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HMM for Sequence Alignment"
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G-Protein Couple Receptors"
  Transmembrane proteins with 7 α-helices and 6 loops; many subfamilies 
  Highly variable: 200-1200 aa in length, some have only 20% identity. 
  [Baldi & Chauvin, ’94] HMM for GPCRs 
  HMM constructed with 430 match states (avg length of sequences) ; 

Training: with 142 sequences, 12 iterations 
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GPCR - Analysis"
 Compute main state entropy values 

 For every sequence from test set (142) & random 
set (1600) & all SWISS-PROT proteins 
"  Compute the negative log of probability of the most 

probable path π 
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Entropy"
 Entropy measures the variability observed in given 

data. 

 Entropy is useful in multiple alignments & profiles. 

 Entropy is max when uncertainty is max. 
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GPCR Analysis"
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Entropy"
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GPCR Analysis (Contʼd)"
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Applications of HMM for GPCR"
  Bacteriorhodopsin 

"   Transmembrane protein with 7 domains 
"   But it is not a GPCR 
"   Compute score and discover that it is close to the regression line. Hence not 

a GPCR. 
  Thyrotropin receptor precursors 

"   All have long initial loop on INSERT STATE 20. 
"   Also clustering possible based on distance to regression line. 
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HMMs – Advantages"

  Sound statistical foundations 
  Efficient learning algorithms 
  Consistent treatment for insert/delete penalties for alignments in the form of 

locally learnable probabilities 
  Capable of handling inputs of variable length 
  Can be built in a modular & hierarchical fashion; can be combined into libraries. 
  Wide variety of applications: Multiple Alignment, Data mining & classification, 

Structural Analysis, Pattern discovery, Gene prediction. 
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HMMs – Disadvantages"

  Large # of parameters. 
  Cannot express dependencies & correlations between hidden states. 
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Patterns in DNA Sequences"
 Signals in DNA sequence control events 

"  Start and end of genes 
"  Start and end of introns 
"  Transcription factor binding sites (regulatory elements) 
"  Ribosome binding sites 

 Detection of these patterns are useful for  
"  Understanding gene structure 
"  Understanding gene regulation 
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Motifs in DNA Sequences"
  Given a collection of DNA sequences of promoter regions, locate the 

transcription factor binding sites (also called regulatory elements) 
"   Example: 

http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 
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Motifs"

http://weblogo.berkeley.edu/examples.html 
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Motifs in DNA 
Sequences"

http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 
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More Motifs in 
E. Coli DNA 
Sequences"

http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 
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http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 
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Other Motifs in 
DNA 

Sequences: 
Human Splice 

Junctions"

http://www.lecb.ncifcrf.gov/~toms/sequencelogo.html 
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Gene 

Gene-Specific TF	

Binding Sites	


TATA Box	
CAT Box	


Basal TF	

Binding Sites	


coding region!
upstream region!

Transcription Regulation!
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Prokaryotic Gene Characteristics"
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Motifs in DNA Sequences"
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Single Gene Activation!

Gene	  

Gene 
TF binding site 

TF	   Transcription Factor 

TF	  
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Multiple Gene Activation!

Gene 
TF binding site 

TF	   Transcription Factor 
TF	  

TF	  
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Transcription Regulation"

[ Goffart et al. Exp. Physiology (2003) ]!
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Problem: Given the upstream regions of all genes in the 
genome, find all over-represented sequence signatures.�

Basic Principle: If a TF co-regulates many genes, then all these 
genes should have at least 1 binding site for it in their 
upstream region.�

Motif-prediction: Whole genome"

Gene 1 Gene 2 Gene 3 Gene 4 Gene 5 

Binding sites for TF 
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Motif Detection (TFBMs)"
 See evaluation by Tompa et al. 

"   [bio.cs.washington.edu/assessment] 
 Gibbs Sampling Methods: AlignACE, GLAM, 

SeSiMCMC, MotifSampler 
 Weight Matrix Methods: ANN-Spec, Consensus,  
 EM: Improbizer, MEME 
 Combinatorial & Misc.: MITRA, oligo/dyad, 

QuickScore, Weeder, YMF 
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M-step: Build a new profile by using every m-
window, but weighting each one with value zij.  

Initialize: random profile 

EM Algorithm!

E-step: Using profile, compute a likelihood value zij 
for each m-window at position i in input 
sequence j.   

Stop if converged 
MEME [Bailey, Elkan 1994] 

Goal: Find θ, Z that maximize Pr (X, Z | θ) 
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Gibbs Sampling for Motif Detection"
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Gene Expression"
 Process of transcription and/or translation of a 

gene is called gene expression. 
 Every cell of an organism has the same genetic 

material, but different genes are expressed at 
different times. 

 Patterns of gene expression in a cell is indicative of 
its state.  
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Hybridization"
 If two complementary strands of DNA or mRNA 

are brought together under the right experimental 
conditions they will hybridize. 

 A hybridizes to B ⇒  
"  A is reverse complementary to B, or  
"  A is reverse complementary to a subsequence of B. 

 It is possible to experimentally verify whether A 
hybridizes to B, by labeling A or B with a 
radioactive or fluorescent tag, followed by 
excitation by laser. 
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Measuring gene expression"
 Gene expression for a single gene can be measured 

by extracting mRNA from the cell and doing a 
simple hybridization experiment.  

 Given a sample of cells, gene expression for every 
gene can be measured using a single microarray 
experiment. 
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Microarray/DNA chip technology"

 High-throughput method to study gene expression 
of thousands of genes simultaneously. 

 Many applications: 
"  Genetic disorders & Mutation/polymorphism detection 
"  Study of  disease subtypes 
"  Drug discovery & toxicology studies 
"  Pathogen analysis 
"  Differing expressions over time, between tissues, 

between drugs, across disease states 
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Microarray Data"
Gene Expression Level 

Gene1 

Gene2 

Gene3 

… 
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Gene Chips"
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Gene g 

Probe 1 Probe 2 Probe N … 
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Microarray/DNA chips (Simplified)"

 Construct probes corresponding to reverse 
complements of genes of interest. 

 Microscopic quantities of probes placed on solid 
surfaces at defined spots on the chip. 

 Extract mRNA from sample cells and label them. 
 Apply labeled sample (mRNA extracted from cells) 

to every spot, and allow hybridization. 
 Wash off unhybridized material. 
 Use optical detector to measure amount of 

fluorescence from each spot. 
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Affymetrix DNA chip schematic"

                                                                                                                                          

www.affymetrix.com 
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Whatʼs on the slide?"
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DNA Chips & Images"
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Microarrays: competing technologies"

 Affymetrix & Agilent 
 Differ in:  

"  method to place DNA: Spotting vs. 
photolithography 

"  Length of probe 
"  Complete sequence vs. series of fragments  
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Sample           

Treated Sample(t1)                                Expt 1              
Treated Sample(t2)                                   Expt 2 
Treated Sample(t3)                                       Expt 3 
… 
Treated Sample(tn)                                         Expt n 

Study effect of treatment over time"
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http://www.arabidopsis.org/info/2010_projects/comp_proj/AFGC/RevisedAFGC/Friday/ 
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How to compare 2 cell samples with Two-Color 
Microarrays?"

 mRNA from sample 1 is extracted and labeled with a red 
fluorescent dye. 

 mRNA from sample 2 is extracted and labeled with a green 
fluorescent dye. 

 Mix the samples and apply it to every spot on the 
microarray. Hybridize sample mixture to probes.  

 Use optical detector to measure the amount of green and 
red fluorescence at each spot. 
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  Variations in cells/individuals 
  Variations in mRNA extraction, isolation, introduction of dye, variation 

in dye incorporation, dye interference 
  Variations in probe concentration, probe amounts, substrate surface 

characteristics 
  Variations in hybridization conditions and kinetics 
  Variations in optical measurements, spot misalignments, discretization 

effects, noise due to scanner lens and laser irregularities 
  Cross-hybridization of sequences with high sequence identity 
  Limit of factor 2 in precision of results 
  Variation changes with intensity: larger variation at low or high 

expression levels 

Sources of Variations & Experimental Errors"

Need to Normalize data 


