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1. 2. 3. 

 

qPCR Picogene PCR1100

LAMP 75% 3/4  

1 Lp1 Lp1-

IMB Lp1 7.8% 18/230 11.3 26/230

Lp1  

8 2016 2020

11.5 75.0%

Lp1 0 12.6% Lp1 lag-1 0.3 4.4%

Lp1 lag-1

lag-1/Lp1 7.7% 50.0%  

16S Pseu-

domonas 14.5% Phreatobacter 15.1%

0.8% 0.1%
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A  

2021

2,112 103%
1, 2)

4

1. 

2. 3. 

 

7 10

qPCR

qPCR qPCR

LAMP

 

87% Legionella 

pneumophila 1 Lp1 3)

Lp1

Lp1-IMB

Lp1 O-

lag-1

75
4, 5

lag-1

 

16S

6)

 

 

B  

1  

8 A H

2016

D F Lp1-

IMB A E F 16S

F  

 

2  

0919 1

10 CFU/100 mL

 

 

3 LAMP  

100 2 mL Loopamp

E

 

 

4 qPCR  

500 mL

0.2 µm 47 mm 500 µL

1

5 µL β

17 µL qPCR

16S rRNA

100



Taq qPCR

Picogene PCR1100  

 

5 Lp1-IMB  

1) Lp1-IMB  

Lp1

 

2) qPCR Lp1 Lp1-qPCR  

LAMP DNA β

Lp1 qPCR
7)  

3) Lp1  

IMB 100

5 1 mL

Lp1-IMB 25 µL 10

30 PBS

2

PBS 100 µL

GVPC

35℃ 7  

 

6 lag-1  

Lp1 DNA

Kozak 4 PCR lag-

1  

 

7 16S  

2 59

34 1,200 mL

0.22 µm

47 mm Dneasy 

PowerBiofilm Kit  DNA 

16S rRNA

V3-V4 Tks Gflex DNA Polymerase 

PCR

Nextera XT Index Kit MiSeq Reagent Kit v3 

(600 Cycles) RUN QIIME2

 

 

 

 

 

C  

1 LAMP qPCR  

LAMP 1A

LAMP 75.0% 3/4

qPCR Ct

40 45 50

1B D qPCR

75.0% 3/4

40

33 8

LAMP 16  

 

2 Lp1-IMB  

Lp1-qPCR 23.1% 40/352

14.7% 20/352

Lp1-IMB 6.2% 14/230

2A

Lp1-IMB

7 6 Lp1-qPCR

Lp1-IMB 6

20

2B

Lp1-IMB

Lp1 7.8% 18/230

11.3 26/230  

 

3  lag-1

 

8 2016 2020
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3

11.5 75.0%

Lp1 0 12.6% lag-1

0.3 4.4%

Lp1 lag-

1 lag-1/Lp1

7.7% 50.0%

 

 

4 16S  

16S

85,333 14,125 201,261

87,243 20,774 187,709

 

10 Pseudomonas

14.5% Phreatobacter

15.1% 4 3

Methylobacterium-Methylorubrum

Obscuribacteraceae Mycobacterium

Legionella

0.8% 0.1%  

Faith

 

Weighted Unifrac

1A, 1B

 

1C, 1D  

Alphaproteobacteria

2

 

 

D  

qPCR

LAMP

40

LAMP

4

qPCR

0.2 

µm 500 

mL

 

Lp1

8

IMB

Lp1

Lp1-qPCR Lp1-IMB

Lp1

Lp1-IMB

Lp1 Lp1-qPCR

Lp1-IMB Lp1

Lp1-IMB Lp1

Lp1-IMB Lp1

Lp1

Lp1

IMB

Lp1-IMB

Lp1

Lp1
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lag-1

Lp1

9)

 

16S

18S

 

 

E  

qPCR

LAMP

Lp1-IMB

Lp1

Lp1

lag-1

Lp1 16S
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1  

A)
��

+ - �

LAMP + 3 16 19
- 1 60 61

4 76 80

B)
��

+ - �

����qPCR + 3 33 36
Ct � � 50 - 1 32 33

4 65 69

C)
��

+ - �

����qPCR + 3 33 36
Ct � � 45 - 1 32 33

4 65 69

D)
��

+ - �

����qPCR + 3 8 11
Ct � � 40 - 1 57 58

4 65 69

2 2018 2021 Lp1  

A)
Lp1�
 	�� �� % ��

Lp1-qPCR 352 40 23.1
���� 352 20 14.7 7	��Lp1-qPCR��
Lp1-IMB 230 14 6.2 6	��Lp1-qPCR��

���
���

L. spp 	� Lp1 	� lag-1  	� lag-1 /Lp1
�� N N (%) N (%) N (%) (%)
A 623 159 (25.5) 26 (4.2) 2 (0.3) 7.7
B 604 88 (14.6) 35 (5.8) 5 (0.8) 14.3
C 590 185 (31.4) 67 (11.4) 26 (4.4) 38.8
D 287 33 (11.5) 7 (2.4) NT NT
E 222 103 (46.4) 28 (12.6) 4 (1.8) 14.3
F 205 38 (18.5) 18 (8.8) 9 (4.4) 50.0
G 78 19 (24.4) 7 (9.0) NT NT
H 4 3 (75.0) 0 (0) NT NT

3 2016 2020  

B)
Lp1-IMB
� � �

���� � 6 12 18
� 8 204 212
� 14 216 230
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4 16S Genus level  

1 16S #  

A)! $ B) #  

C) $ D) $  

 

 

 

 

Axis 2 (10.98%) 

Axis 3 (9.523%) Axis 1 (28.78%)

Axis 2 (12.97%) 

Axis 3 (10.25%) 

Axis 1 (35.96%)

A) B) 

C) D) 
P < 0.05 

Source Bath water Shower water
No. of samples 59 34
Amplicon Sequence
Variants

1568 1043

Top10 % %
1 Pseudomonas 14.5 Phreatobacter 15.1
2 Unknown 7.6 Sphingomonas 9.4
3 Staphylococcus 7.2 DSSF69 8.3
4 Candidatus_Obscuribacter 6.1 Novosphingobium 6.8
5 Uncultured 4.6 Mycobacterium 3.4
6 Methylobacterium-Methylorubrum 2.5 Obscuribacteraceae 3.4
7 Obscuribacteraceae 2.4 Blastomonas 3.1
8 Unknown 2.3 SM2D12 3
9 Cutibacterium 2.3 Bradyrhizobium 2.9
10 Mycobacterium 2.2 Methylobacterium-Methylorubrum 2.9

Legionella 0.8 Legionella 0.1
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