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Prokaryotes and Eukaryotes

DNA

Single Chromosome

No nucleus

Multiple Chromosomes 

inside a nucleus
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Role of DNA: Central Dogma of 

Molecular Biology

DNADNA

RNA

PROTEIN
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Sequences and operations: 

Mathematical Abstraction

 Examples of bio-informatics sequences

 DNA sequences   ATCGGTAGT

TAGCCATCA

 RNA sequences   AUCGGUAGU

 Protein sequences  MALQAMGHTWA

 Sequences as strings of letters

 DNA & RNA: alphabet ∑ of 4 letters : {A, T/U, C, G}

 Protein: alphabet ∑ of 20 letters: {English Alphabets} – {B,J,O,U,X,Z}

 Conversion

 DNA to RNA: One to One  AA, TU, CC, GG

 RNA to Protein: Many Triplets to One  GCAA, UGCC, etc.

Start codon: AUG

Stop codon: UAA, UAG, UGA

Codon
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Codon Table

X1X2|X3
U C A G

UU F (Phe) L (Leu)

UC S (Ser)

UA Y (Tyr) STOP

UG C (Cys) STOP W (Trp)

AU I (Ile) (START+) M

AC T (Thr)

AA N (Asn) K (Lys)

AG S (ser) R (Arg)

CU L (Leu)

CC P (Pro)

CA H (His) Q (Gln)

CG R (Arg)

GU V (Val)

GC A (Ala)

GA D (Asp) E (Glu)

GG G (Gly)
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An example of conversion

ATG AAA CGC ATT AGG GCG GGC TGA   --- DNA

AUG AAA CGC AUU AGG GCG GGC UGA   --- RNA

M K      R       I        R       A       G              ---- Protein
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Genes in a chromosome 

of a prokaryote

mRNA

transcription

translation

Protein

a gene

5’

5’
3’

3’

5’

3’

Coding Section (CS)

DNA
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E-Coli (K12) 1-420 (+ strand)

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGG

ATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTGGTTACC

TGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATAC

TTTAACCAATATAGGCATAGCGCACAGACAGATAAAAATTACAG

AGTACACAACATCCATGAAACGCATTAGCACCACCATTACCAC

CACCATCACCATTACCACAGGTAACGGTGCGGGCTGACGCGT

ACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGC

TTTTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGT

GTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTT

TCTGCGTGTTGCCGATATTCTGGAAAGCAATGCC---

Genes
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Genome Structure: Prokaryote

5’ 3’Promoter Prom.Coding Section UTR Poly A

Inter-genic interval

Coding Section

Motif in Promoter Region

-10 base upstream: TATAAT

-35 base upstream: TTGACA

CpG Island CpG Island

ATG………………..TAA/TGA/TAG

ATG….

CpG Island:

Rare in intergenic segments (1%)

~ 6% in promoter region (1KB~10KB)



10

Genes in a chromosome of a 

Eukaryote

pre-mRNA

transcription

splicing

translation

mature mRNA

protein

a gene
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CAGCCAACTGGTCCATCCACCTGGTTTTCAACTTTTCCCTTACCACACCCCCCCCCCCTCCCTCCCCCACATTTCTCTATGTT

TTTGCCATGGCCGTGTCGCTTCAACACCTTTTGGCACCACGTTGACAACGCCGACAACGACCACACGAAATGGAATGCGCA

TTGAAAACGCTAACAAACAAAATTCAACCAATGCCAACGCCATCGCCATCGCCATGGCCATAAAATCTCTGAAATTCTCCA

GTGAAATTATGGTGCTTATAAAACATTTGCTGGTGGCCTGTCTGCTAAGGGAATACGAGGTAAGACGCACTGGAAAAATAAC

TTAAGTTTTGCTATCATATAACATATTGTTAAAACACAATAATATGCTGTTCAGTGCAGATATAAATAGTGCTTTAATTTGAATAAG

TATTTAACCTTTTAGAAGATTTAATAGAAGTGCTCTTACTCTTTAAATGTGAATATATATTATGATTGCTCTGTTTTTATTGCGCTAA

CTGCTGGTTTAATAGTACAATTATTCCTTTGAAAGTGAACCAACAATATGATATCATTAAAGTGGACATAAGAAGCTTATGTTTAT

GCATCGATTTCTCTCCGTGCAGCACCCGGAATCCAAACGAGCAGAGGGCTCCAATCAGAGCCAGAAGCAGCAGCAGGAG

CAGCCGGAGCCGGAGCAGCTGAATCAGAGTCGCGTTTCTATTGCGGCGACGGAGACAAAGGCCGGAGCTGCTGGAATT

GGCGCCGCTAATGTTGTCCTGCCACTCGGAGGCAGGGCAGCCGCCCCTGTTGTCACTGCCGGTCAATCCTCGACGCGGA

CAAGAGCAGCTGCTGCAACAGCCACGACCCAAAGGTACACAAAAGTGGCCAGAGTGGAAACAACAATAACTAGACAGG

CAGCCACCTCGATGGCAGCAGGACCAGCATCGAGCAGCCAACTGTCCGGCAATGTGTTGGCAACGGCAACGGCAACGG

CAACGGCTACGCAATGGCAACTTCAGGTCGAACGGAAACAAAAACGGAACCGGAAACTCCGGCTGAGGCTGCTAGTAC

GACAAGTCGCAACGTGAATCAGAATGAAAGCCAAAAACTGAATCGAAATGAGCCTGCGAATCAAACTCAAGCGCAAAAC

AACAAAACGGAAATATTTCGCTTACCAAAAAATTGTGTGCTGCAAAAAATTTTGAATTTGCAATTGCTGGTAAAGGTAAGCC

AACCAATCAAACTGCTGCCCAAACTACTCAGTCTCTGTCCGTTTGGGTTTGTTTATTCTGCCTGCCCCCCAGAGAACCTTGG

CAATTGCAGATAGTTCGAGTTGGGCTCTGATACCCTAATAGGGGTATAGCCATTTTGTGGATCACTTTGTTCACACACACTTAG

TCTTAGTAATTGATTTATTGTATAAAGCTGGTTATATTACTTTGTAATATATCTTTAAGCTACTTAACCTTACTGTTCTGTAACTTAA

GGCGTATCTCTTGAGTAGAGTATCCGATTAGTTAGGCCAACAGACTGAACTTACTTCTTTGACTTCATTTTTTCGAAAAGCCCA

GGTGAGCTGGGAGTTGTAAGTTCAGTGGAAGTGGCGGCTAAATGGGCAATGGATGGCGGCCAAGTGGCTTTGTGCAGTGC

GAGTAACGATTCTTGGCAATTGCAGCGCCACTTCGACTTCATGTGGCAATCCGGGTACTCCGACCACTCCCGGCCCACTTA

CAACTCGCTGCGGGGTCTCTTGGCCGCAATCGAGGGAGCCGGGGATGAGGAATTCGAGCCGGATGAGGATCAGGCTTAT

ATGTTGGGAGCCACGGCGCTGGATTGCTCGATTATGTTGACGTTTCAGGAAATCGAAATCGAATGCGAAACCGATTGCCC

GGCTGACCAAAGGTAAGTAGTATTATCCACACAAACGCCTTCCCGCTGCTCCAGCGCTAATCGAATCCCCAATCTCTAGCAG

CGATGCGGCACTGCAGCCTTGGTGTGTCTCCCTGCTGGGTCATCACTTTCTGACCAAACTTTGTGTCCTGGATTTGGATCCC

AAGCCCGACAGTCACTTTCATAAATTCATAGCGCAGACACGTGAAATTGAAAAGTGCCGTCGAGCATTAAATTAATTAATAAAC

TTTACGCCCAACTAAAAGCAGCACGCATCGACTGTCTGGCTCTGAAAACTGTGCTACAGTATCTTTCCTCTTCAATATCAATTC

AGCTGCTCTTTTTTGCAGCTTTGCAGCTTTGGGAGTTCCTTCTATGGGTATGGGTACGTTCAATTCGTGCGAAAGGTTTGGC

TATTAGGTGCTTAAAGTGTAAACTGACAGACATTCTGGCTAAGATCTGCCAGGTTCAAGTCTTAAATCTGCTTAATTGGCCAAA

AGGGAGTTAAATCCCAAGTCTTACTGATGTCTTGCAACTGGAAATACAAGAAGTTAGTTAACAATTGAATATCTTTTCTTATTTAT

TTATGAACACATTTTATATTGATCCTCGGAGTTCATGTAAATCAGACAATGAATTACCCGTGCCATTATCAGGTACTTTCCATTCG

CCAGACCGATAGAGTTAGCTTAGTTTTCCATATTTTTCTACCGACTTTATAGGGGCGCACCTCTAAAGCGGCTTTTGCCGCAG

CTTGACAGCTAAAAAGAGCAAAAAACCACAGGATACACGGCGCTGACCTGCGAAAGCTACAT

Drosophila Melanogaster Chr2: gb|AE002575|AE002575:94303-94455, 

94762-95364, 95815-96041, 96382-96416, 96755-96768), CT35167
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TGGTGCTATGCAAAGTTATGGCGCTGCGAGTTGGCCCACAGTCGGCAACAGTGTCAGTTGCCATTCACGCTTGGGACTA

ACCGGTTTGGCCGGCAGCTACGCAAAAAAAGCAAACCAATCCAAACGGATTCGAGCCAAAACGAACCGAACCCAACTGG

CTGGCGAGTAACGATGGGCAACAAAGTTGTGACATTTACGGAACAGGAATTGGATGACTACCAGGTGAGCGATCAATC

AGATGAAGTTCACTTCCACACAGCTAATTTCTCTTCATGCATTGCTGGTCCGCAAATCGGAAAGGATTGCACGTTCTTC

ACGCGCAAGGAGATCCTGCGGTAGGCCATTTGTATTCCCTTAATAAGACAAAACTATTCCATTTCATATGGCGGCAGACAA

AGCACCATTGTTTGCAGCCTCCCATTGTTTGCCTCTCGGCGGCAACAAAAAGCGGAAAACACAAGAAAACACCCACACA

CACACACACACTCACACGACAGACACTCAGAACACAAAGCCCATCATATCCCCGCCCTTTGACCCGGCCAACACATCACA

TTCCATACCCATTCCCAGGGATTATCATTTTGGCCAGTATCCACACTATTGATCAGCAGCCTCGAAAAAGTCAGCCTACTTT

TAAAAACCAAATATAGTTAGAGTAAATTTAATATAATATTTGCAAGCTCGATGAAAAATTCATTTTTAAGTTTCTGAATGAAAAG

TTAAGTTAACTGAAGTTACTCATAGTGTATTTTATAAATACTTTAGGTGGATGCTGTAAAATTGCTTTCCAGTTAGTCTAACAC

ATTTCCAACTGGCCAGGGTATCCTTAACTTCGGTCACCGAAGACAATCCTTTATCCTTGTATTGCCTTTCGTTACAGGGTT

CACAAGCGATTCCGTGAGCTGCGGCCGGATCTGGTGCCTCGCCAAATGACCGAAGGTCAGGCCTCCAGTGTTAAGGT

GCCCTGCGAATGCATTGAGAAGATGCCCGAGTTGCGTGAGAATCCCTTTCGCCGGCGAATATGTGCGTAACAATAGCCC

CGAATGGCTGCATAAGCAAAGCTCAGCAATTCAATGCCAAAAAAAAACCCAGCCAAAAGGCGTGTACCTCGGACGCTGG

ACTACAGCAATTTTCCACTTTTTTGCAGGCGAGGCCTTCTCACGCGATGGCCAGGGCAATTTATCCTTTGAGGACTTTCT

GGACGCCCTCTCCGTTTTTAGCGAGCAGGCGCCGAGGGACATTAAAGTTTTCTACGCTTTCAAAATTTATGGTAAGTTC

GCGTTAGCTCCGCTCTCAGTTGTTGCGGTCAGTGATGGGAAAGGACAATGAAGCTGTTTAAACTATCAGCATGCGATTCG

CCTAGAAATTACGTATACGACTAGTTGCACGTCTATAGCTGCGATTTCATTATAAGGCACTATATTTTTATTAACGATCTGCCT

ACCACATATATAGATGGAGCTAAGACTTTTTTAGACTTTAAGTTACTGAATAAATTGTTTGCCATCTCTGAACTCCATCTTCAT

TGCAGCTCCAGCTGTTGGCCAGCATTTTGTGCCTTTGTTTATGCATTTCCGCAGCCCGTGTTTATTGCCTTTGGCGAACTT

GCCCTCATTGCGTGCGTGTGTGTGTGTGTGTGTGTGGGCCCCTTTTTGCATTTGGACTTTACGATGGCCGAAATGGCAG

AGAGGAGCATGTGGAAGATGGCCCTGGCCGCCAAACGTGGCACACAACTCGTGGTGACTCGCGGCCGGGCAATTTGT

GGCGCCTTTTCTAGGCAGCAGCTATTGTTGCTGTCGCAGGGCCAAAGTTCAAGGACAGCCATAAATTCTAATAAGCATTTT

AATTGAAATTTAAATTAGAATCCCGAAAAATGCCATCGTAAATGGAGCAAAAGTTTTCGTGCAAATTGATTGTGCACTTGAC

ACACGAAATTAATGGCCCGAAGTCGGCAATCAATGGGATGCAAAGTATCTCTTAGTTCGAGTGCAACTGCAAGTTGCTAG

TTTTTTGTTTTTTTTTTGCTAAACTAGTTGCAAAACTCAAGTTATGGAGAGCCAGCCAGCTAGGCTGCACTTTATTTCAATG

TGCGTTATTAGATTGACACAAATTGAAACGTGCAGCAAGCGATTACCTGTGTGGCAGAAGGATGCAGACGTGGCTGACTG

TTGGGCAAACTCAGTTTGGCACACATCACTTGACTTTTGTGCAAGAAAATGTCAAGTTTTGTAAGCCATCTCCTCGTCCGC

TTTCCGAACCCACTCGCTTGTGTCTGTGTGTGTACTTACGTCTGGCATAACTTTGCAGATTTCGATCAGGACGGCTTCAT

CGGGCACGCCGACCTCATGTCCTGCCTGACAACAATGACCAAGAACGAGCTGAGTCCGGAGGAGCACCAGCAGATT

GCCGACAAGGTAATCGAGGAGGCCGACGTCGATGGCGATGGCAATTATCAATTTTGGAGTTCGAGCACGTTATACTCC

GGGCGCCCGACTTTCTATCCACCTTTCACATCAGAATATGAAACCGTTCGCCAGCGGTGCACTGAGAGAAACTAATGCC

AGTATGGCATTCTCTAGTGTTAAATAAAATATTAATATATCAACAGATTGCCTTCACTATTTGGGTTACTTGTCTCAACTGCAC

CAAGAAG

Drosophila Melanogaster Chr2:gb|AE002575|AE002575:97192-97355, 

97904-98019, 98171-98293, 99331-99548), CT26386
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Genome Structure: Eukaryote

5’ 3’Promoter Prom.Coding Section UTR Poly A

Inter-genic interval

Coding Section

-24~35 base upstream: TATAA

CpG Island CpG Island

ATG……………….. TAA/TGA/TAG

ATG….X I X I X
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A simple EXON-INTRON 

transition model

Xi Xi+1GT AGAG GT
IiIi-1

Ii+1

A G G TA A G G

Donor Site

AGT T N C GT

Acceptor Site
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Gene Prediction: Problem 

Formulation
 Given a genomic (DNA)  sequence find location or intervals 

of genes.

-- Probabilistic parsing of genome anatomy.

-- Identifying signals or motifs.

-- Classification using Biologically relevant features 

 Given a Protein (Amino acid residue sequence) find its 

corresponding gene in a genomic (DNA) sequence.

 Given a genetic fragment  (part of mRNA) find its occurrence 

(if any) in a genomic (DNA) sequence.

-- Similarity Search Techniques
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Open Reading Frames
ATTGCTAGCTTAG

TAACGATCGAATC

ATTGCTAGCTTAG CTAAGCTAGCAAT

A.TTG.CTA.GCT.TAG

ATT.GCT.AGC.TTA.G

AT.TGC.TAG.CTT.AG

C.TAA.GCT.AGC.AAT

CTA.AGC.TAG.CAA.T

CT.AAG.CTA.GCA.AT

+ve strand -ve strand

Terminate

at

STOP

codon

May be a segment between 

START & STOP codons



17

Gene / EXON  Prediction: 

Discriminative Model

Get an ORF

DNA Sequence

Codon / Nucleotide Sequence 

Convert to a Feature Vector

Feature Vector
Classifier

Yes / No

Training

Labeled ORFs from

annotated genome

Prokaryote: Gene

Eukaryote: Exon
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Examples of a few feature 

representations

 Codon usage: Freq.  of non-overlapping codons (64-D)

 Dicodon  usage: Freq. of overlapping di-codons.

 Amino acid usage: Freq. of overlapping amino-acid-residues 

(including STOP codon) (21-D.)

 Di-amino acid usage: Freq. of overlapping di-amino-acids 

(including STOP codon) (441-D.)

 Composition: f(b,i): Freq. of base b at ith codon position (12-

D., b ϵ {A,C,T,G}, i=1,2,3).

 Position Asymmetry: asm(b) = variance of f(b,i) (4 -D.)

 Entropy: Entropy for each ith codon position (use f(b.i)) (3-D)

Third position should be most random (highest entropy)
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Codon Adaptive Index

 Codon Adaptation index (CAI):

L= No. of residues

pk= Prob. of the kth codon for translating  the kth residue.

qk=  Max. prob. of a codon for translating  the same.

o CAI  is +vely correlated with mRNA expression level.

o In E-Coli a sample of 500 protein coding genes displayed 

CAI values in the range of 0.2 to 0.85.

10,

1

1

















CAI
q

p
CAI

LLk

k k

k
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Stochastic Parsing of Genome 

Structure
 Hidden Markov Model : A Stochastic Regular Grammar

Non-CpG

(S1)

CpG

(S2)

q
1-q

p

1-p

A/C/T/G
A/C/T/G

pA1

pC1

pT1

pG1

pA2

pC2

pT2

pG2

TGTCTATCCGAATGCATGCATGGCCTGC

Given an HMM compute maximum probable state transitions 

generating the sequence.

I/P Sequence

CpG Islands?
π1

π2

Initial Prob.



Prob( ATTC,{S1,S2,S2,S2}|HMM) =π1. pA1. q. pT2 .(1-p). pT2 .(1-p). pC2
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Computation problem of HMM 

based parsing

Find such a state transition sequence,  

whose probability is maximum.

Non-CpG

(S1)

CpG

(S2)

q
1-q

p

1-p

A/C/T/G
A/C/T/G

pA1

pC1

pT1

pG1

pA2

pC2

pT2

pG2

π1

π2

Initial Prob.

ATTC

Consider a state transition sequence S1,S2,S2,S2.
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Two-steps of HMM based 

parsing

Training Data Set

Train HMM

(Compute Initial Prob., 

State Transition Prob., & 

Prob. of symbol from a state )

Compute the state sequence 

providing maximum prob.

generating the symbol sequence
I/P Seq.

Supervised  Algo.

Baum-Welch Algo.

Viterbi training

Viterbi decoding
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An HMM for predicting 

prokaryote genes

Intergenic

Promoter

A

T

G

X1 X2 X3
Te

Ae1

AGe
Ae2

Ge

UTR

Poly-A

START

Coding STOP

There is a transition from 

every state to intergenic state.
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An HMM for predicting 

eukaryote genes

Intergenic

Promoter

A

T

G

X1 X2 X3 Te Ae1

AGeAe2

Ge

UTR

Poly-A

START

STOP

There is a transition from 

every state to intergenic state.

I1
I2

I3
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Sequence comparison: 

Motivation

 Given an mRNA (or CDNA), find the gene in DNA 

 Annotate genome

 Find homologous proteins

 Predict structure and function

 Locate similar subsequences in DNA

 Identify regulatory elements

 Locate DNA sequences that might overlap

 Helps in sequence assembly
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More than a sub-string 

matching

X1 I1 X2 I2 X3

X1 X2 X3

DNA sequence

mRNA part

There could be 

• Reading errors, or

• Evolutionary operations such as,

mutation, insertion and deletion.
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More akin to editing 

operations

ATTCGATGT

ATTCGATGT

ATTCATGT

ATTCGATGT

ATTC - ATGT

ATTCGATGT

ATTCTGATGT

ATTC -GATGT

ATTCTGATGT

ATTCGATGT

ATTCTATGT

ATTCGATGT

ATTCTATGT

Deletion Insertion Mutation / Replacement

Cost of unit operation:

e.g.

Deletion: 1

Insertion: 1

Mutation: 2

Alignments
1

1 2

Given two strings find the minimum cost alignment.

Total cost=Sum of costs of unit operations

Every alignment has a cost.
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A few examples of alignments

ATTGTCAGCTA

TGCACTA

- - - - - - ATTGTCAGCTA

TGCACTA - - - - - - - - - -

No. of insertions: 6

No. of deletions: 10

Total cost: 16

ATTGTCAGCTA

-T -G -CA - CTA

No. of deletion: 4

Total cost: 4

ATTGTCAGCTA

-TG - -CA - CTA

No. of deletion: 4

No. of mutation: 1

Total cost: 6

Total number of 

Alignments: 
nnn

n

n

n

m

nm n

nm 

22

!!

)!2(2
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Dynamic Programming to 

solve for optimal solution

U=u1u2u3…..um V=v1v2v3…..vn

Sij= Minimum cost for aligning U(1:i) and V(1:j)

Smn gives the minimum cost for aligning U and V.

Si-1,j-1

Si,jSi,j-1

Si-1,j

Costs:

Deletion: δd

Insertion:δi

Mutation: μ

Matching: 0

μ/0

δd

δi

ji

ji

ji

ji

iji

dji

ji

vu

vu

S

S

S

S

S

































for 

for  
min

1,1

1,1

1,

,1

, 





S0,0=0; S0,j=j δi; Si,0 =i δd;
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Algorithm (Global Sequence 

Alignment)

 Initialize: For all i and j, 
S0,0=0;  S0,j =j δi ;  Si,0 =i δd;

 Scan left to right and top to 

bottom of S, and compute 

the minimum cost, and 

edge (or operation) giving 

minimum. 

 Sm,n has the minimum cost. 

Retrace path using Ei,j s to 

obtain optimal alignment.

ji

ji

ji

ji

iji

dji

ji

vu

vu

S

S

S

S

S

































for 

for  
min

1,1

1,1

1,

,1

, 





ji

ji

ji

ji

iji

dji

ji

vu

vu

S

S

S

S

E

































for 

for  
minarg

1,1

1,1

1,

,1

, 





ji

ji

ji

ji

iji

dji

ji

vu

vu

S

S

S

S

S

































for 

for  
min

1,1

1,1

1,

,1

, 
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S1,0 S1,1
S1,2 S1,3

S2,0 S2,1
S2,2 S2,3

S3,0 S3,1
S3,2 S3,3

S0,0 S0,1
S0,2 S0,3

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2

Solution space
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1,V S1,1
S1,2 S1,3

2,V S2,1
S2,2 S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2

Initialization:
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1,V
2,

{H/D/V}
S1,2 S1,3

2,V S2,1
S2,2 S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2



34

1,V
2,

{H/D/V}
1,D S1,3

2,V S2,1
S2,2 S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2
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1,V
2,

{H/D/V}
1,D 2,H

2,V S2,1
S2,2 S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2
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1,V
2,

{H/D/V}
1,D 2,H

2,V 1,D S2,2 S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2
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1,V
2,

{H/D/V}
1,D 2,H

2,V 1,D
2,

{H,V}
S2,3

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2
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1,V
2,

{H/D/V}
1,D 2,H

2,V 1,D
2,

{H,V}

3,

{H/D/V}

3,V S3,1
S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2
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1,V
2,

{H/D/V}
1,D 2,H

2,V 1,D
2,

{H,V}

3,

{H/D/V}

3,V 2,V S3,2 S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1

1

1

1 1

11

11

0

0

0

2
2

2 2

2 2



40

1,V
2,

{H/D/V}
1,D 2,H

2,V 1,D
2,

{H,V}

3,

{H/D/V}

3,V 2,V
3,

{H,D,V}
S3,3

0,- 1,H 2,H 3,H

A G T

G

A

T

1 1 1

1

1

1

1 1
1

1 1 1

1
1 1

1
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Time: O(n2)

Space: O(n2)
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Scoring Matrix and Similarity 

Measure

δ(,) A C G T _

A 5 -1 -2 -1 -3

C -1 5 -3 -2 -4

G -2 -3 5 -2 -2

T -1 -2 -2 5 -1

_ -3 -4 -2 -1 *

 ),(

),(

),(

max
1,1

1,

,1

,


























jiji

jji

iji

ji
vuS
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uS

S






Global sequence 

alignment 

with maximal 

similarity score.

AA scoring matrix: BLOSUM, PAM
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Local sequence alignment

 Find the pair of substrings having maximal global 

sequence alignment.

S1,0 S1,1
S1,2 S1,3

S2,0 S2,1
S2,2 S2,3

S3,0 S3,1
S3,2 S3,3

S0,0 S0,1
S0,2 S0,3

A G T

G

A

T

0

0

0

0

Draw edges to every state

from the starting state 

with zero similarity score.

 

0

),(

),(

),(

max
1,1

1,

,1

,


























jiji

jji

iji

ji
vuS

vS

uS

S
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The Algorithm (Local 

Sequence Alignment) 

 Initialize: For all i and j, S0,0=0;  S0,j =0;   Si,0 =0;

 Scan left to right and top to bottom of S, and 

compute the maximum score, and edge (or 

operation) giving the maximum. 

 Find the maximum in the  score matrix (optimal 

score).

 Retrace path from that state to start state to get 

the local alignment.

 Time: O(n2), Space: O(n2)
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Heuristic Search

 To reduce time and storage complexity to 

O(n).

 Based on word filtration technique.

 If two strings of length n has maximum k 

mismatches there exists a common 

substring, whose length is at least 

 Accounting for consecutive gaps in local 

alignment.










1k

n
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Basic Local Alignment Search 

Tool (BLAST)

 Break the query sequence into words, and select 

which are biologically more relevant.

 Given a word, find all its occurrences in the target 

string.

 Extend the matched pair in two directions in both 

the strings (query and target) till the accumulating 

matching score stops improving (locally 

maximum). 

 If the score is probabilistically significant so that 

the matching is not random, the matched pair is 

reported.



BLAST: An example

52

Q= AILVPTVIGCT 2. Select those words which are 

biologically relevant.

T=VPTALVPTCGILVPTVPAIPCTLTCGIVHJIPAABCTLVPTVIGMN

3. Find occurrences and extend in both directions 

to locally maximize scores.

1. Break  the query string.

4. Compute statistical significance for each matching 

pair and retain significant matching pairs.
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Statistical Model

 Altschul-Dembo-Karlin statistics

 Expected number of matches with a 

score greater than x :
xenmkxE  ...)(

k=constant

m,n = lengths of query and target strings

λ = A parameter derived from probabilities 

of occurrences of symbols.
)(1)( xEexp 

Both p-score and E-score should be very small (E-Score <10-3).
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Summary

• Information of genome anatomy useful for 

predicting genes.

• Computational problem may involve stochastic 

parsing of a genome sequence.

• The problem can also be transformed into a 

classification problem by forming feature vectors 

from a sequence having correlation with gene 

expression.

• Similarity search techniques can also be used for 

predicting genes given a query sequence and a 

target genome sequence.


