
١

Bioinformatics Databases 

Dr. Taysir Hassan Abdel Hamid
Lecturer, Information Systems 

Department 
Faculty of Computer and Information 

Assiut University 
taysirhs@aun.edu.eg

taysir_soliman@hotmail.com

Agenda 

• Literature databases 
• Sequence databases 
• Other databases 
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So, what Computer Scientists do
for Bioinformatics? 

• Computer scientists are responsible for INTEGRATING 
and ANALYZING all literature from both patents and 
other publications in PubMED (MEDLINE) in NCBI

12 million 
records 

Where do we get PubMed? 

National Center for Biotechnology
Information (NCBI)

www.ncbi.nlm.nih.gov
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www.ncbi.nlm.nih.gov

TThree major database organizations hree major database organizations 
around the world are responsible for around the world are responsible for 
maintaining most of this data.  maintaining most of this data.  

They largely They largely ‘‘mirrormirror’’ one another and one another and 
share accession codes, but share accession codes, but NOTNOT proper proper 
identifier names.identifier names.

Sequence Databases Sequence Databases 
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North America:North America: the National Center for Biotechnology Information the National Center for Biotechnology Information 
((NCBINCBI), a division of the National Library of Medicine (NLM), at the ), a division of the National Library of Medicine (NLM), at the 
National Institute of Health (NIH).   National Institute of Health (NIH).   

•• The The GenBankGenBank is one of its databases. is one of its databases. 

Europe:Europe: the European Molecular Biology Laboratory (the European Molecular Biology Laboratory (EMBLEMBL), the European ), the European 
Bioinformatics Institute (Bioinformatics Institute (EBIEBI), and the  Swiss Institute of Bioinformatics), and the  Swiss Institute of Bioinformatics’’
(SIB). There are also the expert Protein Analysis System ((SIB). There are also the expert Protein Analysis System (ExPasyExPasy),the),the
SWISSSWISS--PROTPROT and and TrEMBLTrEMBL amino acid sequence databases.amino acid sequence databases.

Asia:Asia: The National Institute of Genetics The National Institute of Genetics (NIG)(NIG) supports the Center for supports the Center for 
Information BiologyInformation Biology’’s s (CIG)(CIG) & DNA Data Bank of Japan (& DNA Data Bank of Japan (DDBJDDBJ).).

Sequence Databases (ContSequence Databases (Cont……) ) 

• All sequence databases contain these elements:

Name: ID is a unique identifier

Definition: A brief, one-line, textual sequence 
description.

Accession Number: A constant data identifier.
Source and taxonomy information.
Complete literature references.
Comments and keywords.
The all important FEATURE table!
A summary or checksum line.
The sequence itself.
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What is an accession number?

An accession number is label that used to identify a 
sequence. It is a string of letters and/or numbers that 
corresponds to a molecular sequence. 

Examples (all for retinol-binding protein, RBP4):

X02775 GenBank genomic DNA sequence
Rs7079946 dbSNP (single nucleotide polymorphism)

N91759.1An expressed sequence tag (1 of 170)
NM_006744 RefSeq DNA sequence (from a transcript)

NP_007635 RefSeq protein
AAC02945 GenBank protein

Q28369 SwissProt protein
1KT7 Protein Data Bank structure record

protein

DNA

RNA

So how do you access and manipulate all this data?So how do you access and manipulate all this data?
•Often on the InterNet over the World Wide Web:

•Site URL (Uniform Resource Locator) Content
•Nat’l Center Biotech' Info' http://www.ncbi.nlm.nih.gov/

databases/analysis/software

•PIR/NBRF http://www-nbrf.georgetown.edu/ protein sequence database

•IUBIO Biology Archive http://iubio.bio.indiana.edu/ database/software archive

•Univ. of Montreal http://megasun.bch.umontreal.ca/ database/software archive

•Japan's GenomeNet http://www.genome.ad.jp/ databases/analysis/software

•European Mol' Bio' Lab' http://www.embl-heidelberg.de/ databases/analysis/software

•European Bioinformatics http://www.ebi.ac.uk/ databases/analysis/software

•The Sanger Institute http://www.sanger.ac.uk/ databases/analysis/software

•Univ. of Geneva BioWeb http://www.expasy.ch/ databases/analysis/software

•ProteinDataBank http://www.rcsb.org/pdb/ 3D mol' structure database

•Molecules R Us http://molbio.info.nih.gov/cgi-bin/pdb/ 3D protein/nuc' visualization

•The Genome DataBase http://www.gdb.org/ The Human Genome Project

•Stanford Genomics http://genome-www.stanford.edu/ various genome projects

•Inst. for Genomic Res’rch http://www.tigr.org/ esp. microbial genome projects

•HIV Sequence Database http://hiv-web.lanl.gov/ HIV epidemeology seq' DB

•The Tree of Life http://tolweb.org/tree/phylogeny.html overview of all phylogeny
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Net access software examplesNet access software examples

•Internet surfing tools: a World Wide 
Web browser such as MS Explorer. 

–Advantage: Can access last night’s 
updates

So, what to do with a sequence you had retrieved in 
your lab?

5’GGCCAGTACTGGGCGCACTTGCACTCC
TTTCTCTCCTTCAGGTTGGTAACCATG
ACGATGGTGGCTGAGTTTGTTCCCAGA
TCCATCCGCCAGAAATCATTCACCGTTT
CTTCTTTTGTCCTTGTGCAGCAATGAA
TTTGTTCTTTTCTTGGTAA3’
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Sequence 
Submission 

Area

Statistical 
Parameters

BLAST Against the Human Genome
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Example FASTA sequence

>JC2395
NVSDVNLNK---YIWRTAEKMK---ICDAKKFARQHKIPESKIDEIEHNSPQDAAE----
-------------------------QKIQLLQCWYQSHGKT—GACQALIQGLRKANRCDI
AEEIQAM
>KPEL_DROME
MAIRLLPLPVRAQLCAHLDAL-----DVWQQLATAVKLYPDQVEQISSQKQRGRS-----
-------------------------ASNEFLNIWGGQYN----HTVQTLFALFKKLKLHN
AMRLIKDY
>FASA_MOUSE
NASNLSLSK---YIPRIAEDMT---IQEAKKFARENNIKEGKIDEIMHDSIQDTAE----
-------------------------QKVQLLLCWYQSHGKS--DAYQDLIKGLKKAECRR
TLDKFQDM

GenBank Files
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One-line descriptions

Multiple Alignment Formats

• Formats for storing multiple alignments are 
specified

• FASTA, GCG MSF, ALN, etc
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FASTA Format

• Each sequence begins with a description 
line ‘>’

• Sequence data follows, with gap character 
‘-’

Example Fasta sequence

>JC2395
NVSDVNLNK---YIWRTAEKMK---ICDAKKFARQHKIPESKIDEIEHNSPQDAAE----
-------------------------QKIQLLQCWYQSHGKT—GACQALIQGLRKANRCDI
AEEIQAM
>KPEL_DROME
MAIRLLPLPVRAQLCAHLDAL-----DVWQQLATAVKLYPDQVEQISSQKQRGRS-----
-------------------------ASNEFLNIWGGQYN----HTVQTLFALFKKLKLHN
AMRLIKDY
>FASA_MOUSE
NASNLSLSK---YIPRIAEDMT---IQEAKKFARENNIKEGKIDEIMHDSIQDTAE----
-------------------------QKVQLLLCWYQSHGKS--DAYQDLIKGLKKAECRR
TLDKFQDM
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Sequence Conversion 
Programs

• SEQIO
– http://bioweb.pasteur.fr/docs/seqio/seqio.html

• READSEQ
– http://bimas.dcrt.nih.gov/molbio/readseq/

Searching Sequence Databases

• Compare a query sequence against a 
target database

• Return significant results
– Possible Homolgous sequences
– Yields insight into structure and function
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FASTA

• First rapid database search utility

• 50 times faster than Dynamic 
Programming

• Based on a heuristic – not guaranteed to 
locate optimal solution

FASTA Algorithm
• Hashing approach:

– Construct a table showing each word of length k (k-
tuple) for query and target

• 1 or 2 for proteins
• 4 or 6 for DNA

– Relative positions calculated by subtracting positions

– Matches in same phase are strung together
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FASTA Algorithm

• Identify 10 regions with highest density of 
hits
– Trim regions to include only residues 

contributing to high scores
– Associate init1 score to each region

Each region is partial alignment without gaps

FASTA Algorithm

• Join initial regions to form approximate 
alignments with gaps

• Assign score
– Sum of init1 scores for initial regions
– Subtract gap penalty
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FASTA Alignment Output
>>MERR_STAAU mercuric resistance operon regulatory protei (135 aa)
initn: 292 init1: 172 opt: 298 Z-score: 373.6 expect() 3.5e-14
Smith-Waterman score: 298;  36.923% identity in 130 aa overlap

10        20        30        40        50       60
MerR MENNLENLTIGVFAKAAGVNVETIRFYQRKGLLLEPDKPYGSIRRYGEADVTRVRFVKSA

. :. .:::  :: ::.:.:.::::.  : .  .. : :.:  . ::::.:  
MERR_S      MGMKISELAKACDVNKETVRYYERKGLIAGPPRNESGYRIYSEETADRVRFIKRM

10        20        30        40        50  

70          80        90       100       110     
MerR QRLGFSLDEIAELLRL--EDGTHCEEASSLAEHKLKDVREKMADLARMEAVLSELVCACH

..: ::: ::  :. .  .:: .:..  ... .: :....:.  : :.. .: ::  : 
MERR_S KELDFSLKEIHLLFGVVDQDGERCKDMYAFTVQKTKEIERKVQGLLRIQRLLEELKEKCP

60        70        80        90       100       110  

120       130       140    
MerR ARRGNVSCPLIASLQGGASLAGSAMP

...  .::.: .:.::         
MERR_S DEKAMYTCPIIETLMGGPDK      

120       130

FASTA Programs

• FASTA – protein to protein OR DNA to 
DNA

• TFASTA –query protein to  DNA database
– the DNA database is first translated in all six 

reading frames
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FASTA Programs
• FASTF – compares a set of ordered peptide 

fragments, obtained from analysis of a protein by 
cleavage and sequencing of protein bands 
resolved by electrophoresis, against a protein 
database

• TFASTF – compares a set of ordered peptide 
fragments, against a DNA database

FASTA Programs
• FASTS – compares a set of ordered peptide 

fragments, obtained from mass-spectometry
analysis of a protein, against a protein database.

• TFASTS – compares a set of ordered peptide 
fragments,, against a DNA database.

• FASTX, FASTY – compares a query DNA 
sequence to a protein sequence database
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FASTA Programs

• TFASTX, TFASTY –protein sequence to a 
DNA sequence or DNA database
– DNA sequence translated in all six reading 

frames
• Translated from beginning to end
• Termination codons translated into unknown amino 

acids

FASTA Programs

• LALIGN – FASTA, reporting multiple 
aligning regions

• PLALIGN – dot plot algorithm available 
through the fasta suite

•
• FAST-pat, FAST-swap: compares a 

sequence to a pattern database
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BLAST Algorithm

• Filter out low complexity regions

• Locate k-tuples (words) in the query 
sequence 
– Word length 3 for amino acids
– Word length 11 for nucleotides

BLAST Options

• http://blast.wustl.edu/blast/README.html



٢١

BLAST Programs

• BLASTP: protein query sequence against 
a protein database, allowing for gaps

• BLASTN: DNA query sequence against a 
DNA database, allowing for gaps

BLAST Programs

• BLASTX: DNA query sequence, translated 
into all six reading frames, against a 
protein database, allowing for gaps

• TBLASTN: protein query sequence 
against a DNA database, translated into all 
six reading frames, allowing for gaps
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BLAST Programs

• TBLASTX: DNA query sequence, 
translated into all six reading frames, 
against a DNA database, translated into all 
six reading frames (No gaps allowed)

PSI-BLAST

• (position specific iterated blast) 

• take in an initial query sequence and find similar 
sequences to the query

• multiply align to create a scoring matrix

• search the database for more matches
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PSI-BLAST

• more sequences are found that can then be 
added onto the multiple alignment

• caution should be used with PSI-BLAST:
– a greedy algorithm is used
– most recently added sequences will influence the next 

round of sequences

PHI-BLAST

• (pattern hit initiated blast) 

• functions in same manner as PSI-BLAST 
except that the query sequence is first 
searched for a regular expression

• search for similar sequences is focused on 
regions containing the pattern
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SSAHA

• Sequence Search and Alignment by 
Hashing Algorithm

• aligns DNA sequences by converting the 
sequence information into a ‘hash table’
data structure

• word length 10 bases by default

SSAHA

• locating identical or near identical matches
– SNP detection
– rapid sequence assembly
– detecting order and orientation of contigs



٢٥

SSEARCH
• SSEARCH implements the Smith-Waterman 

approach to sequence alignment  

• SSEARCH is part of the FASTA suite 

• compares protein to another protein or protein 
database (or DNA to DNA sequence or 
database) using enhanced Smith-Waterman 
local sequence alignments

BLAT

• (BLAST-Like Alignment Tool)
– Jim Kent at UCSC

• locate smaller regions of higher identity within 
genomic assemblies

– nucleic acids: regions at least 95% similar 
consisting of 40 bases or more

– amino acids: sequences at least 80% similar 
consisting of at least 20 amino acids  
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BLAT

• Keeps index of entire genome in memory 
– Non-overlapping k-mers
– 1 GB for DNA (11 base k-mers)
– 2 GB for amino acids (4-mers)

– K-mers in repetitive regions not used

BLAT

• fast tool for localizing highly similar regions

• distant homologies are not detected

• typical use: localize a specific sequence on a 
genome
– BLAT web interface directly ties to the UCSC 

GoldenPath genomic browser
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BLAT

• WEB SERVER:

• http://genome.ucsc.edu/cgi-bin/hgBlat?command=start&org=human

Protein Databases 

Computational 
sequence analysis

Query secondary 
databases over the 

Internet

BINDINTERACT
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•Relationships between

DNA or amino acid
sequence 3D structure      protein functions 

•Use of this knowledge for prediction of function, 
molecular modelling, and design (e.g., new therapies)

Proteins: Prediction of biochemical function

CGCCAGCTGGACGGGCAC
ACCATGAGGCTGCTGACC
CTCCTGGGCCTTCTG…

TDQAAFDTNIVTLTRFVM
EQGRKARGTGEMTQLLNS
LCTAVKAISTAVRKAGIA
HLYGIAGSTNVTGDQVKK
LDVLSNDLVINVLKSSFA
TCVLVTEEDKNAIIVEPE
KRGKYVVCFDPLDGSSNI
DCLVSIGTIFGIYRKNST
DEPSEKDALQPGRNLVAA
GYALYGSATML

Swiss-Prot
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SWISS-PROT file format

SWISS-PROT file format
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SWISS-PROT file format

SWISS-PROT file format
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http://http://www.expasy.chwww.expasy.ch//

http://http://www.expasy.chwww.expasy.ch//
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http://http://www.expasy.chwww.expasy.ch//

What else?

Computer scientists are responsible for developing 
tools for performing various operations, such as 
BLAST at NCBI 
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Resources Available through the 
Online Mendelian Inheritance in Man 

(OMIM) Web Site

Resources Available through the 
Cancer Genome Anatomy Project 

(CGAP) Web Site
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Resources Available through the 
Cancer Genome Anatomy Project 

(CGAP) Web Site

Some Online Animal Genome 
Sources (Part 1)
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Drosophila Gene Annotation

Annotation of Genes on the 
Saccharomyces Genome 

Database
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