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Supplementary Figures: 
 

 

 

Supplementary Figure S1: Isolation of N-fixing bacteria in Nfb semi-solid medium (a: Dobanki sample; b: 

 

Pakhiralay sample; c: Mathurakhanda sample) 
 

 
Supplementary Figure S2: Streak in BMS medium for N-fixing bacterial single colony isolation (a: Dobanki 

sample; b: Pakhiralay sample; c: Mathurakhanda sample) 
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Supplementary Figure S3: Preliminary study of primary screening by well diffusion method in Nfb agar plate 

(C=control; S=sample). 

 

 

 

 

 

 

 
Supplementary Figure S4. Exponential phase study of nitrogen-fixing bacteria in Nfb media. 

 



 

 

Supplementary Figure S5: Exponential phase study of nitrogen-fixing bacteria in Nfb media (C= 
 

control; S= isolated culture). 



 
 
 

Supplementary Figure S6: Determine the extracellular or intracellular response for N-fixation in Nfb media; 

when, C= PBS buffer as a control, P= crude extract of N-fixing bacterial isolate (for intracellular response 

investigation), S= N-fixing bacterial alive cell (for extracellular response investigation). 

 

 
 

Supplementary Figure S7: Shows a single 1Kb PCR product of 16S rRNA gene on 2% agarose gel ( Lane 1: 

1KB DNA ladder, Lane 2: 16S amplicon (Positive Control: E. coli), Lane 3: Negative Control, Lane 4: Sample). 



 
 
 

Supplementary Figure S8: 16S rRNA sequence of N4 bacterial isolates was generated BLAST analysis to 

compare with the sequences in the NCBI GenBank database. The N4 isolate has been higher similar to 

Enterobacter sp. bacterial strain. 

 

 

 

Supplementary Figure S9: Best plat show of viability study at 180 days of Enterobacter sp. GG1 in carriers 

(CDC and lignite). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Data file SD1 

Enterobacter sp. GG1_16s rRNA gene => Enterobacter sp. GG1 

TGTGTACAAGGCCCGGGAACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCCGACT 

TCATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGCATTTTATGAGGTCCGCTTGCTCTCG 

CGAGGTCGCTTCTCTTTGTATGCGCCATTGTAGCACGTGTGTAGCCCTACTCGTAAGGGCCATGAT 

GACTTGACGTCATCCCCACCTTCCTCCAGTTTATCACTGGCAGTCTCCTTTGAGTTCCCGGCCGGAC 

CGCTGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATTTCACAACACGAG 

CTGACGACAGCCATGCAGCACCTGTCTCAGAGTTCCCGAAGGCACCAATCCATCTCTGGAAAGTTC 

TCTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACATGCTCCACCGCTT 

GTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCGACTTA 

ACGCGTTAGCTCCGGAAGCCACGCCTCAGGGGCACAACCTCCAAGTCGACATCGTTTACGGCGTG 

GACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAG 

GGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTA 

CCCCCCTCTACAAGACTCTAGCCTGCCAGTTTCGAATGCAGTTCCCAGGTGGAGCCCGGGGATTTC 

ACATCCGACGGGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTAGCACCC 

TCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAATCGCT 

GAGGTTATTAACCTCAACACCTTCCTCCCCGCTGAAAGTACTTTACAACCCGAAAGCCTTCTTCAT 

ACACGCGGCATGGGTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAG 

GAGTGTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGACCAGCTAGGGATCGTGGC 

CTAGGTGAGCCGTTACCCCACCTACTAGCTAATCCCATCTGGGCACATCTGATGGCGAGAGGCCCG 

AAGGTCCCCCTCTTTGGTCTTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCT CC 

ATCAGGCAGTTTCCCAGACATTACTCACCAATGCGCCGCTCGCCGGCAAAGTAG 

 

Azotobacter chroococcum YSC6 => AB696769.1:798-1494 Azotobacter chroococcum gene for 16S ribosomal RNA, partial 

sequence, strain: NTUIOB YSC6 

ACGCCGTAAACGATGTCGACTAGCCGTTGGGCTCCTTGAGAGCTTGGTGGCGCAGCTAACGCATTA 

AGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACA 

AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATCCTGCG 

AACCTTTCAGAGATGAGAGGGTGCCTTCGGGAACGCAGAGACAGGTGCTGCATGGCTGTCGTCAG 

CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCAC 

CTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGT 

CATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAGAGGGTTGCCAAGC 

CGCGAGGTGGAGCTAATCCCAGAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCG 

TGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCCTTGTAC 

ACACCGCCCGTCACACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCTTCGGGGGGAC 

GGTTACCACGGAGTGATTCATGACTGGGGTGAAGTCGTAACAA 

 

 

Azospirillum lipoferum B7=> AY685925.1:1-281 Azospirillum lipoferum clone B7 16S-23S intergenic  spacer, complete 

sequence CTAAGGAAGCCGACCCTGGTGGGTCCGGCACCTTCAAGTCCAGATGGCGCATCTCTGCCGCCGCCG 

GCGCATCCCTTCTCGACGATCCGGAACACCCGCTGACAGTGCATCCGCACTGTCTCGGCCGGATTG 

ACGAGAAGCGCTTGGCGTTTTGAAATTTTCAAAACGCGGGATCTTTCAAATCGTGAATAAAGTCGA 

GTTTTAAGTGACCGAGGATGCATCTTCATGAGCGTCCACGAGGCAGGAGCGGTTTGCCCCTGTGCG 

TGACGTTCGGAATAGAG 

 

 

Beijerinckia sp. strain 37L => MG904942.1:1-1317 Beijerinckia sp. strain 37L 16S ribosomal RNA gene, partial sequence 

TAAACGAGTGGGGCAGGTTAACACATGCAAGTCGAACGCCCCGCAAGGGGAGTGGCAGACGGGT 

GAGTAACGCGTGGGAACATACCCTTTCCTGCGGAATAGCTCCGGGAAACTGGAATTAATACCGCA 

TACGCCCTACGGGGGAAAGATTTATCGGGGAAGGATTGGCCCGCGTTGGATTAGCTAGTTGGTGG 

GGTAAAGGCCTACCAAGGCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACATTGGGACT 

GAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAGCCTG 

ATCCAGCCATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCACCGGAGAAGATA 

ATGACGGTATCCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGG 

GCTAGCGTTGTTCGGAATTACTGGGCGTAAGCGCACGTAGGCGGATATTTAAGTCAGGGGTGAAA 

TCCCAGAGCTCAACTCTGGAACTGCCTTTGATACTGGGTATCTTGAGTATGGAAGAGGTAAGTGGA 

ATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTTACT 

GGTCCATTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC 

CACGCCGTAAACGATGAATGTTAGCCGTCGGGCAGTATACTGTTCGGTGGCGCAGCTAACGCATTA 

AACATTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACA 

AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCTCTTGACATTCGGG 

GTATGGGCATTGGAGACGATGTCCTTCAGTTAGGCTGGCCCCAGAACAGGTGCTGCATGGCTGTCG 

TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCA 

GCATTTAGTTGGGCACTCTAAGGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGGGGATGACGTC 

AAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGTGGTGACAGTGGGCAGCG 

AGACAGCGATGTCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGATTGCACTCTGCAACTCGAGTG 

CATGAAGTTGGAATCGCTAGTAATCGCAGCTTGGGTCAGCGACTGGGGTGATTCTACAAGAGAGA 

GGCCCCCCATAAAA 



Burkholderia sp. strain OKR4-1 => OP872624.1:1-1502 Burkholderia sp. strain OKR4-1 16S ribosomal  RNA gene, 

partial sequence 

TTTTTTTTTTTTTTTTTTTTTTTTTTCTGTTTTTTTGTCTCTATGAGCTGCGCATGCTTACACATGCAA 

GTCGAACGGCAGCACGGGTGCTTGCACCTGGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGA 

ACATGTCCTGTAGTGGGGGATAGCCCGGCGAAAGCCGGATTAATACCGCATACGATCTACGGATG 

AAAGCGGGGGACCTTCGGGCCTCGCGCTATAGGGTTGGCCGATGGCTGATTAGCTAGTTGGTGGG 

GTAAAGGCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTG 

AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGA 

TCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTTGTCCGGAAAGAAATC 

CTTGGCTCTAATACAGTCGGGGGATGACGGTACCGGAAGAATAAGCACCGGCTAACTACGTGCCA 

GCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGG 

CGGTTTGCTAAGACCGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTGGTGACTGGCAGG 

CTAGAGTATGGCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGA 

ATACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCA 

AACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGGATTCATTT 

CCTTAGTAACGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTC 

AAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAA 

ACCTTACCTACCCTTGACATGGTCGGAATCCCGCTGAGAGGTGGGAGTGCTCGAAAGAGAACCGG 

CGCACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAG 

CGCAACCCTTGTCCTTAGTTGCTACGCAAGAGCACTCTAAGGAGACTGCCGGTGACAAACCGGAG 

GAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGT 

CGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCAGAAAACCGATCGTAGTCCGGATT 

GCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCGCGGGGG 

GAGAAACCTTCCCCGGGTTCTTGTACACACCGCCCGTCACACCATGGGAAGTGGGTTTTACCAGAA 

GTGGCTAGTCTAACCGCAAGGAGGACGGTCACCACGGTAGGATTCTGACTGGGTGAGCAAAAA 

 

 

Clostridium sp. M98449 => M98449.1:1-137 Clostridium sp. 16S ribosomal RNA (16S rRNA) gene, partial sequence 

GAGATTAGGAAGAACCCCAGTGGCGAAGGCGGCTTTCTGGACTGTAACTGACGCTGAGGCCCGAA 

AGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTACTAGGTG TAGGAGG 

 

 

Enterobacter cloacae strain OsEp_A&N_15A7=> MT367840.1:12-1397 Enterobacter cloacae strain OsEp_A&N_15A7 16S 

ribosomal RNA gene, partial sequence 

GAACGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAA 

ACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCA 

AAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGG 

TAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGA 

GACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGAT 

GCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGT 

GTTGTGGTTAATAACCACAGCAATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCA 

GCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGG 

CGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGG 

CTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGA 

ATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGC 

AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGA 

GGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC 

TCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAA 

GAACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGTG 

AGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGC 

GCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACT 

GGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACA 

ATGGCGCATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTAGTCC 

GGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCT 



Gluconacetobacter sp. 0w26 => OK641906.1:1-579 Gluconacetobacter sp. strain 0w26 16S ribosomal RNA gene, partial 

sequence GTAACGCGTAGGAATCTATCTTTGGGTGGGGGATAACTGTGGGAAACTACAGCTAATACCGCATG 

AAACCTCAGGGTCAAAGCAGCGATGCGCCGAAGGAGGAGCCTGCGTACGATTAGCTAGTTGGTGG 

GGTAAAGGCCTACCAAGGCTACGATCGTTAGCTGGTCTGAGAGGATGATCAGCCACATTGGGACT 

GAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCT 

GATCCAGCAATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTCGACGGGGACGAT 

GATGACGGTACCCGTAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGG 

GGCTAGCGTTGCTCGGAATGACTGGGCGTAAAGGGCGCGTAGGCGGATTGTACAGTCAGATGTGA 

AATTCCCGGGCTTAACCTGGGGGCTGCATTTGATACGTATAGTCTAGAGTGAGGAAGAGGGTTGTG 

GAATTCCCAGTGTAGAGGTGAAATTCGTAGATATTGGGAAGAACACCGGTGGCGAAGGC 

 

 

Herbaspirillum sp. Ah5_2.5 => GQ181144.1:13-488 Herbaspirillum sp. enrichment culture clone Ah5_2.5 16S ribosomal 

RNA gene, partial sequence 

TAGGAGCTTGCTCCTGATGGCGAGTGGCGAACGGGTGAGTAATATATCGGAACGTGCCCTAGAGT 

GGGGGATAACTAGTCGAAAGATTAGCTAATACCGCATACGATCTAAGGATGAAAGTGGGGGATCG 

CAAGACCTCATGCTCCTGGAGCGGCCGATATCTGATTAGCTAGTTGGTGGGGTAAAAGCCTACCAA 

GGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGAC 

TCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCG 

TGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTGTCAGGGAAGAAACGGTTCCAGCTAATATC 

TGGAGCTAATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATA 

CGTAGGGTGCAAGCGTTAA 

 

 

Ideonella sp. URA-8=> LC505027.1:1-1471 Ideonella sp. URA-8 gene for 16S ribosomal RNA, partial sequence 

TGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGTAACGCGGGGCAACC 

TGGCGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTAGTGGGGGATAGCCCGG 

CGAAAGCCGGATTAATACCGCATACGACCTGAGGGTGAAAGCGGGGGATCGCAAGACCTCGCGCT 

ATTGGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGT 

AGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC 

AGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGG 

CCTTCGGGTTGTAAACCGCTTTTGTCAGGGAAGAAATCCTTTGGGCTAATACCCCGGGGGGATGAC 

GGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAG 

CGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTTGTAAGACAGAGGTGAAATCCC 

CGGGCTCAACCTGGGAACTGCCTTTGTGACTGCAAGGCTTGAGTGCGGCAGAGGGGGATGGAATT 

CCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGG 

CCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC 

GCCCTAAACGATGTCAACTGGTTGTTGGGAAGGTTCCTTCTCAGTAACGTAGCTAACGCGTGAAGT 

TGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGC 

GGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGCCTGGAAT 

CCTGCAGAGATGTGGGAGTGCTCGAAAGAGAGCCAGGACACAGGTGCTGCATGGCCGTCGTCAGC 

TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACGAAA 

GGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAGGTCCTCATG 

GCCCTTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAGGGCTGCCAACCCGCGAGG 

GGGAGCCAATCCCAGAAAACCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTC 

GGAATCGCTAGTAATCGCGGATCAGCTTGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGC 

CCGTCACACCATGGGAGCGGGTTCTGCCAGAAGTAGTTAGCCTAACCGCAAGGAGGGCGATTACC 

ACGGCAGGGTTCGTGACTGGGGTGAAGTCGTAACAA 

 

Klebsiella sp. SXW12 => OP648246.1:1-1418 Klebsiella sp. strain SXW12 16S ribosomal RNA gene, partial sequence 

AGCTACACATGCAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGGT 

GAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCA 

TAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCCATCAGATGTGCCCAGATGGGAT 

TAGCTGGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCA 

GCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAA 

TGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTC 

AGCGGGGAGGAAGGCGGTGAGGTTAATAACCTCATCGATTGACGTTACCCGCAGAAGAAGCACCG 

GCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCG 

TAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCA 

TTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCG 

TAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCG 

AAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGG 

AGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGG 

CCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT 

TCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTG 

CCTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTA 

AGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTCAAAGGAGA 

CTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGG 

CTACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATA 

AAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCG 

TAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAG 



TGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTACCA 

 

Methanosarcina sp. T40UC2=> MG008506.1:1-1135 Methanosarcina sp. strain T40UC2 16S ribosomal RNA gene, 

partial sequence 

TGCTGGAATGCTTTATGCGTCAAATGGATTCGTCTGCCCAAGGATGGGTCTGCGGCCTATCAGGTA 

GTAGTGGGTGTAATGTACCTACTAGCCGACAACGGGTACGGGTTGTGAGAGCAAGAGCCCGGAGA 

TGGATTCTGAGACATGAATCCAGGCCCTACGGGGCGCAGCAGGCGCGAAAACTTTACAATGCGGG 

AAACCGTGATAAGGGGACACCGAGTGTCAGCATCATATGCTGGCTGTCCAGGTGTGTAAAATACA 

CCTGTTAGCAAGGGCCGGGCAAGACCGGTGCCAGCCGCCGCGGTAACACCGGCGGCCCGAGTGGT 

GATCGTGATTATTGGGTCTAAAGGGTCCGTAGCCGGTTTGGTCAGTCCTCCGGGAAATCTGATAGC 

TCAACTATTAGGCTATCGGGGGATACTACCAGACTTGGAACCGGGAGAGGTAAGAGGTACTACAG 

GGGTAGGAGTGAAATCTTGTAATCCCTGTGGGACCACCTGTGGCGAAGGCGTCTTACCAGAACGG 

GTTCGACGGTGAGGGACGAAAGCTGGGGGCACGAACCGGATTAGATACCCGGGTAGTCCCAGCCG 

TAAACGATGCTCGCTAGGTGTCAGGCATGGCGCGACCGTGTCTGGTGCCGCAGGGAAGCCGTGAA 

GCGAGCCACCTGGGAAGTACGGCCGCAAGGCTGAAACTTAAAGGAATTGGCGGGGGAGCACAAC 

AACGGGTGGAGCCTGCGGTTTAATTGGACTCAACGCCGGACAACTCACCGGGGGCGACAGCAATA 

TGTAGGCCAAGCTGAAGACTTTGCCTGAATCGCTGAGAGGAGGTGCATGGCCGTCGCCAGTTCGT 

ACTGTGAAGCATCCTGTTAAGTCAGGCAACGAGCGAGACCCGTGCCCACTGTTACCAGCATATTCT 

CCGGAATGATGGGTACTCTGTGGGGACCGCCTATGTTAAATAGGAGGAAGGTGCGGGCCACGGTA 

GGTCAGTATGCCCCGAATCTCCCGGGCTACACGCGGGCTACAATGGATGGGACAATGGGTCCCTC 

CCCCGAAAGGGGCTGGTAATCTCACAAACCCATTCGTAGTTCGGATCGAGGGCTGTAACTCGCCCT 

CGTGAAGCTGGAATCCGTAGTAATCGC 

 

 

Pseudomonas sp. strain S'23 => MW578905.1:26-1387 Pseudomonas sp. strain S'23 16S ribosomal RNA gene, partial 

sequence GTCGAGCGGATGAGAGGAGCTTGCTCCTTGATTTAGCGGCGGACGGGTGAGTAATGCCTAGGAAT 

CTGCCTGGTAGTGGGGGATAACGTTCCGAAAGGAACGCTAATACCGCGTACGTCCTACGGGAGAA 

AGCAGGGGACCTTCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGT 

AATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAG 

ACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC 

CAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGC 

AGTAAGTTAATACCTTGCTGTTTTGACGTTACCGACAGAATAAGCACCGGCTAACTTCGTGCCAGC 

AGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTG 

GTTCGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATCCAAAACTGGCGAGCT 

AGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAAC 

ACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAA 

ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGAATCCTTGAGA 

TTTTAGTGGCGCAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTC 

AAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGA 

ACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGAC 

ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGC 

AACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGG 

AGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAAT 

GGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGG 

ATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACG 

GTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCT 

 

 

Paenibacillus chibensis SK4-3.2=> MN421117.1:179-1267 Paenibacillus chibensis strain SK4-3.2 16S ribosomal RNA 

gene, partial sequence 

CGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACG 

TCCGGTAGAGTAACTGCTACCGGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAATTACGTGCC 

AGCAGCCGCGGTAATACGTAGGGGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAG 

GCGGTCACTTAAGTCTGGTGTTTAAGGCCAAGGCTCAACCTTGGTTCGCACTGGAAACTGGGTGAC 

TTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGATATGTGGAGGAA 

CACCAGTGGCGAAGGCGACTCTCTGGGCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAA 

ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATA 

CCCTTGGTGCCGAAGTTAACACATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTC 

AAAGGAATTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGCGAAGA 

ACCTTACCAAGTCTTGACATCCCTCTGAATCCTCTAGAGATAGAGGCGGCCTTCGGGACAGAGGTG 

ACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC 

AACCCTTGATTTTAGTTGCCAGCACTTCGGGTGGGCACTCTAGAATGACTGCCGGTGACAAACCGG 

AGGAAGGCGGGGATGACGTCAAATCATCATGCCCCTTATGACTTGGGCTACACACGTACTACAAT 

GGCCAGTACAACGGGAAGCGAAGTCGCGAGATGGAGCCAATCCTATCAAAGCTGGTCTCAGTTCG 

GATTGCAGGCTGCAACCCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGC 

GGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTACAACACCCGAAG 

TCGGTGGGGTAACCCGCAAGGGAGCCAGCCGCCGAAGGTGGG 

 

 

 

 



 

 

Supplementary Data file SD2: Multiple sequence alignment of N-fixing free living bacterial based on 16s 

rRNA gene sequences 
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Supplementary Table 1: Comparative data analysis of nitrogen fixing microbes with newly isolates Enterobacter sp. GG1 

 

Name of organism Comparative features Reference 

Enterobacter sp. GG1 Effective nitrogen fixation, growth rate, 

variability very high, non-pathogenic, effective 

efficacy result show in saline soil 

Current study 

Pseudomonas 

 

aeruginosa 

Nitrogen fixation rate high but pathogenicity 

 

very high 

[28] 

Frankia sp. Nitrogen fixation rate high but that become 

 

infected the actinorhizal plants 

[52] 

Corynebacterium sp. Nitrogenase activity and viability little bet low [53] 

Clostridium 

botulinum 

Nitrogen fixation rate high but pathogenicity 

very high, growth rates declined with and increasing saline stress 

condition 

[29] 

Azotobacter sp. Nitrogen fixation rate very high but high salt 

 

concentration and temperature 

[54] 

Anabaena sp. Nitrogen fixation rate very high but growth rate 

 

is very low compare to bacterial growth 

[55] 
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