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Table S1. Deduced amino acid sequences of three isoforms of CA, two isoforms of
PEPC, and Asp AT, and one isoform of NAD-ME, Ala AT, and PPDK of Bienertia
sinuspersici which were using in phylogenetic analysis

CAl
FKKEKYEKNPALFGELSKGQSPKFMVFACSDSRVCPSHVLNFPGEAFVVRNIAN
MVPAFNKTRYAGVGSAIEFAVLHLKVENIVVIGHSACGGIKGLMSFPDEGPPSTD
FIEEWVKICLPAKAVLAESIGAPFAEQCATCEKEAVNVS

CA2
FKTEKYERNPSLFNELAKGQSPKFLVFSCSDSRVCPSHVLGFQPGEAFSVRNIAN
MVPPYDKTRYSGAGAAIEYAVLHLKVENIVVIGHSCCGGIKGMSIPDDGSTATDF
IEDWVKICNPARNKVKAELKSADFAVQCENCEKEAVNVS

CA3
FKKEKYEKNPALFGELSKGQSPKFMVFACSDSRVCPSHVLNFQPGEAFVVRNIA
NMVPAFNKTRYAGVGSAIEIAVLHLKVENIVVIGHSAC

PEPC1
EYRSVVRKEPRFVEYFRLATPELEYGRMNIGSRPSKRKPSGGIESLRAIPWIFSWT
QTKFHLPVWLGFGAAFKHVVQKDAKNLNMLKEMYNKWPFFRVTIDLVEMVFA
KGDPGIAALYDKLLVTEELKSFGKHLRDNYEETKQLLLEVAGHKDLLEGDPYLK
QRLRLRDPYITTLNVCQAYTLKRIRDPDFHVTVRPHLSKEIMESNSLAAELVKLN
PTSEYPP

PEPC2
EYRSVVRKEPRFVEYFRLATPELEYGRMNIGSRPSKRKPSGGIESLRAIPWIFSWT
QTKFHLPVWLGFGAAFKHVLQKDIRNLNMLKEMYNEWPFFRVTIDLVEMVFAK
GDPGIAALYDKLLVSEELKSFGKHLRDNYEETKKLLLEVAGHKDLLEGDPYLKQ
RLRLRDPYITTLNVCQAYTLKRIRDPDFHVTVRPHLSKEIESNNLAAELVKLNPT
SEYPP

Asp AT1
GTGSLRVGTEFLARHYHQRTIYIPQPTWGNHPKVFTLGGLNVKSYRYYDPATRG

LDLQGLLEDLNAADSGAIVLLHACAHNPTGVDPTREQWEQIRQLIRSKALLPFFD
SAYQGFASGSLDEDAQSVRMFVADGGECFIAQSYAKNMGLYGERVGALSIVCK
TADVASKVESQLKLVVRPMYSSPPIHGASIVASILKDKDLYDEWTVELKGMADR
IISMRQQLFDALTARGTPGDWSHIIKQIGMFTFTGLNAEQVIFMNKEYHIYMTSD

GRISMAGLSIQTVPHLAEAIHAA



Asp AT?2
GTGACRLFADFQKRYQPESEIYIPVPTWANHHNIWRDAHVPQKTYHYYHPESKG

LDFSGMMNDIKNAPKGSFFLLHACAHNPTGVDPTEEEWKEISQLIKDKGHFPFFD
MAYQGFFATGDTERDAKAIRIF

NAD-ME
SIVSFEQQYDRFMESYRSLEKNTEGQSEGSIALAKWRILNRLHDRNETLYYRVLI
DNIKDFAPIIYTPTVGLVCOQNYSGLFRRPRGMYFSAKDKGEMMSMIYNWPSQRV
DMIVVTDGSRILGLGDLGVQGIGIAIGKLDVYVAAAGMNPQRVLPIMLDVGTNN
QELVEDPLYLGLRQPRLDGEEYLAILDEFMEAIH

Ala AT
QIPGRATGAYSHSQGIKALRETIAAGMEVRDGFPANPNDIFLTDGASPGVHMMM
QLLLRSEQDGILCPIPQYPLYSASIALHGGTLVPYYLDEATGWGLEIKDLKSQLES
ARSKGVTVRALVVINPGNPTGQVLAEDNQKQIVEFCKKEGLVLLADEVYQENV
YAPDKEFHSFKKIARSMGYEDKDIPLVSYQSVSKGYYGECGKRGGYMEVTGFSP
EIREQIYKVASVNLCSNITGQILASLIMNPPKVGDESYETYSAEKEGILSSLARRAK
TLEDAFNSLEGVTCNKAEGAMYLFPRLQLSQFYARRLLQETGIVVVPGSGFGQV
PGTWHIRCTILPQEDKIPGIVERLTAFHKKFMDEFRD

PPDK
MALCFKGMLIRSAPDVFTHTLGYMKDQYQVGCSQCNSFQRVQFRNRRRCPHRL
TSQSQSNRQDVMALISDPVSTTTQQRVFTFGKGRSDGDKSMKSLLGGKGANLAE
MASIGLSVPPGLTISTEACQEYQDSGKMLPESLWEEILEGLRVIESDMGAYLGDSS
TPLLLSVRSGAAISMPGMMDTILNLGLNDEVVSGLAAKSGERFAYDSFRRFLDM
FGCVVMGIPHSSFEEKLEKLKQMKGVKLDTELTASDLKELAEQYKNVYIETKGE
VFPADPKKQLQLAVQAVFDSWDSPRAVKYRSINQISGLKGTAVNIQSMVFGNM
GNTSGTGVLFTRNPNTGERKLYGEFLINAQGEDVVAGIRTPEDLDTMKSCMPEA
YTELVONCEILEQHYKDMMDIEFTVQENRLWMLQCRSGKRTGKGAVKIAIDMV
NEGKINSRTAIKMVEPQHLDQLLHPQFEDASAYKERVITSGLPASPGAAVGQIVF
SAYDAEAWHAQGKSAILVRNETSPEDVGGMHAAAGILTARGGMTSHAAVVAR
GWGKCCVSGCSEIKVNETNKSLVVGNNVLTEGDWLSLNGSTGEVILGKEPLSPP
ALSGDLETIMSWTDAVRRLKVMANADTPEDALAARNNGAEGIGLCRTEHMFFA
SDDRIKAVRKMIMAVTPEQRKAALDQLLPYQRSDFEGIFRAMDGLPVTIRLLDPP
LHEFLPEGDLQQIVNELASETGITEDEVYSRVEKLSEVNPMLGFRGCRLGISYPEL
TEMQARAVFQAAVSMTNQGITVLPEIMVPLVGTPQELGHQVNLIRSVATKVFSE
MGSSVRYKVGTMIEIPRAALVADEIAVEADFFSFGTNDLTQMTFGYSRDDVGKF
LPIYLSNGILQTDPFEVLDQKGVGQLIKLATEKGRAAKPSLKVGICGEHGGEPSSV
AFFAEAGLDYVSCSPFRVPIARLAAAQVAV



Table S2. Homology from sequence information on transcripts from Bienertia sinuspersici of C4 pathway gene homologues compared to

some available sequences on orthologues of the enzymes from some representative C3 and Cs species.



Carbonic Anhydrase

Bienertia Bienertia Bienertia Spinacia | Flaveria | Flaveria | Flaveria | Flaveria | Flaveria | Flaveria | Arabidopsis | Oryza Zea
sinuspersici | sinuspersici | sinuspersici oleracea pringlei bidentis | pringlei | bidentis | pringlei | bidentis thaliana sativa | mays
CAl CA2 CA3 CAl CAl CA2 CA2 CA3 CA3
Bienertia
sinuspersici 100
CAl
Bienertia
sinuspersici 76 100
CA2
Bienertia
sinuspersici 97 81 100
CA3
Spinacia
oleracea 85 7 89 100
Flaveria
pringlei CA1 75 73 77 77 100
Flaveria
bidentis CA1L 76 73 78 78 99 100
Flaveria
pringlei CA2 72 7 79 76 72 72 100
Flaveria
bidentis CA2 72 77 79 75 72 72 99 100
Flaveria
pringlei CA3 76 73 82 80 86 86 73 73 100
Flaveria
bidentis CA3 77 73 83 82 84 84 73 73 96 100
Arabidopsis
thaliana 60 65 64 63 60 60 68 68 60 60 100
Oryza sativa 62 59 69 61 58 58 58 58 62 61 52 100
Zea mays 64 60 67 62 60 60 60 60 64 63 56 80 100




Phosphoenolpyruvate carboxylase (C4 isoform and C3 isoform refer to isoform of PEPC from C4 plant; C3 refers to PEPC from C3 plant.

Bienertia Bienertia Bienertia Suaeda Suaeda Amaranthus Alternanthera Arabidopsis Zea Zea mays Sorghum Sorghum Saccharum Oryza
sinuspersici sinuspersici sinuspersici aralocapica linifolia hypocondriacus pungens C, thaliana mays Cy bicolor bicolor officinarum sativa
PEPC1 PEPC2 Lara et al. C, isoform Cs C, isoform Cs Cs isoform Csisoform C, isoform C, isoform Cs
2006 isoform
Bienertia
sinuspersici 100
PEPC1
Bienertia
sinuspersici 96 100
PEPC2
Bienertia
sinuspersici 80 81 100
Lara et al. 2006
Suaeda
aralocaspica 80 8l 98 100
Suaeda linifolia C3 81 82 91 92 100
Amaranthus
hypochondriacus 82 81 78 78 77 100
C, isoform
Alternanthera
pungens Cs 85 84 78 78 78 85 100
Arabidopsis
thaliana Cs 80 81 78 79 81 74 78 100
Zea mays
C, isoform 83 85 79 79 80 75 78 82 100
Zea mays
C, Isoform 76 77 72 73 71 75 77 71 73 100
Sorghum bicolor
C, isoform 83 85 80 80 82 76 79 83 95 73 100
Sorghum bicolor
o afor 73 73 68 68 67 75 73 67 70 93 69 100
Saccharum
officinarum 7 78 73 73 71 77 76 71 73 92 73 94 100
C, isoform
Oryza sativa Cy 83 84 80 80 82 75 80 85 89 73 91 69 73 100




Aspartate aminotransferase

Chloroplast

Bienertia Bienertia Arabidopsis Daucus | Glycinemax | Canavalia Panicum Panicum Panicum Oryza
sinuspersici sinuspersici thaliana carota Chloroplast lineata miliaceum miliaceum miliaceum sativa
Asp AT1 Asp AT2 Chloroplast Cytosol Chloroplast | Chloroplast Cytosol Mitochondria Chloroplast
Bienertia
sinuspersici 100
Asp AT1
Bienertia
sinuspersici 48 100
Asp AT2
Arabidopsis
thaliana 53 55 100
Chloroplast
Daucus carota
Cytosol 85 o4 95 100
Glycine max
Chloroplast 53 56 88 56 100
Canavalia lineata
Chloroplast 52 52 85 54 92 100
Panicum miliaceum
Chloroplast 55 56 88 56 85 84 100
Panicum miliaceum
Cytosol 82 50 53 83 53 51 53 100
Panicum miliaceum
Mitochondria ol 81 49 53 48 47 49 ol 100
0] ti
S5ty 55 56 87 56 84 83 95 53 50 100




NAD-malic enzyme (alpha and beta refer to the two different subunits)

Bienertia Arabidopsis Solanum Solanum Amaranthus Arabidopsis Solanum Oryza
sinuspersici thaliana tuberosum | tuberosum | hypocondriacus thaliana tuberosum sativa
NAD-ME beta beta alpha alpha alpha alpha alpha
Bienertia
sinuspersici 100
NAD-ME
Arabidopsis
thaliana 81 100
beta
Oryza sativa
beta 84 73 100
Solanum
tuberosum 87 77 75 100
beta
Amaranthus
hypocondriacus 69 62 63 62 100
alpha
Arabidopsis
thaliana 70 62 64 63 78 100
alpha
Solanum
tuberosum 12 62 65 64 80 85 100
alpha
Oryze setiva 74 65 66 68 78 81 82 100

alpha




Alanine aminotransferase

Bienertia Arabidopsis Glycine max Zea mays Panicum miliaceum | Oryza sativa
sinuspersici thaliana
Bienertia
sinuspersici 100
Arabidopsis
thaliana 82 100
Glycine max 82 84 100
Zea mays 79 78 78 100
Panicum miliaceum 81 80 80 93 100
Oryza sativa 80 79 79 90 91 100




Pyruvate, Phosphate, dikinase

Bienertia | Mesembryanthemum | Flaveria | Falveria | Flavera | Flaveria | Arabidopsis | Oryza | Zea | Sorghum
sinuspersici crystallinum bidentis | trinervia | brownii | pringlei | thaliana | sativa | mays | bicolor

Bienertia sinuspersici 100
e ystatmum | 81 100

Flaveria bidentis 77 77 100

Falveria trinervia 77 76 99 100

Flavera brownii 77 78 93 93 100

Flaveria pringlei 77 78 94 94 96 100
Arabidopsis thaliana 82 82 81 77 83 83 100

Oryza sativa 74 74 74 73 76 76 80 100
Zea mays 73 74 72 71 74 74 79 84 100
Sorghum bicolor 73 72 73 72 74 74 79 83 89 100




