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A
w1 sgRNA target site
CAGGAGCTATTAATTCGCGGAGG

w1 potential off-target site: Mo25
GAAGGGGGATTACTTCGCGGAGG

B

w2 sgRNA target site
TAGTTGGCCGCTCCCTGAACLCGG
w2 potential off-target site: Nrg
TAGGCATCCAGTCCCTGAACCGG

GAAGGGGGATTACTTCGCGGAGG

[y

TAGGCATCCAGT CCCTGAACCGG

*M’"‘M{MMNWE

w1 potential off-target site: CG6428
AGTGAAATAATAATTCGCGGGGG

w2 potential off-target site: Vm26Ac
TGTTGGTATGTTCCCTGAACCGG

AGTGAAATAATAATTCGCGGGGG

TGTTGGTATGTTCCCTGAACCG G

i

w1 potential off-target site: CTPsyn
GTTATCGGTTCAATTCGCGGTGG

w2 potential off-target site: CTPsyn
GGCTTTGAAGATCCCTGAACGGG

ATTATCGGTTCAATTCGCGGTGH

TG GLIIVG

GGCTTTGAAGATCCCTGAACGGG

A\mu U \J A ﬂ}! ‘!f“uuf\l

w1 potential off-target site: pyd (intron)
GAATATGTTTTAATTCGCGGCGG

w2 potential off-target site: CG1907
TCTGGAACTTCTCCCTGAACAGG

GAATATGTTTTAATTCGCGGCGG

sl

TCTGGAACTTCTCCCTGAACAGG|

ettt

w1 potential off-target site: His2Av (intron)

CATCAATATTTAATTCGCGGGGGE

w2 potential off-target site: fru (intron)
GCGGCTGTAGCTCCCTGAACAGG

CATCAATATTTAATTCGCGGGGG

oMt

GCGGCTGTAGCTCCCTGAACAGG

ot

Fig. S1. Off-target analysis of w1 and w2 sgRNAs by sequencing. Representative sequencing results of the region spanning the potential off-target sites are
shown. Five sites each for w1 (A) and w2 (B) sgRNA were tested, and no obvious double peaks were observed.
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Fig. S2. Visual display of sgRNA designs. All potential CRISPR designs were extracted from genome sequences and uploaded to JBrowse for visual display.
Shown are screenshots from the JBrowse-based online tool. At the top left, the user can click to view options and select specific tracks to appear. Clicking on
a specific sgRNA design (green bars) brings up a detailed information page for that design, including off-target potential. To view designs for another gene,
the user can scroll or zoom to another location (top center, arrows and + or — signs) or enter a new FBgn, CG number, gene symbol, or genome position (top

center, text box).
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nos-Cas9 transgenic fly

g {nos-Cas9}attP40 for gene targeting on Ch X, 3, 4
{nos-Cas9}attP2 for gene targeting on Ch X, 2, 4

L T

z
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e Construct sgRNA
~20 embryos plasmids in
96-well plates

:

1\

g

balancer stock

3~5 fertile GO flies
with mutant germ cells

PCR select for mutants (40-60% of progeny are mutants)
Remove the Cas9 transgene (select for vermillion-eye)

Fig. $3. Experimental design for application of the optimized Drosophila Cas9/sgRNA system to generate targeted gene mutation collections. A series of
sgRNAs were designed to target endogenous loci. The synthetic 20 nt-sequences were cloned into the sgRNA plasmid, and each sgRNA plasmid was injected
either into {nos-Cas9}attP40 embryos if the locus was not on chromosome 2 or into {nos-Cas9}attP2 embryos if the targeted locus was not on chromosome 3.
We estimated that injection of 20 embryos should yield between three and five deletion lines. GO-injected flies were crossed to a balancer stock. Two or three
GO flies should produce mutant progeny, and two F1 progeny from each of these GO crosses should yield at least one deletion line. Removal of the Cas9
transgene can be readily detected by the absence of red eye color marker encoded by the vermillion gene.
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GCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCA
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/
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\' e GTGAAAGTGCGGCGCACACAAATCCAAGCTT
GATATCATCGATCTCGACGLTGCATCCAACGCQTTGJCAGCTChCCGCAh AATTCGGCTTCACGTACCGTCGACGATGTAGGTCAC
GGTCTCGAAGCCGCGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGTACTCCACCTCACCCATCTGGTCCATCATGAT
GAACGGGTCGAGGTGGCGGTAGTTGATCCCGGCGAACGCGCGG! ACCGGGAAGCCCTCGCCCTCGAAACCGCTGGGCGCGGTGGT
CACGGTGAGCACGGGACGTGCGACGGCGTCGGCTGGTGCGGATACGCGGGGCAGCGTCAGCGGGTTCTCGACGGTCACGGCGGGCAT
GTCGACAAGCCGAATTGATCCACTAGAAGGCCTAATTCGLCTAGCAGGATCTctaggGCTTCGACCGTTTTAACCTCGARATATGCA
CATGTAAGGACGGATGTGAGCGAACGCCAGTGATGACCGGGATCAGAGGTAACCTACCATGG 5GGATTAGGTGACCGTTCGC
GAGGCTCTAAACTTTATGTAATTCCTGCCGCGAAACACGCAC
TTCGCCGGCGG
AATTCGAATGGTC GTGATTGTGT
GCGTGTGGGTGCTTAGTTTTGGGAGATGTTTTCGTATTTTTTTGTTGATAACTCAGGCTTTGTTGCTGTGT

TAG GTAAAAATTATTTTGCATACTATTA
AATTTCTTATAAATTATTTTCTAAAATTAAGTTTACCTTTTCAATTTTACTAARAATATCGATATATTTATTATCGCTGGAAAACTA
CATTATT "TAAG “GCGTAGCTTTACC STACGCTTCGCAGTTGTT
TCAAGTTGTCTAAGGGACATACGATTTTTTTTGCCTCTGCGTCACGATTTTA
TTAGATAARAGAAGTATCGCGAATACTTCAGTTGAATAAACTGTGCTTGGTTTTTGGGTGAGGATTTGTGGARAGTAGAGTGCGCGAT
AACCGTAACTTTCGACCCGGATTTTCGCCtgAATTgagatctcTCTAGAggtacCGCCACCATGGCCCCAAAGAAGAAGCGGAAGGT
CGGTATCCACGGTGTCCCAGCAGCCATGGACAAGAAGTACTCCATTGGGCTCGATATCGGCACAAACAGCGTCGGCTGGGCCGTCAT
TACGGACGAGTACAAGGTGCCGAGCAAARAATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGC
CCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCGGCTCARAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGAT
CTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGA
GGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATCA
TCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCATATGATCARATTTCGGGG
ACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAARACTCTTTATCCAACTGGTTCAGACTTACAATCAGCT
TTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAA
CCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAA
ATCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGAT
CGGCGACCAGTACGCAGACCTTTTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGA
GATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAG
ACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCA
GGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCT
GTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACGCTATCcCTCAGGCGGCAAGA
GGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTATGTAGGCCCCCTCGC
CCGGGGAARATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGG
GGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAARAGGTGCTTCCTARACACTCTCTGCT
GTACGAGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGA
GCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAAAAAGAT
TGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCAT
TAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGA
GATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATG
GGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAGACAATCCTGGATTTTCTTAAGTCCGATGGATT
TGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGCACRAAGTTTCTGGCCAGGG
GGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAARAAAGGGAATACTGCAGACCGTTAAGGTCGTGGATGA
ACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAGAA
GAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGARAACAC
CCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCT
CTCCGACTACGACGTGGATCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAA
AAATAGAGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAAAARATTATTGGCGGCAGCTGCTGAACGCCAAACT
GATCACACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCA
GCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGATTCACGCATGAACACCAAGTACGATGAARATGACAAACT
GATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGARAAGGACTTTCAGTTTTATAAGGTGAGAGAGAT
CAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAARAATATCCCAAGCTTGAATCTGA
ATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTA
CTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAAC
AAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACAT
CGTTAAAAAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAA
AARAGATTGGGACCCCAAGAARATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGG
GAAGTCTAAAAAACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAARAAACCCCATCGACTT
TCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCG
GAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGC
CAGCCACTATGARAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTGATGA

Fig. S4. (Continued)
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Fig. S4.

GATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCA
CAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTA
CTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCT
CTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAAGCGTCCTGCTGCTACTAAGAAAGCTGGTCAAGCTAAGAAAAAGAA

ge "TTAC GGG \TC G C ( 3G CTG I'TTGCAC 5T

TTT" ATTCT
AATTCAZ SCTCGACTGCCAAATAA? ATGGTTACAARTTTAAGGAAACAAATGTCCTTCTTGCACTAGTGAGCTCCAGCTTTTG
TTCCCTTTAGTGAGGGTTAATTTCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCC
ACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCG
CTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAARAGGCCAGGAACCGTAAARAGGCCGCGTT
GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTT
TCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTG
TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGG
CAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAARAAAGGATCTCAAGAAGATCCTTT
GATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCAC
CTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAARAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAAT
CAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGA
GGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAARACCAGCCAGC
CGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAG
TTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAG
CTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGT
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTT
TTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGA
TAATACCGCGCCACATAGCAGAACTTTARAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCT
GTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAA
AACAGGAAGGCAAAATGCCGCAARAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTG
AAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATT
TCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAAC
CAATAGGCCGAAATCGGCAAAATCCCTTATAARATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGT
CCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA
TCAAGTTTTTTGGGGTCGAGGTGCCGTARAGCACTAARATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCG
GCGAACGTGGCGAGARAGGAAGGGAAGARAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACC
ACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTG
CGGGCCTCTTCGCTATTACGCCAGCTGGCGARAAGGGGGATGT

attB site in brown, the nos promoter 5° UTR and 3’ UTR in cyan, and the Cas9 gene in green.
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A.
CAGCGTCAAAAACTAGACGTGACCATACACAAAATCCAGAAGATACCACTTCGCGATCCCAGCAATATCCCCGATCCGTATGTTAAG
CTGTATCTGTTGCCTGGACGCACCAAGGAGTCGAAACGCAAGACGAGCGTGATCAAGGACAACTGCAACCCCGTCTACGATGCATCC
TTTGAGTACCTGATTTCCATTGCCGAACTCAGGCAGACGGAACTGGAGGTGACGGTGTGCACCCAAAAGGGATTCCTATCCGGCGGT
AGTCCCATCATTGGCATGgtaggtacccgaaagcaaccccttagttacagacacagecgecgtacgtecttcegecatecttatgattece
aagtacatattctgcaagagtacagtatatataggaaagatatccgggtgaacttcGggGTCTTCGTAGAGTCTAGAAAACATCCCA
TAAAACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGGCCCCA
AATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTTTGTACAA
AARAAGCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCTGGTTCCTGGAAC
AATTGCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGCAGAAGCTATGAA
ACGATATGGGCTGAATACAAATCACAGAATCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTTGGGCGCGTTATT
TATCGGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCAGCCTACCGTAGT
GTTTGTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAAAATTATTATCATGGATTCTAA
AACGGATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG
TTATCAACTTGAAARAAGTGGCACCGAGTCGGTGCCATTTTTttgtcacatctacaatcgttttatatgttctcttectttcagCTGAA
AATTCCTCTGGATGATGCCGAGATAACCACACAAACTGGCTTGAATT

L T

/

D\

B.
GTTCGACTTGCAGCCTGAAATACGGCACGAGTAGGAAAAGCCGAGTCAAATGCCGAATGCAGAGTCTCATTACAGCACAATCAACTC
AAGAAAAACTCGACACTTTTTTACCATTTGCACTTAAATCCTTTTTTATTCGTTATGTATACTTTTTTTGGTCCCTAACCAAAACAA
AACCAAACTCTCTTAGTCGTGCCTCTATATTTAAAACTATCAATTTATTATAGTCAATARATCGAACTGTGTTTTCAACAAACGaac
aataggacactttgattctaaaggaaattttgaaaatcttaagcagagggttcttaagaccatttgccaattcttataattctcaac
tgctctttcecctgatgttgatcatttatataggtatgttttcctcaatacttcGggGTCTTCGTAGAGTCTAGAAAACATCCCATAAA
ACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGGCCCCARATA
ATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAARAA
GCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCTGGTTCCTGGAACAATT
GCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGCAGAAGCTATGAAACGA
TATGGGCTGAATACAAATCACAGAATCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTTGGGCGCGTTATTTATC
GGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCAGCCTACCGTAGTGTTT
GTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAAAATTATTATCATGGATTCTARAACG
GATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTAGAARATAGCAAGTTAAAATAAGGCTAGTCCGTTAT
CAACTTGAAARAAGTGGCACCGAGTCGGTGCCATTTTTttgctcacctgtgattgctcctactcaaatacaaaaacatcaaattttct
gtcaataaagcatatttatttatatttattttacaggaaagaatt

C.

gcttcgaccgttttaacctcgaaatatgcacatgtaaggacggatgtgagcgaacgccagtgatgaccgggatcagaggtaacctac
CATGGTGGGGATTAGGTGACCGTTCGCAGGTAGTTTGATCGGAGCGAATGTTCGGGGGGTCTGGCGTCAGAGGCTCTAAACTTTATG
TAATTCCTGCCGCGAAACACGCACGTATCAAGCAGTCAGCTGTTCTCTTCGTTCAGCGCGCGCCGGTGTTGCAAAACGAGCGCTCTT
CGCCGGCGGTGGCTCGTGCGATAGTTCGTTTTGTCGGTAATCCGATGTTGCCGCGCCGATATCATGTGATGTTGTCACAGTGCGCGA
AATTCGAATGGTGGTGTGCAGTGATTGTGTTGTGACGGCGAGTGGCGCGTGTGGGTGCTTAGTTTTGGGAGATGTTTTCGTATTTTT
TTGTTGATAACtcaggctttgttgctgtgttgtagtactattttccattgcgecggtgtccagettttaattagtggcacatattett
agcaagtaaaaattattttgcatactattaaatttcttataaattattttctaaaattaagtttaccttttcaattttactaaaaat
atcgatatatttattatcgctggaaaactacattattccacctctaagcaagaaccgTTAGTTGGCGCGTAGCTTTACCACAAAATT
CCTGGAATTGCCGTACGCTTCGCAGTTGTTTCAAGTTGTCTAAGGGACATACGATTTTTTTTGCCTCTGggGTCTTCGTAGAGTCTA
GAAAACATCCCATAARACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTCTTAA
GCTCGGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCC
AACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCT
GGTTCCTGGAACAATTGCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGC
AGAAGCTATGAAACGATATGGGCTGAATACAAATCACAGAATCGTCGTATGCAGTGAAARACTCTCTTCAATTCTTTATGCCGGTGTT
GGGCGCGTTATTTATCGGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCA
GCCTACCGTAGTGTTTGTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAAAATTATTAT
CATGGATTCTAAAACGGATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTAGAAATAGCAAGTTAARAT
AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCCactcgAGGTTTAGAGAGGGCGAATCCAGCTCTGGAGCAGA
GGCTCTGGCAGCTTTTGCAGCGTTTATATAACATGAAATATATATACGCATTCCGATCAAAGCTGGGTTAACCAGATAGATAGATAG
TAACGTTTAAATAGCGCCTGGCGCGTTCGATTTTAAAGAGATTTAGAGCGTTATCCCGTGCCTATAGATCaTATAGTATAGACAACG
AACGATCACTCAAATCCAAGTCAATAATTCAAGAATTTATGTCTGTTTCTGTGAAAGGGAAACTAATTT TGTTAAAGCCGACTTACA
ATATCGTAATACTTGTTCAATCGTCGTGGCCGATAGAAATATCTTACAATCCGAAAGTTGATGAATGGAATTGGTCTGCAACTGGTC
GCCTTCATTTCGTAAAATGTTCGCTTGCGGCCGAAAAATTTCGATATATCTACAATTCATCTACAATCTTTACTAAATTTTGAAAAA
GGAACACTTTGAATTTCGAACTGTCAATCGTATCATTAGAATTTAATCTAAATTTAAATCTTGCTAAAGGAAATAGCAAGGAACACT
TTCGTCGTCGGCTACGCATTCATTGTAAAATTTTAAATTTTGACATTCCGCACTTTTTGATAGATAAGCGAAGAGTATTTTTATTAC
ATGTATCGCAAGTATTCATTTCAACACACATATCTATATATATATATATATATATATATATATATATATATATATATGTTATATATT
TATTCAATTTTGTTTACCATTGATCAATTTTTCACACATGAAACAACCGCCAGCATTATATAATTTTTTTATTTTTTTAAAAAATGT
GTACACATATTCTGAAAATGAAAAATTCAATGGCTCGACTGCCAAATAAAGAAATGGTTACAATTTAAGGAAACAAATGTCCTTCTT
GC

D.

_— CAGCGTCAAAAACTAGACGTGACCATACACAAAATCCAGAAGATACCACTTCGCGATCCCAGCAATATCCCCGATCCGTATGTTAAG
CTGTATCTGTTGCCTGGACGCACCAAGGAGTCGAAACGCAAGACGAGCGTGATCAAGGACAACTGCAACCCCGTCTACGATGCATCC
TTTGAGTACCTGATTTCCATTGCCGAACTCAGGCAGACGGAACTGGAGGTGACGGTGTGCACCCAAAAGGGATTCCTATCCGGCGGT
AGTCCCATCATTGGCATGgtaggtacccgaaagcaaccccttagttacagacacagecgegtacgtecttegecatecttatgatteee
aagtacatattctgcaagagtacagtatatataggaaagatatccgggtgaacttcGggGTCTTCGTAGAGTCTAGAAAACATCCCA
TAAAACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGGCCCCA
AATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTTTGTACAA
AARAGCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCTGGTTCCTGGAAC
AATTGCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGCAGAAGCTATGAA
ACGATATGGGCTGAATACARAATCACAGAATCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTTGGGCGCGTTATT
TATCGGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCAGCCTACCGTAGT
GTTTGTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAAAATTATTATCATGGATTCTAA
AACGGATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTATGCTGTTTTGGAAACAAAACAGCATAGCAA
GTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCCATTTTTttgtcacatctacaatcgttttatat
gttctcttctttcagCTGAAAATTCCTCTGGATGATGCCGAGATAACCACACAAACTGGCTTGAATT

Fig. S5. (Continued)
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E.
GTTCGACTTGCAGCCTGAAATACGGCACGAGTAGGAAAAGCCGAGTCAAATGCCGAATGCAGAGTCTCATTACAGCACAATCAACTC
AAGAAAAACTCGACACTTTTTTACCATTTGCACTTAAATCCTTTTTTATTCGTTATGTATACTTTTTTTGGTCCCTAACCAARACAA
AACCAAACTCTCTTAGTCGTGCCTCTATATTTAAAACTATCAATTTATTATAGTCAATAARATCGAACTGTGTTTTCAACAAACGaac
aataggacactttgattctaaaggaaattttgaaaatcttaagcagagggttcttaagaccatttgccaattcttataattctcaac
tgctctttcctgatgttgatcatttatataggtatgttttcctcaatacttcGggGTCTTCGTAGAGTCTAGAAAACATCCCATARA
ACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAARACGACGGCCAGTCTTAAGCTCGGGCCCCAAATA
ATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAAAA
GCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCTGGTTCCTGGAACAATT
GCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGCAGAAGCTATGAAACGA
TATGGGCTGAATACAAATCACAGAATCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTTGGGCGCGTTATTTATC
GGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCAGCCTACCGTAGTGTTT
GTTTCCAAAAAGGGGTTGCAAAAARATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAARATTATTATCATGGATTCTAAAACG
GATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTATGCTGTTTTGGAAACAAAACAGCATAGCAAGTTA
ARAT GCT TTATCAACTTGAAAAAGTGGCAC TTTTTttgctcacctgtgattgctcctactcaaat
acaaaaacatcaaattttctgtcaataaagcatatttatttatatttattttacaggaaagaatt

L T

z

D\

F.
gcttcgaccgttttaacctcgaaatatgcacatgtaaggacggatgtgagcgaacgccagtgatgaccgggatcagaggtaacctac
CATGGTGGGGATTAGGTGACCGTTCGCAGGTAGTTTGATCGGAGCGAATGTTCGGGGGGTCTGGCGTCAGAGGCTCTAAACTTTATG
TAATTCCTGCCGCGAAACACGCACGTATCAAGCAGTCAGCTGTTCTCTTCGTTCAGCGCGCGCCGGTGTTGCAAAACGAGCGCTCTT
CGCCGGCGGTGGCTCGTGCGATAGTTCGTTTTGTCGGTAATCCGATGTTGCCGCGCCGATATCATGTGATGTTGTCACAGTGCGCGA
AATTCGAATGGTGGTGTGCAGTGATTGTGTTGTGACGGCGAGTGGCGCGTGTGGGTGCTTAGTTTTGGGAGATGTTTTCGTATTTTT
TTGTTGATAACtcaggctttgttgctgtgttgtagtactattttccattgcgecggtgtccagettttaattagtggcacatattctt
agcaagtaaaaattattttgcatactattaaatttcttataaattattttctaaaattaagtttaccttttcaattttactaaaaat
atcgatatatttattatcgctggaaaactacattattccacctctaagcaagaaccgTTAGTTGGCGCGTAGCTTTACCACAAARATT
CCTGGAATTGCCGTACGCTTCGCAGTTGTTTCAAGTTGTCTAAGGGACATACGATTTTTTTTGCCTCTGggGTCTTCGTAGAGTCTA
GAAAACATCCCATAAAACATCCCATATTCAGCCGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTCTTAA
GCTCGGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCC
AACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCGCTAGAGGAGAGCAACTGCATAAGGCTATGAAGAGATACGCCCT
GGTTCCTGGAACAATTGCTTTTACAGATGCACATATCGAGGTGAACATCACGTACGCGGAATACTTCGAAATGTCCGTTCGGTTGGC
AGAAGCTATGAAACGATATGGGCTGAATACAAATCACAGAATCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTT
GGGCGCGTTATTTATCGGAGTTGCAGTTGCGCCCGCGAACGACATTTATAATGAACGTGAATTGCTCAACAGTATGAACATTTCGCA
GCCTACCGTAGTGTTTGTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCAAAAAAAATTACCAATAATCCAGAAAATTATTAT
CATGGATTCTAAAACGGATTACCAGGGATTTCAGTCGATGTGAATTCGAGAAGACCTGTTTTAGAGCTATGCTGTTTTGGARAACARA
ACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC AGTCGGTGCCactcgAGGTTTAGAGAGGGC
GAATCCAGCTCTGGAGCAGAGGCTCTGGCAGCTTTTGCAGCGTTTATATAACATGAAATATATATACGCATTCCGATCAAAGCTGGG
TTAACCAGATAGATAGATAGTAACGTTTAAATAGCGCCTGGCGCGTTCGATTTTAAAGAGATTTAGAGCGTTATCCCGTGCCTATAG
ATCaTATAGTATAGACAACGAACGATCACTCAAATCCAAGTCAATAATTCAAGAATTTATGTCTGTTTCTGTGAAAGGGAAACTAAT
TTTGTTAAAGCCGACTTACAATATCGTAATACTTGTTCAATCGTCGTGGCCGATAGAAATATCTTACAATCCGAAAGTTGATGAATG
GAATTGGTCTGCAACTGGTCGCCTTCATTTCGTAAAATGTTCGCTTGCGGCCGAARAAATTTCGATATATCTACAATTCATCTACAAT
CTTTACTAAATTTTGAAAAAGGAACACTTTGAATTTCGAACTGTCAATCGTATCATTAGAATTTAATCTAAATTTAAATCTTGCTAA
AGGAAATAGCAAGGAACACTTTCGTCGTCGGCTACGCATTCATTGTAAAATTTTAAATTTTGACATTCCGCACTTTTTGATAGATAA
GCGAAGAGTATTTTTATTACATGTATCGCAAGTATTCATTTCAACACACATATCTATATATATATATATATATATATATATATATAT
ATATATATATGTTATATATTTATTCAATTTTGTTTACCATTGATCAATTTTTCACACATGAAACAACCGCCAGCATTATATAATTTT
TTTATTTTTTTAAAAAATGTGTACACATATTCTGAAAATGAAAAATTCAATGGCTCGACTGCCAAATAAAGAAATGGTTACAATTTA
AGGAAACAAATGTCCTTCTTGC

Fig. S5. Partial sequences of the six different sgRNA constructs used in this study: U6a-sgRNA-short (A), U6b-sgRNA-short (B), nos-minisgRNA-short (C), Uba-
sgRNA-long (D), U6b-sgRNA-long (E), and nos-minisgRNA-long (F). The sgRNA scaffolds are shown in cyan, the regulatory sequences in green, and the Bbs |
cloning sites in yellow. The sgRNA targeting sequences are inserted into the Bbs | cloning site. The red-colored sequences are for convenience of cloning
procedure and are removed after Bbs | digestion.
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