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Bioinformatics is  entirely necessary for biotechnology in era of growing amounts 
of biological data.

I UNDERSTAND, therefore I am!

„I clone, therefore I am…”



What does „data” mean in Bio-sciences?

Sequences

Scientific 
papers

Macromolecule 
structures

Image 
results

We need to have an easy 
access to all existing 
information in our research 
field.

Amount of information extends 
traditional means of sharing it.

Hopefully bioinformatics 
analysis will enable us to 
discover the most reliable 
„truths” (the ones which are in 
accordance with all/the most 
of existing data). 



Biological papers flood

Citations Added to 

MEDLINE® 

by Fiscal Year



Growth of GenBank

Uncompressed, the Release 203.0 flat files require roughly 652 GB

From 1982 to the present, the number of bases in GenBank has doubled approximately every 18 months

ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt

165,722,980,375 174,108,750
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Growing understanding of complexity of life

Ranks:
higher

taxa
genus  species  

lower 

taxa  
total

Archaea 143 140 524 0 807

Bacteria 1370 2611 13318 819 18118

Eukaryota 20436 67549 296479 22545 407009

Fungi 1549 4618 29222 1104 36493

Metazoa 14665 45477 144665 11390 216197

Viridiplan
tae

2622 14667 113417 9788 140494

Viruses 617 442 2349 0 3408

All taxa 22595 70749 312701 23364 429409

Ranks: 
higher 

taxa  
genus  species

lower 

taxa  
total

Archaea 7 5 8 0 20

Bacteria 64 144 220 35 463

Eukaryota 812 2628 16941 1374 21755

Fungi 121 262 1379 57 1819

Metazoa 459 2066 9601 695 12821

Viridiplant
ae

182 213 5556 602 6553

Viruses 33 34 102 0 169

All taxa 918 2811 17268 1409 22406

NCBI Taxonomy new Nodes: 2014 NCBI Taxonomy new Nodes: all dates



Definitions

According to National Institutes of Health (NIH):

� „BIOINFORMATICS is:
research, development, or application of computational tools and 
approaches for expanding the use of biological, medical, behavioral or
health data, including those to acuire, store, organize, analyze, or visualize
such data”

� „COMPUTATIONAL BIOLOGY is:
the development and application of data-analytical and theoretical 
methods, mathematical modeling and computational simulation techniques 
to the study of biological, behavioral, and social systems”.

� „BIOINFORMATICS is:
research, development, or application of computational tools and 
approaches for expanding the use of biological, medical, behavioral or 
health data, including those to acquire, store, organize, analyze, or 

visualize such data”





L7; P6; Advanced course

P5 P6

Advanced course

L1; P1 P2

L2 L3; P3 P4 

Bioinformatics course

Bioinformatics

Access to information = 
databases search

Understanding the Nature = 
sequence alignments

Understanding the Nature = 
structure modelling

Omics era = genomes
databases, NGS, microaray

data, proteomic data

Statistical data analysis & 
Software development

the Perl, R project

Data handling & 
presentation, experiment

design – useful tools



Scope of the Bioinformatics course

� ECTS 2 credits

� Last lecture (25.Nov): TEST

� 5 – after oral questioning

� START: 6th of October

� 6 individual exercises 

� Small project in pairs finished with 
presentation

LECTURES (15 hours)

Dr Katarzyna Kubiak

Tue 12:15-14:00

PRACTICALS (30 hours)

MSc Natalia Kwiatos

Mon 8:30 – 11:00

Wed  11:15-14:00

Final mark up to 4.5 =
sum of test & practical results



The course website

http://bioinformatics.p.lodz.pl

� Timetable with lectures/laboratoty topics

� Weekly updated downloads:

� Whole lectures & printouts

� Useful links

� Now available: lectures from the last academic year

Passwords:

L1 INTRO; L2 DATA; L3 BLAST; L4 MULTI; L5 PROT; L6 GENE

All software used during this course is free available online
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The course has no required textbook.

The lectures in this course correspond to a few chapters of Jonathan Pevsner Bioinformatics 
and Functional genomics, Wiley-Blackwell, 2009. Author's lectures and additional 
documents are there available on the publisher website (http://www.bioinfbook.org/)

Textbooks in English (available at my office: room9, BiNoZ ground floor)
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Baxevanis A. D., Ouellette B. F. F.: Bioinformatyka, PWN, 2004
UNRECOMMENDED

PG. Higgs, TK. Attwood, Bioinformatyka i ewolucja molekularna, PWN 2008

BASIC BUT MORE RELIABLE

The only texbooks in polish



Information sheet for the course
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Databases used in bioinformatics

Sequence databases

Structure databases

Interaction databases

Organism databases

Literature databases



Common websites with access to data and tools

NCBI - National Center for Biotechnology Information
(USA)

• GenBank; RefSeq, PubMed; OMIM 
• BLAST

EBI – European Bioinformatics Institute

• ENA; UniProt; ArrayExpress; 

• Euro PubMed; 

ExPASy - Expert Protein Analysis System
• UniProt; prosite; 2D-page results
• Great source of protein & proteomic tools (e.g. SWISS Model)



http://www.ncbi.nlm.nih.gov/



http://www.ncbi.nlm.nih.gov NAVIGATION



http://www.ncbi.nlm.nih.gov SEARCH



Entrez – an easy access to all NCBI databases







MEDLINE = Medical Literature, Analysis, and Retrieval System Online
the world biggest life sciences bibliographic database contains citations form over
5,600 worldwide biomedical journals
MEDLINE also covers life sciences vital to biomedical practitioners, researchers, and 

educators, including aspects of biology, environmental science, marine biology, 
plant and animal science as well as biophysics and chemistry. Increased 

coverage of life sciences began in 2000.



lipocalin AND disease

(60 results)

lipocalin OR disease

(1,650,000 results)

lipocalin NOT disease

(530 results)

1 AND 2

1 OR 2

1 NOT 2

1

1

1

2

2

2

Boolean operators – e.g. literature search



Search your query only in described fields

PubMed syntax: 
�[AUTHOR]
� [ABSTRACT]
� [TITLE]



Query may be build by typing or with 
„Advanced search” tool



PubMed list of results

Link to abstract



MeSH Medical Subject Headings



MeSH a database of scientific terms



MeSH as a tool for PubMed search
building



NCBI - National Center for Biotechnology Information
(USA)

• GenBank; RefSeq, PubMed; OMIM
• BLAST

EBI – European Bioinformatics Institute

• ENA; UniProt; ArrayExpress
• EuroPubMed

ExPASy

• UniProt; PROSITE; 2D-page results
• Great source of protein & proteomic tools (e.g. SWISSModel) 

Common websites with access to data and tools



http://www.ebi.ac.uk/





European sequence database

ENA = European Nucleotide Archive is composed of:

EMBL-Bank (European Molecular Biology Laboratory Bank) 

SRA (Sequence Read Archive )- NGS (Next Gen Sequencing) reads

Trace Archive – trace = raw data from automatic sequencers



A citation browser with text meanning functions

PubMed + patent &

agriculture literature



Title is a link to the abstract
and text meaning options



text meaning options – after 
checking the box 
appropriate category is 
highlighted in different 
colour

Active if avaiable

Link to publisher
website, access
depends on 
domane you use

Format used by e.g. EndNote



Patents in Europe PubMed

Abstract is always available and 
linked to the espacenet – EPO ‘s 
browser (European Patent Office)



Patent w Espacenet



European Patent Office





esp@cenet jest dostępny w wersji polskojęzycznej

Here are avaiable all countries which may 
access espacenet. 
Exotic localizations offen are atrctive due to 
transfer speed



It is possible to choose local office –
the one „from which you connected”…



ECLA Classification … 
biotechnology belongs to class C (chemistry; metallurgy)

CLASSES – letters A-H + Y



Biotechnology = subclass C12

SUBCLASSES – numbers



More precise calssification - subsubclasses

SUBSUBCLASSES –letters A-Z

1

2





”Bioinformatic” websites

NCBI - National Center for Biotechnology Information
(USA)

• GenBank; RefSeq, PubMed; OMIM
• BLAST…

EBI – European Bioinformatics Institute

• ENA; UniProt; ArrayExpress
• EuroPubMed

ExPASy
• UniProt; PROSITE; 2D-page results
• Great source of proteins & proteomics tools (e.g. SWISS Model)



ExPASy: proteomic server → bioinformatics resource



ExPASy offers an easy access to numerous
bioinformatic tools



UniProt

UniProt is the most comprehensive, centralized protein sequence catalog, it
consists of 3 databases:

� Swiss-Prot best-annotated protein database at Swiss Institute of 
Bioinformatics

� The Translated EMBL (TrEMBL) Nucleotide Sequence Database Library
provides automated annotations of proteins not in Swiss-Prot

� PIR (Protein Information Resource) Protein Sequence Database curated by 
experts from Georgetown University



UniProt – protein sequence database
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http:// www.sanger.ac.uk







http:// www.sanger.ac.uk



Model organisms

� BACTERIA: Escherichia coli K-12
4.6 Mb genome sequenced in 1997

� YEAST: Saccharomyces cerevisiae (12.5 Mb) 
First Eukaryotic genome sequenced (in1996)

� PLANT: Arabidopsis thaliana (125 Mb)
First plant (second Eukaryotic) genome sequenced in 2000

� FRUITFLY: Drosophila melanogaster (137 Mb) 
model for genetics; sequencing finished in 2000

� NEMATODE: Caenorhabditis elegans (100.2 Mb) 
first multicellular animal sequenced (in 1998), exacly 595 somatic cells, 
transparent body

� FISH: Danio rerio (1.8Gb !) 
short generation time, large amount of progeny, well annotated genes

� MAMMAL: Mus musculus sequenced in 2002 (3 Gb)
Rodents diverged from primetes ~80MYA and share most genes with
humans



Example of model organism webpage





KEGG

� Kyoto
Encyclopedia
of Genes and 
Genomes

� Extremely
useful for 
methabolic
pathways –
focused
searches



Besides searches with key words you can choose
a pathway from the list…



Green boxes = enzymes active in selected organism



BRENDA at the Institute of Biochemistry and Bioinformatics 
at the Technical University of Braunschweig, Germany

Enzymatic data are extracted from primary literature and critically evaluated by 
qualified scientists.



Enzyme name search



Record in BRENDA may be limitted to organism of 
interest, there are some text minning tools avaible







Take-home messages

� Bioinformatics help scientists to understand their laboratory results 
and to keep their research up to date

� Biological data is collected in databases, most of them are freely 
available online

� Data in bioinformatics may be: scientific publications, sequences & 
structures of macromolecules, organism – focused information, 
metabolic pathways etc…

� There are bioinformatics websites enabling the access to all these 
kinds of information (such as NCBI, EBI and ExPASy)

� Metabolic information is gathered by such databases as KEGG
and MetaCyc; specialized enzymatic database is called BRENDA
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Thank you for your attention

NEXT WEEK:

PRACTICAL 1: LITERATURE SEARCH Mon 06.Oct 8:30; WED 08.Oct 11:15

LECTURE 2:     PAIRWISE SEQUENCE ALIGMENT Tue, 07.Oct, 12:15


