
Common tools, useful databases, and tricks of the trade for 
practical use in the laboratory.

Laboratory Bioinformatics

bioteach.ubc.ca/bioinfo2010

joanne@msl.ubc.ca
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Workshop Schedule

• Laptops, available here for 
your use 9am - 4:30pm

• wireless login

mslguest

4myguest
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Today’s Plan

• Intro Activity

• Subject - Public Resources at the NCBI

• GUIDED TOUR - Database Searching with Entrez

• PRACTICAL EXERCISES - Data Retrieval

• TIPS & TRICKS - PubMed, MyNCBI, Bookshelf...
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Bioinformatics for Biologists
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Growth of GenBank

In 2005, International 
sequence databases 

exceed 100 gigabases 
5
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Personalized Medicine?
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What is Bioinformatics?
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Laboratory Bioinformatics



What is Bioinformatics?

Goals & Priorities
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Bioinformatics is an  
interdisciplinary research field 
that involves the integration of 

computers, software tools, 
and databases in an effort to 
address biological questions.
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Bioinformatics Questions
• What is encoded by the 

genome?
- Links between genes, 

regulatory, and functional 
regions

• How is genome information 
expressed?
- Function of genes and 

gene products (proteins)
- Structure of proteins

• How can we interpret the 
information encoded in the 
genome?
- Linking knowledge to the 

biological entities.
- Systems biology 

approach
- drugs, metabolites, ...

• How does the genome 
interact with its 
environment?
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How do we best educate ourselves/others to take 
advantage of the latest ‘omics research? 



Overview of Topics*

✓Day 1 - Public Database Resources NCBI

✓Day 2 - BLAST, BLAST, more BLAST

✓Day 3 - MSA, Genome Browsers, GEO

*additional topics can be scheduled as 
necessary
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Summary
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An article called, “What is Bioinformatics?” is 
available from the Science Creative Quarterly.
http://www.scq.ubc.ca/what-is-bioinformatics/

http://www.scq.ubc.ca/what-is-bioinformatics/
http://www.scq.ubc.ca/what-is-bioinformatics/


Public Resources at the NCBI

Sequence Databases
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The National Center for 
Biotechnology Information

Bethesda,MD
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NCBI

• 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

17



www.ncbi.nlm.nih.gov
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http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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New NCBI
Site Guide

Resources

How To...

adapted from NCBI News, 
November 2009



The NCBI ftp site

• 30,000 files per day

• 620 Gigabytes per day
20
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NCBI Databases & Services
• GenBank largest sequence database

• Free public access to biomedical literature

• PubMed free Medline

• PubMed Central full text online access

• Entrez integrated molecular & literature databases

• BLAST highest volume sequence search service

• VAST structure similarity searches

• Software and Databases 

21



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

22



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)

23



GenBank

EMBLDDBJ

Entrez

SRSgetentry

NCBI

EBI

CIB

International 
Sequence 
Database

Collaboration
- submit anywhere

- daily updates
24



GenBank: NCBI’s Primary 
Sequence Database

25



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

• full release every two months

•  incremental updates daily

•  available only via ftp

      Release 177 April 2010
177,473,850 Records

279,884,898,285*                      Total Bases
*includes WGS

26



Growth of GenBank

GenBank WGS

Current Release 177
Doubling time 12-14 months

27



A Traditional
GenBank Record

Header

Feature Table

Sequence
28

http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html


Traditional GenBank Record

29

ACCESSION   U07418

VERSION     U07418.1  GI:466461

Accession
•Stable
•Reportable
•Universal

GI number
• NCBI internal 

use

Version
•Tracks changes in 
sequence



the sequence 
is the datawell annotated
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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

RefSeq:
Entrez Gene and
Genomes Pipelines

Labs

Curators
TATAGCCG
AGCTCCGATA
CCGATGACAA

RefSeq:
Annotation 
Pipeline

Algorithms

Updated 
continually 
by NCBI
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Derivative Databases
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GenPept
• GenBank CDS translations

FEATURES        Location/Qualifiers
     source     1..2484
                /organism="Homo sapiens"
                /mol_type="mRNA"
                /db_xref="taxon:9606"
                /chromosome="3"
                /map="3p22-p23"
     gene       1..2484
                /gene="MLH1"
     CDS        22..2292
                /gene="MLH1"
                /note="homolog of S. cerevisiae PMS1 (Swiss-Prot Accession
                Number P14242), S. cerevisiae MLH1 (GenBank Accession
                Number U07187), E. coli MUTL (Swiss-Prot Accession Number
                P23367), Salmonella typhimurium MUTL (Swiss-Prot Accession
                Number P14161) and Streptococcus pneumoniae (Swiss-Prot
                Accession Number P14160)"
                /codon_start=1
                /product="DNA mismatch repair protein homolog"
                /protein_id="AAC50285.1"
                /db_xref="GI:463989"
                /translation="MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKS
                TSIQVIVKEGGLKLIQIQDNGTGIRKEDLDIVCERFTTSKLQSFEDLASISTYGFRGE
                ALASISHVAHVTITTKTADGKCAYRASYSDGKLKAPPKPCAGNQGTQITVEDLFYNIA
                TRRKALKNPSEEYGKILEVVGRYSVHNAGISFSVKKQGETVADVRTLPNASTVDNIRS

>gi|463989|gb|AAC50285.1| DNA mismatch repair prote... 
MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKSTSIQVIV...
EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAD...

33



RefSeq
• The goal is to provide the best single 

collection of sequence information for each 
major organism.

- chromosome, organelle, or plasmid 

- linked by residue to transcripts, translated 
proteins, and mature peptide product.

- known and predicted

- reviewed

- best view from available data
34



RefSeq

• DDBJ/EMBL/GenBank remains the primary 
sequence archive while RefSeq is a summary 
and synthesis based on that essential primary 
data.

35
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RefSeq
- includes species ranging from 

viral to microbial to eukaryotic, 
10,000+ species              
(current release RefSeq 41)

- organisms with complete & 
incomplete genomes

- does not include all species 

✓ common research organisms, 
mouse, human, yeast, fly, 
plants, ...

36

2,220

801

267

97

150

764

142

1,625

3,666

437

105fungi
invertebrate
microbial
mitochondrion
plant
plasmid
plastid
protozoa
mammalian
other vertebrates
viral

*refseq release 33



RefSeq Accession 
Numbers*

• prefix indicates the molecule type. 

*The underscore ("_") is the  primary 
distinguishing feature of a RefSeq accession

37

Molecule Type Accession Prefix
protein NP_; XP_; ZP_; AP_; YP_;
rna NM_; NR_; XM_; XR_
genomic NC_; NG_; NT_; NW_; NZ_; NS_; AC_
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Nucleotide (78 783 103)

EST (62 838 170)

PubChem Substance (61 056 228)

SNP (59 806 469)

GEO Profiles (42 751 725) 
Protein (28 475 324)

GSS (25 787 403)

PubChem Compound (25 668 433)

PubMed (19 076 621)

Probe (10 187 129) 

Gene (6 261 420) 

UniGene (3 645 645)

PubMed Central (1 834 865)

NLM Catalog 1 (394 522)

Taxonomy (525 252) 
UniSTS (524 629)

Protein Clusters (413 052)

3D Domains (280 897) 

Books (237 535)

MeSH (211 794)

Cancer Chromosomes (134 570)

Homologene (123 767)

PopSet (101 569) 

Biosystems (96 559) 

GENSAT (91 458) 
dbGaP (62 335) 

Structure (59 329) 

CDD (34 735) 

Journals (23 939) 
GEO Datasets (21 358) 

OMIM (20 548) 
Site Search (25 070)

Genome (10 777) 

SRA (6562)

Projects (5234) 

OMIA (2599) 
PubChem Bioassay (1691) 

Peptidome (79)

Table 1. The Entrez Databases 
(# records as of 8/14/2009)

adapted from Sayers et al NAR 2010



Other NCBI Databases

Structure: imported 
structures (PDB)

Cn3D viewer, NCBI curation

CDD: conserved domain 
database

Protein families (COGs and 
KOGs); Single domains (PFAM, 

SMART, CD)

SRA: sequence read 
archive

next generation sequencing 
data

Gene: gene records unified searchable database 
of genes 

HomoloGene: homologs neighboring function for 
Gene

39



http://www.ncbi.nih.gov/Database/datamodel

40
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Hard Link

Neighbors
Related Sequences

Neighbors
Related Sequences
Blink
Domains

Neighbors
Related Structures

Neighbors
Related Articles

BLAST

Neighbors
Related Sequences

VAST

BLAST

Word weight

41

PubMed

Gene

StructureHomologene

Nucleotide Protein



NCBI Discovery Initiatives

42

• Sensors • Database “ADs”



NCBI Discovery Initiatives

43

• Easier Access to Links • Analysis Tools



GUIDED TOUR: Retrieving Data

Sequence Databases

44
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Laboratory Bioinformatics Scenario: 
You’ve just read about some interesting genes 

and now you want to find out more...



Database searching with 
Entrez

• Scenario Summary:  
Let’s find out more about 
the genes involved in 
colon cancer

✓Using limits and field 
restriction to find human 
MutL homolog - MLH1

✓Using NCBI’s Discovery 
Components to explore 
links & neighbors of MLH1

46



Start with a search for 
“colon cancer”

47

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
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http://www.ncbi.nlm.nih.gov/sites/gquery?term=colon+cancer
http://www.ncbi.nlm.nih.gov/sites/gquery?term=colon+cancer


Human Disease Genes
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colon cancer[Title] AND nonpolyposis[Title]
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colon cancer[Title] AND nonpolyposis[Title] AND 
biomol_mrna[Properties] AND srcdb_refseq[Properties]
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Refining your Search

colon cancer[Title] AND nonpolyposis[Title] AND 
human[Organism] AND biomol_mrna[Properties] 

AND srcdb_refseq[Properties]
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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]
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Taxonomy

All molecular 
databases
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9606
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Goal: Investigate MLH1 - 
function & homologs

• Tip: Use Database Adverts in sidebar of 
nucleotide entry to navigate to other databases

Entrez 
Gene Homologene

Gene neighbors
Other Entrez

Databases
62

Gene RIF 
(reference into 

function)
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GENE



MLH1 Gene Record

64



Interactions + GO
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Sequences
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MLH1: Sequence Links
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Homologene



Finding Homologs:

Protein
mRNA

Genomic
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HomoloGene Cluster

Gene Links Protein Links
71

Links
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PRACTICAL EXERCISES: Navigating Links, Retrieving Data 
with Entrez, and Advanced Tips & Tricks for Searching PubMed

Sequence Databases

73



navigate to:
bioteach.ubc.ca/bioinfo2010

Follow step-by-step instructions in 
handout and use links on the workshop 

website to complete the practical exercise

Strategy #1: 
search nt

Let’s compare
our results

Strategy #2: search 
entrez gene

Use the preview tab and feature keys

74

I am studying the regulation of cancer genes and would like to retrieve all human 
sequence records associated with cancer that contain a promoter region.



Search Most Recent Queries Result

#5
Search #3 NOT #1 (unique hits from Approach B: 

Entrez Gene to CoreNucleotide) 368

#4
Search #1 NOT #3 (unique hits from Approach A: 

straight to Entrez CoreNucleotide search) 210

#3
Search #2 AND promoter[Feature key]

(limit Approach B search to records with promoter 
annotated)

421

#2

CoreNucleotide Links for Gene (Search 
human[Organism] AND cancer[Text Word] AND 

gene_nucleotide[Filter])
(Approach B: Entrez gene follow link to 

CoreNucleotide)

87258

#1
Search human[Organism] AND cancer[Text Word] 

AND promoter[Feature key]
(Approach A: Entrez CoreNucleotide search)

263

Check your History
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Advanced Tips & Tricks for 
Searching PubMed

• Advanced Features - Limits; Related Data; RSS; 
Send to options; Citation Sensor; Clipboard

• Entrez Gene RIF - reference into function sets

• Save collections with your MyNCBI account

• Search the NCBI Bookshef
76
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PubMed Advanced Searching; 
Limits & Related Data

adapted from NLM Technical Bulletin. 2009 Sep-Oct

Example 
Search:

low dose
aspirin 
stroke

prevention
women
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PubMed Advanced Searching; 
Send to (destination options)

adapted from NLM Technical Bulletin. 2009 Sep-Oct



79 adapted from NCBI News, June 2009

Example 
Search:

Lander 
2001 

Nature
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MLH1
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http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=cmed6.section.1594
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=cmed6.section.1594
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http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=cmed6.figgrp.1596
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=cmed6.figgrp.1596


You can make up your 
own examples, to search 

Pubmed…
    or the Bookshelf…

and sign up for MyNCBI
85
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http://www.ncbi.nlm.nih.gov/sites/myncbi/register/
http://www.ncbi.nlm.nih.gov/sites/myncbi/register/
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http://www.ncbi.nlm.nih.gov/sites/myncbi/
http://www.ncbi.nlm.nih.gov/sites/myncbi/
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89

search with a
gene name of 

interest to you

http://pubmed.org
http://pubmed.org
http://pubmed.org
http://pubmed.org
http://pubmed.org
http://pubmed.org
http://pubmed.org
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GeneRIFs are intended to facilitate access to 
publications documenting experiments that add 
to our understanding of a gene and its function. 

Follow link 
from PubMed to 

Entrez Gene
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Save your PubMed results to your 
MyNCBI collections



Credits
• Materials for this presentation have been 

adapted from a variety of sources including:

NCBI HelpDesk - Field Guide Course Materials

NLM Technical Bulletins 

NCBI News available @ the NCBI Bookshelf

• Questions?  Please contact:

Dr. Joanne Fox
Michael Smith Laboratories
joanne@msl.ubc.ca

92

mailto:joanne@msl.ubc.ca
mailto:joanne@msl.ubc.ca
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Finding Function By Sequence Similarity

BLAST

94



Concepts of Sequence 
Similarity Searching

• The premise:

One sequence by itself is not informative; it 
must be analyzed by comparative methods 
against existing sequence databases to 
develop hypothesis concerning relatives and 
function. 
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The BLAST algorithm

• The BLAST programs (Basic Local Alignment 
Search Tools) are a set of sequence 
comparison algorithms introduced in 1990 
that are used to search sequence databases 
for optimal local alignments to a query. 

• Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) “Basic local 
alignment search tool.” J. Mol. Biol. 215:403-410.

• Altschul SF, Madden TL, Schaeffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ 
(1997) “Gapped BLAST and PSI-BLAST: a new generation of protein database 
search programs.” NAR 25:3389-3402.
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BLAST
db

BLAST
server

ASN.1

BLAST
Web Page

fetch sequencefetch ASN.1
Display Results

Submit Query

Request Results

Return Formatted Results

97



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

98



Basic Local Alignment 
Search Tool

• Widely used similarity search tool

• Heuristic approach based on Smith Waterman 
algorithm

• Finds best local alignments

• Provides statistical significance

• www, standalone, and network clients

99



Program Description

blastp Compares an amino acid query sequence against a protein 
sequence database.

blastn Compares a nucleotide query sequence against a nucleotide 
sequence database.

blastx
Compares a nucleotide query sequence translated in all reading 
frames against a protein sequence database. You could use this 
option to find potential translation products of an unknown 

nucleotide sequence.

tblastn Compares a protein query sequence against a nucleotide 
sequence database dynamically translated in all reading frames.

tblastx
Compares the six-frame translations of a nucleotide query 
sequence against the six-frame translations of a nucleotide 

sequence database. 

Program Description

blastp Compares an amino acid query sequence against a protein 
sequence database.

blastn Compares a nucleotide query sequence against a nucleotide 
sequence database.

blastx
Compares a nucleotide query sequence translated in all reading 
frames against a protein sequence database. You could use this 
option to find potential translation products of an unknown 

nucleotide sequence.

tblastn Compares a protein query sequence against a nucleotide 
sequence database dynamically translated in all reading frames.

tblastx
Compares the six-frame translations of a nucleotide query 
sequence against the six-frame translations of a nucleotide 

sequence database. 

BLAST programs
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Program Notes

Megablast
Contiguous Nearly identical sequences

Discontiguous Cross-species comparison

Position 
Specific

PSI-BLAST Automatically generates a position 
specific score matrix (PSSM)

RPS-BLAST Searches a database of PSI-BLAST 
PSSMs

more BLAST programs
Program Notes

Megablast
Contiguous Nearly identical sequences

Discontiguous Cross-species comparison

Position 
Specific

PSI-BLAST Automatically generates a position 
specific score matrix (PSSM)

RPS-BLAST Searches a database of PSI-BLAST 
PSSMs

nucleotide only

protein only
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BLAST Algorithm

• Scoring of matches done using scoring 
matrices

• Sequences are split into words (default n=3)

• Speed, computational efficiency

• BLAST algorithm extends the initial “seed” hit 
into an HSP

• HSP = high scoring segment pair = Local optimal 
alignment

102



Sequence Similarity Searching – 
The statistics are important

Discriminating between real and artifactual matches is 
done using an estimate of probability that the match might 

occur by chance. 

We’ll talk more about the meaning of the scores (S) and e-
values (E) that are associated with BLAST hits

103



Where does the score 
(S) come from?

• The quality of each pair-wise alignment is 
represented as a score and the scores are 
ranked. 

• Scoring matrices are used to calculate the 
score of the alignment base by base (DNA) 
or amino acid by amino acid (protein). 

• The alignment score will be the sum of the 
scores for each position. 

104



What’s a scoring matrix?

• Substitution matrices are used 
for amino acid alignments. 

• each possible residue 
substitution is given a score 

• A simpler unitary matrix is 
used for DNA pairs (+1 for 
match, -2 mismatch)

105
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BLOSUM vs PAM

• BLOSUM 62 is the default matrix in BLAST 
2.0. Though it is tailored for comparisons of 
moderately distant proteins, it performs well 
in detecting closer relationships. A search for 
distant relatives may be more sensitive with a 
different matrix. 

BLOSUM 45            BLOSUM 62           BLOSUM 90
PAM 250  PAM 160  PAM 100
More Divergent    Less Divergent
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What do the Score and 
the e-value really mean?

• The quality of the alignment is represented by 
the Score (S).
The score of an alignment is calculated as the sum of substitution and gap scores. 
Substitution scores are given by a look-up table (PAM, BLOSUM) whereas gap 
scores are assigned empirically .

• The significance of each alignment is 
computed as an E value (E).
Expectation value. The number of different alignments with scores equivalent to or 
better than S that are expected to occur in a database search by chance. The lower 
the E value, the more significant the score. 
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Notes on E-values
• Low E-values suggest that sequences are 

homologous

๏ Can’t show non-homology

• Statistical significance depends on both the 
size of the alignments and the size of the 
sequence database

‣ Important consideration for comparing results across 
different searches

‣ E-value increases as database gets bigger

‣ E-value decreases as alignments get longer
109



Homology: Some 
Guidelines

• Similarity can be indicative of homology

• Generally, if two sequences are significantly 
similar over entire length they are likely 
homologous

• Low complexity regions can be highly similar 
without being homologous

• Homologous sequences not always highly 
similar

110



Suggested BLAST 
Cutoffs

• Source: Chapter 11 – Bioinformatics: A 
Practical Guide to the Analysis of Genes and 
Proteins

• For nucleotide based searches, one should 
look for hits with E-values of 10-6 or less and 
sequence identity of 70% or more

• For protein based searches, one should look 
for hits with E-values of 10-3 or less and 
sequence identity of 25% or more

Take Home Message: 

Always look at your alignments
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BLAST Algorithm

• Scoring of matches done using scoring 
matrices

• Sequences are split into words (default n=3)

- Speed, computational efficiency

• BLAST algorithm extends the initial “seed” hit 
into an HSP

- HSP = high scoring segment pair = Local optimal 
alignment
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How Does BLAST Really 
Work?

• The BLAST programs improved the overall 
speed of searches while retaining good 
sensitivity (important as databases continue 
to grow) by breaking the query and database 
sequences into fragments ("words"), and 
initially seeking matches between fragments. 

• Word hits are then extended in either 
direction in an attempt to generate an 
alignment with a score exceeding the 
threshold of "S". 
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BLAST Algorithm
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How Does BLAST Really 
Work?

• The BLAST programs improved the overall 
speed of searches while retaining good 
sensitivity (important as databases continue 
to grow) by breaking the query and database 
sequences into fragments ("words"), and 
initially seeking matches between fragments. 

• Word hits are then extended in either 
direction in an attempt to generate an 
alignment with a score exceeding the 
threshold of "S". 
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BLAST Algorithm
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Extending the High Scoring 
Segment Pair (HSP)

Minimum
 Score (S)

Neighborhood 
Score Threshold (T)
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BLAST Algorithm

• Scoring of matches done using scoring 
matrices

• Sequences are split into words (default n=3)

- Speed, computational efficiency

• BLAST algorithm extends the initial “seed” hit 
into an HSP

- HSP = high scoring segment pair = Local optimal 
alignment
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Credits

• Materials for this presentation have been 
adapted from the following sources:

NCBI HelpDesk - Field Guide Course Materials

Bioinformatics:  A practical guide to the analysis of genes 
and proteins

• Questions?  Please contact:

Dr. Joanne Fox
Michael Smith Laboratories
joanne@msl.ubc.ca
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BLAST background, guided tour & practical exercises

Let’s start at 9:30am

joanne@msl.ubc.ca
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