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InnovPlantProtect

Associagao privada sem fins
lucrativos
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Sede: Elvas - INIAV, Antiga Estacao de
Melhoramento de Plantas
Inicio de atividade em Janeiro de 2020
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InnovPlantProtect

Associacao privada sem fins
lucrativos

Biopesticidas

Objetivos: Desenvolver solugdes
de prevencao e de combate para a

Plantas,

Formulagées Diagnostico

Protecao
protecao de plantas (Produtos de de Plantas

base bioldgica, Solugdes Digitais) ‘
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InnovPlantProtect
Departamento de Protecao de Culturas Especific

Foco na interagdo planta/organismo com o objetivo

principal de aumentar a resisténcia de plantas a
pragas e doencas:

Encontrando na diversidade existente plantas que
apresentem capacidade de resisténcia.

+ Obtendo novas variedades de plantas resistentes
ao ataque de doengas, utilizando a tecnologia de
edi¢cdo do genoma.

https://scitechdaily.com/
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InnovPlantProtect

Departamento de Protecao de Culturas Especific

=4

Identificar genes de
resisténcia de plantas
por mapeamento
genético e abordagens
genomicas.

=

Triagem de marcadores
moleculares para
selegao assistida de
cultivares resistentes.

Testar a eficiéncia de
métodos biolégicos para
protecao de plantas
(BCAs, biopesticidas,
bioestimulantes).

Desenvolver estratégias
de edigdo de genomas
para mutar genes de
suscetibilidade de

Identificar pragas e
agentes patogénicos
no campo
(epidemiologia e ”
diagnéstico). interesse.

O
O
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2020

Estabelecimento in vitro e

micropropagagao de
plantas; ensaios de
screening in vitro.

«

INNOVPLANT
PROTECT




Da gendmica a
proteémica —
ferramentas
biotecnologicas
para o
melhoramento

Genotype

Metagenomics
DODGT
Genomics k?

o83
° %oé)Ob.
Transcriptomics/ ° ¢

4%

Proteomics

Volatilomics

Multi-omics approaches to plant breeding

Crandall et al. (2020) PLOS ONE 15(9): €0237975.
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Metabolomics

Spectranomics

Phenotype
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PHENOMICS

—i “Phenotype to genotype” l—

Qualitative and
quantitative traits
| Phenomics ,I Plant phenotypic |
( processes

| Tonomics |
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| Metabolomics |
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Genome level

Plant

\ Epigenetic regulation Genotype

| «“G ype to phenotype” I—
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GENOMICS

v The comprehensive study of whole sets of genes and their interactions .

v It investigates the variation in genes and how it affects protein structure and function throughout

the life of a cell.

i) Break genome into large
fragments and clone

EY Break individual clone
into small fragments

k) Generate thousands of
sequence reads

4 Assemble sequence
reads for each clone

Reference genome

Reference Genome

P P

Individual Genome

P2 Pg

d J
! gy

https://sequencing.com/education-center/whole-genome-sequencing

3 Align sequence reads into
areference genome

Individual genome
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GENOMICS

Earth BioGenome Project: Sequencing life for the future of life
https:/www.pnas.org/doi/epdf/10.1073/pnas.1720115115

v’ Target of developing reference genomes of 1.8 million named species by the year 2030

v’ ltis a network of ~50 networks

Genomic selection to
improve crop yields and
other agronomically
important traits, biofuels
production, gene editing,
conservation of
endangered species
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GENOMICS

ProtealesRanunculales
Saxifragales »50 ~ >120
Geraniales, >80
Vitales >60 4
Myrtales
Malvales, ~ >270
Sapindales

Asparagales
>550

Brassicales
s Alismatales, Liliales,

2 Arecales, Commelinales,

" Zingiberales

A" 5140

Magnoliidae
>140
1

A~ Acrogymnospermae
= >10

Malpighiales
>250

Apiales
>150

Dipsacales, Paracryphiales,
Aquifoliales

Lamiales

>200  Soangles  Gentianales  Boraginales
>130 >100

The 10,000 plants (tenKP or 10KP)

aims to:

v Sequence over 10,000 genomes
representing every major clade of
plants and eukaryotic microbes;

v Develop new tools for de novo
genome sequencing and
assembly platforms.

Maijor supporters:

v Beijing Genomics Institute in
Shenzhen (BGI-Shenzhen)

v China National Gene Bank
(CNGB)
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GENOMICS
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Capsicum baccatum
Helianthus annuus 4 3
. 3

Capsicum annuum . »

Capsicum chinense } 3

Camellia sinensis var. assamica L . Chinese |

- = r— e tea |

3 ; .II ® type tea |

Camellia sinensis var. sinensis

.
Zea mays (CML247)
.

Nicotiana attenuata  ®———____ A

Estimated genome size (Gb)
N
1

@ Roche 454

@ lllumina

@ Oxford Nanopore
@ PacBio

@ Sanger

Chenopodium quinoa %

Contig N50 of genome assembly
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. ) \
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Oryza meridionalis Vi e . ® Rosa chinensis
. s o g . ° L
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0 o L% * . °
: , 5 e e
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10k 100k ™ 10M

Current genome sequencing progress in several plants

Xia et al. Hortic Res 7, 7 (2020). https://doi.org/10.1038/541438-019-0225-4
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PHENOMICS

R

direct measurements visual scoring non-destructive image analysis-trait estimate based on the
. camera type.
destructive harvest v

field aerial based

O covers the whole field in less time

field ground based

latforms

) 2

= controlled environment =] B0 flexible deployment : ¢
o0 5 B0 ¢ood spatial resolution o spatial resolution depends on
.E‘J AN o cood repeatability altitude and speed !

= LE semi-a ati z i g |
S B~ = 1\11:dor T'::":j“m Operation =| Bl 0 exposed to changing environmental g
.E $O0CTESOIITON O conditions as it takes longer to cover full

Al 0 normally expensive, field

_j O Jimited available space for monitoring o

plants £

Schematic overview of phenotyping approaches and high-throughput phenotyping
platforms across different environments and scales. https://doi.org/10.1098/rsob.210353
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climate change |
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High Throughput Genotyping e "omvicons_~High Throughput Phenatyping.
ol

@@ SEEEmE—— « Application of genomics and phenomics tools in

heat-stress tolerance breeding

= - integrating conventional breeding methods with
Lo advanced genomic tools in combination with high

throughput phenotyping

~ HStolerant
Variety

Basavaraj and Rane (2020) M /\,\\\
Plant Physiol. Rep. 25(4):594-610 V
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Germplasm, land races, wild species
Natural variation

Polyploidy, Transgenic and other methods
Creation of new variation

L2 identitying causative 1equence involved intolerance,
" Transcriptomics technologies

1 » Expewssion profiling of DEGt £ ‘

[ Functional genomics ] /

|7 1gentitying putative tunction of genes

Plant
eptibinty N

U Qrl /Association mapping: Genetic Techniq
¥ To identiy genomic regions associated with muunln E \

‘ l"‘_ ¥ Genetic map- mmnﬂ;{mmu\d\lm\n

£
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Neoclassical

¥ Dense marker map-high resolution of gene loci
¥ Physical map- exact order/location of genes/QTLs on chromosome

[Y=usGnsgre s e
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Smart green houses: ritted with comveyor systems & imaging stations (Laminates Scanatyzer) for
non-destructive phenctyping of plants

‘ J Hyperspectral imaging and analysis:
¥ Measurement of plant pigments, nutrient content, water status & chemical composition il &

¥ Whole genome sequence-DNA chips constructs (Microarrays) \‘ .‘IV' ? RS- grownd, Pt - shhores)
¥ Homology sequence- Construct probes to locate gene of interest /k - M""" S . e
] YNNIV N ~—potwll§— ...
Germplasm, land races, wild species Hyfscidation: Mcton Polyploidy, Transgenic and other methods
Natural variation Creation of new variation
e Linking biophysical and
. ™ = [ senetic  models to
" High Throughput Genotyping . integrate
' — " molecular biology and
/ | Genome Plant breeding
L’, Identitying causstive tequence involved intolerance utc eptibisty \
lil xpeession profiling of DEGH
" Functional genomics —
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| 1dentitying putative function of genes

Qarn / Genetic

¥ Genetic map- locating QTLs/markers on chromosomes
3 Fine mapping |

3
" 3
«o«mmnnwmhmmu.mw g
 Physical map- exact of g
¥ Whole genome sequence-DNA chips mxmm(wawnm
¥ Homology sequence- Construct probes to locate gene of interest

i

[Y=utGntgte + e

¥ To identify genomic regions associated with target traits \

Mamage vy e
e
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Smart green houses: ried with comveyor systems & maging stations (Laménates Scanabyter) for
non-destrxtive phenctyping of plants.
| 9 Hyperspectral imaging and analysis:
J v Measurement of plant pigments, nutrient content, water status & chemical composition [ =
| (Hand-heid, Field - ground , Field - sirborne )
| J Viubhmum

traits: area, plant height,
vndll\.unowdonﬂmlnﬂw leaf color and senescence etc.
O Fluorescence imaging :
¥ Health of of plant

choruses and necrosis.

Yo transform acquired data into meaningful information

Contrasting parental selection |
and crossing pmmmm

Mapping Population (MP)

e
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S of “Ceno and s Mo Y EE oy O Hyperspectral imaging and analysis: O

¥ Dotise mibehr map-Digh resoldion of gews loct g é < ‘s | v Measurement of plant pigments, nutrient content, water status & chemical composition

¥ Physical map- exact order/location of genes/QTLs on chromosome 3 y i i

¥ Whole genome sequence-DNA chips constructs (Microarrays) & § _l'"v" “"'Im"ﬂ ey Slhorms

¥ Homology sequence- Construct probes to locate gene of interest s — 2 G bl ok ateich SR bt

¥/ width, canopy density, leaf angle, leaf color and senescence etc.

\ 2 J Fluorescence imaging :
Evolutionary genetics| > 1 (7 - [ ¥ Healthof ification of plant choruses and necrosis.
Population genetics Big;infgrmatics h ical del. Is/plant models: /

To transform acquired data into meaningful information

2 e O RNAI /\

N, & 0 CRISPR/CAS genome editing’ || [——
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; 0 Aati sense RNA
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s

'
"
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24 Gone,_*
Mo - Unraveling genetic, molecular

and physiological mechanisms )

or biochemical pathways °

®

Markers Asiisted Selection (MAS)
Marker asslsted recurrent selection (MARS)
Genome wide selection (GWS)

HS tolerance transgenic plants

< HStolerant
Variety =

D 4

=

] - -~
Basavaraj and Rane (2020) oy [ \
Plant Physiol. Rep. 25(4):594-610 L\ N/\
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TRANSCRIPTOMICS

v All the genomic counterparts which are expressed as RNA transcripts, including coding
(mRNA) and non-coding (e.g., tRNA, miRNA) RNAs at a given time in a cell or population of cells
under a given set of environmental conditions - TRANSCRIPTOME

v Microarray and Next Generation Sequencing — for elucidation

1. Genesinvolved:a, b, c..2

2. Datadeposited publically

3. Gene networks:

J
Transcriptome analysis w
of developmental/ p s/
stress related genes f <
7é
<

4, Crop Improvement

20
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TRANSCRIPTOMICS

Transcriptome analysis workflow

Raw Read 1 Raw Read 2
20 @4
o % %

FASTQC
Experimental Design
based
| Genome-guide assembly
e - De novo y
RNA Purification

Gene-level
Single-end/Paired-end ovel
Un-stranded/Stranded Transcript-level
Library Preparation

oo, I VAN
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TRANSCRIPTOMICS

What makes a cell embryogenic competent?

10 0| 4P | 168 4 | 18 SR | 10 5 Tissue

Single-cell @ @

analysis

Case study:
~
Tamarrillo (Solanum Single-cell
betaceum Cav.) somatic gene
expression
embryogenesis system
~»
cell |55+
subpopulations "
Understanding o . '.'-
heterogeneity -, -
SR S

CENTRE FOR
FUNCTIONAL ECOLOGY
SCIENCE For PEOPLE s PLANET

Adapted from Ye et al. (2017) Journal of Hematology & Oncology. 10:27

22
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TRANSCRIPTOMICS

What makes a cell embryogenic competent?

Fluorescence
activated cell
sorting (FACS)

smallRNA
\/epﬂcfer I
samples
Bioinformatics

data analysis smallRNA
s Anolysts libraries

i

E Small RNAseq

lumina [lumina

CENTRE FOR N INSTITUTO UNIVERSITY OF
FUNCTIONAL ECOLOGY (G GULBENKIAN @
o v y @ Secitnan 9 MARYLAND

Transcriptional profiling of in vitro embryogenic competence acquisition

Callys Poly A
samples

l Analysis cDNA libraries

bed

P\ENT Sequencing |

{ONANOPORE

CENTRO DE APOIO A
TECNOLOGICO S=awess

CATAA LJIESRIGH'I' |:

RNAseq analysis of FACS cells
1 - EXPERIMENTAL DESIGN / CELL SORTING
‘4? S
FLUORESCENCE-ACTIVATED CELL SORTING \}
SE-induced
Original embryogenic tissue sample tissue sampling
(mixture of cells/protoplasts! bright field green blue
A\ s
o
=
<
Protoplast 2
1. isolation <
o
New drop () (ol
@ Non-discriminated event
Embr ic cell =
*@) Embryogenic ce Protoplast -
o Empty drop purification = B
e
(@ Non-embryogeniccell B
o
% f SN I TSI B ST BT ST T
L7-dintog ifios Lo Log
FACS
z
80
ok
<
w
£
3o
Next generation e
sequencing
24
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RNAseq analysis of FACS cells

2 — RNAseq LIBRARIES PREPARATION

21,637 counts

Bioinformati
cs data
analysis

. Pair ended yy;W\y;ary
illumina @i PR

125,689 counts
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RNAseq analysis of FACS cells

3 — De novo transcriptome data analysis

Color Key

o°
07 o8 os
Value
—— |
hpgl1005
hpgl1001 f? o —
i I ° = 5
é 77\ 110( .‘}WHUOD hpgllﬂ/‘oﬁ o= fooftooz 8’
2 °prrolite Conditon ] o | 2
2 = l\ PS [ ] 1 gl _g
hpgl1002 o hwl‘{ms hpgl1001 au)o

: hpgl1007 hpgl1005. aé’
hpgl1006 o
2
hpgl1009 'E
2
L1 I I i S

° POt 41.015% variance o § 8 8 8 8 8 § &

Global statistical assessment of biological replicates. Principal Component Analysis (PCA)
plots and Heat-map of RNA-Seq data generated from the libraries sequenced.
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RNAseq analysis of FACS cells

4 — Differential gene expression analysis

B

g State

5 Up Sig.: 1642
k] Down Sig.: 1329
e

It Insig.: 20240

=

S

5 10 15
Average log2(Counts)

Non-

e
LOB domain-containing protein 22 - 557
Ninja-family protein AFP3 <l 5.13
Protein FEz @D 432
Transcription factor bHLH30 <P 3.91
Late embryogenesis abundant protein <IENP 3.45
Transcription factor bHLH14 - 2.81
Transcription factor bHLH112 - 2.68

Protein floweringlocus (Histone deacetylase) EP O 2.50
Lisine-specific demethylase (Histone demethylase) “gp >  2.27
EP D 2.26

DNA (cytosine-5)-methyltransferase 1

g Auxin-responsive protein IAA17 - =117
& Transcription factorbHLH6S D -5.46
g Auxin-responsive protein IAA14 P -5.74
O LOB domain-containing protein 18 - -6.07
% Ethylene-responsive transcription factor 13 - -7.49

Comparative global transcriptional expression patterns of tamarillo genes. MA plot depicting the log2 fold change of
genes against the average expression level in embryogenic and non-embryogenic samples.

27
PROTEOMICS
v Study of entire protein complement of the
system expressed at a given time and at ——
particular environmental conditions — ESL B
PROTEOME Proteia fractionation
v Systematic analysis of proteome -
) Fel based te:lni‘qnes Gel-free techniques
PROTEOMICS e ol Storgw protcomics
e < e ITRAQ, ICAT, SILAC, SRAAMRM
w.d
v Analysing changes in protein expression, ' C Pkl
study of protein structure, function and MR MALDETORTORINS] ‘
MA.SCOTM-S\IZQUEST."M : 1
post-translational modifications e e = _ l Ml
(phosphorylation and ubiquitination) Dowsstroim analyses '
Data validation
‘Generation of crop Dhlls'i:: increased salt tolerance
28
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PROTEOMICS

What makes a cell embryogenic competent?

CENTRE FOR
FUNCTIONAL ECOLOGY

CNC:

Enolase

INEC j— a*
ZENEC [ a*

LEC —— b*
ZEEC ——— b

Adenylate kinase 1

INEC a*
ZNEC o
LEC —— b
TEEC — b

Fructokinase

LNEC ar

ZENEC |—— ot
LEC bt

ZEEC —— b

LEC b
ZEEC | b

0 16410

[} 2041 ae1 0 16410 2410 0 sE410 1641
Fumarate hydratase 1, mi Jated protein '
WNEC | 2t INEC | 2% STH-21 @ Up-regulatedin EC ™
ZENEC | 2t ZENEC 2t INEC i a* ® Up-regulated in NEC

LEC ——— b**
ZEEC  — b

[ 26410

ZENEC — 1 2
LEC | b*
ZEEC | b

0 1E41

PROTEOMICS

2641

Heat shock 70 kDa protein,
mitochondrial

INEC b
ZENEC b

LEC — 2
ZEEC —— atr

o 26410

AdoMet-dependent rRNA MTase

INEC ——— 2*
ZENEC ————— 2

LEC |—— b*

ZEEC ——— b

o 26411 4E1

Eukaryotic translation initiation
factor 5A-1/2

INEC t—"—— 3™
TENEC ——— 2**
LEC @ b+
ZEEC W b
5.00E+11

0.00E400 1.00E+12

Pentatricopeptide repeat-
containing protein

NEC | anr
ZENEC | 2%+
LEC bre
ze6C b

0 101
Spot intensity

26411

Poly(A)-binding protein

NEC | a*
ZENEC | a*

LEC jm———— b*
ZEEC ju—— b

o 16410
Spot intensity

Copper chaperone

INEC jumis— a*

ZENEC jm———— 2"
LEC fms— b*

ZEEC fu b*

Embryogenic
masses

Non-embryogenic

0 16411 2641

Spot Intensity

Up-regulated in EC

Up-regulated in NEC
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Integrated Omics Analyses of

Plants Different Stresses

¥ i

[
[Genomics ——> Transcriptomics

Big Data
Andlysis

nRr—PcRi

Functional
Verification

Proteomics

Functional
ldentﬂluunn

T'ansgenn:
a
nd Pnanmymc Characteristics

Metal bolomics

Phenotypic

+ Integrated omics analyses of plants under
different stresses.

High-quality genomic data, integrated analyses
using transcriptomic, proteomic, metabolomics,
and phenomic methods have recently been
performed in different plant species under
different biotic and abiotic stressed
conditions.
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Big Data
And#lysis

ulewoq uii0ld
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rcenumber

Functional
Verification

Functional
identification

Database
search

Genomics —— > Transcriptomics ———> Pror‘omlcs E— Metabolomlcs

=

.9
L
:

- a
J

search

Regression model

(ﬂ A.%"eq

Metabolite selection

14/07/2022
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Systems biology for crop improvement

Experiment Experimental design, biological question & hypothesis
&
Hypothesis

‘Omics’ data

High throughput genteration

data generation

+« Integration & network biology
< Modeling & simulation
Approaches
&

tools Systems biology for crop improvement

« Linking genotype to phenotype
Phenotype prediction + Understanding complex trait

Experimental verification
https://doi.org/10.3389/fpls.2021.563953

33

BIOTECHNOLOGY

BIOECONOMY

34
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B centrode informacio de
biotecnologia
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FUNCTIONAL ECOLOGY
SCIENCE fo PEOPLE a1ié PLANET
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