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Plant Breeding Process

Identify candidate
traits, rough Initial field testing in Pre-commercial and
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initial proof of genetic mapping release
concept

Genetic Engineering Process
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evaluate select o Initial field trials, Trait u.'\teg.ratlon into e!lte . efficacy trials; pre-
genetic construct, initial molecular breeding lines, broad field testing commercial and
sequences with transformation characterization of > along with regulatory compliance commercial
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of concept construct

Crop improvement process through plant breeding & genetic engineering

The Plant Genome DOI: 10.1002/tpg2.20248



A Inattivazione di un gene

CRISPR-Cas9
Taglio del doppio

M filamento di DNA
Gene
T |

o

Riunione delle estremita

- A
\, )
211% M PO

T T
T'Tr j\ T+ A

rdy,

@”é\\ Unvensim Inserzione o delezione di un nucleotide

‘vfﬁ\: \f| “‘f“? :)E: DEGLI STUDI Department of Agronomy,
O\ ‘%!-’m%’{/g DI PADOVA / Food, Natural resources,
U r— D .
A Animals and Environment



— Modifica di piu geni contemporaneamente
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CRISPR-Cas9 + Multiple guide RNAs

Gene 1 Gene 2 Gene 2
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Usando guide multiple modifico piu geni
nello stesso intervento
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Genome Editing-accelerated Re-Domestication (GEaReD) — A new major direction in plant breeding

Classical breeding approach GEaReD

A) Conventional breeding
of new cultivars with
existing material having % S
promising traits. R 9

Breeding leads to

mixing of genomes

and results in high
variety.

Combination of modern omics, Al-
supported automated screening, and
algorithm based data evaluation to
identify new candidate plants. yﬁ,}

Wild progenitor with desired
traits such as drought
tolerance, heat tolerance,
and resistance to pests.

Extensive backcrossing and testing of E
= performance is needed to isolate the

new trait and receive a favourable
cultivar.
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After a substantial amount of breeding and
backcrossing a new cultivar is generated and evaluated.

Application of
GEaReD with the
help of
CRISPR/Cas or

variants of it.

Change of 1-10 domestication
genes leading to a Proto-
domesticate with the desired
environmental adaptation of the
wild plant.

L S R et LR L et L T

Biotechnology Journal  Volume 17, Issue 7



https://onlinelibrary.wiley.com/journal/18607314
https://onlinelibrary.wiley.com/toc/18607314/2022/17/7

WILD DOMESTICATED

Il mais origina dalla domesticazione del teosinte
con successivo contributo di geni da Zea
mays ssp. mexicana circa 4000 anni dopo linizio
della domesticazione.
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Plants bred or engineered to be short can stand up better

to windstorms. They could also boost yields and benefit
the environment By Erik Stokstad

Bayer ha prodotto una varieta di mais nano per Mexico, mente altre compagnie
stanno costituendo varieta nane per gli USA. Bayer ha inoltre prodotto
mediante breeding convenzionale almeno 3 ibridi nani che sono stati testati
negli USA da circa 300 agricoltori.

Anche Corteva, proprietaria di Pioneer Hi-Bred International, sta producendo
ibridi nani mediante miglioramento genetico convenzionale.

Trasferire il carattere in ibridi affermati richiede almeno 5 anni, per cui Bayer sta
adottando strategie alternative.

SCIENCE VOL. 382, N. 666926 OCT 2023 : 364-367
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Short but sturdier o~
Tweaking growth hormones through breeding or genetic engineering can > ~N
create shorter corn plants by reducing the length of stalk segments e

between leaves. The plants are sturdier because the ears grow closer to the
ground, lowering the center of gravity. The plants also tolerate tight
spacing, thanks to more upright leaves. A smaller tassel allows
more light to reach the leaves.
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GLOBALREGULATORY LANDSCAPEFORGENE-EDITED CROPS

Established regulatory criteria for new breeding innovations in different world regions in the past decade

——

Countries where products arelikely to be
regulated as conventional new varieties
after recent regulatory policy updates.

Countries where there are noticeable
policymaking discussions over proposals to
treat SDN1 a5 conventional new varieties.

E—

Countries where SDN1 products should
be treated as GMO according to court
interpretations based on old regulations.

NORTH AMERICA

US & CANADA AMONG FIRST COUNTRIES WITH
CONCRETE REGULATORY DECISIONS ON

NEW BREEDING INNOVATIONS
SOYBEANS PRODUCING HIGH-OLEIC &’
SOYBEAN OIL SOLD AS CALYNO

FIRST COMMERCIALIZED GENE-EDITED CROP
IN THE US IN 2019 DEVELOPED USING TALENS

EU PROPOSAL ON NEW GENOMIC TECHNIQUES
RELEASED IN JULY 2023
UK'S PRECISION BREEDING BILL
9 INTRODUCED IN MAY 2022; BECAME A LAW
IN MARCH 2023 AFTER RECEIVING ROYAL ASSENT
aimmm !\ TRODUCES SCIENCE BASED AND STREAMLINED
=== REGULATORY SYSTEM TO FACILITATE RESEARCH

MALAWI (AUGUST 2022)
GHANA (OCTOBER 2023)

LATIN AMERICA

= 8 COUNTRIES WITH ESTABLISHED CRITERIA
® ' OF NEW BREEDING INNOVATIONS:
BRAZIL ¢ CHILE » COLOMBIA * ECUADOR
A .
ARGENTINA

PIONEER REGULATION
ARGENTINA [(0liN 2ot

‘GENE-EDITED NON-BROWNING POTATO ‘

DEVELOPED USING CRISPR RELEASED IN 2018

ASIA AND THE PACIFIC

AUSTRALIA, JAPAN, PHILIPPINES, AND INDIA
ISSUED IMPLEMENTING REGULATIONS AND SOME
APPROVED THEIR FIRST GENE-EDITED PRODUCTS

A, JAPAN

STARTED SALE OF GENE-EDITED
HIGH GABA TOMATO IN 2021

PHILIPPINES
REDUCED BROWNING GENE-EDITED BANANA
DETERMINED AS NON-GMO IN 2023
»  FIRST GENE-EDITED PROI
THROU

> DUCT TO GO
IGH THE PHILIPPINES’ GENE EDITING
REGULATORY PROCESS

For more information, visit:
www.Isaaa.org

Sources:
1SAAA. 20

4 COUNTRIES WITH ESTABLISHED GUIDELINES
ON NEW BREEDING INNOVATIONS:
NIGERIA (FEBRUARY 2022)
v KENYA (MARCH 2022)

SON1:site-directed nuclease

‘GMO: genetically modified organism

TALENS: ranscription activator-like effector nucleases
e

primer
ISAAA Inc. Innovations for Food Security. [S444 Bief No. 56.
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