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Presentation 30%
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Final Project 50%



Subjects:

∙ ‘Just enough’ biology

∙ Dynamic programming

∙ Approximate string similarity

∙ Bioinformatics fields

∙ Recent machine learning results



An Eukaryotic Cell (biological 
view)

©M. Reczko, reczko@ics.forth.gr Image from: On-Line Biology Book 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html
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Watson and Crick, 1953 in Cambridge 

Hydrogen bonds (->Hybrydization) 

©M. Reczko, reczko@ics.forth.gr Image from: On-Line Biology Book 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html



 

Image from: On-Line Biology Book 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html



Transcription

∙ transcription is accomplished by RNA 
polymerase

∙ RNA polymerase binds to promoters

∙ promoters have distinct regions "-35" and "-10"

∙ transcription start and stop affected by DNA 
structure

∙ Additional regulatory sequences can be positive 
or negative



http://cats.med.uvm.edu/cats_teachingmod/microbiology/courses/gene_regulation/euk_regulation/
eukaryotic_regulation_frameset.htm

Complete Assembly of Eukaryotic 
Gene Regulatory System



Interaction of a transcription factor and DNA

Myc Proto-Oncogene Protein, causing cell division and proliferation 



Transcription: DNA -> 
RNA

©M. Reczko, reczko@ics.forth.gr

Image from: On-Line Biology Book 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html



RNA processing

∙ eukaryotic genes are interrupted by 
introns

∙ these are "spliced" out to yield final 
messenger RNA (mRNA)

∙ splicing done by spliceosomes

∙ splicing sites are quite degenerate but not 
all are used



Processing of RNA = 
splicing

©M. Reczko, reczko@ics.forth.gr

Images from: http://biochem218.stanford.edu (Doug Brutlag)

http://biochem218.stanford.edu/


Translation

∙ conversion from RNA to protein is by 
codon: 3 bases = 1 amino acid

∙ translation done by ribosome

∙ translation stops after reading the stop 
codon



Building 
proteins:

Ribosomes 
(rRNA)

transfer RNA 
(tRNA)

messenger RNA 
(mRNA)

Amino 
acids

©M. Reczko, reczko@ics.forth.gr

Image from: On-Line Biology Book 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html



The ‘universal’ genetic 
code:

Pictures  taken from  On-Line Biology Book 

64 different transfer RNA 
molecules

http://gened.emc.maricopa.edu/bio/bio181/BIOBK/BioBookTOC.html


The 20 amino acids, building blocks for 
proteins



Amino acids are linked together by joining the amino end of one molecule to the carboxyl 
end of another. Removal of water allows formation of a type of covalent bond known as a 
peptide bond.

  

                                                                                   

                                              
The above image is from 

http://zebu.uoregon.edu/internet/images/peptide.gif.

Building proteins 
(chemistry):

©M. Reczko, reczko@ics.forth.gr

http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossPQ.html
http://zebu.uoregon.edu/internet/images/peptide.gif


Protein folding: Sequence determines structure

                                                                    
The above images are from 

http://www.biosci.uga.edu/almanac/bio_103/notes/may_14.html.

Biolog
y

heat + 
‘salts’..

cooling + 
‘water’..

C. Anfinsen, 
1973

http://www.biosci.uga.edu/almanac/bio_103/notes/may_14.html


Levels of structural description 

                                                                    
The above images are from 

http://www.biosci.uga.edu/almanac/bio_103/notes/may_14.html.

http://www.biosci.uga.edu/almanac/bio_103/notes/may_14.html


Protein localization

∙ leader sequences can specify cellular 
location (e.g., insert across membranes)

∙ leader sequences usually removed by 
cleavage

∙ Like an address sticker



compartment
s

protein 
traffic

Protein localization



Doug Brutlag: 
http://cmgm.stanford.edu/biochem218/01Representation.pdf



Protein/Ligand 
interactions:

Michael Gerstein: 
http://bioinfo.mbb.yale.edu/mbb452a/intro/intro.pdf



Information flow

∙ A major task in computational molecular 
biology is to “decipher” information 
contained in biological sequences

∙ Since the nucleotide sequence of a 
genome contains all information necessary 
to produce a functional organism, we 
should in theory be able to duplicate this 
decoding using computers



Cantelli et al. The European Bioinformatics 
Institute (EMBL-EBI) in 2021, Nucleic Acids 
Research, Volume 50, Issue D1, 7 January 2022, 
Pages D11–D19

Data growth in the 
life sciences
• Computer speed and 

storage capacity is 
doubling every 18 
months and this rate is 
steady (Moore’s law)

• The amount of life science 
data doubles every 12 
months and the growth 
rate is predicted to continue



Data resources in life sciences

The Nucleic Acids Research online Database Collection: 
http://www.oxfordjournals.org/nar/database/a/

~1800
molecular 
biology
data 
resources

http://www.oxfordjournals.org/nar/database/a/


Organism Number of
chromosomes

Genome size in
base pairs

Bacteria 1 ~400,000 - ~10,000,000

Yeast 12 14,000,000

Worm 6 100,000,000

Fly 4 300,000,000

Weed 5 125,000,000

Human 23 3,000,000,000

Incoming data size 
classes:

©M. Reczko, reczko@ics.forth.gr

A. Brazma et. al.: 
http://www.ebi.ac.uk/microarray/biology_intro.htmlml

http://www.sanger.ac.uk/Projects/Microbes/
http://genome-www.stanford.edu/Saccharomyces/
http://www.sanger.ac.uk/Projects/C_elegans/
http://edgp.ebi.ac.uk/
http://www.arabidopsis.org/
http://www.sanger.ac.uk/HGP/


  

Organism
The number of 
predicted genes

Part of the genome that 
encodes proteins (exons) 

E.Coli (bacteria)
     5000     90%

Yeast
     6000     70%

Worm 
   18,000     27%

Fly 
   14,000     20%

Weed 
   25,500     20%

Human 
   30,000     < 5%

Only the surface is 
scratched:

‘Alien finds a broken hard-disk’ 
situation©M. Reczko, reczko@ics.forth.gr

A. Brazma et. al.: 
http://www.ebi.ac.uk/microarray/biology_intro.htmlml

http://www.ebi.ac.uk/microarray/biology_intro_files/celegans.html
http://www.ebi.ac.uk/microarray/biology_intro_files/drosophyla.html
http://www.ebi.ac.uk/microarray/biology_intro_files/arabidopsis.html
http://www.ebi.ac.uk/microarray/biology_intro_files/homosapiens.html


The function of human genes

42 % of the genes has unknown function, 
even having accurate predicted protein structures (AlphaFold2)

Graphics from Dimitris Kafetzopoulos, IMBB



From Genomics to Drugs 
   Thomas Lengauer (Ed.) 

NGS+Robotics at BSRC Alexander Fleming:
https://www.youtube.com/watch?v=8CaUGFimbgQ
https://www.youtube.com/watch?v=kUdDY3kvWpc

https://www.youtube.com/watch?v=8CaUGFimbgQ
https://www.youtube.com/watch?v=kUdDY3kvWpc


Problem
:

Mark Craven/Thomas Anantharaman: 
http://www.biostat.wisc.edu/~craven/776/lecture7.pdf



Exact string matching:

-Boyer – Moore string search algorithm (UNIX: 
grep)
- suffix trees

Inexact string matching:

- Complete sequence (global) or parts (local)
- Similarity measures

Pairwise vs. multiple comparisons

Basic biological sequence 
analysis:



Ambiguity
:



Global 
alignment

Local 
alignment

Gapped 
alignment

Definition
s



Graphical solution: dot-
plot



Dynamic programming 
algorithms for sequence 

comparison

∙ Introduced for biological sequences by
−S. B. Needleman & C. D. Wunsch. A 

general method applicable to the search 
for similarities in the amino acid sequence 
of two proteins. J. Mol. Biol. 48:443-453 
(1970)

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



Dynamic programming reminder:  Shortest 
path



Dynamic programming reminder:  Shortest 
path

Best solutions up to 
n

One node added:
n updates to find new 
best



Dynamic Programming Idea:

©M. Reczko, reczko@ics.forth.gr

 © Copyright Russ Altman 
2001,http://smi-web.stanford.edu/projects/helix/bmi214/4-4-02clr.pdf





VADALTKPVNFKFAVAH

HGQKVADALTKAVAH

Optimal alignment between 
sequences

Problem:

?

similarity score contains:
-variable score for match
- variable cost for gaps
- variable cost for 

mismatches



Protein amino acid similarity score:
 Dayhoff’s Acceptable Point Mutations (PAMs)



Steps of basic dynamic 
programming method

∙ 1. Initialize matrix to match scores                     
(for simplicity: 0 or 1)

∙ 2. Do summation operation
− Finds the maximum number of matches that can be 

obtained starting at any position and proceeding 
"forward"

∙ 3. Traceback to find maximum match alignment

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



©M. Reczko, reczko@ics.forth.gr Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf
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rt07.pptf



Robert F. Murphy: 
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Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



©M. Reczko, reczko@ics.forth.gr Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----V

HGQKV Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



©M. Reczko, reczko@ics.forth.gr Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----VA

HGQKVA Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----VADALTK

HGQKVADALTK Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----VADALTK

HGQKVADALTK
©M. Reczko, reczko@ics.forth.gr Robert F. Murphy: 

http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----VADALTKPVNFKFA

HGQKVADALTK------A

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



----VADALTKPVNFKFAVAH

HGQKVADALTK------AVAH

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



Summation operation

1. Start in lower right corner
2. Move up one position and left one position
3. Find largest value in either (a) row segment 

starting one below current position and 
extending to the right or (b) column segment 
starting one to the right of current position and 
extending down

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



Summation operation (cont.)

4. Add this value to the value in the current 
cell

5. Repeat steps 3 and 4 for all cells to the 
left in current row and all cells above in 
current column

6. If we are not in the top left corner, go to 
step 2

Robert F. Murphy: 
http://www.cmu.edu/bio/education/courses/03310/LectureNotes/LecturesPa
rt07.pptf



Multiple sequence alignment

Calc. of optimal solution infeasible  for >5 sequences
⇒ Heuristic solutions 
⇒ e.g. progressive alignment (CLUSTALW)



Multiple sequence alignment for phylogenetic trees



Modelling 
tasks:Promoter
Stop

1:1
splice sites
exon/intron

alternative splicing

Translation start

3:1

Cleaving

Secondary structure

S-S bonds

Exposure
Tertiary structure
Complexes, networks 

©M. Reczko, reczko@ics.forth.gr

Image by Lawrence Hunter: 
http://www.aaai.org//Library/Books/Hunter/01-Hunter.htm

sequencin
g

proteomic
s

siRNA

miRN
A

Difficult
y
3
2

2
1

3

1

2

3

3

3
5
4

systems 
biology



Modelling 
tasks:Promoter
Stop

1:1
splice sites
exon/intron

alternative splicing

Translation start

3:1

Cleaving

Secondary structure

S-S bonds

Exposure
Tertiary structure
Complexes, networks 

©M. Reczko, reczko@ics.forth.gr

Image by Lawrence Hunter: 
http://www.aaai.org//Library/Books/Hunter/01-Hunter.htm

siRNA

miRN
A

Genomics

Transcript-
omics

RNA-omics

Proteomics

Metabolomics
Systems 
biology



IEEE Transactions on Computational Biology and Bioinformatics 2006, 4(3), pp.441-6.

Introduction novel sequence learning algorithm (BLSTM)

- Use start of proteinsequence
to  predict its compartment

- BLSTMs precursors of transformer 
networks





https://deepmind.com



https://deepmind.com/blog/article/putting-the-power-of-alphafold-into-the-worlds-hands



https://www.nature.com/articles/s41586-021-03819-2.pdf

AlphaFold2 architecture



AlphaFold2 database of predicted 
structures



ELIXIR

ELIXIR is an intergovernmental organisation that brings 
together life science resources such as databases, 
software tools, training materials, standards and 
compute resources, from across Europe.

The goal of ELIXIR is to coordinate life science 
resources from across Europe so they form a single 
infrastructure. This makes it easier for scientists to:

Find and share data
Exchange expertise
Agree on best practices in scientific research

Check:     https://elixir-europe.org

 https://elixir-greece.org

https://elixir-europe.org/
https://elixir-greece.org/


https://www.covid19dataportal.org   & https://covid19dataportal.gr

https://www.covid19dataportal.org/
https://covid19dataportal.gr/






Dangers of deep/machine learning

https://www.theverge.com/21298762/face-depixelizer-ai-machine-learning-tool-pulse-stylegan-obama-bias



ITBI students are winners: 2   2nd places in 2023,
with Dimitra Panou



BioASQ: Int. competition for biomedical QA



2024: Introduced a ‘Farm’ of LLMs

84

AI generated using Copilot 

Paper link : https://ceur-ws.org/Vol-3740/paper-17.pdf



2024: 2   1st and 3   2nd places

• Our awards:

       Batch 4 Snippet Identification
      
       Batch 1 Exact Answers

       Batch 2 Exact Answers

       Batch 2 Ideal Answers

       Batch 1 Documents retrieval

85



With Rea Kalampaliki: RMSD Estimation Algorithm (REA)

Molprobity stereochemical 
discrepancies 

1. Clashscore

2. Bad angles (%)

3. Bad bonds (%)

4. Probably wrong sugar puckers 
(%)

5. Chiral handedness swaps (%)

6. Tetrahedral geometry outliers 
(%)

7.  Length

Predicted RMSD (pRMSD)

REA
Input

Output

R
N

A
 3

D
 s

tr
u

c
tu

re

https://biorxiv.org/cgi/content/short/2024.02.28.582508v1



REA: Improvement in the accuracy of the predicted 3D structure of an RNA Nanosquare chain

● DeepFoldRNA #4 3D model (left, purple, RMSD = 1.37Å), predicted by SumReaSVR
● trRosettaRNA 3D model (pink, RMSD = 7.38Å)
● Reference structure (green, PDB: 3P59, chain A)
● Improvement ~6Å in the accuracy of the predicted 3D model



Ago2 - miR - target AlphaFold3 models

4Z4F 4W5O

* ipTM measures the accuracy of the predicted 
relative positions of the subunits within the 

complex

ipTM > 0.8: confident high-quality predictions

ipTM < 0.6: failed prediction

0.6 < ipTM< 0.8: predictions could be correct or 
incorrect

AF3 
model

ipTM* RMSD RMSD_r
nas

4Z4F 0.98 3.12 4.61

4W5O 0.97 4.20 2.00

4Z4F target 4W5O target



Transformers help clustering all scientifc papers

https://www.biorxiv.org/content/10.1101/2023.04.10.536208v2





Get your account on the Virtual Machine for 
the exercises in hands-on during the lectures 
and at home 

-  use 20 CPUs, 512GB RAM for all
-  50GB disk-space for each + 200GB shared



Install x2go to access graphical user interface



Access to virtual machine
• Install x2go from: https://wiki.x2go.org/doku.php/download:start

• X2go:

  LXDE

• Session type: LXDE or Custom desktop+Command: /usr/bin/lxsession -s 
Lubuntu -e LXDE

• (Virtualbox : http://genomics-lab.fleming.gr/fleming/uoa/vm/TrinityVM_U16.ova

  )

http://genomics-lab.fleming.gr/fleming/uoa/vm/TrinityVM_U16.ova


Introduction to Bioinformatics 2024-2025
Exercise 1 (M. Reczko):
(Adapted from: 
https://web.archive.org/web/20150425010121/http://www.ableweb.org/volumes/vol-28/v28repri
nt.php?ch=8
)
In a hypothetical scenario many people in a city suddenly come down with a serious illness. All 
the victims have in common is that they were all in a downtown pedestrian mall at a certain 
time five days before. Could terrorists have released a cloud of viruses or bacteria from a 
vehicle downwind of the mall? You work for the Centers for Disease Control and Prevention, 
and you have to find out.
A sample of non-human DNA (bacterial or viral) has been isolated from the victims. Identify the 
DNA sample as well as you can. Some of the DNA molecules are very short, and have been 
partially degraded. You will notice that the sequence is sprinkled with Ns, “N” stands for 
“nucleotide” and means that the nucleotide at that position could not be determined.
Some judgment is called for as you interpret your results. First, everyone has bacteria and 
viruses in his or her body, and sometimes they can cause disease. However, we are looking 
for exotic pathogens with bioterrorism potential (e.g., anthrax or smallpox rather than the 
common cold). Even AIDS, although it is deadly, would not work as a bioterror weapon 
because the disease develops too slowly and the virus is too hard to disseminate. For the 
purposes of this exercise, we will not consider a pathogen a
bioterror agent unless it is listed as a potential agent on the Centers for Disease Control and 
Prevention Web site at https://emergency.cdc.gov/agent/agentlist.asp . 

https://web.archive.org/web/20150425010121/http:/www.ableweb.org/volumes/vol-28/v28reprint.php?ch=8
https://web.archive.org/web/20150425010121/http:/www.ableweb.org/volumes/vol-28/v28reprint.php?ch=8
https://emergency.cdc.gov/agent/agentlist.asp


Second, organisms that are evolutionarily related have similar DNA, which might lead you to 
sound a false alarm. For example, say you find the following when you do a BLAST search on a 
certain DNA sample:

Bacillus subtilis is a harmless and very common soil bacterium. It is closely related to Bacillus anthracis. 
Bacillus anthracis causes anthrax, and is a dangerous bioterror weapon. Note from the similarity score 
(second column from the right) that Bacillus subtilis DNA is far more similar to the sample than Bacillus 
anthracis DNA is. Unless one of your samples gives a stronger indication of Bacillus anthracis than this, the 
mention of B. anthracis in the output is probably just due to genetic similarities between it and B. subtilis.



1. Analyze the samples

>outbreak14
GCCGAGTTAGTCTTGTGCTNACGGAACTTATTGTATGAGTANTGATTTGAAAGAGCTANANT
TAAAAAATCACTAATNAATNTAAGAGCGGACTTAACNAGCGTAAAACTGTCTTACTAATTAAT
TGTCAGTTAGCTCGTTCAGGTAATGGTTCCTANCGGNCAATGCAGGAAGAGTTCTACCTGG
AACTGANAGACCGCTGGCGGTGACAACACACTACGTCAAAATAAGA
>outbreak15
TAGTCTTGTGCTNACGGAACTTATTTATGAGGTACCCACCGANTCTGAAAACCGCTAATANA
GCACTTTAAAAATAAGAGCAGAATGGGATTTAAGGATAG

separately using both megablast and blastn at 
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&BLAST_SPEC=&LINK_LOC=blasttab 

and to determine if there is any evidence of bioterror agents. Use the general nucleotide 
collection (nr/nt). Report any differences between the 2 algorithms.

2. Check the CDC Web site at https://emergency.cdc.gov/agent/agentlist.asp .
to see if the CDC considers any found organism to be a potential weapon. If you’ve found a 
bioterror agent, research it on the CDC site so you can describe its effects on humans.

3. The health effects of many pathogenic bacteria are briefly described on the NCBI Genomes 
Web site at <http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi>. Click on a species name to see 
its information. It also might be helpful to do a general web search.

SEND SOLUTIONS (for M.Reczko exercise) ONLY TO: 
mareczko@di.uoa.gr

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&BLAST_SPEC=&LINK_LOC=blasttab
https://emergency.cdc.gov/agent/agentlist.asp
http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi
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