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HMM for Sequence Alignment
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Problem 4: LIKELIHOOD QUESTION

• Input: Sequence S, model M

• Output: Compute the probability that S was

emitted by model M

• Forward Algorithm (DP)

Problem 3: LIKELIHOOD QUESTION

• Input: Sequence S, model M, state i

• Output: Compute the probability of reaching 

state i with sequence S using model M

• Backward Algorithm (DP)
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Problem 6: DESIGN QUESTION

• Input: Training Sequence S

• Output: Choose model structure M, and compute
the parameters 

• No reasonable solution

• Standard models to pick from

Problem 5: LEARNING QUESTION

• Input: model structure M, Training Sequence S

• Output: Compute the parameters 

• Criteria: ML criterion

•  maximize P(S | M, )    HOW???
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Iterative Solution to the LEARNING QUESTION (Problem 5)

Pick initial values for parameters 0

Repeat
Run training set S on model M

Count # of times transition i  j is made

Count # of times letter x is emitted from state i

Update parameters 

Until (some stopping condition)
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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.

=
c

cc ppE log
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G-Protein Couple Receptors

Transmembrane proteins with 7 -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 

=
a

iaiai eeH log

( )),|(log)( MSPSScore =
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GPCR Analysis



2/19/07 CAP5510 10

Entropy
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GPCR Analysis (Cont d)



2/19/07 CAP5510 12

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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Protein Structures

Sequences of amino acid residues

20 different amino acids

PrimaryPrimary QuaternaryQuaternaryTertiaryTertiarySecondarySecondary
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Proteins

Primary structure  is the sequence of amino acid residues of the

protein, e.g., Flavodoxin: AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA…

Different regions of the sequence form local regular secondary

structures, such as

Alpha helix, beta strands, etc.
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA…

SecondarySecondary
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More on Secondary Structures

-helix

Main chain with peptide bonds

Side chains project outward from helix

Stability provided by H-bonds between CO and NH groups of residues 4

locations away.

-strand

Stability provided by H-bonds with one or more -strands, forming -sheets.

Needs a -turn.
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Proteins

Tertiary structures are formed by packing secondary structural
elements into a globular structure.

Myoglobin Lambda Cro
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Quaternary Structures in Proteins

QuaternaryQuaternary

• The final structure may contain more   
than one “chain” arranged in a 
quaternary structure.

Insulin Hexamer
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Amino Acid Types

Hydrophobic  I,L,M,V,A,F,P

Charged

Basic        K,H,R

Acidic       E,D

Polar        S,T,Y,H,C,N,Q,W

Small        A,S,T

Very Small   A,G

Aromatic     F,Y,W
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All 3 figures are
cartoons of an
amino acid residue.

Structure of a single amino acid
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Chains of amino acids

Amino acids vs Amino acid residues
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Angles  and  in the polypeptide chain
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Amino Acid Structures from Klug & Cummings
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Amino Acid Structures from Klug & Cummings
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Amino Acid Structures 

from Klug & Cummings
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Amino Acid Structures from Klug & Cummings
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Alpha Helix
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Beta Strand
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Active Sites

Active sites in proteins are usually hydrophobic

pockets/crevices/troughs that involve sidechain atoms.
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Active Sites

Left PDB 3RTD (streptavidin) and the first site located by the

MOE Site Finder. Middle 3RTD with complexed ligand (biotin).

Right Biotin ligand overlaid with calculated alpha spheres of the

first site.
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Secondary Structure Prediction Software
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PDB: Protein Data Bank

Database of protein tertiary and quaternary structures and protein

complexes. http://www.rcsb.org/pdb/

Over 29,000 structures as of Feb 1, 2005.

Structures determined by

NMR Spectroscopy

X-ray crystallography

Computational prediction methods

Sample PDB file: Click here [_]
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Protein Folding

How to find minimum energy configuration?

Unfolded

Molten Globule State

Folded Native State

Rapid (< 1s)

Slow (1 – 1000 s)
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Modular Nature of Protein Structures

Example: Diphtheria Toxin
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Protein Structures

Most proteins have a hydrophobic core.

Within the core, specific interactions take place between amino acid
side chains.

Can an amino acid be replaced by some other amino acid?

Limited by space and available contacts with nearby amino acids

Outside the core, proteins are composed of loops and structural
elements in contact with water, solvent, other proteins and other
structures.
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Viewing Protein Structures

SPDBV

RASMOL

CHIME


