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 Executive Summary 
 
 
An Overview of the Project 
 
The present report explore the question ‘whether bioinformatics can be considered as a potential 
business opportunity for the Pakistani IT Industry’, ‘what are the existing competencies of biologists 
that can be cashed upon in this respect’ and ‘what are the potential problems that will be faced by 
Pakistan in the process’. It provides an overview of the global bioinformatics industry, its 
segmentation, educational institutions, bioinformatics products and leading companies. The report 
also presents bioinformatics industry in India, Canada and a few other countries and explores the 
reasons behind emergence of India as a global bioinformatics hub in the developing world. 
 
Finally, it concludes with a list of suggestions compiled in consultation with a group of about 50 
biological scientists, IT professionals and bioinformatics education providers, on the steps that should 
be taken by Pakistan to develop bioinformatics potential. 
 
Key objectives of the project were the following: 
 

i. Review of available information and data to develop a comprehensive understanding of the 
status and potential of IT within bioinformatics as a discipline in Pakistan. 
ii. Assessment of issues and constraints in the development of bioinformatics, both as a 
discipline and industry and identification of key factors for developing this field in Pakistan.  
iii. Identification of opportunities for Pakistan’s IT industry for collaborative ventures to enable 
them to obtain a share of the global bioinformatics business. 
iv. Identifying the enabling measures to facilitate the development and growth of bioinformatics 
and IT industry to develop in this field. 
v.  Preparing a medium term strategy to this end. 

 
These objectives were achieved by using a combination of primary and secondary data. The primary 
data was collected by conducting in-depth interviews while secondary data was collected by 
conducting desk research. 
 
An initial desk research was carried out to gain background knowledge of the subject as well as to 
identify the stakeholders in bioinformatics business. Major part of objectives i, iii and iv were covered 
by conducting desk research. For this purpose published reports and statistics either electronic or in 
hardcopy were utilized through scientific journals, business reports, industry and technological 
magazines and online databases. A multidisciplinary team of researchers having background in 
Bioinformatics, Computer Science, Social Sciences and Biology was deployed for the purpose. 
 
A survey of potential stakeholders of bioinformatics business was done to estimate the current state of 
biological research in the country, research interests of different groups, opinion on bioinformatics, 
use of bioinformatics software and identification of opportunities in local and international markets. 
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For the in-depth interviews, the sample was divided into 4 groups. 
 
Group 1. Scientists working in biological sciences/ medicine. 
Group 2. Information Technology (IT) Companies. 
Group 3. Educational Institutions imparting bioinformatics education at various levels. 
Group 4. Pharmaceutical companies. 
The respondents were selected using snow balling sampling method. Literature search was done to 
identify prominent research institutes in the country. The preliminary workshop also helped to 
identify the stakeholders. 
 
The head of the institute or senior member of the faculty was contacted for the interview. Initially an 
introductory letter was sent to the stakeholders requesting them for an in-depth interview. In case of 
no response the individuals was contacted three times.  
 
The IT companies in group 2 were selected randomly from a list of companies working in three major 
cities i.e. Karachi, Lahore and Rawalpindi/Islamabad. 
 
Many pharmaceutical companies were contacted from a list provided by Pakistan Pharmaceutical 
Association. However the response rate was low in this group. Only 3 respondents could be 
interviewed completely. Many refused to be interviewed on the pretext that they did not have 
information or that their companies do not have a research wing in the country. 
 
The interviews were conducted in 4 cities Karachi, Islamabad, Lahore and Faisalabad. One interview 
from Quetta was done over the telephone and 1 questionnaire was filled from Australia. A team of 
interviewers having awareness of the subject matter conducted the in-depth interviews. 
 
In addition to formal interviews, several experts in bioinformatics contributed their opinion through 
emails and telephonic correspondence.  
 
A workshop was conducted towards the end of the project to bring together stakeholders from all over 
the country, share the report with them and to hear their opinion. The report was subsequently 
modified in light of the discussion generated during the workshop. 
 
Introduction to Bioinformatics 
 
Bioinformatics is an emerging field of science that combines biology, statistics and computer sciences 
to solve biological problems. It has application in drug discovery, genomic and protein analysis and 
particularly in biotechnology. The need for using mathematical algorithms and information 
management tools arises from an explosion of data in various fields of biology.  
 
In the past one-decade, new technologies have enabled scientists to produce large databases of 
genomic data, of man and other species, protein sequences, expression of genes, population genetics 
studies, crop varieties information, etc. These projects have suddenly transformed biology into a 'data 
rich' science. New methods are therefore required for data capture, data mining and data visualization. 
These functions represent the basic tasks undertaken in bioinformatics.  
 
 
Bioinformatics Market Size and Characteristics 
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The global bioinformatics market is estimated to be about one billion dollars. Half of this money goes 
into genomics, 20% into proteomics and drug discovery and the rest into other segments like 
pharmacogenomics and cheminformatics.  
 
India aims to combine its strengths in IT and biotechnology to emerge as a major global hub in 
bioinformatics. Indian bioinformatics market was estimated to be 17 million dollars in 2004. However 
the government of India is hoping to grab at least a 5% share of the global bioinformatics market in a 
few years time.  
 
Bioinformatics will perhaps create a moderate number of jobs, In India an estimated 1000 
professionals will be needed annually for the next 5 years. Furthermore bioinformatics companies 
should expect revenues in a few million dollars only. 
 
The Future of Outsourcing in Developing Countries 
 
Outsourcing has developed as an important concept in today's business. It is cost and time efficient, 
can make use of the limited set of high quality professionals and expand service portfolio for 
companies. Inspite of a tremendous increase in demand, the US educational stream has not 
significantly increased the production of scientific workforce. As a result cost of research has gone 
higher. Many companies are realizing that they can get their research done abroad, at cheaper cost, 
without any compromise in quality. In clinical trials for example, GSK (Glaxo smith Kline) has 
announced that it will shift 30% of its clinical trials to countries like India and China. 
 
As the technological difference between advanced and developing countries bridges and physical 
barriers become irrelevant, developing countries with a small but significant number of highly trained 
scientists and technicians will have a major opportunity for outsource based business. It can also help 
countries counter brain drain and bring back expatriates working in technical fields. Potential 
problems are lack of innovation and scientific infrastructure. However the prospects of Bioinformatics 
may however be better, considering that knowledge of data base and statistics are important in the 
business. 
 
Relevance of Bioinformatics to Pakistan 
 
Pakistan offers unique genetic resources in human population, crops and other species. In several 
areas such as crop varieties development, Pakistan offers a genuine promise. In certain areas such as, 
drug development, protein expression assays, population genetics and clinical trials, there are pockets 
of expertise in the country, which can be utilized to develop bioinformatics business. In other words, 
service provision in bioinformatics is possible, although human resources would have to be channeled 
towards that stream. At the moment, most researchers are not exploring their luck in knowledge based 
economy due to lack of awareness, interest, or absence of IT and management support system. This 
trend is however proving detrimental to academic research as well. 

 
The stress should perhaps be on service provision in the beginning; product development at the 
moment is not feasible, due to a total lack of expertise.  
 
Comparison with other Countries 

 
Bioinformatics, although filled with great potential, is difficult; as it requires cutting edge biology 
knowledge and infrastructure coupled with advanced technical IT skills. Countries that are 
progressing in bioinformatics have a history that favors such development. Amongst them, America, 
Europe, Canada and Australia, excel in biological research and India, although not on the cutting edge 
of science, has made consistent efforts to develop life sciences industry in the country including 
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biotechnology and generic pharmaceuticals. In addition, impressive IT infrastructure has been 
developed to support biological research and collaboration, which includes BIOGRID INDIA, and 
Biotechnology Information System Network (BTISnet). Biotechnology industry in India is already a 1 
Billion dollar industry.  
 
Model of a Bioinformatics Company and the Need for Seeding Grants 
 
Bioinformatics in a highly competitive field, there are a large number of companies offering products 
as well as services. After the dot-com crisis, many IT companies in India eyed bioinformatics 
opportunities, they were however unable to provide the desired quality. Many of them were 
subsequently closed. Such mistakes should not be made by Pakistan.  
 
The development of bioinformatics business necessitates that many different government bodies, 
researchers and private entrepreneurs adopt a collective strategy. Awareness should be raised amongst 
scientists as well as IT companies through workshops and training camps and online forums. 
 
Bioinformatics companies will consist of research scientists, IT professionals and marketing 
personnel. Most of the biological scientists are working in public sector research institutes and 
universities. These institutions need to adopt a liberal policy for sharing of remunerations from 
bioinformatics commercial projects. Further more, entrepreneurship should rank high on the desired 
qualities for scientists. Private entrepreneurship will be the forerunner in developing bioinformatics 
and biotechnology business in Pakistan. Public institutes may enter into partnership with private 
companies.   

 
For any new company offering bioinformatics services or products, ‘proof of concept’, will be 
essential. This means that a nascent company will need to demonstrate its ability before getting 
business. The government should help in this stage by offering bioinformatics projects that would be 
beneficial to public research institutes. Such projects should be funded by HEC, COMSTECH or 
Pakistan Science Foundation, as long as the bioinformatics company has partnership with public 
institutions. These projects will help interested people to form a company, gather relevant expertise 
and knowledge capital and develop infrastructure for research. These projects could then be presented 
as a proof of the company's competence. It will add to the profile of these companies and help to 
attract outsource business. Proposed projects should be in the field of drug discovery, protein 
modeling, expression analysis, population genetics, database generation, etc.  
 
Several research institutes like HEJ and Punjwani at Karachi University, NIBGE Faisalabad, Aga 
Khan University, and Center for Excellence in Molecular Biology, Punjab University have active 
research going on in various aspects of crop biotechnology, drug and vaccine development and 
production, genetics of disease, etc, Bioinformatics companies would start by active partnership of 
researchers at these and other research institutes in the country.  

 
Bioinformatics Human Resource Development 

 
When it comes to Bioinformatics education, Pakistan is training less than a hundred undergraduate 
students annually for the past couple of years, the first batch is expected to graduate this year. These 
programs complain of lack of appropriate interdisciplinary faculty and uncertainty about job 
prospects. Government support in terms of scholarship to students and collaboration with public 
research institutes are necessary to improve quality. Furthermore, the number of students should be 
increased, however a sprouting of substandard bioinformatics educational institutes should not take 
place. 
Conclusion 
 



 
Opportunities for the Pakistani IT Industry within Bioinformatics

 
5 

It is clear that bioinformatics business will not precipitate overnight. High standard, concentrated 
efforts are needed, on a limited scale to develop a few segments of the field in Pakistan. Progress in 
the field will be gradual, so investment should be limited in the beginning, linked to progress as well 
as opportunities. The role of PSEB in short will be to raise awareness on the issue, bring together 
interested people, serve as a platform for training workshops and advocate the strategy to develop 
bioinformatics business proposed in this report and in consultation with other biologists and scientists. 
Bioinformatics is an enabler in biotechnology research and business, which will serve as the backbone 
of agriculture and industries of the future, hence can’t be ignored by Pakistan. 
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1 Introduction to Bioinformatics 
 
 
What is Bioinformatics? 
 
Bioinformatics is the application of computer technology and statistics to the management of 
biological information. In the past decade bioinformatics has become an integral component 
of research and development in biological sciences. The need for bioinformatics stems from a 
fundamental change that is taking place in biology. Several large-scale projects like the 
genome projects, human diversity initiative, and new techniques like microarray analysis are 
turning biology into a data rich science. For the first time in history, predictions based on 
empirical data is possible in biology1. The vast amount of newly generated data requires 
revolutionary new methods for management and analysis of results. Thus giving birth to a 
new field, known as bioinformatics.   
 
The Human Genome project 
 
The need for bioinformatics was realized for the first time by the explosion of genomic 
information resulting from the Human Genome Project (HGP)2. The purpose of this project 
was to characterize the normal set of human genes and to produce a ‘consensus’ road map of 
the structure of the human genome. This includes finding the sequence of 23 pairs of human 
chromosomes and elucidating the functions of both genes as well as intervening sequences. 
 
HGP data serves as a reference from which applied studies can examine the variation in 
special samples, such as people affected with a given disease. The HGP has produced a 
sequence of the entire human genome, however the exact characteristics of most genes and 
their functions remain unknown. In the next stage scientists are gradually trying to find 
correlations in the raw HGP data in order to find disease causing genes. HGP has given a 
boost to such research. 
 
Utility of the genome data 
 
The intended utility of the HGP has to do with understanding disease causation. Finding 
genes potentially associated with disease is only the first step. Once such a candidate gene is 
identified, the next step is to identify variations within that gene or its regulatory regions that 
is associated to a certain trait, such as susceptibility to disease. The association between a 
                                                 
1 Kanehisa M, Bork P. (2003) Bioinformatics in the post-sequence era. 
    Nat Genet;33 Suppl:305-10. 
2 Weiss, Kenneth M., Coming to terms with Human Variations, Annual Review of Anthropology, Vol. 27 
(1998), 273-300 
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genetic sequence and a physical characteristic is only the first step. Biologically valid 
scientific explanation is however required to prove causality. 
 
Complexity of the Genome Data 
 
Several factors contribute to the complexity of genomic research. Some of them are outlined 
below: 
 
● Volume 
 
 The sheer volume of the genome data is mind-boggling. An estimated 3 billion units 

(base pairs) are present in the human genome. In addition an estimated 1.4 million 
variations exist in each individual, accounting for the bewildering human variations in 
physical attributes, disease susceptibility and possibly behavior. These variations are 
referred to as single nucleotide polymorphisms (SNPs) 

 
 Apart from the human genome, the genomes of about 150 other species have been 

sequenced. 
 
 The volume of genome data is doubling every 6 months or so. 
 
● Environment-Gene Interaction 
 
 Secondly, both genes as well as environment determine the physical (and biochemical) 

characteristics of living organisms. The environment and genes interact in complex 
ways to cause disease. Causal inferences, relating genes with disease are therefore much 
difficult to draw. 

 
 The relationship of DNA sequences to phenotypes (physical attributes of a living being) 

is turning out to be less predictive than anticipated. As a result more detailed studies 
with larger sample sizes have to be conducted to fish out any subtle effects of genes. 
Variations in the genome also indicate the need for population specific diagnosis and 
therapies. 

 
Biotechnology and Bioinformatics 
 
Apart form biological research, bioinformatics has its application in the field of 
Biotechnology. Biotechnology is a set of techniques that involve manipulation or change of 
the genetic patrimony of living organisms. Biotechnology is a tremendously growing field 
with application in drug and vaccine production, medical diagnostic tests, biotechnology 
based foods, environmental cleaning, industrial processes and forensic science. 
 
Bioinformatics is an enabler and a necessary tool for modern biotechnology.   
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2 Applications of Bioinformatics 
 
 
Bioinformatics as a tool for the analysis of biological data has it’s applications in all fields of 
biological research and development. Some of these fields are summarized below. More 
detailed descriptions of these application areas and the use of IT in them is provided later in 
the report. 
 
Genomics - involves the use of vast databases and complex software to analyze the enormous 
amount of data that emerges from the sequencing or mapping of the human and other 
genomes. Bioinformatics offers the tools to mine the data and match the DNA information 
with the genes. 
 
Proteomics - The large-scale study of proteins with the goal of understanding the functions 
of the millions of proteins in the human body and other important species of animals and 
plants. Unlike the genome which is a finite entity with a fixed number of base pairs of DNA, 
the proteome is "plastic", changing throughout growth and development and environmental 
stresses, as well as in pathological situations. 
 
Pharmacogenomics - Pharmacogenetics is the study of how genes affect the way individuals 
respond to drugs. This relatively young field of medicine is poised to change the face of 
healthcare as we know it today, by allowing doctors to tailor medicines to an individual’s 
genetic makeup.  
 
Comparative Genomics - Comparative genomics is the analysis and comparison of genomes 
from different species. 
 
Phylogenetics - Field of biology that studies the evolutionary relationships between 
organisms. It includes the discovery of these relationships, and the study of the causes behind 
this pattern. 
 
Forensics - or forensic science is the application of science to questions which are of interest 
to the legal system. For example, forensic pathology is the study of the human body to 
determine cause and manner of death. Criminalistics is the application of various sciences to 
answer questions relating to examination and comparison of biological evidence, trace 
evidence, impression evidence, drugs and firearms 
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3 A Classification of Tasks in Bioinformatics 
 
 
Bioinformatics is primarily concerned with production of databanks and analysis softwares. 
Users such as biotechnologists and research scientists may choose to install these components 
on a local computer system, or access them over the internet, using the publicly available 
databanks.  
 
Bioinformatics currently deals with several main types of biological data: 
 
●  Sequences and structure of genes and proteins. Sequences are the simplest way to 

represent a macromolecule. The structure of genes that code for the sequence of amino 
acids in proteins is produced in this form by genome sequencing projects. Protein 
sequences are usually obtained via computer-based translation of genomic data. 

 
●  3-D molecular structures. These are obtained by physical measurements (X-ray, 

Nuclear Magnetic Resonance) combined with computer modeling. 
 
●  Genome structure and function. The genome of an organism is composed of its entire 

genetic material. Information on genome structure and function is a basic description 
that is continuously updated with new information including links to other databases. 

 
●  Bibliographic data, such as abstracts of scientific articles. The amount of scientific 

literature in biology has increased exponentially in recent years, especially after the 
onset of genome projects. This information is organized into a few large public 
databanks available through the internet. 

 
●  Finding Genes in the DNA sequence of various organisms (Gene Annotation) 
 
● Developing methods to predict the structure and/or the function of newly 

discovered proteins and structural RNA sequences 
 
●  Clustering Proteins into families of related sequences and the development of protein 

models 
 
●  Aligning similar proteins and generating phylogenetic trees to examine evolutionary 

relationship between different organisms. 
 
●  Systems biology- that looks at life as an integrated and interrelated system of genes, 

proteins and other chemicals instead of studying each of these components in isolation.  
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4 Industry Characteristics 
 
 
Estimation of Bioinformatics Market 

 
The prospects of bioinformatics are inseparable from its application areas, namely life 
sciences research, biotech, pharmaceutical industry and agriculture. Research developments 
in these fields herald an exponential growth of bioinformatics industry.  
 
Estimation of the size of Industry 

 
In year 2000, a large amount of equity investment in biotech, accounting to $31 billion, 
flowed into bioinformatics. Over all it is estimated that the pharmaceutical industry spends 
around 6% of its $9 billion drug discovery budget on IT, i.e. US$ 500 million per year.  
 
A wide variety of estimates can be found on the current and projected market size of 
bioinformatics services and products.  
 
The Confederation of Indian Industries (CII), predicted the global bioinformatics industry 
will produce an estimated turnover of $60 billion in year 2005. However this estimate seems 
highly exaggerated. Most other figures have put it to $840 million in 2003 and $1.8 billion by 
year 2007. It is estimated that the industry will grow at a rate of 17 percent per annum for the 
next few years. 
 
US National Institute of Health has set $400 million for the development of bioinformatics in 
the next few years. 
 
Market Estimate Based upon Sales 

 
The difficulty to estimate the size of bioinformatics market also stems from the presence of a 
large number of private players. Frost and Sullivan Consultants estimated the market for 
bioinformatics databases, products and services at about $300 million with approximately 
half the annual sales coming from data suppliers and the rest from tools/ IT providers of 
various kinds. 
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Segment wise application of Bioinformatics 
 
Segment wise application of bioinformatics is  
 
 

 Genomic 50% 
 Proteomics 20% 
 Cheminformatics 19% 
 Pharmacogenomics 11% 
 

 
Further explanation of these application areas is given in chapter 2. 
 
Bioinformatics and Drug Discovery 
 
● Drug Discovery 
 
 For the past decade, the focus of most drug discovery companies has been genomics – 

sequencing genome, identifying the protein-coding genes, evaluating gene functions, 
and transcription.  

 
 Development in computer and hardware has facilitated the assembly and analysis of 

whole genomes. Predictive models have enabled the identification of coding sequences, 
the identification and evolutionary comparisons of genes and, in many instances, 
functional assignment (gene annotation).  

 
● Steps involved in bringing a drug to market 
 
 Although drugs were being discovered and marketed long before the advent of 

genomics, the process has been less methodical1. The clinical trials that tested the value 
of various treatments were virtually done on the pattern of ‘black box testing’ where the 
inputs were tested against the outputs without reference to the genetic makeup of the 
body to evaluate the impact of the drug. With the genome sequence uncovered, and 
most of the contents of the black box revealed, it is anticipated that drugs that target 
specific genes/ gene products will be discovered. The success of this proposition is 
highly correlated with the success in the field of functional genomics – an ability to 
accurately predict the functions of the genes after having analyzed its sequence. 

 
 Recent research into this field has revealed that this path from gene to drug is much 

longer than anticipated.  
 
 Identifying drug target: The first objective of drug discovery is to determine what 

genes are to be studied. From the vast pool of available genes, scientists need to 
shortlist those that are likely to have a bearing on the disease. In other words, proteins 
or cell structures involved in the pathogenesis of disease are to be found, these are 
known as ‘drug targets’.  

                                                 
1 The Business of Bioinformatics, 2002, available at http://www.bio-
itworld.com/archive/111202/horizons_business.html 
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 Screening for an effective chemical: The identification of drug targets opens up new 

opportunities for compound screening and optimization.  If we have a validated target, 
we can predict its structure thereby decreasing the number of compounds that should be 
tested to identify an inhibiting compound. Several prediction algorithms are available 
for this purpose.  

 
 Drug Development and Clinical Trials: Once a compound has been optimized and is 

ready to advance to clinical trials, we should have a set of biomarkers that can be used 
for monitoring safety and efficacy. Clinical trials are the longest and the decisive step of 
drug development.   

 
● Role of Information Technology in Drug Development 
 
 Each phase of the drug discovery process presents an opportunity for informatics to 

provide an automated solution. The scope and value of the solutions that cater to the 
various stages may differ, but each step in the drug discovery process can benefit from 
automation, by lowering cost and increasing throughput. The business opportunity is in 
knowing where your solution fits into the complete process.  

 
 Nearly 40% of the time of a typical pharmaceutical company is spent on information 

processing for effective drug discovery. IT needs are therefore growing enormously2. 
 
● The Need for Bioinformatics in Pharmaceutical Research 
 
 Human Genome Project has provided a great boost to biological research; however it 

has failed to yield the promise of molecular medicine, as yet. There is widespread 
disappointment in the pharmaceutical industry, that the progress to new drugs based on 
genetic knowledge has been frustratingly slow. It was promised that genetic knowledge 
would be rapidly converted to drugs for different disease.  

 
 Many believe that the methods of drug development are to blame which are still 

structured for another age. Developments in the field have yielded a large number of 
potential drug targets and NCEs (Novel Chemical Entities). However drug development 
is the bottleneck, delaying the translation of research into commercially beneficial 
products.  

 
 Many like Bill Heseltine, CEO of human genome sciences (Rockville, MD) believe the 

solution lies in out sourcing. Heseltine envisions a virtual company that out sources to 
groups around the world, each specializing in discovery, development, manufacturing 
and clinical trials. For some clinical trials, it might not be feasible to carry them out in 

                                                 
2 Charles Cooney, Proceedings of International Symposium on Bioinformatics and Genomics, January 2001, 
India. www.educationandhra.com as accessed on May 4, 2005 
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the US, simply because there are not enough patients. Other hurdles include strict FDA 
regulations which according to some are even obstructionist3. 

 
 In today’s competitive business, the best strategy, no matter what field you are in, is 

preeminence: being the best at what you do. This is increasingly being accepted in drug 
discovery and development. 

 

                                                 
3 Drug Development Is Virtually Dead. Technology Review, Reiss S, January 2005, p20 
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5 The Role of IT in Bioinformatics  
 
 
The relationship between computer science and biology is a natural one for several reasons. 
First, the phenomenal rate of biological data being produced provides challenges: massive 
amounts of data have to be stored, analyzed, and made accessible. Second, the nature of the 
data is often such that a statistical method, and hence computation, is necessary.  
 
Bioinformatics plays a key role in functionalities such as to gather, store, classify, analyze 
and distribute biological information derived from sequencing and functional analysis 
projects. The limitations of the wet-lab (in vivo and in vitro) experiments has caused a shift 
towards informatics centered (in silico) approach for data collection and analysis1.  
 
Summary of IT processes in Bioinformatics 
 
The use of Information technology to facilitate biological research and development can be 
summarized into the following 5 processes, 
 
1. Electronic Data Capture 
2. Data Mining 
3. Data Warehousing 
4. Data Visualization  
5. Customized Software 
 
Electronic Data Capture 
 
The field of bioinformatics is data driven to a large extent. One of it’s main concerns are 
organizing vast amounts of data, finding patterns in it and converting raw data into 
knowledge. Biological data in the post genomic era is rich, complex & voluminous. 
 
Pharmaceutical companies and other healthcare organizations increasingly rely on external 
relationships for important services, especially in data management, integration and analysis. 
Informatics-based solutions are sought to link databases of different types and formats, often 
held in different places. Innovation in the field depends upon integration of heterogeneous 
databases across functions and across companies. 
 
                                                 
1 Larvol, Bruno L., L. John Wilkerson, In Silico Drug Discovery: Tools for bridging the NCE gap, Nature 
Biotechnology, Vol 16, 1998 
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Once the database has been created, it is expected to have the quality of being extensible and 
supply efficient algorithms to enable asking relevant questions in the database. 
Data Mining 
 
Data mining refers to analysis of data and the use of software techniques for finding patterns 
and regularities in different data sets. For this purpose, algorithms are devised, which help to 
find patterns by identifying the underlying rules and features in the data. The choice to apply 
a particular combination of techniques in a certain situation depends on both the nature of 
data mining task and the nature of the available data. The analysis process starts with a set of 
data, uses a methodology to develop an optimal representation of the structure of the data; 
thus transforming data into useful knowledge.  
 
Data Warehousing 
 
A data warehouse is a collection of data; gathered and organized so that it can easily be 
analyzed, extracted, synthesized, and otherwise be used for the purposes of further 
understanding the data. 
 
Data Visualization 
 
Data visualization is important in understanding the structure of proteins and other 
biologically important molecules2. The 2-D and 3-D structural representations help data to be 
perceived in unique ways by the researchers. 
 
Customized Software 
 
Many research groups would like custom made softwares, tailored to their specific needs. 
These may include computer programmes involved in a multitude of tasks including, 
 
� Molecular Modeling 
� Microarray gene expression analysis software 
� Identification of coding sequences/genes 
� Evolutionary comparisons of genes 
� Functional assignment of genes 
� Identifying novel biomarkers and drug targets based on computational approach 
� Cutting DNA and characterizing the gene sequence 
� DNA sequencing software 
� Screening tools for drug discovery 
� Visualization Tools 
 
Bioinformatics Products 
 
Bioinformatics analysis is applied to various kinds of biological data, e.g. taxonomy trees, 
relationship data from metabolic pathways, the text of scientific papers, and patient statistics. 
A large range of techniques are used, including primary sequence alignment, protein 3D 
                                                 
2 Kuonen, Dr. Deigo, Challenges in Bioinformatics for Statistical Data Miners, Bulletin of the Swiss Statistical 
Society, 2003, Vol 46 
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structure alignment, phylogenetic tree construction, prediction and classification of protein 
structure, prediction of RNA structure, prediction of protein function, and expression data 
clustering. Algorithm development is an important part of bioinformatics. Techniques and 
algorithms are specifically developed for the analysis of biological data. 
 
Bioinformatics products include individual platform software, laboratory workflow systems 
and complex databases. Following table summarizes the various areas in Bioinformatics that 
have emerged in order interpret the explosive amounts of biological data: 
 

 
 
Table 1: Sources of data used in bioinformatics, the quantity of each type of data, and 
bioinformatics subject areas that utilize this data 
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6 
Application Areas in Bioinformatics  

and the Use of IT 
 
 
The following section provides a review of different application areas and the use of IT in 
them. Following application areas are considered, 
 
1. Genomics 
2. Functional Genomics and Microarray Technology 
3. Proteomics  
4. Drug Discovery 
5. Organizing biological knowledge in databases 
6. Structural Bioinformatics 
7. Pharmacogenomics and the Era of Personalized Medicine 
8. Fields at the periphery of bioinformatics 
 i. Laboratory Information Management Systems (LIMS) 
 ii. Clinical Trials 
 iii. Medical Informatics 
 
 
Genomics 
 
Genomics involves the storage and analysis of genotypic data, as represented by bio-
sequences (i.e. DNA, RNA and protein sequences). The comparison of these biosequences, 
either between samples or between species, has been highly successful in elucidating the 
biological relevance of sequence variations. Various global projects have undertaken the task 
to sequence entire genomes, a notable project being the sequencing of the entire human 
genome, undertaken independently by a public as well as a commercial group.  
 
Technical advances in Robotics and instrumentation have resulted in the ability to rapidly 
determine the complete genome sequence of complex organisms. Newer genomic 
technologies have generated experimental data of gene sequence, gene expression, protein-to-
protein interactions, etc, thus allowing the possibility to look at the organism as a whole. 
 
Bioinformatics helps geneticists tackle the important job of correlating genotypes with 
phenotypes. By using high throughput systems to analyze sets of genetic markers (e.g. single 
nucleotide polymorphism or SNP), researchers have been able to correlate these results with 
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clinical phenotypes for disease and drug action. The description of biological functions for 
genes and their products is called functional genomics. 
 
The most pressing tasks in genomics involves the analysis of sequence information. Other 
significant processes include: 
 
● Molecular sequence analysis and data mining aimed at new gene discovery (finding 

genes in the DNA sequence of various organisms) 
● Comparative genomics focusing on comparing entire genomes 
● Developing methods to predict the structure and/or function of newly discovered 

proteins and structural RNA sequences 
● Clustering protein sequences into families of related sequences and the development of 

protein models 
● Aligning similar proteins and generating phylogenetic trees to examine evolutionary 

relationships. 

 
 
 
Figure 1. The figure illustrates various strategies that companies use to commercialize 
bioinformatics.1 
 
In order to accomplish these tasks, computational techniques have been developed, which 
include: 
 
● Development of new algorithms and statistics with which to assess relationships among 

members of large datasets 
● Development of tools that enable efficient access and management of different types of 

                                                 
1 (Adapted from Jones P. The commercialization of Bioinformatics, EJB Electronic Journal of Biotechnology, Vol 3, No.2, August 2000) 
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databases 
● Analysis and interpretation of various types of data including nucleotide and amino acid 

sequences, protein domains and protein structures 
 
Products in these areas include: 
 
1. Gene Sequencing instruments, reagents and consumables which are increasingly being 

used to study a variety of organisms 
 
2. Micro-arrays including biochip systems, ‘lab-on-a-chip’ devices, and protein chips to 

study different levels of gene expression under different biological conditions 
 
3. Analysis of single nucleotide polymorphism (SNP) to study individual genetic 

variation, leading to future possibilities of individualized medicine based on genetic 
makeup 

 
Functional Genomics and Microarray Technology 
 
The field of biotechnology/chip technology and molecular biology is advancing rapidly. 
Developments in this field will have a profound influence in the laboratory. One example of 
such technology is the development of microarray chip or the gene chip. In this system a 
small volume of sample is enough to analyze hundreds of tests, and several hundred samples 
can be analyzed in a very short time using a single compact instrument. With the unraveling 

of the human genome it will be possible to examine DNA for defects that may have adverse 
effects, using DNA chip technology. This technology can also be used to detect "foreign" 
(viral or bacterial) DNA.  
 

The DNA microarray industry is comprised of companies which supply  
 
● microarray slides; 
 
● microarrayers (eg. robotic spotters and photolithographic equipment); 
 

● scanners; 
 
● Software for designing and analyzing microarrays 
 

A competitive segment in the microarray industry is the software products for image analysis 
of microarrays, microarray database generation and management, array design and 
polymorphism analysis. Some of the softwares used for microarray analysis are given below, 
 
● Software for Microarrays: 
 
 almaZen System assists researchers in organizing, managing and analyzing large 

number of biological samples involved in a typical DNA array experiment. An 
important advantage of almaZen is that, it is a completely web-browser based 
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application, with no software installation required on the client computer. A single 
almaZen license serves for an unlimited number of users. 

 
ArrayMiner® is a set of analysis tools using advanced algorithms to reveal the true 
structure of microarray data. Its unique graphical interface provides an intimate 
understanding of the microarray analysis. The software allows easy publishing of 
results. 

 
 ArrayStat software is a unique statistical package that has been designed for analysis 

of microarray gene expression data and can answer questions like: Which expression 
changes are statistically significant? Which spots are poorly reproduced? And, how 
many replicates are required to reliably detect a desired fold change. 

 
 BASE is a comprehensive database server to manage the massive amounts of data 

generated by microarray analysis. In short, it manages biomaterial information, raw data 
and images, and provides integrated and "plug-in"-able normalization, data viewing and 
analysis tools. Additionally, for labs that make their own in-house microarrays or for 
labs that wish to track probe information, the system also has microarray production 
LIMS features, which can be integrated with the data analysis. The organization and 
interface of BASE was designed to closely follow the natural workflow of the 
microarray biologist, and is compatible with most types of microarray platforms and 
data types (e.g. cDNA arrays /oligo arrays spotted on any substrate, Affymetrix , CGH 
on arrays, etc). 

 
Organizing biological knowledge in databases  
 
Biological raw data are stored in public databanks (such as Genbank or EMBL for primary 
DNA sequences). The data can be submitted and accessed via the World Wide Web. This 
stored data needs to be accessed in a meaningful way. Often contents of several databanks or 
databases have to be accessed simultaneously and correlated with each other. Special 
languages have been developed to facilitate this task (such as the Sequence Retrieval System 
(SRS) and the Entrez system). Different databases also differ in the way data is captured and 
stored. Interaction between different databases is problematic. An unsolved problem is the 
optimal design of inter-operating database systems.  
 
Although, the genome data on NCBI and several other databases is freely available, many 
biological problems necessitate formation of other databases. Researchers, working in a 
certain area, need to compile their data and organize it into such a form that their colleagues 
may be able to use it and contribute to it. Apart from genome and protein databases, other 
examples are taxonomic databases of plant species, plant genome databases, biodiversity 
databases, clinical data repositories, etc. The department of biotechnology in India, to quote 
an example, has developed some 100 different databases in different areas of biology. 
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Pakistan Agriculture Research Council (PARC) is in the process of developing a number of 
databases including (1) database of medicinal plant of Pakistan that can be searched by 
botanical, Tibb, local and English names. This database is available on net. 
(http://www.parc.gov.pk/data/medicinal/medsearch.asp), (2) Plant genetic resources, (3) 
compendium of published agricultural research papers on Pakistan. A complete list and 
descriptions on PARC databases in attached as an appendix. These and other databases 
already prepared by Pakistani groups, although simple, can be looked at as a model.  
 
● Mirror Databases/ Mirror sites:  
 
 Public domain servers that host major databases, suffer from congestion due to heavy 

traffic. This impedes effective utilization of these sites. One solution to this problem is 
establishment of mirror sites, of important and routinely used international databases for 
genomics and proteomics researches at different locations of the world. These are exact 
replicas of the original sites and allow for unhindered access to large databases.  

 
In India protein databases genome databases, EBI databases etc are being hosted by 
University of Pune, India institute of science (11SC, Bangalore), etc. 

 
Structural Bioinformatics  
 
This branch of bioinformatics deals with predicting and analyzing the spatial structure of 
proteins and nucleic acid. Structural classification schemes elucidate the relationship between 
protein folds and function. Very often the primary sequence serves to uniquely specify the 3-
D structure of protein. Secondary structure can be deduced from the primary sequence with 
statistical methods or neural networks. 
 
Remote relationships that cannot be detected by sequence comparisons can be found out 
using sequence-to-structure fitness approach, whereby the 3D structure is predicted by 
comparing its sequence to that of other proteins and analyzing their structure. 
 
The main driving force behind structural genomics is the desire to obtain a better 
understanding of the protein function. Understanding the 3-D structure is crucial for 
understanding the function of the protein. Similar structure is assumed to imply similar 
function. General structure-to-function relationships can be drawn through statistical 
approach. 
 
Structural bioinformatics can also be used to screen ligants to inhibit or increase the function 
of a protein such an enzyme, thus playing a major role in drug discovery. 
 
Protein-to-protein interaction predicted on the sequence level can be studied in more detail on 
the structural level. 
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Drug Discovery 
 
The HGP gives us the enhanced ability to design cures for human diseases. Proteins are 
involved in disease causation either because they are faulty, hence cause disease by 
themselves, or are part of the normal cell machinery exploited by a disease-causing organism. 
In most cases, drugs work by interacting with proteins.  For example, a drug might inhibit the 
effect of a protein essential for the transmission of a virus, or enhance the effect of a protein 
that helps the cells of the immune system to fight disease.  
 
One of the key steps in drug development process is the identification and selection of the 
protein that will be the target for the drug. This involves a very thorough molecular 
understanding of the biochemical processes and molecules involved in the causes and 
symptoms of the disease. The drug development process is a series of sub-processes 
including target identification, selection, and validation to be conducted in that order. 
 
Once one or more drug targets are selected, compounds (that seem to be promising candidates for 
therapeutic intervention) are screened to determine which ones best interact with one or more 
potential targets. Molecules that show a sufficient degree of affinity for the target and are 
selective in interacting with the target protein are selected. The process of screening often 
involves retrieving a small amount of material from the compound and testing it against the 
targets under consideration. The screening test is called an ‘assay’; the compounds are called 
'lead' compounds and the process of screening is known as 'lead optimization'. 
 

 
Figure 2: From genes to drugs; the process of drug discovery in the post genomic era2 

                                                 
2 Adapted from Jones P. The commercialization of Bioinformatics, EJB Electronic Journal of Biotechnology, 
Vol 3, No.2, August 2000 



 
Opportunities for the Pakistan IT Industry within Bioinformatics

 
23 

 
Owing to the needs of the drug developers to accelerate identification and validation of 
potential new drugs, there is a great demand for technologies that allow companies to 
minimize product failures in trials and move candidates through the development process 
more rapidly. During the last ten years, two important experimental technologies have 
transformed the lead identification and optimization process. These technologies extensively 
use computational techniques and robotics and are known as: 
 
● Combinatorial Chemistry, the automated synthesis of tens of thousands of prospective 

drug molecules using robotics, e.g. synthesizing all of the molecules that can be made 
by chemically bonding together chain of reagents. 

  
● High Throughput Screening (HTS). This also uses robotics and is often combined with 

Combinatorial Chemistry. HTS is the automated testing of each of a number of 
compounds against one or more targets. Current technology can produce 10,000 to 
20,000 assay results per day. Companies such as Aurora Bioscience produce equipment 
capable of 100,000 assay results per day, a level known as Ultra High Throughput 
Screening (UHTS). Of course, these data need to be systematically stored, organized for 
efficient retrieval and analyzed. At these rates, computational support for the HTS 
process is essential and ranges from data collection and management to sophisticated 
data mining and decision support. Another application of computational chemistry is 
virtual high-throughput screening (VHTS), in which libraries of compounds are 
characterized using computer models that predict, in some way, a measure related to 
binding affinity to a particular target. These techniques make heavy use of numerically 
intensive computation and can also be database-intensive.  

 
Drug discovery and preclinical development itself is a burgeoning 20 billion $ area3.  
 
One important aspect of drug discovery is to screen traditionally used herbs for their 
medicinal effects. This approach has sufficient scientific credibility. Several drugs in recent 
past have been derived from traditional medicines, these include gingko (for memory), 
Artemisinin (Qinghaosu) for malaria, etc. 
 
Much modern-day medicine is directly or indirectly derived from plant sources, so it would 
be unjust to conclude that plants offer no further potential for the treatment or cure of major 
diseases. Worldwide, the botanical pharmacopoeia contains tens of thousands of plants used 
for medicinal purposes. Hundreds, perhaps thousands, of definitive texts, monographs, and 
tomes on herbal remedies exist. But most of this information is outside current databases and 
remains unavailable to physicians, researchers, and consumers4. 
 
Bio diverse areas of the world also provide a suitable case for drug discovery research as 
naturally occurring molecules from plants and animals are extracted and tested for their 

                                                 
3 Partnering challenges for startups 
http://www.nature.com.gate2.inist.fr/nbt/email_response/email.taf?address=french%40entelos.com 
 
4 Herbal Medicine http://www.naturalhealthvillage.com/reports/rpt2oam/herb.htm 
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medicinal effects. Previously all of this used to take place in the lab using animal models, cell 
based assays etc, which is increase highly being shifted to computational studies.  
 
J. Michael French, vice president of business development and alliances, Entelos, Menlo 
Park, CA, USA believes that in the presence of thousands of companies working in drug 
discovery and pre clinical trials area, it is a challenge for the pharmaceutical companies to 
find the right partner. A challenge, as great as, finding drug targets from amongst the glut of 
data from the genome. Different steps for drug discovery companies include (i) finding the 
right partner; (ii) determining what to bring to the negotiating table; and (iii) getting to the 
negotiating table5. 
 
Pakistan with an old civilization, an ancient medicinal tradition and pockets of rich 
biodiversity, would be an appropriate place for such research. A look at the projects funded 
by HEC would reveal that active research is being conducted in this area in Pakistan 
especially at HEJ institute. Further support might enhance bringing effective drugs to market.  
 
The role of IT in the above mentioned areas would be that of an enabler, providing support 
for researchers, making their data available to them in a systematic, organized manner. This 
would also help develop expertise for the IT industry to venture into similar projects for 
foreign clients. 
 
Proteomics 
 
Proteins owe their function in large part to the special three-dimensional shape or ‘fold’ they 
adopt in the cell. The shapes allow proteins to fit favorably together, e.g. in protein-to-protein 
interaction. In order for us to understand protein function, therefore, we would like to be able 
to obtain complete information about the relative locations of each of the atoms in a protein 
molecule.  
 
Because large number of amino acid sequences for proteins will be available as an important 
product of the various genome projects, and because experiments to determine full protein 
structures are so difficult to perform, two of the most important scientific issues being 
addressed are whether we can predict the 3-D structure of a protein from just its amino acid 
sequence, and what is the process by which proteins adopt the shape they need to perform 
their functions. These two problems are called the Protein Folding problems.  
 
Proteomic software provides scientists with the ability to conduct database searches of known 
protein sequences utilizing batch or real-time processing. This software is capable of 
controlling automated hardware, i.e. robotics, as well as facilitating data transfer operations. 
Protein databases provide volumes of indexed biological information on proteins from model 
organisms enabling scientists to annotate and interpret their experimental results. Some 
                                                 
5 Partnering challenges for startups 
http://www.nature.com.gate2.inist.fr/nbt/email_response/email.taf?address=french%40entelos.com 
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challenges faced when using this technology are reliability, annotation requirements, 
integration capability, query formulation, cost effectiveness and ease-of-understanding.  
 
The demand for sophisticated tools in the field of proteomics has driven new inventions that 
address quality, customizability, security, compatibility and accessibility. As the alternatives 
grow, companies involved with proteomics must understand life scientists’ successes and 
frustrations to improve their technology and make it more powerful.  
 
A survey of more than 450 researchers; who were using protein databases and software in 
2001 showed the following opinion. 
 
● Almost three-quarters of protein scientists currently use databases in their protein 

research and this number will increase by 11% over the next 12 months. 
 
● Study respondents experience the greatest difficulty when attempting to obtain 

"functional data" and "tertiary structure" information from the protein databases they 
are using in their research. 

 
● When selecting a particular database for use in their research, most researchers look for 

"comprehensiveness" and also "accessibility."  
● At present, researchers are hampered by "difficult" and "time-consuming" analyses and 

are "overwhelmed" by the choice of database options.  
 
● "Increased ability to identify remote sequence/structure relationships" is one of the 

valued improvements to proteomics software programs. 
 
Pharmacogenomics and the Era of Personalized Medicine 
 
Pharmacogenetics draws on the study of human variations (predominantly SNPs). This 
information is highly valuable from a commercial point of view, since studying these 
differences may be important to reduce drug side effects. Also many potential drugs/chemical 
NCEs (Novel Chemical Entities) fail because of inherent differences in drug metabolism and 
effects in a genetically heterogeneous patient population.  
 
Pharmacogenetics has started to yield results already. NitroMed (Lexinton, MA), a small 
pharmaceutical company has marketed a drug called BiDil, which specifically targets heart 
failure in black population6. Keeping aside the moral and political implications, this proof of 
concept example shows that the era of personalized medicine is about to dawn soon. The 
integration of Medical and Bioinformatics would be instrumental to the development of 
personalized medicine. 
 

                                                 
6 Race and Medicine, Technology Review, April 2005, Rotman D, 
http://www.technologyreview.com/articles/05/04/issue/feature_medicine.asp?p=1 as accessed on May 5, 
2005 
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On one hand, pharmacogenetics threatens to reduce the market of a drug by reducing the 
target population, while on the other hand pharmacogenetics will increase drug revenues by 
rescuing several drugs from clinical trials, many of these drugs have been rendered useless 
since they were being administered to a genetically heterogeneous population. 
 
The prospects of personalized medicine will tremendously increase research in 
pharmaceutical industry. At the same time, it will require physicians to obtain genetic data 
from their patients. Interpreting patient’s genetic data and to prescribe a certain drug, will 
require extensive IT support.   
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7 Fields at the Periphery of Bioinformatics 
 
 

Certain areas of biological sciences are with in the broad area of Bio-IT but not included in 
the definition of bioinformatics in the strict sense of the word. These include, 
 
1. Laboratory Information Management Systems (LIMS) 
2. Medical Informatics 
3. Clinical Trials Management 
 
Laboratory Information Management Systems (LIMS) 
 
As a part of its routine tasks, a laboratory must deliver accurate, understandable results to the 
originator of the request for analysis, within a suitable timescale. Such an operation 
necessitates transferring a sample to the laboratory, analyzing the sample, checking the 
results, (and if necessary re-analyzing the sample), and issuing a report to the requester. 
 
With no computational support to the entire scheme, there is a large scale reliability on 
clerical handling of the results of the analysis. Unfortunately, manual reporting systems are 
neither accurate nor timely. They depend on multiple transcription of results, and they are 
slow - studies in the author’s lab showed that clerical work in typing and issuing reports took 
about as long as analysis. Further, manual reporting is cumbersome and labour-intensive, data 
retrieval becomes a hunt across multiple locations for a single piece of paper, and 
retrospective data analysis is virtually impossible.  
 
The essential concept of a basic LIMS, therefore, is that of a computer system which would 
automate the clerical activities associated with the processing of the analytical results, 
improving accuracy and turnaround times to an acceptable level. LIMS is a technique 
independent of discipline, and has applications in any industry where laboratory analysis is 
important, from Healthcare through the Food & Drink industry to Pharmaceuticals and 
Petrochemicals. A more complete list of the attributes expected of a LIMS is shown below: 
 

� To shorten turnaround time of lab tests 
� To improve access to the results database 
� To improve accuracy of analysis, by eliminating transcription steps 
� To count and monitor resource utilization 
� To exchange data and information both with analytical equipment and corporate 

mainframes 
� To improve productivity 
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A LIMS will reduce the amount of time to manually track down samples and paper by 
placing that information in a centralized database that the whole laboratory accesses. A LIMS 
will reduce the amount of time required to enter results for samples by electronically 
transferring the results from instruments directly into the LIMS. Not only does this reduce 
entry time, it also reduces entry mistakes. Finally, the LIMS will automatically print 
certificates of analysis and invoices. Because the results can be automatically reported after 
they are electronically entered, validated and approved, the reporting time is dramatically 
reduced. The key to this automation is a good LIMS that is flexible, and above all, easy to 
use. 
 
LIMS is an important segment of the market. A report by Silico Research states that the two 
major bottlenecks in clinical trial process are the recruitment of investigators and patients, 
and the second is the transfer of data from the investigator into the clinical data system. Over 
the next four years the author expects trial management tools and the electronic data capture 
to converge with the clinical data management and data infrastructure tools that form the 
basis of the market today.  
 
The introduction of LIMS has antiquated the use of Laboratory notebooks and handwritten 
reports/charts that were used to track and report information. Today’s advanced Information 
Management Systems specifically designed for the labs have a decentralized architecture, 
thus processing can be performed anywhere on the network. Thus, all clients and servers can 
operate in either capacity depending upon the data load at any particular instance  
  
Laboratory Automation 
 
Laboratory Automation and Robotics involves sample handling, robotic workstation and 
software. Much of the equipment is designed for pharmaceutical companies for High 
Throughput Screening. Automation in clinical laboratories is not new. There has been 
significant investment in automating diagnostic assays at large clinical diagnostic libraries. 
The larger labs are seeing Total Laboratory Automation (TLA) utilizing Robotics. 
 
The introduction of tracking systems linked to dedicated units allow scientists to centrifuge, 
sort, and deliver samples to different analyzers to develop a continuous flow system. This 
form of automation is sometimes referred to as "microautomation". The next stage in 
automation is the automation of specimen processing and transport of specimens between 
analyzer or workstations. This is called "macroautomation" or robotics, and typically consists 
of an inlet unit, sorter, transport system/tracks, automated centrifuge, level detector, bar code 
reader, decapper, aliquotter, recapper, and so on. Following analysis, samples can be 
automatically stored in a refrigerated unit, from which specimens can be automatically 

recalled for further analyses. 
 
There are many possible reasons to implement a robotic system in a laboratory.  
 
Economic reasons: The cost of health care is rising universally owing to increased 
expectations, new technology, and the advancing age of the population. In many 
industrialized countries, hospitals have been closed or merged with neighboring hospitals in 
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order to reduce cost and to improve efficiency. Many hospital laboratories are also closed and 
replaced by centralized laboratory services. Macroautomation/ robotics is a possible way to 
improve efficiency and to cope with the high workload in these centralized laboratories. 
 
To reduce errors: Errors in laboratories are a continuous source of problems and they are 
mainly due to human factors. It is estimated that the error rate in clinical laboratories may be 
12%, although many errors go unnoticed. Some of these errors have clinical consequences. 
There are no data on the cost of these laboratory errors. One estimate puts this at 10% of all 
errors in hospital care, equivalent to more that $1.5 billion annually in the USA. Most of these 
errors are at the pre-analytical stages of the sample processing. An important incentive for 
implementation of total laboratory automation is the opportunity it provides to reduce human 
errors which occur during labeling of specimen, aliquoting, order entry, and so on.  
 
Improved quality: One factor determining the quality of a laboratory service is the 
timeliness of results. If the results can be produced at the right time and place, it will have a 

significant implication on health care cost. With increasing pressure on bed occupancy and 
attempts to reduce inpatient care, earlier availability of results is now expected. 
Macroautomation/robotics has the potential to significantly reduce the turnaround time of 
tests. It has been suggested that the introduction of robotics will improve the overall 
turnaround time such that an emergency laboratory becomes redundant.  
 
Technology has advanced to such an extent that it is now possible to do many tests at the 
bedside. These near patient testing/point of care testing devices are disposable devices, hand 
held devices, or bench top analyzers, and they use samples such as whole blood, urine, or 
saliva. The operating system of the devices is such that they can be operated successfully by 
non-laboratory staff. 
 
In an effort to reduce the overall laboratory costs and improve laboratory efficiencies at all of 
network hospitals, many laboratories have turned to automation. When properly 
implemented, automation systems can reduce overall laboratory expenses, enhance patient 
services, and address the overall concerns facing the laboratory today: job satisfaction, 

decreased length of stay, and safety. The financial savings realized are primarily a result of 
labor reductions.  
  
Emerging areas of interest in this industry include microchip-based detection systems and the 
efforts associated with genomics and proteomics. In the past few years many companies have 
emerged in this field committed to providing computing infrastructural consulting services in 
the areas of secure internetworking, seamless data storage and retrieval and parallel 
computing to the industry and academia.  
 
Problems of high cost and building issues may make TLA impractical initially, and 
laboratories may choose to introduce partial automation as a first step to total automation. 
Automation may be conveniently divided into preanalytical, analytical, and postanalytical. 
Manufacturers of TLA are able to sell partial systems, so that TLA can be introduced in a 
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stepwise manner. Although this may allow some automation in the face of limited funds, it 
may not be economic with regard to phased alterations to the laboratory. 
 
Medical Informatics and Bioinformatics 
 
● The Gap between Medical Informatics and Bioinformatics Is Bridging 
 
 Traditionally, medical informatics has dealt with managing patient records and hospital 

data. However, in the post genomic era, the difference between Bioinformatics and 
Medical Informatics is rapidly decreasing. IBM Life Sciences (Rochester, MN) have 
designed an electronic patient records system for Mayo Clinic Rochester, which 
integrates clinical symptoms with genetic data from microarrays. This will allow 
physicians to choose medication for a patient depending upon the genetic profile of the 
patient. Information about disease may it be from patients or from labs is likely to 
converge in coming years, making the distinction between medical and bioinformatics 
irrelevant. Companies venturing into this field would need competence in both of these 
areas1. Other groups working to integrate genetic and clinical data are Duke University 
School of Medicine (Durham, NC), Hadassah Hospital (Jerusalem, Israel), iCapture 
Research Centre, University of British Columbia  (Vancouver, British Columbia) and 
Kobe General Hospital (Kobe, Japan). 

 
 The information revolution will enable the use of molecular biology in medicine in two 

ways. First, rapid diagnostics will likely be done using computers and information 
technologies. Computers will be used for complex diagnoses, and the Internet will be 
used to conduct remote consultations between physicians. Second, information about 
the patient’s full medical history will be instantly available through a storage system, 
either on a chip embedded in the patient’s body or accessible from a central database. 
These advancements in recording, manipulating, and transmitting biomedical data—
made possible by the Information Revolution—will offer improvements in health care 
over the next 20 years in ways that are only vaguely dreamed of now. 

 
● Niche market for patient care medical informatics products 
 
 Innovative gadgets helpful in home management of chronic illnesses are in demand in 

the developed world. Vikram Kumar of Brighams and Women Hospital, founded a 
company, Dimagi (Boston, MA) while he was a medical student. His company 
specializes in making PDA based computer programs that help patients with managing 
their conditions. Encouraging people to adhere to treatment regimens is one of the 
biggest challenges in medicine today. With the increase in chronic disease it would be 
essential to treat disease at home, get blood test done which could be periodically 
transferred to the doctor’s office. Similarly computer software could help modify drug 

                                                 
1Diagnosing with Data, Technology Review, December 2003, Huang G, 
http://www.technologyreview.com/articles/03/12/innovation11203.asp?p=1 as assessed on May 5, 2005 
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regimen, suggest appropriate diet or exercise according to the patient’s daily blood tests 
e.g. in the case of diabetes2. 

 
 Hospital based information systems are being integrated with genetic expression data 

from micro arrays. Several information streams are thus integrating to the common goal 
of better patient care.   

 
● Data Mining in Patient Data 
 
 Several companies like, Cereplex (Gaitherburg, MD), Theradoc (Salt Lake City, UT), 

Vecna Technologies (College Park, MD), Med Mined (Birmingham, AL) specialize in 
data analysis services to track hospital infections. These companies mine patient data 
for trends in infections, suggest courses of action for particular patients. This is likely to 
decrease the incidence of hospital acquired infections3.  

● Opportunities in Paperless medicine 
 
 Adverse drug effects are a major problem in modern medicine. Of the more than 

700,000 adverse drug events estimated to occur each year in U.S. hospitals, nearly 28% 
are attributed to a preventable medication error, with most occurring during drug 
ordering4. Others occur at the time of pharmacist processing, drug administration, and 
monitoring. A study by the Institute of Medicine, USA stated in 1999 that 7,400 people 
died in a year from receiving a wrong medicine, many of these due to receiving a wrong 
prescription. One basic change-using computers to order prescriptions-has reduced   
medication errors by as much as 80 percent in some hospitals. Motivated by these 
statistics, a growing number of doctors and hospitals are weaning themselves from 
paper, using computers not just to order prescriptions and lab tests but also to track 
patients' conditions, medications, allergies, and test results.  

 
 Typically in the US, the primary care physician keeps one set of records, hospitals 

another, and each specialist yet another. And all of these medical histories are logged in 
old-fashioned paper "charts." Any information a patient forgets to tell one of his or her 
doctors-about a severe allergy to a medication, say,-simply doesn't appear in that 
doctor's record. The largest HMO in the US, Kaiser Permanente has recently shifted to 
electronic medical records. Many more in the US and around the world, may be 
planning to computerize their records in the near future, representing a major 
opportunity for IT industry5.  

 
                                                 
2 Biotech and Medicine, Technology Review, October 2004, Jonietz E, P 68-74. 
3 Fighting Infections with Data, Technology Review, October 2004, Lok C, P 24 
 
4 Bates DW, Cullen DJ, Laird N et al. Incidence of adverse drug events and potential adverse drug events. 
Implications for prevention. ADE Prevention Study Group. JAMA. 1995; 274:29–34. 
 
5 Paperless Medicine, Technology Review, April 2003, Jonietz E, P 58-65 
 


