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Figure S1. Circular representation of the Ca. Nitrososphaera evergladensis genome (A). From outside to the
center: Genes on forward strand (color by COG categories); Genes on reverse strand (color by COG
categories); RNA genes (tRNAs green, rRNAs red, other RNAs black); GC content; GC skew. Alignment
between Mira contigs generated from Ion Torrent reads and Celera contig generated from PacBio reads (B).

Vertical colored lines indicate a high alignment score and white lines indicate a low score.
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Figure S2. A phylogenetic tree of ammonia-oxidizing archaeca amoA, amoB, amoC, and amoX subunits of
ammonia monooxygenase. Amino-acid sequences of amo subunits of AOA were randomly selected from
the National Center for Biotechnology Information databases. The multiple sequence alignment of the
amino-acid sequences was used for building maximume-likelihood trees. The branching patterns are denoted
by their respective bootstrap values (100 iterations). Topology is colored by the metabolic group (blue
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Figure S7. Clustering of the amo genes coding for subunits of ammonia monooxygenase (AmoA, AmoB,
AmoC, AmoX) in the genomes of ammonia-oxidizing archaeca (AOA) and ammonia-oxidizing bacteria
(AOB).
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Figure S8. Electron transport chain of Ca. N. evergladensis. AMO — ammonia monooxygenase; CuHAO —

hydroxylamine oxidoreductase; NIR- nitrite reductase; NOR — nitric oxide reductase; PC- small blue copper-
containing plastocyanin-like electron carriers; Q and QH,— oxidized and reduced quinone pools. Complex I -
Quinone reductase; Complex III — Riske Fe-S proteins, cytochromes; Complex IV — Heme/copper-type
cytochrome/quinol oxidases. * - Suggested candidate enzymes: CuHAO (multicopper oxidase), NOR
(catalytic subunits NorD, Q are not found).
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Figure S9. A phylogenetic tree of archaeal pelota gene homologs. Amino-acid sequences of pelota were
randomly selected from the National Center for Biotechnology Information databases. The multiple
sequence alignment of the amino-acid sequences was used for building maximum-likelihood trees.



Table S1. Protein coding sequences of central carbon, nitrogen, lipid metabolism and genes involved in the
stress response of the archaeon
File S2

Table S2. Transporters encoded in Ca. N. evergladensis genome
File S2

Table S3. Information processing machinery of Ca. N. evergladensis
File S2

Table S4. Protein coding sequences (COGs and TIGRfams) present only in the AOA group I.1b
File S2

Table S5. Coding sequences present only in Ca. N. evergladensis genome but missing from the genome of
Ca. N. gargensis
File S2

Table A. Comparison of Ca. N. evergladensis with other AOA genomes that are available in the public
databases. CDS were compared at amino-acid identity > 35%

Number of
shared CDS
Ammonia-oxidizing archaeon G Total number of with Nucleotide sequence identity, %
roup CDS Ca. N.
evergladensis
16S rRNA amoA
Ca. Nitrososphaera gargensis Ga9.2 L.1b 3562 2232 97 87
Nitrosopumilus maritimus SCM 1 I.1a 1797 1187 85 73
Ca. Nitrosopumilus sediminis AR2 I.1a 1974 1233 85 72
Cenarchaeum symbiosum A I.1a 2017 1115 85 74
Ca. Nitrosoarchaeum limnia SFB1 I.1a 2038 1252 85 73
Ca. Nitrosopumilus koreensis AR1 I.1a 1890 1203 85 71
Table B. Sequencing reports fro the lon Torrent platform and Pacific Biosciences platform
Number of Maximum Minimum
Number of Average read Genome
Technology runs/cells read length, read length,
reads* length, bp* bp* bp* coverage
Pacific Biosciences | 9 SMART cells 197,138 4,117 21,581 500 ~179X
Ion Torrent Ton 318™ Chip 2,389,864 241 477 80 ~127X
*After quality trim
Table C. Comparative results of different assembly methods and sequencing technologies
G/C Identity to Max. Min. Number | Greengenes
Assembler | Technology | content, | Total bp | N. gargensis N50 contig contig of Find ORF
% genome size, bp size, bp contigs tool
Celera PacBio 50.14 2954373 40% 2954373 | 2954373 | 2954373 1 7454
Mira PacBio 50.88 3372381 40% 716163 1232912 15072 21 8848
Mira Ion Torrent 49.83 2814846 39% 222664 418142 7378 24 7162
IDBA-UD | Ion Torrent 50.27 2317515 32% 11511 41248 5021 212 5810




Methods

Quantitative PCR assays

Quantitative PCR (qPCR) for archaeal was performed in triplicate in the Mx3000P real-time PCR Thermal
Cycler (Stratagene, La Jolla, CA, USA). SYBR Green assay was carried out in 25 pL PCR mixture volume
consisting of 20 ng of DNA template, 2X QuantiTect® SYBR® Green Master Mix (Qiagen, Valencia, CA,
USA), and 100 uM of each primer. The archaeal amoA gene fragment was amplified using the primer set
Arch-amoAf (5’-STAATGGTCTGGCTTAGACG-3) and Arch-amoAr (5°-
GCGGCCATCCATCTGTATGT- 3’) (Francis et al., 2005). PCR cycling was performed as follows: one
initial denaturation step at 95°C for 15 min followed by 40 cycles of denaturation at 94°C for 30 s,
annealing at 56°C for 1 min, and extension at 72°C for 1 min with an efficiency of 110% and R? value of
0.987. Standard curves for interpretation of Ct values were generated with serial dilutions of a known copy
number of the gene. Ct (threshold cycle) is the cycle number at which the fluorescence emission crosses a
threshold within the logarithmic increase phase. For AOA amoAd quantification, a linearized plasmid
(pCR4-TOPO, Invitrogen, Carlsbad, CA, USA) containing a fragment of 2093 bp of amoBCA of
Nitrosopumilus maritimus (Stahl lab, University of Washington) was used to create a standard curve.

Results were expressed in relative abundance, log,, of gene copies per nanogram of DNA.

Trimming and sequence filtering of PacBio sequences

Raw data from PacBio was initially processed for finding the highest scoring local alignments among reads
with BLASR from SMRT Analysis portal 1.4 (http://www.pacbiodevnet.com/SMRT-Analysis/
Algorithms/BLASR). The sequences were also filtered by length before assembly, using 8859 nucleotides
as cutoff value. Both filtering steps resulted in 8602.5 average read size (6964 reads, N50=9684) with 0.858
read quality. This final filtering by size was crucial to obtain the present genome from the assembly with
Celera. High number of short reads dramatically increases computing requirements and may also result in a
worse quality assembly due to the excess of error reads. The initial sequencing report data with BLASR

filtering is available in Table B.



Sequence assembly

In order to verify the presence of error in the present genome assembly, we compared the results of different
de novo assembly tools and sequencing technologies. A detailed comparison among the assembly results
obtained from different methods and technologies is in Table C.

lonTorrent

The trimmed/filtered IonTorrent reads were assembled using the de novo genomic assembly tools Mira 3.9
(Chevreux et al., 1999) and IDBA-UD (Peng et al., 2012). IDBA-UD algorithm is based on the de Bruijn
graph approach for assembling reads from single-cell sequencing or metagenomic sequencing technologies
with uneven sequencing depths. Mira takes advantage of additional available information such as low
confidence regions, quality values or repetitive region tags in order to improve the assembly procedure. In
both de novo assemblers, we used the parameters optimized for the present reads, with non-uniform read
distribution, accurate assembly options and no trace information.

PacBio

After reads filtering/trimming PacBio reads, we used Celera tool from SMRT portal for assembly
(http://www.pacbiodevnet.com/ SMRT-Analysis/Software/SMRT-Pipe). Celera is a tool for scalable
genome assembly of PacBio long reads. The default settings for PacBio reads were used in Celera assembly
run. In addition, we used MIRA assembler as an alternative method in order to compare its generated
contigs to Celera results. The default options were used in MIRA assembler for PacBio reads.

Genome finishing and scaffolding

The final PacBio contig (present genome) was also filtered with Quiver (Chin et al., 2013), a highly
accurate consensus and variant caller that can generate 99.99% accurate consensus sequences using local
realignment and the full range of quality scores associated with PacBio reads (We obtained a consensus
concordance of 99.9945 for the present genome).

Assembly Verification

After the assembly procedure, we compared the contigs generated by both sequencing technologies (PacBio

and Ion Torrent). We used Vista (Frazer et al., 2004) and Mauve (Darling et al., 2004) genomic analysis



tools to align the final contig generated by Celera to all contigs generated by Mira. Vista results shows 99%
of conserved nucleotides between Celera (PacBio) and Mira (IonTorrent) contigs and all assemblers have

shown similar GC content (Table C).

Annotation

Two-component systems annotation

We used Conserved Domain Search tool from NCBI (Gibney, Baxevanis, 2011). We compared and merged
the results from two different databases: TIGRfam and Conserved Domain Database (CDD) (Scott et al.,
2011). We used 0.01 as e-value cut-off for both databases. We selected the lowest e-value unique hits with
high coverage (=75%). In some the CDD results, multiple domain hits of different types of two-component
systems matched to the same locus tag. In those cases, we maintained the multiple domain hits with similar

e-values. This problem was not observed in TIGRfam database search.

Phylogenetic analyses

The nucleotide and amino acid sequences for phylogenetic reconstruction were obtained from NCBI
databases (Gibney, Baxevanis, 2011; Benson et al., 2012). The selected nucleotide sequences of 16S rRNA
and predicted amino acid sequences of AMO were aligned using the multiple sequence analysis tool
MUSCLE 3.8.31 (Edgar, 2004). The multiple sequence alignment of 16S rRNA was filtered using
GLBLOCKS for selecting conserved sites and remove poorly aligned regions (Talavera, Castresana, 2004).
Conserved blocks were selected using the following criteria: at least 8 sites per conserved block length, with
up to 4 contiguous nonconserved regions, present in at least 50% of the aligned sequences.

Maximum likelihood trees were built using the phylogenetic tree reconstruction tool PhyML 3.0 (Criscuolo,
2011), using the default parameters and 100 bootstraps for 16S sequences and JTT model, 1000 bootstraps,
and best of NNI and SPR search operations for amino acid sequences of AMO. The phylogenetic trees were

visualized and exported using Archaeopteryx 0.9809 tool (Han, Zmasek, 2009).
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