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Supporting information 

 

Codon reassignment to facilitate genetic engineering and biocontainment 
in the chloroplast of Chlamydomonas reinhardtii  
 
Rosanna E. B. Young and Saul Purton 

 

Figure S1  PCR demonstrating homoplasmic integration of transgenes into the C. 

reinhardtii chloroplast genome. Primers are listed in Table S2. 

(a) Integration of pCD** into strain TN72. W1 and W2 are two independent 

transformants. C is an empty-vector positive control strain. 

(b) Integration of pWUCA1 into strain W2, introducing trnWUCA into a neutral region 

of the chloroplast genome next to psaA3. Three independent transformants are shown.  
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Figure S2  SDS-PAGE of whole cell lysates for C. reinhardtii strains containing an 

intact crCD gene or a combination of crCD** with trnWUCA. 

TAP cultures of the two strains were set up with a starting density of OD750 = 0.4 and 

grown for 24 h, reaching an OD750 of 1.2-1.3. Cells were pelleted and resuspended in 

loading buffer to equal optical densities. The upper part of the gel was blotted onto 

membrane, which was then probed with an αHA antibody to detect HA-tagged CrCD 

protein. The lower part of the gel was stained with Coomassie to confirm equal 

loading of the two strains. The left hand lane contains PageRuler Prestained Protein 

Ladder (Life Technologies): the bands visible on the blot are (from top) 170, 130, 

100, 55, 40 and 35 kDa. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3  Growth curves of C. reinhardtii cell lines with and without the synthetic 

tRNA gene, trnWUCA. All cultures were grown at  25 °C and shaken at 120 rpm under 

90 μE/m2/s light. Optical density was measured at 750 nm. 

(a) Mixotrophic growth: cells were grown in 20 ml TAP (acetate-containing) medium. 

Error bars show ± standard deviation of three cultures per cell line. 

(b) Phototrophic growth: cells were grown in 20 ml HSM (minimal) medium. 
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Figure S4  Confirmation of psaA exon 3 codon alteration in C. reinhardtii cell lines 

by DNA sequencing. The W693 codon was altered from TGG to TGA by genetic 

engineering to create the cw15 + pPsaA* cell line. When this mutant was transformed 

with the pWUCA2 plasmid, encoding trnWUCA, phototrophy was restored due to the 

readthrough of the TGA codon in psaA*.   

 

 
 

 

 

 

 

 

Table S1  Primers used in the construction of plasmids. 

 
Purpose Reaction number Primer sequences 5’ to 3’ 

Construction of pCD**: 

introduce 2 TGGTGA 

mutations into pCD (pRY127d) 

by 3-part Gibson assembly (split 

backbone in AmpR gene to 

facilitate PCR) 

PCR 1 (0.4 kb) AAGGTTTATGACAAATTCACTTACAAGAC 

GTAAGTCAATTCATGGAGCTACTTCTTG 

PCR 2 (2.9 kb) AGTGAATTTGTCATAAACCTTCTTCACC 

GCCTTCCTGTTTTTGCTCA (in AmpR gene) 

PCR 3 (4.2 kb) ACTTTCACCAGCGTTTCTG (in AmpR gene) 

TAGCTCCATGAATTGACTTACAAATTGC 

Construction of pPsaA*: 

introduce W693 TGGTGA 

mutation into pBev1 by 1-part 

Gibson assembly 

PCR 1 (9.3 kb) GTGGTTACTGACAAGAACTTATCGAATC 

ATAAGTTCTTGTCAGTAACCACGACCAGA 
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Table S2  Primers used to confirm homoplasmic integration of transgenes into C. 

reinhardtii. 
 

Figure Plasmid used 

for 

transformation 

Primer sequences 5’ to 3’ Product size 

for parental 

strain (bp) 

Product size if 

homoplasmic 

integration (bp) 

S1a pCD** GTCATTGCGAAAATACTGGTGC 880 1134 

CGGATGTAACTCAATCGGTAG 

ATAGGCTCTTCTCATGGATTTCT

CCTTATAATAAC 

S1b pWUCA1 AGCACGTATCATTTCTGTAGG 550 2800 

GGGAAAGAGGGACTTGAAC 

4a pPsaA* AGCACGTATCATTTCTGTAGG 550 2511 

GGGAAAGAGGGACTTGAAC 

4b pWUCA2 GTCATTGCGAAAATACTGGTGC 1256 2011 

GCAACAGGAACTTCTAAAGC 

5 pSty or pSde GTCATTGCGAAAATACTGGTGC 880 1415 

CGGATGTAACTCAATCGGTAG 

ATAGGCTCTTCTCATGGATTTCT

CCTTATAATAAC 
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Table S3  Stop codon 

distribution in microalgae. 

Compiled from annotated 

chloroplast genomes in 

Genbank. ‘No. of CDS’ is the 

number of protein-coding genes 

annotated in Genbank for each 

genome as of November 2014. 

The number of annotated TAA, 

TAG and TGA stop codons is 

listed. For comparison, the 

chloroplast genome of 

Arabidopsis thaliana Columbia 

is 154,478 bp long with 49 

TAA, 19 TAG and 12 TGA stop 

codons according to Sato et al. 

(1999) DNA Res 6, 283-290. 
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Appendix S1  DNA and amino acid sequences. 

 

 

1. Cytosine deaminase gene used in plasmid pCD** 

 

(a) DNA sequence of crCD** gene, with TGGTGA codon alterations in green. 
ATGTCTAACAACGCTTTACAAACAATTATTAACGCTCGTTTACCAGGTGAAGAAGGTTTA 

TGACAAATTCACTTACAAGACGGTAAAATTTCAGCTATTGATGCTCAATCTGGTGTAATG 

CCAATTACTGAAAACTCTTTAGATGCTGAACAAGGTTTAGTTATTCCACCATTCGTTGAA 

CCACACATTCACTTAGATACTACACAAACAGCTGGTCAACCAAACTGGAACCAATCAGGT 

ACTTTATTTGAAGGTATTGAGCGTTGGGCTGAACGTAAAGCTTTATTAACACACGACGAC 

GTTAAACAACGTGCTTGGCAAACATTAAAATGGCAAATTGCTAACGGTATTCAACACGTA 

CGTACTCACGTAGACGTTTCTGATGCTACTTTAACAGCTTTAAAAGCTATGTTAGAAGTT 

AAACAAGAAGTAGCTCCATGAATTGACTTACAAATTGCTGCTTTCCCACAAGAAGGTATT 

TTATCATACCCAAACGGTGAAGCTTTATTAGAAGAAGCTTTACGTTTAGGTGCTGATGTT 

GTTGGTGCTATTCCACACTTCGAATTTACACGTGAATATGGTGTTGAATCTTTACACAAA 

ACATTTGCTTTAGCTCAAAAATATGATCGTTTAATTGATGTTCACTGTGACGAAATTGAT 

GACGAACAATCACGTTTCGTTGAAACAGTAGCTGCTTTAGCTCACCACGAAGGTATGGGT 

GCTCGTGTTACTGCTTCACACACTACAGCTATGCACTCTTACAACGGTGCTTACACTTCT 

CGTTTATTCCGTTTATTAAAAATGTCTGGTATTAACTTCGTTGCTAACCCATTAGTAAAC 

ATTCACTTACAAGGTCGTTTCGATACTTACCCAAAACGTCGTGGTATTACACGTGTTAAA 

GAAATGTTAGAATCAGGTATTAATGTTTGTTTTGGTCACGACGACGTTTGTGGTCCTTGG 

TACCCTTTAGGTACTGCTAACATGTTACAAGTTTTACACATGGGTTTACACGTATGTCAA 

TTAATGGGTTACGGTCAAATTAACGACGGTTTAAACTTAATTACTCACCACTCTGCTCGT 

ACTTTAAACTTACAAGACTACGGTATTGCTGCTGGTAACTCAGCTAACTTAATTATTTTA 

CCAGCTGAAAACGGTTTCGATGCTTTACGTCGTCAAGTTCCAGTACGTTACTCAGTTCGT 

GGTGGTAAAGTTATTGCTTCAACTCAACCAGCTCAAACAACTGTTTATTTAGAACAACCA 

GAAGCTATTGACTACAAACGTTACCCATACGATGTTCCAGATTACGCTTAATAA 

 

(b) Translated sequence of crCD**. 

Tryptophans W21 and W147 that were mutated from TGG to TGA are shown in 

green. HA tag is shown in red. Residues in turquoise show where the synthetic CrCD 

enzyme differs from natural E. coli CodA for improved substrate binding; see Young 

and Purton (2014) Plant J 80, 915-925. 

 
MSNNALQTIINARLPGEEGLWQIHLQDGKISAIDAQSGVMPITENSLDAEQGLVIPPFVEPHIHL

DTTQTAGQPNWNQSGTLFEGIERWAERKALLTHDDVKQRAWQTLKWQIANGIQHVRTHVDV

SDATLTALKAMLEVKQEVAPWIDLQIAAFPQEGILSYPNGEALLEEALRLGADVVGAIPHFEFT

REYGVESLHKTFALAQKYDRLIDVHCDEIDDEQSRFVETVAALAHHEGMGARVTASHTTAM

HSYNGAYTSRLFRLLKMSGINFVANPLVNIHLQGRFDTYPKRRGITRVKEMLESGINVCFGHD

DVCGPWYPLGTANMLQVLHMGLHVCQLMGYGQINDGLNLITHHSARTLNLQDYGIAAGNSA

NLIILPAENGFDALRRQVPVRYSVRGGKVIASTQPAQTTVYLEQPEAIDYKRYPYDVPDYA 

 

 

2. Sequence of the synthetic trnWUCA gene with 100 bp flanks, as used in plasmids 

pWUCA1 and pWUCA2. 

Colours represent the tRNA sequence (green), anticodon (blue), and MluI sites used 

for cloning (red). The -10 and -35 consensus promoter elements are in bold. 

 

tcgatgcACGCGTtaacccatgattaacaactatatcaataaaatcaatttgtagtgaaatactctgattgacattaaaat

aataccatgataaaaattataataacaaattttacgtccttagttcagtcggtagaacgcaggttttcaaaacctgatgtcgtg

ggttcaattcctacagggcgtgtttttcctaatgtactttgttgtaaaagtggctggtttaacctttttaggtttcggattgaacaat

aatggcagttaagagtcactaaagctgctgtatagACGCGTtcgatgc 
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3. Endolysin SPN9CC_0043 From phage from Salmonella Typhimurium 

The natural gene is described in Lim et al. (2014) J Microbiol Biotechnol 24, 803-

811; accession number YP_006383882. For the present paper, a codon optimised 
version of this endolysin gene was designed in which a single TGG codon was 
altered to TGA (green). This was cloned into pWUCA2 using SapI and SphI 
restriction sites (yellow) to make plasmid pSty. The HA tag sequence is shown in 
red. 
 

(a) DNA sequence 
GCTCTTCTATGGCTATGAGTCCAGCTTTACGTAACTCAGTAATTGCTGCTATTTCTGGTGGT

GCTATTGCTATTGCTTCAGTATTAATTACTGGTCCAGGTGGTAACGACGGTTTAGAAGGTG

TTCGTTACAAACCATACAAAGACGTAGTAGGTGTTTTAACAGTTTGTTACGGTCACGTAGG

TAAAGATATTATGTTAGGTAAAACATACACAGAAGCTGAATGTGAAGCTTTATTAAACAA

AGACTTAGCTACTGTAGCTCGTCAAATTAACCCATACATTAAAGTAGATATTCCAGAAACT

ACACGTGGTGCTTTATACAGTTTTGTTTACAACGTTGGTGCTGGTAACTTCCGTACTTCAAC

TTTATTACGTAAAATTAACCAAGGTGATATTAAAGGTGCTTGTGACCAATTACGTCGTTGA

ACTTACGCTGGTGGTAAACAATGGAAAGGTTTAATGACACGTCGTGAAATTGAACGTGAA

GTTTGTTTATGGGGTCAACAATACCCATACGATGTTCCAGATTACGCTTAATAAGCATGC 

 

(b) Translated sequence 
MAMSPALRNSVIAAISGGAIAIASVLITGPGGNDGLEGVRYKPYKDVVGVLTVCYGHVGKDI

MLGKTYTEAECEALLNKDLATVARQINPYIKVDIPETTRGALYSFVYNVGAGNFRTSTLLRKI

NQGDIKGACDQLRRWTYAGGKQWKGLMTRREIEREVCLWGQQYPYDVPDYA 

 

 

4. Shewanella denitrificans Sden_1266 (hypothetical protein) 

A codon optimised version of this gene was designed in which two TGG codons 
were altered to TGA (green). This was cloned into pWUCA2 using SapI and SphI 
restriction sites (yellow) to make plasmid pSde. The HA tag sequence is shown in 
red. 
 

(a) DNA sequence 
GCTCTTCTATGTCTATTAACAAAATTACTGATAACTTAACAACTTCTGCTGAACACAGTGA

AAACCACCACGACAACAACCAAGTAACTGCTGGTAAAAACATGTCTTCTCGTTCATTATTA

TACGTTGCTGTAGCTTTAGGTTTATTCACTTGTGTAGCTGCTCAAGCTGAAACACAAGCTG

CTTTAACACAAGAATTAAAAGACGAAGAAGGTTTATCTTTAGAACGTTCACAATTCTCTGT

TTCTTTAGAATCATCTTCTACTACAAAAGGTACTGCTACTCCAAGTGGTGCAGAATCTACT

GCTTTAACAACAGGTCTTCAATATAACGAATTAGCAAGTGAACTTAAACAATTACACCAA

GGTGCTTCTCTTTCACGTTTATGATCACAAAAAAAACCTGCTTCTGTAGATTCTGTTAACTC

TGTTGCTTCAATGAACAAAGGTGATGCTGCAGGTTCTAATTTAGCAACTAAAGCTTCTGTA

TTATCTGATCCAGCTGTAAAAGCATCTCCAGCTAACTTACGTACAGTAAACACTTTAGACC

AAGGTTTATTAGGTATGACACGTGAACAAAAAATGGCTATTAAATCAGCTGAAAACTCAG

CTTCAGTACAAGCTTTACAATCTTCAGGTTTATTCCACTCTTTCAACATTTACGATGCTAAC

ACTCACTTATTAGAAGATTTCGATGGTGACTCATTCTACAGTACATTCTCAGTAACATTCG

ATGCTGATGTTGATGGTATTGGTTACAACGAATACGCTGATGTTTATGCTGAATTATACGT

TTCTCAAGAAGGTGGTCCATGATTACACTACTACTCAACTGAAGTATTCTCAATTGCTGGT

AACTCATCTTACGATGATTACCGTGTTTTAACAACTTTACAATCAGGTTACCAAACAGCTC

ACTACGACGTTTTAATTGATTTATACGAAGTTGGTGTATCAAACCCAGTAGCTACTTTATC

TTCAAACGATACTAACGCTTTATACGCTTTACCATTAGAATCTCGTGACCGTGACCCTATT

TACGTTGAACCACACGTAGATACTTACATTGAAGTTGAAGCTGGTGGTGCTTTATCTTGGT

GGGAATTATTAGTATTAGTTTCTTTAGGTTTATTAGCTATTCGTAAATCACCACAATGTTAC

CCATACGATGTTCCAGATTATGCTTAATAAGCATGC 

 

(b) Translated sequence 
MSINKITDNLTTSAEHSENHHDNNQVTAGKNMSSRSLLYVAVALGLFTCVAAQAETQAALTQ

ELKDEEGLSLERSQFSVSLESSSTTKGTATPSGAESTALTTGLQYNELASELKQLHQGASLSRL
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WSQKKPASVDSVNSVASMNKGDAAGSNLATKASVLSDPAVKASPANLRTVNTLDQGLLGMT

REQKMAIKSAENSASVQALQSSGLFHSFNIYDANTHLLEDFDGDSFYSTFSVTFDADVDGIGY

NEYADVYAELYVSQEGGPWLHYYSTEVFSIAGNSSYDDYRVLTTLQSGYQTAHYDVLIDLYE

VGVSNPVATLSSNDTNALYALPLESRDRDPIYVEPHVDTYIEVEAGGALSWWELLVLVSLGLL

AIRKSPQCYPYDVPDYA 

 

5. Plasmid pPsaA* 

PsaA exon 3 (forwards orientation) is highlighted in turquoise. The TGGTGA 

codon alteration is shown in green. 

 
CCCATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAATTCGCCCTA

TAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCT

GGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCG

AAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAAAT

TGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTA

ACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGG

TTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCA

AAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAA

GTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGAT

TTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAA

AGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACAC

CCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGC

GCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACA

ATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTT

CCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAA

CGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAAC

TGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGAT

GAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAG

CAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAG

AAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGA

GTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCG

CTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAA

TGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTT

GCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGG

ATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTA

TTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGC

CAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGG

ATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGT

CAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG

GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCG

TTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC

TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCC

GGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACC

AAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCG

CCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGT

GTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAA

CGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACC

TACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTAT

CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGC

CTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGAT

GCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCC

TGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGAT

AACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGC

AGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGC

GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAG

TGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTT

ATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAAC

AGCTATGACCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTG

GAGCTCCACCGCGGTGGCGGCCGCTCTAGGTATATACATTCACCCTTTAAGGCTACCCGGC
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AGTTAGTTACGGCTTACGTTCCATAAAATATTGGCATATTTTATAAATTATTTTATAGATCA

TATATTTTGTAAATATATAATATTACGCATAACACATTTATTTAAAAACATATAATATTAC

GCATAACACATTTATTTAAAAACAGCAAAAACTTGCGTCAAATCCCTATAGGATATTTTTT

ATTTATGGCACGAGCAGGTTTACACGCTCCGTCAGGACGCCGGCACGTAGTTGGAAAGTA

TGTCCCCCTTGCCCGGAAGGGGAAAGGAGGAGACAAATTTATTTATTGTATATAAATAGC

ATGACTTTCCAAGCGAGTTAACATAAACAAACTGCGCGAGTTAACATAAACAAACTTCCT

CTCTGGGGAGGCATGGCAGCAAATGGCACCCTAAATACATGCGCTTTTAACACAGATAAT

TATAAACAAGCATAGCGTTAAATCTGCTACCTTGGATTAAATCATTAGAAAGAATTTGAG

CCGTGTGCAGTGAAAATTGCATGCACGGCTCTTAAGGTTTAAATAAATTTTTAAAGAAGA

AAATTTAACTCCTAACTATGTACTTCCATGGTGCACGTTTTTCAAACTATGAAGCTTGGTT

AAGTGACCCTACTCACATTAAACCAAGTGCTCAAGTAGTATGGCCTATTGTAGGTCAAGA

AATTTTAAACGGTGATGTAGGTGGTGGTTTCCAAGGTATTCAAATTACTTCTGGTTTCTTCC

AATTATGGCGTGCTAGTGGTATTACTAGTGAATTACAACTTTATACTACAGCAATTGGTGG

TTTAGTAATGGCTGCTGCAATGTTCTTTGCTGGTTGGTTCCACTACCACAAAGCTGCTCCA

AAACTAGAATGGTTCCAAAACGTTGAATCAATGTTAAACCACCACTTAGGTGGTCTTCTTG

GTTTAGGTAGTTTAGCTTGGGCTGGTCACCAAATTCACGTTTCTTTACCAGTAAACAAATT

ATTAGATGCTGGTGTAGATCCAAAAGAAATTCCACTTCCTCATGATTTATTATTAAATCGT

GCTATTATGGCTGACTTATACCCAAGTTTTGCTAAAGGTATTGCTCCTTTCTTTACTTTAAA

CTGGAGTGAATACAGTGATTTCTTAACATTTAAAGGTGGTTTAAACCCTGTTACTGGTGGT

CTTTGGTTAAGTGATACTGCTCACCACCACGTAGCTATTGCTGTATTATTCTTAGTAGCTGG

TCACATGTATCGTACTAACTGGGGTATTGGTCACAGTATGAAAGAAATTTTAGAAGCTCAC

CGTGGTCCATTTACAGGTGAAGGTCACGTTGGTTTATATGAAATTTTAACAACTTCTTGGC

ATGCACAATTAGCTATTAACTTAGCTTTATTTGGTTCGTTATCAATTATTGTAGCTCACCAC

ATGTACGCAATGCCTCCATACCCTTATTTAGCTACTGATTACGGTACACAATTATCATTATT

TACACACCACACATGGATTGGTGGTTTCTGTATTGTTGGTGCTGGTGCTCACGCAGCTATT

TTCATGGTTCGTGACTACGATCCTACTAATAACTACAACAACTTATTAGACCGTGTAATTC

GTCACCGTGATGCTATTATTTCTCACTTAAACTGGGTTTGTATTTTCTTAGGTTTCCACAGC

TTTGGTTTATACATCCACAACGATACAATGAGTGCTTTAGGTCGTCCTCAAGACATGTTCT

CAGATACTGCTATCCAACTTCAACCAGTATTTGCTCAATGGATTCAAAATACACACTTCTT

AGCTCCACAATTAACAGCACCAAATGCTTTAGCTGCTACAAGTTTAACTTGGGGTGGTGA

GCTAGGTGCTCATGGCGGTAAAGTAGCTATGATGCCTATTTCTTTAGGTACTTCTGACTTT

ATGGTTCACCACATTCACGCTTTCACAATTCACGTAACTGTGTTAATTCTTCTGAAAGGTG

TTTTATTTGCTCGTAGCTCTCGTCTTATCCCAGATAAAGCTAACTTAGGTTTCCGTTTCCCT

TGTGACGGTCCTGGTCGTGGCGGTACTTGTCAGGTTTCTGCTTGGGACCACGTATTCTTAG

GTCTTTTCTGGATGTACAACAGCTTATCAATTGTAATTTTCCACTTCAGCTGGAAGATGCA

ATCTGATGTTTGGGGTACGGTTACAGCTTCTGGTGTTTCTCACATTACTGGTGGTAACTTTG

CACAAAGCGCTAACACAATCAACGGTTGGTTACGTGACTTCTTATGGGCACAATCATCAC

AAGTAATCCAATCATACGGTTCAGCTCTATCTGCTTATGGTTTAATTTTCTTAGGTGCTCAC

TTCGTATGGGCATTCTCGTTAATGTTCTTATTCTCTGGTCGTGGTTACTGACAAGAACTTAT

CGAATCAATTGTATGGGCTCACAACAAACTTAAAGTTGCACCTGCAATTCAACCACGTGCT

TTAAGTATTACTCAAGGTCGTGCTGTTGGTGTAGCTCACTACCTTTTAGGTGGTATTGCTAC

TACATGGTCGTTCTTCTTAGCACGTATCATTTCTGTAGGTTAACATTTAATACTTTTTAATA

CATATATGCCTAAGTTTATCTTTAAAGATAAACTTAGCCATATGTGTTAAGTTATCTAACA

AGGTTACCTTTTTATTTCTCTTTAGATATATAAACATTAAAAACTACCGTGATCGTTACACT

TTAGATAACTGGAAGGGGGAAAAATCATGTATTCGCTGGAAGGCGCACCTCCTACTGCCT

ACTGCGCAGCATTAAAATGCTGTAGATATTGGTATCTTACAAAGGACAGTAGTACACAAT

TAAACGCGTTGGAATATTTATATTTTCATTAGAGAATTGGGTACCGAGCTCCACCGCGGTG

GCGGCCGCTCTAGCTAGAACTAGTGGATCGCACTCTACCGATTGAGTTACATCCGCTTTAG

TATGTTACTATTTCTTTTATTATAACTTATAAAATATAATACATAAAGATAAATTCTATAAT

AAAAAGCTAAGATTTTATTTTTCTGGCACATCGTAATTTATAAAGACAGGCAAATTTAAAC

AAAAGATAACTTTAGAACTTAATTTTAAAAATGTAAAATGATGTTTAGGTATTTAACCTAA

ACACCATAAAAATAAAAACGATGTTTATGCTATTCACATAAACATCATGAAAAATAAAAA

TTAAAGTTTGTCAATAGTATCAAATTCGAATTTAATTTCTTTCCAAACTTCACATGCAGCA

GCAAGTTCTGGAGACCATTTACAAGCTGAACGAATTACGTCGCCACCTTCACGAGCAAGG

TCACGACCTTCGTTACGAGCTTGAGTACAAGCTTGCATGCCTGCAGTTATTTGCCAACTAC

CTTAGTGATCTCGCCTTTCACGTAGTGGACAAATTCTTCCAACTGATCTGCGCGCGAGGCC

AAGCGATCTTCTTCTTGTCCAAGATAAGCCTGTCTAGCTTCAAGTATGACGGGCTGATACT

GGGCCGGCAGGCGCTCCATTGCCCAGTCGGCAGCGACATCCTTCGGCGCGATTTTGCCGG

TTACTGCGCTGTACCAAATGCGGGACAACGTAAGCACTACATTTCGCTCATCGCCAGCCC

AGTCGGGCGGCGAGTTCCATAGCGTTAAGGTTTCATTTAGCGCCTCAAATAGATCCTGTTC
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AGGAACCGGATCAAAGAGTTCCTCCGCCGCTGGACCTACCAAGGCAACGCTATGTTCTCT

TGCTTTTGTCAGCAAGATAGCCAGATCAATGTCGATCGTGGCTGGCTCGAAGATACCTGCA

AGAATGTCATTGCGCTGCCATTCTCCAAATTGCAGTTCGCGCTTAGCTGGATAACGCCACG

GAATGATGTCGTCGTGCACAACAATGGTGACTTCTACAGCGCGGAGAATCTCGCTCTCTCC

AGGGGAAGCCGAAGTTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAG

CCTTACGGTCACCGTAACCAGCAAATCAATATCACTGTGTGGCTTCAGGCCGCCATCCACT

GCGGAGCCGTACAAATGTACGGCCAGCAACGTCGGTTCGAGATGGCGCTCGATGACGCCA

ACTACCTCTGATAGTTGAGTTGATACTTCGGCGATAACCGCTTCACGAGCCATGGACATTT

TCACTTCTGGAGTGTATTGTTCAATTAAATCTTTAATAAGATTACTAAGTTCTTCTGGAGTA

CGCATTGCCATAAAAAAGAAAAAATAAATAAAAGATTAAAAAAGTTTATTTTTAAAATCT

TTCTCGAGAATTTTAAATAAGTTTAAAATTCAACAAAAATAGTGAGTGGTAAGATCACTTG

TTAACAAAAGTAATGGTTCACCCTTGTCATATTTAAATACTAAAATTCATTTGCCCGAAGA

GGACAAATTTATTTATTGCATTAAAATCCCTAAGTTTACTTGCCCGTAAGGGGAAGGGGG

GGACGTCCACAGGCGTCGTAAGCAACTAAAGTTTATGACGCCGATTGCTTTGTTAGGAAA

ATATAAATATCCCATAAGAAAAGGTCCTTTAAAGGTTTTATGGACTAAATAAAAAAGATA

GCATAAGCATTAAAATCATGCAAATTAAAAAAAAGGTAAATGTATTTATAAAAAGGTAAA

TGTATTTATATAGTATTTATATTATAGCATAATAATAAATATATTTATAAATTGATTGTTCT

TAGAGCTAAAAGAGAAGAACAATGGGTTTATAGGTATTTTGAGATCCAGTTATAAAAATG

ACTTTTGACGTTTATGGTATATAAACACTGCCTCTAATAAAGTCATCGATAAGCTTGATCC

CATATAGCCAATGGCTTAAGGAGTGTCATAGGAATAACTAGTCATGCACATTTTCCTAAA

AATCTAAAATGTTATTAGAAGCTATACAAAAATTAAAAATTATGTTATTATATATTTATTA

AAATTTAGACTTATCACGGGGATATGGCGGAATGGTAGACGCTACGGACTTAAAATCCGT

TCTTGTGCGAACAAGGTGAGGGTTCAAGTCCCTCTTTCCCCATTTATAAATAAAAATCAAG

TCAATATTTTAACATTGTAAACTAAAAAATAAGTGTAAAATAACTAGGGTAAATAGTTAA

GAATTGGTAGTTTTTGAACTAAACAGTGACATAAAACTGGTTAAAAGACATCCCTGTAAG

AGAAATGCATATGGTGAATTACACAATAAATTTAAAAATAAAGCTCTGACAAGCCTCTTC

CCCTTTGCGATATACATGCTCTGTTAGATATAATTCTGCCTAAGTTCCTAACAAAGGGTTT

ACTTTTTCTCGGGGAATGGTTTTGCTACTTTGTTTTAAATCTTTTTCAAAGAATGTCAATCT

CCTATAAAGGGAGGAACATTACTCATGGTCTCACAATTTTAATAAACTAGTTTCTTATAAT

CTATTTTATAAAAATAAATCTAAATATATTTCTTATGAATTTTGTTAATTTAGAACAAATTG

AAAATTCTTTACGTAATGCTACTTTTTGCATGCTTTTTTTAACAACATTTTTATATTGGTTTT

ATACTGCATTTTACAGTACAAATCCTCAACAAATTATAAATCCATTGTCATTAACAAACAT

TAAAACTAATTTTACTTATCCTGACGGGTTTCAAGCAAACAATATTAATGTTTCTACAACT

TATTTACCGATTAACCCTGTATTAAATACCGAAAGAGAAGAGCAACCCGAAGCTAACGGA

ACGAATGGGCTGTTGGGTGTTTCTTCATTAGTAGTAAATTTAAAATCAATAGCAATCCCAC

GCATTATGATGGGTGTTTCTAATTTATTATTAGTATTATTATTACTTGTTCGTTGGGAAAAA

TCAGGTCATTTCCCATTAAGTAATTTATATGAATCTTTAATGTTTTTAGCGTGGTGTTGTAC

ATTTTTATATTTATTATATTGTACAAGTTTTACTTTATTGGTTGAAAAAATGTTAGGTTCAT

TAATTGCACCTTGTAGTTTATTAATGAATGCATTTGCTACTTTTAGTTTACCAAAAGAAAT

GCAACAAGCATCACCATTAGTACCAGCTTTACAATCAAATTGGTTAATGATGCATGTTACT

GTAATGATTATTAGTTATGCCACATTAATTATTGGATCGTTATTGTCGATTTTATTTTTGAT

TTTATTTAAACACAAAAAAGGTACACCCAAAAAGTATGATAACTTTATTAACAATTTAGAT

GCATTAAGTTATCGCATTATTGGATTAGGTTTTCCTTTTTTAACTATTGGGATTTTATCTGG

GGCTGTGTGGGCTAATGAAGCATGGGGATCATATTGGAGTTGGGATCC 

 

 

6. Plasmid pWUCA1 

The trnWUCA region is colour coded as in section 2 above. PsaA exon 3 (forwards 

orientation) is highlighted in turquoise. The aadA spectinomycin resistance gene 

(reverse orientation) is highlighted in pink and its promoter/UTRs in green. 

 
CCCATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAATTCGCCCTA

TAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCT

GGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCG

AAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAAAT

TGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTA

ACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGG

TTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCA

AAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAA
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GTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGAT

TTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAA

AGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACAC

CCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGC

GCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACA

ATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTT

CCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAA

CGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAAC

TGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGAT

GAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAG

CAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAG

AAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGA

GTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCG

CTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAA

TGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTT

GCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGG

ATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTA

TTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGC

CAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGG

ATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGT

CAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG

GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCG

TTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC

TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCC

GGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACC

AAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCG

CCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGT

GTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAA

CGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACC

TACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTAT

CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGC

CTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGAT

GCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCC

TGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGAT

AACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGC

AGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGC

GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAG

TGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTT

ATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAAC

AGCTATGACCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTG

GAGCTCCACCGCGGTGGCGGCCGCTCTAGGTATATACATTCACCCTTTAAGGCTACCCGGC

AGTTAGTTACGGCTTACGTTCCATAAAATATTGGCATATTTTATAAATTATTTTATAGATCA

TATATTTTGTAAATATATAATATTACGCATAACACATTTATTTAAAAACATATAATATTAC

GCATAACACATTTATTTAAAAACAGCAAAAACTTGCGTCAAATCCCTATAGGATATTTTTT

ATTTATGGCACGAGCAGGTTTACACGCTCCGTCAGGACGCCGGCACGTAGTTGGAAAGTA

TGTCCCCCTTGCCCGGAAGGGGAAAGGAGGAGACAAATTTATTTATTGTATATAAATAGC

ATGACTTTCCAAGCGAGTTAACATAAACAAACTGCGCGAGTTAACATAAACAAACTTCCT

CTCTGGGGAGGCATGGCAGCAAATGGCACCCTAAATACATGCGCTTTTAACACAGATAAT

TATAAACAAGCATAGCGTTAAATCTGCTACCTTGGATTAAATCATTAGAAAGAATTTGAG

CCGTGTGCAGTGAAAATTGCATGCACGGCTCTTAAGGTTTAAATAAATTTTTAAAGAAGA

AAATTTAACTCCTAACTATGTACTTCCATGGTGCACGTTTTTCAAACTATGAAGCTTGGTT

AAGTGACCCTACTCACATTAAACCAAGTGCTCAAGTAGTATGGCCTATTGTAGGTCAAGA

AATTTTAAACGGTGATGTAGGTGGTGGTTTCCAAGGTATTCAAATTACTTCTGGTTTCTTCC

AATTATGGCGTGCTAGTGGTATTACTAGTGAATTACAACTTTATACTACAGCAATTGGTGG

TTTAGTAATGGCTGCTGCAATGTTCTTTGCTGGTTGGTTCCACTACCACAAAGCTGCTCCA

AAACTAGAATGGTTCCAAAACGTTGAATCAATGTTAAACCACCACTTAGGTGGTCTTCTTG

GTTTAGGTAGTTTAGCTTGGGCTGGTCACCAAATTCACGTTTCTTTACCAGTAAACAAATT

ATTAGATGCTGGTGTAGATCCAAAAGAAATTCCACTTCCTCATGATTTATTATTAAATCGT

GCTATTATGGCTGACTTATACCCAAGTTTTGCTAAAGGTATTGCTCCTTTCTTTACTTTAAA

CTGGAGTGAATACAGTGATTTCTTAACATTTAAAGGTGGTTTAAACCCTGTTACTGGTGGT
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CTTTGGTTAAGTGATACTGCTCACCACCACGTAGCTATTGCTGTATTATTCTTAGTAGCTGG

TCACATGTATCGTACTAACTGGGGTATTGGTCACAGTATGAAAGAAATTTTAGAAGCTCAC

CGTGGTCCATTTACAGGTGAAGGTCACGTTGGTTTATATGAAATTTTAACAACTTCTTGGC

ATGCACAATTAGCTATTAACTTAGCTTTATTTGGTTCGTTATCAATTATTGTAGCTCACCAC

ATGTACGCAATGCCTCCATACCCTTATTTAGCTACTGATTACGGTACACAATTATCATTATT

TACACACCACACATGGATTGGTGGTTTCTGTATTGTTGGTGCTGGTGCTCACGCAGCTATT

TTCATGGTTCGTGACTACGATCCTACTAATAACTACAACAACTTATTAGACCGTGTAATTC

GTCACCGTGATGCTATTATTTCTCACTTAAACTGGGTTTGTATTTTCTTAGGTTTCCACAGC

TTTGGTTTATACATCCACAACGATACAATGAGTGCTTTAGGTCGTCCTCAAGACATGTTCT

CAGATACTGCTATCCAACTTCAACCAGTATTTGCTCAATGGATTCAAAATACACACTTCTT

AGCTCCACAATTAACAGCACCAAATGCTTTAGCTGCTACAAGTTTAACTTGGGGTGGTGA

GCTAGGTGCTCATGGCGGTAAAGTAGCTATGATGCCTATTTCTTTAGGTACTTCTGACTTT

ATGGTTCACCACATTCACGCTTTCACAATTCACGTAACTGTGTTAATTCTTCTGAAAGGTG

TTTTATTTGCTCGTAGCTCTCGTCTTATCCCAGATAAAGCTAACTTAGGTTTCCGTTTCCCT

TGTGACGGTCCTGGTCGTGGCGGTACTTGTCAGGTTTCTGCTTGGGACCACGTATTCTTAG

GTCTTTTCTGGATGTACAACAGCTTATCAATTGTAATTTTCCACTTCAGCTGGAAGATGCA

ATCTGATGTTTGGGGTACGGTTACAGCTTCTGGTGTTTCTCACATTACTGGTGGTAACTTTG

CACAAAGCGCTAACACAATCAACGGTTGGTTACGTGACTTCTTATGGGCACAATCATCAC

AAGTAATCCAATCATACGGTTCAGCTCTATCTGCTTATGGTTTAATTTTCTTAGGTGCTCAC

TTCGTATGGGCATTCTCGTTAATGTTCTTATTCTCTGGTCGTGGTTACTGGCAAGAACTTAT

CGAATCAATTGTATGGGCTCACAACAAACTTAAAGTTGCACCTGCAATTCAACCACGTGCT

TTAAGTATTACTCAAGGTCGTGCTGTTGGTGTAGCTCACTACCTTTTAGGTGGTATTGCTAC

TACATGGTCGTTCTTCTTAGCACGTATCATTTCTGTAGGTTAACATTTAATACTTTTTAATA

CATATATGCCTAAGTTTATCTTTAAAGATAAACTTAGCCATATGTGTTAAGTTATCTAACA

AGGTTACCTTTTTATTTCTCTTTAGATATATAAACATTAAAAACTACCGTGATCGTTACACT

TTAGATAACTGGAAGGGGGAAAAATCATGTATTCGCTGGAAGGCGCACCTCCTACTGCCT

ACTGCGCAGCATTAAAATGCTGTAGATATTGGTATCTTACAAAGGACAGTAGTACACAAT

TAAACGCGTtaacccatgattaacaactatatcaataaaatcaatttgtagtgaaatactctgattgacattaaaataataccatgataaaaatta

taataacaaattttacgtccttagttcagtcggtagaacgcaggttttcaaaacctgatgtcgtgggttcaattcctacagggcgtgtttttcctaatgtact

ttgttgtaaaagtggctggtttaacctttttaggtttcggattgaacaataatggcagttaagagtcactaaagctgctgtatagACGCGTTGGA

ATATTTATATTTTCATTAGAGAATTGGGTACCGAGCTCCACCGCGGTGGCGGCCGCTCTAG

CTAGAACTAGTGGATCGCACTCTACCGATTGAGTTACATCCGCTTTAGTATGTTACTATTT

CTTTTATTATAACTTATAAAATATAATACATAAAGATAAATTCTATAATAAAAAGCTAAGA

TTTTATTTTTCTGGCACATCGTAATTTATAAAGACAGGCAAATTTAAACAAAAGATAACTT

TAGAACTTAATTTTAAAAATGTAAAATGATGTTTAGGTATTTAACCTAAACACCATAAAAA

TAAAAACGATGTTTATGCTATTCACATAAACATCATGAAAAATAAAAATTAAAGTTTGTC

AATAGTATCAAATTCGAATTTAATTTCTTTCCAAACTTCACATGCAGCAGCAAGTTCTGGA

GACCATTTACAAGCTGAACGAATTACGTCGCCACCTTCACGAGCAAGGTCACGACCTTCG

TTACGAGCTTGAGTACAAGCTTGCATGCCTGCAGTTATTTGCCAACTACCTTAGTGATCTC

GCCTTTCACGTAGTGGACAAATTCTTCCAACTGATCTGCGCGCGAGGCCAAGCGATCTTCT

TCTTGTCCAAGATAAGCCTGTCTAGCTTCAAGTATGACGGGCTGATACTGGGCCGGCAGG

CGCTCCATTGCCCAGTCGGCAGCGACATCCTTCGGCGCGATTTTGCCGGTTACTGCGCTGT

ACCAAATGCGGGACAACGTAAGCACTACATTTCGCTCATCGCCAGCCCAGTCGGGCGGCG

AGTTCCATAGCGTTAAGGTTTCATTTAGCGCCTCAAATAGATCCTGTTCAGGAACCGGATC

AAAGAGTTCCTCCGCCGCTGGACCTACCAAGGCAACGCTATGTTCTCTTGCTTTTGTCAGC

AAGATAGCCAGATCAATGTCGATCGTGGCTGGCTCGAAGATACCTGCAAGAATGTCATTG

CGCTGCCATTCTCCAAATTGCAGTTCGCGCTTAGCTGGATAACGCCACGGAATGATGTCGT

CGTGCACAACAATGGTGACTTCTACAGCGCGGAGAATCTCGCTCTCTCCAGGGGAAGCCG

AAGTTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAGCCTTACGGTCAC

CGTAACCAGCAAATCAATATCACTGTGTGGCTTCAGGCCGCCATCCACTGCGGAGCCGTA

CAAATGTACGGCCAGCAACGTCGGTTCGAGATGGCGCTCGATGACGCCAACTACCTCTGA

TAGTTGAGTTGATACTTCGGCGATAACCGCTTCACGAGCCATGGACATTTTCACTTCTGGA

GTGTATTGTTCAATTAAATCTTTAATAAGATTACTAAGTTCTTCTGGAGTACGCATTGCCAT

AAAAAAGAAAAAATAAATAAAAGATTAAAAAAGTTTATTTTTAAAATCTTTCTCGAGAAT

TTTAAATAAGTTTAAAATTCAACAAAAATAGTGAGTGGTAAGATCACTTGTTAACAAAAG

TAATGGTTCACCCTTGTCATATTTAAATACTAAAATTCATTTGCCCGAAGAGGACAAATTT

ATTTATTGCATTAAAATCCCTAAGTTTACTTGCCCGTAAGGGGAAGGGGGGGACGTCCAC

AGGCGTCGTAAGCAACTAAAGTTTATGACGCCGATTGCTTTGTTAGGAAAATATAAATAT

CCCATAAGAAAAGGTCCTTTAAAGGTTTTATGGACTAAATAAAAAAGATAGCATAAGCAT

TAAAATCATGCAAATTAAAAAAAAGGTAAATGTATTTATAAAAAGGTAAATGTATTTATA
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TAGTATTTATATTATAGCATAATAATAAATATATTTATAAATTGATTGTTCTTAGAGCTAA

AAGAGAAGAACAATGGGTTTATAGGTATTTTGAGATCCAGTTATAAAAATGACTTTTGAC

GTTTATGGTATATAAACACTGCCTCTAATAAAGTCATCGATAAGCTTGATCCCATATAGCC

AATGGCTTAAGGAGTGTCATAGGAATAACTAGTCATGCACATTTTCCTAAAAATCTAAAA

TGTTATTAGAAGCTATACAAAAATTAAAAATTATGTTATTATATATTTATTAAAATTTAGA

CTTATCACGGGGATATGGCGGAATGGTAGACGCTACGGACTTAAAATCCGTTCTTGTGCG

AACAAGGTGAGGGTTCAAGTCCCTCTTTCCCCATTTATAAATAAAAATCAAGTCAATATTT

TAACATTGTAAACTAAAAAATAAGTGTAAAATAACTAGGGTAAATAGTTAAGAATTGGTA

GTTTTTGAACTAAACAGTGACATAAAACTGGTTAAAAGACATCCCTGTAAGAGAAATGCA

TATGGTGAATTACACAATAAATTTAAAAATAAAGCTCTGACAAGCCTCTTCCCCTTTGCGA

TATACATGCTCTGTTAGATATAATTCTGCCTAAGTTCCTAACAAAGGGTTTACTTTTTCTCG

GGGAATGGTTTTGCTACTTTGTTTTAAATCTTTTTCAAAGAATGTCAATCTCCTATAAAGG

GAGGAACATTACTCATGGTCTCACAATTTTAATAAACTAGTTTCTTATAATCTATTTTATAA

AAATAAATCTAAATATATTTCTTATGAATTTTGTTAATTTAGAACAAATTGAAAATTCTTT

ACGTAATGCTACTTTTTGCATGCTTTTTTTAACAACATTTTTATATTGGTTTTATACTGCATT

TTACAGTACAAATCCTCAACAAATTATAAATCCATTGTCATTAACAAACATTAAAACTAAT

TTTACTTATCCTGACGGGTTTCAAGCAAACAATATTAATGTTTCTACAACTTATTTACCGAT

TAACCCTGTATTAAATACCGAAAGAGAAGAGCAACCCGAAGCTAACGGAACGAATGGGC

TGTTGGGTGTTTCTTCATTAGTAGTAAATTTAAAATCAATAGCAATCCCACGCATTATGAT

GGGTGTTTCTAATTTATTATTAGTATTATTATTACTTGTTCGTTGGGAAAAATCAGGTCATT

TCCCATTAAGTAATTTATATGAATCTTTAATGTTTTTAGCGTGGTGTTGTACATTTTTATAT

TTATTATATTGTACAAGTTTTACTTTATTGGTTGAAAAAATGTTAGGTTCATTAATTGCACC

TTGTAGTTTATTAATGAATGCATTTGCTACTTTTAGTTTACCAAAAGAAATGCAACAAGCA

TCACCATTAGTACCAGCTTTACAATCAAATTGGTTAATGATGCATGTTACTGTAATGATTA

TTAGTTATGCCACATTAATTATTGGATCGTTATTGTCGATTTTATTTTTGATTTTATTTAAAC

ACAAAAAAGGTACACCCAAAAAGTATGATAACTTTATTAACAATTTAGATGCATTAAGTT

ATCGCATTATTGGATTAGGTTTTCCTTTTTTAACTATTGGGATTTTATCTGGGGCTGTGTGG

GCTAATGAAGCATGGGGATCATATTGGAGTTGGGATCC 

 

7. Plasmid pWUCA2 

The trnWUCA region is colour coded as in section 2 above. The psaA exon 1 promoter 

and 5’ UTR are highlighted in pink and the SapI and SphI sites for inserting a gene of 

interest are highlighted in yellow. The psbH gene (reverse orientation) is highlighted 

in turquoise. 

 
AGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTA

ATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATC

GCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTAC

GCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCA

TAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCC

CGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACC

GTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTC

ATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTA

TTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATG

CTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCT

TTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCT

GAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTT

GAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCG

CGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAA

TGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGA

ATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATC

GGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGAT

CGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTA

GCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAAC

AATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG

CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGC

ACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAAC

TATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACT

GTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGA
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TCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC

TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAA

TCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCT

ACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTA

GTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC

TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAG

ACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG

CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCAC

GCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGC

GCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT

CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAG

CAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT

ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGC

CGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCAATTCGAATCCGCGTTTTCTCCGTG

AAAGGGAGGTGTCCTAGGCCTCTAGACGATGGGGGCTTTTTGTTATATTTTACTAAATATATAT

TATAATTAAAAAAAATTGAATTGTCAATTTTTAATGTACACTTAGTTGAAAGTGCCCCTGTCCC

CTTGGCCATATTTAACAGAAGTTATTTATAACGCAGCTGTTTTTTGGAGTCTATAAATTTATAAC

ATCAGTTACTATGGATTTCCCTTTAGTTTTATGGCCTAGGACGTCCCCTTCCCCTTCGATGCTGG

AGGCATCCTTTTACGGGACAATAAATAAATTTGTTGCCTCGCCTATCGGCTAACAAGTTCCTTC

GGAGTATATAAATATAGGATGTTAATACTGCTATAAACTTTAGTTGCCCAATATTTATATTAGG

ACGCCAGTGGCAGTGGTACCGCCACTGCCTGCTTCGCAGTATATAAATATAGGCAGTTGGCAG

GCAACTGCCACTGACGTCCTATTTTAATACTCCCAAGTTTACTTGCCTAGGCAGTTGGCAGGCA

ACAAATTTATTTATTGTCCACTAAAATTTATTTGCCCGAAGGGGACGTCCACTAAAATTTATTT

ACCCGAAGGGGACGTCCTAATATAAATATGGGGATGTCAATGCTCCGTTAGGAAGTAACTAAC

GTTTTTCAAATAAATTTTATCCCGGAGGGAAGTAGGCAGTAGCCCGCCACTGTCATCCTTTAAG

TGGATCTCTCGTCAGGCAATTTGCTTACACCTTTAAATTAAAAATTAAATTTAAAGAAAAGTGA

GCTATTAACGCGTtaacccatgattaacaactatatcaataaaatcaatttgtagtgaaatactctgattgacattaaaataataccatgataaaaatta

taataacaaattttacgtccttagttcagtcggtagaacgcaggttttcaaaacctgatgtcgtgggttcaattcctacagggcgtgtttttcctaatgtactttgttgt

aaaagtggctggtttaacctttttaggtttcggattgaacaataatggcagttaagagtcactaaagctgctgtatagACGCGTAAGCTTTCTTAA

TTCAACATTTTTAAGTAAATACTGTTTAATGTTATACTTTTACGAATACACATATGGTAAAAAA

TAAAACAATATCTTTAAAATAAGTAAAAATAATTTGTAAACCAATAAAAAATATATTTATGGT

ATAATATAACATATGATGTAAAAAAAACTATTTGTCTAATTTAATAACCATGCATTTTTTATGA

ACACATAATAATTAAAAGCGTTGCTAATGGTGTAAATAATGTATTTATTAAATTAAATAATTGT

TATTATAAGGAGAAATCCATGGGAAGAGCTACTCCATGGATCCTCTAGAGTCGACCTGCAGGC

ATGCAAGCTTGTACTCAAGCTCGTAACGAAGGTCGTGACCTTGCTCGTGAAGGTGGCGACGTA

ATTCGTTCAGCTTGTAAATGGTCTCCAGAACTTGCTGCTGCATGTGAAGTTTGGAAAGAAATTA

AATTCGAATTTGATACTATTGACAAACTTTAATTTTTATTTTTCATGATGTTTATGTGAATAGCA

TAAACATCGTTTTTATTTTTATGGTGTTTAGGTTAAATACCTAAACATCATTTTACATTTTTAAA

ATTAAGTTCTAAAGTTATCTTTTGTTTAAATTTGCCTGTCTTTATAAATTACGATGTGCCAGAAA

AATAAAATCTTAGCTTTTTATTATAGAATTTATCTTTATGTATTATATTTTATAAGTTATAATAA

AAGAAATAGTAACATACTAAAGCGGATGTAGCGCGTTTATCTTAACGGAAGGCCAGTGGCAGT

GGCGGTGCCACTGCCGAATATAAATATGGTTGAGTTGCTTAGTTTACCTTAGCGAAAAGAAGA

CTTAGCAGCTAGCCTTAACAAACAGTTTTATATTTTATGTTTGTGTTAAATAAAATTAAGAAAC

TTTAGCTAAAGTTTCCCAACTCATAGAAACGTCATCTAAAATTAAAGAACTGTTGTAAATTTCT

AAAATGATTAATAAGAATGCTGCAAATAAAAGGATAAATACAGCCATTAAAACAGTTGTACCC

CAGCCTGGTAATACTTTACCTGCTTCTGAGTTAAGTGGACGTAATAAAGTACCTAATGGTGTAA

CTAAACCAGGTTCTTGGAAGTCTGAATTTACTTTTGATGGTTTAGCTTTAGAAGTTCCTGTTGCC

ATAATTGATTAAATGAATTAAGCGTTATTAGCGCTATTTTATTTACTTTCTGTAAAAAATAAGG

AAAATATTCTTCAGTGCATTCCCTCTCAGGATTATAAATACTCTGAGGATAACGTTCTCTCGTC

AAGGGGTTGCTTCTTGTGAGTATAGAAACCTACTAGCACAAGAAATAAATTGCATAAAAATGT

ATTTACCTAGGACCGCAGTAGGCAGTCCCTTTTCCCCTTCAGAACTGCCTGCTTTAAAAGAATG

AAAAAACTGCCTTGTCTGGTAAGTAAAACTCTTTAATTACTCACTAAAGACGATCTTAGAAGTT

CTTTGTTCATTTTTTATTTAATATAATATTTGTTATATAAAAATTAAATAATTTTTAATTAATGTT

TAACTTTGTAAGGACAGTTTCAAAGTGACATGAATGGCTACTGCAAAAACGAAGTAAGTTATT

CTTTCTCAGGGCAAAATTTTGAGTAGATTAATTTTGTTTAAAAATGTGGGACACAGTCGTCAAG

TCTTTTGAACTATCTAAGAGATATGTTGAAAAGAGAATAATTTTATTATTAAATGAGCTATGGA

AAGTCCAGCTTTTTTCTTTACCTTTTTTTTATGGTTTCTTCTGTTAAGTGTAACTGGCTATTCAGT

TTATGTTAGTTTTGGTCCACCTTCAAAAAAATTACGTGATCCTTTTGAAGAACACGAAGATTAA

ACAAGTTAAAAAGTACTATTTTTACAAGTGACTTCGGTGCCTCTGAGAACCCTAGTTATAGTGA

TATAAAATAACTAGCTAACTACTTTATATTTTTATGAAAGTCATTTTGTCGAGCATATAAACAA
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AAACAAAATTGCTATACTAGGCAGTCACAGTGCAACTGTCTCCGTCTCCTTAACCGAGAAAGG

GTAAACGTCTTCGGTAAAGTAACAAACTTTAGTTATGTTAACTGCTTGCGAGTTAACCATTTTTT

TTCCTCCGAAGGACAACAGTTGGCAGTTGCCAAACTTTAGTGGTCTAATATTTATATTAGGCAG

TTGGCAGGCAACTGCACTGACGTCCCGAAGGGGAAGGGGTTTACTTACCTCCTAACGGAGTAT

ATAAATAGAATAAAATTTATTTCCTGCGCTAGCAGATTTACATACTAGGATTTTAATACTCCGA

AGGAGGCAGTGGCGGTACCACTGCCACTGGCGTCCTCCTTCCCCTTCGGGCAAATGCATTTTAG

TGCCACTTAAGTTTACTTGCCTAGGCAGTTGGCAGGACGTCAGTGGCAGTGGTACCGCGACTGC

CTATATTTATATACTCCTAAGTTTACTTGCCTAGGCAGTTGGCAGGCAACTGCCACTGACGTCC

TTCCCCTTCCCCTTCGGGACGTCCCCTTACGGGAATATAAATATTAGTGGATATTTATATACTGC

GATGTTTACATACTCCGAAGGAGGAGAGCTAGCAGTTGCCTGCCAACTGCCTAATATAAATATT

GGGCAAGTAAACTTAGAATGTTTACATACTCCGAAGGAGGACGTCCCTTACGGGAATATAAAT

ATTAGTGGCAGTGGTACCGCCACTGCCTCCTTCGGAGTATTAAAATCCTAGTATATAATATACC

GTAAGGGACGTCCTCCGACGGTGGCAGTGGCGGTACCACTGCCACCGGCGTCCTAATATACAT

ATTGAAGTATTTAAACCTGTTAGCGCACGCTCTAACGAGTCAGTAAACTTCCCTTTTGGGGCTT

CTAGGCAGCGCATAAATTTTCTAGGACGAACGTCCACTGGCGTCTCGTAAGGAGCAGTGACAG

GCCACTAATGTCCCCTTAATGGGTAAATAAATGGCTATCGTCTATCCATGAAGAGACCATATAT

TCCAGTAGCACCGTTATGATCCTCAAAGGGTAACACCATTTGTATAGTATTATGGTGAAATGCA

TCCCTTTCAGGGTAGATTTATATCTTACAG 

 

 


