SUPPLEMENTARY INFORMATION

Supplementary Table S1. Primers used in this study.

Primers used to construct protein expression vectors

AmtriPGDH1-F
AmtriPGDH1-R

AhPGDH-F
AhPGDH-R

OsPGDH1-F
OsPGDH1-R

OsPGDH2-F
OsPGDH2-R

OsPGDH3-F
OsPGDH3-R

PPPGDH2-F
PPPGDH2-R

PPPGDH3-F
PPPGDH3-R

PPPGDH4-F
PPPGDH4-R

AAAGCTTTGACTAGTGCGAAGCCCACGGTTTTGGTGGCGGAGAAG
CGGGCTTATGCGGCCCTACAAGTTGAGGAAAACAAACTCTTCAAC

CAAAGCTTTGACTAGTGCAAAAGTTTTAGTTTCAGACTCTGTGGATC
CGGGCTTATGCGGCCTTAGAGTTTAATGGTGTAAGCATCACGAATCCC

AAGCTCTTCAAAGCTTTGACTAGTGCCGTACCGGGGAAGCCGAC
CGGGCTTATGCGGCCCTAGAGCTTGAGGAAAAC

AAGCTCTTCAAAGCTTTGACTAGTGCGCTGTGGCCGAAGCCG
CGGGCTTATGCGGCCTCATAGCTCGAGGAAGAC

AAAGCTTTGACTAGTGGAAGGCCGACGGTGCTTGTGACGGAGAAG
CGGGCTTATGCGGCCCTAAAGCTTAATAAAGACAAACTCCTCAAC

AAAGCTTTGACTAGTAACCCTGATCTTGCTACCGTCTTGG
CGGGCTATGCGGCCTCAAAGCCGAAGAAACACCA

AAAGCTTTGACTAGTTCTGTAGCGAAGCCCACCGTGTTGG
CGGGCTTATGCGGCCTTACAGTTTGAGGAATACAAACTCC

AAAGCTTTGACTAGTAACCCCGATCTTGCCACTGTTCTCG
CGGGCTTATGCGGCCTCACAACTTCAAAAATACC

Primers used to construct complementation vectors

AmtriPGDH1-F
AmtriPGDH1-R

OsPGDH1-F
OsPGDH1-R

OsPGDH2-F
OsPGDH2-R

OsPGDH3-F
OsPGDH3-R

PPPGDH2-F
PPPGDH2-R

PPPGDH3-F
PPPGDH3-R

PPPGDH4-F
PPPGDH4-R

AGGAAACAGACCATGGCGAAGCCCACGGTTTTGGTGGCGGAGAAG
CTAGAGGATCCCCGGCTACAAGTTGAGGAAAACAAACTCTTCAAC

AGGAAACAGACCATGGCCGTACCGGGGAAGCCGACGGTGCTCGTGG
CTAGAGGATCCCCGGCTAGAGCTTGAGGAAAACGAATTCTTCAATCG

AGGAAACAGACCATGGCGCTGTGGCCGAAGCCGGCGGTGCTGGTGG
CTAGAGGATCCCCGGTCATAGCTCGAGGAAGACGAACTCCTCGATCG

AGGAAACAGACCATGGGAAGGCCGACGGTGCTTGTGACGGAGAAG
CTAGAGGATCCCCGGCTAAAGCTTAATAAAGACAAACTCCTCAAC

AGGAAACAGACCATGAACCCTGATCTTGCTACCGTCTTGGTGTCTG
CTAGAGGATCCCCGGTCAAAGCCGAAGAAACACCAGCTCTTCAATCG

AGGAAACAGACCATGTCTGTAGCGAAGCCCACCGTGTTGGTAGCTG
CTAGAGGATCCCCGGTTACAGTTTGAGGAATACAAACTCCTCCACGGC

AGGAAACAGACCATGAACCCCGATCTTGCCACTGTTCTCGTGGC
CTAGAGGATCCCCGGTCACAACTTCAAAAATACCAATTCACCAATGG




Primers used for site-directed mutagenesis experiments
AtPGDH1-N556A-F GGAGAGTCTAATGTCGCTGTTAACTTCATGAGC
AtPGDH1-N556A-R GCTCATGAAGTTAACAGCGACATTAGACTCTCC

AtPGDH1-D538A-F CTGTGCAGGCAGGTGGCTCAACCTGGTATGATC
AtPGDH1-D538A-R  GATCATACCAGGTTGAGCCACCTGCCTGCACAG

AtPGDH1-Q536A-F ATCATACTGTGCAGGGCTGTGGATCAACCTGGT
AtPGDH1-Q536A-R ACCAGGTTGATCCACAGCCCTGCACAGTATGAT

Primer sequences are written in the 5’ to 3’ direction. Underlined, double-underlined, and bold sequences
denote pPAL7 vector sequence, pTV118N vector sequence, and mutated codon sequences of AtPGDH1
for N556, D538, and Q536, respectively.
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Figure S1. Complementation of a PGDH-defective E. coli mutant with PGDH cDNAs. E. coli strain
JW2880 (TG1AserA::KmFRT) was transformed with the expression vector pTV118N carrying PGDH
cDNAs (PpPGDH1, PpPGDH2, PpPGDH3, and PpPGDH4 from P. patens; OsPGDH1, OsPGDH2,
and OsPGDH3 from O. sativa; AmtriPGDH1 and AmtriPGDH2 from A. trichopoda) or with the empty
PpTV118N as negative control. PGDHSs without the transit peptide were used. The transformed E. coli
were cultured on M9 minimal medium agar plates with or without L-serine.
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Figure S2. SDS-PAGE analysis of the recombinant PGDHs. The purified recombinant PGDH proteins
were subjected to SDS-PAGE analysis (right lane) along with a molecular weight marker (left lane) and
were stained with Coomassie Brilliant Blue. The theoretical molecular weight of PGDHSs without the
transit peptide are shown in parentheses.
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Figure S3. Michaelis-Menten plot and kinetic parameters of AhPGDH. (A) Specific activities at
various concentrations of 3-PGA (left) and NAD* (right) are shown. Data are presented as the means
and standard error from two technical replicates, using enzymes purified from two independent batches
of cells (n = 4). (B) Kinetic parameters of AhAPGDH. The apparent Michaelis constants (Km#®) were
calculated from Fig. S3A. Standard errors (SE) are shown.



1 10 20

AtPGDHL . ... e e MSATAAASSSIAVATNSLRNVTLSSRSPLPSAISVAFPSRGRNTLQRRLVLVS
AtPGDH2 ... ... ... MAFSSSCSSVKAVNSRWTSPSPSPSSRFAVLPAFLHRRYATSVKLTATSAALKTVEQTT
AtPGDH3 L L. e e e e eeeaeeeaaa MATSLNLSSTFSSSSRLVTTPSSVFPIRQR. . .RRITLVTS
OSPGDHL .. ittt i i e e e e e e e MAAPSQTTATTTHHRVLLPSHHHHRAVPPSLLRLPLRAARRGRLSAAA
OsPGDH2 . ... e MATAAAASRAALSRPHAAAAAARASPAAGARVTLPRRRSVRSAVISSSASAAAV
OsPGDH3 . ... ... MALAPPLCHLLAAPPPSTSAAADAAHDHAGALAPHRRASPLRRRGRLFLACRV
PpPGDH1 METASMAATAGSATIVGAKLAVNYGVSQRREPQLSSRVSLGRNSVFVSKAGVYSRGPNVGSRRVGASKRVVAVNSAAAAS
PpPGDH2 .. ... MATIAGLTMAVNVKEMLQSVTGLRQQAQCNNQLLASRVSLHKNSLETRR...QPVCSRRHSVVMNVTTTHS. ...
PpPGDH3 . .... MATTARSSTCIGTTMAVRSGVAQKQECHLASRVSFGRNSVLASRAGVSGRVVNVGVRWVGAVKVMAVN. . .. ...
PpPGDH4 .. ... MAMVMGKSMTANAKHTLQFAPSSTQKSQGKHRLLASSVAFQTSSSLITAKGTTTICTLPKSRSLAVKAVVTN. ...
AmtriPGDHL . . ... ... aia.- MAASSSKLLSSPSFRGIGRERTAASASNLRPSPSLLVRGRERVSLSGQLGIGS
AMEriPGDH2 . . . . .. .- MASSNAKPLLTPPISRRLPSLQLSYLSLKQCQNPRPSLASASFLGQPLK
MEPGDH ......... MAATSAVAAVVAGALGAVPQRTDLAAAAAVPSRACSVSSLASFQSLSASCKTARSARAVSKKVGGROQ. . ..
AhPGDH
MtPGDH
AtPGDH1
AtPGDH2
AtPGDH3
OsPGDH1
OsPGDH2
OsPGDH3
PpPGDH1 SSSSSSSAVAVPTSSDGQKSVAKPTV[MVAEKLGAAGIELMEKMAVIYDCSYNLSQED[MCAKVAE CZNN I YARSSIG IIK\YT R E\YF
PpPGDH2 . .SSPAVTQTLSEQSNQSRNPDLATV@MVSEKLGDGGLD IARKVSNWMDCIYNLTNEE[MCAK I SDY [DEAYR I VARIA KT R K\UF
PpPGDH3 .. .SASTAAASPTATKNEKSVAKPTV|RVAEKLGAAGIELMEKVAVUDCSYNLSQEDMCAK 1SDCLYRNI \ASSIC KT REYF
PpPGDH4 . .SSATVSKTPTEEAVKTRNPDLATV|MVAEKLGEGGLDL[MRKVSNWUDALYNLTNDEMCEK ISNY DEYR I \ASIAIKWYT RKYF

AmtriPGDH1 SILRHGNPRTLASSQVRASLEAKPTV[MVAEKLGEAGLELMRSFANYDCSYNLTQEE[MCTK I SLC[nYAYN I ARSIG KT R EYF
AmtriPGDH2 SSISRVVSLSKRRDLTVKASDSKPTV[MVSEKLGEAGLEV[MRSFANYDCSYNLTPED[RCSK I SL CoYAYH 1 AS$SIG LK \UN R E \YF

MpPGDH . TVCSVAAPSTSPRSASTEIVGKPTV|MVAEKLGEAGLEL[MKKIANWMDCSYNLSQEEMCAK I SL C]DNNI \ASSICIKWYTREYUF
AhPGDH ... MAKV[®VSDSVDQAGID IRSQVAQWDVKTKLSPEE[RVAT I PEY DENRV\ASSICIIKUTEEY!
MEPGDH ... ... MVSLPVV[MIADKLAPSTVAAMGDQVENMRWVDGPDRDK[MLAAVPEAPDEYNI VESSIAINT WD AE ML
RSIELRlOB
120 130 140 150 160 170 180
AtPGDH1 ESSHGREKVVGRYNNAE | PINVEIL SEYRNE FIEC LIAINARTANT 1 AINNERIC I ALMAAMARINVAQADASVKAGE[IKRNKY VEVS L
AtPGDH2 EAAKGR[EKVVGRNeaviel I ANV [3)l QREVNYE H[EIC L AANAIZT AINIT VALYN=RIG IALLASMARNVAQADAS I KAGKJE[YSKY VGV S L
AtPGDH3 ESSRGR[BKVVG[z¥AYeaviel I ANV} | ALVRNE Y (€]C L AANAIFT AINT V ARYNSGIG I ALL TAMARIN TAQADAS I KAGKIT[RINKY ViV S L
OsPGDH1 EASGGR[®RVVG[yNeaviel I AN\l ARVNIE H{EIC L \AVANIAIIT AINT V ARYN=IRIG I ALL TAMSIIN TAQADASLKAGKQ[E{NKY ViEVS L
OsPGDH2 EAGRGR[ERVVGRNeavkel | AN\ [3]L QLVNNE AlC]C L VAANAIZT AT VARYNSRIG IALLASMARNVSQADAALKAGKIOTKY VEVSL
OsPGDH3 EAARGR[ERVVGENeavel | DAV [3]L QEVNYE AlCIC L AANATZT AINT VARYNSRIA TALLAAMARNVAQADASLKAGK|IONK Y VGV S L
PpPGDH1 EASKGR[BKVVG[¥Neaviel I AN\l QLVNIE V[€]C L AANAIJT AINT VARYNSGIG | SLLTAMAINVAQASASMKAGKQR{NKWVIEVS L
PpPGDH2 EASKGK[RKVVGRYeavkel | AN \V/[3)l ELVRNE | [€]C L VAANAIGT AT VALYNSRIG IALL TAMARNVAPSDSSMKSGKIE[RNK Y VIV S L
PpPGDH3 EASKGR[EKVVGREeaviel I DA \V/[3)l QRVNNE VEIC L AANAIZT AT VALYN=RIG IALL TAMARNVAQASASMKAGK|IONKWVEV S L
PpPGDH4 QASNGR[EKVVGyNeAgel | [BINIV/[3]L DLYAYRNE L (€]C L ARNAET ANTVAINNSRIG IALL TAMAINAAPADASMKSGKIJEIRSKY V[V S L

AmtriPGDH1 ESSRGR[ERVVGIENeAAel I AN\V/[sll SEVARNE H(EIC L AANAIGN ATV ARVARIG I ALVAAMARIN TAQADASMKSGK|JIORNK Y VeV S L
AmtriPGDH2 EASKGR[ERKVVG[iEXeavAel I 2N\ [3]L QLYARNE Cle]V L ARNAET ANTVALYNZEIG T ALMVAMARINVAQSDASMKLGK{JIQIRNKY V[V S L

MpPGDH EASNGR[BKVVG[z¥AYeaviel I DAV OLVIE V(€]C L\AANAIFT AT 1 ALYNSGIG IALLTALARINVAQASASMKAGEK[RNKY ViEVS L
AhPGDH EAGN . Q[RK I 1 G[g¥:Yeaviel\/[oly] I [0\ PEVRIR R(€] 1 MAYANISIRE GINIT | ALYYSRIA L AMMLSLS[H I PEANQSVKEKKE[{KNF 1{€SEV
MtPGDH AAAP . K[BK I VA[RZeAAe] L DAY V[3]V DIAYANNA R[€]V L VAANAIR T SN 1T H SEAYAYSIRIAL AL LLAAS[RQ I PAADASLREHTKSSFSTEI
W130 ( W188£ R132 (R190)
200 210 220 230 240 250 260
AtPGDH1 VGLAVLFKVTERRAKGLMRVIAHYAPADHAIGVDLVSFDEALATFISLMLPTSKILNDETFA
AtPGDH2 VGQILAVMEFEKVETENARRAKGLGMTV I SHPIYY APADRENRALGVDLVSFDQAISTENIFVSLEIMZL [P AIIKKVFNDETFS
AtPGDH3 VGQULAVL[GFEKVESENFARRARGL[EVMHV I THPRIZY APADRINRAIGVELVSFEVAISTINNF I SL[EIL[El IAANSKMMNDVTFA
OsPGDH1 VG Al LIGFEKVESENFARRAKGL[EVMHV I AHBIZYASADRINHAIGVELVSMEDALTTENIF I SL[gIMIEl IIPAJINKMLNDETFA
OsPGDH2 VGQILAVMEFEKVIESENFARRAKGL[EGMHV I AHPIYY APADREINRAIGAELVSFDEAIGRENMF I SLEIMZL [P AIISKVFNDESFS
OsPGDH3 VGQILA I MEFEKVESENFARRAKGL[EMD I I SHRIZYAPVDRIARAIGVDLVSFDEAISTIIF I SLEIM[EL WP SIIAKLFDDETFA
PpPGDH1 VDIQULAVMEFEKVESENFARRAKGL[EMTVVAHPIZYASAERAIKALGVELVSFDEALAAINMF I SL[EIMIEI IIP TRIDK I EFNDESFG
PpPGDH2 VDL AVM[EIF[EK VIelS ENIARKAKGL[GMHV I SHIYY ASADREINRAIGVELVSFDDALAREMF I SLEIMZL [P TIIKKVFNDDTFR
PpPGDH3 VDL AVM[EFEK VIS ENIARRAKGL[EGMHVVAYIYY ASAERINKAVGVELVNFEEALATENF I SLEIMZL [P TWDK I FNDESFG
PpPGDH4 VD[QULAVMEFEKVESENIARKAKGL[EMHV I SHPRIZYASADRIARAIGVELVSFDEALARGF I SL[EIMIEI WP TIIDK 1 FNDDTFK

AmtriPGDHL VG[QILAVL[EFEKVETENMARRAKGL[EMNV I AHPIZY APADRINRAIGVELVTFDEAISRENIF I SL[EIM[EL [IPAIISKILNDETFA
AmtriPGDH2 VG[QLAVMEFEKV[ES E\FARRAKGL{EMHVVAHPRIZY APADRINRA I AVDMVTFEDQA I STEYMF I SL[gIVIdL IiP SIIKKVENDETFG

MpPGDH VDRQULAVMEFEK VIEs EMARRAKGLIEMQV I AHBIRY AP AD[IARA I GVELVSFDEALQREYIF I SL[gIMEL iiP SWDKCFNDESFA

AhPGDH YKRQIL GV VIGLIEK 1S HYITVARAMEMK L LAYRIZF I SAERIAEQLGCRLVDLD I IFTERSY I TL[I [JRIPEWENL INAEALA

MPGDH Folaiv eV VIELER 1IEQLMAQR 1AAFIEAY VVAYERIYVSPARIAQLG IELLSLDDLLARBSIF I SVIL KIP EWAGL I DKEALA
280 GJZA%&SL 154 (G2073608’ 212) 318172 (b230) 320 330 340 350

AtPGDH1 KMEIKGVR 1 VIVAREGV I BIEDEYVREAL DAG VAQRAMNAFT KEFP AKDS - . .

AtPGDH2 .

AtPGDH3 .

OsPGDH1 .

0sPGDH2 .

0sPGDH3

PPPGDH1

PPPGDH2 KCRAKGVRLVIIVAREAV 1 DIEENEL RN DSl 1 vAQNAMRIIRA VERPKGGDSSFALVQHKNV I AIIRL SRV FJEGVALE T

PPPGDH3

PpPGDH4 KClk G VR L VIV ARG v 1 DIEENEL RN D S[dv v A QNAMNIET TREP KEGDSSWALVQHKNV T A IR SR FYJE GVAVE I

AMEriPGDH1 - . - KLVQHENV I VIR SJA FNJEGVAIE I

AMEriPGDH2 - . . KLIQHERVTV LRI JV FNJEGVAIEI

MpPGDH - - -KLTQHENVVVilINNR iV FNJE G VAVE I

AhPGDH - . .LREVGSN I VLIRS FXeJTNVAVDYV

MEPGDH KTEPGV 1 1 VINAAREG L vRISALNEADII TG[gHVRANGIBNASA TEECTDSP . . - . LFELAQVVVNININNIA FNJDRAGTDV
R233 (R291) H280 (H339)



380 390 400 410 420 430

AtPGDH1 AEVLTELKEYVVMAEKMERLAVQLVAGGSG. VKNAKITYASARATDDLD TRLLRAMI
AtPGDH2 PEVLSELT(ZY I VIMAEK[MERLAVQLASGGKG.VQSIRVVYRSARDRDDLDTRLLRAMI
AtPGDH3 LEVLRELKI[ZYVV[MAEK[RERLAVQLVTGGSG.VNAVKVTYASSRAPDDLDTRLLRAMYV|
0sPGDH1 AEVLSELA[ZYVVMAEKMERLAVQLVAGGGG . IKSVKVTYASARAPDDLDTRLLRAMI
0sPGDH2 AEVMSELA[ZYVSBAEKMEKLAVQLVAGESGGIKGVKVVYTTARGPDDLDTRLLRAMY|
0sPGDH3 AEVLSELS[{YV I[BAEKMERLVVQLVAGGSG. IKGVKIGYSSSRDPDDLDTRVLRAMY|
PpPGDH1 AEVITELA[gYVTMAERMERLAVQLVSGGAG.VKQVKVVYRSARADDDLDTRLLRAMI
PpPGDH2 AEVIAELT[ZYVVMAEKMERLTVQLVSGSAG.VKQVKVVYKSSRDDGDLDTRLLRARI
PpPGDH3 AEVITELA[JYVSMAERMERLAVQLVSGGAG.VKQVKVVYRSARADDDLDTRLLRAMI
PpPGDH4 AEVITELA[gYVTMAEKMERLAVQLVSGGAG.VKQVKVVYRSARDDGDLDTRLLRAMI
AmtriPGDH1 AEILSELA[gFVVMAEKMYRLAVQLVAGGSG.VKSVKVTYASARAPDDLDTRVLRAMI
AmtriPGDH2 AEVLTELA[ZYVVBAEKMERLAVQLVAGGSG.VKQVKVIYTTSRNPDDLDTRLLRAMY|
MpPGDH AEVLAELS[{YVTMAERMERLAVQLVSGGAG.VKDVKVTYTSSRADDDLDTRLLRAMI
AhPGDH PDVLEQLR[ZFLQMAETMENLYVSQLAG. . .GRVEQLNVRLQG. .ELTDSQSQPIVIAA
MtPGDH . VVNEEVA[gwL D[RV RK[Ke VLAGVLSDELPVSLSVOVRGELAAEEVEVLRLSA
4BQ 4QQ 50Q 51Q
AtPGDH1 SE.SGEVKVEGKVKDGV
AtPGDH2 SD.AGDISIEGKVKYGV
AtPGDH3 SE.SGEIKVEGRVKQGV
0sPGDH1 SE.SGEITVEGKVKDGI
0sPGDH2 SD.GGDIVLEGRVKYGV
O0sPGDH3 SD.EGDIRVEGEVKDGK
PpPGDH1 SG.NGSITLEGKVKDGV
PpPGDH2 GDHSRSITLEGKVKDGV
PpPGDH3 S..NGAITLEGKVKDGV
PpPGDH4 GDLTRSITLEGKVKDGV
AmtriPGDH1 SE.AGEIKVEGRVKDGI
AmtriPGDH2 TD.SGEVSVEGRVKDGV
MpPGDH SS..GDITLVGTVKGGV
AhPGDH TG. ..o ALLSDQE
MtPGDH YG. .. ... .. PQLS
52(? 53Q 54Q 559 SGQ 57Q 58Q SQQ
AtPGDH1 PHLTKVGSFEVDVTLEGSTILCRQVEQEEVTETVGS IMIESNMIVNEFMSVGRTAPRKQINIMATGVRID IPSKETLKKIGET
AtPGDH2 PHLTCVGSFGVDVSLEGNLILCRQVPIO[EM IEIQVGN I [MEEQNMANVNFMSVGRTVLRKQMIMAIGVBIEEPDNKTLERIGG
AtPGDH3 PSLTKVGLFGVDVSLEG
OsPGDH1 PHLTKVGSFQVDVSLEG
OsPGDH2 PHLTVVGPYEVDVSLEG]
0sPGDH3 PHLTLVGPFSVDVSLEG
PpPGDH1 PYLSKVGDFGVDVSLED
PpPGDH2 PHLSKVGNFSVDVSLDG
PpPGDH3 PYLSRVGSFSVDVSLEG
PpPGDH4 PHLSKVGNFNVDVSLEG
AmtriPGDH1 PHLTKVGSFEVDVSLEG
AmtriPGDH2 PHLTSVGSFDVDVSLEG
MpPGDH PHLSKVGGFSVDVSLEG
AhPGDH MRITNVDGFPINVPPNN|
MtPGDH QKIVQINGRHFDLRAQG]
A A A
600 Y461 (Q536) D463 (D538) N481 (N556)
AtPGDH1 PAVEEFVFLKN.
AtPGDH2 SAIEEFVFLK[N.
AtPGDH3 PAIEEFVFLK[N.
0sPGDH1 PAIEEFVFLK[N.
0sPGDH2 PAIEEFVFLE[R. i
OsPGDH3 PSVEEFVFIK[N. :] ASB domain
PpPGDH1 PAVEEFVFLK[N. [_____1ACT domain
PpPGDH2 PAIEELVFLR[R. ) ) o
PpPGDH3 PAVEEFVFLK[M. A Key residues for serine binding
PpPGDH4 PAIGELVFLK[N. in MtPGDH
AmtriPGDH1 |[PAVEEFVFLN[N.
AmtriPGDH2 |[PAIEEFVFLK[N.
MpPGDH SAIEEFVFLK[N.
AhPGDH PGIRDAYTIK[R.
MtPGDH VDAYKLEVVD[ES

Figure S4. Multiple sequence alignments of full-length amino acid sequences of PGDH isozymes. The
full-length amino acid sequences of PGDHs from A. thaliana (AtPGDHSs), O. sativa (OsPGDHs), A.
trichopoda (AmtriPGDHSs), P. patens (PpPGDHs), M. polymorpha (MpPGDH), A. halophytica
(AhPGDH), and M. tuberculosis (MtPGDH) are shown. Isozymes regulated by all six effector amino
acids are highlighted by red font and pink shading. The predicted transit peptides are underlined. The
predicted ASB domains and ACT domains are surrounded by blue and green rectangles, respectively.
Green triangles, red triangles and red pentagon with number represent key residues for serine binding,
substrate binding and active site histidine in MtPGDH, respectively. Correspound residues on
AtPGDH1 are also shown in parentheses.
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Figure So. Pnylogenetic tree of PGDHS across multiple plant lineages. Amino acid sequences of
PGDHs from eudicots, monocots, basal angiosperms, gymnosperms, lycophyte, bryophytes,
charophyte, chlorophyte, cyanobacterium, and actinobacterium were obtained from databases
(Supplementary Table S2). Red and blue letters indicate the isozymes sensitive to six effector amino
acids and those insensitive or sensitive to some effectors, respectively. Posterior probabilities are
indicated at the nodes. Bar indicates substitutions per site.
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