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This book represents contributions, oral as wep@sers, of the final meeting of COST
Action 871, CRYOPLANET (Cryopreservation of cropesges in Europe) held in Angers.
Local organizers of the meeting were Dr. Agnes GréaGROCAMPUS OUEST - Angers)
and Dr. Florent Engelmann (Institut de Recherche pwDéveloppement).

COST Action 871 started in December 2006 with akkaff meeting at the COST
office in Brussels and officially ended in Decemk#&p10. Twenty-one COST Action
Countries (see figure 1) and 3 non-COST institghmswy Zealand Institute for Crop & Food
Research (New Zealand), Vavilov Institute of Plamdustry (Russian Federation), Faculté
des Sciences de Sfax (Tunisia)) participated dgtinethis initiative.

Figure 1. Participating countries at COST Action 871.

The Action was created because plant cryobiologisealized that plant
cryopreservation was hardly applied in Europe. Thes mainly due to the fact that (i)
efficient and robust cryopreservation protocolsl@pple to many plant species and diverse
germplasm types were not available, (ii) plant aesleers were unacquainted to recent
developments in cryogenic storage methods andlfile was a lack of coordinated research
in Europe on plant cryopreservation. The main dbjecof this action was therefore “to
improve and apply technologically advanced techesgufor plant genetic resources
conservation of crops that are grown/ and or caesein Europe with main emphasis on
long-term conservation through cryopreservation’otder to achieve this, 2 working groups
(WGs) were established; (i) a working group on fmeéntal aspects of
cryopreservation/cryoprotection and genetic stigbdind (ii) a working group on technology,
application and validation of plant cryopreservatio

Major activities of the Action included the orgaaibn of workshops, STSMs (short
term scientific missions) and work group meetings.

The 5 training schools/workshops held in the framdWCRYOPLANET, concentrated
on two major topics, i.e. (i) the use of differahtscanning calorimetry (DSC) as a tool to
understand cryopreservation damage and (ii) crggpvation through the dormant-bud
technique as an alternative to the classical cesgwation of in vitro material and were
organized in Prague (on DSC), Florence and Copamh@mpth on dormant buds).



In total, 24 STSMs with focus on early carrier stigts were executed with a duration
of one week to three months and proved to be ontheoftrongest tools of COST. These
STSMs were beneficial for those young researchergedl as the host labs, confirmed by the
numerous publications in peer reviewed journals iibsulted from such collaborations.

Three WG 1 meetings (Oviedo (Spain), Wakehurst (dKyl Poznan (Poland), three
WG 2 meetings (Florence (ltaly), Leuven (BelgiunmdaGatersleben (Germany)) and 2
common WG1/WG2 meetings (Oulo (Finland) and Andgé&rsince)) were organized during
the 4 years of this COST action. All participantsni COST countries as well as invited
speakers acknowledged the high quality of presenat the different Workgroup meetings
and emphasized the uniqueness of this initiatiheyTespecially appreciated that a significant
amount of researchers could be mobilized for thisno*scientifically underestimated” topic.

Members of the action were also very active wittpeet to publication of their results
(see Figure 2). The number of publications reléateplant cryopreservation from members of
the COST Action members increased considerably thiéhstart of the action (end 2006).
What is more important, the number articles in peerewed journals almost doubled.
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Figure 2. Publications by COST Action 871 members

This special issue is divided in 3 parts; one dedoto WG1 topics “fundamental
aspects of cryopreservation/cryoprotection and tieseability”; one devoted to WG2 topics
“technology, application and validation of planya@preservation” and a last one with country
reports with most important activities on plant apyeservation that took place during the
running of this action.

| would like to conclude this foreword by thankialy the participants of COST Action
871 for their active participation to all eventsithvere organized; These four years showed
that good quality science can take place in a endly and open atmosphere. Especially,
the Action’s Executive Committee (Paul Lynch, Joackeller, Florent Engelmann, Pawel
Pukacki, Marjatta Uosukainen and Angeles RevillaiBa are gratefully acknowledged for
their advice and tremendous help throughout thegeads. All the contributors of this issue
are thanked for their excellent papers and Agnepi@rfor the perfect organization of the
final meeting. Finally | would like to acknowledgiee COST office for the opportunity that
they have given us to put European plant cryopvasen on the world map.

Bart Panis, Chair of COST Action 871



In Europe, France is a country with a long histiorylant cryopreservation research.
The two French representatives in the Managementn@ttee of COST Action 871
“Cryopreservation of crop species in Europe” wersearchers from @rRocAMPUS OUEST
and IRD. It was thus logical thatagRocampus OUEST and IRD volunteered to jointly
organize the final meeting of this COST Action nafkce.

This meeting, which brought together 68 participainom 24 COST and non-COST
countries, took place in@rRocAMPUSOUESTINPH Angers, from 8 to 11 February 2011.

As conveners of this final meeting, we would likee thank all the participants for
coming to Angers and for making the scientific praations and exchanges so interesting
and lively, and all members of the scientific andal organizing committees for their very
efficient and friendly support. We also would lit@ thank our numerous sponsors for their
strong financial and organizational support and T@8 supporting the cost of publishing
this document.

This book comprises a total of 54 articles, invietyboth oral and poster presentations
related to the two Working Groups of the Action (WGfundamental aspects of
cryopreservation/cryoprotection and genetic stgbilWG2 technology, application and
validation of plant cryopreservation) as well auurmoy reports, presenting the research
activities performed during the course of the Actamd plans for the future.

We hope that this publication will provide a contpFasive overview of the status of
cryopreservation research in Europe in 2011, aadl ithwill be a useful document for the
plant genetic resource community at large, botand outside Europe, including researchers,
engineers, students, genebank managers and deciakars.

Agnés Grapin Florent Engelmann
AGROCAMPUSOUEST, Angers, France IRD, Montpellier, France
Bioversity International, Maccarese, Italy
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Design of transgenic cell cultures as model systerfts
cryopreservation research

Heinz Martin Schumachg&rAntar El Banni, Zahid Ali*®, Heiko Kiesecker Lea Vaas
and Elke Heine-Dobbernatk

L Leibniz Institut DSMZ - Deutsche Sammlung von kigrganismen und Zellkulturen,
Inhoffenstral3e 7b, 38124 Braunschweig.

12 present address: Genetics Department, Faculty Agjriculture,Kafrelsheikh

University,33516 Kafrelsheikh, Egypt

P: pPresent address: National Institue for Genomiub Advanced Biotechnology (NIGAB)
NARC, Islamabad 45500, Pakistan

1. Introduction

In recent years plant cell and tissue cryopresemvaimproved a lot from the development of
new techniques. It has been shown that plant celisng these procedures are exposed to
different stresses. Addition of anti-stress compisutike antioxidants improved survival.
Further improvement of survival during differentyapreservation procedures can be
expected from an improved induction of plants owh-atress mechanisms.

Undifferentiated plant cell lines have been widebged as model systems to investigate plant
stress on the cellular level like the formationptiytoalexines (Schumachet al 1987) or
phytochelatines (Grilet al 1985). Also anti-stress mechanisms relevant yopreservation
like salt tolerance (Blumwald and Poole 1985) amthatic tolerance (Droillarét al. 2004)
have been investigated using plant cell lines.

A disadvantage for the use of undifferentiated ptafl lines in fundamental research is their
heterogeneous population of cells with differewitsr. Differences among single cells of a
culture may arise from chromosomal aberrations IBsyet al1980), point mutations,
transposon activation (Alvest al 2005) or even epigenetic changes (Kaepgleal 2000).
Transgenic cell cultures may be further affecteghbst-transcriptional gene silencing (Kanno
et al. 2000) or residual wild type cells outgrowing tih@nsgenic ones. The heterogeneity of
transgene expression in transformed cell cultuessrbcently been documented by Nocarova
and Fischer (2009). They suggested cloning to yiedde homogenous cultures or the use of
gfp-tagged proteins for monitoring target gene expoesdf the physiological function of a
protein should be investigated by over-expressmmoiein fusions may influence protein
function by steric effects. An alternative approaish the co-expression of physically
independent proteins. Co-expression can be arrabgelinking genes with spacers, 2A
elements or viral IRES elements (Halpin 2005).

In the present approach a viral IRES element has bsed to construct dicistronic vectors
co-expressing a target and a reporter gene. Fregethectors a unique mRNA is transcribed.
During translation the IRES element, acting as stoplon, leads to cap-independent
recruitment of ribosomes. Thus two physically inelegeent proteins are formed. The reporter
gene luc is used as second cistron and target genes pngvitliaits relevant for
cryopreservation as first cistrons. The constructedtors were tested for expression
monitoring in cell cultures.



2. Materials and Methods

2.1. Vector construction

The construction of the transformation vector conitgy the Ahhx1gene as first cistron was
carried out as described in Adt al. (2010) and the construction of the transformatieator
containing thepr-10a gene as first cistron was carried out as describel Bannaet al.
(2010) (Fig. 1).

‘LB

t-nos“ bar <ﬂ-nos [:'P'mas>‘(Atnhx1,pr-10a) IRES H luc “t-camv” RB‘

Fig. 1. Dicistronic transformation vectors containing a target gene (Atnhx1 or pr-10a) as first cistron
and a reporter gene (luc) as second citron linked by the TMVcp148 IRES element.

2.2. Transformation of tobacco plants

Agrobacteriummediated transformation of tobacco plants and reggion of transgenic
plants was done by the leaf disc method as desktribéli et al. (2010). Confirmation of
transformation was done by PCR and Southern bltiiads as described in Adt al. (2010).

2.3. Initiation of cell cultures

Initiation of callus cultures from leaf and stemteral of wild type tobacco of the cultivar
Samsung and transformed tobacco was done as dsbarnilli et al. (2010). Callus initiation
took place on solid 4X medium (www.dsmz.de) contejrbmg/l phosphinothricin.

2.4. Transformation of potato cell cultures

Potato cell cultures cv. Desiree (DSMZ No. PC-118®m the DSMZ collection were
transformed by Agrobacterium mediated transformation. Co-cultivation was done a
described in El Bannet al. (2010). Selection of transformed cells was caraetlon solid 4X
medium (www.dsmz.de) supplemented with 5mg/l phogghricin. Subsequent selection
based on the transgene expression level was camitednder an Imager (Fuji LAS 3000) as
described in El Bannet al.(2010).

2.5. Growth tests for salt- and osmotic tolerance

Growth tests in liquid medium were performed in 00Erlenmeyer flasks, inoculated with
1 g of cells harvested from the logarithmic growtiase. Growth was carried out in control
4X medium and 4X medium supplemented with 320mM NaGO00mM sorbitol at 23°C on

a gyratory shaker at 100 rpm. Every 2 days, 5 flaskre harvested independently for each
treatment and dry weight was detected.

2.6. Glutathione and Proline tests
Proline and Glutathione tests were carried outegsmibed in El Bannet al.(2010)

3. Results

3.1. Transgene monitoring in Atnhx1 expressingdgamic cell lines

To test expression monitoring a target gene witlovkm function was used for the
construction of the transformation vectors. Theabxl gene chosen is known to provide
increased salt tolerance (Apseal. 1999). In a dicistronic vector the mix1 sequence was
linked to a firefly luciferase gene by tAéMVcpl148 bp IRES sequence (Fig.1). Both genes
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were expressed under the control of a mannopinghaye promoter, providing high
expression in cell cultures. Tobacco plants of ¢h#ivar Samsung were transformed by
Agrobacteriummediated transformation. Callus and suspensidnresd from the wild type as
well as from the § generation of transgenic plants were initiatedesSehsuspension cultures
were used to proof a coincidence lat activity and the expected @ix1l mediated salt
tolerance in comparative growth studies.

Exposed to salt concentrations from 50 to 200 mMCINdhe decrease of fresh weight
accumulation was less pronounced for the transgagiidine. At concentrations of 50 mM
and 100mM NacCl transgenic and wild type culturesvwstd a significant difference (P =
<0,001) in fresh weight accumulation indicatingreesed salt tolerance of the transgenic cell
line (Fig. 2A). In parallel the luminescence of thensgenic cells was measured in another set
of growth tests (Fig. 2B). Increased salt toleeaat 50 mM and 100 mM salt challenge
coincided with an increase of luciferase activitythe transgenic cell line.
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Fig. 2. Growth rates of transgenic versus wild type cells on solid medium: (A) increase of fresh weight
on media supplemented with different salt concentrations over a growth period of 3 weeks starting
from the same inoculum, (B) luciferase activity (LAU- Linear arbitrary units) quantified by a Fuji LAS
3000 Imager and Aida® quantification software.

3.2. Establishment of pr-10a over-expressing agtuces.

To identify proteins relevant for salt and osmadierance, a potato cell culture cultivar
Desiree from the DSMZ collection was challengedhvasmotic stress provided by sorbitol,
sucrose and NaCl under equiosmolar conditions. prbeeome was analyzed with 2D gels.
Six spots, formed de-novo in high amounts after aall osmotic stress, were selected for
identification. The most prominent spot was ideatifas PR-10a protein (STH-2 (PR-10a,
0i'169551)). This protein was chosen for over-espien experiments.

Based on the sequence information for the PR-10&iprfrom the NCBI database (accession
no. gi'169551), ther-10a gene was isolated from the potato cultures by R&fhods and
used as first cistron in the dicistronic transfotioravectors (El Bannat al. 2010). The same
potato cell culture was also used #dgrobacteriummediated transformation. Transformed
cells were regrown on solid medium with supplemioaof phophinothricin as selective
agent. A second selection step using microcalli gaased out based on the expression level
of the transgene, measuring luciferase activitg semi-quantitative assay (Fig. 3). Since the
test is none-destructive highly expressing cellstdts could be manually picked. From
selected calli suspension cultures were established
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Fig. 3. Semi-quantitative luciferase assay. Luciferase activity was detected by spaying luciferin on top
of calli. In a Fuji LAS 3000 Imager chemiluminescence was visualized and quantified by Aida®
guantification software. Highly luminescent sections of callus were picked and sub-cultured.

3.3. Characterization of the pr-10a over-expressiatj line

To investigate the influence pf-10aover-expression, growth in liquid culture undemaosic
and salt challenge was tested. Dry weight accumonlatas recorded over a period of 18 days
for the wild type and the transgenic cell line undguiosmolal conditions using 4X medium
supplemented with 0.5 M sorbitol or 0.32 M NaCl aX medium as control. Dry weight
accumulation was the same under control conditimmsboth cell lines. Under osmotic
challenge, the transgenic cultures showed an alonustfected onset of the growth curve,
whereas the wild type cell line started growth oafier a prolonged lag phase. In addition,
the transgenic culture reached a higher dry weegtdl after 18 days of growth under osmotic
challenge. A more severe effect was observed usalérstress. In this case the wild type
culture showed almost no growth (Fig.4.)
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Fig. 4. Growth of the wild type (circles) and transgenic cell line (triangles) under osmotic and salt
stress. Dry weight accumulation in liquid culture was measured under control conditions, sorbitol
(0.5 M) and NaCl (0.32 M) stress conditions. Dry weight was measured for 5 replicates harvested
every second day for wild type and transgenic culture.



Apart from comparing growth behaviour under satt asmotic stress proline and glutathione
content was measured under normal and stress moredas indicators of osmotic and salt
stress. Under control conditions the concentrabbrfree proline and the percentage of
oxidized glutathione from total glutathione were tsame in both cell lines. Under osmotic
and salt stress the transgenic cell culture coatimore free proline (Fig. 5A) and a higher
percentage of oxidized glutathione (Fig. 5B).
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Fig. 5. Effect of PR-10a over-expression on proline and glutathione metabolism. (A) Proline content of
wild type (WT) and transgenic potato cell cultures (TR) under control conditions and under osmotic
(0.5M sorbitol) or salt (0.32M NacCl) challenge after three days of growth. (B) Percentage of
oxidized from total glutathione in transgenic (TR) and non-transgenic (WT) cell cultures grown for
three days under control or different stress conditions (0.32M NacCl, 0.5M sorbitol).

4. Discussion

In the present study dicistronic transformationtoesx were developed combining a target
gene as first cistron and a reporter gene as secstn under the control of the same
promoter. Since both genes are expressed in aifatexl(Dorokovet al. 2002) the expression
of the target gene can be monitored by simple nreasent of the reporter gene. Both gene
products are physically independent proteins tloeeeho influence on the physiological
function of the target gene should take place. Wdithene of known function it could be
demonstrated that expression monitoring in celiucek is possible. The same approach could
also be applied to a target gene with unknown fanctThis facilitates the use of
undifferentiated cell cultures to investigate unkmogene functions by over-expression
experiments. The use of such vectors in cell caltsystems allows easy monitoring of
transgene expression. Transgenic cell cultures twhie exposed to epigenetic variation
(Kaeppler et al. 2006) or post-transcriptional silencing (Kanmd al. 2000) can be
standardized on a specific expression level. Th@ageh circumvents the time consuming
clone selection procedure or the use of GFP-taggetkins suggested by Nocarova and
Fischer (2009).

Furthermore the strategy allows using a transgeamicire without supplementing the medium
with selective agents to guarantee the transgdracacter. Since target and reporter gene in
the presented approach are under the control ofathnee promoter gene silencing affects both
genes in the same way and does not influence morgtoesults. Nevertheless it has to be
pointed out that monitoring visualizes only thenseription level of the target gene. Post-
translational effects like different turnover obfeins have to be taken into account.

It was demonstrated that the present approach earséd to investigate traits like salt and
osmotic tolerance which are relevant for cryoprestson.
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1. Introduction

Presently the DSMZ maintains a collection of mdrant 700 undifferentiated plant cell lines
from more than 600 species routinely by continusuis-culturing. Cryopreservation would
be the only applicable long term preservation metttoavoid loss of cultures by laboratory
failure, contamination or genetic drift.

The most important problem for plant cell cryoprgaéon is the high water content of plant
cells and the sub-cellular presence of water invii®ioles. Therefore dehydration of cells is
necessary for freezing success, exposing the toetiensiderable osmotic stress and possibly
salt stress. A better understanding of the molecukechanisms of salt and osmotic tolerance
could help to improve cryopreservation.

Cell cultures provide an excellent model systemintgestigate stress mechanisms on the
cellular level, like the function of N&H™ pumps (Queir6st al 2009), aquaporines (Kobae

al. 2006) and the formation of compatible solutes (gt al. 2007). In the present study we
therefore looked for cell cultures with differeetéls of osmotic tolerance as model systems
to investigate the basic relation between osmaiierance and cryopreservation success.
Proline accumulation, which is a known reactionaamotic challenge (Khedst al 2003)
and the percentage of oxidized glutathione froraltglutathione, which indicates the degree
of oxidative stress (Tauszt al 2004) were determined as indicators for osmatierance.
The relation of osmotic tolerance and cryopres@wmasuccess was investigated by two
different approaches. In a first approgglant cell lines initiated from 3 different potato
cultivars Unicopa, Desiree and ljsselster were usbey were selected due to the different
behaviour of their apical meristems in ultra-raprgopreservation. In a second approach a
wild type cell line of potato cv. Desiree and ansgenic cell line of this cultivar showing
osmotic tolerance by over-expression of the PRgt0#ein were applied.

2. Materials and Methods

2.1. Plant material

The following cell lines were use@&olanum tuberosurov. Desiree wild type (DSMZ No.
PC-1182) and transgenic (El Banetaal. 2010), cv. Unicopa (DSMZ No. PC-1189) and cv.
ljsselster (DSMZ No. PC-1188).The cell cultures eveputinely subcultured in 300ml
Erlenmeyer flasks containing 100ml suspension ugiXgmedium (www.dsmz.de). The
Erlenmeyer flasks were incubated on a gyratory shaldR-250, Infors AG, Basel,
Switzerland) with 50mm orbit (100 rpm) at 23°C.
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2.2. Proline determination
Proline content was measured as described in Bhdztral (2010).

2.3. Glutathione determination
Quantification of oxidized and total glutathionesn@erformed as described in El Bamatal
(2010).

2.4. Semi-quantitative detection of luciferase\atsti
Luciferase activity was monitored according to ElrBaet al (2010).

2.5. Cryopreservation

For cryopreservation experiments the controlle@ fatezing method was performed in a
minitest system previously worked out at DSMZ (HeDobbernaclet al 2008).

An inoculum of 30% packed cell volume was usedl€Oskre subjected to different sorbitol
concentrations for 2d, then incubated in 5% DMSQ@rgsprotectant for 1h (first approach)
or 1.5h (second approach) and finally cooled dowth & programmed cooling rate of
-0.25°C/min to -40°C. After a holding time of 15mah-40°C the cryovials were immediately
transferred into liquid nitrogen. Regrowth behaviafier freezing was determined by quickly
thawing the cryovials at 40°C in a water bath forir2 45sec. As soon as the last visible ice
had melted the content of the cryovials was powredX agar covered with 3 sterile filter
paper discs. After 2h the uppermost filter wasgfamed to fresh 4X agar and the agar plates
were incubated for 2 to 4 weeks. Recovery growths waeasured by dry weight
determination.

2.6. Dry weight determination

For determination of dry weight, cells grown on iitef paper disc (see 2.5) were
guantitatively transferred to a pre-washed (0.9%INa0.05% HCHO), dried (60°C for 3d)
and pre-weighed filter. Cells on the filter wergedrto constant weight at 60°C for 3d.
Afterwards cells and filter were weighed again.

3. Results

3.1. Comparative studies with Solanum tuberosumivews Unicopa, Desiree and ljsselster
Plant cell lines were initiated from the 3 differepotato cultivars. In ultra-rapid
cryopreservation experiments the meristems of Upadwad shown highest plant regeneration
rates (app. 75%), cv. Desiree had shown mediunitsegpp. 20%). Least plant regeneration
rates had been achieved with cv. ljsselster (aph)l

3.1.1. Osmotic stress behaviour of Unicopa, Desrekljsselster cell lines

Osmotic and salt tolerance of the 3 plant cell dignicopa, Desiree and ljsselster were
characterized based @noline accumulation and relative content of oxadiglutathione.

After 3 days of osmotic (0.5 M sorbitol, 0.42M soe) or salt challenge (0.32 M NacCl)
compared to control (4X medium) in 24 well titeag@s, the cells were harvested and proline
content and glutathione content were determined.

Cell cultures of the cultivar Unicopa showed thghieist proline accumulation under all stress
conditions. In contrast to the two other cultivéinere was an increase compared to control
(Fig. 1A).

The percentage of oxidized glutathione (GSSG) fribrm total glutathione pool (GSH
(reduced) + GSSG (oxidized)) was lowest in Unicogkh cultures, showing that this cultivar
had the highest protection against oxidative stregsereas in cultures of ljsselster the
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percentage of oxidized from total glutathione waghest after three days of osmotic or salt
challenge (Fig. 1B). The parameters measured iteit@at cell cultures of the cultivar
Unicopa have the highest and cultures of ljssetbeiowest degree of osmotic tolerance.
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Fig. 1. Osmotic stress behaviour of Solanum tuberosum cv. Unicopa, Desiree and ljsselster. Proline
content (A) and percentage of oxidized from total glutathione (B) after 3 days of osmotic (0.5 M
sorbitol, 0.42M sucrose) or salt challenge (0.32 M NaCl) compared to control (4X medium). DW:
dry weight. Data shown represent the mean of 3 replicates. Error bars indicate standard deviation.

3.1.2. Cryopreservation behaviour of Unicopa, Desand ljsselster cell lines

Comparing the cryopreservation behaviour of theeehcell lines ofSolanum tuberosum
cultivars a different ranking was obtained than fosmotic tolerance. Identical
cryopreservation conditions were applied to thee¢heell lines and cryopreservation success
was measured as dry weight accumulation of celtgoa/n after freezing (Fig. 2).

lisselster regrew faster than the two other culviinicopa showed the slowest regrowth.

In addition ljsselster regrew over the whole ramjepreculture conditions, even without
sorbitol in the preculture medium. In case of tve bther cell lines a distinct optimum of
regrowth at 0.5 to 0.7M for Unicopa and 0.7M forsibee was observed. For these two cell
lines a minimum sorbitol concentration of 0.3M wascessary to enable at least some
regrowth. The absolute values of dry weight arediactly comparable because the cells of
lisselster had to be harvested already after 12 ddereas in case of Desiree and Unicopa
first regrowth was observed after 2 to3 weeks dmefore cells were harvested after 29
days.

Hence in studies with the three cell lines of Up&pDesiree and ljsselster cryopreservation

success could not be correlated with osmotic tolrameasured by proline content and
content of oxidized glutathione.
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Fig. 2. Cryopreservation behaviour of Solanum tuberosum cv. Unicopa, Desiree and ljsselster.
Cryopreservation conditions: 30% pcv, 2d in sorbitol, 5% DMSO 1h, -0.25T/min.
Cryopreservation success was measured as dry weight accumulation of cells re-grown after
freezing. Data shown represent the mean of 8 replicates. Error bars indicate standard deviation.

3.1.3. Cell size of Unicopa, Desiree and ljsselsgdirlines

The size and degree of vacuolization may also laawvmfluence on survival of cells during
freezing. Therefore the cell size of the differenitures was compared. The cells of the
lisselster cell line were generally smaller thaostn of the two other cultivars (Fig. 3). Thus it
seems possible, that effects like cell size andphmapbgy may superimpose the effect of anti-
stress mechanisms concerning cryopreservation ssicce

Fig. 3. Cell size of Solanum tuberosum cv. (A) Unicopa, (B) Desiree and (C) Ijsselster.
For estimation of cell size by microscopy (objective: 10fold) a Fuchs Rosenthal chamber (depth 0.2
mm, 0.0625 mmz) was used.

3.2. Investigations with wild type and an osmotterant transgenic cell line of Solanum
tuberosum cv. Desiree

To overcome the problem of comparing the cryopregemn behaviour of cells differing in
more than the factor under investigation a transgepproach was used. A cell line of
Solanum tuberosurov. Desiree over-expressing thel0a gene showed increased salt and
osmotic tolerance concerning growgoline content and glutathione content compareti¢o
wild type (ElI Bannaet al. 2010). Using this transgenic cell line and theresponding wild
type, allowed the comparison of cells of the same snd morphology but differing in
osmotic tolerance.

Before starting a cryopreservation experiment thpression of the target gene under
investigation was controlled by semi-quantitativeninescence measurement of the luciferase
activity in the transformed cell line. Cryopresdiwa could therefore be performed without
any selective agent in the medium of the transgesiicculture.
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Cryopreservation behaviour of wild type and tramsgeell line

To investigate whether over-expression mf10a also resulted in a higher level of
cryotolerance wild type and transgenic cell culsuoé Solanum tuberosurv. Desiree were
cryopreserved under equal experimental conditioqgim@al for the Desiree cells.
Cryopreservation success was measured as dry wagghmulation of cells re-grown for 29
days after freezing.

When applying different sorbitol concentrationsyopreservation success of wild type and
pr-10a over-expressing cell cultures turned out to difensiderably (Fig 4A). For the
transgenic culture equal amounts of surviving cekse determined over the whole range of
sorbitol concentrations. It showed a broad rangergbpreservation success similar to the
cultivar ljsselster, whereas the wild type, as nevpus experiments, showed a distinct
optimum of surviving cells at 0.5 to 0.8M sorbitblowever within this optimal range no
significant difference between cryotolerance ofdwilpe and transgenic cell cultures could be
observed.
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Fig. 4. Cryopreservation behaviour of wild type (WT) and transgenic (GVO) cell line. Cryopreservation
success, measured as dry weight accumulation of cells re-grown after freezing, was compared
under (A) standard conditions (after 29 days) and (B) improved conditions (after 15 days) of
regrowth. Data shown represent the mean of 6 (B) to 8 (A) replicates. Error bars indicate standard
deviation.

Measurement of survival after cryopreservation waproved by harvesting cells already

after 15 days. Cultures recovered from freezingewexposed to cryopreservation again as
above, thawed and re-grown. Under these conditiemgransgenic cell line showed a better
performance over the whole range of sorbitol cotre¢ions (Fig. 4B).

4. Discussion

Osmotic tolerance helps cells to overcome dehyalragiress caused by water loss, necessary
for successful cryopreservation (Thierey al 1999). In studies with the three cultivars
Unicopa, Desiree and ljsselster cryopreservatiatess could not be correlated with proline
content and content of oxidized glutathione, stneasameters often used to characterize
osmotic tolerance (Khedt al 2003, Tauset al 2004).

However the compared cells differed in cell sizd possibly also in other morphological and
physiological characters. Therefore it seems ptessthat effects like cell size, may
superimpose the effect of anti-stress mechanismesetning cryopreservation success.

To establish a model system of cells differing oimlythe degree of osmotic tolerance a
transgenic approach was used. A transgenic cellreulver-expressing ther-10a gene
showed increased osmotic tolerance compared tavildetype (El Bannaet al 2010). This
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approach proved to be better suited as a modekmysb investigate the relation of
cryopreservation and osmotic tolerance.

Applying a regrowth period of 29 days cryopresdaorabehaviour of the transgenic cell line
and the wild type cell line differed, but a simplarelation between cryopreservation success
and osmotic tolerance could not be detected. Uagemal conditions for the wild type cell
line no difference between transgenic and wild tgpks was observed. The samples of both
cell lines showing best survival may already ha@ched the stationary phase and therefore
differences were no longer detectable. Thereforeisl was determined by harvesting cells
after 15d. Under these conditions the transgeriidice showed better performance over the
whole range of sorbitol concentrations, indicategcorrelation between cryopreservation
success and osmotic tolerance. Based on thedésrasuore detailed analysis of the relation
of PR-10a formation, osmotic tolerance and cryagmestion success is under investigation.
Dobranszkiet al (2003) showed that osmotic tolerance of callukuces initiated from
different potato cultivars resembled that of therespondingn vitro potato shoots. It can
therefore be expected that results obtained frdircakure research are also relevant for the
cryopreservation of intact plants.
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Safekeeping parameter for evaluation of plant therral transitions
important for cryopreservation by vitrification met hods

Jiti Zadmenik and Milos Faltus

Crop Research Institute, Drnovska 507, Prague, &®108, Czech Republic

1. Introduction

A variety of theories have been proposed to undedstvhy some systems easily vitrify while
others do not. There are many publications aboassglorming ability (GFA) and glass
stability (GS). GFA is the easiness to vitrify guid during cooling, while GS is the glass
resistance against devitrification during warmimgagcimentoet al. 2005). Glass forming
ability and stability are important not only forlkumetallic glasses, alloys and oxide glasses
but also for cryoprotectants and cryopreservationsome cases, the ice nucleation and
subsequent intracellular ice formation is importagpecially using the vitrification method
by the cryopreservation procedures.

The GFA is related to the ratio of/T, [Eq.1, Tab.1], to the so-called reduced tempeeatur
(Try) where [, and T are the glass transition temperature and liquitkmperature,
respectively. The glass-forming tendency shouldease with the reduced glass temperature
Ty Liquids with glass temperatures as high as 2/ $eed-free; thus they easily could be
supercooling to the glass state. Liquids with glassperature close ta/Z could, be chilled

to the glass state only in relatively small voluna@sl at high cooling rates (Turnbull 1969).
These liquids are good glass formers.

There are several parameters regarding GFA and @thgdcooling and warming. For
instance, (Turnbull 1969) [Eq.1, Tab.1] proposepasameter based on the assumption that
the nucleation frequency in a supercooling meliniersely proportional. Melting point is
characterized by temperature of the liquidug, (ihstead of equilibrium melting point (],
Turnbull adopted the classical nucleation theony ased parameter as a criterion for GFA as
the avoidance of a single nucleation evevteinberg (1994) was the first who used another
parameter [Eqg. 7, Tab.1]. Actually Weinberg useel peak maximum of crystallization and
not the onset of crystallization. In this paper agsumed the temperature of maximum
crystallization and onset temperature is in highredation and thus there are interchangeable.
Hruby (1972) proposed his own parametey)(k0 probe glass stability against crystallization
on heating [EqQ. 8, Tab. 1]. According to Hruby, tligher the value of Kfor a certain glass,
the higher its stability against crystallizationds heating and, presumably, the higher the
glass ability to vitrify is on cooling. Recentlyuland Liu (2003) proposed a new criterion
[Eq. 5, Tab. 1], which was tested for 49 metalliasges, 23 oxide glasses and 25
cryoprotective aqueous solutions. There are marmeroparameters which the authors
expressed the relationship of the tree paramelgrd,(and Ty) with the aim to express the
GFA and GS (see Tab. 1 for details). Many othemamaters, which are not shown, are
modifications of these mentioned in the Tab.1.

Vitrification methods based on the glassy statin@plant cell are currently most widely used
in cryopreservation. The plant cells and tissues ale to keep regeneration ability at
ultralow temperatures (e.g. liquid nitrogen) inggg state for long-term.

The aim is to get together all these thermal ttaors characteristics (TTx and T) in
relation to expressed potentially danger tempegarone at which the plant can be lethally
damaged by ice crystals. The safekeeping parameteestablished to express the potentially
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danger temperature zone at which the plant caetbally damaged by ice crystals growing
during cooling.

2. Methods for thermodynamic characteristics measwement

The modern methods are used for measurement d¢he@modynamic characteristics of plant
material. Differential scanning calorimetry withetimodification like temperature modulated
and quasi-isothermal temperature modulated arelynestd. By these techniques three main
characteristic of plant tissue important for cryegmrvation can be obtained: equilibrium
freezing point (F,) or temperature of liquidugl;), onset of crystallization temperatureT
and glass transition temperatureg)(TThe Ty is usually determined by thermal analysis
measurement as the temperature at which heat tgpatialfway between liquid and glass
values.

3. Results

3.1. Equilibrium temperature of freezing point degsion/liquidus temperature {T))

The only danger for cells and tissues is intratallice formation which is usually lethal for
the plant tissues. The ice crystals may not todsenéd between 0 °C to the equilibrium
freezing point (T,) during cooling. The equilibrium freezing pointplession is strongly
dependent on the osmotic potential of the substantéth higher concentration of osmotic
substances either by dehydration or by uptake ef ¢dlsmotic active cryoprotectants
consequently the Jis depressed to the lower temperatures. The tetyerat which ice
melts (0 °C) is well-defined in contrary to the f@mature at which water freezes. Melting of
a solution is determined as equilibrium temperatireeezing by the concentration and types
of substances dissolved in the solution.

The higher the melt viscosity at the melting tenapane, the lower is its crystallizability glass
forming tendency. It was confirmed and extendedorprindications that permeating
cryoprotective additives decrease the ice nucledagmperature of cells, and have determined
some possible mechanisms for the decreAssimple equation describes the relationship
between osmotic potential’{ [osmol]) of a solution in equilibrium with ice aubzero
temperature (T [°C]Ws=T/1.86. Nucleation could be a limiting factor f&torage of vitrified
tissue at temperatures neay Within the same narrow temperature range. Inangasolute
concentration seems to depress homogenous anddmteous ice nucleation temperature
more than corresponding melting point depressid@nofbout twice as much as the melting
point (Tx ~T/2).

3.2. Ice crystallization temperature T

When cells or whole tissues remain in the liquidtestat the temperatures below the
equilibrium freezing point (~f) they are in the metastable supercooling state. Aucleus
presence is essential for initiation of the ice leaton, which is an aggregation of water
molecules with an ice-like structure, sufficientiyge to grow. With decreased temperature
decreases the size of the water molecule clusteeiggired for ice nucleation at onsetioé
crystallization temperature {I and subsequently increase ice growing rate. The
crystallization rate of a supercooling liquid igthspecified by the rate of crystal nucleation
and by the speed, with which the crystal-liquideiface advances (Hruby 1972). The ice
nucleation temperature decreases also by dehydrafibe positive correlation of ice
nucleation and the osmotic potential was founded.
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3.3. Glass transition temperature (Tg)

The glass transition temperaturg)(is the temperature at which amorphous (ice fneafter

is formed inside the cells. Since observationsciaidi that T and Ty are close and differ only
by a few degrees (usually TS higher than JJ. For long-term temperature storage at which
vitrification occurs is the glass transition tenmgtare (). The glass transition is usually
defined as the half high or inflection point of ttlgange of heat flow or the changes of heat
capacity of the sample. For pure substancgss Typically found near 2/3,on the absolute
temperature scale (Debenedetti and Stillinger, 2001

It is important to note, not only for cryobiologistthat T of solution can be reduced by
dehydration and moved closer tg Mecause of solutes increasing concentration. $o th
change of Tis on the other side of the glass transition tawatpee (Fig. 1). § depends on
cooling and warming rate. A variety of theories é&een proposed to understand why some
systems easily vitrify while others do not. Ultirelt a high GFA is associated with slow
crystallization rate.

3.4. Origin of new safekeeping parameter.

The safekeeping parameter (SK) gets together edletithree temperature characteristics of
thermal transitions in to the relation: Skx(TT)/(Tq- T)) [Eq. 13, Tab.1]. The safe keeping
parameter tell us how breadth is the dangerousdeatyre range at which ice nucleation and
ice crystals can occurred. The safekeeping parandeteng cooling close to 0 means the
largest dangerous temperature range for ice numteand ice growth. The minimal
temperature range for ice formation is when theapater is close to 1 {T~ Ty). During
warming of the samples from cryogenic temperattinesmeaning of safekeeping parameter
is on the opposite meaning. The safekeeping paearktse to 1 during warming means the
larger dangerous range of temperature for ice atiole and cold crystallization. The
safekeeping parameter was compared in the relaipmsth the GAS and GS.

Cooling

Glassy state

TT_\ .
b
Safety area ! L
| I

IlDehydration\ % P f

% Dangerous range '
| |

Warming

|
1

T T, 0

-196 T, T,
Temperature [C]

Fig. 1. This scheme showed the shortening of dangerous temperature range by dehydration at which
the ice crystals appear. The dehydration increases the glass transition temperature (from T4 to Ty")
and simultaneously decrease the melting temperature (from T, to T, ). The biological objects in
glassy state at temperatures below the glass transition temperature are considered as safekeeping
plant storage. The dehydration has a shortening effect on both dangerous temperature ranges
during cooling and also during warming. In a dangerous range the ice crystallization temperature
(T,) can caused intracellular crystallization resulting cell dead.
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Application of safe keeping parameter it might hdae@p during improving the cryoprotocol.
The safekeeping parameter was tested on the stapech of sucrose as main cryoprotectant
and on the plant thermal parameters measured bgrehtial scanning calorimeter. Some

examples of safekeeping parameter for 30% w/w secsolution during cooling at 2 °Crifin
Sk = 0.43 and during warming (2 °C rifjnit was Sk=0.44 (data from Sikoea al.2007). For
Allium shoot tips at cooling/warming rate 10 °C thiand at various dehydration Sk varied

from 0.39 to 0.70.

Tabl. Parameters expressing the glass-formation ability (GFA) and glass stability (GS)

Equation Eqg. No. GFA/GS
Tg=T4T [1] Turnbull (1969) GFA/GS
AT, =Ty = Ty [2] Inoueet al.(2001) GFA

AT g=(Tx = T)/(Ti — Ty) [3] unknown

0=T (T, — Ty) [4] Chenet al.(2006) GFA
y=Td(Tyg+ T) [5] Lu and Liu (2003) GFA
Y= (2T — T/T, [6] Du et al.(2007) GS
Kw=(Tx — T/T| [7] Weinberg(1994) GS
Ku=(Tx = T/(T) = Ty) [8] Hruby (1972) GS

a=T, T, [9] Mondal and Murty (2005) GFA
B=T, TJ(T — T,)° [10] Yuanet al.(2008) GFA/GS
ETT + ATJTy [11] Du and Huang (2008) GFA
o=(T/(Tx= 2T)(Tg+ T)) [12] Longet al.(2009) GFA/GS
Sk=(T,= T)/(Ty—T) [13] this paper GFA/GS

Note: Tx - onset of crystallization temperature; Tq - glass transition temperature; T, - liquidus temperature;” based
on correlation with other GFA/GS parameters.

The result of both possible ways is a reductioreauilibrium freezing point depression by
this also increasing the safekeeping parametengwooling. This parameter Sk is important
not only to evaluate new cryoprotectants but atspredict GFA/GS in plants alone and/or
after plant treated by cryoprotectant. Applicatiminthe cryoprotectant concentration with
GFA increase the temperature of glass transitigronty by dehydration described above but
also by GFA of the cryoprotectant itself.

The safekeeping parameter is a good measure pliaall treatments leading to improving the
regeneration of plants after storage them at olivatemperatures. By the safekeeping
parameter, we can measure how effective the indalidteps of cryopreservation procedure
are when we compare them with the regenerationafapdant material. The same procedure
can be used for testing how the specific treatnmaptove the same e.g. during warming the
smaller the safekeeping parameter the better ingpnewmt of the cryoprotocol. The
safekeeping parameter is temperature rate depesdé¢hé same rate of cooling and warming
during measurement as during cryopreservationcismenended if we would like to compare
the Sk parameter of different samples.

After normalization of all parameters (Fig 2a) asxamal values is 1 and minimal values is 0.
The relationship of Sk parameter after transforamais equal to the other parameterg, (T
ATy, AT, 6, 7, Ym, Kw, a, SK); Sk close to the value 1 is more sensitiveheogarameters at
temperature of J closer to T in the following order 4, B, Ky ) less sensitive to the
parametersd) (Fig 2b)
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Fig 2 a) The value of different glass-formation ability and glass stability parameters. The glass

transition temperatures was set up at Ty = -20 C and liquidus temperature at T, = -1.5 C, only ice
crystallization temperature (T,) was changed from T,to T,,.
b) Normalized value of different glass-formation ability and glass stability parameters. The glass
transition temperatures set up on the constant value Tg =-20 € and temperature of melting was
considered as constant T, = -1.5 C, only ice nucleation temperature was cha nge from T, to T4. The
equation (K-Kmin)/(Kmax-Kmin) fOr normalization of parameters was used.

4. Discussion

There are many other parameters which the authgmeessed the relationship of the tree
parameters (T Tx and Ty with the aim to express the GFA and G&S parameters for
different oxide glass-forming system, give relalyvgood correlation with GFA. However,
the best empirical correlations were found for h@&S parameters that involved at least all
three main DSC characteristic temperaturesTiland Ty). The overall results of this research
indicate that the GS parameterg, KKy andy (Tab. 1), which are easy to measure, can be

22



used to compare the relative vitrification tendenéyifferent oxide glass-forming systems
(Nascimentcet al. 2005). A new GFA parametes [Eq. 12, Tab.1] were compared together
with other GFA parameters as suggested for bullalviet glasses together with proposed
formerly, including Ty, v, o, 8 andg; o was verified with alloying and oxide glasses. Ressul
indicate the parametes is the most reliable and applicable approach tesssthe GFA of
various glasses (Lat al.2002). Thiso parameter has a strong ability to measure andgbred
the GFA also of some cryoprotectant (Logigal. 2009). Kozmidis-Petrovic (2010) compare
GFA/GA parametersy( KW, KH a, B, ®); and founded that the paramefeis the most
sensitive to the changes, whylés generally least sensitive.

In summary safekeeping parameter close to 1 dwowing means highest safeness, in
contrary during warming approaching to the O regméag the highest safeness. The Sk is
linear within the temperatures, it can be expressqubrcent. The safekeeping parameter is a
good parameter to express both the dangerous aaetative expression at which ice crystals
growth and also the glass-forming ability and glstsdility.
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Cryopreservation of Hypericum perforatum L.: multiple responses to
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1. Overview

The development of cryopreservation methodology ittansformation into a wide palette
of different methods offered possibilities in ads#i@g problems related to long term storage
of unique plant genetic resources. Resolving problef limitedin vitro culture reinforced
the acceptance of the low temperature preservabonept and cryopreservation became the
essential component of each biotechnological fgcilThough most of the theoretically
proposed favourable attributes were feasible inidiqnitrogen environment a large group of
inconveniences arose levelling the process of iingeto be more complex than expected,
affected from both environmental and biological stomins. Subsequently a large scientific
campaign started in order to meet the optimal d¢erd for a successful cryopreservation
procedure.

Since the existence of generally accepted modelnisg suitable for elucidation of the broad
cryopreservation traits became questionable, mbghe® researches focused on specific
species with either medicinal or agro-economicgdonance. The increasing need for natural
producers of biologically active metabolites witledicinal importance diverted our attention
to one of the representatived the genusHypericum Hypericum perforatumL. Its
pharmacological significance resides in the pradacbf secondary metabolites with large
variety of pharmacodymanic activities reported otrex last decades (Barnes al. 2001).
Recent interest is preferentially aimed on naplataitirones: hypericin and pseudohypericin,
phloroglucinol derivates: hyperforin and adhyperfdargely applied for their antidepressive
(Butterwecket al. 2000), anticancer (Blankt al. 2001), antiviral (Birt etal. 2009) and
antimicrobal (Dall’Agnol et al. 2005) contributions. Selection and storage of lyigh
biosynthesizing cultivars has therefore becomengwortant issue. Although efficiemt vitro
culture and multiplication system have been esthbtl in our laboratoryCellarovaet al.
1992), somatic clones of the same genetic origirewecorded to have variations in total
hypericin contentellarovaet al. 1994), rendering the continuous subculture inappate
for long term preservation. Furthermore, over thst lyears the culture collection of
Hypericumspp. with differences in biosynthetic capabiligshbeen widened, thus the idea of
Hypericumspp. genebank is prospective.

Among routinely used posthaw assessments, highveegorates and sustainability of
preserved plant material represent two of the basaluation parameters of a successful
cryopreservation. There are few reports concersuagessful cryopreservation of medicinal
plant species, not only from the view point of neexy and regrowth but also of the bioactive
metabolites stability (Ahujat al. 2002, Dixit-Sharmaet al. 2005). Unaltered productivity of
pharmacodymanic secondary metaboliteslirperforatumis therefore of essential scientific
value and was recorded for both slow cooling (Udwa@net al. 2002) and vitrification
methods (Skyba&t al. 2010). Furthermore, application of plant vitrificat solutions (PVSs)

2 and 3 as cryoprotectants increased total hypedontent in almost 25% of recovered
plants. Repeatedly observed maintenance of mitattvity and chromosome number
stability (Urbanovéet al.2002; 2004) with insignificant differences in DNAirpary structure
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analyses by RAPD (Random Amplified Polymorphic DNAnd VNTR (Variable Number
Tandem Repeat) profiling highlighted the genetimikirity of the preserved plantlets.
However, disputation about reliability of the DNAofiling has been discussed (Skydiaal.
2010). Despite the necessary prerequisites of eraanice the profiling characteristics in
recovered plantlets, mean regeneration and regroatds were insufficient not exceeding
21%. In order to improve post thaw recovery critipgocesses were selected in each of the
pre-cryogenic treatment steps and examined incaigu

Large limitations are found in preservation of plaell and organ cultures contrary to animal
culture systems. The presence of rigid cell wall aacuolar structures filled with freezable
water predetermines the plant preservation to basdly more difficult task. Since water
molecule has tendency to expand in volume duriggtallization potentially damaging plant
material and it influences the glass transitionuaer et al. 2008), inputs were added in
cryopreservation protocols to reduce the unboundemwanolecules. Dehydration dfi.
perforatumshoot tips from the initial state was performed éxposure to either standard
cryosolution (0.56 M sucrose; 1.09 M glycerol; 1.B8 dimethyl sulfoxide) or PVSs
depending on the applied method. Vitrification lwhpeotocols, where liquid phase is directly
converted to metastable glassy state require isetkattention in precryogenic treatments in
order to dehydrate the plant material to an optiwaler content. Resultant dehydration state
consequentially affects survival and regeneratiatcreasing to almost 65 % after 180 min of
PVS3 exposure. Interestingly the apparent coraidtietween time of exposure and recovery
(Fig 1A) was probably caused by reduction of chathicbounded water molecules rather
than freezable water (Biidkova unpubl.). Explant hydration level can be niathd by the
presence of plant growth regulators, their funalomterconnections and longevity of
treatment. We have shown the treatment necesditypoth abscisic acid and 6-
benzylaminopurine despite the assumed antagore$iéct (Reed 1993). On contrary, in
conventional methods crystallization process appealongside of freezing induced
dehydration inserting another strongly impactingalae into the procedure. Although it was
already depicted that recovery rate is cooling cgpendent by Peter Mazur in 1960s, we
observed that cooling rate driven ice crystall@atand growth were the superior detrimental
processes affecting the recovery increase of undgedid. perforatumshoot tips (Fig 1B)
more than freezing induced dehydration (Skgbal.2010)

A) B)

o
=3

-
=)
L

@
=1
1

o
=]

B
o
1

Recovery rate after LN (%)
L |

T T T T
0 50 100 150 200 250 300
Time of exposure (Min)

Fig. 1 Experimental data illustrating the influence of PVS3 exposure longevity on recovery (A) and
structural integrity (B) of Hypericum perforatum L. shoot tips cryopreserved with vitrification and
slow cooling respectively.
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Apart from externally performed modulations of ical processes in terms of prolonged
exposures, variation in compositions and conceaaotrst cooling regime manipulation in
order to meet the superoptimal pre/treatments @elgortion of effort was invested into
examination of plant stress responses. Observatidnérora et al. (2002) and recent
microarray studies (Fowler anthomashow 2002) support consideration of oxidasitress

as major temperature stress response in plantsnegitbasing tendency during cold exposure.
Concordant results were obtained by our laboratmgerlining the significant activation of
enzymatic antioxidant mechanism at various moledelgels as response to the production of
active oxygen species during cryopreservation (8kybnpublished data). Additionally
gradually increasing expression and activation ofZ@ superoxide dismutase (Fig 2A)
located the stressors influence into chloroplds#t were observed to be severely damaged
after cryotreatment (Fig 2B). Further antioxidanzyme profiling classifietH. perforatumto
strong producers, presuming the antioxidant capasitone of the plant genetic attributes of a
biological foundation probably predisposing incezhsurvival.
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Fig. 2 Superoxide dismutase zymogram (A) illustrating severe generation of active oxygen species
plants exposed to cold and ultrastructure of chloroplasts (B) indicating severe damage of thylakoids
in the treated plants.

Although apparent improvement of survival and rex@ms with a maximum of 65% appeared
after alterations of several variables, furthereaxl inputs had mostly detrimental effect
rendering the external modifications to have arsétd state. It is believed that further
improvement is tightly dependent on the genetibiggcture of the plant. These represent the
very foundations predisposing the severity of exderco-stimulatory effects some of which
are extremely hard to modify. A group of naturatlgcurring processes was observed to
depress the superoptimal externally altered cantsti Seasonal rhythm was recorded among
survival of cryopreserveddypericum perforatunshoot tips with highest survival during
vernal period of the year despite previausitro cultivation (Skybeet al.2010).
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propagated plants

Carmen Martihy Angelika Senufg Ivan Gonzalez Andrés Acosth
M Elena Gonzalez- BenitpE. R. Joachim Kellér

! Dept. Biologia Vegetal, Universidad Politécni@Madrid, 28040-Madrid, Spain
2. Genebank Department, Leibniz Institute of Plaah&ics and Crop Plant Research (IPK),
Gatersleben, Germany.

1. Introduction

Vegetatively propagated species have a handicagdaonplasm preservation, since seed
storage, which is the easiest and cheapest metinddnig-term conservation, is not feasible.
The usual approaches for these species are: fidllettions (also called field genebanks), the
most traditional solutionin vitro conservation, especially as slow-growth cultueesl, most
recently, cryopreservation. All these systems Hreoretically, able to guarantee genotype
maintenance for long-term conservation.

Several economically important crops must be veiyels propagated (e.g. banana, garlic,
coffee, potato, sweetpotato, cassava, pineapplgarsane, mint, etc.). The most widely
employed method for conservation of these spesias ivhole plants in field collections.

The three proposed methodologies for long-term ewagion have advantages and, also,
some disadvantages which have been summarizedhle Ta Probably the most valuable
advantage of the field collections is that they peovide, in an easy way, source material for
propagation and other purposes, as for exampleangdseworks. However, this system
presents some disadvantages as its requirementé apace and constant labour force, and
the risk of diseases, pests and natural hazargsther with unwanted mixing of accessions.
The other two strategies) vitro slow-growth and cryopreservation, reduce theses resid
also allow the reduction in space requirements labdur costs for the maintenance of
germplasm collections (Engelmann 1997), althoughdbour force needed is more qualified.
Genetic stability is the main drawback attributednt vitro conservation due to the possible
occurrence of somaclonal variation associated ¢osthess conditions of the culture, which
has been reported in many works (see review ofela@h 1998). Genetic variation has been
also occasionally reported in cryopreserved madtdtarding 2004, Kaityet al 2008,
Sanchezt al 2008, Martinet al 2011). The origin of this variation is usuallyrituted to
the application ofn vitro culture procedures, which are necessary befoenarduring the
cryopreservation process, instead of the cryopvasien treatment itself (Harding 1997).
Therefore, the most stable of the three long-teomservation methods would be the field
collection, since the mutation rate expected irse¢hi@dividuals is the basic one, and it is not
supposed to be increased due to stressful conslitibaulture. However, it must be taken into
account that conservation in field collectionsglik the otheex situmethods, requires to
bring genotypes from an environment in which they adapted to a possible different one
(Ghani Yunus 2001). According to Frankel (1970gréhcould be selection and increased
opportunities for natural hybridization with aliematerial in field collections. Many factors
will affect the population structure, as climatejl,sbiotic components, life cycle length,
breeding systems, competition and degree of canesd aspects may be associated to
variations in the genetic composition of the oragioonserved sample.
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2. A case study: the mint collection at IPK

Mint (genusMenthg is an economically important crop with a widetdimution. It is a plant

of medicinal and aromatic interest. Few speciesnaft and some hybrids are cultivated
commercially, and they can be considered as ‘difffito conserve’, since most of these mint
crops produce short-lived seeds or have to be aBgely propagated (hybrids).

At the Genebank of IPK (Genebank Department, Leibmstitute of Plant Genetics and Crop
Plant Research) in Gatersleben, Germany, the tbreeterm conservation methods (field
genebankjn vitro slow growth and cryopreservation) are used for rgarimplasm. In fact,
the plant material of the field genebank was th&r@®to establish the slow-growith vitro
culture collection (Kelleret al. 2006), from which the cryopreserved collection vedso
established (Fig. 1), using a vitrification-dropbebtocol (Senul&t al. 2007).

Accessions in the field collection are cultivategry year in well-defined plots (1m x 1.25m)
(Figure 2). Slow-growtlin vitro cultures were established using shoot apices thenplants

of the field collection as starting material. Exgla were cultured on MS medium without
growth regulators and maintained at 2 °C and 10T@ cryopreserved collection was
established from nodal segments obtained from khe-growth cultures after a recovery
period at 25 °C, in order to guarantee their regeita capability.

Material from the slow-growth as well as from theyapreservation collections may be
regenerated according to the protocols describe&dler et al (2006) and Senulat al.
(2007) to obtain plants that can be cultured agaiteld conditions (Figure 1). The existence
of these collections offers a valuable opportutotyanalyse and compare the utilization of the
three long-term conservation strategies on plaréeri@d of the same origin.

As an initial approach, the genetic stability chqtls of the same accession derived from the
three different conservation methods was estimdted. this evaluation, RAPD (Random
Amplified Polymorphic DNA) markers were the seletteechnique, and an accession of
Mentha x piperitaof German origin (MEN 198) the studied materiaNAd was extracted
from plants of the field collection, from tha vitro slow-growth cultures and regenerated
from cryopreserved apices. Ten different RAPD pragnavere employed for the
amplifications. The RAPD markers showed no geneaitation among the studied samples
regardless their origin (Garcia-Gingtsal 2010).

A preliminary genetic analysis of ten individu&ism the field collections of two other mint
accessions (MEN 183 and MEN 208entha x piperity both of Cuban origin, was carried
out. The same RAPD primers as in the previous stuglyg employed. The analysis revealed
that field genebank samples were not identical iwithiccession. Three and five different
genotypes were observed in MEN 208 and MEN 18%eas/ely, according to the RAPD
patterns found. In the latter case, one genotype quite different to the other nine samples
(less than 85 % of similarity) of the accessionisTdifference could be attributed to a sample
contamination from a different accession rathenmotation or diverse origin within the
studied accession, MEN 183.

3. Discussion

Mentha x piperitas a hybrid without seed production. In clonalrplapecies it is frequent to
find genetic diversity within a population. The gin of this genetic variation has been
documented to come exclusively from either mutaien multiple origins of the clones
detected (Ellstrand and Roose 1987). Genetic vamiat field genebank accessions is usually
not expected, however, the preliminary analysiswal Cuban accessions at the IPK have
revealed a heterogeneous genetic composition vdaighd be attributed to not only mutations
or multiple origin, but also to mistakes and acnidein the handling. The analysis and
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detection of different genotypes within an accessio vegetatively propagated species is
fundamental for the appropriate managemermixagituconservation genebank.

Compared to cryopreservation, slow-growth may beremadequate for medium-term
conservation, since it requires periodical subcakubetween 1.5 and 2 years in the mint
cultures at the IPK), and longer culture periods associated to a higher probability of
somaclonal variation occurrence (Mulitral 1990).

The preliminary results obtained in the genetidysis of mint samples using RAPD markers
point to cryopreservation as the most reliable negple for long-term conservation in mint.
This procedure maintains the genetic stabilityhef starting material and, at the same time,
avoids genetic contaminations that could arise fewmnadequate management of the field
genebank. An adequate management of a cryopresgevatplasm collection should include
the study of the genetic profile of the starting@nial and of the recovered plants.

Apex cryopreservation is therefore an alternatvehie classical methods for medium- and
long-term conservation of mint genotypes. Optimaatof this preservation system implies
the development of protocols that can guaranteeregeneration ability of the preserved
material together with maintenance of its charasties. Further studies are needed for a
complete evaluation of the different long-term t&gees employed in mint collections.
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Table 1.- Advantages and disadvantages of the main long-term conservation strategies for plants.

Conservation Advantages Disadvantages
strategy

- More space
- More labour force

- Source material fi Risk of d |
Field collection propagation - Risk of diseases, pests .
atural hazards

- Easy germplasm accessibility
y germp y Unwanted cross pollination

mixing by runners
- Safe exchange of ple

material
Slow growth in vitro _ Easy culture establishment Long'te'rm genetic stability?
culture - Specialized labour force

- Less space

- Better sanitary conditions

- Higher initial cost
Cryopreservation - Long-term conservation - Specialized labour force
- Genetic stability?
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Figure 1. Scheme of the three main long-term conservation strategies for plants and their
relationships for source material.

Figure 2 .- Well-defined plot for a mint accession at the IPK field genebank.
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1. Introduction

In order to establish protocols for long time comagon of strawberry and nodules
regenerants of chicory, a droplet-vitrification imed originally designed for the
cryopreservation of apical meristemavbfisaceagPaniset al.2005) has been applied.

By itself, the assessment of the plant confornstyery complex. Therefore, we decided to
focus our study on the most susceptible traits tdatpve deviation: BAP cytokinin
dependence of the strawberry flowering (Jemreghl. 1995) and DNA variation associated
with regeneration from undifferentiated tissue ficory (Piéron, pers. communication).
Meristem tips of Elsanta and Gento nova strawbeulivars and of chicory cultivar 77/5
have been cryopreserved. The regenerants fromoGewa and 77/5 have been observed
during vegetative growth till flowering and theiNB submitted to flow cytometry analysis.

2. Material and methods

2.1. Cryopreservation

Strawberry After two weeks ofin vitro rooting, cultures of Elsanta and Gento nova were
transferred at 4°C in dark conditions for 2 additibweeks. As pre-treatment, apical domes
with 1-2 leaf primordia were then dissected andquiéured at 4°C in darkness for one week
on a gelrite-solidified Murashige and Skoog (MS)dmen supplemented with 0.1 mg/L BA,
1.0 mg/L IBA, 0.1 mg/L GA and 0.1M sucrose (N medium) or 0.4 M sucrose (8iune).
They were incubated into LS loading solution (2 Mcgrol + 0.4 M sucrose) for 20 min at
room temperature, then in PVS2 solution (Sakailet990) for 45 min at 0°C and then
transferred to droplets of PVS2 solution on a stfpaluminium foil (5 x 20 mm). The
aluminium strip together with the shoot tips wasngled into liquid nitrogen. After 1 h,
thawing took place by rinsing the strip in the nexy solution (1.2 M sucrose) at room
temperature for 15 min. Subsequently, shoot tipseweansferred onto two sterile filter
papers on top of a gelrite-solidified hormone-f\¢8 medium containing 0.1 M sucrose and
0.5 g/L of activated charcoal. After 24 hours, thglants were put to regenerate on N and
Boxus (1974) (Knop’s medium with 0.25 mg/L kinetihl mg/L IBA, 0.1 mg/L GA and 40
g/L glucose) media without filter paper. The fivgtek of culture took place in the dark. Post-
thaw survival and shoot regeneration rates wererded after 4-6 weeks.

Chicory. In vitro wounded leaves of the cv 77/5 induce nodules foamdollowed by bud
regeneration within 3-4 weeks of culture (Piéatral. 1998). Shoot tips / buds together with
small part of nodule tissue, were then dissectet pma-cultured at 4°C in darkness for one
week. They were transferred to the loading solutéonl treated for cryopreservation as
described for strawberry (see above). Regenerdtiok place on basic nodule induction
medium (Piéroret al. 1998).
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2.2 Plant behaviour

Growth of strawberry plants of both cultivars wem@wn in the greenhouse directly after
regeneration angh vitro rooting (‘Dir” lines: 2 plants per line) while axillary buds oé@o
nova lines were propagated in presence of BAP dusisubcultures Sub” lines: 4 plants
per line) before acclimatisation. The final obs#ions were made 3 months later: leaves
(number, petiole length, limb width), infloresceacéhumber, shape, basal or elongated,
number of flowers) per plant, presence of additimeaes, shape. Flower induction has been
performed by exposing the plants to 15°C and 9tiq@esiod for 14 days followed by 20°C
and 16h photoperiod.

The chicory 77/5 regenerants were propagated thraxijary branching (Piéroet al. 1998).
Ten plants per regenerant from basic and sucrasehed chicory media (Piércet al. 1998)
were collected randomly from the greenhouse actismeé material and transferred to the
field for observation (plant growth, habit and hayapeity, leaves shape, hairiness and
anthocyanin production).

2.3 Flow cytometry analysis

'Plant Cytometry Services' (Schijndel — The Nets) performed the DNA Indexes

determinations. Number of the chicory lines subeditto the analysis: 11 from nodules and
18 from shoot tips material, 29 and 62 lines bedohtp control and cryo treated explants
respectively.

3. Results and discussion

3.1 Plant regeneration

Strawberry.The post-thaw survival rafgallus + shoot formation) of both cultivars reathe
more than 90% on MS basic medium. Forty-five misubé PVS2 treatment revealed no
toxicity. A pre-culture phase in the presence bigher sucrose concentration (0.4 M instead
of 0.09 M) didn’t improve survival after cryopresation. Using the Boxus (1974)
regeneration medium, most meristems gave rise rectdishoot regeneration without an
intermediate callus phase.

Chicory. Cryopreservation resulted in 64.1 — 76.2% posivtshoot regeneration rates. The
PVS2 treatment (=dehydration) was slightly toxice-Beatment on sucrose enriched chicory
medium (see above) has again not significant effiedtno callus formation was recorded.

3.2 Plant behaviour

Strawberry The cryopreservation protocol did not influence sigrafitly the plant
development of both Rir » and « Sub »lines. Regenerants of both cultivars revealed abrm
aspect and the growth differences measured in thengouse were not significant. The
«Sub»lines of Gento nova didn’t show hyperfloweringesftobserved as a putative deviation
due to repeated BAP exposures (Table 1).
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Table 1 Flowering of strawberry Gento nova « Sub » lines

Average Number of
Number Number of
Treatment . number of . flowers
of lines . inflorescences/plant .

plants/line /inflorescence
Control 8 46-+1.6 1.4+05 36+1.3
Crglopreservation 11 4.7+1.4 14+0.2 3.6 £0.7
s Control 6 52+1.2 1.4+0.3 3.2+1.2
S cryopreservation 9 43+1.1 0.9+0.3 32+1.1

(2): pre-culture in presence of 0.4 M sucrose

Chicory. The variability of the plant growth parametersween the lines and within several
of these lines has been analysed. Plant vigouheflihes was medium to high, plant
growth habit was upright, plant homogeneity wasesigp after cryo treatment, leaf shape
was serrate to lobed with medium hairiness andptiesence of anthocyanin was only
noted from higher sucrose regeneration media. inpeawison, the plant vigour within the
lines was low to high, plant growth habit upriglt oblique, with a medium plant
homogeneity, entire to lobed leaf shape with slighiriness but without or with a low
level of anthocyanin. In general, cryopreservatiih not affect the growth of the plants
nor flowering that occurred during the second ye@arthe field, flowers looking
homogeneous. That confirms the cryo treatment dicdsuabstitute the normal vernalisation
conditions.

3.3 Flow cytometry analysis.
DNA indexes of the chicory and strawberry regenirdid not differ from the control plants.

4. Conclusions

The absence of significant differences betweenrobmaind cryopreserved plants confirmed
that the cryopreservation using the droplet-vitation protocol adapted froMusaceaecan
be applied for long term conservation of meristgus-of strawberry and chicory.

5. Acknowledgements:The authors are very grateful to M. Delcorps for kechnical
contribution.
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1. Introduction

Plant productivity is strongly influenced by dehstion stress induced by high salinity,
drought and low-temperature conditions. Plants aedpto these stresses by displaying
complex, quantitative traits.

Potato Solanumspp.) is one of the most commonly cultivated sgeand is globally used for
food, feed, medicine, and as base material forstréd products. However, only one of the
eight cultivated potato speciesSolanum tuberosum subsp. tuberosum is widely
commercialized, while 228 wil&olanumspecies are known. Potato yield is limited by the
occurrence of different abiotic constraints, amtmgn frost. In the huge genetic diversity of
potato resources lies an enormous breeding poteéhtia can be used to solve present and
possibly future restriction of potato production ndavide. It is therefore necessary to
preserve the existing genetic diversity of potatodurrent and future generations.

Although plant germplasm collections of vegetatvplopagated species are traditionally
conserved in field collections, the method of ckediar long-term germplasm conservation is
cryopreservation (at -196°C) (Kelleet al 2008). However, the large-scale use of
cryopreservation is hampered by the lack of stadided methods. Hence, currently only a
fraction of existing plant germplasm collectionsrdze conserved by cryopreservation. The
critical point when developing a cryopreservatioogedure is the control and/or avoidance of
intracellular ice nucleation, since ice crystal d@amage membranous cell structures thereby
destroying their semi permeability. The formatioh ice crystals can be prevented by
removing cell water through freeze induced dehyoinat osmotic dehydration and
evaporative desiccation.

One of the most common acclimation mechanisms &gedcto freezing tolerance is the
accumulation in the plant tissues of osmoactivemmmds, which can be induced by drought
or alternatively by exposure to cold (Bray, 199Bgcause plant tissues processed for
cryopreservation are submitted to stress conditsomslar to drought, salinity and frost, it is
expected that studies on mechanisms in respondehgdration stresses are closely linked
with resistance towards cryopreservation. During $keps preceding cryopreservation, the
metabolism of donor plants or explants is affecteaiding to changes that can be monitored.
In the present work, a study of abiotic stress gasp in potato was realized; a better
understanding of this response will be useful fopiroving the existing cryopreservation
protocols.

2. Material and methods
Apical shoots from 3-weeks-old vitro plantlets of two varieties of potato (the commalrci
race S. tuberosumnl. cv. Désirée and the wild pota® commersoniiwere submitted to
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osmotic stress at 22°C: MSO medium (MS with vitesnand 0.09M sucrose) as control
(Murashige & Skoog, 1962), MSO medium with 0.3M safcrose and MSO medium plus
0.21M of sorbitol (total sugar concentration of )3 The plantlets were also cultivated in
MSO medium at 6°C in order to evaluate the chargesirring in the plant tissues after
exposure to chilling. After 14 days of exposurdedd#nt growth parameters were measured:
length of shoots, number of leaves and fresh apaveight.

Data presented are the means of relative valuésu(aeed by division between absolute
values in the treatments and values in the contoblat least five independent experiments,
with 12 explants per treatment (n=60). Data wedyaed using ANOVA, and comparisons
among the mean values were evaluated by the ligagicant different test at p<0.05
(indicated with the letters above the bar in tigeifes).

3. Results

In order to compare both cultivars, relative valuese calculated for growth and water
content.

3.1 Relative increase in shoot length

Plant growth is affected by all the stress condgicurrently investigated (Fig. 1). There are
significative differences between cultivars in baibmotic stress treatments; sucrose and
sorbitol seem to compromise shoot growth mor&.ircommersoniiOn the other hand, the

relative increase in shoot length in both cultivaeems to be equally affected by the cold
treatment.

Solanum commersonii Solanum tuberosum cv Désirée

d d g : P i
m . e l—
0.0 + ; — BN | Egp = — ; :

Control Sucrose Sorbital Cold & Control Sucrose Sorbitol Cold

Fig 1. Shoot length increase of 3-weeks-old in vitro plants of two potato cultivars (S. tuberosum L. cv.
Désirée and S. commersonii) submitted to different stress treatments for two weeks. N=60.
*Different letters indicate values significantly different at p<0.05 (ANOVA test).

3.2. Number of leaves relative to the control

When potato plantlets are treated with sorbitol,significant differences can be observed
between the cultivars (Fig. 2). Although sucrossatiment induces a significant negative
effect on the number of leaves $1 commersoniithe number of leaves &. tuberosuncv
Désirée is not influenced by growth on sucrose-rppnted medium.

Out of the three treatments, cold has the mosttivegaffect on the number of leaves for both
cultivars and this reduction is more pronounce8.icommersonii
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Solanum commersonii Solanum tuberosum cv Désirée
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Fig 2. Number of leaves from 3-weeks-old in vitro plants of two potato cultivars (S. tuberosum L. cv.
Désirée and S. commersonii) exposed to different stress treatments for two weeks. n=60.
*Different letters indicate values significantly different at p<0.05 (ANOVA test).

3.3. Relative water content

The sucrose treatment results in a more importatitedise in water content compared with
the sorbitol treatment (Fig. 3). However, whenttlie cultivars are compared in relation to
their responses on the treatment with sucroserbitesbno significant differences were
found. After the cold treatment, the water contisdreases more in Désirée that

in S. commersonii.

Solanum commersonii Solanum tuberosum cv Désirée
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Fig 3. Water content from 3-weeks-old in vitro plants of two potato cultivars (S. tuberosum L. cv.
Désirée and S. commersonii) submitted to different stress treatments for two weeks. n=60.
*Different letters indicate values significantly different at p<0.05 (ANOVA test).

4. Discussion

The presented data show tlmatvitro growing plantlets o5. commerson@ére more affected
by the different osmotic stress treatments. Thd trelatment used in the present study affects
shoot length increase in both cultivars with thesantensity. However the number of leaves
and the water content are differently influencedcbyd in both cultivars; while humber of
leaves is more affected $1 commersonithe water content decreases more in Désirée.

This morphological study is the first part of adstiaimed at increasing our knowledge on the
molecular responses of potato to abiotic stres@rdier to understand these responses at a
biochemical level, samples have been collectedaaaedurrently analysed. Since proteomics
is a powerful tool to analyse biochemical pathwapsl the complex response of plants to
environmental stimuli (Renaut et al 2006), a prot@oapproach will be executed that will
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lead to new insights on the pathways implicatethin physiological responses under these
stress conditions. Furthermore, the comparison detwcryopreservation and abiotic stress
responses of the potato cultivars involved in gtigly will help us to increase the number of
accessions that can be cryopreserved, for potatoter plants.
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1. Introduction

Irises are monocotyledonous perennial plants wigidw in the temperate regions of the
Northern Hemisphere. Many species of gehissare horticultural plants that are cultivated
because of beauty of their flowers. In additionthie ornamental value of many irises, in
recent years a lot of attention is paid on phytaubal research which resulted in the
isolation of pharmacologically valuable secondargtabolites (Williamset al 1997).Iris
pumila (2n=32) is endemic, endangered and protected, hwhe&tongs to series of dwarf
bearded irises. It has a great ornamental valueisaadso the progenitor in most breeding
programs of dwarf irised. pumila plants produce xanthones, pharmacologically vaéuab
substances, such as mangiferin. Protocol for cesmgwation ofl. pumila shoot tips by
vitrification was developed during the COST Acti8i@l “CryoPlanet” (Jevremo¥iet al
2009).

The main aim of this work is to investigate clofidelity of regeneratedl pumilaplants after
cryopreservation, in comparison with plants boteresrated in tissue culture and collected
from nature.

2. Material and methods

2.1. Plant material

Plant material used in the experimental work wateéves of. pumilaplants collected from
nature (ii) in vitro grown shoot cultures from which explants for cmggervation were
collected, and (iii) plants regenerated after crgsprvation procedure and acclimatized in
greenhouse conditions.

2.2. Cryopreservation by PVS2-vitrification

For cryopreservation, the vitrification procedur@ased on PVS2 (Plant Vitrification
Solution n°2) was applied. In short, the procedieps were: (i) 2 weeks of cold hardening of
shoot cultures at 4 °C, followed by other 2 dafythe same hardening for the excised shoot
tips, (i) shoot tip loading with 2 M glycerol afid4 M sucrose (30 min), (iii) PVS2 treatment
at 0°C for 20 min, (iv) direct immersion of cryoldacontaining 10 shoot tips, in liquid
nitrogen, where they remained for at least one ,h@Jre-warming of cryovials at 40°C for 1
min, (vi) unloading of explants in MS (MurashigedaBikoog, 1962) medium containing 1.2
M sucrose (20 min).
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2.3. Plant regeneration

After cryopreservation, shoot development and fewdtion were achieved on solid MS
medium, supplemented with benzyl-adenine and géllieracid (4.4 and 0.3uM,
respectively). Shoot rooting was achieved on hoeroee MS medium. Fully developed
plantlets were potted in a mix of peat and per{Bel) and acclimatized in greenhouse
conditions.

2.4. Flow cytometry analysis
Relative genomic size is determined according Daletzal. (1992) using staining of nuclei
with 4,6-diamidino-2-phenylindole-2HCI (DAPI) andcia fabaas standard.

3. Results

l. pumilashoot tips survived to cryopreservation by vitafiion in a percentage of 55%, three
months after cryopreservation. The shoot multiplicaindex (3.2), measured after 4 weeks
subculture, was similar to the one of iris shootstandard culture conditions. Rooting of
shoots regenerated after cryopreservation was semgcessful (90%). No significant
differences were observed in morphological parareghoot length, number and length of
formed roots) between plants from shoot tip cryspreation and control plants.

Flow cytometric analyses showed that all the tedtedumila plants regenerated after
cryopreservation by PVS2-vitrification had the sageaomic size of plants both regenerated
by tissue culture, and collected in nature (Fig. 1)

4. Discussion

Today, cryopreservation is an important tool fondoterm conservation of plant genetic
resources. Among the numerous techniques, shootygpreservation by PVS2-vitrification
has repeatedly proven to be a very reliable arett¥ie option for thex situconservation of

a wide range of plant species (Panis and Lamb&@6) It was previously reported that iris
plants can be successfully regenerated after cegepvation of shoot tips, following a PVS2-
based vitrification procedure (Jevremoet al, 2009).

Genetic stability of plants regenerated after shiqotcryopreservation has been already
reported. For instance, Liat al. (2008) used different molecular techniques to shibev
genetic fidelity of apple shoot from cryopresergatiby a vitrification procedure. Some
alterations in genomic size &f pumila plants regenerated by somatic embryogenesis were
reported earlier (Jevremdaveet al, 2010). In this study we showed thatpumila plants
regenerated after cryopreservation of shoot tip®¥$2-vitrification had the same genomic
size of plants regenerated Iy vitro organogenesis. Moreover, also the flow cytometry
profile of plants collected in nature was compagabith the one of plants from shoot tip
cryopreservation. Hence, cryopreservation by shopt vitrification is an affordable
technique, in terms of ploidy stability, for thenfptermex situconservation of iris genetic
resources.
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Fig. 1 Flow cytometry profile of I. pumila plants collected from nature (A), regenerated by
organogenesis (B) and after cryopreservation (C). I. pumila, left V. faba, right peak.
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1. Introduction

Somatic embryogenesis has been proved to be thé pnosising method for the rapid
propagation oAbiesspecies and their hybrids. The long-term stordggeonplasm is needed
during progeny trials for tree breeding purposeke Bim of the present study was to
investigate the occurrence of oxidative stress detbrmine the bioenergetic parameters
(cellular content of ATP and glucose-6-phosphate;6§) in embryogenic cell lines &.
cephalonicaduring the pre-treatment phases of cryopreservadiwh the early steps after
thawing.

2. Materials and Methods

2.1. Cryopreservation procedure

Two embryogenic cell lines d&. cephalonica6 and 8, were cryopreserved as described in
Aronenet al. (1999), except for the freezing of the samples hezing of the samples was
conducted with NALGENE" Cryo 1°C Freezing Containers at a cooling ratel 6C/minute

to the pre-freezing temperature of -70 °C. The daswere kept for 24 hours in deep freezer
before transferring to liquid nitrogen for 7-dayripe.

2.2. The proliferation rate

The proliferation of the embryogenic cell masseSNE was evaluated after cryopreservation
by measuring the proliferation ratioig{w;) in whichw; is the initial fresh weight (FW) of the
sample andy is the FW at the time of sub-culturing either Haveeks after the thawing.

2.3. Determination of ATP, glu-6P and histochemioahlization of HO,

The samples were collected for the determinatioADiP, glu-6P and kD, localization at
different time points during pre-treatments, thayvamd proliferation stage.

For the analysis of ATP and glu-6P, samples weepaned as described in Petrussaal.
(2009). The cellular ATP content was determined rbgans of the luciferin-luciferase,
luminometric method with ATPlite Luminescence ATRetEction Assay System (Perkin-
Elmer). The cellular glu-6P content was evaluatgidgithe enzymatic reduction BfNADP*

by glu-6P dehydrogenase (Bergmewtral. 1974). The measurements were performed by
means of a Multilabel Counter (WALLAC, model 14F&rkin-Elmer).

Histochemical localization of #D, was conducted using 3,5,3'5'-tetramethylbenzidine
(TMB)-HCI as described in Barcekt al. (1998). The staining intensity was classified i&to
categories: 1) no blue cells detected; 2) 1- 5 bhklks; 3) 5 - 20; 4) 20 - 40; 5) more than 40
blue cells detected.
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2.4. Data analysis

The statistical examination of the proliferatioiesaand cellular levels of ATP and glu-6P
were analyzed with factorial ANOVA (all variantsfexdts were considered fixed) using the
GLM procedure (SAS Institute 2004).

Staining intensity (color scores for the presenteHgO,) represents an ordinally scaled
Poisson-distributed response variable. To normatize data and to make the mean
independent of variance, we used logarithmic t@nsation (Quinn and Keough 2002).

Transformed data were analyzed with factorial ANOYtRAe effects of both cell line and

cryopreservation stage were considered fixed) usig GLM procedure (SAS Institute

2004), pairwise differences were tested using thedan’s tests.

3. Results

Both tested embryogenic cell lines Af cephalonicavere recovered after 7-day cryostorage
and proliferated intensively 5 weeks after thawifighe embryogenic cell line 8 had
considerably slower proliferation rate than celel6 (Fig. 1).

Based on the histochemical,® analyses both cell lines producedQGd during the
cryoprotection protocol and after cryostorage. Hmghest intensity of kD, was detected
immediately after thawing which was significantlyfferent from the pre-treatment and
cryoprotection. The response of tested embryogemalt lines was not significantly
different (Fig. 2).

The occurrence of oxidative stress during the aegrvation procedure did not change the
biochemical potential of cryopreserved embryogesit lines (Fig. 3A, B). Interestingly, the
cellular glu-6P levels detected after recovery wagmificantly higher than those observed
before the cryopreservation pre-treatments (Fig. 3Be highest cellular levels of ATP were
detected after the cryopreservation pre-treatmen0.d M sucrose media. However, these
levels were not statistically different from thedés observed after the recovery (Fig. 3A).
Detected cellular ATP and glu-6P levels did notedifsignificantly between two tested cell
lines.

4. Conclusions

Both cryopreserved embroygenic cell lines Af cephalonicawere recovered after 7-day
cryostorage and started intensive proliferatiore phesence of #D, in the embryogenic cell
lines may indicate that the cells were exposed Ximlative stress immediately after the
thawing. The steadily increasing trend of the pneseof HO, (although not significant) is an
indication that oxidative stress may appear alrestdgarlier stages of cryopreservation and
deserves further study.
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Fig. 1. The proliferation ratios (wg/w;) of A. cephalonica embryogenic cell lines 6 and 8. wy = FWs of

ECMs at the time of subculturing, w; = initial FW of ECMs. Columns with different letters are
significantly different (P < 0.05)
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1. Introduction

Tissue culture of gentians has shown the tremendooiphogenic potential of different
explants. The embryogenic response of young segpédkiplants was significant in allowing
the somatic cell genetic manipulation of these tslaridditionally the ability of cell
suspension cultures of gentians to maintain thidorgagenic character has facilitated
cryopreservation experiments (Mikugd al 2005). Interestingly cryopreservation treatments
have been shown to enhance the number of gentmatsoembryos regenerated.
Cryopreservation provides an effective means f@& libng-term storage of vegetatively
propagated plant species aimd vitro tissues. Previously reported improvements of the
encapsulation/dehydration cryopreservation proeeftur gentians embryogenic cultures and
the lack of genetic alternations in regenerantsveddrfrom cryogenically stored cultures
(Mikula et al 2011), has been decisive for the study of protéianges associated with the
osmotic stress associated with sucrose treatments

Safe storage of plant material at ultra-low tempees requires careful optimisation of
cryopreservation techniques. It includes the rasfggrocedures aimed to the protection of the
plant material against dehydration stress, chillisgpring at ultra-low temperatures and
rewarming. The tolerance to dehydration and clgllivhich is induced during the pre-
treatment stages, is the requirement to maintagh kiability of the plant material after re-
warming (Mikutaet al 2011). Changes related to acclimatization to sistssful conditions
result in changes at the molecular level of thetphaaterial. Proteomic analysis allows for a
greater understanding of the physiological responsk cells manifested in the post-
translational level (Lopez 2007). Identificationbtein expression changes during can help
determine the metabolic processes induced at tfiereht stages of a cryopreservation
protocol. This permits the more targeted optimaatiof the given protocol to assure
successful long-term storage of plant materialtealow temperatures.

2. Material and methods

2.1. Cryopreservation method used

Cryopreservation by encapsulation/dehydration ésrttost reliable procedure for preserving
the viability and embryogenic competence Glentiana crucita suspension cultures.
Embryogenic cell suspension cultures were grownM8 medium supplemented with
2.0 mg/L BAP, 1.0 mg/L Dicamba, 0.1 mg/L NAA and &%/v) sucrose were encapsulated
in 1.3% (w/v) calcium alginate beads. Beads wecalbated in the same medium containing
0.3 M, 0.5 M or 0.75 M sucrose, for 48hrs in eachaentration and finally transferred to 1M
sucrose for 24h. After this pre-treatment beadsewearvested and dried by air in laminar-
flow chamber for 5 h at room temperature. After diying the beads were transferred to
cryotubes and directly cooled in liquid nitrogenikivta et al. 2008).
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2.2. Proteomic analysis

Proteomic patterns were determined for each stdg#eosucrose treatment, i.e. at each
sucrose concentration stage. Proteins were isofateording to the procedure of Wang at al.
(2006), but with some modifications introduced Isy Tihe protein content was determined by
the Bradford assay. The protein samples were facuseg 3-10 nonlinear IPG strips for the
first dimension, for the second dimension sepamati@s achieved using a 12.5% (w/v)
acrylamide gel and stained with CBB. The image camajive and statistical analyses
(ANOVA) were carried out with the Image Master 2xtihum 7.0 software. Protein spots
showing a statistical significance (p<0.05) in atumce were considered as up or down
regulated. These protein spots of interest werecssd for identification by mass
spectrometry. ldentification was performed on LC/MS, technique that combines the
physical separation capabilities of liquid chrongaéphy with the mass analysis capabilities
of mass spectrometry. The resulting peptide sesqsenere analyzed in Maskot based on a
database.

Fig.1. Stages of procedure used for embryogenic cell suspension cryopreservation and result of post-
cryostorage culture

A) Non-stained specimen of embryogenic cell suspension

B) Embryogenic cell suspension culture in MS medium supplemented with 2.0mg/l BAP, 1.0 mg/l
Dicamba 0.1 mg/l NAA + 6% sucrose in conical flask of (preculture period: two weeks)

C) Beads of cell suspension encapsulated with 1.3 % alginate

D) Incubation of beads in increasingly concentrated sucrose solutions (from 0.3M to 1.0M over 7 days)

E) Air flow desiccation in laminar flow chamber before direct cooling in liquid nitrogen

F) Substation somatic embryo formation from cryogenically stored embryogenic cell suspension in
post-thaw regeneration agar culture

3. Results

Figure 1 presents the main steps of encapsulagbgdtation procedure used to cryopreserve
Gentiana cell suspension cultures. Additionally Fig. 1.Eosis very high embryogenic
capacity of the tissue after cryopreservation. wd¢e encapsulated embryogenic cell
suspensions have never been used before for @olatiGentianaprotein, but it was shown
that alginate did not influence the isolation obteins of embedded tissue. A very rich profile

49



with a large number of protein spots was obtaii@ohfzalska and Rybczgski 2010) (Table
1). Protein profiles of encapsulated cell suspansimwed almost lack of smears (Fig. 2).
Three types of proteins were found: some of theasgmted up-stream growth of activity,
other proteins were connected with decreasingnbumuch had been formel@ novoduring
sucrose treatments. It is thought that the laghe$e groups will be very important for cell
acclimatization to ultra-low temperature.

Table.1 Comparative analysis of 2D-PAGE proteomic images from each stage of the progressive
sucrose treatment

Encapsulated cell After sucrose treatment up to
suspension without
sucrose treatment 0.3M 0.5M 0.75M 1.0M
No. of spots in gel 851 918 869 839 876
% of matches 94.00 91.67 95.67 95.67 88.67
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Fig. 2 An example of second dimension electrophoresis of proteomic analysis of embryogenic cell
suspension of Gentiana cruciata

4. Discussion

Our previous studies have shown that gentian engiernjic cell suspension were an excellent
source of plant material for somatic cell genetanipulation including as small aggregates,
cells and protoplasts which consistently maintaitiesstk embryogenic character. The effect of
the gradually increasing the sucrose concentratpto 1.0 M on the morphogenic potential

of the cell suspensions as part of the encapsoldebydration cryopreservation procedure,
might be monitored by the changing number of regerd somatic embryos and growing

plantlets in post-thaw culture. The genetic uniftynof post-thaw regenerants predisposes
the system for studies on proteomics on post-tagiosl level of stress treated cell (Mikwga

al. 2008, 2011).

The experiments show that proteomic analysis hagptiential to be a very useful tool to

register changes in protein expression as a regufidaptations during cryopreservation
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pretreatment and help to understand acquisitiofremzing tolerance. Our primary results
confirmed earlier published data that protein pesfundergo various changes associated the
cryopreservation protocols (Carpentaral, 2007). The results proved that post-translationa
changes are important in molecular analysis of tplaaterial reaction connected with
cryopreservation pretreatments.
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1. Introduction

Cryopreservation offers the potential for the ecoimal and reliable long-term storage of
genetic resources (Cyr 1999). The embryogenic sisgpemass (ESM) is well suited for
cryopreservation because of its fast growth rateitnlarge population of meristematic cells.
Moreover, partially differentiated cultures, suck those produced in conifer somatic
embryogenesis, exhibit less variation than calgetcultures (Wanegt al. 1993). The ESM
of some coniferous species, suchPagudotsuga menzigsiticea glaucaandPinus pinaster
are quite tolerant to cryopreservation, while otbpecies show marked differences in their
cryotolerance (Norgaardt al. 1993, Cyr 1999). Polyamines (PAs) stabilize thdemwaar
composition of plasma membranes and suppress ppibxidation, thereby preventing
membrane injury, retaining membrane permeabilityd aeducing leakage under stress
conditions. The biological activity of PAs is afwited to their cationic nature, which enables
interactions with anionic biomolecules and protelstsn from oxidative damage (Zhaetal.
2009). The high flexibility of PA metabolism in pEnse to stress, the metabolic link between
PA and ethylene synthesis, and their inevitable moicell division and proliferation, strongly
suggest that PAs may play a significant role ith slvival after cryopreservation.

We focused on the cryopreservation of Norway spi&Sbl. The specific aims of the present
study are: (i) to relate the anatomical structur&®8M to cryotolerance; (ii) to compare PA
contents in the ESM of different spruce genotypes r@late them to cryotolerance; and (iii)
to relate changes in the anatomical structure ¥l B#th changes in the pool of PAs in the
course of cryoprotectant-treatments and duringrmreggion after cryostorage.

2. Materials and Methods

2.1. Plant material

The embryogenic cultures &icea abieqL.) Karst. were obtained either as a gift (catleli
AFO 541 from AFOCEL, Nangis, France), or inducedour lab from zygotic embryos of
mature seeds (Vagnet al. 2005) on GD medium (Gupta and Durzan 1986).

2.2. Cultivation protocol

The embryogenic cultures were grown on GD mediump{& and Durzan 1986) solidified
by 0.75% agar and supplemented withNd 2,4-D, 2 M kinetin, 2puM BAP and 30 g [*
sucrose and incubated in darkness at 24 + 1 °Cn@fé&g al. 2005). For maturation of
embryos, the cytokinins and auxin were substitwéth 20 uM abscisic acid (ABA) and
3.75% (w/v) polyethylene glycol 4000. The culturesre sub-cultured weekly into the fresh
liquid medium and incubated in the dark at 24 %€Xor 5—-6 weeks (Vagnet al. 2005).

2.3. Cryopreservation
Cultivation of ESM in liquid GD media (Gupta and R2an 1986) was necessary for the
treatment of ESM with gradually increasing concatntns of cryoprotectants. The cultures
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were treated with sorbitol, which resulted in a M4sorbitol concentration. The flasks with
cultures were then cooled on ice and DMSO was gilfdadded to reach the final 2%
concentration. The cooled ESM was then filtered aadsferred into 2 ml cryovial tubes.
Freezing was performed in a commercial freezingaioar Mr. Frosty, Nalgene. Thereafter
the cryovials were stored in liquid nitrogen (foetals of cryoprotocol see Vagnet
al. 2005).

2.4. Microscopy and anatomical study

The viability of the ESM was determined by doulikarsng with fluorescein diacetate (FDA)
and propidium iodide (PI) according to modified foapls of Jones and Senft (1985). All
images were processed using the computer imaggsanal

2.5. Polyamine analysis

The concentrations of endogenous free polyamingsggcine, spermine and spermidine) and
their bonded and conjugated forms were analyzediPyC in the ESM of Norway spruce
(for details see Vondrakow al. 2010).

3. Results

3.1. Precultivation of cultures prior cryopreseriat

The growth characteristics and alterations in PAnteots during the process of
cryopreservation were studied in detail in AFO Bt C110 cell lines, since these cultures
have comparable ESM anatomy. However, these twores! differ in their rate of growth,
their yield of matured somatic embryos, and paldidy in their regeneration ability after
cryopreservation. In both cultures, cultivated iouid media prior to cryopreservation, the
highest PA concentration in ESM was of Spd; itscemtration rose and fell periodically
during the two weeks in culture, with the maximuays occurring on the"2and/or & day
after changing the media (Table 1).

The treatment of the ESMs with sorbitol caused ttentinual disintegration of
polyembryogenic centers and suspensors. The loogoliaed cells of suspensors are much
more sensitive to osmotic changes elicited by soribieatment than are the small cells of
embryonal meristems. However, the stress reactitreated cells was not only manifested in
structural changes: starch accumulation furtherensified during the cryoprotectant
treatments; nuclei of suspensor cells in both logdls were enclosed with starch grains; and
free starch grains were observed to be presenteir tytoplasm. The cryoprotectant-
treatment influenced the level of percloric aci€Cf)-soluble free PAs. Marked decreases in
free Put and Spd after sorbitol applications wdrgeoved in the ESM (Table 1). The level of
free Spm did not change, and its content in DMSéatad cells, before freezing, was
comparable with that in cells before receiving tirgoprotectant treatments. A continual
decrease in the level of amines was observed dthagell osmotic pre-treatment. However,
while the content of total PCA-soluble free PAs wasble that of PCA-soluble conjugates in
cells before the cryoprotectant treatments, in DM&ated ESM the levels of both PA forms
were approximately equal.

3.2. Regrowth of cultures after cryopreservation

Freezing the ESM before cryostorage resulted insimasselective damage to cells. All
suspensor cells, long and vacuolized, were desirollee character of the ESM changed, as
only the scattered small cells of embryonal memstesurvived. The first newly developed
early somatic embryos were observed on days 4-€5 #fawing. Enlarged embryos, with
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more robust embryonic heads connected with largpensors, occurred in the AFO 541
culture on the 11 day after thawing. The embryogenic capacity reeiconstant after

cryostorage.

The levels of free Put and Spd determined in thM B8 day 6 were low due to there still
being a high proportion of dead cells present. Herea marked increase in Put and
particularly Spd, two weeks after thawing, correthiwell with the observed anatomical
changes of the culture. The level of free Put aspmkelally the high amount of Spd two and
three weeks after cryostorage corresponded wetl thii2 PA values in the ESM cultivated in
liquid medium before freezing. The fractional corsition of the PA pool in the ESM of AFO

541 showed significant changes after thawing. Aellesf PCA-insoluble PA conjugates

observed on days 6 and 11, more than two timeshidfanwas observed in the tissue before
freezing, was probably due to the decompartmematiodead cells still present in tissue
samples. A relatively high proportion of soluble RAnjugates occurred in the ESM,
especially on day 6 after thawing, which refledte unsatisfactory state of embryogenic
tissue after freezing. The successful re-growthABO 541 ESM on days 15 and 21 was
characterized by an increase in the total contefiee PAs.

Table 1: PCA-soluble free putrescine (Put), spermidine (Spd) and spermine (Spm) in the course of 14-
day cultivation of two Norway spruce embryogenic cell lines (AFO 541 and C110) in liquid
proliferation medium. PAs are expressed as pmol.g'1 DW.

Day 0 and day 7: transfer of ESM to the fresh media, day 11: start of sorbitol treatment.

AFO 541 C110
day Put Spd Spm Put Spd Spm
0 2,7 3,9 0,8 1,8 1,9 0,3
1 3,0 4,0 08 1,6 2,0 0,2
2 3,2 4,2 0,8 1,9 2,7 0,5
3 3,0 4,8 0,7 1,6 2,2 0,3
4 3,1 4,3 0,7 15 2,3 0,3
5 3,4 3,8 0,6 15 2,3 0,3
6 2,9 3,4 0,5 14 1,9 0,3
7 3,1 3,6 0,5 1,6 2,0 0,2
8 3,3 4,2 0,6 14 2,3 0,3
9 3,2 4,2 0,5 1,7 2,4 0,3
10 2,8 3,8 0,6 1,2 1,7 0,2
11 2,1 3,8 0,5 1,3 15 0,2
12 1,8 3,8 0,6 1,3 1.4 0,2
13 1,7 3,5 0,5 1,4 1.4 0,2
14 1,6 3,0 0,4 1,3 1,2 0,1

4. Discussion

The involvement of PAs in the stress responsedanit indicates their importance for plant
survival. The results presented here have showi fifia the size and structure of
polyembryogenic complexes determines the qualitysomatic embryos, but does not
correlate with their cryotolerance; (ii) growth eas the only character shown to have some
association with cryotolerance; and (iii) a cleanmection between the total content of PAs
and cryotolerance was not determined.
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1. Introduction

Preservation of the world’s genetic resources iseatly at the forefront of conservation
activities and biotechnology can play an importeoié in international plant conservation
programs. The storage at ultra-low temperature360cl) has a practical application for the
preservation of plant cells and tissues, charasdriby a high production of important
secondary metabolites. The Balkan endehiypericum rumeliacunBoiss. is characteristic
for the Balkan flora. The species is rare and wihservational value for Bulgaria. A number
of studies report on its phytochemical compositiand valuable pharmacological properties
(Kitanov 2001; Galatet al 2008). Our preliminary investigations have shawat in vitro
culture H. rumeliacumpossesses a high regeneration capacity and p®dugke levels of
phenolics and flavonoids commensurable to the $evethe intact plant (Danow al. 2010).
The aim of the present work was to evaluate thesiplggical status ofHypericum
rumeliacumBoiss. plants regenerated from shoot tips, crysmreed by vitrification.

2. Materials and Methods

2.1. Plant material

Hypericum rumeliacunBoiss. was collected at its natural habitat in Ridopes Mountain,
Bulgaria.In vitro shoot cultures were induced from sterilized mondat stem segments of
thein situ growing wild plant. Shoots were maintained on M&we medium at 25°C, 16/8 h
photoperiod and 6Qmo.m's* with a 45-day period of regular subculture. Befpreculture
shoot-tips were isolated and grown on the basal Rdiom (insmaier-Skoog's salt mixture
(Linsmaier and Skoog 1965), Gamborg’s B5 vitami@artborget al 1968), 30 g/l sucrose,
2 mg/l glycine, 100 mg/l myo-inositoBupplemented with 0.5 mg/l 6-benzylaminopurine
(BA) (RMBys medium). Control plants were cultivated on RM baseadium. After 1 month
cultivation shoot-tips were subjected to cryopreagon procedure described belodfter
thawing from liquid nitrogen, a 2-week cultivationthe dark and 1-week cultivation in half-
intensity light, the cryopreserved shoot-tips wgmawn at the same environmental conditions
as control unfrozen plants and propagated on tisalb@M medium and RM medium
supplemented with 0.1 mg'BA.

2.2. Cryopreservation of Hypericum rumeliacum shoust

The preculture treatment performedHorumeliacumwas based on 0.046V1 ABA exposure
of shoot tips in RMBs liquid culture medium for 3, 7 and 10 days perid@srther explants
were treated for 20 minutes in LS solution (2M @sa and 0.4M sucrose) at room
temperature. Plant shoot tips were dehydrated 183Y50% w/v sucrose and 50% w/v
glycerol) for 90, 120, 150 and 180 minutes on ind &nally directly immersed into liquid
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nitrogen. After one week of storage, thawing wadgmmed in water bath at 40°C for 1
minute. Tips were rinsed in liquid RMB containing 1.2 M sucrose. Afterwards shoot tips
were cultivated on semi-solid RMB for regeneration. The survival rate was determiagd
the percentage of green growing meristems withedbfitiating shoots 4-6 weeks after
cryopreservation compared to the initial numbezéra

2.3. MDA determination and ROS imaging

Malondialdehyde (MDA) was determined according tbirfdsaet al (1981) including
TCA/TBA (thiobarbituric acid) addition and a heat/coolley@bsorption was read at 532 nm
and 600 nm and MDA concentration was calculatedhgusts molar absorptivity 155
pmol/cm. Intracellular ROS were detected using’&li¢hlorofluorescein diacetate (DCF-
DA), following the protocol of Sakamotet al (2005). The fluorescence of DCF-DA stained
samples was determined by Nikon Eclipse microscdfel00, filter B-2A, exciter 450-490,
and magnification 200x.

2.4. Total phenols and flavonoids determination

Total phenolic content was determined accordin§itayletonet al (1999). The absorbance
was read at 765 nm. Total phenolic content was esgad as milligrams gallic acid
equivalents per gram of DW of the sample. Totaldleid content was performed according
to Changet al (2002). The absorbance was measured at 415 nal. flavonoid content was
expressed as milligrams quercetin equivalents pan@f DW of the sample.

3. Results

The recovery rate oH. rumeliacumplants cryopreserved by vitrification varied betwe
3.3 % and 14 %. The shoot tips which showed higbeovery rate were pre-cultured for 10
days with 0.07uM abscisic acid and equilibrated on ice for 90 nmd 480 min. The plants
regenerated from these explants were subjectechysiglogical evaluation and compared
with unfrozen controls. Increased accumulation dM(Fig.1A) and ROS determined by
staining with DCF-DA occurred in regenerated plaat®r cryopreservation (Fig.1 B-G).
Longer equilibration time on ice caused higher l®festress metabolites.
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Fig.1. Concentration of MDA (A) and ROS accumulation in regenerated H. rumeliacum plants after
cryopreservation by vitrification. (B-G) epifluorescence of ROS after staining with DCF-DA. The
green fluorescence indicates ROS; chlorophyll fluorescence appears in red. Scale bar = 50 ym.
Error bars indicate = SEM (.1
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The biosynthetic capacity of the regenerated platsot impaired after cryopreservation.
Moreover cryopreserved plants showed higher leskfshenolic and flavonoid contents and
possess increased antioxidant capacity than thbsheounfrozen controls (Fig. 2 A-C).
Regenerated plants cultivated on RM medium, supghéed with 0.1 mg/l BA showed
increased accumulation of ROS and MDA and decredseel of phenolic content and
antioxidant activity in comparison with plants paggated on cytokinin-free medium (Fig. 1A-
G; 2 A-C). This suggests for possible antagonism between AB& BA or delay of the
protective effect of ABA under presence of BA.

4. Discussion

Cryopreservation in LN is a three-step process cmag of pre-culture, cryoprotection and
cooling/freezing with recovery of the platidrding and Benson 1994Each of the steps can
have impact on the survival rate and on the gerstdibility. Successful cryopreservation of
shoot-tip meristems dfl. perforatumhas been performed showing high recovery rates and
preserved biosynthetic capacity of the regener@isanovaet al 2002)The recovery rate of
H. rumeliacumplants cryopreserved by vitrification varied beéne3.3 % and 14 % what
indicates an insufficient precryogenic preparatiDespite the promising results achieved in
the presented work, further experiments aimed dimigation of the cryopreservation
procedure and assessment of interaction betweermprtteulture additives and post-thaw
physiological status are requirelevertheless cryopreservation seems to be prospecti
method for maintenance of biodiversity of threattard endemic plant species.
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Fig.2. Influence of cryopreservation on the secondary metabolites accumulation in regenerated
Hypericum rumeliacum plants. Error bars indicate + SEM (.g)
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1. Introduction

During the past decades, many facts have evidetlsedsignificant improvement of
cryopreservation methodology (Reed 2001; Towill 2Z0&ngelmann 2004; Reed 2008;
Gonzalez-Arnacet al. 2008). The “plant vitrification revolution” (Benson 2004y@noted
cryopreservation techniques based on a new conoepibining dehydration in highly
concentrated cryoprotectant mixtures with subsequéina-rapid cooling and rewarming.
Plant vitrification solutions 2 and 3 (PVS2 and BYSvhich have been formulated with a
balanced ratio of cryoprotectants, proved effectorecryopreserving a diverse range of plant
materials derived from more than 200 plant spe(@akaiet al. 1990; Nishizawat al. 1995;
Sakai and Engelmann 2007).

However, there are several important shortcomirfyt thamper routine utilization of
cryobanking for conserving plant germplasm, paléidy on a large-scale. All vitrification-
based methods are basically multi-step proceduits limited options for standardization
and unification.Obviously, there is no effective universal protocog. a predetermined
sequence of treatments, which could be successthl all types of materials. Well-tested
protocols are available for certain crop#jereas setting up, or at least adaptation, of the
procedure would be necessary for many oth&daptation normally requires experimental
screening of numerous preliminary treatments sscboéd hardening, preculture of explants
with osmolites, variations in temperature and darabf cryoprotectant treatment, type and
concentration of growth regulators in recovery medi etc.. Numerous cryopreservation
techniques that are currently available throughlipations may confuse curators of plant
collections and newcomers who aim at cryopreserthieq genetic materials with minimum
efforts and highest efficiency.

The strategy for cryopreserving plant genetic resesi at RDA was meant to achieve two
main goals: to cryopreserve Korean the nationalectbn of Allium and to simplify the
process of protocol development for diverse clgrapagules like shoot apices, hairy roots,
somatic embryos and undifferentiated cell cultutesassist curators in local areas in
cryopreserving their genetic collections.

2. Cryobanking the Allium collection (Implementation)

The genudllium comprises about 750 species. The most widespsegatlic, Allium sativum

L., which is well known for its antimicrobal actiie@s and strong flavor. For centuries, garlic
has been remaining an essential component of Katiedarand one major source of bioactive
compounds utilized in herbal medicine. The natiocallection of garlic germplasm
comprises a total of 1,178 accessions includind bwrd- and soft-neck genotypes. All
accessions are maintained as clonal propaguldseirfi¢lds in four geographically isolated
locations: two repositories are located in the lsaftthe country and two in temperate and
cold regions. In 2005-2010, the wh&dium collection has been cryopreserved using PVS3-
based droplet-vitrification methods with the empfias the following steps:
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1. Studies on the effect of explant size and orighD@— 2002);

2. Studies on the effect of plant material storag@tse€ryopreservation and on the effect of
cold-hardening. Anti-contamination treatments befayopreservation (2001 — 2003).

3. Development of the “standard protocol” based onlaxpresponse to dehydration,
rewarming, unloading and regrowth conditions (2Q023);

4. Evaluation of critical factors in the cryopresergatprotocol. Using Differential scanning
calorimetry (DSC) and HPLC for analyzing thermalh&e@or of samples and the
dynamics of influx/efflux of cryoprotectants (20@R03);

5. Testing the newly emerged droplet-vitrification fmeol. Applying the droplet-
vitrification technique instead of vitrification @B5);

6. Adaptation of the standard protocol to diveAdeum genotypes. Implementation of the
cryopreservation protocol to various accession8%28010);

7. Evaluation and screening the collection for thelidaged accessions; filling the gaps in
the collection. Adjusting the protocol to be implemted to very sensitive and non-bolting
varieties (2009-present).

From 1,651 accessions cryopreserved, 1,008 acosssiet the predetermined minimum
requirementsij.e. showed post-cryo plant regeneration above 40%vaarteé present with at
least three cryovials without duplication with Jdhgples per vial (minimum 30 explants). The
most challenging factors in implementation werefthi®wing:

1. Geographical isolation and, sometimes, poor omgdin of local collections caused
problems for timely harvesting (particularly impamt when using bulbil primordia as
material for conservation).

2. Different sources of material should be used ddpg on genotype origin, ability to
produce inflorescences, bulb morphology, etc.

3. Availability and physiological conditions of salep varied significantly from season to
season.

4. Inner microbal contamination was one of majorems to overcome.

2.1. Plant material

Plant material was nearly the most important fabdorsuccessful cryopreservation of garlic
germplasm. Different types of materials were tested 1. bulb cloves; 2. matured bulbils
(topsets); 3. large single bulbs not divided intwves; and 4. bulbil primordia (asexual bulbs
formed on unripe flower stalks). The first expermt'eemployed shoot apices excised from
single bulbs and cloves (Baekal. 2003; Kimet al. 2004). Later on, however, the high level
of contamination and long (up to 3 months) dormamersod in mature bulbs, prompted us to
switch to immature bulbil primordia (Kinet al. 2006; 2007). The regrowth of bulbil
primordia after cryopreservation depended on the ef initial bulbils, which was strongly
genotype-specific and on the developmental stadlewér stalks. By contrast, the initial size
of cloves and bulbs had no significant effect om plost-cryopreservation regrowth. In Korea,
about 40% ofAllium accessions, mostly of tropical origin, lost the ligbito form
inflorescences. For those accessions, using clagestarting material was the only option
available (Kimet al. 2007). Garlic bulbs are normally highly dormant dnus required 3 to 6
months of post-harvest storage prior to sterilaatnd explant excision (Kirat al. 2004).
Barely 10% of the explants excised from bulbs $hafter harvesting were able to produce
plantletsin vitro even without cryopreservation. By contrast, mbant85% explants excised
from bulbs that were stored for at least 3 montiwagd normal regrowth after exposure to
liquid nitrogen temperature (Kimet al. 2004).

It is well known that severe stress like cryopreagon may cause the outbreak of inner
contamination (Keller 2002). In this regard, clovae disadvantageous compared with
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bulbils since 20 to 50% of them are normally inéectwith soil microorganisms, and this
infection is difficult to eliminate (Kimet al. 2007). In contrast to cloves, less than 10% unripe
inflorescences containing bulbil primordia were taoninated (Keller 2002; Ellist al 2006).
Together with high and rapid post-cryopreservategrowth, this made bulbil primordia the
more adapted material for cryopreservation.

2.2. Protocol development.
The development of the cryopreservation protocaol dgarlic was based on comparative
studies of regrowth, moisture content (MC) and rerbehavior of cryoprotectant solutions
and dehydrated samples (Baakal. 2003; Kimet al. 2004a; 2005). In addition, the evolution
of DMSO, glycerol and sucrose concentrations irvelapices were monitored during the
cryoprotectant and unloading treatments (Kétnal 2004b). As a result, the “standard”
cryopreservation protocol has been developed dimgisf the following steps:

1. Material sterilizationand extractionof explants. Please refer to Kiet al. (2007) for
details.

2. Precultureof explants on solid medium containing 0.3 M sserdor 2-6 days at 10°C.
This step was essential for both clove apices afliubprimordia (Kimet al. 2003).

3. Dehydrationin PVS3 for 150-180 min at ambient temperature. gfecultured explants,
loading was unnecessary. In total, seven and ldfication solutions of different
compositions were tested in the vitrification andoplet-vitrification procedures,
respectively. Both clove apices and bulbil primardiere highly tolerant to vitrification
solutions, both PVS2- or PVS3-based. However, fyopreservation, PVS3 showed
highest efficiency in terms of dehydration and potive actions. MC of dehydrated
clove apices varied from 57 to 67% FW after incidmain PVS2-based VSs compared to
37-54% FW after treatment with PVS3-based VSs. $harp decrease of apex MC
within the first 30 min of PVS3 treatment correthiwith rapid the increase of sucrose
and glycerol concentrations in samples, from 14.000.2 mg/g for sucrose and from 1.1
to 117.4 mg/g for glycerol, respectively. Afterwaydhe concentration of sucrose and
glycerol increased slowly, reaching 128.0 mg/g ai8.3 mg/g, respectively, after 150
min in PVS3 (Kimet al. 2004b). The equilibrium MC around 30% was reaciféer 120
min of incubation.

4. Coolingin drops of PVS3 attached to aluminum foil strips.

5. Rewarmingin 10 ml pre-heated liquid MS medium with 0.8 Mcsase for 30 s.

6. Unloadingin liquid MS medium with 0.8 M sucrose at ambi&nperature for 40 min.
Sucrose content in the unloading medium could lsecased to 1.2 M, or substituted
with up to 1.76 M sorbitol without decrease in kegth. Unloading duration could be
prolonged to 90 min without significant effect aagrowth. Sucrose content in explants
declined sharply during the first 10 min of unlaagliwhile glycerol concentration
decreased steadily within 90 min.

2.3. Critical factors

The systematic approach to cryopreservation ofgdédscribed above revealed the following
critical factors which should be carefully conteallto ensure rapid post-storage regrowth of
samples: size and source of explants; post-hastesige duration; preculture duration and
sucrose concentration in preculture medium; contiposiof VS and dehydration period;
unloading. The experiments showed that dropletfigiéition using aluminum foil strips
produced significantly higher post-cryo regrowtharthvitrification in cryovials (Kimet

al. 2006).
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3. Development of cryopreservation protocols for dnal plant germplasm

3.1. Protocol development - theory

Cryopreservation is, in principle, applicable toyatype of plant tissues, which possess
regeneration potential and are composed of actiwiging meristematic cells (Panis 2009).
The most important barriers for the success arditjie toxicity of concentrated vitrification
solutions PVS2 and PVS3, and the low desiccatderance of species originated from
(sub)tropical zones (Falst al. 1990; Sakai and Engelmann 2007). Another difficidgtthat
the optimal combination of treatments has to bendowexperimentally, after laborious
screening of numerous variants.

After experimenting with shoot apices, bulbs, samambryos, hairy roots and embryogenic
cell cultures of different plant species, we haveppsed a simplified approach allowing to
develop a cryopreservation protocol for variouseypf materials. Following this approach,
explants are first subjected to one of four preueileed sets of treatments utilizing alternative
loading (LS) and vitrification (VS) solutions withltered concentrations of cryoprotectors
(Kim et al. 2009a and b). Each set consists of up to 10 tes@srspecifically developed to
reveal explant response to dehydration and cryeptatt toxicity. Treatments from one set
might be performed simultaneously the same daygiatr can be divided into three to four
independent groups, e.g. “preculture treatmentigading”, “treatments with VS”, etc. The
main guestion to answer at this stage is whatrreat during the procedure produces the
most harmful effect on explant regrowtte. if the toxicity is mainly due to chemical or
osmotic action.

During the second step, optimal treatments thatehbeen chosen from preliminary
experiments are further modified and combined th&o“standard cryopreservation protocol”.
This protocol normally results in high regrowtheafcryopreservation. Moreover, it can be
easily adapted to a range of accessions.

Table 1. Preliminary scheme of VS treatments depending on the structure and size of plant materials
and on their sensitivity to chemical and osmotic stress of VSs.

Cyto-toxicity Explant size
Osmotic Chemical Small Medium Large/non-permeable
(callus, sperm) (meristem, shoot) (bulb, rhizome)
s S A3 (60~70%, ice), B6 A3 (70~80%, ice), B5 ??
T A3 (60~70%) A3 (80~90%) A3 (90%)
T S B5 B3 Bl
T A3(70~80%), B5 A3(80~90%), B3, B1 Bl

’S — sensitive; T — tolerant

Composition of vitrification solutions (% w/v): A3 (90%): glycerol 37.5% + DMSO 15% + EG 15% +
sucrose 22.5%; B1: glycerol 50% + sucrose 50%; B3: glycerol 45% + sucrose 45%; B5: glycerol
40% + sucrose 40%; B6: glycerol 35% + sucrose 35%.

The major difference of this approach compared WY S2-based vitrification methods is
that the composition of LS and VS as well as thetlon and temperature of VS treatment
are variable depending on explant origin, sizeycstire and physiological state (Table 1).
This method allowed to achieve post-cryopresematiegrowth above 70% with most
materials tested within 4-6 months (Table 2).
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Table 2. Current status of cryopreservation protocol development for various species and plant
materials at the National Agrobiodiversity Center, RDA, Korea.

Plant material Species Regrowth after Current status of
cryopreservation protocol development
Hairy roots Rubia akane 75-98% depending Completed
Scrophularia on species

buergeriana

Angelica gigas

Nepeta cataria
Fagopyrum tataricum
Phytolacca esculenta

Shoot apices Chrysanthemum Above 85% Completed
morifolium In progress
Solanunspp.
Bulbs Allium spp. Above 80% Completed, applied
to 1,651 accessions
Lilium spp. In progress
Rhizomes Cymbidium kanran 90-96% Completed
Embryogenic callus, Kalopanax septemlobus ~100% Completed

somatic embryos

3.2. Protocol development - examples

The most typical explants representing tha@erant’ (TT) group were immature bulbs of lily
and garlic, as well as orchid rhizomes. Those explavere comparatively large (>3 mm),
with a very compact cell structure. Influx/efflux glycerol and sucrose in samples was slow
due to the low permeability of the cell wall. Expig from this group were normally very
tolerant to both osmotic and chemical toxicity proed by VSs. Poor regrowth after
cryopreservation was mostly due to insufficientytiation of samples before immersion in
liquid nitrogen. Therefore, the cryopreservatioratelgy employed VSs with high glycerol
and sucrose concentrations (PVS3). Treatment far B h at ambient temperature ensured
dehydration of samples to optimal MC, which was pdeed between 35 and 45% FW. For
lily bulbs, a short longitudinal cutting allowingyoprotectant to permeate into the inner parts
of the explants showed some beneficial effect. Biep preculture with 0.3-0.7 M sucrose for
1-3 days provided high regrowth after VS treatmeamd cryopreservation. No loading step
was needed.

By contrast, explants belonging to treehsitivé group (SS) were highly susceptible to both
osmotic and chemical toxicity of VSs. Those ex@areuired prolonged step-wise preculture
with sucrose concentrations gradually increasimgnfi0.3 to 0.7 M to induce desiccation
tolerance.

Loading step was found essential and often crutialh most materials tested, alternative
loading solutions C4 (17.5% glycerol + 17.5% suerag/v) and C6 (20.0% glycerol + 20.0%
sucrose, w/v) produced higher regrowth as compaiéa “classical” LS containing (w/v)
18.4% glycerol + 13.7% sucrose (Nishizagtal. 1993).

In most experiments, PVS2 resulted in the lowest-gryopreservation regrowth compared
with the other VSs tested. This was mostly duéheohigh concentrations of DMSO and EG,
which have been identified as the most toxic crgtgmtants (Fahyet al. 1990). Strong
chemical toxicity allowed only short (up to 25 mimjcubation with PVS2 at ambient
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temperature, which resulted in insufficient dehyidra of medium-sized explants like shoot
apices of chrysanthemum and sweet potato. Incrggbycerol and sucrose content compared
with the original PVS2 formula (solution A3) resdtin lower water potential and enthalpy
of the VS and improved dehydration and cryoprotectdficiency (Kimet al. 2009b). For
those explants that appeared to be extremely setystb both chemical and osmotic stress
(hairy roots), exclusion of DMSO and EG (solutid®, B5 and B6) and/or decreasing the
total concentration of cryoprotectants (diluted g&ution) proved beneficial (Table 1). These
data confirmed that sensitive species require anical between the cryoprotectant and the
toxic effects of the VS employed to be successftijyppreserved.

In conclusion, post-cryopreservation regrowth ab@®%6 was achieved for most species
tested using a new approach to protocol developifiatiile 2). Explants were subjected to
specific preculture treatments followed by dehyidrain alternative loading and vitrification
solutions. The condition and duration of treatmesgswell as solution composition were
optimized depending on material type and its toleeato osmotic and chemical stress. This
process was significantly simplified and facilithtdue to the use of the already developed
sets of treatments, each consisting of up to l@ant.

For hairy roots and embryogenic cell cultures, prggervation protocols were developed
within 4-6 months, excluding the time required farlture propagation. Cryopreservation
protocols for lily and sweet potato are currentlyhe final steps of optimization.
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An overview of dormant-bud cryopreservation for theex situ conservation
of woody species in a maritime climate, based on@arience
with Malus cultivars
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! Department of Agriculture and Ecology, Universify@openhagen, Hajbakkegéard Allé 13,
DK-2630 Taastrup, Denmark
2 School of Biological Sciences, University of ReagiHarborne Building 132, RG6 6AS, UK

Cryopreservation of winter-dormant buds for tbe situ conservation of woody species
provides significant resource-based advantagefiglasharvested material is taken directly
into the preservation protocol without additionaktpeatment, and after recovery direct
grafting replaces regrowth via vitro culture. A protocol for such preservation was
developed by Forslinet al (1998) using material field-hardened under tHatirgely severe
winters of a continental climate at Fort CollinsSSAl Latterly, the protocol has been widely
adopted and applied in countries such as Denmaogi@éziet al. 2011a,b), Germany (Hofer
et al 2010), Italy (Lambardet al 2009) and Spain (Revillat al. 2010), where the milder
winters of a maritime climate limit the acquisitiai natural hardiness (for example, see
Fig.1). Despite the less severe winters, surviiidnoexceeds the widely-accepted 40 %
threshold for conservation (Reedl al 1998), yet results can vary significantly witrasen
and cultivar, and can fall to zero in extreme cases

15

10 4_.

-15
20 4 — Taastrup, DK
----- Fort Collins, US

Temperature (°C)

-25
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Figure 1 Mean daily temperatures for the winter of 2008-9 at Fort Collins, USA and Taastrup, in
eastern Denmark, to illustrate differences between continental and maritime conditions. The arrow
indicates a typical sampling date for cryopreservation in Taastrup.

Individual winters will, inevitably, vary with regd to their pattern of low temperatures and
to achieve the best possible survival in a pamicyéar it is necessary to understand, in detail,
the function of each step of the cryopreservatiaiqeol. In this way the procedures might be
manipulated to optimise survival. Using applalus domestica growing in Taastrup,
eastern Denmark, as a test species, the studyeopdit three years has looked at the
cryopreservation procedure to better understandravhed how viability is lost, and has
identified processes critical for optimal recovemhis overview summarises much of the
collected data from this apple study to provide axkiground that may be of value in
improving the techniques for the cryopreservatibwiater-dormant buds.
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The protocol by Forslinet al (1998) is shown in Figure 2. It requires that terrdormant
buds are gathered at a point where natural haslings ensure deep ecodormancy, as a
minimum. For Taastrup, Denmark this will occur endary (the coldest part of the winter)
and between 2008 and 2010 buds were taken when, ah@@nfield temperatures were below
-4 °C for four consecutive days. Explants were aregp as a population of 3.5 cm stem
segments of comparable diameter holding a singtieama were taken through the processing
as soon as possible after harvest. However, statgé °C, tightly wrapped in polythene to
limit water loss, for as long as two weeks had mmiicant effect on eventual, post-
cryopreservation recovery.

Desiccation & 25 °C (~___Rehydration
Cr i
yodehydration 6°C
Slow
-4°C -30°C

Storage in LN -196 °C

Figure 2. Schematic diagram of the freezing protocol developed by Forsline et al. (1998)

As no additional pretreatment is applied to thevéstied branches, or isolated explants, prior
to cryopreservation the extent of natural hardemwighave a major impact on survival, and
variation between years must be expected. Groneaga conditions will also have an effect
as they influence the physiological condition o¢ tinees, their yield and their response to
winter hardening conditions (Kahnizadehal 1992). Such variation can be seen for three
apple cultivars (Table 1), and the data also irtdichat even when cortical tissues make a
successful graft union, the associated buds maydajrow due to lethal damage suffered
during cryopreservation. Additionally, and desstgnificant efforts being put to achieving
uniformity between replicates, an unwelcome degreenexplained variation can still be
found.

Table 1. Survival (survivors/total explants) after cryopreservation of three sets of dormant bud
explants of Malus cultivars ‘Holsteiner Cox’, ‘Maglemer’ and ‘Prima’. Explants frozen in January,
and grafted in March, in Taastrup, eastern Denmark

Winter Holsteiner Cox Maglemer Prima

2008-09 Graft Bud Graft Bud Graft Bud
ok growth ok growth ok growth

unfrozen 4,44 1414 1313 1313 1213 1113

control

Set 1 14/14 13/14 15/15 15/15 15/15 11/15

Set 2 14/15 8/15 15/15 14/15 15/15 9/15

Set 3 10/10 7/10 9/9 9/9 10/10 4/10

Total 38/39 28/39 39/39 38/39 40/40 24/40

\z/\g%er 46/51  14/51  34/34  30/34  49/49  41/49
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The success of the protocol for apple has to bevaedein the light of the contribution of
secondary buds, for it is not uncommon as the meenigtic region of the primary bud to be
lethally injured and for regrowth to come from aaedary bud (Fig. 3). In thislalus study

up to 50 % of the survival of apple cultivars hagib shown to come from secondary buds in
some instances. Whilst this makes little differeficam a conservation viewpoint it does
influence scientific assessment of the variablagkiwithe procedure

The initial, prolonged incubation at °€ provides an opportunity for tissue water content
be reduced by evaporative loss and also by cryattatign. This latter effect is a
consequence of a freezing event that occurs, rapiolg, in the bud and stem tissues of the
explant, within the first hour of incubation (Fi4). This was unexpected, as a much lower
nucleation point might be expected, based on fasigervations (Burket al 1976). During
the -4°C incubation the water content of the explantseduced from 45 to 30 % of fresh
weight (Table 2), and is consistent between explaegardless of cultivar or eventual
survival.

Figure 3. A lateral view (left) of an apple bud recovered from cryopreservation, showing the actively-
growing secondary bud (A). The secondary bud is clearly visible in a median section (right) where
the dead primary bud (B) can also be seen.

Table 2. The mean water content (% fwt £ sem) of 3.5 cm explants of Malus cultivars ‘Holsteiner Cox’,
‘Maglemer’ and ‘Prima’ from winter 2009-10 at the start, and end, of -4 C desiccation (n = 5).
Survival after cryopreservation (%) for this particular season is also shown (from Vogiatzi et al.
2011 b).

Water content (% fwt)

Holsteiner Cox Maglemer Prima
Start -4 C 46.4+0.3 43.5+0.4 47.1+0.4
End -4 C* 31.6 30.4 31.6
Survival (%) 28 88 84

In this Danish study we have found that the indosif the -4°C incubation step is essential

for survival, at any level, yet Towi#ét al (2005) claim that this can be omitted. However, i

their study there was a storage period atG4for several weeks prior to the experiments,
which would allow cryodehydration to occur everevaporative water loss were somewhat
limited by wrappings around the explants.

The slow cooling (C/h) to -30°C that follows the -4C incubation provides an extended
opportunity for further cellular cryodehydrationdamelocation of water, and there is no
significant, further loss of viability as a resaftthis treatment.
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Figure 4 . Typical exotherms indicating ice nucleation during desiccation at -4 °C in the buds of eight
acclimated explants of the Malus cultivar ‘Prima’, harvested in the winter of 2009-10.

In the current study survival has not been recoidexhy instance where the -30 step was
omitted (Table 3). There may be a survival benefiglisadvantage, if the 24 h holding period
at -30 C is employed, with the outcome of thisetefent upon season and, as yet, being
unpredictable.

Table 3. Survival of 3 Malus cultivars following freezing into liquid nitrogen, after the indicated steps
from the protocol derived by Forsline et al.(1998)

% Bud Survival

Holsteiner Cox Maglemer Prima
Rep.1 Rep2 Repl Rep2 Repl Rep2
-4 °C;LN 0 0 0 0 0 0
-4 °C; -30 C; LN 30 10 90 80 87,5 20
-4°C; -30 °C;
24hat-30°C; LN 20 0 86,7 80 100 80

Commonly, during the transfer from a °€ incubator to a programmable chamber to
continue cooling to -30C, the amount of warming that can take place wallise limited
thawing in some explants, particularly those nexthe outer walls of their container. This
thawing can be recognised subsequently by the exatthat is clearly visible during cooling
to -30°C. However, if the explants are cooled from -430°C in the same machine, without
transfer and associated warming, then this freezuggt is not observed. Consequently, it can
be regarded as an artefact that does not appéafiitence subsequent survival, and is not a
critical, biological event associated with the gg@servation protocol

An ongoing element of this study is to investigatere conveniently achieved temperatures
to follow -4 °C e.g. -20°C, with both controlled and uncontrolled coolingléing times will

be prolonged, where necessary, to achieve the dawet¢ of cryodehydration achieved
at -30°C
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The most significant losses during the cryopresermgorocess occur when the explants are
transferred, by direct immersion, from -3C into liquid nitrogen and then recovered
(Table 3), indicating difficulties with vitrificatin of cellular contents to withstand the stresses
of cryopreservation, recrystallisation during thagviin critical regions of the bud and/or
cortical tissue or problems with the repair of gkt injuries during rehydration.

Table 4. Loss of viability for 3 Malus cultivars following direct immersion in liquid nitrogen, after the
indicated steps from the protocol derived by Forsline et al.(1998)

% Bud Survival
Holsteiner Cox Maglemer Prima
2009 2010 2009 2010 2009 2010

-4 °C; -30 °C;
_ (o]
24hat-30°C 100 100 93 80 75 90
-4 °C; - 30 °C;
24 h at -30 °C;
LN 72 12 97 83 60 90

The thawing process from the original Forsleteal (1998) protocol is slow (in this study
0.8°C/min to 6°C) and the potential benefits of imposing a mopdavarming regime have
not, to date been part of the investigation. lhitiata indicates that the water content of the
explants is restored to pre °@ levels after 24h incubation in a suitably moigbstrate such

as sand or peat. However, the benefits of an egtépdriod in the moistened substrate are, as
yet, unclear. In some instances, as for the highivsog cultivar in Fig. 5, there is a clear
benefit, possibly due to the completion of repdicellular damage. There is no comparable
benefit for the low-surviving cultivar where, pepsa the process of repair was less
significant, as the explants were either viabléetrally damaged with few intermediate cases
where repair might occur.

o) 5 10 15

Holsteiner Cox ®Prima

Figure 5. Survival % of two Malus cultivars, one with high and one with low viability, over 15 days of
incubation in moist peat, following dormant bud cryopreservation.

This investigation of dormant bud cryopreservatioMalusis ongoing but it is apparent that
the critical steps are concerned with the induceduction, and eventual restoration, of
cellular water content, as in any other cryopreston protocol. There is a minimal degree of
natural hardening required in the population of lenfs to allow for such manipulations
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without lethal injury, and this hardening will vamynavoidably, with growing conditions, the
pattern of winter temperatures and cultivar. A @mation strategy based on dormant bud
cryopreservation will need to be designed to accodate such variation. The data gathered
thus far from this study, and related investigagiosuggest that survival of at least some
explants can be ensured, even for material growmglatively mild, maritime winters where
acquired winter hardiness is limited. This may iegturther experimental study to determine
the appropriate manipulations of cooling requiredoptimise cryodehydration and would
widen access to the technique to include a randcations in maritime Europe.
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1. Introduction

The ‘National Program for Genetic Resources of égtural and Horticultural Plants’ in
Germany is designed to provide long-term consewmatiutilization, research and
development for these species. The Institute feeBing Research on Horticultural and Fruit
Crops in Dresden-Pillnitz hosts the Fruit Genebavikich comprizes with 2,800 accessions.
Currently the Genebank keeps the collections infitld as the active collections, with two
trees per cultivar and wild species accessioMaius and six potted plants iRragaria. In
addition to the cultivar collection, the Genebarikilee Institute also conserves 5RFalus
wild species accessions and 3Efagaria accessions, which are the largest collections in
Europe. The conservation strategy requires theiagian of several conservation methods
for safety duplication.

One approach is to establish the German Fruit Gerkebs a network of collections held at
several locations. Based on an assessment perfonmesgveral institutions, 950 apple
cultivars were selected to be included in the NetiocGerman Apple Genebank and 341
strawberry cultivars in the Strawberry Genebank¢rbwsky and Hofer 2010; Hofer 2010).
Maintaining the genetic diversity of vegetativelsopagated crops is more demanding than
for most seed-producing plants. The specific ggmmtyust be maintained and backups for
these materials are needed to provide securityase of a disease or environmental disaster
(Engelmann 1997.)

Malus germplasm can be cryopreserved using buds froherait vitro or in vivo plants.
Cryopreservation using a winter vegetative bud wkthaccording to the USDA-ARS
National Centre for Genetic Resources Preservakor, Collins (Towill et al. 2004), was
successfully applied to thdalus accessions maintained at the Institute of BreeBiegearch

on Horticultural and Fruit in Dresden-Pillnitz (H5f2007).

For strawberryjn vitro cold storage was tested and adapted as a safeligation method.
The average storage duration at 4°C was 22 moaotha fange of strawberry cultivars and 9
months for wild species accessions using five cleaniiags as storage containers and a
culture medium devoid of plant growth regulatorsl astamins. A calculation of the costs
related to the establishment and maintenance afetysduplication of the whole collection
demonstrated that the application iof vitro cold storage is too labour-intensive to be
employed (Hofer 2011). The development of an effectnethod for cryopreservation is
required for cost-effective long-term storage. Arerwiew of the available cryopreservation
methods folFragaria was given by Reed (2008).

The establishment of a backup collection under @epic storage can protect against loss and
induce some financial benefits by allowing repas#® to hold fewer trees or plants in the
field per accession. In this paper, we summarieaé¢isults achieved with cryopreservation of
Malus and Fragaria and draw conclusions on the possible role of amegrvation for the
management of fruit genetic resources in Germany.
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2. Materials and Methods

2.1. Materials

Four apple cultivars and INalus wild species accessions were included in the éxeert.
Scion wood containing the current season’s growdls wut from the field trees in Dresden-
Pillnitz in January.

For Fragaria, 31 well establisheth vitro cultures of 22 cultivars and nine accessions gtftei
species were selected for the experiments frongéhebank in Dresden-Pillnitz.

2.2. Cryopreservation Methods

Dormant budsfor Malus scions were cut into 35 mm long, single nodeigest Moisture
content of the sections was determined gravimdfyiGand expressed on a fresh and dry
weight basis (g ED/g dry matter). The sections were desiccated t#30oisture by placing
them in a -5 °C cold chamber. When the sectionshesh the required moisture level they
were placed in cryovials (two scioons per 4.5 nhbletuNunc, Denmark) and cooled using a
controlled rate freezer (Kryo 360-3.3, Messer Cmgotn, Germany) at 1°C/ h to -30°C.
Following a hold at -30°C for 24 h, the cryovialen& quickly transferred to the vapor phase
of a liquid nitrogen (LN) cryotank (Biosafe, Mes<eryotherm, Germany) for storage for 2
months. Chip grafting was performed after a 15 i@dnydration period at 4°C in moist sand.
Bud emergence and growth were evaluated in theaoidh autumn and spring.

In vitro shoot tips:For Fragaria, the PVS2-based vitrification protocol of Majatio(2005)
adapted by Hofer (2011) was used. The dissecteat $ips fromin vitro cultured plants were
incubated in loading solution (2 M glycerol + 0.5 $dcrose in MS medium) for 15 min at
room temperature. Explants were transferred tonil.8ryovials (Nunc, Denmark), 0.75 ml
PVS2 solution (30% (w/v) glycerol, 15% (w/v) ethyleneygbl, 15% (w/v) dimethyl
sulfoxide (DMSO), 0.4 M sucrose in MS medium; Sagkial. 1990) were added and the
explants were incubated on ice for 2.5 h. Therctlgevials were plunged directly in LN and
stored in LN for a minimum of 1 day. The vials weesvarmed by plunging them in sterile
water at 40°C for 2 min. The PVS2 solution was reetbfrom the vials and unloading
solution (1.2 M sucrose) was added and applied2tbmin. Finally, the shoot tips were
transferred to normal proliferation medium in Pelishes and placed in the growth room for
1 week in the dark, and then transferred to stahligint conditions. Assessment of shoot tip
recovery was performed 9 weeks after rewarming.

MS medium (Murashige and Skoog, 1962) with 0.44 pé&hzylaminopurine, 0.049 uM
indole-3-butyric acid, 30 g/l sucrose and 7.5 gérain 200 ml glass jars (40 ml/jar) was used
for multiplication. Growth room conditions were 23€ with a 16 h light/8 h
darkphotoperiod under 60-¢nol m? s* photon flux.

For statistical analysis iRragaria, ANOVA and Duncan’s Multiple Range Test £20.05)
using SAS Enterprise Guide 4.2. were applied.

3. Results and Discussion

Dehydration period of scion pieces at -5°C requi@dthem to reach about 30% moisture
content (app. 0.4 g #@/g dry matter) varied between 2 and 30 days depgnon the
genotype (data not shown). Furthermore, differenceshe dehydration time were also
observed between different years. In genevéd)us wild species accessions required the
shortest dehydration time (data unpublished). Dé&tdehydration time estimated in USDA-
ARS National Centre for Genetic Resources Presenjaianged from 4 to 6 weeks (Forsline
et al, 1998), indicating a strong effect of climatic ddions.
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Results of our preliminary cryopreservation expemts with dormant apple buds showed
successful recovery but also a large genotypic mi#grece. There was a particularly broad
range of responses in the wild species (Table A¢. Aighest recovery was obtained for cv.
Idared with 96 % bud recovery. Genotype dependamckedifficulties in usingMalus wild
species were emphasized by Towillal. (2004), who tested 1,915 accessions represending 3
species and 16 interspecific hybrids. ®rx domestica95 % of the accessions tested were
successfully cryopreserved. For species other Mhandomestica83 % of genotypes met the
criterion of a minimum of 40 % viable buds. A comipan of the same species tested in Fort
Collins and in our laboratory revealed differenae$oth directions. For detailed analysis,
genotypic screening will be performed. Further riodiions of the cryopreservation protocol
are necessary to adapt the method to mild winterditons of Central Europe. The
modifications include dehydration treatments, djpeccooling conditions and grafting
method. Our aim is to establish a routine methadguihe winter vegetative bud method for a
large number of germplasm accessions. Medus gene bank of the Institute for Fruit
Breeding maintains 527 accessions of 26 primargispeand 20 hybrid species. Applying
this cryopreservation method to apple germplasm maykedly increase the efficiency of
maintenance and should provide a way to duplidagentaterial of wildVlalus species. The
950 apple cultivars of the National German Applen€mnk are conserved in two or more
field collections in the network (Flachowsky andfeté2010; Hofer 2010).

Table 1. Bud recovery of chip buds of four apple cultivars and 11 different Malus wild species
accessions after cryopreservation based on 20 buds (one time trial).

Genotype Recovery (%)
Idared 96
Lord Lambourne 50
Piros 30
Golden Delicious 25
Malus x zumi 55
Malus fusca 50
Malus sylvestris 45

Malus sieboldii
Malus baccata
Malus sieversii |
Malus sieversii Il
Malus sieversii lll
Malus floribunda
Malus x spectabilis
Malus sagentii

N W W
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A total of 31 strawberry cultivars arferagaria wild species accessions selected from the
Genebank in Dresden-Pillnitz were cryopreservechqud?VVS2 vitrification without cold
acclimation (Table 2). Significant differences ineam regrowth were observed between
cultivars (73 %) and wild species (39 %). Cultivhexl good recovery (48 % to 84 %) while
species were more variable (3 % to 80 %). The otiter study on a range of strawberry
accessions was performed at the National Clonam@ksm Repository, Corvallis, Oregon
(Reed and Hummer 1995); it included cold acclinratemd controlled rate cooling of 56
accessions. Successful cryopreservation protoaslsntlividual strawberry cultivars were
reported using modifications of PVS2 vitrificatiéNiino et al. 2003, Pinkeet al. 2009), and
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encapsulation dehydration (Clavero-Ramietzal. 2005, Hiraiet al 1998). We also tested
four distinct cryopreservation protocols for stranty: two PVS2 protocols, encapsulation-
dehydration and controlled rate cooling (Hofer d@Rded 2011). The PVS2 vitrification
method with a 14 day cold acclimation (16 h dark1aC/8 h light at 22°C) (Luo and Reed
1997) gave significantly better regrowth comparetth\whe other protocols.

There will be no further duplication of the two stkng collections in the National German
Strawberry Genebank because of high operating eggefor field collections and budget
limitations. The PVS2 vitrification method with cblacclimation will be applied as the
standard method for most of the 341 strawberryivark belonging to the National German
Strawberry Genebank and for the 310 accessiofagaria wild species of the genebank
collection in Dresden-Pillnitz. Twenty eight geno#g are already stored under
cryopreservation.

The aim for the future is to develop an effectivanetic resource conservation strategy for
Malus andFragaria in Germany and to transfer this management plahdccultivars of the
National German Fruit Genebank and the accessiolkslns andFragaria wild species held
at the Institute for Breeding Research on Hortimalt and Fruit Crops Dresden-Pillnitz.

Table 2: Mean recovery (%) after cryopreservation using PVS?2 vitrification without cold acclimation for
a range of Fragaria genotypes (n = 20-100 explants), acc. to Héfer and Reed (2011). Means with
the same letters are not significantly different P < 0.05.

Recovery (%)

Strawberry cvs. Wild species acc.
Herzbergs Triumph 84 +£12 F. nilgerrensis (81) 80 + 28
Anneliese (neu) 84 +£13 F.corymbosa 28 68 £ 19
Aurora 82+17 F.mosch (62-11) 61 +15
Carolina Superba 82+ 13 F. nilgerrensis (78) 58 £ 22
Aprikose 81+21 F.gracilis (33) 23+18
Confitura 80+£20 F. chiloensis (10) 22 £15
Astino 79 F. iinumae (39) 21 +29
Dresden 79+19 F.vesca (131) 19
Cambridge Late Pine 76 £18 F. moupinensis (76) 35
Cambridge Early Pine 75
Raveno 7512
Weil3e Ananas 73+21
Deutsch Evern Solveta 73+18
Holtges Rheingauperle 72 £23
Cambridge Favourite 70+ 25
Aphrodite 70 £15
Hansa 69 +12
Panther A 67 £13
Merton Dawn 66 + 25
Sparkle 60
Dana 95
Georg Soltwedel 48 + 22
Average cvs. 73a Average wild species 39b
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Cryopreservation of Populus species by PVS2 vitrification: influence
of explant type, PVS2 treatment time, and precultue/pretreatment
on shoot regeneration after rewarming

Andreas Meier-Dinkel and Jenny Osterburg

Northwest German Forest Research Institute (NW-EVBgpartment of Forest Genetic
Resources, Prof.-Oelkers-Str. 6, 34346 Hann. MinGenmany

1. Introduction

The different protocols available for cryopreseimatof forest tree germplasm of deciduous
trees have been reviewed by Haggreamal. (2008). Cryopreservation by PVS2 vitrification
technique (Sakaet al. 1990) is a widely applied method fan vitro plant material of
herbaceous as well as woody plants. Vitrificationd athe two derived protocols,
encapsulation-vitrification and droplet-vitrificati have been applied to different tissues of
over 100 plant species (Sakai & Engelmann 2007udiicg several hardwood tree species
(Panis and Lambardi 2006). An advantage in comparie slow freezing or encapsulation-
dehydration techniques is that no sophisticatedcdevor skills are needed so that this
techniqgue can be used in a normally equipped tissulture laboratory. Until today,
cyopreservation has been applied to the gdPogulusonly by a few working groups.
Lambardiet al (2000) and Lambardi (2002) reported the successyopreservation oin
vitro-grown shoot tips oPopulus albaandPopulus canescerisy one-step vitrification. In an
experiment with axillary and apical buds framvitro-grown shoots of three hybrid aspen
clones Populustremula x Populus tremuloidgscryopreserved with the slightly modified
vitrification method of Lambardgt al. (2000) regrowth of 3 to 75 % was achieved (Jolepii
al. 2004). In the laboratory of NW-FVA the vitrifigah technique was adapted and applied
successfully to a range of forest tree specidsrasinus excelsio{Schoenweisst al 2005)
and — in the frame of the COST Action 87Betulaspp. (Meier-Dinkel 2007Rrunus avium
andPopulus tremulgMeier-Dinkel 2010).

In this paper, the application to furtheopulusspecies and attempts to simplify the PVS2
protocol are reported. This protocol comprises eaofysteps from cold hardening of shoot
cultures over dissection, preculture ande-treatment of explants to the final PVS2
application which were modified in order to savadiand work.

The standard explants used here for cryopreservati® apical shoot tips. Since dnevitro
shoot gives only one shoot tip explant, a high am@f shoots have to be produced before a
clone can be cryopreserved with the standard nuwibed explants. So far, unused explants
with a theoretical capacity for regeneration areesgent axillary buds of microshoots. Since
one shoot can yield up to 10 axillary buds, lesswpmaterial has to be propagated before a
clone is ready for cryopreservation. Furthermord|aay buds are easier and faster to dissect
than apical shoot tips. The use of axillary budsld¢®ave time and work and was therefore
tested for cryopreservation Bbpulusmaterial.

2. Materials and Methods
2.1. Plant Material

The plant material used consisted of three epulusspecies and hybrids, respectively:
grey poplar Populus x canescens a natural hybrid betweeRopulus albaand Populus
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tremulg a grey polar backcros®@pulusx canescenx P. tremulg and Euphrates poplar
(Populus euphratica Since the shoot regeneration with aspentemulg was generally
high in several former experiments with a ranggefotypes, an experiment to simplify the
standard cryo-protocol for aspen was performedthearmodifications of the method were
tested with grey poplar.

2.2. Cryopreservation protocol

The standard PVS2 cryopreservation protocol coraptiise following steps:

1. Cold hardening of shoot cultures (begin 2 to 3 wgeafkter the last subculture, duration 3
weeks, 8 h light 3SgEm?s™ at 20°C, 16 h dark at 3°C)

2. Dissection of shoot tip explants (size 2 mm)

3. Preculture of the explants on WPM (LIoyd and McCdl®80) containing 0.8 M glycerol
at 4°C for 3 days

4. Pretreatment (loading) of the explants in liquid M/Bontaining 2 M glycerol and 0.4 M
sucrose for 25 min at room temperature

5. PVS2 treatment of the explants with PVS2 solutiav (30 % glycerol, 15 % ethylene
glycol, 15 % DMSO) for 0.5 to 3 h onice

6. Freezing and storage of cryovials in liquid nitroge

The standard rewarming and recovery protocol isthas rapid rewarming:

1. Cryovials are placed in a 42°C water-bath for 1 ,n@tlowed by 20°C water for 10 s;
then immediate replacement of PVS2 with liquid Webdhtaining 1.2 M sucrose, three
rinses, last rinse for 3 min

2. For recovery the explants are placed on microprajp@gy medium according to the
species and kept 2 days in the dark and then aE80°s™ (16 h light / 8h dark at 24 /
21°C)

Survival and regeneration of the explants was asskafter 2, 4 and 6 weeks.

2.3. Application to further Populus species

The first part of the experiments focused on thaiegtion of our standard protocol to further

Populusspecies. With other tree species, survival andtstegeneration could be improved

considerably by determining the optimal duratiorihef PVS2 treatment. In order to adapt the
protocol to two clones of a grey poplar backcrass @ane grey poplar clone PVS2 treatment
times of 1, 2, 3 and 4 h were tested.

With Euphrates poplar, the standard protocol wsieteusing four PVS2 application times (1,

2, 3 and 4 h). In a second experiment, two explamtss, apical shoot tips and axillary buds
were compared applying 2, 3 and 4 h PVS2 treatthimaes.

2.4. Simplification of the standard protocol

Experiments aiming at simplifying the cryopreseiwatprotocol were carried out with grey
poplar (backcross) and aspen. The standard explamteh show up to 100 % shoot
regeneration after cryopreservation are apical ships. The aim was to identify explants
which were easier and faster to dissect and/ottabtaiin higher quantity fronm vitro shoot
cultures. In an experiment with grey poplar backses, three different explants types were
compared to the standard 2 mm shoot tips: smatker{ mm) and bigger (ca. 3 mm) shoot
tips and axillary buds from microshoots were crgsarved after 4 h PVS2 treatment. With
aspen, three different explant types fronvitro shoot cultures were compared: apical shoot
tips of 2 mm length from which most of the youngJes were removed, complete apical
shoot tips of 2 mm length, and short apical shipstaf 1 mm length.

Some modifications of the standard protocol aimahgs simplification were carried out with
aspen. Shoot tip explants were cryopreserved a)owitpreculture for 3 days on WPM
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containing 0.8 M glycerol at 4°C; b) without prettment with liquid WPM containing 2 M
glycerol and 0.4 M sucrose for 25 min at room terapge; and c) with a reduced
pretreatment time of 10 min with liquid WPM contiaig 2 M glycerol and 0.4 M sucrose.
Each treatment was carried out with 8 to 12 explamar clone. The experiments were not
repeated. The presented results are thereforenpmelly and have to be confirmed in further
experiments.

3. Results and Discussion

3.1. Application to further Populus species

With two genotypes of a grey poplar backcross thadard protocol with PVS2 application
times of 1, 2, 3 and 4 h resulted in shoot regeiweran all tested treatments. Six weeks after
rewarming, shoot formation increased from 50 and®%3espectively, after 1 h PVS2 to 100
% after 4 h for the two clones (Fig. 1 and Fig.Mpst shoots looked healthy and vigorous,
and only a few shoots showed some signs of hypedityd(Fig. 3). For white poplar shoot
tip explants exposed to PVS2 for 1 h on ice, Lamibar al (2000) reported similar shoot
formation after 7 weeks from surviving shoot tigarying from 47 to 62 % depending on the
sucrose concentration in the preculture medium. éd@n exposure to PVS2 for more than
1 h led to injuries of the shoot tips after rewargi The two grey poplar backcrosses
investigated here were less sensitive to PVS2, stigpd00 % survival and 100 % shoot
formation after 4 h PVS2 treatment.

100% r 100% 100% - r 100%
90% - 90% - 90% - 90%
80% - 80% 80% - 80%
70% ~ - 70% 70% - - 70%
60% - - 60% 60% - - 60%
50% - 50% 50% - 50%
40% -~ - 40% 40% - 40%
30% -~ - 30% 30% -~ - 30%
20% - - 20% 20% - - 20%
10% - - 10% 10% - - 10%
0% - T T T - 0% 0% - T T T - 0%
1h 2h 3h 4h 1h 2h 3h 4h

PVS2 application time PVS2 application time

response 14 days after rewarming
response 6 weeks after rewarming

Hshoot Mgreen Mbrown Bshoot Mgreen M brown

Figure 1. Effect of PVS2 application time on survival and shoot regeneration (%) of the grey poplar
backcross (Populus x canescens x P. tremula) NW9-741 2 and 6 weeks after rewarming.

100% r 100% 100% - r 100%
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70% ~ - 70% 70% - - 70%
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50% - 50% 50% - 50%
40% -~ - 40% 40% - 40%
30% -~ - 30% 30% -~ - 30%
20% - - 20% 20% - - 20%
10% - - 10% 10% - - 10%
0% - T T T - 0% 0% - T T T - 0%
1h 2h 3h 4h 1h 2h 3h 4h

PVS2 application time PVS2 application time

response 14 days after rewarming
response 6 weeks after rewarming

Hshoot Mgreen Mbrown Bshoot Mgreen M brown

Figure 2. Effect of PVS2 application time on survival and shoot regeneration (%) of the grey poplar
backcross (Populus x canescens x P. tremula) NW9-743 2 and 6 weeks after rewarming.
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1 hPVS2 2hPVS2 3 hPVS2 4 h PVS2

Figure 3. Effect of PVS2 application time on survival and shoot regeneration (%) of shoot tip explants
of the grey poplar backcross (Populus x canescens x P. tremula) NW9-743 2 (top) and 6 weeks
(bottom) after rewarming.

With the tested grey poplar clone no shoot regeioeraould be achieved until six weeks
after rewarming. The survival rate of the explargged from 33 to 63 % with no clear effect
of the PVS2 treatment time. The remaining explamtse dead. Lambardi (2002) reported
54 % survival of shoot tips of grey poplar treateith PVS2 for 60 min at 0 °C. Shoot
formation was not described.

The application of the standard protocol to Euggagdoplar with PVS2 treatment times of 1,
2, 3 and 4 h resulted in high survival of shootdxplants, between 88 and 100 % 6 weeks
after rewarming. The explants showed limited groatld some leaf-like structures. However,
no complete shoots were regenerated. Axillary lusdsl in a second experiment treated with
PVS2 for 2, 3 and 4 h were all dead after 4 we@k®re are no data available from the
literature on cryopreservation of Euphrates poplar.

3.2. Simplification of the standard protocol

Four different explant types tested with two gepety of a grey poplar backcross led to
distinct regeneration results. Axillary buds provexd be unsuitable, with a low shoot
regeneration percentage of 18 % with one cloneranshoot formation at all with the second
clone (Fig. 4), although survival after 4 weeks \agh with clone NW9-741 (Fig. 5). The
short shoot tips showed a shoot regeneration cdir@B50 %, depending on the clone. The
shoot regeneration of standard shoot tips and $tvagt tips was 100 % for genotype NWO9-
741 and 75 and 80 % for NW9-743 (Fig. 4). Overeadplants, clone NW9-741 was less
sensitive to cryopreservation-induced stress thaf®N'43. However, a common tendency of
both genotypes was that bigger explants resultdzbiter shoot formation than smaller ones.
As in the experiment on PVS2 application time, gmegplar was more sensitive to
cryopreservation. However, differences between axpl were similar to the grey poplar
backcrosses. Axillary buds were all dead after éksgwhereas long shoot tips showed 75 %
shoot formation (Fig. 6). Standard shoot tips anthls shoot tips survived to a high
proportion with only little shoot formation of tiehort shoot tips.

In Vitis vinifera, axillary buds of four- and five-month-old vitro-grown plantlets were used
as explants source for cryopreservation (Matsunaoid Sakai 2003). Axillary shoot tips,
about 1 mm in length, consisting of the apical doamel a few primordial leaves, were
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excised from the buds, precultured, pretreateddmiydrated with PVS2 for 80 min at 0°C.
Shoot formation after 2 months was 65 % of thel tmtanber of shoot tips. In the case of grey
poplar and the backcrosses, the cryopreserved etengkillary buds were much younger and
less developed, as they were excised fronvitro shoots 4 to 5 weeks after the last
subculture. This might be the reason for low suavand recovery of this explants type. The
unpeeled axillary (and apical) buds of hybrid aspeed by Jokipiet al. (2004) were 2 to
4 mm long and thus much bigger and not comparabthe grey poplar axillary buds. The
‘axillary buds’ of white poplar used by Lambareti al. (2000) as well as Tsvetkost al
(2009) were no longer in a quiescent state buadirélushing, so that growing shoot tips of 1
to 2 mm in length consisting of the apical meriseamd some leaflets were excised.

100% 100% 100%
S0% 90% E S0%
80% 80% 80%
70% 70% 70%
€0% 60% €0%
50% 50% 50%
40% 40% 40%
30% 30% 30%
20% 20% 20%
10% 10% 10%

0% T T T 0% 0% T T T

Shorttip Standardtip Longtip axillary bud Shorttip Standardtip Longtip axillary bud
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50%
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30%
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response 4 weeks after rewarming
response 4 weeks after rewarming

1 mm 2mm 3 mm 1 mm 1 mm 2mm 3 mm 1 mm
Explant type and size Explant type and size
mshoot ™ green ®Wbrown mshoot ™ green ™ brown

Figure 4. Effect of explant type and size on survival and shoot regeneration (%) of the grey poplar
backcross (Populus x canescens x P. tremula) NW9-741 (left) and NW9-743 (right) 4 weeks after
rewarming.

Short shoot tips Imm Standard shoot tips 2mm Long shoot tips 3 mm Axillary buds 1mm

Figure 5. Effect of explant type and size on survival and shoot regeneration of the grey poplar
backcross (Populus x canescens x P. tremula) NW9-741 4 weeks after rewarming.
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With aspen, three different explant types fromvitro shoot cultures (apical shoot tips with
most of the young leaves removed of 2 mm lengtmpdete apical shoot tips of 2 mm length,
and short apical shoot tips of 1 mm length) werngpgreserved according to the standard
protocol. Shoot regeneration of all explants waB ¥®after 6 weeks. The results show that:
a) the size of the shoot tips up to 2 mm does mitwence the shoot regeneration; and b) a
time-consuming dissection of the shoot tips is metessary. Lower regrowth of 3, 25 and
75 % after 30 min PVS2 incubation at 0°C was oletdiwith three hybrid aspen clones using
comparatively large explants, 2 to 4 mm long ungeexillary and apical ‘buds’ frorm
vitro grown shoots (Jokipiet al. 2004). Shoot regeneration of standard shoot tips f
15 clones of aspen and hybrid aspen ranged froto 300 % after 6 weeks (Meier-Dinkel
2010).

Three modifications of the standard protocol with &im to make it simpler where compared
to the standard protocol as control. Shoot tip &gl were cryopreserved a) without
preculture; b) without pre-treatment; and c) withrealuced pretreatment time of 10 min.
Shoot formation of all simplified modifications béys after rewarming was as fast as of the
control (Fig. 8, at the top). Shoot regeneratidera#2 days of a) without preculture was 90
%. The control as well as the treatments b) anaittlout and with reduced pretreatment time
showed 100 % shoot formation after 6 weeks (Fig. THese first results show that a
simplification of the standard cryo-protocol foipas is possible without loss of regeneration
capacity.

100% -

90% | Figure 7. (left). Effect of simplification of the
80% 1 standard protocol on survival and shoot
70% . o .

60% | regeneration (%) of shoot tip explants of
50% - aspen (Populus tremula) 2 and 6 weeks
40% after rewarming.

30%

20%

10%

response 6 wekss after rewarming

o
]

Control  Noprecuiture No 10min Figure 8. (below). Effect of simplification of the
oretreatment pretreatment .

standard protocol on survival and shoot

Modified preculture and pretreatment regeneration of shoot tip explants of aspen

m shoot M green M brown (Populus tremula) 2 (top) and 6 weeks

(bottom) after rewarming.

Control (standard) Without preculture 10 min pretreatment Without pretreatment
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1. Introduction

Thyme Thymusspp.) is an important genus of the Lamiaceae farodvering more than 400
perennial species of aromatic and medicinal plgMserales 2002), all being native to
Mediterranean region (Loziers al 2007). Most of them are resistant to extreme itmmd,
with dense and tomentous hairs on acicular leamdsstems, allowing adaptation to dry and
hot regions. Production of volatile secondary meligds, which evaporate and produce a
saturated atmosphere around the plant, contribatés adaptation by limiting the water loss
(Morales 2002).

Use of Thymusspp. dates back to ancient Egyptians, and stlhydhey are used extensively
all around the world as a natural source of phenals, oleoresins, fresh and dried herbs,
both for medicinal and non-medicinal (i.e., in cetim and alimentary industries, as well as
for ornamental use) purposes (Lawrence and Tuck€X2)2 However, naturallhymus
populations are unfortunately far from being adégua support such a great and even
growing demand for its products. Uncontrolled hatwvey and destruction of forest land
(Thymus spp. grow under forest cover, on mountainous amckyr lands, where the
temperature of soil is relatively high, Rabal 2004) for agriculture or urbanization are also
contributing to thyme genetic erosion (Marco-Medatal 2010).

In this sense, cryopreservation provides a unideenative for preservation of such valuable
germplasm, making available the access to a widgeraf genetic diversity to be used as
possible source of natural products. Present stigdyfocused on development of
cryopreservation procedures fohymusspp. shoot tips, comparing three different PVS2-
based methods, namely PVS2 vitrification, encapsulavitrification and droplet-
vitrification, followed by direct immersion in ligd nitrogen (LN). Results have been
evaluated in terms of shoot tip regeneration aed trapacity to produce multiple shoots.

2. Materials and Methods

2.1. Plant Material

In vitro shoot cultures ofhymus vulgarid.. were established by transferring shoot tipgof
vitro-germinated seedlings on semi-solid MS medium (Mdhoige and Skoog 1962),
supplemented with 1 mg' Ikinetin (Kin) and 0.3 mg ¥ gibberellic acid (GA) (regeneration
medium), and maintaineth vitro under standard culture conditions (i.e., 232 16, h
photoperiod, provided by cool daylight fluoresckmnps, at 36 umol ths™) by periodically
subculturing in 4-week intervals (Ozudogetial 2011). Shoot tips (1-1.5 cm long) excised
from in vitro shoot cultures were utilized in cryopreservatioad. All semi-solid media used
in the study were supplemented with 30’gslicrose and gelled with 3 g gelrite. The pH
was adjusted to 5.8 prior to the inclusion of gelend autoclaved for 20 min at 121 °C.
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2.2. Long-term conservation of shoot tips by PMi8&ieation method

Prior to cryopreservation, shoot cultures were d@ddened for 2 weeks at 4 °C in darkness,
and excised shoot tips were precultured on send-8465 medium, supplemented with 0.25
M sucrose, for 48 h, at 4 °C in darkness. Excideabstips (1.5 mm, on average) were
transferred to 2-ml Nalgefieryovials (15 explant per cryovial) and incubatgth a loading
solution (LS; 2.0 M glycerol and 0.4 M sucrose; Mahotoet al 1994) for 30 min at 25 °C.
LS was then discarded and cryovials were loadeld RAS2 (30 % glycerol, 15 % ethylene
glycol and 15 % DMSO, all w/v, in MS medium supptmted with 0.4 M sucrose; Saleti

al. 1990), where shoot tips were treated with thetsoi for 15, 30, 45, 60, 75, 90, 105 or
120 min at 0 °C. Following PVS2 treatment, grouperplants (LN +) was suspended in 0.6
ml of fresh PVS2 and rapidly immersed in LN. Aftgrleast 1 h of storage, they were thawed
in a water bath at 40 °C for 2 min and washed imashing solution (liquid MS medium,
containing 1.2 M sucrose, Sakaet al. 1990) for 20 min at 25 °C before placing on
regeneration medium. Second group (control grouy,-L was washed immediately after
PVS2 treatment and plated on medium as describ@geab

2.3. Long-term conservation of shoot tips by englgp®n-vitrification method

Synthetic seeds were obtained by encapsulatingt ghpmoin 3 % Na-alginate solution and
100 mM Cadl solution. They were then transferred to 2-ml Na&jecryovials (five
synthetic seeds per cryovial) and incubated witifdrS30 min at 25 °C. Subsequent steps of
the method were performed as described for PV3iedttion method.

2.4. Long-term conservation of shoot tips by dropieezing method

Sterile aluminium foil strips (~ 5 x 15 mm) wereapéd in an open Petri dish, resting on a
frozen cooling element (temperature around 0 °@J, &drops of 4-5 pl PVS2 were dropped
on each aluminium foil strip. Shoot tips were pthaeto PVS2 drops, each drop containing
one explant, and treated with the solution for 3®, 45, 60, 75, 90, 105 or 120 min. After
PVS2 treatment, the aluminium foils were transférmto chilled 2-ml Nalgerfe cryovials
(one aluminium foil per cryovial) and directly plged into LN. Thawing was done at room
temperature by immersing aluminium foils in washswution. When the explants were
totally melted, they were transferred on mediurd amaluated for regeneration. A group of
samples, treated with PVS2 but not frozen in LNnf{od group, LN -), were washed
accordingly and plated on medium for regenera@snyell.

2.5. Data collection and statistical analysis

Two replications of 30 shoot tips were used forheteatment and each experiment was
repeated twice. Following PVS2 incubation (followadnot by freezing in LN), data of post-
thaw survival rate (i.e., percent of viable shaos trelated to number of originally introduced
explants) was recorded 2 weeks after being platad regeneration medium, while
regeneration rate (i.e., percent of regeneratirupistips, related to the number of surviving
explants), mean shoot number (no £ S.E.) and meaot $ength (cm = S.E.) were recorded 4
weeks after being plated on medium. At this tinme, $hoot Forming Capacity (SFC) Index
(= average no. of shoots per regenerating exptan®o of regenerating explant) / 100;
Lambardiet al 1993) was calculated as well. Statistical analg$ipercentages was carried
out by theX? test or by Post Hoc Multiple Comparisons test @dauilo and McSweeney
1977). Discrete data were subjected to ANOVA, fold by the least significant difference
(LSD) test at < 0.05 to compare means.
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3. Results

3.1. Cryopreservation by encapsulation-vitrificatimethod

When shoot tips were encapsulated and directheglan medium (LN -), only 23.3 % of
survival and recovery rates were achieved, witfS&& Index of 6.1 (Table 1). In previous
trials, the regrowth rate of naked shoot tips ahgdard culture conditions was 96.7 % and
SFC Index was 8.3 (Ozudogret al 2011), indicating a strong detrimental effect of
encapsulation on thyme shoot tip regeneration. ebsfitly, the mean shoot number of
encapsulated shoot tips was much higher than thatked shoot tips in standard culture
conditions (26.4 vs. 8.6). When encapsulated shipst were treated with PVS2 and not
frozen, shoot tip survival and regeneration ratesewlecreased even further, 3.3 % being the
maximum regeneration rate (following 120 min-PV&2atment). Similarly, maximum post-
thaw regeneration rate, obtained following 105 RWS2 treatment and direct immersion in
LN was also 3.3 %, providing SFC Index minor thad @nd single shoots of 0.3 cm,
on average.

3.2. Cryopreservation by PVS2 vitrification method

Survival rates of 49.1-75.0 % and regenerationsrate47.4-71.7 % were obtained when
shoot tips were treated with PVS2 solution for a@®0 min (Table 2). Those explants that
could tolerate the toxic effects of PVS2 solutiomsgessed significantly high mean shoot
numbers (ranging between 14.8 to 30.1 shoots). Meky@hen shoot tips were immersed in
LN following PVS2 treatment, maximum post-thaw sual and regeneration rates were only
24.5 % (15-min PVS2 treatment), although SFC inderained high (11.9) due to the very
high mean shoot number (22.2) achieved. PVS2 agjits longer than 15 min resulted with
a decline in their survival and post-thaw regenenatates. However, mean shoot number of
the recovered shoot tips remained high also afé®2Pincubation up to 75 min and
storage in LN.

3.3. Cryopreservation by droplet-vitrification meth

Similar to the vitrification method, also shootdipreated with PVS2 treatment up to 90 min
in droplets (LN -) seemed to tolerate well the jasstoxic effects of the solution, providing
even better survival and regeneration rates, aadhieg 90.7 % shoot tip regeneration
following 90-min treatment (Table 3). The mean shmamber obtained by this method, and
thus the SFC Index, were less than what was obdenth the PVS2 vitrification method.
The only result comparable to PVS2 vitrification thed was the 20 shoots per explants
obtained after 90-min PVS2 treatment, providing SRC Index of 18.4. It is worth
mentioning that PVS2 incubations longer than 90 hawve been very toxic also when applied
in droplets, regardless of being immersed or noLhih When samples were treated with
PVS2 up to 75 min and immersed in LN, majority loémh showed low regeneration rates.
However, 90-min treatment permitted 85 % survival 80 % post-thaw regeneration rates,
providing also more than 15 shoots per explantigh@ SFC Index.

4. Discussion

Cryopreservation enables the maintenance of thet pleaterial for theoretically unlimited
periods of time, once the protocols are optimiZeelveral reports are available in literature,
dealing with cryopreservation oLavandula and Mentha species, both belonging to
Lamiaceaefamily. As regardslLavandula spp., the only report available deals with
cryopreservation of cell suspension cultures (Tanakd Takahashi 1995Mentha spp.,
however, have been the object of numerous cryopratsen studies. In 1990, Towill
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cryopreserved shoot tips dflentha aquaticax M. spicata by vitrification method.
Vitrification solution used in that study containeddb% ethylene glycol (w/v), 10 %
polyethylene glycol-8000 and 1 M DMSO. Nine yeaftera Hirai and Sakai (1999)
encapsulatedn vitro-grown nodal buds oMentha spicataand successfully cryopreserved
them by vitrification method. Possible toxic effecf PVS2 and potential damages that may
occur during vitrification were also studied byngMenthaspp. (Towell and Bonnart 2003;
Volk and Walters 2006). Senutd al (2007) were the first using droplet-vitrificatiomethod
for the cryopreservation dflenthaspp. and they obtained 89 % post-thaw regeneraditn

In 2008, Uchendu and Reed compared slow cooling;amsulation-dehydration and
vitrification techniques to cryopreserid. X piperita subsp.citrata, M. canadensisM.
mistralis and M. cunninghamii The authors obtained 93 % post-thaw regenerdtjoslow
cooling method, 73 % by vitrification, and 71 % dxycapsulation-dehydration method. As for
Thymusthe only report available in literature dealedwdroplet-vitrification ofT. moroderi

in vitro-grown shoot tips (Marco-Medinet al 2010). The authors tested PVS2 solution for
30, 60, 90, 120 and 180 min at around 0°C, and thegined the highest post-thaw survival
rate (around 60 %) following 30-min PVS2 treatmdrite droplet-vitrification showed to be
the best cryopreservation method also for the awatien of T. vulgaris Indeed, in the
present study, working witfi. vulgarisin vitro grown shoot tips, 85 % survival and 80 %
regeneration rate following 90 min PVS2 treatmert ammersion in LN were achieved. The
difference with the results obtained Tn moroderican be attributed, not only to the use of
different species, but also to the application ofdchardening and sucrose preculture
preceding PVS2 incubation, probably providing adyetonditioning of th& hymusmaterial
before immersing in LN. Optimized protocol of drepVitrification is currently being tested,
and already providing promising results, by usihgat tips ofT. longicaulisandT. cariensis
latter being an endemic and endangered speciesrkéy.
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6. Tables

Table 1. Cryopreservation of thyme shoot tips by encapsulation-vitrification method.

PVS2 Exposure Survival

Recovery Mean Shoot Number Mean Shoot Length

SFC Index

(min) Rate (%) Rate (%) (n°+£S.E) (cm£S.E.)

LN -
0 23.3a 23.3a 264+x74a 08+0.1a 6.1
15 1.7¢c 1.7c 6.0+00Db 06+00a 0.1
30 00c 0.0c - - -
45 0.0c 0.0c - - -
60 00c 00c - - -
75 50b 3.3b 25+15Db 09+0.2a 0.1
90 17¢c 17c 1.0+£00b 0.3+x0.0a <0.1
105 1.7c 1.7c 20+0.00Db 05+00a <0.1
120 3.3 bc 3.3b 25+05b 04+01a 0.1
LN +
0 00c 00b - - -
15 00c 00b - - -
30 00c 00b - - -
45 00c 00b - - -
60 1.7c 00b - - -
75 00c 00b - - -
90 00c 00b - - -
105 11.7 a 3.3a 1.0+0.0 0.3+0.0 <0.1
120 50b 00b - - -
Table 2. Cryopreservation of thyme shoot tips by vitrification method.

PVS2 Exposure Survival Recovery Mean Shoot Number Mean Shoot Length SEC Index

(min) Rate(%) Rate(%) (no+S.E) (cm£S.E.)

LN -

15 55.6 b 53.7b 22.2+3.8ab 1.0x0.1a 11.9
30 53.7b 519b 30.1+39a 1.0+£00a 15.6
45 49.1 bc 49.1c 17.8+3.2ab 09+0.1ab 8.7

60 71.7 a 71.7 a 18.3+3.0ab 08+0.1b 13.1
75 75.0 a 75.0a 16.6 £2.7 ab 08+0.0Db 12.7
90 509b 474 c 148+25ab 1.0+0.1la 7.0
105 1.9d 1.9d 1.0+000b 0.3+0.0b k0.
120 105¢ 8.8d 6.8+49b 06+0.1b 0.6
LN +

15 245 a 245a 15.3+52a 0.7+x0.1ab 3.7
30 20.4 a 204 a 135+53a 05+0.0ab 2.7
45 53b 53b 18.7+9.0a 0.7+0.1a 1.0

60 183 a 183 a 11.2+5.7a 04+00Db 2.0
75 3.3b 3.3b 145+135a 0.5+0.2ab 5 0.
90 3.3b 1.7b 40+£00a 0.8+0.0a 0.1

105 1.8b 1.8b 50+00a 04+00b 0.1
120 1.8b 1.8b 7.0+0.0a 0.5+0.0ab 1 0.
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Table 3. Cryopreservation of thyme shoot tips by droplet-vitrification method.

PVS2 Exposure Survival Recovery Mean Shoot Number Mean Shoot Length

(min) Rate(%) Rate(%) (no = S.E.) (cm+SE ) OrClndex
LN -
15 733b  76.7b 48+08b 0.7+01ab 7 3.
30 700b  80.0b 4.8+04b 0.8+01a 3.8
45 66.7bc  66.7c 2.4+02b 0.4+00b 6 1.
60 50.0bc  66.7 2.7+03b 0.5+00b 8 1.
75 700b  70.0bc 27+02b 0.4+00b 91
90 889a  90.7a 20.3+2.7a 0.9+00a 18.4
105 2%6.7¢c  46.7c 33+04b 0.7+00ab 15
120 17d  00d i i i
LN +
15 130c  74c 25+06¢C 0.4+0.0b 0.2
30 11.7¢  50c 5.0 + 4.0 be 0.6+02a 0.2
45 176bc  9.8b 6.0+1.7b 06+00ab .6 0
60 259b  111b 60+14b 0.7+01a 07
75 167bc  10.0b 133+44a 0.7+01a 3 1
90 85.0a  80.0a 158+24a 0.7+00a 612.
105 59bc  3.9d 75+05h 06+01ab 03
120 00d  00d ] : :
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Cryopreservation of horticultural plants at MTT

Anna Nukari, Marjatta Uosukainen, Jaana LaamandrSaija Rantala

MTT Agrifood Research Finland, Antinniementie 1;431330 Vihtavuori, Finland

1. Introduction

1.1 Gene preservation and propagation of hortia@typlants at MTT

MTT Agrifood Research Finland (MTT) is responsiliée the coordination of the National
Plant Genetic Resources Programme in general anthdoexecution of the programme on
horticultural and field crop genetic resources. MiWas named as the main location of the
preservation of vegetatively propagated agricultuaad horticultural plants, as the
programme was established in 2003 to facilitate dbveservation of agricultural and forest
genetic resources. On top of gene resource work] MEnt Production Research unit at
Laukaa is operating nuclear plant maintenance entfied plant production of horticultural
plants. Virus-free mother plants, being used fappgation in the active vegetative nursery
propagation, are mainly maintained in an isolateskghouse or as vitro cultures at normal
growth conditions.

1.2 Introducing cryopreservation to MTT work scheme

Since Laukaa Cryobank was established in 2006 &blenthe use of cryopreservation at
MTT, both cryopreservation research and actual-teng preservation of horticultural plants
have been carried out at MTT Plant Production RebkeaNukari et al. 2009).
Cryopreservation methods have been optimisethfeitro derived shoot tips of various plant
species. Preservation of dormant buds has beerdtasing a controlled rate cooling method
(Ryynénen et al. 2008). Actual deposits to the leaukCryobank have been started using
mainly in vitro cultured materials and recently also controllee @oling of dormant buds.
Cryopreservation has been utilised for depositioth kplant genetic resources and certified
nuclear stocks (Nukari and Uosukainen 2007; Uosigtaet al. 2007). Cryotherapy was also
introduced as one additional method to the viralieation procedure of the plant genetic
resources and of the nuclear plants of certifiedpction.

2. Materials and Methods

2.1 Plant material

Cryopreservation methods were optimisedifovitro derived shoot tips of raspberigbus
idaeusL.), strawberry Fragaria x ananassd..), blackcurrantRibes nigruni..) and shrubby
cinquefoil Oasiphora fruticosgL.) Rydb.). Also methods for hopi(imulus lupulud..) have
been tested. Most recently methods for lila8gringal.), lowbush blueberriesvaccinium
Angustifolium group) and rhododendrorRhpdodendrori.) were studied. Preservation of
dormantRibesbuds was tested.

2.2 Cryopreservation techniques employed

Modified droplet-vitrification was used as the lwasryopreservation method faon vitro
culture derived shoot tips or buds. For cryoprest@om of different plant species either
mainly 1-3 mm long apical shoot tips or mainly @.3am long lateral buds were excised.
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Cold pretreatments were used if necessary. Activeltb@rcoal was used in preculture medium
after isolation of the meristems for 3 days in tlase of phenol producing plant species like
raspberry. Stepwise or stable sucrose pretreatnfremisone to three days on either 0.25 M,
0.50 M or 0.75 M sucrose were utilised. Buds wetdfied using loading solution (LS, Sakai
et al. 1991a, Nishizawa et al. 1992) treatmenB8fbminutes and plant vitrification solution 2
(PVS2, Sakai et al. 1990, 1991b) treatments fortipesther 45 or 60 minutes, depending on
the size of the buds. The LS consisted of 0.4 Mo@rasionally 0.8 M) sucrose and 2 M
glycerol and the PVS2 consisted of 0.4 M sucrof8p 3w/v) glycerol, 15% (w/v) ethylene
glycol and 15% (w/v) dimethylsulphoxide, in liquMS (Murashige and Skoog 1962) basal
medium (pH 5.8). Buds were frozen on aluminium fiilips in cryovials. Also optimised
encapsulation-dehydration method modified from thethod of Revilla and Fernandez
(2008) was utilised fain vitro culture derived shoot tips of hop. Preservatiodanant buds
was tested using a controlled rate cooling mettogyrianen et al. 2008). The long-term
preservation was carried out in outer threadedwiay® filled with air, in vapour phase of
liquid nitrogen. True-to-type testing on the fields included, but only fenological methods
were applied.

3. Results

3.1 Comparison of cryopreservation techniques

Modified droplet-vitrification method was optimisefdr in vitro derived shoot tips of
raspberry, strawberry, blackcurrant and shrubbyguwefoil. Methods for hop were tested but
the droplet-vitrification did not show especiallpagl regrowth rates (data not shown) after
the freezing treatment. Thus modified encapsuladieimydration was chosen to be applied in
the future cryopreservation work with hop. Methoflsr lowbush blueberries and
rhododendrons were studied, but would still requegearch. In general the different plant
species treated with modified droplet-vitrificatiaonethod showed good or intermediate
response to cryopreservation and there were omhesemarkable exceptions. The damson
plum (Prunus domesticaubsp.insititia (L.) C.K.Schneid.) ‘Yleinen Sinikriikuna’ almost
failed to show regrowth as the droplet-vitrificatimethod was tried to be optimised for it. In
the case of lilacs, preservation by the modifienptit-vitrification method neither succeeded
as wished. The shoot formation started well, bet ghoblems in the regeneration occurred
first after it (Nukari et al. 2011). True-to-typesting did so far not show abnormalities caused
by cryopreservation. The results of the presermatiodormantiRibesbuds using a controlled
rate cooling method are still preliminary.

3.2 Progress of research activities and long-temesprvation by cryopreservation

The mastery of cryopreservation methods suitalbiéhfe plants in question is a prerequisite
for successful long-term preservation. Progress diot only correlate with the
cryopreservation efficiency of the laborants boalvith the research activities involved to
run in and optimise the methods (Table 1). Fivehgtmr’'s Thesis works were executed on
cryopreservation methods by students of the JAMKivehsity of Applied Sciences
(Flyktman 2007; Jarvinen 2010; Laurén 2011; Miettir2009; Pantsu 2010). Actual deposits
to the Laukaa Cryobank were started with raspk®rsgawberries, hops, shrubby cinquefoils
and blackcurrants, using vitro cultured materials (Table 2). At the beginningtioé year
2011, dormanRibesbuds were cryopreserved as a part of the Ribegsdare collection of
Northern European gene poolRibesEU project.
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Table 1. Amounts of in vitro culture derived cryopreservation lots including cryopreservation
experiment lots (in general about 1-20 in vitro derived explants per cryovial and 2—12 cryovials per
lot) and long-term preservation lots (in general about 10 in vitro derived explants per cryovial and
2-12 banked cryovials per lot) and the amounts of experimental vials and cryobanked vials
grouped by year from the year 2006 to the year 2010 at MTT Laukaa Cryobank.

Year Amount of Amount of Amount of Amount of

experimental experimental  routine storage banked

lots cryovials lots cryovials

2006 63 483 45 174
2007 29 109 121 713
2008 35 250 50 279
2009 59 271 39 189
2010 78 371 84 356
Total 264 lots 1 484 cryovials 339 lots 1 711 cryovials
2006-2010

Table 2. Amounts of accessions that were used in cryopreservation activities and amounts of
accession taken successfully into long-term cryopreservation, grouped by plant species, by the end
of the year 2010 at the MTT Laukaa Cryobank. (Number of explants per banked cryovial was about
10 and number of cryovials per accession is shown in brackets).

Plant species Amount of all accessions, Amount of accessions in
for which cryopreservation long-term preservation
was tested at MTT Laukaa (number of cryovials per

accession)

Raspberries 40 32 (5-42)

Strawberries 21 21 (6-218)

Plums 5 4 (1-3)

Cherries 3 -

Currants 18 3 (3-22)

Hops 11 6 (9-18)

Lilacs 7 -

Roses 2 -

Apples 1 -

Cloudberry 1 -

Shrubby cinquefoils 4 2 (5-10)

Lowbush blueberries 3 -

Rhododendrons 3 -

Potatoes 10 -

Altogether 14 different In total 129 accessions In total 68 accessions

groups

4. Discussion

Droplet-vitrification showed to be quite a univdrsaethod to be used at our cryobank.
However, other cryopreservation practices mightabeantageous for some particular plant
species like hop and damson plum. Also inside dasetspecies like blackcurrants use of
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different cryopreservation methods can be consttidepending on the utilisation purpose of
the material. For example nuclear plant materiathef certified production is worthy of use
either fromin vitro derived source materials or materials derived faomisolated greenhouse.
Although the results of freezing dormadribesbuds using a controlled rate cooling method
(Ryynénen et al. 2008) are still preliminary, timsthod seemed beneficial in cryobanking big
amounts of material in a short time period. Theoueses are limited and have to be shared
between cryopreservation method optimisation erpents and storage routine. Activity in
one area might affect the efficiency of the otl&swever, co-operative activity on both fields
is necessary in order to intensify the cryopreseymavork.
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Cryopreservation studies on bilberry accinium myrtillus L.)
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1. Introduction

Bilberry (Vaccinium myrtillusL., Ericaceae) is a perennial shrub found on acits,stvom
mineral heath of mountains to organic soils of $tseand old peat bogs throughout Europe
(Ritchie 1956). As a characteristic field layer dps of boreal forests, bilberry is a key
species in Northern ecosystems. It is also ecoralyione of the most significant wild
berries in Northern and Eastern Europe, and desepagticular attention for its high
antioxidant content, which plays an important roldhuman health care (Jaakatal. 2001,
Katsubeet al.2003).

Bilberry is one of the richest natural sources tHvdnoids. The synthesis and the
accumulation of flavonoids in plants are both depeientally and environmentally regulated
(Taylor and Groteworld 2005). In bilberfguit tissues, the biosynthesis of flavonoids, amd
particular of anthocyanins, is regulated at a dgwalental level (Jaakolet al. 2002, 2010).
Solar radiation has also been shown to influeneeetkpression of the flavonoid pathway
genes in bilberry leaves (Jaaketaal. 2004; Martzet al.2010)and there is a strong positive
latitudinal effect on the flavonoid content in kahoy. In common garden experiments, higher
anthocyanidin concentrations have been found itsfrariginating from Northern than from
Southern latitudes (Martinussen al. unpublished). The same pattern has also been fiound
wild populations of bilberryn Finland (Lattiet al. 2008). Thus, plant breeding efforts might
lead to even higher nutritional or health value¢haf berries.

Large-scale breeding programs do not exist fororijpat the moment, burt vitro techniques
have already been established for rapid mass ptioducf high quality plant material for
large-scale cultivation, germplasm improvement, gade conservation (Jaakaaal. 2001;
Caoet al. 2003, Gajdosovat al. 2006). In bilberry, it takes around 3—4 yearsléovér, and
the future breeding efforts for the species reqtheepreservation of a rich genetic diversity.
Therefore, the general aim of the study was tobéistaan efficient protocol for the (long-
term) germplasm preservation of bilberry. Severdtbelory genotypes covering different
latitudes in Northern Europe were cryopreservedpdrticular, shoot tips excised from
vitro plants were cryopreserved through the dropletfigidition technique and the controlled
cooling method was applied to seed material.

2. Materials and methods

2.1. Plant material

In vitro plants and seeds of bilberty.(myrtillusL.) were used as starting material to test two
different cryopreservation techniques. All the astens were obtained from the Botanical
Gardens of the University of Oulu (Finland).

In vitro clones from five different wild populations in Mleern Europe were used as starting
material for the droplet-vitrification techniquehd& clones used were M1 (64° 48" N, 25° 59°
E), P1 (62° 02" N, 23° 02" E) and S3 (67° 25" N,3b E) from Finland, clones R1 and R3
(66° 57" N, 17° 43" E, both) from Sweden, and cNiAig60° 54" N, 10° 44" E) from Norway.
Shoot tips derived from cold-stored (at 4 9@)vitro plants were multiplied on a modified
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MS medium (Jaakolat al.2001), solidified with 8 g/L agar. The pH was adgad to 4.8 prior
to autoclaving. Plants were cultured at 22 °C vathh6 h light (40uEem-2+s-1) / 8 h dark
photoperiod.

The seeds used were from five wild populationsudiclg Inari-Kaamassaari (69° 90" N,
27° 98" E), Inari-Vartasaari (69° 55" N, 27° 48 aBy Hailuoto (65° 24" N, 24° 42" E) from
Finland, Kafiord (69° 24" N, 21° 00" E) from Norwagd Akureyri (66° 07" N, 18° 38" E)
from Iceland. The seeds were collected between 2072009, and were stored at 4 °C.
Before cryopreservation, viability of the seeds wasted by germination test. For each
population 50 seeds were placed on top of moigtrfipbaper in plastic Petri dishes and
cultured at 20 °C in the dark for at least 2 wedékyopreservation of the seed material was
conducted by the controlled cooling method.

2.2. Droplet-vitrification method

In vitro plants of all five clones were exposed to thrd&edint light/temperature conditions
for two weeks. The light/temperature conditions evéa) cool white (4QuEem-2¢s-1), in
which plantlets were incubated throughout thevitro culturing period, (b) LED light, in
which plantlets were cultured at 22 °C and expa@dddED light (650 nm, ;iEem-2+s-1) and
cultured at 22 °C, (c) cold acclimation (CA), in iein plantlets were incubated at 22 °C with
8 h low light (10pEem®) / 5 °C 16 h dark. Shoot tips, 1-2 mm, with ateatteaf primordia
were excised from treated plantlets and furtherosgd to the same light/temperature
conditions for 24 h on modified MS medium (Jaakelaal. 2001), supplemented with
135 g/L sucrose, 5 % dimethyl sulfoxide (DMSO) &glL agar, before cryopreservation.
The protocol described for potato shoot tips (SehBfenuhret al. 1994) was used with some
modifications to improve shoot tips survival (seesRts). Shoot tips were excised and pre-
treated on modified MS medium (Jaakelkaal. 2001) supplemented with 135 g/L sucrose, 5
% viv DMSO and 8 g/L agar for 24 h at differenthlifemperature conditions (see above).
Shoot tips were transferred on filter paper int®etri dish with 2 ml of loading solution
(liquid MS media with 135 g/L sucrose and 10 % DM$® 5.7) at room temperature for 1
h. For each clone, 25 shoot tips were excised,o02bet cryopreserved and 5 as controls,
unfrozen but cryoprotected. Different combinatioofs the sucrose concentration of the
pretreatment medium (75 g/L, 135 g/L) and of thediag solution (30 g/L, 75 g/L, 135 g/L),
and moreover the exposure time to loading solufidn 3h) were tested in a preliminary
experiment using shoot tips from a single clong (& Finland).

Shoot tips were transferred to a droplet of abouytL2of loading solution on a strip of
aluminium foil (5 mm x 20 mm), which was plungedara 2 ml cryovial previously filled
with LN and placed in a polystyrene box with LNyGvials, once closed, were stored for 1 h
in LN. The shoot tips of each clone were rewarmiedging rapidly the aluminium foils into
30 ml of liquid MS medium with 30 g/L sucrose abno temperature. Shoot tips were dried
on filter paper and placed on solid modified MS med(Jaakolaet al.2001) for regrowth, at
the same light conditions of plamt vitro culturing. In a preliminary test, the applicabiliy
MS solid media with zeatinriboside (0.5 mg/L), IAR.5 mg/L) and GA (0.2 mg/L) were
tested as regrowth media. Both post-thaw survivad aegeneration were determined
2-6 weeks after cryopreservation.

2.3. Controlled cooling method

Dried seed material was at dormant state and wa@soped to be cold acclimated due to the
long-term storage at 4 °C in the dark. For eachimril80-240 seeds were placed in 2 ml
cryovials (60-80 seeds/vial). The slow freezing \amakieved by placing the cryovials in the
Nalgen€ Cryo 1 °C Freezing Container at -80 °C for 4 ta¢téng a controlled cooling rate
of -1 °C/min) before storing them in the LN. Forcogery, the cryopreserved seeds were
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taken out of the LN containers, thawed rapidly at°’@ water bath for 2 min and placed on
ice for 1 min. After rewarming, seed viability wéessted through the germination test as
described above.

3. Results

3.1. Droplet-vitrification method

Initially, the original protocol described for ptwa(Schafer-Menuhet al. 1994) was applied
for cryopreservation of bilberry shoot tips. Onlgeoshoot tip out of 21 survived after two
weeks from rewarming. In addition, in the preseoicthe MS solid media with zeatinriboside
(0.5 mg/L), IAA (0.5 mg/L) and GA(0.2 mg/L), both control and cryopreserved shqus ti
produced callus. Thus, in a preliminary experimestyeral modifications of the protocol
were tested and, based on the best regrowth aftepreservation, a modified MS medium
(Jaakoleet al.2001) was selected for further experiments.

Only one treatment resulted in the survival of ghips excised fronn vitro-grown plantlets.
When the sucrose concentration of the pretreatmewdiium and of the loading solution was
135 g/L, and moreover when the exposure time tditgasolution was 1 h, two shoot tips out
of seven were able to survive two weeks from reviiagmThese conditions were used to
cryopreservan vitro plants, pretreated with different temperatureflighmbinations. In all
the other treatments, the shoot tips turned bravehdeed.

All the clones tested showed different behavioderafewarming. Clones M1, N7 and S3
were not able to survive after the pretreamentshéncase of clone P1 four and eight percent
of the shoot tips were viable after cool white nimation (control) and cold acclimation
treatments, respectively. The two clones R1 and viR8ch were derived from the same
bilberry population, had the same percentage ofivalr (4 %) after the cold acclimation
treatment. From the cryopreserved clones only tioetstips of clone R3 survived after LED
light pretreatment. All the clones tested showédohapercentage of survival compared to the
unfrozen controls with 100 % regeneration. Howewaérthe survived shoot tips started to re-
grow and after four weeks they were able to reggaeshoots.

3.2. Controlled cooling method

Seed lots collected from different origins showdtedent percentages of germination before
cryopreservation. The germination percentage wah hin seeds collected from Inari-
Kaamassaari, Hailuoto and Kafiord, varying betwé8nand 71 %. The Inari-Vartamasaari
seed lot germinated poorly, only 27 % of the seedse able to germinate. The lowest
percentage (two percent) was recorded for the saslxted in Akureyri.

After cryopreservation, the percentages of gerronafor the seeds collected in Inari-
Kaamassaari, Hailuoto and Kéfiord were ranging ketw56 and 70 %, leading to over
80 % regrowth.

4. Discussion

At present specific cryopreservation techniquesaaeglable for a wide range of crop species,
and most of the existing cryopreservation techrsgaie effective for temperate berry crops
(Razdan and Cocking 1997; Reed 2008). Some of thege been applied also accinium
corymbosuni., V. uliginosumL. andV. ovatumPursh. (Reed 1989Y.. pahalaeSkottsberg
(Shibli et al. 1999),V. corymbosunh.. andV. macrocarporAiton (Uchendu and Reed 2009).
In the present study, the developmenteaf situ germplasm preservation of bilberry was
successful when two cryopreservation techniquesplet-vitrification and control rate
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cooling, were applied tm vitro shoot tips and seeds, respectively. The controdiezicooling
method on bilberry seeds turned out to be the prashising application.

The regowth ability of the cryopreserved seeddectdd from different locations in Northern
Europe varied from 67 to 98 %. This indicates tinat controlled cooling rate technique is
applicable for the preservation of a wide rangebittierry populations. Seeds are a great
source of genetic variability, and a large amounbitberry seeds can easily be collected
throughout Northern Europe, where it grows abungamhus, bilberry seed cryopreservation
technique allows storage of a wide range of geneiiersity of the species. Moreover,
germinating seeds of bilberry are excellent exgldot startingn vitro cultures, offering the
possibility to select specific clones of particuliaterest, once seeds are rewarmed and
regenerated after cryopreservation.

On the other hand, the preservation of particulanes, especially of some elite genotypes,
requires the cryopreservationiafvitro propagated plants. The droplet-vitrification teicjue

is a very recent cryopreservation method whichbeen, so far, applied to a limited number
of plant species, despite the very promising resatthieved from its application (Sakai and
Engelmann 2007). This technique has been succdesfille cryopreservation éfrunus(De
Boucaudet al. 2002), yam (Leunufna and Keller 2008)hrysanthemunfHalmagyi et al.
2004) and banana (Pares al. 2005), and with some modifications to the origipedtocol,
also for bilberry. In the present study, bilberhpet tips were able to regrow after thawing if
preculture steps were added before cryopreservatien if the regrowth percentages were
lower than in the case of seed material.

Resistance to freezing and desiccation developsadter cold acclimation, which is usually
applied as treatment before cryopreservation tamike freeze-induced desiccation stress
during freezing and increasing survival followingyapreservation (Uchendu 2009). The
development of cold acclimation is a complex pheaoom involving changes in gene
expression that result in the alteration in metaboland composition of lipids, protein and
carbohydrates (Guy 1990; Thomashow 1999). In theug¥accinium survival rates after
cold acclimation have been shown to vary greatlprgnspecies (Reed 1989). Anyway, in
blueberry, cold acclimation is known to enhanceuaudlation of polyamines and special
proteins including dehydrins, and to up-regulate éxpression of low temperature genes
induced by the CBF (CRT binding factor) transcoptfactor (Naiket al. 2007; Polashockt

al. 2010). In fact, blueberry survival increased fré to 58% following three or more
weeks of cold hardening (Reed 1989). Also in thesent study with bilberry, the cold
acclimation treatment led to survival and regrowth50% of clones tested, while when
exposed to cool white illumination only one outsof tested clones (18%) survived and was
able to regrow.

Nevertheless, none of the bilberry clones cryopuwesk with the droplet-vitrification
technique reached the 40 % recovery recommendeagkefanplasm storage (Reed 2001; Reed
et al. 2005), since recovery ranged only from 4 % to 8%ere might be several reasons for
the low recovery percentages. First of all, recpvsrknown to be dependent on genotype
(Uchendu 2009), but also the age of the shoot $gsmed to affect the survival after
cryopreservation since, in the present study, th@otstips excised from the short lateral
branches of the bilberry shrub were the ones tbgénerated after cryopreservation. The
physiological state of cells and tissues must ben@g for the acquisition of maximum
possible dehydration tolerance and for producirgprous recovery growth (Withers 1979;
Dereuddreet al. 1988). Generally, explants from rapidly growindteres are preferred, since
actively dividing cells have small vacuoles andghmucleo-cytoplasmic ratio, which makes
the explants more likely to withstand desiccation dreezing (Ashmore 1997). Anyhow,
bilberry is a rhizomatous plant that grows vege&y, thus ageing acts not on the individual
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as a whole, but on the separate parts of the plahish inevitably become senescent and
displays decreased growth rates (Ritchie 1956; \A9{86).

To conclude, both controlled cooling rate and deopitrification cryopreservation
techniques were applied for seeds anditro shoot tips of bilberry, respectively. Both of the
techniques were successful at least for some byllmdwnes or seed origins but generally seed
material had higher re-growth percentages timawitro shoot tips. This indicates that, the
droplet-vitrification protocol which was for therdt time applied to bilberry shoot tips still
needs further optimization.
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1. Introduction

Storage of desiccated seeds at low temperaturendisé convenient method to preserve plant
germplasm, is not applicable to plant species #rat propagated vegetatively. For such
species field collection was developed. Althougbnel orchards play a pre-eminent role in
assisting conservation programmes, their maintenaeguires large areas of land and high
running costs. Further, they are prone to advemsativer conditions and to hazards such as
pests, diseases and genetic alteratibnsitro collections, established for some vegetatively
propagated species and maintained by means oftioraali micropropagation, is labour-
intensive as well, and there is always the risdosing accessions due to contamination,
human error or somaclonal variation (i.e. mutatithra& occur spontaneously in tissue culture,
with a frequency that increases with repeated dturoug). Cryopreservation, or freeze-
preservation at ultra-low temperature (—196°C,témeperature of liquid nitrogen), is a sound
alternative for the long-term conservation of plgenhetic resources since biochemical and
most physical processes are completely arrestedruhése conditions. The advantage of
cryopreservation over other plant conservation waghs thus that the material is stored (i) in
a stable way, (ii) for the long term at very lowst®and (iii) in disease-free conditions. As
such, plant material can be stored for unlimitedquks.

This study is executed in the framework of the @cbj“Development and refinement of
cryopreservation protocols for the long-term comagon of vegetatively propagated crops”
funded by the Global Crop Diversity Trust. This jead aims to develop cryopreservation
protocols for several vegetatively propagated crojzs sweet potato, cassava, yam, taro and
other edible aroids. K.U.Leuven’'s responsibility te apply and optimize the droplet-
vitrification protocol that was originally designéor banana (Panist al. 2005) to (i) sweet
potato, (i) some cryopreservation-recalcitrantse@sa cultivars and (iii) edible aroids like
Colocasia, Alocasia, CyrtospernaadXanthosoma

The different steps that were followed in develgpan droplet-vitrification protocol for the
species under investigation are;

Define accessions representative for the collection

Check accessions for the absence of contamination

Define optimal shoot multiplication medium

Define meristem outgrowth medium

Define toxicity level for LS solution

Define toxicity level (against PVS2 at 0°C) for b$ated tissues

Define optimal length of PVS2 treatment after cmggervation

. Redefine regrowth conditions (culture media as aglineristem size)

Some of these improvement steps will be discussedtife three plant species under
investigation, but focus will be mainly put on eperiments executed with sweet potato.

ONOOAWNE
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2. Materials and Methods

2.1. Plant material

Sweet potatoin vitro material of 10 accessions (‘Tanzania’, ‘Camote aM&errano’,
‘Cinitavo’, ‘Espelma’, ‘Trujillano’, ‘Jewel’, ‘TIS 87/0029’, ‘Ibarreno’, ‘Manchester Hawk’
and ‘CMR 1112’) was received from CIP (Centro Intional de la Papa, Peru).

Cassavan vitro material of six6 accessions was received from C{&&ntro Internacional de
Agricultura Tropical, Colombia). The selection ofiese cultivars was based on the
cryopreservation behaviour that was observed inTCIRRA856’ and ‘COL1667" are good
responding cultivars, ‘CM 3306-4" and ‘CR113’ amgermediate, while ‘CM507-37’ and
‘COL 1468’ are not surviving the CIAT protocols.

In case of edible aroids the following numbers oiticars were obtained from SPC
(Secretariat of the Pacific Community, Fiji)ABocasia(Giant taro), 3XanthosomgTannia),

3 Colocasia(Taro) and ZyrtospermgSwamp taro).

2.2. Check accessions for the absence of contaimmat

Upon arrival the cultures were screened for thegmmee/absence of endophytic bacteria on a
bacterial growth medium (BACT medium) containing @B Difco® Bacto nutrient broth,
10 g/L glucose and 5 g/l yeast extract (Van denwwand Swennen 2000). The plates are
incubated at least for 3 months in an incubatodéurlark conditions) at 28 °C.

2.3. Define optimal shoot multiplication medium

For sweet potato, 4 media were compared: (i) MSinmedMurashige and Skoog 1962), (ii)
half-strength MS medium, (iii) sweet potato cultumedium commonly used by CIP
(containing 0.25 mg/l GA and (iv) Hirai and Sakai (2003) medium, while tbe edible
aroids, MS medium as well as taro elongation amd taultiplication media (MS media
containing respectively 0.005 and 0.5 mg/l TDZ, ¢SPersonal communication) were used.
For cassava, MS medium was compared with 4E me@i@with 0.04 mg/l BAP, 0.02 mg/I
NAA, 0.05 mg/l GA, 1 mg/l thiamine-HCI, 100 mg/I m-inositol, aga#b.%; Roca 1984).

2.4. Define optimal meristem outgrowth medium

For all species under investigation, the followkhgieristem recovery media were compared;
(i) Taro elongation medium (MS + 2.27 uM TDZ), (MS medium supplemented with
2.22 uM BA for 1 week, afterwards transferred tonhone free MS, (iii) continuous hormone
free MS (iv) MS medium with Kin (2.32 uM) and GA0.144 uM) and (v) Hirai and Sakai
medium (2003) (MS + 1.44 pM GA

2.5. Cryopreservation techniqgue employed
The cryopreservation protocol was based on the lelrofirification protocol that was
developed for banana meristems (Panis et al . 2808)later applied to taro (Saet al.
2008), pelargonium (Gallaret al. 2008), potato (Pant&t al. 2009), thyme (Marco-Medinet
al. 2010) and apple (Condellet al. 2009). Also embryogenic culture of olive (Sanchez-
Romeroet al. 2009) could be successfully cryopreserved witls timethod. This method
involves the following steps.
loading of explants for 20 min with 2 M glycerahda0.4 M sucrose dissolved in MS
medium at room temperature
edehydration with PVS2 (Sakat al. 1990) (30 % (3.26.M) glycerol, 15 % (2.42 M)
ethylene glycol (EG) and 15 % (1.9.M) DMSO dissdlwe MS medium that contained
0.4 M sucrose) at 0°C for periods varying betwe@minutes and 2 hours
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etransfer of 6-10 explants to a droplet of PVS24gbbut 15 ul) on a strip of aluminium
foil and rapid plunge in liquid nitrogen

transfer of frozen strip to 2 ml Cryovial filled thiliquid nitrogen for storage

« after storage, rapid thawing by rinse the aluminfornwith explants in recovery solution
that 1.2 M sucrose dissolved in MS medium at roemperature and keep for 15
minutes

transfer of explants to regeneration medium wigvaled sucrose concentration (0.3) for
1to 2 days

2.6. Redefinition of regrowth conditions

The best two media resulting from the meristem imvith test (see 2.4.) are compared after
cryopreservation. Also the size of the meristemsukh be reconsidered; how many leaf
primordia are still surrounding the apical dome dmmv much stem tissue is still present
below the meristem.

3. Results

3.1. Check accessions for the absence of contaimmat

Since material that is used for cryopreservatioouih be free of fungi and bacteria, all the
material is screened using the methods that arelal@»d for banana at the laboratory for
Tropical Crop Improvement. This includes careful selyvation of material during
subculturing and streaking cut ends onto bacteoaviy medium. Special attention is given
to slow growing endogenous bacteria that often do interfere with normalin vitro
multiplication but only appear (and interfere) withyopreservation. In case material was
contaminated, it was removed from the culture rcamd requested again from the source
institute.

3.2. Definition of optimal multiplication medium

In order to be able to execute enough cryopreservaxperiments, access to a big quantity
of high quality plant material is necessary. Outlw different media tested for both sweet
potato (Figure 1) and cassava, the most simpleungediormone free MS medium, proved to
result in the best growth and the highest amoumteg¥ axillary buds. For the edible aroids,
the taro multiplication medium containing thidiaaor a plant growth regulator with a
cytokine-like effect was optimal. This differencagt lie in the fact that edible aroids are
monocots and the other 2 species are dicotyledonplasits. Banana, another
monocotyledonous species also needs high condensaif cytokinines (BA or thidiazuron)
for multiplication.

3.3. Definition of optimal meristem outgrowth mediu

The optimal regrowth medium that results in thehbkg regeneration frequency of non-
cryopreserved meristems is very species depentigat. and Sakai medium proved to be
best for sweet potato, while MS medium containing .32 uM) and GA(0.144 uM) was
optimal for cassava. Taro elongation medium (coitgi a low amount of thidiazuron) is
used for excised meristems of edible aroids suctaashosomapp (Figure 2).
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Figure 1. Number of nodes in shoots of the sweet potato ‘Tanzania’ developed after six weeks of
culture on MS medium and CIP medium (MS containing 0.25 mg GA3).

Figure 2. Outgrowth of non cryopreserved meristems of Xanthosoma, two months after excision.
Upper row from left to right; Taro elongation, MS with 2.22 uM BA one week afterwards MS, MS
without PGRs. Lower row from left to right; MS with Kin and GA; and Hirai and Sakai medium.

3.4. Definition of conditions for cryopreservation

The most important step to be optimized in the prgservation protocol is the length of the
PVS2 treatment at O °C. When the treatment is hmwtsinsufficient amounts of water are
extracted from the tissues leading to irreversitdezing damage caused by the formation of
ice-crystals. On the contrary, when the treatmenbo long, toxicity effects of PVS2 might
occur. The main difficulty is to determine the,avftvery narrow, window where vitrification
occurs without the treatment being toxic. Our ekpents have shown that for sweet potato
and edible aroids shorter PVS2 treatments (30 re®)uire needed compared to cassava (45-
60 minutes). This might be linked to the fact tba$sava is much more drought resistant. We
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distinguish four response after cryopreservatipmdi growth, the tissue becomes completely
white or black, (i) survival, green or yellow-whitcallus growth is observed, (iii) shoot
regeneration, a growing shoot can be observedn @ten up to 3-4 mm, but then growth
stops (iv) plant formation, a normal rooted plaa ©e regenerated (Figure 3 and 4).

preriment 2i-uit bubzon- 3
dlia sunter plateanl’ Ve

Figure 3. Plant formation, shoot regeneration and survival of meristems of the sweet potato ‘Jewel'.
Explants were treated with LS and PVS2 with (Frozen, left of line on Petri dish) and without
exposure to liquid nitrogen (Control, right of line on Petri dish).

3.5. Redefinition of regrowth conditions

Composition of the regrowth medium (results notvampas well as the size of the meristems
influence both post-thaw regeneration. In caseaafes$ potato, cutting back the explant until
there are only two primordia left, results in thghest post thaw plant formation (Figure 4).
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Figure 4 . Plant formation, shoot regeneration and survival of meristems of different sizes containing 2

primordia (2P) or 3 primordia (3P) from the sweet potato ‘Jewel’. Explants were treated with LS and
PVS2 without (Control) and with exposure to liquid nitrogen (Frozen).
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4. Discussion

In this paper, we show that by making some adaptat the existing droplet-vitrification
protocol, a wide variety of plants can be cryopresé. For sweet potato, edible aroids and
cassava, respectively 4 to 51 %, 0 to 95 % and1¥t% of the explants can form normal
plants after cryopreservation. Further improvemesnt especially expected from the
optimization of regrowth conditions with special @masis on the medium composition.
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1. The cryopreserved collections of IPK

The genebank of the Leibniz Institute of Plant Gieseand Crop Plant Research (IPK) is one
of the oldest living plant collections of Europeuhded already in the year 1943. It works as
the Central German Genebank for cereals, potatgetables, technical crops as well as
medicinal and aromatic plants. Some vegetativebpagated crops are routinely maintained
in cryopreservation on the basis of empiricallybelated protocols. The main species are
potato, garlic and mint. The genebank is surrourmesgeveral departments performing basic
research on crop plants, thus embedded in a fapleurscientific situation. From its
beginning, there was a continuous completion ofnle¢hodical arsenal used for germplasm
conservation, starting with the establishment dft@e in 19761n vitro storage started in
1989, and since 1997, cryopreservation has beeelajmd. After general renovation of the
technical cryopreservation facilities in 2005, therre now good facilities to hold training
courses in the framework of COST STSMs (Short-T&gerentific Missions). These STSMs
were used for two purposes: 1) to teach young ssterand engineers; and 2) to get some
new insight in the systems used for cryopreseraatioth at practical and theoretical levels.
We need to state that STSMs have also some lionistbecause the duration of visitors’
stays in the receiving institute is usually toorsHior a final result. This requires continuation
of the experiments by the staff of the host attervisit. Thus, the final result can be obtained
only some time after the stay. This was managedobyinuous further contacts and ongoing
collaboration, which is, in principle, one of COS®bjectives. We have also to highlight that
the range of the experiments is usually too smallgét results which can be secured
statistically. Thus, they are thought to set ariahibenchmark for further experimental
programmes.

At present (February 2011), in IPK’s cryobank thare 1,244 accessions of potato, 79 of
garlic, five of otherAllium genotypes and 56 dflentha These three crop groups were the
targets of STSM actions. Two STSMs were performadgpop group. Their working periods
differed from 2 weeks to 2 months.
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2. Survey of STSMs held for various crops

2.1. Potato

The cryopreserved potato collection is the mostaaded one at IPK. Despite the fact that
already over 1,180 accessions have been cryopessersing the DMSO droplet method
(Schafer-Menuhret al, 1996), some other laboratories use vitrificatimnd/or droplet-
vitrification (Kryszczuket al.,2006; Pant&t al, 2006; Sarkar and Naik, 1998). Therefore, it
is of interest for colleagues newly entering theddf to compare these basic methods. The
DMSO droplet method was compared with dropletfitaition using PVS2, modified for
potato based on the protocol described for mintSepulaet al. (2007). The practical
comparison and its results should be a help foisaeemaking in the collections which will
be established in Finland and Estonia. A compagatixperiment was conducted with six
accessions. As demonstrated (Fig. 1), there wagalam@ly higher regeneration with the
DMSO droplet method compared with the droplet-fidation. This result was confirmed by
a second comparison of accessions (Fig. 2).

(yloo \| AR Figure 1. Regeneration (%) of two potato
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Comparison of the water status using Differentier$ing Calorimetry (DSC) showed that
the DMSO droplet method resulted in higher contehtseezable water within the shoot tips
compared to those treated with the droplet-vitaion protocol (Fig. 3). Glass transitions
were measured between -114 and -123 °C for botbtpeegervation protocols. Whereas there
was a small amount of water still present in thst fiest with ‘Bintje’ and ‘Desirée’ (30 min
cryoprotection with PVS2), longer incubation (6niin the cryoprotectant resulted in
absence of ice formation in ‘Desirée’ (data notvelp Some other factors were tested
without significant differences. Both the light abtions (dark vs. light; different illumination
intensities) and the filling method of the cryogidlefore adding the aluminium strips bearing
the explants (filled with liquid nitrogen vs. fillewith air) did not give remarkable changes.
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Figure 3. Examples of two measurements using DSC showing that the amount of freezable water is
lower (characterised by smaller melting peaks, marked by an asterisk*) in droplet-vitrification (full
lines) as compared with DMSO droplet (broken lines) method. Three measurements are
represented, each showing the state before cooling to liquid nitrogen temperature.

Table 1. Survival ([S, %] and regeneration [R, %] in three clones of garlic as a function of the
cryopreservation method. 20 (vitrification) and 10-20 (droplet-vitrification) explants per experimental
condition.

Weeks Vitrification (PVS3) Droplet-vitrification (PVS2)
after
rewarming All 0232 Gros Bleu Vacoas All0232 Gros Bleu Vacoas
1[S] 95.0 68.2 58.8 82.4 72.7 50.0
LN 2 [S] 95.0 90.9 100.0 94.1 81.8 42.9
4 [R] 95.0 90.9 76.5 82.4 81.8 35.7
8 [R] 100.0 90.9 82.4 64.7 81.8 35.7
1[S] 100.0 71.4 33.3 90.0 40.0 33.3
AN 2 [S] 100.0 90.5 71.4 85.0 40.0 46.7
4 [R] 88.9 90.5 52.4 40.0 40.0 33.3
8 [R] 50.0 85.7 42.9 10.0 20.0 26.7
2.2. Garlic

Garlic is, in comparison to cultivated potato, mbeterogeneous because of various abilities
to form scapes and inflorescences and major diftes®e in bulb morphology and climatic
adaptation. Therefore, it was interesting to obsemhether tropical garlic from Réunion
Island was also suitable for cryopreservation. Muis tested using two tropical genotypes
(‘Gros Bleu’, ‘Vacoas’) in comparison with one frotine Gatersleben collection (All 0232).
Two methods were compared, namely vitrificationhwitVS3 (Nishizawaet al, 1993) and
droplet-vitrification with PVS2 (Sakat al 1990). Even though survival after one and two
weeks did not yet give clear differences, furth@velopment was clearly better after
vitrification using PVS3 compared with droplet-tfitation using PVS2 (Table 1), thus
confirming some of our earlier findings (Makowsizal., 1999).
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Since in garlic, there are still several genotypth rather poor performance, antioxidants
could presumably improve the results. Thereforeammin C was added to the cultures at
various steps of the procedure. Table 2 shows dkalts for one accession, which were
confirmed by similar results with another one (daté shown). So far, it seems that some
experimental conditions led to better regeneratiemen though differences were not
significant.

Table 2. Regeneration (%) of garlic ‘444K’ after application of vitamin C (VC) at various steps of the
cryopreservation protocol. Sample size per replicate: 20 (experiments), 10 explants (growth
controls).

- LN + LN
droplet droplet
vitrifi- vitrifi-
vitrification cation vitrification cation

0.14 0.28 043 0.28 0.14 0.28 0.43 0.28

Concentration VC mM mM mM mMM mM mM mM mM

Growth control +VC 100.0100.0 100.0 85.7
Growth control —-VC 100.0100.0 100.0 100.0
Standard protocol 86.465.0 60.9 1000 545 30.0 50.0 720
VC to preculture 70.070.0 524 882 190 474 524 652
VC to loading solution 81.090.0 72.7 1000 619 36.8 50.0 864
VC to washing solution 81.045.0 68.2 100.0 85.7 238 70.8 727

V to regrowth medium —Fe 59.125.0 458 952 348 20.0 542 583
V to regrowth medium + Fe 54.570.0 565 905 409 100 333 571

2.3. Mint and sage

After general training using various accessionsnes@arameters were tested. In order to
simplify the method, the droplet-vitrification poaiol using tubes filled with liquid nitrogen
prior to inserting foils with the explants was camgd with tubes only filled with air ("non-
filled”). Despite the fact that the latter variaesulted in lower cooling rate, results were not
significantly lower compared with those obtainedhaliquid nitrogen in the tubes. It seemed
also not consistently different, whether the PV8&Rydiration pretreatment was performed at
room temperature or on ice (Fig. 4). In conclusithe, simpler protocol (room temperature
and ‘empty’ tubes) should be used, because theleirtige protocol is,the lower is the risk to
damage the material. Another factor seems to beoritapt for further progress in
cryopreservation. This is the presence of endoghytarked by asterisks in Fig. 4. Since they
may cause unpredictable changes, they seem tspensble for the decline in regeneration
percentages in many cases, as published by Semliléedler (2011).

Vitamins were also added to the cultures in a similay as for garlic (see above). Also here
results are still preliminary. Fig. 5 shows thatemhvitamin C was present in the regrowth
medium, the proportion of fully developed plantsswagher compared with other variants.
This indicated again that experiments needed tmwhbducted beyond the period of the STSM
to get a conclusive picture of the results.

Finally, we were interested to observe whethemtle¢hods used for mint could be adapted to
another species of the same family Lamiaceae, ryasagle Salvia officinalisL. This is, in
principle, possible depending on the genotype. Alipinary test of encapsulation-
vitrification, published by Hirai and Sakai (1998 mint, modified by using PVS3 resulted
also in good regeneration (Fig. 6).
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Figure 4. Regeneration (%) in droplet-vitrification of three mints using PVS2 dehydration at room
temperature (hatched) or on ice (dotted columns). The tubes were not filled (empty) or filled (full)
with liquid nitrogen prior to inserting the foils into tubes. Sample sizes per variant: 15 (-LN - control
not cryopreserved) and 30 (+LN - cryopreserved) explants. Asterisks: visible presence of

endophytes after rewarming.

Figure 5. Regeneration (%) of mint
Men 154 after addition of 0.12 mM
ascorbic acid to various phases of
the droplet-vitrification protocol.
Control — no vitamins, additions to
the preculture medium (PC),
loading solution (LSA), washing
solution (W) and regeneration
medium (R). P — fully developed
plants counted only. Sample sizes
per variant: 10 (-LN — control, not
cryopreserved) and 20 (+LN -
cryopreserved) explants.

Figure 6. Survival after 1 week and
regeneration (%) after 2 and 7 weeks
of three accessions of sage using the
standard droplet-vitrification and a
protocol of encapsulation-vitrification
(EV). Sample size per variant: 10-20
explants.
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3. Conclusions from the STSMs

All STSMs gave valuable impulses for further apgiion and research. It seems not realistic
to always expect direct continuation of the ingthjprogrammes, because many local factors
have to be considered which influence them. Thesabse of the local funding situation,
routine cryopreservation of potato could not bertsth in the countries from which
participants came to perform STSMs (Finland andiiia). In the case of tropical garlic,
some additional activities need to be performedesi the reliability of the methods on a
larger number of genotypes under the local conabtiof the partner. So far, increase in
regeneration using vitamin C was not significantiick calls for further research and
selection of proper genotypes. Indeed, in the prestidy, it was found that the genotypes
used had a high regeneration percentage so thaappkcation of vitamin C could not
significantly improve results. Weakly reacting ggipes should be better suited to express a
vitamin effect. The confirmation of the importanaeendophytes will lead to even stronger
engagement of the partners to elucidate their &sffddost promising is the extension of the
methods used for mint to another species, whicliged actions to expand the activities to
other species in the partner’'s team. Altogether,dbnclusion can be drawn that this type of
activities was a well-placed investigation for het strengthening and integration of
cryopreservation throughout Europe.
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1. Introduction

Hladnikia pastinacifoliaRchb. (Apiaceae) is a monotypic endemic genus aittextremely
narrow distribution area (4 KinTrnovskigozd, Slovenial{usin 2004). Its recent distribution
is a remnant of its pre-Pleistocene distributicgaarso it is a tertiary relic. It also has a unique
position within the Apiaceaefamily (Sajea al. 2009b) and low genetic variability - RAPD
(Sajnaet al. 2009b). Its rarity, despite the availability ofbiitats, calls for protection of this
species not only by legislation but also by situ conservation and cryopreservation.
Cryopreservation of this endemic species would he @f several conservation activities for
this endangered species. In this contribution, wescdbe the development of an
encapsulation-dehydration protocol forvitro shoots oH. pastinacifolia.

2. Materials and Methods

2.1. Plant material

Cryopreservation experiments were conducted withitro shoots oH. pastinacifoliaRchb.
(Apiaceae), multiplied on Murashige and Skoog (3962dium (MS) with 2-20 uM BAP (6-
Benzylaminopurine) and 2-5uM IBA (Indole-3-butyscid) (Ciringeret al. 2008; Sajnat al
2009a). The cultures were maintained in a growtdmdber at 23+2°C, under a 16 h light/8 h
dark photoperiod, with 37-50 pmofts® light intensity.

2.2. Encapsulation-dehydration

In vitro shoots were precultured at 4°C in the dark for dags. Shoot tips (3-5 mm long)
were excised, placed in 3% Na-alginate with diffiiéreucrose or sucrose and glycerol
concentrations (Table 1), encapsulated in MS mednithout CaC} for 30-60 min, and
polymerized for 30-60 min in MS medium supplemenigith 100 mM CaCl with sucrose or
sucrose and glycerol at room temperature. Encajesunoots were osmoprotected for 10-12
h in MS medium with sucrose or sucrose and glycehokd in the air current of a laminar
flow cabinet from 47% to 28% moisture content (fregeight basis) and frozen by direct
immersion in liquid nitrogen (LN). The cryopresetveshoots were transferred to the
multiplication MS medium in a growth chamber. Swali was evaluated 2 weeks after
cryopreservation by counting the number of shodtswing signs of regrowth. It was
expressed as the percentage of surviving shootsyseber of treated shoots.

3. Results and Discussion
The excised shoots tips #f. pastinacifoliacould be successfully cryopreserved using an
encapsulation-dehydration protocol (Engelmanral. 2008), although the procedure should
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be improved. The pre-encapsulation and encapsnlatieps were more or less optimized:
preconditioning at low temperature, preculture xdiged shoots, encapsulation with a higher
concentration of sucrose or sucrose and glycerny asmoprotection with different
concentrations of sucrose and sucrose and glyc@rable 1). Especially useful was
preconditioning in a refrigerator in the dark aC4for 4-14 days. During this treatment the
shoots became slightly rejuvenated, weakly condetctehe base of the shoots and with each
other, thus allowing optimal manipulation (data sbbwn). Preculture with 0.75 M sucrose
was not beneficial for excised shoots (data nowsfpso we did not include this step in our
cryopreservation protocol. Among the different camabions of cryoprotectants tested,
encapsulation in 3% Na-alginate combined with QV2Sucrose and 1 M glycerol resulted in
complete survival and regrowth of shoots. Dehydratf osmoprotected shoot tips was less
successful for survival and regrowth. Whether weduene- or two- step osmoprotection,
survival of cryopreserved shoots decreased to ¥8-FEirthermore, the majority of shoot tips
failed to develop into fully-grown plantgn vitro. To improve shoot regrowth after
cryopreservation, the optimization of the final psteof the encapsulation-dehydration
procedure is required. Further research is neegleptimize the encapsulation-dehydration
protocol, and other cryopreservation procedure lshioel tested.
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Table 1. Details of the experiments performed to develop the encapsulation-dehydration protocol for in
vitro shoot tips of Hladnikia pastinacifolia.

5 Encaps:ulation.(l-’}): Osmoprotectiondact Recover Water Recover Survival after
g MSs, Naalginate with sucros protectiol Y content Y cryopreservation
£ and with/without alvcerol: Step10-12) liquid MS  before after ,
S gly ; - ; after ) and rehydration
< caCl with sucrose and  With sucrose and dehydratior dehvdration dehydration (20 min)
X N with/without glycerol  [%)] Y [%] 4
with/without glycerol [%] [%]
~la*  Na-alginate +0.25 M 33
1b*  sucrose +2 M glycerol (.75 M sucrose 28 13
Tox CaCI2+ 0.1 M sucrose 58 10
.28 .. Na-alginate + 0.25 M 78
sucrose + 2 M glycerol 0.37 M sucrose +
op* CaCl +0.25M sucrose + M glycerol; 56
2 M alveerol 0.75 M sucrose +
gy M glycerol
..... sar : 67
_____ 3b*  **Na-alginate + 0.25 M - 32 17
3c*  sucrose + 2 M glycerol - 32 0
""" 3d* CaCI2+ 0.25 M sucrose -'O a ‘3 12
................. 2 M alveerol _ sucrose + 3
..... 3er . o M glycerol 42 0
3f* 49 0
4a* Na-alginate + 0.25 M - 76
""" 4p*  sucrose + 2 M glycerol 40
........... * and 037 M sucrose + 2
----- act.. CaCI2+ 0.25 M sucrose - M glycerol 36 8
4d* 36 0
2 M glycerol
de* . 40
................. Na-alginate + 0.25 M 0.37 M sucrose + 2
4+ sucrose + 2 M glycerol M glycerol; 47 0
................. CaCl +0.25 M sucrose - 0.75 M sucrose + 2
2 M glycerol M glycerol 47 0
- 100
Na-alginate + 0.25 M 0.37 M sucrose + 1, 92
sucrose + 1 M glycerol M glycerol 28 21
and 28 0
CaCl +0.25 M sucrose - 0.37 M sucrose + 1~ 84
1 M glycerol M glycerol; 42 17
0.75 M sucrose + *
M glycerol 42 0
0.75 M sucrose 32 ***19
0.37 M sucrose + 29 —
6b* Na-alginate + 0,25 M M glycerol
sucrose + 1 M glycerol 0.37 M sucrose + 1
CaCl+ 0.1 M sucrose .
................. 2 Mglycerol; 40 —
. 0.75 M sucrose + 1
6c M glycerol

*Preconditioning: dark, T=4<C, 4-14 days; **Encapsulation 3 h; **Survival after 7 days in the dark.
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1. Introduction

Over last years cryopreservation has been wideldiesti for its potential for long-term
storage of plant germplasm. It allows overcomirg phoblems linked with field conservation
(necessity of space and maintenance, risks of iabaoid biotic stresses) and wilh vitro
slow growth storage (high maintenance costs, riskscontaminations and somaclonal
variation). Cryopreservation of sugarcane shod, tifas already been successfully achieved
using the encapsulation-dehydration technique (E@zalez-Arna@t al. 1993; Paulegt al
1993; Gonzalez-Arnaet al 1999). New vitrification-based techniques haverbdeveloped
recently. They could represent an opportunity tqrione the efficiency of sugarcane
cryopreservation. We thus compared E-D with the dewplet-vitrification technique (D-V,
Paniset al 2005).

2. Materials and methods

2.1. Plant material

Two sugarcane commercial clones were used in quergrents, H70-144, from Hawaii, and
CP68-1026, from Canal Point (USA). Mother plantsevieansferred monthly on semi-solid
Murashige and Skoog (1962) medium, enriched withg60" sucrose and 7 g™Lagar, at
27+1 °C, under a 12 h'photoperiod, with a photon dose of ol m? s™.

2.2. Cryopreservation

For cryopreservation experiments we used explan@&51 mm in length consisting of the
apical meristem, one or two leaf primordia and aabgart, which were dissected fram
vitro plantlets 30-40 days after the last transfer. Riggk shoot tips were maintained
overnight on standard medium in the dark to minenttze dissection stress.

During the E-D protocol, apices were encapsulate8 % calcium alginate beads (diameter
of 4-5 mm) and cultured for 24 h in 0.75 M sucrdiselid medium. These pretreatment
conditions had been established by Gonzalez-Aetab (1993). The encapsulated shoot tips
were dehydrated in containers (10 apices per awerafilled with 80 g silica gel to moisture
contents (MC, fresh weight basis) between 35 anda2(nd then placed in 2 ml sterile
polypropylene cryovials and plunged directly inuiid nitrogen (LN), where they were kept
for a minimum of 15 min. Beads were rewarmed bydfarring them directly on recovery
medium in Petri dishes.

For D-V, after overnight recovery from dissecti@xplants were pretreated for 20 min in
loading solution (2 M glycerol and 0.4 M sucrosef aasmotically dehydrated with PVS2
(30 % glycerol, 15% DMSO, 15% EG, 13.7% sucrosé&abet al. 1990), at 0 °C for 20 to 80
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min or PVS3 (50 % glycerol and 50 % sucrose; Nmswaet al 1993) at room temperature
for 20 to 100 min. Cooling was performed placinglarts in 10uL PVS droplets on
aluminum foil strips and plugging them directly . For rewarming, the aluminum foils
were plunged rapidly in unloading solution contagil.2 M sucrose for 20 min; explants
were then transferred on recovery medium.

Recovery medium consisted of semi-solid MS meditith 80 g L* sucrose, 0.2 mgt.6-
benzylaminopurine (BAP), 0.1 mg Lkinetin, 7 g L' agar and 1 g t Plant Preservative
Mixture (PPM) to avoid the proliferation of endopicybacteria. Shoot tips were kept in the
dark for seven days after cryopreservation, thamsfierred under standard culture conditions.

2.3. Viability and plant growth

Results were collected by recording survival antbvery. Survival was evaluated after 10
days, by counting the explants showing green pigatem and swelling. Recovery was
measured after 40 days on regrowth medium, by cuginthe explants producing normal
shoots through direct organogenesis. Results, mee in percent of plants
surviving/recovering over the total number of ptatreated per experimental condition, were
analyzed using ANOVA following arcsin transformatjovith Duncan’s multiple range test
(DMRT), using the SPSS 14.0 software.

3. Results

Explants of both clones tested were able to witlitsteryopreservation. With E-D, apices of
both clones displayed high survival and recovefy,% for H70-144 and 53 % for CP68-
1026, after dehydration to around 20 % moisturetetn (Table 1). Regrowth of
cryopreserved apices was rapid and direct (Fig. 1).

Following the D-V protocol, the highest recoveryrgatages were achieved for treatment
durations of 20 and 40 min with PVS2 and PVS3, eespely (Table 1). The two clones
reacted differently to the vitrification solutioremployed. Following the treatment with
PVS2, recovery was 37% for H70-144 and only 20%3868-1026. By contrast, following
treatment with PVS3, recovery was similar for bolbnes, reaching 33% for H70-144 and
27% for CP68-1026. Regrowth of cryopreserved apiasalso rapid and direct (Fig. 2).
When comparing E-D and D-V with the two clones @ds{Table 1) it appeared that E-D
ensured higher recovery after cryopreservation.

Table 1: Survival and recovery (%) of control and cryopreserved shoot tips of both clones treated by
D-V (using PVS 2 and PVS 3) and E-D.

Clone/ treatment  Parameter PVS? Prg‘\‘;g%' =5
H70-144/ -LN Ff’e“é‘é'\‘/’:r'y g; & 873361a 54O7bb
H70-144/ +LN Ff’e“é‘é'\‘/’:r'y ‘;37 a 22 2 2% a

CP68-1026/ -LN Ffé‘é‘é'\‘/’:r'y 55%'% 88776; 8;; 2

CP68-1026/ +LN se“é‘é'\‘/’:r'y 22?6% 4;)7&5 23;) ;

Values followed by the same letter in the same row are not significantly different at the 0.05 probability level.
In D-V samples were treated with VSs for 20 min for clone H70-144 and 40 min for clone CP68-1026; In E-D
freezing was performed after dehydration to 20 % MC.
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4. Discussion

Our results showed that sugarcane apices coulddoessfully cryopreserved using both E-D
and D-V. They are in accordance with the result&ohzalez-Arna@t al. (1993, 1999) and
of Pauletet al (1993) concerning the use of E-D. However, itthe first report of
cryopreservation of sugarcane apices using D-V. &peared more efficient compared to D-
V, since shoots could be recovered from almost @lplants which withstood
cryopreservation. With D-V, the decrease noted betwsurvival and recovery was due to the
high toxicity of the PVSs employed (Kimt al. 2009). However, both techniques can be
employed for cryopreservation of sugarcane, as émsyire rapid regrowth of phenotypically
normalin vitro plantlets without callus formation from cryopresst apices; this should be
linked to the histological studies carried out bygn@alez-Arnacet al (1993), which showed
that a high percentage of cells in the meristemat&a of apices were still alive after
cryopreservation. In conclusion, optimization of uccessive steps of both protocols is still
required to improve recovery of apices after crgsprvation, especially in the case of D-V,
for which only preliminary investigations have bgerformed.

Figure 1: Survival and recovery of control (-LN) and cryopreserved (+LN) shoot tips of clone H70-144
(left) and CP68-1026 (right) treated by E-D.

Figure 2: Recovery of control (-LN) and cryopreserved (+LN) shoot tips of clone H70-144 (left) and
CP68-1026 treated by D-V using PVS 2 and PVS 3.
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1. Introduction

The CRA Fruit Tree Research Centre of Rome is #pmsitory of thein vivo national
collection of fruit tree germplasm with about 8,00fenotypes planted by now
(www.fru.entecra.it/rgv/inventario_nazionale). Prags for the application of
cryopreservation at the experimental level werestigped in the CRA-FRU in the framework
of the National Project RGV FAO financed by thdidta Agricultural Ministry, of the COST
Action 871 and of the UE Project Crympcet to selvérat species applying encapsulation-
dehydration, in collaboration with F. Engelmann sfitut de Recherche pour le
Développement, Montpellier, France). Recently, dnaplet-vitrification technique was also
applied in collaboration with B. Panis (LaboratafyTropical Crop Improvement, Leuven,
Belgium) in the framework of the COST Action 871méng fruit species, droplet-
vitrification was previously applied tdMusa spp. (Paniset al. 2005), Prunus spp. (De
Boucaudet al. 2002),Carica papaya Ashmoreet al. 2001) and, recently, to apple (Halmagyi
et al. 2010; Condellcet al. 2011). Here we report some of the results obtaatettie CRA-
FRU applying this method to apple, hazelnut anctipealtivars.

2. Materials and Methods

2.1. Plant material

Apple: Nodal segments, consisting of the axillary bud)Awvith a portion (0.2-0.4 cm in
length) of the stem (Fig. 1A), were collected fromvitro grown shoots that remained on the
same medium for 4 months of cv Pinova, Jonagolce Taf was removed from each
segment, which was further dissected longitudinally

Hazelnd and _peachshoot tips fromin vitro grown shoot, regularly subcultured of cultivar
Tonda Gentile and Rich Lady, respectively, weraluse

2.2. Cryopreservation

Excised explants were transferred to a filter-Bzexdl loading solution (LS) and kept in the
dark for 20 min at room temperature. The LS coedisif 2 M glycerol and 0.4 M sucrose in
liquid growth medium (pH 5.7) according to the spsawithout growth regulators. LS was
replaced by ice-cooled filter sterilized PVS2 smint(Sakaiet al. 1990). ABs of cv Pinova
were immersed in PVS2 solution for 15, 30, 45, &D,0r 100 min at 0°C, while ABs of cv
Jonagold were treated with PVS2 for 15, 30, 45 @m®n, also at 0°C. For hazelnut and
peach, the duration of PVS2 exposure at 0°C wasr@ min. Afterwards, explants were
individually transferred to a droplet of PVS2 sauat (Fig. 1B) and placed on a strip of
aluminium foil (5 mm x 20 mm), maintained at 0°Cdaplunged in liquid nitrogen (LN).
Then the strips were rinsed in unloading solutiois) at room temperature. Explants were
maintained for 15 min in US, and then placed omawth medium according to the species.
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3. Results

Apple: four weeks after rewarming it was possible toagbtABs resuming growth and 2
months later regrowing explants already showed tskhewelopment (Fig. 1B). Regrowth
percentages after immersion in LN were significardffected by the length of PVS2
exposure in both cultivars Pinova and Jonagold.ré&ety improved with increasing PVS2
exposure times from 15 min (3.3%) to 60 min (46.7&Qv Pinova and from 30 min (6.7%)
to 60 min (40.0%) in cv Jonagold.

Hazelnut survival (35%) was obtained only with the 90 RS2 treatment (Fig. 2).

Peach survival percentages after immersion in LN werghlr (43%) with 90 min PVS2
treatment than with 60 min (20%).

Figure 2. Hazelnut, cv
Tonda Romana.
Response of shoot
tips 4 weeks after re-
warming.

Figure 1. Apple, cv Pinova. A. Axillary buds in
droplets of PVS2 on aluminium foil. B.
Recovery of axillary buds after
cryopreservation.

4. Discussion

The droplet-vitrification method, based on diretimersion of explants on aluminium foil
strips in LN, allows to reach cooling rates highban in vitrification-based protocols,
reducing the formation of lethal intracellular icey/stals (Panigt al. 2005). We successfully
applied droplet-vitrification to apple cv Pinovadadonagold, confirming the potential of this
method to be used on apple genotypes. In additfmn,preliminary results obtained with
hazelnut and peach suggest that the method casdsuatable for these fruit species.
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Shoot tips cryopreservation ofSolanum spp. varieties
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1. Introduction

The French “potato and wild tuber-bearing relativesllection is located in west Brittany
(Ploudaniel, France) and comprises approximately0OQ®M accessions. The material is
maintained vegetatively either by means of tuberdtiplied in the fields or asn vitro
plantlets. However, to save money and time, it \Wdé worth cryopreserving some of these
genotypes for long term storage. We therefore dpesl a way of cryopreserving potato
shoot tips derived from the method developed byré&amnd Dereuddre (1990), which
combines apex encapsulation, controlled dehydratmmhcryopreservation.

2. Materials and Methods

2.1 Materials

Potato shoot tips ofSolanum tuberosun(‘Desiree’, ‘Bintje’, ‘Europa’, ‘Franceline’,
‘Noisette’) and Solanum phurejgIVP48) from the INRA gene bank in Ploudaniel were
grownin vitro.

2.2 Methods

Three week-old apical sections (2.5-3 cm in lengti)ye transferred on medium modified
after Tendille and Lecerf (1974) containing 25 gitrose and 7 g/l agar (Univar) in aerated
jars with cotton lids. Plantlets were cultivated2@8t+ 2 °C with a photoperiod of 16 h/day for
21 days. Potato meristems were sampled under tt®sobpe and then pre-cultured for two
days in a Tendille and Lecerf modified medium at°€lin the dark. For encapsulation, the
meristems were suspended in a liquid calcium-fr&nvedium (Murashige and Skoog, 1962)
with 3 % (w/v) sodium alginate (Sigma). Beads comntg one apex were encapsulated for 90
min polymerisation in a liquid MS medium with 100vCaCl, before transfer for four days
on a Tendille and Lecerf modified medium suppleradmwith 0.75 M sucrose at 21 °C in the
dark. The alginate beads were then dried for tih@mas in a flow cabinet and plugged in
liquid nitrogen in cryovials.

After a few days in liquid nitrogen, the meristewsre thawed in liquid MS medium at room
temperature and then cultured on a Tendille anceifemodified medium with different
concentrations of IAA, zeatin riboside and gGtable 1).

The effect of pre-conditioning treatment of the hestplant was evaluated by comparing the
two treatments:

- prior to meristem sampling, the plantlets weréicated for three weeks on a propagation
Tendille and Lecerf modified medium containing eitty5 g/l, 50 g/l or 25 g/l sucrose in
aerated jars with cotton lids;

- after 3 weeks subculture and prior meristem samgpktem sections with one axillary bud
were sampled and subsequently subcultured for sgags in Petri dishes on a Tendille and
Lecerf modified medium.
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Table 1: Hormonal concentrations tested in the regeneration medium of cryoconserved potato shoot
tips.

Zeatine riboside

IAA mg/l mg/! GA; mg/l
MEDIUM
MSD 100 200 1000
MSE 100 400 1000
MSH 100 600 1000
MSI 100 200 200
MSJ 100 400 200
MSG 100 600 200

3. Results

3.1 Effect of pre-conditioning treatment of the neotplant

The plantlets cultivated for three weeks on theppgation Tendille and Lecerf medium
modified with 75, 50 or 25 g/l of sucrose, differedsize and in the colour of their foliage
(Fig 1). The regeneration rate of the control ‘Rht(meristems not plugged in liquid
nitrogen) was 90 %, 100 %, and 81 % at sucrose erdrations of 25, 50 and 75 g/,
respectively, while the regeneration rate of th@preserved meristems of ‘Bintje’ was 31 %,
42 %, and 18 % at same concentrations (Fig 2). Witbncentration of 75 g/l in the mother
plant culture medium, the reduction of meristeneregation ability after cryopreservation is
significant for ‘Bintje’.

The regeneration rate of the control ‘Desiree’ W& %, 90 %, and 90 % at sucrose
concentrations of 25, 50 and 75 g/l, respectiwelyije the regeneration rate of cryopreserved
meristems of ‘Desiree’ was 59 %, 40 %, and 52 %sahe concentrations (Fig 2). No
significant difference in meristem regenerationligbwas observed according to sucrose
concentration in the mother plant culture mediumBesiree’.

Fig 1. Three-week old plantlets on propagation medium with sucrose concentrations of 75 (left),
50 and 25 g/l (right)

During the preparation of the mother plant, addesyen days of pre-culture of the stem
sections to homogenize the meristem state prigatopling significantly decreased survival
and regeneration rates of meristems in both ‘Biatje ‘Desiree’ (p < 0,05¢2 tests, Table 2).

3.2 Effect of the composition of the regenerati@uiom

Even within the same species (iSnlanum tuberosumgenotype had the strongest effect on
the regeneration rate, the ‘Bintje’ and ‘Europatiaity being the most reactive and ‘Desiree’
and ‘Franceline’ the least.
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Globally, the best results were obtained with lowAsGand high or medium zeatin
concentrations for almost &l. tuberosunvarieties while IVP 48 regenerated better withhhig
levels of GA in the medium. No effect of GRor of zeatin was observed on regeneration
rates of the ‘Noisette’.

100
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80 +—

70 4

60 4

m@ 25g/1
% 50 m 509/
0O 7549/l

40

30 +—

20 +— — —

10

Bintje Bintje Désirée Désirée
-LN +LN -LN +LN

Fig 2. Percentage of plant regeneration from control (-LN) and from cryopreserved (+LN) potato shoot
tips as a function of the sucrose concentration of the initial mother plantlet propagation medium.
For each treatment 10 shoot tips for —-LN and 20 shoot tips for +LN were sampled and cultured.
Differences of less than 20% are not significant (p < 0,05; X2 tests).

Table 2. Effect of the pre-culture period on homogenization of the meristem state during the
preparation of the mother plant

Meristem excised on Rates (%) Desiree Bintje

) _ , Numbers of explants 123 124

Stem section with one axillary Survival 13 34
meristem subcultured for 7 days urviva

Regeneration 27 20

Numbers of explants 33 30

Plantlets subcultured for 3 weeks Survival 65 82
(control) urviva

Regeneration 51 67

4. Discussion

After having used the droplet freezing method abdeoving abnormalities in regenerated
plants in the field (data not shown), we decidedde the encapsulation-dehydration method.
Concerning pre-conditioning treatments, the resunksobtained show that by increasing the
sucrose concentration from 25 to 75 g/l in the megithere was no significant increase in
the regeneration rate of ‘Bintje’ nor ‘Desiree’. ihis in contradiction with the results

obtained by Fabre and Dereuddre (1990) who showatdincreasing the pre-culture period
on high sucrose medium could be beneficial.

The importance of the physiological state of thenpmaterial was already shown by Bouafia
et al (1996). To try to homogenize the state of theistems, stem sections with one axillary
bud were subcultured for seven days before merisganpling. This resulted in a significant
decrease in the regeneration rate in both varieties
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We tested different compositions of the regenematroedium to try increasing the
regeneration rate and to obtain plants withouti.c&8lgnificant “genotype Xx hormone

concentration” effects were observed.

All the factors studied proved to have an effecaifity negative) on plant regeneration after
meristem immersion in liquid nitrogen but a corems$t variety effect and significant
interactions ‘genotype x medium’ were also obserwvenich made it difficult to identify the

best method.
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Fig 3. Effect of the hormone concentration (GA; and zeatin) in the regeneration medium on the
regeneration rate of cryopreserved potato shoot tips of six potato varieties (number of cultured
meristem is between 54 and 74). Vertical bars are standard deviations.
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1. Introduction

Cryopreservation (liquid nitrogen, -196 °C) is amtly the only technique ensuring long-
term, safe and cost-effective conservation of \edgetly propagated plants and of non-
orthodox seed species (Engelmann 2011). In Framgepreservation is presently used only
for the conservation of genetic resources of atéthnumber of forestry species but it is not
used for food crops. With the aim of improving tbag-term safety and security of national
plant germplasm collections through the increasétisation of cryopreservation, the
Consultative Committee for Biological Resourcesffdstructures in the Biology, Health and
Agronomy sectors (CCRB/IBISA) opened in 2008 thdl €@a Projects "Biological Resource
Centers" and funded the CRYOVEG (Cryopreservatibrrrench plant genetic resources
collections) project, which had been submittedhis tall by a group of French researchers
and curators of plant germplasm collections.

The CRYOVEG project aims at 1) developing or optimg cryopreservation techniques in a
range of selected species; 2) establishing a ratsmentific and technical network of plant
biological resource centers (BRCs) using cryopkegem. The project has a network
organization, with IRD/INRA Montpellier as the cry@servation expertise centre and
partners in continental France and overseas deparsmin charge of genetic resource
conservation for various species: INRA Petit Boudgadeloupe (yam); INRA San Giuliano,
Corsica Citrus); INRA Bordeaux Prunug; INRA Angers (apple and pear); INRA
Montpellier (grapevine); INRA Ploudaniel (potatBrassicg; IRD La Réunion (coffee);
CIRAD Roujol, Guadeloupe (sugarcane); and CIRACR&anion (vanilla, garlic).
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The project started in September 2009. After adhing meeting held in IRD in October
2009, participants from all BRCs involved performadraining period in Montpellier on
cryopreservation of seeds, vitro shoot tips and/or dormant buds, depending on Hpacies

of interest, and then implemented the experimgmadiramme established with Montpellier
colleagues in their respective laboratories. Sévgaticipants also benefited from STSMs
funded by COST Action 871, which allowed them taeige additional training in
laboratories of European partners. In this paper,pnesent a brief summary of the results
obtained by project participants regarding cryopreation of dormant bud#) vitro cultures
and seeds during the first year of the project.

2. Results

Dormant buds

Apple and pearfor the first set of experiments, the cryopreagon technique developed by
the NCGRP (National Centre for Genetic Resourcesd?vation, Fort Collins, USA) was
employed. A total of 19Malus and 15Pyrus accessions have been tested. With apple, the
mean regeneration percentage was 32 %, with reqanying between 0 and 78 %, depending
on the accession. With pear, the mean regenergooentage was 28 %, with results
between 0 and 92 %. These results are extremea$fagaiory, particularly with, pear, which is
considered very difficult to cryopreserve.

Prunus The experiments have been performed with swPetinus aviumL.) and sour
cherries Prunus cerasud..), using the protocol established by Towill aRdrsline (1999).
Dormant buds of fivdPrunusgenotypes were first dehydrated to various mastantents,
cooled slowly or rapidly and regenerated eitheoulgh direct grafting on rootstocks or
throughin vitro culture of apices extracted from rehydrated dotnadls. Until now only a
limited percentage of regeneration has been olitaomdy fromin vitro cultured apices.

Grape Experiments were performed with dormant budsefuiariety ‘Muscat’, using various
combinations of dehydration (slow or rapid) and lcap (slow or rapid) methods. After
rewarming and rehydration, apices were extractaah he buds and introducedvitro. Only
apices sampled from buds dehydrated to 25 % meistontent and cooled slowly showed
signs of regrowth. This may indicate that thera difference in the reactivity of shoot tips,
depending on the dehydration and cooling procedure.

Citrus: preliminary experiments were performed wRbncirusdormant buds. No regrowth
has been obtained yet after cryopreservation.

In vitro cultures

Potato Experiments focused on several parameters of @heapsulation-dehydration
technique, including the size of the apices usedrgopreservation, pre-treatment of mother-
plants and composition of regeneration medium. dpiEmal stage of development of shoot
tips was between “open leaf primordia” and “closesaf primordia”. As regards pretreatment,
there was no positive effect on post-cryopresesmatiecovery of sampling shoot tips on
single node cultures. A culture of mother-plantsnoedium with high sucrose content had
different effects on recovery, depending on théiad. Finally, recovery was generally better
on medium containing Tendille and Lecerf (1974) enah elements.

Sugarcanethe encapsulation-dehydration technique was degtetwo sugarcane varieties.
Recovery of cryopreserved shoot tips varied betw&et4 % for one variety and between
10-30 % for the other.

Yam: the encapsulation-dehydration and droplet-vdafion were compared using vitro
shoot tips of one yam variety. Survival was higivth encapsulation-dehydration, reaching
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30 %, and less than 20 % with droplet-vitrificatiolue to the high toxicity of the vitrification
solutions employed.

Garlic and vanillapositive results were achieved with garlic durarginitial training period
in IPK, Germany. However no positive results webtaoed during additional experiments
performed in Réunion island, because the plant mahtemployed was not at the right
physiological stage. Only preliminary results wemerformed with vanilla, which did not
produce positive results.

Seeds

Traditional vegetable species from Réunion Isiasekds of accessions belonging to various
families including Fabaceae, Cucurbitaceae andn@okae and of several maize accessions
could be successfully cryopreserved using the pobtdeveloped by Dusseet al.(1997) for
coffee seeds.

Citrus. seeds of 33 varieties belonging to three genedalal species were cryopreserved.
The materials tested displayed different degrees taé&rance to desiccation and
cryopreservation, with some species showing highd sgermination after cryopreservation
(>80%), others intermediate germination (40-70 &Yy others low germination (<18 %).
Brassica seeds of 1Brassicavarieties were employed for cryopreservation expents.
Germination of cryopreserved seeds could be actiienth all materials tested, after partial
desiccation of seeds using saturated salt soluéindsslow or rapid cooling.

Coffee seeds of 138 accessions belonging to four speCiearabica(117 accessionsy;.
pseudozanguebariah), C. costatifructa(6) andC. racemosg5) were cryopreserved. The
results showed that processing of the seeds a#terest (moisture content, duration of
storage) is of critical importance. They also iradéd that it is possible to establish a cryobank
of C. arabicaand of a range of wild coffee species.

3. Conclusion

Very encouraging results have already been achidugdg the first year of the project. The
experimental programme of all participants for #exond year of the project has been
established, which should lead to improved restlthe end of the project. The establishment
of cryopreserved collections in a near future appaa a foreseeable reality for many species
included in the CRYOVEG project.
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1. Introduction

Socio-economically, one of the most important pei@nplants in Sub-saharan and hot
regions is date palmPfpoenix dactyliferal.). This is why extensive efforts have been
undertaken by the scientific community to overcarnastraints hampering the extension of
date palm plantations (El Hadrami and El Hadran@i@0Biotechnological tools are effective
to propagate, improve and conserve plant genesicurees (Patet al 2006; Parveeet al
2000; Engelmann 2004; Panis 2008). In the caseaiaf plalm, biotechnologies have already
been fully employed for large scale propagationi (Ek al. 2003; Fki et al. 2010).
Nevertheless, biotechnological approaches for dabe improvement and conservation still
need additional investigations. This study aimedpaiducing and cryopreserving highly
proliferating meristems which have the capacitgeénerate true-to-type vitro date palms.

A biochemical study was carried out to explain tise of the sucrose preculture and cold
hardening phases in the cryopreservation protocol.

2. Materials and Methods

2.1. Plant material

In vitro shoot cultures were established using date palmmiZein vitro tissue cultures.
Explants were a mixture of organs consisting obaphyll-free leaves, green leaves and
roots.

2.2. Methods

Explants were inoculated on MS medium (Murashigeé 8koog 1962) supplemented with
30, 50 and 70 g sucrose to produce highly proliferating meristeniior to
cryopreservation, meristems were cultured on MSimmednriched with 180 g'lsucrose or
incubated at 4°C for 2, 5 and 10 days. For cryapregion, standard vitrification,
encapsulation-vitrification and droplet-vitrificati protocols were applied (Parisal 2005).
For encapsulation, meristems were placed in autedla3 % sodium alginate solution
dissolved in MS medium without calcium, then suckednto a micropipette and dropped in
75 mM CaC} ; H,O (Lakshmana and Singh 1990). Meristem proliferaticas performed
employing temporary immersion system (TIS). Totdlible proteins were extracted and then
electrophorized on SDS-PAGE. Proline content wagrdened according to Batest al.
(1973).
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3. Results

Murashige and Skoog medium supplemented with 76 sutrose was effective to produce
highly proliferating meristems frorm vitro tissue culture. Hypertrophied chlorophyll-free
leaves showed the highest morphogentic capacityes produced numbers of caulogenic
meristems after 3 months (Fig. 1). Both sucroseytere and cold hardening considerably
improved post cryopreservation recovery after fiti@tion. At the biochemical level, these
treatments modified the soluble proteins profilesl ancreased proline content (Fig. 2 and
Table 1).

Compared to the standard vitrification protocol,e thencapsulation-vitrification and
particularly the ultra-rapid droplet freezing teajues proved their high efficiency for
cryopreservation of date palm ‘Kenizi’ highly prfeliating meristems. Thus, the highest
survival percentages using these techniques wer82&nd 61 %, respectively. We also
showed that cryopreservation did not affect the phogenetic capacities of the plant
material, and multiple bud cultures were estabtiskeploying temporary immersion system
(T1S). Morphological studies showed the genetichitity of clonal material following
cryopreservation.
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Figure 2. Effects of sucrose preculture (A) and cold
hardening (B) on the total soluble proteins profiles of
highly proliferating meristems. M: marker; Lane Al:
control; Lane A2: 2days 180 g/l sucrose; Lane A3: 5

Figure 1. Highly proliferating meristems
initiated from date palm ‘Kenizi’ in

vitro  tissue  culture. Hpm highly days 180 g/l sucrose; Lane A4: 10 days 180 g/l
proliferating meristem, R root, Gl sucrose; Lane B1: control; Lane B2: 2 days 4<T;
green  leaf, L  hypertrophied Lane B3: 5 days 4C; Lane B4: 10 days 4C.

chlorophyll-free leaf. Scale bar 2 mm

Table 1. Effect of sucrose (180 g I") and cold (4 ) treatments on proline content in date palm
caulogenic cultures. Experiments were replicated three times.

Proline content (g proline per g FW)
Duration of treatment (days)

Sucrose (180 gY) Cold (4 °C)

treatment treatment
0 105.3a 96.0 a
2 390.0b 386.0b
5 383.3b 395.0b
10 378.3b 398.3b

Data followed by the same letter within the same column are not significantly different according to Duncan’s test
(P < 0.05).
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4. Discussion

In this paper, we show that cryopreservation ohlyigroliferating meristems is a promising
tool to establish date palm cryobanks. We provedonefits of sucrose preculture and cold
hardening on post-rewarming regeneration. Bothtrirteats seemed effective to activate
genes coding for resistance towards severe osnsitess and ultra-low temperature.
Furthermore, alginate was not toxic to date palmisteans and protected them against cryo-
damages. This is in accordance with results oldaimg Daikh and Demarly (1987) and
Bekheetet al (2002) who confirmed that alginate does not aftete palm somatic embryo
germination. Many reports showed the efficiencytlag# vitrification technique and its two
derived protocols, encapsulation-vitrification ardtoplet-vitrification (see Sakai and
Engelmann 2007, for a review). From this study,ceaclude that droplet-vitrification is the
best technique for date palm germplasm cryobanking.

5. References

Bates LS, Waldren RP, Teare ID (1973) Rapid deteation of free proline for water stress
studies. Plant Soil 39:205-207

Bekheet SA, Taha HS, Saker, MM, Moursy HA (20023yhthetic seed system of date palm
through somatic embryogenesis encapsulation. Amc/ARygi 47:325-337

El Hadrami |, El Hadrami A (2009) Breeding daterpaln: Jain SM, Priyadarshan PM (eds),
Breeding Plantation Tree Cropbropical Species. Springer Science+Business Mqxta,
191-215

Daikh H, Demarly Y (1987) Résultats préliminaires Bobtention d’embryons somatiques et
la réalisation de semences artificielles de palrdegtier Phoenix dactylifera..). Fruits
42:593-596

Engelmann F (2004) Plant germplasm cryopreservatimyress and prospects. In Vitro Cell
Dev Biol Plant 40:427-433

Fki L, Kriaa W, Sahnoun N, Bouaziz N, Masmoudi Rir® N (2010) Production de
vitroplants de palmier dattier a I'échelle pilofschémas de production et traitements des
contraintes. In: Aberlenc-Bertossi A (ed) Biotecluges du palmier dattier. IRD Editions,
France, pp 195-214

Fki L, Masmoudi R, Drira N, Rival A (2003) An optised protocol for plant regeneration
from embryogenic suspension cultures of date p&hoénix dactylifera..) cv. Deglet
Nour. Plant Cell Rep 21:517-524

Lakshmana PV, Singh B (1990) Plant regeneratiomfemcapsulated somatic embryos of
hybrid Solanum melongena Plant Cell Rep 4:7-11

Murashige T, Skoog F (1962) A revised medium fa@idagrowth and bioassays with tobacco
tissue cultures. Physiol Plant 15:473-497

Panis B (2008) Cryopreservation of Monocots. IneR8M (ed), Plant Cryopreservation: A
Practical Guide. Springer, pp 241-280

Panis B, Piette B, Swennen R (2005) Droplet-vigafion of apical meristems: a
cryopreservation protocol applicable to all Musacdlant Sci 168:45-55

Parveez GH, Masri MM, Zainal A et al (2000) Transigeoil palm: production and
projection. Biochem Soc Trans 28:969-972

Pati PK, Rath SP, Sharma M, Sood A, Ahuja P®g2 vitro propagation of rose - a
review. Biotechnol Adv 24:94-114

Sakai A, Engelmann F (2007) Vitrification, encapgign-vitrification and droplet-
vitrification: a review. CryoLetters 28:151-172

134



Cryopreservation of potato landraces using dropletvitrification

Nataliia Shvachko and Tatjana Gavrilenko

N.l.Vavilov Institute of Plant Industry (VIR), Bdigya Morskaya Street, 42-44, St.
Petersburg, Russia.

1. Introduction

Presently, VIR holds the oldest and one of largestato collections, consisting of
approximately 8,700 accessions including cultivatedl wild species. The VIR potato
collection has a high practical importance, aseitves as the base for national breeding
programs. One of the most important parts of tHkeeciion are landraces representing native
cultivated species collected by VIR expeditionse Thost important task today is to develop
safety duplicates for the large field-maintainetlemtion of cultivated potato species.

At present about 250 potato accessions of cultivagpecies are conservad vitro
(Gavrilenko et al. 2007). Thein vitro collection was established with the following
objectives: to conserve genetic diversity, to nama duplicate of the most important part of
the field collections, to avoid losses of plant enal maintained in the field collections and to
conserve pathogene-free accessions under contagladitions. Recently we have initiated a
cryopreservation program for thisvitro material.

2. Materials and Methods

2.1. Plant material

The plant material used consisted of 15 accessibnsndean potato landraceSdqlanum
tuberosunssp.andigenum andof five accessions of Chilean potato landra@stuberosum
ssp. tuberosum Each accession was represented by one clonabtygen For
cryopreservation we isolated both apical and axilkauds of 20 accessions (Table 1).

2.2. Cryopreservation technigques employed

In vitro plants were cultivated on MS (Murashige and Skb®§2) medium at 22°C, with a
photoperiod of 16 h day/8 h night (Fig. 1A). Foyapreservation we used the droplet-
vitrification method of Panigt al (2005). Apical and axillary buds (from the uppenrt of
microplants) were transferred in liquid LS mediuar fiehydration and after 20 min they
were transferred in PVS2 solution (at 0°C). Budsewnplaced in small droplets of PVS2
medium on pieces of aluminum foil (Fig. 1B) andedity immersed in liquid nitrogen. Buds
were rewarmed in unloading solution at room temjpeea

In total 270 buds per accessions were isolafédee repetitions were executed for control
buds (cryoprotected, not cryopreserved) with 10sbper repetition for each type of explant
and 60 buds per accessions (30 - for control apiads and 30 - for control axillary buds).
210 buds (both apical and axillary) per accessi@mewcryoprotected and cryopreserved.
Three repetitions for each type of explant werecatexl from the cryopreserved material with
20 buds per repetition to examine regeneration fmthpical and for axillary buds — in total
120 buds per accession. Survival and regeneratevoeptages were determined for this
material on week 3, 6 and 8 after rewarming (F). Besides that, 90 explants per accession
were left in the cryotank for long-term conservatio
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3. Results

As expected, a high correlation was observed betwbhe survival and the regeneration
percentages, both for apical and axillary buds @ab. Depending on the genotype,
regeneration after cryopreservation (scored on v@ekaried from 15% to 86% with apical
buds and from 15% to 77% with axillabuds. More than half (11 of 20) accessions had
regeneration percentages higher than 50%. The mtege of regenerated plants using apical
buds was significantly (g 0,05) higher compared to axillary buds in six 6fé&cessions: k-
2084, k-3231, k-1751, k-1697, k-634, k-4499. Theaxgite situation was observed only in
two accessions (k-3987, k-9002); however in theeddifferences in regeneration percentages
were not significant (Table 1). No statistical difnces in regeneration percentages were
found between potato landraces belonging to differeubspecies S. tuberosumssp
andigenumand S. tuberosumssp. tuberosum Cryopreservation of endangered potato
landraces at VIR is in progress.

4. Discussion

The large field-maintained potato collections atRViequire the application of modern
techniques for safety duplication. Cryopreservationld ensure the secure and reliable long-
term conservation of the germplasm collection.hiis study a droplet-vitrification procedure
based on the work of Pangt al. (2005) was applied to 20 accessions of tetrapbaithto
landraces from the VIkh vitro collection. We showed that the application of fiistocol is
promising for cryopreservation of diverse tetragldandraces ofS. tuberosumalthough
survival and regeneration percentages were signifig affected by genotype. The
regeneration of plants from apical buds was siedilby higher than from axillary buds only in
six of 20 accessions. In most cases, differenceggeneration between these two types of
explants were not statistically significant. Thesseults support the use of axillary buds of
potato microplants in practical routine genebanjopreservation
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Table 1 Results of application of droplet-vitrification method for 20 potato accessions and two types of
explants (apical and axillary potato buds).

VIR Number of

Ne | S.tuberosum | catalog |apical/axillary Surviving,% Regeneration %

subspecies | number budg apical / axillary budg apical / axillarybuds
1 |ssp. tuberosum |Kk-2084* 60/60 31.7+1.4/21.0+2.5 21.7+2.0/ ¥25
2 |ssp. tuberosum |k-3456 60/60 78.3+3.8/76.0+5.2 78.3£3.8/76.0 £52
3 |ssp. tuberosum | k-7573 60/60 22.5+1.4/23.0t1.4 15.0+1.4/17.8+1
4 |ssp. tuberosum | k-7583 60/60 64.7+7.1/79.3+7.1 62.745.7 / 77.0+6.3
5 |ssp. tuberosum | Juz-8969 60/60 23.3£1.9/21.3+1.8 18.3+1.9 /29.8
6 |ssp. andigenum|k-1688 60/60 21.6+2.0/20.0+2.5 16.7+1.4 / 15.6+2
7 |ssp. andigenum|k-1697* 60/60 67.0 £6.5/62.0+5.2 61.7 £2.2/49.1+9.p
8 |[ssp. andigenum|k-1714 60/60 35.0+6.2/28.3+ 5.1 28.315.1/22.3+
9 |ssp. andigenum|k-1751* 60/60 45.0+£10.6 / 25.0+2.5 41.8+1.4/ 228
10 |ssp. andigenum | k-1775 60/60 72.7+9.8 / 78.049.3 72.7+9.8 / 76.3+8.%
11 |ssp. andigenum k-3231* 60/60 86.3+2.5/48.3+1.8 86.3+2.5/48.8r1
12 |ssp. andigenum|k-3987 60/60 66.3+3.8 / 75.7+5.2 66.3+3.8 / 75.2+
13 |ssp. andigenum | k-4617 60/60 27.548.6 / 52.5+10.11 17.5+2.8 / 362F¥
14 |ssp. andigenum | k-4634* 60/60 31.7+1.4/ 20.0+2.5 21.7+2.0/ 1205+
15 |ssp. andigenum | k-4499* 60/60 76.0+2.1/47.0+£2.1 76.0+2.1/ 420+
16 |ssp. andigenum|k-5588 60/60 72.0£2.2 /1 67.0£5.3 72.0£2.2 /1 67.3t5
17 |ssp. andigenum|k-8201 60/60 62.0£3.5/54.0+2.§ 62.0£3.5/54.8+2
18 |ssp. andigenum|k-9002 60/60 59.3+3.6 / 63.0+1.4 59.31+3.6 / 63.@+1
19 |ssp. andigenum|k-9571 60/60 20.0+5.8 /22.5+1.4 20.0+5.8/17.8+1
20 |ssp. andigenum|k-20579 60/60 68.0+5.0 / 51.0+7.7 68.0+5.0 / 51.0£7.7

*There were significant (p < 0,05) differences in regeneration between apical and axillary buds.
" In addition three repetitions for each type of explant with 10 buds per repetition were used as control for each

accession.

Fig. 1 Steps of cryopreservation: in vitro plants (A), explants in the droplets of the PVS2 on pieces of

aluminium foil (B) and plant regeneration (k- 1775) after cryopreservation (C).

137



Cryopreservation: an efficient tool for Pelargonium
species long-term conservation

Agnes Grapin, Anthony Gallard, Camille Le Bras, Neo®orion

AGROCAMPUSOUEST INHP. UMR GenHort. 2 rue Le Notre. 490ABNGERS CEDEX France

1. Introduction

The Pelargoniumgenus (Geraniaceae) plays an important economg irolornamental
horticulture. APelargoniumcollection, located in an AGROCAMPUS-OUEST greergeu
has been vegetatively maintained for decades.ntagws nearly 500 accessions, including a
majority of P. x hortorum(60%) andP. x peltatum(25%) cultivars. In order to guarantee this
collection, apex cryopreservation studies have heelertaken since 2000 with the following
objective: to set up a reproducible and efficiemt@col which could be applicable to a large
range of genotypes and could produce healthy titigge plants.

2. Protocol set up

To set up an efficient protocél. x peltatum'Balcon Lilas’ was chosen as model accession.
The encapsulation-dehydration approach was fingtechout, mainly studying 3 steps of the
process: preculture, evaporative dehydration aaditiy (Grapinet al, 2001; Dumett al,
2002; Grapinet al, 2003). Only sucrose, among the osmotica testédeasame osmolarity
(glucose, sorbitol), allowed us to obtain an apeberance to desiccation which could be
compatible with survival after exposure to liquittagen (Grapiret al, 2007).

Then, a droplet-vitrification procedure was develdpadapting &usaprotocol (Pani®t al,
2005). The optimised durations in the loading sofutand in plant vitrification solution 2
were 20 and 15 min respectively (Gallatal, 2008). This new procedure gave better and
more reproducible survival and regeneration reghls the droplet-vitrification one. Testing
it on 28 accessions, representative of the gerugsdiiy, an average of 65% survival rate was
obtained and plants were regenerated for each gmmoexcept forP. x peltatum ‘Papa
Crousse’. The establishment of a cryobank coulthbe conceivable.

3. Genetic stability of Pelargonium cultivars

As Pelargoniumis an ornamental plant, the phenotypic stabilitythee recovered plants is
essential. Plants regenerated from control andpcegerved apices were observed for seven
cultivars, using preferentially quantified charasteThe regeneration of both cryopreserved
and non-cryopreserved apices produced true-to-pypats, except for some variegated
cultivars which are periclinal chimeras. This ca@ ¢orroborated by the fact thapex
regrowth was mostly direct, as demonstrated bylugical studies.

4. Cryotherapy

The possibility of eradicating the pelargonium febreak virus (PFBV) and pelargonium
line pattern virus (PLPV), two viruses widely presén the plants of our collection, by the
cryotherapy of axillary shoot apices was investadat

Immunolocalisation demonstrated the presence of\P&REd PLPV inPelargoniumapices,
even in the meristematic dome. Apex culture did albtinate PFBV and only 15 %
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regenerated plants of ‘Stellar Artic’ were ELISA PP-negative. Cryotherapy was more
efficient in producing ELISA-negative plants: 25%da50% of the plants tested, for PFBV
and PLPV respectively. However, immunolocalisationdertaken on apices from the
ELISA-negative cryoregenerated plants showed tHaty t were still virus-infected,
demonstrating that cryopreservation can only pagguce the quantity of these viruses in
Pelargoniumplants but not eliminate them totally (Gallaetal, 2011).

5. Dynamic study of cellular events during cryopresrvation

Over the last few years, neimaging techniques have been developed, mainlynimal
sciences, creating real-time or 3D images. RealeTticroscopy (RTM) allows us to
observe living cells without stain or contrast age@onfocal Laser Scanning Microscopy
(CLSM), combined with special software, allows osréconstructissues or organs three-
dimensionally. We have adapted these two techniques in order tterbenderstand
Pelargoniumapex evolution during some steps of a dropletfigation protocol, focusing on
the structural modifications due to the additionL& and PVS2 Gallard et al, 2009. We
have demonstrated that it is possible to have aeseg of the events in real time. We have
characterised and quantified the LS protectingceffe

6. Conclusion

The best results fdPelargoniumcryopreservation were obtained with a dropletifigition
procedure. The protocol is very simple, without angtreatment or prian vitro step. It was
successfully applied on 10 differefelargonium species. For non-chimeral cultivars,
the regenerated plants were phenotypically truisye-

Recently, cryopreservation &tosahas been undertaken with promising results.
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Table 1: Apex survival and number of regenerated plants of Pelargonium accessions after

cryopreservation by encapsulation-dehydration or droplet-vitrification.

Cryopreservation procedure Encapsulation- Droplet-Vitrification
Dehydration
Speci : Nb of  Survival Nb of  Survival Nb. qf Nb qf Nb plants
pecies Cultivars apices (%) apices (%) surviving - regrowing / Nb
apices plants apices
Section Ciconium
X hortorum  Alain 24 42 31 58.1 18 11 0.4
Belle de 39 462 18 6 0.2
Granges
Bicolor 24 84 35 714 25 13 0.4
Cahors 24 49 36 88.9 32 12 0.3
Distinction 8 12 36 72.2 26 22 0.6
Féerie orange 39 56.4 22 18 0.5
Fortuna 30 66.7 20 12 0.4
Isabell 24 33 33 87.9 29 17 0.5
Neurot 31 90.3 28 20 0.6
Panaché sud 48 60.4 29 9 0.2
Renard bleu 24 28 41 78.0 32 15 0.4
Stellar artic 24 46 34 70.6 24 15 0.4
Ville d'Ostende 44 75.0 33 32 0.7
x peltatum  Avalanche 37 37.8 14 4 0.1
Balcon lilas >500 301090 72 66.7 48 31 04
Balcon rouge 80 73 45 64.2 30 16 04
La France 9 44 40 70.0 28 13 0.3
Martine 33 81.8 27 8 0.2
Papa Crousse 9 22 32 344 1 0 0.0
Raymonde 10 10 36 55.6 20 4 0.1
acetosum 30 70.0 21 17 0.6
Section Glaucophyllum
domesticum Pansy 24 70 29 82.8 24 21 0.7
Section Jenkinsonia
tetragonum 30 40.0 12 25 0.8
Section Pelargonium
capitatum 30 90.0 27 19 0.6
crispum 24 70.8 17 11 0.5
cucullatum 40 72.5 29 14 0.4
Section Polyactium
gibbosum 32 40.6 13 4 0.1
Section Reniformia
X fragrans 8 37 27 14.8 4 1 0.03
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First results on cryopreservation by dormant
bud technique of a set oMalus and Pyrus cultivars
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1. Introduction
The Pip Fruit Biological Resources Centre of INRMafional Institute for Agricultural
Research) located in Angers (France) is in charfjeghe preservation, management,
characterization and promotion of traditional angkstific genetic resources of apple (8,493
accessions), pear (825 accessions), quince (64saone) and related species. The creation of
a cryobank should allow us to optimize the secudtylong term preservation of these
germplasm collections.
The development of a cryopreservation program pmpieaand pear germplasm was initiated
in 2010 in the UMR GenHortAngers) thanks to our participation in the natiopeoject
CRYOVEG, funded by the French public body IBIS@iology Infrastructure Health and
Agronomy), which aims at developing or optimizimyapreservation techniques for different
plant species maintained in French Biological Resgal Centres, and at establishing at the
national level a scientific and technical cryoprgagon network.
Two training periods in USDA NCGRP, Fort Collins N&5" January to 28 January 2010)
and in JKI Dresden Germany*(Eebruary to 8 February 2010) funded by IBISA and COST
respectivelyallowed us to improve our skills and knowledge dlibis technique.
The aims of this project were two-fold:

» to validate the reference protocol in our expental environment (equipment, plant

material and climatic aspects),
* to evaluate the response of different genotyp@siogermplasm collections.

2. Materials and Methods

2.1. Plant material
The plant material used was a set of diverse geestyof Malus and Pyrus from our
germplasm collections:
» 15Malusvarieties: ancient (11) and modern (2) varietiedaxsert apple, ancient varieties
of cider apple (2).
» 15Pyrusvarieties: ancient varieties of European pear (I&jeties of nashi (3).
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2.2. Cryopreservation protocol employed at INRA UB&hhort

The experimental protocol used in Angers was adiafpten reference protocols developed in
USDA NCGRP, Fort Collins (Towilet al, 2004; Towill and Ellis, 2008). The different ssep
of protocol were:

« Sampling of graftwoods: the budsticks were hangestelanuary 2010 in cold conditions
(-3 °C). Three consecutive days of negative tentpeza before harvesting were
observed, which corresponds to the optimal conditior the reference protocol.

» Storage of graftwoodst -0.5 °C in airtight bag during 4 to 12 weeks.

» Preparing of samplesingle nodal sections, 3.5 cm long, with the budentral position
were prepared from budsticks at -0.5 °C.

» Desiccation of nodal sectioms -5 °C in an incubator (Sanyo ® MIR 254). Theeatiye
was to reach 30 % moisture content (fresh weighisha

« Slow cooling: Sections were packaged in plastic tubes for slowlimg in a climatic
chamber (Binder ® MK53) at 1 °C/h to -30 °C withaaiditional step at -30 °C for 24 h.

» Storage in plastic tubes in the vapour phase ageidl nitrogen in a liquid nitrogen
freezer(Taylor-Wharton ® 750 RS) for 72 h.

» Slow rewarmingn plastic tubes at +3 °C for 24andrehydrationin plastic bags filled
with moist peat moss at +3 °C for 8 to 15 daysedelng on the variety.

» Regenerationgrafting of the buds by the chip budding technigneMM106 rootstocks
for apple and Kirschensaller rootstocks for pear.dach test date and variety, at least 12
buds from cryopreserved material and 6 buds froeshfrmaterial were grafted. The
rootstocks were planted in pots in greenhouse tor@weeks before grafting.

Regeneration of cryopreserved material in compariso n with fresh material from different apple
varieties.
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Figure. 1: Regeneration of cryopreserved material in comparison with fresh material from different
apple varieties (percentages were calculated from at least 12 buds from cryopreserved material
and 6 buds from fresh material).
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3. Results

Considering all the experiments, the average r@géna percentage after grafting of fresh
material was 69.6 % for apple and 54.6 % for pedile the average regeneration percentage
after grafting of cryopreserved material was 31.&#%@apple and 26.9 % for pear.

For apple (Figure. 1), the regeneration percentafjes/opreserved material ranged from O to
77.8 %. Three genotypes (‘Petit amer’, ‘Pomme FoeigéRose de Benauge’) did not
respond to the technique. When using the same quioio different series of tests at different
dates, regeneration after cryopreservation fluethidtetween 6.3 % and 66.7 % for ‘Golden
Delicious’ and between 50.0 % and 75.0 % for ‘Gala’

Regeneration of cryopreserved material in compariso n with fresh material from different pear
varieties.
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Figure. 2 : Regeneration of cryopreserved material in comparison with fresh material from different
pear varieties (percentages were calculated from at least 12 buds from cryopreserved material and
6 buds from fresh material).

For pear (Figure. 2), the regeneration percentajjesyopreserved material ranged from
0 to 91.7 %. Five genotypes (‘La France’, ‘HostComice rouge’, ‘Choju’, ‘Epine du Mas’)
did not respond to the technique. When using tineesarotocol in different series of tests at
different dates, regeneration after cryopresermatioctuated between 11.1 % to 91.7 % for
‘Williams'.

4. Discussion

The dormant bud cryopreservation protocol coulduieessfully applied in our experimental
conditions and on our plant material, both wRlgrus and Malus These results are very
encouraging, especially faPyrus which is reportedly more recalcitrant to the method
However, the current protocol does not yet guamatesatisfactory regeneration percentage
for all genotypes, nor a satisfactory reprodudypitif the results for a given genotype. Several
factors, which seem to significantly influence thesults have been identified: bud
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morphotypes, rehydration phase (technique useddamnation), rootstock calibre, grafting
technique, etc. In 2011, the key points which niedoe further examined are the optimal bud
residual moisture content, the slow cooling, rewagrand rehydration phases, as well as
some technical questions related to grafting.
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Duration of culture of grapevine (Vitis vinifera) microcuttings
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1. Introduction

Cryopreservation is the only method currently ata# for the safe, cost-effective, long-term
conservation of vegetatively propagated plant ggesuch as grapevine. Cryopreservation
protocols have been established for shoot tips Egimfsom grapevindn vitro plantlets
(Plessiset al. 1993; Wanget al.2000; Zhacet al.2001; Matsumoto and Sakai 2003).

An important parameter for successful cryopresemas the physiological state of the plant
material, and buds taken at different levels ornsti@ots of the stock plants could differ in this
regard. It can then be advisable to preculture ouigtings to obtain axillary shoots from
which terminal buds can be sampled, constitutingoae homogeneous explant population. A
cytokinin can be used at this stage to achievekguiand more homogenous shooting from
the microcuttings. Zeatin riboside (ZR) has beeawshto stimulate bud proliferation in
grapevine (Goussard 1987). As culture duration Bmxedium could affect the physiological
state of the plant material, we investigated thfecefof this parameter on grape shoot tip
recovery after cryopreservation.

2. Material and methods

2.1 Plant material

The plant material employed in this study consisiéth vitro plantlets of grapevinévtis
vinifera) cultivar ‘Portan’, (initial material courtesy tfie late Dr A. Bouquet) obtained from
the INRA grapevine germplasm field repository ins¥al, France.

2.2 Methods

In vitro culture In vitro plantlets were cultured on half-strength MS med{lvarashige and
Skoog 1962) containing 20 g/l sucrose and 7 gh.adzey were kept without subculture for 2
months at 26 = 1 °C under a 16 h light/8 h darktpperiod, with a light intensity of 3000 lux
until they were approximately 12 cm long. The pletstwere then dissected in microcuttings
consisting of stem fragments of approx. 1.5 cm witle bud, which were placed on culture
medium containing 1 uM ZR, and kept on this medfam4 to 16 weeks with transfer to new
medium every 4 weeks. Control samples consistexhobt tips, which were not cultured on
medium with ZR. Mean explants number per treatnaexst 10.

Cryopreservation The droplet-vitrification technique was employewr shoot tip
cryopreservation. After excision, shoot tips wetacpd for 24 h on a medium containing
0.3 M sucrose, treated for 20 min with a loadinfyison containing 1.2 M glycerol + 0.4 M
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sucrose, then with cold (0 °C) half-strength PV&8&fication solution (Matsumoto and Sakai

2003) for 30 min, dehydrated with full-strength PA/8r 25, 50 or 75 min, cooled rapidly in

liquid nitrogen in PVS2 droplets placed on alummitpbils, rewarmed rapidly by immersion

of foils in an unloading solution containing 1.2 $dcrose for 20 min, then transferred for
recovery on half-strength MS based with 1 uM BA (\Wat al.2003).

3. Results

Recovery of cryopreserved shoot tips was achieved ap to 8 weeks of culture on ZR

medium (Table 1). No regrowth was obtained aftergy culture durations. The highest
regrowth percentages (40-45 %) were noted with tstyo® cultured on ZR medium for 4 or 8

weeks, which had been treated with PVS2 for 75 Regrowth of cryopreserved shoot tips
was rapid and direct (Fig. 1). Extended cultureation on ZR medium induced callogenesis
during the development of microcuttings (Fig. 2).

Table 1. Effect of culture duration on medium with ZR and of duration of exposure to PVS2 on
recovery (%) of grapevine shoot tips after cryopreservation.

Culture duration on ZR Recovery (%)

medium (weeks) Duration of exposure to PVS2 (min)
25 50 75

0 33 6 20

4 18 20 40

8 0 30 45

12 0 0 0

16 0 0 0

Figure 1: Regrowth of cryopreserved shoot Figre 2: Extended culture duration of shoot tips
tip treated with PVS2 for 75 min. on ZR medium induced callogenesis.

4. Discussion

This study demonstrated that microcutting cultueation on ZR affected shoot tip recovery
percentage after cryopreservation. Shoot tips shbelsampled on microcuttings cultured on
ZR medium for 0-8 weeks. Although a stimulatoryeeffof preculture cannot be undoubtedly
demonstrated from these experiments, it can be rkmtdathat the highest recovery
percentages obtained in this study were achievest ahe or two preculture cycles on
ZR-containing medium.
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Only intermediate recovery was obtained after crgservation in these preliminary
experiments. Improved results may be achieved hothp modifying PVS2 treatment

duration, or by using other vitrification solutiormich as PVS3 or recently developed
alternative solutions (Kiret al.2009).
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1. Introduction

The Fruit Research Institute is a leading sciemtiistitution in the field of fruit growing in
Serbia. Besides the long-term scientific reseandhe field of fruit breeding, the Institute has
long tradition of collecting, evaluating and utitig autochthonous genotypes. Tée situ
collection of the Institute comprises 1,136 genesymf different fruit species (cultivars
developed at the Institute, autochthonous and doted cultivars). Therefore, it is of vital
importance to prevent the extinction of this exteiyrwaluable germplasm. In recent times,
the tissue culturggroup of the Institute has initiated the applicatiof cryopreservation
techniques for long-term conservation of tempefatié species, which adds substantially to
traditional germplasm conservation (Ruetal. 2010; Condellet al. 2010).

2. Materials and Methods
2.1. Experimental design
Twelve combinations were monitored and five api¢egplants) were used for each

experimental condition (Table 1).

Table 1. Experimental design.

Alginate  Sucrose concentration Desiccation Combination

No % (M) (h) mark

1 3 0.75 4 0.75-3/4
2 3 1 4 1-3/4

3 5 0.75 4 0.75-5/4
4 5 1 4 1-5/4

5 10 0.75 4 0.75-10/4
6 10 1 4 1-10/4

7 3 0.75 8 0.75-3/8
8 3 1 8 1-3/8

9 5 0.75 8 0.75-5/8
10 5 1 8 1-5/8
11 10 0.75 8 0.75-10/8
12 10 1 8 1-10/8

2.2. Plant material used

In the present studyn vitro grown shoot tips of cherry plun®P unus cerasifer&hrh.) were
tested for regrowth after cryopreservation usirstjghtly modified encapsulation-dehydration
method described by Dereudditeal. (1990).

148



2.3. Cryopreservation techniqgue employed

For cryopreservation, the encapsulation-dehydrati@thod (E-D) was used. Excised shoot
tips, 2-3 mm long (leaves excluded), were encapililen alginate beads composed of 3%,
5% and 10% (w/v) low viscosity alginic acid — sadisalt (ACRDS Organics, Belgium) in
liquid Murashige and Skoog medium (MS) (1962) withaCaC}, supplemented with
benzyladenine (BA) 1 mg' indol 3-buturic acid (IBA) 0.1 mg'and gibberelic acid 0.1 mg,|
(pH 5.7) and were allowed to polymerise for 30 ratnroom temperature in MS medium
supplemented with 100 mM CaCand 0.06 M sucrose. Encapsulated shoot tips were p
treated in liquid MS medium with 0.75 or 1 M su@dsr 24 h in the growth room (Fig. 1).
Desiccation included placing beads in air-tight taorers (3.5 x 4.5 cm; five beads per
container) with 8 g silica gel for 4 and 8 h (morst content ~29% and 20% respectively).
Desiccation curves were previously drawn to cateuthe moisture content after desiccation
between 0 to 24 h. Dried beads were placed in 2paolypropylene cryovials (five
beads/cryovial) and plunged directly into liquidrogen (LN) for at least 1 h. Rewarming
involved placing the cryotubes in the air currehth@ laminar flow cabinet for 2 min. White
beads bearing ice were not well dehydrated and therefore rejected. The beads were then
transferred to Petri dishes containing standarditmedMS medium supplemented with BA 1
mg I, IBA 0.1 mg I and GA 0.1 mg 1%, pH 5.7, 0.06 M sucrose and 7.2'gdgar and kept
in the growth room in the dark for 7 days. Explamisich resumed normal development
(production of new leaves and/or expansion of sstadlotlets) 28 days after cryopreservation
were considered as regrowing.

Table 2. Regrowth of shoots 28 days after LN treatment.

Combination % beads with ice after Non-regenerated Regrowth  Average nbr of

mark immersion in LN explants (%) (%) shoots per explant
0.75-3/4 40 20 40 2.5
1-3/4 0 60 40 2.5
0.75-5/4 0 100 0 -
1-5/4 0 100 0 -
0.75-10/4 100 0 0 -
1-10/4 40 60 0 -
0.75-3/8 0 40 60 2.3
1-3/8 0 100 0 -
0.75-5/8 0 40 60 1.0
1-5/8 0 100 0 -
0.75-10/8 0 100 0 -
1-10/8 0 80 20 1.0

Fig. 1. Encapsulated shoot tips of cherry plum Fig. 2. Shoots after 1* subculture after regrowth
after treatment with 1 M sucrose. from LN.
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3. Results

It was only 8 days after the transfer of explantghe light that the first alginate bead was
observed to burst. After 1 h immersion in LN soneads contained ice, particularly after a 4
h desiccation period, regardless of alginate camagon. The highest regrowth, amounting

up to 60%, was obtained with 8 h desiccation a8 01 sucrose pretreatment, regardless of
alginate concentration (Table 2). In the first sulhae after regrowth, shoots had short stems
with tiny, emerging buds, but after two successinbcultures they regained the morphology
of in vitro cherry plum and had longer stems and a highernptiaétion index (Fig. 2).

4. Discussion

The encapsulation-dehydration technique displayersgévadvantages: easy handling of
samples, simplification of cryoprotective mediagmehation of costly programmable freezers,
and increased sized of explants withstanding LNag® (Gonzales-Arnao and Engelmann
2006). In this paper we demonstrated that shostdifgherry plum could be cryopreserved by
E-D technique. Osmotic dehydration in 0.75 M suerfdlowed by 8 h desiccation gave the
highest regrowth after LN (60%) for explants encdgied in both 3% and 5% alginate beads.
Reedet al. (2008), with same cryotechnique, obtained simiégrowth forRubussp. plantlets
following LN. Cryopreserved shoot tips multiplied successive subcultures had a normal
morphology in the second subculture after regrowtith a similar multiplication capacity
compared with non-cryopreserved shoots. Consideoung aim, which is to establish a
nationalin vitro fruit genebank, these results represent a conioibub the development of
standard protocols for maintenancarotitro fruit germplasm, as well as for the introduction
of cryopreservation as a hew research area inauntrgy.
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Cryopreservation of Asplenium cuneifolium gametophyte and
regeneration of plant material in post-rewarming cuture
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1. Introduction

The aim of this study was to determine the efféargopreservation methods on the viability
of Asplenium cuneifoliungametophytes, their recovery ability in post-rawiaig culture and
reproduction through sporophyte generation.

Culture of gametophytes, initially only tree fer(Goller and Rybczynski 1995; 2007) and
later on herbaceous ferns, helped us increasing gamden collections. Later on our
experience on how to initiate and carry out gameytgin vitro culture was used for
cryopreservation experiments in the framewotk ofSTQ\ction 871.

In the sexual life cycle, independent sporophyté gametophyte generations alternate with
each other. The life span of gametophytes (i.edidmeneration) is limited, independent of
the systematic position of the species. Gametoglgaeald complete their whole life cycle in
in vitro conditions form germinating spore to zygote ofrepbyte (Rybczyski and Mikuta
2011). However, thein vitro multiplication is quite easy and provides unlirditeumbers of
explants for various experiments. Such single Iasler explants appeared very useful for
cryopreservation experiments. Cryopreservationctsaly recognized as the safest method
for long-term conservation of plant material inuid nitrogen. In the Botanical Garden, the
encapsulation-dehydration technique was developkd. technique effectively ensured the
viability of gametophytes of seven tree fern specd two herbaceous ones. Despite
significant differences in resistance to cold eonment of sporophytes of the studied fern
species, viability of their gametophytes after gmgservation was high, and attained from 70
to 100% (Mikutaet al.2011).

2. Material and Methods

2.1. Plant material

Gametophyte cultures were initiated fraksplenium cuneifoliunspores, obtained from the
Botanical Garden of Wroclaw University in PolandheT proliferation of secondary
gametophytes occurred on ¥2 MS medium with 2 % secneith pH adjusted to 5.8.

2.2. Cryopreservation technigques employed

Primary gametophytes at the heart stage were ggbjéc cryopreservation experiments as
follows: encapsulation, 2-week long preculture 0\ sucrose and 10l ABA), 3-day long
pretreatment with increasing sucrose concentrgdfidh M, 0.75 M, 1 M), 5-h air desiccation
and 3-day long cryostorage. In a second experinleatncapsulation—vitrification procedure
was employed. In this method, encapsulated gamgtephwere treated with PVS3
vitrification solution for 0.5 h, 1.0 h, 2.0 andh3 then immersed in liquid nitrogen (Fig.1).
Encapsulated gametophytes treated with PVS3 saldtid non-frozen were designated as
controls.
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3. Results

Depending on the method employed, gametophytes amrapsulated, thus resulting in the
protection of their structural integrity againstrinéul high concentration of applied cryo-
solutions (Mikuta et al 2011). Non-cryostored, encapsulated gametophigsuds of
Asplenium cuneifoliurwithstood PVS3 treatment for 0.5-3.0 h, showin@%0survival (Fig.
2). Cryopreservation resulted in a decrease inigirto 80%. Survival of gametophytes was
100% after cryopreservation by encapsulation/dedtiair (Fig. 3). Both methods guaranteed
cell viability within individual explants from 80%o 100%. The formation of sporophytes
from non-frozen gametophytes (controls) was achievithin 9 months of culture initiation.
After cryopreservation, the regeneration procesgarhetophytes and the reproduction of
sporophytes were delayed by about one month in adsgn to controls. This period was
needed to carry out the cryopreservation procedlifee cryopreservation experiments
performed with gametophytes confirmed that the psektion-dehydration method
developed is more effective than encapsulationficaition to ensure high viability and rapid
recovery of sporophyte cultures (Fig. 3).

4. Discussion

The combination of gametophyte culture with crygpreation allowed creating an active
program of endangered fern species protection. eltresults confirmed earlier results
achieved with selected species of tree ferns. éndlise of encapsulated gametophytes of
Dicksonia fibrosaandCyathea delgadi{C. schan-chijy 100% survival after cryopreservation
was achieved, independent of the preculture carditiGametophytes of five other species
produced 60-80% survival. The application of a 2k@reculture with ABA gave better
results compared with preculture without ABA foesle species (Makowsét al. 2009).

PVS3 treatment
05123h

Figure 1 . Cryopreservation procedure for Asplenium cuneifolium gametophytes using of two different
cryotreatments: encapsulation-vitrification (blue) and encapsulation-dehydration (yellow). A) Initial
gametophyte culture, B) Encapsulation and preculture, C) Osmotic dehydration, D) Air desiccation,
E) Storage in LN, F) Rewarming 38°C/3 min.), G) Recovery culture of gametophyes, H) Sporophyte
production in post freezing culture.
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Figure 2. Effect of duration of PVS3 treatment on survival (%) of gametophytes of Asplenium
cuneifolium, cryopreserved using an encapsulation-vitrification protocol.
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Figure 3. Efficiency of two cryopreservation techniques used with Asplenium cuneifolium gametophyte
(E/V - encapsulation-vitrification, E/D - encapsulation-dehydration).
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Cryopreservation of olive embryogenic cultures
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1. Introduction

Olive (Olea europaed..) is the second most important oil fruit treegmorldwide after olil
palm (Baldoni and Belaj 2009). Although it is a ibgd and widespread tree of the
Mediterranean region, in the latest years it hgsaesded also in non-traditional producer
countries such as the United States, AustraliaJapdn (Pinellet al. 2003). According to the
importance of this crop, a number of olive breedimggrammes are carried out around the
world to produce new varieties. However, differe&dtors such as its long juvenile phase, the
low level of fruit set and the erratic seed gerrtiora (Acebedoet al 1997) limit the
development of new cultivars. Biotechnological awhes will help overcome these
problems, thus significantly reducing the time rieegh to get results. The application of
biotechnological tools for olive breeding, such genetic transformation, somaclonal
variation, in vitro mutagenesis or protoplast manipulation, relies ba availability of
embryogenic lines.

Somatic embryogenesis has been successfully achieveany olive cultivars from different
explants (Rugini and Baldoni 2005). Neverthelesduction of embryogenic cultures is time
consuming and, in some cases, can only be cartedvben explants are at the desirable
stage. Routine maintenance of valuable embryoderas by periodic subculturing is also a
laborious task and may lead to culture contaminatioss of embryogenic competence and
loss of genetic stability. Therefore, embryogenidtures represent a material of great
biotechnological value which is important to addglyaconserve. Cryopreservation allows
the maintenance of valuable embryogenic lineszedi in bioengineering, avoiding the
drawbacks due to repeated subculturing or allowtmg storage of transgenic material
carrying genes of interest while field trials aregoing (Lynch 2000).

2. Cryopreservation of olive

Cryopreservation of olive embryogenic cultures wesorted for the first time by Shibli and
Al-Juboory (2000) who cryopreserved somatic embrgbthe cotyledonary stage (1-2 mm
long) using encapsulation-dehydration and encapsaolaitrification. With encapsulation-
dehydration, a maximum of 40% regrowth was obtawkén beads were precultured for 4
days in hormone-free liquid medium containing OMSucrose and subsequently dehydrated
under the laminar flow cabinet for 4 h (21.1% beabisture content). Using the
encapsulation-vitrification method, the best resuf4% regrowth) were obtained when
encapsulated embryos were incubated in a PVS2ieolat C for 3 h. A treatment of the
embryogenic callus for 1 day at °80 before encapsulation effectively increased rettow
with both techniques, achieving 50 and 58% regrofethencapsulation-dehydration and
encapsulation-vitrification, respectively.

Lambardiet al (2002) cryopreserved embryogenic tissues compo$exh assortment of
somatic embryos at different developmental stagbaprmal embryos and other teratomic
forms. Both, controlled rate and vitrification/osep freezing procedures were applied in this
investigation. The best results were obtained &t&0 min incubation period in the PVS2
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solution at 6C and direct immersion in liquid nitrogen. Undeesh conditions, 38% of
samples showed post-rewarming regrowth.

More recently, Sanchez-Romegbal (2009) studied the influence of the developmesiizde

of embryogenic explants on toxicity of cryoproteetsolutions used in the vitrification-based
methods. The results obtained revealed that orgdnambryogenic tissues were more
sensitive to loading solution (LS) and PVS2 tham-noganized tissues. Although recovery
levels were not significantly affected by cryopudtee solutions for the time periods tested,
significantly lower regrowth rates were obtainedewhsomatic embryos were used as
cryopreservation explants.

Sanchez-Romeret al. (2009) also compared three cryopreservation potdéouasing non-
organized embryogenic tissues: a slow cooling neetlt’C min'), the “classical”
vitrification protocol and droplet-vitrification oaluminium foil strips. The best results were
obtained using the droplet-vitrification methodeafttO min incubation in PVS2 af@.
Although 100% recovery was achieved in both vitefion-based protocols, regrowth rates
were significantly higher when using droplet-vittdtion. The application of a long-term
preculture in basal medium containing 0.4 M suctuesg a significant influence on the initial
response of cultures, protecting cells againstdkie effects of the vitrification solutions.

The ultra-fast freezing protocol using droplet4fitation on aluminium foil strips was
subsequently utilized to cryopreserve olive somatitbryos (Bradai and Sanchez-Romero
2010). In order to optimize this technique for tlype of explants, different times of
incubation in PVS2 were tested with different cklles. In agreement with previous
observations (Sanchez-Romeabal. 2009), the high sensitivity of olive somatic emisyto
PVS2 was a generalized response and could be @dserall cell lines tested. Consequently,
although high recovery was generally obtained, aetn rates, six weeks after
cryopreservation, were very low in all cases. ldeorto improve cultures response after
cryopreservation, Bradai and Sanchez-Romero (28tidjed the effect of different sucrose
precultures using the droplet-vitrification proceelu In general, sucrose pretreatment
increased recovery after cryopreservation; cultegrowth was more vigorous and somatic
embryos appearance significantly improved. A deszeia the time required for observing
new proliferation was also evident.

3. Conclusion

In conclusion, cryopreservation of olive embryogerdultures can be considered an
achievable objective that can be addressed by wdffeyent techniques. Nevertheless, the
best results are obtained with droplet-vitrificati@on aluminium foil strips. Using this

technique, it is possible to successfully cryopneseembryogenic tissues at different
developmental stages. Nevertheless, further inyatsbn is advised in order to improve
somatic embryos response.

4. References

Acebedo MM, Lavee S, Lifian J, Troncoso A (1997)vitro germination of embryos for
speeding up seedling development in olive breegimgrammes. Sci Hortic 69:207-215

Baldoni L, Belaj A (2009) Olive. In: Vollmann J, fean | (eds) Oil crops. Handbook of plant
breeding, vol 4. Springer Science + Business Mddiéay York, pp 397-421

Bradai F, Sanchez-Romero C (2010) Cryopreservatiaslive (Olea europaed..) somatic
embryos. Proceedings of the 4th Conference Workargup 1, COST Action 871.
Fundamental Aspects of Plant Cryopreservation -ofotection and Genetic Stability,
Poznan (Poland)

155



Bradai F, Sanchez-Romero C (2011) Effect of sugposeulture on cryopreservation of olive
somatic embryos. Proceedings of the Final meet@& CAction 871. Cryopreservation of
crop species in Europe, Angers (France)

Lambardi M, Lynch PT, Benelli C, Mehra A, Siddika(2002) Towards the cryoconservation
of olive germplasm. Adv Hort Sci 16:165-174

Lynch PT (2000) Applications of cryopreservation ftihe Ilong-term storage of
dedifferentiated plant cultures. In: Razdan MK, King EC (eds) Conservation of plant
genetic resourcem vitro, vol. 2. Applications and limitations. Science Rshers Inc,
Enfield, pp 65-86

Pinelli P, Galardi C, Mulinacci N, Vincieri FF, Cato A, Romani A (2003) Minor polar
compound and fatty acid analyses in monocultivaginiolive oils from Tuscany. Food
Chem 80:331-336

Rugini E, Baldoni L (2005)Olea europaeaOlive. In: Litz RE (ed) Biotechnology in
agriculture series. Biotechnology of fruit and wubps. CABI Publishing, Cambridge, pp
404-428

Sanchez-Romero C, Swennen R, Panis B (2009) Cryepsation of olive embryogenic
cultures. CryoLetters 30: 359-372

Shibli RA, Al-Juboory KH (2000) Cryopreservation tfabali’ olive Qlea europeal.)
somatic embryos by encapsulation-dehydration arghpsulation-vitrification. Cryolett
21: 357-366

156
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1. Introduction

As a result of an intensive selection, the geRasais today represented by over 30 000
cultivars of modern roses. In rose breeding, wilder species are of great importance, e.g.
Rosa caninandR. rubiginosawhich are frequently found in natural habitat®Pwland near
Krakow. They are also used in horticulture as oreratal plants an®. caninacan be used as
a rootstock for grafting. The best method of prttecof genetic resources and biological
diversity is a long-term storage of valuable sperimin liquid nitrogen (Engelmann 2004;
Reed 2008).

The aim of the present studies was to achieve pdagit-cryopreservation regeneration of the
meristems isolated from apical buds Rbsa caninaand R. rubiginosausing the droplet-
vitrification method.

2. Material and Methods

2.1. Plant material

The bare apical meristems Bbsa caninaandR. rubiginosa(about 0.1 mm) were isolated
from apical rose buds with a fragment of the baisaue from plants growm vitro. Roses
were cultivated on the basal MS medium (Murashigg &koog 1962), supplemented with
1 uM BA and 1.5 pM GA containing 0.087 M sucrose and 0.7 % agar, pHuder 16 h
photoperiod, at photosynthetic photon flux densiBPFD) of 30pmol m? s, at a
temperature of 23/28C (night/day) and relative humidity of 80 %.

2.2. Cryopreservation techniques

The meristems were placed in the loading solutiS(2. M glycerol and 0.4 M sucrose in MS
medium, pH 5.7) for 20 minutes. Then, meristemsewrated for 10-30 minutes with PVS2
solution (0.4 M sucrose, 30 % v/v glycerol, 15 % &thylene glycol and 15 % DMSO in MS
medium, pH 5.7). Subsequently, the explants waesterred to aluminum foil strips (0.5 x 2
cm) with a drop of PVS2 (Panet al. 2005). The foil was placed in 2 ml cryotubes (Sagm

filled with liquid nitrogen and then the latter vegplaced in a cryogenic Dewar.

2.3. Rewarming

Foils strips with frozen rose meristems were imratly transferred to the liquid medium
(1.2 M sucrose in MS medium) at 2@ for 20 minutes. Then they were placed on a steril
filter paper and transferred to a solid medium wite composition equivalent to 50 % MS
and with agar concentration limited to 0.5 % forlR4&ubsequently, explants were located on
the basal medium.
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2.4. Cultivation

Explants were cultivated at PPFD limited tquiol m? s* for seven days after freezing.
Afterwards, they were maintained under conditiossduduring multiplication.

All experiments were conducted in 3 replicates pE2 each), means 36 explants in each
variant. Statistical analysis was performed by ml@oation method, with two independent
variables, and confidence lewve¥0.05 using a Stat Soft Statistica, ANOVA test. Datere
compared using Duncan’s multiple range test.

3. Results and discussion

Tissue culture is an important approach to longiteronservation of valuable rose
germplasms. Among plant materials, apical meristars most frequently chosen for
cryopreservation. There are only a few protocolevipusly published onRosa
cryopreservation (Lynch at al. 1996; Lambagtial. 2002). Previati at al. (2008) obtained 10
% explant regeneration after cryopreservation af tealian selections of roses using the
encapsulation—dehydration method. When this methvad applied in cryopreservation
experiments with the rose ‘New Dawn’ by Pawlowska 8ach (2009), 20 % of successful
regenerations were achieved. Better results fasrasiginating fromn vitro cultures (25-67
% explant regeneration after cryopreservation) widrgined when sucrose preculture was
combined with the droplet-vitrification method (Hagyi and Pinker 2006;
Pawlowska 2010).

In the present study, apical rose meristems origigdrom in vitro cultures ofRosa canina
and Rosa rubiginosaapical buds have been used. Post-cryopreservatiovival was
evaluated by calculating a percent of explants kwhiesumed development after
cryopreseravtion and formed green sometimes degimukeleaves 7-21 days after rewarming.
After cryopreservation by the droplet-vitrificatiomethod, explants untreated with a
cryoprotectant did not survive cryopreservation ahd not resume development. Some
explants treated with PVS2 before cryopreservatguryived and developed green leaves
(during 7-21 days after rewarming). The best pogpareservation survival was obtained for
Rosa caninameristems when PVS2 treatment lasted 20 minute®94P (Table 1). A thirty-
minute exposure ofR. canina germplasm to PVS2 significantly lowered post-
cryopreservation survival (to 55 %) while a 10-menlPSV2 treatment resulted in 72 %
survival. On the other hand regenerationRafsa rubiginosaneristems was the best when
PVS2 treatment lasted 30 minutes (83 %) (TableSiatistical analysis of the data for this
germplasm revealed that a shorter PSV2 exposure2@@nin) significantly lowered post-
cryopreservation survival. The droplet-vitrificatiprocedure according to Panis at al. (2005)
is the most promising technique for cryopreservaid in vitro-culturedRosameristems.
However, further studies of oth&osa caninaand Rosa rubiginosagermplasms and other
rose species and varieties are necessary.

Table 1. The effect of genotype and PVS2 treatment time on survival (%) of the rose meristems after
cryopreservation by the droplet-vitrification method.

Species PVS2 treatment

10 min. 20 min. 30 min.
Rosa canina  72C 95e 55b
Rosa rubiginosa 40a 50b 83d

* Mean values designated with the same letters do not differ significantly
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1. Introduction

Impatiensspp. are very popular ornamental plants whichstdfer fromTomato Spotted Wilt
Virus (TSWV) carried in the tissues. TSWV is considetede widespread, with extremely
broad host-range which includes over 1090 hosttplaand responsible for numerous
epidemics with substantial economic losskspatiensspp plants infected with TSWV
exhibit different symptoms including chlorotic andcrotic spots and rings on the leaves and
necrotic lesions on the stems. Symptom appearamténgensity of virus depend on cultivar
susceptibility, time of infection, nutritional amhvironmental conditions and aggressiveness
of the TSWV isolates. Because of usual presenadistihctive symptoms, TSWYV infected
Impatiensplants are no longenarketable since demands of the ornamentals mezkeire
only perfectly looking plants. Virus-free plants bhpatiensspp. are possible to obtain
through meristem-tip culture from plants infectedh TSWV (MiloSevi et al. 2010). Using
this system, 80 % oh vitro plantlets ofl. wallerianaare shown to be virus-free confirmed by
DAS-ELISA and RT-PCR. But, only immunolocalizatiohviruses in the tissue can confirm
presence of virus particles even in DAS-ELISA nagatplants as it was shown for
Pelargoniumplants (Gallarcet al.2009).

The main objective of this study is to make a gpomtocol for immunolocalization of TSWV

in infected Impatiensplants. The final goal of the study is to implemeryopreservation
techniques as cryotherapy in order to build upféaient system for elimination of TSWV in
Impatiensspecies.

2. Materials and Methods

2.1. Plant material

The plant material consisted of shoot cultures. efalleriana, propagated by tissue culture,
which were DAS-ELISA positive for TSWV. DAS-ELISAegative shoots were obtained by
meristem culture and plants regenerated after ceggpvation (vitrification procedure). All
shoot cultures of. walleriana were multiplied by tissue culture on Murashige &iaog
(1962) medium supplemented with NAA and BAP (0.4 ard mgL?, respectively).

2.2. Histological study

For histological study shoot tips were fixed intghaldehyde (4 %) and dehydrated in a set of
increasing ethanol solutions [50, 70, 80, 95, 100(W%)] for 10 minutes in each step.
Samples were than embedded in resin, Technovit.7300es (3um) were cut at room
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temperature using microtome Leica RM 2165 to obs&ines of ultra-thin sections from the
same shoot tips. Slices were stained with toluldue and then mounted in DPX before
microscopic examination.

The second part of histological observation was dapémization of cryostat procedure.
Several parameters have been determined: set mpetature, freeze object temperature and
determination of section thickness. For setting box temperature several temperature
regime were analysed (-25, -30 and -40 °C) andesponding freeze object temperature. To
determine the best thickness of sections sevezal ¢fi cross-sections were investigated (8,
16, 18 and 2@m).

2.3. Immunolocalisation study

Immunolocalization of TSWV was done by using twaafic antibodies: primary (TSWV
polyclonal chicken antibody which reacts with natit'SWV particles) and secondary (Anti-
goat anti-chicken Ig antibody with fluorochrome RdeFluor 488, Molecular Probes, Cat.
number A-11039). Chlorophyll autofluorescence amdsvlabelling with fluorochrome Alexa
Fluor 488 were excited by laser He-Ne (543 nm) An{488 nm) and emission (610 nm and
525 nm, respectively). For each experiment two rodsmtwere used: a) sections without
secondary antibody, in order to confirm the absearicautofluorescence at the fluorochrome
wavelength and b) section with only secondary aalyh in order to demonstrate the lack of
no specific hybridization of secondary antibody.monological labelled slides were
examined under confocal light scanning microscéjaoliew, Olympus).

3. Results

First, series of histological observations wereelon shoot tips in order to determine the
morphology of the meristem zone and first two lsapemordia ofl. walleriana (Fig 1A).
Optimization of cryostat procedure showed thatisestwith 20 um thickness, cut at -26

of cold chamber and objective temperature at °@Care the best for immunolocalization
experiments (Fig 1B).

Fig 1. Histological observation of meristem zone with apical dome (AD) and leaves primordia (LP) of I.
walleriana obtained by resin technique (A, bar 40 um) and cutting on cryostat Leica CM 3050S on
optimal temperature conditions (B, bar 50 um.).
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According to our only very preliminary resultssgems that TSWV was present in all plants
samples that we analysed, even in plant materiadhwhias indexed negative by DAS-ELISA
and, therefore, signed as negative control. Alsopiling these results virus eradication after
cryopreservation, was not observed. However, a sergll number of samples was so far
analyzed. Further analyses are necessary. Thdgaipegy results indicate that the spread of
this virus inl. walleriana cultures may be underestimated when only concldaed DAS-
ELISA.

4. Discussion

For cryotherapy research it is very important t@wrthe spread of virus particles in plant
tissue, especially in apical dome and first leafprdium (Wanget al. 2009). There was no
information about morphology of apical dome andtfieaf primordium inmpatiensspp. and
we started with histological study with tissue endded in resin. Also, for
immunolocalisation studies the crucial step ismpation procedure for cutting on cryostat.
These investigations were necessary since thereneagreviously experience of cutting
Impatienstissue.

TSWYV signals were detected by immunolocalization alh analysed samples, even in
seemingly virus-free plants. The spread of this BSW Impatienscultures is obviously
underestimated due to DAS-ELISA results. Only imwionalization of viruses can confirm
presence of virus particles even in DAS-ELISA-negaplants. This was also recorded for
two viruses irPelargoniumcultures (Gallaraet al. 2009).

After these preliminary results we can not conclutiat the developed protocol for
immunolocalisation of TSWV is very efficient. Alséurther research has to be done to
improve elimination systems of TSWV impatiensspecies by means of cryopreservation.
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1. Introduction

During a STSM performed in IRD Montpellier in theadhework of COST Action 871, the
droplet-vitrification technique was applieditovitro grown cherry plum and blackberry cultivar
‘Catanska Bestrna’. The main advantage of this teckenimpmpared with vitrification is the
possibility of achieving very high cooling/warmimgtes due to the very small volume of
cryoprotectant medium in which the explants arecqdaand the direct contact with liquid
nitrogen (Sakai and Engelmann 2007). This papesegmts a report on preliminary results with
cryopreservation of cherry plum and blackberry igalt ‘Catanska Bestrnain vitro grown
shoot tips using droplet-vitrification. The estahinent of the droplet-vitrification protocol
was performed by evaluating the effect of differeitrification solutions (VSs) and treatment
durations on recovery after liquid nitrogen (LN)pesure.

2. Materials and Methods

2.1. Plant material

Cryopreservation experiments were performed witkitro shoot tips of cherry plunPfunus
cerasiferaEhrh.) and blackbernRubus fruticosu&. cv. ‘Catanska Bestrna’). Aseptic cultures
of these species had been previously establisheékeaTissue Culture Laboratory of Fruit
Research Institute;acak, Serbia. Shoot tips 2 mm in length) were sampled from nodal
segments maintained for 3 weeks on MS medium (Miigasand Skoog 1962) containing 0.1
mg ' N®-benzyladenine (BA), 0.1 mg indole-3-butyric acid (IBA), 0.1 mg'lgibberellic acid
(GA3), 20 g I' sucrose and 7 ¢ lagar.Cultures were maintained in growth chamber at 23 +
1°C, under a 16 h light/8 h dark photoperiod andtligtensity of 54 pmol A s™.

2.2. Cryopreservation techniqgue employed

Isolated shoot tips were precultured in the dark2atC, in liquid MS medium with
progressively increasing sucrose concentration NOf8r 15 h, then 0.7 M for 5 h). Loading
involved 30 min incubation of explants in a solaticomprising 1.9 M glycerol and 0.5 M
sucrose (Kimet al 2009a). Explants were dehydrated at room temyeratsing a modified
PVS2 solution (solution A3, Kinet al. 2009b) for 10, 20 and 30 min and the PVS3 satutio
(Nishizawaet al. 1993) for 60, 90 and 120 min. Explants were codigdlirect immersion in
LN in 10 ul droplets of vitrification solution plad on aluminium foil strips. Folil strips were
retrieved from LN and plunged in a preheated (371iddading solution (0.8 M sucrose) for
30 s, then an equal volume of unloading solutioroai temperature was added for a further
30 min incubation (Kimet al 2009b). Dehydration controls refer to replicatesried out
under the same conditions as cryopreservation a®pets but without immersion in LN.
Shoot tips were transferred on regrowth mediuntjvaiéd in the dark for 7 days, and then
transferred to standard conditions. Survival waaluated 3 weeks after cryopreservation by
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counting the number of shoots that showed any &frgrowth, while regrowth was defined as
further development of apices into shoots with ttgyved leaves 48 weeks after rewarming.

2.3. Statistical analysis

The experiments were replicated twice in two déferlaboratories (IRD Montpellier, France
and Fruit Research Institutéasak, Serbia) and H15 shoot tips were used per experimental
condition. Data presented in the form of percergagere subjected to arcsin transformation
and subsequently analysed by ANOVA, followed by Eamis Multiple Range Test for mean
separation.

3. Results

3.1. Cryopreservation of Rubus fruticosus shoat tip

There was no significant effect of PVS treatmerttiibnature of solution and treatment
duration) on regrowth of non-cryopreserved shqeg 6fR. fruticosugFig. 1a). Regrowth of
control shoot tips dehydrated with PVS3 ranged betw40% and 77.5%, and 45% and 60%
for those dehydrated with modified PVS2 (A3). As fegrowth of cryopreserved shoot tips,
PVS3 was better than the modified PVS2, but thiedihce was significant (P< 0.05) only
for the shortest treatment duration. Also, PVSattrents provided fast-growing and more
vigorous plantlets after cryopreservation (Figir2omparison with PVS2 (A3) treatments.
The duration of PVS3 treatment had no significdfegot on regrowth of cryopreserved shoot
tips (45.8-70%), while the longest (30 min) exposure of exfddn A3 solution resulted in a
significant increase in regeneration percentag@o(3@ comparison with a 10-min treatment
with the same solution (5%).

3.2 Cryopreservation of Prunus cerasifera shod tip

No significant influence of PVS treatment on regtiovof both dehydrated controls and
cryopreserved shoot tips was observe®.irterasifera Regrowth of control explants ranged
between 15% and 45.6%, and between 5% and 20%Yopreserved samples (Fig. 1b). In
addition, control shoot tips (both non-dehydrated aon-cryopreserved) loaded with C4
solution showed poor regrowth (37.3%). All explar{tsoth dehydrated controls and
cryopreserved shoot tips) grew slowly and showesh@unced signs of hyperhydricity (their
stems and leaves were thick, rigid and fragilepg.(R). Very often, regenerating explants
formed clusters of small bud rudiments. The samessivere also visible on loading controls.

4. Discussion

One of the most critical steps in developing vitation-based cryopreservation protocols is
dehydration with highly concentrated cryoprotectsmititions. Application of VSs is usually
highly species-specific and the duration of dehigdnahas to be determined very precisely in
order to find a correct balance between toxicityl @am adequate dehydration to reduce
possibility of ice crystal formation in cryopresedv tissues (Panigt al 2005). Our
preliminary experiments, conducted in two differéaboratories, demonstrated that it is
possible to cryopreserve botRubus and Prunus genotypes using droplet-vitrification
including treatment with both PVS3 and PVS2 (A3Jusons. However, the regrowth
percentages achieved and the qualitative charsittsrof regrowing shoots were lowerfn
cerasifera Although the utilization of PVS3 is limited due the high osmotic stress it may
induce (Kimet al. 2009b), in our experimenk. fruticosusexplants withstood a broad range
of treatments with PVS3 without the occurrence anificant decrease in regrowth
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percentage. As for the qualitative aspects of difie PVS3 treatment durations, a 60 min
treatment produced the highest quality plantleterafryopreservation. This indicates that
further optimisation of the protocol for this geyyweé may be achieved by decreasing the
duration of PVS3 treatment. As for droplet-vitrdicon experiments performed with PVS2, a
slight increase duration of PVS2 (A3) treatment/anthe use of other PVS2-based solutions
with lower concentrations of dimethylsulfoxide (DK% and ethylene glycol (EG) may
improve regrowth of cryopreserved shoot tips. Tdwe tegrowth of non-frozen controls and
the low quality of regenerated shootsRofcerasiferaindicate the necessity of identifying the
step(s) of the protocol which is/are harmful to athtips. Further research should focus on
optimizing the preconditioning step (suppressiorsaérose pretreatment and/or addition of
cold acclimation) and comparing the effect of otleading and vitrification solutions and of
shorter treatment durations.

% O Dehydrated control @ Cryopreserved shoot tips % O Dehydrated control B Cryopreserved shoot tips
80 1 80 1
701 704 ns
601 60+
§ 50 1 § 50 1
© 401 © 401
f=2] (=2
2301 2301
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Figure 1. Regrowth of dehydrated controls and cryopreserved shoot tips of R. fruticosus (a) and P.
cerasifera (b) dehydrated with PVS3 and modified PVS2 solution (A3). Mean values followed by
the same letter are not significantly different (P < 0.05); ns — non significant.

Mﬁ 4 ‘ t‘."_f |

Figure 2. Regrowth of cryopreserved Figure 3. Regrowth of cryopreserved shoot tips of
shoot tips of R. fruticosus dehydrated P. cerasifera dehydrated for 120 min with PVS3.
for 60 min with PVS3.
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1. Introduction

All together 46 orchid species belonging to 22 gar@re known to inhabit wild sites in
Poland. If we consider only the region of Pomerahiaspecies are already extinct and 16 are
in direct danger of extinction. Two orchid specidg lady’s slipper orchidQypripedium
calceolusL.) and the fen orchidL{paris loeseliiL. C. Rich.) are considered to be among the
most threatened in Poland and in Europe, theretmmavery plans for these species have been
developed. An effective plant conservation progranolves a range of various strategies
including ecological and genetic studies of plantgbitat management anex situ
conservation. Several projects addressing thegesdsave been undertaken in our laboratory.
These include seed banking, asymbiotic germinadimh identification of mycorrhizal fungi
associated with certain orchid species, as teraestrchids require the presence of a
compatible fungal partner for seed germination aodtinued growth. The present project
focuses on two species, the lady’s slipper andeherchid. The study includes estimation of
genetic diversity among wild populations in Pom@amand pollination and collection of
seeds ensuring high genetic diversityrotitro raised seedlings. Recently our efforts focused
on cryopreservation of orchid seeds and mycorrhitzai.

2. Materials and Methods

2.1. Seed collection

MatureL. loeseliiseed capsules resulting from natural pollinatiomewenllected from wild
plants in natural habitats in Pomerania. Seed d¢apsere collected just prior to seed release.
Contents from seed capsules were combined andutjolp mixed. Two accessions bf
loeseliseeds were used in the present study: a) seeaustli® year 2007 (collected in 2008
after 1 year on site) and stored in 4°C for 2.5ryeand b) fresh seeds collected in 2010. All
the seeds were dried over calcium chloride hexattgdor 3 days prior to storage.

2.2. Seed viability

Assessment of seed viability was undertaken by diffred version of the tetrazolium method
(Van Waes and Debergh 1986). Orchid seeds wereeddak 15 min in 5% Ca(OGland 1%
Tween 80 before being washed for 24 h in water alowed to stain in 1% 2,3,5-
triphenyltetrazolium chloride (TTC) for 24 h. Corefgly stained embryos were scored as
viable.
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2.3. Seed cryopreservation

Only the seeds that proved viable with the tetianoltest were usetbr cryopreservation.
Seeds were placed in cryovials, plunged in liquidogen (LN) and stored for 1 week. A
rapid rewarming method (40°C for 2 min) was usecktover seeds.

2.4. Seed germination

Two methods were applied: asymbiotic and symbid@icchid seeds were sterilised for 15
min in 5% Ca(OChwith a drop of Tween 80, rinsed in water and eithkrced on oats
medium (Clements and Ellyard 1979) for symbioticngeation or on Fast medium (Fast
1974) for asymbiotic germination. Plates intendadsfymbiotic germination were inoculated
with 3 mm agar cubes colonised by symbiotic fungnd incubated in the dark at 18°C.
Asymbiotic germination was conducted in dark at@3Germination was assessed after 9
weeks in culture. Germination stages were scoredrdmg to Ramsagt al (2003). Each
treatment was replicated three times.

2.5. Fungal isolations

Hyphal coils (pelotons) isolated from wild adultapts ofL. loeseliwere culturedin vitro.
Once putative mycorrhizal fungi were free of contaation, their efficacy was tested by
symbiotic germination with_. loeseli seeds. After successful germination, the idertity
endosymbiont was determined by sequencing of IT&&des and Bruns 1993) and ITS4
genes (White 1990) aaulasnella calosporé®7% of identity).

2.6. Fungal cryopreservation

Agar cubes colonised by mycelia from cultures ooeselimycorrhizal fungus were used for
testing storage ability in LN. Three cryoprotectarfi0% DMSO, 10% glycerol, 10%
glucose) were tested. Fungal isolates were expostdatments for 1 h before being plunged
in LN. Cultures were cryostored for 10 days befoeeng rewarmed rapidly in a water bath at
40°C for 2 min. Control treatments were treatedthe same manner, except that these
remained non-frozen. Cultures were revived on tvealian PDA and modified FIM (Mitchell
1989) and incubated in the dark at 18°C. Growtbsratere recorded by measuring the radius
of colonies dalily.

2.7. Statistics

Data were analysed by U Mann-Withney Test impleeenin Statictica v.9 to test
for significant differences in seed viability bewvetreatments.

3. Results

3.1. Seed viability

Unsuccessful asymbiotic and symbiotic germinatiemealed that seeds collected in 2008
were no longer viable. These results were confirtmedl TC staining and therefore seeds
form 2008 were excluded from cryopreservation tegiability of seeds collected in 2010,
measured by TTC staining, equalled 60% for nonenozeeds and 47% for frozen ones.

3.2. Seed cryopreservation and germination

Differences in seed germination percentages, betwentrol and cryopreserved seeds, were
statistically insignificant (U=12, p=0.58). Seedability tested by TTC staining was
comparable with the percentage of symbiotic seeathigation. Asymbiotic germination,
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scored after 9 weeks of culture, was less efficienean valuel4.6%) than symbiotic
germination (mean value 50.4%).

3.3. Fungal cryopreservation

Growth rates observed on two media, PDA and FIMiedaand were significantly lower on
FIM medium. Also the morphology of hyphae variegeleding on the medium (Fig. 1). In
control treatments, exposure of fungal isolatesryoprotectants without freezing revealed no
apparent deleterious affects on growth of fungalates. Following LN immersion, cultures
from all treatments, except for 10% glycerol, sued and revived on FIM (Fig. 2).

4. Discussion

Methods ensuring efficient cryopreservationLofloeseliiseeds and its mycorrhizal fungus
were described. Orchid seeds are ideal for long-teonservation (seed banking) in LN as
seeds are minute, which makes the method very emoab Symbiotic germination levels
within the given timeframe, were much higher thasynabiotic ones, as asymbiotic
germination is generally slower. Thus, to enableedi comparison between the two
germination methods, the experiment should be pgad, in the case of some species even
up to 6 months (Pritchard and Prendergast 1990)tHt® reason an alternative method for
rapid estimation of viability would be advisable the case of. loeselii, TTC staining
proved to be a good predictor for actual germimagdficiency. In the current study, the
fungal endosymbiont was found to store well undgogenic conditions, even without the
use of cryoprotectants. Similar findings were alseaeported by Battyet al. (2001) for
fungal symbionts associated with Western Austrabarhid species. Our results show that
L. loeseliiseeds and fungal endosymbiont associated withsfiesies are suitable for long-
term conservation in LN.
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Figure 1. Growth of Tulasnella calospora on a) PDA and b) FIM medium.
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Figure 2. Growth responses of orchid mycorrhiza following either storage in LN
(m - unprotected/frozen, e - glycerol/frozen, ¢ - glucose/frozen, A - DMSO/frozen)
or as non-frozen controls (o - unprotected control/non-frozen, o - glycerol/non-
frozen, ¢ - glucose/non-frozen, A - DMSO/non frozen).

Isolates were recovered on two media: FIM and PDA.
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1. Major achievements in Belgium related to plant igyopreservation

1.1. Working Group 1

As regards Working Group 1 (Fundamental Aspect€rybpreservation/Cryoprotection and
Genetic Stability), proteomic research using 2Delggtrophoresis has been executed at
K.U.Leuven, to unravel the mode of action of cryipction in banana and to explain
cultivars differences after cryopreservation (Catjee et al; 2007). In collaboration with CIP
(International Potato Centre, Lima, Peru), membr@raponents (sterols and phospholipids)
and polyamines were analysed and correlated weélcthiopreservation ability of 4 different
potato cultivars. The latter research will leadthie PhD degree of Ana Panta, germplasm
curator at CIP.

Additionally within this work package, the field eviour of strawberry and chicory plants
issued from cryopreserved samples was compareshtoots at the CRA-W in Gembloux.

Table 1. Summary of WGL1 research activities performed in Belgium during the 4 years of COST
Action 871.

Institute Team leaders Plant species Thematic area  Period
CRA-W, Ph. Druart e Strawberry = Phenotyping and flow 2006-2008
Gembloux « Chicory cytometry of plants
after cryopreservation
K.U.Leuven B. Panis (in * Banana Fundamental aspects 0£2006-2011
collaboration) « Potato plant cryopreservation
(Proteomics and

biochemical analyses)

1.2. Working Group 2

Related to WG 2 (Technology, Application and Valida of Plant Cryopreservation), an
encapsulation-dehydration protocol was establigbedhairy roots of the saponin producing
plantsMaesa lanceolatandMedicago truncatulat the University of Ghent (Lambest al,
2009).
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Moreover, a start was taken with the long-termagierthrough cryopreservation of largest
vivo germplasm ofRhododendron simsi{350 different accessions) at the Institute for
Agricultural and Fisheries Research (Melle, ILVO).
Activities at K.U.Leuven where (i) the continuatioh cryopreservation of the world banana
collection (819 accessions are currently safelyestpand (ii) the development of droplet-
vitrification based cryopreservation protocols tomwide variety of plant species. Some of
these were developed in collaboration with partmetisin the COST action

» Potato (CRPGL, Luxemburg, VIR, Russia)

e Chicory and Strawberry (CRA, Gembloux, Belgium)

* Pelargonium (INH, Angers, France)

» Date Palm (Université de Sfax, Tunesia)

* Thyme (Univ Alicante, Spain)

» Olive (IFAPA, Malaga, Spain)

* Hop (Univ Oviedo, Spain)

* Photinia (CNR, Firenze, Italy; Gebze, Turkey)

 Vitis (CNR, Palermo, Italy, PFR, Palmerston, NZ)

» Apple (Fruit Tree Research Institute, Italy)

» Tomato and Bituminaria (University of Valencia, 8pa

* Narcissus (Daffodil) and Galanthus (Snowdrop) (@rsity of Krakow, Poland)
while others were developed in collaboration withrtpers from non-COST member
countries

* Ulluco (CIP, Peru)

« Sweet potato (CIP, Peru)

* Taro and other edible Aroids (SPC, Fiji)

e Cassava (lITA, Nigeria, CIAT, Colombia)
For cryopreservation of embryogenic cultures, thesscal (slow) freezing protocol was
applied to banana embryogenic cell suspensierainus excelsiot.. embryogenic callus (in
collaboration with CNR, Firenze, Italy; Gebze, Teyk (Ozudogruet al, 2010) and
embryogenic tissues ¢finus nigraArn. and hybrid firs Abies albax A. cephalonicaAbies
alba x A. numidica (In collaboration with the Slovak Academy of Swe) (Salajet al,
2007; 2010).

2. Collaborations initiated during the 4 years of he COST Action
Belgium participants were actively involved in tBOST Action; some examples;

* Evelyne Vanvlasselaer (K.U.Leuven) participatethat2008 DSC workshop in Prague

» Philippe Druart (CRA Gembloux) participated at darhbud cryopreservation workshop
in Kopenhagen:

» Raquel Folgado, University of Oviedo (Spain), Hamb Condello, Fruit Tree Research
Institute, Rome (Italy) and Malgorzata Maslanka,vdrsity of Agriculture in Krakow
(Poland) executed an STSM at K.U.Leuven

* Annelies Vertommen (K.U. Leuven) executed and ST&MTechnical University of
Denmark, Kgs, Lyngby.

« A WG 2 Meeting was held on thd'®f April, 2009 in Leuven, Belgium. This was a co-
organization with ISHS (International Society foorticultural Sciences)

Many new collaboration were established within fiflaenework of the COST action 871 (see
Section 1), many of them resulted in publicationpeer reviewed journals.
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Table 2. Summary of WG2 research activities performed in Belgium during the 4 years of COST
Action 871.

Institute Team leaders  Plant species Thematic area Period
CRA-W, Ph. Druart » Strawberry Development of 2006
Gembloux « Chicory cryopreservation
protocols using droplet-
vitrification
ILVO J. Van » Rhododendron simsii Long-term storage of the 2006-2010
Huylebroeck largestin vivo
germplasm collection of
Rhododendron
Ghent D. Geelen e Maesa lanceolata  Establishing a 2006-2010
University + Medicago truncatula Cryopreservation

protocol for hairy roots
of saponin producing

plants
K.U.Leuven B. Panis * Musaspp. Cryopreservation of the 2006-2011
world banana collection
K.U.Leuven B.Panis(in « Banana Cryopreservation of 2006-2011
collaboration) « Fraxinus excelsiot.. embryogenic cultures
« Pinus nigraArn. using classical (slow)
« hybrid firs freezing
K.U.Leuven B. Panis(in e« Potato Development of 2006-2011
collaboration) « Ulluco cryopreservation
+ Sweet potato protocols for shoot tip
« Chicory cultures using droplet-
. Strawberry vitrification
* Taro and other edib
Aroids
e Pelargonium
» Date Palm
e Thyme
* Olive
* Hop
* Photinia
* Vitis
« Apple
« Cassava
* Tomato
* Bituminaria
» Narcissus
» Galanthus

3. Future of plant cryopreservation in Belgium

The Laboratory for Tropical Crop Improvement (K.guven) will make all necessary efforts
to keep on playing a leading role in plant cryopreation research through established
contacts with Bioversity International (Rome), Tal®bal crop Diversity Trust (Rome), ISHS

(International Society for Horticultural Sciences).
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4. Most important publications (2006-2010)

Feki L., Bouaziz N., Sahnoun N., Swennen R., DNtaand Panis B., (in press). Droplet-
vitrification of embryogenic masses for date pahypbanking. CryoLetters

Carpentier S., Vertommen A., Swennen R., WittersHértes C., Souza Junior M. T. and
Panis B., 2010. Sugar-mediated acclimation: theomamce of sucrose metabolism in
meristems. Journal of Proteome Research 9:5038-5046

Marco-Medina A., Casas J. L., Swennen R. and F&ni2010. Cryopreservation dhymus
moroderiby droplet-vitrification. CryoLetters 31:14-23

Ozudogru E. A., Capuana M., Kaya E., Panis B. amailhardi M., 2010. Cryopreservation of
Fraxinus excelsoirL. embryogenic callus by one-step freezing andwsloooling
techniques. CryoLetters 31:63-75

Salaj T., Matusikova I., Panis B., Swennen R. amaajSJ., 2010. Recovery and
characterisation of hybrid firfApies albax A. cephalonicaandAbies albax A. numidica)
embryogenic tissues after cryopreservation. Crytetet31:206-217

Lambert E., Goossens A., Panis B., Van Labeke M.g&bd Geelen D., 2009.
Cryopreservation of hairy root cultures Bfaesa lanceolataand Medicago truncatula
Plant Cell Tissue and Organ Culture 96:289-296

Sanchez-Romero C., Swennen R. and Panis B., 2098pf@servation of olive embryogenic
cultures. CryoLetters 30:359-372

Wang Q. C., Panis B., Engelmann F., Lambardi M. ¥atkonen J., 2009. Cryotherapy of
shoot tips: a technique for pathogen eradicatiopréaluce healthy planting materials and
prepare healthy plant genetic resources for cryggowation. Annals of Applied Biology
154:351-363

Gallard A., Panis B., Dorion N., Swennen R. andp@raA., 2008. Cryopreservation of
Pelargnonium apices by droplet-vitrifications. Crgtters 29:243-251

Sant R., Panis B., Taylor M. and Tyagi A., 2008ydpreservation of shoot-tips by droplet-
vitrification applicable to all taroQolocasia exculentaar. esculenta) accessions. Plant
Cell Tissue and Organ Culture 92:107-111

Carpentier S., Witters E., Laukens K., Van OnckdienSwennen R. and Panis B., 2007.
Banana (Musa spp.) as a model to study the meriptebeome: acclimation to osmotic
stress. Proteomics 7:92-105

Elsen A., Ferrandis Vallterra S., Van Wauwe T.nfrirhi Thu Thuy, Swennen R., De Waele
D. and Panis B., 2007. CryopreservationRaidopholus similisa tropical plant-parasitic
nematode. Cryobiology 55:148-157

Panis B., Van den houwe I., Piette B. and Swenne@@7. Cryopreservation of the banana
germplasm collection at the International Transiéntfe - Bioversity International.
Advances in Horticultural Science 21:235-238

Salaj T., Panis B., Swennen R. and Salaj J., 200/preservation of embryogenic tissues of
Pinus nigraArn. by a slow freezing method. CryoLetters 287&0-

Misson J.-P., Druart Ph., Panis B. and Watillon Z206. Contribution to the study of the
maintenance of somatic embryos ébies nordmanniaa LK: culture media and
cryopreservation method. Propagation of Ornamédttaits 6:17-23

Zhu G. Y., Geuns J., Dussert S., Swennen R. ang Ban2006. Change in sugar, sterol and
fatty acid composition in banana meristems caugeslibrose-induced acclimation and its
effects on cryopreservation . Physiologia Plantati2®:80-94.
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Country Report: Bulgaria

lvaylo Tsvetkov and Veneta Kapchina-Totéva

'Forest Research Institute, 132 Kliment. OhridskicB| Sofia 1756, Bulgaria
’Department of Plant Physiology, Faculty of Biologst. Kliment Ohridski University, 8
Dragan Tsankov Blvd., Sofia 1164, Bulgaria

1. Major achievements in Bulgaria related to planicryopreservation

1.1.Working Group 1

Several young Bulgarian researchers took partenatttivity of WG1. In 2010, a PhD thesis
partly devoted on using plant cryopreservation ma@shwas successfully defended (Danova
2010). In the course of the PhD studies parts efdissertation were presented at different
scientific events and subsequently published (Dareival 2009a, 2009b, 2009¢c, 2009d). The
same PhD student also attended a training coursapphcation of Differential Scanning
Calorimetry (DSC) in cryopreservation research désby the Crop Research Institute,
Prague during September 2008. Two other early stagearchers from Sofia University
benefited from their participation in COST 871. Sopost freeze ultrastructural responses of
photosynthetic apparatus i perforatumL. andO. stamineuBenth. were reported (Ganeva
et al. 2009, Kolevaet al. 2010). It was also found that cryopreservatioee&d some basic
physiological indices irHypericum rumeliacunBoiss. andOrthosyphon stamineuBenth.
(Yordanovaet al.2009, Yordanovat al, 2009; 2011).

1.2.Working Group 2

Within the thematic area of this working group argherm scientific mission was successfully
realized as result from the collaboration betweerest Research Institute, Sofia and Tree and
Timber Institute (IVALSA), Florence. During the ezch visit the applicability of different
vitrification—based cryotechniques for long-terroragge of valuabl€opulusspp. germplasm
was tested (Tsvetkov et al 2009). It is importantinbte that quite promising results were
obtained after application of droplet-vitrificaticlechnique, with data being comparable to
those achieved with classical vitrification metho@se Bulgarian representative attended the
2" Workshop on cryopreservation by using ‘Dormant Beghnique’ held from 27 to 28 May
2010 in Florence.

Data about the general Bulgarian activity withie tBOST 871 action are shown in Tables 1
and 2.

Table 1. Summary of research activities performed with participation of Bulgarian scientists during the
4 years of COST Action 871.

Institute Team leaders Plant species  Thematic area Period

Forest Research  |. Tsvetkov (Principal Populusspp. Cryopreservation of 2007

Institute, Sofia foreign collaborator Dr. valuable germplasm

(FRI) Lambardi)

“St. Kliment V. Kapchina-Toteva Hypericumspp. Evaluation of post-freeze 2007

Ohridski” Sofia (Principal foreign Orthosyphon  effects on physiological -

University (SU) collaborator ProfCelarovd) stamineusBenth. status and photosynthetic2010
apparatus
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Table 2. General Bulgarian cryopreservation-related activities within the COST 871 action.

Total number Early Stage Defended Number of Participants in STSMs
of participants  Researchers PhD theses attended Training
scientific courses/Work-
events shops
4* 3 1 8 2 1

*Gender balance: 1M/3F

2. Collaborations initiated during the 4 years of he COST Action

In the time course of COST 871 fruitful collabocaus were established between the Forest
Research Institute, Sofia and the Tree and Timituite (IVALSA), Florence, Italy as well
as between “St. Kliment Ohridski” University of $ofand “P.J. Safarik” University of
Kosice, Slovaklia. The first collaboration resultedrealization of a Short Term Scientific
Mission devoted on application of cryopreservatiechniques for long-term storage of
valuablePopulusspp. germplasm. The second collaboration stan@&D07 with initiation of

a bilateral Slovak-Bulgarian research project ostiliaation of cryopreservation impact on
basic physiological and genetic characteristias imitro regenerated plants” (Bg-Sk 101/07).
The mutually profitable partnership was extended Imgw successive project
“Cryopreservation and physiological status of thalkBn endemic specieblypericum
rumeliacumBoiss.” (Bg-Sk 209/08).

3. Future of plant cryopreservation in Bulgaria
The general advantages related to participatiothefcountry in the COST 871 could be
summarized, as:
+ Successful initial steps in using cryotechniquaspi@servation of plant germplasm
have been made;
» Chronologically, the cryo-experiments were thetfattempt for long-term storage of
valuable plant genetic resources of medicinal gland forest trees;
+ Productive internal and international collaboratiwvés were established which is a
good basis for further efficient networking;
+  Some Early Stage Researchers/PhD students wesg giimed or given opportunity
to actively take part in various scientific evergkated to plant cryopreservation;
+ Some reasonable number of presentations/publicatiaih participation of Bulgarian
researchers was produced during the action.

The common perspectives of plant cryopreservatdrettaken forward are:

+  The promising results obtained within COST 871 opew horizon towards potential
integration of cryotechnologies in to the tradiatip strategies used for plant
germplasm conservation;

+  There is a need for a new global vision of the ngan@ent of plant genetic resources
at a national level consistent with the presentfanticoming challenges. From this
point of view, cryotechnologies are supposed tg pliey role as an essential tool of
current plant biotechnology;

+ All institutions interested in the development application of cryotechnologies for
plant germplasm conservation are faced with thel neeonsolidate their efforts and
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take concerted actions, e.g. looking for opportasitof preparing common project
proposals covering both fundamental and practispéets of plant cryopreservation;

There is a need to initiate local activities orehto promotion of public awareness
about the opportunities of cryotechnologies forglderm preservation of valuable
plant germplasm;

Emphasis should be given on maintaining and prargothe established useful
collaborations within the COST Action 871. The oa#ll and international network

partnerships should be continued and extendeceily¢ars to come. A good example
of the above is the new proposal for bilateral SleBulgarian project “Structural and

functional changes dflypericumspp. tissues subjected to cryopreservation” subait

in 2010.

4. Most important publications

Danova K, Kapchina-Toteva V (2009a) Cryopreservatica new method for conservation of
Hypericum rumeliacum Boiss International Conference ‘Economics and &gci
Development on the Base of Knowledge’, 4-5 June Z&gora, Bulgaria, Vol. Medical
Biology Studies, pp. 90-95. (In Bulgarian, abstiadEnglish)

Danova K, Urbanova M, Skyba Mellarova E, Kapchina V (2009tgvaluation of some
physiological markers in Balkan endenigpericum rumeliacunBoiss. regenerated after
cryopreservation, 1st International Symposium oryo@reservation in Horticultural
Species, 5-8 April 2009, Leuven, Belgium, Book b$t@acts, p. 73

Danova K, Urbanova M, Skyba MCellarova E, Kapchina V (2009c) Utilization of the
methods of plant biotechnology for conservation rokdicinal plant species. XI
Anniversary Scientific Conference “Biology — Tradits & Challenges”, 27-29 May,
2009, Sofia, In: http://biofac-conference.com

Danova K, Urbanova M, Skyba Melarova E, Stefanova M, Koleva D, Kapchina-Toteva V
(2009d) Impact of cryopreservation on biochemicakrameters ofin vitro cultured
Hypericum rumeliacum Boiss., International Symposium “New Research in
Biotechnology”, Series F, Special Volume, ISSN 12244, 19-20 November, USAMV
Bucharest, pp. 78-85

Danova, K (2010)In vitro cultivation and secondary metabolites in specresnfgenera
Hypericum and Pulsatilla. Cryopreservation of Hypericum rumeliacum Boiss.,
Dissertation, University of Sofia

Ganeva Ts, Stefanova Megllarova E, Uzunova Kr, Koleva D (2009) Structuesponses of
the photosynthetic apparatus @fthosyphon stamineuBenth. to temperature stress after
cryopreservation, Botanica Serbica, 33: 163-167

Koleva D, Ganeva Ts, Stefanova M, Skyba @&llarova E, Kapchina-Toteva V (2010)
Ultrastructural responses of photosynthetic apparah in vitro cultured Hypericum
perforatumL. to cryopreservation. COST 871 WG1 meeting, R8ARril, Poznan, Poster
abstract, p. 27

Tsvetkov, I, Benelli C, Capuana M, De Carlo A, Larh M (2009) Application of
vitrification-derived cryotechniques for long-terstorage of poplar and asperopulus
spp.) germplasm, Agricultural and Food Science 168-166

Yordanova V, Yordanova Zh, Encheva S, Ganeva (ddlarova E, Kapchina-Toteva V
(2009) Impact of cryopreservation on basic phygmal indices in Orthosyphon
stamineusBenth., International Conference “Economics andi&yg Development on the
Base of Knowledge”, 4-5 June, St. Zagora, Bulgaria, “Medical Biology Studies”, pp.
38-42. (In Bulgarian, abstract in English)
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Yordanova Zh, Urbanova M;elalrova E, Ganeva Ts, Koleva D, Kapchina-Totevé2®09)
Influence of cryopreservation on the basic phygmal indices in propagateah vitro
Orthosyphon stamineuBenth. Proceedings of thé“2International Symposium ‘New
Research in Biotechnology&eries F, Special Volume, ISSN 1224-7774, 19-20exter,
USAMYV Bucharest, pp. 165-171

Yordanova Zh, Dimitrova M,Celalrova E, Kapchina-Toteva V (2011) Physiological
evaluation ofHypericum rumeliacunBoiss. plants regenerated after cryopreservation,
COST Action 871 Final Meeting, 8-11 February 20Afgers, France, Poster abstract, p.
17
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Country Report: Czech Republic

Milos Faltug and Martin Vagnér

'CRI Prague, Drnovska 507, Prague 6, CZ16106, CReglublic
%|EB AS CR, Rozvojova 263, Prague 6, CZ16500, CZepublic

1. Major achievements in the Czech Republic relatetb plant cryopreservation

1.1. Working Group 1

In the Crop Research Institute (CRI), thermal ctimrstics of cryopreserved plant material
were studied in several crops. The first order diteon (crystallization, melting) and the
second order transition (glass transition) charasties were defined in the plant samples.
The amount of freezable water, onset of melting pierature and the glass transition
temperature were measured by differential scannalgrimetry in garlic, apples, potatoes
and grape vine. The results were utilized for crgtgcol improvement in the Working Group
2 activities.

Cryopreservation protocols of Norway spruce andesifir embryogenic cultures (Table 1)
were elaborated in the Institute of Experimentatadg (IEB). Cryopreservation techniques
are currently being used for the cryostorage ofariban 100 embryogenic cell lines of these
conifers in the IEB. Under the project, the role ehdogenous polyamines during
cryopreservation was studied and the results phaadis

1.2. Working Group 2

The activities related to WG2 were focused on crgtgqrol improvement and following
routine cryopreservation of several crops in thel CRable 1). The CRI participated on
EURALLIVEG, the AGRI GEN RES project, focused espéig on garlic and shallot
cryopreservation in the EU. Altogether 108 accessiavhich originated in the Czech
Republic were successfully cryopreserved. The npdamt recovery of cryopreservédiium
plants was 51 %. Selected apple cultivars wereatoad by the two-step cryopreservation
method using apple dormant buds. The mean shoeheegtion after cryopreservation was
87% for 34 cultivars. Potato and hop germplasmsehagen routinely cryopreserved in
collaboration with the Potato Research Institutevliidiuv Brod and the Hop Research
Institute Zatec, respectively. To present, 55 agioes of potato and 50 accessions of hop
have been stored in liquid nitrogen. The mean placdvery was 39% for hop and 29% for
potato. Effect of ultra-low temperature on virugmehation has been tested in garlic, potato
and hop. A significant effect of cryotherapy onugrelimination was found in garlic and
potato. Preliminary results indicated a possibleatfon virus elimination in hops as well.

2. Collaborations initiated during the 4 years of he COST Action

2.1. Training Workshops

The CRI organized annual training workshops on niaranalysis utilization for plant
cryopreservation for three years during COST Ac®di. The workshops were focused on
differential scanning calorimetry measurement dl feiological samples treated by three
different cryopreservation methods. Altogether 1&ung scientists from 10 European
countries and 1 near neighbor country participatetie workshops.
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2.2 Short Term Scientific Missions

CRI hosted Dr. Katarina Brunakova from PJ Safanvdrsity in Kosice, Faculty of Science,
Institute of Biology and Ecology, Slovakia. The impf the STSM was “Thermal analysis of
Hypericum perforatunt.. shoot tips prior to and post vitrification” (Reence Code: COST-

STSM-871-05554).

2.3 Other collaborations
Crop Research Institute:

Dr. Matus Skyba (PJ Safarik University in Kosicecklty of Science, Institute of Biology

and Ecology, Slovakia)
Institute of Experimental Botany:

Dr. Jana Krajnakova (University of Udine, Italy aMdENDELU Brno, Czech Republic)

Dr. Marie-Anne Lelu (Nangis, France)

Table 1. Summary of research activities performed in the Czech Republic during the 4 years of COST

Action 871.
Institute  Team leaders Plant species Thematic area Period
CRI Zamecnik Garlic Thermal analysis 2007-2010
CRI Faltus Potato, Grape vine Thermal analysis 241)1SY)
IEB Vagner Picea abies Fundamental research  2007-2010
IEB Vagner Abies alba Fundamental research  2007-2010
IEB Vagner Abies nordmanniana Fundamental research 2007-2010
IEB Vagner Abies cephalonica Fundamental research  2007-2010
CRI Zamecnik Allium Cryoconservation 2007-2010
CRI Jadrna Apple Cryoconservation 2008-2010
CRI Faltus Potato, Hop Cryoconservation 2007-2010
CRI Zamecnik Garlic Cryotherapy 2009-2010
CRI Faltus Potato, Hop Cryotherapy 2009-2010

3. The future of plant cryopreservation in the Czeh Republic

The dormant bud cryopreservation method showedntbet satisfactory results As compared
with other cryopreservation approaches used toargasapple germplasm. Consequently, the
cryopreservation of apple dormant buds continugeeaCRI. This method is to be tested for
pear dormant buds as well. After the terminationtltd EURALLIVEG project, garlic
cryopreservation will continue within the framewarka national project. Cryoconservation
of potato and hop collections will continue as wéhe research on cryotherapy effectiveness
on virus elimination will continue in garlic, potatind hop. As a result of the positive results
in potato, the method will be applied to eliminatiof Potato Leaf Roll Virus (PLRV) and
Potato Virus Y (PVY). Based on the WGL1 results bértal analysis, cryoprotocol
improvement will continue in potato and grape vinEBundamental research on
cryopreservation of conifer embryogenic cell lineentinues in the IEB Prague and the
MENDELU Brno.
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4. Most important publications

Bilavcik A, Zamecnik J, Faltus M (2007) The use differential scanning calorimetric
analysis of plant shoot tips in cryopreservatioRYOPLANET, COST Action 871 1st
Meeting of the Working Group 1, Oviedo (Spain), Apr2-14, 2007, “Fundamental
Aspects of Cryopreservation /Cryoprotection and dhen Stability”, 26-29 ISBN
AS/1414-2007

Faltus M, Bilavcik A, Zamecnik J (2007) Study ofypbhormone composition of growth
medium for hop plant recovery improvement afteropngservation, In: Cryoplanet'1
Meeting of Working Group 2 - Florence, May 10-1202, pp 12-13

Faltus M, Bilavcik A, Zamecnik J, Svoboda P (20&fect of phytohormone composition of
nutrient medium on in vitro plant regeneration wphclones with different sensitivity to
indole-3-butyric acid, ISSN 0394-6169, Advancesiorticultural Science, 21: 219-224

Vagner M, Spakova J, EliaSova K, Fischerovéa L, Vondrakova Z {@00ryopreservation of
Norway spruce embryogenic cultures. Proc. COSTN3&éting, Oviedo, Spain, pp 34-35

Zamecnik, J, Faltus, M., Bilavcik, A (2007) Cryofmool used for cryopreservation of
vegetatively prpagated plants in the Czech Cryobank Cryoplanet,  Meeting of
Working Group 2 - Florence, May 10-12, 2007, pp530-

Zamecnik J, Faltus M, Bilavcik A (2007) Cryoprotéeoused for cryopreservation of
vegetatively propagated plants in the Czech crybpb#@&SN 0394-6169, Advances in
Horticultural Science, 21: 247-250

Bilavcik A, Faltus M, Zamecnik J, Casal R A, Jaraka O M (2008) Dehydration of
grapevine dormant buds in relation to cryopres@amatCRYOPLANET - COST Action
871. Agrifood Research Working papers 153. Oulaldfid, 20-23 February 2008. pp 33-
34. Poster abstract

Faltus M, Bilavcik A, Zamecnik J, Svoboda P, Dondkax, J (2008) Establishment of
cryobank of potato and hop apices in the Czech ReplCRYOPLANET - COST Action
871. Agrifood Research Working papers 153. Oulaldfid, 20-23 February 2008. pp 46-
47. Oral abstact

Zamecnik J, Bilavcik A, Faltus M (2008) Temperatuvmdulated Differential Scanning
Calorimetry - a tool for evaluation of plant glassnsition at low temperatures.
Cryopreservation of crop species in Europe. CRYOREA - COST Action 871.
Agrifood Research Working papers 153. Oulu, FinJa2@-23 February 2008. pp 26-27.
Oral abstact

Cvikrova M, Vondrakova M, EliaSova K, Martincova @agner M (2009) Endogenous
polyamines in Norway spruce embryogenic culturesnducryopreservation. Proc. %1
International Symposium on Cryopreservation in kboitural Species, Leuven, Belgium,
April 2009

Faltus M, Zamecnik J (2009) Thermal characteristiés some vitrification solutions.
Fundamental Aspects of Plant Cryopreservation.8Fdb 2009, Royal Botanic Gardens,
Kew, Millennium Seed Bank, Wakehurst Place. COSTiokc 871 CryoPlanet. Oral
abstract.

Faltus M, Zamecnik J (2009) Thermal characteristi€ssome vitrification solutions. EU
COST Action 871 Abstracts 2009. CryoLetters 30:-382

Zamecnik J, Faltus M, Kotkova R. (2009) Glass titaors determination irAllium shoot tips
after dehydration. CryoLetters 30: 382-397 (2009)EOST Action 871 Abstracts 2009.

Zamecnik J, Sestak J (2009) Biological glassestheid formation during overwintering and
cryopreservation of plants. In: Some Thermodynar8icyctural and Behavioral Aspects
of Materials Accentuating Non-crystalline Stateds.e). Sestak, M. Halek and J. Malek,
OPS Nymburk, ZU Plzei, pp 176-198. SBN 978-80-87269-06-0

182



Zamecnik J, Faltus M (2009) Evaluation of thermagsafrom Diffrential Scanning
Calorimeter. Fundamental Aspects of Plant Cryopvegion. 17th-18th Feb 2009, Royal
Botanic Gardens, Kew, Millennium Seed Bank, WaksehWlace. COST Action 871
CryoPlanet. Oral abstract.

Zamecnik J, Faltus M (2009) Evaluation of thermagsafrom Diffrential Scanning
Calorimeter. EU COST Action 871 Abstracts 2009.dLstters 30: 382-397

Zamecnikova J., Zamecnik J, Faltus M, Fernande¥i&hmannova | (2009) Preparation of
shoot tips by sucrose and dehydration pre-treatmeintUllucus tuberosus for
cryopreservation. °1 International Symposium on Cryopreservation inrtidaltural
Species. Leuven, Belgium, 5-8 April 2009. p 133&al@bstract

Schwarzerova K., Vondrakova Z, Fischer L, Bellini@aEliaSova K, Havelkova L., FiSerova
J, Vagner M, Opatrny Z (2010) Actin role in plamileryogenesis: improvement of spruce
somatic embryo maturation by the treatment with-actin drug latrunculin B. 8 EPSO
Conference: 29 August - 2 September, 2010, Finland

Schwarzerova K., Vondrakova Z, Fischer L tiBova P, Bellinvia E, ElidSova K, Havelkova
L., FiSerova J, Vagner M, Opatrny Z (2010) The roleactin isoforms in spruce somatic
embryogenesis. f>conf. of Experimental Biology of Plants, Bull. CBE and Sect. of
Physiol. of Slovak Bot. Soc., p. 86, Prague, Sepwm4.-17., 2010

ElidSova K, Vondrakova Z, Vagner M (2010) Cryoprgadon of embryogenic cultures of
conifers. 1% Conf. of Experimental Biology of Plants, Bull. CBE and Sect. of Physiol.
of Slovak Bot. Soc., Prague, September 14.-17640 1

Vagner, M., Vondrakova, Z., ElidaSova, K., MartinéovO, Cvikrova M (2010)
Cryopreservation of Norway spruce embryogenic cafiulevels of polyamines. Advances
in Somatic Embryogenesis of Trees And Its Applmatifor the Future Forests and
Plantations, Suwon, Korea, August 18-21, 2010

Schwarzerova K, Vondrakova Z, Fischer L iova P, Bellinvia E, EliaSova K, Havelkova
L., FiSerova J, Vagner M, Opatrny Z (2010) The role actin isoforms in somatic
embryogenesis in Norway spruce. BMC Plant BioloQy&9

Vondradkova M, Cvikrova M, ElidSovéa K, Martincova @agner M (2010) Cryotolerance in
Norway spruce embryogenic cultures: associationh wénatomical features and
polyamines. Tree Physiol. 30: 1335-1348

Zamecnik J, Faltus M (2010) Thermal analysis ofnplahoot behavior at ultralow
temperature determined by classical and modulaiféetehtial scanning calorimetry.™4
Conference Working Group 1, COST Action 871. Funeatal aspects of plant
cryopreservation - Cryoprotection and genetic $itgbiPoznan-Kornik, Poland, 29-30
April 2010. p 17. Oral abstract

Vondrakova Z, EliaSova K, Fischerova L, Vagner MX2) The role of auxins in somatic
embryogenesis dkbies albaCent. Eur. J. Biol(in press)

Vagner M, Vondrakova Z, EliaSova K, Martincova Quikkova M (2011) Cryopreservation
of Norway spruce embryogenic cultures: levels ofyamines. Proc. of COST 871
Meeting, Angers, February, 2011

Zamecnik J, Faltus M (2011) Behavior of water ianté at low and ultralow temperatures.
In: Handbook of Plant and Crop Stress. Ed. Pessaiak3rd Edition. CRC Press, Taylor
& Francis Publishing Company, Florida, pp 287-318
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Country Report: Denmark

Brian Grout

Institut for Jordbrug og @kologi, LIFE, Kgbenhawsiversitet
Hajbakkegard Alle 13, 2630 Taastrup, DENMARK

1. Major achievements in Denmark related to plant pyopreservation

Denmark is a relatively small country and only ttesearchers from the University of
Copenhagen, who were participants in COST 871aectige in plant cryopreservation. There
is some interest from colleagues at the Botanicd&arin Copenhagen (also part of the
University) which our group is keen to develop, there is no active programme as yet. The
summary details of the group are described below:

Institute Team leader Plant species Thematic area  Period

Univ of Copenhagen Brian GroutMalussp ;Pyrussp. ; Genetic 2007-2011
Ribessp. ;Phaseolusp. conservation

The group’s research efforts are largely targed@chtds dormant bud cryopreservation and it
application to the conservation of the genetic ueses of fruit trees, in significant part as a
direct response to the detail of the mandate foetie conservation given to the Institute by
the Danish government.

The Copenhagen team has benefited significantiy fiee networking provided by COST
871, taking an active part in all of the meetingklrsince Oviedo in April 2007. The city was
also the venue for a Management Committee meettigched to a Symposium of the
Society for Low Temperature Biology in Septembef&0and. a successful workshop on
dormant bud cryopreservation in February 2009.

1.1. Working Group 1

The Danish research activity in Work Group 1, esatiythe more biologically fundamental
studies, has centred on the issues of contaminafi@amples, and transport vessels, due to
inadvertently cryopreserved micro-organisms in itignitrogen (LN), together with basic
studies on the variation in response to cryopregenv due to cultivar differences.

1.2. Work Group 2

Work Group 2, containing the more applied studiesyhere most of the Danish efforts have
been concentrated. The experimental work has fdcase understanding and optimising
cryopreservation protocols for woody fruit spedieshe practical setting of workingnp situ
collections of genetic resources. The practical kwbas been conducted largely at the
University Pometum, in Taastrup, which is a conitdny collection of NordGen (the Nordic
Gene Bank). This field-based collection holds saté@ accessions of apple, of which more
than 200 are of Danish origin, and over 250 acoassnf other top fruits, mostly pears, plums
and cherries. It is the long-term intention to atef these cryopreserved using dormant bud
techniques. Additionally in WG2 there is an ongoipgoject concerned with the
cryopreservation, and recovery, of isolated zygeticbryos from very large seeds, where
there are practical and resource issues that coatplthe use of LN storage. The intent is to
achieve high levels of post-thaw survival withoesart to conventionah vitro recovery
techniques.
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2. Collaborations initiated during the 4 years of he COST Action

The COST Action 871 collaboration has been of $icgmt, and unique, value in providing a
forum for the transfer of information, techniquesdadeas into, and out of, Denmark. The
COST Action 871 has provided the platform to stthag collaboration with the group at the
University of Reading (UK) led by Andy Wetten, whelinterests in woody plant
cryopreservation are shared. The links with collesgin Finland have been significantly
strengthened as a result of COST Action 871meetengys a PhD student exchange between
Copenhagen and Oviedo has been arranged as a coestquence of the COST Action
871network. Additionally, support for work in Diffential Scanning Calorimetry at the
Thermal Analysis Training Workshop in Prague, amtbsequent Short Term Scientific
Mission funding to continue this work, has madegaificant difference to the scope of study
undertaken by one of the Copenhagen-based PhDnssualed has permanently expanded the
capabilities of the laboratory.

3. Future of plant cryopreservation in Denmark

The future for plant cryopreservation in Denmatkieast in the short- to medium- term, will
rest with the Copenhagen group. Expansion of dgtiuevitably, requires funding and the
only likely source at present is via the nationaneitment to the Nordic Gene Bank, and
this avenue is being actively pursued. Howevemh-gjgality, applied research in this area will
continue at the Taastrup laboratories. There ispib&sibility of some funding via a new
Scandanavian emphasis on healthy fruits and velgstadind a consequent interest in yields
of compounds such as antioxidants. This has gexterabncern over the available
biodiversity in the geographical region and willjs hoped, generate some practical support
for genetic conservation in which cryopreservatinght share.

4. Most important publications

As primary authors, members of the Copenhagen ghawe contributed the papers listed
below to the overall portfolio of information geaéxd by COST Action 871. A number of

other publications were produced, as a result tdraal collaboration, where group members
were not placed as the first author

Grout BWW (2007) Cryopreservation of plant cell geissions. In “Methods in Molecular
Biology 368 — Cryopreservation and freeze-dryingtpcols” edited by J.G. Day & G.N..
Stacey, pp 153-161, Humana Press, New Jersey

Grout BWW, Morris GJ. (2008) Contaminated liquidrogen storage vessels as potential
vectors for pathogens. CryolLetters 29: 74-75 (Abst.

Toldam-Andersen TB, Krogholm KS, Grout BWW (2008)yopreservation of dormant buds
in a genebank collection &yrus communisCryolLetters 29: 81-82 (Abst.)

Grout BWW, Green J, Benson EE, Harding K, Johnstdh (2008) Cryopreservation of
encapsulated ribes meristems and variation betvemmessions within a cultivar. In
“Agrifood Research Working Papers 153 - Cryopreaton of Crop species in Europe”
edited by J. Laamamen, M. Uosukainen, H. HaggmanNukari and S. Rantala, p.50,
MTT Agrifood Research, Finlandwjvw.mtt.fi/mtts/pdf/mtts153.4df

Grout BWW, Morris GJ (2009) Contaminated liquidragen vapour as a risk factor in
pathogen transfer. Theriogenology 71: 1079-1082

Grout BWW, Green J, Toldam-Andersen TB (2009) Reattbenefits of dormant bud
cryopreservation for genetic resource conserva@oyolLetters 30: 389-390 (Abst)
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Vogiatzi C, Grout B, Toldam-Andersen T. (2010) Ursdending the cryosurvival of cold-
hardened, winter apple buds — critical water cantard the role of non-differentiated
secondary primordial. Cryoletters 31: 182-183 (Abst

Vogiatzi C, Grout BWW, Wetten A, Toldam-Andersen .TR010) Critical steps in
cryopreservation of dormant winter buds collectadar relatively mild winter conditions.
Cryobiology 61: 368 (Abst)

Green, J, Grout B(2010) Cryopreservation of winter buds of nine igalts of blackcurrant
(Ribes nigruni.). CryolLetters 31341-346

Vogiatzi C, Grout BWW, Wetten A, Toldam-Andersen TB011) Cryopreservation of
winter-dormant apple buds: |- Variation in recovevith cultivar and winter conditions.
CryoLettersin press

Vogiatzi C, Grout BWW, Toldam-Andersen TB, Wetten (8011) Cryopreservation of
winter-dormant apple buds: Il - tissue water stafter desiccation at -4°C and before
further cooling. CryoLettersn press
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Country Report: Finland

Marjatta Uosukainen Hely Haggmahand Merja Vetelaineh

1. MTT Agrifood Research Finland, Antinniementie 1-42330 Vihtavuori, Finland
2. Biological Institute, Pbox 3000, FI-90014 Univeysif Oulu, Finland
3. MTT Agrifood Research Finland, FI-31600 JokioinEmland

1. Major achievements in Finland related to plant cyopreservation

In Finland, cryopreservation research was stameti9o0’s at the Forest Research Institute
(Metla) with the aim to preserve forest tree bregdand research material. In 2004 the
Agrifood Research Finland (MTT) started to examihe possibility of utilizing cryo
techniques for the long-term preservation of genetsources of vegetatively propagated
plants. Therefore we had great interest in padiong COST 871 Action Cryoplanet.

1.1. Working Group 1

Compared with Working Group &2 COST 871 Action, Finland has been active mainly
Working Group 1. Finland hosted a combined meedbh@/G1 and WG2 at Oulu on 20- 23
February 2008. The meeting was organized by theddsity of Oulu and MTT. A book of
abstracts was published by MTT (Laamaretnal. 2008). Additionally a special issue of
Agricultural and Food Science was published afterrheeting.

The active Finnish research institutes in this C@8Tion were MTT, Metla, the University
of Oulu and the University of Helsinki. The cryolbamas established at MTT Laukaa for the
National Programme for Plant Genetic Resourceprmg 2006. Several national research
projects were performed during this action followmdlong-term back-up preservation of the
Finnish national core collections of horticultugalants. Cryopreservation techniques was
studied on potatoes and several plant species nmliéa Betula, Fragaria, Humulus
Potentilla Prunus Malus Syringag Rhododendron, Ribes, RubasdVaccinium (Haggman

et al 2008; Nukari et al 2009; Nukari and Uosukai2®07; Uosukainen et al 2007). MTT
scientist Anna Nukari has undertaken her PhD ssudre cryopreservation of raspberry and
strawberry at the University of Helsinki. Interrmatally MTT coordinated the EU-project
RIBESCO-Core Collection of Northern European Geaoel Bf Ribes This project included
evaluation, DNA analysis, selection of plant mateirus indexing and cryopreservation of
dormant buds of 53 blackcurrant varieties. Valuatgatribution to RIBESCO-project was
obtained from the two Small Group Meetings in trerfe of COST Action 871 on dormant
bud techniques at Copenhagen and Florence. At Matlageneral aim of cryopreservation
research was to develop and apply methods as aopéotrest genetics and tree breeding
research (Malabadi and Nataraja 2006; RyynanerAamaken 2007).

In the University of Oulu cryopreservation was nhpsised as a research tool and also
courses on cryopreservation were provided for thdents. This COST action has led to new
PhD and MSc projects, for example PhD studies ahika Edesi on potato cryopreservation
and Saija Rantala work oRibes cryopreservation in collaboration with MTT and kau
Zoratti’'s MSc work on bilberry cryopreservation. 2010 we established a cryofacility at the
Botanical Gardens of the University of Oulu. Cryartpy was the research topic at the
University of Helsinki and also at MTT. This resgaractivity was greatly inspired by the
visiting scientist from China, Dr. Q. C. Wang (Waegal 2009; Wang and Valkonen 2008;
Wang and Valkonen 2009a; Wang and Valkonen 2009b).
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The Finnish National Programme for Plant Genetiedreces was established in 2003 and
organized under the Ministry of Agriculture and €stry. The National Advisory Committee
for Gene Resources, nominated by the Ministry,nischarge of the activities. MTT is
responsible for the coordination of the programme fr the long-term preservation of field
and horticultural crop genetic resources. Metlathasresponsibility of preservation of forest
tree genetic resources. During COST 871 our Progmarhas advanced outstanding@n
early stage of strategic planning, cryopreservati@s included in the Programme. In the
guidelines for long-term preservation of Finnisharilgenetic resources of fruits, berries and
woody ornamentals (Aaltoneet al. 2006a; Aaltoneret al. 2006b), cryopreservation was
accepted as the first back-up preservation methard field collections. In 2006 the
preservation of genetic resources of horticultunap plants was integrated into certified
propagation stock and plant propagation schem#igncontext the Ministry of Agriculture
and Forestry (2006) accepted cryopreservation@eservation method also for the certified
nuclear stock material. The advantages were cl@rThe core collection of vegetatively
propagated horticultural plants was based on the#eau stock plant collection, which was
disease indexed and approved by plant inspectitimoaties. (b) the collection was safely
preserved in cryobankj vitro or in isolated greenhouses. (c) the knowledgerasdurces of
plant disease testing and eradication techniqueésnavitro propagation were utilized in both
certified production and preservation of genetsoreces.

Table 1. Summary of WG 1 research activities performed in Finland during the 4 years of COST Action
871.

Institute Team leaders Plant species Thematic area Period
MTT Agrifood  Merja VeteldinenVegetatively  propa( Long-term 2006-2011
Research Finland horticultural crops preservation of

gene resources
MTT Agrifood  Marjatta Raspberry, Cryopreservation 2006-2008
Research FinlandUosukainen strawberry, potato techniques
MTT Agrifood  Marjatta Dasiphora, Fragi Long-term 2009-2011
Research FinlandUosukainen Prunus, Ribes, Rubus,cryopreservation
Syringa, of gene resources
MTT Agrifood  Anna Nukari Malus,Prunus, Cryopreservation 2009-2011
Research Finland Rhododendron, F techniques
Syringa, Vaccinium

MTT Agrifood  Jaana LaamanerAllium sativum, Cryotherapy 2010-2011
Research Finland Humulus lupulus
University Hely Haggman Pinus, Populus, BetulaPreservation 2006-2011
of Oulu research material
University Hely Haggman  Potat&planum Cryopreservation 2008-2011
of Oulu Vaccinium techniques
University of Jari Valkonen  Raspberry, sweetpotat@ryotherapy 2006-2009
Helsinki
Metla, Fc Tuija Aronen Betula, Fraxinus, Cryopreservation 2006-2011
Research Institute Sorbus techniques
Metla, Fc Tuija Aronen Betula, Sorbus Preservation 2006-2011
Research Institute research and

breeding material
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1.2. Working Group 2

As regards genetic stability within vegetative @gation and cryopreservation studies at
Metla, Malabadi and Nataraja (2006), performed &PRAstudy on cryopreserved cultures of
Pinus roxburghiiafter in vitro culture and cryopreservation anemitypic expression of leaf
variegation inBetula pendulavas studied by Ryynanen and Aronen (2007). Geflietgdity

of the regenerated silver birch plants has alsam @luated using RAPD assays together
with chromosome analysis. At MTT field testing tfasvberry, raspberry and plum have been
started.. The results of these studies will beiobthin 2012-2014.

Table 2. Summary of WG 2 research activities performed in Finland during the 4 years of COST
Action 871.

Institute Team leaders  Plant species  Thematic area Period
Metla, Fc Tuija Aronen Betula, P Genetic stability 2006-2009
Research Institute roxburghii after

cryopreservation
MTT Agrifood  Marjatta Raspberry, Genetic stab 2009-2011
Research FinlandUosukainen strawberry, plum field perfomance

2. Collaborations initiated during the 4 years of he COST Action

2.1. STSM- visits from Finlandh 2009 Anna Nukari from MTT and Jaanika Edeenirthe
University of Oulu visited in IPK laboratory in Gasleben, Germany. The aim of these visits
was to learn potato cryopreservation methods an@ B8hniques. These visits were well
appreciated and the collaboration will continue.

2.2. Small group meetings in the frame of COSToac871 Scientist Saija Rantala from
MTT participated in Workshops on Cryopreservation tbe Dormant Bud Technique in
Copenhagen, (25 — 26 February 2009) and in Flor¢B6e- 28 April 2010).

2.3. Other co-operation initiated within EU

In 2009, research scientist Veli-Matti Rokka fronT Mvisited IPK laboratory in Gatersleben
to get training in cryopreservation of potato amdnlka Edesi from the University of Oulu
had a short training period on principles on crgsprvation at MTT laboratory at Laukaa.
These visits have lead to continuous cooperatioDST Action 871 has also initiated
collaboration between the Nordic countries. Thed®en organization arranged in autumn
2007 a workshop on cryopreservation at MTT Laukaé seminars in Lygnaseter, Norway
(2009) and Alnarp, Sweden (2011) on preservatiogeoietic resources and developments of
cryopreservation techniques. Planning to utilize/opreservation is on going within
Scandinavia on different levels.

3. Future of plant cryopreservation in Finland

For the future, we will apply cryopreservation teitjues as much as it is technically possible
for the long-term preservation of plant gene resesiras well as for the preservation of
horticultural nuclear stock material and foresetbgeeding and research material. MTT will
focus on horticultural and agricultural plants aviétla will apply the technique to forest
trees. The University of Oulu will in the comingays focus on conservation of native plants
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germplasm. In addition we will look forward to pide cryofacility service also for other
botanical gardens in Finland in the co-operati@amiework. Several proposals were given in
autumn 2010 to organize and finance the Nationagfmme in the future. The financial
solutions are expected in 2011.

4. Most important publications

Aaltonen M, Antonius K, Hietaranta T, Karhu S, Kamen H, Kivijarvi P, Nukari A,
Sahramaa M, Tahvonen R, Uosukainen M (2006a) Goetelfor long-term preservation
of Finnish plant genetic resources. Fruits andiégr{In Finnish with an English abstract).
Agrifood Res/Plant Prod 89. MTT, Jokioinen

Aaltonen M, Antonius K, Juhanoja S, Jarvelin V, ir@aen J, Nukari A, Perdinen R,
Sahramaa M, Uosukainen M, Uusitalo M (2006b) Gunasl for long-term preservation of
Finnish plant genetic resources. Woody ornamentiag-innish with an English abstract).
Agrifood Res/Plant Prod 91. MTT, Jokioinen.

Haggman H, Rusanen, M, Jokipii S (2008) Cryopres@a ofin vitro tissues of deciduous
forest trees. In: Reed B (ed) Plant Cryopresermat® Practical Guide. Springer, New
York, pp 365-386

Laamanen J, Uosukainen M, Haggman H, Nukari A, &antS, (2008) (eds)
Cryopreservation of crop species in Europe. CRYOREA — COST Action 871 20th -
23rd of February, Oulu, Finland. Agrifood Res W&#pers 153

Malabadi, R B, Nataraja K (2006) RAPD detect no golanal variation in cryopreserved
cultures ofPinus roxburghiiSarg. Propag Ornam Plants 6: 114-120

Ministry of Agriculture and Forestry (2006) The tstt@ of the Ministry of Agriculture and
Forestry on certified propagation and plant mateAsetus 9/2006. (in Finnish), MMM
Tietopalvelukeskus, Helsinki

Nukari A, Uosukainen M (2007) Cryopreservation ime tFinnish national germplasm
programme for horticultural plants. Adv Hort Sci. 2B2-234

Nukari A, Uosukainen M, Rokka V-M, Antonius K, Warfg C, Valkonen J P T (2009)
Cryopreservation and their application in vegetyiypropagated crop plants in Finland.
Agr Food Sci 18:117-128

Ryynénen L, Aronen T (2007) Phenotypic expressibrieaf variegation in twoBetula
pendula Roth genotypes following micropropagation, cryg@m@ation and grafting.
Propag Ornam Plants 7: 23-28

Uosukainen M, Laamanen J, Nukari A (2007) Cryopnesteon in certified plant production.
Adv Hort Sci 21: 258-260

Wang Q C, Cuellar W J, Rajaméki M-L, Hirata Y, Vafien J P T (2009) Combined
thermotherapy and cryotherapy for efficient viruadécation: relation of virus distribution,
cellular changes, cell survival and viral RNA detaton in shoot tips. Mol Plant Path 9:
237-250

Wang Q C, Valkonen J P T (2008) Effiecient elimioat of sweetpotato little leaf
phytoplasma from sweetpotato by cryotherapy of skips. Plant Path 57: 338-347

Wang Q C, Valkonen J P T (2009a) Recovery of ceathy-treated shoot tips following
thermotherapy oin vitro-grown stock shoots of raspberigubus idaeus.). CryoLetters
30:171-182

Wang Q C, Valkonen J P T (2009b) Cryotherapy ofoships: novel pathogen eradication
method. Trends Plant Sci 14: 119-122
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Country Report: France

Florent Engelmarin®and Agnés Grapih

1. IRD, UMR DIADE, 911 avenue Agropolis, BP 64501, 843Montpellier cedex 5,
France.

2. Bioversity International Via dei Tre Denari 47208057 Maccarese (Fiumicino), Rome,
Italy.

3. AGRocAmMPUS OUEST — Angers, Institut National d'Horticulture et deayBage
UMR GenHort (INHP/INRA/UA), 2, rue Le Nétre - 4904ngers, France.

1. Introduction

France is one of the European countries, which dres of the longest histories in plant
cryopreservation research. The first paper relatgolant cryopreservation was published in
1973 by Coulibaly and Demarly. Research activitaesk off in the mid-eighties, thanks to a
project supported by the French Ministry of Reseaaad Technology involving several
private companies and public research instituteendh researchers significantly contributed
to the development of plant cryopreservation. Theapsulation-dehydration technique was
developed in CNRS Meudon by the group of the laenDereuddre (Dereuddeeal. 1990).
This technique has been successfully applied targelrange of plant species (Gonzalez-
Arnao and Engelmann 2006). The possibility of usingppreservation to eliminate viruses
from shoot tips (the process termed cryotherapy9 demonstrated for the first time by the
group of Marthe Brison and Marie-Thérese de BoudauBordeaux (Brisoret al. 1997). It
was shown subsequently that cryotherapy could h@iempto eliminate viruses from a
number of plant species (Warg al. 2009). French researchers were also involved en th
implementation of the EU-funded CRYMCEPT projecy, ¢oordinating Workpackage 3
(Sugars, Stéphane Dussert, IRD Montpellier), whaimed at developing methods for
analysing soluble sugars in plant tissues and wdystg the relationship between sugar
content and tolerance to desiccation and cryoprasen of plant tissues and organs, and
Workpackage 9 (Dissemination of protocols and tephes, Florent Engelmann, IRD and
IPGRI), through the organisation and implementabbspecialized training workshops. Yet
another achievement was the establishment of grEgerved collection of dormant buds of
444 elm European clones, jointly with German pagnen the framework of project
RESGEN CT96-78 (Luc Harvengt, AFOCEL, Nangis; Hagteet al.2004).

The activity decreased at the beginning of the 20@@th research activities taking place in a
limited number of laboratories, includingsRocAampPus OUEST Angers, INRA Orléans, IRD
Montpellier and Nestlé Tours until the initiatiom 2009 of the CRYOVEG project
(Cryopreservation of French plant genetic resoucodiections), financed by the GIS IBISA,
coordinated by IRD MontpellierThe CRYOVEG project, in which 10 Biological Resaoeirc
Centres (BRCs) participate, is aimed at developmgptimizing cryopreservation techniques
for a range of selected species, and at estaldishimational scientific and technical network
of BRCs using cryopreservation (Engelmaatral. 2009).

2. Major achievements in France with respect to plat cryopreservation during the 4
years of the COST Action

The research activities, which took place in Frashoeng the 4 years of the COST Action are
summarized in Table 1. They were related both tokiig Group 1 (Fundamental aspects of
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cryopreservation/cryoprotection and genetic stabiland Working Group 2 (Technology,
application and validation of plant cryopreservatiohaired by F. Engelmann, IRD). Many of
them were initiated in the framework of the CRYOVHSoject. Another significant
achievement was the joint organisation, betweer@camPus OUEST and IRD, of the final
meeting of the COST Action, which took place in &ngy France, in February 2011.

Table 1. Summary of the major research activities performed in France during the course of COST
Action 871.

Institute Team leaders Plant species Thematic area Period
CIRAD Guadeloupe D. Roques Sugarcane Protocol devlipt. 09-2011
CIRAD la Réunion M. Roux-CuvelierVanilla, garlic Protocol devlpt. 2009-2011
CIRAD-INRA Corsica  F. Luro Citrus Protocol devlpt. 2009-2011
INRA Guadeloupe F. Gamiette Yam Protocol devlpt. 200812
INRA Bordeaux E. Balsemin Prunus Protocol devlpt. 2009-2011
INRA Angers L. Feugey, Apple, pear Protocol devlpt. 2009-2011

A. Guyader
INRA Ploudaniel J.E. Chauvin, Brassica Protocol devlpt. 2009-2011
A. Label Potato
INRA Montpellier P. Chatelet Grape Protocol devipt. 2Q011
IRD la Réunion/ S. Dussert Coffee Protocol devlpt. 2009-2011
Montpellier
AGROCAMPUSOUEST A. Grapin Pelargonium  Cryotherapy 2005-2010
Genetic stability
Cytological
studies
AGROCAMPUSOUEST A. Grapin Rosa Protocol devlipt 2010-

3. Collaborations initiated during the 4 years of he COST Action (including STSMs)

Several French scientists implemented STSMs anticipated in specialized workshops,

as follows:

STSMs:

» David Teyssedre (CIRAD Réunion) in IPK, Gatersleb&ermany, February 2009:
cryopreservation afllium

* Arnaud Guyader (INRA Angers) in JKI Dresden-PilmitGermany, February 2010:
cryopreservation of apple and pear

* Emilie Balsemin (INRA Bordeaux) in NW-FVA, Hann. Mden, Germany, April-May
2010: Cryopreservation &frunus avium

Workshops:

» Workshop for the dormant bud method in cryopredemaCopenhagen, 25-26 February
2009 (Agneés Grapin)

» 2nd Workshop on Cryopreservation by the Dormant-Bechnique, Florence, 26-28 May
2010 (Laurence Feugey)

Foreign researchers also implemented STSMs in Rriahoratories:

« Tatjana Vujovic (Fruit Research Institutéacak, Serbia) in IRD Montpellier, Nov. 2010:
Cryopreservation dPrunus cerasiferandRubusfruticosus
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* Milana Trifunovic (Institute for Biological resedrcBelgrade, Serbia) in ZROCAMPUS
OuesT, Angers, April-May 2010: cryotherapy bhpatiens

In addition, collaborative research activities rgapreservation were initiated between:
* INRA/IRD and Czech and Croatian colleagues, ongrap follows :
* Visit of Petra Jardna (Crop Research InstitutegéeaCzech Republic) in IRD/INRA
Montpellier, 2009.
* Thesis of Zvjezdana Markovic (Univ. Zagreb, Crogtiao-tutelle between Univ.
Zagreb and Montpellier SupAgro, 2010.
* AGROCAMPUSOUESTAngers and KUL (Belgium) oRelargoniumdroplet-vitrification.

4. Future of plant cryopreservation in your country (including new initiatives)

The future activities related to cryopreservatiofriance will cover different topics:

* Fundamental research, such as the understandisgnaé of the mechanisms involved in
tolerance of plant tissues and organs to desiatatal cryopreservation;

» Applied research, involving the development of gngservation protocols for additional
species;

» Large scale application of protocols for the essdiphent of cryopreserved collections in
Biological Research Centres;

» Establishment and strengthening of collaborationth iEuropean and non-European
partners.

5. Most important publications related to the COSTAction

The most important publications related to the C@8fion are listed below.

Dussert S, Engelmann F (2006) New determinants offee (Coffea arabical.) seed
tolerance to liquid nitrogen exposure. CryolLet@®rsl69-178

Engelmann F (2009) Use of biotechnologies for couisg plant biodiversity. Acta Hortic
812:63-82

Engelmann F (2009) Plant germplasm cryopreservagimyress and prospects. Cryobiology
59:370-371

Engelmann F (2011) Encapsulation-dehydration: pesgent and future. Acta Hort, in press.

Gallard A (2008) Etude de la cryoconservation diape vue d’'une conservation a long terme
de collections de ressources génétiques végétatmapréhension des phénoménes mis en
jeu et évaluation de la qualité du matériel régérgur le modéld’elargonium PhD
Thesis, Univ Angers, France

Gallard A, Chevalier M, Dorion N, Mallet R, Filmdd, Grapin A (2011) Immulocalisation
of two viruses (PFBV and PLPV) iRelargoniumapices and study of their potential
eradication by cryopreservation. Acta Hortic: iegs

Gallard A, Escoute J, Verdeil JL, Grapin A (2009)n2amic study of cellular events during
cryopreservation. CryoLetters 30: 391-392

Gallard A, Mallet R, Chevalier M, Grapin A (2011BV and PLPV inPelargoniumapices:
cryotherapy efficiency and virus immunolocalizati@ryoLetters 32: in press

Gallard A, Panis B, Dorion N, Swennen R, Grapin 20(48) Cryopreservation of
Pelargoniumapices by droplet-vitrification. Cryo-letters. 2813-251

Gallet S, Gamiette F, Filloux D, Engelmann F (20Cryopreservation of yam germplasm in
Guadeloupe (FWIAdv Hortic Sci 21:244-246
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Georget F, Engelmann F, Domergue R, Coéte F (200&@pNb-histological study of banana
(Musa spp. Cv. Grande Naine [AAA]) cell suspensions wlgricryopreservation and
regeneration. CryolLetters 30:398-407

Grapin A (2010) How to start a programmeRw@sacryopreservation? Cryoletters 31:84

Grapin A, Gallard A, Dorion N (2007) Cryopresereati at the ‘Institut National
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1. Major achievements in Germany related to plant iyopreservation

1.1. Working Group 1

Although the group in DSMZ was the only laborataryGermany formally participating in
Working Group 1 and the only one using a transgapjroach for fundamental research in
cryopreservation some studies of fundamental velere investigated in other laboratories,
such as IPK Gatersleben, where studies by DSC pacts of cold effects on various
parameters as well as regeneration studies haveumeiertaken. Additionally other scientists
in Germany working on cold, osmotic and salt takeeof plants have been not involved in
COST 871. At DSMZ recombinant cell lines and plafitsm potato and tobacco were
established acquiring salt and/or osmotic tolerdmcever-expression of the AtNHX1 protein
(tobacco) and homologous over-expression of theORR@rotein (potato plants and cell
cultures). These cell lines have been used formestigation of fundamental aspects of the
influence of salt and osmotic tolerance on cryogmestion. Specific vector constructs have
been used to facilitate expression monitoring ebnebinant genes in the cell cultures. For
future comparison of the results obtained fromaék cultures with those obtained for intact
plants, transgenic potato plants have been rarsedformed with the same vector systems.
This allows future collaboration between IPK andMIXS Improvements of cryopreservation
methods for cell cultures achieved during the mtojill be practically applied for the
conservation of the cell culture collection maintd at DSMZ and offered as a service by
DSMZ to establish methods for the safe depositalf lmes or Patent Deposit under the
Budapest treaty.

1.2. Work Group 2

In Working Group 2, several institutions were aetilPK Gatersleben maintains the world’s
largest potato cryo-collection using the DMSO debpmnethod now amounting to 1244
accessions. The method was modified resulting fetadies on factors of preculture and
recovery. Methylation studies were used for ingzdton of epigenetic variations in potato
cryopreservation. Garlic and other alliums (84 aswmmns) are cryopreserved using
vitrification, and mint cryopreservation was deydd (56 accessions) with droplet-
vitrification. A cost analysis was performed forrlga cryopreservation in comparison with
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field maintenance. Use of alternating temperatdrgsg preculture improved regeneration in
all species cryopreserved by the IPK group. DS@sisd for analysis of the water state in
cryopreservation. The IPK group started investagegi on pollen cryopreservation as a
complementary method to store populations of oettirey accessions together with shoot
tips of mother plants in cases, where it is diffido obtain large quantities of true-to-type
seeds for storage. IPK organised a COST WG2 meeling JKI-ZGO Dresden-Pillnitz is
working on two crops. Ifrragaria methods of micropropagation were optimized and PVS
vitrification is used for cryopreservation (21 assiens), optimization experiments are
ongoing. The dormant bud method is adapted Malus. The NW-FVA maintains the
European collection ofJImus species on the basis of dormant buds (444 acce3sio
Experiments were performed with vitro shoots of forest trees using PVS2 vitrificatio2(q1
accessions). Regeneration frequencies of 100 Yohiasned inPopulus Betula, Prunusand
Acerare other successfully cryopreserved genera. Atldlaih University Berlin, two groups
are interested in cryopreservation. The InstituteBmlogy at Faculty Mathematics and
Natural sciences worked on cryopreservation offeomifor maintaining clonal varieties and
orchid seeds, and the tissue culture laboratorthefFaculty Agriculture and Horticulture
contributed to cryopreservation of strawberry, soaaed Jatropha and is interested in using
DSC.

Table 1. Summary of research activities performed in Germany during the 4 years of COST Action
871.

Institute  Team leaders Plants Thematic WG  Period
(Years)
DSMZ H.-M. Solanum tuberosum Cell cultures, using of GMO 1 2007-10
Schumacher for analyses

HUB I. Pinker Fragaria Shoot tip droplet-vitrification 2 2006-09
Rosa 2 2006
Jatropha Embryo axes droplet- 2 2009

vitrification

HUB K. Zoglauer Abiesspec. Embryogenic cell cultures 2 2007-10
Dabhlia spec. Seed cryopreservation 2 2007-10
Orchidaceae 2 2007-10

IPK E.R.J. Keller Solanum tuberosum DMSO droplet method, DSC 2 2007-10
Allium spec. Vitrification 2 2007-10
Mentha spec. Droplet-vitrification 2 2007-10

JKI M. Hofer Fragaria Vitrification of shoot tips 2007-10
Malus Dormant-bud method 2007-10

NW-FVA A. Meier- Populus tremula Vitrification of shoot tips 2 2008-09

Dinkel Populus tremulax P. 2 2008-09

tremuloides
Populusx canescens 2 2010
Betula pendula 2 2007-08
Betula pubescens 2 2007-08
Betula pubescens 2 2007-08
Prunus avium 2 2009-10
Acer pseudoplatanus 2 2010

2. Collaborations initiated during the 4 years of he COST Action

Eight STSMs were hosted specifically, IPK 6, JKINW-FVA 1. They were provided to
teach young colleagues learning techniques oramlies starting to work on new species or
cryopreservation in general. Stable collaborationste between Poland (Institute of
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Horticulture Skierniewice) and Germany (IPK), whiashas supported by the STSM.
Collaboration was planned between Finland (MTT) aérmany (IPK), but a project
submitted in Finland, was unfortunately, not appchv Bilateral collaboration is in
preparation between Spain (University Madrid) aretr@any (IPK). The STSM were also
used to initiate further joint activities of Fran¢€IRAD La Réunion, INRA Stations
Ploudaniel and Angers-Nantes) and Germany (IPKJ&il Techniques learnt at IPK will be
used in Poland (University of Warsaw) for a prognanto introduce entirely new species
into cryopreservation. Furthermore, there were @muhenefits from interactions of COST
871 with the European Project AGRI GENRES 050 EURMEG and an AEGIS project,
both coordinated by IPK, which covered collabonmatio cryopreservation of garlic between
IPK and Poland (Skierniewice) and Czech RepubliRl(Brague-Ruzyne) and the genebank
at Braga, Portugal, respectively.

3. Future of plant cryopreservation in Germany

The importance of cryopreservation is acknowledgad fixed as a task in the German
National Programme of Plant Genetic Resources kthemthe active inputs of IPK and JKI.
During the time of the COST 871, in JKI and NW-FV&je establishment of new
cryopreserved collections has been started anddh&boration between German institutes
using cryopreservation have been improved. Thetipeddmplementation is however, still
not satisfying, mainly because of lack of fundssdfdial steps of all cryopreservation
protocols have to rely on time-consuming manual kw(@specially explant excision) of
experienced technical staff. This may cause batks which seem to be obstacles for quick
expansion of this method of conservation. This le tcase despite the fact that
cryopreservation is by far the most cost-effectivethod to store vegetative germplasm in the
long-term. Initiatives are underway, which analybe usefulness of cryopreservation to
provide more effective data supported argumentdawour of this approach to plant
conservation.

4. Most important publications

Abdullateef S, Pinker I, Bohme M (2009) The currstatus of conservation of agricultural
and horticultural genetic resources and its crysgmeation future in Syria: 1. Intern.
Symposium on cryopreservation in horticultural spec Proc First Int. Symp
Cryopreservation Hortic Spec, Heverlee, Belgium, April 2009, Acta Hortic in press

Ali Z, Schumacher HM, Heine-Dobbernack E, El Barha Hafeez FY, Jacobsen HJ,
Kiesecker H (2010) Dicistronic binary vector system versatile tool for gene expression
studies in cell cultures and plants. J Biotechd®:2-16

El-Banna A, Hajirezai MR, Wissing J, Ali Z, VaasHgine-Dobbernack E, Schumacher HM,
Kiesecker H (2010) Over-expression of PR-10a letdsncreased salt and osmotic
tolerance in potato cell cultures. J Biotechnol:23@-287

Hofer M (2007) Preliminary results of cryopresematof Malus germplasm from the Gene
bank collection of the Institute of Fruit BreediDgesden. Adv Hort Sci 21:251-254

Hofer M (2010) Cryoconservation strategy of frugingtic resources in Germany. CryolLetters
31:76-94

Kaczmarczyk A, Gribe M, Keller ERJ (2008) Influenck alternating cold preculture on
cryopreservation results for potato shoot tips.oCetters 29:79

Kaczmarczyk A, Gribe M, Keller ERJ (2009) Preseatesof potato cryopreservation — new
aspects reviewed (Abstr.). CryoLetters 30:81-82
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Kaczmarczyk A, Gribe M, Keller ERJ (2010) Historpdadevelopment of the potato
cryopreservation method and the cryopreservedataile in the IPK Gatersleben (Abstr.)
CryolLetters 31:91-92

Kaczmarczyk A, Houben A, Keller ERJ, Mette F (20Itfluence of cryopreservation on the
cytosine methylation state of potato genomic DNA/dCetters 31:380-391

Kaczmarczyk A, Rokka VM, Keller ERJ (2011) Potakmat tip cryopreservation. A review.
Potato Res 54:45-79.

Kaczmarczyk A, Rutten T, Melzer M., Keller ERJ (8)Qltrastructural changes associated
with cryopreservation of potaté&olanum tuberosurh.) shoot tips. CryolLetters 29:145-
156

Kaczmarczyk A, Shvachko N, Lupysheva Y, HajireZd&, Keller ERJ (2008) Influence of
alternating temperature preculture on cryopresemaesults for potato shoot tips. Plant
Cell Rep 27:1551-1558

Kaczmarczyk A, Zanke C, Senula A, Gribe M, Kell®RJE(2011) Thermal Analyses by
Differential Scanning Calorimetry for Cryopresergat of Potato Shoot Tips. Proc First
Int. Symp Cryopreservation Hortic Spec, Heverleelgiim, 5-8 April 2009, Acta Hortic
in press

Keller ERJ (2007) Cryopreservation for maintenaot@lant germplasm in Germany. Adv
Hort Sci 21:228-231

Keller ERJ, Kaczmarczyk A, Senula A (2008) Cryoprgation for plant genebanks - a
matter between high expectations and cautiousvaisen. CryolLetters 29:53-62

Keller ERJ, Senula A, Bluchner D, Kaczmarczyk A, ke (2008) Different protocols —
different situations — different genotypes from tiesearch laboratory to application in
genebanks. Some subjects of discussion. In: Laaman&osukainen M, Haggman H,
Nukari A, Rantala S (eds) Cryopreservation of Cgmgecies in Europe, Abstr CryoPlanet
COST Action 871, Meeting Oulu, Finland, February23) 2008. p. 61

Keller ERJ, Senula A, Kaczmarczyk A (2008) Cryopregation of herbaceous dicots. In:
Reed BM (ed) Plant cryopreservation: a practicadguSpringer, New York. pp. 281-332.

Keller ERJ, Senula A, Zanke C, Kaczmarczyk A (20Rfjctical implications to use different
explant sources for routine cryopreservation (AbstryolLetters 31:81-82

Keller ERJ, Senula A (2010) Cryopreservation ohplgermplasm. In: Davey MR, Anthony
P (eds) Plant Cell Culture. Essential Methods. Wildichester, UK. pp. 131-151

Keller ERJ, Senula A, Zanke C (2011) Alliaceae myopreservation, achievements and
constraints. Proc First Int. Symp Cryopreservatitortic Spec, Heverlee, Belgium, 5-8
April 2009, Acta Hortic in press

Meier-Dinkel A (2007) Cryopreservation &etulain vitro shoot tips by vitrification. Adv
Hort Sci 21:215-218

Pinker I, Halmagyi A, Olbricht K (2009) Effects sficrose preculture on cryopreservation by
droplet-vitrification of strawberry cultivars andomphological stability of cryopreserved
plants. CryolLetters 30:202-211

Pinker I, Halmagyi A, Olbricht K, Ehrig F (2009) ¥preservation of strawberry cv. 'Senga
Sengana' by droplet-vitrification. Acta Hort 83932860

Senula A, Keller ERJ (2011) Cryopreservation of tmirroutine application in a genebank,
experience and problems. Proc First Int. Symp Owsgrvation Hortic Spec, Heverlee,
Belgium, 5-8 April 2009, Acta Hortic in press

Senula A, Keller ERJ (2010) Cryopreservation @ithosiphon aristatus- an attempt to
transfer a droplet-vitrification method using PV82m mint to Orthosiphon (Abstr.)
CryoLetters 31:94

Senula A, Keller ERJ, Sanduijav T, Yohannes T (20Digopreservation of cold-acclimated
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Country Report: Greece

Elias Anastassopoulband Dimitris Zaragotas

1. Department of Plant Production, Technological Etiooal Institute of Larissa,
41110 Larissa, Greece.

2. Department of Forestry and Management of NaturalirBnment, Technological
Educational Institute of Larissa (Karditsa), 43Xditsa, Greece.

1. Major achievements in Greece related to plant giopreservation

Working Group 1

Greece joined the COST 871 with the aim of opegathough Working Group 1 to foster
research and development related to novel plaeizing assays, that would ultimately be
used in various applications including researclcriyopreservation. More specifically, the
proposed assays would be utilized as a screeniolgittoorder to rank plant genotypes
according to their freezing tolerance. Moreoveg fhroposed assays may prove useful in
dissecting the mechanisms that control freezingiisydor example in cold hardy plants, as
well as in measuring the effect of various cryopectdnts in freezing behaviour of freezing
sensitive plants.

The proposed plant freezing assays are semi-highaghput and involve the use of microtiter
plates. Since they are amenable to automation, dhesuitable for both high and low tech
labs.

Various trangenic and non-transgenic plant sampiage been screened for freezing
tolerance, from genera including Laurel, Nicotiar#eta, Citrus, Cicer, Origanum and
Arabidopsis, by using the above mentioned assaysidst cases, the plant samples used are
either leaf discs or leaf strips; but also seeddskand seedling parts, hypocotyls, epicotyl and
roots have also been employed.

Additionally, recent research on the use of miteotplates (Zaragotas and Anastassopoulos,
2011) proved the non uniform freezing condition®& well microtiter plates and proposed
the use of experimental designs in order to eliteinghe within microtiter plates
environmental variability. That research outcomeynmove useful for cryostorage of
samples in 96 well microtiter plates.

Table 1. Summary of research activities performed in Greece during the 4 years of COST Action 871.

Institute Team leaders Plant species Thematic area Period
TEI Anastassopoulos E. Origanum vulgare Screening for 2007-2011
Larissas Cicer arietinum freezing resistance

2. Collaborations initiated during the 4 years of he COST Action

In 2007, Dr. Elias Anastassopoulos participatethatFirst Training Workshop on DSC and
thermal analysis organized by Dr Milos Faltus ate tfCrop Research Institute
in Prague (Czech Republic).

Moreover, opportunities for collaboration withiretaction have been explored in order to test
the usefulness of the proposed assays, in plaopoggervation.
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3. Future of plant cryopreservation in Greece

For many years, plant germplasm conservation ire€Gravas limited mainly in cereal crops
and did not involve the use of cryopreservatiore irhportance of plant cryopreservation, but
also of conserving biodiversity, has been recergblised in Greece, particularly after the
forest fires that broke in the country in Augus20and despite the fact that Greece is a
country rich in biodiversity. The total number afjher plant species known, in Greece is
4.992 according to data from the World Resourcsttirte for the year 2002. The agricultural
area in Greece, according to FAO statistics, in72@s 4.689.500 ha, of which 2.118.600 ha
was arable land and 1.125.000 ha permanent crdpseas the forest area was 3.812.400 ha.
The above figures prove that there is great pakfdr plant cryopreservation of crop species
of interest to Greek farmers.

The first attempt to create an oregano cryobanknderway at the Laboratory of Plant
Biotechnology at the TEI Larissa, in Greece, inatmration with Dr. Jayanthi Nadarajan of
the Royal Botanic Gardens, Kew. Oregano is an uatigsed crop that holds great promise
for the global agriculture, since many maimyvitro studies have proven its antibacterial and
antioxidant activities. Greece and neighbouringntoes are particularly rich in genetic
variation within the Origanum genus and the essabtient of such a cryobank will help
explore further various applications and uses.

4. Most important publications

Anastassopoulos E (2007) Towards a microplate tdolg platform for plant breeding.
“Technology, application and validation of planya@preservation.” Florence, Italy, May
10-12, 2007. Book of abstracts p. 39

Anastassopoulos E (2009) Robotic plant breedingp®cts expectations and prospects (in
Greek). 1 Hellenic Robotics Conference, 23-24 Febrauary 20@9ens, Greece. Book
of Abstracts pp. 1-6

Anastassopoulos E, Zaragotas D (2011) Freezing/a$sanicrotiter plates and their use in
plant breeding. International Conference on “Plgerie discovery technologies.” Vienna,
Austria, February 23-26, 2011. Book of abstract31p.

Anastassopoulos E, Zaragotas D, Vlachostergios @M9R Assessment of am vitro
screening assay for the identification of chickpémts tolerant to freezing. Integration
of Cryopreservation in Genebank Strategies. 10-g&pteSnber 2009, Gatersleben,
Germany Book of Abstracts p. 29

Zaragotas D, Anastassopoulos E (2011) Uniformigidrin plant freezing assays, involving
microplates. Cryoletters 32: 21-27
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Country Report: Italy

Maurizio Lambardi, Carmine Damiarfo Maria Ariag, Carla Benelfi, Emilia Caborf,
Emiliano Condelld, Anna De Carly Andrea Frattarefliand Aylin E. Ozudogru

1. IVALSA/Istituto per la Valorizzazione del Legno eelte Specie Arboree, National
Research Council (CNR), via Madonna del Piano 0019 Sesto Fiorentino (Firenze), Italy
2. CRA/Centro di ricerca per la Frutticoltura, Viakloranello, 52 00134 Roma, Italy

1. Major achievements in Italy related to plant cryopreservation

1.1. Working Group 1

CRA-FRU carried out a study on somaclonal variatedter cryopreservation oPyrus
pyraster shoot tips by RAPDs and SSRs. The results shoWwat dryopreservation using
encapsulation-dehydration does not affect gentluilgy of wild pear(Condelloet al.2009).
Moreover, during cryopreservation of apple shogids tiby the encapsulation method,
polyamines, transglutaminase activity and proteatigpgns were investigated, showing that
polyamine intracellular levels, as well as transmhinase activity, decreased in shoot tips
during the dehydration pre-treatment with sucréser{i et al.2010).

The University of Parma (A. Fabbri and co-workers), collaboration with the CNR-
IVALSA, carried out an osmometric and anatomicatlgton shoot tips of the grape rootstock
‘Kober 5BB’ (Vitis Berlandierix V. riparia) during the preparatory steps preceding the direct
immersion of explants in liquid nitrogen (LN). Tlodservations concerned modifications at
the cellular level, in order to understand the naetdms of adaptation to dehydration
treatments and to characterize the “key steps” bictwsuccessful cryopreservation depends
(Ganinoet al.2011).

1.1. Working Group 2

At the CNR-IVALSA, a cryo-protocol for the consetvm of citrus germplasm by
dehydration and direct immersion in LN of polyemimmic seeds was developed (De Calo
al. 2011). The technique is presently used to dugieat ancient collection dfitrus spp.,
initiated by Cosimo I° de’ Medici in the XVI° cermpin a cryo-bank (Lambardhit al.2007b).
Moreover, in the frame of a collaboration with Vemégricoltura, the duplication of an in-
field collection of apple germplasm is in progressing the dormant-bud method (Lambardi
et al. 2009). The technique was optimized and evaluatedts advantage in terms of time
and labour required for the preservation of ap@emgplasm in comparison with the classic
tissue culture-based cryopreservation approach lpbatn et al. 2011). The dormant-bud
technique was also applied to persimmon (Beradllial. 2009). Other studies developed
effective cryo-procedures for embryogenic callus@mhmon ash (Ozudoget al.2009a) and
horsechestnut (Lambardit al. 2008), embryonic axes of peanut (Ozudogtual. 2009Db,
2009c), shoot tips of redwood (Ozudogtal.2011) and rose (Previadt al.2008; Ozudogru
et al. 2010). As for the CRA-FRU, cryopreservation pralsdoy encapsulation-dehydration
were developed using shoot tipsRyfrusspp. (Condellcet al. 2009), apple, peach (Damiano
et al.2011), blackberry, strawberry and raspberry (Damit al.2007a, 2007b; Cabost al.
2010), as well as by droplet-vitrification in appl€ondello et al. 2011a) and raspberry
(Condelloet al.2011b).
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2. Collaborations initiated during the 4 years of he COST Action

In Italy, large part of the activity in the framétbe COST Action 871 “CryoPlanet” has been
carried out by the CNR-IVALSA in Florence and thR&FRU in Rome. During the four
years of the Action, the two institutes establishecerous collaborations with other Italian
scientific institutions, with the main aims to iease the interest in cryopreservation and to
promote the technique as an innovative and stiategi for the preservation of Italian plant
germplasm. The main institutes that, under the ayjwd of IVALSA and FRU, initiated
studies on cryopreservation are the UniversitiesTaf Vergata (apple), Milano (cherry),
Palermo (hazelnut, citrus), Parma (grape), Reggmili& (orchids) and Florence
(persimmon), the Santa Lucia Foundation of Rometéum expression), the regional agency
Veneto Agricoltura (apple, pear) and the CentrEarest Biodiversity of Peri (forest seeds).

Table 1. Summary of main research activities performed in Italy during the 4 years of COST
Action 871 (the column “Thematic area” reports on the tissue/organ used).

Institute Research leader Plant species Themate ar Period

CNR-IVALSA  A.E. Ozudogru Arachis hypogaea Excised embryos 2007-2009
CNR-IVALSA  A. De Carlo Citrus spp. Polyembrionic seeds 2007-2011
CNR-IVALSA  C. Benelli Diospyros kaki Dormant buds 2007-2009
CRA-FRU C. Damiano Fragraria x ananassa Shoot tips, cell suspens2007-2009
CNR-IVALSA  A.E. Ozudogru Fraxinus excelsior Embryogenic callus 2008-2009
CNR-IVALSA M. Lambardi Malus domestica Dormant buds 2008-2011
CRA-FRU E. Caboni Malus domestica Axillary buds, shoot tips2008-2010
CRA-FRU C. Damiano Morus alba Shoot tips 2007-2009
CNR-IVALSA  C. Benelli Olea europaea Buds, embryog. callus 2007-2010
CNR-IVALSA M. Lambardi Populusspp. Shoot tips 2007-2009
CRA-FRU E. Caboni Pyrusspp Shoot tips 2007-2009
CNR-IVALSA  A. De Carlo Rosaspp Shoot tips 2007-2008
CRA-FRU E. Caboni Rubus idaes Shoot tips 2008-2009
CNR-IVALSA  A.E. Ozudogru Sequoia sempervirens Shoot tips 2008-2011
Univ. of Parma A. Fabbri Vitis rootstock Shoot tips 2007-2009

The CNR-IVALSA established also several Internatiocollaborations on specific topics.
Thanks to a common programme with the UniversityDefby on olive cryopreservation,
significant advances have been made in the cryepraton of shoot tips from Italian
cultivars (Lynchet al.2007), as well as on the effects of osmotic pattnents on oxidative
stress, antioxidant profiles and cryopreservatibrsamatic embryos (Lyncket al. 2011).
Worthy of mention also the collaboration establésten cryotherapy with the Northwest
Agricultural and Forest University of Yangling, @hai (Wanget al. 2009), and the Catholic
University of Leuven on cryopreservation of ash graggenic callus (Ozudogret al.2009a),
adapting a slow-cooling procedure originally depeld for banana. As for the CRA-FRU, the
collaboration established with the Catholic Univgref Leuven on the cryopreservation by
the droplet-vitrification method allowed to readgrsficant advances in cryopreservation of
apple and raspberry.

Three Short Term Scientific Missions have been etegt at the CNR-IVALSA: Ivaylo
Tsvetkov from Bulgaria worked on the optimizatiohopyo-protocols on poplar and aspen
shoot tips (2007; Tsvetkoet al. 2009), Sladana Jevremovic developed cryopreservati
procedures folris spp. (2008; Jevremoviet al. 2011) and Elena Rios Thalmann applied
different cryopreservation methods (droplet, enakgt®n-based and dormant-bud methods)
to apple and pear germplasm (2009). Moreover, BnoliCondello of the CRA-FRU and
Jana Krainakova of the University of Udine sperinti®TSMs at the Catholic University of
Leuven (apple cryopreservation) and at the Unitersi Oulu (cryopreservation of conifer
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embryogenic callus), respectively. The CRA-FRU alsosted an STSM on droplet-
vitrification (COST Action 863) and participated the ECPGRPrunus WG8 meeting,
promoting fruit tree cryopreservation.

In the frame of the Action, two important eventyddeen organized by the CNR-IVALSA,
i.e., the “f' Meeting of WG2: Technology, Application and Valide of Plant
Cryopreservation” (Lambardit al.2007a) and the ®0 Workshop on Cryopreservation by the
Dormant-Bud Technique” (2010).

3. Future of plant cryopreservation in Italy

Thanks to the intense activity of experimentatiod aromotion of the cryogenic technology
made by the two Italian teams involved in the MC'©fyoPlaret” COST Action, numerous
and diverse institutes (Universities, Research 1@entRegional Agencies) are today
acquainted with the potential of cryopreservationthe safe long-term conservation of plant
genetic resources. Some of them are also carryihgatone or in collaboration with IVALSA
or FRU, research on a wide range of plant species.

The future main aim for Italy is the establishmehéctive cryo-banks of plant germplasm. In
this view, a project for the creation of a regiooajo-bank has been submitted by the CNR-
IVALSA for funding to Veneto Agricoltura, the agtlture agency of the Veneto region.
Moreover, most of the activities of the CRA-FRU wgrerformed in the frame of the project
RGV-FAO, granted by the Italian Ministry of Agri¢ute, aiming to introduce ancient fruit
cultivars inin vitro culture and to establish a cryobank of Italiantfgermplasm. So far,
hundreds of accessions are ready to be processed/épreservation and/or for exchange.

4. Most important publications
Benelli C, De Carlo A, Giordani E, Pecchioli S, Bel E, Kochanova Z (2009)
Vitrification/one-step freezing procedure for cryegervation of persimmon dormant buds.
Acta Hortic. 833: 163-168
Caboni E, Frattarelli A, Damiano C (2010) Cryoprgaé&on of strawberry in vitro plant. In:
Mezzetti B, Ruzic D, Gajdosova A (eds) A Guide e In Vitro Techniques — Small
Fruits. Cost 863, Brussels, pp. 106-111
Condello E, Palombi MA, Tonelli MG, Damiano C, @alp E (2009) Genetic stability of
wild pear Pyrus pyraster Burgsd) after cryopreservation by encapsulatiehydration.
Agricultural and Food Science. 18 (2): 136-143
Condello E, Caboni E, Andre E, Piette B, Druart ®wennen R, Panis B (2011a)
Cryopreservation ofn vitro axillary buds of apple following the droplet-vitdation
method. Cryo Lettersr( press
Condello E, Ruzic Dj, Panis B, Caboni E (2011b) gda&sry cryopreservation by droplet-
vitrification technique. Acta Hortn press
Damiano C, Arias M, Frattarelli A (2007a) Cryopresgion of some mediterranean small
fruit plants. Acta Hort. 760: 187-194
Damiano C, Arias M, Frattarelli A (2007b) Recenvaces in cryopreservation of small
fruit germplasm. Adv. Hort. Sci. 21(4): 225-227
Damiano C, Caboni E, Frattarelli A, Condello E,dpalbi M, Engelman F, Arias M (2011)
Cryopreservation of fruit tree species through émeapsulation-dehydration of in vitro
shoot tips at the CRA-Fruit Research Centre of Rokata Hort. {n press
De Carlo A, Lambardi M, Ozudogru AE (2011) Cryogetechnologies for the long-term
storage of Citrus germplasm. In: Yeung E. and Ta@oFpA. (eds) Plant Embryo Culture:
Methods and Protocols. Molecular Biology Seriesirger, New York, pp. 185-200
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Forni C, Braglia R, Beninati S, Lentini A, Ronci Mrbani A, Provengano B, Frattarelli A,
Tabolacci C, Damiano C (2010) Polyamine concemmnatiransglutaminase activity and
changes in protein synthesis during cryopresematioshoot tips of apple var. Annurca.
CryoLetters 31(5):413-425

Ganino A, Silvanini D, Beghe C, Benelli C, Lambahdj Fabbri A (2011). Anatomical and
osmometrical studies on axillary shoot tips of st@tk Kober 5BB Vitis Berlandierix V.
riparia) during cryopreservation treatment (vitrificatioBjologia Plantarumiig pres$

Jevremovic S, Benelli C, De Carlo A, Subotic A, lzardi M (2011) Development of
cryopreservation procedures for dwarf irises @pgp.). Acta Hort.it press

Lambardi M, Benelli C, De Carlo A, Ozudogru EA, Weti A, Ellis D (2011)
Cryopreservation of Ancient Apple Cultivars of VémeA Comparison Between PVS2-
Vitrification and Dormant Bud Techniques. Acta Hdi pres$

Lambardi M, Benelli C, De Carlo A, Previati A (200Advances in the cryopreservation of
fruit plant germplasm at the CNR-IVALSA InstitutéElorence. Acta Hort. 839:237-243

Lambardi M, Benelli C, Rinaldelli E, Silori C (208y Special Issue on Technology,
Application and Validation of Plant Cryopreservati@Proc. of the “COST Action 8711
Meeting of WG2). Adv. Hort. Sci. 21(4), pp. 189-292

Lambardi M, Halmagyi A, Benelli C, De Carlo A, Veti C. (2007b) Seed cryopreservation
for conservation of ancient Citrus germplasm. Adert. Sci. 21(4):198-202

Lambardi M, Ozudogru AE, Benelli C (2008) Cryopmeseion of embryogenic callus. In:
Reed B. (eds) Plant Cryopreservation: A Practiaat€& Springer, Berlin, pp. 177-210

Lynch P.T., Siddika A, Mehra A, Fabbri A, Benellj Cambardi M (2007) The challenge of
successful cryopreservation of oliv@léa europaed..) shoot tips. Adv. Hort. Sci. 21(4):
211-214

Lynch PT, Siddika A, Johnston JW, Trigwella SM, MehA, Benelli C, Lambardi M,
Benson EE (2011). Effects of osmotic pretreatmeorisoxidative stress, antioxidant
profiles and cryopreservation of olive somatic eyolsr Plant Science 181:47-56

Ozudogru EA, Capuana M, Kaya E, Panis B, Lambardi{(2d09a) Cryopreservation of
Fraxinus excelsiorL. embryogenic callus by one-step freezing and slowwoling
techniques. CryolLetters 31:63-75

Ozudogru EA, Kaya E, Kirdok E, Capuana M, Benelli Engelmann F (2011).
Cryopreservation of redwoo&€quoia sempervirenms vitro buds using vitrification-based
techniques. CryoLetterin(pressg

Ozudogru EA, Ozden-Tokatli Y, Gumusel F, Benelli @ambardi M (2009b)
Cryopreservation for the safeguard of Turkish pégeumplasm. CryoLetters 30(1):87-88

Ozudogru EA, Ozden-Tokatli Y, Gumusel F, Benellil@mbardi M (2009c) Development of
a cryopreservation procedure for peanitachis hypogaed..) embryonic axes and its
application to local Turkish germplasm. Adv. H@ti. 23(1): 41-48

Ozudogru EA, Previati A, Lambardi M (2010) In vitconservation and cryopreservation of
ornamental plants. In: S.M. Jain and S.J. Ochdt)(Brotocols for In Vitro Propagation of
Ornamental Plants. Methods in Molecular Biologyl. 89. Humana Press-Springer, New
York, pp. 303-324

Previati A, Benelli C, Da Re F, Ozudogru E.A., Laardi M (2008). Micropropagation amal
vitro conservation of virus-free rose germplasm. Prapa@®. Plants 8(2): 93-98

Tsvetkov |, Benelli C, Capuana M, De Carlo A, LamthaM (2009) Application of
vitrification-derived cryotechniques for long-terstorage of poplar and aspeRopulus
spp.) germplasm. MTT Agr. Res. Finl. 18: 160-166

Wang QC, Panis B, Engelmann F, Lambardi M, Valkodei (2009) Cryotherapy of shoot
tips: a technique for pathogen eradication to pceduwealthy planting materials and prepa-
re healthy plant genetic resources for cryopresienvaAnn. Appl. Biol. 154(3): 351-363
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Country Report: Luxembourg

Jean-Francois Hausnasabelle Lefévre?, Raquel Folgado

1: Centre de Recherche Public — Gabriel Lippmanmpddment Environment and
Agrobiotechnologies, 41, rue du Brill, L-4422 Balxa Luxembourg

2: Present address: Groupe de Recherche en Plysislégétale, Earth and Life Institute,
Université catholiqgue de Louvain, Place Croix dul Subte 13), 1348 Louvain-la-Neuve,
Belgium

1. Major achievements in Luxemburg related to plantcryopreservation

There is only one institution dealing with planticdardiness in Luxembourg, namely, the
Public Research Centre - Gabriel Lippmann througis iEnvironment and
Agrobiotechnologies department.

Cryopreservation complements classical conservatiethods, which are carried out in the
field or in vitro. It involves the storage of bigical material in liquid nitrogen (-196°C).
Different aspects of plant cold hardiness have hestertaken in Luxembourg so far. The
first side of the research aims at understanding d¢ffifects of pretreatments on the
cryopreservation ability of potato shoot tips. Tiwsrk seeks as well to evaluate the effects of
such pretreatments on the primary metabolism cditpofThis is a thesis project undertaken
by R. Folgado in collaboration with the University Leuven, Belgium (Bart Panis). The
second aspect of the research undertaken in Luxenplmmncentrates on the application of
cryopreservation, as a tool, fex situconservation of germplasm collections. The CRP —
Gabriel Lippmann in Luxembourg is involved in agasch project managed by Bioversity
International aiming at preserving the huge coiters of vegetatively propagated plant
germplasm at the Vavilov Research Centre in SagterBburg, Russian Federation (Tatjana
Gavrilenko).

Besides, research projects developed in Luxembaiangat understanding cold perception in
trees as well as cold deacclimatiorHpdrangea sp

1.1. Working Group 1

Raquel Folgado's thesis (2009 - 2012)

The method of choice for long-term germplasm coreg@n is cryopreservation or freeze-
preservation at ultra-low temperature (-196°C). #iis temperature all biological,
biochemical and physical processes are arrestedvevty the large-scale use of
cryopreservation is hampered by the lack of stahded methods. Hence, only a fraction of
plant germplasm is conserved by cryopreservation.

The aim of the project is to focus on the primamstabolism and the responses induced by the
drastic environmental changes during the differgeps of the cryopreservation methods.
Among others, a proteomic and a metabolomic stethted to the carbohydrate biochemical
pathways will be undertaken. The research proecides on proteomic changes associated
with tolerance towards cryopreservation in pot&mteomics is an emerging discipline in the
post-genomic era. It focuses on the measuremenitsparison and identification of protein
patterns in cells and tissues under different mhggical conditions. This project, being a
collaboration between KULeuven, Belgium (Dr. B. Banand CRP-Gabriel Lippmann,
Luxembourg (Dr. J.F. Hausman), will first lead tdbatter understanding of the mode of
action of cryoprotection in potato and preparesrtiee for more efficient cryopreservation
protocols for this crop. Second, new breeding téamigotato breeding will become available
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for frost/dehydration tolerance because this issallp linked to cryoprotection. Through
collaboration with CIP (International Potato Centrena, Peru) access to the widest possible
diversity of potato germplasm is facilitated.

1.2. Working Group 2

Ex situconservation of germplasm collections

Fresh and processed products derived from smallesemake important contributions to
human nutrition and health, as well as offeringneeoic opportunities for a decentralized and
high value agricultural production. Berries in gexteare valuable sources of minerals,
vitamins, dietary fibre, antioxidants and other rimunits, which make them an important
commercial fruit crop. However, a wide diversity pifiytochemical levels and antioxidant
capacities exists within genotypes of these smailist

The N.I. Vavilov Institute of Plant Industry (VIR@ne of the biggest and oldest germplasm
collections worldwide, among others maintains raspés, mountain ash, blackcurrant and
honeysuckle. These collections are poorly charsetgrand there is a lack of information
about genetic diversity and variability in terms raftrient, micronutrient and non-nutrient
phytochemicals with health functions of these bepgcies.

The project aims i) to investigate genetic diversitsubsets of the above-mentioned species,
i) to analyse their diversity in terms of biocheali compounds. Identification of berry
accessions providing elevated concentrations oftthgaomoting compounds can be of
importance in the improvement of food quality irder to eliminate dietary deficiencies and
reduce the risk of contracting chronic diseasemadjor aim of the project is to demonstrate
the relevance of the conservation of plant gernmplasllections as a source of valuable
genetic diversity for future generations.

Besides, this project also aims at developing nestopols for ex situ conservation of plant
genetic resources, includimg vitro slow growth techniques and cryopreservation afiiers
eradication (in collaboration with Dr. T. GavrilemkVavilov Institute for Research, St
Petersburg, Russian Federation).

Cold deacclimation itdydrangea sp

This work was realised in collaboration with Depaeht of Horticulture, Aarhus University,
Denmark (Dr. M. Pagter) and Department of Hortierdf lowa State University, USA (Dr.
R. Arora). Cold deacclimation and associated changesoluble carbohydrates and water
status of two Hydrangea species differing in susb#ipy to frost injuries was followed under
natural conditions. In fully cold hardy plants bf. macrophyllastem freezing tolerance
fluctuated in parallel with changes in air temperat while in a seasonal perspective
increased temperatures caused a sigmoid deacdmyaditern in botkl. macrophyllaandH.
paniculata Timing of deacclimation was approximately synchzed in the two species, but
H. paniculata the hardier species based on mid-winter hardjrkesscclimated faster thah
macrophylla indicating that deacclimation kinetics were natrrelated with mid-winter
hardiness. Experiments indicated that accumulgdaiterns of specific carbohydrates differed
between the two species, suggesting that theyzeatitifferent strategies to overcome
cold.(Pagteet al, 2011; in press Env. Exp. Bot.)

2. Most important publications

Criel B, Hausman JF, Oufir M, Swennen R, Panis Bn&it J (2006) Proteome and sugar
analysis of abiotic stress underlying cryopreséowatin potato. Communications in
Agricultural and Applied Biological Sciences, 7)@hent University:3-6

Criel B, Panis B, Oufir M, Swennen R, Renaut J, $taan JF (2009) Primary metabolism of
abiotic stress underlying cryopreservation in pmtalst International Symposium on
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Cryopreservation in Horticultural Species. LeuvBe|gium, 5-8 April 2009. 90. Poster
abstract

Criel B, Panis B, Oufir M, Swennen R. Renaut J, $taan JF (2008) Protein and
carbohydrate analyses of abiotic stress underlyicryopreservation in potato.
Cryopreservation of crop species in Europe. CRYOREA - COST Action 871.
Agrifood Research Working papers 153. Oulu, Finj&@23 February 2008. 37-38

Criel B, Panta A, Carpentier S, Renaut J, SwennenP&is B, Hausman JF (2005)
Cryopreservation and abiotic stress tolerance tatpoa proteomic approach. Proceedings
11th symposium on Applied Biological Sciences. LenyvBelgium, 6 October 2005.
Communications in Agricultural and Applied BiologicSciences 70 (2): 83-86

Folgado R, Hausman JF, Swennen R, Hoffmann L, PR®010) Study of abiotic stress
response in potato for improving cryopreservatiootqrols. 4th Conference Working
Group 1, COST Action 871. Fundamental aspects aintplcryopreservation -
Cryoprotection and genetic stability. Poznan-Korri#oland, 29-30 April 2010.  26.
Poster abstract

Folgado R, Panis B, Renaut J, Sergeant K, Hoffmgn8wennen R, Hausman JF (2011)
Evaluation of dehydration stress response in po&atd its use in cryopreservation.
Cryopreservation symposium. Final meeting of theSTQAction 871 "Cryopreservation
of crop species in Europe". Angers, France, 8-Idrlay 2011. Poster abstract

Oufir M, Legay S, Nicot N, Van Moer K, Hoffmann [Renaut J, Hausman JF, Evers D
(2008) Gene expression in potato during cold exgosCGhanges in carbohydrate and
polyamine metabolisms. Plant Science 175:839-852.

Pagter M, Hausman JF, Arora R (2011) Deacclimakioetics and carbohydrate changes in

stem tissues of Hydrangea in response to an exeetanhwarm spell. Pla,nt Science
180:140-148
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Country Report: Poland
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1: Plant Biotechnology Laboratory, Botanical GardeéPenter for Biological Diversity

Conservation PAS , 02- 973 Warsaw, Poland

Physiology of Abiotic Stress Lahinstitute of Dendrology PAS2-035 Kornik, Poland

Department of Ornamental Plants, Faculty of Kdalture, University of Agriculture in

Krakow, 31-425 Krakow, Poland

4: Department of Plant Protection and BiotechnoJogntercollegiate Faculty of
Biotechnology, University of Gdak & Medical University of Gdask, Gdask, Poland

5: Plant Genetic Resources of Vegetable Cropslhstitute of Horticulture, Skierniewice, Poland

1. Major achievements in Poland related to plant gropreservation

In Poland, the number of institutes possessingt igm-facilities is limited, so the number of
research projects have been carrying on in thid ieemost probably lower comparing to the
other countries. In both Institute of Dendrologyl@&votanical Garden of the Polish Academy
of Sciences the problem of plant cell cryopreséomatvas the subject of interest for latest
years on the base of well established studiesyafpcotective activity of antifreeze proteins
and somatic cell genetic manipulation. This is coméd by numerous papers published so
far. However, many related topics, such as: pladtseed response, reactive oxygen species
and antioxidants to desiccation, osmotic and lowgerature stresses are very popular
objectives of studies in various Polish researdtitutes and university plant physiology
departments.

Since the beginning of COST Action 871 four newjgects have been included in Action.
They are mostly dedicated to the cryopreservatibermlangered herbaceous and woody
species that are native to Polish flora. Theseudelferns, gentians, orchids, roses, black
alder, beech, cherry, elm, European hornbeam,rfiegles, oak, pines, spruce, yew and wild
fruit trees.. International and national projectsgenetic resources concern oAljium spp.
and historical cultivars of apple trees, respetyive

1.1. Working Group 1

Studies of the relationship between plant cell antta-low temperature concern the
description of this living structure response amdural, physiological and molecular levels
of plant body organization. The N-terminal sequent&7 kDa of cryoprotective activity
protein, from cold-hardy coniferous species showelligh level of identity with class IV
chitinases. This means that it is possible dua ed a cryoprotective and PR-protein. The
ultrastructural study of embryonic axes, cryo-tatdrseeds, dehydrated and cryogenic stored,
showed mild injury of the cell structures. Applyitige 2DE proteomic studies of protein
profile changes during the sucrose dehydratioretifstispension of gentian showed dynamic
changes of the large set of proteins. The most itapbare that, which were recognized as
newly formed during pretreatment with increasing tbe sucrose concentration. The
assessment of genetic stability of post-cryopreseplant material with the help of various
platforms of restriction enzymes is the priority iofiproving the cryo-protocols. True-to-
typeness of cryoregenerants confirms their useésine

1) Biochemical and structure changes during proeedaf ultra-low temperature treatments
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* “Molecular and physiological changes in cryopresdrnembryonic axes akcalcitrant,
suborthodox and orthodoseeds” (Polish Ministry of Science and Higher Education
(PMS&HE) No: N309 101836; 2009-2012; ID PAS, tdWR.Pukacki).

* “Biochemical and physiological studies on moleculaechanisms of cold tolerance of
Norway spruce Ricea abieg(L.) Karst.)” (PMS&HE No: 3P 6L021 24; 2003 -200®
PAS, to P.M. Pukacki)

2) Genetic stability assessment @entiana sp. cultures after cryopreservation with
application of flowcytometry and molecular methd@VS&HE) No:302 3595 33. Bot.
Garden —CBDC PAS, to A. Mikuta).

1.2. Working Group 2

In a majority of Polish projects on cryopreservatio vitro methods are applied before

and/or after freezing in liquid nitrogen. Applicati of such material like embryogenic cell

suspensions, protocorms of terriestal orchids, g@metophyte, apical meristems of rose buds
and isolated embryonic axis let us to have quitquai system for studying ultra-low
temperature effects on plant body. Natural propesyuideeds of woody and herbaceous plants,
dormant buds of apple trees, are the plant matenyalstored in Polish seedbanks. The using
of various type of plant material originated fronffetent stage of plant development have
resulted in the work out of numerous cryopreseovagirotocols.

1) Cryopreservation of plant material with applicatof in vitro regeneration technique for
plant diversity conservation (PMS&HE No: 39/N CO2007/0 Bot. Garden —-CBDC PAS
to J.J. Rybcziski).

2) Wild Polish roses cryopreservation for biodivgrgrotection, horticultural production and
breeding (PMS&HE) No: N N310 142635, Dept of Ornataé Plants, University of
Agriculture, to B. Pawtowska).

3) Ex situ conservation of Polish terrestrial orchids; fram vitro culture initiation to
reintroduction. (PMS&HE of Poland No: 3984/B/PO1IR(BY Intercollegiate Faculty of
Biotechnology UG-MUG, Biotechnology Department, badtory of Plant Protection and
Biotechnolgy, University of Gdek. to J. Znaniecka)

4) Somatic embryogenesis and cryopreservation dirgmgenic cultures oPicea abieqL.)
Karst. andP. omorika(Parti¢) Purk. by the vitrification method. (PMS&HE No: IPAS,
to T. Hazubska-Przybyt).

2. Collaborations initiated during the 4 years of he COST Action

UE projects:

1) Vegetative Allium, Europe’s Core Collection, Safe & Sound (EURALLIVEG)
(AGREEMENT NUMBER 050 AGRI GEN RES 870/2004; CortrdNo AGRI-2006-
0395; http://euralliveg.ipk-gatersleben.de ; Pldaenetic Resources Lab, Research
Institute of Vegetable Crops, Skierniewice, T. Kigka and M. Olas-Sochacka)

2) Cryopreservation of young inflorescence basdsoiting garlic for germplasm storage in
the frame of “A European Genebank Integrated Sys{@&BGIS)” of European
Cooperative Programme for Plant Genetic ResouEE€® GR), ( Plant Genetic Resources
Lab, Research Institute of Vegetable Crops, Skesvive, T. Kotlaska and M. Olas-
Sochacka)

Other projects involving cryo-methods:

1) Epigenetic stability of seeds and tissues adédrafter cryogenic storage. (PMS and HE
0720/B/P01/2009/36, 2009-2012. ID PAS) ..

2) Cryogenic storage of genetic resources of erstadgforest tree species in gene bank.
(2005-2010)Quercus, A. alba, Taxus baccatdd PAS.
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3) Special Research Project ,Europain net of seedgovation of native plant species”.
Botanical Garden - CBDC PAS

4) Application of cryopreservation methods for faton of gene bank of historical apple
trees cultivars 2010- 2012 Botanical Garden — CBINS

5) Long-term preservation of European vegetatiyebpagatedllium germplasm (PMS and
HE No 523/AgriGenRes/2008/7; Plant Genetic Resaurcab, Research Institute of
Vegetable Crops, Skierniewice, T. Kagka and M. Olas-Sochacka)

Short Term Scientific Mission

In 2008 to 2010, of Action, efforts were made tedlve as much as possible early stage

scientists: The following three applicants fromadfal were selected by the MC

1. Malgorzata M&lanka, University of Agriculture in Krakow, workingvith: B. Panis,
Catolic University, Leuven, Belgium, from April 12010 to May 25, 2010.

2. Malgorzata Pelc, Warsaw University of Life Saes, working with: J. Keller, IPK,
Gatersleben, Germany, April 07.to — May 28. 2010

3. Marta Olas-Sochacka, Plant Genetic Resources La&sed®ch Institute of Vegetable
Crops, Skierniewice — working with: J. Keller, IP&atersleben, Germany; October 19 to
November 19, 2010

3. Future of Plant Cryopreservation in Poland

At present various projects as well as seven relegnants were funded by the Ministry of

Science and Higher Education, and Ministry of Eomimental. We do hope that licentiates,

graduated university MSc, six PhD and four halibta projects confirm the personal

progress in the field of cryopreservation in Poland

PhD projects

1) Selected species d¢fteropsidain in vitro culture and cryopreservation. (supervisor:
A.Mikuta).

2) The analysis of proteom changesG#ntiana cruciataembryogenic cell suspension in
reaction on dehydration treatments related to agsgyvation. (sup. J.J. Rybési).

3) Physical and chemical changes of plant tisafes cryopreservation treatment. (sup.
P.M. Pukacki)

4) Cryopreservation of genetic resources of wilditftrees of Malus sylvestris, Pyrus
communis, Prunus avium and Corylus avellgnawing in Poland. (sup. Chmielarz).

5) Cryopreservation dfilium martagon gup. A. Bach)

6) Optimization of long-term storage conditionsgairlic germplasm (sup. K. Niemirowicz-
Szczytt).

Habilitation projects

1) A. Mikula 2011. Induction, maintenance, andgdarm preservation in liquid nitrogen of
embryogenic potential culture Gfentianaspp.

2) P. Chmielarz 2011. Cryogenic storage of orttxodad suborthodox seeds of forestry
broad trees.
3) B. Pawlowska 2012. Wild polish roses cryopreagon for biodiversity protection,
horticultural production and breeding.

4. T. Hazubska-Przybyt 2015. Vitrification-baseéthods for long-term storage of somatic
embryos ofPicea omorikaandP. abiesin liquid nitrogen.

4. Most important publications
Bujarska-Borkowska B, Chmielarz P (2010) Strattima germination and emergence of
mazzard seeds following 15 or 20 years storageskyr83:189-194
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Chmielarz P (2009) Cryopreservation of dormant geam ashRraxinus excelsigr orthodox
seeds. Tree Physiol. 29: 1279-1285

Chmielarz P (2009) Cryopreservation of dormantamitix seeds of forest trees: mazzard cherry
(Prunus aviuni.). Ann. For. Sci. 66: 405p1-405p9

Chmielarz P (2010) Cryopreservation of conditiondtbrmant orthodox seeds Bétula pendula.
Acta Physiol. Plant. 32:591-596

Chmielarz P (2010) Cryopreservation of dormanthodox seeds of European hornbeam
(Carpinus  betulus Seed Sci. Technol. 38: 146-157

Chmielarz P (2010) Cryopreservation of the non-dmiorthodox seeds dfimus glabra Acta
Biol. Hungar. 61: 224-233

Hazubska-Przybyt T, Bojarczuk K, Chmielarz P, Miekavl (2010) Somatic embryogenesis and
cryopreservation of ornamenticeaspecies: modern methods of propagation and long-te
storage. Acta Horticulturae (in Press)

Hazubska-Przybyt T, Chmielarz P, Michalak M, Boark K (2010) Cryopreservation of
embryogenic tissues Blicea omorikgSerbian spruce). Pl.Cell Tiss.Org.Cult. 102: 35-4

Jargbek M, Pukacki PM, Nuc M (2009) Cold-regulated pnos with potent antifreeze and
cryoprotective activities in sprucdi¢easpp). Cryobiology 58:268-274

Keller ERJ, Zanke C, Stakkova H, Zamenik J, Kotlinska T, Miccolis V, Kik C, Esnault F,
Kolodinska A, Fischer D, Astley D (2007) First Stef Integrating Europe’s Genetic
Resources In Garlic And Shallot In A New Genregdeto5th International ISHS Symposium
on Edible Alliaceae (ISEA), October 29-31, 2007. ldeerpaal, Dronten, The Netherlands.
Acta Horticulture (in press)

Mikuta A, Jata K, Rybcziski JJ (2009) Cryopreservation strategies @yathea australis
(R.BR.) DOMIN. CryoLetters 30(6), 429-439

Mikuta A, Makowski D, Walters C, Rybcagki JJ (2011) Exploration of cryo-methods to
preserve tree and herbaceous fern gamethophyteWbrking with ferns. Issues and
applications. Ed. Fernandez H. et al. Springerlpp-192

Mikuta A, Olas M, Sliwinska E, Rybczfski JJ (2008) Cryopreservation by encapsulation of
Gentiana spp. cell suspension maintains re-growth, embryiogeampetence and DNA
content. CryolLetters 29:409-418

Mikuta A, Tomiczak K, Rybczfski JJ (2011) Cryopreservation enhances embryogapiacity
of Gentiana cruciata(L.) suspension culture and maintains (epi) genatiiformity of
regenerants. Plant Cell Rep. 30: 565-574

Mikuta A, Tomiczak K, Wojcik A, Rybczyski JJ (2011) Encapsulation-dehydratation method
elevates embryogenic abilities Gfentiana kurroocell suspension and carrying on genetic
stabilitiy of its regenerants after cryopreservatidcta Horticulture (in press)

Pawlowska B (2008) Employment of encapsulation-dedtion method for liquid nitrogen
cryopreservation of ornamental plants explants ggafedn vitro. Folia Horticulturae 20/1.:
61-71

Pawlowska B (2011) Cryopreservation Rbsa caninaand R. rubiginosaapical buds by the
droplet-vitrification method. Acta Horticulturaen(press)

Pawlowska B, Bach A (2009) Cryopreservation ofifroigrown shoot buds of rose ‘New Dawn’
using encapsulation-dehydration method. Abstracfd’ National Conference ‘In
vitro’Cultures, Pozn@2009. Acta Biol. Cracoviensia 51 suppl. 1: 56-56

Pawlowska B, Bach A (2011) Cryopreservation by psgkation-dehydration ah vitro grown
shoot buds of rosa ‘New Dawn’. Acta Horticulturaegress)

Pukacki PM, Jagbek M, Juszczyk K (2009) Cryoprotective activity thiermal hysteresis
proteins of embryonic axes of orthodox and recalaitseeds. Acta Physiol. Plant. 31(1):107
Zanke C, Keller ERJ, Zanweik J, Kotliaska T, Olas M (2009) Cryopreservation of vegetative

garlic for the establishment of a European Corieciobn. Acta Horticulture (in press)
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Country Report: Portugal
A. Romand and M.M. Oliveir&

YInstitute for Biotechnology and Bioengineerin@entre of Genomics and Biotechnology
(IBB/CGB), Faculty of Sciences and Technology, Wmsity of Algarve, Campus de
Gambelas, Ed. 8, 8005-139 Faro, Portugal

2 Instituto de Tecnologia Quimica e Biolégica — Urilova de Lisboa (ITQB-UNL), Av. da
Republica, 2780-157 Oeiras, Portugal

1. Introduction

The diversity of habitats and landscapes in Polfuga result of many geographical and
historical factors, has given rise to a great wared natural life, particularly species with a
restricted area of distribution within continenalrope, that needs to be preserved.

Although the first research studies on cryopres@naf plants in Portugal were initiated in
1999, at present cryopreservation has not yet beplemented as a strategy for germplasm
preservation. With the exception of somatic embeyog masses induced from plus trees of
maritime pine, no collection is maintained by cryegervation, and the ongoing research is
related to academic work carried out at Universited research institutes. The “Banco
Portugués de Germoplasma Vegetal” created in 19&intains, in the form of seeds and
vegetative propagation material, a collection 089 accessions from 155 species (wild and
cultivated), representing 70% of the total plantenal preserved in Portugal.

Since 2005 only 5 papers from Portuguese groups mablished on plant cryopreservation:
one dealing with the cryopreservation@iflercus subesomatic embryos by encapsulation-
dehydration, two with the cryopreservation of seddsm the endangered species
Drosophyllum lusitanicumand Tuberaria major and two related to the stability during
recovery of cryopreserved embryogenic cultures afitime pine. These research works were
all performed at university or research institutes.

2. Major achievements in Portugal related to plantryopreservation

Since the beginning of the COST 871 and resultingcty from the collaboration between
the COST 871 members, new research lines haveibigated, namely the cryopreservation
of apices of the endangered speciederaria majorand Thymus lotocephalu®ne Short
Term Scientific Mission (STMS) took place at thely@echnic University of Madrid
(Learning about cryopreservation techniques anu #pgplications to the cryopreservation of
seeds and shoot apices, beneficiary: Laura Fersakieversity of Algarve; host: M. Elena
Gonzalez-Benito). Another STMS made possible d wisiLiliana Marum (IBET, Oeiras, PT)
to Oviedo University (R. Rodriguez) to learn abaralyses of global methylation in
maritime pine embryogenic cultures (which may helgletect variation putatively occurring
due to cryopreservation). Additionally, a studeawtr University of Algarve started her PhD
work with the title “Cryopreservation as a tool fpreserving genetic variability of three
endangered species endemic from Algarve regionine&Sgoung researchers participated in
several seminars organized by COST 871 and theseipations will be very important for
the future development of cryopreservation in RgatuAn example was the participation of
Aida Reis from the “Banco Portugués de Germoplasfegetal” (Braga, Portugal) at the
COST 871 WG1 meeting in Sussex (February 2008) Teeting was organized together
with a visit to the Millenium Seed Bank that allavearning about important strategies being
used to store seeds, useful for the Portuguese. Bank
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Country Report: Serbia

burdina Ruzé! and Sldana Jevremoyf

1: Fruit Research Institute, Kralja Petra | 9, 320@¢ak, Serbia
2: Institute for Biological Research ‘SiniSa Stawmkg University of Belgrade, Bulevar
despota Stefana 142, 11060 Belgrade, Serbia

1. Major achievements in plant cryopreservation inSerbia

Members of the Management Committee for Serbia@S8T Action 871 ‘Cryopreservation
of crop species in Europe’ were &ma Jevremovi (WG1) andburdina Ruzé (WG2).
Serbia signed the Memorandum of Understanding at léginning of the Action and
participated in all COST 871 activities startingrr the Kick off meeting in Bruxelles in
2006. The activities was mainly carried out in two sciatinstitutions: Fruit Research
Institute (FRI) Catak and Institute for Biological Research ‘SiniSaarfkiovi’ (IBISS),
Belgrade. FRI is situated in the central part afbie in the major fruit growing region. The
institute was founded by the Ministry of Agriculéuof Serbia in 1946 and has 67 employees
organized in 7 scientific departments. IBISS, paifrtthe University of Belgrade, is an
interdisciplinary research and teaching center dednin 1947. It has 246 employees
organized in 11 departments. The plant researctaisly executed in the department of Plant
Physiology where 42 employees are working in diiféraspects of fundamental research.
COST action 871 had a great impact in plant crysgmeation activities in both the above
Serbian research institutions. The initiation oyogreservation activities was the major
achievement since no plant cryopreservation rebelaad been conducted in Serbia before
this COST action. All COST action activities (megs, STSMs) helped in terms of transfer
and development of plant cryopreservation reseanctour country. As a final result,
cryopreservation laboratories were established ath binstitutions and the first results
applying most of developed cryotechniques withairenmersion in liquid nitrogen such as,
encapsulation dehydration, vitrification and droplegrification on fruits species and
endemic, endangered and horticulturally valuabd@shave been obtained.

1.1. Working Group 1

During the COST action 871, the research team fiBISS participated at WG1 activities

which included development of methods for cryopnestton oflris sp. and some ornamental
species. i.elmpatienssp. and sever&hrysanthemunsp. cultivars (see Table 1 and Figs 3-4).
Presently, six researchers are involved in plagomeservation work in IBISS. Different

fundamental aspects of cryopreservation like crytgmtion of endemic and endangered
species, secondary metabolite production and ges#tbility of plants are included in the

cryopreservation research. Cryopreservation studres extended to cryotherapy for the
elimination of viruses in horticulturally valuabdeops.

1.2. Working Group 2

As regards the WG2, the research team from FRudsd 2 researchers and 2 technicians
working on ‘cold storage’ and technology developitmeapplication and validation of
cryopreservation methods on different fruit speci€lis research includes application of
methods on small and stone fruit species mainlke liraspberry, blackberry and
autochthonous plums and the rootstocks (Tabledk F2). Also, this team is working on the
the dormant bud technique for the cryopreservaiforaluable autochthonous fruit species.
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Table 1. Summary of research activities performed in Serbia during the 4-year COST Action 871

Institute Team leaders  Plant species Thematic area Period
FRI Ruzt b. Raspberry WG2 Encapsulation 2008
FRI Ruzt b. Raspberry, WG2 Encapsulation 2009
Blackberry dehydration; vitrification
FRI Ruzt b Raspberry, WG2 Encapsulation
Blackberry, dehydration; droplet- 2010-2011

Autochthonous vitrification; vitrification
plums; Rootstocks

IBISS Jevremowi S.  Fritillaria sp. WG1 Oxidative stress 2007-2008

IBISS Jevremovi S.  Iris sp. WG1 Secondary2008-2011
metabolism; clonal fidelity

IBISS JevremoMi S.  Impatienssp. WG2 Cryotherapy 2009-2011

IBISS Jevremoi S.  Chrysanthemum WG2 Droplet-vitrification 2011

2. Collaborations initiated during the 4 years of he COST Action

Our participation in COST 871 Action has enabled tasinitiate collaboration with
institutions and researchers that are great expersfield of plant cryopreservation, since
cryopreservation was a new research area in Sdrisauments of Short Term Scientific
Mission (STSM) and all other activities on COST 8Xdtion meetings have had a huge
impact on initiating work in the field of cryopresation. Researchers from Serbia were
granted with three STSMs and the possibility tdipgrate at one Small Work Group Meeting
(SWM, Table 2). Collaboration was initiated withsearch groups from Italy (Florence,
Roma), France (Angers, Montpellier) and Belgiumuiien).

Table 2. Summary of collaboration during the 4-years of COST Action 871

Type

Participant Sldana Jevremovi

Title Development of effective procedures for thigopreservation of iris
STMS germplasmi¢is spp.)

Place CNR, IVALSA, Sesto Fiorentino, Florence,\ital

Supervisor Maurizio Lambardi

Time 6 May-2 July 2008

Participant Milana Trifunovi

Title Immunolocalization ofTomato Spotted Wilt VirugTSWV) in
STMS Impatienssp. apices toward eradication by cryopreservation

Place UMR GenHort, Angers, France

Supervisor Agnes Grapin

Time 21 April-31 May 2010

Participant Tatjana Vujo¥i

Title Cryopreservation of autochthonous plum gepety P. insititia L.

and P. cerasifera Ehrh.) using encapsulation-dehydration and

STMS droplet-vitrification techniques

Place IRD de Montpellier, Avenue, Montpellier CedeX¥rance

Supervisor Florent Engelmann

Time 17-30 October 2010
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Participant Durdina Ruz¢

Title Cryopreservation by the dormant-bud technique
SGM Place Area di Ricerca CNR, Florence, Italy

Organizer Maurizio Lambardi

Time 26—28 May 2010

3. Future of plant cryopreservation in Serbia

Plant cryopreservation research starts in Serkia @OST 871 Action and is to be continued
in future. The training courses for young sciestistll be conducted and the implementation
of some cryopreservation methods such as, crygilidoa eradication of some plant viruses
are planned and approved in the framework of apr@yect period (2010-2014). Funds have
been granted by the Ministry of Science of the Rdéipuof Serbia. In addition,
cryopreservation will be applied to a greater numbk endemic and endangered plant
species, as well as to autochthonous fruit speflegpreservation using the dormant bud
technique is also planned for the near future omesdruit species valuable on the
national scale.

Participation in COST 871 Action in the past foways has been a good base for the
implementation of cryopreservation as a methodldmg-term conservation of important
crops in gene bank in Serbia.

4. Most important publications

We started with cryoresearch only a few years agbaur results are now presented mainly

on the national and international meetings. The tmmsportant publications are

presented below.

Ruzic b, Vujovi¢c T, Cerove R (2008) In vitro methods used in preservation of fruit
germplasm in Serbia. Cryopreservation of crop g®een Europe, Cryoplanet COST
Action 871, Workshop, Oulu, Finland, pp. 56-57

Ruzi b, Stikic R, Todt S, Velgkovic M (2008) The application of some theoretical
knowledge in the field of fruits and grapes physipl and ecology. I3Congress of Fruit
and Grape Growers of Serbia with International iBigetion, Novi Sad, Serbia, Book of
Abstracts, pp. 39-40

Jevremout S, Nikolic M., MisSi¢ D, Maksimové V, Trifunovic M, Suboté A (2008) The
current status of conservation of plant geneticousses in IBISS and related
cryopreservation activities. Cryopreservation afcspecies in Europe, Cryoplanet COST
Action 871, Workshop, Oulu, Finland, p. 30

Ruzi b, Stikic R, Todt S, Velgkovic M (2008) The application of some theoretical
knowledge in the field of fruits and grapes physipl and ecology. I3Congress of Fruit
and Grape Growers of Serbia with International iBigdtion, Journal of Pomology, 43,
167/168: 67-79

Ruzic D, Vujovic T, Cerové R (2009) Viability and multiplication of blackbgrrand
raspberry shoots upon encapsulatichlrternational Symposium on Cryopreservation of
Horticultural Species, Leuven, Belgium, Book of &ists, p. 131

Ruzic b, Vujovi¢ T, Cerové R (2009) Short-ternn vitro cold storage of raspberry shoots.
Journal of Mountain Agriculture on the Balkans 4883—899

Jevremowt S, Subott A, de Carlo A, Benelli C, Lambardi M (2009) Protbkza
kriokonzervaciju vrhova izdanaklais pumula pomciu vitrifikacije. XVIII Simpozijum
DFBS, Vrsac, Knjiga apstrakata, p. 42
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Jevremowt S, Subott A, de Carlo A, Benelli C, Lambardi M (2009) Devetfoent of
cryopreservation procedures for dwarf iriséss(spp) f' International Symposium on
Cryopreservation in Horticultural Species, Leuv@algium, Book of Abstracts, p. 45

Condello E., Ru#i Dj, Panis B, Caboni E (2010) Raspberry cryoprestéwa by droplet-
vitrification technique. 28 International Horticultural Congress. Lisboa, Bgel, Book of
Abstracts, Volume I, p. 527

Ruzic Dj, Condello E, Panis B, Caboni E %2010) Raspbemyopreservation by droplet-
vitrification technique: preliminary results!"4vleeting Working Group 1, COST Action
871. Fundamental aspects of plant cryopreservat@ryoprotection and genetic stability.
Pozna-Kornink, Poland, Book of Abstracts, p. 38

Jevremout S, Krstié-MiloSevi¢c D, Jankow T, Menkovi N, Suboté A, Benelli C, de Carlo
A, Lambradi M (2010) Detremination of mangiferinntent in Iris pumila L. shoot
cultures before and after cryopreservatioli. Meeting Working Group 1, COST 871,
Fundamental Aspects of Plant Cryopreservation —ofmtection, PoznmaKornink,
Poland, Book of Abstracts, p. 8

Some results — photo story:

)

Fig. 2. Foil strips with explants in droplets of
vitrification solution - Rubus fruticosus,
droplet-vitrification

Fig. 3. Encapsulated shoot tips of Imapatiens sp. Fig. 4. Shoot regeneration of |. walleriana
after vitrification.
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Country Report: Slovak Republic

EvaCellarovd and Terézia Safyj

1. P.J. Safarik University in KoSice, Faculty of Suie, Institute of Biology and Ecology,
Manesova 23, 04167 KoSice, Slovakia

2. Institute of Plant Genetics and Biotechnology, Sloaicademy of Sciences, Akademicka
2, 95007 Nitra, Slovakia

1. Major achievements in Slovakia related to plantryopreservation

1.1. Working Group 1

As regards Working Group 1, the emphasis was qeaslly on some fundamental aspects
of cryopreservation comprising complex approach study including overall assessment at
different levels. Experiments were performed usogie medicinal plant species, especially
Hypericum perforatuni.. was used as a model. Study of fundamental ésgought new
knowledge in the field of oxidative stress generegpion at both, transcript and protein
levels, on ABA signalling and its regulation of gdhation during pre-cryogenic stages and
on physical aspects of cooling regime dependengdtation and ice growth.

Overall assessment of conifers was focused at tgtalcand maturation capacity of
embryogenic cultures and evaluation after long-tstorage. Saint John’s wort evaluation
comprised (i) genetic variation by cytogenetic amlecular markers, (ii) physiological status
expressed by physiological parameters such & Ind MDA content along with proline
and carotenoid synthesis in order to estimate anbal between production of ROS and
effectiveness of antioxidant system and (iii) biutkyetic potential of secondary metabolites
with anti-cancer activities after cryostorage espezl as the content of hypericins.

1.2. Work Group 2

As regards Working Group 2, we have focused ordéhwelopment of procedures using slow
cooling and/or vitrification applied to embryogemialtures of conifers and shoot tip apices of
the studied medicinal plaspecies. The final protocols developed represeesut of testing
several variables comprising manipulation of plaxaterial during pre-cryogenic treatments,
optimisation of pre-culture and cryoprotection ciods, cooling rate regime and thawing
optimisation and post-cryogenic recovery and re¢inagsessment parameters.

Participation in the COST action brought essergjgbortunities for young researchers and
doctoral students in the field of sharing expergengse of research facilities available at host
institutions, career development, involvement imdpean initiatives, etc.

2. Collaborations initiated during the 4 years of he COST Action

2.1 Ad hoc collaborations
* Institute of Plant Genetics and Biotechnology, &litlovak Republic and the Laboratory
of Tropical Crop Improvement, KU Leuven, Belgium
Subject: Embryogenic tissues of several conifecigsefinus nigra, hybrids Abies alba x
A. cephalonica and Abies alba x A. numidlica
« P. J. Safarik University in KoSice , Slovakia anesBarch Crop Institute, Prague, Czech
Republic
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Subject: DSC oHypericum perforatunshoot tips
« P.J. Safarik University in KoSice, Slovakia and iStment Ohridski University in Sofia,
Bulgaria
Subject: Physiological status and chloroplast sittecture of Hypericum perforatum
shoot tips
* National Forest Centre in Zvolen and University @filu, Finland and University of
Udine, Italy

Table 1. Summary of research activities performed in Slovakia during the 4 years of COST Action 871.

Institute Team Plant species Thematic area Period
leaders

P. J. Safarik Eva Hypericumspp. Procedure 2007-2008

University, Cellarova  Orthosiphon stamineus development

Institute of Overall 2008-2010

Biology and assessment

Ecology, KosSice Gene expression2009-2010

Institute of Plant Terézia Pinus nigraArn. Procedure 2007-2010

Genetics and Salaj Abiesspp. and development

Biotechnology, hybrid Abies (Abiesalba Overall

Slovak Academy x A. cephalonica Abies assessment

of Sciences, Nitra albax A. numidica

Forest Research Jana Abiesspp. Procedure 2007-2010

Centre, Zvolen  Krajndkova development

Energy balance

2.2 Regular COST-871 actions
Since the kick off meeting, the representativeSloivakia took part actively at all regular
COST-871 meetings of both WGs.

2.3 Other COST-871 activities
17-21 September 2007, COST 871 Training school hemntal analysis, Crop Research
Institute, Prague, Czech Republic
19-30 October 2009, Crop Research Institute, Prageech Republic
Topic: DSC and DTA experiments étypericum perforatuni.. shoot tips
Beneficiary: Matus SkybaDept. of Biology and Ecology, Faculty of Science]. P
Safarik University, Kosice, Slovakia
Host: Dr. Jti Zamenik, Dept. of Molecular Biology, Crop Research InstifutReaha,
Czech Republic
Period: from 19/10/2009 to 30/10/2009
COST-STSM-871-05554
Topic: Thermal analysis oflypericum perforatunil. shoot tips prior to and post
vitrification
Beneficiary: Dr. Katarina Briakova, Dept. of Biology and Ecology, Faculty of
Science, P.J. Safarik University, KoSice, Slovakia
Host: Dr. Jii Zamenik, Dept. of Molecular Biology, Crop Research InstifiReaha,
Czech Republic
Period: from 10/05/2010 to 21/05/2010
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2.4 Non-COST-871 activities
8-9 October 2009, International Scientific Confebth Biological Days, Nitra, Slovakia
Title: The use of cryopreservation for storage ofiter embryogenic tissues, Salaj, |
MatusSikova, B PirSelova, B Panis, R Swennen arala] S
5-8 April 2009,1st International Symposium Cryopmstion in Horticultural Species.
Leuven (Belgium)
Title: Effect of cryoprotectant exposure on postvthrecovery, growth and genetic
stability of Pinus nigraembryogenic tissue$, Salaj, | MatuSikova and B PirSelova
25-26 May 2009 Progress and Perspectives. Ljubl@lvenia
Title: Conifer somatic embryogenesis — a biotecbgigial tool with potential to improve
trees quality]T Salaj, J Moravikova and J Salaj
7-9 September :2009 SLTB Meeting, Hannover, Germany
Title: Cryopreservation of conifer embryogenic tiss— an overview.T Salaj, |
Matusikova, B Panis, R Swennen and J Salaj
26-29 April 2010, Bratislava, Slovakia,"l Cryogenics 2010, IIR International Conference
Title: Effect of Thermal Gradients in the Specimam Survival of Cryopreserved Plant
Cells Subjected to Cryopreservation by Slow Cooltpgyoach,M Skyba, M Faltus, J
Zamecnik and E Cellarova
Title: Cryopreservation aflypericum perforatunk.. shoot tips by vitrification: the role of
ABA in dehydration toleranc& Brunakova, M Urbanova and E Cellarova
6-13 June 2010, St. Louis, MO, USA,"APB Congress
Title: Expression of antioxidative genes ktypericum perforatuni. subjected to cold
stressM Skyba, J Kosuth and E Cellarova
14-17 September 2010, Prague, Czech Republit, cdhference of experimental plant
biology
Title: Thermal analysis oHypericum perforatumlL. shoot tips after pretreatment and
cryoprotectionK Brunakova, J Zamecnik, E Cellarova
29 October 2010, Padova, Italy, Anntibipericummeeting
Title: Cryopreservation dflypericumspp.: procedures, mechanisms, assessiike8kyba,
L Petijova, K Brunakova and E Cellarova

3. Future of plant cryopreservation in Slovakia

Future plans comprise continuation in cryobiologitamdamental research aimed at a study
of balance between oxidative stress and effects®pnéantioxidant system at gene, transcript
and protein levels, ABA signalling, cytokinin-ABAteraction, energy balance and complex
assessment of impact of cryopreservation by matbfzal analysis.

Applied research and practical implicatiocsmntain adoption of available protocols for other
genotypes and species, evaluation of the effectather tree genotype and long-lasting field
performance of plants regenerated from cryopresemxeplants (true-to-typeness); from
perspective view point establishment of gene bdrkypericumspecies with high content of
anticancer compounds is expected.

Future plans include also prepared collaboratioth wvorld governmental organisation
(International Institute for Refrigeration) on bieersity of plant species.
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4. Most important publications

Salaj T, Matusikova I, Panis B, Swennen R, Sal@0D9) Application of the slow-freezing
protocol for the long-term storage of embryogengsues of several conifer species.
CryoLett 30: 158-159

Skyba M, Urbanova M, Kapchina-Toteva V, Kosuth XHrding K, Cellarova E (2010)
Physiological, biochemical and molecular charastes of cryopreservedHypericum
perforatumL. shoot tips. CryolLett 31: 249-260

Skyba M, Faltus M, Zamecnik J, Cellarova E (201heffal analysis of cryopreserved
Hypericum perforatumL. shoot tips: cooling regime dependent dehydrataomd ice
growth. Thermochim Acta 514: 22-27

Salaj T, MatuSikova I, PirSelova B, Fraterova bla§ J (2011) Regrowth of embryogenic
tissues oPinus nigrafollowing cryopreservation. Plant Cell Tiss OrglQaccepted)
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Country Report: Spain
M. Elena Gonzalez-Benito

Dpto. de Biologia Vegetal, E.U.l.T. Agricola, Unigs&lad Politécnica de Madrid, Ciudad
Universitaria, 28040 Madrid, Spain (me.gonzaleztme®@iupm)

1. Major achievements in Spain related to plant crgpreservation

1.1. Working Group 1

As regards to Working Group 1 “Fundamental aspetctsyopreservation/cryoprotection and
genetic stability”, much of the work carried oussHzeen done on the latter subject (Table 1).
Already in the first meeting of the working grodpur oral communications were presented
by Spanish research groups. Dr. Ana Véazquez (Usivad Complutense de Madrid)
presented a keynote lecture on “Cryopreservatiahgametic instability”. Two presentations
from University of Oviedo showed the results frdm tvork carried out on transgene stability
in cryopreserved cork oak somatic embryos and gopeceserved and cold stored hapvitro
cultures (group of Dr. Revilla). The group from Meisidad Politécnica de Madrid (UPM, Dr
Gonzélez-Benito) presented different approachesuty genetic and epigenetic variability in
cryopreserved chrysanthemum apices.

The groups of University of Oviedo and UPM workettivgely during the four years on
genetic and epigenetic stability of hop and chrilsamum, respectively, and their results
have been presented in several meetings of the iWp&roup 1.

The group of Dr. Revilla used RAPD (Random Ampéfion of Polymorphic DNA) and
AFLP (Amplified Fragment Length Polymorphism) markéo studyin vitro cold-stored and
cryopreserved hop shoot apices and no genetictioarizvas found. Epigenetic stability was
evaluated by means of MSAPs (Methylation Sentifiveplification Polymorphism) and 36%
of the loci resulted polymorphic when stored plamése compared to control ones, andithe
vitro establishment process seemed to be the main oatlse epigenetic variation (Peredb

al. 2008, 2009).0Other interests of this group are the use of mddecmarkers and flow
cytometry prior to cryopreservation actions.

The UPM group studied the genetic stability by nseah RAPD and AFLP markers of
chrysanthemum shoots derived from apices afterdifferent steps of an encapsulation-
dehydration cryopreservation protocol. The possilde of osmotic stress on genetic
instability has been hypothesized as variable rexgens were found after the sucrose
pretreatment step. The sequences of the variabtkensawere determined and similarities
with known genes were found (Martt al. 2009, 2011). The epigenetic stability was studied
by CRED-RA technique. A preliminary work on the atbnship between (epi-)genetic
changes and the morphology of the regeneratedspleas presented but with no conclusive
results. This group has been recently started wgrkn the genetic stability of mint cultures
after cryopreservation and vitro cold storage, and relating those results withgbaeetic
profile of field collections, by means of RAPD mark.

1.1. Work Group 2

Regarding Working Group 2 “Technology, applicatioand validation of plant
cryopreservation”, several groups carried out grpemts to established suitable protocols for
different species and types of explants (Table ). Sanchez-Romero, at the University of
Malaga, studied several aspects of the cryopresenvaf embryogenic cultures of avocado
and olive, comparing slow cooling and vitrificatibased techniques (Sanchez-Ronwdral.
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2009). Through collaborations with different groupsotocols for the cryopreservation iof
vitro cultures of Spanish endemic species and of grapeeimbryogenic cultures were
developed at UPM (Gonzalez-Benigb al. 2009, Marco-Medinat al. 2010). Before this
COST Action started, the UPM group worked togeteth IFAPA-Churriana (Junta
Andalucia, Malaga, Spain) developing cryopreseovatprotocols for several strawberry
cultivars. The field performance of plants deriviedm cryopreserved apices was studied
(Medinaet al. 2007).
Cryopreservation studies have been also carriedbgubther Spanish groups in a more
intermittent basis, with recent publications onfibléowing subjects:

» University of Santiago de Compostela: endangeredisp (Mall6ret al. 2010)

 Instituto Investigaciones Agrobiolégicas, CSICrefst species (Vidadt al. 2010)

» University of Alicante: endangered species (Maktedinaet al. 2010 a, b).

Table 1. Summary of research activities performed in Spain during the 4 years of COST Action 871.

Institute Team leaders Plant species Thematic area Period
University of Dr. M.A. Revilla Hop WG1 (epi-) genetic2006-
Oviedo stability 2010
University of Dr. C. Sanchez- Embryogenic WG2 Method 2008-
Mélaga Romero cultures of avocadodevelopment 2010
and olive
UPM Dr. M.E. Gonzalez- Chrysanthemum, WG1 (epi-) genetic 2006-
Benito mint shoot apices stability 2010
Strawberry WG2 Field 2006

performance  after
cryopreservation

Grapevine WG2 Method 2006-
embryogenic development 2008
cultures

2. Collaborations initiated during the 4 years of he COST Action

The 871 COST Action has allowed Spanish groups imgrlon cryopreservation to start

collaboration with other European laboratories.

Through the Short Term Scientific Missions scheraeesal young Spanish scientists have

started or strengthened their knowledge and asliti different cryopreservation techniques:

* Raquel Folgado (University of Oviedo) visited thatkblic University of Leuven (Dr
Panis’s laboratory) in 2008 to use thermal analgsisa tool for the establishment of
cryopreservation protocols.

* Aida Heras Rodriguez (University of Oviedo) carrimat studies on the cryopreservation
of apple and olive germplasm using the dormant uethod at the University of
Copenhagen (Dr. Grout’s laboratory) in 2009.

» Carolina Kremer Morales (UPM) visited the laborgtof Dr. Keller (IPK, Germany) in
2009, to compare different procedures for mint prgservation.

In addition, there is ongoing collaboration betwede University of Mélaga with the

Catholic University of Leuven and the Millennium e8e Bank (Kew Gardens) on

cryopreservation of embryogenic cultures and cadetiy; and between the University of

Oviedo and the Julius Kuhn Institute (Germany) rdupg cryopreservation of dormant buds.

The group of UPM has established relationships VA# regarding (epi-)genetic stability and
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cryopreservation of mint cultures and with the Wmsity of Algarve (Portugal) on the
cryopreservation of Portuguese endangered spdisiesigh a co-supervised PhD thesis.

3. Future of plant cryopreservation in Spain

There are few examples in which cryopreservatiorcusrently used for the long-term
conservation of plant genetic resources in Spainth& Citrus Germplasm Bank of the
Instituto Valenciano de Investigaciones Agraria¥.(IA, http://www.ivia.es/germo/) there is

a collection of embryogenic callus cryopreservetiguaid nitrogen. There are prospects for a
future chestnut (shoot apices) and cork oak (s@matibryos) cryopreserved germplasm
collection (Vidalet al. 2010). Although cryopreservation has not beenidensd so far as a
possible tool in the Spanish strategy for plantrg@asm conservation, there are research
projects in which the study of basic aspects obprgservation are being studied supported
by the Spanish Ministry of Science, as for exantplese of the UPM group (AGL2007-
65938-C02-01, AGL2010-21989-C02-01).

In summary, there are already many expertise grauf@pain that are actively working on
cryopreservation. However, for a more widely sprapglication of these technologies for the
long-term conservation of plant germplasm, stronged sustained economic support is
necessary.

4. Most important publications

Gonzalez-Benito ME, Martin C, Vidal JR (2009) Cryegervation of embryogenic cell
suspensions of the Spanish grapevine cultivarsatikib' and 'Tempranillo’. Vitis 48:
131-136

Marco-Medina A, Casas JL, Gonzalez-Benito ME (2Q010amparison of vitrification and
encapsulation-dehydration for cryopreservation ©®hymus moroderi shoot tips.
CryoLetters 31: 301-309

Marco-Medina A, Casas JL, Swennen R, Panis B (20IIMyopreservation offhymus
moroderiby droplet-vitrification. CryoLetters 31: 14-23

Martin C, Gonzalez-Benito ME (2009) Cryopreservatiand genetic stability of
Dendranthema grandiflord&zvelevin vitro cultures. Agricultural and Food Science 18:
129-135

Martin C, Cervera MT, Gonzalez-Benito ME (2011) négc stability analysis of
chrysanthemum Ghrysanthemum x morifoliunRamat) after different stages of an
encapsulation-dehydration cryopreservation protat@llant Physiol 168:158-66

Medina JJ, Clavero-Ramirez |, Gonzalez-Benito ME&|v&z-Farfan J, Lopez-Aranda JM,
Soria C (2007) Field performance characterizatibrsttawberry Fragaria x ananassa
Duch.) plants derived from cryopreserved apicegerfiia Horticulturae 113: 28-32

Peredo EL, Arroyo-Garcia R, Reed BM, Revilla MA (8) Genetic and epigenetic stability
of cryopreserved and cold-stored hoHsifhulus lupulud..). Cryobiology 57: 234-241

Peredo EL, Arroyo-Garcia R, Reed BM, Revilla MA (2) Genetic stability oin vitro
conserved germplasm biumulus lupulud.. Agricultural and Food Science 18: 144-151

Sanchez-Romero C, Swennen R, Panis B (2009) Cryepsation of olive embryogenic
cultures. CryoLetters 30: 359-372

Mallon R, Rodriguez-Oubina J, Gonzalez ML (2010kification of mosses: a useful method
for the cryopreservation &plachnum ampullaceuredw. CryolLetters 31:24-28

Vidal N, Vieitez AM, Fernandez MR, Cuenca B, BaltesA (2010) Establishment of
cryopreserved gene banks of European chestnut@kdeak. European Journal of Forest
Research 129: 635-643
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Country Report: United Kingdom

Paul T. Lynch, Hugh W. Pritchard Jayanthi NadarajanErica E. Bensof
Keith Harding and Andy C. Wetteh

1: Biological Sciences Research Group, Universftperby, Kedleston Road, Derby DE22
1GB, UK

2: Wellcome Trust Millennium Buildings, Royal BotanGardens Kew, Wakehurst Place,
Ardingly, West Sussex RH17 6TN, UK

3: Research Scientists, Conservation, Environme8ti#nce and Biotechnology, Damar,
Drum Road, Cupar Muir, Cupar, Fife, KY15 5RJ, Saotl, UK

4: University of Reading, School of Biological Swoes, Harborne Building, Whiteknights,
Reading RG6 6AS, UK

1. Major achievements in the United Kingdom relatedo plant cryopreservation

1.1.Working Group 1

The UK has an established international profile fimdamental cryobiology research,

enhanced across the national plant cryopreservationmunity by participation in COST 871

(Table 1). WG1 achievements in fundamental reseeeldie to biophysics, cryoinjury and

stability. Attendance of UK WG1 scientists at theéO®T 871 Differential Scanning

Calorimetry (DSC) workshops enabled technologydiens resulting in:

a. Thermal analysis being widely used by the RoyabBmt Gardens Kew, Millennium Seed
Bank (RBG-MSB) for research and training purposes.

b. The optimisation of dehydration regimes for dormapple bud cryopreservation by the
University of Reading (UoR).

Collaborations between the University of Derby (JpDamar Research Scientists (DRS)

and IVALSA, (Firenze) Italy used oxidative stressdaantioxidant biomarkers to gain an

understanding of stresses incurred during oliveommgservation. Cryostability research

undertaken in the framework of cryobionomics inwalvcollaborations between Keith

Harding (DRS) and the Universiteit Gottingen, Saommgl von Algenkulturen, Germany and

the University Manesova, Kosice, Slovakia.

1.2. Working Group 2

Research expertise and knowledge generated witl@i Wecilitated technology transfers for

cryopreservation applications (WG2), specific Ukaeples include:

a. Cryostorage: a novel genotype-independent vittiice method for cocoa
cryopreservation developed by Ghanaian UoR PhDestugaphael Adu-Gyamfi.

b. Physiology: a collaboration between UoD, DRS anK IBattersleben, Germany
demonstrated correlations between post-harvesigaaturation irAllium sativum(garlic)
cloves and post-warming survival/regrowth of stagksl

c. Storage stability: collaboration between the RBGBVE®d University Polytechnic Madrid
(UPM), Spain analysed thermal finger prints of seefdl7Brassicaceaepecies stored up
to 44 years in dry, cold conditions in the UPM SBaahk.

UK partners are involved with an important colladtan initiated by COST 871 assessing

modifications required for dormant bud cryopresgoraapplied in the less severe climates of

European partners as compared to those in conginel8A. As a result of COST 871

workshops replicated protocols and equipment anmeghbatilized for the cryopreservation of

Malusgermplasm in the UK, Denmark, Italy and FrancesTdambined with participation in
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COST 871 DSC workshops (WG 1) facilitated dormamdl bvork at UoR resulting in the
cryopreservation of >25% of the 24B8alusaccessions that form the major part of the UK’s
National Fruit Collection in the past 2 years. tidéion RBG-MSB is using cryopreservation
storage as back up for conventionally-stored omiazbeds.

Table 1. Summary of plant cryopreservation research activities in UK during COST 871.

Institute Team leaders Plant species Thematic Period
/germplasm  area

RBG-MSB & UPM H. Pritchard & Species in the WG2 Oct.

E. Gonzélez Benito Brassicaceae 2010
RBG-MSB & Bilbao I. Kranner & Tortula ruralis WG2 June-
University, Spain. B. Fernandez July 2010
RBG-MSB & Massey J.Nadarajan & C. McGill  Dysoxylum WG1 &2 2008-
University, New Zealand spectabile on going
RBG-MSB, Universities of H. Pritchard, J. Nadarajan Seeds of WG1 &2 2007-
Sussex & Bedfordshire & T. Marks various spp. on going
(MSc student projects)
UoR & UoC A.Wetten, B.Grout & Malus WG1 &2 2007-

T. Toldam-Andersen. dormant buds on going
UoR, IICQC A.Wetten & Theobroma WG1 &2 2007-

R. Adu-Gyamfi cacao on going
DRS& Universiteit K. Harding & T. Friedl Algae sp. WG1 2005-
Goéttingen, Germany on going
DRS & University, K. Harding & Hypericum WG1 2009-
Méanesova, Slovakia A. Cellarova 2010
DRS, UoD & IVALSA, E. Benson, P.T. Lynch Oleaeuropaea WG1 &2 2004-
(Firenze) ltaly C. Benelli, & M. Lambardi on going
UoD, DRS & IPK P.T. Lynch, K. Harding Allium sativum WG2 2002-
Gattersleben, Germany & J. Keller on going
UoD & IFBD-P, Germany P.T. Lynch & M. Hoefer  Fragaria x WG2 2007-

ananassa on going

1.3. Education, Technology Transfer and Networking

During COST 871 all members of the UK group haverb@évolved with the successful
supervision of >15 UK and international PhD and M$wjects involving plant
cryopreservation. A new taught MSc in ConservaBarlogy has been launched at the UoD,
to which DRS contribute. DRS have collaboratedhia tlevelopment and delivery of a new
ISBER-endorsed Certificate in Biobanking with tmeelgrated Biobank of Luxembourg and
the University of Luxembourg. UK networking througtonference and meetings is
summarised in Table 2.

2. Collaborations initiated during the 4 years of he COST Action

Additional to the continuation of existing collalations, (Table 1) variously enhanced by

COST 871, a number of new collaborations have begated:

a. RBG-MSB, UPM and Bilbao University, Spain on seegbpreservation

b. Joint supervision of a PhD student between UoRmdersity of Copenhagen (UoC) on
cryopreservation dflalusdormant buds.

c. UoD and Institute of Fruit Breeding Dresden-Piin{iFBD-P), Germany, as part of a
COST 871 STSM, exchanging strawberry cryopresamdgchnology.

d. DRS international links concerning cryopreservatoapacity building including outside
the EU include visiting lectureships with: (a) tNetional Biotechnology Centre of the
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Republic of Kazakhstan; (b) UPM, Spain, (c) reskedellowships with the University of
The Witwatersrand, Johannesburg, University of KuwlaA\atal, National Zoological
Gardens Wildlife Biological Resource Centre, wBioBSA to progress the strategic
development of a Sub-Saharan Centre of Excellam&&ryobiology; (d) cryopreservation
of endangered species of the Mata Atlantica with thniversity of Santa Caterina, Brazil;
and (e) UK appointments as (i) associate lectuaed Research Fellows (Cryobiology,
Conservation and Molecular Genetics) at UoD and ¢onferment as Honorary Research
Associates at RBG-MSB.

Table 2. UK involvement in the participation and organisation of conferences and production of
proceedings outputs during COST 871

Date of  Event Title Organisations UK COST 871
event involved members involvement
Septembe Annual Scientific ~ Society for Low Co-organised by UoD and
2007 Meeting, AGM and Temperature Biology DRS UoD, RBG-MSB and
Symposium (SLTB). Co-hosted with UoR participants
COST 871 MC meeting
February 2"¢Meeting of WG COST 871, MTT Keith Harding, key note &
2008 1&2 COST 871 (Agrifood Research, proceedings editoAll UK
Finland), Univ. of Oulu, partners participated.
February Fundamental Joint meeting Organised by RBG-MSB.
2009 Aspects of Plant  between COST 871 Erica Benson, key note.
Cryopreservation and SLTB All UK partners participated.
April 2009 First International International Society UoD and RBG-MSB on local
Symposium on for Horticultural Science, and international scientific
Cryopreservation in COST 871, and committees and participants.
Horticultural SpeciesKatholieke Universiteit Paul Lynch co-editor of
Leuven proceedings.
July 2010 Cryo 2010 Cryobiology Society  UoD, RBG-MSB and DRS
and STLB on international scientific
committee and participants.
March SLTB, Spring SLTB Organised by RBG-MSB.
2011 Meeting Participation by DRS
and RBG-MSB.

3. Future of UK plant cryopreservation

Significant future plant cryopreservation initiads/ include the commitment by the RBG-
MSB to establish a cryo-seed bank. The cryopresiervat UoR of dormant buds dalus
accessions that form the major part of the UK’siddet! Fruit Collection to provide a secure
back up to field based accessions. The UoR is iatptementing a cryopreserved backup
collection ofin vitro clones ofTheobroma cacado support the International Intermediate
Cocoa Quarantine Centre (IICQC).

4. Most important publications.

During COST 871, the UK group has authored 36 pexewed journal articles and review
publications, 62 conference proceedings and 9 lobakters, 52 of these are related to COST
871 and 24 include international (non EU) collaltiorss.

Most significant ones:
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Benson EE (2008) Cryopreservation of phytodiversdycritical appraisal of theory &
practice. Crit. Rev. Plant Sci. 27: 141-219

Berjak P, Bartels P, Benson EE, Harding K, MycockFammenter NW, Sershen, Wesley-
Smith J (2011) Cryo-conservation of South Africdanp genetic diversityln Vitro Cell.
Devel. Biol. — Plant 47: 65-81

Daws Ml, Pritchard HW (2008) The development amdits of freezing tolerance iAcer
pseudoplatanufuits across Europe is dependent on provenanyel€tt.29 :189-198

Fang J-Y, Sacande M, Pritchard HW, Wetten A (20@8uence of freezable/non-freezable
water and sucrose on the viability dheobroma cacasomatic embryos following
desiccation and freezing. Plant Cell R& 883-889

Fang J-Y, Wetten A, Johnston J (2008) Headspacatidoimarkers for sensitivity of cocoa
(Theobroma cacao L.) somatic embryos to cryopreserv. Pl. Cell Rep. 27: 453-461

Hamilton KN, Ashmore SE, Pritchard HW (2009) Theflraaalysis and cryopreservation of
seeds of Australian wild Citrus species (Rutace@éjus australasica, C. inodora and C.
garrawayi. CryoLett. 30: 268-279

Harding K, Johnston JW, Benson EE (2009) Explorithg physiological basis of
cryopreservation success and failure in clonalyppgated in vitro crop plant germplasm.
Agri. Food Sci. 18: 3-16

Li D-Z, Pritchard HW (2009) The science and ecorcamof ex situ plant conservation.
Trends Plant Sci. 14: 614-621

Lynch PT, Siddika A, Mehra A, Fabbri A, Benelli Cambardi M (2007) The challenge of
successful cryopreservation of olive shoot tipsv Adort. Sci. 21:211-214

Lynch PT, Souch G, Al Majathoub M., Keller J, Hdefd and Harding K, 2008. Steps
towards the validation @kllium and strawberry cryopreservation. CRYOPLANET - COST
Action 871. Agrifood Research Working Papers 158lud-inland, 20-23/02/2008. 4344

Lynch PT, Siddika A, Johnston JW, Trigwell SM, Mehd@\, Benelli C, Lambardi M, Benson
EE (2011) Effects of osmotic pre-treatment on ot@astress, antioxidant profiles and
cryopreservation of olive somatic embryos. Plant 581: 47-56

Nadarajan J, Staines HJ, Benson EE, Mansor M, Kagilay B, and Harding K (2007)
Optimization of cryopreservation f@terculia cordatazygotic embryos. J. Trop. Forest
Sci. 19: 79-85

Nadarajan J, Mansor M, Krishnapillay B, Staines B&nson EE, Harding K (2008)
Applications of DSC in developing cryopreservatistnategies forParkia speciosaa
tropical tree producing recalcitrant seeds. CrybRét 95-110

Pritchard HW, Fuller BJ (2009) Beyond the cell wall comparison Between Plant and
Animal Cell Cryopreservation. In Vitro Cell. Devéiol. — Animal 45 S18 - S19

Skyba M, Urbanova M, Kapchina-Toteva V, KoSuth Jrding K, Cellarova E (2010)
Physiological, biochemical and molecular charastes of cryopreservedHypericum
perforatuml. Shoots tips. CryoLetB1: 249-260

Vogiatzi C, Grout BWW, Wetten A, Toldam-Andersen TBO11l) Cryopreservation of
Winter-Dormant Apple Buds: | - Variation In RecoyeWith Cultivar and Winter
Conditions. CryoLett. (in press)

Vogiatzi C, Grout BWW, Wetten A, Toldam-Andersen TB011) Cryopreservation of
Winter-Dormant Apple Buds: Il - Tissue Water Sta#yier Desiccation at -4°C and
Before Further Cooling. CryoLett. (in press)

Wetten A., Adu-Gyamfi R., Fang J-Y, Rodriguez-Lop€z(2008) Use of secondary somatic
embryos improves genetic fidelity of cocoalrhéobroma cacaol.) following
cryopreservation. CRYOPLANET — COST Action 871. hgpnd Research Working
Papers 153. Oulu Finland 20-23/02/2008. 23-24
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