
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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mslguest

4myguest



Workshop Schedule

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

• wireless login

mslguest

4myguest
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Today’s Topics

• BLAST - Finding Function by Sequence Similarity

• GUIDED TOUR - Advanced Tips & Tricks for Using 
BLAST

• PRACTICAL EXERCISES - The Jurassic Park 
Detective Story

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

BLAST
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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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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". 

8



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:

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

• Questions?  Please contact:

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

15
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GUIDED TOUR:  Advanced Tips & Tricks for Using BLAST

BLAST
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http://blast.ncbi.nlm.nih.gov/

17
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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
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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?

19



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

20



Protein Databases: nr

• nr (non-redundant protein sequences) default

- GenBank CDS translations

- Refseq Proteins

- Outside Protein

- PIR, Swiss-Prot, PRF

- PDB (sequences from structures)

• pat protein patents

• env_nr environmental samples

Services
blastp
blastx

21



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
22



Nucleotide Databases: 
Traditional

Services
blastn
tblastn
tblastx
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Nucleotide Databases:
• nr (nt)  Traditional GenBank 

+ RefSeq nucleotides 

+ PDB sequences

• refseq_rna

• refseq_genomic NC_ 

• NCBI genomes

complete genomes 

+ chromosomes from RefSeq

• est  expressed sequence tags

- human + mouse, others

• htgs  high throughput genomic

- unfinished 

• gss genome survey sequence

- single-pass genomic data

• pdb protein data bank

- derived from 3D structures

• wgs

- whole genome shotgun

• env_nt

- environmental samples

Databases are mostly non-overlapping
24



http://blast.ncbi.nlm.nih.gov/

Program Selection
Guide

25
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231571
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Let’s look at
some of the 

options! 



Context Specific Help
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Limiting Database: 
Organism

Organism autocomplete
33



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
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Automatic Short 
Sequence Adjustment

e-value  

            200000
Word Size            2
Matrix
                PAM30
Gap Costs            -9, -1
Comp Stats 
        Off
Low Comp Filter   Off

37



38



39



A graphical view
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The BLAST hit list
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Re-Format and/or Download 
your BLAST results

42



BLAST Alignments

Identical match

positive score
(conservative)

Negative or zero

gap
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BLAST Alignments
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• 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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Sorting BLAST by 
Taxonomy

46
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Get&RID=VVH6PBD3011&FORMAT_OBJECT=TaxBlast&DESCRIPTIONS=100&ALIGNMENTS=100&FORMAT_BLOCK_ON_RESPAGE=Top&MASK_COLOR=1&MASK_CHAR=2
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Distance Tree of Results

read more in 
context specific

help menus

This distance tree is
based on BLAST pairwise

alignments 

≠ phylogenetic tree
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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.



50

Alignment of Multiple SequencesNew



COBALT

51

More details in Papadopoulos JS and 
Agarwala R, Bioinformatics 23:1073-79, 

2007 (PMID: 17332019)

BLAST results sent to

generates MSA

http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
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Phylogenetic Tree View - based on 
COBALT multiple alignment



Nucleotide BLAST
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Where is homolog located in human?

AB168636
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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

56



Total Score: All Segments

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

Sorting in Exon Order

58



Default Sorting Order: Score
Longest exon usually first

Query start 
position

Exons in order

Sorting in Exon Order
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Links to Genome View

Chromosome 1 Chromosome 960



Recent and Saved 
Strategies

Login to My 
NCBI to 

save search 
strategies
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Specialized BLAST pages
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Service Addresses

•General Help info@ncbi.nlm.nih.gov

•BLAST  blast-help@ncbi.nlm.nih.gov
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PRACTICAL EXERCISE:  The Jurassic Park Detective Story

BLAST
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navigate to:
bioteach.ubc.ca/bioinfo2010

Get the sequences from the 
webpage and carry out BLAST
searches

Search #1: 
Jurassic Park 
sequence

use blastn

Let’s compare
our results

Search #2:         
The Lost World 
sequence

use blastx

Can you identify the Dinosaur sequences?
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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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Search #1 - blastn against nr

• Most common use 
of blastn

✓Sequence identification

✓Establish whether an 
exact match for a 
sequence is already 
present in the database
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Search #2 - blastx against nr

• Translating BLAST 
programs (blastx, 
tblastn, tblastx)

✓Look for similar proteins

✓Identify potential homologs 
in other species
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Mark was here, NIH
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COMMON TASKS - Basic Search; Searching Sets of 
Sequences (multiple inputs; small custom databases); 

Primer Design

BLAST

71
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navigate to:
bioteach.ubc.ca/bioinfo2010

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?

73

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



78

BLAST tasks

Basic BLAST

✓ Jurassic Park examples

Batch BLAST searching

✓Use Salmon ESTs as input

Search against a small custom database

✓Use “Align two or more sequences”



Primer-BLAST
NCBI’s Primer Designer and Specificity Checker

79

http://www.ncbi.nlm.nih.gov/tools/primer-blast/

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

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Primer Design

• primer length (18-24nt) 

• primer Tm (>54oC)

• 3’ end (G or C)

• GC content (45-55%)

• primer dimers

• for cDNA - coding 
region; across intron/
exon boundary

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-BLAST input

82

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)



Primer-BLAST Specificity
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custom BLAST; focus on 3’ 
end to avoid mispriming

By default human sequences
are searched in specificity check



Primer-BLAST Specificity

84

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



Primer-BLAST Advanced

85

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

http://fokker.wi.mit.edu/primer3/input-help-040.htm
http://fokker.wi.mit.edu/primer3/input-help-040.htm


Primer-BLAST example

86

Task #1: Use Primer BLAST to design primers speci5ic to the 
UNG1 splice variant, NM_003362.
Task #2: Use Primer BLAST to design primers speci5ic to the 
UNG2 splice variant, NM_080911.
Task #3: Carry out a speci5icity check for one of your primer 
pairs.  Will this primer pair (designed against the human 
UNG2 transcript, for example) also amplify transcripts from 
other primate species?



Task #1: Use Primer BLAST to design primers that 
will identify the UNG1 splice variant.

87

enter NM_003362 
as template

use all default 
settings



Task #2: Use Primer BLAST to design primers 
speci5ic to the UNG2 splice variant, NM_080911.
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enter NM_080911 
as template

use all default 
settings



Task #3: Carry out a speci5icity check for one of your 
primer pairs from Task #2.  Will this primer pair 
(designed against the human UNG2 transcript) also 
amplify transcripts from other primate species?

89

no template

use my own:
forward primer
reverse primer

organism; 
specify primate

database; 
specify nr



Things you can do to maximize the chance of 
finding primers specific for your template.

90

• 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. 



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

91
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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--

The sole purpose of 
multiple sequence 

alignments is to place 
homologous 
positions of 
homologous 

sequences into the 
same column.
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Differences between MSA and BLAST?

MSA

• global alignment method

- Align complete sequence

• Assumes homology

• Complex gap penalties

• Slower

• Align protein-protein or 
nucleotide-nucleotide only

96

BLAST

• local alignment method

- Search for HSP

• Test for homology

• Simple gap penalties

• Fast

• Translated searches



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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CLUSTAL Algorithm Steps
1. Pairwise alignment of each sequence pair

• Number of comparisons depends on how many 
sequences

2. Compute distance matrix

• Percent non-identity between each alignment pair

• Lower distance means more similar

3. Construct a sequence similarity tree

• Cluster sequences according to distance (similarity)

4. Progressive alignment of sequences according to a 
tree

98



How does the Clustal 
algorithm actually 

work? 

99

Which sequences would be 
aligned first?



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
101



Gap Penalties Example

102

hydrophilic
stretch

existing 
gap

Figure from Higgens et al, Methods in Enzymology 266: 383



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

103

Which MSA tool/method should you use?



Comparing MSA Tools - Performance of 
aligning core regions on various benchmarks
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Tool BenchmarkBenchmarkBenchmark Time
1 2 3 4 5

ProbCons 86.41 82.03 83.92 71.64 49.59 61h31
PCMA 85.75 80.37 90.01 69.76 46.27 11h57

MUSCLE 82.35 80.92 43.22 67.81 45.38 2h22
ClustalW 75.37 80.23 13.62 61.70 43.56 2h25
COBALT 84.44 84.40 88.13 67.05 50.50 8h54

% of letters aligned in reference alignment that 
are also aligned in the computed alignment

adapted from Papadopoulos 2007 Bioinformatics



http://www.ebi.ac.uk/Tools/clustalw2/index.html
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http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
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COBALT
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More details in Papadopoulos JS and 
Agarwala R, Bioinformatics 23:1073-79, 

2007 (PMID: 17332019)

BLAST results sent to

generates MSA

http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
http://www.ncbi.nlm.nih.gov/pubmed/17332019
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Phylogenetic Tree View - based on 
COBALT multiple alignment



http://www.ebi.ac.uk/Tools/muscle/index.html
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http://www.ebi.ac.uk/Tools/muscle/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

110



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

• Developing methods of MSA is an active 
area of research

Best approach = Automated alignment 
with manual editing

111



PRACTICAL EXERCISE: Comparing Sets of Protein 
Sequences

MSA

112



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

113

Use ClustalX to generate MSA

Clustal

navigate to:
bioteach.ubc.ca/bioinfo2010

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



Genome Browsers
GEO - gene expression omnibus

Pathway Resources for Systems Biology

Let’s start at 9:30am

joanne@msl.ubc.ca
119


