
Peneroplis_spp_Rock_114.PFspades_2_11.660000

Peneroplis_spp_Rock_120.PFspades_3_2.266517

Peneroplis_spp_Rock_112.PFspades_2_14.939876

U47851.1.1702_Eukaryota_SAR_Rhizaria_Cercozoa_Ascetosporea_Haplosporida_Haplosporidium_louisiana

Peneroplis_spp_Algae_92.PFtrusted_6_0

Peneroplis_spp_Rock_120.PFtrusted_5_0

Peneroplis_spp_Algae_74.PFtrusted_5_0

Amphistegina_lobifera_Algae_65.PFtrusted_3_0

Peneroplis_spp_Rock_114.PFtrusted_4_0
Peneroplis_spp_Rock_114.PFtrusted_3_0

GAXF02029206.892.3340_Eukaryota_Amorphea_Obazoa_Opisthokonta_Holozoa_Choanozoa_Metazoa_Animalia_BCP_clade_Bilateria_Protostomia_Ecdysozoa_Arthropoda_Hexapoda_Insecta_Pterygota_Neoptera_Hemiptera_Planococcus_citri_citrus_mealybug_

Peneroplis_spp_Rock_114.PFspades_4_1.625921

Baculogypsina_sphaerulata_Turf_26.PFspades_2_8.510963

Peneroplis_spp_Rock_120.PFspades_1_56.209584

DQ898725.1.1764_Eukaryota_Amorphea_Obazoa_Opisthokonta_Nucletmycea_Fungi_Dikarya_Basidiomycota_Agaricomycotina_Agaricomycetes_Corticiales_Corticiaceae_Sistotrema_Sistotrema_adnatum

JXRI01004457.9105.10495_Eukaryota_Amorphea_Obazoa_Opisthokonta_Holozoa_Choanozoa_Metazoa_Animalia_BCP_clade_Bilateria_Deuterostomia_Chordata_Vertebrata_Gnathostomata_Euteleostomi_Tetrapoda_Mammalia_Saccharina_japonica

Peneroplis_spp_Rock_121.PFspades_2_6.293375

Amphistegina_lobifera_Rock_108.PFspades_4_1.586118

Amphisorus_spp_Turf_30.PFtrusted_1_0

Amphisorus_spp_Rock_126.PFtrusted_1_0

Amphisorus_spp_Rock_127.PFtrusted_3_0

Amphistegina_lobifera_Algae_65.PFspades_2_3.110674

Amphistegina_lobifera_Rock_107.PFspades_1_7.938713

Baculogypsina_sphaerulata_Algae_78.PFspades_2_25.125101

Amphistegina_lobifera_Rock_107.PFtrusted_5_0

Peneroplis_spp_Rock_121.PFtrusted_5_0

Baculogypsina_sphaerulata_Algae_78.PFtrusted_7_0

Amphisorus_spp_Turf_30.PFspades_2_14.087091

Amphistegina_lobifera_Rock_106.PFspades_4_1.376391

Amphisorus_spp_Rock_126.PFspades_2_24.484516
Amphisorus_spp_Rock_127.PFspades_2_58.761676

Peneroplis_spp_Algae_91.PFtrusted_5_0

MK012070.1_Eukaryota_Sar_Alveolata_Dinophyceae_Peridiniales_Caladoa

Peneroplis_spp_Turf_10.PFtrusted_3_0
Peneroplis_spp_Turf_10.PFspades_4_5.695576

Peneroplis_spp_Algae_74.PFspades_3_2.105341

Peneroplis_spp_Turf_10.PFtrusted_4_0

Peneroplis_spp_Algae_75.PFspades_2_21.398330

Peneroplis_spp_Rock_121.PFtrusted_3_0

Peneroplis_spp_Algae_92.PFspades_2_10.556751

Peneroplis_spp_Turf_12.PFtrusted_3_0

Peneroplis_spp_Rock_113.PFspades_2_16.478319

Peneroplis_spp_Turf_11.PFspades_2_29.879549

Peneroplis_spp_Algae_70.PFspades_3_31.083391

Peneroplis_spp_Algae_74.PFtrusted_4_0

Peneroplis_spp_Algae_74.PFspades_2_35.482854

Peneroplis_spp_Turf_10.PFspades_3_21.412619

Peneroplis_spp_Algae_92.PFtrusted_7_0

Peneroplis_spp_Turf_11.PFtrusted_3_0

Peneroplis_spp_Turf_36.PFspades_2_6.535497

Peneroplis_spp_Turf_35.PFtrusted_3_0

Peneroplis_spp_Turf_12.PFspades_3_19.015671

Peneroplis_spp_Algae_70.PFtrusted_5_0

Peneroplis_spp_Rock_122.PFtrusted_5_0

Peneroplis_spp_Rock_112.PFtrusted_4_0

Peneroplis_spp_Rock_122.PFspades_1_15.581875
Peneroplis_spp_Turf_35.PFspades_1_16.903171

MT117937.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Erythrolobus_1

Calcarina_gaudichaudii_Algae_82.PFspades_1_15.699700

Calcarina_gaudichaudii_Algae_83.PFspades_1_8.538722

Calcarina_gaudichaudii_Turf_32.PFspades_3_15.544434

Calcarina_gaudichaudii_Rock_100.PFtrusted_5_0

Calcarina_gaudichaudii_Rock_100.PFspades_3_15.107107

Calcarina_gaudichaudii_Turf_42.PFspades_3_4.663943

Baculogypsina_sphaerulata_Turf_25.PFtrusted_9_0
Baculogypsina_sphaerulata_Rock_96.PFtrusted_5_0

Baculogypsina_sphaerulata_Turf_24.PFtrusted_5_0
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KJ758340.1_Eukaryota_environmental_samples

KT943639.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

Peneroplis_spp_Rock_112.PFspades_4_2.759566

MW327195.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Fragilariophyceae_Fragilariophycidae_Fragilariales_Fragilariaceae_Serratifera

MF093084.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Fragilariophyceae_Fragilariophycidae_Fragilariales_Fragilariaceae

AB183597.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium_unclassified_Porphyridium

MG009200.1_Eukaryota_Sar_Alveolata_Apicomplexa_Conoidasida_Gregarinasina_Eugregarinorida_Cephaloidophoridae_Cephaloidophora

Amphisorus_spp_Rock_127.PFtrusted_4_0

AB275068.1_Eukaryota_environmental_samples

AB275103.1_Eukaryota_environmental_samples

KP342301.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Suessiaceae_Pelagodinium_unclassified_Pelagodinium

MW561352.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Naviculales_Naviculaceae_Haslea

AB085912.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

HQ876006.1_Eukaryota_Sar_Alveolata_Apicomplexa_Conoidasida_Gregarinasina_Eugregarinorida_Porosporidae_Thiriotia

GU824108.1_Eukaryota_environmental_samples

KY054989.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

KR092119.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

Peneroplis_spp_Algae_75.PFtrusted_5_0

KR092118.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

LK934666.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

AJ880418.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

U41087.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Suessiaceae_Pelagodinium

Calcarina_gaudichaudii_Algae_82.PFtrusted_7_0

U37406.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Suessiaceae_Pelagodinium

HM805038.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

EF423414.1.1773_Eukaryota_SAR_Stramenopiles_Ochrophyta_Diatomea_Coscinodiscophytina_Fragilariales_Pseudostaurosira_Pseudostaurosira_elliptica

EU818942.2_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

MN750468.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

HQ876008.1_Eukaryota_Sar_Alveolata_Apicomplexa_Conoidasida_Gregarinasina_Eugregarinorida_Cephaloidophoridae_Cephaloidophora

KJ757988.1_Eukaryota_environmental_samples

Amphistegina_lobifera_Rock_106.PFspades_1_8.082293

AB183646.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_unclassified_Bacillariophyta

Peneroplis_spp_Turf_34.PFspades_3_1.733119

AY179994.1.1783_Eukaryota_SAR_Stramenopiles_Ochrophyta_Diatomea_Bacillariophytina_Bacillariophyceae_Nitzschia_uncultured_stramenopile

Peneroplis_spp_Rock_121.PFspades_4_7.145766

HM103396.1_Eukaryota_Sar_Alveolata_Dinophyceae_environmental_samples

Amphistegina_lobifera_Rock_107.PFspades_2_8.421573

EF423414.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Fragilariophyceae_Fragilariophycidae_Fragilariales_Staurosiraceae_Pseudostaurosira

Peneroplis_spp_Rock_114.PFtrusted_5_0

EF036539.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

JQ004804.1_Eukaryota_environmental_samples

AF022201.1_Eukaryota_Sar_Alveolata_Dinophyceae_Peridiniales_Peridiniaceae_Pentapharsodinium

KJ760061.1_Eukaryota_environmental_samples

MN750477.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

GFKG01010370.982.2810_Eukaryota_SAR_Stramenopiles_Ochrophyta_Phaeophyceae_Fucales_Sargassum_Sargassum_vachellianum

HM805038.1.1737_Eukaryota_SAR_Stramenopiles_Ochrophyta_Diatomea_Bacillariophytina_Bacillariophyceae_Nitzschia_Nitzschia_microcephala

KJ758027.1_Eukaryota_environmental_samples

GBSC01001048.104.1765_Eukaryota_Dinoflagellata_Dinophyceae_Gymnodiniphycidae_Suessiaceae_Symbiodinium_clade_C

U37365.1.1796_Eukaryota_Dinoflagellata_Dinophyceae_Gymnodiniphycidae_Suessiaceae_Pelagodinium_Pelagodinium_beii

Peneroplis_spp_Rock_120.PFtrusted_4_0

EF492490.1_Eukaryota_Sar_Alveolata_Dinophyceae_Gymnodiniales_Kareniaceae_Karlodinium

LK934673.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

Peneroplis_spp_Rock_114.PFspades_5_1.788385

Calcarina_gaudichaudii_Rock_102.PFtrusted_5_0

Calcarina_gaudichaudii_Turf_32.PFtrusted_13_0

MT489362.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Cymbellales_Cymbellaceae_Cymbella

JQ327705.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_PX_clade_Phaeophyceae_Fucales_Sargassaceae_Sargassum

AB016595.1.1792_Eukaryota_Dinoflagellata_Dinophyceae_Gymnodiniphycidae_Suessiaceae_Symbiodinium_Symbiodinium_sp.

MN750462.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

MK635573.1_Eukaryota_Metazoa_Ecdysozoa_Arthropoda_Crustacea_Multicrustacea_Malacostraca_Eumalacostraca_Peracarida_Cumacea_Bodotriidae_Bodotriinae_Cyclaspis

MT117937.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Erythrolobus_2

MT259199.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

Amphistegina_lobifera_Rock_108.PFtrusted_5_0

KJ961690.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Eunotiophycidae_Eunotiales_Eunotiaceae_Eunotia_unclassified_Eunotia

Baculogypsina_sphaerulata_Turf_26.PFtrusted_9_0

KR092122.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

AB436781.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Fragilariophyceae_Fragilariophycidae_Fragilariales_Staurosiraceae_Opephora

Baculogypsina_sphaerulata_Turf_26.PFtrusted_10_0

JX473666.1_Eukaryota_Sar_Alveolata_Dinophyceae_Blastodiniales_Blastodinium

EF100236.1_Eukaryota_environmental_samples

EF634360.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_PX_clade_Phaeophyceae_Fucales_Sargassaceae_Sargassum

Peneroplis_spp_Algae_93.PFspades_1_16.850522

Amphistegina_lobifera_Rock_108.PFspades_1_8.272984

KR092115.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

AB183591.1.1751_Eukaryota_SAR_Stramenopiles_Ochrophyta_Diatomea_Bacillariophytina_Bacillariophyceae_Nitzschia_Bacillariophyta_sp._MBIC10099

Peneroplis_spp_Rock_122.PFspades_8_1.577223

Peneroplis_spp_Algae_93.PFtrusted_5_0

FJ595490.2_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

KR092123.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

MW750333.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

GU825666.1_Eukaryota_environmental_samples

MN750460.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

Sorites_spp_Algae_90.PFspades_2_169.322090

MK012071.1_Eukaryota_Sar_Alveolata_Dinophyceae_Peridiniales_Caladoa

KC759159.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia_1

Amphisorus_spp_Algae_88.PFspades_2_11.812113

AJ867277.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

AB011430.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_PX_clade_Phaeophyceae_Fucales_Sargassaceae_Sargassum

AB183591.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_unclassified_Bacillariophyta

AF342749.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Flintiella

AY179994.1_Eukaryota_Sar_Stramenopiles_environmental_samples

AJ421145.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

Baculogypsina_sphaerulata_Turf_24.PFspades_2_8.524752

L27635.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

HM805040.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

AB275067.1_Eukaryota_environmental_samples

Epiphyte_Agglutinated_Turf_46.PFtrusted_11_0

KU743838.1.1799_Eukaryota_Dinoflagellata_Dinophyceae_Gymnodiniphycidae_Gymnodinium_clade_Lepidodinium_uncultured_eukaryote

Peneroplis_spp_Rock_113.PFtrusted_3_0

EF634355.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_PX_clade_Phaeophyceae_Fucales_Sargassaceae_Sargassum

AB275069.1_Eukaryota_environmental_samples

KJ757679.1_Eukaryota_environmental_samples

HQ822131.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

AB016539.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

MN750470.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

Peneroplis_spp_Rock_121.PFtrusted_4_0

AY800130.1_Eukaryota_Sar_Alveolata_Dinophyceae_Gymnodiniales_Kareniaceae_Takayama

KJ761254.1.1800_Eukaryota_SAR_Alveolata_Dinoflagellata_Dinophyceae_Peridiniphycidae_Peridiniales_Heterocapsa_uncultured_eukaryote

KR092117.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

Sorites_spp_Algae_90.PFtrusted_1_0

AB016595.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

XR_006393936.1_Eukaryota_Metazoa_Cnidaria_Anthozoa_Hexacorallia_Scleractinia_Astrocoeniina_Acroporidae_Acropora

KJ763183.1.1798_Eukaryota_SAR_Alveolata_uncultured_uncultured_eukaryote

KR092116.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

Baculogypsina_sphaerulata_Turf_26.PFspades_5_6.244290

KX532414.1_Eukaryota_environmental_samples

Peneroplis_spp_Algae_74.PFtrusted_3_0

FR865500.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

LK934674.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

MK995625.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

Peneroplis_spp_Rock_112.PFtrusted_3_0

AB045584.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Porphyridium

MG751463.1.1748_Eukaryota_Amorphea_Obazoa_Opisthokonta_Holozoa_Choanozoa_Metazoa_Animalia_BCP_clade_Bilateria_Protostomia_Ecdysozoa_Arthropoda_Chelicerata_Arachnida_Acari_Rhombognathus_areolatus

Calcarina_gaudichaudii_Algae_83.PFtrusted_8_0

MK012072.1_Eukaryota_Sar_Alveolata_Dinophyceae_Peridiniales_Caladoa

GU824933.1_Eukaryota_environmental_samples

HQ912610.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Denticula

AF168621.1_Eukaryota_Rhodophyta_Bangiophyceae_Porphyridiales_Porphyridiaceae_Flintiella

GU971820.1_unclassified_sequences_environmental_samples

KT861227.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Bacillariophyceae_Bacillariophycidae_Bacillariales_Bacillariaceae_Nitzschia

Peneroplis_spp_Turf_36.PFspades_5_1.100498

MK012073.1_Eukaryota_Sar_Alveolata_Dinophyceae_Peridiniales_Caladoa

KJ757846.1_Eukaryota_environmental_samples

JN604979.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_PX_clade_Phaeophyceae_Fucales_Sargassaceae_Sargassum

AB016594.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Symbiodiniaceae_Symbiodinium

AB183597.1.1740_Eukaryota_Archaeplastida_Rhodophyceae_Porphyridiophyceae_Porphyridium_Porphyridium_sp._MBIC10451

KU851869.1_Eukaryota_Sar_Stramenopiles_Ochrophyta_Bacillariophyta_Fragilariophyceae_Fragilariophycidae_Fragilariales_Fragilariaceae_Serratifera

U37365.1_Eukaryota_Sar_Alveolata_Dinophyceae_Suessiales_Suessiaceae_Pelagodinium
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Background

 

Sampling: Foraminifera were sampled from the Ikei Island reef flat in Oct. 2021. 

Living specimens were isolated, cleaned in microfiltered seawater, imaged 

(brightfield and autofluorescence) and frozen in microtubes at -70°C. 

DNA isolation: Single-cells were crushed using a sterile stainless-steel pestle and 

lysed with a series of freeze/thaw cycles in liquid nitrogen. DNA was isolated using 

Lucigen’s MasterPure complete DNA and RNA Purification Kit.

Sequencing: Sequencing libraries were prepared with the NEB NextUltra II kit 

and sequenced with 150bp paired-end reads on a single lane of the Illumina 

NovaSeq6000 sequencer.

Bioinformatics: Symbiont diversity was analyzed with PhyloFlash using 16S and 

18S rRNA gene reads. Metagenomes were assembled with SPAdes using default 

metagenome settings and analyzed with Blobtools. 

Large benthic foraminifera (LBF) are single celled 

eukaryotes thriving in reef flats. They can create a cm-wide 

calcium carbonate shell which makes them some of the 

largest single cell organisms. LBF can host a wide range of 

symbionts (archaea, cyanobacteria, bacteria, eukaryotes…) 

likely involved in calcification, UV protection and metabolism. 

Sand particles in Kouri Island

dominated by LBF’s shells

Dinoflagellate-hosting Amphisorus spp., red-algae hosting Peneroplis

spp., Baculogypsina sphaerulata, Calcarina gaudichaudii and 

Amphistegina lobifera (diatom hosting)

1 - Symbiont diversity

2 - Symbiont phylogeny

3 - Single-cell metagenomes
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Perspectives

Dinoflagellate symbionts found in Okinawan LBF mainly belong 

to Symbiodinium sp. are affiliated to Symbiodinium clade C. 

Symbiodinium sequences showed proximity to Acropora

symbionts.

Peneroplis spp. also exhibited Pelagodinium sp. - which was 

previously reported as a symbiont of planktonic foraminifera –

and Caladoa sp.. Further analyses are needed to determine 

whether these dinoflagellates are symbionts in diatom and red 

algae hosting species or if they were only present as prey. 

Red algal symbionts were found solely in 

Peneroplis spp. hosts and form a single 

clade matching strongly with 

Porphyridium sp.. 

Diatom symbionts showed a strong 

host dependance. C. gaudichaudii

and B. sphaerulata appeared to 

host 2 different clades of Nitzschia

sp. and A. lobifera hosted 

Fragilariales (likely Serratifera sp.).

Fig. 2 – Maximum likelihood phylogenetic tree inferred in IQTree

from full-length 18S rRNA gene sequences.

Fig. 1 – top panel: heatmap of taxonomic assignments 

(rows) for SSU rRNA reads in metagenome libraries of 

45 foraminifera with most abundant symbiotic consortia 

(>1%, in columns). Bottom panel: stereomicroscopy, 

inverted microscopy and autofluorescence images.

Beside Opisthokonta (mainly dominated by Fungi), red algae (Porphyridiophycae), diatoms 

(Ochrophyta) and dinoflagellates (Dinoflagellata) were the most abundant eukaryotic symbionts found in 

Okinawan LBF. Interestingly, diatoms and red algae rarely co-occurred in the same host, but could be 

found together with dinoflagellates. Fluorescence imaging in red-algae hosting Peneroplis spp. showed 

different autofluorescence patterns than those observed in diatom and dinoflagellate hosting species 

suggesting that the photo-symbionts harbor diverse photosynthetic pigments. 

Stereomicroscopy

DAPI (Ex:356/30 Em:447/60nm)

Brightfield (DIC)

FITC (Ex:466/40 Em:525/50nm)

Cy3 (Ex:554/23 Em:609/54nm)

mCherry (Ex:562/40 Em:609/54nm)
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Metagenomics confirmed that the symbiosis in LBF is species-specific with different 

foraminifera hosting distinct clades of symbionts. Surprisingly, it also revealed that 

some dinoflagellates can co-exist with other symbionts in diatoms- and red algae-

hosting species. Phylogenetic analysis confirmed that dinoflagellates belong to the 

Symbiodiniaceae family, red algal symbionts were part of the Porphyridium genus 

and that diatoms from different host species belonged to multiple Nitzschia clades. 

To better understand the functional role of the LBF symbionts we are now 

studying their effects on:

Amphisorus sp.

Peneroplis sp.

Baculogypsina sphaerulata

Diversity and 

distribution in situ

Metabolic response 

to light

Behavior 

(phototaxis and geotaxis)

Abstract

Nitzschia sp.

(landcareresearch.co.nz)

Porphyridium purpureum

(Unknown source)

Symbiodiniaceae contain 

secondary plastids that are 

highly reduced and 

fragmented into minicircles. 

Their identification and 

assembly is therefore 

challenging and in progress.

Red algal plastid genomes 

are large and gene-rich. The 

purple blobs in the top left 

corner are well-assembled 

plastid and mitochondrial 

contigs.

Their complete assembly will 

later allow us to better 

understand their 

photosynthesis functioning.

The grey and orange blobs 

in the top left corner are the 

plastid and mitochondrial 

contigs of the diatom 

symbiont.

We have also identified 

several eukaryotic DNA 

viruses likely infecting the 

diatom symbionts or the 

foraminiferal host.

Symbiodinium

(Baums et al., 2014)

Fig. 3 – blobplot showing read coverage, GC 

content and size of each scaffold. Size of the blobs 

corresponds to size of the scaffold and color 

corresponds to taxonomic assignment based on a 

blast search against the nt database. 
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