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Table S1. Amoebozoa transcriptomes data sources. 

Clade Species Data Source Sequences 
File 
Size 
(MB) 

Archamoeba Mastigamoeba balamuthi GB EST 19594 9.3 

Eudiscosea 

Acanthamoeba healyi GB EST 377 0.09 
Gocevia fonbrunei Tekle et al. 2016 18549 5.5 
Stereomyxa ramosa Moore 19164 21.1 
Mayorella sp. MMETSP0417 10126 16.1 
Neoparamoeba aestuarina MMETSP0161 18549 16.0 
Paramoeba atlantica MMETSP0151-2 15432 15.4 

Vexillifera bacillipedes GB BioProj. 
PRJNA222686 1753 0.613 

Vexillifera sp. MMETSP0173 9564 10.3 
Vannella sp. DIVA3 
517612 MMETSP0168 15217 23.1 

Vannella robusta MMETSP0166 14497 17.6 
Vannella simplex GB BioProj. 3073 0.969 
Clydonella sp. ATCC 
50884 Tekle et al. 2016 5386 6.7 

Unda schaefferi Tekle et al. 2016 3877 4.2 

Stenamoeba stenopodia GB BioProj. 
PRJNA222684 12028 4.2 

Vermistella antarctica Tekle et al. 2016 5518 10.1 
Thecamoeba quadrilineata Tekle et al. 2016 7298 10.9 

Himatismenida 

Cochilopodium 
minutoidum 

GB BioProj. 
PRJNA222681 4013 1.4 

Ovalopodium desertum GB Bioproj. 
PRJNA222682 10359 3.5 

Parvamoeba monura Tekle et al. 2016 5559 6.9 

Mycetozoa 
Actyostelium subglobosum GenBank EST 60412 43.2 
Hyperamoeba dachnaya GenBank EST 2745 0.912 
Physarum polycephalum GenBank EST 25120 16.1 

Tubulinea 
Hartmanella vermiformis GenBank EST 1334 0.722 

Nolandella abertawensis GB BioProj. 
PRJNA222683 1843 1.2 

Variosea 

Flamella fluviatilis GB BioProj. 
PRJNA222680 11096 3.9 

Filamoeba nolandi MMETSP0413 19244 25.8 

Filamoeba sinensis GB Bioproj. 
PRJNA222679 19020 6.6 

Incertae sedis 
(ATCC PRA-29 + 
Sapocribum) 

Pessonella sp. PRA-29 MMETSP0420 15314 18.7 

Pessonella sp. MMETSP0420 13865 18.5 

Incertae sedis 
(Trichosida) 

Trichosphaerium sp. 
ATCC 40318 MMETSP0405 2709 3.6 



 
Table S2. Meiosis Genes Inventoried in Amoebozoa Transcriptomes. 
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Bouquet Formation 
SAD1    + +  +   + +     +    +         + + + 
Crossover Regulation 
DMC1    +   +                +         HOP1                       +         HOP2    +  + +  + + +      +          +  +   MER3      +    +                 +     MND1    + +  + + + + +     +    +       +  + +  MSH4    +     +        +               MSH5       +                         RED1                                ZIP1                                DNA Damage Sensing/Response 
MEC1/ATR    + + + +  + + +     +  +   +  + +  + +  + + + 
MRE11    + + + +  + + +  +   + +    +  +    +    + 
RAD17    +  +    + +                +     RAD23   + + + + +  + + +  + +  + +   + +  +    +  + +  RAD24 + + + + + + + + + + +  + + + + + + + + + + + + + + + + + +  RAD50    + + +  + + +     + + + +         +  + + + 
TEL1/ATM    + + + +  + + +     +     +  + +  + +  + + + 
Double-Strand Break Formation 



SPO11           +      +               Double-Strand Break Repair (Nonhomologous End-Joining) 
KU70 +   + + + +  + + +  +   +    +    +   +    + 
KU80    + + + +  + + +  +   + +      +   + + +   + 
LIG4/DNL1    + + + +  + + +     +    +   +    +  + +  XRCC4/LIF1    + +                           Double-Strand Break Repair and Meiotic Divisions 
REC8 

                               Recombinational Repair 
BRCA2                +                DNA2    + + + +  + + +  +       + +  +    +  + + + 
EXO1    + + + +   +      + +   +       +     FEN1 +   + + + +  + + +  +   + +   + +      +  + +  MLH1    + +     + + +     +       +        MLH3     + +    + +     +        +        MMS4/EME1(s)                                MPH1/FANCM(
a,m)    +  +    + +         +       +     
MSH2 +   + +  +  + +      + +      + +   +     MSH3 +   + + + +  + +                      MSH6    + + + +  + +      + +    +  +    +     MUS81    + + + +   + +     +     +      +     PMS1   +  + +   + + +     +    +    +   +     RAD51   + + + + + + + + +  + +  + +   +   +   + + + + +  RAD52    +     + + +   +   +    +      +    + 
RAD54 +   + + + + + + + +      +     + + +  + + + + +  RTEL1    + + + +  + + +     + +    +  +    +  + +  SGS1    + + + + + + + +  +    +   + +  +   + + + + + + 
SLX1           +     + +               SMC5    +  + +  + + + + +   + +   +       +  + + + 
SMC6   + + + + +  + +   +   + + +   +      + + + +  



 
figure S1: Transcriptome data coverage vs. detection of sex genes in Amoebozoa.  Actyostelium 
subglobosom transcriptome omitted as an outlier.  
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fig. S2: Maximum likelihood trees of meiosis-specific gene HOP1. Bootstrap support values 
³50% shown above branches. 
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T. pseudonana

D. purpureum

C. neoformans

D. discoideum

O. sativa

V. antarctica

T. adhaerens

H. sapiens
58

A. castellanii

T. thermophila

E. invadens

C. neoformans

N. gruberi

B. natans

C. neoformans

A. thaliana

C. neoformans

T. brucei

L. major

H. sapiens

Micromonas sp. RCC299

C. neoformans

C. neoformans

C. reinhardtii

T. adhaerens
1



DNA2 
Halobacterium sp. NRC-1

E. cuniculiT. thermophila
C. merolaeT. pseudonana

N. abertawensis68
Vannella sp. DIVA3 517612

H. sapiens
D. melanogaster

S. cerevisiae
B. natans

F. nolandiP. monura
T. adhaerens
P. ramorum
C. neoformans

T. vaginalis
O. sativaA. thaliana99

51

E. cuniculiS. cerevisiae
O. sativaV. robusta

T. thermophilaA. castellanii
Clydonella sp. ATCC 50884

50

T. pseudonanaC. reinhardtii
A. thalianaO. sativa100 F. nolandiMayorella sp. BSH02190019
H. sapiens
T. adhaerens

65
91

95

V. robusta
Vexillifera sp.D. purpureum

L. majorN. aestuarina
82
9187

C. merolaeA. castellanii
Micromonas sp. RCC29987 N. gruberiS. ramosa

Trichosphaerium sp. ATCC40318F. nolandi
Vannella sp. DIVA3 51761285

69

92

T. brucei
L. major

G. lambliaC. merolae
P. falciparumE. nuttalli
E. invadensD. purpureum

A. castellanii
T. pseudonana

A. subglobobosum
P. pallidum

D. purpureum
D. discoideum91

90

60
93

98

P. atlantica
S. ramosaMicromonas sp. RCC299

B. natans
C. reinhardtii C. neoformans

P. falciparum
E. nuttalliE. invadens

E. histolytica
E. dispar
E. disparE. histolytica

94
87

73

T. thermophila
G. lamblia P. polycephalum

T. vaginalisT. vaginalis
P. monuraE. nuttalli

E. invadens
E. cuniculiT. brucei

P. atlanticaN. aestuarina87 P. falciparumD. discoideum
A. subglobobosum
P. pallidum66 T. adhaerens

C. neoformansS. cerevisiae
C. reinhardtiiH. sapiens
D. melanogaster90

56

P. ramorum
Micromonas sp. RCC299

A. thalianaS. ramosa
V. robustaTrichosphaerium sp. ATCC40318
Vexillifera sp.Mayorella sp. BSH02190019

P. atlantica
N. aestuarinaPessonella sp.

Pessonella sp. PRA-29
99
100

74

97

57
91

86

70

2

52



EXO1 
Halobacterium sp. NRC-1H. butylicusN. maritimus92 C. neoformansC. merolaeT. vaginalisP. falciparumE. invadensE. disparE. nuttalliE. histolytica7393

N. gruberiN. aestuarinaT. bruceiL. major9890
Micromonas sp. RCC299C. reinhardtiiO. sativaO. sativaA. thaliana54

58

93
E. cuniculiT. adhaerensH. sapiensD. melanogasterS. cerevisiaeB. natansP. ramorumT. thermophilaT. pseudonana

D. discoideum
F. nolandi

A. castellanii
N. aestuarinaP. pallidumD. purpureumD. discoideum9996

81

95

G. lambliaS. ramosaT. adhaerens T. pseudonanaMicromonas sp. RCC299C. merolaeA. thalianaO. sativaP. ramorumB. natansT. pseudonanaP. falciparum

94

T. pseudonanaB. natansP. falciparumP. ramorumMayorella sp. BSH02190019B. natansC. reinhardtiiN. aestuarinaT. bruceiL. major96 P. ramorum
T. adhaerens

C. neoformans H. sapiensD. melanogaster
H. sapiens64

C. neoformansP. ramorum
S. cerevisiae
T. thermophilaT. pseudonanaC. merolaeT. thermophila P. pallidumA. thalianaT. quadrilineata8150

V. antarcticaO. sativa
A. thaliana93

Micromonas sp. RCC299
A. thaliana

F. nolandiP. pallidumD. discoideumD. purpureum9481
P. atlanticaP. monuraVannella sp. DIVA3 517612S. ramosaA. castellanii59 N. gruberiMayorella sp. BSH02190019E. cuniculiG. lamblia

T. vaginalis

E. invadensE. disparE. nuttalliE. histolytica100100
E. invadensE. disparE. nuttalliE. histolytica74100

95

97
70

78

1



KU70 
C. reinhardtii

H. sapiens
C. neoformansN. gruberi

T. thermophila
P. ramorum

C. neoformans
O. sativaA. thaliana89 B. natans
P. monura C. neoformans

L. major
T. brucei58 S. cerevisiae

C. reinhardtii
Micromonas sp. RCC299T. pseudonana

D. purpureum
Clydonella sp. ATCC 50884Vannella sp. DIVA3 517612

C. neoformans
D. melanogasterV. robusta

C. neoformans
Mayorella sp. BSH02190019P. atlantica

N. aestuarina67 Vexillifera sp.V. antarctica
Trichosphaerium sp. ATCC40318
F. nolandiS. ramosa
A. castellanii

P. pallidumD. purpureum
D. discoideum80 D. melanogaster C. neoformans

H. sapiens
N. gruberi

C. neoformans

53

H. sapiens
A. castellanii

H. sapiens
D. melanogasterT. thermophila
P. falciparum

D. melanogaster
V. robusta

S. ramosa
B. natans

P. ramorumT. vaginalis
H. sapiens

T. adhaerens
T. adhaerens

H. vermiformisT. adhaerens
F. nolandi

C. merolae
P. pallidum
D. discoideumD. purpureum

D. discoideum
D. purpureum

83
96

80
49

C. reinhardtii
Micromonas sp. RCC299

A. thalianaO. sativa
O. sativa

F. nolandiM. balamuthi

69

T. pseudonana
Mayorella sp. BSH02190019Vexillifera sp.

Vannella sp. DIVA3 517612
N. gruberi

T. thermophila
P. falciparum

P. atlantica
N. aestuarina91

56

86

1



KU80 
T. pseudonana

L. major
T. brucei

T. pseudonana

P. ramorum
B. natans

C. neoformans

T. thermophila

S. cerevisiae

C. neoformans

N. gruberi
Micromonas sp. RCC299

A. thaliana
T. pseudonana

T. adhaerens
H. sapiens

D. melanogaster57
Mayorella sp. BSH02190019

Trichosphaerium sp. ATCC40318
Vexillifera sp.

P. atlantica
N. aestuarina83

V. antarctica
V. robusta

Clydonella sp. ATCC 50884

Vannella sp. DIVA3 517612

O. sativa
C. neoformans

S. ramosa
A. castellanii

P. polycephalum
F. nolandi

C. neoformans
H. sapiens

P. polycephalum60

79

T. quadrilineata
F. nolandi

F. sinensis
F. fluviatilis

C. neoformans

58

P. polycephalum
D. discoideum
D. purpureum

P. pallidum

92
56

1



LIG4/DNA1 
Halobacterium sp. NRC-1N. maritimusH. butylicus C. neoformans Micromonas sp. RCC299 P. ramorumA. thaliana D. discoideum65

N. gruberi
A. castellaniiP. polycephalumD. melanogasterH. sapiens

T. adhaerens7179
D. purpureumD. discoideumP. pallidum C. neoformans

89
S. ramosaVannella sp. DIVA3 517612

V. robusta82
C. reinhardtii C. neoformansN. gruberi C. neoformansS. cerevisiaeD. melanogaster

T. adhaerens
H. sapiens76

C. neoformansT. thermophilaN. aestuarinaP. atlanticaP. monuraPessonella sp.Pessonella sp. PRA-29B. natans C. neoformans
100

98

Pessonella sp. PRA-29Pessonella sp.V. antarcticaMayorella sp. BSH02190019S. ramosaD. purpureumP. pallidumP. polycephalumV. robusta
Vannella sp. DIVA3 517612

59

54

99

P. ramorumT. thermophilaT. thermophilaE. cuniculiT. vaginalisN. gruberi C. neoformansC. neoformans C. neoformans21G. lambliaE. invadensE. nuttalliE. histolyticaE. dispar718779
N. aestuarinaP. atlanticaT. bruceiL. major C. neoformans

67

B. natansA. thalianaB. natansC. reinhardtiiMicromonas sp. RCC29983T. pseudonanaP. ramorumP. falciparumC. merolaeS. cerevisiae C. neoformansMayorella sp. BSH02190019P. pallidumD. discoideumD. purpureum9277
C. reinhardtiiMicromonas sp. RCC299 T. pseudonanaO. sativa

A. thaliana90
P. atlanticaB. natansA. castellaniiS. ramosa89 F. nolandiN. gruberiD. melanogasterH. sapiens

T. adhaerens79
Vexillifera sp.A. castellaniiS. ramosa93 V. robusta
Vannella sp. DIVA3 51761279

68

1



MEC1/ATR 
H. vermiformisE. disparE. histolytica

E. invadens

99

E. invadensE. histolytica
E. dispar E. nuttalli

98

S. cerevisiae
G. lambliaTrichosphaerium sp. ATCC40318T. brucei

L. majorT. brucei9659
Trichosphaerium sp. ATCC40318N. aestuarina

T. thermophila
B. natans

F. nolandiP. polycephalumV. robustaVannella sp. DIVA3 51761294P. polycephalumV. robustaA. subglobobosum
D. purpureumD. discoideumA. subglobobosum
P. pallidumA. subglobobosum69

55

50
59
83

H. sapiensD. melanogaster
P. ramorumT. pseudonana

99

S. ramosa
P. atlanticaVexillifera sp.Mayorella sp. BSH02190019
C. merolaeC. reinhardtiiMicromonas sp. RCC299

A. thalianaO. sativa9857
55

H. vermiformis
C. neoformansA. castellanii A. castellaniiC. reinhardtii

Micromonas sp. RCC299Pessonella sp.Pessonella sp. PRA-29
H. sapiensP. pallidumD. purpureumD. discoideum9996

100
50

72

60
58

F. nolandiB. natansB. natans
T. thermophilaN. gruberiPessonella sp.

Pessonella sp. PRA-29Mayorella sp. BSH02190019Vexillifera sp.Vannella sp. DIVA3 517612
P. pallidumD. purpureum96

10056

99

93

P. falciparum
Mayorella sp. BSH02190019N. gruberi61 F. nolandi

N. aestuarinaTrichosphaerium sp. ATCC40318S. ramosa9797

50

98
C. neoformans

E. nuttalliS. cerevisiaeT. vaginalis
L. majorN. gruberiV. robustaA. thaliana

O. sativa100 P. ramorumT. pseudonana
Vexillifera sp.T. adhaerensD. melanogaster62

67

E. disparE. histolyticaE. nuttalli53E. cuniculi
C. neoformans C. minutoidumPessonella sp.

Pessonella sp. PRA-29D. discoideumA. castellaniiF. fluviatilis
D. melanogasterH. sapiens

T. adhaerens8177
Vannella sp. DIVA3 517612V. antarctica

P. atlanticaS. cerevisiaeP. ramorumT. pseudonana
C. reinhardtiiMicromonas sp. RCC299A. thaliana

O. sativa9688
C. merolae

T. vaginalis
N. aestuarinaP. atlanticaT. brucei

L. major
65
98

93

64
69

100

100

65

99

1



MER3 
Halobacterium sp. NRC-1

Filamoeba nolandi

Halobacterium sp. NRC-1

Saccharomyces cerevisiae

Nitrosopumilus maritimus

53

57

Micromonas sp. RCC299

Halobacterium sp. NRC-1

Giardia lamblia

Naegleria gruberi

Neoparamoeba aestuarina

Cryptococcus neoformans

Chlamydomonas reinhardtii
80

54

74

Filamoeba nolandi

Trichomonas vaginalis

Thalassiosira pseudonana

Leishmania major

Trypanosoma brucei

Homo sapiens

Saccharomyces cerevisiae

Vannella sp. DIVA3 517612

Naegleria gruberi

Bigelowiella natans
52

Chlamydomonas reinhardtii

Micromonas sp. RCC299

Oryza sativa

Arabidopsis thaliana
98

54

100

51

50

0.5



MLH1 
E. coliHalobacterium sp. NRC-1C. merolaeC. muridarum H. sapiensV. robusta

T. vaginalis

E. cuniculiG. lambliaE. invadensE. disparE. nuttalliE. histolytica9198
C. neoformansC. merolaeT. thermophilaB. natansT. quadrilineataN. gruberiV. robustaP. falciparumT. pseudonanaS. cerevisiae

C. neoformans
C. neoformansT. bruceiL. major92 Micromonas sp. RCC299C. reinhardtiiO. sativaA. thaliana

53
79 D. melanogaster

T. adhaerens
H. sapiens

P. ramorumH. vermiformisVannella sp. DIVA3 517612V. robustaP. pallidumD. discoideumD. purpureum81 C. neoformans C. neoformansH. sapiensMayorella sp. BSH02190019H. sapiensT. quadrilineata7165

73

95

T. vaginalisMayorella sp. BSH02190019A. thalianaMicromonas sp. RCC299T. adhaerens V. robusta
H. sapiens

S. cerevisiaeP. pallidumD. purpureumD. discoideum868050
G. lambliaC. merolaeE. cuniculi V. simplexC. neoformansVannella sp. DIVA3 517612A. castellaniiT. vaginalisT. adhaerens

H. sapiens83

82

T. bruceiL. major G. lambliaE. invadensE. histolyticaE. dispar9289

82

V. robustaV. robusta S. ramosaS. cerevisiaeP. falciparumN. gruberiT. thermophila C. neoformansT. pseudonanaS. cerevisiaeB. natansP. ramorum C. neoformans
50

Micromonas sp. RCC299A. castellaniiO. sativaA. thalianaP. pallidumD. purpureumD. discoideum93
T. adhaerens

D. melanogaster
H. sapiens63

83

83

79

1



MLH3 
E. coli C. muridarumHalobacterium sp. NRC-1C. merolae

T. vaginalis
C. neoformansT. thermophilaE. cuniculiG. lambliaO. sativaA. thalianaC. reinhardtiiMicromonas sp. RCC299T. bruceiL. majorC. merolae H. sapiens
91
60
90

N. gruberiP. ramorumT. pseudonanaH. vermiformis H. sapiensP. pallidumD. discoideumD. purpureum9496
P. falciparumB. natansE. invadensE. histolyticaE. nuttalliE. dispar70100

S. cerevisiae
C. neoformansB. natans H. sapiens8086

H. sapiensT. adhaerens
D. melanogaster
V. robusta

C. neoformans

97

Mayorella sp. BSH02190019S. cerevisiae
E. cuniculiH. sapiens

T. adhaerensD. purpureumP. pallidum
51
92 Micromonas sp. RCC299

C. reinhardtiiC. neoformans
A. thaliana O. sativa87

54

C. merolae
C. neoformans C. merolaeT. bruceiE. invadensE. disparE. histolytica9775

T. vaginalis
T. adhaerens
H. sapiens92
Vannella sp. DIVA3 517612

V. robusta
Micromonas sp. RCC299T. pseudonanaA. castellaniiO. sativa

A. thalianaP. pallidumD. purpureumD. discoideum88 T. adhaerens
D. melanogaster

H. sapiens

79

59

91

P. ramorum
S. cerevisiaeN. gruberi

P. falciparumN. gruberiT. thermophila D. discoideumN. gruberi
N. aestuarina T. pseudonanaA. castellaniiH. sapiensV. antarcticaE. invadensE. disparE. nuttalliE. histolytica99568851

64
83

1



MMS4/EME1 
D. melanogaster

D. purpureum

D. discoideum

P. pallidum

61

98

T. adhaerens

H. sapiens

74

0.2

74



MPH1/FANCM 
T. thermophila

C. neoformansS. cerevisiae
D. melanogasterC. neoformans

C. merolaeP. monura
O. sativaN. gruberiC. neoformans

A. castellaniiT. adhaerens
H. sapiens82

Vannella sp. DIVA3 517612D. discoideum
P. pallidum C. neoformans

A. thaliana
P. ramorumT. pseudonana

C. reinhardtiiMicromonas sp. RCC299
H. sapiensB. natans

N. aestuarinaT. pseudonana
T. vaginalis

56

Halobacterium sp. NRC-1
N. maritimus

A. thaliana
C. neoformans

C. neoformans

63

H. butylicus
N. maritimus

H. butylicus95 C. neoformans C. neoformans
H. sapiens

N. gruberi
P. pallidum
D. purpureumD. discoideum98 F. nolandi

H. sapiens

89

P. ramorumV. robusta
N. gruberiP. pallidum

P. pallidumD. purpureum
D. discoideumD. purpureum

D. discoideum

86

92
61

O. sativa
A. thaliana

A. thaliana
O. sativa

A. thaliana90

70

52

S. ramosaA. thaliana
T. adhaerens

T. adhaerens
D. melanogaster

C. neoformans
P. pallidum

T. thermophila

F. nolandi

T. thermophila50

66

50

1



MRE11 
F. nolandi

A. castellanii
S. ramosa

N. gruberi
Trichosphaerium sp. ATCC40318

V. robusta
Vannella sp. DIVA3 51761289

62

D. discoideum
D. purpureum

P. polycephalum
T. adhaerens

H. sapiens

D. melanogaster83

94

A. subglobobosum
C. neoformans
P. atlantica

N. aestuarina
P. atlantica

Clydonella sp. ATCC 50884
C. neoformans

Vannella sp. DIVA3 517612
T. quadrilineata

C. neoformans
V. antarctica

Trichosphaerium sp. ATCC40318
N. gruberi

A. castellanii
S. ramosa
F. nolandi

C. reinhardtii
D. discoideum

D. purpureum
A. subglobobosum

P. pallidum80
52

56

54

C. neoformans
T. pseudonana

P. ramorum
Vexillifera sp.
B. natans

Micromonas sp. RCC299
O. sativa

A. thaliana
C. neoformans
H. sapiens73

L. major
T. brucei
C. neoformans

C. neoformans
D. melanogaster
T. adhaerens
H. sapiens

S. cerevisiae
Mayorella sp. BSH02190019

C. neoformans
C. merolae

T. thermophila
T. vaginalis

P. falciparum
E. cuniculi

G. lamblia
E. invadens
E. histolytica
E. nuttalli
E. dispar

97
E. invadens

E. histolytica
E. nuttalli
E. dispar98

80

94

81

95

1

95



MSH2 
E. invadens C. neoformansE. disparE. histolyticaE. nuttalli6287 C. merolaeT. vaginalis C. neoformansVexillifera sp.T. thermophilaB. natansS. cerevisiaeH. sapiensT. adhaerens61 D. purpureumD. discoideumP. pallidum P. polycephalumC. neoformans

98
T. pseudonanaA. thalianaMicromonas sp. RCC299A. castellaniiS. ramosaN. gruberi H. sapiens

70

55

C. reinhardtiiT. brucei L. major93 T. pseudonanaB. natansMicromonas sp. RCC299B. natansA. thalianaO. sativa9889
74
55

T. pseudonanaB. natansA. thalianaC. merolaeC. reinhardtiiMicromonas sp. RCC299A. thalianaO. sativa97

95
71

89

85

C. merolaeC. reinhardtiiT. brucei54 Micromonas sp. RCC299O. sativaA. thaliana93 B. natansT. pseudonana T. thermophilaS. cerevisiaeT. vaginalisE. invadensE. disparE. histolyticaE. nuttalli649796
N. gruberiT. adhaerens

H. sapiens67
P. atlanticaA. castellaniiP. pallidumD. discoideumD. purpureum9999C. merolae G. lambliaT. bruceiL. major H. vermiformisE. cuniculiT. vaginalis C. neoformansT. thermophila

P. falciparumN. gruberiMayorella sp. BSH02190019S. cerevisiaeM. balamuthiE. invadensE. histolyticaE. histolyticaE. nuttalli
E. dispar

8381

B. natansT. pseudonanaP. ramorum64 H. sapiensT. adhaerensC. neoformansC. neoformansD. melanogaster
P. polycephalumP. pallidumD. discoideumD. purpureum9993 A. castellaniiS. ramosaC. reinhardtiiMicromonas sp. RCC299A. thalianaO. sativa C. neoformansF. nolandiA. castellaniiS. ramosa88 P. atlanticaVexillifera sp.T. quadrilineataV. antarctica
Vannella sp. DIVA3 517612

70
57

77

86

94
51

C. muridarumC. merolaeE. coli
Halobacterium sp. NRC-15852

T. adhaerens
C. neoformansC. merolaeS. cerevisiae Mayorella sp. BSH02190019 C. neoformans

57
D. purpureumD. discoideumP. pallidumA. subglobobosum94

98 N. gruberiN. aestuarinaP. ramorum54

90
52

51

Vannella sp. DIVA3 517612Micromonas sp. RCC299Mayorella sp. BSH02190019T. bruceiL. major
54
96 H. sapiensA. thalianaN. aestuarinaP. atlanticaVexillifera sp.S. cerevisiae P. polycephalum
94

P. ramorum H. vermiformisC. neoformans C. reinhardtiiM. balamuthiA. castellaniiS. ramosa65 P. pallidumD. purpureumD. discoideum9591 C. merolaeVexillifera sp.N. aestuarina G. lambliaT. bruceiL. major91 E. cuniculiE. invadensE. disparE. nuttalliE. histolytica9690
F. nolandiP. pallidumA. subglobobosumD. purpureumD. discoideum96
8882 T. vaginalisC. neoformansC. neoformansS. cerevisiae5777 Vexillifera sp.Mayorella sp. BSH02190019P. atlantica

A. castellaniiS. ramosaS. ramosaN. aestuarinaP. atlantica96 Vannella sp. DIVA3 517612Micromonas sp. RCC299F. nolandiN. gruberiMicromonas sp. RCC299A. thalianaO. sativa6879

82

B. natansVannella sp. DIVA3 517612P. falciparum
T. thermophila64

C. reinhardtiiA. thalianaMicromonas sp. RCC299 H. sapiensC. neoformansP. ramorumT. pseudonanaD. melanogasterT. adhaerens
H. sapiens93

63
80

1



MSH6 
C. muridarumC. merolae
E. coli

Halobacterium sp. NRC-181
S. cerevisiaeN. aestuarina

T. adhaerens
A. subglobobosumD. discoideum

P. ramorumC. neoformans
C. merolae80

95

E. cuniculiL. major
T. bruceiT. vaginalis

G. lambliaVexillifera sp.
C. merolae C. reinhardtii

B. natans91

88

B. natans
T. pseudonanaP. ramorum54 N. gruberi
Micromonas sp. RCC299A. thaliana
O. sativa C. muridarum

P. polycephalum
P. pallidumD. purpureum
D. discoideum9996
S. ramosaF. nolandi
A. castellaniiS. ramosa95 C. neoformansT. adhaerens

D. melanogaster52 Mayorella sp. BSH02190019
Vannella sp. DIVA3 517612

T. thermophila
P. falciparum

E. invadens
E. dispar
E. histolytica
E. histolyticaE. nuttalli7167

98

88

95

58

B. natansO. sativa
T. vaginalisP. atlanticaE. invadens

P. pallidumD. purpureum97

76

T. pseudonanaH. sapiens
E. invadensE. nuttalli100 A. thalianaA. castellanii

N. gruberi A. subglobobosum T. quadrilineata
C. reinhardtiiT. brucei
L. major99 Vexillifera sp.

S. cerevisiaeH. sapiens
Mayorella sp. BSH02190019N. aestuarina
P. atlantica96 P. pallidumA. castellanii
M. balamuthiMicromonas sp. RCC299

A. thaliana53 E. cuniculi
Vannella sp. DIVA3 517612O. sativa

Vexillifera sp.G. lamblia
N. aestuarinaL. majorT. brucei10058

Mayorella sp. BSH02190019F. nolandi
E. disparE. nuttalli
E. histolytica9198

S. ramosa
P. atlantica P. polycephalumT. vaginalis

C. neoformansS. cerevisiae79 F. nolandiV. antarctica
T. quadrilineataA. subglobobosum
D. purpureumD. discoideum9999

N. gruberiP. falciparum
T. thermophila

P. ramorum
H. sapiensD. melanogaster92 T. pseudonanaC. reinhardtii

Micromonas sp. RCC29985

94

57

2



MUS81 
P. atlantica
N. aestuarina

C. neoformans
H. sapiens80

Mayorella sp. BSH02190019
H. sapiens

V. robusta
V. robusta

Vannella sp. DIVA3 51761252
O. sativa

A. thaliana

C. merolae

H. sapiens

88

D. discoideum
D. purpureum
A. subglobobosum

P. pallidum
C. neoformans

66

F. nolandi
F. nolandi

B. natans
N. gruberi

S. cerevisiae
E. cuniculi

P. pallidum
D. discoideum
D. purpureum97

67

S. ramosa
A. castellanii

P. ramorum
V. antarctica

H. sapiens

T. adhaerens
P. falciparum

D. melanogaster
N. aestuarina

T. thermophila
C. neoformans

Micromonas sp. RCC299
C. neoformans

Mayorella sp. BSH02190019
C. reinhardtii

2



PMS1 
C. muridarumC. merolae

E. coliHalobacterium sp. NRC-1
S. cerevisiae

T. vaginalis
N. gruberi

C. merolae E. cuniculi
T. thermophila Vexillifera sp.

E. invadens
E. disparE. nuttalli
E. histolytica919893

B. natans
P. falciparumP. ramorum

H. vermiformis
P. pallidumD. discoideum
D. purpureum8481

H. sapiens
T. adhaerens

D. melanogaster
C. neoformans

L. major
T. thermophilaT. thermophila

N. gruberi5191

V. robustaC. reinhardtii
Micromonas sp. RCC299
O. sativaA. thaliana

66
90 S. cerevisiaeT. pseudonana

C. neoformansG. lamblia
L. majorT. brucei78 T. vaginalis

C. neoformans C. neoformans
N. aestuarinaC. merolae

S. cerevisiaeA. thaliana
Micromonas sp. RCC299

H. sapiensT. adhaerens
P. pallidumD. purpureum
D. discoideum94

64
86

86

C. reinhardtii
C. neoformans

Vannella sp. DIVA3 517612T. adhaerens
F. nolandi E. histolytica

E. dispar
86
99

82

E. cuniculi
E. invadensE. histolytica

E. dispar9789
C. merolae G. lamblia

N. aestuarina N. gruberi
G. lambliaT. brucei

L. major
C. neoformansT. vaginalis

Mayorella sp. BSH02190019Vannella sp. DIVA3 517612
A. castellaniiG. fonbrunei

P. monuraT. adhaerens
H. sapiens85

N. gruberi
N. gruberiP. falciparum

T. thermophila
V. robusta

S. cerevisiaeT. pseudonana
B. natansP. ramorum

Micromonas sp. RCC299
A. castellanii H. vermiformis

O. sativaA. thaliana
C. neoformansC. neoformans

V. antarcticaP. pallidum
D. purpureum

D. discoideum9893
C. neoformans

T. adhaerens
D. melanogaster

C. neoformans
H. sapiens

1



RAD17 
C. neoformans

C. neoformans

C. neoformans

T. vaginalis

C. neoformans

D. melanogaster

C. neoformans

H. sapiens

T. adhaerens

P. pallidum

C. neoformans

D. discoideum

D. purpureum68

S. ramosa

A. castellanii

C. neoformans

F. nolandi

S. cerevisiae

V. robusta

V. robusta

Vannella sp. DIVA3 517612

T. pseudonana

N. aestuarina

C. merolae

Micromonas sp. RCC299

C. reinhardtii

C. neoformans

A. thaliana

O. sativa77

1



RAD24 
H. sapiensT. adhaerens D. melanogaster54C. reinhardtii P. falciparumC. merolaeP. monuraP. ramorumT. pseudonana84 S. cerevisiaeN. gruberiC. neoformansMicromonas sp. RCC299P. atlanticaN. aestuarinaL. majorT. brucei

96
9688

C. neoformansB. natansT. thermophila

T. vaginalis

E. invadensE. disparE. histolyticaE. nuttalli8784
E. invadens C. neoformans
E. invadensE. disparE. nuttalliE. histolytica789090

79

O. sativa
A. thaliana

A. thaliana

O. sativa

84

N. aestuarinaP. atlanticaN. aestuarina95 D. melanogasterT. adhaerens
D. melanogaster

H. sapiens5581

P. polycephalum
T. quadrilineata

G. fonbruneiA. castellaniiS. ramosa97 V. antarcticaF. nolandiPessonella sp.Pessonella sp. PRA-29100

88

Clydonella sp. ATCC 50884U. schaefferiV. robusta89 Vannella sp. DIVA3 517612Clydonella sp. ATCC 50884Mayorella sp. BSH02190019Vexillifera sp.A. castellanii C. neoformansG. fonbruneiA. thaliana
A. subglobobosum

P. pallidum
A. subglobobosum71

87

77

D. discoideumD. purpureum
A. subglobobosum

P. pallidum
A. subglobobosum73

56

67
60

87

87

76

1

76



RAD50 
C. neoformans

C. neoformans
B. natans

C. neoformans
C. neoformans

C. neoformans
V. antarctica

C. neoformans
C. neoformans

H. sapiens
E. dispar83

52
Trichosphaerium sp. ATCC40318

Vannella sp. DIVA3 517612
T. quadrilineata

C. neoformans
F. nolandi
S. ramosa
A. castellanii69

P. pallidum
D. discoideum

C. neoformans
V. antarctica

Vexillifera sp.
V. bacillipedes
C. reinhardtii
Micromonas sp. RCC299

O. sativa
A. thaliana

88

79
S. stenopodia

T. adhaerens
H. sapiens

C. neoformans
T. adhaerens

B. natans
C. neoformans

C. neoformans
T. vaginalis

C. neoformans
H. sapiens

Vannella sp. DIVA3 517612
P. ramorum

C. neoformans
B. natans

T. thermophila

63
88

74

N. aestuarina
Mayorella sp. BSH02190019

T. pseudonana
P. ramorum

H. sapiens
B. natans

C. merolae
Pessonella sp.
Pessonella sp. PRA-2999

E. cuniculi
S. cerevisiae
C. neoformans

D. melanogaster
P. falciparum

E. nuttalli
E. histolytica

E. invadens81
T. adhaerens

C. minutoidum
T. vaginalis

N. aestuarina
L. major
T. brucei

C. neoformans

72

2



RAD51 
Nitrosopumilus maritimusHyperthermus butylicusHalobacterium sp. NRC-1 Nitrosopumilus maritimusHalobacterium sp. NRC-1Chlamydomonas reinhardtiiDrosophila melanogasterTrypanosoma bruceiMayorella sp. BSH02190019Oryza sativa

Arabidopsis thaliana
Micromonas sp. RCC299 Entamoeba disparEntamoeba nuttalliEntamoeba histolytica100100

Polysphondylium pallidumDictyostelium purpureumDictyostelium discoideum100 Acanthamoeba castellaniiFilamoeba nolandiVannella robustaVannella sp. DIVA3 51761297 Trichoplax adhaerens
Homo sapiens71

98

99

Phytophthora ramorumMicromonas sp. RCC299Arabidopsis thalianaOryza sativa94 Mayorella sp. BSH02190019Acanthamoeba castellaniiDictyostelium discoideumPolysphondylium pallidum79 Trichoplax adhaerensHomo sapiensDrosophila melanogasterVannella robustaSaccharomyces cerevisiae
72

70

73

Arabidopsis thalianaMicromonas sp. RCC299Mayorella sp. BSH02190019Stereomyxa ramosaAcanthamoeba castellaniiHomo sapiens
Trichoplax adhaerens86

Oryza sativa Arabidopsis thalianaFilamoeba nolandiVannella robustaVannella sp. DIVA3 51761267
100

56

50

Cryptococcus neoformansTetrahymena thermophila Saccharomyces cerevisiaePhytophthora ramorumChlamydomonas reinhardtiiMicromonas sp. RCC299Plasmodium falciparumEntamoeba invadensEntamoeba disparEntamoeba nuttalliEntamoeba histolytica999691
Saccharomyces cerevisiae Cryptococcus neoformansCryptococcus neoformans

Homo sapiens

Trichoplax adhaerens

63

Arabidopsis thaliana
Oryza sativa

Trichomonas vaginalis
Giardia lamblia

Stereomyxa ramosaAcanthamoeba castellaniiPhysarum polycephalum51 Naegleria gruberiParamoeba atlanticaLeishmania majorTrypanosoma brucei91

58
100

Cyanidioschyzon merolaeMicromonas sp. RCC299Chlamydomonas reinhardtiiArabidopsis thaliana
Oryza sativa95

Saccharomyces cerevisiaeCryptococcus neoformansNeoparamoeba aestuarinaLeishmania majorTrypanosoma brucei93 Drosophila melanogasterEncephalitozoon cuniculiTetrahymena thermophila
Trichomonas vaginalis57

Trichoplax adhaerensCryptococcus neoformans
Homo sapiens

Paramoeba atlanticaNeoparamoeba aestuarinaEntamoeba invadensEntamoeba nuttalliEntamoeba histolyticaEntamoeba dispar100

87
100

Vexillifera sp.Mayorella sp. BSH02190019Cryptococcus neoformansPhytophthora ramorumCyanidioschyzon merolaePlasmodium falciparum72 Clydonella sp. ATCC 50884Vannella sp. DIVA3 517612Vannella robustaUnda schaefferi9872
Acanthamoeba castellaniiStereomyxa ramosaGocevia fonbruneiPhysarum polycephalumPolysphondylium pallidumDictyostelium purpureumDictyostelium discoideum9895

Flamella fluviatilis
Filamoeba sinensisFilamoeba nolandiFilamoeba sinensis
Parvamoeba monura
Pessonella sp.Pessonella sp. PRA-2997Vexillifera bacillipedesVermistella antarcticaThecamoeba quadrilineataCryptococcus neoformansBigelowiella natans

58

90

0.5



RAD52 
E. invadens
E. invadens
E. invadens
E. invadens
E. invadens

H. sapiens
C. neoformans

E. invadens
E. dispar
E. nuttalli
E. histolytica80

94

D. purpureum
D. discoideum

A. subglobobosum
P. pallidum

C. neoformans

86

H. sapiens
C. neoformans

T. quadrilineata

F. nolandi

Vexillifera sp.

S. ramosa

A. castellanii
Vannella sp. DIVA3 517612

U. schaefferi
V. robusta74

Trichosphaerium sp. ATCC40318
B. natans

C. neoformans
C. merolae

C. neoformans
C. neoformans
S. cerevisiae

E. cuniculi

H. sapiens

T. adhaerens

76

91

N. gruberi

F. nolandi

P. ramorum
G. lamblia

T. pseudonana
P. pallidum

D. discoideum
D. purpureum75
E. invadens

E. dispar
E. histolytica
E. nuttalli96

97
76

85

1



RAD54 
Halobacterium sp. NRC-1G. lamblia V. bacillipedesVexillifera sp.E. cuniculiP. ramorumL. majorPessonella sp. PRA-29Pessonella sp. M. balamuthiP. pallidumE. disparE. invadens77 O. sativaH. sapiensVannella sp. DIVA3 517612P. atlantica51 G. lambliaN. maritimus P. atlanticaS. ramosaP. pallidumB. natansE. nuttalliVannella sp. DIVA3 517612909455

C. neoformans
T. brucei

B. natansD. discoideumT. adhaerensA. thalianaO. sativaD. melanogasterT. adhaerensT. pseudonana

100

N. aestuarinaT. thermophilaT. adhaerensH. sapiensC. reinhardtii
Micromonas sp. RCC299

S. cerevisiaeE. invadensE. nuttalliE. histolyticaE. dispar656099

93

T. quadrilineataT. quadrilineataL. majorT. bruceiD. discoideumD. purpureumE. invadensE. disparE. histolytica99
98
98

95

75
S. cerevisiaeH. sapiensD. melanogaster88 P. falciparumT. pseudonanaP. ramorumC. reinhardtiiMicromonas sp. RCC299O. sativa

A. thaliana
63
95

67
53

54

84

66

C. muridarumP. ramorumPessonella sp.Pessonella sp. PRA-29E. nuttalliN. gruberiV. robustaC. neoformansP. pallidum
85
95

100
82

76

C. muridarumF. nolandiD. purpureumN. gruberiC. merolae5481
S. cerevisiaeD. melanogasterC. merolaeT. thermophilaP. falciparum62

P. falciparumT. thermophilaC. merolaeE. cuniculiMayorella sp. BSH02190019L. majorE. histolyticaT. vaginalisT. vaginalisT. vaginalisE. cuniculiT. pseudonana62

54

59

95
94

N. aestuarinaN. gruberiF. sinensisF. fluviatilis100 N. aestuarinaA. castellaniiC. reinhardtiiD. discoideum A. castellanii58

98

F. nolandiC. neoformans F. nolandiP. atlanticaG. lambliaVexillifera sp.
P. polycephalum

A. castellaniiPessonella sp. PRA-29Pessonella sp.100 Mayorella sp. BSH02190019Vexillifera sp.V. robustaF. sinensisH. vermiformisV. robustaS. ramosaP. polycephalumS. ramosaA. subglobobosumVannella sp. DIVA3 517612H. dachnayaF. fluviatilisMayorella sp. BSH02190019B. natansA. subglobobosumD. purpureum

86
88

99

50

51

98

1



RTEL1 
Halobacterium sp. NRC-1E. invadensE. disparE. histolyticaE. nuttalli9897

T. thermophila

T. vaginalis
T. quadrilineataE. cuniculiN. aestuarinaT. bruceiL. major9780 S. ramosaC. merolaeVannella sp. DIVA3 517612B. natansC. reinhardtiiMicromonas sp. RCC299

P. ramorum
Vannella sp. DIVA3 517612A. subglobobosumO. sativa

A. thaliana
H. sapiens
T. adhaerens
S. ramosaT. pseudonanaVexillifera sp.P. pallidumA. subglobobosumD. discoideumD. purpureum

96
9186

87

86
90

T. vaginalisT. thermophilaT. thermophila Micromonas sp. RCC299P. falciparumT. pseudonanaC. merolaeP. atlanticaL. majorT. brucei94 P. ramorum P. ramorumE. cuniculiH. sapiensMicromonas sp. RCC29980

70
56

D. melanogaster H. sapiens
H. sapiens
T. adhaerens

Pessonella sp.Pessonella sp. PRA-29100 N. gruberiB. natansV. antarcticaVannella sp. DIVA3 517612P. polycephalum80 S. ramosaA. castellanii A. thalianaO. sativaA. thaliana77

62

G. lamblia C. reinhardtiiH. sapiens93 G. lambliaS. cerevisiaeT. thermophilaVannella sp. DIVA3 517612N. aestuarinaT. vaginalis P. falciparumV. robustaMayorella sp. BSH02190019N. gruberiMicromonas sp. RCC299C. merolaeA. thalianaA. castellaniiB. natansP. ramorumC. reinhardtiiT. pseudonanaT. bruceiL. major9751
D. melanogaster

H. sapiens

T. adhaerens
58

H. butylicus H. sapiensE. invadensE. histolyticaE. nuttalliE. dispar79E. disparE. histolyticaE. nuttalli92

97

94
89

89

G. lambliaT. vaginalisT. vaginalisN. aestuarinaL. majorT. brucei100E. cuniculiC. neoformansS. cerevisiaeD. melanogasterH. sapiens
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XRCC4/LIF1 
Mayorella sp. BSH02190019

O. sativa

A. thaliana

100

T. adhaerens

H. sapiens

S. ramosa

P. pallidum

D. purpureum

D. discoideum

100

100

72

93

78

0.2

78



fig. S3: Maximum likelihood trees of meiosis-specific and meiosis-related genes. Bootstrap 
support values ³50% shown above branches. 


