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Abstract

In post-genome studies, it is indispensable to analyse whole genomic information. PCR is one
of the most important experimental methods in molecular biology. In this paper, we deploy
a novel method to design PCR primers, which takes into account not only the specificity
of the primers but also the uniqueness of the product length by using the whole genomic
information. In this method, the analysis of the genome is rapidly. executed in reasonable
memory space by sorting and hashing the whole genomic information. We successfully
designed target-specific primer-pairs for over 95% ORFs on E. coli genome.

1 Introduction

Thanks to the development of genetic engineering, the genomic sequences of many organisms
have been unveiled. Therefore, It becomes the effective way to discover laws in the root of
life things by analysing such information. In post-genome studies, it is indispensable to do
research on the basis of whole genomic information. As a traditional biological method, there
is Polymerase Chain Reaction (PCR), which is used broadly and usually in experiments of
molecular biology, such as gene therapy, gene diagnosis, DNA sequencing and gene expression
pattern observation. In order to do PCR experiments successfully, primers must be specific to
the target DNA sequences. There are a couple of methods to make the genuinely target-specific
sequences for probes and/or primers on the whole genome [2, 4]. However, there is no study



on the method to ensure the uniqueness of production of primers on the whole genome. In
hybridisation reaction, such as in northern hybridisation and in DNA chips, only the uniqueness
of sequences is important. On the other hand, in PCR, we must ensure the uniqueness of the
product length that is produced by a pair of primers. This point is very different from designing
merely specific probes and/or primers. In order to design the primers that produce a specific
product, we must take into consideration not only the specificity of primers themselves, but
also the specificity of a pair of primers; namely, the uniqueness of its production in PCR.

In this paper, we propose a novel method to design a pair of target-specific primers to produce
a unique length in PCR. In order to ensure the specificity of primers, the thermodynamic energy
of primers is calculated. The primers that strongly hybridise with the target gene and hardly
hybridise with other non-target genes are selected. We propose a sorting method like radix
sort for analysing the whole genomic information in reasonable time and memory.

2 Algorithm

The goal is to find the sequences whose edge sequence is a unique concatenated sequence as
short as possible on the whole genome. It is computationally infeasible to compare all the
possible combinations of partial sequences of the whole genome. Hence, we take the following
strategy to find such sequences at high speed. At first, the number of the combinations of
sequences to be compared is reduced by hashing the genomic information. Next, an algorithm
like radix sort processes the comparison among sequences.

Our method is composed of 4 steps, described as follows: (1) make a Look Up Table (LUT)
from the whole genomic information; (2) make a Unique Sequence Length Table (USLT) by
using the algorithm like radix sort; (3) calculate the hybridisation energy of primers; (4) select
target-specific primer-pairs.

3 Result

We tried to design target-specific primers for 4405 Open Reading Frames (ORFs) of E. coli
using the proposed method. The program was written in C++ language. It was compiled
with Gnu compiler and executed on the computer having Crusoe TM5600 600 MHz CPU and
240MB memory under the Linux operating system. The length of the designed primers was
25-mer. The length of the hash-key sequence, h, was 4. The length of inner-sequence, s, was
10, namely, the length of the PCR product was 60. The limit of the minimum length of unique
concatenated sequence, Th, was 7.

The total runtime of the method was about 35 minutes on 4405 ORFs of E. coli. The
target-specific primer-pairs for 4218 ORFs were designed on E. coli genome. The ORF for
which a target-specific primer-pair can be designed has at least one position on its sequence
where USL < Th. The target-specific primer-pair to produce a specific band was successfully
designed for over 95% ORFs on the above condition. The ORFs that had no target-specific
primer-pair candidate mostly coded ribosomal RNA, transfer RNA, hypothetical protein and
genes whose length was shorter than the product length to be designed.



4 Discussion

Our method directly finds genuine unique sequences on the genomic sequences. Look Up Table
is made at first; that is to say, all the gene sequences are hashed. The number of the sequences
to be compared among genes is lessened by using LUT and the comparison is executed in local
area. Therefore, this method works fast because all the sequences having the same hash-key
sequence are conceivably stored on a cache and the computation of comparison is constituted
of only the local search for the sequences. Since cache speed is much faster than main memory
in the current computers, this also contributes to accelerating the computation. Moreover, in
our method, sequence comparison is rapidly executed by using the algorithm like radix sort.
Besides that, the size of LUT and USLT is proportional to the size of the target genome.
Namely, the increase of memory consumption is proportional to the size of the target genome
in this method. This is very important result to design specific primers in reasonable time
and memory consumption for all the gene sequences of the organism that has an enormous
genome. Hereafter, the problem of memory consumption will surely become more important
in bioinformatics.

As PCR primers, it is desirable to select the sequences that have as high value of Tm as
possible because such sequences have high specificity to hybridise and they do not produce
extra bands. In our method, the sequence that has the negative high value of hybridisation
energy with its target and the negative low value of cross-hybridisation energy is selected. That
is to say, the sequence that has the high value of Tm is selected.

In the near future, we will make an integrated software to support PCR experiments in
molecular biology.
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