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Genome-edited food products for which notification has been completed in Japan

No. Name
Date of 

Notification
Notifiers

Market launch 
date

1
Tomatoes with partially modified glutamic 

acid decarboxylase gene to increase GABA 
content

December 11, 
2020

Sanatech Seed 
Co.,Ltd.

September 1, 
2021

2

Increased edible portion red sea bream
September 17, 

2021
Regional Fish 
Institute, Ltd.

October 1, 2021

Additin of strains
December 5, 

2022
Regional Fish 
Institute, Ltd.

January 1, 2023

3

High-growth tiger puffer
October 29, 

2021
Regional Fish 
Institute, Ltd.

November 1, 
2021

Additin of strains
December 5, 

2022
Regional Fish 
Institute, Ltd.

January 1, 2023

4 PH1V69 CRISPR-Cas9 waxy corn March 20, 2023
Corteva Japan 
Ltd.

undecided

5
Tomatoes with partially modified glutamic 

acid decarboxylase gene to increase GABA 
content

July 27, 2023
Sanatech Seed 
Co.,Ltd.

undecided

6 High-growth Japanese flounder
October 24, 

2023
Regional Fish 
Institute, Ltd.

undecided
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myostatin gene 

(mstn)

CRISPR-Cas9 system 

Genome editing tool :

Target Fish :

Target gene : 

Red sea bream  

（Pagrus major）

Disruption of mstn in Red sea bream



Design CRISPR-Cas9   (sgRNA)

exon1 exon2 exon3

Red sea bream myostatin gene

ATG STOP

C-terminal active peptide domain

sgRNA No.1

AATATCAGCCGGGACATCGTGAAGCAGCTCCTGCCCAA
３’５’

TTATGGAGGAGGACGATGAGCACGCCATCACGGAGACG

sgRNA No.25’ 3’

Fw

Primer

Rv

Primer



sgRNA :         25ng/ul

Cas9 RNA:  100ng/ul

Microinjection

1,000-3,000 eggs / person / day



Increased muscle mass in 2nd generation

mstn KO (F2) Wildtype

329-days old
Kishimoto et al. (2018) Aquaculture 495, 415–427 



Wildtypemstn KO (F2)

1 year old

Increased muscle mass in 2nd generation

20% increase in edible portion !



Mature KO 
fish
（1st

generation）

Apr-May

2014

4 years to establish new breed

Breeding 2nd

generation
(27 fish)

Micro-

injection

Mass 
production
（3rd generation

）
Millions 

of eggs

Apr-May

2016

Apr-May

2018

Mature KO 
fish
（2st

generation）



Mature KO 
fish
（1st

generation）

Apr-May

2014

4 years to establish new breed

Breeding 2nd

generation
(27 fish)

Micro-

injection

Mass 
production
（3rd generation

）
Millions 

of eggs

Apr-May

2016

Apr-May

2018

Mature KO 
fish
（2st

generation）

34



Estimated Food Safety Risks for Genome-

Edited Red Sea Bream

1. Residual genome editing tool (Cas9, sgRNA)

2. Effects of off-target mutations

3. Biosynthesis of new proteins due to partial 

deletion of target genes

4. Changes in metabolite composition due to 

loss of function of the target gene

Toward distribution of genome-edited fish
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Detection of Cas9 and sgRNA, and the DNA 

sequences used in their synthesis

NextSeq 550

16.25-120Gb

Output range

Genome size of red sea bream: 

about 800Mb

Analysis of about 30 Gb of the genome of 

genome-edited fish 

(About 40 times as many bases as the 

genome of the sea bream)

↓

No Cas9, sgRNA, etc. detected 

↓

No genome editing tools remain
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2. Effects of off-target mutations

In the case of the CRISPR-Cas9 system, it 

recognizes and cleaves one part (18 bases) of 

the target gene, but it is possible that it may 

incorrectly cleave a similar sequence.

sgRNA

Cas9

AGCTGCTTCACGATGTCC



Example of off-target analysis
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Allergen analysis of genome-edited fish

14 base deleted individuals (-14)

MHPSQIVLYL SLLIVLGPVV LSDQETQQQQ QQQQQQQPSA TSPEDTEQCA 

MHPSQIVLYL SLLIVLGPVV LSDQETQQQQ QQQQQQQPSA TSPEDTEQCA

TCEVRQQIKT MRLNAIKSQI LSKLRMKEAP NISRDIVKQL LPKAPPLQQL 

TCEVRQQIKT MRLNAIKSQI LSKLRMKEAP NISRDIVKQL LPKAPPLQQL

LDQYDVLGDD NRDVVMEEDD EHAITETIMM MATEPESVVQ VDGEPRCCFF 

LDQYDVLGDD NRDVVMEEDD EHDYDDGH

SFTQKIQANR IVRAQLWVHL RASDEATTVF LQISRLMPVT DGNGHIHIRS 

LKIDVNAGVG SWQSIDVKQV LSVWLRQPET NWGIQINAFD SRGNDLAVTS 

AEPGEDGLQP FMEVKISEGP KRVRRDSGLD CDENSPESRC CRYPLTVDFE 

DFGWDWIIAP KRYKANYCSG ECEYMHLQKY PHTHLVNKAN PRGSAGPCCT 

PTKMSPINML YFNRKEQIIY GKIPSMVVDR CGCS

WT:

-14:

-14:

-14:

50

100

150

388

117

128

WT:

WT:

WT:



Allergen Prediction Results for Genome-Edited red sea bream

-14 (1-128 a.a.) WT (1-150 a.a.)

FAO/WHO

(>35% in 80 a.a)

VL(1)GPVVLS(1)D

QE(1)TQQQQQQQ

QQQQP

（gliadin）

VL(1)GPVVLS(1)D

QE(1)TQQQQQQQ

QQQQP

（gliadin）

Table 2. Comparison of the new amino acid sequence and 

its upstream 10 amino acids as a query

-14 (10＋new a.a.) WT

FAO/WHO

(6 a.a exact match)
No -

Motif-based(ADFS) No -

Epitope search

(ADFS)
No -

Table 1. Full-length sequence comparison (wild type retrieved 

up to 150 amino acids)
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①Transcriptome analysis of skeletal muscle 

(3 mutant fish, 3 WT fish)

②Metabolome analysis of skeletal muscle

(6 mutant fish, 3 WT fish)

Genome mRNA

Transcriptome
Proteins

Proteome

Metabolites

Metabolome

Proteins

Nucleic acids

Sugars

Lipids, etc.

Transcription Translation Metabolism

Sample

Left side dorsal muscle: Transcriptome 50mg, Metabolome 1 g

Transcriptome and metabolome analysis 
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Using R; Spearman's rank correlation 

coefficient and ward’s method 

Transcriptome analysis
ーComparison between WT and Mutant fishー
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Gene expressing higher

Average expression level

A =(log2(mstn-/-) + log2(control)) / 2 

※ DEG : Differentially Expressed Gene

FDR < 0.05 ; 1159

FDR < 0.1   ; 1718

total genes ; 22878
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Gene expressing higher

Average expression level

A =(log2(mstn-/-) + log2(control)) / 2 

※ DEG : Differentially Expressed Gene

FDR < 0.05 ; 1159

FDR < 0.1   ; 1718

total genes ; 22878

Gene expression patterns 

are different between 

Mutant and WT fish.



Using R; Spearman's rank correlation coefficient and ward’s method 

MSTN 1-3: -14/-14 

MSTN 4-6: -14/-8

0

0.02

0.04

WT and mutant 

fish not separated

There is no 

clear 

difference 

between them.

Metabolome analysis
ーComparison between WT and Mutant fishー

Hierarchical clustering



Regional Fish Institute, Ltd., established in April 2019



Rules for the Use of Genome-Edited Foods and 

Relevant Ministries and Agencies

1. Whether or not the organism is genetically 

modified (the Ministry of the Environment)

2. Characteristics of the organism and how to 

cultivate it (the Ministry of Agriculture, Forestry 

and Fisheries)

3. Safety as food (the Ministry of Health, Labour

and Welfare)

4. Labeling (the Consumer Affairs Agency)

Toward distribution of genome-edited fish
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YES
NO

Not a genetically modified 

organism

(Not subject to regulation)

Genetically modified 

organism

(Subject to regulation)

NO
YES

Whether or not the organism is genetically modified 

(Ministry of the Environment, 2019)

Is the organism introduced with extracellularly 

processed nucleic acids (DNA and RNA)?

Is the organism confirmed to have no 

residual transferred nucleic acid or its 

replicates?



Rules for the Use of Genome-Edited Foods and 

Relevant Ministries and Agencies
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Prior consultation and notification to the Ministry 

of Agriculture, Forestry and Fisheries (2021)

Submit additional information if needed

Submission of information form and report of when 

to start shipping the product (notification) 

Verify additional information

・Characteristics of the organism ・Genetically modified organisms 
or not ・Production methods and its process
・Rearing facilities and methods ・Use as a material for feed

Hearing from academic experts

Determined to be 

applicable for notification
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Prior consultation and notification to the Ministry 

of Health, Labour and Welfare (2019)

Submission of information form and report of when 

to start shipping the product (notification) 

If necessary, the Food Safety Commission discuss the 

matter

・Production methods and its process ・Genetically modified 
organisms or not ・Presence of off-target mutations
・Presence of allergens ・Effect on metabolism

Expert Committee on Genetically Modified Foods, etc.

Determined to be 

applicable for notification
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Labeling (Consumer Affairs Agency, 2019)

The items notified to the Ministry of Health, Labour

and Welfare are those for which the business 

operator provides information on labeling, etc. to the 

consumer.

(obligation to make effort)

Not subject to labeling under the Food Labeling 

Standard at this stage

（No obligation to label）



•Press Conference on 
Completion of 
Notification (17 Sep 
2021)

•This was the first case 
in the world where a 
government authorized 
the distribution of 
genome-edited fish.



Crowdfunding sales

Online store



Contributors

Kyoto University  :

Kindai University  :

Japan Fisheries Research 

and Education Agency

Masato KINOSHITA

Yohei WASHIO

Yasutoshi YOSHIURA

Atsushi TOYODANational Institute of Genetics  :

:

All stuffs and students involved in the selective breeding 

and genome editing of red sea bream in Kindai University 

Regional fish institute: Mitsuki Ohama

Kenta KISHIMOTO

Tadanori UMEKAWA



Thank you for your attention!
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