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Supplementary Figure 1 | GenomeScope profiles' showing k-mer frequencies in

Pleodorina starrii. For details of the frequencies, see Supplementary Table 3. (a)
Unisexual male phenotype (NIES-1363). (b) Unisexual female phenotype (NIES-
4481). (c) Bisexual phenotype (NIES-4479).
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Supplementary Figure 2 | Dotplot between male contig_4 (horizontal) and female
contig_4 (vertical) around sex-determining regions [male SDR (light blue) and female
SDR (pink), respectively] and part of pseudo autosomal regions (yellow) of
Pleodorina starrii. Green and red dots indicate forward and reverse alignments,

respectively.
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Supplementary Figure 3 | Dotplot between male contig_4 (horizontal) and bisexual
contig_12 (vertical) around sex-determining regions [male SDRs (light blue)] and part
of pseudo autosomal regions (yellow) in Pleodorina starrii. Green and red dots

indicate forward and reverse alignments, respectively.
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Supplementary Figure 4 | Comparison of three paralogs of MID in male SDR of
Pleodorina starrii. (a) Exon-intron structures of the MID? (AB272616), ¥ -MID 1, y-
MID 2 identified in this study. Note that filled and open boxes represent coding and
non-coding exon sequences, respectively. Numbers above and below boxes indicate
corresponding nucleotide numbers. Gray boxes link homologous sequences. (b)
Alignment of deduced amino acid sequences of three MID paralogs in P. starrii using
CLC Sequence Viewer 8.0 (QIAGEN Aarhus A/S). Residues identical in all three

sequences are shaded in black, and residues identical in two sequences are shaded in

gray.
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Supplementary Figure 5 | Molecular evolutionary analyses of gametologs in
Pleodorina starrii. (a) Non-synonymous and synonymous ratios (dN and dS,
respectively) of gametologs between male and female sex-determining regions
(SDRs) of P. starrii. Note that the majority of the gametologs (underlined) localized
within the inverted regions (Fig. 2a; Supplementary Fig. 3). There are no gametologs
showing dN/dS > 1 between sexes. For codon-based analysis of positive selection of
LEUIS, see Supplementary Table 4. (b) Box-whisker plots comparing the
distributions of dS (blue/left) and dN (orange/right) for gametolog pairs found in
SDRs of volvocine algal haploid sex chromosomes. Dots are outliers from
interquartile ranges. For phylogeny of the typical gametolog LEUI, see
Supplementary Fig. 6.
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Supplementary Figure 6 | Phylogeny of homologs of LEUIS in the volvocine
lineage, inferred based on 132 deduced amino acid sequences by maximum likelihood
(ML) method using the model [WAG*+ G model] selected by MEGAX*. Blue and
pink represent gametologs from mating type minus/male and mating type plus/female
SDRs, respectively. Purple indicates autosomal genes harbored in all sex phenotypes
of the species. Black represents homothallic species. Gray shows species with
unknown sex phenotypes. All positions containing gaps and missing data were
eliminated from the alignment. Branch lengths are proportional to the evolutionary
distances indicated by the scale bar. Numbers at left and right above branches indicate
bootstrap values (BV) of the ML (= 50%) and posterior probabilities (PP) of
Bayesian inference (=0.90), respectively. Asterisks at the branches indicate 100%
BV and 1.00 PP by the two methods.
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Supplementary Figure 7 | Dotplots of autosomal regions harboring FUS/I and

adjacent genes between between male (horizontal) and female/bisexual (vertical)

phenotypes. Green and red dots indicate forward and reverse alignments, respectively.
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Supplementary Figure 8 | Exon-intron structures of FUS/ orthologs from
Chlamydomonas reinhardtii’(CrFUSI), Gonium pectorale®(GpFUSI), Astrephomene
gubernaculifera’(AgFUSI), Yamagishiella unicocca®(YuFUSI), Eudorina sp.®
(EuFUS), Volvox reticuliferus’ (VrFUSI), and Pleodorina starrii (PsFUSI) are shown
for comparison. For details PsFUS]I, see Fig. 2. Filled and open boxes represent
coding and non-coding exon sequences, respectively. Numbers below boxes for
PsFUSI indicate exon numbers. Gray boxes link homologous coding sequences. The
accession numbers of sequences used in this figure are summarized in Supplementary
Table 8.
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Supplementary Figure 9 | Alignment of the deduced FUS! amino acid sequences.
The FUSI sequences of Chlamydomonas reinhardtii (CrFUS1), Gonium pectorale
(GpFUSI), Yamagishiella unicocca (YuFUS]I), Eudorina sp. (EuFUSI), Volvox

BoR e e e

90
92
98
98
96
95

18
190
194
195
195
192

w

287

556
557
572
571
574
579

Signal peptid

e Immunoglobulin like FUS1 repeat

MPIFLILVLLAAVAKS V ADFK--IDFQ—TIIFI AVNIiLT LDSVGD T| PSSSSN
MWTELGI VLYLCIQVFA LVUNIDNTVVELP-EGPV! RIVN SII RDNDL|
-MFHVCLAIVLAFGTHLRTCTSQN®SPVEVGKIVTTLSSSKEAIRET

-MTYPMV-FFFVLPALLIVAIGM ET'DVASTVTSFS-K

MKTYTALSLVLASFLVWASADR! KLEAQSAILKFP-SSIAT
-MSLLGV-MVATAVMPFVTVIAQNGAKFGLTSNATIRP-L

NIKVIBQ

HISVM| >
LUtIvRTNLGASHOPIE- -

EKs1ATQ -AYPDADISVQ) I IRHQVVFIDD Evp
PBLINATS KSA TGUSFAT I SLEVLYQYP!
REILSKI QCT oWV TEVISWSNIfVETRML Q DFT QVFLTDH
1B 10cEMVRYSSPOVDVK LHEIMD| EVRI SEQLFYVYPN|
LBF TDQLRVESSSPMUNMTTS BN I RLIFSVLI
LDIIKRLRAQTSSPVVTIELSHF SVN TEHLFYAKPI

RSSKQILPNSV
RNTMLIARTYA

TIE
NVA

LEKNITEEA-SYP!
LVRNITVIPLRTI
KVHNVT;

QEKTIFlSA RQI
QDGTTQVSIRﬂ
KEATLFELPQK

1¥oPTvVEVIAVIANLTTELL

S'NITVS INMTVSL-ATTEGF
NFELYISEGMLLTV-HTKEGL

TYSAKHTGYKLST - LVAGEV]|

V'SLVLL ME0 - - YNPSARLPDEYFTGGVTF UV
NUTIFRT MEE LLSA- - -PLSADFETGITTVH KE:TT
RVTIWPA' --STSEETENPGTEAVN R

STH

es¥opFGQ
MFVARVA
w 1¥DTRVQ)

SAT
S| R

BvapLpovyFAGDT, !"IT‘JIR

KVMDPRYPSCE
oMibsTFELGS

ITE

VK

LT

FS

Vi
LT
FTEEVKFVHP

oaepHIST, LHY
ELSAAL

ELFGTI

NQ

PNSF
GDAG

LEPIELTSPRK L H LSES -

VQIFSALS AMTFSAA LGRG -

EMI

L

R
IQ

T- ESTVD W Ps
VIPVNT- SA VDY IGR| RAGPES
L PVHT AA MDYVES|

PDNKTL L.R LVTVDSGALQPNVVAIPTNTT]

QY¥TTWLE, SSLVTMSLS - -SGHVQLEPIVNATISPG

= m

g5 LSA- - - - FGPTRVT
IGEQLSDATPVFAGNT SF
LPRTNQLLTVAA! ES N SL

A G-»HLSDV )
SAGAPWAVGSMTHP! RTMTF

RGAVY]oPGTFNPNARTLQVEDY IV
FIQYRSAQAQYQRYKMYFBSTAV
LRERPEATDLSSYSTFVIPVVA!

TYSIIRT]| [EVRV-LLVGQV| iFVR FHPPAIILVGAPDWVN
MYSINYT WLTI-HITGQVFEKAVFQULPGDLGLSAUKALWPELAR

GLLEYLPSALQPSARMTSVSSFIK

PFR| (LIFSTSVIUSVLVKSNNGYLHY -V

DKVFLVEV-LHSEPITTSFAIT

sLolovasTiAvGYMIGT L
SLL| Al Ill DLL
ALT NGACFCERLY
wrl \

'SSPQQTLTVIFRGVAI

LENTFLBEQUFFSEN-L

SI--FRV TlST SQAVLLQK

LHTYNWTSVVPMQEEDLR

A
Q
N
TLWSEPGPHQRSLNVVFRNSV
L

\Y
Eu I-ENTIQVQLKIINTIFFNC-TNKPTAAHA
E

VGV¥YNWTMLMPSNMPDTV
LGLYKWR FKC-

s ESQLTIMYQHSR
VVHSG IE ~QSVVSIAYRDTK
TVWSGFMP-NRSES TAHHGED

Transmembran
VRSIGPLIAITAVCVCILFAS

ICTYR WHKKVTS

e domain
-------- IALVWSFRMLRHKP 823

----- IVASACGALLLGCSLLICVVTQQVSRHTP------ 824

=IVVTVFSASALGC

-IAALTIGTSCFMCSIVCLATACLLNRKSLFIAHGN 849
-VTTAIFAITAFSSALILISIGCFLGWKSQIGIIK- 839

SALCLTLALFFTRNGTS----- 840

E!g

ILQVFVNTSKGPVQPDIRMYLDTTRL,
IQVLGPSQEVQNAAKEFIA--DI

ASSFKLA|
SFYATVE]|
ELVVQLT]
LNNISMS|
PISFNVP|
SIQVNVT

SAYALNITELKM-TDRLLEVYAYV!

o

RVINSIHEFVSEQ)

IQSIYE - NEAN-

GRD) L--QLS
ENL; R|
K EPGP R X

-Wi TDA! (TADESL

-DSFEQLEP! HETF
- ASFISQAEPSIRGIGDEIY

-TSTSTYTVDSVDPPFIL

-FAPBFRMVHILQPASGIV
-FSPAAJIVHVLSSPF
RPGN - FCPACEVINMLDQTS

TLSPGL leo SEEVLRLAfD
AEPL IQS -AK ISFS S RPGV[§E

G- AN R{ED

Ps

AQWHIRFREATS| TYH
IVQ
ARNYVQEF LTGS YWUAVMFK

cs| SITF”S"DEBVTVK

RALL i

TV
EER!

EAKITASGLPQEVEMgIPY
ISNEDVKVSNTQI LY
TRQ N-PHSI EL

VQDIRIV AR} NI
VED! L AL
VQD HD AE ™V

E - - -EHmeSTTURNAQA
GSVMAVLF SADVDWVBGP!
GTTSFPIVQG‘S N

Rl

ASsSVVIHNGTEETIYRGYA

ullVG----FAP EQ) LR FIKDLWuJ IQAD \

PT,
EA

INMT:
DNT'

v&QaaassBeasPvvrkic

FGQIPAP SYIITGGV
LAYTTES LL\E LHSYDI
[ECPVSEDLANMI IRSYD!

F C| LN! I8 MFKSYS

HDE IPUTERLSIYL LKSYD

LNSLN-AAAMTAFAVAI-D|

PSQDGILSIDITLL.
SSTCIITAVILL!
G lF INKMVCDVCVLEVTAV ININLLRLIGTISPTCPIITASMLV

SSITRVTFTPQDIASIHVISVDMTL

STASAIV] -II;T AKAAEAILEGVD-TVRLAVSM

D .1VVKDLEDGIGIAL-E

LDSEFLRELD,

1

MNIVQIPVPLEDINLTL-E
FGKIVLNPSLLIDUALSF-E
FGNAMDSPSVMSNLTLVVRP)

VL-YI

LYSPHVESEQDASL LQUKVYLPSRTTMLLAMQUMGGTGLGLTSSVMHEYLAGA KIE FQAPTPVLVYNG Kl: H
TEGTKNLPHLQYGYNMPTT SPNQTULPHPTEGLANVKSGLVTHNVPEYLAGS QUL EL FHASTSVVEIFNRSED E
sNETALLBEIGOMBTTLLYVTPREL Ml AP LANNDL s16LTESTFFHSFIPVEPVRKGDYSVISLTLFEREL Bvls 1QEHNS sw
st TFDIKDTFEEPLLLVARF TLGSANV- -VVSELKNG-A- - - - - QLLPSFR--------- AVNQEVVYSVNIFR RISLGADA-
STAERSIVDIEAS, TDA- -MEYIAIMAMDTG - NAMKMSVY| SYsAVL IMAQEDGIAI
RT SQAI TLSEMELVSMEMF, SDN- -WDTLTISVIDT -DRNMSLSVY| YSVLTLSEGMVRTFLSGILW
L1 SLI- -WDMLRVVAVHER - SNVTPNIH TFYSAFTL TTSYIDGCLF
1s INITPLSPLNTLERVMAFHSNTSNTAISMS| VENATFSLAGEKUMSYENNTFL

LMNMS - - -M- - LPSBAFEV

AUNT- - - -DIEEDTGKLGF

T TM---I:V-QNN TIH
SV-IRYS--INGTL

SUTLCGTRSFRDNQSST!
VM- SEGMRYF - - PMGMV

GE-SLSFPLNISGKFIEEL
--QTHTTEVAMNGDCNATI
NQTSVSKATVEHEASRGNT
HGTTWNEGIQLTAAVHADM
SKATIRREINVHDAVNVNF
GKGKLAKDIQUIEDSHTSL

PILFHGNVILS-STGIT
'VRP| FSRSNSMS
DVNI KPEEISFR
DVSWEGNITVC-GSSYQI

TNFS TISVK -DTGFQI
IEAS ISFR-SSKYQ

-TL'

H
IGI! Q|SMMQTSPGNETKEVIHSEELLPPQPSQPPPPPRPPQPDKTEIGANNVDEAQSEETKNEDNNVITENEHKVSL

293

749

768

811
802
807
874

reticuliferus (VrFUSI), and Pleodorina starrii (PsFUSI, identified in this study) were

aligned using the MUSCLE program!® built in the GENETYX-MAC software ver.

20.1.1 (Genetyx Co.) with manual adjustments. Residues identical in all six sequences

are shaded in black, and residues identical in four or five sequences are shaded in

gray. The immunoglobulin-like FUS/ repeats are shaded in blue. The putative signal

peptide and transmembrane domain in each sequence were predicted by Phobius 3!

and shaded in reddish brown and green, respectively. The accession numbers of

sequences used in this figure are summarized in Supplementary Table 8.
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Supplementary Figure 11 | Exon-intron structures of the MTD1 orthologs from
Chlamydomonas reinhardtii' (CrMTDI), Gonium pectorale'> (GpMTD1),
Yamagishiella unicocca®(YuMTDI), Eudorina sp.8 (EuFUSI), Volvox reticuliferus’
(VrMTDI), Volvox africanus® (VaMTD]1), and Pleodorina starrii (PsMTD1) are
shown for comparison. For details of PsMTD1, see Fig. 2. Filled and open boxes

represent coding and non-coding exon sequences, respectively. Numbers below boxes

for PsMTD1 indicate exon numbers. Gray boxes link homologous coding sequences.

The accession numbers of sequences used in this figure are summarized in

Supplementary Table 8.
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Supplementary Figure 12 | Alignment of the deduced M7TD1 amino acid sequences

from seven volvocine species. The MTD1 sequences of Chlamydomonas reinhardtii
(CrMTD1), Gonium pectorale (GpMTD1), Yamagishiella unicocca (YuMTD]1),
Eudorina sp. (EuMTDI), Volvox reticuliferus (VrMTDI), Volvox africanus
(VaMTD1) and Pleodorina starrii (PsMTD1, identified in this study) were aligned
using the MUSCLE program built in the GENETYX-MAC software ver. 20.1.1

(Genetyx Co.) with manual adjustments. Residues identical in all seven sequences are

shaded in black, and residues identical in four, five, or six sequences are shaded in
gray. Armadillo/beta-catenin-like repeat (ARM) domains were predicted by the
genomic mode of the SMART database!*!> and shaded in light green. Potential N-
glycosylation sites were predicted by GlycoEP!¢ and marked with red boxes. Red

arrowheads above the boxes indicate the N-glycosylation sites conserved in all seven

proteins. The accession numbers of sequences used in this figure are summarized in

Supplementary Table S8.
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Supplementary Figure 13 | Autosomal regions harboring GCS/ and adjacent genes
of Pleodorina starrii. (a) Comparison between male (contig_75), female (contig_65),
and bisexual (contig 1, contig_7) sex phenotypes. Gray shading indicates a syntenic
bloc. (b) Dotplots between male (horizontal) and female/bisexual (vertical)
phenotypes. Green and red dots indicate forward and reverse alignments, respectively.
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Supplementary Figure 14 | Exon-intron structures of the GCS! orthologs from
Chlamydomonas reinhardtii'’ (CrGCS1), Gonium pectorale'® (GpGCSI),
Astrephomene gubernaculifera’ (AgGCS1), Yamagishiella unicocca® (YuGCS1),
Eudorina sp.® (EuGCSI), Volvox carteri'® (VeGCS1), Volvox reticuliferus® (VrGCS1),
Volvox africanus® (VaGCS1), and Pleodorina starrii (PsGCS1=GCS1 1) are shown
for comparison. For details of PsGCS1, see Fig. 3. Filled boxes represent coding exon
sequences. Numbers below boxes for PsGCS/ indicate exon numbers. Gray boxes
link homologous coding sequences. The accession numbers of sequences used in this

figure are summarized in Supplementary Table 8.
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Supplementary Figure 15 | Alignme:nt of the deduced GCS1 aminoxe;lcid sequences from seven
volvocine species. For the seven species, see Supplementary Table 8. The GCSI sequences of
Chlamydomonas reinhardtii (CrGCS1), Gonium pectorale (GpGCS1), Astorephomene
gubernaculifera (AgGCS1), Yamagishiella unicocca (YuGCS1), Eudorina sp. (EuGCS1), Volvox
carteri (Vel), Volvox reticuliferus (VrGCS1), Volvox africanus (VaGCS1, accession number
GIL53993) and Pleodorina starrii (PsGCSI=GCS1_1, Fig. 3) were aligned using the MUSCLE
program built in the GENETYX-MAC software ver. 20.1.1 (Genetyx Co.) with manual
adjustments. Residues identical in all 9 sequences are shaded in black, and residues identical in 5,
6, 7, or 8 sequences are shaded in gray. The HAP2-GCS1 domains were predicted by the InterPro
90.0%° and shaded in yellow. Potential N-glycosylation sites were predicted by GlycoEP'® and
marked with red boxes. Red arrowheads above the boxes indicate the N-glycosylation sites
conserved in all seven proteins. The putative transmembrane domain in each sequence were
predicted by Phobius 3!! and shaded in green. Red arrowheads indicate the start and end positions

of the sequences used to create the GCSI molecular phylogenetic tree (Fig. 3c).
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Supplementary Figure 16 | Diagram of phylogenetic position of Pleodorina starrii

within part of the anisogamous/oogamous volvocine algae. The phylogeny is based on
Lindsey et al.?!. Navy and green circles represent heterothallic and homothallic
species/strains, respectively. Red circle represents trioecious species. “N” represents
strains of Microbial Culture Collection at the National Institute for Environmental
Studies (NIES Collection, Japan). “S” represents strains of Culture Collection of
Algae at Gottingen University (SAG, Germany). “F” represents strains of The
Freshwater Algae \culture Collection at the Institute of Hydrobiology, Chinese
Academy of Sciences (FACHB, China).
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Supplementary Tables

Supplementary Table 1. Five types of mating systems in diploid species.

Monoecy
a0 : (hermap-
Dijplierdl mes i Dioecy hrodite, | Androdioecy | Gynodioecy Trioecy
System
cosexual-
ity)
. unisexual
unisexual .
unsexual unisexual male,
male and . .
Sex phenotvoe | unisexual bisexual male and | female and | unisexual
P P individual |  bisexual bisexual | female, and
female S S .
C individuals | individuals | bisexual
individuals e
individuals
most
Example Silene flowering | Caenorhab- Silene Carica
(flowering latifolia, plants, ditis elegans, | vulgaris, papaya,
plant and/or most man Goniastrea Lobelia Auanema
metazoan) vertebrates | invertebr- | australensis | siphilitica rhodensis
ates
Kojis & Joll & Wang et
Referen Renner??, Quinn*, Chenier?, al.,
clerences Bachtrog et al.** Ward & Molano- Kanzaki et
Carrel® Flores®’ al®

Supplementary Table 2. Three types of mating systems in haploid species.

Haplmd Heterothallism Homothallism Trioecy
mating system
Sex phenotype . unisexual male,
unisexual male and . . :
and genotype . bisexual by a single | unisexual female,
unisexual female by .
of clonal different senotvoes genotype and bisexual by
culture ECnOyp different genotypes
: 31
References Bold et al.*° Takahashlgt al=,
Roy
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Supplementary Table 3. Comparison of details of whole nuclear genomes and sex-

determining regions (SDRs) between three sexual phenotypes of Pleodorina starrii.

Strain designation NIES-1363 NIES-4481 NIES-4479
Sex Male Female Bisexual
Whole SDR Whole SDR Whole SDR
genome genome genome
Total length [bp] 134,838,970 | 184,776 | 134,979,981 | 136,796 | 136,124,605 | 184,778
Number of contigs 242 | — 288 | — 95| —
Min [bp] 17,603 | — 14,430 | — 44,988 | —
Max [bp] 3,832,317 | — 4,523,807 | — 10’277’53 —
Average [bp] 557,186 | — 468,680 | — 1,432,891 | —
Contig N50 [bp] 1,064,554 | — 833,246 | — 3,124,857 | —
GC [%] 62.89 | 60.53 62.82 | 62.42 62.89 | 60.54
Number of genes*
(sex-specific genes, 18,399 24 17,356 22 18,572 24
(8,16) (6,16) (8,16)
gametologs)
Gene density 136.5 | 129.9 128.6| 160.8|  136.4| 129.9
[genes/Mbp]
Repeats [%0]** 29.34 | 33.24 29.77 | 28.62 27.77| 33.77
C:97.5%
C:98.2% C:97.3% [S:
[S: 97.5%, [S: 96.4%, 96.8%,
BUSCO scores*** | D: 0.7%], | — D: 0.9%], | — D: —
F: 0.8%, F: 0.7%, 0.7%], F:
M:1.0% M:2.0% 0.7%,
M:1.8%

*Excluding pseudogene.

**Repetitive sequences identified using RepeatMasker v4.1.2-p1 and RepeatModeler

v2.0.33 with -xsmall option.
*E*¥BUSCO v5.3.2°* scores calculated based on chlorophyta obd10 (1,519 BUSCO).
C: complete; S: complete and single-copy; D: complete and duplicated; F:

fragmented; M: missing.
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Supplementary Table 4. Codon-based analysis of positive selection in LEULS genes

(Supplementary Fig. 6).

Model

Positively selected sites*

M2a (positive selection

)35,36

not detected

M3 (beta & m)*’

not detected

*Based on the codon-based analysis of 132 codons of 14 LEUIS homologs of the
volvocine algae (Supplementary Fig. 6) by codeml of the PAML4 package® (version

4.9j).
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Supplementary Table 5. Comparison of whole genome and SDRs properties of the

volvocine algae.

whole genome

. Size/ Gene
. Mating total | GC Dl density | DDBJ
Species type leneth | [% of f .
Jsex ength | [%] e [genes/ | accessions no.
[Mbp] Mbp]
BRXT01000001
Male 134.8| 62.9| 18,154 134.6 _BRXT01000242
Pleodorina BRXV01000001
starrii Female 135.0| 62.8| 17,110 126.8 _BRXV01000288
: BRXU01000001
Bisexual | 136.1 | 62.9| 18,293 134.4 _BRXU01000095
BNCQ01000001
Male 134.0 541 14,050 104.8
Volvox -BNCQ1000230
reticuliferus BNCP01000001
Female 133.0 541 13,860 104.2 _BNCP01000200
: : BNCO01000001
V. africanus | Bisexual | 129.3 531 13,716 108.1 _BNCO01000448
Male N.d.* |N.d. |N.d N.d. N.d.
V. carteri
Female 131.1 ] 56.1| 14,958 114.1 | GCA_000143455.1
Eudorina Male 168.6 | 61.3 | N.d. N.d. GCA _003117095.1
Sp. Female 184.0 | 61.0 | N.d. N.d. GCA _003117195.1
Yamagishiella | Minus 140.8 | 60.8 | N.d. N.d. GCA _003117035.1
unicocca Plus 134.2 | 61.1 | N.d. N.d. GCA _003116995.1
Gonium Minus N.d. |Nd. |N.d N.d. N.d.
pectorale Plus 148.8 | 64.5| 17990 120.9 | GCA_001584585.1
Chlamydomo- Minus N.d. N.d. N.d. N.d. N.d.
nas reinhardtii | plyg 111.1] 64.1| 17741 | 159.7 | GCA_000002595.2
SDR or SDLR/short SDLR
Matin Number | Gene
Speci : & Size GC |of density | DDBJ accessions
pecies /ng [Mbp] | [%] | genes [genes/ | no.
(**) Mbp]
' Male 0.185 | 60.5 | 24(16) 129.9 | BRXT01000123
ft fr"rflf’””a Female | 0.137| 62.4| 22(16)| 160.8 | BRXV01000146
Bisexual | 0.185| 60.5| 24(16) 129.9 | BRXU01000012
Volvox Male 0.98 51 28(25) 27.7 | LC586644
reticuliferus | Female 1.01| 51| 28@25) 28.6 | LC586643
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Table S5. Continued.

V. africanus | Bisexual /(1)(2)3 /2(1) 30/4 | 29.4/20 /1}4(35886666212
| Male 1.13 | 53| 60(50) 54 | GU784916.1

V. carteri
Female 151 52| 55(50) 39 | GU784915.1
Eudorina | Male 0.007 | 51.4 3(2) 428 | LC314415.1
sp. Female 0.09| 53.9 3(2) 33.3 | LC314414.1
Yamagishiella | Minus 0.165| 60.3| 18(17) 109 | LC314413.1
unicocca Plus 0.268 | 60.1| 18(17) 67.2 | LC314412.1
Gonium Minus 0499 | 61| 24(21) 46 | LC062719
pectorale | Plys 0.366 | 59.7| 24(21) 58 | LC062718
Chiamydomo- | Minus 0204 61| 25(22) 118 | GU814015.1
nas reinhardtii | plyg 031 60| 35(22) 109 | GU814014.1

References: P. starrii (the present study); C. reinhardtii and V. carteri®’; G.

pectorale®; Y. unicocca and Eudorina sp.8; V. reticuliferus and V. africanus’

*Not determined.

**The number of gametologs in parentheses.
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Supplementary Table 6. Characteristics of the genomic illumina and PacBio raw

reads of Pleodorina starrii.

. . Sex Total#of | 1O@#Of | 5o | Ge
Species Strain clan PE = Sequence method
phenotype | raw reads [bp] [%]
reads
. Illumina
NIES- | unisexual | 53,057,984 | 50,690,357 150 58 NovaSeq 6000
1363 male ;
1,101,294 - 19,003 58 PacBio sequel 11
Pleodorina | NIES- | unisexual | 53,641,190 | 51,454,638 150 56 Hlumina
o 4481 formal NovaSeq 6000
starri emAC 179,606,655 - 11,687 | 58 | PacBio sequel IT
Illumina
I:&F}z Bisexual 56,808,725 | 54,493,946 150 60 NovaSeq 6000
1,663,200 - 20,018 | 60 | PacBio sequel II

Supplementary Table 7. Characteristics of the RNA-seq raw reads of Pleodorina

starrii.
Total # of
Species Strain S Condition Totliiof :1231 P]g Dl o s
P phenotype raw reads [bp] | [%l] method
reads
NIES. | unisexual | 8sexual | 14781533 | 14,649207 | 150 | 61
4480 male sexually | 13 545 405 | 13417465 | 150 | 61
induced
Pleodorina | NIES. | unisexual |_2sexual | 13.997.246 | 13.841.311 | 150 | 63 | Hlumina
. : NovaSe
starrii | 4481 | female | SXAIY 1 yssesgsa | 15366326 | 134 | 61 | epon
induced
R asexual | 21,346,926 | 21,062,944 | 150 | 63
. Bi 1
4482 isexuat ) sexually 0055 671 | 16,617,519 | 150 | 62
induced
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Supplementary Table 8. List of accession numbers used in phylogenetic analysis in

the present study.

Species

MID

FUS1

MTDI1

GCS1

LEUIS

Chlamy-
domonas
reinhard-
tii

U92701

U49864

AF417574

XM_001695841

GU814014
GU814015

Gonium
pectorale

AB353340

BAU61607

BAU61585

AB915401

BAU61575
BAU61603

Astorep-
homene
guberna-
culifera

GFR43143

BMARO01000020

GFR43182

Yamagi-
shiella
unicocca

LC274882

BBC28430

LC314416

BDSK01000011

BDSK01000005

FEudorina
sp.

LC274881

BB(C28482

BBC28487

BDSJ01000037

BDSJ01000021

Pleodor-
ina
starrii

AB272616

LC740508*

LC740509*
LC740510*
LC740511*

LC740512%,
LC740513%,
LC740514%,
LC740515%,
LC740516%,
LC740517%,
LC740518*

LC740519%,
LC740520%,
LC740521*

Volvox
carteri

ADI46915

XM_002952837
XM_002952838

ADI46877
ADI46907

Volvox
reticulif-
erus

LC274879

BCL66190

BCL66242

GIM10032

BCL66201

Volvox
africanus

LC274875

BNCO01000040

GIL53993

BCL66133

Chlamy-
domonas
globose

AF002710

Gonium
maiapri-
llis

AB623044

Gonium
multico-
ccum

AB774225
AB774226

Gonium
octonary-
um

AB774227

Gonium
quadratum

AB774228

Gonium
viridistel-
latum

AB774224

Volvox
ferrisii

LC274877

Volvox
pergloba-
tor

MG429691

*Determined in this study.
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Supplementary Table 9. Primers used for amplification and sequencing of the FUSI

gene.

Forward
Primer name* | Sequence (5' to 3'") E)I:') llj:sclifg:s(ii

Reverse

R)
PsFUS1_SUTRF1 | GTAGAAAGACGGACAAGGACGGTG F 14-37
PsFUS1_5UTRF2 | TCGCGGATCTGACGACAGTGAGAG F 38-61
PsFUS1_cFfirst | GCGGCCTTTCACGTTTGAAGTG F 216-237
PsFUSI_cRfirst | CCAATGGGCCGTATGGATGGTTC R 334-356
PsFUSI_cFl1 ACGTCAATGGCAGCCCTTTC F 503-522
PsFUSI_rGSP ACTCTGCGCCGGCAGTACCAGATG R 587-610
PsFUSI_cF2 ACAGACAATTTCACCAACTGG F 637-657
PsFUSI_cRO GCTTAGTTCGATAGTCACTACAGGAGAG | R 702-729
PsFUSI_cF25 AGCTGGTTTGCCAACTGGTGGATTG F 727-751
PsFUSI_cF3 GAAATCCTGCCAGGCCCACTAAG F 877-899
PsFUSI_cR1 CAAAATCCTGGACGCTTAGTG R 893-913
PsFUS1_cF4 CCTTGCTATCTAGCAGGTTCATAC F 1156-1179
PsFUSI_cR2 GAACAGCACTACAGATGTTGATGC R 1201-1224
PsFUSI_cR3 TCCTGCACCATAGCCTATCACTCC R 1585-1608
PsFUS1_cF6 GGGTAAGGCTACAAGATCGTTATGG F 1676-1700
PsFUSI_cR4 GTAGTCCTTGATGCAAGACCTCG R 1875-1897
PsFUSI_cF7 CACATTTTATGATGCTCATGACAAT F 1989-2013
PsFUS1_cR5 ATAGCAACGCCCAGCATACAATCC R 2140-2163
PsFUSI_cF8 TCAGTCGATATGACGTTGTGGGATATG | F 2272-2298
PsFUSI_cR6 GTTTGCTTCCCAGGAAGCCTCC R 2361-2382
PsFUS1 cFlast TGTGGATGAGGCCCAATCAGAAG F 2628-2650
PsFUSI1 cRlast TAGGGTCGCTGAACATACAATCG R 2726-2748
PsFUS1_3UTRR]I | TGATCACGTGAAATGACCTGCTGC R 2915-2938
PsFUS1_3UTRR2 | GGCACACCCTTCACAAGACTTCTC R 2985-3008

*All primers were designed in this study.
**The positions of Pleodorina starrii FUSI cDNA sequence (LC740508).
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Supplementary Table 10. Specific primers of reverse transcription quantitative

polymerase chain reaction (RT-qPCR) designed and used in the present study. All RT-

qPCR reactions were performed with the following condition: 95°C for 30 sec (Hold),
40 cycles of 95°C for 5 sec, 60°C for 30 sec (two-step PCR), and 95°C for 15 sec,
60°C for 30 sec, 95°C for 15 sec (Dissociation).

Forward
. F Amplicon

Prlme*r Sequence (5' to 3') f)r) lengI;h Gene
name

Reverse | [bp]

(R)
EFIL gF2 CAAGAACATGATTTCCGGCG F 11 EF-1 like
EF1L gR2 ATCTCACCGGCCTTGTGGTC R
MID qF2 TAGCTGCGAGTTACGAAATGGC | F 13 MID
MID gR2 CCCGGAAATCTGGCTTCTG R
FUS1 gF3 ACAAATCTCGGAGCATCCCAC F 127 FUSI
FUS1 qR3 TGGTGCTCCCCAAGAAGAAAG R
MTDI1 gF3 | CTGGACTACAGCAACCTGGTG F 135 MTDI
MTD1 gR4 | GTTTGGCAAGCCTGTGATG R
GCS1 _gF2 CCTCCTGGGACCTGTCTTCA F 129 GCS]
GCS1 _gR2 GCTCAGCTCAACAGCGTCAC R

*All primers were designed in this study.
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