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Supplementary Notes 

 

Supplementary Note 1. Correlating indel frequencies with AAV integration, we found the mean 

indel frequency of injected Tmc1Bth/WT animals (P42-P55) was 1.88% and this corresponded to a 0.4% 

AAV integration rate.  In contrast, we estimated AAV integration in the WT allele was 0.0016%, 

corresponding to 0.0075% indel rate in the WT allele, which is much lower than the background indel 

frequency estimated from next-generation sequencing, which was found to be 0.05-0.06%. At 42-55 

days after injection, the specificity of SaCas9-KKH was ~250-fold greater for the Tmc1Bth allele than 

for the Tmc1WT allele. 

 

Supplementary Note 2.  In vivo, we observed modest genomic editing (1-2%). For this assay we 

sequenced DNA harvested from whole cochleas, a small fraction of which includes sensory hair cells.  

Since the vector capsid we used preferentially targets cochlear hair cells17, we suspect the apparent 

modest gene editing was due to sampling of DNA from non-transduced non-hair cells.  When we 

sequenced Tmc1 mRNA, which is preferentially expressed in sensory hair cells, we found a ~24% 

decrease in Bth mRNA in injected cochleas, confirming editing was concentrated in hair cells.  Indel 

formation was detectable at the mRNA level; however, the decrease in read counts was more robust, 

suggesting nonsense mediated mRNA decay30. We did not find a complete loss of the Bth mRNA, 

perhaps due to the inability of the vector capsid, Anc80, to efficiently target hair cells at the basal, 

high frequency end of the cochlea.  Silencing the Bth allele preserved hair cells and low frequency 



hearing up to 40 weeks, the latest time point tested. ABR thresholds were in the range of WT levels 

in injected heterozygous animals at lower frequencies, but elevated at higher frequencies. 

Interestingly, we note that the ~24% decrease in Bth mRNA may have originated from the apical 

quarter of the cochlea, which encodes frequencies in the 5-12 kHz range, consistent with the excellent 

ABR thresholds at these frequencies.   

 

Supplementary Note 3. We observed that the in several cases, the ClinVar database is not correctly 

annotated when marking the dominant nature of the disease. Several diseases that are clearly 

dominant are not annotated, thus they were filtered out from our ‘dominant’ filtered table 

(Supplementary Table 3). Therefore we also performed the targetable space analysis on all ClinVar 

database entries regardless of whether it is dominant, recessive or not annotated. Readers should 

consult with this table as well in case a dominant disease is not listed in the table with only dominant 

entries. This dataset is presented as Supplementary Table 9 (variants targetable with SaCas9-WT) and 

Supplementary Table 10 (variants targetable with SaCas9-KKH).  
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Supplementary Dataset Files 
 
Supplementary Dataset 1. TIDE analysis of all Sanger sequencing samples from Extended 
Data Fig. 1. SpCas9 only (GFP) was used as a control for analysis (pages 1-96) 
 
Supplementary Dataset 2. CRISPResso analysis on all samples from Extended Data Fig. 1e. 
In the case of Tmc1Bth/WT samples, reads were segregated to Bth and WT before CRISPResso 
analysis (pages 97-111) 
 
Supplementary Dataset 3. CRISPResso analysis on all samples from Fig. 1b. In the case of 
Tmc1Bth/WT samples, reads were segregated to Bth and WT before CRISPResso analysis (pages 
112-141) 
 
Supplementary Dataset 4. Sequencing result from pBG201 empty vector (pAAV-CMV-
NLS(SV40)-SaCas9(E782K/N968K/R1015H)-NLS(nucleoplasmin)-3xHA-bGHpA0-U6-BsaI-
sgRNA). Plasmid DNA was sequences by next-generation sequencing using the Plasmid 
Sequencing Service of the MGH DNA Core (Cambridge, MA, USA) (pages 142-144). 
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indel size downstream of the expected break site
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Warning: left boundary of decomposition window was adjusted 524 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 618 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA WT, reverse
 guide: GGGTGGGACAGAACTTCCCC
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Warning: left boundary of decomposition window was adjusted 128 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 1.1, reverse  
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Warning: left boundary of decomposition window was adjusted 126 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 1.2, reverse
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Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 1.3, reverse
guide: GGGTGGGACAGAACTTCCCC
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Warning: left boundary of decomposition window was adjusted 126 . It must be at least 5bp plus the maximum 
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Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

56



<−−deletion     insertion−−>

%
 o

f s
eq

ue
nc

es

0
20

40
60

80
10

0

−10 −5 0 5 10

0.8 3.8

sample:  Bth/WT cell line, gRNA 1.4, reverse
guide: GGGTGGGACAGAACTTCCCC

93.2
R2 = 0.99

p < 0.001
p ≥ 0.001

total eff. = 5.5 %

57



100 200 300 400 500 600

0
20

40
60

80
10

0
sample:  Bth/WT cell line, gRNA 1.4, reverse  

guide: GGGTGGGACAGAACTTCCCC

basepair

%
 o

f a
be

rr
an

t s
eq

ue
nc

es

control sample
test sample

region for decomposition

expected cut at 111bp

Warning: left boundary of decomposition window was adjusted 126 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.1, reverse
guide: TGGGACAGAACTTCCCCAGG
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Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.2, reverse
guide: TGGGACAGAACTTCCCCAGG

<−−deletion     insertion−−>

%
 o

f s
eq

ue
nc

es

0
10

20
30

40
50

−10 −5 0 5 10

1.6 2.1 2.1 3.3

38.6 40.2

5.3

R2 = 0.95

p < 0.001
p ≥ 0.001

total eff. = 54.5 %

61



100 200 300 400 500 600

0
20

40
60

80
10

0
sample:  Bth/WT cell line, gRNA 2.2, reverse  

guide: TGGGACAGAACTTCCCCAGG

basepair

%
 o

f a
be

rr
an

t s
eq

ue
nc

es

control sample
test sample

region for decomposition

expected cut at 114bp

Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.3, reverse
guide: TGGGACAGAACTTCCCCAGG
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Warning: left boundary of decomposition window was adjusted 131 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.4, reverse
guide: TGGGACAGAACTTCCCCAGG
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Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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Warning: left boundary of decomposition window was adjusted 129 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 625 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA WT, forward
guide: GGGTGGGACAGAACATCCCC
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Warning: left boundary of decomposition window was adjusted 533 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

Warning: right boundary of decomposition window was adjusted to 637 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 1.1, forward
 guide: GGGTGGGACAGAACTTCCCC
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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region for decomposition

expected cut at 212bp

Warning: left boundary of decomposition window was adjusted 227 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample: Bth/WT cell line, gRNA 1.2, forward 
guide: GGGTGGGACAGAACTTCCCC

%
 o

f s
eq

ue
nc

es

0
10

20
30

40
50

−10 −5 0 5 10

5.4
3.5

5.7

42.1

22.3

R2 = 0.88

p < 0.001
p ≥ 0.001

total eff. = 65.3 %

War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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expected cut at 212bp

Warning: left boundary of decomposition window was adjusted 227 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample: Bth/WT cell line, gRNA 1.3, forward 
guide: GGGTGGGACAGAACTTCCCC
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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Warning: left boundary of decomposition window was adjusted 227 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 1.4, forward 
guide: GGGTGGGACAGAACTTCCCC
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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guide: GGGTGGGACAGAACTTCCCC

region for decomposition

expected cut at 212bp

Warning: left boundary of decomposition window was adjusted 227 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.1, forward 
guide: TGGGACAGAACTTCCCCAGG
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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sample:  Bth/WT cell line, gRNA 2.1, forward 
guide: TGGGACAGAACTTCCCCAGG

region for decomposition

expected cut at 209bp

Warning: left boundary of decomposition window was adjusted 224 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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total eff. = 57.2 %

War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.

<−−deletion     insertion−−>

85



100 200 300 400 500 600

0
20

40
60

80
10

0
sample:  Bth/WT cell line, gRNA 2.2, forward 

guide: TGGGACAGAACTTCCCCAGG

basepair

%
 o

f a
be

rr
an

t s
eq

ue
nc

es

control sample
test sample

region for decomposition

expected cut at 209bp

Warning: left boundary of decomposition window was adjusted 224 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 2.3, forward 
guide: TGGGACAGAACTTCCCCAGG
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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region for decomposition

expected cut at 209bp

Warning: left boundary of decomposition window was adjusted 224 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site

88



sample:  Bth/WT cell line, gRNA 2.4, forward 
guide: TGGGACAGAACTTCCCCAGG
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War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.
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region for decomposition

expected cut at 209bp

Warning: left boundary of decomposition window was adjusted 224 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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p ≥ 0.001

total eff. = 4.6 %

War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.

<−−deletion     insertion−−>
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region for decomposition

expected cut at 209bp

Warning: left boundary of decomposition window was adjusted 224 . It must be at least 5bp plus the maximum 
indel size downstream of the expected break site
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sample:  Bth/WT cell line, gRNA 3.2, forward 
guide: TGGTAATGTCCCTCCTGGGG
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7.5

R2 = 0.72

p < 0.001
p ≥ 0.001

total eff. = 13.5 %

War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.

<−−deletion     insertion−−>
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sample:  Bth/WT cell line, gRNA 3.3, forward 
guide: TGGTAATGTCCCTCCTGGGG

85.5
R2 = 0.91

p < 0.001
p ≥ 0.001

total eff. = 5.1 %

War Warning: the spacing between the nucleotides in (one of) sanger sequence file(s)is not constant.  
This might indicate for wrongly unannotated or wrongly additional annotated nucleotides. 
Decomposition window lower and check the chromotogram for abnormalities.

<−−deletion     insertion−−>
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Tmc1Bth/WT, SpCas9 only, Bth allele only
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Tmc1Bth/WT, SpCas9 only, WT allele only

98



Tmc1Bth/WT, SpCas9 + gRNA 1.1, Bth allele only
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Tmc1Bth/WT, SpCas9 + gRNA 1.1, WT allele only
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Tmc1Bth/WT, SpCas9 + gRNA 2.1, Bth allele only
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Tmc1Bth/WT, SpCas9 + gRNA 2.1, WT allele only
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Tmc1Bth/WT, SpCas9 + gRNA 2.4, Bth allele only
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Tmc1Bth/WT, SpCas9 + gRNA 2.4, WT allele only
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Tmc1Bth/WT, SpCas9 + gRNA WT, Bth allele only
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Tmc1Bth/WT, SpCas9 + gRNA WT, WT allele only
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Tmc1WT/WT, SpCas9 only
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Tmc1WT/WT, SpCas9 + gRNA 1.1
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Tmc1WT/WT, SpCas9 + gRNA 2.1
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Tmc1WT/WT, SpCas9 + gRNA 2.4
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Tmc1WT/WT, SpCas9 + gRNA WT
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TmcBth/WT, SpCas9 only, Bth allele
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TmcBth/WT, SpCas9 only, WT allele
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TmcBth/WT, SpCas9 + gRNA 1.1, Bth allele
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TmcBth/WT, SpCas9 + gRNA 1.1, WT allele

115



TmcBth/WT, SpCas9 + gRNA 2.1, Bth allele
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TmcBth/WT, SpCas9 + gRNA 2.1, WT allele
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TmcBth/WT, SpCas9 + gRNA 2.4, Bth allele
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TmcBth/WT, SpCas9 + gRNA 2.4, WT allele
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TmcBth/WT, eSpCas9 + gRNA 1.1, Bth allele
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TmcBth/WT, eSpCas9 + gRNA 1.1, WT allele
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TmcBth/WT, HypaCas9 + gRNA 1.1, Bth allele
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TmcBth/WT, HypaCas9 + gRNA 1.1, WT allele
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TmcBth/WT, SpCas9-HF1 + gRNA 1.1, Bth allele
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TmcBth/WT, SpCas9-HF1 + gRNA 1.1, WT allele
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TmcBth/WT, SaCas9KKH + gRNA 4.1, Bth allele
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TmcBth/WT, SaCas9KKH + gRNA 4.1, WT allele
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TmcBth/WT, SpCas9KKH + gRNA 4.2, Bth allele
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TmcBth/WT, SaCas9KKH + gRNA 4.2, WT allele
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TmcBth/WT, SaCas9KKH + gRNA 4.3, Bth allele
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TmcBth/WT, SaCas9KKH + gRNA 4.3, WT allele
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TmcWT/WT, SpCas9 only
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TmcWT/WT, SpCas9 + gRNA 1.1
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TmcWT/WT, SpCas9 + gRNA 2.1
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TmcWT/WT, SpCas9 + gRNA 2.4
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TmcWT/WT, eSpCas9 + gRNA 1.1
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TmcWT/WT, HypaCas9 + gRNA 1.1
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TmcWT/WT, SpCas9-HF1 + gRNA 1.1
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TmcWT/WT, SaCas9KKH + gRNA 4.1
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TmcWT/WT, SaCas9KKH + gRNA 4.2

140



TmcWT/WT, SaCas9KKH + gRNA 4.3

141



Supplementary Dataset 4. Sequencing result from pBG201 (pAAV-CMV-NLS(SV40)-
SaCas9(E782K/N968K/R1015H)-NLS(nucleoplasmin)-3xHA-bGHpA0-U6-BsaI-sgRNA) 

ACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCA 
GGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGT 
ATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCA 
ACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACG 
CTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACA 
GCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCT 
ATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAG 
AATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTAT 
GCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAA 
GGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTG 
AATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAAC 
TATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGT 
TGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAG 
CGTGGAAGCCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACA 
CGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAA 
GCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTT 
AAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCC 
ACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTG 
CTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT 
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAG 
GCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGC 
TGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGG 
TCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACC 
TACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGG 
CAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC 
GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAA 
ACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTCCTGCAGGCA 
GCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAG 
CGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCTCTAGACTCGAGGC 
GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATAT 
GGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG 
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGT 
ATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT 
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG 
TACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGAT 
AGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCA 
AAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTA 
CGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTACCGGTGCCACCATGGCCCCAAAGAAGAAGC 
GGAAGGTCGGTATCCACGGAGTCCCAGCAGCCAAGCGGAACTACATCCTGGGCCTGGACATCGGCATCAC 
CAGCGTGGGCTACGGCATCATCGACTACGAGACACGGGACGTGATCGATGCCGGCGTGCGGCTGTTCAAA 
GAGGCCAACGTGGAAAACAACGAGGGCAGGCGGAGCAAGAGAGGCGCCAGAAGGCTGAAGCGGCGGAGGC 
GGCATAGAATCCAGAGAGTGAAGAAGCTGCTGTTCGACTACAACCTGCTGACCGACCACAGCGAGCTGAG 
CGGCATCAACCCCTACGAGGCCAGAGTGAAGGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCC 
GCCCTGCTGCACCTGGCCAAGAGAAGAGGCGTGCACAACGTGAACGAGGTGGAAGAGGACACCGGCAACG 
AGCTGTCCACCAAAGAGCAGATCAGCCGGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCA 
GCTGGAACGGCTGAAGAAAGACGGCGAAGTGCGGGGCAGCATCAACAGATTCAAGACCAGCGACTACGTG 
AAAGAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCT 
ACATCGACCTGCTGGAAACCCGGCGGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGCTGGAA 
GGACATCAAAGAATGGTACGAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGGAGCGTG
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AAGTACGCCTACAACGCCGACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGACG
AGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCATCGAGAACGTGTTCAAGCAGAAGAAGAAGCC
CACCCTGAAGCAGATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGC
ACCGGCAAGCCCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAGA
TTATTGAGAACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTGACCATCTACCAGAGCAGCGAGGACAT
CCAGGAAGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGATCGAGCAGATCTCTAATCTGAAG
GGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCA
ACGACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAGGTGGACCTGTCCCAGCAGAA
AGAGATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCGTCGTGAAGAGAAGCTTCATCCAGAGC
ATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACATCATTATCGAGCTGGCCCGCG
AGAAGAACTCCAAGGACGCCCAGAAAATGATCAACGAGATGCAGAAGCGGAACCGGCAGACCAACGAGCG
GATCGAGGAAATCATCCGGACCACCGGCAAAGAGAACGCCAAGTACCTGATCGAGAAGATCAAGCTGCAC
GACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATCTGCTGAACAACCCCT
TCAACTATGAGGTGGACCACATCATCCCCAGAAGCGTGTCCTTCGACAACAGCTTCAACAACAAGGTGCT
CGTGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCGGACCCCATTCCAGTACCTGAGCAGCAGCGACAGC
AAGATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAAGGGCAAGGGCAGAATCAGCAAGA
CCAAGAAAGAGTATCTGCTGGAAGAACGGGACATCAACAGGTTCTCCGTGCAGAAAGACTTCATCAACCG
GAACCTGGTGGATACCAGATACGCCACCAGAGGCCTGATGAACCTGCTGCGGAGCTACTTCAGAGTGAAC
AACCTGGACGTGAAAGTGAAGTCCATCAATGGCGGCTTCACCAGCTTTCTGCGGCGGAAGTGGAAGTTTA
AGAAAGAGCGGAACAAGGGGTACAAGCACCACGCCGAGGACGCCCTGATCATTGCCAACGCCGATTTCAT
CTTCAAAGAGTGGAAGAAACTGGACAAGGCCAAAAAAGTGATGGAAAACCAGATGTTCGAGGAAAAGCAG
GCCGAGAGCATGCCCGAGATCGAAACCGAGCAGGAGTACAAAGAGATCTTCATCACCCCCCACCAGATCA
AGCACATTAAGGACTTCAAGGACTACAAGTACAGCCACCGGGTGGACAAGAAGCCTAATAGAAAGCTGAT
TAACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAACACCCTGATCGTGAACAATCTGAACGGC
CTGTACGACAAGGACAATGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAAAAGCTGCTGATGTACC
ACCACGACCCCCAGACCTACCAGAAACTGAAGCTGATTATGGAACAGTACGGCGACGAGAAGAATCCCCT
GTACAAGTACTACGAGGAAACCGGGAACTACCTGACCAAGTACTCCAAAAAGGACAACGGCCCCGTGATC
AAGAAGATTAAGTATTACGGCAACAAACTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCA
GAAACAAGGTCGTGAAGCTGTCCCTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAA
GTTCGTGACCGTGAAGAATCTGGATGTGATCAAAAAAGAAAACTACTACGAAGTGAATAGCAAGTGCTAT
GAGGAAGCTAAGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAAGAACGATC
TGATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGCGTGAACAACGACCTGCTGAACCGGATCGAAGT
GAACATGATCGACATCACCTACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCCACATCATT
AAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTGTATGAAG
TGAAATCTAAGAAGCACCCTCAGATCATCAAAAAGGGCAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCA
GGCAAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTACCCATACGATGTTCCAGAT
TACGCTTACCCATACGATGTTCCAGATTACGCTTAAGAATTCCTAGAGCTCGCTGATCAGCCTCGACTGT
GCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACT
CCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGG
GGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAGAATAGCAGGCATGCTGGGGAGGTACC
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTGGAA
TTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTA
GTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGAT
TTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGAGACCACGGCAGGTCTCAGTTTTAGTACT
CTGGAAACAGAATCTACTAAAACAAGGCAAAATGCCGTGTTTATCTCGTCAACTTGTTGGCGAGATTTTT
GCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCC
GGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCT
GCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCA
AAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGA
CCGCTACACTTGCCAGCGCCTTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGC
CGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTC
GACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCC
CTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACTCTAT
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CTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGTCTATTGGTTAAAAAATGAGCTGATT
TAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAA
TCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGC
TTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCT 
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