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Table S1. Dissolved trace metal concentrations in S1 transect 3 (far, mid and near sites).

BD indicates “below detection” and N/A indicates that the element of interest was not analyzed.

Site Type [I:ll::;‘ vV Mn Fe Co N Cu Zn Mo
June 2014

Hummock | 0-10 10 487 4081 1 NA 30 344 1
0-10 14 443 1,797 5 N/A 11 208 4

Bl folow | 3050 14 186 1920 7 NA 13 275 2
100-150 8 115 1,149 3  NA 12 228 1

Hummock | 0-10 13 2222 3527 3 NA 29 534 1
viid 0-10 11 555 20112 5 NA 16 284 |
Hollow | 30-50 21 158 6800 4 N/A 20 186 4
100-150 5 60 7907 2 NA 12 154 7

Hummock | 0-10 8 445 2488 1 NA 25 227 1
0-10 9 1,148 24030 5 N/A 8 474 4

Nl pollow | 30-50 12 284 14139 6 NA 12 143 2
100-150 12 69 7071 4 NA 9 8 5

September 2014

0-10 BD 289 22576 9 23 8 211 BD

Far | Hollow | 3050 BD 368 11,818 15 8 7 251 5
100-150 BD 231 9975 7 17 8 48 BD

0-10 BD 309 34980 15 34 38 123 BD

Mid | Hollow | 3050 BD 8 30816 3 9 20 202 BD
100-150 BD 213 23035 10 19 9 223 BD




Table S2. Statistics for metagenome sequences and nifH gene cluster I-IV analysis.

#
raw # # functional  #nifH non
Sample Sample seqs sequences genes genes I _II III _IV/V_ assigned
T3M 0
T3M R1 23149446 20636767 5419176
Ocm T3M 0 1203 23 4 27 42 1
R2 23149446 20636767 4834626
T3M
T3IM 30RI 23396969 21420027 5864331
30em T3M 1304 18 1 53 26 1
30R2 23396969 21420027 5626796
T3M
T3M 75R1 22408842 20698248 4244995
75em T3M 511 34 0 31 34 0
75R2 22408842 20698248 4548589
T3F 0
T3F R1 17800326 16292777 3761428 28944 49 4 21 25 1
Ocm T3F 0
R2 17800326 16292777 3585934
T3F 30
T3F R1 30686580 27965337 7598974
30em  T3F 30 58075 49 5 23 22 1
R2 30686580 27965337 7374546
T3F 75
T3F R1 909520 824421 195481
75¢em  T3F 75
R2 909520 824421 205646
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Figure S1. Depth profiles of dissolved (a) ammonium, (b) nitrate, and (c) phosphate from
S1 T3 peat bog middle (circles) and far (squares) sites. Black symbols are from June 2014;

gray symbols are from September 2014.
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Figure S2. Dissolved copper (white) and iron (shaded) concentrations in pore water from
three depths in S1 peat hollows (mid and far sites along T3 transect) in June 2015. Pie
charts show the relative abundance of pmod (Cu-containing particulate methane
monooxygenase) and mmoX (Fe-containing soluble methane monooxygenase) sequences

recovered from metagenomes from T3 mid sites (0-10, 25-50, and 75-100 cm).
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Figure S3. Depth profiles of copy numbers for DNA (white) and cDNA (black) for (a) nifH,
(b) pmoA and (c) mcrA in units of copies per gram of dry weight for the S1 bog T3 mid site.

Panel (b) is modified from Esson, et al. (1).
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Figure S4. Evolutionary history of retrieved vnf and anf genes inferred using the Maximum
Likelihood method. Black circles represent two assembled metagenomic vnfD reads from the
S1 bog T3F site (25 cm depth). Black triangles represent anfD amplicons from S1 bog T3F site

(20 cm depth). The percentage of trees in which the associated taxa clustered together is shown

next to the branches.
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Figure S5. Correlation between nifH:16S rRNA c¢DNA transcript ratios and acetylene
reduction rates for hummock and hollow (line around symbols) peat bog samples from
June 2014 incubated under 80%N;+20% CO; headspace with (circles) and without
(squares) 1% CH,4. When normalized to dry peat, these data range from 10° to 107 nifH copies
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Figure S7. Universal nifH primer sequences aligned with corresponding template from
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methanogen (cluster III) nifH genes.

—_
(63}
Pyl
N
1
o
(&)}

(]
-—
©
-
C ~
- primer name (postion’ oIF (115- OIR (45 25- 4574
O T ( ') PolF (115-134) PolR (457-476) F1(25-50) R6 (457-473)
i pnmfrwqucncc(S‘loJ‘\ YCCSAARGCB ATS YICR YCOIAARGGIGGIATYGGIARRY YTOICCT
(S Mbo
= 1 Mac
o} (@)] - Mmg --T;
[O R - Mpa C--C--A-~C: C--A--A--C--A--C--A--G AC--C--G-
— o 5 Mba --T T-- CT
T Mpe T-m
o £
Meo
c 3
-— 0 | ol Mmt  =1--C--C--A--G----=  —-T-------GP--C--ACT  —-C--A--G--C--T--A--A--A--  -——-—-—- T--C--ACT
> h T T T 1
“q-‘.) primer name (position®) nifH2 (115-131) 1GK3 (19-47) DVV (388-413)
8 00 0.5 1.0 15 2.0 L e S DT
Mbo ~-C--C--G--A--G--
BN, i ti t lg'h :
< , incorporation rate (nmol g e
me
Mpa
Mba
Mpe I
Meo
Mii

Figure S6. Correlation between ARA and '°N; incorporation. The slope of the graph is the Mont

* Relative to the niff{ sequence of Azotobacte
" The following abbreviations represent speci

vinlandii (Genbank ACCN# M20568)

names: Mbo, Candidatus Methanoregula boonei 6A8:Mac, Methanosarcina acetivorans C2A; Ming, Methanosarcina mazei Gol; Mpa
Methanasphaeralapaltis E1.5c; e, Methanosaeina barke s Fusao; Mo, Methanoplanss petroleaias DSM{115T1; Moo, Medkanosaet concil GPS; M, Metianobls liminatans DSM
4140; Mimt, Methanosarcina mazei Tuc01. The - symbol represents conserved positions whose nucleotides match those of the primer sequence above, bold letters indicates nucleotides in degenerate

conversion factor (3.9). positons of he primer,and e ecrs mdica primer-template mismatches
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