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g
atgactattattcctcgagagcgtgaagcaaaaaaagtaaaaattgttattgattgtaat
M T I I P R E R E A KKV K I VI/VDC N
ccagttgtaacagattttgataagtgggcacagccaggtcatttttccegtactcectggea
P vV V T D F D K W A @Q P G H F 8§ R T L A
aaaggtcctacgactactacttggatttggaatttgecatgecagatgegeatgattttgac
K 6 p T TTTW I WNLHAUDAUH D F D
attcatacttctgatctacaagagatttctegtaaagtttttagtgttcattttggtecag
I H T s D L Q E I S R v F 5 V H F G Q

ttgggtattattttgatctggectcagtggtatatattttcatggagcacgattttctaat
L 6 I I L I WUL S G I Y FHGA ATZRTF SN
tacgaatcttggttgatagatccagttcatattaagcccagagetcaagtagtttggece
Y E S WL I D PV HI KUPIRAQ 'V V W P
attgtaggtcaagaaattctgaatggtgacgtaggtggggaattccaaggagttcagatt
I v 6 9 E I L N G DV G G E F Q@ G V Q I
gtctectggtttgttccaactatggegtggatctggtattgtaagtgaactacaattgtat
v 8§ 6 L. F 9 L W R G 5 66 I VvV S E L Q L Y
agtacagctattggtggtttgatactttctagagcaatattttttgcaggttggtttcat
s TAI G GUL I L S RATIVFU FAGTWTF H
tatcacaaagcttccccacgtctagagtggtttcaaaatgttgagtctatattgaatcat
Y H KA S P R L EWUPF Q NV E S I L N H
catctttcggggcttttgggtttggggagtctttcctgggcagggcaccaaattcatatt
H L § G L L G L G §8 L § W A G H Q@ I H I
gecgatteccagtaaategacttttggatgaaggagttgatccaaaagagattectettect
A I P V N R L L D E G V D P K E I P L P
a ag
catgagtggattactagtcgtgaattgatatcccagctgtttcca ttttagaaaggga
H'E W I TS RETULTI S Q LFYP-/SF R K G
c
tttgtaccattttttacacttcaatggegtgagtatagtgactttctaacgtttcecgagga
F/LY P F F T L Q W R E Y 5§D F L T F R G
ggattgaatcctgttactggggggttgtatttgacagatgaagctcatcatcatcttgea
G L N PV T G G L ¥ L T D E A H H H L A
attgcggtattgtttattategetggtcatatatatecgaacgaattttggtattggacat
I AV L F I I A G HTIYRTWNUZ FG I G H
aatatacgtgaaattttggaggcacatcgtggaccatttacgggtgctggtcataaaggt
N I E I L. E A HR G P F T G A G H K G
ttgtatgaaattttgactacttcttggecatgecacaactttegttgaatttggetatattyg
L ¥ E I L T T S W H A Q L 5 L N L A I L
ggttctctttctattattgtggctcatcatatatattctatacecgecttateccatatttg
G 8§ L 8 I I v A H H I ¥ 5 1 P P Y P Y L
gctacagattatagaacccaactttctctattcactcaccatatgtggattggtggtttt
A T DY R T QUL S L F T HUHMWTIG G F
tgtgtagttggggctggtgcgecatgecagecatttttatagttcgagattatgatccgaga
c'V Vv G AGAHAATIF I V R'D Y D P R
aacaattataataatcttttggatcgatttgtccgacatcgtgatgecggtaatctcteat
N N Y N N L L DR F V R HR DAV I S H
u
ttgaactgggtttgtatttttcttggtetecatagttttggectatatattcataatgat
L N WV ¢ I F L GL/FH § F G L Y I H N D
acgataagtgcattgggtcgtcctcaagatatgtttagtgatacggcaattcagctacag
T I S A L GRPQDMT FSUDTA ATIUGQTLQ
cctatttttgcacagtggattcagaaaactcatatgttggcacctcaagtaacttcteca
P I F A Q WTI Q K THMTILUAUZPQV T S P
gcagaggctatagctactagtgttacgtggggecggaaatttggtttcggttggagagaag
A E A I A T S V T W G G N L V 8 V G E K
gtggcaatgataccaatttcgttgggtactgetgactttatagttcatcatateccatgea
v A M I P I 8§ L G T A D F I V H H I H A
c
tttacgattcatgtcacagttttgattcttttgaaaggtgtattttattctcgtagttcg
F T I H VvV TV L I L L K G VFLY S R § 8
cgactaattccagacaaagtcaaccttggatttegatttececgtgtgatggteccgggtegt
R L I P DKV NULGT FURU FUPTCTDG P G R
ggtgggacttgtcaagtttcggcttgggatcatgtttttcttggtecttttctggatgtat
G ¢ T C Q v 8§ A WD HV F L G L F W M Y
aactctectttctattgtcatttttecattttagttggaaaatacagtecggatgtttggggt
N § L 5 I VvV I F H F s W K I @ S D V W G
tcggtgactagttcgagtgtctctcatattaccggaggtaatttttctcaaagtgegaat
s vT s s S8 VvV s H I T G GNUF S Q S A N
actattaatggttggctacgtgatttcttgtgggctcagtecgtcectcaggttattcaatct
T I N G W L R D F L WA OQS S Q V I Q 8
tacggatcgtctctttcggecgtatggattgatttttetgggtgetecattttgtttgggea
Y 6 § 8 L s A Y G L I F L G A H F V W A
tttagtttgatgtttttgtttagtggtegtggttattggcaagaattgatecgagtctatt
F §s L. M F L F s G R G Y W OQ E L I E S5 I
g
atttgggcacacaataaacttaaggtaataccaataattcagectecgagegttgagtatt
I/VW A H N K L K Vv I P I I @ P R A L S5 I
acacaaggtcgtgcagttggagttgcacattatttgctgggtggtattagaacaacttgg
T Q G R AV GV AHYULULGSGTIU RTTW

tcgttcttectagegegtattatttcectgttggttaa
s F F L AR I I 5 V G -

Supplementary Figure 1. RNA editing
found in the psaA transcript in strain
TGD. The nucleotides after RNA editing are
indicated above the genome sequence. The
letters in red and blue are the results of base-
conversion and base-insertion editing,
respectively. The amino acid changes led by
RNA editing are shaded in red or blue.
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atgatctctatcctagtaaaacttcctgaagcatatagaccatttaacccaattgtagat
M I s I L vV K L P E A Y R P F N P I V D

gtaatacctgttattcccgtattttttctactactagcattcgtatggcaagcgtcggta
v Il P Vv I P V F F L L L A F V Q A S V

agtttccgattagaaaaagttaaaataacgctaagtaaatttttttctttatattattat
s ¥ R L E K v K I T L 8§ K F F S L Y Y Y

tattatggaggttattttccaacttgcagctattttcgctgttgtaactgtaggaccagc
Yy ¥y 6 6 Y ¥F Pp T C S ¥ F R C C N C R T
M E V I F Q L A A I F A vV VvV T V G P A

agtaatcattcttttggcagcacaaaaagggaatcttttattttttttcttatgaatatt
s N H S F G S T K R E s ¢ I F F L M N I
v I I L L A A Q K GG N UL L F F F L *

tcggataaccaagtctttatagctctatacgttgecactccttacaggtataatagectcetce
s D N Q VF I A L Y V A L L T G I I A L

cgtctaggcattaatttgtatgaaggtttaacattaatttttacatgctctta
L 6 I N L ¥ E G L T L I F T C 5 *

Supplementary Figure 2. Organization of psbK, psaM and ycf12 in the TGD plastid genome.
PsbK-PsaM fusion protein is encoded in +1 reading frame. The amino acid residues in red and purple
correspond to the conserved domain for PsbK superfamily (PRK02553) and that for PsaM
superfamily (CHL00190), respectively. The putative amino acid sequence of Ycf12 is most likely
encoded in the same genome region but on a different frame (+2). The amino acid residues in blue
correspond to the conserved domain for PSI1_Ycf12 superfamily (CHL00184).



A

atgattcgtcgagacatcatacttgggccaagacaaactagtaactatttttttttcaga
M I R R D I I L G P R Q@ T S N Y F F F R
aatctattttttggaggaacaatctttttcctcattgggtttccaaattttaggaaaaat
N L ¥ F 6 6 T I F F L I GG F P N F R K N
ctattgcctaaagctatagaaattaaatttctaccccaaggtatcgttatatgecttttat
L L.Pp K A M E I K F L P Q©Q G I Vv I C F Y
ggtaggttggcaataagattcagtttgtatggggttattagaagatttttgttgattggg
G R L. A MRVF S L Y G V I R R F L L I
agaggagttaatgagtataataaaaaaaaagcaaaattcatattcttcgttggggatttc
R G V N E ¥ N K K K A

K K s K I H I L R W G F
ctaacaaaattcgacgaatagaattttcttatttgctttctgaacttgaatcgatcgggt
P N K I R R M E F S Y L L S E L
tggtaaatcaaaaacaattgcttcagcctattgaattgaaaatatattttcttttgaaag
L v N @ K ¢ L L ¢ P I E L K M Y F L L K
atcgacgaaaaattatttttttgaaacctaatatagaaaatattagctcgctagaagaaa
b R R K I I F L K P N M E N I S5 S L E E
tagaacaattttcttctaacttggcgaagtttctacaaattcctttgaaagaagaattac
M E @ F S S N L A K ¥F L @ I P L K E E L

ccttcgattttttctttattttcattaagtga
p F D F F F I F I K

MGD yYcf4 M---——-----——-—- IRRDITILGPRQTSNYFFFRNLFFGGTIFFLIGFP-NFRKNLLP-
P. minor Ycf4 MMSKENFQTNNVTIDNIRRDLVIGSRRESNYWWACVLSEGGIGFLLTGISSKVQTNLLPFE

MGD yYcf4 -KAMEIKFLPOQGIVMCFYGRLAMRFSLYGVIRRFLLIGRGVNEYNKKKSKIHILRWGEPN
P. minor Ycf4 INYQDIQFFPOQGLVMSFYGITIALVLSLYLWACIAWSVGGGFNEFNKKDGIVRIFRWGEFPG
hMBDmYCM KIRRIEFSYLLSELESIGLVNQKQLLOQPIELKMYFLLEDRRKIIFLKPNMENISSLEEME
P. minor Ycf4 KNRRIELVYSLNEIDCIK-VDLQEGLNP-RRSIYLRLKGKRDILLTR--IGQPLTLEEIE
MGD wYcf4 QFSSNLAKFLQIPLKEELPFDFFFIFIK
P. minor Ycf4 KOAADLARFLQVGLEG—————————— IA

Supplementary Figure 3. Ycf4 has been pseudogenized in the MGD plastid genome. (A) Ycf4
amino acid sequence is not encoded by a single continuous reading frame. The N-terminus (red) is
encoded in +1 reading frame, while the C-terminus (blue) is encoded in +2 reading frame. We found
no ycf4 transcript in the RNA-seq data. (B) Similarity between the Ycf4 amino acid sequences
between strain MGD and P. minor. The identical amino acid residues between the two sequences are
shaded.



Supplementary Material

ik

Lepidodinium
chlorophorum ,
o 66,232 bp

A
R
§ 7. o
o " /4/} &
\‘X\O I N * =3
SO o G
< N L5

Supplementary Figure 4. Circular map of the plastid genome of Lepidodinium chlorophorum.
Open reading frames (ORFs) encoding proteins involved in photosynthesis, translation, transcription,
and other function are colored in green, brown, orange, and grey, respectively. Functionally
unassigned ORFs are shown in white. Fused ORFs are highlighted in purple. rpoC1 is considered as a
pseudogene. Ribosomal RNA genes and transfer RNA genes are colored in red and blue,

respectively. The ORFs/genes, of which transcripts received RNA editing, are marked by stars. Red
dots indicate the overlap of two neighboring ORFs/genes.
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atqttattattﬁtatttqgaattaaataaattttttttcagqttcatqcatttgaaqaaagtttttctattqqtgttqgcaaacgcttgcacjcttttatctqagtcaaaatcaatttqta
M L L Y L E N K F F F R FMHTUL K K F LV N A C S F Y S Q Q F V

g
———————————————————————————————————————————————— atgtatttqaatatattcttctttttgatactaaqatgttttqttagtttcatagaaaaccaa:caagcacq
L N I F FF/SL I L V S F ME/GN Q P S T

————————————————————————————————————————————————————————— atgtatttgaaaaaattcctctttctaaqattgq:ctctaqatttataaqaagatctthqca
Y L F L F L R L A S8 R F MR

aacgcataccctatttttgctcagcaaaattacaagagtccccgagaagcaaatggacgaattgtttqtgcaaattqtcatcttgctcaaaaacccqtagaactagaagtaccacaagca
N A Y P I F A N Y K S P R E A N I v A N H A Q K P VELEV P Q A

caachtatccaatctttqctcaacaaaattataaaaatcctcqaqaaqccaacqqchaatcqtatchcqaattqtcatttqqcccaaaaaccaqtaqaaqtaqaaataccccaaqcc
I F A Q N ¥ K N P R E A N I cC A N H L A Q K P V E V E o A

cc
attqcataccctatttttqcacaacaqaactataqaattccthaqaqqcaaatqqthaattqtttqtqcaaattqtcatttqqcacaaaaatttqtaqaaattqaaqtaccqcaach
I A& Y P I F A Q Q N Y P N A Q KF/PV E Q

qttcttcctaatactqtttttqaaqttataqttaacattccttacqatcaacaqqtqaaacaaqttctaqqaaatqqaaaatctqqtqatctaaatqtaqqaqccqttctaattctacca
N T V F E V I V N P ¥ D Q Q VK Q V L N K s D L N vV L I L P

D TV F KT TI V H VKQVLRN P I L P

g
atttttccaqatataqtttttqaqacaactattaaaattccttatqacctta ttcaacaaattctaqqqaacqqtaaattqqqaaatctcaacqtaqqtqctqtactaqtccttcca
I/VF P D M V F T T I K P Y D LP/FGL Q QI/VNL G N K L L VvV L P

qqaqqatttcaactaqctccaccaqathaatccctaqaqaaqtqaaaaatcqqqtcqqqaaactatacttccaaccqtataqtqcaqaacaaaaaaatattcththtaqqtcctqtq
Q A P D R I P K N F Q P Y s K N I P

g
gataactttcagctqgctccacctqaacgtattccaacaqaaattaaaagacaaacaqaaaaactattttttcaaccttataqtccaqaagataaaaatattctagttgthqaccaqtt
P

D N F Q A PPERTIUPTUEINVKIROQT K L. F F o P Y S P EDZE KNI
g g
gatgqatttcaactagcaccatccqaccgacttactaccaaqatgaaa ffffff acacaqaaqctttattttcaaccatacaqtagaqagcaaaaaaatatcctqgttattqqacctqtt
L A PS/PD R L T M K T/AQ K L Y F Q P Y S Q K N I I P

g
ccagqaaaaaaatatcaaaqcatgdctttcccaattcttchccagatccaqaaqcaqaaaaagaaattagctatttqaaatatcctqtttatcttqqtggqaathagqtcqtggtcaa
P G K K Y Q M T F P I L P E K EI/NS Y L Y L Q

cctgqaaaaaaataccaagatataatctttccaattttgqcacctgatcccqaaqctaacaaaagaqtaaattatctaaaatatthqtatattttqqtggqaathcgqacqaggacaa
P G K K Y Q0 DMTITFPI A P P A N K R N Y L K Y 5§ Y Q
g =
cctgqaaqtaactatcaagaaatgaattttccaattctaqtaccaaatcctactttqqaaaaaacaatcagatacaacaagtatccactttatgctqqaggcaathtgqacchgacaq
P N Y Q E MNSF P I LVAP N P T L E K T I R Y N K Y N Q

gtttatcctqatqgathaaaaqtaataatactgtctacacatcttctagatctqgtqtagtaaaaqagattqtccctgtaqaaaaaaaagqagqatttcaaqttctacttqaaactaaa
Y P K NTVYTSS S K E I P K K G F Q V L E T K

g
gtctatccaqatqgathaaaaqtaataatacaatatatacatcttctacaacaqgaqttatcaaaqaaatcattcctgtgqaaaaaaaagqtgqatttaaaattattcthaaactagd
Y P K N N TM/VY T S § T T G V I K E I I P K G G F K II/VL E T R
&
gtatatccgqacqgatcgaaaaqtaataatacaatctatactthtctgctacaqgaacagtcaagqatattttgcccattqaaaaaaaagqagqgtatcaagtttttattqaaattatq
Y K N T I Y T S S A T T K DI L P I K G G Q vV F I EI/TM

gaagqaaacatgattactgaaactatccctccagqaccaqaactactaattaaaattqgccaagtgqtccgatctgatgaacctattacaataaatcccaacgtngtgqatttggccaa
N PN Q

T I L L I K I Q S DE P I TM
gt
aatgqagatacaacaaatgaaaatqtaccacctgqacccqaacttttqgttaaaqtqqgacaaaatattcgttctgatgaaccattqacgaacaatccaaacqtagqngatttggacaa
N G D TT/6 N E N V P P G E L L V Q N I R E P L T N

c 9 g
gatgqaagtttgqtcactgaaataqttcccccagqgccaaaactqgttgtcaaaataqgacaaaatattcaaqcagacgatccattqaccaataatccgaatqttgqtgqatttggtcaa
L/YSV T E M V P P G P K v KMVG Q N TQ/RA D D P L T F Q

gcggaaactqagattgttctacagaatcctatthtattctaqgtctattgactctttttaqaatgatttttctaacccaaqtttttcttgttttgaagaaqaaqcaatthaaaaagtc
L N P I R I L L L. T L F R M I F T Q V F
q c
gctgaggtaqaagttgtattgcaaaatcc:ggacqtatt:aaagtctttthtatttttcaqaacaatttttctcacacaaqtttttctcgtattgaagaaqaagcaatthaaaaagta
N G I QS>> L F V F F R TI/NF/LL T Q@ V F

g g
gcagaaggaqaaattattcttcaaaatccagagcqtattttcggactttttattttttttatttctqtgtttctaactcaaatttttctaattttgaaaaaaaaacaatttqaaaaagta
II/VL Q N P E I F F I s V F L T QI F LI/ NL K K Q F
caactagcagaaatgaatttt
L M N F
caactagctgaaataacattc

E M T F

cagttgacagaaataaatttt
Q L F

Supplementary Figure 5. One of the positions received base-conversion editing in the petA
transcripts is shared between strain TGD and Lepdodinium chlorophorum. The nucleotides after
RNA editing are indicated above the genome sequence. The amino acid changes led by RNA editing
are shaded. The editing position shared between strain TGD and L. chlorophorum is boxed with a

blue line.



Supplementary Material

Lepidodinium chlorophorum

strain MGD

Lepidodinium chlorophorum

strain TGD

strain TGD
EEE I

N
I — —— - ]
strain MGD

Supplementary Figure 6. Pair-wise comparison of the organization of the peDinoflagellate
plastid genomes. Top, synteny between the Lepdodinium chlorophorum and MGD plastid genomes.

Middle, synteny between the L. chlorophorum and TGD plastid genomes. Bottom, synteny between
strains TGD and MGD.



Supplementary table 1. Number of the RNA-seq short reads aligned with each of the peDinoflagellate plastid

genomes.

Lepidodinium

Pedinomonas

Strain TGD Strain MGD -
chlorophorum minor
Number of the read pair subjected
to the mapping (x10°) 190 202 138 8
Number of the read pair aligned o5 385 386 373

with the plastid genome (x10%)
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Supplementary table 2. OFR/gene fusion and overlapping found in the three green peDinoflagellate plastid genomes.

tﬁgsoopdrllglrtrrnn Strain MGD Strain TGD Pedinomonas minor
Shared at least two genomes psbD/psbC psbD/psbC psbD/psbC psbD/psbC
petL/petG petL/petG petL—petG
rpl14/rpl5 rpl14/rpl5-rps8
rpl23/rpl2 rpl23/rpl2
tufA/rpl19 tufA/rpl19
psbl/psal psbl/psal
trnW/rps18 trnW/rps18
rpl5-rps8/rpl36 rps8-rpl36
rpl36/rplll rps8-rpl36/rps11
rpoA-rps9 rpoA/rps9
Not shared rps1l/rpoA rpl16/rpll4 psbK-psaM/secG cysA/trnG
psbB/psbT psbJ/pshZz psbK-psaM/ycf12
petG/psbl rpoC1/rpoC2 psbL/psbF
chll/rpoC2 rpl5-rps8 rpl20/rps18
atpl/rpoC1 rps19-rps3 rpl2/rps19
psbH/orf129 rps12-rps7 rps19/rps3
psaC/trnK psbK-psaM
rpl19—-atpA
pSbK-rpl20

Note: ORF/gene names connected by a dash and a slash indicate ORF/gene fusion and overlapping, respectively.



