
Introduction to applied

bioinformatics

PETRA MATOUŠKOVÁ

2024/2025
5/10



„Nucleotide bioinformatics I“
Retrieving nucleotide sequences from databases (Genbank/NCBI)

Feature analysis: statistics, reverse complement, restriction analysis

Translation, identifying open reading frame

PCR primer design, rt-PCR

Secondary structure prediction

Sequence comparison

Single Nucleotide Polymorphisms

DNA sequencing

Gene expression

microRNA

Genomes….

….



DNA/RNA 

4 nucleotides: Adenin, Guanin, Thymidin (Uracil), Cytosin : 5´→ 3´

(Frederick Sanger/Walter Gilbert 1980 Nobel price for DNA sequencing)

Genetic code/ triplets:

A, C, T (U), G
N any nucleotide
R A/G purine
Y C/T pyrimidine

400-nt (nucleotides) = 400 bp (base pairs)…kbp, Mbp

Complementarity: A=T, C≡G 

Double strand DNA:    5´-ATGCCATAAAA-3´
3´-TACGGTATTTT-5´



DNA/RNA 



DNA/RNA 



Prokaryotes



Genomic DNA / chromozomes

Eukaryotes

gen gen gen

intron exon exon exon exon exonintron i i i

exon exon exon exon exon

5´UTR 3´UTRCoding sequence (CDS)

transcription

splicing shRNA

mRNA ATG STOP

PROTEIN

translation

Primary transcript: hnRNA



DNA sequence/GenBank

GenBank the leading nucleotide sequence repository maintained as a consortium:

U.S. National Center for Biotechnology Information (NCBI)

European Molecular Biology Laboratory (EMBL)

DNA Data Bank of Japan (DDBJ)

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

http://www.ddbj.nig.ac.jp/

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

http://www.ncbi.nlm.nih.gov/nuccore/
http://www.ddbj.nig.ac.jp/
http://www.embl.de/


DNA  databases NCBI



DNA  databases NCBI
protein name
gene name / gene symbol 
Submitter/author (Smith JR)
phrase „…“



DNA  databases NCBI

transcript = without intrones (mRNA)



DNA  databasesNCBI



DNA  databases NCBI

refinement:



Nqo1 and mus

Results:30



NM_008706

(accession number)

GI:161621259
(GenBank Identifier)

„GenBank flatfile“



gene1..1552

exon1..140

CDS 134..958

FEATURES

SOURCE
chromosome 16



5´UTR 3´UTRCoding sequence(CDS)ATG STOP



FASTA



FASTA (and RAW) format
FASTA is the name of a popular sequence alignment-and-database-scanning program created by 

W.R. Pearson and D.J. Lipman in 1988

  The sequences used by FASTA have to obey the following format:

The line starting with > (the definition line) contains a unique identifier followed by an optional short 
definition. 

The lines that follow it contain the DNA or protein sequence (in one-letter code) until the next > character 
in the file indicates the beginning of a new sequence.

>NQO1_mus
AGGCTCAGCTCTTACTAGCCTAGCCTGTA

GCCAGCCCTAAGGATCTCTCCGAAGAGCT

AATGTCGG 

AGGCTCAGCTCTTACTAGCCTAGCCTGTA

GCCAGCCCTAAGGATCTCTCCGAAGAGCT

AATGTCGG



FASTA



fasta

>gi|161621259|ref|NM_008706.5|Mus musculus ….(NQO1), mRNA



NCBI/coding sequence (CDS)
Select CDS → in brown (FASTA bottom right corner)



NCBI/coding sequence (CDS)

In the bottom line:





Find „your“ nucleotide sequence.

look for CDS

Practical part 



Link to nucleotides from UniProt



Link to nucleotides from UniProt

Scroll down↓ 



Find „your“ nucleotide sequence.

Try to link through Uniprot

and check if the accession number you found is the same here

Practical part 



GRAPHIC



NCBI/Graphic



GRAPHIC



Find „your“ nucleotide sequence.

Explore the graphic view

Practical part 



NCBI/Gene (secondary database)

database GENE



NCBI/Gene (secondary database)



NCBI/Gene



NCBI/Gene



NCBI/Gene



NCBI/Gene



NCBI/Gene - expression



NCBI/Gene – whole gene sequence



NCBI/Gene – whole gene sequence



NCBI/Gene – whole gene sequence



Explore „your“ nucleotide sequence
in Gene.

Practical part 



Focused databases (secondary)



Explore „your“ nucleotide sequence
in database GeneCards.

Practical part 



Sequence analysis
Filter DNA

DNA stats

Range Extractor DNA

Reverse complement



Analyze „your“ nucleotide sequence.

(HW: How many cytosins and contains 2. exon? )

Practical part 



1) Find your nucleotide sequence, what is your accession number?

2) Download the CDS of your sequence,and save it in FASTA format.

3) Which chromosome contains your sequence? How many exons does your sequence have?

4) How long is the second exon? How many cytosines have the second exon? 

5) Where is your sequence mostly expressed?

E.g use „výstřižky“

➢Compile in „one note“ (or word, or pdf)

Homework 5

„snipping tool“

Work with „your“ abbreviation.



Homework 5:example
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