nature portfolio

https://doi.org/10.1038/s41587-022-01419-7

Supplementary information

High-fidelity Casl3 variantsfor targeted
RNA degradation with minimal collateral
effects

In the format provided by the
authors and unedited



Supplementary information

High-fidelity Cas13 variants for targeted RNA degradation with minimal collateral
effects

2387 "Qingquan Xiao**®, Bingbing He**, Xue Dong>®, Yuanhua

Huawei Tong'?®, Jia Huang
Liu*8, Xiali Yang®*, Dingyi Han>®, Zikang Wang?, Xuchen Wang??, Wengin Ying?, Runze
Zhang??, Yu Wei*?, Chunlong Xu®°, Yingsi Zhou?, Yanfei Li°, Minging Cai’, Qifang Wang?,

Mingxing Xue?, Guoling Li?, Kailun Fang?, Hainan Zhang®’~ & Hui Yang'>>""



Supplementary information

Supplementary Figure 1. Characteristics of Casl3-mediated mCherry degradation along with
collateral effects in HEK293T cells.

Supplementary Figure 2. Characteristics collateral effects of Cas13-mediated endogenous
transcripts degradation in HEK293T cells.

Supplementary Figure 3. Schematic of mutagenesis and screening approach for Cas13 with
high on-target and reduced collateral degradation activity.

Supplementary Figure 4. Gating strategy for flow cytometry experiments.
Supplementary Figure 5. Crystal structure of Cas13d variants.

Supplementary Figure 6. Collateral degradation activity of Cas13d and hfCas13d with or
without NLS.

Supplementary Figure 7. Dose-dependent on-target and collateral degradation activity of
Casl3d.

Supplementary Figure 8. Purification of recombinant Cas13 Protein.
Supplementary Figure 9. /n Vitro Characterization of Cas13d and hfCas13d.

Supplementary Figure 10. FACS analysis of mCherry and EGFP degradation induced by
targeting different endogenous transcripts.

Supplementary Figure 11. Relationship between collateral activity and expression level of
targeted genes or on-target activity of Cas13d.

Supplementary Figure 12. Total RNA integrity analysis.

Supplementary Figure 13. Transcriptome-wide collateral effect analysis for Cas13d and
hfCas13d.

Supplementary Figure 14. Bulk RNA-seq analysis of genes with differential expression level.

Supplementary Figure 15. Collateral effects of Casl13d-mediated 7yr reduction in mice and
Pcsk9 reduction in the liver.

Supplementary Figure 16. Collateral degradation activity of Cas13X and hfCas13X in HEK293
cells.

Supplementary Figure 17. In Vitro Characterization of Cas13X and hfCas13X.

Supplementary Figure 18. Efficiency and specific interference activity of hfCas13X in
HEK293 cells.

Supplementary Figure 19. The in vivo consequences of collateral cleavage by Cas13X and
their elimination.

Supplementary Figure 20. Comparison of on-target activity and collateral activity among
different Cas13 proteins.

Supplementary Figure 21. Model of Cas13 on-target and collateral cleavage activity.



Supplementary Tables

Supplementary Table 1. The mutant sequences and corresponding nucleotide sequences used
for Cas13d screening.

Supplementary Table 3. The mutant sequences and corresponding nucleotide sequences used
for Cas13X screening.

Supplementary Table 4. gRNA sequences used in this study.
Supplementary Table 5. Primers used for qPCR reactions.

Supplementary Table 6. Sequences of target ssSRNA, nontarget ssSRNA, gRNAs and the
corresponding primers used in in vitro cleavage assays.

Supplementary Note 1. Codes for predicting off-targets: offinder cas13.sh



Cas13d Cas13a
Bright-field mCherry

- .
Ly

Bright-field

Cas13d +
NT
Cas13a +

Cas13d + mCherry gRNA
g2
Cas13a + mCherry gRNA

g3

. -‘ .
o i
TR ¥
L
# L

b d
Cas13d + mCherry gRNA Cas13a + mCherry gRNA
[ mChery' cells | [ EGFP cells | 15 [ mCherry” cells | [ EGFP cels |
© 157 - © :
T T
g — 2
e . i = s .
o =] -
E‘g 1.0 _g_?: 1.0
o4 28
g2 g2
2 057 2¢ %] .
1 g2
k<t &
[} L]
'S 14
0.0 - 0.0 -~
NT g1 g2 g3 NT g1 g2 g3 NT gl g2 g3 NT g1 g2 g3

Supplementary Figure 1. Characteristics of Cas13-mediated mCherry degradation along
with collateral effects in HEK293T cells.

a,c, Representative bright-field and fluorescence images of HEK293T cells with mCherry and
EGFP RNA degradation by Cas13d (a) or Casl3a (¢) with three different mCherry gRNAs.
Scale bar, 300 um. b,d, FACS quantitative analysis of relative percentage of EGFP or mCherry
positive cells. NT: nontarget gRNA. All values are presented as mean + s.e.m., n = 3, unless
otherwise noted. In b, ***P<0.0001; In d, P=0.0003 for g3 vs. NT (EGFP" cells), otherwise
*#%P<0.0001. Dunnett's multiple comparisons test after one-way ANOVA.
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Supplementary Figure 2. Characteristics collateral effects of Cas13-mediated endogenous
transcripts degradation in HEK293T cells.

a-c, Representative bright-field and fluorescence images of cells with reduced mCherry and
EGFP fluorescence levels using Cas13d knockdown of three endogenous transcripts (RPL4,
PFNI, or PKM), each with four gRNAs. Scale bar, 300 um. d, Representative flow cytometry
images of mCherry and EGFP fluorescence intensity from b and e¢. e.f, Differential decreases of
relative percentage of EGFP or mCherry positive cells were induced by Cas13d targeting PFNI
(e), PKM (f) transcript, with four gRNAs each transcript. NT: nontarget gRNA. All values are
presented as mean + s.e.m., n = 3, unless otherwise noted. In e, left-to-right, P=0.0004,
P<0.0001, P<0.0001, P<0.0001, P=0.5022, P=0.0003, P<0.0001, and P=0.0002. In f, left-to-
right, P<0.0001, P<0.0001, P=0.0004, P<0.0001, P=0.0036, P=0.1237, P=0.3777, and
P=0.0002. Dunnett's multiple comparisons test after one-way ANOVA. **P <0.01, ***P <
0.001, ns, not significant.
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Supplementary Figure 3. Schematic of mutagenesis and screening approach for Cas13 with
high on-target and reduced collateral degradation activity.
a, Diagram of mutagenesis and FACS screening for determining the efficiency and collateral
effects of Cas13 proteins by analyzing dual-fluorescence intensity with EGFP gRNA. b, Cloning
of Cas13 mutagenesis library for screening Cas13 mutant variants with reduced collateral

degradation.
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Supplementary Figure 4. Gating strategy for flow cytometry experiments.

Cells are gated on: a,b, FSC-A/SSC-A to exclude cell debris. Positive boundaries are determined
by EGFP" or mCherry" cells, and negative boundaries are determined by non-transfected cells. a,
The percentage of mCherry” fluorescence cells is sum of Q1 and Q2, and the percentage of

EGFP" fluorescence cells is sum of Q2 and Q3. b, The mCherry” or EGFP" fluorescence cells

gated by the rectangle are selected to calculate the MFI (mean fluorescence intensity).
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Supplementary Figure 5. Crystal structure of Cas13d variants.

a,b, Cartoon (a) and opposing surface (b) view of the predicted overall crystal structure of
Cas13d (predicted by I-TASSER). Catalytic sites of the HEPN domains are shown in red, and
effective mutant sites are shown in purple. ¢,d, Amino acid sequences of effective variants from

Casl3d.
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Supplementary Figure 6. Collateral degradation activity of Cas13d and hfCas13d with or
without NLS.

a, Differential changes of normalized MFI were induced by Cas13d, hfCas13d, and dCas13d
with EGFP-targeting gRNAs in HEK293 cell lines. n = 3. b, Statistical data analysis for relative
degradation efficiency by Cas13d and hfCas13d from a, each dot represents the mean of three
biological replicates for each gRNA. Normalized MFI, mean fluorescence intensity relative to
the dCas13d condition, n = 3. ¢, Differential changes of normalized MFI were induced by
Cas13d-noNLS, hfCas13d-noNLS, and dCas13d-noNLS with EGFP-targeting gRNAs in
HEK293T cell lines. n = 3. d, Statistical data analysis for relative degradation efficiency by
Cas13d-noNLS, hfCas13d-noNLS, Cas13d-NLS and hfCas13d-NLS, each dot represents the
mean of three biological replicates for each gRNA. Normalized MFI, mean fluorescence
intensity relative to the dCas13d-noNLS or dCas13d-NLS condition, n = 3. All values are
presented as mean =+ s.e.m.
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Supplementary Figure 7. Dose-dependent on-target and collateral degradation activity of
Cas13d.

a, Representative FACS analysis of mCherry and EGFP degradation induced by transfecting
different amount of hfCas13d or Cas13d constructs. The EGFP-targeting gRNA2 was used. n =
3. b, Normalized MFI analysis for a. ¢, A dilution series of Cas13d-expressing or hfCas13d-
expressing plasmids mixed with dCas13d-expressing plasmids and a total of 800 ng plasmids
were transfected per well in 24-well plates.
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Supplementary Figure 8. Purification of recombinant Cas13 Protein.

a, Chromatogram from Sephacry 200 column for Cas13. The Cas13 fusion protein with N-
terminal 6x His/Twinstrep-SUMO tag was purified by successive affinity and size exclusion
chromatography. The SUMO-tag was removed by SUMO protease. b, SDS-PAGE gel of size
exclusion chromatography fractions for Cas13. ¢, SDS-PAGE gel of purified Cas13 proteins.
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Supplementary Figure 9. In Vitro Characterization of Cas13d and hfCas13d.

a, Schematic showing the sequence of gRNA spacer and spacer position relative to the
complementary ssRNA target. b-e, Quantification of collateral cleavage activity of Cas13d or
hfCas13d with gRNA 1 (b), gRNA 3 (¢), gRNA 4 (d) and gRNA 5 (e) in the presence of varying
concentrations of Cas13—gRNA complex. Exponential fits are shown as solid lines.
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Supplementary Figure 10. FACS analysis of mCherry and EGFP degradation induced by

targeting different endogenous transcripts.

a-d, Representative FACS analysis of mCherry and EGFP degradation induced by dCas13d,

Cas13d, or hfCas13d with gRNAs targeting RPL4 (a), PPIA (b,c¢), and RPS5 (d), respectively, n
= 3. e-g, Differential changes of normalized MFI of EGFP and normalized expression levels of

PPIA (e), RPL4 (f), and RPSS5 (g) induced by Cas13d when a 5-fold dilution series were used,
respectively. A dilution series of Cas13d-expressing plasmids mixed with dCas13d-expressing
plasmids were used. A total of 2 pug plasmids were transfected per well in 12-well plates. n = 2,

for normalized expression levels of dCas13d (e, g), 1:25 (f), and 1:5 (g). n = 3, unless otherwise

noted. Data are presented as mean values + s.e.m.
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Supplementary Figure 11. Relationship between collateral activity and expression level of

targeted genes or on-target activity of Cas13d.

a,b, Correlation of collateral activity to expression levels of targeted genes with over 95% (a) or
80-95% knockdown (b) from Fig. 3. ¢,d, Correlation of collateral activity to on-target activity.
The on-target activity of Cas13d activated by corresponding gRNA is calculated as reduced
normalized expression levels from Fig. 3f (RPL4) or Fig. 3g (CA2). The collateral activity of
Cas13d activated by corresponding gRNA is calculated as relative percentage changes of EGFP
positive cells from Fig. 3b. Linear fits are shown as solid lines. Each dot represents the mean of
biological replicates for each gRNA.
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Supplementary Figure 12. Total RNA integrity analysis.

a,b, Total RNA integrity analysis quantified by Agilent 2100 Bioanalyzer. The RIN® (RNA
integrity number equivalent), 28S rRNA, and 18S rRNA bands for each corresponding sample
are shown, n = 3. ¢, Statistical data analysis for RIN® from a and b, each dot represents the mean
of three biological replicates for each gRNA. All values are presented as mean + s.e.m. Dunnett's
multiple comparisons test after one-way ANOVA.
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Supplementary Figure 13. Transcriptome-wide collateral effect analysis for Cas13d and
hfCas13d.

a-c, Scatter plot of differential expression levels between Cas13d-mediated and dCas13d-
mediated RNA degradation using RPL4-g3 (a), CA2-g1 (b), or PPARG-g]1 (¢). d-f, Scatter plot
of differential expression levels between hfCas13d-mediated and dCas13d-mediated RNA
degradation using RPL4-g3 (d), CA2-gl (e), or PPARG-g1 (f). Padj, adjusted P value. g,h,
Biological process of genes significantly downregulated by Cas13d-mediated or hfCas13d-
mediated CA2 (g) or PPARG (h) degradation. n = 3.
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Supplementary Figure 14. Bulk RNA-seq analysis of genes with differential expression

level.

Clustering analysis of genes upregulated by Cas13d targeting PPIA (a) or RPL4 (b).
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Supplementary Figure 15. Collateral effects of Cas13d-mediated 7yr reduction in mice and
Pcsk9 reduction in the liver.

a, Schematic diagram of Cas13d-mediated 7yr reduction in mice using the Cre-LoxP system
based on piggyBac transposons. b, Representative F1 generation mice exhibited EGFP positive
along with Cas13d overexpression and mCherry positive along with 7yr gRNAs and Cre
transposase. White * represents significant expression of EGFP and mCherry. ¢, Survival curve
of F1 generation of WT mice, mCherry" transgenic mice, and EGFP* and mCherry" transgenic
mice. Statistical survival differences were evaluated by two-sided log-rank test. d,e, The levels
of Pcsk9 mRNA in hepatocytes (d) and PCSKO9 protein in serum (e) were quantified at 4 weeks
post-injection of AAV, n = 12. f,g, The levels of serum aspartate aminotransferase (AST) (f) and
alanine aminotransferase (ALT) (g) were quantified in EGFP-injected, Cas13d-Pcsk9-gRNAs-
injected, and hfCas13d-Pcsk9-gRNAs-injected mice, n = 12. All values are presented as the
mean + s.e.m. Dunnett's multiple comparisons test after one-way ANOVA.
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Supplementary Figure 16. Collateral degradation activity of Cas13X and hfCas13X in
HEK?293 cells.

a, Differential changes of normalized MFI were induced by Cas13X, hfCas13X, and dCas13X in
HEK?293 cell lines. b, Statistical data analysis for relative degradation efficiency by Cas13X and
hfCas13X from a, each dot represents the mean of three biological replicates for each gRNA.
Normalized MFI, mean fluorescence intensity relative to the dCas13X condition, n = 3. All
values are presented as mean + s.e.m.

20



gRNA 3 gRNA 5

1.00 1 —®— Cas13X, 10:1 —=— Cas13X, 10:1

—®— Cas’13X,NT —®— Cas13X,NT
0.75 1

—&— hfCas13X, 10:1 —&— hfCas13X, 10:1

Cleavage (%)

g

0.50 - —®— hifCas13X, NT 4 —®— hifCas13X, NT
&
]
o

025

n n
000 #- ¢ * * T * T T
0 15 30 45 60 0 15 30 45 60
Time (min) Time (min)

Supplementary Figure 17. In Vitro Characterization of Cas13X and hfCas13X.

Quantified time-course data of collateral cleavage by Cas13X or hfCas13X with gRNA 3 (a),
and gRNA 5 (b). Exponential fits are shown as solid lines with 10:1 molar ratio of nontarget
(NT) to target (T) RNA or only with NT RNA.
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Supplementary Figure 18. Efficiency and specific interference activity of hfCas13X in
HEK?293 cells.

a, Differential reduction of relative percentages of EGFP and/or mCherry positive cells was
induced by Cas13X targeting endogenous genes with 15 gRNAs, compared with NT. Each dot
represents the mean of three biological replicates for each gRNA targeting endogenous gene with
Cas13X. NT: nontarget gRNA. b, Statistical quantification from a. ¢, Differential reduction of
relative percentages of EGFP and/or mCherry positive cells was induced by hfCas13X. d,
Statistical quantification from ¢. 5 (3 genes, CPM>=200), 5 (5 genes, 50<CPM<200), and 5 (5
genes, CPM<=50) gRNAs were used respectively. n = 3, unless otherwise noted. In b and d,
violin plots are centered around the median (black line) with quartiles (lower and upper dashed
lines). Minima and maxima are shown as the bottom and top of the violin plots. Dunnett's
multiple comparisons test after one-way ANOVA.
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Supplementary Figure 19. The in vivo consequences of collateral cleavage by Cas13X and
their elimination.

a, Schematic diagram of Cas13X-mediated or hfCas13X-mediated 7yr transcript reduction in
mice using the piggyBac system. b, Representative F1 generation albino mice resulting from
Cas13X-mediated or hfCas13X-mediated 7yr knockdown compared to WT mice at 9 weeks. ¢,
Kaplan—Meier curve of F1 generation of WT mice (n = 10) and mice expressing Cas13X (n =
10), Cas13X with 7yr gRNAs (n = 11), or hfCas13X with 7yr gRNAs (n = 9). Statistical survival
differences were evaluated by two-sided log-rank test. d, Body weight for mice from c¢. P values
of Cas13X with Tyr gRNAs vs. WT mice are showed at 3 time points. Two-tailed unpaired two-
sample ¢-test. e, The levels of 7yr mRNA from 36-week-old mice, n = 5. Dunnett's multiple
comparisons test after one-way ANOVA. Data are presented as mean values + s.e.m.
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Supplementary Figure 20. Comparison of on-target activity and collateral activity among
different Cas13 proteins.

a, Schematics describing protein-size and HEPN motif position of well-charactered Cas13b/d,
Cas13X, hfCas13d and hfCas13X proteins used in this study. RxxxxH motifs define the catalytic
site, shown as yellow lines. b,¢, Differential changes of normalized MFI of mCherry (b) and
EGFP (c¢) induced by PspCas13b, RanCas13b, Cas13d, Cas13X, hfCas13d and hfCas13X in
HEK293T cell lines. n = 3. In b, dark green asterisks, left-to-right, P=0.0470, P<0.0001,
P<0.0001, and P=0.0006; dark red asterisks, ***P<(0.0001. In ¢, dark green asterisks,
*#%P<(0.0001; dark red asterisks, ***P<0.0001 and **P=0.0068. d, Differential changes of
normalized MFI of EGFP induced by different Cas13 proteins. n = 3, dark green asterisks, left-
to-right, P=0.0219, P=0.0025, P=0.0034, P=0.0031, P=0.0107, P=0.0063, P=0.0021, P<0.0001,
P=0.0072, P<0.0001, P=0.0043, and P=0.0017; dark red asterisks, left-to-right, P=0.0156,
P=0.0018, P<0.0001, P<0.0001, P=0.0074, P<0.0001, P<0.0001, P=0.0008, P<0.0001,
P=0.0033, and P=0.0017. e, Relative expression level of targeted endogenous transcripts by
different Cas13 proteins. Normalized MFI and normalized expression levels were relative to
corresponding dCas13 condition. n = 2, for B#4GALNT1 (Cas13d), NRAS (PspCas13b), PPIA
(RanCas13b, hfCas13d), RPS5 (PspCas13b, RanCas13b, hfCas13X), and SMARCA 1
(RanCas13b, hfCas13d). n = 3, unless otherwise noted. Dark green asterisks, left-to-right,
P<0.0001, P=0.0004, and P=0.0023; dark red asterisks, left-to-right, P<0.0001 and P=0.0144,
All values are presented as mean + s.e.m. Selected results of Dunnett's multiple comparisons test
after one-way ANOVA are indicated by asterisks. *P < 0.05, **P <0.01, ***P < (.001.
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Supplementary Figure 21. Model of Cas13 on-target and collateral cleavage activity.

Once activated by targeted RNA binding, wtCas13 exhibits both on-target cleavage activity and
collateral cleavage activity (a,b), while hfCas13 (e.g., hfCas13d and hfCas13X) with mutant
sites maintains undiminished on-target cleavage activity (¢) but eliminates collateral cleavage
activity (d).
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Supplementary Tables

Supplementary Table 1. The mutant sequences and corresponding nucleotide sequences
used for Cas13d screening.

Variant

q Amino Acids Nucleotide sequence

N1L KGYAVVANNPLY | AAGGGCTACGCCGTGGTGGCTAACAACCCACTGTAC
TGPVQ ACCGGACCAGTGCAG

N1- KGAAVVANNPLY | AAGGGCgccGCCGTGGTGGCTAACAACCCACTGTAC

Y79A | TGPVQ ACCGGACCAGTGCAG

NIR QDMLGLKETLEK | CAGGACATGCTGGGACTGAAGGAGACACTGGAGAA
RYFGESA GAGGTACTTCGGCGAGTCCGCC

N1V5 QDMAAAKEALE | CAGGACATGgccgeccgccAAGGAGgeccCTGGAGAAGAGG
KRYFAESA TACTTCgccGAGTCCGCC

N1V6 QDALGLKATAEK | CAGGACgccCTGGGACTGAAGgccACAgccGAGAAGAG
RYAGESA GTACgccGGCGAGTCCGCC

N1V7 QDMLGLKETLAK | CAGGACATGCTGGGACTGAAGGAGACACTGgccAAG
AYFGASV gccTACTTCGGCgecTCCgtg

N1- QDMLGLKETLEK | CAGGACATGCTGGGACTGAAGGAGACACTGGAGAA

Y107A | RAFGESA GAGGgecTTCGGCGAGTCCGCC

NOL DGNDNICIQVIHN | GACGGAAACGATAACATCTGCATCCAGGTCATCCAC
ILDI AACATCCTGGATATC

N2V AAAANICIQVIHN | geegeegecgccAACATCTGCATCCAGGTCATCCACAACA
ILAI TCCTGgccATC

N2V4 DGNDNICAQVAH | GACGGAAACGATAACATCTGCgccCAGGTCgccCACA
NALDA ACgccCTGGATgcc

N2R EKILAEYITNAAY | GAGAAGATCCTGGCTGAGTACATCACAAACGCCGC
AVNNIS TTACGCCGTGAACAACATCTCC

N2V5 AAILAEYIAAAAY | gccgccATCCTGGCTGAGTACATCgeecgecGCCGCTTACG
AVNNIA CCGTGAACAACATCgcc

N2V6 EKIAAEYITNAAY | GAGAAGATCgccGCTGAGTACATCACAAACGCCGCT
AAAAIS TACGCCgccgeecgeccATCTCC

N2V7 EKALAAYATNAA | GAGAAGgecCTGGCTgecTACgecACAAACGCCGCTTA
YAVNNAS CGCCGTGAACAACgccTCC

N2V EKILVEYITNVVY | GAGAAGATCCTGgtgGAGTACATCACAAACgtggtgTAC
VVNNIS gtgGTGAACAACATCTCC

N2- EKILAEAITNAAY | GAGAAGATCCTGGCTGAGgccATCACAAACGCCGCT

Y136A | AVNNIS TACGCCGTGAACAACATCTCC

N2- EKILAEYITNAAA | GAGAAGATCCTGGCTGAGTACATCACAAACGCCGC

Y142A | AVNNIS TgeccGCCGTGAACAACATCTCC

N3L GLDKDIIGFGKFS | GGCCTGGACAAGGATATCATCGGCTTCGGAAAGTTT
TVYT TCTACCGTGTACACA

N3- GLDKDIIGFGKFS | GGCCTGGACAAGGATATCATCGGCTTCGGAAAGTTT

Y164A | TVAT TCTACCGTGgccACA

26



N3R

YDEFKDPEHHRA

TACGACGAGTTCAAGGATCCAGAGCACCACCGGGC

AFNNNDK CGCTTTTAACAACAACGACAAG

N3V5 AAEFAAPEHHRA | gecgccGAGTTCgecgeccCCAGAGCACCACCGGGCCGCTT
AFNNNDA TTAACAACAACGACgcc

N3V6 YDEFKDPEAHRA | TACGACGAGTTCAAGGATCCAGAGgecCACCGGGCC
AFAAAAK GCTTTTgccgeegecgeccAAG

N3V7 YDAAKDPEHARA | TACGACgccgccAAGGATCCAGAGCACZgeccCGGGCCGC
AANNNDK TgccAACAACAACGACAAG

N3V8 YDEFKDPAHHAV | TACGACGAGTTCAAGGATCCAgccCACCACgccgtggtgT
VFNNNDK TTAACAACAACGACAAG

N3- ADEFKDPEHHRA | gccGACGAGTTCAAGGATCCAGAGCACCACCGGGCC

Y166A | AFNNNDK GCTTTTAACAACAACGACAAG

NAL LINAIKAQYDEFD | CTGATCAACGCCATCAAGGCTCAGTACGACGAGTTC
NFLD GATAACTTTCTGGAT

NAV] LINAIAAQYAEFA | CTGATCAACGCCATCgccGCTCAGTACgecGAGTTCgcc
NFLA AACTTTCTGgcc

N4V2 AIAAIKAAYDEFD | gccATCgccGCCATCAAGGCTgeccTACGACGAGTTCGAT
AFLD gccTTTCTGGAT

N4V3 LANAAKAQYDE | CTGgecAACGCCgccAAGGCTCAGTACGACGAGgecGA
ADNFAD TAACTTTgccGAT

N4V4 LINVIKVQYDAFD | CTGATCAACgtgATCAAGgtgCAGTACGACgccTTCGAT
NALD AACgccCTGGAT

N4- LINAIKAQADEFD | CTGATCAACGCCATCAAGGCTCAGgccGACGAGTTCG

Y193A | NFLD ATAACTTTCTGGAT

N4R NPRLGYFGQAFFS | AACCCCAGGCTGGGCTACTTCGGACAGGCTTTCTTT
KEGRNY TCTAAGGAGGGCAGAAACTAC

N4V5 AARLAYFGQAFF | gccgeccAGGCTGgecTACTTCGGACAGGCTTTCTTTgecege
AAEGRNY cGAGGGCAGAAACTAC

N4V6 NPRLGYFAAAFFS | AACCCCAGGCTGGGCTACTTCgeccgecGCTTTCTTTTCT
KEARAY AAGGAGgccAGAgecTAC

N4V7 NPRAGYAGQAA | AACCCCAGGgccGGCTACgccGGACAGGCTgceegecTCT
ASKEGRNY AAGGAGGGCAGAAACTAC

N4V NPALGYFGQVFF | AACCCCgccCTGGGCTACTTCGGACAGgtgTTCTTTTCT
SKAGANY AAGgecGGCgecAACTAC

N4- NPRLGAFGQAFFS | AACCCCAGGCTGGGCgccTTCGGACAGGCTTTCTTTT

Y207A | KEGRNY CTAAGGAGGGCAGAAACTAC

N4- NPRLGYFGQAFFS | AACCCCAGGCTGGGCTACTTCGGACAGGCTTTCTTT

Y220A | KEGRNA TCTAAGGAGGGCAGAAACgcc

N5L IINYGNECYDILA | ATCATCAACTACGGAAACGAGTGTTACGACATCCTG
LLSG GCCCTGCTGAGCGGA

N5V2 IINYGAEAYDIAA | ATCATCAACTACGGAgccGAGgeccTACGACATCgecGC
AASG CgccgeccAGCGGA

N5V3 AANYGNACYDA | gccgccAACTACGGAAACgccTGTTACGACgecCTGgtgCT
LVLLSG GCTGAGCGGA

N5R LRHWVVHNNEEE | CTGAGGCACTGGGTGGTGCACAACAACGAGGAGGA
SRISRTW GTCTCGGATCAGCCGCACCTGG
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N5V4

AAHWVVHNNEE

2ccgccCACTGGGTGGTGCACAACAACGAGGAGGAGgc

EARIARAW cCGGATCgccCGCgccTGG

N5V5 LRHWVVHAAAA | CTGAGGCACTGGGTGGTGCACgccgeegeecgccGAGTCTC
ESRASRTW GGgccAGCCGCACCTGG

N5V6 LRHWVVHNNEE | CTGAGGCACTGGGTGGTGCACAACAACGAGGAGgcc
ASAISATA TCTgccATCAGCgccACCgcc

N6L LYNLDKNLDNEY | CTGTACAACCTGGACAAGAACCTGGATAACGAGTA
ISTLN CATCTCCACACTGAAC

N6V1 LYNLAANLANEY | CTGTACAACCTGgccgccAACCTGgeccAACGAGTACATC
IAALN gccgccCTGAAC

N6V2 AYALDKALDAEY | gccTACgccCTGGACAAGgeccCTGGATgecGAGTACATCT
ISTLA CCACACTGgcc

N6V3 LYNADKNADNA | CTGTACAACgccGACAAGAACgccGATAACgecTACgcc
YASTAN TCCACAgccAAC

No6- LANLDKNLDNEY | CTGgccAACCTGGACAAGAACCTGGATAACGAGTAC

Y258A | ISTLN ATCTCCACACTGAAC

No6- LYNLDKNLDNEA | CTGTACAACCTGGACAAGAACCTGGATAACGAGgcc

Y268A | ISTLN ATCTCCACACTGAAC

N6R YLYDRITNELTNS | TACCTGTACGACAGGATCACCAACGAGCTGACAAA
FSKNSA CAGCTTCTCCAAGAACTCTGCC

N6V4 AAYDRITNELTN | gccgccTACGACAGGATCACCAACGAGCTGACAAACgc
AFAANSA cTTCgccgccAACTCTGCC

N6V3 YLYARIAAELAN | TACCTGTACgccAGGATCgeecgeccGAGCTGgeccAACAGCT
SFSKNAA TCTCCAAGAACgecGCC

N6V6 YLYDRATNEATA | TACCTGTACGACAGGgccACCAACGAGgccACAgecAG
SFSKASA CTTCTCCAAGgccTCTGCC

No6- ALYDRITNELTNS | geccCTGTACGACAGGATCACCAACGAGCTGACAAAC

Y274A | FSKNSA AGCTTCTCCAAGAACTCTGCC

No6- YLADRITNELTNS | TACCTGgeccGACAGGATCACCAACGAGCTGACAAAC

Y276A | FSKNSA AGCTTCTCCAAGAACTCTGCC

N7L ANVNYIAETLGIN | GCTAACGTGAACTACATCGCTGAGACCCTGGGCATC
PAEF AACCCAGCTGAGTTC

N7V1 AAVAYIAEALAIA | GCTgeceGTGgeccTACATCGCTGAGgecCTGgecATCgecCC
PAEF AGCTGAGTTC

N7V?2 ANANYAAETAG | GCTAACgccAACTACgecGCTGAGACCgecGGCgccAAC
ANPAEA CCAGCTGAGgcc

N7V3 VNVNYIVATLGIN | gtgAACGTGAACTACATCgtggccACCCTGGGCATCAAC
PVAF CCAgtggecTTC

N7R AEQYFRFSIMKEQ | GCTGAGCAGTACTTCAGATTTTCCATCATGAAGGAG
KNLGFN CAGAAGAACCTGGGCTTCAAC

N7V5 AEAYFRFSIMKEA | GCTGAGgccTACTTCAGATTTTCCATCATGAAGGAGgc
KALAFA cAAGgecCTGgecTTCgec

N7V6 AEQYARFSAAKE | GCTGAGCAGTACgccAGATTTTCCgecgccAAGGAGCA
QKNAGFN GAAGAACgccGGCTTCAAC

N7V7 AEQYFAASIMKA | GCTGAGCAGTACTTCgccgccTCCATCATGAAGgecCAG
QKNLGAN AAGAACCTGGGCgecAAC
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N7- AEQAFRFSIMKEQ | GCTGAGCAGgccTTCAGATTTTCCATCATGAAGGAGC

Y313A | KNLGFN AGAAGAACCTGGGCTTCAAC

NSL AGRDVSAFSKLM | GCTGGAAGGGACGTGAGCGCCTTCAGCAAGCTGAT
YALTM GTACGCCCTGACAATG

N8- AGRDVSAFSKLM | GCTGGAAGGGACGTGAGCGCCTTCAGCAAGCTGAT

Y470A | AALTM GgccGCCCTGACAATG

NSR FLDGKEINDLLTT | TTTCTGGACGGAAAGGAGATCAACGATCTGCTGACC
LINKFD ACACTGATCAACAAGTTCGAC

N8V5 AADAAEINDLLT | geccgecGACgecgeccGAGATCAACGATCTGCTGACCACA
TLINAFD CTGATCAACgccTTCGAC

N8V6 FLAGKEINALLAA | TTTCTGgccGGAAAGGAGATCAACgecCTGCTGgeegeeC
LINKFA TGATCAACAAGTTCgcc

N8V7 FLDGKEIADAATT | TTTCTGGACGGAAAGGAGATCgccGATgecgeccACCAC
AITAKFD AgccATCgeccAAGTTCGAC

NSV8 FLDGKAANDLLT | TTTCTGGACGGAAAGgccgccAACGATCTGCTGACCAC
TLANKAD ACTGgccAACAAGgecGAC

N10L LIKSFARMGEPIA | CTGATCAAGTCCTTTGCCAGGATGGGAGAGCCAATC
DARR GCTGACGCTAGGAGA

N10V1 LIAAFARMAEPIA | CTGATCgccgccTTTGCCAGGATGEgeccGAGCCAATCGCT
AARR gccGCTAGGAGA

N10V2 AAKSFARAGEPA | gccgccAAGTCCTTTGCCAGGgecGGAGAGCCAgecGCT
ADARR GACGCTAGGAGA

N10V3 LIKSAVRMGAPIV | CTGATCAAGTCCgccgtgAGGATGGGAgecCCAATCgtgG
DARR ACGCTAGGAGA

N10R AMYIDAIRILGTN | GCTATGTACATCGATGCCATCCGGATCCTGGGAACC
LSYDEL AACCTGTCTTACGACGAGCTG

N10V5 VAYIDAIRILAAN | gtggccTACATCGATGCCATCCGGATCCTGgecgecAACC
LAYDEL TGgccTACGACGAGCTG

N10V6 AMYIAAIRIAGTA | GCTATGTACATCgccGCCATCCGGATCgecGGAACCgcc
LSYAEL CTGTCTTACgccGAGCTG

N10V7 AMYADAARILGT | GCTATGTACgccGATGCCgecCGGATCCTGGGAACCAA
NASYDEA CgccTCTTACGACGAGgcc

N10VS AMYIDVIAALGT | GCTATGTACATCGATgtgATCgccgccCTGGGAACCAAC
NLSYDAL CTGTCTTACGACgccCTG

N10- AMAIDAIRILGTN | GCTATGgccATCGATGCCATCCGGATCCTGGGAACCA

Y549A | LSYDEL ACCTGTCTTACGACGAGCTG

N10- AMYIDAIRILGTN | GCTATGTACATCGATGCCATCCGGATCCTGGGAACC

Y562A | LSADEL AACCTGTCTgeccGACGAGCTG

N1OL FHYLIRYGDPAHL | TTTCACTACCTGATCAGATACGGCGACCCAGCTCAC
HEIA CTGCACGAGATCGCT

N12- FHALIRYGDPAHL | TTTCACgccCTGATCAGATACGGCGACCCAGCTCACC

Y604A | HEIA TGCACGAGATCGCT

N12- FHYLIRAGDPAHL | TTTCACTACCTGATCAGAgccGGCGACCCAGCTCACC

Y608A | HEIA TGCACGAGATCGCT

N12R KNEAVVKFVLGR | AAGAACGAGGCCGTGGTGAAGTTCGTGCTGGGACG

IADIQKK

GATCGCCGATATCCAGAAGAAG
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N12Vv4

AAEAVVAFVLGR

2ccgccGAGGCCGTGGTGEecTTCGTGCTGGGACGGATC

IADIQAA GCCGATATCCAGgccgee

N12V5 KNEAAAKFALAR | AAGAACGAGGCCgccgccAAGTTCgecCTGgecCGGATC
IAAIQKK GCCgccATCCAGAAGAAG

N12V6 KNEAVVKAVAG | AAGAACGAGGCCGTGGTGAAGgecGTGgeccGGACGGE
RAADAAKK ccGCCGATgccgccAAGAAG

NI12V7 KNAVVVKFVLGA | AAGAACgccgtgGTGGTGAAGTTCGTGCTGGGAgccATC
IVDIQKK gtesGATATCCAGAAGAAG

N14L TGMNYDQFDKK | ACAGGCATGAACTACGACCAGTTCGATAAGAAGAG
RSVIED ATCTGTGATCGAGGAC

N14- TGMNADQFDKK | ACAGGCATGAACgccGACCAGTTCGATAAGAAGAGA

Y678A | RSVIED TCTGTGATCGAGGAC

N14R TGRENAEREKFK | ACCGGAAGGGAGAACGCCGAGAGAGAGAAGTTTAA
KIISLYL GAAGATCATCAGCCTGTACCTG

N14V5 AARENAEREAFA | gccgccAGGGAGAACGCCGAGAGAGAGgecTTTgecgecA
AIISLYL TCATCAGCCTGTACCTG

N14V6 TGREAAEREKFK | ACCGGAAGGGAGgecGCCGAGAGAGAGAAGTTTAAG
KAIAAYA AAGgccATCgecgecTACgec

N14V7 TGRANAAREKAK | ACCGGAAGGgccAACGCCgccAGAGAGAAGgecAAGA
KIASLYL AGATCgccAGCCTGTACCTG

N14V8 TGAENVEAAKFK | ACCGGAgccGAGAACgtgGAGgecgccAAGTTTAAGAAG
KIISLYL ATCATCAGCCTGTACCTG

N14- TGRENAEREKFK | ACCGGAAGGGAGAACGCCGAGAGAGAGAAGTTTAA

Y708A | KIISLAL GAAGATCATCAGCCTGgecCTG

N15L TVIYHILKNIVNIN | ACAGTGATCTACCACATCCTGAAGAACATCGTGAAC
ARY ATCAACGCTAGATAC

NI5V1 AVIYHILAAIVAI | gccGTGATCTACCACATCCTGgeegeccATCGTGgecATCgce
AARY cGCTAGATAC

N15V2 TAAYAIAKNIANI | ACAgecgeccTACgecATCgeccAAGAACATCgecAACATCA
NARY ACGCTAGATAC

N15R VIGFHCVERDAQ | GTGATCGGCTTCCACTGCGTGGAGCGCGATGCCCAG
LYKEKGY CTGTACAAGGAGAAGGGATAC

N15V4 AAAFHCVERDAQ | geegeegeccTTCCACTGCGTGGAGCGCGATGCCCAGCTG
LYAEAGY TACgccGAGgecGGATAC

N15V5 VIGFHCAERAAA | GTGATCGGCTTCCACTGCgecGAGCGCgccGCCgecCTG
LYKEKAY TACAAGGAGAAGgecTAC

N15V6 VIGAAAVERDAQ | GTGATCGGCgccgccgeccGTGGAGCGCGATGCCCAGgce
AYKEKGY TACAAGGAGAAGGGATAC

N15V7 VIGFHCVAADVQ | GTGATCGGCTTCCACTGCGTGgccgecGATgtgCAGCTG
LYKAKGY TACAAGgccAAGGGATAC

N16L DINLKKLEEKGFS | GACATCAACCTGAAGAAGCTGGAGGAGAAGGGCTT
SVTK TAGCTCCGTGACCAAG

N16V1 DINLAALEEAGFA | GACATCAACCTGgeecgeccCTGGAGGAGgecGGCTTTgecT
SVTA CCGTGACCgcc

N16V2 AINLKKLEEKAFS | gccATCAACCTGAAGAAGCTGGAGGAGAAGgecTTTA
AVAK GCgccGTGgecAAG
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N16V3 DIAAKKAEEKGF | GACATCgccgccAAGAAGgccGAGGAGAAGGGCTTTAG
SSATK CTCCgccACCAAG

N16V4 DANLKKLAAKG | GACgccAACCTGAAGAAGCTGgeecgccAAGGGCgeccAGC
ASSVTK TCCGTGACCAAG

N16R LCAGIDETAPDKR | CTGTGCGCTGGAATCGACGAGACAGCCCCCGACAA
KDVEKE GAGGAAGGATGTGGAGAAGGAG

N16V5 AAAGIDETAPDA | gecgeccGCTGGAATCGACGAGACAGCCCCCGACgecAG
RADVEAE GgccGATGTGGAGgecGAG

N16V6 LCAAIAEAAPAK | CTGTGCGCTgccATCgeccGAGgecGCCCCCgecAAGAGG
RKAVEKE AAGgccGTGGAGAAGGAG

N16V7 LCAGADATAPDK | CTGTGCGCTGGAgeccGACgecACAGCCCCCGACAAGA
RKDAAKE GGAAGGATgccgccAAGGAG

N16V8 LCVGIDETVPDK | CTGTGCgtgGGAATCGACGAGACAgtgCCCGACAAGgc
AKDVEKA cAAGGATGTGGAGAAGgcc

N17L MAERAKESIDSLE | ATGGCCGAGAGAGCTAAGGAGAGCATCGACTCCCT
SANP GGAGTCTGCTAACCCT

NrﬂM_iMVEAVKESEBLE ATGgtgGAGgccgtgAAGGAGAGCATCGACTCCCTGGA
SVNP GTCTgtgAACCCT

N17R KLYANYIKYSDE | AAGCTGTACGCCAACTACATCAAGTACTCCGATGAG
KKAEEFT AAGAAGGCCGAGGAGTTCACC

N17V6 KLYANYIKYAAE | AAGCTGTACGCCAACTACATCAAGTACgccgeccGAGA
KAAEEFA AGgccGCCGAGGAGTTCgcec

N17V7 KLYAAYAKYSDA | AAGCTGTACGCCgccTACgccAAGTACTCCGATgecAAG
KKAEEAT AAGGCCGAGGAGgecACC

N17V8 KLYVNYIKYSDE | AAGCTGTACgtgAACTACATCAAGTACTCCGATGAGA
KKVAAFT AGAAGgtggecegecTTCACC

N1SL RQINREKAKTAL | AGGCAGATCAACAGAGAGAAGGCCAAGACCGCTCT
NAYLR GAACGCCTACCTGAGG

N18V1 RQIAREAAAAAL | AGGCAGATCgccAGAGAGgecGCCgeecgecGCTCTGAAC
NAYLR GCCTACCTGAGG

N18V2 RAINREKAKTAA | AGGgccATCAACAGAGAGAAGGCCAAGACCGCTgecg
AAYAR ccGCCTACgccAGG

N18V3 RQANRAKVKTVL | AGGCAGgccAACAGAgccAAGgtgAAGACCgtgCTGAAC
NAYLR GCCTACCTGAGG

N18V4 AQINAEKAKTAL | gccCAGATCAACgccGAGAAGGCCAAGACCGCTCTGA
NVYLA ACgtgTACCTGgcc

N1SR NTKWNVIIREDLL | AACACAAAGTGGAACGTGATCATCCGGGAGGACCT
RIDNKT GCTGCGCATCGATAACAAGACC

N18V6 NTKWAAIIREALL | AACACAAAGTGGgecgccATCATCCGGGAGgecCTGCT
RIAAKT GCGCATCgccgccAAGACC

N18V7 NTKWNVAARED | AACACAAAGTGGAACGTGgccgecCGGGAGGACgecgcece
AARADNKT CGCgccGATAACAAGACC

N18V8 NTKANVIIAADLL | AACACAAAGgccAACGTGATCATCgecgecGACCTGCT
AIDNKT GgccATCGATAACAAGACC

N19L CTLFRNKAVHLE | TGTACACTGTTCCGGAACAAGGCTGTGCACCTGGAG

VARYV

GTGGCTCGCTACGTG
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CAAFRNKAVHAE

TGTgecgecTTCeggaacaaggetgtgcacgccGAGgecGCTCGCT

NIOVI AARYA ACgcc

N19R HAYINDIAEVNSY | CACGCCTACATCAACGACATCGCCGAGGTGAACTCC
FQLYHY TACTTTCAGCTGTACCACTAC

N19V4 HAYINDIAEAASY | CACGCCTACATCAACGACATCGCCGAGgccgecTCCTA
FAAYAY CTTTgccgecTACgecTAC

N19V5 HAYANDAVAVN | CACGCCTACgccAACGACgccgtggccGTGAACTCCTACE
SYAQLYHY ccCAGCTGTACCACTAC

N2OL IMQRIIMNERYEK | ATCATGCAGAGGATCATCATGAACGAGAGATACGA
SSGK GAAGTCTAGCGGCAAG

N20V4 IMQAIIMNAAYA | ATCATGCAGgccATCATCATGAACgccgeccTACgecAAGT
KSSGK CTAGCGGCAAG

N20- IMQRIIMNERAEK | ATCATGCAGAGGATCATCATGAACGAGAGAgecGAG

Y900A | SSGK AAGTCTAGCGGCAAG

N20R VSEYFDAVNDEK | GTGTCTGAGTACTTCGACGCCGTGAACGATGAGAAG
KYNDRLL AAGTACAACGATAGACTGCTG

N2OV6 VSEYFDAVAAEK | GTGTCTGAGTACTTCGACGCCGTGgecgccGAGAAGA
KYAARLL AGTACgccgccAGACTGCTG

N2OV7 VSEYADAANDEK | GTGTCTGAGTACgccGACGCCgccAACGATGAGAAGA
KYNDRAA AGTACAACGATAGAgccgec

N20- VSEAFDAVNDEK | GTGTCTGAGgccTTCGACGCCGTGAACGATGAGAAG

Y910A | KYNDRLL AAGTACAACGATAGACTGCTG

N20- VSEYFDAVNDEK | GTGTCTGAGTACTTCGACGCCGTGAACGATGAGAAG

Y920A | KANDRLL AAGgccAACGATAGACTGCTG

N2IL KLLCVPFGYCIPR | AAGCTGCTGTGCGTGCCTTTCGGATACTGTATCCCA
FKNL CGGTTTAAGAACCTG

N21V] ALLCAPFAYCIPR | gccCTGCTGTGCgecCCTTTCgecTACTGTATCCCACGGT
FAAL TTgccgecCTG

N21- KLLCVPFGACIPR | AAGCTGCTGTGCGTGCCTTTCGGAgecTGTATCCCAC

Y934A | FKNL GGTTTAAGAACCTG

N2IR SIEALFDRNEAAK | AGCATCGAGGCCCTGTTCGACCGCAACGAGGCTGCC
FDKEKK AAGTTTGATAAGGAGAAGAAG

N21V4 AAEALFDRNEAA | gecgeccGAGGCCCTGTTCGACCGCAACGAGGCTGCCgce
AFDAEAK cTTTGATgccGAGgecAAG

N21V5S SIEAAFARAEAAK | AGCATCGAGGCCgccTTCgccCGCgccGAGGCTGCCAA
FAKEKA GTTTgccAAGGAGAAGgcc

N21V6 SIAALADRNAAA | AGCATCgccGCCCTGgeccGACCGCAACgeccGCTGCCAA
KADKAKK GgccGATAAGgeccAAGAAG

N21V7 SIEVLFDANEVVK | AGCATCGAGgtgCTGTTCGACgccAACGAGgtggteAAGT
FDKEKK TTGATAAGGAGAAGAAG

N2C ILAEYITNAAYAV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
NNIS GTGAACAACATCTCC

11324 ALAEYITNAAYA | gccCTGGCTGAGTACATCACAAACGCCGCTTACGCCG
VNNIS TGAACAACATCTCC

L133A IAAEYITNAAYAV | ATCgecGCTGAGTACATCACAAACGCCGCTTACGCCG

NNIS

TGAACAACATCTCC
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ILVEYITNAAYAV

ATCCTGgecGAGTACATCACAAACGCCGCTTACGCCG

Al34V NNIS TGAACAACATCTCC

E135A ILAAYITNAAYAV | ATCCTGGCTgecTACATCACAAACGCCGCTTACGCCG
NNIS TGAACAACATCTCC

1137A ILAEYATNAAYA | ATCCTGGCTGAGTACgccACAAACGCCGCTTACGCCG
VNNIS TGAACAACATCTCC

TI38A ILAEYIANAAYAYV | ATCCTGGCTGAGTACATCgccAACGCCGCTTACGCCG
NNIS TGAACAACATCTCC

N139A ILAEYITAAAYAV | ATCCTGGCTGAGTACATCACAgccGCCGCTTACGCCG
NNIS TGAACAACATCTCC

A140V ILAEYITNVAYAV | ATCCTGGCTGAGTACATCACAAACgtgGCTTACGCCG
NNIS TGAACAACATCTCC

A4V ILAEYITNAVYAV | ATCCTGGCTGAGTACATCACAAACGCCgtgTACGCCG
NNIS TGAACAACATCTCC

A143V ILAEYITNAAYVV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACgtgG
NNIS TGAACAACATCTCC

V144A ILAEYITNAAYAA | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
NNIS gccAACAACATCTCC

N145A ILAEYITNAAYAV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
ANIS GTGgecAACATCTCC

N146A ILAEYITNAAYAV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
NAIS GTGAACgccATCTCC

1147A ILAEYITNAAYAV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
NNAS GTGAACAACgccTCC

S14%A ILAEYITNAAYAV | ATCCTGGCTGAGTACATCACAAACGCCGCTTACGCC
NNIA GTGAACAACATCgcc

N2D1 ALAAYATNAAY | gecCTGGCTgecTACgccACAAACGCCGCTTACGCCGTG
AVNNIS AACAACATCTCC

N2D2 ALAAYITNAAYA | geccCTGGCTgeccTACATCACAAACGCCGCTTACGCCGT
VNNAS GAACAACgecTCC

N2D3 ALAEYATNAAYA | geccCTGGCTGAGTACgccACAAACGCCGCTTACGCCGT
VNNAS GAACAACgecTCC

N2D4 ILAAYATNAAYA | ATCCTGGCTgecTACgeccACAAACGCCGCTTACGCCGT
VNNAS GAACAACgecTCC

N2D5 ALAAYITNAAYA | geccCTGGCTgeccTACATCACAAACGCCGCTTACGCCGT
VNNIS GAACAACATCTCC

N2D6 ALAEYATNAAYA | gccCTGGCTGAGTACgecACAAACGCCGCTTACGCCGT
VNNIS GAACAACATCTCC

N2D7 ALAEYITNAAYA | gccCTGGCTGAGTACATCACAAACGCCGCTTACGCCG
VNNAS TGAACAACgccTCC

N2D8 ILAAYATNAAYA | ATCCTGGCTgecTACgeccACAAACGCCGCTTACGCCGT
VNNIS GAACAACATCTCC

N2D9 ILAAYITNAAYAV | ATCCTGGCTgccTACATCACAAACGCCGCTTACGCCG
NNAS TGAACAACgccTCC

N2D10 ILAEYATNAAYA | ATCCTGGCTGAGTACgccACAAACGCCGCTTACGCCG
VNNAS TGAACAACgccTCC
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ILVEYITNVVYAV

ATCCTGgtgGAGTACATCACAAACgtggtsTACGCCGTG

N2DIT s AACAACATCTCC

NoD1o | ILVEYITNVAYVV | ATCCTGgtgGAGTACATCACAAACgtgGCTTACgeGTG
NNIS AACAACATCTCC

Nop13 | ILVEYITNAVYVV | ATCCTGgtgGAGTACATCACAAACGCCgtgTACetgGTG
NNIS AACAACATCTCC

NoD14 | IAEYITNVVYVV | ATCCTGGCTGAGTACATCACAAACgiggtgTACgieGTG
NNIS AACAACATCTCC

NoD1s | ILVEYITNVAYAV | ATCCTGgigGAGTACATCACAAACgtgGCTTACGCCGT
NNIS GAACAACATCTCC

NoD16 | ILVEYITNAVYAV | ATCCTGgtgGAGTACATCACAAACGCCgigTACGCCGT
NNIS GAACAACATCTCC

Nop17 | ILVEYITNAAYVV | ATCCTGgtgGAGTACATCACAAACGCCGCTTACggGT
NNIS GAACAACATCTCC

NoD1g | ILAEYITNVVYAV | ATCCTGGCTGAGTACATCACAAACeiggte TACGCCGT
NNIS GAACAACATCTCC

NoD1o | ILAEYITNVAYVV [ ATCCTGGCTGAGTACATCACAAACgtgGCTTACgteGT
NNIS GAACAACATCTCC

NoD20 | ILAEYITNAVYVV [ ATCCTGGCTGAGTACATCACAAACGCCgte TACgtgGT
NNIS GAACAACATCTCC

NoT | ALAAYITNAAYV | gccCTGGCTgec TACATCACAAACGCCGCTTACgeGTG
VNNIS AACAACATCTCC

N2 | ALVAYITNAAYV | gceCTGetggoeeTACATCACAAACGCCGCTTACEteGTGA

VNNIS

ACAACATCTCC
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Supplementary Table 3. The mutant sequences and corresponding nucleotide sequences
used for Cas13X screening.

Variants | Amino Acids Nucleotide sequence
MI1-WT RTIMERAYERAI | CGGACCATCATGGAGAGAGCCTATGAGCGGGCCAT
FECRRR CTTCGAGTGCAGAAGAAGA
M1 KTIMDKAYDKA | aaaACCATCATGgacaagGCCTATgacaagGCCATCTTCgac
IFDCKKT TGCaagaagacc
MO-WT AFEEKVVKAKK | GCTTTCGAAGAGAAGGTGGTGAAGGCCAAGAAGAT
MSEKE GAGCGAGAAGGAA
M2 VFDEQVVQAQQ | gtcTTCGAcGAGCAGGTGGTGcAGGCCcAGcAGATGAG
MSEKT CGAGAAGacc
M3-WT VMKKYGIEKEW | GTGATGAAGAAGTACGGCATCGAGAAGGAATGGAA
KFPVK GTTCCCTGTCAAG
M3 VFMQKYGIDKD | GTcttcATGcAGAAGTACGGCATCGACAAGGACTGGCA
WQFPVK GTTCCCTGTGAAG
M4A-WT QVSKQTSKKRE | CAGGTGAGCAAGCAGACCTCCAAGAAGAGGGAGCT
LSIDE GAGCATCGACGAG
VFSAATSAAAA | GTctteteggeegctACCTCCgctgeegecgctCTGAGCATCGAaG
M4
LSIED Ac
M5-WT YQGARKWCFTI | TACCAGGGCGCCCGGAAGTGGTGCTTCACCATTGCC
AFNKA TTCAACAAGGCC
VFGAAAWCFTI | GTcettcGGCGCCgccgecTGGTGCTTCACCATTGCCTTC Cgce
M5
AFAED cgaagac
M6-WT LVNRDKNDGLF | CTGGTGAACCGGGACAAGAACGACGGCCTGTTCGTG
VESLLR GAAAGCCTGCTGAGA
VFAAAAAAGLF | gtettcgeCgecGeCgeecgecGeCGGCCTGTTCGTGGecAGCCT
M6
VASLED Ggaagac
M7-WT HEKYSKHDWYD | CACGAGAAGTACAGCAAGCACGACTGGTACGACGA
EDTRA AGATACCCGGGCC
VFAYSAAAWYA | gtcttcgccTACAGCgccgecgec TGGTACgecgecgecACCgaaga
M7 AATED C
MS-WT LIKCSTQAANAK | CTGATCAAGTGCAGCACCCAGGCCGCCAACGCCAA
AEAL GGCTGAAGCCCTG
VFACSTQAAAA | gtettcgccTGCAGCACCCAGGCCGCCgecGCCgecGCTgecg
M8
AAAED aagac
MI-WT YRHSPGCLTFTA | TACCGGCATAGCCCTGGCTGCCTGACCTTCACCGCC
EDEL GAGGACGAACTG
VFASPGCLAFTA | gtcttcgccAGCCCTGGCTGCCTGgCCTTCACCGCCgecGA
M9
ADED Cgaagac
MI10- ETEVIIEFPSLFE | GAGACAGAGGTGATCATCGAGTTTCCCAGCCTGTTC
WT GDR GAGGGCGACCGG
M10 VFAVIIAFPALFA | gtcttcGeccGTGATCATCGecTTTCCCgecCTGTTCGeecGGCg
GED aagac
MIl11- ITTAGVVFFVSF | ATCACCACCGCCGGCGTGGTGTTTTTCGTGAGCTTTT
WT FVER TCGTGGAAAGA
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VFAAGVAFAVA

gtcttcgCCGCCGGCGTGEecTTTgecGTGgecTTTgecGTGga

M1l FAVED agac
M12- RVLDRLYGAVS | AGAGTGCTGGATCGGCTGTATGGAGCCGTGTCCGGC
WT GLKKN CTGAAGAAGAAT
VFLAALAGAVA | gtcttcCTGGeegecCTGgecGGAGCCGTGgCCGGCCTGgeeg
M12
GLAED aagac
M13- EGQYKLTRKAL | GAGGGACAGTACAAGCTGACCCGGAAGGCCCTGAG
WT SMYCL CATGTACTGCCTG
VFQAALTAAAL | gtcttcCAGgecgccCTGACCgeecgecGCCCTGAGCgecgecgaag
MI13
SAAED ac
M14- DKKRANDNEGT | GATAAGAAGAGAGCTAACGACAATGAGGGCACAAA
WT NPKRH TCCCAAGCGGCAC
M14 Xgiég AAAAGT gtettcgecgeeGCTgecgeegeegecGGCACAgecCCCgecgaagac
MI15- KSIVFSVSDYGK | AAGAGCATCGTGTTCTCCGTGTCTGACTACGGCAAG
WT LYVL CTGTACGTGCTG
VFIVFAVAAAG | gtcttcATCGTGTTCgCCGTGgeeGeCgecGGCgecCTGgeCga
MI15
ALAED agac
M16- DDAEFLGRICEY | GACGATGCCGAATTCCTGGGCCGGATCTGCGAATAC
WT FMPH TTCATGCCCCAC
M16 VFAAFLGAICAA | gtcttcGCCGecTTCCTGGGCgecATCTGCGeegecTTCgecga
FAED agac
M17- EKGKIRYHTVYE | GAAAAGGGCAAGATCCGGTACCACACAGTGTACGA
WT KGFR AAAGGGCTTTAGA
VFGAIAAATVY | gtettcGGCgeccATCgecgeecgccACAGTGTACgeecgecGGCgaag
M17
AAGED ac
MI17V1 EAAAIRYHTVYE | GAAgccgecgccATCCGGTACCACACAGTGTACGAAgceceg
AAFR ccTTTAGA
M17V2 EKGKARYAAAY | GAAAAGGGCAAGgccCGGTACgccgecgccTACGAAAAG
EKGAR GGCgccAGA
MI17V3 AKGKIAYHTVY | gccAAGGGCAAGATCgccTACCACACAGTGTACgccAA
AKGFA GGGCTTTgcece
M17- EKGKIRAHTVYE | GAAAAGGGCAAGATCCGGgccCACACAGTGTACGAA
Y672A | KGFR AAGGGCTTTAGA
M17- EKGKIRYHTVAE | GAAAAGGGCAAGATCCGGTACCACACAGTGgccGAA
Y676A | KGFR AAGGGCTTTAGA
M17RR EKGKIAYHTVY | GAAAAGGGCAAGATCgccTACCACACAGTGTACGAA
EKGFA AAGGGCTTTgcc
MI17KK | EAGAIRYHTVYE | GAAgccGGCgccATCCGGTACCACACAGTGTACGAAge
K AGFR cGGCTTTAGA
MI17EE AKGKIRYHTVY | GecAAGGGCAAGATCCGGTACCACACAGTGTACGccA
AKGFR AGGGCTTTAGA
M17YY | EKGKIRAHTVAE | GAAAAGGGCAAGATCCGGgcCCACACAGTGgcCGAA
F KGAR AAGGGCgccAGA
M17GI | EKAKARYHAVY | GAAAAGGcCAAGgcCCGGTACCACgCgGTGTACGAAA
TG EKAFR AGGcCTTTAGA
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M17- EKGKIRYHTVYE | GAAAAGGGCAAGATCCGGTACCACACAGTGTACGA
F680A | KGAR AAAGGGCgccAGA
MI17GG EKAKIRYHTVYE | GAAAAGGcCAAGATCCGGTACCACACAGTGTACGAA
KAFR AAGGcCTTTAGA
M17- EKGKARYHTVY | GAAAAGGGCAAGgcCCGGTACCACACAGTGTACGAA
1670A | EKGFR AAGGGCTTTAGA
M17- EKGKTRYHAVY | GAAAAGGGCAAGACCCGGTACCACgCgGTGTACGAA
T674A | EKGFR AAGGGCTTTAGA
MITYY EKGKIRAHTVAE | GAAAAGGGCAAGATCCGGgcCCACACAGTGgcCGAA
KGFR AAGGGCTTTAGA
M18- AYNDLQKKCVE | GCATACAACGACCTGCAGAAGAAGTGCGTGGAGGC
WT AVLAF CGTGCTGGCTTTC
VFAALAAACVA | gtcttcgcCGecCCTGgeegeegecTGCGTGgecGCCGTGCTGgaa
MI18
AVLED gac
MI8V1 AYAALQAACAE | GCATACgccgecCTGCAGgeegecTGCgecGAGGCCGTGCT
AVLAF GGCTTTC
MI8V? AYNDAAKKAVE | GCATACAACGACgccgccAAGAAGgeccGTGGAGGCCgcc
AAAAF gccGCTTTC
MI8V3 VYNDLQKKCVA | gteTACAACGACCTGCAGAAGAAGTGCGTGgceegtgGTG
VVLVA CTGgtggcc
M18- AANDLQKKCVE | GCAgccAACGACCTGCAGAAGAAGTGCGTGGAGGCC
Y683A | AVLAF GTGCTGGCTTTC
M19- GAHYIDFREILA | GGCGCCCACTACATCGACTTCCGGGAGATCCTGGCC
WT QTMC CAGACCATGTGC
VFAAIAFAAILA | GtettegeCgcCATCGeCTTCgecGecATCCTGGCCCAGgCCg
M19
QAED aagaC
M20- KEAEKTAVNKYV | AAGGAGGCCGAAAAGACCGCAGTGAACAAGGTGAG
WT RRAFF ACGCGCCTTCTTC
VFAAAAAVAAV | gtettcGCCgeecgecgCCGCAGTGgeecgecGTGAGACGCGCCg
M20
RRAED aagac
M21- HHLKFVIDEFGL | CACCACCTGAAGTTCGTGATTGACGAGTTCGGCCTG
WT FSD TTCAGCGAC
M21 VFLAFVIAAAGL gtcttcCTGgecc TTCGTGATTgecgeecgecGGCCTGgeCgaagac

AED
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Supplementary Table 4. gRNA sequences used in this study.

Casl3
orthologs | Name gRNA sequence Figure
Cas13d mCherry | ACTTGATGTTGACGTTGTAGGCGCCGGGC | 1b, d;
RfxCas13d | gRNA-gl A Sla-b
Cas13d mCherry | CACGTAGGCCTTGGAGCCGTACATGAAC | 1b,d;
RfxCasl13d | gRNA-g2 TG Sla-b
Cas13d mCherry | GCAGCTTCACCTTGTAGATGAACTCGCCG | 1b, d;
RfxCas13d | gRNA-g3 T Sla-b
1b, d, f;
Sla-b;
Cas13d nontarget | CGTCTGGCCTTCCTGTAGCCAGCTTTCAT | S2a-f;
RfxCasl13d | gRNA-NT C 3b-e
LwaCas13 | Casl3a mCherry | ACTTGATGTTGACGTTGTAGGCGCCGGGC | 1b,e;
a gRNA-¢gl A Sle-d
LwaCas13 | Casl3a mCherry | CACGTAGGCCTTGGAGCCGTACATGAAC | 1b,e;
a gRNA-g2 TG Sle-d
LwaCas13 | Casl3a mCherry | GCAGCTTCACCTTGTAGATGAACTCGCCG | 1b,e;
a gRNA-g3 T Sle-d
LwaCasl13 | Casl3anontarget | CGTCTGGCCTTCCTGTAGCCAGCTTTCAT | 1b,¢;
a gRNA-NT C Slec-d
Ic, f;
S2a; 3b-
f, h-i;
5b-f;
Human RPL4 GTTGTGTTCACTCTACGATGCCAACGGCG | S20d,e;
RfxCas13d | Casl13d gRNA-gl | C S10a,f
Ic, f;
Human RPL4 CTTTAGACATGACCAGTGCTGGTAGGGCT | S2a; 3b-
RfxCasl13d | Cas13d gRNA-g2 | G f, 1
Ic, f;
S2a; 3b-
f, 1; 4e-h,
J; S12;
Human RPL4 GAAGTTCAGGAACTTCCTCAATACGATG | S13a,d;
RfxCasl13d | Cas13d gRNA-g3 | AC S14b
Human RPL4 Ic, f;
RfxCasl13d | Cas13d gRNA-g4 | GGTTTCTCATTTTGCCTTTGCCAGCTCTCA | S2a
Human PKM GGCTCCCTTCTTCAGCTCCACCTCTGCAG
RfxCasl13d | Cas13d gRNA-¢gl | T S2b, d-e
Human PKM GTAGGCGTTATCCAGCGTGATTTTGAGAG
RfxCasl13d | Cas13d gRNA-g2 | T S2b, d-e
Human PKM GTTCTTGTAGTCCAGCCACAGGATGTTCT
RfxCas13d | Cas13d gRNA-g3 | C S2b, d-e
Human PKM GTAGATCTTGCTGCCCACTTCCACCACCT
RfxCas13d | Cas13d gRNA-g4 | T S2b, d-e
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Human PFN1

GGTCTTTGCCAACCAGGACACCCACCTCA

RfxCasl13d | Cas13d gRNA-gl | G S2c-d, f
Human PFN1 GCAGTGAGTCCCGGATCACCGAACATTTC
RfxCasl13d | Cas13d gRNA-g2 | T S2¢c-d, f
Human PFN1 GTGCTCTTGGTACGAAGATCCATGCTAAA
RfxCasl13d | Cas13d gRNA-g3 | T S2¢c-d, £
Human PFN1 GTCAGTCTTGGTGACAGTGACATTGAAG
RfxCasl13d | Casl13d gRNA-g4 | GT S2¢c-d, £
2d-f; 3b;
Cas13d EGFP GTCCTCCTTGAAGTCGATGCCCTTCAGCT | S20b,c;
RfxCas13d | gRNA-gl C S6
Cas13d EGFP AGCACTGCACGCCGTAGGTCAGGGTGGT | S20b,c;
RfxCas13d | gRNA-g2 CA S6; S7
Cas13d EGFP GCAGGACCATGTGATCGCGCTTCTCGTTG | S20b,c;
RfxCasl3d | gRNA-g3 G S6
Cas13d EGFP GAACTTCAGGGTCAGCTTGCCGTAGGTG | S20b,c;
RfxCas13d | gRNA-g4 GC S6
Human BSG ACTCGTAAGTGCCCGTGTCCTCCTCCACG
RfxCasl13d | Cas13d gRNA-gl | A 3b-e
Human BSG GTCATTCAAGGAGCAGGTGAGGAGTATC
RfxCasl13d | Cas13d gRNA-g2 | TT 3b-e
Human BSG TCTGACGACTTCACAGCCTTCACTCTGGG
RfxCasl13d | Cas13d gRNA-g3 | A 3b-e
Human BSG CTTGTCCTCAGAGTCAGTGATCTTGTACC
RfxCasl13d | Cas13d gRNA-g4 | A 3b-e
Human BSG GTGCAGAGCCGGCGTCGTCATCATCCAG
RfxCas13d | Cas13d gRNA-g5 | GA 3b-e
3b-e, g,
1; 4e-h;
Human CA2 AGCACAATCCAGGTCACACATTCCAGAA | S12;
RfxCas13d | Cas13d gRNA-¢gl | GA S13b.e,g
Human CA2 TATGCCAGTGCTCAGGTCCGTTGTGTTTG
RfxCas13d | Cas13d gRNA-g2 | C 3b-e, g, 1
Human CA2 CAGGGAAGTTGCTTGATCATAGGAAACA
RfxCas13d | Cas13d gRNA-g3 | GA 3b-e, g, i
Human CA2 AAACTGAATCAATCTGTAAGTGCCATCCA
RfxCasl13d | Cas13d gRNA-g4 | G 3b-e, g, i
Human CA2 TTTATCCACAGTATGCTCTGAACCTTGTC
RfxCas13d | Casl13d gRNA-g5 | C 3b-e, g, i
Human CA2 GAATCCAGCACATCAACAACTTTCTGAA
RfxCas13d | Cas13d gRNA-g6 | GG 3b-e, g, i
Human CA2 GCGCCAGTTGTCCACCATCAGTTCTTCGG
RfxCas13d | Cas13d gRNA-g7 | G 3b-e, g, i
Human CKB GCAGCCGCTTAAGCACCTCCGAGAACTTC
RfxCasl13d | Cas13d gRNA-¢l | T 3b-e; h-i
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Human CKB

TGGCCCGGGTTGTCCACGCCTGTCTGGAT

RfxCasl13d | Casl13d gRNA-g2 | G 3b-¢
Human CKB CGCCCGCCACGCAGCCCACGGTCATGAT
RfxCasl13d | Cas13d gRNA-g3 | GT 3b-e
Human CKB CTGCTGCTGCTCCGCCTCCGTCATGCTCT
RfxCasl13d | Cas13d gRNA-g4 | T 3b-e
Human ENO1 ATATAGCGAGTCTTATCATTGTCCCGGAG
RfxCasl13d | Cas13d gRNA-gl | C 3b-e
Human ENOI1
RfxCas13d | Cas13d gRNA-g2 | ATCATCAGTTTGTCAATCTTCTCTTGTTCT | 3b-e
Human ENO1 CGCCATTGATGACATTGAACGCCGGGAC
RfxCasl13d | Cas13d gRNA-g3 | TG 3b-e
Human ENO1
RfxCas13d | Cas13d gRNA-g4 | TCTTTCCCATATTTCTCCTTGATGACATTC | 3b-e
Human ENO1 CCTTATCAGTGTAGCCAGCTTTCCCAATA
RfxCasl3d | Casl13d gRNA-g5 | G 3b-e
Human ENOI1 ACTACCTGGATTCCTGCACTGGCTGTGAA
RfxCas13d | Cas13d gRNA-g6 | C 3b-e
Human LENG8 | CCACCATGCTGTACTGAGAAGACCAATCT
RfxCasl13d | Cas13d gRNA-gl | G 3b-e
Human LENG8 | GCAGGTTCGGTGTAGGTGTGTGGCCCATA
RfxCas13d | Casl13d gRNA-g2 | G 3b-e
Human LENG8 | TGCGGTCCTTGTCCTCCTCCGACTCACAG
RfxCasl13d | Cas13d gRNA-g3 | G 3b-e
Human LENG8 | TTGTCCTTCATGAAGACGTTGCGGTTGCC
RfxCasl13d | Cas13d gRNA-g4 | A 3b-e
Human LENG8 | CCTCACACTCCAGCGCCGCCATCTTCTTT
RfxCas13d | Cas13d gRNA-g5 | C 3b-e
Human LENGS | AACGCGTAGTCCTGCTTCTCTTTCCAGTG
RfxCas13d | Cas13d gRNA-g6 | G 3b-e
Human NEFM GACCACGACTGCGAGCGGAAGCCACTGG
RfxCasl13d | Cas13d gRNA-gl | AC 3b-e
Human NEFM TTATAGGAGGAGGACACGGTGCTGGGCG
RfxCasl13d | Cas13d gRNA-g2 | AG 3b-e
Human NEFM
RfxCas13d | Cas13d gRNA-g3 | ATCTCCGCCTCAATCTCCTTATTCTGCTGC | 3b-e
Human NEFM CTCCACCTTGACCAGCGACGCCTCCTCGA
RfxCasl13d | Cas13d gRNA-g4 | T 3b-e
Human NEFM CTTGGCGTAGCGGCATTTGAACCACTCTT
RfxCas13d | Cas13d gRNA-g5 | C 3b-e
Human NEFM TCCTGCAAATGTGCTAAATCTAGTCTCTT
RfxCas13d | Cas13d gRNA-g6 | C 3b-e
Human PEBP1 TCAGCACTTTGCCCAGCTCGTCCACCGCC
RfxCasl13d | Casl13d gRNA-¢l | G 3b-e
Human PEBP1 TATTCTTAACCTGGGTGGGCGTCAGCACT
RfxCas13d | Cas13d gRNA-g2 | T 3b-e

40



Human PEBP1

CTTCCCTGAATCAAGACCATCCCACGAAA

RfxCasl13d | Cas13d gRNA-g3 | T 3b-¢
Human PEBP1
RfxCas13d | Cas13d gRNA-g4 | ATGCCATTCTCTGTATTTGGGATCCTTCCT | 3b-e
Human PEBP1 ATGTTGACCACCAGGAAATGATGCCATTC
RfxCasl13d | Cas13d gRNA-g5 | T 3b-e
Human PEBP1 CCACTGCTGATGTCATTGCCCTTCATGTT
RfxCas13d | Cas13d gRNA-g6 | G 3b-e
3b-e, h-i;
4a, c, e-1;
S20d,e;
Human PPIA AAACACCACATGCTTGCCATCCAACCACT | S10b,e;
RfxCas13d | Casl13d gRNA-¢gl | C S14a
3b-e¢, h-i;
4b, d, e-
Human PPIA ATGCCAGGACCCGTATGCTTTAGGATGA | i; S10c;
RfxCas13d | Cas13d gRNA-g2 | AG S12
Human PPIA CAAACAGCTCAAAGGAGACGCGGCCCAA
RfxCas13d | Cas13d gRNA-g3 | GG 3b-e
Human PPIA AACCCTTATAACCAAATCCTTTCTCTCCA
RfxCasl13d | Cas13d gRNA-g4 | G 3b-¢
Human PPIA CACCCTGACACATAAACCCTGGAATAATT
RfxCasl13d | Cas13d gRNA-g5 | C 3b-e
Human PPIA
RfxCas13d | Cas13d gRNA-g6 | CCTCCACAATATTCATGCCTTCTTTCACTT | 3b-e
3b-e, h-i;
Human RPS5 ACACATCCACAGCCTGTCGTCTCACAGTC | S20d,e;
RfxCas13d | Casl13d gRNA-gl | C S10d,g
Human RPS5 ATACTTCTCCTTCACTGCAATGTAATCCT
RfxCasl13d | Cas13d gRNA-g2 | G 3b-e
Human RPS5 GAGTTAGTGAGGCGCTCCACAATGGGAC
RfxCas13d | Cas13d gRNA-g3 | AC 3b-¢
Human ANXA4 | TTAGGCAGCCCTCATCAGTGCCGGCTCCC | 3b-e, h-i;
RfxCasl13d | Cas13d gRNA-gl | T S20d,e
Human
B4GALNT1 CCTCCTGACCAGAAGCTGCCTGAAGGCTC | 3b-e, h-i;
RfxCasl13d | Cas13d gRNA-¢gl | A S20d,e
Human EGFR GTTTCTGGCAGTTCTCCTCTCCTGCACCC
RfxCas13d | Casl13d gRNA-gl | C 3b-e, h-i
Human EZH2 CAAATGCTGGTAACACTGTGGTCCACAA
RfxCas13d | Cas13d gRNA-¢l | GG 3b-e, h-i
Human NF2 CTTGGCCTGGACGGCGTAAGAAGCCAGG
RfxCas13d | Cas13d gRNA-¢l | AG 3b-e, h-i
Human NFKBI1 CTCATAGTTGTCCATAAGTGTTTTGGAAG
RfxCasl13d | Cas13d gRNA-gl | G 3b-e
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Human NRAS CTGTCTGGTCTTGGCTGAGGTTTCAATGA | 3b-e, h-i;
RfxCasl13d | Cas13d gRNA-gl | A S20d,e
3b-e, h-i;
4e-h;
Human PPARG | CATTATGAGACATCCCCACTGCAAGGCAT | S12;
RfxCasl13d | Cas13d gRNA-gl | T S13c,f,h
Human PPIB GGCCCGTAGTGCTTCAGTTTGAAGTTCTC
RfxCasl13d | Cas13d gRNA-gl | A 3b-e
Human RAF1 CTCAATCATCCTGCTGTCCACAGGCAGGG
RfxCasl13d | Cas13d gRNA-gl | T 3b-e
Human
SMARCAI1 CTGGTGAGGATTCCAGTCGCTGTCAAAA | 3b-e, h-1;
RfxCas13d | Cas13d gRNA-gl | AT S20d,e
Human STAT3 ATCACAATTGGCTCGGCCCCCATTCCCAC
RfxCasl13d | Cas13d gRNA-¢gl | A 3b-e, h-i
3b-f, h-i
Human RPL4 TCAGTCCAAATGCAGAAACGTCCCACAT | (as g4in
RfxCas13d | Cas13d gRNA-g5 | GC 3f)
3b-f, h-i
Human RPL4 CAATACGATGACCTTTAGACATGACCAGT | (as g51in
RfxCas13d | Cas13d gRNA-g6 | G 3f)
Mouse Tyr GGAACCTCTGCCTGAAAGCTGGCCGCAG | 5h-k;
RfxCasl13d | Cas13d gRNA-gl | GG S15b-c
Mouse Tyr GGGGAACTGAGGTCCAGATGGTGCACTG | 5h-k;
RfxCasl13d | Cas13d gRNA-g2 | GA S15b-c
Mouse Pcsk9 GTGGGTGCCGTGGCTGTCACACTTGCTCG
RfxCasl13d | Cas13d gRNA-gl | C S15d-g
Mouse Pcsk9 CAGCATCCCGGCCGCTGACCACACCTGCC
RfxCasl13d | Cas13d gRNA-g2 | A S15d-g
Cas13X EGFP AGCACTGCACGCCGTAGGTCAGGGTGGT | 6¢-d;
Casl3X gRNA-¢gl CA S16
Cas13X EGFP GTCCTCCTTGAAGTCGATGCCCTTCAGCT
Casl3X gRNA-g2 C S16
Cas13X EGFP TCGCCGTCCAGCTCGACCAGGATGGGCA
Casl3X gRNA-g3 CC S16
Cas13X EGFP TTCGGGCATGGCGGACTTGAAGAAGTCG
Casl13X gRNA-g4 TG S16
Human ANXA4 6h;
Casl3X gRNA- | TTAGGCAGCCCTCATCAGTGCCGGCTCCC | S20d,e;
Casl13X gl T S18
Human
B4GALNTI1 6h;
Casl3X gRNA- | CCTCCTGACCAGAAGCTGCCTGAAGGCTC | S20d,e;
Casl13X gl A S18
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Human EGFR

Cas13X gRNA- GTTTCTGGCAGTTCTCCTCTCCTGCACCC
Casl3X gl C 6h; S18
Human EZH2
Cas13X gRNA- CAAATGCTGGTAACACTGTGGTCCACAA
Casl13X gl GG 6h; S18
Human NF2
Cas13X gRNA- CTTGGCCTGGACGGCGTAAGAAGCCAGG
Casl13X gl AG 6h; S18
Human NRAS 6h;
Cas13X gRNA- CTGTCTGGTCTTGGCTGAGGTTTCAATGA | S20d,e;
Casl13X gl A S18
Human PPARG
Cas13X gRNA- CATTATGAGACATCCCCACTGCAAGGCAT
Casl3X gl T 6h; S18
Human PPIB
Cas13X gRNA- GGCCCGTAGTGCTTCAGTTTGAAGTTCTC
Casl13X gl A S18
Human
SMARCAI1
Cas13X gRNA- CTGGTGAGGATTCCAGTCGCTGTCAAAA | 6h;
Casl3X gl AT S20d,e
Human STAT?3
Casl3X gRNA- | ATCACAATTGGCTCGGCCCCCATTCCCAC
Casl3X gl A 6h; S18
Human RPL4 6h-1;
Cas13X gRNA- GTTGTGTTCACTCTACGATGCCAACGGCG | s20d,e;
Casl13X gl C S18
Human RPL4
Cas13X gRNA- GAAGTTCAGGAACTTCCTCAATACGATG
Casl13X g2 AC S18
Human PPIA 6h;
Cas13X gRNA- AAACACCACATGCTTGCCATCCAACCACT | S20d.e;
Casl3X gl C S18
Human PPIA
Cas13X gRNA- | ATGCCAGGACCCGTATGCTTTAGGATGA
Casl13X g2 AG S18
Human RPS5 6h;
Cas13X gRNA- | ACACATCCACAGCCTGTCGTCTCACAGTC | S20d,e;
Casl3X gl C S18
Mouse Tyr
Cas13X gRNA- GGAACCTCTGCCTGAAAGCTGGCCGCAG
Casl13X gl GG S19
Mouse Tyr
Cas13X gRNA- GGGGAACTGAGGTCCAGATGGTGCACTG
Casl13X g2 GA S19
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GTCCTCCTTGAAGTCGATGCCCTTCAGCT

Casl13X Cas13X EGFP gl | C S20b,c
AGCACTGCACGCCGTAGGTCAGGGTGGT
Casl13X Cas13X EGFP g2 | CA S20b,c
GCAGGACCATGTGATCGCGCTTCTCGTTG
Casl13X Casl3X EGFP g3 | G S20b,c
GAACTTCAGGGTCAGCTTGCCGTAGGTG
Casl13X Cas13X EGFP g4 | GC S20b,c
PspCas13b EGFP | GTCCTCCTTGAAGTCGATGCCCTTCAGCT
PspCas13b | gl C S20b,c
PspCas13b EGFP | AGCACTGCACGCCGTAGGTCAGGGTGGT
PspCas13b | g2 CA S20b,c
PspCas13b EGFP | GCAGGACCATGTGATCGCGCTTCTCGTTG
PspCas13b | g3 G S20b,c
PspCas13b EGFP | GAACTTCAGGGTCAGCTTGCCGTAGGTG
PspCasl3b | g4 GC S20b,c
Human ANXA4
PspCas13b TTAGGCAGCCCTCATCAGTGCCGGCTCCC
PspCas13b | gRNA-gl T S20d,e
Human
B4GALNTI1
PspCas13b CCTCCTGACCAGAAGCTGCCTGAAGGCTC
PspCas13b | gRNA-gl A S20d,e
Human NRAS
PspCas13b CTGTCTGGTCTTGGCTGAGGTTTCAATGA
PspCas13b | gRNA-gl A S20d,e
Human
SMARCAI1
PspCas13b CTGGTGAGGATTCCAGTCGCTGTCAAAA
PspCas13b | gRNA-gl AT S20d,e
Human RPL4
PspCas13b GTTGTGTTCACTCTACGATGCCAACGGCG
PspCas13b | gRNA-gl C S20d,e
Human PPIA
PspCas13b AAACACCACATGCTTGCCATCCAACCACT
PspCas13b | gRNA-gl C S20d,e
Human RPS5
PspCas13b ACACATCCACAGCCTGTCGTCTCACAGTC
PspCas13b | gRNA-gl C S20d,e
RanCas13 | RanCas13b GTCCTCCTTGAAGTCGATGCCCTTCAGCT
b EGFP gl C S20b,c
RanCas13 | RanCas13b AGCACTGCACGCCGTAGGTCAGGGTGGT
b EGFP g2 CA S20b,c
RanCas13 | RanCas13b GCAGGACCATGTGATCGCGCTTCTCGTTG
b EGFP g3 G S20b,c
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RanCasl13 | RanCasl13b GAACTTCAGGGTCAGCTTGCCGTAGGTG

b EGFP g4 GC S20b,c
Human ANXA4

RanCasl3 | RanCas13b TTAGGCAGCCCTCATCAGTGCCGGCTCCC

b gRNA-¢gl T S20d,e
Human
B4GALNT1

RanCasl3 | RanCas13b CCTCCTGACCAGAAGCTGCCTGAAGGCTC

b gRNA-gl A S20d,e
Human NRAS

RanCas13 | RanCas13b CTGTCTGGTCTTGGCTGAGGTTTCAATGA

b gRNA-¢gl A S20d,e
Human
SMARCA1

RanCas13 | RanCas13b CTGGTGAGGATTCCAGTCGCTGTCAAAA

b gRNA-¢gl AT S20d,e
Human RPL4

RanCasl13 | RanCas13b GTTGTGTTCACTCTACGATGCCAACGGCG

b gRNA-gl C S20d,e
Human PPIA

RanCas13 | RanCasl3b AAACACCACATGCTTGCCATCCAACCACT

b gRNA-¢gl C S20d,e
Human RPS5

RanCasl13 | RanCas13b ACACATCCACAGCCTGTCGTCTCACAGTC

b gRNA-gl C S20d,e
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Supplementary Table S. Primers used for qPCR reactions.

Name primer sequence Figure

1d-f; 3f-j; 5¢; 6h-1; S20d,e; S10e-
Human GAPDH-F GTGGACCTGACCTGCCGTCT g

1d-f; 3f+j; 5¢; 6h-I; S20d,e; S10e-
Human GAPDH-R GGAGGAGTGGGTGTCGCTGT g
mCherry-F TCATCAAGGAGTTCATGCGC 1d-e
mCherry-R CCACCCTTGGTCACCTTCAG 1d-e
EGFP-F AAACGGCCACAAGTTCAGCG 1d-f
EGFP-R GAAGTCGTGCTGCTTCATGTG 1d-f
Human RPL4-F GCCTGCTGTATTCAAGGCTC 1f; 3f, i; 5¢; 6h-1; S20d,e; S10f
Human RPL4-R GGTTGGTGCAAACATTCGGC 1f; 3f, i; 5¢; 6h-1; S20d,e; S10f
Human ANXA4-F GATCAGGACAGCCTACAAGAG 3h-i; 6h; S20d,e
Human ANXA4-R GCTTATGCGCCGGATCTCCT 3h-i; 6h; S20d,e
Human B4GALNT1-
F GTTCCAGGCCTTTCTGTCGA 3h-i; 6h; S20d,e
Human B4GALNT1-
R CAGTCAGGTTCACCTGGTAT 3h-i; 6h; S20d,e
Human EGFR-F ACTTCCAGAACCACCTGGGCA 3h-i; 6h
Human EGFR-R CTGGTTGTGGCAGCAGTCACT 3h-i; 6h
Human EZH2-F GCGGAAGAACACAGAAACAGC 3h-i; 6h
Human EZH2-R TTCTGCGGCCTCCTGGACGTT 3h-i; 6h
Human NF2-F GCTGAAGAGGAGCTGGTTCAG 3h-i; 6h
Human NF2-R TCCTCCCACATTTCCGGAGTC 3h-i; 6h
Human NRAS-F GTACCTATGGTGCTAGTGGG 3h-i; 6h; S20d,e
Human NRAS-R CTGAGTCCCATCATCACTGC 3h-i; 6h; S20d,e
Human PPARG-F GTGATCTTAACTGTCGGATCC 3h-i; 6h
Human PPARG-R ACAAATGTTTTGCCAGGGCC 3h-i; 6h
Human SMARCA1-F | CATCTTCCTGCTCAGCACCC 3h-i; 6h; S20d,e
Human SMARCA1-R | GGATCTTCTCCTCCACGCTG 3h-i; 6h; S20d,e
Human STAT3-F GAATCCAACAACGGCAGCCT 3h-i; 6h
Human STAT3-R GGAGTGGGTCTCTAGGTCAA 3h-i; 6h
Human PPIA-F TCTGCACTGCCAAGACTGAG 3h-i; 6h; S20d,e; S10e
Human PPIA-R TCGAGTTGTCCACAGTCAGC 3h-i; 6h; S20d,e; S10e
Human CKB-F GCTGCGACTTCAGAAGCGA 3h-i
Human CKB-R GGCATGAGGTCGTCGATGG 3h-i
Human RPS5-F GAAGTGGAGCACCGATGATG 3h-i; 6h; S20d,e; S10g
Human RPS5-R GCACAGTCATGAGCTTCTTGC 3h-i; 6h; S20d,e; S10g
Human CA2-F GTGGCCTCCTTCCTGAATCC 3g-i
Human CA2-R TTCTTCAGTGGCTGAGCTGG 3g-i

TACTGGTTGCTGGAGTCTAGCTACT

Mouse En2SA-F T 5k
Mouse En2SA-R CCCCAGTATCTGCAACCTCAA 5k
Mouse Actb-F TTCAACACCCCAGCCATGTA 5k
Mouse Actb-R TGTGGTACGACCAGAGGCATAC 5k
Cas13d/hfCas13d-F | GGACAGCGCCAAGATCGCTG 5k
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Cas13d/hfCas13d-R | AGCGATTGGCTCTCCCATCC 5k

Mouse Pcsk9-F GCCCATCGGGAGATTGAGG S15d

Mouse Pcsk9-R TTCCCTTGACAGTTGAGCACA S15d

Mouse Gapdh-F CCGTAGACAAAATGGTGAAGGT 5},515d; S19e
Mouse Gapdh-R CGTGAGTGGAGTCATACTGGAA 5},515d; S19e
Mouse Tyr-F CAAAGGGGTGGATGACCGTG 5},519%e
Mouse Tyr-R AACTTACAGTTTCCGCAGTTGA 5},519%e
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Supplementary Table 6. Sequences of target ssSRNA, nontarget sSRNA, gRNAs and the
corresponding primers used in in vitro cleavage assays.

Name Sequence Figure

target sSRNA GGGUUACAGUUAAGGCUCUUUAUUAAAAGAGCCUUAAUU | 2g-i; be-g;
GUAAAACGCCUAUACGGUGAGGGUAUGUACGUUUGGGUU | S9; S17
UGUCCAGCCUAAACCUCUACGCCAGAAAUGGCACCUUCA
UUGUGGGUUAGGACAAUUUAAGCUCGGUACCCGGGGAUC
CUCUAGAAAUAUGGAUUACUUGGUAGAACAGCAAUCUAC
UCGACCUGCAGGCAUGCAAGC

nontarget sSSRNA | GGACAACUUCGACGAGCUCUACAGUUACAGUUAAGGCUC | 2g-i; 6e-g;
UUUAUUAAAAGAGCCUUAAUUGUAAAACGCCUAUACGGU | S9; S17
GAGGGUAUGUACGUUUGGGUUUGUCCAGCCUAAACCUCU
ACGCCAGAAAUGGCACCUUCAUUGUGGGUUAGGACAAUU
UAA

Cas13d-gRNA GGGGG S9b

(spacer) CAAGUAAACCCCUACCAACUGGUCGGGGUUUGAAAC
UAGAUUGCUGUUCUACCAAGUAAUCCAU

Cas13d-gRNA GGGGG 2g-

(spacer) CAAGUAAACCCCUACCAACUGGUCGGGGUUUGAAAC
CAUAUUUCUAGAGGAUCCCCGGGUACCG

Cas13d-gRNA GGGGG S9c

(spacer) CAAGUAAACCCCUACCAACUGGUCGGGGUUUGAAAC
AGUAAUCCAUAUUUCUAGAGGAUCCCCG

Cas13d-gRNA GGGGG S9d

(spacer) CAAGUAAACCCCUACCAACUGGUCGGGGUUUGAAAC
GUUCUACCAAGUAAUCCAUAUUUCUAGA

Cas13d-gRNA GGGGG S9e

(spacer) CAAGUAAACCCCUACCAACUGGUCGGGGUUUGAAAC
GAGUAGAUUGCUGUUCUACCAAGUAAUC

Casl3X-gRNA 1 | GGGGG UAGAUUGCUGUUCUACCAAGUAAUCCAU 6e-g

(spacer) GCUGGAGCAGCCCCCGAUUUGUGGGGUGAUUACAGC

Casl3X-gRNA 3 | GGGGG AGUAAUCCAUAUUUCUAGAGGAUCCCCG S17a

(spacer) GCUGGAGCAGCCCCCGAUUUGUGGGGUGAUUACAGC

Casl3X-gRNA 5 | GGGGG GAGUAGAUUGCUGUUCUACCAAGUAAUC S17b

(spacer)

GCUGGAGCAGCCCCCGAUUUGUGGGGUGAUUACAGC

Primers for target RNA templates

Target-primer-1

taatacgactcactatageGTTACAGTTAAGGCTCTTTATTAAAAGAG
C

Target-primer-2

GTGGGTTAGGACAATTTAAGCTCGGTACCCGGGGATCCTCT
AGAAATATGGATTACTTG

Target-primer-3

GCTTGCATGCCTGCAGGTCGAGTAGATTGCTGTTCTACCAA
GTAATCCATATTTCTAG

Target-primer-4

GTTAAGGCTCTTTATTAAAAGAGCCTTAATTGTAAAACGCC
TATACGGTGAGGGTATG

Target-primer-5

CGCCTATACGGTGAGGGTATGTACGTTTGGGTTTGTCCAGC
CTAAACCTCTACG

Target-primer-6

CCAGCCTAAACCTCTACGCCAGAAATGGCACCTTCATTGTG
GGTTAGGACAATTTAAGC

Primers for nontarget RNA templates
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Nontarget-primer-
1

taatacgactcactatags ACAACTTCGACGAGCTCTACAGTTACAGT
TAAGGCTCTTTA

Nontarget-primer-
2

TTAAATTGTCCTAACCCACAATGAAGGTGC

Primers for Cas13d

gRNA templates

Cas13d-T7-F

taatacgactcactataggGGGceaagtaaacccctaccaac

Cas13d-gRNAI-
R

ATGGATTACTTGGTAGAACAGCAATCTA
gtttcaaaccccgaccagttggtaggggtttacttgCCCcctatagtgagtcgtatta

Cas13d-gRNA2-
R

CGGTACCCGGGGATCCTCTAGAAATATG
gtttcaaaccccgaccagttggtaggggtttacttgCCCcctatagtgagtcgtatta

Cas13d-gRNA3-
R

CGGGGATCCTCTAGAAATATGGATTACT
gtttcaaaccccgaccagttggtaggggtttacttgCCCcctatagtgagtcgtatta

Cas13d-gRNA4-
R

TCTAGAAATATGGATTACTTGGTAGAAC
gtttcaaaccccgaccagttggtaggggtttacttgCCCcctatagtgagtcgtatta

Cas13d-gRNAS-
R

GATTACTTGGTAGAACAGCAATCTACTC
gtttcaaaccccgaccagttggtaggggtttacttgCCCcctatagtgagtcgtatta

Primers for Cas13X

gRNA templates

Casl13X-T7-F

taatacgactcactatagg

Cas13X-gRNAL1-
R

GCTGTAATCACCCCACAAATCGGGGGCTGCTCCAGC
ATGGATTACTTGGTAGAACAGCAATCTACCC Ccctatagtgagtcgtat
ta

Cas13X-gRNA3-
R

GCTGTAATCACCCCACAAATCGGGGGCTGCTCCAGC
CGGGGATCCTCTAGAAATATGGATTACTCCC Ccctatagtgagtcgtat
ta

Cas13X-gRNAS-
R

GCTGTAATCACCCCACAAATCGGGGGCTGCTCCAGC
GATTACTTGGTAGAACAGCAATCTACTCCCCcctatagtgagtcgtat
ta
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Supplementary Note 1. Codes for predicting off-targets: offinder cas13.sh

#! /usr/bin/sh

HHHnputiHHHE

ref=$1 ###label of reference, hg38 in our case

threads=$2 ### threads used for blastn

max_mismatch=$3 ###maximum mismatch, up to 10 in our test

db=$4 #feature considered for offtarget search, might be pre-mRNA, cdna or dna(whole genome), cdna and pre-
mRNA are considered in our case

path_db=$5 #directory for blast index of the reference

path_refs=$path_db/${ref}

file_input=crRNAs.fasta ##reverse and complementary of sgRNAs

#HHHA{output directory##HHH
path="pwd’
path_out=$path/off_targets

#HHtalignments of the crRNA sequence to references using blastn
mkdir -p $path/tmps
cd $path/tmps

len_crRNA=30
temp=%(echo "$len_crRNA-1"|bc)
targets_max=100000
evalue=100000
word_size=$(echo "$temp/$max_mismatch"|bc)
if (( $word_size < 4 ));then

word_size=4
fi
identity=$(echo "100*($len_crRNA-$max_mismatch)/$len_crRNA"|bc)
penalty_mm=$(echo "-$max_mismatch"|bc)
reward=$max_mismatch

blastn -evalue $evalue -perc_identity $identity -penalty $penalty_mm -reward $reward -strand plus -num_threads
$threads -word_size $word_size -max_target_seqs $targets_max -ungapped -query $file_input -db
${path_refs}/index_blast/$db/$ref -outfmt ' 6 gseqid sseqid pident length mismatch gapopen gstart gend sstart send
gseq sseq evalue bitscore'|awk -v len=$len_crRNA -v m=$max_mismatch '{a=len-$4+$5; if(a<=m)print

$0"\t"a}' >temp.blast.out

### reform the blast output #HHH#HHE

awk -v len=$len_crRNA '$4==len{print $1"\t"$2"t"$3"\t"$4"\t"$5"\t"$9"\t"$10"\t"toupper($11)"\t"toupper($12)"\tID_"NR}'
temp.blast.out >temp.blast.full.out

awk -v len=$len_crRNA '$4<len{sstart=$9-$7+1;send=$10+len-$8; print

$1"$2"\"$3"t"$4"\t"$ 15" t"sstart"\t"send"\t"$11"\t"$12"tID_"NR}' temp.blast.out >temp.blast.part.out

awk '{print $2"\t"$6-1"\t"$7"\t"$1"\t.\t"$10}' temp.blast.part.out >temp.blast.part.bed
bedtools getfasta -name -s -fi ${path_refs}/$file_ref -tab -bed temp.blast.part.bed|awk -F "' {split($4,a,"
");split(a[11,b,"(");split(b[1],c,"-");print $1"\t"$3"\t"c[1]+1"-"c[2]"\t"toupper(a[2]) }' >temp.blast.part.seq

awk '{print $1}' temp.blast.part.out >temp.names.list.part.forcrRNAs

seqtk subseq $file_input temp.names.list.part.forcrRNAs|awk 'BEGIN{RS=">"}print $1"\t"$2;}' | tail -

n+2 >temp.part.id-seq

awk -v OFS="t' 'FILENAME==ARGV[1]{a[$1]=$2}FILENAME==ARGV[2]{$8=a[$1];print $0}' temp.part.id-seq
temp.blast.part.out >temp.blast.part1.out

awk -v OFS=t' 'FILENAME==ARGV[1]{a[$1":"$2":"$3]=$4}FILENAME==ARGV[2]{$9=a[$1":"$2":"$6"-"$7];print $0}'
temp.blast.part.seq temp.blast.part1.out >temp.blast.part.reformed.out
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cat temp.blast.full.out temp.blast.part.reformed.outlawk {print $1"\t"$2":"$6"-"$7"\t"$5"\t"$8"t"$9"\t"$10}'|awk
'{gseq=%4;sseq=%$5;split(gseq,a,");split(sseq,b,"");bb="";m=0;for(i=1;i<=length(a);i++ )if(a[i]!=b[i] {b[i]=tolower(b[i]);m=
m+1};bb=bb""b[i]};print $1"\t"$2"\t"m"\t"$4"\t"bb"\t"$6}'|sort -k1,1 -k3n,3 >blast.reformed.out

echo -e "sgRNA_Source\tPos_Target\tMismatch\tcrRNA\tTargets" >temp.title
cat temp.title blast.reformed.out >${path_out}/crRNAs_offtargets MM-${max_mismatch} ${db} ${ref}.txt

awk -F \t' {split($2,a,":");split(a[2],b,"-");print "chr"a[1]"\t"b[1]"\t"b[2]"\t.\t.\t"$6}'
blast.reformed.out >blast.reformed.out.bed

###annotating the off-targets using annotatePeaks.pl from HOMER####HHHE

annotatePeaks.pl blast.reformed.out.bed hg38 |awk -F \t' {print

$2"\t"$3"\ " 4"\ t"$5"\t"$8"\t"$9"\t"$10"\t"$15"\t"$16}' >temp.annos.txt

awk -F \t' 'FILENAME==ARGV[1[{id=$1":"$2-1"-
"$3":"$4;a1[id]=$5;a2[id]=$6;a3[id]=$7;a4[id]=$8;a5[id]=$9}FILENAME==ARGV[2){id1="chr"$2":"$6;print
"ID_"NR"\t"$0"\t"a1[id1]"\t"a2[id1]"\t"a3[id1]"\t"a4[id1]"\t"a5[id1]}' temp.annos.txt

blast.reformed.out >temp.blast.reformed.out.withanno

echo -e
"Aln_ID\tsgRNA_Source\tPos_Target\tMismatch\tcrRNA\tTargets\tAnno\tDetailedAnno\tDist2TSS\tNearestEnsembl\t
GeneName" >temp.title

cat temp.title temp.blast.reformed.out.withanno >${path_out}/crRNAs_offtargets MM-
${max_mismatch} ${db} ${ref} withAnno.txt

cd $path

rm -r $path/tmps
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