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18.8

[14]

[17]

[14 16]

[14 16 28]

[4 19]
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2 [18]

[2]

2004 2,500

[9]

[14]

PCR

PCR

1

2
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3 loop-

mediated isothermal amplification LAMP

PCR
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1

1

1 [17]

[14 16]

18.8

[14]

1,200 200

[14 16 28]
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2

(1) 

2012 7 2012 12 6

610 470

61 41 38

53

2

 (2) 
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(3) 

[23]

(4) 

10%

TM 4 1

5

HE

PAS

(5) 

20 25 mg

DNeasy Blood and Tissue kit Qiagen, DNA

Dinkel [5] 12S rRNA

12S rRNA Nested-PCR Nested-PCR

1 PCR DNA 2.0 µl

2 PCR buffer 12.5 µl 2mM dNTPs 5.0 µl 10pM  0.3 µl

PCR KOD FX neo, 0.3 µl 1U/µl
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Milli-Q 25.0 µl 250 bp

DNA DDBJ BLSAT

(6) 

Goto [14] PAS

12S rRNA

3

(1) 

53 49

13

HE 3 PAS

4 1
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3 53 3 1

 (2) 

49

13 10 12S rRNA

36 26 12S rRNA

4 12S 

rRNA 36 12S 

rRNA 12S rRNA PCR

5 12S rRNA 36

PCR

12S rRNA GenBank accession No. AB024424 100

(3) 

13

12S rRNA

26 39 6.4% 39/610
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2 39

4 

6 12 25 2

16 13 4 3 3

4 26

6 5 2

5.5% 26/470 9.8% 6/61 12.2% 5/41 5.3% 2/38

4. 

12S rRNA PCR

12S rRNA
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PCR

4 [14 16]

[8]

90

[17]
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[17]

[16] 1

[28]

[14]

39/53, 73.6%

[16]
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5. 

6.4% 39/610
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4
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6. 

1. 
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2. 

A: No.21 1 cm

B: 
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3. HE No.21

A: laminated layer: LL

germinal layer: GL Bar = 20 µm

B: Bar = 10 µm
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4. PAS No.21
PAS Bar = 20 µm
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5. Nested-PCR

M: DNA  P: 

1: No.21  2: No.37

N: Milli-Q
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1 Nested-PCR
PCR ( )

1st PCR P60F 5'-TTAAGATATATGTGGTACAGGATTAGATACCC-3' 373 bp
P375R 5'-AACCGAGGGTGACGGGCGGTGTGTACC-3'

2nd PCR P-nest-F 5'-ATATTTTGTAAGGTTGTTCTA-3' 250 bp
P-nest-R 5'-ACAATACCATATTACAACAATATTCCTATC-3'
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2 39

No. Nested-
PCR

1 5
2 6
3 6
4 4
5 5
6 4
7 3
8 3
9 5
10 4
11 4
12 6
13 6
14 6
15 4
16 4
17 6
18 6
19 4
20 2
21 6
22 6
23 5
24 4
25 3
26 6
27 4
28 4
29 6
30 3
31 6
32 6
33 6
34 3
35 6
36 4
37 6
38 3
39 6
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2

[4]

[4 19]

Northern tundra zone

13 North-central region 2

[18] Peregrine [24]

[11]

6 [2]
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[14 16] Goto [14]

52.6 %

2004 2,500

[9]

3 4

10
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2

(1) 

2017 8 2018 2 2018 8 2019 1

2,326

2 16

3 4

2,326 150

7

(2) 

10% 10

5
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HE PAS

(3) 

20 25 mg

DNeasy Blood and Tissue kit Qiagen, DNA

[1 5, 13] 12S rRNA 12S 

rRNA mitochondrial cytochrome b 

mitochondrial cytochrome c oxidase subunit 1

PCR 3 PCR

DNA 1.0 µl 2 Gflex PCR buffer

6.25 µl 10pM  0.15 µl PCR Tks Gflex DNA 

polymerase, 0.15 µl 1.25 U/µl Milli-

Q 4.8 µl 12.5 µl PCR

NCBI: National Center for Biotechnology 

Information http://blast.ncbi.nlm.gov/Blast.cgi

BLSAT
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(4) 

PCR 12S rRNA

PCR

12S rRNA

3

(1) 

150

8 150 14

HE 9 PAS

10

(2) 

150 10 12S rRNA 10

4 6

10 PCR

12S rRNA PCR
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11 10

12S rRNA

PCR 10 PCR

12S rRNA 12S rRNA

GenBank accession No. EU043372, L49455 100 10 

PCR

E1

GenBank accession No.AB461395 99 100

(3) 

12S  

rRNA 4

12S rRNA 6 10

6.7% 10/150

4
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4. 

12S rRNA PCR

[24 27]

PCR

12S rRNA

PCR

PCR

PCR

12S rRNA PCR

12S 

rRNA PCR
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[6] 1999

2018

[18]

E1 Nakao

[20] A3

A4 Gesy [12]

E1
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PCR

E1

99 100%

5. 

150 10

PCR

E1 99 100%
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6. 

6. 
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7. 

No.3 8 mm

Bar = 1 cm
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8. HE No.3

N

L

I

Bar = 50 µm
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9. HE No.3

Bar = 20 µm
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10. PAS No.3

PAS

Bar = 20 µm
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11. 

12S rRNA PCR 

M: DNA  N: Milli-Q  1: No.3

2: No.4 P: 
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3 PCR
PCR ( )

12S rRNA Forward: 5'-TTAAGATATATGTGGTACAGGATTAGATACCC-3' 373 bp
Reverse:  5'-AACCGAGGGTGACGGGCGGTGTGTACC-3'
Forward: 5'-TGCGTTATTGGCATATGGTAG-3' 693 bp
Reverse:  5'-GTGCCACCCTCAGTTACT-3'
Reverse:  5'-TTTTTTGGGCATCCTGAGGTTTAT-3' 446 bp
Reverse:  5'-TAAAGAAAGAACATAATGAAAATG-3'
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4 10

No. a
b

(mm)
12S rRNA

PCR
1 5 8
2 2 2
3 7 8
4 2 6
5 4 4
6 3 10
7 8 4
8 3 13
9 3 1
10 6 7

a

b
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3 LAMP mitochondrial 

cytochrome b

1. 

[4 19]

[2]

[14 16]

[14] PCR

PCR

PCR 

Loop mediated isothermal amplification LAMP

PCR

[22] LAMP 4 2
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6 1

[22] LAMP [25]

[15] [3] [26]

LAMP mitochondrial  

cytochrome c oxidase subunit 1 [7] NADH dehydrogenase  

subunit 5 [21] LAMP

[7 21] LAMP

LAMP

mitochondrial  

cytochrome b LAMP

PCR LAMP

LAMP

2

(1) 

2 41
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Gesy [13]

PCR

PCR 4

PCR 7

PCR 10

PCR 20

PCR

PCR

11

(2) LAMP

LAMP

GenBank accession No. AB461399 4

F3, B3, FIP, BIP 2 LoopF, LoopB 6

LAMP

5 LAMP DNA 1.0 µl

0.2 µM F3 B3 1.6 µM FIP BIP

0.8 µM LoopF LoopB 1.3 µl Isothermal 
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Master Mix OptiGene, 15.0 µl Milli-Q 7.7 µl

25.0 µl

LAMP

DNA : 5.27 104 pg/µl 5.27 10-2 pg/µl

Milli-Q LAMP

Genelyzer F , 

60 61 62 63 64 65 30

98 80 6

(3) PCR 

Gesy [13] DNA

PCR

6 PCR DNA 1.0 µl 2 Gflex  

PCR buffer 6.25µl 10pM 0.15  

µl PCR Tks Gflex DNA polymerase, 

0.15 µl 1.25 U/µl Milli-Q 4.8 µl 12.5 µl

PCR TA



43 

(4) TA

PCR T-Vector pMD20

DH5

QIAGEN Plasmid Mini kit QIAGEN, 

(5) LAMP

41 DNA LAMP

4.99 105 pg/µl

4.99 10-7 pg/µl LAMP

1 µl

6.023 1023 10-12 pg/µl

3. 

(1) LAMP

DNA PCR 

DNA 0.527 pg/µl LAMP
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64 30

LAMP DNA 5.27 pg/µl

PCR 12 LAMP

13

 (2) LAMP

41 DNA LAMP

PCR 4

PCR 7

11 LAMP

PCR 10

PCR 20 30 LAMP

PCR

LAMP 100 LAMP

14 PCR LAMP

7

(3) LAMP

LAMP
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4.99 10- 4 pg/µl

135 /µl LAMP

15

4. 

[7]

[21] LAMP

LAMP

LAMP

Basic Local Alignment Search Tool  

BLAST

DNA

PCR [14]

[14]
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PCR

LAMP 100

LAMP PCR

DNA

PCR LAMP

PCR LAMP 

LAMP PCR

LAMP 1 µl 135

LAMP LAMP

PCR

LAMP
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PCR

5. 

LAMP

DNA 64 30

DNA LAMP

PCR

LAMP

135 /µl

LAMP PCR

PCR
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6. 

12. DNA PCR  

PCR 0.527 pg/µl

M: DNA  N: Milli-Q

1: 5.27 104 pg/µl  2: 5.27 103 pg/µl  3: 5.27 102 pg/µl  4: 5.27 101 pg/µl

5: 5.27 pg/µl  6: 5.27 10-1 pg/µl  7: 5.27 10-2 pg/µl 
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13. DNA LAMP

LAMP 5.27 pg/µl

M: DNA  N: Milli-Q

1: 5.27 104 pg/µl  2: 5.27 103 pg/µl  3: 5.27 102 pg/µl  4: 5.27 101 pg/µl

5: 5.27 pg/µl  6: 5.27 10-1 pg/µl  7: 5.27 10-2 pg/µl 
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14. LAMP

LAMP PCR

P: N: Milli-Q

1, 2: PCR

3, 4: PCR

5: PCR

6: PCR
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15. LAMP

LAMP 4.994×10-4 pg/µl

N: Milli-Q P: 

1: 4.99 105 pg/µl  2: 4.99 104 pg/µl  3: 4.99 103 pg/µl

4: 4.99 102 pg/µl 5: 4.99×101 pg/µl  6: 4.99 pg/µl  7: 4.99 10-1 pg/µl

8: 4.99×10-2 pg/µl 9: 4.99×10-3 pg/µl 10: 4.99×10-4 pg/µl

11: 4.99×10-5 pg/µl 12: 4.99×10-6 pg/µl 13: 4.99×10-7 pg/µl
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5 LAMP

F3 5'-AGGGTGTTTGGAATGTTGG-3'
B3 5'-ATGAACCGATAACACACGAA-3'
FIP 5'-TTGAAGTAAGGACAGTGGCAGCGTTATGGGTGAGGCTTTACT-3'
BIP 5'-TGCCGTTGGTTGGTTCTATGGTCAATGTTAACACCCGACAC-3'
LoopF 5'-AAGACATCTGACGCCAAGG-3'
LoopB 5'-GTATGTGGTTGGTGGATTTTCG-3'
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6 PCR
PCR

Forward 5'-TGCGTTATTGGCATATGGTAG-3'
Reverse 5'-GTGCCACCCTCAGTTACT-3' 693 bp
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7 PCR LAMP
LAMP (+) LAMP ( )

(+)/PCR(+) (n=4) 4 0 4
( )/PCR(+) (n=7) 7 0 7
(+)/PCR( ) (n=10) 0 10 10
( )/PCR( ) (n=20) 0 20 20

11 30 41
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LAMP

1

2

150 10

PCR

E1 99
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100%

3

LAMP

DNA 64 30

DNA LAMP 

PCR

LAMP

135 /µl

LAMP PCR

PCR
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