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Fig. S1. A polyclonal antibody raised against the pyrenoid protein SAGA1 interacts with at
least five other pyrenoid proteins.

(A) Coomassie-stained gel from the anti-SAGA1 immunoprecipitation experiment. First three
lanes (identical to Fig. 1D): boiled beads alone (Blank), boiled beads after immunoprecipitation
from wild-type (WT) and sagal lysates, respectively. The small and large chains of
immunoglobulins used in the assay are labelled (*). Last two lanes: cell lysate input into
immunoprecipitation experiment. (B) Calculated molecular weight (MW) of immunoprecipitated
pyrenoid proteins based on the full-length sequence (46), except for RBCS () for which the
sequence of the mature protein is known. The MW was not adjusted for predicted chloroplast

transit peptides.
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Fig. S2. Predicted functional annotation of pyrenoid proteins immunoprecipitated by the
anti-SAGA1 antibody. (A) SAGAI and SAGA2 contain a predicted starch binding domain
(belonging to the ubiquitous CBM20 family). Conserved residues predicted to be involved in
starch recognition are highlighted (magenta). Numbering is for SAGAI1. The partial alignment
around the starch binding domain includes examples spanning the entire tree of life: a land plant
(Arabidopsis thaliana, At2g40840), a fungus (Aspergillus niger, 1kul) and a Gram+ bacterium
(Geobacillus stearothemophilus, 1cyg). (B) Crystal structures of two starch binding domains from
(A). (C) Predicted regions of structural similarity between SAGA?2 and experimentally determined
protein structure data deposited in the Protein Data Bank (47). Six predicted structures are shown
alongside PDB template ID, confidence and identity percentages. The position of a predicted
functional domain is shown along the protein length of SAGA2 (to scale). Abbreviations: Eco
(Escherichia coli), Pya (Pyrococcus yayanosii), Ssc (Sus scrofa), Spn (Streptococcus
pneumoniae). (D) Predicted transmembrane domains in RBMP1 (48). Bestrophins are calcium-
activated ion channels that assemble as homo-tetramers or homo-pentamers (29, 49). (E) Predicted
transmembrane domains in RBMP2 (48). (F to H) Predicted regions of structural similarity
between RBMP1 (F), RBMP2 (G), and CSP41A (H) with data deposited in PDB, as for (C), above.
Abbreviations: Kpn (Klebsiella pneumoniae), Gga (Gallus gallus), Ath (Arabidopsis thaliana),
Mtu (Mycobacterium tuberculosis), Wsu (Wolinella succinogenes), Sce (Saccharomyces

cerevisiae), Ban (Bacillus anthracis), Hsa (Homo sapiens).
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Fig. S3. Subcellular localization of Cre10.g430350. (A) Supplementary confocal images of the
native localization of Venus-tagged Cre10.g430350. Scale bar, 2 um. (B) Supplementary confocal
images of Venus-tagged Crel0.g430350 with mutations W51A and R52A. (C) Anti-FLAG

western blot validation of full-length expression of proteins tagged with Venus-3xFLAG.
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Fig. S4. Subcellular localization of native and pyrenoid-retargeted chloroplast proteins. (A)
Supplementary confocal images of the native localization of Venus-tagged ferredoxin 1 protein
(FDX1). Scale bar, 2 um. (B) Supplementary confocal images of FDX1-Venus with the C-terminal
addition of three copies of the C-terminal SAGA2 motif. (C) Confocal images of the native
localization of Venus-tagged Crel2.g498550, an uncharacterized chloroplast protein homologous

to a Viridiplantae conserved magnesium protoporphyrin methyl-transferase involved in



tetrapyrrole metabolism. (D) Confocal images of Crel2.g498550-Venus with the C-terminal
addition of three copies of the C-terminal SAGA2 motif. (E) Predicted transmembrane domains
of Crel2.g498550 (48). (F) Anti-FLAG western blot validation of full-length expression of
proteins tagged with Venus-3xFLAG.



>
N
|
(v1)
N
1
(@)
N
1
w)
N
1

S
<
§ 3 3 3 3
ko)
(]
22 2 2 2
©
£
O
g 1 1 1 1}
2
=
o 0 0 0
e ® —J/\,—=e0 -e000e
| | | | I | I | L | | |
0 250 500 1000 1500 0 250 500 0 250 O 250
Peptide position along SAGA1 RBMP1 EPYC1 CSP41A

Fig. S5. Rubisco-binding measured by peptide array. (A) Array of 18-amino-acid peptides
tiling across the sequence of SAGAI1, (B) RBMPI1, (C) EPYCI, and (D) CSP41A. Arrays were
synthesized and probed with Rubisco. Binding signal is normalized to a control EPYCI peptide
(same as for Fig. 3B and 3C, corresponding to one unit of binding). The positions of the predicted
motifs are indicated to scale below each graph. The peptide corresponding to the C-terminus does
not accurately represent the Rubisco-binding motif in this assay, as the peptides are linked to the
cellulose via their C-termini, eliminating the carboxyl group which appears to be important for
binding to Rubisco (based on the observation that internal instances of the motif are typically
followed by an aspartic or glutamic acid, each of which carries a carboxyl group). The binding
response was quantified by summing all the pixel intensities in a constant circular region centered

on each dot on the peptide array.
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Fig. S6. High motif scores were modestly enriched among pyrenoid proteome proteins
relative to predicted chloroplast-targeted proteins. The fraction of proteins with each motif
score is shown. Pyrenoid: proteins found in the pyrenoid proteome (/7). Chloroplast: proteins
found in the chloroplast proteome (50) excluding proteins found in the pyrenoid proteome (see
Supplementary Table S2). The pyrenoid proteome has a distribution of motif scores that is shifted
toward higher scores (p = 0.047 after excluding the six proteins used to define the motif [EPYCI,
SAGAI1, SAGA2, RBMPI1, RBMP2, CSP41A]; p = 0.0066 otherwise).
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Fig. S7. The motifs of pyrenoid-localized proteins are more frequently situated in disordered

regions compared with the motifs of other chloroplast proteins. (A) The likelihood of



disordered tertiary structure as predicted by I[UPred2 (57) was plotted as a function of amino acid
position along the length of the pyrenoid-localized protein RBMP1. Each grey bar highlights an
11-amino acid region centered on the tryptophan of a Rubisco-binding motif, in which the plotted
values were averaged to obtain a “local disorder score”, reflecting the likelihood that this motif is
in a disordered region. (B) For illustration purposes, the same analysis is shown for the non-
pyrenoid chloroplast protein Cre01.g015300. (C) The analysis was repeated for proteins found in
the pyrenoid proteome (/7) and/or the chloroplast proteome (44). Only motifs with scores of 3 or
greater (relatively high similarity to validated Rubisco-binding sequences) were considered. When
multiple such motifs were found in the same protein, their average score was used for that protein.
The number of proteins with each local disorder score is shown, for either the proteins found in
the pyrenoid proteome (“pyrenoid”) or proteins found in the chloroplast proteome excluding
proteins found in the pyrenoid proteome (“chloroplast”) (scores are shown in Supplementary Table
S2). Proteins in the pyrenoid proteome have a bimodal distribution of motif-localization disorder
scores, with a peak shifted towards higher scores, and the distributions have different means

(Welch’s t-test p = 0.007).
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Fig. S8. Subcellular localization of native pyrenoid proteins. (A) to (F), Supplementary
confocal images of the native localization of Venus-tagged RBMP1, RBMP2, SAGA1, SAGA2,
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EPYCI, and RBCSI, respectively. Chlorophyll autofluorescence delimits the chloroplast. Scale
bar, 2 um. (G) Anti-FLAG western blot validation of full-length expression of proteins tagged
with Venus-3xFLAG: RBMP1 ~99kDa, RBMP2 ~199kDa, SAGA1 ~191kDa, SAGA2 ~212kDa.
For RBCS1-Venus and EPYC1-Venus, see (/8).
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AAAREESGRLOQSALGERESALAAAAAKEAELGERVRRAEAALAAAQAELGALRGELAASR
RSARTDAERLQSQLSEREVALKAAQERERQLSEQVGRTEEALAAAKAEVGELRNQLSEAQ

e ek e . . * * ok . % * * * * Kk . ** ** .k

QQLADRDAQLADLPDLQOORLGLMDELSAELAELAEAHAAAQERLAAAGAEAEAAQAALRA
QOVLERDGQLSTMSAIESRLGLIDELNAELSSLMEQYNSARAELGTVRSSNDTAQAQLAS

Q- QARLRS
QQLADRDTQLAAVSAIESRLGLIDELNAELSSLMEQYNAAKEELSTVRTSYDKAQAQLTS
* * Kk K

VOADYSAAQSKLVELGRSYEALKAEGQEQNAQWDAAEEELLNETAELQEAVVKYRETISD
MTSEYESARAQLAKATQYYEDVKEESVEQAARWEAAEETYLSETAELSEAVVKYRDTIAD
LSSDYEAARKQLASVSSSQAEAKAKMDEQVSEWEAAEEGYLSEIAELSEAVLQYRETIGQ
MSSDYGAAKQQLAVVSQYLEEARKKAEEQSARWSSTEEAYLADISELSEAVVQYRETISD

ek ek .k . kkhk o ke e kK Kk ekekk hkhkkookkoekk o

LNADLAELNQRYSSLVQDRQR-ATEDGGKRSEELGAAQSRQAQLOEQLKRSESRLERLAA
LNSDLAALMEQYDTLLRDRQR-ASDDRGQRSEEAQA——————-— LRDQLKRSEGRAERLMT
LNAELASANQRVSSLLODRQRSASEEGGRRSAETDALAARSAALAEKLQRSELRVDRLMA
LNNDLAGLMDRYNNLLRDRQR-AGDDSSRRSSEMEALNNKVVQLQEALKRSEGRYEQLLG

kK e kK . ke Kkkk Kk e * Kk x * * *ekkk Kk o Kk

QLADEQEARRRDAEVAAAQREALAAEAKKAAAASAAASKGAGAGAEAAAQQVAELQVALQ

ALADEQEARRREAKAAEAQQAAMMVELRQAATSSTRGGRD-——————— GPDVSQLQIQLQ
QLAEEQAARRREAQAAEATRSELAK——=——==== === mm e
QLADEQEARRRDVEAAEAQRQATMRSVEEASTAGYSSS-—————---- ARAVSELKLQLQ

kK ekk Kkhkkk o .k Kk

QSEAVRLAQVSELQERLAKANQAAAQMRGQQOSGESPRGGAGAAAAGPEAARLRAELEGRM

QSEA---—- VTELQSRLSRADQAVSQLQAQLTSDSPR-SSGSGFGGADATRVRQEYEQRT
————————— VTELQERLARANAAVAALQROQOQOQQQOV-AAPAGGGGGEAARLLSEYQTRM
QSEAVRIAQVSELQERLARANQTLSQLSANSEAASRQ —————— AGGAPSARVRQEYEQRT

* . *** ** * . . . * ook . * e k.

AAMVREYGSRSTASRAALRTLRQSLTLIRRGGVAAQSAQERLMDELRAAEMEMDAMSALG
AAMTREYTSKTSSSRNALRTVRQSLOLIRRGGVAAQQAQERLLEELRAAEGYMDEMAALP
AEVAKDVSSKSAAGRNALRSVRQSLOLIRKGGLGAAAAQERLMEELRAAEAQLDATIASLS
ATMVKDYSTKSLSGRNALRAVRQSLLLIKRGGLGAQAAQERLMDELRAAEDDLELISSLA
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MASTGSVGLSARRLSPSPRVLPTAPPGVAPQRSSKAGRRKQEQOAGFAKHSSQPRTVCAA

——MCGKRGTTARGVPLNHFILARLLITPQPVLPTSMHARQCVCVVCFCTLSTEFIGNWPK

QQLPSYVHQQAAFARPRQT----VVMHAAAPGGAGAAGAAVPPGHVKVQIV--VPKGQLP
——————————————————————— MVAHAGAAPPATGAGAA---GEVRVQVV--VPKGPLP
PKISKLQFSSSSPATPSPSHVPSKVAHAGVSPVTSAAARATVNGEPSVOVIVLVPKGTLP

* **... . .*'** * **:: *kKkk kK

PGQOLVLVGGHPRLGEWNPQAGPRLYLAPAGNAHRTEVVLPTDTPIAAKLVLMODGLPTH
PGAQLVLVGGHPSLGAWEPARGAVLRPA-GGTAYRVELSLPVDTAIAAKLVLMQODGLPIH
PGQOLVLVGGHRVLGEWDPSRGAKLVANTAGTAHSVQVELPVDKPVAAKLVLMQODGLPIS

K*k kkkKkkkkKk *k kek * * * k. e kk Kk e kkKk kA KAk ARk KKk

WETGGDRMLLLAAPPASS——————— AVSYGYLVMCDFEDTNRTHAMLWPPPALPRAPGTT
WEGGNDRMIFLATPPAGT----GAGHSGSGYLLVCEFEDTARNTALLWPPPA-—-————-
WESGDDRMLFLAAPPSPSPSPAGESAGATGYLLLCDFEDTKRTRAMLWPPAPIARSPGTT

kk ok kkke ekkoekko khkk o okoekkkk K * e kk Kk Kk

LVQWTLRSTGLPP---PPPGSPEPVPVLTGSAAELGAWEPSQGVPLRRDPGAAGCFTARA

VLOLTVRGEGLPPTSLAAGAADELVLTLTGSCPELGDWDPARGARLQPDSLVPGAWTART

ALRMDRQPLNAKLVLVAA---GAGAAGTTAVWEPGADRVLGHATNPAAGPDRMLLYVMDW

--LVPPPTPAAAAAAALOQQOHDLAAVRKMVEKAAQRGRVMTPAVFEPSTEVPPPLOAST

SASAGGAPDPSLPAPQAPPQOQSHPQOPPOPOOOOQQOQPOAAAAKPADATILKAFDSMIS

AASSAPPPPVFGGEFSVPPPHGPSLN----VVEVLDSFEPDDEEVQVVYTLTGPNTAAASP



Cc

SAGA?2 (2/3)

Cre
Gpe
Vca

Cre
Gpe
Vca

Cre
Gpe
Vca

Cre
Gpe
Vea

Cre
Gpe
Vca

Cre
Gpe
Vea

Cre
Gpe
Vea

Cre
Gpe
Vca

Cre
Gpe
Vca

Cre
Gpe
Vea

Cre
Gpe
Vca

Cre09.9394621.t1.

KXZ45943.1
XP_002951554.1

Cre09.g394621.t1.

KXZ745943.1
XP 002951554.1

Cre09.9394621.t1.

KXZ45943.1
XP 002951554.1

Cre09.9394621.t1.

KXZ45943.1
XP_002951554.1

Cre09.g394621.t1.

KXZ745943.1
XP 002951554.1

Cre09.9394621.t1.

KX245943.1
XP_002951554.1

Cre09.9394621.t1.

KXZ45943.1
XP_002951554.1

Cre09.9394621.t1.

KXZ45943.1
XP 002951554.1

Cre09.9g394621.t1.

KXZ45943.1
XP_002951554.1

Cre09.g394621.t1.

KXZ745943.1
XP 002951554.1

Cre09.9394621.t1.

KXZ45943.1
XP 002951554.1

NDAVQOAAEQQAAAAAAAAAAAAARLAALEAEHLSAMEAARLAAVEAQKQLEGQLAAKAA

LEAERVAEYESAMAALKAQVEAAQAEAAANRLALETMGOQLEASRGREQDLSGELGLMQS

EEEARIAEYEAQMAMLRQQOVDAAQSEAASNQLSLHALQOQLEASRGREADLSEELTAMQG

RLAEAARSHNSNSDAVNALESALQAARSQYQGALAEMQRADAAGSYSLRLLERLEAAYTG

KLAEAARSHTSNTEAVDVLESALQTARQQYESALTELQRADAAGSYSLGLLDRLEAAYLA

AVDQYEDLEKELVAAKNAQAQSESMLAAMEAQVATSMKLAGSVQVYEKQVAVLOEQLQMS

AVDQYEEVVAELATAKASQQQOSQAMLOTLEAQVAASVQLAGSVEVYEKQVOMLOEQLQLS

*

AEAHEAELGALQGQLASVEARASQTEDLYESMLKEMKSALDDALAREQVLHRELSSMQSR
ASAHEEELSALSGQLRGLEARSAQTEELYESMLKEMKAALDDALGREAMLHSELSGLQSR
AQAHEAELSLLQGQLRSVEVRSQOTEDLYESMLGEMKSALDDALAREQTLHAELNSMORR

*  kkk kX * kKK ek ke KkhkkoekkkhkhkAhkk hhkkokkAkkAkk Kk * Kk kK kK

AEEFQRQVEKAAAGMGESTRQEEALRKEVARLRRVIEQYK-——-—-— EYLEEHDGELGRSLE
TEELOAQAAQAAAGVSESRAAEEAMRKETQRLROQVIQQYK-———— EYLEEHDGELSRSLE
ADEFQKQVEAAAAGMSDSARQEEALRKEVARLRRVIEQYKHPGSQEYLTEHDGELSRSLE

e ek ek Kk Kk Kk Kk . .k Kk koo kKK K’ khkKk Kk e kkKk Kkhkk Kkkhkkkkk Kkhkkk

REEALDAQLSSLQOAVVSQQESQLRGALERQQOALSAELEEQRRTADEYQAKLEEQQRELAE
REEALDAQLTGLQOQOVVAQQEAALRAAAERQEALAAELEAQRASAEAAQAKLEEQQKELAE
REEVLDAQLTSLOAVVRQOEEQLQAALERQDELSRELEHQOKTAEDYKSQLSEQQAALQE

*kkk Kkhkkkko *k kk Kkkk * * kkke Ko KkKk K k. e ek khkkx * ok

AAAKQAAMNERADSMTREMGRLOELTESYKAKLEASQSEVEAAAAREKAAVAAARAAGER
AAAMQOAGMRERAESMTAEISRLQELTEGYKTKLALTESEAADAAAREAEALRKVEAAGAR
AAEKQAAMOERAEAMOREMDRLQGLTESYKTKLEASRSEAELAAAREAELVRQVEASGTR

* K kk kK kkKk e ok ke kkk kkk kk kK . kK * ok k kK . * ek Kk

EGDLLGRVEKLQANIASYKSKLQEQERSLSTAAQRESSLOAALAEQEVERVALAEQLHD—-
ETDLLGRVEKLQLSTAQYKSKLQODQAASLSSAAEREGALTASLAEASSETAALKQELSSL
EGDLLGRVEKLQASTAQYKSRLODQESSLSAAAAREGELMAALRDQEGDSADLRHRLEEL

*  kkkkkkkkkk *k kxkk kk ek *khk o kk kk * kek . . * *
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kAhkkkkoekk Kk Kk * Kk e k. . * .

GLPGSTSASASGSASGSTSASGTTAALQPSASAGSSAKADSDELFAADDAMASGGEIDYD
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Kekhkkk KAk AkhkAkkhkAkk ko kkkk*k
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* . * . *k ek

AGAAASAASSSSSAAAAAEKPQERQRGSGSNTSSSNGASSNGASSSRNGTHAAGEDVREV

*o. N . *:

GKDDAAEAGRSASGRRNASPVRR-TAIPANWRDAL
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MQOCQLKHGARPQSQRPNWLPARAATLRPAVOHGVRRGLTLGVKAAAAPLEDKKMPADMTT
MOSQLOPRLOLOGTRLNWLPQRSCVQRRSLRVDATSG-————— AAPPPPAGKELSNDMVT
kK KK Lok K kkkk ke Kk ee % XKk Uk ke Kk _*
ROYRRVVYDFALWAKHRDVNRYLYNLRTIPGSRIIRQLSQPMGVVLAWAALFGFYETCLE
RQYRRTVYDFSLWAKHRDVNRYLYNLKTIPGSRIIRTLGOQPMGIVLAWAAMFGFYETCLE

Khkkkhkk hhkkhkkoehkkhkhkkhkhkhkhkkhkkhkhkhkhkhkhkk hhkkhkhkhkhkkhk,kk * ) khkhkkekhkkhkhkhkkhkoekhkhkhkkhkhkhkkhk

AGVLPSYLPKMTLMSAEPQGLTSFALSLLLVFRTNSSYGRFDEARKIWGGILNRARNIAN
SGVLPSYFPKLTLMSAEPQGLTSFALSLLLVFRTNSSYGRFDEARKIWGGILNRARNIAN

ehkhkhkhkhk ko hhk o khkhhhhhh A hhhhhhhhhhkhhhhhhhkhhhhkhkhhkhkhhhkhkhkhkhkrhhkkhkhkkx

QAVTFIPAEDQAGREAVGKWTVGFTRALQAHLQEDIDLRKELEKATPRWSKEE I DMLVNA
QAVTFIPAEDVAGREAVGKWAVGFCRALQAHLQEDANLREELOKAQPRWSREEIDMLCSA

KAk hkkhkhkkhhkkhk hhkkhkhkkhkhkhkkhkohkkhk hhkkhkhkkhkkhkhkkhhkk  oskhkkoekkekk  *hkkk *hkkkk%k *
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KAk Akhkhkkhkkehkhkhkhkhkkhhh Kokhkkhkhkhkhkhkhhdhkh dhkhkhkkhhkhkhkhkhkhkhhkhhkhkhkhkdhkhAhkhkkhkkxk*k

FLTIWLAMLPLGLWERYHWSMLPVIALIGFLLLGIDEIGISIEEPFGILPLDAICGRAQT
FLTIWLSLLPLGLWDRYHWSMLPVIALIGFLLLGIDEIGISIEEPFGILPLDAICTRAQT

FAhhkhkhk ko o khhhhhko kA A A h A A A A hh A A dh Ak Ak hh Ak Ak hkhh Ak hkdkhhkhkhxkhhkhkrxkxkhkhkx *k*xx%x

DVNSLLKEDPAVMKYVDDVRSGRVKSPPPLPPAPAAPAAA——————— AAAAAAAARSVSP
DVVSLLKDDPAVVKYISDVRQGRIAPPTEPPVAGAAPVAAAPPPPPPASAGGGISRSGSP

kk Kkkhkkkekkhkkoekhkkoe Kkhkk Kk * * k kkk K%k * ok e kk kK

—-——QPDVAKTLGSLFTNVRAGVGAVAPGAPLMPQAPVRSPSPTRSVSP--—--SFPRASA
TAQQQPDVMKTVTSMLHNVKAGIGAVAPAPPRPPSPQPRARSP-RAASPGGPSPFPRASA

khkkhkk kke Kkeo Kk Kkkoekkkk*k * * ke kk ke kK * Kk Kk kK Kk

GTGMPPPVGMNGATPRVAAAPPTPPPVSRPAAPAAA-————————————— PAAGSGEFTMP
GTG-———————- GAAAAVPSPPPIKPLTSSSSSSSGAVSKDSNNSTATAKKPASAPAASSA

* Kk **:. *.:.** * .* .. .« Kk **:_.. .

NEFSASLSGLTGGAAAAAKSAADAASSKLTKMADSMSSGAAAPAPPAAPAR-—————————
GFSMGFSGLADGAAAAAKSAS-AAAAKFSKIADSVVAG--TPAAPASEAKRETAAAAAMQ

* * ekhkhke KAhkhkhhkhAhkkhkhe Khkeookookohkhkhe .- % ekKk kK. Kk

AQPRNTPSSSSSTPSAAPANGSSDDDRSSSGRRTAAAVNWREELAALRAGREDAEEPASA

*k ook o .0k Kk ek kkk Kk K%k khkkhkKkoekk ok Kk kK

SASYDREFPSSSWSEFSSASSAAVVQSGDAEDEARRRFGGLAGRGARSDTTTSAAAVMRGN

* * . kK kK e okk Kkhkkhkk kAkkKk

GNG-————————————— GGGSSDTELSEANRPRTRPDWRNQL

GNGLSENGYGNGYGNDNGNGNGNTVEARGARPRTRPDWRNQL

* Kk *.*_.:* Kk ok kkkkKkkkkkk
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LOPGOPGSSSLLPVAALNGEGQGPAVGAADWSSFPFQLSDDPLLRRSQLLLAASRRLRGE

LVAGTASKATTAAVASA-————-— ASAAATGW———————=———— MAVEELLAEAAYSLSQQ
—-AVGGGAAGLTAAAASV-————— ASAATSGW-——————————— LAIEELLEEAAYSLSQE
* * . .

* . . Kk * . *

EPFPTPLADAELDPSAPRTVAGNAASVPDSPAVVSPLPFTRVGGTRPALTTFQSAASPDA

—————————————————————————— IQTTS——-SPL—---——---DQLM--——---———
—————————————————————————— VPDGPGR-SPL---------EALARLASTSDGGS
. * k %k *

AAGASLGELAVAAARMSTSTASPAGLLAAATAAAAVPSLMAPAAASASPASAAAAAAATP
SNSAASGAVLKATVKKASLASLAAAAPAAAPATAPIPVTASAAASSAAGAAATPVSAVAL
GSSTIAAGAGLDLDLPQOLOGLLPPQVAESLAAGPALPVSLSGGLGSGPGGLGLASGGAA

* . * .k . * .

GAAAWLAIDNLLSEAAYSLSQQLDNSGLGGRTLASKTAVWSSAGGSLPEGLDDLLYSLAA

APVAPLPPPPPPADAT TELPMQO-PLSGFAASV—————--—~ PGGDRLTEVLDDLLYSLSQ
Smmmmm GSGGLLAAV----————— PGGDRLSEVLEDLLYSLSQ

* . * Kk Kk Kekkkkhkkk o

ELD----ALGLTAAGQALAGAAKGAVAGLTGAAAELPRAAAQVYRSAADAASVATNLSAS
DINMEAAGKAAAAAGDAVASAATAAAAGLVGAVSELPRAAATIMYRSASESAAAA—---NAA

EIN-—————- PAAAQDAVLSAAMAAAAGLAGAAEELPRAAASVYHSAAEAAAAA--—-AAA
. SRR ke KKk K _KkK KK kKKKEKKE sk kkeeeke X * .
RNQGVTLITPSPLPPDAGGPDLT---QLEPELLAAAG-———————————————————— LT
RVATVRPAVILPEPEPAPAPALPAPTEVAAKEMVAVA-——————————————— PPAPAPV
RAAS---AARVPSGGGSGGTALVVPDESQTQLAMATGVEYGAGEEYDMELDGVDDMTVAA

* * . * . . *

PNPAWDPFGTIRAAEALSRGEVVPEGLVVPPAL——————————=————————————————
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GNLAWDPYDSVRAAEG-ALDAMVPDASAADAAY -~ == —————====——————————————

* .. . .ok * .

—-—-—-VAKAAAAA-——————— PVVTGT--PSVSGAATATAAATVEAATTAAAGTIVIPAPA
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—-—-—--AAASSAVVDATAAVLPPIITASAAPSVADAATATALAVVEAATTAAAGTITINPP-

ke ek Koo ek . kKhkk o Kkkk Kk . ckkkkoehkhkkhkhkk o K *

PAPTAPVPAPPVVAAVPVAPAPAPVPPPAVAAAGAPPAPTVCPVPSVPEPSAVVPPPAVV
PVAPAPAPVPAPAVVAPVPPPVIAAAPVSPAPTAVSPPPAVSPPMPAPVPAEAISPVAPP

PPAPAPPVVAAAPPSPLLPPAAPVVAEAPD-———-—————————————— LSSDKLNSAVQD
PPGPAPPVVASPPPAVVAATPEPIVAAAAPAPVSPPVSAPLPVPESVIVPDTQLTAALQD
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LLAAGSPPPVDAA----AAAANAAAPAAPAAAPLPADAEAALGQLSEALOQRELKAVVGPD
LLSLSDGSQSSAAALVVAGDAVSAAASASAGGAEAAAAAAAATQLTEALRRELAAAVGPD
——————————————————————— SVATLPSASAEPAAAAAAATAVSAAMAGE---GAGAD

..... KR xR HESE * JKLUE
VDVEAAAADPSALAEAAGRAVDSALGSLDSGALEALGQLPPDVRLSSLLGAVLQSALDLV
VE----SADPAALADAAGSAITSALSSLDPAALTAVGSLPAEERLRTLLEASMQSSLDLV
GQMGVYGMDP ————————————————— LDTQQLDE-———————— LTTALQATLQSSLDMV

* K * K * kX e kK kK ekkoekk ok

DAAVSGVRQADSEVVGGVAIVVVLGLAIRSLVSVLGNALGGPRGGAMPAASAGGGGVDAA

DAAVGGVENADSTLVGGVTVAAVVALLLRSLVSMASSATISRSRD—————-—-— VVAAGAGAV
EAALSGIRSADSTLVGGVTIAAVLAVVIRSLVSMAGAALSRTRG-—-—-—-—— PGGGGGEAG

ekk e ke Khkk ek hkKhkKhk oo oo * . . ek Kk hkk koo * . * * *

GGAPRTLAEAVAAEGSARATGSRTSRALGVTALEAAALLNNEPKALLLDVRNSGDVYEQG

GNAP---AAEAAAPGDA-—-——-— RLRPAVGVSAFEAAATLNNDTNSLLLDIRNATDVSEQG
GGGG---GSAAAAA-——————— RMRP-VGVTALEAAAALNNDPQALLLDIRNGSDVQEQG
‘k“ . "k* * :‘k‘k:*:***‘k ‘k*‘k:.::‘k‘k‘k*:**. *k Kk *k
LADLRPFRRGSGAASAALPYLDFRTTPTLANPSGLL-—=-—=-——————————— G——————=

LPDLRPFRRGAGATSVSLPYCDFRTTPTLANPSGALPSPPPAPTVAAPQPAGGLLGLLGE
LPDLRPFRRGAGATTVPLPYCDFRTTPTLANPSGSLLAAAAATGPAAGSPRGG—————-——

*.***‘k****:**::‘.*** kkhkkkhkkkkkkhkkhkkkxkx K *
-—-GSGGAGAA--—-——-—————————————— GSVVAAVDPQFVPRFKQLKGLGRDSRVLLL
GTPGSAAAGSAQPVGAAASPDSGPLMAAPRGPVTVSVDPQFGAKFKQLAPLNRDSKVELL
-——-KAAAAAALAPVA-——-———————————— GPVTVSVDPLFCSKFKQLEGLNRDSRVFLM
T KK akkk k| KKKK ok kkKk Kok

DSYGVEAPEAVALLRSDPDIERLLGGEGVSFVEGGFAGPEGWKLTGLPVMDPPEPAAEAR
DSYGVESPEAVSLLRSDPDVERMLGSEGLAFVEGGFAGPEGWKLSGLPTAEP---ALEGE

DSYGVEAPEAVLLLRSDLEVEGLLGAQGVKEFVEGGFAGPEGWK—--—-—-PDLNP--LTLLSS
KAKKAK e kAk* KAKEK sk kK sks KKEKAKKKAKAKK *  .%

GAAGAGRPLLRGGPLDTSGLVGGLAALQMRY PALLTRVLAVGAVGGVGVAAASRVDWGAV

GAASRGLDFGR-———-——- LAGGMSGLRMRYPSLLTRVLGVGALGTGGLALASNLDWGAV
FLIFAAIQYYT--—---— ADISSCHVYLPFMYPSLFGRTLAVGAVGGAGVAAASSLDWASV
ko kkeks kK _Kkkkek  kek Kk kK ok

SRGGVALAALLLVADRALPTGVRPSAKLRSQLQAQLEAPADSNAAAAAASSQQ-PGDKRR

ARGSVGIAAALLVADRALPTSVRPTAKLRQHLQAQLAA-———- GGNGTD—---- AGQORRR
SRGAVGLAAAMLLTDRVLPPGVRPSGKIRQYLQSQLSDPQPNDGGSGASAAADLAAARRR

CKK K ekk sk kk Kk kkks kak | kk koK Lo L kK
AALILRALDLVDAVGDAVVKAGQTAFSAAGGAASAA-—————————————— AKTAAASAT
TALLLRALDLAEAVGDAVVRAGSAAAATAGSLATNAANAAVYNGPYDNTATASPAAANAA
TALLLRALDLAEAVGDAVVRAGGAAVAAAGSAARGAI-————————————— AASGGGSAA
CAK kKKK AK s kKAKKAK Kk ok s kKk | Kk x . * .
SAAATAWPTASAGMGSEAAGDAAS-ARASTVM—-——-—-—-— SNWRDVIDSGA--————————

AAAPAAASSATAASAQELETQPSP-ANANTVVLPQGMDSQQWATSATASA-————————=
AAAATAANAGPADVEAELETPPPPAAAAATIVLPHGMDSROQWSEAAEMAVAQVOQQQPAA

e kk ek . * * * ok ke . .k
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——————— SRSKSPV--===========—————————VRNAMAAAAQAAAQPP----PRSS
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* ek . . . . * *

AG-ISRSLGDAFHSAVSAVKRAASPARQPVAAVSGSNSRSSSPTRSGQ-———————————
SP-LAARLGDALRSAADAVTRAASPARGAVAAAA-QAVRSVSPRGRGSSADAAATASASA
SPSVVGRLNDALRSAADAVVRAASPSSKSSAAAASRAGSPGGPSGGGS————————————

* ** ** ** ***** ** * *

——————————— AADTRDLVAAVAAASAMNGT--AVLPGMAPLTFPKASAGQVPGWGAEEE
SRSTSPRSASGQPDTLDLMAALAAASAMNGT --SPAPGLPAISFPKASAGOMAQESAVDA
——————— SRSQPDTLELMTALATASALSNVDNGLLPGWPALNFPKASAGQMPQQPQLQP

** ok . * * *** ** ********

AAAAAVPD---DWRQAAEAEAYAPAGTQLDAD——-—- AAAAAATAAID--——————————
TPAPAVPEPVSPWSTELQAQDPLPSYMAGQADYSYASAMATEPLSAVDPYAREEQEWTSL
VPKAGDSEQEEEEEKDRGEMAPAATGRRGPIAKERQPAAAAAEQDNVPLES----SLSAL

* k.

AGAMAQAEAELAAELASA-—--—-— RLVDEPPPAVAPAVSFKELEQPQEEVR-———————-—

SASYNAAEATALADMWSNWROQDLEAVAPPPPALPSSEDYDD-EDDEGEVKGRRDSGSGDS
. * .

————————— ASRSSWRDEVAAEAVPVPAAPSTSRSRSVINWRDOQVEAEAARAATAAASAD

---EALVSNVVRDNWRGAAEEAAEGSSTVEP——————— DRWQWRFDAENGARGSGSEGAG
PSGSRFSENDGRGRLYGSGDTNAVAASAAMPHMDLAATQRFGT PTHDRPASAGASTTAVG
* * . . .
——————— ASAVNRQGDDNGRTGSS============ === ==
———————— NGGWRTSVDGGNGGGGGGLVAPRSGAGRNVGDS PIRGRERATAEAEALAAGM
ASSTAPLAGAAWKSATNSGADGSG === == == === === === —— oo AVAR

. K% *

————— RRKQPLRTASPERAAAAAEAMRRLRSEAAGADDDGLRVGVMGGEDKFFGGDSGEW

PAPGRPRRQALRTASPERAAAAGAAMRRMRANWVDRDDDGLASGVY-GV—-—=-—==—=— K-
QO00Q0QQORKPLRTSSPERAAAGGAALRRLRMRMDARDDDGLASGAY -GSGSEFFGGSSGD-

e khkkekkAkkAkKhK ke kK ok * Kk kKK * *

DEVQLERRRESLRAAAGADSADEEAEARGGRERELVTVGVSASRAAAREKEVGATAAAAD
————————— AGLDAQPDEGFAAVETAASGDRGERSGSAGVAAARM---—----ARGRGGLS

* . Kk . * ke

PRAARGRSSS————————-—-— RRVVARTLSPERTSEVAAAMRRMRLEAGLPPNDGSGDHAA
PGETRNRVTVTAGQAGRPGSRRQLLRTASPERAAAAAAAMKQLRAEMGISPNDGSDDGAG
GGGGRGLPSCSPHSVTR---RKQSLRTASPQRAAAAAAAMRQLRAEMGLPPNDGTDA-—-—

* . * kK KKk ek * Kk kK ek kK ke Khkkk o

AGFASPSNGHRASVNGNGSANGNGSGASRYTPSVSPSASAVVPRDWRRELQSSAGEGAES

* * *kkk Kk
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EPSGSASESEWEAAAAAATEPGDRTSLYGSVGGTASNGRTASGSTRSRNAAAVGATAAFP
ke Kk Kk
RAPSNIWRQQVDG———————== = === = —— oo oo GSNG
RSPONIWREQVE — === === === = == = = = =~ e GSAA
RSPSNWRVQVEGLDRPDSSTSSSSSRGFGGVPADWRTRIESGAPATATATAADGLNGODS
*:*‘*** ‘k*: ‘k.
NGNGNG---—————---- NGNGQ-————--- SSP--RHATPANLSPSERLAREARMRDWR
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ARV
ARV
ARV



EPYCA1

Cre
Tva
Gpe
Veca

Cre
Tva
Gpe
Vca

Cre
Tva
Gpe
Vca

Cre
Tva
Gpe
Veca

Cre
Tva
Gpe
Vca

Cre
Tva
Gpe
Vca

Crel0.g436550.t1.2
PNH11430.1
KXZ46518.1
Vocar.0001s1338.1.p

Crel0.g436550.t1.2
PNH11430.1
KXz46518.1
Vocar.0001s1338.1.p

Crel0.g436550.t1.2
PNH11430.1
KXZz46518.1
Vocar.0001s1338.1.p

Crel0.g436550.t1.2
PNH11430.1
KXz46518.1
Vocar.0001s1338.1.p

Crel0.g436550.t1.2
PNH11430.1
KXZz46518.1
Vocar.0001s1338.1.p

Crel0.g436550.t1.2
PNH11430.1
KXz46518.1
Vocar.0001s1338.1.p

MATISSMRVGAASRVVVS--GRVKTVKVAARGSWRESSTATVQA-SRASSATNRVSPTRS
MATLSSMRIGAAPRVAVARTQRASTVKVVAKGSWRDAPTVTAQP-GRAASSAKPTSPTRS
-MALSAMRVGAAPRAAVS—---RPQTVQVVARGSWRESSTVTATPAGRSSSAANRVSPTRS
—MAMSTMRVGAAPRVAVA---RSQSVKVVARGSWRESATVTAQPAGRASSS-NRVSPTRS

HER R I ForRoK R kkkk o ok kL kookr o RRRRR

VLPANWRQELESLRNGNGSSSAA--SSAPAPARSSSASWRD-AAPASSAPARSSSASKKA
VLPANWRQELESLRGGNGNGAAA--APAAAAPRAQSAGWRD-——————————————————
VLPANWRQELESLRNGNGNGSSAAAAPAPAPARSASASWRD-———————————————————
VLPANWRQELESLRNGNGNGAAAAPAPAPAPARSSSASWRSESSAAPAAASTPSRSTKKP

kkhkkkkhkhkkhkhkkhkkkhkkk Kkh*k .ok . kK ke Kk Kk

VTPSRSALPSNWKOELESLR-SSSPAPASSAPAPARSSSASWRDAAPASSAPARSSSSKK

——————————————————————————— APAAAAPARP---—--———————--——3SSPKK
VTPTRTSLPANWKQELESLRGSSSSSPAAAAPAPARS ———————=——————=-— SSSPKK

AVTPSRSALPSNWKQELESLRSSSPAPASSAPAPARSSSASWRDAAPASSAPARSSSASK
—————————————————————————————————————————————— APASAPAASAPM-K

AVTPSRSSLPANWKQELEALRGGSS——————————— SSSASWRTESAPAAAPARSGS--K
AVTPTRSSLPANWKQELESLRGGSS——-———-—————— SAASAPAAAAAPAAASAPSRSP-K

PR S S
KAVTPSRSALPSNWKQELESLR--—----— SNSPAPASSAP--APARSSSASWRDAPAS-—--
KTATPARTALPANWKQELESLR--—-—-— SSSTGGASAAPAAAPARASSASWRDAPAAAPA
KAVTPSRSSLPANWKQELESMR-——-—-— SASPAPSSAPA--APARSSSASWRSESGS--S

KAVTPTRSSLPANWKQELESLRGGSSSSSSAPAPAAAP---APARSSSASWRTESPAPAN

*:.**:*::**:********:* * ****:******
SSSSSADKAGTNPWTGKSKPEIKRTALPADWRKGL
SKSSSPAPAGTNPWTGKSKIEIKRTALPADWRKGL
SSSAAADKAGTNPWTGKAKVEIKRTALPADWRKGL
ESSSAAAKAGTNPWTGKAKIEIKRTTLPADWRROL

Koo o. KAhkkAkhkAkkhkhkkhkok K hkhkkkoekkkkkk *
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MQOSSMRA-RVAGGARRAVGTAGRRLTVKVMNSNVLIANTKGGGHAFIGLYLAKELLKKGH
———————————————————— AGRRLSVQVMNANVLIANTKGGGHAFIGLYLAKELLKKGH
MOAQLRAGRVPGGARRAVAPAGRRLTVKVMNANVLIANTKGGGHAFIGLYLAKELLKKGH
MHAQLKANR-AGGARRAFAPAGRRLSVKVMNANVLIANTKGGGHAFIGLYLAKELLKKGH

KhkAhkK ek ehkkhkhkehkhhkhAhkhAhkhhkhkhAhkhA kA Ak A Ak XAk Ak kK k

KVTIMNDGDSDKLTKKNPYAKYSDLERQGLNVVWADPAKPSTYPRGTEFDVVYDNNGKDLA
KVTIMNDGDESKLVKKAPENKYSELAREGASTIAWGDPAKPSTYPRGNEDVVYDNNGKDMG
KITIMNDGDESKLSKKAPEFNKYSELAREGVTIAWGDPTKPSTYPRGSFDVVYDNNGKDLA
KVTIMNDGDESKLTKKTPFSKYSELARDGAT IAWGDPTKPSTYPRGSEFDVVYDNNGKDLS

ke kA khk Kk kK *k Ak ke kkkek Kkoek e kK kkekkhkhkAhkAkkhkhk kAkkAhkAkkAk kKo

SCQPLIDHFKHKVDHYVEVSSAGAYKADPIEPMHVEGDARKSTAGHVEVEAYLEKARLPY
SCQPMIDHFKHKVDHYVEVSSAGAYKADSIEPMHVEGDVRKATAGHVEVEAYLAQSRMPY
SCOPLIDNEFKHKVEHYVEVSSAGAYKADSIEPMHVEGDTRKSTAGHVEVEEYLKNARMPF
SCQPMIDHFKHKVDHYVEVSSAGAYKADSIEPMHVEGDARKSTAGHVEVEAYLEKARVPY

KEAKK e hkKk e AXKAXK e AAXKAXAAXAXAAAKNA AKX *AXAKAAKNA KK Kkhkehkhkkhkhkkhkhhkkd *k o okoko

TVFQPLYIYGPNTAKDCEQWEVDRITIRDRPVLLPAPGVQLTSLTHVEDVASMLAAVPGNR
TVFQPLYIYGPNTGKDCEQWEVDRIV--————————————————————————————————
TVFQPLYIYGPNTGKDCEQWEVDRIVRDRPVLIPTPGVQLTSVTHVEDVASMLAAVPGNR
TVFQPLYIYGPNTAKDCEQWEVDRIIRDRPVPIPSPGIQLTSLTHVEDVAAMLALVPGNR

R R R i R i I i SR I I

AATGQHYNVCSDRCITFTGIAKAIGKALGKDPEIILYSPEKVGTGKSGKAEGEPFRTVHFE

AAIGNIYNICSDRCISEFVGIAKSVGKALGKEADVLLYSPEKVGTGKSGKAEGEFPFRTVHE
EAIGOMYNVCSDRCISFVGICKSVAKALGKEANIVLYSPEKVGTGKSGKAEGFPEFRTVHE

FASADKAKRELGWKPKHDFQKDVQGLVNDYKANGRDKKEVDESVDDKILAALGKSVPKSS

FASSDKAKRELGWKPKHDFQKDVAALVADYKSQGRASKEIDEFSIDDKILAALGKSVKSSA
FASSDKAKRELGWKPKHDFQKDVAALVADYKAQGRDKKDVDESIDDKILEALGKPFKPAA

SNSSVSAS—---FSRLSSSGPKAEELPRSRSSFSPRRDLKIKRTVLPANWRDSLDEDEPAK

PAPSNGNGAPELTRVSSPSAESGAP-RIHSSHSPRRDLKIKRTVVPSNWRDSGDGGSV—--
VDSSSSSNG--FTRISSSASPSPSPAQRRSSFSPRRDLKIQRTVLPPNWRESLDGGEAVS

PAAGRSATTGRSGSVPKDWRSSL

—-—-AASPPSRSSSAPRDWRNAL
ATPSAAPRPARSSSVPRDWRSSL
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gnl|onekp|ZIVZ scaffold 2002271
gnl|onekp|OFUE_scaffold 2045013
gnl|onekp|XDLL_scaffold 2047213
gnl|onekp|BZSH scaffold 2032075
gnl|onekp|VIAU scaffold 2059943
gnl|onekp|MFYC scaffold 2003104
gnl|onekp|IRYH scaffold 2037065
gnl|onekp|USIX scaffold 2005162
gnl|onekp|WRSL_scaffold 2000117
gnl|onekp|JWGT scaffold 2000606
gnl|onekp|BCYF scaffold 2001609
gnl|onekp|ENAU scaffold 2001593
gnl|onekp|IHOI scaffold 2001538
Cre02.9g120100.t1.2

gnl|onekp|ISPU scaffold 2003349
gnl|onekp|PZBH scaffold 2031737
gnl|onekp|KUJU scaffold 2000901
gnl|onekp|XJGM scaffold 2004214
gnl|onekp|IJMT scaffold 2000873
gnl|onekp|ZDOF scaffold 2004273
gnl|onekp|JMUI scaffold 2004879
gnl|onekp|QWFV_scaffold 2082450
gnl|onekp|VFIV scaffold 2000508
gnl|onekp|LETF_scaffold 2004561
gnl|onekp |AJAU_scaffold 2002828
gnl|onekp|ASZK scaffold 2019561
gnl|onekp|Z2J0J scaffold 2052359
gnl|onekp |WEJN_scaffold 2023507
gnl|onekp|CQQOP scaffold 2012653
gnl|onekp|VBLH scaffold 2044988
gnl|onekp|OQON_scaffold 2035501
gnl|onekp|KSFK scaffold 2020188
gnl|onekp|QLMZ scaffold 2013199
gnl|onekp |LSHT scaffold 2000765
gnl|onekp|PFUD scaffold 2034488
gnl|onekp|CJIGZ_scaffold 2003604
gnl|onekp|ZDIZ_scaffold 2000214
gnl|onekp|JRGZ scaffold 2002739
gnl|onekp|MNPL_scaffold 2000234
gnl|onekp|FPLR_scaffold 2010750
gnl|onekp|PZIF scaffold 2005049
gnl|onekp|EEJO scaffold 2005253
gnl|onekp |NMAK_scaffold 2037315
gnl|onekp|POOW scaffold 2053993
gnl|onekp|GUBD_scaffold 2005305
gnl|onekp |GGWH_scaffold 2046582
gnl|onekp|LQUX scaffold 2012318
gnl|onekp|PFSA scaffold 2011649
gnl|onekp|PRIQ scaffold 2004033
gnl|onekp|MJIMQ scaffold 2000215
gnl|onekp|QRTH scaffold 2038871

23 24

87 90 91 94

DOQIARQVDYIVG---PSQVLKEVSQCTRA
DEQIARQVDYIVG---AMQVLKEIVACTKA
DEQIARQVDYIVG---GIQVLKEIVACTRA
DDEIARQVDYIVG---PSQVLREVNACSRG
DSQIAKQVDYIVS---ASQVLKEVSGCSRA
DSQIAKQVDYIVS---ASQVLKEVSGCSRA
DDQIAKQVDYIVG---PSQVLSEINKCSRA
DEQIAAQVDYIVA---GIQVLKEIVACTRA
DEQIAAQVDYIVA---PMQVLREVVACTRA
DEQIAAQVDYIVA---PMQVLREIVACTKA
DEQIAAQVDYIVA---PMQVLREIVACTKA
DEQIAAQVDYIVA---PMQVLREIVACTRA
DEQIAAQVDYIVA---PMOQVLREIVACTKA
DEQIAAQVDYIVA---PMQVLREIVACTKA
DEQIAAQVDYIVA---PMQVLREIVACTRA
DEQIAAQVDYIVA---AAAVLREIAECKKA
DEQIAAQVDYIVA---PMQVLREIVACTKA
DEQIAAQVDYIVA---PMQVLREIVSCTKA
DGEIAQQVDYVTG---SSQVLREIAAATRA
DDEIAEQVDYCVE---ADQVLKEVNNCTKA
DEEIGEQVDYIVE---AEQVLGEIYNCTRA
DDEIAEQVDYIVD---ADQVLREVANCTKA
DDEIAEQVDYIVD---ADQVLREVNNCTKA
KTQIAKQVDYIVA---PQOVLNEVDQCTRT
SSQIARQVDYIVA---PNQVLGEIDACTRA
DOQOIARQVDYIVA---PNQVLGEIDACTRA
DOQIARQVDYIVA---PNQVLAEVNACKRS
DOQIARQVDYIVA---PNQVLGEIDACTRA
HGEIARQVDYIIA---PNQVLGEIDACKRA
PGEIARQVDYIIA---PHQVLAEVDACKRA
PGEIARQVDYIIA---PHQVLAEVDACKRA
DGEIARQVDYIIA---PNQVLQEVQACKRA
DGEIARQVDYIIA---PNQVLAEVNACKRA
DGEIARQVDYIIA---PNQVLAEVNACKRS
DGEIAKQVDFIVN---PSQVLREIRACVSA
NQEIARQVDYIIN---PNQVLGEVDACTRA
ADQIAKQVDYIVN---PSQVLREVSSCQIA
SDQIAAQVDYVVS—---ASLVLREVDACTRA
SDQIAAQVDYVVS—---ASLVLREVDACTRA
SDOIARQVDYIVG---PVQVLREIDNATKA
DDQIARQVDYIVN---PVQVLREIDNATKA
DDQIARQVDYIVN---PVQVLREIDNATKA
DDQIARQVDYIVN---PVQVLREIDNATKA
SDQIARQVDYVVG---PSAVLTEISRASKA
SDQIARQVDYVVG---PSAVLTEISRASKA
SDQIARQVDYVVG---PSAVLTEISRASKA
SDQIARQVDYIVG---PSSVLTEIARCSKA
SDQIARQVDYIVG---PSSVLTEIARCSKA
SEQIARQVDYCVG---PSAVLTEISRAAKA
SEQIARQVDYCVG---PSAVLTEISRATKA
SEQIARQVDYCVG---PSAVLTEISRATKA



Fig. S9. Homologs of the Chlamydomonas Rubisco-binding pyrenoid proteins are present in
the proteomes of other Volvocales. (A) For each protein, a schematic alignment of homologs is
shown. Each motif is shown at its exact position in the alignment. Species abbreviation; Cre:
Chlamydomonas reinhardtii; Tso: Tetrabaena socialis; Gpe: Gonimum pectorale; Vca: Volvox
carteri. The current state of genome assemblies and predicted proteomes may affect the quality of
the alignment. (B) Motif-containing homologs of SAGA1. (C) Motif-containing homologs of
SAGA2. (D) Motif-containing homolog of RBMP1. (E) Motif-containing homologs of RBMP2.
(F) Motif-containing homologs of EPYCI. (G) Motif-containing homologs of CSP41A. (H)
Alignment of green algal Rubisco small subunit protein sequences. Only the amino acids of the
two alpha-helices that interact with the motif are shown. The phylogenetic cladogram was
constructed on full lengths sequences. Key residues identified in (27) are highlighted. Branches

leading to Volvocales are colored red in the cladogram.



Table S1. Raw mass spectrometry counts of proteins coimmunoprecipitating with anti-
SAGAL1 antibody. (see Fig. 1E) gene ID: as per Chlamydomonas reinhardtii genome v5.6
(Phytozome 13).  gene name: commonly accepted alias, @ when  available.
IPMS WT raw_spectral counts. IPMS sagal raw spectral counts. pyrenoid proteome: Y
indicates  presence in the pyrenoid proteome (/7); N indicates absence.
Rubisco interaction WD score  and  Rubisco interaction Z score  are  metrics  of
coimmunoprecipitation with RBCS-Venus-3xFLAG; WD-scores above 48 indicate particularly

high confidence (see 18).

Table S2. Chlamydomonas reinhardtii proteins containing one or more instances of the motif.
gene ID: as per Chlamydomonas reinhardtii genome v5.6 (Phytozome 13). gene name:
commonly accepted alias, when available. #motifs: number of motifs. motif scores: from 0 to 6,
as defined in Material and Methods. motif positions: position is for the 9" amino acid upstream
of the motif’s tryptophan. motif sequences: spanning the colored residues in Fig. S2A.
motif disorder scores: disorder scores used in the analysis shown in Fig. S7 (motif disorder scores
were only determined for motifs whose motif score was equal to or greater than 3).
pyrenoid proteome: Y indicates presence in the pyrenoid proteome (/7); N indicated absence.
chloroplast proteome: Y indicates presence in the chloroplast proteome (50); N indicates absence.
defline/description/synonyms: succinct  gene  descriptions as  per  Phytozome.
predalgo protein_localization: predictied subcellular localization, as per (52), where C =
chloroplast, M = mitochondria, N = nucleus, SP = secretory pathway, O = other.
PFAM/Panther/KOK/KEGG/Gene Ontology term: different predicted functional annotations
and gene ontologies. best arabidopsis TAIR hit name/symbol/defline: available data for the

closest homolog in the model land plant Arabidopsis thaliana.
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