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Supplemental Figure 1. Further analysis of MNVs. 

(A) Examples of the differences in functional impacts on the protein between MNVs and individual 

SNVs. 

(B) Six amino acid changes can be achieved uniquely by simultaneous A/C conversion. 

(C) The PAM-flexible dual-mutation base editor can target more specific codons in the human 

genome than existing editors. 
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Supplemental Figure 2. Mean nuclease activity plots for a single base editor across NNN PAMs 

in human cells. 

(A) Mean nuclease activity plots for ABE8e(V106W)-RY across NNN PAMs in human cells. The 

error bars represent the standard error of the mean (SEM) values. 

(B) Mean nuclease activity plots for A3A(Y130F)-RY across NNN PAMs in human cells. The error 

bars represent the standard error of the mean (SEM) values. 
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Supplemental Figure 3. Other characteristics of CABE-RY at 48 endogenous target sites. 

(A, B, C) Aggregate distribution of C-to-T edits (A), A-to-G edits (B) and overall edits (C) across 

the editing window with CABE-RY. 

(D) Box plots indicating the average indel frequencies. The error bars represent the standard error 

of the mean (SEM) values. 
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Supplemental Figure 4. Further analysis of CABE-RY. 

(A, B, C) Comparison of simultaneous A/C conversion between CABE-RY and coexpressed 

ABE8e(V106W)-RY and hA3A(Y130F)-RY in HEK 293T cells. The scatter plot shows the 

efficiency of C-to-T (A), A-to-G (B) and overall edits (C) across the editing window with CABE-

RY. 

(D) Editing efficiency of CABE-RY in the N2a cell line. 

 
 
 
 
 
 

C4 C6 C8 A9 C14
0

20

40

60

Abcd1-1

C2 A3 C6 C8 C11
0

5

10

15

20

Tnni3-1

A2 A3 C5 C7 C8
0

10

20

30

Ar-1

A4 C5 C6 C8 A9
0

5

10

15

Ar-2

A1 A3 C6 A10 A16
0

20

40

60

Gfap-3

C6 A9 C11 C12 A13 C15 C17 C18 C20
0

5

10

15

20

Lmna

A2 A3 C5 C7 A8 A9 A11C12C13C14
0

10

20

30

40

mecp2

C4 C6 C8 C11 A12
0

5

10

15

20

Ror2

D 

A  

CABE-R
Y

ABE8e
 &

 hA3A
0

20

40

60

80

100

Ed
iti

ng
 e

ffi
ci

en
cy

(%
)

CABE-R
Y

ABE8e
 &

 hA3A
0

20

40

60

80

100
Ed

iti
ng

 e
ffi

ci
en

cy
(%

)

CABE-R
Y

ABE8e
 &

 hA3A
0

20

40

60

80

100

Ed
iti

ng
 e

ffi
ci

en
cy

(%
)

b c  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplemental Figure 5. Further description of the RNA-seq data for transcriptome-wide off-

target analysis. 

(A) Sequencing information and the number of off-target edits for each sample. 

(B, C, D) Transcriptome-wide expression levels of ABE8e(V106W) (B), hA3A(Y130F) (C) and 

CABE-RY (D) compared to GFP (control). Shown is the mean of two biological replicates. The 

upregulated genes are labeled in red, and the downregulated genes are labeled in blue. 
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Supplemental Figure 6. Mutation types of simulated MNVs. 

The pie chart shows the proportions of mutation types at the ten sites. Only alleles with at least 1% 

abundance are included. The proportion of perfect MNV is indicated with orange. 

 
 
 

 

DEFB132

66.46%  WT
16.57%  3A>G, 89AC>GT, 13C>T
3.83%  89CA>TG, 13C>T
3.35%  9A>G, 13C>T
2.72%  3A>G, 9A>G, 13C>T

1.96%  13C>T
0.28%  89CA>TG

4.82%  others

LRIT3

34.26%  WT
40.75%  3A>G, 78AC>GT
7.81%  2C>T, 3A>G, 78AC>GT
5.13%  78AC>GT
3.18%  3A>G, 7A>G
2.67%  1A>G, 3A>G, 78AC>GT
2.22%  1A>G, 2C>T, 3A>G, 78AC>GT
1.16%  7A>G
2.81%  others

PYROXD2

31.78%  WT
18.52%  3A>G, 78CA>TG, 13C>T
15.73%  3A>G, 78CA>TG, 12A>G, 13C>T
12.35%  3A>G, 78CA>TG
6.46%  3A>G, 78CA>TG, 12A>G
5.58%  78CA>TG
5.03%  78CA>TG, 13C>T
2.70%  78CA>TG, 12A>G,13C>T
1.85%  78CA>TG, 12A>G

TGFBR3

52.29%  WT
42.64%  67CA>TG, 12C>T
1.26%  67CA>TG
3.82%  others

MAP4

47.27%  WT

28.58%  78AC>GT, 14C>T
5.19%  78AC>GT

4.76%  1C>T,2C>T,78AC>GT, 14C>T
3.28%  7A>G, 14C>T
2.94%  14C>T
2.08%  7A>G
1.33%  1C>T, 78AC>GT, 14C>T
1.16%  8C>T, 14C>T
3.41%  others

KRT4

80.28%  WT
11.33%  67CA>TG, 11C>T
3.32%  7A>G,11C>T
2.00%  7A>G
1.21%  67CA>TG
1.86%  others

OVGP1

93.59%  WT
1.02%  78CA>TG
5.40%  others

SEC16B

82.00%  WT
9.09%  8A>G
8.90%  78CA>TG

WDR90

50.89%  WT
35.47%  78CA>TG
7.56%  7C>T
1.21%  18C>T
4.88%  others

SYNM

69.20%  WT
13.47%  67CA>TG
10.56%  7A>G
6.77%  others



 

Supplemental Figure 7. Amino acid changes in MNV models. 

The amino acid edits are summarized in the map on the left; the mean frequencies of amino acid 

edits are shown in the heatmap. The wild-type (unedited) allele is indicated with a black triangle. 

Only alleles with at least 1% abundance are included in the heatmap. 
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Supplemental Figure 8. Bystander effect in gnomAD. 

The pie chart shows the proportions of bystanders obtained for modeling of two adjacent MNVs in 

gnomAD. The main editing window (5-10 for C-to-T, 3-8 for A-to-G) was used for analysis. 
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Supplemental Figure 9. Profiles for transfection and FACS analysis. 

(A) Images of transfected HEK293T cells with fluorescence markers. 

(B) FACS gating profiles for GFP- and mCherry-positive HEK293T cells. 
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Supplementary Sequences 1. DNA sequences used this study for cell transfection. Within base 
editor sequences, BPNLS sequences are highlighted in cyan, A3A(Y130F) sequences are in pink, 
TadA8e sequences are in yellow, linkers are in blue, SpRY are in red, UGIs are in tan, P2A sequences 
are in grey, EGFP sequences are in green and BSD sequences are in purple. 
CABE-RY 
atgaaacggacagccgacggaagcgagttcgagtcaccaaagaagaagcggaaagtcGAGGCATCTCCAGCAAGCGG
ACCAAGGCACCTGATGGACCCCCACATCTTCACCTCTAACTTTAACAATGGCATCGGCA
GGCACAAGACATACCTGTGCTATGAGGTGGAGCGCCTGGACAATGGCACCAGCGTGA
AGATGGATCAGCACAGAGGCTTCCTGCACAACCAGGCCAAGAATCTGCTGTGCGGCTT
CTACGGCCGGCACGCAGAGCTGAGATTTCTGGACCTGGTGCCTAGCCTGCAGCTGGAT
CCAGCCCAGATCTATAGGGTGACCTGGTTCATCAGCTGGTCCCCATGCTTTTCCTGGGG
ATGTGCAGGAGAGGTGCGCGCCTTTCTGCAGGAGAACACACACGTGCGGCTGAGAAT
CTTCGCCGCCCGGATCTTTGACTACGATCCTCTGTATAAGGAGGCCCTGCAGATGCTGA
GAGACGCAGGAGCCCAGGTGTCCATCATGACCTACGATGAGTTCAAGCACTGCTGGG
ACACATTTGTGGATCACCAGGGCTGTCCCTTCCAGCCTTGGGACGGACTGGATGAGCA
CTCCCAGGCCCTGTCTGGCAGGCTGAGGGCCATCCTGCAGAACCAGGGCAATGAGGC
CGCCGCCAAGGAAGCTGCCGCCAAGGAGGCCGCCGCCAAGtctgaggtggagttttcccacgagtact
ggatgagacatgccctgaccctggccaagagggcacgggatgagagggaggtgcctgtgggagccgtgctggtgctgaacaatagagtg
atcggcgagggctggaacagagccatcggcctgcacgacccaacagcccatgccgaaattatggccctgagacagggcggcctggtcat
gcagaactacagactgattgacgccaccctgtacgtgacattcgagccttgcgtgatgtgcgccggcgccatgatccactctaggatcggcc
gcgtggtgtttggcTGGaggaactcaaaaagaggcgccgcaggctccctgatgaacgtgctgaactaccccggcatgaatcaccgcgtc
gaaattaccgagggaatcctggcagatgaatgtgccgccctgctgtgcgatttctatcggatgcctagacaggtgttcaatgctcagaagaag
gcccagagctccatcaactctggaggatctagcggaggatcctctggcagcgagacaccaggaacaagcgagtcagcaacaccagagag
cagtggcggcagcagcggcggcagcgacaagaagtacagcatcggcctggccatcggcaccaactctgtgggctgggccgtgatcaccg
acgagtacaaggtgcccagcaagaaattcaaggtgctgggcaacaccgaccggcacagcatcaagaagaacctgatcggagccctgctgt
tcgacagcggcgaaacagccgagagaacccggctgaagagaaccgccagaagaagatacaccagacggaagaaccggatctgctatct
gcaagagatcttcagcaacgagatggccaaggtggacgacagcttcttccacagactggaagagtccttcctggtggaagaggataagaag
cacgagcggcaccccatcttcggcaacatcgtggacgaggtggcctaccacgagaagtaccccaccatctaccacctgagaaagaaactg
gtggacagcaccgacaaggccgacctgcggctgatctatctggccctggcccacatgatcaagttccggggccacttcctgatcgagggcg
acctgaaccccgacaacagcgacgtggacaagctgttcatccagctggtgcagacctacaaccagctgttcgaggaaaaccccatcaacgc
cagcggcgtggacgccaaggccatcctgtctgccagactgagcaagagcagacggctggaaaatctgatcgcccagctgcccggcgaga
agaagaatggcctgttcggaaacctgattgccctgagcctgggcctgacccccaacttcaagagcaacttcgacctggccgaggatgccaa
actgcagctgagcaaggacacctacgacgacgacctggacaacctgctggcccagatcggcgaccagtacgccgacctgtttctggccgc
caagaacctgtccgacgccatcctgctgagcgacatcctgagagtgaacaccgagatcaccaaggcccccctgagcgcctctatgatcaag
agatacgacgagcaccaccaggacctgaccctgctgaaagctctcgtgcggcagcagctgcctgagaagtacaaagagattttcttcgacca
gagcaagaacggctacgccggctacattgacggcggagccagccaggaagagttctacaagttcatcaagcccatcctggaaaagatgga
cggcaccgaggaactgctcgtgaagctgaacagagaggacctgctgcggaagcagcggaccttcgacaacggcagcatcccccaccag
atccacctgggagagctgcacgccattctgcggcggcaggaagatttttacccattcctgaaggacaaccgggaaaagatcgagaagatcct
gaccttccgcatcccctactacgtgggccctctggccaggggaaacagcagattcgcctggatgaccagaaagagcgaggaaaccatcac
cccctggaacttcgaggaagtggtggacaagggcgcttccgcccagagcttcatcgagcggatgaccaacttcgataagaacctgcccaac
gagaaggtgctgcccaagcacagcctgctgtacgagtacttcaccgtgtataacgagctgaccaaagtgaaatacgtgaccgagggaatga
gaaagcccgccttcctgagcggcgagcagaaaaaggccatcgtggacctgctgttcaagaccaaccggaaagtgaccgtgaagcagctga
aagaggactacttcaagaaaatcgagtgcttcgactccgtggaaatctccggcgtggaagatcggttcaacgcctccctgggcacataccac
gatctgctgaaaattatcaaggacaaggacttcctggacaatgaggaaaacgaggacattctggaagatatcgtgctgaccctgacactgtttg



aggacagagagatgatcgaggaacggctgaaaacctatgcccacctgttcgacgacaaagtgatgaagcagctgaagcggcggagatac
accggctggggcaggctgagccggaagctgatcaacggcatccgggacaagcagtccggcaagacaatcctggatttcctgaagtccgac
ggcttcgccaacagaaacttcatgcagctgatccacgacgacagcctgacctttaaagaggacatccagaaagcccaggtgtccggccagg
gcgatagcctgcacgagcacattgccaatctggccggcagccccgccattaagaagggcatcctgcagacagtgaaggtggtggacgagc
tcgtgaaagtgatgggccggcacaagcccgagaacatcgtgatcgaaatggccagagagaaccagaccacccagaagggacagaagaa
cagccgcgagagaatgaagcggatcgaagagggcatcaaagagctgggcagccagatcctgaaagaacaccccgtggaaaacacccag
ctgcagaacgagaagctgtacctgtactacctgcagaatgggcgggatatgtacgtggaccaggaactggacatcaaccggctgtccgact
acgatgtggaccatatcgtgcctcagagctttctgaaggacgactccatcgacaacaaggtgctgaccagaagcgacaagaaccggggcaa
gagcgacaacgtgccctccgaagaggtcgtgaagaagatgaagaactactggcggcagctgctgaacgccaagctgattacccagagaaa
gttcgacaatctgaccaaggccgagagaggcggcctgagcgaactggataaggccggcttcatcaagagacagctggtggaaacccggc
agatcacaaagcacgtggcacagatcctggactcccggatgaacactaagtacgacgagaatgacaagctgatccgggaagtgaaagtgat
caccctgaagtccaagctggtgtccgatttccggaaggatttccagttttacaaagtgcgcgagatcaacaactaccaccacgcccacgacgc
ctacctgaacgccgtcgtgggaaccgccctgatcaaaaagtaccctaagctggaaagcgagttcgtgtacggcgactacaaggtgtacgac
gtgcggaagatgatcgccaagagcgagcaggaaatcggcaaggctaccgccaagtacttcttctacagcaacatcatgaactttttcaagac
cgagattaccctggccaacggcgagatccggaagcggcctctgatcgagacaaacggcgaaaccggggagatcgtgtgggataagggcc
gggattttgccaccgtgcggaaagtgctgagcatgccccaagtgaatatcgtgaaaaagaccgaggtgcagacaggcggcttcagcaaag
agtctatcagacccaagaggaacagcgataagctgatcgccagaaagaaggactgggaccctaagaagtacggcggcttcctgtggccca
ccgtggcctattctgtgctggtggtggccaaagtggaaaagggcaagtccaagaaactgaagagtgtgaaagagctgctggggatcaccat
catggaaagaagcagcttcgagaagaatcccatcgactttctggaagccaagggctacaaagaagtgaaaaaggacctgatcatcaagctg
cctaagtactccctgttcgagctggaaaacggccggaagagaatgctggcctctgccaagcagctgcagaagggaaacgaactggccctg
ccctccaaatatgtgaacttcctgtacctggccagccactatgagaagctgaagggctcccccgaggataatgagcagaaacagctgtttgtg
gaacagcacaagcactacctggacgagatcatcgagcagatcagcgagttctccaagagagtgatcctggccgacgctaatctggacaaag
tgctgtccgcctacaacaagcaccgggataagcccatcagagagcaggccgagaatatcatccacctgtttaccctgaccagactgggagc
ccctagagccttcaagtactttgacaccaccatcgaccccaagcagtacagaagcaccaaagaggtgctggacgccaccctgatccaccag
agcatcaccggcctgtacgagacacggatcgacctgtctcagctgggaggtgacagcggcgggagcggcgggagcggggggagcacta
atctgagcgacatcattgagaaggagactgggaaacagctggtcattcaggagtccatcctgatgctgcctgaggaggtggaggaagtgatc
ggcaacaagccagagtctgacatcctggtgcacaccgcctacgacgagtccacagatgagaatgtgatgctgctgacctctgacgcccccg
agtataagccttgggccctggtcatccaggattctaacggcgagaataagatcaagatgctgagcggaggatccggaggatctggaggcag
caccaacctgtctgacatcatcgagaaggagacaggcaagcagctggtcatccaggagagcatcctgatgctgcccgaagaagtcgaaga
agtgatcggaaacaagcctgagagcgatatcctggtccataccgcctacgacgagagtaccgacgaaaatgtgatgctgctgacatccgac
gccccagagtataagccctgggctctggtcatccaggattccaacggagagaacaaaatcaaaatgctgtctggcggctcaaaaagaaccg
ccgacggcagcgaattcgagcccaagaagaagaggaaagtcGCTACTAACTTCAGCCTGCTGAAGCAGGCTG
GAGACGTGGAGGAGAACCCTGGACCTATGCATATGGTGAGCAAGGGCGAGGAgctgttcac
cggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacct
acggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccaccctcgtgaccaccctgacctacggcgtgca
gtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctacgtccaggagcgcaccatcttctt
caaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgact
tcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacg
gcatcaaAgtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggc
gacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtc
ctgctggagttcgtgaccgccgccgggatcactctcggcaTGGACGAGCTGTACAAGggatccggcgcaacaaacttctctc
tgctgaaacaagccggagatgtcgaagagaatcctggaccgatggccaagcctttgtctcaagaagaatccaccctcattgaaagagcaacg
gctacaatcaacagcatccccatctctgaagactacagcgtcgccagcgcagctctctctagcgacggccgcatcttcactggtgtcaatgtat
atcattttactgggggaccttgtgcagaactcgtggtgctgggcactgctgctgctgcggcagctggcaacctgacttgtatcgtcgcgatcgg



aaatgagaacaggggcatcttgagcccctgcggacggtgccgacaggtgcttctcgatctgcatcctgggatcaaagccatagtgaaggac
agtgatggacagccgacggcagttgggattcgtgaattgctgccctctggttatgtgtgggagggctaa 
CABE2 
atgaaacggacagccgacggaagcgagttcgagtcaccaaagaagaagcggaaagtctctgaggtggagttttcccacgagtactggatg
agacatgccctgaccctggccaagagggcacgggatgagagggaggtgcctgtgggagccgtgctggtgctgaacaatagagtgatcgg
cgagggctggaacagagccatcggcctgcacgacccaacagcccatgccgaaattatggccctgagacagggcggcctggtcatgcaga
actacagactgattgacgccaccctgtacgtgacattcgagccttgcgtgatgtgcgccggcgccatgatccactctaggatcggccgcgtgg
tgtttggcTGGaggaactcaaaaagaggcgccgcaggctccctgatgaacgtgctgaactaccccggcatgaatcaccgcgtcgaaatta
ccgagggaatcctggcagatgaatgtgccgccctgctgtgcgatttctatcggatgcctagacaggtgttcaatgctcagaagaaggcccag
agctccatcaacGAGGCCGCCGCCAAGGAAGCTGCCGCCAAGGAGGCCGCCGCCAAGGAGG
CATCTCCAGCAAGCGGACCAAGGCACCTGATGGACCCCCACATCTTCACCTCTAACTT
TAACAATGGCATCGGCAGGCACAAGACATACCTGTGCTATGAGGTGGAGCGCCTGGAC
AATGGCACCAGCGTGAAGATGGATCAGCACAGAGGCTTCCTGCACAACCAGGCCAAG
AATCTGCTGTGCGGCTTCTACGGCCGGCACGCAGAGCTGAGATTTCTGGACCTGGTGC
CTAGCCTGCAGCTGGATCCAGCCCAGATCTATAGGGTGACCTGGTTCATCAGCTGGTCC
CCATGCTTTTCCTGGGGATGTGCAGGAGAGGTGCGCGCCTTTCTGCAGGAGAACACAC
ACGTGCGGCTGAGAATCTTCGCCGCCCGGATCTTTGACTACGATCCTCTGTATAAGGAG
GCCCTGCAGATGCTGAGAGACGCAGGAGCCCAGGTGTCCATCATGACCTACGATGAGT
TCAAGCACTGCTGGGACACATTTGTGGATCACCAGGGCTGTCCCTTCCAGCCTTGGGA
CGGACTGGATGAGCACTCCCAGGCCCTGTCTGGCAGGCTGAGGGCCATCCTGCAGAA
CCAGGGCAATtctggaggatctagcggaggatcctctggcagcgagacaccaggaacaagcgagtcagcaacaccagagagca
gtggcggcagcagcggcggcagcgacaagaagtacagcatcggcctggccatcggcaccaactctgtgggctgggccgtgatcaccgac
gagtacaaggtgcccagcaagaaattcaaggtgctgggcaacaccgaccggcacagcatcaagaagaacctgatcggagccctgctgttc
gacagcggcgaaacagccgagagaacccggctgaagagaaccgccagaagaagatacaccagacggaagaaccggatctgctatctgc
aagagatcttcagcaacgagatggccaaggtggacgacagcttcttccacagactggaagagtccttcctggtggaagaggataagaagca
cgagcggcaccccatcttcggcaacatcgtggacgaggtggcctaccacgagaagtaccccaccatctaccacctgagaaagaaactggtg
gacagcaccgacaaggccgacctgcggctgatctatctggccctggcccacatgatcaagttccggggccacttcctgatcgagggcgacc
tgaaccccgacaacagcgacgtggacaagctgttcatccagctggtgcagacctacaaccagctgttcgaggaaaaccccatcaacgccag
cggcgtggacgccaaggccatcctgtctgccagactgagcaagagcagacggctggaaaatctgatcgcccagctgcccggcgagaaga
agaatggcctgttcggaaacctgattgccctgagcctgggcctgacccccaacttcaagagcaacttcgacctggccgaggatgccaaactg
cagctgagcaaggacacctacgacgacgacctggacaacctgctggcccagatcggcgaccagtacgccgacctgtttctggccgccaag
aacctgtccgacgccatcctgctgagcgacatcctgagagtgaacaccgagatcaccaaggcccccctgagcgcctctatgatcaagagata
cgacgagcaccaccaggacctgaccctgctgaaagctctcgtgcggcagcagctgcctgagaagtacaaagagattttcttcgaccagagc
aagaacggctacgccggctacattgacggcggagccagccaggaagagttctacaagttcatcaagcccatcctggaaaagatggacggc
accgaggaactgctcgtgaagctgaacagagaggacctgctgcggaagcagcggaccttcgacaacggcagcatcccccaccagatcca
cctgggagagctgcacgccattctgcggcggcaggaagatttttacccattcctgaaggacaaccgggaaaagatcgagaagatcctgacct
tccgcatcccctactacgtgggccctctggccaggggaaacagcagattcgcctggatgaccagaaagagcgaggaaaccatcaccccct
ggaacttcgaggaagtggtggacaagggcgcttccgcccagagcttcatcgagcggatgaccaacttcgataagaacctgcccaacgaga
aggtgctgcccaagcacagcctgctgtacgagtacttcaccgtgtataacgagctgaccaaagtgaaatacgtgaccgagggaatgagaaa
gcccgccttcctgagcggcgagcagaaaaaggccatcgtggacctgctgttcaagaccaaccggaaagtgaccgtgaagcagctgaaaga
ggactacttcaagaaaatcgagtgcttcgactccgtggaaatctccggcgtggaagatcggttcaacgcctccctgggcacataccacgatct
gctgaaaattatcaaggacaaggacttcctggacaatgaggaaaacgaggacattctggaagatatcgtgctgaccctgacactgtttgagga
cagagagatgatcgaggaacggctgaaaacctatgcccacctgttcgacgacaaagtgatgaagcagctgaagcggcggagatacaccg
gctggggcaggctgagccggaagctgatcaacggcatccgggacaagcagtccggcaagacaatcctggatttcctgaagtccgacggct



tcgccaacagaaacttcatgcagctgatccacgacgacagcctgacctttaaagaggacatccagaaagcccaggtgtccggccagggcga
tagcctgcacgagcacattgccaatctggccggcagccccgccattaagaagggcatcctgcagacagtgaaggtggtggacgagctcgt
gaaagtgatgggccggcacaagcccgagaacatcgtgatcgaaatggccagagagaaccagaccacccagaagggacagaagaacag
ccgcgagagaatgaagcggatcgaagagggcatcaaagagctgggcagccagatcctgaaagaacaccccgtggaaaacacccagctg
cagaacgagaagctgtacctgtactacctgcagaatgggcgggatatgtacgtggaccaggaactggacatcaaccggctgtccgactacg
atgtggaccatatcgtgcctcagagctttctgaaggacgactccatcgacaacaaggtgctgaccagaagcgacaagaaccggggcaaga
gcgacaacgtgccctccgaagaggtcgtgaagaagatgaagaactactggcggcagctgctgaacgccaagctgattacccagagaaagt
tcgacaatctgaccaaggccgagagaggcggcctgagcgaactggataaggccggcttcatcaagagacagctggtggaaacccggcag
atcacaaagcacgtggcacagatcctggactcccggatgaacactaagtacgacgagaatgacaagctgatccgggaagtgaaagtgatca
ccctgaagtccaagctggtgtccgatttccggaaggatttccagttttacaaagtgcgcgagatcaacaactaccaccacgcccacgacgcct
acctgaacgccgtcgtgggaaccgccctgatcaaaaagtaccctaagctggaaagcgagttcgtgtacggcgactacaaggtgtacgacgt
gcggaagatgatcgccaagagcgagcaggaaatcggcaaggctaccgccaagtacttcttctacagcaacatcatgaactttttcaagaccg
agattaccctggccaacggcgagatccggaagcggcctctgatcgagacaaacggcgaaaccggggagatcgtgtgggataagggccg
ggattttgccaccgtgcggaaagtgctgagcatgccccaagtgaatatcgtgaaaaagaccgaggtgcagacaggcggcttcagcaaaga
gtctatcagacccaagaggaacagcgataagctgatcgccagaaagaaggactgggaccctaagaagtacggcggcttcctgtggcccac
cgtggcctattctgtgctggtggtggccaaagtggaaaagggcaagtccaagaaactgaagagtgtgaaagagctgctggggatcaccatc
atggaaagaagcagcttcgagaagaatcccatcgactttctggaagccaagggctacaaagaagtgaaaaaggacctgatcatcaagctgc
ctaagtactccctgttcgagctggaaaacggccggaagagaatgctggcctctgccaagcagctgcagaagggaaacgaactggccctgc
cctccaaatatgtgaacttcctgtacctggccagccactatgagaagctgaagggctcccccgaggataatgagcagaaacagctgtttgtgg
aacagcacaagcactacctggacgagatcatcgagcagatcagcgagttctccaagagagtgatcctggccgacgctaatctggacaaagt
gctgtccgcctacaacaagcaccgggataagcccatcagagagcaggccgagaatatcatccacctgtttaccctgaccagactgggagcc
cctagagccttcaagtactttgacaccaccatcgaccccaagcagtacagaagcaccaaagaggtgctggacgccaccctgatccaccaga
gcatcaccggcctgtacgagacacggatcgacctgtctcagctgggaggtgacagcggcgggagcggcgggagcggggggagcactaa
tctgagcgacatcattgagaaggagactgggaaacagctggtcattcaggagtccatcctgatgctgcctgaggaggtggaggaagtgatcg
gcaacaagccagagtctgacatcctggtgcacaccgcctacgacgagtccacagatgagaatgtgatgctgctgacctctgacgcccccga
gtataagccttgggccctggtcatccaggattctaacggcgagaataagatcaagatgctgagcggaggatccggaggatctggaggcagc
accaacctgtctgacatcatcgagaaggagacaggcaagcagctggtcatccaggagagcatcctgatgctgcccgaagaagtcgaagaa
gtgatcggaaacaagcctgagagcgatatcctggtccataccgcctacgacgagagtaccgacgaaaatgtgatgctgctgacatccgacg
ccccagagtataagccctgggctctggtcatccaggattccaacggagagaacaaaatcaaaatgctgtctggcggctcaaaaagaaccgc
cgacggcagcgaattcgagcccaagaagaagaggaaagtcGCTACTAACTTCAGCCTGCTGAAGCAGGCTG
GAGACGTGGAGGAGAACCCTGGACCTATGCATATGGTGAGCAAGGGCGAGGAgctgttcac
cggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacct
acggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccaccctcgtgaccaccctgacctacggcgtgca
gtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctacgtccaggagcgcaccatcttctt
caaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgact
tcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacg
gcatcaaAgtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggc
gacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtc
ctgctggagttcgtgaccgccgccgggatcactctcggcaTGGACGAGCTGTACAAGggatccggcgcaacaaacttctctc
tgctgaaacaagccggagatgtcgaagagaatcctggaccgatggccaagcctttgtctcaagaagaatccaccctcattgaaagagcaacg
gctacaatcaacagcatccccatctctgaagactacagcgtcgccagcgcagctctctctagcgacggccgcatcttcactggtgtcaatgtat
atcattttactgggggaccttgtgcagaactcgtggtgctgggcactgctgctgctgcggcagctggcaacctgacttgtatcgtcgcgatcgg
aaatgagaacaggggcatcttgagcccctgcggacggtgccgacaggtgcttctcgatctgcatcctgggatcaaagccatagtgaaggac
agtgatggacagccgacggcagttgggattcgtgaattgctgccctctggttatgtgtgggagggctaa 



CABE3 
atgaaacggacagccgacggaagcgagttcgagtcaccaaagaagaagcggaaagtcGAGGCATCTCCAGCAAGCGG
ACCAAGGCACCTGATGGACCCCCACATCTTCACCTCTAACTTTAACAATGGCATCGGCA
GGCACAAGACATACCTGTGCTATGAGGTGGAGCGCCTGGACAATGGCACCAGCGTGA
AGATGGATCAGCACAGAGGCTTCCTGCACAACCAGGCCAAGAATCTGCTGTGCGGCTT
CTACGGCCGGCACGCAGAGCTGAGATTTCTGGACCTGGTGCCTAGCCTGCAGCTGGAT
CCAGCCCAGATCTATAGGGTGACCTGGTTCATCAGCTGGTCCCCATGCTTTTCCTGGGG
ATGTGCAGGAGAGGTGCGCGCCTTTCTGCAGGAGAACACACACGTGCGGCTGAGAAT
CTTCGCCGCCCGGATCTTTGACTACGATCCTCTGTATAAGGAGGCCCTGCAGATGCTGA
GAGACGCAGGAGCCCAGGTGTCCATCATGACCTACGATGAGTTCAAGCACTGCTGGG
ACACATTTGTGGATCACCAGGGCTGTCCCTTCCAGCCTTGGGACGGACTGGATGAGCA
CTCCCAGGCCCTGTCTGGCAGGCTGAGGGCCATCCTGCAGAACCAGGGCAATtctggagga
tctagcggaggatcctctggcagcgagacaccaggaacaagcgagtcagcaacaccagagagcagtggcggcagcagcggcggcagc
gacaagaagtacagcatcggcctggccatcggcaccaactctgtgggctgggccgtgatcaccgacgagtacaaggtgcccagcaagaaa
ttcaaggtgctgggcaacaccgaccggcacagcatcaagaagaacctgatcggagccctgctgttcgacagcggcgaaacagccgagag
aacccggctgaagagaaccgccagaagaagatacaccagacggaagaaccggatctgctatctgcaagagatcttcagcaacgagatggc
caaggtggacgacagcttcttccacagactggaagagtccttcctggtggaagaggataagaagcacgagcggcaccccatcttcggcaac
atcgtggacgaggtggcctaccacgagaagtaccccaccatctaccacctgagaaagaaactggtggacagcaccgacaaggccgacctg
cggctgatctatctggccctggcccacatgatcaagttccggggccacttcctgatcgagggcgacctgaaccccgacaacagcgacgtgg
acaagctgttcatccagctggtgcagacctacaaccagctgttcgaggaaaaccccatcaacgccagcggcgtggacgccaaggccatcct
gtctgccagactgagcaagagcagacggctggaaaatctgatcgcccagctgcccggcgagaagaagaatggcctgttcggaaacctgatt
gccctgagcctgggcctgacccccaacttcaagagcaacttcgacctggccgaggatgccaaactgcagctgagcaaggacacctacgac
gacgacctggacaacctgctggcccagatcggcgaccagtacgccgacctgtttctggccgccaagaacctgtccgacgccatcctgctga
gcgacatcctgagagtgaacaccgagatcaccaaggcccccctgagcgcctctatgatcaagagatacgacgagcaccaccaggacctga
ccctgctgaaagctctcgtgcggcagcagctgcctgagaagtacaaagagattttcttcgaccagagcaagaacggctacgccggctacatt
gacggcggagccagccaggaagagttctacaagttcatcaagcccatcctggaaaagatggacggcaccgaggaactgctcgtgaagctg
aacagagaggacctgctgcggaagcagcggaccttcgacaacggcagcatcccccaccagatccacctgggagagctgcacgccattct
gcggcggcaggaagatttttacccattcctgaaggacaaccgggaaaagatcgagaagatcctgaccttccgcatcccctactacgtgggcc
ctctggccaggggaaacagcagattcgcctggatgaccagaaagagcgaggaaaccatcaccccctggaacttcgaggaagtggtggac
aagggcgcttccgcccagagcttcatcgagcggatgaccaacttcgataagaacctgcccaacgagaaggtgctgcccaagcacagcctg
ctgtacgagtacttcaccgtgtataacgagctgaccaaagtgaaatacgtgaccgagggaatgagaaagcccgccttcctgagcggcgagc
agaaaaaggccatcgtggacctgctgttcaagaccaaccggaaagtgaccgtgaagcagctgaaagaggactacttcaagaaaatcgagtg
cttcgactccgtggaaatctccggcgtggaagatcggttcaacgcctccctgggcacataccacgatctgctgaaaattatcaaggacaagga
cttcctggacaatgaggaaaacgaggacattctggaagatatcgtgctgaccctgacactgtttgaggacagagagatgatcgaggaacggc
tgaaaacctatgcccacctgttcgacgacaaagtgatgaagcagctgaagcggcggagatacaccggctggggcaggctgagccggaag
ctgatcaacggcatccgggacaagcagtccggcaagacaatcctggatttcctgaagtccgacggcttcgccaacagaaacttcatgcagct
gatccacgacgacagcctgacctttaaagaggacatccagaaagcccaggtgtccggccagggcgatagcctgcacgagcacattgccaa
tctggccggcagccccgccattaagaagggcatcctgcagacagtgaaggtggtggacgagctcgtgaaagtgatgggccggcacaagc
ccgagaacatcgtgatcgaaatggccagagagaaccagaccacccagaagggacagaagaacagccgcgagagaatgaagcggatcg
aagagggcatcaaagagctgggcagccagatcctgaaagaacaccccgtggaaaacacccagctgcagaacgagaagctgtacctgtact
acctgcagaatgggcgggatatgtacgtggaccaggaactggacatcaaccggctgtccgactacgatgtggaccatatcgtgcctcagag
ctttctgaaggacgactccatcgacaacaaggtgctgaccagaagcgacaagaaccggggcaagagcgacaacgtgccctccgaagagg
tcgtgaagaagatgaagaactactggcggcagctgctgaacgccaagctgattacccagagaaagttcgacaatctgaccaaggccgaga
gaggcggcctgagcgaactggataaggccggcttcatcaagagacagctggtggaaacccggcagatcacaaagcacgtggcacagatc



ctggactcccggatgaacactaagtacgacgagaatgacaagctgatccgggaagtgaaagtgatcaccctgaagtccaagctggtgtccg
atttccggaaggatttccagttttacaaagtgcgcgagatcaacaactaccaccacgcccacgacgcctacctgaacgccgtcgtgggaacc
gccctgatcaaaaagtaccctaagctggaaagcgagttcgtgtacggcgactacaaggtgtacgacgtgcggaagatgatcgccaagagcg
agcaggaaatcggcaaggctaccgccaagtacttcttctacagcaacatcatgaactttttcaagaccgagattaccctggccaacggcgaga
tccggaagcggcctctgatcgagacaaacggcgaaaccggggagatcgtgtgggataagggccgggattttgccaccgtgcggaaagtg
ctgagcatgccccaagtgaatatcgtgaaaaagaccgaggtgcagacaggcggcttcagcaaagagtctatcagacccaagaggaacagc
gataagctgatcgccagaaagaaggactgggaccctaagaagtacggcggcttcctgtggcccaccgtggcctattctgtgctggtggtggc
caaagtggaaaagggcaagtccaagaaactgaagagtgtgaaagagctgctggggatcaccatcatggaaagaagcagcttcgagaaga
atcccatcgactttctggaagccaagggctacaaagaagtgaaaaaggacctgatcatcaagctgcctaagtactccctgttcgagctggaaa
acggccggaagagaatgctggcctctgccaagcagctgcagaagggaaacgaactggccctgccctccaaatatgtgaacttcctgtacct
ggccagccactatgagaagctgaagggctcccccgaggataatgagcagaaacagctgtttgtggaacagcacaagcactacctggacga
gatcatcgagcagatcagcgagttctccaagagagtgatcctggccgacgctaatctggacaaagtgctgtccgcctacaacaagcaccgg
gataagcccatcagagagcaggccgagaatatcatccacctgtttaccctgaccagactgggagcccctagagccttcaagtactttgacacc
accatcgaccccaagcagtacagaagcaccaaagaggtgctggacgccaccctgatccaccagagcatcaccggcctgtacgagacacg
gatcgacctgtctcagctgggaggtgactctggaggatctagcggaggatcctctggcagcgagacaccaggaacaagcgagtcagcaac
accagagagcagtggcggcagcagcggcggcagctctgaggtggagttttcccacgagtactggatgagacatgccctgaccctggccaa
gagggcacgggatgagagggaggtgcctgtgggagccgtgctggtgctgaacaatagagtgatcggcgagggctggaacagagccatc
ggcctgcacgacccaacagcccatgccgaaattatggccctgagacagggcggcctggtcatgcagaactacagactgattgacgccacc
ctgtacgtgacattcgagccttgcgtgatgtgcgccggcgccatgatccactctaggatcggccgcgtggtgtttggcTGGaggaactcaa
aaagaggcgccgcaggctccctgatgaacgtgctgaactaccccggcatgaatcaccgcgtcgaaattaccgagggaatcctggcagatg
aatgtgccgccctgctgtgcgatttctatcggatgcctagacaggtgttcaatgctcagaagaaggcccagagctccatcaacagcggcggg
agcggcgggagcggggggagcactaatctgagcgacatcattgagaaggagactgggaaacagctggtcattcaggagtccatcctgatg
ctgcctgaggaggtggaggaagtgatcggcaacaagccagagtctgacatcctggtgcacaccgcctacgacgagtccacagatgagaat
gtgatgctgctgacctctgacgcccccgagtataagccttgggccctggtcatccaggattctaacggcgagaataagatcaagatgctgagc
ggaggatccggaggatctggaggcagcaccaacctgtctgacatcatcgagaaggagacaggcaagcagctggtcatccaggagagcat
cctgatgctgcccgaagaagtcgaagaagtgatcggaaacaagcctgagagcgatatcctggtccataccgcctacgacgagagtaccgac
gaaaatgtgatgctgctgacatccgacgccccagagtataagccctgggctctggtcatccaggattccaacggagagaacaaaatcaaaat
gctgtctggcggctcaaaaagaaccgccgacggcagcgaattcgagcccaagaagaagaggaaagtcGCTACTAACTTCAG
CCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGCATATGGTGAG
CAAGGGCGAGGAgctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgt
ccggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccacc
ctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccga
aggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggt
gaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacg
tctatatcatggccgacaagcagaagaacggcatcaaAgtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccg
accactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaag
accccaacgagaagcgcgatcacatggtcctgctggagttcgtgaccgccgccgggatcactctcggcaTGGACGAGCTGTAC
AAGggatccggcgcaacaaacttctctctgctgaaacaagccggagatgtcgaagagaatcctggaccgatggccaagcctttgtctcaa
gaagaatccaccctcattgaaagagcaacggctacaatcaacagcatccccatctctgaagactacagcgtcgccagcgcagctctctctag
cgacggccgcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactcgtggtgctgggcactgctgctgctgcggca
gctggcaacctgacttgtatcgtcgcgatcggaaatgagaacaggggcatcttgagcccctgcggacggtgccgacaggtgcttctcgatct
gcatcctgggatcaaagccatagtgaaggacagtgatggacagccgacggcagttgggattcgtgaattgctgccctctggttatgtgtggga
gggctaa 
 



CABE4 
atgaaacggacagccgacggaagcgagttcgagtcaccaaagaagaagcggaaagtctctgaggtggagttttcccacgagtactggatg
agacatgccctgaccctggccaagagggcacgggatgagagggaggtgcctgtgggagccgtgctggtgctgaacaatagagtgatcgg
cgagggctggaacagagccatcggcctgcacgacccaacagcccatgccgaaattatggccctgagacagggcggcctggtcatgcaga
actacagactgattgacgccaccctgtacgtgacattcgagccttgcgtgatgtgcgccggcgccatgatccactctaggatcggccgcgtgg
tgtttggcTGGaggaactcaaaaagaggcgccgcaggctccctgatgaacgtgctgaactaccccggcatgaatcaccgcgtcgaaatta
ccgagggaatcctggcagatgaatgtgccgccctgctgtgcgatttctatcggatgcctagacaggtgttcaatgctcagaagaaggcccag
agctccatcaactctggaggatctagcggaggatcctctggcagcgagacaccaggaacaagcgagtcagcaacaccagagagcagtgg
cggcagcagcggcggcagcgacaagaagtacagcatcggcctggccatcggcaccaactctgtgggctgggccgtgatcaccgacgagt
acaaggtgcccagcaagaaattcaaggtgctgggcaacaccgaccggcacagcatcaagaagaacctgatcggagccctgctgttcgaca
gcggcgaaacagccgagagaacccggctgaagagaaccgccagaagaagatacaccagacggaagaaccggatctgctatctgcaaga
gatcttcagcaacgagatggccaaggtggacgacagcttcttccacagactggaagagtccttcctggtggaagaggataagaagcacgag
cggcaccccatcttcggcaacatcgtggacgaggtggcctaccacgagaagtaccccaccatctaccacctgagaaagaaactggtggaca
gcaccgacaaggccgacctgcggctgatctatctggccctggcccacatgatcaagttccggggccacttcctgatcgagggcgacctgaa
ccccgacaacagcgacgtggacaagctgttcatccagctggtgcagacctacaaccagctgttcgaggaaaaccccatcaacgccagcgg
cgtggacgccaaggccatcctgtctgccagactgagcaagagcagacggctggaaaatctgatcgcccagctgcccggcgagaagaaga
atggcctgttcggaaacctgattgccctgagcctgggcctgacccccaacttcaagagcaacttcgacctggccgaggatgccaaactgcag
ctgagcaaggacacctacgacgacgacctggacaacctgctggcccagatcggcgaccagtacgccgacctgtttctggccgccaagaac
ctgtccgacgccatcctgctgagcgacatcctgagagtgaacaccgagatcaccaaggcccccctgagcgcctctatgatcaagagatacg
acgagcaccaccaggacctgaccctgctgaaagctctcgtgcggcagcagctgcctgagaagtacaaagagattttcttcgaccagagcaa
gaacggctacgccggctacattgacggcggagccagccaggaagagttctacaagttcatcaagcccatcctggaaaagatggacggcac
cgaggaactgctcgtgaagctgaacagagaggacctgctgcggaagcagcggaccttcgacaacggcagcatcccccaccagatccacc
tgggagagctgcacgccattctgcggcggcaggaagatttttacccattcctgaaggacaaccgggaaaagatcgagaagatcctgaccttc
cgcatcccctactacgtgggccctctggccaggggaaacagcagattcgcctggatgaccagaaagagcgaggaaaccatcaccccctgg
aacttcgaggaagtggtggacaagggcgcttccgcccagagcttcatcgagcggatgaccaacttcgataagaacctgcccaacgagaag
gtgctgcccaagcacagcctgctgtacgagtacttcaccgtgtataacgagctgaccaaagtgaaatacgtgaccgagggaatgagaaagc
ccgccttcctgagcggcgagcagaaaaaggccatcgtggacctgctgttcaagaccaaccggaaagtgaccgtgaagcagctgaaagag
gactacttcaagaaaatcgagtgcttcgactccgtggaaatctccggcgtggaagatcggttcaacgcctccctgggcacataccacgatctg
ctgaaaattatcaaggacaaggacttcctggacaatgaggaaaacgaggacattctggaagatatcgtgctgaccctgacactgtttgaggac
agagagatgatcgaggaacggctgaaaacctatgcccacctgttcgacgacaaagtgatgaagcagctgaagcggcggagatacaccgg
ctggggcaggctgagccggaagctgatcaacggcatccgggacaagcagtccggcaagacaatcctggatttcctgaagtccgacggctt
cgccaacagaaacttcatgcagctgatccacgacgacagcctgacctttaaagaggacatccagaaagcccaggtgtccggccagggcgat
agcctgcacgagcacattgccaatctggccggcagccccgccattaagaagggcatcctgcagacagtgaaggtggtggacgagctcgtg
aaagtgatgggccggcacaagcccgagaacatcgtgatcgaaatggccagagagaaccagaccacccagaagggacagaagaacagcc
gcgagagaatgaagcggatcgaagagggcatcaaagagctgggcagccagatcctgaaagaacaccccgtggaaaacacccagctgca
gaacgagaagctgtacctgtactacctgcagaatgggcgggatatgtacgtggaccaggaactggacatcaaccggctgtccgactacgat
gtggaccatatcgtgcctcagagctttctgaaggacgactccatcgacaacaaggtgctgaccagaagcgacaagaaccggggcaagagc
gacaacgtgccctccgaagaggtcgtgaagaagatgaagaactactggcggcagctgctgaacgccaagctgattacccagagaaagttc
gacaatctgaccaaggccgagagaggcggcctgagcgaactggataaggccggcttcatcaagagacagctggtggaaacccggcagat
cacaaagcacgtggcacagatcctggactcccggatgaacactaagtacgacgagaatgacaagctgatccgggaagtgaaagtgatcac
cctgaagtccaagctggtgtccgatttccggaaggatttccagttttacaaagtgcgcgagatcaacaactaccaccacgcccacgacgccta
cctgaacgccgtcgtgggaaccgccctgatcaaaaagtaccctaagctggaaagcgagttcgtgtacggcgactacaaggtgtacgacgtg
cggaagatgatcgccaagagcgagcaggaaatcggcaaggctaccgccaagtacttcttctacagcaacatcatgaactttttcaagaccga
gattaccctggccaacggcgagatccggaagcggcctctgatcgagacaaacggcgaaaccggggagatcgtgtgggataagggccgg



gattttgccaccgtgcggaaagtgctgagcatgccccaagtgaatatcgtgaaaaagaccgaggtgcagacaggcggcttcagcaaagagt
ctatcagacccaagaggaacagcgataagctgatcgccagaaagaaggactgggaccctaagaagtacggcggcttcctgtggcccaccg
tggcctattctgtgctggtggtggccaaagtggaaaagggcaagtccaagaaactgaagagtgtgaaagagctgctggggatcaccatcatg
gaaagaagcagcttcgagaagaatcccatcgactttctggaagccaagggctacaaagaagtgaaaaaggacctgatcatcaagctgccta
agtactccctgttcgagctggaaaacggccggaagagaatgctggcctctgccaagcagctgcagaagggaaacgaactggccctgccct
ccaaatatgtgaacttcctgtacctggccagccactatgagaagctgaagggctcccccgaggataatgagcagaaacagctgtttgtggaac
agcacaagcactacctggacgagatcatcgagcagatcagcgagttctccaagagagtgatcctggccgacgctaatctggacaaagtgct
gtccgcctacaacaagcaccgggataagcccatcagagagcaggccgagaatatcatccacctgtttaccctgaccagactgggagcccct
agagccttcaagtactttgacaccaccatcgaccccaagcagtacagaagcaccaaagaggtgctggacgccaccctgatccaccagagca
tcaccggcctgtacgagacacggatcgacctgtctcagctgggaggtgactctggaggatctagcggaggatcctctggcagcgagacacc
aggaacaagcgagtcagcaacaccagagagcagtggcggcagcagcggcggcagcGAGGCATCTCCAGCAAGCGG
ACCAAGGCACCTGATGGACCCCCACATCTTCACCTCTAACTTTAACAATGGCATCGGCA
GGCACAAGACATACCTGTGCTATGAGGTGGAGCGCCTGGACAATGGCACCAGCGTGA
AGATGGATCAGCACAGAGGCTTCCTGCACAACCAGGCCAAGAATCTGCTGTGCGGCTT
CTACGGCCGGCACGCAGAGCTGAGATTTCTGGACCTGGTGCCTAGCCTGCAGCTGGAT
CCAGCCCAGATCTATAGGGTGACCTGGTTCATCAGCTGGTCCCCATGCTTTTCCTGGGG
ATGTGCAGGAGAGGTGCGCGCCTTTCTGCAGGAGAACACACACGTGCGGCTGAGAAT
CTTCGCCGCCCGGATCTTTGACTACGATCCTCTGTATAAGGAGGCCCTGCAGATGCTGA
GAGACGCAGGAGCCCAGGTGTCCATCATGACCTACGATGAGTTCAAGCACTGCTGGG
ACACATTTGTGGATCACCAGGGCTGTCCCTTCCAGCCTTGGGACGGACTGGATGAGCA
CTCCCAGGCCCTGTCTGGCAGGCTGAGGGCCATCCTGCAGAACCAGGGCAATagcggcgg
gagcggcgggagcggggggagcactaatctgagcgacatcattgagaaggagactgggaaacagctggtcattcaggagtccatcctgat
gctgcctgaggaggtggaggaagtgatcggcaacaagccagagtctgacatcctggtgcacaccgcctacgacgagtccacagatgagaa
tgtgatgctgctgacctctgacgcccccgagtataagccttgggccctggtcatccaggattctaacggcgagaataagatcaagatgctgag
cggaggatccggaggatctggaggcagcaccaacctgtctgacatcatcgagaaggagacaggcaagcagctggtcatccaggagagca
tcctgatgctgcccgaagaagtcgaagaagtgatcggaaacaagcctgagagcgatatcctggtccataccgcctacgacgagagtaccga
cgaaaatgtgatgctgctgacatccgacgccccagagtataagccctgggctctggtcatccaggattccaacggagagaacaaaatcaaaa
tgctgtctggcggctcaaaaagaaccgccgacggcagcgaattcgagcccaagaagaagaggaaagtcGCTACTAACTTCAG
CCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGCATATGGTGAG
CAAGGGCGAGGAgctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgt
ccggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccacc
ctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccga
aggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggt
gaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacg
tctatatcatggccgacaagcagaagaacggcatcaaAgtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccg
accactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaag
accccaacgagaagcgcgatcacatggtcctgctggagttcgtgaccgccgccgggatcactctcggcaTGGACGAGCTGTAC
AAGggatccggcgcaacaaacttctctctgctgaaacaagccggagatgtcgaagagaatcctggaccgatggccaagcctttgtctcaa
gaagaatccaccctcattgaaagagcaacggctacaatcaacagcatccccatctctgaagactacagcgtcgccagcgcagctctctctag
cgacggccgcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactcgtggtgctgggcactgctgctgctgcggca
gctggcaacctgacttgtatcgtcgcgatcggaaatgagaacaggggcatcttgagcccctgcggacggtgccgacaggtgcttctcgatct
gcatcctgggatcaaagccatagtgaaggacagtgatggacagccgacggcagttgggattcgtgaattgctgccctctggttatgtgtggga
gggctaa 
 



Supplemental Table 1. sgRNA sequences. 
 

Number Site Protospacer sequence 

1 NGG SITE 1 GAACACAAAGCATAGACTGC 
2 NTT SITE 1 ACATCATCAGATATTCTGCA 
3 NTC SITE 1 GCTGCAAACAAGTGCAGAAT 
4 NTG SITE 1 TGGCAGGACGTCTGCCCAAT 
5 NAC SITE 1 ACCAACAATAGAGGCCCATT 
6 NAG SITE 1 GTTTACATAAAAGATCTTCA 
7 NGT SITE 1 AATACAAATAGTTAAGAACA 
8 NGC SITE 1 CTGGAACACAAAGCATAGAC 
9 NCT SITE 1 TCCTAAACCAGTGTCAGGGA 
10 NCC SITE 1 AAAGATCTTCACAGGCTACC 
11 NCG SITE 1 CCAACAATAGAGGCCCATTA 
12 NAT SITE 1 CTGTCAAACTGTGCGTATGA 
13 NAA SITE 1 TACCAACAATAGAGGCCCAT 
14 NCA SITE 1 CTGCAGCCCAAGCCTCAGTG 
15 NGA SITE 1 AGGTCCTAAACCAGTGTCAG 
16 NTA SITE 1 CTACCAACAATAGAGGCCCA 
17 NTT SITE 2 GACAGTTCCTTCCAATTCCA 
18 NTC SITE 2 AACAACAGTACTTGCGACAG 
19 NTG SITE 2 GCAGCAGCCTGGAAAAGTAC 
20 NGT SITE 2 TTGGAACTCCTGCTTGCAAG 
21 NGC SITE 2 AAGGCCAAGCTTGCCTGCCC 
22 NCC SITE 2 GAGATGCAGCGAATGTGAAA 
23 NCT SITE 2 TCATCTTAGGCCTTCAAGGA 
24 NGG SITE 2 CCTGCCCTGCATTTTATCAA 
25 NCG SITE 2 GAGCAGGGAAGAAGGAATCA 
26 NAT SITE 2 TACTTGCGACAGTTCCTTCC 
27 NAC SITE 2 CATTTCCCTCTACGCTCGCT 
28 NAG SITE 2 TTGAACAACAGTACTTGCGA 
29 NAA SITE 2 CCTGCTTGCAAGTGTCAACC 
30 NCA SITE 2 GATGCAGCGAATGTGAAATC 
31 NGA SITE 2 GAAAAGTACTTGGGGACCAA 
32 NTA SITE 2 CCTCTTCTGGAAAGGGGTAC 
33 NTT SITE 3 CTTAGGGGGCACTTCGACCA 
34 NTC SITE 3 TCCACCCGCTGTGCGTCCCA 
35 NTG SITE 3 TGGCCGAATGCAAAGGTTCT 
36 NGT SITE 3 TCGGCCAATGGGGCACAAGG 
37 NGC SITE 3 CCCAAAAGTGGGGCGTACA 
38 NCC SITE 3 GAGTTCCACCCGCTGTGCGT 
39 NCT SITE 3 TGGACTCAGATGCTCCAACG 
40 NGG SITE 3 GGTTACACCAAAGGGCTAGA 



41 NCG SITE 3 ATGCAAAGGTTCTCTGCTAG 
42 NAT SITE 3 GTAACCTCCCTTGAAAGGGG 
43 NAC SITE 3 GGAGCATCTGAGTCCAGGGG 
44 NAG SITE 3 ACAGCGGGTGGAACTCCCAA 
45 NAA SITE 3 CTGCTAGACGACAGCGCAGG 
46 NCA SITE 3 TGCGTCCCACTCCTTGTGCC 
47 NGA SITE 3 GAATGCAAAGGTTCTCTGCT 
48 NTA SITE 3 CCGAATGCAAAGGTTCTCTG 
49 DEFB132 ATTATGATGTTACGGTCGTT 
50 KRT4 AGGTGCAGTTCTTAGAGCAA 
51 LRIT3 ACATTGACGTGGAATATGAT 
52 OVGP1 CATGGTCATTGCCCCAGTGA 
53 PYROXD2 ATAGGGCATGTACTGAGTGA 
54 SEC16B TGGTGCATGTAGGTCCCAGC 
55 TGFBR3 TTGGTCATTGTCATAGATCT 
56 WDR90 CCTGTGCAGGGGTGGCTCAC 
57 MAP4 CCTGTGACGGTTTCTAAAGG 
58 SYNM AGGGGCAGGGTGGGCCGGGG 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table 2. pegRNA sequences. 
 

pegRNA spacer sequence 3‘extension sequence PBS 

length(nt) 

RT template 

length(nt) 

DEFB132 CAGTGGTTATTATGATGTTA ACAAACGACCACAACATCATAATAA 13 12 

KRT4 GCTGGTGCCTTTATCAACAC CTCTAAGAACCACACCTGTGTTGAT 13 12 

LRIT3 AAGAGAGTGTGACATTGACG CATATTCCACACCAATGTCACACTC 13 12 

OVGP1 AGAGAAGACTGAGATCACTG AAGTCATGGTTGTTGCCCCAGTGAT 13 12 

PYROXD2 TTGCCTCCAGCCAGCGTATA ACTCAGTACACACCCTATACGCTGG 13 12 

SEC16B TTTCGGGCCAGGAGGTCAGC GGGACCTACACACACCAGCTGACCT 13 12 

TGFBR3 AATGTCATCTCTTATTGATT TCTATGACAACAACCAAATCAATAA 13 12 

WDR90 ACGGAAGGTTGTCCCTGTGC GAGCCACCCCCACACAGGGACAACC 13 12 

MAP4 CTTTTTCCCCGTTCCTGTGA TTTAGAAACCACCACAGGAACGGGG 13 12 

SYNM TGTCCGCCCTCACCAGAGAG CGGCCCACCCCACCCCTCTCTGGTG 13 12 

nicking sgRNA spacer sequence    

DEFB132 AACCACTGGCAATCAAGGAG    

KRT4 TGGTCGTCTGCTGCTGGAGC    

LRIT3 CAGGTCCTTCCCACCATACT    

OVGP1 AGGGATACAGTTTCCTTTGT    

PYROXD2 TTCCTCGCTGGACCCCACCC    

SEC16B CATGCTGTGCAGTTCAACAA    

TGFBR3 GAATCTGGTGAAGTGGGCTT    

WDR90 CCAGGTCAGACTGTCCTCTC    

MAP4 GATTCTGTGTTAGAAAAACT    

SYNM CGGAACTGCCACCAGCACCC    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table 3. Primer sequences. 
 

Site Forward sequence (5'-3') Reverse sequence (5'-3') 

NGG SITE 1 ATAACAAGACCTGGCTGAGC TCAAGCAGGTGATTACAGGA 
NTT SITE 1 CAGCATGTGGTAATTTTCCA CACATGACAGTTAAGGTTTG 
NTC SITE 1 CAAGACCTGGCTGAGCTAAC TTTAGTCTTTCAAGCAGGTG 
NTG SITE 1 AGGCTACCCCCTAAGTCTAG GTTTCCTTTACAGGGCCAGC 
NAC SITE 1 GATCTTCACAGGCTACCCCC CCACATGCTGTCACAGTTAG 
NAG SITE 1 GCAGTGTTTAGAAGGAGACT GTTGGTAGAATGGCAGTGCA 
NGT SITE 1 GGCCCTGTAAAGGAAACTGG TGTTTAGTCTTTCAAGCAGG 
NGC SITE 1 ATGATAACAAGACCTGGCTG TCTTTCAAGCAGGTGATTAC 
NCT SITE 1 AGAAGGAGACTTGTGCACAT ATTGTTGGTAGAATGGCAGT 
NCC SITE 1 GTTTAGAAGGAGACTTGTGC GGTAGAATGGCAGTGCAATA 
NCG SITE 1 AAAGATCTTCACAGGCTACC CCAGCGGGCTGGAAAATTAC 
NAT SITE 1 ATGTGGTAATTTTCCAGCCC CAAGCACATGACAGTTAAGG 
NAA SITE 1 CTTCACAGGCTACCCCCTAAG GAAAATTACCACATGCTGTC 
NCA SITE 1 CCTAAACCAGTGTCAGGGAG TGCTTTGTGTTCCAGTTTCC 
NGA SITE 1 GGAGACTTGTGCACATTCTA TCTATTGTTGGTAGAATGGC 
NTA SITE 1 CACAGGCTACCCCCTAAGTC GGCTGGAAAATTACCACATG 
NTT SITE 2 GTGGAACATGGTGAGTGCTT TAGCAGAGGAATCAGGCAAG 
NTC SITE 2 ACACTGCAATGTTTTTGTGG AGGCAAGAAATAAGCAACTC 
NTG SITE 2 GTGGAGATGCAGCGAATGTG GAAAAGCACTCACCATGTTC 
NGT SITE 2 GAGGAGTAGCCAAAGACCAT TCCATAACAAAAGGAAGCAC 
NGC SITE 2 TGAACCCTCTTCTGGAAAGG CTGTTGTTCAAAGTTCCTTG 
NCC SITE 2 GTGCTTCCTTTTGTTATGGA GATTCCTTCTTCCCTGCTCC 
NCT SITE 2 ATGGGGGTCCACACTGCAAT CCGAAGTCACGAAGTAACTT 
NGG SITE 2 CTCTTCTGGAAAGGGGTACC GTCGCAAGTACTGTTGTTCA 
NCG SITE 2 CTGGAAAGGGGTACCTATTA TTGGAAGGAACTGTCGCAAG 
NAT SITE 2 TGTTTTTGTGGAACATGGTG GAATCAGGCAAGAAATAAGC 
NAC SITE 2 GACTTGTGGAGATGCAGCGA CACTCACCATGTTCCACAAA 
NAG SITE 2 GGTCCACACTGCAATGTTTT ATAAAGCCGAAGTCACGAAG 
NAA SITE 2 GAGTAGCCAAAGACCATCAG CTTCCATAACAAAAGGAAGC 
NCA SITE 2 GCTTCCTTTTGTTATGGAAG GATGATTCCTTCTTCCCTGC 
NTA SITE 2 CTTGTGGAGATGCAGCGAAT AAGCACTCACCATGTTCCAC 
NGA SITE 2 AGATCTTGAACCCTCTTCTG GTTCAAAGTTCCTTGAAGGC 
NTT SITE 3 AGGAAGCAGTATCCGAAGGC CCAATGGGGCACAAGGAGTG 
NAC SITE 3 CAGTATCCGAAGGCAGCAGC CATTCGGCCAATGGGGCACA 
NGC SITE 3 ACAATTACTTAGGGGGCACT ACTCAGCAGTATCTTCAGTG 
NAG SITE 3 TACTTAGGGGGCACTTCGAC AAGGGGAATACTCAGCAGTA 



NGT SITE 3 GGCACTTCGACCATTTCTGA TATCTTCAGTGCTCTTGCCT 
NCT SITE 3 GACAACGCCAAGGAGTTGTG AGCCCTTTGGTGTAACCTCC 
NCC SITE 3 CGCCAAGGAGTTGTGTAAGG TCTCGCCTTCTAGCCCTTTG 
NTC SITE 3 GGAGTTGTGTAAGGCAGTGT CCTAGGCTCTCGCCTTCTAG 
NCA SITE 3 ACCATTTCTGACAACGCCAA TTTGGTGTAACCTCCCTTGA 
NTA SITE 3 CGTTGGAGCATCTGAGTCCA GACGGCAGTTCAAGTGTCCC 
NTG SITE 3 TGGAGCATCTGAGTCCAGGG GGTAGACGGCAGTTCAAGTG 
NAA SITE 3 GAGCATCTGAGTCCAGGGGA GACAGGGTAGACGGCAGTTC 
NCG SITE 3 GAACAGCTTCGGGGGGATTG CTTGTAGAGAGACAGGGTAG 
NGA SITE 3 GGGATTGCATGTACGCCCCA CCAGTGCTCCGGACTTGTAG 
NGG SITE 3 GTACGCCCCACTTTTGGGAG GTCCAGTGCTCCGGACTTGT 
NAT SITE 3 CACTCCTTGTGCCCCATTGG GTTGTAGTAGTCGCGACTCT 

DEFB132 GGGAGACAGCATTGTTCATG TAAAGAGGAGCCTTGGCTAG 

KRT4 GTTCTTGGGCCGTGTAGTTC CCAAGGTATCTAGCTGCTTC 

LRIT3 AGTAAGCTTCCTCCAGCCAG GGGTTCCAAGCCATCTATGG 
OVGP1 TGAGATCCACGGAAAGTGTG AGGGGTCACAGACTGATAAC 

PYROXD2 GTCCCAAGTCATCTCGGATG CGTGCAGCTGTCTTTACCTC 

SEC16B GGGCAGAAATACATCTGTGG TCCAGGGACACTGGGTCTTC 
TGFBR3 TCATCGTTCTTAGCCCAAGG AAGCCCACTTCACCAGATTC 

WDR90 TGTTGCCTTCTCCACCGATG GGGCTGCTTTACCTCTTTGC 

MAP4 GCCCCTTGTAGGAGAACTCC CCTAACTTACCTGAGGTCTC 

SYNM TGAAGGGCATCTCCTCCAAG TCTTTGCTCAGCTCCTCCAG 

 

 


