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A Brief History ... 10 thousand years!

-Since agriculture began around 10,000 years ago, best-performing plants that nature
provided were selected and retained.

::;t' | .".‘N
‘ny"‘kb‘\‘l{l\h"\“l‘

https://ceticismo.net/wp-content/uploads/2015/invento-agricultura.jpg
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-Traits that had appeared spontaneously were bred into certain crops by human
selection, often by going against natural selection
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A Brief History ... 10 thousand years!

THE FIRST HALF OF THE 19th
CENTURY

-~ Great advances in plant breeding marked the first
half of the 19th century

o Thomas Andrew l_(m% t who purposely tried to
obtain better varieties by crossmg various cultivated
crops

- He discovered in 1823 that the crosses of Pea

white flower x purple flower yielded a purple Fl

. Patrick Shirreff began to breed wheat and oats in
Scotland

= The first crosses in potatoes were carried out in the
first part of the nineteenth century




Mendel’s laws of accelerated plant modification

-Mendel’s discovery of the laws of inheritance towards the end of the 19th century
accelerated plant modification.

http://www.canil-boiadeiro.com.br/wp-content/uploads/2016/08/Mendel.jpg https://faculty.uca.edu/johnc/Mendel's%20garden.JPG



Starting point e Plant Breeding

Hugo De Vries published the book on "Plant
Breeding" in 1907

It may serve as a good starting point in the history
of plant breeding

CLASSIC REPRINT SERIES

PLANT-BREEDING

Comments on the Experiments
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EXPERIMENTS
EF
NILSSON
AND
BURBANK
-

Amazon.com



aassic Breeding
Main Street

N Naerl., NS
L e ke Ly e ol

<
Cultivar
N F N F N\

N N\
Fs JFs /Fer P | variety

visual selection Prelimi | Release
" intermediate

l l Final Yield Test |



Plant Breeding Approach

https://www.sciencesource.com/Doc/SCS/Media/TR1_WATERMARKED/d/1/3/5/552108529
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FROM GENOME TO PHENOTYPE




Molecular Markers

"Associating phenotypic differences to polymorphisms
of specific regions in the genome "



Molecular Markers

-Characterization of biodiversity (divergence and phylogeny);

- ldentification of markers associated with phenotypic characteristics.
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Molecular Markers

Over the last 4.5 decades, several techniques for detecting
polymorphisms in DNA have been developed
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Genomic selection (GS)

(A) TRN and TST ions in genomic selection
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Prediction of phenotypes

Xeray CT phenotyping piatiorm
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Molecular Markers
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QTL MAPPING
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QTL MAPPING
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Grain size

Nature Reviews | Genetics
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MOLECULAR PLANT BREEDING
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Limitations for the application of QTLsS

-Often, QTLs do not explain relevant part of the phenotype

(138.3 cM, 41 markers)
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-QUESTIONS:

1- Where are, in the
genome, the other
regions responsible for
the phenotype?

2- Why were they not
detected?



Limitations for the application of QTLsS

1- Most marker techniques perform only genome samplings. Thus,
even inserted into a binding map, many polymorphisms remain
unknown;

2- Many QTLs have a "minor effect”" on the phenotype, and are
Ignored during statistical analysis (influenced by segregating
population size, heritability...).

3- Several QTLs are heavily affected by environment.



FROM GENOME TO PHENOTYPE
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GENOME AND PHENOTYPE

Plant Molecular Biology and Biotechnology
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BETWEEN GENOME AND PHENOTYPE

Plant Molecular Biology and Biotechnology

Transcriptomics
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BETWEEN GENOME AND PHENOTYPE
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BETWEEN GENOME AND PHENOTYPE
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BETWEEN GENOME AND PHENOTYPE

sample preparation
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Prediction of phenotypes
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Products of Plant Biotechnology for Plant Breeding
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Discovery of Genes with Relevant Function

!

DEVELOPMENT OF GENETICALLY MODIFIED VARIETIES I

Slow and expensive process. Effective for few qualitative traits.




Contribution of Genome Selection for Plant Biotechnology

< Plant Breeding Approaches
g and Tolls
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Discovery of Genes with Relevant Function
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I DEVELOPMENT OF GENETICALLY MODIFIED VARIETIES I

Slow and expensive process. Effective for few qualitative traits.




A. CRISPR/Cas9-mediated editing

chuble strand Break
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Schaeffer et al, Plant Science 240 (2015): 130-142.



A. CRISPR/Cas9 knock-in

One or two double
strand breaks

Exogenous DNA with homologous ends

Homologous
Recombination

Gene replacement or directed gene insertion

B. sgRNA stacking or multiplexing

Multiple double
strand Breaks

Non-homologous
end-joining

Multiple Insertion/deletions



Transformation/transfecti

Species Gene(s) targeted Editing efficiency Trait changed CRISPR technique on technique

Glycine GmDD1 ~0-14% DNf’-\.MSthyltransferase Single DS Break Particle bombardment
max activity?
Nicotiana tabacum NtPDS ~82% Etiolated leaves Single DS Break AgrobacterIL'Jm—medlated
transformation
OsSWEET1a 70%
. OsSWEET1b 20% . . . . . Agrobacterium-mediated
Oryza sativa OsSWEET13 60%/100% Bacterial blight resistance CRISPR multiplexing transformation
OsSWEET11 12.5%

Petiole hyponasty
Solanum tuberosum StIAA2 50% and shoot Single DS Break
morphogenesis®?

Agrobacterium-mediated
transformation

Powdery mildew

. Single DS Break Particle bombardment
resistance

Triticum aestivum TaMLO-A1

Agrobacterium-mediated
transformation

Zea mays Phytic acid synthesis Single DS Break



https://www.sciencedirect.com/science/article/pii/S0168945215300686
https://www.sciencedirect.com/science/article/pii/S0168945215300686
https://www.sciencedirect.com/science/article/pii/S0168945215300686

CRISPR/Cas9-mediated genome editing and gene replacement in

plants: A promising point of convergence

Metabolome
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. = Discovery of Genes with Relevant Function
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Discovery of specific specific alleles for

Relevant Function
¢ @

Multiplexed edition of such specific specific @

Discovery of Genes with Relevant Function @

alleles in plants
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“Integrative Biology applied to plant breeding: New challenges for the

future plant breeder”

- Tools of genomics, epigenetics, transcriptomics, proteomics and metabolomics
analysis have specific advantages and limitations.

- The combined use of these approaches and data is the way to understand
biological systems and their interactions with the environment.

- The ability to analyze such data sets in integrative approaches tends to become
an essential quality.

- Associative work is essential.



Integrative Biology Applied to
Biotecnology & Crop Breeding
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Integrative Biology Applied to Biotecnology & Crop Breeding




- New scientific information in Biotechnology and Plant breeding;

-Participate in the development of new cultivars of Maize, coconut, papaya, passion fruit
and guava...;

-Integrate complementary research in multidisciplinary approaches;

-Improve the training of new professionals




Where do Where do

you want you want Where do
to go? you want

to go?

“Technology can help you go further, or go faster. But the decision
will always depend on driver’s competence.”



“Technology can help you go further, or go
faster. But the decision will always depend
on Breeder’s competence.”
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