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SUPPLEMENTARY MATERIALS AND METHODS 

 

Cell culture and transfection 

Human embryonic kidney (HEK) cell line 293FT (Life Technologies) was maintained in 

Dulbecco’s modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum 

(HyClone), 2mM GlutaMAX (Life Technologies), 100U/mL penicillin, and 100µg/mL 

streptomycin at 37ºC with 5% CO2 incubation. Mouse neuro2A (N2A) cell line (ATCC) was 

maintained with DMEM supplemented with 5% fetal bovine serum (HyClone), 2mM GlutaMAX 

(Life Technologies), 100U/mL penicillin, and 100µg/mL streptomycin at 37ºC with 5% CO2. 

 

293FT or N2A cells were seeded into 24-well plates (Corning) one day prior to transfection at a 

density of 200,000 cells per well. Cells were transfected using Lipofectamine 2000 (Life 

Technologies) following the manufacturer’s recommended protocol. For each well of a 24-well 

plate a total of 800ng plasmids was used. 

 

Suveryor assay and sequencing analysis for genome modification 

293FT or N2A cells were transfected with plasmid DNA as described above. Cells were 

incubated at 37ºC for 72 hours post transfection before genomic DNA extraction. Genomic DNA 

was extracted using the QuickExtract DNA extraction kit (Epicentre) following the 

manufacturer’s protocol. Briefly, cells were resuspended in QuickExtract solution and incubated 

at 65ºC for 15 minutes and 98ºC for 10 minutes. 

 

Genomic region surrounding the CRISPR target site for each gene was PCR amplified, and 

products were purified using QiaQuick Spin Column (Qiagen) following manufacturer’s 

protocol. A total of 400ng of the purified PCR products were mixed with 2µl 10X Taq 

polymerase PCR buffer (Enzymatics) and ultrapure water to a final volume of 20µl, and 

subjected to a re-annealing process to enable heteroduplex formation: 95ºC for 10min, 95ºC to 

85ºC ramping at – 2ºC/s, 85ºC to 25ºC at – 0.25ºC/s, and 25ºC hold for 1 minute. After re-

annealing, products were treated with SURVEYOR nuclease and SURVEYOR enhancer S 

(Transgenomics) following the manufacturer’s recommended protocol, and analyzed on 4-20% 

Novex TBE poly-acrylamide gels (Life Technologies). Gels were stained with SYBR Gold DNA 



stain (Life Technologies) for 30 minutes and imaged with a Gel Doc gel imaging system (Bio-

rad). Quantification was based on relative band intensities.  

 

Restriction fragment length polymorphism assay for detection of homologous recombination 

HEK 293FT and N2A cells were transfected with plasmid DNA, and incubated at 37°C for 72 

hours before genomic DNA extraction as described above. The target genomic region was PCR 

amplified using primers outside the homology arms of the homologous recombination (HR) 

template. PCR products were separated on a 1% agarose gel and extracted with MinElute 

GelExtraction Kit (Qiagen). Purified products were digested with HindIII (Fermentas) and 

analyzed on a 6% Novex TBE poly-acrylamide gel (Life Technologies). 

 

RNA extraction and purification 

HEK 293FT cells were maintained and transfected as stated previously. Cells were harvested by 

trypsinization followed by washing in phosphate buffered saline (PBS). Total cell RNA was 

extracted with TRI reagent (Sigma) following manufacturer’s protocol. Extracted total RNA was 

quantified using Naonodrop (Thermo Scientific) and normalized to same concentration. 

 

Northern blot analysis of crRNA and tracrRNA expression in mammalian cells 

RNAs were mixed with equal volumes of 2X loading buffer (Ambion), heated to 95ºC for 5 min, 

chilled on ice for 1 min and then loaded onto 8% denaturing polyacrylamide gels (SequaGel, 

National Diagnostics) after pre-running the gel for at least 30 minutes. The samples were 

electrophoresed for 1.5 hours at 40W limit. Afterwards, the RNA was transferred to Hybond N+ 

membrane (GE Healthcare) at 300 mA in a semi-dry transfer apparatus (Bio-rad) at room 

temperature for 1.5 hours. The RNA was crosslinked to the membrane using autocrosslink button 

on Stratagene UV Crosslinker the Stratalinker (Stratagene). The membrane was pre-hybridized 

in ULTRAhyb-Oligo Hybridization Buffer (Ambion) for 30 min with rotation at 42ºC and then 

probes were added and hybridized overnight. Probes were ordered from IDT and labeled with 

[gamma-32P] ATP (Perkin Elmer) with T4 polynucleotide kinase (New England Biolabs). The 

membrane was washed once with pre-warmed (42ºC) 2xSSC, 0.5% SDS for 1 min followed by 

two 30 minute washes at 42ºC. The membrane was exposed to phosphor screen for one hour or 

overnight at room temperature and then scanned with phosphorimager (Typhoon). 



SUPPLEMENTARY FIGURES 

 

Figure S1 

 
Fig. S1. Schematic of the type II CRISPR-mediated DNA double-strand break. The type II 

CRISPR locus from Streptococcus pyogenes SF370 contains a cluster of four genes, Cas9, Cas1, 

Cas2, and Csn1, as well as two non-coding RNA elements, tracrRNA and a characteristic array 

of repetitive sequences (direct repeats) interspaced by short stretches of non-repetitive sequences 

(spacers, 30bp each) (15-18, 30, 31). Each spacer is typically derived from foreign genetic 

material (protospacer), and directs the specificity of CRISPR-mediated nucleic acid cleavage. In 

the target nucleic acid, each protospacer is associated with a protospacer adjacent motif (PAM) 

whose recognition is specific to individual CRISPR systems (22, 23). The Type II CRISPR 

system carries out targeted DNA double-strand break (DSB) in sequential steps (12-14, 20, 21). 

First, the pre-crRNA array and tracrRNA are transcribed from the CRISPR locus. Second, 

tracrRNA hybridizes to the direct repeats of pre-crRNA and associates with Cas9 as a duplex, 

which mediates the processing of the pre-crRNA into mature crRNAs containing individual, 

truncated spacer sequences. Third, the mature crRNA:tracrRNA duplex directs Cas9 to the DNA 

target consisting of the protospacer and the requisite PAM via heteroduplex formation between 

the spacer region of the crRNA and the protospacer DNA. Finally, Cas9 mediates cleavage of 

target DNA upstream of PAM to create a DSB within the protospacer. 
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Figure S2 

 
Fig S2. Comparison of different tracrRNA transcripts for Cas9-mediated gene targeting. 

(A) Schematic showing the design and sequences of two tracrRNA transcripts tested (short and 

long). Each transcript is driven by a U6 promoter. Transcription start site is marked as +1 and 

transcription terminator is as indicated. Blue line indicates the region whose reverse-complement 

sequence is used to generate northern blot probes for tracrRNA detection. (B) SURVEYOR 

assay comparing the efficiency of SpCas9-mediated cleavage of the EMX1 locus. Two biological 

replicas are shown for each tracrRNA transcript. (C) Northern blot analysis of total RNA 

extracted from 293FT cells transfected with U6 expression constructs carrying long or short 

tracrRNA, as well as SpCas9 and DR-EMX1(1)-DR. Left and right panels are from 293FT cells 

transfected without or with SpRNase III respectively. U6 indicate loading control blotted with a 

probe targeting human U6 snRNA. Transfection of the short tracrRNA expression construct led 

to abundant levels of the processed form of tracrRNA (~75bp) (19). Very low amounts of long 

tracrRNA are detected on the northern blot. As a result of these experiments, we chose to use 

short tracrRNA for application in mammalian cells. 
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Figure S3 

 

 
 

Fig. S3. SURVEYOR assay for detection of double strand break-induced micro insertions 

and deletions (32). Schematic of the SURVEYOR assay used to determine Cas9-mediated 

cleavage efficiency. First, genomic PCR (gPCR) is used to amplify the Cas9 target region from a 

heterogeneous population of modified and unmodified cells, and the gPCR products are 

reannealed slowly to generate heteroduplexes. The reannealed heteroduplexes are cleaved by 

SURVEYOR nuclease, whereas homoduplexes are left intact. Cas9-mediated cleavage efficiency 

(% indel) is calculated based on the fraction of cleaved DNA. 
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Figure S4 

 
Fig. S4. Northern blot analysis of crRNA processing in mammalian cells. (A) Schematic 

showing the expression vector for a single spacer flanked by two direct repeats (DR-EMX1(1)-

DR). The 30bp spacer targeting the human EMX1 locus protospacer 1 (Table S1) is shown in 

blue and direct repeats are in shown in gray. Orange line indicates the region whose reverse-

complement sequence is used to generate northern blot probes for EMX1(1) crRNA detection. 

(B) Northern blot analysis of total RNA extracted from 293FT cells transfected with U6 

expression constructs carrying DR-EMX1(1)-DR. Left and right panels are from 293FT cells 

transfected without or with SpRNase III respectively. DR-EMX1(1)-DR was processed into 
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mature crRNAs only in the presence of SpCas9 and short tracrRNA, and was not dependent on 

the presence of SpRNase III. The mature crRNA detected from transfected 293FT total RNA is 

~33bp and is shorter than the 39-42bp mature crRNA from S. pyogenes (19), suggesting that the 

processed mature crRNA in human 293FT cells is likely different from the bacterial mature 

crRNA in S. pyogenes. 

  



Figure S5 

 
 

Fig. S5. Bicistronic expression vectors for pre-crRNA array or chimeric crRNA with Cas9. 

(A) Schematic showing the design of an expression vector for the pre-crRNA array. Spacers can 

be inserted between two BbsI sites using annealed oligonucleotides. Sequence design for the 

oligonucleotides are shown below with the appropriate ligation adapters indicated. (B) Schematic 

of the expression vector for chimeric crRNA. The guide sequence can be inserted between two 

BbsI sites using annealed oligonucleotides. The vector already contains the partial direct repeat 

(gray) and partial tracrRNA (red) sequences. WPRE, Woodchuck hepatitis virus post-

transcriptional regulatory element. 
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Figure S6 

 

 

Fig. S6. Selection of protospacers in the human PVALB and mouse Th loci. Schematic of the 

human PVALB (A) and mouse Th (B) loci and the location of the three protospacers within the 

last exon of the PVALB and Th genes, respectively. The 30bp protospacers are indicated by black 

lines and the adjacent PAM sequences are indicated by the magenta bar. Protospacers on the 

sense and anti-sense strands are indicated above and below the DNA sequences respectively. 
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Figure S7 

 

Fig. S7. Occurrences of PAM sequences in the human genome. Histograms of distances 

between adjacent Streptococcus pyogenes SF370 type II CRISPR PAM (NGG) (A) and 

Streptococcus thermophiles LMD-9 CRISPR1 PAM (NNAGAAW) (B) in the human genome. 

(C) Distances for each PAM by chromosome. Chr, chromosome. Putative targets were identified 

using both the plus and minus strands of human chromosomal sequences. Given that there may 

be chromatin, DNA methylation-, RNA structure, and other factors that may limit the cleavage 

activity at some protospacer targets, it is important to note that the actual targeting ability might 

be less than the result of this computational analysis. 
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Figure S8 

 

 
 

Fig S8. Type II CRISPR from Streptococcus thermophilus LMD-9 can also function in 

eukaryotic cells. (A) Schematic of CRISPR locus 2 from Streptococcus thermophilus LMD-9. 

(B) Design of the expression system for the S. thermphilus CRISPR system. Human codon-

optimized StCas9 is expressed using a constitutive EF1a promoter. Mature versions of tracrRNA 

and crRNA are expressed using the U6 promoter to ensure precise transcription initiation. 

Sequences for the mature crRNA and tracrRNA are shown. A single based indicated by the 

lower case “a” in the crRNA sequence was used to remove the polyU sequence, which serves as 

a RNA Pol III transcriptional terminator. Sp, spacer. (C) Schematic showing protospacer and 
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corresponding PAM sequences targets in the human EMX1 locus. Two protospacer sequences 

are highlighted and their corresponding PAM sequences satisfying the NNAGAAW motif are 

indicated by magenta lines. Both protospacers are targeting the anti-sense strand. (D) 

SURVEYOR assay showing StCas9-mediated cleavage in the target locus. RNA guide spacers 1 

and 2 induced 14% and 6.4% respectively. Statistical analysis of cleavage activity across 

biological replica at these two protospacer sites can be found in Table S1. 

 

  



Table S1. Protospacer sequences and modification efficiencies of mammalian genomic 

targets. Protospacer targets designed based on Streptococcus pyogenes type II CRISPR and 

Streptococcus thermophilus CRISPR1 loci with their requisite PAMs against three different 

genes in human and mouse genomes. Cells were transfected with Cas9 and either pre-

crRNA/tracrRNA or chimeric RNA. Cells were analyzed 72 hours after transfection. Percent 

indels are calculated based on SURVEYOR assay results from indicated cell lines, N = 3 for all 

protospacer targets, errors are S.E.M. N.D., not detectable using the SURVEYOR assay; N.T., 

not tested in this study. 

 

 
  

target
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Table S2. Sequences for primers and probes used for SURVEYOR assay, RFLP assay, 

genomic sequencing, and Northern blot. 

 

Primer name Assay 
Genomic 

Target 
Primer sequence 

Sp-EMX1-F 
SURVEYOR 

assay, sequencing 
EMX1 AAAACCACCCTTCTCTCTGGC 

Sp-EMX1-R 
SURVEYOR 

assay, sequencing 
EMX1 GGAGATTGGAGACACGGAGAG 

Sp-PVALB-F 
SURVEYOR 

assay, sequencing 
PVALB CTGGAAAGCCAATGCCTGAC 

Sp-PVALB-R 
SURVEYOR 

assay, sequencing 
PVALB GGCAGCAAACTCCTTGTCCT 

Sp-Th-F 
SURVEYOR 

assay, sequencing 
Th GTGCTTTGCAGAGGCCTACC 

Sp-Th-R 
SURVEYOR 

assay, sequencing 
Th CCTGGAGCGCATGCAGTAGT 

St-EMX1-F 
SURVEYOR 

assay, sequencing 
EMX1 ACCTTCTGTGTTTCCACCATTC 

St-EMX1-R 
SURVEYOR 

assay, sequencing 
EMX1 TTGGGGAGTGCACAGACTTC 

Sp-EMX1-

RFLP-F 

RFLP, 

sequencing 
EMX1 GGCTCCCTGGGTTCAAAGTA 

Sp-EMX1-

RFLP-R 

RFLP, 

sequencing 
EMX1 AGAGGGGTCTGGATGTCGTAA 

Pb_EMX1_sp1 
Northern Blot 

Probe 

Not 

applicable 
TAGCTCTAAAACTTCTTCTTCTGCTCGGAC 

Pb_tracrRNA 
Northern Blot 

Probe 

Not 

applicable 
CTAGCCTTATTTTAACTTGCTATGCTGTTT 

  



SUPPLEMENTARY SEQUENCES 
 
> U6-short tracrRNA (Streptococcus pyogenes SF370) 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAA
TTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATA
ATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGAACCA
TTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGA
GTCGGTGCTTTTTTT 
 
> U6-long tracrRNA (Streptococcus pyogenes SF370) 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAA
TTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATA
ATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGTAGTA
TTAAGTATTGTTTTATGGCTGATAAATTTCTTTGAATTTCTCCTTGATTATTTGTTATAAAAGT
TATAAAATAATCTTGTTGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTT
ATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT 
 
> U6-DR-BbsI backbone-DR (Streptococcus pyogenes SF370) 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAA
TTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATA
ATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGGTTTT
AGAGCTATGCTGTTTTGAATGGTCCCAAAACGGGTCTTCGAGAAGACGTTTTAGAGCTATGCTG
TTTTGAATGGTCCCAAAAC 
 
> U6-chimeric RNA-BbsI backbone (Streptococcus pyogenes SF370) 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAA
TTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATA
ATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGGTCTT
CGAGAAGACCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG 
 
> 3xFLAG-NLS-SpCas9-NLS 
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGACG
ATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAA
GTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTAC
AAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACC
TGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGC
CAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAG
ATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTA
CCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTG
ATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGA
ACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTT
CGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGC



AAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCG
GCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGA
GGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAG
ATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGA
GCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAG
CCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGC
ATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACC
CATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGT
GGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATC
ACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGA
TGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGA
GTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCC
GCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAG
TGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAAT
CTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCC
TGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGA
CGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAG
CTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACG
GCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACAT
CCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGC
AGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGA
TGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAA
GGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGC
CAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACT
ACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTA
CGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTG
ACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGA
TGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCT
GACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTG
GTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGT
ACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCAC
GACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCG
AGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGA
AATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAG
ATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGG
AGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGT
GAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAG
AGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCG
ACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAA
ACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAAT
CCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGC
CTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACT
GCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCAC



TATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA
AGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGA
CGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAG
GCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACT
TTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGAT
CCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAAG
CGTCCTGCTGCTACTAAGAAAGCTGGTCAAGCTAAGAAAAAGAAA 
 
> SpRNase3-mCherry-NLS 
ATGAAGCAGCTGGAGGAGTTACTTTCTACCTCTTTCGACATCCAGTTTAATGACCTGACCCTGC
TGGAAACCGCCTTCACTCACACCTCCTACGCGAATGAGCACCGCCTACTGAATGTGAGCCACAA
CGAGCGCCTGGAGTTTCTGGGGGATGCTGTCTTACAGCTGATCATCTCTGAATATCTGTTTGCC
AAATACCCTAAGAAAACCGAAGGGGACATGTCAAAGCTGCGCTCCATGATAGTCAGGGAAGAGA
GCCTGGCGGGCTTTAGTCGTTTTTGCTCATTCGACGCTTATATCAAGCTGGGAAAAGGCGAAGA
GAAGTCCGGCGGCAGGAGGCGCGATACAATTCTGGGCGATCTCTTTGAAGCGTTTCTGGGCGCA
CTTCTACTGGACAAAGGGATCGACGCAGTCCGCCGCTTTCTGAAACAAGTGATGATCCCTCAGG
TCGAAAAGGGAAACTTCGAGAGAGTGAAGGACTATAAAACATGTTTGCAGGAATTTCTCCAGAC
CAAGGGAGATGTAGCAATAGATTATCAGGTAATAAGTGAGAAAGGACCAGCTCACGCCAAACAA
TTCGAAGTTAGCATCGTTGTTAATGGCGCAGTGTTGTCGAAGGGCTTGGGTAAATCAAAAAAAC
TGGCCGAGCAGGACGCTGCTAAAAACGCCCTCGCTCAGCTCAGCGAGGTAGGATCCGTGAGCAA
GGGCGAGGAGGATAACATGGCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGC
TCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCC
AGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCC
TCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAG
CTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGA
CCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCAC
CAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAG
CGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTGAAGGACG
GCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGG
CGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAA
CAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGAAGCGTC
CTGCTGCTACTAAGAAAGCTGGTCAAGCTAAGAAAAAGAAA 
 
> 3xFLAG-NLS-SpCas9n-NLS (the D10A nickase mutation is labeled 
in red)  
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGACG
ATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAA
GTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTAC
AAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACC
TGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGC
CAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAG
ATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTA
CCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTG
ATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGA
ACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTT
CGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGC
AAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCG



GCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGA
GGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAG
ATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGA
GCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAG
CCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGC
ATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACC
CATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGT
GGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATC
ACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGA
TGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGA
GTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCC
GCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAG
TGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAAT
CTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCC
TGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGA
CGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAG
CTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACG
GCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACAT
CCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGC
AGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGA
TGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAA
GGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGC
CAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACT
ACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTA
CGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTG
ACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGA
TGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCT
GACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTG
GTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGT
ACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCAC
GACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCG
AGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGA
AATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAG
ATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGG
AGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGT
GAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAG
AGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCG
ACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAA
ACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAAT
CCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGC
CTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACT
GCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCAC
TATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA



AGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGA
CGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAG
GCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACT
TTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGAT
CCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAAG
CGTCCTGCTGCTACTAAGAAAGCTGGTCAAGCTAAGAAAAAGAAA 
 
> hEMX1-HRTemplate-HindIII-NheI 
GAATGCTGCCCTCAGACCCGCTTCCTCCCTGTCCTTGTCTGTCCAAGGAGAATGAGGTCTCACT
GGTGGATTTCGGACTACCCTGAGGAGCTGGCACCTGAGGGACAAGGCCCCCCACCTGCCCAGCT
CCAGCCTCTGATGAGGGGTGGGAGAGAGCTACATGAGGTTGCTAAGAAAGCCTCCCCTGAAGGA
GACCACACAGTGTGTGAGGTTGGAGTCTCTAGCAGCGGGTTCTGTGCCCCCAGGGATAGTCTGG
CTGTCCAGGCACTGCTCTTGATATAAACACCACCTCCTAGTTATGAAACCATGCCCATTCTGCC
TCTCTGTATGGAAAAGAGCATGGGGCTGGCCCGTGGGGTGGTGTCCACTTTAGGCCCTGTGGGA
GATCATGGGAACCCACGCAGTGGGTCATAGGCTCTCTCATTTACTACTCACATCCACTCTGTGA
AGAAGCGATTATGATCTCTCCTCTAGAAACTCGTAGAGTCCCATGTCTGCCGGCTTCCAGAGCC
TGCACTCCTCCACCTTGGCTTGGCTTTGCTGGGGCTAGAGGAGCTAGGATGCACAGCAGCTCTG
TGACCCTTTGTTTGAGAGGAACAGGAAAACCACCCTTCTCTCTGGCCCACTGTGTCCTCTTCCT
GCCCTGCCATCCCCTTCTGTGAATGTTAGACCCATGGGAGCAGCTGGTCAGAGGGGACCCCGGC
CTGGGGCCCCTAACCCTATGTAGCCTCAGTCTTCCCATCAGGCTCTCAGCTCAGCCTGAGTGTT
GAGGCCCCAGTGGCTGCTCTGGGGGCCTCCTGAGTTTCTCATCTGTGCCCCTCCCTCCCTGGCC
CAGGTGAAGGTGTGGTTCCAGAACCGGAGGACAAAGTACAAACGGCAGAAGCTGGAGGAGGAAG
GGCCTGAGTCCGAGCAGAAGAAGAAGGGCTCCCATCACATCAACCGGTGGCGCATTGCCACGAA
GCAGGCCAATGGGGAGGACATCGATGTCACCTCCAATGACaagcttgctagcGGTGGGCAACCA
CAAACCCACGAGGGCAGAGTGCTGCTTGCTGCTGGCCAGGCCCCTGCGTGGGCCCAAGCTGGAC
TCTGGCCACTCCCTGGCCAGGCTTTGGGGAGGCCTGGAGTCATGGCCCCACAGGGCTTGAAGCC
CGGGGCCGCCATTGACAGAGGGACAAGCAATGGGCTGGCTGAGGCCTGGGACCACTTGGCCTTC
TCCTCGGAGAGCCTGCCTGCCTGGGCGGGCCCGCCCGCCACCGCAGCCTCCCAGCTGCTCTCCG
TGTCTCCAATCTCCCTTTTGTTTTGATGCATTTCTGTTTTAATTTATTTTCCAGGCACCACTGT
AGTTTAGTGATCCCCAGTGTCCCCCTTCCCTATGGGAATAATAAAAGTCTCTCTCTTAATGACA
CGGGCATCCAGCTCCAGCCCCAGAGCCTGGGGTGGTAGATTCCGGCTCTGAGGGCCAGTGGGGG
CTGGTAGAGCAAACGCGTTCAGGGCCTGGGAGCCTGGGGTGGGGTACTGGTGGAGGGGGTCAAG
GGTAATTCATTAACTCCTCTCTTTTGTTGGGGGACCCTGGTCTCTACCTCCAGCTCCACAGCAG
GAGAAACAGGCTAGACATAGGGAAGGGCCATCCTGTATCTTGAGGGAGGACAGGCCCAGGTCTT
TCTTAACGTATTGAGAGGTGGGAATCAGGCCCAGGTAGTTCAATGGGAGAGGGAGAGTGCTTCC
CTCTGCCTAGAGACTCTGGTGGCTTCTCCAGTTGAGGAGAAACCAGAGGAAAGGGGAGGATTGG
GGTCTGGGGGAGGGAACACCATTCACAAAGGCTGACGGTTCCAGTCCGAAGTCGTGGGCCCACC
AGGATGCTCACCTGTCCTTGGAGAACCGCTGGGCAGGTTGAGACTGCAGAGACAGGGCTTAAGG
CTGAGCCTGCAACCAGTCCCCAGTGACTCAGGGCCTCCTCAGCCCAAGAAAGAGCAACGTGCCA
GGGCCCGCTGAGCTCTTGTGTTCACCTG 
 
> NLS-StCsn1-NLS 
ATGAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGTCCGACCTGGTAC
TTGGACTGGATATTGGTATCGGTTCGGTGGGAGTCGGAATCCTCAACAAGGTCACGGGGGAGAT
CATTCACAAGAACTCGCGGATCTTCCCCGCAGCTCAGGCTGAGAACAACTTGGTGCGGAGAACG
AATAGGCAGGGCAGGCGACTGGCGAGGAGGAAGAAACACAGGAGAGTCCGATTGAACCGGCTGT
TCGAGGAGTCCGGTTTGATCACCGACTTTACGAAAATCTCGATTAACCTTAATCCCTATCAGCT
TCGGGTGAAAGGCCTGACAGACGAACTTTCGAATGAGGAACTTTTCATCGCGCTGAAAAACATG



GTCAAGCACAGAGGGATTTCCTACCTCGATGACGCCTCGGATGACGGAAATTCCTCAGTAGGAG
ATTATGCACAGATCGTGAAAGAGAACTCAAAGCAACTGGAAACAAAGACACCGGGGCAGATCCA
ACTTGAAAGATACCAGACATACGGACAGCTCAGAGGAGATTTTACGGTGGAGAAGGACGGTAAA
AAGCACAGACTCATTAACGTATTTCCCACGTCGGCGTACAGATCCGAAGCGCTCCGCATCCTTC
AGACTCAACAGGAGTTCAACCCGCAAATTACTGATGAGTTCATCAACCGCTATTTGGAAATCTT
GACCGGAAAGCGCAAGTATTATCATGGGCCGGGTAATGAGAAATCCAGAACAGATTACGGCCGA
TACAGAACTTCGGGGGAAACCTTGGATAACATCTTTGGTATTTTGATTGGAAAGTGCACCTTTT
ACCCGGACGAGTTTCGAGCGGCCAAGGCGTCATACACAGCACAAGAGTTTAATCTCTTGAATGA
TTTGAACAACTTGACGGTCCCCACGGAGACAAAGAAGCTCTCCAAAGAGCAAAAGAACCAAATC
ATCAACTACGTCAAGAACGAGAAGGCTATGGGGCCAGCGAAGCTGTTCAAGTATATCGCTAAAC
TTCTCAGCTGTGATGTGGCGGACATCAAAGGGTACCGAATCGACAAGTCGGGAAAAGCGGAAAT
TCACACGTTTGAAGCATATCGAAAGATGAAAACGTTGGAAACACTGGACATTGAGCAGATGGAC
CGGGAAACGCTCGACAAACTGGCATACGTGCTCACGTTGAATACTGAACGAGAGGGAATCCAAG
AGGCCCTTGAACATGAGTTCGCCGATGGATCGTTCAGCCAGAAGCAGGTCGACGAACTTGTGCA
ATTCCGCAAGGCGAATAGCTCCATCTTCGGGAAGGGATGGCACAACTTTTCGGTCAAACTCATG
ATGGAGTTGATCCCAGAACTTTATGAGACTTCGGAGGAGCAAATGACGATCTTGACGCGCTTGG
GGAAACAGAAAACGACAAGCTCATCGAACAAAACTAAGTACATTGATGAGAAATTGCTGACGGA
AGAAATCTATAATCCGGTAGTAGCGAAATCGGTAAGACAAGCGATCAAAATCGTGAACGCGGCG
ATCAAGGAATATGGTGACTTTGATAACATCGTAATTGAAATGGCTAGAGAGACGAACGAAGATG
ACGAGAAAAAGGCAATCCAGAAGATCCAGAAGGCCAACAAGGATGAAAAAGATGCAGCGATGCT
TAAAGCGGCCAACCAATACAATGGAAAGGCGGAGCTGCCCCATTCAGTGTTTCACGGTCATAAA
CAGTTGGCGACCAAGATCCGACTCTGGCATCAGCAGGGTGAGCGGTGTCTCTACACCGGAAAGA
CTATCTCCATCCATGACTTGATTAACAATTCGAACCAGTTTGAAGTGGATCATATTCTGCCCCT
GTCAATCACCTTTGACGACTCGCTTGCGAACAAGGTGCTCGTGTACGCAACGGCAAATCAGGAG
AAAGGCCAGCGGACTCCGTATCAGGCGCTCGACTCAATGGACGATGCGTGGTCATTCCGGGAGC
TGAAGGCGTTCGTACGCGAGAGCAAGACACTGAGCAACAAAAAGAAAGAGTATCTGCTGACAGA
GGAGGACATCTCGAAATTCGATGTCAGGAAGAAGTTCATCGAGCGGAATCTTGTCGACACTCGC
TACGCTTCCAGAGTAGTACTGAACGCGCTCCAGGAACACTTTAGAGCGCACAAAATTGACACGA
AGGTGTCAGTGGTGAGAGGGCAGTTCACATCCCAACTCCGCCGACATTGGGGCATCGAAAAGAC
GCGGGACACATATCACCATCATGCGGTGGACGCGCTGATTATTGCCGCTTCGTCCCAGTTGAAT
CTCTGGAAAAAGCAGAAGAACACGCTGGTGTCGTATTCGGAGGATCAGCTTTTGGACATCGAAA
CCGGGGAGCTGATTTCCGACGATGAATACAAAGAATCGGTGTTTAAGGCACCATATCAGCATTT
CGTGGACACGCTGAAGAGCAAAGAGTTTGAGGACAGCATCCTCTTTTCGTACCAAGTGGACTCG
AAGTTTAATCGCAAGATTTCAGACGCCACAATCTACGCGACGAGGCAGGCGAAGGTGGGCAAAG
ATAAAGCAGATGAAACCTACGTCCTTGGTAAAATCAAGGACATCTACACTCAGGACGGGTACGA
TGCGTTCATGAAAATCTACAAGAAGGATAAGTCGAAGTTTCTCATGTACCGCCACGATCCACAG
ACTTTCGAAAAAGTCATTGAGCCTATTTTGGAGAACTACCCTAACAAGCAAATCAACGAGAAAG
GGAAAGAAGTCCCGTGCAACCCCTTTCTGAAGTACAAGGAAGAGCACGGTTATATCCGCAAATA
CTCGAAGAAAGGAAATGGGCCTGAGATTAAGTCGCTTAAGTATTACGACTCAAAGTTGGGTAAC
CACATCGACATTACCCCGAAAGACTCCAACAACAAAGTCGTGTTGCAGTCCGTCTCGCCCTGGC
GAGCAGATGTGTATTTTAATAAGACGACCGGCAAATATGAGATCCTTGGACTCAAATACGCAGA
CCTTCAATTCGAAAAGGGGACGGGCACTTATAAGATTTCACAAGAGAAGTACAACGACATCAAG
AAAAAGGAAGGGGTCGATTCAGATTCGGAGTTCAAATTCACCCTCTACAAAAACGACCTCCTGC
TTGTGAAGGACACAGAAACGAAGGAGCAGCAGCTCTTTCGGTTCCTCTCACGCACGATGCCCAA
ACAAAAACATTACGTCGAACTTAAACCTTACGATAAGCAAAAGTTTGAAGGGGGAGAGGCACTG
ATCAAAGTATTGGGTAACGTAGCCAATAGCGGACAGTGTAAGAAAGGGCTGGGAAAGTCCAATA
TCTCGATCTATAAAGTACGAACAGATGTATTGGGAAACCAGCATATCATCAAAAATGAGGGGGA



TAAACCCAAACTCGATTTCAAGCGTCCTGCTGCTACTAAGAAAGCTGGTCAAGCTAAGAAAAAG
AAATAA 
 
> U6-St_tracrRNA(7-97) 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAA
TTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATA
ATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTACTT
AAATCTTGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGC
AGGGTGTTTTCGTTATTTAA 
 
>EMX1_TALEN_Left 
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGACG
ATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGTAGATTT
GAGAACTTTGGGATATTCACAGCAGCAGCAGGAAAAGATCAAGCCCAAAGTGAGGTCGACAGTC
GCGCAGCATCACGAAGCGCTGGTGGGTCATGGGTTTACACATGCCCACATCGTAGCCTTGTCGC
AGCACCCTGCAGCCCTTGGCACGGTCGCCGTCAAGTACCAGGACATGATTGCGGCGTTGCCGGA
AGCCACACATGAGGCGATCGTCGGTGTGGGGAAACAGTGGAGCGGAGCCCGAGCGCTTGAGGCC
CTGTTGACGGTCGCGGGAGAGCTGAGAGGGCCTCCCCTTCAGCTGGACACGGGCCAGTTGCTGA
AGATCGCGAAGCGGGGAGGAGTCACGGCGGTCGAGGCGGTGCACGCGTGGCGCAATGCGCTCAC
GGGAGCACCCCTCAACCTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAG
CAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAG
AGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTT
GCTGCCTGTGCTGTGCCAAGCGCACGGACTAACCCCAGAGCAGGTCGTGGCAATTGCGAGCAAC
ATCGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACG
GGTTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAAC
CGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCA
ATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGGACTGACACCAGAGCAGGTCGTGGCAATTGCGAGCAACATCGGGGGAAAGCA
GGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACACCCGAA
CAAGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGC
TGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAGAGCAGGTCGTGGCAATTGCGAGCAACCA
CGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGA
CTAACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACATCGGGGGAAAGCAGGCACTCGAAACCG
TCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGGTTGACCCCAGAGCAGGTCGTGGCAAT
TGCGAGCAACATCGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGC
CAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGG
CACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTGACACCAGAGCA
GGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTG
CCTGTGCTGTGCCAAGCGCACGGACTCACGCCTGAGCAGGTAGTGGCTATTGCATCCAACAACG
GGGGCAGACCCGCACTGGAGTCAATCGTGGCCCAGCTTTCGAGGCCGGACCCCGCGCTGGCCGC
ACTCACTAATGATCATCTTGTAGCGCTGGCCTGCCTCGGCGGACGACCCGCCTTGGATGCGGTG
AAGAAGGGGCTCCCGCACGCGCCTGCATTGATTAAGCGGACCAACAGAAGGATTCCCGAGAGGA
CATCACATCGAGTGGCAGGTTCCCAACTCGTGAAGAGTGAACTTGAGGAGAAAAAGTCGGAGCT
GCGGCACAAATTGAAATACGTACCGCATGAATACATCGAACTTATCGAAATTGCTAGGAACTCG
ACTCAAGACAGAATCCTTGAGATGAAGGTAATGGAGTTCTTTATGAAGGTTTATGGATACCGAG
GGAAGCATCTCGGTGGATCACGAAAACCCGACGGAGCAATCTATACGGTGGGGAGCCCGATTGA
TTACGGAGTGATCGTCGACACGAAAGCCTACAGCGGTGGGTACAATCTTCCCATCGGGCAGGCA



GATGAGATGCAACGTTATGTCGAAGAAAATCAGACCAGGAACAAACACATCAATCCAAATGAGT
GGTGGAAAGTGTATCCTTCATCAGTGACCGAGTTTAAGTTTTTGTTTGTCTCTGGGCATTTCAA
AGGCAACTATAAGGCCCAGCTCACACGGTTGAATCACATTACGAACTGCAATGGTGCGGTTTTG
TCCGTAGAGGAACTGCTCATTGGTGGAGAAATGATCAAAGCGGGAACTCTGACACTGGAAGAAG
TCAGACGCAAGTTTAACAATGGCGAGATCAATTTCCGCTCA 
 
>EMX1_TALEN_Right 
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGACG
ATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGTAGATTT
GAGAACTTTGGGATATTCACAGCAGCAGCAGGAAAAGATCAAGCCCAAAGTGAGGTCGACAGTC
GCGCAGCATCACGAAGCGCTGGTGGGTCATGGGTTTACACATGCCCACATCGTAGCCTTGTCGC
AGCACCCTGCAGCCCTTGGCACGGTCGCCGTCAAGTACCAGGACATGATTGCGGCGTTGCCGGA
AGCCACACATGAGGCGATCGTCGGTGTGGGGAAACAGTGGAGCGGAGCCCGAGCGCTTGAGGCC
CTGTTGACGGTCGCGGGAGAGCTGAGAGGGCCTCCCCTTCAGCTGGACACGGGCCAGTTGCTGA
AGATCGCGAAGCGGGGAGGAGTCACGGCGGTCGAGGCGGTGCACGCGTGGCGCAATGCGCTCAC
GGGAGCACCCCTCAACCTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAG
CAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAG
AGCAGGTCGTGGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTT
GCTGCCTGTGCTGTGCCAAGCGCACGGACTAACCCCAGAGCAGGTCGTGGCAATTGCGAGCAAC
CACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACG
GGTTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACATCGGGGGAAAGCAGGCACTCGAAAC
CGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCA
ATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGGACTGACACCAGAGCAGGTCGTGGCAATTGCGAGCCATGACGGGGGAAAGCA
GGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACACCCGAA
CAAGTCGTGGCAATTGCGAGCCATGACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGC
TGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAGAGCAGGTCGTGGCAATTGCGAGCCATGA
CGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGA
CTAACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCAGGCACTCGAAACCG
TCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGGTTGACCCCAGAGCAGGTCGTGGCAAT
TGCGAGCAACGGAGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGC
CAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCCATGACGGGGGAAAGCAGG
CACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTGACACCAGAGCA
GGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTG
CCTGTGCTGTGCCAAGCGCACGGACTCACGCCTGAGCAGGTAGTGGCTATTGCATCCAACGGAG
GGGGCAGACCCGCACTGGAGTCAATCGTGGCCCAGCTTTCGAGGCCGGACCCCGCGCTGGCCGC
ACTCACTAATGATCATCTTGTAGCGCTGGCCTGCCTCGGCGGACGACCCGCCTTGGATGCGGTG
AAGAAGGGGCTCCCGCACGCGCCTGCATTGATTAAGCGGACCAACAGAAGGATTCCCGAGAGGA
CATCACATCGAGTGGCAGGTTCCCAACTCGTGAAGAGTGAACTTGAGGAGAAAAAGTCGGAGCT
GCGGCACAAATTGAAATACGTACCGCATGAATACATCGAACTTATCGAAATTGCTAGGAACTCG
ACTCAAGACAGAATCCTTGAGATGAAGGTAATGGAGTTCTTTATGAAGGTTTATGGATACCGAG
GGAAGCATCTCGGTGGATCACGAAAACCCGACGGAGCAATCTATACGGTGGGGAGCCCGATTGA
TTACGGAGTGATCGTCGACACGAAAGCCTACAGCGGTGGGTACAATCTTCCCATCGGGCAGGCA
GATGAGATGCAACGTTATGTCGAAGAAAATCAGACCAGGAACAAACACATCAATCCAAATGAGT
GGTGGAAAGTGTATCCTTCATCAGTGACCGAGTTTAAGTTTTTGTTTGTCTCTGGGCATTTCAA
AGGCAACTATAAGGCCCAGCTCACACGGTTGAATCACATTACGAACTGCAATGGTGCGGTTTTG
TCCGTAGAGGAACTGCTCATTGGTGGAGAAATGATCAAAGCGGGAACTCTGACACTGGAAGAAG
TCAGACGCAAGTTTAACAATGGCGAGATCAATTTCCGCTCA 
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