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THE OMICS ERA
Omics Sciences




FOREST TREE GENOMES

Angiosperms

— Poplar

— Chestnut

— Oak

— Cherry

Gymnosperms

— Spruce

— Pine

Very different genome history and
organization

Genomes to be redone entirely



GENOMIC VARIABILITY AMONG
SPECIES

Genome
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Current Opinion in Genetics & Davelopment




BREEDING MEETS GENES THROUGH GENOMICS:
LINKING GENE AND PHENOTYPE VARIATION

Bioinformatics
mRNA profiling
Protein profiling
Gene sequences (ESTs) Gene inactivation &
Genome sequence activation
Gene Phenotype
Role of alleles
l := - and haplotypes —
Genetic Phenotypic
variation variation
DNA genotyping (SNPs) Metabolic profiling
Genetic diversity Phenotypic profiling

Linkage maps
Association mapping
Physical/gene maps

Modified from Morgante and Salamini, 2003

Marker assisted
Selection (MAS)
o+
Improved use of
germplasm
resources

3-5 years gain
in new crop
varieties to
market



PLANT BREEDING AND GENOMICS:
“MARKER-ASSISTED BREEDING”

* Genetic analysis allows the identificaiton of
genes controlling the traits of interest
— Genomics provides genes and markers

— Quantitative traits can be dissected into single
genes

« Selection methods can be devised that are
based on the genotype and not on the
phenotype
— Marker assisted selection
— Genomic selection
— Selection process efficiency increases



PLANT BREEDING AND “MARKER
ASSISTED SELECTION”

PEDIGREE METHOD EARLY GENERATION SELECTION
MARKER ASSISTED SELECTION

P1 = P2

|

F1

MAS

Cinly desirable F3
F3 lines planted in

field

F4

Fam gro
progeny rows for
selection.
Pedigree selection
F5 I:- s=d on loca
geds

Kulti-location testing, licensing, seed increase F8 — F12 Il -::am:mt sting, licensing, seed increase
FB —F12  and cultvar releass and cultivar release

Phenotypic selection is replaced by genotypic selection based on the
knowledge of the location of trait controlling genes
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PLANT BREEDING AND “GENOMIC
SELECTION”: NEW TECHNOLOGIES

(A) Training population: Both phenotyped and genotyped
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(1) Initial parents (2) Half-sibs, lmes or testcrossses = (4) Off-springs
Training the model

)

Integrated breeding
e.g. MARS

Variety testing and release
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Genomic selection
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New variety

(B) Breeding population: Genotyped but not phenotyped

TRENDS in Plant Sclence

Abera Desta and Ortiz, 2014



PLANT BREEDING AND GENOMICS:
TARGETED MODIFICATIONS

« Genetic analysis allows the identificaiton of
genes controlling the traits of interest
— Genomics provides genes and markers
— Quantitative traits can be dissected into single

genes

* We can develop methods for genetic
modifications targeted to specific genes and
nucleotides
— Process efficiency increase



FINDING USEFUL VARIATION

Mext-generation ecotilling
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Key:

Genotype
Common variant

Raro variant
Indian 1

Inde; 2
Indeo 3

Index 12

Matural populations of forest tree species

SMP detection in candidate genes
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Forest tree breeding

Harfouche et al., TIPS 2012; Marroni et al. Plant J. 2011




PLANT BREEDING AND “GENOME
EDITING”: NEW TECHNOLOGIES
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random repair gene modification DNA insertion
SDN-1 SDN-2 SDN-3

y y y
PM/InDel directed PM/InDel insertions
Deletions extensive gene alterations

Targeted modifications identical to spontaneous mutations



CRISPR/CAS: RNA-DIRECTED NUCLEASE
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Epigenetic modifications

DNA and histons undergo epigenetic modifications:
these are chemical modifications that act as signals to
read or not to read DNA
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Epigenetic variation is induced by
the environment

The epigenome activates and inactivates genomic
regions in response to the environmental conditions
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Stress memory in plants
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Stress memory in plants (2)

- 16 -



A comeback of Lamarckian concepts?
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Frogetto Bandie Epigencmica
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