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▪ What is a sequence? - An ordered list of items

▪ Two main types

 - DNA sequence: Order of nucleotides in a DNA molecule

 - Protein Sequence: Order of amino acids in a protein molecule
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Outline of Presentation



Bioinformatics Vs 
Computational Biology
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Sequence Data



Sanger Sequencing – 1st Generation Sequencing
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Mixed Signals: Heterozygosity

Analysis of sanger Sequence Data in Electropherogram

Mixed Signals: Unclear signal
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Next Generation Sequencing (NGS) 

2nd Generation Sequencing or Massively Parallel Sequencing (MPS)
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Sequence Data
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IUPAC 3-letter and 1-

Letter Amino Acid 

Symbols



FASTA Format

FASTq Format
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Sequence File Formats



▪ The task of adding notes, explanation, comment, or extra text to something.

      

 Note: Annotation gives meaning to something. 

What is Annotation?
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Unannotated Sequence Data

AAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAGAAAGGGAAAGAGAGGAGTGG
ATTCCCAGTACTAATTCATCAGGTGAGACGCGCAAAAGGGAAAGAGAGGAGTGGAT
TCCCAGTACTAGAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAATTCATCAGGTG
AGACGCGCAAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAGAAAGGGAAAGAG
AGGAGTGGATTCCCAGTACTAATTCATCAGGTGAGACGCGCAAAAGGGAAAGAGAG
GAGTGGATTCCCAGTACTAGAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAATTC
ATCAGGTGAGACGCGCAAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAGAAAG
GGAAAGAGAGGAGTGGATTCCCAGTACTAATTCATCAGGTGAGACGCGCAAAAGGG
AAAGAGAGGAGTGGATTCCCAGTACTAGAAAGGGAAAGAGAGGAGTGGATTCCCA
GTACTAATTCATCAGGTGAGACGCGCAAAAGGGAAAGAGAGGAGTGGATTCCCAGT
ACTAGAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAATTCATCAGGTGAGACGC
GCAAAAGGGAAAGAGAGGAGTGGATTCCCAGTACTAGAAAGGGAAAGAGAGGAG
TGGATTCCCAGTACTAATTCATCAGGTGAGACGCGCACCCAAGGGGTGTGAGACCAA



Genome Annotation

Gene Annotation

Annotated Sequence Data

mRNA processingNote: U replaced with T 

mRNA 

cDNA 
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Sequence Annotation



Sequence Alignment



What is sequence 
alignment?

Residue-to-residue comparison between two or 
more sequences.
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Aligned and Unaligned Sequences

Unaligned Sequences  

 Sequence 1:  A  T  G  A  C  T

 Sequence 2 : A  G A  C   C
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Aligned Sequences  
 Sequence 1:  A  T  G  A  C  T
 Sequence 2 : A  -   G  A  C  C



Types of Alignment 
Based on Number of Sequences

Pairwise Sequence Alignment (PSA) - Alignment of two sequences

 Sequence 1:  A  T  G  A  C  T

 Sequence 2 : A  -   G  A  C  C

Multiple Sequence Alignment (MSA) - Alignment of more than two sequences

 Sequence 1:  A  T  G  A  C  T

 Sequence 2 : A  -   G  A  C  C

 Sequence 3 : A   T  G  A  T  C
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▪ Global Alignment- Alignment of two sequences of similar length over their entire length
 Sequence 1:  A  T  G  A  C  T
 Sequence 2 : A  -   G  A  C  T

▪ Local Alignment- Alignment of two sequences of different length at their region of 
similarity. (Note: Used to identify domain, motifs or other protein signatures).

 Sequence 1:  A  T  G  A  C  T
 Sequence 2 : A  -   G  A  C  C
 
Needleman-Wunsch is an algorithm for optimal global alignment developed by Saul B. Needleman 
and Christian D. Wunsch and published in 1970.

Smith–Waterman algorithm is also a rigorous dynamic programming method for finding optimal local 
alignments.
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Types of Alignment 
Based on Length of Sequences



Determine the % Similarity (or ident) of PSA 
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Identity or Similarity (%) = Match

       Match + Mismatch

     =   (9/10) x 100 = 90%

Note: Gaps were not considered in

           determining similarity or identity of the

           alignment

X 10

 

Gap 

(Indel)

▪ Identity – matches; 

▪ similarity – similar characteristics

▪ For Nucleotide sequence: identity = similarity

▪ For Protein Sequence: identity ≠ Similarity



Identity and Similarity of Protein Sequence Alignment
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▪ For protein sequence alignment, ident is not necessarily equal to sim because 

different amino acids are not identical but may be similar.  

Physicochemical Similarities 

of Amino Acid



Scoring Scheme

 Match = +4

 Mismatch = -2

 Indel (Gap) = -3

Score of the alignment = 4+4+4-3+4-2+4+4-3+4+4+4 = 28

OR

        = 9 matches + 1 mismatch + 2 indels

         = 9(4)+1(-2)+2(-3) = 28
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Score of Pairwise Sequence Alignment (PSA)



Multiple Sequence Alignment and SNPs
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rs xxxxxxx 

SNP 

 - a genomic variant at a single base 

position in the DNA

- The most common type of genetic 

variation in human populations



SNVs: All single base substitutions

(Somatic and Germline)

SNPs: Frequency> 5% (5% rule) or 1% (1% rule)

Single Nucleotide Variations (SNVs) and Single Nucleotide Polymorphisms (SNPs) 

Rare variants: Frequency<5% or 1%

Germline mutation
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Classical Neutral



Phylogenetics



History of 
Phylogenetics
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The First Tree: Darwin’s Tree



What is phylogeny/Phylogenetics

▪ Phylogeny - Evolutionary relationship

▪ Phylogenetic Tree – A diagram that describes evolutionary relationship
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Phenetics and Cladistics

▪ Phenetics (Numerical taxonomy) – Grouping based on similarity regardless of evolutionary 

relationship (phylogeny).

 - The drawing depicting phenetic relationship is phenogram.

 Note: Linnaeus was a pheneticist

▪ Cladistics – Grouping based on shared ancestral characters or evolutionary relationship.

 - The drawing depicting cladistic relationship is a cladogram
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SharkDolphin
Eel Snake

Bat Bird Mouse Lizard

Phenogram Vs Cladogram for the Following: 
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Types of Phylogenetic Trees with respect to the Taxa on the Tree

1. Rooted Tree – Has one or more ancestral outgroup when compared to the ingroup

2. Unrooted Tree – Has no ancestral outgroup among the ingroup

Note: The ingroup is made up of the taxa of interest
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Relationship between Type and Shape of a Tree

Rooted Tree - Rectangular         Unrooted Tree - Radial 
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Rectangular Triangular

Circular
Radial
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Types of Phylogenetic Trees with respect to the Tree Shape or Layout
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What type of tree is this with respect to shape/layout?

Answer: Triangular tree



Parts of a Phylogenetic Tree
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Meaningless

Root 

(most ancestral Node)

The common ancestor of A-F

Branch (Lineage)

MRCA of A,B,C

MRCA of A,B

Taxon (leaf)

Terminal nodes 
= leaves = taxa



Tree Topology and Equivalent Trees

▪ Tree Topology – Branching pattern of a tree 

▪ Trees are the same when rotated at a node

Note: These trees are equivalent
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❑ Phylogeny is derived from multiple sequence alignment.

Molecular Phylogeny and Sequence Alignment
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Bootstrap or Branch length?

▪ Bootstrap Support - The percentage of times the branch occur when 

resampled

Note: Bootstrap support >70 is well supported.

▪ Branch Length– Genetic distance measured as number of 

substitutions per site.
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Evolutionary Groups/Relationships)

Sister taxa
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Evolutionary Characters 

Derived trait

(Evolutionary novelty) Ancestral trait

Derived trait unique 

to only one taxon

Shared trait not due to 

common ancestor
Shared derived trait 

present in a particular 

clade

38



Homolgy: Ortholgy and Paralogy

Gene duplication and 

sequence divergence   

 

Speciation   

 

Human alpha globin gene    

 

Chimpanzee alpha globin gene    

 

Chimpanzee beta globin gene    

 

Mouse alpha globin gene    

 

Rat alpha globin gene    

 

Rat beta globin gene    

 

Paralogy  

Orthology

Homology

Homology:  Similarity by common ancestry
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(Ancestral alpha-like globin gene)  
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