AL Moderni metody fenotypovani

Automatizovane a vysokokapacitni pristupy
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Fenotyp a Fenotypizace
Fenotyp = vngjSi projevy genotypu + vliv prostredi
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Klasicka fenotypizace rostlin
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Automatizovana fenotypizace
rostlin




Automatizovana fenotypizace
Sensors rOStI i n

computer analysis
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Fenotypizace v kontrolovanych
podminkach

Fytokomory

Skleniky

ViyuZiti robotickych systému a pasovych
dopravniku



Fenotypizace prytu

Morfologie

Fyziologie

Vyvojove procesy

Dynamicke zmeny




Fenotypizace prytu

Morfologickeé znaky — RGB imaging

- digitalni biomasa
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Fenotypizace prytu

FyZiO|OgiCké parametry (kamery snimajici v jiné ¢asti spektra)
- zalozené zejména na:

- odrazivosti (reflektanci) povrchovych struktur listu v rznych ¢astech
spektra — VEGETATIVNI INDEXY

- na fluorescenci chlorofylu — UCINNOST FOTOSYNTEZY
- povrchové teploté — VODNIi REZIM

Three Ways Light Interacts with Leaves
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Fenotypizace prytu

Fyziologické parametry

Cameras
Hyperspectral

-
NIR/SWIR

TIR/LWIR
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Current Opinion in Plant Biology




Fenotypizace prytu
Fyziologické parametry - SENZORY

VIS
Color
Morphology
NIR/SWIR Geometry FLU
Leaf water content Chlorophyll content
Leaf thickness PSII efficiency

TIR/LWIR Hyperspectral
Leaf temperature Stress spectral indices
Stomatal conductance

Water Temperature Weight Light Humidity

Current Opinion in Plant Biology




Fenotypizace prytu

Integrativni analyza — kombinace morfologickych a
fyziologickych parametru, doplnéna statistickym pfistupem
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Fenotypizace korene

PredevsSim morfologicka analyza

Vyuziva rhizotrony, nebo pruhledné kvétinace




Fenotypizace korene

PredevsSim morfologicka analyza

Existuji i vysoce sofistikované postupy hodnoceni pomoci
rentgenovych paprskd a CT

Target Traits

1. root hair length/density
2. longer seminal roots

3. more lateral roots

4, greater biomass

5. steeper root angles




Polni fenotypizace

Fenotypizace v polnich podminkach
- Podobné senzory, vétsi variabilita dat, mensi kontrola na celym procesem
- Realné podminky

Polni platformy

Nezavislé systemy

« Fenotypizacni voziky a vozidla

- Bezpilotni letadla a vzducholodi

- Pilotovana letadla

« Druzicové systemy
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Polni fenotypizace

Fenotypizace v polnich podminkach
- Podobné senzory, vétsi variabilita dat, mensi kontrola na celym procesem

- Realné podminky

Polni platformy

Nezavislé systémy

Fenotypizacni voziky a vozidla

Bezpilotni letadla a vzducholodi

Pilotovana letadla
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Polni fenotypizace

Fenotypizace v polnich podminkach
- Podobné senzory, vétsi variabilita dat, mensi kontrola na celym procesem
- Realné podminky

Polni platformy

Nezavislé systémy

- Fenotypizacni voziky a vozidla

- Bezpilotni letadla a vzducholodi

- Pilotovana letadla

« Druzicové systemy



Lidar returns




Polni fenotypizace

Informace o fyziologii (obsah dusiku, chlorofylu, transpirace
— WUE)

« Obsah chlorofylu/dusiku — multispektralni kamery, nebo RGB
kamera

Sampling method Remote sensing method



Polni fenotypizace

Informace o fyziologii (obsah dusiku, chlorofylu, transpirace
— WUE)

« Obsah chlorofylu/dusiku — multispektralni kamery, nebo RGB
kamera

By the end of April




Polni fenotypizace

© Informace o fyziologii (obsah dusiku, chlorofylu, transpirace
— WUE)

- Transpirace/WUE — termalni kamery v IR




Klicove problemy
Obrazova analyza a post-processing dat
Vysoka cena, nékterych kliCovych senzoru — LIDAR
Absence mezinarodnich standardu pro fenotypizaci
Obtizna provazanost mezi digitalnimi parametry a

klasickymi Slechtitelskymi znaky (napr. rozliseni mezi
produktivnimi a neproduktivnimi odnozemi)



Klicove prinosy
Vysokokapacitni a celoplosné hodnoceni
Minimalizace chybovosti ,lidskeho faktoru®
Snadna porovnatelnost vysledku
Moznost hledani ,ranych znaku®

Vyznamné urychleni selekce



Plant Phenotyping Facility in

Palacky University




Apl|kac:e automatizovane

Screening for bioactive
compounds

,COOKING & SIEVING *

Development and preparation of
compounds — ,cooking"”

High-throughput screening for
growth-promoting compounds
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Selection of genotypes

+,GROWING & SIEVING*

provide selection of best
growing genotypes in defined
conditions






Screening for bioactive
compounds

Two step high-throughput screening for growth-promoting
compounds

Co/i\e

):/

1st step in vitro




1st step - in vitro large scale
bioassays in Arabidopsis

Robust test of growing capacity of
Arabidopsis seedlings treated with
various growth-affecting compounds

Allows to screen everyday more than
11000 seedlings in one experiment,
480 variants (repeats, compounds,
concentrations or genotypes)

Provides data of total biomass
accumulation, normalized increase in
BM and relative growth rate for each
seedling

Screening of chemical libraries, also
for contracted research
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1st step - in vitro large scale
bioassays in Arabidopsis

rosette area
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2nd step - growth of Arabidopsis in
soll - spraying

—r s
e )

Everyday RGB screening of B |
green area

Up to 60 variants (1200
plants)

Parameters: GA, NGA, RGR

Possible combination with FC
or HC VNIR




2nd step - growth of Arabidopsis in
soll - spraying

Everyday RGB screening of
green area

Up to 60 variants (1200 -
plants). compounds, ! |

concentration, application il
time...

Parameters: GA, NGA, RGR

Combination with FC or HC
VNIR



2nd step - growth of Arabidopsis in
soll - spraying

Parametrs: GA, NGA, RGR
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2nd step - growth of Arabidopsis in
soll - spraying

Parametrs: GA, NGA, RGR
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2nd step - growth of Arabidopsis in
soll - spraying

Parametrs: GA, NGA, RGR
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Seedling emergence — CEREAL
GROES

Provides data about percetange of seedling emergence and emergence rate
Combination with various types of stresses — e.g. salinity

NaCl concentration = 0: influence of CZOME concentration
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Seedling emergence — CEREAL
GROES

Provides data about percetange of seedling emergence and emergence rate
Combination with various types of stresses — e.g. salinity

NaCl concentration = 50: influence of CZOME concentration
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Seedling emergence — CEREAL
GROES

Provides data about percetange of seedling emergence and emergence rate
Combination with various types of stresses — e.g. salinity

NaCl concentration = 150: influence of CZOME concentration
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Seedling emergence — CEREAL
GROES

Provides data about percetange of seedling emergence and emergence rate
Combination with various types of stresses — e.g. salinity

NaCl concentration = 200: influence of CZOME concentration
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Selection of stress-tolerant varieties:
case study in pea cultivars

Study on cold acclimation (5°C)
of cultivars of field pea

_ _jl Methodology for future
selection of overwintering cv.

Combination of RGB imaging
(3 views) with kinetic measure
of Chl fluorescence

Selection based on two
different traits: growth and
PSII efficiency
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Selection of stress-tolerant varieties:
case study In pea cultivars

/Q\ Study on cold acclimation off§
e cultivars of field pea

Development of software fo
RGB
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Humplik et al. 2015b, Plant Methods



Selection of stress-tolerant varieties:
case study in pea cultivars

Study on cold acclimation of
cultivars of field pea

Combination of RGB imaging with
kinetic measure of Chl
fluorescence

Selection based on two different
traits: growth and PSII efficiency

Provides also insight into
physiological strategies of cold
acclimation

Humplik et al. 2015b, Plant Methods



Thank you for your attention!

@ Department of Chemical Biology and Genetics (Jan Humplik, Tomas Furst, Lukas Spichal — group leader)
Department of Biophysics (Alexandra Husi¢kova, DuSan Lazar)

Department of Genetic Resources for Vegetables, Medicinal and Special Plants (Miroslav Hybl)




