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Table S1. Primers for amplification of functional genes of the strain LS7-MC. 

Genes Primer sequences (5’3’) 
Product(

bp) 
Results 

Annealing 

temp. (oC) 
Ref. 

pmoA 
A189f: 5'-GGNGACTGGGACTTCTGG-3' 

Mb661: 5'-CCGGMGCAACGTCYTACC-3' 
510 + 55 1 

pmoA 
*Pmo-F: 5'-GGGGACTGGGACTTSTGG-3'  

*Pmo-R: 5'-GGAGCAACGTCTTTTACCGAARG-3' 
508 + 55 6 

mxaF 
f1003: 5'- GCGGCACCAACTGGGGCTGGT-3' 

f1561:  5'- GGGCAGCATGAAGGGCTCCC-3' 
558 + 58 2 

nifH 
NifHf: 5'-GGHAARGGHGGHATHGGNAARTC-3' 

NifHr: 5'-GGCATNGCRAANCCVCCRCANAC-3' 
389 + 55 3 

cbbL 

McBCBBL 195F: 5'-CTGCTGACCGACCTCGACTA-3' 

McBCBBL 706R:  5'-GTCACGTTGAGGTAGTGGCC-3' 
500 + 58 4 

*f92: 5'-GGCTGCAGAGCTTYAMCTGG-3' 

*Ar1430: 5'-CGCCTCCCTCRTACTGYTCGAG-3' 
1335 - 55 6 

*Probes used for Southern hybridization. 

Table S2. Results of Southern blot analysis of radioactively labeled pmoA and mmoX probes. 

Strain pmoA mmoX Ref. 

Methylococcaceae strain LS7-MC + − This study 

Methylococcus capsulatus Bath + + 7 

Methylococcaceae strain BFH1 + − 8 

Methylacidiphilum kamchatkense Kam1 − − 6 

Table S3. Pairwise sequence alignment analysis of 16S rRNA gene sequences, pmoA gene and partial 

derived PmoA amino acid sequences shows similarity between strain LS7-MC and other cultivated 

gammaproteobacterial methanotrophs. Identity of PmoA sequences shows in the parentheses [9]. 

Values are given as a percentage. nr, not reported. 

Strains name 16S rRNA pmoA PmoA 

Methylococcaceae strain LS7-MC  100 − − 

Methylococcaceae strain LS7-MC − 100 100 

Methylococcus capsulatus Bath 92.7 87.8 99.4 (97.6) 

Methylococcaceae strain BFH2 92.4 82.3 92.8 (87.4) 

Methylocaldum szegediense OR2T 92.0 79.7 92.3 (85.8) 

Methylococcaceae strain BFH1 91.7 82.0 94.3 (88.0) 

Methylococcaceae strain BRS-K6 91.6 84.0 93.2 (88.9) 

Methylocaldum marinum S8T 91.3 81.1 94.7 (88.8) 

Methylococcaceae strain AK-K6 91.2 85.3 94.5 (89.6) 

Methylocaldum gracile VKM 14LT 90.9 82.7 94.7 (88.2) 

Methylomagnum ishizawai RS11D-PrT 90.7 81.5 93.2 (88.2) 

Methylogaea oryzae E10T 90.7 79.0 95.3 (89.9) 

Methyloterricola oryzae 73aT 90.7 78.6 94.0 (87.4) 

Methylocaldum tepidum LK6T 90.6 80.2 92.9 (86.4) 

Methylococcus thermophilus ACM 3585T 90.5 nr. nr. 

Candidatus Methylospira palustris 90.5 80.3 93.4 (84.4) 

Methyloparacoccus murrellii R-49797T 90.3 84.6 96.2 (91.2) 

Methylococcaceae strain GFS-K6 89.0 82.8 94.7 (88.1) 

Methylohalobius crimeensis 10KiT 88.6 80.0 92.0 (82.8) 

‘Candidatus  Methylloumidiphilus alinensis’ 87.2 81.9 89.8 (85.6) 

‘Methylothermus’ strain HB 87.0 74.6 92.2 (85.0) 

Methylothermus thermailis MYTHT 87.0 78.8 91.5 (85.6) 

Methylothermus  subterraneus HTM55T 87.0 78.3 92.3 (86.4) 

Methylovulum miyakonense HT12T 85.6 71.0 92.9 (81.1) 
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Table S4. Pairwise MxaF protein sequences similarity comparisons between BFH1 and other related 

methanotrophs of the family Methylococcaceae. Identity of MxaF protein sequences shows in the 

parentheses [9]. Values are given in percentage. 

Strains with accessions no. mxaF MxaF 

KP843192, Methylococcaceae strain LS7-MC 100 100 

AE017282, Methylococcus capsulatus strain Bath 85.7 97.8 (94.0) 

KT921322, Methylococcaceae strain BFH2 85.6 99.3 (97.2) 

GQ130269, Methylococcaceae strain BFH1 84.7 98.9 (95.4) 

KP870209, Methylococcaceae strain AK-K6 84.5 97.2 (92.1) 

HF954364, Methyloparacoccus murrellii R-49797T 84.4 98.3 (91.7) 

DQ002935, Methylocaldum szegediense strain O-12 84.0 96.9 (93.8) 

KP870207, Methylococcaceae strain BRS-K6 83.7 97.6 (92.1) 

DQ002936, Methylocaldum szegediense strain H-11 83.3 96.7 (93.4) 

AJ868416, Methylocaldum sp. E10a 83.0 98.3 (92.8) 

AJ868415, Methylocaldum sp. 5FB 82.8 96.6 (93.9) 

KP870208, Methylococcaceae strain GFS-K6 82.3 96.4 (90.9) 

AB453967, Methylomarinum vadi IT-4T 82.3 95.7 (88.0) 

AB501290, Methylovulum miyakonense HT12T 80.0 94.0 (88.6) 
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Figure S1. Phylogenetic tree based on 16S rRNA gene sequences. The tree is showing the relationship 

between the novel strain LS7-MC and other related gammaproteobacterial methanotrophs. The tree 

was inferred by a Maximum-Likelihood method based on the Kimura 2-parameter model. 

Evolutionary analyses were conducted in MEGA7 software package [10].  Methylacidiphilum 

infernorum V4 (AM900833) was used as an outgroup. Bootstrap values >50% are shown at nodes. The 

scale bar represents 0.1 changes per nucleotide position. GenBank accession numbers are given in 

front of the respective strains name. 
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Figure S2. Phylogenetic tree based on 16S rRNA gene sequences. The tree is showing the relationship 

between the novel strain LS7-MC and other related aerobic gammaproteobacterial methanotrophs. 

The tree was inferred by a Minimum-Evolution method (MEGA7 software package). The 

evolutionary distances were computed using the Maximum Composite Likelihood model and are in 

the units of the number of base substitutions per site. The Neighbor-joining algorithm was used to 

generate the initial tree. Bootstrap values were determined using 1,000 replicates. Methylacidiphilum 

infernorum V4 (AM900833) was used as an outgroup. Bootstrap values below 50% are not shown. The 

scale bar represents 0.05 changes per nucleotide position [10]. . 
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Figure S3. Phylogenetic tree of PmoA protein sequences. The tree is showing the relationship 

between the strain LS7-MC and other gammaproteobacterial methanotrophs. The evolutionary 

history was inferred by using the Maximum Likelihood method (deduced PmoA amino acid 

sequences) based on the JTT matrix-based model showing the position of strain LS7-MC and other 

described gammaproteobacterial methanotrophs. The tree was constructed using MEGA7 software 

package and was based on 131 amino acids. Bootstrap values were determined using 1,000 replicates. 

Methylacidiphilum infernorum V4T PmoA3 (EU223855) was used as an outgroup. Bootstrap values 

below 50% are not shown [10]. . 
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Figure S4. Phylogenetic tree of PmoA protein sequences. The tree is showing the relationship 

between strain LS7-MC and other related aerobic gammaproteobacterial methanotrophs. 

Minimum-Evolution tree based on deduced PmoA amino acid sequences showing the position of 

strain LS7-MC (with accession number) and other described gammaproteobacterial methanotrophic 

isolates. The tree was constructed using MEGA7 software package. The evolutionary distances were 

computed using the JTT matrix-based method and are in the units of the number of amino acid 

substitutions per site. Bootstrap values were determined using 1,000 replicates. Methylacidiphilum 

infernorum V4T PmoA3 (EU223855) was included in the tree as an outgroup [10]. 
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