
L E C T U R E S :  V E L I  M Ä K I N E N
E X E R C I S E S :  N I C O L A R I Z Z O

T E X T B O O K :  W W W . G E N O M E - S C A L E . I N F O

C O U R S E  P A G E :  
H T T P S : / / S T U D I E S . H E L S I N K I . F I / C O U R S E S / C U R / H Y - O P T -

C U R - 2 2 2 3 - A 8 7 0 D 6 9 D - A B B D - 4 5 9 8 - 9 9 0 B -
A 5 1 C B 9 8 9 9 2 F 4 / L S I 3 1 0 0 7 / A L G O R I T H M S _ I N _ G E N O M E _ A N

A L Y S I S _ L E C T U R E S

Algorithms in Genome Analysis
Spring 2023 – Lecture 1
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W H A T Y O U M I G H T L E A R N

Course introduction
2



Prerequisites

3

 Some algorithms and basic statistics are assumed as background (e.g., 
Elements of Bioinformatics, Design and Analysis of Algorithms)

 Elective course: Bioinformatics and Systems Medicine study track / 
Life Science Informatics Master’s Programme; Applied algorithms / 
Algorithms study track / Master’s Programme in Computer Science

 Suitable for non-CS students also, but you’d probably need to have 
taken some algorithms course beforehand

 The required minimal knowledge of molecular biology is covered 
mostly during this first week

 Python used in some of the exercises (see also project associated with 
Data Analysis with Python course)

 The focus is on algorithms in genome analysis, but we follow the 
probabilistic notions common in bioinformatics

 This course used to be called Biological Sequence Analysis.
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Topics / techniques / applications

 Alignments / optimized dynamic programming / 
alternative splicing, phylogenetics

 Hidden Markov Models / dynamic programming, 
machine learning / gene prediction, peak detection

 High-throughput sequence analysis / text indexing, 
Burrows-Wheeler transform, minimizers / read
alignment, variant calling
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Spliced alignment by chaining local matches

Peak detection through segmentation with HMMs



6

Fast read alignment using BWT indexing



Motivation

 Topics not too far from current research
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Example of ongoing research: Covid-19

 30794 strains of Covid-19 were downloaded and their 
multiple sequence alignment (MSA) was constructed

 This MSA is of size 30794 x 29003 bases

 One can represent the MSA as a small graph that can be 
indexed for exact string search: such index takes only 2,2% 
of the size of the MSA 

 Such graph / index is a so-called pangenome
representation, useful e.g., for future vaccine development, 
to design antibodies for many strains (current and plausible 
recombinations) 
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ACAT-AC-AACCACATTCAGACTAGGAAG-CA--TCAG...
ACATCAC...



N O  E X A M – W E E K L Y E X E R C I S E S D E T E R M I N E
T H E G R A D E

Conduct of the course
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Typical week

 Tuesday and Wednesday lectures 10-12

 Some are replaced by prerecorded lecture videos

 Wednesday exercise sessions 12-14:

 Group work for draft solutions

 Monday evening deadline to submit finalized 
solutions in Moodle  

 See Moodle for detailed programme

 First exercise is a quiz, starting already this week! 
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Grading

 8 weeks with 5 assigments each 
= 40 assignments / points

 You can postpone max 5 to the exam week

 20 p -> grade 1

 24 p -> grade 2 

 27 p -> grade 3 

 31 p -> grade 4

 34 p -> grade 5 
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Course practices

 Course book (see course web page) contains most of 
the things we cover

 Some prerecorded lectures are linked in Moodle

 Most lectures are Powerpoint presentations given in 
the lecture room (pdf’s available afterwards)

 Model solutions are not provided

 Communication by email or by Moodle discussion 
forum

 Course contains some new material from the 2nd 
edition of the course book (in press)
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