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Within past years the genetic sequence of several biological organisms has been revealed. The first
eukaryotic cell, whose complete genome was sequenced, was yeast S. cerevisiae in the year 1996.
The sequence consists of 16 chromosomes, which include more than 13 million bases of DNA and
by far about 6300 open reading frames (ORF) possibly encoding for a gene have been identified. In
2000’s also the genetic sequence of human has been identified and currently it is estimated to contain
about 30000 genes. Thus, the number of genes among the organisms has been turned to be in the
same level although the complexity of the organisms differs greatly. Consequently, the complexity of
the systems can be explained by regulation.

Regulation of Transcription

Transcription is the process in which a one strand of a DNA molecule (i.e. typically a gene) is used
as a template for a synthesis of complementary RNA. This RNA then goes through several processes
(e.g. splicing) after which it is used as a template for translation process, which forms a polypeptide
(i.e. typically a protein).
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Other regulatory mechanisms in cell

Cells contain also several other regulatory mechanisms. In addition to transcription regulation the
gene/protein expression is also regulated e.g. in chromatin and translational levels and via post-
translational modifications and signal transduction. Therefore, it is essential to remember that having
a mRNA does not necessarily mean that there would also be a functional gene product.

In chromatin level regulation is done e.g. via gene imprinting and histone acetylation. In gene im-
printing one of the gene copies is systematically shutdown via methylation of the C basis in promot-
ers. This happens also in chromosome level when either of the inherited chromosomes is shutdown.
Histones are proteins that wrap around DNA. Acetylation reduces positive charge of histone proteins
and this reduces the affinity of histones to DNA (DNA is slightly negatively charged). This releases
the tight bound between histones and DNA and allows transcription of DNA. Histone deacetylation
increases the positive charge of histones again and leads to formation of chromatin i.e. histone-DNA
-complex.

In translational level gene/protein expression is regulated e.g. via splicing, RNA interference, and
protein binding. In splicing process introns are removed from pre-RNA and the remaining exons de-
termine the properties of the translated protein. Translation process can be interfered by small com-
plimentary RNA which binds to mRNA. This either prevents translation or starts the mRNA degra-
dation process. Translation can be blocked also by binding of the regulation protein to mRNA.

Protein expression is regulated via several post-translational modifications. Some of these are protein
phophorylation, ubiquitination, sumolation, acetylation, methylation, and protein-protein interac-
tions. For instance protein phosphorylation affects the protein activity and the protein might become
functional in some (signaling) pathway. Ubiquination, on the other hand, often designates the begin-
ning of the protein degradation process.



Bioinformatics

There are several databases which contain data for in silico studies. Genomic and mRNA sequences
of various organisms can be found for instance from NCBI and EMBL. DNA binding matrices for
various transcription factors can be found from Transfac and Jaspar. Several databases such as GEO
and ArrayExpress also contain experimental data from microarray experiments.

A few studies have been published regarding to search of cis-acting elements. In these studies it has
been searched for instance for over-represented sequences on genomic scale. Also comparative ge-
nomics has been used to search cis-acting elements from higher organisms which also might have a
larger space between different elements. Also clustering has been used for searching of cis-acting
elements. In clustering studies an assumption is made that similarly acting genes are regulated by
same transcription factors through the same cis-acting elements. However, this might not be always
true.

Also some in silico studies, in which transcription factors have been searched, have been done. How-
ever, the binding matrices are available only to a very limited number of transcription factors. In
yeast data it has been searched for transcription factors that would best explain clusters of coex-
pressed genes, but it seems that no other methods has been used. Also it seems that there are not
studies done in metazoans, just in simpler organisms.

In general, the research relating to transcription regulation as a form of a search of cis-acting ele-
ments and transcription factors is still very limited. Especially, not much has been done using higher
eukaryotes, since by far they have turned to be too complicated and also an amount of available data
remains to be very limited.

Proposal of new method

In the lecture also a new method for modeling gene expression was presented. The method assumes
only main regulation mechanisms i.e. positive transcription regulation and expects that transcription
factors act synergistically. One still needs to keep in mind that there are also other regulation mecha-
nisms than transcription regulation and also there are several known negative transcription regulation
cases (so called negative feedback loops). However, due to limited capacity it is not possible to take
into account everything in a single model.

The method assumes that the higher level of
transcription factors leads to higher expres-
sion of a gene (see attached figure). Also
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Expression

Spearman’s Rank correlation coefficient is used to measure expression of genes explained by expres-
sion of transcription factors. The method is rather robust, but can be used to find correlation between
gene expression and expression of transcription factors. However, it does not tell for instance how
many of transcription factors really are regulating the gene expression. To obtain more combinations
of the transcription factors some of the “invisible” regulators (i.e. regulators having high expression
all the time) might need to be removed. Since a gene might have several enhances, which might act
in different tissues differently, any data should not just be combined.



To test quality of the method a sample dataset was used. Data- |
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The model was found to give good results, but there is still a MITF included:
need to improve it. There are several possibilities to do it, such LA
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protein-protein interaction data into model. However, several
of these improvements might be difficult to do due to computa-
tional limitations.

In general, the new method explained the gene expression well in the used special case. However, in
the higher eukaryotics the regulation is done in several levels (transcription, translation, post-
translational) and plenty of work still needs to be done before the regulation in higher eukaryotics
can be modeled computationally.



