























bioRxiv preprint doi: https://doi.org/10.1101/2022.07.19.500725; this version posted July 20, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

100 Alveolata-Dinophyceae-Cladocopium_goreaui_evm.model.scf7180000353430.18 =
100|! Alveolata-Dinophyceae-Cladocopium_C92_CC92.gene4306.mRNAT Dlnophyceae (Alveolata)

Alveolata-Dinophyceae-Durusdinium_trenchii_sh
Alveolata-Dinophyceae-Symbiodinium_microadriaticum_CassKB8_Smic_CassKB8.gene17149.mRNA1
Alveolata-Dinophyceae-Alexandrium_tamarense_CCMP1771_Gene.16443 _MMETSP0382_Transcript 8372 __g.16443 _m.16443
Alveolata-Dinophyceae-Polarella_glacialis
Alveolata-Dinophyceae-Dinophysis_acuminata_DAEPO1_MMETSP0797_Transcript_59334_m.117878
Alveolata-Dinophyceae-Heterocapsa_rotundata MMETSP0503_Transcript_5183_m.10997
Alveolata-Dinophyceae-Noctiluca_scintillans_MMETSP0253_Transcript_57702_m.104765
Alveolata-Dinophyceae-Karenia_brevis_SP1_MMETSP0573_Transcript_4046_m.4679
Alveolata-Dinophyceae-Gymnodinium_catenatum_GC744_Gene.226981__MMETSP0784 _Transcript_115467__g.226981__m.226981
Alveolata-Dinophyceae-Oxyirhis_marina_Gene.118130__MMETSP0469_Transcript 78615 _9.118130_m.118130
Alveolata-Dinophyceae-Amoebophrya_ceratii.g9088.t1
Alveolata-Dinophyceae-Peridinium_aciculiferum_MMETSPO0371_Transcript_4580_m.7608
Alveolata-Dinophyceae-Prorocentrum_minimum_Gene.137039__ MMETSP0056_Transcript_74082__g.137039__m.137039

100 ; -
100 ‘\.//r.ld/plantae-Trebouxtophyceae—ChIorella_vana@llls i Viri dlpl antae
100 — Viridiplantae-Chlorophyceae-Chlamydomonas_reinhardtii_tr_\V/5KY85_V5KY85_CHLRE

Viridiplantae-Chlorophyceae-Volvox_carteri_f nagariensis_tr_ D8U5I2_D8USI2_VOLCA
A Viridiplantae-Trebouxiophyceae-Chlorella_variabilis

99

93

97, Stramenopiles-Bacillariophyta-Fragilariopsis_cylindrus_CCMP1102 Stramenopi les
100 100 Stramenopiles-Bacillariophyta-Phaeodactylum_tricomutum_jgi_Phatr2_50333_estExt_fgenesh1_pg.C_chr 280148
Stramenopiles-Bacillariophyta-Thalassiosira_pseudonana_CCMP1335_tr B8C8E5 B8C8E5 THAPS

10[40 Stramenopiles-Phaeophyceae-Ectocarpus_siliculosus
Stramenopiles-Phaeophyceae-Cladosiphon_okamuranus_g17146.t1
Stramenopiles-Ochrophyta-Nannochloropsis_gaditana_tr W7TKR3_W7TKR3_9STRA

Alveolata-Dinophyceae-Oxyrrhis_marina_Gene.192261__MMETSP0469_Transcript_128034__9.192261__m.192261

Opisthokonta-Choanoflagellida-Salpingoeca_rosetta_tr F2U6N4_F2U6N4_SALR5

Haptophyta—Emiliania_huxleyi CCMP1516

Stramenopiles-Bacillariophyta-Fragilariopsis_cylindrus_ CCMP1102 Stramen Opl les
Stramenopiles-Bacillariophyta-Thalassiosira_pseudonana_CCMP1335_tr B5YMS3 B5YMS3 THAPS

86 Stramenopiles-Bacillariophyta-Phaeodactylum_tricomutum_jgi_Phatr2_42556_estExt_fgenesh1_pg.C_chr_10174

——— Stramenopiles-Bacillariophyta-Thalassiosira_pseudonana_CCMP1335_tr B8BV73 _B8BV73 THAPS
Stramenopiles-Phaeophyceae-Ectocarpus._siliculosus_tr DSLNQ9_D8LNQ9_ECTSI

95

79 Stramenopiles-Ochrophyta-Nannochloropsis_gaditana_tr W7TQN8_W7TQN8_9STRA
4|:Pmteobacteria-alpha-Bradyrhizobium_diazoeﬂ‘iciens_USDA1 10_tr Q89W82_Q89W82 BRADU R
Proteobacteria-beta-Burkholderia_phymatum DSM17167_tr B2JLET B2JLE7_PARPS Bacteria

0.3 substitutions per site

Figure 4. Maximum likelihood trees of putative sulfate transporter, suggesting recent gene origins
from Viridiplantae. The ultrafast bootstrap support of IQ-TREE2 is shown at each internal node;
only values >70% are shown. Unit of branch length is the number of substitutions per site.
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Figure 5. Maximum likelihood protein tree showing vertical inheritance and gene expansion among
dinoflagellates, with distinct clades containing a transmembrane protein, the autophagy-related
protein 18a, and the pentatricopeptide repeat-containing protein, GUN1. The ultrafast bootstrap
support of IQ-TREE2 is shown at each internal node; only values >70% are shown. Unit of branch
length is the number of substitutions per site.
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