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Fig. S1. Three plasmids used in this study. (a) Scheme for the construction of plasmid, pCS2_LUC_EGFP. An insert fragment containing a LUC-GFP cassette and pA shared 15-base homologous sequences (HS) with each end of a backbone-A containing SP6 promoter, a ColE1 origin (ColE1 ori), and an ampicillin resistance gene (AmpR). These two fragments were joined through In-Fusion reaction to construct a plasmid, pCS2_LUC_EGFP. (b) Scheme for the construction of the plasmids pCS2_nt5ea_LUC_EGFP and pCS2_nt5eb_LUC_EGFP. Insert fragment containing the coding sequence of nt5ea or nt5eb shared 15 bases of homologous sequence (HS) with each end of backbone-B containing SP6 promoter, a ColE1 origin (ColE1 ori), and an ampicillin resistance gene (AmpR), a LUC-GFP cassette, and pA. These two fragments were joined through In-Fusion reaction to construct a plasmid, pCS2_nt5ea_LUC_EGFP or pCS2_nt5eb_LUC_EGFP. A linker sequence (GGSGGT) was located between each nt5e and LUC or LUC and EGFP to increase the flexibility of the fusion protein consisting of Nt5ea or Nt5eb, LUC, and EGFP.

Fig. S2. Alignments of coding sequences of Cab and H-drR strains nt5ea (a) and nt5eb (b), respectively. The mutated region was extracted from the full-length sequence of nt5ea and nt5eb. Asterisks under each pair of aligned nucleotides indicate identity, whereas black boxes and white text show mismatch. Silent mutation is surrounded by a pink line, whereas nonsense mutation is surrounded by a green line. Residue positions are indicated by the numbers on the left and right.

Fig. S3. Detection of LUC activity in embryos injected with RNA encoding nt5ea-LUC-GFP or nt5eb-LUC-GFP. The luciferase activity in the embryos was expressed as the fold change compared with the group Nt5ea_LUC_GFP that was arbitrarily set to “1”. Data are presented as the mean ± SD of single determination from triple experiments (n = 40/group). Asterisks (*) indicate that the values were significantly different between two groups by Student’s t-test (p < 0.05). 

Fig. S4. Evaluation of the genomic mutations at nt5ea (a) and nt5eb (b) using HMA analysis. (a) The double strand break (DSB)-inducing activities of sgRNAs targeting to nt5ea. The left panel showed the three representative results of embryos injected with Cas9 and sgRNA-nt5ea-1, and the right panel indicated those of embryos injected with Cas9 and sgRNA-nt5ea-2. Control (Ctrl) showed a result from an embryo without injection. (b) The DSB-inducing activities of sgRNAs targeting to nt5eb. The left panel showed the three representative results of embryos injected with Cas9 and sgRNA-nt5eb-1, and the right panel indicated those of embryos injected with Cas9 and sgRNA-nt5eb-2. The control (Ctrl) showed a result from an embryo without injection.

Fig. S5. Alteration of amino acid (AA) sequence of knockout fish with frame-shift mutations. (a) Alignment of predicted AAs between the nt5ea wild-type fish (nt5eawt/wt) and the homozygous knock-out fish (nt5ea∆2/∆2). The deletion (nt5ea∆2) generates a truncated protein of 110 AA while the wild-type allele (nt5eawt) generates an intact protein of 576 AA. (b) Alignment of predicted AAs between the nt5eb wild-type fish (nt5ebwt/wt) and the homozygous knock-out fish (nt5eb∆10/∆10). The deletion (nt5eb∆10) will generate a truncated protein of 105 AAs while the wild-type allele (nt5ebwt) generates an intact protein of 580 AAs. (a, b) Red asterisks indicate stop codons while black asterisks under each pair of AAs indicate identity. Black boxes and white text show mutated sequences.


Table S1. Nt5ea and Nt5eb amino acid sequence identity and similarity across various species.

Table S2. Oligonucleotide sequences used in this study.

Supplementary Note
Plasmid construction
pCS2_LUC_EGFP (Fig. S1a): a backbone fragment (backbone-A) containing an SP6 promoter, a ColE1 replication origin, and an ampicillin resistance gene, was amplified from the plasmid pCS2+hSpCas9 (Addgene #51815) using a primer pair (Backbone1-FW/Backbone1-RV) (Table S2). An LUC-GFP cassette containing firefly luciferase (LUC), enhanced green fluorescent protein (EGFP), and pA, was amplified from the plasmid pDs-ChgH-LUC-EGFP[49] by PCR using the primers LUC-GFP-FW/LUC-GFP-RV[50]. The LUC-GFP cassette was ligated to backbone-A using an In-Fusion® HD Cloning Kit (Takara, Shiga, Japan) to construct pCS2_LUC_EGFP.
pCS2_nt5ea_LUC_EGFP and pCS2_nt5eb_LUC_EGFP (Fig. S1b): a backbone fragment (backbone-B) containing an SP6 promoter, a ColE1 replication origin, an ampicillin resistance gene, and the LUC-GFP cassette, was amplified from the plasmid pCS2_LUC_EGFP using a primer pair (Backbone2-FW/Backbone1-RV) (Table S2). The PCR-amplified fragments of nt5ea and nt5eb were ligated to backbone-B using the In-Fusion® HD Cloning Kit (Takara) to construct pCS2_nt5ea_LUC_EGFP and pCS2_nt5eb_LUC_EGFP, respectively.
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