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Chapter 1

Formerly, Perl for
Bioinformatics 1

1.1 Why?

Why Program?

Shortly, we will discuss why we want to learn the programming language Perl.
But first, why learn to program at all? There are hundreds, maybe thousands
of computer programs already available for use in bioinformatics. Many of
these have been written by professionals, many have beautiful graphics, many
are free, and many are all three - free, beautiful and professionally written.
hat can you add to that by learning to write simple programs? Plenty

espite the e tensive availability of high- uality, even free, software for bioin-
formatics, programming is still essential for several reasons.

irst, because of ubi uitous problems in handling bioinformatics data. These
problems range from the merely annoying to ones that can stop a pro ect
entirely. 1l too often the data is in the wrong format for the program you
want to use, or there is too much of it to be submitted easily to the program,
or it has duplications or un that has to be located and removed, or the
output from the program is overwhelming or organi ed badly, or it has lower
caps when you want upper caps, or it is lined up wrong on the page, etc.



etc. etc. These problems are mundane, and dealing with them is not science.
Still, fi ing the problems by hand or by word-processor wastes enormous time
and energy scientists should not do such trivial things. But often a simple
program or series of programs can uic ly resolve the problems. t may ta e
you a few hours to write the programs, but once written, the programs often
fi the problems in seconds and are then available for future use by you and
others.

Second, because mnowing how to program liberates creative, scientific ener-
gies. nce you have the ability to program, you may start thin ing of new
ways you want to e amine, chop up, combine, or correlate available data.
This ind of e ploration of data is science. aving the ability to get a pro-
gram wor ing yourself gives you the freedom to start thin ing of new things
you want programmed. ou may thin up and try out some cra y what
the hec  new way to e plore the data follow an idea that you wouldn t
bother with if you had to pay someone else to implement it.

Third, by understanding even a bit about computer programming, seeing
firsthand the components of a program and the logical thin ing that is re-

uired to create a program, one develops a more realistic view of what can
and cannot be done by a computer. on-programmers often have unrealis-
tic e pectations either too pessimistic or too optimistic about what tas s
computers and software can accomplish.

inally, programming allows or forces you to really e amine and under-
stand the mechanics of certain algorithms and techni ues commonly used
in bioinformatics. ou can t program the Smith- aterman alignment algo-
rithm, for e ample, with only a warm, fu y feeling about how it wor s.

fter programming it, you still might not fully understand its logic although
we will study that as well |, but when you program it, you will at least have to
pay close attention to its mechanics. tsli e the di erence between learning
how to drive a car, or learning to ta e the engine apart and rebuild it.  hen
you rebuild the engine and ma e the car run again , you learn a lot more,
even if that e ercise doesn t ma e you a professional mechanic.

To ma e the point that some programming nowledge is needed by biologists
who e tensively use se uence data, let s do a thought e periment. magine
that graduate and undergraduate education in molecular biology re uired no
chemistry courses. magine you have no nowledge of atoms, charge, energy,



bonding, P . ion-transport, protein structure, folding, or any other aspect
of chemistry. nd why not? The argument can be made that molecular
biologists aren t chemists. enetics developed in isolation of bio-chemistry,
didn t it? nd in the lab, biologists increasingly use commercial its anyway
- don t they ust need to now what a it is for and how to follow the
directions? f they occasionally need something special, they can always as
a chemist or a commercial company to ma e it for them.

idiculous, right? Molecularly oriented biologists must now some chemistry
so that they have a reasonable intuition about what a molecule is and does,
and what is happening at the chemical level in the biological processes they
study. hemistry is too central in life science to leave it entirely to others.

ithout some nowledge of chemistry, biologists can t even tal sensibly to
chemists. nd without some s ills, biologists would always be at the mercy
of strangers to help them solve even simple chemical problems in the lab.

The same is true with computers and computing. s computation becomes
more central in the way biology is done, biologists have to understand more
about it. t is not good enough ust to now how to use computer pac ages

its . ne has to have some intuition about what really goes on in that

it, why the it does or does not do what is claimed, and what new its
could plausibley be created. The development of s ills and intuition starts
with learning some simple computer programming. t won t ma e you a
professional programmer, but it should start the process of understanding
and of s ill development.

Why ar Pr?

Perl, an acronym for Practical  traction and eport anguage, has become
the main programming language for simple computational tas s and often
comple ones as well in genomics and bioinformatics.  lthough bioinfor-
matics groups also use other high level languages such as Python, Tcl,
Smalltal , or ava, and it is not easy to completely avoid  or , noth-
ing comes close to Perl s popularity in bioinformatics.  hy is this?

Perhaps the main reason, and certainly the reason we recommend and use
Perl for bioinformatics, is that many many bioinformatics tas s can be e ec-
tively programmed with a very small subset of Perl. or typical se uence-



related tas s, a little Perl goes a long way. n most other computer languages,
you have to learn a lot before you can do even a little. n more detail

. Perl is remar ably good for comparing, slicing, dicing, twisting, wring-
ing, smoothing, summari ing and otherwise mangling te t. nd te t
is central in bioinformatics. t ta es the form of and protein se-

uences, clone names, annotations, comments, bibliographic references,
whole papers, web pages, and much more. Ithough biologists also gen-
erate and e amine non-te t data such as numbers and representations
of molecular structures, the most crucial data in bioinformatics is still
te tual bio-molecular se uence data . Perl s powerful
matching and string manipulation operators which we will study
in detail simplify the handling of te t in a way that is une ualed by
most other computer languages.

2. Perl has that allow one to use te t rather
than numbers to connect items of data. ften this tremendously sim-
plifies a programming tas . e will use this e tensively in the programs
developed in this boo .

. Perl is well suited to handling lists that can contain mi turesof te t and
numbers. Moreover, that mi ture can change dynamically when the
program runs, in ways that the programmer does not have to anticipate.
That ma es many programming tas s simper, and is a hard tric to
duplicate in a language li e

. Perl does the memory management for you. ou don t have to guess
how much space your program might re uire and when.

Try as we might, we have never gotten a segmentation fault when
running a Perl program.  or those of you who have not had the plea-
sure of programming in , this is a very common error in , indicating
that you are trying to use more memory than you initially said you
would.

. Perl is loose and forgiving . ther languages are uptight and rigid
in comparison. Biological data is often incomplete, or generally messed
up in some way. field may be missing, or data that is e pected to be
present once occurs several times, or a field that was e pected to hold
a number actually holds te t, or, or, or ...



Perl doesn t particularly mind if a value is empty or contains odd char-
acters.  egular e pressions can be written to pic up and correct a
variety of common errors in data entry. t is not even very di cult to
handle data that is out of an e pected order.

. Perl allows data and data structures to e pand and contract dynami-
cally, re uiring little e ort on the part of the programmer.

nce mastered, Perl programs are easy to write and to get right. They
are usually small compared to programs for the same tas written in
other languages. So, for the right applications, the whole programming
process is smoother and uic er in Perl.

. Perl is a good prototyping language. Because Perl is  uic and dirty |,
it often ma es sense to uic ly try out and e plore a new algorithm or
idea using Perl, before ma ing the e ort to implement it in a language
that e ecutes faster. uman time is important, especially when you
are not e actly sure what you want the computation to do. This is
actually common in bioinformatics - you use the program to
the data rather than it, successively modifying the program
and the data, letting the results guide you to the ne t modification.

nce you have the algorithm you want, if you need faster e ecution you
can usually rewrite a small core of the program in a compiled language
such as , then compile it as a dynamically loaded module or e ternal
e ecutable, and leave the rest of the program in Perl.  on t worry if
that last part ma es no sense to you. e will e plain this later.

. Perlis a good language for eb programming, allowing one to do things
with the web that are ine cient or labor-intensive to do with a web
browser alone. This is of growing importance in genomics and bioin-
formatics as the eb is absolutely indespensible in those fields. e
will only brie y touch on Perl as a language for eb programming.

. Perl is fun.

or all these reasons, and more, we recommend and use Perl for bioinformat-
ics.



Why a a oo o Pr or o orma 7?7

hy not ust get a good introduction to Perl, learn to program from it, and
then go out and have at your bioinformatics applications? Three reasons.

irst, Perl is a very versatile language that is often used for purposes that
aren t central to bioinformatics. Therefore, there are many boo s that em-
phasi e aspects of Perl programming programming or systems adminis-
tration for e ample that are pretty far from our interests in bioinformatics.

or our uses, we li e Perl as a general-purpose, stand-alone programming
language. There are many boo s that don t loo at Perl in that way.

Second, among boo s that do teach Perl as a general-purpose language, most
are written for e perienced programmers. ntil recently, Perl was considered
a language for sophisticated programmers, and there are some wonderful,
even poetic, boo s for that audience. or the techno-nerd, some of these
boo s are closest thing to fine literature they will ever read. But our intended
audience includes many people who have never programmed before, in any
language. The reat Boo s of Perl aren t appropriate for them.

inally, even though we now of one good boo that teaches Perl as a general-
purpose language and aims at novice programmers, it doesn t have any ap-
plications or illustrations from bioinformatics of course . n teaching Perl
to bioinformatics students most of whom are from biology , we have found
that it is really hard for the novice programmer to transfer what they learn
from a general boo , to their specific needs in bioinformatics.

This boo teaches Perl and programming through applications that really
arise in bioinformatics. n that way, the student sees programs that are closer
to their own needs, and that can be used as templates for their wor . e are
also able to teach some central concepts in bioinformatics in this way. e can
introduce common data formats used in bioinformatics, tal about important
databases, illustrate some important bioinformatics problems such as gene
hunting, fully develop programs for classic algorithms such as the eedlaman-

unch and Smith- aterman algorithms for se uence alignment, and e plore
toy versions of classic programs such as B ST and ST



r Program

This is the first of several sections introducing the parts of Perl that we thin
are of most immediate use in bioinformatics.  programming bac ground is
not re uired, however basic computer s ills are assumed. ur teaching style
is the see one, do one, teach one approach, whereby you, the student,
e amine a program, then modify it to do a related tas , and finally write a
new, but similar, program for a di erent tas . So, when there is an e plicit
e ercise, or the te t ust says something li e Try this out , do it .

e start with a simple, but complete, Perl program.

The first line in the program tells the computer where to find the Perl inter-
preter in the above e ample, it is assumed to be in the directory usr bin.
n is a program that reads a Perl program and tells the com-
puter how to e ecute each line . The word in the first line tells the
computer that the program to follow is a Perl program. The e act loca-
tion of the Perl interpreter varies on di erent systems on mine, it is in
the directory usr p g, so each program on my system starts with the line
ou can find the location of the Perl interpreter on your

ni  system by typing

at the ni prompt. The response you get bac should be typed following
, in the first line of each of your Perl programs.

n windows, we use ctiveState Perl, downloaded from the website refer-
enced at the start of ohnson p. . Those Perl programs actually run under



S, and it is sometimes easiest to open a S window to do all your editing
and e ecutions of Perl programs when using ctiveState Perl.

on t have ni , inu or windows? Sorry, we can t help you.

?

ollowing the first line, a Perl program consists primarily of and

. Statements ma e up the functional part of the program and are

e ecuted by the computer. The program above contains two simple state-

ments we will e plain simple later , namely the two statements.

ach simple statement must end with a semicolon, as in the two statements

above. omments help the programmer or the reader of the program under-

stand how it wor s.  ith e perience, one learns how necessary it is to have

comments in the program to e plain to humans its logic and to remind the

programmer of any details that are not obvious. omments in Perl begin
with a  and continue to the end of the line.

The above program contains two calls to the function. unctions are
subunits built into the Perl language that perform a predefined tas on the
input given to the function. bove, the first statement calls the print func-
tion, which outputs the string

Before e plaining more of the print statement, let s see how to run the above
simple program.

g h Program

Before you can run a Perl program, it must e ist as a file on your local
computer. Type or paste in the first program using a te t editor, and then
save it as te t to a file. ou can use any te t editor or word processor
you li e, but some, such as macs, are attractive because they have a Perl
mode that formats lines to aid legibility ref perl mode . But use whichever
editor you re most comfortable with.

fter you ve entered and saved the above program in a file, you must ma e
the file . n windows, this is automatic, but on a ni system, this
is done by typing the command



at the prompt, where is the filename you used to save
the program. ou can do this without understanding it, but for a clue,
chmod is a command to change the of a file. n this case,
it changes the protections of the file progname.pl to allow the user to
it. ou don t have to use the specific e tension .pl in the program name, but
it is common to do so, and it reminds the user that this is a Perl program.
ou only have to use the chmod command once for each file, even if you later
modify the program. ow to run the program ust type

at the prompt. Shortly, you should see the following te t on the screen

ow enter the program and run it before going further.

Pr g r g

rom the e ercise above, you should have observed a few things about print-
ing te t in Perl. ow we begin a more complete e planation of what you
observed.



The function is usually the primary output tool in a Perl program.
The first program printed out two strings. is simply a se uence
of characters. or e ample, is the first string printed
by the program. But notice that the n in the print statement was not
printed when the program was run. This is because n is a , a
character that tells the computer what to do, rather than what characters to
print. n this case, n tells the computer to advance the printing to the ne t
line. This new line meta-character only wor s when n is found between
double- uotes.  hen the double uotes were replaced with single uotes, n
was literally printed on the screen at the end of the line, and the computer
did not move to a new line before printing the second line.

na statement, the e ect of a meta-characters depends on whether the

string to be printed is enclosed in double- uotes or single- uotes. Strings
enclosed in single wuotes are printed literally every character , even if the
string contains some meta-characters. But strings enclosed in double- uotes
are said to be , which means that the meta-characters inside
the string are not printed at all, but rather are used to give the computer
instructions.

nother fre uently used meta-character is t, representing a
The tab character is also interpolated when enclosed in double- uotes. ach
time this meta-character is encountered in a print statement and the string
is enclosed in double- uotes , the printing advances to the ne t pre-defined
tab position ref uotes and strings .

f you need to literally print a meta-character inside a string that is enclosed
in double uotes, simply put a bac slash immediately before the meta-
character. The e ect is to suppress interpolation. This will also wor if
you want to literally print out other special characters which we will intro-
duce later that would otherwise be interpolated inside double- uotes. or
e ample

will print out



Below is the first of many of Perl statements we include in this
boo . There are a few convensions you need to be aware of. very synopsis
begins with the name of the statement in lowercase, and is followed by a de-
scription of what comes after that name. Those descriptions are generic and
are given in uppercase, with some greater detail written below the statement.

or e ample, the word ST is used in the print synopses, and then some
additional detail is given below on what a ST consists of. lso, in a syn-

opsis, anything enclosed in brac ets ... represents an part of the
statement. The brac ets themselves are not part of the Perl statement, they
are part of the synopsis.  onfusing? t will become clear with additional

e amples. ust remember that if you have a Perl statement that seems to
follow the form of the synopsis, but is not wor ing, see if you have brac ets
in the statement and try ta ing them out.

print ST

rites out  ST. The ST is usually a single string or list of strings and

variables, separated by commas we will discuss lists and variables shortly .

is optionally used when writing the output list to a file we

will discuss this later . f no filehandle is given as in the first program the
default output is to the screen.

ere is another e ample of using the print function. ompare the output to
the what is in uotes in the original program.

ere is the output.



1.

ou can do a lot more with strings in Perl than simply print them to the
screen. Strings can also be placed into . s you might already
now, a variable is a name for a location in memory that is used to hold
data that may be retrieved or modified by the program ref data types .
The programmer invents the name of the variable, and the computer system
assigns the actual location in memory for that variable.

n Perl, each variable name begins with a symbol that tells the computer
what of variable it is, that is, what ind of data it is holding. This helps
the interpreter figure out how to process that variable. fmost importance to
us, variables that can contain strings start with . or e ample,
is a variable that can hold a string or a number we will get to that in a
bit . Then, the statement



assigns the string to the variable dnastring.

nce assigned to a variable, a string can be referred to and manipulated by
using the variable. or e ample, the program

will print out

The of variable dnastring is printed because the variable dnastring
is contained in double uotes, causing the variable to be interpolated. Try
replacing the double uotes with single uotes, or removing uotes entirely,
to see what happens.

f course, we don t ust want to print strings Perl contains powerful tools
for searching and manipulating strings very, very useful for bioinformatics.
e will now e amine a simple one.

ra a o
t is often useful to that is, systematically change specified char-
acters in a string into other specified characters . The Perl ref translate

function is used for this purpose. t also has other uses, such as



characters from a string, or counting the number of specific characters in a
string.

e begin with the following program that converts a string into the
e uivalent string, printing out both the original and the translated
string. The conversion is done with a single translate statement that leaves
the characters a, ,c, ,g, wunchanged, but changes t and T into u and
respectively.

This use of the translate statement starts with a variable holding a string
in the program above , followed by the two-character symbol

followed by that is said to the variable to the

translate function. e t comes , specifying the translate function itself.

inally, we have two lists of characters, enclosed and separated

by forward slashes . The first list is called the list, and the second is
called the list.

hen e ecuted, the translate function searches the string held in the variable
to find any occurrence of a character that is in the search list. fit finds such
a character, it replaces it with the character in the corresponding position
in the replacement list. So in the program above, any t in gets
replaced by u, and any T in nucstring gets replaced by . The value of
nucstring is now changed. ou should run the above program to see the
e ect. o it now.

Since the value of nucstring is changed by the translate function, if you want
to have both the and the strings, you should assign nucstring to
a new variable, say dnastring, before the translate statement is e ecuted.
That assignment would be dnastring nucstring The e ect is that the
value of the nucstring is assigned to the value of dnastring, but the value
of nucstring is unchanged by that assignment. Then when the translate



statement is e ecuted, the value of nucstring is changed, but dnastring
continues to hold the original string.

ow, suppose we had such a mi ed-case string and wanted to convert all the
characters to lowercase. e could use the translate function again although
we will later see an easier way in Perl as follows

This translate statement is pretty simple since the alphabet only has
four characters. But what would we do for a amino acid string? The amino
acid alphabet has 2 characters natural amino acids . e could e plicitly
list them all in the same way we did for the alphabet, but that would
be tedious.  similar problem arises if we have a normal nglish string over
an alphabet of 2 letters. e wouldn t want to specify the entire alphabet
twice even in the translate statement. ortunately, the translate function
allows one to easily specify a of characters. or normal nglish strings
we would write



where is a variable holding some string that we have not shown.

The dash - between and indicates that we are specifying all the characters
that naturally come between and in the S alphabet ref

So - specifies all the uppercase nglish letters, and a- specifies all the
lowercase nglish letters.

The amino-acid alphabet has twenty of the normal nglish characters but
omits some characters such as B. So the same statement will wor fine to
translate any of those twenty characters that occur in an amino-acid string.

ssuming that the string is held in proteinstring, the following statement
wor s

ou may wonder why a nucleotide or amino-acid string would have both up-
per and lowercase characters. 1 erent cases are often used to indicate some
information about the residue in that position. or e ample, an uppercase
character might indicate a high-degree of certainty that the residue there is
the correct one, or it might indicate that it is a highly conserved residue in
many di erent organisms.

a am
ere is a real situation that we recently encountered. e have a program,
call it , that ta es in and proceses amino acid se uences containing both

lower and upper case characters. Those se uences were derived from a
amino acid se uence. n upper case character in an input se uence
indicates that the character in that position is the same as the character in
the corresponding position in the reference se uence.  lower case charac-
ter indicates that the two corresponding characters not the same. ow for
the problem. e recently obtained amino acid se uences with both upper



and lower characters, but the person who created those se uences used lower
and uppercase characters e actly opposite to the way we do. That is, they
use a lowercase character to indicate agreement with the reference se uence,
and an uppercase character to indicate disagreement. Those se uences are
unusable in our program  because  cares which characters agree with the
reference se uence and which don t. So what to do?

The simplest thing is to change the given se uences, before feeding them
to program , so that every lowercase character changes to uppercase, and
every uppercase character changes to lowercase.

orrying about such mundane issues, as in this e ample, is not science, but
it is the ind of annoying clerical thing one fre uently has to ta e care of in
order to do science. Perl ma es it easy. or comparison, you might thin
about how you would try to do this conversion ust using a standard word-
processor, and how much time and aggrevation it would re uire.

or ar o h ra a o

The translate function has several additional useful features. To e plain the
first one, suppose we want to chec for any improper charactersin a protein
string, i.e., characters other than the twenty natural amino acids. n fact,
we will the number of improper characters that occur. So we digress
for a moment to tal about counting characters, and some of the issues that
raises.

hen the translate function e ecutes, it also counts the number of times a
translation occurs. That number can be e plicitly assigned to a new variable
by writing that new variable and an e ual sign before the entire translate



statement. or e ample, if the variable proteinstring holds a string, then
the statement

will replace all the uppercase characters in proteinstring with their lowercase
e uivalents, and eep a count of the number of replacements made. That
count is then assigned to the variable . ote that the e ecution

ow in this statement is . nce the count is in capcount, it can
be used in any way a number can be used, or printed out with the statement

ow does the count really get assigned to capcount?  very function has
some value that it , but it also may cause some changes that are
considered as .t is often helpful to eep this distinction clear.
n the case of the translate function, the value it returns is the number of
characters replaced. The actual replacing of characters is a side- e ect of the
translate e ecution.

f we ma e an e plicit assignment of the translate statement to an e plicit
variable, as we did above, then the return is to that variable. But even
without an e plicit assignment, the translate statement returns a value
that can be used. or e ample if print immediately precedes the translate
statement, as in

then the number returned from the translate statement is used as input to the
print function, and the result is e actly the same as the previous code. Try
it. This ind of shortcut eliminating an e plicit assignment to an e plicit
variable is common in Perl and one of the ways that short, compact code is
written in Perl. e will learn many such shortcuts.



aar ar a a Imna gr o

Before we return to the uestion of improper characters in an amino acid
string, note that the variable capcount above was assigned a rather
than a string. This is the first time we have seen such an assignment. n
Perl, a variable that starts with is called a variable, and it can hold

a string or a number. Moreover, the number can either be an integer
or a real number with a decimal point. ow does Perl now whether to treat
it s value as a number or a string? The answer is . e will see more
e amples of this later.

ow we are ready to address the wuestion of counting the number of im-
proper characters in an amino acid string. The improper characters are

B, , , and their lowercase e uivalents. The following program
counts and prints the number of improper characters in the string assigned
to proteinstring, without changing them.
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mor a o h ra a o

e ve learned a lot about the translate function, but we aren t done yet.

p until now, we have used search and replacement lists that were of e ual
length. But the two lists are allowed to be of di erent lengths. ow does
Perl treat them?

f the replacement list is shorter than the search list, and there are no

which we will discuss ne t in the translate statement,
then Perl treats a shorter replacement list as if it has multiple copies of its
last character. ften the last character is some default or catch-all character,
and things are simplified by not having to write it out multiple times in the
replacement list. or e ample, if we want to change all improper characters
in an amino acid se uence proteinstring to , we could write

n addition to this use of une ual search and replacement lists, Perl has three
optional characters that can be appended to the end of  to change the way
it wor s. These are ¢, d, s. f you append a d at the end of the translate
statement, after the third , then a shorter replacement list causes a di erent
e ect all characters found in the searchlist that do not have a corresponding
character in the replacement list are deleted. To see this, try out



n this e ample, the replacement list is empty, so any character in the search
list an improper amino acid character that is found in proteinstring will

be deleted.

ften, you want to translate, or delete, all the characters that are in the
search list. or that, you add the optional character c after the third in the
tr statement. or e ample, suppose the variable dnastring should hold a
lower-case string, and you want to ag any position that doesn t contain
one of the characters a, t, ¢, g. The following changes all such improper
characters to

Try it out in a program to see it s e ect.

f you want to delete all characters those that are in the searchlist you
can use the c and d options together with an empty replacement list.

The third optional character s, replaces any of identical re-
placement characters by a single copy of that character. This is called the

option, hence s for short. The e ample below will
help ma e its use clearer.

The following program first assigns a string to three variables yes this is legal
in Perl . Then, the first translate statement replaces all improper



characters with s. The second translate statement deletes the improper
characters. The third translate statement replaces each consecutive run of
improper characters with a single tilde character. un this program.

hat would be printed if the following statement were added to
the end of the program above?

The following is a short synopsis of the translate function s synta .



tr S ST P M T ST c¢d s

Translates all occurrences of the characters found in the search list with the
corresponding character in the replacement list. t returns the number of
characters replaced.

PT S
c - complement i.e. invert the S ST
d - deletes all characters found in S ST that do not have a corre-
sponding character in P M T ST

s - s uee es any consecutive run of characters that are translated into the
same character into one occurrence of this character.

To use you provide it with a S ST,a P M T ST,
and a string to operate on. The searchlist is simply a set of characters each
with a corresponding character in the replacement list. To save on typing
Perl lets you use a dash - to designate a range of characters such as - or

purines

pyramydines



n the programs we ve seen so far, variables were assigned their values inside
the program. or all the string assignments, the programmer wrote out
a specific string in single uotes when the program was written. That is
much too limiting to be of value. e want programs that can process any
string at the time the program is , not ust strings specified at the
time the program is written. To do this re uires learning a little bit of |

. The following program demonstrates a simple way to read in
one string from the terminal and assign it to a variable.  otice that we
have included comments in this program we are starting to introduce good
programming hygiene here .

Perl has funny, but very convenient, synta for reading in a line of te t. The
basic elements of the synta are the two characters , either



written ne t to each other, or enclosing some word. n either case, when
these two symbols are encountered in a Perl program, a single line of te t
for now, and we will discuss e ceptions later is read in, from somewhere,
to somewhere.

n the above program, the single line of te t is read in from the eyboard.
Perl nows when the line ends even if your system uses wrap around lines
when the user presses the ey. That eystro e is also entered as part
of the input line, and is called the se uence or sometimes a newline

. Perl nows it should read from the eyboard because of the word
ST found between the two angle brac ets. ST is a
in Perl whose value indicates where the STan ard  put is. By default, the
value of ST is the eyboard, so unless you change it and we won t , the
statement

causes one string typed at the eyboard and ended with the enter ey, to be
assigned to the variable te t.

Since that string includes the newline se uence at the end, if you don t want
it, you have to e plicitly delete it. That is what the chomp function does.
Perl could have been designed to not include the newline se uence, but there
are probably some good reasons to leave it in.

etting a little ahead of ourselves, a common problem that occurs when
comparing two strings that one e pects to be identical, is that one string
still has the newline se uence in it, while the other does not. More times
that we would li e to admit, we ve been stuc not nowing why our program
doesn t wor right, before discovering this simple error. So, it s a good idea
to always chomp your strings on input.

There is an alternative function that removes the last character of a
string, regardless of what that character is. lder versions of Perl only had
the chop function, but for inputing strings, is safer since it is designed
to only remove the newline se uence.



rmmr mm r Program g a

Below is a short program to read in one string, replace any capital
letters with | and then print the resulting string.

ompared to the way the previous program read in, translated, and printed
a string, this program has several significant di erences.

irst, we have replaced with . hen the angle brac ets have
nothing inside them, Perl s default assumption is that ST is desired, and
so it operates as if ST is e plicitly written inside the brac ets. Second,
the input string is assigned to the funny-loo ing variable . This is the
most important of several special variables built into Perl. t is the
special variable. ssigning a value to  allows us to omit e plicit variables
in the ne t three statements.  henever a function is missing an e plicit
, Perl ta es the input from the current value assuming it has one of
the special variable . ence the last three statements have the same e ect
as the following more e plicit code

The special variable _ ta es its name from the fact that it s current
value is used as to any encountered function that calls for input, when
no e plicit input has been given to the function.

The use of default variables is one of the ways that people can write very short
Perl code.  few eystro essaved here, a few there, and it adds up over time.



The use of default variables also ma es Perl more li e a natural language
because one can refer to a default variable implicitly as we did above. Perl

nows by the conte t what default variable you mean. This is similar to a
natural language where the sub ect of a discussion is sometimes established
implicitly, and once the sub ect of discussion is established, one doesn t have
to e plicitly mention it in each sentence. f we are already tal ing about

ohn, we can say e went to the store and bought bread but forget butter ,
instead of  ohn went to the store, and ohn bought bread, but ohn forgot
to buy butter . onte t and defaults simplify natural language. Perl was
designed by a linguist who built in the use of defaults and conte tual smarts.

efault variables and side-e ects allow more of the program to be specified
implicitly, compared to super-e plicit some say uptight languages such as
or many people, defaults and side-e ects are some of Perl s most
appealing ualities, but for others, they are some of Perl s most appalling
ualities. e are in the first group.

hen you are writing a program and trying to get it right, you often have
to repeatedly try out the program with some data, chec the results, and
then modify the program. ou sometimes even have to modify the data in
order to test out all aspects of the program s behaviour. n this process, you
don t want to repeatedly type in the re uired input from the eyboard - that
is tedious and error prone. ven if you put the input in it s own file we
will learn how to read from a file ne t , you may then have to edit two files,
or simultaniously e amine two files, the program file and the data file. Perl
allows a convenient way to put the data in the same file as the program, and
have the read statements access that data. Simply write at the end
of the program then any lines written below that point are considered lines
of data. e t, in any read statement where you want an input line to come
from that data put the word T inside the angle brac ets, i.e.,

ach e ecution of such a read statement inputs the first line of data that has
not yet been read in. s usual, each e ecution of a read statement inputs a
single line into a string variable.



Try out the following e ample

t this point we can introduce simple reading and writing from and to a

ven for developing simple programs, it is very useful to have the output of
the program written to a file, so that you can study the output to find any
errors in the program.

Suppose first we have a file named in the current directory, and
we want to read lines from it. n Perl, we must the file and assign a

to use in the program when refering to the file. e can ma e up
any name we li e for the filehandle. et s use not a very creative name,
but commonly used . To open the file, we put the line

anywhere before we try to read from the file. Then to read a line from
, simply put the filehandle  inside the angle brac ets of a read
statement. This is similar to the way a line is read in using the handle



or e ample, the code

will result in e actly the same output as the previous code, as long as the first
two lines in the file are and

n general, each time a statement is e ecuted using the
same file handle, the ne t line in the file is read. f there are no remaining
lines to read, then the read fails we will discuss what to do with failed reads
later .

ote that in the above code, the name of the file to read is written e plicitly
in the program, so one would have to change the program to change the
specified file. To ma e the program more versatile, one can specify the file
to read at the time the program is e ecuted, rather than at the time the
program is written. To do this, you write the program so that it reads in

the name of a file into a variable, say , and then put the variable
in double uotes in the open statement. Because of the double
uotes, Perl the variable remember interpolation? |

and hence nows which file to open and associate with the file handle. ere
is the begining of the previous program, done this way



riting  a file is similar, but with some small di erences. The first dif-

ference is in the statement, when opening a file to print to. n that

statement, you must put the character before the name of the file, or the

name of the variable holding the file name. The second di erence is in the

statement. Between the word print and the string to be printed,

you must write the file handle of the file where you want the output printed.
The file-handle is written with no commas on either side of it.

or e ample, consider the following program

The input comes from a file whose name is specified when the program is
e ecuted, and the output is sent to two di erent files, a file whose name is
also specified at e ecution time, and another file whose name, ,
is literally written into the program. ote the use of double uotes and single



uotes in the di erent statements. t the end of the program, all three
files are closed.

1.

Much of the power of a computer programming comes through the ability
to repeat or some statement or bloc of statements. This is called

s in other programming languages, Perl has multiple ways to
specify iteration, but the statement in Perl is particularly easy to use
when one needs to read data in from a file. This is a vital tas in almost
all bioinformatics applications, so here we introduce this use of the
statement later we will discuss the statement in more generality, and
fully discuss other forms of iteration.

a g o

e have seen how to read and process a single line of te t from a file. More
often, we need to read and process all the lines in the file. That often involves
repeating the same read and processing statements that we used for a single
line, on all lines in the file. To do that, we put the original statement
in parentheses, place the word in front of it, and then enclose in curly
brac ets, and , all the statements that are to be e ecuted each time a new
line is read. 1l the code between those two curly brac ets creates a

or e ample, we can modify the previous program in this way, to create the
following code.



The statement wor s as follows f the statement succeeds, i.e.,
is able to read a line of te t from the file, then all the code in the attached
bloc is e ecuted. f the statement fails, then the code in the bloc is
s 1ipped, and the program moves to the line of code ust after the end of the

bloc .



