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CHAPTER 2 CONCEPTS of 

BIOINFORMATICS and PROBLEM 

DESCRIPTION 

In this chapter, first we discuss the definition of Bioinformatics. Then we will 

introduce an important technology in Bioinformatics, which is called Polymerase 

Chain Reaction (PCR). Then we will mention the fault of PCR. Finally, we describe 

the definiton of multiplex PCR in our study. 

2.1 Bioinformatics 

NCBI [5] site provides a clear definition of bioinformatics as followings: 

“Bioinformatics is the field of science in which biology, computer science, and 

information technology merges to form a single discipline. The ultimate goal of the 

field is to enable the discovery of new biological insights as well as to create a global 

perspective from which unifying principles in biology can be discerned.”  

The first step of bioinformatics is to create a database for storing enormous 

biological datas. Then, all kinds of biological data have to be combined to a clear 

presentation for researchers, though they can monitor data in different states. The 

computer technology will be useful to analyze and interpret the numerous biological 

data sets. NCBI [5] proposed that there are two sub-disciplines about bioinformatics 

and computer technology as follows: 

 (1) “The development of new algorithms (mathematical formulas) and statistics 

with which to assess relationships among members of large data sets, such as methods 

to locate a gene within a sequence, predict protein structure and/or function, and 
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cluster protein sequences into families of related sequences.” 

 (2) “The development and implementation of tools that enable efficient access to, 

and use and management of, various types of information.” 

Singh [21] (Singh and Kumar, 2001) stated that “Bioinformatics is used 

interchangeably with the terms biocomputing and computational biology. However, 

biocomputing is more correctly defined as the systematic development and 

application of computing systems and computational solution techniques to model 

biological phenomena. PCR is one such phenomenon.” 

2.2 Polymerase Chain Reaction (PCR) 

In this section, we will discuss the detail of PCR. First we will briefly describe the 

history of PCR. Then we represent the progress of PCR. There are three main steps in 

PCR. Finally we will portrait the problem of PCR. 

2.2.1 Introduction of PCR 

A major problem to analyze genes in Bioinformatics is to clone specific gene. 

However, genes are small portions of genome. There are many techniques to solve 

this problem, like “cloning”. But those methods are wasting time and have bad 

efficiency or less product. Not until the appearance of PCR that has revolutionized 

molecular biology. 

PCR was invented by Kary Mullis in the mid-1980s. PCR is simpler and faster than 

previous mentioned technologies for amplifying DNA. So PCR immediately stated to 

plays an important role in Bioinformatics.  
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The main function of enzymes is to copy genetic material in all living things. PCR 

exploits the same function of the enzymes known as polymerase. Therefore, PCR has 

revolutionized molecular technology by making a brand new breakthrough approach 

to the analysis of genes. 

There are two main features of PCR. First, PCR can duplicate specific region of 

DNA sequence. We need single-stranded DNA as “template” to synthesis new 

complementary strand by heating double-stranded DNA near boiling temperature. 

Template is part of DNA that you want to copy. PCR also need another small section 

of single strand which is called “primer”, to assign the starting and ending point of 

synthesis. Primer is single-stranded DNA that consisting of short nucleotides in a 

specific order that will bind to a specific complementary sequence in opposite piece of 

single-stranded DNA. Primer should be always smaller than template. Hence PCR can 

use primer that anneals to template to duplicate specific region of DNA.  

Second, PCR can “amplify” the specified region of sequence. In one cycle of PCR, 

the original double-stranded DNA will produce two newly synthesized double- 

stranded DNA. When PCR execute n cycles, there should be produced maximum 2n 

double-stranded DNA sequence. Theoretically 20 cycles of PCR yield about a million 

copies of the target DNA. 20 cycles just only need about 20 to 30 minutes. PCR is 

absolutely quicker than cloning which spend several days, even week. 

“PCR is the most important technology to come along in the last hundred years.” 

said by Mark R, Hughes, deputy director of the National Center for Human Genome 

Research at the National Institutes of Health. 
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2.2.2 Process of PCR 

PCR is an in-vitro technique for amplification of DNA, so every step of PCR needs 

to be under carefully controlled. The beginning material including DNA sequence 

(template) that needs to be amplified, two oligonucleotide primers for DNA synthesis, 

DNA polymerase, and a mixture of all four deoxynucleotide precursors (A, T, C, G) 

are all added to the tube. 

There are three essential steps in PCR in Figure 2.1, the first step (also called 

“denaturation”) is to heat the mixture at about 94ºC for 5 minutes at the first cycle. 

Then every double-stranded DNA molecules will automatically separate completely 

to become two single-stranded DNA that is the template for the primer and DNA 

polymerase.  

The second step (called “primer annealing”) lower the boiling temperature to about 

30-65ºC for 30 seconds to allow each primer anneals to the above separated templates. 

The step generates the primed templates for DNA polymerase synthesis. This 

annealing temperature (also called melting temperature) is a critical parameter in 

determining the specificity of PCR. Later, we will discuss deeply melting temperature 

in the next chapter. 

The third step (called “extension”) will raise the temperature about to 65-75ºC for 

2-5 minutes for DNA synthesis to proceed. Polymerases will help to extend 

complementary sequence after the position that primer annealed to. 

At the beginning of next cycle, the temperature raised again to 94ºC only for 30 

seconds for the preparation material of next PCR cycle. It’s object is to make the 



Bioinformatics Web-based Primer Design System:@Primer 

 

- 8 - 

original and newly synthesized complementary strand separately completely. This 

single strand is template for the next cycle of PCR, and the cycle of heating to 

separate strands, annealing of primer, and synthesis by DNA polymerase is then 

repeated for about 30-60 cycles in general situation. 

  

Figure 2.1 The Process of PCR 

 

2.3 The Problem of PCR 

Nowadays, PCR becomes a wide and growing range of applications in molecular 

technology. Then Lowe and his partners [7] proposed that completely achieving the 

extraordinary sensitivity and higher specificity of which the PCR is possible, 

nevertheless, depends on several conditions being met to ensure the efficient 

amplification of the sequence to be detected. These conditions include (1) the 

availability of highly purified RNA and DNA, (2) use of highly purified Taq 

polymerase enzymes, and (3) the use of forward and reverse primers chosen to give 

efficient amplification of a uniquely identifiable product. By the way, (4) primer 
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annealing temperatures and times used for the PCR cycle must be chosen to make 

amplification efficient with a minimum of incompletely amplified product, 

nonspecific product, or extraneous “primer-dimer” products arising from 

primer-primer self- or cross- homologies. 

Now the methods for preparation of highly purified DNA are well established, and 

the provision of enzymes of high purity and specific activity has been strongly 

ensured by the availability of Taq polymerase enzymes. However, the design of 

proper PCR forward and reverse primers is still not part of any standardized algorithm, 

and several different sets of rules or criteria have been proposed to control primer 

sequence selection. 

Singh [14] also pointed out that “PCR is a sensitive technique and therefore highly 

susceptible to contamination which may result in false products. In order to make 

PCR a specific, efficient and cost effective tool for researchers and clinicians the most 

important aspect is primer design.” Specificity is one of most important factors in 

primer design for PCR. The primer should only hybridize with the target sequence. 

However, it is very important to check to confirm that your primer does not cross 

hybridize to other sequences. Therefore, the success of PCR is highly dependent on 

primer design. 

Selecting the proper primer is one of the most important factors in designing your 

PCR experiment. Otherwise, Lowe [7] proposed that the process of examining 

primers by eye to pick up forward and reverse primer sequences that met the 

fundamental rules become quite time consuming. Then we had designed a 

computer-based primer design program rely upon a core set of parameters such as 

melting temperature, complementarities, GC content, and primer length etc…. We 
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will have further discussion of those parameters or criteria in the following chapter. 

And our primer design also provides web-based user interface. These programs allow 

users to vary several different primer design parameters to optimize their result of 

PCR experiment through the web. 

We want our produced primer sets to efficiently hybridize to our target sequence 

with as little hybridization as possible to other sequences that are also present in the 

same sample. We could facilitate some principles to optimize primers to increase the 

efficiency of PCR. 

2.4 Multiplex PCR 

Schoske [13] mentioned that Multiplex PCR is defined as the simultaneous 

amplification of multiple regions of DNA templates by adding more than one primer 

pair to the amplification reaction mixture.  

Since 1988, multiplex PCR has been used in many areas of DNA testing including 

the analysis of deletions,mutations, and short tandem repeats (STRs). It also has been 

used for linkage studies to track genetic diseases. 

Multiplex PCR primer design is a more complicated than designing singleplex PCR 

primer pairs, because multiple primer annealing events need to occur under the same 

annealing conditions without interfering with one another. Previous efforts on 

multiplex PCR design have focused on primers and on varying experimental 

conditions such as solution concentation, melting temperature, and primer 

concentation. 

In this study a multiplex PCR primer set design protocol has been developed that 

focueses primarily on the design of the oligonucleotide prior to actual testing in the 



Bioinformatics Web-based Primer Design System:@Primer 

 

- 11 - 

laboratory. For a multiplex PCR to work properly, the primer pairs need to be 

compatible. Since multiplex PCR mixture are run under the same PCR conditions, the 

primers used to have fairly similar characteristics such as melting temperatures and 

should not exhibit significant interactions with each other primers. Excessive regions 

of complementarity between primers must be avoided to the formation of 

primer-dimers that may cause the primers to bind to one another instead of the target 

template DNA. 

Singh [14] also pointed out that the basic rule to desing mutliplex PCR is to have 

similar annealing temperature and similar GC content of the primers. And Product 

length should also be taken into considreation when designing primer so that they can 

be effectively separated and studied by electrophoresis. 

Due to the complexity involevd in the design of multiplex PCR primer sets, we 

develped a primer selection strategy for multiplex PCR We will have detailed 

disscussion in the following chapter. 




