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



Ray DK et al 2013



The breeder’s equation

i Selection intensity

r Selection accuracy/reliability

g Genetic variance

Lg Length of breeding cycle



5G



5G: the molecular genetics tools in the 
new breeding 

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

Varshney et al., 2020
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Pangenome graph
Previous genome reference
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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
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Genomic 
breeding



The planet 
boundaries & 
biotech













What is the maximum yield we may expect
for a crop?
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Project leader Paul South assesses the progress of engineered tobacco plants grown in real-world conditions © Claire Benjamin/RIPE Project



• introduction of 
perennialism into 
annual crops

•de novo domestication 
of wild, perennial 
species.

Radical solutions

Thinopyrum intermedium





Toward an ideal 
carbon-capturing 
crop plant. 



Methane emissions



Sustainable rice intensification (SRI)

https://www.frontiersin.org/articles/10.3389/fsufs.2021.675818/f
ull



SUSIBA rice

• Reduced total CH4 
emissions

• Less microbes involved in 
CH4 emissions

• Yield traits are 
comparable or greater

• Decrease in soil organic C





Xerohyta viscosa

XvSap, XvPrx2 and XvAld



Water Efficient Maize for Africa 
(WEMA)



HB4

• First drought and salt tolerant soybean
in 2019.

• The gene responsible for the new 
technology is HB4, → soybeans, wheat

• The seed is owned by Bioceres.

HaHB4 (Helianthus annuus homeobox 4)→wheat 

https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=79a763dfa9&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=14cc255224&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=23eb20d045&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=31b49bd0bd&e=319718784f


DroughtGard

• Cold shock protein B gene

– Gene CspB, from B. subtilis

• CSBs act as RNA chaperones

– Bind and unfold tangled RNA molecules 
to promote normal function



CRISPR and drought resistance

• ARGOS8 negatively regulates 
ethylene response

• Overexpression → reduced 
sensitivity to ethylene → higher  
yield under drought

• CRISPR-Cas to obtain ARGOS8 
with more active promoter → 
higher levels of ARGOS8 in all 
tissues

• Higher level even under irrigation



The breeder’s equation

i Selection intensity Genome breeding

r Selection 
accuracy/reliability

Genome assembly

g Genetic variance Genome editing

Lg Length of breeding 
cycle



“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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