Supplemental Information titles and legends

Data S1. Sequence alignment of denitrification enzymes in Globobulimina. Related to
Figures 2-4. Multiple sequence alignment of representative protein sequences of
Globobulimina Nrt, NirK and Nor (shown in bold) with homologs obtained from literature.
Functional associated domains obtained by CD search of individual sequences are
highlighted in different colours. A) Two types of Nrt with homologs from literature. The typical
prokaryotic NarK superfamily domain is present in all of them. Note that although the
Nterminus of Nrt Il is incomplete it has an extended length in comparison to the other
homologs (Nrt I: GloG15_CONTIG80510:375-855,926-2061(+); Nrt II:
GloG15_CONTIG110211:243-1504,1578-2146(-)). B) Two representative NirK sequences
and corresponding homologs from literature. The cupredoxin domains | and |l are represented
in grey and blue, respectively. Conserved copper ligand binding sites are highlighted in green.
Furthermore, amino acid residues at predicted splice site positions on the corresponding
genome contig sequences are shown with a black background, and nucleotides surrounding
individual splice sites are mentioned above. Nucleotides flanking splice sites are shown by
sequence outlines starting with the 3’-end of the exon before (i.e., exon|intron|exon). Splice
sites were mapped from genomic splice sites prediction obtained for associated genomic
contigs using BRAKER tool (GloG15_CONTIG58586 for NirK | and GloG15_CONTIG57448
for NirK 1). One splice site shown in brackets relies on manual prediction based on the break
in sequence similarity of the transcript in comparison to the genomic contig and presence of
canonical nucleotides found and splice sites. (NirK I: GloT15_NODE_12185:141-2504(-);
NirK 1l: GloT15_NODE_4197:1119-3623(+)). C) Two types of Nor with homologs from Nor
and Nod candidates. The typical Cytochrome c oxidase domain superfamily domain is present
in all homologs. Conserved amino acid residues of the catalytic site are highlighted in red for
Nod candidates and in green for NorZ or both enzyme types. Globobulimina Nor exhibits
typical conserved residues found for Nod (Nor I: GloG15_CONTIG49717:890-3289(+); Nor I
GloT15_NODE_10819:151-2556(+)

Data S2. Detailed phylogenies of denitrification enzymes identified in Globobulimina.
Related to Figures 2—-4. Complete phylogenies of denitrification enzymes identified in the
current study and homologs from public databases. Colour coding of the terminal sequence
names denote homologs obtained from genomics (GloG15: red) and transcriptomics (GloT14:
green; GloT15: blue) assemblies or from public protein sequence databases (black). The
background colour coding indicates different taxonomic groups. Different protein families are

given at the tree branches. Note that sequences identified in Globobulimina can be



distinguished from associated bacteria by being binned into the Globobulimina draft genome
(as indicated by #) and forming a clade with the corresponding transcripts obtained from
transcriptome data. Original query sequences used to find homologs in sequencing
assemblies are highlighted with asterisks (*). Numbers at the branches indicate bootstrap
support (BS) relying on 100 replicates, and the scale bar refers to substitutions per side. Thick
branches mark the root neighbourhood as inferred with MAD. The branches in the root
neighbourhood were identified as following: i) branch ancestral deviations (r) were calculated
with MAD, and the minimal value was determined (rmin), ii) the ambiguity index of branches in
respect to rmin, calculated as Al = rmin/rn, was inferred, iii) branches having an Al > 0.95 are
considered as the root neighbourhood. A) Nitrate/nitrite transporter (Nrt) protein. The tree
shows two diverse clades supported by Globobulimina genomics and transcriptomics. The
other clades are only supported by genomics, indicating representation by associated bacteria
only. Nrt shown in the current study represents the NNP family of transporters or NarK protein
superfamily belonging to the MFS transporter family. The clade associated with
Globobulimina clade | contains eukaryotic Nrt protein (e.g., Nrt2.1 and Nrt2.4 found in
Arabidopsis thaliana; 082811 and Q9FJHS8, respectively), while the clade containing
Globobulimina clade |l is nearly exclusively bacterial (e.g., containing NarK and NarU from
Escherichia coli; accessions P10903 and P37758, respectively). Homologs of transcriptome
assemblies that group with Chlorella and Symbiodinium are likely contamination as they were
not sorted into the Globobulimina draft genome, and the corresponding transcript contigs are
lowly represented. Rooting was performed using representatives of DHA14 and ACS family
of MFS transporters as outgroup. B) Copper-containing nitrite reductase (NirK). The tree
shows two monophyletic clades of Globobulimina homologs grouping with type Class Il of
NirK. Both of them group with a prokaryotic clade containing archaea, albeit the BS is only
62. Although eukaryotic homologs are present, they form a distinct cluster. Note that NirK
homologs previously proposed in association with denitrification of endobiotic origin in other
foraminifera species [S9,S11] (highlighted by black circles) do not cluster with any homolog
(neither Globobulimina nor associated bacteria) identified in the current study. The tree was
rooted with MAD. C) Cytochrome cd1-containing nitrite reductase (NirS). The tree shows no
homologs of the Globobulimina draft genome indicating a sole representation by associated
bacteria. The most abundant sequences are related to Colwellia psychrerythraea, although
overall a diversity of taxa is observed. Note that NirS homologs previously proposed in
association with denitrification of endobiotic origin in other foraminifera by Bernhard and
colleagues (highlighted by black circles; [S9,S11]) do not group closely with any homolog
identified in the current study. Rooting was performed by applying the MAD method. D) Nitric
oxide reductase (Nor). The tree shows two distinct clades representing NorB and NorZ protein

families. While NorB is restricted to homologs found in genomics and, therefore, represents



associated bacteria, NorZ contains a Globobulimina-associated clade supported by
Globobulimina genomics as well as transcriptomics. Only one homologous transcript was
found outside of this clade, but as it exhibited only a low level of transcription, it probably
represents contamination. The tree was rooted using two cbb3 oxidases as outgroup. E)
Prokaryotic periplasmic nitrate reductase (NapA). The tree shows only homologs from
associated bacteria (i.e. genome data not allocated to the Globobulimina draft genome). The
most represented genes group with homologs of Vibrio and Photobacterium. Although the
clades at the top group with the NapA paralogs NarB and NasA, they were still included due
to difficulties to clearly distinguish these paralogs from NapA orthologs. MAD rooting was
applied, and paralogs were distinguished from orthologs using NarB and NasA outgroup
sequences. Rooting of the final phylogeny is based on the MAD method. F) Membranebound
nitrate reductase (NarG). The tree shows that only homologs in the genomics data were
identified indicating the absence from the Globobulimina draft genome and sole
representation of associated bacteria. Sequences form three clades. While automatic
annotations from NCBI indicate a NarG function of all of them, only one clade contains protein
sequences obtained from literature. The most abundant genes group with two sequences of
Nitrospirae, although not closely. Rooting was performed by applying the MAD method. G)
Nitrous oxide reductase (NosZ). Only the homologs from associated bacteria are represented.
The most abundant genes cluster with Colwellia psychrerythraea. Rooting was performed by
applying the MAD method. H) Eukaryotic assimilatory nitrate reductase (Nr) and paralogs. All
Nr homologs of the Globobulimina draft genome form a clade with sulfite oxidases, albeit with
a low BS of 40. The clade of Nr from literature is a sister clade to eukaryotic sulfite oxidases.
Most other clades represent prokaryotic specific taxa as indicated by the absence of
transcriptomics homologs and Globobulimina draft genome classification.

Three transcript sequences branch distantly with Nr proteins but are neither supported by
genomics nor do they show the typical functional domain structure of Nr (See Figure S3). The
tree was rooted using the MAD method. 1)-K) Globobulimina Nrt, NirK and Nor phylogeny
(respectively) including foraminifera homologs from public databases. The trees were rooted
at the corresponding branches determined for phylogenies without homologs from public
databases. The topology of foraminifera homologs derived from public databases is

highlighted by arrows.

Table S4. Denitrification protein catalogue from literature and public databases.
Related to Figures 2—4.

Table S5. IDs of homologs removed for phylogenetic reconstructions. Related to

Figures 2—4.
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Figure S1. Validation of denitrifying gene sequences. Related to Figures 3—4. Schematic representation of validated gene fragments (red)
and their correpsonding size (numbers below fragments) for A) nirK clade 1, B) nirK clade II and C) nor clade 1.
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Figure S2. Distribution of denitrification enzymes in Globobulimina associated bacterial draft genomes. Related to Figure 5.
Presence/absence of denitrification enzyme homologs in different draft genome obtained from genomics data. The proportion of covered
denitrification steps and predicted genome completeness is indicated in the “Denitr.” and “Compl.” columns, respectively. Represented proteins
refer to those protein sequences determined by phylogenies and shown in Data S2. The only exception is the NapA homolog of Colwellia
psychrerythraca (GloG15 CONTIG22649:3-230(-)). This homolog was replaced during protein clustering to reduce redundancy by
GloG15 CONTIG63497:3-2366(-) in Data S2 and is 99% identical to the former.



Globobulimina Nr homolog 1 0 —IE— I 501 (GloG15_CONTIG150080:16-713,773-1580(+))
Heme domain (pfam00173)
Globobulimina Nr homolog 2 0 —— I —— 692 (GloT15_NODE_16833:216-2291(-))
Moco domain (cl00199)
R. filosa (ETO33189) 0 —— i— e 662

Sulfite oxidases
D. elegans (XP_017113158) 0 ——i-lmee 579

F. oxysporum (P39863) 0 —— I 905
NADPH/FAD domain (cd06183) | Nitrate
A. thaliana (P11832) 0 — I E— 017 | [0uctases

MOSC_N domain Nr homolog 0 —i—ii——— s 799 (GloT15_NODE_43036:2-1444(+))

MOSC_N domain (cl28042)

Figure S3. Comparison of protein domain structure of Globobulimina Nr homologs, Nr and sulfite oxidase proteins. Related to Figure
5. Conserved domain family are highlighted on protein sequences as identified by CD-search. Names and accessions of domains are given in
corresponding colour. Domain structure of sulfite reductases and eukaryotic assimilatory nitrate reductases (Nr) differ substantially and the two
representative homologs of Globobulimina clearly resemble the former. Names of sequences referring to the current study are shown in bold.
An additional domain structure containing a ‘MOSC_N’ domain was observed for an individual cluster of Globobulimina homologs. It is only

represented by transcriptome data, hence encoding in the genome of Globobulimina is not supported.



Figure S4. Description of the incubation system. Related to STAR Methods. A) Picked foraminifera were placed in PVC well plate where
each well contained sterile quartz sand and one individual. B) Well plates were placed in culturing vessels that were filled with equilibrated
sterile 30 psu, 20 pmol I-1 NO,” ASW (C-D). These culturing vessels were then incorporated to one of two culturing systems assembled to
reproduce Alsbéck Deep environmental conditions. One system was dedicated to natural oxygen concentration of the Alsbéck Deep (125 p
mol/l) during summer whereas the second system was completely drawn down of oxygen (<10 pmol/l). Each system was filled with sterile
ASW and sparged to oxygen concentration of interests with N,, CO, and O, pre-mixed gas (AGA Gas A; gas entries indicated by red arrows)
before and during the length of the experiments. Culturing vessels were only added once systems were equilibrated and stable. The bioinformat-
ics analysis of transcriptomes from the two incubation systems did not reveal patterns of significantly different transcript abundances for Nrt,
NirK or Nor genes (Using R software package edgeR). Consequently, the genomics and transcriptomics data from the different conditions was
merged with the ambient samples for further analysis.



Replicate Species Number of Mean 10sa" 10sem’ N?
specimens denitrification
rate’
1 G. turgida 4 250 10.8 4.8 5
2 G. turgida 4 63 3.3 1.7 4
3 G. turgida 3 220 3.3 1.2 8
4 G. turgida 5 28 05 0.2 4
5 G. turgida 5 1712 10.8 4.8 5
6 G. turgida 5 105 1.6 0.7 5
7 G. turgida 5 75 2.5 1.2 4
8 G. turgida 5 29 1.8 0.9 4
1 G. auriculata 4 99 3.3 1.5 5
2 G. auriculata 4 46.9 1.0 04 5
3 G. auriculata 5 124 4.0 1.8 5
4 G. auriculata 5 29 06 0.3 5

' pmol individual™" day

2 number of measurements

Table S1. Denitrification rate measurements for Globobulimina spp. Related to Figure 1.



>Sorites sp. Nrt (CAMPEP_0114658376)
MCVQSAEGVTFAVVPFVRPNSVGPVAGIVGAGGNVGAMIFAFALFAYVPDNLSYEA
AWFILAAFVFIASFSCLLISFTKEETAIANEKMKEIKTDDTVKADDGETTKLTTDAESV
VTTSSAGNLTTSPSEGNQSNHNGIEMADL

>Ammonia sp. ‘North Sea’ Nrt* (CAMPEP_0197046718)
METNPNTPKRLLRVGGISVNAHNKAVQFSIFSKCGSFHVSNFWITTVSFWICFFVWF
GNLNLLPWITKDDNYGIPLSTAQKSLSATLLTLSTTIFRVIIGDLADKIGSRYCYLLILVC
SFIPVCALSFISSPTAYVVLNFFIGIVGASFVITEYHTTQFYVDRLVGLANATAAGWGN
FGGGCAAIFMPFLATTVESKYGVNPWRYITFCSSLLLIIPMILYYYFAVDTVNGNLNY
QSMVTRKKLLDFSVLWQTVKDSRTWILFAVYMACFGVEITVISFLQEYFRDTYGLSP
DRAGLYVFMFSCLNLFARSVGGYGSDILYKKYSIQGRVYILVLTLLAESIFLLIFAFSSF
NLGYCVVILLFFSFYVQCAEGITYAIVPFVKIGENKNIGPIYGIVAAGGNAGSVLFAST
VFAFTPNVCEQPQLGCERNTISYQTAFIILAMFVGLVAFLSLCIKFTAKEIREADELLM
SFLKKHHRAIYGQHEEQHAEQQQTPDTNNNNNSNNNNNNTENAQ

>Rosalina sp. Nrt (CAMPEP_0201568782)
MVSNRVVGFAQAITAGFGNFGGGCANSVMPLLLYHFDLSWRVYITILSVILIILAIIYYF
GTDDVFQPDNNNLNVKDNNNISSPNQSTTNDNDQAILLQHEESGSISSNNHPHNSN
RKFSSSDIDTITAPTHIRGSFVETICDYRVW

>Elphidium margaritaceum Nrt (CAMPEP_0202730370)
MPTLARVIENTNDYNAWRVITFASGLLLIIPLCLYYYFAVDTIEGNLDYKTMLTRQKLL
DFSVLKATLRDRRTWILFVVYMICFGVEITVISFMQDYLRDTFNVDNTTAGLIVFVFS
CLNLFARSVGGGSSDVLYRKFGIQGRVYILFLVLIAEAIFLFIFGFSDFSLGYSIFVLLF
FSFYVQVAEGVTYAIVPFVKIGVHKKIGPIYGIVAAGGNFGSFLFSGTLFYLTPNSQSL
ISYRLAFVILSLIIFLGAFTTLKIKFTAKEIRDADELLTSFLKVHESTLTMPPSPSPTKPV
TEAAVX

>Ammonia sp. ‘Camargue’ Nrt fragment 1*  SRR2003283.150025:3-380(+)
SRERYILVLTLLAESIFLLIFAFSSFNLGYCVVILLFFSFYVQCAEGITYAIVPFVKIGEN
KNIGPIYGIVAAGGNAGSVLFASTVFAFTPNVCEQPQLGCERIRSAIRLRSLSCRCLS
VWSSFL*

> Ammonia sp. ‘Camargue’ Nrt fragment 2*  SRR2003283.72844:476-3(-)
GLFICRGHPDHTRRLYVVRPVLVSILLASCLWFAVVVITVLMMKYLLCCNYLSSTKQS
VQRTFTILSMKHTWIMAYLYTTFSGFIGFSASFPVLIKQFYPNVNELHYAWLGPFVAS
AIRPFGGWLSDKLGGARVTHWTIVVKVVTVIAVGLVIMTLAA

> Ammonia sp. ‘Camargue’ Nrt fragment 3*  Assembled from multiple
SRR2003283 reads
XXLSPVCLGSLRRAARDYAQKQASVRVVDEYDEPNGAINMHDEDDFAASPKTNAA
TDDMKNDPDLGEPSNNEPLKSHTNTHTTTASRNRSPVCIHTFQAHTNIVAIYHFWSV
TESDTDFWRQYGQSVATKNLWISIGNLTLAFAVWIIWSIVVVLLFTLAA

>Bulimina marginata Nrt fragment SRR2003397.185677:2-451(+)
QPRVYTILMLGFFSLYCQIAQGIVFAIIPGLPHQRYIGLIMGLIASGGNFGAIMGSFFVF
YNVPNLIHYQTAWAICAIFVFVASFSVLFIKFTKKXIDEALWTKSNDLFSIIVQQPKKSG
NATRRIYQDSLFIDIYRIKLFTPFFLIFC*

>Nonionellina sp. Nrt fragment 1 SRR2003403.1266:546-1(-)
EYLTLEVRIGGWSSRRIKNLVSLKKVILASIDRLSAFPVAGMALVTVHRLYHCIFIDWY
CWCQSFVITQYHTTAMFAGKTVGTANATSAGWGNFGGGCANFFMPLLYFHFKDTY
ELSNSTAWRLCMIIPGLSYIVMSVVYWVFTVNKPGSDVQKEKPDGIGLDQNPKKAE
ERLCLKSDSRG*

>Nonionellina sp. Nrt fragment 2 SRR2003403.26623:325-2(-)
MFAGKTVGTANATSAGWGNFGGGCANFFMPLLYFHFKDTYELSNSTAWRLCMIIP
GLSYIVMSVVYWVFTVNKPGSDVQKEKPDGIGLDQKPQKGGGASVFKVGQPRL

>Brizalina sp. NirK fragment SRR2003388.68811:22-213(+)
MMVVGFHLVEVVMEYLSMKDSHVQTVLFNADGTDIEFVSHFMRDYTTPTIDTSHSK
FPFQFHL

>Rosalina sp. NirK fragment 1 Assembled from MMETSP0190 reads
ELEAGHTFEFFTYNATIPGPPIRVRVGDWIDLT

>Rosalina sp. NirK fragment2  Assembled from MMETSP0190 reads
SPQQNIQTTTVPPGGCAVTDWRHDTPGQF

>Brizalina sp. Nor fragment 1 Assembled from SRR2003388 reads
VCLGSLRRAARSTTEYDGGILSKKAAERAXYIAVMLFSXLPPLVXDIIFIGXPNQQVXL
HXVQHLVPRKXFHXYYXHLIRGKYIQMNEKGTKLNKRKENQQFIMKEVWLFVLDVN
FWNIFGAGILGSFINLPVVNYYMHSTYLTGNHAHSAMWGVKGNIALAGMLFCMQHS
IKKNHGVLNXYLLHFGHLMVVLHXXCFMFIPIGLFHMYVTMDQGLWAARNHQMQTS
QAYQLLSKGRAIGGHLFLWDGLFPLVYFTCSRYFHLKPTTKIMVMQNINVRG
>Brizalina sp. Nor fragment 2 ~ Assembled from SRR2003388 reads
SRGRDIXSIYHRNCSILYREMGSAADVAAERATYIAVMLFFLTATIGVGHNFYWIAKP
TGVIALGSAFSTTQVIPLILLTFNAWKYIQMNEKAQIEQKKGNQQFIMKEVWLFVLGV
NFWNIFGAGILGSFINLPVVNYYMHSTYLTGNHAHSAMWGVKGNIALAGMLFCMQH
SNKKNHGHQNXYLLQFWSFNGGIALMMFLCLFQLVLFHMYVTMDQG

*Different Ammonia sp. isolates are distinguished by adding unique isolation source
names

Table S2. Foraminifera protein sequences derived from public database data. Related to Figures 2—4.



Fragment

Gene Name length Forward primers (5’ to 3’) Reverse primers (5’ to 3’)
18S 14F1 - B =1200 AAGGGCACCACAAGAACGC TGATCCTTCTGCAGCTTCACCTAC
nirKk  E2_a 100 TGACATCAAGGAGCGGTACG GATGCTGCCCACCGTAGTAA

cladel E2_b 156 GGACCACATCGCCAAAGGAA GGCGTAGGTCGGTTGAACTT
E2 c 198 GGACCACATCGCCAAAGGA TCGTACCGCTCCTTGATGTC
E3_a 183 GCAGATTGGCGGCATGATAC ACCATATCGATCGCGGTCAC
E3_b 131 CGGGTGCAAAGAAGGAAACG GGAGTATGCAAAGTCGTCGC
E3 c 100 TTGTCGGGTGCAAAGAAGGA ATACGCAATCATCGCCACCT
E4 a 151 AATAGTGTGGATGGTGGCGG GAGTGCCATAATCGCGGAGA
E4 b 100 TGTCGCGGATCCTATGCTTG GACGTCCCCGACATTAACGA
E4 c 194 TGGATAGGTTTTGGTCGCGG CCATCAGCAACACTCACCGA

nirk  E1_a 105 TCAGTGGCGAATCCACCAAA ACAGGTGGCGGTTAAAAGCA

cladell E1_b 102 AACGGCAAAGGAGTCACAGT TTCAATTTCGCCGGTTGTGC
E1 c 157 CGAGTTCGCATGAACACAGC GAGATCCATCCACTCGCACA
E1 d 197 ACACACCGGGTCACCTTAAC CCGCTCATTGCGTGGAAATC
E2 a 183 TGATGTTTAACGGTGCCCCA TGTTTTGCTGTGGCGATGTG
E2 b 161 ACACATCGCCACAGCAAAAC GTCGCAGGCTCGAATAAAGC
E2 c 110 GACTGCGTGTTTTGTCCGTG TCCGTCCGCAGACTACATTG
E3_a 198 CGCAGATGGCAGTGATGTTG ACGTACGTCAAAGCATCCGA
E3_b 109 GTAAAGTGAGTGGCGGTGGT TCACTGCCATCTGCGTTGAA
E3 c 168 GGAATGCGTCAGATGGAGGT ACCACCGCCACTCACTTTAC

nor E1_a 152 TTGGGGAAGTGGCGCATTAT GCCATCCCCTAAGAAGGAGC

cladel E1_b 152 CAGGATTTGGAGACTGGCGT ATGTAACAGGCCGAGAAGCC
E1 c 198 ATCCAAATGCGCGAGAAAGC GGCATGAGCATGATTGCCAG
E1 d 182 TGGTTCTTTGTGGCTTGGGT TACGCCATTTCGCCCTGAAT

Table S3. PCR and RT-PCR primers for the rRNA gene 18S, Nor, Nir clade I and clade I1. Related to Figure 1

and Figures 3-4.
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PATWIWSFLS
SPVVLWSVLG
ADAILWSALS
TENYMWSFTS
FSAVWWSGAS

QGFYGIDEAL
DSFFGIN---

GWEFMELGRI
GWEFMELGRA
GWEFLELGRF
GWEFMEMGRF
GWEFVDFGQA
GWEYLDLGRA
GYEYLDLGRF
GWEYIELGRI

LYREMGLVSK
LYREMGLVSK
MLVQMGLVNR
LLVQMGLVTR
LMVLMGLVSR
IFFQLGVMSH
VFYNMGFVRR
LLVQLRLVTK

FMLGVNFWNV
FLLGVNFWNV
FILAVNFWNI
FILGVNFWNI
FLIAVNFWNF
FLMAVGFWNF
CFVAVAFWNM
FLISTAIWNL

HMYTAMAEGL
HMYINMMEGL
QVATVFKEGL
QVWLTLQDGL
QFKAVVDNGL
QLWDVLTNGY
QAYASITHGL
QMKEAFIHGY

GGVTVMTAEE
SGKVLMTKDD
SGEVLMTKET

SAQISAWKRI
EAMVYAWKDL
PAQVFAYQEL
PAQEYAFAEV
DAYVYALEKV
EVETATFERQ
DTRVKAIESI
DAQVYGLEKV

VLILWFGLAA
VGVLFVGLGI
IFVLFCGTML
ILALFLCIVV
LLAFVLVCGV
LITLLAGIAG
VVLLLMGIGL
VTILILFIGI

--SACYILGY
--TLCMWIPY
--VLGFTIPF
--SLNDFLPF
--EFSESFPI
--DLAEVAPS
GFEMSDWFPY
--WIYDILPF

FODLLLCGFV
FODILLGGFV
WHILMLASFC
FQLFLLVTFS
FQVLLMLIFV
WQVLLVIGLV
WQLLLMVGLL
WQIILVVGML

KAAERATYIA
KGAERATYIA
AMAERVIFLA
LMAERTIFLA
NAAIRVIYFA
ANVERVIYLD
STATASTLAA
KSTVRALYFQ

FGAGILGSFI
FGAGILGSFI
FGAGVFGSLI
VGAGVLGSLI
FGAGVLGIII
VGAGVFGFLI
IGAGVFGFLI
VGAGVFGFLI

WAARTHDMYN
YAARKFEVTQ
WAARAQAHVT
WHARSSEVIL
WFARSEEFIG
WHARGPEFMD
WYARSEEFLQ
WASRSPSFLQ

IRIGQEVFLK
ILAGQSAWQT
IIGGQAVFQK

KTYYRRIFAG
EKYHLRMHFE
ITHYTRMFTD
REHYRKMFND
RDYYQNVFLN
VARWTAYFAE
LPYYHGVYGD
RDYYRDVFTN

TLFIYGQLD-
TLFIWGQ---
VLYVYGE---
VLYVYGQ-—--
VLYFIGQ---
VLVAFGK---
LMWGYSFLTK
ILYVFYR---

NVLRSYHATF
TVLRSYHTTF
TVTRGWHTIV
TASRSFHAII
TISRSWHLML
HIMRTWHLQL
ALTRTWHIQS
NIAKGYHLQL

LWILILFRGV
LWIFILFRGV
LWVYIIFRAV
FWIYIIYRGV
LWGIVVFRGI
LWLILLVRAM
LWLFLMLRCT
LWLFIVFRGV

VMLFFLTATI
VMLFFLTATI
VMMFLVTALI
VMLFLITAVI
TILFLGTGLL
AILYLGSGII
AATFMLGGVP
FTILLGSGVI

NLPVVNYYMH
NMPIVNYYMH
NLPIVNYYEH
NLPIVNYYEH
NLPIMNYYEH
NLPVVSFYEV
NPPISLFYIQ
NLPAVSYFEH

STIFQNLAKG
GYIFQTLAKG
DSVWITLTWM
GPVFASFTYL
GGVFQSLTWL
QPFVRLLEWL
MEILDTLRWV
QDVVQONLLLV

YGLMENGSVW
TGGMEVGSIL
YGLMDYGTVL

DP--KLQT--
GDGWGLKKGL

HENEDEEDI-
RKDEIEADD-
MKVLPGEPF -
MRELPIDVFG
YNQLSNKFF-
FDFLGWKGR-
HEEVEVPSE-
YQLSMQEAY-

QIFWFFVAWV
QIYWFFVAWV
QIYWFFMAWV
QIVWFFVCWV
SLYWISTCWI
AIFWIATAYV
AIFWIATGFL
AIFWIATAWL

YSYITWNTI-
YSYITWDTI-
KPWITSQNL-
KNWLTRKNI-
RPAFVKGMP-
APA--RDNPK
VSAFKEKGVD
KRGLKRESDK

GVGHNFYWIA
GVGHNFYWIA
GISHNFYWIA
GISHNFYWIA
GISHNFYWNA
GTGHHWYWTG
GTLHHLYFSG
GIGHHYYYNG

STYLTGNHAH
ATYLTGNHAH
GTYLTGNHAH
ATYLTPNHAH
GTYLTVNHAH
GTILTSNHGH
GLNTSAVHAH
GQFLTPAHGH

RAFGGHIFLW
RAVGGHIFLW
RTIGGAVFLF
RVIGIAVFVL
RGIGACLFLF
RLPGDAVFIT
RTAPDLIFIG
RAVPDTIFLI
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GloG15_CONTIG3945:11531-13684(-)
GloG15_CONTIG10997:595-2379(+)

100

Lewllnea saccharolytica (WP_062417013)
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5 3 -5168(-)
GloG15_CONTIGE319:1885-2286,2379-5117()
Escherichia coli (P33937)"
Asromonas austalensis (WP_04009526)

Endo: srinee (WP_066015112)

11

GloG 1G52241:1-238
4 cmwema e (wp osausssssy

-
racoccus pamovvophus Gasasoy
Pseudomonas aeruginosa (Q914G3)"

Pseudomonas chioritidismutans (WP_023443861)
(QB9ENS)”

700

Ralstonia eutropha (P39185)"
Cupriavidus sp. (SDD50194)
Showanella marina (WP_025819754)
GloG15_CONTIGS1524:597-3083(+)
Mortolla marng (WP 01

~——C Seuanela soamins (WP 015148549)
100" §EI0G15. CONTIGoSB08a 10851
vmrm EycMmDmcu: (WP 015756581)

Paychromanas arctica (WP 028870392)
4= GloG15_CONTIG189771:2-1534()

2957.5704.6183()
CONTIa s 5 21650
16225:72956-7544

C
Aliroseovarius crassosireae (WP_0551
e E O 06 1)
7[5 Candgatus Thiodiazotropha endoloripes (WP_089003917)
m (WP_043115505)
Qe CONTIG 108881 H61-2163(+)
Candidatus Muaroteobactera (0GI4194)
368

1 Tty
Gloas CONTIGNS305/3305601()

GloG15_CONTIG66602:1-2907(-) Bacteria
Candidatus Scalindua (KHE93157)
Candidatus Brocadia (WP_052561322)

100 GloG15_CONTIG4790:11338-14784(+)

100

1NarG

L— Thioploca ingrica (WP_052491869)
GloG15_CONTIG3406:3773-7252(-)
10Q GloG15_CONTIG65724:3-2663(-)
GloG15_CONTIG2976:14451-17948(-)
6GloG15_CONTIG61052:3-2675(-)
GloG15_CONTIG150726:3-1769(-)
Candidatus Magnetobacterium (WP_040333786)
Nitrospirae bacterium (KWT84149)
100 Pelagibacteraceae bacterium (WP_069297634)
—@Glo(ﬂ5700NTIG183589:3-1565(+)
Thiocapsa sp. (CR168048)
Melothermus chliarophilus (WP_027891931)
GloG15_CONTIG203:30461-34081(-)
GloG15_CONTIG203:30461-33956,34097-34641(-)
GloG15_CONTIG114586:1-2094(+)
Geopsychrobacter electrodiphilus (WP_020678056)
GloG15_CONTIG66493:1325-2908(-)
Candidatus Muproteobacteria (OG149036)
Bacteroidetes bacterium (OFX48899)
GloG15_CONTIG186712:1-1551(-)
Bacteroidetes bacterium (OFY48295)
GloG15_CONTIG149805:1-1776(-)
GloG15_CONTIG60485:3-2327(+)
1 GloG15_CONTIG168144:2-1609(+)
GloG15_CONTIG2322:10835-14446(+)
Arenibacter algicola (WP_031445324)
GloG15_CONTIG42973:3-1664(+)
Flavobacteriales bacterium (KJS04195)

100

100
0

10

100

T

NosZ

100

0.4

— 15— GioG15_CONT 142
GloG15_CONTIG443792:81-902(+

4 Geothrix fermentans (WP_026852527)
GloG15_CONTIG5596:2030-5737(-)
GloG15_CONTIG121203:52-2025(+)

Acidobacteria bacterium (OFW09665)
Acidobacteria bacterium (OFV95838)
Acidobacteria bacterium (OFW00770)

100 GloG15_CONTIG113765:3-2105(-)
GloG15_CONTIG6322:862-1721,1808-5417(+)

1 GloG15_CONTIG96397:2-2326(+)
GloG15_CONTIG1715:415-4059(-)
GloG15_CONTIG123645:1-1508,1562-1868(-)
GloG15_CONTIG193559:1-1515(+)

Omnitrophica bacterium (KXK31706)
Mycobacterium tuberculosis (PO9WJQ3)*
— Bacillus subtilis (P42175)*

Bradyrhizobium sp. (P85097)*

Escherichia coli (P09152)*

Escherichia vulneris (WP_042396087)

GloG15_CONTIG26137:42-3806(+)

GloG15_CONTIG758:40323-44084(+)

Kangiella koreensis (WP_012801270)

0GIoGﬂ57CONTIG|3630:4322-8086(+)

Shewanella sediminis (WP_012142298)

0GI0G15_CONTIG131599:2-1924(+)

GloG15_CONTIG131599:1-1550,1620-1924(+)

Pseudomonas aeruginosa (CAA75540)*

Pseudomonas fluorescens (AAG34373)*
0Gl0G15_CONTIG34289:475-3450(+)

Pseudomonas stutzeri (WP_044314940)

GloG15_CONTIG15972:3-3374(-)

Alteromonas mediterranea (WP_012520017)

GloG15_CONTIG102815:3-2237(-)

Methylosarcina fibrata (WP_020564491)

GloG15_CONTIG56964:803-3193(-)

Nitratireductor aquibiodomus (WP_065816866)

GloG15_CONTIG2102:2611-3805,3991-7667(+)

Kordiimonas lacus (WP_068303881)

GloG15_CONTIG3443:746-4486(+)

00GI0G15_CONTIG117451:3- 2063(-)

GloG15_CONTIG117451:32-1150,1211-2065(-)

P

75

1

0

D

Bacteria

69

GloG15_CONTIG75307:1915-2700(+)
CONTIG8682:5376-7223(+)
_CONTIG165253:1-1671 +)
_CONTIG223159:188-1387(+)
CONTIG347339:1-873(+
GloG15_CONTIG166284:1-1665(+)
GloG15_CONTIG334697:3-1076(+ )
Nitrospirae bacterium (OGW60 3
Candidatus Magnetobacterium (WP_ 04 335623)
Nitrospirae bacterium (KWT76422)
_r GloG15_CONTIG544307:1-795(+)
Nitrospirae bacterlum OIP63558)
GloG15_CONTIG179794:288-1586(-)
IG1968 12424-14280(-)

100

GloG15_CONTIG713:10159-12033(+)
E GloG15_CONTIG120263:2- 1882( )
0 GloG15_CONTIG325180:3-88

1
—

Thioalkalivibrio sulfidiphilus (WP %?263911 2

Thioalkalivibrio nitratireducens (WP_015258432
Thiohalorhabdus denitrificans (WP_054965495)

Thalassospira (WP_063094987)

uncultured eubacterium AA038341

GloG15_CONTIG230101: gag

GloG15_CONTIG3 2722 149 9

_ ONTIGS338 11897 13792 =
GIoG15 CONTIG144888:975-181 é
GloG15_CONTIG165386:585- 167;
L Kiloniella laminariae (WP_02059066
Kiloniella spongiae (W 047765258)
GloG15_CONTIG5976 12751§
Nisaea denitrificans (WP_028464252)
GloG15_CONTIG569935:3-773(+)
GloG15_CONTIG10773:254-2158(-)
Roseovarius indicus (WP_064258928
Roseovarius marisflavi (WP_073195427
Le|smgera aquaemixtae (WP_058287760
0 Rhodobacter sphaeroides (AAD43473)*
Achromobacter cycloclastes (P94127)*
100 Paracoccus demtnﬁcar;s (Q51705)*

Bradyrhizobium diazoefficiens (Q89XJ
Brucella suis (Q8FX16)*
Sinorhizobium meliloti (Q59746)*
Azospirillum lipoferum (WP_014189253)
Halomonas ilicicola (WP_072818759
Halomonas gudaonensis ﬁSDI 5226)
Marinobacter hydrocarbonoclasticus (WP_011786520)
Marinobacter pelagius (SFM98813)
Pseudomonas aeruginosa (Q01710)*
{'seudomonas stutzeri (P19573)

100

100

100

54 1

GIoG15 CONTIG5594:686-2599(+
eudomonas xanthomarlna (W
GIOG15 CONTIG99612:2-1702(+
GloG15_CONTIG20445:10
Marinobacterium jannaschii
Balneatrix alplca(o P_027312613
GloG15_CONTIG25960:2974-4872(+ )
GloG15 _CONTIG406917:2-952(+)
OIe| hllus WP 068507631)
ONTIG1441:13397-15302,15471-16828(+)
— GIoG15 CONTIG2936401 867W
Ps chromonas hadallsé B 022940901)
GloG15_CON 9-6727(-)
> GloG15 CONTIG10157 5888- 7798((&
GloG15_CONTIG39753:120-2030
GloG15_CONTIG4833:3-1457(-)
108 GloG15_CONTIG76626:1-1719(+
Colwellia Ba/chrer thraea (WP_041737171)
GloG15 NTIG42372:985-2886(-
9 Colwell|a %gchrer&/thraea (WP_033092424)
o] +
GloG15 06991:3-1316(+)
Colwellla piezophila (WP_019030146
Thalassomonas actiniarum (WP_044834983)
GloG15_CONTIG274225:1-1218(+)
Colwellia sp. (KXJ55061
GloG15_CONTIG689:16735- 186772)
GloG15_CONTIG223799:370-1383(+)
Thalassotalea 38 WVP 033079403)
8 GloG15_CONTIG2301:15729-17601,17757-19027(+)
00 GloG15_CONTIG160168:1-915(+
5Ps chromonas ossibalaenae 019614277
GloG15_CONTIG160168:50-903,1109-1706(+
GloG15_CONTIG202617:2-1090(-)
Shewanellasz ((iWP 041509851
GloG15_CONTIG137279:847-1875(+)

)041 016029)

2992%&7858572)

2

n
=

-

b

100

Sulfite dehydrogenases

99

100

100

Sulfite oxidases

©
o

76

1

Nr 77

100

00

Reticulomyxa filosa (ETO33189)
oo GloT15_NODE_23464:3-1883(+)
GloT15_NODE_43036:2-1444(+)
GloT15_NODE_28106:69-1808(+)

GloG

100

o

Ralstonia eutropha (Q59105)*

GloG15_CONTIG2419:20996-21985,22053-23309(-)
Sedimentitalea nanhaiensis (WP_027261447)

8 GIoG15 CONTIG98195:178-1500(+)

97 s émorphum gilvum (WP_013653437)
lo

15_CONTIG4565:10787-12118(-)
Arcobacter anaerophilus (WP_044418678)
Epsilonproteobacteria bacterium (WP_071626877)
Arcobacter nitrofigilis (WP_013135617)
GloG15_CONTIG475:28168-29493(+)
GloT15_NODE_18939:194-2080(+)
GloT14_NODE_3744:17-1588(-)
GloT15_NODE_12856:223-2175(-)
GloT15_NODE_33835:1-1641(+)
GloT15_NODE_27792:100-1857(-)
d2'0T15_NODE_46367:3-1472(-)
GloT15_NODE_20047:1-1917(+)
60 GloT15_NODE_36766:11-1645(-)
GloT15_NODE_16833:216-2291(-)
GloT15_NODE_13470:504-2501(-

GloT14_NODE. 704:34-2040(+)

GloT15_NODE_15352:3-2228(+)
GloT15_NODE_18952:121-2121(-)
GloT15_NODE_17785:96-2096(+)
GloT15_NODE_10323:619-2682(-)

3

4

GloT15_NODE_36028:31-1227(+)
095 GloT15_NODE_39824:123-1358(-)
& GloG15_CONTIG87315:251-393,684-743,806-926,980-2095(+)"

GloT14_NODE_5488:2-1270(+)
(+)

100 GloT15_NODE_23299:75-1742(+
9 700 GloT15_NODE_36467:55-1623(+)
GloG15_CONTIG150080:16-713,773-1580(+ )

GloT15_NODE_8180:3-1658(+)

15_CONTIG2535:3760-4521,4602-5528(+)

Drosophila elegans (XP7017113158)
Musca domestica (XP_005186168)
Tetranychus urticae (XP_015781059)
Branchiostoma belcheri
Nematostella vectensis
Exaiptasia pallida (KXJ15950
Astyanax mexicanus (XP_007248368)
Haplochromis burtoni (XP_005924865)
Nothobranchius furzeri (XP_015815182)
Latimeria chalumnae (XP_006004738)
Nanorana parkeri (XP_018416278)
Microcebus murinus (XP_012608601)
Ory%glagus

100 ]
Leptosphaeria maculans

}XP_019621 112)
XP_001637155)

cuniculus (XP_008254855)
Aspergillus nidulans (P22945)*
(P36842)*
Fusarium oxysporum (P39863)*

100

65

Phytophthora infestans (P39864)*
0Oryza sativa (P16081)*
Arabidopsis thaliana (P11832)*
Nicotiana tabacum (P11605)*
Volvox carteri (P36841)*
00 GloG15_CONTIG176:2-1531(-)
Chlorella variabilis (XP_005844793)
100

Chlorella vulgaris (ACF22999)
[f00 GloT15_NODE_15131:91-2385(-)

10

0Sn

GloG15_CONTIG113480:819-2108(+)

GloT15_NODE_8878:379-2775(-)
o GloT15_NODE_3620:112-3717(+)
eathiella glossodoripedis (WP_025898397) Bact

GloG15_CONTIG242066:341-1318(-)
100 22GIOG15 CONTIG205686:203-1429(+)

I35}

100
5

100

5GloG15_CONTIG356424:1-1008(+)
qlalbno (WP_048611491)
10G15_CONTIG32131:2356-3582(-)
Vibrio tasmaniensis (WP_017109780)
Arcobacter skirrowii (WP_066161225)
GloG15_CONTIG6225:8568-9881(-)
Epsilonproteobacteria bacterium (WP_071625269)
GloG15_CONTIG434094:2-913(+)
Deltaproteobacteria bacterium (KPJ55836)
g5 CloG15_CONTIG2594:1632-2137,2197-3671,3731-4878(-)

|_|_7 Geoalkalibacter ferrlhydrltlcus (WP_04009
Labilithrix Iuteola (AKV00371)
Deinococcus pimensis (WP_045234953)

Nitrospira moscoviensis (WP_053381211)
GloG15_CONTIG42035:2516-3562(-)
Desulfobacterales bacterium (OGR17258)

0.8

89(+)
5_NODE_107210:2-835(-)

978:1
CONTIC] 54512 88 181 (+)
“NODE._131342:3-698(+)
NODE_88935:1-975(+)
NODE ~18053:3-899(+
NODE_134353:3-683(-

794(-
a§§

764(+)

GloT15_NODE_10819:151-25

;GloT15_NODE_121431:3-749(+)

L 35492: 140 1669(
GloT15_NODE_37625:2- 1552(;

)##

)

eujwiINgoqoro

6(+)

(+
Bacteria

Bacteria

[G24756:638-3561()
1
150:3-983(+)

(+)

Bacteria

Globobulimina

Eukaryota

eria

6628)

Globobul:mma

GloG15_CONTIG57448:1174-2052(- )

Eukaryota

Bacteria

Archaea
Bacteria

I

MFS transporter

NirK

ACS family

onzsossn)

Bacteria

Foraminifera

Eukaryota

Bacteria

Eukaryota

Foraminifera

0.6

DHA14 family

100

- GloG15_CONTIG98795:777-2198(+)

L ammonia-oxidizing archaeon (AFS18259)

Nitrospira defluvii (WP_013250737)

P \as taeanensis (WP_025163318)
[— Geobacillus thermodenitrificans (4YSA_A)*

91

L— Bacillus mesonae (WP_066387624)
Rhodobacter sphaeroides (Q53239)*
Ruegeria mobilis (WP_005620794)

100~ GloG15_CONTIG1014:34099-35244(+)
GloG15_CONTIG728244:2-667(-)

Achromobacler cycloclastes (P25006)*

Alcaligenes faecalis (P38501)*

Brucella suis (AAN33462)*

Sinorhizobium meliloti (AAK65339)*

Agrobacterium fabrum (AAK89058)*

Rhizobium sullae (Q60214)*

GloG15_CONTIG995833:1-552(+)

93
88,

39

72

Class Il

40

Roseovarius tolerans (WP_050662738)
Thalassospira sp. (WP_073956792)
GloG15_CONTIG16670:1-1107(-)
Shewanella denitrificans (WP_011497898)
GloG15_CONTIG52107:1852-3027(+)
GloG15_CONTIG572741:300-770(-)
Shewanella loihica (WP_011867131)
Pseudomonas chlororaphis (CAA79939)*
Achromobacter xylosoxidans (AAC05831)
Alcaligenes sp. STC1 (BAB21510)*
Rhodopseudomonas palustris (CAE29586)*
Buliminella tenuata endobiont (AFM76973)
Uncultured bacterium (AB120099)
Bradyrhizobium diazoefficien (NP_773729)*
Bradyrhizobium sp. (WP_012046649)
GloG15_CONTIG1509495:1-429(+)
'— Allogromiid endobiont (AEU12655)
Uncultured bacterium (ABA54053)
Rhodothermus marinus (WP_014067172)
Rhodothermus profundi (WP_072713876)
Haloferax denitrificans (CAD89521)*
Haloarcula marismortui (CAB93142)*

99

39

85

60

93 | GloT14_NODE_27507:2-721(+)

1j0GloG15_CONTIG57448:2223-3176(-)
19GIoT15_NODE_4197:1119-3623(+)
GloG15_CONTIG57448:1174-2052(-)

Histoplasma capsulatum (XP_001543228)*
Chaetomium globosum (XP_001227922)*
Aspergillus fischeri (XP_001262952)*
Aspergillus fumigatus (XP_754129)*
Aspergillus terreus (XP_001209749)*
Aspergillus oryzae (BAE60390)*
Fusarium oxysporum (ABU88100)*
Chlamydomonas reinhardtii (EDO97057)*
Naegleria gruberi (XP_002674759)

100

GloT15_NODE_338228:3-317(+)
Acanthamoeba castellanii (ABD46578)*
Vermamoeba vermiformis (ABD46561)*

100 GloG15_CONTIG768381:2-397(-)
4'5 Nitrospinae bacterium (OGW17167)
Nitrospina sp. (WP_048493390)
[ Neisseria gonorrhoeae (AAB23836)"
Ralstonia sol. um (CAD18654)*

68

87

34,

74

Opitutaceae bacterium (WP_069963550)
Chromobacterium violaceum (AAQ59679)*
Pontibacter sp. (WP_007659926)*
GloG15_CONTIG18903:3362-4765(-)

Pseudoalteromonas haloplanktis (WP_011328157)
Bdellovibrio bacteriovorus (CAE80401)*
Flavobacteriaceae bacterium (WP_071671477)
GloG15_CONTIG820933:3-620(-)

Tenacibaculum mesophilum (WP_047788910)
Euryarchaeota archaeon (OGS47437)

Hyphomi ium denitrificans (BAC00912)*

26

82

100

Bradyrhizobium sp. (WP_009028608)
Bradyrhizobium sp. (WP_063621726)
GloG15_CONTIG707601:133-678(-)
Pseudomonas stutzeri (WP_046619364)
Ardenticatena maritima (WP_054492073)

Chloroflexi bacterium (KXK16481)

GloG15_CONTIG1584:16080-17483(-)

49 _ :
44 Parcubacteria group (KKR47144)
65 Methylothermaceae bacteria (KXJ41779)
GloG15_CONTIG1464911:2-439(-)

0.6

100 |_ Arcobacter (WP_026806152)
Sulfurimonas sp. (WP_021287396)
Nitratifractor salsuginis (WP_013554499)
GloG15_CONTIG5881:9550-10968(-)
0 GIOG15 CONTIG11725:3275-4693(+)
0GI0G15_CONTIG759705:2- 649(-)
Epsilonproteobacteria bacterium (WP_071626359)
Cecembia lonarensis (WP_009184420)
GloG15_CONTIG343032:1-1059(-)
Pseudomonas stutzeri (WP_023446634)
Y irillum gryphi (WP_024079950)
GloG15_CONTIG730873:1-663(+)
GloG15_CONTIG129983:121-1485(+)
GloG15_CONTIG673952:3-698(+)
GloG15_CONTIG3420:9003-10367(-)
O— GloG15_CONTIG8086:7492-8844(-)
Oceanicola sp. (WP_024812023)
GloG15_CONTIG54336:3-2213(-)
Aliiroseovarius crassostreae (WP_0551872
Aliiroseovarius sediminilitoris (SEW38035)
Ruegeria pomeroyi (WP_011241995)
00 GloG15_CONTIG782161:54-638(+)
Ruegeria atlantica (WP_058274912)
Labrenzia alba (WP_055391779)
Pseudoruegeria sp. (WP_068116800)
Paracoccus denitrificans (BAA32546)"
Rhodobacteraceae bacterium (KPP80931)
Magnetovibrio blakemorei (WP_069959535)
GloG15_CONTIG1121118:3-515(-)
GloG15_CONTIG15312:4224-5603(+)

99
100

89

NorB

89

Vogesella sp. (WP_047967241)

GloG15_CONTIG40252:2438-3826(-)

Amphrnea japonica (WP_019623155)
GloG15_CONTIG15681:4747-6135(-)

GloG15_CONTIG373215:2-1003(-)

P9 GloG15_CONTIG13067:1652-3043(-)

Olelsplroa antarctica (WP_046009276)

97

Sulfurovum sp. (KIM04424)
GloG15_CONTIG69100:1-771(-)
Shewanella denitrificans (WP_01149641
Pseudomonas aeruginosa (NP_249215)*
100, GloG15_CONTIG26565:1-1026(+)
Pseudomonas stutzeri (WP_014819181)
GloG15_CONTIG51:115717-117105(+)
Photobacterium profundum (WP_006229965)
GloG15_CONTIG1042:33718-35106(-)
Colwellia chukchiensis (SEK88321)
P~ GloG15_CONTIG357133:146-892(-)
#llf GloG15_CONTIG708003:3-677(-)
ft Thalassotalea sp. (WP_033079223)
GloG15_CONTIG95325:2-1177(+)
i P~ GloG15_CONTIG622857:113-730(-)
AR Colwellia psychrerythraea (WP_011041451)
I, Colwellia psychrerythraea (WP_033094739)
* GloG15_CONTIG790168:1-633(+)
GloG15_CONTIG114677:3-1148(-)
GloG15_CONTIG16186:3460-4878(-)
GloG15_CONTIG111898:867-2126(+)
_i—_endosymbiont of Tevnia jerichonana (WP_00647587
GloG15_CONTIG17791:5317-6480(-)
—|—_|0615 CONTIG271678:565-1224(-)
Arcobacter butzleri (WP_014468878) nitric oxide reducta:
Halococcus saccharolyticus (WP_006076898)
Haloferax elongans (WP_008324936)
_|— Staphylococcus aureus (EGL94648)*
tearother ilus (BAYF_A)*
100 G|0615 CONTIG25811:2880-5123(+
[% GloG15_CONTIG178708:3-1469(-)

99

NorZ

98

93

GloG15_CONTIG171033:1-924(+)
Spirochaeta sp. (WP_037560822)

95

——— Synechocystis sp. PCC 680:
GloG15_CONTIG84200:

12

100

GloG15_CONTIG626363:6

GloG15_CONTIG226732:546-
Fulvivirga imtechensis (W
Pontibacter akesuensis

GloG15_CONTIG2581
GloG15_CONTIG24555:

GloG15_CONTIG1609
Omnitrophica bacterium (

GloG15_CONTIG460728:2-

Muricauda ruestringensis

(Nod)

100

GloG15_CONTIG394623::
Anaeromyxobacter sp. (WP_012098660)
Candidatus Koribacter (WP_011521171)
Planctomycetes bacterium (OHC01281)

Cecembia lonarensis (WP_
Flavihumibacter sp. (WP_039126226)
Magnetovibrio blakemorei (WP_069956330)
70 GloT15_NODE_75937:1-1095(-)

4 GloG15_CONTIG536214:3-803(-)
GloG15_CONTIG60959:3-1271(-)

GloT15_NODE_202652:3-470(-)

18)

gamma proteobacterium HdN1 (WP_013263677)

GloG15_CONTIG2323:14758-16140(-)
Epsilonproteobacteria bacterium (WP_071625070)
Sulfuricurvum kujiense (WP_013449860)
GloG15_CONTIG24844:1850-3220(+)
Sulfurimonas autotrophica (WP_013326220)

9)

1)

se

)

GloG15_CONTIG506976:1-801(+)

100 700 Ca. Methylomirabilis oxyfera (CBE68939)*
r L il +
Desulfatitalea tepidiphila (WP_054032331)

3 (BAA18795)"
1-1563(-)
702-2919(+)

GloG15_CONTIG66041:1
79 GloG15_CONTIG24333:1-1416(+)
Shewanella sediminis (WP_012144156)
Neisseria gonorrhoeae (WP_003691589)*
gamma proteobacterium HdN1 (WP_013262110)*
GloG15_CONTIG131270:2-1906(+)
Alteromonadaceae bacterium (WP_045859490)

Ignavibacteria bacterium (OGU27800)

1-729(-)

GloG15_CONTIG122719:3-2009(+)

1373(-)
P_040495926)
(WP_068836329)

79:2-1003(-)
3:1-1287(+)

GloG15_CONTIG17003:4513-6663(-)

64:170-1093(+)
KXK33524)
21-971(-)

880(-)

GloG15_CONTIG93069:394-2376(-)

(WP_014034207)*
009184414)

m (OFV98586)

Foramlnlfera

4

Bacteria

Archaea

Bacteria

- I K Archaea
Brizalina sp. NirK fragmei

(SRR2003388.68811:22-213(+))
Rosalina sp. NirK fragment 1

G\OT15 NODE_10044:261-2648(-
GloG15_CONTIG158586:32-419, 491 1030,1087- 1649(+)
GloT15_NODE_12185:141-2504(:

Rosalina sp. NirK fragment 2
GloT15_NODE_10368:72-2543(+,
18%610G15_CONTIG57448:395-1029,1212-2054,2237- 2978(- )

Eukaryota

Bacteria

Archaea
Bacteria

Bacteria

Archaea
Bacteria

GloG15_CONTIG124168:395-798,876-1995(+)
GloG15_CONTIG189991:1-1173(+)

ium HdN1 (WP_013260353)*

100
Brizalina

8(GloT14_NOD

GloT15_NO
6GloT14_NOD

GloT14

GloT15_N

GloT15
BGloT15
GloT15
GloT15
GloT15
GloT15
GloT15
GloT15
GloT15

1.0

— Paracoccus denitrificans (AAC44516)

cbb3 oxidases

Pseudomonas aeruginosa (NP_252822)

GloT14_N

sp. Nor fragment 2

E_342

GloG15_CONTIG49717-890- 3289(+)
GloT14_NODE_686:221-2383(-)
GloT15_NODE_107210:2-835(-)

DE_98076:1-900(+ )
DE_2865:1-146

G\OTTS NODE_155061:2- 598( )
NODE _5-
emms_com\ezaosszn-1359(+)
GloT15_NODE_12747:37-2445(+)
GloT15_NODE_29606:46-1806(+)
100 %

90:1-141

GloT15_NODE_130728:3-701(+)
GloT15_NODE_56612:136-1317(-)
GloT15_NODE_61050:3-1259(+)
GloT15_NODE_113506:3-794(-)
GloT15_NODE_97550:2-904(+)

ODE_132986:3-689(-)

¥ GloG15_CONTIG406717:2-952(+)
GloT15_NODE_88935:1-975(+)
I~ GloT15_NODE_10819:151-2556(+)
NODE_67636:2-1183(-)
NODE_109954:3-764(+)
NODE_66370:2-1198(-)
NODE_108271:1-828(+)
NODE_60273:141-1268(-)
NODE_121431:3-749(+)
NODE_66643:3-1193(-)
NODE_37625:2-1552(-)
NODE_35492:140-1669(-)
GloT15_NODE_134353:3-683(-)
GloG15_CONTIG194312:89-1513(+)
GloT15_NODE_103744:91-858(-)
GloT15_NODE 113330:3-707 +)
oT14_NODE_2904:3

295:1

ODE_17

Brizalina sp Nor fragment 1

i gamma prc .
Amdubactena bacteriu
Ca. Methylomirabilis oxyfera (Cl
b Ca. Methylomirabilis oxyfera (CBE69502)* k

eJajiuiwelo

Bacteria

I

II

IT



