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What we will cover todayWhat we will cover today

NCBI
Genomic Databases
UCSC
Genomic DNA annotation
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Public Genome Sequence Public Genome Sequence 
DatabasesDatabases

NCBI
– http://www.ncbi.nlm.nih.gov/mapview/

UCSC’s Genome Browser
– http:genome.ucsc.edu

Ensembl
– http://www.ensembl.org

NCBINCBI

http://www.ncbi.nlm.nih.gov
Established in 1988
Public databases
Develops software
Disseminates biomedical information



3

Genomic DatabasesGenomic Databases

Sequencing of the whole genome of the 
organism
Sequence must be annotated
– Location of genes
– Location of transcribed regions
– Location of promoters
– Function of motifs
– Function of other DNA sequences
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How was genomic sequence How was genomic sequence 
data generated?data generated?

Clone-by-clone shotgun sequencing

Whole-genome shotgun sequencing
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Promoter

Exon Exon Exon Exon

Intron Intron Intron

mRNA

Protein

mRNA

Protein

A gene can encode more than one mRNA and protein
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Specific Genome DatabasesSpecific Genome Databases

Human
– http://www.ncbi.nlm.nih.gov/genome/guide/human/
– http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM

Mouse
Drosophila
Nematode
Arabidopsis
Many others



9

UCSC Genome BioinformaticsUCSC Genome Bioinformatics

Human, Chimp, Dog, Mouse, Rat, Chicken, 
and others
Human Genome Browser
http://genome.ucsc.edu/
Query using gene symbols
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HumanHuman
HumanhttpHumanhttp://www.://www.ncbincbi..nlmnlm..nihnih..govgov/genome/guide/human//genome/guide/human/
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MouseMouse
http://www.informatics.http://www.informatics.jaxjax.org/.org/mgihomemgihome/MGD//MGD/aboutMGDaboutMGD..shtmlshtml

ArabidopsisArabidopsis
http://http://mipsmips..gsfgsf.de/.de/projproj//thalthal/db//db/
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Stanford Genomic ResourcesStanford Genomic Resources

http://genome-www.stanford.edu/
Saccharomyces
Microarrays
Arabidopsis
Human, Mouse, Rat
Candida
Tetrahymena

UCSCUCSC
http://genome.http://genome.ucscucsc..eduedu

Genomes available in database
Human
Chimp
Dog
Rat
Chicken
Drosophila
C. elegans
Yeast
Others
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UCSC Genome BioinformaticsUCSC Genome Bioinformatics
Genomes
Gene Sorter
– Searches for related genes

BLAT Search
– Paste in query sequence to find it location in the 

genome
In-Silico PCR
– Searches sequence database with PCR primers

Can download portions of database
Encode
– Information on function of DNA sequences
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GenBankGenBank

http://www.ncbi.nlm.nih.gov/Genbank/index.
html
Nucleotide sequences
>130,000 organisms
Annotated records with coding region 
features and amino acid translations
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1717 GenBankGenBank DivisionsDivisions

Primate
Rodent
Mammalian
Other vertebrate
Invertebrate
Plant, fungal, algal
Bacterial
Viral
bacteriophage

Synthetic
Unannotated
Expressed sequence tags
Patent
Sequence tagged sites
Genome survey sequences
High-throughput genomic
Unfinished high-
throughput genomic

Submitting sequences to Submitting sequences to 
GenBankGenBank

BankIt
– Via WWW

Sequin
– Stand alone. No WWW access needed

SequinMacroSend
– Large files

TBL2ASN
– Automates the creation of sequence records for 

submission to GenBank
Also, batch files of sequences can be sent
– For large numbers of sequences
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Use BankIt if: 
•you have one or a few sequence submissions 
•you prefer to use a WWW-based submission tool 
•your sequence annotation is not complicated 
•you do not require sequence analysis tools to submit 
your sequence(s) 

Use Sequin if: 
•you are submitting long or complex submissions 
•you are submitting mutation, phylogenetic, population, 
environmental, or segmented sets 
•you would like graphical viewing and editing options, 
including the alignment editor 
•you would like network access to related analytical 
tools 

At this time the following types of submissions are NOT 
acceptable: 

•sequences of less than 50 bp in length 
•a genomic sequence of multiple exons joined together 
without the sequence of the intervening introns 
•primer only sequences 
•protein only sequences 
•non-biologically contiguous sequences containing internal
unsequenced spacers 
•sequences containing a mix of genomic and mRNA
sequence represented as a single sequence 
•Expressed Sequence Tag (EST) submissions (should be 
submitted through the dbEST system) 
•Genome Survey Sequence (GSS) submissions (should be 
submitted through the dbGSS system) 
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BankItBankIt

http://www.ncbi.nlm.nih.gov/BankIt/
Submit by WWW
New submission
Update an existing GenBank record
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Analysis of Genomic DNA Analysis of Genomic DNA 
sequencessequences

You cloned a large piece of genomic DNA
How will you annotate it
Identify and describe introns, exons, 
promoters
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Promoter
Exon Exon Exon Exon

Intron Intron Intron

mRNA

Protein

mRNA

Protein

A gene can encode more than one mRNA and protein

Software for genomic DNA Software for genomic DNA 
analysisanalysis

GeneScan
GLIMMER
GeneMark
FGENE
GRAIL
FEX 
FGENESP
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GENSCANGENSCAN

Identifies gene structures in genomic DNA
Organism specific versions
– Vertebrate
– Plant

About 80% accurate
http://genes.mit.edu/GENSCANinfo.html

GENSCAN LimitationsGENSCAN Limitations

A predicted gene may splice together exons 
from two real genes
Two predicted genes may be one real gene
Designed for human/vertebrate genomic 
sequences
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GLIMMERGLIMMER

Microbial DNA
http://www.tigr.org/software/glimmer/
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GeneMarkGeneMark

A family of gene prediction programs
Bacteria
Eukaryotes
Viruses
http://genes.mit.edu/GENSCANinfo.html
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Eukaryotic GeneMark Accuracy
Arabidopsis thaliana Gene structure prediction

SoftberrySoftberry

Many software tools
Some free trial versions on-line
Some – pay for license
http://www.softberry.com/berry.phtml
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Seq name: Soybean 
Length of sequence: 111818 Exon thr- 0 Overlap thr- 0.0 
# of potential exons: 273 
26459 - 26767 - w= 30.17 ORF= 0 Single exon 26459 - 26767 
37520 - 37978 + w= 24.25 ORF= 0 Single exon 37520 - 37978 
53155 - 53336 - w= 21.97 ORF= 2 Internal exon 53156 - 53335 
75128 - 75364 - w= 18.40 ORF= 0 Single exon 75128 - 75364 
11690 - 12046 - w= 18.27 ORF= 0 Last exon 11690 - 12046 
92956 - 93095 + w= 17.84 ORF= 1 Internal exon 92957 - 93094 
83073 - 83280 + w= 17.52 ORF= 0 First exon 83073 - 83279 
78595 - 78770 - w= 16.43 ORF= 1 First exon 78597 - 78770 
41120 - 41377 - w= 15.16 ORF= 0 Single exon 41120 - 41377 
8141 - 8195 + w= 14.84 ORF= 1 Internal exon 8142 - 8195 
18491 - 18616 + w= 14.42 ORF= 0 Internal exon 18491 - 18616 
9847 - 10112 + w= 14.19 ORF= 0 Internal exon 9847 - 10110 
1417 - 1529 + w= 14.17 ORF= 0 Internal exon 1417 - 1527 
93283 - 93490 - w= 14.03 ORF= 2 First exon 93284 - 93490 
56351 - 56524 + w= 13.95 ORF= 0 First exon 56351 - 56524 
5406 - 5838 + w= 13.94 ORF= 1 Internal exon 5407 - 5838 
60628 - 60727 - w= 13.38 ORF= 2 First exon 60629 - 60727 
17608 - 17713 + w= 13.16 ORF= 0 First exon 17608 - 17712 

>Exon- 1 Amino acid sequence - 102 aa, chain –
MTRLIFKVIIFMQGGTSATELAGGSSLKVQSTVTEGVLVQ
HKLVEKLCLLNCHPSSWGFR KAANLGRFGLETIGLGIPG
GKSGAVFQPAGGQLGHTPGFLGV 
>Exon- 2 Amino acid sequence - 152 aa, chain + 
MGSKAKKKGSPEDILETLGDPPSRAKRTGTTSSPSAAIP
SSAPVRRMAPSQGPTPLPPQN HPSPPPLPLQLLVPGC
GNSRLSEHLPPTTPATPPSPTSTSPRSSSETPHAPPQR
PRPPPH AMARYGHDPPVMQFEDESFGAVIDKGGLDAPL 
>Exon- 3 Amino acid sequence - 60 aa, chain –
LAKGKGAGGLHQNLRQCIRGRPVSGCGENGGLSVEAR
CTSPLSDDFFQEAVGVAASKMRF 
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ExonExon 11

BLASTP
Protein-Protein

No match
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ExonExon 22

BLASTP
Protein-Protein
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Gene Annotation TipsGene Annotation Tips

Use several different prediction software 
– Find Open Reading Frame (ORF)
– Find Promoter

Use software best suited for your organism
Use BLAST and GenBank
Use protein sequence and DNA coding 
sequence
5’ and 3’ ends are particularly difficult
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What we covered todayWhat we covered today

NCBI
Genomic Databases
UCSC
Genomic DNA annotation


