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1 Motif finding Bioinformatics  Fall 2011 

Course schedule 

•  Project group meetings on Thursday  
– Please sign up 

•  One more homework 
–  Incremental & team assignment 

•  Motif finding 
– EM 
– Gibbs sampling 

•  Phylogenetic trees  
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Lecture outline 

•  Why find motifs 
– Discover regulatory elements  

•  Promoters, repressors, enhancers, activators 

– Deduce network structure 
– Gene structure determination   

•  Examples 
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Expression of Genes in Cells 

• To produce a protein, a gene (DNA) has to be 
converted to an intermediary molecule called RNA, 
in a process called transcription. 
• Each cell contains the same genome.  Different cells 
have a different set of genes which are turned on 
(expressed) by allowing the genes to be transcribed. 
• Different cells have different mixtures of gene 
regulatory proteins to turn genes on or off. 
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Terminology  

•  Genome – entire genetic 
material of an individual 

•  Transcriptome – set of 
transcribed sequences 

•  Proteome – set of 
proteins encoded by the 
genome 
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Terminology 

•  Only one strand of DNA serves as a 
template for transcription. 

•  Different genes are transcribed from 
different strands  
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Gene Structure 
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Prokaryote Gene Structure 
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Prokaryote gene structure 

•  Promoter : RNA polymerase binding site consisting of 
•  minus 10 site: 

–  Pribnow box (TATAAT)  
•  Minus 35 site  

–  TTGACA  
•  Sigma-specific (sigma factors are part of the RNA polymerase 

complex) 
•  Other units 

•  Transcription start site 
•  Coding region (ORF): aa sequence in protein 

–  Translational start site (AUG) 
–  Translational stop site (UAA, UAG,UGA) 

•  Transcription stop site 
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Prokaryotic promoters and regulators 

•  Promoter determines: 
1.  Which strand will serve as a template. 
2.  Transcription starting point. 
3.  Strength of polymerase binding. 

•  RNA polymerase subunit for promoter 
recognition is called sigma-factor 

–  Different variations (7 for E. coli) 
–  Consensus binding sequences 

•  Operons for co-transcription 
•  Regulators affect the binding of RNA 

polymerase to DNA (positive and negative) 
 

10 Motif finding Bioinformatics  Fall 2011 

Prokaryote promoter example 

•  Pribnow box located at –10 (6-7bp)  
•  Promoter sequence located at -35 (6bp) 

•  Repressor laci binds to operator o preventing transcription 
•  The presence of lactose leads to a change in the shape of 

laci and this binding does not occur 
•  Control of promoter efficiency: CAP-cAMP complex binds 

under low levels of glucose to promote transcription 

Transcription occurs only when lactose is present 
• Efficient when glucose is absent 
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Consensus sequences 

•  Promoters sequences can vary tremendously. 
•  RNA polymerase recognizes hundreds of 

different promoters 
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Eukaryote gene structure 
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Eukaryote gene structure 

•  TATA box located around –25 
–  TATA(A/T)A(A/T)  
–  Recognized by TATA-binding protein 

•  Initiator sequence at +1 
–  YYCARR; Y is C/T, R is G/A 
–  +1 is usually the A 

•  Transcription factors bind to promoters 
•  Possible distant regions acting as enhancers or 

silencers (even more than 50 kb).  
–  More complex mechanism than prokaryotes 
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Eukaryote  
 vs. prokaryote gene structure 

•  No operons 
•  Capping at 5’ end and polyadenylation at 3’ end 

–  Transport of mRNA out of nucleus 
–  Effects stability and efficiency of translation 

•  Introns  
•  Alternative splicing 
•  CpG islands around promoter regions 

–  CpG tends to methylate and mutate 
–  Conservation implies function 
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Summary of the three steps  
in pre-mRNA processing 

•  The final mRNA may represent less than 5% of the transcribed DNA 
sequence 
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Promoter… 
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Difficulty of Finding Regulatory Elements 

–  Regulatory sites are short (up to 30 
nucleotides). 

–  Non-coding regions are very long (includes all 
regions which are not translated into proteins). 

–  Experiments to find regulatory sites are tedious 
and time-consuming.  One approach is to 
mutate different combinations of nucleotides 
until functionality changes.  
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Computational Approach 

• Identify a set of genes believed to be controlled by 
the same regulatory mechanism (co-regulated 
genes). 
• Extract regulatory regions of the genes (usually 
upstream sequences) to form a sample of sequences. 
• Find some way to identify conserved elements in 
these sequences, resulting in a list of potential 
regulatory sites. 
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How to Find Regulatory Sites 

gene site 

gene site 

gene site 
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Motif Finding Approach 

• Given a set of sequences, find a common 
motif shared by these sequences. 
• Steps: 

–  Construct a model of what we mean by 
common motif. 

–  Solve the problem within the model on 
simulated samples. 

–  Evaluate performance on biological samples. 
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Motif Finding Problem 

• Given a sample of sequences and an unknown pattern (motif) that 
appears at different unknown positions in each sequence, can we find the 
unknown pattern? 
• Input: a set of sequences, each one with an unknown pattern at an 
unknown position. 
• Output: a set of starting positions of the pattern in each sequence. 
• Naïve technique: O ((n-m+1)k.f) 

– n = length of each sequence 
– m = size of motif 
– k = number of sequences 
– f = cost of computation of distance between motif and background 
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Sample with Motif AAAAAAAAGGGGGGG 

atgaccgggatactgatAAAAAAAAGGGGGGGggcgtacacattagataaacgtatgaagtacgttagactcggcgccgccg 
 
acccctattttttgagcagatttagtgacctggaaaaaaaatttgagtacaaaacttttccgaataAAAAAAAAGGGGGGGa 

 
tgagtatccctgggatgacttAAAAAAAAGGGGGGGtgctctcccgatttttgaatatgtaggatcattcgccagggtccga 

 
gctgagaattggatgAAAAAAAAGGGGGGGtccacgcaatcgcgaaccaacgcggacccaaaggcaagaccgataaaggaga 
 

tcccttttgcggtaatgtgccgggaggctggttacgtagggaagccctaacggacttaatAAAAAAAAGGGGGGGcttatag 
 

gtcaatcatgttcttgtgaatggatttAAAAAAAAGGGGGGGgaccgcttggcgcacccaaattcagtgtgggcgagcgcaa 
 
cggttttggcccttgttagaggcccccgtAAAAAAAAGGGGGGGcaattatgagagagctaatctatcgcgtgcgtgttcat 

 
aacttgagttAAAAAAAAGGGGGGGctggggcacatacaagaggagtcttccttatcagttaatgctgtatgacactatgta 
 

ttggcccattggctaaaagcccaacttgacaaatggaagatagaatccttgcatAAAAAAAAGGGGGGGaccgaaagggaag 
 

ctggtgagcaacgacagattcttacgtgcattagctcgcttccggggatctaatagcacgaagcttAAAAAAAAGGGGGGGa 
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Sample with (15,4)-motif AAAAAAAAGGGGGGG 

atgaccgggatactgatAgAAgAAAGGttGGGggcgtacacattagataaacgtatgaagtacgttagactcggcgccgccg 
 
acccctattttttgagcagatttagtgacctggaaaaaaaatttgagtacaaaacttttccgaatacAAtAAAAcGGcGGGa 

 
tgagtatccctgggatgacttAAAAtAAtGGaGtGGtgctctcccgatttttgaatatgtaggatcattcgccagggtccga 

 
gctgagaattggatgcAAAAAAAGGGattGtccacgcaatcgcgaaccaacgcggacccaaaggcaagaccgataaaggaga 
 

tcccttttgcggtaatgtgccgggaggctggttacgtagggaagccctaacggacttaatAtAAtAAAGGaaGGGcttatag 
 

gtcaatcatgttcttgtgaatggatttAAcAAtAAGGGctGGgaccgcttggcgcacccaaattcagtgtgggcgagcgcaa 
 
cggttttggcccttgttagaggcccccgtAtAAAcAAGGaGGGccaattatgagagagctaatctatcgcgtgcgtgttcat 

 
aacttgagttAAAAAAtAGGGaGccctggggcacatacaagaggagtcttccttatcagttaatgctgtatgacactatgta 
 

ttggcccattggctaaaagcccaacttgacaaatggaagatagaatccttgcatActAAAAAGGaGcGGaccgaaagggaag 
 

ctggtgagcaacgacagattcttacgtgcattagctcgcttccggggatctaatagcacgaagcttActAAAAAGGaGcGGa 

AgAAgAAAGGttGGG 

cAAtAAAAcGGcGGG 
..|..|||.|..||| 
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Difficult Motif Finding Problem 

• Find a motif in a sample of sequences, each 
600 nucleotides long and each containing a 
pattern of length 15 with 4 mismatches 
((15,4)-motif): 

–  (15,4)-motif is not too infrequent (appears once 
in 3,000 positions on average). 

–  Any two instances of the (15,4)-motif may 
differ in as many as 8 positions, a very large 
number. 
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Why Not Use Multiple Alignment? 

• The motif is short and may appear at different 
location in different sequences.  Most other areas are 
random. 
• The problem is made more complicated since not 
every sequence contains a motif, due to: 

–  The upstream region used may not be long enough to 
include a regulatory site in every sequence. 

–  Usually, potential co-regulated genes are used to 
construct the sample; unclear whether all these genes 
are really co-regulated. 
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Computational Approaches 

–  CONSENSUS – Use a greedy algorithm to 
iteratively build up motifs by adding more and 
more pattern instances. 

–  MEME – Use the expectation maximization 
(EM) algorithm.  Popular program for motif 
finding. 

–  Gibbs sampler – Start from a random initial 
solution, use the Gibbs sampling approach to 
make a series of local moves, trying to get to 
the solution with the best score. 
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CONSENSUS Algorithm 

• CONSENSUS uses an iterative procedure to add 
more and more patterns to form potential motifs: 

–  Initialize each l-mer in sequence 1 as a single-pattern 
motif. 

–  Add each l-mer in sequence 2 to each single-pattern 
motif, forming motifs consisting of 2 patterns.  Keep 
only the top n motifs. 

–  Repeat the process by adding each l-mer in sequence 3 
to the top n motifs from the last round, forming motifs 
consisting of 3 patterns, and so on until the last 
sequence.  Only the top n motifs are kept each time. 
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More Details of CONSENSUS 

–  CONSENSUS uses the entropy score for 
scoring a motif as a set of ungapped patterns. 

–  Instead of following the sequence order as 
given in the input sequence set, a randomized 
ordering is used to avoid dependence on the 
input set. 
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Problems of Combinatorial Approaches 

–  Most combinatorial approaches do not consider 
the statistical significance of motifs. 

–  Although these new approaches confirm to 
have better performance over older approaches 
on simulated samples, it has not been shown 
that they have significant advantages on real 
biological samples. 
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Summary of Statistical Approaches 

–  Most of these approaches use an iterative 
improvement procedure.  In most cases, 
random starting points are used and the 
iteration often ends in a local optimal solution 
which is not the global optimal but a 
suboptimal solution. 

–  However, in most practical cases, very good 
solutions are obtained. 
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Biological Considerations 

• In practice, motif finding algorithms have to 
take into account characteristics of real input 
samples.  These include: 

–  Motifs with unknown length. 
–  Samples with biased nucleotide composition. 
–  Corrupted samples (not every sequence 

contains a motif). 
–  Regulatory sites can lie on either DNA strand. 
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Motif Finding in Real Life 

• In practice, the motif finding process is a 
three-step process: 

–  Assemble a sample of upstream sequences of 
(potentially) co-regulated genes. 

–  Use motif finding software to find potential 
regulatory sites. 

–  Verify the predictions experimentally. 
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Higher-Order Motif Finding Problem 

• Usually more than one motif is involved in 
regulation.  Also, there are many regulatory 
proteins that control the expression of a gene, 
and the set of regulatory proteins involved is 
different under different situations. 
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