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Table S3: Results of MPN-PCR experiments with DNA extracted from two 
different top soils (RUD and L-h) 
 
L-h series 10 ng 1 ng 100 pg 10 pg 1 pg 100 fg 10 fg 

I +* + + + + -* - 
II + + + + + - - 

Arch 16S rRNA gene 
 
(Arch20F/958R) III + + + + + - - 

I + + + - - - - 
II + + + - - - - 

Bact 16S rRNA gene 
 
(CTO189F/654R) III + + + - - - - 

I + + + + + - - 
II + + + + - - - 

Arch amoA gene 
 
(amoA19F/634R) III + + + + + + - 

I + + + + - - - 
II + + + - - - - 

Bact amoA gene 
 
(A189/ amoA-2R) III + + + + + - - 

I + + + + - - - 
II + + + + - - - 

Bact amoA gene 
 
(amoA-1F*/2R) III + + + - - - - 
         
RUD  series 10 ng 1 ng 100 pg 10 pg 1 pg 100 fg 10 fg 

I + + + + + - - 
II + + + + - - - 

Arch 16S rRNA gene 
 
(Arch20F/958R) III + + + + - - - 

I + + + - - - - 
II + + + - - - - 

Bact 16S rRNA gene 
 
(CTO189F/654R) III + + + - - - - 

I + + + + + - - 
II + + + + + - - 

Arch amoA gene 
 
(amoA19F/634R) III + + + + + - - 

I + + + + - - - 
II + + + + - - - 

Bact amoA gene 
 
(A189/amoA-2R) III + + + + - - - 

I + + + + - - - 
II + + + - - - - 

Bact amoA gene 
 
(amoA-1F*/2R) III + + + + + - - 
 
* +/- indicates whether a PCR product was obtained or not at the given amount of DNA (first row) with 
the respective primer set (shown in the first column). Note that characterised AOB have 2 to 3 copies 
of the amoA gene per chromosome1, and only 1 copy of the 16S rRNA gene per chromosome51, which 
accounts for the differences in sensitivity in this assay. 
 
 
 



Table S4: Statistics from large-scale transcriptional study 

No. of runs on a Roche GS20 sequencer              1 

No. of cDNA sequence reads   314,041 

Average read length (bp)         96.4 

Total sequences (Mb)       30.27 

Similarity in non-redundant (nt) DB1   210,523   (Archaea2 2,878 = 1.37%) 

Similarity in ribosomal DB (16S rRNA)3   106,643    

1Search performed using MEGABLAST against nucleotide database release of February 8th, 2006. 

2Search performed by keyword search on the BLAST output file using the classification names of the 

Taxonomic Outline of Prokaryote Genera of Bergey’s Manual. 

3Search performed using MEGABLAST against ribosomal database release of February 2th, 2006 

(RDP 9.36). 

 

 



Table S5: Sequence reads from large-scale cDNA study * 

Header Sequence 
Arch958 Number = 19 
002422_0743_1016 ATTTGGTTCAATTGGAGCCAACGCCGGAAATCTTACCGGGGCGACAGC

AGAATGAAGGTCAAGCTGAAGACTTTACCAGACAAGCTGAGC 
127285_0249_0851 GACTGAAACTTAAAGGAATTGGCGGGGGAGCACCACAAGGGTGAAGC

CTGCGGTTCAATTGGAGTCAACGCCGGC 
164769_0880_3174 CTCAGCTTGTCGAGTAAAGTCTTCAGCTTGACCTTCACACTGCTGTCGC

CCCGGTAAGATTTCCGGCGTTGGCTCCAATTGAACCGCAGGCTTCACC
CCTTGTGGTG 

177800_0587_3036 CCCGGCGTTGACTCCAATTGAACCGCAGGCTTCACCCTTGTGGTGCTC
CCCGCCAATTCCTTTAAGTTTCAGTCTTGCGACCGTACTACCAGGCGG
CAGACTTAACGGCTTCCCTGCGG 

193756_0814_3802 CTGAAACTTAAAGGAATTGGCGGGGGAGCACCACAAGGGTGAAGCCT
GCGGTTCAATTGGAGTCAACGCCGGAAATCTTACCGGGGCGACAGCA
GAATGAAGGTCAAGC 

228651_1046_3166 CTCAGCTTGTCTGGTAAAGTCTTCAGCTTGACCTTCACTCTGCTGTCGC
CCCGGTAAGATTTCCGGCGTTGGCTCCAATTGAACGCAGGCTTCACCC
TTGTGGTG 

235050_1827_1019 CCACAAGGGTGAAGCCTGCGGTTCAATTGGAGCCAACGCCGGAAATC
TTACCGGGGGCGACAGCAGTGTGAAGGTCAAGCTGAAGACTTTACTC
GACAAGC 

284324_1031_1738 CACAAGGGGTGAAGCCTGCGGTTCAATTGGAGTCAACGCCGGGAATC
TTACCGGGGCGACAGCAGAGTGAAGGTCAAGCTGAAGACTTTACCAG
ACAAGC 

300882_0679_1699 GCTTGTCTGGTAAAGTCTTCAGCTTGACCTTCATTCTGCTGTCGCCCCG
GTAAGAGTTTCCGGCGTTGGCTCCAATTGAACCGCAGGCTTCACCCTT
GTGGTGCTCCCCGC 

048555_2861_0356 CCCCGGTAAGATTTCCGGCGTTGGCTCCAATTGAACCGCAGGCTTCAC
CCCTTGTGGTGCTCCCCGCCAATTCCTTTAAGTTTCAGTCTTGCGACCG
TACTCCCCAGGCGGCAGACTTAACGGC 

069159_3343_3764 CCCCCGGTAAGATTTCCGGCGTTGGCTCCAATTGAACCGCAGGCTTCA
CCCCTTGTGGTGNTCCCCGCCAATTCCTTTAAGTTTCAGTCTTGCGACC
GTATCCCCAGGCGGCAGCTTAACGGC 

097478_2639_3510 GTACGGTCGCAAGACTGAACTTAAGGAATTGGCGGGGGAGCACCACA
AGGGTGAAGCCTGCGGTTCAATTGGAGTCAACGCCGGGAATCTTACC
GGGGGCGACAGCAGAATGAAGGTC 

121130_2652_2871 GGGAGCACCACAAGGGGTGAAGCCTGCGGTTCAATTGGAGCCAACGC
CGGAAATCTTACCGGGGGCGACAGCAGTGTGAAGGTCAAGCTGAAGA
CTTTACTCGACAAGC 

140270_2678_3074 GCTGTTCGCCCCGGTAAGATTTCCGGCGTTGACTCCAATTGAACCGCA
GGCTTCACCCCTTGTGGTGCTCCC 

172828_3497_3796 CTCTCTCAGTCTTGTCTGGTAAGTCTTCAGCTTGACCTTCACTTCTCGC
TGTCGCCCCGGTAAGATTCCCGGCGTTGGCTCCAATTGAACCGCAGGC
TTCACCC 

205931_2772_0327 CTGCTGTCGCCCCGGTAAGATTCCCGGCGTTGACTCCAATTGAACCGC
AGGCTTCACCCCTTGTGGTGCTCCC 

226287_2487_1761 CGCCTGGGGAGTACGGTCGCAAGACTGAAACTTAAAGGATTGGCGGG
GGAGCACCACAAGGGGTGAAGCCTGCGGTTCAATTGGAGCCAACGCC
GGAAATCTTACGGGGCACAGCAG 

230978_2898_1783 CTCAGCTTGTCTGGTAAAGTCTTCAGCTTGACCTTCACTCTGCTGTCGC
CCCGGTAAGATTTCCGGCGTTGGCTCCAATTGAACCGCAGGCTTCACC
CTTGTGGTG 

275823_3382_0855 GCCGCAGGGAAGCCGTTAAGTCTGCCGCCTGGGTAGTACGGTCGCAA
GACTGAAACTTAAGGAATTGGCGGGGGAGCACCACAAGGGGTGAAGC
CTGCGGTTCAATTGGAGCCAACGCCGGG 

Cren1.1b_537 Number = 25 
042121_1208_3490 TGCCCGCTAAGGTATCTTTTGGCACCTCTAAAATGGTGCAGAATAAGG



GTGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCAGCACCCCGAG
TTGTCGGGACGATTATTGGG 

089221_0616_0138 CTGACCACTCGGGGTGCTGGTATTACCGCGGCGGCTGACACCAGACTT
GC 

129308_0091_3855 GCCCGCTAAGGGTATCTTTTGGCACCTCTAAAAATGGTGCAGAATAAG
GGGTGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCAGCACCCCG
AGTTGTCGGGACC 

159367_0522_1513 CCCGACCACTCGGGGTGCTGGTATTACCGCGGCGGCTGACACCAGACT
TGCCCACCCCTTATTCTGCACCATTTTTAGAGGTGCCAAAAGACTTCCT
TAGCGGAAATCAC 

176111_0806_2417 CCAGCACCCCGAGTGGTCGGGACGATTATTGGGCCTAAAGCATCCGTA
GCCGGTTCTACAAGTCTTCCGTTAAATCCACCTGCTTAACAGATGGGC
TGCGGAGGATACTATGG 

197661_0745_3327 GGAGGACTTGCAGAACAGGCTACGGATGCTTTAGGCCAATAATCGTC
CCGACAACTCGGGGTGCTGGTATTACCGCGGCGGCTGACACCAGACTT
GCCACCCTTATTC 

218120_0548_2711 CTTTTGGCACCTCTAAAAATGGTGCAGAATAAGGGGTGGGCAAGTCTG
GTGTCAGCCGCCGCGGTAATACCAGCACCCCGAGTTGTCGGGACGATT
ATTGGGCCTAAAGCATCCG 

218729_1652_2811 CCCGCTAAGGGATCTTTTGGCACCTCTAAAAATGGTGCAGAATAAGGG
TGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCAGCACCCCGAGT
GGTCGGGACGATTATTGGGCC 

219814_0622_1537 GCCCAATAATCGTCCCGACCACTCGGGGTGCTGGTATTACCGCGGCGG
CTGACACCAGACTTGCCCACCCTTATTCTGCACCATTTTAGAGGTGCC
AAAGATCCCCTTAGCGGGAA 

254939_1915_0787 AGAAAGTCTTTTGACATCTCTAAAATGGTGTAGAATAAGGGTGGGCA
AGTCTGGTGTCAGCCGCCGCGGTAATACCAGCACCCCGAGTGGTCGG
GACGATTATTGAGCC 

290065_0506_0181 CCCGGCTACGGATGCTTTAGGCCCAATAATCGTCCCGACCACTCGGGG
TGCTGGTATTACCGCGGCGGCTGACACCAGACTTGCCCACCCCTTATT
CTACACCATTTTTAGAGA 

296022_0559_1392 GGGTGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCAGCACCCCG
AGTGGTCGGGACGATTATTGGGCCTAAAGCATCCGTAGCCGGTTTTAC
AAGTCCTCCGTTAAATCCAACTGCTTAAC 

311638_0531_3974 TGCAGAATAAGGGGTGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATA
CCAGCACCCCGAGTTGTCGGGACGATTATTGGGCCTAAAGCATCCGTA
GCCTGTTCTGCAAG 

314145_0111_2664 CCAATAATCGTCCCGACCACTCGGGGTGCTGGTATTACCGCGGCGGCT
GACACCAGACTTGCCCACCCTTATTCTACACCATTTTTAGAGATGTCA
AAAGACTTTCTTAGCGAAAG 

321901_1209_0270 CCAATAATCGTCCGACCACTCGGGGTGCTGGTATTACCGCGGCGGCTG
ACACCAGACTTGCCCACCCTTATTCTGCACCATTTTTAGAGTGCCAAA
AGATCCCTTAGCGGAA 

063423_3228_3658 CGCCGCGGTAATACCAGCACCCCGAGTGGTCGGGACGATTATTGGGC
CTAAAGCATCCGTAGCCGGTTCTACAAGTCTTCCGTTAAATCCACCTG
CTTAACAGATGGGCTGCGGAGG 

085313_2324_2665 ATGCTTTAGGCCCAATAATCGTCCCGACCACTCGGGGTGCTGGTATTA
CCGCGGCGGCTGACACCAGACTTGCCCACCCCTTATTC 

097244_2805_0323 AGAATAAGGGGTGGGCAAGTCTGGTGTCAGCCGCCGCGGTAATACCA
GCACCCCGAGTGGTCGGGACGATTATTGGGCC 

105649_2794_0282 TTTGACATCTCTAAAATGGTGTAGAATAAGGGGTGGGCAAGTCTGGTG
TCAGCCGCCGCGGTAATACCAGCACCCCGAGTGGTCGGGACGATTATT
GGCCTAAGCC 

152648_2663_2303 CCCAATATCGTCCGACCACTCGGGGTGCTGGTATTACCGCGGCGGCTG
ACACCAGTACTTAGCCACCCTTATTCTG 

214162_3474_1143 CCAGCACCCCGAGTGGTCGGGACGATTATGGCCTAAGCATCCGTAGC
CGGTTCTGCAAGTCCCCGTTAATCCAACTGCTCAACAGTGGCTGCGGA
GGATACTACAG 

224401_2385_1232 ATGCTTTAGGCCAATAATCGTCCCGACCACTCGGGGTGCTGGTATTAC



CGCGGCGGCTGACACCAGACTTGCCCACCCTTATTC 
291669_2827_0674 GCCCAACTAATCGTCCCGACCACTCGGGGTGCTGGTATTACCGCGGCG

GCTGACACCAGACTTGCCCACCCCTTATTCTGCACCATTTTTAGAGGT
GCCAAAAGATCCCCTTAGCGGGAA 

299880_2124_0294 CCCGACCACTCGGGGTGCTGGTATTACCGCGGCGGCTGACACCAGGCT
TGCCCACCCTTATTCTGCACCATTTTTAGAGGTGCCAAAAGATTTCCTT
AGCGGAAATCAC 

307308_2991_4050 GCAAGGGGTGTCAGCCGCCGCGGTAATACCAGCACCCCGAGTGGTCG
GGACGTTTATTGGGCCTAAAGCATCCGTAGCCGGTTCTACAAGTCTTC
CGTTAAATCCACCTGCTTAACAGATGGG 

CTO189 Number = 1 
204487_2125_2018 GGAACGTGTCTTCAAGTGGGGGATAACGCACCGAAAGGTGTGCTAAT

ACCGCATAATCTCTACGGAGAAAAGCAGGGGATCGCAAGACCTTGCG
CTTTTGGAGCGGCCGA 

CTO654 Number = 1 
128302_3419_0725 CCCTCTGCTACACTCTAGCCTTGTAGTTTCAAACGCAGTTCCAGGTTAA

GCCCGGGGATTTCACATCTGACTTACAAAACCGCCTGCGCACGCTC 
Nso190 Number = 1 
204487_2125_2018 GGAACGTGTCTTCAAGTGGGGGATAACGCACCGAAAGGTGTGCTAAT

ACCGCATAATCTCTACGGAGAAAAGCAGGGGATCGCAAGACCTTGCG
CTTTTGGAGCGGCCGA 

Nso1225 Number = 1 
081434_0164_2330 GCGCCATTGTATTACGTGTGAAGCCTACCCATAAGGGCCATGAGGACT

TGACGC 
Nsp436 Number = 3 
280392_3122_3636 GAAGGCCTTCGGGTTGTAAAGCTCTTTCAGCCGGAACGAAACGGTAC

ACGGCTAATACCGTGACAACTGACGGTACCGGAAGAAGAAGCACCGG
CTAACTACGTGCCAGCAGCCGCGGTAATACG 

308604_0914_1313 GCTCTTTCGGCCGGAACGAAACGGCCGTGCCAATACCACGGGCTAAT
GACGGTACCGGAGGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGGTGCAAGCGTTAA 

224541_2557_3737 AAGCTCTTTCAGCCGGAACGAACGGTCACGGCTAATACCGTGACAACT
GACGGTACGGAAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGTNCGAG 

AOA amoA genes Number = 2 
244261_0531_0298 GGGTTAGAGATTTAGTCCCATTTACTCCAAGAGGCCATCCATCTGTAT

GTCAAGTGTTAAGCTTCGCGCCTAATGCAGCTATAGGAACGCTTAGTA
CTGCTCC 

012110_0815_2177 GTGTCATGTATGGGGTAGTGTTGGCCTAGGATACTTGAATGCCATTTC
TAGTGGATCACGTATGGTCAATAGGTTGATCATGTTAAAC 

 
* sequences that were identified through group-specific oligonucleotides or amoA genes, 
respectively (see Supplementary Methods). All were verified by individual BLASTn searches. 
 

 


