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Studies on the cryopreservatiori of shoot tips of 

Dianthus and Chrysanthemum. 

Seiichi Fukai 

SUMMARY 

Of late, the flower production in Japan showed rapld growth In splte of the depression of the total 

agricultural production in Japan Chrysanthemum and carnatlon are two major cut flowers in Japan In 1989, 

1 8  billion of chrysanthemum (75 billion yen) and 711 milion of carnatlon (36 billlon yen) were produced in 

Japan 

Many new cultivars are introduced to the commercial market annually On the other hand many old 

cultivars have disappeared, because the modernization in flower production has led to need for 

mass-production of uniform cultivars It is difficult for breeders and nurseries with a restricted supply of 

lab01 and land to maintain so many cultivars 

Conservation of plant germplasm have become more important because sufficiently wide range of 

variation is required for any effective crop improvement programme and the recent advances of 

bio-technology have showed many possibilities of using wide range of related species for further crop 

improvement 

In vitro storage has been explored as a means of conserving the germplasm There are two ways to store 

plants In vitro : one employs the slow growth techniques for short or medlum term storage (active 

collection) ; the other, uses cryopreservation for long term storage (base collection) A reliable preservation 

techniques would allow the breeder, reseacher and nursery men to malntain a large number of species and 

cultivars This studies were carried out to establish a reliable potocol for the cryopreservation of shoot tlps 

of Dtanthus and Chrysanthemum ornamentals Dzanthus hybrzdus cv Sakuranadesiko and Chrysanthemum 

morzfolzum cv Shuhounotikara were used throughout the studies except when stated otherwise 

Chapter 1 Cryopreservation of shoot tips by two-step freezing methods 

In the two-step freezing method, the shoot tips were cooled slowly until sobzero temperture in the 

presence of cryoprotectants prior to immersion into liquid nitrogen (LN2) This chapter revealed the basic 

freezing prtocol for dianthus and chrysanthemum shoot tips 

Section 1 Cryoprotectants 

10 % dimethyl-sulflyoxide (DMSO), ethyleneglycol (EG) and glycerol (GLY) were effective as 

cryoprotectants for the cryopreservation of dianthus shoot tips. Glucose of 3 % was only effective in 

combination with 5 % DMSO The dianthus shoot tips treated with 10 % DMSO and 3% glucose at  0-20°C 
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for 10-120 min showed high s~lrvival rates after cooling at a rate of 0 5"C/min until -40'C prior to 

immersion into LN2 Chrysanthemum was more sensitive to DMSO More than 15 % DMSO caused serious 

damage to chrysanthemum callus growth and the shoot tips treated with 10 % DMSO regenerated 

abnormal vitrified leaves 

In the following chapter 10 % DMSO and 3% glucose was used as  the cryoprotectant solution 

Section 2 Effects of' preculture on  survival of chrysanthemum shoot tips 

None of the shoot tips survived when excised and immediately cooled to -40°C with cryoprotectants 

prior immersion into LN2 However the shoot tips precultured on the medium with or without 5% DMSO 

for 2-14 days showed high survival after cooling at  a rate of 0 2"C/min to -40°C prior to immersion into 

LN2 

Section 3 Cooling process 

All of dianthus shoot tips cooled at  the rate of 0 1-1 O"C/min to -40°C prior to immersion into LN2 

survived When dianthus shoot tips were immersed into LN2 at various temperatures during the slow 

cooling, only the shoot tips cooled to -40°C showed 100% of survival and shoot regeneration But the shoot 

tips cooled to -25°C or -30°C and held at the same temperatures for 30 and 20 min respectively prior to 

immersion into LN2 showed comparable survival rates as those cooled to -40°C 

The optimal cooling rate and terminal slow cooling temperature for chrysanthemum shoot tips was 

0 2"C/min and -40°C respectively 

Seeding of ice crystal into cryoprotectant solution at -3 5'C prevented supercooling of the medium This 

seeding procedure was necessary for a reliable cryopreservation 

Section 4 Thawing process 

Rapid thawing of the cryopreserved shoot tips was essential to ensure high survival 

Chapter 2 Cryopreservation of shoot tips by vitrification 

In the vitrification method, the shoot tips were treated osmotically with a concentrated cryoprotectant 

solution for short time to dehydrate the tissue and then immersed into LN2 directly 

Section 1 Adaptablity of vitrification method 

The dianthus shoot tips dipped into PVS2 (15% DMSO, 15%EG, 30%GLY in MS medium containing 0 5M 

sucrose) for 5min at  room temperature prior to immersion into LN2 showed more than 90% survival rate 

But the shoot regeneration rate of the shoot tips was about 50% The shoot tips of chrysanthemum were 

also successfully cryopreserved by vitrification 

Chapter 3 Seasonal variation in freeze-resistance and cryopreservation of in vitro grown plants 

The key to the success of cryopreservation is not only the freezing methods but also the type of the 
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materials This chapter revealed that dianthus shoot tips could be cryopreserved successfuly all year round 

but the survival and shoot regeneration of chrysanthemum shoot tips varied seasonally Survival rates of the 

stem segments excised from in vitro grown plantlets were high but shoot regeneration rates were low 

compared to the shoot tips taken from the mother plants 

Section 1 Seasonal variation 

The survival and shoot regeneration of the cryopreserved shoot tips of dianthus was not affected by 

seaconal variation 

Similarly the survival and shoot regeneration of chrysanthemum in normal shoot tip culture was not 

affected by seasonal variation The chrysanthemum shoot tips were sensitive to cold shock stress in 

summer but it was avoided by preculture The survival and shoot regeneration rates of chrysanthemum 

shoot tips frozen in mid-summer was still low even though the shoot tips were precultured for 2 days prior 

to freezing 

Section 2 Cryopreservation of i n  vitro grown materials 

It is laborious to excise shoot tips from in vitro grown plantlets because the plants were tender and 

small In this section nodal segments of in vitro grown plantlets were used as  materials 

The nodal segments of dianthus and chrysanthemum survived after cryopreservation by the protocol 

descrived above But shoot regeneration rate was lower compared to that of shoot tips taken from the 

mother plants Survival and shoot regeneration of small segments (2mm) was higher than that of large 

segments (5mm) Axillary buds in the dianthus nodal segments were damaged by the slow cooling process 

below -25°C 

Chapter 4 Shoot regeneration from thawed shoot tips 

Sufficient shoot regeneration from the thawed shoot tips is essensial for germlasm storage Previous 

chapter showed that 100% of thawed dianthus shoot tips regenerated shoots but half of the survived shoot 

tips of chrysanthemum failed to regenerat shoot after thawing This chapter revealed the extent of 

damages observed on the cryopreserved dianthus and chrysanthemum shoot tips 

Section 1 Effects of culture medium on shoot regeneration from thawed chrysanthemum shoot tips. 

Cytokinin in the medium does not affect the survival rate of thawed chrysanthemum shoot tips High 

shoot regeneration was observed in the combination of BA and NAA 

Section 2 Morphological observation of thawed shoot tips 

Microscope examination of dianthus and chrysanthemum shoot tips with or without freezing revealed that 

the pattern of shoot regeneration was completely different In the dianthus shoot tips, the outer pair of the 

leaf primordia swelled but did not develop normally and then the next inner pair of leaf primodia developed 

into a shoot within 2 weeks of culture after thawing In the chrysanthemum different types of recovery 
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were observed Survived chrysanthemum shoot tips showed two ways of shoot regeneration : a small bump 

with smooth surface on leaf primodium developed into a shoot, or green spot appeared on the rough surface 

of the callus and this developed into a shoot 

Those regenerated shoots developed into plantlets easily on the medium free of phytohormone The 

plantlets could be maintained and mutiplied by nodal cutting in vitro 

Chapter 5 Growth and productivity of cryop~.eserved plants 

This chapter revealed that the plants derived from thawed shoot tips grew and flowered normally 

Section 1 Acclimatization of shoots derived from cr yopr eser ved shoot tips 

The plantlets derived from the thawed shoot tips of dianthus and chrysanthemum were easily propagated 

by nodal cuttings in vitro The top parts of the in vitro grown shoots were easily acclimat~zed in a 

greenhouse 

Section 2 Growth and  flowering of t h e  thawed plants 

Plants derived from cryopreserved shoot tips of dianthus grew vigorously and flowered normally in the 

greenhouse The plants showed higher productivity and better flower quality compared to the plants derived 

from the mother plants grown in the green house 

There was no difference in growth, flowering and flower quality between chrysanthemum derived from 

the thawed shoot tips and those from the mother plants 

Section 3 Variation of flower color in chimera chrysaythemum 

In about 70% of regenerated plants from thawed shoot tips of chrysanthemum cv Apricot Marble, 

periclinal chimera cultivar, the flower color changed from the original apricot color to pink This means that 

many of regenerated shoots originated from the tunica layers of the apical dome and not from the whole 

shoot tip 

Chapter 6 Application t o  t he  Caryophllaceae and  Chrysanthemum ornamentals 

The standardized cryopreservation protocol for all or most genotypes is required to establish in vitro gene 

bank The results of this chapter revealed that a single two-step freezing methods is applicable for the 

cryopreservation of a wide range of genotypes in dianthus and chrysanthemum relared species 

Section 1 Car yophyllaceae ornamentalsny 

Shoot tips of 5 genera 38 species and cultivars of the Caryophyllaceae ornamentals were cryopreserved 

Excised shoot tips were cooled at  a rate of 0 5C/min to -40'C in the presence of 10% DMSO and 3% 

glucose prior to immersion into LN2 High survival and shoot regeneration were observed in all species and 

cultivars 
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Section 2 Chrysanthemum ornamentals 

The  shoot tips of Chrysanthemum mortfolium and related species native to Japan were cryopreserved : 

first precultured for 2 days, then slow cooling (0 ZC/min) until -40C with 10% DMSO and 3% glucose 

prior to immersion into LN2 and rapid thawing High survival rates were observed in 3 cultivars of 

chrysaythemum, 12 species and 2 interspecific hybrids A slightly low survival rate was observed in 3 

species The  shoot regeneration of the frozen shoot tips varied from 9 4% to 100% depending on species 

Section 3 Long term s torage  

High viability of the cryopreserved shoot tips of dianthus was maintained for up to 4 years Shoot tips oi 

chrysaythemum also showed high viability after a storage of 8 months in LN2 

Chater 7 General discussion 

This study came out with basic protocols for the cryopreservation of dianthus and chrysanthemum shoot 

tips These protocols were appricable for a wide range of related species The thawed shoot tips 

regenerated shoots and grew into plantlets and if necessary, in vitro mutiplication line would be established 

within 2 months after thawing In dianthus, viability of the cryopreserved shoot tips were malntalned for at  

least 4 years 

In chrysanthemum, initiation of cryopreservation during winter season is recornended Morphological 

observation and variation of flower color in chimera cultivar showed that regenerated shoots from the 

thawed shoot tips of chrysanthemum derived from a part of the shoot tips not from whole shoot tips This 

results suggested that the somaclonal variation of the regenerated plants should be taken into consideration 

when using cryopreserved plants 
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