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(57) ABSTRACT 

An object of the present invention is to provide a nucleic 
acid amplification method for amplifying a desired nucleic 
acid while Suppressing amplification of byproducts in a PCR 
reaction, a reagent kit used for nucleic acid amplification, a 
method of detecting Single nucleotide polymorphism to 
detect Single nucleotide polymorphism by utilizing that 
amplification of byproducts is Suppressed in a PCR reaction, 
and a reagent kit used for detecting Single nucleotide poly 
morphism. The method of amplifying nucleic acids by PCR 
is characterized by admixing in a reaction Solution, a 
homologous recombinant protein which contains at least one 
of a RecA protein derived from Thermus thermophilus, and 
a modified RecA protein obtained by modification of the 
RecA protein and having a function Similar to that of the 
RecA protein, and carrying out PCR. 
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FIG.2 
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FIG.4 
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FIG.7 
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FIG.8 
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FIG.10 
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FIG.13 
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FIG.14 
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FIG.16 
(A) 

-T.th. recA --Tith. recA --Tith. recA 
+ATP-YS -ATP-r S +ATP-r S 

- - - 
5 6 78 

(B) 
-Tith. recA +Tith. recA --Tith. recA 
+ATP-r S -ATP-r S +ATP-r S 

f Y / . . . . a Y / a N 

13 14 15 16 7 18 19 20 21 22 23 24 
  



Patent Application Publication Nov. 24, 2005 Sheet 17 of 47 US 2005/0260631 A1 

FIG.17 
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FIG.18 
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FIG.19 
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the first 15 cycle of the reaction 
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FIG.20 
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FIG.22 
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FIG.25 

1 2 3 4 5 6 7 8. 
(A) 

+ATP-YS 
-T.th. recA 

9 10 1 1 12 13 14 15 16 
(B) 

+ATP-r S 
--Tith. recA 

17 18. 19 20 21 22 23 24 
(C) 

+ATP-r S 
--Tith. SSB 

  

  



VNC] o?uuoueº ueuun H 6L VNC deupd91 VNC deuulud 
ZZ ) ZZ: ZZ 

US 2005/0260631 A1 

ZZT ZZ: ZZ ZZ-Z-ZZ 
Patent Application Publication Nov. 24, 2005 Sheet 26 of 47 



Patent Application Publication Nov. 24, 2005 Sheet 27 of 47 US 2005/0260631 A1 

FIG.27 
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FIG.29 
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FIG.31 
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FIG.33 
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FIG.35 
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FIG.37 
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FIG.42 
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METHOD OF AMPLIFYING NUCLEICACIDS, 
REAGENT KIT FOR AMPLIFYING NUCLEC 
ACIDS, METHOD OF DETECTING SINGLE 

NUCLEOTIDE POLYMORPHISM, AND REAGENT 
KIT FOR DETECTING SINGLE NUCLEOTDE 

POLYMORPHISM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application based 
upon and claims the benefit of the prior PCT International 
Patent Application No. PCT/JP2003/011752 filed on Sep. 
12, 2003, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a method of ampli 
fying nucleic acids by PCR, a reagent kit for amplifying 
nucleic acids by PCR, a method of detecting Single nucle 
otide polymorphism by PCR and a reagent kit for detecting 
single nucleotide polymorphism by PCR. 
0004 2. Description of Related Art 
0005. A method of amplifying nucleic acids by PCR is 
conventionally known. That is, PCR is a technique to obtain 
certain DNA by mixing a template DNA, primer DNAS, a 
DNA polymerase, etc. in a reaction solution, and specifically 
amplifying a region narrowed by two kinds of the primer 
DNAs in the template DNA. 
0006 AS Such a method of amplifying nucleic acids, a 
method using a RecA protein of E. coli is known (for 
example, Patent Document 1). 

0007 Patent Document 1 Japanese Patent No. 
3010738 (pages 1 to 4) 

0008. However, when PCR is carried out, there may be 
the cases in which not only a desired nucleic acid (a right 
Specific PCR product), but also byproducts (non-specific 
PCR products) are amplified. Further, in such cases in the 
above-mentioned conventional methods, byproducts are 
amplified in a Significant amount even if PCR conditions are 
changed appropriately. 

0009. In light of such circumstances, an object of the 
present invention is to provide a nucleic acid amplification 
method for amplifying a desired nucleic acid while Sup 
pressing amplification of byproducts in a PCR reaction, a 
reagent kit for nucleic acid amplification for amplifying the 
desired nucleic acid while Suppressing amplification of the 
byproducts in the PCR reaction, a method for detecting 
Single nucleotide polymorphism utilizing amplification of 
the desired nucleic acid while Suppressing amplification of 
the byproducts in the PCR reaction, and a reagent kit for 
detecting Single nucleotide polymorphism by detecting 
Single nucleotide polymorphism utilizing amplification of 
the desired nucleic acid while Suppressing amplification of 
the byproducts in the PCR reaction. 

SUMMARY OF THE INVENTION 

0.010 Means for solving such problems is a method of 
amplifying nucleic acids by PCR which is characterized by 
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admixing in a reaction Solution, a homologous recombinant 
protein which contains at least one of a RecA protein derived 
from Thermus thermophilus, and a modified RecA protein 
obtained by modification of the RecA protein and having a 
function Similar to that of the RecA protein, and carrying out 
PCR. 

0011. According to the present invention, PCR is carried 
out by mixing the homologous recombinant protein Such as 
RecA protein derived from Thermus thermophilus and the 
like in a reaction solution, to amplify the desired DNA. 
0012. By carrying out PCR as such, amplification of 
byproducts (non-specific PCR product) can be Suppressed to 
low levels without reducing the yield of the desired nucleic 
acid (the right specific PCR product). In other words, by the 
presence of the above-mentioned homologous recombinant 
protein, the primer extension reaction caused by binding of 
the primer DNAS to a non-Specific region of the template 
DNA is Suppressed, and thus it is possible to Suppress 
amplification of non-specific PCR products. More specifi 
cally, according to the present invention, it is possible to 
amplify nucleic acids Specifically only if there is a mismatch 
of 3 bases or less between the primer DNA and the template 
DNA by changing appropriately PCR conditions. Further, it 
is possible to amplify nucleic acids Specifically only if there 
is a mismatch of 2 bases or less between the primer DNA and 
the template DNA by changing appropriately PCR condi 
tions. Still further, it is possible to amplify nucleic acids 
Specifically only if there is a mismatch of 1 base or leSS 
between the primer DNA and the template DNA by chang 
ing appropriately PCR conditions. 
0013 Further, according to the method of amplifying 
nucleic acids of the present invention, it is possible to 
amplify nucleic acids in a Sufficient amount even if the 
concentration of the primer DNAS added to the reaction 
Solution is reduced to low levels, and by reducing the 
concentration of the primer DNAS to low levels, it is 
possible to Specifically amplify the desired nucleic acid only 
while Suppressing amplification of byproducts. 
0014 Further, since the specificity is high as described 
above, it is possible to specifically amplify the desired 
nucleic acid even when the temperature conditions of the 
primer eXtension reaction Such as an annealing temperature 
are changed. That is, in the conventional method of ampli 
fying nucleic acids, when the temperature conditions of the 
primer eXtension reaction Such as an annealing temperature 
are set to be low, not only the desired DNA, but also 
byproducts are amplified in a large amount. However, 
according to the present invention, it is possible to amplify 
the desired nucleic acid more specifically. 
0015. Further, in the present method of amplifying 
nucleic acids, it is possible to amplify nucleic acids in a 
Sufficient amount as compared with the conventional method 
even when the amount of the DNA polymerase to be added 
is reduced to low levels. 

0016. As described above, according to the present 
invention, it is possible to amplify the desired nucleic acid 
more Specifically. 
0017. Herein, the above-mentioned homologous recom 
binant protein is not limited if it comprises at least one of a 
RecA protein of Thermus thermophilus (it may be referred 
to as a T.th. RecA protein in the present specification), and a 
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modified RecA protein (a modified Tith. RecA protein) 
obtained by modification of the RecA protein and having a 
function similar to that of the RecA protein. The modified 
T.th. RecA protein includes, for example, a gene product 
made by inducing Site-specific mutation, etc., from a gene 
encoding T.th. RecA protein and having an amino acid 
Sequence with deletion, Substitution or addition of one or 
more amino acids, and further having a function Similar to 
that of the Tith. RecA protein. In addition, it may be a protein 
fragment of the Tith. RecA protein which has a function 
similar to that of the Tith. RecA protein (T.th. RecA fragment) 
and the like. 

0.018. The homologous recombinant protein is preferably 
mixed in the range of 0.1 ug to 100 ug per 1 lug of the primer 
DNA, and more preferably 1 lug to 10 ug per 1 lug of the 
primer DNA. If PCR is carried out with the homologous 
recombinant protein in Such a range, the desired nucleic acid 
can be amplified more efficiently and Specifically. 
0019 Various reagents used in PCR reaction will be 
explained below. 
0020. The template DNA is not particularly limited. In 
other words, any template DNA comprising any base 
Sequence may be used, and the chain length is not limited by 
any upper limit. Accordingly, for example, even a giant 
DNA having a full length of 3,000 Mbp of the human 
genome may be used. Needless to Say, the origin thereof is 
not limited. Accordingly, it includes a DNA derived from 
genomes of a virus, a microorganism, an animal or a plant, 
or a modified DNA thereof; a plasmid, etc. contained in a 
microorganism, etc., or a chimera DNA formed by insertion 
of a heterologous DNA fragment into the plasmid, etc. 
contained in microorganisms, etc.; or an artificially Synthe 
sized oligonucleotide, etc. In addition, the template DNA 
may be a double-stranded DNA or a single-stranded DNA. 
Further, a cDNA obtained by the reverse transcription of a 
RNA may be also used as a template DNA. 
0021. The primer DNA is not particularly limited if it is 
Substantially complementary to a significant number of the 
bases located at both ends of the sequence (the region) to be 
amplified in the template DNA, and also the origin thereof 
is not limited. The extent of the substantial complementarity 
is preferably a mismatch of 3 bases or less, more preferably 
2 bases or less, further preferably 1 base or less, and 
particularly preferably 100% of complementarity for the 
template DNA. The reason for this is that amplification of 
the desired nucleic acid becomes difficult with low comple 
mentarity of the primer DNA, Since, as described above, 
binding of the primer DNA to the non-specific region of the 
template DNA to cause the primer extension reaction is 
Suppressed by the presence of the homologous recombinant 
protein Such as a Tith. RecA protein. 
0022. Further, the primer DNAS are preferably mixed in 
the range of 0.01 uM to 10 uM, and particularly preferably 
0.1 M to 1 uM in the final concentration for each of the 
primer DNAs. If PCR is carried out with the primer DNAS 
in Such a range, the desired nucleic acid can be amplified 
more efficiently and Specifically. Further, by reducing the 
concentration of the primer DNAS lower than that of the 
conventional method, it is possible to amplify more specifi 
cally the desired nucleic acid only while Suppressing ampli 
fication of byproducts. 
0023 A Suitable DNA polymerase is one which is not 
permanently inactivated by short-time heating at a high 
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temperature at which the DNA chain is denatured in PCR, 
and has activity at high temperature. The DNA polymerase 
includes, for example, a DNA polymerase derived from 
thermophilic bacteria Such as Thermococcus litoralis, Bacil 
lus Stearothermophilus, Methanothermus fervidus, Thermus 
aguaticus, T. flavus, Tlacteus, Trubens, Trubber and Tither 
mophilus, a DNA polymerase derived from thermophilic 
Archaea such as Desulfurococcus mobilis, Methanobacte 
rium thermoautotrophilcum, Sulfolobus Solfataricus, Saci 
docaldarius and Thermoplasma acidophilum, and the like. 
Among these, a DNA polymerase derived from Thermus 
aguaticus (a Taq DNA polymerase), a DNA polymerase 
derived from Thermus thermophilus (a T.th.DNA poly 
merase), and a DNA polymerase derived from Thermococ 
cus litoralis are preferred in View of easy availability, etc. 
0024. In addition, for example, if a Taq DNA polymerase 
is used, it is preferably mixed in the range of 0.05 unit to 50 
units per 100 ul, and more preferably 0.5 unit to 5 units per 
10 ul. If PCR is carried out with the DNA polymerase in 
Such a range, the desired nucleic acid can be amplified more 
efficiently and specifically. Further, even if the amount of the 
DNA polymerase to be added is reduced to low levels, it is 
possible to amplify nucleic acids in a Sufficient amount as 
compared with the conventional method. 
0025) Further, an antibody which is specific to the above 
mentioned DNA polymerase may be mixed in the PCR 
reaction solution in order to inhibit the activity of the 
above-mentioned DNA polymerase before amplifying 
nucleic acids. Such antibody includes a monoclonal anti 
body, a polyclonal antibody, an antibody produced by a 
recombination method, an antibody fragment produced by a 
chemical or recombination method (for example, a Fab 
fragment) and the like. Among them, it is particularly 
preferable to use a monoclonal antibody. For example, if a 
known monoclonal antibody for the Taq DNA polymerase is 
used, the enzymatic activity of the Taq DNA polymerase at 
a temperature of about 20° C. to about 40 C. can be 
inhibited, and also can be inactivated by the high tempera 
ture of the thermal PCR cycle. 
0026 Further, PCR is generally carried out in the pres 
ence of four kinds of dNTPs, i.e., DATP, dCTP, dGTP and 
dTTP, 

0027. In addition, PCR is generally carried out in a 
reaction Solution containing a Suitable buffer to amplify 
nucleic acids efficiently. The buffer solution can be suitably 
varied to obtain optimal reaction conditions according to the 
homologous recombinant protein, the DNA polymerase, etc. 
used in the PCR reaction. For example, potassium chloride 
or magnesium chloride can be added to a TRIS buffer 
solution of which pH is suitably adjusted. 
0028. Further, 5% to 10% of DMSO and 1% to 2% of 
betaine may be added to the PCR reaction solution, which 
has effects of minimizing the problem that amplification of 
desired product becomes poor due to a Secondary Structure 
of the template DNA. The RecA protein derived from E. coli 
and the like has no resistance to the denaturing agents while 
the RecA protein derived from Thermus thermophilus has 
resistance to the denaturing agents and thus can be used in 
the present invention. 
0029 Further, an antibody for the homologous recombi 
nant protein such as the RecA protein derived from Thermus 
thermophilus may be added to the PCR reaction solution. 
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0.030. Another means for solving such problems is a 
method of amplifying nucleic acids by PCR, wherein the 
method is characterized by admixing in a reaction Solution, 
a homologous recombinant protein which contains at least 
one of a RecA protein which causes primer extension 
reaction only for the primer DNA having a mismatch of 3 
bases or less with the template DNA, and a modified RecA 
protein obtained by modification of the RecA protein and 
having a function similar to that of the RecA protein, and 
carrying out PCR. 
0031. According to the present invention, PCR is carried 
out by mixing the homologous recombinant protein Such as 
RecA protein and the like which causes primer extension 
reaction only for the primer DNA having a mismatch of 3 
bases or less with the template DNA, in a reaction solution 
to amplify the desired DNA. 
0032. By carrying out PCR as such, amplification of 
byproducts can be Suppressed to low levels without decreas 
ing the yield of the desired nucleic acid. In other words, by 
the presence of the homologous recombinant protein, the 
primer extension reaction caused by binding of the primer 
DNAS to a non-specific region of the template DNA is 
Suppressed, and thus it is possible to SuppreSS amplification 
of non-specific PCR products. 
0033. Further, according to this method of amplifying 
nucleic acids, it is possible to amplify nucleic acids in a 
Sufficient amount even if the concentration of the primer 
DNAS added to the reaction solution is reduced to low 
levels, and by reducing the concentration of the primer 
DNAS to low levels, it is possible to specifically amplify the 
desired nucleic acid only while Suppressing amplification of 
byproducts. 

0034) Further, since the specificity is high as described 
above, it is possible to specifically amplify the desired 
nucleic acid even when the temperature conditions of the 
primer eXtension reaction Such as an annealing temperature 
are changed. That is, in the conventional method of ampli 
fying nucleic acids, when the temperature conditions of the 
primer eXtension reaction Such as the annealing temperature 
are set to be low, not only the desired nucleic acid, but also 
byproducts are amplified in a large amount. However, 
according to the present invention, it is possible to amplify 
the desired nucleic acid more specifically. 

0035) Further, in the above-described method of ampli 
fying nucleic acids, it is possible to amplify nucleic acids in 
a Sufficient amount as compared with the conventional 
method even if the amount of the DNA polymerase added to 
the reaction Solution is Suppressed to low levels. 
0.036 AS described above, in the method of amplifying 
nucleic acids according to the present invention, it is poS 
Sible to amplify the desired nucleic acid more specifically. 
0037. Further, the method of amplifying nucleic acids 
according to any of those described above is preferably 
provided as a method of amplifying nucleic acids, charac 
terized by adding ATP-YS to a reaction Solution and carrying 
Out PCR. 

0.038 According to the present invention, the above 
described homologous recombinant protein is mixed with a 
reaction solution, further ATP-YS is added and PCR is 
carried out. 
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0039. By carrying out PCR as such, it is possible to 
amplify the desired nucleic acid more Specifically. In addi 
tion, similarly to the addition of ATP-YS, addition of ATP is 
also assumed to increase the specificity of PCR. However, 
ATP is decomposed to ADP by the homologous recombinant 
protein, and ADP inhibits the homologous recombinant 
protein from binding to the primer DNAS and the like. 
Therefore, it is difficult to improve specificity of PCR by 
addition of ATP. Accordingly, as in the present invention, 
ATP-YS which is not decomposed to ADP, is preferably 
added to the reaction Solution. 

0040. In addition, in preparing the PCR reaction solution, 
ATP-YS is preferably added before the addition of dNTP to 
the reaction solution to which Tith. RecA protein is already 
added. The reason for this is considered to be that if dNTP 
is added in advance, dNTP binds to T.th. RecA protein, and 
the ATP-YS added thereafter is difficult to bind to T.th. RecA 
protein. 

0041. Herein, the concentration of ATP-YS may be varied 
suitably depending on the purpose, but is usually 0.01 mM 
to 10 mM, and preferably 0.1 mM to 1 mM. 
0042. Further, the method of amplifying nucleic acids 
according to any of those described above is preferably 
provided as a method of amplifying nucleic acids, charac 
terized by a template DNA having a region of an inhibitory 
or Suppressive Secondary Structure. 
0043. According to the present invention, the template 
DNA has a region of an inhibitory or Suppressive Secondary 
Structure. That is, the template DNA has a region of a 
Secondary Structure which inhibits or Suppresses nucleic 
acid amplification when usual PCR is carried out. Accord 
ingly, in the conventional PCR, it was difficult to amplify the 
desired nucleic acid which has Such a region efficiently and 
Specifically. 
0044) In contrast, in the present invention, it is possible to 
amplify the desired nucleic acid efficiently and Specifically 
even when the template DNA has the region of the inhibitory 
or Suppressive Secondary Structure Since PCR is carried out 
by mixing the above-described homologous recombinant 
protein. The reason for this is considered to be that by 
binding of the homologous recombinant protein to the 
template DNA, the inhibitory or Suppressive Secondary 
Structure is released. 

0045. Further, the method of amplifying nucleic acids 
according to any of those described above is preferably 
provided as a method of amplifying nucleic acids, charac 
terized by adding KCl to the reaction Solution and carrying 
Out PCR. 

0046 According to the present invention, KCl is added to 
the reaction solution and PCR is carried out. By carrying out 
PCR as such, it is possible to amplify the desired nucleic 
acid more specifically. 

0047. Herein, the concentration of KCl may be varied 
Suitably depending on the purpose, but is usually 1 mM to 
1,000 mM, and preferably 10 mM to 100 mM. 
0048. Further, the method of amplifying nucleic acids 
according to any of those described above is preferably 
provided as a method of amplifying nucleic acids, charac 
terized by adding Mg" to the reaction Solution and carrying 
Out PCR. 
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0049 According to the present invention, Mg" is added 
to the reaction solution and PCR is carried out. By carrying 
out PCR as such, it is possible to amplify the desired nucleic 
acid more specifically. The reason for this is considered to be 
that by the addition of Mg", affinity of the above-mentioned 
homologous recombinant protein for DNA is improved. 

0050 Herein, the concentration of Mg" may be varied 
Suitably depending on the purpose, but is usually 0.1 mM to 
100 mM, and preferably 3 mM to 10 mM. 
0051. Further, the method of amplifying nucleic acids 
according to any of those described above is preferably 
provided as a method of amplifying nucleic acids, charac 
terized by adding a plurality of sets of primer DNAS to the 
reaction Solution and carrying out PCR. 
0.052 According to the present invention, PCR is carried 
out in the reaction solution to which the plurality of sets of 
primer DNAS are added. 
0053. In the conventional methods of amplifying nucleic 
acids, it was difficult to add a plurality of Sets of primer 
DNAS since it was difficult to amplify the desired nucleic 
acid unless the concentration of the primer DNAS was high 
to Some degree. 

0054. In contrast, in the present invention, it is possible to 
Specifically amplify the desired nucleic acid only while 
Suppressing amplification of byproducts even if the DNA 
concentration of each primer DNA is reduced to low levels, 
by the addition of the above-described homologous recom 
binant protein. Accordingly, a plurality of Sets of primer 
DNAS can be mixed, and further, even if PCR is carried out 
as Such, it is possible to specifically amplify the desired 
nucleic acid only corresponding to each of the primer Sets 
while Suppressing amplification of byproducts. 

0.055 Still another means for Solving such problems is a 
reagent kit for amplifying nucleic acids by PCR, wherein the 
kit is characterized by comprising a DNA polymerase, four 
kinds of dNTPs, a buffer solution, and a homologous recom 
binant protein which comprises at least one of a RecA 
protein derived from Thermus thermophilus and a modified 
RecA protein obtained by modification of the RecA protein 
and having a function Similar to that of the RecA protein. 
0056. The reagent kit for amplifying nucleic acids of the 
present invention comprises a DNA polymerase, four kinds 
of dNTPs, a buffer solution, and a homologous recombinant 
protein Such as Tith. RecA protein and the like. 

0057 PCR can be easily carried out by using such a kit, 
by preparing a reaction Solution to which the DNA poly 
merase, the four kinds of dNTPs, the buffer Solution and the 
homologous recombinant protein Such as Tith. RecA protein 
and the like are added, and by Simply adding further the 
template DNA and the primer DNA prepared depending on 
the purpose to the reaction Solution. Further, the presence of 
the homologous recombinant protein Suppresses binding of 
the primer DNA to the non-specific region of the template 
DNA which causes primer extension reaction, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
ucts. Accordingly, the desired nucleic acid can be amplified 
more Specifically by using the present kit. 

0.058. In addition, the DNA polymerase, the four kinds of 
dNTPs, the buffer solution and the homologous recombinant 
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protein Such as Tith. RecA protein and the like described in 
the present invention are similar to those described above. 

0059 Herein, the reagent kit for amplifying nucleic acids 
according to the present invention is not limited if it com 
prises a DNA polymerase, four kinds of dNTPs, a buffer 
Solution and a homologous recombinant protein Such as 
T.th. RecA protein and the like. Accordingly, Such compo 
nents may be contained in Separate vessels, or two or more 
components of them may be mixed in advance. It is the same 
for ATP-YS, KCl and Mg", which will be described below. 
0060) Further, the reagent kit for amplifying nucleic acids 
according to the kit described above is preferably provided 
as a reagent kit for amplifying nucleic acids, characterized 
by containing ATP-YS. 

0061. If PCR is carried out by using such a kit with 
further adding ATP-YS, it is possible to amplify the desired 
nucleic acid more specifically. 

0062 Further, the reagent kit for amplifying nucleic acids 
according to any of those described above is preferably 
provided as a reagent kit for amplifying nucleic acids, 
characterized by containing KCl. 

0063. If PCR is carried out by using such a kit, it is 
possible to amplify the desired nucleic acid more Specifi 
cally. 

0064. Further, the reagent kit for amplifying nucleic acids 
according to any of those described above is preferably 
provided as a reagent kit for amplifying nucleic acids, 
characterized by containing Mg" If PCR is carried out by 
using Such a kit, it is possible to amplify the desired nucleic 
acid more specifically. 

0065. Still another means for Solving such problems is a 
method of detecting Single nucleotide polymorphism, 
wherein the method is characterized by admixing in a 
reaction Solution, a homologous recombinant protein which 
comprises at least one of a RecA protein derived from 
Thermus thermophilus, and a modified RecA protein 
obtained by modification of the RecA protein and having a 
function Similar to that of the RecA protein, and carrying out 
PCR, by using a primer DNA corresponding to the Sequence 
comprising the base which forms single nucleotide poly 
morphism in a template DNA, to detect Single nucleotide 
polymorphism by amplifying a desired nucleic acid. 

0066 According to the present invention, a primer DNA 
corresponding to a sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA is 
used as one of the primer DNAS. Thus, PCR is carried out 
with the homologous recombinant protein Such as T.th. RecA 
protein and the like mixed in the reaction Solution. By 
carrying out PCR as Such, it is possible to amplify the 
desired nucleic acid only when the template DNA is com 
pletely complementary to the primer DNA corresponding to 
a Sequence comprising a base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
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amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 
0067 Further, the method of detecting single nucleotide 
polymorphism according to the method described above is 
preferably provided as a method of detecting Single nucle 
otide polymorphism, wherein the method is characterized by 
adding ATP-YS to a reaction solution and carrying out PCR. 
0068 According to the present invention, PCR is carried 
out by mixing the above-described homologous recombi 
nant protein in the reaction Solution, and further adding 
ATP-YS to the reaction solution. By carrying out PCR as 
Such, it is possible to amplify the desired nucleic acid more 
Specifically, allowing the detection of Single nucleotide 
polymorphism more reliably. 
0069. Further, the method of detecting single nucleotide 
polymorphism according to any of those described above is 
preferably provided as a method of detecting Single nucle 
otide polymorphism, wherein the method is characterized by 
adding KCl to the reaction solution and carrying out PCR. 
0070. By carrying out PCR as such, it is possible to 
amplify the desired nucleic acid more specifically, allowing 
the detection of Single nucleotide polymorphism more reli 
ably. 

0.071) Further, the method of detecting single nucleotide 
polymorphism according to any of those described above is 
preferably provided as a method of detecting Single nucle 
otide polymorphism, wherein the method is characterized by 
adding Mg" to the reaction solution and carrying out PCR. 
0.072 By carrying out PCR as such, it is possible to 
amplify the desired nucleic acid more specifically, allowing 
the detection of Single nucleotide polymorphism more reli 
ably. 
0.073 Still another means for Solving such problems is a 
reagent kit for detecting Single nucleotide polymorphism, 
wherein the kit is characterized by comprising a DNA 
polymerase, four kinds of dNTPs, a buffer solution, and a 
homologous recombinant proteins which contains at least 
one of a RecA protein derived from Thermus thermophilus 
and a modified RecA protein obtained by modification of the 
RecA protein and having a function Similar to that of the 
RecA protein. 
0.074 The reagent kit for detecting single nucleotide 
polymorphism of the present invention comprises a DNA 
polymerase, four kinds of dNTPs, a buffer solution, and a 
homologous recombinant protein Such as Tith. RecA protein 
and the like. 

0075 PCR can be easily carried out by using such a kit, 
by preparing a reaction Solution, to which the DNA poly 
merase, the four kinds of dNTPs, the buffer Solution and the 
homologous recombinant protein Such as Tith. RecA protein 
and the like are added to the reaction Solution, and by Simply 
adding further the template DNA and the primer DNA 
prepared depending on the purpose to the reaction Solution. 
By carrying out PCR as such, it is possible to amplify the 
desired nucleic acid only when the template DNA is com 
pletely complementary to the primer DNA corresponding to 
a Sequence comprising a base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
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Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
amplification of the desired nucleic acid by PCR allows the 
detection of Single nucleotide polymorphism. 

0076 Accordingly, single nucleotide polymorphism can 
be easily detected by using the reagent kit for detecting 
Single nucleotide polymorphism of the present invention. 

0077. In addition, the DNA polymerase, the four kinds of 
dNTPs, the buffer solution and the homologous recombinant 
protein Such as Tith. RecA protein and the like described in 
the present invention are similar to those described above. 
0078 Herein, the reagent kit for detecting single nucle 
otide polymorphism of the present invention is not limited if 
it comprises a DNA polymerase, four kinds of dNTPs, a 
buffer Solution and a homologous recombinant protein Such 
as Tith. RecA protein and the like. Accordingly, Such com 
ponents may be contained in Separate vessels, or two or 
more components of them may be mixed in advance. It is the 
same for 2+ATP-YS, KCl and Mg", which will be described 
below. 

0079. Further, the reagent kit for detecting single nucle 
otide polymorphism according to the kit described above is 
preferably provided as a reagent kit for detecting Single 
nucleotide polymorphism, wherein the kit is characterized 
by comprising ATP-YS. 

0080) If PCR is carried out by using such a kit with 
further adding ATP-YS, it is possible to detect single nucle 
otide polymorphism more precisely. 

0081 Further, the reagent kit for detecting single nucle 
otide polymorphism according to any of those described 
above is preferably provided as a reagent kit for detecting 
Single nucleotide polymorphism, wherein the kit is charac 
terized by comprising KCl. 

0082 If PCR is carried out by using such a kit, it is 
possible to detect Single nucleotide polymorphism more 
precisely. 

0083. Further, the reagent kit for amplifying nucleic acids 
according to any of those described above is preferably 
provided as a reagent kit for amplifying nucleic acids, 
wherein the kit is characterized by comprising Mg". 
0084. If PCR is carried out by using such a kit, it is 
possible to detect Single nucleotide polymorphism more 
precisely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0085 FIG. 1 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 1. 

0086 FIG. 2 is a photograph, instead of a drawing, which 
shows the results of the electrophoresis for the PCR reaction 
products with reference to Example 1. (A) is a photograph 
showing the case where PCR is carried out with the con 
centration of the primer DNAS of 0.06 uM, and (B) is a 
photograph showing the case where PCR is carried out with 
the concentration of the primer DNAS of 0.20 uM. 
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0087 FIG. 3 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 2. 

0088 FIG. 4 is a photograph, instead of a drawing, which 
shows the results of the electrophoresis for the PCR reaction 
products with reference to Example 2. 

0089 FIG. 5 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 3. 

0090 FIG. 6 is an illustrative view showing the relation 
between the template DNA and the primer DNA with 
reference to Example 3. 
0.091 FIG. 7 is a photograph, instead of a drawing, which 
shows the results of the electrophoresis for the PCR reaction 
products with reference to Example 3. (A) is a photograph 
showing the case where PCR is carried out by changing the 
concentration of the primer DNAS, and (B) is a photograph 
showing the case where PCR is carried out by changing the 
concentration of the primer DNAS by using different primer 
DNAS. 

0092 FIG. 8 is a photograph, instead of a drawing, which 
shows the results of the electrophoresis for the PCR reaction 
products with reference to Example 3. (A) is a photograph 
showing the case where PCR is carried out by changing the 
concentration of the primer DNAS by using different primer 
DNAS, and (B) is a photograph showing the case where PCR 
is carried out by changing the concentration of the primer 
DNAS by using different primer DNAS. 

0093 FIG. 9 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 4. 

0094 FIG. 10 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 4. 

0.095 FIG. 11 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 5. 

0096 FIG. 12 is an illustrative view showing the results 
of the electrophoresis for the PCR reaction products with 
reference to Example 5. 

0097 FIG. 13 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 5. (A) is a 
photograph showing the case where PCR is carried out with 
an annealing temperature of 60° C., and (B) is a photograph 
showing the case where PCR is carried out with an annealing 
temperature of 55° C. 

0.098 FIG. 14 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 5. (A) is a 
photograph showing the case where PCR is carried out with 
an annealing temperature of 50° C., and (B) is a photograph 
showing the case where PCR is carried out with an annealing 
temperature of 45 C. 

0099 FIG. 15 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 6. 
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0100 FIG. 16 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 6. (A) is a 
photograph showing the case where PCR is carried out using 
any of Oligonucleotides 37 to 44, and (B) is a photograph 
showing the case where PCR is carried out using any of 
Oligonucleotides 54 to 58. 

0101 FIG. 17 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 7. (A) is a 
photograph showing the case where the primer DNA is 
added at the beginning and PCR is carried out, and (B) is a 
photograph showing the case where the primer DNA is 
added after 1 cycle and PCR is carried out. 
0102 FIG. 18 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 7. (A) is a 
photograph showing the case where the primer DNA is 
added after 3 cycles and PCR is carried out, and (B) is a 
photograph showing the case where the primer DNA is 
added after 6 cycles and PCR is carried out. 
0.103 FIG. 19 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 7. (A) is a 
photograph showing the case where the primer DNA is 
added after 10 cycles and PCR is carried out, and (B) is a 
photograph showing the case where the primer DNA is 
added after 15 cycles and PCR is carried out. 
0104 FIG. 20 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 8. (A) is a 
photograph showing the case where PCR is carried out with 
an initial temperature of 70° C., and (B) is a photograph 
showing the case where PCR is carried out with an initial 
temperature of 80 C. 
0105 FIG.21 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 9. 

0106 FIG. 22 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 9. (A) is a 
photograph showing the case where PCR is carried out in the 
absence of ATP-YS, and (B) is a photograph showing the 
case where PCR is carried out in the presence of ATP-YS. 

0107 FIG.23 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 10. 

0.108 FIG.24 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 10. 

0109 FIG. 25 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 10. (A) is a 
photograph showing the case where PCR is carried out in the 
absence of the T.th. RecA protein, (B) is a photograph 
showing the case where PCR is carried out in the presence 
of the T.th. RecA protein, and (C) is a photograph showing 
the case where PCR is carried out in the presence of SSB 
protein. 
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0110 FIG. 26 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 11. 
0111 FIG. 27 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 11. 

0112 FIG. 28 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 12. 

0113 FIG. 29 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 12. 

0114 FIG. 30 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 13. 

0115 FIG. 31 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 13. 

0116 FIG. 32 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 14. 
0117 FIG. 33 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 14. 

0118 FIG.34 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 15. 

0119 FIG. 35 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 15. 

0120 FIG. 36 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 16. 

0121 FIG. 37 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 16. 

0.122 FIG.38 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 17. 

0123 FIG. 39 is an illustrative view showing the relation 
between the template DNA and the primer DNA with 
reference to Example 17. 
0.124 FIG. 40 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 17. 

0.125 FIG. 41 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 18. 

0.126 FIG. 42 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 18. 

0127 FIG. 43 is an illustrative view showing the relation 
between a template DNA and a primer DNA with reference 
to Example 19. 
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0128 FIG. 44 is an illustrative view showing the relation 
between the template DNA and the primer DNA with 
reference to Example 19. 
0.129 FIG. 45 is an illustrative view showing the relation 
between the template DNA and the primer DNA with 
reference to Example 19. 
0.130 FIG. 46 is an illustrative view showing the relation 
between the template DNA and the primer DNA with 
reference to Example 19. 
0131 FIG. 47 is a photograph, instead of a drawing, 
which shows the results of the electrophoresis for the PCR 
reaction products with reference to Example 19. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0132) Examples of the present invention will be further 
illustrated below in reference to Drawings. 

EXAMPLE 1. 

0133) A human genome DNA (Promega) was prepared as 
a template DNA as shown in FIG. 1. Further, 16 kinds of 
oligonucleotides (Oligonucleotides 1 to 16) were prepared 
as the primer DNAS. Each primer DNA was designed with 
reference to Homo Sapiens PAC clone from RP5-852P6 
from 7p11.2-p21, complete Sequence (Genbank accession 
no.; AC006454). The Genbank accession no.; number refers 
to an access number of Gene Bank (the same in the follow 
ing). Since each primer DNA has possibility of any primer 
design, each of the positions was shifted to design the primer 
DNA. Each primer DNA consists of a 20mer base sequence 
which is 100% complementary to the template DNA. Each 
primer DNA may be synthesized by a known method on the 
basis of the base sequence of the template DNA. 

Oligonucleotide 1: 
5'-ggtgcactcc atcatgctta-3' 

Oligonucleotide 2: 
5'-catcagt cagaggggct cac-3' 

Oligonucleotide 3: 
5'-cccacatccc tdgcaggaat-3' 

Oligonucleotide 4: 
5'-tgcaggt gtgggcc tag citg-3 

Oligonucleotide 5: 
5'-tgtc.ctgggc cc cago agga-3' 

Oligonucleotide 6: 
5'-ggggtot togctdtgggc agg-3 

Oligonucleotide 7: 
5'-gagatgcc cc cc catactg.c-3' 

Oligonucleotide 8: 
5'-atctgtc. ccctdtcctc ctg-3' 

Oligonucleotide 9: 
5'-aggtgtgcag agtgcaaag.c-3' 

Oligonucleotide 10 : 
5'- gottcaa gocagaggcc agg-3 

Oligonucleotide 11: 
5'-tcCaggtggc ccc.caa.gcag-3' 
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-continued 

Qligonucleotide 12: 
5'-atctotc ttgccttggg gtg-3' 

Oligonucleotide 13: 
5'-gtgtgctggg aggaggggcc-3' 

Oligonucleotide 14 : 
5'-gtoacta aacaggggct caa-3' 

Oligonucleotide 15: 
5'-cgtgtgggag gag caggcag-3' 

Oligonucleotide 16: 
5'-gccagaa tott.cccct g gag-3 

0134. In addition, a RecA protein of Thermus thermophi 
lus was prepared as a homologous recombinant protein, and 
a DNA polymerase derived from Thermus aguaticus 
(TakaRa Taq; Takara Bio, Inc.) was prepared as the DNA 
polymerase. In addition, four kinds of dNTPs, i.e., dATP, 
dCTP, dGTP and dTTP were prepared, and a buffer solution 
was prepared by adding potassium chloride and magnesium 
chloride as buffer to a pH-adjusted Tris buffer solution. 
0135). Here, it is convenient to have a DNA polymerase, 
four kinds of dNTPs, a buffer solution and a homologous 
recombinant protein Such as Tith. RecA protein and the like 
prepared in advance as a reagent kit for amplifying nucleic 
acids. PCR can be easily carried out by using Such a kit, by 
preparing a reaction Solution to which the DNA polymerase, 
the four kinds of dNTPs, the buffer Solution and the homolo 
gous recombinant protein Such as Tith. RecA protein and the 
like are added, and by Simply adding further the template 
DNA and the primer DNA prepared depending on the 
purpose to the reaction Solution. 
0.136 Then, nucleic acids were amplified by the PCR 
reaction. Specifically, 0.06 uM each (the final concentration) 
of two kinds of the oligonucleotides, 40 ng of the human 
genome DNA, 11.0 unit of Taq polymerase, 0.2 mM of the 
dNTP mixture solution and 1.2 lug of the Tith. RecA protein 
were mixed with 10 mM Tris-HCl Buffer (pH 8.3), 50 mM 
KCl and 1.5 mM MgCl, in 10 ul of a PCR reaction solution. 
Then, PCR was carried out with 1 cycle (at 70° C. for 10 
minutes and at 94° C. for 1 minute), 30 cycles (at 94° C. for 
30 seconds, at 60° C. for 30 seconds, and at 68 C. for 1 
minute) and 1 cycle (at 68° C. for 0.7 minutes and at 4 C. 
for 1 minute). 
0.137 Then, the reaction solution was subjected to elec 
trophoresis with a 1% agarose gel, the agarose gel was 
Soaked in an ethidium bromide Solution to stain the DNA in 
the gel, and then the Stained DNA was recorded by photog 
raphy. The results are shown in FIG. 2. 
0138 Lane 1 shows the results when Oligonucleotide 1 
and Oligonucleotide 2 were added as the primer DNAS. 
0139 Lane 2 shows the results when Oligonucleotide 3 
and Oligonucleotide 4 were added as the primer DNAS. 
0140 Lane 3 shows the results when Oligonucleotide 5 
and Oligonucleotide 6 were added as the primer DNAS. 
0141 Lane 4 shows the results when Oligonucleotide 7 
and Oligonucleotide 8 were added as the primer DNAS. 
0142 Lane 5 shows the results when Oligonucleotide 9 
and Oligonucleotide 10 were added as the primer DNAS. 
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0.143 Lane 6 shows the results when Oligonucleotide 11 
and Oligonucleotide 12 were added as the primer DNAS. 
0144. Lane 7 shows the results when Oligonucleotide 13 
and Oligonucleotide 14 were added as the primer DNAS. 
0145 Lane 8 shows the results when Oligonucleotide 15 
and Oligonucleotide 16 were added as the primer DNAS. 
0146 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 
0147 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 
0.148 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 
0149 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 
0150 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 
0151 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 6 without adding the 
T.th. RecA protein. 
0152 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 7 without adding the 
T.th. RecA protein. 
0153. Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 8 without adding the 
T.th. RecA protein. 
0154 Lane 17 shows the results when PCR was carried 
out in the same manner as in Lane 1 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0155 Lane 18 shows the results when PCR was carried 
out in the same manner as in Lane 2 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0156 Lane 19 shows the results when PCR was carried 
out in the same manner as in Lane 3 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0157 Lane 20 shows the results when PCR was carried 
out in the same manner as in Lane 4 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0158 Lane 21 shows the results when PCR was carried 
out in the same manner as in Lane 5 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0159) Lane 22 shows the results when PCR was carried 
out in the same manner as in Lane 6 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0160 Lane 23 shows the results when PCR was carried 
out in the same manner as in Lane 7 by increasing the 
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concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0.161 Lane 24 shows the results when PCR was carried 
out in the same manner as in Lane 8 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0162 Lane 25 shows the results when PCR was carried 
out in the same manner as in Lane 9 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0163 Lane 26 shows the results when PCR was carried 
out in the same manner as in Lane 10 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0164. Lane 27 shows the results when PCR was carried 
out in the same manner as in Lane 11 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0.165 Lane 28 shows the results when PCR was carried 
out in the same manner as in Lane 12 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0166 Lane 29 shows the results when PCR was carried 
out in the same manner as in Lane 13 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0167 Lane 30 shows the results when PCR was carried 
out in the same manner as in Lane 14 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0168 Lane 31 shows the results when PCR was carried 
out in the same manner as in Lane 15 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0169. Lane 32 shows the results when PCR was carried 
out in the same manner as in Lane 16 by increasing the 
concentration of each of the primer DNAS to 0.20 uM, 
respectively (the final concentration). 
0170 As clearly shown in the results of FIG. 2(A), in 
Lanes 1 to 8 in which PCR was carried out with the addition 
of T.th. RecA protein, amplification of the desired nucleic 
acid (the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. 

0171 In contrast, in Lanes 9 to 16 in which PCR was 
carried out without adding the Tith. RecA protein, not only 
the desired nucleic acid but also byproducts were detected in 
a large amount. In addition, there were a few cases in which 
nucleic acid amplification was Scarcely detected (Lanes 15, 
16, etc.). The reason for this is considered to be that the 
region which has to be amplified in the template DNA has 
an inhibitory or Suppressive Secondary Structure. 
0172 Also, as clearly shown in the results of FIG. 2(B), 
in Lanes 17 to 24 in which PCR was carried out with the 
addition of T.th. RecA protein and increasing the concentra 
tions of the primer DNAS, amplification of the desired DNA 
was detected. However, as compared with the results of 
Lanes 1 to 8, there were many lanes in which byproducts 
were also slightly detected. 
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0173) On other hand, in Lanes 25 to 32 in which PCR was 
carried out by increasing the concentrations of the primer 
DNAS but without adding the Tith. RecA protein, byproducts 
were detected in an amount larger than with the results of the 
corresponding Lanes 9 to 16. 

0.174 From these facts, if the T.th. RecA protein is added 
and PCR is carried out, amplification of byproducts can be 
Suppressed to low levels without decreasing the yield of the 
desired nucleic acid. In other words, by the presence of the 
T.th. RecA protein, the primer eXtension reaction caused by 
binding of the primer DNAS to a non-specific region of the 
template DNA is Suppressed, and thus it is possible to 
SuppreSS amplification of non-specific PCR products. 

0175) Further, if PCR is carried out with the addition of 
T.th. RecA protein, it is possible to amplify the desired 
nucleic acid efficiently and Specifically even when the tem 
plate DNA has the region of the inhibitory or suppressive 
Secondary Structure. The reason for this is considered to be 
that the inhibitory or Suppressive Secondary Structure is 
released as the homologous recombinant protein binds to the 
template DNA. 

0176 Further, it is possible to amplify nucleic acids in a 
Sufficient amount even when the concentration of the primer 
DNAS added to the reaction Solution is reduced to low levels 
(0.06 uM), and by reducing the concentration of the primer 
DNAS to low levels, it is possible to specifically amplify the 
desired nucleic acid only while Suppressing amplification of 
byproducts. 

EXAMPLE 2 

0177 Next, Example 2 will be explained. Explanation of 
the parts which are similar to those of the Example 1 will be 
omitted or simplified. 

0.178 In this Example, as shown in FIG. 3, a human 
genome DNA was prepared as a template DNA, and 12 
kinds of oligonucleotides (Oligonucleotides 17 to 28) were 
prepared as the primer DNAS. Each primer DNA was 
designed with reference to Homo Sapiens BAC clone from 
RP11-16P10 from 7, complete sequence (Genbank acces 
sion no.; ACO93734, AC011786). Since each primer DNA 
has possibility of any primer design, each position was 
shifted to design the primer DNA. Each primer DNA con 
sists of a 20mer base sequence which is 100% complemen 
tary to the template DNA. 

Oligonucleotide 17: 
5'-cgggtgc acacaaaggc tog-3 

Oligonucleotide 18 : 
5'-tctotggcca ggtgcc togc-3' 

Oligonucleotide 19: 
5'-cgcc.ccg acaaccotga coc-3' 

Oligonucleotide 20 : 
5'-cittgggaaga to citgagact-3' 

Oligonucleotide 21 : 
5'-tcggtaa acgctggctic cog-3 

Oligonucleotide 22: 
5'-caaaacgc.cc cccaccg.ccc-3' 
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igonucleotide 23: 
-ggtttac cago acctgg gga-3' 

igonucleotide 24: 
-cc.catcgtgg totaggggat-3' 

igonucleotide 25 : 
-gaagtgg ccc.ggalagac ggt-3' 

igonucleotide 26: 
-gcagdg.ccct tcccaccoct-3' 

igonucleotide 27: 
-gcacacg ccttgtagac agc-3' 

igonucleotide 28: 
5'-citgattct co agggtgggct-3' 

0179 Then, PCR was carried out under the same condi 
tions as those of Lane 1, etc. of the above-mentioned 
Example 1. Subsequently, the reaction Solution was Sub 
jected to electrophoresis with a 1% agarose gel, and the 
results were recorded by photography and shown in FIG. 4, 
in the same manner as in the above-mentioned Example 1. 
0180 Lane 1 shows the results when Oligonucleotide 17 
and Oligonucleotide 18 were added as the primer DNAS. 
0181 Lane 2 shows the results when Oligonucleotide 19 
and Oligonucleotide 20 were added as the primer DNAS. 
0182 Lane 3 shows the results when Oligonucleotide 21 
and Oligonucleotide 22 were added as the primer DNAS. 
0183 Lane 4 shows the results when Oligonucleotide 23 
and Oligonucleotide 24 are added as the primer DNA. 
0184 Lane 5 shows the results when Oligonucleotide 25 
and Oligonucleotide 26 were added as the primer DNAS. 
0185. Lane 6 shows the results when Oligonucleotide 27 
and Oligonucleotide 28 are added as the primer DNA. 
0186 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 
0187 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0188 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 
0189 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 

0190. Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 
0191 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 6 without adding the 
T.th. RecA protein. 
0.192 As clearly shown in the results of FIG. 4, in Lanes 
1 to 6 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired nucleic acid 
(the right specific PCR product) was detected while byprod 
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ucts (non-specific PCR products) were Scarcely detected in 
many of these lanes. Further, even in the lanes where 
byproducts were detected, production of the byproducts 
were largely Suppressed, as compared with the lanes in 
which PCR was carried out without adding the T.th. RecA 
protein. 

0193 In contrast, in Lanes 7 to 12 in which PCR was 
carried out without adding the Tith. RecA protein, not only 
the desired nucleic acid but also byproducts were detected in 
a large amount. 
0194 From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the Tith. RecA protein, the primer extension reaction 
caused by binding of the primer DNAS to a non-specific 
region of the template DNA is Suppressed, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
uctS. 

0.195. Further, it is possible to amplify nucleic acids in a 
Sufficient amount even when the concentration of the primer 
DNAS added to the reaction Solution is reduced to low levels 
(0.06 uM), and by reducing the concentration of the primer 
DNAS to low levels, it is possible to specifically amplify the 
desired nucleic acid only while Suppressing amplification of 
byproducts. 

EXAMPLE 3 

0196) Next, Example 3 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 
0197). As shown in FIG. 5 and FIG. 6, a human genome 
DNA was prepared as a template DNA, and 8 kinds of 
oligonucleotides (Oligonucleotides 29 to 36) were prepared 
as the primer DNAS. Each primer DNA was designed with 
reference to the Human DNA sequence from clone RP5 
1013A22 on chromosome 20 Contains the HNF4A (hepatic 
nuclear factor 4, alpha) gene, part of a novel gene encoding 
a protein Similar to cellular retinaldehyde-binding protein, a 
RPL37A (ribosomal protein L37a) pseudogene, parts of 2 
novel genes, ESTs, STSs and GSSs, complete sequence 
(Genbank accession no.; AL132772). Further, Oligonucle 
otide 31 and Oligonucleotide 32 were designed with refer 
ence to Homo sapiens 3q BACRP11-529F4 (Roswell Park 
Cancer Institute Human BAC Library) complete sequence 
(Genbank accession no.; AC080007). Further, Oligonucle 
otide 33 and Oligonucleotide 34 were designed with refer 
ence to Homo Sapiens genomic beta globin region on 
chromosome 11 (Genbank accession no.; NG000007). Fur 
ther, Oligonucleotide 35 and Oligonucleotide 36 were 
designed with reference to Homo Sapiens HPFH6OR gene 
for olfactory receptor (Genbank accession no.; X81445, 
X91835). Each primer DNA consists of a base sequence 
from a 20mer to a 25mer, which is 100% complementary to 
the template DNA. 

Oligonucleotide 29: 
5'-gcatctgggg cctoggattt ag-3' 

Oligonucleoticle 30: 
5'-taca aggcag goat catgac to acg-3' 
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Oligonucleotide 31: 
-aggagcttag gagggggagg 

Oligonucleoticie 32: 
-cattgacagg acaggagaag gga-3' 

Oligonucleotide 33: 
-cittitttgttc ccccag acac to-3' 

Oligonucleotide 34: 
-gcactggctt aggagttgga ct-3' 

Oligonucleotide 35: 
-gttaatacct aaggctictac toca-3' 

Oligonucleotide 36: 
5'-aggcaatggc ggcacccatc-3' 

0198 Then, a reaction solution was prepared under the 
Same conditions as those of the above-mentioned Example 
1 and the like except the concentration of the primer DNAS. 
Subsequently, PCR was carried out with 1 cycle (at 94 C. 
for 1 minute), 30 cycles (at 94° C. for 30 seconds, at 60° C. 
for 30 seconds, and at 68 C. for 1 minute) and 1 cycle (at 
68 C. for 7 minutes and at 4 C. for 1 minute). Then, the 
reaction Solution was Subjected to electrophoresis with a 1% 
agarose gel, and the results were recorded by photography 
and shown in FIG. 7 and FIG. 8, in the same manner as in 
the above-mentioned Example 1, etc. 

0199 Lane 1 shows the results when 0.3 uM (the final 
concentration) of Oligonucleotide 29 and 0.3 uM (the final 
concentration) of Oligonucleotide 30 were added as the 
primer DNAS. 

0200 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0201 Lane 3 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of Oligonucleotide 29 and Oligonucleotide 
30 to 0.1 uM (the final concentration), respectively. 
0202 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0203 Lane 5 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of Oligonucleotide 29 and Oligonucleotide 
30 to 0.03 uM (the final concentration), respectively. 
0204 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 

0205 Lane 7 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of Oligonucleotide 29 and Oligonucleotide 
30 to 0.01 uM (the final concentration), respectively. 
0206 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 7 without adding the 
T.th. RecA protein. 

0207 Lane 9 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
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tration of each of Oligonucleotide 29 and Oligonucleotide 
30 to 0.003 uM (the final concentration), respectively. 
0208 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 9 without adding the 
T.th. RecA protein. 
0209 Lane 11 shows the results when 0.3 uM (the final 
concentration) of Oligonucleotide 31 and 0.3 uM (the final 
concentration) of Oligonucleotide 32 were added as the 
primer DNAS. 
0210 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 11 without adding the 
T.th. RecA protein. 
0211 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 11 by reducing the 
concentration of each of Oligonucleotide 31 and Oligonucle 
otide 32 to 0.1 uM (the final concentration), respectively. 
0212 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 13 without adding the 
T.th. RecA protein. 
0213 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 11 by reducing the 
concentration of each of Oligonucleotide 31 and Oligonucle 
otide 32 to 0.03 uM (the final concentration), respectively. 
0214) Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 15 without adding the 
T.th. RecA protein. 
0215 Lane 17 shows the results when PCR was carried 
out in the same manner as in Lane 11 by reducing the 
concentration of each of Oligonucleotide 31 and Oligonucle 
otide 32 to 0.01 uM (the final concentration), respectively. 
0216 Lane 18 shows the results when PCR was carried 
out in the same manner as in Lane 17 without adding the 
T.th. RecA protein. 

0217 Lane 19 shows the results when PCR was carried 
out in the same manner as in Lane 11 by reducing the 
concentration of each of Oligonucleotide 31 and Oligonucle 
otide 32 to 0.003 uM (the final concentration), respectively. 
0218 Lane 20 shows the results when PCR was carried 
out in the same manner as in Lane 19 without adding the 
T.th. RecA protein. 

0219 Lane 21 shows the results when 0.3 uM (the final 
concentration) of Oligonucleotide 33 and 0.3 uM (the final 
concentration) of Oligonucleotide 34 were added as the 
primer DNAS. 

0220 Lane 22 shows the results when PCR was carried 
out in the same manner as in Lane 21 without adding the 
T.th. RecA protein. 
0221) Lane 23 shows the results when PCR was carried 
out in the same manner as in Lane 21 by reducing the 
concentration of each of Oligonucleotide 33 and Oligonucle 
otide 34 to 0.01 uM (the final concentration), respectively. 
0222 Lane 24 shows the results when PCR was carried 
out in the same manner as in Lane 23 without adding the 
T.th. RecA protein. 
0223 Lane 25 shows the results when PCR was carried 
out in the same manner as in Lane 21 by reducing the 
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concentration of each of Oligonucleotide 33 and Oligonucle 
otide 34 to 0.03 uM (the final concentration), respectively. 
0224 Lane 26 shows the results when PCR was carried 
out in the same manner as in Lane 25 without adding the 
T.th. RecA protein. 
0225 Lane 27 shows the results when PCR was carried 
out in the same manner as in Lane 21 by reducing the 
concentration of each of Oligonucleotide 33 and Oligonucle 
otide 34 to 0.01 uM (the final concentration), respectively. 
0226 Lane 28 shows the results when PCR was carried 
out in the same manner as in Lane 27 without adding the 
T.th. RecA protein. 
0227 Lane 29 shows the results when PCR was carried 
out in the same manner as in Lane 21 by reducing the 
concentration of each of Oligonucleotide 33 and Oligonucle 
otide 34 to 0.003 uM (the final concentration), respectively. 
0228 Lane 30 shows the results when PCR was carried 
out in the same manner as in Lane 29 without adding the 
T.th. RecA protein. 

0229) Lane 31 shows the results when 0.3 uM (the final 
concentration) of Oligonucleotide 35 and 0.3 uM (the final 
concentration) of Oligonucleotide 36 were added as the 
primer DNAS. 

0230. Lane 32 shows the results when PCR was carried 
out in the same manner as in Lane 31 without adding the 
T.th. RecA protein. 
0231 Lane 33 shows the results when PCR was carried 
out in the same manner as in Lane 31 by reducing the 
concentration of each of Oligonucleotide 35 and Oligonucle 
otide 36 to 0.01 uM (the final concentration), respectively. 
0232 Lane 34 shows the results when PCR was carried 
out in the same manner as in Lane 33 without adding the 
T.th. RecA protein. 

0233 Lane 35 shows the results when PCR was carried 
out in the same manner as in Lane 31 by reducing the 
concentration of each of Oligonucleotide 35 and Oligonucle 
otide 36 to 0.03 uM (the final concentration), respectively. 
0234 Lane 36 shows the results when PCR was carried 
out in the same manner as in Lane 35 without adding the 
T.th. RecA protein. 

0235 Lane 37 shows the results when PCR was carried 
out in the same manner as in Lane 31 by reducing the 
concentration of each of Oligonucleotide 35 and Oligonucle 
otide 36 to 0.01 uM (the final concentration), respectively. 
0236 Lane 38 shows the results when PCR was carried 
out in the same manner as in Lane 37 without adding the 
T.th. RecA protein. 
0237 Lane 39 shows the results when PCR was carried 
out in the same manner as in Lane 31 by reducing the 
concentration of each of Oligonucleotide 35 and Oligonucle 
otide 36 to 0.003 uM (the final concentration), respectively. 
0238 Lane 40 shows the results when PCR was carried 
out in the same manner as in Lane 39 without adding the 
T.th. RecA protein. 
0239). As clearly shown in the results of FIG. 7(A), 
among Lanes 1, 3, 5, 7 and 9 in which PCR was carried out 
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with the addition of T.th.RecA protein, except in Lane 9, 
amplification of the desired nucleic acid (the right specific 
PCR product) was detected whereas byproducts (non-spe 
cific PCR products) were scarcely detected. Particularly, as 
the concentration of the primer DNAS was lower, the pro 
duction of the byproducts tended to be Suppressed. In Lane 
9, amplification of DNA was hardly detected, possibly due 
to the too low concentration of the primer DNAS. Further, if 
the concentration of the primer DNAS was the same, the 
amount of amplification of the desired nucleic acid tended to 
be increased as compared with the cases in which PCR was 
carried out without adding the Tith. RecA protein. 
0240. In contrast, among Lanes 2, 4, 6, 8 and 10 in which 
PCR was carried out without adding the Tith.RecA protein, 
except in Lane 10, not only the desired nucleic acid but also 
byproducts were detected. In Lane 10, amplification of DNA 
was hardly detected, possibly due to the too low concentra 
tion of the primer DNAS. 

0241. As clearly shown in the results of FIG. 7(B), 
among Lanes 11, 13, 15, 17 and 19 in which PCR was 
carried out with the addition of Tith. RecA protein, except in 
Lane 19, amplification of the desired nucleic acid was 
detected whereas byproducts were Scarcely detected. Par 
ticularly, as the concentration of the primer DNAS was 
lower, the production of the byproducts tended to be Sup 
pressed. In Lane 19, amplification of DNA was hardly 
detected, possibly due to the too low concentration of the 
primer DNAS. Further, if the concentration of the primer 
DNAS was the same, the amount of amplification of the 
desired nucleic acid tended to be increased as compared with 
the cases in which PCR was carried out without adding the 
T.th. RecA protein. 

0242. In contrast, among Lanes 12, 14, 16, 18 and 20 in 
which PCR was carried out without adding the T.th. RecA 
protein, except in Lane 20, not only the desired nucleic acid 
but also byproducts were detected. In Lane 20, amplification 
of DNA was hardly detected, possibly due to the too low 
concentration of the primer DNAS. 
0243 As clearly shown in the results of FIG. 8(A), 
among Lanes 21, 23, 25, 27 and 29 in which PCR was 
carried out with the addition of Tith. RecA protein, except in 
Lane 29, amplification of the desired nucleic acid was 
detected whereas byproducts were Scarcely detected. Par 
ticularly, as the concentration of the primer DNAS was 
lower, the production of the byproducts tended to be Sup 
pressed. In Lane 29, amplification of DNA was hardly 
detected, possibly due to the too low concentration of the 
primer DNAS. Further, if the concentration of the primer 
DNAS was the same, the amount of amplification of the 
desired nucleic acid tended to increase as compared with the 
cases in which PCR was carried out without adding the 
T.th. RecA protein. 

0244. In contrast, among Lanes 22, 24, 26, 28 and 30 in 
which PCR was carried out without adding the T.th. RecA 
protein, in Lanes 22, 24 and 26, not only the desired nucleic 
acid but also byproducts were detected. In Lanes 28 and 30, 
amplification of DNA was hardly detected, possibly due to 
the too low concentration of the primer DNAS. 

0245) As clearly shown in the results of FIG. 8(B), 
among Lanes 31, 33, 35, 37 and 39 in which PCR was 
carried out with the addition of Tith. RecA protein, except in 
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Lane 39, amplification of the desired nucleic acid was 
detected whereas byproducts were Scarcely detected. Par 
ticularly, as the concentration of the primer DNAS was 
lower, the production of the byproducts tended to be Sup 
pressed. In Lane 39, amplification of DNA was hardly 
detected, possibly due to the too low concentration of the 
primer DNAS. Further, if the concentration of the primer 
DNAS was the same, the amount of amplification of the 
desired nucleic acid tended to be increased as compared with 
the cases in which PCR was carried out without adding the 
T.th. RecA protein. 

0246. In contrast, among Lanes 32, 34, 36, 38 and 40 in 
which PCR was carried out without adding the T.th. RecA 
protein, except in Lane 40, not only the desired nucleic acid 
but also byproducts were detected. In Lane 40, amplification 
of DNA was hardly detected, possibly due to the too low 
concentration of the primer DNAS. 

0247. From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the Tith. RecA protein, the primer extension reaction 
caused by binding of the primer DNAS to a non-specific 
region of the template DNA is Suppressed, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
uctS. 

0248. Further, it is possible to amplify nucleic acids in a 
Sufficient amount even if the concentration of the primer 
DNAS added to the reaction Solution is reduced to low 
levels, and by reducing the concentration of the primer 
DNAS to low levels, it is possible to specifically amplify the 
desired nucleic acid only while Suppressing amplification of 
byproducts. 

EXAMPLE 4 

0249 Next, Example 4 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 

0250) As shown in FIG. 9, a human genome DNA was 
prepared as a template DNA, and 5 kinds of oligonucleotides 
(Oligonucleotides 37 to 41) were prepared as the primer 
DNAS. Each primer DNA was designed with reference to 
Homo Sapiens PAC clone RP5-1142J19 from 7q35-q36, 
complete sequence (Genbank accession no.; AC004975). 
0251 Among the primer DNAS, Oligonucleotides 37 and 
38 consist of a 20mer or a 21mer base Sequence, which is 
100% complementary to the template DNA. On the other 
hand, Oligonucleotide 39 consists of a base Sequence which 
is different by 1 base from the template DNA, while the rest 
is the same as Oligonucleotide 37. Further, Oligonucleotide 
40 consists of a base sequence which is different by 3 base 
from the template DNA, while the rest is the same as 
Oligonucleotide 37. Further, Oligonucleotide 41 consists of 
a base sequence which is different by 5 base from the 
template 

Oligonucleotide 37: 
5'-gcaggcacca agaact acto C-3' 

Oligonucleotide 38: 
5'-gcctaagg to acgttgtc.cc-3' 
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Oligonucleotide 39: 
5'-gcaggcacca ggaact acto C-3' 

Oligonucleotide 40: 
5'-gcaggcgc.ca ggaagtactg. C-3' 

Oligonucleotide 41 : 
5'-gciggg.cgc.ca ggaagtacgg C-3' 

0252) Then, nucleic acids were amplified by PCR reac 
tion in the same manner as in the above-mentioned Example 
3 except that the concentration of each of the primer DNAS 
was set to 0.3 um, (the final concentration). Subsequently, 
the reaction Solution was Subjected to electrophoresis with a 
1% agarose gel, and the results were recorded by photog 
raphy and shown in FIG. 10, in the same manner as the 
above-mentioned Example 1, etc. 
0253 Lane 1 shows the results when Oligonucleotide 37 
and Oligonucleotide 38 were added as the primer DNAS. 
0254 Lane 2 shows the results when Oligonucleotide 39 
and Oligonucleotide 38 were added as the primer DNAS. 
0255 Lane 3 shows the results when Oligonucleotide 40 
and Oligonucleotide 38 were added as the primer DNAS. 
0256 Lane 4 shows the results when Oligonucleotide 41 
and Oligonucleotide 38 were added as the primer DNAS. 
0257 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 by further adding 1 mM (the 
final concentration) ATP-YS (Roche). 
0258 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 2 by further adding 1 mM (the 
final concentration) ATP-YS (Roche). 
0259 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 3 by further adding 1 mM (the 
final concentration) ATP-YS (Roche). 
0260 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 4 by further adding 1 mM (the 
final concentration) ATP-YS (Roche). 
0261 AS clearly shown in the results of FIG. 10, among 
Lanes 1 to 4 in which PCR was carried out without adding 
ATP-YS, in Lanes 1 to 3, amplification of the desired nucleic 
acid (the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. In Lane 4, amplification of DNA was Scarcely 
detected. 

0262. In contrast, among Lanes 5 to 8 in which PCR was 
carried out by adding the ATP-YS, in Lanes 5 and 6, 
amplification of the desired DNA was detected whereas 
byproducts were Scarcely detected. In Lane 7 and Lane 8, 
amplification of DNA was scarcely detected. 
0263. From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 
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0264. Specifically, in the absence of ATP-YS, it is possible 
to amplify nucleic acids Specifically only if there is a 
mismatch of 3 bases or less between the primer DNA and the 
template DNA. Accordingly, by adding T.th. RecA protein to 
the reaction Solution, it is possible to amplify the desired 
nucleic acid more specifically. 

0265. On the other hand, in the presence of ATP-YS, it is 
possible to amplify nucleic acids Specifically only if there is 
a mismatch of 1 base or less between the primer DNA and 
the template DNA. Accordingly, by adding ATP-YS to the 
reaction Solution, it is possible to amplify the desired nucleic 
acid further Specifically. 

0266. In addition, when a reagent kit for amplifying 
nucleic acids is prepared with a DNA polymerase, four kinds 
of dNTPs, a buffer solution and a homologous recombinant 
protein Such as T.th. RecA protein and the like, it is prefer 
able to add ATP-YS to such a kit. The reason for this is that, 
as clearly shown in the above-mentioned Example 4, if 
ATP-YS was added and PCR was carried out, it is possible 
to amplify the desired nucleic acid more specifically. 

0267 Further, from the results of the above-mentioned 
Example 4, it is possible to detect Single nucleotide poly 
morphism. In other words, if PCR is carried out by using a 
primer DNA corresponding to a sequence comprising a base 
which forms Single nucleotide polymorphism in the template 
DNA as one of the primer DNAS, it is possible to amplify the 
desired nucleic acid only when the template DNA is com 
pletely complementary to the primer DNA corresponding to 
a Sequence comprising a base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to a Sequence comprising a base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 

0268. Further, since it is possible to amplify the desired 
nucleic acid more specifically if ATP-YS is added, by ampli 
fication of the desired DNA, it is possible to detect single 
nucleotide polymorphism more reliably. 

0269. In addition, it is convenient to have a DNA poly 
merase, four kinds of dNTPs, a buffer Solution and a 
homologous recombinant protein Such as Tith. RecA protein 
and the like as a reagent kit prepared in advance for 
detecting Single nucleotide polymorphism. By using Such a 
kit, it is possible to detect easily Single nucleotide polymor 
phism by PCR, just by adding the DNA polymerase, the four 
kinds of dNTPs, the buffer solution and the homologous 
recombinant protein Such as Tith. RecA protein and the like 
to a reaction Solution, and further adding the template DNA 
and the primer DNA prepared depending on the purpose to 
the reaction Solution. 

0270 Further, ATP-YS is preferably also added to the 
above-mentioned kit. AS clearly shown in the above-men 
tioned Example 4, if ATP-YS was added and PCR was 
carried out, it is possible to amplify the desired nucleic acid 
more specifically, and thus it is possible to detect Single 
nucleotide polymorphism more reliably. 
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EXAMPLE 5 

0271 Next, Example 5 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 

0272. As shown in FIG. 11 and FIG. 12, a human 
genome DNA was prepared as a template DNA, and 12 
kinds of oligonucleotides (Oligonucleotides 42 to 53) were 
prepared as the primer DNAS. Specifically, Oligonucleotides 
42 and 43 were designed with reference to Homo Sapiens 
PAC clone RP5-1142J19 from 7q35-q36, complete sequence 
(Genbank accession no.; AC004975). Oligonucleotides 44 
and 45 were designed with reference to Homo Sapiens PAC 
clone RP5-852P6 from 7p11.2-p21, complete sequence 
(Genbank accession no.; AC006454). Oligonucleotides 46 
and 47 were designed with reference to Homo Sapiens PAC 
clone RP5-91213 from 7, complete sequence (Genbank 
accession no.; AC008060). Oligonucleotides 48 and 49 were 
designed with reference to Homo Sapiens BAC clone RP11 
16P10 from 7, complete sequence (Genbank accession no.; 
AC093734, AC011786). Oligonucleotides 50 and 51 were 
designed with reference to Homo Sapiens BAC clone CTB 
135C18 from 7q11.2-q22, complete sequence (Genbank 
accession no.; AC005164). Oligonucleotides 52 and 53 were 
designed with reference to Homo Sapiens PAC clone RP5 
852P6 from 7p11.2-p21, complete sequence (Genbank 
accession no.; AC006454). Each primer DNA consists of a 
base sequence from a 18mer to a 22mer, which is 100% 
complementary to the template DNA. 

Oligonucleotide 42: 
5'-gcaggcacca agaact acto C-3' 

Oligonucleotide 43: 
5'-gcctaagg to acgttgtc.cc-3' 

Oligonucleotide 44: 
5'-catggcacct gctotgagac-3' 

Oligonucleotide 45: 
5'-gg cactttgt gcctcitctoc-3' 

Oligonucleotide 46: 
5'-cc gagtc.gca toggtgag-3 

Oligonucleotide 47: 
5'-tttgttgcaag gaattgttggg-3' 

Oligonucleotide 48: 
5'-atctgtgttgg titcggctotg-3' 

Oligonucleotide 49: 
5'-citcc cittaac agcagoctoc-3' 

Oligonucleotide 50: 
5'-caaagctact ttcacagdct co-3' 

Oligonucleotide 51: 
5'-gg catattoa gocaaggatt to-3' 

Oligonucleotide 52 : 
5'-tttctggaag gg actdggto-3' 

Oligonucleotide 53: 
5'-tcc.caggatc catggagaag-3' 

0273. Then, PCR was carried out under the same condi 
tions as those of Example 4 to amplify nucleic acids. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
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recorded by photography and shown in FIG. 13 and FIG. 
14, in the same manner as in Example 1, etc. 

0274 The PCR temperature condition was set to 1 cycle 
(at 94° C. for 1 minute), 30 cycles (at 94° C. for 30 seconds, 
at 60° C. for 30 seconds, and at 68° C. for 1 minute) and 1 
cycle (at 68° C. for 7 minutes, and at 4 C. for 1 minute), 
which is referred to as Temperature Condition 1. The anneal 
ing temperature was 60° C. 

0275 Lane 1 shows the results when Oligonucleotide 42 
and Oligonucleotide 43 were added as the primer DNAS. 

0276 Lane 2 shows the results when Oligonucleotide 44 
and Oligonucleotide 45 were added as the primer DNAS. 

0277 Lane 3 shows the results when Oligonucleotide 46 
and Oligonucleotide 47 were added as the primer DNAS. 

0278 Lane 4 shows the results when Oligonucleotide 48 
and Oligonucleotide 49 were added as the primer DNAS. 

0279 Lane 5 shows the results when Oligonucleotide 50 
and Oligonucleotide 51 were added as the primer DNAS. 

0280 Lane 6 shows the results when Oligonucleotide 52 
and Oligonucleotide 53 were added as the primer DNAS. 

0281 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0282 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0283 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0284 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 

0285 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 

0286 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 6 without adding the 
T.th. RecA protein. 

0287. For Lanes 13 to 24, the PCR temperature condition 
was set to 1 cycle (at 94° C. for 1 minute), 30 cycles (at 94 
C. for 30 seconds, at 55° C. for 30 seconds, and at 68 C. for 
1 minute) and 1 cycle (at 68 C. for 7 minutes, and at 4 C. 
for 1 minute), which is referred to as Temperature Condition 
2. The annealing temperature was 55 C. 

0288 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 1 except for the 
above-mentioned Temperature Condition 2. 

0289 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 2 except for the 
above-mentioned Temperature Condition 2. 

0290 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 3 except for the 
above-mentioned Temperature Condition 2. 
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0291 Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 4 except for the 
above-mentioned Temperature Condition 2. 

0292 Lane 17 shows the results when PCR was carried 
out in the same manner as in Lane 5 except for the 
above-mentioned Temperature Condition 2. 

0293 Lane 18 shows the results when PCR was carried 
out in the same manner as in Lane 6 except for the 
above-mentioned Temperature Condition 2. 

0294 Lane 19 shows the results when PCR was carried 
out in the same manner as in Lane 7 except for the 
above-mentioned Temperature Condition 2. 

0295) Lane 20 shows the results when PCR was carried 
out in the same manner as in Lane 8 except for the 
above-mentioned Temperature Condition 2. 

0296 Lane 21 shows the results when PCR was carried 
out in the same manner as in Lane 9 except for the 
above-mentioned Temperature Condition 2. 

0297 Lane 22 shows the results when PCR was carried 
out in the same manner as in Lane 10 except for the 
above-mentioned Temperature Condition 2. 

0298 Lane 23 shows the results when PCR was carried 
out in the Same manner as in Lane 11 except for the 
above-mentioned Temperature Condition 2. 

0299 Lane 24 shows the results when PCR was carried 
out in the same manner as in Lane 12 except for the 
above-mentioned Temperature Condition 2. 

0300 For Lanes 25 to 36, the PCR temperature condition 
was set to 1 cycle (at 94° C. for 1 minute), 30 cycles (at 94 
C. for 30 seconds, at 50° C. for 30 seconds, and at 68 C. for 
1 minute) and 1 cycle (at 68 C. for 7 minutes, and at 4 C. 
for 1 minute), which is referred to as Temperature Condition 
3. The annealing temperature was 50 C. 

0301 Lane 25 shows the results when PCR was carried 
out in the same manner as in Lane 1 except for the 
above-mentioned Temperature Condition 3. 

0302) Lane 26 shows the results when PCR was carried 
out in the same manner as in Lane 2 except for the 
above-mentioned Temperature Condition 3. 

0303 Lane 27 shows the results when PCR was carried 
out in the same manner as in Lane 3 except for the 
above-mentioned Temperature Condition 3. 

0304 Lane 28 shows the results when PCR was carried 
out in the same manner as in Lane 4 except for the 
above-mentioned Temperature Condition 3. 

0305 Lane 29 shows the results when PCR was carried 
out in the same manner as in Lane 5 except for the 
above-mentioned Temperature Condition 3. 

0306 Lane 30 shows the results when PCR was carried 
out in the same manner as in Lane 6 except for the 
above-mentioned Temperature Condition 3. 

0307 Lane 31 shows the results when PCR was carried 
out in the same manner as in Lane 7 except for the 
above-mentioned Temperature Condition 3. 
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0308 Lane 32 shows the results when PCR was carried 
out in the same manner as in Lane 8 except for the 
above-mentioned Temperature Condition 3. 

0309 Lane 33 shows the results when PCR was carried 
out in the same manner as in Lane 9 except for the 
above-mentioned Temperature Condition 3. 

0310 Lane 34 shows the results when PCR was carried 
out in the Same manner as in Lane 10 except for the 
above-mentioned Temperature Condition 3. 

0311 Lane 35 shows the results when PCR was carried 
out in the same manner as in Lane 11 except for the 
above-mentioned Temperature Condition 3. 

0312 Lane 36 shows the results when PCR was carried 
out in the Same manner as in Lane 12 except for the 
above-mentioned Temperature Condition 3. 

0313 For Lanes 37 to 48, the PCR temperature condition 
was set to 1 cycle (at 94° C. for 1 minute), 30 cycles (at 94 
C. for 30 seconds, at 45° C. for 30 seconds, and at 68 C. for 
1 minute) and 1 cycle (at 68 C. for 7 minutes, and at 4 C. 
for 1 minute), which is referred to as Temperature Condition 
4. The annealing temperature was 45 C. 

0314 Lane 37 shows the results when PCR was carried 
out in the same manner as in Lane 1 except for the 
above-mentioned Temperature Condition 4. 

0315 Lane 38 shows the results when PCR was carried 
out in the same manner as in Lane 2 except for the 
above-mentioned Temperature Condition 4. 

0316 Lane 39 shows the results when PCR was carried 
out in the same manner as in Lane 3 except for the 
above-mentioned Temperature Condition 4. 

0317 Lane 40 shows the results when PCR was carried 
out in the same manner as in Lane 4 except for the 
above-mentioned Temperature Condition 4. 

0318 Lane 41 shows the results when PCR was carried 
out in the same manner as in Lane 5 except for the 
above-mentioned Temperature Condition 4. 

03.19 Lane 42 shows the results when PCR was carried 
out in the same manner as in Lane 6 except for the 
above-mentioned Temperature Condition 4. 

0320 Lane 43 shows the results when PCR was carried 
out in the same manner as in Lane 7 except for the 
above-mentioned Temperature Condition 4. 

0321) Lane 44 shows the results when PCR was carried 
out in the same manner as in Lane 8 except for the 
above-mentioned Temperature Condition 4. 

0322 Lane 45 shows the results when PCR was carried 
out in the same manner as in Lane 9 except for the 
above-mentioned Temperature Condition 4. 

0323 Lane 46 shows the results when PCR was carried 
out in the Same manner as in Lane 10 except for the 
above-mentioned Temperature Condition 4. 

0324 Lane 47 shows the results when PCR was carried 
out in the same manner as in Lane 11 except for the 
above-mentioned Temperature Condition 4. 
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0325 Lane 48 shows the results when PCR was carried 
out in the same manner as in Lane 12 except for the 
above-mentioned Temperature Condition 4. 
0326. As clearly shown in the results of FIG. 13(A), in 
Lanes 1 to 6 in which PCR was carried out with the addition 
of T.th. RecA protein at the annealing temperature of 60° C., 
amplification of the desired nucleic acid (the right specific 
PCR product) was detected whereas byproducts (non-spe 
cific PCR products) were scarcely detected. 
0327 In contrast, in some lanes among Lanes 7 to 12 in 
which PCR was carried out without adding the T.th. RecA 
protein, not only the desired nucleic acid but also byproducts 
were slightly detected. In addition, in Some other lanes, 
nucleic acid amplification was Scarcely detected. The reason 
is considered to be that the amplification region among the 
template DNA has an inhibitory or Suppressive Secondary 
Structure. 

0328. Further, as clearly shown in the results of FIG. 
13(B), in Lanes 13 to 18 in which PCR was carried out with 
the addition of Tith. RecA protein at the annealing tempera 
ture of 55 C., amplification of the desired nucleic acid was 
detected whereas byproducts were Scarcely detected. 
0329. In contrast, in some lanes among Lanes 19 to 24 in 
which PCR was carried out without adding the T.th. RecA 
protein, not only the desired nucleic acid but also byproducts 
were slightly detected. In addition, in Some other lanes, 
nucleic acid amplification was Scarcely detected. The reason 
is considered to be that the amplification region among the 
template DNA has an inhibitory or Suppressive Secondary 
Structure. 

0330. As clearly shown in the results of FIG. 14(A), in 
Some lanes among Lanes 25 to 30 in which PCR was carried 
out with the addition of T.th. RecA protein at the annealing 
temperature of 50° C., amplification of the desired nucleic 
acid was detected whereas byproducts were Scarcely 
detected. Further, in Some other lanes, not only the desired 
nucleic acid but also byproducts were detected. However, 
the amount of amplification of the byproducts was Smaller 
than in the cases in which PCR was carried out without 
adding the Tith. RecA protein. 

0331 In contrast, in some lanes among Lanes 31 to 36 in 
which PCR was carried out without adding the T.th. RecA 
protein, not only the desired nucleic acid but also byproducts 
were detected in a large amount. In addition, in Some other 
lanes, nucleic acid amplification was Scarcely detected. The 
reason is considered to be that the amplification region 
among the template DNA has an inhibitory or Suppressive 
Secondary Structure. 

0332 Further, as clearly shown in the results of FIG. 
14(B), in Lanes 37 to 42 in which PCR was carried out with 
the addition of Tith. RecA protein at the annealing tempera 
ture of 45 C., amplification of the desired nucleic acid was 
observed and byproducts were also detected. However, the 
amount of amplification of the byproducts was Smaller than 
in the cases in which PCR was carried out without adding 
the Tith. RecA protein. 

0333. In contrast, in some lanes among Lanes 43 to 48 in 
which PCR was carried out without adding the T.th. RecA 
protein, not only the desired nucleic acid but also byproducts 
were detected in a large amount. In addition, in Some other 



US 2005/0260631 A1 

lanes, nucleic acid amplification was Scarcely detected. The 
reason is considered to be that the amplification region 
among the template DNA has an inhibitory or Suppressive 
Secondary Structure. 
0334) From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 

0335) Further, if PCR is carried out with the addition of 
T.th. RecA protein, it is possible to amplify the desired 
nucleic acid efficiently and Specifically even when the tem 
plate DNA has a region of the inhibitory or suppressive 
Secondary Structure. The reason is considered to be that the 
inhibitory or Suppressive Secondary Structure is released by 
binding of the homologous recombinant protein to the 
template DNA. 
0336 Further, since the PCR specificity is high, it is 
possible to Specifically amplify the desired nucleic acid even 
when the temperature conditions of the primer extension 
reaction (the annealing temperature) are changed. That is, in 
the cases in which PCR is carried out without adding the 
T.th. RecA protein, when the temperature conditions of the 
primer extension reaction (the annealing temperature) are set 
to be low, not only the desired nucleic acid, but also 
byproducts are amplified in a large amount. However, if 
PCR is carried out with the addition of T.th. RecA protein, it 
is possible to amplify the desired nucleic acid more specifi 
cally. 

EXAMPLE 6 

0337 Next, Example 6 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 
0338 A human genome DNA was prepared as a template 
DNA, and 5 kinds of oligonucleotides (Oligonucleotides 37 
to 41) which are the same as those of Example 4 (see FIG. 
9), and 5 kinds of oligonucleotides (Oligonucleotides 54 to 
58) as shown in FIG. 15, were prepared as the primer DNAS. 
0339. As shown in FIG. 15, the latter 5 kinds of the 
primer DNAS were designed with reference to Homo Sapi 
ens BAC clone CTB-135C18 (Genbank accession no.; 
AC005164). Among these primer DNAS, Oligonucleotides 
54 and 55 consist of a 22mer base sequence which is 100% 
complementary to the template DNA. Oligonucleotide 56 
consists of a base Sequence which is different by 1 base from 
the template DNA, while other parts are the same as 
Oligonucleotide 54. Oligonucleotide 57 consists of a base 
sequence which is different by 3 bases from the template 
DNA, while other parts are the same as Oligonucleotide 54. 
Oligonucleotide 58 consists of a base Sequence which is 
different by 5 bases from the template DNA, while other 
parts are the same as Oligonucleotide 54. 

Oligonucleotide 54 : 
5'-caaagctact titcacagdct co-3' 
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-continued 

Oligonucleotide 55: 
5'-gg catattoa gocaaggatt to-3' 

Oligonucleotide 56 : 
5'-caaagctact to cacagdct co-3' 

Oligonucleotide 57: 
5'-caaagctgct to cacggcct co-3' 

Oligonucleotide 58: 
5'-caaggctgct to cacggcc.g. cc-3' 

0340. Then, PCR was carried out under the same condi 
tions as those of Example 4, etc. to amplify nucleic acids. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
recorded by photography and shown in FIG. 16 in the same 
manner as in Example 1, etc. 
0341 Lane 5 shows the results when Oligonucleotide 37 
and Oligonucleotide 38 were added as the primer DNAS. 
0342 Lane 6 shows the results when Oligonucleotide 39 
and Oligonucleotide 38 were added as the primer DNAS. 
0343 Lane 7 shows the results when Oligonucleotide 40 
and Oligonucleotide 38 were added as the primer DNAS. 
0344) Lane 8 shows the results when Oligonucleotide 41 
and Oligonucleotide 38 were added as the primer DNAS. 

0345 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 5 by further adding 1 mM (the 
final concentration) ATP-YS. 
0346 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 6 by further adding 1 mM 
(the final concentration) ATP-YS. 
0347 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 7 by further adding 1 mM 
(the final concentration) ATP-YS. 
0348 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 8 by further adding 1 mM 
(the final concentration) ATP-YS. 
0349 Lane 1 shows the results when PCR was carried out 
in the same manner as in Lane 5, except that 1 mM (the final 
concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0350 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 6, except that 1 mM (the final 
concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0351 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 7, except that 1 mM (the final 
concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0352 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 8, except that 1 mM (the final 
concentration) ATP-YS was added without adding the 
T.th. RecA protein. 
0353 Lane 17 shows the results when Oligonucleotide 54 
and Oligonucleotide 55 were added as the primer DNAS. 
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0354 Lane 18 shows the results when Oligonucleotide 56 
and Oligonucleotide 55 were added as the primer DNAS. 
0355 Lane 19 shows the results when Oligonucleotide 57 
and Oligonucleotide 55 were added as the primer DNAS. 
0356. Lane 20 shows the results when Oligonucleotide 58 
and Oligonucleotide 55 were added as the primer DNAS. 

0357 Lane 21 shows the results when 1 mM (the final 
concentration) ATP-YS was further added and PCR was 
carried out in the same manner as in Lane 17. 

0358 Lane 22 shows the results when 1 mM (the final 
concentration) ATP-YS was further added and PCR was 
carried out in the same manner as in Lane 18. 

0359 Lane 23 shows the results when 1 mM (the final 
concentration) ATP-YS was further added and PCR was 
carried out in the same manner as in Lane 19. 

0360 Lane 24 shows the results when 1 mM (the final 
concentration) ATP-YS was further added and PCR was 
carried out in the same manner as in Lane 20. 

0361 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 17 except that 1 mM (the 
final concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0362 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 18 except that 1 mM (the 
final concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0363 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 19 except that 1 mM (the 
final concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0364 Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 20 except that 1 mM (the 
final concentration) ATP-YS was added without adding the 
T.th. RecA protein. 

0365. As clearly shown in the results of FIG. 16(A), in 
Lanes 5 to 8 in which PCR was carried out with the addition 
of T.th. RecA protein but without adding ATP-YS, amplifi 
cation of the desired DNA (the right specific PCR product) 
was detected whereas byproducts (non-specific PCR prod 
ucts) were Scarcely detected. Further, in Lane 7, amplifica 
tion of the desired nucleic acid was Smaller than those of 
Lane 5 and Lane 6, and further, in Lane 8, amplification of 
the desired nucleic acid was Small. 

0366. In contrast, among Lanes 9 to 12 in which PCR was 
carried out with the addition of Tith. RecA protein and the 
ATP-YS, in Lanes 9 to 11, amplification of the desired DNA 
was detected whereas byproducts were hardly detected. On 
the other hand, in Lane 12, nucleic acid amplification was 
not detected. Also, in Lane 11, amplification of the desired 
nucleic acid was Smaller than those of Lanes 9 and 10. 
Further, in Lane 11, amplification of the desired nucleic acid 
was Smaller than that of the above-mentioned Lane 7. 

0367 On the other hand, in Lanes 1 to 4 in which PCR 
was carried out with the addition of ATP-YS but without the 
addition of T.th. RecA protein, amplification of not only the 
desired DNA but also byproducts was detected in a large 
amount. 
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0368. Further, as clearly shown in the results of FIG. 
16(B), among Lanes 17 to 20 in which PCR was carried out 
with the addition of T.th. RecA protein but without the 
addition of ATP-YS, in Lanes 17 to 19, amplification of the 
desired nucleic acid was detected whereas byproducts were 
Scarcely detected. In Lane 20, amplification of the desired 
nucleic acid was Scarcely detected. Further, in Lane 19, 
amplification of the desired nucleic acid was Smaller than in 
that of Lane 17 and Lane 18. 

0369. In contrast, among Lanes 21 to 24 in which PCR 
was carried out with the addition of T.th.RecA protein and 
ATP-YS, in Lane 21, amplification of the desired nucleic acid 
was detected, whereas byproducts were Scarcely detected. 
On the other hand, in Lanes 22 to 24, nucleic acid ampli 
fication was Scarcely detected. 
0370. On the other hand, in Lanes 13 to 16 in which PCR 
was carried out with the addition of ATP-YS but without 
adding the Tith. RecA protein, amplification of not only the 
desired nucleic acid but also byproducts was detected in a 
large amount. 
0371 From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 
0372 Specifically, in the absence of ATP-YS, it is possible 
to amplify nucleic acids Specifically only if there is a 
mismatch of 3 bases or less between the primer DNA and the 
template DNA. Accordingly, by adding T.th. RecA protein to 
the reaction Solution, it is possible to amplify the desired 
nucleic acid more specifically. 
0373) On the other hand, in the presence of ATP-YS, it is 
possible to amplify nucleic acids Specifically only if there is 
a mismatch of 1 base or less between the primer DNA and 
the template DNA. Accordingly, by adding ATP-YS to the 
reaction Solution, it is possible to amplify the desired nucleic 
acid further Specifically. 

0374 Further, it can be said that ATP-YS can increase the 
specificity of PCR when T.th. RecA protein is added, but 
ATP-YS alone in the absence of T.th. RecA protein cannot 
increase the specificity of PCR. 
0375. Further, from the results of this Example, it is 
possible to detect Single nucleotide polymorphism. In other 
words, if PCR is carried out by using a primer DNA 
corresponding to a sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA as one 
of the primer DNAS, it is possible to amplify the desired 
nucleic acid only when the template DNA is completely 
complementary to the primer DNA corresponding to the 
Sequence comprising the base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
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amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 
0376 Further, since it is possible to amplify the desired 
nucleic acid more specifically if ATP-YS is added, by ampli 
fication of the desired DNA, it is possible to detect single 
nucleotide polymorphism more reliably. 

EXAMPLE 7 

0377 Next, Example 7 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 
0378. A human genome DNA was prepared as a template 
DNA, and Some of the oligonucleotides (Oligonucleotides 
38 to 40) which were used in Example 4, were prepared as 
the primer DNAs (see FIG. 9). 
0379 Then, PCR was carried out under the same condi 
tions as those of Example 4, etc. to amplify nucleic acids. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
recorded by photography and shown in FIG. 17 to FIG. 19, 
in the same manner as in Example 1, etc. 
0380 Lane 1 shows the results when Oligonucleotide 39 
and Oligonucleotide 38 were added as the primer DNAS. 
0381 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the RecA protein 
of E. coli was added instead of the Tith. RecA protein. 
0382 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the T. th. SSB 
protein was added instead of the Tith. RecA protein. 
0383 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the Tith. RecA 
protein was not added. 
0384 Lane 5 shows the results when Oligonucleotide 40 
and Oligonucleotide 38 were added as the primer DNAS. 
0385) Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 5 except that the RecA protein 
of E. coli was added instead of the Tith. RecA protein. 
0386 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 5 except that the T. th. SSB 
protein was added instead of the Tith. RecA protein. 
0387 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 5 except that the Tith. RecA 
protein was not added. 
0388 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0389 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0390 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 except that the primer 
DNAS were added after completing the first 1 cycle of the 
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primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0391) Lane 12 shows the results when PCR was carried 
out in the Same manner as in Lane 4 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0392) Lane 13 shows the results when PCR was carried 
out in the Same manner as in Lane 5 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0393 Lane 14 shows the results when PCR was carried 
out in the Same manner as in Lane 6 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0394 Lane 15 shows the results when PCR was carried 
out in the Same manner as in Lane 7 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0395 Lane 16 shows the results when PCR was carried 
out in the Same manner as in Lane 8 except that the primer 
DNAS were added after completing the first 1 cycle of the 
primer extension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0396 Lane 17 shows the results when PCR was carried 
out in the Same manner as in Lane 1 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0397) Lane 18 shows the results when PCR was carried 
out in the Same manner as in Lane 2 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0398 Lane 19 shows the results when PCR was carried 
out in the Same manner as in Lane 3 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0399. Lane 20 shows the results when PCR was carried 
out in the Same manner as in Lane 4 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

04.00 Lane 21 shows the results when PCR was carried 
out in the Same manner as in Lane 5 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0401 Lane 22 shows the results when PCR was carried 
out in the Same manner as in Lane 6 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 
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0402 Lane 23 shows the results when PCR was carried 
out in the same manner as in Lane 7 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0403 Lane 24 shows the results when PCR was carried 
out in the same manner as in Lane 8 except that the primer 
DNAS were added after completing the first 3 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0404 Lane 25 shows the results when PCR was carried 
out in the same manner as in Lane 1 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

04.05 Lane 26 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0406 Lane 27 shows the results when PCR was carried 
out in the same manner as in Lane 3 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0407 Lane 28 shows the results when PCR was carried 
out in the same manner as in Lane 4 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0408 Lane 29 shows the results when PCR was carried 
out in the same manner as in Lane 5 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0409 Lane 30 shows the results when PCR was carried 
out in the same manner as in Lane 6 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0410 Lane 31 shows the results when PCR was carried 
out in the same manner as in Lane 7 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0411 Lane 32 shows the results when PCR was carried 
out in the same manner as in Lane 8 except that the primer 
DNAS were added after completing the first 6 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0412 Lane 33 shows the results when PCR was carried 
out in the same manner as in Lane 1 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0413 Lane 34 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the primer 
DNAS were added after completing the first 10 cycles of the 
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primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0414 Lane 35 shows the results when PCR was carried 
out in the Same manner as in Lane 3 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0415 Lane 36 shows the results when PCR was carried 
out in the Same manner as in Lane 4 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0416) Lane 37 shows the results when PCR was carried 
out in the Same manner as in Lane 5 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0417 Lane 38 shows the results when PCR was carried 
out in the Same manner as in Lane 6 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0418) Lane 39 shows the results when PCR was carried 
out in the Same manner as in Lane 7 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer extension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0419 Lane 40 shows the results when PCR was carried 
out in the Same manner as in Lane 8 except that the primer 
DNAS were added after completing the first 10 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0420 Lane 41 shows the results when PCR was carried 
out in the Same manner as in Lane 1 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0421) Lane 42 shows the results when PCR was carried 
out in the Same manner as in Lane 2 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0422 Lane 43 shows the results when PCR was carried 
out in the Same manner as in Lane 3 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0423 Lane 44 shows the results when PCR was carried 
out in the Same manner as in Lane 4 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0424 Lane 45 shows the results when PCR was carried 
out in the Same manner as in Lane 5 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 
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0425 Lane 46 shows the results when PCR was carried 
out in the same manner as in Lane 6 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0426 Lane 47 shows the results when PCR was carried 
out in the same manner as in Lane 7 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0427 Lane 48 shows the results when PCR was carried 
out in the same manner as in Lane 8 except that the primer 
DNAS were added after completing the first 15 cycles of the 
primer eXtension reaction, and then 30 cycles of the primer 
extension reaction was carried out. 

0428. As clearly shown in the results of FIG. 17(A), in 
Lane 1 in which PCR was carried out with the addition of 
T.th.RecA protein, amplification of the desired DNA (the 
right specific PCR product) was detected whereas byprod 
ucts (non-specific PCR products) were Scarcely detected. In 
contrast, in Lane 2, amplification of the desired nucleic acid 
was observed, but byproducts were also observed in Some 
amount. Further, in Lane 3, nucleic acid amplification was 
Scarcely detected. Further, in Lane 4, amplification of the 
desired DNA was observed, but byproducts were amplified 
in a large amount. 
0429. Similarly, in Lane 5 in which PCR was carried out 
with the addition of Tith.RecA protein, amplification of the 
desired DNA was detected whereas byproducts were 
Scarcely detected. In contrast, in Lane 6, amplification of the 
desired DNA was observed, but amplification of byproducts 
was also observed. Further, in Lane 7, nucleic acid ampli 
fication was Scarcely detected. Further, in Lane 8, amplifi 
cation of the desired DNA was observed, but byproducts 
were also amplified in a large amount. 
0430. As clearly shown in the results of FIG. 17(B), 
when the primer DNAS were added after completing the first 
1 cycle of the primer extension reaction, in Lane 9 in which 
PCR was carried out with the addition of T.th. RecA protein, 
amplification of the desired DNA was detected whereas 
byproducts were Scarcely detected. In contrast, in Lane 10, 
amplification of the desired DNA was observed, but ampli 
fication of byproducts was also observed. Further, in Lane 
11, nucleic acid amplification was detected slightly. Further, 
in Lane 12, amplification of the desired DNA was observed, 
but byproducts were also amplified in a large amount. 
0431 Similarly, in Lane 13 in which PCR was carried out 
with the addition of Tith.RecA protein, amplification of the 
desired DNA was detected whereas byproducts were 
Scarcely detected. In contrast, in Lane 14, amplification of 
the desired DNA was observed, but amplification of byprod 
ucts was also observed. Further, in Lane 15, nucleic acid 
amplification was Scarcely detected. Further, in Lane 16, 
amplification of the desired DNA was observed, but byprod 
ucts were also amplified in a large amount. 

0432. As clearly shown in the results of FIG. 18(A), 
when the primer DNAS were added after completing the first 
3 cycles of the primer extension reaction, in Lane 17 in 
which PCR was carried out with the addition of T.th. RecA 
protein, amplification of the desired DNA was detected 
whereas byproducts were Scarcely detected. In contrast, in 
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Lane 18, amplification of the desired DNA was observed, 
but amplification of byproducts was also observed. Further, 
in Lane 19, amplification of the desired DNA was detected 
slightly. Further, in Lane 20, amplification of the desired 
nucleic acid was observed, but byproducts were also ampli 
fied in a large amount. 
0433) On the other hand, in Lane 21 in which PCR was 
carried out with the addition of T.th. RecA protein, amplifi 
cation of the desired DNA was detected while byproducts 
were Scarcely detected. In contrast, in Lane 22, amplification 
of the desired DNA was observed, but amplification of 
byproducts was also observed in Some amount. Further, in 
Lane 23, nucleic acid amplification was Scarcely detected. 
Further, in Lane 24, amplification of the desired DNA was 
observed, but byproducts were also amplified in a large 
amount. 

0434) As clearly shown in the results of FIG. 18(B), 
when the primer DNAS were added after completing the first 
6 cycles of the primer extension reaction, in Lane 25 in 
which PCR was carried out with the addition of T.th. RecA 
protein, amplification of the desired DNA was detected 
whereas byproducts were Scarcely detected. In contrast, in 
Lane 26, amplification of the desired DNA was observed, 
but amplification of byproducts was also observed. Further, 
in Lane 27, amplification of the desired DNA was observed 
whereas byproducts were Scarcely detected. Further, in Lane 
28, amplification of the desired DNA was observed, but 
byproducts were also amplified in a large amount. 
0435. On the other hand, in Lane 29 in which PCR was 
carried out with the addition of T.th. RecA protein, amplifi 
cation of the desired DNA was detected whereas byproducts 
were Scarcely detected. In contrast, in Lane 30, amplification 
of the desired DNA was observed, but amplification of 
byproducts was also observed. Further, in Lane 31, ampli 
fication of the desired DNA was observed whereas byprod 
ucts were Scarcely detected. Further, in Lane 32, amplifica 
tion of the desired DNA was observed, but byproducts were 
also amplified in a large amount. 
0436) As clearly shown in the results of FIG. 19(A), 
when the primer DNAS were added after completing the first 
10 cycles of the primer eXtension reaction, in Lane 33 in 
which PCR was carried out with the addition of T.th. RecA 
protein, amplification of the desired DNA was detected 
whereas byproducts were Scarcely detected. In contrast, in 
Lane 34, amplification of the desired DNA was observed, 
but amplification of byproducts was also detected slightly. 
Further, in Lane 35, amplification of the desired DNA was 
Scarcely detected. Further, in Lane 36, amplification of the 
desired DNA was observed, but byproducts were also ampli 
fied in a large amount. 
0437. On the other hand, in Lane 37 in which PCR was 
carried out with the addition of T.th. RecA protein, amplifi 
cation of the desired DNA was detected whereas byproducts 
were Scarcely detected. In contrast, in Lane 38, amplification 
of the desired DNA was observed, but amplification of 
byproducts was also observed. Further, in Lane 39, ampli 
fication of the desired DNA was observed, but byproducts 
were Scarcely detected. Further, in Lane 40, amplification of 
the desired DNA was observed, but byproducts were also 
amplified in a large amount. 
0438. Further, as clearly shown in the results of FIG. 
19(B), when the primer DNAS were added after completing 
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the first 15 cycles of the primer eXtension reaction, in Lane 
41 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired DNA was 
detected whereas byproducts were Scarcely detected. In 
contrast, in Lane 42, amplification of the desired DNA was 
observed, but amplification of byproducts was also slightly 
observed. Further, in Lane 43, amplification of the desired 
DNA was observed whereas byproducts were scarcely 
detected. Further, in Lane 44, amplification of the desired 
DNA was observed, but byproducts were also amplified in 
a large amount. 
0439. On the other hand, in Lane 45 in which PCR was 
carried out with the addition of T.th. RecA protein, amplifi 
cation of the desired DNA was detected whereas byproducts 
were Scarcely detected. In contrast, in Lane 46, amplification 
of the desired DNA was observed, but amplification of 
byproducts was also slightly observed. Further, in Lane 47, 
amplification of the desired DNA was observed whereas 
byproducts were Scarcely detected. Further, in Lane 48, 
amplification of the desired DNA was observed, but byprod 
ucts were also amplified in a large amount. 
0440 Firstly, from the results of FIG. 17(A), amplifica 
tion of byproducts can be Suppressed to low levels without 
decreasing the yield of the desired nucleic acid. In other 
words, by the presence of the homologous recombinant 
protein, the primer eXtension reaction caused by binding of 
the primer DNAS to a non-Specific region of the template 
DNA is Suppressed, and thus it is possible to Suppress 
amplification of non-specific PCR products. 
0441. On the other hand, in the case where PCR was 
carried out with the addition of E. coli RecA protein, 
although the PCR specificity increased compared with that 
in the absence of the E. coli RecA protein, the PCR speci 
ficity did not increase as much as the case where the 
T.th. RecA protein was added, due to a slight production of 
byproducts. 
0442. Further, E. coli RecA protein is easily denatured by 
heat applied in the PCR cycles. For this reason, the effects 
of the E. coli RecA protein are considered to be easily 
reduced. If heat denaturation occurs as the E. coli RecA 
protein binds to a denatured (single-stranded) template 
DNA, the E. coli RecA protein remains not separated from 
the template DNA. As a result, the PCR reaction is inhibited. 
Also, in the case where the E. coli SSB protein is added, it 
is considered that PCR is inhibited by the phenomena 
Similar thereto. 

0443) On the other hand, even in the case where PCR was 
carried out in the presence of a T. th. SSB protein, the desired 
nucleic acid is not amplified. 
0444) Secondly, from the results of FIG. 17(B), FIG. 18 
and FIG. 19, even when the primer DNAS were added 
following repeated primer extension reaction cycles, i.e., 
even when the reaction Solution was repeatedly exposed to 
a State of high temperature before adding the primer DNAS, 
the PCR specificity was not deteriorated in the case where 
PCR was carried out by adding T.th. RecA protein. Accord 
ingly, it is considered that Tith. RecA protein is stable without 
being inactivated at high temperature. 

EXAMPLE 8 

0445. Next, Example 8 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 
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0446. A human genome DNA was prepared as a template 
DNA, and 5 kinds of the oligonucleotides (Oligonucleotides 
37 to 41), in the same manner as in Example 4, were 
prepared as the primer DNAS (see FIG. 9). 
0447 Then, nucleic acids were amplified by PCR in the 
Same manner as in Example 1 except that the concentration 
of the primer DNAS was set to 0.3 uM. The PCR tempera 
ture condition was set to 1 cycle (at 70° C. for 10 minutes, 
and at 94° C. for 1 minute), 30 cycles (at 94° C. for 30 
seconds, at 60° C. for 30 seconds, and at 68 C. for 1 minute) 
and 1 cycle (at 68 C. for 7 minutes, and at 4 C. for 1 
minute), which is referred to as Temperature Condition 5. 
The first temperature of the first cycle (the initial tempera 
ture) was 70° C. Subsequently, the reaction solution was 
Subjected to electrophoresis with a 1% agarose gel, and the 
results were recorded by photography and shown in FIG. 
20, in the same manner as in Example 1, etc. 
0448 Lane 5 shows the results when Oligonucleotide 37 
and Oligonucleotide 38 were added as the primer DNAS. 
0449 Lane 6 shows the results when Oligonucleotide 39 
and Oligonucleotide 38 were added as the primer DNAS. 
0450 Lane 7 shows the results when Oligonucleotide 40 
and Oligonucleotide 38 were added as the primer DNAS. 

04.51 Lane 8 shows the results when Oligonucleotide 41 
and Oligonucleotide 38 are added as the primer DNA. 

0452 Lane 1 shows the results when PCR was carried out 
in the same manner as in Lane 5 except that the Tith. RecA 
protein was not added. 

0453 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 6 except that the Tith. RecA 
protein was not added. 

0454 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 7 except that the Tith. RecA 
protein was not added. 

0455 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 8 except that the Tith. RecA 
protein was not added. 

0456 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 5 except that the RecA protein 
of E. coli was added instead of the Tith. RecA protein. 

0457 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 6 except that the RecA 
protein of E. coli was added instead of the T.th. RecA protein. 

0458 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 7 except that the RecA 
protein of E. coli was added instead of the T.th. RecA protein. 

0459 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 8 except that the RecA 
protein of E. coli was added instead of the T.th. RecA protein. 

0460 For Lanes 13 to 24, the PCR temperature condition 
was set to 1 cycle (at 80° C. for 10 minutes, and at 94 C. 
for 1 minute), 30 cycles (at 94° C. for 30 seconds, at 60° C. 
for 30 seconds, and at 68 C. for 1 minute) and 1 cycle (at 
68 C. for 7 minutes, and at 4 C. for 1 minute), which is 
referred to as Temperature Condition 6. The first tempera 
ture of the first cycle (the initial temperature) was 80° C. 
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0461 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 1 except for the 
above-mentioned Temperature Condition 6. 
0462 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 2 except for the 
above-mentioned Temperature Condition 6. 
0463 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 3 except for the 
above-mentioned Temperature Condition 6. 
0464) Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 4 except for the 
above-mentioned Temperature Condition 6. 
0465 Lane 17 shows the results when PCR was carried 
out in the same manner as in Lane 5 except for the 
above-mentioned Temperature Condition 6. 
0466 Lane 18 shows the results when PCR was carried 
out in the same manner as in Lane 6 except for the 
above-mentioned Temperature Condition 6. 
0467 Lane 19 shows the results when PCR was carried 
out in the same manner as in Lane 7 except for the 
above-mentioned Temperature Condition 6. 
0468 Lane 20 shows the results when PCR was carried 
out in the same manner as in Lane 8 except for the 
above-mentioned Temperature Condition 6. 
0469 Lane 21 shows the results when PCR was carried 
out in the same manner as in Lane 9 except for the 
above-mentioned Temperature Condition 6. 
0470 Lane 22 shows the results when PCR was carried 
out in the Same manner as in Lane 10 except for the 
above-mentioned Temperature Condition 6. 
0471 Lane 23 shows the results when PCR was carried 
out in the same manner as in Lane 11 except for the 
above-mentioned Temperature Condition 6. 
0472 Lane 24 shows the results when PCR was carried 
out in the Same manner as in Lane 12 except for the 
above-mentioned Temperature Condition 6. 
0473) As clearly shown in the results of FIG. 20(A), 
when the initial temperature was set at 70° C., in Lanes 5 to 
7 among Lanes 5 to 8 in which PCR was carried out with the 
addition of T.th. RecA protein, amplification of the desired 
DNA (the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. In contrast, in Lane 8, nucleic acid amplification 
was Scarcely detected. 
0474. In contrast, in Lanes 9 to 11 among Lanes 9 to 12 
in which PCR was carried out with the addition of E. coli 
RecA protein, amplification of the desired nucleic acid was 
observed, but byproducts were also observed. In Lane 12, 
nucleic acid amplification was Scarcely detected. 

0475 On the other hand, in Lanes 1 to 4 in which PCR 
was carried out without adding the RecA protein, amplifi 
cation of the desired DNA was observed, but amplification 
of byproducts was also detected in a large amount. 
0476. In addition, in the case where PCR was carried out 
with the addition of E. coli RecA protein and with the initial 
temperature set at 70° C., byproducts were detected in a 
large amount, as compared with the case where the initial 
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temperature was not applied. Accordingly, it is considered 
that E. coli RecA protein is inactivated at 70° C. 
0477. On the other hand, in the case where PCR was 
carried out with the addition of T.th. RecA protein and with 
the initial temperature set at 70° C., byproducts were 
Scarcely detected Similarly to the case where the initial 
temperature was not applied. Accordingly, it is considered 
that Tith. RecA protein is not inactivated at 70° C. 
0478 As clearly shown in the results of FIG. 20(B), 
when the initial temperature was 80 C., in Lanes 17 to 19 
among Lanes 17 to 20 in which PCR was carried out by 
adding Tith. RecA protein, amplification of the desired DNA 
was observed, but byproducts were detected slightly. In 
Lane 20, nucleic acid amplification was Scarcely detected. 
0479. In contrast, in Lanes 21 to 23 among Lanes 21 to 
24 in which PCR was carried out with the addition of E. coli 
RecA protein, amplification of the desired nucleic acid was 
observed, but byproducts were also detected. The amount of 
the byproducts was larger than that in the case where the 
T.th. RecA protein was added. In Lane 24, nucleic acid 
amplification was Scarcely detected. 

0480. On the other hand, in Lanes 13 to 16 in which PCR 
was carried out without adding the RecA protein, amplifi 
cation of the desired DNA was observed, but byproducts 
were also detected in a large amount. 
0481 Firstly, from the results of FIG.20(A), if PCR was 
carried out with the addition of T.th. RecA protein, amplifi 
cation of byproducts can be Suppressed to low levels without 
decreasing the yield of the desired nucleic acid. In other 
words, by the presence of the homologous recombinant 
protein, the primer extension reaction caused by binding of 
the primer DNAS to a non-Specific region of the template 
DNA is Suppressed, and thus it is possible to Suppress 
amplification of non-specific PCR products. 

0482 On the other hand, in the case where PCR was 
carried out with the addition of E. coli RecA protein, 
although the PCR specificity increased compared with that 
in the absence of the E. coli RecA protein, the PCR speci 
ficity did not increase as much as in the case where the 
T.th. RecA protein was added, due to a slight production of 
byproducts. 

0483 Secondly, from the results of FIG.20(B), when the 
initial temperature was elevated to 80 C., even if T.th. RecA 
protein was added when performing PCR, the PCR speci 
ficity decreased slightly. Accordingly, it is considered that by 
elevating the initial temperature to 80 C., a part of the 
T.th. RecA proteins is inactivated. 

EXAMPLE 9 

0484) Next, Example 9 will be explained. Explanation of 
the parts which are similar to those of each of the above 
mentioned Examples will be omitted or simplified. 
0485. As shown in FIG. 21, a human genome DNA was 
prepared as a template DNA, and 5 kinds of oligonucleotides 
(Oligonucleotides 59 to 63) were prepared as the primer 
DNAS. Each primer DNA was designed with reference to 
Homo Sapiens BAC clone CTB-135C18 from 7q11.2-q22, 
complete Sequence (Genbank accession no.; AC005164). 
0486 Among these primer DNAS, Oligonucleotides 60 
and 61 consist of a 22mer base sequence which is 100% 
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complementary to the template DNA. Oligonucleotide 59 is 
the same as Oligonucleotide 61 except that one base is 
changed from C to A. Oligonucleotide 62 is the same as 
Oligonucleotide 61 except that one base is changed from C 
to G. Oligonucleotide 63 is the same as Oligonucleotide 61 
except that one base is changed from C to T. 

Oligonucleotide 59: 
5'-caaagctact to cacagdct co-3' 

Oligonucleotide 60: 
5'-gg catattoa gccaaggatt to-3' 

Oligonucleotide 61 : 
5'-caaagctact titcacagdct co-3' 

Oligonucleotide 62: 
5'-caaagctact tacacagdct co-3' 

Oligonucleotide 63: 
5'-caaagctact tccacagdct co-3' 

0487. Then, nucleic acids were amplified by PCR reac 
tion under the same conditions as those of Example 4. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
recorded by photography and shown in FIG.22 in the same 
manner as in Example 1, etc. 
0488 Lane 1 shows the results when Oligonucleotide 59 
and Oligonucleotide 60 were added as the primer DNAS. 
0489 Lane 2 shows the results when Oligonucleotide 61 
and Oligonucleotide 60 were added as the primer DNAS. 
0490 Lane 3 shows the results when Oligonucleotide 62 
and Oligonucleotide 60 were added as the primer DNAS. 
0491 Lane 4 shows the results when Oligonucleotide 63 
and Oligonucleotide 60 were added as the primer DNAS. 
0492 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 with further adding 1 mM 
(the final concentration) ATP-YS. 
0493 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 2 with further adding 1 mM 
(the final concentration) ATP-YS. 
0494 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 3 with further adding 1 mM 
(the final concentration) ATP-YS. 
0495 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 4 with further adding 1 mM 
(the final concentration) ATP-YS. 
0496 AS clearly shown in the results of FIG. 22, in all 
the lanes of Lanes 1 to 4 in which PCR was carried out 
without adding ATP-YS, amplification of the desired DNA 
(the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. 

0497. On the other hand, in Lane 6 among Lanes 5 to 8 
in which PCR was carried out by adding ATP-YS, amplifi 
cation of the desired DNA was detected whereas byproducts 
were Scarcely detected. In contrast, in Lanes 5, 7 and 8, 
nucleic acid amplification was Scarcely detected. 
0498 From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
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can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 

0499 Further, in the presence of ATP-YS, it is possible to 
amplify nucleic acids specifically only if the primer DNAS 
are 100% complementary to the template DNA. Accord 
ingly, by adding ATP-YS to the reaction solution, it is 
possible to amplify the desired nucleic acid further Specifi 
cally. 

0500) Further, from the results of this Example, it is 
possible to detect Single nucleotide polymorphism. In other 
words, if PCR is carried out by using a primer DNA 
corresponding to a sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA as one 
of the primer DNAS, it is possible to amplify the desired 
nucleic acid only when the template DNA is completely 
complementary to the primer DNA corresponding to the 
Sequence comprising the base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 

EXAMPLE 10 

0501 Next, Example 10 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 

0502. As shown in FIG. 23, a human genome DNA was 
prepared as a template DNA, and 5 kinds of oligonucleotides 
(Oligonucleotides 64 to 68) were prepared as the primer 
DNAS. Each primer DNA was designed with reference to 
Homo Sapiens PAC clone RP5-1142J19 from 7q35-q36, 
complete sequence (Genbank accession no.; AC004975). 
Among these primer DNAS, Oligonucleotides 65 and 68 
consist of a 20mer or a 21mer base sequence 100% comple 
mentary to the template DNA. Oligonucleotide 64 is the 
same as Oligonucleotide 68 except that the third base from 
the 3' end is changed from T to A. Oligonucleotide 66 is the 
same as Oligonucleotide 68 except that the third base from 
the 3' end is changed from T to C. Oligonucleotide 67 is the 
same as Oligonucleotide 68 except that the third base from 
the 3' end is changed from T to G. 

Oligonucleotide 64: 
5'-gcaggcacca agaactacag C-3' 

Oligonucleotide 65 : 
5'-gcctaagg to acgttgtc.cc-3' 

Oligonucleotide 66: 
5'-gcaggcacca agaact accg C-3' 
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-continued 

Oligonucleotide 67: 
5'-gcaggcacca agaactacgg C-3' 

Oligonucleotide 68: 
5'-gcaggcacca agaact acto C-3' 

0503. Further, as shown in FIG. 24, a human genome 
DNA was prepared as a template DNA, and 5 kinds of 
oligonucleotides (Oligonucleotides 69 to 73) were prepared 
as the primer DNAS. Each primer DNA was designed with 
reference to Homo Sapiens BAC clone CTB-135C18 (Gen 
bank accession no.; AC005164). 
0504. Among these primer DNAS, Oligonucleotides 70 
and 71 consist of a 22mer base sequence which is 100% 
complementary to the template DNA. Oligonucleotide 69 is 
the same as Oligonucleotide 71 except that the fourth base 
from the 3' end is changed from C to A. Oligonucleotide 72 
is the same as Oligonucleotide 71 except that the fourth base 
from the 3' end is changed from C to G. Oligonucleotide 73 
is the same as Oligonucleotide 71 except that the fourth base 
from the 3' end is changed from C to T. 

Oligonucleotide 69: 
5'-caaagctact titcacagoat co-3' 

Oligonucleotide 70 : 
5'-gg catattoa gccaaggatt to-3' 

Oligonucleotide 71: 
5'-caaagctact titcacagdct co-3' 

Oligonucleotide 72: 
5'-caaagctact titcacagogt co-3' 

Oligonucleotide 73: 
5'-caaagctact titcacagott co-3' 

0505) Then, nucleic acids were amplified by PCR reac 
tion under the same conditions as those of Example 4, etc. 
except that Ex Taq (Takara Bio, Inc.) was used as the DNA 
polymerase instead of Taq polymerase (Takara Bio, Inc.), 
and 1 mM (the final concentration) of ATP-YS was further 
added. The EXTaq is one which is known not to recognize 
the base sequence at the 3' end of a primer DNA. Subse 
quently, the reaction Solution was Subjected to electrophore 
sis with a 1% agarose gel, and the results were recorded by 
photography and shown in FIG. 25 in the same manner as 
in Example 1, etc. 

0506 Lane 9 shows the results when Oligonucleotide 64 
and Oligonucleotide 65 were added as the primer DNAS. 

0507 Lane 10 shows the results when Oligonucleotide 66 
and Oligonucleotide 65 were added as the primer DNAS. 

0508 Lane 11 shows the results when Oligonucleotide 67 
and Oligonucleotide 65 were added as the primer DNAS. 

0509 Lane 12 shows the results when Oligonucleotide 68 
and Oligonucleotide 65 were added as the primer DNAS. 
0510 Lane 13 shows the results when Oligonucleotide 69 
and Oligonucleotide 70 were added as the primer DNAS. 
0511 Lane 14 shows the results when Oligonucleotide 71 
and Oligonucleotide 70 were added as the primer DNAS. 
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0512 Lane 15 shows the results when Oligonucleotide 72 
and Oligonucleotide 70 were added as the primer DNAS. 
0513 Lane 16 shows the results when Oligonucleotide 73 
and Oligonucleotide 70 were added as the primer DNAS. 
0514 Lane 1 shows the results when PCR was carried out 
in the same manner as in Lane 9 except that the Tith. RecA 
protein was not added. 
0515 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 10 except that the Tith. RecA 
protein was not added. 
0516 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 11 except that the Tith. RecA 
protein was not added. 
0517 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 12 except that the Tith. RecA 
protein was not added. 
0518) Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 13 except that the Tith. RecA 
protein was not added. 
0519 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 14 except that the Tith. RecA 
protein was not added. 
0520 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 15 except that the Tith. RecA 
protein was not added. 
0521 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 16 except that the Tith. RecA 
protein was not added. 
0522 Lane 17 shows the results when PCR was carried 
out in the same manner as in Lane 9 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0523 Lane 18 shows the results when PCR was carried 
out in the Same manner as in Lane 10 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0524 Lane 19 shows the results when PCR was carried 
out in the Same manner as in Lane 11 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0525) Lane 20 shows the results when PCR was carried 
out in the Same manner as in Lane 12 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0526 Lane 21 shows the results when PCR was carried 
out in the Same manner as in Lane 13 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0527 Lane 22 shows the results when PCR was carried 
out in the Same manner as in Lane 14 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0528 Lane 23 shows the results when PCR was carried 
out in the Same manner as in Lane 15 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0529) Lane 24 shows the results when PCR was carried 
out in the Same manner as in Lane 16 except that the T. th. 
SSB protein was added instead of the T.th. RecA protein. 
0530. As clearly shown in the results of FIG. 25(B), 
when T.th. RecA protein and ATP-YS were added, firstly, in 
Lane 12 among Lanes 9 to 12, amplification of the desired 
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DNA was detected whereas byproducts were scarcely 
detected. In contrast, in Lanes 9 to 11, amplification of DNA 
was Scarcely detected. Further, the image appearing in the 
photographs was considered as background. Secondly, 
among Lanes 13 to 16, in Lane 14, amplification of the 
desired DNA was detected whereas byproducts were 
Scarcely detected. In contrast, in Lane 13 and in Lanes 15 
and 16, amplification of DNAS was scarcely detected. 
0531. On the other hand, as clearly shown in the results 
of FIG. 25(A), when Tith. RecA protein was not added, in 
Lanes 1 to 4 and also in Lanes 5 to 8, amplification of DNAS 
corresponding to the primer DNAS was detected, and also 
byproducts were detected. 
0532. Further, as clearly shown in the results of FIG. 
25(C), when T. th. SSB protein was added instead of the 
T.th. RecA protein, in Lanes 17 to 20 and also in Lanes 21 to 
24, amplification of DNA corresponding to the primer 
DNAS was detected, and also byproducts were detected. 
0533. From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 
0534) Further, in the presence of ATP-YS, it is possible to 
amplify nucleic acids Specifically only if primer DNAS are 
100% complementary to the template DNA. Accordingly, by 
adding ATP-YS to the reaction solution, it is possible to 
amplify the desired nucleic acid further Specifically. 
0535 Further, from the results of this Example, it is 
possible to detect Single nucleotide polymorphism. In other 
words, if PCR is carried out using a primer DNA corre 
sponding to a Sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA as one 
of the primer DNAS, it is possible to amplify the desired 
nucleic acid only when the template DNA is completely 
complementary to the primer DNA corresponding to the 
Sequence comprising the base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
leads Single nucleotide polymorphism is not complementary 
to the primer DNA, it is possible not to amplify or to inhibit 
amplification of the desired nucleic acid. Therefore, ampli 
fication of the desired nucleic acid by PCR allows detection 
of Single nucleotide polymorphism. 

EXAMPLE 11 

0536 Next, Example 11 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0537. In this Example, as shown in FIG. 26, a human 
genome DNA (Promega) was prepared as a template DNA, 
and 6 kinds of oligonucleotides (Oligonucleotides 74 to 79) 
were prepared as the primer DNAS. Oligonucleotides 74 and 
75 were designed with reference to Human S100 protein 
beta-subunit gene (Genbank accession no.; M59486, 
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J05600). Oligonucleotides 76 and 77 were designed with 
reference to Homo Sapiens blue cone opsin gene (Genbank 
accession no.; L32835). Oligonucleotides 78 and 79 were 
designed with reference to Homo Sapiens beta globin region 
(Genbank accession no.; NG000007). Each primer DNA 
consists of a base Sequence from a 20-mer to a 25-mer, 
which is 100% complementary to the template DNA. 

Oligonucleotide 74 : 
5'-gactactictagog actgtc.catcto-3' 

Oligonucleotide 75: 
5'-gacagocaccagatccaatc-3' 

Oligonucleotide 76 : 
5'-gg cagotttcatcgg cactgt-3' 

Oligonucleotide 77: 
5'-gacagggctggactgacatttg-3 

Oligonucleotide 78 : 
5'-ctgctgaaagagatgcggtgg-3' 

Oligonucleotide 79: 
5'-aggaaaac agcc.caagg gacag-3 

0538. Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.5 uM each (the final concentration) of 
two kinds of the oligonucleotides, 200 ng of the human 
genome DNA (Promega), 11.0 unit of a EXTaq-HS poly 
merase (Takara Bio, Inc.), 0.2 mM of a dNTP mixture 
Solution, and 11.0 lug of the Tith. RecA protein, were mixed 
with 1XExTaq Buffer (Takara Bio, Inc.) in 50 ul of a PCR 
reaction solution. Then, PCR was carried out with 1 cycle (at 
90° C. for 30 seconds), 30 cycles (at 94° C. for 15 seconds, 
at 55° C. for 30 seconds, and at 72° C. for 1 minute) and 1 
cycle (at 72° C. for 7 minutes, and at 4 C. for 1 minute). 
0539 Subsequently, 1 ul of the reaction solution was 
Subjected to electrophoresis with a 1% agarose gel, the 
agarose gel was Soaked in an ethidium bromide Solution to 
stain the DNA in the gel, and then the stained DNA was 
recorded by photography. The results are shown in FIG. 27. 

0540 Lane 1 shows the results when Oligonucleotide 74 
and Oligonucleotide 75 were added as the primer DNAS. 

0541. Lane 2 shows the results when Oligonucleotide 76 
and Oligonucleotide 77 were added as the primer DNAS. 

0542 Lane 3 shows the results when Oligonucleotide 78 
and Oligonucleotide 79 are added as the primer DNA. 

0543 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0544 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0545 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0546 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the E. coli RecA 
protein was added in the same amount instead of the 
T.th. RecA protein. 
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0547 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 2 except that the E. coli RecA 
protein was added in the same amount instead of the 
T.th. RecA protein. 

0548 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 3 except that the E. coli RecA 
protein was added in the same amount instead of the 
T.th. RecA protein. 

0549. As clearly shown in the results of FIG.27, in Lanes 
1 to 3 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired nucleic acid 
(the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. 

0550. In contrast, in Lanes 4 to 6 in which PCR was 
carried out without adding the Tith. RecA protein, not only 
the desired nucleic acid but byproducts were also detected in 
a large amount. 

0551) Further, in Lanes 7 to 9 in which PCR was carried 
out by adding the E. coli RecA protein instead of the 
T.th. RecA protein, in addition to the desired nucleic acid, 
byproducts were also detected although the amount is not as 
much as that in Lanes 4 to 6. 

0552. From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the Tith. RecA protein, the primer extension reaction 
caused by binding of the primer DNAS to a non-specific 
region of the template DNA is Suppressed, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
uctS. 

0553) On the other hand, in the case where PCR was 
carried out with the addition of E. coli RecA protein, 
although the PCR specificity increased compared with that 
in the absence of the E. coli RecA protein, the PCR speci 
ficity did not increase as much as in the case where the 
T.th. RecA protein was added, due to a slight production of 
byproducts. 

EXAMPLE 12 

0554) Next, Example 12 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 

0555. In this Example, as shown in FIG. 28, a human 
genome DNA (Promega) was prepared as a template DNA, 
and 5 kinds of oligonucleotides (Oligonucleotides 80 to 84) 
were prepared as the primer DNAS. Each primer DNA was 
designed with reference to Homo Sapiens BAC clone CTB 
135C18 (Genbank accession no.; AC005164) and Homo 
Sapiens chromosome 19 clone CTD-2166J9 (Genbank 
Accession; AC010412). The primer DNAS on the forward 
side (Oligonucleotides 80 to 83) were designed with the 
respective positions Staggered due to possibility of arbitrary 
primer design. On the other hand, the primer DNAS on the 
reverse side (Oligonucleotide 84) were common ones. Each 
primer DNA consists of a 22-mer base Sequence which is 
100% complementary to the template DNA. 
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Oligonucleotide 80: 
5'-caaagctactittcacag cotcc-3' 

Oligonucleotide 81: 
5'-caaagctactgtcacag cotcc-3' 

Oligonucleotide 82: 
5'-caaag.cgactgtcagagccitcC-3' 

Oligonucleotide 83: 
5'-cagagcigacitgtcagag cqtcC-3' 

Oligonucleotide 84: 
5'-gg catattoagccaaggattitc-3' 

0556. Then, PCR was carried out under the same condi 
tions as those of Lane 1 of Example 11 and the like. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
recorded by photography and shown in FIG. 29, in the same 
manner as in Example 1 and the like. 

0557. Lane 1 shows the results when Oligonucleotide 80 
and Oligonucleotide 84 were added as the primer DNAS. 

0558 Lane 2 shows the results when Oligonucleotide 81 
and Oligonucleotide 84 were added as the primer DNAS. 

0559) Lane 3 shows the results when Oligonucleotide 82 
and Oligonucleotide 84 were added as the primer DNAS. 

0560 Lane 4 shows the results when Oligonucleotide 83 
and Oligonucleotide 84 were added as the primer DNAS. 

0561 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0562 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0563 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0564) Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 

0565) Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the E. coli RecA 
protein was added in the same amount instead of the 
T.th. RecA protein. 

0566 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the E. coli 
RecA protein was added in the same amount instead of the 
T.th. RecA protein. 

0567 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 except that the E. coli 
RecA protein was added in the same amount instead of the 
T.th. RecA protein. 

0568 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 4 except that the E. coli 
RecA protein was added in the same amount instead of the 
T.th. RecA protein. 
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0569. As clearly shown in the results of FIG.29, in Lanes 
1 to 4 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired nucleic acid 
(the right specific PCR product) was detected whereas 
byproducts (non-specific PCR products) were Scarcely 
detected. 

0570). In contrast, in Lanes 5 to 8 in which PCR was 
carried out without adding the Tith. RecA protein, not only 
the desired nucleic acid but also byproducts were detected in 
a large amount. 
0571) Further, in Lanes 9 to 12 in which PCR was carried 
out with the addition of E. coli RecA protein instead of the 
T.th. RecA protein, in addition to the desired nucleic acid, 
byproducts were also detected although the amount is not as 
much as that in Lanes 5 to 8. 

0572 From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the Tith. RecA protein, the primer extension reaction 
caused by binding of the primer DNAS to a non-specific 
region of the template DNA is Suppressed, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
uctS. 

0573. On the other hand, in the case where PCR was 
carried out with the addition of E. coli RecA protein, 
although the PCR specificity increased compared with that 
in the absence of the E. coli RecA protein, the PCR speci 
ficity did not increase as much as in the case where the 
T.th. RecA protein was added, due to a slight production of 
byproducts. 

EXAMPLE 13 

0574) Next, Example 13 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0575. In this Example, as shown in FIG. 30, a human 
genome DNA (Promega) was prepared as a template DNA, 
and Oligonucleotides 85 and 86 were prepared as the primer 
DNAS. Each primer DNA was designed with respect to a 
Single copy gene of the human genome DNA. Specifically, 
they were designed with reference to Homo Sapiens PAC 
clone RP5-1142J19 (Genbank accession no.; AC004975). 
Each primer DNA consists of a 20mer or a 21mer base 
Sequence, which is 100% complementary to the template 
DNA 

Oligonucleotide 85: 
5'-gcagg caccaagaact actoc-3' 

Oligonucleotide 86: 
5'-gcctaaggtoacgttgtc.cc-3' 

0576. Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 1.0 uM each (the final concentration) of 
two kinds of the oligonucleotides, 200 ng of the human 
genome DNA (Promega), 11.0 unit of ExTaq-HS (Takara 
Bio, Inc.), 0.2 mM of a dNTP mixture solution and 1.0 ug 
of the T.th. RecA protein, were mixed with 10 mM Tris-HCl 
Buffer (pH 8.3), 50 mM KCl and 1.5 mM MgCl, in 50 ul of 
a PCR reaction Solution. Then, PCR was carried out with 1 
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cycle (at 90° C. for 1 minute), 30 cycles (at 94° C. for 30 
seconds, at 60° C. for 30 seconds, and at 68 C. for 1 minute) 
and 1 cycle (at 68 C. for 7 minutes, and at 4 C. for 1 
minute). 
0577 Subsequently, the reaction solution was subjected 
to electrophoresis with a 1% agarose gel, the agarose gel was 
Soaked in an ethidium bromide Solution to stain DNA in the 
gel, and then the Stained DNA was recorded by photography. 
The results are shown in FIG. 31. 

0578 Lane 1 shows the results when PCR was carried out 
with the concentration of each of the primer DNAS at 11.0 
AlM (the final concentration), as described above. 
0579. Lane 2 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.3 uM (the final 
concentration). 
0580 Lane 3 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.01 uM (the final 
concentration). 
0581 Lane 4 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.03 uM (the final 
concentration). 
0582 Lane 5 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.01 uM (the final 
concentration). 
0583 Lane 6 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.003 uM (the final 
concentration). 
0584) Lane 7 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.001 uM (the final 
concentration). 
0585 Lane 8 shows the results when PCR was carried out 
in the Same manner as in Lane 1 by reducing the concen 
tration of each of the primer DNAS to 0.0003 uM (the final 
concentration). 
0586 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0587 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0588 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0589 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 

0590 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 
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0591) Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 6 without adding the 
T.th. RecA protein. 
0592 Lane 15 shows the results when PCR was carried 
out in the same manner as in Lane 7 without adding the 
T.th. RecA protein. 
0593. Lane 16 shows the results when PCR was carried 
out in the same manner as in Lane 8 without adding the 
T.th. RecA protein. 
0594 As clearly shown in the results of FIG.31, in Lanes 
1 to 6 among Lanes 1 to 8 in which PCR was carried out with 
the addition of T.th. RecA protein, amplification of the 
desired nucleic acid (the right specific PCR product) was 
detected whereas byproducts (non-specific PCR products) 
were Scarcely detected. In Lanes 7 and 8, amplification of 
DNA was hardly detected, possibly due to the too low 
concentration of the primer DNAS. 
0595. In contrast, in Lanes 9 to 12 among Lanes 9 to 16 
in which PCR was carried out without adding the T.th. RecA 
protein, not only the desired nucleic acid but also byproducts 
were detected. In Lanes 13 and 14, amplification of the 
desired nucleic acid was detected whereas byproducts were 
scarcely detected. In Lanes 15 and 16, amplification of DNA 
was hardly detected, possibly due to the too low concentra 
tion of the primer DNAS. 
0596) From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the Tith. RecA protein, the primer extension reaction 
caused by binding of the primer DNAS to a non-specific 
region of the template DNA is Suppressed, and thus it is 
possible to Suppress amplification of non-specific PCR prod 
uctS. 

EXAMPLE 1.4 

0597 Next, Example 14 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0598. In this Example, as shown in FIG. 32, a human 
genome DNA (Promega) was prepared as a template DNA, 
and 5 kinds of oligonucleotides (Oligonucleotides 87 to 91) 
were prepared as the primer DNAS. Each primer DNA was 
designed with reference to Homo Sapiens BAC clone CTB 
135C18 (Genbank accession no.; AC005164). The primer 
DNAS at one end (Oligonucleotides 87 to 90) are ones in 
which the third bases from the 3' end are different, and 
Oligonucleotide 90 is 100% complementary to the template 
DNA. The primer DNA at the other end (Oligonucleotide 
91) was a common one, and 100% complementary to the 
template DNA. Each primer DNA consists of a 22-mer base 
Sequence which is 100% complementary to the template 
DNA 

Oligonucleotide 87: 
5'-caaagctactittcacag cogcc-3' 

Oligonucleotide 88: 
5'-caaagctactittcacag coacc-3' 
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-continued 
Oligonucleotide 89: 
5'-caaagctactittcacag coccc-3' 

Oligonucleotide 90 : 
5'-caaagctactittcacag cotcc-3' 

Oligonucleotide 91: 
5'-gg catattoagccaaggattitc-3' 

0599. Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.3 uM each (the final concentration) of 
two kinds of the oligonucleotides, 200 ng of the human 
genome DNA (Promega), 1.0 unit of Taq-HS (Takara Bio, 
Inc.), 0.2 mM of a dNTP mixture solution and 1.0 ug of the 
Tith. RecA protein, were mixed with 10 mM Tris-HCl Buffer 
(pH 8.3), 50 mM KCl and 1.5 mM MgCl, in 50 ul of a PCR 
reaction solution. Then, PCR was carried out with 1 cycle (at 
94° C. for 1 minute), 30 cycles (at 94° C. for 30 seconds, at 
60° C. for 30 seconds, and at 68 C. for 1 minute) and 1 
cycle (at 68 C. for 7 minutes, and at 4 C. for 1 minute). 
0600 Subsequently, the reaction solution was subjected 
to electrophoresis with a 1% agarose gel, the agarose gel was 
Soaked in an ethidium bromide Solution to stain DNA in the 
gel, and then the Stained DNA was recorded by photography. 
The results are shown in FIG. 33. 

0601 Lane 1 shows the results when Oligonucleotide 87 
and Oligonucleotide 91 were added as the primer DNAS. 
0602 Lane 2 shows the results when Oligonucleotide 88 
and Oligonucleotide 91 were added as the primer DNAS. 

0603 Lane 3 shows the results when Oligonucleotide 89 
and Oligonucleotide 91 were added as the primer DNAS. 

0604 Lane 4 shows the results when Oligonucleotide 90 
and Oligonucleotide 91 were added as the primer DNAS. 

0605 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 

0606 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 

0607 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 

0608 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 

0609 Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the T. th. SSB 
protein was added in the same amount instead of the 
T.th. RecA protein. 

0610 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 

0611 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 
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0612 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 4 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 

0613 AS clearly shown in the results of FIG.33, among 
Lanes 1 to 4 in which PCR was carried out with the addition 
of T.th.RecA protein, in Lane 4 in which the primer DNAS 
100% complementary to the template DNA were used, 
substantial amplification of the desired DNA was detected 
whereas byproducts were Scarcely detected. In Lanes 1 to 3 
where the primer DNAS whose third bases from the 3' end 
were different from the template DNA, amplification of the 
desired nucleic acid was Scarcely detected. 

0614. In contrast, in all of Lanes 5 to 8 in which PCR was 
carried out without adding the Tith. RecA protein, amplifi 
cation of the desired DNA was detected. Further, in Lanes 5 
and 6, byproducts were also detected. 

0615. Further, in all of Lanes 9 to 12 in which PCR was 
carried out with the addition of T.th.SSB protein instead of 
the Tith. RecA protein, amplification of the desired DNA was 
detected. Further, in Lanes 9 and 10, byproducts were also 
detected. 

0616) From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. Specifically, it is possible to amplify nucleic 
acids Specifically only if there is no base mismatch between 
the primer DNA and the template DNA. Generally, when a 
base near the 3' end of a primer DNA (especially, a base 
within 3 bases from the 3' end of the primer DNA) is 
mismatched with the template DNA, there is a tendency that 
nucleic acids are easily amplified. However, if PCR is 
carried out with the addition of T.th. RecA protein, it is 
possible to amplify the desired nucleic acid specifically. 

0617. On the other hand, even if PCR is carried out with 
the addition of a Tth.SSB protein which binds to DNA in the 
similar manner as the RecA protein, the PCR specificity does 
not increase especially. 

0618. Further, from the results of this Example, it is 
possible to detect Single nucleotide polymorphism. In other 
words, if PCR is carried out by using a primer DNA 
corresponding to a Sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA as one 
of the primer DNAS, it is possible to amplify the desired 
nucleic acid only when the template DNA is completely 
complementary to the primer DNA corresponding to the 
Sequence comprising the base which forms Single nucleotide 
polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 
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EXAMPLE 1.5 

0619. Next, Example 15 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0620. In this Example, as shown in FIG. 34, a human 
genome DNA (Promega) was prepared as a template DNA, 
and 5 kinds of oligonucleotides (Oligonucleotides 92 to 96) 
were prepared as the primer DNAS. Each primer DNA was 
designed with reference to Homo Sapiens PAC clone RP5 
1142J19 (Genbank accession no.; AC004975). The primer 
DNAS at one end (Oligonucleotides 92 to 95) are ones in 
which the third bases from the 3' end are different, and 
Oligonucleotide 93 is 100% complementary to the template 
DNA. The primer DNA at the other end (Oligonucleotide 
96) is a common one, and 100% complementary to the 
template DNA. Each primer DNA consists of a 20mer or a 
21mer base Sequence. 

Oligonucleotide 92: 
5'-gcaggcaccaagaactacggc-3' 

Oligonucleotide 93: 
5'-gcaggcaccaagaactact gc-3' 

Oligonucleotide 94 : 
5'-gcaggcaccaagaactacago-3' 

Oligonucleotide 95: 
5'-gcaggcaccaagaactaccgc-3' 

Oligonucleotide 96: 
5'-gcctaaggtoacgttgtc.cc-3' 

0621. Then, PCR was carried out under the same condi 
tions as those of Lane 1 of Example 14 and the like. 
Subsequently, the reaction Solution was Subjected to elec 
trophoresis with a 1% agarose gel, and the results were 
recorded by photography and shown in FIG.35, in the same 
manner as in Example 14. 
0622 Lane 1 shows the results when Oligonucleotide 92 
and Oligonucleotide 96 were added as the primer DNAS. 
0623 Lane 2 shows the results when Oligonucleotide 93 
and Oligonucleotide 96 were added as the primer DNAS. 
0624 Lane 3 shows the results when Oligonucleotide 94 
and Oligonucleotide 96 were added as the primer DNAS. 
0625 Lane 4 shows the results when Oligonucleotide 95 
and Oligonucleotide 96 were added as the primer DNAS. 
0626 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 
0627 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 
0628 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 
0629 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 
0630. Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the T. th. SSB 
protein was added in the same amount instead of the 
T.th. RecA protein. 
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0631 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 2 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 

0632 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 3 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 

0633 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 4 except that the T. th. 
SSB protein was added in the same amount instead of the 
T.th. RecA protein. 
0634. As clearly shown in the results of FIG. 35, among 
Lanes 1 to 4 in which PCR was carried out with the addition 
of T.th.RecA protein, in Lane 2 in which the primer DNAS 
used were 100% complementary to the template DNA, 
substantial amplification of the desired DNA was detected 
whereas byproducts were Scarcely detected. In Lanes 1, 3 
and 4 where the primer DNAS whose third bases from the 3' 
end were different from the template DNA, amplification of 
the desired nucleic acid was Scarcely detected. 
0635) In contrast, in all of Lanes 5 to 8 in which PCR was 
carried out without adding the Tith. RecA protein, amplifi 
cation of the desired DNA was detected. Further, in Lane 7, 
byproducts were also detected. 

0636 Further, in all of Lanes 9 to 12 in which PCR was 
carried out with the addition of Tith.SSB protein instead of 
the Tith. RecA protein, amplification of the desired DNA was 
detected. Further, in Lane 11, byproducts were also ampli 
fied. 

0637. From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. Specifically, it is possible to amplify nucleic 
acids Specifically only if there is no base mismatch between 
the primer DNA and the template DNA. Generally, when a 
base near the 3' end of the primer DNA (especially, a base 
within 3 bases from the 3' end of the primer DNA) is 
mismatched with the template DNA, there is a tendency that 
nucleic acids are easily amplified. However, if PCR was 
carried out with the addition of T.th. RecA protein, it is 
possible to amplify the desired nucleic acid specifically. 

0638. On the other hand, even if PCR is carried out with 
the addition of Tith.SSB protein which binds to DNA in the 
similar manner as the RecA protein, the PCR specificity does 
not increase especially. 

0639 Further, from the results of this Example, it is 
possible to detect Single nucleotide polymorphism. In other 
words, if PCR is carried out by using a primer DNA 
corresponding to a Sequence comprising a base which forms 
Single nucleotide polymorphism in the template DNA as one 
of the primer DNAS, it is possible to amplify the desired 
nucleic acid only when the template DNA is completely 
complementary to the primer DNA corresponding to the 
Sequence comprising the base which forms Single nucleotide 
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polymorphism. On the other hand, when the template DNA 
is not completely complementary to the primer DNA cor 
responding to the Sequence comprising the base which forms 
Single nucleotide polymorphism, i.e., when the base which 
forms Single nucleotide polymorphism is not complemen 
tary to the primer DNA, it is possible not to amplify or to 
inhibit amplification of the desired nucleic acid. Therefore, 
amplification of the desired nucleic acid by PCR allows 
detection of Single nucleotide polymorphism. 

EXAMPLE 16 

0640 Next, Example 16 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0641. In this Example, as shown in FIG. 36, a human 
genome DNA (Promega) was prepared as a template DNA, 
and Oligonucleotides 97 and 98 were prepared as the primer 
DNAS. Each primer DNA was designed with reference to 
Human chromosome 14 DNA sequence BAC C-2240H23 
(Genbank accession no.; AL356017). Each primer DNA 
consists of a 20-mer base sequence which is 100% comple 
mentary to the template DNA. 

Oligonucleotide 97: 
5'-atgaaaag.ccctgctttgca-3' 

Oligonucleotide 98: 
5'-agacittcttcaactcaatgg-3' 

0642. Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.5uM each (final concentration) of two 
kinds of the oligonucleotides, 200 ng of human cDNA 
(Invitrogen), 11.0 unit of ExTaq-HS Polymerase (Takara 
Bio, Inc.), 0.2 mM of a dNTP mixture solution and 1.0 ug 
of the T.th. RecA protein, were mixed with 1XEXTaq-HS 
dedicated buffer (Takara Bio, Inc.) in 50 ul of a PCR reaction 
solution. Then, PCR was carried out with 1 cycle (at 94 C. 
for 30 seconds), 30 cycles (at 94° C. for 15 seconds, at 55° 
C. for 30 seconds, and at 72° C. for 1 minute) and 1 cycle 
(at 72° C. for 7 minutes, and at 4 C. for 1 minute). 
0643 Subsequently, 10 ul of the reaction solution was 
Subjected to electrophoresis with a 1% agarose gel, the 
agarose gel was Soaked in an ethidium bromide Solution to 
stain DNA in the gel, and then the stained DNA was 
recorded by photography. The results are shown in FIG. 37. 
0644] Lane 1 shows the results when Tith. RecA protein 
was added as described above. 

0.645 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 
0.646. As clearly shown in the results of FIG. 37, in Lane 
1 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired DNA was 
detected whereas byproducts were Scarcely detected. Fur 
ther, the Signal appearing at the lower Side is considered as 
background. 

0647. In contrast, in Lane 2 in which PCR was carried out 
without adding the Tith.RecA protein, amplification of the 
desired DNA was not detected. The reason is considered to 
be that the template DNA has a region of an inhibitory or 
Suppressive Secondary Structure. 
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0648. From these results, if PCR is carried out with the 
addition of T.th. RecA protein, it is possible to amplify the 
desired nucleic acid efficiently and Specifically even when 
the template DNA has the region of the inhibitory or 
Suppressive Secondary Structure. The reason is considered to 
be that the inhibitory or Suppressive Secondary Structure is 
released by binding of the homologous recombinant protein 
to the template DNA. 

EXAMPLE 1.7 

0649. Next, Example 17 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 

0650. In this Example, as shown in FIG.38 and FIG.39, 
a human genome DNA (Promega) was prepared as a tem 
plate DNA, and 12 kinds of oligonucleotides (Oligonucle 
otides 99 to 110) were prepared as the primer DNAS. 
Oligonucleotides 99 and 100 were designed with reference 
to Human DNA sequence from clone RP11-76OM1 on 
chromosome 13 (Genbank accession no.; AL354815) and 
Human hepatocyte nuclear factor 4-alpha gene (Genbank 
accession no.; U72959, U72960). Oligonucleotides 101 and 
102 were designed with reference to Human rhodopsin gene 
(Genbank accession no.; U49742, K02281). Further, Oligo 
nucleotides 103 and 104 were designed with reference to 
Homo Sapiens beta globin region (Genbank accession no.; 
NG000007). Further, Oligonucleotides 105 and 106 were 
designed with reference to Homo sapiens HPFH6OR gene 
(Genbank accession no.; X81445, X91835). Further, Oligo 
nucleotides 107 and 108 were designed with reference to 
Human p53 gene (Genbank accession no.; U94788). Further, 
Oligonucleotides 109 and 110 were designed with reference 
to Human p53 gene (Genbank accession no.; U94788). Each 
primer DNA consists of a base Sequence from a 20mer to a 
27-mer, which is 100% complementary to the template 
DNA 

Oligonucleotide 99: 
5'-gcatctggggcc togtatttag-3 

Oligonucleotide 100 : 
5'-taca aggcaggcatcatgacticacg-3' 

Oligonucleotide 101: 
5'-aggagcttaggagggggaggit-3' 

Oligonucleotide 102: 
5'-cattgacaggacaggagaaggga-3 

Oligonucleotide 103: 
5'-cttitttgttccc.ccagacactc-3' 

Oligonucleotide 104: 
5'-gcaatggcttaggagttgg act-3' 

Oligonucleotide 105: 
5'-gttaatacctaaggctcitactgca-3' 

Oligonucleotide 106: 
5'-aggcaatggcgg cacccatc-3' 

Oligonucleotide 107: 
5'-gcagagacct gtgggaag.cgaaaa-3' 

Oligonucleotide 108: 
5'-gag agctgtggcaag cagggga-3' 
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-continued 
Oligonucleotide 109: 
5'-cc.ccitcctgg.cccctgtcat-3' 

Oligonucleotide 110: 
5'- gttagatgactittgcc.caact gtaggg-3' 

0651. Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.8 uM each (final concentration) of two 
kinds of the oligonucleotides, 200 ng of the human genome 
DNA(Promega), 11.0 unit of ExTaq-HS Polymerase (Takara 
Bio, Inc.), 0.2 mM of a dNTP mixture solution and 11.0 ug 
of the Tith. RecA protein, were mixed with 1XEXTaq buffer 
(Takara Bio, Inc.) in 50 ul of a PCR reaction solution. Then, 
PCR was carried out with 1 cycle (at 94° C. for 30 seconds), 
35 cycles (at 94° C. for 15 seconds, at 55° C. for 30 seconds, 
and at 72° C. for 1 minute) and 1 cycle (at 72° C. for 7 
minutes, and at 4 C. for 1 minute). 
0652) Subsequently, 10 ul of the reaction solution was 
Subjected to electrophoresis with 1.2% agarose gel, the 
agarose gel was Soaked in an ethidium bromide Solution to 
stain DNA in the gel, and then the stained DNA was 
recorded by photography. The results are shown in FIG. 40. 
0653 Lane 7 shows the results when Oligonucleotide 99 
and Oligonucleotide 100 are added as the primer DNA. 
0654 Lane 8 shows the results when Oligonucleotide 101 
and Oligonucleotide 102 were added as the primer DNAS. 
0655 Lane 9 shows the results when Oligonucleotide 103 
and Oligonucleotide 104 were added as the primer DNAS. 
0656 Lane 10 shows the results when Oligonucleotide 
105 and Oligonucleotide 106 were added as the primer 
DNAS. 

0657 Lane 11 shows the results when Oligonucleotide 
107 and Oligonucleotide 108 were added as the primer 
DNAS. 

0658 Lane 12 shows the results when Oligonucleotide 
109 and Oligonucleotide 110 are added as the primer DNA. 
0659 Lane 1 shows the results when PCR was carried out 
in the same manner as in Lane 7 without adding the 
T.th. RecA protein. 
0660 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 8 without adding the 
T.th. RecA protein. 
0661 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 9 without adding the 
T.th. RecA protein. 
0662 Lane 4 shows the results when PCR was carried out 
in the Same manner as in Lane 10 without adding the 
T.th. RecA protein. 
0663 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 11 without adding the 
T.th. RecA protein. 
0664 Lane 6 shows the results when PCR was carried out 
in the Same manner as in Lane 12 without adding the 
T.th. RecA protein. 
0665 Lane 13 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 7. 
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0666 Lane 14 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 8. 

0667 Lane 15 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 9. 

0668) Lane 16 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane. 

0669 Lane 17 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 11 g. 
0670 Lane 18 shows the results when 15 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 12. 

0671 Lane 19 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 7. 

0672 Lane 20 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 8. 

0673 Lane 21 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 9. 

0674) Lane 22 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 10. 

0675 Lane 23 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 11. 

0676 Lane 24 shows the results when 30 mM KCl was 
added and PCR was carried out in the same manner as in 
Lane 12. 

0677 As clearly shown in the results of FIG.40, in Lanes 
7 to 12 in which PCR was carried out with the addition of 
T.th. RecA protein, amplification of the desired DNA was 
detected whereas byproducts were detected only slightly. 

0678. Further, in Lanes 13 to 18 in which 15 mM KCl 
was added, amplification of byproducts was Suppressed 
more than in Lanes 7 to 12. 

0679. Furthermore, in Lanes 19 to 24 in which 30 mM 
KCl was added, amplification of byproducts was Suppressed 
more efficiently than in Lanes 13 to 18. 

0680 In contrast, in Lanes 1 to 6 in which PCR was 
carried out without adding the Tith. RecA protein, amplifi 
cation of the desired DNA was detected, and also byproducts 
were detected in a large amount. 
0681 From these results, if PCR is carried out with the 
addition of T.th.RecA protein, amplification of byproducts 
can be Suppressed to low levels without decreasing the yield 
of the desired nucleic acid. In other words, by the presence 
of the homologous recombinant protein, the primer exten 
sion reaction caused by binding of the primer DNAS to a 
non-specific region of the template DNA is Suppressed, and 
thus it is possible to Suppress amplification of non-specific 
PCR products. 
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0682 Especially, by adding KCl to the PCR reaction 
solution, it is possible to increase the PCR specificity. 

EXAMPLE 1.8 

0683) Next, Example 18 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 

0684. In this Example, as shown in FIG. 41, a human 
genome DNA (Promega) was prepared as a template DNA, 
and Oligonucleotides 111 and 112 were prepared as the 
primer DNAS. Each primer DNA was designed with refer 
ence to Homo Sapiens beta globin region (Genbank acces 
sion no.; NG000007). Each primer DNA consists of a 21mer 
or a 22mer base Sequence, which is 100% complementary to 
the template DNA. 

Oligonucleotide 111: 
5'-ctgctgaaagagatgcggtgg-3' 

Oligonucleotide 112: 
5'-aggaaaac agcc.caagg gacag-3 

0685 Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.25uM each (the final concentration) of 
two kinds of the oligonucleotides, 100 ng of the human 
genome DNA (Promega), 1.25 unit of ExTaq Polymerase 
(Takara Bio, Inc.), 0.2 mM of a dNTP mixture solution and 
11.0 lug of the Tith. RecA protein, were mixed with 1XEXTaq 
buffer (Takara Bio, Inc.) in 50 ul of a PCR reaction solution. 
Then, PCR was carried out with 1 cycle (at 94° C. for 30 
seconds), 35 cycles (at 94° C. for 15 seconds, at 55° C. for 
30 seconds, and at 72° C. for 1 minute) and 1 cycle (at 72 
C. for 7 minutes, and at 4 C. for 1 minute). 
0686) Subsequently, 10 ul of the reaction solution was 
Subjected to electrophoresis with 1.2% agarose gel, the 
agarose gel was Soaked in an ethidium bromide Solution to 
stain DNA in the gel, and then the stained DNA was 
recorded by photography. The results are shown in FIG. 42. 

0687 Lane 1 shows the results when PCR was carried out 
with the addition of 1.25 unit of the ExTaq Polymerase. 

0688 Lane 2 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.63 unit. 

0689 Lane 3 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.31 unit. 

0690 Lane 4 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.16 unit. 

0691 Lane 5 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.08 unit. 

0692 Lane 6 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.04 unit. 

0693 Lane 7 shows the results when PCR was carried out 
in the same manner as in Lane 1 except that the EXTaq 
Polymerase was reduced to 0.02 unit. 
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0694 Lane 8 shows the results when PCR was carried out 
in the same manner as in Lane 1 without adding the 
T.th. RecA protein. 
0695) Lane 9 shows the results when PCR was carried out 
in the same manner as in Lane 2 without adding the 
T.th. RecA protein. 
0696 Lane 10 shows the results when PCR was carried 
out in the same manner as in Lane 3 without adding the 
T.th. RecA protein. 
0697 Lane 11 shows the results when PCR was carried 
out in the same manner as in Lane 4 without adding the 
T.th. RecA protein. 
0698 Lane 12 shows the results when PCR was carried 
out in the same manner as in Lane 5 without adding the 
T.th. RecA protein. 
0699 Lane 13 shows the results when PCR was carried 
out in the same manner as in Lane 6 without adding the 
T.th. RecA protein. 
0700 Lane 14 shows the results when PCR was carried 
out in the same manner as in Lane 7 without adding the 
T.th. RecA protein. 
0701 AS clearly shown in the results of FIG. 42, in Lanes 
1 to 5 among Lanes 1 to 7 in which PCR was carried out with 
the addition of T.th. RecA protein, amplification of the 
desired DNA was detected. In other words, by adding more 
than 0.08 unit of EXTaq Polymerase to the PCR reaction 
solution, the desired DNA was amplified. 
0702. In contrast, when PCR was carried out without 
adding the Tith. RecA protein, amplification of the desired 
DNA was detected only in Lanes 8 to 10 among Lanes 8 to 
14. In other words, only when more than 0.31 unit of ExTaq 
Polymerase was added to the PCR reaction solution, the 
desired DNA was amplified. 
0703. From these results, if PCR is carried out with the 
addition of T.th. RecA protein, the desired nucleic acid can be 
amplified more efficiently and specifically even if the 
amount of the DNA polymerase to be added is reduced. The 
reason is considered to be that because the homologous 
recombinant protein binds to the primer DNAS and to the 
template DNA, which promotes binding of the primer DNAS 
with the template DNA, PCR reaction proceeds efficiently 
even if the amount of the DNA polymerase to be added is 
reduced. 

EXAMPLE 1.9 

0704. Next, Example 19 will be explained. Explanation 
of the parts which are similar to those of each of the 
above-mentioned Examples will be omitted or simplified. 
0705. In this Example, as shown in FIG. 43 to FIG. 46, 
a human genome DNA (Promega) was prepared as a tem 
plate DNA, and 20 kinds of oligonucleotides (Oligonucle 
otides 113 to 132) were prepared as the primer DNAS. 
Oligonucleotides 113 and 114 were designed with reference 
to Homo Sapiens 16 p13.3 sequence (Genbank accession 
no.; AE006462, AE005175). Oligonucleotides 115 and 116 
were designed with reference to Homo Sapiens SVMT gene 
(Genbank accession no.; AB044401). Oligonucleotides 117 
and 118 were designed with reference to Homo Sapiens 
HPFH6OR gene (Genbank accession no.; X81445, X91835). 
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Oligonucleotides 119 and 120 were designed with reference 
to Human p53 gene (Genbank accession no.; U94788). 
Oligonucleotides 121 and 122 were designed with reference 
to Human hepatocyte nuclear factor 4-alpha gene (Genbank 
accession no.; U72959, U72960). Oligonucleotides 123 and 
124 were designed with reference to Homo Sapiens diacylg 
lycerol kinase (Genbank accession no.; NM 003646). Oli 
gonucleotides 125 and 126 were designed with reference to 
Human rhodopsin gene (Genbank accession no.; U49742, 
K02281). Oligonucleotides 127 and 128 were designed with 
reference to Human DNA for CAAF1 (Genbank accession 
no.; D83657). Oligonucleotides 129 and 130 were designed 
with reference to Homo Sapiens CYP21 (Genbank accession 
no.; M12792, M23280). Oligonucleotides 131 and 132 were 
designed with reference to Human S100 protein beta-subunit 
gene (Genbank accession no.; M59486, J05600). Each 
primer DNA consists of a base Sequence from a 20-mer to 
a 26-mer, which is 100% complementary to the template 
DNA 

igonucleotide 3. 
- cacagattitccaaggatgcgctg-3' 

Oligonucleotide 4: 
5'-cgtgctctgttccag acttg-3' 

igonucleotide 5 
- c.gtotggc gattgct coaaatg-3 

Oligonucleotide 6 
-gggcagttgttgatccatgagaa-3' 5 

igonucleotide 7 
-ggcttgcaccagottaggaaag-3 

igonucleotide 8: 
- c.gittaggcataatcagtgggatagit-3' 

Oligonucleotide 9: 
-gcctctgattoctoactgattgctct-3' 5 

igonucleotide 120 : 
-tgtcaaccacccitta accoctoc-3' 

igonucleotide 121 : 
-ttggaggggtgggtgagtcaag-3 

igonucleotide 122: 
-ggaggggtgggggittaatggitta-3' 

Oligonucleotide 123: 
5'-ggaacaag acacggctggtt-3' 

igonucleotide 124: 
- agcaaggcagg gCaggcaa.gt-3' 

igonucleotide 125: 
- c.ggtoccattcto agggaatct-3' 

igonucleotide 126: 
- goccagaggaagaagaaggaaa-3' 

igonucleotide 127: 
- goccccacccaggttggtttcta-3' 

Oligonucleotide 128: 
5'-atgccttcatctggctcagtgaa-3' 

Oligonucleotide 129: 
5'-gcitcagoatgctggtgg cataa-3' 

Oligonucleotide 130: 
5'-ccitcatacct tcc.ccc.ccattt-3' 
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-continued 

Oligonucleotide 131: 
5'-gactactictagogactgtc.catcto-3' 

Oligonucleotide 132: 
5'-gacagocaccagatccaatc-3' 

0706 Then, nucleic acids were amplified by PCR reac 
tion. Specifically, 0.1 uM each (the final concentration) of 20 
kinds of the oligonucleotides, 100 ng of the human genome 
DNA (Promega), 1.25 unit of ExTaq Polymerase (Takara 
Bio, Inc.), 0.2 mM of a dNTP mixture solution and 11.0 ug 
of the Tith. RecA protein, were mixed with 1X ExTaq buffer 
(Takara Bio, Inc.) in 50 ul of a PCR reaction solution. Then, 
PCR was carried out with 1 cycle (at 94° C. for 30 seconds), 
35 cycles (at 94° C. for 15 seconds, at 55° C. for 30 seconds, 
and at 72° C. for 1 minute) and 1 cycle (at 72° C. for 7 
minutes, and at 4 C. for 1 minute). 
0707 Subsequently, 10 ul of the reaction solution was 
Subjected to electrophoresis with 1.2% agarose gel, the 
agarose gel was Soaked in an ethidium bromide Solution to 
stain DNA in the gel, and then the stained DNA was 
recorded by photography. The results are shown in FIG. 47. 
0708. As clearly shown in the results of FIG. 47, ampli 
fication of the desired DNA corresponding to each primer Set 
was detected whereas byproducts were Scarcely detected. 

0709 From these results, even if a plurality of kinds of 
primer DNAS are added and PCR is carried out, i.e., multi 
primer-PCR is carried out, when PCR is carried out with the 
addition of T.th. RecA protein, it is possible to amplify the 
desired nucleic acid while Suppressing the production of 
byproducts. The reason is considered to be that Since the 
desired DNA can be amplified even if the concentration of 
the primer DNAS is reduced as described above when PCR 
is carried out with the addition of T.th. RecA protein, it is 
possible to amplify the desired DNA corresponding to each 
primer set even if multi-primer-PCR is carried out. 

0710. In the above, the embodiment modes of the present 
invention were illustrated by Examples, but the present 
invention is not limited by each of the above-mentioned 
Examples 1 to 19, and, needless to Say, it can be Suitably 
modified and applied without departing from the Spirit or 
Scope of the present invention. 

0711 For example, T.th. RecA protein was employed as 
the homologous recombinant protein in each of the above 
mentioned Examples, but other ones may be employed as 
described above. That is, it is possible to use a modified 
RecA protein obtained by modification of the T.th. RecA 
protein and having a function Similar to that of the Tith. RecA 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 132 

<210> SEQ ID NO 1 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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protein (modified Tith. RecA protein), or a mixture of the 
T.th. RecA protein and the modified T.th. RecA protein. Fur 
ther, a Tith. RecA protein fragment may be used. 
0712. Further, a RecA protein other than those mentioned 
above may also be used, wherein the RecA protein causes 
the primer eXtension reaction only for a primer DNA having 
a mismatch of 3 bases or less with the template DNA. Also, 
it is possible to use homologous recombinant proteins com 
prising at least one of Such RecA proteins and a modified 
RecA protein obtained by modification of the RecA protein 
and having a function Similar to that of the RecA protein. 
0713 Further, if the template DNA has a region of an 
inhibitory or Suppressive Secondary Structure, it is difficult to 
amplify efficiently and Specifically the desired nucleic acid 
which has such a region if usual PCR is carried out. 
0714. In contrast, by applying the present invention, it is 
possible to amplify the desired nucleic acid efficiently and 
specifically even when the template DNA has the region of 
the inhibitory or Suppressive Secondary Structure. The rea 
Son is considered to be that the inhibitory or Suppressive 
Secondary Structure is released by binding of the homolo 
gous recombinant protein to the template DNA. 
0715 Further, in the above Examples, T.th. RecA protein 
which was separately extracted and purified was added to 
the reaction Solution, and PCR was carried out. However, if 
E. coli, etc. is prepared Such that it is transformed to express 
T.th. RecA protein and the like and then is heat-treated, this 
can be also used as a T.th. RecA protein. That is, this is a 
method of using E. coli, etc. which is Subjected to heat 
treatment to inactivate proteins other than the T.th. RecA 
protein and the like having high heat-resistance. 
0716 Especially, when a genome DNA or a plasmid 
DNA of E. coli is used as a template DNA, the template 
DNA and the T.th. RecA protein can be obtained at the same 
time by heat treatment of E. coli, etc. that express T.th. RecA 
protein and the like, and thereby working efficiency for 
carrying out PCR can be improved. 
0717. As described above, the present invention provides 
a nucleic acid amplification method for amplifying a desired 
nucleic acid while Suppressing amplification of byproducts 
in a PCR reaction, a reagent kit for amplifying nucleic acids, 
which can amplify the desired nucleic acid while Suppress 
ing amplification of byproducts in a PCR reaction, a method 
of detecting Single nucleotide polymorphism, which utilizes 
that the desired nucleic acid can be amplified while Sup 
pressing amplification of byproducts in a PCR reaction, and 
a reagent kit for detecting Single nucleotide polymorphism, 
which utilizes that the desired nucleic acid can be amplified 
while Suppressing amplification of byproducts in a PCR 
reaction. 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 1 

ggtgcacticc atcatgctta 20 

<210> SEQ ID NO 2 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 2 

catcagtcag aggggctcac 20 

<210> SEQ ID NO 3 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 3 

cc.ca catc.cc togg caggaat 20 

<210> SEQ ID NO 4 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 4 

tgcaggttg ggCctagotg 20 

<210 SEQ ID NO 5 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 5 

tgtc.ctgggc cccago agga 20 

<210> SEQ ID NO 6 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 6 



US 2005/0260631 A1 Nov. 24, 2005 
37 

-continued 

ggggtott gC tdtggg Cagg 20 

<210 SEQ ID NO 7 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 7 

gagatgcc cc cccatact gc 20 

<210 SEQ ID NO 8 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 8 

atctgtc.ccc totcctcctg 20 

<210> SEQ ID NO 9 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 9 

aggtgtgcag agtgcaaag.c 20 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 10 

gCttcaaggc agaggcCagg 20 

<210> SEQ ID NO 11 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 11 

to caggtggc ccc.caa.gcag 20 

<210> SEQ ID NO 12 
&2 11s LENGTH 2.0 
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-continued 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 12 

atctotcittg ccttggggtg 20 

<210> SEQ ID NO 13 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 13 

gtgtgctggg aggagggg CC 20 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21. 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 14 

gtoactaaac aggggctcaa 20 

<210 SEQ ID NO 15 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 15 

Cgtgtgggag gag CaggCag 20 

<210> SEQ ID NO 16 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 16 

gccagaatgttcc cct ggag 20 

<210 SEQ ID NO 17 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 
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<400 SEQUENCE: 17 

Cgggtgcaca Calaaggctgg 20 

<210> SEQ ID NO 18 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 18 

totctggcca ggtgcctggc 20 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 19 

cgcc.ccgaca accotgacco 20 

<210> SEQ ID NO 20 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 20 

cittgggaaga toctoag act 20 

<210> SEQ ID NO 21 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 21 

toggtaaacg citggcticcc.g 20 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 22 

caaaacgc.cc cccaccgc.cc 20 

Nov. 24, 2005 
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<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 23 

ggitttaccag caccitgggga 20 

<210> SEQ ID NO 24 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 24 

cc catcgtgg totaggggat 20 

<210> SEQ ID NO 25 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 25 

galagtggCCC ggalagacggit 20 

<210> SEQ ID NO 26 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 26 

gcag cqccct tcccaccoct 20 

<210 SEQ ID NO 27 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 27 

gcacacgcct totaga cago 20 

<210> SEQ ID NO 28 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 
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sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 AC 01.1786) 

<400 SEQUENCE: 28 

citgattcticc agggtgggct 20 

<210 SEQ ID NO 29 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to 

Human DNA sequence from clone RP5-1013A22 on chromosome 
20 Contains the HNF4A (hepatic nuclear factor 4, 
alpha) gene part of a novel gene encoding a 
protein similar to cellular retinaldehyde-binding 
protein a RPL37A (ribosomal protein L37A) 
psudogene, parts of 2 novel genes, ESTs, STSs and 
GSSs, complete sequence (ACCESSION AL132772) 

<400 SEQUENCE: 29 

gcatctgggg cct gggattt ag 22 

<210 SEQ ID NO 30 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to 

Human DNA sequence from clone RP5-1013A22 on chromosome 
20 Contains the HNF4A (hepatic nuclear factor 4, 
alpha) gene part of a novel gene encoding a 
protein similar to cellular retinaldehyde-binding 
protein a RPL37A (ribosomal protein L37A) 
psudogene, parts of 2 novel genes, ESTs, STSs and 
GSSs, complete sequence (ACCESSION AL132772) 

<400 SEQUENCE: 30 

taca aggcag goatcatgac toacg 25 

<210> SEQ ID NO 31 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens 3g BAC RP11-529F4 (Roswell Park Cancer 
Institute Human BAC Library) complete sequence 
(ACCESSION AC0800 07) 

<400 SEQUENCE: 31 

aggagcttag gagggggagg t 21 

<210> SEQ ID NO 32 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens 3g BAC RP11-529F4 (Roswell Park Cancer 
Institute Human BAC Library) complete sequence 
(ACCESSION AC0800 07) 

<400 SEQUENCE: 32 

CattgaCagg acaggagaag gga 23 
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<210 SEQ ID NO 33 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens genomic beta globin region (HBB alpha) on 
chromosome 11 (ACCESSION NG 000007) 

<400 SEQUENCE: 33 

cittitttgttc ccc.cag acac to 22 

<210> SEQ ID NO 34 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens genomic beta globin region (HBB alpha) on 
chromosome 11 (ACCESSION NG 000007) 

<400 SEQUENCE: 34 

gcactggctt aggagttgga ct 22 

<210 SEQ ID NO 35 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens HPFH6OR gene for olfactory receptor 
(ACCESSION X81445 X91835) 

<400 SEQUENCE: 35 

gttaatacct aaggctictac togca 24 

<210 SEQ ID NO 36 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens HPFH6OR gene for olfactory receptor 
(ACCESSION X81445 X91835) 

<400 SEQUENCE: 36 

aggcaatggc ggcacccatc 20 

<210 SEQ ID NO 37 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 37 

gcaggcacca agaact acto c 21 

<210 SEQ ID NO 38 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 
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sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 38 

gcctaagg to acgttgtc.cc 20 

<210 SEQ ID NO 39 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 39 

gcaggcacca ggaact acto c 21 

<210> SEQ ID NO 40 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 40 

gCaggcgc.ca ggalagtactg. C 21 

<210> SEQ ID NO 41 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 41 

gCggg.cgc.ca ggalagtacgg C 21 

<210> SEQ ID NO 42 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 42 

gcaggcacca agaact acto c 21 

<210> SEQ ID NO 43 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 43 

gcctaagg to acgttgtc.cc 20 
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<210> SEQ ID NO 44 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 44 

catggcacct gctctgagac 20 

<210> SEQ ID NO 45 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 45 

gg cactttgt gccitctdtcc 20 

<210> SEQ ID NO 46 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-912I13 from 7, complete 
sequence (ACCESSION AC008060) 

<400 SEQUENCE: 46 

CCgagtc.gca taggtag 18 

<210> SEQ ID NO 47 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-912I13 from 7, complete 
sequence (ACCESSION AC008060) 

<400 SEQUENCE: 47 

tttgtgcaag gaattgtggg 20 

<210> SEQ ID NO 48 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 ACO 11786) 

<400 SEQUENCE: 48 

atctgtgtgg titcggctctg 20 

<210 SEQ ID NO 49 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone RP11-16P10 from 7, complete 
sequence (ACCESSION AC093734 ACO 11786) 

<400 SEQUENCE: 49 

citcc cittaac agcagoctoc 20 

<210 SEQ ID NO 50 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 50 

caaagctact titcacago ct co 22 

<210 SEQ ID NO 51 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 51 

ggcatattoa gccaaggatt to 22 

<210> SEQ ID NO 52 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 52 

tittctggaag ggactgggto 20 

<210 SEQ ID NO 53 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-852P6 from 7p11.2-p21, 
complete sequence (ACCESSION AC0 06454) 

<400 SEQUENCE: 53 

toccaggatc catggagaag 20 

<210> SEQ ID NO 54 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 54 



US 2005/0260631 A1 Nov. 24, 2005 
46 

-continued 

caaagctact titcacago ct co 22 

<210 SEQ ID NO 55 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 55 

ggcatattoa gccaaggatt to 22 

<210 SEQ ID NO 56 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 56 

caaagctact to cacago: ct co 22 

<210> SEQ ID NO 57 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 57 

caaagctgct togcacggcct co 22 

<210 SEQ ID NO 58 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 58 

caaggctgct togcacggcc.g. cc 22 

<210 SEQ ID NO 59 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 59 

caaagctact to cacago: ct co 22 

<210 SEQ ID NO 60 
<211& LENGTH 22 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 60 

ggcatattoa gccaaggatt to 22 

<210> SEQ ID NO 61 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 61 

caaagctact titcacago ct co 22 

<210> SEQ ID NO 62 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22. 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 62 

caaagctact tacacago: ct co 22 

<210 SEQ ID NO 63 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 63 

caaagctact tccacago ct co 22 

<210> SEQ ID NO 64 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 64 

gcaggcacca agaactacag c 21 

<210 SEQ ID NO 65 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 
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<400 SEQUENCE: 65 

gcctaagg to acgttgtc.cc 20 

<210 SEQ ID NO 66 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 66 

gcaggcacca agaact accq c 21 

<210 SEQ ID NO 67 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 67 

gcaggcacca agaactacgg c 21 

<210 SEQ ID NO 68 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 68 

gcaggcacca agaact acto c 21 

<210 SEQ ID NO 69 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 69 

caaagctact titcacagoat co 22 

<210 SEQ ID NO 70 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 70 

ggcatattoa gccaaggatt to 22 
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<210 SEQ ID NO 71 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 71 

caaagctact titcacago ct co 22 

<210 SEQ ID NO 72 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 72 

caaagctact titcacagogt co 22 

<210 SEQ ID NO 73 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 73 

caaagctact titcacagott co 22 

<210> SEQ ID NO 74 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to 

Human S100 protein beta-subunit gene, exon 1 (ACCESSION 
M594.86 JO5600) 

<400 SEQUENCE: 74 

gactacticta gcg actgtcc atcto 25 

<210 SEQ ID NO 75 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to 

Human S100 protein beta-subunit gene, exon 1 (ACCESSION 
M594.86 JO5600) 

<400 SEQUENCE: 75 

gacago cacc agatccaatc 20 

<210 SEQ ID NO 76 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 
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sapiens blue cone opsin gene, complete cods 
(ACCESSION L32835) 

<400 SEQUENCE: 76 

ggcagotttc atgggcactg. it 21 

<210 SEQ ID NO 77 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens blue cone opsin gene, complete cods 
(ACCESSION L32835) 

<400 SEQUENCE: 77 

gacagggctg gactgacatt to 22 

<210 SEQ ID NO 78 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens beta globin region (HBB alpha) on 
chromosome 11 (ACCESSION NG 000007) 

<400 SEQUENCE: 78 

Ctgctgaaag agatgcggtg g 21 

<210 SEQ ID NO 79 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens beta globin region (HBB alpha) on 
chromosome 11 (ACCESSION NG 000007) 

<400 SEQUENCE: 79 

aggaaaa.cag ccCaagggiac ag 22 

<210 SEQ ID NO 80 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 80 

caaagctact titcacago ct co 22 

<210> SEQ ID NO 81 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 81 

caaagctact gtcacago: ct co 22 

Nov. 24, 2005 



US 2005/0260631 A1 Nov. 24, 2005 
51 

-continued 

<210> SEQ ID NO 82 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens chromosome 19 clone CTD-2166J9, complete 
sequence (ACCESSION AC0104.12) 

<400 SEQUENCE: 82 

caaag.cgact gtcagagcct co 22 

<210 SEQ ID NO 83 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens chromosome 19 clone CTD-2166J9, complete 
sequence (ACCESSION AC0104.12) 

<400 SEQUENCE: 83 

cagagcgact gtcagagcgt co 22 

<210> SEQ ID NO 84 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 84 

ggcatattoa gccaaggatt to 22 

<210 SEQ ID NO 85 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 85 

gcaggcacca agaact acto c 21 

<210 SEQ ID NO 86 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 86 

gcctaagg to acgttgtc.cc 20 

<210 SEQ ID NO 87 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 87 

caaagctact titcacago.cg cc 22 

<210 SEQ ID NO 88 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 88 

caaagctact titcacago.ca co 22 

<210 SEQ ID NO 89 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 89 

caaagctact titcacagocc cc 22 

<210 SEQ ID NO 90 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 90 

caaagctact titcacago ct co 22 

<210 SEQ ID NO 91 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens BAC clone CTB-135C18 from 7 q11.2-q22, 
complete sequence (ACCESSION AC005164) 

<400 SEQUENCE: 91 

ggcatattoa gccaaggatt to 22 

<210 SEQ ID NO 92 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthesize oligonucleotide by referring to Homo 

sapiens PAC clone RP5-1142J19 from 7q35-g36, 
complete sequence (ACCESSION AC004975) 

<400 SEQUENCE: 92 




















