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Supplementary Figure S1. A haptophyte maximum likelithood phylogenetic tree based on partial 28S rRNA gene sequences.



Diacronema lutheri NIVA-4/92
100 Y Diacronema lutheri ATCC50092
Paviomulina ranunculiformis NIES-3900
Phaeocystis globosa Pg-G(A)
100 Phaeocystis antarctica CCMP1374

100

100 Chrysochromulina parva

100 Chrysochromulina tobinii CCMP291
Emiliania huxleyi CCMP1516
55 100 Emiliania huxleyi CCMP373
100 Isochrysis galbana OA3011

100 Tisochrysis lutea CCAP-927/14
100

Ochrosphaera neapolitana OA15,280

100 Ochrosphaera neapolitana CCAC 3688 B

0.05

Supplementary Figure S2. A ML tree constructed with 88 concatenated single-copy genes from haptophyte plastid genomes.
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Supplementary Figure S5. ML tree based on three concatenated LIPOR genes.
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Rhodophyta-Liagoropsis maxima-YP 009314458.1
8819 Rhodophyta-Neoizziella asiatica-YP 009314662.1
Rhodophyta-Titanophycus setchellii-YP 009315073.1
Rhodophyta-Izziella formosana-YP 009314047.1
Rhodophﬁta-Llagora harveyana-YP 009314252.1
CryptoIg yta-Chroomonas pauciplastida-ABY74353.1
hodophyta-Thorea hispida-YP 009296486. 1
Rhodophyta-Liagora brachyclada-YP 0093154&0.1
Rhodophyta-Porolithon onkodes-YP 009502051.1
Rhodophyta-Neogoniolithon spectabile-YP 009541957.1
9| Hi= Rhodophyta-Calliarthron tuberculosum-YP 007878162.1
odophyta-Corallina ferreyrae-YP 009589078.1
odophyta-Corallina chilensis-YP 009660546.1
o512t Rhodophyta-Corallina officinalis-QJF58277.1
9o~ Rhodophyta-Lithothamnion sp.-AYR05970.1
Rhodoph ta-Sgnarthr.ophyton cheJ%ense—YP 009541658.1
Rhodophyta-Sporolithon durum-YP 009243956.1
Rhodophyta-Rhodogorgon sp.-AYR06577.1
99l Rhodophyta-Renouxia sp.-AYR06375.1
o Rhodophyta-Bangia fuscopurpurea-AKE98791.1
. Rhodophyta-Wildemania schizophylla-YP 009237283.1
1 ﬁ{hodop yta-Porphyra umbilicalis-YP 009413200.1
hodo]lalhyta-Porphyra purpurea-NP 053797.1
10|, Rhodophyta-Pyropia kanakaensis-AIA21217.1
"Rhodophyta-Neoporphyra perforata-AHB34965.1
sl Rhodophyta-Neoporphyra perforata-AHB35174.1
Rhodophyta-Neoporphyra perforata-YP 009027471.1
o§’Rhodophyta-Pyropia endiviifolia-ALL97154.1
.. Rhodophyta-Pyropia pulchra-YP 0092447071
of Rhodophyta-Neoporphyra haitanensis-YP 007947715.1
««| Rhodophyta-Neoporphyra dentata-BCA&7216.1
Rhodophyta-Pyropia fucicola-AIA21423.1

o 10 Rhodophyta-Neopyropia yezoensis-YP 536868.1
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60
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. Viridiplantae (557)
Alveolata-Heterocapsa triquetra-AAW'/9341.
2 —] Vindiplantae (9) |
- Viridiplantae-Scherffelia dubia-YP 009241535.1
Viridiplantae-uncultured Chlorophyta-AYJ76739.1

Viri Viplantae-Pseudocharamum americanum-YP 009367575.1
51 III 1

ridiplantae (9) |
Viridiplantae-Neomeris sp. HV02668-AR143846.1
A Cryptophyta-Cryptomonas sp. CCAC 1634B-BBK20509.1

Viridiplantae-Oltmannsiellopsis viridis-YP 635866. 1
100 V1r1d1plantae;Neodanéemanma microcystis-YP 009367754.1
Viridiplantae-Chloropicon laureae-YP 009646180.1 B
— . ——— Viridiplantae-Pycnococcus provasolii-YP 002600835.1
Viridiplantae-Microrhizoidea pickettheapsiorum-YP 009692061.1 |
100 Alveolata-Apicomplexa sp. corallicolid ex Leiopathes glaberrima-QJD07203.1
Alveolata-2018 Corallicola-AXP85355.1

chiN

—~—"Cyanobacteria (2)
100
4« Cyanobacteria (29), Bacteria (1)
” o Glaucophyta-Glaucocystis incrassata- YP 009545902.1
., L Glaucophyta-Glaucocystis s%. BBH-ASQ39814.1
Glaucophyta-CyanoEtyc e gloeocystis-ASQ40291.1
> Glaucophyta-Gloeochaete wittrockiana-YP 009546072.1
il Viridiplantae (78)

100

100

0 éyptoph ta-Chroomonas pauciplastida-ABY74354.1

1o~ Cryptophyta-Hemiselmis tepida-ABY 74351.1
Cryptophyta-Hemiselmis andersenii-ABY 74349.1
Cryptophyta-Storeatula sp. CCMP1868-ASO75878.1
38 Cryptophyta-Cryptomonas curvata-BBK20391.1

100

= Cryptoghyta-Cryptomonas curvata-YP 009420241.1
ryptophyta-2{-BBK20594.1
100 Crypto}yl)hyta-Cryptomonas sp. CCAC 1634B-BBK20508.1
Rhodophyta-Thorea hispida-ARX95790.1
100! Rhodophyta-Thorea hispida-YP 009296485.1
Rhodophyta-Kumanoa americana-YP 009297804.1
% Rhodophyta-Sheathia arcuata-YP 009390000.1
56 73— Rhodophyta-Lympha mucosa-QHO64070.1
(e Rhodophyta-Acrochaetium secundatum-YP 009628570.1
o0 , Rhodophyta-Palmaria decipiens-YP 009739032.1
—1Rhodophyta-Palmaria palmata-BBI37172.1
Rhodophyta-Palmaria palmata-YP 009294329.1
> Rhodophyta-Scinaia undulata-YP 009314867.1
Rhodophyta-Galaxaura rugosa-YP 009313435.1
o] 1= Rhodophﬁta—Dichotomaria marginata-YP 009313227.1
Rhodophyta-Nemalion sp. H.1444-SCW22915.1
o711 [1=— Rhodophyta-Liagoropsis maxima-YP 009314457.1
Rhodophyta-Dermonema virens-YP 009313023.1
10d M2 Rhodophyta-Helminthocladia australis-YP 009313639.1
Rhodophyta-Yamadaella caenomyce-YP 009315276.1
109 Rhodophyta-Hommersandiophycus borowitzkae-YP 009313843.1
82 o8] [L2— Rhodophyta-Trichogloeopsis pedicellata-YP 009315683.1
Rhodophyta-Neoizziella asiatica-YP 009314661.1
* 91 == Rhodophyta-Titanophycus setchellii-YP 009315072.1
. Rhodophyta-Helminthora furcellata-YP 009312820.1
’I — Rhodophyta-Izziella formosana-YP 009314046.1
o1 ; Rhodophyta-Liagora brachyclada-YP 009315479.1
oot Rhodophyta-Liagora harveyana-YP 009314251.1
Rhodophyta-Porphyra umbilicalis-YP 009413201.1
Rhodophyta-Porphyra purpurea-NP 053798.1
100 — Rhodophyta-Wildemania schizophylla-YP 009237284.1
os &2 Rhodoghyta—Bangia fuscopurpurea-AKE98792.1
H Rhodophyta-Neoporphyra haitanensis-YP 007947716.1
Rhodophyta-Neoporphyra dentata-BCA&7217.1
© Rhodopﬁyta—Pyropla ucicola-AIA21424.1
62 I(Rhodophyta—Neopyro]E)ia yezoensis-YP 536869.1
Rhodophyta-Neoporphyra perforata-AHB35175.1
'Rhodophyta-Neoporphyra perforata-YP 009027472.1
s7k+ Rhodophyta-Pyropia kanakaensis-AIA21218.1
os}- Rhodophyta-Pyropia pulchra-YP 009244708.1
ssl Rhodophyta-Pyropia endiviifolia-ALL97155.1
Rhodophyta-Galdieria sulphuraria-YP 009051177.1
Rhodophyta-Bangiopsis subsimplex-AR090304.1
100l Rhodophyta-Bangiopsis subsimplex-YP 009296796.1
T Rhodophyta-Hildenbrandia rivularis-YP 009297629.1
0 Rhodophyta-Apophlaea sinclairii-YP 009296667.1
¢ 10— Rhodophyta-Hildenbrandia rubra-YP 009294121.1
Rhodophyta-Porolithon onkodes-YP 009502050.1
Rhodophyta-Sporolithon durum-YP 009243955.1
100 Rhodophyta-Renouxia sp.-AYR06374.1
1oo— Rhodophyta-Rhodogorgon sp.-AYR06576.1
Rhodophyta-Synarthrophyton chejuense-YP 009541657.1
Rhodophyta-Neogoniolithon spectabile-YP 009541956.1
> _ Rhodophyta-Lithothamnion sp.-AYR05969.1
86 Rhodophyta-Calliarthron tuberculosum-YP 007878161.1
- {Rhodophyta-Corallina chilensis-YP 009660545.1
oot Rhodophyta-Corallina ferreyrae-YP 009589077.1
100l Rhodophyta-Corallina officinalis-QJF58254.1
Stramenopiles-Vacuolaria virescens-QBS14372.1
Stramenopiles-Triparma laevis-YP 009163692.1
97 Stramenopiles-Toxarium undulatum-YP 009308898.1
Stramenopiles-Vaucheria litorea-YP 002327546.1
Stramenopiles-Dictyopteris divaricata-YP 009455794.1
o Stramenopiles-Fucus vesiculosus-YP 005090082.1
84 g _ Stramenopiles-Coccophora langsdortii-YP 009330563.1
o r Stramenopiles-Sargassum horneri-Y P 009243746. 1
100] |, H Stramenopiles-Sargassum fusiforme-YP 0098282931
374 Stramenopiles-Sargassum thunbergii-YP 009227370.1
o8l Stramenopiles-Sargassum contusum-AZJ16028.1
1 | Stramenopiles-Saccharina japonica-YP 006639062.1
971 Stramenopiles-Saccharina latissima-YP 009865309.1
otramenopiles-Laminaria solidungula-YP 009691412.1
tramenopiles-Laminaria digitata-YP 009691291.1

100

99

62

98

10

tramenopiles-Costaria costata-YP 009182403.1
tramenopiles-Lessonia spicata-YP 009684089.1
Stramenopiles-Undaria pinnatifida-YP 009182542.1
Stramenopiles-Cladosiphon okamuranus-YP 009730819.1
Stramenopiles-Pleurocladia lacustris-YP 009326982.1
100 1Oétramenopiles—Ec:tocarpus siliculosus-QIE12489.1
tramenopiles-Ectocarpus siliculosus-YP 003289260.1
19 Stramenopiles-Scytosiphon promiscuus-YP 009736292.1
100} Stramenopiles-Endarachne binghamiae-YP 0095052371
%1 Stramenopiles-Hapterophycus canaliculatus-YP 009694320.1
Stramenopiles-Aureoumbra lagunensis-YP 003002240.1
Stramenopiles-Eustigmatophﬁrceae sp. Chic 10/23 P-6w-YP 009550652.1
Stramenopiles-Eustigmatophyceae sp. Ndem 8/9T-3m6.8-YP 009550930.1
55 Stramenopiles-Trachydiscus minutus-YP 009131317.1
ool Stramenopiles-Eustigmatophyceae sp. Bat 8/9-7w-YP 009550509.1
100 Stramenopiles-Eustigmatophyceae sp. Mont 10/10-1w-YP 009550814.1
Stramenopiles-Characiopsis acuta-YP 009550386.1
=1 Stramenopiles-Vischeria sp. CAUP Q 202-A0OW70914.1
100 oo} Stramenopiles-Vischeria sp. ACOI 3415-YP 009551233.1
o9l Stramenopiles-Vischeria stellata-QFR99730. 1
100 Stramenopiles-Monodopsis sp. MarTras21-AOW70769.1
z Stramenopiles-Pseudellipsoidion edaphicum-YP 009551066.1
oo Stramenopiles-Microchloropsis salina-YP 008519843.1
99 %tramenopﬂeS—Nannochlor()p81s gaditana-YP 007317068.1
tramenopiles-Nannochloropsis gaditana-AGI98697.1
991 Stramenopiles-Nannochloropsis limnetica-YP 008519967.1
.-} Stramenopiles-Nannochloropsis oculata-YP 008519720. 1
-t Stramenopiles-Nannochloropsis oceanica-YP 008520093.1
o71 Stramenopiles-Nannochloropsis granulata-YP 008519594.1
Alveolata-Vitrella brassicaformis-AGI04058. 1
100 1 Alveolata-Chromerida sp. RM11-YP 003795456.1
96 Alveolata-2018 Corallicola-AXP85356.1

99

04 100

o0 L Alveolata-Apicomplexa sp. corallicolid ex Leiopathes glaberrima-QJD07202.1

91 Haptophyta - Ochrosphaera neapolitana A15,280 - chIN
100 —Haptophyta - Ochrosphaera neapolitana CCAC 3688 B - chiN

86

3 Viridiplantae-Trentepohlia odorata-YP 009667511.1

100 IIIIIIIIIIIII
92
100

Bacteria (28), Cyanobacteria (8), Archaea (6)
Bacteria (50), Cyanobacteria (11), Archaea (56)

Supplementary Figure S6. Individual gene trees for the LIPOR genes (chlB, chlLL and chIN). Each color represents a phylum (Blue: Haptophyta, Orange:
Cryptophyta, Red: Rhodophyta: Purple: Alveolata, Brown: Stramenopiles, Light green: Glaucophyta, and Green: Viridiplantae).
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(Haptophyta)

Ochrosphaera neapolitana CCAC 3688 B
(Haptophyta)

Galdieria sulphuraria 074W
(Rhodophyta)

Calliarthron tuberculosum
(Rhodophyta)

Bangia fuscopurpurea OUCPTO1
(Rhodophyta)

Wildemania schizophylla voucher UC 306400
(Rhodophyta)

Pyropia endiviifolia
(Rhodophyta)

Dermonema virens isolate J.0258
(Rhodophyta)

Helminthocladia australis 1solate J.0167
(Rhodophyta)

Hommersandiophycus borowitzkae isolate HV00480
(Rhodophyta)

Scinaia undulata isolate J.0081
(Rhodophyta)

Synarthrophyton chejuense
(Rhodophyta)

Lithothamnion sp.
(Rhodophyta)

Renouxia sp.
(Rhodophyta)

Corallina ferreyrae voucher UC 1404138
(Rhodophyta)

Porphyra purpurea
(Rhodophyta)

Storeatula sp. CCMP1868
(Cryptophyta)

Ectocarpus siliculosus Ec32
(Stramenopiles)

Toxarium undulatum ECT3802

(Stramenopiles)

Vitrella brassicaformis CCMP3155
(Alveolate)

Thuja occidentalis
(Viridiplantae)

Trebouxiophyceae sp. MX-AZ01
(Viridiplantae)

Trebouxia sp. TR9
(Viridiplantae)
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Supplementary Figure S7. Synteny block comparison of the chlL-chIN genes from red
algae, CASH secondary-plastid groups (cryptophytes, stramenopiles, alveolates, and

haptophytes), green algae and plants



