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In the last decade, we have made remarkable progress in genome editing technologies 
which allow us to induce mutations into target genes of interest. It is an innovation of 
mutation breeding, and will contribute to establish a global food security. On the basis of 
such progress, Japanese government has created a novel project named as “Establishment 
of new breeding techniques”, leaded by this presenter, in which we are applying genome 
editing techniques for agriculture, forestry and fisheries under the frame of the 
Cross-ministerial Strategic Innovation Promotion Program (SIP). The project includes four 
research groups, Group1/Next-Generation Breeding Techniques Consortium, 
Group2/Omics Breeding Technology Consortium, Group3/Genome Editing Breeding 
Consortium, and Group4/Social Implementation Consortium. The Group1 aims to develop 
novel genome editing techniques for plants and animals, the Group2 aims to search target 
genes for genome editing, the Group3 aims to create genome editing crops and fishes 
which are capable of implement to our society, and the Group4 aims to develop 
methodologies for social implementation of the genome editing products. So far, the Group3 
are trying to create genome editing products including super-yielding rice, high value-added 
tomato, natural toxin-free potato with health-promoting function and easy-aquafarming tuna 
fish, which can contribute to establish the next-generation agriculture, forestry and fisheries 
systems in Japan. In this presentation, I am going to briefly introduce the research activities 
and current status of application of genome editing techniques in the Group 3 of SIP 
program, specially focused on tomato genome editing. I also would like to discuss 
challenges in the implementation of such genome editing products.  
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Group1/Next-Generation Breeding 
Technology Consortium�

Group3/Genome Editing Breeding 
Consortium�

RL: Ezura H (Univ. Tsukuba)

Group2/Omics Breeding 
Technology Consortium�

RL

Group4/Social Implementation 
Consortium�

RL: Ohsawa R (Univ. Tsukuba)

Genome editing techniques 

Information on target genes 

Generation of genome  
editing products 
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Cross-ministerial Strategic Innovation 
Promotion Program(SIP), supported by CAO, 
Japan. 
Technologies for Creating Next-Generation 
Agriculture, Forestry and 
Fisheries.  
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Increase by genome editing technique  
the grain number 
the grain size  

Current cultivar 
(japonica) 
(5 ton/ ha)

Selected line 
(crossed with indica 

line)  
(10 ton/ ha

Genome editing rice 
(Green house) 

We got null segregants 
bred by genome editing for 
the grain number or the 
grain size using the 
CRISPR/Cas9 system. 

Field trial 
(Isolated field in Tsukuba) 

2017 2019 By courtesy of ANDO, NARO 

1 Field evaluation on the yielding ability of the genome 
editing rice with enlarged sink size. 

 
 2 Development of super-high yield cultivation technology 

using the parental lines for genome editing.  
 
 3 Continuous research on mechanism and genes to improve 

the translocation and grain-filling ability.  
 
 4 Development of growth prediction model for precise 

management and low cost production

By courtesy of ANDO, NARO 
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Potato

Toxin is abundant (~1% dry wt.)  in sprouts and 
light-induced green tubers.  
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Steroidal glycoalkaloid (SGA)

  SGA-free potato 
  Safety 
  Cost down for storage and 

breeding 
  Use of wild germplasms 

  SGA-free and functional 
compound-rich potato 
  Phytosterol 
  Steroidal saponin

By courtesy of MURANAKA, Osaka Univ 

Potato

  Platinum TALEN 
  Complete disruption of 

target gene (SSR2) in 
tetraploid potato 

  Drastic reduction of SGA 
in KO lines 

tGGGGCTTCTTGTTTCAgctgaaatcaagcttATACCAGTTGATCAATa
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  11-4
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  11-5
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  11-13
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  11-14
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  11-15
TGGGGCTTCTTGTTTCAGCTG------AGCTTAAACCAGTTGATCAATA  11-12
TGGGGCTTCTTGTTTCAGCT---------------CCAGTTGATCAATA  11-1
TGGGGCTTCTTGTTTCAGCT---------------CCAGTTGATCAATA  11-9
TGGGGCTTCTTGTTTCAGCT---------------CCAGTTGATCAATA  11-11
(64 bp deletion)-----------AGCTTATACCAGTTGATCAATA  11-3
(64 bp deletion)-----------AGCTTATACCAGTTGATCAATA  11-7
(64 bp deletion)-----------AGCTTATACCAGTTGATCAATA  11-10
(64 bp deletion)-----------AGCTTATACCAGTTGATCAGTA  11-2
--------------(98 bp deletion)-------------------  11-6
--------------(98 bp deletion)-------------------  11-8

#11
tGGGGCTTCTTGTTTCAgctgaaatcaagcttATACCAGTTGATCAATa
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  71-2
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  71-10
TGGGGCTTCTTGTTTCAGCTG------AGCTTATACCAGTTGATCAATA  71-15
TGGGGCTTCTTGTTTCAGCTG------GGCTTATACCAGTTGATCAATA  71-9
TGGGGCTTCTTGTTTCAGCT---------CTTATACCAGTTGATCAATA  71-4
TGGGGCTTCTTGTTTCAGCT---------CTTATACCAGTTGATCAATA  71-6
TGGGGCTTCTTGTTTCAGCT---------CTTATACCAGTTGATCAATA  71-11
TGGGGCTTCTTGTTTCAGCT---------CTTATACCAGTTGATCAATA  71-14
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-1
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-3
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-5
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-7
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-8
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-12
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-13
TGGGGCTTCTTGTTTCAGCT----------TTATACCAGTTGATCAATA  71-16

#71

#186
tGGGGCTTCTTGTTTCAgctgaaatcaagcttATACCAGTTGATCAATa
(54 bp deletion)---------------TATACCAGTTGATCAGTA  186-5
(54 bp deletion)---------------TATACCAGTTGATCAGTA  186-9
(54 bp deletion)---------------TATACCAGTTGATCAGTA  186-10
(54 bp deletion)---------------TATACCAGTTGATCAGTA  186-11
--------------(76 bp deletion)-------------------  186-8
--------------(180 bp deletion)------------------  186-4
--------------(180 bp deletion)------------------  186-12
--------------(180 bp deletion)------------------  186-13
--------------(283 bp deletion)------------------  186-1
--------------(283 bp deletion)------------------  186-6
--------------(283 bp deletion)------------------  186-7
--------------(283 bp deletion)------------------  186-14
--------------(283 bp deletion)------------------  186-16
----(136 bp deletion + 49 bp insersion)----------  186-2
----(136 bp deletion + 49 bp insersion)----------  186-15
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Potato
  Crossing transgenic SSR2 

KO lines to obtain “null 
segeregants” 

  Test in isolated field 
  Establishment of DNA-free 

genome editing of potato

Potato fruits on a self-fertile line

Artificial nuclease
expression cassette

Active
 target gene

Inactive 
taget gene

Female Male 

×

Null segregants

By courtesy of MURANAKA, Osaka Univ 

To alleviate the pressure on the wild fishery of the bluefin tuna 
and aid in its conservation, the domestication of this fish and  
the development of a sustainable industry are necessary

However, the occurrence of collision death of 
bluefin tuna during the seed production, other 
rearing, storage or transportation. It has imposed 
huge economic losses on tuna farmers. Tuna 
can be easily frightened by sudden flashes of 
bright light, which can startle them and cause 
them to panic and bump into the cage walls. 

The final goal is to produce improved tuna varieties with targeted genetic  
modifications that are difficult to obtain through traditional breeding methods 

Completely farm-raised bluefn tuna

Collision Death 

Wild bluefin tuna

By courtesy of GEN, FRA 
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Development of Platinum TALEN system for 
high efficient genome editing in bluefin tuna

Research in Progress !!
Phenotypic analysis of genome-
edited bluefin tuna

Identification of candidate genes associated 
with collision death of bluefin tuna  (light 
response, fast moving etc.)

Development of land-based seed production 
systems of genome-edited bluefin tuna 

Target gene :  
light response- 
related gene 

Construction of character evaluation device 
and method for genome-edited bluefin tunag

By courtesy of GEN, FRA 

Technical Challenges Public Acceptance 

Future Research Plans 

Development and application of gene editing technologies  
and the associated regulatory frameworks in aquaculture 

Expand the reliable target genes

Pyramiding multiple genes

Off-target cleavage prediction 
and prevention

Development of a new approach  
for targeted gene editing in zygotes

Guideline for regulatory compliance  
of genome editing technology in fish

Possibility that escaped fertilized 
eggs and larvae may have genetic 
and ecological effects on wild 
populations 

Food safety (allergenicity studies etc.) 

By courtesy of GEN, FRA 

ILSI Workshop on Genome Edting Technology in Agriculture (10 July, 2017) 04 Dr. Ezura



Fruit setting 
(Parthenocarpy) Self-life 

Sugar  
accumulation 

Nutrition 
(GABA, etc.) 

For P, V, C 

P: Producer 
V: Vender 
C: Consumer 

For C 

For P 

For C 
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GAD2ΔC30　 

High GABA tomato 

SlGAD2 or 
SlGAD3 
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Genome editing tomato *GABA can lower blood pressure. 

(Nonaka et al., In press., 2017) 
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(Shimatani et al., Nature Biotech., 2017) 

Target-AID vectors induce amino 
acid substitutions and phenotype in 
genome-edited tomato plants. 

(Ueta et al., Sci. Rep., 2017) 
Genome-edited tomato plants 
showed parthenocarpy.  
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SIP program ends in 2018. We would like to commence 
the social implementation at least in 2019. 
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