
220bp 

200bp 

C. peR 1-13~ :2'-j)l.2fY/_ ~~ ,b*:. ~f 

6A 68 7A 78 

AI1~lysis of SSR rrnducl~ of HIGT4 loci in.5% polyacrylamide denaturing (8 M 
urea) gel. M I - 100 bp ladder (Promega, Madison, WI, US A) , \1:<- 20 pb 
Molecular ruler (BIO-RAD, Hercules, CA, USA), I - CZ/K26 , 2 - Sladek, 3 _ 
Galena, 4 - Osvald's clone 31 , 5 -­ Harmonic, 6 - Comet, 7 - Southern Promise, 8 
- Southern Star. A -- ocfore and B- at1er cryopreservation. 

M3M1 1A 18 2A 28 3A 38 4A 48 5A 58 6A 68 7A 78 8A 88 

Fig, 3. Analysis of STS products 01' NDBI' I loci in 5'X, polyacrylamide denmuring (SM 
urea) gel. M I - 100 op ladder (Prornega, Madison. WI. USA). M3 -- 20 pb 
Molecular ruler (BIO-RA D, lIereules, CA, USA). I - CZ/K26, 2 - Sladl'k, 3 _ 
Galena, 4 -- Osvald's clone 31, 5 -.. Ilarmonie, 6 - Comet, 7 .- Southern Promise, S 
- Southern Star, A - before and B - at1er cryopreservation. 
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Abstract 
We present hereafter a re\'iew of different collaborative research studies 

carried out on the c'1'opreserntion of coconut plumules excised from the zygotic 
emb'1'o. PI\lmule (shoot apical meristem and leaf primordia) tissues have shown 
different degrees of success in cr~'opresen'ation depending on th~ combination of 
alginate encapsulation and osmotic or evaporative dehydration used. The percentage 
of regrowth was progressi\'Cly impro\'ed from vitrification (0%), to osmoprotection 
(10%), and subsequently the encapsulation-dehydration technique allowed 20% 
regrowth level into leafy shoots. Addition of abscisic acid (20 to 40 JI:\I) boosted 
recovery growth after freezing (up ta 40%). Histological studies have clearly shown 
that the addition of lower amounts of ABA (10 JIM) allows cells to maintair. the 
structural characteristics of control cells for immersion into liquid nitrogen without 
dehydration. The effect of plant material conditioning, for transport from collecting 
site to laboratories, was studied to identify possible effects of unc('ntrolled factors on 
tissue tolerance to cryopreservation. Three conditioning methods lemb'!'o set in 
endosperm core (ALB); emb,·yo transferred onto of solidified agar (5W); emb,!'o 
immersed into KCI solution (KCI)I were u~ed. 5W performance is clearl~ more 
efficient when combined with dehydration and freezing. giving 40% recovc'!·. These 
results are interesting as they show that the medium surrounding the ~mb'1'o 
(endosperm or medium supply) can be replaced by agar alone. without nutritive 
factors. This approach should also facilitate germrlasm exchanf!e. As a result of the 
absence of phloem vascular bundles in the plumular tissues, the approach described 
here should increase the scope for obtai.ling material free of pathogenic agents, an 
essential prerequisite for the conserntion and exchange of germ plasm. This 
approach should be a strong point in the fight lIgainst Lethal Yellowing Disease. the 
most serious disease affecting coconut plantations. 

INTRODUCTION 
The develonment of strategies for coconut (Coco.\ Illlci{el'o L.) germpl~sm 

conservation 2nd exchange is of great importance because of the biological characteristics 
of the seed. Its large size (one of the largest of the plant kingdom) and physiology (no 
dormancy and recalcitrance to storage) make its conservation and exchange a diflicult 
problem to resolve. 
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Up to the SOs. conservation s:rategies were achieved through tield genebanks and 
coconut germplasm e:\chang<' in the form of seeds. In the field. germplasm conservation 
otTers a satisfactory approach to the conservation of genetic resources which can be easily 
observed and evaluated. However. this strate,;y is subject to various environmental and 
human factors: it requires huge land areas and it is not cost·effective because of 
considerahle inputs in the form of land. labour. mU:1agemcnt and matcrials (Engelmann et 
al.,2oo5). 

Since the 90s. because of these limiting factors and in addition to plant disease 
considerations. conservation strategies have focused more on ex situ conservation using 
in vitro techniques. whereas exchange of coconut germplasm was carried out only 
through zygotic embryos and pollen (Frison et aI., 1993: Ramanatha Rao and Batugal, 
1998; Malaurie, 2001). 

In this context. in vitro culture techniques have a great potential for the exchange 
and conservation of plant germplasm. These techniques arc of great importance for 
recalcitrant seeds such as those of coconut (Engelmunn ct ul.. 2005). 

Up to now, coconut in vitro technology was focused on three research areas: 
somatic cell manipulation: zygotic embryo in vitro culture (including conservation and 
slow growth culture) which is routinely applied in numerous laboratories (Engelmann et 
al.. 2005). and cryopreservation. Previous cryopreservation experiments have been 
performed on three types of material : pollen (Frison et aI., 1993; Engelmann, 1999; 
H('cher et al.. 2004); zygotic embryos (Chin et al.. 1989; Assy-Bah and Engelmann, 
199230 b); and plumules (Hornung et al.. 2001). In 1989. only one single coconut embryo 
was reponed to have survived 15 days after freezing using cryoprotection with DMSO 
plus slow freezing (Chin e, aI., 1989). Whereas in 1992. the work of Assy-Bah et al. gave 
more optimistic results from 4 ditTerent coconut genotypes [hybrid PH 121 : Cameroon 
R~d Dwarf (CRD): Rennell Tall (RT); and Indian Tall (IT)) with high recovery of frozen 
mature embryos (93. 36. 33. and 48% respectively) using the pregrowthl desiccation 
technique (Assy-Bah and Engelmann. I 992b). Previous work 0:1 plumule 
cryopreservation dates back to 200 I. and focused on obtaining embryogenic callus as a 
basis for the cloning of elite coconut genotypes (Hornung ct al.. 200 I). 

The present paper summarizes the different work carried out in our laboratory or 
in association with collaborating research teams and advances made in ' coconut 
cryopreservation research with its possible impact on the management of cot:onut 
germplasm. It then describes the il1\ estigation of several cryoprescrvation techniques, the 
optimization of plumuk cryopreser .... ation by dehydration/encapsulation as confirmed by 
histological studies and investigations towards finding the best way to transpon and store 
zygotic embryos of coconut. The use of plumules as the main plant material for 
cr),opreservation work derends mainly on its structure (presence of cells in a 
meristematic state). This makes its use vi l- ble for the obtaining of a safe (i .e. disease-free) 
material. as previously observed with this tjllt of explant (Morel and Manin, 1952). 

~IATERIALS A:\O \lETHOOS 
One type of p'ant material was used tor cryopresen'ation purposes: plumule 

tissues (shoot meristem surrounded by leaf primordia) excised from zygotic embryos. 
Two types of zygotic embryos were used. namely the Malayan Ycllow Dwarf! Nain Jaune 
Malais zygotic embryos (\f't'D/NJM) at 10 to 12 months after the pollination (N ' Nan et 
al.. 2004; En(!elmanll ct 31.. 2005). and the Sri Lankan Tall (SLT) -which was used at a 12 
to l.t months-after pollination (Malaurie et al.. 2006). 

Investigations into plumule clyopreservation led to the use of se\eral techniques, 
all based on plumule encapSUlation in alginate beads . These techniques differed from each 
other either b) th-eir pretreatment step (liquid or solid medium) or by the dehydration step 
(osmotic or e\aporati\C dehydration): i) encapsulationiosmoprotection/dehydration [A) 
(Sakai et al.. 2000: \falaurie et al.. 20(2): ii) encapsulalioniosmoprotection/vitrification 
[BJ (Sakai et al.. 1000: ;\lalaurie et aJ., 2012. 2004): iii) encapsulation/dehydration 
(Dereuddre et aJ.. 1990: '·'an. 2004: N'Nan Cl aI., 200S). 

To 9ptimize plumule recovery after cryopreserva tion via encapsulation/ 
dehydration (N ' Nan, 2004; N'Nan et aI. , 2008), the effects of abscisic acid (ABA) (0, 10, 
20, and 40 )lM) and sorbitol (0, 0.03, 0.11, 0.27, and 0.55 M) combined with 0.75 M 
sucrose and 16 h dehydration were studied. These studies were pertormed on pl umulcs 
excised from embryos isolated in un endosperm core. which had been confined before 
cxcision for one week of transport und storage (ivlalaurie et al.. 20(6), or directly after 
ulbumen core collection in a tissue culture division Laboratory (CR!. Sri Lanka). without 
an y conditioning for transport (Bundupriya ct al.. 20(7). . 

In order to identify the most suituble mdhod to transportlstore mature zygotic 
embryos to allow delayed excision of plunlulcs for fUl1her cryopn.!scrV<ltilln, three 
temporary storage condition were evaluated over a period of 7 days: i) embryo maintained 
in endosperm corc; ii) embryo transferred onto solidi tied agar [OA5% (w/\') agar); iii) 
embryo immersed in Kel solut ion (16.2 g L" ) (ivlalauric et ;11.. 2006; Bandupriya ct aJ. , 
200!!). 

RESULTS AND ,DISCUSSION 

Plumule Cryopreservation 
The most efficient plumule cryopreservation protocol (20% recovery) was 

reported after encapsulation/dehydration (N'Nan et aJ., 2008). This perhaps lo'v result is 
nevertheless quite remarkable for a plant recognized as having highly recalcitrant storage 
behaviour (Chin and Robens, 1980). Moreover, this result can be considered as 
satisfactory in the context of genetic resource conservation (Dussen et aJ. , 2003). 

Ilistological Studies 
Histological studies showed that for the optimal sucrose concentration. longer 

dehydration durations have a stronger efTect on cells compured with the effcct of 
increasing sucrose concentrations at the optimal dchydration duration. When using 
optimal conditions (I M sucrose and 16 h) , we showed that dividing c.:lls could be 
observed after freezing (+LN). These results are in accordance with observations made of 
morphogenetic development (N ' Nan et aI., 2003, 2008). 

The addition of ABA has 'a positive eftect on the preservation of cellular structures 
after dehydration and freezing, due ,to the beneficial effects of A8A on tolerance to 
dehydration and freezing stress. The supply of 10 )lM even allows to the cells to keep the 
structural characteristics of control cells (without prc-treatmcntl-Dehydrution/-LN, and 
with 0.75 M/+Dehydration) for immersion conditions into LN without dehydration 
(Malauric et aI., 2006). 

In relation to what we observe during the recovery phase, histological studies 
alIow us to define the nature of the cellular and tissues alterations which are compatible 
with this recovery and which could therefore be reversible (Malaurie et aI., 2006). 

Techniques Using Osmoprotection 
Preliminary experiments were performed with encapsulr.tion combined with 

osmoprotection (LS: 2 M glycerol and 0.4 M sucrose) or vitrification (LS, and PYS2 
solution) (Malaurie et aI., 2002, 2004). Several effects were observed on tissues following 
osmoprotcctantlvitrifiant treatment after one month of culture, such as browning, 
swelling, survival and growth recovery. Plumular tissues were affected by dehydration 
and freezing stress as tissue browning was observed for 79% of them (Malaurie ct aI., 
2002). In the case of the -osmoprotection/-dehydration approach [A] , survivul after 
freezing was observed with samples dehydrated from 2 to 10 h. Survival ranged from 3 to 
15.%, and the best survival rates were recorded after 3, 4 and 5 h. Growth recovery (10%) 
was observed only once with samples dehydrated for at least 3 hours and, or not frozen . 

In the case of the vitrification approach [8), all sanplcs turned brown alier 
cryopreservation and no growth recovery was observed, irrespective of the duration of 
exposure (20, 60 and 100 min.). In contrast, 15% of the unfrozen control exposed to 20 
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essential prerequisite fur the conservation and exchange of germplasm. This approach min of dehydration showcd growth recovery (Malaurie et aI., 2003: N'Nan, 2004).­
should be a strong point in the fight against Lethal Yellowing Disease. 

O"timi1.lllion of the Recovery Frcquency 
It was showcd tlwt adding ABA to the pretreatment medium boosts recovery 

the 
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Abstract 
The genebank of the II'K contains 216 mint accessions, which lire maintained 

in the field or in vitro, In 2005, routine cryopresen'ation of seed-sterile mint ",us 
started, using axillary shoot tips fro;n cold-acclimated nodal segments alld a simple 
droplet-vitrification method with PVS 2 (Senula et aI., 2007). At present, 35 
accessions from 12 species are cryopreserved by this method. The average 
regeneration rate was 65% however, there was high variation in :regeneration % 
(between \3 to 100%), both between accessions and between two repetitions of the 
same accession. This was correlated to the genotype and endophytes in the in \'itro 
donor plants that were previously found to be free of visible infections. After 
rewarming, bactcrial infections often broke out of and reduced or even inhibited 
regeneration of plantlets. A screl'ning of endophytes using single donor plants prior 
to multiplication and cryopreser\,ution W<lS executed, Since bacteda arc 1I0t 
homogeneously distributed in the plants, the results of the screening test retlected 
only the given situation in the tested material proper, but not that in the whole plant. 
Therefore, the use of these pre-tests alone is not conclush'e. Furthermore, some 
endophytes do not grow on culture media alone, which makes detection difficult. 
The preventive use of antibiotics in the regeneration medium after cryopresen'ation 
resulted in higher plant regeneration, when the donor plants were infected. The 
antibiotics so far tested (Cefotaxim, Ticarcillin, Vancomycin) delayed the 
regeneration process, but did not reduce regeneration rates. 

INTRODUCTION 
The maintenance of vegetatively propagated plants is a special challenge for 

genebanks. It requires a lot of spac\! in the tield and high labour input. Funhennore, the 
risk of losses of accessions through plant di~eases and unfavourable weather exists. 

The IPK mint collection consists 01'216 accessions, which are maintained in field 
pl ots or in pots. Sixty-eight percent of thesc accessions can be maintained only 
vegetatively because of the purely clonal nature of some taxa, such as Mentha x piperila 
L. and also becausc not enough seeds for storage :5 fonned under local conditions in some 
accessions. In addition to tield maintenance, in vitro storage and cryoprescrvation can be 
used to maintain the collection. In vitro storage of mint is easy and widely distributed in 
gene banks. The collection of the National Clonal Gcnnplasm Repository at Corvallis, 
Oregon, USA, consists of 493 accessions, 157 of which are maintained in vitro (GRIN, 
2009), and the collection of the gencbank or the Brazil ian Agricultural R.:search 
Corporation EMBRAPA consists of 54 accessions, 24 being maintained in vitro (Silva et 

aI., 2006).
The in vitro maintenance of mint accessions has been routine at the IPK genebank 

since 1997. At present, the mint in vitro collection comprises 148 accessions, which are 
maintaim:d at 2 and 10DC (IPK-GBIS, 2(09). In vitro culture has scveral advantages 
compared to Ikld maintcnance, such as less space IT(IUirclllcnt and thc prote,tion against 
plant diseases, weather and intcrmixing of the accessions. Nevenhelcss subcuituring and 

467Proc. First IS on Cryopr..:-scrvation in Hurt. Spl'...:i ...'s 
Eds.: II. Panis ;IIHt 1' . l.yndl 
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