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LEARNING OUTCOMES
As a result of the lesson you will be able to:

2% ¢¢

e 1. Explain the terms “bioinformatics”, “computational biology” and “system
biology™.

e 2. Analyze the bioinformatical methods used in different “Omics” technologies, give
the specific examples.

e 3. Explain the differences between structural, functional and evolutional
bioinformatics.

e 4. Give and describe the examples of bioinformatical computer programs used for
different tasks.

e 5. Classify and describe the main bioinformatical databases, give the specific
examples.



Definitions

Bioinformatics (/ bar.ou mfor matiks/) is an interdisciplinary field that develops
methods and software tools for understanding biological data, in particular when the data
sets are large and complex. As an interdisciplinary field of science, bioinformatics
combines biology, computer science, information engineering, mathematics and
statistics to analyze and interpret the biological data. Bioinformatics has been used for in
silico analyses of biological queries using mathematical and statistical techniques.
Bioinformatics includes biological studies that use computer programming as part of their
methodology, as well as a specific analysis "pipelines" that are repeatedly used,
particularly in the field of genomics. Common uses of bioinformatics include the
identification of candidates genes and single nucleotide polymorphisms (SNPs).
Often, such identification is made with the aim of better understanding the genetic basis
of disease, unique adaptations, desirable properties (esp. in agricultural species), or
differences between populations. In a less formal way, bioinformatics also tries to
understand the organizational principles within nucleic acid and protein sequences, called
proteomics.[1]



e Systems biology is the computational and mathematical analysis and modeling of
complex biological systems. It is a biology-based interdisciplinary field of study that
focuses on complex interactions within biological systems, using a holistic approach
(holism instead of the more traditional reductionism) to biological research.

e Computational biology involves the development and application of data-analytical
and theoretical methods, mathematical modelling and computational simulation
techniques to the study of biological, ecological, behavioural, and social systems. The
field is broadly defined and includes foundations in biology, applied mathematics,
statistics, biochemistry, chemistry, biophysics, molecular biology, genetics,
genomics, computer science, and evolution.

e Computational biology is different from biological computing, which is a subfield of
computer engineering, using bioengineering and biology to build computers. [2-7]
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< C A HezawmueHo | exon.gatech.edu/GeneMark/
GeneMark What's New:
. - Publication on
A family of gene prediction programs developed at GeneMark-EP+

Georgia Institute of Technology , Atlanta, Georgia, USA.

Gene Prediction in Bacteria, Archaea, Metagenomes and Metatranscriptomes Borodovsky Group
Group news
Novel genomic sequences can be analyzed either by the self-training program P
GeneMarks$ (sequences longer than 50 kb) or by GeneMark.hmm with Gene Prediction
Heuristic models. For many species pre-trained model parameters are ready Programs
and available through the GeneMark.hmm page. Metagenomic sequences can
be analyzed by MetaGeneMark , the program optimized for speed. « GeneMark
C » GeneMark.hmm
Gene Prediction in Eukaryotes « GeneMarkS
Novel genomes can be analyzed by GeneMark-ES, an algorithm utilizing models » GeneMarkS-2
parameterized by unsupervised training. Notably, GeneMark-ES has a special » Heuristic models
option for fungal genomes to account for fungal-specific intron organization. To » MetaGeneMark
&' ) integrate into GeneMark-ES information on mapped RNA-Seq reads, we made + GeneMarkS+
' semi-supervised GeneMark-ET. Recently, we have developed GeneMark-EP+ * BRAKER1 &2
that uses homologous protein sequences of any evolutionary distance in both Information
training and predictions.
Gene Prediction in Transcripts « Publications
P « Selected Citations
Sets of assembled eukaryotic transcripts can be analyzed by the modified = Background
GeneMark$ algorithm (the set should be large enough to permit self-training). A = FAQ

B single transcript can be analyzed by a special version of GeneMark.hmm with = Contact
Heuristic models. A new advanced algorithm GeneMarkS-T was developed
recently (manuscript sent to publisher); The GeneMarkS-T software (beta version) =~ Downloads

is available for download .
= Programs

Gene Prediction in Viruses, Phages and Plasmids
Other Programs

(f""\, Sequences of viruses, phages or plasmids can be analyzed either by the « UnSplicer
L@ GeneMark.hmm with Heuristic models (if the sequence is shorter than 50 kb) or « GeneTack
by the self-training program GeneMark$S. « Frame-by-Frame
» |PSSP

In silico Biology
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Map of the human X chromosome (from the National Center for Biotechnology Information
website).
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<« C @ blast.ncbi.nlm.nih.gov/Blast.cgi

Basic Local Alignment Search Tool
A new feature was added to Primer-BLAST.
BLAST finds regions of similarity between biological sequences. The
program compares nucleotide or protein sequences to sequence
databases and calculates the statistical significance. Learn more

We now offer the ability for user to run primer-blast 1
NCBI assembly page..

Tue, 23 Feb 2021 12:00:00 EST

Web BLAST

BLAST Genomes
Enter organism common name, scientific name, or tax id m
Human Mouse Rat Microbes

Standalone and API BLAST

https://blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=Dblastx&PAGE_TYPE=BlastSearch&LINK_LOC...
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protein structures such as this one are common subjects in

3-dimensional

bioinformatic analyses.

https://en.wikipedia.org/wiki/Bioinformatics#/media/File:1kqf _opm.png



Hauser et al. - Titz B, Rajagopala SV,
Goll J, Ha'user R, McKevitt MT, et al.
(2008) The Binary Protein Interactome
of Treponema pallidum — The Syphilis
Spirochete. PLoS ONE 3(5): e2292.
doi:10.1371/journal.pone.0002292

The protein interaction network of T.
pallidum including 576 proteins and
991 interactions. Nodes are color-coded
according to TIGR main roles. Proteins
involved in DNA metabolism are
shown as enlarged red circles.
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Best Free Bioinformatics Software
B Recommended M Good

Bioconductor
Biopython

BioPerl

InterMine

UGENE

IGV

BioJava

GROMACS

Taverna Workbench

15 Best Free Linux Bioinformatics EMBOSS
Tools Clustal Omega

linuxlinks.com BLAST
bedtools

geWorkbench

Bioclipse

Rating

LiNux
LiINkS 3
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Types of bioinformatic databases

Archives (GeneBank & EMBL, PDB)

Curated (Swiss-Prot, KEGG, FlyBase, COG)
Derivatives (SCOP, PFAM , GO, ProDom, AsMamDB)
Integrated (NCBI Entrez, Ecocyc)
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< C & ncbinlm.nih.gov/gene/

S_'; NCBI Resources (¥ How To (¥

Gene |Gene v| |

Advanced

o COVID-19 is an emerging, rapidly evolving situation.

Public health information (CDC) | Research information (NIH) | SARS-CoV-2 data (NCBI) | Prevention and treatment information (HHS)

Gene

Gene integrates information from a wide range of species. A record may include nomenclatu

(RefSegs), maps, pathways, variations, phenotypes, and links to genome-, phenotype-, and |
worldwide.

Using Gene Gene Tools Other Resources
Gene Quick Start Submit GeneRIFs OMIM

FAQ Submit Correction RefSeq
Download/FTP Statistics RefSeqGene

RefSeq Mailing_List BLAST Protein Clusters
Gene News [ Genome Workbench

Factsheet Splign

Representative queries
Find genes by... Search text

free text human muscular dystrophy

chromosome and symbol (1

[chr].OR 2[chr]) AND adh*[sym]
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The European Bioinformatics Ins: X +

C @& ebiacuk

# EMBL-EBI % Services &2 Research & Training (i ]

EMBL-EBI

The home for big data in biology

We help scientists exploit complex information to make
discoveries that benefit humankind.

2000600

Explore dozens of hiological data resources with our Search servi

Example searches: blast keratin bfl4 | Build query

Find tools and resources or deposit data.

We have been working behind the scenes to tackle the COVID-19 pandemic. Read more about our response and resources.

Featured topic Latest news

This website requires cookies, and the limited processing of your personal data in order to function. By using the site you are
agreeing to this as outlined in our Privacy Notice and Terms of Use.
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"% UniProt x 4+

< C' @& uniprotorg

UniProt »

BLAST Align Retrieve/ID mapping Peptide search SPARQL

UniRef Y UniParc = Proteomes
| T4 m—
The UniProt Reference UniParc is a comprehensive A T @
Swiss-Prot (564,277) Clusters (UniRef) provide and non—r?dundant database O s TIE [ e e T
clustered sets of sequences that contains most of the .
Ni . ) ) ) proteins thought to be
*¢ Manually annotated and from the UniProt publicly available protein .
i Knowledgebase (including sequences in the world expressed by an organism.
reviewed. : . ; UniProt provides proteomes
. . isoforms) and selected UniParc . .
Records with information for species with completely
. records.
extracted from literature sequenced genomes.
and curator-evaluated Forthcoming char
computational analysis. Planned changes
|
TrEMBL (207,800,733) Support"’]g data UniProt release 2
Automatically annotated (Almost) all abou
and not reviewed.
Records that await full Literature citations Taxonomy Subcellular locations UniProt release 2
manual annotation. . Venoms, gold mir
é ‘_I_" Q cross-references
Cross-ref. databases Diseases Keywords

= : UniProt release 2
S XXX

News archive

(]

We'd like to inform you that we have updated our Privacy Notice to comply with Europe’s new General Data Protection Regulation (GDPR) that applies since 25 May 2018.

R .© Bseaute 3aech TekcT Ana noncka O e ﬂ a " G @ @




& wwPDB: Worldwide Protein Data X <

< C A Hesaumweno | wwpdb.org

W ORLDWIDE
,ﬂ!I,PDB VALIDATION ~ DEPOSITION ~ DICTIONARIES + DOCUMENTATION ~ TASKFORCES ~ FTP ~ STATISTICS ~
PROTEIN DATA BANK

Since 1971, the Protein Data Bank archive (PDB) Validat St‘

has served as the single repository of information % c ﬁ ‘

about the 3D structures of proteins, nucleic acids, MW or View valida
and complex assemblies. ‘ PROTEIN ‘
The Worldwide PDB (wwPDB) organization
manages the PDB archive and ensures that the . DATA BANK

PDB is freely and publicly available to the global 4 Yeard ,
community.

Download /

Celebrating 50 Years of the PDB Instructions

Vision and Mission wwPDB Resources News & Ann
Vision Data Dictionaries 03/08/2021
Sustain freely accessible, interoperating Core Archives of » Macromolecular Dictionary (PDBx/mmCIF) s Submit Abstracts for PD
structure data and metadata for biological > Small Molecule Dictionary (CCD)
macromolecules as an enduring public good to promote » Peptide-like antibiotic and inhibitor molecules ‘ Ea
MAY &5, 2021 | VIRTUAL '
basic and applied research and education across the (BIRD) : = Ma
sciences. PD
Biocuration 4.
Mission » Procedures and policies Read more
® Manage the wwPDB Core Archives as a public good » Improvements for consistency and accuracy
according to the FAIR Principles.
@ Provide expert deposition, validation, biocuration, and Community Input: 03/02/2021
remediation services at no charge to Data Depositors Task Forces and Working Groups
— it x NMR; 3DEN] > More than 1,000 SARS-C
: » Validation Task Forces (X-ray, ; ; il
@ Ensure universal open access to public domain » Small Angle Scattering Task Force FLALaUT SHUCities Ak
structural biology data with no l.imitations on usage. » PDBX/mmCIF Working Group Op
® Develop and promote community-endorsed data » Hybrid/Integrative Methods Task Force pre
standards for archiving and exchange of global s LinandAtalidotion Mot chan i
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