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Figure A

IncA/C IncB/O, IncF, IncG/U IncH, IncI, IncK IncL/M

IncN IncP IncQ, IncR  

2013 (Blau et al., 2018; Hölzel et al., 2018)
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 (Smalla et al., 2000)
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pBBR1

6

 

 

-   
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Table 1-1  Rif Gm

GFP  Pseudomonas resinovorans CA10dm4RGFP Rif Km

GFP Escherichia coli MG1655RGFP  

P. resinovorans CA10dm4GFP  

Km  pBBR1MCS-2  E. coli DH5Ŭ

 Rif Gm Km GFP

 Tc Rif Gm Km GFP

 

E. coli MG1655RGFP  Gm

pBBR1MCS3  E. coli JM109

 Rif Km Gm GFP

 

 

- -   

Fig. 1-1  
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Table 1-1  

Bacterial strain or 

plasmid 
Relevant characteristic(s) 

Source or 

reference(s) 

Bacterial strains   

Escherichia coli   

MG1655 Type strain BRC-JCM 

MG1655RGFP MG1655R, miniTn5(Km) PA1/O4/O3 gfp-

mut3* was inserted into the chromosome 

(Kmr, Cmr) 

This study 

JM109 Fô [traD36, proAB, lacIq, lacZȹM15], 

recA1, endA1, gyrA96, thi-1, hsdR17(rK- 

mK+), e14- (mcrA-), supE44, relA1, ȹ(lac-

proAB) 

(Sambrook and 

Russell, 2001) 

DH5Ŭ Fī, ű80dlacZæM15, æ(lacZYA-argF) U169, 

deoR, recA1, endA1, hsdR17(rK
ī mK

+), 

phoA, supE44, ɚī, thi-1, gyrA96, relA1 

RBC Bioscience 

Pseudomonas 

resinovorans 

  

 

CA10dm4RGFP 

CA10dm4R, miniTn7(Gm) PA1/O4/O3-gfp-

mut3* was inserted into chromosome 

(Gmr,Cmr) 

(Yanagiya et al., 

2018) 

Plasmid   

 

pBBR1MCS-2 

Kmr, lacZŬ mob; compatible with IncP, 

IncQ, and IncW plasmids 

(Kovach et al., 1995) 

 

pBBR1MCS-3 

Tcr, lacZŬ mob; compatible with IncP, 

IncQ, and IncW plasmids 

(Kovach et al., 1995) 
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Figure 1-1  
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- -   

 Lysogeny-Broth LB Sambrook and Russell, 2001  R2A

Difco  Agar Wako 1.5% w/v

cycloheximide CHX LB R2A 

mg/L Rif dimethyl 

sulfoxide 50 Gm 30 Km 50

Tc 50% 12.5 CL 4

CHX 50% 100 PBS

  

 

- -   

P. 

resinovorans CA10dm4GFP Escherichia coli MG1655RGFP

 

ᵑ  5 mL  LB 180 rpm, 30°C

overnight  

ᵒ 13,000×g, 1 min  

ᵓ  1.0 mL PBS 13,000×g, 1 min

 

ᵔ 500 µL LB 50 mL  

ᵕ 5 g 10 mL PBS 30 min  

ᵖ 5 mL ᵔ  

ᵗ 13,000×g, 1 min  350 µL LB  

ᵘᵗ 300 µL CHX R2A 0.2 µm

ADVANTEC 30°C, 48 h  37°C, 24 h  

ᵙ 3.0-5.0 mL PBS 10

CHX LB 30°C, 48 h 37°C, 24 h  

ᵚ GFP

 

 

- -  PCR  

DNA Shintani et al., 2014

PCR PCR 

PCR 

 

PCR TAKARA Ex Taq® GXL TAKARA  BIO  KOD OneÊ PCR Master Mix

PCR 

PCR PCR 1%  

ME 100 V 30 min 1×TAE  135 V 20 min 0.5×TAE 
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(i) Ex Taq  IncPromA  PCR 96°C 3 min 96°C 45 

sec 57°C 1 min 72°C 1 min 72°C 7 min 15°C hold 35  

(ii) PrimeSTAR  IncP-1ŬɓŮIncP-1ŭIncP-1ɔ  PCR 

98°C 30 sec 98°C 20 sec 67°C 20 sec 72°C 30 sec 72°C 5 min 15°C hold

30  

(iii) PrimeSTAR  pSN1216-29  PCR 98°C 10 sec

55°C 15 sec 68°C 1 min 15°C hold 30  

(iv) KOD one  IncP-1ŬɓŮIncP-1ŭIncP-1ɔ  PCR 

98°C 10 sec 67°C 5 sec 68°C 1 sec 15°C hold 30  

(v) KOD one  pSN1216-29 IncA/IncC IncL/IncM IncU IncW 

 PCR 98°C 10 sec 55°C 5 sec 68°C 1 sec 15°C hold

30  

(vi) KOD one  IncPromA  PCR 98°C 10 

sec 60°C 5 sec 68°C 1 sec 15°C hold 30  

 

- -   

PCR

 DNA 

Ka & Tiedje  (Ka and Tiedje, 1994)  

 LB 1 mL  

ᵒ 100 mL 250 µL lysing solution

 15 min  

ᵓ 80°C 2 min / 350 µL

 

ᵔ 15,000 rpm, 4°C, 20 min 1.5 mL

DNA  

βLysing solution 10% SDS solution 1 M tris-HCl(pH 8.0)

30% v/v 5% v/v 2 N NaOH pH 12.6

 

 

 



 

 

 

Table 1-2 PCR  

 

Group Gene Sequence (5ô-3ô) size  

(bp) 

Reference 

IncP-1ŬɓŮ trfA F TTCACSTTCTACGAGMTKTGCCAGGAC 281 (Bahl et al., 2009) 

R GWCAGCTTGCGGTACTTCTCCCA 

IncP-1ɔ F TTCACGTTCTACGAGCTTTGCACAGAC 281 

R GACAGCTCGCGGTACTTTTCCCA 

IncP-1ŭ F TTCACTTTTTACGAGCTTTGCAGCGAC 281 

R GTCAGCTCGCGGTACTTCTCCCA 

IncPromA repA F TCATTTCRTGCCRSTACGARGG 346 This study 

R YKRAARTCRCGCARSCCYTG 

pSN1216- 29 F AGCAGACGCACCAGAGGTAT 732 (Yanagiya et al., 2018) 

R CAATGAGACTTTCCGCTTCC 

IncA and IncC / P-3 F GAGAACCAAAGACAAAGACCTG 465 (Carattoli et al., 2005) 

R ACGACAAACCTGAATTGCCTCCTT 

IncL and IncM  F CGGAACCGACATGTGCCTACT 853 This study 

R GAACTCCGGCGAAAGACCTTC 

IncN F AGCGCGTTCTCTGGTTATG 388 (Carattoli et al., 2005) 

R GTTCGTCAGGCCGTAAATGT 

IncW F CCTAAGAACAACAAAGCCCCCG 242 

R GGTGCGCGGCATAGAACCGT 

8
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- -   

NucleoSpin® 96 Tissue TAKARA  BIO

DNA Hiseq illumina

 SPAdes (Bankevich et al., 2012) 

DFAST (Tanizawa et al., 2018)   

 

- -   

IncP-1 IncPromA

IncP-1

IncP-1

trfA relaxase traI IncP-1

IncPromA

IncPromA 

MEGA7 Molecular Evolutionary Genetics Analysis (Kumar et al., 2016) 

ClustralW program multiple alignment ML maximum likelihood

Bootstrap 1000   

 

- -  PCR-  

 PCR-

PCR PCR DIG High Prime DNA Labeling and Detection 

Starter Kit I  

 DNA DNeasy Power Soil KitQIAGEN

DNA

DNA

GE ) VacuGene XL Vacuum Blotting SystemGE

Merck DIG DIG-High Prime 

DNA Labeling and Detection Starter Kit IIMerck
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-   

- -   

PCR

Table 1-3 PCR

18 97

1156 Table 1-3

PCR

 

IncP-1

27 162 PromA

19 212

P. resinovorans E. coli

PromA  

213 1 Table 1-3  

pSN1216-29

 (Yanagiya et al., 2018) IncA

IncC IncN 2

2 14 IncL IncM

IncW Table 1-3

618 Table 1-3

121 121

432

 

 

 

- -   

PCR IncP-1 16 IncPromA 28

44 15

53

IncP-1 3 PromA 8 3 3

              

IncP-1

Table 1-4

IncP-1
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PromA

 

 PCR 8 IncP-1

trfA

IncP-

1 8 IncP-1

 

 

- -  IncP- 1  

IncP-1 27

IncP-1 IncP-1

1 3

IncP-1 pCFSA664-2 (Hu et al., 2019)pMCR_1511 (Zhao et al., 

2017) pEN3600 (Zheng et al., 2020) pHS102707 (Li et al., 2015) IncP-1

 trfA relaxase traI

Figure 1-2 trfA 2

TrfA1 TrfA2 (Yano et al., 2016)

pAKD4 pDS1 pCFSA664-2 pMCR_1511 pEN3600 pHS102707 pTT60

pMNBM077 pMNCG080 pMNCG082 trfA2  

alignment trfA2

trfA1  

Figure 1-2 Table 1-4 IncP-1ɓ-1 IncP-1Ů-1 IncP-1ɔ

trfA traI IncP-1

pYKBL037 pMNBM077

pMNCG080 pMNCG082 traI

98% trfA 64%

2

IncP-1

Figure 1-2

incC incC1 incC2 2

incC2 pA81 pAKD4 pMCBF1 

GenBank incC2 pSN1104-

59 pEST4011 pSN1104-59

Figure 1-3 trfA trbA trbB trbC  trbD trbE trbF trbG trbH

trbI trbJ trbL trbN traC traD traE traF traG traI traJ traK traL traM korB

korA IncC korC klcA  28

 pYKBL037 pYKBR045

pMNBM077 IncP-1
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pYKBG036 pMNCG080 pMNCG082

IncP-1ɔ

82 IncP-1ɔ pQKH54 pYKCS045 72.0%

IncP-1ɔ 2

IncP-1ɔ 28 82%

82%

Figure 1-3 pYKBL037 pYKBR041

2 98.7%

72.0% pMNBM077

54.9%

2 IncP-1 IncP-1ɘ (iota) pYKBK037  

pYKBR041 IncP-1ə (kappa) pMNBM077  

2 bla ɓ-lactam strA strB 

streptomycin aac aminoglycoside ereA erythromycin tetA tetracycline

pYKBG036 pYKAM101

pMNCG080 pMNCG082

IncP-1ɞ (omicron), IncP-1ɚ 

(lambda), IncP-1µ (mu) Figure 1-3   

IncP-1 2

I II Figure 1-3 I  

Gammaproteobacteria Pseudomonadaceae Enterobacteriaceae

Betaproteobacteria Alcaligenaceae Proteobacteria

IncP-1 II Enterobacteriaceae

II IncP-1

II pMNCG080 pMNCG082 pDS1

Pseudomonas

II

pEN3600, pHS102707

pMCR_1511 pCFSA664-2

II

1-3-5 2 pMNBM077

IncP-1

  

 



 

 

 

Table 1-3  

Recipient Mating 

Number 

of 

isolates 

PCRβ1 

IncP/P-1 

IncPromA pSN1216-29 
IncA and 

IncC/P-3 

IncL 

and 

IncM  

IncN IncW 
PCR-

negative ŬɓŮ ŭ ɔ 

P. resinovorans 
triparental 1027 70 67 5 192 2 0 0 0 0 542 

biparental 2 2 2 0 1 0 0 0 0 0 0 

E. coli 
triparental 87 3 3 2 18 0 0 0 1 0 45 

biparental 40 15 13 10 1 0 2 0 11 0 9 

Total 1156 93 88 20 212 2 2 0 12 0 618 

β1 PCR PCR-negative PCR
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Table 1-4 B T IncP-1  

Name group 
Size 

(bp) 
Method Recipient Source 

Latitude 

(N) 

Longitude 

(E) 
Accessory 

pMNCN061 Ŭ 64346 B E. coli 
shallow 

sediment 
33.8888 130.76881 

tetAR, strAB, blaSHV, aph(3')-Ib 

pMNCN064 Ŭ 68925 T E. coli 
shallow 

sediment 
33.8888 130.76881 

tetAR, transposon (Tn402-classI integron 

(qacH, aadA1, sul1), mer operon), aph(3')-Ib 

pSM0227-07 ɓ-1 51612 T P. resinovorans 
UASB 

granule 
- - 

Tn402 with mgtAC 

pMH0621-02Tc ɓ-1 64795 B P. resinovorans 
lake 

sediment 
34.708333 137.684167 

sul2, tet(X6), tetG mer operon, Tn21-like 

transposon 

pYKAZ004 ɓ-1 58771 T P. resinovorans soil 35.138333 136.830000 
Tn402-classI integron (qacEȹ-sul1-orf5), 

IS1071 

pYKBF005 ɓ-1 60124 T P. resinovorans 
river 

sediment 
37.440556 140.569167 

Tn402-classI integron (qacEȹ-sul1-orf5, aac, 

aadA, blaOXA1), Tn (relE) 

pYKBG006 ɓ-1 51488 T P. resinovorans soil 34.823611 135.516944 IS1071 

pYKBU009 ɓ-1 53186 T P. resinovorans 
river 

sediment 
34.10963 134.49602 

Tn501(mer operon), IS1071 

pYKCT011-1 ɓ-1 57620 T P. resinovorans 

river 

sediment 

(Tama6) 

35.544467 139.725906 

Tn501(remnant) (mer operon), IS21, Tn3 

family (blaNPS), relE 

pMNCI060 ɓ-1 56363 B E. coli 
river 

sediment 
37.8587 139.02358 

transposon (aph(3')-Ia, tetC, tetR,  strAB), 

tetA, tetR 

pMNCI062 ɓ-1 38628 T E. coli 
river 

sediment 
37.8587 139.02358 

no accessory 

pMNCI063 ɓ-1 52178 T E. coli 
river 

sediment 
37.8587 139.02358 

aroA 

pYKAM033  ɓ-2 42722 T P. resinovorans soil 35.166667 138.152500 no accessory 

pYKBP039 ɓ-2 55596 T P. resinovorans 
activated 

sludge 
- - 

Tn402-class1 integron (blaOXA, blaGES, 

aac(6')-Ib, ere(A), blaIMP, aac(6')-Ib) 

1
4

 



 

 

 

pYKCS045 ɔ 49370 T P. resinovorans 

river 

sediment 

(Tama4) 

35.601667 139.624847 

Tn402-class1 integron (like) (blaGES-5, aac(6')-

Ib) 

pSM0227-02 ŭ 47983 T P. resinovorans 
UASB 

granule 
- - 

dam, alwI 

pYKBO007 Ů-I 42530 T P. resinovorans 
activated 

sludge 
- - 

Tn  

pMNBL056 Ů-I 52432 B P. resinovorans 

river 

sediment 

(Tama4) 

35.652894 139.504669 

class1 integron (dfrB1, qacEȹ-sul1-orf5, 

tetRA) 

pMHAD031 ɗ 42885 T P. resinovorans 
lake 

sediment 
34.710833 137.693889 

no accessory 

pYKBL037 ɘ 64506 T P. resinovorans 

river 

sediment 

(Tama4) 

35.652894 139.504669 

transposon (strAB, class 1 integron (aac(6')-

Ib, ere(A), qacEȹ-sul1-orf5), transposon 

(blaAER, qacL) 

pYKBR041 ɘ 45846 T P. resinovorans 
activated 

sludge 
- - 

aac(6')-31 

pYKCG107 ɘ 46366 T P. resinovorans 
activated 

sludge 
- - 

transposon 

pYKBG036 ɞ 43728 T P. resinovorans soil 34.823611 135.516944 ompA 

pMNBM077 ə 53339 B E. coli 

river 

sediment 

(Tama5) 

35.601667 139.624847 

transposon (tetAR, transposon) 

pYKAM101  ɚ 69067 T P. resinovorans soil 35.166667 138.152500 Two ISs 

pMNCG080 ɛ 69494 T E. coli 
activated 

sludge 
- - 

no accessory 

pMNCG082 ɛ 74115 T E. coli 
activated 

sludge 
- - 

bcs 

 

  

1
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Table 1-5 B T PromA  

 

Name group Size (bp) Method Recipient Source 
Latitude 

(N) 

Longitude 

(E) 
Accessory 

pMH0613-68 ɓ-1 41831 T P. resinovorans 
lake 

sediment 
34.710833 137.693889 no accessory gene 

pYK0413-01 ɓ-1 42291 T P. resinovorans 
river 

sediment 
39.700556 141.140556 no accessory gene 

pYK0422-04 ɓ-1 42189 T P. resinovorans soil 34.725833 137.717778 no accessory gene 

pYK0709-71 ɓ-1 41972 T P. resinovorans 

river 

sediment 

(Tama4) 

35.652894 139.504669 no accessory gene 

pYK0709-104 ɓ-1 41611 T P. resinovorans 

river 

sediment 

(Tama6) 

35.544467 139.725906 

no accessory gene 

pYKCT011-2 ɓ-1 42060 T P. resinovorans 

river 

sediment 

(Tama6) 

35.544467 139.725906 no accessory gene 

pMHAA012 ɓ-1 42059 T P. resinovorans 
lake 

sediment 
34.710833 137.693889 no accessory gene 

pMHAD016 ɓ-1 41022 T P. resinovorans 
lake 

sediment 
34.710833 137.693889 no accessory gene 

pYKAR019 ɓ-1 41954 T P. resinovorans 
lake 

sediment 
36.134722 138.271111 no accessory gene 

pYKBG020 ɓ-1 41022 T P. resinovorans soil 34.823611 135.516944 no accessory gene 

pYKBL021 ɓ-1 44255 T P. resinovorans 

river 

sediment 

(Tama4) 

35.652894 139.504669 no accessory gene 

1
6

 



 

 

 

pYKBM022 ɓ-1 42027 T P. resinovorans 

river 

sediment 

(Tama5) 

35.601667 139.624847 no accessory gene 

pYKBS026 ɓ-1 42060 T P. resinovorans 
river 

sediment 
37.8587 139.02358 no accessory gene 

pYK0414-12 ɓ-2 42497 T P. resinovorans 
lake 

sediment 
39.668889 140.966944 no accessory gene 

pYKCT010 ɓ-2 41020 T P. resinovorans 

river 

sediment 

(Tama6) 

35.544467 139.725906 no accessory gene 

pSN0517-01 ɔ 41117 T P. resinovorans 
UASB 

granule 
- - no accessory gene 

pMH0621-74 ɔ 39677 T P. resinovorans 
lake 

sediment 
34.708333 137.684167 no accessory gene 

pYKBM023 ɔ 40648 T P. resinovorans 

river 

sediment 

(Tama5) 

35.601667 139.624847 no accessory gene 

pYKBP024 ɔ 41237 T P. resinovorans 
activated 

sludge 
- - no accessory gene 

pMNBM065-1 ɔ 41504 B E. coli 

river 

sediment 

(Tama5) 

35.601667 139.624847 no accessory gene 

pMNCE066 ɔ 41168 T E. coli 
activated 

sludge 
- - no accessory gene 

pMNCE067 ɔ 40940 T E. coli 
activated 

sludge 
- - no accessory gene 

pMNCK068 ɔ 40940 T E. coli 
river 

sediment 
34.10963 134.49602 no accessory gene 

  

1
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18 

 

 

 

Figure 1-2. trfA a traI b IncP-1 . 

bootstrap 1000

70
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Figure 1-3. 28 IncP-1 . 

bootstrap 1000 70
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- -  PromA  

PromA IncP-1 24

Figure 1-4 pYKCT010

pYKBL021 pYKBM022 pYK0709-71 pYK0709-104 pYKCT011-2

PromAɓ

pYK0414-12 2

93.7% PromAɓ 80.0-83.3%

2 PromAɓ 88.2%

 2 PromAɓ-2 PromAɓ-1

pYKBM023 pMNBM065-1 PromAɔ  

 

DNA

PromA

IncP-1 PromA IncP-1

(i) PromA

(ii)  PromA

2

 (ii)

PromA Werner et al., 2020

PromA DNA

  

 

- -   

IncP-1 PromA

IncA/C IncN

DNA PCR-

87 27 IncP-1

24 PromA Table 1-6 IncP-1 PromA

47 38

Tama4 5 6

Table 1-6 IncA/C IncN
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Figure 1-4. 24 PromA . 

bootstrap 1000 70
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Table 1-6  
 

IncP-1 IncPromA IncA/C IncN 

Activated sludge (40) 10 5 10 3 

Cow manure (2) 0 1 1 0 

Lake sediment (32) 5 7 0 0 

Marine sediment (16) 0 0 0 0 

Paddy sediment (1) 1 1 0 0 

Pond sediment (3) 2 1 1 0 

River sediment (59) 7(0) 6(3) 2(2) 3(2) 

Soil (12) 2 3 1 0 

Total (163) 27 24 15 6 

-   

 P. resinovorans  E. coli 

IncP-1 PromA

IncP-1

IncP-1

PromA IncP-1 

IncP-1 PromA

PromA
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-   

 

 

-   

- -  

 

 

- -   

 

 

- -   

Table 2-1 

Pseudomonas putida SMDBS

PromA 3 PromAɓ-1 PromAɓ-2 PromAɔ

PromAŭ

GFP Km

Cm  

 

- -   

 2020 7 17 24°C

N34.725556 E137.7175 2020 8 12 35°C

N34.723056 E137.718333 2020 8 12 35°C

N34.7175 E137.696944 . 

2020

 

 

- -    

LB

LBAgar Agar

Agar 7 LBAgar

SoilLBA 8 Agar SoilA

LBAgar Lake Sanaru LBA 3   

  



 

 

 

Table 2-1 ≢ ⇔√ ⅔╟┘ⱪꜝ☻Ⱶ♪ 

Strain or Plasmid Relevant characteristics Reference 

Bacterial strains   

Aeromonas media JCM 2385 Gammaproteobacteria, type strain BRC-JCM, RIKEN 

Burkholderia plantarii JCM 5492T Betaproteobacteria, type strain BRC-JCM, RIKEN 

Comamonas teststeroni JCM 5832T Betaproteobacteria, type strain BRC-JCM, RIKEN 

Delftia acidovorans JCM 5833T Betaproteobacteria, type strain BRC-JCM, RIKEN 

Rhizobium pusence JCM 20371T Alphaproteobacteria, type strain BRC-JCM, RIKEN 

R. radiobacter JCM 16209 Alphaproteobacteria BRC-JCM, RIKEN 

   

Pseudomonas putida   

SMDBS 
A dapB-deleted strain of SM1443, Rifr of KT2440 with mini-Tn5-lacIq cassette inserted 

into the chromosome 
(Shintani et al., 2014)  

SMDBS (pMH0613-68::gfp) SMDBS harboring pMH0613-68::gfp This study 

SMDBS (pYK0414-12::gfp) SMDBS harboring pYK0414-12::gfp This study 

SMDBS (pSN1104-11::gfp) SMDBS harboring pSN1104-11::gfp This study 

SMDBS (pSN0729-62::gfp) SMDBS harboring pSN0729-62::gfp This study 

   

Plasmid   

pMH0613-68::gfp mini-Tn5-Km-PA1/O4/O3-RBSII-gfpmut3*-T0-T1 was inserted in 40,893 nt of pMH0613-68. This study 

pYK0414-12::gfp mini-Tn5-Km-PA1/O4/O3-RBSII-gfpmut3*-T0-T1 was inserted in 35,137 nt of pYK0414-12. This study 

pSN1104-11::gfp mini-Tn5-Km-PA1/O4/O3-RBSII-gfpmut3*-T0-T1 was inserted in 38,362 nt of pSN1104-11. This study 

pSN0729-62::gfp mini-Tn5-Km-PA1/O4/O3-RBSII-gfpmut3*-T0-T1 was inserted in 35,614 nt of pSN0729-62. This study 

  

2
4
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HistodenzC19H26I3N3O9 Sigma-

Aldrich Shintani et al., 2014

LB LBA Agar 0.45 ɛm

ADVANTEC  

 

- -  FACS  

FACS Moflo XDP Intellisort II instrument

Beckman Coulter 488 nm 70 µL nozzle orifice 

Shintani et al., 2014  

 

- -   

DNA DNA

PCR

16S rRNA

PCR r2L

 16S Microbial databaseNCBI  

https://ftp.ncbi.nlm.nih.gov/blast/db/2021 1 Geneious Prime 2021 (Kearse et al., 

2012) BLAST

16S rRNA Table 2-2 PCR

KOD One 98°C 10 sec 55°C 5 sec 68°C 5 sec 12°C hold 30

 

FACS 15000 DNA 16S 

rRNA

ExTaq HS 16S rRNA PCR

MiSeq illumina 2 PCR Table 2-2

15000 1/15000

Fastx 

toolkit fastq barcode spliltter (Joshi and Fass, 2011) 

3ô 50 bp

  

 

- -  DNA  

DNA

16S rRNA

16S Microbial database Geneious Prime 2021  (Kearse et al., 2012) BLAST
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Table 2-2  

 

  

Target 
Template 

(Primer name) 
Sequence (5'Ÿ3') Reference 

repA 

pMH0613-68 
pMH0613-68 

F CGATGAAGCAGAGCTTGATAA 
This study 

R CTGGGGTACATCACCAGTCC 

repA 

pYK0414-12 
pYK0414-12 

F GTTGAAGGCTTTCAGGCAAT 
This study 

R CAAAACGTGTTCGATGCACT 

repA 

pSN1104-11 
pSN1104-11 

F AGGCATGAGCGCAGAAGAC (Yanagiya et al., 

2018) R CCACCATCACATGCTTCAAC 

repA 

pSN0729-62 
pSN0729-62 

F TTGACGAAGACGCTTACACG (Yanagiya et al., 

2018) R AGAACAAGGCCGTTAGCAGA 

16S rRNA 

27F AGAGTTTGATCMTGGCTCAG (Lane, 1991; 

Turner et al., 

1999) 

 

1496R TACGGYTACCTTGTTACGACTT 

r2L GACTACCAGGGTATCTAATC (Hiraishi, 1992) 

1st PCR 1st-515f_MIX GCCAATCAGTGACATTGTGG  

 1st-806r_MIX TGCGTTCGTAGATGGTCTTG  

2nd PCR 2ndF AGAGTTTGATCMTGGCTCAG  

 2ndR TACGGYTACCTTGTTACGACTT  
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-   

- -   

4 PromA P. putida SMDBS

FACS

LB

192

16S rRNA Proteobacteria, 

Bacteroidetes, Actinobacteria, Firmicutes 4 7 36 PromA

Table 2-3 pSN1104-11 pYK0414-12 3

pSN0729-62 2 pMH0613-68 Proteobacteria 3

 (Klumper et al., 

2015; Yanagiya et al., 2018) PromAɓ-2 pYK0414-12

 

Alphaproteobacteria 9

8 pSN1104-11 Table 2-3

Betaproteobacteria 54 / 80 Comamonas pMH0613-68

Table 2-3 pYK0414-12 pSN0729-62

Gammaproteobacteria Stenotrophomonas 17 / 32 pYK0414-12

pSN0729-62 62 / 170 Pseudomonas

Table 2-3

4

Gammaproteobacteria Enterobacter Klebsiella Stenotrophomonas Raoultella

Aeromonas Pseudomonas 6 6 70%

Table 2-3 4

 

192

Table 2-3

pYK0414-12

192 58 Table 2-3

SoilLBA 7 / 96  

15000 DNA 16S rRNA

16 37 65 110

Fig. 2-1

Alphaproteobacteria Gammaproteobacteria

Fig. 2-1 2

Lake Sanaru LBA pSN1104-11, pYK0414-12
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Gammaproteobacteria 33% 36% Fig. 

2-1C pMH0613-68 pSN0729-62 80% 63%

Fig. 2-1C) Alphaproteobacteri pSN1104-11, pYK0414-1 49%, 

39% pMH0613-68, pSN0729-6 8%, 26% (Fig. 2-

1C) (Fig. 2-1AB)   

PromAɓ-1 PromAɓ-2 PromAɔ

 

 

- -   

 3 6 18 DNA

Figure 2-3

Tama1~3 Tama4~6 Figure 2-3 Tama3-Tama4

2020 Bacteroidetes

Flavobacteriaceae Proteobacteria Betaproteobacteria Comamonadaceae

Oxalobacteaceae Gammaproteobacteria Pseudomonadaceae Moraxellaceae

Flavobacteriaceae

Comamonadaceae Pseudomonadaceae Moraxellaceae PromA

Figure 2-1 2-2

 

 



 

 

 

Table 2-3. EzBioCloud server 97%  

 

 

 

 

Genus 
pSN1104-11 pMH0613-68 pYK0414012 pSN0729-62 

Family Class Order 
SoilLBA SoilA Sanaru SoilLBA SoilA Sanaru SoilLBA SoilA Sanaru SoilLBA SoilA Sanaru 

Rhizobium 1  1         1 

Rhizobiaceae 
Alpha- 

proteobacteria 

Proteobacteria 

Agrobacterium  1           

Bejierinvkia 1            

Ensifer 1 3           

Comamonas    54      6   

Comamonadaceae Beta- 

proteobacteria 

Variovorax  2           

Burkholderia     1      1  

Delftia 2         2   

Achromobacter  1 3    2  1 3  2 Alcaligenaceae 

Aquimonas           1  
Xanthomonadaceae  

Gamma- 

proteobacteria 

Stenotrophomonas 3 3   3  3 12 2  4 2 

Enterobacter 3   12 4 3  1  1 4  

Enterobacteriaceae 

Klebsiella  8   5   1   1  

Kosakonia 4   2         

Lelliottia          1   

Leclercia    2 2        

Siccibacter     1        

Pluralibacter     1        

Yokenella 2            

Raoultella 33 1  3 2  1   18 3  

Citrobacter    1 2   1   5  

Buttiauxella    2         

Kluyvera    1  1       

Erwinia          1   Erwiniaceae 

Hafnia      1       Hafniaceae 

Pseudomonas 14 5 6 8 1   2 2 54 6 2 Pseudomonadaceae 

Acinetobacter         3    Moraxellaceae 

Aeromonas   17  2 25  8 16 1 14 22 Aeromonadaceae 

Vibrio   1      1   5 Vibrionaceae 

Shewanella     1       8 Shewanellaceae 

Bacillus       1      Bacillaceae Firmicutes Firmicutes 

Flavobacterium          1   

Flavobacteriaceae Flavobacteria 
Bacteroidetes 

Chryseobacterium   1      1    

Myroides            1 

Sphingobacterium   1          Sphingobacteriaceae Sphingobacteriia 

Krasilnikoviella  1           Promicromonosporaceae Actinobacteria Actinobacteria 

 /  
64 / 96 25 /48 30 / 48 8 / 96 25 /48 30 /48 7 / 96 25 /48 26 /48 88 / 96 39 /48 43 /48   

119 140 58 170    

2
9

 



 

 

 

 

 

 

 

 

 

 

Fig. 2-1. 15,000  

(A) SoilLBA   (B) SoilA (C) Lake Sanaru LBA  
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Fi  

Fig.2-2 ≤ ─ ─ ⅔╟┘ ─ ꜠ⱬꜟ  

(A) SoilLBA (B) SoilA (C) Lake Sanaru LBA 
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Fig. 2-3  

 (A) 2019 7 6  (B) 2019 10 6 (C) 2020 2 15

Tama1~6 Figure 1-1  
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-   

PromA

PromA

PromA

 

 PromA

PromA

PromA

PromA

 

 








