that will be-
come left and right, anterior/posterior and dorsal/ventral? 
These questions have puzzled people, and the field of developmental 
biology has emerged to address them. 
Development is driven by a precise regulation of genes involved in 
forming the function, shape and size of cells and tissue. The study of 
gene regulation is of great importance to understand development. 
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Transcription 
 
Transcription is the mechanism where the genetic information existing 
in the DNA is transferred into RNA. The regulation of transcription 
drives development in all organisms. A fundamental knowledge about 
how transcription is regulated is essential when deciphering the mech-
anisms of development. Messenger RNA (mRNA) can further be used 
to synthesize protein in the process of translation. Much of the non-
coding part of the genome is transcribed to generate RNA that can 
function as structural units such as rRNA and tRNA. In addition, non-
coding RNAs such as long non-coding RNA have in more recent 
years caught attention. The eukaryotic genome is transcribed by the 
three RNA polymerase machines Pol I, Pol II and Pol III. RNA poly-
merase II (Pol II) transcribes protein-coding genes. To transcribe a 
certain DNA sequence, Pol II needs access to the promoter sequence 
upstream of the DNA to be transcribed. A major obstacle for getting 
access to promoters is nucleosomes that occupy the promoter. Nucleo-
somes are an essential part of the eukaryotic chromatin and are im-
portant transcriptional regulatory components. Depletion of nucleo-
somes leads to both upregulation and downregulation of transcription 
2. Prior to Pol II promoter access, nucleosomes positioned around the 
promoter needs to be removed to make room for the transcription ma-
chinery. If any cis-regulatory modules are to be used in the gene acti-
vation, they too need to be cleared from nucleosomes. DNA-binding 
transcription factors bind nucleosome occupied region and recruits 
nucleosome-remodelling factors to move the nucleosomes. This will 
create an open and nucleosome-free region. This provides an oppor-
tunity for the transcription machinery to access the DNA (FIG 1). A 
very basic transcriptional model includes a core promoter plus the 
transcribed DNA sequence. The core promoter contains DNA ele-
ments that are recognized and bound by general transcription factors 
as well as gene-specific transcription factors 3. When access to the 
core promoter is granted, the Pol II machine binds in concert with a 
large set of general transcription factors to form a preinitiation com-
plex. Transcription can be studied out in vitro, and test tube transcrip-
tion has been used extensively as a model for transcription. DNA tem-
plates bearing a TATA-box DNA motif require a set of general tran-
scription factors for Pol II to localize and bind the promoter in vitro 4. 
TATA-binding protein (TBP) is the first factor to bind the promoter. 
TBP is a subunit of the mega-dalton TFIID complex where TBP itself 
binds the TATA-box DNA motif. TFIIB and TFIIA are recruited to 
stabilize the interaction between TBP and the TATA-box. The TATA-
box is found ~30 bp upstream the transcription start site.  
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TFIIB binds TFIIB-recognition elements (BRE) upstream and down-
stream of the TATA sequence, followed by binding of Pol II together 
with TFIIF. The last components added is TFIIE and the TFIIH hel-
icase/kinase complex 3 5. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. A core promoter is cleared from nucleosomes to allow for tran-
scription. An arrow marks the transcription start site. A) A pioneering DNA-
binding transcription factor (PF) is recruited to the promoter. B) The PF recruits 
nucleosome remodeling factors that can alter the nucleosome occupancy to create an 
open chromatin structure at the core promoter. C) The nucleosome-free region al-
lows the general transcription machinery to bind DNA at the core promoter. 
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RNA Polymerase II 
 
Pol II is a multi-subunit complex where the largest subunit Rpb1 con-
tains a C-terminal domain (CTD). The CTD protrudes from the Pol II 
protein complex and has multiple heptad repeats. The heptad repeats 
sequence contains variations of the consensus sequence 
Y1S2P3T4S5P6S7. The length of the CTD varies in different organisms. 
Budding yeast contain 26-29 heptad repeats, Drosophila have 45 and 
humans 52 6. The serines as well as tyrosines in the CTD are subjected 
to phosphorylations. However, potentially all amino acids in the CTD 
could be subjected to some kind of modification such as glycosyla-
tion, phosphorylation or ubiquitination independently of each other. 
This could in principle give an almost infinite number of combinations 
of modifications at one single CTD. The Pol II CTD is not essential 
for transcription in vitro. However, cells with 10-12 complete heptad 
repeats are conditionally viable whereas less than ten repeats is cell 
lethal 7. Serine phosphorylations are among the most studied post-
translational CTD modifications. A hyperphosphorylated CTD is cor-
related with a transcriptional engaged Pol II (chromatin associated Pol 
II). Phosphorylation of Pol II CTD Ser5 (Ser5-p) and Ser7 (Ser7-p) 
takes place at the promoter while Ser2 phosphorylation (Ser2-p) is 
accumulated onto the CTD during elongation and reaches high levels 
at the 3´ end of the gene (FIG 2). During transcriptional initiation, 
Cdk7 of the TFIIH complex carries out Ser5-p. Ser5-p is considered to 
be the key event in “promoter clearance” when Pol II is released from 
the pre-initiation complex at the core promoter. In addition, Ser5-p is 
found on transcriptionally initiated Pol II that have “paused” 20-80 
base pairs downstream the transcription start site 8. Ser2-p is best 
known for the role in release of Pol II from pause into transcriptional 
elongation. Ser2-p is carried out by serine kinases such as the 
Cdk9/Cyclin T complex P-TEFb or Cdk12/Cyclin K.  
A simplified commonly accepted model for Pol II transcription can be 
outlined as follows: (1) recruitment of unphosphorylated Pol II to the 
promoter followed by (2) Pol II recieves Ser5-p for its promoter clear-
ance and (3) additionally receives Ser2-p mediated by the P-TEFb 
kinase for productive elongation 9 (FIG 3). 
Considering the current view on how phosphorylations controls the 
release of Pol II from the preinitiation complex and from pause, 
changing the levels of CTD phosphorylation would have a global im-
pact on transcription. However, Pol II phosphorylation is very com-
plex and most likely cannot be explained by simple models. Ser7-p 
mutations have been demonstrated to give an effect on short-
noncoding RNA genes, but seem to have a less important role in the 
regulation of protein-coding genes 9. Yeast mutants impaired in Ser2-p 
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are viable and show little changes in global gene expression, having 
defects in cytokinesis due to changes in a small set of genes with roles 
in meiosis 10. Furthermore, the more distally located CTD repeats of 
higher eukaryotes are subjected to lysine 7 acetylation by the acetyl-
transferase P300/KAT3B. The creation of Pol II CTD Lysine mutants 
showed that P300 mediated acetylation of the CTD is gene-specific 
and important to activate a specific set of genes during growth-factor 
response 11. 
Multiple steps in mRNA biogenesis occur at the same time and place, 
and this “cotranscriptionality” is key for the crosstalk between com-
ponents involved in processes such as elongation and splicing 12. It has 
been demonstrated that Pol II CTD is important for 3´ end processing 
both in cells and in test tubes. Set2 is a Histone methyltransferase that 
have been implicated in elongation and splicing. During Pol II elonga-
tion, Set2 binds the CTD via Ser2-p and Ser5-p and distributes 
H3K36me3 in the gene body. H3K36me3 reaches its maximal level in 
the 3´-end of the transcribed gene. Depletion of Set2 results in tran-
scriptional defects 13.  
Taken together, phosphorylation of the CTD might not be as critical 
for global transcription as one might think. Instead, the function of 
different amino acid residues of Pol II CTD could have evolved into 
controlling different sets of genes depending on the CTD post-
translational state. One could speculate that the CTD modifications 
could act as a “code” where different combinations of modifications 
carefully and precisely control the different steps in mRNA synthesis 
and processing. 

 
FIGURE 2. The Pol II CTD protrudes from the largest Pol II subunit and contains 
multiple heptad repeats where serine 2, 5 and 7 are subjected to phosphorylations 
that alter the function of the polymerase. 
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FIGURE 3. A simple model of Pol II-mediated transcription. A) Pol II is recruit-
ed to the core promoter together with general transcription factors. This forms the 
preinitiation complex. B) Pol II promoter clearance is mediated by the TFIIH com-
plex that generates Ser5-p. At this stage, Pol II start transcription but can pause 
downstream the transcription start site (indicated by black arrow). C) Release of Pol 
II into transcriptional elongation by P-TEFb-mediated phosphorylation of Pol II 
CTD as well as negative elongation factors.  
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Pol II pausing 
 
Recruitment of Pol II to the gene is a major rate-limiting step that con-
trols the transcriptional activity. Once Pol II is recruited to the pro-
moter along with the general transcription factors (FIG 3A), transcrip-
tional elongation can be divided into two separate stages. In the first 
stage (early elongating), Pol II is released from the core promoter as-
sociated pre-initiation complex and initiates RNA synthesis (FIG 3 B). 
In the next stage, Pol II progresses throughout the gene body towards 
the 3´ end of the gene (productive elongation) (FIG 3 C). An interme-
diate step has been described as a major role in metazoan transcrip-
tion. This involves a promoter proximal pausing of Pol II immediately 
after the step of early elongation 14. Previous yeast studies looking at 
rate-limiting factors during Pol II mediated transcription showed that 
recruitment of the polymerase to the gene is a major rate-limiting step 
during transcription 15. However, other early data such as studies of 
the heat-shock gene hsp70 in Drosophila suggested an additional, dif-
ferent mechanism where Pol II is recruited to the gene but unable to 
go into productive elongation before heat shock induction 16 17. In em-
bryos, the gene Sloppy-paired 1 was one of the first developmental 
genes demonstrated to have paused Pol II 18. Thus, the polymerase is 
positioned downstream the transcription start site in a promoter prox-
imal paused state, and is released into transcriptional elongation only 
when the gene is activated. The pausing behavior of Pol II was for 
many years seen as a less common mechanism for gene activation in 
metazoan organisms whereas RNA Polymerase pausing in bacteria 
has been generally accepted 14. Pol II can be recruited to an inactive 
gene and stay tethered to the promoter without being released into 
elongation. The half-life of gene-associated Pol II has been estimated 
stably pause for approximately 5-15 min at the inactive gene 19 20. 
However, a majority of all genes in early Drosophila embryos have 
paused Pol II and are being active at the same time. This means that 
Pol II is recruited, paused and released continuously as long as the 
gene is active. With new genome-wide methods introduced to the sci-
entific community, it has become clear that Pol II pausing is a com-
mon feature and that pausing play a major role in transcription of the 
eukaryotic genome. Recent genome-wide studies show that Pol II 
pausing occurs 20-80 bp downstream of the transcription start site at 
thousands of genes 21 8. Estimations have been made that at least 70% 
of all active genes in the Drosophila S2 cell line contain paused Pol II 
22. What makes Pol II pause? Different molecular models of pausing 
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have been proposed. One model is involving a kinetic model where 
Pol II elongation is competing with pausing factors inhibiting the ma-
chine from elongation. Another model depends on the position of the 
+1 nucleosome acting as a physical barrier that stops Pol II from elon-
gating any further. A third model involves pausing factors that bind 
Pol II and tether it to DNA, and thus fixating the polymerase in a 
paused state 14. Taken together, Pol II pausing is accepted as a major 
regulatory step in gene regulation such as in the transcription of de-
velopmental genes. However, the biological and molecular functions 
of the factors involved in pausing remain unclear, and the regulation 
of Pol II is an extremely complex event. There is most likely no uni-
form mechanism that can fully explain how pausing occurs at different 
paused genes occupied with different factors and having different core 
promoter sequences. We can make a model where Pol II regulation is 
divided into two different types. The first is a regulation based solely 
on the rate of Pol II recruitment to the gene that is immediately fol-
lowed by transcriptional elongation. The second type of regulation is 
controlled primary at the level of Pol II recruitment to the gene plus an 
additional regulation at the level of Pol II release from promoter-
proximal pause. Hence, genes can have paused Pol II even though 
polymerase recruitment is the rate-limiting step 23.  
 
 
Pause DNA motifs 
 
Pol II pausing strength has been linked to the DNA sequence situated 
around the TSS and some DNA motifs are enriched at genes showing 
more pausing. One DNA-motif that is enriched at active paused Pol II 
genes is the GAGA motif. GAGA-motifs are generally located up-
stream the core promoter at -80 to -75 bp. The GAGA-motif can re-
cruit the GAGA-factor (GAF or Trl). In Drosophila early embryos, 
GAGA-containing genes show a high degree of pausing 24. However, 
over 2000 Pol II bound promoters that lack GAF instead have the core 
promoter element Motif 1 25. As with many GAGA-containing genes, 
Motif 1 genes are paused and lack a TATA consensus motif in the 
core promoter. Thus Motif 1, GAGA and TATA tend to be mutually 
exclusive. The M1BP protein binds Motif 1 and associates with a spe-
cific set of genes in Drosophila. GAF genes and M1BP bound have 
different nucleosome patterns. The strong +1 nucleosome signal in 
M1BP-bound genes suggests that Pol II pausing is achieved with the 
assistance of a nucleosome barrier. The low nucleosome signal at 
GAF-bound genes suggests that Pol II utilizes a different pausing 
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mechanism at those genes 26. So far, no mammalian counterpart of 
GAF or M1BP has been described. 
 
 
Factors involved in pausing 
 
The DRB-sensitivity inducing factor (DSIF) and negative elongation 
factor (NELF) were originally biochemically purified and identified as 
factors that are responsible for the effect of DRB addition. Addition of 
the nucleoside analog DRB to cell cultures results in an inhibition of 
Pol II elongation. However, DRB does not to inhibit Pol II itself, and 
in vitro assays using purified Pol II and general transcription factors 
does not respond to DRB. DSIF is composed of the subunits Spt4 and 
Spt5. NELF contain the four subunits A, B or C, D and E where 
NELF E contains an RNA recognition motif 14. 
DSIF and NELF are identified as factors involved in pausing and the 
regulation of transcription. NELF and DSIF can interact with each 
other 27 and stabilize Pol II pausing 14. DSIF and NELF have been 
suggested to bind Pol II and also short nascent RNA as it emerges 
from the polymerase 28. NELF and DSIF act as transcriptional inhibi-
tors in vitro, 27 and are responsible for Pol II pausing on the hsp70 
gene in vivo 29. Pol II-associated DSIF and NELF are subjected to 
phosphorylations that mediate the release of Pol II into elongation. 
Spt5 of DSIF contains a Pol II CTD-like repetitive sequence in its C-
terminal region (CTR), and release of paused Pol II into elongation is 
mediated by phosphorylation of the CTR domain by the P-TEFb com-
plex. Furthermore, Ser2-p of Pol II dissociates NELF from Pol II. 
However, NELF does not seem to bind directly to the Pol II CTD 
since CTD-less Pol II is still being sensitive to DSIF and NELF in-
duced pausing 27 21. In vivo data show that both DSIF and NELF are 
critical for correct development. NELF associates with Pol II at active 
genes and depletion of NELF by RNAi in Drosophila S2 cells results 
in a decreased Pol II occupany at many promoters 20,30. However, sev-
eral studies indicate a gene-specific function rather than DSIF and 
NELF would be equally important for all genes. Maternal depletion of 
NELF in Drosophila embryos results in embryos with multiple lethal 
phenotypes including abnormal nuclear morphology. Interestingly, 
several different segmentation genes are expressed at normal levels 
and NELF depletion only gives specific effects on transcription of 
slp1 enhancer-promoter transgenes 31. In a similar fashion, the W049 
allele of DSIF subunit Spt5 results in gene-specific effects on pair-rule 
genes in Drosophila embryos with derepression of some, but not all 
eve and runt stripes 32. In addition, the DSIF allele foggy isolated from 
zebra fish involves a point mutation in the c-terminus of Spt5, produc-
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ing an allele very similar to the DrosophilaW049 allele. The foggy-
allele also give specific developmental defects such as a reduction of 
dopamine-containing neurons as well as an increase in serotonin-
containing neurons in the hypothalamus 33. The gene specific pheno-
types of the DSIF and NELF alleles suggest that some genes depends 
more on NELF and DSIF than others.  
 
 
P-TEFb 
 
The core P-TEFb complex consists of two components, the kinase 
Cdk9 and Cyclin T. P-TEFb can be found as a part of the Super Elon-
gation Complex (SEC) or stored inactive in a complex consisting of a 
7SK RNA and HEXIM 34. In addition, recent mass-spectrometric ap-
proaches have revealed that P-TEFb can be found in several other pro-
tein complexes 35. 
P-TEFb is considered to be the main factor that ultimately releases Pol 
II from pausing. This is mediated via phosphorylation of Pol II CTD 
Ser2 (FIG 3 C) 36 37 38 39 as well as phosphorylation of NELF and 
DSIF 40. The P-TEFb kinase activity can be blocked by the drug fla-
vopiridol, and treatment of cells with the inhibitor block most Pol II 
mediated transcription 36 and result in an increase of paused Pol II 
unable to release into productive elongation 20. In contrast, the Pol II 
CTD Ser2 and the kinase activity of P-TEFb is only essential for cor-
rect processing but not for the transcriptional elongation of small nu-
clear RNAs (snRNA) 41. These studies indicates two different roles for 
P-TEFb: One as having the role of being the main Pol II pause to re-
lease switch, and in addition having a different role in cotranscription-
al processes.  
Although P-TEFb has been considered to work as a Pol II pause-to-
release factor, in vitro assays using phosphorylated peptides show 
specificity towards CTD Ser5-p. This is not considered to correlate 
with Pol II pause-to-release but rather with Pol II in transcriptional 
initiation 42. In mouse ES cells, knockdown of either of two existing 
Cyclin T proteins give distinctly different effects on gene regulation 
with different groups of genes being affected 43. This suggests that P-
TEFb might have specific target genes rather than function as a gen-
eral transcription factor for all genes. In Drosophila, depletion of P-
TEFb subunit Cdk9 leads to lower levels of chromatin associated 
Ser2-phosphorylated Pol II. When RNAi was used to knock down 
Cdk9, CTD Ser2-p levels were reduced in an expected manner 44. In-
terestingly, the level of Ser5-p was reduced to the same extent. One 
might speculate that the reduced Ser5-p levels could be an indirect 
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effect from a failure in TFIIH kinase activity upon Cdk9 depletion. 
Another explanation could be a more direct effect where P-TEFb have 
an additional role to mediate the phosphorylation of Ser5 in correla-
tion with the in vitro findings in 42. In addition, stainings of polytene 
chromosomes show that ELL of the Super Elongation Complex (dis-
cussed in next chapter) does no longer bind to chromatin in absence of 
Cdk9. This indicates that Cdk9 plays a role in the recruitment or sta-
bility of the Super Elongation Complex. Depletion of Cdk9 did not 
have an effect of DSIF binding, suggesting that DSIF bind inde-
pendently of P-TEFb 44. Co-stainings with antibodies against P-TEFb 
and hyperphosphorylated Pol II do not show a perfect correlation. 
This suggests that P-TEFb do not only work in transcriptional elonga-
tion 38. In addition, the Cdk9 homolog Cdk12 have been shown to 
colocalize with hyperphosphorylated (elongating) Pol II, but only 
partly co-localize with P-TEFb. Interestingly, the Cdk12 distribution 
over an activated hsp70 gene is spread out throughout the gene body 
as if the protein is associated with Pol II during elongation rather than 
associate with the promoter 45. This is in contrast to the distribution of 
P-TEFb that mostly is associated with the transcription start site 46. 
Cdk12 and its partner Cyclin K are in contrast to P-TEFb both essen-
tial for oogenesis. We have not been able to produce offspring mater-
nally depleted from either Cdk12 or Cyclin K. This indicates that P-
TEFb and the Cdk12 complex play separate roles during oogenesis. 
To study the maternal effects of Cdk12, other approaches have to be 
taken. Injections of early embryos with drugs or antibodies that targets 
Cdk12 could give further information about its gene-regulatory role 
during early embryogenesis. 
 
 
 
The Super Elongation Complex 
 
The super elongation complex (SEC) is a P-TEFb-containing complex 
that is involved in gene activation and can mediate rapid induction of 
transcription irrespectively of Pol II pausing 47. Besides P-TEFb, the 
mammalian Super elongation complex (SEC) consists of three types 
of Eleven-nineteen lys-rich leukaemia (ELL) proteins (ELL1, ELL2 
and ELL3) that previously were characterized as Pol II elongation 
factors. Members of the AF4/FMR2 family (AFF1, AFF2, AFF3 and 
AFF4) 48 are essential for the stability of the complex. 
The gene MLL is often rearranged in acute childhood haematological 
diseases where MLL in-frame translocations are found in a majority of 
the cases. MLL is the homolog of the yeast Set1 and the Drosophila 
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protein Trithorax. Set1 was identified in yeast as a H3K4 methyltrans-
ferase and is a subunit in the large COMPASS complex (complex of 
proteins associated with Set1). Among the most occurring MLL trans-
locations in disease are fusions with nuclear-localized proteins such as 
components of the SEC 49. MLL normally regulates many Hox, Pax 
and Wnt target genes, and mis-activation of the MLL-associated genes 
is achieved by the recruitment of the SEC complex in association with 
P-TEFb.  
The Drosophila protein Lilliputian (Lilli) is the homolog of AFF4 50. 
Lilli controls the activation of early zygotic genes such as the cellular-
ization gene Sry-a and the pair-rule gene fushi-tarazu (ftz) as well as 
hkb 50 and sxl 51. The activation of ftz is mediated in concert with the 
transcription factor Runt 51. However, Lilli does not control expres-
sion of even-skipped or tailless 50. Lilli colocalizes with elongating 
hyperphosphorylated Pol II as seen on polytene chromosomes, and the 
human AFF4 is recruited to heat-shock loci upon induction together 
with other components of SEC 48. Our data indicates that different 
subunits of the SEC are critical for early development. 
 
 
The Mediator complex 
 
The Mediator complex is considered a general transcription factor due 
to its role in global regulation of transcription of protein coding-and 
non-protein coding genes. Mediator is believed to regulate the for-
mation and structure of the preinitiation complex, and most factors in 
the preinitiation complex physically or functionally interact with parts 
of the Mediator. The Mediator is conserved in all eukaryotic organ-
isms and much of the subunit composition has been defined based on 
mass spectrometry studies. In yeast, some Mediator subunits are re-
quired for viability and for the transcription of all genes, while other 
subunits are non-essential and gene-selective. The structure of Media-
tor can be separated into different domains with a head, middle and 
tail domain as well as a Cdk8-containing kinase domain. The Media-
tor has a function of transferring signals from sequence-specific tran-
scription factors to the preinitiation complex 52 (FIG 4). The Mediator 
exists in compositionally distinct variants, and the variable composi-
tion is a key factor for enabling gene and tissue specificity. Each Me-
diator subunit interacts with different transcription factors suggesting 
a way of Mediator to act gene-specific depending on context. For ex-
ample, MED1 show protein-protein interactions with nuclear receptors 
and specifically regulates nuclear-receptor target genes 53. Emerging 
evidence suggests that Mediator directly interacts with Pol II and thus 
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can function as a “molecular bridge” between upstream cis-regulatory 
modules and the core promoter. Crystallization of the Mediator head 
module demonstrates that MED6, MED8 and MED17 directly interact 
with the Pol II CTD. Furthermore, the kinase activity of TFIIH is 
stimulated by Mediator 54 leading to CTD Ser5-p that in turn dimin-
ishes the contact between Mediator and CTD 55. This indicates that 
recruitment of the Mediator complex can mediate the release of Pol II 
from the preinitiation complex. Is Mediator also involved in the re-
cruitment of P-TEFb? Indeed, MED23 depletion decreases CTD Ser5-
p as well as Ser2-p at the target gene Egr1 in ES cells, whereas Pol II 
occupancy stays unaffected. The decrease in Pol II phosphorylation is 
explained by MED23 having a role in the recruitment of P-TEFb to 
Egr1, likely due to the physical interaction with P-TEFb subunit Cdk9 
56. In addition, other Mediator subunits can release Pol II from pausing 
via recruitment of the Super elongation complex. MED26 directly 
recruits TFIID and later the Super Elongation Complex 57. A similar 
mechanism is seen in hypoxia where the transcription factor HIF1A 
enhances Pol II pause-release at hypoxia-induced genes by the re-
cruitment of a variant of the Mediator containing CDK8, MED1 and 
MED26. This is again followed by the recruitment of SEC that leads 
to gene activation 58. 
Taken together, the Mediator is involved in a majority of the different 
stages of transcription. It interacts with the Pol II at promoters through 
recruitment by gene-specific transcription factors. Next, the Mediator 
directs factors that release Pol II into early elongation. Finally, Media-
tor recruits Pol II pause-release factors such as the SEC to drive Pol II 
into productive elongation. 
Although much is known about the role of Mediator, little work has 
focused on the function of Mediator in early development. We mater-
nally depleted a majority of the Mediator subunits and showed that the 
head module MED20 and MED22 functionally interacts with the Su-
per Elongation Complex during the activation of early zygotic genes. 
To further characterize Mediator in development, our small Mediator 
screen demonstrates the possibility to generate maternal depletion of a 
number of Mediator subunits. This could in the future be a tool to fur-
ther characterize the role of the different Mediator subunits in metazo-
an early development. 
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FIGURE 4. The multi-subunit Mediator complex can be divided into anatomical 
parts: tail, middle and head module and a kinase module. Additional DNA-binding 
transcription factors (TF) interact with the different subunits of Mediator to achieve 
gene-specificity. The head domain containing MED20 and MED22 directly interacts 
with the CTD of Pol II via MED6, MED8 and MED17. 
 
 
Cis-Regulatory Modules 
 
All multicellular organisms need to tightly regulate gene expression in 
a spatial and temporal manner. The metazoan genome consists of 
large intergenic sequences that do not contain protein-coding genes 
but have important information about gene regulation.   
During development, the organism has a need to transcribe its genes in 
specific cell types and in a spatial-temporal manner to form different 
cell types. The way a gene can be expressed in patterns is controlled 
by cis-regulatory modules (CRM). CRM´s are often called “enhanc-
ers” due to their ability to positively affect transcription. However, 
CRM´s are not only upregulating gene expression but can as well 
work in the opposite direction. CRM´s consist of DNA sequences lo-
cated upstream or downstream of the gene's transcription start site. 
CRM´s can be positioned close to the transcription start site, in introns 
or as long as several hundred kilobases from the regulated gene 59. 
Historically, transcriptional enhancers were originally discovered in 
viral genomes and metazoan enhancers were first demonstrated in 
mouse myeloma cells to have a function in the upregulation of beta-
globin genes 60. The exact mechanism for a CRM´s ability to regulate 
transcription is not known, but CRM´s controls gene expression by 
activating or repressing actions in a context-dependent manner. Some 
studies suggests CRM´s to work by recruiting transcription factors and 
form a DNA “loop” that brings the CRM in close proximity to the 
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promoter. The gene looping is mediated by factors such as the Media-
tor complex and the mechanism might explain why an activating pro-
tein can function on a gene from a long distance 61 (FIG 5). Recently, 
genome wide data analyses have suggested that the binding of tran-
scription factors can mark out regions that act as CRM´s. For exam-
ple, ChIP-seq data show that the acetyltransferase P300 can predict 
tissue-specific active CRM´s during mouse development 62. In addi-
tion, specific post-translational chromatin signatures mark out active 
and inactive CRM´s. H3K4me1 in combination with H3K27ac have 
been suggested as a main chromatin signature for active CRM´s in 
human embryonic stem cells whereas the combination 
H3K4me1/H3K27me3 mark out “poised enhancers” that will become 
active in later stages 63.  
Enhancers are bound and transcribed by Pol II that produces non-
coding short RNA´s (eRNA). The function of eRNA transcription is 
still discussed, but might have a function in keeping an open chroma-
tin at enhancers 64.  
In Drosophila, much effort has been spent trying to elucidate the func-
tion of CRM´s. A common strategy to study CRM´s has been to create 
transgenic reporter constructs where the DNA sequence of the CRM is 
cloned in front of a core promoter containing a transcription start site. 
A DNA sequence whose transcription can be monitored (e.g. green 
fluorescent protein) is placed downstream the transcription start site. 
Recently, innovative large-scale assays have been designed to find all 
functional CRM´s in cell culture and in vivo 66,67. However, the choice 
of core promoter might impact the outcome of the assay. Core pro-
moters differ from each other in terms of transcriptional strength and 
timing 65. Using a CRM plus its gene´s endogenous core promoter will 
most likely give the best result when studying spatial and temporal 
activity.  
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FIGURE 5. Cis-regulatory modules can regulate transcription from long dis-
tances. A) Cell-type specific transcription factors (TF) binds the cis-regulatory 
module positioned at distance from of the target gene. B) A contact between the 
CRM and the promoter is established that leads to gene activation. 
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Chromatin and epigenetics 
 
“…It is therefore very desirable that a method should be available for 
obtaining many genetically identical individuals among the verte-
brates. Such individuals have been produced in the case of the frog, 
Xenopus laevis, by making use of the technique of nuclear transplan-
tation.” 
-J.B Gurdon, 1962 
 
Chromatin and epigenetics are two tightly linked terms. The word 
epigenetics means above genetics and was originally used by Conrad 
Waddington (1905-1975) to describe a phenomenon that could not be 
explained simply by genetics 68. Today, epigenetics is defined as “the 
study of mitotically and/or meiotically heritable changes in gene func-
tion that cannot be explained by changes in DNA sequence”. The def-
inition of epigenetics has changed over the years, and will most likely 
continue to evolve with new discoveries. What is important to re-
member is the fundamental question: How can a fertilized egg cell 
give rise to a whole organism 69? 
A mammal contains at least two hundred different cell types, which 
differ from each other in shape, size and function. Each cell type ex-
presses defined sets of genes during its journey from a pluripotent 
state to fully differentiated. During this lineage commitment, new 
genes are constantly being activated at the same time as others are 
silenced. In the early Drosophila embryo, some genes such as the cel-
lularization genes are only expressed during a short period in early 
development. This is followed by a complete inactivation of those 
genes that is maintained during the remaining life of the fly. Anything 
else could result in a complete disaster for the animal. Cell specific 
gene regulatory mechanisms are maintained due to an epigenetic 
memory. Epigenetic changes during linage commitment can be kept 
for the whole life of an organism. For example, brain cells can contin-
ue to stay as brain cells for 100 years. However, John Gurdon showed 
more than 50 years ago that it is possible to reprogram a fully differ-
entiated genome. By inserting a somatic nucleus into a Xenopus frog 
egg lacking its own nucleus, the genome of the somatic nuclei was 
completely overridden and reprogrammed by the egg cell proteins 70. 
The somatic chromatin was reprogrammed to recapitulate the expres-
sion of a fertilized egg cell. In this way, the artificial zygote started 
dividing and developed into an adult frog. This early experiments 
showed that the epigenome is indeed plastic and will change under the 
right conditions.  
Every cell type is maintained by cell-specific epigenetic marks that 
cover its genome. Epigenetics regulate what genes that will be in a 
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silent mode, what genes that are active and what genes that will have 
the ability to be turned on in later stages. In addition, epigenetics is the 
reason why a daughter cell can express exactly the same set of genes 
as its mother. This is due to a transfer of epigenetic marks from one 
generation of cells to the next. The typical eukaryotic cell stores its 
DNA in the nuclei, and in contrast to prokaryotic organisms, all 
known eukaryotic organisms are storing their DNA within chromatin. 
Chromatin is the term used to describe DNA wrapped around nucleo-
somes as well as other proteins in close proximity to DNA. Chromatin 
is used to pack, store and organize the cell´s genetic material. The core 
protein components of chromatin are DNA and histones. Histones are 
found in octameric complexes and make up the nucleosomes. Nucleo-
somes are built up with two copies each of the histones H3, H4, H2A 
and H2B. A sequence of 147 base pairs is wrapped around each nu-
cleosome. 
To access the information in DNA, chromatin needs to open up and 
nucleosomes have to move from the sequence to be used. Evolution 
has solved this problem by providing ATP-dependent nucleosome-
remodeling enzymes that can slide or push nucleosomes and provide a 
piece of naked DNA 71. The position of nucleosomes is established by 
the combination of DNA sequences, nucleosome remodeling factors 
as well as transcription factors and the general transcription machin-
ery. Nucleosomes are depleted from active promoters and cis-
regulatory regions and correct nucleosome positioning is essential for 
transcription 72. The position of nucleosomes around promoters is or-
ganized in a pattern of a -1 nucleosome upstream the transcription 
start site and +1 nucleosome downstream. The region at the transcrip-
tion start site is nucleosome-free. The +1 nucleosome has been sug-
gested to contribute to Pol II pausing when the transcription machine 
collides with the nucleosome 73. Core promoter sequence motifs corre-
lated with Pol II pausing such as the GAGA motif (bound by GAF) 
and the Motif 1 (bound by M1BP) have distinctly different nucleo-
some organization around the promoter. GAF-bound genes have al-
most devoid of an organized nucleosome positioning, whereas M1BP-
bound genes show highly organized nucleosomes. The GAF genes 
generally have more NELF-binding than M1BP-bound genes, and 
GAF genes show a higher degree of pausing 26. 
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Post-translational modifications of Histones 
 
Much focus has been put into studying the function of the histone tails 
that protrudes from the globular histone domain. The tails are subject-
ed to a variety of post-translational modifications. Modifications of 
the histone tails are correlative with the epigenetic state of genes. Sev-
eral types of modifications are found on histones and the combinatori-
al nature of the modifications has been suggested to act as a “histone 
code” 74. The epigenetic state of each gene is controlled by “writer”, 
“reader” and “eraser” factors that are recruited to chromatin and modi-
fies the histone tails. Histone modifications are well conserved from 
Yeast to mammals. Histone tail substitutions and histone mutants have 
been created in Yeast to elucidate the direct role of each modification. 
However, the difficulties creating metazoan histone mutants have giv-
en rise to a “chicken or the egg” situation. A challenge now lies in 
demonstrating whether certain modifications are the outcome of e.g. 
gene activation, or if the modification itself is responsible for a certain 
transcriptional state. In the following chapters, I will focus on the 
modifications that are most relevant to my own work. This involves 
methylations and acetylations of lysines on the Histone 3 tails (FIG 6).  
 
 
Lysine methyltransferases 
 
Histone 3 lysines are subjected to methylations that have negative or 
positive effects on gene expression. Methylations are carried out by 
Lysine Methyl Transferases (KMT) that distributes mono-di and tri-
methylation. The first KMT enzyme to be discovered that had the abil-
ity to methylate histones was the KMT1A. This class of proteins con-
tains a SET domain that function as the catalytic unit. The discovery 
of KMT1A made it possible to find other methyl transferases by ho-
mology searches. A different class of enzymes only consists of the 
Dot1 protein 75. KMT´s have a high degree of substrate specificity as 
well as a precise enzymatic function such as KMT1A and B that cata-
lyze the H3K9me1 to H3K9me3 reaction, while KMT1C prefers to 
catalyze H3K9me1 to H3K9me2. 
The Mixed lineage leukemia (MLL) proteins contain the SET1 do-
main and belong to the KMT2 group that in humans have five mem-
bers (MLL, MLL2, MLL3, MLL4, MLL5). The MLL proteins exists 
in COMPASS complexes and can function as gene activators mediat-
ed via their function as H3K4 methyl transferases 76. MLL-mediated 
H3K4me3 is often found at expressed genes, making this an active 
mark. One function for H3K4me2/3 lies in the ability to directly re-
cruit the basal transcription factor complex TFIID 77,78.  
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The recruitment of TFIID is mediated via binding of the TFIID subu-
nit TAF3 to H3K4me2 or me3 79.  
Other histone modifications are correlated with the elongating Pol II, 
such as H3K36me3. During transcriptional elongation, the Pol II CTD 
is associated with the KMT enzyme Set2 80 81 82. Set2 deposits 
H3K36me1/me2/me3 on nucleosomes in the body of transcriptionally 
active genes 83. Considering that it specifically cover exons of tran-
scribed genes, H3K36me3 has been suggested to regulate splicing 84. 
An additional mechanism have been proposed where Pol II CTD and 
H3K36me3 recruits the Histone deacetylase complex Rpd3S that de-
pletes acetylation in coding sequences. Furthermore, incorporation of 
H3K36me3 inhibits insertion of H3K56ac in coding sequences. This 
maintenance of hypoacetylation is essential to inhibit spurious tran-
scription from intergenic positions 85 86 87. 
Set2 is essential in development and RNAi-mediated Set2 depletion in 
Drosophila results in a global decrease in H3K36me3 levels and le-
thality during pupal stage. In addition, Set2 genetically interacts with 
the nuclear receptor Ecdysone to regulate Ecdysone target genes 82.  
 
 
Lysine demethylases 
 
Histone demethylases are enzymes that catalyse removal of histone 
methylations. As with the KMT´s, there are two classes of Lysine de-
methylases (KDM´s) where the first class to be discovered was the 
FAD-dependant enzyme KDM1A. The second class contains a JmjD-
domain that uses alpha-ketoglutarate and iron for their catalytical 
function. The KDM4A family contains the JmjD domain. KDM4A 
catalyzes H3K9me2/3 and H3K36me2/3 demethylation. However, 
KDM4A are unable to remove H3K9me1/H3K36me1 75,88 89. In Dro-
sophila, the KDM4A family is represented by the two proteins 
KDM4A and KDM4B. KDM4A mutant flies have elevated levels of 
H3K36me3 and a reduced lifespan 90, although the mutation is not 
lethal. This indicates that the precise level of H3K36me3 is not critical 
for viability. On the other hand, overexpression of KDM4A results in 
diminished H3K36me3 levels and a male-specific lethality. The sex 
specific effect suggests impaired H3K36me3-mediated dosage com-
pensation or mis-regulation of male-specific isoforms.  
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In contrast to KDM4A, the homolog KDM4B is recessive lethal. 
KDM4B expression is upregulated by p53 during UV-induced DNA-
damage and required for H3K9me3 demethylation 91. Recently, it was 
shown that KDM4B levels are upregulated in the Kdm4a mutant, and 
that at least one copy of either Kdm4a or Kdm4b is necessary for sur-
vival. This suggests a biological redundancy between KDM4A and 
KDM4B 92. Interestingly, KDM4A and B homozygous double mu-
tants showed a phenotype that resembled phenotypes resulting in the 
disruption of ecdysteroid pathways. Indeed, KDM4A physically inter-
acts with the Ecdysone receptor and removes H3K9me3 at target gene 
promoters prior to transcription 92. The functional interactions be-
tween either Set2 or KDM4A with Ecdysone indicates that H3K9 de-
methylation works in concert with H3K36 methylation to achieve a 
specific histone code that promotes expression of Ecdysone target 
genes.  
 
 
 
 

 
 
FIGURE 6. Modification of histone lysine residues. An empty lysine (K) can be 
acetylated by histone acetyltransferases or methylated by histone methyltransferases. 
The acetylation is removed by histone deacetylases and methylations are removed 
by histone demethylases. 
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FIGURE 7. The function of Histone 3 modifying enzymes during transcription-
al elongation. A DNA-binding transcription factor (TF) binds a motif in an up-
stream regulatory sequence and in turn recruits a demethylase (KDM4A) to remove 
the repressive H3K9me3 marks. MLL in the COMPASS complex distributes 
H3K4me3 that recruits Sgf29. This is followed by recruitment of SAGA subunits 
that acetylates H3K14ac. This allow for the recruitment of general transcription 
factors such as the TFIID complex. Simultaneously, HDAC´s are recruited to partic-
ipate in the turnover of Histone acetylation that further promotes gene activation and 
transcription. The turnover of H3K4me3 by Lid might even more increase the re-
cruitment and binding of the general transcription machinery. During transcriptional 
elongation, Set2 associates with the Pol II CTD and distributes H3K36me in the 
gene body to prohibit insertion of acetylated Histones. 
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Histone acetyltransferases 
 
One general function for DNA-binding transcription factors is to bind 
specific DNA motifs and recruit co-activators that further mediates 
gene activation. Histone acetyltransferases (HAT´s) are co-activators 
and have mainly been correlated with gene activation and maintenance 
of active transcription. Acetylation of histone tails neutralizes their 
positive charge that leads to a weaker interaction between nucleo-
somes and DNA. This promotes nucleosome displacement and open 
up the chromatin for transcription. There are four mammalian HAT 
families: GCN5/PCAF, MYST, Nuclear receptor coactivator and 
CBP. Additional non-histone substrates have lead to a reclassification 
where HAT´s now in addition can be referred to as KAT´s (Lysine 
acetyltransferases). For example, the CREB-binding protein (CBP) 
can in addition to histones also acetylate a number of non-histone tar-
gets including the RNA Pol II CTD.  CPB/P300 (Drosophila Nejire) 
are large proteins that contain several conserved protein-binding do-
mains. This allow for the response and participation in a number of 
different pathways 93 via interaction with a variety of transcription 
factors. 
The large SAGA coactivator complex (Spt-Ada2b-Gcn5 acetyltrans-
ferase) is well conserved and can tweak chromatin to promote tran-
scription. Some of the known catalytic functions of the SAGA com-
plex involves binding to acetylated histones, H2B deubiquitination 
and histone acetylation 94. The modular nature of SAGA indicates a 
way of acting gene specific through different transcription factors that 
interacts various modules depending on cell type, similar to CBP. One 
mechanism that recruits SAGA to chromatin is through its subunit 
Sgf29 that bind H3K4me2/3 nucleosomes 95. Upon SAGA recruit-
ment, the HAT subunit Gcn5 acetylates H3K9 and H3K14 residues 95. 
Finally, the combination of H3K4me3/ H3K14ac potentiates binding 
of TFIID binding via the TBP-associated factor TAF1 79. With TFIID 
bound to the promoter, transcription is imminent.  
In Drosophila, SAGA is responsible for H3K9ac and H3K14ac. Indi-
vidual loss of various SAGA components results in developmental 
defects and lethality 96. Ada2b mutants die as early pupae and are ex-
tra sensitive to irradiation-induced DNA-damage, suggesting a role for 
H3K9ac/H3K14ac in DNA repair 97. Similarly, both loss of the yeast 
H3K14 acetyltransferase Mst2 or mutations of H3K14 is critical for 
DNA damage response 98. Mutational analyses of Lysine residues have 
shown that the levels of H3K4me3 decrease when H3K14 is substitut-
ed 99. One explanation to this phenomenon was recently demonstrated 
in Yeast where H3K14ac directly inhibits the enzymatic activity of the 
H3K4 demethylase Jhd2 (Drosophila gene lid) 100. In this way, each 
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gene can build an extremely versatile and unique mechanism of pre-
cise gene activation by the combination of writers, readers and activa-
tors. 
There are additional complexes that specifically acetylate H3K9 and 
H3K14. One being the MYST family protein Sas5 that is a component 
of the NuA3 complex. The NuA3 complex binds H3K4me3 and me-
diate H3K14ac, very similar to the function of SAGA 101. 
 
 
Histone deacetylases 
 
Histone deacetylases (HDAC´s) modifies histones by the removal of 
acetylations from lysines. Like the KAT enzymes, HDAC´s can act on 
non-histone proteins and are partly localized to the cytoplasm. Since 
HDAC proteins are found in histone-less organisms such as bacteria, 
it becomes clear that HDAC´s are essential for other mechanisms than 
chromatin modification as well. The HDAC family is divided into 
three different classes: class I, class II and class III. 
Class I contains HDAC1/2 and HDAC3. Class II contain two sub-
classes: HAC4/5/7/9 and HDAC6/10. Class III contains the sirtuin-
family of HDAC proteins that has been implicated in prolonging 
lifespan in Drosophila. Sir2 was originally characterized as required 
for transcriptional and telomeric silencing and have later been impli-
cated in a variety of cellular processes 102. In Yeast, Sir2 deacetylate 
H3K9ac and H3K14ac to promote Clr4-mediated H3K9 trimethyla-
tion 103.  
Together with DNA binding factors, HDAC´s are recruited to chroma-
tin where they deacetylate histones and thus can function as co-
repressors. However, the story of biology is always more than meets 
the eye, and deacetylation of histones per se might not be the repres-
sive mechanism. For example, inhibition of HDAC3´s catalytic activi-
ty or deacetylase dead HDAC3 increases global histone acetylation as 
expected. Nonetheless, the protein still function as a repressor even 
without its enzymatic function 104. This indicates that the repressive 
function does not only come from the deacetylation mechanism but 
could rather be a result of the combined action of the whole repressive 
protein complex. In addition, genome-wide data show that most 
HDAC´s are associated with the transcription start site of active genes 
and positively correlates with transcription 105 106. This further chal-
lenge the traditional view on HDAC´s as repressors. Recent studies 
have even shown that HDACs might be important for gene activation. 
For example, a screen in Drosophila identified HDAC3 as an activator 
of the hsp70 gene by mediating Pol II pause-release 107. 
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The combination of HAT´s/HDAC´s at active genes might function in 
acetylation turnover, possibly to “reset” the chromatin after each 
round of transcription. The reset function might allow the “old” 
preinitiation complex to release from its position to make room for a 
new Pol II-containing preinitiation complex at the core promoter. 
 
 
 
 
 
Drosophila early development 
"Two years work wasted. I have been breeding those flies for all that 
time and I've got nothing out of it." -Thomas Hunt Morgan 
 
The fruit fly, Drosophila melanogaster have a long history as a model 
organism. Drosophila used in research originates in the early 1900´s. 
Thomas Hunt Morgan started to use flies in his genetic research. The 
knowledge about the function of different biological systems has been 
constantly increasing ever since, much due many years of extensive 
fly work. Fruit fly embryos are excellent when studying developmen-
tal processes. The whole developmental process after fertilization 
happens outside the female. Fly embryos are easy to collect in large 
quantities and it is possible to study developing cells and organs from 
the outside without the need for dissection.  
The study of early development is to a great degree the study of ma-
ternal factors and how they control the formation of the embryo´s 
morphology and body plan. The mechanisms of embryogenesis differ 
between multicellular organisms but starts with one single cell, the 
fertilized egg. A fertilized egg contains information how to form the 
entire organism. The information exists both in the DNA of the organ-
ism's genome, in the messenger RNA (mRNA), proteins and other 
molecules in the egg cell. In the fruit fly Drosophila melanogaster, the 
female fly produces her eggs in the ovaries, where she deposits RNA 
and proteins into the egg. This maternal contribution is used by her 
offspring during the first period of development before the embryo´s 
own zygotic transcription starts. When the egg is fertilized, the female 
will deposit the egg and leave it to develop. During the first hours of 
development, the embryo uses the maternally provided components 
for all of its cellullar functions. The time window when the embryo 
starts producing mRNA from its own genome is usually termed ma-
ternal to zygotic transition (MZT) or midblastula transition (MBT) 108. 
The maternal factors are rapidly degraded during the MZT to initiate 
cellularization and to control nuclear divisions. The timing of maternal 
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RNA degradation is critical and degradation is mediated by elements 
in the 3´ UTR of the maternal mRNA´s. The zygotic gene expression 
is critical for degradation of maternal products. Experiments using Pol 
II mutants show that the onset of cellularization is dependent on zy-
gotic expression 109.  
In pre-MBT embryos, a small set of genes is expressed as early as 
during nuclear cycle 8. This is the first time TATA-binding protein is 
seen in the nuclei. Pol II occupies only about hundred genes in pre-
MBT embryos, compared to 4000 genes occupied by TBP and Pol II 
during MBT transition. In pre-MBT embryos, many genes are activat-
ed solely by Pol II recruitment whereas Pol II pausing only exists at 
ten genes 110. Several anterior-posterior patterning genes as well as the 
P-TEFb target genes Sry-a, term and CG7271 are among the non-
paused genes. Non-paused genes often have multiple Zelda binding 
motifs upstream the core promoter in combination with a strong TA-
TA-box. An advantage with the non-pausing mechanism might be to 
achieve multiple rounds of transcription between each short nuclear 
cycle. In contrast, MBT activated genes are paused and often have the 
GAGA-motifs as well as DPE, MTE and PB motifs that correlates 
with paused Pol II 30 110,111. Interestingly, the patterning genes even-
skipped, sloppy-paired 1 and runt has a ”dual” mode of activation, 
meaning that they are activated in pre-MBT by a non-pausing mecha-
nism and later in MBT becomes paused. What are the factors that are 
involved in switching Pol II from non-pause to a paused state during 
the MBT? The non-pause to pause switch might be mediated by 
known factors such as NELF together with one or more of the pre-
MBT activated genes. However, the few genes that show Pol II paus-
ing already in pre-MBT stage suggests that pausing at these specific 
genes only depend on maternal factors.  
An interesting finding is that depletion of NELF in Drosophila em-
bryos does not result in a clear effect on the endogenous expression 
levels of several patterning genes including slp1. Instead, maternal 
NELF depletion shows a differential requirement for NELF in activa-
tion of slp1 and eve-reporter constructs. ChIP-data show that NELF 
bind the dual genes slp1 and eve and the non-paused genes Sry-a and 
ftz in 2h old embryos 31. The authors suggest that the NELF regulation 
is dictated from CRM´s rather than from the core promoter. Is it pos-
sible that Pol II pausing is achieved via the activity of cis-regulatory 
sequences? CRM´s might not function as early as stage 8, and genes 
that are expressed that early will have a dispersed expression pattern 
irrespective of the core promoter sequence. Only later, the dual genes 
might come under the control of their CRM´s to achieve Pol II paus-
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ing, possibly mediated via looping pausing factors to the promoters to 
mediate pausing.  
Zygotically expressed genes that are only active during the pre-
MBT/MBT stage such as the non-paused Sry-a, term and CG7172 
might be controlled by a much more ”simple” on/off mechanism that 
lacks the precise control that can be achieved from paused genes. Ex-
periments where CRM´s from paused genes are placed in the vicinity 
of a gene such as the non-paused term would be very interesting and 
give valuable information about Pol II behavior.  
In addition, small screens that focus on the pre-MBT genes might re-
veal novel proteins involved in the non-pause to pause switch. Other 
alternatives could involve protein-protein interaction assays involving 
the NELF subunits in pre-MBT embryos. 
 
 
Cellularization 
 
After oviposition, the fertilized egg contains one single diploid nucle-
us. During the first hours, the nuclei rapidly undergo 13 nuclear divi-
sions. The nuclei divides every 8 minutes until the embryo is filled up 
with ~6000 nuclei.  The 6000 nuclei are a part of a syncytial blasto-
derm. The syncytium is made up of multiple nuclei sharing a common 
cytoplasm. The shared cytoplasm promotes the diffusion of proteins 
and mRNA throughout the embryo. During this early time, a single 
plasma membrane surrounds the whole egg cell and the nuclei. The 
nine first nuclear divisions take place in the interior of the embryo. In 
nuclear cycle 9-10, the majority of nuclei reaches the embryo´s cortex 
and undergoes four more nuclear divisions. In the posterior end of the 
embryo, a small subset of nuclei is enclosed by cell membranes al-
ready at stage 9. This is followed by one or two cell divisions before 
they arrest in G2. This group of nuclei forms the pole cells. The pole 
cells are primordial germ cells that stay separated from the other cells 
at the posterior end and later follow the germ band extension towards 
the dorsal side. The pole cells will later become the germ cells that 
give rise to the gametes. The pole cells follow a unique transcriptional 
programme to maintain their germ-cell identity. While somatic nuclei 
activate RNA Polymerase II (Pol II), the pole cells express factors 
such as the peptide Polar granule component (pgc) to inactivate P-
TEFb. This has been suggested to keep the cells in a quiescent state 112 
113 (FIG 8). 
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FIGURE 8. Rapid nuclear division during the first hours of embryogenesis. A) 
An egg containing a diploid nucleus. B) A subset of nuclei reaches the posterior and 
becomes pole cells. C) The nuclei migrate to the embryo´s cortex. Pole cells are 
visible at the posterior tip of the embryo. D) Cellularization starts at nuclear cycle 
13. E) Cellularization is complete.  F) Gastrulation initiates. 
 
 
At stage 13, a process starts that turn all into individual cells in a pro-
cess termed cellularization. Cellularization is a mechanism found in 
the development of most insects and the process can be seen as a form 
of cytokinesis taking place on the basal side of the cells. Cellulariza-
tion involves processes such as the coordination of a dynamic cyto-
skeleton and membrane transport and is divided in four steps. When 
cycle 13 is complete, cellularization begin the first phase by an invag-
ination of the plasma membrane between each nuclei. In the initial 
steps one and two, each nuclei elongates. Step two and three involves 
a continuous invagination of the plasma membrane until the leading 
edge (the furrow canal) of the membrane reaches the basal end of the 
elongated nuclei. During the process of cellularization, basal and api-
cal adherens junctions appear in the cleavage furrow. In step 4, new 
lateral membranes are inserted. Step four ends when an actomyosin 
contractile ring consisting of myosin II and actin at the basal side of 
each cell pinches off the membrane. Thus, each somatic nucleus is 
turned into a monolayer of individual cells forming the cellular blas-
toderm embryo (FIG 9). Both maternal and zygotic factors are known 
to regulate cellularization. Only a handful of factors have been shown 
to specifically be involved in the process. All cellularization genes 
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show a rapid induction of expression prior to cellularization, mainly 
with expression throughout the whole embryo. The zygotic cellulari-
zation genes are among the small subset of genes that are expressed in 
pre-MBT embryos, in contrast to the 4000 genes that are activated 
during the massive maternal to zygotic transition 110. Due to short nu-
clear cycles in the syncytium, early zygotically transcribed genes are 
much shorter that genes expressed later in development. This allows 
multiple cycles of transcription between each round of mitosis that 
normally shut down transcription 114. 
 
 

FIGURE 9. Different steps in the cellularization process. A i) Cellularization 
starts with an invagination of the plasma membrane and an elongation of nuclei. 
Actin is concentrated below the plasma membrane. A ii-A iii) Actin and myosin 
follow the furrow canal forming the lateral membranes. Nuclei continue to elongate. 
A iv) The actomyosin machine pinch off and thereby creates the basal membrane. A 
v) A monolayer of cells is formed at the embryo´s cortex. B) Apical view of the cell 
monolayer after cellularization show membranes organized in a honeycomb pattern 
around each nucleus. 
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Future perspectives 
 
Initially, Drosophila research focused of pure genetics, but has for the 
last three decades much relied on forward genetic screens trying to 
elucidate which genes are involved in a certain process 115. Later ad-
vantages made it possible to use reverse genetics based upon the 
emerging genome sequence data 116. The existing techniques and 
methods for the Drosophila system have grown in number over the 
years. From relying on blunt and painstaking X-ray and chemically 
induced mutagenesis that creates randomly generated mutations to 
advanced molecular methods. The detection of mRNA´s with RNA in 
situ hybridization is commonly used in embryos and fluorescently 
labeled probes has opened up for the possibilities of the generation of 
three-dimensional confocal imaging in multiple colors. Recently, the 
use of locked nucleic acid probes have proven to work for the detec-
tion of miRNA´s 117 118. This might be used in future assays to label 
different parts of a transcript such as the 5´ and 3´ of the genes with 
two colors, or used to detect two or more transcripts that can not be 
distinguished from each other with conventional RNA hybridization 
methods. Using fluorescently tagged proteins, it is possible to follow 
cellular processes with live imaging from the early blastoderm stage 
all the way up to time point of the larvae hatching 24 h after egg lay-
ing. Future fluorescent live imaging assays might include embryos 
that are carrying 10 or more cellular components tagged with different 
fluorescent markers. The possibilities today let us perform more or 
less any kind of targeted DNA changes in the fly genome. Recent dis-
coveries such as the CRISPR/Cas9 system 119 120 121 122 have opened 
up a new world of possibilities where the limitations only lies in the 
time and cost. In addition, CRISPR/Cas9 open up for novel types of 
experiments such as targeted chromatin modification or immunopre-
cipitation of specific DNA elements. The advantage of being able to 
deplete proteins or disrupt genes in vivo and follow the phenotypes 
that occur is an important a very powerful tool for the fly researcher. 
One of the most frequently used molecular methods is the creation of 
transgenic animals. Traditional methods for making transgenic flies 
have relied on P-element based insertion of DNA sequences, which is 
efficient but have the disadvantage of being random in the insertion 
into the genome. P-element based insertions have been used to create 
large collections of RNAi constructs, gene and enhancer traps as well 
as huge fly libraries of gene disruptions. Newer methods making use 
of phiC31-mediated transgenesis circumvent positional effect varia-
tions among differently inserted transgenic constructs since constructs 
can be inserted at the same location with base pair faithfulness 123. In 
addition, phiC31-mediated transgenesis gives the advantage of inser-
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tion of larger pieces of DNA e.g. bacterial artificial chromosomes into 
the genome. The transgenic flies described in the work in this book 
were made both with P-element based random insertion as well as 
with phiC31-mediated insertions. Future methods for creating trans-
genic flies might involve negative selection markers such as pro-
apoptotic alleles or the use of drug-resistant constructs to terminate all 
non-transgenic flies. Automated cloning/DNA synthesis in combina-
tion with recent large-scale injection methods 124 125 could in addition 
speed up the rate of transgene generation and scientific discovery.  
One of the big challenges is to overcome problems with the heteroge-
neous nature of the embryo. Any assay that uses whole-embryo ex-
tracts from differentiated embryos deals with the issue of having a 
sample that contains multiple tissues and cell-types. This can be over-
come by using methods that drive the whole embryo to differentiate 
into only one tissue. However, such methods are generally painstaking 
and the generation of enough material can limit the project. To over-
come these problems, the establishment of cell-lines from the different 
cell types is a potential solution. A second option is having robust 
methods to sort out cells using flow-cytometry based methods. How-
ever, this might not be an optimal method if the cell number per em-
bryo is low.  
Antibodies with high affinity are essential for all molecular labs, and 
many studies rely on the quality of antibodies. One challenge for the 
future will be to efficiently produce small monoclonal antibodies such 
as nanobodies or peptides that are as effective as polyclonal antibod-
ies. High affinity peptides that can be cloned and expressed in cultures 
such as bacteria will overcome the issues that generally occur when 
in-house produced, unique and well-working antibodies runs out. 
Clonable nanobodies can additionally be tagged with fluorescent 
markers and used to track dynamic mechanisms such as phosphoryla-
tions or histone modifications in live conditions 126, or used to deplete 
protein function 127. The biggest challenge (and opportunities) for fu-
ture science lies in the enormous amount of data that exists today and 
are constantly increasing. The human mind will not able to store and 
recall all relevant information that has ever been produced. Therefore, 
there will be a demand for software that automatically analyze new 
data and puts it in the context of all previously generated results. One 
of the next big steps in science could be the introduction of robot sci-
entists to automate more or less all steps of the scientific discovery 128. 
So far, the new genome-wide datasets are at best a complement to the 
essential need to carefully and painstakingly dissect each gene by 
more traditional molecular methods. 
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Perspectives on Paper I 
 
P-TEFb was initially found to have an in vitro activity in transcrip-
tional elongation in vitro. It overcomes the repressive effects of the 
negative elongation factors DSIF and NELF. The role of P-TEFb in 
early embryogenesis is poorly understood. Therefore, we investigated 
the function of P-TEFb by miRNA-mediated knockdown of Cdk9 and 
Cyclin T in Drosophila to deplete maternal proteins. Our aim was 
initially to characterize P-TEFb´s function in Pol II pause release. We 
found effects in early embryos such as a posterior lack of cells and 
cellularization defects. The previously identified cellularization gene 
Sry-a was downregulated in P-TEFb embryos. We further identified 
two more P-TEFb target genes, terminus and CG7271. Some of the 
defects could be due to a failure of Pol II recruitment to the genes Sry-
a, terminus and CG7271. In addition, we found components of the 
Super elongation complex and two Mediator subunits to phenocopy 
the P-TEFb depleted embryos. We could see decreased Pol II occu-
pancy at P-TEFb target gene 5´ ends as well as in the 3´ ends. Howev-
er, we did not find and evidence for P-TEFb having a role in Pol II 
pause-release at target genes. Furthermore, the levels of Ser2 phos-
phorylated Pol II was decreased at all tested genes, suggesting a global 
role for P-TEFb in Pol II CTD Ser2-p during early development. Ser2-
p correlates with elongating Pol II. However, little is known about the 
direct effect of Ser2-p and its role in transcription. The near to normal 
expressed cellularization genes bnk, nullo and slam had decreased 
Ser2-p yet showed a modest decrease in Pol II occupancy. This indi-
cates that decreased Pol II Ser2-p is neither regulating Pol II pause-
release nor Pol II elongation efficiency at these genes. Ser2-p might 
play a different function such as priming Pol II for transcriptional ter-
mination or mRNA processing. Furthermore, P-TEFb target genes in 
early embryos are activated solely by Pol II recruitment indicating that 
a non-paused gene cannot simply be turned into a Pol II paused gene 
by depletion of P-TEFb. What is the role of Mediator in early embry-
onic development? In our study, depletion of either of the Mediator 
head domain subunits MED20 or MED22 resulted in a P-TEFb pheno-
type. This suggests that the head module of Mediator regulates a spe-
cific set of genes in early embryos via MED20 and MED22. Smaller 
variants of Mediator complexes comprised of a few Mediator subunits 
have been suggested to regulate specific sets of genes, and it is plausi-
ble to speculate that MED20 and MED22 might  
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FIGURE 10. Activation of P-TEFb-dependent genes versus P-TEFb independ-
ent genes in early embryogenesis. A) An early zygotic P-TEFb dependent gene 
such as terminus is bound by the pioneering factor Zelda together with a second 
unknown DNA-binding factor (X) that might recruit Med20, Med22, and SEC/P-
TEFb. The specific combination of factors mediates recruitment of the preinitiation 
complex. B) Activation of a P-TEFb independent gene such as slam. Zelda allow for 
binding of the factor Y that recruits the preinitiation complex independently of P-
TEFb/SEC or Med20 and Med22.  
P-TEFb regulates Pol II phosphorylation at both terminus and slam, possibly in a 
mechanism separate from Pol II recruitment. 
 
belong to a Mediator variant that activates some of the most early ex-
pressed genes in pre-MBT embryos (FIG 10). 
We found a function for term in early development where overexpres-
sion as well as miRNA mediated depletion of Terminus protein lead to 
cellular defects in the blastocyst stage. However, the function of ter-
minus remains unknown. The highly similar DNA and protein se-
quence (~99%) between term and its homolog CG7271 suggest that a 
recent gene duplication event took place in the split between the two 
groups D.obscura and D.melanogaster. This has resulted in two gene 
copies in melanogaster and one copy in obscura. In contrast, D. simu-
lans only have one copy, suggesting that it have lost one copy in the 
split with D. sechellia. The amino acid sequence of Terminus is con-
taining a predicted C2H2 zinc-finger, and protein-protein interaction 
data (The Drosophila Interactions Database, DroID) suggests Term to 
bind proteins involved in transcription and mRNA processing. The 
protein Elongin A (EloA) is among the protein-protein interaction 
partners (DroID database data). EloA have been suggested to be in-
volved in suppressing transient pausing of Pol II in vitro together with 
the Super elongation complex member ELL 129. Interestingly, Term 
shows a protein-protein interaction with its homolog CG6885 (FIG 
11). CG6885 have a 28% amino acid homology to Term and CG7171. 
CG6885 is only expressed at the same developmental stage as term 
and CG7271.  
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A small but potentially interesting finding is that some maternally 
contributed transcripts such as pgc and nanos showed a slightly in-
creased RNA in situ signal. The increased levels might indicate a 
function for P-TEFb or any P-TEFb target genes to control the regula-
tion of maternal transcript levels or maternal transcript destabilization.  
This study demonstrates the complexity of gene regulation and indi-
cates a novel role for P-TEFb/SEC together with Mediator in early 
development. A critical next step will be to investigate and find how 
gene-specificity is achieved and what DNA-binding factors that regu-
lates Pol II recruitment to genes in pre-MBT embryos. 

 
 
 
FIGURE 11. Protein-protein interaction data from the DroID database. Terminus 
protein-protein interaction partners. The strength of each interactions was calculated 
using weighted correlation. 
 
 
 
 
 
 



 45 

Perspectives on Paper II 
 
KDM4A can act as a demethylase that target H3K36me3 and 
H3K9me3. To assess to function of the JmjC protein KDM4A, we 
made a mutant fly based on a P-element jump out strategy. The 
KDM4A mutant flies were used in combination with a second 
KDM4A allele to avoid background effects. The mutant flies were 
viable and did not show any obvious phenotype although the levels of 
H3K36me3 were higher than normal. This is consistent with recent 
studies that show that KDM4A and KDM4A are biologically redun-
dant. To investigate if overexpressed KDM4A resulted in an opposite 
effect, we used an Actin Gal4 driver in combination with a UAS-
KDM4A transgene. Indeed, we could see a decrease in H3K36me3 
levels in larvae overexpressing KDM4A. This further demonstrated 
that KDM4A regulates the levels of histone methylation. To find po-
tential KDM4A targets, we prepared RNA from KDM4A mutant lar-
vae. Microarray analyses of the mutant larvae indicated that about 100 
genes had more than a 1.5 fold change in gene expression. This was 
validated by measuring the levels of cDNA from a subset of the target 
genes with quantitative RT-PCR. In addition, we analyzed KDM4A 
target genes in the larvae overexpressing KDM4A and found an oppo-
site effect on gene expression compared to the KDM4A mutants. This 
showed that KDM4A regulate gene expression of these genes.  
To investigate how the catalytic function of KDM4A influence its 
function in regulating gene expression, we created transgenic flies that 
expressed a catalytic dead KDM4A (H195A) cloned together with 
upstream and downstream sequences. The inactive form of KDM4A 
was combined with the KDM4A mutant allele and the expression of 
KDM4A target genes was again investigated by RT-qPCR. Genes that 
were upregulated in the KDM4A mutant showed restored expression 
levels by the H195A transgene, indicating that the enzymatic function 
of KDM4A is not necessary for correct gene expression of those 
genes. In contrast, H195A larvae could not restore the expression lev-
els of the down regulated target genes suggesting that the demethylase 
function of KDM4A is needed for their correct expression levels. 
Next, we studied the levels of methylated nucleosomes positioned at 
the KDM4A target genes by performing chromatin immune precipita-
tion. We speculated that genes with higher levels of KDM4A sub-
strates H3K9me3 and H3K36me3 would be more sensitive to the lev-
els of KDM4A protein. Surprisingly, all of the tested genes had a min-
imal amount of H3K9me3 and H3K36me3 in wild type and in 
KDM4A mutants. This was not due to the genes being inactive since 
the expression levels of some of the genes are high. One explanation 
for this could be that KDM4A regulates expression of these genes by 
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proxy, or via a so far unappreciated mechanism that does not involve 
H3K36me3 or H3K9me3. 
HP1a was previously demonstrated to interact with KDM4A and to 
stimulate its enzymatic function in vitro. In contrast to this synergistic 
effect, we found that the expression levels of some KDM4A target 
genes were restored in KDM4A/HP1 double mutant animals. This 
points to HP1A and KD4A having antagonizing functions. However, 
the potential of HP1a to stimulate KDM4A might not function at 
genes having very low levels of H3K36me3. At genes having high 
H3K36me3 levels, HP1a might function differently. 
It was previously reported that male KDM4A mutant flies have a re-
duced lifespan suggesting that KDM4A might preferentially target 
male-specific gene expression. Therefore, we overexpressed KDM4A 
and investigated the effects on adult flies. We found a sex-specific 
effect where male flies were sensitive to increased levels of KDM4A 
to a much higher degree that females. In addition, we found that 
KDM4A regulates a subset of highly expressed genes on the X-
chromosome. Other studies have shown that H3K36me3 affect bind-
ing of the dosage-compensating MSL complex that might explain 
some of the male lethal effects. 
Together, this strengthens the evidence that KDM4A is involved in a 
male specific gene regulation, possibly through the dosage-
compensation mechanism. The effects could also be a result of 
KDM4A working in male-specific splicing. To further characterize 
the function of KDM4A, there might be a need for sex-selection of 
embryos/larvae to specifically investigate gene regulation by KDM4A 
in males. 
 
 
Perspectives on Paper III 
 
Studying the direct biological outcome of histone modifications have 
until recently only been possible in Yeast systems. Much of the obsta-
cles have come from scattered locations of histone genes in multicel-
lular organisms as well as large copy numbers of each histone gene. 
Lately, advantages in Drosophila genetics have opened up the possi-
bilities for flies as a useful model to study histone modifications. In 
Drosophila, the canonical histone genes are clustered within one re-
gion. Recently, flies devoid of the histone cluster were made by the 
creation of a histone deficient chromosome. Furthermore, the histone 
deficiency flies were rescued by the addition of twelve transgenic his-



 47 

tone copies positioned in trans 130. This histone replacement method is 
carried out by the introduction of multiple vectors where each is con-
taining a histone gene unit (HisGU). Each HisGU contains one copy 
of histone 1, histone 2A, histone 2B, histone 3 and histone 4. In addi-
tion to this, histone replacement with mutant histones was previously 
proven to work 131. We have used the histone replacement approach in 
order to study the direct effects of several histone post-translational 
modifications in a multi-cellular model system. We mutated the previ-
ously described HisGU plasmids at the different residues H3K14, 
H3K18, H3K36 and H3K79 in order to generate four different histone 
mutant fly strains. The transgenic flies carrying twelve copies of His-
GUH3K14R were used to study the effects of an organism devoid of 
H3K14 acetylation. Furthermore, we used the H3K14R flies to gener-
ate mitotic clones in imaginal wing discs. We show that H3K14ac is 
essential for viability and that H3K14 replacement leads to lethality in 
the embryo and larvae stage. Additionally, we conclude that 
H3K14ac-mediated inhibition of H3K4 demethylation is an evolution-
ary conserved feature and that depletion of H3K14ac is not cell-lethal. 
We will further investigate the role of H3K14 acetylation and explore 
the three additional created histone mutations. One possibility to ex-
pand the usefulness of this system could involve temporally controlled 
onset of the histone depletion. This could be achieved by having a 
wild-type histone 3 transgene under the control of e.g. a heat-shock 
promoter could be introduced in the histone replaced flies. This would 
allow for expression of wild-type histone 3 until a certain stage. To 
investigate the role of histone modifications in early embryos, there 
might be an idea to explore the possibilities of maternally deplete 
wild-type histones using miRNA-mediated knock down while at the 
same time simply overexpressing miRNA resistant mutant histones 
using the same maternal Gal4 driver. 
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