
Most Basic Database: 
Sequence Repositories

• Three major sequence repositories
– NCBI

• National Center for Biotechnology Information

• www.ncbi.nlm.nih.gov

– EBI
• European Bioinformatics Institute

• www.ebi.ac.uk

– DDBJ  
• DNA Data Bank of Japan

• www.ddbj.nig.ac.jp

• Same sequence information in all three

• Different tools for searching and retrieval

Major NCBI Databases

• Genbank / Entrez – nucleotide / protein search

• PubMed / Medline – journal publication search

• Genomes – full genomes, info & sequence

• Taxbrowser – full species’ taxonomy

• GEO – Gene Expression Omnibus

• Many other smaller db’s…



NAR Database Index

• Great collation of biological databases, Nucleic 
Acids Research Database Issue

http://www3.oup.co.uk/nar/database/c/

968 Databases (!!)       (+110 in last year)

Sorted alphabetically & by category

Books date quickly, use on-line collections like this (or 
Google) to get most current information 

(+ 951170

Literature: PubMed @ NCBI

• What-- access to Medline
– Primarily biomedical, molecular biology & biochemistry journals

• Searching – Entrez search engine
– Logical operators

– Field Delimiters

– What’s related

– PMIDs

– Returns article title, authors, & abstract

• PubMed Central – free access to many full-text scientific 
papers

• UCSC Electronic Journal access

• Off-campus access



Genes & Genomes

Three Domains of Life
Prokaryotes



What is a Genome?

• A complete set of instructions for life 
encoded in DNA 

• Organized in chromosomes
– prokaryotes generally have one main circular 

chromosome 

– eukaryotes have multiple linear chromosomes

• Instructions are generally in the form of 
genes, and are the “unit” of heredity

Why Sequence a Genome?

• We wish to understand how the entire 
cell / organism works

– thousands of complex gene interactions

– complete “parts list” is first step to 
understanding how parts work together as 
a whole

• Economy of scale - faster, cheaper to 
sequence all genes at once, than one at a  
time by many different researchers



First fully sequenced Organism: H. Influenza

The Institute for Genome Research (TIGR) - 1995

Human Genome Project
• In 1980’s, initial discussion to sequence human genome (first 

key meeting here at UCSC!)
– Began: 1990 
– Planned finish: 2005

• Original Estimates:
– ~100,000 genes 
– 3 billion nucleotides, projected cost $300 Million
– less than 5% of genome codes for genes
– Early opposition to sequencing 95% “junk”, taking money away 

from basic research

• Final Results:
– Draft completed June 2000, “Finished” April 2003
– Final cost ~ $3 billion
– ~25,000-30,000 genes now
– Up to 50% of genome is transcribed with possible biological 

function



Preparing for the Human 
Sequencing…

• Mapping the human genome

• Practice: sequencing model organisms

Size (Mb)  Finished

– Baker’s yeast (S. cerevisiae) 12.5      1996

– E. coli 4.5 1997

– Roundworm (C. elegans) 100 1998

– Fruit fly (D. melanogaster)            160 2000

– Plant weed (A. thaliana) 120 2000

Sequencing Genomes: Strategy #1

•Original 
“Top-Down”
Strategy

•Deliberate, 
small 
chance for 
major errors



Sequencing Genomes: Strategy #2

WGS (Whole Genome Shotgun) – “Bottom Up” Strategy

•No ordering of a clone library - straight to sequencing to 

build “scaffolds”

•Mapping data (STS’s) used to place scaffolds

Race to the “Finish” –
June 25, 2000

• Change in public’s strategy to assemble 
meant ordered clone libraries would not 
be finished

• Alternate method needed for putting the 
pieces together

• UC Santa Cruz to the rescue!
– David Haussler & Jim Kent, in just a few 

months, created a clever program and 
network of 100 Dell desktop computers to 
assemble the genome by Celera’s target 
date



Sequencing Technologies
Established (“Long” reads)

Capillary sequencing: ABI 3700 and MegaBASE machines 
allow first rapid automated sequencing in tiny capillary 
tubes

• 600-800 bases at a time x 384 wells = ~ 268,000 bases 
decoded / run

• Bulk of human genome decoded on these

New Technologies (Massively parallel, short reads)
454 / Roche Sequencers 100-250 bases,  27-67 Million bases / 

run
Solexa / Illumina Genetic Analyzer: 100 bases, 100 Million 

bases / run
ABI SOLiD Sequencing: 25 base pieces, 1-2 Billion bases / run

Chemical decoding is no longer major cost – re-assembling all 
the pieces with computers is new major cost 

Current Genome Challenges

• $1,000 Genome Prize – new goal set in 
2003 by J. Craig Venter Science 
Foundation to make personalized 
medicine available to all ($500,000 prize)

• Archon X Prize – build a machine that can 
sequence 100 people in 10 days or less, 
for $10,000/genome or less ($10 Million 
prize):  http://genomics.xprize.org/



Computational Biology Tools

• Human Genome: 3 billion A/C/T/G’s 
staring at you -

Now what??

• Have we seen this sequence before? 

Similarity searching

• Discovering completely new genes

The “Gene Finders”

• Finding a role for each new gene: 
Functional genomics

One sequence “read” from the 
human genome: 

>ctg14072
CATGGAAACCCCANAAAAAACATGAAATGCATACCGAACTACAAAAAAGG

AAAATAAATATAAACACATTCCAAAACTTAAAAATGAAGGAGATTTCAGA

CAGTCCCTCCTGGTAAAATGTGAAATTGCACCCCAGCTGCAGCAGCTACT

GTAAATATCCAAGGAATCAGTTTTAAGTGTTTGGGGATCCCAGGGATCCC

TGCAAAGCACTCAGGATTTTAACATTAAGCTCACAAATTACAGCAGCTGG

CCGGGCACAGTGGCTCACGCCCGTAATCCCAGCACTTTTGGAGGCCGAGG

CAGGTGGATCACCTGAGGTCTCCACTAAAAATACAAAAAACTAGCCAGGG

TGTGTGGCGGACATCTGTAATCCCAGCCACTTCGGGGGCTGAGGCAGGAG

AATCACTTGAACCCGGGAGGTGGAGGTTGCATTGAGCTGACGTTATGCCA

TTGCACTCCGGCCTGNGCAACAGAGAGAAACTTCATCTCTAACTACTAAT

TACAGCAACCAACAGGCCTCTAGGTTAGTTACCACCCTAACCTTTTCGTT

CGAGATTTTCAAACCACCTTGAACGTGGGTATTTTTTGTGGGTCCTTTAT

CTTCATTCATTAATCACATTATCAGACATTCCCTGAGTGGCCTGGTTCTG

TATACATGCTGAAGCTTCCAAATCAACCGTCCGTTTGGCTTCCCACAAC

• Where are the genes?



Annotating a Genome

Goals:

1. Note the positions of any known or predicted genes

2. Give as much information about function of genes 
as possible (and certainty of information)

Purpose is to help biologists make connections 
between their work and the sequence you are 
annotating

First Step: Similarity 
Searching

• Is it like anything we’ve seen before?

• database search - rapidly compare a new 
sequence to all previously catalogued 
sequences

• Currently, ~155 Billion nucleotides in non-
redundant nucleotide database at NCBI, 
spanning ~170,000 different organisms

• Need fast methods, like BLAST

• A “significant” hit often allows inference of 
function to the newly sequenced gene

~190

~260,000



What’s in a Genome?
1. Genes

2. Introns (eukaryotes only)

3. Gene regulatory sequences (promotors, 
enhancers, silencers, suppressors)

4. Structural elements (telomeres, 
centromeres)

5. Repetitive DNA

6. Pseudogenes

7. Everything else (important??)

Two Types of Genes

1) Protein-coding

• Purpose: make proteins

• Common Pattern: 

[Start codon] [codon 1] [codon 2] […] [Stop codon] 

2) Non-protein Coding RNAs (ncRNAs):

• Purpose: make a functional RNA

• No common pattern shared by all ncRNAs



Protein Gene Finders

• Based on statistical analysis of DNA for

– Start codon [ATG] (sometimes TTG/GTG)

– Stop codon [TGA], [TAG], [TAA]

– Codon “frequencies”

– Splice junctions - sequence motifs 
(patterns) at borders between exons and 
introns

Differences Between Eukaryotic and 

Prokaryotic Genes/Genomes

• Prokaryotes (Bacteria + Archaea)
– Usually no introns, so no need to detect introns; ORFs ~ genes

– Multiple genes are often organized into operons –functionally 
related genes that are co-transcribed in one long mRNA

– Usually a single large circular chromosome (0.5-5 Mbp); often 
with some small circular DNA elements called plasmids

– 70-95% of genome codes for genes

• Eukaryotes
– Genes broken up into “exons” and spliced out “introns”; 

complicates accurate gene prediction

– Generally, minority of DNA in genome codes for genes

– Multicellular eukaryotes have much more complex regulation



Graphical Genome Browsing

• NCBI – Source for sequences and “default”
annotation for all genomes, as well as browsers

• UCSC Genome Browser – human & many other 
genomes

• Ensembl – major European human genome browser, 
similar goals as UCSC browsers

• TIGR CMR – automated microbial genome annotation 
(re-annotation of small genomes)

• JGI’s IMG – Newest, fanciest microbial genome 
browser and genome comparison tools

What Genomes Are Available?

List of completed genomes increases almost 
every week

GOLD Website: Listing of finished and “in 
progress” genomes

http://www.genomesonline.org/

361 published, completed genomes

1617 genome sequencing projects in 
progress!!!

905
4003



Getting Sequences: NCBI

• Go to http://www.ncbi.nlm.nih.gov/

• Choose “Nucleotide” or “Protein”

• Type in query, same rules as for making 
PubMed queries (logical operators, limits, 
etc)

• Or, to get a genome, choose “Genome 
Project” and type species name

Genbank File Format

• Completely annotated sequence
LOCUS NC_000854 1669695 bp DNA circular BCT 07-APR-2003 

DEFINITION Aeropyrum pernix, complete genome. 

ACCESSION NC_000854 

SOURCE Aeropyrum pernix 

ORGANISM Aeropyrum pernix Archaea; Crenarchaeota; Thermoprotei; Desulfurococcales; 
Desulfurococcaceae; Aeropyrum. 

FEATURES Location

/Qualifiers source 1..1669695 

/organism="Aeropyrum pernix" 

/db_xref="taxon:56636" 

gene complement(213..938) 

/gene="APE0001" 

CDS complement(213..938)

/gene="APE0001" /codon_start=1 

/product="hypothetical protein" 

BASE COUNT 360022 a 473378 c 466849 g 369446 t 

ORIGIN 

1   aaataataat aaaaattaag tgactcatgc attatcctac gaggtaaaaa tatgttataa

61  attgtcccag actaccatca atttagggac aatagtgttt aagggatggc cttcggagct

121 ggcagctcgc gggttcaaac tcgcgtaggg cccgagttct agttatagtt gcgtggattt

. . .



FASTA File Format

-Mostly sequence, little description

-General format often used for web server analysis tools

>Seq_name Description            (all on first line)

AGTACGGACCAGACAGGCCGATAGGACG

AGGCCGATAGGACGAGGCCGATAGGACG

CGTTA

>Next_seq_name Description

ACCGATTACCGA

Download A Whole Genome!

• NCBI Genomes

ftp://ftp.ncbi.nih.gov/genomes/

• What do all these files mean?
“.faa” FASTA format predicted proteins – all predicted proteins

“.fna” FASTA predicted genes – all predicted genes (DNA)

“.fna” FASTA format, whole genome (DNA)

“.gbk” Genbank format, whole genome with complete annotation


