
Workshop 2:
Genome Browsers and BLAST

JdK

Programming Lesson Agenda:

Basic programming concept review

Iteration (loops)

Conditionals (If...else)

Arrays (a data structure for ordered lists)

Review

Assignment



Programming Philosophy

Programming is problem solving

The computer will do what you say
not what you mean: be careful

"The Hacker Attitude"
1. The world is full of fascinating problems waiting to be solved.
2. No problem should ever have to be solved twice.
3. Boredom and drudgery are evil.
4. Freedom is good.
5. Attitude is no substitute for competence.

From "How to be a Hacker"
http://catb.org/~esr/faqs/hacker-howto.html

exe cute_kitten.pl
vs. execute kitten please

Avoid.

# Code block example
{ 

Code goes here;
More code;
etc;

}

Code blocks (logical groups of statements) are usually 
indented for readability.

Comments are essential for 
readability and good style.  In 
Perl, they begin with a ‘#’ and 
go until the end of a line.

Statements are terminated 
with a semi-colon.

Programming Conventions



Programming Conventions

$myVariable = 3;      # Bad: uninformative
$x = 3;               # Bad (see above)
$numberOfContigs = 3; # Good!

Variables should be given reasonably informative 
names as much as possible

Several common ways to increment and decrement 
variables (such as counters):

$count = $count + 1;
$count += 1;
$count++;

$count = $count - 1;
$count -= 1;
$count--;

Universal Programming Constructs

Iteration (loops)
while (condition) { do this! }
for (initialize; terminate; 
iterate) { do this! }

if (condition) { do this! } 
elsif (other condition) { do this!} 
else { do this! }

Conditionals (if..else)

There are others, but these are the most important.



Equivalent loops

$i = 1;
while ( $i <= 10 ) {

print “Loop iteration $i\n”;
$i++;

}

for ( $i = 1; $i <= 10; $i++ ) {
print “Loop iteration $i\n”;

}

Version 1:

Version 2:

For loops can often be expressed very compactly...

Output of equivalent loops:

Loop iteration 1
Loop iteration 2
Loop iteration 3
Loop iteration 4
Loop iteration 5
Loop iteration 6
Loop iteration 7
Loop iteration 8
Loop iteration 9
Loop iteration 10



Universal Programming Constructs

Iteration (loops)
while (condition) { do this! }
for (initialize; terminate; 
iterate) { do this! }

if (condition) { do this! } 
elsif (other condition) { do this!} 
else { do this! }

Conditionals (if..else)

There are others, but these are the most important.

Aside: assignment and comparison
are not the same

Assignment: give a new value to $x
$x = 5;

Comparison: is $x equal to some value?
if ($x == 5) ...

‘=’ is the assignment operator

‘==’ is the comparison operator

Mixing these up is a very common beginner’s mistake.



if ( $userChoice == 1 ) {
# Do something

} elsif ( $userChoice == 2 ) {
# Do something different

} else {
print “User did something dumb!\n”;

}

A conditional construct:

Conditionals allow you to change program flow in 
response to different conditions.

Arrays
An array is a general data structure containing an 
ordered list 

In Perl, an array is signified with an ‘@’:

@myArray = ( 11, 4, 3, 6, 2, 9 );

(Arrays are the first data structure we’ve considered.)

Offset: +0 +1 +2 +3 +4 +5

11 4 3 6 2 9

Note: offsets start at zero

$myArray[0] $myArray[3]



You can access any element in an array by referring 
to its offset (or relative address)

print “$myArray[2]\n”;

3

$myArray[2] = 99;

You can similarly assign new values to elements of 
the array...

Offset: +0 +1 +2 +3 +4 +5

11 4 99 6 2 9

Arrays

In Perl, arrays can be any size you want

There are several ways to get the current size of an 
array (i.e., the number of elements it stores):

# Method 1: Set a scalar equal to the array
$arraySize = @myArray;

# Method 2: Use the ‘$#’ operator
$arraySize = $#myArray + 1;

Arrays

I donÕt know why you have to do 
it this way...itÕs not my fault.



@theNumbers = ( 5, 23, -2, 16, 90, 0 );
$arraySize = @theNumbers;

# Init a variable to the smallest possible value
$currentLargest = -9999999999999;

# Iterate thru the array...
for ( $i = 0; $i < $arraySize; $i++ ) {
if ( $theNumbers[$i] > $currentLargest ) {
$currentLargest = $theNumbers[$i];

}
}

# Output the result
print “The largest is $currentLargest\n”;

Review: Find the largest number...

Programming Assignment #1
a)  Write a Perl script to find the 

smallest number in the following list:
( -0.2, 22, 16, 1, 0, -29, 56, 0.1)

b)  Review the concepts we’ve covered 
so far and make sure you’re 

comfortable with them.  Practice, 
practice, practice!
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Having a BLAST with bioinformatics (and avoiding BLASTphemy)
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Abstract

Searching for similarities between biological sequences is the principal means by which bioinformatics
contributes to our understanding of biology. Of the various informatics tools developed to accomplish
this task, the most widely used is BLAST, the basic local alignment search tool. This article discusses
the principles, workings, applications and potential pitfalls of BLAST, focusing on the implementation
developed at the National Center for Biotechnology Information.

Published: 27 September 2001
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The electronic version of this article is the complete one and can be
found online at http://genomebiology.com/2001/2/10/reviews/2002

© BioMed Central Ltd (Print ISSN 1465-6906; Online ISSN 1465-6914)

Similarity searching, including sequence comparison, is one
of the principal techniques used by computational biologists
and has found widespread use among biologists in general.
The most popular tool for this purpose is BLAST (basic local
alignment search tool) [1], which performs comparisons
between pairs of sequences, searching for regions of local
similarity. In the 11 years since its publication, the original
paper describing BLAST [1] has been cited over 12,000
times, and use of BLAST has become a fundamental tool of
biology. It is therefore important to know how it works and
what it accomplishes, how to use it properly and how to

interpret someone elseÕs published results (see Box 1). Today
there are several implementations of the BLAST algorithm,
with two that share a common ancestry - NCBI BLAST and
WU-BLAST - enjoying the broadest use. NCBI BLAST is
available from the National Center for Biotechnology Infor-
mation (NCBI) [2], while WU-BLAST is available from
Washington University in St. Louis [3]. This article discusses
the principles, workings, applications and potential pitfalls
of BLAST, focusing on the NCBI version. Further details can
be found in several excellent resources [4-8], and additional
BLAST-based programs are listed in Table 1.

Table 1 

BLAST programs

Program Query sequence type Target sequence type

BLASTP Protein Protein Compares an amino acid query sequence against a protein sequence database

BLASTN Nucleotide Nucleotide Compares a nucleotide query sequence against a nucleotide sequence database

BLASTX Nucleotide (translated) Protein Compares a nucleotide query sequence translated in all reading frames against a 
protein sequence database

TBLASTN Protein Nucleotide (translated) Compares a protein query sequence against a nucleotide sequence database
dynamically translated in all reading frames

TBLASTX Nucleotide (translated) Nucleotide (translated) Compares the six-frame translations of a nucleotide query sequence against the 
six-frame translations of a nucleotide sequence database



http://genomebiology.com/2001/2/10/reviews/2002.1

com
m

ent
review

s
reports

deposited research
interactions

inform
ation

refereed research

Tutorial
Having a BLAST with bioinformatics (and avoiding BLASTphemy)
Alexander Pertsemlidis and John W Fondon III

Address: Eugene McDermott Center for Human Growth and Development, University of Texas Southwestern Medical Center, Dallas, 
TX 75390-8591, USA.

Correspondence: Alexander Pertsemlidis. E-mail: Alexander.Pertsemlidis@UTSouthwestern.edu

Abstract

Searching for similarities between biological sequences is the principal means by which bioinformatics
contributes to our understanding of biology. Of the various informatics tools developed to accomplish
this task, the most widely used is BLAST, the basic local alignment search tool. This article discusses
the principles, workings, applications and potential pitfalls of BLAST, focusing on the implementation
developed at the National Center for Biotechnology Information.

Published: 27 September 2001

GenomeBiology 2001, 2(10) :reviews2002.1–2002.10

The electronic version of this article is the complete one and can be
found online at http://genomebiology.com/2001/2/10/reviews/2002

© BioMed Central Ltd (Print ISSN 1465-6906; Online ISSN 1465-6914)

Similarity searching, including sequence comparison, is one
of the principal techniques used by computational biologists
and has found widespread use among biologists in general.
The most popular tool for this purpose is BLAST (basic local
alignment search tool) [1], which performs comparisons
between pairs of sequences, searching for regions of local
similarity. In the 11 years since its publication, the original
paper describing BLAST [1] has been cited over 12,000
times, and use of BLAST has become a fundamental tool of
biology. It is therefore important to know how it works and
what it accomplishes, how to use it properly and how to

interpret someone elseÕs published results (see Box 1). Today
there are several implementations of the BLAST algorithm,
with two that share a common ancestry - NCBI BLAST and
WU-BLAST - enjoying the broadest use. NCBI BLAST is
available from the National Center for Biotechnology Infor-
mation (NCBI) [2], while WU-BLAST is available from
Washington University in St. Louis [3]. This article discusses
the principles, workings, applications and potential pitfalls
of BLAST, focusing on the NCBI version. Further details can
be found in several excellent resources [4-8], and additional
BLAST-based programs are listed in Table 1.

Table 1 

BLAST programs

Program Query sequence type Target sequence type

BLASTP Protein Protein Compares an amino acid query sequence against a protein sequence database

BLASTN Nucleotide Nucleotide Compares a nucleotide query sequence against a nucleotide sequence database

BLASTX Nucleotide (translated) Protein Compares a nucleotide query sequence translated in all reading frames against a 
protein sequence database

TBLASTN Protein Nucleotide (translated) Compares a protein query sequence against a nucleotide sequence database
dynamically translated in all reading frames

TBLASTX Nucleotide (translated) Nucleotide (translated) Compares the six-frame translations of a nucleotide query sequence against the 
six-frame translations of a nucleotide sequence database

Flavors of Basic Local Alignment Search 
Tool (and friends):

For relatively closely-related (or identical) sequences, there is also:
MegaBLAST:  http://www.ncbi.nlm.nih.gov/blast/megablast.shtml

Discontiguous MegaBLAST: http://www.ncbi.nlm.nih.gov/blast/discontiguous.shtml

BLAT (Blast-like alignment tool, Jim Kent/UCSC)

For distantly-related (protein) sequences:
PSI-BLAST / Phi-BLAST (using position-specific profiles)
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html

Terminology: ‘Sequence similarity’ is 
not the same as ‘homology’

Human
Macaque
Mouse
Frog

ATG CGA AAC TCA GGC CGA TTT
ATG CGC AAC TCA GGC CGA TTT 
ATG CGA ATC CCT --- CAT TTC 
ATG TGA TAG TCA GGC CGT TCC 

Homology is a logical 
statement of evolutionary 
relationship.

--
96%

68%

47% 

Identity to human:

Sequence similarity is a 
quantitative measure of similarity 
that may or may not be due to 
shared ancestry.

We will discuss types of homology, and how to resolve them 
using phylogenetic analysis, in a later session.



Homology:
Orthologs versus Paralogs

Human A
Macaque A
Mouse A
Frog A

Gene A Gene B
Human B1
Macaque B1
Human B2
Macaque B2
Mouse B
Frog B

Orthologs are related by 
speciation events (or are 
‘the same gene’ in 
different species)

Paralogs are related by gene or 
genome duplication events.

Gene duplication

Genome Browsers



PDFs can be downloaded from the course website:

“Genomics made easier: an introductory tutorial to 
genomic datamining.”  (Schattner, 2009.  Genomics)

“The UCSC Genome Browser: what every molecular 
biologist should know.”  (Mangan et al., 2009.  Current 
Protocols in Molecular Biology)

“Ensembl 2009” (Hubbard et al., 2008.  NAR)

“The UCSC genome browser database: update 
2010” (Rhead et al., 2009.  NAR)

Some Optional Background Readings 
(Including Tutorials)

The Good:

Effective sequence display of genome assemblies, cross-
species comparisons
Display of sequence-anchored annotation tracks (e.g., 
known genes, predicted genes, repeat elements, ESTs, 
CpG islands, assembly gaps and coverage, homologies)
Rapid alignment of your sequences to any genome 
assembly, comparison with annotation tracks (using BLAT)

The Less Good:
Web-based queries to the underlying annotation database 
require detailed knowledge of database schema
Retrieval of bulk sequence downloads 

The UCSC Browser
http://genome.ucsc.edu



Demo UCSC Browser
Default display for human genome

Turning on/off different track views

Generate PDF of display

The Good:

Organization of gene families, genes, transcripts, 
exons and introns into well annotated, standardized 
sets with Ensembl IDs
Excellent comparative database based on careful 
assignment of orthology among protein-coding genes 
of different species
Perl programmers can directly access rich Ensembl 
annotation data through an Application Programming 
Interface (Perl API), without knowing much about the 
underlying database structure
BioMart: easy web-based bulk download ‘mart’

The EnsEMBL Browser
http://www.ensembl.org



The EnsEMBL Browser
http://www.ensembl.org

The Less Good:

Display of sequence and annotation information
No straightforward mechanism for viewing your own 
sequences or annotations to the browser

EnsEMBL IDs
For human, IDs start with ENS (for Ensembl) followed by:

ENSG… Gene
ENST… Transcript
ENSE… Exon
ENSP… Protein
Followed by a stable 11-digit number

For species other than human, a three-letter sequence 
follows ‘ENS’

e.g., mouse (Mus musculus):
ENSMUSG… Mouse Gene
ENSMUST… Mouse Transcript
ENSMUSE… Mouse Exon
ENSMUSP… Mouse Protein

A handy gene ID converter for human, mouse, rat is here:
http://idconverter.bioinfo.cnio.es/IDconverter.php



Demo EnsEMBL Browser
Display mammalian species list

Display BioMart interface

(You will explore both of these in 
the exercise)

1.Programming assignment #1

2.Data retrieval assignment #1 (requires 
web browser only)
a) UCSC browser exercise 
b) EnsEMBL data retrieval example
c) BioMart Walkthrough

Hand in answers to all questions.

Assignments (due next week):


