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-globin

SEA

GAP PCR

-globin

Real time PCR -globin

Real time PCR PCR 1 2

2 Droplet Digital 

PCR(ddPCR) -globin

ddPCR PCR

ddPCR (BIORAD)

Mse I gDNA droplet PCR primer probe

droplet PCR 2 droplet

CNV(Copy Number Variation) CNV

2 -globin

0 1 2
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62 - 3.7 (Hetero) 35 - 3.7

(Homo)19 SEA 83 FIL 19 HbH(-3.7/SEA FIL) 24

4 Non SEA FIL 50 296

Non SEA FIL

PCR -globin

 Non SEA FIL Real time PCR

4

Non SEA FIL 6 (12 ) -globin

-globin MCS-R2(HS40)
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-globin -globin

[1] 4

[2]

( )

[3]

1/3,500 1/1,000

[4,5]

[1,6]

-globin 16p13.33 2 1

4 -globin -globin

multispecies conserved sequences (MCS)  (

1)[1,4,7,8]
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 1 -globin

-globin 2 1 -globin

-globin (MCS)

MCS-R2

MCS1-4 NPRL3

2 globin 1 globin

[8]

4 -globin

2 1 SEA

1 -globin -3.7 [9]

2

1 -globin (- T

-3.7kb  (- 3.7) 2 1-globin

2

1-globin 1 -globin

2 -globin (- -  (--

T - T T 2 1-globin
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(-- 30 SEA(Southeast 

Asia) 49%  FIL(Filipino) 4% 3 -globin

(--/- (-- T HbH 4

-globin (--/--) [4,10]

 2

-3.7 SEA

THAI MED

GAP PCR

GAP PCR primer PCR
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 3 GAP PCR 

primer primer

PCR

SEA primer primer

PCR SEA

SEA SEA 3 20kb

primer PCR

SEA PCR

4 2 1

HbH 1

HbH 2 -globin  (--
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 4

2 (--
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2 HbH 1

2 -globin  (--

SEA GAP PCR PCR 5

5. 1 PCR

SEA 2

PCR SEA

 5 GAP PCR

( 1) SEA SEA

( 2) SEA
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FIL THAI GAP PCR Non SEA FIL

GAP PCR

-globin

-globin

real time PCR real time PCR

DNA

-globin

0.5, 1.0 6

real time PCR -globin -globin

-globin

2 1-globin GC

real time PCR PCR 100

PCR
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 6 Real Time PCR

-globin primer

0.5

1.0

PCR Droplet Digital PCR(ddPCR) -globin
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2)ddPCR 

ddPCR droplet droplet PCR

droplet PCR Probe

probe 5 3

( 7)

 7 ddPCR probe 

Probe quencher quencher

probe

droplet PCR probe

quencher quencher

droplet PCR probe

droplet

droplet

( 8)
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 8 ddPCR 

DNA droplet

DNA

DNA droplet ( )

Droplet probe

droplet

real time PCR PCR 1

2 2

real time PCR

ddPCR

[11-13] 
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-globin

LightCycler

real time PCR -globin -globin

PCR

PCR ddPCR

.

1)

DNA EDTA

62

- 3.7 (Hetero)35 - 3.7 (Homo)19

SEA 83 FIL 19 HbH(-3.7/SEA FIL) 24

4

(--/ ) GAP PCR SEA FIL

Non SEA FIL 50 296

GAP PCR anti -3.7 -4.2 -globin 3

triplication 1
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 1

2) DNA

[14] EDTA DNA

EDTA 2 mL 15mL

Lysing 13mL 5~10

3,000rpm, 5

STE 4mL

Proteinase K (10mg/mL) L

10% SDS 0.2mL (1/20 ) 
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37

5mL TE 5 10

3,000rpm, 5

15mL 5mL

50mL 99.5% 45mL

DNA

1.5mL

1.5mL 10,000rpm, 5

L TE 4 DNA

3)

DNA DNA droplet

DNA

primer Mse New ENGLAND BioLabs
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DNA 50ng/µL

2

37 1

SDW 20

 2 ( ) 

4)ddPCR 

2-globin 1-globin 1 2-globin

Primer probe 1 2-globin

FAM IBFQ

RNase P 2

RNaseP primer

probe Tm -globin primer probe RNaseP

Probe 1 2-globin

VIC MGBNFQ primer probe

3 primer probe 4
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 3 primer probe 

 4 primer probe 

twin.tec semi-skirted 96-well plate 5

5 6

1
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Automated Droplet Generator(BIORAD) Droplet Droplet 2

6 PCR

QX200 Droplet Reader(BIORAD)

 5 (ddPCR) 

 6 ddPCR PCR
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5) Non SEA FIL

real time PCR

LightCyclerR480  (Roche, Tokyo) Real time PCR

-globin

DNA L(A) L(B) L(C), 

L(D) 4 DNA

L(B)

-globin Real time PCR ( 7)

PCR

PCR 5

99 0.1 /sec 2 DNA 1 DNA

PCR

( ) LPL9

( / )

LPL9 1.0

0.5
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 7 real time PCR primer 

DNA (A) (D)

DNA (B)

LightCycler® 480 Multiwell Plate 96(white) 8

9 PCR 72 Elongation primer

( 7)

LightCyclerR480  (Roche, Tokyo) 4 DNA

 8 (Real time PCR) 

seqence product Elongation
Forward 5'-GTGCAGGAGGCTCTCAGGAACAAG-3'
Reverse 5'-CCCTGAAGCCTGGCTGTGAACACT-3'
Forward 5'-GTCCTTGCCTTTCTTTTGTGGGTTT-3'
Reverse 5'-TGTTAGTGTACTTTATGTGTGGCCC-3'
Forward 5'-GGGCCTTTCATACGAACAGTGCTGG-3'
Reverse 5'-TCAGGTACAGAGAGGAGACGAGGAG-3'
Forward 5'-CCTTGTTCTACATGGCATATTCACA-3'
Reverse 5'-CTCAGGATGCCCAGTCAGCTTTAG-3'

primer

334bp

141bp

316bp

LPL9

30sec

10sec

30sec

MCS-R2

90kb

165kb
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 9 PCR (Real time PCR) 

.

1) ddPCR

2-globin

PCR

( 9A) 1-globin

( 9B) 40 45

PCR 1-globin

( 9C)

1-globin 2-globin PCR 95 10 DNA 

polymerase  94 30 60 1 45

98 10 droplet 4
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 9

droplet (droplet )

A 2-globin ddPCR B 1-globin ddPCR

PCR 40 C 1-globin ddPCR PCR

45 2-globin PCR 40

1-globin

40 B 45

(C)
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CNV(Copy Number Variation) CNV

2 ( 10)

0 1 2

 10 CNV

2

/ 2

0 1

2 CNV DNA
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ddPCR

( 11A) DNA 50ng/µL 

CNV CNV DNA

 ( 11B)
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 11 CNV

A

DNA 50ng/µL

B CNV ( /

)

2 1 0
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2) ( 10A~J ) 

(n=62) ( / ) CNV 2 1) = 

(2,2) CNV 2 1) = (1.94,1.95) 2(Min 1.79

Max 2.22 Reference Range 1.76 2.12) 1(Min 1.77 Max 2.16 Reference Range 1.80

2.11) ( 10A) - 3.7 - 4.2

(Hetero) (n=35) (- / ) - 1 2

probe 1 CNV

2 1) = (1,2) CNV 2 1) = (0.97,1.93)

2(Min 0.86 Max 1.07 Reference Range 0.87 1.07) 1(Min 1.75 Max 2.07 Reference 

Range 1.79 2.06) ( 10B) - 3.7 - 4.2 (Homo) (n=19)

CNV 2 1) = (0,2) ( 10C) droplet

1 No Call (-)

1 2 SEA (n=83)( 10D) FIL (n=19)( 10E)

(--/ ) CNV 2 1) = (1,1) HbH (n=24) - 3.7

SEA FIL (--/- ) CNV

2 1)=(0,1) ( 10F)

 /SEA) (n=4) (--/ T )

CNV 2 1) = (1,1) ( 10G) CNV

Reference Range

Non SEA FIL (n=50) (--/ )
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GAP PCR SEA FIL

(--/ ) CNV 2 1) = (1,1)

CNV 50 44 CNV 2 1) 

= (0.97,0.97) 2(Min 0.89 Max 1.12 Reference Range 0.87 1.07) 1(Min 0.81 Max

1.05 Reference Range 0.87 1.07) ( 10H) 6 (12 )  CNV

2 1) = (2,2) 1-globin 2-globin

( 10I)
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 10 ddPCR (NCV) 

A) Normal( / ) 

No.
alpha2
CNV

alpha1
CNV No.

alpha2
CNV

alpha1
CNV

1 1.86 1.85 33 1.95 1.90
2 1.96 2.11 34 1.93 1.87
3 1.92 1.92 35 1.85 1.88
4 1.86 2.02 36 1.89 1.91
5 1.97 2.03 37 1.92 2.00
6 2.00 1.98 38 1.95 1.84
7 1.97 1.80 39 1.79 1.94
8 1.84 1.93 40 1.88 1.90
9 1.95 1.91 41 1.96 2.03
10 1.97 2.10 42 1.90 1.86
11 2.11 1.99 43 1.89 1.97
12 1.94 1.95 44 1.83 1.88
13 1.93 1.89 45 1.89 1.99
14 1.93 1.93 46 1.85 1.99
15 1.92 1.95 47 2.01 1.99
16 1.94 2.07 48 2.03 1.94
17 1.90 2.13 49 1.83 2.00
18 1.86 1.92 50 2.07 2.02
19 2.00 1.97 51 1.87 1.92
20 1.93 1.95 52 2.06 1.92
21 1.85 1.88 53 1.93 1.92
22 2.04 2.01 54 1.91 1.93
23 2.05 1.98 55 1.99 1.98
24 1.88 1.96 56 1.98 2.16
25 1.91 2.01 57 2.19 2.00
26 1.80 1.77 58 1.91 1.92
27 2.02 1.98 59 1.89 2.11
28 1.97 1.95 60 1.92 1.98
29 2.04 1.82 61 2.22 1.98
30 2.10 1.95 62 1.80 1.80
31 1.90 1.90
32 1.82 1.96
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B) - 3.7or4.2Hetero(- / )                   C) - 3.7 or 4.2Homo(- /- ) 

No.
alpha2
CNV

alpha1
CNV

1 - 1.85
2 - 1.94
3 - 2.15
4 - 1.92
5 0.01 1.85
6 - 1.86
7 0.01 2.00
8 0.00 1.91
9 0.04 1.85
10 - 1.81
11 - 2.22
12 0.00 1.95
13 - 1.89
14 - 2.04
15 0.00 2.07
16 0.02 2.04
17 - 1.96
18 - 1.94
19 0.03 2.06

No.
alpha2
CNV

alpha1
CNV

1 0.95 1.75
2 0.94 1.87
3 0.96 1.97
4 1.07 1.86
5 0.87 1.90
6 0.94 1.91
7 1.01 1.97
8 0.89 1.91
9 1.04 1.91
10 1.00 1.98
11 1.02 1.94
12 0.97 1.90
13 0.86 1.90
14 0.95 1.78
15 0.94 1.91
16 1.02 1.88
17 0.98 1.97
18 1.04 1.91
19 0.94 1.91
20 0.99 1.97
21 1.06 1.87
22 0.92 1.97
23 1.02 1.97
24 0.99 2.02
25 0.92 1.87
26 1.01 1.97
27 0.95 1.89
28 0.91 1.90
29 1.00 2.07
30 1.02 1.99
31 0.96 1.98
32 0.98 1.86
33 1.01 1.91
34 0.97 2.00
35 0.94 2.05
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D) SEA(--/ ) 

No.
alpha2
CNV

alpha1
CNV No.

alpha2
CNV

alpha1
CNV

1 0.91 0.92 43 0.92 0.95
2 1.01 1.07 44 0.99 1.00
3 1.06 1.06 45 0.93 0.89
4 0.93 1.05 46 0.93 0.97
5 1.02 1.03 47 1.16 1.07
6 0.96 0.97 48 1.01 1.00
7 0.89 0.88 49 0.96 0.94
8 0.87 0.89 50 0.98 0.99
9 0.99 1.02 51 0.97 0.97
10 0.99 0.96 52 1.04 1.03
11 0.75 0.83 53 1.04 1.03
12 0.94 0.94 54 1.05 1.03
13 0.99 1.16 55 1.01 0.98
14 1.07 0.96 56 1.04 1.01
15 1.00 0.97 57 1.03 1.03
16 0.94 0.91 58 1.00 0.90
17 1.00 0.92 59 1.02 0.96
18 0.94 0.96 60 0.98 1.10
19 1.00 0.95 61 0.95 0.93
20 0.90 0.87 62 0.97 0.91
21 1.00 1.03 63 0.95 0.97
22 0.94 0.96 64 1.08 0.96
23 0.97 0.96 65 1.00 0.94
24 0.97 0.90 66 0.96 1.05
25 1.02 0.95 67 0.96 1.03
26 0.98 1.00 68 0.94 1.03
27 0.85 0.82 69 1.06 0.99
28 0.95 0.95 70 0.95 0.95
29 1.00 1.01 71 0.96 0.92
30 1.23 1.25 72 0.94 1.11
31 1.07 1.10 73 1.06 0.93
32 0.96 1.05 74 0.90 0.92
33 0.94 0.93 75 1.02 0.96
34 0.99 0.98 76 1.00 0.99
35 0.89 0.89 77 0.97 0.94
36 0.81 0.82 78 0.97 0.98
37 0.89 0.83 79 1.00 1.12
38 0.92 0.94 80 1.03 1.03
39 0.97 1.00 81 0.94 0.97
40 0.99 0.99 82 0.98 1.02
41 1.02 1.02 83 1.02 0.94
42 1.04 1.03
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        E) FIL(--/ )                 F) HbH(-3.7/SEA FIL) (- /--) 

G) CS T /--) 

No. alpha2
CNV

alpha1
CNV

1 1.01 0.96
2 1.11 1.12
3 1.00 1.00
4 1.05 1.04

No.
alpha2
CNV

alpha1
CNV

1 - 0.77
2 - 0.85
3 0.00 0.92
4 0.01 0.93
5 0.02 0.93
6 0.01 0.94
7 - 0.95
8 0.00 0.96
9 0.01 0.96
10 0.01 0.97
11 - 0.97
12 0.00 0.98
13 0.01 0.98
14 - 0.98
15 - 0.98
16 0.00 0.99
17 0.01 0.99
18 0.01 0.99
19 - 0.99
20 0.08 1.00
21 0.00 1.02
22 - 1.02
23 0.04 1.03
24 0.00 1.08



íí 

H) Non SEA FIL(--/ )#1

I) Non SEA FIL( / )#2

#1 Samples that have deletion at 1 and 2 globin genes. 

#2 Samples that don't have deletion at 1 and 2 globin genes, but 

have at MCRS2.

No. alpha2
CNV

alpha1
CNV

1 1.85 1.88
2 1.91 1.91
3 1.97 1.90
4 1.87 1.93
5 1.96 2.03
6 1.93 1.92

No.
alpha2
CNV

alpha1
CNV No.

alpha2
CNV

alpha1
CNV

1 0.96 0.95 23 0.93 0.95
2 1.03 1.00 24 1.07 0.99
3 0.96 1.01 25 0.99 1.00
4 1.05 0.91 26 0.93 1.02
5 0.96 0.97 27 0.91 1.01
6 0.98 1.01 28 0.95 0.98
7 0.92 0.87 29 0.97 1.01
8 0.89 0.98 30 0.98 0.92
9 0.94 0.90 31 1.05 0.98
10 0.96 0.97 32 0.93 0.96
11 0.99 0.98 33 0.96 1.02
12 0.95 0.96 34 1.00 0.93
13 0.96 0.94 35 0.97 1.03
14 0.93 0.97 36 0.90 1.05
15 0.92 0.89 37 0.93 0.93
16 0.96 0.92 38 1.00 1.01
17 0.90 0.91 39 1.00 1.02
18 1.01 0.97 40 1.00 1.02
19 0.97 0.92 41 1.02 1.00
20 0.95 0.81 42 1.12 1.01
21 1.04 0.96 43 1.01 0.99
22 0.96 0.98 44 0.92 1.05
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Hb Bart(--/--) [15]

-globin

GAP PCR

GAP PCR

real time PCR PCR

real time PCR PCR -globin

-globin real 

time PCR PCR 1

2 -globin 2

-globin

GC ddPCR droplet

1 droplet 1 2 3

real time PCR
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ddPCR 2 droplet

PCR

DNA (Multiplex Ligation-dependent 

Probe Amplification MLPA) MLPA

 2002 Schouten [16]

500

DNA 24 ddPCR

4 MLPA DNA

ddPCR DNA ddPCR DNA

DNA

ddPCR

ddPCR [17-18]

ddPCR

ddPCR

-globin ddPCR ( 11)
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 11 (A) The predicted CNV value and the measurement result. (B) Reference Range. 

#1 Samples that have deletion at 1 and 2 globin genes. 

#2 Samples that don't have deletion at 1 and 2 globin genes, but have at 

MCRS2.
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Non SEA FIL GAP PCR

SEA FIL

anti3.7

GAP PCR

ddPCR 2-globin 1-globin

2-globin 1-globin primer/probe

GAP PCR -globin

ddPCR
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Non SEA FIL HbH

Non SEA FIL

Non SEA FIL HbH 2 1-globin

46 GAP PCR

ddPCR 6

-globin

primer Real time PCR Primer MCS-R2

90kb 165kb

1)

CNV LPL9 LPL9 1.0

0.5 1.0

2 1-globin 46 Real time PCR 12
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 12 Real time PCR (--

CNV CNV CNV
1 0.50 1.08 1.12
2 0.91 1.15 0.99
3 0.89 1.12 0.93
4 0.97 1.07 1.05
5 0.88 1.11 0.96
6 0.89 1.15 1.06
7 0.45 0.55 1.19
8 0.46 0.42 0.97
9 0.44 0.50 0.55

10 1.06 1.15 1.01
11 1.04 1.12 1.08
12 0.49 0.49 0.57
13 0.53 0.53 0.59
14 0.42 0.45 0.56
15 0.44 0.46 0.52
16 1.01 1.00 0.90
17 0.41 0.57 1.15
18 0.47 0.56 1.09
19 0.40 0.51 1.02
20 0.44 0.52 0.99
21 0.53 1.03 0.96
22 0.52 0.51 0.88
23 0.50 0.43 1.09
24 0.54 0.45 1.09
25 0.44 0.46 0.48
26 0.52 0.47 0.88
27 0.54 0.46 1.12
28 0.50 0.47 1.08
29 0.50 0.51 0.90
30 0.98 0.95 1.01
31 0.52 0.98 1.04
32 0.46 0.94 0.95
33 0.50 1.05 1.01
34 0.95 0.90 1.09
35 0.94 1.06 1.00
36 0.45 0.58 0.52
37 1.21 1.02 0.93
38 0.97 1.19 1.12
39 0.46 0.50 0.51
40 0.41 1.04 0.90
41 1.02 1.04 #1
42 1.13 1.26 #1
43 0.53 1.03 #1
44 1.11 1.20 #1
45 1.12 1.24 #1
46 1.04 1.17 #1

165kbpatient No.

#1: 165kb 90kb

MCS-R2 90kb
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ddPCR 6 Real time PCR 13

 13 Real time PCR

CNV
1 0.42
2 0.50
3 0.50
4 0.48
5 0.42
6 0.50

MCS-R2patient No.
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2)

Non SEA FIL CNV 44 HbH Non SEA FIL

2 3 4

JAPANESE -globin

( 12) 90kb

 12 2 1-globin Non SEA FIL

2 1-globin Non SEA FIL

JAPANESE  (JP) MCS-R2 90kb 165kb

JAPANESE  (JP) MCS-R2

90kb 165kb JAPANESE  (JP)

MCS-R2 90kb 165kb

JAPANESE  (JP) MCS-R2 90kb 165kb
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Non SEA FIL CNV 6 1-globin 2-globin

Real time PCR -globin

MCSR2(HS40) -globin

MCSR2 -globin

[8,19-23] JAPANESE MCS -globin

( 13)

 13 -globin Non SEA FIL

2 1-globin Non SEA FIL

JAPANESE MCS  (JP MCS del) 2 1-globin

MCSR2(HS40)

1-globin 2-globin
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14

 14

4

MCS-R2

JP 
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.

-globin MCSR2(HS40)

6 Non SEA FIL ddPCR

PCR

-globin

Non SEA FIL Real time PCR

4

MCS-R2
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