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3.4.1

Mycoplasma pneumoniae ATCC 15531 American Type Culture Collection (ATCC, 

Manassas, VA, USA) mycoplasma agar (Oxoid, Hampshire, UK)  mycoplasma 

selective supplement - P (Oxoid) 35 7

mycoplasma agar (Oxoid)  mycoplasma selective supplement 

G (Oxoid)

1.2  107 cfu (colony forming unit)/mL M. pneumoniae

DNA M. pneumoniae Nucleic Acid Extraction Kit MagExtractorTM - 

Genome- (Toyobo)

3.4.2

Nucleic Acid Extraction Kit MagExtractorTM - Genome- (Toyobo)

QIAcube (Qiagen, 

Hilden, Germany)

3.4.3

1 mm/sec 5 mm/sec 1 

Hz 5 Hz 106 M. pneumoniae

100 �g

PCR Ct

PASW Statistics 21 software (SPSS Inc., Chicago, IL, USA)

mean ± SD Kruskal-Wallis

t 2 p 0.05

3.4.4

(Wako Pure Chemical Industries Ltd., Osaka, Japan)

(Sigma-Aldrich Japan K.K., Tokyo, Japan) (Wako)

(Sigma-Aldrich Japan)
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2 37, 38) 106 M. 

pneumoniae 100 �g 3 mg 20 

�g 750 �g

106 M. pneumoniae

PCR Ct

3

3.4.5

M. pneumoniae 101 cfu

106 cfu 100 �L 10 M. 

pneumoniae

3 PCR Ct

3.4.6 PCR 

LightCycler® 480 System (Roche Diagnostics Ltd., Rotkreuz, Switzerland) 

StepOnePlusTM (Life Technologies Corporation, Carlsbad, CA, USA)

PCR M. pneumoniae P1 

3-2 39) Sigma-Aldrich (Sigma-Aldrich Japan) PCR

PCR Platinum Taq DNA Polymerase (Life Technologies)

3-3 10 �L 3-4 PCR 5

Tris-HCl (pH 9.0)
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3-2 39)

3-3

3-4

  

5’-3’

Forward CCAACCAAACAACAACGTTCA 

Reverse ACCTTGACTGGAGGCCGTTA 

TaqMan FAM-AATCCGAATAACGGTGACTTCTTACCACTG-BHQ 

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.2 µL

20 µM Reverse 0.2 µL

10 µM TaqMan 0.2 µL

4.2 µL

DNA 2 µL

total 10 µL

 95  1  1

 95  5
50

 58  20
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4.3

PCR PCR

PCR

4.3.1

M. pneumoniae P1 

M. pneumoniae P1 3-2 39) Sigma-Aldrich 

(Sigma-Aldrich Japan) 3-2

100,000 10,000 1,000 100 50

20 10

NTC no template control 5 Tris-HCl (pH 9.0)

4.3.2 PCR

PCR PCR StepOnePlus (Life 

Technologies) 10 µL

4-1 4-2

3 Ct 3 3

1

4.3.3 PCR

1.6 µL

4-3 10 µL 1.6 µL PCR

4-4 PCR

4-5 3

PCR 3.0 Ct Ct

3.0 3

3 1
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4-1 PCR

4-2 PCR

  

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.2 µL

20 µM Reverse 0.2 µL

10 µM TaqMan 0.2 µL

 5.2 µL

1 µL

total 10 µL

95 ºC 20  1

95 ºC 5
50

58 ºC 20
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4-3 PCR

4-4 PCR

4-5 PCR

  

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.2 µL

20 µM Reverse 0.2 µL

10 µM TaqMan 0.2 µL

 5.575 µL

0.625 µL

total 10 µL

98 ºC 20  1

98 ºC 5
50

58 ºC 20

98 ºC 10  1

98 ºC 4
50

58 ºC 6
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4.4

4.4.1

PCR 5 20

Ct 3

1 PCR

10 4-6, 4-4, 4-5 50 48

PCR 10 4-7, 

4-6, 4-7 50 22

PCR PCR PCR

PCR PCR

PCR
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4-6 PCR Ct

Ct

No. 1 No. 2 No. 3 Ave. SD 

100,000 
22.4 22.3 22.3 22.3 0.031

3 3

10,000 
25.6 25.9 25.8 25.7 0.155

3 3

1,000 
29.6 30.2 30.0 29.9 0.304

3 3

100 
33.1 32.4 32.8 32.8 0.328

3 3

50 
36.0 34.8 35.8 35.5 0.638

3 3

20 
36.0 35.3 37.0 36.1 0.855

3 3

10 
36.8 37.3 35.4 36.5 0.942

3 3

NTC   
0 3
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4-7 PCR Ct

Ct

No. 1 No. 2 No. 3 Ave. SD 

100,000 
20.7 20.8 20.7 20.7 0.058

3 3

10,000 
23.8 24.1 24.2 24.0 0.208

3 3

1,000 
27.3 27.4 27.3 27.3 0.058

3 3

100 
31.0 31.1 31.0 31.0 0.058

3 3

50 
31.5 31.8 31.5 31.6 0.173

3 3

20 
33.1 32.3 32.3 32.6 0.462

3 3

10 
34.4 32.7 33.5 33.5 0.850

3 3

NTC   
0 3
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4-6 PCR
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4.4.2 PCR

PCR

4 6

10 4-8, 4-9

20 20

100,000 4-8 PCR

10

PCR 50 9.4 PCR

50 48 PCR

40 7.5 PCR

4-6 PCR

Ct 4-8

PCR PCR

PCR 40 PCR 7.5

PCR
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4-8 PCR Ct

Ct

No. 1 No. 2 No. 3 Ave. SD 

100,000 
23.1 22.8 22.8 22.9 0.173

3 3

10,000 
26.0 25.7 25.8 25.8 0.153

3 3

1,000 
29.3 29.3 29.2 29.3 0.058

3 3

100 
33.8 32.8 33.0 33.2 0.529

3 3

50 
35.4 34.5 34.2 34.7 0.624

3 3

20 
34.7 35.0 35.4 35.0 0.351

3 3

10 
35.0 37.6 35.5 36.0 1.380

3 3

NTC   
0 3
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4.5

PCR PCR

PCR PCR PCR

48 50 PCR PCR 22

9.4 40 7.5

PCR PCR 10 PCR

PCR PCR PCR 2

PCR

PCR PCR

PCR
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5 PCR

67 

5

PCR
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5 PCR

5.1

4 PCR PCR PCR

PCR

One-step RT-nested PCR

Sequential PCR

5.1.1 Nested PCR 

Nested PCR 2 1 1 PCR

2 PCR 2 PCR

1 2 PCR

PCR First PCR 2 PCR Second PCR

2 PCR Nested PCR First PCR Second PCR Second PCR

First PCR

RNA First PCR

RT

PCR

Nested 

PCR Nested PCR RT-PCR
46-53) RT First PCR Second PCR

One-step RT-nested PCR 53)

5.1.2

PCR

1

Multiplex PCR 26, 54-58)

Multiplex PCR 1 PCR
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4

1

1 1

5.2 One-step RT-nested PCR 

5.2.1

PCR RT First PCR Second PCR

One-step RT-nested PCR

3

PCR One-step RT-nested PCR PCR

3 RT nested PCR

BCR-ABL mRNA RNA

BCR-ABL mRNA

5.2.2

1) 

BCR-ABL mRNA K562 American Type Culture Collection 

(ATCC, Manassas, VA, USA)

2) 

5 5

RT nested PCR



5 PCR

70 

3) RNA

Total RNA QIAamp RNA mini kit (Qiagen, Valencia, CA, USA) K562 

Total RNA NanoDrop 2000 (Thermo 

Scientific, Wilmington, DE, USA)

4) 

PCR One-step RT-nested PCR PCR RT nested 

PCR K562 total RNA 10

BCR-ABL mRNA 100 ng RNA K562

RNA 1 ng 0.1 pg 10

RNA RNA PCR One-step 

RT-nested PCR

One-step RT-nested PCR 10

total RNA 100 ng 1.6 µL

5) 

5-1 First PCR

(step2_BCR/step2_ABL) Second PCR

(2nd_BCR/2nd_ABL) 

5-2 5-3 BCR-ABL

BCR-ABL mRNA RT nested PCR RT nested 

PCR RT First PCR Second PCR 5-4

5-5  (Applied Biosystems, Foster City, CA, USA)

RT 1 �g RNA Moloney murine leukemia virus reverse 

transcriptase (M-MLV, Promega, Madison, WI, USA) First PCR RT

5 �L cDNA AmpliTaq DNA polymerase (Perkin-Elmer, Foster City, CA, 

USA) Second PCR 1 �L First PCR AmpliTaq DNA 

polymerase (Perkin-Elmer) Second PCR 3%



5 PCR

71 

RT nested PCR Second PCR

QuantStudio 12k Flex system (Applied Biosystems) TaqMan

PCR 5-6

PCR One-step RT-nested PCR RT First PCR Second PCR

PCR 1

PCR SuperScript III Reverse Transcriptase (Life 

Technologies Corporation, Carlsbad, CA, USA) Platinum Taq DNA Polymerase (Life 

Technologies) 5 Tris-HCl (pH 9.0)

5-7 10 �L 1.6 �L

PCR One-step RT-nested PCR 5-8

3.0
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5-1

  

 5’-3’ Localization, 

5’-3’ Position 

Tm

step1_BCR CGGGAGCAGCAGAAGAAGTG BCR, 

3180-3199 

66 ºC 

step1_ABL TGTGATTATAGCCTAAGACCCGGAG ABL,  

433-408 

65 ºC 

step2_BCR GTGAAACTCCAGACTGTCCACAGCA BCR, 

3255-3279 

68 ºC 

step2_ABL TCCACTGGCCACAAAATCATACAGT ABL,  

375-351 

66 ºC 

2nd_BCR CACTGGATTTAAGCAGA BCR, 

3356-3372 

54 ºC 

2nd_ABL TTCACTCAGACCCTGAG ABL,  

279-263 

58 ºC 

ENP54159) FAM-CCCTTCAGCGGCCAGTAGCATCTGA-TAMRA ABL,  

277-257 

72 ºC 
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5-2

5-3

98 ºC 10 1 

98 ºC 4
50 

40 70 ºC 8

  

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.4 µL

20 µM Reverse 0.4 µL

10 µM TaqMan ENP541 0.2 µL

5.175 µL

BCR-ABL 104 copies/�L) 0.625 µL

total 10 µL
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5-4 RT nested PCR

  

RT

M-MLV 1 µL

5 4 µL

2 mM dNTP 2 µL

1 µL

0.1 M DDT 0.2 µL

1.8 µL

RNA 10 µL

total 20 µL

First PCR 

AmpliTaq DNA polymerase 0.15 µL

10 2.5 µL

2 mM dNTP 2.5 µL

25 µM Forward step1_BCR 1 µL

25 µM Reverse step1_ABL 1 µL

12.85 µL

cDNA 5 µL

total 25 µL

Second PCR 

AmpliTaq DNA polymerase 0.15 µL

10 2.5 µL

2 mM dNTP 2.5 µL

25 µM Forward step2_BCR 1 µL

25 µM Reverse step2_ABL 1 µL

16.85 µL

First PCR 1 µL

total 25 µL
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5-5 RT nested PCR

  

RT 42 ºC 60 1 

First PCR 

96 ºC 1 1 

95 ºC 20

40 60 ºC 15

72 ºC 1

72 ºC 2 1 

Second PCR 

96 ºC 1 1 

95 ºC 20

30 60 ºC 15

72 ºC 1

72 ºC 2 1 

30

6
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5-6 RT nested PCR TaqMan

Second PCR

  

Second PCR TaqMan

AmpliTaq DNA polymerase 0.15 µL

10 2.5 µL

2 mM dNTP 2.5 µL

25 µM Forward step2_BCR 1 µL

25 µM Reverse step2_ABL 1 µL

10 µM TaqMan ENP541 0.15 µL

16.7 µL

First PCR 1 µL

total 25 µL
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5-7 One-step RT-nested PCR

SuperScript III RT/Platinum Taq Mix 0.2 µL

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward step2_BCR 0.4 µL

20 µM Reverse step2_ABL 0.4 µL

20 µM Forward 2nd_BCR 0.4 µL

20 µM Reverse 2nd_ABL 0.4 µL

10 µM TaqMan ENP541 0.2 µL

2.8 µL

RNA 2 µL

total 10 µL

5-8 One-step RT-nested PCR

RT 50 ºC 15 1 

RT
98 ºC 10 1 

First PCR 
98 ºC 5

20 
62.5 ºC 20

Second PCR 
98 ºC 5

30 
50 ºC 20

40
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5.2.3

1) 

Nested PCR

PCR One-step RT-nested PCR

RT nested PCR

(step2_BCR/step2_ABL) step2_BCR/step2_ABL

(2nd_BCR/2nd_ABL)

10

Tm

PCR

Nested 

PCR RT Nested PCR

PCR

 (step2_BCR/step2_ABL) 62.5 PCR

(2nd_BCR/2nd_ABL) 50 PCR

5-1 62.5 50

10 Nested PCR

PCR 1

PCR 2

2

PCR

PCR
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30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

47.5 50 52.5 55 57.5 60 62.5 65 67.5 70

5-1

C
t
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2) 

K562 total RNA PCR One-step RT-nested 

PCR PCR RT nested PCR

3 One-step RT-nested PCR K562

total RNA 1 pg BCR-ABL mRNA 5-2 RT nested 

PCR K562 total RNA 1 ng BCR-ABL mRNA 5-3

One-step RT-nested-PCR RT First PCR Second PCR

RT nested PCR 1000 1

One-step RT-nested PCR RNA

RT nested PCR

RNA Second PCR

  

First PCR (20 ) Second PCR (30 )

-5

0

5

10

15

20

25

30

35

40

0 10 20 30 40 50

10 ng

1 ng

100 pg

10 pg

1 pg

0.1 pg

NC

5-2 One-step RT-nested PCR

First PCR (20 ) Second PCR (30 )
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-100000

0

100000

200000

300000

400000

500000

0 10 20 30

10 ng

1 ng

100 pg

10 pg

1 pg

NC

Second PCR (30 )

A) 

B) PCR 

5-3  RT nested PCR

M   1   2   3   4   5   6   7 
M: Size marker
1: 10 ng
2: 1 ng
3: 100 pg
4: 10 pg
5: 1 pg
6: Positive control
7: No template control
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3) One-step RT-nested PCR

RNA One-step RT-nested PCR

100 ng RNA K562 total RNA

100 ng RNA K562

BCR-ABL mRNA 0.001% 5-4 One-step 

RT-nested PCR

RNA 0%

BCR-ABL mRNA

  

5-4 One-step RT-nested PCR

-5

0

5

10

15

20

25

30

35

0 10 20 30 40 50

1%

0.1%

0.01%

0.001%

0.0001%

0% (NC)

First PCR
(20 )

Second PCR
(30 )
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4) One-step RT-nested PCR

BCR-ABL mRNA 5 5-5 (+)

5 5-5

(-) 5-5 RT nested PCR

One-step RT-nested PCR RT nested PCR

6 One-step RT-nested PCR 40

5-5 One-step RT-nested PCR
No.6 10 0

-5

0

5

10

15

20

25

30

35

40

0 10 20 30 40 50

No.1 (+)
No.2  (+)
No.3  (+)
No.4  (+)
No.5  (+)
No.6  (-)
No.7 (-)
No.8 (-)
No.9 (-)
No.10 (-)

First PCR  
(20 )

Second PCR 
(30 )



5 PCR

84 

5.2.4

PCR One-step RT-nested PCR

One-step RT-nested PCR 3

40 PCR

PCR RT First PCR Second PCR

PCR

PCR

1.6 µL

2 PCR

2

RT First PCR Second PCR

One-step RT-nested PCR

One-step RT-nested PCR 3 RT 

nested PCR 1,000 3 RT nested 

PCR One-step RT-nested 

PCR 1

PCR
60, 61) One-step RT-nested PCR BCR-ABL mRNA

0.001%

One-step RT-nested PCR PCR

1

RNA One-step RT-nested PCR

DNA One-step nested PCR One-step 

RT-nested PCR One-step nested PCR RNA DNA
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5.3 Sequential PCR 

5.3.1

1 1

PCR

PCR 1

2

Sequential PCR

5.3.2

1) 

PCR 1 PCR Sequential 

PCR Sequential PCR 2

PCR 2

2 PCR

PCR

PCR 40

PCR Sequential PCR 1 PCR First PCR 2 PCR

Second PCR First PCR gene 1 Second PCR

gene 2 First PCR gene 1

gene 2 gene 1

40 Second PCR Second PCR gene 2 gene 

1 gene 2

PCR 1 2

2) 

Sequential PCR

�-actin

104 Sequential PCR

5-9 �-actin 62)

Sigma-Aldrich (Sigma-Aldrich Japan) PCR Platinum Taq DNA 

Polymerase (Life Technologies) 5 Tris-HCl (pH 9.0)
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PCR StepOnePlusTM

(Life Technologies) 2 PCR

3.0

PCR 5-10

10 µL 1.6 µL 5-11 PCR

5-12 10 µL 5-13

104

PCR Sequential PCR 5-14 5-15

PCR Sequential PCR 5-16

5-17

5-9 Sequential PCR

  

5’-3’ Tm

�-actin F AGCCTCGCCTTTGCCGA 67 ºC 

�-actin R CTGGTGCCTGGGGCG 67 ºC 

�-actin P FAM-CCGCCGCCCGTCCACACCCGCC-TAMRA 72.6 ºC 

COG1 F CGYTGGATGCGNTTYCATGA 66.8 ºC 

COG1 R CTTAGACGCCATCATCATTYAC 60 ºC 

RING1 TP(b) FAM-AGATCGCGGTCTCCTGTCCA-MGB 69.5ºC 
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5-10 PCR

5-11 PCR

  

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.4 µL

20 µM Reverse 0.4 µL

10 µM TaqMan 0.2 µL

 5.175 µL

105 copies/�L 0.625 µL

total 10 µL

98 ºC 1  1

98 ºC 5
50

 40 70 C 10
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5-12 PCR

5-13 PCR

  

Platinum Taq DNA Polymerase 0.2 µL

5 2 µL

2.5 mM dNTP 1 µL

20 µM Forward 0.4 µL

20 µM Reverse 0.4 µL

10 µM TaqMan 0.2 µL

4.8 µL

104 copies/�L 1 µL

total 10 µL

95 ºC 1  1

95 ºC 1
50

 40 70 C 10
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5-14 PCR Sequential PCR

�-actin/ 

G1-b �-actin G1-b 

Platinum Taq DNA Polymerase 0.2 µL 0.2 µL 0.2 µL

5 2 µL 2 µL 2 µL

2.5 mM dNTP 1 µL 1 µL 1 µL

20 µM Forward �-actin F 0.4 µL 0.4 µL 0.4 µL

20 µM Reverse �-actin R 0.4 µL 0.4 µL 0.4 µL

10 µM TaqMan �-actin P 0.2 µL 0.2 µL 0.2 µL

20 µM Forward COG1 F 0.4 µL 0.4 µL 0.4 µL

20 µM Reverse COG1 R 0.4 µL 0.4 µL 0.4 µL

10 µM TaqMan RING1 TP(b) 0.2 µL 0.2 µL 0.2 µL

�-actin_ 105 copies/�L 0.625 µL 0.625 µL

_ 105 copies/�L 0.625 µL 0.625 µL

3.55 µL 4.175 µL 4.175 µL

total 10 µL 10 µL 10 µL

5-15 PCR Sequential PCR

98 ºC 1 1 

First PCR 
98 ºC 5 

40 
72.5 ºC 10

Second PCR 
98 ºC 5

40 
55 ºC 10
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5-16 PCR Sequential PCR

�-actin/

G1-b �-actin G1-b

Platinum Taq DNA Polymerase 0.2 µL 0.2 µL 0.2 µL

5 2 µL 2 µL 2 µL

2.5 mM dNTP 1 µL 1 µL 1 µL

20 µM Forward �-actin F 0.4 µL 0.4 µL 0.4 µL

20 µM Reverse �-actin R 0.4 µL 0.4 µL 0.4 µL

10 µM TaqMan (�-actin P) 0.2 µL 0.2 µL 0.2 µL

20 µM Forward COG1 F 0.4 µL 0.4 µL 0.4 µL

20 µM Reverse COG1 R 0.4 µL 0.4 µL 0.4 µL

10 µM TaqMan RING1 TP(b) 0.2 µL 0.2 µL 0.2 µL

�-actin_ 104 copies/�L 1 µL 1 µL

_ 104 copies/�L 1 µL 1 µL

2.8 µL 3.8 µL 3.8 µL

total 10 µL 10 µL 10 µL

5-17 PCR Sequential PCR

95 ºC 1 1 

First PCR 
95 ºC 1

40 
72.5 ºC 10

Second PCR 
95 ºC 1

40 
55 ºC 10
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5.3.3

1) 

Sequential PCR 2 �-actin G1-b

2

PCR �-actin 70

72.5 72.5

5-6 G1-b 50 65 55

�-actin 174 bp

PCR

100 bp

G1-b 84 bp

�-actin

PCR 40 70 �-actin

G1-b Ct

5-7

PCR 1

2 PCR

95

PCR

PCR

PCR 1 PCR

PCR

2
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5-7 PCR

5-6 PCR

20

25

30

35

40

50 55 60 65 67.5 70 72.5 75

�-actin

G1-b

C
t

20

25

30

35

40

40 45 50 55 60 65 70

�-actin

G1-bC
t
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2) Sequential PCR 

�-actin G1-b PCR PCR

Sequential PCR �-actin 72.5

G1-b 55 First PCR 72.5 40

Second PCR 55 40

�-actin

G1-b �-actin

G1-b

PCR Sequential PCR 2

5-8 �-actin �-actin

72.5 First PCR

Second PCR

G1-b

First PCR G1-b

55 Second PCR

�-actin G1-b First PCR Second 

PCR 2

First PCR 72.5 Second PCR Sequential PCR

29

PCR Sequential PCR 2

5-9

PCR

1 2

2
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5-9 PCR Sequential PCR 

5-8 PCR Sequential PCR 

-20000

0

20000

40000

60000

80000

100000

120000

140000

160000
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�-actin/G1-b

�-actin/G1-b

�-actin

�-actin
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-10
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�-actin/G1-b

�-actin

�-actin
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First PCR (72.5 ) Second PCR (55 )
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5.3.4

PCR

Sequential PCR PCR

PCR Sequential PCR

PCR 1

PCR

PCR

�-actin

2

PCR PCR

29

PCR Sequential PCR 1

PCR Multiplex PCR

1 PCR Sequential PCR 2

3

Tm 3

Sequential PCR
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5.4

4 PCR PCR

One-step RT-nested PCR Sequential PCR

One-step RT-nested PCR Sequential PCR

PCR

PCR

PCR
63, 64)

65-68) PCR PCR

PCR PCR



6
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6



6

98 

6

6.1

PCR

PCR

PCR

6.1.1

1 mm/sec 5 Hz

3

30 1

6.1.2 PCR

PCR PCR 2

PCR 2

PCR PCR PCR

PCR 48 50 PCR PCR

22 9.4 40

7.5 PCR

PCR PCR PCR
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6.1.3 PCR

(1) One-step RT-nested PCR

PCR One-step RT-nested 

PCR RT nested PCR 3

3

1 PCR

3

1 3 RT nested PCR

6 40

1

1,000

(2) Sequential PCR

PCR 1

Sequential PCR PCR

PCR

PCR 1

PCR

PCR

1

1 Multiplex PCR

6.2

PCR

PCR

PML-RARA SNP
63-68) PCR



6

100 

One-step RT-nested PCR Sequential PCR

PCR PCR PCR

PCR PCR

3 PCR 7.5

2

PCR

11

10

10

SNPs
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