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Supplementary Figure S1: Completeness of genome assemblies and Stop codon statistics. The genome quality 
was assessed by the BUSCO program. The number of single, multiple, missing and fragmented genes are shown in 
the middle histogram. The stop codon usage of genes is shown on the right histograms. The species that lost the Sec 
machinery are marked with an asterisk in the tree. Each group was colored in different background in the left column.
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Supplementary Figure S2: Species tree with families of selenoproteins and 
homologues (Cys) by Selenoprofiles. Each column corresponds to a selenoprotein 
family plotted in different color to distinguish Sec-containing (green), Cys homologues 
(red), and others (grey). 33 out of 62 selenoproteins families having at least one Sec
-containing gene were selected for the analysis. The number in the left box represents 
the number of selenoproteins.
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Supplementary Figure S3: The phylogenetic tree of SBP2, PSTK and SPS. All the 
predicted candidates were used to reconstruct a maximum-likelihood tree, with 500 bootstrap
replicates. Here, Orange: Mamiellophyceae; Yellow: core Chlorophyta; Green: Streptophyte 
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Aureococcus anophagefferens

gi 590103574-Candidatus Competibacter denitrificans Run A D11

gi 149824189-Limnobacter sp. MED105

gi 495587488-Haloarcula amylolytica

Bathycoccus prasinos

gi 1097534756-Halomonas saccharevitans

gi 256793975-Methanocaldococcus fervens AG86

Chara braunii

Thecamonas trahens

Raphidocelis subcapitata

gi 1409712421-Halomonas taeanensis

gi 500676783-Methanococcus vannielii

Ostreococcus tauri

gi 502573375-Methanocaldococcus vulcanius

gi 1181146258-Mannheimia granulomatis

Leishmania mexicana

Chlorella variabilis

gi 768384099-Aliterella atlantica CENA595

gi 1423368840-Marinobacter pelagius

gi 1098371050-Thermoflexibacter ruber

gi 1434165188-Halomonas sp. DQ26W

gi 513470465-Cedecea davisae DSM 4568

gi 1082756923-Burkholderiales bacterium GWE1 65 30

gi 926546870-Haloarcula rubripromontorii

Monosiga brevicollis

Zancudomyces culisetae

gi 821560436-Microvirga massiliensis

gi 1097643367-Marinobacter zhejiangensis

Volvox carteri

gi 1246875575-Sulfurifustis variabilis
gi 427986767-Geitlerinema sp. PCC 7407

gi 503095145-Methanolacinia petrolearia

gi 652368358-Sediminibacterium salmoneum

Spirotaenia sp.

Chlorokybus atmophyticus

Smittium angustum

Galdieria sulphuraria

gi 998174615-Candidatus Thorarchaeota archaeon SMTZ1-83
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Supplementary Figure S4: The phylogenetic tree of SPS. The maximum-likelihood tree by using the reference set of SPS proteins was 
reconstructed using the GTR+I+G model.
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Supplementary Figure S5: The alignment of the SPS domain. The complement 
alignment of SPS domains in the three clades. Nucleotide conservation is indicated 
with red and yellow coloring. The three clades are separated by spaces. From top 
to bottom, they are clade III, clade II and clade I.
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Methanothermococcus thermolithotrophicus           G    L KP G                                   M    IL K GA   DVLI T  L T TA AL R               K   I  AIEL  T SD  T A  KE            Q  M  S VTEEFEDLLDIEKPE EYI NK     T  
Methanocaldococcus fervens                   G    L KP G                                   M    VL K GA   DILI T  L T TA AL R               K   I  AIEL  T SE  T A  KE            Q  M  S IPEEFKDLIDVSEEE EYI NK     T  
Methanocaldococcus vulcanius                      G    L KP G                                   M    VL K GA   DVLI T  L T TA AL R                   I  AIEL  T SE  T A  EE            Q  M  S IPDDYKELIGIDEEEMNYI NK     T  
Methanocaldococcus jannaschii                     G    L KP G                                   M    VL K GV   DVLI T  L T TA AL R               R   I  AIEI  T SE  T A  KV            Q  M  S IPEEFKDLISITEEE DYI NK     T  
Methanocaldococcus infernus                       G    L KP G                                   M    VL K GA   DVLI T  L T SA AL R               K   I  AI L  T SE  T A  KV            Q  M  S VPKEFLELINISEEE EEI NK  K  T  

Cedecea davisae                                   G    L KP G                                   M    V K   A     L  T  L  G L  A K           K LL P    LAAE   Q  R K NSS EA CK F      I V TT E ........... S  L EHQG    T C L
Escherichia fergusonii                      G    L KP G                                   M    V K   A     L  T  L  G L  A K           K LLKP    LA EV    R K NST QA CK F      I V TT E ........... S    EHQG  T   CR M
Citrobacter koseri                                G    L KP G                                   M    V K   A     L  T  L  G L  A K           K LLKP    LA EV    R K NST QA CK F      I V TT E ........... S    EHQG  T   CR M
Mannheimia granulomatis                           G    L KP G                                   M    V R   A     L  T  L  G L  A K           K LL P    LA EV  Q  R K NAS VA CE F      I I TT E ........... G  Q EHQH  S   C I
Klebsiella oxytoca                                G    L KP G                                   M    V K   A     L  T  L  G L  A K           K LLKP    LA E   Q  R K NST QA CK Y      I V TT E ........... S    EHQG  T T C M
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Comamonadaceae bacterium                    G    L KP G                                   M    VMRK GM   DVLL T  I TGTL AA             R AAKG  I AAL     SS    G  QP               F  HA........... Y    RW D   QS VL  
Hydrogenophaga flava                              G    L KP G                                   M    VMRK GM   DVLL T  I TGTL AA               AAKG  V A L     SG    G  RP               F  HA...........QH    RW D T QS VV  
Hydrogenophaga pseudoflava                        G    L KP G                                   M    VMRK GM   DVLL S  I TGTL AA             R AAKG  I AAL     SG    G  RP               F  HA........... H    RW D   KS VL  
Limnobacter sp.                                   G    L KP G                                   M    VM K GM   DAIL T  I TGTL AA                 KG  I AALE    SG  I G  RP               F  LP...........QLKT  RW D    S VK  
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