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Overview of the presentation 

PART 1 
•  An example showing how useful bioinformatics can be 
•  Searching sequence databases 
•  A walk-through of the BLAST search service 

PART 2 
•  Alignments, sequence similarity and homology 
•  Significance of matches: What is a good match? 
•  How does BLAST work? 

PART 3 
•  Iterative searching with a family of proteins (PSI-BLAST) 
 
PART 4: 
•  Multiple sequence alignments 
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One example of how useful 
bioinformatics can be 

•  The protein AlkB was discovered in E.coli in 1984. 
•  It was known that it protected the bacterium when subjected 

to DNA-alkylation agents. 
•  No enzymatic activity was found. 
•  Perhaps some co-factors where missing? 
•  In 2001, a bioinformatics paper was published that shed light 

on the problem. Many similar sequences where found using 
advanced sequence similarity searches … 



4 

Example… 

Alignment showing conserved amino acids among many sequences 
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Example… 

•  By comparing E.coli AlkB to other sequences in the database it 
was found that AlkB had some features in common with more 
well-known enzymes 

•  Based on these similarities the following was suggested 
regarding AlkB: 
–  That AlkB is a dioxygenase 
–  That the enzyme is Iron(II) dependent 
–  That the enzyme is 2-oxo-glutarate dependent 
–  That AlkB repairs alkylated bases through a form of oxidation 
–  That the enzyme could demethylate RNA as well (not just DNA) 
–  That there were eukaryotic counterparts of the protein 

•  All of this was later verified in the lab and resulted in three 
publications in Nature. 
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Example… 

•  By further sequence analysis 3 AlkB-like sequences were 
found in humans: 
–  ALKBH1 
–  ALKBH2 
–  ALKBH3 

•  And by even more advanced analysis another 5 homologs 
were found in humans: 
–  ALKBH4 
–  ALKBH5 
–  ALKBH6 
–  ALKBH7 
–  ALKBH8 

 

•  The function of these 8 enzymes are now being studied in 
detail. Some of them may be related to human diseases. 
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Genomes are a huge source of information 

•  More than 7000 ”completely” sequenced genomes 
available – an enormous source of information. Many 
thousands of other genomes in progress* 

•  More than 1 000 000 000 000 basepairs in GenBank 
(incl. WGS) (2015)* 

•  Database sizes are growing exponentially 
– doubling in about 18 months since 1982 

•  Searching sequence databases for a similar sequence is 
fundamental in many types of analyses in bioinformatics 

•  Searching a sequence database with a new amino acid or 
nucleotide sequence allow us to find out more about: 
–  Gene function 
–  Conserved and probably important residues 
–  3D structure of a protein 
–  Distribution of the gene among species 
–  Gene structure 
–  Chromosomal localisation 
 

•  Save time in the lab! 

•  Database searching is highly compute intensive and is 
probably the task consuming the largest amount of 
computing time within bioinformatics. 

 
* Sources: genomesonline.org & NCBI (ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt) 



8 

Searching sequence databases 

•  Goal: Identify which sequences in a database are significantly 
similar to a given DNA, RNA or protein sequence. 

•  How: The query sequence is compared (aligned) with each of the 
database sequences, and the amount of similarity is determined 
for each database sequence. 

 

Example: 

Query sequence:   acgatcgattagcca 
 
Database sequences: 
Identical (trivial):   acgatcgattagcca 
Very similar (easy):   acgaccgatgagcca 
Similar (moderate):   atgacggatgagcga 
Very diverged (hard):   atgacgggatgagcga 
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Search program variants 
Query Database Comparisons FASTA BLAST Description 
Nucleotide Nucleotide Nucleotide 

(2) 
fasta (fastn) blastn Compares directly both strands 

(forward and reverse complement) of 
the nucleotide query sequence to the 
nucleotide sequences in the 
database. 

Amino acid Amino acid Amino acid 
(1) 

fasta (fastp) blastp Compares the amino acid query 
sequence with the amino acid 
sequences in the database. 

Amino acid Nucleotide Amino acid 
(6) 

tfasta, 
tfastx, tfasty 

tblastn Translates the database nucleotide 
sequences into all six frames and 
compares the resulting amino acid 
sequences with the amino acid query 
sequences. tfasty allows intra-codon 
substitutions and frameshifts. 

Nucleotide Amino acid Amino acid 
(6) 

fastx, fasty blastx Translates the nucleotide query 
sequence into all six frames and 
compares the resulting amino acid 
sequences with the amino acid 
sequences in the database. fasty 
allows intra-codon substitutions and 
frameshifts. 

Nucleotide Nucleotide Amino acid 
(36) 

- tblastx Translates both the query nucleotide 
sequence and the database 
nucleotide sequences into all six 
frames and compares the resulting 
amino acid sequences with each 
other. 
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BLAST databases (protein) 

nr:  All non-redundant GenBank CDS translations + RefSeq Proteins + 
PDB + UniProtKB/SwissProt + PIR + PRF 

 
refseq:  RefSeq protein sequences from NCBI's Reference Sequence Project. 
 
swissprot:  The SWISSPROT part of UniProt Knowledge Base (UniProtKB) 
 
pat:  Patented protein sequences 
 
pdb:  Sequences of proteins in the Protein Data Bank (PDB) containing the 

3-dimensional structure of proteins 
 
env_nr:  Protein sequences from metagenomic projects and environmental 

samples. 
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BLAST databases (nucleotides) 

nr:  All GenBank + RefSeq Nucleotides + EMBL + DDBJ + PDB 
sequences (excluding HTGS0,1,2, EST, GSS, STS, PAT, WGS). 
No longer "non-redundant”. 

refseq_rna:  RNA entries from NCBI's Reference Sequence project  
refseq_genomic:  Genomic entries from NCBI's Reference Sequence project  
chromosome:  A database with complete genomes and chromosomes from the 

NCBI Reference Sequence project..  
est:  Database of GenBank + EMBL + DDBJ sequences from EST 

Divisions  
gss:  Genome Survey Sequence, includes single-pass genomic data, 

exon-trapped sequences, and Alu PCR sequences.  
htgs:  Unfinished High Throughput Genomic Sequences: phases 0, 1 

and 2 (finished, phase 3 HTG sequences are in nr)  
pat:  Nucleotides from the Patent division of GenBank.  
pdb:  Sequences derived from the 3-dimensional structure from 

Protein Data Bank (PDB) 
alu_repeats:  Human ALU repeat elements 
dbsts:  Database of GenBank+EMBL+DDBJ sequences from STS 

Divisions .  
wgs:  A database for whole genome shotgun sequence entries 
tsa:  Transcriptome shotgun assembly 
16S:  16S ribosomal RNA from Bacteria and Archaea 



14 

Advanced options 
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