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Introduction to Computational 
Biology & Bioinformatics – Part I

ENGR 1166 Biomedical Engineering

A marriage between biology and computer
Computational biology

 Biological data sets are large:
Comput. biology vs. bioinformatics
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Comput. biology vs. bioinformatics

 Biological data sets are large:
⇒ We need to manage “big data” 

(bioinformatics)

 Biological systems (physical) are complex:
⇒ We need to perform “big compute” 

(computational biology)

Comput. biology vs. bioinformatics
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What is big data?

source: https://vimeo.com/90017983

 To develop computer algorithms and 
theory to interpret large biological data and 
to understand complex biological systems

What is the goal?

 To develop computer algorithms and 
theory to interpret large biological data and 
to understand complex biological systems

 An interdisciplinary enterprise:
o Biology
o Chemistry
o Physics
o Statistics /applied math
o Computer Science
o Engineering

What is the goal?
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Why do we need this expertise?
 Rapid explosion in our ability to acquire 

biological data
o How can we find robust patterns in these 

data?

Why do we need this expertise?
 Rapid explosion in our ability to acquire 

biological data
o How can we find robust patterns in these 

data?
 Recognition that biological phenomena are 

enormously complex and biological 
problems benefit from interdisciplinary 
approaches
o How can we understand, predict, and 

manipulate these systems?

Applications
 Origins of Humanity: DNA sequencing is 

used to trace the most recent common 
maternal ancestor of all living humans
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Applications
 Personalized medicine: Data about the 

subject’s own genome and mathematical 
models are used to tailor therapy to each 
individual

The genome is the 
complete genetic material 
of an organism. It contains 
all the information needed 
to build and maintain the 
organism

Key concepts

A chromosome is a 
continuous strands of 
DNA wrapped around a 
protein scaffold

Key concepts
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A chromosome is a 
continuous strands of 
DNA wrapped around a 
protein scaffold

Key concepts

The human genome consists of 
23 pairs of chromosomes, one 
member of each pair coming 
from each parent

A gene is a segment of 
DNA that has information 
for making a specific 
type of protein

Key concepts

The ribosome is a large 
molecular machine that 
serves as the site where 
biological proteins are 
synthesized

Key concepts
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Same genes, different cell types

Deoxyribonucleic Acid (DNA)
 Double-stranded helical structure with a 

phosphate group/sugar ring backbone

DNA double helix
(diameter: 2 nm)

Deoxyribonucleic Acid (DNA)
 Four nucleotides (bases): A,T,C,G
 A pairs with T, C pairs with G via hydrogen 

bonds

DNA double helix
(diameter: 2 nm)
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Deoxyribonucleic Acid (DNA)
 Sequence read in the 5’ carbon (C)  to 3’ 

carbon (C) direction

DNA double helix
(diameter: 2 nm)

Sugar ring

Phosphate
group

↓′

Deoxyribonucleic Acid (DNA)
5’

T
G
C
A

5’3’

3’
↓′

Example #1
A DNA segment is made of 6 base pairs. 
How many different 6-base sequences are 
possible?
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A DNA segment is made of 6 base pairs. 
How many different 6-base sequences are 
possible?

Example #1

6th base 1st base
3’ 5’

A
T
G
C

3’ ← 5’

A DNA segment is made of 6 base pairs. 
How many different 6-base sequences are 
possible?

Example #1

6th base 1st base
3’ 5’

A
T
G
C

T
3’ ← 5’

A DNA segment is made of 6 base pairs. 
How many different 6-base sequences are 
possible?

Example #1

6th base 1st base
3’ 5’

A
T
G
C

T
A
T
G
C

A
T
G
C

A
T
G
C

A
T
G
C

A
T
G
C

3’ ← 5’
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A DNA segment is made of 6 base pairs. 
How many different 6-base sequences are 
possible?

Answer: 46 = 4096 different sequences

Example #1

6th base 1st base
3’ 5’

A
T
G
C

3’ ← 5’
T

A
T
G
C

A
T
G
C

A
T
G
C

A
T
G
C

A
T
G
C

A C C A G

E. Coli has a genome size of ~4.7 million 
base pairs. How many unique genomes are 
there of this size?

A more realistic scenario…

E. Coli has a genome size of ~4.7 million 
base pairs. How many unique genomes are 
there of this size?

4 x 4 x … x 4 =

= 44,700,000 ≅ 102,820,000

Estimated number of stars in the universe: 1028!!

A more realistic scenario…

first base 4.7 mln-th base
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Ribonucleic Acid (RNA)
 Single-stranded structure with a phosphate 

group/sugar ring (ribose) backbone

Ribonucleic Acid (RNA)
 Single-stranded structure with a phosphate 

group/sugar ring (ribose) backbone
 Four nucleotides 

(bases): A,U,C,G

Ribonucleic Acid (RNA)
 Single-stranded structure with a phosphate 

group/sugar ring (ribose) backbone
 Four nucleotides (bases): A,U,C,G
 Sequence read in the 5’ carbon (C)  to 3’ 

carbon (C) direction
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 tRNA (transfer RNA)
It works as an adapter that brings amino acids 
to mRNA being translated

 mRNA (messenger RNA)
It determines the eventual translated protein

 rRNA (ribosomal RNA)
It is a component of the ribosome, which is a 
macromolecular machine that performs the 
translation from mRNA into proteins

Three types of RNA

Transcription (DNA  RNA)
It is the first step of gene expression in which a 
particular segment of DNA (template strand) is 
copied into RNA (i.e., mRNA, rRNA, or tRNA) 

by the enzyme RNA polymerase

Transcription (DNA  RNA)
The resultant RNA sequence is a copy of the 
complement of the template strand, with T

replaced by U
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Example #2

6th base 1st base
3’ 5’A C C A G T

3’  5’
DNA

A DNA template strand is shown below. What 
is the sequence of mRNA transcribed from 

the strand?

A DNA template strand is shown below. What 
is the sequence of mRNA transcribed from 

the strand?

Answer: UGGUCA

5’ 3’
5’  3’

mRNA
1st base 6th base

Example #2

U G G U C A

6th base 1st base
3’ 5’A C C A G T

3’  5’
DNA

Proteins
 Proteins are a special class of molecules 

operating within the cell
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Proteins
 Depending on the task, there are several 

types of proteins, e.g.:
o catalysts for chemical reactions (enzymes)
o transportation and storage (hemoglobin)
o regulation (hormones)
o Defense from pathogens/invaders (antibodies)

20 different R-groups

Proteins
 A proteins is made of 20 different types of 

basic units called amino acids

A list of amino acids
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Proteins
 Amino acids are organized in long chains 

to form a protein
 There is one main chain (backbone) and 

many side chains with a 3D arrangement
 This 3D arrangement gives each protein 

its particular characteristics

Possible 3D arrangements

Primary

Tertiary
Secondary

Quarternary

A peptide linkage is a covalent bond 
formed between two amino acid molecules

Polypeptide (= protein)

Peptide linkages
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Hexokinase is an enzyme protein 
involved in glycolysis (457 amino acids)

An example

Example #3
A polypeptide is composed of 10 amino 
acids. How many different amino acid 

sequences are possible?

A polypeptide is composed of 10 amino 
acids. How many different amino acid 

sequences are possible?

Answer: 1020 different sequences

Example #3
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The process of translating a mRNA sequence 
into a protein sequence

Translation (mRNA → Protein)

The process of translating a mRNA sequence 
into a protein sequence

Translation (mRNA → Protein)

Each set of 3 bases 
corresponds to one 
specific amino acid
Why do we need at 
least 3 bases to 
code for one amino 
acid?

The process of translating a mRNA sequence 
into a protein sequence

Example:
CUU (mRNA) leu (amino acid)
UCU (mRNA)ser (amino acid)

Translation (mRNA → Protein)
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What amino acid sequence will be translated 
from the following mRNA sequence?

5’ 3’U G G U C A mRNA
1st base 6th base

Example #4

What amino acid sequence will be translated 
from the following mRNA sequence?

Answer: trp - ser

5’ 3’U G G U C A mRNA
1st base 6th base

Example #4

trp (tryptophan) ser (serine) protein

It is the combination of transcription and translation

6th base 1st base
3’ 5’A C C A G T

3’  5’

5’ 3’U G G U C A
5’  3’

DNA
mRNA

1st base 6th base

trp (tryptophan) ser (serine) protein

What is “gene expression”?
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DNA  mRNA  Protein
transcription translation

What is “gene expression”?

The central dogma

source: http://www.youtube.com/watch?v=41_Ne5mS2ls

The dominant path of information flow in 
biology is from DNA to RNA to proteins

The central dogma

DNA

RNA protein


