
Bioinformatics today and tomorrow

The last lecture
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Living cells as computational devices
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AACCGCG
TTCGCCT
AAATATG
CATCGAT
C

Code repository Program execution

public static void main (LIFE)

X=input()

If X==A
protein A=new Protein (TAAATA…)
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Sequence-dependent 
folding



Digitalization of the molecular code
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A new type of digital data

• Contiguous strings

• Misspellings

• Massive



Similar function – partly 

similar sequences
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Logical basis for biological sequence analysis

AACTG
CGTTG
GC

A H W M H

AACCG
CGTTC
GC

≈

A H W A H≈

=

A H V M H L S M D K P Q

= =

S H W M H L P D G K P P

A T W M H L M G P K P S

Similar sequences –
similar function



Sequence 
comparison

3D 
structure 

prediction

Gene 
discovery

Molecular 
evolution

System 
biology
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Bioinformatics at a glance

Medicine:
Drug design
Diagnostics

Agriculture:
Crop design



Problem 1.HIV virus: high mutation rate
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Find local regions of high similarity to design HIV drugs

Subject: The plan - Re: request for alignment of HIV sequences



Problem 2 (similar). Antibiotics resistance
11

How to design a new type 
of antibiotics which will 
kill all the pathogenic 
bacteria, and no mutant 
strain will survive and 
proliferate? 



Problem 3. Sequence redundancy in viral databases
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How to remove the redundant 
sequence information from 
the database of viral 
genomes?



Problem 4. Expression patterns of genes
13

How to 
identify the 
group of 
genes with 
similar 
expression 
patterns?

Time series 
comparison



Problem 5. Lethal E.coli
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O157-H7 modification of E. Coli
(in undercooked beef)  causes 
occasionally lethal hemorragic colitis

The pathogenic strain 
contains O-islands, and the 
normal strain contains K-
islands, with different 
frequency of nucleotides.

How to detect an early 
mutation of a normal E. coli 
into a pathogenic strain?



Problem 6. A 3-domain system 
15

Prokaryotes Bacteria Eubacteria Bacteria

Archaebacteria Achaea

Eukaryotes Protista Protista Eukarya

Fungi Fungi

Plantae Plantae

Animalia Animalia



How to group them?
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Bacteria Achaea Eukarya



Table of binary molecular attributes
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ribosom

e

RNA-

polymer

ase

exons First t-RNA Operon Nucleus in 

membrane

B 70S 1 rare Formil-

methyonine

yes no

A 70S several yes methionine yes no

E 80S many yes methyonine no yes



Table of binary molecular attributes
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C1 C2 C3 C4 C5 C6

B 1 0 0 0 1 0

A 1 1 1 1 1 0

E 0 1 1 1 0 1



The most parsimonious tree?
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The most parsimonious tree?
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S C I E N C E  F I C T I O N ?
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Tomorrow



today tomorrow

 10,000 $  500$
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Everybody gets his genome sequenced



T H E  G E N E T I C A L L Y  
D E T E R M I N E D  R E A C T I O N  T O  
D R U G S  W I L L  B E  D E D U C E D  
F R O M  T H E  C O M P A R I S O N  O F  
Y O U R  G E N O M I C  S E Q U E N C E  
W I T H  T H E  S E Q U E N C E  
D A T A B A S E S  A N D  Y O U  G E T  T H E  
T R E A T M E N T  W H I C H  I S  T H E  
B E S T  F O R  Y O U
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Personalized medicine



A R E  Y O U  A  C A R R I E R  O F  A  
G E N E T I C  D I S O R D E R ?

S E L E C T I O N  O F  A  H E A L T H Y  
G E N O T Y P E  A M O N G  A L L  
F E R T I L I Z E D  E G G S
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Global test for all genetic 
diseases



T O D A Y
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DNA hybridization



T O M O R R O W
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In silico DNA hybridization



I M P L E M E N T  A  L I V I N G  
S Y S T E M  W H I C H  
P R O D U C E S  T H E  B I O -
D E G R A D A B L E  P L A S T I C

I M P L E M E N T  B A C T E R I A  
W H I C H  P R O D U C E S  T H E  
S P I D E R - S I L K  P R O T E I N

…
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Imagine: engineering projects 
at UVic

public static void main 
(SPIDER_SILK)


