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ftp://ftp.ncbi.nih.gov/pub/sayers/Teratology

N
C

B
I R

esou
rces for B

iom
edical R

esearch
Course Topics

• Overview of NCBI
• Resources for genetic disorders

– OMIM: human disease phenotypes
– From sequences to annotated genes
– Microarrays and polymorphisms
– Test case: Muenke syndrome

• Resources for chemical teratogens
– PubChem datasets
– Test case: 6-aminonicotinamide
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The National Institutes of Health

Bethesda, MD
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The National Center for Biotechnology Information

• Created as a part of NLM in 1988
– Establish public databases
– Perform research in computational biology
– Develop software tools for sequence analysis
– Disseminate biomedical information
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What does NCBI do?

• accepts submissions of primary data
• develops tools to analyze these data
• uses these tools to create derivative databases 

based on the primary data
• provides free search, link, and retrieval of these 

data, primarily through the Entrez system
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Types of Databases

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

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

Gene GEO

GEO
Datasets

Nucleotide

Protein

Structure

OMIM

SNP

UniGene

CDD

3D Domains

UniSTS

Genome

Popset

Cancer Chromosomes 

PubChem
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Web Access

BLAST

VAST

Entrez

Text

Sequence

Structure
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The Entrez System: Text Searches 
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BLAST: Sequence Similarity Searches
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VAST: Structure Similarity Searches
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The NCBI ftp site
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Useful Databases for Teratology

• OMIM (Online Mendelian Inheritance in Man)
– literature calatog of human disease phenotypes 

• Gene
– curated database of gene loci and associated sequences

• GEO (Gene Expression Omnibus)
– primary and derivative collections of gene expression data

• SNP (Single Nucleotide Polymorphisms)
– primary and derivative collections of nucleotide polymorphisms

• PubChem (Substance, Compound, Bioassay)
– primary and derivative collections of small molecules and their 

biological activities
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Test Cases: Muenke Syndrome and 6-AN

Muenke syndrome, or Muenke nonsyndromic coronal craniosynostosis, is
a developmental disorder characterized by a premature closing of cranial
sutures, resulting in deformities in the head and face.

Muenke syndrome is caused by a mutation in the gene for fibroblast 
growth factor receptor 3, FGFR3. 

Mutations in a related gene, fibroblast growth factor receptor 2, cause a
similar craniosynostosis called Crouzon syndrome, along with several
other related developmental problems.

6-AN, or 6-aminonicotinamide, is an antimetabolite of nicotinic acid 
(vitamin B-3) and is a known teratogen, causing lesions in the CNS, skin,
and digestive tract during embryonic development.

6-AN has been linked to apoptosis in tumors, and is being investigated as a
chemotherapeutic agent. 
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Searching in OMIM

muenke syndrome

muenke[All Fields] AND syndrome[All Fields]

"muenke syndrome"[All Fields]

“muenke syndrome”

muenke syndrome[title]

muenke syndrome[title]

33 records retrieved

2 records retrieved

1 record retrieved
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OMIM

Search Fields:

access to 
search fields

access to 
previous searches

query 
translation
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An OMIM Record

outline of article content

links to related data in other 
Entrez databases
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OMIM Allelic Variant in FGFR3
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OMIM Record for FGFR3

full list of allelic variants

L
I
F
E

Gene

Protein

OMIM

mRNA

What is a Gene?
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Gene Record for FGFR3

N
C

B
I R

esou
rces for B

iom
edical R

esearch
Entrez Gene and RefSeq

• Entrez Gene is the central depository for information about a gene 
available at NCBI, and often provides links to sites beyond NCBI

• Entrez Gene includes records for organisms that have NCBI Reference 
Sequences (RefSeqs)

• Entrez Gene records contain RefSeq mRNAs, proteins, and genomic 
DNA (if known) for a gene locus, plus links to other Entrez databases

• NCBI RefSeqs are based on primary sequence data in GenBank

GenBank RefSeq Gene

Nucleotide
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What is GenBank?
NCBI’s Primary Sequence Database

• Nucleotide only sequence database 
• Archival in nature
• Each record is assigned a stable accession number
• 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
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EBI

GenBank

DDBJ

EMBL

EMBLEMBL

Entrez

SRS

getentry

NIGNIG
CIB

NCBI

NIHNIH

•Submissions
•Updates •Submissions

•Updates

•Submissions
•Updates

The International Sequence
Database Collaboration

Sequin
BankIt
ftp
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• full release every two months
• incremental and cumulative updates daily
• available only through internet

ftp://ftp.ncbi.nih.gov/genbank/

Release 148 June 2005
45,236,251 Records

49,398,852,122 Nucleotides
>140,000 Species

172 Gigabytes          785 files

GenBank Releases
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The Growth of GenBank

Release 148:    45.2 million records
49.4 billion nucleotides

Average doubling time ≈ 14 months*
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Primary vs. Derivative Databases

ACGTGC

CG
TG

AATTGACTAACGTGC

AC
G

TG
C TTGACA

TATAGCCG

GenBank

Sequencing
Centers

GAGA

ATT
C

C GAGA

ATT
C

C UniGene

RefSeq:
LocusLink and
Genomes Pipelines

RefSeq:
Annotation 
Pipeline

Labs

Curators

Algorithms

TATAGCCG
AGCTCCGATA
CCGATGACAA

Updated ONLY 
by submitters

EST Genome

STS

GSS
HTG

Updated 
continually 
by NCBI

PRI ROD PLN MAM BCT
INV VRT PHG VRL
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• Non-redundant   
• Explicitly linked nucleotide and protein sequences
• Updated to reflect current sequence data and biology
• Validated by hand 
• Format consistency
• Distinct accession series 
• Stewardship by NCBI staff and collaborators

ftp://ftp.ncbi.nih.gov/refseq/release

RefSeq: NCBI’s Derivative Sequence Database

RefSeq Benefits
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RefSeq: NCBI’s Derivative Sequence Database

• Curated transcripts and proteins
– NM_123456 NP_123456
– NR_123456 (non-coding RNA)

• Model transcripts and proteins
– XM_123456 XP_123456
– XR_123456 (non-coding RNA)

• Assembled Genomic Regions (contigs)
– NT_123456 (BAC clones)
– NW_123456 (WGS)

• Other Genomic Sequence
– NG_123456 (complex regions, pseudogenes)
– NZ_ABCD12345678 (WGS) ZP_123456

• Chromosome records in Entrez Genome
– NC_123456 (chromosome; microbial or organelle genome)

Nucleotide

Protein
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Entrez Nucleotide

Primary Data
DDBJ / EMBL / GenBank 54,689,634

Derivative Data
RefSeq 1,060,130
PDB 5,803
Third Party Annotation 4,558

Total                                    55,760,125
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Genomic DNAGenomic DNA
((NCNC, , NT, NWNT, NW))

Model mRNAModel mRNA (XM)(XM)
(XR)(XR)

Curated mRNACurated mRNA (NM)(NM)
(NR)(NR)

Model protein Model protein (XP)(XP)

Annotating the Gene

CuratedCurated ProteinProtein (NP)(NP)

Scanning....

= ?=  !

Genbank
Sequences

RefSeq
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Creating NM Records for FGFR3

Longest mRNA

NMs must have 
cDNA support

Genome annotation
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NM/NP Records for FGFR3 in Entrez

COMMENT     REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence was derived from M58051.1 and M64347.1.

NM_000142: variant 1

COMMENT     REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence was derived from AF245114.1 and M64347.1.

NM_022965: variant 2 mRNA that completes 3’ end

Nucleotide

Protein
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RefSeq Summary for FGFR3

genomic DNA (NC for human)

RefSeq mRNAs RefSeq proteins

The RefSeqs for a gene become the basis for feature annotations such as SNPs
1 mgapacalal cvavaivaga sseslgteqr vvgraaevpg pepgqqeqlv fgsgdavels
61 cpppgggpmg ptvwvkdgtg lvpservlvg pqrlqvlnas hedsgayscr qrltqrvlch
121 fsvrvtdaps sgddedgede aedtgvdtga pywtrpermd kkllavpaan tvrfrcpaag
181 nptpsiswlk ngrefrgehr iggiklrhqq wslvmesvvp sdrgnytcvv enkfgsirqt
241 ytldvlersp hrpilqaglp anqtavlgsd vefhckvysd aqphiqwlkh vevngskvgp
301 dgtpyvtvlk taganttdke levlslhnvt fedageytcl agnsigfshh sawlvvlpae
361 eelveadeag svyagilsyg vgfflfilvv aavtlcrlrs ppkkglgspt vhkisrfplk

P250
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Searching in Gene

muenke syndrome

muenke[All Fields] AND syndrome[All Fields] AND alive[prop]

fgfr3[gene name]fgfr3[gene name]

fgfr3[gene name] AND human[orgn]

fgfr3[gene name] AND "Homo sapiens"[Organism] AND alive[prop]

1 record retrieved

8 records retrieved

1 record retrieved

fgfr3 fgfr3[All Fields] 19 records retrieved
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GPL
Platform

descriptions

GSM
Raw/processed
spot intensities
from a single

slide/chip

GSE
Grouping of

slide/chip data
“a single experiment”

GDS
Grouping of
experiments

Curated by
NCBI

Submitted by
Experimentalists

Entrez GEO Profiles
Entrez 

GEO Datasets

N
C

B
I R

esou
rces for B

iom
edical R

esearch
Linking to GEO Profiles

OMIM

Gene
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GEO Profiles for FGFR3
Platform

GDS 
record

Number of profiles for FGFR3

Each record represents one spot on one chip

Sequence on the chip
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Viewing a GEO Profile

Red bars indicate raw spot intensities

Blue points indicate percentile rankings
for that spot relative to all spots on the chip
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Viewing the GDS and GSE Records
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GEO Analysis Tools

√
√
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Limit Results to FGFR3 with Entrez
#1 AND fgfr3

1

2

3
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Sequence Polymorphisms

OMIM

• Clinical literature database
• Curated at Johns Hopkins Univ
• Links human genes and genetic 
disorders to human disease
• Lists allelic variants that have 
clinical consequences

Variations in SNP are not necessarily in OMIM, and vice versa!

Human Phenotypes

SNP

• Primary database of submitted SNPs
• Curated database of reference SNPs
• Contains more than just SNPs:

• True SNPs
• MNP (multiple nucleotide)
• Insertions
• Deletions
• Microsatellites
• Mixed
• No variation (constant)

General Polymorphisms
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Linking to SNP

OMIM

Gene
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SNP Links

SNP List of all SNPs associated with the 
given record

GeneView in dbSNP Graphical view of all SNPs associated 
with the given gene locus

Gene Genotype List of populations and statistics of 
observed SNPs associated with the given 
record
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Gene

SNP Links for FGFR3
Number of SNPs in FGFR3

non-coding region

nonsynonymous, 3D, OMIM

synonymous
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SNP rs4647924

P250R
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GeneView in dbSNP

Gene

SNPs in coding regions
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Gene Genotype for FGFR2

Click to view the full 
genotype report

Click any plot to view 
it interactively
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Linkage Disequilibrium Plots

Chromosomal position of each SNP 

SNP IDs (rs number) 

Human subject IDs
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Genotype Detail

Click to view the 
pedigree chart
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Pedigree Chart

male female

G/G A/G A/G G/G

G/G

G/GA/GA/G
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Finding Genotype Data for a SNP

fgfr2[gene name] AND human[orgn] AND coding nonsynon[func]
AND true[genotype]

Nonsynonymous SNPs with genotype data in human FGFR2
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Population Data for rs755793

Click to access genotype detail and 
pedigree charts

European

African

Asian
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LD Plots for FGFR2

European

African

rs755793
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LD Plots for FGFR2

African

Asian

rs755793
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Genotype Detail for rs755793
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Entrez PubChem

PC Substance PC Compound PC BioAssay
Primary database of 
chemical samples

Derived database of 
known chemicals from
PC Substance records

Primary database of 
bioactivity screens of
samples in PC Substance

PC Substance

PC Compound

PC BioAssay

855,201

656,659

173
(NCI)
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Search for a Teratogen: 6-AN
6-aminonicotinamide

6-aminonicotinamide
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Results from PC Substance

NIST

ChemIDplus

DTP/NCI

NIAID

A redundant set with multiple records per compound
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Results from PC Compound

A non-redundant set with one record per compound
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CID (Compound ID) 9500

Redundant Substances

Bioassays

Similar compounds

Search by structure

Links to MeSH
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Compound Details

List of all synonyms for the compound
provided by the submitters

Chemical properties computed by NCBI
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Search by Structure

Structure searches can defeat nomenclature problems

Constructed automatically
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Similar Structures
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Linking to BioAssays
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Bioassays with Active 6-AN
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Detailed Assay Results for 6-AN
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Histogram of Activity Data
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Active Compounds in Bin #5

Substance IDs

Compound IDs

log GI50 (M)

Displayed substances have log GI50(M) from -7.60 to -6.17
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Transferring Data to Entrez
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Finding Teratogens in the Active List

#2 AND teratogens[PharmAction]
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A More Active Teratogen
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For More Information…

•General Help info@ncbi.nlm.nih.gov
•BLAST blast-help@ncbi.nlm.nih.gov

E-mail addresses

The (free!) NCBI Newsletter

The NCBI Handbook

http://www.ncbi.nih.gov/Education/index.html

The NCBI Education Page

http://www.ncbi.nih.gov/About/newsletter.html

Follow the link from the NCBI Home Page


