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Supplementary Figure 1. Comparison of the editing efficiency of xCas9, Cas9-NG and SpGCas9 at
the same sites targeting NGN PAMs in zebrafish. Editing efficiency was assessed by ICE Tools
analysis (values are presented as mean value + standard deviation (SD), n = 3 biological replicates).

Source data are provided as a Source Data file.
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Supplementary Figure 2. SDS-PAGE gel image showing purified products of C-terminally His-
tagged SpGCas9. The expression and purification of SpGCas9 were analyzed by 6% SDS-PAGE. The
red arrow indicates the desired SpGCas9 protein with Ni-NTA affinity resin. M: protein marker, I: IPTG-
induced, NI: noninduced control, D: purified protein after dialysis and concentration, E40~250: eluted
proteins with different concentrations of imidazole, e.g., E250 means elution with 250 mM imidazole.

This experiment was repeated 3 times independently with similar results.
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Supplementary Figure 3. Determination of the appropriate SpGCas9-gRNA RNP concentration in
zebrafish. a Definition of mosaic pigmentation degree compared to wild-type (WT). Mosaic 1 was
defined as pigmentation significantly lower than WT, but with more than 10 melanocytes. Mosaic 2 was
defined as having a number of melanocytes between 1 and 10. Albino was defined as the absence of
melanocytes. Albino, mosaic 2, and mosaic 1 were classified as albino-like. b Phenotype statistic of
SpGCas9 RNP injections targeting tyr NGG PAM at various concentrations. The stacked column shows

the percentage of albino-like (light grey) and WT-like (dark grey). Source data are provided as a Source
Data file.
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Supplementary Figure 4. The indels pattern analysis by ICE. a Sanger sequencing chromatograms
of SpGCas9:rpl17 gRNA (NGA PAM) RNP induced mutations. The black underlined sequence is the
target site, and the dashed underlined TGA is PAM. The black dotted line indicates the theoretical cutting
site of SpGCas9. b ICE analysis of SpGCas9:rp/17 gRNA (NGA PAM) RNP induced indels in the

genome.



SpRYCas9
KDa M E250 E120 ES80 E60 E40 E30 M D

200—
97 —

66 —

44 _—

Supplementary Figure 5. SDS-PAGE gel image showing purified products of C-terminally His-
tagged SpRYCas9. The purification of SpRYCas9 was analyzed by 6% SDS-PAGE. The yellow arrow
indicates the purified SpRYCas9 protein. M: protein marker, D: purified protein after dialysis and
concentration, E30~250: eluted proteins with different concentrations of imidazole, e. g. E250 means

elution with 250 mM imidazole. This experiment was repeated 3 times independently with similar results.
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Supplementary Figure 6. Summary of C-to-T base editing efficiency of various loci with NYN
PAMs induced by SpRY-CBE4max editor in zebrafish. The position of the editing base in the gRNA
was labelled with numbers. (Values are presented as mean value + standard deviation (SD), n = 3

biological replicates). Source data are provided as a Source Data file.
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Supplementary Figure 7. On-target analysis of SpRY-CBE4max induced C-to-T editing at rpl17-

NTA sites using NGS.
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Supplementary Figure 8. On-target analysis of SpRY-CBE4max induced C-to-T editing at ddx21-

NGA sites using NGS.
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Supplementary Figure 9. On-target analysis of SpRY-CBE4max induced C-to-T editing at mitfa-

NAT sites using NGS.
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Supplementary Figure 10. Summary of A-to-G base editing efficiency of various loc

PAMs induced by zZSpRY-ABESe editor in zebrafish. The position of the editing base in the gRNA

was labelled with numbers. (Values are presented as mean value + standard deviation (SD), n = 3

biological replicates). Source data are provided as a Source Data file.
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Supplementary Figure 11. Assessment of the targeting window for zZSpRY-ABES8e. The targeting
window of zZSpRY-ABES8e was shadowed in grey (from position 3 to 9 counting from 5’ terminal to 3’
terminal of targeting site). Each data point represents the averaged editing activity at the particular site.

Source data are provided as a Source Data file.
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Supplementary Figure 12. On-target analysis of zZSpRY-ABES8e induced A-to-G editing at rpl17-

NTA sites using NGS.
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Supplementary Figure 13. On-target analysis of zZSpRY-ABES8e induced A-to-G editing at rpl9-

NGT sites using NGS.
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Supplementary Figure 14. On-target analysis of ZSpRY-ABES8e induced A-to-G editing at #sr2-NGT
sites using NGS.
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Supplementary Figure 15. Comparison of the editing efficiency of SpRY protein and mRNA with
EE gRNA at the same sites targeting NNN PAMs in zebrafish. Editing efficiency was assessed by
ICE Tools analysis. (Values are presented as mean value + standard deviation (SD), n = 3 biological
replicates). Data were analysed by two-tailed paired ¢-test. * P <0.05, ** P <0.01 and *** P <<0.001
(n.s. not significant). The exact P values are listed in Supplementary data 6. Source data are provided as

a Source Data file.
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Supplementary Figure 16. MS modified gRNAs showing significantly higher targeting efficiency
than the IVT gRNAs in the 5 loci of zebrafish. (Values are presented as mean value + standard
deviation (SD), n = 3 biological replicates). Two-tailed paired #-test were performed (with P values

marked). Source data are provided as a Source Data file.



CATCAGTGGATTACATTAGGAAATTGCAGAAAGAGC CA GG A=Reference

sgRNA

©
5 %
i “ay
B %,
Pl %
11 AW\ AW\
Q %, %

T N O @ © ¥ N O

s o

(%) Aouspiye Bupp

7 !
T~
[N
PCTTODONDDDNDDDDNDDDDDNDNDDNNDDDDDNDNDNDWWUNDWDN
Rk ehohehehekohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohol
NO D @M MM OO 0M M0 DO DoEooo0oooooooooooo
NES0000000202000000000000VVOLDVOLDOVDVODDDO
Nea 2022220000000V PRIVDDPIDDODPVODOODOD
oMo OCONDNATNOTONROANNOO—INNONDNSNONNTT——— O~
OAN~—OWD—WONTO—ITITTANANNORDONOUNTTNMNNONNMNOMNON
OO T OO ANNANNNNN T T T T T T T
£
B e e T e e R T e e
NPOO—NONNOOI—ONNSOONDNOSTONDNNNNNNNN————O
@CHORRRON OB TAMNMMONNNNNNNNNNNNNNNNNNNN
iy inlelelololele o] [elelolelelelololelolslelslslelslelolelelelelelolelslo]e)
A A A i
I LLOL L L L L0 LLLCLCCAOLLLLLLLLLLCLCOCCOL L
oVLLLELVLLLLO VOOOLLOLUVULLOLOLLLLLLOLLLLOUELLODLOOLOLOLLO

CLCLC L L
oovoLuLELLOOLO
COVOIVOOBO
L L0 L
[CRCNUNUIEHORUROVROR |
< CIOCLCLCITC
a0
LT €L
VOO FOOOBO
o e L R 5 S 5l
VUL g0V OLO
VOO  LVOROR
R Il o

CLVOVVVIVLIVVVVOIVVVOITO + VOOOO
L0 LCLLLCLALLLLLLLLCLLLLCOL | SO L
000000V VOOVVUIVVUITL VOOV O
'L LCLCLCLCLCLCLLCLCLCLCVCOULCLCCOT " <AL T
CCELCACLCA0LCLCLCCCALLCLCO0C ' LI
I COLLLCLLCOLLLLLLLIO L | €L L L
000000 FVVOOVVOVVVUFY VOBV Y
C IO (0 A | o
00 0DLDVLLLULL  DLOLLLLOFLLLLCODLDLOLLOLOLO
AR SORORONONORE HORNG RO RUNURCRE ARG RO I SONCNONONOR RO
T e S S S SRS B S S S LIS (] [ S S Ll

o
¥
<
&
o
<
O LV VLOLOLOELL ' DLOLOLLOOODVLLELL ODLVLOLOLO
o
<<
o
<<
<
<<

AGTCATTAGGAGTCTAATGCEQ]

ARE Y <] SEETICT] O] RS ST (5] Rl - R U =4 . N
EIRIC RN 54 SIS ] ) KRNI A5 45 48 JEE { (5] EIRNEIE S 4 404 (3 EARE [ KRE 4E 38 38 48484
< < fa| s o< v ] 0 s < gf-fa -] s s << <
< g < faf e o0 o] < e c e a cfa)e ] s
BT OR TOO 00 CECRONC) BT 00000 000000 00
OO0 V0 VOVOOOBD + |+ 1O VOOVVOOO VOOV

4 CadICq TACCLICL L1 L CTLLCLICCL LT LLLCLLTO
Lt e e e e e e T e I e e e e e e S S 3
[l e e e e I e e e e e e e e S
CCCICICCCTCACCLCLLT LI CCLCICCCCCLCICCCITAID
VoLV LULULOLODULOLVDOLOLOLOLOLOLLO s OLLDULOLOLVLVLOLVLLLVLLVLOLDLODLOLOLDLVLLOLOOL K
‘<L CL LI LLCLL AL CLLLTLLCLLCLO
e e e e S e e S S S e e et = S S S 4
L e e e e e e e e e e S S S
<< LCLLLCLLILLLLLCLILLLAILL LT LLCLL LB
[CRCRCRUNORCRCRO RN GRCRUR RO UG R U CRUROR RO RGN U RO CR R ORI CRGRUN RO OR O B
[CRCHCNCRORCRGRORONCRORURCNONCRONCRURONGRONORORGRCRCNCRCR O O RO C RGN ONCRCRORG)
Lot e e e e e e e e e e e e e e o S S S S )
[CRCRCRURCRCRCRON RURURURCRUNCRCRURURU OO RO RORC RN CRCRCRURORORO RO RCR U N OR RO O
€I IIaICICCCLICICCAIIILCCLCACTICCLCTACCLITLO
DOLVLLOLOOLOLLOLVDVLLVLOLLLLVLLOLLVLOLLULLLVLOLOLLLOLLLOLOLLOLOC
[ e e e e e e e e e e S e S o)
fecadIIC T ACCLCICCCCILCILCCLCCCLC LT LACCLLT
oL LLLDLOLVLLVDLVLLLLVLOLOUVULVLLLDLOOLLLDLLLVLOLLOLOLODLOLOLLOO AL

Substitutions
Insertions

Deletions
==== Predicted cleavage position

Supplementary Figure 17. NGS analysis of precise point mutation introduction to mitfa. a Analysis

of HDR-induced C-to-T editing at mitfa. The red arrow indicated the correct HDR reads. b Bar plot

comparison of HDR- or SpRY-CBE4max-induced C-to-T editing at mitfa sites. (values are presented as

3 biological replicates). Two-tailed paired ¢-test were

mean value + standard deviation (SD), n

performed (with P values marked). Source data are provided as a Source Data file.
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Supplementary Figure 18. Summary of A-to-G base editing efficiency of various loci with NGN
PAMs induced by zSpG-ABESe editor in zebrafish. The position of editing base in the gRNA was
labelled with numbers. (Values are presented as mean value + standard deviation (SD), n = 3 biological

replicates). Source data are provided as a Source Data file.



Supplementary Tables

Supplementary Table 1. Off-target analysis of SpG nuclease.

Off- Mismatched Genome .
gRNA target . Sequence (N20+PAM) Efficiency (reads)
. bases(bp) location
site
17 3 8:30668379 TAAtAAGaAaCTGAAGGATGAGG 0.50% (707/141401)
NGA 3 22:3883532  TAAtAAtTAtCTGAAGGATGAGC  0.48% (532/110817)
3 3 20:20939945 aAACAtGTACaTGAAGGATGTGT 0% (0/142580)
pl9- 1 3 21:14193066 CTCAAtGGCaGCACAGTgACAGT 0% (0/136601)
NGT 2 3 11:5459995 CTCAAGGGCCaCACAGTagCAGG 0% (0/118727)
3 3 23:32000757 CTCAAGGaCtGCAgAGTTACAGC 0% (0/140651)
1 2 20:29906243 CCGCTCtTCgACATCCAGCATGG 0% (0/152282)
d;l])é}z(lj_ 2 3 10:10992759  CCtCTCCTCHCATCCAGCATGT 0% (0/123749)
3 2 11:30494286 CCcCTCCTCAACATCCAGaATGT 0% (0/132346)

Supplementary Table 2. Germline targeting efficiency and germline transmission rate of SpG and
SpRY-induced indels in zebrafish

Gene Germline targeting efficiency Germline transmission rate
tyr-NGT 100.0% (6/6) 3#, 62.5% ((15/24))
ddx21-NGC 100.0% (11/11) S5#,41.7% (10/24)
ddx21-NGT 100.0% (3/3) 1#, 50.0% (12/24)
rpll 7-NAT 80.0% (8/10) 8#, 33.3% (8/24)




Supplementary Table 3. Germline targeting efficiency and germline transmission rate of zZSpRY-
ABES8e and SpRY-CBE4max.

Base editor Gene Germline targeting efficiency Germline transmission rate
rpl9-NGT 80.0% (4/5) 1#, 66.7% (16/24)
zSpRY-ABE8e  rpll17-NCG 75.0% (3/4) 3#, 60.9% (14/23)
tsr2 33.3% (1/3) 2#, 55.0% (11/20)
SpRY-CBE4max rpll7-NTA 66.7% (2/3) 1#, 62.5% (15/24)
rpl9-NCC 100.0% (2/2) 1#, 43.5% (10/23)

Supplementary Data 1: The relationship between nuclease-induced indels efficiency and phenotype

observed in FO embryos. This dataset is provided in a separate “xlsx” file.

Supplementary Data 2: Primers for detection and mutations in this study. This dataset is provided

in a separate “xlsx” file.

Supplementary Data 3: All target sites used in this study. This dataset is provided in a separate “xlsx”
file.

Supplementary Data 4: Primers for NGS in this study. This dataset is provided in a separate “xlsx”
file.

Supplementary Data 5: The predicted off-target sites in this study. This dataset is provided in a

separate “xIsx” file.

Supplementary Data 6: P values calculated in the study. This dataset is provided in a separate “xlsx”
file.



The raw blots and gels in Fig. S2.







The raw blots and gels in Fig. S5.







