N,O (nmol*gp, )

shown.

60

50

40

30

60

50

40

30

20

60

50

40

30

20

70

60

50

40

30

20

%

70

60

50

40

30

20

°

4 6 8

Time (h)

Time (h)

Figure S1: Denitrification and effect of acetylene and supplemental nitrate (1) or nitrite (2) on the
production and consumption of N,O in anoxic microcosms with palsa peat soil. Squares and
circles represent 0 to 20 cm and below 20 cm palsa peat soil, respectively. Closed symbols
represent microcosms with acetylene, open symbols represent without acetylene. Supplied
concentrations of nitrate/nitrite were 0 uM (A), 10 uM (B), 20 uM (C), 50 uM (D), 100 pM (E), 500
puM (F), and 1000 pM (G). Mean values and standard errors of three replicate microcosms are
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Figure S2: Effect of supplemental nitrate (black) or nitrite (white) on the ratio of N,O to total N
gases in anoxic 0 to 20 cm (A) and below 20 cm (B) palsa peat soil microcosms. Mean values
and standard errors of three replicates are shown.
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Figure S3: Effect of threshold distance on the number of OTUs obtained before (closed symbols)
and after (open symbols) sequence denoising. Solid and dashed lines indicate 3% and species-
level threshold distances, respectively.



Enterobacteriaceae

77 AB076402 Halomonas halodenitrificans 'Y
NC 007204 Psychrobacter arcticus 273-4

—9'6| Pseudomonas spp.

= 5 rkholderia spp.

AM419048 Thauera aromatica DSM 6984 B

CP000512 Acidovorax citrulli AAC00-1

CP001280 Methylocella silvestris BL2

NC 014313 Hyphomicrobium denitrificans ATCC 51888

NC 008209 Roseobacter denitrificans OCh 114

CP001196 Oligotropha carboxidovorans OMS5

HE616588 OTU 2 (12.6% - 24.1%)

AM419355 Geminicoccus roseus type strain D2-3T

99

70 04 Brucella spp.

4991:&10 003296 Ralstonia solanacearum GMI1000
NC 010678 Ralstonia pickettii 12J chromosome 2

100 NC 007348 Ralstonia eutropha JMP134 5
E{: Burkholderia spp.

100

K Bacillus spp., Geobacillus spp., Staphylococcus spp.

; 91 NC 003888 Streptomyces coelicolor A3(2)
76 CP001630 Actinosynnema mirum DSM 43827
4[:431 6587 OTU 1 (87.3% - 75.8%)
99 AY955190 uncultured bacterium (agricultural soil)
_Iﬁ.{ CP000386 Rubrobacter xylanophilus DSM 9941
HE616590 OTU 4 (0.07% - 0%)

77| [ EU714828 uncultured bacterium (soil)

91 FN430485 uncultured bacterium (fen)
to Outgroup =

] 83 56 CP001814 Streptosporangium roseum DSM 43021
CP001884 Cellulomonas flavigena DSM 20109
57 AY922322 Rhodococcus equi
_| AM419047 Propionibacterium acidipropionici DSM 4900

57 NC 006958 Corynebacterium glutamicum ATCC 13032
N 1y cobacterium spp.
NC 007964 Nitrobacter hamburgensis X14
9g Y10124 Thermus thermophilus HB8
98 62 CP002630 Marinithermus hydrothermalis DSM 14884
NC 014836 Desulfurispirillum indicum S5
74 FJ799283 uncultured bacterium (seawater)
63 HE616589 OTU 3 (0.03% - 0.10%)
90 FJ556609 uncultured bacterium (freshwater sediment)

74

82

99

Figure S4: Phylogenetic tree of representative narG sequences retrieved from 0 to 20 cm and
below 20 cm palsa peat soil. The tree is based on in silico translated amino acid sequences. One
representative sequence for each OTU generated at 33% threshold distance is shown. Codes
preceeding sequence names represent sequence accession numbers in public databases.
Values in parantheses represent relative abundances of total sequences per OTU from 0 to 20
cm (left) and below 20 cm (right) palsa peat soil. In total, 2 956 and 1 925 denoised sequences
from forward reads were obtained from 0 to 20 cm and below 20 cm palsa peat soil, respectively.
Grey boxes indicate branches where the majority of sequences are derived from reference
strains of a certain phylogenetic class. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (10 000 replicates) are shown next to the branches.
Values higher then 50% are shown. The tree was rooted using narG of Haloarcula marismortui
ATCC 43049 as the outgroup (NC 006396).
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o1 M Enterobacteriaceae

79 AB076402 Halomonas halodenitrificans y

_ NC 007204 Psychrobacter arcticus 273-4
97 |—_— Pseudomonas spp.

=l Burkholderia spp.

AM419048 Thauera aromatica DSM 6984 B
CP000512 Acidovorax citrulli AAC00-1

CP001280 Methylocella silvestris BL2

NC 014313 Hyphomicrobium denitrificans ATCC 51888

NC 008209 Roseobacter denitrificans OCh 114

CP001196 Oligotropha carboxidovorans OM5

AM419355 Geminicoccus roseus type strain D2-3T

99

Brucella spp.

100
- 100 NC 003296 Ralstonia solanacearum GMI1000
NC 010678 Ralstonia pickettii 12J chromosome 2 B

100 NC 007348 Ralstonia eutropha JMP134
843‘% Burkholderia spp.

—97< Bacillus spp., Geobacillus spp., Staphylococcus spp.

72

96 NC 003888 Streptomyces coelicolor A3(2)

83 CP001630 Actinosynnema mirum DSM 43827
N HE616591 OTU 1 (99.9% - 100%)

100 AY955190 uncultured bacterium (agricultural soil)
CP000386 Rubrobacter xylanophilus DSM 9941
to Outgroup 57 CP001814 Streptosporangium roseum DSM 43021

= 82 CP001964 Cellulomonas flavigena DSM 20109
50 AY922322 Rhodococcus equi
AM419047 Propionibacterium acidipropionici DSM 4900
74 53 NC 006958 Corynebacterium glutamicum ATCC 13032
N |y cobacterium spp.
NC 007964 Nitrobacter hamburgensis X14
NC 014836 Desulfurispirillum indicum S5
— HE616592 OTU 2 (0.1% - 0%)
61 FJ556669 uncultured bacterium (freshwater sediment)

65 _|:Y1 0124 Thermus thermophilus HB8
7 CP002630 Marinithermus hydrothermalis DSM 14884

|2

100

93

0.05

Figure S5: Phylogenetic tree of narG reverse reads retrieved from 0 to 20 cm and below 20 cm
peat soil. The tree is based on in silico translated amino acid sequences. Representatives for
each OTU are shown. Relative abundances of sequences from 0 to 20 cm and below 20 cm
palsa peat soil are shown in parentheses per OTU. Codes preceeding sequence names
represent sequence accession numbers in public databases. In total, 3 541 and 1 774 sequences
from reverse reads were obtained from 0 to 20 cm and below 20 cm palsa peat soil, respectively.
Grey boxes indicate branches where the majority of sequences are derived from reference
strains of a certain phylogenetic class. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (10 000 replicates) are shown next to the branches.
Values below 50% have been omitted. The outgroup was narG of Haloarcula marismortui ATCC
43049 (NC 006396).
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4“ Acidovorax spp., Brucella spp., Ochrobactrum spp.

FN600574 Devosia sp. GSM-205
Rhizobium spp., Sinorhizobium spp.
60 NC 007766 Rhizobium etli CFN 42
EF363545 Bosea sp. MF18
98 _|_— HE616597 OTU 5 (2.9% - 0%)
69— EU790858 uncultured bacterium (soil)
AM230850 Methylobacterium sp, R-25207

HE616600 OTU 8 (0% - 0.03%)
ggl HE616594 OTU 2 (12.8% - 82.9%)
HE616596 OTU 4 (0% - 16.4%)
{AY%:MM uncultured bacterium (peat soil)
99 AY583403 uncultured bacterium (peat soil) -U
- _|i:— Mesorhizobium spp. o pm
HE616601 OTU 9 (0% - 0.03%) 'C_)l_
— NZ GG703520 Silicibacter sp. TrichCH4B CD
CP000320 Chelativorans sp. BNC1 O
. ggL— HE616593 OTU 1 (57.6% - 0.33%) O—
5_0( DQ783977 uncultured bacterium (agricultural soil) oY
76] | EU878405 uncultured bacterium (agricultural soil)
91 Bradyrhizobium spp. Q'_
CP000463 Rhodopseudomonas palustris BisA53 CD
to Outgroup 93 HE616599 OTU 7 (0% - 0.06%) :1 1
] 62 DQ784078 uncultured bacterium (agricultural soil) m
HE616598 OTU 6 (0% - 0.12%)
96 DQ783907 uncultured bacterium (agricultural soil)
59 Rhodopseudomonas palustris
FNB00571 Bradyrhizobium sp. GSM-471
86 DQ784003 uncultured bacterium agricultural soil
497'% HE616595 OTU 3 (26.6% - 0.09%)
DQ304355 uncultured bacterium (agricultural soil)
FN555530 Pusillimonas sp. I-Bh37-12
FN555529 Pusillimonas sp. I-Bh37-5
75 NC 004129 Pseudomonas fluorescens Pf-5
[ EF202174 Alcaligenes sp. ESPY2 (A-lll) B+Y
99l EF363542 Castellaniella sp. ROi28
0.05

Figure S6: Phylogenetic tree of representative nirK sequences retrieved from 0 to 20 cm and
below 20 cm palsa peat soil. The tree is based on in silico translated amino acid sequences. One
representative sequence for each OTU generated at 17% threshold distance is shown. Codes
preceeding sequence names represent sequence accession numbers in public databases.
Values in parantheses represent relative abundances of total sequences per OTU from 0 to 20
cm (left) and below 20 cm (right) palsa peat soil. In total, 8 313 and 3 299 denoised sequences
were obtained from 0 to 20 cm and below 20 cm palsa peat soil, respectively. Grey boxes
indicate branches where the majority of sequences are derived from reference strains of a certain
phylogenetic class; white boxes indicate minority sequences from genera not affiliated with the
indicated class. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (10 000 replicates) are shown next to the branches. Values below 50% have
been omitted. The tree was rooted using nirK of Nitrosomonas sp. C-56 as the outgroup
(AF339044).



il —nll] 7havera spp.

AB536930 Rubrivivax gelatinosus
ﬂ CP001392 Acidovorax ebreus TPSY
99 CP002449 Alicycliphilus denitrificans BC
HE616607 OTU 6 (0% - 4.6%)
DQ676123 uncultured bacterium (estuarine sediment)

HE616608 OTU 7 (0% - 3.1%)
HE616615 OTU 14 (0% - 0.12%)

gg|: HE616602 OTU 1 (0% - 36.2%)
GQ443982 uncultured bacterium marine sediment
54 —71{_— HE616605 OTU 4 (0% - 9.0%)
HE616612 OTU 11 (0% - 0.48%)
76 __: GU393190 uncultured bacterium (wetland sediment)

M 58 HM235885 uncultured bacterium (sediment)

GU393132 uncultured bacterium (wetland sediment)
99 HE616609 OTU 8 (0% - 0.84%) B+y
GU393183 uncultured bacterium (wetland sediment)

b2 Cupriavidus spp., Ralstonia spp.
98 o5 Herbaspirillum spp.

78 1004‘ Halomonas spp.

AM492191 Thiohalomonas denitrificans HLD 2T

AY078272 Azoarcus folulyticus 2FB6
ﬁ‘_qj HE616603 OTU 2 (0% - 31.6%)
B 1) 99 GU393200 uncultured bacterium (wetland sediment)
CP000116 Thiobacillus denitrificans ATCC 25259
“m< Pseudomonas spp.
to Outgroup HM235865 uncultured bacterium (estuarine sediment)
] E HE616606 OTU 5 (0% - 5.3%)
100 HM438800 uncultured bacterium (paddy soil)
49?|_'—99—<Pamcoccus spp.
NC 009952 Dinoroseobacter shibae DFL 12
87 NC 008209 Roseobacter denitrificans OCh 114

AY583452 uncultured bacterium (peat soil)

9o HE616604 OTU 3 (86.3% - 8.5%)
HE616611 OTU 10 (5% - 0.12%)
HE616614 OTU 13 (0% - 0.12%)
DQ303103 uncultured bacterium (wetland soil)
GU393111 uncultured bacterium (wetland sediment) a
AB480490 Rhodanobacter sp. D206a

52— HE616610 OTU 9 (6.3% - 0%)
.498|-EE616613 0OTU 12 (2.5% - 0%)

GU393076 uncultured bacterium (wetland sediment)

-—1001 Bradyrhizobium spp.
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Figure S7: Phylogenetic tree of representative nirS sequences retrieved from 0 to 20 cm and
below 20 cm palsa peat soil. The tree is based on in silico translated amino acid sequences. One
representative sequence for each OTU generated at 18% threshold distance is shown. Codes
preceeding sequence names represent sequence accession numbers in public databases.
Values in parantheses represent relative abundances of total sequences per OTU from 0 to 20
cm (left) and below 20 cm (right) palsa peat soil. In total, 85 and 833 denoised sequences were
obtained from 0 to 20 cm and below 20 cm palsa peat soil, respectively. Grey boxes indicate
branches where the majority of sequences are derived from reference strains of a certain
phylogenetic class; white boxes indicate minority sequences from genera not affiliated with the
indicated class. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (10 000 replicates) are shown next to the branches. Values below 50% have
been omitted. The tree was rooted using nirS of Rhodothermus marinus DSM 4252 as the
outgroup (CP001807).



AF361793 Azospirillum lipoferum Sp53b DSM1691
AY072235 uncultured bacterium (forest soil)
HE616617 OTU 2 (43.4% - 37.6%)

HE616621 OTU 6 (0.06% - 0%)

HE616622 OTU 7 (0% - 0.10%)

87 FN430538 uncultured bacterium (fen soil)
HE616620 OTU 5 (0% - 1.2%)

68 FJ209438 uncultured bacterium (paddy soil)

e — \zOSpirillum spp.

AY072227 Achromobacter xylosoxidans NCIMB 11015

56 HE616618 OTU 3 (3.8% - 8.1%)
4&430500 uncultured bacterium (fen soil)
90 Mesorhizobium spp.

99

NC 006569 Silicibacter pomeroyi DSS-3
NC 008209 Roseobacter denitrificans OCh 114

NC 009485 Bradyrhizobium sp. BTAi1
HE616616 OTU 1 (51.1% - 51.9%)
FN430557 uncultured bacterium (fen soil)
NC 004463 Bradyrhizobium japonicum USDA 110
CP000301 Rhodopseudomenas palustris BisB18
NC 011386 Oligofropha carboxidovorans OM5
= Bosea spp.
DQ377801 Ensifer adhaerens PD 29
AEQ06469 Sinorhizobium meliloti 1021
NC 009668 Ochrobactrum anthropi ATCC 49188
Brucella spp.

100
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to Outgroup 100
] —991: CP000510 Psychromonas ingrahamii 37

NC 007954 Shewanella denitrificans OS217 Y
o9 —gg< Pseudomonas spp.

97 s -lcrbaspirilum spp.
4

a5 = Burkholderia spp.
100 E 007908 Rhodoferax ferrireducens T118
75 NC 007404 Thiobacillus denitrificans ATCC 25259

57 CP001281 Thauera sp. MZ1T

S NC 008702 Azoarcus sp. BH72 B
= ———————— EU053045 uncultured bacterium (lake sediment)
f ;‘4: NC 005241 Ralstonia eutropha H16

53 NC 007974 Ralstonia metallidurans CH34

96 NC 010678 Ralstonia pickettii 12J
gg| [NC 003296 Ralstonia solanacearum GMI1000
79 HE616619 OTU 4 (1.5% - 1.0%)

Figure S8: Phylogenetic tree of representative nosZ sequences retrieved from 0 to 20 cm and
below 20 cm palsa peat soil. The tree is based on in silico translated amino acid sequences. One
representative sequence for each OTU generated at 20% threshold distance is shown. Codes
preceeding sequence names represent sequence accession numbers in public databases.
Values in parantheses represent relative abundances of total sequences per OTU from 0 to 20
cm (left) and below 20 cm (right) palsa peat soil. In total, 1 563 and 1 044 denoised sequences
from forward reads were obtained from 0 to 20 cm and below 20 cm palsa peat soil, respectively.
Grey boxes indicate branches where the majority of sequences are derived from reference
strains of a certain phylogenetic class; white boxes indicate minority sequences from genera not
affiliated with the indicated class. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (10 000 replicates) are shown next to the branches.
Values below 50% have been omitted. The tree was rooted using nosZ of Haloarcula marismortui
ATCC 43049 as the outgroup (NC 006396).
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— e Mesorhizobium spp.

|: FN430500 uncultured bacterium (fen soil)
92 HE616625 OTU 3 (4.7% - 10.0%)
4|7—FJZOQ438 uncultured bacterium (paddy sail)
92 98 HE616627 OTU 5 (0% - 0.94%)
81— FN430533 uncultured bacterium (fen soil)
65 L HE616624 OTU 2 (42.4% - 36.5%)

99 _|:FN430537 uncultured bacterium (fen sail)
52 59 AF361793 Azospirillum lipoferum Sp59b DSM1691
AY072227 Achromobacter xylosoxidans NCIMB 11015
= N /\z0spirillum Spp.

NC 008209 Roseobacter denitrificans OCh 114
— e NC 008569 Silicibacter pomeroyi DSS-3
94 NC 009485 Bradyrhizobium sp. BTAi1
99| FN430557 uncultured bacterium (fen soil)
97 HE616623 OTU 1 (52.3% - 52.1%)
58 — FN430523 uncultured bacterium (fen soil)
—— NC 004463 Bradyrhizobium japonicum USDA 110

_|:FN295850 uncultured bacterium (soil)
75 HE616628 OTU 6 (0% - 0.07%)
CP000301 Rhodopseudomonas palustris BisB18

NC 011386 Oligotropha carboxidovorans OM5
84 99, Bosea spp.

QI:AEOOEMBQ Sinorhizobium meliloti 1021
DQ377801 Ensifer adhaerens PD 29

91

89

95

99

93 NC 009668 Ochrobactrum anthropi ATCC 49188
to Outgroup {
99 99 Brucella spp.

99 CP000510 Psychromonas ingrahamii 37
NC 007954 Shewanella denitrificans OS217
e —< Pseudomonas spp
99 Pe-

99 o rbaspirillum spp.
99

i Burkholderia spp.

99 = _|— NC 007908 Rhodoferax ferrireducens T118
79 NC 007404 Thiobacillus denitrificans ATCC 25259

64 CP001281 Thauera sp. MZAT

= NC 008702 Azoarcus sp. BH72 B
——————— EU053045 uncultured bacterium (lake sediment)
ﬁ‘; { NC 005241 Ralstonia eutropha H16
NC 007974 Ralstonia metallidurans CH34

93 HE616626 OTU 4 (0.59% - 0.36%)

97 'I:NC 003296 Ralstonia solanacearum GMI1000
51 NC 010678 Ralstonia pickettii 12J
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Figure S9: Phylogenetic tree of nosZ reverse reads retrieved from 0 to 20 cm and below 20 cm
palsa peat soil. The tree is based on in silico translated amino acid sequences. Representatives
for each OTU are shown. Relative abundances of sequences from 0 to 20 cm and below 20 cm
palsa peat soil are shown in parentheses per OTU. Codes preceeding sequence names
represent sequence accession numbers in public databases. In total, 1 856 and 1 381 sequences
from reverse reads were obtained from unturbated and cryoturbated peat soil, respectively. Grey
boxes indicate branches where the majority of sequences are derived from reference strains of a
certain phylogenetic class; white boxes indicate minority sequences from genera not affiliated
with the indicated class. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (10 000 replicates) are shown next to the branches. Values below
50% have been omitted. The outgroup was nosZ of Haloarcula marismortui ATCC 43049 (NC
006396).
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