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Abstract

Cryogenic storage techniques have been developed and adopted for more
than 100 (mainly agricultural) plant species worldwide, and within Australia at
least 30 critically endangered plants have been stored long term using
cryogenic approaches. Nevertheless, there are many species that are very
difficult to store using current procedures, and organizations involved in plant
germplasm conservation (such as botanic gardens, agricultural institutions,
etc.) that utilise cryogenic storage techniques are in some respects at a
crossroads in their endeavours to cheaply and effectively store a wide
selection of species and genotypes for conservation and
agricultural/horticultural purposes. For taxa that are not amenable to current
cryogenic approaches, new ways of developing cryogenic storage techniques
need to be investigated, including research into the ways in which cell
membranes interact and change when cooled to cryogenic temperatures (-
196° C in liquid nitrogen) in the presence of various cryoprotective agents.
This review highlights the current state of cryogenic research both within
Australia and internationally, provides a case study on threatened plant
species and also describes several new research initiatives that aim to
provide answers to why some native species are quite amenable to widely
utilised cryogenic approaches while others are currently non-responsive. New
approaches aim to integrate laboratory and membrane modeling paradigms to
provide guidelines for the development of new cryopreservation protocols and
to assess the robustness of theoretical models in predicting optimum

cryogenic conditions.
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Introduction

The flora of southwest Western Australia Floristic Region (SWAFR) is
outstandingly rich in terms of species diversity and levels of endemism,
making it one of the most distinctive floras worldwide, highlighted by the fact
that the region is an internationally acknowledged biodiversity hotspot — one
of only 34 currently recognised (Hopper et al. 1996; Brown et al. 1998; Myer
et al. 2000; Hopper and Gioia 2004; Mittermeier et al. 2005). More than 8,000
plant species are estimated to occur in this region (Hopper and Gioia 2004).
This high diversity is threatened by a multitude of largely anthropogenic
processes, such as land clearing for agricultural, mining and urban
development, the spread of plant diseases and pests and more recently
climate change (Touchell et al. 2002; Malcolm et al. 2006). The number of
rare and threatened plant species has increased markedly over the last few
decades in Western Australia, with some 2,600 species currently classified as
in need of some form of conservation. These are classified with a priority
rating of P1-5, or declared endangered flora (DEF), or critically endangered
flora (CR) (Atkins 2008). To preserve these species (especially CR species),
efficient and cost-effective ex situ conservation methods are urgently required
to compliment in situ conservation programs (Touchell et al. 2002; Bunn et al.
2007).

Ex situ methods for plant conservation

Ex situ methods for plant conservation include active growth collections
(container and tissue culture collections) and seed banks that are usually
maintained in botanic gardens or other national or international germplasm
repositories (Guerrant et al. 2004). Most Western Australian species have
orthodox (desiccation tolerant) seed, which can withstand drying to a low
moisture content and storage at -18° C, making their long-term storage
relatively straightforward (Touchell et al. 2002; Merritt and Dixon 2003; Merritt
et al. 2003). Indeed, more than 200 rare and threatened taxa have been



accessioned in the Threatened Flora Seed Centre (Department of
Environment and Conservation) and Western Australian Seed Technology
Centre (Kings Park and Botanic Garden) (Cochrane 2004).

However, many threatened and endangered species produce little or no
viable seeds, or have seeds that are deeply dormant. Often there are so few
remaining individuals that the preservation of all remaining genotypes is
considered of paramount importance (Bunn et al. 2007). Problematic species
such as these can be maintained vegetatively through container collections, in
vitro culture or in cryo-collections. Container collections are by far the
cheapest and easiest way to maintain ex situ germplasm collections, though
the space requirements for such material can be considerable — particularly if
a large number of genotypes are to be maintained. Even the most carefully
maintained ex situ collections are vulnerable to pests, diseases, climatic
extremes (heat waves, frost or storms) and equipment failure (e.g., irrigation,
cooling and/or heating); hence occasional (but often irreplaceable) losses can
occur. In comparison, in vitro culture largely moderates many of these random
abiotic and biotic factors by providing highly controlled temperature and light
conditions within a sterile environment so that cultures are maintained in a
pest and disease-free state. In vitro protocols for a significant number of rare
native plant species have been developed and applied in Kings Park and
Botanic Garden (Bunn et al. 2007), though as a general method for plant
conservation there are some limitations, including relatively high maintenance
costs, with large culture collections. A large proportion of this necessary
maintenance involves sub-culturing of in vitro material that must occur
regularly (3-4 wk) to maintain culture health. Other limitations include variable
in vitro responses (not all plants respond equally well to the in vitro
environment), and unwanted somaclonal variation may occur over long
periods of continuous culture (Bunn et al. 2007). In addition, even though
explant materials are surface sterilized during the initial establishment phase,
secondary infections (bacteria, fungi) introduced by accident through operator
error are commonly encountered and are an on-going management problem
(Leifert et al. 1994; Kaczmarczyk 2008).

Although slow growth in vitro techniques (i.e., cool storage or incubation of
cultures with growth-retarding media) can be used to reduce the frequency of



subculture, the need for regular subculture, accidental contamination risk and
somaclonal variation are not completely removed but merely postponed.
Growth retardants and extended subculture periods can still result in
somaclonal variation (George and Sherrington 1993; Kumar 1994) and DNA
methylation (Harding 1994). The requirement for specialised technical
assistance for good culture maintenance also remains and invariably incurs
higher costs. An additional significant issue is mislabeling of cultures that can
readily occur with frequent subculture, particularly when technicians are
constantly dealing with multiple genotypes from the one species. Once such
mistakes are made, they are not readily identifiable and can cause significant
problems later on during reintroduction programs (Schafer-Menuhr 1996).

As an alternative to these other forms of germplasm storage,
cryopreservation is a cost-effective, long-term option for the maintenance of
important clonal material. Cryopreservation refers to the storage of biological
material at liquid nitrogen (LN) temperatures (<-196° C) without the loss of
viability, so when required, material can be readily retrieved and reinitiated,
re-establishing desirable clonal lines. In cryopreservation, all cell division,
metabolic and biochemical processes are arrested, and thus the plant
material can be stored without deterioration or modification for a long period of
time (Shibli et al. 2004; Zhu et al. 2006). Advantages are that material can be
stored for a theoretically indefinite time with low maintenance costs and
minimal space requirements. Input is needed mainly at the beginning when
establishing clonal lines in tissue culture and when samples are prepared for
cryogenic storage and cooled in LN (Kaczmarczyk, 2008). Once in
cryostorage, the materials’ only required maintenance is periodic (i.e., once a
week) replenishment with LN to replace evaporated LN. Other advantages
include halting genetic changes (due to somaclonal variation inherent in
frequent subculture over long periods) and reducing the chances of
introduced or accidental infections (bacterial, fungal or viral) due to frequent
handling by tissue culture operators (Cole 1996). Critical for successful
cryopreservation are the control and/or avoidance of intracellular ice
nucleation, because this would destroy plant membranes and cause rapid cell

death upon thawing (Benson 2008a).



Cryogenic collections for rare flora conservation should aim to maximise
the level of genetic diversity in storage for the species in question to provide
the greatest chance of re-introduction success through the re-establishment of
genetically variable populations that have a high degree of inherent resilience
(to pests, diseases, climatic extremes) which will most likely sustain their mid-
to long-term future (Touchell 2000).

Cryopreservation has been important for preserving plant germplasm since
the early 1970s (Reed 2001; Day et al. 2008) with more than 100 agricultural
and economically important plant species (including many thousands of
cultivars and genotypes) successfully preserved (and recovered) by this
technology (Sakai and Engelmann 2007; Reed 2008; Panis et al. 2009). Aside
from agriculture and economically valuable species, cryogenic storage is also
highly applicable to the conservation of threatened flora. This is an
increasingly important outcome, as more species become threatened, as
technology matures and as the advantages of cryogenic storage become
more widely acknowledged (Batty et al. 2002; Touchell et al. 2002; Flachsland
et al. 2006; Sarasan et al. 2006; Bunn et al. 2007; Nikishina et al. 2007; Ray
and Bhattacharya 2008; Mallon et al. 2008; Tanakaa et al. 2008; Hamilton et
al. 2009a, 2009b; Trusty et al. 2009). Indeed, many conservation agencies,
such as Kings Park and Botanic Garden in Perth, Western Australia, are
currently applying cryogenic approaches to store threatened plant species
(Table 1). Other institutions with active cryogenic programs for endangered
taxa include: the National Seed Storage Laboratory in Fort Collins, Colorado
(Touchell and Walters 2000), the Cincinnati Zoological and Botanic Gardens
(Pence 2000) and the Royal Botanic Gardens, Kew (Sarasan et al. 2006).

Presently, different shoot tip cryopreservation protocols have been
developed, including 2-step cooling, encapsulation/dehydration and
vitrification, as well as combinations of these methods (Benson et al. 2007;
Reed 2008). In recent years, the number of species cryopreserved using the
combined droplet vitrification protocol with rapid cooling and rewarming has
significantly increased (Leunufna and Keller 2005; Halmagyi and Pinker 2006;
Sakai and Engelmann 2007; Sant et al. 2008; Senula et al. 2007; Yoon et al.
2007; Gonzalez-Arnao et al. 2008; Kim et al. 2009a; 2009b; Panis et al.
2009). On the other hand, 2-step cooling methods are used less often and



mostly for callus and suspension cultures (Gnanapragasam and Vasil 1992;
Mikula et al. 2005). The reason for wider use of droplet vitrification lies in the
fast and easy application, in which no expensive cooling apparatus (as for 2-
step cooling) is necessary.

Successful results in the cryopreservation of Western Australian
endangered plants have so far been obtained in more than 30 species
through applying vitrification methods (Table 1) (Touchell et al. 2002;
Hamilton et al. 2009a). However, not all species respond to the same
protocol, so that some optimization (e.g., alteration to the constituents and
timing of exposure to the preculture medium, and duration of incubation with
cryoprotectants) has been necessary (Touchell 1995; Turner et al. 2001).
Nevertheless, it has been demonstrated that through focusing on a model
species, relatively rapid progress can be made in the development of more
generic protocols for related species (Turner et al. 2001), as highlighted in the

case study below.

Cryopreservation of threatened species of Haemodoraceae
The Haemodoraceae is a predominantly Gondwannan monocot family, well
recognized for their spectacular flowers as seen in species such as
Anigozanthos manglesii, Dilatris pillansii, Macropidia fuliginosa and
Wachendorfia thyrsiflora. The family reaches the heights of diversity in the
southwest of Western Australia, with at least 75 species belonging to 7
genera, 6 of which are endemic only to this region (Hopper 1993). However,
among these diverse taxa, 28 are currently classified as threatened, including
5 subspecies of Anigozanthos and 15 species/subspecies of Conostylis,
accounting for more than 35% of all extant Haemodoraceae (Western
Australian Herbarium 1998-). With such a large number of taxa to conserve
from the 1 family, cryopreservation is a critical part of an integrated
conservation approach for ensuring that none of these species is lost forever.
Preliminary research on the common species Anigozanthos viridis ssp
viridis found that post-LN survival (41%) was achievable using 1-2 mm-long
shoot apices pre-cultured on a 0.4 M sorbitol medium for 2 d, before
incubation in plant vitrification solution 2 (PVS2) for 25 min at 0° C, followed
by direct immersion in LN (Turner et al. 2000). This protocol was then tested



on 7 other Haemodoraceae taxa, though the results for most of the species
assessed were generally very low (Table 2) (Turner et al. 2000). A test
species was then selected (the threatened Anigozanthos viridis ssp
terraspectans), and a number of the originally used parameters investigated
and modified (preculture medium, preculture duration, PVS2 formulation and
the assessment of a loading phase), resulting in post-LN survival rising from
60% to 94% for this species. This new and improved cryogenic approach was
then applied to another 5 threatened Haemodoraceae taxa; namely, A.
humilis ssp chrysanthus, A. kalbarriensis, Conostylis dielsii ssp teres, C.
micrantha and C. Wonganensis, resulting in higher survival in 3 out of the 5
taxa assessed. Regardless of the changes made to the original protocol, post-
LN survival for the other 2 species (C. dielsii and C. micrantha) was still low -
< 30% (Table 2)- (Turner et al. 2001).

Problems in cryopreservation

It is well known that intracellular ice formation needs to be avoided for
successful cryopreservation, and this can be largely suppressed by using
various cryoprotectants, either singly or in combinations (Benson 2008a).
Nevertheless, many other biotic and abiotic factors influence the success of
any cryopreservation method (Keller et al. 2008). On one side, the biological
explant (shoot tip) and its genotypic characteristics, location within the in vitro
plant, possible latent infections of endogenous (and/or exogenous) pathogens
and physiological constitution play a significant role (Senula et al. 2007;
Kaczmarczyk 2008, Keller et al. 2008). To provide the highest chance of
cryogenic success, donor plants for shoot tips used in cryostorage need to be
in optimum condition, free of contamination and precultured in high osmotic
media. On the other side, physical, mechanical and oxidative stresses, which
occur after the different steps in a cryopreservation protocol, have an impact
on the regenerative ability of shoot tips after cryopreservation. Certain species
and genotypes can be readily cryopreserved using established protocols while
others are not able to survive cryopreservation, a response that can be highly
variable even between different cultivars of the same species (Schéfer-
Menuhr et al. 1997). The reasons for variation in results between different
explants from the same species or genotype, or even the total absence of



survival after cryopreservation, are still not fully understood (Benson et al.
1996). To progress the science of cryopreservation, new studies and novel
biotechnological tools are required to elucidate the mechanisms underlying
cryogenic survival in plant tissues and to identify why cryosensitive species do

not survive current cryogenic approaches.

New directions in cryopreservation of plant tissue

The future in cryobiology is closely tied in with recent advances in molecular
biology and genomics over the last decade. The understanding of genetic
adaptation to cold and stress tolerance is increasing, and the future of
cryobiology is surely the dovetailing of formal biophysics with the study of
life’s adaptations to similar problems (Lane 2004).

Meryman (2004) suggested that we learn from nature’s own laboratory. To
put it simply, if a tissue or species is currently recalcitrant to cryopreservation
protocols, the trick is not necessarily to change the protocol but to change
(i.e., precondition) the tissues themselves (Lane 2004). Future research
needs to find an answer to the question of which adaptations to freezing at
high subzero temperatures can help precondition against the stresses of
subsequent cryogenic storage. Part of the answer may have already been
found with those plant species which possess the ability to cold acclimate. For
example, it has been reported that cold acclimation of plants prior to
cryopreservation leads to better regeneration results after rewarming from LN
(Reed and Chang 1997). Niino and Sakai (1992), Chang and Reed (2000),
Reed et al. (2003) and Towill and Ellis (2008) reported enhanced post-LN
survival in several woody species; Seibert and Wetherbee (1977), Keller
(2005), and Senula et al. (2007) reported similar results with a number of
herbaceous species. Additionally, in other plants like yam and various potato
cultivars, which generally do not show any obvious response to cold
acclimation, cryopreservation results have been improved after preculture at
low temperatures (Leunufna and Keller 2005; Kaczmarczyk et al. 2008).

Biochemical studies in relation to cryopreservation and cold acclimation of
donor plants have shown positive correlation between increased sugar
(sucrose, D-glucose, D-fructose) concentrations and linoleic acid content with
shoot tip regeneration (Vandenbussche et al. 1999; Panta et al. 2009a,



2009b). Panta et al. (2009a) studied the responses of potato to abiotic
stresses and compared these with the potato’s cryo-ability, following the
hypothesis that plant tissues preconditioned for cryopreservation exhibited
similar biochemical responses as those shown by plants during drought or
exposure to salinity and frost. As part of this study, a droplet vitrification
protocol was applied to 6 cultivated frost sensitive and 2 wild frost-tolerant
potato genotypes. Results revealed that frost resistant genotypes have
significantly higher regeneration capacity after cryopreservation. Additionally,
the linoleic acid content from each of these genotypes was also positively
correlated with tolerance toward cryopreservation. The tolerance of
cryosensitive genotypes with initially low recovery rates could be improved by
the addition of the polyamine putrescine to the preculture medium, a growth
factor known to influence cell division (Panta et al. 2009a).

Vandenbussche et al. (1999) also discovered that cold acclimation (21/5° C
day/night temperature, 1 wk) of donor plants enhanced cryogenic tolerance in
sugar beet shoot tips. The improved cryogenic tolerance was positively
correlated with enhanced sugar concentration (sucrose, D-gluose, D-fructose)
and a change in lipid composition (an increase in unsaturated membrane
lipids [C18:2 / C18:1 ratio] and linolenic acid [C18:3] content).

Another approach to cold acclimation and enhancing tolerance to
cryopreservation-induced stress involves applying additives in conjunction
with cold treatment or as a substitute for chilling. Ramon et al. (2002)
precultured banana meristems on medium with 0.4 M sucrose for 2 wk and
found increases in polyamine levels, especially putrescine, and an increase in
the ratio of unsaturated/saturated fatty acids, which was positively correlated
to cryogenic survival. Zhu et al. (2006) also found that sucrose pre-treatment
of banana meristems of several varieties increased the double bond index of
the neutral lipid fraction; this was correlated with higher post-LN survival.
Further examples include the abscisic acid-response proteins, bovine serum
albumin, proline and sucrose-simulated cold acclimation as applied to Ribes
ssp. (Luo and Reed 1997; Benson 2008b). Cross-talk between different types
of plant stress responses, acclimation and development are now being
confirmed using various “omics” approaches combined with molecular-
physiological studies (Fujita et al. 2006; Beck et al. 2007; Zhu et al. 2007).



Molecular-physiological studies linked to cryopreservation

Biochemical characterization of explants can be assessed through
determination of the plant protein expression. Proteomics approaches are
used to analyze the complex functions of plants at different levels and are
supported through the progress obtained in sensitive and rapid protein
identification by mass spectrometry (Canovas et al. 2004).

The application of protein expression studies for cryopreservation is a new
and rapidly developing research area. Capentier et al. (2007) used banana as
a model to study protein expression in the meristem associated with sucrose-
mediated osmotic stress. To facilitate this analysis, a protocol for 2-
dimensional gels was developed for small amounts of tissue (30-50 mg).
Polypeptide databases obtained by mass spectrometry were used for
discriminative identification of proteins from other closely related plant
species. This study concluded that homeostasis in shoot tips is perpetuated
after sucrose-mediated osmotic stress through maintenance of an
osmoprotective intracellular sucrose concentration, the enhanced expression
of particular genes of glycolysis and the conservation of the cell wall integrity.
All those factors are necessary for the explants to acclimate to and survive
dehydration prior to cryopreservation (Carpentier et al. 2007; Samyn et al.
2007). The first proteome analyses in connection with cryopreservation have
been made for potato shoot tips by Criel et al. (2008) and Kaczmarczyk
(2008). Criel et al. (2008) analyzed proteins of S. tuberosum “Désirée” shoot
tips and leaves after preculture of donor plants for 21 d on regular MS
medium (Murashige and Skoog 1962) and MS complemented with 0.055 M,
0.110 M, and 0.220 M sorbitol. The regeneration rate after cryopreservation
was increased from 50% to 80% with increased sorbitol concentration in the
medium. Differences in 2D-difference-gel-electrophoresis (2D-DIGE) patterns
were observed for samples pre-cultured on various sorbitol-enriched media. In
total, 63 and 15 differently expressed proteins were determined in the shoot
tips and leaves, respectively. Of them 43 and 3, respectively, were identified
by matrix-assisted laser desorption/ionization (MALDI) mass spectrometry.
The results indicated strong alteration of the primary metabolism and in
carbon fixation. These results were additionally confirmed by parallel



biochemical analyses. Increase in carbohydrates was measured in plants
treated with up to 0.11 M sorbitol, whereas the concentration of 0.22 M
sorbitol showed decreased levels of carbohydrates. In conclusion, better
cryopreservation response could be obtained due to high internal sugar
concentration and alterations in primary metabolism as a result of the
cryoprotectant function of sugars (Criel et al. 2008). Kaczmarczyk (2008)
analyzed S. tuberosum “Désirée” and S. demissum after 2 different preculture
conditions, followed by cryopreservation; 1-wk culture at 22/8 C day/night
temperature in comparison to 1-wk culture at constant temperature of 22 C.
The alternating temperature preculture of donor plants revealed higher
survival and regeneration rates after cryopreservation. In protein expression,
only minor changes were found between the preculture treatments, meaning
that 2.7% or 0.4% of the proteins were changed in S. demissum and S.
tuberosum “ésire€”, respectively. Proteins were mostly down-regulated in their
expression level after preculture with alternating temperature. The identified
proteins belonged to the functional groups of metabolism, signal transduction,
defence, transcription, energy and secondary metabolism (Kaczmarczyk
2008). The first gene expression studies in response to cryoprotectant and LN
exposure in Arabidopsis thaliana have also been recently completed (Volk et
al. 2009). Volk et al. (2009) identified key gene families, which changed gene
expression, encoding proteins involved in lipid transport, dehydration
responses, seed maturation and detoxification. Some genes were upregulated
in response to cryoprotectant treatment, indicating a critical step in the
protocol; others had a more general response expressed during shoot tip
recovery. This study showed that cryoprotectant treatments induced gene
expression and critical biochemical pathways, including those involved in lipid
transport and osmoregulation (Volk et al. 2009).

Nevertheless, to advance the science of cryopreservation the composition
of shoot tip membranes and their interaction with sugars, and the function of
cryoprotectants, need to be analysed and understood in more detail.
Biophysical and molecular modeling studies of the effect of cryoprotectants
such as DMSO, polyalcohols (e.qg., glycerol, ethylene glycol and sorbitol) and
sugars (e.g., sucrose) are providing insight at the molecular level of the
interactions of these agents with phospholipid chains and headgroups and



their effect on the liquid crystallinity and stability of biological membranes
(Pereira and Hunenberger 2008). In addition, investigation of the vitrification
properties of these cryoprotectants on liquid water is shedding light on the
molecular mechanism of solvent cryoprotection by explaining changes to the
glass transition temperature of water following addition of cryoprotective
agents (Mandumpal and Mancera 2010). Cross-disciplinary research between
plant biology and biophysics is thus likely to provide new fundamental results

to help rationalise and optimise cryopreservation protocols in the future.

Conclusion

Research in plant cryopreservation needs to move away from the empirical
approaches that currently underpin the development of new cryogenic
protocols for conservation of species of horticultural and agricultural value.
Rising numbers of endangered plant species mean that there is less time to
spend on each new species. In many cases the limited availability of in vitro
shoot material means testing of large numbers of different treatment
combinations using traditional multi-factorial experimental designs will simply
be too slow to realistically serve the needs of ex situ conservation programs in
the future. Therefore, to do more with less, the physiology of target plants in
their natural habitats needs to be understood, as does the need for plants to
be pre-conditioned to improve their tolerance to cryopreservation. New
research possibilities are currently opening up with the rapid development of
new scientific disciplines such as *“omics.” Through understanding the
fundamental parameters related to cold acclimation and dehydration tolerance
and cultivating the means to connect this knowledge to formal biophysical
processes, researchers should be able to develop new and innovative
cryopreservation protocols. Theoretical models of membrane structure and
their interaction with cryoprotectants are one promising way to provide new
answers to fundamental questions. With the results of further research,
improved cryogenic approaches will be developed, which will lead to better
conservation outcomes and facilitate the custodians of threatened plants with
an improved ability to secure the long-term future of these irreplaceable

species.
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Tables

Table 1. Percentage survival of excised shoot tips for Australian species cryopreserved using
vitrification procedures (adapted from Touchell et al. 2002 and updated)

Family Species Survival Reference
Dicotyledon
Chloanthaceae Pityrodia scabra 78.0% Touchell
(unpublished)
Goodeniaceae Lechenaultia formosa 25.0% Touchell (1995)
Lechenaultia laricina 47.0% Touchell
(unpublished)
Lamiaceae Hemiandra gardneri 8.3% Touchell (1995)
Myoporaceae Eremophila caerulea ssp marellii 27.0% Touchell (1995)
Eremophila resinosa 7.2% Touchell (1995)
Myrtaceae Eucalyptus granticola 60.0% Crowe (1998)
Ptychosema pusillum 12.1% Touchell (1995)
Proteaceae Conospermum stoechadis 5.4% Touchell (1995)
Grevillea cirsiifolia 46.0% Tan (1998)
Grevillea dryandroides spp.
dryandroides 74.0% Bunn (unpublished)
Grevillea dryandroides spp. hirsutus 75.0% Tan (1998)
Grevillea flexuosa 68.0% Tan (1998)
Grevillea maccutcheonii 50.0% Bunn (unpublished)
Grevillea scapigera 64.1% Touchell (1995)
Touchell et al.
Grevillea scapigera 20.0% (1992)
Hakea aculeata 62.0% Bunn (unpublished)
Lambertia orbifolia 62.0% Bunn (unpublished)
Leucopogon obtectus 17.4% Touchell (1995)
Rutaceae Eriostemon wonganensis 37.0% Touchell (1995)
Sterculiaceae Rulingia sp. Trigwell Bridge 17.9% Touchell (1995)
Tremandraceae  Tetratheca deltoidea 9.6% Touchell (1995)
Monocotyledon
Haemodoraceae Anigozanthos kalbarriensis 33.8%* Turner et al. (2001)
Anigozanthos humilis ssp. chrysanthus 80.4%* Turner et al. (2001)
Turner et al.
Anigozanthos manglesii 31.9% (2000)
Turner
Anigozanthos pulcherrimus 17.1% (unpublished)
Anigozanthos rufus 2.2% Turner et al. (2000)
Anigozanthos rufus x Anigozanthos
viridis ssp. Viridis 17.6% Turner et al. (2000)
Anigozanthos viridis ssp. viridis 41.4% Turner et al. (2000)
Anigozanthos viridis ssp. terraspectans 94.4%* Turner et al. (2001)
Conostylis dielsia ssp. teres 11.6% Turner et al. (2001)
Conostylis micrantha 26.2% Turner et al. (2001)
Conostylis wonganensis 77.1%* Turner et al. (2001)
Macropidia fuliginosa 84.4% Turner et al. (2000)
Liliaceae Sowerbaea multicaulis 10.9% Touchell (1995)
Touchell
Restionaceae Hopkinsia anoectocolea 46.4% (unpublished)




Table 2. Post LN survival for six threatened species of Haemodoraceae using an original
protocol developed for A. viridis ssp. viridis (Turner et al. 2000 i.e. 2 day pre-culture on 0.4 M
sorbitol, incubation in PVS2 for 25 mins at 0 °C then direct immersion in LN) and a modified
protocol (i.e. 3 day pre-culture on 0.8 M glycerol, 20 min incubation in a loading solution (2.0
M glycerol + 0.4 M sucrose) and then incubation in modified PVS2 for 25 mins at 0 °C
followed by direct immersion in LN) developed using A. vividis ssp. terraspectans as a test
species (Turner et al. 2001)

Original Modified
Species cryogenic cryogenic protocol

protocol
Anigozanthos humilis subsp. chrysanthus 24.4+£9.7 80.4 £3.9
Anigozanthos kalbarriensis 6.3+3.6 33.8+£8.7
Anigozanthos viridis subsp. terraspectans 61.1+£3.2 94.4+£3.2
Conostylis dielsii subsp. teres 20.8+8.4 11.6 + 6.2*
Conostylis micrantha 14.6 + 8.6 26.2 £ 3.8*
Conostylis wonganensis 176+3.1 77.1+124

* Note: Due to a lack of shoot apices for experimentation the effectiveness of aloading
phase in the cryogenic protocol was not assessed for these species.



