Supplementary materials

Supplementary Figures and Tables

A

th sgRNA1 cleavage efficiency: 59% (21/37)

TGGGTTTTCAGAGGGATTTGCTATGCCATAGTAGGGGTT WT X16
1# TGGGTTTTCAGAGGGATTTGCTATGCCA—-GTAGGGGTT -2 bps X14
2# TGGGTTTTCAGAGGGATTTGCTATGCCATA--—-GGGGTT -3 bps X2
3# TGGGTTTTCAGAGGGATTTGCTATACCATAGTAGGGGTT -1+1 bps X1
4# TGGGTTTTCAGAGGGATTTGCTATGCCATAGCATAGGGGTT +2 bps X1
5# TGGGTCTTCGGAGGGATTTGCTATGCCA--GTAGGGGTT -2 bps X1
6# TGGGTTTTCAGAGGGATTTGCTATGCCATAGGTAGGGGTT +1bp X1
7# TGGGTTTTCAGAGGGATTTGCTATGC-——-ATAGGGGTT -5+1 bps X1
th sgRNAZ2 cleavage efficiency: 68% (13/19)

CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACGTCAAGTGTTGCCGAACTGAATGGTGGCTTC WT X6
1# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACGTCATGGTCATGGTTTGAA-—---—--TGGCTTC -20+15bps X2
2# CTAACTCCATAATGATTATTTCGCTTTGAATGGGTGACGTCAAGTGTTGCCGAACTCTTCATGGTGGCTTC -2+4 bps X1
3# CTAACTCCATAATGACTATTTCACTTTGAATGGGTGACGTCAAGTGTTGCCGAACTGA-—-—-TGGCTTC -4 bps X1
4# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACGCCAAGTGTTGCCGAACT-——-GGTGGCTTC -4 bps X1
5# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACGTCACTTTGAATG - ——GGTGGCTTC 18+9bps X1
6# CTAACTCCATAATGATTATTTCACTTTGAATGGGTG GCTTC -28 bps X1
7# CTAACTCCAC TGGTGGCTTC -50+1bps X1
8# CCGAACCGAAC TGGTGGCTTC -58+10 bps X1
9% CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACG TC -32 bps X1
10# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGACGTTCACTTTGAATGGGTGACGTCAAGTGTTGCCGAACTGGTGGCTTC -19+35bps X1
11# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGA AATTT -73 bps X1
12# CTAACTCCATAATGATTATTTCACTTTGAATGGGTGAC GTCGT -36 bps X1
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(A) Cleavage efficiency of the sgRNA1 and sgRNA?2 targeting the zebrafish ¢ locus. The
indel mutations are highlighted in yellow, and the PAM and sgRNA target sequences are
shown in green and red, respectively. The numbers of insertion (+) and/or deletion (-) of base
pairs (bps) are shown at the right. (B) PCR analysis of the 5’ and 3’junctions of the targeted ¢4
locus. The primers of F1, R1, F2, and R2 are shown in Figure 1A. A 1.3-kb band was
amplified by using the 5’ junction primers F1 and R2, and a 1.1-kb band was amplified by
using the 3’ junction primers F2 and R1. (C) Sequencing reports of the 5° and 3’ junction sites
of the progenies of three Ki(th"-P2A-EGFP) founders.
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Supplementary Figure S2. Germline transmission analysis of the three
Ki(th"-P2A-EGFP) founders by PCR.

The 5” junction primers F1 and R2 were used to amplify DNA fragments from 48 individual
F1 of each founder. The number in red indicates that the corresponding progeny carries a

conditional allele.
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B kdrl sgRNA1 cleavage efficiency: 41% (13/32)
GTCTTATAAACAGTCTGTGAACCCCAGGAAGTAAACTGATAAATGGGTATATTG WT X19
1# GTCTTATAAACAGTCTGTGAACCC-AGGAAGTAAACTGATAAATGGGTATATTG -1 bp X3
2# GTCTTATAAACAGTCTGTGAAGCCCAGGAAGTAAACTGATAAATGGGTATATTG “1+1bps X1
3# GTCTTATAAACAGTCTGTGAA--CCAGGAAGTAAACTGATAAATGGGTATATTG 2 bps X1
4# GTCTTATAAACAGTC-s—rmere-CCAGGAAGTAAACTGATAAATGGGTATATTG -8 bps X1
5# GTCTTATAAACAG--msrermreeneea-CCCAGGAAGTAAACTGATAAATGGGTATATTG -9 bps X1
6# GTCTTATAAACAGTCTGTGAA———m——-GTAAACTGATAAATGGGTATATTG -9 bps X1
7# GTCTTATAAACAGTCTGTGAAC TG -30 bps X1
8# GTCTTATAAACAGTCTGTGAATGTGTAAGGAAGTAAACTGATAAATGGGTATATTG -4+6bps X1
o#f GTCTTATAAACAGTCTGTGAAGTAAAGCCAGGAAGTAAACTGATAAATGGGTATATTG 2+46bps X1
10# GTCTTATAAACAGTCTGTGGAAGTAAAACCCAGGAAGTAAACTGATAAATGGGTATATTG 3+9bps X1

11# GTCTTATAAACAGTCTGTGAACATGGAAGTAAGGAAGTAAACAGGAAGTAAACTGATAAATGGGTATATTG  -2+19bps X1
kdrl sgRNAZ2 cleavage efficiency: 71% (22/31)

TGAGAGGGGTACAGTACGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA WT X9
1# TGAGAGGGGTAC-======== ~-GGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -5 bps X3
2# TGAGAGGGGTACA----seaeeeee-GTCGAGAGCATCTTCATCCCTTTGACAGTACA -8 bps X2
3# TGAGAG TACA -43 bps X1
4# TGAGAGGGGT-mmemmemmmeeeeee-GGTCGAGAGCATCTTCATCCCTTTGACAGTACA -10 bps X1
5# TGAGAGGGGTACAGT: ----GGTCGAGAGCATCTTCATCCCTTTGACAGTACA -5 bps X1
6# TGAGAGGGGTACAC--------GTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -5+1 bps X1
T# TGAGAGGGGTACAGTA--GGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -1 bp X1
8# TGAGAGGGGTACAGTAGAGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -1+2 bps X1
9% TGAGAGGGGTACAGTATCGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +1 bp X1
10# TGAGAGGGGTACAGGGGTACGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +3 bps X1
11# TGAGAGGGGTACATGCTCTCGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -346 bps X1
12# TGAGAGGGGTACAGTACAGACGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +4 bps X1
13# TGAGAGGGGTACAGTGGTCACGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +4 bps X1
14# TGAGAGGGGTACAGTATGAGAGGTCTCGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +10bps x1
15# TGAGAGGGGTACAGGTACAGGGGTACAGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -3+13 bps X1
16# TGAGAGGGGTACAGTATGACAGGGGTACAGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA -1+13bps x1
17# TGAGAGGGGTACAGTACGGTACAGGGGTACGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +13 bps X1
18# TGAGAGGGGTACAGTAGAGCGAGAGCATGGTCGAGAGCATCGGTGGTCGAGAGCATCTTCATCCCTTTGACAGTACA +24 bps x1
19# TGAGAGGGGTACAGTACAGGTGGTCGAGTAAAAGTATGAGAGGGGTTTCATAGTAAAAGTATGAGAGGGGTACAGTACAGGTGG +62 bps X1

nonel/few sparse intermediate broad

Supplementary Figure S3. Design of the kdrl conditional allele through NHEJ-mediated
DNA replacement, cleavage efficiency of kdrl sgRNAs and transient expression of the
selective marker.

(A) Schematic of the strategy for NHEJ-mediated DNA replacement at the kinase insert
domain receptor like (kdrl) locus of Tg(kdrl:EGFP) zebrafish, in which the vascular
endothelial cells express EGFP. Zebrafish kdrl gene is specifically expressed in vascular
endothelial cells, and its mutation causes severe defects in vascular formation at early
developmental stages (Habeck et al., 2002). The sgRNA1 and sgRNA?2 targets are indicated
by red or blue arrows, respectively. In the kdrl conditional donor

4



(kdrl-loxP-exon12-frt-SM-frt-loxP), two loxP sites and homology arms (brown lines with
double arrows) were added. The length of the left and right arms is 686 bps and 1297 bps,
respectively. To reduce the labor of intensive screening of conditional alleles, a selective
marker (SM, 1.2 kb) can expresses DsRed under the control of the my/7 promoter, and its
transcriptional direction is contrary to kdrl transcriptional direction. The SM is also flanked
by fit recombination sites, thus it can be excised by Flp recombinase. The zebrafish kdrl has
30 exons, and E12 (12" exon) contains 109 bps. The endogenous E12 is replaced by the
kdrl-loxP-exon2-frt-SM-fit-loxP cassette at the kdrl locus after co-injecting the donor with
the sgRNA1, sgRNA2 and zCas9 mRNA. The primers (F1, R1, F2, R2) for verification are
indicated by short black arrows. (B) Cleavage efficiency of the sgRNA1 and sgRNA2
targeting the zebrafish kdr/ locus. The indel mutations are highlighted in yellow, and the PAM
and sgRNA target sequences are shown in green and red, respectively. The numbers of
insertion (+) and/or deletion (-) of bps are shown at the right. (C) Differential expression of
SM in the heart of FO larvae. The embryos with broad expression of DsRed in the heart were
raised to adulthood for the founder screening. Scale bars: 100 pm.
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Donor TATAAACAGTCTGTGAACCCCAGGAAGTA-—-JoxP [exon12] selective markerloxP—-TGAGAGGGGTACAGTACGGTGGCT
1#  TATAAACAGTCTGTGAACCCCAGGAAGTA-—joxP|exon12] selective marker}loxP—TGAGAGGGGTACAGTACGGTGGCT (0; 0 bps)
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Supplementary Figure S4. Verification of kdrl conditional alleles.

(A) PCR analysis of the 5° and 3’junctions of the targeted kdr/ locus. The primers of F1, R1,
F2, and R2 are shown in Figure S3A. A 1.6-kb band was amplified by using the 5’ junction
primers F1 and R2, a 1.8-kb band was amplified by using the 3’ junction primers F2 and R1,
and a 2.6-kb band and a 3.9-kb band were amplified by using the primers F1 and R1. (B)
Sequencing reports of the 5> and 3 junction sites of the progenies of two Ki(kdrl™) founders
(1# and 23#), which are identified from 25 FO screened (Table S1). (C) 5’ and 3’ junction
sequences of F1 progenies of the two Ki(kdrl™) founders in comparison with the sequences of
WT zebrafish and the donor vector (Table S2). The indel mutations are highlighted in yellow,
and the PAM and sgRNA target sequences are shown in green and red, respectively. The
numbers of insertion (+) and/or deletion (-) of bps at the 5* and 3’ junctions are shown in the
brackets at the right.
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Supplementary Figure S5. Confirmation of recombinase-induced excision of the
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conditional Ki(kdrl") line by PCR and sequencing.

(A) PCR analysis for the SM deletion in 3-dpf heterozygote Ki(kdrl™) larvae with Flp mRNA
injection at one-cell stage. Flp mRNA was injected into one-cell-stage embryos generated via
Ki(kdrl™") intercross for the SM deletion, and we found that 43 out of 47 injected larvae at 3
dpf did not express DsRed in the heart, indicating the occurrence of Flp-induced SM excision.
(B) Sequencing report showing SM deletion. (C) PCR analysis of heterozygote Ki(kdrl™)
intercross larvae without ("-Cre") or with ("+Cre") Cre mRNA injection at one-cell stage. The
red arrow indicates the additional product at ~ 2.1 kb, which were in principle excised from the
original ~ 3.9 kb fragment by Cre. (D) Sequencing report of the additional 2.1-kb product,
confirming the correct deletion by Cre. Cre-induced E12 (109 bps) excision of kdrl caused the
frame-shift mutation. In the embryos of [Tg(kdrl:EGFP);Ki(kdrl¥")] intercross, one fourth
(17/70) of Cre-injected larvae showed vascular defects in both the trunk and brain, consistent
with the vascular phenotype of the kdr/ mutant homozygote (Figure 1F and Ref. Habeck et al.,
2002). As a control, all (68/68) intercross larvae without Cre injection displayed normal
vascular patterns (Figure 1G).
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Btcf3a sgRNA1 cleavage efficiency: 89% (33/37)
AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGGCGTAGGTAGACA WT X4
1% AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGG=-=—--GTAGACA -5 bps X9
2# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGG—mmrmmmmems TAGACA -6 bps X6
3# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGG——TAGGTAGACA -2 bps X4
4# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGT-——-—--—-AGGTAGACA -5 bps X3
5% AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGG-GTAGGTAGACA -1 bp X3
6# AGTGCATAAGTATGCGATTTGGGACGCAGCTATC-——--—-—GTAGGTAGACA -6 bps X2
7# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGGGTAGCTGGTAGGTAGGTAGACA -1+11 bps X1
8# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGGGTAGACATTTGGACTAGACA 6+14 bps X1
9% AGTGCATAAGTATGCGATTTGGGACGCAGCTATCAGTGTAGATCAGTAGGTAGACA -2+7 bps X1
10# AGTGCATAAGTATGCGATTTGGGACGCAGCTATCATA-—-CGTAGGTAGACA -4+2 bps X1
11# AGTGCATAAGTATGCGATTTGGGACG mmmrmrmmeermmmmee e TAGGTAGACA 15 bps X1
12# AGTGCATAAGTATGCGATTTGATTAATAGTGCATAAGTATGCGATAAGTAGACA -23+26 bps X1
tcf3a sgRNA2 cleavage efficiency: 56% (18/32)
TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGATCTCAGGAAGTGTGAG WT X14
1# TGATCCTCATGTTTACCTGCTGGTCTAGTGCT=-~—--—-CAGGAAGTGTGAG 5 bps X4
2# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTG———-AGGAAGTGTGAG -5 bps x2
3# TGATCCTCATGTTTACCTGCTGGTCTAGTGE Tommmermm oo e GAG -15 bps X2
4# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTG-~CTCAGGAAGTGTGAG -2 bps X1
5# TGATCCTCATGTTTACCTGCTGGTCTAGTGCT-—mm—mm—-GAAGTGTGAG -8 bps X1
6# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGATGGAAGTGCTCAGGAAGTGTGAG  +7 bps x1
7# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGACCTGCTGGTCAGGAAGTGTGAG 2+8bps X1
8% TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGATGTGTGCAGGAAGTGTGAG 2+5bps X1
9% TGATCCTCATGTTTACCTGCTGGTCTAGTGCT-—-~——~CAGGAAGTGTGAG -3 bps x1
10# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGA = rmrermme-—-G TGAG -11 bps X1
11# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGATCTCAGAAAGTGTGAG “A+1bps X1
12# TGATCCTCATGTTTACCTGCTGGTCTAGTGCTGATC--AGGAAGTGTGAG -2 bps x1
13# TGATCCTCATGTTTACCTGCTGG AAGTGTGAG -18 bps X1

Supplementary Figure S6. Design of the 7cf3a conditional allele through NHEJ-mediated
DNA replacement approach and cleavage efficiency of 7cf3a sgRNAs.

(A) Schematic of the strategy for NHEJ-mediated DNA replacement approach at the zcf3a
locus. Zebrafish tcf3a gene (also named £12) plays an important role in muscle development
at early developmental stages (Chong et al., 2007). The design of ¢cf3a conditional allele is
similar to that of kdrl conditional allele (Figure S3A). The sgRNA1 and sgRNA?2 targets are
indicated by red or blue arrows, respectively. In the #cf3a conditional donor
(tcf3a-loxP-exon i 2-frt-SM-firt-loxP), the length of the left and right arms is 530 bps and 424
bps, respectively. The length of E4 is 68 bps. (B) Cleavage efficiency of the sgRNA1 and
sgRNA2 targeting the zebrafish #cf3a locus.



A

& WT Ki(tcf3a™ )
&
R n » N n,
& «\@’} @e Q\\@ «\‘& @@ Q\\qn
+—3.7 kb
2.4 kb
N ) 2k
| —
-~ —1.0 kb
B tcf3a 5’junction Sacl loxP

CCTACCCACTGATAGCTGCGTCCCARATCGCATGAGC TCATAACTTCGTATAGCATACATTATACGAAGTTATACTT

L LEN L i S - Al ol B o, SN 1 Lol fdde Al il
3 junctlon loxP
CCTGAGATCAGCACTAGARACCAGCAGGTAARARCATGAGGATATARACTTCGTATAATGTATGC TATACGAAGTTATAGATC

3#
=0
3
o

tcf3a 5’ junctlon Sacl loxP

CCTACGTAG?R CC ACTGATAGC TGCGTCCCAAATCGCATGAGC TCATAARCTTCGTATAGCATACATTATA \L’G——‘GTT,‘—,T
I
fl
A h [ n
{\ uﬂ l\| f afl J \ I F ﬂ[\f WA ‘ﬂl‘. i {\ {\wa Wﬂ N I{'\, {\ r\(,‘.“. ﬂ W\Xﬂ ﬁ f Pf'ﬁ'n f‘m fw\r uﬂ{\ﬂN r\ ! f |/ m I f\‘ ‘f\
| tcf3a 3’ junction loxP
N CCTGAGHR I”;GCaCT G;p’:fGC GGTA 7,rTGr‘G\_‘r T TARCTTCGTATAATGTATGCTATACGAAGTTATA G TC
*\{\”l 91 WW /{V W [y " | ! Hr« L W
fiafift \‘ “\ nf ; Ul ) j\{\ i H
U WYTYTW [V U A
c 5’ junction 3’ junction
WT TACCTACG--—--CCACTGATAGCTGCGTCC fexond] GCTGGTCTAGTGCTGATCTCAGGAA
Donor TACCTACG-——-—-CCACTGATAGCTGCGTCCGAGCTC-foxPjexond{ selective marker]loxP-—GCTGGTCTAGTGCTGATCTCAGGAA
3#  TACCTAC-——-CCACTGATAGCTGCGTCCGAGCTC—{loxP exonal| selective marker}loxP ~GCTGGTCTAGTGCTGATCTCAGGAA ( -1;0 bps)
12# TACCTACGTAGACCACTGATAGCTGCGTCCGAGCTC-—foxP fexond{selective marker}loxP--GCTGGTCTAGTGCTGATCTCAGGAA (+4;0 bps)
D & -Cre +Cre
N x & % &
R YR SR\ S
- - — —3.7 kb
N — — —2.4 kb
—
"
e e —1.0 kb
—

Supplementary Figure S7. Verification of zcf3a conditional alleles and Cre-induced
excision.

(A) PCR analysis of the 5’ and 3’junctions of the targeted tcf3a locus. (B) Sequencing reports
of the 5” and 3’ junction sites of the progenies of two Ki(tcf3a™) founders (3# and 12#), which
are identified from 15 FO screened (Table S1). (C) 5’ and 3’ junction sequences of F1
progenies of the two Ki(tcf3a™) founders in comparison with the sequences of WT zebrafish
and the donor vector (Table S2). (D) PCR analysis of heterozygote Ki(tcf3a®) intercross
larvae without ("-Cre") or with ("+Cre") Cre mRNA injection at one-cell stage. The red arrow
indicates the additional product at ~ 1.0 kb, which were in principle excised from the original ~
3.7 kb fragment by Cre. The phenotype of larvae carrying Cre-induced E4 (68 bps) excision of
tcf3a was comparable to fcf3a morphants (Figure 1H, I; see also Ref. Chong et al., 2007).
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GAATGATTAAGCAGAATTAAGCCAACACATTCAGGGCATCTGTGAGAATCTTCAGTT WT X27
1# GAATGATTAAGCAGAATTAAGCCAACACA--------GGGCATCTGTGAGAATCTTCAGTT -4 bps X4
2# GAATGATTAAGCAGAATTAAGCCAACA GTT -27 bps X2
3# GAATGATTAAGCAGAATTAAGCCAACACATATTCAGGGCATCTGTGAGAATCTTCAGTT +2 bps X1
4# GAATGATTAAGCAGAATTAAGCCAACACATCTGTGAGAAGGCATCTGTGAGAATCTTCAGTT -4+9 bps X1
5# GAATGATTAAGCAGAATTAAGCCAACA—==-==a----GGGCATCTGTGAGAATCTTCAGTT -6 bps X1
6# GAATGATTAAGCAGAATTAAGCCAA--mmmmmmm —--GGGCATCTGTGAGAATCTTCAGTT -8 bps X1
T# GAATGATTAAGCAGAAT T-——mmmmeeeeeeeeee-CAGGGCATC TG TGAGAATCTTCAGTT -13 bps X1
8# GAATGATTAAGCAGAATTAAGCCAAC-------— - TGTGAGAATCTTCAGTT -14 bps X1
9% GAATGATTA GGGCATCTGTGAGAATCTTCAGTT -24 bps X1
10# GAATGCCACAGCTGATTGGTTCCTCAGCAGAATTAAGCCAACAGGGCATCTGTGAGAATCTTCAGTT -26+36 bps X1

11# GAATGCCACAGCTGATTGGTTCCTCAGCAGAATTAAGCCAACACTCAGGGCATCTGTGAGAATCTTCAGTT  -25+39 bps X1

C

WT  GCCCTGAATGTGTTGGCTAAITTC TG
Donor GCACTTAACGTATTGGCC-------JP2A-EGFP}------ AGATGCCCTGAATGTGTTGGCTTAATTCACCGGTTAATTCTG

Supplementary Figure S8. Design of the #4 reporter line via NHEJ-mediated DNA
replacement approach and cleavage efficiency of 742 sgRNA.

(A) Schematic of NHEJ-mediated DNA replacement approach at the zebrafish 4 locus for
generating EGFP reporter lines. The target sites of sgRNA3 and sgRNA4 are indicated by red
or blue arrows, respectively. The ¢4 stop codon is indicated by a pink line. In the & reporter
donor (th-P2A-EGFP), the homology arms are indicated by brown lines with double arrows.
The length of the left and right arms is 1282 bps and 671 bps, respectively. The endogenous
E13 in the th locus was replaced by the th-P24-EGFP cassette after co-injection of the donor
with the sgRNA3, sgRNA4 and zCas9 mRNA. The primers (F1, R1, F2, R2) for verification
are indicated by short black arrows. (B) Cleavage efficiency of the sgRNA4 targeting the
zebrafish th locus. The indel mutations are highlighted in yellow, and the PAM and sgRNA
target sequences are shown in green and red, respectively. The numbers of insertion (+) and/or
deletion (-) of base pairs are shown at the right. (C) sgRNA4 target sequences in the # locus
and the reporter donor. As the sgRNA4 target partially overlaps with the 3 side of the
coding sequence (CDS), we introduced silent mutations at the 3’ side of the & CDS in the
th-P2A-EGFP donor vector. Therefore, the 3' CDS of the ¢4 in the donor cannot be excised by
CRISPR/Cas9. Silent mutations are highlighted in blue. The 4 stop codon and P2A-EGFP are
indicated by a pink or green box, respectively. Please note, the sgRNA3 with a cleavage
efficiency of 83% was the same as that used in Ref. J. Li et al., 2015.
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WT CTCCCCTTTATGAGTGTAACAACCCCTGGG AGATGCCCTGAATGTGTTGG Commmemmemmemmemmeceeee TTAATTCTG

Donor  CTCCCCTTTATGAGTGTAACAACCCCTGGG---—-- P2A-EGFP}-----AGATGCCCTGAATGTGTTGGCTTAATTCACCGGTTAATTCTG

a# CTCCCCTT- ATGAGTGTAACAACCCCTGGG-—-{P2A-EGFP}-—~-—-AGATGCCCTG - TTGGCTTAATTCACCGGTTAATTCTG
(-1 bp) (-11+17 bps)

Supplementary Figure S9. Confirmation of the Ki(th®¢F?) reporter line.
(A) PCR verification of DNA replacement at the ¢4 locus by using the primers (F1, R1, F2
and R2) shown in Figure S8A. For the endogenous t4 locus, a 2.2-kb band was amplified by

using F1 and R1. For a targeted ¢4 locus, 1.4-kb band was amplified by using the 5’ junction
primers F1 and R2, a 0.9-kb band was amplified by using the 3’ junction primers F2 and R1,
and a 3.0-kb band (red arrow) was amplified by using F1 and R1. We got a Ki(th®“*?) founder
(#4) out of 11 FO screened (Table S1), and its F1 progenies were used for the verification. (B)
Sequencing reports of the 5’ and 3’ junction sites of the progeny of the Ki(th®S*?) founder. (C)
5" and 3’ junction sequences of F1 progeny of the Ki(th®“*?) founder in comparison with the
sequence of WT zebrafish and the donor vector (Table S2). The indel mutations are
highlighted in yellow, and the PAM and sgRNA target sequences are shown in green and red,
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respectively. The numbers of insertion (+) and/or deletion (-) of bps at the 5” and 3’ junctions
are shown in the brackets. (D) Representative projected in vivo confocal images (dorsal view)
of a 3-dpf Ki(th®®?) larva at different visual fields. The EGFP expression pattern was
consistent with the results of whole in situ hybridization of ¢4 (Filippi et al., 2010). HI,
intermediate hypothalamus; LC, locus coeruleus; MO, medulla oblongata; OB, olfactory bulb;
Pre, pretectum; PT, posterior tubercular. Scale bars, 100 pm.
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B gfap sgRNA1 cleavage efficiency: 74% (26/35)

AATTTGTTAAGTTTACTTAATCGGGCGGCGCCAAT wT X9
1% AATTTGTTAAGTTTACTTAAT-GGGCGGCGCCAAT -1 bps X3
2# AATTTGTTAAGTTTACTT-------- GGCGGCGCCAAT -5 bp X2
3# AATTTGTTAAGTTTAC s GGCGCCAAT 10 bps X2
4# AATTTGTTAAGTTTACTTACT TATTTACCACTAGGCTATTGGCGGCGCCAAT 4+21bps X1
5# AATTTGTTAAGTATACTTTATTATTGGCGGCGCCAAT -5+7 bps x1
6# AATTTGTTAAGTTTACAAATT----GGCGGCGCCAAT -7+5 bps X1
7# AATTTGTTAAGTTTACTT----------GGCGGCGCCAAT -7+2 bps X1
8# AATTTGTTAAGTTTACTT------GGGCGGCGCCAAT -4 bps X1
9# AATTTGTTAAGTTTACTTAG-CGGGCGGCGCCAAT -2+1 bps x1
10# AATTTGTTAAGTTTACTTAAT——— CGGCGCCAAT -4 bps x1
11# AATTTGTTAAGTTTACTTAAT———cemeeeeeeeeeeT 13 bps X1
12# AATTTGTTAAGTTTACTTAATTTGTAAGTTTACTTAATTTGTAAGTAATTTGGCGGCGCCAAT  -2+30bps X1
13# AATTTGTTAAGTTTACTTAAT----------—-———-CGCCAAT -7 bps X1
14# AATTTGTTAAGTACTTAAGTTTACTGGGCGGCGCCAAT -10+13 bps X1
15# AATTTGTTAA GCGCCAAT 17 bps X1
16# AATTTGTTAAGTTATTTTAATTTAAGTTATTTAAGTTATTTTTAGGCGCCAAT A13+31bps X1
17# AATTTGTTAAG - mmsmmsmscemmnmensnnana-C GGCGCCAAT 14 bps X1
18# AATTTGTTAAGTTTACTAGGCTATTGGCGGCGCCAAT -6+8 bps X1
19# AATTTGTTAAGTTTACTTATT----GGCGGCGCCAAT -4+2 bps X1
20# AATTTGTTAAGTTTACTTAATCTGGCGGCGCCAAT -1+1 bps X1
21# AATTT: GCGGCGCCAAT -19 bps x1
22# AATTTGTTAAGTTTATTesmemeenee-GGCGGCGCCAAT -8+2 bps x1
gfap sgRNA2 cleavage efficiency: 74% (29/39)

TTAAAGGAATGATGGATTTGGTCAGCGGTGCTATTTGAACATTTTACTC WT X10
1# TTAAAGGAATGATGGATTTGG-----------—-—--TGCTATTTGAACATTTTACTC -7 bps X7
2# TTAAAGGAATGATGGATTTemmmms AGCGGTGCTATTTGAACATTTTACTC -4 bps X2
3# TTAAAGGAATGATGGATTTGe-w-—----CGGTGCTATTTGAACATTTTACTC -5 bps X2
4# TTAAAGGAATGATGGATTTGGTT----CGGTGCTATTTGAACATTTTACTC 3+1bps X1
5# TTAAAGGAATGATGGATTTGGTAAAGTTTGTAGCGGTGCTATTTGAACATTTTACTC 1+9bps X1
6# TTAAAGGAATGATGGATTT: TACTC -25 bps X1
T# TTAAAGGAATGATGGATTTGGTGCTATTTGCGGTGCTATTTGAACATTTTACTC -2+7 bps X1
8# TTAAAGGAATGATGGATTTGGATCAGCGGTGCTATTTGAACATTTTACTC +1 bp x1
9# TTAAAGGAATGATGGATTTGG--——-CGGTGCTATTTGAACATTTTACTC -4 bps x1
10# TTAAAGGAATGATGGATTTGGTGCTATTTAGCGGTGCTATTTGAACATTTTACTC 1+Tbps X1
11# TTAAAGGAATGATGGACGGAA-CAGCGGTGCTATTTGAACATTTTACTC 6+5bps X1
12# TTAAA CAGCGGTGCTATTTGAACATTTTACTC -18 bps X1
13# TTAAAGGAATGATGGATTTGGTGCGTTCAAACAGCGGTGCTATTTGAACATTTTACTC +9 bps X1
14# TTAAAGGAATGATGGATT------CAGCGGTGCTATTTGAACATTTTACTC -4 bps x1
15# TTAAAGGAATGATGGA msmsmsmees CAGCGGTGCTATTTGAACATTTTACTC 6 bps x1
16# TTAAAGGAATGATGGATTTGGTCATTTAGCGGTGCTATTTGAACATTTTACTC +4 bps x1
17# TTAAAGGAATGATGGATTTGGTCCCATAGCGGTGCTATTTGAACATTTTACTC +4 bps X1
18# TTAAAGGAATGATGGATT---sseeee-----CGGTGCTATTTGAACATTTTACTC -7 bps X1
19# TTAAAGGAATGATGGATTTG--rmmmmmeeee—-CTATTTGAACATTTTACTC -10 bps X1
20# TTAAAGGAATGATGGATTTGGTGGTGGTGGTGGTGAAATAGCGGTGCTATTTGAACATTTTACTC -1+17bps X1
21# TTAAAGGAATGATGGATT T-mmmmememeeeme e ATTTGAACATTTTACTC 13 bps X1

C Sparse Broad




Supplementary Figure S10. Design of gfap reporter line through NHEJ-mediated DNA
replacement approach, cleavage efficiency of gfap sgRNA and verification by transient
expression in F0 larvae.

(A) Schematic of the strategy for NHEJ-mediated DNA replacement approach at the zebrafish
glial acidic fibrillary protein (gfap) locus. gfap is specifically expressed in glial cells of the
nervous system (Bernardos and Raymond, 2006; J. Li et al., 2015). Two sgRNAs were
selected to specifically target two different sites in the gfap, one in the last intron (sgRNAT)
and the other in 3’ UTR region (sgRNA2). The gfap stop codon is indicated by a pink line.
The homology arms are indicated by brown lines with double arrows, and the lengths of the
left and right homology arms are 324 bps and 1326 bps, respectively. (B) Cleavage efficiency
of the sgRNA1 and sgRNA2 targeting the zebrafish gfap locus. (C) Transient EGFP
expression in glial cells when co-injecting the gfap-P2A-EGFP, zCas9 mRNA, and sgRNAI
and sgRNA?2 of gfap. EGFP expression in the spinal cord was observed in ~ 88% (160/181)
injected larvae (Table S3). Scale bars: 50 pm.
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Supplementary Figure S11. Confirmation of the Ki(gfapt¢™™) reporter line.

(A) PCR verification of DNA replacement at the gfap locus. (B) Sequencing reports of the 5’
and 3’ junction sites of the progenies of two Ki(gfaptt") founders (3# and 7#), which are
identified from the 8 raised FO larvae with broad EGFP expression (Table S1). (C) 5" and 3’
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junction sequences of F1 progenies of the two Ki(gfapt©™) founders in comparison with the
sequence of WT zebrafish and the donor vector (Table S2). (D) Representative projected in
vivo confocal images of 3-dpf Ki(gfap®C?) larvae at different visual fields. Lateral view: D1,
D4, D6; dorsal view: D2, D3, D5. Scale bars: 250 pm (D1), 50 um (D2), and 25 pm (D3-D6).
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Supplementary Figure S12. Efficiency comparison of NHEJ- and HDR-mediated DNA
replacement approach at the zebrafish gfap locus by using double fluorescence reporter

donors.

(A) Schematic of the strategy for NHEJ-mediated DNA replacement approach at the zebrafish
gfap locus by using a double fluorescence donor vector. The zebrafish gfap has 9 exons and
E9 represents the 9™ exon. The lengths of the left and right homology arms are 324 bps and
702 bps, respectively. IRES: internal ribosome entry site; tdT-polyA: tdTomato connected
with a SV40 polyA sequence. In this right arm, the gfap transcriptional terminate signal was
deleted to permit /RES-tdT transcription, and the target site of sgRNA2 was kept. (B)
Co-expression of EGFP and tdTomato in glial cells when co-injecting the
gfap-P2A-EGFP-IRES-tdT, zCas9 mRNA and gfap sgRNAIl. (C) NHEJ-mediated DNA
replacement at the gfap locus. Left, schematic of the gfap-P2A-EGFP-IRES-tdT donor vector
for NHEJ-mediated DNA replacement. Right, representative projected in vivo confocal image
of a 3-dpf larva co-injected with the vector, zCas9 mRNA, gfap sgRNA1 and gfap sgRNA2.
In the vector, the gfap sgRNA1 and sgRNA?2 target sites are indicated by a red or blue arrow,
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respectively, and the homology arms are indicated by brown lines with double arrows. (D)
HDR-mediated DNA replacement at the gfap locus by a donor vector with homology arms
which are the same as in (C). Left, schematic of the HDR-related donor. The PAM of the
sgRNA1 and sgRNA?2 target sites located in the homology arms of the vector was mutated
(red crosses) to prevent CRISPR/Cas9-induced excision. Right, representative projected in
vivo confocal image of a 3-dpf larva co-injected with the vector, zCas9 mRNA, gfap sgRNAI
and gfap sgRNA2. (E) HDR-mediated DNA replacement at the gfap locus by a donor vector
with homology arms longer than those used in (D). Left, schematic of the HDR-related donor.
The lengths of the left and right arms are 4720 bps and 1326 bps, respectively. The PAM of
the sgRNA1 and sgRNA?2 target sites located in the homology arms of the vector was mutated
(red crosses). Right, representative projected in vivo confocal image of a 3-dpf larva
co-injected with the vector, zCas9 mRNA, gfap sgRNA1 and gfap sgRNA2. Scale bars, 20
um (B-E).
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Supplementary Table S1. Founder-screening rate of different edited alleles by
NHEJ-mediated DNA replacement approach.

Donor Injection = Survial |FO screened| Founders
th-loxP-exon8-loxP N.A. N.A. 41 3
kdrl-loxP-exon12-frt-SM-frt-loxP 538 267 25 2
tcf3a-loxP-exon4-frt-SM-frt--loxP 511 203 15 2
th-P2A-EGFP N.A. 166 11 1
gfap-P2A-EGFP 276 181 8 2

N.A.: not available.
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Supplementary Table S2. Information of edited alleles and germline transmission rate of

founders.
Donor Founder Gender Intr:;gnr:;iron §’ junction| 3’ junction Mt;a:;ZT(L?JZLTr:i::ent
3# female  Replacement -3 bps -7+7 bps 25% (12/48)
13# male | Replacement | -10 bps -4 bps 4% (2/48)
th-loxP-exon8-loxP 30# male | Replacement | -44 bps +3 bps 25% (12/48)

kdrl-loxP-exon12
-frt-SM-frt-loxP

28% (60/217)
11% (5/44)

tef3a-loxP-exon4

66% (45/68)
8% (14/179)

1# male | Replacement 0 bp 0 bp
23# female | Replacement -9 bp -5 bps
3# male | Replacement -1bp 0 bp
12# female | Replacement | +4 bps 0bp

-frt-SM-frt-,OXP =
th-P2A-EGFP 4# male | Replacement -1bp -11+17 bps 13% (16/119)
= o 0
gfap-P2A-EGFP 3 male | Replacement | -107 bps 7 bps 12% (23/190)
T# male | Replacement -107 bps 0bp 5% (4/84)




Supplementary Table S3. Efficiency of knockin with different lengths of homology arms

at the gfap locus.

Left arm length
I upstream of sgRNA target

Right arm length
| downstream of sgRNA target

!ngNAs

Donor

Normal development rate

GFP+/Total

172 bps / 5 bps 559 bps / 5 bps 182 circle 64.2%(79/123) 14%(11/79)
207 bps / 40 bps 594 bps / 40 bps 1&2 circle 48.6%(55/113) 40% (22/55)
324 bps / 157 bps 1326 bps / 872 bps 182 circle 65.6%(181/276) 88%(160/181)
4720 bps / 4553 bps 1326 bps / 872 bps 182 circle 53.1%(34/64) 70%(82/117)
324 bps / 157 bps 1326 bps / 872 bps 1&2 fragment 40.0%(209/523) 52%(108/209)

324 bps / 157 bps 1326 bps / 872 bps 1 circle 53.8%(56/104) 79%(44/56)
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Supplementary Table S4. Target sequences of all tested sgRNAs

Donor dgRNA target sequences

GGATTTGCTATGCCATAGTAG GGG
GCAAATCCCTCTGAAAACCC AGG

SIS Eh IR GGTGGTTGCTAGAATATTCATGG
GGAATGAACTGCCAACTACTC TGG
gGTGTTGCCGAACTGAATGG TGG
gGAGGGCGTGTCTGCAGTTG GGG
gTAAACAGTCTGTGAACCCC AGG
GTTTCATACCTTTGATGTGA CGG
GAGGAAATTACATGGGACG TGG
kdrl-loxP-exon12-loxP aTGAGAGGGGTACAGTACGG TGG
gCTCGGCCACCTTAGTACAG TGG
GCTGCTACGCCACTGTACTAAGG
gTATAAGGGTTGGAGAACAC GGG
gAAAATGAAAACCGAAAATT TGG
gATATACATTAGGGCTGGGC TGG
gAGTGGCGTAGGTAGACATT TGG
GGACGCAGCTATCAGTGGCGT AGG
GCATTACAGATCTGATCCTGT CGG
GATCAGGAGACGTGTGTTAGT AGG
GCTGGTCTAGTGCTGATCTC AGG
gAGTAGGCCACAGACAGGAG AGG
GTTAGTAAAGGACCTTGAGC AGG
GGGCGGCGCCAATAGCCTAG TGG
gfap-P2A-EGFP GTTAAGTTTACTTAATCGGG CGG
GATCATTAAAGAGTCCACTA CGG
GGTGTTAAAGTAAGGCAGAA GGG
GGAATGATGGATTTGGTCAG CGG
GGGTTGTTACACTCATAAAG GGG
th-P2A-EGFP gGAATTAAGCCAACACATTCA GGG

gGATACATTATTTAACGCTGAAGG

tcf3a-loxP-exon4-loxP

The sequences in red were used to generate DNA replacement-mediated knockin zebrafish in
this study, and yellow box represents an efficient target sequence which was used in a

previous study (J. Li et al., 2015). The green characters represent PAM sequences. The "g"
was added for synthesizing sgRNAs.
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Supplementary Table SS. Sequences of primers used.

Donor Primers Sequence (5’ to 3’)
F1 TACAGCCCAGATAACATCCCT
R1 GAAACAGACTATGACTGAATGAGTT

th-loxP-exon8-loxP

F2  ATGGGTGACGTCAATAACTTCGTA
R2 | TGGGTTTTCAGAGATAACTTCGT
Fi TTGGCAGGGGTAAAGCACAG
R1 AACGTGCCACTTGACATCCA

kdr-loxP-exon12

arrioxn-exon? F2 CCCTTGGTCACCTTCAGCTT
R2 CCCACAACGAGGACTACACC
F1 TTTGCCGACCTCACCCATC
R TTTAAAGGGACTTGGAGTAAAAGTG

tcf3a-loxP-exon4

frt-SM-frt-loxP F2 CCCTTGGTCACCTTCAGCTT
R2 CCCACAACGAGGACTACACC
F1  ATTCCGCCGAAACGCAGTAAAGA
R1 AGTGTACCGTAAAGGTGTTA

th-P2A-EGFP
F2 | CATGGTCCTGCTGGAGTTCGTG
R2 CTCGCCCTTGCTCACCATAG
F1  AGAATTTAGGATCCCACACAACTCA
R1 TTGCTTGAAGGCACTACTAGG

gfap-P2A-EGFP
F2  CATGGTCCTGCTGGAGTTCGTG
R2 CTCGCCCTTGCTCACCATAG
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Supplementary Discussion

Genomic DNA replacement through homogenous recombination (HR) is a common approach
in generating genetically engineered animals (Capecchi, 2005). Due to its low efficiency, the
HR-mediated approach usually requires both positive and negative selective systems to
pre-screen gene-modified events in cultured embryonic stem cells (Downing and Battey,
2004). However, HR-mediated approach cannot be applied in zebrafish models because there
is currently no the culture technology of zebrafish embryonic stem cells. Recently, with the
help of different endonucleases, HDR has been used to generate knockin lines of zebrafish
with various efficiencies (Zu et al., 2013; Irion et al., 2014; Shin et al., 2014; Armstrong et al.,
2016; Hoshijima et al., 2016; M. Li et al., 2016; Burg et al., 2018; Tessadori et al., 2018). For
most of reported zebrafish lines generated via HDR, single-stranded oligodeoxynucleotide
(ssODN) was usually used as a repair template (Irion et al., 2014; Armstrong et al., 2016;
Hoshijima et al., 2016; Burg et al., 2018; Tessadori et al., 2018). This strategy can only
achieve genomic alteration with a few of bps such as point mutation and short tag insertion.
Long DNA fragment replacement has wide application in gene editing, because it can achieve
different types of genomic editing. However, long DNA fragment replacement for zebrafish
genome editing is still under development.

Pre-screening via obvious phenotypes or reporter gene expression, both of which imply
correct genomic replacement events, was sometimes used to increase screening efficiency in
those studies (Irion et al., 2014; Shin et al., 2014; Hisano et al., 2015; Hoshijima et al., 2016).
However, the requirement for pre-screening cannot be met in many cases. Without
pre-screening, genomic editing mediated by HDR in zebrafish shows relatively low
efficiencies (Armstrong et al., 2016; Burg et al., 2018; Tessadori et al., 2018), in particular for
long DNA fragments (Zu et al., 2013; Hoshijima et al., 2016). This makes it necessary to
develop more efficient methods for achieving long DNA fragments replacement.

NHEJ has been recently used to achieve targeted integration in cultured cells, mouse and
zebrafish with a high efficiency through inserting a DNA fragment at a single DSB site
(Maresca et al., 2013; Auer et al., 2014; Kimura et al., 2014; J. Li et al., 2015; Ota et al., 2016;
Suzuki et al., 2016; Kesavan et al., 2018; W. Li et al., 2019; J. Li et al., 2020), but these

strategies still cannot be readily applied for sophisticated genomic editing, in particular for
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achieving traditional conditional knockout. In the present study, by taking advantage of highly
active NHEJ-mediated knockin with homology arms and non-coding region targeting, we
developed an efficient long DNA fragment replacement method by introducing two DSB sites
at non-coding genomic regions via the CRISPR/Cas9 system. With pre-screening, the screen
rate of our method for long genomic DNA replacement is 25% (gfap reporter allele: 2/8),
which is comparable to the reported targeted integrations (Auer et al., 2014; Kimura et al.,
2014; Shin et al., 2014; Hisano et al., 2015; J. Li et al., 2015; Ota et al., 2016). Without
pre-screening, the screen rate of our method for long genomic DNA replacement is 9% (4
conditional allele: 3/41, kdri: 2/25, tcf3a: 2/15, th reporter allele: 1/11), which is higher than
that of HDR-based method in previous studies (4%; th: 4/275 and kcnh6a: 3/43; see also Refs.
Zu et al., 2013 and Hoshijima et al., 2016). In comparison with HR/HDR-based approaches in
a more precise way, we did experiments at the same genomic locus gfap and found that the
DNA replacement efficiency of NHEJ-mediated approach is much higher (see Figure 1J and
K). As DSB sites were designed in non-coding regions, NHEJ-induced indels will not shift
the reading frame of targeted genes, leading to an increased rate of successful DNA
replacement. We also found that homology arms can increase knockin efficiency, further
studies should test the feasibility of NHEJ-mediated long fragment replacement via universal
construct with simply modification by just adding target sites and the short homology arms
extended out of target sites. Among our data, although most of junctions in the screened
replacement lines shows the NHEJ-mediated integrations, five out of twenty junctions shows
the perfect repair happened without indels, implying that HDR-mediated repair cannot be

excluded completely in our approach.

Materials and Methods
Zebrafish

Adult zebrafish were maintained with automatic fish housing system (ESEN, China) at 28°C.
Embryos were raised under a 14h-10h light-dark cycle in 10% Hank’s solution that consisted
of (in mM): 140 NaCl, 5.4 KCl, 0.25 Na2HPO4, 0.44 KH2PO4, 1.3 CaCl2, 1.0 MgSO4 and
4.2 NaHCO3 (pH 7.2). The embryos for imaging experiments were treated with 0.003%

1-phenyl-2-thiourea (PTU, Sigma) from 24 hours post-fertilization to prevent pigment
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formation. The transgenic line Tg(kdrl:EGFP) and knockin line of Ki(th-P2A-EGFP) were
described previously (Jin et al, 2005; J. Li et al., 2015), and the transgenic line
Tg(dat:mRFP-Cre) was generated by using a modified zebrafish BAC clone which contains
the dat promoter. To design sgRNAs, AB/WT zebrafish were firstly screened by PCR and
sequencing at sgRNA target sites. Zebrafish handling procedures were approved by the

Institute of Neuroscience, Chinese Academy of Sciences.

Production of mRNA and sgRNAs in vitro

The zCas9 plasmid pGH-T7-zCas9 was linearized by Xbal and used as a template for Cas9
mRNA in vitro synthesis with the mMACHINE T7 Ultra kit (Ambion, USA) (Liu et al., 2014).
Cre or Flp plasmids (in pcDNA3.1) were linearized by XmalJl and their mRNA were
synthesized in vitro by mMACHINE T7 Ultra kit. We used the CRISPR/Cas9 design tool
provided in the website (http://zifit.partners.org) to select specific targets to minimize
off-target effects. The sequences of sgRNA targets tested are listed in Supplementary Table S4.
A pair of oligonucleotides containing the targeting sequence of sgRNAs were annealed and
cloned at the downstream of the T7 promoter in the pT7-sgRNA vector. The sgRNAs were
synthesized by the MAXIscript T7 Kit (Ambion, USA) and were purified by using the

mirVana™ miRNA Isolation Kit (Ambion, USA).

Replacement donor vector construction

Replacement donor plasmids were constructed by standard molecular cloning techniques with
restriction enzyme cleavage and DNA ligation. The th-loxP-exon8-loxP replacement donor
was constructed by ligating three fragments (a left arm, loxP-exon8-loxP and a right arm)
with the pMD-19T vector via Kpnl, BamHI, Agel and Sall (Takara, Japan). The three
fragments were all amplified from the genomic DNA of Ki(th-P2A-EGFP) zebrafish by using
the PrimeSTAR HS DNA polymerase (Takara, Japan). The kdrl-loxP-exon12-frt-SM-frt-loxP
or tcf3a-loxP-exond-frt-SM-frt-loxP replacement donor were constructed by ligating four
fragments (a left arm, loxP-exon12/4, frt-SM-frt, and a loxP-right arm) with the pMD-19T
vector via Kpnl, Sacl, Pael, Bglll and Sall. The th-P2A-EGFP replacement donor was

constructed by modifying the knockin plasmid used in our previous work (J. Li et al., 2015).
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The original P2A-EGFP fragment was replaced with P2A-EGFP-sgRNA2 target by using
AflIl and Agel, and then silent mutation of 5 bps in the 3’ side of the th CDS was introduced
by using the Fast Mutagenesis System (Transgen, China). For constructing different
gfap-P2A-EGFP replacement donors, the left and right arms of gfap-P2A-EGFP were
amplified from the genomic DNA of sgRNA target-screened wild-type zebrafish, and the
P2A-EGFP fragment was obtained from the th-P2A-EGFP knockin plasmid. The
gfap-P2A-EGFP-IRES-tdT donor was constructed by modifying gfap-P2A-EGFP plasmid,
which ligated the fragment of IRES-tdT-polyA with the 3’ side of the shorted right homology
arm of the gfap-P2A-EGFP. The HDR-related donors were constructed by mutating the PAM
regions of gfap-P2A-EGFP-IRES-tdT plasmids, and then a pair of head-to-head oriented

I-Scel sites were added out of the left arm and IRES-tdT.

Microinjection of one-cell stage embryos

All donor plasmids were purified before microinjection by the Gel Extraction Kit (Qiagen,
Germany). Flp mRNA and Cre mRNA were synthesized in vitro as zCas9 mRNA. The zCas9
mRNA, sgRNAs, and donor plasmids were co-injected into one-cell zebrafish embryos. Each
embryo was injected with 1 nl solution containing 600 ng/ul zCas9 mRNA, 50 ng/pl sgRNA
each, and 15 ng/ul donor plasmid into the animal pole. Only 1 U/pl I-Scel enzyme 5 X/pl
buffer (NEB) were mixed when co-injecting with the HDR donor. Flp mRNA or Cre mRNA

was also injected into one-cell zebrafish embryos with 1 nl containing 100 ng/ul mRNA.

PCR and sequencing for confirming sgRNA cleavage

Genomic DNA for PCR was extracted from 20 embryos at 3 dpf that were co-injected with
zCas9 mRNA and sgRNAs. Fragments containing target sites were amplified by the Takara
Ex Taq, and were then cloned by the TA Cloning Kit (Takara, Japan) for sequencing.

Generally, we sequenced 20-50 clones for analyzing the cleavage efficiency of each sgRNA.

Founder screening and the germline mosaicism rate analysis
All FO zebrafish were screened by out-crossing with AB/WT adults. F1 progenies of Ki(thF5?)

or Ki(gfap®™) founder candidates were screened by EGFP signal at 3 dpf. The ratio of F1
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progeny carrying the modification was calculated based on EGFP-positive larvae. 1 - 3
positive larvae were picked up to extract the genomic DNA to determine the integration
manner. F1 progenies of Ki(th?-P2A-EGFP) candidates were screened by collecting ~ 30 F1
progenies of each candidate for genomic DNA extraction and PCR identification. The ratio of
F1 progeny carrying the modification was analyzed by PCR analysis of 48 F1 progenies one
by one. F1 progenies of Ki(kdrl") or Ki(tcf3a™) candidates were screened first by DsRed
signal in heart, then 1-3 positive larvae were picked up for genome extraction and PCR
identification. The ratio of F1 progeny carrying the modification was calculated based on
DsRed-positive larvae. The genomic DNA of positive F1 larvae was also used for

confirmation of the integration manner.

Verification of NHEJ-mediated DNA replacement

The genomic DNA of 1 - 20 3-dpf F1 embryos of each FO were extracted. The fragment of 5°
and 3’ junctions were amplified respectively with the primer pair of F1/R2 and F2/R1,
whereas the full length product of the entire edited region was amplified with F1/R1
(Supplementary Table S5). The size of all PCR products was first examined by gel
electrophoresis, and the full length products amplified by F1/R1 were sequenced directly or
cloned and sequenced. The sequencing data were used to analyze the integration manner at

junction sites or the excision at frt/loxP sites.

In vivo confocal imaging

For in vivo confocal imaging, larvae at 3 or 5 dpf were immobilized in 1.2 % low
melting-point agarose without paralysis or anesthetics. Imaging experiments were performed
under a 20X water-immersion objective by using a Fluoview 1000 two-photon microscope
(Olympus, Japan) (Y. Li et al., 2012). The spatial resolution of all images was 1024 x 1024

pixels.

Statistics
Statistical analysis was performed using unpaired Student’s t-test. The P value less than 0.05

were considered to be statistically significant. All results are represented as mean + SEM.
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