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Figure S1. Phylogenetic tree for RfpB sequences from strains with photosynthetic gene
clusters similar to that in Leptolyngbya JSC-1. Sequences were aligned using the the
MUSCLE module implemented in MEGA®6, and a neighbor-joining tree was built from the
resulting sequence alignment. Numbers at the nodes indicate the bootstrap support based
upon 100 resamplings. A few RcaC sequences, the signal receiver/response regulator protein
for CCA, were included as outgroup.
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Figure S2. Cont.
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Figure S2. Sequence alignment for RfpB sequences from various strains containing
photosynthetic gene clusters similar to that in Leptolyngbya JSC-1. Sequences were aligned
using the MUSCLE module implemented in MEGAG6. The red lines indicate the CheY-like
signal-receiver domains at the N-terminus (residues 1 to 120) and C-terminus (residues 630
to 735). The green line indicates the DNA-binding, winged-helix domain (residues 128 to
233). The blue line indicates the histidine-containing phosphotransferase (HPT) domain
(residues ~300 to 430).
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Figure S3. Phylogenetic tree of PsaA and
PsaB sequences from diverse cyanobacteria.
Sequences were aligned using the MUSCLE
module implemented in MEGA6, and a
neighbor-joining tree was built from the
resulting sequence alignment. Numbers at
the nodes indicate the bootstrap support
based upon 100 resamplings. The PsaA2 and
PsaB2 sequences specifically expressed in
FRL form distinctive clades with the PsaA
and PsaB branches of the tree, respectively.
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Sequence alignment for PsbA3 and PsbA4 sequences from various strains
containing photosynthetic gene clusters similar to that in Lepfolyngbya JSC-1. A few
sequences from other strains are also included for comparison (also see Figure 5). Sequences
were aligned using the MUSCLE module implemented in MEGAG6. The residues shaded in
blue are functionally important residues that provide ligands to important prosthetic groups
for electron transfer (for details, see [41]). The D1 protein encoded by psbA3 includes most
of the highly conserved, functionally important residues found in PsbA proteins. The DI
protein encoded by pshbA4 is a “super-rogue” D1 protein that lacks most of the highly
conserved, functionally important residues for binding prosthetic groups, in particular the
Mn, cluster of the oxygen-evolving complex.
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gs - TJSC11DRAFT_0042 (Fischerella sp. JSC-11)
UYIDRAFT_04146 (Fischerella muscicola PCC 7414)

98

67

99

“rogue”
PsbA

99

93

—
0.05

Figure SS. Phylogenetic tree for PsbAl, PsbA3, “rogue” and “super-rogue” PsbA4 sequences. The included
PsbA3 and PsbA4 sequences are found in the photosynthetic gene clusters that are similar to the 21-gene
cluster found in Leptolyngbya JSC-1 [28]. Sequences were aligned using the MUSCLE module implemented
in MEGAG. The designations of “rogue” PsbA and “Super-rogue” PsbA sequences are taken from the
analysis of Murray [41]. For additional details, see main text.
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FNNLAAGG-SGPTPTGFRPIPVSKYGPANMTKSLRDLSWFLRYITYATVAGDYNILS-VNVRGLKETTEN-A
LGGAG----AVRIPSGFRPINVARYGPRNMQKSLRDMSWFLRYITYAIVAGDPNILV-VNVRGLREIIEK-A|
-AVRIPSGFRPINVARYGPRNMQKSLRDMSWFLRYITYAIVAGDPNILV-VNVRGLREIIEK-A
SVATPPGFRTIDVGRYGTANMTKSLRDMAWFLRYITYAIVAGDPSILA-VNTRSLRETITEA-A
FNNLAAGG-SGPTPAGFRPIPVSKYGPANMTKSLRDLSWFLRYITYAIVAGDYNILS-VNVRGLKETITEN-A
F55------ TGPIPPGFRPINTARYGPSNMQKSLRDMSWFLRYTTYATVAGDPNITV-VNTRGLKEVIEN-A
FNTSP----SGPTPPGFRPINTARYGPSNMAKSLRDLSWFLRYATYATVAGDPNITV-VNTRGLRETITEN-A
FLGSG----GGKIPAGFRPISVSRYGPRNMTKSLRDMAWFLRYTTYAIVAGDPSILV-VNTRGLKEVIEN-A
LINDPD---AGVTPPNFRPINVARYGPSNMQKSLRDMSWFLRYLTYAVVAGDPNILK-VNVRGLREITEN-A
FSASPGGGGGGPTPPGFRPINVARYGPGNMQKS LRDLSWFLRYATYAIVAGDPNITS-VNVRGLREITEN-A
F§§------ TGPIPPGFRPIPISRYGPSNMQKSLRDLSWFLRYTTYATIVAGDPNILV-VNTRGLREVIEN-A|
FSASG----GGPVPAGFRPINVARYGPRNMQKSLRDLSWFLRYTTYAIVAGDPNILV-VNVRGLREIIEN-A|
FVGGAE - - -GGPTPAGFRPINIARYGP SNMQKSLRDLSWFLRYTTYAIVAGDPNIIA-VNTRGLREIIER-A|
FNTSA----GGPTPAGFRPINIARYGPSNMAKSLRDLSWFLRYATYAIVAGDPNIIA-VNTRGLREITEN-A
FNSSP----SGPTPPGFRPINIARYGPANMAKSLRDLSWFLRYATYAIVAGDPNIIA-VNTRGLREIIEN-A
FNSSP----SGPTPPGFRPINTARYGPANMAKS LRDLSWFLRYATYATVAGDPNITA-VNTRGLRETTEN-A
FNTSP----SGPVPPGFRPINVARYGPANMAKS LRDLSWFLRYATYATVAGDPNITA-VNTRGLRETTEN-A
FNSSP----SGPIPPGFRPINIARYGPANMAKSLRDLSWFLRYATYAIVAGDPNIIA-VNTRGLREIIEN-A|
FNSSP----SGPVPPGFRPINIARYGPANMAKSLRDLSWFLRYATYAIVAGDPNIIA-VNTRGLREIIEN-A
FNSSP----SGPTPPGFRPINIARYGPANMAKSLRDLSWFLRYATYAIVAGDPNITA-VNTRGLREITEN-A
-SGPTPAGFRPINVTRYGP SNMAKSLRDL SWFLRYGTYATIVAGDPNILV-VNTRGLREITEN-Al

S8

238 248 250

NAYGEEMTATCLRDMDYYLRLITYGVVAGDVTPTEEIGLVGVREMYKSLGTPVDAVAQAVREMKAVATGMMSGDDA---------------—--——-———-——--——
NAYGEEMTATCLRDLDYYLRLITYGVVSGDVTPIEEIGIVGVREMYKSLGTPIDAVAEGVRAMKSVATSLLSGDDA-
---NPRKTASCQRDQGWYIRLVAYSVLAGSEKPLSEIGTVGIKEMYNSLEIPLKNLVEAMRCVKDEAISLMSEDDAV
NMYTTRRYAACIRDLDYYLRYATYAMLAGDPSILDERVLNGLKETYNSLGVPVGSTVQAIQAMKEVTAGLVGADAG-
--NMYTTRRYAACIRDLDYYLRYATYAMLAGDPSILDERVLNGLKETYNSLGVPIAATVQAIQAIKEVTASLVGADAG-
NMYTCRRYAACIRDLDYFLRYATYAMLAGDPSTLDERTLNGLRETYNSLGVPIGATIRSVQAMKEATTDLVGAEAG------------------——--—--——~--—-

STAATIVATQQMRQASIKYF-QDEEAKDIVAQYFDVVLTEFRGSTPSNKQRQGQSS
STPATLVALQDMRATSAGYFRNDPEAQQLVKDYFDVLIREFEAPTPSLKQRQRFAE
STPATLVALQDMRATSAGYFRNDPEAQQLVKDYFDVLIREFEAPTPSLKQRQRFAE
SSESTLVALRVMKQAAGEL FANAAEAKATSDQYFDVALTEFVGSAPSNQVRQRKAS
STVATIVATIQQMRQASIKYF-QDEEAKDIVAQYFDVVLTEFRGSTPSNKQRQGQSS
SIDATIVATQEMRAASADY FRNNAQAKETIVLQYFDILLSEFKAPTPANKVRQGFPSN
SGEATIVALQEIKAASLSYFRKDPEAAETVSQYMDVLITEFKAPTPSNKLRQRPSG
SIPATIVAIQEMKAASLDLFRGDREAQETVVQYFDVLITEMQTQVPNDKLRQRPST
STPATIVAIQTMRGASVGYFKGDPEAQDILRQYFDIMLSEFKGPTPSKKLRQRSSK
SGEATIVALQEMRASALSYFRQNPEAANIVAQYMDVLITEFKAPTPSNKLRQRPSS
STDATIVALQEMRAASIDYFQRDLEAKEIVKQYFDVLISEFKAPTPANKLRQGPSA
SGEATIVALQEMRAASLNYFRQDLEAAEIVNQYFEVLLNEFRAPTPANKLRQRFSM
SGEATIVALQKMKAAALSYFRNDAEGDAIVRQYFDVLITEFKAPTPSNKLRQRPSN
SGEATLVALQEIKVGALSFFRKDAEATEIVSQYMDVLLTEFQAPTPSTKLRQRPSS
SGEATIVALQEMKAAALSYFRQDAEAADIVSQYMDVLITEFKAPSPSNKLRQRPSG
SGEATIVALQEMKAAAL SYFRQDAEAADIVSQYMDVLITEFKAPSPSNKLRQRPSG
SGEATIVALQELKAAALSYFRKDSEATDIVSQYMDVL ITEFKAPTPSNKLRQRPSG
SGEATIVALQELKAAALSYFRKDTEAADIVSQYMDVLITEFKAPTPSNKLRQRPSG
SGEATIVALQELKAAALSYFRRDTEAADIVSQYMDVLITEFKAPTPSNKLRQRPSG
SGEATIVALQELKAAALSYFRKDTEAADIVSQYMDVLITEFKAPTPSNKLRQRPSG
STDATLVALQEIKAASLSYFRQDPEATEIISQYMDVL IGEFKAPTPSNKVRQRDSV

-KPSVPSRFQATNTADYGAVRMKRSMRDLGWFLRYTITYAVVAGDTSIIT-VNTRGLRGIIPE-DMT-VATTVALQEMQWKSL SFFPVDSAAAALVRRYFDVLTADYQVEKPSDRYRTGVSK

FNN------ QDPLPGGFRFINVSRYGAVRMKRSMRDLAWFLRYITYATVAGDGSTILS -ANVRGLRGVIPE-DMT-EATIVALRAMRRQSLDYFLEDAEATQLVKGYFDLLIAEYLTDKPSNQVRIGVSN
IQGMLAGD-REALPGGFKAINISRYGTVRMKRSMRDLAWFLRYITYAIVAGDGSILT-VNARGLRGVIPE-DMT-VATVVALKEMRWKSLTYFKGDEEASEIIKHYFDVLIDAYQVEKPPVRLRQGVSN

RDPLPDGFRPINISRYGVARMKRSMRDLDWFLRYVTYAIVADDSSILT-VNARGLRGVIPE-DMT-EATIVALREMRWRTLGYFQQDAEAKAMIQEQFDALIAAYQVEKPPVQLRIGVSN
LDPVPDKFHRINVLRYGTRNMKKSMRDIAWFLRYVIYAIVAGDSSILT-VNVRGLRGVIPE-NMT-AATVVAMQTLKWKSL SYFKQDRDAQEITRQHFDVLIAEYQTESPTGHLRQGTSL
REPLPGGFRFINISRYGP IRMKRSMRDLAWFLRYVTFAIVAGDDSILK-VNVRGLRGVIPE-DMT-EATVVALKEMQRLSLSYFPQNAEASELTKQSFETLITEYLAEKPSVQLRVGVSN
-REPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITFAIVAGDTSILS-ANARGLRGVIPE-DMT-DATVVALKEMQRQSLSYFANDAEAQEI IKHNFEVLISEYLVEKPPAQLRIGVSN
-REPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITFAIVAGDTSILS-ANARGLRGVIPE-DMT-DATVVALKEMQRQSLSYFANDAEAQEI IKHNFEVLISEYLVEKPPAQLRIGVSN
-RDPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITFAIVAGDTSILS-ANARGLRGIIPE-DMT-DATVVALKEMQRQSLSYFANDAEAQEIIKHNFEVLISEYLVEKPPAQLRIGVSN
-RDPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITYATVAGDTSILS-ANARGLRGIIPE-DMT-DATVVALKEMQRQSLNYFANDAEAQETIKHNFQVLISEYLVEKPPTELRIGVSD
-RDPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITYATVAGDTSILS-ANARGLRGVIPE-DMT-DATVVALKEMQRQSLNYFANDAEAQETTKHNFQVLISEYLVEKPPVQLRIGVSN
-RDPLPEGFRFINISRYGPTRMKRSMRDLAWFLRYITYAIVAGDTSILS-ANARGLRGIIPE-DMT-DATVVALKEMQRQSLNYFANDAEAQEIIKHNFQVLISEYLVEKPPIELRIGVSD
RDPLPGGFRFINISRYGPKRMKRSMRDLSWFLRYITYAIVAGDPSILT-VNVRGLRGVMPE-DET-EATVVALKEMRRISVSYLQDNTEATNVIKYYFDVLISEYLEEKPPVKLRIGVSN

Figure S6. Sequence alignment of a portion of the N-terminal, phycobiliproteins-like
domains of ApcEl and ApcE2 proteins (compared to the corresponding regions of selected
ApcA and ApcB sequences). Sequences were aligned using the MUSCLE module
implemented in MEGAG6. The phycocyanobilin-binding cysteine residue in ApcA and ApcB
is highlighted in yellow and red font. The corresponding residue is serine in all ApcEl and
ApcE2 sequences. The chromophore binding cysteine residue for ApcE1 sequences is shaded
in green. In all ApcE2 sequences, cysteine does not occur at either position as shown by the
yellow and blue shading. Because the chromophore binding pocket is still present (residues
180 to 230), it is probable that the phycocyanobilin associated with ApcE2 is non-covalently
bound.
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Figure S7. Phylogenetic tree for ApcE1 and ApcE2 sequences from strains with photosynthetic gene clusters
similar to that in Leptolyngbya JSC-1 and from a few other selected strains with ApcE/ApcEl-like
sequences. Sequences were aligned using the MUSCLE module implemented in MEGA®6, and a neighbor-
joining tree was built from the resulting sequence alignment. Numbers at the nodes indicate the bootstrap
support based upon 100 resamplings. Only the N-terminal phycobiliprotein-like domain and REP domains 1
and 2 were included in the analysis. For additional details, see main text.
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Figure 8. Phylogenetic tree for ApcA,
ApcB, ApcD, and ApcF sequences from
strains with photosynthetic gene clusters
similar to that in Leptolyngbya JSC-1 and
from a few other selected strains.
Sequences were aligned using the
MUSCLE module implemented in
MEGA®6, and a neighbor-joining tree was
built from the resulting sequence
alignment. Numbers at the nodes indicate
the bootstrap support based upon 100
resamplings. Seven clades of
allophycocyanin alpha subunits (ApcAl,
ApcA2, ApcA3, ApcDI, ApcD2, ApcD3
and ApcD4) were identified. ApcAl and
ApcDI1 are replaced by ApcA2, ApcD2,
and ApcD3 when cells are grown in FRL.
Four clades of beta subunits (ApcBl,
ApcB2, ApcB3 and ApcF) were
identified. ApcB2 replaces ApcB1 when
FaRLiP strains are grown in FRL. In
most strains, the apcF gene is present as
a single-copy gene and presumably the
product of that gene is used with both
ApcEl and ApcE2. However, two
FaRLiP organisms, Chr. thermalis PCC
7203 and Oscillatoria sp. JSC-12, have
two ApcF genes, and in the latter
organism, the apcF2 gene is localized in
the FaRLiP gene cluster (see [28]). The
functional roles of ApcA3, ApcB3, and
ApcD4 are unknown. Additional details
can be found in the main text.
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/ApcB3 (Chro_4356; Chroococcidiopsis thermalis PCC 7203)
ApcB3 (UYEDRAFT_01907; Chiorogioeopsis sp. PCC 9212)
Xen730SDRAFT_00025080 (Xenococcus sp. PCC 7305)

XenT30SDRAFT_00011950 (Xenococeus sp. PCC 7305)
ApeB (SYNPCC7002_A1929; Syneehococcus sp. PCC 7002)
ApCB (sIr1986; Synechocystis sp. PCC 6803)

ApcBA (CYJSC1_DRAFT_18500; Leptolyngbya sp. JSC-1)
ApcB (ali0022; Anabaena sp. PCC 7120}

Cal7507_0496 (Calothrix sp. PCC 7507)

ApcB (sye1187_d; Synechococcus sp. PCC 6301)
S7335_4775 (Synechococcus sp. PCC 7335)
LEPG4DEDRAFT_1719 (Leptolyngbya sp. PCC 6406)
ADCB (HI0956; Thermosynechococcus elongatus BP-1)
Chro_4321 Chroococeidiapsis thermalis PCC 7203)
Glo7428_1055 (Gloeocapsa sp. PCC 7428)
UYEDRAFT_02400 (Ghloroglosopsis sp. PCC §212)

76 L UYKDRAFT_04324 (Fischerslla thermalis PCC 7521)
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Figure S9. Sequence alignment of ApcA and ApcD allophycocyanin subunits. ApcAl is the major
allophycocyanin alpha subunit produced in WL, GL, and RL, and ApcA2 (ApcDS5) is specifically
produced when cells are grown in FRL. ApcD1 is the allophycocyanin-B alpha subunit produced in
WL, GL, and RL, and ApcD2 and ApcD3 are subunits produced in cells grown in FRL. Sequences
were aligned using the MUSCLE module implemented in MEGAG6. Yellow shading indicates
conserved cysteine residues. The conserved cysteine residue at position 81 typically forms a
covalent thioether bond to phycocyanobilin. Additional details can be found in the main text.

(7002)ApcA
57335_4074
Chro_4320

CYJSC1 DRAFT 18510
Cal7507_0497
UYEDRAFT_02401
UYKDRAFT_04325
$7335_4229

Chro_ 1032
CYJSC1_DRAFT_640810
Cal7507_0263
UYEDRAFT_01163
UYKDRAFT_83501
Chro_2509

Cal7507 5521
UYKDRAFT_084521
(7002)ApcD
S7335_2013
Chro_0290@
CYJSC1_DRAFT_183600
Cal7507_4813
UYEDRAFT_06277
UYKDRAFT_00755
S7335 3274
Chro_1634
CYJSC1_DRAFT_64630
Cal7507_0261
UYEDRAFT_081165
UYKDRAFT_083499
57335 4445
Chro_16836
CYJSC1_DRAFT_64068
Cal7507_0259
UYEDRAFT_81167
UYKDRAFT_03497
573352899
Chro_4357
UYEDRAFT_01968
Xen7305DRAFT_Q0006060
LEP6406DRAFT_0064
Glo7428 3841

(7002)ApcA
S7335_4674

Chro_ 4320
CYJSC1_DRAFT_18516
Cal7507_0497
UYEDRAFT_B2401
UYKDRAFT_04325
S$7335_4229
Chro_1632
CYJSC1_DRAFT_64016
Cal7507 0263
UYEDRAFT_B1163
UYKDRAFT_83501
Chro_2509

Cal7507 5521
UYKDRAFT_ 84521
(76062)ApcD
$7335_2013
Chro_0290

CYJSC1 _DRAFT 18300
Cal7507_4813
UYEDRAFT_86277
UYKDRAFT_00755
$7335_3274
Chro_1034
CYJSC1_DRAFT_64030
Cal7507_0261
UYEDRAFT_01165
UYKDRAFT_ 03499
57335_4445
Chro_1036
CYJSC1_DRAFT_64060
Cal7507_08259
UYEDRAFT_B1167
UYKDRAFT_03497
S7335_2899
Chro_4357
UYEDRAFT_B1968
Xen7305DRAFT_000B6060
LEPG4G6GDRAFT_0064
Glo7428_3841
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MSIVTKSIVNADAEARYLSPGELDRIKAFVTSGESRLRIAETLTGSRERIIKSAGDALFQKRPDVVSPGGNAYGEEMTATCLRDMDYYLRLITYGVVAGD
MSIVTKSIVNADAEARYLSPGELDRIKGFVTSGERRVRIAQVLTESRERIVKTAGDQLFQKRPDVVSPGGNAYGEEMTATCLRDMDYYLRLITYGVVAGD
MSIVTKSIVNADAEARYLSPGELDRIKSFVTSGERRLRIAQALTDNRERIVKQAGDQLFQKRPDVVSPGGNAYGQEMTATCLRDLDYYLRLITYGVVAGD
MSIVTKSIVNADAEARYLSPGELDRIKGFVTSGERRLRIAQVLTDSRERIVKQAGDQLFQKRPDVVSPGGNAYGEEMTATCLRDLDYYLRLITYGVVSGD
MSIVTKAIVNADAEARYLSPGELDRIKSFVGSGERRLRIAQVLTDNRERLVKQAGEQLFQKRPDVVSPGGNAYGQELTATCLRDLDYYLRLVTYGIVAGD
MSIVTKSIVNADAEARYLSPGELDRIKSFVSGGEKRLRIAQVLTDNRERIVKQAGDQLFQKRPDVVSPGGNAYGQEMTATCLRDLDYYLRLVTYGVVAGD
MSIVTKAIVNADAEARYLSPGELDRIKSFVTSGERRLRIAQVLTDNRERIVKQAGDQLFQKRPDVVSPGGNAYGQEMTATCLRDLDYYLRLITYGVVSGD
MSLVTELILSADSEARYPAPKELRIFQDFVKTGEQRVRIAKALAANEERIVQNGSQKFWERCPNTPSNSGV- - -DRKTASCQRDQGWYVRLIAYSILAGS
MSIVTELILNADSESRYPAPKEIQVYQNFVKTGEQRIRIAKILAENEQRIVQNGSARFWERVPNTPSNSGN- - - ERKTASCQRDQGWYIRLIAYSVLAGS
MSVVTELILNADSESRYPVPKEMRIFQDFLRSGEQRIRIAATLAENEQRIVQNASAKFWERCPVTPSNSGN- - - PRKTASCQRDQGWY IRLVAYSVLAGS
MSIVTELILNADSESRYPAPKELRVFQEFLKSGDQRIRIAKILSQNEQQIVQNGSLKFWERCPNTPSNSGN- - - ERKTASCQRDQGWYVRLVAYSILAGS
MSVVTELILNADSESRYPAPKELRIFQDFVKTGDQRIRIAKILSDNEQL IVQRGSQRFWERCPNTPSNSGN- - - ERKTASCQRDQGWYVRLVAYSVLAGS
MSVVTELILNADSESRYPAPKELRIFQDFLRTGDQRIRIAKILAENEQL IVQRGSQKFWERCPNTPSNSGN- - - ERKTASCQRDQGWYVRLVAYSVLAGS
MSIVKKLIVNADAETRYPTPGELEQIKILAQSGDRRLRLAQALTANREGIIKQAGSQLFQRRPDIVSPGGNAYGREMTATCLRDMDYYLRLITYAIVAGD
MSLILKSILNADTEARYLTPGELEPIKSFVKNGERRLRLVQALTENRERIVKQSGTQLFQKRPDVVSPGGNAYGQEMTATCLRDIDYYLRLITYSIVAGD
MSIITKMIVNADAEVRYLSPGELDQIKIFIKSSEHRLHLVQILTQSRDRIIKQAGNQLFQRRPSLISPGGNAYGNQMTATCLRDMDYYLRLITYSVAAGD
MSVVSQVILRADDELRYPSSGELSGIKNFLATGAVRIRIAEALADNEKKIVDQAQKQLFSIHPEYRTSGGNAATTKQYNQCLRDYGWYLRLVTYGILAGD
MSVVSQVILNADDELRYPTSGELKGIENFLKTGDQRMRIAQILADNEKKIVEQASGALWKLRPDF TAKGGNAYGQKQRALCLRDYGWYLRLITYSVLAGD
MSVVSQVILKADDELRYPSAGELENIKNFLQTGIQRMRIAATLAENEKKIVQEASKKLWQKRPDF IAPGGNAYGERQRALCLRDYGWYLRLITYGVLAGD
MSVVTQVILNADEELRYPSSGELKSIQNFLQTGSQRMRIAATLADNEKKIVQEASKELWKKRPDFIAPGGNAYGDKQRALCLRDYGWYLRLISYGVLAGD
MTVISQVIFKADDELRYPSSGELKSIQNFLQTGIQRTRIAATLAENEKKIVQEATKQLWQKRPDFISPGGNAYGERQRSLCIRDFGWYLRLITYGVLAGD
MTVISQVILKADDELRYPSSGELKSIKDFLQTGEQRVRIANTLAENEKKIVQEATKQLWQKRPDF IAPGGNAYGERQRALCIRDFGWYLRLITYGVLAGD
MTVVSQVILKADDELRYPSSGELKSIKEFLQTGEQRVRIASTLAENEKKIVQEATKQLWQKRPDFISPGGNAYGERQRALCIRDFGWYLRLITYGVLAGD
MSVISQVIATADREVRYLSKGELDAINRFFNNGPQRLRIVSILNSNAEEIVEKGARRFWQRCPITPSNSDN- - -QQFQASCLRDQAWF IRLISYAVAVGD
MSIITKATASADREARYLSPGELRTIRDFYNGGENRLRIATTLIENRKEIVERGSLKFWECCPDTPSNSGN- - -RTYRASCLRDQDWYIRLIAYTVIVGD
MSIITNVIATADREARYLNVEELNAVQNFYAAGRDRLRLAATLAANEQRIVEQATQRFWQRCPVTPSNSGN- - -PTFQSSCMRDQSWYVRLVTYAIVLGD
MSIITKSIASADREARYLSPGELNAIRDFYEGGFYRMRIAITLTENEQKIVEKASLKFWERCHDTPSNSGN- - -RIYRSSCLRDQSWYIRLITYSIVLQD
MSITIKSIVNADREARYLNAGELRAIQEFYENGVSRLNFAVTLTENEKTIVEKASLKFWERCPNTPSNSGN- - -RMYRNSCLRDQSWYIRLITYALVVGD
MSITIKSIVNADREARYLNAGELSAIQEFYESGVSRLNLAMTLTENEQKIVEKASLKFWERCPNTPSNSGN- - -RMYRNSCLRDQSWYIRLITYAVVVGD
MSIVKQIISNADEELRYPTPGELEMIRSFCKTGASQIQLAKTLESHAPTIVERGTRKFWQICPRTPSNSGS - - - PRKTEAAQRDMSWY IRLISYCLLAGN
MSIVKQMILNADEEVRYLTPGEIHALQNFYRSGTERIRLAKVLAQNEKKIVERATQKFWKICPRTPSNSGN- - -ARKTEAAMRDIGWY IRLVSYCLLAGN
MSLVKQVIQNADEELRYPTPGEIRMIQNFCQTGERRIQIAQKLAAAEQDLVQKGSQRFWKRCPVTPSNSGN- - - PRKTASCQRDQGWYIRLVAYCVLAGS
MSLVKQVILNADEELRYPTPAEIRMIQNFCHSGEKRIRIATTLAKNQNRLVEKASDKFWKVCPVTPSNSGN- - -MRKTASCQRDQGWY IRLVAYCILAGN
MSLVKQVIENADEQMRYPTPGEIRMIQKFCHSGDKRIRIATVLASNQNRLVEKASQKFWKRCPITPSNSGN- - -MRKTASCQRDQGWY IRLVAYCVLAGS
MSLVKQVIENADEQMRYPSPGEIRMIQNFCHSGDKRIRIATTLASNQNRLVERASQKFWKRCPVTPSNSGN- - -MRKTASCQRDQGWY IRLVAYCVLAGN
MSIVAKAIAQSDRSDRFLGSTELTQLQDFFNNSSARISAAQKLAANQQKIVDEGSKQFWNQCPNTPSNSGD- - -KQKTALCQRDQGWY IRLVSYCILAGN
MSLVAQVIAQSDEADRFLSRTELDKLQDFFKTGETRLKVAQILSKNEQKIVQEGSQRFWKVIPNTPSNSGD- - - PKKTALCQRDQAWYLRLITYAVLAGN
MSIVAQVIAQSDDAARFLSRTELDKLDNFFKSGETRLRVAQILAQNEQNIVEEGSRRFWKIVPNTPSNSGD- - - PKKTALCQRDQSWYLRLITYAVLAGN
MSIVAKVIAQSDRSDRFPSTAEITQLQDFFNNSSVRISTAQKLSENQQKIVEEGSKQFWAQCSNTPSNKGD- - -ATKTALCQRDQGWY IRLVSYCVLAGN
MSIVAKVIAQSDEASRFLSSAELTKLQDFFGNGTVRISASQKLASNQQKIVDEGSKRFWAQCPNTPSNSGD- - - SQKTMLCQRDQGWY IRLVSYCVLAGN
MSIVAQVIAQSDDANRFLSNTELDKLQDFFRTGEQRLKVAQILTQNEQKIVQEGSRRFWQVVPNTPSNSGD- - - PQKTALCQRDQSWYLRLISYAVLAGN
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VTPIEEIGLVGVREMYKSLGTPVDAVAQAVREMKAVATGMMSGDDAAEAGAY FDYVIGAME
VAPIEEIGLVGAREMYNSLGTSIPAMADSIRCMKSVAGSMMSGDDALEAASYFDYVIGGLQ
VTPIEEIGIVGVREMYKSLGTPIEAVAEGVRAMKNVATSMMSGEDAGEAGSYFDYLVGAMQ
VTPIEEIGIVGVREMYKSLGTPIDAVAEGVRAMKSVATSLLSGDDAAEAGTYFDYVIGAMQ
VTPIEEIGVIGARELYKSLGTPIEGVAEGIRGLKNVAASLLSAEDASEAGSYFDYLVGALL
VTPIEEIGIVGVREMYKSLGTPIDAVAAGYSAMKNVAASLL SADDASEAGAYFDYVAGALA
VTPIEEIGVVGVREMYKSLGTPIDAVAAGVNAMKNVAASLL SGEDAAEAGAYFDYLVGAMS
ERPLEDIGTVGIKEMYNNLEIPIRNIAECMRCLKEEAMAVLSDEDAQEVAAYFDLIIQSLS
EKPLEEIGTIGIKEMYNNLEIPLRNIVECMRCLKEEALSLMSEEDALEVSAYFDYVMRSLS
EKPLSEIGTVGIKEMYNSLEIPLKNLVEAMRCVKDEATSLMSEDDAVEVAPYFDYITIRALS
EKPLEEIGTIGIKEMYNNLEIPLRNIVEAMRCVKEEAISLMSEEDAVEVGPYFDYIIRALS
EKPLEEIGTVGIKEMYNNLEIPLRNIVEAMRCIKEEAVSMMSEEDAVEVGPYFDYIIRALS
EKPLEEIGTVGIKEMYNNLEIPLRNIVEAMRCIKEEAVSMMSEEDAVEVGPYFDYIIRALS
ATPIEEIGVIGVRQMYRSLGTPIEAVVESVRAMKNVTSTMMSGEDAGEVGAYFDYLIGAMQ
ATPIQEIGVIGAREMYRSLGTPIEAVAESIRAMKNITTSMMSAEDASEVGGYFDYLIAGLQ
VTPIQQIGIVGVRQMYRSLGTPIDAVAESVRAMKNITSSMLSGEDALVVGTYFDYLINALQ
KDPIERIGLIGVKEMYNALGVPVPGMVDAIRCLKDAALGVLDSEEARIAAPYFDFITQAMS
KEPTIESIGLIGVREMYNALDVPVPGMVEAIRCLKNASLSLMNEEDAAEATPYFDYTIQAMSA
KEPIEKIGLVGVREMYNSLGVPVPGMVESIRCLKNASLSLLSAEEAAEAAPYFDYIIQAMS
KEPTEKIGLIGVKEMYNSLGVPVPGMVESIRCLKNAALALMSDEDATEAAPYFDYIIQTMS
KEPIEKIGLIGVREMYNSLGVPVPGMVEAINSLKKASLDLLSTEDAAETAPYFDYIIQAMS
KEPIEKIGLVGVREMYNSLGVPVPGMVEAINCLKKASLDLLNAEDAAEAAPYFDYIIQAMS
KEPTEKIGLIGVREMYNSLGVPVPGMVEAINCLKKASLDLLNADDSAEAAPYFDYIIQAMS
VDPLEASGVRGVREMYLSLEVPLRSVALCMRSLKEVTLAMLSREDAAEVGPYFDYLIAGLMP
VEPLKDIGIVGVKEMYESLEIPLRNWVECIRCLKEVTLDLLSREDAAEVTPYFDCLIQGMIP
TEPIETSGVRGAKEMYASLGVPLTNLVECMRCLKEVALELLALDDAVEVAPYFDYLIQGLKP
TEPLAEIGTIGVQEMYNSLEIPLANLVIAIRCLKEVSLDLFNLEDAAELAPYFDYLIQELTP
VEPLAEIGTIGVKEMYDSLEIPLPNLVEAIRCLKEVSLDLFTLEDAAEVAPYFDYLIQSLMP
VEPLAAIGTIGVKEMYESLEIPLPNLVEAIRCLKEVSLDLFTLEDATEIAPYFDYLIQSLMP
DQPLREIGLLGMKELYTNIGIPLDNILQYLRCLKAEAIALLSEAEAEAIIPYFDQIIQELVRPGPSYFGIKDRSARQSARQAAA
EKPLEEIGLIGMKELYNSVGIPLENVRQYMLCVKAEVSAMLTPEDAAEVIPYFDLILQVISSPGAPYFQNNGRTDWQR
EQPLADIGTVGMKEMYISLGIPLANWVEAVQCLKEEATALLGQPDAAVVAPYFDHIIQTLALPGTPYFVNDGTSEY
EQPLEDIGTIGMKEMYASLGIPIFNWVEAVRCIKEAAREFLGEEDAATAIPYFDHIIQTLASPGSPYFMNDGRTDW
EQPLTEIGTVGMQQMYESLGIPLSNWVEAVRCIKEEAQALLGDEDAAEVTPYFDHIIQTLSFPGAPYFMNDGRLDW
EQPLTEIGTVGMQQMYQSLGIPLSNWVEAVRCIKEEAQALLGDEDAAEVTPYFDYITQALSFPGAPYFMNDGRSDW
SKPLEDIGLDGMRDMYVSLNVPLTNLKTAMRCIKQSAMGVLSSEEASLAGPYFDQLIRAF
MKPLDDIGINGMREMYVSLGVPVSNIGSCMRSLKEVATGLMSREEADLVKPYFDYLIRAMY
TKPLEDIGVDGMREMYTSLGVPVSNIGTCMRCLKEVASGMMNREEAAIAGPYFDYLIRAMY
SKPLEDIGLDGMRDMYVSLQVPLANLKIAMRCIKSVATGLLNSEEAALAAPYFDELIRAF
AKPLEDIGLDGMRDMYLSLGVPLSNLKLAMKCLKDVAIGLLTAEEGALAAPYFEQLIRAF
MKPLEDIGVDGMREMYTSLGVPVSNIGNCMRCLKEVATNMMSSEEAATAKPYFDYLIRAMY
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(7002)ApcB  MQDAITSVINSADVQGKYLDGSAMDKLKAYFTTGALRVRAASTISANAAAIVKEAVAKSL -LYSDVTRPGGNMYTTRRYAACIRDLDYYLRYATYAMLA
S7335 4775 MQDAITAVINASDVQGKYLDSSSMDKLKAYFQTGELRVRAATSTSANAAE IVKEAVAKSL -LYSDTTRPGGNMYTTRRYAACTRDLDYYLRYSTYAMLA
Chro 4321 MQDAITSVINTSDVQGKYLDTAAMEKLKGYFQSGELRVRAATTTAANAAATVKEAVAKSL -LYSDTTRPGGNMYTTRRYAACTRDLDYYLRYSTYAMLA
ApcB1 CYJSC1_DRAFT_18500 MQDAITSVINSADVQGKYLDSTAMDKLKSYFSSGELRVRAATATSANAAAIVKEAVAKSL -LYSDITRPGGNMYTTRRYAACIRDLDYYLRYATYAMLA
Cal7507 0496 MAQDATTAVINSADVQGKYLDTAATEKLKGYFSSGDLRVRAAGTTSANAAVIVKEAVAKSL - L YSDTTRPGGNMYTTRRYAACTRDLDYYLRYATYAMLA
UYEDRAFT 02480 MQDAITAVINSSDVQGKYLDTAALEKLKGYFSTGELRVRAATTTAANAAATVKEAVAKSL -LYSDTTRPGGNMYTTRRYAACTRDLDYYLRYATYAMLA
UYKDRAFT_04324 MQDAITAVINSSDVQGKYLDTAALEKLKSYFSTGELRVRAATTIAANAAATVKEAVAKSL-LYSDITRPGGNMYTTRRYAACIRDLDYYLRYATYAMLA
$7335_2392 MQDAITTLINTSDAQGKYLDDSSLDTLQEYFRSGDLRAKAAMTISANASTIVTKTVAKSL-LYTDITGPGGNMYTCRRYAACIRDMDF FLRYGTYAMLA
Chro 1833 MQDAITALTNSSDVQGRYLDPSSLDKLONYFQSGDMRAKTATAVSANAKNTVTKTVAKSL -LYTDTTAPGGNMYTCRRYAACVRDLDYFLRYATYAMLA
ApcB2 CYJSC1_DRAFT_64820 MQDAITALINSSDVQGRYLDNNGLDKLRSYFQSGEMRARAAITISANASSLVTQAVAKSL -MYTDITAPGGNMYTCRRYAACIRDLDYFLRYATYAMLA
Cal7507_0262 MQDAITALINSSDVQGKYLDSSSLEKLQNYFHSGDVRARAATTVSANAKNIVTKAVAKSL-LYTDITGPGGNMYTCRRYAACIRDLDYFLRYATYAMLA
UYEDRAFT_81164 MQDAITSLINSSDVQGKYLDNNSLDKLQHYYHTGDMRARAATATSANAKTIVTQTVAKSL-LYTDITAPGGNMYTCRRYAACVRDLDYFLRYATYAMLA
UYKDRAFT_©3580 MQDAITSLINSSDVQGKYLDNNSLEKLQHYYHTGDMRARAATTTSANAKT IVTQTVAKSL -LYTDITAPGGNMYTCRRYAACVRDLDYFLRYATYAMLA
$7335 1338 MQDTITSLINPADEKGQYLEGGDLDSLKQYLQSGATRVKAAGQIGDSAASIISKTVERSL-LYGDITLPGGNMYPTRRYAACLQDLTYFLRYATYAMLA
Chro_4356 MQDTITSVINPADRQGKYLDTPELEKLRKYFQTGELRVKAAATISENASSIVSQAVANSL-LYGDITCPGGNMYPTRRYAACIRDLTLFLRYATYAMLA
ApcB3 UYEDRAFT_81987 MQDTITSLINPADLRGKYLDNTELDKLRKYFQSGELRVKAAATISENAANTIVSQAVANSL -LYGDITCPGGNMYPTRRYAACLRDLTLFLRYATYAMLA
Xen7305DRAFT 00006050 MQDTITSLINPADEKGQYLEGQELDQLKKYFQSGSLRVKAADQI GSAAASTTTESVAKSL -LYGDITLPGGNMYPTRRYAACLRDLTYFLRYAVYAMLA
LEP6406DRAFT_DB63 MQDTITATINPADEQGIYLEGEQLDALKAYFQSGTLRVKAASQIGDSAASTTSETVAKSL -LYGDTI TCPGGNMYPTRRYAACLRDLTYFLRYATYAMLA
G107428_3848 MQDTITSLINPADQRGKYLETEELEKLRRYFQSGELRVKAASATSNNAANTTREAVANSL - L YGDTTCPGGNMYPTRRYAACTRDLTLFLRYATYAMLA
(7002)ApcF  MRDAVTSLIRNYDTTGRYFDRDATESLKDYFASGNDRITVAAMINSQSAE IVKAAANSLFEAVPELLLAGGNAYTTRRFSACLRDMDYYLRYGTYALTA

$7335 1487 MRDTVTSLISNYDTTGRYLDRDAIDSLQSYFITGANRVKVAAMISANAAE TSREAGKKL FEVVPEL TRPGGNAYTTRRYAACLRDMDYYLRYSSYALVA

Chro_4732 MRDAITSLIGTYDVAGRYFDRTALERLKSYFDTGTARVQAAATVNSNAASIVKQAGSQLFAEQPELIRPGGNAYTTRRYAACLRDMDYYLRYATYALVA

ApcF1 CYJSC1 DRAFT 35060 MRDAVTSLTKNYDSTGRYLDRNALDSLKSYFESGTARVQAAAVTNGNAAATVKQAALRLFEDTPEL TRPGGNAYTTRRYAACLRDMDYYLRYASYALVA
0scCyDRAFT_1371 MRDAVTSLIKNYDNTGRYLDRNAIDRLKSYFDSGIVRVQAAAVITSNAAAIVKQAGLQLFEEQPELIRPGGNAYTTRRYAACLRDMDYYLRYASYALVA
Cal7507_5609 MRDAVTTLIKNYDVAGRYFDRNALDSLKSYFDSGTARVQAAAAINANAAGIVKQAGSKLFEELPELIRPSGNAYTTRRYAACLRDLDYYLRYATYALVA
UYEDRAFT_82480 MRDAVTNLIKNYDVAGRYFDRNAIDSLKSYFESGTKRVQAAGATNANAAATVKQAGSQLFEEQPELIRPGGNAYTTRRYAACLRDMDYYLRYATYAIVA
UYKDRAFT_04324 MRDAVTSLIKNYDVAGRYFDRNAIDSLKSYFESGTARVQAAGATNANAAATVKQAGSQL FDEQPEL TRPGGNAYTTRRYAACLRDMDYYLRYATYATVA
ApcF2 Chro_1766 MQDKLTSVAKNCDLTGSSLNREVVETLKEFLADGEKRVQVAGVIGSNAAE IVKTAVSLLFQEYPELVSPGGNAYTTRRYNMYVRDMNY FLRYCSYAIVA
0scCyDRAFT_4645 MQDTLTRVINRYDVTDRFLDNAAIATLTEFLETGSLRVQVVAVINANAVE IVRESARQLFEELPYLIQPGGNAYTTRRHSMYLRDMDYFLRYSSYALLT
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(70602)ApcB GDPSILDERVLNGLKETYNSLGVPVGSTVQAIQAMKEVTAGLV---GADAGREMGVYFDYICSGLS
§7335_4775 GDPSILDERVLNGLKETYNSLGVPVGATVQAIQAIKEVTASLV---GADAGKEMGVYLDYICSGLS
Chro_4321 GDPSILDERVLNGLKETYNSLGVPVGATVQAIQAMKEVTASLT---GPDAGKEMGVYFDYICSGLS
ApcB1 CYJSC1 DRAFT_18500 GDPSILDERVLNGLKETYNSLGVPIAATVQAIQAIKEVTASLV---GADAGKEMGVYLDYICSGLS
Cal7507_0496 GDASILDERVLNGLKETYNSLGVPVGATVQAIQAIKEVTAGLV---GSDAGREIGVYLDYISSGLS
UYEDRAFT_02400 GDPSILDERVLNGLKETYNSLGVPIGATVQAIQAMKEVTASLV---GPDAGKEMGVYFDYISSGLS
UYKDRAFT_04324 GDPSILDERVLNGLKETYNSLGVPIGATVQAIQAMKEVTASLV---GPDAGKEMGVYLDYICSGLS
$7335_2392 GDASILDERVLNGLKETYNSLGVPVGATIRAVQAMKEVVNDML - - -GAEAGKEVGYYFDHICSGLS
Chro_1033 GDTSILDERILNGLRETYNSLGVPIGATIRSVQAMKEVVTSLV---GADAGREMGVYFDHIAAGLS
ApcB2 CYJSC1 DRAFT_64020 GDPSILDERILNGLRETYNSLGVPIGATIRSVQAMKEATTDLV---GAEAGKEMGVYFDYICAGLS
Cal7507_0262 GDPSILDERILNGLRETYNSLGVPVGATIRSVQALKEVSTSIV---GADAGKELGVYFDYIASGLS
UYEDRAFT_01164 GDPSILDERILNGLRETYNSLGVPIGATIRAVQAMKEVTNSIV---GAEAGKEMGVYFDYIASGLS
UYKDRAFT_03500 GDPSILDERILNGLRETYNSLGVPIGATIRAVQAMKEVTNSMI - - -GADAGKEMGVYFDYIASGLS
$7335 1338 DDASIIDERILNGLKDTYSSLGVPVEPTIQAIEAMKDVVSERV---GTEAGQEVGKYLDHITAGLR
Chro”4356 DDPSIIEERVLFGLKETFSTLGVPIQPTVQAIQALKEVTTRLV---GAEAGQEVGTHLDHICSGLSQ
ApcB3 UYEDRAFT_01907 DDASVLDERVLDGLKETYNSLGVPVDRTIQAVQAMKEVITRQV---GAEAGEQVGRHLDHICNGLS
Xen7305DRAFT_000060650 DDPSILDERVLNGLKDTYLSLGVPIEPTIQAVQAMKEVVTQRV---GAEAGQEMDVYLDHIIAGLG
LEP6406DRAFT_0063 ADASILDERVLNGLKETYSSLGVPVEATIQAVQAMKEVVTHRV---GADAGQEMDVYLDHIIAGLS
Glo7428_3840 ADPSILDERVLDGLKETYNSLGVPIQPTIQAIQAMKEVTTRLV---GAEAGGEIGMYFDHICNGLS
(7002)ApcF GDMDVLNERVLQGLRETYNSLGVPIAPTVRGIQFLKDAIKEMAAAAGIANTAFIDEPFDHMTRELSEVDL
$7335_1487 GNNDVLMERVLQGLRETYNSLGVPIAPTVQGIQIMKEMVKERASDMGVDDTSFIDQPFDFISREVSEISV
Chro_4732 GNMDVLDERVLQGLRETYNSLGVPIGPTVRGIQMMKDIVKAQAVAAGVENTAFIDEPFDHMTRELSERDI
CYJSC1 DRAFT_35060 GNTDVLDERVLYGLRETYNSLGVPIGPTVVGIQIMKDIVRERVAEAGIATDAYLDEPFDYLTRELSETDV
ApcF1 0sccyDRAFT_1371 GDTDVLDERVLEGLRETYNSLGVPIGPTVRGIQIMKDIVKAQLEASGIASGEVVDQPFDYMTRELSERNI
Cal7507_5609 GNTNVLDERVLQGLRETYNSLGVPIGPTVRGVQIIKDLVKAQVAAAGVVNTAFVDEPFDHITRELSETDI
UYEDRAFT_02400 GSMDVLDERVLQGLRETYNSLGVPIGPTVRGIQIMKDIAKEQAEAAGIADTSFVDEPFDYMTRELSEKDI
UYKDRAFT_04324 GSMDVLDERVLQGLRETYNSLGVPIGPTVRGIQIMKDIVKQQLAEAGVSGASFVDEPFDYMTRELSEKDI
Chro_1766 GDASVLDERLLAGLRDTFNSLGIPLGPTARSIQLMKNIVKEKLVTAGMTNITFVDEPFDYVVREISETEI
OsccyDRAFT_4645 GDTSILDERLLAGLKDTFNSLGIPLGVTARSVQLMKERTHQKLIEAQLGNPAFVDEPFDYIIRALSERNV

ApcF2 |

Figure S10. Sequence alignment of ApcB and ApcF subunits of allophycocyanin. ApcB1 is
the major allophycocyanin beta subunit produced in WL, GL, or RL, and ApcB2 is the beta
subunit of allophycocyanin produced in FRL. In most cyanobacteria, ApcF is a single-copy
gene, the product of which apparently functions with both ApcEl and ApcE2 subunits.
Sequences were aligned using the MUSCLE module implemented in MEGAG6. Yellow
shading indicates conserved cysteine residues. The conserved cysteine residue at position 83
typically forms a covalent thioether bond to phycocyanobilin. Additional details can be found
in the main text.



