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Overview

• Introduction to various biological 
d t b il bldatabases available

• What type of information is available from 
them
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• Getting familiar with database search tools
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Genomic age
• Data is in abundance
• How do we store retrieve

Data Data • How do we store, retrieve 
and derive knowledge from 
these data ?

• Translating them into 
knowledge is a challenge !

Knowledge
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It now costs just $1 million to sequence the 3 billion base 
pairs in a genome, while genotyping — which looks at only 
500,000 SNPs — is a mere $1,000 

294 model organisms have been sequenced 
The number of the online databases listed in the NAR 
Molecular Biology Database Collection has increased 58 in 
1996 to 858 in 2006

Currently there are lots of information available !
They are stored in databases

Databases
(Genes, Proteins, 

Structures etc) User

Search

Retrieve info

Wet lab research
Sequencing 

projects

Submit & Publish
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Data available

• In early 1980s methods for DNA sequencing 
became widely available resulted in anbecame widely available resulted in an
exponential growth in molecular sequence data
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Molecular Databases
What do they store ?

DNA sequences 
A i idAmino acid sequences

Records as of 1988 :  
There are 20,579 sequences

Records as of 1998 :  
There are approximately 
2,837,897 sequences
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Records as of 2008
There are approximately 
98,868,465 sequences

Updated as of 3 Feb 2009
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Entrez

NCBI

NIHNIH

GenBank

DDBJ
EMBL

CIB EBI

•Submissions
•Updates

•Submissions
•Updates
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EMBLEMBL

SRS

getentry

NIGNIG
CIB EBI

•Submissions
•Updates

Where do these data go ?

Databases
(protein InterPro

Others : OMIM, Genecards  

Information derived

Databases
(protein) 

Databases
(nucleotide)

(protein 
family)

Genbank

SwissProt, PIR

te o

Ensembl
Annotations 
added

Information derived

Information derived
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Wet lab researchSequencing 
projects

(nucleotide)

Submit & Publish
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Internet

• The internet has made biological data 
more easily accessiblemore easily accessible. 
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Commonly used resources
NCBI resources such as
• ENTREZENTREZ
• BLAST 
• PUBMED

• Sequence Retrieval System (SRS)
• SwissProt, UniProt

KEGG BIOCARTA
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• KEGG, BIOCARTA
• InterPro, Pfam, SMART
• Genome browsers e.g. UCSC, ENSEMBL 
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I am studying a 
gene

I wish to find out
its function, location

Is it evolutionary
conserved across
different species? 

What are its What are its domains

Is there any disease
Implication ?

Are there any known 
protein structure? 

I have an unknown
sequence

I wish to find out
its function, location

What are its
physiochemical
Properties?

What are its domains
composition & 
architecture?

Does it interact with
another protein ?

Which pathway is it
part of ?

I am interested in 
a protein
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What is out 
there ?

How do I search for 
my gene or protein 

of interest ?

1.Keyword search
Using ENTREZ

I wish to find out
its function location

Where do I 
start ?

Database

Using ENTREZ
UCSC Genome Browser

2. Find cross references to

- KEGG, Biocarta

its function, location

Does it interact with
another protein ?

Which pathway is it
part of ?

19

Gene 
X-Pfam, SMART

- PDB

Its domain 
composition &
architecture

Structure 
information
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Database Retrieval systems

• Entrez and Sequence Retrieval System -
R t i l t t t t i f tiRetrieval systems to extract information 
from multiple databases. Database 
information are also linked to sequence 
analysis tools.

• http://www.ncbi.nlm.nih.gov/Entrez/

20

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

• http://srs.ebi.ac.uk/

ENTREZ vs SRS

ENTREZ SRS

Search databases 
within NCBI

Search a large 
collection of databases 
from different 
organizations

21
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Entrez

Textbox for 
keyword search

22Database to search

SRS

Database to search

23

Specific textbox for 
keyword search

http://srs.ebi.ac.uk/
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Understanding database 
annotations

Wh i f i d h i ?• What information do they contain ?

Genbank

24

Searching Genbank

DMD
Keyword 
& BLAST 

hsearch

25
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GenBank Flat File (GBFF)
LOCUS       MUSNGH       1803 bp    mRNA            ROD       29-AUG-1997
DEFINITION  Mouse neuroblastoma and rat glioma hybridoma cell line NG108-15

cell TA20 mRNA, complete cds.
ACCESSION   D25291
NID         g1850791
KEYWORDS    neurite extension activity; growth arrest; TA20.
SOURCE      Murinae gen. sp. mouse neuroblastma-rat glioma hybridoma

cell_line:NG108-15 cDNA to mRNA.
ORGANISM  Murinae gen. sp.

Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
Vertebrata; Mammalia; Eutheria; Rodentia; Sciurognathi; Muridae;
Murinae.

REFERENCE   1  (sites)
AUTHORS   Tohda,C., Nagai,S., Tohda,M. and Nomura,Y.
TITLE     A novel factor, TA20, involved in neuronal differentiation: cDNA

cloning and expression
JOURNAL   Neurosci. Res. 23 (1), 21-27 (1995) Header

•Title
•Taxonomy
Cit ti( ), ( )

MEDLINE   96064354
REFERENCE   3  (bases 1 to 1803)

AUTHORS   Tohda,C.
TITLE     Direct Submission
JOURNAL   Submitted (18-NOV-1993) to the DDBJ/EMBL/GenBank databases. Chihiro

Tohda, Toyama Medical and Pharmaceutical University, Research
Institute for Wakan-yaku, Analytical Research Center for
Ethnomedicines; 2630 Sugitani, Toyama, Toyama 930-01, Japan
(E-mail:CHIHIRO@ms.toyama-mpu.ac.jp, Tel:+81-764-34-2281(ex.2841),
Fax:+81-764-34-5057)

COMMENT     On Feb 26, 1997 this sequence version replaced gi:793764.
FEATURES             Location/Qualifiers

source          1..1803
/organism="Murinae gen. sp."
/note="source origin of sequence, either mouse or rat, has
not been identified"
/db_xref="taxon:39108"
/cell_line="NG108-15"
/cell_type="mouse neuroblastma-rat glioma hybridoma"

misc_signal     156..163
/note="AP-2 binding site"

GC_signal       647..655
/note="Sp1 binding site"

TATA_signal     694..701
gene            748..1311

/gene="TA20"
CDS             748..1311

/gene="TA20"
/function="neurite extensiion activity and growth arrest
effect"
/codon_start=1
/db_xref="PID:d1005516"
/db_xref="PID:g793765"
/translation="MMKLWVPSRSLPNSPNHYRSFLSHTLHIRYNNSLFISNTHLSRR
KLRVTNPIYTRKRSLNIFYLLIPSCRTRLILWIIYIYRNLKHWSTSTVRSHSHSIYRL
RPSMRTNIILRCHSYYKPPISHPIYWNNPSRMNLRGLLSRQSHLDPILRFPLHLTIYY
RGPSNRSPPLPPRNRIKQPNRIKLRCR"

l A it 1803

Features (AA seq)

•Citation

26

polyA_site      1803
BASE COUNT      507 a    458 c    311 g    527 t
ORIGIN      

1 tcagtttttt tttttttttt tttttttttt tttttttttt tttttttttg ttgattcatg
61 tccgtttaca tttggtaagt tcacaggcct cagtcaacac aattggactg ctcaggaaat
121 cctccttggt gaccgcagta tacttggcct atgaacccaa gccacctatg gctaggtagg
181 agaagctcaa ctgtagggct gactttggaa gagaatgcac atggctgtat cgacatttca
241 catggtggac ctctggccag agtcagcagg ccgagggttc tcttccgggc tgctccctca
301 ctgcttgact ctgcgtcagt gcgtccatac tgtgggcgga cgttattgct atttgccttc
361 cattctgtac ggcattgcct ccatttagct ggagagggac agagcctggt tctctagggc
421 gtttccattg gggcctggtg acaatccaaa agatgagggc tccaaacacc agaatcagaa
481 ggcccagcgt atttgtaaaa acaccttctg gtgggaatga atggtacagg ggcgtttcag
541 gacaaagaac agcttttctg tcactcccat gagaaccgtc gcaatcactg ttccgaagag
601 gaggagtcca gaatacacgt gtatgggcat gacgattgcc cggagagagg cggagcccat
661 ggaagcagaa agacgaaaaa cacacccatt atttaaaatt attaaccact cattcattga
721 cctacctgcc ccatccaaca tttcatcatg atgaaacttt gggtcccttc taggagtctg
781 cctaatagtc caaatcatta caggtctttt cttagccata cactacacat cagatacaat
841 aacagccttt tcatcagtaa cacacatttg tcgagacgta aattacgggt gactaatccg
901 atatatacac gcaaacggag cctcaatatt ttttatttgc ttattccttc atgtcggacg
961 aggcttatat tatggatcat atacatttat agaaacctga aacattggag tacttctact

1021 gttcgcagtc atagccacag catttatagg ctacgtcctt ccatgaggac aaatatcatt
1081 ctgaggtgcc acagttatta caaacctcct atcagccatc ccatatattg gaacaaccct
1141 agtcgaatga atttgagggg gcttctcagt agacaaagcc accttgaccc gattcttcgc
1201 tttccacttc atcttaccat ttattatcgc ggccctagca atcgttcacc tcctcttcct
1261 ccacgaaaca ggatcaaaca acccaacagg attaaactca gatgcagata aaattccatt
1321 tcacccctac tatacatcaa agatatccta ggtatcctaa tcatattctt aattctcata
1381 accctagtat tatttttccc agacatacta ggagacccag acaactacat accagctaat
1441 ccactaaaca ccccacccca tattaaaccc gaatgatatt tcctatttgc atacgccatt
1501 ctacgctcaa tccccaataa actaggaggt gtcctagcct taatcttatc tatcctaatt
1561 ttagccctaa tacctttcct tcatacctca aagcaacgaa gcctaatatt ccgcccaatc
1621 acacaaattt tgtactgaat cctagtagcc aacctactta tcttaacctg aattgggggc
1681 caaccagtag acacccattt attatcattg gccaactagc ctccatctca tacttctcaa
1741 tcatcttaat tcttatacca atctcaggaa ttatcgaaga caaaatacta aaattatatc
1801 cat

//

DNA Sequence

FASTA format

• A sequence in FASTA format begins with a single-line 
description, distinguished from the sequence data by a 
greater-than (">") symbol in the first column. 

27
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Entrez Gene
Focuses on the genomes that have
• been completely sequenced• been completely sequenced, 
• an active research community to contribute gene-specific 

information, or that are scheduled for intense sequence 
analysis. 

The content of Entrez Gene represents the result of 
curation and automated integration of data from NCBI's

28

curation and automated integration of data from NCBI's 
Reference Sequence project (RefSeq), from 
collaborating model organism databases, and from many 
other databases available from NCBI.

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

Search interface for

29Information which are well integrated !
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Curated information from RefSeq

30

RefSeq
• RefSeq represents the NCBI curated “reference 

sequences”.

• RefSeq are either genomic, mRNA or protein 
sequences.

• All RefSeq sequences are assembled/taken from data 
deposited into GenBank.  

N t ll i R fS

31

• Not all sequences are in RefSeq

• Contains useful annotations and it is manually curated 
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Some of the features of the RefSeq:

• non-redundancy   

• explicitly linked nucleotide and protein sequences   

• updates to reflect current knowledge of sequence data 
and biology   

• data validation and format consistency   

32

• distinct accession series   

• ongoing curation by NCBI staff and collaborators, with 
review status indicated on each record

Looking at Refseq annotations

Consolidates information 
on all the publications for 

this record.

Accession Number starts with NM for mRNA sequences 

33
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Links to sequence analysis tools

34

Annotations and cross references

Annotations 
provided by the 
curation process.p
Cross referenced to 
OMIM and GO

The amino acid  
translation  of the 
coding sequence 
(CDS)

35
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Links to other information

36

37
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38Curated information from Pubmed

39Cross references to UniProt
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Links to other information

40

Links to sequence analysis tools

41



18/5/2009

18

42

Download sequences 
for multiple alignment

43Gene ontology
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What is Gene ontology ?
• GO describes how gene products behave in a cellular context. 

Th th i i i i l f GO l l• The three organizing principles of GO are molecular 
function, biological process and cellular component.

• Molecular function describes activities, such as catalytic or 
binding activities, at the molecular level. 

• A biological process is series of events accomplished by one 
or more ordered assemblies of molecular functions. 

44

• A cellular component is just that, a component of a cell but 
with the proviso that it is part of some larger object, which 
may be an anatomical structure (e.g. rough endoplasmic 
reticulum or nucleus) or a gene product group (e.g. ribosome, 
proteasome or a protein dimer)  

http://www.geneontology.org/GO.contents.doc.shtml

Gene ontology evidence codes

45

http://www.geneontology.org/GO.evidence.shtml
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46Links to UniProt

UniProt
• New protein sequence database that is the result 

of a merge from SWISS-PROT and PIR. 

• It will be the annotated curated protein sequence 
database.

• Data in UniProt is primarily derived from coding 
sequence annotations in EMBL (GenBank/DDBJ)

47

sequence annotations in EMBL (GenBank/DDBJ) 
nucleic acid sequence data.

• UniProt is a Flat-File database just like EMBL 
and GenBank
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UniProt

48

SwissProt

SwissProt : A curated protein sequence 
database which provides a high level ofdatabase which provides a high level of 
annotations and integration with other 
databases.

http://www.expasy.org/sprot/

49
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• SWISS-PROT incorporates: 
• Function of the protein

P l i l difi i

Swiss-Prot
• SWISS-PROT incorporates: 

• Function of the protein
P l i l difi i• Post-translational modification

• Domains and sites.
• Secondary structure. 
• Quaternary structure.
• Similarities to other proteins;
• Diseases associated with deficiencies in the protein

• Post-translational modification
• Domains and sites.
• Secondary structure. 
• Quaternary structure.
• Similarities to other proteins;
• Diseases associated with deficiencies in the protein

50

• Diseases associated with deficiencies in the protein
• Sequence conflicts, variants, etc.
• Diseases associated with deficiencies in the protein
• Sequence conflicts, variants, etc.

TREMBL
• TrEMBL is a computer-annotated protein sequence 

database supplementing the SWISS-PROT Protein 
Sequence Data Bank. 

• TrEMBL contains the translations of all coding 
sequences (CDS) present in the EMBL Nucleotide 
Sequence Database not yet integrated in SWISS-
PROT. 

• TrEMBL can be considered as a preliminary section 
of SWISS-PROT. 

51

• SWISS-PROT accession numbers are  assigned to 
TrEMBL entries which are upgraded to the standard 
SWISS-PROT quality. 
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Searching UniProt using
keyword or sequence similarity search

DystrophinDystrophin

Accession Number

52

Name, Organism, Taxonomy

UniProt’s annotations

Function

53
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Literature references

54

Sequence annotations

55
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Amino acid modifcation & Variations

56

Secondary structure & sequence

57
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58Link to other resources
Link to the 
UCSC Genome 
browser

Additional information from the UCSC Genome browser

Position in genome

Gene Composition 
(introns/exons)

View its 
conservation
across various 
organisms

( )

SNPs

59http://genome.ucsc.edu/
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Expression information Pathway information from Biocarta: 
http://cgap.nci.nih.gov/Pathways/BioCarta_Pathways
KEGG htt // j /k /

60
Structure information from
Protein Databank: http://www.rcsb.org/

KEGG: http://www.genome.jp/kegg/

Database mirror

• Many of the databases are mirrored e.g. 
S i tSwissprot

• SRS  and UCSC Genome browser are 
also mirrored at various sites

61

• If you are unable to access the main site, 
please try one of the mirror site 
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Take home message

• It is important to understand how to use 
th d t b ff ti lthese databases effectively

62

Understanding databases

• Able to recognize various data formats, 
d k h t th i i iand know what their primary use is.

• Know, understand and utilize all types of 
sequence identifiers.

63

• Know and understand various feature 
types present in the flat files
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This afternoon’s hands on practice
• Compare the difference between using ENTREZ and SRS 

to search different types of databases and multiple 
databases at once

• Finding the right sequence more reliably and viewing 
results in different ways

• Looking at other resources: Online Bioinformatics 
Resources Collection 

64

There are many online bioinformatics 
resources out there !

Where do 
I start ?

65
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OBRC
Curated

66

OBRC contains annotations and links for 2394 
bioinformatics databases and software tools. 

The primary sources of OBRC are the databases and software tools published by the NAR (http://nar.oxfordjournals.org/).

Locating large numbers of online 
resources is difficult

• information about these online resources is scattered in 
various life science journals and around the Web,various life science journals and around the Web, 

• few web sites currently provide a guided access point 
with searchable links to a majority of these resources.

• locating bioinformatics resources through literature 
searches is often very difficult

• searches using Web search engines e.g. Google, are 
often ineffective because they rank web sites byoften ineffective because they rank web sites by 
popularity rather than their relevance, and that Web 
search engines do not discriminate between reliable and 
unreliable web sites.
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