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Introduction 
 
Bioinformatics is characterized by an abundance of data stored in very large databases. 
Local databases with capacities measured in the tens of terabytes are common. As such, 
fluency in data warehousing, data dictionaries, database design, archiving, and 
knowledge management techniques are mandatory for the design and maintenance of 
these systems. Most of the large biology databases are based on traditional relational 
databases architectures; whereas others, especially systems dealing with images and other 
multimedia, are based on object-oriented designs.  
In recent years, biological databases have greatly developed, and became a part of the 
biologist’s everyday toolbox. There are several reasons to search databases, for instance: 
 

• When obtaining a new DNA sequence, one needs to know whether it has already 
been deposited in the databanks fully or partially, or whether they contain any 
homologous sequences(sequences which are descended from a common ancestor). 

 
• Some of the databases contain annotation which has already been added to a 

specific sequence. Finding annotation for the searched sequence or its 
homologous sequences can facilitate its research. 

 
• Find similar non-coding DNA stretches in the database. For instance repeat 

elements or regulatory sequences. 
 
• Other uses for specific purpose, like locating false priming sites for a set of PCR 

oligonucleotides. 
 

• Search for homologous proteins - proteins similar in their sequence and therefore 
also in their presumed folding or structure or function. 

 
Primary sequence databases 
 
In the early 1980’s, several primary database projects evolved in different parts of the 
world. There are two main classes of databases:  
DNA (nucleotide) databases and protein databases.  
The primary sequence databases have grown tremendously over the years. 
 
DNA (nucleotide) Databases Protein Databases 

 
EMBL  
GenBank 
DDBJ 

UK  
US  
Japan 

Swiss-Prot  
PIR  
MIPS  

Swiss  
US 
Germany 
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TrEMBL 
GenPept 
NRL 3D 

Swiss 
US 
US 

 
Today they suffer from several problems, unpredicted in early years (when their sizes 
were much smaller): 

• Databases are regulated by users rather than by a central body (except for Swiss-
Prot). 

• Only the owner of the data can change it. 
• Sequences are not up to date. 
• Large degree of redundancy in databases and between databases. 
• Lack of standard for fields or annotation. 

 
DNA Databases (Nucleotide Sequences) 
The growth rate of DNA databases is much higher than that of the protein databases. This 
is because most of the DNA is not coding for proteins and because DNA sequencing is 
the most prominent source of database entries. The large DNA databases are:Genbank 
(US), EMBL (Europe - UK), DDBJ (Japan). 
These databases are quite similar regarding their contents and are updating one another 
periodically. This was is a result of the International Nucleotide Sequence Database 
Collaboration. 
 
EMBL 
EMBL is a DNA sequence database from European Bioinformatics Institute (EBI). 
EMBL includes sequences from direct submissions, from genome sequencing 
projects, scientific literature and patent applications. EMBL supports several retrieval 
tools: SRS for text based retrieval and Blast and FastA for sequence based retrieval.  
 
GenBank 
GenBank is a DNA sequence database from National Center Biotechnology Information 
(NCBI). It incorporates sequences from publicly available 
sources (direct submission and large-scale sequencing).  
 
DDBJ (DNA Data Bank of Japan) 
DNA Data Bank of Japan began DNA data bank activities in earnest in 1986 at the 
National Institute of Genetics (NIG).  DDBJ has been functioning as the international 
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nucleotide sequence database in collaboration with EBI/EMBL and NCBI/GenBank.  

  
 Protein Databases (Amino Acid Sequence) 
 
PIR - International Protein Sequence Database) 
PIR - The Protein Sequence Database was developed in the early 1960’s. It is located at 
the National Biomedical Research Foundation (NBRF). Since 1988 it has been 
maintained by PIR-International. 
PIR is split into four distinct sections that differ in quality of the data and the level of 
annotation: 
 
PIR1 - fully classified and annotated entries. 
PIR2 - preliminary entries, not thoroughly reviewed. 
PIR3 - unverified entries, not reviewed. 
PIR4 - conceptual translations. 
 
Swiss-Prot 
Swiss-Prot was established in 1986. It is maintained collaboratively by SIB (Swiss 
Institute of Bioinformatics) and EBI/EMBL. Provides high-level annotations, including 
description of protein function, structure of protein domains, post-translational, 
modifications, variants, etc. It aims to be minimally redundant. Swiss-Prot is linked to 
many other resources, including other sequence databases.  
 
TrEMBL - Translated EMBL 
Translated EMBL was created in 1996 as a computer annotated supplement to Swiss-Prot. 
It contains translations of all coding sequences in the EMBL nucleotide sequence 
database. SP-TrEMBL contains entries that will be incorporated into Swiss-Prot REM-
TrEMBL contains entries that are not destined to be included in Swiss-Prot, (for example, 
T-cell receptors, patented sequences). The entries in REM-TrEMBL have no accession 
number. 
 
GenPept 
GenPept is a supplement to the GenBank nucleotide sequence database. Its entries are 
translation of coding regions in GenBank entries. They contain minimal annotation, 
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primarily extracted from the corresponding GenBank entries. For the complete 
annotations, one must refer to the GenBank entry or entries referenced by the accession 
number(s) in the GenPept entry.  
 
NRL 3D 
NRL 3D is produced and maintained by PIR. It contains sequences extracted from the 
Protein DataBank (PDB). The entries include secondary structure, active site, binding site 
and modified site annotations, details of experimental method, resolution, Rfactor, etc. 
NRL 3D makes the sequence data in the PDB available for both text based and sequence-
based searching. It also provides cross-reference information for use with the other PIR 
Protein Sequence Databases.  
 
Summary of protein sequence databases 
. PIR(1-4) -  comprehensive, poor quality of annotation (even in PIR1). 
. Swiss-Prot -  poor sequence coverage, highly structured, excellent annotation. 
. GenPept-   most comprehensive, poor quality of annotation. 
. NRL 3D -  least comprehensive but is directly relating to structural information. 

When searching for a protein sequence, it is recommended to search 
all databases. 

 
Text based searching 
 
How to Perform Database-Searching? 
As the amount of biological relevant data is increasing so rapidly, knowing how to access 
and search this information is essential. The two main ways of searching are: 
 
Text based search - Searching the annotations. Examples: SRS,  Entrez. 
Sequence based search - Searching the sequence itself. Examples: Blast, FastA, SW. 
 
Text based retrieval tools 
The listed retrieval systems allow text searching in a multitude of molecular biology 
database and provide links to relevant information for entries that match the search 
criteria. The systems differ in the databases they search and the links they have to other 
information. 
 
SRS (Sequence Retrieval System) 
SRS had been developed at the EBI. It provides a homogeneous interface to over 80 
biological databases. It includes databases of sequences, metabolic pathways, 
transcription factors, application results (like BLAST, SSEARCH, FASTA), protein 3-D 
structures, genomes, mappings, mutations, and locus specific mutations. For each of the 
available databases, there is a short description, including its last release. Before entering 
a query, one selects one or more of the databases to search. It is possible to send the 
query results as a batch query to a sequence search tool. The SRS is highly recommended 
for use. 
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Entrez 
Entrez is a molecular biology database and retrieval system, developed by the NCBI. It is 
an entry point for exploring the NCBI’s integrated databases. The 
Entrez is easy to use, but unlike SRS, the search is limited. It does not allow 
customization with an institutes preferred databases.  
 
Sequence Based Searching 
 
DNA search versus Protein search 
The straight forward technique to search a DNA sequence is to search it against DNA 
databases. However, it is possible to translate a coding DNA sequence into a protein 
sequence, and then search it against protein databases. Let us compare the two techniques: 

• A DNA sequence is a string of length n over an alphabet of size 4. Its protein 
translation is a string of length n/3 over an alphabet of size 20. Statistically, the 
expected number of random matches in some arbitrary database is larger for a 
DNA sequence. 

• DNA databases are much larger than protein databases, and they grow faster. This 
also means more random hits. 

• Translation of a DNA sequence to a protein sequence causes loss of information. 
• Protein sequences are more biologically preserved than DNA sequences. 

 
Bottom line: Translating DNA to a protein yields better search results. When possible (i.e. 
for a coding DNA sequence), it is the recommended technique. 
Protein sequences are always searched against protein databases. Translating them to 
DNA is ambiguous and results in a large number of possible DNA sequences. The 
analysis in the previous paragraph also discourages translation to DNA. 
 
Evaluating search tools 
The main goal in searching is .nding the relevant information and avoiding non relevant 
information. We therefore define: 
Sensitivity - The ability to detect “true positive” matches . The most sensitive search 
finds all true matches, but might have lots of “false positives”. 
Specificity - The ability to reject “false positive” matches. The most specific search will 
return only true matches, but might have lots of “false negatives”. 
 
When one chooses which algorithm to use, there is a trade off between these two figures 
of merit. It is quiet trivial to create an algorithm which will optimize one of these 
properties.  
The problem is to create an algorithm that will perform well with respect to both of them. 
A second criteria for evaluating algorithm is its time performance. 
We will examine three main search tools:  
FastA (better for nucleotides than for proteins), 
BLAST (better for proteins than for nucleotides)  
SW-search (more sensitive than FastA or BLAST, but much slower). 
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FastA 
FastA is a sequence comparison software that uses the method of Pearson and Lipman. 
The basic FastA algorithm assumes a query sequence and a database over the same 
alphabet. Practically, FastA is a family of programs, allowing also cross queries of DNA 
versus protein. The program variants are listed below 
 
PROGRAM   FUNCTION 
fasta3  scan a protein or DNA sequence library for similar sequences 
fastx/y3  compare a DNA sequence to a protein sequence database, comparing the 

translated DNA sequence in forward and reverse frames. 
tfastx/y3  compares a protein to a translated DNA data bank 
fasts3   compares linked peptides to a protein databank 
fastf3   compares mixed peptides to a protein databank 
 
Note: fastx3 uses a simpler, faster algorithm for alignments that allows frameshifts only 
between codons; fasty3 is slower but produces better alignments with poor quality 
sequences because frameshifts are allowed within codons 
 
BLAST - Basic Local Alignment Search Tool 
Blast programs use a heuristic search algorithm. The programs use the statistical methods 
of Karlin and Altschul . BLAST programs were designed for fast database searching, 
with minimal sacrifice of sensitivity for distantly related sequences. The programs search 
databases in a special compressed format. It is possible to use one’s private database with 
BLAST. To this it is required to convert it to the BLAST format 
 
The Smith-Waterman Tool 
Smith-Waterman (SW) searching method compares the query to each sequence in the 
database. SW uses the full Smith-Waterman algorithm for pairwise comparisons. It also 
uses search results to generate statistics. Since SW searching is exhaustive, it is the 
slowest method.  
 
Secondary Databases 
There are various databases containing secondary structure information. Each has its 
advantages and disadvantages, so it is advisable to try more than one database when 
searching. This section will show some popular databases. 
 
Prosite 
The Prosite database is based on SwissPort and thus is very well annotated, but small. 
Characterization of protein families is done by the single most conserved motif observed 
in a multiple sequence alignment of known homologous. These conserved motifs usually 
relate to biological functions such as active sites or binding sites. The search in Prosite 
does not require an exact match in structure. Prosite enables searches using complex 
patterns. It is possible to search textually using regular expressions for names of known 
proteins, etc. It is also possible to scan a protein sequence using prosite for structural 
pattern matches. The database is well cross-linked to SwissProt and TrEMBL. 
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FingerPrints 
Unlike Prosite, FingerPrints has an improved diagnostic reliability which is achieved by 
using more than one conserved structural motif to characterize a protein family. With 
FingerPrints, many motifs are encoded using ungapped and unweighed local alignments.  
The input to FingerPrints is a small multiple alignment, which has some conserved motifs. 
These motifs are searched for in the database, and only sequences that match all the 
motifs are considered for further analysis. With the new alignment, the database is 
searched for more sequences until no further complete fingerprint matches can be 
identified. These final aligned motifs constitute the refined fingerprint that is entered into 
the database. 
 
Blocks 
Blocks uses multiply aligned ungapped segments corresponding to the most highly 
conserved regions of proteins. Block Searcher ,Get Blocks  and Block Maker  are aids to 
detection and verification of protein sequence homology. They compare a protein or 
DNA sequence to a database of protein blocks, retrieve blocks, and create new blocks, 
respectively. 
 
Profiles 
The Profiles databases use the notion of profiles to achieve a good detection of distant 
sequence relationships. A profile is a scoring table with multiple alignment information 
for the whole sequences, not just for conserved regions. 
 
Pfam 
Pfam  uses a different method for its database. High quality seed alignments are used to 
create Hidden Markov Models to which sequences are aligned. Pfam has to classes of 
alignments, according to their credibility: 
Pfam-a –  Non-edited seed alignments which are deemed to be accurate.. Pfam-b –  
Alignments derived by automatic clustering of the SwissPort  
 database. These alignments are, of course, less reliable. 


