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To establish surrogate broodstock technology in fish, germ cell transplantation
has been developed for its application in aquaculture industries and fish
conservation approaches. To increase the efficiency of germ cell transplantation,
production of primordial germ cell-less (PGC) fish for use as recipient larvae is
required. This study therefore aimed to produce germ cell-less fish larvae using the
CRISPR/Cas9 mediated dead end (dnd) knockout technique in striped catfish
(Pangasianodon hypophthalamus). There were two experiments including 1) cloning
and characterization of dnd and its expression in various tissues and 2) development
of CRISPR/Cas9 mediated dnd knockout techniques.

In the Experiment 1, molecular characterization of dnd and its expression in
various tissues was investigated. The partial cDNA of dnd contained 1,137 bp of
open reading frame encoding 399 amino acid residues and 371 bp of partial 3’-UTR.
Characterization of dnd found that dnd contains all the predicted consensus motifs
that are shared among dnd in other fish species, including the RNA recognition motif
(RRM), N-terminal regions (NR), and four C-terminal regions (CR1-4). Phylogenetic
analysis demonstrated that Dnd clustered within the teleost Dnd. Reverse
transcription polymerase chain reaction (RT-PCR) indicated that dnd mRNA occurred
only in the testes and ovaries. Quantitative RT-PCR showed that dnd was highly
expressed in the ovaries and testes.

In Experiment 2, to optimize CRISPR/Cas9 induced dnd knockout, three sgRNAs
including sgRNA1, seRNA2 and sgRNA3 were designed to target exon encoding 5’-UTR.
The combination of two concentration of each sgRNA (100 or 200 ng/ul) and three

concentrations of Cas9 (100, 250 or 500 ng/ul) were microinjected into fertilized eggs



of striped catfish. Our results showed that there were no significant differences in the
hatching rate of fertilized eggs and survival rates of embryos as well as growth of fish
among various concentration of each sgRNA and Cas9 protein (P>0.05). These
sgRNAs/Cas9 were able to generate indel mutation including deletion (1-16 nt),
insertion (1-13 nt) and substitution (1-13 nt). Using histological study, all sgRNA/Cas9
led to a decreased number of PGC in gonad obtained from 60-dph fry, and fry
injected with sgRNA3 targeting 5’UTR near to start codon at 200 ng/uL and Cas9 at
500 ng/pL showed the lowest PGC number. The reduction of PGC number was
confirmed by in situ hybridization using antisense dnd and vasa probe. All
combinations of sgRNA/Cas9 reduced expression of germ cell marker genes including
dnd, cxcrdb, dazl, nanos1, nanos2 and vasa, and significant lowest expression levels
were observed in gonad obtained from fish injected with sgRNA3 at 200 ng/uL and
Cas9 at 500 ng/pL (P<0.05). In addition, at 1 year of age, significant lower GSI was
observed in fish injected with all seRNAs at various concentration and Cas9 at 500
ng/pL (P<0.05). Moreover, compared to control fish without sgRNA/Cas9 injection,
different morphological appearances in ovary and testis were observed in
sgRNA/Cas9 injected fish, i.e., few previtellogenic oocyte in ovary and spermatogonial
cell-less testes. Taken together, CRISPR/Cas 9 targeting dnd1 knockout at 5’-UTR was
achieved which resulted in down-regulation of dndl and lowered PGC, and the

seRNA targeted exon nearest start codon showed the highest knockout activity.
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