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Methods
The FACE system
The long-term, Free Air CO2 Enrichment (FACE) experiment was established on a calcareous soil (a Mollisol in USA-ST, pH = 7.2.) in November 2003 in Jiangdu City, Jiangsu Province, China (32°35′ N, 119°42′ E) 1-3. The soil had a bulk density of 1.2 g cm-3 and, per kg soil, contained 137 g clay (< 0.001 mm), 18 g total carbon (TC), 1.5 g total nitrogen (TN) and 0.6 g total phosphorus (TP). The climate is temperate with an annual mean temperature of 14.9℃ and an annual mean precipitation of 980 mm. The FACE platform consisted of six octagonal plots, each with a FACE ring of 12.5 m diameter. The six plots represented a randomized complete block design, with each pair of ambient (aCO2) and elevated CO2 (ambient + 200 μmol mol-1) plots being randomly assigned into three blocks within a 4-ha area. Each plot was split into low and normal level N subplots 4, with the applicate rates of N fertilization at 125 (low-N) and 225 (normal-N) kg urea-N ha-1, respectively. CO2 fumigation was maintained continuously 24 h day-1 during the 2004-2018 rice growing seasons. Detailed descriptions of the FACE facility can be found elsewhere 1-3.
Field sampling
To examine the influence of eCO2 on soil microbiota, we took soil samples from field plots over the experimental years of 2014-2018. Soil samples were taken from the normal-N subplot during the 2014-2017 rice growing seasons, and from both low-N and normal-N subplots in the 2018 rice growing season. Eight soil cores were taken from the surface (0-10 cm) and/or subsurface soils (10-20 cm) of each N subplot using a soil corer, and were then mixed thoroughly to form a pooled plot sample. Soil samples were sealed in plastic bags, stored immediately in a cooler with ice bags and transported to the laboratory. Subsamples (~20 g) were stored immediately on dry ice and were then stored at -80 ℃ in the laboratory prior to DNA extraction. The remainder of each sample was stored at 4 ℃ for other analysis. 
Soils sampled from the surface soil layer in the low-N subplot of aCO2 and eCO2 plots in 2018 were used for microcosm incubations in experiments 1-3. Detailed information on soil sampling time and depth are presented in Table S1.
Experiment 1
Experiment 1 was designed to investigate the effects of eCO2 and N addition on soil nitrification and the growth of nitrifiers. Soil samples from each of aCO2 and eCO2 plots were incubated with three levels of NH4+ addition (no-N addition, 0.5 mM (low-N) or 1.5 mM NH4+-N (high-N)). The experiment was a split-plot design with whole-plots arranged in a RCBD (3 blocks). The CO2 treatment (aCO2 vs eCO2) was the whole-plot treatment, whereas the N addition treatment (no-N addition, low-N or high-N) was the split-plot factor. The low and high levels of N addition were set roughly corresponding to the low (100 kg urea-N ha-1) and high (300 kg urea-N ha-1) application rates of N fertilizer in the field in this region 1,4. Each treatment was replicated three times. For each treatment, 20 g dry-weight soil was mixed with deionized water at a ratio of 1:2 (soil (g): water (mL)), placed into a 160 mL serum bottle, and then pre-incubated statically in the dark for 7 days at room temperature to deplete the residual NH4+. After pre-incubation, all serum bottles were flushed with mixed air (5% CO2, 20% O2, 75% N2) in a glove box (Anaerobic Workstation AW 200SG, Electrotek-scientific, Inc., West Yorkshire, UK), and each of the N addition treatments was then initiated with the corresponding amount of NH4+-N. All samples were incubated at 24 °C in the dark with a shaking speed of 200 rpm. During incubation, NH4+-N and headspace gases were resupplied at 7-day intervals. For potential nitrification rates measurement, soil slurries were sampled at 1 h, 24 h and 48 h after incubation. And for extraction of genomic DNA, soil slurries were sampled at 30 days after incubation.
Experiment 2
Experiment 2 utilized stable isotope probing microcosms aimed at identifying autotrophic nitrifiers active in nitrification under eCO2 and N addition. Field soils from aCO2 and eCO2 plots with three levels of N addition were incubated in serum bottles with headspace amended with 5% (v/v) of either 12CO2 or 13CO2 (atomic% 13C > 99%). The three levels of NH4+-N addition (no-N addition, low-N and high-N) were identical to experiment 1. Each treatment was replicated three times. After pre-incubation, all serum bottles were flushed with mixed air (20% O2, 80% N2) in a glove box, and each of bottles was then supplied with the corresponding amount of NH4+-N and 12C-/13C-CO2. The NH4+-N and 12C-/13C-CO2 were resupplied at 7-day intervals. The pre-incubation and incubation conditions were identical to experiment 1. After 30 days’ incubation, soil slurries were sampled for genomic DNA extraction.
Experiment 3
Experiment 3 was conducted to determine whether the CO2 inhibition effect on soil nitrifiers is related to the availability of O2. The experiment was a split-plot design with whole-plots arranged in a RCBD (3 blocks). The CO2 treatment (aCO2 vs eCO2) was the whole-plot factor, whereas the O2 treatment was considered the split-plot factor. Each treatment was replicated three times. After pre-incubation, all serum bottles were flushed with mixed air (5% CO2, 95% N2) in the glove box to replace the headspace air, and then we added 0%, 1%, 5% or 20% O2. The experimental conditions of incubation were identical to those of experiment 1. After 30 days’ incubation, soil slurries were sampled for genomic DNA extraction.
Meta-analysis
A meta-analysis was conducted to investigate the influence of eCO2 on the size of inorganic N pools in rice paddies and wetlands. We searched journal articles using the Web of Science Core Collection database on June 30, 2023. The search terms included ((elevat* OR increase* OR enrich* OR rising) NEAR/2 (CO2 OR “carbon dioxide”)) AND (ammonia OR ammonium OR NH4+ OR nitrate OR NO3- OR N2O OR nitrous oxide) AND (paddy soil OR rice padd* OR wetland* OR lowland* OR sediment*) and 554 results were obtained. We selected articles using the criteria as follows: (1) research papers, (2) elevated CO2 experiment established in rice paddies or wetland ecosystems, (3) containing at least one of the following measurements: soil NH4+, soil NO3-, N2O emission potential or gross N2O emission, (4) means, standard deviations or standard errors or confidence intervals, and sample sizes were available or extractable, either from tables, figures or the datasets provided by the authors. 
For each paper, data were extracted either manually from tables or graphically from figures using GetData (v2.25). Overall, a total of 307 observations from 34 publications and 28 independent eCO2 experiment were derived (see Supplementary Dataset 7). We quantified the effect of eCO2 by calculating the natural log of the response ratio (R) 5:
    lnR = ln (XE/XA)                                                                             (1)
where XE and XA are the means of elevated CO2 and the ambient CO2 treatments. We used MetaWin (v2) to generate mean effect sizes and 95% bootstrapped confidence intervals (95% CI). 
Soil DNA extraction
Upon the completion of laboratory incubations, soil samples were immediately stored in a freezer at -80 °C. For samples from the field, experiments 1 and 3, genomic DNA for 16S rRNA gene sequencing or real-time quantitative PCR was extracted from 0.25-g aliquots of soil samples using PowerSoil® DNA Isolation Kits (MO BIO Laboratories Inc., Carlsbad, CA, USA). For samples from the field and experiment 2, genomic DNA for metagenomic sequencing or 13C-DNA separation was extracted from 5-g aliquots of soil samples using PowerMax Soil® DNA Isolation Kits (MO BIO Laboratories Inc., Carlsbad, CA, USA). The quantity and quality of extracted DNA were determined using the Nanodrop (ND LITE Spectrophotometer, Thermo Fisher Scientific Inc., Wilmington, DE, USA).
Measurements
Chemical analysis
For NO3- measurements, 2 mL soil solutions were mixed with 2 M KCl solutions (1:7.5 dry weight soil-volume) and filtered through a 0.22 µm disposable syringe filter (PES). NO3- were determined using an ion chromatography (DIONEX ICS-3000, Thermo Fisher Scientific, Walyhan, MA, USA). 
Real-time quantitative PCR
Real-time quantitative PCR targeting at amoA gene of AOB, AOA or comammox, and nxrB gene of Nitrospira was performed on a CFX ConnectTM Real-Time System (BIO-RAD laboratories, Inc., Hercules, CA, USA). The primer sets and thermocycling conditions of targeted genes are shown in Supplementary Dataset 3. The 20 µL reaction mixture contained 10 µL SYBR Premix Ex Taq (BIO-RAD laboratories, Inc., Hercules, CA, USA), 1 μL of each primer (10 μM), 1 μL template DNA and 7 μL H2O. A known copy number of plasmid DNA was serially diluted tenfold to generate the external standard curve for each target gene. Triplicate qPCRs were performed for each sample. Melting curves analysis was performed to check the specificity of amplification by continuously measuring the fluorescence as the temperature increased from 65 to 95 °C. The correlation coefficient (R) of standard curves was employed when the R2 value was above 0.99.
13C-DNA separation
We extracted genomic DNA from experiment 2 and separated 13C-labeled DNA from unlabeled communities (12C-DNA) using the gradient fractionation method 2,6,7. Briefly, 5 µg genomic DNA was mixed with gradient buffer (GB; 0.1 M Tris, 0.1 M KCl and 1 mM Ethylene Diamine Tetraacetic Acid (EDTA)) to a final volume of 1 mL. The GB/DNA mixture was then combined with the CsCl solution (1.870 g mL-1) to a final volume of 6.00 mL. The mixed solutions were then loaded in a polyallomer bell-top Quick-Seal centrifuge tube (Beckman Coutler Inc., Fullerton, CA, USA). After sealing, centrifuge tubes were placed into a Vti-65 rotor and were centrifuged at 50,800 rpm and 20 °C for 60 hours in a Himac CP 80β ultracentrifuge (Hitachi Koko CO., Ltd. Tokyo, JP). DNA gradients were fractionated using the Beckman Fraction Recovery System (Beckman Coutler Inc., Fullerton, CA) in connection with a syringe pump (model R-100E, Razel, Georgia, VT). The buoyant density of each gradient fraction was determined using a refractometer (AR200, Reichert, Depew, NY, USA). DNA of each fraction was precipitated at 25℃ for 2 h by adding 2 volumes of polyethylene glycol (PEG) solution (30% PEG 6000, 1.6 M NaCl) and 20 μg glycogen. The precipitated DNA was washed by 70% ethanol and then resuspended in sterilized nuclease-free H2O.
16S rRNA gene sequencing
The 16S rRNA gene sequencing was performed using genomic DNA of soil samples from the experimental years of 2014-2018 (see Table S1). The primer set 515F/806R (Supplementary Dataset 3), which are capable of detecting bacteria and archaea 8, was developed against the V4 region of the 16S rRNA genes of genomic DNA3,9. The preparation of PCR mixtures and thermocycling conditions was described in previous studies 2. PCR products were gel-purified using the BioSpin Gel Extraction Kit (Bioer Technology Co. Ltd., Hangzhou, China) and then quantified using a Nanodrop LITE spectrophotometer. Samples of PCR products were mixed in an equimolar concentration and were then sequenced on an Illumina NovaSeq platform (Illumina, Inc.). 
The downstream sequence analyses were performed using Quantitative Insights into Microbial Ecology (QIIME) 2,3,7,10. In brief, DNA reads with an accuracy threshold of 0.5% per base error probability were accepted. The remaining reads were clustered into operational taxonomic units (OTUs) at 97% identity before being taxonomically classified using the SILVA database based on Mothur algorithm 11. The resulting OTU tables were used for downstream phylogenetic and statistical analyses. Detailed descriptions of primer set design, PCR perform, sequencing and 16S rRNA gene analysis are presented elsewhere 2.
Metagenomic sequencing 
Raw reads were generated using an Illumina Hiseq PE150 platform (Novogene, Beijing, China) for genomic DNA from field (2018) and 13C-labeled DNA (buoyant density of 1.715-1.750 g ml-1) from experiment 2. After being preprocessed by Trimmomatic (v0.39) 12, reads were then assembled into contigs by MEGAHIT (v1.2.9) 13 with the “--presets meta-large” option. The Open Reading Frames (ORFs) were predicted for contigs longer than 500 bp by Prodigal (v2.6.3) 14 with default parameters and the length information shorter than 100 nt from the predicted results were filtered. For predicted ORF, CD-HIT (v4.8.1) 15 was then adopted to eliminate redundancy and obtain the unique initial gene catalogue. By mapping the clean data of each sample to the unique initial gene catalogue with Bowtie 2 (v2.3.5.1) 16, we obtained the number of mapped reads of each gene. After filtering the gene which the number of mapped reads ≤ 2 in each sample, the gene catalogue (Unigenes) was obtained. The Unigenes were then blasted to the NR database of NCBI using DIAMOND (v2.0.15) 17 for taxonomy prediction. To perform function annotation, the Unigenes were blasted to functional databases including KEGG database 18 and eggNOG database 19 with DIAMOND. The best hit for each sequence was extracted for subsequent analyses. 
Metagenomic binning 
[bookmark: OLE_LINK1]To identify active and dominant members of autotrophic communities, we performed metagenomic binning using 13C-labelled genomic DNA from experiment 2. Clean reads from aCO2 or eCO2 samples were pooled together and applied for co-assembly to improve the sensitivity and efficiency of binning 20 using MEGAHIT with the “--presets meta-large” option. The derived contigs assembled from either aCO2 or eCO2 were separately binned into metagenome-assembled genomes (MAGs) using the MetaWRAP (v1.3.2) 21 binning module with the following three binning methods: --metabat2, --maxbin2, --concoct. The resulted bin sets from the three binning methods were then refined into one non-redundant set of optimized bins using the MetaWRAP bin_refinement module for aCO2 or eCO2 samples. CheckM (v1.1.3) 22 was utilized in the MetaWRAP bin_refinement module to evaluate the completeness and contamination of MAGs based on lineage-specific marker genes. The two bin sets from aCO2 and eCO2 samples were applied to dRep 23 for further dereplication, finally generating a total of 249 non-redundant MAGs (nrMAGs) above medium quality (completeness > 50% and contamination < 10%, Supplementary Dataset 4). The relative abundance of a specific MAG was calculated as the ratio of the number of reads mapped to the target MAG and the total number of clean reads, using the following equation 24: 
RMAG = GCPM × LMAG / (Lreads × 106)                                  (2)
where the RMAG represent the relative abundance of MAG, GCPM represent the number of Genome Copies Per Million reads of library which were calculated by MetaWRAP quant_bins module 21, LMAG represent the genome size of MAGs (bp), Lreads represent the average read length (bp).
Taxonomic assignment of the obtained MAGs was performed using GTDB-Tk (v1.3.0) with the reference data version r95 25. Protein-encoding genes of the MAGs were predicted by Prodigal and were annotated with eggNOG-mapper (v2.1.9) 26. The pairwise average nucleotide identities (ANI) and average amino acid identities (AAI) were calculated using FastANI (v1.33) 27 and CompareM (v0.1.2, https://github.com/dparks1134/CompareM), respectively. Two genomes were considered belonging to the same species cluster if both their ANI and AAI were larger than 95% 28. A phylogenetic tree was constructed using the nrMAGs assembled in this study by GToTree 29, which used hidden Markov models (HMMs) based on 25 single-copy marker genes across bacteria and archaea. Representative GTDB species within the same family level with the nrMAGs were recovered using gtt-get-accessions-from-GTDB for each family, and were also included in the phylogenetic tree. For MAGs belonging to AOB, AOA or NOB, phylogenomic trees were constructed with GToTree by comparing to representative complete genomes of nitrifiers within the same family or genus level (see Supplementary Dataset 5) from NCBI database by June 30, 2023, based on 74 single copy genes of bacteria for AOB and NOB, and 76 single copy genes of archaea for AOA. The phylogenetic trees were visualized using iTOL30. 
Statistical analysis
Data from experiments 1-3 were subjected to ANOVA using the linear mixed-effects model 3,31, followed by Tukey’s HSD tests for multiple comparisons among treatments. Datasets of nitrifiers’ abundance (the amoA gene copies of AOB, AOA, comammox clade A and comammox clade B, the nxrB gene copies of NOB Nitrospira) from experiment 1, the potential nitrification rate (NO3- production rate) from experiment 1, and the 13C-labelled active fractions of nitrifiers from experiment 2 were analyzed using linear mixed-effects (LME) model: 
                       yijk = a + bi + cj +nk + (c×n)jk + bij + eijk                                             (3)
where yijk is the nitrifiers’ abundance or nitrification rate, a is the intercept (fixed effects), bi is the block (fixed effects), cj is the CO2 treatment (whole-plot factor: aCO2 vs. eCO2, fixed effects), nk is the N addition treatment (split-plot factor: no-N addition, low-N addition, high-N addition, fixed effects), (c×n)jk is the CO2 and N addition interaction (fixed effects), bij is the CO2 within block (random effects) and eijk is the random experimental error.
Datasets of ammonia oxidizers’ abundance (amoA gene copies of AOB or AOA) from experiment 3 were analyzed using LME model: 
                   yijk = a + bi + cj +ok + (c×d)jk + bij + eijk                                            (4)
where yijk is amoA gene copies, a is the intercept (fixed effects), bi is the block (fixed effects), cj is the CO2 treatment (whole-plot factor: aCO2 vs. eCO2, fixed effects), ok is the O2 treatment (split-plot factor: 20% O2, 5% O2, 1% O2 and no O2, fixed effects), (c×o)jk is the CO2 and O2 interaction (fixed effects), bij is the CO2 within block (random effects) and eijk is the random experimental error.
Datasets of the relative abundance of autotrophs/nitrifiers by 16S rRNA sequencing of field samples across year 2014-2018, as presented in Figs. 2 and S2, were subjected to repeated measures ANOVA to test the CO2 effect. Datasets of the relative abundance of autotrophs, nitrifiers and functional genes by metagenomic sequencing of samples from field and experiment 2, as presented in Figs. 5, S2 and S9, were subjected to Student’s t test (two-tailed) for comparisons between CO2 treatments. 
Datasets from the meta-analysis study were subjected to the Wilcoxon signed-rank test for comparisons between CO2 treatments 32.
All statistical analysis were performed using the R software (V 4.0.2). Significant differences were accepted at P < 0.05.
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Supplementary Figures
[image: ] 
Fig. S1 | Taxonomic structure of soil microbial communities in response to eCO2. PCoA analysis of 16S rRNA sequencing data was performed using field samples from 2014 and 2018. a, Sep. 2014, surface soil. b, Sep. 2014, subsurface soil. c, Nov. 2014, surface soil. d, Nov. 2014, subsurface soil. e, 2018, surface soil from low-N subplots. f, 2018, subsurface soil from low-N subplots. g, 2018, surface soil from normal-N subplots. h, 2018, subsurface soil from normal-N subplots. PCoA analysis of soil microbiota for samples from the years 2015-2017 also revealed that mirobial communites at eCO2 were separated well from those at aCO2. Dots in blue: aCO2; squares in red: eCO2. Detailed sampling information is presented in Table S1.
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[bookmark: _Hlk153107144]Fig. S2 | Effect of eCO2 on soil autotrophs. a, Heatmap of the net effect of eCO2 on the relative abundance of soil autotrophs identified by 16S rRNA sequencing of field soil samples of 2014-2018. The abundance of each clade (phylum to family level) was calculated as the sum of relative abundance of all known autotrophic lineages (see Supplementary Dataset 2 for the full list) belonging to this clade. b, Net effect of eCO2 on functional genes (see Supplementary Dataset 6 for the list of gene names) belonging to five carbon fixation pathways. Genes were selected according to the KEGG database (map 00720). The net CO2 effect was calculated as Cohen’s d: (mean of eCO2-mean of aCO2)/pooled standard deviations. Green colors: values > 0; purple colors: values < 0. Error bars denote 95% confidence intervals (CI).  
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Fig. S3 | Effect of eCO2 on the growth of soil nitrifiers. a, Net effect of eCO2 on the relative abundance of AOA, AOB and NOB identified by 16S rRNA sequencing. The NOB may include both canonical NOB clades and comammox clades, as comammox was not able to separate from NOB Nitrospira by 16S amplicon sequencing. The average relative abundance of each clade was calculated across 2014-2018. The net CO2 effect was calculated as Cohen’s d: (mean of eCO2-mean of aCO2)/pooled standard deviations. Values are means ± SE (n = 3). b, Effect of eCO2 on the absolute abundance of soil nitrifiers from field soil samples of 2018. The absolute abundance of each clade was expressed as amoA gene copies targeting AOA, AOB or comammox, or nxrB gene copies targeting NOB Nitrospira (see specific primer sets for each nitrifying clade in Supplementary Dataset 3). Blue bars, aCO2. Red bars, eCO2. Values are means ± SE (n = 3).
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Fig. S4 | Effect of eCO2 on the absolute abundance of comammox. The absolute abundance of comammox clade A (a) and clade B (b) in response to eCO2 and N addition was determined using samples from experiment 1. a, Abundance of comammox clade A, expressed as amoA gene copies. Mixed model, CO2 effect: P = 0.124; N effect: P < 0.01; CO2×N: P = 0.50. b, Abundance of comammox clade B, expressed as amoA gene copies. CO2 effect: P = 0.479; N effect: P < 0.01; CO2×N: P = 0.73. Values are means ± SE (n=3). Specific primer sets for each nitrifying clade are presented in Supplementary Dataset 3. Blue bars, aCO2. Red bars, eCO2.
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Fig. S5 | Effect of eCO2 on the relative abundance of active nitrifiers. a, b, c and d, Distribution of the relative abundance of AOB (a), AOA (b), NOB Nitrospira (c) and comammox (d) across the CsCl buoyant density gradients of genomic DNA from soil samples taken from experiment 2. The data are the ratios of the amoA or nxrB gene copies (Supplementary Dataset 3) in each gradient fraction to the total gene copies across all gradients. Colored lines, 13CO2-treated groups. Grey lines, 12CO2-treated groups. The shaded rectangles represent the ‘heavy DNA’ of CsCl fractions, enriching with 13C-labelled DNA from each of corresponding nitrifiers. The percentage within each shaded region indicates the relative abundance of 13C-labelled functional genes. No-N, Low-N and High-N denote the three N treatments amended with 0 mM, 0.5 mM and 1.5 Mm NH4+-N, respectively. Values are means ± standard errors of the relative abundances of nitrifiers (n=3).

Fig. S6 | Maximum-likelihood phylogenetic tree of recovered MAGs and reference genomes. MAGs identified from this study are indicated using stars at the tip of the node, with those in blue or red stars constructed from aCO2 or eCO2 samples, respectively (see the full taxonomic assignments in Supplementary Dataset 4). The tree does not include MAGs that are marked with an asterisk (*) in Supplementary Dataset 4 as they contain too few single copy genes for alignment. The shaded regions with different colors represent different phylum-level lineages. 
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Fig. S7 | Genome-wide, pairwise comparisons of ANI and AAI values between nitrifying MAGs identified from the current study (highlighted in bold) and known genomes of nitrifiers. a, Symmetrical matrix of pairwise average nucleotide identity (ANI) and average amino acid identity (AAI) values between three AOB MAGs and known genomes of AOBs. b, Symmetrical matrix of pairwise ANI and AAI between three AOA MAGs and known genomes of AOAs. c, Symmetrical matrix of pairwise ANI and AAI between 13 NOB Nitrospira MAGs and known genomes of Nitrospira. ANI, the lower left triangle. AAI, the upper right triangle.
[image: ]
Fig. S8 | Diversity and function of dominant members of active nitrifying communities in the paddy soil under eCO2. a, b and c, Phylogenetic analyses and metabolic potential of active AOB (a), AOA (b) and NOB (c) MAGs identified in the present study and known closely-related genomes. MAGs labelled in blue, assembled in aCO2. MAGs labelled in red, assembled in eCO2. Filled or non-filled squares within the heatmaps denote the presence or absence of the specific functional gene in each genome, respectively. The six functional gene groups are differentiated with squares filled with distinct colors.



 [image: ]
Fig. S9 | A meta-analysis of the CO2 effect on soil inorganic N pools in paddy rice and wetland ecosystems. a, Global distribution of the field experimental sites included in the meta-analysis study. b, Effect of elevated CO2 on soil nitrogen pools across paddy rice and wetland ecosystems. The number of observations for each variable is shown in parentheses. The CO2 effect was calculated as the natural log of the response ratio (R), and was considered significant if 95% confidence intervals (CI) did not overlap with 0. The exact P value was also determined using Wilcoxon signed-rank test. 









Supplementary Tables

Supplementary Table 1 | Soil sampling scheme.

	Sampling year
	Sampling month
	Soil Depth (cm)
	N subplot

	2014
	Sept.
	0-10
	Normal

	2014
	Sept.
	10-20
	Normal

	2014
	Nov.
	0-10
	Normal

	2014
	Nov.
	10-20
	Normal

	2015
	Aug.
	0-10
	Normal

	2015
	Aug.
	10-20
	Normal

	2016
	Aug.
	0-10
	Normal

	2016
	Aug.
	10-20
	Normal

	2017
	Aug.
	0-10
	Normal

	2017
	Aug.
	10-20
	Normal

	2018
	Oct.
	0-10
	Low

	2018
	Oct.
	10-20
	Low

	2018
	Oct.
	0-10
	Normal

	2018
	Oct.
	10-20
	Normal



























Supplementary Table 2 | Proposed names and bin characteristics for each of nitrifier genomes.

	Clades
	Proposed name
	Completeness (%)
	Contamination (%)
	Genome size (Mbp)
	GC (%)
	

	AOB
	Ca. Nitrosomonas sp. CN_JD_F89 †
	88.89
	1.52
	2.5
	47
	

	
	Nitrosomonas bin_F57
	91.02
	1.62
	2.69
	45.3
	*

	
	Nitrosospira bin_A87
	87.48
	2.72
	2.56
	53.8
	

	AOA
	Ca. Nitrosotenuis sp. CN_JD_A64 †
	92.23
	2.91
	1.64
	42.8
	

	
	Ca. Nitrosotalea sp. CN_JD_A17
	74.22
	7.19
	0.84
	35.7
	

	
	Ca. Nitrosotalea sp. CN_JD_A89
	96.63
	1.29
	1.37
	35.4
	

	NOB

	Ca. Nitrospira sp. CN_JD_A8
	88.42
	3.64
	3.26
	58.6
	

	
	Ca. Nitrospira sp. CN_JD_A22
	95.9
	3.74
	3.28
	56.4
	

	
	Ca. Nitrospira sp. CN_JD_A30
	93.12
	3.64
	3.64
	57.4
	

	
	Ca. Nitrospira sp. CN_JD_A36
	83.88
	2.73
	2.47
	58.3
	*

	
	Ca. Nitrospira sp. CN_JD_A48
	68.76
	3.69
	2.15
	57
	

	
	Ca. Nitrospira sp. CN_JD_A60
	79.82
	0
	2.59
	58.9
	*

	
	Ca. Nitrospira sp. CN_JD_A120
	88.63
	4.55
	2.22
	62.6
	

	
	Ca. Nitrospira sp. CN_JD_A121
	93.38
	2.73
	3.58
	56.8
	

	
	Ca. Nitrospira sp. CN_JD_A91
	84.39
	2.78
	2.51
	63.7
	

	
	Ca. Nitrospira sp. CN_JD_F94
	88.6
	4.21
	2.32
	59.1
	*

	
	Ca. Nitrospira sp. CN_JD_F63
	82.9
	0
	2.32
	59.6
	*

	
	Ca. Nitrospira sp. CN_JD_A151
	90.55
	2.73
	3.05
	57.3
	

	
	Ca. Nitrospira sp. CN_JD_F93
	90.4
	1.87
	2.11
	63.9
	*


† Ca., Candidatus. “CN_JD” denotes the field location (Jiangdu City, China) that the novel nitrifying lineages were identified. The letter “A” or “F” represent that the dereplicated bin was constructed from the corresponding ambient CO2 plots or elevated CO2 (FACE) plots.
 * Bins were initially assembled in both aCO2 and eCO2 samples and then dereplicated.  
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