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SURVEY OF PROGRAMMING LANGUAGES RELEVANT TO BIOINFORMATICS

! : OLADELE T. O. '
A\ 4th Ed. R : Department of Computer Science, University of Ilorin, Ilorm ngena.

. M.(2004) . . ABSTRACT
tracker - .
- ACTA Currently, the most popular use of computer programnung languages in the blologrcal
1 The 4th ces is in the field of bioinformatics. A frequent task needed in bioinformatics is to find certain
ns indata files. These data files often contain information in various formats. A solution is to
; : T eXpressions to specify these patterns so that the information can be mined from the data
-~ Wide cripting languages are often used in bioinformatics due to their ability to work with regular

' ) In thls paper, a general overview of the programmmg languages used for scientific
of Plants.: ch and discovery in the biological sciences is presented. v

lNTRODUCTION
~ Several common bioinformatics tools are available to the bioinformatician. A great deal
A052449; , s can be accomplished solely with them. There are times when one need to address
A082117, - stions for which an application does not exist. This is not a rare occurrence since original
quences.” zarch projects often require original analysis. ;
More importantly, many situations in the modern brology lab require mampulatlon of very
= datasets in order to process data for use in core applications and to help organize and
spret the results emanating from them. In these circumstances, it is useful for a biologist to have
gast some basic programming skills at their disposal. Apc fom ihe Toe fic idsks,
..m can also open up to broader applications for use by the general biological

.!,

cci search
47(3): 893-

0..© 1999

- Thrﬁ paper presents a general survey of the programming languages used for scientific
ch aﬂdtdrscovery in bioinformatics. -

PROGRAMMING LANGUACES | . S S e

Computer ]anguages have undergone dramatic evolutlon since the first . electronic
ers were built to assist in telemetry calculations during world war II.  Earlier on,
ammers worked with the most primitive computer instructions: machine language. These
ctions:were represented by long strings of ones and zeros. Soon, assemblers were inventéd to

nachine instructions to human-readable and manageable mnemonics such as add and mov.
The purpose of a programming language is to instruct the compntar on how to solve
or to perform tasks. Programming languages differ irom ower ianguages in the level of
ity . required:!. There are thousands of programming languages, with new ones being
ced each year, but only'a few of them have gained widespread usage. The first widely used
=cwas FORTRAN, which was good at handling numeric data, but COBOL a5
y developed for business applications. The Pascal, C, C++, and Java ‘programming
: .have been widely implemented since that time. These programming languages can take
“amount of time to learn or master. Furthermore, building a “full-featured” application
take years, an investment that the typical researcher will not be interested in making. What is
tly vneededin-bioinformatics is not a full featured elaborate program with a stylistic

p 55
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- graphical user interface (GUI), but a simple, efficient, and accurate method to manipulate data
‘use in other applications. Fortunately, a programming language (Perl) exists that is particul
well suited for these tasks.

- Scripting languages- such as Perl, Python; PHP and Ruby gives an environment th:
easier to use. Just a few lines of scripting could replace many lines of Fortran and the interacti
means that researchers could work with the data more easily and flexibly. In addition, th
programs came with source code so that new features could be added when the need arises.

' PROCEDURAL, STRUCTURED 'AND = OBJECT-ORIENTED PROGRAMM!
LANGUAGES - ‘ '
Until recently, programs were taught of as a series of procedures that acted upon data.
* procedure, or function, is a set of specific instructions executed one after the other. The data
quite separate from the procedures, and the trick in programming was to keep track of ¥
functions called which other functions, and what data was changed. To make sense of
potentially confusing situation, structured programming was created.

The principle idea behind structured programming is as simple as the idea of divide
conquer. A computer program can be thought of as consisting of a set of tasks. Any task
too complex to be described simply would be broken down into a set of smaller component &
until the tasks were sufficiently small to be executed and self-contained enough that they
easily understood. As an example, computing the average salary of every employee of a cor
is a rather complex task. It can however, be broken down into the followmg subtasks:

Fmd out what each person earns
i Count how many people you have
- Total all the salaries : Sl
® Divide the total by the number of people you have.

Totaling the salaries can be broken down into:
L - Get each employee’s record '
Access the salary

e
®  Add the salary to the running total
o Get the next employee’s record.

~Structured programming remains an enormously successful approach for deali
complex problems. By the late 1980s, however, some of the deﬁclm of s
programming had become all too clear.
. First, it is natural to think of your data (employee records, for example) and what
‘do with your data (sort, edit, and so on) as related ideas. 3
The way we are now using computers — with.menus and buttons and windows give
interactive, event-driven approach to computer programming. Event-driven means that
event happens the user presses a button or chooses from a menu and the program

Programs are becoming increasingly interactive, and it has become important to d&slgn
kind of funct:onahty

e
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panipulate d ata

RE'il partid _.;'ect-oriented programming attempts to respond to these needs, providing techniques

¢ enormous complexity, achieving reusability of software components, and coupling
tasks that manipulate that data.
‘4 he essence of object—oriented programming is to treat data and the procedures that act
addition, t = data as a single “object”, a self-contained entity with an identity and certain
s . stics of its own. Some Object-oriented programming languages used in developmg
e s in blomformaucs are given below.

0 RAMME

vironment th
the interacti

[} 3 4 i N
ted upon dat - C++ fully supports object—oriented programming, including the four pillars of object-
B -_ The da : d ¢ __elopment: encapsulation, data hiding, inheritance and polymorphism. For instance,

ack of 4 a engineer needs to add a resistor to the device he is creating, he doesn’t typically build a- .

P hence o e from scratch. - He walks over to a bin of resistors, examines the coloured bands that

' = the properties, and picks the one he needs. The resistor is a “black box” as far as the
R%r divid ls concerned. He doesn’t care how it does its work as long as it conforms to his
- 0 3:; L property of being a self-contained unit is called encapsulation. With encapsulation
fhat they jaccomplish data hiding. - '
ofaco o ~ Si milarly, whentheengmeerusestherwxstor, he doesn’ thavetolmowanythmg about the

. ate of the resistor. All the properties of the resistor are encapsulated in the resistor

! i they are not spread out through the circuitry. C++ supports the properties of encapsulation

’ : 2 hiding through the creation of user—defined types, called classes. C++ supports the idea of

y through inheritance. A new type, which is an extension of the existing type, can be
This new subclass is said to be derived from the exxstmg type and is sometlmes called a
C++ is a superset of C. Its 1mplemmtauon exist for nearly modern platforms including

aix and non-unix operating systems. You can learn C++ without having to learn C. :

\Ql\

.

iming with C++
Your compiler may have its own bullt-m text edltor, or you may be using a commercial
stor or word processor that can produce text files. The important thing is that whatever you
your program in, it must save simple, plain-text files, with no word processing commands
2d m the text. Examples of safe editors include windows Notepad, the Dos Edit command,
on, EMACS or vi.
The files you create with your editor are called source files, and for C++ they typlcally are
d with the extension .cpp.

.lAVA
,Iava is considered as a powerful tool for Intemet development projects. Java is a
ied version of C++. . :
3 Java is “simple; object—oriented, statically typed compiled, architecture neutral
threaded, garbage collected, robust, secure, and extensible”. The following list of Java
wtes however.should give your more insight.
§1mple Java’s developers deliberately left out many of the unnecessary features of other
vel programming languages. Java does not support pointers, implicit type casting,
es or unions, operator overloading, templates, header files, or muitiple inheritance.

87
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* Objected-oriented -  Just like C++, Java uses classes to organize code into logie
modaules. 4 . : v ST
* Statically typed - All objects used in a program must be declared before they are use
This enables the Java Compiler to locate the report type conflicts. =i

* a Compiled - Before you can run a program written in Java language, the program must
compiled by the Java compiler. v : “hel

* Multi-threaded - Java programs can contain multiple threads of execution, which enab
programs to handle several tasks concurrently. For example, a multi-threaded program can rend:
an image on the screen in one thread while continuing to accept keyboard jinput from the user
the main thread. tih : ; R ‘

* Garbage collected - - Java programs do their own garbage collection, which means
programs are not required to delete objects that they allocate to memory. 7This, reliew
programmers of virtually all memory management probléms. SAIBW, 3 Hats : 4
* Robust -  Because the Java interpreter checks all system access performed withis
program, Java programs cannot crash the system. 3
¥ Secure - The Java system does not only verifies all memory access but also ensur es. 8
no viruses are hitching a ride with a running applet. Because pointers are not supported, by the Jz
language, programs cannot gain access to areas of the system for which they hé\?@p jthorizats
¥ Extensible -  Java programs support native methods, which are fun _written
another language, usually C++. : : ;

* Well understood — Java can be quickly and easily understood by anyone with. ex eries
with modern programming languages such as C++. -

Java Programs ; ' ! A bi 3
Java can be used to create two types of programs: applets and stand-alone applicatio
An applet is simply a part of a web page, just as an image or a line of text can be. "

The Java Developer’s Kit v
) Java is actually more than a computer language; it is also a programming envyi
_that includes a complete set of programming tools. Those tools include a compiler, an int
a debugger, a disassembler, a profiler, and more. :
To create a Java program, you first use a text editor to create the source code fi

write the source code, in the Java language. Aftér completing the source code, which

* saved with a Java file extension, you compile the program into its byte-code format, the ,'

which has the .class extension. It is the .class file that the interpreter loads and executes. .

i PROGRAMMING LANGUAGES RELEVANT TO BIOINFORMATICS
Common languages relevant to Bioinformatics are C, C++, C#, .IAVA, PERL.
_ PYTHON. These languages have been used generally in developing applications in bioinformat
Scripting languages are found to be more efficient in text or string processing and
- manipulation in bioinformatics. Scripting languages are described below: 1
(a) - PERL (Practical Extraction and Report Language) o
Perl is a scripting -language with strong support for text processing a d directory®

' manipulation.. PERL is a special-purpose language designed for text processing applicats

'especially those that require text search, extraction and text-base reporting. Its syntax is simils
that of C. Perl is widely used because of its strong support for string, string editing and re;
expression. Perl has become a very popular bioinformatics programming language because ¢

2 . 88 ' o '
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o logig i i s ,
S itability for rapid prototyping — the ability to quickly write a working program. 1t has support for
y are used sbjects. Data structures like list and associative arrays (Perl hashes) are fairly easy to use, but have
E diosyncratic syntax and semantic. Perl modules are extremely easy to install, and Perl modules
must bs for a wide variety of applications are readily on the CPAN archive. - ' ' -
y "~ Also, Perl is excellent for string manipulation, and bioinformatics deals mainly with large
hich enable ings of genetic sequences and base pairs. Since, Perl has a highly developed capacity to detect
‘can rende tterns in data; it has become one of the most popular languages for biological data anlysis.
m the user in ~ Perl is often a first language for scientists, engineers, and system administrator whose
3 ; ary training is not in software engineering or computer science. It is often used for small -
ifme,ans;r at software tools or prototypes rather for larger, organized development projects.
ieve " Perl is mainly used with Unix/Linux based operating systems; however, you can install
oth for every windows based operating systems. : ) S8 aa

Bioperl A s 45 ,
. The BioPerl project is a coordinated effort to collect computational methods routinely
ssed in bioinformatics into a set of standard CPAN-style, well documented, and freely available
_modulcs. . .

PYTHON : ' .

~ Python is a scripting Language which has become a popular language choice for
earchers in the field of bioinformatics. Python has the support of advanced numerica

-apabilities through the Scientific Tools of Python (SciPy) project. A .

ks

non ’ . . )
BioPython project was created in 1999 and modeled after the BioPerl Project. Most of the
of the BioPython project was focused on creating parsers for biological data and designing a
G interface to represent sequences. One of the unique features of BioPython project is the use
of a standard event-oriented parse design. ' ;

PHP
PHP is a scripting language created by the BioPHP project.

; ) (Is . : y = ) ; v

The BioPHP project (formerly known as GenePHP) seeks to extend PHP language so that

n be used to develop bioinformatics applications. The main purpose of the BioPHP project is
encourage the use of PHP as a “olue” language to bind web-based bioinformatics applications

Ruby I Sy v
Ruby is a scripting language which has a native support for object-oriented programming
h a simple but powerful syntax. , N .

Ruby : :
{ In addition to the BioRuby project, several educators have advocated the desirability of
0d uciﬁ'g‘.undergragluaté students to Ruby programming language.
y ESSENCE OF PROGRAMMING IN BIOINFORMATICS
The majority of biological researchers are not programmers.
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‘
- Biologists often feel that basic computing skills are all that they need to fulfill th ‘ !1 E‘:
everyday research tasks. i pa—
- In many cases it was observed that “you can accomphsh qmte a bit using cxnstmg [0C :
(Tisdall, 2001). -~ ™
“What happens whcn you want to do somethmg a pre-exnsnng tool doesn’t do? ¥
} happens when you can’t find a tool to accomplish a particular task, and you can’t find someo
write it for you"” (Tisdall, 2001).

4.1 BENEFITS OF PROGRAMMING ; -
- - Programming skills come to play when pre—exlstmg tools cannot accomphsh atask.
Programming skill is in strong demand. . 3
Makes you more marketable as a biologist. ' 5
Saves time. :
It is an easy skill to pick up.

PROGRAMMING LANGUAGE OF THE FUTURE -

The programming language of the future in bioinformatics must have the capab lity
usmg fewer codes to get results efficiently as indicated by the scripting languages. It must be ¢
to learn, understand and implement for the desired appllcatlon Tts library facilities must be
and open to all for research purposes.

The only chance biologists have of keepmg up with the job of analyzing data is
developmg libraries of reusable software tools.

6. CONCLUSION
. This paper has presented a general overview of the various programming languag es
in the blologlcal sciences. This can help to understand the decisions involved in choos
programming language for a specific application. '
=
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