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“I DON’T BELIEVE IN DNA”
(TOBACCO BREEDER, 2008)



Ray DK et al 2013



5G



5G: the molecular genetics tools in the 
new breeding 

•Genome assembly
•Genomic breeding
•Genome Editing
•Germplasm characterization
•Gene Function

Varshney et al., 2020



Genome

assembly



La pangenomica



Strength of resenquencing

CORE: Genes 

which exist in 

all high-quality 
rice accessions

DISTRIBUTED:

Genes which 

exist in 

significantly less 

than 90% of 
accessions



Benefit to plant breeding from pangenomics

IMPROVED GENE 
PREDICTION / ANNOTATION

MACHINE LEARNING

Link structural 
variation to 

quantitative traits

1.Identify genes 
lost during 
domestication

2.Domesticate 
new varieties

https://pmc.ncbi.nlm.nih.gov/articles/PMC8910360/
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Domestication of 
wild tomato

11



Genomic

breeding





Genomic 
breeding



The planet 
boundaries & 
biotech



environmental processes 











What is the maximum yield we may expect
for a crop?





RUBISCO



C4 rice consortium
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Project leader Paul South assesses the progress of engineered tobacco plants grown in real-world conditions © Claire Benjamin/RIPE Project



Engineering the 
ligule for increased 

biomass
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A rice plant with broken breaks
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https://www.nature.com/articles/s41587-021-00982-9

FTO rice



• introduction of 
perennialism into 
annual crops

•de novo domestication 
of wild, perennial 
species.

Radical solutions

Thinopyrum intermedium





Methane emissions

World resources report



SUSIBA rice

• Reduced total CH4 
emissions

• Less microbes involved in 
CH4 emissions

• Yield traits are 
comparable or greater

• Decrease in soil organic C







CTV news



Xerohyta viscosa

XvSap, XvPrx2 and XvAld



Water Efficient Maize for Africa 
(WEMA)



CRISPR and drought resistance

• ARGOS8 negatively 
regulates ethylene 
response



DROUGHTGARD







HB4

HaHB4 (Helianthus annuus homeobox 4)→wheat 



Wheat breeding 
programs in Australia

Novel wheat varieties facilitate deep sowing to beat the heat 
of changing climates, 2022



Tolerance to 
salinity

48

Long Delta Rice 

Research Institute

SalTol QTL



“Sometimes I feel unease thinking 
of the quality of data that are 
driving breeding innovation in 

maize”
(Maize breeder, private company, 2024)



“It’s not a fantasy. This isn’t a 
thing that maybe in 25 years will 

be happening; it’s happening right 
now.”

J. Doudna on Editing applied to plants, 2024
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