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METHOD FOR DIAGNOSING ARRHYTHMIA
BASED ON SINGLE NUCLEOTIDE
POLYMORPHISM IN CHROMOSOME 1Q24,
NEURL GENE, OR CUX2 GENE

TECHNICAL FIELD

[0001] The present invention relates to a diagnosis method
for determining the onset of arrhythmia such as atrial fibril-
lation and/or the risk of acquiring the same, and a reagent used
in the diagnosis method.

BACKGROUND ART

[0002] Arrhythmia refers to a symptom in which the heart
rate or heartbeat rhythm is not constant. Arrhythmia is clas-
sified into various types based on the heart rate or the like. Of
these, atrial fibrillation (AF) is a type of arrhythmia that is
most frequently found in many countries including Japan.
Atrial fibrillation refers to a symptom in which the number of
pulse of the atria is irregular with high frequency and is
accompanied by increase in morbidity and mortality. As risk
factors of atrial fibrillation, gender, age, hypertension, obe-
sity, and other heart diseases have been known. Thus, genetic
factors related to these risk factors serve as determinants for
predicting the risk of atrial fibrillation. Further, a family his-
tory of atrial fibrillation is thought to have genetic factors of
its own. Thus, a positive family history of atrial fibrillation
also serves as, separately from the above risk factors, deter-
minants for predicting the risk of atrial fibrillation.

[0003] Familial studies of atrial fibrillation identified varia-
tions of several genes coding for ion channels in association
with atrial fibrillation. Yet, those variations are not applicable
to all cases of atrial fibrillation.

[0004] Ithas been recently attempted to identify genes and
single nucleotide polymorphisms (SNPs) related to the onset
of atrial fibrillation by genome-wide association study
(GWAS). By GWAS employing Europeans and North Ameri-
cans, ithas been thus far suggested that genetic variations that
are attributed to susceptibility to atrial fibrillation are present
in several regions on the chromosome (Non-Patent Docu-
ments 1to 5). In order to identify additional genetic variations
associated with atrial fibrillation and to understand compli-
cated genetic factors associated with atrial fibrillation, GWAS
has to be carried out for Asians such as Japanese and for other
race.
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0010] An object of the present invention is to provide a
method for accurately diagnosing the risk of developing
arrhythmia such as atrial fibrillation and/or the onset of the
same, and a diagnosis reagent used in the method.

Means for Solving the Problems

[0011] The present inventors have intensively studied in
order to solve the above object to identify that a single nucle-
otide polymorphism (SNP) present in the region 24 of the
long arm of the chromosome 1 (1q24), NEURL gene, or
CUX2 gene is associated with atrial fibrillation. And, they
found that the risk of developing arrhythmia such as atrial
fibrillation or the onset of the same can be accurately esti-
mated by analyzing these polymorphisms, thereby complet-
ing the present invention.

[0012] Accordingly, the present invention is as follows:
[1] A method for diagnosing the onset of arrhythmia and/or
the risk of acquiring arrhythmia comprising:

[0013] analyzing a single nucleotide polymorphism
present in any of the following regions (1) to (3) and;

[0014] diagnosing arrhythmia on the basis of the analysis
result:

[0015] (1)theregion 24 ofthe long arm of the chromosome
1;

[0016] (2) NEURL gene;

[0017] (3) CUX2 gene.

[2] The method according to [1], wherein said single nucle-
otide polymorphism is a polymorphism of a nucleotide cor-
responding to the nucleotide at position 61 in a nucleotide
sequence of SEQ ID NO: 1, 2, or 3, or a polymorphism of a
nucleotide showing linkage disequilibrium with said nucle-
otide.

[3] The method according to [2], wherein said nucleotide
showing linkage disequilibrium is a nucleotide correspond-
ing to the nucleotide at position 61 in a nucleotide sequence
selected from SEQ ID NOS: 4 to 20.

[4] The method according to any one of [1] to [3], wherein
said arrhythmia is atrial fibrillation.

[5] A probe for diagnosing arrhythmia, wherein said probe
has a sequence of 10 nucleotides or more containing the
nucleotide at position 61 in a nucleotide sequence selected
from SEQ ID NOS: 1 to 20, or has a complementary sequence
thereof.

[6] A primer for diagnosing arrhythmia, wherein said primer
can amplify a region comprising the nucleotide at position 61
in a nucleotide sequence selected from SEQ ID NOS: 1 to 20.

Effect of the Invention

[0018] According to the present invention, the risk of devel-
oping (risk of acquiring) arrhythmia which has been thus far
difficult to be predicted can be accurately and simply pre-
dicted. Further, the onset of arrhythmia can be accurately and
simply diagnosed. That is, the present invention contributes to
prophylaxis and early treatment of arrhythmia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a figure showing linkage disequilibrium
(LD) maps and genes in the region 24 of the long arm of the
human chromosome 1 (1924 region). The down-pointing
arrow indicates the position of rs639652. The upper row
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shows an LD map based on Japanese database (JPT) of the
HapMap project whereas the lower row shows an LD map
based on European database (CEU).

MODE FOR CARRYING OUT THE INVENTION

<1> Method of the Present Invention

[0020] The method of the present invention is a method for
diagnosing the onset of arrhythmia and/or the risk of acquir-
ing arrhythmia comprising: analyzing an SNP present in the
region 24 of the long arm of the human chromosome 1,
NEURL gene, or CUX2 gene; and diagnosing arrhythmia on
the basis of the analysis result. Note that, the term “diagnosis/
diagnosing” in the present invention includes a diagnosis of
the risk of developing arrhythmia and a diagnosis of the
presence or absence of onset of arrhythmia. In the method of
the present invention, the analysis result of an SNP is associ-
ated with the risk of developing arrhythmia and/or the pres-
ence or absence of the onset of arrthythmia.

[0021] Examples of arrhythmia include tachyarrhythmia,
bradyarrhythmia, and premature contraction. Examples of
tachyarrhythmia include sinus tachycardia, ventricular tachy-
cardia, atrial fibrillation, atrial flutter, multifocal atrial tachy-
cardia, ventricular fibrillation, ventricular flutter, and
supraventricular tachycardia. Examples of bradyarrhythmia
include sinoatrial block, atrioventricular block, junctional
rhythm, sick sinus syndrome, respiratory arrhythmia, and
bundle branch block. Examples of premature contraction
include premature atrial contraction, and premature ventricu-
lar contraction. Of these, it is preferred to diagnose atrial
fibrillation.

[0022] Specific examples of the SNPs present the region 24
of'the long arm of the chromosome 1 (1924 region) in human
include human rs639652. Here, the rs number represents a
registration number of the dbSNP database National Center
for Biotechnology Information (http//www.ncbi.nlm.nih.
gov/projects/SNP/). rs639652 means a polymorphism of
cytosine(C)/thymine(T) in the nucleotide at position
21103228 of GenBank Accession No. NT_004487.18.
Although the risk allele is C, because the relationship
between this SNP and arrhythmia is a recessive model, only in
the case of CC, which is homozygous, the possibility of
arrhythmia or the risk of developing arrhythmia increases.
[0023] Further, PRRX1 gene is present adjacent to
rs639652 in the chromosome 1q24 region. PRRX1 gene
codes for a homeobox protein belonging to the pair type
family and is involved in expression of various genes and
generation of muscles. rs639652 is located in the promoter
region of PRRX1 gene and it is thus thought to be involved in
expression of PRRX1 gene. Therefore, it is also possible to
diagnose arrhythmia by analyzing an SNP present in PRRX1
gene. Specific examples of PRRX1 gene include the region of
170633313 to 170708541 of GenBank Accession No.
NC__000001.10.

[0024] NEURL gene is present in the region 25.1 of the
long arm of the chromosome 10 (10q25.1 region) in human.
Specific examples of NEURL gene include the region of
105253735 to 105352309 of GenBank Accession No.
NC_000010.10.

[0025] Specific examples of the SNPs present in NEURL
gene include human rs6584555. rs6584555 means a polymor-
phism of cytosine(C)/thymine(T) in the nucleotide at position
24048137 of GenBank Accession No. NT__030059.12 and in
cases where this nucleotide is C, the possibility of arrhythmia
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orthe risk of developing arrhythmia is high. Further, when the
analysis is carried out by taking alleles into consideration, the
possibility of arrhythmia or the risk of developing arrhythmia
is higher in the order of rs6584555 being CC>CT>TT from
the highest to the lowest.

[0026] CUX2 gene codes for a cut-like homeobox 2 protein
and present in the 24 region of the long arm of the chromo-
some 12 (12924 region) in human. Specific examples of
CUX2 gene include the regionof 111471828 t0 111788358 of
GenBank Accession No. NC__000012.11.

[0027] Specific examples of the SNPs present in CUX2
gene include human rs6490029. rs6490029 means a polymor-
phism of adenine(A)/guanine(G) in the nucleotide at position
2267966 of GenBank Accession No. NT_009775.16.
Although the risk allele is A, because the relationship
between this SNP and arrhythmia is a recessive model, only in
the case of AA, which is homozygous, the possibility of
arrhythmia or the risk of developing arrhythmia increases.

[0028] With regard to rs639652, rs6584555, and
rs6490029, the sequences of a total length of 121 bp, each of
which comprises the SNP nucleotide and the 60 bp regions
upstream and downstream thereof, are shown in SEQ ID
NOS: 1, 2, and 3, respectively. The 61th nucleotide has a
polymorphism.

[0029] Inthe present invention, a nucleotide corresponding
to the above-described nucleotide is analyzed. The “nucle-
otide corresponding to the above-described nucleotide”
refers to the corresponding nucleotide in the above-described
region. That is, the expression “a nucleotide corresponding to
the above-described nucleotide is analyzed” includes a case
of analyzing the corresponding nucleotide in the above-de-
scribed region even if the above-described sequence slightly
changes at a position other than the SNP position due to a
racial difference or the like.

[0030] Additionally, the nucleotide to be analyzed in the
present invention is not limited to the above-described nucle-
otide, and a polymorphism of a nucleotide showing linkage
disequilibrium with the above-described nucleotide can be
analyzed. Herein, the “nucleotide showing linkage disequi-
librium with the above-described nucleotide” refers to a
nucleotide that satisfies a relationship of r*>0.5, preferably
r*>0.8, or more preferably r*>0.9 with the above-described
nucleotide. In addition, the nucleotide showing linkage dis-
equilibrium with the above-described nucleotide can be iden-
tified, for example, by using the HapMap database (http://
www.hapmap.org/index.html ja) or the like. Alternatively,
the nucleotide showing linkage disequilibrium with the
above-described nucleotide can be identified by analyzing the
sequences of DNAs extracted from a plurality of persons
(usually, about 20 to 40 persons) and then screening a SNP
showing linkage disequilibrium.

[0031] Examples of the nucleotides showing linkage dis-
equilibrium with rs639652 with r*>0.8 include rs12760630,
rs736791, rs541557, rs577676, rs763567, 1s6658866,
rs3903239, rs6677540, rs2022372, rs1234275, rs12755237,
and rs593560. The sequences of a total length of 121 bp, each
of' which comprises the SNP nucleotide and the 60 bp regions
upstream and downstream thereof, are shown in SEQ ID
NOS: 4 to 15, respectively. The 61th nucleotide has a poly-
morphism. Because the relationship between these SNPs and
arrhythmia is a recessive model, only in the case of being
homozygous for the risk allele, the possibility or risk of
developing arrhythmia increases.
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[0032] Examples of the nucleotides showing linkage dis-
equilibrium with rs6584555 with r*>0.8 include 157904046,
rs6584554, rs6584557, and rs7069733. The sequences of a
total length of 121 bp, each of which comprises the SNP
nucleotide and the 60 bp regions upstream and downstream
thereof, are shown in SEQ ID NOS: 16 to 19, respectively.
The 61th nucleotide has a polymorphism. With regard to
these SNP, the possibility of arrhythmia or the risk of devel-
oping arrthythmia increases in the order of homozygotes for
the risk allele>heterozygotes for the risk allele and non-risk
allele>homozygotes for the non-risk allele.

[0033] Examples of the nucleotides showing linkage dis-
equilibrium with rs6490029 with r*>0.8 include rs916682.
The sequence of a total length of 121 bp comprising this SNP
nucleotide and the 60 bp regions upstream and downstream
thereof is shown in SEQ ID NO: 20. The 61th nucleotide has
a polymorphism. Because the relationship between this SNP
and arrhythmia is a recessive model, only in the case of being
homozygous for the risk allele, the possibility of arrhythmia
or the risk of developing arrhythmia increases.

[0034] With regard to each of the nucleotides showing link-
age disequilibrium with rs639652, rs6584555, or rs6490029
with r*>0.8, the combination of the alleles and the risk allele
are shown in Table 1.

TABLE 1

SNPs showing linkage disequilibrium with >0.8

marker SNP  SNP showing linkage disequilibrium  alleles  risk allele
15639652 18541557 A/G A
18577676 C/T C
18593560 A/G G
18736791 A/G A
18763567 A/G G
151234275 A/G A
152022372 AT A
183903239 A/G G
156658866 A/G G
156677540 A/G A
1812755237 A/G A
1812760630 A/G A
156584555 156584554 A/G A
156584557 A/G G
187069733 C/G G
157904046 A/C A
156490029 15916682 A/G G
[0035] Arrhythmia can be diagnosed by analyzing the type

of'the nucleotide of the above-described SNP and relating the
obtained result to arrthythmia on the basis of the criteria as
described above. One of the above-described SNPs can be
analyzed solely or a plurality of SNPs including at least one of
the above-described SNPs can be collectively analyzed (Hap-
lotype Analysis). For example, a plurality of the above-de-
scribed SNPs can be collectively analyzed, or at least one of
the above-described SNPs can be analyzed in combination
with known SNPs associated with arrhythmia (for example,
Non-Patent Literatures 1 to 5) or SNPs showing linkage dis-
equilibrium with the known SNPs. By collectively analyzing
a plurality of SNPs associated with arrhythmia, the accuracy
of diagnosis of arrhythmia can be improved. For any SNP,
either strand of double-stranded DNA can be analyzed. For
example, regarding the sequence of the PRRX1 gene,
NEURL gene, or CUX2 gene, either the sense strand or
antisense strand of the gene can be analyzed.

May 22, 2014

[0036] The sample used for the SNP analysis is not particu-
larly limited as long as it is a sample containing the chromo-
somal DNA, and examples of such a sample include body
fluids such as blood and urine, cells such as oral mucous
membrane, and body hair such as hair on the head. These
samples can be directly used for the SNP analysis. Yet, it is
preferred that the chromosomal DNA is isolated from the
samples by a conventional method and the isolated chromo-
somal DNA is used for the analysis.

[0037] The SNP analysis can be carried out by a usual
method for analyzing gene polymorphism. Examples of such
a method include, but not limited to, sequencing analysis,
PCR, hybridization, and invader assay.

[0038] Sequencing analysis can be carried out by a usual
method. Specifically, sequencing reaction is performed using
primers to be located at a position of several ten nucleotides
on the 5' side from a polymorphic nucleotide, and the type of
the nucleotide at the corresponding position can be deter-
mined on the basis of the result of the analysis. In addition, it
is preferred that before sequencing reaction, a fragment con-
taining the SNP site is preliminarily amplified by PCR or the
like.

[0039] Also, the SNP analysis can be carried out by inves-
tigating the presence or absence of amplification by PCR. For
example, primers which have sequences corresponding to a
region containing a polymorphic nucleotide and whose 3'
ends correspond to the respective polymorphisms are pre-
pared. PCR is performed using each primer, and the type of
polymorphism can be determined on the basis of the presence
of absence of an amplification product. Furthermore, the
presence or absence of amplification can be detected by the
LAMP method (Japanese Patent No. 3313358), the NASBA
method (Nucleic Acid Sequence-Based Amplification; Japa-
nese Patent No. 2843586), the ICAN method (Japanese
Patent Application Laid-Open Publication No. 2002-
233379), or the like. Other than these, a single-strand ampli-
fication method can also be used.

[0040] Inaddition, a DNA fragment containing a SNP site
is amplified, and the type of polymorphism can be determined
on the basis of a difference in electrophoretic mobility of
amplification product. An example of such a method includes
a PCR-SSCP (single-strand conformation polymorphism)
method (Genomics. 1992 Jan. 1; 12(1): 139-146.). Specifi-
cally, at first, DNA containing a target SNP is amplified and
the amplified DNA is dissociated into single-stranded DNAs.
Next, the dissociated single-stranded DNAs are separated on
a non-denaturing gel, and the type of polymorphism can be
determined on the basis of the mobility difference between
the separated single-stranded DNAs on the gel.

[0041] Furthermore, when a polymorphic nucleotide is
contained in a restriction enzyme recognition sequence,
analysis can be carried out on the basis of the presence or
absence of cleavage by the restriction enzyme (RFLP
method). In this case, at first, a DNA sample is cleaved by a
restriction enzyme. Next, DNA fragment(s) are separated and
the type of polymorphism can be determined on the basis of
the size of the detected DNA fragment(s).

[0042] It is also possible to analyze the type of polymor-
phism by detecting the presence or absence of hybridization.
Specifically, by preparing probes corresponding to the
respective nucleotides and investigating which probe hybrid-
izes to the DNA, the type of nucleotide of the SNP can be
determined.
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[0043] By determining the type of the nucleotide of an SNP,
data for diagnosing arrhythmia can be obtained.

<2> Diagnosis Reagent of Present Invention

[0044] The present invention also provides a diagnosis
reagent, such as a primer or a probe, for diagnosing arrhyth-
mia. An example of such a probe includes a probe that con-
tains the above-described SNP site and allows for the deter-
mination of the type of the nucleotide at the SNP site on the
basis of the presence or absence of hybridization. Specific
examples of the probe include a probe with a length of 10 or
more nucleotides that has a sequence comprising the 61st
nucleotide in a nucleotide sequence selected from SEQ ID
NOS: 1 to 20 or has a complementary sequence thereof. The
length of the probe is preferably 15 to 35 nucleotides, or more
preferably 20 to 35 nucleotides.

[0045] As well, examples of the primer include a primer
usable in PCR for amplifying the above-described SNP site
and a primer usable for sequencing analysis (sequencing) of
the above-described SNP site. Specific examples of the
primer include a primer capable of amplifying or sequencing
a region comprising the 61st nucleotide in a nucleotide
sequence selected from SEQ ID NOS: 1 to 20. The length of
primer is preferably 10 to 50 nucleotides, more preferably 15
to 35 nucleotides, or further preferably 20 to 35 nucleotides.
[0046] Examples of the primer for sequencing or amplify-
ing the above-described SNP site include a primer having a
sequence of the 5' side region of the above-described nucle-
otide, preferably a sequence of 30 to 100 nucleotides
upstream of the above-described nucleotide, and a primer
having a complementary sequence of the 3' side region of the
above-described nucleotide, preferably a complementary
sequence of a region of 30 to 100 nucleotides downstream of
the above-described nucleotide. Examples of the primer used
to determine a polymorphism on the basis of the presence or
absence of amplification by PCR include a primer that has a
sequence comprising the above-described nucleotide and
comprises the above-described nucleotide on the 3' side of the
primer, and a primer that has a sequence complementary to
the sequence comprising the above-described nucleotide and
comprises the nucleotide complementary to the above-de-
scribed nucleotide on the 3' side of the primer.

[0047] The diagnosis reagent of the present invention can
include, in addition to the primer(s) and probe(s), polymerase
and buffer for PCR, reagents for hybridization, and/or the
like.

EXAMPLES

[0048] By way of examples, the present invention will be
further concretely described below. However, the present
invention is by no means limited thereto.

(1) Identification of SNPs Associated with Atrial Fibrillation
[0049] In order to identify genetic variations determining
the susceptibility to atrial fibrillation, a genome-wide asso-
ciation study (GWAS) was carried out with Japanese subjects.
GWAS is a genetic statistical method for screening genetic
variations associated with phenotypes such as diseases. For
example, genetic variations associated with a certain disease
can be found by using SNPs at several hundred thousand to
one million sites covering the whole human genome and
statistically testing whether there is any difference in poly-
morphism frequencies between patients with the disease
(cases) and subjects without the disease (controls).
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<Subject>

[0050] All of the subjects with atrial fibrillation (case) who
were employed in the primary test of GWAS and most of the
subjects with atrial fibrillation who were employed in the
secondary test were employed, through clinical diagnosis,
from a group of patients with atrial fibrillation, registered in
BioBank Japan (BBJ), Institute of Medical Science, The Uni-
versity of Tokyo (Nakamura, Y. The BioBank Japan Project.
Clin Adv Hematol Oncol 5, 696-7 (2007)). A part of the
subjects with atrial fibrillation who were employed in the
secondary test were obtained from Department of Cardiovas-
cular Medicine, Tokyo Medical and Dental University. All of
the subjects with atrial fibrillation were diagnosed as atrial
fibrillation by the standard 12-lead electrocardiogram (ECG).

[0051] As control subjects (control) for the primary test of
GWAS, 2,444 patients with a disease other than atrial fibril-
lation who were resistered in BBJ and 906 healthy volunteers
who were recruited from Osaka-Midousuji Rotary Club were
employed. As control subjects for the secondary test, 17,190
patients with a disease other than atrial fibrillation who were
resistered in BBJ were employed.

[0052] It was confirmed by major component analysis
(PCA) that the subjects did not show any population stratifi-
cation. That is, there are considered to be no genetic differ-
ences other than genetic factor associated with atrial fibrilla-
tion between the subjects with atrial fibrillation and control
subjects.

[0053] The present study was approved by the Ethical
Committee in Institute of Medical Science, The University of
Tokyo and the Institute of Physical and Chemical Research,
Yokohama and informed consent was obtained from all of the
participants or from, in cases where participants are younger
than 20 years old, their parents.

<Statistical Analysis>

[0054] In the primary test and secondary test of GWAS,
association between each of the SNPs on the autosomal chro-
mosome and atrial fibrillation was evaluated by Cochran-
Armitage trend test. A statistical analysis in which the pri-
mary test and secondary test were combined was carried out
by Mantel-Haenszel method.

<Primary Test of GWAS>

[0055] The genotypes of 843 subjects with atrial fibrillation
were analyzed using Human610-Quad BeadChip (Illumina,
Inc.). The genotypes of 3,350 control subjects were analyzed
using HumanHap550v3 Genotyping BeadChip (Illumina,
Inc.). An association analysis was carried out for about 430,
000 SNPs on the autosomal chromosome that satisfy a minor
allele frequency (MAFs) of >0.01 in the control subjects.

[0056] As a result of GWAS, it was confirmed that
rs1906599, which is located adjacent to PITX2 gene in the 25
region of the long arm of the chromosome 4, satisfied P<I.
0x107 which was set as a threshold value for genome-wide
significance, and thus, was significantly associated with atrial
fibrillation (Table 1). It has been already reported that the
region where rs1906599 is present is associated with atrial
fibrillation in Europeans and North Americans.
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TCBLE 2
SNPs associated with atrial fibrillation
dbSNP ID
Chromosome AF CO
Gene name  Sample 11 % 12 % 22 % SUM 11 %
15639652 GWAS_L10 288 342 401 47.6 154 18.3 843 957 28.6
1q sstage?2 585 354 776 469 293 17.7 1554 5068 29.5
PRRX1 Total 873 350 1177 47.1 447 17.9 2497 6025 293
151906599 GWAS_L10 527 625 270 320 46 5.5 843 1536 459
4q stage2 920 65.9 425 305 50 3.6 1395 7891 459
PITX2 Total 1447 847 695 31.1 98 4.3 2238 9427 459
156466579 GWAS_L10 490 581 311 369 42 5.0 843 1767 527
7q stage2 978 593 587 356 84 5.1 1649 9207  53.6
CAV1, 2 Total 1468 589 898 36.0 126 5.1 2492 10974 534
156584555 GWAS_L10 609 722 220 261 14 1.7 843 2623 783
10q sstage?2 1138 70.6 446 27.6 30 1.9 1814 13303 774
NEURL Total 1747 71.1 666 27.1 44 1.8 2457 15926 775
156490029 GWAS_L10 394 468 374 444 74 8.8 842 1397 417
12q sstage?2 741 453 753 46.0 142 8.7 1838 7160 417
CUX2 Total 1135 458 1127 455 216 8.7 2478 8557 41.7
1512932445  GWAS_L10 289 343 391 464 163 19.3 843 1320 394
16q stage2 443 319 650 46.8 296 21.3 1389 6967 40.5
ZFHX3 Total 732 32.8 1041 46.6 459 20.6 2232 8287 403
dbSNP ID
Chromosome CO
Gene name  Sample 12 % 22 % SUM OR P
15639652 GWAS_L10 1857 49.5 738 220 3350 1.21 6.1E-04
1q sstage? 8511 49.5 3610 21.0 17189 1.21 4.2E-07
PRRX1 Total 10168  49.5 4348 21.2 20639 1.21 1.1E-09
151906599 GWAS_L10 1464 43.7 350 104 3350 1.75 9.0E-18
4q stage2 7496 43.6 1802 10.5 17189 2.06 6.7E-49
PITX2 Total 8960 43.6 2152 10.5 20539 1.93 3.9E-65
156466579 GWAS_L10 1324 395 259 7.7 3350 1.24 7.6E-04
7q stage2 8766 39.4 1215 7.1 17188 1.23 1.5E-06
CAV1, 2 Total 8090 39.4 1474 7.2 20538 1.23 5.0E-09
156584555 GWAS_L10 884 204 43 1.3 3350 1.33 2.8E-04
10q sstage? 3617 21.0 270 1.6 17190 1.36 3.8E-09
NEURL Total 4301 209 313 1.5 20540 1.34 5.3E-12
156490029 GWAS_L10 1533 458 420 12.6 3360 1.22 6.3E-04
12q sstage? 7831 456 2198 12.8 17189 1.19 9.4E-06
CUX2 Total 9364 458 2618 12.7 20539 1.2 2.6E-08
1512932445  GWAS_L10 1581 47.2 449 134 3350 1.26 3.1E-05
16q stage2 7826 455 2397 139 17190 1.39 1.2E-16
ZFHX3 Total 9407 458 2846 139 20540 1.35 9.0E-21

“AF” represents the subjects with atrial fibrillation and “CO” represents the control subjects.

“1” represents the major allele and “2” represents the minor allele. That is, “11” represents the homozygote of major
allele; “12” represents the heterozygote of major allele and minor allele; and “22” represents the homozygote of minor

allele.

“OR” represents an odds ratio (OR) of the alleles at a confidence interval (CI) of 95%.

<Secondary Test of GWAS>

[0057] Inorder to validate the result of the primary test, the
secondary test was carried out by employing the 1,600 sub-
jects with atrial fibrillation and 17,190 control subjects. The
genotypes of subjects with prostate cancer were analyzed by
a multiplex-PCR invader assay (Third Wave Technologies)
(Ohnishi, Y. et al. J Hum Genet 46, 471-7 (2001)). The geno-

types of control subjects were analyzed using Human610-
Quad BeadChip (Illumina, Inc.). Note that all of the subjects
are independent of the subjects employed in GWAS.

[0058] As SNPs used in the secondary test, top S00 SNPs
with the lowest p values in the primary test of GWAS were
selected. The linkage disequilibrium (LD) coefficient (r*) was
calculated for each pair of these 500 SNPs; and 150 SNPs
which are highly linked to other SNPs with r*>0.8 were
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excluded and the remaining 350 SNPs were subjected to the
secondary test.

[0059] As a result of meta-analysis of the primary test and
secondary test, it was found that SNPs at additional 5 sites
satisfied P<1.0x1077 which was set as a threshold value for
genome-wide significance, and thus, was significantly asso-
ciated with atrial fibrillation (Table 1). SNPs at these 5 sites
are rs639659 in the region 24 of the long arm of the chromo-
some 1 (1924 region), rs6584555 in the 25.1 region of the
long arm of the chromosome 10 (10925.1 region), rs6490029
in the region 24 of the long arm of the chromosome 12 (12q24
region), rs6466579 in the region 31 of the long arm of the
chromosome 7 (7931 region), and rs12932445 in the region
22 of the long arm of the chromosome 16 (16q22 region).
[0060] Of these, CAV1/CA2 gene in which rs6466579 is
located and ZFHX3 gene in which rs12932445 is located
have been already reported to be associated with atrial fibril-
lation in Europeans and North Americans.

[0061] rs639652 (P=1.1x107")is located in the 1q24 region
of the chromosome and, to be specific, is located in a pro-
moter region of PRRX1 gene. Therefore, it is thought that this
SNP is related to expression of PRRX1 gene. Linkage dis-
equilibrium (LD) maps of the region of about 200 kb adjacent
to rs639652 are shown in FIG. 1. The LD map was prepared
based on each of Japanese database (JPT) and European
database (CEU) in the HapMap project using Haploview
Software (Barrett, J. et al. Bioinformaties 21, 263. 265
(2005)).

[0062] PRRXI1 gene codes for a homeobox protein belong-
ing to the pair type family. Prrx1 protein is a co-activator and
improves DNA binding ability of serum response factor
(Grueneberg D A. et. al., Science. 1992 Aug. 21; 257(5073):
1089-95). The serum response factor is a factor required for
expression induction of various genes by a growth factor or
differentiation factor. Thus, PRRX1 gene is involved in
expression induction of various genes. In addition, Prrx1
protein regulates creatine kinase in the muscle, and thus, is
thought to contribute to development of various types of
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muscles in the mesoderm (Cserjesi P. et. al., J Biol Chem.
1994 Jun. 17; 269(24):16740-5).

[0063] PITX2 gene, which has been already reported to be
associated with atrial fibrillation in Europeans and North
Americans, codes for a transcription factor belonging to the
RIEG/PITX homeobox family, and ZFH3 gene codes for a
transcription factor having a zinc finger domain and home-
odomain (Non-Patent Documents 1 to 3). At the anastomotic
site of the pulmonary vein and left atrium, the myocardial
muscles develop while sleeving the pulmonary vein and the
myocardial muscles at this site are known to cause atrial
fibrillation. It has been recently suggested in Pitx2-deficient
mice that initial formation of pulmonary myocardial cells
does not take place and pulmonary myocardial muscles does
not developed into the pulmonary vein (Mommersteeg M T.
et. al., Circ Res. 2007 Oct. 26; 101(9):902-9). Further, ZFH3
gene is necessary for transcription activation of POU1F1
gene, and the transcription factor coded by POU1F1 gene
interacts with Pitx2 protein thereby to promote DNA binding
ability and transcriptional activity of Pitx2 protein (Amendt B
A. et. al., J Biol Chem. 1998 Aug. 7; 273(32):20066-72).
[0064] Prrx1 protein resembles Pitx2 protein and Zth3 pro-
tein as a transcription factor; and it is thought that PRRX1
gene, similarly to PITX2 gene and ZFH3 gene, is associated
with atrial fibrillation.

[0065] rs6584555 (P=5.3x107"?) is located in the 10g25.1
region of the chromosome and specifically located in NEURL
gene.

[0066] rs6490029 (P=2.6x107%) is located in the 12924

region of the chromosome and specifically located in CUX2
gene. CUX2 gene codes for a cut-like homeobox 2 protein.
Cux2 protein is thought to function as a homeobox transcrip-
tion factor.

[0067] Further, no significant gene interaction was recog-
nized among any genes in which these SNPs are located.
[0068] As described above, three SNPs associated with
atrial fibrillation were newly identified. These SNPs are use-
ful in the diagnosis of arrhythmia such as atrial fibrillation.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ttaagtgcaa aatgaaaaac aaatgtgtaa ggcatacaaa agaagactaa gaaagcacta 60
ytgaaggaca taaaagaaga tatgacttga catggatggg catttcctac ccagttgaaa 120
a 121

<210> SEQ ID NO 2

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gagatgcaaa ttagaattgt tgggtggact ttgaataagg ctcctttaaa gaggggcagg 60

vyagctaatat atgtcctttg gttttggttt tctgtgttet ttetgtttcect tgcctggaat 120
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<210> SEQ ID NO 3

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

gaccggtgge tgecttattg aacagctcceg ctecagtggg gaaaacttaa gaccaaaact
rtcatcctce ttataatgtt agatttagte ttecccactg gaagagataa atcatggacce
a

<210> SEQ ID NO 4

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

agatttttta ttcctataaa tatttttgag tcttatttta ggacattgtt aaattattta
raaacagttt aacccttgag ctttatttta ggacattgtt aaattattat tattattgtt
a

<210> SEQ ID NO 5

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

cttaattgtt gattgggcte taatggtetyg ttcactgtac tactgectat atgaacatga

rccctattee taattacaac ccatttttgt tgttgttate tagatgacat caagatgtgt

g

<210> SEQ ID NO 6

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

tctcattttg gtttttettt cctttegttt tatattgaag taatttagat tgggtttaat

yccaagtagt ttttgcagca ataaagtcta ttttgctaaa gacttccatg ttccatgtet

a

<210>
<211>
<212>
<213>

SEQ ID NO 7

LENGTH: 121

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 7

gaacaaggag actcacccaa gtcttectga ttccaaagca tgtgetettt ccattacaca

yggaatgttg ggaattcaga ttatatttcg ttttggecta ggttagagac ctgctctgga

C

<210> SEQ ID NO 8

<211> LENGTH: 121
<212> TYPE: DNA

121

60

120

121

60

120

121

60

120

121

60

120

121

60

120

121
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<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

tggtctcgaa ctectettte agcactttga atatgacatt tcactgectt caggectcca
rtgtttctac tgagaaatga gtcttcacte gtattgacge tgctctgtac ataatgagte
a

<210> SEQ ID NO 9

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

ctggggttta tcaaaagtca aacgtagett taatcacatc aacatgctaa ttacaggcaa

rcaataaaag ctttaagaaa tgattgtgtg ggttttatta ctattgacag tcactgaggt

a

<210>
<211>
<212>
<213>

SEQ ID NO 10

LENGTH: 121

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 10

aattaaactt ctaaagatga aaacaatgac ccaaatgaaa aatacaatgg acaggattaa
yggcagatta aacattgcag aggaaaagat tggtagtgaa cttaaagata cagcaataga
a

<210> SEQ ID NO 11

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

ggtggetttyg tttacactat taggggaaaa ccacctactce aagcctcagt aatgatggac

raccctccce ccaccaagcet tgagcatcce aggtcaattt cagattgetg tgetggcage

g

<210> SEQ ID NO 12

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

gatatgtgtt ggctgattat atagccacgt ggaccataca agaacacaga gaacccctgg
wgagtctcat gaaggaggta ccatccttac ctgaattaat ataacacttt tgcacagggt
a

<210> SEQ ID NO 13

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

accaccagtce tagaattctt cattctteta aactaaaaga gaaagatttt ctccaacaag

yaaaaactga ggaatttgtc actagcagat ctgccttgca ggaaatgtta aaagaatttt

60

120

121

60

120

121

60

120

121

60

120

121

60

120

121

60

120
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<210> SEQ ID NO 14

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

atttgtttag ctttttggat ctgtaagctt atagttttca ttcaatttgg aactgttttg
rtcattattt tggcatcaca gtgtccctee atatctgetg gttctacate taagtgttca
a

<210> SEQ ID NO 15

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

aggggtctga gatgctgtta attacttaat ttaggetttt cetttggece tgatggatga
rgggctagga taaatagatg ttataaaaat ttttaaaaat acttctctta agatttgaga
a

<210> SEQ ID NO 16

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

atatatttta aaagcaatgt tatttctgtt ttttattact agcaaccaaa tgcaattcct
macagacaca gctggttaac atagcagtge atcaggagga agtcagcetgt attgcatata
t

<210> SEQ ID NO 17

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

ccagaggaaa tggaactcat cttatggetg aggaccetgt ttttaacttg agegtgcaat

rtgtccaatg aaaagaccac acatttcage ttettgtcca gettggtgta ggcatgtgac

t

<210>
<211>
<212>
<213>

SEQ ID NO 18

LENGTH: 121

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 18

tatgttaaag aaaacactta atatatttta aaagcaatgt tatttctgtt ttttattact

rgcaaccaaa tgcaattcct cacagacaca gctggttaac atagcagtge atcaggagga

a

<210> SEQ ID NO 19

<211> LENGTH: 121
<212> TYPE: DNA

121

60

120

121

60

120

121

60

120

121

60

120

121

60

120

121
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-continued
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 19
actatagatt agtttacagt ttttagagtt ctatgtaatg ggaatgatac agtatggtct 60
stttttttcet ctagcttett tcactcagca taattagttt gagattcatg catgctatgg 120
t 121
<210> SEQ ID NO 20
<211> LENGTH: 121
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20
gtgtcegtgyg agacagactc tcatgaatag taaaagettce tggcacacag taaacggtcg 60
rtgccatttyg tttttattag cccatcaggg atgcccceeg ccecccgeccee aagattctga 120
a 121

1. A method for diagnosing the onset of arrhythmia and/or
the risk of acquiring arrhythmia comprising:

analyzing a single nucleotide polymorphism present in any

of the following regions (1) to (3) and;

diagnosing arrhythmia on the basis of the analysis result:

(1) the region 24 of the long arm of the chromosome 1;

(2) NEURL gene;

(3) CUX2 gene.

2. The method according to claim 1, wherein said single
nucleotide polymorphism is a polymorphism of a nucleotide
corresponding to the nucleotide at position 61 in a nucleotide
sequence of SEQ ID NO: 1, 2, or 3, or a polymorphism of a
nucleotide showing linkage disequilibrium with said nucle-
otide.

3. The method according to claim 2, wherein said nucle-
otide showing linkage disequilibrium is a nucleotide corre-
sponding to the nucleotide at position 61 in a nucleotide
sequence selected from SEQ ID NOS: 4 to 20.

4. The method according to claim 1, wherein said arrhyth-
mia is atrial fibrillation.

5. A probe for diagnosing arrhythmia, wherein said probe
has a sequence of 10 nucleotides or more containing the
nucleotide at position 61 in a nucleotide sequence selected
from SEQ ID NOS: 1 to 20, or has a complementary sequence
thereof.

6. A primer for diagnosing arrhythmia, wherein said primer
can amplify a region comprising the nucleotide at position 61
in a nucleotide sequence selected from SEQ ID NOS: 1 to 20.

#* #* #* #* #*



