Cryopreservation of temperate
fruit species in Serbia

Tatjana Vujovic, Darko Jevremovic
Fruit Research Institute, Cacdak, Serbia



Fruit Research Institute, Cacak

Research and Development Institute

J 1898 - Law on the improvement of fruit growing

) 1906 - fruit nursery

[ 1946, July 17 — foundation day (Fruit Growing and Processing Station)
J Numerous transformations

] 2006 - Fruit Research Institute



Fruit Research Institute, Cadak

Departments

Research & development

Plant laboratories
protection and

Pomology
and fruit
breeding

Fruit
physiology

certification of
planting
material

Chemical analysis

Phytopathology

Technology Fruit
of fruit processing
growing technology

Experimental

fields Tissue culture in vitro




Collection, characterisation and evaluation

of autochthonous genotypes of pome, stone, kernel and small fruit species

J Besides the cultivated fruit species and cultivars, a large number of wild and
related species have been registered in Serbia.

L Ex situ collection of Fruit Research Institute comprises more than 800
genotypes of different fruit species.

[ Breeders are currently involved in characterization and evaluation of
considerable number of landraces, especially those that exhibit favorable
traits (resistance to pests and diseases, long shelf life, etc.).

d The significant outcome of the Cryoplum project are in vivo and in vitro
collections of nine autochthonous plum cultivars that are maintained in the
greenhouse and laboratories of the Fruit Research Institute and are
available for various purposes (conservation, propagation, breeding,
exchange, morphological characterization and agronomic evaluation).

Our interest?

To reestablish fruit gene bank of Serbia employing, among
others, different in vitro cryopreservation techniques.
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Cryopreservation in vitro

J Encapsulation dehydration
 Vitrification
. Droplet vitrification
'V cryo-plate
. D cryo-plate
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Projects

COST 863 STMS

Participant: Burdina Ruzic
Title: The application and the elaboration of the protocol for encapsulation-dehydration,
vitrification and droplet vitrification techniques in raspberry (Rubus idaeus L.)

Place: CRA - Fruit Tree Research Centre of Rome, Italy
Supervisor: Dr Carmine Damiano and Dr Emilia Caboni

COST 871 STMS

Participant: Tatjana Vujovic

Title: Cryopreservation of autochthonous plum genotypes (P. insititia L. and P. cerasifera
Ehrh.) using encapsulation-dehydration and droplet vitrification techniques

Place: IRD, Montpellier, France

Supervisor: Dr Florent Engelmann

SERBIAN-FRENCH BILATERAL SCIENTIFIC COOPERATION
(Program ‘Pavle Savic’ —'Partnership Hubert Curien’)

Project title: Application of droplet-vitrification and V cryo-plate methods in cryopreservation
of Prunus genetic resources

Institutions: IRD and INRA, Montpellier, France and FRI, Cadak, Serbia

Duration: 2014—2015



Science Fund
of the Republic of Serbia

Projects

BILATERAL SCIENTIFIC COOPERATION BETWEEN SERBIA AND CROATIA

Project title: In vitro propagation, conservation and quantification of biological activity of
fruits of small fruit species and grapevine

Institutions: University of Zagreb — Faculty of Agriculture, Croatia and FRI, Cadak, Serbia
Duration: 2019—2022

SCIENCE FUND OF THE REPUBLIC OF SERBIA
Program for excellent projects of young researchers (PROMIS)

Project title: Conservation and plum pox virus eradication from Serbian autochthonous plum
genotypes using cryotechniques - CryoPlum

Institutions: FRI, Cadak, Serbia

Duration: 2020—2022

COST ACTION CA21157

Project title: European Network for Innovative Woody Plant Cloning (COPYTREE)
Duration: 2022-2026



What we have done so far




1. Ruzi¢ Dj., Vujovic T., Cerovic R. (2014): Cryopreservation of cherry rootstock Gisela 5 using vitrification procedure. Horticultural Science
(Prague), 41, 2: 55-63.
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1. Vujovi¢ T., Ruzi¢ B., Cerovi¢ R. (2021): Cryopreservation of apple shoot tips by vitrification and subsequent plant regeneration. Acta
Horticulturae, 1308: 33—40.
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Droplet vitrification
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1. Vujovi¢ T., Sylvestre ., Ruzi¢ ., Engelmann F. (2011): Droplet-vitrification of apical shoot tips of Rubus
fruticosus L. and Prunus cerasifera Ehrh. Scientia Horticulturae, 130: 222-228; 2. Vujovi¢ T., Ruzi¢ D., Cerovic R.
(2015): Optimization of droplet vitrification protocol for cryopreservation of in vitro grown blackberry shoot tip.
Acta Horticulturae, 1099: 595-601; 3. Vujovi¢ T., Ruzi¢ ., Cerovi¢ R. (2017): Effect of the duration of liquid
nitrogen storage on the regrowth of blackberry cryopreserved by droplet vitrification. Contemporary

Agriculture, 66, 1—2: 44 - 50.
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4. Vujovi¢ T., Ruzi¢ B., Vrani¢ D., Marjanovic¢ T. (2020): Cryopreservation in vitro of apple shoot tips following droplet-vitrification. Acta Horticulturae, 1289: 1-8.



1. Ruzi¢ Dj., Vujovic¢ T., Cerovic R. (2013): Cryopreservation of cherry rootstock Gisela 5 (Prunus cerasus x Prunus
canescens) shoot tips by droplet-vitrification technique. Journal of Horticultural Research, 21, 2:79-8s.
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1. Vujovi¢ T., Sylvestre I., Ruzi¢ Dj., Engelmann F. (2012): Cryopreservation of cherry plum and blackberry shoot
tips by droplet-vitrification. Proceedings of Final Meeting of COST Action 871 — Cryopreservation of Crop

[ LY al . -
Species in Europe, Angers (France), pp. 163-166.
ro p e V' r' l Ca l O n 2. Vujovi¢ T., Ruzi¢ Dj., Cerovi¢ R. (2015): Cryopreservation in vitro of autochthonous Prunus sp. by droplet-

vitrification. Biologia, 70, 10: 1359-1365.
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1. Vujovi¢ T., Chatelet Ph., Ruzi¢ B., Engelmann F. (2017): Cherry plum & plum (Prunus sp.), V cryo-plate; D cryo-
plate. In: ‘Manual of cryopreservation methods using cryo-plate. V and D cryo-plate procedures as an effective

V c ryo p I at e protocol for cryobanks’, Nino T., Matsumoto T., Yamamoto S-I., Maki S., Tanaka D, Engelmann F. (eds.), pp. 66—69.
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2. Vujovi¢ T., Chatelet Ph., Ruzi¢ ., Engelmann F. (2015): Cryopreservation of Prunus sp. using aluminium cryo-

plates. Scientia Horticulturae, 195: 173-182.
3. Vujovi¢ T., Ruzi¢ B., Marjanovi¢ T., Jevremovi¢ D. (2020): Application of V and D cryo-plate methods for the

D C r O - I at e cryopreservation of cherry rootstock Gisela 5. Book of Proceedings of the Xl International Scientific Agricultural
Symposium ‘Agrosym 2020’, pp. 62-68.

INTER-LABORATORY VALIDATION
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V cryo-plate
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D cryo-plate
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1. Vujovi¢ T., Jevremovi¢ D., Marjanovi¢ T., Ruzi¢ . (2021): Cryopreservation of Serbian autochthonous plum
‘Crvena Ranka’ using aluminium cryo-plates. Genetika, 53, 1: 283-294.
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V cryo-plate
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1. Vujovi¢ T., Jevremovi¢ D., Marjanovic T., Ruzi¢ B. (2021): Cryopreservation of Serbian autochthonous plum
‘Crvena Ranka’ using aluminium cryo-plates. Genetika, 53, 1: 283-294.

D cryo-plate
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D cryo-plate
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Plant Cell, Tissue and Organ Culture (PCTOC)
https://doi.org/10.1007/511240-022-02425-y
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=>HN Cryotherapy

Effect of D and V cryo-plate methods for plum pox virus eradication
from two plum cultivars

Table2 Frequency of plum pox virus eradication by cryotherapy in Darko Jevremovi¢’ - Bojana Vasilijevic’l - Tatjana Andeli¢’ - Tatjana Vujovic!
plum “Belogljiva’ N
Ao 4 -
Treatments Subculture after regrowth After - g [ @ @)‘
] B 3 1 ﬁg;"ﬂ“‘ / Plant Cell, Tissue and Organ Culture (PCTOC) %7 4
L51 loading control 5/5% 515 515 55 5/5 - / Table3 Frequency of plum pox virus eradication by cryotherapy in
2 h desiccation — LN 5 55 515 515 55 §om plum ‘Crvena Ranka’
2 h desiccation + LN o 99 X9 9/9 99 :
25hdesiccation-LN O/5 5/5 55  S/5 SIS : % Treatments Subculture after regrowth Af‘;’.r i
: - acclimati-
2.5 hdesiccation+LN (/7 17 T klxi i - 1 2 3 4 Zzation
3 h desiccation — LN V5 515 515 515 515
3 hdesiccation+LN  0/12 1212 1212 1212 1212 -, : = : LS1 loading control 5/5« 5/5 55 5/5 5/5
C4 loading control ——5/5 - 3/5 55 55565 e A A 2hdesiccation—LN  5/5  5/5 5/5 5/5 5I5

PVS2 20 min—LN W5 515 5i5 5/5 5i5
PVS2 20 min+LN - - - - -
PVS2 40 min —LN T T 515 515 5i5
PVS2 40 min+LN W15 13/15 15715 15715 15/15
PVS A320min—LN /5 5/5 5i5 5/5 5i5
PVS A3 20min+LN 04 34 4/4 4/4 44

2 h desiccation+ LN 6/9 9/9 9/9 9/9 9/9
2.5 h desiccation=LN  0/5 5/5 5/5 5/5 5/5
2.5 h desiccation+LN  0/6 1/6 3/6 6/6 6/6
3 h desiccation—LN 0/5 5/5 5/5 5/5 5/5
3 h desiccation+LN 0/9 6/9 8/9 9/9 9/9

PVE A3 40min—LN W5  5/5 505 5/5 C4 loading control 5/5 5/5 5/5 5/5 5/5
PVS A340min+LN  O/16 16/16 16/16 16/16 PVS2 20 min —LN o5 S5 SIS 515 55
PVS3 60 min—LN o5 55 550 55 m) PV/S2 20 min +LN 04 04 04 04
PVS360min+LN 09 85 9 99 PVS2 40 min—LN o5 55 55 55 55
PVS3 B0min=LN 055 55 55 55 PVS2 40 min+LN 02 02 22 22 22

. PVS3 80 min+LN 019 1219 19/19 19/19
Science Fund mn+

of the Republic of Serbia

PVSA3 20 min—=LN 0/5 5/5 5/5 5/5 5/5
PVSA3 20 min+LN 0/2 02 2/2 212 2/2
PVSA3 40 min—LN 0/5 3/5 4/5 5/5 5/5
PVSA3 40 min+LN 0/6 0/6 3/6 6/6 6/6

Fig.1 Regrowth of cryo-
preserved shoot tips of PPV
infected plums: a ‘Crvena
Ranka' after dehydration
with PVS3 for 60 min and b
‘Belosljiva’ after dehydration

with PVS3 for 80 min PVS3 60 min—LN (VR] 5/5 5/5 5/5 5/5
PV S3 60 min+LN o/12  0/12  0/12  0O/12
PVS3 80 min—LN (VR] 4/5 5/5 5/5 5/5

ey PV'S3 80 min + LN o6 0/6 0/6  0/6
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Pollen cryopreservation

Radi¢evi

CIl 2ralll ) A1l D PECrid ANCC

The growth of ‘Kordia’ and ‘Summit’ pollen tubes in the "Regina’ style
M Cryvotreated B Non-cryotreated
10* day % 3"day 6" day

3 day 6" day 10* day

_ ‘Kordia’®

CONCLUSION. This study, considering all the parameters of in vitro/in vivo
performance of sweet cherry pollen after cryotreatmant, indicate that its
reproductive ability is verifiable analysing in vivo parameters, which should
be combined with in vitro test. The procedure is relatively simple and signifi-
cantly shorter than monitoring fruit set and seed production, giving the an-
swers about pollen guality with valuable credibility, in maximum two weeks
after thawing and rehydration.
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PO I I e n C ryo p re S e rva t I O n ;ZCl;/itro and In Vivo Performance of Plum (Prunus domestica L.)

FDA-stained pollen grains after 12 months of storage: (a) at 4 °C;
(b) at -20 °C; (c) -80 °C; (d) -196 °C. Scale bars = 200 pm. Blue
arrows—non-viable pollen grain; red arrows — viable pollen grain
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on®
40 4°C -20°C -80°C -196°C
36 —— - e -
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@ Cacanska Lepotica Valerija . Valjevka

Dynamics of pollen tube growth in the pistils of the Calanska
Lepotica after 12 months of pollen storage at different
mperatures.

Pollen from the Anthers Stored at Distinct Temperatures for
Different Periods

Milena Dordevié¢ 1%, Tatjana Vujovié !, Radosav Cerovié 2, Ivana Glisi¢ 1, Nebojsa Milosevi¢ !, Sladana Marié 1,
Sanja Radiéevié !, Milica Fotiri¢ Aksi¢ ® and Mekjell Meland **

Average number of pollen tubes in certain
parts of the pistil of Ca¢anska Lepotica

Average number of the pollen tubes
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. . «— 4 ANOVA:
Growth of pollen tubes into certain parts of W e
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I . Average number of the pollen tubes O e 0,05
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-20°C; (b,e) Valerija stored at -80°C; (c,f)
Valjevka stored at -196 °C. Scale bars: (a,c)
1000 pm; (b) 2000 pm; (d,e,f) 200 pm.
Arrows indicate pollen tubes.



What we have not done so far

% We did not establish cryo-bank of temperate fruit species in Serbia because up
to now funding was limited to research projects on cryopreservation.

Further steps

¢ Fruit Research Institute will launch an initiative for the formation of a national
cryo bank for fruit species. The establishment of the bank should be under the
authority of the Ministry of Agriculture, Forestry and Water Management.

ldea

% Large European project on cryopreservation with the aim to form a centralized
European cryo bank for fruit species. Each partner to develop a protocol for
their most important autochthonous genotypes and deposit specimens into

the bank.
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