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D NA, which carries all genetic infor-
mation, is organized and wrapped 
around proteins called histones. 

These histones can be modified in differ-
ent ways in order to determine which genes 
should be active and which should be silent. 
This concept has been known for a while 
and is referred to as the histone code – the 
different combinations of epigenetic mark-
ings that result in different outcomes. A re-
search group at the University of Oslo in 

Norway has now been able to show that the 
early embryo, at least in Zebrafish, contains 
genes that are epigenetically marked, or en-
coded, by modified histones, before any ac-
tivation of these genes takes place. “This 
strongly suggests that shortly after fertil-
ization, the early embryo has already set up 
some sort of gene activation program before 
any gene is actually turned on – a pre-pat-
terning of developmental gene activation, 
if you will,” says Philippe Collas, professor 

at the University of Oslo and leader of the 
study.

Zebrafish as a model system
Collas and colleagues have based their stud-
ies on the embryos of Zebrafish. After fer-
tilization, there is a three-hour period with 
multiple cell divisions before embryonic 
genes are turned on. By comparison this pe-
riod lasts for two to three days in humans. 
“This ten cell-cycle window before gene 
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Early 
pre-programming  
of genes

Did you ever wonder how the newly fertilized egg 
knows exactly what to do and how to develop? Part of 

the answer is in the epigenetic marking of genes.
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activation gives us a fantastic opportuni-
ty to examine how the embryo prepares for 
further development,” says Collas, adding 
that studies on human embryos would be 
difficult from a practical and ethical point 
of view. 

Putting two and 
two together
Collas and his colleagues already had a 
hunch that specific processes might in some 
way determine how embryonic transcription 
is initiated and the genes involved, when 
two scientific papers strengthened their hy-
pothesis. One was from the laboratory of 
Alexander Schier (Harvard University), 
published in 2010. “They proposed that in 
Zebrafish, embryonic gene activation coin-
cides with the appearance of histone mod-
ifications in the genome; but to us it was 
hardly imaginable that the embryonic gene 
expression program would be setup so late 
after fertilization, at the same time as genes 
are activated. Something had to happen be-
fore that, some developmental programming 
had to take place,” recounts Collas. The oth-
er study, from the Brad Cairns Laboratory 
(HHMI, University of Utah), showed that 
Zebrafish sperm contain histones that are 
modified by different epigenetic marks; in-
terestingly, these modified histones mark 
genes essential for early development. The 
authors postulated that these marks may be 
transmitted from sperm to the new embryo 
after fertilization, where they may play a 
role in the developmental program. “After 
the publication of that paper, we just put two 
and two together and felt that we were on 
the right track,” says Collas.

The golden assay to study
histone modifications
In collaboration with research groups from 
Norwegian School of Veterinary Science, 
the University of Birmingham and the 
Genome Institute of Singapore, Collas and 
his team set out to identify the modifica-
tions of histone H3 and the positions these 
might occupy in the genome to pre-pat-
tern and later regulate embryonic gene ac-
tivation. For that they used a method called 
ChIP (chromatin immunoprecipitation) 
which gives information about the specific 
modifications of the histones that are bound 
to DNA. “This is really the golden assay for 
the study of histone modifications,” com-
ments Collas. They combined the ChIP ap-
proach with hybridization to custom-de-
signed high-density promoter microarrays 

to determine the promoters marked by mod-
ified histones. The recently published data 
shows the occupancy of specific gene sets 
by modifications of histone H3, in partic-
ular tri-methylation of particular lysines, 
known to mark active, repressed or poten-
tially active genes. 

The onset of life in detail
The next big question is what happens to 
these regulatory marks after fertilization. 
“As we see it, our findings are consistent 
with two models. The first model is that the 
marks detected in sperm by our colleagues 
remain associated with the sperm genome 
through fertilization; the other is that they 
are first taken off and then repositioned,” 
explains Collas. He seems to favor the first 
idea, because not only would it be “a waste 
of energy to first remove the marks and 
then put them back”, but that mechanism 
“would also require some other kind of in-
formation” to be carried over from sperm 
into the fertilized egg to be able to reposi-
tion the marks correctly. In order to investi-
gate this further, Collas and colleagues will 
now look at the whole process in more de-
tail. The first question they want to answer 
is at how early a stage the marks are pres-
ent. Then they want to know their function. 
By knocking down or mutating genes that 
have a role in the modification process they 
hope to get an answer. “Zebrafish has the 
advantage that we can easily obtain many 
synchronous embryos and we are looking at 
a rather short timeframe with many cell di-
visions. So these kinds of studies are quite 
doable,” explains Collas.

Taking it further
Zebrafish is a common model for the study 
of development and many mechanisms 
identified in fish also apply to humans. In 
the long run Collas and colleagues plan to 
investigate whether the same mechanism of 
early pre-programming of a gene expression 
program also applies to stem cells. “This 
knowledge may in the future affect the way 
we look at stem cell differentiation, fetal de-
velopment, the ageing process and disease 
development,” says Collas. •
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