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Goals for today

« Introduce major concepts in programming

« Understand the fundamental parts of a Perl
program

« Discover the powerful attributes of Perl
programming
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Outline

« Important concepts to know before
earning to program
« Live ‘ensemble’ programming session

— Hands-on instruction to learn the
fundamentals

— Learn by doing

— Preparation for tomorrow i
« Question and answer

- _= &
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Why program?

« Programming a computer provides:

— Accuracy
« Reduce human error
— Speed and efficiency
« Processing the human genome manually is impossible
« Adding all numbers from 1..1000 is a waste of our time
— Repetition

« Same program can be run many times using different
input data

— Automation
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When not to program

« There is already a program available that will
perform your task

« Look before you code

AF N
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Anatomy of a computer

filing cabinet

CPU

brain of the
computer

on your desk

..,
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Before you start...

o First need a task

— One or more steps that process input to produce
some desired output
« Adding 2 numbers
 Aligning 2 sequences

« Break down steps of the task into a set of
Instructions the computer can understand

. "
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Anatomy of a program

Input m

Data Steps encoded in a Results — readable
programming language by you or another
program

3,4 Sum 7
GAGCAGACACGITTTTGGTGGITTT Align IG|0\|Ci0\CG|'I' il'il’ﬁl'lGG iI'|G|G|'I' |T|T|T
GAGCAGACATTTTTTGATTCTGGTTTT GACAT- TTTTTGATTCTGGITTT

L] '..,'
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Programming language

£ e

@ o'’
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Programming language

£ e
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Programming language

e -

code
Perl interpreter

Perl language

. - -."".
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Programming language

« Computers only understand machine language

« Need a way to translate our instructions into
machine language
« Mediated by programming languages

— Computers do not understand programming
languages either!

« Need compilers & interpreters (translators)

« Commonly used programming languages
— C/C++, Java, Perl

",
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Programming nuts & bolts

« A computable task

— Does it make sense to create a program to solve
my problem?

o Text Editor

— A program that allows you to save text files
« Emacs (unix), vi (unix), gedit (unix), notepad (Windows)

« Compiler/Interpreter
— gcc (O), javac (Java), perl (Perl)

YL
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What i1s Perl?

e ractical = xtraction and “eport ._anguage
— “PERL saved the human genome project”

« An Interpreted programming language
optimized for scanning text files and extracting
Information from them

« Combines the best features of sed, awk, C, sh,
csh, grep and more

",
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Introduction to Perl

o Perl

— TMTOWTDI — There’s more than one way to do it
« The Perl mantra

— Flexible, ‘forgiving’ language
« Easy to learn for non-programmers

— Sophisticated Regular Expression tools

« Pattern matching text
« Powerful for manipulation of text files

— Object Oriented (sort of)
— Can do almost anything, anywhere

YL
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Bioinformatics & Perl

« Some advantages for bioinformatics

— It Is easy to process and manipulate biological
sequences
« sequence data = text!

— easy to run a program that controls and runs other
programs

— many problems can be solved in far fewer lines of
Perl code than C or Java
« Good for rapid prototyping in a research environment

— dynamic web
« Bioperl, Ensembl, GMod & GBrowse

Lecture 5.1 17
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First Perl program

#! [ usr/ bi n/ per | Path to the Perl
nterpreter

#This Is a very sinple programthat prints

#Perl 1s ny friend” to the screen Cdmments get
—1gnored by the

nterpreter

#Print “Perl is ny friend” foll owed by a new
#line to the screen

pri nt Perl is ny friend\n ) \. All statements must be
syntactically correct
Statements are the (eg semi-colon)
Instructions of your
program
we T
Lecture 5.1 O 18
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Parts of a Perl program

 Interpreter line

— This tells the operating system where the Perl interpreter is sitting
— Every Perl program must have this line

« Comments

— Lines that begin with ‘#’ that are ignored by the interpreter
— Used to document the program

— Extremely important in deciphering what the statements in the
program are supposed to do

o Statements

— Instructions of the program
— Follow a strict syntax that must be learned by the programmer
— lll-formatted statements will prevent your program from running

@ o'’
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Interactive Presentation

« Hands-on learning

« Concepts introduced first through definitions and
examples with Sohrab

« Learn through real-time programming with Sanja
« Files have been created for you with comments
« You will fill in the code

« Ask questions

..,
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Print statement

« Print statements let you output information to
the screen

« Can give print a list of items to print,
separated by commas
print “this”, “ and that”, “\n”;

. _E
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Steps to create and run a Perl program

Change into “perl_one” directory
—cd perl _one

Open file “programl.pl” in text editor
—gedit

Write and save your program
Change the permissions

— chnod u+x programnl. pl

Run it!

— ./ programl. pl

.
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Programl

« Task
— print something to the screen

o Concepts
— structure of a program
— perl interpreter line
— comments
— Statements

- _= &
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Ccommon errors

‘Command not found’

— Did you include “./’ ?

‘... bad Interpreter: No such file or directory’
— Is the Perl interpreter line correctly formatted?

‘Can't find string terminator "' anywhere before
EOF’

— Did you close the guotation marks?
Did you remember the semi-colon?

- .".
Lecture 5.1 il
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How does Perl represent data?

 Most data we will encounter iIs the form of
numbers or strings (text)

— These are known as scalars

« Numbers
— Integers, real, binary...
e Strings

— Any text including special characters enclosed in single
or double quotes

.
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Lecture 5.1

Numbers

3.14159
-0.00004

3.04E15 - ..

@ o'’
@
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Strings

“This Is a string”

‘This is also a string’

“ACGACTACGACTAGCATCAGCATCAG”

. "
Lecture 5.1 i

bioinformatics.

27



Special characters for strings

Strings can contain special characters for things like tab
and newline

These characters need to be escaped with a backslash

— \t means tab
— \n means newline

These characters do not get interpreted inside single
guotes

“There is a newine \n here”
“Put a tab\t here”

‘ X
|s there a \t tab here~ No tab because \t
will not be

interpreted inside

PO single quotes Ja

Lecture 5.1
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Programl cont’'d

« Task
— print out different strings to the screen

o Concepts
— strings, special characters

- _= &
Lecture 5.1 el
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Variables: how to store data in memory

« A variable is a ‘container’ that lets you store data

« Every variable has a name that acts as a label on
the data it is storing

— Variable names begin with a dollar sign followed by an
alphanumeric name that my contain underscores
« First character after the dollar sign must be a letter
« $x, $this variable, SDNA, $DNA2

o To store information in a variable, use the
assignment operator ‘=*

Lecture 5.1 30
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Lecture 5.1

Variables in action

$nmyNunber = 7;

Assignment
operator

/

myNumber

.
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Arithmetic operators — how Perl does

Lecture 5.1

math

Addition

Subtraction

Multiplication

Division

%

Modulus

**

Exponentiation

0

Grouping

® "

bioinformatics.
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Lecture 5.1

Using arithmetic operators
$sum = 3 + 4;

$di fference = 4 — 3;

$pr oduct

$quot i ent

$nod =
$power
$t ot al

A4

= 4 * 3;
=4/ 3

% 3;

4** 3:
(4+3) *4-8;

@ o'’

bioinformatics.

.

Precedence
ollows rules of
arithmetic
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Increment/Decrement

« Other handy operators on integer variables
$var = 1;
$var ++; # $var now equals 2
$var--; # $var now equal s 1

»_" &
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Variable interpolation

« Substituting the name of a variable for its value
In a double-quoted string

« Useful for printing out the value of a variable

$nyVari able = 7;
print “The value of ny variable is: $nyVariabl e\n”;

The value of ny variable is: 7
Variables only get

interpolated |n§|de
double-quote

strings

@ o'’

Lecture 5.1 35

bioinformatics.



Variable interpolation

« What about variables inside single-quoted strings?

$nyVari able = 7;
print ‘The value of ny variable is: $nyVariable\n’;

The value of ny variable is: $nyVari abl e

Variables do ot
get interpolated

.. inside single}
Lecture 5.1 .' S quoted strings 36
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Program?2

e« Task

— use numerical operators
— print interpolated variables to the screen

« Concepts
— using numerical operators
— variable interpolation

YL
Lecture 5.1 b
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Program?2 - Functions

e print ITEML, ITEMZ2, ITEMS3, ...

— Prints a list of variables, numbers, strings to the
screen

— The list might only contain one item

. "
Lecture 5.1 i
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Variables can also store strings

$myString = “ACGI”:
myString
Lecture 5.1 ® """

bioinformatics.
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The value of a variable can be changed

$nyString = “ACGI”;
$nyString = “ACAJ ;

! ! llACGUI’

myString
\ariables are so hamed
because they can take on
different values.
L
Lecture 5.1 i
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String operators

« Strings, like numbers also have operators
« Concatenation is done with ‘.’

The dot operator
$exonl = “ATGIGG ; stitches strings to the
left and right of it
$exon2 = “TTGIGA"; togethelr into a new
strifg

$MRNA = $exonl . $exon2;
print “The 2 exon transcript is: $mRNA \n”;

The 2 exon transcript is: ATGIGGTITGIGA

- _= &
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String operators

« How do | find the length of my string?
« Perl provides a useful function called...l engt h

\ We'lT go into
$DNA = “ACGIG; unctions in more

$SGQLengt h = | engt h ($DNA) : detail later on

print “my sequence is $segLength residues |[ong\n”;

my sequence is 5 residues | ong

. _E
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String operators

« How do | extract a substring (part of) of a

string?

o« Use the subst r function

$l ongDNA = “ ACGACTAGCATGCATCGACTACGACTACGATCAGCATCGACTACGT TTTAGCATCA”

$short DNA = substr ($l ongDNA, O,

print “The first 10 residues of

String from which
to extract the

substring

10);

ny sequ

Start from this
position — Perl

ce are:

$shor t DNA\ n” ;

Length of the
substring

—

startscounting
from O

The first 10 residues of ny se

Lecture 5.1
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String operators

« How do you find the position of a given substring

In a string?

— Find the position of the first ambiguous “N” residue In

a DNA seqguence

e This can be done with t

$DNA = “ AGGNCCT”;
$position = index ($

print “N found at position:

N found at position:

Lecture 5.1

ne | ndex function

string
to search /J&subString to
" , search for
, “N)

$position\n”;

ndev—+ratitrrneo—31—if
IGeXtetthnS—=11t

3 ~— f

Perl starts

coy
. _"

nting from O

string is not found

.- . *T,

bioinformatics.
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Program 3

e« Task

— concatenate two strings together and calculate the
new string’s length

— extract a substring from the new string

« Concepts
— string operators and functions

@ o'’
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Functions in Program3

« STRING1 . STRING?2
— concatenate two strings

« length (VARIABLENAME)
— returns the length of a string

« substr (VARIABLENAME, START, LENGTH)

— returns a substring from VARIABLENAME starting
at position START with length LENGTH

@ o'’
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Variables - recap

o Variables are containers to store data in the
memory of your program

« Variables have a name and a value
« The value of a variable can change

« In Perl, variables starts with a ‘$’ and values
are given to it with the ‘= operator

.
Lecture 5.1 ." v 47
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/O 2: Inputting data into variables

So far we have ‘hard coded’ our data in our programs
Sometimes we want to get input from the user

This i1s done with the ‘<>’ operator
— <STDIN> can be used interchangeably

This allows your program to interact with the user and store
data typed in on the keyboard

$i nput = <>
print “You typed $input\n”;

Lecture 5.1 el 48
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/O 2: Inputting data into variables

o Extra newline character?

« When using <>, the new line character is
iIncluded In the input

« You can remove it by calling chonmp

$i nput = <>;
chonmp ($i nput) ;
print “$input was typed\n”;

. "
Lecture 5.1 i
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Program4

e« Task

— get a users name and age and print their age in
days to the screen

o Concept
— getting input from the user

YL
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Program4

o <>
— get input from the keyboard

. chomp (VARIABLENAME)

— removes the newline character from the end of a
string

YL
Lecture 5.1 b
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Arrays

« Arrays are designed to store more than one item in
a single variable

« An ordered list of data
(1, 2, 3, 4, 5)
(“ Mon”, " Tues”, ° Wed” o Thur s” o Fr i ")
($genel, $gene2, .)

« Array variables start with ‘@’
@wyNunbers = (1, 2, 3, 4, 5);
@rwyCGenes = (“genel”, “gene?2’, “geneld”);

»_" &
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@wyNunmbers = (“one", "two","three","four");

Arrays

/

1 2

3

Lecture 5.1

Individual items in the array are indexed
starting from O

Qg **
L
bioinformaticS.ca
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Array operators — [ |

« Accessing the individual elements of an array
IS done with the square brackets operator — [ |

@ryNunbers = (“one”,”two”,"three”,”four”);
$el enent = $nyNunber s[ 0] ;

print “The first element is: $el enment\n”;

When Gsing the [] operator When using the [] operator, the
to acgess an element, the index-of the-etement youwant—
“‘@¢hanges to a ‘$’ because goes in the brackets

elements are scalars

The first elenent is: one

® "
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Array functions - scalar

« How do | know how many elements are in my
array?

o use the scal ar function

@wyNunmbers = (“one”,”two”,"three”,”four”);
$nunkl enents = scal ar (@wyNunbers) ;

print “There are $nuntl enents elenents in nmy array\n”;

There are 4 elenents in ny array

»_" &
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Array functions - reverse

 You can reverse the order of the elements In
an array with r ever se

@ryNunbers = (“one”,"two”,"three”,”four”);
@ackwards = reverse( @yNunbers) ;

print “@ackwards\n”;

four three two one

- _= &
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Programs

o Task
— create an array and access its elements

o Concepts
— declaring an array
— square bracket operator
— array functions
— array variable interpolation

YL
Lecture 5.1 b
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Programs

. $ARRAYNAME[ INDEX]

— accesses individual element of the array indexed
by INDEX

 remember indexes start from O
— precede ARRAYNAME with ‘$’

« scalar (ARRAYNAME)
— returns the number of elements in the array

YL
Lecture 5.1 el
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Arrays - recap

« Arrays are used to store lists of data

« Array names begin with ‘@’

 Individual elements are indexed and can be
accessed with the square bracket operator
— use ‘%’ for the variable name!

« Numerous functions exist to manipulate data
In arrays

..,
Lecture 5.1 i 59
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Control structures

Programs do not necessarily run

linearly
statement 1

|

statement 2

|

statement 3

|

end

Lecture 5.1

statement 1

true false

statement 2 statement 3

~ 7

end
&% 60
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Conditional expressions

« Perl allows us to program conditional paths
through the program
— Based on whether a condition is true, do this or
that

 |Is condition true? => conditional expression

« Most often conditional expressions are
meditated by comparing two numbers or two
strings with comparison operators

",
Lecture 5.1 il
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Comparison operators evaluate to true
Or fa|Se Equals operator i

different from
assignment oper/ﬂftor!

« Numerical comparison == |equal $a == $b
operators allow us to
create conditional = | not equal $a 1= $b
expressions with
nuirjnbers > greater than $a > $b
e In other words we can < less than $a < $b
ask true/false -~
. _ greater than or $a >= $b
questions about two > equal
n_umbers and Perl will _ less than of sa <= S
give us an answer B equal
@9

Lecture 5.1 62
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Comparison operators evaluate to true

String comparison
operators allow us to
create conditional
expressions with
strings

Strings are compared
alphabetically except
all uppercase letters

are less than
lowercase letters

(14 7 (14 7 :

Z” |t *“a” istru
Speciatoperator
that we will revisit

later

Lecture 5.1

is diff f —
or false [
eq equal $a eq $b
ne not equal $a ne $b
gt greater than $a gt $b
It less than $a It $b
ge greater than or $a ge $b
equal
le less than or $a le $b
equal
— patterp $a = | ATG
matching
..---".

bioinformatics.
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What is true?

« Everything except
-0

« empty string

« Comparison operators evaluate to O or 1

YL
Lecture 5.1 el
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Conditional expressions - If

 In English:
— “If the light is red, then apply
the brake.”

o |In Perl:

1 f ($light eq “red”) { i f (CONDITION) {
$brake = “yes”; STATENMENT1
} STATEMENT2:
This is known as a conditional STATEMENTS3;
block. ¥#the condition is true, .
execute all statements }
enclosed by the curly braces

»_" &
Lecture 5.1 .«I . " 65
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Conditional expressions — Iif, else

« In English:
— “If the light is red, then apply the brake. Otherwise hit the gas”

$gas = “yes”

true
In Perl:
$brake = “yes”
If ($light eq “red”) {
$brake = yes , ~~__This statement only gets executed
} else { if ($light eq “red”) is true
$gas = “yes”;
g y \_'I:his statement only gets executed
} if ($light eq “red”) is false
._e
Lecture 5.1 .. ®°en
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Conditional expressions - while

« What if we need to repeat a block of

statements ?

« This can be done with a whi | e loop

$light = check light();
while ($light eq “red”) {

$brake = “yes”;

$light = check light();
}
$gas = “yes”;
Lecture 5.1 .. ofeen
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Conditional expressions - while

« while loop structure

whil e (CONDI TION) {

This is known as a conditional STATEMENTL;
block, ¥hile the condition is STATEMENT?Z2;
true, execute all statements STATEMENTS3;
enclosed by the curly braces

@ o'’
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Conditional expressions - while

« Watch out for infinite loops!

$light = check light();
while ($light eq “red”) {

$brake = “yes”;
$light = “red”; $brake = “yes”;
! $light = “red”;
$gas = “yes”;
._w
Lecture 5.1 .. e " 69
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Conditional expressions - while

« This loop Is better

$light = check light();
while ($light eq “red”) {

$brake = “yes”;
$light = check |ight(); $brake = “yes”;
} $light = check_light
$gas = “yes”; o
Lecture 5.1 .. e’ 70
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Program®6

« Task
— count the number of G’s in a DNA sequence

« Concepts
— Conditional expressions
— If statement
— While loop

YL
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Program®6

<
-

Get the base at the current
position

add to the
count

s current position < length?

false

Advance the current position

output

»_" &
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Loops - for

« To repeat statements a fixed number of times, use
afor |oop

for (I'NITIAL ASSI GNVENT; CONDI TI ON; | NCREMENT) {
STATEMENT1;

STATEMENTZ;
STATEMENT3;

}

for ($i = 1; $i < 11; $i++) {

print $i, \n”; \ This code prints the
} wumbers 1-10 with each
number on a new line
.
Lecture 5.1 .I . " 73
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Loops - foreach

* foreach loops are used to iterate over an array
— access each element of the array once

@rray = (2,4,6,8);

foreach $el ement (@rray) {
$el ement ++;
print $el enent, “\n”;

}
3
5
4
9
Lecture 5.1 .' e’ 74
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Program?/

« Task
— Initialise an array and print out its elements

« Concepts
— for loops
— foreach loops

. "
Lecture 5.1 i
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Control structures - recap

« Control structures help your program make decisions
about what to do based on conditional expressions

« Can construct conditional expressions using
comparison operators for numbers and strings

« If —do something if the condition is true (otherwise do
something else)

« While — do something while the condition is true
« For — do something a fixed number of times
« Foreach — do something for every element of an array

Lecture 5.1 76
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Regular Expressions

« Regular expressions are used to define patterns
you wish to search for in strings

« Use a syntax with rules and operators

— Can create extremely sophisticated patterns
« Numbers, letters, case insensitivity, repetition, anchoring, zero
or one, white space, tabs, newlines, etc....
— Patterns are deterministic but can be made extremely
specific or extremely general

— Test for match, replace, select
e Lots on REGEX tomorrow!

Lecture 5.1 77
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Using REGEX

« =~ |s the operator we use with REGEX
« =~ IS combined with utility operators to match, replace

$DNA = “ AGATGATAT”;
Matching leaves the

I f ($DNA =~ /| ATE ) { string Unchanged
print “Match!”;

—~ gattern match The ]E)a:]tern is a set
comparison operator Of characters

between //
/ 9’ ;
&

bioinformatics.




REGEX - Substitution

e YOou can substitute the parts of a string that
match a regular expression with another
string

operator

Pattern to
search for

$DNA =~ s/ T/ U g;
print $DNA, “\n”;

Replacement

string
AGAUGAUAU
Global
\  [Substitution replacement
> ...
Lecture 5.1 ,hanges the g * o
variable e '
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REGEX - Substitution

$DNA = “ AGATGATAT” ;
$DNA =~ s/ T/ U/ ;
print $DNA, “\n”;

AGAUGATAT

- _= &
Lecture 5.1 i
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REGEX - Translation

« You can translate a string by exchanging one
set of characters for another set of characters

operator

$DNA = “ AGATGATAT”;
$DNA =~ tr/ACGI/ T
print $DNA, “\n”;

Set of characters
to replace

Replacement
characters

TCTACTATA — Translaﬁion
changes the

® o/ariakle

81
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Programa8

e« Task

— transcription and reverse complement a DNA
seqguence

« Concepts
— Simple regular expressions using s and tr

YL
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Prgrams8 - Functions

« reverse(STRING)
— Function that reverses a string

o STRING =~ s/PATTERN/REPLACEMENT/modifiers
— This is the substitute operator

o STRING =~ tr/CHARS/REPLACEMENT CHARS/
— This is the translation operator

- _= &
Lecture 5.1 el

bioinformatics.

83



REGEX - recap

« REGEX are used to find patterns in text

« Use a syntax that must be learned in order to
be exploited

« Extremely powerful for processing and
manipulating text

« Will be examined more closely tomorrow

. ",
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Functions

Functions (sub-routines) are like small programs inside your program

Like programs, functions execute a series of statements that process
input to produce some desired output

Functions help to organise your program
— parcel it into named functional units that can be called repeatedly
There are literally hundreds of functions built-in to Perl

You can make your own functions

. _E
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What happens when you call a

function?
$DNA = “ ACATAATCAT”; sub reverse {
_ _ # process
$rcDNA = reverse ($DNA);  — . ¢
$rcDNA =~ tr/ ACGI/ TGCA ; # return output
}
Lecture 5.1 .«I P LS 86
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Calling a function

« Input is passed to a function by way of an ordered
parameter list

Basic syntax of calling a function

$result = function_nane (paraneter |ist);

$l ongDNA = " ACGACTAGCATGCATCGACTACGACTACGAT CAGCATCGACT"

$short DNA = substr ($l ongDNA, 0, 10)|;

String from
Length of the

substrina
~J

o"er,
87
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Useful string functions in Perl

chomp(STRING) OR chomp(ARRAY) —

—  Uses the value of the $/ special variable to remove endings from STRING or each element of ARRAY. The line ending is only removed if
it matches the current value of $/.

chop(STRING) OR chop(ARRAY)
— Removes the last character from a string or the last character from every element in an array. The last character chopped is returned.
index(STRING, SUBSTRING, POSITION)

—  Returns the position of the first occurrence of SUBSTRING in STRING at or after POSITION. If you don't specify POSITION, the search
starts at the beginning of STRING.

j0in(STRING, ARRAY)

— Returns a string that consists of all of the elements of ARRAY joined together by STRING. For instance, join(">>", ("AA", "BB", "cc"))
returns "AA>>BB>>cc".

Ic(STRING)

—  Returns a string with every letter of STRING in lowercase. For instance, Ic("ABCD") returns "abcd".
Icfirst(STRING)

—  Returns a string with the first letter of STRING in lowercase. For instance, Icfirst("ABCD") returns "aBCD".
length(STRING)

— Returns the length of STRING.
split(PATTERN, STRING, LIMIT)

—  Breaks up a string based on some delimiter. In an array context, it returns a list of the things that were found. In a scalar context, it
returns the number of things found.

substr(STRING, OFFSET, LENGTH)

—  Returns a portion of STRING as determined by the OFFSET and LENGTH parameters. If LENGTH is not specified, then everything
from OFFSET to the end of STRING is returned. A negative OFFSET can be used to start from the right side of STRING.

uc(STRING)
— Returns a string with every letter of STRING in uppercase. For instance, uc("abcd") returns "ABCD".

ucfirst(STRING)
— Returns a string with the first letter of STRING in uppercase. For instance, ucfirst("abcd") returns "Abcd".

® "
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Useful array functions in Perl

pop(ARRAY)
— Returns the last value of an array. It also reduces the size of the array by one.

push(ARRAY1, ARRAY?)

— Appends the contents of ARRAY2 to ARRAY1. This increases the size of ARRAY1 as
needed.

reverse(ARRAY)

— Reverses the elements of a given array when used in an array context. When used in a
scalar context, the array is converted to a string, and the string is reversed.

scalar(ARRAY)
— Evaluates the array in a scalar context and returns the number of elements in the array.

shift(ARRAY)
— Returns the first value of an array. It also reduces the size of the array by one.

sort(ARRAY)

— Returns a list containing the elements of ARRAY in sorted order. See next Chapter 8on
References for more information.

split(PATTERN, STRING, LIMIT)
— Breaks up a string based on some delimiter. In an array context, it returns a list of the
things that were found. In a scalar context, it returns the number of things found.

source: http://www.cs.cf.ac.uk/Dave/PERL/

L,
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String functions - split

« ‘splits’ a string into an array based on a delimiter
« excellent for processing tab or comma delimited files

$line = “MacDonal d, d d, The farm Sone city, BC, EIE 101";

($l ast nane, $firstname, $address, $city, S$province, $postal code) = split (/,/, $line);

‘FIRST NAME: “, $firstname, “\n”, REGEX String

“ ADDRESS: “, . $address, “\n”, goes here goes here
“CITY: “, $city, “\n”,

“PROVI NCE: “, $province, “\n",
“POSTAL CODE: “, $postal code, “\n”);

print (“LAST NAME: “, $lastnanme, “\n”, ]

LAST NAME: MacDonal d

FI RST NAMVE: A d

ADDRESS: The Farm

CITY. Sone city

PROVI NCE: BC

POSTAL CODE: E1E 101 K o'l 90
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Array functions - sort

« You can sort the elements in your array with ‘sort’

@ryNunbers = ("one","two","three","four");
@orted = sort( @yNunbers);
print “@orted\n”;

sorts

alphabeticall
four one three two P Y

»_" &
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Making your own function

‘sub’ tells tEe i:wte_rpreter This is the function name. Use this
youafre ue_c.aring & name to |call’ the function from
function within your program

sub function_nane {
What is this? This is an array that

(ny $parantl, ny $paran2, ...) = @; gets created automatically to hold
the parameter list.

# do sonething with the paraneters

ny $result = ... What is thé word ‘my” doing here?
‘my’ is g variable qualifier that
return $result; makes it local to the function.
Without it,|the variable is available
} anywhere in the program. It is good
practice to use ‘my’ throughout your
‘return’ tells the interpreter to go programs -+ more on this tomorrow.
back to the place in the program
that called this function. When
followed by scalars or variables,
these values are passed back to
where the function was called. This
Is the output of the function
g ** 92
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Making your own function - example

Function_definition

sub nean {

@al ues = X
i @ ____ lpcal variables to be used

my $nunmval ues = scal ar @al ues; inside the function
my $nean;
f oreach $el enrent (@al ues
i ( ) A ___——+¢9 the work!

ny $sum = $sum + $el enent ;
}
$nmean = $nmean / $nunval ues;
return $nean; ———returathe answer

$avg = nean(1l, 2, 3,4,5);

-
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Program9

e« Task

— Create a function to reverse complement a DNA
seguence

« Concepts
— creating and calling functions

YL
Lecture 5.1 b
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Functions - recap

« A function packages up a set of statements to
perform a given task

« Functions take a parameter list as input and
return some output

o Perl has hundreds of functions built-in that
you should familiarise yourself with
— Keep a good book, or URL handy at all times

« You can (and should!) make your own
functions

..,
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/0O 3: Filehandles

« So far, we have only considered input data that
we created inside our program, or captured from
the user

« Most data of any size Is stored on your computer
as files

— Fasta files for sequences, tab-delimited files for gene
expression, General Feature Format for annotations,
XML files for literature records, etc...

o Filehandles allow us to access data contained In
files from our programs

Lecture 5.1 96
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Filehandles

\4

CPU

« Filehandles allow you to read a file from disc
and store the information in memory

Lecture 5.1 &
bioinformatics.ca

97



Filehandles

Filehandles have 3 major operations

— open

— read one line at a time with ‘<>’

— close

Filehandles are special variables that don’t use ‘$’
— by convention Filehandle names are ALLCAPS

The default filehandle for input is STDIN
The default filehandle for output is STDOUT

L
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Filehandles - example

gcfile.txt

seql ACGACTAGCATCAGCAT 47. 0

seq?2 AAAAATGATCGACTATATAGCATA 25.0
seq3 AAAGGT GCATCAGCATGG 50.0

Lecture 5.1 ® o
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Filehandles - example

pens the filehandle
open (FILE, “gcfile.txt®); /

whi | e ( <F] LE>) { /_r.ezlds the next line of the file into the automatic $_ variable

$line = $ ;

_ oves the newline character from $line
chomp ($line); /
($id, $seq, $gc) = split (/\t/,$line);

AN splits the line on \t

print ("D , $id, "\n",
"SEQ ", $seq, "\n",
"GC. ", $gc, "\n");
} prints out the data in a nice format
cl ose (FILE);
T closes the filehandle
Lecture 5.1 ® o’
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Program9, cont’d

e« Task

— read a DNA sequence from a file and reverse
complement it

« Concepts
— reading and processing data from a file

@9
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Process management

« Perl allows you to make ‘system calls’

Inside your program Create Fasta
— Executing Unix commands from your code SEIEEDLE
« Useful for ‘wrapping’ other programs l
Inside a Perl program Format sequence
_ Automated executions of a program with SNl
variable arguments l
« Create pipelines of programs where y |
. ast against
output from one program is used as the new database

Input to a subsequent program

",
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system() and backticks

« There are two common ways of executing
system calls

« Use the function system()
— does not capture the output

« Use the backticks operators
— captures the output

ecutes ‘Is - ‘as though you typed it at the
$command = “Is —|"; prempt—Printsthe-output-to-the sereen
syst en( $conmand) ;

Executes ‘Is —I' and stores the output in $linting.

- Does not print the output to the screen

$listing =  $command ;
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bioinformatics.



Program10

« Task
— List the files in your working directory

« Concepts

— Backticks operator to execute a Unix command
and capture and process its output

@ o'’
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Putting it all together

« Write a program that reads a DNA sequence
from a file, calculates its GC content, finds its
reverse complement and writes the reverse
complement to a file

o Concepts
— covers most of the topics from today
« prepare for next day

..,
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Lecture 5.1

Programming tips

Think hard and plan before even starting your
program

Save and run often!
Include lots of comments

Use meaningful variable and function names
— self-documenting code
Keep it simple

— If its complex, break the problem into simple, manageable
parts

Use functions
Avoid hard-coding values — use variables!
Make your code modifiable, modular, legible

._w
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QUESTIONS?

»_" &
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