Plant Cryopreservation
Principles, Applications and Challenges of Banking
Plant Diversity at Ultralow Temperatures
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Why Is plant

cryopreservation important?
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A In-vitro -recalcitrance
A Plant ageing

A Somaclonal variations
A Specific protocol development
A Infestations of insects & contaminations @.
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Cryopreservation

A High genetic stability

A Minimum space requirements

A Low long-term costs

A Long-term storage of >100 years
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Needfor cryopreservation

~17,690 accessions

Cryobanks
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What is the historic background for

cryopreservation?
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Liquidnitrogen- cryogenics
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A Discovered by Daniel Rutherford in 1772

A inert gas, colourless, odourless, non -
corrosive, non -flammable, very cold and
cheap

A Atmosphere: 78% N ,, 21% O,, 1% other
components

A Boils at -196°C and freezes at -210°C

A In 1883, Zygmunt Wroblewski and Karol
Olszewski discovered a method to liquidfy N,
by compressing and cooling

A In 1898 James Dewarinvented a tank
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Akira Sakal (1960) experiments with mulberry buds
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Sakai (1960) https://doi.org/10.1038/185393a0



Eventsluringslowcoolingof dormantwinterbuds

. Cytoplasm supercools above -10°C
. Extracellular water crystallize and

water pressure falls

. Electrolytes will precipitate, pH

changes

. All free water is converted to ice
. Small crystals tend to form large

crystals (recrystallisation)



Developmendf dormantbud cryopreservation

Sampling in Uni-nodal Air dehydration at -5°C Cooling rate at 1 °C h?! LN storage
mid -winter segments, ~ 3.5 cm ~22% water content to -30°C
/, 777\\\
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How to conserve organs in a

viable state?



Storage atthe glassystate

Liquid state V IV |1 [l | Amorphous
(glassy) solid

Cells and organelles shrink
Increasing viscosity of cytoplasm
Increasing conc of reactant molecules

Solution Syrupor Rubber Glass Porousglass
> 0.7 % g O gt DW ~0.15 % g J© g'! DW
> 99% RH ~ 50% RH

>-1.5 MPa ~-100 MPa

Bacteriagrowth
Yeasigrowth
Enzymati@ctivity
Non-enzymatidorowning
Lipidoxidation

Walters et al. (2005). Integrative and Comparative Biology 45,-78.




Panis et al. (2001). https://doi.org/10.17660/ActaHortic.2001.560.8
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Orthodox seeds or pollen
Fast drying methods for embryonic axis of non -orthodox seed
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Metabolic adjustment

COI d aCC| I matlor& SlOWCOOl | ng (e.g. cold acclimation)

Freeze dehydration
(Slow cooling)
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‘ Dormant buds, unorganized cells, embryonic cells, cell lines
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Permeatingnoleculeg osmotiaehydration
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PlantCryoprotectanfAgents

PVS 2 0.4 M Sucrose + 30% Glycerol + 15%

Ethyleneglycol + 15% DMSO (Dimethylsulfoxide)
(Sakal et al. 1990)

PVS 3 50% Sucrose + 50% Glycerol
(Nishizawa et al. 1993)

PVS 4 0.6 M Sucrose + 35% Glycerol + 20%
Ethyleneglycol (Sakai 2000)

Droplet Freezing 10% DMSO (Schéafer-Menuhr et al. 1996)
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Principle®f conservation
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How do we apply cryopreservation to

potato and Allium species?



PVS3droplet vitrification

Transfer to vials
Or into droplets

Excision &

preculture
oy dgo £, £

Loading & PVS3

LN exposure

Shoot tips from
field progules or
in vitro plants
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