'.\' frontiers

Supplementary Material

Metagenomic analysis shows the presence of free-living forms of sulfur-
oxidizing bacterial symbionts in the rhizosphere of the seagrass Zostera

marina

Catarina Cicio', Lex Overmars', Aschwin H. Engelen?, Gerard Muyzer'*

*Correspondence: Gerard Muyzer: g.muijzer@uva.nl



Thioalkalivibrio sulfidophilus HL-EbGr7
PT-24854
L PT-11249
Sideroxydans lithotrophicus ES-1
PT-23112
FR-7337
Thioalkalivibrio sp. K90mix
Allochromatium vinosum DSM 180
FR-14936
PT-13683
I PT-57732

4 Pelagibacter sp.
Candidatus Ruthia magnifica str. Cm

Candidatus Vesicomyosocius okutanii HA
Thiobacillus denitrificans ATCC 25259
Endosymbiont of Olavius algarvensis CAJ81241

L PT-54281

{’T—16991
PT-4921

Clade 1 (6)

|_ PT-41672
PT-3367

Clade 2 (5)
Clade 3 (5)
FR-8445

PT-414

Thiobacillus denitrificans ATCC 25259
Clade 4 (7)

Thermodesulfobium narugense DSM 14796

Desulfobacca acetoxidans DSM 11109

Thermodesulfovibrio yellowstonii DSM 11347
Chlorobi

< Desulfovibrionales

Desulfobacteraceae

PT-2767

FR-737

PT-38742

Clade 5 (6)

Endosymbiont of Olavius algarvensis CAJ81242

0 90-100%
070-90%
0350-70%

FR-4987

PT-12096

Endosymbiont of Olavius algarvensis CAJ81243
Endosymbiont of Olavius algarvensis CAM34680

FR-910
{ E Clade 6 (3)

Endosymbiont of Olavius algarvensis CAJ81240
Desulfurivibrio alkaliphilus AHT2

Desulfotalea psychrophila LSv54

PT-9943

PT-57306

Desulfobulbus propionicus DSM 2032
PT-7732
Thermodesulfobacteria

——————————————————— Ammonifex degensii KC4

PT-9484
Desulfosporosinus orientis DSM 765
Desulfotomaculum kuznetsovii DSM 6115

Desulfarculus baarsii DSM 2075
PT-63784

Syntrophobacter fumaroxidans MPOB
Candidatus Desulforudis audaxviator MP104C
PT-18441
Desulfotomaculum nigrificans DSM 574

0.8



Supplementary Figure 1 | Diversity of dissimilatory adenosine-5’-phosphosulfate reductase (apr)
genes. Phylogenetic tree of aprA marker genes present in the rhizobiome of Zostera marina from
Portugal (red, prefix PT) and France (blue, prefix FR). Contig sequences were aligned with Custal
Omega to sequences of a custom database comprising aprA genes from the EggNOG 4.5 database
(Huerta-Cepas et al., 2016), and sequences of Olavius algarvensis endosymbionts obtained from the
NCBI. The green box indicates sequences involved in oxidative processes, the blue box sequences
involved in reductive processes. The phylogenetic tree was inferred using the approximate maximum-
likelihood method in FastTree2 (Price et al. 2010). Bootstrap values are indicated. Scale bar indicates

percentage sequence difference.
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Supplementary Figure 2 | Diversity of ATP sulfurylase (sat) genes. Phylogenetic tree of sat marker
genes present in the rhizobiome of Zostera marina from Portugal (red, prefix PT) and France (blue,
prefix FR). Contig sequences were aligned with Custal Omega to sequences of a custom database
comprising sat genes from the EggNOG 4.5 database (Huerta-Cepas et al., 2016), and sequences of
Olavius algarvensis endosymbionts obtained from the NCBI. The phylogenetic tree was inferred using
the approximate maximum-likelihood method in FastTree2 (Price et al. 2010). Bootstrap values are
indicated. Scale bar indicates percentage sequence difference. Scale bar indicates percentage sequence

difference.
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Supplementary Figure 3 | Diversity of sulfide oxidation genes sqr and fcc. Phylogenetic tree of sqr
marker genes present in the rhizobiome of Zostera marina from Portugal (red, prefix PT) and France
(blue, prefix FR). Contig sequences were aligned with Custal Omega to sequences of a custom database
comprising sqr genes from the NCBI, the EggNOG 4.5 database (Huerta-Cepas et al., 2016), and from
the studies of Marcia et al. (2009), and Han and Perner (2015). The phylogenetic tree was inferred



using the approximate maximume-likelihood method in FastTree2 (Price et al. 2010). Bootstrap values

are indicated. Scale bar indicates percentage sequence difference.



Supplementary Table 1 | Relative abundance of bacterial classes present in the rhizobiome of
Zostera marina from Portugal (ZmPt) and France (ZmFr).

Class ZmPt (%) ZmFr (%)

Gammaproteobacteria 25.318 21.566
Deltaproteobacteria 20.048 16.281
Alphaproteobacteria 7.859 12.210
Actinobacteria 5.469 4.672
Betaproteobacteria 4.885 4.438
Bacteroidia 4.485 5.454
Clostridia 3.348 3.109
Flavobacteriia 3.150 8.883
Anaerolineae 2.833 0.732
Planctomycetia 2.817 3.351
Bacilli 2.467 2.254
Spirochaetia 2.340 1.818
Cytophagia 2.144 2.829
Phycisphaerae 1.260 0.746
Nitrospira I.111 0.678
Gemmatimonadetes 1.059 0.584
Sphingobacteriia 1.049 1.677

Verrucomicrobiae 0.641 0.836



Epsilonproteobacteria 0.607 1.357

Methanomicrobia 0.500 0.372
Acidobacteriia 0.434 0.305
Chloroflexia 0.401 0.174
Deinococci 0.363 0.240
Caldilineae 0.359 0.115
Acidithiobacillia 0.356 0.253
Opitutae 0.346 0.525
Acidimicrobiia 0.305 0.988
Negativicutes 0.281 0.242
Dehalococcoidia 0.266 0.107
Chlorobia 0.226 0.212
Solibacteres 0.203 0.145
Synergistia 0.194 0.140
Thermotogae 0.172 0.136
Ardenticatenia 0.169 0.052
Ignavibacteria 0.147 0.150
Thermoleophilia 0.135 0.100
Thermomicrobia 0.134 0.057

Ktedonobacteria 0.129 0.061



Aquificae
Deferribacteres
Spartobacteria
Coriobacteriia
Lentisphaeria
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Supplementary Table 2 | Relative abundance of bacterial orders present in the rhizobiome of
Zostera marina from Portugal (ZmPt) and France (ZmFr).

Order ZmPt (%) ZmFr (%)

Desulfobacterales 11.821 11.713
Chromatiales 8.307 4.860
Bacteroidales 5.721 8.013
Flavobacteriales 3.948 12.855
Clostridiales 3.569 3.966
Burkholderiales 3.464 3.793
Rhizobiales 3.444 4.597
Planctomycetales 3.265 4.616
Rhodobacterales 3.219 7.995
Spirochaetales 2.784 2.416
Cytophagales 2.734 4.155
Myxococcales 2.680 2.801
Bacillales 2.663 2.702
Cellvibrionales 2.556 3.429
Alteromonadales 2.508 3.657
Thiotrichales 2.247 2.268
Oceanospirillales 2.164 2.711

Desulfovibrionales 1.948 2.007



Streptomycetales
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Pseudonocardiales
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Stigonematales
Pasteurellales
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Nitrospinales
Magnetococcales
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Fimbriimonadales
Nitriliruptorales
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Orbales
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