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ABSTRACT 

MICROPROPAGATION AND CRYOPRESERVATION OF ENDANGERED PLANT 

SPECIES- DRABA YUKONENSIS AND CIRSIUM HILLII.  (CANBY) FERNALD 

Akansha Saxena 

University of Guelph, 2021

Advisor: 

Dr Praveen K Saxena

This study utilized in-vitro techniques for long-term conservation and revival of the threatened 

species, Hill’s Thistle (Cirsium hillii. (Canby) Fernald) and Yukon Draba (Draba 

yukonensis).  Micropropagation protocols were developed from seed derived shoots. The 

cryopreservation protocol for in-vitro shoot tips of Hill’s thistle was established using the droplet-

vitrification method which produced 90% shoot tips regrowth. The plants from cryopreserved 

shoot buds exhibited comparable or better survival and growth in the field compared to plants from 

non-cryopreserved shoot buds when transplanted to their natural habitats in the Bruce Peninsula 

National Park, Ontario. The Yukon Draba plants were successfully micropropagated and 

acclimatized in the greenhouse. Droplet-vitrification method used to optimize cryopreservation 

protocol for Yukon Draba using in-vitro shoot tips which resulted in 100 % survival and 66 % 

regrowth. Collectively, these results provide evidence of the successful application of in-vitro 

technologies for ex-situ conservation and recovery of endangered plant species.  
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Chapter 1: Introduction and Literature review  

 

1.1  Introduction 

The unique life forms inhabiting this planet add to the richness of earth. Biodiversity is 

defined as the variety of life, including variations among genes, species and functional traits. 

Biodiversity may therefore be considered as insurance for sustenance and progression of life on 

earth. It is vital in number of ways as the animals; plants and microorganism provide human beings 

with food, fodder, medicines, shelter and aesthetic value. The bigger role of biodiversity comes 

into play in the functioning and stabilization of ecosystems, minimizing soil erosion, pollution 

control and combating climate change (Cardinale et al., 2012). Unfortunately, in recent years rapid 

climate change has resulted in elevation of natural disaster risks. Climate change has been linked 

to instances of floods, tropical cyclones and heat waves (Van Aalst, 2006). Studies have indicated 

that several developed and developing nations have suffered deaths of hundreds of people and 

economic losses due to climate related natural disasters (Thomas, 2017). A recent study indicated 

that Himalayan glaciers are melting due to the global warming and gave warning of a possible 

disaster due to rapid ice loss (Maurer et al., 2019). Thus, a vicious cycle of loss of biodiversity due 

to climate changes and subsequent devastation of human life and infrastructure has emerged. It is 

logical to conclude that the protection and sustenance of biodiversity is of vital importance for 

human welfare and keeping our ecosystems alive and healthy. 

 

The rapid loss of biodiversity in last two decades has been a major cause of environmental 

concern. Some of the contributing factors are human activities and loss of natural habitats. The 

need of biodiversity conservation has also increased due to the pandemic as the conservation 

related research, practices, fieldwork and education has suffered a setback (Corlett et al., 2020). 

Habitat fragmentation and habitat loss affects species richness, microclimate and ecological 

functioning of ecosystem (Wilson et al., 2016). A positive correlation was found for plant species 

endangerment and climate driven habitat loss (Giam et al., 2010). Moreover, many endangered 
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plant species have restrictions in reproduction and developmental bottlenecks in lifecycle further 

limiting their numbers in natural habitats (Saxena et al., 2019). According to the Committee on 

the Status of Endangered Wildlife in Canada (COSEWIC), there are 3 extirpated, 108 endangered, 

49 threatened and 50 special concern vascular plants in Canada (COSEWIC, 2020). Among these 

species, Yukon Draba and Hill’s Thistle require special mention to prevent further reduction of the 

species populations. For example, Yukon Draba has been classified under the status of special 

concern (COSEWIC, 2018) because the species is endemic to Southern Yukon disseminated in 

limited well-drained meadows and south-facing slopes. These species face multiple threats from 

wildfire, other invasive species and forest encroachment (COSEWIC, 2018). 

Since ages, humans have tried to conserve plant and animal species through several 

techniques that may be broadly classified into ex-situ and in-situ conservation methods. The in-

situ conservation involves the conservation of ecosystems and natural habitats and the maintenance 

and recovery of viable populations of species in their natural surroundings. In the case of 

domesticated or cultivated species, the plant species are conserved in the surroundings where they 

have developed their distinctive properties. The in-situ method allows for conservation of flora 

and fauna in their natural habitat thus maintaining genotype x environment interaction, intra and 

inter species competition, adaptation and evolution. The in-situ methods of conservation of genetic 

diversity include on-farm maintenance of germplasm along with the development of protected 

areas such as wildlife sanctuaries, national park and biosphere reserve (Rajpurohit and Jhang, 

2015). The techniques involved in conservation and maintenance of plant samples wholly or 

partially outside their natural habitat in specific areas, either in the form of plant sapling, or as a 

seed, pollen or their DNA, and tissue or cell culture are grouped under ex-situ conservation. Ex-

situ conservation of plant is performed for various purposes viz. conserving the threatened plant 

genetic resources, producing  plant material for reintroduction, translocation, growing the species 

with recalcitrant seeds that cannot be stored, reinforcing habitat and landscape restoration and 

management,  and bulk germplasm storage. 

Despite their usefulness, both the ex-situ and in-situ methods have several limitations. The 

ex-situ conservation includes maintenance of organisms in artificial habitats, which may lead to 

deterioration of genetic diversity, inbreeding depression, adaptations to captivity, and 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/reintroduction
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accumulation of deleterious alleles (Kasso, 2013). The other constraints relate to the requirement 

of trained personnel, high costs and reliance on electric power sources (Kasso, 2013). Similarly, 

in-situ conservation requires huge protected areas and resources such as fertilizers, irrigation, farm 

equipment, and work force. Furthermore, the prospects for the in-situ conservation of Crop Wild 

Relative (CWR) may be adversely affected by global changes in demographic and land-use 

patterns and the climate. Many species of CWRs are likely to come under risk because of the 

degradation, fragmentation, and loss of terrestrial and aquatic habitats, caused by demographic 

growth and population movements, changes in disturbance regimes, increasing urbanisation, 

industrialisation and intensification of agriculture. In addition, climate change may also affect 

conservation of CWRs, which is of major concern (Heywood, 2008). Recently, in-vitro 

conservation techniques have been utilized for propagation and restoration of recalcitrant species, 

which respond poorly to conventional conservation techniques.  

Micropropagation and cryopreservation techniques have been employed for replenishment 

of endangered species. Micropropagation involves culture of parts of plant or a whole plant under 

aseptic conditions in a controlled environment. It is a rapid and space-efficient method of 

conservation plant propagation. Micropropagation has been successfully utilized for propagation 

of several plants like ornamentals- Calathea crotalifera (Rozali et al., 2014), Physocarpus 

opulifolius (L.) maxim. (Jagiełło-Kubiec et al., 2021), ornamental medicinal plant like 

Lamprocapnos spectabilis (L.) Fukuhara (bleeding heart) (Kulus and Miler, 2021) and Euphorbia 

cyathophora Murray (Rodríguez-Elizalde et al., 2019), spice Vanilla planifolia (Manokari et al., 

2021) and medicinal plants like Withania somnifera (L.) Dunal (Kaur et al., 2021). 

The cryopreservation involves the storage of biological material at ultra low temperatures 

in liquid nitrogen (-196°C), which reduces all metabolic processes to a minimum. Another 

advantage of cryopreservation is that the cryopreserved material can be stored for a long time with 

little genetic change. Further, the cryopreserved material can be regenerated successfully and used 

for reintroduction and as a source of novel genes (Johnson, 2002). Cryopreservation techniques 

have been utilized for preservation of several plant species such as ornamental plants like Strelitzia 

reginae Aiton (Figueiredo et al., 2021), Bletilla formosana (Wu et al., 2013) and Stewartia sp. 

https://www-sciencedirect-com.subzero.lib.uoguelph.ca/topics/agricultural-and-biological-sciences/withania
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(Gladfelter et al., 2021); wild and transgenic lines of medicinal plants Populus tremula L. 

(Vidyagina et al., 2021). 

Reintroduction, a method to revive extirpated populations within their indigenous range 

and population, has been defined as “intentional movement of an organism into part of its native 

range from which it has disappeared or become extirpated in historic times as a result of human 

activities or natural catastrophe” (IUCN, 1987). Reintroduction of plants helps in restoring the 

original biological diversity of a degraded area. The status of a protected area may be secured or 

improved by reintroducing a rare species. Reintroduction can be achieved by introducing the 

propagules of a single species into intact habitats, alternatively large-scale habitat restoration and 

management can be practiced (Maunder, 1992). Reintroduction studies have indicated that the 

success of reintroduction depends on working in protected sites, using seedlings, increasing the 

number of reintroduced individuals, mixing material from diverse populations, using transplants 

from stable source populations, site preparation or management effort and knowledge of the 

genetic variation of the target species (Godefroid et al., 2011). In case of endangered perennial 

legume  (Astragalus bibullatus) the reintroduction success was determined by habitat suitability 

and herbivory (Albrecht et al., 2019)  and in the rare and endangered plant Primulina tabacum the 

reintroduction success was determined by presence of nurse moss, Gymnostomiella longinervis 

Broth. at the transplantation site (Ren et al., 2010). 

Several endangered plants have been micropropagated and successfully reintroduced, such 

as (Cirsium hillii. (Canby) Fernald) (Sheikholeslami et al., 2020), Castilleja levisecta, Cattleya 

intermedia, Lippia junelliana (Salama et al., 2017; Junior et al., 2018; Juliani et al., 2011). 

The present work aims to develop efficient protocol for in-vitro mass propagation, method for 

cryopreservation based long-term ex-situ preservation and re-introduction procedure of 

micropropagated plants into their natural habitat. 

 

 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/perennials
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/astragalus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikholeslami%20B%5BAuthor%5D&cauthor=true&cauthor_uid=32298393
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1.2 Species description: Hill’s Thistle (Cirsium hillii (Canby) Fernald)  

1.2.1Taxonomy  

The C. hillii and C. pumilum were classified as a single species in 1818 by Nutall in New 

Jersey. However, in 1965, Moore and Frankton (1965) recognized them as two distinct species. C. 

hillii had mildly lobed leaves as compared to C. pumilum and was able to produce adventitious 

shoots from the roots. Both species have same chromosome number 2n=30.  

 

1.2.2 Species description 

The plant is a perennial herb with a deep running single taproot or a clustered root 

system with tuberous protuberances. The stem is upright, smooth, soft and sparsely covered in thin 

hair (Figure 1.1, COSEWIC, 2004). The leaves have wavy margins with wooly hairs on the adaxial 

side. The plants survive as sterile rosettes of leaves for almost five years and later produce a stem 

with a single or multiple composite pinkish purple flower head at the top (Figure 1.1 COSEWIC, 

2004). The flowering occurs usually from June to September.  

  

1.2.3 Mode of reproduction 

Hill’s Thistle reproduces both vegetatively by adventitious bud from lateral roots (Higman 

and Penskar, 1996 ) and sexually by seeds (COSEWIC, 2004; Freeland et al., 2010). The common 

mode of pollination is through pollinators resulting in increased cross breeding (Freeland et al., 

2010) and the seed dispersal is through wind (Ostlie and Bender, 1990).  

1.2.4 Habitat 

Hill's Thistle is found in dry and open areas with little shade. They are also found in fire-

prone areas, dry sandy grasslands, and open patches with low grasses like poverty Oat Grass 

(Danthonia spicata), reindeer lichens (Cladina rangiferina and C. mitis). The species avoids 

densely populated habitats with thick vegetation (Jones, 1995-2009; COSEWIC 2004; Jalava, 

2008a, b; Janke et al., 2006; White, 2007). The tree cover, if present, is usually of coniferous 
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woody species. In Ontario, the species usually grows on Alvar sites. The Alvar is a stressed habitat 

with limestone as base, shallow soil and little vegetation (Figure 1.2 and 1.3) (COSEWIC, 2004). 

The species is found in open alvar, shrub alvar, treed alvar, tallgrass woodland, open sand barren, 

coniferous forest and tallgrass prairie and cultural meadow (Ontario Ministry of Natural 

Resources, 2013).  

 

Figure 1.1: Hill's Thistle rosettes growing in Bruce Peninsula National Park. Left: Basal rosette. 

Right: Inflorescence with flowering head and spiny leaves. 

1.2.5 Threats 

The species faces major threat due to its habitat-specific and fire dependent nature 

(COSEWIC, 2004). The species requires open, dry patches of land with little canopy cover. Such 

habitats are resultant of historic wild fire. The absence or deliberate suppression of these fires by 

humans led to development of unsuitable conditions for the growth of Hill’s Thistle (Jones and 

Reschke, 2005). In Ontario, the Alvar habitat is important for survival of Hill’s Thistle. However 

due to building and road construction, All-Terrain Vehicles (ATVs) and mountain bike activity, 
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shoreline development and quarrying, habitat loss is rampant (COSEWIC, 2004; Robinson and 

Hermanutz, 2014). Hill’s Thistle has poor seed germination which further limits its population 

(Eckberg et al., 2017; Ontario Ministry of Natural Resources, 2013). Apart from this, a major 

threat to survival of the species is due to active herbivory by white tailed deer (COSEWIC, 2004).  

Hill’s Thistle plants with smaller leaves and leaves with reduced development of spines on margin 

were found to be more vulnerable to herbivory (Sheikholeslami et al., 2020). They also reported 

that herbivory in this species was site-specific and dependent on the stage of plant development. 

Herbivory was considered to be a limiting factor in reintroduction of this species (Sheikholeslami 

et al., 2020). 

 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

  

 

Figure 1.2: Global Range of Hill’s Thistle by Jurisdiction. Red areas: Critically imperiled; 

Yellow areas: Vulnerable (Nature Serve 2009). 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikholeslami%20B%5BAuthor%5D&cauthor=true&cauthor_uid=32298393
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikholeslami%20B%5BAuthor%5D&cauthor=true&cauthor_uid=32298393
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1.2.6 Conservation status and ranks  

In Ontario the Hill’s Thistle was designated (COSEWIC, 2004) as “threatened” because it 

was found at 64 extant sites with only a few flowering plants. The nature serve ranked Hill's Thistle 

as G3 or Vulnerable as only 400 occurrences were found, mainly around the Great Lakes, from 

southern Ontario through Michigan, Wisconsin, Minnesota, Iowa, Illinois, and northern Indiana. 

The population distribution was in distant patches with only a few fertile plants (Nature Serve, 

2016). 

1.2.7 Conservation Plan 

There are several criteria to be considered for reassessment of Hill’s Thistle’s conservation 

status from threatened to special concern or lower. The key recovery objectives for this species are 

 

Figure 1.3: Range of Hill’s Thistle in Canada (Environment Canada, 2009). 
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to prevent further decline of mature individuals and to maintain the extant populations in the four 

main areas of Ontario. Thus, the main actions to be taken for the recovery of Hill’s Thistle are (i) 

protection of extant populations, (ii) measures for reducing threats to the habitat, and (iii) outreach 

and public education for promoting the stewardship. Bruce Peninsula (18 ha) and Manitoulin 

Region (15 ha) are the critical habitats in protected areas with Bruce Peninsula being the largest 

(Ontario Ministry of Natural Resources, 2013). 

There are some common management practices that help in maintaining the populations 

and reducing the threats to the habitat of this species which involve placing physical barriers, 

establishing zoning to prevent further development in critical habitat and signage to prevent 

recreational use. Controlled burns in combination with manual clearing of vegetation may be 

beneficial to maintain the critical habitat for this and other species found in ecosystem but prior 

study to analyse their potential effects needs to be undertaken (Ontario Ministry of Natural 

Resources, 2013). 

 

1.3 Yukon Draba 

 

1.3.1 Taxonomy 

Yukon Draba specimens have been mistaken as few-seeded Whitlow-grass (Draba 

oligosperma) in 1944 by H.M. Raup and L.G. Raup and in 1957 by Dr. W. Schofield and H.A. 

Crum (COSEWIC, 2011). In both instances, A.E. Porsild had identified a separate taxa and 

described Draba yukonensis from the two collections (Porsild, 1975). P. Caswell and L. Freese 

first identified Yukon Draba in the field in 2005 (Bennett, 2006). 

 

1.3.2  Description 

Yukon Draba is a monocarpic herb with tap root system. The stems are 2-20 cm long, 

bearing stellate hairs and 1-3 small sessile bluish green leaves. The inflorescence is racemose type 

with 5-20 white flowers. The flowers produce 3-5mm long ovoid or oblong siliques with small 

stellate hairs (Figure 1.4). The basal leaves are small rosette, 8-10 mm long, lanceolate in shape 

with stiff hairs (Figure 1.5). The life cycle of the plant is under studied and ambiguous. It has been 
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described as biennial (Cody, 1996), perennial (Al-Shehbaz et al., 2010), and winter annual plant 

(COSEWIC, 2011). However, in 2016, at Aishihik meadows, randomly counted population had 

about 64% mature plants and out of which 9.6% were in there second or third year of blooming 

(Canadian Wildlife Service, 2017). This study indicated a short- lived perennial nature of the plant. 

However, due to lack of concrete evidence the studies are still in progress to determine the growth 

behavior of this species. 

1.3.3 Life cycle and mode of reproduction 

The genus Draba has no reports of hybridization due to underlying genetic mechanism 

(Skrede et al., 2008). In the case of Yukon Draba, self-pollination is suggested as a possible means 

of pollination due to the presence of small hermaphrodite flowers (Grundt et al., 2005).Vegetative 

propagation has never been reported in the plant. The seeds of Yukon Draba are wingless without 

any appendages favouring long distance dispersal (Al-Shehbaz et al., 2010). The seed dispersal 

has been reported by rain water, air and small animals while browsing and feeding (COSEWIC, 

2011). The seed dispersal between meadows is limited and the pollen dispersal serves as a means 

of ‘gene transfer’ among different meadows (COSEWIC, 2011). 

 

1.3.4 Habitat and distribution 

The Yukon Draba grows in dry grasslands and on well-drained soil at elevations between 

611 m and 1313 m above mean sea level with subarctic climate. It grows at 19 sites in the 

southwestern Yukon like Haines Junction, north to Aishihik Lake and the upper Nisling River, 

east to Taye Lake and the Nordenskiol driver (Figure 1.6, COSEWIC, 2011). In 2005 a survey was 

conducted (COSEWIC, 2018) and the maximum natural population (approximately 109,670-

241,200 plants) was reported at Alsek meadow- a flat area with sparse vegetation. The second 

highest numbers of mature plants were reported at Aishihik (5 km N) grassland on south facing 

slopes. A population of 2000-3000 plants was also counted at the grassland at Hutshi Lakes and 

Nordenskiold R. At Lake Terrace Cr grassland, 400 plants were found. More than 200 plants were 

found at Isaac Creek, N side and Nordenskiold R, 5 km E of Mt Vowels. Similarly, at Aishihik 

open areas 184 plants and at Taye Lake NE more than 100 plants were counted.  
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Fifty mature plants at grassland of Lake Terrace Cr, upper and at Stevens Cr, 4 km W 63 

at Hutshi Lakes meadow, 72 mature plant at Aishihik Lake, W side, N of Lister Creek, 25 plants 

at Lister creek, 3 at grassland of Nordenskiold R., 5 km downstream of Hutshi Lakes, more than 

12 plants at Incised Cr, upper, 10 plants at grassland of Nordenskiold R, 15 km downstream of 

Hutshi Lakes and 20 plants at Moraine Lake were found (COSEWIC, 2011). Two additional 

locations southeast of Aishihik in the Nordenskiold River drainage, and another near the mouth of 

Lister Creek on the west side of Aishihik Lake were found in 2012 (COSEWIC,2018). The sub–

populations were distributed in patches at various places. Continuous efforts are being made to 

search newer habitats of the species. 

1.3.5 Threats and significance 

The invasive species like White Sweet clover (Melilotus albus) and Smooth Brome 

(Bromus inermis) are reported in sites like Alsek road near the Yukon Draba habitat. The species 

such as Sweet clovers (Melilotus spp.) (Lesica and DeLuca 2000; Spellman and Wurtz, 2011), 

Common Dandelion (Taraxacum officinale), Hawkweeds (Hieraciums pp.), Oxeye Daisy 

(Leucanthemum vulgare) and Yellow Lucerne (Medicago falcata) pose potential future threat to 

Draba population. Apart from invasive species vegetation like poplars near the Alsek meadows 

also pose future competition for Yukon Draba (COSEWIC, 2018). 

The plant is intolerant to dry and warm conditions. Increase in surrounding temperature 

may lead to lack of suitable habitat for the plant. Since 1950, Yukon has had an annual temperature 

increase by 2oC and annual precipitation increase by 6% over the past 50 years (Streiker, 2016). 

The gradual increase in annual temperature greater than 2oC, combined with longer spring and fall 

may cause rapid evapo-transpiration exceeding the precipitation (Streiker 2016). A report has 

predicted gradual increase in mean annual temperature and moisture deficit in southwestern Yukon 

region (Climate Wizard, 2009; Nature Serve, 2016). Due to the habitat –specific nature of the plant 

the change in climatic conditions makes it more vulnerable (Foden and Young, 2016). 
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Figure 1.4: Yukon Draba plants growing in their natural 

habitats with flower and fruit (COSEWIC, 2011). 

 

 

 

 

 

 

 

 

Figure1.5:Diagrammatic representation of Yukon 

Draba in fruit showing details of the external structure 

of the fruit and the surface. The abaxial surface of the 

leaves with stiff hairs is also seen(COSEWIC, 2011). 
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Figure 1.6: Canadian distribution of Yukon Draba in Dezadeash River valley in 

southwest corner of Yukon Territory. (Draba is located at three sites in meadow 

complexes) Source: November 2011 COSEWIC Status Report. 
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The habitat of the plant suffers from human activities like camping, transportation and 

mining (Figure 1.7, COSEWIC, 2011). The Alsek meadow has a dirt road and three tracks running 

inside meadows for mining, exploration and transportation purposes. Although the roads do not 

disturb the population directly but these have resulted in habitat loss.   

1.3.6 Conservation status and ranks 

Yukon Draba was listed as endangered in 2011 and as species of Special Concern in 2018 

by COSEWIC. It has not been included in federal Species at Risk Act and in IUCN Red List process 

(IUCN, 2016).Yukon Draba is endemic and has been ranked as Imperilled-Sensitive by the Yukon 

Conservation Data Centre (2016). The national and global ranks are N2N3 and G2G3 (Nature 

Serve, 2015). 

1.3.7 Recovery and conservation strategies 

The search effort for Yukon Draba started from 1981 by A.P. Khokhryakov, B.A. Yurtsev, 

and D.F. Murray in Alaska but the specimen found by them was Hoary Draba.  The targeted efforts 

by Phil Caswell from 2000 onward were significant in discovery of various Draba spp. in the 

 

Figure 1.7: Active and expired mining claims accessed through the Draba Yukonensis 

meadows. (COSEWIC, 2011). 
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Kluane region. In 2005, Caswell and Freese rediscovered the species which accelerated the search 

efforts and in the same year Bruce Bennett and Lloyd Freese collected specimen of Yukon Draba. 

The search for new habitat and population for Yukon Draba also improved and in 2008, Jennifer 

Line and Lloyd Freese found two meadows (apart from older known areas) in the Dezadeash 

Valley.  In 2012,  Lori Schroeder found Yukon Draba sites at southeast of Aishihik in the 

Nordenskiold River drainage, 5 km downstream of Hutshi Lakes, and  near the mouth of Lister 

Creek on the west side of Aishihik Lake. In subsequent years the Canadian Wildlife Service 

increased surveying of areas and visited various sites from Kluane Lake in the southwest, north 

and northeast to the Dawson Range and Carmacks, and east to Braeburn Lake and the Taye Lake 

areas.  The survey efforts have discovered several subpopulations and habitats of the species. 

 The recovery efforts for the species are in primary phase both in–vitro and in-situ 

(COSEWIC, 2019). 

  

1.4  Micropropagation of endangered plants  

 Micropropagation is one of the few techniques to save and multiply endangered and rare 

plants (Nurtaza et al., 2019), as well as for commercial propagation of many plants (Ilieve et al., 

2010). It involves culture of sterile explants in sterile containers on growth media composed of 

sugar, salts, vitamins, nutrients, amino acid and phytohormones etc. (Roberts and Schum, 2003). 

The technique also facilitates rapid and space efficient multiplication of plants (Bhojwani and 

Razdon, 1996) .The major advantage is that it reqires little plant material for initiating the culture 

(Wochok, 1981; Bonga, 1982). The cultures are maintained under controlled light and temperature 

(Nguyen et al., 2016). The regeneration can be direct via axillary shoot production, root production 

(Thorat et al., 2018; Popova et al., 2021) or somatic embryogenesis (Gill et al., 2004) or indirect 

through an intervening callus phase. In absence of somaclonal variation, the offspring regenerated 

are clones of parent plant material. Micropropagation offers several advantages like fast 

multiplication unaffected by seasonal fluctuations, space and cost effectiveness, disease free 

plants, and the production of artificial seeds. The requirement of a small amount of starting 

material for initiation of culture to produce multiple plantlets is extremely useful for endangered 
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plant species (Bhatia and Sharma 2015) due to scarcity of plant material. Several endangered plants 

such as Betula lenta, Castilleja levisecta and Cirsium hillii (Canby) Fernald, Castanea dentata 

(Marsh.) Borkh., Lupinus rivularis Douglas ex Lindl., Magnolia sirindhorniae Noot. and 

Chalermglin, Curculigo orchioides Gaertn. and Aloe peglerae have been micropropagated 

successfully (Rathwell et al., 2016; Salama et al ., 2017; Sheikholeslami et al., 2020; Liu, 2019; 

Popova et al. ,2021;Cui et al., 2019; Wala and Jasrai, 2003; Hlatshwayo et al., 2020). Moreover, 

micropropagation also provides a consistent source of explants supply for cryopreservation and 

reintroduction which further aid plant conservation. 

The in-vitro techniques are also utilized for medium-term conservation of plant species 

which have slow growth habit (Engelmann, 1997). The slow growth is initiated by modifying 

culture environment by reducing temperature, decreasing in light intensity or growing cultures in 

dark. Apart from this modifying culture medium by dilution of mineral elements, reduction of 

sugar concentration, changes in the nature and/or concentration of phytohormones and addition of 

osmotically active compounds can slow the growth of plant species (Cruz-Cruz et al., 2013). The 

slow growth tissue culture technique has been utilized in storing various temperate woody plants 

(Cruz-Cruz et al., 2013), medicinal plants (Lambardi et al., 2007; Keshava chandran et al., 2005) 

and rare wild species such as Gladiolus imbricatus (Rakosy-Tican et al., 2012). The slow growth 

technique can also be utilized for endangered plant species conservation (Cruz-Cruz et al., 2013). 

The studies undertaken on micropropagation of endangered plants are summarized in the Table 1. 
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Table-1:  Micropropagation protocol for endangered plants 

Serial 

no. 

ScientificName Reference Key results 

1 Ceropegia evansii Chavan et al .,2015 A review article providing 

comprehensive information on 

protocols for various in-vitro 

regeneration approaches, genetic 

composition, genetic fidelity 

analysis and in-vitro secondary 

metabolite production. 

2 Commiphora wightii 

(Arnold) Bhandari 

Kantet al ., 2010 

;Mohan et al ., 2017 

A highly efficient 

micropropagation protocol with 

good rooting and high plantlet 

survival was developed. 

3 Eugenia 

singampattiana Beddome 

Pavendan et al., 2011 Growth hormone combination 

and their levels were standardized 

4 Gentiana kurroo Royle Sharma et al.,  2014 A protocol for direct and indirect 

regeneration for large scale 

multiplication was developed; 

Petiole explants performed best. 

5 Ilex khasiana Dang et al ., 2011 Nodal explants and callus were 

successfully used to develop 

microporagation protocol for 

shoot regeneration.  

6 Tuberaria major Gonçalves et al .,  

2010 

Micropropagation protocol with 

efficient seed germination and 

multiplication of nodal explants 

was developed and 
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micropropagated plants were 

successfully reintroduced. 

7 Medusagyne oppositifolia Marriott and Sarasan, 

2010 

Method to rejuvenate the existing 

cultures was developed. Rapid 

cycling clonal propagules were 

produced from cultured nodes.  

8 Sarracenia oreophila Northcutt et al ., 2012 Seed cryopreservation tests 

suggest storage in liquid 

nitrogen followed by in-vitro 

micropropagation and plant 

establishment can be used to 

preserve material long term. 

9 Thermopsis turcica Cenkci et al .,  2008 The root explants were found to 

be better in terms of quick 

responding and callusing 

percentages as compared to the 

cotyledons. Maximum 

percentage, number and length of 

shoots were achieved from 

cotyledonary explants on MS 

media supplemented with auxins. 

10 Utleria salicifolia (Retz.) 

Wight. 

Saradha et al ., 2018 Leaf, cotyledon, and nodal 

explants  cultured; highest 

number of shoots were observed 

in leaf callus explants on MS 

media with growth regulators 

11 Aconitum heterophyllum 

Wall 

Belwal et al ., 2016 Micropropagation protocol with 

low concentrations of plant 

growth regulators was 
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standardized. No genetic 

polymorphism was observed in 

in-vitro regenerated plantlets. 

12 Androcalva perlaria Whiteley et al .,  2016 Vegetative shoots were brought 

into culture and ex-situ 

conservaton protocol was also 

standardized. This cryogenic 

approach to shoot tips from a 

range of genotypes gave variable 

post-cryopreservation 

regeneration results. 

13 Ceropegia noorjahaniae Chavan et al .,  2014 An efficient protocol was 

developed for the rapid in-vitro 

multiplication of this endemic 

and critically endangered 

medicinal herb, via enhanced 

axillary bud proliferation from 

nodal explants with detectable 

morphological variation in 

regenerated plants. 

14 Cypripedium formosanum 

Hayata 

Lee, 2010 First report on development of 

micropropagation protocol 

through axillary buds from adult 

plants. Explants collected in the 

middle of January gave the 

highest percentage of survival. 

15 Gomortega keule 

 

Muñoz-Concha and 

Davey, 2011 

Standardization of culture 

conditions for establishing 

culture from zygotic embryos. 
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Regenerated plants were 

transferred to compost and 

covered with plastic sleeves. 

  

1.4.1 Cryopreservation of endangered plants 

Cryopreservation is an indispensable tool to preserve endangered plant material such as 

shoot, root and seeds for short and long duration (Engelmann, 2004). The technique aims to stop 

any metabolic activity in tissue by freezing  selected explants at ultra-low temperature (-196°C) 

(Engelmann, 2004). Cryopreservation is cost effective in long run due to cheap liquid nitrogen 

(Kasagana and Karumuri, 2011) but requires skilled labour. The traditional method of field 

conservation of plants required huge area and skilled and unskilled personnel over long periods 

and plant loss occurs from pest and diseases (Popova et al., 2015; Engelmann, 2004; 

Matsumoto, 2017). While no biological sample is immortal, the samples/ specimens preserved in 

in LN storage have indefinite lifespan (Li and Pritchard 2009). Cryopreservation is the only 

method for long-term preservation of species that cannot be stored in seed banks, e.g. clonal crops 

or species with a low number or recalcitrant seeds (Edesi et al., 2020).  Target 8 of Global Strategy 

for Plant Conservation (CBD meeting in Nagoya, 2010) speaks about the ex-situ conservation of 

at least 75% of threatened plant species, with at least 20% available for recovery and restoration 

programs (Convention on Biodiversity, Nagoya Japan, 2010).  

Plant cryopreservation are done through various classical and new techniques viz. 

controlled rate cooling, vitrifcation, encapsulation dehydration, (Benson, 2008; Benelli et al., 

2013; Jenderek and Reed, 2017). The classical technique involves slow cooling of the explants to 

a defined pre-freezing temperature with subsequent immersion in liquid nitrogen. The method is 

executed in stepwise manner viz. Explants are treated with cryoprotectants (DMSO, glycerol, 

Polyethylene glycol, sucrose sorbitol and mannitol) (Subbaiah et al., 2015), frozen to a 

predetermined temperature in a programmable freezer for dehydration and then immersed in liquid 

nitrogen. These cryoprotectants have osmotic activity; whereas DMSO can enter to cells for 

protecting cellular integrity during cryopreservation (Rajasekharan, 2006). A cryoprotectant acts 
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as an antifreeze substance and must be non-toxic to the cell at the concentration (Benson 2008). 

Classical cryopreservation techniques have been successfully applied to undifferentiated culture 

systems such as cell suspensions and calluses (Kartha and Engelmann, 1994; Withers and 

Engelmann, 1998). 

 

The new techniques are further divided into vitrification and encapsulation/dehydration, 

based on dehydration techniques. In vitrification, cells are treated with highly concentrated 

vitrification solution for dehydration (Sakai et al., 1990). The vitrification solution inside the tissue 

turns into stable glass when plunged in liquid nitrogen preventing any injury. Plant Vitrification 

Solution-based vitrifcation protocol has been utilized for successfully cryopreserving more than 

200 plant species, including the species from genus Rubus, Rosaceae, (Reed 2008; Matsumoto and 

Niino, 2014). The commonly used vitrification solutions are Plant Vitrification Solution 2 (PVS2) 

which consists of w/v, 30% glycerol, 15% ethylene glycol, and 15% DMSO and 0.4 M sucrose 

(Sakai et al., 1990) and Plant Vitrification Solution 3 (PVS3) comprising, w/v, 50% glycerol and 

50% sucrose (Nishizawa et al., 1993). The PVS3 solution has been successfully utilized for 

cryopreservation of axillary buds of Golden Paintbrush (Castilleja levisecta Greenm.) (Salama et 

al., 2018) and shoot tips of Cherry Birch (Betula lenta L.) (Rathwell et al., 2016). The PVS2 

solution have been used for cryopreservation of shoot apices of cryopreserve six endangered West 

Australian species (Anigozanthos humilis ssp. chrysanthus Hopper; A. kalbarriensis Hopper; A. viridis 

ssp. terraspectans Hopper; Conostylis dielsia ssp. teres Hopper, C. micrantha Hopper and C. 

wonganensis Hopper) (Turner et al., 2001). 

 

In encapsulation/dehydration method air drying is employed for dehydrating explant 

followed by rapid immersion in liquid nitrogen. In this method, explants are precultured with 

sucrose medium and encapsulated in alginate beads and treated with highly concentrated sucrose 

solution which induced dehydration tolerance in the samples. After the pretreatment, explants are 

dehydrated on silica gels or in a laminar flow cabinet (Fabre and Dereuddre, 1990). The 

encapsulation/dehydration method prevents the usage of cryoprotectants like ethylene glycol that 

may be toxic to explants. The protocol development and survival rate are species specific and 

dependent on explants (Kaczmarczyk, 2012). Several endangered plants have been cryopreserved 
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successfully such as Betula lenta (Rathwell et al., 2016), Ulmus americana L. (Uchendu et al., 

2013) and Hypericum perforatum L. (Yang et al., 2019). 
 

The droplet-freezing technique involves loading and treating of excised explants with the 

vitrification solution and subsequently frozen in individual micro droplets of vitrification solution 

placed on aluminium foils, which are immersed rapidly in liquid nitrogen (Sakai and Engelmann, 

2007). The droplet-vitrification technique has been successfully applied to shoot tips of 56 

accessions belonging to eight different genomic groups of Musa spp., one Ensete spp. (Panis et 

al., 2005), later 540 different Musa accessions have now been cryopreserved using the droplet-

vitrification technique for long-term storage under cryopreservation (Sakai and Engelmann, 2007). 

Diverse genotypes of cultivated and wild pineapples were also reported by cryopreserved through 

droplet-vitrification technique (Fernanda et al., 2016). Droplet vitrification method has been 

developed for the cryopreservation of potato shoot tips (Schäfer-Menuhr et al., 1997).  Droplet 

vitrification was successfully applied to shoot tips of various plants species like taro, yam, 

asparagus, the model plant Arabidopsis thaliana, and a critically endangered plant Paraisometrum 

mileense (Liang et al., 2014). The works undertaken on cryopreservation of endangered plants is 

summarized in Table 2. 

Table 2. Cryopreservation protocol in endangered plant species 

S.No. Scientific Name  Method  Reference 

1 Centaurium rigualii Esteve  encapsulation–

dehydration  

Gonza´lez-Benito et 

al., 1997  

2 Anigozanthoshumilis ssp. chrysant

hus Hopper  

Vitrification  

 

Turner et al ., 2001  

3 Cosmos atrosanguineus  Encapsulation -

dehydration 

Wilkinson et al., 2003  

4 Ulmus americana L. encapsulation-

vitrification protocols  

Uchendu et al., 2013  

5 Betula lenta L. droplet-vitrification  Rathwell et al., 2016 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Uchendu%2C+Esther+E
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6 Castilleja levisecta Green M. droplet-vitrification Salama  et al., 2018 

7 Castanea dentata (Marsh.) Borkh droplet-vitrification Liu et al.,  2019 

8 Rubus humulifolius droplet vitrification Edesi, et al., 2020 

9 Cirsium hillii. (Canby) Fernald droplet-vitrification  Bi et al., 2021 

10  Lupinus rivularis Douglas ex 

Lindl. 

droplet-vitrification Popova et al., 2021 

Note: ssp. = subspecies 

As described above micropropagation, cryopreservation and reintroduction of plants play 

an important role in restoring and maintaining the biological diversity of an area. Therefore, the 

present work has been planned for using these tools for restoring the endangered species. –Yukon 

Draba and Hill’s Thistle which have not been given due attention so far with following hypothesis 

and research objectives. 
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1.5 Hypothesis 

1. An efficient micropropagation protocol can be developed for Yukon Draba using optimized 

growth media and successful transfer to greenhouse. 

2. Hill’s Thistle shoot tips can be used for cryopreservation and cryopreserved plants may possess 

responses similar to non-cryopreserved plants in their natural habitat. 

 

1.5.1 Main objectives  
 

The overall objective of this study was to investigate the application of in-vitro technologies for 

propagation, conservation and redistribution of the two endangered plant species. Specific 

objectives are outlined as below:  

 

1. Development of efficient micropropagation system for Yukon Draba using in-vitro shoot 

explants. 

2. Development of cryopreservation protocol for long-term germplasm conservation of Yukon 

Draba using in-vitro shoot tips. 

3. Optimization of cryopreservation protocol to conserve Hill’s Thistle using in-vitro shoot tips. 

4. Evaluation of reintroduced Hill’s Thistle plants in their natural habitat. 
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Chapter 2: Conservation, propagation, and redistribution (CPR) of 

Hill’s Thistle (Cirsium hillii. (Canby) Fernald) 

This chapter is modified from the following published paper: 

Bi, W., Saxena, A., Ayyanath, MM. et al. Conservation, propagation, and redistribution (CPR) of 

Hill’s Thistle: paradigm for plant species at risk. Plant Cell Tiss Organ Cult 145, 75–88 (2021). 

https://doi.org/10.1007/s11240-020-01993-1              

Abstract 

Cryopreservation is a valuable tool for creating an alternate effective strategy for plant 

preservation particularly for species such as Hill’s Thistle that are at risk. The focus of the present 

study was to develop a successful strategy incorporating conservation, propagation and 

redistribution (CPR), with emphasis on the usefulness of cryopreservation techniques for plant 

conservation, for Hill’s Thistle. Five-week old shoot tips of in-vitro grown cultures were used as 

material for establishing a cryopreservation protocol using the droplet vitrification method. More 

than 90% of shoot tips showed re-growth and nearly all regenerated plants were able to survive in 

the greenhouse. The plants from cryopreserved shoot buds exhibited comparable or better survival, 

growth and development in the field compared to plants from non-cryopreserved Hill’s Thistle 

buds. Flowering of reintroduced plants took place following overwintering showing site dependent 

magnitude of flowering with ca.80% flowering observed in one site. The present study has 

provided evidence of the effectiveness of CPR model which can be utilized in species recovery 

programs for threatened and endangered species. Further, the cryopreservation technologies are 

fundamental for applied research in stress adaptation and reproductive biology of plants. 

2.1. Introduction 

Habitat loss and degradation, exploitation, invasive species and factors favouring climate 

crisis result into loss Biodiversity as has been noted globally across all life forms (McCormack, 

2018). Canada’s Species at Risk Act (SARA) provided the recovery strategies which include a 

general description to address threats whereas action plan reserves specific action that 

https://doi.org/10.1007/s11240-020-01993-1
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encompasses population and distribution objectives (SARA, 2002). The Alvars habitat are 

characterized by open dry habitats with a little to no canopy cover, that are often subjected to 

extreme environmental conditions such as drought, flood, ice and natural fires. Alvar habitats are 

globally rare and are threatened in Ontario, Canada (Catling, 2009). Fire and fire suppression 

(IUCN second-level type 7.1) are the known causes of threats affecting ca. 23% species including 

Hill’s Thistle (Cirsium hillii. (Canby) Fernald), that thrives in such alvars (Frances et al., 2018; 

Salafsky et al., 2008). Hill’s Thistle has been listed as threatened on the Species at Risk in Ontario 

(SARO) by Endangered Species Act (ESA) and SARA as vulnerable on the global scale 

(COSEWIC, 2017). The populations of Hill’s Thistle are restricted to 93 cities of Southern Ontario 

localized to Bruce County, Simcoe County, the Manitoulin District and surrounding islands 

(Ontario Ministry of Natural Resources, 2013). Ecologically the Hill’s Thistle are  distributed in  

open alvar, shrub alvar, treed alvar, tallgrass woodland, open sand barren, coniferous forest and 

tallgrass prairie, with open habitat on shallow soils over limestone bedrocks (Ontario Ministry of 

Natural Resources, 2013). It blooms during mid-June to August and shares a close mutualistic 

relationship with a specific bumblebee Bombus pensylvanicus, which is a threatened bee species 

native to North America. The bee cross pollinates the flowers (COSEWIC, 2018, 2004). Hill’s 

Thistle is affected by herbivory in the spring besides loss of suitable habitat in Canada (Ontario 

Ministry of Natural Resources, 2013). However, such biodiversity losses appears to have no 

certain causes and measures to revive them seem impractical;  redistribution either by seeds or 

transplants was found to be the mere possibility, as noted in case of Cirsium pitcher (Fant et al., 

2013). Poor flowering, seed set, and viability have been reported in thistles particularly Cirsium 

spp. in parallel to maintenance of high genetic diversity, often achieved by cross-fertilization 

(Freeland et al., 2010). 

Sheikholeslami et al. (2020) have reported the success of a pilot project involving 

micropropagation and redistribution of Hill’s Thistle. The pilot demonstrated untapped potential 

opportunities in the use of cryopreservation protocols for generating long-term conservation, 

propagation and redistribution (CPR) models for species at risk.  Field conservation methods are 

tedious and expensive while also posing a threat to plant genetic resources by exposing plant 

populations to biotic and abiotic stressors (Engelmann, 2004). Cryopreservation provides an 
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alternate tool assisting in preservation of living cells and tissues by exposing to ultralow 

temperatures (-196 oC) where they can be preserved for long periods of time and revived on 

demand (Kaczmarczyk et al., 2011; Pence et al., 2011). At such low temperatures most biological 

processes cease and such low temperatures are speculated to preserve the tissues indefinitely. 

Cryopreserved collections facilitate sustaining genetic diversity by preserving tissues from 

multiple genotypes. The cryopreserved collections may serve to provide materials for restoration 

in case wild populations are lost or severely threatened (Pence, 2014). Since 2014, several plant 

species have been conserved and preserved using cryopreservation techniques at the Gosling 

Research Institute for Plant Preservation (GRIPP) cryobank (Rathwell et al., 2016; Salama et al., 

2018a; Uchendu et al., 2013 and 2016; Yang et al., 2019). Cryopreservation protocols are species 

specific in which reduction of water content is most critical and dictates the ease of optimization 

(Rathwell et al., 2016; Salama et al., 2018a; Yang et al., 2019). Using cherry birch model the 

Droplet-vitrification methods were developed in which the choice of starting material has been 

limited to shoot tips, as opposed to seeds, due to poor performance of seed tissue on revival 

(Rathwell et al., 2016). The experience gathered in various plants species indicates that 

optimization of the pre- and post-cryopreservation measures including the duration in liquid 

nitrogen is essential to generate a paradigm for any species of interest.  

For Hill’s Thistle, the CPR model that includes an integrated plant propagation system 

incorporated with cryopreservation and cryobanking is much needed as it can be very effective in 

species recovery strategies. Mass propagation of a species followed by transplantation may be used 

to achieve an increased population density in its natural habitat. Sheikholeslami et al., 2020 

discussed the effective optimization and use of micropropagation protocol for Hill’s Thistle. The 

micropropagated plants were reintroduced successfully in the natural habitat. The transplanted 

plants underwent overwintering and later flowering. The present study undertook the optimization 

of cryopreservation protocols followed by micropropagation and a mass greenhouse production 

through acclimatization and field redistribution, which were carried out to assess the survival of 

Hill’s Thistle plants generated from cryopreserved tissue.  
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2.2 Materials and methods   

2.2.1 Plant material 

The in-vitro cultures of Hill’s Thistle (Cirsium hillii. (Canby) Fernald) were collected from 

the Gosling Research Institute for Plant Preservation (GRIPP) in-vitro collection. The in-vitro 

shoots were maintained on semi-solid basal medium composed of Murashige and Skoog (1962) 

basal salts (Phytotechnology Laboratory®, Kansas, USA)  supplemented with 1 ml L-1 Gamborg’s 

B5 (Gamborg et al., 1968), Vitamins (Phytotechnology Laboratory®, Kansas, USA), 30 g L-

1 sucrose, with pH adjusted to 5.7 prior to adding 2.2 g L-1 Phytagel™ (Sigma-Aldrich®, Oakville, 

Canada) before autoclaving. The healthy in-vitro cultures were maintained and subcultured every 

3 weeks on BM medium in the culture room at 25 ± 2°C under a 16-h photoperiod provided by 

cool white fluorescent tubes (Osram Sylvania Ltd., Mississauga, ON) at a light intensity of 40 

μmol m−2 s−1.   

2.2.2 Droplet-vitrification cryopreservation 

Cryopreservation of shoot tips was performed using a modified shoot-tip droplet-vitrification 

protocol (Rathwell et al., 2016) it can be subdivided in preculture, loading, vitrification and 

unloading (Figure 2.1). 

Pre-culture 

In-vitro shoots maintained on BM for 3 weeks were transferred to a semi-solid medium 

cconsisting of 2.2 μM 6-benzylaminopurine (BA; Phytotechnology Laboratory®) and 0.3 μM 

Gibberellic acid-3 (GA3; Phytotechnology Laboratory®) ,and grown for a period of 3, 4, 5 and 6 

weeks to promote shoot multiplication (Figure 2.1a). Shoot tips (1.5 mm in length) containing 5-

6 leaf primordia (LPs, figure 1b) were excised and maintained on SMM Petri dishes 25 ± 2°C for 

24 h in the dark, then used for preculture with 0.3 M sucrose solution for 17 h at room temperature. 

Loading 

Precultured shoot tips were treated for 20 minutes with a loading solution of liquid BM 

containing 1.9 M glycerol and 0.5 M sucrose. 
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Vitrification 

The vitrification treatment is administered for 60 minutes with a plant vitrification solution 

3 (PVS3). Each shoot tip was coated with a single droplet of  2.5 μL PVS3 solution (consists of 

50 % sucrose and 50 % glycerol in liquid BM, pH 5.8.) carried on an aluminum foil strip (30 mm 

× 6 mm), using sterile Pasteur pipettes (Thermo Fisher Scientific®) (Figure 2.1c). Each foil strip 

had five shoot tips each which were immersed into liquid nitrogen for 1 h.  

Unloading 

The unloading solution consist of liquid BM containing 0.8 M sucrose. The frozen foil 

strips with shoot tips were transferred from LN to an unloading solution for 60 s that was kept at 

40°C using a wate bath and then for 30 minutes at room temperature. Thawing shoot tips were 

removed from the unloading solution and post-cultured for recovery on SMM for 1 day in the dark, 

for 3 days under the low light (5μmol m−2 s−1), and then transferred  to the normal light condition 

as mentioned above. Survival was calculated as the percentage of shoot tips appearing yellowish 

green  after 1 day of post-culture.  Shoot regrowth was determined as the percentage of shoot tips 

showing normal shoots (at least 5 mm in size) with at least 4 leaves after 3 weeks of post-culture. 

The recovered shoots were then transferred onto BM for 5 weeks in the same culture conditions as 

above to induce roots. To optimize the explant age, plants with different duration ranging from 3 

to 6 weeks were used to assess the multiplication as well as cryopreservation efficiency. 
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Figure 2.1. Cryopreservation protocol for Hill’s Thistle. (a) Five-week-old in-vitro shoots of C. 

hillii used to excise shoot tip (b) Shoot tip (1.5 mm) containing 5-6 leaf primordia for 

cryopreservation through droplet vitrification method (c)  droplet of 2.5 µl PVS3 containing shoot 

tip on aluminium foil (d) immersed directly liquid nitrogen (e)  surviving shoot tip  after 1 day of 

post-culture on shoot multiplication medium (f) normal shoot regenerated from cryopreserved 

shoot tip after 3 weeks cultured on basal medium (g) five-week-old plants with fully developed 

roots regenerated from cryopreserved shoot tip for greenhouse acclimatization. 

Thermal analysis 

The Phase transitions in C. hillii shoot tips were studied using a Thermal Analysis 

Differential Scanning Calorimeter (DSC) (DSC1, Mettler Toledo, Leicester, UK). The samples 

accessed were (1) control shoot tips without any treatment, (2) shoot tips precultured for 16 h, (3) 

shoot tips precultured and followed by loading treatment for 20 minutes and, (4) shoot tips 

precultured then followed by loading treatment and treated with PVS3 for 60 minutes. Each shoot 

tip was sealed in a 40 μL aluminum pan and then scanned by DSC. The pan with a shoot tip at 25 

oC was cooled to -80 oC with a cooling rate of -10 oC min-1, and then was held for 5 minutes before 

rewarming to 25 oC with a heating rate of 10 oC min-1.  
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2.2.3 Shoot recovery after long-term storage in a cryobank 

The optimized protocol was used to store shoot tips of C. hillii plants in the cryobank in 

the Gosling Research Institute for Plant Preservation (GRIPP). Aluminum foils with shoot tips 

which are precultured, osmoprotected, and exposed to PVS3 were stored in LN for 5 minutes and 

then transferred to a 2 mL cryovial without LN. Cryovials were immediately placed in LN dewar 

for 10 minutes and then transferred to the GRIPP cryobank for long term storage. More than 200 

shoot tips were cryopreserved in the cryobank using the optimized protocol developed in this 

study. Three cryovials with 10 shoot tips per cryovial were taken out from the cryobank after 21 

days to evaluate survival and regeneration percentage. Shoot tips were rewarmed in the unloading 

solution and recovered on SMM as described above. 

2.2.4 Greenhouse acclimatization 

The 5-week old cryopreserved or non-cryopreserved in-vitro rooted plants were obtained 

on the BM medium (Figure 2.1g). Rooted plantlets were transferred from BM medium to pots 

containing soil mix (Sunshine® Mix #4, Sun Gro Horticulture Canada Ltd., Vancouver, Canada). 

Trays with 18 pots were placed in the mist bed  (80% relative humidity), sprayed with water for 15 

s every 35 minutes during the day or every 4 h at night for a weeks and later transferred to greenhouse) 

and then transferred to greenhouse conditions. Survival rate (percentage) was determined after a 3 

week period. Plant spread, i.e. rosette diameter was measured 3 weeks after transferring to the 

greenhouse and 1 day prior to field transplanting. Rosette diameter was calculated by taking three 

measurements from each rosette with ImageJ 1.x Software (Schneider et al., 2012).  

 

2.2.5 Field transplant 

Twenty-five Hill’s Thistle plants per site from cryopreserved (CR) or non-cryopreserved 

(M) were transplanted to three sites (Table 3) in Bruce Peninsula National Park, Tobermory, 

Ontario (45.26 N, 81.66 W). The Bruce Peninsula National Park was established in 1987 to protect 

diverse ecosystems and plant biodiversity. We received the permit (BPF-2015-19858) from Bruce 

Peninsula National Park, Parks Canada Agency, 7374 Highway # 6, Tobermory, Ontario to collect 

the plant material, conduct field plantation of Hill’s Thistle and gather field observations. Total 

150 plants were planted on three sites and the sites were selected based on the diversity of natural 
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habitats of Hill’s Thistle such as shrubbed alvar, treed non-alvar, and forested non-alvar (Table 3).  

The survival rate, rosette diameter and herbivory were recorded four times (May, July, August and 

October) over the season (2018) and repeated in the following year (2019). 

Table 3. Description of Sites used to reintroduce micropropagated Hill’s Thistle plants on 

July 20, 2018 (sites a, b and c) at Bruce Peninsula National Park in Tobermory, Ontario. 

Twenty-five plants of each cryopreserved and non-cryopreserved were randomly assigned 

to plots within an area of 30 m2 on each site. 

Site  

GPS 

Latitude 

GPS 

Longitude 

Site 
Alvar 

Type 
Habitat Type 

A 45.19 -81.60 Pendall Point 1 Shrub 
Shrubbed area next to open alvar 

North West of Dorcas Bay. 

B 45.13 81.54 Johnsons 1 Non 

Grassy area covered in Trees on 

the side of Johnsons Harbour 

Road. 

C 45.19 -81.58 
Singing Sands 

Lot 
Non 

Treed area next to Singing Sands 

Parking Lot on the South East of 

Dorcas Bay Road. 

 

2.2.6 Experimental design and data analysis 

There were ten samples per treatment, three replicates of shoot tips considered for 

cryopreservation or non-cryopreservation experiments that were repeated twice over time. 

Cryopreservation experiments data were analysed by one-way ANOVA and Turkey tests using 

SPSS 24.0 version. For all responses, the normal distribution and constant variance assumptions 

on the error terms were verified by examining the residuals. When the effects were significant, 

means were separated at α = 0.05 level. Flowering percentages were analyzed using PROC 

GLIMMIX in SAS 9.4 software (SAS Institute Inc. Cary, North Carolina, USA). The sites were 
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analyzed with one-way ANOVA and normality was tested with Shapiro-Wilk’s test of normality. 

Means were compared using Tukey-Kramer Honest Significant Difference (HSD) test with α = 

0.05 level. Mean ± SEM responses per each parameter for three sites is presented in a graphical 

format for ease of understanding. For the rosette diameter, the experiment was a randomized 

complete block design, with site and source (cryopreserved versus non-cryopreserved) being the 

main factors of interest. For each site and source, four readings were each recorded in the founding 

and overwintering year, which was considered the blocking factor. Data on rosette diameter and 

survival were collected over multiple time points where repeated measures analysis was conducted 

(Littell et al., 1998). For the repeated measures analysis, the error terms were assumed to have a 

normal distribution with constant variance, but not to be independent. The most appropriate 

covariance structure that represents the type of dependence was identified to be compound 

symmetry. For all responses, the normal distribution and constant variance assumptions on the 

error terms were verified by examining the residuals. When site and/or source effects were 

significant (P-value < 0.05), the means were separated at α = 0.05 level using the Tukey test. To 

facilitate easy understanding, means ± SEM are presented graphically. The GLMMIX procedure 

in SAS was used to complete the analyses. 
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2.3 Results 

2.3.1 Effect of culture duration on multiplication efficiency 

After maintaining in-vitro on BM for 3 weeks, the shoots were transferred and cultured on 

SMM for 5 or 6 weeks, the average number of plantlets gained from the shoots were 10.7 or 14.7, 

respectively which was significantly more than that observed for 3 or 4 weeks i.e., 4.3 or 4.6 weeks, 

respectively. The average number of plantlets gained from the mother plants maintained on SMM 

for 5 and 6 weeks were not different significantly.  The 5-week-old plants cultured on SMM were 

used in the subsequent experiment for establishment of droplet-vitrification cryopreservation 

protocol for saving a period of one week though 6-week-old plants were also suitable (Figure 2.2).  

 

Figure 2.2. Effect of plant age on multiplication efficiency in C. hillii multiplication. 3-week-old 

shoots cultured on basal media were transferred to shoot multiplication medium (Murashige and 

Skoog 1962 basal salt with vitamins ±2.2 μM 6-benzylaminopurine + 0.3 μM Gibberellic acid + 
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3% sucrose + 2.2 gmL-1 Phytagel) for different durations of culture. Results are presented as mean 

± SEM of 30 explants at each time point. Data with different lowercase letters indicate significant 

difference at P<0.05 by Tukey test. 

2.3.2 Effect of explants age on cryopreservation  

The survival and regrowth rates after cryopreservation was not affected by age of explant. 

High survival rates in both, non-cryopreserved (-LN) (95 to 100 %) and cryopreserved shoot tips 

(+LN) (94 to 96 %) as well when maintained for 3, 4, 5 and 6 week on SMM were observed. 

Similarly, re-growth rates were almost similar and high with varied ages of the explants in both 

non-cryopreserved (-LN) (93 to 96 %) and cryopreserved (+LN) (92 to 96 %). For the purpose of 

efficiency, the shoot tips excised from 5-week-old plants were used in the consecutive experiments 

(Figure2.3). 

 

Figure 2.3. Explants age influence on survival (a) and shoot regrowth (b) of the non-cryopreserved 

(-LN) and cryopreserved (+LN) shoot tips in C. hillii by droplet-vitrification. Shoot tips were 

maintained for 24 h on shoot multiplication medium and precultured for 17 h with a preculture 

solution composed of 0.3 M sucrose. Treatment of precultured shoot tips for 20 minutes with a 

loading solution composed of 1.9 M glycerol and 0.5 M sucrose. This was followed by exposure 

for 60 minutes to plant vitrification solution 3 (PVS3) at room temperature, prior to direct 
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immersion into liquid nitrogen. Bars represent means ± standard error of three replications. The 

means did not differ significantly according to Tukey’s HSD test. 

2.3.3 Establishment of a droplet-vitrification protocol for cryopreservation 

One day post cryopreservation in the dark, the surviving shoot tips with yellowish green 

color (Figure 2.1e) were observed. Most of the surviving shoot tips grew and developed into 

normal plantlets (Figure 2.1f) in 3 weeks post-culture on SMM. After 5 weeks of culture on BM, 

the plantlets with fully developed roots (Figure 2.1g) were obtained. More than 200 in-vitro grown 

shoot tips were stored successfully in the GRIPP cryobank following cryopreservation protocol. 

Approximately 30 shoot tips removed after 21 days from the cryobank showed 100 % survival and 

regrowth. 

 

Figure 2.4: Diagrammatic representation of Stepwise protocol for in-vitro shoot-tip 

cryopreservation of Hill’s Thistle (Cirsium hillii. (Canby) Fernald) by droplet-vitrification method. 

2.3.4 Thermal analysis  

 Peaks appeared on DSC scans during both cooling and rewarming cycles for the shoot tips 

from control, precultured, and loading solutions have been presented in Fig. 2.5. There was no 

peak observed during cooling and rewarming cycles for shoot tips treated with PVS3 for 60 

minutes (Figure 2.5).  
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Figure 2.5. Differential scanning calorimeter (DSC) thermographs of shoot tips of control (no 

treatment), after preculture, loading and after treatment with PVS3 for 60 minutes. 

 

2.3.5 Greenhouse transfer and field redistribution 

There was 100% survival of all the cryopreserved and non-cryopreserved plants in the 

greenhouse after 3 weeks of acclimatization, and thereafter a month into redistribution phase at all 

three sites (Figures 2.6 c and d). There were no significant differences in survival due to the date 

when growth parameters were assessed, source (cryopreserved and non-cryopreserved) of plant 

material, site (a, b, or c) or their interactions (Figure 2.7a, P > 0.05). It is interesting to note that in 

site c, ca. 4% herbivory was noted during the last two readings taken on survival of the founding 

population, especially in non-cryopreserved plants (Figure 2.7a). However, in the initial reading 

on overwintering population (Figures 2.6e and f), herbivory was noted to the tune of 4% and 8% 

(ca.) in cryopreserved plants from sites c and b, respectively, and ca. 14% in non-cryopreserved 

plants. Flowering was statistically different among the sites but not between the source of the plant 

or the interactions between site x source (Figures 2.6g and h and Figure 2.7c). Site b (ca. 80%) 

possessed highest bloom percentage followed by site c (ca. 30%) and site a (ca. 10%) with 

significant difference among sites. 
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It is noteworthy that rosette diameter differed between the sources of the plants (P (1, 5.993) 

= 0.024) and the date when the readings were taken (P (3, 18.11) < 0.0001). The effects of all other 

factors and their interactions were not significant for rosette diameter (P > 0.05). Cryopreserved 

population had ca. 20% larger rosette diameter (17.88 ± 0.85 cm) as compared to the non-

cryopreserved population (14.27 ± 0.85 cm) (Figure 2.7b). When the rosette diameter was recorded 

in any month for the founding or the overwintering year (Figures 2.6 e and f), no significant 

differences were noted for block effect but the rosette diameter was significantly smaller (ca. 34%) 

in the month of May (11.86 ± 87 cm) as compared to other readings (Figure 2.7b) for any year. In 

the founding year, transplants were small and similar in diameter of the overwintering forms noted 

in the following year.    
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Figure 2.6: Acclimatization of (a) cryopreserved and non-cryopreserved plants in greenhouse 

before transplant  (b) Initial transplant (c) Growth of cryopreserved (d) and non-cryopreserved 

plants after one month (e) Overwinter growth of cryopreserved (f) and non-cryopreserved plants 

after 11 month (g) Cryopreserved plants with 3 flowering buds (h)  non-cryopreserved plants with 

one flowering bud after 12 month . 
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Figure 2.7. Two year average survival (%) ± SEM (2.7a) and rosette diameter (2.7b) of Hill’s 

Thistle over four time points (1 = May, 2 = July, 3 = August and 4 = October), two sources 

(cryopreserved (+LN) and non-cryopreserved (-LN)) and three sites (a, b and c). For rosette 

diameter, * denotes statistically different means from Ɨ by Tukey test (P<0.05). Average flowering 

 

 

 

a 

b 

c 
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percentage of overwintering Hill’s Thistle for three sites (a, b and c) of Bruce Peninsula National 

Park in 2019. The data were presented as percentage ± SEM and the y-axis has been shortened to 

start from 75% as the least percent was 84. Average flowering percentage of overwintering Hill’s 

Thistle (2.7c) for three sites (a, b and c) of Bruce Peninsula National Park in 2019. The data were 

presented as percentage ± SEM and letter grouping denotes Tukey means separation. 

  



42 

 

 

 

2.4. Discussion 

The current climate crisis dictates the need for banking plant species of interest, particularly 

those at risk, for a longer period of time. The adaptation of plants to these rapid events in response 

to climate crisis has been demonstrated by a plethora of studies and these facts are being 

documented (McCormack, 2018; Warren et al., 2013). Presently, there exist few alternate 

conservation and preservation plans for the species in the classified range of extinction process or 

staged at extinction. In consonance to such probability, a conservation, propagation and 

redistribution (CPR) model using Hill’s Thistle, a plant species rated as threatened has been 

demonstrated in present study. The cryopreservation, a relatively novel technology to bank the 

species (short or long term) was used to revive it, and redistribute it to its natural habitat while 

providing some insights into ecological success strategies for similar scenarios.  

The present pilot project of CPR model using Hill’s Thistle (Sheikholeslami et al., 2020) 

has realized the untapped potential of improving lost biodiversity in the Bruce peninsula, ON, 

Canada by reintroducing this species to its natural habitat. The study undertaken by Sheikholeslami 

et al., 2020 did not take precedence cryopreservation due to scarcity and viability of plant material 

(ca. 29 seeds) obtained from Parks Canada. It is therefore difficult to practice field conservation in 

such vulnerable populations (Engelmann, 2004). In comparison to micropropagation, 

cryopreservation demands minimal maintenance of the LN tanks thus facilitating preservation 

from multiple genotypes in the event of wild population loss or threat (Pence, 2014). A successful 

cryopreservation protocol was developed in the present study that can be extrapolated to other 

plant species and serves as a long-term alternative solution in view of the current climate crisis. 

The previously optimized cryopreservation protocols on a several plant species in our lab 

had reduced time, material and labor leading to generalize its use on Hill’s Thistle. The protocol 

optimized in the current study delivered maximum revival and survival unlike the past (Salama et 

al., 2018b) probably due to novel pre- and post-culture optimization steps in combination with 

droplet-vitrification. The highest survival (> 90%) in the revival process and in field transplants 

(>84%) were achieved in this protocol and flowering was noted within one year. The factors such 

as age and source of explants, its effect on revival and survival after cryopreservation were 
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optimized along with a generalized integrated production and field transplant system has been 

achieved. Since there was no effect of age, the 5 weeks old plants as the norm were chosen for 

successive steps. After vitrification (Reed, 2008), there was no statistical differences in the survival 

or regrowth irrespective of the duration the plant samples were in LN. This provides an alternate 

plan for similar plant species of interest or at risk for preserving for longer duration in an existing 

cryobank mitigating any potential losses due to progressing climate change and or biotic and/or 

abiotic driven disasters. In addition, the cryobank may serve as readymade source for meeting the 

demand of plant species. In addition the expenditure of perpetual maintenance of stock plants and 

the risk of losing live cultures due to microbial contamination which may occur during in-vitro 

conservation via micropropagation are also minimized. No significant differences between 

cryopreserved and non-cryopreserved protocols at any endpoint like survival in the greenhouse 

conditions, in founding and overwintering populations, flowering patterns and growth parameters 

are the added advantages. All of these advantages advocates for the utility of cryobanking. The 

cryopreservation, therefore, is increasingly gaining importance as a complementary tool in the 

application of popularizing tissue culture technology for plant conservation of biodiversity 

(Popova et al., 2020). Cryopreservation of seeds has also been recommended as one of the 

methodology for conservation of endangered species (Michalak et al., 2015; Pritchard et al., 2014; 

Rathwell et al., 2016), however poor seed set, viability and germination has been documented in 

Cirsium spp. which limits the application of seed cryopreservation in this species. For 

cryopreservation of several plant species, Shoot tips have been found to be effective (Bettoni et 

al., 2019; Folgado and Panis 2018; Rathwell et al., 2016; Salama et al., 2018b; Uchendu et al., 

2014; Wang et al., 2020). Previous speculations on the age of plant at the time of harvesting the 

tissue and its influence in cryopreservation protocols have been found to have no significant 

differences (Rathwell et al.,2016). The cryopreservation protocol has been adequately optimized 

to obtain maximum efficiency in the in-vitro survival and regrowth of Hill’s Thistle. This similar 

pattern was observed in the greenhouse during acclimation process where randomly selected 

founding populations from either cryopreserved or non-cryopreserved were assigned to either of 

the three sites a, b and c.  



44 

 

 

 

Herbivory was observed to be the only detrimental factors in the redistribution of Hill’s 

Thistle. The founding population exhibited 100% survival whereas survival was 90% or more in 

the overwintering populations. The month of plant spread was recorded had significant effect with 

May readings of rosette diameter in the founding population and overwintering population did not 

differ between themselves but differed among other months. The rosette diameter appeared to be 

similar to transplanting time in the overwintering populations when they sprung. Since the 

flowering does not guarantee seed set and viability, the reintroduced Hill’s Thistle propagated 

asexually via rhizomes in its natural habitat, Further, it appeared to outperform the naturally 

existing Hill’s Thistle in flowering percentage contrary to a strong body of evidences which 

suggested that these natural plants need three year or more into establishment phase before they 

bloom (Freeland et al., 2010). The three sites chosen in this study have either not, or to a meager 

extent, produced bloom where site b had the highest (ca. 10% of the natural population) 

(Sheikholeslami et al., 2020). The reintroduced plants showed significantly higher flowering than 

anticipated which posed a biologically relevant question on flowering whether it was due to the 

juvenility dictated by the site characteristics, vigor (higher biomass) or overwinter stress in 

micropropagated Hill’s Thistle.  

In conclusion, usefulness and practical application of cryopreservation technology for 

species recovery were established by the present study. The originating from cryobank high 

survival over two winters and an early and enhance flowering were the unique observations which 

opens new avenues of research in plant adaptations. 
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Chapter 3: Micropropagation and Cryopreservation of Yukon 

Draba 

Manuscript based on this chapter has been submitted for publication: 

 (Saxena A., Bi W., Shukla M., Cannings S., Bennett B., Saxena P. Micropropagation, and 

Cryopreservation of Yukon Draba (Draba yukonensis) for Conservation In vitro)". 

Abstract 

Yukon Draba is a small, short-lived perennial mustard species which is endemic to the 

southern Yukon area, Canada. This plant has been categorized as a species of special concern and 

is likely to advance to the threatened status. It faces major threat of habitat loss due to natural and 

man-made causes and uneven distribution of small subpopulation in the area. It will therefore be 

judicious to undertake investigations on conservation of this species to save it from further 

deterioration which may lead to its extinction. In this study, a protocol was developed for in-vitro 

propagation and cryopreservation of Yukon Draba (Draba yukonensis). The micropropagation 

protocol was optimized using in-vitro shoot tips excised from seeds which enabled clonal 

propagation and storage of the species. Shoots grew best in the medium containing MS basal salts 

and had the highest multiplication with the addition of 5.0 µM KN and 2.0 µM of BA with 3.0 % 

sucrose. Addition of IBA (10.0 µM) produced highest number of adventitious roots on the shoots 

and the longest root length was observed at 2.0 µM level. The rooted plantlets were transferred to 

greenhouse and the highest survival (87.5%) was observed with plantlet treated with lower 

concentration of IBA. Cryopreservation techniques were developed using in-vitro shoot tips. Two-

week-old shoots had highest survival and regrowth rate following droplet vitirification 

cryopreservation method. Shoot tips were pre-cultured for 1 day with 0.3 M sucrose solution. Pre-

cultured shoot tips were treated for 20 minutes with a loading solution comprised of 1.9 M glycerol 

and 0.5 M sucrose, followed by exposure to plant vitrification solution 3 (PVS3) for 30 minutes, 

prior to direct immersion of the droplets into liquid nitrogen. The shoot tips had 100 percent 

survival and 66.67 percent regrowth in-vitro The optimized protocols for the micropropagation 
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and cryopreservation could be useful for long term germplasm conservation and future application 

in reintroduction of this species in natural habitat. 

3.1 Introduction 

Yukon Draba is a small rosette, short-lived perennial species of mustard family with 

untoothed leaves covered with distinctive stiff and unforked hairs. This species is endemic to the 

southern Yukon area. It has a taproot system with one or more stems. The stems bear 5-20 white 

flowers with four petals and the flowers give rise to siliques (COSEWIC, 2018). The plant survives 

extreme cold weather conditions. The annual mean temperature is -3°C of the habitat. However, 

the physiology of the life cycle of the plant is understudied and the mechanisms of cold tolerance 

also remain unknown. The species also appears to be tolerant of dry conditions and direct sun. 

Yukon Draba has the ability to disperse via seeds but it is quite limited. Moreover herbivory from 

mammals and insects is also a major cause of seed damage. Yukon Draba population is estimated 

at about 160,200 to 333,000 individuals. The plants are located in small isolated populations in 19 

sites in south western Yukon over an area of 7295 km² (COSEWIC, 2018). The mature plants are 

localized in two large sub-populations. The plants are generally found on top or bottom of south 

facing slopes and prefer dry, well-drained meadows. The mode of reproduction is through seeds 

and vegetative propagation has not been recorded. 

The species faces major threats in the habitat from mining, traffic, and construction 

activities in addition to fire suppression and reintroduction of bison. Furthermore, herbivory from 

small animals, competition from invasive species like Bromus inermis, Medicago sativa, 

Agropyron cristatum and Melilotus alba and adverse impact of climate change also limit survival 

of this species (COSEWIC, 2018). The uneven distribution of small subpopulation in the area is 

another factor that restricts wide dispersal of this species. The mature individuals have been 

reported to be declining in qualitative assessment of vegetation succession at Alsek meadow along 

with decline in the area of habitat (COSEWIC, 2018).  In view of such threats, Yukon Draba has 

been categorized under the species of “special concern” in the year 2018 (COSEWIC, 2018).  It is 

likely that if no measures are taken, this plant may advance to the threatened status and eventually 
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head for extinction. This necessitates development of effective strategies for long-term 

conservation of this species.  

The technique of micropropagation is a useful tools for conservation of endangered plants 

through mass propagation (Chavan et al., 2015, Pérez-Bermúdez et al., 2002, Barnicoat et al., 

2011, Patel et al., 2014). Application of micropropagation of plant species with conservation 

priority has saved several plant species from extinction. Grigoriadou et al. (2019) reported that 22 

native Greek high value medicinal and aromatic plant species like Achillea occulta, Amsonia 

orientalis Anthyllis splendens and Calamintha cretica were successfully micropropagated and 

acclimatized. Endangered medicinal trees like Prunus africana (Hook f.) Kalkman. and 

ornamental endangered plants like Magnolia sirindhorniae were also successfully 

micropropagated and recommended for large scale production (Komakech et al., 2020; Cui et al., 

2019). Such studies facilitate the re-introduction of endangered species, improve breeding 

programs by incorporating the wild relatives of commonly cultivated crops which are an important 

source of agronomically important genes, and commercialization of rare plant species. For 

example, Cicer microphyllum Benth. An endemic wild relative of chickpea (Cicer arietinum L.), 

has been successfully micropropagated and used in conservation and breeding programmes (Singh 

et al., 2019). Thus, micropropagation techniques offer significant help in revival of endangered 

plant species and are an integral part of plant protection strategy. As such, the technique may also 

be applied to plants of commercial importance (Ilieve et al., 2010).  

Cryopreservation helps for long-term storage and subsequent regeneration of endangered 

germplasm (Fabre and Dereuddre, 1990, Khoddamzadeh et al., 2011; Salama, et al., 2018). The 

metabolic activities are stopped in the tissue by freezing the explants at ultra-low temperature (-

196 °C) using cryoprotectants. The cryoprotectants are the antifreezing substances used to protect 

cellular structure and therefore these are expected to be non-toxic to the cell at the concentrations 

used (Benson, 2008). The techniques allow for conservation and long term biosecurity for rare 

plant species and can be used for species re-introduction in natural habitat (Bi et al., 2020). The 

cryopreserved plants or explants can be stored as source of true to the type germplasm for use in 

breeding  programs of economically important crops such as fruit trees Actinidia chinensis (Xu et 

al., 2006),  Malus domestica (Condello et al., 2011), beverages Coffea arabica ( Coelho et al., 
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2017)  and forage legume Arachis glabrata Benth (Dolce et al., 2018).Cryopreservation has been 

successfully utilized for preservation of endangered species like Androcalva perlaria C. F. Wilkins 

(Whiteley et al., 2016), critically endangered Rubus humulifolius (Edesi et al., 2019), and endemic 

species like Aster altaicus var. uchiyamae Kitam (Choi et al., 2019). Recently, Lupinus 

rivularis Douglas ex Lindl. has been micropropagated and cryopreserved successfully (Popova et 

al., 2021). 

The Yukon Draba’s lack of regular flowering and the presence in isolated populations in 

small pockets makes this species a good candidate for in-vitro conservation. This approach will 

help to rapidly multiply the plants and store germplasm for long-term conservation. To date, 

micropropagation of Yukon Draba has not been reported. The objectives of the current study were 

to develop efficient protocols for in-vitro mass propagation and cryopreservation of the Yukon 

Draba for long term storage of germplasm and potential reintroduction in its natural habitat. 

3.2 Material and Methods 

3.2.1 Micropropagation 

3.2.1.1 Seed germination and culture initiation 

Seeds of Yukon Draba were collected in collaboration with Parks Canada and stored at 4 

°C. The seeds were surface sterilized with 200ml of 4% bleach solution (Clorox©, The Clorox 

company; 5.4% sodium hypochlorite) for 30 minutes and rinsed with autoclaved deionized water for 

30 minutes. Seeds were transferred to 200ml of 15% bleach solution for 30 minutes and then washed 

thrice with sterilized water for 5 minutes each. Seeds were plated on semi-solid medium consisted of 

MS (Murashige and Skoog, 1962) basal salts with vitamins (Phytotechnology Laboratories, Shawnee 

Mission, Kansas, USA), 3% sucrose, and 2.2 gL-1 phytagel (Sigma-Aldrich, Canada). The pH of the 

medium was adjusted to 5.7 before autoclaving for 20 minutes at 121°C and 118 kPa and cooled in 

laminar flow hood. All Petri dishes were kept in the dark for 7 days and moved to the growth 

chamber at 25±2 °C under a 16 h photoperiod at light intensity of 35.0 µmol m-2s-1 (Sylvania Ltd., 

Mississauga ON). 
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One-month old Seedlings were transferred to maintenance medium consisting of the same 

components as above with the addition of 1.0 µM Gibberellic Acid (GA3) and 2.2 µM 6-

Benzylaminopurine (BA) (Phytotechnology Laboratories) to establish in-vitro cultures and 

maintained separately as lines. In-vitro shoots from selected lines (mainly line 3) were used to 

optimize the micropropagation protocol, including root initiation and plantlet development. 

Majority of the shoots used in these experiment were healthy and green; all pale white unhealthy 

shoots were discarded.  

3.2.1.2 Growth conditions 

In each shelf in the tissue culture growth room two centered fluorescent bulbs (Osram 

Sylvania Ltd., Mississauga, Canada) were fitted 30 cm above the culture vessels to provide 35.0 

µmol m-2 S-1 of light with a 16-hour photoperiod. The range of temperature in the growth room was 

23±2 °C during the day, which decreased by up to 5 °C in the dark period. A completely 

randomized design (CRD) was followed in arranging the Petri plates in the in-vitro experiments.  

3.2.1.3 Shoot multiplication 

The effects of three cytokinins were evaluated to optimize in-vitro shoot multiplication 

using shoot tips as explants. Shoots were multiplied from cultures as mentioned above and 

transferred to media supplemented with 6-benzylaminopurine (BA), 2-isopentenyladenine (2-IP), 

and Kinetin (KN) at 0, 1, 2, 5 µM. The highest concentration was selected from preliminary 

experiments using BA. The basal medium consisted of MS basal salts and vitamins, 3% w/v 

sucrose, 1 µM GA3, 2.2 g L-1 PhytagelTM and the pH was adjusted to 5.7. Treatment levels were 

replicated ten times with four shoot tips in each replicate. The experiment was carried out thrice 

and the number of shoots per explant was recorded after a month. Magenta boxes 

(Phytotechnology) were used to grow cultures for all treatments. 

3.2.1.4 Basal salts 

Three commonly used basal salt mixtures MS (Murashige and Skoog, 1962), SH (Schenk 

and Hildebrandt, 1972) and Gamborg (Gamborg et al., 1968) were tested to determine the optimal 

macro- and micronutrients necessary for optimum shoot proliferation. Observations were recorded 
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for numbers of shoot and chlorophyll contents. All media also contained 3.0 % sucrose, MS 

vitamins, and 2.2 μM 6-benzylaminopurine (BA) and 1.0 μM giberellic acid (GA3), 2.2 g L-1 

Phytagel adjusted to pH 5.7.The chlorophyll contents were measured using a CCM-300 

Chlorophyll Content Meter (Opti-Sciences® Inc. NH, USA) for each treatment as an indicator of 

plantlet health. The experiments were repeated thrice. Each treatment had 10 replications and each 

replication had 4 shoots. Five leaves were collected per treatment for estimating the chlorophyll 

content (mg m-2). The average obtained from the shoots under each treatment represented average 

chlorophyll content for the treatment.  

3.2.1.5 Carbon source 

Two Carbon Source (sucrose and glucose) were evaluated at different concentrations 

(1.5%, 3.0%, 4.5% and 6.0% (w/v)) for shoot proliferation. Shoot tips were randomly selected and 

sub-cultured on MS basal salts with vitamins supplemented with 2.2 μM BA and 1 μM GA3, and 

either sucrose or glucose, 2.2 g L-1 Phytagel™ and pH was adjusted to 5.7 before autoclaving. 

3.2.1.6 In-vitro rooting 

The effects of two auxins i.e. Naphthaleneacetic Acid (NAA) and Indole Butyric Acid 

(IBA) were evaluated at various levels (0.0, 2.0, 5.0, 10.0 or 20.0 μM) using shoot tips to optimize 

in-vitro rooting. Auxins were added to basal medium that consisted of MS basal salts with 

vitamins, 3% w/v sucrose, 1.0 µM GA3, 2.2 g L-1 Phytagel™ and pH adjusted to 5.7. Each 

treatment had 10 replications and each replication had 4 shoots. The experiments were carried out 

thrice. The number of primary adventitious roots (roots emerging from crown of the plant) and 

secondary lateral roots (roots emerging from primary adventitious roots), and root length were 

recorded after forty days of culture.  

3.2.1.7 Greenhouse acclimatization 

Plantlets were rinsed with deionized water to remove any excess medium and then 

transferred to 18 cells trays containing soil mix (Sunshine® Mix #4; Sun Gro Horticulture Canada 

Ltd., Vancouver, Canada). Trays were placed in the mist bed (80% relative humidity), sprayed with 

water for 15 s every 35 minutes. during the day or every 4h at night for two weeks and later 

transferred to greenhouse (at 250 μmol m−2s−1 light intensity with an average day temperature of 23 
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°C and night temperature of 18 °C) benches where watering occurred every three days. The 

experiment was carried out twice and plant survival was recorded after two weeks of transplant. 

3.2.2 Cryopreservation 

Cryopreservation of in-vitro shoot tips was carried out using droplet-vitrification method 

(Sakai and Engelmann, 2007) which consisted of the following steps: preculture, osmoprotection 

(loading), treatment with a vitrification solution, unloading and recovery. 

3.2.2.1 Plant material 

 The in-vitro shoots were maintained on semi-solid medium consisted of MS basal salts 

and vitamins (Phytotechnology Laboratory) medium (BM), supplemented with 30 g L-1 sucrose, 

2.2 μM BA and 1.0 μM GA3 with pH adjusted to 5.7 prior to adding 2.2 g L-1 Phytagel™ (Sigma-

Aldrich®) and autoclaving for 20 minutes at 121°C and 118 kPa and cooled in laminar flow hood. 

The healthy in-vitro cultures were maintained and subcultured every 4 weeks on basal medium in 

the culture room at 25±2°C under a 16-hour photoperiod provided by cool white fluorescent tubes 

(Osram Sylvania Ltd.) at a light intensity of 40 μmol m−2 s−1.  To determine the effect of plant age 

on the efficiency of cryopreservation, shoot tips were excised from the cultures after 1, 2, 3 and 4 

weeks of sub-culture. 

3.2.2.2 Pre-culture 

In-vitro shoots maintained on BM for 4 weeks were transferred to a semi-solid medium  

consisting of 2.2 μM BA and 1.0 μM GA3 (Phytotechnology Laboratory®) and grown for a period 

of 2 weeks to promote shoot multiplication (Figure 3.13a). Shoot tips (1 mm in length) containing 

5-6 leaf primordia (LPs) (Figure 3.13b) were excised and maintained on SMM in Petri dishes kept 

at 25±2 °C for 24 h in the dark, then used for preculture with 0.3 M sucrose solution for various 

durations at room temperature. For investigating the effect of preculture treatment on 

cryopreservation, the source plants were precultured for 1 day prior to cryotreatment. Plant 

materials for preculture treatments were incubated in (0.3 M sucrose) in glass baby jars 

(Phytotechnology Laboratory®) and placed on a shaker (90 rpm, MaxQ 2000, Thermo Scientific). 
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3.2.2.3 Loading 

Precultured shoot tips were treated for 20 minutes with a loading solution containing 

ingredients of BM, 1.9 M glycerol and 0.5 M sucrose (pH 5.8) at room temperature on a rotary 

shaker (90 rpm).  

3.2.2.4 Vitrification 

After loading treatment, the shoot tips were transferred to plant vitrification solution 3 

(PVS3) consisted of 50% sucrose and 50% glycerol in liquid BM (pH 5.8). The vitrification 

treatment was administered for varying duration and treatment was evaluated for 20, 30, 40, 50 

and 60 minutes. Each shoot tip was covered with a single droplet of 2.5 μL PVS3 solution carried 

on an aluminum foil strip followed by direct immersion into liquid nitrogen for 1 h (Figure 3.13c). 

3.2.2.5 Unloading 

In order to rewarm the shoot tips, an unloading solution which consisted of liquid BM with 

0.8 M sucrose was used. The Frozen foil strips with shoot tips were transferred from the liquid 

nitrogen (LN) to an unloading solution for 60 s in the water bath set at 40 °C and then at 25±2 °C 

for additional 30 minutes.  

Thawed shoot tips were removed from unloading solution and cultured for recovery (post-

culture) on SMM for 1 day in the dark, for 3 days under low light (5 μmol m−2 S−1), and then 

moved to normal light conditions of 40 μmol m−2 s−1(Figure 3.13d). All cryoprotectant solutions 

were sterilized by vacuum filtration through 0.2 μm filters (Falcon, USA). 

3.2.2.6 Thermal analysis 

The Phase transitions in shoot tips of Yukon Draba were studied using a Thermal Analysis 

Differential Scanning Calorimeter (DSC) (DSC1, Mettler Toledo, Leicester, UK), calibrated with 

zinc (422.81 °C, 115.57 J g-1) and indium (156.85 °C, 29.03 J g-1) standards. Samples were sealed 

in 40 μl aluminium pans. Samples were placed in the DSC at 22°C and then cooled at a rate of -

10 °C min-1 to -80 °C, at which temperature the sample was held isothermally for 5 minutes before 

rewarming to 25 °C at a rate of 10 °C min-1.  
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Samples tested included i) control shoot tips without any treatment, ii) shoot tips 

precultured in 0.3 M sucrose for 24 h, iii) shoot tips precultured in 0.3 M sucrose for 24 h followed 

by loading solution for 20 minutes, iv) shoot tips precultured in 0.3 M sucrose for 24 h followed 

by loading solution for 20 minutes, and finally PVS3 (20, 30, 40, 50 and 60 minutes).  Each 

treatment was replicated twice. Peaks were analyzed using STARe thermal analysis software 

(Mettler Toledo, Leicester, UK). 

3.2.2.7 Statistical analysis  

Data were analyzed using PROC GLIMMIX in SAS 9.4 software (SAS Institute Inc. Cary, 

North Carolina, USA). The basal salt, carbon source, in-vitro multiplication and in-vitro rooting 

experiments were arranged as a Completely Randomized Design and analyzed with a one-way 

ANOVA. Normality was tested using Shapiro-Wilk’s test of normality. Means were compared 

using Tukey-Kramer Honest Significant Difference (HSD) test with an alpha value of 0.05. For 

cryopreservation experiments, there were ten samples per treatment with three replicates (n=3) of 

shoot tips obtained from micropropagated cultures. The experiment was repeated twice. The data 

obtained under this experiment were analysed by one-way ANOVA and Turkey tests using SPSS 

24.0 version using generalized linear mixed model. All data were presented by means ± standard 

errors and different letters in the tables and figures indicate significant differences at p≤0.05. 
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3.3 Results 

3.3.1 Micropropagation 

3.3.1.1 Culture initiation 

The seeds of Yukon Draba germinated in five days (Figure 3.1a) and developed cotyledon 

leaves in 8 days (Figure 3.1b). Emergence of rosette leaves from seedlings started in 10 days. At 

the end of twenty days seedlings had 4-6 rosette leaves (Figure 3.1c). The seed germination 

percentage observed was 53% after a month. One-month old seedlings transferred to maintenance 

medium and observed shoot growth (Figure 3.1d) 

 

Figure 3.1.  (a) Yukon Draba-Seed germination on maintenance media (Murashige and Skoog basal 

salts with vitamins, 3% sucrose, 1µM GA3 and 2.2µM BA- and 2.2 gL-1 phytagel) (b) development 
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of cotyledonary leaves on Murashige and Skoog medium after eight days of culture, (c) Yukon 

Draba seedling growth after 20 days of germination and (d) Yukon Draba shoots growing on 

maintenance media. 

3.3.1.2 Basal salts 

Three common basal salt mixtures of the MS, SH and Gamborg media were tested at full 

strength for shoot proliferation. The number of shoots per explants observed on all three media 

were not significantly different. The leaves on MS medium were greener with more leaf hairs 

(figure 3.2a). Purple black dots were also noticed on upper leaves in shoots on all the treatments 

but slightly lesser on MS medium as compared to SH and Gamborg (Figure 3.2b) media. The 

leaves produced on Gamborg medium were narrower and less hairy as compared to other 

treatments (figure 3.2c). Yellowing of older leaves was observed in all cultures regardless of 

medium composition. 

The number of shoots produced in three different basal media (MS, SH and Gamborg) were 

7.3, 5.2 and 6.5, respectively which were not different significantly (figure 3.3a).The average 

chlorophyll content measured in leaves exhibited significantly higher value in shoots cultured on 

MS medium compared to SH and Gamborg media. The average chlorophyll content (mg m-2) in 

shoots cultured on MS, SH and Gamborg were 145.7, 101.9 and 67.9, respectively (figure3.3b). 
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Figure 3.2.  The effects of three basal salts (MS, SH, and Gamborg) media on leaf morphology (a) 

the leaves on the shoots cultured on MS medium had more leaf hair and were greener. (b) the 

leaves on the shoots cultured on SH medium were green with lesser leaf hair as compared to those 

on MS  (c) the leaves on the shoots cultured on Gamborg medium had less leaf hair and were less 

green. Purple black dots were noticed on leaves cultured on shoots on the 3 basal media. 

 

a 
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Figure 3.3 The effects of three basal salts (MS, SH, and Gamborg) on (a) on number of shoots (b) 

average chlorophyll content (mg m-2). Bars represent means ± standard error, where means 

followed by the different letters are significantly different at P≤0.05 according to Tukey-Kramer 

HSD test. Each treatment consisted of ten biological replicates. 
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3.3.1.3 Effect of Cytokinins on Shoot multiplication 

 The numbers of shoots produced were affected by different types and levels of cytokinins. 

The highest number (11.4) of shoots was recorded at 5.0 µM KN and 2.0 µM of BA (11.4) which 

were significantly different from control and KN at 1.0 µM. The mean number of shoots produced 

in BA at 1.0 µM and 5.0 µM were 7.1 and 6.9, respectively. No significant difference was observed 

in shoot production induced by 2-IP at different levels. The mean number of shoots produced at 1, 

2, 5 µM of 2-IP were 8.2, 7.9 and 7.3, respectively. The mean number of shoots produced by KN 

at1 and 2 µM were 6.2, 6.8 respectively (Figure 3.4). The shoots produced on 2-IP media were 

hyperhydric and those developed under KN and BA treatments were normal (Figure 3.5). 

 

Figure 3.4. The effects of three cytokinins 6-benzylaminopurine (BA), 2 -isopentenyladenine (2-

IP), and kinetin (KN) (0, 1, 2, 5 μM) on numbers of shoots after four weeks of culture .Bars 

represent means ± standard error, where means followed by the different letters are significantly 

different at P < 0.05 according to Tukey-Kramer HSD test. Each level consisted of ten biological 

replicates. 
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Figure 3.5 Comparison of growth of in-vitro shoots in media containing different cytokinins at 

various levels. (a) 1µM KN (b) 2µM KN (c) 5µM KN (d) 1µM 2-IP (e) 2µM 2-IP (f) 5µM 2-IP 

(g) 1µM BA (h) 2µM BA  (i) 5µM BA (j) Control. 

3.3.1.4 Effect of carbon source on shoot multiplication 

The numbers of shoots produced were affected by the type and level of the carbon source. 

Medium supplemented with glucose at 4.5% and 6.0% and sucrose at 3.0% resulted in significantly 

higher number of shoots as compared to other treatments. Shoots produced on glucose (1.5%) 

supplemented medium were narrow with erect leaves and some shoots appeared hyperhydric. The 

mean number of shoots produced in glucose at 1.5%, 3.0%, 4.5% and 6.0% levels were 1.3, 0.7, 

1.8 and 1.7, respectively. The values for shoot formation at corresponding level of sucrose were 

0.4, 1.5, 1.4 and 0.5 (Figure 3.6). 

a b c 

d e f 

g h i 

j 



60 

 

 

 

 

Figure 3.6.The effects of two carbon sources, Glucose and Sucrose (1.5%, 3.0%, 4.5%, and 6.0%) 

on Draba shoot multiplication. Bars represent means ± standard error, where means followed by 

the different letters are significantly different at P≤0.05 according to Tukey-Kramer HSD test. 

Each level consisted of ten biological replicates. 

3.3.1.5 In-vitro rooting 

The effects of two auxins, NAA and IBA at 0.0, 2.0, 5.0, 10.0 or 20.0 μM were tested on 

shoots to optimize in-vitro root induction. The root formation responses varied with the type of 

auxin added in the medium. In case of IBA, there was no callusing at the crown region. The 

adventitious roots emerged from the crown of the plant and distinct secondary lateral roots 

emerged from these adventitious roots (Figure 3.7). However, in case of NAA, callus formation at 

the base of the crown was observed. Small hairy roots with no branches developed from the crown 

region (Figure 3.8). The level of IBA affected the number of adventitious roots produced with 

significantly greater response at IBA levels of 10.0 and 20.0µM as compared to the control and 
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other IBA levels. The mean number of adventitious roots produced at 0.0, 2.0, 5.0, 10.0 and 20.0 

μM were 4.1, 5.2, 6.0, 8.8 and 8.0, respectively (Figure 3.9a). 

The number of secondary lateral roots was affected by the IBA levels. The control 

produced significantly higher number of secondary lateral roots. No significant differences were 

observed among the levels of IBA at 5.0, 10.0 and 20.0 μM. The mean numbers of secondary 

lateral roots produced at 0.0, 2.0, 5.0, 10.0 and 20.0 μM were 15.2, 9.4, 6.2, 6.4 and 6.2, 

respectively (Figure 3.9b). 

The mean root length was affected by the various IBA levels. Significant difference 

between root length in treatments with IBA 5.0 μM and IBA 2.0 μM were recorded. The IBA 2.0 

μM gave the best result as compared to the rest of the treatments. The mean root length at 0.0, 2.0, 

5.0, 10.0 and 20.0 μM levels of IBA were 2.0, 2.3, 1.5, 2.2 and 2.1 cm, respectively (Figure 3.9 c 

and Figure 3.10). 

The NAA levels also affected the number of roots produced. The NAA at 10.0 μM 

produced significantly higher number of roots as compared to the control and other levels. The 

mean number of roots produced at 0.0, 2.0, 5.0, 10.0 and 20.0 μM levels were 8.5, 8.6, 17.5 and 

2.2, respectively (Figure 3.11a). The root length was not affected by the NAA levels. The mean 

root length at 0.0, 2.0, 5.0, 10.0 and 20.0 μM were 0.8, 0.8, 1.0 and 1.2 cm, respectively (Figure 

3.11b). 
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Figure 3.7. The effects of IBA concentration on root growth and development after culturing 4 

weeks old shoots on the semi-solid medium (a) IBA at 0.0 µM adventitious roots are less in number 

as compared to secondary lateral roots. (b) IBA at 2.0 µM adventitious roots are less in number 

and secondary lateral roots are moderate in number. (c) IBA at 5.0 µM adventitious roots and 

secondary roots both are less in number. (d) IBA at 10.0 µm adventitious roots are more in number 

as compared to secondary lateral roots.  
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Figure 3.8. The effects of NAA (2.0 µM) on in-vitro rooting after culturing 4 weeks old shoot 

Callus at the base of the crown is observed after four weeks. Roots have no distinction in primary 

adventitious and secondary lateral roots. 
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Figure 3.9. The effects of auxin IBA (0.0, 2, 5, 10.0, 20.0 μM) on (a) number of adventitious roots  

(b) number of secondary lateral roots  (c) root length after culturing 4 weeks old shoot. Bars 

represent means ± standard error, where means followed by the different letters are significantly 

different at P≤0.05 according to Tukey-Kramer HSD test. Each level consisted of ten biological 

replicates. 
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Figure 3.10. The effects of auxin IBA on root length at different levels 40 days after culture (a) 0.0 

μM (b) 2.0 μM (c) 5 μM (d) 10 μM. 
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Figure 3.11. (a) The effects of auxin NAA (0, 2, 5, 10 μM) on number of roots produced, (b) the 

effects of auxin NAA (0.0, 2, 5, 10.0 μM) on root length. Bars represent means ± standard error, 

where means followed by the different letters are significantly different at P≤0.05 according to 

Tukey-Kramer HSD test. Each level consisted of ten biological replicates.  
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3.3.1.6 Greenhouse acclimatization 

The plantlets developed in NAA treatments did not survive in the mist bed at any level. 

However, the plantlets developed in IBA treatments survived in the greenhouse with mean survival 

percentages for 0.0, 2.0, 5.0, 10.0 uM IBA at 87.50%, 87.50%, 77.50% and 85%  respectively 

(Figure 3.12). 
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Figure 3.12: Yukon Draba Plantlets developed from the IBA treatments at (a) 0.0 μM (b) 2.0 μM 

(c) 5.0 μM (d) 10.0 μM and acclimatized in the greenhouse condition after 4 weeks. 
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3.3.2 Cryopreservation  

3.3.2.1 Effect of plant age 

Age of explants affected the survival rate and regrowth rates after cryopreservation. The 

survival rate was calculated three days after thawing and regrowth rate was calculated two weeks 

after thawing. The survival rate for non-cryopreserved (−LN) explants was significantly higher for 

2 week (96.6), 3 week (100.0) and 4 week (100.0) old explants as compared to 1 week old (83.33). 

The re-growth rate of explants was similar for non-cryopreserved (−LN) plants irrespective 

of plant age. The regrowth rate was 53.33%, 66.67%, 66.67% and 53.33% for 1, 2, 3 and 4 week 

old plants, respectively. 

In case of cryopreserved shoot tips (+LN), the survival rate was significantly higher in 2-

week-old plants (100.0%) as compared to rest of the treatment. The explants showed higher 

survival rate from 3 week (83.33%) and 4 week old (76.6%) plants as compared to 1 week old 

plant (60%). The regrowth rate was significantly higher for 2 weeks old plant (66.67) as compared 

to other treatments. The regrowth of explants from1 week and 3 week old plants was about 40% 

while the regrowth rate of explants from 4 week old plants was the lowest (33.33%) (Figure 3.14). 

3.3.2.2 Effects of time durations of pre-culture treatment on survival and regrowth 

The Shoot tips were precultured for 1, 2, 3 and 4 days with 0.3 M sucrose solution. The 

survival rate and regrowth rate of non- cryopreserved (−LN) shoots were not affected significantly 

by the duration of preculture. The survival rate was 96.67% for 1 day and 100% for 2, 3 and 4 day 

treatments. The regrowth rate was 66.67%, 73.33%, 80.00% and 70.00%, respectively for 1, 2, 3 

and 4 days treatment. In case of cryopreserved shoots tips (+LN), the treatment duration affected 

the survival and regrowth rate. The survival rate of 1 and 4 day preculture treatment was 

significantly higher as compared to other treatments. The survival rate was 100% for 1 and 4 day 

treatments which was followed by 3 day preculture treatment which had a survival rate of 93.33%. 

The lowest response (86.67%) was observed from treatment of 2 day duration. 

The regrowth rate was significantly higher in shoot tips treated for 1 and 2 day period as 

compared to 3 and 4 day period. The 1 and 2 day old precultured shoots had a regrowth rate of 

A
A
A 
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66.67% and 63.33%. The 3 and 4 day precultured shoots had low regrowth rates of 46.67% and 

33.33%, respectively (Figure 3.15). 

3.3.2.3 Effects of time durations of exposure to vitrification solution (PVS3) on survival and 

regrowth 

The Shoot tips were pre-cultured for 1 day with 0.3 M sucrose solution. Precultured shoot 

tips were treated for 20 minutes with a loading solution composed of 1.9 M glycerol and 0.5 M 

sucrose, followed by exposure to plant vitrification solution 3 (PVS3) for 20, 30, 40, 50, 60 

minutes, prior to direct immersion of the droplets into liquid nitrogen. 

The effect of duration of PVS3 treatment had no significant effect on survival of non –

cryopreserved shoot (-LN). The PVS3 treatment for 20, 30, 60 minutes had survival rate of 96.67% 

and 40 and 50 minutes treatments had a survival rate of 100%. However, the regrowth rate was 

affected by the duration of PVS3 treatment. The 20 minutes treatment was best and significantly 

different as compared to others. The PVS3 treatment duration of 50 and 60 minutes was 

significantly lower among all treatments. The regrowth rate for treatment duration of 20, 30, 40, 

50 and 60 minutes were 90.0, 66.67, 63.33, 46.67 and 36.67%, respectively. 

The duration of PVS3 treatment had no significant effect on survival rate of cryopreserved 

shoot tips (+LN). The mean survival rates for 20, 30, 40, 50 and 60 minutes were 100, 100,100, 

96.67 and 93.33%, respectively. The regrowth rate was significantly affected by the treatment 

duration. The 30 minutes PVS3 treatment was significantly higher and 20 minutes was 

significantly lower among all treatments. The mean regrowth rates for 20, 30, 40, 50 and 60 

minutes were 26.67%, 66.67%, 56.67%, 46.67% and 36.67%, respectively (Figure 3.16). 

 

3.3.2.4 Thermal analysis  

The thermal behaviors of shoot tips without treatment, after preculture, loading treatment 

and dehydration were observed during cooling and rewarming processes (Fig. 3.17). The onset 

temperature for cooling dropped from −21.02 °C in control shoot tips to −22.80 °C in precultured 

shoot tips, to −23.65 °C in shoot tips treated with loading solution, and to -33.66 °C in shoot tips 

dehydrated with PVS3 for 20 minutes. The onset temperature for melting dropped from 1.30 °C 

in the control shoot tips to −1.50 °C in precultured shoot tips, and to −14.00 °C in shoot tips treated 
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with the loading solution. Areas of the melting transition were decreased for the shoot tips samples 

from control (172.35 J g−1) to preculture (63.30 J g−1), to loading solutions (23.18 J g−1), and to 

dehydration with PVS3 for 20 minutes (3.05 J g−1). There was no peak observed during freezing 

and rewarming process when shoot tips were dehydrated with PVS3 for 30 , 40, 50 and 60 minutes 

(Data not shown).  

 

 

 

Figure 3.13. Main steps in shoot tip droplet-vitrification and recovery processes for Draba 

yukonensis (a) A 2-week old plant from which shoot tips were excised; (b) a shoot tip (1.0 mm) 

used for cryopreservation; (c) A aluminium foil strip with vitrification solution (PVS3) droplets 

containing shoot tips. (d) A normal shoot recovered from cryopreserved shoot tips after 2 weeks 

post culture. 
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Figure 3.14. Effects of plant age on survival (a) and regrowth (b) of the treated control (−LN) and 

cryopreserved (+LN) shoot tips in Draba yukonensis by droplet-vitrification. Shoot tips were 

precultured for 1 day with 0.3 M sucrose solution. Precultured shoot tips were treated for 20 

minutes with a loading solution composed of 1.9 M glycerol and 0.5 M sucrose, followed by 

exposure to plant vitrification solution 3 (PVS3) for 30 minutes, prior to direct immersion of the 

droplets into liquid nitrogen. 1, 2, 3 and 4 means plant age of 1, 2, 3, and 4 weeks. Results are 

presented as means ±SE and different letters indicate significant differences at P < 0.05 by Tukey’s 

multiple range test. 
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Figure 3.15. Effects of time durations of preculture on survival (a) and regrowth (b) of the treated 

control (−LN) and cryopreserved (+LN) shoot tips in Draba yukonensis by droplet-vitrification. 

Shoot tips were precultured for 1, 2, 3, 4 day with 0.3 M sucrose solution. Precultured shoot tips 

were treated for 20 minutes with a loading solution composed of 1.9 M glycerol and 0.5 M sucrose, 

followed by exposure to plant vitrification solution 3 (PVS3) for 30 minutes, prior to direct 

immersion of the droplets into liquid nitrogen. Results are presented as means± SE and different 

letters indicate significant differences at P < 0.05 by Tukey’s multiple range test. 
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Figure 3.16.Effects of time durations exposed to PVS3 on survival (a) and regrowth (b) of the 

treated control (−LN) and cryopreserved (+LN) shoot tips in Draba yukonensis by droplet-

vitrification. Shoot tips were precultured for 1 day with 0.3 M sucrose solution. Precultured shoot 

tips were treated for 20 minutes with a loading solution composed of 1.9 M glycerol and 0.5 M 

sucrose, followed by exposure to plant vitrification solution 3 (PVS3) for 20, 30, 40, 50, 60 

minutes, prior to direct immersion of the droplets into liquid nitrogen. Results are presented as 

means ± SE and different letters indicate significant differences at P < 0.05 by Tukey’s multiple 

range test. 
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Figure 3.17. Differential scanning calorimeter (DSC) thermographs of Yukon Draba shoot tips 

which are fresh dissected, precultured, loaded and dehydrated with PVS3 for 20, 30, and 40 

minutes. 
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3.4 Discussion 

The objective of this study was to develop in-vitro techniques for conservation of 

Yukon Draba, a threatened and endangered plant species. Another reason for developing 

micropropagation and cryopreservation techniques for this species was its endemic nature and the 

populations being restricted to extremely cold environments in the Dezadeash River valley 

(Southwestern Yukon). The strength of micropropagation protocol lies in the fact that it needs very 

little starting material to initiate the culture. This study implements the in-vitro technique for plant 

conservation and provides a model for in-vitro conservation and revival of Yukon Draba (Figure 

3.18).  Also, the plant grows in extreme cold conditions and can be used to study the molecular 

and physiological mechanism of cold tolerance similar to the studies in Arabidopsis thaliana and 

Thellungiella salsuginea (Griffith, 2007). The reintroduction of species in the natural habitat can 

also help in species restoration in future.  

The seed germination and development of endangered plant species is limited due to 

several physiological, biochemical and physical factors (Saxena, et al., 2019). However, the 

Yukon Draba seeds germinated in five days on MS (Murashige and Skoog, 1962) basal medium. 

The seeds displayed no signs of physical, physiological and chemical dormancy. The ease of 

germination of Yukon Draba seeds with a moderate seed germination percentage is an important 

contributing factor for success of the micropropagation protocol. However, several plant species 

need stratification treatment for seed germination e.g. Trapella sinensis Olive (Kato and Kadono, 

2011), Euryale ferox Salisb. (Imanishi and Imanishi, 2014) and Gentiana lutea L. (Cuena-

Lombraña et al., 2017). Apart from this dormancy breaking treatments such as freezing, high 

temperatures, light, leaching, and exposure to chemicals and fluctuating physio-chemical 

conditions (Bradbeer, 1988) are commonly used to promote seed germination.  

The 20 day old shoots were transferred on MS (Murashige and Skoog, 1962) maintenance 

medium containing 1.0 µM GA3 and 2.2 µM BA. The plants cultured without cytokinin and 

gibberllic acid turned white and died. This observation highlights the importance of plant gowth 

regulators for plant multiplication and survival. 
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The effects of the type of basal media were evaluated for number of shoots and average 

chlorophyll content. There was no significant variation in the number of shoots produced on MS, 

SH and Gamborg media. However, the maximum numbers of shoots were produced on MS 

medium. The yellowing of leaves and appearance of purple-black dots were observed in all 

treatments, this might be due to plant age or an imbalance of micronutrients like manganese or 

zinc (Blamey et al., 1986; Mimmo et al., 2014). The leaves on MS media were more hairy and 

greener as compared to other basal media. The average chlorophyll content on shoots cultured on 

MS media was also significantly higher as compared to other basal media. 

The three basal media tested vary in source of nitrogen and quantity of zinc sulphate, 

calcium chloride and manganese sulphate. The Murashige and Skoog medium has ammonium 

nitrate (1650mg/l), Magnesium Sulfate, Anhydrous (180.7 mgL-1). Zinc Sulfate•7H2O (8.6 mgL-1 

), Calcium Chloride, Anhydrous (332.2 mgL-1), Manganese Sulfate•H2O (16.9 mg/l) and Ferrous 

Sulfate•7H2O (27.8 mgL-1 ). Schenk and Hildebrandt Basal Salt Mixture has ammonium phosphate 

(300 mgL-1), Magnesium Sulfate, Anhydrous (195.4 mgL-1), Zinc Sulfate•7H2O (1 mgL-1), 

Calcium Chloride, Anhydrous (151.0 mgL-1), Manganese Sulfate•H2O (10 mgL-1) and Ferrous 

Sulfate•7H2O (15mg/l). Gamborg has ammonium sulphate (134 mgL-1), Magnesium Sulfate 

(122.09 mgL-1), Zinc Sulfate•7H2O (2 mgL-1), Calcium Chloride, Anhydrous (113 mgL-1), 

Manganese Sulfate•H2O (10 mgL-1) and Ferrous Sulfate•7H2O (27.8 mgL-1). 

The primary constituents of chlorophyll are magnesium and nitrogen elements (Willstätter, 

1906). The MS medium has highest quantity of nitrogen source, Zinc Sulfate•7H2O, Manganese 

Sulfate•H2O, Calcium Chloride and high concentration of Magnesium which can be a reason for 

greener leaves, more leaf hair and higher chlorophyll content. Similar results were observed on 

Betula lenta as shoots cultured on DKW and MS media performed better than in WPM due to 

reduced amount of ammonium nitrate present in WPM as compared to other two (Rathwell et al., 

2016). In highbush blueberry (Vaccinium spp.) the best medium for shoot optimization was found 

to be a mixture of equal parts of MS and WPM (MW) as compared to Murashige and Skoog 

medium (MS) and woody plant medium (WPM) (Tetsumura, 2008). The shoots cultured on MS 

medium were hyperhydric due to ammonium ions and WPM media contains neither cobalt nor 

iodine thus MW as an intermediate nitrogen medium between MS and WPM was selected. 
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However, in micropropagation of Elettaria cardamomum Maton (Cardamom), SH media was 

found to be the best (Bajaj, et al., 1993). The highest average chlorophyll content was found in 

Yukon Draba plants cultured on MS media which might be due to higher concentration of nitrogen, 

micronutrient levels and almost equal concentration of magnesium compared to SH media. Similar 

results were reported by Poothong and Reed (2015) in red raspberries cultivar Trailblazer and 

Indian summer where the magnesium concentration significantly influenced the chlorophyll 

content. In maize significant decrease in the chlorophyll content was measured in the leaves of the 

Magnesium-deprived plants as compared to control (Sitko et al., 2019).  Micronutrients 

concentration and types in basal media was also found to influence chlorophyll content. In Stevia 

rebaudiana (Bert.) Bertoni where plant regenerated on higher levels of micronutrients showed 

significant increase in leaf chlorophyll content (Jain et al., 2012). In hazelnut media increasing the 

concentration of manganese (Mn) improved the chlorophyll content (Hand and Reed, 2014).  

The requirement of basal medium depends on the genotype, culture conditions and culture 

duration. The development of basal media customized on the mineral composition of tissues of the 

species that is being propagated is more effective to overcome limitations imposed by other 

established basal media (Oberschelp and Gonçalves, 2016). 

Cytokinins are important for plant morphogenesis, development, cell division and growth 

(Srivastava, 2002). The primary experiments by Skoog and Miller on tobacco (Nicotiana 

tabacum) callus found that ratio of auxin and cytokinin in media determine the shoot and root 

production. A high ratio of cytokinin: auxin leads to shoot formation, whereas the opposite 

promotes root formation. In Yukon Draba the highest numbers of shoots were produced at BA 2 

and KN 5 µM. The shoots produced in 2-IP media were hyperhydric. Similarly, BA was found 

effective for several endangered plant species such as Hill’s Thistle (Sheikholeslami et al., 2020), 

C.levisecta (Salama et al., 2018), B.lenta (Rathwell et al., 2016), and Saussurea esthonica (Gailīte, 

et al., 2010). Kinetin was found to promote cell division and plant growth  (Miller et al., 1956) 

and has also been used for shoot proliferation in various plants such as Limoniastrum monopetalum 

(Martini and Papafotiou,  2020), Cucumber (Cucumis sativus L. cv Beitalpha) (Abu-Romman et 

al., 2015) and Yam (Dioscorea alata L.) (Das, et al., 2013) and found to promote adventitious 

https://www.sciencedirect.com/science/article/pii/B9780126605709501490#!
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/nicotiana-tabacum
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/nicotiana-tabacum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/callus
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shoot formation (Bhatia, 2015). The response of cytokinin was found to be species-dependent 

(Weremczuk-Jeżyna et al., 2018). 

In Yukon Draba two cytokinins kinetin and 6-benzylaminopurine produced similar results 

but optimal results were obtained with 6-benzylaminopurine as it gave significant effect at lower 

dose compared to kinetin.  Further studies on interaction of both cytokinins for enhancing the 

number of shoots can be conducted in future. The present result under cytokinin treatment were in 

consonance with earlier reports. The response of cytokinin treatment observed in case of Yukon 

Draba in present study might be due to species specific response of cytokinin. 

Hyperhydricity in tissue culture is a common physiological disorder which gives the plants 

a glassy appearance. The main causes of hyperhydricity in plant tissue culture are oxidative 

stresses, gas accumulation in the vessel, duration between subcultures as well as the number of 

subcultures, concentration and type of gelling agent, the type of explants used, the level of 

microelements and hormones (Cassells and Curry, 2001). Studies have shown that cytokinins 

could induce hyperphydricity in in-vitro propagation (Kadota and Niimi, 2003; Debnath, 2009). 

The shoots of Yukon Draba produced on 2-IP media were hyperhydric. Similar results were 

observed in Aloe polyphyllain shoots produced on BA (Chukwujekwu, et al., 2002). In pear Pyrus 

pyrifolia N. (`Hosui' and `Kosui') TDZ (Thidiazuron) and CPPU (N-(2-Chloro-4-pyridyl)-N′-

phenylurea) lead to higher hyperhydricity in cultured explants than BA and kinetin (Kadota and 

Niimi, 2003). The mechanism of how cytokinin induces hyperhydricity is not well studied but it 

is well documented that high levels of cytokinin leads to hyperhydricity as compared to low levels 

(Bornman and Vogelmann, 1984; Williams and Taji, 1991). Cytokinins lead to fasciated stems, 

breakable leaves, and reduced chlorophyll accumulation and various stress like symptoms in plants 

(Memelink et al., 1987; Hamdi, et al., 1995; Harding and Smigocki, 1991). 

The auxins have several functions in plants such as control of cell division, elongation rate, 

as well as the differentiation of cells and adventitious root formation (Dilworth et al., 2017). In 

case of Yukon Draba, IBA treated plants produced adventitious roots from the crown of the plant 

and further distinct secondary lateral roots emerged from these adventitious roots and in NAA 

https://en.wikipedia.org/wiki/Gelling_agent
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treated plants callus formation at the base of the crown was observed. Hairy Roots with no clear 

distinction between primary and secondary roots were developed from crown region.  

The highest numbers of adventitious roots were produced at 10 μM IBA and maximum 

numbers of mean secondary lateral roots were produced in control treatment of IBA. The trend of 

the primary adventitious roots increased with the level of auxin concentration and a reverse trend 

was observed in production of secondary lateral roots. The maximum root length was observed at 

IBA 2 μM as compared to all the treatments. IBA auxin has been effective for endangered plant 

species such as Leucadendron laxum (Marsh rose Leucadendron); maximum number of roots and 

longest roots were produced at IBA 1000 ppm as compared to 0, 500, 1000, 2000 and 4000 ppm 

(Laubscher, and Ndakidemi, 2008). Air layers of endangered Azorean tree, Picconia azorica 

produced maximum roots with IBA treatment (Martins, et al., 2013). IBA is commonly used root 

promoting chemical as it is non-toxic at variable concentrations and is efficient for rooting of 

shrubs and evergreens (Poston, 2007). However, some plant species have rooted successfully on 

NAA. For example, Hill’s Thistle (Cirsium hillii. (Canby) Fernald) (Sheikholeslami, et al., 2020), 

Buxus hyrcana Pojark and  another endangered ornamental shrub (Kaviani and Negahdar, 2017) 

rooted on NAA and in the latter study semi-hardwood leafy stem cuttings of B. hyrcana rooted 

with NAA along with IBA. The above studies indicate that auxin response is dependent on auxin 

type, explants type and is genotype specific (Dewir, 2015; Cancino-García, 2020). Some studies 

have shown an explants age dependent response in root initiation of auxin (Das and Jha, 2018). 

Apart from this, a major factor in root initiation is interaction between endogenous and 

exogenous auxins (Ludwig-Müller, et al., 2005). In greenhouse, the plants cultured on NAA did 

not survive, which may be due to the callus development at the crown. The highest survival in 

greenhouse was observed with plantlets developed on IBA 0 and 2 μM (lower levels) as compared 

to higher levels. The establishment and survival of Yukon Draba in the greenhouse might be related 

to higher number of secondary lateral root. Lateral roots helps to increase water and nutrients 

uptake; they also help in securing the plant into the soil and increase the surface area of root system 

(Teixeira and Ten Tusscher, 2019). 

https://www.sciencedirect.com/science/article/pii/S0254629916341795#bb0220
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/buxus-sempervirens
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Sugars are energy source to plants and play a regulatory role in photosynthesis, growth, 

and development. Commonly used carbon source in tissue culture are-sucrose, glucose and 

fructose (Pati et al., 2006; Luo et al., 2009). In plant tissue culture, they support several functions 

such as shoot proliferation, rooting of shoots, somatic embryogenesis and organogenesis (Yaseen, 

et al., 2013). In our study the highest numbers of shoots were produced on a medium supplemented 

with glucose at 4.5% and 6% and sucrose at 3%. Sucrose at 3% is commonly used in tissue culture. 

Sucrose is efficient in shoot proliferation of Eclipta alba (Baskaran and Jayabalan, 2005) and cork 

oak (Quercus suber) (Romano et al., 1995). However, in Yukon Draba higher numbers of shoots 

were produced on glucose supplemented medium. Glucose is also efficient in shoot proliferation 

of hazelnut (Garrison et al., 2013), Prunus (Prunus mume Sieb. et Zucc.) (Hisashi and Yasuhiro, 

1996). A decrease in shoot proliferation of Yukon Draba at higher sugar level was observed. At 

higher levels, sugar can cause osmotic stress on plant and have a growth inhibiting effect (Hilae 

and Te-chato, 2005; Mehta, et al., 2000). The carbon source type and level are plant species-

specific (Yaseen et al. ,2013) viz.Fructose was found better in maintaining shoot number in Stevia 

rebaudiana as compared to sucrose, maltose and glucose (Preethi et al., 2011). In Mulberry culture 

addition of fructose resulted in higher shoot number as compared to sucrose supplemented media 

(Chitra et al., 2002). In apple root stock, sorbitol lead to higher  shoot proliferation as compared 

to sucrose, glucose and mannitol (Yaseen et al., 2009).  

Cryopreservation is a valuable tool for conservation and long-term storage of an 

endangered plant species (Pence, 2010).  Commonly plant explants such as meristems, nodes, 

buds, roots and seeds can be used for the plant species with irregular seed production and the 

species which are habitat specific and seed collection is a problem. Since 2002, COSEWIC has 

recognized several animal and plant species as endangered in Canada. One such species is Yukon 

Draba which is habitat-specific as it is located in 19 sites in Yukon Territory. Due to lack of starting 

seed material seeds were not used for cryopreservation. In order to develop a cryopreservation 

protocol, shoot tips from in-vitro propagated plants were used. Use of shoot tips for 

cryopreservation has been used in several species such as Castilleja levisecta Greenm. (Salama et 

al., 2018), Betula lenta L. (Rathwell et al., 2016) and Cannabis sativa L. (Uchendu et al., 2019) 

and Tuberaria major (Coelho et al., 2014). 

javascript:;
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The method of cryopreservation used in this study was droplet vitrification. This method 

is subdivided into several steps including preculture, osmoprotection (loading), and treatment with 

a vitrification solution, unloading and recovery. However, the most important factor is the 

physiological state and condition of the plant used for the cryopreservation experiment. The age 

of growth of explants determines competence of explants to uptake various cryo-protectants, 

developing osmo-tolerance and growth recovery (Sakai, 2000). 

In our study the two week old plants had the best survival and regrowth rate after 

cryopreservation as compared to 1, 3 and 4 week old plants. The younger plants were more suited 

in this study. Similar findings were reported by (Salama et al., 2018) showing that younger source 

of Golden paintbrush plants was superior for cryopreservation as plants from older culture 

produced fewer plants with delayed response. 

In case of cryopreservation of Rubus humulifolius, the highest survival and regrowth 

percentage were obtained from 1-month-old buds as compared to 2 and 4 month old buds (Edesi, 

et al., 2020).  Contrasting results were reported in apple (Malus domestica, Borkh), cvs. Pinova by 

Condello et al. (2011), grape (Vitis vinifera) by Zhao et al. (2001) and (Pyrus cordata (accession 

PYR 750.001) by Chang, and Reed, (2001). These results indicated lower water contents in older 

shoots lead to higher recovery from cryopreservation. Also in few cases such as Sweet potato 

(Ipomoea batatas (L.))  (Wilms et al., 2020), Hill’s Thistle (Bi, et al., 2020) the age of explants 

had no significant effect on cryopreservation survival and re-growth. 

In general, the younger source material have more vigour (due to more number and activity 

of meristematic cells) thus resulting in higher recovery from the cryopreservation treatment 

(Salama et al., 2018). Also, in order to improve the cryopreservation efficiency and save time the 

younger explants source is a good option. 

The preculture treatment provides osmotic dehydration of the plant material by application 

of sugars, sugar alcohols and polyethylene glycol (PEG) (Panis and Lambardi, 2006). In our study 

we used 0.3 M sucrose solution for preculture. The duration of preculture was tested for 1, 2, 3 

and 4 days. The 1 and 4 day treatments with 0.3 M sucrose solution were best suited for survival 
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of cryopreserved (+LN) Yukon Draba shoot tips. However, the regrowth was best in 1 and 2 day 

treated explants compared to 3 and 4 days of treatment.  Similar results were observed in shoot 

tips of Betula lenta preculture with 0.3 M sucrose for 24 h (Rathwell et al., 2016). In a study 

conducted in Centaurium rigualii Esteve, the survival and viability of cryopreserved shoot tips 

precultured with 0.3M sucrose for 24 h was significantly better than 0.1 M for 72 hours (Gonza, 

et al., 1997).  In case of  cryopreservation by vitrification of anther callus of Hevea brasiliensis 

preculture treatment with modified Murashige and Skoog (1962) medium containing sucrose (5% 

w/v) and dimethyl sulfoxide (DMSO) (5% v/v) was administered  for 0, 1, 2, 3, 4, 5 and 7 days. 

The viability of callus increased and reached a peak at 3 days followed by a decline. The lower 

viability for 0, 1 or 2 days was due to an insufficient acquisition of desiccation tolerance or 

cryoprotection and a longer duration also showed the lower viability due to tissue growth and 

changes in physiological condition (Zhou et al., 2012). A 3-day pre-culture treatment of 0.4 M 

sorbitol in A. viridis ssp. terraspectans was optimum. An increasing trend from 1 to 3 days and a 

declining trend from 3 to 7 days were observed (Turner et al., 2001).These studies indicate that 

preculture with a high sucrose concentration for an optimum duration is important for survival and 

regrowth after liquid nitrogen treatment. The dehydration tolerance/sensitivity of species and size 

of explants are major factors that determine the duration of preculture (Kaviani, 2011). 

The vitrification treatment prior to immersing explants in liquid nitrogen helps in tissue 

dehydration, imparts freeze avoidance, and helps in maintaining cell viability (Sakai and Yoshida, 

1967). During the vitrification procedure the explants are exposed to the vitrification solutions and 

the explants uptake the vitrification solution while losing the water. On exposure to liquid nitrogen 

the cryoprotective solution supercools and converts into metastable glass, limiting the 

crystallization process (Fahy et al., 1984). In our study the duration of PVS3 vitrification solution 

had no significant effect on survival of cryopreserved shoot tips (+LN) as time duration of 10, 20 

and 30 minutes resulted in 100 % survival rate. In longer time duration treatment of 40 and 50 

minutes the survival rate was 96.67 and 93.33 %, respectively. The shoots tips were therefore 

found tolerant to longer duration of PVS3 treatment. The regrowth rate of cryopreserved shoot tips 

(+LN)   displayed a trend with the peak at 30 minutes and then a decline in regrowth rate of shoot 

tips. The observed trend might be due to the extreme dehydration resulting from exposure to the 
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highly concentrated vitrification solutions (Chao and Liao, 2001) which could be more pronounced 

at longer duration. 

 Similar results were reported by (Zhang et al., 2017) for Jerusalem artichoke (Helianthus 

tuberosus L.) shoot tips where the optimal duration of PVS2 treatment was for 15–40 minutes. In 

grapevine (Vitis vinifera L.) cv. Portan shoot tips survival and regrowth decreased with increasing 

duration of dehydration with PVS2 (Marković et al., 2013). In the case of droplet vitrification of 

Vanilla planifolia the longer treatment of both PVS2 and PVS3 proved to be toxic for shoot tips 

and did not improve recovery of the cryopreserved shoot. However, in lily cultivar ‘Siberia’ 

(Lilium × siberia) the meristem survival and regeneration percentages increased with increased  

treatment duration  in  PVS2 and reached the peak at 90 minutes, then decreased with further 

exposure  (Chen et al., 2011). Longer duration of vitrification solution PVS2 and PVS3 exposure 

are apparently detrimental for regrowth and survival for some species. Failure to recover from 

vitrification treatment can be due to tissue-sensitivity, lack of cell viability, and cytotoxicity of the 

vitrifcation solution (Kim et al., 2009, Marković et al., 2013).However, contrasting results are 

noticed in some species where longer duration of PVS2 and PVS3 treatment are optimum. In 

Bleeding heart (Lamprocapnos spectabilis (L.) Fukuhara) shoot tips recovered best after 150-

minutes PVS3 treatment (Kulus, 2020). The shoot tips of C. levisecta had a high regrowth at 100 

minutes of treatment with concentrated PVS3 (Salama et al., 2018). Similar results were reported 

in Betula lenta (Rathwell, et al., 2016).  Such results indicate that certain species are more tolerant 

to vitrification solution than others. 
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Figure 3.18. Overview of Micropropagation and cryopreservation protocol of Draba yukonensis. 

The various stages of micropropagation protocol such as seed germination, explants selection, 

shoot multiplication, rooting, acclimatization and greenhouse transfer are depicted. The various 

steps of droplet-vitrification protocol such as shoot tip selection, preculture, loading, vitrification, 

immersion in liquid nitrogen, unloading and final regrowth of Draba yukonensis is depicted. The 

protocols can be used for potential reintroduction. 
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3.5 Conclusions 

In conclusion, the protocol for micropropagation and cryopreservation of Yukon Draba 

were successfully developed (Figure 3.18). The germinated seeds resulted in healthy plantlets 

which served as source of explants. The explants were multiplied in-vitro with the help of basal 

media, carbohydrate and plant growth regulators in different concentrations. The rooted plantlets 

were successfully transferred to greenhouse. In cryopreservation of the plant, shoot tips were 

efficiently cryopreserved with droplet–vitrification procedure and successful survival and 

regrowth was observed. Thus, the present study demonstrated the efficiency of in-vitro techniques 

in preservation and long term conservation of Yukon Draba and may be useful for other 

endangered plants for their revival under exigency and also for maintaining biodiversity Overall, 

this study shows the wide application of tissue culture techniques for conservation of Yukon Draba 

and is the first report of successful micropropagation and cryopreservation of this species. 
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Chapter 4: Summary and Future directions 

In-vitro technologies are important tools for ex-situ conservation of endangered plant 

species and reintroduction into their natural habitats. The present study targeted two endangered 

plants Hill’s Thistle (Cirsium hillii. (Canby) Fernald) and Yukon Draba (Draba yukonensis) for 

in-vitro long-term conservation. Micropropagated Hill’s Thistle plants developed from 

cryopreserved tissues were transplanted in its natural habitat and evaluated for survival and 

continued growth and development. 

Hill’s Thistle (Cirsium hillii. (Canby) Fernald) is an ecologically important species that is 

at risk in Canada. The major threat the species faces is the disruption of habitat and fire-

dependence. It is noteworthy that the alvar habitat where it grows is also becoming endangered. 

Hill’s Thistle has been successfully micropropagated and reintroduced in natural habitat as result 

of a collaborative project between the Gosling Research Institute for Plant Preservation (GRIPP) 

and Parks Canada (Sheikholeslami et al., 2020). In the present study which is the first report of 

cryopreservation of this species, five-week old in-vitro grown shoot tips were successfully 

cryopreserved.  The optimized protocol using droplet–vitrification method consistently produced 

maximum regrowth (>90%) and the shoot tips taken from GRIPP cryobanks grew into normal 

plantlets. The vitrification treatment for 60 minutes with plant vitrification solution 3 prior to liquid 

nitrogen treatment was found to be highly effective with about 90 percent plants regenerating from 

cryopreserved tissues and successfully transferred to the greenhouse. The plants from the 

micropropagated populations with and without cryopreservation treatments were reintroduced in 

their three natural habitats at Bruce Peninsula National Park, Tobermory, Ontario. Interestingly, 

the cryopreserved plants showed better survival and regrowth than non-cryopreserved plants. The 

site-dependent flowering in transplanted plants was observed after overwintering but this was not 

influenced by the cryopreservation treatment. The flowering was observed in plants of 

cryopreserved and non-cryopreserved origin which offers opportunity to study pollination 

mechanism and seed setting in this species. The present work also highlights the importance to 

study the interaction of the species with different sites. In addition, herbivory was also observed 

in both cryopreserved and non-cryopreserved plants. Such transplant studies of endangered plants 
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may allow future studies on the relationships between plants, animals, and surrounding ecosystem. 

The second plant species investigated in this study is Yukon Draba (Draba yukonensis), a small 

herb, habitat–specific, and endemic to Yukon Territory. The habitat is under threat from several 

human activities like industrialization, habitation, and forest encroachment in addition to the 

effects of climate change. 

The results of this investigated represent the first success in in-vitro propagation and 

cryopreservation of Yukon Draba (Draba yukonensis). The seeds of Yukon Draba germinated in 

in-vitro conditions and the shoots cultures were initiated from in-vitro grown seedlings. Prolific 

shoot multiplication was achieved with the addition of cytokinins in the medium and the shoots 

developed roots in-vitro with optimized auxin supplementation. Basal salts were determined for 

optimal average chlorophyll content and carbon source for optimal shoot growth. The rooted 

plantlets were transferred to mist bed and acclimatized in the greenhouse conditions. For long-

term conservation, cryopreservation protocol was optimized using in-vitro shoot tips with droplet-

vitrification method. The shoots tips of 3 week old in-vitro grown plants treated with PVS3 

vitrification solution showed100 percent survival after 5 days and 66 percent regrowth after two 

weeks.. The micropropagation technology together with cryopreservation optimized in this 

research paves the way for long term storage of Yukon Draba. Nearly 200 in-vitro shoot tips have 

been stored in the GRIPP cryobanks and in future plants can be regenerated and reintroduced in 

natural habitats from these cryopreserved shoot tips in the cryobanks, The reintroduction of the 

species in natural habitat can help in increasing the plant population which will allow deeper 

insight into the life cycle of this understudied plant while improving flowering and seed 

production. The Yukon Draba is specific to sub-arctic climate and can be studied in future for 

biochemical and molecular mechanism for cold tolerance. Collectively, the present work on two 

diverse endangered species displays the importance and potential application of in-vitro tools for 

plant conservation and species restoration. An integrated approach combining the ex situ and in 

situ conservation strategies may reduce the current pace of species loss.  
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