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PGR maintenance at IPK

3Cryo (2,500 accessions)

Slow-growth storage 

(3,130 accessions)

Field genebank 

(1,380 accessions)
Seed cold storage

(~145,000 accessions)

IPK, 2025
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Why is plant 

cryopreservation important?



Importance for
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Clonal crop species

Plant cell lines

Wild species

Plant breeding

Virus eradication

Woody speciesConservation of 

genetic diversity

Plant breeding

and production
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• Accumulation of mutations & endophytic organisms

• Exposure to adverse weather conditions

• Exposure to pathogens and insects

• Plant ageing
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In-vitro Slow-growth storage
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• In-vitro-recalcitrance

• Plant ageing

• Somaclonal variations

• Specific protocol development

• Infestations of insects & contaminations
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Cryopreservation
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• High genetic stability

• Minimum space requirements

• Low long-term costs

• Long-term storage of >100 years
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Need for cryopreservation
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Cryobanks

~17,690 accessions

In vitro genebanks

~33,000 accessions

Field genebanks

~400,000 accessions
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World Cryobanks

Nagel et al. (2024) Annual Reviews of Plant Biology 75; 797-824 https://doi.org/10.1146/annurev-arplant-070623-103551
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What is the historic background for 

cryopreservation?



Liquid nitrogen - cryogenics

14

• Discovered by Daniel Rutherford in 1772

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

• Atmosphere: 78% N2, 21% O2, 1% other 
components

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

• In 1883, Zygmunt Wróblewski and Karol 
Olszewski discovered a method to liquidfy N2 

by compressing and cooling

• In 1898 James Dewar invented a tank



Akira Sakai (1960) experiments with mulberry buds
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Events during slow cooling of dormant winter buds
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1. Cytoplasm supercools above -10°C

2. Extracellular water crystallize and 
water pressure falls

3. Electrolytes will precipitate, pH 
changes

4. All free water is converted to ice

5. Small crystals tend to form large 
crystals (recrystallisation)pH 



Development of dormant bud cryopreservation
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Sampling in 

mid-winter

Uni-nodal 

segments, ~ 3.5 cm

Air dehydration at -5°C

~22% water content

Cooling rate at 1°C h-1

to -30°C 

LN storage

Nagel et al. (2024) Annual Reviews of Plant Biology 75; 797-824 https://doi.org/10.1146/annurev-arplant-070623-103551
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How to conserve organs in a 

viable state?



Storage at the glassy state
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IVV III II I

Solution
> 0.7 % g H2O g-1 DW
> 99% RH
> -1.5 MPa

Syrup or Rubber Glass
~ 0.15 % g H2O g-1 DW
~ 50% RH
~ -100 MPa

Porous glass

Cells and organelles shrink
Increasing viscosity of cytoplasm

Increasing conc of reactant molecules

Bacteria growth
Yeast growth
Enzymatic activity
Non-enzymatic browning
Lipid oxidationW
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Air drying
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Cold acclimation & slow cooling

21

Water molecules

Ice crystals

Pa
ni

s 
e
t 

a
l. 

(2
0

0
1

). 
ht

tp
s:

/
/
d

o
i.o

rg
/
1

0
.1

7
6

6
0
/
A

ct
a
H

o
rt

ic
.2

0
0

1
.5

6
0

.8

N
a

g
e
l 
e
t 

a
l. 

(2
0

2
4
) 

A
nn

ua
l R

e
vi

e
w

s 
o
f 

P
la

nt
 B

io
lo

g
y
 7

5
; 
7

9
7

-8
2

4

ht
tp

s:
/
/
d

o
i.o

rg
/
1

0
.1

1
4

6
/
a

nn
ur

e
v
-a

rp
la

nt
-0

7
0

6
2

3
-1

0
3

5
5

1

Dormant buds, unorganized cells, embryonic cells, cell lines

Protective molecules

https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551
https://doi.org/10.1146/annurev-arplant-070623-103551


Permeating molecules & osmotic dehydration
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Water molecules

Ice crystals
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Plant Cryoprotectant Agents 

23

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

  Ethyleneglycol + 15% DMSO (Dimethylsulfoxide) 

 (Sakai 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 (Schäfer-Menuhr et al. 1996)



Principles of conservation
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Most non-vitrified tissue dies
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How do we apply cryopreservation to 

potato and Allium species?



PVS3 droplet vitrification

26

Shoot tips from 

field progules or 

in vitro plants

Excision &

preculture

Loading & PVS3

LN storage

Rewarming

Transfer to vials

Or into droplets

LN exposure

Nagel et al. (2024) Annual Reviews of Plant Biology 75; 797-824 https://doi.org/10.1146/annurev-arplant-070623-103551
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Potato Cryopreservation
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Potato cryopreservation – adaptation during routine work

28
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2,133 accessions stored in cryo

Regrowth varies strongly after cryopreservation
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N = 210 explants

52 ± 26%

IPK, 2025, preliminary, unpublished data



Material for cryopreservation
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Regrowth varies strongly after cryopreservation

32

• Cloves, bulbils, in vitro plants and inflorescences

• Cryopreservation conducted on 224 accessions 
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N = 140 explants

38.3 ± 23.4%

IPK, 2025, preliminary, unpublished data
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What are the challenges of 

cryopreservation?



Costs

34

1



Cost of cryopreservation
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Cryobanks

~17,690 accessions

In vitro genebanks

~33,000 accessions

Field genebanks

~400,000 accessions
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• Well-equipped in vitro labs

• Trained personnel

• Garlic, 2013: 47 EUR Field, 360-560 EUR Cryo

• Banana, 2020: 900 USD In-vitro, 1.300 USD Cryo

• Potato, 2025: 3.000-5.000 EUR
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Duplication status
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2



10-15% potential duplication

37

ALL 651

ALL 651, 1981, Bagnoli, Italy

ALL 1840: Italian Purple, 1986, USA

ALL 1840

IPK, 2025, preliminary, unpublished data



Contaminations and 
endophytic organisms

38

3



Microbiome of potato accessions

39

• Barcoding of 384 potato accessions with high and low regrowth

IPK, 2025, preliminary, unpublished data



Protocol development

40

4



DMSO vs. PVS3

41
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DMSO vs. PVS3 vs PVS3A
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Further challenges
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• Cryopreservation is slow

• Epigenetic effects needs to be furhter investigated

• Standardization and data security

• Back-up storage and storage security

• Cryopreservation of PGR and wild species can be only 

successful as a complementary approach
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RGR – A. Börner, K. Krusch

ETX – F. Blattner, D. Harpke

DOK – S. Weise, A. Söchting, P. 

TEN – K. Dehmer, M. Kafka

Further Departments

BIT – U. Scholz, D. Schüler

HET – M. Kuhlmann, L. Altschmied

MD – J. D‘Auria

NAM - Jedrzej J. Szymanski

SZB - M. Melzer, T. Rutten

AAN – Hardy Rolletscheck

DG – Martin Mascher

External Colaborators

AIT – F. Trognitz, D. Großkinsky, H. Koch

ECPGR Community
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