
1

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

Laboratory Bioinformatics

bioteach.ubc.ca/bioinfo2009 

joanne@msl.ubc.ca 
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Computer Lab

• Computers, available here 
for your use

• wireless login

DETAILS WILL BE 
AVAILABLE ONSITE
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Module 1 Topics

• Intro Activity

• Subject - Public Resources at the NCBI

• GUIDED TOUR - Database Searching with Entrez

• PRACTICAL EXERCISES - Data Retrieval

• TIPS & TRICKS - PubMed, MyNCBI, Bookshelf...

• BLAST - Finding Function by Sequence Similarity
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Bioinformatics for Biologists
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Growth of GenBank

In 2005, International 
sequence databases 

exceed 100 gigabases 
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Personalized Medicine?
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What is Bioinformatics?
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= 

Laboratory Bioinformatics
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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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Genomics refers to the 
analysis of all of the genes and 
transcripts included within the 
genome. Proteomics, on the 

other hand, refers to the 
analysis of the complete set of 

proteins or proteome. 



Bioinformatics Questions
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How do we best educate ourselves/others to take 
advantage of the latest ‘omics research? 
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Overview of Topics*

Module 1 - Public Database Resources NCBI

Module 2 - BLAST, Primer Design, MSA

Module 3 - Genome Browsers, Special Topics*

*additional topics can be scheduled as necessary
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Summary

An article called, “What is Bioinformatics?” is 
available from the Science Creative Quarterly.
http://www.scq.ubc.ca/what-is-bioinformatics/
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Public Resources at the NCBI

Sequence Databases

16
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The National Center for 
Biotechnology Information

Bethesda,MD 



18

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
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www.ncbi.nlm.nih.gov

19
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Number of Users and 
Hits Per Day

Currently averaging 
10,000,000 to 35,000,000 

hits per day!

1997  1998    1999    2000     2001    2002    2003

Christmas &New 
Year’s Days

20
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The NCBI ftp site

• 30,000 files per day

• 620 Gigabytes per day
22
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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 



Types of Databases

Original submissions by 
experimentalists

Content controlled by the 
submitter

Examples: GenBank, SNP, 
GEO

Built from primary data

Content controlled by third 
party (NCBI)

Examples: Refseq, TPA, 
RefSNP, UniGene, NCBI 
Protein, Structure, Conserved 
Domain

24

Primary 
Databases

Derivative 
Databases



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)

2525
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GenBank

EMBLDDBJ

Entrez

SRSgetentry

NCBI

EBI

CIB

International 
Sequence Database

Collaboration
- submit anywhere

- daily updates
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GenBank: NCBI’s Primary 
Sequence Database

27
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ftp://ftp.ncbi.nih.gov/genbank/

• full release every two months

•  incremental updates daily

•  available only via ftp

*includes WGS

28

      Release 169 Dec 2008
147,263,303 Records

240,491,402,946*                      Total Bases
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Growth of GenBank

Current Release 169
Doubling time 12-14 months



Organization of GenBank
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Records are divided into 18 Divisions.    

30
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A Traditional
GenBank Record

Header

Feature Table

Sequence
31
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Traditional GenBank Record

ACCESSION   U07418 

VERSION     U07418.1  GI:466461 

Accession
•Stable
•Reportable
•Universal

GI number
•NCBI internal 

use

Version
•Tracks changes in 
sequence
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the sequence 
is the data

well annotated
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Primary vs. Derivative Databases 

ACGTGC 

C
G

T
G

A
 ATTGACTA ACGTGC 

A
C

G
T

G
C

 

GenBank 

Sequencing 
Centers 

GA 
GA 

GA 
GA 

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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Entrez Protein

36
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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... 
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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
38
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RefSeq

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

vs
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RefSeq
- includes species ranging from viral 

to microbial to eukaryotic, 7000+ 
species

- organisms with complete & 
incomplete genomes

- does not include all species 

common research organisms, 
mouse, human, yeast, fly, 
plants, ... *refseq release 33
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RefSeq Accession 
Numbers*

•prefix indicates the molecule type. 

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

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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RefSeq Accession Numbers

42
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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)

dbSNP:
nucleotide 

polymorphism
variation data

Gene: gene records unified searchable database 
of genes, replaces locuslink 

HomoloGene: homologs neighboring function for 
Gene
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http://www.ncbi.nih.gov/Database/datamodel

44
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Hard Link

Neighbors
Related Sequences

Neighbors
Related Sequences
Blink
Domains

Neighbors
Related Structures

Neighbors
Related Articles

BLAST

VAST

BLAST

Word weight

PubMed

Gene

StructureHomologene

Nucleotide Protein



46

Neighbors in Entrez
SNP 

GEO 

Gene 

PubMed 

Protein 
46
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Hard Link

Neighbors
Related Sequences
Blink
Domains

BLASTNucleotide Protein

Entrez - Linking Data
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Blink & Domains
Neighbors: BLAST Link 

pre-computed BLAST 

Neighbors: 

pre-computed CDD search 
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Links 

Neighbors

Hard Links

49
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GUIDED TOUR: Retrieving Data

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

and now you want to find out more...
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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

Linking and neighboring 
with MLH1

52
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Start with a search for 
“colon cancer”

53



54



55

Human Disease Genes

55
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Search Nucleotide

Nucleotide database now three parts:
EST expressed sequence tags
GSS genome survey sequences
Nucleotide everything else
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Advanced Search Options
Tabs
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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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Advanced Search Options
Tabs



61
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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

67
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Goal: Find MLH1 
homologs

• Tip: Use Entrez Gene as your hub to connect 
to everything else!

Entrez 
Gene

HomologeneProtein

Gene neighbors
BLink Other Entrez

Databases
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MLH1 Gene Record

70
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Interactions + GO

71



72

Sequences

72
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MLH1: Sequence Links

73



74
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Finding Homologs:

Protein
mRNA

Genomic

75
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HomoloGene Cluster

Gene Links Protein Links
76

Links
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Finding Homologs 2: BLink

77
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BLink: BLAST Link 
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BLINK

• tool for exploring similar protein sequences 
by accessing precomputed BLAST searches

- for every protein in Entrez against non-
redundant (nr) protein database
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BLINK precomputed 
BLAST

new and improved!
 new display, previously limited to 
only 200 hits, now includes all hits
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Sample Questions that can be answered with BLink

1. What protein sequences are similar to an Entrez protein sequence of interest, 
and what is the position and BLAST score of each hit? (see All Hits)

2. What are all the organisms to which a query sequence gets hits? Display the 
best hit to each organism? (see Best Hits)

3. What is the taxonomy tree structure of the set of organisms to which hits 
were found? (see TaxonomyReport)

4. What protein sequences with known 3-D structures are similar to the query 
sequence?

5. What domains are present in the query sequence?
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PRACTICAL EXERCISES: Navigating Links, Retrieving Data 
with Entrez, and Advanced Tips & Tricks for Searching 

PubMed

Sequence Databases
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navigate to:
bioteach.ubc.ca/bioinfo2009

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

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.
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Search Most Recent Queries Result

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

Entrez Gene to CoreNucleotide)
329

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

straight to Entrez CoreNucleotide search)
214

#3
Search #2 AND promoter[Feature key]

(limit Approach B search to records with promoter 
annotated)

380

#2

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

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

CoreNucleotide)

65604

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

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

265

Check your History
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Advanced Tips & Tricks 
for Searching PubMed

• Advanced Tabs - Limits; Preview/Index; 
History

• Entrez Gene RIF - reference into function sets

• Save collections with your MyNCBI account

• Search the NCBI Bookshef
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New PubMed display 
search: TPH1
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The Abstract plus page
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9292



93



94

You can make up your own 
examples, to search 

Pubmed…
        the Bookshelf…

and sign up for MyNCBI
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search with a
gene name of 
interest to you
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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
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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 Module #2

joanne@msl.ubc.ca
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BLink: BLAST Link 
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Finding Function By Sequence Similarity

BLAST
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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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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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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

110
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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. 

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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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

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
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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
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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. 
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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)

116
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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. 



120

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
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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
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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



126

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

Laboratory Bioinformatics

bioteach.ubc.ca/bioinfo2009 

joanne@msl.ubc.ca 
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Module 2 Topics

•BLAST - Finding Function by Sequence Similarity

•GUIDED TOUR - Advanced Tips & Tricks for 
Using BLAST

•PRACTICAL EXERCISES - The Plasmodium 
HSP86 Story

•COMMON TASKS - Basic Search; Searching 
Sets of Sequences (multiple inputs; small custom 
databases); Primer Design



30

GUIDED TOUR:  Advanced Tips & Tricks for Using 
BLAST

BLAST
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http://blast.ncbi.nlm.nih.gov/
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Consider your research 
question ... 

• Are you looking for an particular gene in a 
particular species?

• Are you looking for additional members of a 
protein family across all species?

• Are you looking to annotate genes in your 
species of interest?
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Know your reagents

• Changing your choice of database is changing 
your search space

• Database size affects the BLAST statistics

• Databases change rapidly and are updated 
frequently
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Protein Databases: nr

• nr (non-redundant protein sequences) default

- GenBank CDS translations

- NP_ RefSeqs
- Outside Protein

- PIR, Swiss-Prot, PRF
- PDB (sequences from structures)

• pat protein patents

• env_nr environmental samples

Services
Blastp
blastx

35
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Nucleotide Databases: 
Human and Mouse

• Human and mouse genomic + transcript default

• Separate sections in output for mRNA and genomic

• Direct links to Map Viewer for genomic sequences

Megablast, blastn service
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Nucleotide Databases: 
Traditional

Services
blastn
tblastn
tblastx
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Nucleotide Databases:

Databases are mostly non-overlapping
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http://blast.ncbi.nlm.nih.gov/

Program Selection
Guide

39
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231571

45

Let’s look at
some of the 

options! 
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Context Specific Help
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Limiting Database: 
Organism

Organism autocomplete 
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Limiting Database: 
Entrez Query

all[filter] NOT mammals[organism] 

gene_in_mitochondrion[Properties] 
2006:2007 [Modification Date] 

Nucleotide 

biomol_mrna[Properties] 

biomol_genomic[Properties] 
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Adjust to set stringency 

May limit results 

Default statistics adjustment 

for compositional bias 

Off now by default. Conflicts with 

comp-based stats 

Expand 

Algorithm parameters: Protein

50
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Automatic Short 
Sequence Adjustment

e-value   20000
Word Size            2
Matrix               PAM30
Comp Stats         Off
Low Comp Filter  Off

51
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A graphical view
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The BLAST hit list

55
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BLAST Alignments

Identical match 

positive score 

(conservative) 

Negative or zero 

gap 
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BLAST Alignments

57



58

• Similarity
The extent to which nucleotide or protein sequences are 

related. The extent of similarity between two sequences can 
be based on percent sequence identity and/or conservation. 
In BLAST similarity refers to a positive matrix score. 

• Identity

The extent to which two (nucleotide or amino acid) sequences 
are invariant. 

• Homology

Similarity attributed to descent from a common ancestor. 

It is your responsibility as an informed bioinformatician to use 
these terms correctly: A sequence is either homologous or 
not.  Don’t use % with this term!
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Re-Format and/or Download 
your BLAST results
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Sorting BLAST by 
Taxonomy



6161



62

Distance Tree of Results

read more in 
context specific

help menus
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Rectangle: rectangular 
shaped rooted tree, where 
root is places in the 
longest edge

Slanted: similar to 
rectangle, but with 
triangular tree shape

Radial: un-rooted tree

Force: similar to radial, 
where nodes are pushed 
away from one another for 
better presentation.
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Nucleotide BLAST
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nt BLAST: New Output

AB168636

65
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Algorithm parameters: 
Nucleotide

blastn 

•Masks species-specific interspersed repeats 

•Essential for genomic query sequences 

•Prevents starting alignment in masked region 

•Allows extensions through masked regions 

Masks LC sequence (simple repeats) 
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Sortable Results

Pseudogene on 
Chromosome 9 Functional Gene on 

Chromosome 1

Separate 
Sections for 

Transcript and 
Genome
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Total Score: All Segments

Functional Gene 
Now First
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Default Sorting Order: Score
Longest exon usually first

Query start 
position

Exon order

Sorting in Exon Order
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Links to Map Viewer

Chromosome 1 Chromosome 9
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Recent and Saved 
Strategies

Login to My 
NCBI to 

save search 
strategies
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Genomic and Specialized 
BLAST pages



73

Service Addresses

•General Help  info@ncbi.nlm.nih.gov 

•BLAST   blast-help@ncbi.nlm.nih.gov 

Telephone support: 301- 496- 2475 
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PRACTICAL EXERCISE:  The Plasmodium Hsp86 Story

BLAST
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navigate to:
ncbi.nlm.nih.gov

Follow step-by-step instructions in 
handout and carry out BLAST searches

to complete the practical exerciseStep #2: search 
using Entrez

Let’s compare
our results

Step #4: search using 
blastn

Use BLAST to find hsp86 orthologues

I am studying the control of gene expression in P. falciparum and would like to use 
BLAST to determine whether the coding and intergenic regions of hsp86 

are conserved in P. berghei, P. yoelli, and P. vivax.

Step #3: search 
using tblastn
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Try some BLAST searches with 
your own sequence of interest…

Explore what happens when you 
change advanced parameters…
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Step #2 – Search using Entrez

• Use hsp86 to 
search Entrez

Download protein 
sequence

Assumes gene name is 
annotated already
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Step #3- tblastn against nr

• Translating BLAST 
programs (blastx, 
tblastn, tblastx)

Look for similar proteins

Identify potential homologs 
in other species
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Step #4 – tblastn for all Plasmodium

• Modify tblastn 
search strategy

Organism limits

Plasmodium (taxid:5820)
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Step #5 – blastn against wgs
• Most common use of 

blastn

Sequence identification

Establish whether an exact 
match for a sequence is already 
present in the database, may 
need to search additional 
datasets i.e., wgs

For highly similar sequences 
use megablast
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COMMON TASKS - Basic Search; Searching Sets of 
Sequences (multiple inputs; small custom databases); 

Primer Design

BLAST
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Open the Koop et al paper:

Get the Salmon sequences 
and carry out the BLAST 
searches

Search #1: Use multiple EST 
sequences as input query

use blastx

We’ll walk through 
this example together

Search #2: Use the hbaa1 
sequence as input, search against 
Salmon EST custom database

use blast2seq option with tblastn

Can you identify the ESTs? Is the hbaa1 gene present?

Salmon ESTs
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Searching with Multiple
Sequences as Input
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Results for:
pull down list
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Use BLAST 2 Sequences for
Searching against small 

custom databases

paste hbaa1 sequence

paste Salmon ESTs
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Search against small 
custom database
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BLAST tasks
• Basic BLAST

Hsp86 examples

• Batch BLAST searching

Use Salmon ESTs as input

• Search against a small custom database

Use BLAST 2 Sequences utility



96

Primer-BLAST
• NCBI’s Primer Designer and Specificity Checker
http://www.ncbi.nlm.nih.gov/tools/primer-blast/

offers integrated primer design 
with Primer3 & specificity check 
with custom BLAST
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Primer Design

• primer length (18-24nt) 

• primer Tm (>54oC)

• 3’ end (G or C)

• GC content (45-55%)

Balance:

Specificity - frequency of mispriming

Efficiency of Amplification - 2X increase

Consider:

General Concepts for PCR Primer Design.
Dieffenback CW, Lowe TMJ, Dveksler GS Genome Research 
3 (1993) S30-37 [PMID:8118394]

• primer dimers

• for cDNA - coding region; 
across intron/exon 
boundary
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Primer-BLAST input
designs primers specific to target template 

and unique in the target database

can specify primer sequence(s), desired 
product size, Tm ranges, Tm difference (can 

be used with or without template)
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Primer-BLAST Specificity

100

custom BLAST; focus on 3’ 
end to avoid mispriming

By default human sequences
are searched in specificity check
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Primer-BLAST Specificity
Four BLAST nucleotide databases available for searching

1. with refseq template, 
specific to splice variant

2. human, chimp, 
mouse, rat, cow, dog, 
chicken, zebrafish, fly, 
bee, Arabidopsis, rice

3. all NC_ (includes above) + 
other organisms, microbes

4. nr = database with widest 
coverage of organisms
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Primer-BLAST Advanced
Adjustable settings from Primer3
see Primer 3 Input Help:
http://fokker.wi.mit.edu/primer3/input-help-040.htm

Useful options specific 
to Primer-BLAST:
1. avoid regions that 
contain SNPs
2. avoid repetitive 
regions
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Primer-BLAST example
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enter NM_080911 
as template

use all default 
settings
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enter NM_080911 
as template

•Allow primer to 
amplify mRNA 
splice variants
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no template

use my own:
•forward primer
•reverse primer

•organism; specify 
primate

•database; specify 
nr
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Things you can do to maximize the chance of 
finding primers specific for your template.

• Use refseq accession or GI (rather than the raw DNA 
sequence) as template whenever possible. Even if you are only 
interested in part of the sequence, you can still use the accession or GI but you do 
need to specify the range (use forward primer "From" field for your sequence start 
position and reverse primer "To" field for your sequence stop position). The reason is 
that an accession or GI carries accurate information about its identity which allows 
primer-blast to better distinguish between intended template and off-targets.

• Choose a non-redundant database (such as refseq_rna or 
genome database). The nr database contains redundant entries which can 
interfere with the process of finding specific primers.

• Specify an organism for database search if you are only amplifying DNA 
from a specific organism. Searching all organisms will be much slower and off-target 
priming from other organisms are irrelevant. 
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Credits
• Materials for this presentation have been 

adapted with permission from the following 
NCBI HelpDesk course materials:

Field Guide Course Materials

Advanced Workshop for Bioinformatics Information 
Specialists

NCBI News

• NCBI BLAST

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
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MSA = Multiple Sequence Alignments

MSA
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Examples
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Multiple Sequence Alignment
      VTISCTGSSSNIGAG-NHVKWYQQLPG 

      VTISCTGTSSNIGS--ITVNWYQQLPG 

      LRLSCSSSGFIFSS--YAMYWVRQAPG 

      LSLTCTVSGTSFDD--YYSTWVRQPPG 

      PEVTCVVVDVSHEDPQVKFNWYVDG-- 

      ATLVCLISDFYPGA--VTVAWKADS-- 

      AALGCLVKDYFPEP--VTVSWNSG--- 

      VSLTCLVKGFYPSD--IAVEWESNG-- 
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Clustal 

• Thompson, J.D., Higgins, D.G. and Gibson, 
T.J. (1994)

• CLUSTAL W: improving the sensitivity of 
progressive multiple sequence alignment 
through sequence weighting, positions-
specific gap penalties and weight matrix 
choice.  

• Nucleic Acids Research, 22:4673-4680.
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Differences between CLUSTAL and BLAST?

• CLUSTAL

• global alignment method

- Align complete sequence

• Assumes homology

• Complex gap penalties

• Slower

• Align protein-protein or 
nucleotide-nucleotide only

BLAST

•local alignment method

- Search for HSP

•Test for homology

•Simple gap penalties

•Fast

•Translated searches
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CLUSTAL Algorithm Steps
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How does the Clustal 
algorithm actually 

work? 

117

Which sequences would be 
aligned first?
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Steps in a Multiple Sequence Alignment continued …
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Position Specific Gap Penalities

• There are two type of gap opening penalities: gap opening and gap 
extension

- Determined empirically by user

• Decrease penalties where gaps already occurs

• Increase penalties in adjacent positions to where gap already occurs

- Encourage extension of gaps in loop regions vs. introduction of new gaps

• Increase or decrease gap penalties according to amino acid type

- Increase penalties in stretches of hydrophobic residues

- Discourage the disruption of secondary structure elements
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Gap Penalties Example

hydrophilic
stretch

existing 
gap

Figure from Higgens et al, Methods in Enzymology 266: 383
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Standard Multiple Sequence 
Alignment Approach

• Be as sure as possible that the sequences 
included are homologous

• Know as much as possible about the gene/
protein in question before trying to create an 
alignment (secondary structure, domains etc..)

• Start with an automated alignment: preferably 
one that utilizes some evolutionary theory such 
as CLUSTAL
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http://www.ebi.ac.uk/Tools/clustalw2/index.html
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http://www.ebi.ac.uk/Tools/muscle/index.html
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http://www.ebi.ac.uk/Tools/t-coffee/index.html
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Standard Multiple Sequence 
Alignment Approach

Examine alignment: 

• Are you confident that aligned residues/bases 
evolved from a common ancestor?

• Are domains of the proteins/predicted 
secondary structures, etc. aligning correctly?

• Are most indels outside of known motifs or 
secondary structure?

•  No? May need to edit sequences and redo…
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The Take Home Message 
Why perform an MSA?

• Visualize trends between homologous 
sequences

- Shared regions of homology

- Regions unique to a sequence within a 
family

- Consensus sequence

• As the first step in a phylogenetic analysis
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The Take Home Message
How does one perform an MSA?

• By hand: too hard!

• Automated alignment: Fast, but doesn’t 
necessarily produce the “correct” 
alignment
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PRACTICAL EXERCISE: Comparing Sets of Protein 
Sequences

MSA
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download program and 
install

We’ll walk through 
install + do MSA #1 
together

MSA #1: Use example sequences 
to generate alignment

MSA #2: Use your own 
sequences

Install ClustalX on laptop Use ClustalX to generate MSA

Clustal

navigate to:
bioteach.ubc.ca/bioinfo2009

globin.txt



Open ClustalX 



Starting up ClustalX 

Name 

Window 

Sequence 

Window 

File: 

-Load sequences 

Edit: 

-Remove all gaps 

Alignment: 

-Do complete 

 alignment 

-Alignment 

 parameters 

Trees: 

-Bootstrapped NJ 

-Output format 

 options 



• Load the sequences 

–globin.pep 



Alignment > Do Complete Alignment 

also see: Alignment > Alignment Parameters 



Help 

see: Help > General 



Can you create a MSA for 
the Plasmodium hsp86 

protein sequences?
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Common Tools & Tricks of the Trade

Bioinformatics

bioteach.ubc.ca/bioinfo2009 

joanne@msl.ubc.ca 

1
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Module 3 Topics
• Genome Browsers, Accessing Genome 

Annotations.

• PRACTICAL EXERCISES, three different 
views of the BRCA1 gene 

• Discovering GEO, the Gene Expression 
Omnibus.

• Pathway Resources for Systems Biology

• Bioinformatics Links Directory, 
Conducting Research on the Web 
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Accessing Genome Annotations & 
PRACTICAL EXERCISE:   Three Different 

Views of the BRCA1 Gene

Genome Browsers



4February 2001: Completion of the Draft Human Genome
Public HGP Celera Genomics

April 14, 2003:

The Human Genome is co
mpleted – agai

n!October 2004 - present:

The Human Genome is now really finished!

The Human Genome Project
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Let’s Look at the Human Genome...

7
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Objectives
• By the end of this module:

You will be able to describe the following 
concepts: genome annotation, genome builds, and 
genome browsers.

You will view the genomic location that contains 
the BRCA1 gene in the human genome using three 
different genome browsers.

You will be able to compare and contrast the 
UCSC, Ensembl and MapViewer systems for 
visualizing genome information.
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Genome Browsers
• What is a Genome Browser?

- System for displaying, viewing, and accessing 
genome annotation data

• Genome annotations = knowledge attached to raw 
genome sequence.

- Annotation information comes from many 
different sources

Computational pipelines

Research groups

Databases 9
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Three different flavors 
of Genome Browsers:

• UCSC Genome Browser

http://genome.cse.ucsc.edu/

• Ensembl

http://www.ensembl.org/

• NCBI Map Viewer

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

10
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The underlying data is 
common for all three 
“flavors” of Genome 

Browsers.
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• NCBI, UCSC and Ensembl use the same 
human genome assembly that is generated by 
NCBI 

- release timing is different between sites. 

• Note the version of genome assembly to 
which you are referring

- available precomputed info and locations of 
features will be different between different 
assemblies. 
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Let’s compare the view of 
the BRCA1 gene in all 

three genome browsers.



Viewing the genomic region 
containing BRCA1

• Common 
features:
Coordinate system is based 
on the build

Zoom in and out

Annotations displayed – ie. 
Gene features 

• Major 
Differences:
Each Browser has a very 
different look and feel

Annotation information 
displayed differently

Different ways to navigate 
through the information

1414



15

http://genome.cse.ucsc.edu/

Click on
Genome 
Browser

link
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Search for 
BRCA1;

Note sample
queries
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The Search Results

• Many BRCA1 isoforms

All located on chr 17

same chr coordinates

different gene structures
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Tasks

• What genes are on either side of BRCA1 on 
chr 17?

• Can you figure out how to download the 
genomic sequence for the BRCA1 region?

• Can you figure the display to add/remove 
tracks that are (or are not) of interest to 
you?
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Zoom in
Zoom out

DNA link
Download 
Sequence
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Drop down controls
configure the data shown

in the image above
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http://www.ensembl.org/

Click on Human
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Click on 
ENSG00000012048
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click here to 
view genomic 

location

Gene Summary
Shows

you information
about the gene
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Tasks
• Explore the information presented in the 

Gene Summary views.  

- Can you figure out how to visualize the 
alternatively spliced isoforms for BRCA1? 

- What can you find out about known 
variations in this gene?

• Using the Location Based Displays, can you 
figure out how to download the genomic 
sequence for the BRCA1 region?
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The Splice Variants 
page shows

you information
about the 
transcripts
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Variation Data;
configure display to 

show more/less 
details



30

Export options 
available on all 

pages
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http://www.ncbi.nlm.nih.gov/mapview/

Two builds of human;
Note many genomes 

available
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Quick Filter
Gene
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Two tasks

• Can you figure out how to LinkOut to the 
OMIM and/or Homologene entries for 
BRCA1?

• Can you figure out how to download the 
genomic sequence for the BRCA1 region?
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LinkOut 
OMIM = disease
sv = sequence view
pr = protein record
dl = download
hm = Homologene
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Session 3.1 - Discovering GEO, the Gene 
Expression Omnibus.

Bioinformatics

38



Functional Genomics

basic research

drug target discovery

biomarker discovery

pharmacology & toxico-
genomics

clinical diagnosis - prognosis, 
diagnosis, & disease 
classification

gene regulatory networks

protein-DNA binding

 + more

39

• What kinds of questions can you ask with 
microarray data?
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Figure 1 | Schematized experimental process using a microarray.  Although the specific protocols 
differ, the microarray approach first involves isolating RNA or messenger RNA from appropriate biological 
samples, making the RNA (or a copy of it) fluorescent, hybridizing it to the microarray, washing off the excess 
and scanning the microarray under laser light. 

source: Butte, A Nature Reviews 2002
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Different 
Platforms

in situ oligonucleotide
single sample, absolute levels

spotted DNA/cDNA
two samples, relative levels
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Microarray Experiment

• Design 

• Collect

• Pre-Process 

• Analyze 

• Interpret

• Submit

• Publish 

Example = Normalization

Rate Limiting Step = What do 
these results actually mean?

Examples = Distance measures, data 
classification, clustering, + more
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Public Microarray Data

• The Gene Expression Omnibus (GEO)

repository/archive gene expression data

• data submitted by the research community in 
fulfillment of journal requirements

• this public data represents an untapped 
resource; potential discovery from existing 
data sets is at your fingertips
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GEO Database
Organized by:

Platform
Sample

Series/DataSet
Profile
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http://www.ncbi.nlm.nih.gov/geo/

45



Searching GEO
• Are you interested in a 

particular type of expt?

GEO DataSets

• Are you looking for your 
favorite gene?

GEO Profiles

46
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Data in GEO
>120,000 samples

>3.2 billion measurement
200+ organisms
from >2000 labs

freely available online
ftp downloads
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An Example
• Find microarray experiments that look at the 

expression of genes in cancer

You can use these GEO data mining tools for quick 
and easy identification of relevant & noteworthy data 
sets.  For serious analyses, you should download the 

data and use a microarray data analysis software suite.
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cancer

50
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How many “spotted DNA/cDNA” 
experiments explore cancer in humans?
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brca1

57
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• thumbnail image represents the abundance profile for an 
individual gene across each Sample in a DataSet

• bars at the bottom of the chart represent experimental 
subsets within the DataSet. 

• Red bar: measured level of abundance

• Blue square: indication of where the expression of that gene 
falls with respect to all other genes on that array
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A vs B Query Tool

• Purpose: To help identify gene profiles that 
display marked differences in expression level 
between two subsets of experimental factors 
(e.g. tissue, strain, time, dose, etc).

• Caveats: The "mean group A vs B" is 
perhaps the most rudimentary means of 
filtering data; t-test is well established but 
comes with a set of basic assumptions.

Take home message: GEO data analysis tools are great 
for quick identification of interesting leads; you download the 

data to carry out more robust statistical analyses

61
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A Simple Test
• Student’s t-test

- Assumptions: Normality, equal variance

62
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Using GEO for 
differential 
expression

http://www.ncbi.nlm.nih.gov/sites/GDSbrowser?acc=GDS2853
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GEO limitations

• Differential expression can only be done for 
“Datasets”(GDS****)

• T-tests only 

• Very little control over parameters 

• Output is not that easy to use
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Be careful with p < 0.05

• In GDS2853 example, 2912 genes met p<0.05

• This is 11% of the genes on the array 

• Expect 5% by chance (this is what p < 0.05 
means) 

• Probably ~1/2 of the selected 2912 are false 
positives

• This is the “multiple testing” problem
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Download 
Data Types

SOFT - text based
MiNiML* - xml based

*MIAME Notation in Markup Language

all GEO data are available for bulk download:
ftp://ftp.ncbi.nih.gov/pub/geo/DATA
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More Serious Tools
•  Free 

- R + Bioconductor

- TIGR MultiExperimentViewer (MeV) 

...

• Commerical 

- Genespring–ArrayAssist 

- Rosetta Resolver

...
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gene of interest
FABP3
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fabp3
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7171



7272
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Profile Neighbors

• Connects groups of genes that have similar 
expression profiles within a DataSet

- pre-computed

- calculated by Pearson correlation coefficients

Take home message: GEO data analysis tools are great 
for quick identification of interesting leads; you download the 

data to carry out more robust statistical analyses



Other Features
• Cluster Heat 

Maps
- precomputed sample and gene 

hierarchical cluster heat maps 
provided

- different methods available; 
can select, expand, download

• GEO BLAST
- retrieve gene expression 

profiles by sequence similarity

74
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GEO, the gene 
expression omnibus

• public repository of expression data from many 
different experimental platforms

• Main uses

search for experiments of interest

search for expression information about gene of 
interest

• submit, search, analyses tools available

• data standards required MIAME, MiNiML
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Credits & References
• NCBI GEO: mining tens of millions of 

expression profiles–database and tools 
update.  Barrett T, et al. Nucleic Acids Res. 
35 (2007) D760-5. [PMID: 17099226]

• GEO: the Gene Expression Omnibus

http://www.ncbi.nlm.nih.gov/projects/geo/info/
GEOHandoutFinal.pdf

• Dr. Paul Pavlidis, UBC Bioinformatics Centre
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Session 3.2 - Pathway Resources for Systems Biology

Bioinformatics

77
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Proteomics
• How large is the human proteome, anyway?

Non Redundant Proteins 20,000-25,000 representative protein from every 
gene locus

Variants 50,000-500,000 different proteins obtained by 
splicing or proteolysis

Combinatorial Variants >10,000,000 different proteins generated by 
somatic DNA rearrangements

Protein Species >100,000 proteins that differ in chemical 
composition due to PTM

Protein Alleles 75,000-150,000 proteins that differ by genetic 
variation (coding SNPs)

source: Uhlen M et al, Molecular & Cellular Proteomics (2005)
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Cellular Pathways

• A striking similarity between intracellular 
signaling pathways and the Tokyo subway 
system
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http://www.pathguide.org/
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Pathway Graphs

Node
Edge

Node

• In addition to describing the network 
topology, nodes and edges can each have 
their own attributes
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Systems Biology 
• Goals:

integrating diverse data types, pathways

cellular simulations

• Community approaches:

pathguide, pathway commons, cytoscape

• Open data exchange key to success
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Credits & References

• Dr. Gary Bader, DCCBR, UofT

 slides/images used with permission

• Cary MP, Bader GD, Sander C “Pathway 
Information for Systems Biology”, FEBS 
Letters (2005)
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Finding online tools & resources for Life 
Sciences research 

Bioinformatics Links 
Directory
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http://bioinformatics.ca/links_directory/
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