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NCBI Molecular Biology Resources 
for Toxicologists

Peter Cooper
National Library of Medicine

National Center for Biotechnology Information
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Phone: (301)-435-5951 Fax: (301) 480-9241
cooper@ncbi.nlm.nih.gov

Course Outline

• About NCBI
– Affiliation and Purpose
– NCBI Web Services

• Molecular Biology Databases
– Primary vs. Derivative Databases
– Sequences

• GenBank
• RefSeq
• Protein

– Other Databases
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Course Outline

• Using Entrez as a Discovery System
– Entrez Integration
– Finding Paraoxonase 1 information

• Global query results
• Entrez results
• Advanced search options
• Finding homologs
• Finding structural template
• Mapping SNPs onto Structure
• Genomic information

• NCBI BLAST services
– Genome specific BLAST

• BLAST – Basic Local Alignment Search Tool
• DDBJ  – DNA databank of Japan 
• EMBL  – European Molecular Biology Laboratory
• EST – expressed sequence tag
• GEO – gene expression omnibus
• GSS – genome survey sequence
• HTG – high throughput genome sequence
• OMIM – online Mendelian inheritance in man
• RefSeq – reference sequence
• SNP – single nucleotide polymorphism
• WGS – whole genome shotgun sequence

Abbreviations
NCBI Glossary: .www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=handbook.glossary.1237
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The National Center for 
Biotechnology Information

Created in 1988 as a part of the
National Library of Medicine at NIH

– Establish public databases
– Research in computational biology
– Develop software tools for sequence analysis
– Disseminate biomedical information

Bethesda,MD

Government Web Traffic

nih.gov

irs.gov

April 15
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NCBI Databases and Services

• Free public access to biomedical literature
– PubMed
– PubMed Central full text online access

• GenBank largest sequence database

• Entrez integrated molecular and literature databases

• BLAST highest volume sequence search service

The Entrez System: Text Searches
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BLAST: Sequence Similarity Searches

Types of Databases

• Primary Databases
– Original submissions by experimentalists
– Content controlled by the submitter

• Examples: GenBank, SNP, GEO

• Derivative Databases
– Built from primary data
– Content controlled by third party (NCBI)

• Examples: RefSeq, TPA, RefSNP, UniGene, NCBI Protein, 
Structure, Conserved Domain
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What is GenBank?
NCBI’s Primary Sequence Database

• Nucleotide only sequence database 
• Archival in nature

– Historical
– Reflective of submitter point of view (subjective)
– Redundant

• GenBank Data
– Direct submissions (traditional records)
– Batch submissions (EST, GSS, STS)
– ftp accounts (genome data)

• Three collaborating databases
– GenBank
– DNA Database of Japan (DDBJ) 
– European Molecular Biology Laboratory (EMBL) 

Database

GenBank Growth
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The Growth of GenBank

Average doubling time ≈ 14 months 
(with WGS)
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RefSeq: NCBI’s Derivative Sequence Database

• Curated transcripts and proteins (NM_n...)
– reviewed
– human, mouse, rat, pig, cow, dog, possum, fruit fly, 

zebrafish, Arabidopsis ...
microbial genomes (proteins), and more

• Model transcripts and proteins (XM_n...)

• Assembled Genomic Regions (contigs) 
(NT_n..., NW_n...)
– Human, mouse, rat, chicken, sea urchin, honeybee

• Chromosome records (NC_n...)
– Human genome
– microbial
– organelle
ftp://ftp.ncbi.nih.gov/refseq/release/

srcdb_refseq[Properties]

RefSeq Benefits

• non-redundancy   
• explicitly linked nucleotide and protein sequences
• updates to reflect current sequence data and biology
• data validation 
• format consistency
• distinct accession series 
• stewardship by NCBI staff and collaborators
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Protein Database: Derivative Sequences
• GenPept

– GenBank, EMBL, DDBJ, CDS Features
• NCBI RefSeqs
• Outside Protein-only DBs

– Swiss-Prot www.expasy.org/sprot
• Manually Curated Proteins

– Protein Information Resource (PIR)
• US protein database pir.georgetown.edu

– Protein Research Foundation (PRF) 
• Proteins from Structures

– Protein Databank (PDB)
www.rcsb.org/pdb

Other NCBI Databases

•dbSNP: nucleotide polymorphism
•Geo: Gene Expression Omnibus

microarray and other expression data

•Gene: gene records
Unifies LocusLink and Microbial Genomes 

•Structure: imported structures (PDB)
Cn3D viewer, NCBI curation

•CDD: conserved domain database
Protein families (COGs and KOGs)
Single domains (PFAM, SMART, CD)
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Using the NCBI System: 
Paraoxonase

• Entrez integration
• Finding human RefSeq
• Online Mendelian Inheritance in Man 
• Finding Homologs
• Finding a Structure
• Mapping Polymorphisms
• Genomic Information
• Genomic BLAST Search

Entrez: Database Integration

Genomes

Taxonomy

PubMed 
abstracts

Nucleotide 
sequences

Protein 
sequences

3-D 
Structure

3 -D 
Structure

Word weight

VAST

BLASTBLAST

Phylogeny

Hard Link
Neighbors
Related Sequences

Neighbors
Related Sequences
BLink
Domains

Neighbors
Related Structures
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Entrez Searches: Paraoxonase

• Live Web Demonstration beginning at the 
NCBI homepage: 
http://www.ncbi.nlm.nih.gov

• Slides 20 – 47 Web pages from live Entrez 
searches

NCBI Homepage: Global Entrez Query
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Global Query: paraoxon

Nucleotide Results

Nucleotide database now three parts
•EST expressed sequence tags
•GSS genome survey sequences
•CoreNucleotide everything else

NCBI RefSeqs
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Nucleotide Results (cont.)

GenBank

Protein Results

RefSeqs

GenPept
PDB

PRF

Swiss-Prot
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Advanced Search Options

Tabs

More Precise Nucleotide Search

paraoxon[All Fields] AND human[Organism]  AND biomol_mrna[Properties] 
AND srcdb_refseq[Properites]
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Useful Field Restrictions
[Title]: Definition line in GenBank / GenPept format shown in Summary format

glyceraldehyde 3 phosphate dehydrogenase[Title]

[Organism]: NCBI’s taxonomy. Organizing system for molecular databases

mouse[organism]; green plants[organism]; Streptomyces coelicolor[organism]

[Properties]: molecule type, location, database source

biomol_mrna[properties]; biomol_genomic[properties]; 
gene_in_mitochondrion[properties]; srcdb pdb[properties]

[Filter]: subsets of data, Entrez links

all[filter]; nucleotide mapview[Filter]; nucleotide omim[Filter]

Human MutL RefSeq

GenBank Records
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NM_000446: Links

Nucleotide  Neighbors
•Same gene sequences
•Highly stringent

OMIM
Online Mendelian Inheritance in Man
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Protein Link

BLAST Link

Conserved Domains

BLink: BLAST Link

top 200 only

Redundant GIs
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BLink: RefSeqs by Species

mouse homolog

BLAST

Related Structures
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Rabbit Structure

Cn3D viewer

Conserved Domains

Structure Neighbors

GeneView: Variations Human PON1
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Related Structures

Mapping Variation Onto Structure

Gln-Arg in human
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The Map Viewer

Genome BLAST

Map Viewer: Human PON11

Customizable

NCBI Assembly

EST Hits

Gene AnnotationsModels

Transcripts
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Map Viewer: Human PON11

Synteny:  Mammalian Genomes

ChimpRat
Mouse

Human
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The New HomoloGene

early globin gene

A-chain gene B-chain gene

frog A chick A mouse A mouse B chick B frog B

paralogsorthologs                                     orthologs

gene duplication

• No longer UniGene based
• Protein similarities first
• Guided by taxonomic tree
• Includes orthologs and paralogs
• Complete eukaryotic genomes only

The New HomoloGene
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Dog 
Homolog

The Gene Database

• Gene Centered Information
• Unifies LocusLink and microbial Genomes
• 1.5 million records for 3,038 taxa

13,897Mosquito28,584Rat

20,846C. elegans23, 647Cow

20,763Fruit Fly20,153Dog

20,636Sea Urchin47,988Mouse

37, 715Zebrafish24,158Chimpanzee

18, 444Chicken32,924Human
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Genes PON1: One Stop Shopping

Genes PON1: One Stop Shopping
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Sequence Similarity Searching

Basic Local Alignment Search Tool

What BLAST tells you

• BLAST reports surprising alignments
– Different than chance

• Assumptions
– Random sequences
– Constant composition

• Conclusions
– Surprising similarities imply evolutionary

homology
Evolutionary Homology: descent from a common ancestor

Does not always imply similar function
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Finding Cow Paraoxonase Genes: 
Genomic BLAST

• Live Web Demonstration linking to 
genomic BLAST from the Map Viewer

• http://www.ncbi.nlm.nih.gov/mapview
• Slides 51 – 54 Web pages from live 

BLAST searches

The Map Viewer

Genome BLAST
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Cow Genome BLAST

BLAST 
Results

16 hits from three contigs

•Protein alignments
•Sorted by e-value
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Genomic Context of BLAST Hits

Cow PON Family
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Online Resources

• Power Point Slides: ftp.ncbi.nih.gov/
pub/FieldGuide/Slides/Current/SOT
• NCBI Homepage:

www.ncbi.nlm.nih.gov
• News:

./About/newsletter.html
• Handbook:

./books/bv.fcgi?rid=handbook

Contact Us

• General Help: info@ncbi.nlm.nih.gov
• BLAST Help: blast-help@ncbi.nlm.nih.gov
• Hotline: 301-496-2475
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