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1 What is a biological data base 

1.a Introduction 

• Over the past few decades, major advances in the field of molecular 

biology, coupled with advances in genomic technologies, have led to an 

explosive growth in the biological information generated by the scientific 

community. 

• The completion of a "working 

draft" of the human genome -an 

important milestone in the Human 

Genome Project - was announced 

in June 2000 at a press conference 

at the White House and was 

published in the February 15, 2001 

issue of the journal Nature. 
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The Human Genome Project 
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Spin-offs of the Human Genome Project 
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Explosive growth of data 

• In particular, advances in biotechnology and sequencing techniques lead to 

accumulation of biological data: 

- 100’s of mammalian genomes  

- SNP chips of 500,000 and 

above  

- Organism-wide gene 

expression profiles 

- Proteome snapshots 

characterizing translation 

products across time and 

tissues 

- Modeling of cellular processes 

and pathways  

 
           (UIC Bioinformatics Group) 
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EMBL data base growth

 

• This has led to an absolute requirement for computerized databases to 

store, organize, and index the data and for specialized tools to view and 

analyze the data. 
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What is a biological data base? 

• Biological data bases are libraries of life sciences information, collected 

from scientific experiments, published literature, high throughput 

experiment technology, and computational analyses.  

• They contain information from research areas including genomics, 

proteomics, metabolomics, microarray gene expression, and phylogenetics. 

• Information contained in biological databases includes gene function, 

structure, localization (both cellular and chromosomal), clinical effects of 

mutations as well as similarities of biological sequences and structures 
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What is a biological data base? 

 

• A simple database might be a single file containing many records, each of 

which includes a overlapping “format” of information.  
. 
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Desired properties of data bases 

For researchers to benefit from the data stored in a database, two additional 

requirements must be met:  

- easy access to the information 

- a method for extracting only that information needed to answer a 

specific biological question 

• Data must be in certain format for the programs to recognize them. 

• Every database can have its own format, but some data elements are 

essential for every database: 

- Unique identifier or accession code 

- Name of depositor 

- Literature reference 

- Deposition date 

- The real data 
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Biological data bases: some statistics 

• More than 1000 different databases 

– 968 databases reported in The Molecular Biology Database Collection: 

2007 update by Galperin, Nucleic Acids Research, 2007, Vol. 35, 

Database issue D3-D4  

– Metabase: database of biological databases,  

http://biodatabase.org/index.php/Main_Page 

• Database sizes: <100kB  to  >100GB (EMBL >500GB) 

– DNA: >100GB 

– Protein: 1GB 

– 3D structure: 5GB 

• Update (adding new data) frequency: daily to annually 

• Freely accessible (as a rule) 
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1.b Types of data bases 

Primary data bases 

• Real experimental data 

• Biomolecular sequences or structures and associated annotation 

information: 

- organism,  

- function,  

- mutation linked to disease,  

- functional/structural patterns,  

- bibliographic, etc 
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Examples of primary data bases 

• Sequence Information 

- DNA: EMBL nucleotide sequence data base, Genbank, DDBJ 

- Protein: SwissProt, TREMBL, PIR, OWL 

• Genome Information 

-  GDB, MGD, ACeDB 

• Structure Information 

-  PDB, NDB, CCDB/CSD 
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Primary databases in detail: GenBank 

• GenBank is the NIH genetic 

sequence database  

• Genbank is an annotated 

collection of all publicly available 

DNA sequences (Nucleic Acids 

Research, 2008 Jan; 36(Database 

issue):D25-30). 

• It is connected to other data bases 

available at NCBI (National Center 

for Biotechnology Information). 

 

(http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html) 
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NCBI 
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http://www.ncbi.nlm.nih.gov/) 
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NCBI 

 

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

• Established in 1988 as a national 

resource for molecular biology 

information, NCBI creates public 

databases, conducts research in 

computational biology, develops 

software tools for analyzing 

genome data, and disseminates 

biomedical information - all for 

the better understanding of 

molecular processes affecting 

human health and disease. 
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GenBank

 

(http://www.ncbi.nlm.nih.gov/Genbank/index.html) 
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GenBank sample record 
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NCBI Resource Guide 

 

(http://www.ncbi.nlm.nih.gov/Sitemap/ResourceGuide.html) 
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GenBank sample record information 

(http://www.ncbi.nlm.nih.gov/Sitemap/ResourceGuide.html#SampleRecord) 
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GenBank sample record information 

 

(http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html) 
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GenBank sample record information 

 

(http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#LocusB)  



Bioinformatics                                                                                                                                                               Supplementary Chapter: Data basing  

 

K Van Steen                                   203 

 

Statistics at NCBI 

 

(http://www.ncbi.nlm.nih.gov/Sitemap/Summary/statistics.html#GenBankStats) 
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Primary databases in detail: dbSNP 

 

(http://www.ncbi.nlm.nih.gov/projects/SNP/) 
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(http://www.ncbi.nlm.nih.gov/SNP/snp_summary.cgi)  
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NCBI SNPs 

 

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=)  
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NCBI SNPs 

 

(http://www.ncbi.nlm.nih.gov/snp/limits) 
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The “equivalent” of the US NCBI: EMBL  

 

(http://www.embl.org/) 
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Primary data bases in detail: EMBL nucleotide sequence data base 

 

(http://www.ebi.ac.uk/embl/index.html)  
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DNA Data Bank of Japan (DDBJ) 

 

(http://www.ddbj.nig.ac.jp/ )  
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DNA Data Bank of Japan (DDBJ) 

 

(http://www.ddbj.nig.ac.jp/ddbjingtop-e.html) 
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The International Sequence Data 

base Collaboration 

 
 

• These three databases have 

collaborated since 1982. Each 

database collects and processes 

new sequence data and relevant 

biological information from 

scientists in their region  

 

• These databases automatically   

update each other with the new 

sequences collected from each 

region, every 24 hours. The result is 

that they contain exactly the same 

information, except for any 

sequences that have been added in 

the last 24 hours. 

• This is an important consideration 

in your choice of database. If you 

need accurate and up to date 

information, you must search an up 

to date database.  
(S Star slide: Ping) 
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Secondary data bases 

• Derived information/ curated or procesed 

• Fruits of analyses of sequences in the primary sources: 

- patterns,  

- blocks,  

- profiles etc.  

which represent the most conserved features of multiple alignments 
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Examples of secondary data bases 

 

• Sequence-related Information  

• ProSite, Enzyme, REBase 

• Genome-related Information  

• OMIM, TransFac 

• Structure-related Information  

• DSSP, HSSP, FSSP, PDBFinder 

• Pathway Information  

• KEGG, Pathways  
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Secondary data bases in detail: OMIM 

 

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim) 
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Examples of questions that can be answered with OMIM in Entrez  

• What human genes are related to hypertension? Which of those genes are 

on chromosome 17? (strategy)  

• List the OMIM entries that describe genes on chromosome 10. (strategy)  

• List the OMIM entries that contain information about allelic variants. 

(strategy)  

• Retrieve the OMIM record for the cystic fibrosis transmembrane 

conductance regulator (CFTR), and link to related protein sequence records 

via Entrez. (strategy)  

• Find the OMIM record for the p53 tumor protein, and link out to related 

information in Entrez Gene and the p53 Mutation Database (strategy)  

The "strategy" links lead to the Sample Searches section in the document 

(http://www.ncbi.nlm.nih.gov/Omim/omimhelp.html#MainFeatures) 
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Secondary data bases in detail: KEGG portal 

 

(http://www.genome.jp/kegg/) 
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Secondary data bases in detail: KEGG pathways data base 

 

(http://www.genome.ad.jp/kegg/pathway.html) 
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KEGGpathway for asthma 

 

(http://www.genome.ad.jp/kegg-bin/resize_map.cgi?map=hsa05310&scale=0.67) 
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Secondary data bases in detail: NCBI dbGaP 

 

(http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/about.html) 
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NCBI as portal to dbGAP  

 

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap) 
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Tertiary data bases 

• Tertiary sources consist of information which is a distillation and collection 

of primary and secondary sources. 

• These include: 

- structure databases  

- flatfile databases 
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1.c Searching data bases 

Where the h… is the d… thing? 

• Start looking in some of the big systems (EMBL,  NCBI, KEGG, etc). 

• Read their help pages. 

• Use their data. 

• Follow their hyperlinks. 
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Ensembl genome browser portal 

• Ensembl is a joint project between EMBL-EBI and the Sanger Institute to 

develop a software system which produces and maintains automatic 

annotation on eukaryotic genomes 

 

(http://www.ensembl.org/index.html)  
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Ensembl genome browser portal 

 

(http://www.ensembl.org/Homo_sapiens/Info/Index) 
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Contigs 

• In order to make it easier to talk about our data gained by the 

shotgun method of sequencing, researchers have invented the 

word "contig".  

• A contig is a set of gel readings that are related to one another by 

overlap of their sequences.  

• All gel readings belong to one and only one contig, and each contig 

contains at least one gel reading.  

• The gel readings in a contig can be summed to form a contiguous 

consensus sequence and the length of this sequence is the length of 

the contig 
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Entrez genome browser portal 

 

(http://www.ncbi.nlm.nih.gov/) 
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NCBI Site Map 
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NCBI Site Map (continued) 
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NCBI Handbook 

 

NCBI Handbook snapshot 



Bioinformatics                                                                                                                                                               Supplementary Chapter: Data basing  

 

K Van Steen                                   232 
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NCBI Site Map 

 

Entrez: An integrated database search and retrieval system 



Bioinformatics                                                                                                                                                               Supplementary Chapter: Data basing  

 

K Van Steen                                   234 

 

 

(http://www.ncbi.nlm.nih.gov/sites/gquery) 
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Information integration is essential: data aggregation from several 

databases 

(Bioinformatics: Managing Scientific Data
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References: 

• Deonier et al. Computational Genome Analysis, 2005, Springer. 

 (Chapter 10) 

• Hahne et al. Bioconductor Case Studies, 2008, Springer (Chapter 9,10) 

• URLs: 

- http://www.ee.ucr.edu/~barth/EE242/clustering_survey.pdf 

Background reading: 

• Roos 2001. Bioinformatics – trying to swim in a sea of data. Science, 16 (291):1260-1261. 

• Philippi et al 2006. Addressing the problems with life-science databases for traditional uses 

and systems biology. Nature Reviews Genetics – Perspectives 7: 482-. 

• Alfred 2001. Mining the bibliome. Nature Reviews Genetics – Highlights 2: 401. 

• Eglen 2009. A quick guide to teaching R programming to computational biology students. 

PLoS computational biology 8: e1000482. 

• HT_BioC_manual: http://htseq.ucr.edu/ (part of R BioConductor Manual) 

• Jain et al. 2000. Data clustering: a review. ACM Computing Surveys. 31 (3), September 1999. 

[Sections 1-4, 5.1,5.2,5.4] 
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In-class discussion document 

• Mailman et al. 2007. The NCBI dbGaP database of genotypes and phenotypes. Nature 

Genetics 39(10): 1181-. 

• Flintoft 2005. From genotype to phenotype: a shortcut through the library. Nature Reviews 

Genetics 6: 1. 

Questions: In class reading_3.pdf 

 

Preparatory Reading: 

• Facts about Human Genome Sequencing: 

http://www.ornl.gov/sci/techresources/Human_Genome/faq/seqfacts.shtml 

• Insights learned from the human DNA sequence 

http://www.ornl.gov/sci/techresources/Human_Genome/project/journals/insights.shtml 
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(Nature, May 18, 2000 issue) 

 

 

 

 

 

Human chromosome 21 is the causative 

chromosome of Down's syndrome, which 

is the most frequent neonatal disorder. 

Sequencing chromosome 21 has revealed 

the existence of 11 genes within the 

essential region of Down's syndrome 

(upper panel). It is supposed that the 

overexpressions of these genes are 

related to the symptoms of Down's 

syndrome, such as mental retardation. In  

addition, we determined the sequence in 

the corresponding region of the mouse 

genome (bottom panel) and conducted a 

comparative study. Although 10 genes 

were well conserved in the mouse 

genome, a gene designated DSCR9 was 

found only in the human genome. 


