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Transcription factor proteins (TFs) attach themselves to DNA by recognizing a short conserved
sequence of nucleotides, often referred to as a motif. The degree of conservation within this motif can
vary, with certain nucleotide positions being highly specific, while other nucleotide positions can show

little or no specificity at all. Biologists are interested in summarizing the nucleotide conservation

both within a single TF motif as well as between different TF motifs. We propose a hierarchical
model for the common structure between the 116 transcription factor motifs, organized into several
TF families. For each transcription factor motif, nucleotide counts at each position follow a
multinomial distribution that is parameterized by an unknown probability vector. The probability
vectors from each motif are modelled as arising from an unknown distribution shared by all
transcription factors. The prior used for this unknown distribution is a Dirichlet process. An
important consequence of our model is that it enables similar motifs to be clustered together and the
clustering results suggest that several TF families contain subgroups of transcription factors with
high motif similarity. Results of our investigation into the common structure shared by groups of
transcription factors will aide biologists in future genome-wide searches for additional TF motifs.
The clustering component of our model could be of further use in predicting co-regulated genes on
the basis of the clustering of conserved motifs found in each genes regulatory region.




Transcription Factors

e Certain proteins called transcription factors
(TFs) can bind directly to DNA and regulate

gene expression.

e Each TF attachs itself to DNA by recognizing a
short sequence of DNA, called a motif, that has
a specific nucleotide composition.

e Many transcription factors are organized into
large families

the composition of these TF motifs tend to

be more similar to other TF motifs ithin the

same family than TF motifs bet een di erent

families




it in oti Cons r ation

e variation in conservation _ithin a given motif

e some positions are highly specific, others are not highly conserved
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ar o I portant Data F at r s

e Motif conservation varies ithin a single motif (bet een positions) and

bet een di erent motifs.
e TFs are organized into families, and motifs tend to be more similar ithin
families than bet een families (exceptions exist)
it ould be nice to be able pic ing out clusters of very similar motifs
bet een and ithin TF families.
e Alignment roblem the dataset consists of ra  eight matrices of
di ering lengths, each assumed to contain a small ( column) motif.

in many cases it is not obvious hich columns are in the motif and hich
are out of the motif




Hi rarc ica Mo

e have here indexes the motifs, indexes the six columns ithin
each motif, and indexes the four possible nucleotides ithin each column.

ithin motif variability

e et een motif variability

F()

e () is an un no n distribution ith dimensions for the columns
dimensions for the nucleotides

F( ) is the nucleotide conservation at each position bet een the

di erent motifs in the dataset.




Diric t Proc ss

A common prior for un no n distribution F( ) is a Dirichlet process ( )
ith a di use measure

f 4 are distinct observations from F( ) ith prior ( ), then

F() ( )

The posterior distribution of F( ) is a mixture of and distinct point
masses. This point mass component allo s for the clustering of similar

motifs.

A missing data formulation as implemented (via ibbs sampling) in order

to address t o problems
only observe and do not directly observe

need to locate each motif ithin our ra data matrices




C strin R s ts

e cusedra sfrom ( ) to estimate the posterior probability that

motifs and are in the same cluster.

e Almost all of the motif pairs ith a high probability of being in the same
cluster are also from the same TF family

e some motif pairs from di erent TF families have a lo (but non zero)
probability of being clustered together.

motif pairs such as and may be of biological
interest.
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Post rior S nc Lo os

e e can also examine the posterior sequence logos of various subsets of

motifs, by ta ing the mean over all dra s from the posterior distribution of
the appropriate  s.
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