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Mcmcyaﬂs aorugincsa (NC_010298) - - -BEcsE~- - -------- -
Thermosy longatus (NP_683284.1) - - -BEETEC- ----------
Gloeobacter viclaceus (NP_925704 1) MGTEA- - ---------
Ostreoceceus tauri (NC_014432) ToMAE vapcEBmMaNH
Bathycoccus prasines (NC_024005) - - - TQAA- - ---------
Chlamydomonas relnhardtll G8_001703343) - - -BENNAM- - - - - - - - - - -
Baclllus mycoldes (AJH19322) - - -DEESIER EVE-- - - - - -
Thermus thermophilus {YP_144381) - - -BETEEME B------- - -
Psaudomonas amygdali (KKY50728) - - -BIMQTRMN HMAAA - - T Q
Pseudomonas fluorescens (AJZ03490) - - - BMaTlvE HvEBSHOEKT ao
Bradyrhizoblum elkanll (WP_016847382) - - - IPQ G. ll - - - - - -
MedIcago truncatula (AES70297) - - - ATAM- - - - - = o = - -
Glydne max (XP_00351%001) - - -BEcT~M- ----------
Campiotheca acuminata (AAB97528) - - -BIMHT AW- - ---------
Vitis vinifera ()P_002281434) - - -BIMHTAW- - ---------
Arabidopsis thaliana_lower (M81620) - - -BMQTAM- - ---------
Brassica napus (XP_013706880) - - - QTAN- - ---------
Arabldops|s thallana_upper (M23872) - - -BIMOT#MA- - ---------
Oryza safiva (ABDD3491) - - -BEBTEA- - ---------
Zoa mays (XP_008662907) - - -BEHTAS - - ---------
Sorghum bicolor (AAL73524) - - - HTAS - ----------
Physcomitrella patens (XP_001752340) - - -DMNcEl- ----------
Consensus - - -DVQTVA- - ---------

100%

S S T




i
Synechocysfls sp. (WP_010874081.1) - - - - - - - - - = - - oo o e oo oo E ElovE---- - 411
Morocystis aeruginosa {NC_010266) - - - - - - - - - - - --------- -o---ooooo ooooooooo oooooooo- E BElEsvN---- - 414

Th y 15 elongatus (NP_8B3264,1) - - - - - - - - - o s oso s oo ool Lo Lol E BBE~Q---- - 410
Glosobacter violaceus (NP_925704.1) - - - - - - - - - - - - - - - - - - - - - - - - - - 406

Bathyeoceus prasinos (NG_024005) - - - - - - - - - - - - --------
Chlamydomonas reinhardfll )8 _001703345) - - - - - - - - - - - ------ - - -
Badlllus mycoldes (AJH19322) - - - ------- ----------

Tharmus tharmophllus {YP_144361) - - - - - ----- - ---------
Psesudomonas amygdali (KKY50728) - - - - - ----- ----------
Pseudomonas flucrescens (AJZ93490) - - - - - - - - - - - ---------
Bradyrhizobium elkanii (WP_016847382) - - - - - - - - - - - - --------
Medlcago truncatula (AES70297) - - - - - ----- ----------

Glyclne max(XP_003518001) - - - -~~~ -~~~ -~~~ -~~~ - -
Camptotheca acuminata (AAB97526) - --------- ----------
Vitis vinifera (XP_002281484) - --------- ----------
Arabidopsis thaliana_lower (M81620) - - - - - - - - - - - - --------
Brassica napus (XP_013706880) - - - - - - - - - - - ---------
Arabldopsls thallana_upper (M23872) - - - - - - - - - - - - - - - -
Oryza sativa (ABOO2491) - --------- ----------

Zeamays (P _008862907) - - - - - -~~~ - - - - - -~ -

Sorghum bicolor (AAL73524) - - - - - -- - -- - ---------
Physcomitrella patens (XP_001752340) - - - - - - - - - - - ---------

Consensug ---------- ----------
100%

Conservation
0%

Ostreccocous tauri (NG_014432) CHETNREPNTS ~BEEMTESEHC PE-ATNEEEVE SHcEsEECNE N-PSP-N rle SERGA 723
NP

Synechocystis sp. (WP_0108740811) - - - - - - - - - - - - -~ - - - -
Morocystis aeruginosa (NC_010296) - - - - - - - - - - - - -
Th ¥ 15 elong {NP_683264.1)
Gloaobactar Molaceus (NP_825704.1)
Ostreococcus taurd (NC_014432) MIEBSCEETVE TPE
Bathycoccus prasinos (NG_D24005) - - -8G-- - - - - ---------
Chlamydomonas rainhandti (M _001703345) - - - - - - - - - - - - - - - - - - - -
Bacillus mycoides (AJH18322) - - - - - - - - - - - ---------
Thermus tharmophilus {YP_144361) - - - - - - - - - - - - -~
Pseudomonas amygdall (KKY50726) - - - - - - - - - - - - ------ -
Pseudomonas flucrescens (AJZ93490) - - - - - - - - - - - - - - - - - - - -
Bradyhizobium elkanii (WP_018847382) - - - - - - - - - - - - - -- - - - - -
Medicage runcatula (AEST0297) - - - - - - - - - - - - --------
Glycine max(XP_D03518001) - - - - - - - - - - - - --------
Campiotheca acuminata (AMBOTE26) - - - - - - - - - - - - - - - - - - - -
Vitls vinlfera (P_002281484) - - - - - - - - - - - - --------
Arabldops|s thallana_lower (M81620) - - - - - - - - - - - ---------
Brassica napus 0P _0137068880) - - - - - - - - - - - ---------
Arabidopsis thaliana_upper (M23872) - - - - - - - - - - - - - -- - - - - -
Oryza sativa (ABOO3491) - - - - - - - - - - - oo -
Zoa mays (XP_O08662807) - - - - - - - - - - - - --- - -
Sorghum blcolor (AAL73524) - - - - - - - - - - - - - - - - - -~
Physcomitrella patens P _001752340) - - - - - - - - -~~~ - - - - -
CONBBNSUB = = = = = === == ==========
100%

Conservaton
L]
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Synechocystls sp. (WP_0108740611) - - - - - - - - - - - - - - - - - - DE 0 +14
Mcrocystls asruginosa (NC_010298) - - - - - - - - - - - - ------- G T 418
Thermosynechococcus elongatus (NP_8832841) - - -------- - --------- - 410
Glosobacter viclaceus (NP_925704.1) - - - - - - - - - - - - RAMGIRG E 414
Ostreococcus tauri (NG_014432) SEBEN -8 B IAlP.Gﬂ © g6d
Bathycoceus prasinos (NC_G24005) - - - - - i - 481
Chlamydomonas relnhardtll $_001703345) - - - - - - - - - - - - - - - - - - - - - 449
Baclllus mycoldes (AJH18322) - - - - - - - - - - - -------- E [E 3s7
Thermus thermophllus {YP_1443681) - - - - - -- - - - - ----- BecE B 418
Pseudomonas amygdali (KKY50728) - - - - - - - - - - - - - ------- - 409
Pseudomonas flucrescens (AJZ93400) - - - - - - - - - - - - - -- - - - - - - 418
Bradyrhizobium elkanii (WP_016B47382) - - - - - - - - - - - - - ------- - 405
Medlcago truncatula (AES70297) - - - - - - - - - - - --------- - 412
Glyclne max (P_003519001) - - -------- - ------- -~ - 479
Campfotheca acum|nata (A®B97526) - - - - - - - - - - - --------- - 468
Viis vinifera (P_002281484) - - - - - ----- - --------- - 458
Arabidopsis thaliana_lower (MB1620) - - - - - - - - - - - - - ----- - - 476
Braesica napus OP_013706880) - - - - - - - - - - - --------- - 472
Arabldopsis thallana_upper (M23872) - - - - - - - - - - - ------- o - 4N
Oryzn sativa (ABO0O3491) - - - ------- -------- - - 4N
Zsa mays (XP_008862907) - - - - - ----- ---------- - 479
Sorghum bicolor (AAL73524) - - - - - - - - - - - - -------- - 478
Physcomitrella patens (XP_001752340) - - - - - - - - - - - - - ---- - H- - 470
Consensus ---------- ---------- -
100%
Conssnation
. (e T

Supplementary Fig. 1. Alignment of the full-length TSB amino acid sequences from organisms

representing three kingdoms.



# Synechocystis sp. (WP_010874061.1)
aeruginosa (NC_010296) .
ri—( Thermosynechozocoy (NP_683264.1) Cyanobacteria

# Gloeob violaceus (NP_925704.1)
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® Chlamydomonas reinhardtii (Xi1_001703345)
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Supplementary Fig. 2. Phylogenetic tree of the TSB amino acid sequences.



B-subunit B-subunit a-subunit
(Thermus thermophilus)  (Pyrococcus furiosus) (Pyrococcus furiosus)

|

Supplementary Fig. 3. Crystal structures of tryptophan synthases and the region corresponding
to the RPDAN motif. The a and the B subunits of the tryptophan synthase from Pyrococcus furiosus
(PDB CODE 1WDW) is shown as a cartoon diagram with yellow and gray colors, respectively. The 3
subunit from Thermus thermophilus (PDB CODE 1X1Q) is superposed with the corresponding subunit
of the tryptophan synthase from P. furiosus, and is shown in cyan. The B subunit of the tryptophan
synthase from T. thermophilus has an LPDAR (stick model) sequence at the position of the RPDAN
motif of C. reinhardtii. The hydrogen bonds forming the B-sheet are shown as dotted yellow lines, and

those forming the interface between the two subunits are shown as dotted red lines.
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Supplementary Fig. 4. Select complemented strains of MAA7 mutants. (a) Schematic diagram of
the vector used for complementation. Abbreviations: PHR, HSP70A-RBCS2 promoter; IR, RBCS2
intron; TIC, translation initiation context; TP, PsaD terminator; PB, beta2-tub promoter; and TR, RBCS2
terminator. (b) PCR confirmation of the integration of vector sequences into the complemented strains.
The PCR amplicons for the hygromycin resistance region and 18S rDNA were 387 bp and 380 bp,
respectively, while those encompassing the MAA7 cDNA and Flag tag were 2,477 bp for WT and 2,474
bp for MAA7 20-1. (c) Western blotting of FLAG-tagged MAAY proteins from complemented strains.
The expected sizes of FLAG-tagged MAA7 were 49.6 kDa for WT and 49.5 kDa for MAA7 20-1. ATP(

(the beta subunit of ATP synthase; 53.9 kDa) was used as a loading control.
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Supplementary Fig. 5. Southern blot analyses of the CpSRP43 and ChlM mutants. Genomic DNAs
of the CpSRP43 mutants were digested with Pstl and Ncol and subjected to Southern blotting with
probes against the 3’ coding region of CpSRP43 (a) and the aphVIl coding region (b). Genomic DNA of
ChIM mutants was digested by Ncol and subjected to Southern blotting with probes against the 5’ region
of ChIM (c) and the aphVII coding region (d). Main classes of knock-in mutations in the ChIM locus

were indicated in schematic drawing (e).



Supplementary Table 1. The primers used in our CRISPR/Cas9 systems.

Gene Primer Sequence 5'-3' Purpose Size (bp)
M2_F CAACGTTTGCCGTTGGTATG Amplifying Cas9 cut site of 783
M2_R TTCAGGATAGCCTCCATCTCC MAAY (in vitro)
GTCGCCGTTTCCATTTGCAGGATGGCCATG
1202TSB_3F GAAGCTTGATAACAATGAACATCACTGCCCC
TACTC Vector construction for
TGATACAGGCGGTCCAATCTGAATTGGGCT complementation of MAA7 1,455
1202TSB 3R GCAGGAATTCGATTCACTTGTCGTCGTCGT
- CCTTGTAGTCAGGGTTGATGTACTTCATGGC
MAA7 GTT
aph 72_L CCCCCATTCCGAGGTCTTCC Confirmation of complemented
aph72 R AAGGTGAAGGCGAGCAGTTC :\:l;:gaigams (Hygromycin - 387
TSB flag_4F GCGCAATTAACCCTCACT Confirmation of complemented
MAAZ7 strains (transgenic MAA72’477 forwT
TSB flag_4R CAAACTCTCACATGGCCT gene) 2,474 for MAAT 20-1
SR6 GTCAGAGGTGAAATTCTTGG Confirmatign of complemented 380
SR9 AACTAAGAACGGCATGCAC MAAZ7 strains (18S rDNA)
SRP43_2F TATTAGGGCATCGACAGG Amplifying Cas9 cut site of 795
SRP43_2R TGGAAGAATTGGAATGGG CpSRP43 (in vitro)
SRP43_1F CAAATACCATCGGCGTGTGG Region A 509
PRR2 ACTGACCCACAGCTGTCCTAAGCC
PRR2_RC GGCTTAGGACAGCTGTGGGTCAGT Region B 1662
CpSRP43 hptl579 R TACCGCTTCAGCACTTGAGA '
aph72_L CCCCCATTCCGAGGTCTTCC Region C 1089
SRP43_1R GCGACACCTCGTGAAGCATA '
aph7_1471F TGGTGCAACTGCATCTCAAC
agh7:1114R CCAGAGGAACTGCGCCAGTTCCT Southern blot of aphVIl probe 203
SRP43_4F AAATGGAAGGTGAGAGCTGG Southern blot of CpSRP43 305
SRP43_4R GTCAGATCCGTCCTGTGGAA probe
CrChIM_F1 GTGTTGCAGAGGTGTCTCAGGTTGCCAACA Amplifying Cas9 cut site of 1.010
CrChIM_R3 CCGTCTCGCCGTAGATCTTGCGCCA ChIM (in vitro) '
Zgn;jﬂi’; Hygromycin resistant 203
CrChIM_F TCGCTGCGTGGCGGAAGCACTA 2,000 for ChlM-3
Region D in ChIM-3, 22, 24 1,700 for ChIiM-22
aph7_1471F 1,800 for ChiM-24
CrChiM-F1 . .
psaD_ter R GGTCTTCTCAATGGGTGTGGCACGT Region D in ChiM-9 500
g;ﬁ?'_"f‘l—?': 1l|: Region D in ChIM-10, 17 500
ChiM CrchIM_F3 GCATGGCAAGCTGGCGTCAGCA Region D in ChiM-19 650

aph7_R2 TTCCGGTCGGTCGTGCCGTCCAT

psaD_ter_R1 CCTGTGGCTAATTGACCGTG
CrChIM_R1 GCACTCCTGCACCCTTCTCACCGCT

400 for ChIM-3

Region E in ChIM-3, 22, 24 1,000 for ChIM-22, 24

aph7_1471F . ] 700 for ChIM-9
CrChiM_R1 Region E in ChiM-9, 19 500 for ChiM-19
CrChiM_F1

CrChIM_R2 CCGAGGTAAAAGGCTTGGTGTTTAGGCA — outhern blotof ChiM probe 257
ChIM_RT_F ATGCAGTGCCTAAACACCAAGCCT

ChIM_RT R CCGTCTCGCCGTAGATCTTGCGCCA RT-PCR (ChiM) 361

IDA5_F ATCGTGCGCGACATCAAGGA RT-PCR (oading contro) ™

IDA5_R TACTCGGACTTGGCGATCCA




