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Application of CRISPR-Cas13a System in Downregulation of Zebrafish Genes

XU Mengting, XIAO Wei, LIU Dong*, DUAN Xuchu*

(School of Life Science, Nantong Laboratory of Development and Diseases,
Key Laboratory of Neuroregeneration, Nantong University, Nantong 226001, China)

Abstract This study aims to establish and validate a CRISPR-Cas13a-based system for downregulating
gene expression in zebrafish. In the study, the transgenic reporter gene egfp and the endogenous zebrafish genes ta
and fabplla were selected as target genes for the CRISPR-Cas13a system. Corresponding specific guiding crRNAs
and their mutants were designed and synthesized. Cas13a and dCas13a expression vectors were constructed. After
in vitro transcription, Casl3a/dCas13a-mRNAs and the guiding crRNAs/crRNA-muts of target genes were co-in-
jected into AB and Tg(B-actin:loxp-egfp-stop-loxp-DTA) zebrafish embryos. Phenotypic observation and qRT-PCR
analysis were performed to detect the downregulating effects of Cas13a on the target genes. Following co-injection
of Cas13a-mRNA and egfp-crRNA, fa-crRNA, or fabplla-crRNA respectively, phenotypic observations revealed
markedly reduced GFP signals and developmental defects on tails or eyes, which varied among target genes. qRT-
PCR detection confirmed the reduction of target gene transcripts. CRISPR-Cas13a systems with dCasl3a or mu-
tated crRNAs failed to reduce target genes expression. The results indicated that CRISPR-Cas13a system could

effectively knock down target gene expression in zebrafish.
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Table 1 Primer sequences of synthetic crRNA

ElEZEAR S

Primer name

SIPIFFI(S—3)

Primer sequences (5'—3")

egfp-crRNA-F

TAA TAC GAC TCA CTA TAG GGG TTT TAG TCC CCT TCG ATATTG GGG

TGG GCA CTG CAC GCC GTA GGT CAG GGT GGT C

egfp-crRNA-R

GAC CAC CCT GAC CTA CGG CGT GCA GTG CCCACC CCAATATCG

AAG GGG ACT AAAACC CCT ATA GTG AGT CGTATT A

egfp-crRNA-mut-F

TAA TAC GAC TCA CTATAG GGG TTT TAG TCC CCT TCG ATATTG GGG

TGG GCA CTG CAC AAA AAT AAT CAG GGT GGT C

egfp-crRNA-mut-F

GAC CAC CCT GAT TAT TTT TGT GCA GTG CCC ACC CCA ATATCG AAG

GGG ACT AAAACC CCT ATA GTG AGT CGTATTA

ta-crRNA-F

TAA TAC GAC TCA CTA TAG GGG TTT TAG TCC CCT TCG ATATTG GGG

TGG TAC GGG TGC TTT CAT CCA GTG CGC GCC G

ta-crRNA-R

CGG CGC GCA CTG GAT GAAAGC ACC CGT ACCACC CCAATATCG

AAG GGG ACT AAAACC CCT ATA GTG AGT CGTATT A

fabp1la-crRNA-F

TAA TAC GAC TCA CTATAG GGG TTT TAG TCC CCT TCG ATATTG GGG

TGG TTG TCG CTG GTG GTCATT TTC CAC GTT C

fabplla-crRNA-R

GAA CGT GGAAAA TGA CCA CCA GCGACAACCACC CCAATATCG

AAG GGG ACT AAAACC CCT ATA GTG AGT CGT ATT A

2 qRT-PCR3|¥1F%]
Table 2 qRT-PCR primer sequences

CIR/ RS SIIFFAI(5—3")

Primer name Primer sequences (5'—3")

egfp-qPCR-F CAC CAT CTT CTT CAA GGA CGA
egfp-gPCR-R GTT GTG GCT GTT GTA GTT GTA
ta-qPCR-F GCA TAT CAG AAT GAA GAG ATT ACC
ta-qPCR-R CGA GTT GTG AAT ATC CAG ATT G
fabplla- qPCR-F TTG CTA CTC GTC AGG TTG

fabplla- qPCR-R TCG TGG TCT TTC TGT CAT C
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A: schematic representation of zebrafish microinjection. B: following microinjection of embryos with Casl13a-mRNA and egfp-crRNA, EGFP fluores-
cence was detected in embryos of transgenic zebrafish Tg(f-actin:loxp-egfp-stop-loxp-DTA) at 48hpf; C: egfp mRNA was analysed using qRT-PCR,
*P<0.05, **P<0.01.
Bl CRISPR-Cas13aZ % NAM D &R EEEegphiRix
Fig.1 CRISPR-Casl3a system induces report gene egfp knock-down in zebrafish
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A: following microinjection of embryos with ta-crRNA and Cas13-mRNA, the phenotype of injected embryos was observed at 48hpf. B: the tail pheno-
types were analyzed at 48hpf. C: ta mRNA was detected by qRT-PCR, ***P<0.001.

2 CRISPR-Cas13aZ %t MAKR D& NIRERWITIL
Fig.2 CRISPR-Cas13a system induces endogenous genes fa knock-down in zebrafish
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A: following microinjection of embryos with fabplla-crRNA and Cas13-mRNA, the phenotype of injected embryos was observed at 72hpf. B: the eye
phenotypes were analyzed at 72hpf. C: fabplla mRNA was detected by qRT-PCR, ***P<0.001.

[El3 CRISPR-Cas13aZR%t NEBED & NIREE fabpllaFit
Fig.3 CRISPR-Casl3a system induces endogenous genes fabplla knock-down in zebrafish
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Fig.4 CRISPR-Casl3a system induces endogenous genes ta and fabp1la knock-down in zebrafish
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A: schematic diagram of Casl13a domain. B: egfp-crRNA was co-injected with Casl3a-mRNA and dCas13a-mRNA separately, and egfp fluorescence
was detected in embryos of transgenic zebrafish 7g(hb9:egfp) at 48hpf. C: egfp mRNA was detected by qRT-PCR, ****P<(0.000 1. D: schematic dia-
gram of Cas13a/crRNA-mediated gene targeting egfp. The mismatched base in egfp-crRNA mutation is highlighted in red. Following microinjection
of embryos with egfp-crRNA-mut and Cas13a mRNA in Tg(f-actin:loxp-EGFP-stop-loxp-DTA), the expression was observed at 48hpf. E: egfp mRNA
was detected by qRT-PCR at 48hpf, *P<0.05, **P<0.01, ns: no signiﬁcance
[E5 Cas13aflcrRNASRZE f53fCas13aiE RIS 5347
Fig.5 Analysis of the effect of Cas13a and crRNA mutation on the activity of Cas13a
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