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Suppl. Figure S1. Scanning electron micrographs of sampled species. Detailed views of 

the graphs shown in Figure 1A. 
 

 



 



 



Suppl. Figure S2. Complete phylogenies of NirK, Nor and Nrt homologs. Phylogenetics 

trees of the foraminiferal denitrification proteins A) NirK B) Nor and C) Nrt that survived the 

cutoff together with homologs from public databases. Transcriptome labels contain 

transcription values of the two replicates (tpm1 & tpm2) as well as their percentile expression 

rank within corresponding transcriptomes. The labels contain as well the transcript id, region 

and orientation for individual open reading frames used. Numbers of the branches represent 

statistical support by ultrafast bootstrap and SH-like approximate likelihood ratio test results 

(following the ‘/’) each with 1000 replicates. Branch support values of zero are omitted. If only 

one value is shown it represents the SH-like approximate likelihood ratio test. The background 

colour coding indicates different taxonomic groups. Gobobulimina spp. homologs from Woehle 

et al. 2018 are shown in bold. Further phylogenetic (sub-)clades, resembling those from 

Woehle et al. 2018, are highlighted by purple bars. The Nor tree was rooted using two cbb3 

oxidases as outgroup, while for the Nrt tree representatives of DHA14 and ACS family of MFS 

transporters as outgroup. The NirK tree was rooted using the MAD method. 

 

 
Suppl. Figure S3. Foraminifera rooting based on single-protein trees. A Maximum-

likelihood phylogenetic reconstruction of foraminifera species based on 81 eukaryotic protein 

marker sequences is shown on the left. Parametric bootstrap support is 1000/1000 at all the 

branches. Right of the phylogeny a split representation of root splits determined via the MAD 

approach for the 81 single gene trees is shown. Each column represents a root. Root branches 

are reported as separation of two groups (black and white boxes) indicating for the species 

found on either side of the root split. The bar graph (top) reports the single gene tree count 

supporting the corresponding root splits.  These were ranked by frequency. 

 



 
Suppl. Figure S4. Uncollapsed 18S phylogeny of foraminifera. Species shown to denitrify 

experimentally are highlighted in blue. The only exception is Stainforthia fusiformis, where 

denitrification activity has been shown for an unspecified species of the same genus. Species 

also shown in Figure 2 or Figure S1 are highlighted by asterisks. Bootstrap support values 

with 1000 replicates are shown at the branches. The trees were rooted by the clade of 

monothalamids containing R. filosa. The phylogeny corresponds to the one shown in Figure 

3. 

 

Dataset 1. Sequencing statistics for metagenomics & transcriptomics. 
Dataset 2. List of foraminiferal homologs of denitrification proteins remaining after 
applying cutoffs. 
Dataset 3. List of foraminiferal homologs of denitrification proteins removed by cutoffs. 
Dataset 4. List of marker proteins used for phylogenetic reconstructions. 
Dataset 5. 18S sequences including metadata for phylogenetic reconstructions. 

Globobulimina affinis (AY465848)

Rosalina sp. (MMETSP0190)*

Cyclorbiculina compressa (AJ404303.1) Miliolida

Ammonia aberdoveyensis T2 (FR754388.1) Rotaliida

Psammophaga magnetica (FN995268.1) monothalamids

Globigerinoides sacculifer (AB263459)

Marsipella sp. (FR875148.1) monothalamids

Ammonia sp. (MMETSP1384)*

Micrometula hyalostriata (FR875115.1) monothalamids

Sorites sp. (MMETSP0191)*

Ammonia sp. T9 (FR839747.1) Rotaliida

Zaninettia conica (HG425214.1) Textulariida

Neorotalia calcar (AJ228560.1) Rotaliida

Uvigerina phlegeri (AY914563.1) Rotaliida

Heterostegina depressa (AJ879131.1) Rotaliida

Edaphoallogromia australica (AJ311217.1) monothalamids

Globigerinita glutinata (AB263433)

Bolivina plicata Transcriptome (36752:14-1542(-))*

Rhizammina algaeformis (EU649779.1) monothalamids

Ammonia sp. T11 (FR839709.1) Rotaliida

Bolivina sp. (Z69613.1.1052)

Toxisarcon synsuicidica (AJ315955.1) monothalamids

Laevipeneroplis bradyi (AJ404298.1) Miliolida

Pulleniatina obliquiloculata (AB263440)

Globobulimina turgida (FR754377.1) Rotaliida

Leptammina flavofusca (FM209501.1) monothalamids

Bolivina sp. FF127 (LN886739.1.1149)

Pullenia subcarinata (DQ408656.1) Rotaliida

Rotaliida sp.1 (KM194561)

Borelis schlumbergeri (AJ404295.1) Miliolida

Globorotalia truncatulinoides (AB263446)

Peneroplis pertusus (FM877689.1) Miliolida

Planostegina operculinoides (DQ440527.1) Rotaliida

Vellaria zucchellii (FN995310.1) monothalamids

Elphidium williamsoni (HM213839.2) Rotaliida

Bolivina spissa Transcriptome (38661:215-2024(+))*

Cedhagenia saltatus (FN995343.1) monothalamids

Rosalina orbicularis (AY210777.1.1142)

Bolivina subaenariensis (AY465839.1.1091)

Zaninettia manaarensis (HG425216.1) Textulariida

Bulimina marginata (DQ408646.1) Rotaliida

Operculina elegans (AJ879164.1) Rotaliida

Valvulineria inflata Transcriptome (4559:2304-3752(-))*

Nonionella auris (LN873827.1.869)

Cibicidoides dispars (GU113110.1) Rotaliida

Epistominella exigua (FJ705897.1) Rotaliida

Globorotalia inflata (EU199447)

Globigerinella calida (JQ743485)

Virgulinella fragilis (EU137826.1) Rotaliida

Calcarina hispida (FM877706.1) Rotaliida

Cibicidoides variabilis (GU113117.1) Rotaliida

Globobulimina pacifica Transcriptome (11631:1418-1693(-))*

Cibicidoides pachyderma (DQ408653.1) Rotaliida

Elphidium albiumbilicatum (HM213832.2) Rotaliida

Bolivina skagerrakensis (FR754369.1) Rotaliida

Notodendrodes antarctikos (AJ311213.1) monothalamids
Notodendrodes hyalinosphaira (AJ311214.1) monothalamids

Bolivina sp. 18184 (LN886748.1.1046) Bolivina sp.

Allogromia laticollaris, strain CSH (HQ698152.1) monothalamids

Sorites spp. (AJ132369.1) Miliolida

Cibicidoides wuellerstorfi (AY934741.1) Rotaliida

Spirophtalmidium sp. (FR839760.1) Miliolida

Baculogypsina sphaerulata (FM877707.2) Rotaliida

Uvigerina striata Transcriptome (1482:548-4074(-))*

Gloiogullmia sp. (AJ307751.1) monothalamids

Ammonia sp. T7 (FR839701.1) Rotaliida

Globorotalia scitula (KM193022)

Cycloclypeus carpenteri (AJ879133.1) Rotaliida

Cassidulina laevigata (FJ705915.1.1108)

Amphisorus hemprichii (AJ404315.1) Miliolida

Orbulina universa (KM194160)

Hippocrepina indivisa (FR875141.1) monothalamids

Cibicides refulgens (FJ705902.1) Rotaliida

Vellaria pellucidus (FN995326.1) monothalamids

Astrammina rara (AJ318223.1) monothalamids

Ammonia sp. T12 (FR839712.1) Rotaliida

Oridorsalis umbonatus (EF534075.1) Rotaliida

Nonionella labradorica (DQ452713.1) Rotaliida

Baculogypsinoides spinosus (AJ504678.1) Rotaliida

Globigerina bulloides (AF250106)

Trifarina earlandi (DQ205356.1) Rotaliida

Psammophaga sp. (FN995308.1) monothalamids

Laevipeneroplis karreri (FM877687.1) Miliolida

Candeina nitida (AB263435)

Archaias angulatus (FM877688.1) Miliolida

Operculina complanata (AY804333.1) Rotaliida

Hyalinea baltica (DQ408645.1) Rotaliida

Cancris carmenensis Transcriptome (1943:1-2962(-))*

Eggerella sp. (FR839741.1) Textulariida

Shinkaiya lindsayi (EU649778.1) monothalamids

Calcarina defrancii (FM877704.1) Rotaliida

Syringammina corbicula (AJ514856.1) monothalamids

Leptammina grisea (FM209507.1) monothalamids

Spirolina arietinus (FM877698.1) Miliolida
Peneroplis planatus (AJ404296.1) Miliolida

Elphidium-margaritaceum (MMETSP1385)*

Planoperculina heterosteginoides (AJ879135.1) Rotaliida

Robertina arctica (EU672992.1) Robertinida

Laevipeneroplis proteus (AJ404299.1) Miliolida

Orbulina universa (AB263456)

Bowseria arctowskii (FR875094.1) monothalamids

Uvigerina peregrina (DQ408642.1) Rotaliida

Reticulomyxa filosa (AJ132367.1) monothalamids*

Spirotextularia sp. (FR839753.1) Textulariida

Dendritina zhengae (AJ404297.1) Miliolida

Capsammina patelliformis (FJ646883.1) monothalamids

Cibicidoides lobatulus (DQ408650.1) Rotaliida

Ammonia batava T3 (FR839707.1) Rotaliida

Bolivina sp. JPM99 (AY934735.1.1053)

Nummulites venosus (AJ318226.1) Rotaliida

Elphidium excavatum (HM213830.2) Rotaliida

Hastigerina pelagica (AB263448)

Beella digitata (KF769946)

Androsina lucasi (AJ404301.1) Miliolida

Parasorites sp. (AJ404305.1) Miliolida

Allogromia sp. 1 (FR754398.1) monothalamids

Cassidulina limbata Transcriptome (805:1772-4969(+))*

Operculinella cumingii (AJ879136.1) Rotaliida

Liebusella goesi (FR754401.1) Textulariida

Ammonia sp. T10 (FR839693.1) Rotaliida

Amphisorus kudakajimaensis (AJ404316.1) Miliolida

Broeckina sp. (AJ404304.1) Miliolida

Arnoldiellina fluorescens (HE775248.1) monothalamids

Bolivina cacozela (LN886733.1.1115)

Alveolinella quoyi (AJ404294.1) Miliolida

Elphidium margaritaceum (HM213825.2) Rotaliida

Operculina ammonoides (DQ440525.1) Rotaliida

Globigerinoides ruber (AB263463)

Siphonaperta sp. (FR839764.1) Miliolida

Globorotalia hirsuta (AB263443)

Spirolina acicularis (FM877699.1) Miliolida

Cancris auriculus (FM999864.1.953)

Carterina spiculotesta (HG425212.1) Textulariida

Neogloboquadrina incompta (AF250118)

Toxisarcon alba (AJ307749.1) monothalamids

Globoquadrina conglomerata (KJ633130)

Globigerina falconensis (FJ643416)

Globorotalia tumida (KJ633141)

Schlumbergerella floresiana (FM877705.1) Rotaliida

Globigerinoides conglobatus (AB263465)

Globigerinita uvula (FJ643298)

Elphidium aculeatum (HM213836.2) Rotaliida

Bolivina costata Transcriptome (30544:1-932(+))*

Nellya rugosa (FN995329.1) monothalamids

Textularia sagittula (EU672994.1) Textulariida

Ammonia aoteana T5 (FR839690.1) Rotaliida

Globobulimina auriculata (MG800664.1)

Haynesina orbiculare (HM213840.2) Rotaliida

Conqueria laevis (FR875135.1) monothalamids

Ammonia sp. T4 (FR839699.1) Rotaliida

Uvigerina elongatastriata (AY914577.1) Rotaliida

Globorotalia ungulata (KJ633143)

Ammonia falsobeccarii (HM448841.1) Rotaliida

Globobulimina sp. M482 (FM999874)

Astrammina triangularis (AJ318224.1) monothalamids

Globigerinella siphonifera (AB263452)

Rosalina sp. 1 (HQ698154.1) Rotaliida

Eggerelloides scaber (FR839725.1) Textulariida

Bathyallogromia weddellensis (FR875101.1) monothalamids

Ammonia sp. T1 (FR754381.1) Rotaliida
Ammonia aomoriensis T6 (FR839691.1) Rotaliida

Operculina discoidalis (AJ879147.1) Rotaliida

Laevipeneroplis spp. (AJ404300.1) Miliolida

Neogloboquadrina dutertrei (AB263437)

Turborotalita quinqueloba (AF250112)

Globorotalia menardii (AB263445)

Bolivina variabilis (FR839733.1) Rotaliida

Bolivina seminuda Transcriptome (1916:776-2744(-))*

Planostegina longisepta (AJ879134.1) Rotaliida

Nonionella auris Transcriptome (3491:1365-2945(+))*

Ammonia sp. T8 (FR839749.1) Rotaliida

Bolivina argentea (JQ013745.1.1156)

Globocassidulina biora (FR875107.1) Rotaliida

Neogloboquadrina pachyderma (EF447103)

Haynesina germanica (EF534074.1) Rotaliida

Cibicidoides ungerianus (FJ705898.1) Rotaliida

Marginopora vertebralis (AJ404312.1) Miliolida

Stainforthia fusiformis (HE998670.1.3470)

Leptohalysis scotti (FR839722.1) Textulariida

Globigerinoides elongatus (AF102230)

Nonionella sp. 17723 (LN873832.1.1080) Nonionella sp.

Calcarina gaudichaudii (AJ504681.1) Rotaliida

Hemisphaerammina bradyi (AJ311216.1) monothalamids
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Dataset 6. Proportions of family rank classification of foraminifera-associated microbial 
communities. 
Dataset 7. High quality genomic bins of foraminifera-associated species communities. 
Dataset 8. Metabolic classification of Desulfobacteracea genomes. 
 




