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4.Relevance of the topic and state of the art:

Rice is the main crop for human nutrition worldwide and it is predominantly cultivated in
Southern Asia. Within Europe, the main rice producer is North Western Italy, where many
varieties adapted to local environments and optimized for consumers requirements are
grown. Decades long efforts of local breeders kept improving Italian rice varieties for many
important breeding traits. Lugano Sementi s.r.l. is a rice seed company with a breeding
department that developed many elite varieties that are currently among the most cultivated
in Europe. Rice cultivation is currently facing unprecedent struggles for access to required
inputs. In particular water scarcity, increased pricing for fertilizers and agrochemicals and
uncontrolled disease infections are undermining rice production. For this reason, it is very
important to further improve the elite varieties in the present context. This project intends to
combine classical and biomolecular approaches, university technical expertese with that of
an active company in the field to breed novel elite rice varieties optimized for three major
agronomic traits: water use efficiency, fertilizer (nitrogen) use efficiency and resistance to a
major rice disease (blast). For this project a tight collaboration between the proponent
research group at Milan University and the rice breeding department of the company
Lugano Sementi will be established.

5.Layout of the project (draft)
5.1.Materials & Methods:

The PhD candidate will follow two complementary approaches: the first based on classical
breeding techniques driven by molecular markers and the second based on genome editing
biomolecular technologies to produce novel elite rice varieties improved for three major
agronomic traits. The targeted breeding traits are:

A. AN IMPROVED ROOT SYSTEM TO REDUCE WATER INPUT

A.1 Classical breeding approach.The Kinandang Patong (KP) variety provides the drol
allele that makes the root system deeper and the plant more drought resistant.



http://sites.unimi.it/dottorato_aab/

A.2. Targeted genome editing by CRISPR/Cas9 of DRO1 gene

B. IMPROVE NITROGEN USE EFFICIENCY TO REDUCE NITROGEN INPUT

B.1. Classical breeding approach. The Tequing variety provides the allele nrt1.1b which
improves the efficiency of nitrogen use. It will be introduced by crossing and followed by
molecular markers.

B2. Targeted genome editing by CRISPR/Cas9 prime editing to insert the nrt1.1b allele.

To further enhance the performance of the root system drol and nrtl.1b alleles could be
combined

C. IMPROVE RESISTENCE TO RICE BLAST — REDUCTION OF AGROCHEMICAL
INPUT

C.1. Classical breeding approach to stack three blast resistance loci. They will be introduced
by crossing and followed by molecular markers.

C.2. Targeted genome editing of elite Lugano varieties by CRISPR/Cas9 of three known
genes that confer resistance to blast (Pi21, HMA1 and HMAZ2)

5.2. Schedule and major steps (3 years):

Classical breeding techniques driven by molecular markers and genome editing targeted
mutagenesis will be carried out simultaneously.

CLASSICAL MOLECULAR BREEDING

Year 1. Crosses of KP or Tequing X 2-3 Lugano varieties will be done in the field or in the
phytotron. The variable to check is the flowering period. During winter, F1 individuals with
drol or nrtl.1b allele and cycle acceleration alleles will be selected by molecular markers
and backcrossed with the corresponding parental (BC1F1). Crosses for blast resistance will
be also performed.* The Tequing variety also carries the PiQ1 allele of resistance to rice
blast which can be selected in the progeny.

Year 2. BC1F1 plants will be selected by molecular markers to keep only early flowering
lines and plants carrying drol/ nrtl.1b alleles. The selected lines will be again crossed in the
field to produce the BC2F1 generation. During winter, BC2F1 individuals with drol/
nrtl.1b and cycle acceleration alleles will be selected by molecular markers and backcrossed
(BC3F1).

Year 3. BC3F1 will be again molecularly selected for drol/ nrtl.1b and early flowering
alleles to plant in the field only appropriated drol/ nrtl.1b lines. BC4F1 will be produced by
backcrosses in the field.

A similar approach will be used to stack blast resistant alleles.
During the 1l and Il year it is also possible to start phenotypic tests

GENOME EDITING

Year 1 Production and selection of CRISPR/Cas9 mutagenized lines with the drol allele and
CRISPR prime editing nrtl.1b lines in 2-3 varieties of interest.



* The system used for nrtl.1b (prime editing) is more complex than that used for drol and
less efficient to require the analysis of multiple plants.

Year 2 Selection of homozygous non transgenic mutant lines and propagation.

Year 3 Phenotypic tests in the laboratory to evaluate the increase in depth of the root system
and the increased resistance to drought, blast and evaluation of nitrogen use efficiency in the
edited varieties vs the wit.
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