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Figure S1
T1
atgacagtgctcctggcaggcgaggactcageccacggcagegggtctgecaggagcagcaatgaaggccaatgge]

Facageacaghageaccageageat coc o SAGEAECEgEeqecaagEaFgaCaagacaceqatahbaggagcey
ctgcagcccggcactgacgagtacaagctgcacctgeccecgtcaccgaagtgctggacgcagacaagggcaccaag
gacgagtggatcccccggtgagctctcatactgecggctcaagactgecgageccaggecggeccggeggectgggetgeg
gctggctccccecgtgcacctcectgectcatgectttectgcatgggtgcagcagectectgecgegetgtgtecggecegg
agattgtgcatctttgcagcagatgcattcctcecctctgcaccttecctggeccecctcacctgecggegectgcaaaca
cgtcgcacctccttgcatggectgcacagectgtgtegectecttgeccactcaacgectcecccectgetgecctgecce
cctgcaggcacccagaccttgtgecggctcacagggcggcatceccttcaacgtcgagecccatecececgtececgectet
ttgagtcgtacatcacaccaccctccctgcactatgtacgcaaccacggagctgtaccgcagattaagtgggagg
agcaccgcctggcagtcaacggtgagggggcgtgtatggctagctcatageccaggtagecgtgtctagectggctag
ctatcgtgtccagctagcctgcaagtgtatatggctagcatggctgggecgggcagectccacaacagcaggcagt
ggagccagccaggggtgggcttttagggtttttttttgtaggggtttagggttctacagacaggaagggagectc
cctctcecttgcatcecctettgecgtgactgetgetegeteggtgetcectagececegtegttcagegatgtetcecaccet
ttcgctgccctgtttgtttgececttgtttteccecgecaggectggtttectgegeccaccacattcacaatggacgac
atcctcgcgatgcctagtgttgacgtgacctgtacactgacctgecgcaggtgcagtggttggaggtggecttggeg
cgtgccaggctgcctgttgectgectgttttgectgecatectgttttgttttggcagcaagtcacagactaacgce
tccagcattgccaaccacactggccecgtgcattgtttgttcaaaccggttgectectcececctgetgtcagetgegg
gctactgccggcacccgcecttgeccactgagcactcececctgectttcecteecctgtactgcaggcaaccgecgcaagga
ggagaacatggtgaagcagacgataggcttcaactgggggccctcgggcacaggctgctccacctggacaggegt
gcgcgtgagcgacttgctgcagecgectgecgggatgaagacgcccaaggagggcgcgcgceccacgtgtgettececgagg
cccaaagggtgcgtgctgccagctgeccgaggcagaccttacaatgeccgeccagectgecgagacggagectgeggtyg
ctgcattgagtcagcgttcggcatgcgtectctecececgeccattgtgacttggecggeecgegcactgectcgecaattgt
ttcgtcgctecgtatcactcatgectgectgcatctcagegtectecttecttgtectttettttegttttgecaggecgag
ctgcccaagggagacgacggcagctacggcaccagcgtcacctgggtaaaggctatggacccagecctctgacgtce
atcctcgcatacaagcagaacggccgcctgctgacacccgaccacggctaccecgectgeggectcatcattccagge
tacatcggcgggcgcatgatcaagtggtgagcaggecctggectgtgectgtttaaaagecctggeccacaatagecggga
gccgacggccatgcectetcectetetgetectggagacceccctectgeccttgeccecctectgeecttgetgteat
tgttcctgcecttgettgecttcactcattctctcactacttectttecttatectttettettectttgcaggetyg
gaggagatcacggtcaccgaggtggagagccagaactactaccacttccatgacaacagagtgctgccctecgcecac
gttgatgaggcgctggccaactccgaaggtgggcgecgecgcagggectgtgtgtgegtgtatggttgtacggggttt
caggcgtgtgtaggggtaggtgcaggagttctggaggtgtgcgccaggttacagtgtgtgetggtgtggtgttgg
tgttgctggctggggcattgcagctacatcagtgggccgggcgaccaggtgggctgcaagegtgtgectggtaaat
ggtggcggtgcgtggaggcgttgccggctcagtgtataactgcatcecgtcectgcacgtgececcttegtttetttttge
tggctcaaggtcagcctctgecccaccgcacctectggectgcaggctggtggtacaageccggacttcatcatcaatyg
acctcaatgtccagtcagccataggctacccggcacatgaagaggtgttgeccecctecgecggeccggcacctacgecg
tacgaggctacgcgtactgcggtgagagccgegtgtacagcacaccctgegtacttactgcacaacgececgeccg
ggtgccgcacaagcaccgactggecggttccagectgecagtttgecaccececggeccatgegettggegetectectee
tccatgcttgecctctgcattceccecececectgegegtcattteecctececgeccaaggaaacaagtetectgeteectttge
aggcaacggcaacaagatcattcggtgcgaggtttcgctggacgacggcaagagctggcggctgggctectgtgac
gcacgaggggcaacctactgagtacggcaagcactggggctgggtgtggtggagcttggaggtgcccattggtga
gtgagagtgtaactagccacaggcgctgggctgatgttgttgegecgtgecgtacgaacacaccgecgttgecacca
gtcgtgcgtgcgcagcagcacttcacaagcatcaagectggttgegetgetttgectggaggctagectgettgett
gcccecctgettgectgegectcacctgggecgectgaggaccececgectgettgetgecgegecteccectteccecaceeg
gctgtgctgcagctgagctgcttaccactcctgaaatcatttgeccgagectgggacagctccatgaacacacage
ccaacacgttcacctggtgggtgtgcctgcctccccaccteccececteccatgectgectgectgttgectcacctge
tggcttcagctgcccgagecgecctcagectgecgacacteecgtgeggcaattggectgectgececggaccacttgeca
gccgcacggcactttgagcctgggtcecgectgttcaccagtcacgeegettcectgttctgtttccacctgageccteg
cttgcctgaagctcctcattcatttcatctcectcacctttecteccacctcacctgtectgcaggaacgtgatgggg
atgatgaacaactgctgctatcgcgtcaagatccaccccecgeccagaccaccgacggccgectttgegectgcagttt
gagcaccccaccattgccggccccactgtcggeggctggatgaaccgagcagaggacgtggcggecggcggcagca
gtgacggtaagggggtccgggccgceccctgtgcectgetggacactgtgectgectcggcacatgaaccacacagcacag
gaggcatgtgtctgactaattgtgcagctgctgccgtgecgtcggttgtctggcaacgcaagcaaagcgcttttee
tagttgttgcagcacgcctgcttccecgetectgecctetgecgetgectgaaagtgetgetgecgecatgetttcecac
caccatcaaccaaccgccaacctgatgctgctgaacttectttgttgectgcaggtggecgeccgeccacccgecgcccge
aggtgccaagagcttcaccatggcagaagtggagcagcacacgaccatggagagcgcgtggtttgttgttgatgg
aaaggtgtacgacgcaacacccttcctgaaagaccacccgggtgagccattgetgtttttgttgacactgtcagt
gtgccccgcaaagtgacaggcgatacatacttggttatgcatccttgaccacctcecctgetgetgettceccceegece




tcgcttectgcecggtetecgtetgetttcecgaccecgettecttgtattttecgtgectcactcggtgecaggtggegecga
ctcgatcctgcttgtggctggcacagacgccactgacgagtttaatgccatccactcgectcaaagccaagaagca
gctgctggagtactacattggagagctggcggaagaggggcaggaggcagcagcaccagcgccggcgacceccgge
gccagcggcggcaatcggcacggcggtgccaggtgtgtgggecgcaatgetttggececgggectgaactgagecacag
caggctgcgtcgcactcgctgeccgcacacagcttgetgtggagectgeggtgtgcagecagtttcaagtgcagegcet
ggtcttggtcttaggacatccgccaccggtecttatgtecccacctecgecttgectagetcacgegtgegecactge
tgccgcecctcececgatcecccatgtecgecagttgeccaacggecgcagegeccagectgcagcagecteccggaagagttggtgge
gctcaccccccgcaagcecggcagtecgttcaagectgattgagaaggaggcgectgtcacacaacaccecgecgctteecg
attcgcactgcagtcgccgcagcaccgectttgggctgeccggtcggaaagcacgtcttectttatgeccaagtgage
gaggcagcagcagctgcggcagtgacacagcagcgccagcaggagtttgeecctgeccagaaggctggectggeggge
tgctgtgtgggctgtgctgececggctgtgcaggacaccacagtgtagatggcgegggttggettgcatgggcageg
ccctgtteccgetgecctececggcectgcageccacttttecttgegettectgecatgeccaagcacccaccccaccectce
tgaccaccctttctcttgaccgecccceccecttecatttgggcagggttgacggcgagectggtgatgecgggecttacac
cccctecatcecctectgacgaccagectgggctactttgaactggtggtgaagatctacttcgcaaaccagcaccecccg
tttcccagaaggaggtcagtcattcatgecctggectggctegtgtggeecgtggectgtggtecgtagectgcagetgge
ttgcttctgtggcgtgggcecgtgagtgttgecggttgtgectegtggtgecttggcaggctcggatttgaatgcatag
ctggtatcccacttacctgcacctattggcacgccagecgttccacctaccatcactccaccaacccatgtggetce
ccccectgectgtgtgtgcaggcaagatgagccagtaccttgagggaatggccatcggggactacatggaggtgaag
ggtccgctggggcacgttcactacactgggcgaggcaggtgagaagtagtttagggttgattgtgtgttggggtg
gggcctcgaaaggaggcagcagggatatgcagcaggaggggtgccatcatgcacgcagtggecttgettgecttg
cctgcctgccctgectgctgacctactgeccccgecactceccctecacagecctgectcaacctttettectgecatge
gtgccgectttgtgttgcagctacacgctggatggcacgccgcacagecgccageccgcatcagcatgattgetggeg
gcacaggcatcacccccatgctccaggtgaacccttgaattgctegetgectgacgeecgetggtttgcaccgegece
atgtgcgccagcggcttceccteccagggecttgectgtggecccaggecccacgcacatgcaccacaatcteccactgetg
cagctgccgcagcecctgcttattgtgctcagttgtecctgttecatgtacccggeccectcectgeccatecctgetget
ttccteecttectectttetttettccegecaggtcattaaagecggtgectgaaggaccccaaagacacaaccgage
tctceccectgcectctatgeccaatgtgtcaccggatgacatcecctgectgecgagaagagctggacgcactggcagccaagce
acgacaacttcagcgtgtggtacacaggtgcgctgtgctgcgacagtagcatcagctggcagectggtgggectggg
ccaggcggcaagggctggctggatgcagtgecgtgcagggttgctagatgggaggcagggagacttgggatgetgg
gacgtgcaagggactgtcagggaaaatcgctgtgcccctgcacaaacgcactgtggecgtgtggegeecgettetet
ctgctctcgtcceccttcectegecatgeteccacaccectgecttggtttgtggtgcagttgacaaggecggatgagg
ggtggccgttcagcaccgggttcatcaatgaggacatggtgaaggagcgecctgtttcecgggtgagtacatattgt
ggtggcagcaaggcaccaccctgtgcggcagcagtgttgtgtgcageggecggectggatgtectgtgtectgegttg
cgaataaacaaaaaaactgattttggtgaagacggttgggtgaagacatgtggtattggagggagacgagggctyg
ctagtctggctgctcaatgtgcaagcttgctgctectecttgtttgecttettgacactcactettecttetgeectg
cttgtcecctgccecctectecttgetgcageecggcgacgacaccatectgetgectgtgeggeccteeccecccatgatcaa
gtttgcctgcctgcccaacctcgagaagectgggctacaageccggagcagtgcattcaattttga

Figure S1. Sequence of the nitrate reductase gene of C. vulgaris UTEX395. The NR sequence
is 7,039 bp long and contains 19 exons, indicated in yellow. Target sequences for gene editing

are highlighted by blue boxes.



Figure S2
T1
atgggggctgacccgcgcaccgcgctcatctcagacagcatcecgtatcatccccgacttcccaapggtgaggegg
aaagtgatgatggtgcccgtcatgcattgtacatcgcagactcaacagcaatcagactcgectcecttegtgteccag
gcagggatcatgtttcaagatgtgaccaccattcttctggatccggtcgeccttcaaacacactgttgacatgetg
T2

catgagcggtdccaggggaccaaaatcgatakggttgcaggtggggegtgtggcaggcattgectaaaacagetta
tggcgcttagtcaaacctgcctactgaccaccaaccttcececctggtaccecttttgtcacttgtgetgecgcagga

tttgaggcaagagggctcatatttggtgctcccctggeccatecgcactggggtgegegtttgtgeccactgecgcaag
cctgggaagctgccaggagacgtgctgtcagcagactacgtgacggaatacagcaccgaccgcatagagatgecat
T3
gtgggggcagtgcggcaaggacagcgagtgectgectggtagacgacctgattgccachgggggcacgctacgtgag
tgcctacagatatctcacacgggctgccatcacccaactggcagcacattgccagcatgtttgtectttgaatgac
catgccgttgcactgtgcaggagcgggtgtggagctggtgcagaaggcgggcgggcaggtagtcgaagecggecatyg
cataattgagttgcccgagctcaagggcagggagaagctggagggcctgccactatttgtgectggtagagaagga

gggcttgtga

Figure S2. Sequence of the adenine phosphoribosyltransferase gene of C. vulgaris UTEX395.
The APT sequence is 835 bp long and contains four exons, indicated in yellow. Target

sequences for gene editing are highlighted by blue boxes.



Figure S3

atggactacaaggatcacgacggcgactacaaggaccacgacatcgactataaggacgacgacgacaagatggcc
cccaagaagaagcgaaaggtgggcatccacggggtgcccgctgccgacaagaagtacagcattggectggacatce
ggaactaactctgttggctgggcagtgatcaccgacgagtacaaggtgccgtcgaagaagtttaaagtecctggge
aacacagatcggcactccatcaagaagaacctcatcggecgecgectgectgttcgacagecggtgagacggccgaggca
acccggctgaagcgcaccgcccgcaggcgctacaccecgecgcaagaaccgcatectgetaccteccaggagatcette
tccaacgagatggcgaaggtcgacgatagcttctttcaccgtctggaggagagecttecctggtggaggaggacaag
aagcacgagcgccatcccatcttecggcaacattgtggacgaggtcgectaccacgagaagtacccaacgatctac
cacctgcggaagaagctggtggactccacagacaaggccgacctgegectgatctacctecgecctggeccacatg
atcaagttcaggggccactttctgatcgagggcgacctcaacccggacaatagcgacgtggacaagttgttcate
cagctggtgcagacctacaaccagctcttcgaggagaaccccattaacgccagecggagtcgacgcaaaggcgatce
ctctcecgcectcegectgtcgaagtctecgececgectecgagaacctgatecgcacagectgeccgggcgagaagaagaacggce
ctgttcgggaacctgatcgccctgagecctgggtctgaccecccaacttcaagagcaactttgacctggecggaggac
gccaagctgcaactgtccaaggacacctacgacgacgacctggacaacctcectggecccagattggtgaccagtac
gctgacttgttccttgccgctaagaatctgagcgacgccatcecctgectgtctgacattctgegegtgaacaccgag
attacgaaggcgcccctgagcgcatccatgatcaagcgctatgatgagcaccaccaggacctgaccctgetgaag
gcgctggtccgccagcagctcececccgagaagtacaaggagatcttecttecgaccagtcgaagaacggctacgcaggce
tacatcgacggcggggcgagccaggaggagttctacaagtttatcaageccgatecctecgagaagatggacggcacyg
gaggagctgctggtgaagctcaaccgcgaggatctccteccgcaagcageggacatttgacaacggcagecatccece
caccagattcacttgggggagctgcacgccatcctgegecgeccaggaggacttctaccegtttctcaaggacaac
cgcgagaagatcgagaagatcctgaccttceccgcatcececcttactacgtecggeccececctegegeggggcaacteeccge
ttcgcatggatgacccgcaagagcgaggaaaccatcacaccgtggaacttcgaggaggtggtggacaagggcgcet
agcgcccagtcgtttatcgagcgcatgacgaacttcgacaagaacctgccaaatgagaaggtgctceccccaagcecac
agccttctgtatgagtactttacagtctacaacgagctgactaaggtgaagtacgtgaccgagggcatgaggaag
cccgcegttectgagecggcgagcagaagaaggccatecgtggacctgectgttcaagaccaaccggaaggtcacggtt
aagcagctcaaggaagactacttcaagaagatcgagtgcttcgactcggtggagatctccggggtggaggaccgce
ttcaatgcctccctgggtacctaccacgacctgctgaagatcatcaaggacaaggacttcctcgacaacgaggag
aacgaggacatcctggaggacatcgtgctgaccttgactctgttcgaggatcgggagatgatcgaggagcgectg
aagacctacgcccacctgttcgacgacaaggtcatgaagcagctgaagcgaaggcgctacaccggctggggecgce
ctgagccgtaagctgatcaacggcatccgggacaagcagagcggcaagacgateccttgacttectgaagagegat
ggctttgcgaaccgcaacttcatgcagctgattcacgacgacagcctcacatttaaggaggacatccagaaggca
caggtgagcggccagggcgacagcctgcacgagcacatcgecgaacctecgcaggectcecteeccgecatcaagaagggt
attctgcaaaccgtgaaggttgtggacgagctggtgaaggtcatgggccggcataagcccgagaacatcgtecatce
gagatggcccgggaaaaccagaccacccagaagggacagaagaacagccgcgagcgcatgaagcgaatcgaggag
ggcattaaggagctggggtcccagattctcaaggagcacccggtggagaacacgcagttgcagaacgagaagcecte
tacctgtactaccttcagaacggccgcgatatgtatgtggaccaggagctggacatcaatcgcecctgagecgactac
gacgtggatcacatcgtcccccagagecttcecctgaaggacgattccatcgacaacaaggtcctgacacgeteggac
aagaaccgcggcaagtctgacaacgtgcccagcgaggaggtcgtcaagaagatgaagaactactggcgacagetyg
ctgaacgcgaagctgatcacgcagcggaaattcgacaaccttaccaaggccgagecgecggecggectecteggaactyg
gacaaggctggcttcatcaagcgccagctggtcgagacacgccagatcaccaagcacgttgecgcagattctggat
agccggatgaacaccaagtacgacgagaacgataagctgattcgcgaggtgaaggtgatcaccctgaagtccaag
ttggtgtccgacttccgcaaggacttccagttttacaaggtgecgecgagatcaacaactatcaccacgecccacgac
gcctacctgaacgcagtggtgggcactgcgctgatcaagaagtacccgaagctcgagagcgagttecgtgtacggg
gactacaaggtgtacgacgtgcgcaagatgatcgcaaagtcggagcaggagattggcaaggctaccgcgaagtac
ttcttctacagcaacatcatgaacttcttcaagacagagatcaccctggccaacggcgagatccggaagecgeccce
ctgatcgagacaaacggcgagacgggagaaatcgtgtgggacaagggccgcgatttcecgeccaccgteccgcaaggtce
ctgagcatgccacaggtgaacatcgtgaagaagacggaggtgcagaccggcgggttttccaaggagagcatcecctyg
ccgaagaggaacagcgacaagctgattgcccggaagaaggactgggacccgaagaagtacggtgggtttgatteg
cccactgttgcgtactctgtecctggtggtggcaaaggtcgagaagggcaagtccaagaagctcaagtececgtgaaa
gagctgctggggatcaccattatggagcgcagctctttcgagaagaatccgatcgactttectggaggecgaaaggce
tataaggaggtgaagaaggacctgatcattaagctccccaagtactcectecttecgagectggagaacggccgcaag
cgcatgctggcctccgcaggcgagcttcagaagggcaacgagctggecctgecgtccaagtacgtgaacttecte



tacctggctagccattacgagaagctcaagggcagccccgaggacaacgagcagaagcagectgttegtecgagecag
cacaagcactacctggacgagatcatcgagcagatttcggagtttagcaagcgecgtgatcctecgecggacgccaac
ctggataaggtgttgagcgcatacaacaagcaccgcgacaagccaatccgggagcaggcggagaacatcatceccac
ctcttcaccctgacgaacctgggcgeccececggecgectttaagtacttegacaccaccatcgaccgcaagegcetac
accagcacaaaggaggtgctggacgccaccctgatccaccagtccatcaccggectgtacgagacgecgcattgac
ctgagccagctggggggcgataagcggecccgecggecaccaagaaggcgggccaggccaagaagaagaagtga

Figure S3. Sequence of the codon-optimized Streptococcus pyogenes cas9 synthesized in this

study.
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601 ctg att gcc acg ggg ggc acg cta cga gcg ggt gtg gag ctg gtg cag aag gcg ggc ggg 660
201 L I A T G G T L R A G v E L A Q K A G G 220

661 cag gta gtc gaa gcg gca tgc ata att gag ttg ccc gag ctc aag ggc agg gag aag ctg 720
221 ¢ Vv VvV E A A C I I E L P E L K G R E K L 240

721 gag ggc ctg cca cta ttt gtg ctg gta gag aag gag ggc ttg tga 765
241 E G L P L F Vv L Vv E K E G L * 254

Figure S4. Sequence analysis of the adenine phosphoribosyltransferase gene of C. vulgaris
UTEX395. (A) Gene and protein sequences of wild-type APT. (B) Edited mRNA sequence of

APT gene in aptl. (C) Edited mRNA sequence of APT gene in apt2. Edited sequences do not
show the expression of right amino acid of APT. Red alphabet indicates the stop codon.



Table S1. Primer sequences for the construction of the cas9 expression vector.

Name

Sequence (5' 2 3')

sgRNA NR-F1
sgRNA NR-R1
sgRNA NR-F2
sgRNA NR-R2

ATATATGGTCTCGattgAGCCAATGGCTACAGCACAGGTITIAGAGCTAGAAATAGE
ATTATTGGTCTCGCACTCGGCGGCGGGTGCTTGI e

ATATATGGTCTCGagte GITTTAGAGCTAGARATAGE

ATTATTGGTCTCGaaacAGTGCGGCAAGGCGCCGGTGINE e

* Gray box: sgRNA sequence

* Red box: tRNA sequence

* Green box: tractrRNA sequence

* Red characters: GGTCTC, Bsa I recognition sequence

Table S2. Primer sequences for Sanger sequencing of edited genes.

Name Sequence (5' 2 3)
CvNR-F CAACTCCTCCCTCATACTCCTCGCAC
CvNR-R CCACTCGTCCTTGGTGCCCTTGTC
CvAPT-F  CCGTCCACATCCAGTCAACA
CvAPT-R  TGAGCTCGGGCAACTCAATT




