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Introduction  

Living organisms have been subjected to innumerable studies at various levels 

viz., structure (morphol ogy, anatomy), function (physiology, biochemistry), 

inheritance (genetics), evolution, taxonomy, etc. to name a few. Over the last 

few decades, scientists have also attempted to unravel the molecular basis of 

processes that are integral to organism biology  and diversity. These studies were 

initially focused on relatively less complex organisms that came to be referred to 

as Model Organisms or Model Systems. Such organisms belonged to a wide range 

of life forms ranging from viruses and bacteria to higher pla nts and animals. 

Notable examples include Drosophila , C. elegans , Arabidopsis, mice, yeast and 

more recently Oryza  sativa , Medicago , Lotus , etc. Molecular genetic studies on 

many of these life forms led to the development of markers  and linkage  maps , 

which  in turn, facilitated whole genome -sequencing programs to extract the 

encoded information (genome sequence) that supports life. Subsequent analysis 

of gene function based on expression profiling ( transcriptome  studies) and 

mutant analysis ( functional genom ics) contributed further to our understanding of 

biological systems. Rapid developments in sequencing chemistry ushered in an 

era of high - throughput genome and transcriptome sequencing, which led to a 

virtual explosion of biological data across the world t ransgressing the limits of 

ñmodel systemsò for biological studies. Seminal developments in Bioinformatics 

centered mainly on the development of Databases, which functioned as electronic 

filing cabinets for the organization and analysis of large amounts of biological 

data that were generated from such studies.  

 

Biological Databases  

 

Biological databases serve a critical purpose in the collation and organization of 

data related to biological systems. They provide computational support and a 

user - friendly inte rface to a researcher for meaningful analysis of biological data 

viz., gene and protein sequences, molecular structures, etc. Computational tools 

and techniques have also been successfully used for simulation studies on 

biological macromolecules, their str uctures and interactions, molecular modeling 

and drug design accumulating significant amount of data in these interdisciplinary 

areas which would be dealt with separately in later units of this paper.  
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This lesson would provide a brief overview of differen t types/categories of 

databases. It would however, avoid detailed descriptions that can be accessed 

from several standard Bioinformatics textbooks or from the home pages of 

various databases. A few practice exercises for access and retrieval of information  

are provided at the end of the lesson. Some of these exercises would be 

supported with step -by -step instructions for the benefit of beginners while others 

are to be completed by students on their own.  

 

Questions :  

How would I know whether a database relev ant to my interest/study exists or 

not?  

How can I be assured of the authenticity of the information available in any 

database?  

Answer :  

The journal, Nucleic Acids Research (NAR), publishes in its January issue every 

year, a comprehensive compilation of al l peer - reviewed databases and online 

tools. These issues can be accessed at http://nar.oxfordjournals.org/ . The peer 

review  process ensures that the published literature and its contents are 

accurate.  

 

Classi fication of Biological Databases  

 

As mentioned earlier, the quantum of biological information available and its rate 

of increase have necessitated the creation of databases to collect and organize 

the data in a meaningful form. In order to maintain quality , improve accessibility 

of information and reduce redundancy, databases have been classified into 

different types.  

 

NOTE :  

The mode of database classification might vary in published literature. It is  more 

important for a student/researcher to identify the  information that he/she is 

searching for and attempt to access it from a relevant database rather than dwell 

upon its hierarchy.  

 

Two main approaches have been used to classify databases:  

http://nar.oxfordjournals.org/
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Type of data/information  

In this mode of classification, databases are categorized based on the data type. 

A few examples are listed below.  

S. No.  Type of data  Example(s)  Weblinks  

1.  Sequence of biomolecules 

viz., DNA, RNA, proteins   

GenBank, EMBL, 

DDBJ, Swiss -Prot, 

PIR 

(i)  www.ncbi.nlm.nih.gov/ genbank /  

(ii)  https://www.ebi.ac.uk/ embl /  

(iii)  www. ddbj .nig.ac.jp/  

(iv) http://web.expasy.org/docs/swis

s-prot_guideline.html  

(v) http://pir.georgetown.edu/     

2.  Bio-molecular structures  PDB http://www.rcsb.org/pdb/home/hom

e.do   

3.  Bibliography / scientific 

literature **  

PubMed, Scopus 

(Search engine)  

(i) www.ncbi.nlm.nih.gov/ pubmed  

(ii)  www.scopus.com   

4.  Patent databases  USPTO www. uspto .gov/   

5.  Metabolic pathways  /  

molecular interactions   

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

y.htm   

6.  Gene expression profiles  eFP Browser  http://bar.utoronto.ca/efp/cgi -

bin/efpWeb.cgi   

7.  Genetic disorders   OMIM  www.ncbi.nlm.nih.gov/ omim   

8.  Whole genome sequences  Entrez \ Genomes  www.ncbi.nlm.nih.gov/sites/ entrez ?d

b= genome   

9.  Education  Teaching tools ï 

Plant Cell  

http://www.plantcell.org/site/teachi

ngtools/t eaching.xhtml   

**: Some of the bibliographic databases/search engines require a subscription to 

access their contents. The Delhi University Library System has procured online 

subscription for several national/international journals of repute and search 

engines viz., Scopus that are relevant to different disciplines.  

  

Question:  

Is it necessary to remember the website addresses of databases?  

Answer :  

No. It would be easier to access a database based on its published reference or 

by searching for its home p age using search engines viz. Google.  

  

Source of data/information  

 

http://www.ncbi.nlm.nih.gov/genbank/
https://www.ebi.ac.uk/embl/
http://www.ddbj.nig.ac.jp/
http://web.expasy.org/docs/swiss-prot_guideline.html
http://web.expasy.org/docs/swiss-prot_guideline.html
http://pir.georgetown.edu/
http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
http://www.ncbi.nlm.nih.gov/pubmed
http://www.scopus.com/
http://www.uspto.gov/
http://www.genome.jp/kegg/pathway.htm
http://www.genome.jp/kegg/pathway.htm
http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi
http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi
http://www.ncbi.nlm.nih.gov/omim
http://www.ncbi.nlm.nih.gov/sites/entrez?db=genome
http://www.ncbi.nlm.nih.gov/sites/entrez?db=genome
http://www.plantcell.org/site/teachingtools/teaching.xhtml
http://www.plantcell.org/site/teachingtools/teaching.xhtml
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This category includes Primary, Secondary, Composite and Integrated databases.   

  

(i)  Primary Databases : contain bio -molecular data in its primordial or 

original form. Examples of such da tabases include  GenBank , EMBL 

(European Molecular Biology Laboratory)  and DDBJ (DNA Data Bank of 

Japan) for DNA/RNA sequences, SWISS -PROT and PIR (Protein 

Information Resource) for protein sequences  and PDB (Protein Data Bank) 

for molecular structures. The  primary nucleotide sequence databases 

listed above contain a heterogeneous mix of data including whole genome 

sequences, gene sequences derived from genomic DNA or mRNA(cDNA), 

sequences of chromosomes, complete or partial sequences and 

annotated / un -annota ted  entries with established/predicted functions. 

Therefore, identification of sequences of interest from primary databases 

involves screening a large number of entries.     

(ii)  Secondary Databases :  Secondary databases contain information, which 

is derive d from the analysis  of primary data and are therefore considered 

to contain more relevant and useful information structured to specific 

requirements. Representative examples include Eukaryotic Promoter 

Database and UniGene, which are sequence -based seconda ry databases; 

PROSITE, PRINTS and BLOCKS represent databases of patterns/motifs  of 

protein sequences;  SCOP (Structural Classification Of Proteins) describes 

structural and evolutionary relationships between proteins of known 

structures;  CATH (Class, Archit ecture, Topology, Homology) which 

includes a hierarchical classification of protein structures.  

(iii)  Composite Databases  represent an amalgamation of several primary 

database sources and are easy to use.  Use of composite databases allows 

a user to access all the relevant information from a single source rather 

than connect to multiple resources. One of the best examples of a 

composite database is the NCBI (National Centre for Biotechnology 

Information) database, which includes several primary and secondary  

databases viz., GenBank, PubMed, OMIM, etc. Use of the NCBI database 

would be dealt with in greater detail in Unit 3.  

(iv)  Integrated Databases  contain data that has been collated from 

different, but related organisms. Such data are very useful for 

compar ative genomics  studies and provide a better insight into the 

evolutionary relationships and synteny  between the genomes of different 
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organisms. Such studies are very useful for evolutionary studies. These 

could also be used for the identification of candid ate genes  that influence 

traits of economic value in crop plants. Example: ATIDB  (Arabidopsis 

thaliana I ntegrated Data base) provides a comparative data of genome and 

transcriptome sequences between the model organism, Arabidopsis 

thaliana  and related Brass ica species of economic value viz., B. rapa , B. 

nigra , B. oleracea , etc.  

 

Other notable examples include:  

S.No.  Database  Organisms  

1.  SGN (Sol Genomics Network)  

http://solgenomics.net/   

tomato, potato, eggplant, 

pepper, petunia  

2.  Legume Base  

http://www.legumebase.brc.miyazaki -
u.ac.jp/  

Lotus japonicus and 

Glycine max  

3.  BeanGenes  

http://beangenes.cws .ndsu.nodak.edu/   

Phaseolus  and Vigna  

species  

4.  Gramene  

http://www.gramene.org/   

cultivated rice, wild rice, 

maize, wheat, Barley, 

sorghum, pearl millet, 
foxtail, and oats  

5.  TIGR Plant Transcript   Assemblies Data base  

http://plantta.jcvi.org/   

Multiple plant species  

6.  AphidBase  

http://www.aphidbase.com/aphidbase/  

Multiple Aphid species  

7.  SYSTOMONAS 

http://systomonas.tu -bs.de/index.php   

Infection and biotechnology 

of Pseudomonads  

8.  Human Ageing Genomic Resources (HAGR)  

http://genomics.senescence.info/  

Biology and ge netics of 

aging in humans  

9.  FLYMINE 

www. flymine .org/   

Drosophila  and Anopheles  

genomics  

 

It is important for students to understand that the classification structure can 

sometimes appear redundant. As scientific research becomes increasingly 

interdisciplinary in nature, databases are expanding in scope and information 

content that may not strictly adhere to any given format of classification. Due to 

this reason, several databases might either find mention under mu ltiple 

ñcategoriesò or might be merged based on the taxonomic identity of the 

organism(s) under study (see below). Merger of databases could also contribute 

to the development of Integrated databases.  

http://solgenomics.net/
http://www.legumebase.brc.miyazaki-u.ac.jp/
http://www.legumebase.brc.miyazaki-u.ac.jp/
http://beangenes.cws.ndsu.nodak.edu/
http://www.gramene.org/
http://plantta.jcvi.org/
http://www.aphidbase.com/aphidbase/
http://systomonas.tu-bs.de/index.php
http://genomics.senescence.info/
http://www.flymine.org/
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Over the last few years, work on several species has b een initiated for analysis of 

their genome and transcriptome. This exercise has led to the development of 

many additional organism -specific databases , some of which are listed  below:  

 

Chlamydomonas Center    -   green alga ( Chlamydomonas)  

Medicago.org      -   barrel medic (Medicago truncatula)  

SoyBase     -   soybean ( Glycine max)  

Maize GDB      -  corn/maize ( Zea mays)  

Oryzabase      -  rice species ( Oryza  species)  

TAIR       -  The Arabidopsis Information Resource  

FLYBASE    -  Drosophila  

OMIM  (Online Mendelian   -  Human genes and genetic disorders  

Inheritance in Man)  

These databases collate data derived by using different approaches to study the 

plant system(s) viz., genome and EST/transcriptome sequencing, analysis of 

mutant lines, studies on germplasm  variations, linkage  maps , microarray  data, 

etc.  

 

In order to encourage a dynamic interaction with students and to instill greater 

independence and confidence in handling databases, step -by -step instructions for 

retrieval of different types of data for a few commonly used databases are 

provided below. The home page of these databases and an introductory view of 

their content would be provided. Some of these databases would be described in 

greater detail in subsequent units of this paper. At the end of this session, 

stu dents should be able to identify relevant databases for their queries, access 

and download information pertaining to their area of interest.  

 

NOTE:  

(1)  Every database is user -friendly and has a comprehensive ñTutorialò section 

and a ñHelpò icon on its home page. This unit is not a basic textbook 

chapter on Databases and is not a substitute for the detailed user guidelines 

provided in the Training and Tutorial sections of any database. It is 

strongly recommended that users familiarize themselves with the 

Traini ng/Tutorial section of a database and use the ñHelpò icon for 

queries/clarifications.  
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(2)  Intensive practice sessions are more important than theoretical notes to 

develop expertise in any database. You would learn more about 

databases by WORKING  on them than by READING  about them.  

Therefore, it is most important for a student to spend more time on 

Practical sessions .  

(3)  It is advisable to spend time on not more than two databases/exercises in 

each period (of one hour duration). This would ensure that students be come 

proficient in the use of these databases and not remain restricted to only 

those exercises that are given in this lesson.  

(4)  A ñQuestion bank ò is provided at the end of this lesson. Students are 

expected to solve  these exercises independently to enhance  their practical 

skills on  databases.  

 

 

Biological Database Retrieval Systems ï Case 

Studies  

 

In this section, we will learn to retrieve data from different kinds of databases. 

This section is introductory in nature and would cover a broad range of databas es 

including those providing a comprehensive list of peer - reviewed databases, 

nucleotide sequences, bibliography, whole genomes, organism -specific databases, 

gene expression profiles and proteomics. The primary objective is to introduce to 

the student the diversity of databases available for use. Examples include a range 

of organisms from microbes, animal and plant systems.    

 

Identification and classification of Databases  

 

In this exercise, we will learn to retrieve a list of peer - reviewed 

databases avai lable online.  

Question: Categorize databases (as many as you want) from the 

database issue of NAR (current academic year) into primary, secondary, 

composite or integrated database.  

 

The following steps should be performed to access the database issue.  
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1.  Access the home page of Nucleic Acids Research journal of the Oxford 

University Press ( http://nar.oxfordjournals.org/ ).  

 

  

Figure : Snapshot of the Journal ïNucleic Acid Research  

Source: (http://nar.oxfordjournals.org/ ).  

 

The above page gets displayed on which there is a hyperlink to the 2013  

database issue. Click on the hyperlink to open the table of contents a portion of 

which is displayed below. The database iss ue not only highlights newly developed 

databases but also highlights major updates of existing databases including NCBI,  

http://nar.oxfordjournals.org/
http://nar.oxfordjournals.org/
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DDBJ, EMBL, etc.  It is strongly recommended that students go through the entire 

table of contents to get a feel of different types of  databases that are available.  

 

Once the list of databases has been downloaded, complete the exercise of 

categorizing the same into different types.   

Nucleotide sequence retrieval  

In this exercise, we will learn to retrieve the nucleotide sequence(s) of a  

desired gene from a database (Genbank).  

Question: Retrieve the complete genomic/cDNA/mRNA sequence of the 

actin  gene from pea aphid . 

 

1.  Access the home page of the NCBI ( http://www.ncbi.nlm.nih.gov/ ). The 

ñTraining and Tutorialò section has been highlighted. 

 

 

 

http://www.ncbi.nlm.nih.gov/
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2.  Select the ñNucleotideò resource from the screen (highlighted by a pointer). In the search term, type ñActin  AND Aphidò. ñANDò is a Boolean operator  used to search for a combination of terms.  

 

 

 

 

 

 

The results of the above search are displayed below. As evident, searching a  

primary database can show several results, ma ny of which may not be directly  

relevant to the query. In such cases, it is importan t to scroll through the results  

to identify t he required entry or modify the search parameter suitably using  

Boolean operators to retrieve more focused results.  
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The entries at no. 6 and 17  above appear 

relevant . Both these entries represent 

mRNA sequences but differ in the length.  Clicking on 

the title hyperlink would display detailed information 

about the sequence as shown below.  

 

 

 

 

 

 

 

 

 

 



Databases in Bioinformatics  

 

Institut e of Lifelong Learning, University of Delhi  

 

13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Information available 

within the sequence 

entry would be described in detail in the chapters 

dealing with the specifi c databases . 

Bibliographic databases  

 

In this exercise, we will learn to access bibliographic databases and 

retrieve references/publications pertaining to a particular topic.  

Question: Retrieve review articles and research papers over the last two 

years o n the topic ñRecombinant v accine sò. 

 

1.  Access the home page of the NCBI ( http://www.ncbi.nlm.nih.gov/ ).  The 

pointer is placed on the drop -down menu showing ñAll databasesò. Click to 

http://www.ncbi.nlm.nih.gov/
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see all the options availa ble in NCBI. Select the Pubmed option by clicking 

on it. Alternatively, you could also select the ñPubmedò resource from the 

ñPopular Resourcesò category. 

 

 

2.  In the search term, type ñrecombinant vaccinesò.  

 

 

3.  The results of the above search are given bel ow. We obtain references 

describing production of recombinant vaccines in several systems. As 

discussed earlier, searching a primary database can show multiple results, 

many of which may not be directly relevant to the query. In such cases, it 

is important  to scroll through the results to identify the required entry or 

modify the search parameter suitably using Boolean operators to retrieve 
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more focused results. It is also possible to restrict our search to a speific 

time period. To specify the period/dates , click on the ñPublication Datesò 

icon (highlighted in the image below). Try to do this exercise on your own.  

 

 

 

 

 

 

 

 

 

 

 

 

4.

 Publications might be freely available or  would require a subscription. 

Clicking on the hyperlink  of the paper title would enabl e you to download articles 

that are available freely or are subscribed to by the University of Delhi. It is also 

possible to select articles of a particular type viz., reviews or research papers or 

video links using options available on the website. You ar e advised to spend time 

in explo ring these options. Some of these features  would be dealt with in greater 

detail in Unit 3. These results can also be stored and analyzed later.  

Whole genome sequence databases  
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In this exercise, we will learn to access a d atabase related to whole 

genome sequences and obtain information on genome - related queries.  

Question: How many microbial  genomes are currently  being sequenced?  

 

1.  Access the home page of the NCBI ( http://www.n cbi.nlm.nih.gov/ ). Click 

on the ñGenomeò hyperlink under ñPopular Resourcesò indicated in the 

figure . Alternatively, you could also use the ñGenomes and Mapsò link. 

 

2.  The following window will be displayed. This database contains extensive 

information on whole genome sequencing programs on a wide range of 

biological organisms ranging from viruses to humans. Click on ñMicrobes ò. 

 

 

http://www.ncbi.nlm.nih.gov/
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3.  The following window will be displayed. This page allows you to browse 

microbial genomes derived from several taxonomic groups.  Only a portion 

of the window has been shown here. Scrolling down the page and clicking 

on the hyperlinks will provide detailed information. Calculate the total 

number of microbial genomes that have been sequenced till date.  

4.   
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Organis m - specific databases  

 

In this exercise, we will learn to retrieve information related to a 

particular gene from a model organism - based database.  

Question: What are the gene models  known for the Arabidopsis gene, 

GLABRA2 ? 

1.  Access the home page of The Ara bidopsis Information Resource (TAIR) 

(http://www.arabidopsis.org/ ).  

 

2.  Type the name of the gene ( GLABRA2 ) in the search box highlighted in the 

above image and click on the ñSearchò button. 

 

http://www.arabidopsis.org/
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3.  The search r esults display multiple loci corresponding to the GLABRA2  

gene indicating that this gene is present in multiple copies in the plant. Of 

the three paralogs  present, two have a single gene model while the third 

paralog (At4g00730) has two gene models.  

 

 

5.  Click the locus ID of the above gene to see the two gene models. The 

gene models depict the exonic  and intronic  regions, the 5ô and 3ô UTRs 

(untranslated regions ). Variations between the two gene models can 

be clearly seen.  



Databases in Bioinformatics  

 

Institut e of Lifelong Learning, University of Delhi  

 

20 

As you scroll down the page, you w ill find several details regarding the gene viz., 

nucleotide sequences (full length genomic and cDNA sequences, full length coding 

sequence, etc.) RNA expression profiles, polymorphisms , mutants and their 

phenotypes, annotation and related references.  

 

Scrolling further down, you will see a section on ñExternal linksò which would be 

used to solve the next Practice Exercise.  
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Gene expression databases  

 

In this exercise, we will learn to retrieve information related to 

expression profiling of any gene in a  model system.  

Question: Retrieve the expression profile of the GLABRA2  gene over 

various developmental stages of Arabidopsis.  

 

1.  We begin this exercise from the window on ñExternal linksò which was 

displayed in the previous exercise.  
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2.  Click on the eFP Browser link. A new window will be displayed in which you 

would be able to see the expression pattern of the gene query on scrolling 

down the page. The expression profile, by default, is highlighted over various 

developmental stages (vegetative as well  as re productive) of the plant. Color 

coding of the expression levels allows the user to analyze quantitative 

variation in gene expression in different tissues at different stages. Clicking 

the drop down menu (highlighted below by a red box) would allow yo u to 

select other experimental/natural conditions viz., biotic and abiotic stresses, 

natural variation in germplasm, etc. under which the expression profile of this 

gene has been studied.  
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3.  You can visualize abs olute levels of expression of the gene in a tabular or 

chart format by clicking on the appropriate links at the bottom of the 

page.  The figure below depicts a chart of expression values of the gene.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


