
1

An Introduction to Bioinformatics Resources 
and their Practical Applications

Medha Bhagwat, PhD

Coordinator

NIH Library Bioinformatics Support Program

bhagwat@mail.nih.gov

(Really) An Introduction to (Few) 
Bioinformatics Resources and their Practical 

Applications

Medha Bhagwat, PhD

Coordinator

NIH Library Bioinformatics Support Program

bhagwat@mail.nih.gov



2

Bioinformatics
Variety of definitions

Luscombe et al. Method Inform Med 2001; 40:346-58

Bioinformatics is conceptualizing biology in terms of molecules
(in the sense of Physical chemistry) 

and applying “informatics techniques” 
(derived from disciplines such as applied

math, computer science and statistics) 
to understand and organize the information associated 

ith th  l l    l  lwith these molecules, on a large scale.

Bioinformatics is a management information system for 
molecular biology and has many practical applications.

Bioinformatics
I. Organize data in databases 

- access current dataaccess current data
- submit new data

II. Develop tools and resources to analyze data
III. Interpret data in a biologically useful manner

- global analysis of data to uncover 
common principles that apply across 
many systems
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Bioinformatics
genomics

next gen

proteomics

structure

pathways

What does the NIH 
community need?

Identifying and Supporting NIH 
Researchers’ Bioinformatics Needs

October 6 
11AM-1PM

RSCHSUPP 4RSCHSUPP – 4
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http://nihlibrary.nih.gov/bioinformatics

Databases and tools (free)
Licensed resources (from the NIH Library)

Outline

Specific examples
Training and additional help
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http://www.oxfordjournals.org/nar/database/c/

http://www.oxfordjournals.org/nar/webserver/c
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Special Issues 

Current progress in 
Bioinformatics 2010

Second Generation 
Sequencing
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Searchable and an ability to add feedback
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Alignment
Assembly
Coding Sequence Prediction

Some Free Resources for Next Gen Analysis

g q
ChIP-Seq
RNA-Seq
Multi-use
Standards
Utilities
Viewers

Some Free Resources for Next Gen Analysis

http://bowtie-bio.sourceforge.net/myrna
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Additional help

Databases and tools (free)
Licensed resources (from the NIH Library)

Outline

Training
One-on-one consults
Practical examples
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Licensed Resources for NIH Staff

ArrayStar/QSeq
CLC Genomics Workbench
GeneIndexer
GeneSpringGeneSpring
Genomatix
**Human Genome Mutation Database Professional
Ingenuity Pathways Analysis (IPA)
Lasergene
MetaCore™ from GeneGo

Eureka!
Open Helix on-line tutorial suite
Partek Genomics Suite
ProteinLounge
SeqMan NGen

DNA/protein sequence analysis

Licensed Resources (from the NIH Library) 

DNA/protein sequence analysis 
Expression data analysis
Pathway analysis 
Next gen sequence analysis
Promoter/SNP prediction
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ArrayStar is a gene expression analysis and visualization software on 
Windows. Tools for Venn diagrams, scatter plot, heat maps and line graphs 
for clustering. 

• Identify relationships between genes with particular biological 
functions
• Determine relative importance of genes in specific processes using 
the numerous statistical comparisons 
• Download gene ontology tree structure from the Gene Ontology 
Consortium
• Visualize expression level changes in individual genes over the 
course of the experimentcourse of the experiment
• Multi-functional scatter plots generated to easily select groups of 
genes for analysis 
• Normalization methods: RMA, PLIER, quantile normalization, or 
average summarization
• Cluster data using hierarchical clustering or k-means

• Gene expression analysis and visualization   
software on Windows

• Tools for Venn diagrams, scatter plot, heat maps 
and line graphs for clusteringand line graphs for clustering
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DNA and protein sequence analysis on Windows and Mac
Seven applicationsSeven applications

SeqBuilder Sequence editing, annotation, automated virtual 
cloning, and primer design 

SeqMan Pro Contig assembly and analysis, including SNP 
discovery, coverage evaluation, and project 

annotation 
MegAlign DNA and protein sequence alignments and g g p q g

analysis 
GeneQuest Gene discovery and annotation 
Protean Protein structure analysis and prediction 
PrimerSelect Primer design 
EditSeq Importing and editing unusual file types 
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SeqMan NGen on Windows and Macintosh is used for traditional, next-
generation, and third-generation assemblies. 

• Assembly parameter settings are determined for you based on your read 
technology and your specific project objective
• Integrated with Lasergene's SeqMan Pro for analyzing your project, 
including discovering SNPs, evaluating coverage, and annotating your 
consensus sequence
• Next-Gen Workflows Supported

-de novo genome, transcriptome, and metagenome fields of study 
-Whole genome re-sequencing with gap closure, SNP analysis, and 
annotation
-Targeted re-sequencing of candidate genes or regions at high 
accuracy to identify low frequency SNPs and variants
-Assembly of ChIP-Seq and RNA-Seq reads against a reference 
genome 

• Traditional, next-generation, and third-generation 
assemblies 

64 bi Wi d d M i h• on 64 bit Windows and Macintosh 
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QSeq is an application for RNA-Seq, ChIP-Seq, and miRNA alignment 
and analysis. QSeq is fully integrated with ArrayStar, enabling you to take 
advantage of its powerful visualization and analytical tools, including using 
Gene Ontology (GO) annotations for ontology comparisons and gene 
characterization. 

• Select gene sets and export associated reads for sequence 
assembly, alignment, and detailed analysis 
• RNA-Seq analysis to measure gene expression for transcriptomes
• ChIP-Seq peak detection to discover binding sites of DNA-
associated proteins

Easy importation of GO annotations for ontology comparisons and• Easy importation of GO annotations for ontology comparisons and 
gene characterization. 
• High Capacity, High Speed Assembler

• Align 1 billion or more sequences to a human genome 
•Short and long sequence reads aligned
•Align 100 million reads in less than one hour on a common 
desktop machine

RNA-Seq, ChIP-Seq, and miRNA alignment and analysis 
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Alignment against the 
mir29a precursor 
sequence

A Table of 
Deletions and 
Insertions

•de novo Assembly on a 
strong desktop computerstrong desktop computer
•Analysis  of NGS data
•RNA‐Seq, ChIP‐Seq
•mircoRNA analysis 
•SNP and DIP detection 

GeneSpring GX
Platform Strengths
Powerful Statistical Tools and Sophisticated 
Data Visualizations

Biological Contextualization (pathway 
module, GSEA, GSA, GO analysis)

Open Platform
Agilent, Affymetrix, Illumina, custom
PCs, Macs, Linux
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Discovery and hypotheses generation tool that 
compresses literature analysis from months to 
minutes

• Extracts implicit and explicit gene associations from over 1.5 
million scientific literature abstracts

• Use free text queries (diseases, pathways, phenotypes, drugs, 
GO classifications, etc.) to identify and prioritize genes most 
relevant to a given research question. g q

• Builds hierarchical trees in which genes are clustered into 
functionally related groups. 

Case Study: A Warfarin Query

GeneIndexer quickly finds CYP2C9 and 
VKORC1, plus other genes of interest



17

• Analyze data such as microarray gene expression, 

MetaCore from GeneGo

y y g p
SNPs, metabolic profiles, high content screening 
(HCS) assays  
• Identify the most relevant pathways, networks and 
cellular processes. 
• Search information about genes, proteins, 

d th d dicompounds, pathway maps and diseases

http://www.genego.com/metacore.php

• Analyze data such as microarray gene expression, 
SNPs, metabolic profiles, high content screening 
(HCS) assays

MetaCore from GeneGo

(HCS) assays  
• Identify the most relevant pathways, networks and 
cellular processes. 
• Search information about genes, proteins, 
compounds, pathway maps and diseases

http://www.genego.com/metacore.php
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Eureka! 

• Search GeneGo’s knowledge database 
• Find pathways and enrichments for biomarkers,     

signaling and metabolic processes

http://www.genego.com/eureka.php

Eureka! 

• Search GeneGo’s knowledge database 
• Find pathways and enrichments for biomarkers,     

signaling and metabolic processes

http://www.genego.com/eureka.php
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• Analysis of genomic data, gene regulation and expression 
• Generate and evaluate networks and pathways 
• Perform literature searches and sequence analyses
• Visualize comprehensive genome annotation 

TFBS common to all sequences in a set of 
six muscle actin promoters

Cartharius et al. Bioinformatics 21(13):2933-42
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Coming Soon…..               HGMD Professional

Coming Soon…..               HGMD Professional

Applications of HGMD® include:Applications of HGMD® include:

* Determining the novelty of identified gene mutations
* Obtaining all known mutations for a given gene or 

all mutated genes for a disease of interest
* Mapping mutations to a full genome sequence
* Location in a particular motifp

within a splice site or regulatory region
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Ingenuity Pathway Analysis

Search and Explore Biological and Chemical Knowledge
Genes, drugs, chemicals, protein families, normal 
cellular and disease processes and signaling andcellular and disease processes, and signaling and 
metabolic pathways

Dynamic Signaling & Metabolic Pathways
Analyze and Interpret Data

such as gene expression, SNP microarrays, 
proteomics experiments, and gene lists

http://www.ingenuity.com/products/pathways_analysis.html

Ingenuity Pathway Analysis

http://www.ingenuity.com/products/pathways_analysis.html
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OpenHelix 

Search function to find the right bioinformatics resourceg
Tutorial Suites to learn the resource

Over 100 on-line self-run narrated tutorials
Includes training materials—Powerpoint Slides, Handouts and 
Exercises 
Covering a range of needs and research areas
Continually updated as resources change

Copyright OpenHelix. No use or reproduction without express written consent 43

IP based access at www.openhelix.com
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Microarray  & Next Generation Sequencing

Partek GS™ for Integrated Genomics

Genome
• Copy Number

• Total &  Allele Specific
• Association
• Loss of Heterozygosity

Transcriptome

• Gene Expression
• Exon/Alternative Splicing
• DGE & mRNA –Seq

Regulation

• ChIP‐Chip
• ChIP‐Seq
• microRNA

45 Copyright © Partek Inc.
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DNA/protein sequence analysis

Licensed Resources (from the NIH Library) 

DNA/protein sequence analysis 
Expression data analysis
Pathway analysis 
Next gen sequence analysis
Promoter/SNP prediction



25

Floating network seat(s)

to register go to

Licensed Resources (from the NIH Library) 

to register go to
http://nihlibrary.nih.gov/bioinformatics

Some licensed resources loaded on two 
dedicated computers in the Library 

additional software such as
Cytoscape

Cn3D 

Databases and tools (free)
Licensed resources (from the NIH Library)

Outline

Dedicated computers
Specific examples
Training and additional help
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Obtain human non-synonymous SNPs that 
are associated with diseases and with known 
3-D structures of the proteins 

Practical examples

3 D structures of the proteins 
Identify SNPs in conserved regions
Download upstream sequences for multiple 
human genes
Obtain unique genes in a genome compared 
to other genome(s)to other genome(s)

Non-synonymous SNPs that are associated 
with diseases and with known 3-D structures 
of the proteins (NCBI)

Practical examples

of the proteins (NCBI)
SNPs in the conserved regions (UCSC genome 
browser)
Download upstream sequences for multiple 
human genes (Ensembl)
Obtain unique genes in a genome compared to Obtain unique genes in a genome compared to 
other genome(s) (IMG)
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Non-synonymous human SNPs that are 
associated with diseases and with known 3-D 

structures of the proteins 

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

Non-synonymous SNPs that are associated 
with diseases and with known 3-D structures of 

the proteins 
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To download SNPs in conserved regions
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To download upstream sequences for multiple 
human genes in a batch mode
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To download upstream sequences for multiple 
human genes in a batch mode
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Step‐by step instructions in the 
Genome Browsers class
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Obtain unique genes in a genome compared to other 
genome(s)
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Non-synonymous SNPs that are associated 
with diseases and with known 3-D structures 
of the proteins (NCBI)

Practical examples

of the proteins (NCBI)
SNPs in the conserved regions (UCSC)
Download upstream sequences for multiple 
human genes (Ensembl)
Obtain unique genes in a genome compared 
to other genome(s) (IMG)to other genome(s) (IMG)
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Making Sense of DNA and Protein Sequences
Gene Resources: From Transcription Factor 

Binding Sites to Function 

Training

Sequence Similarity Search: BLAST
Protein Structural Analysis: Binding Sites to 

Distant Homologs
Genome Browsers
Identification of Disease Genes
Correlation of Disease Genes to Phenotypes 

Currently offering as an FAES course 

“Practical Bioinformatics”

September 30 GeneSpring 11.0.2
October 27-28 Partek Genomics Suite

Training

November 2 Lasergene and SeqMan Ngen
ArrayStar/Qseq (DNASTAR)

November 9-10 Genomatix

http://nihlibrary.nih.gov/bioinformaticsp y g
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Wide range of question
Identifying a correct resource

C ll b ti    h j t

One-on-one consultations

Collaboration on a research project

Gene set enrichment analysis from 
microarray experiments

Download upstream gene sequence 
and identify transcription factor binding 

sites

Bioinformatics specialist with 
programming expertise

Dr. Lynn YoungDr. Lynn Young

Microarray data analysis
Next gen sequence analysis
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Databases and Tools
Licensed resources from the NIH Library

Outline

Dedicated computers
Practical examples
Training
One-on-one consults

Programming helpProgramming help

S ti /Q ti /C tSuggestions/Questions/Comments

Medha Bhagwat
bhagwat@mail.nih.gov
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Opening New Doors to Information

http://nihlibrary.nih.gov/
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http://nihlibrary.nih.gov/bioinformatics

Thanks!Thanks!

Medha Bhagwat
bhagwat@mail.nih.govbhagwat@mail.nih.gov


