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Plant Breeding

a product-oriented discipline of sciences rooted in
breeding, quantitative genetics and statistics for crop
improvement that encompasses an increasing number of
support technologies to sustain society

Components:

Generate diversity-controlled

Crosses Selection
Varieties Fixing of traits

Test, test, test!

“ Seed Biotechnology Center



Gene pools

* Most breeding crosses
are within group 1

e Group 2 has had limited
use for introgressions of
some diversity and/or
special traits

* Group 3 and 4 almost
exclusively for special
traits (e.g. disease
resistance), found
neitherin 1 nor 2.

Wild relatives

Exotic Landraces

Elite exotic
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PALEO DIET

PLAN 2019

The Complete Guide to Lose Weight and Creating Your
Paleo Lifestyle-Delicious Recipes to Improve Your
Health, (Paleo Diet for Beginners and healthy lifestyle)

KATHERINE HANI
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Germplasm

Germplasm from Mexico
300+ accessions

e Collected with collaborators
and UC Mexus grant in 2006
and 2007

* Novel germplasm from
locations where geminiviruses
are endemic

* Jose Luna-Ruiz,
Aguascalientes, Mexico
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Wild germplasm is a great source of novel traits—
but not (previously) practically accessible

* Breeding for resistant sources

e Unfavorable traits from
resistant parents

* Difficulty in breeding programs



Breeders toolbox
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Flg. 4.1 : Plant breeding kit : (A) Magnitying glass, (B & C) Forceps, (D) Scissors,
(E & F) Needles, (G) Scalpel, (H) Brush, (1) Level, (J) Alcohol tube

Pollination

Berke TG (1999) J of New Seeds 1:
49-67. UCDAVIS
Seed Biotechnology Center



Innovations in Plant Breeding

e Understanding genetic principles (Mendel, Hardy and Weiberg; 1865-
1910)

Statistics and Experimental Design (Fisher; Snedecor; Pearson; 1920-
30s, Melchinger 2005)

* Hybridization and Heterosis (Shull 1908, East 1936, Gardner 1963)

* Biotechnology: tissue culture, mutation breeding, transgenics, gene
editing, genome editing, synthetic biology (1950s+)

* Speed to market technologies: doubled haploids, counter seasonal
nurseries

e Genomics and bioinformatics/machine learning (1990s+)

* High Throughput Phenotyping and Artificial Intelligence (2010s+)
* Intellectual Property and Regulation

A Well-Educated Workforce
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Transformation

* Transformation — involves transfer of genes directly into recipient
cells without sexual crossing.

Agrakacterium

Introduces genes directly as recombinant DNA.

Genes can be from any source, including synthetic, and endogenous genes can be
silenced (RNAI).

“Transgenesis’ — from other species; “cisgenesis” or “intragenesis” — from same
species; cisgenics may or may not be regulated in US depending on methods used.

Can be Agrobacterium-mediated or by direct introduction (biolistics, etc.).
Insertion sites essentially random and expression levels can vary.

Regulated if Agro is used (in US). In EU, product remains regulated even if
transgene is no longer present (i.e., null segregants still regulated).

DA inzzried into fantchrames ome.

1—”_’

Genes “grafted” into
we:  the DNA of the host
plant.

G en e G u n Lells recenerabeints transgenic plartbet
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Precision Breeding-Cas9/CRISPR

Cas9 DSB
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DSBs induced by Cas9 (yellow) can be repaired in one of two ways. In the error-prone NHEJ pathway, the ends of a
DSB are processed by endogenous DNA repair machinery and rejoined, which can result in random indel mutations
at the site of junction. Indel mutations occurring within the coding region of a gene can result in frameshifts and the
creation of a premature stop codon, resulting in gene knockout. Alternatively, a repair template in the form of a
plasmid or ssODN can be supplied to leverage the HDR pathway, which allows high fidelity and precise editing.
Single-stranded nicks to the DNA can also induce HDR.
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Gene pools

Wild relatives

* Most breeding crosses are

within group 1 Exotic Landraces

* Group 2 has had limited use for Elite exotic
introgressions of some

diversity and/or special traits

e Group 3 and 4 almost
exclusively for special traits
(e.g. disease resistance), found
neitherin 1 nor 2.
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Plant Breeding

a product-oriented discipline of sciences rooted in
breeding, guantitative genetics and statistics for crop
improvement that encompasses an increasing number of
support technologies to sustain society

Components:

Generate diversity-controlled
crosses | Gene editing

Selection
GMO
Gene editing
Varieties Fixing of traits

Test, test, test!
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Gene Editing Advantages

Speed
Cost

Reduced risks of unintended
effects

The breeder must sort and select
against negative variation in all
approaches and during every
generation.

This is what a plant breeder does.

Genome editing in plant engineering: Transgene-free powdery mildew resistant tomato

CRISRP-CaEEI,?-:' ‘ﬁ- CRISRP-Cas9
Genome [ = ‘I* = : '
[ I I
= I |
l NHE]
Deletion _. . [ ]
——————.—— ]
Disease resistance assays
DEIetl_on' Wild type Mutant
Insertion or

Substitution

© Foto: Sclentific Reports 1SSN 2045-2322 (online)
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Gene Editing Enhances Precision

Number of mutations Introduced:

wheat I <

con D :: I i 500/0
X F1 Seed
soya D '° Elite Alleles
Tomato D °

rice D © 750/0
CRISPR mutation ) 1 l X | BC1 Seed
0 10 20 30 40 50 60 70 80 Elite Alleles

* Figure 1: Estimated number of natural -~

spontaneous mutations that occur in (o)
i " i 87.5%

every individual plant (grey) every ;
generation compared to a hypothetical Elite Alleles
single base introduced using CRISPR
gene editing (pink).

Discussion paper focusing on the scientific relevance of genome Conventional Way
editing and on the ethical, legal and societal issues potentially

involved - ISSUED BY THE ETHICS COUNCIL OF THE MAX PLANCK

SOCIETY

UCDAVIS
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Research Projects

The SBC’s research activities focus on partnerships with industry collaborators that
develop precompetitive information that “lifts all boats.”
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COMPARISON OF FATTY ACID PROFILES
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Laurate Canola---1995

Fatty Acid Formula Percent

Lauric 12:0 47.0
Myristic 14:0 3.6
Palmitic 16:0 2.6
Stearic 18:0 1.3
Oleic 18:1n-9 26.3
Linoleic 18:2n-6 14.2
Linolenic 18:3n-3 5.1
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Genome editing R&D: Crops

Other

Camelina

7

C
Cassava orn
Soybean

Potato Wheat

Tomato

Other

Apple (2)
Citrus (2)
Cucumber (2)
Sugarcane (2)
Alfalfa (1)
Banana (1)
Eggplant (1)
Flax (1)
Peanut (1)
Pennycress (1)
Sorghum (1)

yurces: Scientific literature, scientific conferences, company websites, media reports, USDA “Am | regulated?” Letters 31
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Pepper

CaGLK2 regulates natural variation of chlorophyl|

| : content and fruit color in pepper fruit
| Arnon Brand?, Yelena Borovsky?!, Theresa Hill2, Khalis Afnan
Abdul Rahman?, Aharon Bellalou?, Allen Van Deynze? and llan Paran
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Theoretical and Applied Genetics 127: 2239-22148. 2014.
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Fruit Quality and Consumer Acceptance

- Flavor

e
Aroma -

L
RS _




Vitamin C in Tomato is 1/5 to 1/10 that of Pepper

Gene editing of a single gene family can improve

nutrition of US population
“ Seed Biotechnology Center



Food Safety Concerns in Crops
(Low probability, High Consequence)

* Mycotoxins

e Salmonella

* Pathogenic E. coli
* Listeria, etc.
 Heavy metals

* Nitrates,

* Allergens




An Integrated Approach is Re

quired

Transport
Adjacent Pre- and
Land Use Harvest Harvest Processing Storage
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Fet;al she?)dlr'lng of Animal intrusion contamination of contamination of Tempjrat:;:e AKEEE
pa fogeln y ‘rgk into spinach field; mechanical plant pieces from ar|1_f_ pat_ ogden_
elri_ sm:e . direct deposit of harvesting multiple fields; an' |car|to:|_ u?ng
RORM at oS ':xr:mg contaminated fecal equipment; mechanical damage ;??S.Fgot " '_0" ;
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field product due to temperature abuse serving
(optimal conditions) 4,112 estimated
Danyluk and Schaffner, 2011; Jay-Russell, CAB Reviews 2013 HInEESES
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The Seed industry is Highly Regulated
Seed Trade Organizations

(‘ SF International Seed Federation  ~45rdinate safe and fair movement and trade of
seed based on Federal Seed Act (FSA)

aSta :?eﬂn"ﬁ:ﬂa * International Seed Federation

associabion
e American Seed Trade Association: 700

members

Cahf@rﬂia ’\Q Seed . California Seed Association - 120 members
Association

“ Seed Biotechnology Center



) ISTA

Seed Quality Assurance * International Seed Testing Association

* to develop, standardise and validate methods for
sampling and testing of seed quality, using the best
scientific knowledge available.

MOSCA * Association of Seed Certifying Agencies:

* To promote and facilitate the movement of seed or
plant products in local, national, and international
markets

 California Crop Improvement Association

SEED

CERTIFICATION

AGENCY
-

“ Seed Biotechnology Center



International Seed Regulations

comentionan | CONVENtion on biodiversity: Access and benefit sharing of
| Biological Diversity genetic resources
e Cartagena Protocol of Biosafety: Safe movement of Living

Modified Organisms = Genetic Modified organisms- 172
member countries

* International Treaty on Plant Genetic Resources: USA signed
in 2018. Alternative to CPB.

“ Seed Biotechnology Center



Three Agencies Regulate Biotech Crops in the US

The US Dept. of Agriculture determines whether
the crop is safe to grow based on authority to
regulate plant pests. For example, is it a threat to
become a weed; what are its growth and
flowering characteristics? Were any plant pests
used in its development (e.g., Agrobacterium)?

The Food and Drug Administration determines
whether the crop is safe fo eat. Is it substantially
equivalent to other crops with respect to composition,
nutrition, allergenicity, digestibility, etc.?

,5;;{;;1: };N The Environmental Protection Agency regulates

“E'-T ~ crops that have pesticidal properties. Are they safe
|§ . “E’JJ for humans, for non-target organisms, and for the
2 </ environment?

“ Seed Biotechnology Center



Europe: ECJ decision that genome

Health Canada draft guidance

Canada: Product based approach;

released, under review

targeted mutagenesis products are
GMOs, but legal initiative to update
law announced by EU Commission
Norway: discussion of a “tiered”

US: Final USDA revised
biotechnology regulation
exempts certain products; EPA
proposed rule exempt certain
products; FDA conducted
request for information from
the public, policy TBD

Argentina, Chile, Brazil, Paraguay
Colombia, Honduras, Guatemala: Case-
by-case approach, excluding certain
edited products

Costa Rica: draft regulation excluding
certain edited products

approach
UK: positive draft Ag bill, public
consultation

Israel: guidance that
specific techniques
outside GMO scope

Nigeria: high level act
final, guidelines
excluding certain edited

almost final
draft positive

products
SA: discussions ongoing,
draft expected 2021

+ Positive Declslon

Ne fermal Declslon, but pesitive Direction
Discussien started;, drecticn unclear
Restrictive Decision

Policy developments around the world (09/2021)

Russia: decree for R&D program
clarifying that genome editing
products are “conventional-like”

v

China: unofficial “GMO-lite”

proposal
Taiwan/South Korea/

| Thailand: discussion of

options

Indonesia: growing consensus
to exempt certain gene
editing appl.

Singapore: draft proposal to
exempt certain edited
products under consultation

Japan: excluding certain
edited products

India: draft guidelines, tiered
approach, too excessive info
needs

Philippines: draft guidance
excluding non-transgenic
products

Australia: Revised gene tech
regulation excludes some
gene editing applications

/;

NZ: High Court decision
that a few specific
technigques are GMOs




US Plant Breeders Rights

ePlant Patents (U.S.) — asexually propagated plants
(trees, grape vines); tuber-propagated excluded.
Right to breed

oPVP (US.) — any plant, Right to Breed, Farmer saved
seed

eUtility Patents (U.S.) — all plants; plant deposit may be
necessary

ePlant Breeders’ Rights — all plants, Right to Breed

“ Seed Biotechnology Center



African Plant Breeding Academy
CRISPR Course

An Initiative of the
African Orphan Crops Consortium

- 7

¥l UCDAVIS
il Plant Breeding Academy

AFRICAN PLANT BREEDING ACADEMY

Enabling African CRISPR COURSE
scientists to use
CRISPR gene-
editing technology Innovative
for Genomics
Plant Breeding Academy Institute
A quantum leap in
nutrition, climate
resiliency, and sustainability in b
African food systems {f R“": AUDA - NEFAD ‘\‘m ‘@éﬂ@’
.\‘_‘M/-'- AFRICAN UNION DEVELOFMENT AGENCY II_ ”_II—I CGIAR
An explosion of
innovation and
economic growth across the
continent biosciences l l_ R l
™ ° ° africa sk I i
Capacity building LIVESTOCK RESTARCH
ege ° N 5T T WTE
and mobilization
for African molecular
scientists and national MORRISON _
programs FOERSTER ' )
World

Agroforestry



Breeding Goals (some) for the Next 20 Years
Sustainable production of food, feed and fiber: customer driven

* Increase yields to feed an increasing population
* |ncrease yields per acre as acres of arable land decline
* Increase drought tolerance as water becomes more scarce

* Increase disease and pest resistance as we move away from
chemical controls to genetic controls.

* Improve nitrogen use efficiency
* Develop products adapted to indoor factory farms

* Enhance attributes of quality
* Flavor
* Nutrition
e Uniformity

We need all of the tools!

“ Seed Biotechnology Center



QUESTIONS??

RESEARCH - EDUCATION - OUTREACH - PUBLIC SERVICE |O[@®):\"{

visit online @ www.sbc.ucdavis.edu LELERET UECALITL RS
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