10

11

12

13

14

15

16

17

18

19

Applied Microbiology and Biotechnology

Development of a highly efficient base editing system for Lactobacilli to improve probiotics and

dissect essential functions

Hitoshi Mitsunobu®*, Yudai Kita®*, Yumiko Nambu-Nishida®, Shoko Miyazaki®, Kensuke

Nakajima®, Ken-ichiro Taoka?, Akihiko Kondo®?¢, Keiji Nishida®#

2 Engineering Biology Research Center, Kobe University, Kobe, Hyogo, Japan.

b Graduate School of Science, Technology and Innovation, Kobe University, Kobe, Hyogo,
Japan.

¢Bio Palette Co., Ltd, Kobe, Hyogo, Japan

dRIKEN Center for Sustainable Resource Science, Yokohama, Japan

Running Head: Base editing by Target-AID in Lactobacilli

#Address correspondence to Keiji Nishida, keiji_nishida@people.kobe-u.ac.jp

*Hitoshi Mitsunobu and Yudai Kita contributed equally to this work.


mailto:keiji_nishida@people.kobe-u.ac.jp

20  Supplementary Materials

21

oz o B oms 3

SH3 SHL:

repD repE

tracr‘r nCas9 (D10A) | PmcDAT | ]} uGi ||" oRNA T

b c

pYK02 pYK06
Pldh  Ppgm P23 Pldh

= e P

CTCATTCAACATAAATTGACGATCATTCGGGAA

Colony #
Colony #

22  Supplementary Fig. 1

23

Ppgm Prr4b  Term

CTCATTCAACATAAATTGACGATCATTCGGGAA

!




Pldh  Ppgm Prrndb  Term
pYK12 nCas9-NG CDA1 UGI

AGTAAACGTTGCTéTTCAACATAAATTGACGATCATTi

Q.
o ! ;
2 R R :
; Q | |
a6 '
Promoter ! Spacer !
N AGTAAACGTTGCTACCCATACCGGCCGTTACAA
o K |
N B | |
T o : :
o & et .
Promoter : Spacer !
b
upp 23 PAM
57’—...CTCATTCAACATAAATTGACGATCATTICAGGAA-3"
ftsZ PAM 1 20
57’—...TGCTCTITCTAACCGGCCCCTATGGCTGGCGG-3"
¢ __ 100,
2
= 80 °
o o
&
g 60
g
& 401
g’ °
:-E 20 o
3 o
0 o

upp ftsZ

24 Supplementary Fig. 2

25



Pldh  Ppgm Prrdb  Term
trac s e 1 G T: t1
pYKO06 _— > I’DT arge 20 1PAM
B _ : 5’-...GATGGTCAAGCAGTAATGATTGTTGGGGCTT. . . -3
Single (pYK06-s) |\>|:>T Target 2
crRNA 1 arge 0 1PAM
r T r T 5’—...CCTGCGCCAGATTTTAGACGCTCCCGGIGTT. . .-3"
Dual (pYK06-d) — —

crRNA 1 ctRNA 2

Target 3
Triple (pYKO06-t) *I::}T—KQT—K-L g 1PAM

20
crRNA 1 cfRNA2  crRNA3 5’—...AGGTGCAAGGGACGGTTGATTTTCITGGACAG. . .-3"
(o]
Single Dual Triple
100 —m»-: : 100 7 ey : I G ° ' 100 -axm—: - ° ;-ann—
] ] ] ] 1 |
- I 1 | | I I 1
£ g0 | | 80 | e | 80 | |
> | i e i j |
S | | | | | |
g 60 | | 60 | | 60 | i
I | ] I 1 |
o 1 | 1 1 I I
[ I I 1| o 1 | |
%40 i | 40 l | 40 ! !
= | | | | | I
E ! | | | I |
5 : | 20 ! ! 20 : |
T 20
w | i | | ] |
] | ] ] 1 |
I I I I I |
0 ; . . ; , 0 i . . | . 0 | . . ‘w ,
Target: C181C17 C18 C20 | C19 C18 1 C17 C18 C20C19 C18 1C17 C18 C20C19
get | 2 |3 1] 2 |3 1 2 |3

26 Supplementary Fig. 3

27



PYN_Lg2-4 Target-AID (pYKO07)

L. plantarum |

L. gasseri

28 Supplementary Fig. 4

29



20 1 PAM
WT GATGGTCAAGCAGTAATGATTGTTGGGGCT
109D G Q A V M I V G A

4
v M AN A
8 3

Colony #

s e
o QM

30 Supplementary Fig. 5

31

Editing frequency (%)

100+

80+

60+

401

20+

o

C14

C18



PAM 1 20
Target 2 5’-. .AATICCTGATGTTGGTTCCAAGGCTGCGCAG. .-3"
(A82T/A83T) 75N P D V G S K A A Q

13

AR AR AR

PAM 1 20
Target 3 5’ -..ACTICCAATGATGGAAGCCTTCCAAGAAGCT. .-3"
(E186K) 178 T P M M E A F Q E A

.

M AW

20 PAM
Target 4 5’-..ATGCAAAACCAAGGTTCCGCTCTGATGGGT. .-3"
(Q222%) 20 M Q N Q G S A L M G

L

(AR )

PAM 1 20
Target 5 5’—..CAAGCCATTTCTTCACCATTATTGGAAGTT. .-3"
(E252K) 24 Q A I S S P L L E V

un

A A

20 PAM
Target 7 5’—. .ACTGACCAGCCAGCGACGAGTGAAGCGGLC. .-37
(Q348*) 36 T D Q P A T S E A A

11

M

37 Supplementary Fig. 6

33



Transformation

/

r g

Plasmid curing Sequencing

34 Supplementary Fig. 7

35



36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Supplementary Fig. 1

The architecture of a plasmid with the bidirectional promoter and independent sanger sequencing
data for the representative plasmids. (a) A bidirectional promoter is located between the nCas9
and tracrRNA genes for driving the effector proteins and tracrRNA in concert. The orientation of
tractrRNA with the bidirectional promoter is opposite from the one with a separated promoter. (b)
Independent sanger sequencing data of the random 8 colonies of the transformants with the

representative plasmids (pYKO02 and pYKO06) were shown

Supplementary Fig. 2

PAM-flexible Target-AID with NG-Cas9 vector and its self-targeting effect. (a) pYK12 was
developed based on pYK®6 by replacing coding sequence for Cas9. Sanger sequencing spectra of
the constructed plasmids containing targeting sequences (upp (top) and fisZ (bottom)) showed
mixed populations at the crRNA region. (b) The target sequences for upp and fisZ on the genome
of L. plantarum. (c) The editing frequencies are determined by sequencing eight randomly
selected colonies. The highest frequency among the edited base positions in each colony was
plotted as its representative value. The mean editing frequencies are shown as bar graphs, with

error bars representing the standard deviation.

Supplementary Fig. 3

Multiplex Target-AID base editing in L. plantarum. (a) pYKO06-s (single), -d (dual), and -t (triple)
were constructed based on pYKO06 by inserting in tandem each crRNA expression cassette
containing a promoter, a crRNA with a target sequence and a terminator. (b) Three target

sequences are selected from urdA gene and editable cytosines are shown in red. (c) The editing
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frequencies at the three sites are determined by sequencing six randomly selected colonies and
plotted at each editable base position. The mean editing frequencies (bars) are shown with

standard deviation (error bars)

Supplementary Fig. 4

Transformation efficiencies of Lactobacillus plantarum and Lactobacillus gasseri with plasmids
pYN_ Lg2-4 and pYKO07. Plates show transformations of L. plantarum WCFS1 (top) and L.
gasseri ATCC 33323 (bottom) with pYN_ Lg2-4 (Left) and pYKO07 (Right). Plates were

incubated at 30°C for 3 for L. plantarum and 7 days for L. gasseri

Supplementary Fig. 5

urdA editing with Target-AID in L. plantarum. (a) Sanger sequencing spectra of the four
independent colonies edited at urdA4. (b) The editing frequencies are plotted at each editable base
position. The mean editing frequencies (bars) are shown with standard deviation (error bars)

from four randomly selected colonies

Supplementary Fig. 6

Sanger sequencing analysis of fisZ targets edited by Target-AID. Sequencing data for the five
successfully edited targets are shown, with the wild-type sequences are shown above each
chromatogram. The target and PAM sequences are highlighted in boxes. The edited bases are

indicated by arrows

Supplementary Fig. 7
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Experimental workflow for editing and establishing edited strains in Lactobacillus. Target-AID
expressing vectors are introduced into cells via electroporation. The transformants with the
plasmid are selected on the plate, and randomly selected colonies undergoes sequencing to
investigate editing at the target sites. Edited colonies are cultured in antibiotic-free medium to
remove the Target-AID plasmid, and plasmid-free strains are confirmed by PCR and sequencing

to verify the absence of plasmid and the presence of the desired mutations
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Supplementary Note 1

pYN _Lg4

Teal: Pldh(Lc) promoter
Blue: tracrRNA
Green: Ppgm(La) promoter

Maroon: crRNA direct repeat

Cyan: ColEl ori

Uppercase: ORF

atgatggacggattttgccttttccgtccagagcagtataccatactgacgecttgegtcectgtyg
cgagttgaccgtgggaactgttgaatttcccacattcgtgaaaacagatgctggaaacgcttac
gttattggaagcttgcttgaaacaggattcacaagtcttgctgtagtaaggctcgacgccattt
tttgacaatggcaaaatcatgaaaaagtctatcaaatttgtttcagggaattgataatgtgtta
tactcaacgtgaaatgcagtttgcatgcacataagaaaggatgatatcaccgacgtcggaacca
ttcaaaacagcatagcaagtttaaataaggctagtccgttatcaacttgaaaaagtggcaccga
gtcggtgctttttttcgatcgecTGCGACAAGTAATAAACTAAACAAAACAACTACAAAATATTT
CTTTTTGTTTTTCATGATTTTTACACTTCTCTTAGTATGCTTTTGTTATAAGTTAGCACAAAAA
AGCAGAAAATAAAAAGTAGAAATAAAAAAAGATGTTTTTTTGCCCATATCTCTATGAAAAAAAC
TGTGAAATGTGTAAAATATGGATGAAACATTGAATTTAAAAGGAGATATTTCATGTCAAAATTA
GTTTTAATCCGTCACGGTCAAAGTGAATGGAACCTTTCAAACCAATTTACTGGTTGGGTTGACG
TTAACCTTTCAGAAAAAGGTGTTGAAGAAGCTAAGAAGGCTgtcgactatecCGGCCGaagtect

gcagg
agagacccg

ggtctcaGTTTAAGAGCTATGCTGTTTTGAATGGTCCCAAAACGTAAAAAAANACCCatgcecatac
tag
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192 gggcccacaacggcgctgccgacc
193 tgggtcagcatcaa

194
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198

199

200

201

202 GAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTC
203 AGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTA
204 GATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCT
205 GACAG

206

207

208

209

210

211

212

213

214

215

216

217

218

219 accggttatcg
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220  Supplementary Note 2

221

222 pYKO1

223

224  Blue: tracrRNA

225  Green: gyrA-ldh (Sm) bidirectional promoter

226

227  Brown: SH3

228 Red: PmCDAI

229

230  Purple: UGI

231

232 Maroon: crRNA direct repeat

233

234  Cyan: ColEl ori

235

236

237  Uppercase: ORF

238  Underline: gRNA spacer sequence (upp)

239

240 ggtaaaaaaagcaccgactcggtgccactttttcaagttgataacggactagccttatttaaac
241 ttgctatgctgttttgaatggttcttttatattatatcacaaataaggctctttttcagctatt
242 ctactatagttttccgctgagaaaggtaaatattagtgactttcttaacaaaaagtgttagaat
243 gaaaatgtatagaatatatacttaataaattataagtcgaccggcccattttaggaggcaaaa
244

245

246

247

248

249

250
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299
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304
305
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307
308
309
310
311
312
313
314

GGTGGAGGAGGTTCTGGAGGTGGAGGTTCTGCTGAGTATGTGCGAGCCCTCTTTGAC
TTTAATGGGAATGATGAAGAGGATCTTCCCTTTAAGAAAGGAGACATCCTGAGAATCCGGGATA
AGCCTGAGGAGCAGTGGTGGAATGCAGAGGACAGCGAAGGAAAGAGGGGGATGATTCCTGTCCC
TTACGTGGAGAAGTATTCCGGAGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATT
GATTACAAAGACGATGACGATAAGTCTAGGCTCGAGTAGgaggtctagaATGACCGACGCTGAG
TACGTGAGAATCCATGAGAAGTTGGACATCTACACGTTTAAGAAACAGTTTTTCAACAACAAAA
AATCCGTGTCGCATAGATGCTACGTTCTCTTTGAATTAAAACGACGGGGTGAACGTAGAGCGTG
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324
325
326
327
328
329
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331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

TTTTTGGGGCTATGCTGTGAATAAACCACAGAGCGGGACAGAACGTGGCATTCACGCCGAAATC
TTTAGCATTAGAAAAGTCGAAGAATACCTGCGCGACAACCCCGGACAATTCACGATAAATTGGT
ACTCATCCTGGAGTCCTTGTGCAGATTGCGCTGAAAAGATCTTAGAATGGTATAACCAGGAGCT
GCGGGGGAACGGCCACACTTTGAAAATCTGGGCTTGCAAACTCTATTACGAGARAAAATGCGAGG
AATCAAATTGGGCTGTGGAACCTCAGAGATAACGGGGTTGGGTTGAATGTAATGGTAAGTGAAC
ACTACCAATGTTGCAGGAAAATATTCATCCAATCGTCGCACAATCAATTGAATGAGAATAGATG
GCTTGAGAAGACTTTGAAGCGAGCTGAAAAACGACGGAGCGAGTTGTCCATTATGATTCAGGTA
AAAATACTCCACACCACTAAGAGTCCTGCTGTTGGCGGTGGTGGTAGT
atATGACCAACCTTTCCGACATCATAGAGAAGGAAACAGGCAAA
CAGTTGGTCATCCAAGAGTCGATACTCATGCTTCCTGAAGAAGTTGAGGAGGTCATTGGGAATA
AGCCGGAAAGTGACATTCTCGTACACACTGCGTATGATGAGAGCACCGATGAGAACGTGATGCT
GCTCACGTCAGATGCCCCAGAGTACAAACCCTGGGCTCTGGTGATTCAGGACTCTAATGGAGAG
AACAAGATCAAGATGCTAGGACTGGTTGCATAACggccgaagtcctgcagg

ttcaacataaattgacgatcattgtttaagagctatgc

tgttttgaatggtcccaaaacgtaaaaaaaacccatgcatactag
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gggcccacaacggcgctgccgacctgggtcagcatcaa
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411

412

413 gaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgtta
414 agggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga
415 agttttaaatcaatctaaagtatatatgagtaaacttggtctgacag
416

417

418

419

420

421

422

423

424

425

426

427

428

429

430 acc

431
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454
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459
460
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Supplementary Note 3

pYKO06

Teal: Pldh(Lc) promoter
Blue: tracrRNA
Green: Ppgm(La) promoter

Brown: SH3
Red: PmCDAL1

Purple: UGI

Maroon: crRNA direct repeat

Magenta: rrnB(Ec) terminator

Cyan: ColEl ori

Uppercase: ORF
Underline: gRNA spacer sequence (upp)

atgatggacggattttgccttttccgtccagagcagtataccatactgacgecttgegtcectgtyg
cgagttgaccgtgggaactgttgaatttcccacattcgtgaaaacagatgctggaaacgcttac
gttattggaagcttgcttgaaacaggattcacaagtcttgctgtagtaaggctcgacgccattt
tttgacaatggcaaaatcatgaaaaagtctatcaaatttgtttcagggaattgataatgtgtta
tactcaacgtgaaatgcagtttgcatgcacataagaaaggatgatatcaccgacgtcggaacca
ttcaaaacagcatagcaagtttaaataaggctagtccgttatcaacttgaaaaagtggcaccga
gtcggtgctttttttcgatcgcgttagcacaaaaaagcagaaaataaaaagtagaaataaaaaa
agatgtttttttgcccatatctctatgaaaaaaactgtgaaatgtgtaaaatatggatgaaaca
ttgaatttaaaaggagagtcgaccggcccattttaggaggcaaaa
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538
539
540
541
542
543
544
545
546
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548
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550
551
552
553
554
555
556
557
558
559
560
561

GGTGGAGGAGG
TTCTGGAGGTGGAGGTTCTGCTGAGTATGTGCGAGCCCTCTTTGACTTTAATGGGAATGATGAA
GAGGATCTTCCCTTTAAGAAAGGAGACATCCTGAGAATCCGGGATAAGCCTGAGGAGCAGTGGT
GGAATGCAGAGGACAGCGAAGGAAAGAGGGGGATGATTCCTGTCCCTTACGTGGAGAAGTATTC
CGGAGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGAC
GATAAGTCTAGGCTCGAGTAGgaggtctagaATGACCGACGCTGAGTACGTGAGAATCCATGAG
AAGTTGGACATCTACACGTTTAAGAAACAGTTTTTCAACAACAAAAAATCCGTGTCGCATAGAT
GCTACGTTCTCTTTGAATTAAAACGACGGGGTGAACGTAGAGCGTGTTTTTGGGGCTATGCTGT
GAATAAACCACAGAGCGGGACAGAACGTGGCATTCACGCCGAAATCTTTAGCATTAGAAAAGTC
GAAGAATACCTGCGCGACAACCCCGGACAATTCACGATAAATTGGTACTCATCCTGGAGTCCTT
GTGCAGATTGCGCTGAAAAGATCTTAGAATGGTATAACCAGGAGCTGCGGGGGAACGGCCACAC
TTTGAAAATCTGGGCTTGCAAACTCTATTACGAGAAAAATGCGAGGAATCAAATTGGGCTGTGG
AACCTCAGAGATAACGGGGTTGGGTTGAATGTAATGGTAAGTGAACACTACCAATGTTGCAGGA
AAATATTCATCCAATCGTCGCACAATCAATTGAATGAGAATAGATGGCTTGAGAAGACTTTGAA
GCGAGCTGAAAAACGACGGAGCGAGTTGTCCATTATGATTCAGGTAAAAATACTCCACACCACT
AAGAGTCCTGCTGTTGGCGGTGGTGGTAGT T
GAatATGACCAACCTTTCCGACATCATAGAGAAGGAAACAGGCAAACAGTTGGTCATCCAAGAG
TCGATACTCATGCTTCCTGAAGAAGTTGAGGAGGTCATTGGGAATAAGCCGGAAAGTGACATTC
TCGTACACACTGCGTATGATGAGAGCACCGATGAGAACGTGATGCTGCTCACGTCAGATGCCCC
AGAGTACAAACCCTGGGCTCTGGTGATTCAGGACTCTAATGGAGAGAACAAGATCAAGATGCTA
GGACTGGTTGCATAAcggccgaagtcctgcagce

ttcaacataaattgacgatcattgtttaagagctatgctg
ttttgaatggtcccaaaacataaaacgaaaggctcagtcgaaagactgggectttegttttate
actag
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cctgggtcagcatcaa

gggcccacaacggcgcectgcecga

gaagatcctttgatcttttctacggggtctgacgc

tcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacc
tagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt

ctgacag

accggttatcg
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Supplementary Note 4
Distinct elements from pYKO1 and pYKO6 in the other vectors

Prrn4b (Lp)
attggattaattgttgacagtttcataactggctggtatattagtaaacgttgct

Prrn3a (Lp)
ttataaaaagatgttgacagcttgttctgatgatgataaactttaatagttgcg

rrnA (Ls) terminator for tracrRNA
aaaaaggttgaaccttagggttcagececttttt

rrnB T1 (Ec) terminator for crRNA
ataaaacgaaaggctcagtcgaaagactgggcecctttcgttttat

dCas9

ATGGATAAGAAATACTCAATAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCA
CTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTAT
CAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTC
AAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTT
TTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGT
GGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTAT
CATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGG
ATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGA
GGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTAC
AATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTG
CACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAA
TGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTT
GATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATT
TATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGC
TATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCA
ATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAAC
AACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATAT
TGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGAT
GGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTG
ACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGA
AGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATT
CCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTG
AAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATT
TATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGT
TTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAA
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TGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAAC
AAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGAT
AGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGC
TAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATAT
TGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCT
CACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTT
TGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTT
GAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTT
AAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAA
ATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATT
GGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAG
ACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAG
AATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCT
CTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGT
TTAAGTGATTATGATGTCGATGCCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACA
ATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGT
AGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAG
TTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCA
AACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCAT
GAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCT
AAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACC
ATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAA
ACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAG
TCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCT
TCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGG
GGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCC
ATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAA
TTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATA
TGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGG
AAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCT
TTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAAT
CATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGT
GCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATT
TAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGT
GGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTT
ATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAA
TACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGC
TTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGAT
GCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAG
GAGGTGAC

NG-nCas9

ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCA
CCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCALCCCGGELTG
AAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCT
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TCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGT
GGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTAC
CACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCG
ACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGA
GGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTG
CCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAA
TGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTC
GACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACC
TGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGC
CATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCT
ATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGC
AGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACAT
TGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGAC
GGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGA
AGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATC
CCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCG
AGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTT
CATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGC
CTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAA
TGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGAC
CAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGAC
TCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGC
TGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATAT
CGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCC
CACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGC
TGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCT
GAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTT
AAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCA
ATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCT
CGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAG
ACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAG
AGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCT
GTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGG
CTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACA
ACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGT
CGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAG
TTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCA
AGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGAT
GAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCC
AAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACC
ACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAA
GCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAG
AGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTT
TCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGC
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ATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTA
TCCGGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTA
CGGCGGCTTCGTGAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGC
AAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCT
TCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGAT
CATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCT
GCCCGGTTCCTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACC
TGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGT
GGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCA
TCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTCGGGC
CTTCAAGTACTTTGACACCACCATCGACCGGAAGGTGTACCGGAGCACCAAAGAGGTGCTGGAC
GCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGG
GAGGTGAC

30



