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Supplementary Methods
Infrared spectra collection

Aliquots (1 pL) of filtered supernatants following slurry centrifugation, were added to the
surface of a diamond ATR (attenuated total reflectance) crystal mounted on a Golden Gate ATR
sample stage (Specac), and the solution was dried under moisture- and CO»-free air (Spectra 30
FTIR purge gas generator, Parker Balston). This step was repeated 5 times until a thin film was
formed. The sample spectrum was measured as the average of 2000 scans at a scan velocity of 80
kHz with a 5 mm aperture setting. A blank spectrum was collected immediately before each
sample spectrum and subtracted. All spectra were collected at 4 cm™ resolution. Baseline
corrections were performed on the ATR spectra using the OPUS software (Bruker).

16S rRNA MiSeq data processing and analyses

DADAZ2? outputs (i.e., taxonomy and ASV count tables) were imported to Phyloseq (1) for
further analysis. Eukaryotic, including mitochondrial and chloroplast, sequences were filtered
out. During pre-processing, rarefaction curves were calculated separately for each wetland type
to determine outliers to discard from analyses. As a result, samples without a plateauing
rarefaction curve were discarded.

Alpha diversity (Chaol and Inverse Simpson) was measured using the plot richness
function in Phyloseq. The tax_fix function in microViz (v0.10.2; (2)) was used to fix missing
values in the taxonomy tables. Bar plots of relative abundances were then obtained using the
microshades (v1.10; (3)) package. Differential abundance testing was performed at the genus
level by using Analysis of Composition of Microbiomes with Bias Correction (4,5) as
implemented in the ANCOMBC package (v1.4).

Metagenome and metatranscriptome analyses

Demultiplexed metagenomic reads were quality filtered using FastQC (v0.11.9; (6)) and
Trimmomatic (v0.39; (7)). Anvi’o (v7.1; (8)) was used for assembly, mapping, and contig
functional assignments. Metagenomes for each wetland type were co-assembled using
MEGAHIT (--min-contig-len 1000; v1.2.9; (9,10)). Bowtie 2 (v2.3.5; (11)) was used to map
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reads to the assembled contigs. Contig functional annotations were obtained by using the
functions “anvi-run-hmms” and “anvi-run-ncbi-cogs”. Demultiplexed metatranscriptomes were
quality filtered using FastQC (v0.11.9; (6)) and cutadapt (v2.10; (12)). QC-filtered reads were
mapped to co-assembled metagenomic contigs for each wetland type. Mapping was performed
using bowtie2 (v2.3.5; (11)) in Anvi’o (v7.1; (8)). Metagenome contigs were binned using
MetaBAT 2 (v1.12.1; (13)), MaxBin 2 (v2.2.7; (14)), and CONCOCT (v1.1.0; (15)). Bin
refinement was carried out using the bin_refinement module in MetaWRAP (v1.2; (16)).
Prodigal (v2.6.3; (17)) was used to obtain amino acid sequences of gene calls for each bin. These
were uploaded to the GhostKoala server (18) to obtain KO annotations. Refined bins along with
the corresponding KO annotations were exported into the merged Anvi’o profile as a collection.
Relative distributions of assembled genomes and predicted functions across the metagenomes
and metatranscriptomes were estimated using the “anvi-summarize” function. Additional
functional annotations for the assembled genomes were obtained via DRAM (19) and RASTtk
(20) within the KBase platform (21).

Supplementary Figures
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Figure S1: Headspace methane concentrations in the PB peat incubations when PB peat was
exposed to a longer period of oxygenation (i.e., 4 weeks). Error bars are standard deviations
around the mean of three replicates.
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Figure S3: FTIR spectra of PB peat slurry extracts (a) and those after desalting for the Day 7
samples (b). The Day 7 samples were desalted and compared due to significant salt interferences
(indicated by the strong O—H bending band at 1620 cm-1) in the O2-shifted sample. Bottom
panel (b): initial sample and O»-shifted Day 7 samples were re-ran after desalting: spectra are
similar to the original run, but show greater amounts of C-H bonds (carbohydrates) in the O»-
shifted sample (~ 1100-1600 nm region), indicating greater amounts of labile carbon in solution
on Day 7. Samples on Day 365 probably highly degraded for both treatments.
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Summary of the differentially abundant ASVs between treatments in (a) PB peat, (b)

FW marsh, and (c¢) saltmarsh. ANCOM-BC was used for differential abundance analysis. Since

the microbiome changed substantially between treatments for saltmarsh, only those with a fold

change of at least 2 are included in (¢).

Fig. S6

99
100
101
102
103



104
105

106
107

108
109
110
111
112
113
114
115
116

117
118

119
120
121

122
123
124

125
126

a. Marsh
Fe(ll) uM pH Phenolics mg/ml SO,% uM
81 50
‘% 6.50 g ‘9 31 5 g
6- 401
L ‘%‘ 6251 ® © J°% 5.
4- i - i 30
6.00 -ao-
2- 17 06 20
T e 5751, ® . - é | | = 101+ ‘ ®_ 00 o>
0 7 21 229365 0 7 21 229365 0 7 21 229365 0 7 21 229365

b. Saltmarsh

Fe(ll) uM pH Phenolics mg/ml SO,% uM
25 | S & | 10000 - 3 o>
P PR P
2.0- & % ol 30- 8000 1
% 20 & g

1.51 ” 5 & 6000 - <

- s 101 i
L F e8| 4l e Joleese ® e i, ° = o

0 7 21 229 365 0 7 21 229365 0 7 21 229365 0 7 21 229365

Days in incubation

Treatment B Init B Anoxic E& Oxygen-shifted

Figure S7: Key geochemical variables measured in FW marsh and saltmarsh incubations across
timepoints in the experiment. Oxic period is indicated by the grey rectangles. Three replicate
measurements are included in each boxplot (overlayed dots depict the actual values). Phenolics
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