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Fig. S1. Scheme for primer design. Alternatively-spliced single copy cpAPX, specialized
SAPX (Type | and Il) and specialized tAPX are aligned with only the last three exons
shown by boxes. Blue and green squares are splicing acceptors corresponding to sAPX
and tAPX transcripts, respectively. Red bars are stop codons. Striped bars represent the
hydrophobic tail coding sequences. The forward (F) and reverse (R) primers (arrows) are
designed outside of the orange bars to distinguish the coding potential for tAPX and
SAPX.
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Fig. S2. The translated sequences of the last exon of alternatively spliced (blue) and
specialized (red) tAPX showing the conserved hydrophobic thylakoid-anchorage chain.
The green triangle points to the spinach tAPX which was purified from the thylakoidal
membrane by Miyake and Asada (1992).

Picea_abies.tAPX ELSEAMKAKMRAEYLAL PNKPLOQSNYFLNIITIFVAVLA
Pseudotsuga_menziesii.tAPX ELSEAMKSKMRAEYLAF PNKPLQSNYFLNIIIFVAVLA
Ginkgo_biloba.tAPX ELSEAMKKKIRAEYLAF PNKPLQSNYFLNIITIFVAVLA
Amborella_trichopoda.tAPX ELSDAMKQKIRAEYEAI PDKPLKSNYFLNIMILVAALA
Dioscorea_alata.tAPX ELSDAMKQKIRAEYEGL PDKPLKSNYFLNIMILIAVLA
Asparagus_officinalis.tAPX ELSAAMKQKIRAEYEAL PDKPLQSNYFLNIIIFVAVLA
Phalaenopsis_equestris.tAPX ELSDAMKEKMRREYEAV SPDKPLKSNYFLNIMIVVALLA
Dendrobium_catenatum.tAPX ELSEAMKQKIRREYEAV SPDKPLKSNYFLNIMIAVALLA
Aquilegia_coerulea. tAPX ELSAEMKKKIRAEYEGF SPDKPLAQSNYFLNIIVVIGVLA
Macleaya_cordata.tAPX ELSDAMKQKIRAEYEAV SPDKPLAQSNYFLNI A I
Beta_vulgaris.tAPX ELSDSMKQKIRAEYEGL SPDKPLSSNYFLNI - A
Spinacia_oleracea.tAPX [l ELSDSMKEKIRAEYEGF SPNKPLPTNYFLNI A A
Camellia_sinensis.tAPX ELSDSMKQKIRAEYEAI SPDKPLAQSNYFLNI A F
Lactuca_sativa.tAPX ELSDNMKQKIRAEYEAV SPDKPLAQSNYFLNI A L
Daucus_carota.tAPX ELSDAMKEKIRAEYQAV SPDKPLQSNYFLNI A L
Coffea_canephora.tAPX ELSEAMKQKIRAEYEGLGGSPDKPLPSNYFLNI A L
Mimulus_guttatus.tAPX ELSDSMKQKIRAEYEGF SPDKPLAQSNYFLNI A A
Mentha_longifolia.tAPX ELSDAMKQKIRAEYEGL TPDKPLQSNYFLNI ) v
Mentha_piperita.tAPX ELSDAMKQKIRAEYEGL TPDKPLQSNYFLNI B v
Utricularia_gibba.tAPX ELSDSMKQKIRAEYEAV SPDKPLSSNYFLNI B v
Genlisea_aurea.tAPX QLSQSMKEKIRAEYEAV SPDKPLAQSNYFLNI AN v
Ipomoea_trifida.tAPX ELSDAMKQKIRAEYEGL SPDKPLPTNYFLNI B L
Petunia_axillaris.tAPX ELSDAMKQKIRAEYEGLGGSPNKPLPTNYFLNI A L
Nicotiana_sylvestris.tAPX ELSDAMKQKIRAEYEGF SADKPLPTNYFLNI A L

AS Solanum_tuberosum.tAPX ELSDAMKQKIRAEYEGL TPDKPLPTNYFLNI ¢ A L
Capsicum_annuum.tAPX ELSDAMKQKIQAEYEGL SPDKPLPTNYFLNIMILIC A L
Kalanchoe_marnieriana.tAPX ELSDAMKQKIRAEYEGF SPDKPLKTNYFLNIMIGI A I
Cephalotus_follicularis.tAPX DLSDSMKQKIRAEYEAF SPDKPLAQSNYFLNIITIVIG L) v
Jatropha_curcas.tAPX ELSDAMKQKIRAEYEAV SPDKPLAQSNYFLNIMIVIA - L
Linum_usit: imum.tAPX1 EFSDSMKQKMRAEYEAI SPSKALSSNYFLNIILIVI A F
Linum_usitatissimum tAPX2 EFSDSMKQKMRAEYEAI SPNKALSSNYFLNIILIVI B F
Medicago_truncatula.tAPX ELSDAMRKKIRAEYEAV SPDKALKSNYFLNILIIVI A F
Phaseolus_vulgaris.tAPX ELSEAMKQKIRAEYEAV SPDKPLAQSNYFLNIMI LI A L
Glycine_max.tAPX1 ELSDGMKQKIRAEYEAI SPDKPLAQSNYFLNIIT 1] A L
Glycine_max.tAPX2 ELSDSMKQKIRAEYEAI SPDKPLAQSNYFLNIMIVI A L
Citrullus_lanatus.tAPX ELSDPMKQKIRAEYEGF SPDKPLPTNYFLNIIVVIAVLA L
Humulus_lupulus.tAPX ELSDSMKQKIRAEYEAV TPDKPLKSNYFLNIMIVIAVLA v
Ziziphus_jujuba.tAPX ELSENMKQKIRAEYEAVGGSPDKPLAQSNYFLNIMIVIAVLA F
Fragaria_vesca.tAPX ELSDSMKQKIRAEYQAI SPDKPLAQTNYFLNIITIVISVLA
Rubus_occidentalis.tAPX ELSDSMKQKIRAEYQAI SPDKPLAQSNYFLNIITIVIAVLA
Prunus_persica.tAPX ELSENMKQKIRAEYQAV SPDKPLAQSNYFLNIITIVIGVLA
Eucalyptus_grandis.tAPX ELSDAMKQKIRAEYEGF SPDKPLAQSNYFLNIITIVIAALA
Punica_granatum.tAPX ELSDAMKQKIRAEYETI SPDKPLKSNYFLNIMIVIAALA
Citrus_sinensis.tAPX ELSEAMKQKIRAEYEAV SPDTPLRSNYFLNIMIVVAVLA
Theobroma_cacao.tAPX ELSEAMKQKIRAEYEGLGGSPDKPLPTNYFLNIMIITIGVLA
Corchorus_capsularis.tAPX ELSDSMKQKIRAEYEAI SPDRPLPTNYFLNIMIFIGVLA
Nymphaea_colorata.tAPX ELSEAMKQKIRAEYEAV SPDKPLKSNYFLNIMIVVAVLA
Spirodela_polyrhiza.tAPX ELSNSMKQKIRAEYEAI SPDKPLAOSNYFLNIMIFIAGLA GNX
Lemna_minor.tAPX ELSDSMKQKIRAEYEAI SPDKPLAQSNYFLNIILFIGGLA
Zostera_marina.tAPX GLSEDMKRKIRAEYQAI SPNKPLSSNYFLNIITIFIAVLYV
Xerophyta_viscosa.tAPX ELSETMKQKIRAEYEGF SPDRPLASNYFLNIMILVA B
Eichhornia_paniculata tAPX ELSDSMKQKIRAEYEAV SPDKPLAQSNYFLNIMILIA A
Elzeis_guineensis.tAPX ELSEAMKQKIRAEYEAL SPDKPLKSNYFLNIMILIAALA
Phoenix_dactylifera.tAPX ELSEAMKQKIRAEYEAV SPDKPLKSNYFLNIMILVAALA
Musa_acuminate.tAPX ELSDAMKQKIRAEYEAL SPDTPLKSNYFLNIMILIAGLA
Ensete_ventricosum.tAPX ELSDAMKQKIRAEYEAL SPDKPLKSNYFFNIMILIA A
Ananas_comosus.tAPX ELSDAMKQKIRAEYEAI SPDKPLKSNYFLNIMIVIA
Oryza_sativa.tAPX ELSDSMKQKIRAEYEGFGGSPDKPLAQSNYFLNIMLLIG A
Brachypodium_distachyontAPX ELSDTMKQKIRAEYEGL SPEKALQSNYFLNIMIVIA A
Sorghum_bicolor.tAPX ELSESMKQKIRAEYEGF SPDKPMQSNYFLNIMILIA L)
Zea_mays.tAPX ELSDAMKQKIRAEYEGF SPDKPMQSNYFLNIMILI A
Nelumbo_nucifera.tAPX ELSDSMKQKIRAEYEAI SPDKPLAQSNYFLNIMIVI B

Sub Fraxinus_excelsior.tAPX ELSESMKQKIRAEYEGF SPDKPLAQSNYFLNIMIVI -
Sesamum_indicum.tAPX ELSEAMKQKIRAEYQAV SPDKPLAQSNYFLNIMIVI AY
Solanum_lycopersicum.tAPX ELSDAMKQKIRAEYEGLGGTPDKPLPTNYFLNIITIVI -
Manihot_esculenta.tAPX ELSEAMKQKIRAEYEAV SPDKPLKSNYFLNIMIVI A
Hevea_brasiliensis.tAPX ELSEAMKQKIRAEYEAI SPDKPLAQSNYFLNIMIVI A
Populus_trichocarpa.tAPX ELSETMKQKIRAEYQAV SPDKPLAQSNYFLNIITIVI A
Salix_purpurea.tAPX ELSETMKQKIRAEYEAV TPDKPLQSNYFLNIITIVI A
Anacardium_occidentale.tAPX ELSEAMKQKIRAEYEAV SPDKPLRSNYFLNIMIVI A
Gossypium_raimondii.tAPX ELSDSMKQKIRAEYESF PDKALPTNYFLNIILI I A
Gossypium_arboreum.tAPX ELSDSMKQKIRAEYESF PDKPLPTNYFLNIILI I A
Tarenaya_hassleriana.tAPX ELSDAMKQKIRAEYEGF SPNRPLPTNYFLNIITIIVSVLVLLTY NFSDPSSFX- -
Aethionema_arabicum.tAPX ELSDSMKKKIRAEYEAI SPNKHLPTNYFLNIITIAITVLVLLGT NNNTSDYSGFX
Brassica_rapa.tAPX ELSDSMKKKIRAEYEAI SPDKPLPTNYFLNIITIAISVLVLLF NNNSSDYSGFX
Schrenkiella_parvula.tAPX ELSDSMKKKIRAEYEAI SPNKPLPTNYFLNIITIAITVLVLLF NNNSDYSGFX-
Capsella_rubella.tAPX ELSDSMKKKIRAEYEAI SPDKPLPTNYFLNIITIAIGVLVLLST NNNSDFSGFX-
Arabidopsis_thaliana.tAPX ELSDSMKKKIRAEYEAIGGSPDKPLPTNYFLNIIIAIGVLVLLSTLF GNNNSDFSGFX

h




Fig. $3. Case studies of sub-localized duplicated cpAPX genes. Amino acid

and nucleotide

sequences of sub-localized paralogous are aligned with several single-copy orthologs.
Red boxes and purple boxes indicate the nucleotide sequence changes contributing to

the tAPX specialization and sAPX, respectively, and a short description is i
beside the boxes. (a) Nelumbo nucifera; (b) Zostera marina; (c) Musaceae
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Amborella_trichopoda.cAPX [R3 133 tgcagGET T AN 150 McazAlElcAlRIT[T AAGUICAAATTIATTTCCTAATATT
Aquilegia_coerulea.cAPX gt 139 nt LA AN IAgaaaca 128 nt sEEEG ARG CluG CAGUCGAACTLICTTCTYGAATATC
Nelumbo_nucifera.tAPX gt 525 cagAlgNcAlRSTdT caggcaaacT@TTTCcTgAAATRTC
Nelumbo_nucifera.sAPX gt 138 cnacaaaca 78 cagaffd: afRdt[dt ctcfjtcggtcplaactattctitaa

SAPX: mutation in
distal acceptor

tAPX: expansion of intron,
loss of proximal acceptor

SAPX: pre-mature stop codon
in the hydrophobic chain



Amborella_trichopoda.cAPX TTTCGGAGATGAAGEGCCACCT GCT
Dioscorea_alata.cAPX (I TAQMIGA TAPIAGACGATGLICTCCAAGAGTGCCTCT
Asparagus_officinalis.cAPX (Y CANIITC TAPIAGATGAG GCA
Phalaenopsis_equestris.cAPX [FJA AT CTA AGATGATGBCACAAAG GGATCA

orthologous penultimate exon
Zostera_marina.tAPX [T TldT cacfleeaTAAT|IG[JACCTCCCCARAGTCCA

Zostera_marina.sAPX (AT TS TG TCYTTCTGGT|TNGatgatgatfttgaaag

SAPX: putative rearrangement, pre-mature -

stop codon, loss of sequence similarity
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Amborella_trichopoda.cAPX ..133 LYYt catag. . . 150
Dioscorea_alata.cAPX ..117 LYY aatatg. . . 156
Asparagus_officinalis.cAPX ..130 nt .. OFEEKENLERRRYYgaaaaa. . . 143
Phalaenopsis_equestris.cAPX .124 AL IR Y caaaaa. . . 144 nt

Zostera_marina.tAPX
Zostera_marina.sAPX

.1370 Bt gccagAG

tAPX: expansion of intron, loss of proximal sAPX acceptor

tAPX: (Ensete) loss of proximal

acceptor; (Musa) the proximal acceptor i

is not followed by a stop codon tAPX: novel distal acceptor
Amborella_trichopoda.cAPX & t 133 tgcagGCTTAAtcatag 150 tg cage@rcTTGTCcAGACGETITGAAGCAGAAGITcCcGAGCAGAATATGAGCcTARTGFGGG ¢
Dioscorea_alata.cAPX gt. .. 117 .. tgcagGCTTAAaatatg...156 .. tg cagl¥G[XdAGCcTTTCAGACGHGITGAAGCAGAAGINT CAGGGCGGAATATGIJAGGTCIITGHGGGC
Asparagus_officinalis.cAPX gt . .. 130 .. tgcagGCTTAAgaaaaa... 143 . .tg caglG[MgrcTTGTcAGeGG[dTTGAAGcAGAAGI T TAGGGcAGAGTATGI AGCACHTG[HAGGG
Phalaenopsis_equestriscAPX g t . . . 124 .. tgcagGCTTAAcaaaaa...144 ..tg caglyal¥gaacTaTcceaTaldTNTcArAGAGAAGIYTGAGGAGGGAGTATGI AGcAGY G666 ¢
Musa_acuminate.tAPX gt 3 M aaaa.. . 124 ™ AFAACTATCCGATGETTGAAGCAGAAGETAAGGGCAGAATATGAGCACTGTGG¢C
Ensete_ventricosum.tAPX € t .. .1s2 AfMJaactaTcecaToldcYTcancecacancfyTarcaacacaaTATGJAGcAccalfTGa e
Musa_acuminate.sAPX gt 102 .tgcagGATTAAaataca...110 c[Mdrccatcrccrer@cMercercrcercacTTeaAGATTGCATHT[TAG| At aftcaa
Ensete_ventricosum.sAPX gt .53 . .tgcagGATTAAaaatgg......

SAPX: (Musa) pre-mature stop -

SAPX: (Ensete) loss of the codon in the hydrophobic chain
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Fig. S4. The evolution of cpAPX genes in Solanaceae. The genes in black are in the extant
genomes. The genes in grey were presumably present in the ancestral genome and were
lost. Brown bar indicates gene duplication. Brown circles indicate ancestral alternatively
spliced genes. Green and blue boxes indicate possible timing when the inferred gene
function specialization to tAPX and sAPX took place. Green and blue diamonds indicate
the ancestral tAPX and sAPX gene before the divergence of Solanum and Capsicum from

a common ancestor.
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