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Proteins

• Proteins are responsible for majority of the 
most important functions of every living 
organism. 

• Proteins are large biomolecules, made up of 
chains of amino acids.

• Arrangements of different amino acids inside 
a protein determine its functionality
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Why sequence them ?

• Study of protein leads to better understanding of 
how human body reacts to different stimuli.

• Detection of any abnormal changes in a normal 
sequence of protein leads to detection of many 
disorders.

• Many disorders are identified by detecting their 
peculiar biomarkers, especially different type of 
cancers.
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How can we help ?
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DNA (Deoxyribonucleic Acid)

• Known as the source code of life, is actually 
a set of encoded instructions which defines 
the very basis of life.

• Each molecule is composed of two strands 
forming a double helix structure.

• Each strand comprises of a sugar, 
phosphate group and one of four bases 
(Adenine, Thymine, Guanine and Cytosine).
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DNA (Deoxyribonucleic Acid)

• Complement base pairs are present in opposing 
strands.

• Adenine binds with Thymine and Cytosine binds 
with Guanine.

• DNA encodes the information needed for the 
production of proteins.

• A sequence of three nucleotides known as a 
codon translates to an amino acid .

• A total of 43 codons are possible but presence of 
only twenty amino acids results in redundancy.
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Genomics

• Large scale study of genes for extraction of information vital for timely 
detection and cure of abnormalities.

• It also includes studying the structure, function and development of 
genes.

• The manual process is very time consuming, computer scientists have 
helped taking this field to new limits.



Problem Formulation 

• In genomics and proteomics study most of the time, the problem is to 
determine the sequence of amino acids/nucleotides.

• It could be to search a given string in a database.

• Or aligning one string with another to know the similarity.

• Or predicting what nucleotide/amino acid comes next.

• Or modelling a whole biological process.



Sequence Alignment

ACCTGAGAG

ACGTGGCAG

A C C T G A G – A C

A C G T G – G C A C



BLAST (Basic Local Alignment Search Tool)

• It makes use of several heuristic based techniques for searching a 
given query string in a huge data base.

• However the fastest way has always been the use of Finite State 
Machines.

• BLAST operates in three steps.



BLAST

• Examines the query string and selects a set of substrings of length w

• Builds a DFSM that uses the set of substrings and finds the sequences 
with the highest local matches in the database 

• The matches detected in above step are then extended to test the 
extent of matching.



A comment

• Use of FSMs provides are very simple solution for an otherwise 
complex problem, the alternate search systems also perform well but 
they make use of weight matrices which becomes cumbersome to 
manage when data exceeds certain size.



FSM action in a protein BLAST.

Following FSM detects sequences RHQ and QHM in the database.

• Q = {q0, q1, q2, q3, q4, q5}

• ∑ = set of all amino acids.

• F = {q5}.

• Qo = {q0}
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Application of FSM in Modeling of Gene Mutation

• Metabolism is a chemical process of sustaining life.

• It can be affected by the changing stimuli and may result in mutation 
of genes.

• Metabolism is a key factor for evolution of organizms.



Modelling Metabolism

• Accurate modeling of this process helps in study of gene prediction 
and may help in predicting the abnormalities which may occur in 
future when the external environment changes.

• If Matrix X represents current state of the gene under consideration 
then Y=PX represents a mutated gene where P is a matrix 
representing the external stimuli.
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Complexity of Algorithms

• Algorithms such as shortest super string problem have been proven 
to be NP-Complete.

• Using techniques from computational theory  many algorithms have 
been successfully modeled as decision problems.



Markov Model

• A Markov model is a finite state machine with N distinct states.

• It moves from current state to Next state according to the transition 
probabilities associated with the Current state

• This kind of system is called Finite or Discrete Markov model



Hidden Markov Models (HMMs)

• In Regular Markov models we are concerned with the probabilities 
related to state transition and states.

• While in Hidden Markov Models primary concern is the output given 
at each state and their corresponding probabilities. Thus the states 
are hidden, hence the name HMMs.



HMMs and gene prediction

• In order to determine the family of a gene or its relation to some 
other known gene profile representations of known genes are built 
using HMMs.

• These models can be used for determining the probability; that a 
certain unknown gene could have been created from a known one 
through mutation.

• HMMs are fairly accurate in their predictions and their applications 
have been found in proteomics and genomics both.



An HMM Model for protein sequence
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Questions

• What are major computational problems which are faced in 
computational biology?

• Where and how HMMs can be employed in computational biology?

• Discuss the three basic steps of BLAST algorithm.

• Given a state machine, determine what sequence of nucleotides does 
it detect?


