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Supplemental Figure 7. Photosystem I Evolutionary Model.
Cyanobacterial PSI was evolved from the ancestral PSI without PsaL. The advent of PsaL 
in cyanobacteria promotes the trimerization of PSI while the PSI trimer dissociation is not 
favored. As PsaL evolved with structural modification, PSI trimer becomes less favorable. 
PSI monomers form dimers and tetramers which in turn dissociate into monomers. This 
PSI equilibrium is possessed by C. paradoxa (eukaryote) as well as cyanobacteria, which 
indicates the possibility of plastids ancestor has a tetrameric form of PSI. With further 
PsaL modification and PsaH emergence, the monomeric PSI is exclusively favored in 
green algae and plants. Alternatively, the monomeric PSI becomes exclusive with one 
step which involves both PsaL modification and PsaH emergence. Images of PSI and 
LHC-II are derived from available crystal structures in PDB, 1JB0, 3LW5 and 1RWT.
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ATGGCGCAAGCAGTAGATGCATCAAAAAATCTCCCCAGTGATCCCAGAAATCGGGAAGTTGTTTTTCCAGCAGGACGTGATCCCCAAGATGGAAACCTAGAAACCCCGGTTAATTCTTCTCCCTTGGTCAAGTGGTTTATTAACAACTTACCTGCCTATCGTCCAGGTCTAACTCCTTTTAGACGTGGATTAGAAGTGGGTATGGCTCATGGTTACTTGCTTTTTGGCCCTTTTGCTAAATTAGGTCCCCTGCGTGATGCTGCTAATGCTAATTTAGCTGGTTTGTTGGGTGCTATTGGTTTGGTTGTGATTCTTACCGCATGTCTATCTCTGTATGCTAATAGCAATCCACCTAAAGCTCTTGCTAGTGTTACTGTACCCAATCCTCCTGTAGATGCTTTTAACTCCAAAGAAAGCTGGAATAACTTCGCCAGTGCTTTCTTAATTGGTGGTATTGGTGGTGCTGTAGTTGCTTACTTTTTGACTAGTAATTTTGGAATAATTCAAGGTTTATTTGGTTAA

    
   

    
    
   
   

   
   

Majority 

Consensus

Majority 

Consensus

A. variabilis ATCC 29413
R. brookii D9 

Fischerella sp. JSC-11

Nostoc sp. PCC 7120

‘Nostoc azollae’ 0708 
N. Spumigena CCY9414

C. raciborskii CS-505

N. Punctiforme PCC 73102 

GATCCCCAAGATGGAAACCTAGAAACCCCGGTTA

80 90 100 110

GATCCTCAATGGGGCAACCTAGAAACCCCGGTTA
AATCCCCAGGATGGAAACTTGGAAACCCCAGTTA
GATCCTCAATGGGGCAACCTAGAAACCCCGGTTA
GATCCGCAACTGGGAAACCTAGAAACGCCGGTTA
GATCCACAAGATGGGAATCTAGAAACCCCAGTGA
GACCCCCAGCAAGGAAACCTAGAAACCCCGATTA
AATCCCCAGGATGGAAATTTGGAAACCCCAATTA
GATCCGCAAATTGGCAACTTAGAAACACCTATTA

5’-GGGAACTTRGAAACVCC-3’
Primer 1

TTCTTAATTGGTGGTATTGGTGGTGCTGTAGTTG

440 450 460 470

TTTTTAATTGGTGGTATTGGTGGCGCGGTAGTTG
TTCTTAATTGGTGGTATTGGTGGTGCTGTAGTTG
TTCTTAATTGGTGGTATTGGTGGTGCAGTAGTCG
TTCTTGATTGGTGGTATTGGTGGTGCAGTGGTTG
TTCTTAATCGGTGGTATTGGTGGTGCTGTAGTTG
TTCTTAATTGGTGGGATTGGCGGTGCAGTAGTGG
TTCTTAATTGGTGGTATTGGTGGTGCTGTAGTTG
TTCTTAATTGGCGGTATTGGTGGTGCTGTTACAG

3’-CCRCCVTAACCACCACG-5’
Primer 2

0 100 200 300 400 500 

ATG TAA

Supplemental Figure 8. Primer Design for Partial TS-821 psaL Gene Cloning.
Multiple heterocyst-forming cyanobacterial psaL gene coding sequences were aligned in 
Megalign (Lasergene DNAStar, Madison, WI). The degree of consensus is indicated by 
bar height and color. The tallest bars (red) represent 100% identity among different spe-
cies. Conserved regions (highlighted in yellow) were selected to design a pair of degen-
erative primers to clone partial TS-821 psaL gene.
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