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Abstract: PubMed is the suitable database for all Computational Biologists / Bioinformatics researchers to search the
required data efficiently. Extraction of the data from the PubMed needs suitable input to search and careful selection the
back end. A naive user needs a good exercise before handling the PubMed database actually such as where and what input
string is supplied and what database is selected in PubMed corpus. We have designed a tool using Perl script, named as
Perl_Su. Thistool makes the searching process easy in PubMed corpus. When we run thistool, it asks the user to supply the
related string of search as input. And thus it extracts all the possible sets consisting of that supplied string. This tool is
unique in its own kind and extremely useful for naive user and will work as cantilever for those experts to develop further
innovative ideas who understand the chemistry between Perl and Bioinformatics. We believe that this tool will contribute

significantly in thefield of Text Mining in PubMed Corpus.
Keywords: Perl, Mechanize, User Agent

1. INTRODUCTION

PubMed is a one of the largest database used for
computational /bicinformatics research. Perl (Practical
biol ogy Extraction and Reporting Language) isalso playing
very import role in bioinformaticsresearch. Theincreasing
popularity of Perl with bioinformatics popularity of Perl with
bioinformatics has motivated us to do this research work.
We have developed a software robot system using Perl
language. Software robots arethe software programswhich
are useful to connect to the database of any website. We
have focused our research work to PubMed database. The
requirement of this work is Perl DOS console and Perl
environment. We have downl oaded the Perl from CPAN. Perl
package must be consi sted of PPM (Perl Package Manager).
We have used certain classto a make the system automatic
and the most important method is the Mechanize() which
makes the systems automatic. When our tool runsit ask for
theinput string which the user islooking for to extract form
the PubMed database. This tool extracts all the related
articles of that input string from PubMed database. The
resultsare soredisthe output file placed in thebin directory
of Perl Package. Thisfile has html format and we have named
it as*“sugam.htm”. We have collected numerous resultswith
variety of input strings. We have divided the whol e paper in
sections and the rest of the paper is organized as follows.
Section 1.1 consists of the description about the Perl.
As Per| description is huge to describe completely so we

have emphasized on the basics of Perl. Section 1.2 is the
next section under parent section introduction which cons sts
of the detail ed description about PubMed. We have touched
very basic things with the help of pictorial representation
with arrows dictating the meanings of the fields in the
PubM ed web pages. This section consi s of four subsections
also named as (1.2.a8) Summery Format-depi ctsthe summary
of any articles, (1.2.b) Brief Format—depicts the briefings
about the article, (1.2.c) Abstract Format—thisformat shows
the abstract part of any article, and (1.2.d) Citation Format-
thisformat providesthe personal nameas subject, chemical
names of substancesused in theresearch and the grant which
supported this project. Section 2 isthe Perl Robots Design,
in which we have written all the software design code along
with the proper description of every line just after that line.
Next section issection 3, the Results. Section 4 isthefuture
work which weintend to do extend after this. Section 5is
the conclusion section. And thelast section issection 6 which
isthe reference section.

1.1 Perl

Per| is powerful and dynamic language knows for today's
time. It is the extraction language as its name suggested
“Practical Extraction and Reporting Language’. Thesedays
Perl is much popular because of its coordination use with
bioinformatics research. Astoday huge amount of biological
database is available on different servers. To access this
database for further analysisisthe crucial task to be done.
In moretechnical term we need to do text mining in different
databases. A number of software solutions have been
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provided to promote the bioinformatics research and
biologist are using that regularly. A good number of website
and study materials are availabl e to be able to work in Perl
environment. Perl isthefirst great languagefor peoplewhich
require no prior programming experience. Perl is the
language of Unix /Linux environment and actually comes
pre-installed on most non-Windows operating systems.
CPAN, the Comprehensive Perl Archive Network, themain
and hugelibrary for Perl that isfreely availableand covers
almost every fractional part of Perl programming and makes
it exceedingly simpleto create useful programs. In common
language the Perl program are known as Perl scripts.

1.2 PubMed

Theexact definition of PubMed liesin theform of interface.
It is a public interface freely available to MEDLINE. It
provides accesstoinformation in MEDLINE, theintegrated

molecular biology databasesincluded in the National Center
for Biotechnology Information (NCBI) Entrez retrieval
system, out-of-scope citations (e.g., articles on platetectonics
or astrophysics) from certain MEDLINE journas, primarily
general science and chemistry journals, for which the life
sciences articles are indexed for MEDLINE. (i.e. Cell and
Science) ,Citationsthat precede the date that ajournal was
selected for MEDLINE indexing, some additional life
sciencejournal sthat submit full text to PubMed Central and
receive aqualitativereview by NLM, Citationsthat has not
yet indexed with MeSH termsi.e. PREMEDLINE. Onceyou
enter your search termsand click GO or pressthe Enter key,
PubMed will automatically: Run the search, Retrieve and
display citations, Retain the search termsin the query box.

Summary Format: PubMed citations are displayed by
default in the Summary format which consists of the
following:

Hrevievdingex History pboard 1=2t3
Author’s Dicp lay - - O mped 4 :
pley [T =] Show |20 <l[Son <] Sendio [Ten = N
name(s) Shm'v — — Links: meludes
Items 1-20 of 243 Imks to related
articles
\‘ Congohesns T Carper B Akshoomaff /
A = Ewdence of brain overgrowth in the frst year of life in sautism
Title of TAMA, 2003 Jul 16:290(3) 33744
article }-UD' 12365374 [PubM e &-‘1 AP%‘LWT}
Identification / \ Article source
number: provides the joumal
PubMed's Tazs title abbreviations, date
unique of publication, volume,

13sue and page
numbers of the article

E‘ Clear

v | for Iautism in early childhood

Limits Preview/index History Cliphoard
Display ‘IBrief El Show:lzn ZI [Sort

Items 1-20 of 243

I™ 1: Courchesne E et al. Evidence of brain overgrowth .. [PMID: 12865374]
7 2: Perez-Jimenez A et al. Continuous gigeling and autis.. [PMID: 12773284

7 3: Baeli S et al. Autism and phenylketonuna. .. [PMID: 12757360]

Brief Format: The Brief format will display: Thefirst
author’s name, the first thirty characters of the title, the
PubMed uniqueidentifier, linkstorelated articles, and Link
Out and molecular biology databases.

Abstract Format: The Abstract Format provides the
summary information in addition to: The Abstract Format
may also provide: Publication Types, when the type is
something other than a Journal Article, Erratum, if any and
Comments, if any

Details

~| Sendto |Tex =

Page |1 of 13 Next

Related Adicles, Links

Related Articles, Links

Related Articles, Links

Citation Format: The Citation Format displaysthe same
information astheAbstract Format in addition to: The Citation
Format may also provide: Personal name assubject, if present,
Chemical namesof substancesused in research, if present.

2. PERL ROBOT DESIGN

In the designing of Perl Robot we have taken thefollowing
steps. Each step involved hasit description just below that.
Every codeis ended by a semi-column.
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#lc\\perl\\bin

These are the comment points to the installation path
of the PERL. This can be customized depending where the
Per| directory exists.

#usestrict;
Comments:
#use LWP::UserAgent;

Thislineisacomment asit isfollowed by # LWPstands
Library for WWW accessin Perl. TheLWP::UserAgentisa
class implementing a web user agent. LWP:: UserAgent
obj ects can be used to dispatch web requests. In normal use
the application creates an LWP::UserAgent object, and then
configuresit with valuesfor timeouts, proxies, name, etc. It
then creates an instance of HTTP::Request for the request
that needs to be performed. This request is then passed to

one of therequest method the UserAgent, which dispatches
it using therelevant protocol, and returnsaHT TP:: Response
object. There are convenience methods for sending the most
common request types: get(), head() and post(). When using
these methods then the creation of the request object is
hidden as shown in the synopsis above. The basi c approach
of the library isto use HTTP style communication for all
protocol schemes. This means that you will construct
HTTP::Request objects and receive HTTP::Response
objects even for non-HTTP resources like gopher and ftp.
In order to achieve even more similarity to HTTP style
communications, gopher Mgjor headings are to be column
centered in a bold font and in capitals without underline.
They may be numbered, if so desired. “2. Headings for the
Paper” at thetop of thisparagraph isamajor heading. menus
and file directories are converted to HTML documents.
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use WWW::Mechani ze;

WWW::Mechanize, is a proper subclass of
LWP::UserAgent. It helps to automate interaction with a
website. In short it is also known as Mech. It supports
performing a sequence of pagefetchesincluding following
links and submitting forms. Each fetched pageis parsed and
its links and forms are extracted. A link or aform can be
sel ected, form fields can befilled and the next page can be
fetched. Mech also stores a history of the URLS you've
visited, which can be queried and revisited.

my $url = “http://www.pubmed.org”;

Any variablein Perl isdefineusing $ beforeany variable
name. If itistomadelocal variableweuse‘my’ word before
the variable declaration.

Print “Enter the String”.”\n”;
Thislineprintsthestring.

chomp($var = <>);

Thisline take is input and store that in a variable and to
avoid to jump into next line chomp isused.

my $searchstring = “$var”;

Vauefromonevariableis assigned to another local variable.
my $outfile= “sugam.htm”;

Output html filenamed as*sugam.htm” isassgnedtoalocal

variable.

my $mech = WWW::M echani ze->new();

This creates a new WWW::Mechanize object and stores a

handleto the object in the variable that we called $mech.
$mech->get($Surl);

This causesthe WWW::M echanize object to go out and fetch

the page that we are requesting.

$mech->follow_link(text =>“PubMed”, n=> 1);
Follows a specified link on the page. You specify the match
to be found using the same parms that follow_link() uses.
Herethefirstlink called is PubMed.

$mech->form_name(‘ EntrezForm’);
Name of the form where the values aredirected.

$mech->field (‘ SearchBar. Term’ =>" $searchstring”);
Name of the field on that form in which the values are
actually submitted.

$mech->click ();

This provides the environment for button click, as if you
wereinteracting with the page yourself.

my Soutput_page= $mech->content();

open (OUTFILE, “>%outfile”);

print OUTFILE “$output_page’;

close (OUTFILE);

Theabovefour line are doing the collaborativetask like
assigning the content of the returned pageto $out_put page,
open asimple output file, write the contentsto thefile, and
then closethefile.

3. RESULTS

We have collected different sets of results. We have taken
the snap shots of the output based on the supplied input.
The screenshot containsthe outcome and theright top corner
of each figure consists of the dos console wherewe run the
software. It is utmost important to pay attention on the
directory of output file. In the URL section in the screenshot
we have save theout filein C drive and the path is C://Perl/
bin/sugam.htm.

1

02: ot

Figure 1: Snapshot Based on Input String as “Cohly”.

The black sub screen at theright top corner isthe DOS
console wherewhich ask theinput when the softwareisbeing
run. On thing which isto need more attention isto seek the
address mentioned in URL place of the output file. In our
work it is C:\Perl\bin\sugam.htm.

v for| 15341627[uid]

Detars
v]sotBy [w[Sendto [v

lex | History | Clipboard

| show| 20

Plant J. 2004 Sep;39(6):834-45

Characterization of AtCHX17, a member of the cation/H+ exchangers, CHX family, from Arabic
suggests a role in K+ homeostasis.

Cellier F, Conéjéro G, Ricaud L, Luu DT, Lepetit M, Gosti F, Casse F

PMID: 15341627 |PubMed - indexed for MEDLINEI

Figure 2: The Snapshot based on Input String as “15341627”.

This figure shows the output as “Characterization of
AtCHX17 ..... " This article has the PMID number as
15341627 which we supplied in theinput and got that output
shown inthe Figure 2.

Thisfigure 3 showsthe output as j°Functional Analysis
of AtCHX21: a putative sodium transporter in Arabidopsis.”
This article has the PMID number as 16513816which we
supplied in the input and got that output shown in the
Figure3.
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1 Exp Bot. 2006:57(5):1201-10. Epub 2006 Mar 2 e

Functional analysis of CHX21: a putative sodium transporter in Arabidopsis.
Hall D, Evans AR, Newbury HJ, Pritchard J

School of Biosciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK

The functional role of CHX21, a member of the Arabidopsis thaliana CHX cation transporter family, has been investigated in plants growing under "ideal” condi
NaCllevels. In public databases, AtCHX21 (At2g31910) s annotated as a putative Nar+/H+ antiporter. In this study, Southern analysis was used to identify a ¢
transposon insertion within ts genome; using PCR, this insertion was shown to be within the CHX21 locus. No CHX21 transcript was detectable in Atchx21 (n
absence of salt stress, Atchx21 showed significant quantitative ifferences from the wild type (AtCHX21) in development with respect to characters such as ros
presence of 50 mM NaCl, () roots of Atchx21 elongated more slowly than the wild type, () the leaf sap Na-+ concentration was significantly lower in Atchx21
the concentra) in the xylem was lower compared with the wid type. The concetration of Nar+ exported from the leafin the phloem was unchanged. Thus, loadi
explain changes in leaf concentration of Nar+. This hypothesis was supported by immunolocalization which demonstrated that the AtCHX21 transporter could o1
Immunogold labelling of itra-thin sections, followed by transmission electron microscopy, demonstrated the localization of the protein i the plasma membrane
transporter may play a role in regulation of xylem Na+ and, Na+ inthe leaf.

PMID: 16513816 [PubMed - indexed for MEDLINE]

Figure 3: The Snapshot based on Input String as “16513816”".
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All Databases
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Malar J. 2003 Nev 14:2(1):38.
PMID: 14617379 [PubMed - as supplied by publisher]
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Amisu KO Obi CL

Human campylobacteriosis in developing countries.
Emerg Infect Dis. 2002 Mar;8(3):237-44. Review
PMID: 11927019 [PubMed - indexed for MEDLINE]

Figure 4: The Snapshot based on Input String as “ Raphael D

Isokpehi”

This figure shows the possible output from PubMed
database with respect to the supplied input.
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In respiratory alkalosis the fall in CSF bicarbonate is in part due tc increased CSF lactate. The rest of CSF HCO3 fall may be actively regulated or s more rece
plasma HCO3 fall. Therefore, the relationship between plasma and CSF HCO3 changes was studied during 4 hours of respiratory alkalosis (PaC02=20 mm H
HCO3: (1) fell normally, (2) kept ‘normal' by NaHCO?3 infusion, (3) increased by infussing more NaHCO3, and (4) reduced by infusing HCL In respratory alkcal
and 3.8 mEQIL, respectively. In hypocapnia and 'normal’ plasma HCO3 CSF HCO3 fell 2 mEq1L and lactate increased 1.3 mEqL. In hypocapnia and metabs
6.5 mEq/L and CSF HCO3 remained unchanged and lactate increased 2.12 mEq/L. In combined hypocapnia and metatolic acidosis plasma HCO?3 fall 10.5 m
and CSF pH returned to normal at 4 hours. Therefore CSF HCO3 fallin hypocapnia is primarily and crifically dependent on the simuitaneous falin plasma HCC
from CNS lactate increase. When CSF PH has returned to normal, however, CSF HCO3 fall is stopped despite further lls in plasma HCO3

[PMID: 7012 [PubMed - indexed for MEDLINE]
Figure 5: The Snapshot based on the Input String as “ Important

of changes in plasma HCO-3 on regulation of CSF
HCO-3 in respiratory alkalosis.”.

Thisfigure showsthe abstract view of the article which
consgsof thetitleas”Important of changesin plasmaHCO-
3onregulation of CSFHCO-3inrespiratory alkalosis.” And
thistitlewe have used astheinput string in our software
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Sze H, Padmanaban S, Cellier F, Honys D, Che

Department of Cell Biology and Molecular Genetics, University of Maryland, College Park, MD 20742-5815, USA. hsze@umd.edu

A combined bioinformatic and experimental approach is being used to uncover the functions of a novel family of cation H(+) exchanger (CHX) genes in plants
predicted protein (85-95 kD) of 28 AtCHX genes after revision consists of an amino-terminal domain with 10 to 12 transmembrane spans (approximately 44
approximately 360 residues at the carboxyl end, which is proposed to have regulatory roles. The hydrophobic, but not the hydrophilic, domain of plant CHX it
cation/proton antiporter-2 (CPA2) proteins, especially yeast (Saccharomyces cerevisiae) KHA1 and Synechocystis NhaS4. Reports of characterized fingal a:

Figure 6: The Snapshot based on the Input String as “ Expression
Patterns of a Novel AtCHX Gene Family Highlight
Potential Roles in Osmotic Adjustment and K+
Homeostasis in Pollen Development.”
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Figure 7: The Snapshot based on the Input String as “Functional
Analysis of CHX21..... "
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A probable Na+(K+)/H+ exchanger on the chloroplast envelope functions in pH homeostasis a
develop in Arabidopsis thali

Song CP. Guo Y, Qiu Q. Lambert G. Galbraith DW. Jagendorf A, Zhu JK.

Department of Plant Sciences, University of Arizona, Tucson, 85721, USA.

Electroneutral monovalent cation/proton antiport across the chloroplast eavelope has been shown previously to have an important regulatory effect on stromal p
reduction. Here we report that an Arabidopsis miclear gene, AtCHX23, encodes a putative Na(+)(K(+)/H(+) exchanger and functions in the adjustment of p:
‘maintaining a high pH level in the chloroplast stroma. The AtCHX23 protein is localized in the chioroplast envelope. Plastids from chx23 mutants had straight thy
chx23 mutant leaves were pale yellow and had a much reduced chlorophyl content. The chlorophyl content of chx23 was increased by growing in medium at ke
at high (7.0) pH. The cytosolic pH in the leaves of the mutant was significantly higher than that in the wild type. chx23 mutants displayed a high sensitivity to NaC
CHX23 is a probable chloroplast Na(+)(K(+))/H(+) exchanger important for pH homeostasis and chloroplast development and function.

PMID: 15220473 [PubMed - indexed for MEDLINE]

Figure 8: The Snap Shot based on the Input String as “ A Probable
Na+(K+)/H+ Exchanger on the Chloroplast Envelope
Functions in pH Homeostass ......"
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4. FUTURE WORK

So far we have restricted our software for the PubMed
database. Though thisisthe strongest database but there are
other databases a well which have utmost important for
bioinformatician and researchers. We plan to extend our
work in the same direction but extend that to different
databases such asBlackwell synergy etc. which consist of a
huge collection of useful data for researchersand scientist.
AsPerl script isheavily used for bioi nformatics so we want
to strengthen thisbelief too.

Though many more solutions and researches are
possible with the tuning combination of Perl and
Bioinformatics we would like to make significant
contribution in that arenain future.

5. CONCLUSIONS

Weall know that Perl script isan extremdy suitablelanguage
for the bioinformatics. Our work isonemore strong evident
of the same. We have shown how Perl robots are able to
fetch the data from the PubMed database. We have tested
our robot using different input strings and we have happy to
say it isworking efficiently for all of them. Our robot so far
is working with PubMed /Medline database but we are
interested to extend our task to different databases to make
the system more flexible for computational biologists and
researchers. We believe that thisresearch work will be able
to contribute significantly and open avenuesfor new research
work.
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