
 

 

 

 

 

 

 

Table S1. The GenBank accession numbers of genes targeted in this study. 

Target gene GenBank accession number 

elastase NM_001011493.1 

ets1 NM_001130368.1 

ets2 NM_001127061.1 

grp78 XM_002941644.1 

hhex NM_204089.1 

pat XM_002940115.1 

pdx1 XM_002934019.1 

ptf1a/p48 XM_002933135.1 

tm4sf4 NM_203627.1 

tyrosinase NM_001103048.1 

 



1 2 3 4 5

elastase -T1 0 0 4 45 427

elastase -T2 0 0 2 22 278

ets1 -T1 0 0 5 37 578

ets1 -T2 0 0 5 59 652

ets1 -T3 0 0 0 34 329

ets2 0 0 0 26 354

grp78 0 0 13 78 716

hhex 0 1 24 220 1941

pat -T1 0 0 8 93 822

pat -T2 0 1 9 84 866

pat -T3 0 0 5 89 653

pdx1 -T1 0 1 9 76 763

pdx1 -T2 0 0 40 278 2459

pdx1 -T3 0 1 11 131 936

ptf1a /p48 0 0 4 36 368

tm4sf4 -T1 0 0 5 27 307

tm4sf4 -T2 0 0 3 48 402

tyrosinase 0 0 2 40 345

Target ID
Number of mismatch

Table S2. Computationally identified total number of potential off-target sites
in Xenopus tropicalis  genome with up to 5 mismatches to all the loci targeted
in this study.



Site ID Potential Off Target Site Coordinate (Start) Forward PCR Primer Reverse PCR Primer

hhex -2 GGGCTGGGGAGCTGGGGGGCCGG scaffold_5011:(6508) TGGTGCCCACATCCTGTGGCAC GGCCCCCCCCAGCTCTCCAG

pat -T2-2 GGCACATTCTGATGCACTAGAGG scaffold_471:(239289) CTATGAACTCGAGAGCCGCTCT CCGCATTTCTCCATGATGTTC

pdx1 -T1-2 GGGCCTGCATTTCGTTTTCTGGG scaffold_163:(1506895) CCCTCTGGTATGTGCTACACC ATAGGGCTTTATAGCTTGTGTGTC

pdx1 -T3-2 GGGAATGCCATTTGCTGGAGAGG scaffold_82:(2396453) CAGAAGAGGAAGACAAGTATCAGG ACTCCTGTTTGTCACTTTTCCAC

pat -T2-3 GTTTCATTCTGATGCAGCAGTGG scaffold_567:(560009) TTTACATGGCTGTATGCTACCAG TTTCCCATGAGCATCTAAAGG

pdx1 -T1-3 GGGCCACATTTTCATTTTCTAGG scaffold_75:(1531776) TCCATCTTTGCTACAGAAAGCC TTTAGGCCCCCTACATAGGAG

pdx1 -T3-3 GGGGATTGGATTTGCTGGTGGGG scaffold_618:(156398) CAGCCAGATTGTTTTCTCCAG GTACCTGAAGCACCGGTCTG

ets1 -T1-3 GGATCTGCTTTATGTGGCCTGGG scaffold_19:(386769) AGGGTGCATTGAGACACTTTG GGGTAGCTGGCCTATAAATAGG

pat -T1-3 GGGCTTTAGGCAAAACATTTGGG scaffold_90:(1242588) TACCATTTCATTTAGCAAAGCG TTAATTCTTAGAGCCCCTTTGAG

elastase -T1-3-1 TGAAGATGGTACCATACCTGTGG scaffold_384:(6780) ATAATGGATGTTTGCTGAATTGC ATGATACATTGCTTTCACGCTG

elastase -T1-3-2 GGTTATTGGTACCATACCTGTGG scaffold_67:(1803421) TGGGTATCGCTTTCAGACTATTG GGTTCAACAAGCACCTGATAGC

ets2 -4-1 GAGGTGGACTATTACTCTCATGG scaffold_104:(2007422) CAAGATGCCTAGATACTGCTGTTG TGGACCATTAGTGAGCCCTATC

ets2 -4-2 GGTCAGGCCTGTTACTGTCAGGG scaffold_12:(2621242) CCTCTTCTACACTTCTCCATCTGG ACAGTTCAGGGGAAATGATGC

ets2 -4-3 AGACTGGACTCTTTCTCCCATGG scaffold_12:(2854544) AACTAATTGATTGGCCATATCGG TGGTGCGCCTCTAAAGAATTTAC

ets2 -4-4 AGTCTGCACTCTTAATCTTAAGG scaffold_13:(3467302) GGCATAACTTAGACAGTCCACCAG TTTCATACTTTGCAATGTGTCCTG

ets2 -4-5 GGTCAGTTATCTTACTCTCAGGG scaffold_132:(2363382) ATAGAATTTCCTTGAGCCTGCC  GTATGGGGTTTGCTATTGTTGAT  

ets2 -4-6 TGTCTGGTTTCTTCCTCTCAAGG scaffold_144:(139498) TATATTTGTAGGGATGACCAGATTT  CTATGGGGGTGACAGGGATTC  

ets2 -4-7 GGACTGGATTCTGACTCTTACGG scaffold_163:(1321382) TCAGCCAGTGCAAGAAATACTTC GGCTGGCCTTATCAATTATTCTAC

ets2 -4-8 TGTCTGGTTTCTTCCTCTCAAGG scaffold_171:(2122408) CCTAGGATAGGCCTCATAGGAG AGGTGCAATACTGCTTAATGGC

ets2 -4-9 GGGCTGGGCTCTTACTTTAATGG scaffold_175:(2078354) CAAGTGGTGCCTGTGTTTGC TGACAGTGCTGTGCTCCTTTG

ets2 -4-10 GGTCTAGTCTATTTCTCTCATGG scaffold_214:(1626645) GTAAAGCTGTGACTGAAACACCC CAGCCTTTCTGGGTTTCAGAG

ets2 -4-11 GGCCTGTACTTTTACTCACAAGG scaffold_313:(732450) TATTATACTTATGTTGCAGTGCGC ATTTATTACACCCTAGTTTGCTTTG

ets2 -4-12 AGTCTGGCCTCTTACTGTAACGG scaffold_374:(908485) TGACACTGTAGGCACAAATATGG CGTTGCATTTGTTCCTTATTCC

ets2 -4-13 GGTCTTGTCTCTTACCCTCCAGG scaffold_435:(862492) TAAAGGTTTGTTTGGTGTCCG CTCCATTGACTCCATTGCTTG

ets2 -4-14 GGTCTGGATTCTGACACTCTAGG scaffold_463:(421903) GTTTACATTTCATTACAGGGCTTG CTTCCTTCCACTGCATAACCTC

ets2 -4-15 GGTCTGGTATCTTACCCCCAGGG scaffold_482:(377203) GGGAGACCATCCTAGAACAGG CGGTCTATCTCTGCGCTAGTG

ets2 -4-16 GGTTTGCATTCTTACTCACACGG scaffold_510:(337303) GGTACAAACTGGCTCCCTTTC GACAGATGCAGCAGAGCTTATG

ets2 -4-17 GGTCGGCAATCCTACTCTCAGGG scaffold_518:(816043) TTCACGTGCATTATAAATCCAAC GGTCAGTTTGAAGTGTATCTGGAG

ets2 -4-18 TGTCTGGCCTCTTCCTCTGATGG scaffold_578:(441317) GGGCAGGAAACCCTACAAAG TTAGCTTTATGCAAAGGCTGG

ets2 -4-19 GGTCAGGGTTCTTAGTCTCAGGG scaffold_58:(274580) GTTTCACAAAACAATTCGTCAGTG GCTAAGTGGAATCCAAGGTTCTC

ets2 -4-20 ATTCTTGACTCTTTCTCTCAGGG scaffold_59:(1960990) CATGTGCTATTCCTAGGGAAAGG CCCCCTTTAATAGTGTCTTCCTG

ets2 -4-21 GGTCTGGACTGGTAAGCTCATGG scaffold_68:(1440099) ATTACAGGCCACTGGGCTCTAC AGACACGCAATGTTTCCTTGG

ets2 -4-22 GGTTTGGACTTTTACTGGCAAGG scaffold_7:(5245156) GTGTTGATGTCTGGTGAGTTCTTG GACCAGCCAAAACTAACAGAGG

ets2 -4-23 GGGCTGGACTATTACTCAGATGG scaffold_753:(150) CGGAAATGAATAGTGTCAGACTG  CATAGTTGAACTTCATGGCAGAG  

ets2 -4-24 GGGCTGGACTATTACTCAGATGG scaffold_753:(7514) CAGTTTATAGGCGGAAATGAATAG CCCTGTAAGTTGCCATCTTGTAC

ets2 -4-25 GTTCTGGGCTCTTACTTTGAAGG scaffold_8529:(5756) GCACAGAAAGAGGGTGCATTTAC CTCCTGGATTCTCCAAATGGAC

ets2 -4-26 GGACTGGGCACCTACTCTCATGG scaffold_917:(200870) GGGGCATTACACACAGGGGA  CAAGGGGCCACTAACGTATGC  

ptf1a/p48 -3-1 AGATGACAATGTGGACTTCTAGG scaffold_381:(76541) TTGAACATAAATGTCTCTGGCTG TTCTTCCTTTTGTTCATGGTCC

ptf1a/p48 -3-2 GGAAGAGGATTTGGACTTCCTGG scaffold_47:(3047525) CTCAGGGTTGCAACTATTTGC TCTTACCCTCTATGCAGGTAAGC

ptf1a/p48 -3-3 GGAAGACCCTGTGCACTTCTTGG scaffold_81:(1528612) ATTGTTTATGGGAACAATGGCT AAATAGTAGCGCACAGCACAAG

ptf1a/p48 -3-4 GGAGGACGATGTGCACATCTGGG scaffold_9095:(7960) CTTCGTCTTTGGAGCCTAGAATC  GCATATTGCTATCGGTGCTGTAG  

ptf1a/p48 -4-1 GGAAGAGGATTTTGACTTCCTGG scaffold_11680:(787) CAACCAAGATGGCATTGGAGTTAC  CCTGTTGGAGCTTTGGACTGC  

ptf1a/p48 -4-2 GGAAAACGCTGTGAACTTTTTGG scaffold_125:(2489873) GGATGTAAAGTGTGCCATAGGAC TATCGGTCATTCATCACCTGG

ptf1a/p48 -4-3 GGAAGACAAGGTGGACTTAAAGG scaffold_128:(556723) TACAAGTGCATGTGTGCAAGG TAGGTGAAACAGATTTAGCCATG

ptf1a/p48 -4-4 TGAAGACAATGATGACTTCTGGG scaffold_139:(1729414) ATCCCAGCAACAATTAGGTTTC TCTTGCAAAACATCAGCAAATC

ptf1a/p48 -4-5 GGAAAGCGATGTGGACCTCCTGG scaffold_144:(1611751) CAGTTCTTATAGGGGGTTGGTTC CGGAAATTACACTACCCTCCAC

ptf1a/p48 -4-6 GGATGAGGTTGTGGACTTCCAGG scaffold_150:(1771007) TGACGGTTGCTTATTACAAAATG ACTAGTGGGAAAGCATACTGTAGC

ptf1a/p48 -4-7 GGAGGAGGTTCTGGACTTCTTGG scaffold_155:(58578) AATTATGCCTTGTAAATGTTTCAGC  AGTTGCCTAGTAATCCTCCAGAATG  

ptf1a/p48 -4-8 GGAGGAGGTTCTGGACTTCTTGG scaffold_155:(58617) TTCACAAGTCTACAAAAAGTCAAGC  TACATTTGGATCAATACCTGTGCTA  

ptf1a/p48 -4-9 GGAAGTCGTTGTGCACGTCTTGG scaffold_1804:(27886) AAATCCTAAGCCTTTTCGCAG  GAGTGCAGCAGTATTACAAAGAAGG  

ptf1a/p48 -4-10 GGAAGACCTTGAGGACCTCTAGG scaffold_2:(2433980) AAACGCTTGGTCTCTCTCTGC AGACATTTGCTTTTGCTTTGC

ptf1a/p48 -4-11 AGGAGACGCTGTGGGCTTCTTGG scaffold_2:(4338728) TGTTTGTAACCCGCCAGACC  AACCCTCACTCCACATAGGCTA  

ptf1a/p48 -4-12 GCAGGACGATGTGAATTTCTGGG scaffold_212:(1294306) AGAAGCATAGACTGTGATCTTTGC CGTGTGTCTTAGCCCTTAAGC

ptf1a/p48 -4-13 GTAAGTAGATGTGGACTTATTGG scaffold_24:(1548124) ATTAAAGACAAAATGACCATGTTGA AATGGCACTTCTCACCCTACAG

ptf1a/p48 -4-14 TGTAGACCCTGTGGACTTCTTGG scaffold_242:(750479) CTATCACCTGGGTGTAAATGAAAC GCAGCAACACTTTCTCAAACAG

ptf1a/p48 -4-15 GGAAGAGGATTTTGACTTCCTGG scaffold_267:(152383) TTGCATTTCATTGAGTGAAATAAG GTCTTACCCTCTATGCAGGTAAAC

ptf1a/p48 -4-16 GGAAGAGGATTTTGACTTCCTGG scaffold_268:(337535) GAAGCATACTTGTAACCCTCAGG GTCTTACCCTCTATGCAGGTAAAC

ptf1a/p48 -4-17 GGAAGAGGATTTTGACTTCCTGG scaffold_268:(342264) AGTGACTGGATTCCCATTTCC  CAGGCATCAACCTGTGTACAAC  

ptf1a/p48 -4-18 GGAAGAGGATTTTGACTTCCTGG scaffold_268:(348088) TTTACTAGTCCTTGCCGAGGAC GGGTCTTACCCTCTATGCAGG

ptf1a/p48 -4-19 GGAGGAGGATATGAACTTCTAGG scaffold_274:(172841) GAAGGATTAGCAGAGGGATGATT  ATCAACCTTTTCTTGGGGCTAT  

Table S3. 119 potential off-target sites examined by T7EI assay and corresponding PCR primers used for T7EI assay.



Site ID Potential Off Target Site Coordinate (Start) Forward PCR Primer Reverse PCR Primer

ptf1a/p48 -4-20 GGAAGAGGATTTTGACTTCCTGG scaffold_291:(113367) TTGCAGACTAGCATGTCCACATC  ACACTGCCTGTAGAATGGGAATC  

ptf1a/p48 -4-21 GGAAGCCCAAGTGCACTTCTGGG scaffold_387:(351500) GATTATTCAGGTGCTGCTGAGG ACAGGGGCTCCCTTTATAACC

ptf1a/p48 -4-22 GGAAGATTATGTGCATTTCTGGG scaffold_408:(152759) CTAAGGGCAGGTAAGGCTCTCT  CCACAAGGAGGTGATACAGGAGT  

ptf1a/p48 -4-23 GGAGGACAATATGGACTTCAAGG scaffold_441:(983968) GCAGACTCTCGTGCATTATGC AACATCTGCTGCAAGATAAAACC

ptf1a/p48 -4-24 GGAAGAGGATTTTGACTTCCTGG scaffold_569:(721734) TTCTCCATAGTTGTTGAAATGAGTG  CTCCTGTTGGAGCTTTGGACT  

ptf1a/p48 -4-25 GGAAGAGGATTTGTAGTTCTTGG scaffold_625:(443803) GTGCATTCTGGATAATGGGTC CTCATTCATATATCAGTCCCTGC

ptf1a/p48 -4-26 GAAAGAGGATGTGGCCTACTTGG scaffold_63:(205522) CATCTTCCGATCAGCACGTTC  GTTCCTCTTGTTTTGCTGATATTTT  

ptf1a/p48 -4-27 GGAAGAGGATTTTGACTTCCTGG scaffold_6344:(1703) GTTTGAGAGACCAACATCCCC ACTGCTCAGCTACCCTGACTG

ptf1a/p48 -4-28 GGATGACGATGAAGACTTGTTGG scaffold_649:(10287) CTTTGCCTATGGAGGCTATTG GTGGTGGCTACTGAAGCAGAC

ptf1a/p48 -4-29 GGAATACGTTGTGGAATTTTTGG scaffold_653:(376103) ATTTAGTCGCCATAATATGCAGTAC  GTACCGCCTGACTACTTCATCCT  

ptf1a/p48 -4-30 GGAACACTATTTGGACCTCTTGG scaffold_709:(400270) CCTGCCCTAAGCTTAGTGTGAC GGGCGATACAACTCTGTATTGTG

ptf1a/p48 -4-31 GGAGGAAGATGTGGATTTCCTGG scaffold_742:(350425) GTAGCAGATTGCATCTACTTCAGTC  GGGATTTGCCTATGTCCATTT  

ptf1a/p48 -4-32 AGAAGACGATGGGGGCTACTGGG scaffold_782:(110628) GCAGCAATGATTCAGGACTTC TGATGTTTTGGGCTTCTATACG

ptf1a/p48 -4-33 GGAAGAGGATTTTGACTTCCTGG scaffold_791:(6875) ACAGTTTGAGAGAACAACATCCC ACTGCTCAGCTACCCTGACTG

ptf1a/p48 -4-34 GGAAGAAGATGGGGGCTACTGGG scaffold_8389:(8767) GCAAATAATCGAGCAGAAAATAAG GGAGAACTAAAGGCTTTAGGACC

ptf1a/p48 -4-35 AGAAGACAATATGGATTTCTTGG scaffold_93:(1041592) GCAGATCCCAAGAGATATAGTTTG TGAATCTATTGCCAGTAAAATGC

ptf1a/p48 -4-36 GAAAGAGGATGTGGCCTACTTGG scaffold_9648:(349) GCATAGGGGAGCTGAGATGAAG  GTGTTACTTTGATTTGGCCGC  

tyrosinase -3-1 GACCCCCAGTTTCCCTTCACTGG scaffold_440:(120683) CACACTGCAGAACTTCATTCAAC CGTGTGGAACTGACCACAAAC

tyrosinase -3-2 GGCCTTTAGTTTCCAGTCACTGG scaffold_99:(2814102) GTGGGATTTCAGGGTGTGATG  GAATGGAATGCTTCCACCTGC  

tyrosinase -4-1 GGCAATCAGTTTCCAATGACAGG scaffold_10:(1775587) CTCCTAGATCCCTTGAAATTGAAG  TTTGTGGACATATGAATGTTATTGG  

tyrosinase -4-2 GGCTCCCAGTTTACAATCACTGG scaffold_10:(3396052) CAAATACAGTCCACCAGAAAGAGC  TAACTTCCTCAACCGACACAGATT  

tyrosinase -4-3 GACCCTCAGTTTCTGTTCAAAGG scaffold_101:(2091511) TTAGAATTGCCAGTGATTAGGGA  CTGGTGAGAAAGCATTCCTGTA  

tyrosinase -4-4 TGGCCTCAGTTTACTTTCACTGG scaffold_102:(757505) AATGATTGATTAATGGGCACCA CTTCTTTATAACACTGGCATGCTG  

tyrosinase -4-5 CGCCCTCAGTTTCTAGTCATTGG scaffold_105:(172804) GCTTCTTGTTCAGAATAACCCAT  TATCTCAATTCTGGCGTTAGGAG  

tyrosinase -4-6 GGCCCTTAGTGCCCATACACGGG scaffold_106:(171699) GGTGGGGGATATCAGGCTAAT  AACAAATGCACATGCAATTGATT  

tyrosinase -4-7 TGCGGTCAGTTCCCATTCACGGG scaffold_123:(654169) GTGGACATGGCCATTTATTGG  CCCACTTAAAGAGACAGTCAGAGAC  

tyrosinase -4-8 GTCTCTCAGTTTCCATGCAGTGG scaffold_12888:(1272) GTCAGGTCTGTGTTTTGAGGTTG  GAAATTGATAAAGCATATAAAGGGA  

tyrosinase -4-9 GGCCCTCGGTTTCCCCGCACAGG scaffold_137:(2005057) CGAAAGGCAATGCTTCTGTCA  TGTGGGTTCTGAGCAAGCGTA  

tyrosinase -4-10 GCCCCTCAGTGTTCATTCAGGGG scaffold_14:(5389042) GCAGCTCAGCAGTAAAGTGAGA  AGTTTGCGCTAATGTAAAGCAGAT  

tyrosinase -4-11 GTGCCTCAGTTTGCATTCCCTGG scaffold_143:(518441) TTTGGTAAAACTCCATGTTTAGTAT  ATGTAGCGTTGCACATAGTAGCA  

tyrosinase -4-12 GGCCTTCAGCTTCCATTGCCTGG scaffold_149:(202527) TGCTCCTCTGGGAACAGATGT  CTACAGGATGTGGGCTATGACTAT  

tyrosinase -4-13 GCCCCTCATGTTCCCTTCACAGG scaffold_180:(662866) GGCTGCAAATAAATACAAATATGTC  TATAAAATCCCGTTTTTGTTTCC  

tyrosinase -4-14 GGCATACAGTTACCATTCACTGG scaffold_210:(341070) GACAGTTCCTGACTCTCTCTGATTA  ACAGCCCTATCTCCTTCATTGG  

tyrosinase -4-15 GGCAGTCAGATTCCATTCAGCGG scaffold_228:(627447) AACAGAAATAAACATGGAGCTTGTA  TGAGACTTCCTCAAGGCAAGAG  

tyrosinase -4-16 GCCCCTAAGTGTCCACTCACTGG scaffold_27:(1013047) GTAGCCGTTACGACTTGCGAG  TTAAATCTGTTTTCATTCTGGACTT  

tyrosinase -4-17 GGGCATCAGTTACCATACACAGG scaffold_274:(1373068) AGTTTTCCTAGACGCATGGCAA  GCCCAACGAAAGTGGCTGAT  

tyrosinase -4-18 GGCCGTCAGGTTCCATCAACTGG scaffold_277:(630877) AGGTAATCAGGGCAATATAGAATAA  CAGTTGTACAAAGCTGTTCTAAATA  

tyrosinase -4-19 GAGCCTCAGTTTCTATTCCCAGG scaffold_305:(90979) GCTGCAATTTTGTTTAGTAACGC  GTTTGTGATTTTCTTAAACTTGGC  

tyrosinase -4-20 GTCCCTCAGTTTCAGTTTACAGG scaffold_33:(2154089) CAGGGACTGGTTTGCCATCTT  TGTAGCACACAACAACATCAGTAAT  

tyrosinase -4-21 GGCCCTCATTTTCTATTACCAGG scaffold_359:(468247) AGCCAAACCAGATTTATTTCTCA  TAAATTGAATAGTTGCAGAAGACAC  

tyrosinase -4-22 TGTCCTCAGTTTCAGTTCACAGG scaffold_409:(662043) GTGAAATGCACCTTGCACTCTAT  GTGGGTGAATAAATCAGAGTGGTT  

tyrosinase -4-23 GTCCCACAGTTTCCATTTATTGG scaffold_414:(811399) AGAGTGTGTTGTGTAGATGTATGTA  GCTTGTGTGCCTTCCCTTCTT  

tyrosinase -4-24 GCCCCTTAATGTCCATTCACAGG scaffold_441:(601770) AAACGTTGCGCCTTTTAAGTTA  GACAGCAGACTATGGCTACTTACC  

tyrosinase -4-25 GGCTCCCATTTTCCATTCCCTGG scaffold_451:(852715) ACAGAGAGATTCTGATATTCTGCTT  GCGACAATCTGCAGTTTACAATA  

tyrosinase -4-26 GGTGCACAGTTTCCATGCACTGG scaffold_459:(263553) CGTCAAGAACATTGCGGTGAA  AGGATGTCTTCAAACCATAAATCTG  

tyrosinase -4-27 GCCTCTCTGTTCCCATTCACAGG scaffold_479:(495121) ATGGACAGAGAGATCAAAAGATAGA  GTCCAAGGGAAGGGGACACA  

tyrosinase -4-28 GTCTCTCAGTTTCCATGCAGTGG scaffold_491:(181703) GTCATGGCTATGGTGTTCTAGATTC  GCTATGCTAATATGAACCATGACCA  

tyrosinase -4-29 GTCTCTCAGTTTCCATGCAGTGG scaffold_491:(194802) TTTGAGGTTGCACACTTCTCATT  TTCTTGTGACAGACCATAAATCCTT  

tyrosinase -4-30 TGCCCTCAGTTTACATGCATGGG scaffold_5:(5861390) ATATAGGGAGATGCTCTCAGTTCAG  TTAGTTAAAATCTTCTTGATGTGCG  

tyrosinase -4-31 CGCAATCAGTTGCCATTCACTGG scaffold_537:(315212) CCGAGGCAGAAGGACTAGCTAT  CACAGGGAAGAACAGAGGCAT  

tyrosinase -4-32 GGCCATCAGTTTTCTTACACAGG scaffold_57:(2987708) AGACATCAGGCTCAGTTACTTGC  ATCACACTAGAATATGGATCACCAC  

tyrosinase -4-33 GACAGGCAGTTTCCATTCACTGG scaffold_570:(345550) GCCATGAAAGCTTGAGATAATTTC  CGTAGTGTTCGTATTTCAGCAGGT  

tyrosinase -4-34 GGCCCTGTGTTTCCAGCCACAGG scaffold_577:(227920) CTGTCAGTTCACTGCCCTGCA  CGCTGTCACGGTAGCCTTATC  

tyrosinase -4-35 GTCCCTCCGTTTCCATTTAGAGG scaffold_64:(3047845) CTGCTTCCTGTAGTATAACTGGTAC  TGTAACACCCTGTAACAGAGAATGG  

tyrosinase -4-36 GGCTTTCAGTTTACATTCTCAGG scaffold_937:(132022) CAAAATGTCATCTACAATAAATCAG  ATATGACTGAAACAGCCTTGGTGA  

tyrosinase -4-37 GGCCTTCAGTCTGCACTCACTGG scaffold_99:(530571) TTTCACTCCAACTGGCCTTCA  GCAGCTCAATAAGGTCCATTGTAT  

tyrosinase -4-38 GGCCTTCAGTCTGCACTCACTGG scaffold_99:(551360) TTTCACTCCAACTGGCCTTCA  GCAGCTCAATAAGGTCCATTGTAT  

tyrosinase -4-39 GGCCAGCAGCTCCCATTCACTGG scaffold_992:(42836) TTGTGACCTTGGAATGAATTCTGTT  CCTCATTGTGGTGCTGGCGT  

tyrosinase -4-40 GGCCAGCAGCTCCCATTCACTGG scaffold_992:(62574) TTGTGACCTTGGAATGAATTCTGTT  CCTCATTGTGGTGCTGGCGT  

In a given potential off-target sequence, the red letters indicate the nucleotides that are different from those in the corresponding on-target site
illustrated in Table 1.



 

 

 

 

 

Table S4. List of PCR primers used to amplify the targeted loci. 

Target gene Forward primer (5'-3') Reverse primer (5'-3') 

elastase-T1 GGAGTGGCATCATACTGACTGTC AAGGGAAGGGATGTAAAAGAGC 

elastase-T2 ATGGTCATCCAATCTGGAAGC CTGTCCCTTCCGTAATGATGC 

ets1-T1 GGTTCGTGTTTGGATACAAGTACC AAAAGTATGTTCAACCCAAGCC 

ets1-T2 GAATCTGCTTGTTCTTCAGGAAC GCAGTAATGAGATGGTCACGG 

ets1-T3 GAATCTGCTTGTTCTTCAGGAAC GCAGTAATGAGATGGTCACGG 

ets2 CCAAATTAGAAGGCTTCCATGTAG CAATATTAACAGAGTTGGCACCG 

grp78 AAACCCTATTGAATTAGTTGGAGGC TCCCTTAACATGTGACTCCAAACC 

hhex ATGTTGATTCCGATCTCTCATTTC CCCATACAACTGGCAGTTAGTTG 

pat-T1 AAATCCATGCTGCATTTACAAG AACAAGCTGCTCTTATATCTAATGC 

pat-T2 CCATATAATTGCATGTGGCATAC AAATAACCATCTGCTCTGAGGG 

pat-T3 CCATATAATTGCATGTGGCATAC AAATAACCATCTGCTCTGAGGG 

pdx1-T1 CGTGCAACCACAGCTAAATAGTG CGGAGTCTGAATATTTGCACC 

pdx1-T2 AACAGGTGTCCACTGCCAAG CCCAGCCTGAGTCTCCTACTC 

pdx1-T3 AACAGGTGTCCACTGCCAAG CCCAGCCTGAGTCTCCTACTC 

ptf1a/p48 GCAGAAGCGCAATGCTATG GGATGAGAAGGAGAAGTTGCC 

tm4sf4-T1 GCATGATAACATTAAGGGCACA CAAATTCCAAAGGCCATCTC 

tm4sf4-T2 GGAGGTTAGTGGCTAAGGTAAT CTGACAACAGCAGGATAAAGAT 

tyrosinase GAGATCCTGCGTGTCATATTGG CATAGGGTTGGAGCCATTATTC 

 

 

 

 

 

 



grp78  88.9% (16/18) 
GACCATGAAGCTGTTTGCCTTGGTGTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA Wild-type 

 

GACCATGAAGCTGTTTGCCTTGGT-- TGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA (∆2)     [×2] 

GACCATGAAGCTGTTTGCCTTGGT--c GCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA (∆3,+1) 

GACCATGAAGCTGTTTGCCT- GG----- CTGGTGTCTGCCAGCGTATTTGCTGCTGATGA (∆6) 

GACCATGAAGCTGTTTGCCTTGGTGT-- CTG------- CCAGCGTATTTGCTGCTGATGA (∆9)     [×3] 

GACCATGAAGCTGTTTGCCTTG- TGT-- CTG------- CCAGCGTATTTGCTGCTGATGA (∆10) 

GACCATGAAGCTGTTTGC----------- TGGTGTCTGCCAGCGTATTTGCTGCTGATGA (∆11) 

GACCATGAAGCTGTTTGG-------------- TGTCTGCCAGCGTATTTGCTGCTGATGA (∆14) 

------------------------ GTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA (∆48) 

GACCATGAAGCTGTTTGCCTTGGTGgTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATG (+1) 

GACCATGAAGCTGTTTGCCTTGGTGgtgc TGGTGTCTGCCAGCGTctgccagcgt ATTTG ( ∆4,+14) 

GACCATGAAGCTGTTTGCCTTGGTGTctgtt TGCTGGTGTCTGCCAGCGTATTTGCTGCT (+5)     [×2] 

GACCATGAAGCTGTTatatg TGcaatgcctactgccagtca TGCTGGTGTCTGCCAGCGT (∆9,+24) 

GACCATGAAGCTGTTTGCCTTGGTGTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA           [×2] 

 

elastase Target 1  100% (20/20) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATACCTGTGGGGGCTCCCTGATCCGTG Wild-type 

 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATAC- TGTGGGGGCTCCCTGATCCGTG (∆1) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA--- CTGTGGGGGCTCCCTGATCCGTG (∆3) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA- A- CTG- GGGGGCTCCCTGATCCGTG (∆3) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA- A- CTG- GGGGGCTCCCTGATCCGTG (∆3) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACC----- TGTGGGGGCTCCCTGATCCGTG (∆5)     [×3] 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA-ggga GTGGGGGCTCCCTGATCCGTG (∆5,+4) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGaACC----- TGTGGGGGCTCCCTGATCCGTG (∆6,+1) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCAT------ GGGGGCTCCCTGATCCGTG (∆6) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTAC------ TGTGGGGGCTCCCTGATCCGTG (∆6) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATACCaaccgtacc TGTGGGGGCTCCC (+9) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGT----------- GGGGGCTCCCTGATCCGTG (∆11)    [×2] 

CCCTCCAGTACCTGTCTGGTGGCAGTT-------------- GGGGGCTCCCTGATCCGTG (∆14) 

CCCTCCAGTACCTGTCTGGTGGCAGTT--------------- GGGGCTCCCTGATCCGTG (∆15) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA- A- CTG------------- ATCCGTG (∆15) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTA----------------- CCCTGATCCGTG (∆17) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTAC-------tgctgctactg GTGGGGGCTC (∆7,+11) 

CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCA- AC---a GGGG------------- TG ( ∆18,+1) 

 

elastase Target 2  87.5% (14/16) 
AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCCGTTCAGGATGCCAGGTACAATGAT Wild-type 

 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCTCT- CAGGATGCCAGGTACAATGAT (∆1) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCCaTTCAGGATGCCAGGTACAATGAT (∆1,+1) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCCGgTTCAGGATGCCAGGTACAATGA (+1) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTC----- AGGATGCCAGGTACAATGAT (∆5) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCC----- GGATGCCAGGTACAATGAT (∆5) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCCG----- GATGCCAGGTACAATGAT (∆5) 

AGTCCACCATGGTGTGTGCTGGTGGTGATttcatttgt------- GCCAGGTACAATGAT (∆16,+9) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGT----------- GCCAGGTACAATGAT (∆11)    [×2] 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTC------------- AGGTACAATGAT (∆13)    [×2] 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCAGGT------------- ACAATGAT (∆13)    [×2] 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCAAT------------------- GAT ( ∆19) 

AGTCCACCATGGTGTGTGCTGGTGGTGATGGAGTCCGTTCAGGATGCCAGGTACAATGAT           [×2] 

 

ets1 Target 1  33.3% (6/18) 
TTCAGAAGTTCTGTATGAGCGGAGCAGCATTATGTGGCCTGGGGAAGGAATGTTTTCTAG Wild-type 

 

TTCAGAAGTTCTGTATGAGCGGAGCAGCATTATG----- TGGGGAAGGAATGTTTTCTAG (∆5)     [×2] 

TTCAGAAGTTCTGTATGAGCGGAGCAGCATTATGTGG----- GGAAGGAATGTTTTCTAG (∆5) 

TTCAGAAGTTCTGTATGAGCGGAGCAGCAT--acagaa CTGGGGAAGGAATGTTTTCTAG (∆8,+6) 

TTCAGAAGTTCTGTATGAGCGGAGCAGCA----------------- GGAATGTTTTCTAG (∆17) 

TTCAGAAGTTCTGTATGAGCGGAGCAG-------------------- GAATGTTTTCTAG (∆20) 

TTCAGAAGTTCTGTATGAGCGGAGCAGCATTATGTGGCCTGGGGAAGGAATGTTTTCTAG          [×12] 

 

ets2  100% (21/21) 
AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTACCT Wild-type 

 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTta CATGGTATGTGTCTTGCTTaC ( ∆1,+3) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTTACCT (∆2)     [ ×2] 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACT-- CATggtat GGTATGTGTCTTGCT (∆2,+5) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCcatagca TGGTATGTGTCTTGCTT (∆3,+7) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTcACCT ( ∆3,+1) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTAC---- ATGGTATGTGTCTTGCTTACCT (∆4) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTT- C---- ATGGTATGTGTCTTGCTTACCT (∆5) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTA------ TGGTATGTGTCTTGCTTACCT (∆6) 

AGAACAGGCGGTACCAACGGGTCTGGACTCT------ CATGGTATGTGTCTTGCTTACCT (∆6)     [ ×2] 

AGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTACCT (∆8)     [ ×2] 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTAC--------- TGGTATGTGTCTTGCTT (∆9) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTT-------- GGTATGgGTCTgGgTt ACgT ( ∆13,+5) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC--- TGGcTAaaTcc Tacaaaa TaC ( ∆13,+5) 

AGAACAGGCGGTACCAACGGGTCTGG---------------- TATGTGTCTTGCTTACCT (∆16) 

AGAACAGGCGGTACCAACGGG-------------------------------------- T ( ∆38) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTta CTCATGGTATGTGTCTTGCTTAC (+2) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCatca TCATGGTATGTGTCTTGCTT (+4) 

AGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTgttact CATGGTATGTGTCTTGC (+6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

hhex  100% (18/18) 
AGAATAGCCATGCAGTACCAGCACCCCAGCTCCTCAGCCCTGGGGCTCAGTGTCCCCCTG Wild-type 

 

AGAATAGCCATACAGTACCAGCAgta- CCCAGCTCCTCAGCCCTGGGGCTCAGTGTCCCC (∆1,+3) 

AGAATAGCCATGCAGTACCAGCACCCtcagtac CAGCTCCTCAGCCCTGGGGCTCAGTGT (+7) 

AGAATAGCCATGCAGTACCAGCTCCTCAGC-------- CCTGGGGCTCAGTGTCCCCCTG (∆8)     [×9] 

AGAATAGCCATGCAGTA-------------- CCTCAGCCCTGGGGCTCAGTGTCCCCCTG (∆14) 

AGAATAGCCATGCAGT--------------- CCTCAGCCCTGGGGCTCAGTGTCCCCCTG (∆15) 

AGAATAGCCATGCAGTACCAGC---------------- CCTGGGGCTCAGTGTCCCCCTG (∆16) 

AGAATAGCCATGCAGTA---------------- TCAGCCCTGGGGCTCAGTGTCCCCCTG (∆16) 

AGAATAGCCATGC----------------- TCCTCAGCCCTGGGGCTCAGTGTCCCCCTG (∆17) 

AGAATAGCCATG----------------------- AGCCCTGGGGCTCAGTGTCCCCCTG (∆23) 

------------------------------ TCCTCAGCCCTGGGGCTCAGTGTCCCCCTG (∆40) 

 

ptf1a/p48  72.2% (13/18) 
TGGACCCAGACGACTTTTTGGAAGACGATGTGGACTTCTTGGCCGGTCAGATCCAAGACT Wild-type 

 

TGGACCCAGACGACTTTTTGGAAGACGAT-------- CTTGGCCGGTCAGATCCAAGACT (∆8) 

TGGACCCAGACGACTTTTTGGAAGACGATGTGG--------- CCGGTCAGATCCAAGACT (∆9) 

TGGACCCAGACGACTTTTTGGAAGACGATG--------- TGGCCGGTCAGATCCAAGACT (∆9)     [×4] 

TGGACCCAGACGACTTTTTGGAAGA----------- TCTTGGCCGGTCAGATCCAAGACT (∆11) 

TGGACCCAGACGACTTTTTGGAAGACGATG----tccacgatgt GGTCAGATCCAAGACT (∆14,+10) 

TGGACCCAGACGACTTTTTGGAAGACGATG-------------------- ATCCAAGACT (∆20) 

--------------------------------------- TGGCCGGTCAGATCCAAGACT (∆28) 

--------------------------------------- TGGCCGGTCAGATCCAAGACT (∆52)    [×2] 

TGGACCCAGACGACTTTTTGGAAGACGATG------------------------------  ( ∆55) 

TGGACCCAGACGACTTTTTGGAAGACGATGTGGACTTCTTGGCCGGTCAGATCCAAGACT           [×5] 

 

pat Target 1  10% (2/20) 
GTAGCATTTGGTGGGATATTGGCCTGTAAGCAAAACATTTTGGTTTTAGATAAGGTTTCT Wild-type 

 

GTAGCATTTGGTGGGATATTGGCCTGTAAG------------------------ GTTTCT ( ∆24) 

GTAGCATTTGGTGGGATATTGGCCT-------------------------- AAGGTTTCT (∆26) 

GTAGCATTTGGTGGGATATTGGCCTGTAAGCAAAACATTTTGGTTTTAGATAAGGTTTCT          [×18] 

 

tm4sf4 Target 1  86.7% (12/19) 
TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTGCTTGGGCATTACCCTTATACCAC Wild-type 

 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAtt TGCaac TGGGCATTACCCTTATACC (∆2,+5) 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTG--- GGGCATTACCCTTATACCAC (∆3) 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTG---- GGCATTACCCTTATACCAC (∆4)     [×2] 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAG---- TGGGCATTACCCTTATACCAC (∆4) 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTGtaca GGCATTACCCTTATACCAC (∆4,+4) 

cAACCTGAAAAATGac TTgTGaaGGgTGtt CAAAGgGCTTGGGCATTACCCTTATACCAC (∆10,+10) 

TAgCCTGAAAAATGTGTTCTGGTGGTTGCGCAAA---------- GCATTACCCTTATACC (∆11,+10) 

TAACCTGAAAAATGTGTTCTGGTGG------------- TTGGGCATTACCCTTATACCAC (∆13) 

TAACCTGAAAAATGTGTTCTGGTGGcTt------------ GGGCATTACCCTTATACCAC (∆14,+2) 

TAACCTGAAAAATGTGTTCTGGTG---------------- GGGCATTACCCTTATACCAC (∆16) 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTG-----------------------  ( ∆27) 

TAACCTGAAAAATGTGTTCTGGTGGTTGCGCAAAGTGCTTGGGCATTACCCTTATACCAC           [×7] 

 

tm4sf4 Target 2  100% (20/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 

 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACA-- CTGTGGGGACTGCAAATGCTGTG (∆2) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACAA-- TGTGGGGACTGCAAATGCTGTG (∆2) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAa- TGTGGGGACTGCAAATGCTGTG (∆2,+1) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACA--- TGTGGGGACTGCAAATGCTGTG (∆3) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAAC---- TGTGGGGACTGCAAATGCTGTG (∆4) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACAtgaaca TGGGGACTGCAAATGCTGT (∆5,+6) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------ TGGGGACTGCAAATGCTGTG (∆6) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAAC---tca TGGGGACTGCAAATGCTGTG (∆6,+3) 

GCGCCATTCAAGCTATCAACGGACTCATAGGActc AT--- AGGGGACTGCAAATGCTGTG (∆6,+3) 

GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATgca TGtctgttgggg ACTGCAAA (∆6,+13) 

GCGCCATTCAAGCTATCAACGGACTCATAGGggactgtaaa TGTGGGGACTGCAAATGCT (∆7,+9) 

GCGCCATTCAAGCTATCAACGGACTCATAGGActcata--- GGGGACTGCAAATGCTGTG (∆9,+6) 

GCGCCATTCAAGCTATCAACGGACTCATAGG---------- GGGGACTGCAAATGCTGTG (∆10) 

GCGCCATTCAAGCTATCAACGGACTCATA------------ GGGGACTGCAAATGCTGTG (∆12)    [×2] 

GCGCCATTCAAGCTATCAACGGACTCATAGG------------ GGACTGCAAATGCTGTG (∆12)    [×2] 

GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13) 

GCGCCATTCAAGCTATCAACGGACTCATAGGA-------------- CTGCAAATGCTGTG (∆14) 

GCGCCATTCAAGCTATCAACGGACTCA------------------------ AATGCTGTG (∆24) 

 

tyrosinase  82.4% (14/17) 
TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCATTCACTGGGGTTGACGATAGAGAGA Wild-type 

 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCAacc TTCACTGGGGTTGACGATAGAG (+3) 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCATT---- GGGGTTGACGATAGAGAGA (∆24)    [×3] 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCA---- CTGGGGTTGACGATAGAGAGA (∆4)     [×4] 

TCCTGACCAGCcCTGCTACTGGCCCTCAGTTTCCATT---- GGGGTTGACGATAGAGAGA (∆5) 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCAT----- GGGGTTGACGATAGAGAGA (∆5)     [×2] 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCC------ TGGGGTTGACGATAGAGAGA (∆6) 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCtggggttctcagttt CTGGGGTTGACG (∆6,+15) 

TCCTGACCAGCTCTGCTACTGGCCCTCAGT----------------- GACGATAGAGAGA (∆17) 

TCCTGACCAGCTCTGCTACTGGCCCTCAGTTTCCATTCACTGGGGTTGACGATAGAGAGA           [×3] 

 

 
Fig. S1. DNA sequencing data show the targeted mutations induced by gRNA/Cas9 targeting the loci illustrated in Fig. 2A. For all the panels, the 

wild-type sequence is shown at the top with the target site highlighted in yellow and the PAM sequence in blue text. Mutated regions are shaded in gray 

with red dashes indicating deletions and lowercase letters in red indicating insertions. The numbers in parentheses show the number of deleted (∆) or 

inserted (+) base pairs, whereas numbers in square brackets show the frequencies of the mutation in all the sequenced samples. 

 



ets1 Target 2  76.9% (10/13) 
 
AACATGCACAGTGTGTTCCGCCCTCTGAATTCTCTGAACCCAGCTTCATCACAGAGTCAT Wild-type 

 

AACATGCACAGTGTGTTCCGCCCT-- GAATTCTCTGAACCCAGCTTCATCACAGAGTCAT (∆2)     [×2] 

AACATGCACAGTGTGTTCCGC---- TGAATTCTCTGAACCCAGCTTCATCACAGAGTCAT (∆4) 

AACATGCACAGTGTGTTCC------ TGAATTCTCTGAACCCAGCTTCATCACAGAGTCAT (∆6) 

AACATGCACAGTGTGTTC------- TGAATTCTCTGAACCCAGCTTCATCACAGAGTCAT (∆7)     [×2] 

AACATGCACAGTGTGTTCCGCCCT--------- GTGAACCCAGCTTCATCACAGAGTCAT (∆9) 

AACATGCACAGTGTGTTCCGCCC------------ GAACCCAGCTTCATCACAGAGTCAT (∆12) 

AACATGCACAGTGAATTC-------------- TCTGAACCCAGCTTCATCACAGAGTCAT (∆14) 

AACATGCACAGTGTGcacagtgtgtt CTGAATTCTCTGAACCCAGCTTCATCACAGAGTC (∆9,+11) 

AACATGCACAGTGTGTTCCGCCCTCTGAATTCTCTGAACCCAGCTTCATCACAGAGTCAT           [×3] 

 

pat Target 2  57.9% (11/19) 
 
CACAGACTCTGAATCCCAAAGGCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAACA Wild-type 

 

CACAGACTCTGAATCCCAAAGGCACATTCTGATGCAGaA- TGGCAGCTCTTGGAAGAACA (∆2,+1) 

CACAGACTCTGAATCCCAAAGGCACATTCTGATGCAG--- TGGCAGCTCTTGGAAGAACA (∆3)     [ ×2] 

CACAGACTCTGAATCCCAAAGGCACATTCTGATGC--- AGTGGCAGCTCTTGGAAGAACA (∆3) 

CACAGACTCTGAATCCCAAAGGCACATTCTGAT--- GCAGTGGCAGCTCTTGGAAGAACA (∆3)     [ ×3] 

CACAGACTCTGAATCCCAAAGGCACATTC--------- AGTGGCAGCTCTTGGAAGAACA (∆9) 

CACAGACTCTGAATCCCAAAGGCACATTCTGATGCAGC--------- TCTTGGAAGAACA (∆9) 

CACAGACTCTGAATCCCAAAGGCACATTC--------- AGTGGCAGCTCTTGGAAGAACA (∆9) 

CACAGACTCTGAATCCCAAAGGCACATTC----------- TGGCAGCTCTTGGAAGAACA (∆11) 

CACAGACTCTGAATCCCAAAGGCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAACA           [ ×8] 

 

pdx1 Target 2  75% (15/20) 
 
CACCACCATCATCACCACCATCACCCAGGGATCCCTCACCCCCACCAGCAAATGCCATTC Wild-type 

 

CACCACCATCATCACCACCAT-- CCCAGGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆2) 

CACCACCATCATCACCACCATCAgagCCGAGGGATCCCTCACCCCCACCAGCAAATGCCA (+3) 

CACCACCATCATCACCACCA---- CCAGGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆4) 

CACCACCATCATCACCACCATCA---- GGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆4)     [ ×2] 

CACCACCATCATCACCACCC------ AGGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆6) 

CACCACCATCATCACCACC------ CAGGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆6) 

CACCACCATCATCACCACCATgAtggt GGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆5,+5) 

CACCACCATCATCACCACCATgatggt GGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆6,+6) 

CACCACCATCATCACgacgtcagat ACCCAGGGATCCCTCACCCCCACCAGCAAATGCCA (∆7,+10) 

CATCACCATCA---------ggcat CAGGGATCCCTCACCCCCACCAGCAAATGCCATTC (∆14,+5) 

CACCACCATCACCCCCACCA--------------------------- GCAAATGCCATTC (∆27)    [ ×2] 

gtgaggg ATCCCTCACCCC----------------------- CACCAGCAAATGCCATTC (∆30,+7) 

CACCACCATCATCACCAC------------------------------------------  ( ∆50) 

CACCACCATCATCACCACCATCACCCAGGGATCCCTCACCCCCACCAGCAAATGCCATTC           [ ×5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ets1 Target 3  66.7% (10/15) 
 
AATATGAGAATGACTACCCTTTAGCATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG Wild-type 

 

AATATGAGAATGAC- ACCC----- CATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆6) 

AATATGAGAATGACTAACCT------ TTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆6)     [ ×2] 

AATATGAGAATGACTACC------ CATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆6)     [ ×2] 

AATATGAGAATGACTACT------- ATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆7) 

AATATGAGAATGACTAC------- CATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆7) 

AATATGAGAATGA----------- CATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆11) 

------------------------ CATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG (∆47) 

AATATGAGAATGACgACCgaTcAcCAgTGCTGCGaGACCCCCgGCAaCCaGATTCTCAt G ( ∆11,+11) 

AATATGAGAATGACTACCCTTTAGCATTGCTGCGTGACCCCCTGCAGCCTGAATCTCAGG           [ ×5] 

 

pat Target 3  78.9% (15/19) 
 
GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAACAGTGGGAGTACATTCACCATCT Wild-type 

 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAA-- GTGGGAGTACATTCACCATCT (∆2) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAgt ACAGTGGGAGTACATTCACCAT (∆2,+2) 

GCACATTATGATGCAGCAGTGGCAGCTCTTGGAAGAgC-- TGGGAGTACATTCACCATCT (∆3,+1) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAG- ACAt TGGGAGTACATTCACCATCT (∆2,+1) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTG----t ACAGTGGGAGTACATTCACCATCT (∆5,+1) 

GCACATTCTGATGCAGCAGTGGCAGCTCT----- Gt ACAGTGGGAGTACATTCACCATCT (∆6,+1) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAAgtttgtt CAGTGGGAGTACATTC (+7) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGA--- GTGGGAGTgggagt ACATTCA (∆3,+6) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGA--------- GTACATTCACCATCT (∆9)     [ ×2] 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGG----------- GAGTACATTCACCATCT (∆11) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAG----------- TACATTCACCATCT (∆11)    [ ×2] 

GCACATTGTGATGCAGCAGTGGCAGCTCTCGGAtg AGt Acattccgt ACAGTGGGAGTAC (+11) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGA--gctggagtggg AGTGGGAGTAC (∆2,+11) 

GCACATTCTGATGCAGCAGTGGCAGCTCTTGGAAGAACAGTGGGAGTACATTCACCATCT           [ ×4] 

 

pdx1 Target 3  45% (9/20) 
 
ACCCAGGGATCCCTCACCCCCACCAGCAAATGCCATTCCCAGATGACACTGAATCTGCAA Wild-type 

 

ACCCAGGGATCCCTCACCCCCAC---- AAATGCCATTCCCAGATGACACTGAATCTGCAA (∆4) 

ACCCAGGGATCCCTCACCCCCACCccc AGCAAATGCCATTCCCAGATGACACTGAATCTG (+3) 

ACCCAGGGATCCCTCACCCC---- AGCAAATGCCATTCCCAGATGACACTGAATCTGCAA (∆4) 

ACCCAGGGATCCCTCA------------ AATGCCATTCCCAGATGACACTGAATCTGCAA (∆12) 

ACCCAGGGATCCCTCACtttg CCAatg GCAAATGCCATTCCCAGATGACACTGAATCTGC (∆5,+7) 

ACCCAGGGATCCCTCACCCCCACAGAAGGGGGTGCCATTCCCAGATGACACTGAATCTGC (∆7,+9) 

At- CA--- ATaCCTCACCCCCgggAGCAAATACCATTCCCAGATGACACTGAATCTGCAA (∆9,+5) 

ACCCAGGGA------------------- AATGCCATTCCCAGATGACACTGAATCTGCAA (∆19) 

ACCCAG------------------------------------ ATGACACTGAATCTGCAA (∆36) 

ACCCAGGGATCCCTCACCCCCACCAGCAAATGCCATTCCCAGATGACACTGAATCTGCAA           [ ×11] 

 

Fig. S2. DNA sequencing data show the targeted mutations induced by gRNA/Cas9 targeting the genes showed in Fig. 2H. For all the panels, the 

wild-type sequence is shown at the top with the target site highlighted in yellow and the PAM sequence in blue text. Mutated regions are shaded in gray 

with red dashes indicating deletions and lowercase letters in red indicating insertions. The numbers in parentheses show the number of deleted (∆) or 

inserted (+) base pairs, whereas numbers in square brackets show the frequencies of the mutation in all the sequenced samples. 



ets2 m1  0% (0/19) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×19] 
 
ets2 m3  0% (0/20) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×20] 
 
ets2 m5  0% (0/20) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×20] 
 
ets2 m7  0% (0/20) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×20] 
 
ets2 m9  0% (0/19) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×19] 
 
ets2 m11  0% (0/18) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×18] 
 
ets2 m12  10% (2/20) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTTCCC (∆2) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTAC---- ATGGTATGTGTCTTGCTTCCC (∆4) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC         [×18] 
 
ets2 m13  53% (10/19) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTTCCC (∆2)    [×3] 
AAGAACAGGCGGTACCAACGGGTCTGGACACATACTC-- ATGGTATGTGTCTTGCTTCCC (∆4,+2) 
AAGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTCCC (∆8)    [×2] 
AAGAACCGGCGGTACCAACGGGTCTGGACTCT--------- GGTATGTGTCTTGCTTCCC (∆9) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCCAGACCCGTATGTGTCTTGCTTC (∆5,+7) 
AAGAACAGGCGGTACCAAC------------------ TCATGGTATGTGTCTTGCTTCCC (∆18) 
AAGAACAGGCGGTACCAACG--------------------------- TGTCTTGCTTCCC (∆27) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC          [×10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ets2 m15  18% (3/17) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTcACTcatggtactca TGGTATGTGTCTT (∆5,+12) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTTCCC (∆2) 
AAGAACAGGCGGTA------------------------------- TGTGTCTTGCCTCCC (∆31) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC           [×14] 
 
ets2 m17  18% (3/17) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTCCC (∆8)     [×2] 
AAGAACTGGCGGTACCTACGGGTTTGGA-------- CTCATGGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC           [×14] 
 
ets2 m18  80% (16/20) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCaaaaagactccagtgcta TGGTA (∆3,+18) [×2] 
AAGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTC-- ATGGTATGTGTCTTGCTTCCC (∆2)      [×5] 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTA----- TGTGTATGTGTCTTGCTTCCC (∆5) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTAC------------------------ C ( ∆24) 
AAGAACAGGCGGTACCAACGGGTCTGGACT---------------------- TGCTTCCC (∆22) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACT- T- ATGGTATGTGTCTTGCTTCCC (∆2)      [×2] 
AAGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCT-gga CTCATGGTATGTGTCTTGCTTCCC (∆4,+3) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCAT-------- GGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC            [×4] 
 
ets2 m19  68% (13/19) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACGGGCGGTACCAACGGGTCTGGACTCTTAATC-- ATGGTATGTGTCTTGCTTCCC (∆2)      [×5] 
AAGAACAGGCGGTACCAACGGGTCTGGACACAT-------- GGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTC-------- ATGGTATGTGTCTTGCTTCCC (∆8) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCT--------- GGTATGTGTCTTGCTTCCC (∆9) 
AAGAACAGGCGGTACCAACGGGTCTGGAC--------A CATGGTATGTGTCTTGCTTCCC (∆9,+1) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACGGGTCTGGACTCATGGTATGTGTCT (∆1,+9) 
AAGAACAGGCGGTACCAACGGGTCTGGAC---------- ATGGTATGTGTCTTGCTTCCC (∆10) 
AAGAACAGGCGGTACCAACGGGTCTGGAC------------ GG----- GTCTTGCTTCCC (∆17) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCAACGGGTCTGGACTCTTACTCAT (+19) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC            [×6] 
 
ets2 m20  6% (1/16) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC Wild-type 
 
AAGAACAGGCGGTACCt ACGGGTCTGGACTCT------ CATGGTATGTGTCTTGCTTCCC (∆7,+1) 
AAGAACAGGCGGTACCAACGGGTCTGGACTCTTACTCTCATGGTATGTGTCTTGCTTCCC           [×15] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S3. DNA sequencing data show the the consequence of single-nucleotide mismatches between the spacer and the protospacer sequences on the 

Cas9 mediated gene targeting efficiencies as illustrated in Fig. 3A for ets2 loci. For all the panels with mutations, the wild-type sequence is shown at the 

top with the target site highlighted in yellow and the PAM sequence in blue text. Mutated regions are shaded in gray with red dashes indicating deletions 

and lowercase letters in red indicating insertions. For all the panels without mutations, only the wild-type sequence is shown. The numbers in 

parentheses show the number of deleted (∆) or inserted (+) base pairs, whereas numbers in square brackets show the frequencies of the mutation in all 

the sequenced samples. 



tm4sf4-T2 m1  0% (0/19) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×19] 
 
tm4sf4-T2 m3  0% (0/16) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×16] 
 
tm4sf4-T2 m5  0% (0/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×20] 
 
tm4sf4-T2 m7  0% (0/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×20] 
 
tm4sf4-T2 m9  0% (0/18) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×18] 
 
tm4sf4-T2 m11  0% (0/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×20] 
 
tm4sf4-T2 m12  95% (19/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAT---- GGGGACTGCAAATGCTGTG (∆4)    [×5] 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATgcat TGTGGGGACTGCAAATGCT (∆1,+4) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAT----- GGGGACTGCAAATGCTGTG (∆5) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC-- TCa- TGGGGACTGCAAATGCTGTG (∆4,+1) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATggggggg CTGTGGGGACTGCAAA (+7) 
GCGCCATTCAAGCTATCAACGGACTCATAGG----------- GGGACTGCAAATGCTGTG (∆11)   [×3] 
GCGCCATTCAAGCTATCAACGGACTCAT----------- GTGGGGACTGCAAATGCTGTG (∆11) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA---ctgca TGGGGACTGCAAATGCTGTG (∆8,+5) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA-------------- CTGCAAATGCTGTG (∆14) 
GCGCCATTCAAGCaATCAACGGACTCAT----------- G- GGGGACTGCAAATGCTGTG (∆13,+1) 
GCGCCATTCAAGCT------------------------- GTGGGGACTGCAAATGCTGTG (∆25) 
GCGCTTGAAATGCT------------------------------------------- GTG ( ∆43) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG 
 
tm4sf4-T2 m13  35% (7/20) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACA----- TGGGGACTGCAAATGCTGTG (∆5) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAgc CTGTGGGGACTGCAAATGCTGTG (∆2,+2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGgg- A-- CTGTGGGGACTGCAAATGCTGTG (∆5,+2) 
CCGCCATTCAAGCAATCAACTGATTGATAGGA---- TCTGTGGGGACTGCAAATGCTGTG (∆4) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACA--- TGTGGGGACTGCAAATGCTGTG (∆3) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAtaggtc CTGTGGGGACTGCAAATGC (∆2,+6) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA------- GT----- CTGCAAATGCTGTG (∆12) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG        [×13] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tm4sf4-T2 m15  63% (12/19) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATGGG- GGGGACTGCAAATGCTGTG (∆1) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAT-- GTGGGGACTGCAAATGCTGTG (∆2)   [×2] 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC---- TGTGGGGACTGCAAATGCTGTG (∆4) 
GCGCCATTCAAGCTATCAACGGACTCATAG--- CA---- GTGGGGACTGCAAATGCTGTG (∆7) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA------- GT----- CTGCAAATGCTGTG (∆12) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA-------------- CTGCAAATGCTGTG (∆14) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAA---------------- ATGCTGTG (∆16) 
----------- G-------- GGACT----- G-- C----------- A- T---- ATGCTGTG (∆57) 
GCGCCATTCAAGCTATCAACGGACT----------------------- GCAAATGCTGTG (∆23) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA------------ G--- G--- A-------  ( ∆25) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG         [×7] 
 
tm4sf4-T2 m17  42% (8/19) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13)   [×2] 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATgTGTGGaGAgTGCAtg TGgTGTG ( ∆6,+6) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAT-- GTGGGGACTGCAAATGCTGcG ( ∆3,+1) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATGACTGCAAATGTGGGGACTGCAA (∆1,+9) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATgaGTGGGGACTGCAAATGCTGTG (∆2,+2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC---- TGTGGGGACTGCAAgTGCTGTG (∆5,+1) 
GCGCCATTCAAGCTATCAACGGACTCA------------------------ AATGCTGTG (∆24) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG          [×11] 
 
tm4sf4-T2 m18  71% (12/17) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGTTATCAACGGACTCATAGGAACAAT-- GTGGGGACTGCAAATGCTGTG (∆2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAa- TGTGGGGACTGCgAATGCTGTG (∆3,+2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAa- TGTGGGGACTGCAAATGCTGTG (∆3,+1) 
GCGCCATTCAAGCTATCAACGGACTCATAGaAACA- T-a GTGGGGACTGCAAATGCTGTG (∆4,+2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGActcataggaa CTGTGGGGACTGCAAATG (∆5,+10)[×3] 
GCGCCATTCAAGCTATCAACGGACTCATAGGA- C-- TC-a TGGGGACTGCAAATGCTGTG (∆5,+1) 
GCGCCATTCAAGCTATCAACGGACTCA----------- TGTGGGGACTGCAAATGCTGTG (∆11) 
GCGCCATTCAAGCTATCAACGGACTCAT------------- GGGGACTGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATGGGGAC------------- TGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATgGGA------------- ACTGCAAATGCTGTG (∆14,+1) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG           [×5] 
 
tm4sf4-T2 m19  61% (11/18) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAT---- GGGGACTGCAAATGCTGTG (∆4) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAttgca GTGGGGACTGCAAATGCTGT (∆4,+5) 
GCGCCATTCAAGCTATCAACGGACTCATAGGActcataggaa CTGTGGGGACTGCAAATG (∆5,+10) [×6] 
GCGCCATTCAAGCTATCAACGGACTCATAGGAA-- AT----- GGGACTGCAAATGCTGTG (∆7) 
GCGCC- TTCCAGCTAG- AACGGACTCAAAGGA----- C- GTGGGGACTGCAct TGCTGTG (∆8,+2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG            [×7] 
 
tm4sf4-T2 m20  63% (12/19) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG Wild-type 
 
GCGCCATTCAAGCTATCAACGGACT----------------------- GCAAATGCTGTG (∆23)      [×3] 
GCGCCATTCAAGCTATCAACGGACTCATAGGActcataggaa CTGTGGGGACTGCAAATG (∆5,+10)   [×2] 
GCGCCATTCAAGCTATCAACGGACTCATAGGAAC------------- TGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAT-- GTGGGGACCGCAAATGCTGTG (∆2) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAA-a TGTGGGGACTGCAAATGCTGTG (∆2,+1) 
GCGCCATTCAAGCTATCAACGGACTCATAGG------------- GACTGCAAATGCTGTG (∆13) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAAatg CTGTGGGGACTGCAAATGCTG (∆1,+3) 
GCGCCATTCAAGCTATCAACGGACTCATAGGA----ctca TGGGGACTGCAAATGCTGTG (∆8,+4) 
GCGCCATTCAAGCTATCAACGGACTCAT--tgttccta TGTGGGGACTGCAAATGCTGTG (∆10,+8) 
GCGCCATTCAAGCTATCAACGGACTCATAGGAACAATCTGTGGGGACTGCAAATGCTGTG             [×7] 
 
 

Fig. S4. DNA sequencing data show the the consequence of single-nucleotide mismatches between the spacer and the protospacer sequences on the 

Cas9 mediated gene targeting efficiencies as illustrated in Fig. 3B for tm4sf4-T2 loci. For all the panels with mutations, the wild-type sequence is shown at 

the top with the target site highlighted in yellow and the PAM sequence in blue text. Mutated regions are shaded in gray with red dashes indicating 

deletions and lowercase letters in red indicating insertions. For all the panels without mutations, only the wild-type sequence is shown. The numbers in 

parentheses show the number of deleted (∆) or inserted (+) base pairs, whereas numbers in square brackets show the frequencies of the mutation in all 

the sequenced samples. 



elastase T1 + grp78 gRNA 
 
elastase Target 1  100% (16/16) 
 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATACCTGTGGGGGCTCCCTGATCCGTG   Wild-type 
 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATAC- TGTGGGGGCTCCCTGATCCGTG   (∆1) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCATAC- TagGGGGGCTCCCTGATCCGTG   (∆3,+2) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACC—--CC- GTGGGGGCTCCCTGATCCGTG   (∆4) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCAgacagggagt TGGGGGCTCCCTGATC   (∆4,+10) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACC----- TGTGGGGGCTCCCTGATCCGTG   (∆5) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCatac- TGTGGGGGCTCCCTGATCCGTG   (∆5,+4)  
CCCTCCAGTACCTGTCTGGTGGCAGTTGGTACCAgacaggtactggagggagatc TGGGG   ( ∆6,+21) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGaACCATct-gt TGGGGGCTCCCTGATCCGTG   (∆6,+5) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGggggg--- CTGTGGGGGCTCCCTGATCCGTG   (∆8,+5) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGGT--------- GTGGGGGCTCCCTGATCCGTG   (∆9)     [×2] 
CCCTCCAGTACCTGTCTGGTGGCAGT-------------- TGGGGGCTCCCTGATCCGTG   (∆14)    [×2] 
CCCTCCAGTACCTGTCTGGTGGCAGTT--------------- GGGGCTCCCTGATCCGTG   (∆15) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGG---------------- GCTCCCTGATCCGTG   (∆16) 
CCCTCCAGTACCTGTCTGGTGGCAGTTGG--------------- GGCTCCgtgatggctc    ( ∆26,+11) 
 
grp78  84% (16/19) 
 
GACCATGAAGCTGTTTGCCTTGGTGTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA   Wild-type 
 
GACCATGAAGCTGTTTGCCTTGGTGT-- CTGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆2) 
GACCATGAAGCTGTTTGCCTTGcc- TTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆3,+2) 
GACCATGAAGCTGTTTGCCTT------ GCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆6) 
GACCATGAAGCTGTTTGCCTTGc------ TGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆7,+1)  
GACCATGAAGCTGTTTGCCTTGc------ TGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆7,+1) 
GACCATGAAGCTGTTTGCCTTGGTGTT--------- TGCCAGCGTATTTGCTGCTGATGA   (∆9) 
GACCATGAAGCTGTTTGCC---------- TGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆10) 
GACCATGAAcCTGTTgGCCTTGGc--------- GTCTGCCAGCGTcTTTGt TGCtgatga    ( ∆14,+11) 
GACCATGcAGCgGTTgGCC------- TGgTG- T-- CTGCCAGCGcATTTGCTGCTGATGA   (∆15,+5) 
GACCATGAAG--------------------- GTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆21) 
--- CA--------------------- TGgTGGTGTCTGCCAGCGTATTTGCTGCTGATGA   (∆25,+1) 
GACCATGAAGCTGTTTGCCTTGGTGgTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATG   (+1) 
GACCATGAAGCTGTTTGCCTTGGTt GTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATG   (+1)     [×2]  
GACCATGAAGCTGTTTGCCTTGGTGaccatgaagctg TTGCTGGTGTCTGCCAGCGTATT   (+12) 
GACCATGAAGCTGTTTGCCcttctcactgctaaagctt TTGCTGGTGTCTGCCAGCGTAT   (+19) 
GACCATGAAGCTGTTTGCCTTGGTGTTGCTGGTGTCTGCCAGCGTATTTGCTGCTGATGA             [×3] 

 
 
 
 
 
 
 

Fig. S5. DNA sequencing data show the targeted mutations in elastase (the upper panel) and grp78 (the lower panel) induced by co-injection 

of Cas9 mRNA together with two gRNAs targeting elastase-T1 and grp78. For both panels, the wild-type sequence is shown at the top with 

the target site highlighted in yellow and the PAM sequence in blue text. Mutated regions are shaded in gray with red dashes indicating 

deletions and lowercase letters in red indicating insertions. The numbers in parentheses show the number of deleted (∆) or inserted (+) base 

pairs, whereas numbers in square brackets show the frequencies of the mutation in all the sequenced samples. 



3xFLAG-NLS-SpCas9-NLSSP6 SV40 PA

EcoRI XhoI  NotI  

pCS2- 3xFLAG-NLS-SpCas9-NLS

T7

BbsI DraI  

gRNA scaffold

BbsI 

pUC57-Simple-gRNA backbone

DraI

gRNA backbone sequence

T7 promoter BbsI BbsI
TAATACGACTCACTATAGGTCGTCTTCGAGAAGACCTGTTTTAGAGCTAGAAATAGCAA

GTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTAAA

Fig. S6. Cas9 and gRNA expression vectors used in this study. The upper and middle diagrams illustrate the pCS2-3xFLAG-
NLS-SpCas9-NLS vector and the pUC57-Simple-gRNA backbone vector, respectively. The bottom panel shows the DNA
sequence of T7 promoter, BbsI cloning sites, and the gRNA backbone. T7 promoter is underlined and the transcription start site
is highlighted in yellow. The BbsI and DraI restriction sites are shaded in grey. NLS, nuclear localization signal; SpCas9,
Streptococcus pyogenes Cas9.
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