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The survival rates of strawberry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1”) shoot tip explants precul-

tured on different MS media (sucrose concentrations: 0.1, 0.2, 0.3, and 0.4 M) for 14 d. Vertical bars indicate standard

error (n = 3).
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Fig. 2. The shoot tip explants of strawberry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1”) after immerged in dif-

ferent loading solutions (LS) for 90 min and then cultured for 14 d. (A) LS 0.6 M; (B) LS 0.8 M; (C) LS 1.0 M; (D)
LS 1.2M; (E) LS 1.4 M; (F) LS 1.6 M. (Scale bar = 1 mm)
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Fig. 3. The survival rates of strawberry (Fragaria % ananassa Duch. cv. ‘Taoyuan No.I”) shoot tip explants after

treated with Plant Vitrification Solution 2 (PVS2) for different time period (60, 120, 180, and 240 min). Vertical bars
indicate standard error (n = 3).
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Table 1. Effects of different volumes of Plant Vitrification Solution 2 (PVS2) on cryotube and rewarming time

on the regeneration rate of strawberry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1’) shoot tip explants after im-
merged into liquid nitrogen for 1 h”.

1)

PVS2 volume/ Shoot tip explants regeneration rate (%)

Cryotube (mL) RW60s” RW90s RW120s
0.3 80.0+£0.0 a" 70.0+21.6a 60.0+14.1a
0.5 633+4.7b 567+ 4.7a 567+ 94a
1.0 60.0+0.0b 533+ 94a 46.7+125a

“ The shoot tip explants were precultured on MS medium for 14 d, and then pretreated with LS 1.6 M for 90 min and PVS2 for 60
min before immerged into LN (-196°C). MS medium: MS basal salts + 102.6 g L' sucrose + 0.8% Difco agar, pH = 5.8. LS 1.6 M:
MS basal salts + 184.18 g L™ glycerol + 547.2 g L™ sucrose, pH = 5.8. PVS2: MS basal salts + 136.8 g L™ sucrose + 30% glycerol
+ 15% ethylene glycol + 15% dimethyl-sufoxide, pH = 5.8.

Y RW60s: cryotubes with shoot tip explants were rapidly rewarming in a water bath at 38°C for 60 s.

* Means followed by the same letter in the same column are not significantly different at 5% level by Fisher’s protected least signifi-
cance difference (LSD) test (n = 3).
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Fig. 4. The plantlet of strawberry (Fragaria X ananassa Duch. cv. “Taoyuan No.1”) after shoot tip cryopreserved in
liquid nitrogen for 1 h and then recovered by growth and subculture for 6 mo. (Scale bar = 1 cm)
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{Plantlets cultured in field

I
%

Plantlet cultured in vitro

Shoot segments without
leaves preculture

14 d at 21°C, 38 pmol-m2-s'' PPFD
MS medium + 0.3 M sucrose + 0.8% agar

- )

Subculture

2-3 m at 21°C, 38 pmol'-m2's-' PPFD,
and cultured on MS medium + 0.2 mg/L
BA + 0.1 M sucrose + 0.8% agar

S —
@@ 0 0 ©

Recovery growth

1d at 25°C dark room, MS medium + 30
gL sucrose + 0.2 mg-L-1 BA + 1.0 g-L-t
PVP + 3.0 g-L AC + 0.8% agar

Rewarming

60 sec in 38°C warm water

R

Washing

MS medium contain 1.2~ 1.0 - 0.4 and
0.2 M sucrose, respectively

Each washing time: 10 min

ETEEE

Cryopreservation of Strawberry Shoot Tips

Apical buds preculture

—) —

Shoot tips in beads
solution

MS inorganic components
without CaCl, + 0.4 M
sucrose + 2% Na-alginate

Each apical bud volume: 1-2 mm?

3dat21°C, 38 pmol'm2s-* PPFD
MS medium + 0.3 M sucrose + 0.8% agar

Encapsulation

5 min at 25C
MS medium + 0.4 M
sucrose + 0.1M CaCl,

Cryopreservation

PVS2 volume: 0.3 mL/ cryotube
Atleast 1 h in -196°C liquid nitrogen

PVS2 dehydration <

60 min at 25'C, MS medium + 0.4 M
sucrose + 30% glycerol + 15% ethylene
glycol + 15% Dimethyl Sulfoxide

LS osmoprotection
90 min at 25°C, MS medium
+1.6 Msucrose +2 M
glycerol

5. (B | BE) ST SRS B Y R -

Fig. 5. Flow chart of the cryopreservation method of strawberry (Fragaria x ananassa Duch. cv. ‘Taoyuan No.1”)

shoot tip explants.
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Study on the Cryopreservation of Non-cold Hardening
Fragaria x ananassa Duch. Shoot Tips

Yih-Juh Shiau"" and Guan-Wen Chen®

Abstract

Shiau, Y. J. and G. W. Chen. 2014. Study on the cryopreservation of non-cold hardening
Fragaria x ananassa Duch. shoot tips. J. Taiwan Agric. Res. 63(1):57-67.

Strawberry (Fragaria x ananassa Duch.) is a high economic value perennial crop. It belongs to
the Rosaceae family and is distributed in more than 70 countries. Therefore, the research on long-term
storage of germplasm is important. The major objective of this study was to establish an optimum
cryopreservation method of non-cold hardening Fragaria x ananassa Duch. cv. ‘Taoyuan No.1’. The
results obtained on pretreatment of explants prior to plunge into liquid nitrogen (LN) were as follows:
(1) The survival rate of shoot tips (1-2 mm®) was 100% when explants precultured on MS basal me-
dium supplemented with 0.3 M sucrose for 14 d. (2) To increase sucrose levels from 0.6 M to 1.6 M
in loading solution (LS) and then osmoprotected for 90 min, the survival rate of shoot tips remained
100%. (3) Survival rate of shoot tips achieved 96.7% + 4.7% when treated with Plant Vitrification
Solution 2 (PVS2) dehydration for 60 min. This percentage was significantly higher than treatments
of PVS2 dehydration for 180 min (60.0% + 14.1%) and 240 min (46.7% + 17.0%). After PVS2 dehy-
dration treatment, 10 shoot tip beads with 0.3 mL fresh PVS2 were transferred to a 2 mL cryotube and
then plunged directly into LN for at least 1 h. After storage in LN, cryotubes were rapidly rewarmed in a
water bath at 38°C for 30 s. The final average regeneration rate of shoot tip beads (80%) was achieved
after subcultured for 14 d. These research results appear promising for establishing and simplifying
cryopreservation procedure of strawberry.

Key words: Fragaria x ananassa Duch., Cryopreservation, Loading solution, Osmoprotection, Plant
Vitrification Solution 2.
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