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Is there information in
ACSLPKVQGPCSGKHSYYYFNSANQQCETFVYGGCLGNTNRFATIEECNARC- 
VCLLPKSAGPCTGFTKKWYFDVDRNRCEEFQYGGCYGTNNRFDSLEQCQGTC- 
VCAMPPDAGVCTNYTPRWFFNSQTGQCEQFAYGSCGGNENNFFDRNTCERKCM 
TCSLSPSPGTCGPGVFKYHYNPQTQECESFEYLGCDGNSNTFASRAECENYCG 
-CHTEHSSGACPGAVTMFYHDPRTKKCTPFTFLGCGGNSNKFDTRPQCERFCK 
PCMLPSDKGNCQDILTRWYFDSQKHQCRAFLYSGCRGNANNFLTKTDCRNACM 
-----RLVGYCSPYLRRYFFNRTTEKCVLFIPERCEKDGNNFPNRKVCMKTCM 
PCSLKEDYGIGRAYYERWYFNTTTANCTRFIWGGNHKEWQQFR---------- 
PCKQDLDQGHGKTLQARYYFNKYAKVCEQFDYRGIDGNRNNFESLQECQQQC- 
-CFLKPDEGVGRAILKAFYYNPKNRRCEEFEYGGLGGNENNFETMEKCEEECK 
-CSQPAASGHGEQYLSRYFYSPEYRQCLHFIYSGERGNLNNFESLTDCLETCV 
LCNLKYDSGVGGEKSDKYFWVPKYTTCMRFSFYGTLGNANNFPNYNSCMATCG 
---------RGADTIQRWYWDTNDLTCRTFKYHGQGGNFNNFGDKQGCLDFC- 
PCEQAIEEGIGNVLLRRWYFDPATRLCQPFYYKGFKGNQNNFMSFDTCNRACG 
PCGQPLDRGVGGSQLSRWYWNQQSQCCLPFSYCGQKGTQNNFLTKQDCDRTC- 
VCIQPLESGD-EPSVPRWWYNSATGTCVQFMWDPDTTNANNFRTAEHCESYCR 
TCVQPTATGP-NPTEPRWWYNSITGMCQQFLWDPTASGPNNFRTVEHCESFCR 
-CDQQLMLGVGGASMERFYYDTTDDACLVFNYSGVGGNENNFLTKAECQIAC- 
PCSVPLAPGTGNAGLARYYYNPDDRQCLPFQYNGKRGNQNNFENQADCERTC- 
----PESEGVTGAPTSRWYYDQTDMQCKQFTYNGRRGNQNNFLTQEDCAATC- 
ACKMPLSVGIGGAPANRWYYDAAASTCKTFEYNGRKGNQNNFISEADCAATC- 
VCNLPMSTGEGNANLDRFYYDQQSKTCRPFVYNGLKGNQNNFISLRACQLSC- 
ICQQPMAVGTGGATLPRWYYNAQTMQCVQFNYAGRMGNQNNFQSQQACEQTC- 
PCSLPMFSGEGTGNLTRWYADSCSRQCKSFTYNGSKGNQNNFLTKQQCESKCK 
PCEEEMTQGEGSAALTRFYYDALQRKCLAFNYLGLKGNRNNFQSKEHCESTC- 
TCELPMTKGYGNSHLTRWHFDKNLNKCVKFIYSGEGGNQNMFLTQEDCLTVC- 
TCELTMTKGYGNSHLTRWHFDKNLNKCVKFIYSGEGGNQNMFLTQEDCLSVC- 
RCHLPPAVGYGKQRMRRFYFDWKTDACHELQYSGIGGNENIFMDYEQCERVCR 
-CMESLDRGSCEAMSNRYYFNKRARQCKGFHYTGCGKSGNNFLTKEECQTKC- 
PCQQPLQRGNCSQRIPLFYYNIHNHKCRKFMYRGCNGNENRFSNRRQCQAKCG ?



• >19,500 completed genome sequencing projects!

• >23,800 ongoing genome sequencing projects!

!
!
!
!
!
!
!
!
!

• but genomes are long sequences of letters!

! need computational approaches to extract information from raw data

GOLD data base

There are many data...
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Sequence vs. structure

…but function relies on structure!!

…and structure is more conserved in evolution than sequence



Structural conservation of protein domains

Trypsin (bovine) Elastase (pig)

The structure domain folds in families frequently more conserved than!
amino-acid sequence (~25% sequence identity)

Sequence variability expected to carry information about structure
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Plan of the lectures

1. DNA sequence motifs, transcription-factor binding sites and 

position-specific weight matrices 
[van Nimwegen, BMC Bioinformatics (2007)]!

2. Aligning biological sequences and detecting sequence similarity  
[Durbin, Eddy, Krogh, Mitchison, Biological Sequence Analysis, Cambridge 1998]!

3. RNA secondary structure prediction 
[Durbin, Eddy, Krogh, Mitchison, Biological Sequence Analysis, Cambridge 1998] !

4. Direct-coupling analysis: From sequence coevolution to protein 

structure 
[Morcos et al., PNAS (2011); Juan, Pazos, Valencia, Nature Rev Gen (2013)] 



Gene regulation

Central dogma of molecular biology:  directed information flow!

!
!

BUT!
• different cell types from same genome!
‣ differential gene expression!

• precise timing of gene expression during cell cycle!
• response to external signals, nutrient availability etc.!
!

DNA (genes) mRNA proteins
transcription translation



Central dogma of molecular biology:  directed information flow!

!
!

BUT!
• different cell types from same genome!
‣ differential gene expression!

• precise timing of gene expression during cell cycle!
• response to external signals, nutrient availability etc.!

Gene regulation = fundamental process for differential gene expression

Gene regulation

DNA (genes) mRNAfeedback control proteins

Transcription factors  



Transcriptional repression vs. activation

Simplest regulatory functions: 

repression!
by competitive binding

activation!
by collective binding

Gene 2

RNAP

TF1 TF2

Gene 1

Gene 1

Gene 2



Gene regulation

! concentrate on transcriptional regulation



Protein-DNA interactions
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