




3 
 

PTL 4: JP Patent No. 5799484  

PTL 5: JP 2014-204730 A  

Non Patent Literature  

[0009]  NPL 1: DNA Research 21, 555-567, 2014  

NPL 2: Breeding Science 64: 291-299, 2014  

Summary  

Technical Problem  

[0010] A technique for genome information analysis, such as genetic linkage analysis  

conducted with the use of a DNA marker, is desired to produce a DNA library in a more 

convenient and highly reproducible manner. In addition, such technique is desired to produce 

a DNA probe capable of detecting a DNA fragment contained in a DNA library with high 

accuracy. As described above, a wide variety of techniques for producing a DNA library and 

a DNA probe are known. To date, however, there have been no techniques known to be 

sufficient in terms of convenience and/or reproducibility. Under the above circumstances, it is 

an object of the present invention to provide a method for producing a DNA probe that is 

applicable to a DNA library produced by a method with more convenience and higher 

reproducibility, and it is another object to provide a method for analyzing genomic DNA with 

the use of such DNA probe.  

Solution to Problem  

[0011] The present inventors have conducted concentrated studies in order to attain the above  

objects. As a result, they discovered that a DNA library could be produced with high 

reproducibility by conducting PCR with the use of a random primer while designating the 

concentration of such random primer within a designated range in a reaction solution and that 

a DNA probe could be easily designed on the basis of the nucleotide sequences of the DNA 

library to be produced. This has led to the completion of the present invention.  

In one aspect, the present disclosure refers to a method for producing a DNA probe 

comprising steps of: conducting a nucleic acid amplification reaction in a reaction solution 

containing genomic DNA and a random primer having 9-30 bases using genomic DNA as a 

template to obtain DNA fragments, wherein when the random primer comprises 9 to 10 

bases, the concentration of the random primer is 40 to 60 microM; when the random primer 

comprises 10 to 14 bases, the concentration of the random primer satisfy the conditions 

defined by an inequation: y > 3E + 08x-6.974 and be 100 microM or less, provided that the 

nucleotide length of the random primer is represented by "x" and the concentration of the 

random primer is represented by "y"; when the random primer comprises 14 to 18 bases, 

the concentration of the random primer is 4 to 100 microM; when the random primer 

comprises 18 to 28 bases, the concentration of such random primer be 4 microM or more 

and satisfy the conditions defined by an inequation: y < 8E + 08x-5.533; when the random
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primer comprises 28 to 29 bases, the concentration of the random primer is 6 to 10 microM; 

when the random primer comprises 30 bases, the concentration of the random primer is 6 

microM; determining the nucleotide sequence of the obtained DNA fragments; and 

designing a DNA probe used for detecting a DNA fragment obtained in the above step on the 

basis of the nucleotide sequence of the DNA fragments, the DNA probe comprising a 

nucleotide sequence complementary to the nucleotide sequence the DNA fragment. 

In another aspect, the present disclosure refers to a method for analyzing genomic DNA 

comprising steps of: conducting a nucleic acid amplification reaction with the use of the 

genomic DNA subjected to analysis and the random primer of claim 1 to obtain a DNA 

fragment; bringing the DNA probe produced by the method for producing a DNA probe as 

described herein into contact with the DNA fragment derived from the genomic DNA 

subjected to analysis; and detecting hybridization occurring between the DNA probe and the 

DNA fragment. 

In another example, the present disclosure refers to an apparatus for DNA analysis 

comprising the DNA probe produced by the method for producing a DNA probe as described 

herein and a support comprising the DNA probe immobilized thereon. 

The present invention includes the following.  

(1) A method for producing a DNA probe comprising steps of: conducting a nucleic acid 

amplification reaction in a reaction solution containing genomic DNA and a random primer at 

a high concentration using genomic DNA as a template to obtain DNA fragments; 

determining the nucleotide sequences of the obtained DNA fragments; and designing a DNA 

probe used for detecting a DNA fragment obtained in the above step on the basis of the 

nucleotide sequences of such DNA fragments.  

(2) The method for producing a DNA probe according to (1), wherein DNA fragments are 

obtained from a plurality of different genomic DNAs with the use of the random primers and, 

on the basis of the nucleotide sequences of the DNA fragments, 
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higher reproducibility under given thermal cycling conditions (in particular, at a given 

annealing temperature) of the nucleic acid amplification reaction.  

Nucleic acid amplification reaction  

[0030]   When producing a DNA library, many DNA fragments are obtained via the nucleic 

acid amplification reaction carried out with the use of random primers and genomic DNA as a 

template described above. At the time of the nucleic acid amplification reaction, in particular, 

the concentration of random primes in a reaction solution is prescribed higher than the 

concentration of primers in a conventional nucleic acid amplification reaction. Thus, many 

DNA fragments can be obtained with the use of genomic DNA as a template while achieving 

high reproducibility. Such many DNA fragments can be used for a DNA library that can be 

used for genotyping and other purposes.  

[0031]   A nucleic acid amplification reaction is aimed at synthesis of amplified fragments in a 

reaction solution containing genomic DNA as a template, the random primers, DNA 

polymerase, deoxynucleoside triphosphates as a substrate (i.e., dNTP, which is a mixture of 

dATP, dCTP, dTTP, and dGTP), and a buffer under the given thermal cycling conditions. It is 

necessary that a nucleic acid amplification reaction be carried out in a reaction solution 

containing Mg2+ at a given concentration. In the reaction solution of the composition 

described above, the buffer contains MgC12. When the buffer does not contain MgC12, the 

reaction solution of the composition described above further contains MgC12.  

[0032]   In a nucleic acid amplification reaction, in particular, it is preferable that the 

concentration of random primers be adequately determined in accordance with the base 

lengths of the random primers. When a plurality of types of nucleotide sequences having 

different numbers of bases are used as random primers, the number of bases constituting the 

random primers may be the average of such plurality of nucleotide sequences (the average 

may be a simple average or the weight average taking the amount of nucleotides into 

account).  

[0033]   Specifically, a nucleic acid amplification reaction is carried out with the use of a 

random primer comprising 9 to 30 bases at a concentration of 4 to 200 microM, and 

preferably at 4 to 100 microM. Under such conditions, many amplified fragments, and, in 

particular, many amplified fragments comprising 100 to 500 bases, can be obtained via a 

nucleic acid amplification reaction while achieving high reproducibility.  

[0034]   When a random primer comprises 9 to 10 bases, more specifically, the concentration 

of such random primer is preferably 40 to 60 microM. When a random primer comprises 10 

to 14 bases, it is preferable that the concentration of such random primer satisfy the 

conditions defined by an inequation: y > 3E + 08x-6.974 and be 100 microM or less, provided 

that the nucleotide length of the random primer is represented by "x" and 



23 

 

the concentration of the random primer is represented by "y." When a random primer 

comprises 14 to 18 bases, the concentration of such random primer is preferably 4 to 100 

microM. When a random primer comprises 18 to 28 bases, it is preferable that the 

concentration of such random primer be 4 microM or more and satisfy the conditions defined 

by an inequation: y < 8E + 08x-5.533. When a random primer comprises 28 to 29 bases, the 

concentration of such random primer is preferably 6 to 10 microM. By designating the 

random primer concentration in accordance with the number of bases constituting the random 

primer as described above, many amplified fragments can be obtained with more certainty 

while achieving high reproducibility.  

[0035]   As described in the examples below, the inequations: y > 3E + 08x-6.974 and y < 8E  

+08x-5.533, are developed to be able to represent the concentration of a random primer at which 

many DNA fragments comprising 100 to 500 bases can be obtained with high reproducibility 

as a result of thorough inspection of the correlation between random primer length and 

random primer concentration.  

[0036]   While the amount of genomic DNA serving as a template in a nucleic acid  

amplification reaction is not particularly limited, it is preferably 0.1 to 1000 ng, more 

preferably 1 to 500 ng, further preferably 5 to 200 ng, and most preferably 10 to 100 ng, when 

the amount of the reaction solution is 50 microliters. By designating the amount of genomic 

DNA as a template within such range, many amplified fragments can be obtained without 

inhibiting the amplification reaction from a random primer, while achieving high 

reproducibility.  

[0037]   Genomic DNA can be prepared in accordance with a conventional technique without  

particular limitation. With the use of a commercialized kit, also, genomic DNA can be easily 

prepared from a target organism species. Genomic DNA extracted from an organism in 

accordance with a conventional technique or with the use of a commercialized kit may be 

used without further processing, genomic DNA extracted from an organism and then purified 

may be used, or genomic DNA subjected to restriction enzyme treatment or ultrasonic 

treatment may be used.  

[0038]   DNA polymerase used in a nucleic acid amplification reaction is not particularly  

limited, and an enzyme having DNA polymerase activity under thermal cycling conditions for 

a nucleic acid amplification reaction can be used. Specifically, heatstable DNA polymerase 

used for a general nucleic acid amplification reaction can be used. Examples of DNA 

polymerases include thermophilic bacteria-derived DNA polymerase, such as Taq DNA 

polymerase, and hyperthermophilic archaea-derived DNA polymerase, such as KOD DNA 

polymerase and Pfu DNA polymerase. In a nucleic acid amplification reaction, it is 

particularly preferable that Pfu DNA polymerase be used as DNA polymerase in combination 

with the random primer 
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[Table 26] 

 

As shown in Table 26, it was found that a low-molecular-weight (100 to 500 bases) DNA 

fragment could be amplified with high reproducibility with the use of random primers comprising 

9 to 30 bases at 4.0 to 200 microM. In particular, it was confirmed that low-molecular-weight (100 

to 500 bases) DNA fragments could be amplified assuredly with high reproducibility with the use 

of random primers comprising 9 to 30 bases at 4.0 to 100 microM.  

[0088] The results shown in Table 26 are examined in greater detail. As a result, the correlation  

between the length and the concentration of random primers is found to be preferably within a 

range surrounded by a frame as shown in Fig. 82. More specifically, the random primer 

concentration is preferably 40 to 60 microM when the random primers comprise 9 to 10 bases. It 

is preferable that a random primer concentration satisfy the condition represented by an 

inequation: y > 3E + 08x-6.974, provided that the nucleotide length of the random primer is 

represented by x and the random primer concentration is represented by y, and 100 microM or 

lower, when the random primer comprises 10 to 14 bases. The random primer concentration is 

preferably 4 to 100 mM when the random primer comprises 14 to 18 bases. When a random 

primer comprises 18 to 28 bases, the random primer concentration is preferably 4 microM or 

higher, and it satisfies the condition represented by an inequation: y < 8E +08x-5.533. When a 

random primer comprises 28 to 29 bases, the random primer concentration is preferably 4 to 10 

microM. The inequations y > 3E + 08x-6.974 and y < 8E +08x-5.533 are 
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{CLAIMS} 

 

{Claim 1} 

A method for producing a DNA probe comprising steps of:  

conducting a nucleic acid amplification reaction in a reaction solution 

containing genomic DNA and a random primer having 9-30 bases using genomic DNA as a 

template to obtain DNA fragments, wherein when the random primer comprises 9 to 10 

bases, the concentration of the random primer is 40 to 60 microM; when the random primer 

comprises 10 to 14 bases, the concentration of the random primer satisfy the conditions 

defined by an inequation: y > 3E + 08x-6.974 and be 100 microM or less, provided that the 

nucleotide length of the random primer is represented by "x" and the concentration of the 

random primer is represented by "y"; when the random primer comprises 14 to 18 bases, 

the concentration of the random primer is 4 to 100 microM; when the random primer 

comprises 18 to 28 bases, the concentration of such random primer be 4 microM or more 

and satisfy the conditions defined by an inequation: y < 8E + 08x-5.533; when the random 

primer comprises 28 to 29 bases, the concentration of the random primer is 6 to 10 microM; 

when the random primer comprises 30 bases, the concentration of the random primer is 6 

microM;  

determining the nucleotide sequence of the obtained DNA fragments; and  

designing a DNA probe used for detecting a DNA fragment obtained in the 

above step on the basis of the nucleotide sequence of the DNA fragments, the DNA probe 

comprising a nucleotide sequence complementary to the nucleotide sequence the DNA 

fragment. 

 

{Claim 2} 

The method for producing a DNA probe according to claim 1, wherein DNA fragments are 

obtained from a plurality of different genomic DNAs with the use of the random primers and, 

on the basis of the nucleotide sequence of the DNA fragments, the DNA probe containing 

regions different between the genomic DNAs is designed. 

 

{Claim 3} 

The method for producing a DNA probe according to claim 1, wherein the nucleotide 

sequence of the DNA fragment is compared with a known nucleotide sequence and the 

DNA probe containing a region different from that of the known nucleotide sequence is 
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designed. 

 

{Claim 4} 

The method for producing a DNA probe according to claim 1, wherein the DNA fragment 

contains100 to 500 nucleotides. 

 

{Claim 5} 

A method for analyzing genomic DNA comprising steps of: conducting a nucleic acid 

amplification reaction with the use of the genomic DNA subjected to analysis and the 

random primer of claim 1 to obtain a DNA fragment; bringing the DNA probe produced by 

the method for producing a DNA probe according to any one of claims 1 to 4 into contact 

with the DNA fragment derived from the genomic DNA subjected to analysis; and detecting 

hybridization occurring between the DNA probe and the DNA fragment. 

 

 

{Claim 6} 

The method for analyzing genomic DNA according to claim 5, wherein the DNA fragment 

derived from genomic DNA is a DNA marker and the presence or absence of the DNA 

marker is detected with the use of the DNA probe. 
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