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PARIS, May 2019– report from the 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES)

Almost 600 plant species have 

been lost from the wild in the 

last 250 years [Humphreys A. 

M. et al., 2019].



• Preservation of Genetic Diversity

• Ecosystem stability

• Agricultural resilience

• Conservation of species

• Human well-being

• Disease-Free Storage

• Support for Biotechnology and Research

• Sustainability and Cost-Effectiveness

• Supporting Global Genetic Resource Networks

• Minimizing Genetic Drift and Maintaining Traits

• Crisis Resilience

Cryopreservation



• Ice Formation

• Dehydration

• Osmotic Stress

• Membrane Damage

• Thawing Injuries

Mechanisms of
Cryoinjury

Jing Yang et al. 2019

J. Xie et al. 20122



• Use of Cryoprotectants

• Controlled Freezing Rates

• Minimizing Osmotic Stress

• Hydration Management

• Optimizing Cooling Protocols

• Antioxidant Protection

• Use of Protective Additives

• Post-Thaw Recovery Optimization

Erik J. Woods et al. 2016

Strategies to prevent cryodamage



Stavroula Kynigopoulou et al. 2024

Cryodamage Avoidance
 Strategies



20 °C/min cooling rate, 1 °C/min heating rate, σ = 2• 105 kg/m2













Dogs – 8 antigens
Horses – 7 internationally recognized blood groups
Cows  - 11 major blood groups



INTRODUCTION

COMPLEX CRYOPRESERVATION MEDIUM FOR MAMMALIAN ERYTHROCYTES

Successful cryopreservation of animal erythrocytes is 

hampered by the need for individual choice of the 

protocol due to species differences. The solution to 

this problem can be complex cryoprotective media 

(CCM). The aim of this work was to develop CCM that 

could become unified for mammalian erythrocytes.

MATERIALS AND METHODS

Final cryoprotective concentration  in cell suspension:
1. 2.5% PEO-1500 +7.5% Me2SO 
2. 5% PEO-1500 + 5% Me2SO 
3. 10% PEO-1500 +5% Me2SO 
4. 5% PEO-1500 + 5% Me2SO + 5% 1,2-PD + 5% sucrose
5. 7.5% PEO-1500 + 5% Me2SO + 2.5% 1,2-PD + 2.5% sucrose
6. 7.5% PEO-1500 + 7.5% Me2SO + 2.5% 1,2-PD + 2.5% sucrose
7. 10% PEO-1500 + 5% Me2SO + 2.5% 1,2-PD + 2.5% sucrose
8. 5% PEO-1500 + 5% Me2SO + 5% 1,2-PD + 2.5% sucrose
9. 10% PEO-1500 +2.5% Me2SO + 2.5% 1,2-PD +2.5% sucrose
10. 5% PEO-1500 + 5% Me2SO + 5% 1,2-PD + 5% mannitol

1. washed erythrocyte + cryopreservative medium
2. 15 min incubation 
3. Freezing by immersion into liquid nitrogen (−196°C)
4. Thawing in a water bath at 40°C up to liquid phase appearance
5. Washing

equine

rabbit

bovine
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RESULTSCOMPLEX CRYOPRESERVATION MEDIUM FOR MAMMALIAN ERYTHROCYTES

MATERIALS AND METHODS

Samples



INTRODUCTION

COMPLEX CRYOPRESERVATION MEDIUM FOR MAMMALIAN ERYTHROCYTES

Medium

Hemolysis of bovine erythrocytes Hemolysis of eguine erythrocytes Hemolysis of rabbit erythrocytes

After 15 min 

incubation

After freeze-

thawing

After freeze-

thawing and 

washing

After 15 min 

incubation

After freeze-

thawing

After freeze-

thawing and 

washing 

After 15 min 

incubation 

After freeze-

thawing

After freeze-

thawing and 

washing

2.5% PEO-1500 +7.5% Me2SO 0,80,2 18,41,3 38,22,5 0,80,2 16,71,5 45,83,7 0,80,2 16,41,4 46,93,9

2. 5% PEO-1500 + 5% Me2SO 0,70,2 13,81,2 46,24,1 0,30,1 16,20,9 51,25,1 0,70,2 15,81,6 48,54,2

10% PEO-1500 +5% Me2SO 0,50,2 13,21,1 35,52,4 0,70,2 16,51,2 39,52,7 0,40,3 15,41,3 36,52,5

5% PEO-1500 + 5% Me2SO + 5% 1,2-

PD + 5% sucrose
0,60,2 10,41,0 38,42,7 0,50,2 12,51,2 44,33,2 0,50,1 11,41,1 40,43,5

7.5% PEO-1500 + 5% Me2SO + 2.5% 
1,2-PD + 2.5% sucrose

0,50,2 5,20,4 23,42,0 0,70,2 7,20,6 25,42,0 0,80,2 6,40,5 24,52,1

7.5% PEO-1500 + 7.5% Me2SO + 2.5% 

1,2-PD + 2.5% sucrose
0,80,1 7,20,8 27,52,3 0,90,3 7,60,5 27,82,7 0,90,1 7,80,2 28,92,8

10% PEO-1500 + 5% Me2SO + 2.5% 
1,2-PD + 2.5% sucrose

0,50,2 5,20,6 41,14,0 0,50,2 6,10,5 42,23,8 0,60,2 6,70,6 43,84,2

5% PEO-1500 + 5% Me2SO + 5% 1,2-
PD + 2.5% sucrose

0,50,1 13,81,1 47,34,1 0,60,2 15,81,4 54,53,5 0,60,1 15,51,3 49,53,4

10% PEO-1500 +2.5% Me2SO + 2.5% 
1,2-PD +2.5% sucrose

0,30,2 6,60,5 30,92,3 0,30,2 7,70,7 34,92,8 0,40,2 7,30,8 32,72,2

5% PEO-1500 + 5% Me2SO + 5% 1,2-
PD + 5% mannitol

0,60,1 10,00,5 38,53,4 0,60,1 8,10,5 44,83,9 0,70,2 9,20,5 40,73,8
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CONCLUSIONS
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n = 5.

10% Me2SO



COMPLEX CRYOPRESERVATION MEDIUM FOR MAMMALIAN ERYTHROCYTES

CONCLUSIONS

Thus, the developed complex cryoprotective media containing polyethylene glycol 1500 (7.5%), Me2SO (5%), 1.2-

propanediol (2.5%), sucrose (2.5%) is potentially unified for erythrocytes of different mammals.

The transfusion simulation
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Yevgeniya I. Smolyaninova, Olena M. 

Bobrova

to study low-temperature phase transitions in sucrose-containing solutions of glycerol 

(Gl), 1,2-PD, 1,3-PD, ethylene glycol (EG), and Me2SO.

Cryoprotectant solutions (30% concentration) 

were prepared with Dulbecco's nutrient 

medium supplemented with sucrose. DSC 

thermograms were recorded at the heating 

stage (0.5 grad/min) after rapid cooling of the 

solutions by immersion into liquid nitrogen 

(200°/min). For all investigated solutions, the 

temperatures of phase and glass transitions 

were determined.

Sucrose is often used both as a primary cryoprotectant and in complex cryoprotective 

media. In particular, sucrose is a component of many media for cryopreservation of 

mammalian embryos by vitrification.

PHASE BEHAVIOR OF SUCROSE-CONTAINING CRYOPROTECTIVE 

SOLUTIONS AT TEMPERATURES BELOW 0 °C

Introduction

Purpose

Materials and methods Low temperature differential 

scanning calorimetry (DSC)

Conclusions

the addition of sucrose to cryoprotective solutions leads to an increase in the glass transition temperature and the 

disappearance of crystallization and melting of eutectic compositions.
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transition

30% Me2SO+1M 

sucrose

Preparing of cryoprotectant solutions

Cryoprotectant solutions (30% 

concentration) were prepared with 

Dulbecco's nutrient medium 

supplemented with sucrose.

30% Gl+1M sucrose

Crystallizati
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Melting

Cryopreservation of mouse embryos



INTRODUCTION RESULTS

EFFECT OF LOW TEMPERATURE PLACENTA STORAGE ON BIOLOGICAL 

ACTIVITY OF ITS EXTRACTS

Low temperature storage of placenta is widely used. We have recently 

shown that at high cooling rates there is a small amount of liquid phase 

that remains uncrystallized and goes into to a glassy state at 

temperatures from -77°C to -81.5°C. The aim of this work was to study 

the effect of placental storage temperature on biological activity of its 

extracts.

MATERIALS AND METHODS

-196 ºCControl

-20 ºC -80 ºC

Obtaining of human 

placenta extracts (HPEs)

Placental fragments were washed 

out with 0.15 M  sodiium chloride  

solution until  the visual removal of 

mucus and blood; then fetal 

membranes (amniotic and chorion) 

were removed. Placenta fragments 

were  homogenized in physiological 

solution (1:1, w/v) with a following 

incubation for 12h at 4 ºC.   

Anti-aggregation activity of HPEs was determined by 

spectrophotometric method. Platelet-enriched plasma was incubated for 

15 minutes with HPEs at +37 °C. 5'-ADP at a concentration of 10–5 mol/l 

was used as an inducer of platelet aggregation.

% inhibition of aggregation = (1- (aggregation of sample) ∕ (aggregation of control)) * 100

Ability of HPEs  to reduce 

erythrocytes’ thermohemolysis  

(20 min in  thermostat at 55 ° C)

% inhibition of hemolysis = (hemolysis of 

control) - (hemolysis of sample)) ∕ 

(hemolysis of control) * 100
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CONCLUSIONS

Thus, placenta biological activity was maintained at -196˚C at least during 1 year, at -80°C it 

was kept for 6 months, and for 3 month at -20°C.

* - statistically 
significant 
difference relative 
to control
 (p <0.05), n = 6.

* 
-

* 
-

* 
-

* 
-

* 
-



LOW TEMPERATURE PHASE TRANSITIONS IN 

GREEN MICROALGAE SUSPENSIONS

to study low-temperature phase transitions in suspensions of green microalgae Dunaliella 
salina, which were cultivated on Ramaraj media with different content of sodium chloride.

Suspensions of 
green microalgae

Snap freezing in 

liquid nitrogen

(~ 200°/min)

Low temperature differential scanning calorimetry

Thermograms of frozen samples 

were recorded while rewarming at 0.5 °/min.

Green microalgae Dunaliella salina is a promising 
source of carotene for the biotechnology industry. 
Cryopreservation is one of the best ways to preserve 
important strains of microalgae for a long time 
without losing their characteristic features. It is 
known that with a high degree of salinity, Dunaliella 
salina are capable of glycerol hypersynthesis. 
Glycerol, which accumulates in Dunaliella salina cells 
under stress, can act as a natural cryoprotectant.

Liska A. et al., 2004

Substances Concentration, g / l
H3BO3 0,00928
CoCl2·6H2O 0,00005
ZnCl2 0,00011
MnCl2·4H2O 0,00198
Na2MoO4 0,00049
NaVO3 0,00024
CuCl2·6H2O 0,00005
MgSO4·7H2O 1,23
KCl 0,2
CaCl2·2H2O 0,044
KNO3 0,5
KH2PO4 0,014
FeCl3·6H2O 0,0005
Na2EDTA 0,074
NaHCO3 2,1

NaCl
87,7    (1,5 М)
175,4 (3 М)
233,76  (4 М)

Qualitative and quantitative composition of Ramaraj 
growth medium 

Glass transition

Crystallization

Melting1,5 M NaCl

3 M NaCl

4 M NaCl

Ramaraj

medium

Ramaraj

medium

Ramaraj

medium

Microalgae 

suspension

Microalgae 

suspension

Microalgae 

suspension

Glass transition was registered in 
microalgae suspensions that were 
cultured in Ramaraj medium with 1.5 M, 
3M and 4M of NaCl. This indicates an 
effective hypersynthesis of glycerol by 
Dunaliella salina microalgae. An intense 
exothermic peak was recorded at the 
heating stage at NaCl concentrations of 
1.5 M and 3M almost immediately after 
completion of glass transition. This 
indicates low stability of the amorphous 
state in studied cell suspensions and the 
need for high heating rates to prevent 
crystallization processes from the 
amorphous state. The crystallization peak 
was not recorded in microalgae 
suspension with 4M of NaCl. Two 
separate melting peaks were registered 
at 1.5 M of NaCl. They probably 
correspond to the melting of eutectic 
compositions and ice melting. An 
increase in NaCl concentration leads to a 
decrease in the melting point of ice and a 
lack of separation of the two melting 
peaks.

Eutectic 

crystallization

Eutectic 

melting

Glass transition
Crystallization

Eutectic 

crystallization

Melting

Eutectic 

melting

Glass transition

Eutectic 

crystallization

Eutectic 

melting

Introduction

Purpose

Materials and methods

Results
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– Field collection

– In vitro collection

• Normal growth 

• Slow growth (temp, O2 , H2O , medium ~)

– Cryopreservation (-196°C)

  

Methods of conservation 

Field collection = vulnerable to pests, diseases, and climate

Many critical food and nutrition security crops cannot be conserved in 

perpetuity by seeds!

• Seedless crops

• Crops that do not breed true from seeds

• Crops with recalcitrant or short-lived seeds



Changing the water content during storage 

plant material in plastic bag in a fridge

Influence of dehydration of grape 

cuttings on their viability
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# – statistically significant differences compared to control (р<0,05), n=10. 

Changing the water content (WC) of grape 

cuttings during dehydration
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Experimental workflow for vine cuttings drying 

Vine 
1. Russian Concord
2.Riparia X Rupestris 
3. Zagadka
 Single-bud cuttings 
were collected in 
autumn and winter

Saturation with sucrose 
by vacuum infiltration 
method (0.5 M 
sucrose).

Drying
by refrigerating 
(+4°C) until final 
humidity 37-42%. 
Final sucrose 
concentration   ̴0.7 
M.



Vacuum-infiltration- vitrification (VIV)

Experimental workflow for dormant grapes buds saturation with PVS 

Dormant grapes buds 

Passive saturation

•incubation in PVS 2 
• normal atmospheric pressure;
•saturation time in PVS2 - 60 minutes. 

Saturation efficiency Grape buds viability assessment

Grape buds viability was assessed by 
their swelling during cultivation under 

phytotron conditions with 5500 lux 
lighting at a temperature of 18-20°C.

Active vacuum-infiltration saturation

•Degassing time: 5 minutes;
•Pressure: 20-40 kPa;
•Saturation time in PVS2: 15-20 minutes.

Staining with 2,3,5-
triphenyltetrazolium chloride (1% 
solution).

Snap freezing and storage in liquid nitrogen

Low temperature differential scanning 
calorimetry (DSC)

Thermograms of frozen samples 
(-196°C, 200°/min)  were recorded while 
rewarming at 0.5 °/min.
Following parameters were analyzed:
•  glass transition intensity, 
• ice melting temperature 
• enthalpy of water crystallization

Standard vitrification
PVS 2 solution 

30% glycerol
15% ethylene glycol
15% DMSO
0.4M sucrose
 in Murasige-Skuga 
medium

Grape buds’ integrity assessment



container with a 
cryoprotectant solution

vacuum tubing

vacuum monometer

vacuum pump

evaporator

tap for bleeding excess pressure flow 
separator

grape buds

vacuum chamber

vacuum 
clamp

Schematic diagram of laboratory vacuum infiltration unit
for saturation of dormant grape buds
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Enthalpy of phase transitions



Saturated buds Тg, ºС Тc, ºС Тpm, ºС Tm, ºС

Control -87.9±1.6 -64.8±1.4 -37±0.5 -2.4±0.5

PVS1 -107.1±0.5* -68.5±0.5 -37.2±0.5 -7.2±0.5*

PVS2 -115.1±0.5 -77.6±0.5 -37.1±0.5 -15.1±0.5*#

PVS3 -105±0.5* -62.5±0.5 -36.4±0.5 -7.9±0.5*

PVS4 -107.2±0.5* -77.4±0.5 -37.5±0.5 -9±0.5*

PVSN -106.9±0.5 -85.2±0.5 -48.9±0.5 -4.1±0.5

Saturated buds Δcp ΔHc ΔHpm ΔHm

Control 9.1±1.0 0.83±0.21 0.38±0.16 174.1±29.8

PVS1 20.5±3.7* 9.22±1.15* 2.96±2.48* 68.3±9.9*

PVS2 18.0±0.9* 12.81±1.56* 4.5±0.51*# 55.72±6.34*#

PVS3 32.9±2.6* 1.98±0.56* 1.07±0.32* 116.7±17.3*

PVS4 34.8±3.9* 26.5±2.31* 0.42±0.13 73.6±11.5*

PVSN 12.3±2.1 1.33±0.17 0.79±0.13 123.5±11.5

* - statistically significant difference relative to control (p = 0.05), n = 5;

# –statistically significant difference relative to other PVS (p = 0.05), n = 5 .

When saturated with PVSs, significant changes in heat 

absorption jump during glass transition, temperatures of phase 

transitions and their enthalpies were found. After saturation with 

PVS2, the temperature and enthalpy of melting were significantly 

lower than for PVS1, PVS3 and PVS4, which indicated a better 

saturation with PVS2. This may be due to the rather high content 

of Me2SO.

Grape dormant buds cryopreservation



Viability 
of grape

buds 

VIV enabled 60% level of grape buds’ viability for Russian 
Concord  and Riparia X Rupestris varieties  and 80% level 
of viability for Zagadka variety after cryopreservation. 
Regrowth of grape buds was 30% for Russian Concord, 
40%  for Zagadka , 0% for Riparia X Rupestris.
There were no integral and viable grape buds while using 
passive saturation approach.

Grape dormant buds cryopreservation

Regrowth
of grape

buds 



Changes in water content (blue markers) and water activity (green markers) of nodal 

segments for Sanibelle (A) and Wilamette (B) varieties during dehydration

Raspberry dormant buds cryopreservation



Changes in water activity (AW) of nodal raspberry segments with decreasing water content 

(WC) in two calendar years (2022 and 2023) for `Sanibelle` and `Willamette` varieties. The 

correlation between experimental points and the trendline is significant: ** p<0.01; *** 

p<0.001

Raspberry dormant buds cryopreservation



Differences in the state of water in the bud and wooden part of 

non-dehydrated nodal cane segments (`Willamette`)

Decrease in melting peak area and melting temperature of 

raspberry buds with decreasing water content ('`Sanibelle`')

Raspberry dormant buds cryopreservation



Changes in temperatures of phase transitions and percentage of 

crystallized water in raspberry buds (Sanibelle variety) during 

dehydration (control at the top and the more dehydrated the 

buds, the lower in the graph)

Raspberry dormant buds cryopreservation



Decreasing of crystallization and melting peak temperature (onset) of raspberry buds and woody part with 

decreasing water content in `Sanibelle` and `Willamette` varieties. Data are presented as mean ± SE, n = 3-5. 

Designations in the figure: Tcr bud – crystallization temperature of buds; Tm bud – melting temperature of 

buds; Tcr wood  – crystallization temperature of the woody part; Tm wood  – melting temperature of the woody 

part. The trendlines are shown only for buds' crystallisation (blue) and melting (orange) temperatures.

***Correlation between experimental points and the trendline is significant at p < 0.001

Raspberry dormant buds cryopreservation



Crystallized water Crystallized water during cooling and warming of raspberry buds and woody part  

depending on water content. in `Sanibelle` and `Willamette`. Data are presented as mean ± SE, n = 

3-5. Designations in the figure: cr bud – crystallization of buds; m bud – melting of buds; cr wood – 

crystallization of the woody part; m wood  – melting of woody part; The trendlines are shown only 

for the percent of crystallized water during buds' crystallisation (blue) and melting (orange).

***Correlation between experimental points and the trendline is significant at p < 0.001

Raspberry dormant buds cryopreservation
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Regrowth of dehydrated raspberry buds (n=15) after frost test for `Sanibelle` and 

`Willamette` varieties. Designations in the figure: ND – non-dehydrated buds (WC 45-

50%, AW 0.96-0.97); D – dehydrated buds (WC 33-35%, AW 0.92-0.93)

Raspberry dormant buds cryopreservation



Regrowth of raspberry buds of `Sanibelle` and `Willamette` varieties with different dehydration 

levels after cryopreservation using various procedures. Designations in the figure: rapid – rapid 

thawing, slow - slow thawing, 1h and 24 h - annealing times at -30°C. * - no experimental data. a–f 

averages with the same index do not differ significantly

Raspberry dormant buds cryopreservation



Cryopreservation of dormant buds has proven to be an effective method for 

preserving raspberry genetic resources. The two-step freezing process of dormant 

raspberry buds, following initial dehydration, achieved regeneration rate of up to 

74–86 %. The highest regeneration rates were observed when the buds were 

dehydrated to a moisture level of 22–23 % and a water activity of 0.83–0.85. 

Optimal conditions for the two-step freezing process included an initial hardening 

temperature of −30 °C for 24 h, followed by rapid thawing after cryopreservation.

Conclusions
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Wood of one-year old twigs during 
dehydrationControl apricot dormant buds 

State of water in apricot dormant buds during dehydration and cooling (DSC)



State of water in apricot dormant buds during dehydration and cooling (DSC)

DSC thermogram of apricot dormant bud of 
variety Sophinka after 14 days of dehydration.
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Conclusions

• Thermal characterization and analysis of water activity in twigs and buds provide important 

information about the water status of plant tissues, which is necessary for successful 

cryopreservation.

• Two isotherms during cooling are typical for apricot and raspberry tissues, however, for twig, 

the percentage of strongly supercooled water is many times greater than for buds.

• The moisture content of buds is higher than that of twig, therefore, the determination of the 

average moisture content of single-node segments for cryopreservation is incorrect and does 

not allow estimating the moisture content of the buds themselves.

• Crystallization in twig tissues occurs at lower temperatures and the percentage of crystallized 

water is lower than for buds.

• At moisture levels in plant tissues below 25-30%, the water is prone to supercool and may be 

in the glassy state at low temperatures. However, part of this glassy phase is metastable and 

can crystallize during heating.
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