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ABSTRACT: A simplified technique which cryoprotects
zygotic embryos by encapsulation-dehydration was devel-
oped for the germplasm conservation of herbaceous peony
(Paeonia lactiflora Pall.). The highest survival rate (85%)
was obtained from embryos treated by encapsulation-dehy-
dration. The zygotic embryos were precultured on MS
medium containing 0.3mg/L. GA; for 1 day. The precul-
tured embryos were encapsulated in 3% (w/v) alginate
beads and immersed for 1 h in MS medium containing 2 M
glycerol and 0.5 M sucrose. The encapsulated embryos were
dehydrated for 5 h by air drying prior to direct immersion
in liquid nitrogen. This encapsulation-dehydration method
appears to be a promising technique for germplasm cryo-
preservation of a herbaceous peony.
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G ermplasm preservation plays an important role n the
maintenance of biodiversity and avoidance of genetic
erosion, but the preservation 1n the field gene banks requires
huge land areas and high cost. More importantly, the genetic
resources are threatened by attacks of pests, diseases, and
other natural hazards (Engelmann, 1997; Withers & Engel-
mann, 1998).

For many crops, cryopreservation 1s currently being
employed to overcome the serious limitations encountered
by traditional germplasm conservation strategies. Conserva-
tion at ultra-temperatures, usually at -196 °C, which 1s the
temperature of hiquid nitrogen (LN), allows the long-term
and contamination-free storage of plant genetic resources
(Helhot et al., 2002). Moreover, the materials are stored in a
small volume, which requires only very minimal mainte-
nance. Cryopreservation systems using zygotic embryos
have been established 1n orchid (Ishikawa et al., 1997), bar-
ley (Wang & Huang, 2002), and coffee (Dussert et al , 2002).

Herbaceous peony 1s one of the important crops because
of its value as medicinal (Choung & Kang, 1994) and omna-
mental plants. Peony 1s usually propagated by cloning, and
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genetic resources of this species are mainly conserved vege-
tatively in the field gene bank, which 1s costly and laborious.
Cryopreservation using zygotic embryos preserves the
genetic resources of peony.

To our knowledge, successful cryopreservation of peony
has not yet been established The aim of the present research
was to establish a rehiable method for the cryopreservation
of herbaceous peony using zygotic embryos.

MATERIALS AND METHODS
Plant materials

Mature seeds used for this study were supplied by Institute
of Broresources, Gyeoungbuk Provincial Agricultural Tech-
nology Administration. Peony seeds were soaked in 70% eth-
anol for 1 min, 1% sodium hypochlorite solution for 15 min,
and finally washed three times with stenle distilled water.
Zygotic embryos excised from sterihized seeds were precul-
tured for 24 h on MS medium containing 0.3 mg/L. GA;.

Desiccation

After preculturing for 1 day, the embryos were placed on
sterilized filter paper 1n 9-cm petri dishes. The embryos
were desiccated for O h to 3 h under a laminar flow cabinet
to determine the optimum desiccation times for cryopreser-
vation. The desiccated embryos were cryopreserved for 1 h
and thawed in a water bath at 40 °C for 5 min. The thawing
embryos were cultured on MS medium containing 0.3 mg/L
GA3.

Vitrification

The precultured zygotic embryos were transferred to cryo-
tubes (2 ml) and then loaded with a mixture of 2 M glycerol
and 0.5 M sucrose. After removing the loading solution,
they were dehydrated with PVS2 for 30 min PVS2 contains
30% (w/v) glycerol, 15% (w/v) ethylene glycol, and 15%
(w/v) dimethyl sulfoxide in MS liquid medium with 0.4 M
sucrose (pH 5.8). Embryos were immersed in LN for 1 h
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and rapidly warmed in a water bath at 40°C for 5 min. The
PVS2 solution was drained from the cryotubes and replaced
with 1.2 M sucrose in MS liquid medium, pH 5.8; embryos
were maintained 1n that state for 20 min and then placed on
MS medium containing 0.3 mg/L GA;.

Encapsulation-dehydration

The precultured embryos were suspended in a 3% sodium
alginate solution and immediately dropped mto 100 ml of a
100 mM CaCl, solution containing 0.6 M sucrose to allow
the formation of sodium alginate beads (about 5 mm 1n
diameter) After keeping the embryos in the solution for 30
min, each encapsulated embryo was immersed m MS
medium containing 2 M glycerol and 0 5 M sucrose. Then
they were placed on sterilized filter paper n 9-cm petri
dishes and dehydrated for O h to 7 h by placing the dishes
under a laminar flow cabinet to reduce water content. The
dehydrated beads were transferred to a cryotube, immersed
m LN for 1 h, and thawed in a water bath at 40 for 5 min.
Cryopreserved embryos were cultured on MS medium con-
tatning 0.3 mg/L GA;.

Survival rate

Survival rates were determined by regrowth on solidified
MS medium containing 0.3 mg/L GA; at 25°C under contin-
uous light. The development of cryopreserved embryos was
investigated at 4 weeks after they were on MS medium con-
taming 0.3 mg/L. GA;. The survival rates were evaluated as
the ratio of the germinated embryos to the total number of
cultured embryos.

RESULTS

An imtial experiment to optimize the desiccation times
showed that the survival rate of cryopreserved zygotic
embryos changed with desiccation times ranging from 0 h to
3 h. The survival rate of non-desiccated embryos was 14%,
but that of the embryos desiccated for 1 h by air drying
laminar flow cabinet was 69% (Fig. 1)

The survival rate of encapsulated embryos after cryo-
preservation greatly changed with dehydration periods rang-
ing from O h to 7 h, as shown in Fig. 2. The highest survival
rate (66.7%) was obtamned from embryos desiccated for 5 h
by air drying.

In order to determine the most suitable cryogenic proce-
dure, we cryopreserved zygotic embryos using three differ-
ent pretreatment methods: desiccation, vitrification, and
encapsulation-dehydration. The maximum survival rate
(85%) was achieved from the cryopreserved embryos by

100

100
89 fre (-) B fre (+)

80 —

69
60 — _— 53
42
40 — —— 15
: " 2%
il "B [
0 . L L L
0 1 2 3

Desiccation time (h)

Survival rate (%)

Fig. 1. Changes 1n survival rate of cryopreserved zygotic embryos
by desiccation times. fre (—) - non-cryopreserved embryos,
fre (+) : cryopreserved embryos.
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Fig. 2. Effect of dehydration on survival of encapsulated embryos
fre (—) non-cryopreserved embryos, fre (+) : cryopre-
served embryos

encapsulation-dehydration, followed by desiccation (71%),
and then vitnificatton (65%) (Fig. 3).

DISCUSSION

Dussert et al (2002) achieved maximum survival (96%)
of cryopreserved zygotic embryos of coffee after 0.5 h des-
iccation. However, no embryos survived if they were exces-
sively desiccated. These results are consistent with those of
the present research and indicate that optimal desiccation 1s
the key factor for successful cryopreservation of zygotic
embryos. For most plant-cell and organ cultures, injury dur-
mg freezing 15 associated with wntracellular 1ce formation n
highly vacuolated cells; therefore, survival of cryopreserva-
tion could be 1ncreased by reducing the water content of the
cell (Wang et al., 2000). The optimal water content for sur-
vival varies among plant species because of their differences
in dehydration tolerance (Withers & Engelmann, 1998).
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Fig. 3. Effect of desiccation, vitrification and encapsulation-
dehydration on survival of cryopreserved embryos 1n
herbaceous peony. fre (~) . non-cryopreserved embryos, fre
(+) cryopreserved embryos. Desiccation: Embryos were
desiccated for 1 h by arr drying Vitrificatton: Embryos
were dehydrated with PVS2 for 30 min prior to a plunge
into LN Encapsulation-dehydration' Embryos were encap-
sulated with 3% sodwum algmate solution and dehydrated
by exposure to a sterile air flow before being frozen in LN

Fig. 4. Plant regeneration from cryopreserved zygotic embryos of
herbaceous peony. A . Zygotic embryo 1 seed of her-
baceous peony, B Germmation from the encapsulated
embryos after cryopreservation, C . Plants recovered from
cryopreserved embryos at 50 days after culture, D Plant
transplanted 1n pot

Therefore, 1t 15, important to emphasize that, in order to
achieve the highest survival of cryopreserved embryos, the
optimum desiccation condition should be carefully deter-
mined before any apphcation (Wang et al., 2000)

In particular, vitrification 18 the most widely used tech-
nique. It enables the cryopreservation of the shoot tips, mer-
1stems, and embryogenic tissues of many plants. Using this
technique, high concentrations of dimethylsulfoxide, glyc-
erol, and ethylene glycol are neccessary to achieve sufficient
dehydration of matenals. For example, a representative vit-
rification solution, PVS2, contains the above chemucals at
15% (w/v), 30% (w/v), and 15 (w/v), respectively (Sakai ef
al., 1990). These chemicals must be washed out or consider-
ably diluted after rewarming the cryopreserved materials to
eliminate their toxic effect (Hirata et al., 2002). On the other
hand, the encapsulation-dehydration technique is more sut-
able for the cryopreservation of embryos 1n comparison with
the vitrification technique; the washing step after rewarming
can be eliminated because no toxic chemicals are used. The
main advantages of the encapsulation-dehydration protocol
are an easier mantpulation of organs by alginate embedding,
storage of large number of delicate explant (shoot tips,
embryos, meristems, callus, and pollen), direct protection of
embryos during dehydration, higher regrowth of cryopre-
served embryos, and an efficient cryopreservation of differ-
ent vaneties (Paul ef al., 2000).

In conclusion, desiccation for 1h under a laminar flow cab-
inet enhanced survival of cryopreserved zygotic embryos.
Survival of embryos after cryopreservation by encapsulation-
dehydration (85%) was greater than by desiccation (71%)
and vitrification (65%). Thus, the encapsulation-dehydration
appears to be a potentially valuable cryogenic protocol for
cryopreservation of peony germplasm.
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