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Table S1 Primers used in this study.

	Name
	Sequence (5’-3’)

	crtO-US-Bsa-fw
	TTGGTCTCAGGAGCAGGTTTCCCCCTGGAT

	crtO-US-Bsa-rev
	TTGGTCTCAAGCGAAAAAAATTGGCCTCGATT

	crtO-DS-Bsa-fw
	TTGGTCTCAGGAGCGGAAATTGGCGCTCCC

	crtO-DS-Bsa-rev
	TTGGTCTCAAGCGGCAATTTCTACCGGGCATAC

	crtO-fw
	ATTAATTAACTTCCATCGCCGG

	crtO-rev
	GGTTTGGTCAGTGAGGATTTTT

	crtD-US-Bsa-fw
	TTGGTCTCAGGAGGGCCATTAATGCCAACAGAAA

	crtD-US-Bsa-rev
	TTGGTCTCAAGCGGGGAAAAGGACAGTGGGGAA

	crtD-DS-Bsa-fw
	TTGGTCTCAGGAGCAGGCTCTCAAGGAAAGTTA

	crtD-DS-Bsa-rev
	TTGGTCTCAAGCGAACCAAACGACATAAATAAATCTT

	crtD-fw
	CTATTTACCAATGCTTGCCACT

	crtD-rev
	TGAACAATGGTGGATTCATCCA

	crtR-In-fw
	CTAGTTATCCTCCTTTCCCCAGCA

	crtR-In-rev
	TGGTTTATCTGGGCTGGCAATTAC

	CcBCH2-fw
	CTCCTTTGGCATTACCTCCA

	CcBCH2-rev
	GGGAAGCGTTTATGAACCAA

	DXS-fw
	GCCGCTATTTACTCGACAGC

	DXS-rev
	AAGCCCAGCTCTTCAAACAA

	IspA-fw
	GTTAGCACAAACACGCTGGA

	IspA-rev
	TTGCAGTATCTCCCACCACA
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Supplementary Figure 1. Disruption of competitive branches for xanthophyll production.
A. Scheme of carotenoid biosynthesis pathway and deletion of genes to increase xanthophyll production. B. Scheme of mutant constructs for deletion of the gene crtO and crtD. US: upstream flanking region; DS: downstream flanking region; KanaR: kanamycin; EryR: erythromycin. C. Genotype characterization of transgenic strains. The gene specific primers were used for verification of complete deletion of crtO and crtD gene. M: DNA marker. D. Total carotenoid content by UHPLC analysis. The total carotenoid content of mutant ΔcrtO, ΔcrtD and ΔcrtO/ΔcrtD were analyzed and compared to wild type (WT).
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Supplementary Figure 2. UHPLC chromatograms of transgenic strains and wild type of Synechocystis sp. PCC 6803.
UHPLC chromatograms of carotenoid extracts of wild type (WT), ΔcrtR mutant, and oxCcBCH2-1 strain. The UHPLC chromatogram of oxCcBCH2 was represented with the oxCcBCH2-1 strain. The standard of zeaxanthin and β-cryptoxanthin was applied as a reference. 





























Supplementary Sequence 1. Codon-optimized sequence of gene CcBCH2. 

ATGGAAGAAAAAAAACAATCCACCCAAATTGAAACCTTTACCGAAGAAGAAGAAGAAGAATCCGGCACCCAAATTTCCACCGCCGCCCGCGTGGCCGAAAAATTGGCCCGCAAACGCTCCGAACGCTTTACCTACTTGGTGGCCGCCGTGATGTCCTCCTTTGGCATTACCTCCATGGCCGTGATGGCCGTGTACTACCGCTTTTGGTGGCAAATGGAAGGCGGCGAAGTGCCCTTGGCGGAAATGTTTGGCACCTTCGCCCTATCCGTGGGCGCCGCCGTGGGCATGGAATTTTGGGCCCGCTGGGCCCACAAAGCCTTGTGGCACGCCTCCTTGTGGCACATGCACGAATCCCACCACCGCCCCCGCGAGGGCCCCTTCGAACTGAACGATGTGTTTGCCATTATTAACGCCGTGCCCGCCATTGCCTTGTTGTCCTTTGGCTTTTTTCACAAAGGCTTGGTGCCCGGCTTGTGTTTTGGCGCCGGCTTGGGCATTACCGTGTTTGGGATGGCGTACATGTTCGTGCACGACGGCTTGGTTCATAAACGCTTCCCCGTGGGGCCCATTGCCGACGTTCCCTACTTCCGCAGGGTGGCCGCCGCCCACCAATTGCACCACTCCGATAAATTTCACGGCGTTCCCTACGGCTTGTTCCTCGGCCCCAAAGAATTGGAAGAAGTGGGCGGCTTGGAAGAATTGGAAAAAGAAATTTCCAAACGCATTAAATCCTACAACCGCGTGCCCAAACATCATCACCATCACCACTAA

The gene CcBCH2 was truncated to remove the first 183 nucleotides which is predicted to be transit peptide and codon-optimized for expression in Synechocystis sp. PCC 6803. 





















Supplementary Sequence 2. The upstream homologous arm for deletion of the crtR gene.
ttggtctcaggagCAAAAAAAATAACACCCGGTACCAAGGGTGTCAGTGGTGCTATGGCAAGTGGTACCGTGGCTTGGCTCTGCTTACGGTAAACCAAGGCTTTAGAGAAAGTCAGCCCAACGGCTGAAGAAGTAACCCCAGATGAAAGTGGCAGCCCCAATGGCGAAGAGAGTATTGGTGAAAAAGCGACCGAATTCAGGGCTGTTGCCCAGTTGCTTATCTTCTTGCCCGGCGGTGAAAAATAAAGACCAGGCTTGGTTCCCGTTGATGGGGGCAAATTGGTTGAAGTCTTTGCGAAACACAACGGGGGCAAATAGATCTTTGTTTTGATAAATATCAGTGTCGGCGTTCATAGTTTTACCTCTTATTTGTTCGATTTTCACGGTGCCAAGGGCAGTCCTTTGGTAGTTCATGGAGCTAGGCCCTGGTTCAGTAGATTGCTTGGTTATGCACCCAGCCAATTAGAGAGAGAGCAACCAACCCACAATGCCGTGGCCAGTAATTACTTCCATTGCCAAGAGAGAAACAAAGCCAATCATGGCAAAACGACCATTCATTTTTTCGGCGTATTCAGTCCAACCGGCTTGAACACTGCTGTCAACGTACACAGGGGGTTCAATGGCGAAGTTGTTGAGACGGTTGTCTTGGTCGAGGCGAAATCCGCGGCTAGTCATAGTGTTGATCTCCTTGATTGGGTATTTGAGGTTTTTATTTTGTAACCTTATGTAAATAAATGTAACGTATTGTTAAGATTTTTGTCAAGTCTGTTGACCAAAAGAGCTTTTTGTTGGTGGACGAATTGCTTGCCTAGGATGGGTTTGGGCACTTTGCCTAAATTCTGAGAGGGAAAATATTTTTCGTTACATTTGTGTAACATCCGCGCCAGGGAGATTACTCTGGCAAAGACGCCAGGGTCTGGGGAATGACCATTTGATGTCCTGTTCTTTTTCCCTAGTTATCCTCCTTTCCCCAGCATTTTTGCTATAAACTGACCAGAAGTGCGTCCCATTTCcgcttgagaccaa

The upstream homologous arm (around 1000 bp) selected for deletion of the crtR gene was synthesized in Genewiz, USA. The fragment was added with BsaI enzyme sites (in green) and appropriate fusion sites (in purple) for further construction.





















Supplementary Sequence 3. The downstream homologous arm for deletion of the crtR gene.

ttggtctcaggagTTCTCAATCATCTGACAAGCCCTAGCTAGGTTGTTTGCTTTCCAGAGCTAGAGTTTGCGGTGAAAATCGGGTAAGTAATTGCCAGCCCAGATAAACCACTAGGCCCAACATGTAGGATACTAGGGAGAACCACAGCAGATTATTGCTCTGTTGCCAGATGGCTAGCCCAAGGCAGGGTAAATAGATCCCGAAGAAGGCAAACAGCACTCCGTTCCTAAGGGGTTGGGACGCTTTAAGCCCGATGAAATAGGCTTCCAGCATAAAGGCCAGGGCGGTGCTCTCCAACAGGGGAATCAGCCAGATGGTGTATTGACGGACGCTGTCGTTGATTTCTGCATGGTTGGTTAACAGTCCGAATAGGGTTTCGGGGAAGGCGATCGCCACAGCGGCAAAGCCCAGGGCCATTAATAGGGTGGTGACGATGGCGGTGAGTAAAACCGGCAATAACAATTGATATTCCCCTTTACTCTTGAAATTACCAGTCAGGGTTTGGCTGGTCATGCCCACCCCTTGGATGGTGAATTGGCTAAGCAGGGCAATTTGTAACAGCAGACCGTTTTGGGCCAAGACTTCCGTGCCAAAGCTGGAACTGATATTAGTAAACAAAGAATAGGTGGTGATTAAAATCACAAAACGGATCAAGATGTTCCCTTTCAGAGCAATGGTGGCCCGCAACGCTCCCCAGTCCGATAATTTGGCGATCGCCGCTTTAAACTCTCCCTTCTCTTTTTCCCCTTGGGCTAGAACCACAATGGAGATCAAACCTAGGGCCAGAGCTAAATACTGACTACTGGCAGTGGCCCAACCGGCCCCCGCACTAGCCCACCCCCAACGGTTAATCATCAAATAGTCCAGACCAACGTTGGAAAAATTAGCCACCAGGGAAATGAGCAAAACTAAACCATTGCGTTCTTGTCCCAATAGCCAGCCCAAGATGACAAAATTGAGCAGCACCGCCGGAGCCCCCCAAATCCGGCCGTAAAAATAGTCCATACCCGACTGCTCCACCCCTGGAGCCCCAGTTAACAGGGCAAAACCGAATTTTTGCAAGGGATATTGCAAGGCTAAAATGCCCAAACCcgcttgagaccaa

The downstream homologous arm (around 1000 bp) selected for deletion of the crtR gene was synthesized in Genewiz, USA. The fragment was added with BsaI enzyme sites (in green) and appropriate fusion sites (in purple) for further construction.

















Supplementary Sequence 4. The synthesized operon containing DXS and IspA from E. coli.

atgagttttgatattgccaaatacccgaccctggcactggtcgactccacccaggagttacgactgttgccgaaagagagtttaccgaaactctgcgacgaactgcgccgctatttactcgacagcgtgagccgttccagcgggcacttcgcctccgggctgggcacggtcgaactgaccgtggcgctgcactatgtctacaacaccccgtttgaccaattgatttgggatgtggggcatcaggcttatccgcataaaattttgaccggacgccgcgacaaaatcggcaccatccgtcagaaaggcggtctgcacccgttcccgtggcgcggcgaaagcgaatatgacgtattaagcgtcgggcattcatcaacctccatcagtgccggaattggtattgcggttgctgccgaaaaagaaggcaaaaatcgccgcaccgtctgtgtcattggcgatggcgcgattaccgcaggcatggcgtttgaagcgatgaatcacgcgggcgatatccgtcctgatatgctggtgattctcaacgacaatgaaatgtcgatttccgaaaatgtcggcgcgctcaacaaccatctggcacagctgctttccggtaagctttactcttcactgcgcgaaggcgggaaaaaagttttctctggcgtgccgccaattaaagagctgctcaaacgcaccgaagaacatattaaaggcatggtagtgcctggcacgttgtttgaagagctgggctttaactacatcggcccggtggacggtcacgatgtgctggggcttatcaccacgctaaagaacatgcgcgacctgaaaggcccgcagttcctgcatatcatgaccaaaaaaggtcgtggttatgaaccggcagaaaaagacccgatcactttccacgccgtgcctaaatttgatccctccagcggttgtttgccgaaaagtagcggcggtttgccgagctattcaaaaatctttggcgactggttgtgcgaaacggcagcgaaagacaacaagctgatggcgattactccggcgatgcgtgaaggttccggcatggtcgagttttcacgtaaattcccggatcgctacttcgacgtggcaattgccgagcaacacgcggtgacctttgctgcgggtctggcgattggtgggtacaaacccattgtcgcgatttactccactttcctgcaacgcgcctatgatcaggtgctgcatgacgtggcgattcaaaagcttccggtcctgttcgccatcgaccgcgcgggcattgttggtgctgacggtcaaacccatcagggtgcttttgatctctcttacctgcgctgcataccggaaatggtcattatgaccccgagcgatgaaaacgaatgtcgccagatgctctataccggctatcactataacgatggcccgtcagcggtgcgctacccgcgtggcaacgcggtcggcgtggaactgacgccgctggaaaaactaccaattggcaaaggcattgtgaagcgtcgtggcgagaaactggcgatccttaactttggtacgctgatgccagaagcggcgaaagtcgccgaatcgctgaacgccacgctggtcgatatgcgttttgtgaaaccgcttgatgaagcgttaattctggaaatggccgccagccatgaagcgctggtcaccgtagaagaaaacgccattatgggcggcgcaggcagcggcgtgaacgaagtgctgatggcccatcgtaaaccagtacccgtgctgaacattggcctgccggacttctttattccgcaaggaactcaggaagaaatgcgcgccgaactcggcctcgatgccgctggtatggaagccaaaatcaaggcctggctggcataaAAAGAGGAGAAATCTAGAatggactttccgcagcaactcgaagcctgcgttaagcaggccaaccaggcgctgagccgttttatcgccccactgccctttcagaacactcccgtggtcgaaaccatgcagtatggcgcattattaggtggtaagcgcctgcgacctttcctggtttatgccaccggtcatatgttcggcgttagcacaaacacgctggacgcacccgctgccgccgttgagtgtatccacgcttactcattaattcatgatgatttaccggcaatggatgatgacgatctgcgtcgcggtttgccaacctgccatgtgaagtttggcgaagcaaacgcgattctcgctggcgacgctttacaaacgctggcgttctcgattttaagcgatgccgatatgccggaagtgtcggaccgcgacagaatttcgatgatttctgaactggcgagcgccagtggtattgccggaatgtgcggtggtcaggcattagatttagacgcggaaggcaaacacgtacctctggacgcgcttgagcgtattcatcgtcataaaaccggcgcattgattcgcgccgccgttcgccttggtgcattaagcgccggagataaaggacgtcgtgctctgccggtactcgacaagtatgcagagagcatcggccttgccttccaggttcaggatgacatcctggatgtggtgggagatactgcaacgttgggaaaacgccagggtgccgaccagcaacttggtaaaagtacctaccctgcacttctgggtcttgagcaagcccggaagaaagcccgggatctgatcgacgatgcccgtcagtcgctgaaacaactggctgaacagtcactcgatacctcggcactggaagcgctagcggactacatcatccagcgtaataaataa


For expression in Synechocystis sp. PCC 6803, the gene DXS and IspA from E. coli were designed as a synthetic operon connecting by a ribosome binding site (underlined). 
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