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• Tekoälyn osa-alue, menetelmät perustuvat 
havainnoista oppimiseen

• Tavoitteena automatisoida data-analyysiä

• Pohjana usein abstraktien ongelmien 
ratkaiseminen, esim. luokittelun

• Läheinen suhde tilastotieteeseen

Koneoppiminen
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Tieteiden rajapinnalla
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Images from Levy et al., PLoS Biology 5(10):e254 (2007); 
Gross, PLoS Biology 5(10):e266 (2007).



Geenisäätely: faktoja

• Geenien aktivoituminen on sekä ajallisesti 
että paikallisesti lokalisoitunutta

• 98,5% ihmisen genomista ei koodaa 
proteiineja

• Yleisellä tasolla tunnetaan lukuisia 
säätelymekanismeja

• Esimerkiksi transkriptiosäätely



Image from:  Guzmán-Vargas and Santillán BMC Systems Biology 2:13 (2008).
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R E V I EW S

ORTHOLOGY

Two sequences are orthologous
if they share a common ancestor
and are separated by speciation.

PHYLOGENETIC FOOTPRINTING 

An approach that seeks to
identify conserved regulatory
elements by comparing genomic
sequences between related
species.

MACHINE LEARNING

The ability of a program to learn
from experience — that is, to
modify its execution on the basis
of newly acquired information.
In bioinformatics, neural
networks and Monte Carlo
Markov Chains are well-known
examples.

Identification of regions that control transcription
An initial step in the analysis of any gene is the identifi-
cation of larger regions that might harbour regulatory
control elements. Several advances have facilitated the
prediction of such regions in the absence of knowl-
edge about the specific characteristics of individual cis-
regulatory elements. These tools broadly fall into two
categories: promoter (transcription start site; TSS)
and enhancer detection. The methods are influenced
by sequence conservation between ORTHOLOGOUS genes
(PHYLOGENETIC FOOTPRINTING), nucleotide composition and
the assessment of available transcript data.

Functional regulatory regions that control transcrip-
tion rates tend to be proximal to the initiation site(s) of
transcription. Although there is some circularity in the
data-collection process (regulatory sequences are sought
near TSSs and are therefore found most often in these
regions), the current set of laboratory-annotated regula-
tory sequences indicates that sequences near a TSS are
more likely to contain functionally important regulatory
controls than those that are more distal. However, specifi-
cation of the position of a TSS can be difficult. This is fur-
ther complicated by the growing number of genes that
selectively use alternative start sites in certain contexts.
Underlying most algorithms for promoter prediction is a
reference collection known as the ‘Eukaryotic Promoter
Database’ (EPD)4. Early bioinformatics algorithms that
were used to pinpoint exact locations for TSSs were
plagued by false predictions5. These TSS-detection tools
were frequently based on the identification of TATA-box
sequences, which are often located ~30 bp upstream of a
TSS. The leading TATA-box prediction method6, reflect-
ing the promiscuous binding characteristics of the TATA-
binding protein, predicts TATA-like sequences nearly
every 250 bp in long genome sequences.

A new generation of algorithms has shifted the
emphasis to the prediction of promoters — that is,
regions that contain one or more TSS(s). Given that
many genes have multiple start sites, this change in
focus is biochemically justified.

The dominant characteristic of promoter sequences
in the human genome is the abundance of CpG dinu-
cleotides. Methylation plays a key role in the regulation
of gene activity. Within regulatory sequences, CpGs
remain unmethylated, whereas up to 80% of CpGs in
other regions are methylated on a cytosine. Methylated
cytosines are mutated to adenosines at a high rate,
resulting in a 20% reduction of CpG frequency in
sequences without a regulatory function as compared
with the statistically predicted CpG concentration7.
Computationally, the CG dinucleotide imbalance can be
a powerful tool for finding regions in genes that are
likely to contain promoters8.

Numerous methods have been developed that
directly or indirectly detect promoters on the basis of
the CG dinucleotide imbalance. Although complex
computational MACHINE-LEARNING algorithms have been
directed towards the identification of promoters, simple
methods that are strictly based on the frequency of CpG
dinucleotides perform remarkably well at correctly pre-
dicting regions that are proximal to or that contain the

does not reveal the entire picture. There is only partial
correlation between transcript and protein concentra-
tions3. Nevertheless, the selective transcription of genes
by RNA polymerase-II under specific conditions is cru-
cially important in the regulation of many, if not most,
genes, and the bioinformatics methods that address the
initiation of transcription are sufficiently mature to
influence the design of laboratory investigations.

Below, we introduce the mature algorithms and
online resources that are used to identify regions that
regulate transcription. To this end, underlying meth-
ods are introduced to provide the foundation for
understanding the correct use and limitations of each
approach. We focus on the analysis of cis-regulatory
sequences in metazoan genes, with an emphasis on
methods that use models that describe transcription-
factor binding specificity. Methods for the analysis of
regulatory sequences in sets of co-regulated genes will
be addressed elsewhere.We use a case study of the human
skeletal muscle troponin gene TNNC1 to demonstrate
the specific execution of the described methods. A set of
accompanying online exercisesprovides the means for
researchers to independently explore some of the meth-
ods highlighted in this review (see online links box).
Because the field is rapidly changing, emerging classes of
software will be described in anticipation of the creation
of accessible online analysis tools.
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Figure 1 | Components of transcriptional regulation. Transcription factors (TFs) bind 
to specific sites (transcription-factor binding sites; TFBS) that are either proximal or 
distal to a transcription start site. Sets of TFs can operate in functional cis-regulatory 
modules (CRMs) to achieve specific regulatory properties. Interactions between bound TFs
and cofactors stabilize the transcription-initiation machinery to enable gene expression. 
The regulation that is conferred by sequence-specific binding TFs is highly dependent on the
three-dimensional structure of chromatin.

Image from: Wasserman & Sandelin. Nat Rev Genet. 5(4):276-87 (2004)



Mallinnustehtävän 
haasteita

• Kaikkien geenien aktiivisuutta helppo mitata 
samanaikaisesti, proteiinien ei

• Mittaukset usein huomattavan kohinaisia

• Vähän mittauspisteitä suhteessa muuttujiin

• Paljon tuntemattomia vuorovaikutuksia



Havaitsemattomien 
aineiden rekonstruktio

• Tavoitteena selvittää havaitsemattomien 
aineiden aktiivisuus biokemiallisessa 
systeemissä

• Esimerkkinä transkriptiofaktoriproteiinit, 
apuna niiden vaikutus kohdegeeneihin



Image from: Khanin et al., PNAS 103(49):18592 (2006).

Säätelyverkkomotiivi



Transkriptiomalli

Geenin aktiivisuuden muutos =

tausta-aktiivisuus

+ säätelyn vaikutus

– hajoamisen vaikutus



“Essentially, all models 
are wrong, but some 

are useful.”
– George Box (1919-)



Mallin sovittaminen

• Bayesiläinen päättely: priorista posterioriin

• Oletetaan tuntemattomille suureille 
Gaussin prosessia noudattava priorijakauma

• Vastaava yhteisjakauma kaikille suureille

• Suurimman uskottavuuden menetelmään 
perustuva parametrien estimointi

• Tässä esimerkissä laskennallisesti tehokas



Esimerkkimalli
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Sovelluksia

• Bioinformatiikassa eri tietolähteiden 
yhdistäminen olennaista

• Malli mahdollistaa ekspressioaikasarjojen 
käytön transkriptiofaktoreiden 
kohdegeenien tunnistamisessa

• Vaatii vain yksinkertaisia kokeita

• Ensimmäiset tulokset hyvin lupaavia



Yhteenveto

• Koneoppimisessa pyrkimyksenä data-
analyysin osittainen automatisointi

• Moderniin biologiaan liittyy paljon haastavia 
data-analyysitehtäviä


