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Fig. S1 Phylogeny of diatoms reconstructed using an 11-gene dataset for 1,151 diatoms and 20

outgroup heterokont taxa. Shown is the highest-scoring maximum likelihood phylogeny from

100 optimizations. Numbers at internal nodes are bootstrap support as estimated with 

IQtree’s ultrafast bootstrap method (1000 pseudoreplicates).
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cocconeis pediculus at21207
cocconeis placentula hk077

cocconeis sp hk312
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lyrella atlantica pet4 e3467
lyrella hennedyi pet12 e3462

petroneis humerosa pet14 e3568
rhoicosphenia abbreviata ch030

amphipleura pellucida hk287

frustulia aotearoa nz177
frustulia bahlsii can93284

frustulia crassinervia f350
frustulia maoriana nz35

frustulia saxonica nz33
frustulia crassinervia f237

frustulia cf magaliesmontana pu2012 nz162

frustulia erifuga f197

frustulia gondwana nz37
frustulia sp b pu2012 f378

frustulia sp a pu2012 nz30

frustulia cassieae nz190

frustulia vulgaris mic1015
berkeleya hyalina hk388

climaconeis riddleae hk178
climaconeis undulata hk218

berkeleya rutilans hk154
berkeleya sp 9seh gws009377

berkeleya sp 10seh gws010934
berkeleya sp 14seh gws009825

amphora lineolata 6824amph035
amphora securicula 6904amph046

amphora sulcata 7306amph083
mastogloia sp hk136

mastogloia sp hk314

craticula accomoda tcc107

craticula importuna at70gel14a
craticula molestiformis at5nav02

craticula cuspidata hk061
eolimna subminuscula tcc661

fistulifera pelliculosa ccmp543

fistulifera saprophila tcc508
fistulifera solaris jpccda0580

stauroneis acuta hk059
stauroneis schmidiae d28002 b400040883

stauroneis anceps at160gel11
stauroneis cf gracilis  can93639
stauroneis phoenicenteron at11704

stauroneis gracilior at117gel17
stauroneis latistauros ant002 flb01

stauroneis kriegeri at7012

craticula buderi d06069 b400040837
stauroneis smithii lbfd131

parlibellus hamulifer hk409

prestauroneis integra at17713
parlibellus delognei f ellipticus gws009342

humidophila australis ant013 flb07

amphora abludens 6961amph059
amphora sublaevis 8570amph135

amphora beaufortiana 7278amph074
amphora graeffeana 9558amph026

amphora affinis 9556amph016

amphora copulata 9557amph021
amphora libyca at11710

amphora marina hyjj1006c8

amphora sp 35 35
amphora sp s0916 s0916

amphora sp s0915 s0915

amphora ovalis 9490amph013

amphora sp 19d
amphora sp at22104 at22104

amphora cf fogediana at21206
amphora indistincta 9559amph020

amphora pediculus l1030
amphora sp 36 36

amphora aff atomoides d54002 b400040832
amphora waldeniana 8348amph011

amphora proteus 6961amph071

amphora cf proteus p386
amphora commutata l1060

amphora aliformis 10105amph177

amphora arcus s0822
amphora eunotia hygj0911a1

amphora sp 1 rs2013 d3
halamphora costata hygc1005a2

amphora cf capitellata p363

amphora normanii at105gel05
amphora sp ccmp2378 ccmp2378

halamphora coffeaeformis l399

halamphora sp ccmp2522
amphora sp ccmp1405 ccmp1405

halamphora cf fluminensis s0314 s0314
halamphora sp s0028 s0028

amphora caribaea 7320amph086

amphora sp mbic10098 mbic10098
halamphora montana l1327

amphora sp 45 45
amphora subtropica 6924amph051

amphora sp atpsd53 atpsd53
amphora sp ctm 20023 ctm20023

halamphora coloradiana 6020amph025
halamphora veneta 6020amph005

halamphora oligotraphenta 9561amph009
amphora sp nd 71 nd71

amphora cf capitellata 10s149 d 10s149

amphora sp
halamphora holsatica hyph1010e6

amphora terroris hyjj1006d2
amphora cf semperpalorum 6904amph047

amphora semperpalorum 6829amph037

auricula cfminuta 19vi082a1
auricula complexa 26vi081j1

campylodiscus clypeus l951
campylodiscus sp 36137

campylodiscus clypeus nycmex
petrodictyon sp 19vi082cpe

petrodictyon sp 36153
surirella febigerii secsur1

surirella cffastuosa gcct52
surirella cffastuosa gcct7

surirella sp ccap10711

surirella fastuosa var cuneata p472
surirella sp gcct1

surirella sp gcct36
surirella sp gcct35

surirella sp 36126200
surirella sp gcct43

surirella sp 13vi082cgcct22
surirella sp 16vi081csp

surirella sp da1

campylodiscus fastuosus sa19a
campylodiscus thuretii s0223

cymatopleura elliptica l1333

cymatopleura solea l1453
cymatopleura soleavar e09340
cymatopleura soleavar 27a

surirella angusta nycsur
surirella ovatavarapiculata l295

surirella cfpinnata 34c
surirella sp 182
surirella sp ls1

surirella brebissonii kr1
surirella brightwellii ccmp3162

surirella minuta jgoh5
surirella sp 27g

surirella cfovalis m1
surirella minuta utexfd320
surirella ovalis l1230

surirella sp mac622

surirella sella nepcc8562
surirella striatula l1064

campylodiscus levanderi n0943c36

campylodiscus sp b482
campylodiscus cf hibernicus  eo9299

campylodiscus hibernicus lo17

surirella spiralis lo412
surirella helissella lo120
surirella iconella lo159

surirella costata lo5
surirella linearis var helvetica eo9082

surirella cflinearis b600
surirella sp lo299

campylodiscus marginatus lo30
campylodiscus striatus lo194

stenopterobia curvula l541
stenopterobia sp 50 50

stenopterobia pumila swampa

surirella cfguatemalensis nor1dpsg
surirella guatemalensis 3638s150

surirella cftennuissima swampe
surirella sp 1vii045

surirella sp rp1
surirella sp s30c

surirella sp ls2

surirella biseriata bc2a
surirella cfbiseriata nor1bs1b

surirella sp eo9225
surirella sp lo289

surirella cf bifrons  eo9229

surirella sp 3796s12h200

surirella sp pspsrb1
surirella sp eo9034

surirella sp eo9241
surirella sp nor1sr1c

surirella sp pspsrn6
surirella capronii eo9003

surirella sp eo9415
surirella spheteropolar b495

surirella splendida nor1sr2a
surirella sp n0943sr18
surirella tenera 27c
surirella lineopunctata lo246

surirella sp eo9022

auricula flabellariformis 4vi081ca

epithemia argus ch211
epithemia sorex ch148

epithemia hyndmannii lo320

epithemia sp e09439
epithemia turgida cytx021

rhopalodia cfgibba nycrhop
rhopalodia contorta l1299

rhopalodia parallela l1370
rhopalodia sp b473

rhopalodia iriomotensis 28vi081c1
rhopalodia operculata 9vi081f2

rhopalodia sp 13vi082bgcct21

rhopalodia sp 382512
rhopalodia cfmusculus 23vi082c1gcct45

campylodiscus ambiguus 3564c11
campylodiscus sp gcct31

campylodiscus daemelianus 3623c100
campylodiscus echeneis 24vii0952

campylodiscus limbatus 16iii101a
campylodiscus undulatus gcct54

campylodiscus cfdecorus gcct23
campylodiscus ralfsii p473

campylodiscus samoensis 35991
campylodiscus sp 38251

campylodiscus sp gcct6
campylodiscus impressus gcct37

campylodiscus sp gcct30
protokeelia bassonii 3564a20

entomoneis alata ccap10033
entomoneis cf alata

entomoneis pulchra l1853
entomoneis sp 382311
entomoneis sp cc8

entomoneis paludosavarhyalina ccap10034
entomoneis punctulata ba83

entomoneis sp roth5c

entomoneis sp 3564e11
entomoneis sp ccmp1693

entomoneis sp ccmp467
entomoneis sp hk135

entomoneis sp 1 mlm2011 ccmp1692

entomoneis sp ik3b
entomoneis cf alata p540

entomoneis sp sa17b2
entomoneis ornata 14a

entomoneis paludosa l431
thalassiophysa hyalina 4vi081ct

phaeodactylum tricornutum

biremis panamae p136 szcz18710a

luticola goeppertiana at104gel12a

luticola permuticopsis ant002 a01
luticola sp lfs2014 ant002 flc01

luticola sparsipunctata d06029 b400040839

biremis sp cl2014b nb2 e3643

neidium affine hk064
neidium sp nei428t nei428t e3646

neidium bisulcatum hk076
neidium sp  cana93372

neidium dilatatum cana93279
neidium tumescens can100072

neidium productum hk063
neidium sp neibaik482 neibaik482 e3903

scoliopleura peisonis hk103

caloneis amphisbaena at17707

pinnularia borealis tor12d
pinnularia borealis var borealis ecrins7a

pinnularia borealis var subislandica tor3a

pinnularia brebissonii hk092
pinnularia cf microstauron b2c

pinnularia acuminata pin876tm

pinnularia neglectiformis pin706f
pinnularia sp 11  pin649k
pinnularia sp 9  pin883tm

pinnularia viridis at16102
pinnularia neomajor corsea2

pinnularia sp ustrain bh18
pinnularia viridiformis enc2a

pinnularia substreptoraphe at7009

pinnularia cf isselana cal878tm

pinnularia rupestris at160gel10
pinnularia subcommutata var nonfasciata corsea10

pinnularia sp 10  pin873tm

pinnunavis sp 118 118
pinnularia sp 4  wiea

caloneis budensis at22006
pinnularia cf altiplanensis tor11b

pinnularia anglica at100gel01
pinnularia sp 5  tor4i

pinnularia cf interrupta te1

pinnularia grunowii pin889mg
pinnularia mesolepta at160gel30

pinnularia termitina hk088

pinnularia cf marchica ecrins4a
pinnularia obscura at70gel12b

pinnularia subanglica pin650k

pinnularia cf gibba e3603 12
pinnularia microstauron at105gel08

pinnularia parvulissima pin877tm
pinnularia sp 24 24

pinnularia subgibba tcc608
pinnularia sp 2  tor7f

pinnularia sp 12  w045b
pinnularia subcapitata at10001

pinnularia subcapitata var elongata wiec
pinnularia nodosa pin885tm

pinnularia acrosphaeria enc2b

caloneis lauta at160gel04
pinnularia sp 7  tor7c

caloneis lewisii hk060
caloneis silicula cal890tm

mayamaea atomus at115gel07
mayamaea terrestris d27006 b400040841

mayamaea fossalis var fossalis tcc366
mayamaea permitis at101gel04

diprora haenaensis 8296dipr001

eolimna minima at70gel18
eolimna sp jz2014 d06023 b400040880

eolimna sp styx 1 lcrs1411
eolimna cf minima e3211 bm42

sellaphora auldreekie e3018 dun1
sellaphora sp 108 108

sellaphora blackfordensis bfp5x8f13
sellaphora caput rbgesel276t

sellaphora capitata bla10

sellaphora lanceolata e3637 bla13
sellaphora pupula e3160 thr14
sellaphora obesa rbgesel601as
sellaphora sp kme2009a rbgesel9b

sellaphora laevissima e3173 thr1

sellaphora cf seminulum rk25 rk25

sellaphora seminulum tcc461
sellaphora sp styx 1 lcrs1911

rossia sp e3333
fallacia cf forcipata e3662 fallacia8

fallacia sp e3661 e3661 baikal260
fallacia monoculata hk082

fallacia pygmaea hk093
diploneis subovalis hk084

amphora sp 1150 1150
meuniera membranacea hk313

microfissurata sp mlm2011 ccmp1702

gyrosigma acuminatum hk085
gyrosigma limosum 05db518

pleurosigma intermedium

pleurosigma sp 102 102
pleurosigma strigosum x

pleurosigma planktonicum
pleurosigma sp ggm2004

haslea ostrearia
haslea karadagensis

haslea sp vl2012
haslea pseudostrearia

haslea spicula ba28

hippodonta capitata at12424

navicula diserta p750
navicula salinicola

navicula sp ccmp2566

navicula arenaria 75

navicula capitatoradiata at212gel07
navicula radiosa at114gel06

navicula cari at8204c
navicula ramosissima

navicula tripunctata at20201

navicula lanceolata
navicula symmetrica tcc604

navicula cf lundii fk2015 tcc448
navicula cincta tcc659

navicula rhynchocephala var hankensis mbccc2
navicula sp d08051 d08051 b400040699

navicula sp tw1 tw1
navicula viridula var rostellata tcc502

navicula cf duerrenbergiana pet6 e3458

navicula cryptocephala hk090

navicula cryptotenella at210gel05
navicula sp at201gel01 at201gel01

navicula reinhardtii at12415
navicula cryptotenelloides tcc587

navicula sp  can93644

pseudogomphonema cf kamschaticum pet5 e3460
pseudogomphonema sp tak2014 kamchatgtund2

seminavis cf robusta f110a
seminavis cf robusta pet7 e3463
navicula phyllepta ccy0201

navicula sp at14508 at14508
seminavis cf robusta bpsf11

pseudogomphonema sp p382 p382

navicula cryptocephala var veneta at108gel01
navicula sp ets 07 ets07

navicula gregaria at117gel05
navicula pseudacceptata mbccc8
navicula sp nav30 nav30

navicula rhynchotella d06083 b400040860

navicula sclesviscensis

navicula glaciei ccmp2743 a11141

navicula perminuta mbccc3
navicula vara

navicula glaciei

actinella sp 111 111
actinella sp 99 99

eunophora sp 107 107
eunotia sp 5 lkm2015 5

eunotia sp 60 60
eunotia sp 13 13

eunotia sp 28 28
eunotia sp at73gel02 at73gel02

eunotia formica at111gel09
eunotia glacialis hk069
eunotia sp hk286

eunotia monodon var asiatica a0046
eunotia implicata at21907

eunotia minor pet1 e3318
eunotia sp 11 11

eunotia sp 30 30
eunotia bilunaris hk086
eunotia naegelii utexfd354

eunotia cf latitaenia pv2015 lada57
eunotia sp  can93373

eunotia sp m16 m16
eunotia cf pectinalis f minor l474 p799

eunotia pectinalis hk153
amphora laevissima 7314amph085

amphora laevis var laevissima 77
amphora obtusa var crassa 6951amph070

undatella sp p446 p446

asterionella ralfsii d44

diatoma elongatum hk119
diatoma moniliforme s0383
diatoma tenue hk078

asterionella formosa utcc605

diatoma hyemalis

diatoma vulgare var linearis d147
tabellaria flocculosa hk065

tetracyclus sp hk416

astrosyne radiata hk169

protoraphis atlantica wk42
pseudohimantidium pacificum m01

florella pascuensis hk175
lucanicum concatenatum hk378

cyclophora castracanei hk243
cyclophora tabellariformis hk306

cyclophora tenuis hk216
cyclophora tenuis hk308

licmophora abbreviata
licmophora paradoxa hk106

licmophora sp hk422
licmophora sp hk365

licmophora gracilis
licmophora grandis hk366

licmophora flucticulata rf5
licmophora remulus hk302

licmophora aff ehrenbergii hk420
licmosphenia peragallioides hk364

licmophora communis
licmophora flabellata

licmophora normaniana hk403
podocystis spathulata hk217

catacombas gaillonii wk37
catacombas sp s0045

tabularia cf tabulata hk109

tabularia fasciculata ikmta12
tabularia fasciculata ikmta8

tabularia laevis s0021
ctenophora pulchella hk105

fragilaria famelica hk072
hyalosynedra cf laevigata wk52

synedra sp p517 p517

centronella reicheltii hk150

fragilaria cf austriaca at116gel2a
fragilaria sp d17 d17

fragilaria crotonensis at185gel3
fragilariforma sp lkm2011 at186gel14

fragilarioforma sp d06 d06

synedra rumpens utexlbfd251
fragilaria bidens s0327

ulnaria delicatissima at13513
fragilaria perminuta tcc752

fragilaria sp at12405b at12405b
fragilaria capucina tcc547
fragilaria vaucheriae l1496
fragilaria nanana at109gel6

synedra angustissima d16
synedra ulna hk075
ulnaria acus g9

synedra sp  can93622

grammonema cf islandica p362
grammonema striatula hk371

synedra hyperborea hk117
synedra minuscula ccmp845

synedropsis hyperboreoides wk18
synedropsis cf recta ccmp1620

synedropsis sp ccmp2747 ccmp2747 a11138
synedropsis cf hk110

hyalosynedra laevigata hk362

hyalosynedra sp aq9 aq9
synedra toxoneides wk57

pteroncola inane s0247
synedra fragilaroides ccmp844

thalassionema bacillare wk54
thalassiothrix longissima p441

thalassionema frauenfeldii hk360
thalassionema frauenfeldii hk372

thalassionema sp ecs st95 ecsst95
thalassionema sp ecs st92 ecsst92

thalassionema sp ecs st93 ecsst93
thalassionema pseudonitzschioides ecs01

thalassionema sp hk361
thalassionema nitzschioides ccap10841

grammatophora gibberula wk48
grammatophora oceanica hk147

grammatophora marina s0190
grammatophora macilenta hk368

grammatophora undulata hk367
hanicella moenia hk379

hyalosira interrupta hk248
hyalosira delicatula
hyalosira sp wk50 wk50

hyalosira tropicalis s0252
rhabdonema adriaticum hk369

rhabdonema arcuatum hk304
rhabdonema minutum s0351

castoridens striata hk385
fragilaria rotundissima ikmta340

plagiostriata goreensis s0388

fragilaria brevistriata s0398

pseudostaurosira medliniae var elliptica d48
pseudostaurosiropsis sp d79 d79

pseudostaurosiropsis sp d07 d07
punctastriata sp e05 e05

nanofrustulum shiloi p194
opephora guentergrassii

opephora sp s0263

nanofrustulum cf shiloi hk056

fragilaria sp 2 mlm2011 ikmta320
pseudostaurosira elliptica rosod14

staurosirella pinnata hk116
opephora sp szczch153

pseudostaurosira elliptica l948
opephora sp s0357 s0357

serratifera varisterna hk315

fragilaria construens hk071
punctastriata sp at194gel4 at194gel4

punctastriata sp d05 d05

staurosirella sp d108 d108
staurosirella sp d35 d35

staurosira cf mutabilis
synedra berolinensis l1722

staurosira sp d10 d10
hendeyella dimeregrammopsis hk391

staurosira sp d20 d20
psammotaenia lanceolata hk316
opephora sp hk296

staurosira subsalina at117gel24

fragilariforma virescens hk132

asterionellopsis glacialis hk107
asterionellopsis japonica ccmp138

asterionellopsis maritima hx5
asterionellopsis guyunusae ur8

asterionellopsis thurstonii ccmp135
asteroplanus karianus s0381

asterionellopsis socialis hk181

bleakeleya notata hk247

koernerella recticostata hk242
perideraion montgomeryi hk246

perideraion elongatum hk411

pseudostriatella pacifica s0384
striatella unipunctata hk177

delphineis sp hk133
delphineis minutissima ikmta337

neodelphineis sp hk421
rhaphoneis amphiceros hk237

rhaphoneis sp s0366 s0366

dimeregramma acutum van53
dimeregramma sp szczp475

dimeregramma sp hk288
dimeregramma minor var nanum s0355

plagiogramma staurophorum hk212
dimeregramma sp hk377

plagiogramma sp hk374
plagiogramma sp hk410

dimeregramma sp szczch437
plagiogramma sp hk324

dimeregramma sp szczp43
neofragilaria cf nicobarica hk375

neofragilaria stilus
neofragilaria nicobarica s0371
plagiogramma atomus s0330

glyphodesmis sp hk357
psammogramma vigoensis

orizaformis holarctica ccmp143

psammoneis japonica hk299
psammoneis obaidii utksa0057

psammoneis senegalensis s0387
psammoneis sp szczp70

psammoneis pseudojaponica s0354

talaroneis posidoniae wk59

attheya longicornis hk317
attheya septentrionalis hk112

biddulphia alternans hk292

biddulphia cfreticulum hk329
biddulphia sculpta hk252

biddulphia biddulphiana hk271
biddulphia tridens hk239

rhizosolenia robusta kmmcc1673
terpsinoe americana hk415

actinocyclus actinochilus ccmp107

actinocyclus curvatulus awi85
actinocyclus sp hk346

actinocyclus sp hk262
actinocyclus sp hk347

actinocyclus sp a6 a6
actinocyclus sp hk345

actinocyclus subtilis hk168

coscinodiscophyceae sp hk402
actinoptychus sp hk381

actinoptychus splendens hk383
actinoptychus sp hk050

actinoptychus sp hk382
actinoptychus undulatus hk261

aulacodiscus oreganus hk348
aulacodiscus sp 17iii092f 17iii092f

aulacodiscus orientalis hk208

asteromphalus sp hk386

coscinodiscus centralis v6
coscinodiscus wailesii hk229
coscinodiscus sp 35 lg2014 35

coscinodiscus sp hk298
coscinodiscus jonesianus hk393

coscinodiscus concinnus hk267
coscinodiscus granii hk228
palmerina hardmaniana hk233

palmerina ostenfeldii
coscinodiscus sp hk263

coscinodiscus sp hk392

coscinodiscus sp hk394
coscinodiscus radiatus ccmp310

stellarima microtrias hk108
stellarima microtrias ccmp806

guinardia delicatula hk205

guinardia solstherfothii
guinardia striata hk400

guinardia flaccida hk272

rhizosolenia cf setigera ccmp1694

rhizosolenia fallax
rhizosolenia formosa hk354

rhizosolenia imbricata hk221
rhizosolenia shrubsolei

rhizosolenia imbricata var shrubsolei kmmcc1702

rhizosolenia setigera hk032
rhizosolenia similoides p837

rhizosolenia setigera hk268

pseudosolenia calcaravis hk245

aulacoseira alpigena ccap10026 ccapgc3734farlowherbariumharvarduniversity
aulacoseira sp 115 115

aulacoseira sp fr9 fr9 smedgargc3769farlowherbariumharvarduniversity
aulacoseira subarctica erb68a smedgargc3770farlowherbariumharvarduniversity

aulacoseira ambigua pii7 smedgargc3787farlowherbariumharvarduniversity

aulacoseira granulata hk094
aulacoseira nyassensis

aulacoseira valida nwpt2 smedgargc3793farlowherbariumharvarduniversity
aulacoseira cf granulata v angustissima ccap10022
aulacoseira distans

aulacoseira baicalensis

aulacoseira islandica
aulacoseira skvortzowii

aulacoseira crenulata fdccl639 fdccgc3795farlowherbariumharvarduniversity
aulacoseira sp lpnh1 lpnh1 smedgargc3729farlowherbariumharvarduniversity

aulacoseira sp odr3 odr3 smedgargc3794farlowherbariumharvarduniversity
aulacoseira distans var alpigena ccap10027

melosira arctica ma11
melosira moniliformis rosod01

melosira cf octogona ccmp483
melosira dubia s0076

melosira sp hk404

melosira varians hk266
melosira nummuloides hk041

endictya oceanica hk259
hyalodiscus sp ect3681 ect3681

hyalodiscus scoticus s0284
hyalodiscus stelligera hk042

hyalodiscus sp hk344

paralia allisonii jamaicab4

paralia crawfordii mexsmdia1
paralia longispina hk408

paralia guyana vancouvera4
paralia marina par1
paralia sulcata hk048

stephanopyxis nipponica
stephanopyxis palmeriana ccmp814

stephanopyxis turris hk213

proboscia alata hk236
proboscia alata kmmcc1434

proboscia indica kmmcc1416
proboscia sp hk300

proboscia inermis ccap10641
ellerbeckia sp hk398

ellerbeckia sol p295

corethron criophilum
corethron sp hk241

corethron inerme p534

leptocylindrus aporus sznb651
leptocylindrus minimus hk355

leptocylindrus convexus sznb768
leptocylindrus hargravesii sznb781
leptocylindrus danicus ccmp1856
leptocylindrus sp hk238

tenuicylindrus belgicus sznb739
tenuicylindrus sp lg2015

bolidomonas mediterranea
bolidomonas pacifica

triparma sp toy0807
triparma verrucosa

triparma strigata

bolidomonas pacifica var eleuthera
aureoumbra lagunensis
aureococcus anophagefferens

ectocarpus siliculosus
saccharina japonica

undaria pinnatifida
costaria costata

sargassum horneri
fucus vesiculosus

vaucheria litorea
heterosigma akashiwo

nannochloropsis gaditana

trachydiscus minutus
nannochloropsis salina

ochromonas sp ccmp1393
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Fig. S2 Diatom diversification estimated from first-last occurrence data for Cenozoic fossils 

from the Barron Diatom Catalog. The data were binned into discrete, non-overlapping 

intervals with durations of 0.5, 1, 2.5, and 5.0 million years. Shown are medians calculated 

over the entire time span of the fossil data for each bin size.
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Fig. S3 Granularity of fossil data and its effect phylogenetic estimates of diversification. Net 

diversification rate for diatom clades estimated using fossil relative extinction, crown or stem 

age, and standing diversity. Fossil relative extinction was estimated from first-last occurrence 

data were binned into 0.5, 1.0, 2.5, and 5.0 million year intervals. Extant species number data 

were from DiatomBase.
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Fig. S4 Diatom diversification at predefined ranks with diversity data from AlgaeBase. 

Diatom diversification based on fossil and phylogenetic data at predefined clades. a. Rates of 

speciation (birth, b), extinction (death, d) and species turnover (τ = b+d) based on first–last 

occurrence data for Cenozoic diatoms from the Barron Diatom Catalog. b. Confidence 

intervals (95%) for species richness of pre-defined diatom clades, based on crown ages, 

standing diversity, and a relative extinction (ε=d/b) of ε=0.751. Line types correspond to 

different approximations of total diatom diversity (see Methods). Species richness from 

AlgaeBase is plotted against crown age (million years ago, Mya) and color-coded by the 

combination of reproductive mode and locomotion. Error bars span the minimum and 

maximum crown ages of clades across bootstrap trees in million years (My). The clades of all 

diatoms (D), pennate diatoms (P), and raphid diatoms (R) are shown as open squares. Clades 

younger than 10 My or having fewer than five species are omitted. c. Net diversification rates 

(r = b–d), averaged over bootstrap phylogenies and pooled based on the most-inclusive 

monophyletic groups with a certain combination of reproductive and locomotory traits. Lines,

boxes, and whiskers represent medians, inter-quartile range, and quartile values + 1.5 * 

quartile values, respectively. See labels in Fig. 1 for contents of oogamous nonmotile (ON), 

anisogamous nonmotile (AN), and anisogamous motile (AM) groups. Abbreviations: Oog = 

oogamous, Anisog = anisogamous, Nonmot = non-motile, Mot = Motile.
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Fig. S5 Discrete shifts and temporal trends of diversification across diatoms with species 

richness data from AlgaeBase. a. MEDUSA reconstruction of rates of (birth – death, r = b-d, 

events per million years) across the genus-level phylogeny of diatoms+Parmales. Triangle size

is proportional to the number of species per genus (from AlgaeBase), and the shading 

corresponds to the estimated net diversification rate. Rate shifts detected in ≥50% of trees are 

shown. b-d. Temporal trends in net diversification, relative extinction (ε = d/b), and turnover 

(τ = b+d) as estimated by the genus-level MEDUSA analysis. Trend lines were calculated by 

slicing the bootstrap phylogenies into 1 million years (My) intervals and averaging the branch-

associated parameters for each slice across trees. Trendlines are shown for the most inclusive 

clades with a combination of reproductive and locomotory traits and match the groups in Fig.

2c and clade labels in Fig. 1. Rates estimated from the Cenozoic marine fossil record (bin size 

5 My) were smoothed using non-parametric local polynomial regression (LOESS) but are 

otherwise not different from Fig. 2a. The timing of the evolution of active motility (the range 

of crown age estimates for of raphid pennates across bootstrap phylogenies) is shown as a 

blue rectangle.
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Table S1 Sequence data for diatoms and Parmales as downloaded from the European 

Nucleotide Archive on May 20, 2016 and after quality control and redundancy removal.

Compartment: gene Total sequences

downloaded:

diatoms+Parmales

Total sequences in

final dataset

Total length of final

alignment

chloroplast: atpB 207 183 1293

chloroplast: psaA 306 205 1584

chloroplast: psaB 266 230 1947

chloroplast: psbA 427 322 954

chloroplast: psbC 631 463 1239

chloroplast: rbcL 2761 850 1470

chloroplast: SSU rRNA (16s) 341 51 1413

mitochondrion: cob 147 82 711

mitochondrion: cox1 231 38 681

nucleus: LSU rRNA (28s) 863 163 371

nucleus: SSU rRNA (18s) 3294 995 1594



Table S2 Properties of the phylogenetic dataset, partitioning, and selection of models of 

nucleotide substitution. The best models were those with lowest Bayesian Information 

Criterion (BIC) scores as calculated by the model selection routine available in IQ-TREE.

Partition #Seqs #Sites #Site patterns Constant Sites Best model

nuclear+plastid rRNA 1020 3378 2225 49% TIM2+R9

plastid 1st  codon 869 2829 1867 55% GTR+R9

plastid 2nd codon 869 2829 1449 73% TVM+R6

plastid 3rd codon 869 2829 2791 4% GTR+R10

mitochondrial 1st codon 120 464 286 52% GTR+I+G4

mitochondrial 2nd codon 120 464 188 76% TVM+R4

mitochondrial 3rd codon 120 464 446 7% TIM+R4



Table S3 Minimum and maximum bounds for calibration of internal nodes. The penultimate 

distance (PenD) is the time between the first (FA) and next appearance (NA) of a lineage in the

fossil record (Norris et al., 2015). The ghost lineage time (GLin) is the difference between the 

first appearances of two sister lineages (Norris et al., 2015). The minimum and maximum 

bounds for the ages of calibrated nodes were taken as the 5% and 95% quantiles of a prior 

distribution derived from the observed PenD or GLin times (Methods). When information for 

calculating PenD or GLin was missing, we applied only a minimum bound (MIN). All times 

are in millions of years (My).

Bracket 1 Bracket 2 Type Description Min Max

Bolidomonas Triparma PEND FA(Parmales=66) - NA(Parmales=34); (Konno & Jordan, 2012) 66 155

Bolidomonas Campylodiscus GLIN FA(diatoms=190) - FA(Parmales=66); (Rothpletz, 1896; Konno & Jordan, 

2012)

190 350

Corethron Campylodiscus PEND FA(diatoms=190) - NA(diatoms=135); (Rothpletz, 1896; Harwood et al., 

2007)

190 302

Melosira Aulacoseira GLIN FA(Melosira=125) - FA(Archepyrgis=115); (Geroch, 1978; Gersonde & 

Harwood, 1990)

125 178

Stephanopyxis Paralia GLIN FA(Stephanopyxis=100) - FA(Hyalodiscus=83.6); (Girard et al., 2009; 

Witkowski et al., 2011)

100 166

Aulacodiscus Stellarima GLIN FA(Aulacodiscus=125) - FA(Stellarima=83.6); (Geroch, 1978; Witkowski et 

al., 2011)

125 224

Rhizosolenia Aulacodiscus GLIN FA(Aulacodiscus=125) - FA(Rhizosolenia=90); (Geroch, 1978; Damsté et al., 

2004)

125 217

Actinocyclus Actinoptychus GLIN FA(Actinoptychus=70.6) – FA(Actinocyclus=56.5); (Lazarus, 1994) 70 132

Stellarima Coscinodiscus GLIN FA(Stellarima=83.6) – FA(Coscinodiscus=77.05); (Lazarus, 1994) 83 128

Trieres Odontella GLIN FA(Triceratium=77.05) – FA(Trieres=66); (Hajós & Stradner, 1975; Harwood,

1988)

77 133

Amphitetras Amphipentas MIN Neptune FA of Amphitetras; (Lazarus, 1994) 9.16

Hemiaulus Chaetoceros GLIN FA(Hemiaulus) - FA(Chaetoceros=55); (Fenner, 1994; Witkowski et al., 2011) 100 203

Eucampia Cerataulina MIN Neptune FA of Eucampia; (Lazarus, 1994) 20.05



Cymatosira Campylosira MIN Neptune FA  of Cymatosira; (Lazarus, 1994) 44.18

Lithodesmium Bellerochea MIN Neptune FA of Lithodesmium; (Lazarus, 1994) 29.96

Porosira Stephanodiscus PEND FA(Praethalassiosirposis=115) - NA(Gladiopsis=112); (Nikolaev et al., 2001) 115 146

Porosira Lauderia MIN Neptune FA of Porosira; (Lazarus, 1994) 9

Thalassiosira Shionodiscus MIN Neptune FA of Shionodiscus; (Lazarus, 1994) 14.6

Stephanodiscus Cyclostephanos GLIN FA(Stephanodiscus=16.36) – FA(Cyclostephanos=5); Neptune FA of Steph; 

(Alverson, 2014)

16 73

Bacterosira Detonula MIN Neptune FA of Bacterosira; (Lazarus, 1994) 8.35

Biddulphia Attheya MIN Neptune FA of Biddulphia; (Lazarus, 1994) 70.6

Striatella Campylodiscus MIN FA of Surirella and Campylodiscus; (Hajós & Stradner, 1975; Sims et al., 

2006)

75

Thalassiothrix Thalassionema MIN Neptune FA of Thalassiotrix and Thalassiosinema; (Lazarus, 1994) 56.5

Synedra Fragilaria GLIN FA(Synedra=56.4) – FA(Fragilaria=37.7); (Lazarus, 1994) 56 126

Synedropsis Grammonema MIN FA of Synedropsis; (Stickley et al., 2009) 47

Tabularia Catacombas MIN Neptune FA of Tabularia; (Lazarus, 1994) 9.18

Grammatophora Hyalosira PEND FA(Grammatophora=40) – NA(Grammatophora=34.18); (Edwards, 1991) 40 82

Rhaphoneis Delphineis GLIN FA(Rhaphoneis=56.4) – FA(Delphineis=37.7); (Lazarus, 1994) 38 53

Talaroneis Psammoneis MIN Neptune FA of Talaroneis; (Lazarus, 1994) 20.73

Opephora Staurosirella MIN Neptune FA of Opephora; (Lazarus, 1994) 20.05

Plagiogramma Dimeregramma GLIN FA(Dimeregramma=21.8) – FA(Plagiogramma=14.6); (Lazarus, 1994) 21 68

Asteroplanus Asterionellopsis MIN FA of Asterionellopsis; (Schrader & Gersonde, 1978) 5.3

Undatella Campylodiscus MIN FA of raphid pennate diatom; (Singh et al., 2006) 66

Bacillaria Denticula MIN FA of several genera at 56.5 in Neptune dataset; (Lazarus, 1994) 56.47

Navicula Pleurosigma GLIN FA(Navicula=44.36) – FA(Pleurosigma=37.97); (Lazarus, 1994) 44 88

Lyrella Cocconeis GLIN FA(Cocconeis=30.33) – FA(Lyrella=28.28); (Lazarus, 1994) 30 57

Gomphonema Encyonema GLIN FA(Encyonema=14.18) – FA(Gomphonema=13.09); (Lazarus, 1994) 14 34

Coronia Campylodiscus MIN FA of Campylodiscus; (Reinhold, 1937; Hajós & Stradner, 1975) 16
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