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The world has passed peak agricultural land

Our World
. . . in Data
While sources disagree on how much land we use for agriculture they do agree that the world has passed the peak.

—HYDE 3.2 - Goldewijk et al. (2017)
e Measured from high-resolution remote sensing, and
gridded data of population density and land modelling
e Estimates global agricultural land use peaked around 2000

UN Food and Agriculture Organization (FAO)

» Measured from national census data; country reports;
and expert estimates

*Global agricultural land use peaked around 2000

Global agricultural land use (croplands plus pasture for livestock)
5 billion hectares Peaks in 2000

Pealks in 1990

4 billion hectares

Taylor and Rising (2021)
e Measured from high-resolution remote sensing, and
gridded data of population density and land modelling

3 billion hectares *Global agricultural land use peaked in the 1990s

Agricultural land use increased

rapidly from the year 1700.

By 1960, it had more than quadrupled.
2 billion hectares

1 billion hectares

—
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Sources: Goldewijk et al. (2017). Anthropogenic land use estimates for the Holocene - HYDE 3.2; Taylor and Rising (2021). Tipping point dynamics in global land use.
Food and Agriculture Organization of the United Nations.

OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.
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We need novel crop breeding methods NOW!




@ Plants mutate to adapt to changing environments
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Transposable elements

Barbara McClintock, Nobel Prize 1983
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U Crop traits influenced by transposons
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Navelina Doppio Sanguigno Tarocco
— T Transposon ruby

Transposable elements create a link

between the environment and the genome Butelli, E. et al. Plant Cell 24
Walker, A.R. et al. Plant J 49




U Stresses can mobilize transposable elements
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U We can mobilize transposable elements with
TEgenesis®

drugs
( a-amanitin + zebularine

epigenetics

Y o =)
centromere

]
Q.
o
v}
a
(o]
S
)]
<

TEs could be a powerful tool to adapt plants to different stresses

I Disclaimer: | am member of the board of epibreed AG Bepibreed

together we grow, naturally




U Novel transposable element insertions cause

diverse phenotypes
wild-type high-copy lines
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Thieme, M. et al Genome Biol; 2017;18: 134.



U Gain of heat stress responsiveness by ONSEN
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Gain of function mutation!

Roquis, D. et al., (2021). Nucleic Acids Res 49
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U Gain of drought tolerance thanks to ONSEN
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Thieme, M. et al., (2022). New Phytologist




© TE mobilization in rice and wheat for breeding
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© TE mobilization in rice: heat stress

Thousands of transposon lines grown under
heat stress, drought and control conditions
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In collaboration with

‘Tiaiwan Agricultural

)/ ResearchiInstitute)




© TE mobilization in rice: Going to the fields
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& Some phenotypes |
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& TE mobilization in wheat
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cv-24 Strand repair

24 stressed wheat varieties

(heat with epigenetic drugs) Wells et al., 2020




© TE-induced phenotypic diversity in wheat
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@ Induced pathogen resistance in wheat?

powdery mildew infection tests

Arina Kanzler

controls

9622 94202 JIW?2 mildew strains

---XZP 75

e ” XZM_192

ArinaTE lines

Collaboration with Javier Sanchez Martin and Victoria Widrig
Department of Plant and Microbial Biology, University of Zirich



¥ Innovation in crop breeding is forbidden in CH and EU
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Ethyl methanesulfonate epigenetic drugs
strong mutagen weak mutagen
v safe! X dangerous!

I The weaker the mutagen, the tougher the regulation



© Summary and outlook

Epigenetic drug treatments
Induce phenotypic diversity

We have detected novel TE
Insertions in rice

We have mobilized a TE In
wheat

In Europe: Innovations cannot
reach the farmers




Agroscope

: Nataliya =

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Haoran
/ Peng
Anahita

7" Nezhad Hadad ©

—————
E—; Marla Estefania
Hrunyk Lopez

f S
,Z‘ Mahnaz ﬁ TR
5 Katouzi ,§§ 3 :

. g / % |

Former Members:
Marta Robertson
Michael Thieme

MARIE CURIE

Département fédéral de I'économie,
de la formation et de la recherche DEFR

Agroscope

¢

[ EpiDiverse

European Training Network

Marie Mirouze

mr——
- —
IRD=
Institut de recherche
pour le développement

Javier Sanchez

Collaborations

Yue-ie Caroline Hsing

Roman Ulm Magdalena’Jquowska
@ UNIVERSITE govee
&) D GEnivE =R

Jean Masson

INRAZ

science for people, life & earth

Agroscope

Dario Fossati

Schwelzerischer Nationalfonds
Fonds national suisse

Fondo nazionale svizzero

Swiss National Science Foundation



