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Our world is all about viruses. Has been and will be!
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Climate change might add other challenges to crop protection
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In the news
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Consequences of a new quarantine disease

OPERATIONAL COST & COMPLEXITY  INCRESASE across the value chain, from 
research, to seed production, and tomato producers and traders.  

SOCIAL STIGMA & ECONOMIC IMPACT due to TRADE DISRUPTION  to growers. 

COST PRICE OF SEED INCREASES making it more difficult to produce for 
emerging markets with a low seed price.
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A global crop, a global threat 

Source: https://gd.eppo.int/
Source: our world in data.

ToBRFV has spread fast globally.

virus presence

https://gd.eppo.int/taxon/TOBRFV/distribution
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Genus Tobamovirus, family of Virgaviridae

Single stranded genomic RNA

6.3-6.6 kb genome size

37 species in tobamovirus group

Consists of two groups

• Tobamovirus group 1 - Solanaceae

• Tobamovirus group 2 – Cucurbit viruses

Tobamoviruses are very stable and can survive for long times

The tobamoviruses

Source: Luria et al., 2017. PLOS ONE
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The tobamoviruses are a large group and are very stable

https://talk.ictvonline.org/cfs-file/__key/communityserver-wikis-components-files/00-00-00-00-84/OPSR.Virga.Fig16.png
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Covid-19 as an example of rapid evolution and adaptation
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Discovery of a new tomato virus

September 2014: outbreak with a new virus in tomato in Israel

Two diagnostic samples arrived for analysis in Enkhuizen

Saudi Arabia (Jan. 2015)

Jordan (June 2015)

Looked like tomato or tobacco mosaic virus (ToMV / TMV) -> ToMV Elisa positive

However, both virus isolates break ToMV / TMV resistance!

Sequencing: tobamovirus with 80-85% identity with ToMV and TMV -> new virus!

First described in a paper by Salem et al. in Nov. 2015: Tomato Brown Rugose Fruit 
Virus (ToBRFV)

ToBRFV: a new Tobamo virus found in 2014
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Virus spreads:

• Seeds

• Water

• Irrigation water

• Pollen 

• Bumblebees

• Mechanically/Contact

• Hands and tools

• Tobacco/cigarettes

• Fresh fruits/Tabasco (sauces)

Co-infections with other viruses make symptoms worse and 
plants more susceptible

Up to 100% yield loss

Tobamovirus epidemiology

Virus is very contagious and spread by all kind of media.

Source: Plants 2020, 9, 623; doi:10.3390/plants9050623
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Nature to the rescue: The quest for a resistance source

~800 wild Solanum accessions screened
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Found in a wild Tomato accession

Nature provides the solution: ToBRFV HR Resistance
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Finding a needle in a haystack followed by hard work to get it in our lines

Single gene giving full dominant resistance (like Tm22)

Introgression in cultivated tomato plants.

Traditional breeding techniques.
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ToBRFV locus (enabling technology).
ONT Sequencing and assembly (Keygene).

IsoSeq data for further refinement.

Resistance source contains a region that is 
68 kb larger than SL2.40.
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Technology allows for fast introgression of the resistance in our varieties by MABC

MABC - commonly used pipeline at ENZA ZADEN when a 
new trait is discovered

Fast introgression with help of molecular markers to quickly 
introgress a new trait in a (fi) elite parental line

Basis is classic recurrent backcrossing

with the help of molecular markers the highest % 
recurrent parent (RP) is calculated/selected after each 
backcross (BC)
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In our experiments, the tomato crops remained symptom-free and virus-free

Resistant in lab test

Resistant in field tests Jordan 2019-2020 and more recently in Mexico.

After infection, no virus present in the plant (PCR)

No symptoms

From viral detection (2014) to trialing resistant varieties (2020)

HR resistance can help eradicate the virus.
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Society – Nature - Technology

Fragile trust in technology

Nature poses
Challenges but also

offers solutions

Technology allows us
to make better use

of nature
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Together, in the fight against ToBRFV
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Stay connected with us, and register at:
www.enzazaden.com/keep-me-informed-ToBRFV

http://www.enzazaden.com/keep-me-informed-ToBRFV
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Regulatory landscape

Europe:
• Ongoing EU Commission stakeholder 

consultation (Enza participation)
• Study to be ready in April 2021
• France: the French Minister of 

Agriculture regarding the products of 
new breeding techniques. He 
expresses his support to no longer 
regulate them as GMO’s on EU level.

USA:
• Further clarification on the 

governmental requirements for 
commercialisation of GE products


