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Optimization Conditions for Cryopreservation of Potentilla discolor Bunge
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Abstract: This study was conducted to investigate the effective cryopreservation condition of Potentilla discolor
Bunge, a rare native plant. Seed viability was more than 80% in PVS2 and PVS3 solution treatments. Seed viability
was higher in PVS3 than PVS2 treatment. Seed viability was lower than control in spite of sucrose pretreatment. The
germination rate was 95% at 60 min of PVS2 treatment and 30 min of PVS3 treatment but the germination rate was
low at other treatments. The growth of the seedling wasn't doing that of the control except for treat PVS2 and PVS3
solution for 30 min. There was no statistically significant difference between the encapsulation method and the
vitrification method in the seedling growth between the two cryogenic storage methods. This study is expected to
be applied to future conservation methods of Potentilla discolor.
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Ao %2 WA sl Fio] 9lof o), 5,
EY, 3td 5ol oFgE Hel= fAA=E AREEHA
ChPark et al, 2007). 3+ 37412 20| o5t &
WA Fe BFNE FUUBLCOOR BRI Yot
(Korea National Arboretum, 2009).

FARYE A4 BT} o] HEHQ Fgo] of
o] Aok st thEEY FALAL TAk] AR e o]
HEHD Uk o3t HEYHS BEX], e5d, ¥ &
oA W FAVE Bashy, HEH AES 2 AE
20} W&o o) &x|o] Qlrtk(Barrientos-Priego et
al, 1992). E3F Fx10] 2 S AApgol A%
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5 kst Q9lof o8l AAE ti(Seaton and Hailes, 1989;
Pritchard et al., 1999). ZL&{1} o]t AFZ ol X%
Hip RS A o] @ atE|a AT A7)
E7Fsstt ol2d wAIAES sEst] flsto] FAE
A7 HES 4 e HRoR fAAde AR da
(-196 )4 =A 25 AREHO| AAHo R de] o]&
T3 Qlti(Rajametov et al., 2014). o]u] o AR =Fof A
AEO Y7 B TA T& AAIE L WollA of
o 93] glo] fHHoR HyEe] dFHoR wE
1 QJth(Ahn and Sakai, 1994; Niino et al., 1992; Sakai
and Kobayashi, 1990; Stanwood and Bass, 1981; Choi et
al. 2000). 2ALEARENE A2A ARAL 5
A BrdTAReE 1A, B AAL M) o 4 9
on, 74 Hsh} WEe WAl $iao] g Ao o
A 1th(Panis, 2008; Kaviani, 2011; Engelmann, 2004;
Engelmann, 2012; Benson, 2008).

ZA LS AR ZEHL vitrificaiton§(Sakai et al., 1990),
encapsulation(Gonzalez-Arnao and Engelmann, 2006),
Zrouk-e-- G 2|3l (Pawlowska and  Szewczyk-Taranek,
2014)0] 2 &4z B ®Ho|t) Vitrification -2 52
HoA A & 5447 WHe=, 7hdstal A st
o 7pA wo] o]gx 1 QltH(Galdiano et al., 2012).
Encapsulation®]-2 ©] 23t vitrificationt] 2 7|¥FS. & 1
=X FAEEY F SR d4ibdso R AskE
Hes ol &sto] Al o3 S HAstY] A=
J =22 7}57 Stth(Engelmann, 1991).

E3] AEx2 9 9 Az tigh vizido] theFate
ZAHE 7|9 gl st A4
Zb o 4o gt 21S Sgee A
sty UL B dA FA A7) HE
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(196 CyollA] HEE7] Hof| 7 225 AHE HE A
2] 3}¢iTh ol X|+= MS(Murashige and Skoog, 1962) 7]
HHIRE ARE-SFL T, agars 371817 Aol pHE 5.8=
243k T, HjoFe 2561 Col 4 AAISHcE,

2. X =X oIzt "ot

FAL] A WAL H7I87] 9l5te] oftd Az
glo] AR A 20 0, 30, 60, 180, 24057} B E3e] 2}
o] g AL txFE HHWhof AZ|FHA
a4 Col| #ge Tl &es 2Abshelch

O

3. Vitrification ZX2SZAEEH

Vitrification 24252 £H-2 Hu et al.(2013)9] W
& ok Wigste] ALgetith EW AE FAL
loading-8-H(2M glycerol+0.4M sucrose+MS)o] 3027+ 3
A5tAck. 1 5 loading&S A|AT 3 PVS2(30%
glycerol + 15% ethylene glycol + 15% DMSO + 0.4M
sucrose MS)2} PVS3(50% glycerol + 50% sucrose + MS)
o]l 0, 10, 20, 30, 607t Z+7F A 2|s}¢it). TLe]al cryovial
o ol -196C Aol 308 Fok Helstork. ol
=539 AlFA vitrification solution: A3t &, unloading
£-9(1.2M sucrose MS)o]| 1027+ % 2]3}it} Unloading
BN AAT Folli= MSHiR|of| FAE A/sHeich

F7H o R AAH L A7 wE ZpolE FobH
AR PVS20f| 304 A2 5, AAEAe] 04, 304, 14]
Zh 3A1ZE 39, 153 ZF A Ao Bt 5 Ao AL
gokleh 22 A 4ol Hesta] ¢k 4T &
FAE MSH{A|of] R|/dsRaL, o] % FA Zrela dols

)

4. Encapsulation ZX2SZHEHEH

Encapsulation Z=#|-2&FZAXEH-2 Flachsland et al.
(2000)9] W ot WP slo] ARSI s FA
= 3% alginate?} 0.1M sucrose MS HAJulj x| o] €11 30&
7+ WHSE 3 0.1M CaClL2} 0.1M sucrose’} gH3-E1 MS
A Ao Hojw] A7 3-5mmo| beadE WHESRITh
Bead= 545 0]8351o] Al&As} a1, 0.75M sucrose”}
£ MS AR 0, 1,2, 3, 6, 1247h8 2 Al
shelch. HelE bead 24A7FESH AR A7) T,
eryovialo] ol -196T el d ol 3087 Aelelelc,
N W aof A 7AW beadi= 37-40Cofl A F&3)%5 5, MS
v Aj ol 248 3iTt.

E3F A AL B wE WIS WEsr] flsho]
AHE 0.75M sucrose MS HXuf x| o A] 2417 A A2
, Aeslste] HA o] Pal 0&, 30+, 1A17F, 34

Job o
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Table 1. Low temperature storage sensitivity test on liquid nitrogen of P. discolor Bunge seeds.

Storage time (min) 0 30

60 180 240

TTC stainability 99.240.80"

58.92:+0.55"

33.54+0.21° 0+0° 0+0°

* Values are means of 5 replicates£SD. Values with different letters within the columns indicate statistical differences at the 5% levels

by Duncan’s multiple range test

5. M2 X2|E BXt & ZA

242 AeE F4 TY A= TIC 235
triphenyltetrazolium chloride)H-& A}8-3} 1 th(Porter et al.,
1947). HFAZ T4 &9 A= ZF A2 HE Petri
disho]] 2= 30g4] SHHE o 2 85t o TTC(2,3,5-
triphenyltetrazolium chloride) 1% 8o 3 F<F 30-
WCOIA AA A7 F BR5E BAS A T T B0
of JAREE AR B,

6. X2 Xalgl Exio Lol ZA}
e e
olsto] 2 XAt 1%
U Wt A 48 ZASC AA 3 SR
dhole] 7iA|4=2] WE-8 2 Hrol-8(germination rate %)<
AT 3k FApe] drol S0 W Waputolal
Z*(Mean germination time: MGT), ¥rol<& = (Mean daily
germination: MDG), Tso(Days to reach at 50% seed
germination)2 OFf 4l o]-gsko] A4lstA:

MGT =3 (TixNi) / N
(Ti: A} T 2AFAZ Ni: 2A

N, & dob)

bR et 4

MDG =N/T

(N ok 45 T & 24 999
TS0 = Ti + [(N + 1) / 2 - Ni) / (Ni - Nj)]x(Ti - Tj)

(N: Wopzat FAU7IA 9] F Wobs; Ni: Noj| gl 50%
A7 O Fdtobs Nj: Nojl et 50% 25714 9] &
grolgs Ti: Ni AlE7HA] 408 Wolr] 7k Tj: Nj A7}
A AQ¥ dolr|zh

7. ZX2X2|E SXIZEE] LOolEl AlSX|Q| AE =AL
MAE A BE 7|zt w2 AeA Y fio] A
T2 A 9Ete] AL HE 0]F £0Fx|Zo] %

8. HIO|E{ 24

BE AR $2 3094 SukEo R WS, BE o
o) Dunewn®] THEAAEE Bl BRI Aole] &
o4E folhs % AReIATY. F
version 9.3 (SAS Institute Inc., Cary, NC, USA)E ©|-&3}
o] AAIE Ik

Zal o pEt

= = =

1. ZM2SZAEEH WE Xt &3 =AL

SEAZE FAY 2AL ‘:"7 3= B7hshr] ffsl AE
S X3yt A= Table 13 2o}, 27] E2lat v]wstg]
o ) Al Ao ArE WA Gacks AFS B
ot} 180+ o A ste ul FAF &eo] ehd3] §l
oS & 4 Ak wheEbA SRS Aol W
e o 4= e, o]F vitrification I} encapsulation
HS ol 248 AFS A

Vitrification ]2 T2 H 34|91 PVS29} PVS3 S22
HE, ® A2 AP FA &S ARSI tH(Figure 1).
z2210] o gizLoA oF 60%= 7 WA YERt
= ®PH U] PVS2¢} PVS3 8ol Ao A= oF

80%0°]F o2 AN 2 &S Hry F 89 1+ A
o] ggo Autx o= PVS3ZF PVS2 HelHt} &4 U
BT PVS3A 2] Lo A FALe] el PVS29f de] A
ZAIZHE 2 B3t 292 2ok :zaiq PVS2E 108
Ao A 7MY =2 = HEW S
A 7 EA e

ZAZFARESY 84S
vitirificaition-8-¢H 9] ygz} S
(Ferrari et al., 2016). £
PVS2¢} PVS3 ] A7t tgi A2 o At
Y=t o]+ vitirificaition 89 FFo) WE HEUAE
Aot ZA4o gt vhgo] thE7] ‘IH% JTHKim et al.
2009). &FAZEe| TAEE
EA4 Y E= PVS3= 602 A7} 1—1%%‘ A E?l“f}.

. 602 A 2]
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Figure. 1. Effects of seed vitality according to PVS solutions
and treatment time. Bars are means of 5 replicates+SD. The
control seeds were incubated at 4°C without treatment with

liquid nitrogen.
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Figure. 2. Seed vitality according to treatment time of
sucrose pretreated at encapsulation method. Bars are means
of 5 replicates+SD. The control seeds were incubated at

4°C without treatment with liquid nitrogen.

Table 2. Effect of vitrification and encapsulation, and storage duration on TTC stainability and germination rate, fresh weight of

P. discolor Bunge.

Treatment LN storage time TTC stainability (%) Germination rate (%) Fresh weight (g)
Control Omin 89.46+1.01" 83.3£16.6 0.502+0.03
30min 89.09+0.97" 72.33+14.68 0.574+0.013"

1hr 83.00+1.22%° 89.00+11.00 0.589+0.048°

o 3hr 86.70+2.51% 80.67+9.94 0.230+0.001"
Vitrification b .
3day 87.80+1.71 78.00+11.00 0.572+0.018

Iweek 80.4043.52% 80.67+9.94 0.248+0.006°

Imonth 77.69+0.93° 72.33+2.67 0.339+0.008%

30min 48.40+1.60° 75.00+14.43 0.136+0.010"

1hr 43.20+0.92% 41.50421.00 0.136+0.009"

4 3hr 44.52+5.55% 55.67429.42 0.116£0.006°
Encapsulation & b
3day 45.002.09 43.25422.89 0.105+0.005

1week 40.30+0.73° 54.25+8.14 0.143+0.002°

Imonth 32.9443 45 42.50420.29 0.086+0.001°

* Values are means of 5 replicates+SD. Values with different letters within the columns indicate statistical differences at the 5% levels
by Duncan’s multiple range test. The control seeds were incubated at 4°C without treatment with liquid nitrogen.

Encapsulation®}] o] A sucrose A g|o] W& FX}9 3t &40 2 RE AE MEE BEele FAZ 59E
22 ZASH th(Figure 2). $A19] 82 sucrose §- 1513 cH(Seijo, 2000). o] 3t 715 Qo= AL AlE A
A tf2Trol A oF 60%E HTRE GO HHH sucrose 2] ol o] Fa3t WAIA HE-Z 517| = gtk vhde| g
HE Aol 20% ulwke] FA} &Eo] yEryiT L7t 2255 AEY w3 8T 4 e ol A
ol W2 AP Aol A sucrose A e|= 2A2FHE 2o et 3F oA =84 Fol FA =W A=l

T Al FAY AEA Y] BEE w0l AoR Hilgo
O (Matsumoto et al., 1994; Kuranuki and Sakai
1995), & AGATol A= sucrose A 2|7} o] FO|2|A]
U2 2ol A 7MY w2 E& H Y=, ©]+= sucrose
A7 oA Lo RALHENAE £x} Felof &
Aol AFE 7tAeR AL Aoz wobETh

S84 Aeko AlEoly| ook g3l 2| A=T}o] AF
T Zg 59] 93k T Hal olgt A2 AEF AR 9l

34 A vl 2 SIckMa ct al, 2009). 2 A7
A sucrose A 2| w2 FAE o] Rt A8t
AL sucrose?] &0 gFASla A £9] FAlS A5
AL AFRQE 535 ol R4A RS S Ao
L

Vitrification®] ¥} Encapsulationt] &2 A 2|d F2&
A Pwo] W BE A7) e FA0 BAL x
A3 tH(Table 1). Vitrification *2|¥H ] 29 o=+
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oF vlaL shele wf 3U7tA= FAF & o] vt gl
Aef o] ol 10% Hr Haste A& AT
AL, BEVE 15U} 45 59| Fjol= A4 ¢
Xk ]

t}. W o) Encapsulation B 9] 79 dj = te}
il 221 g8 _l;l_o:hq.

2. ZN2EEE FXte| wot

SAEZA}] PVS29} PVS39] H|A|7te] wE FA
hol-2-S A8 th(Figrue 3 and 4). 22 AHRYELS
2] A9 95% o e Wokas Hof F3low, A
2]9t9] A9 PVS39] 3024 oA 95%9] wolgS K
Ak olele) AejFtol M= dizatol Hste] FA} ot
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Figure 3. Germination rate of seeds according to treatment time
of freeze protection agents PVS2 and PVS3. Bars are means
of 5 replicates+SD. The control seeds were incubated at 4°C
without treatment with liquid nitrogen.

A107H A3E (2018)

&2 Uro) EAF O R §o)3t xlo]E Ho|XE&= ok
ok $AREA Hel7h hRLHE e Wolg S Mol
= 7/4\% SARSAS AN A= ARl 2ls)
A EM 27 g3)E 2] fEQl AS = HITtk(Niino et
al,, 1992). mebs] Ao 242 HflE a5 ¢
A= 2o FERIAL} AT F8T o=
2ol

Encapsulationf] 0.2 A5 FA} Wolg2 u]¢- 2
UERT) Sucrose A A 2]t Wrolrl o] Foix]z] e
e SRl 4= AU wheba] SR 2 A0l A
= Encapsulation®o] ZHAZ & Aoz IutETh
Sucrose A gof] W2 AL HEE £X9] A&}

A & o o -:::m 4;‘:‘4« SR
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Figure 4. Seed gemmination and seedling growth of P. discolor
Bunge in each treatment. Germination was measured 1 week
after incubation in MS basal medium and seedling growth
was measured 4 weeks after germination in MS basal medium.
A: Encapsulation and B: Vitrification.

Table. 3. Effect of vitrification and encapsulation, and storage duration on Mean germination time, Germination rate, T50 of P.

discolor Bunge.

Mean germination

Treatment LN storage time time (day) Germination energy Tso

Control Omin 22.02+0.63 1.31+0.27 23.76+0.52

30min 21.00+0.25 1.17+0.30 22.39+0.20

lhr 21.07+0.45 1.42+0.10 22.95+0.25

o . 3hr 21.70+0.17 1.19+0.11 23.06+0.24
Vitrification

3day 21.83+0.47 1.18+0.04 23.69+0.20

1week 21.80+0.36 1.18+0.04 23.224+0.28

Imonth 21.17+0.58 1.15+0.14 22.85+0.46

30min 21.43+0.43 1.22+0.20 23.10+0.22

1hr 22.27+0.94 0.62+0.18 24.56+0.47

. 3hr 21.10+0.46 0.90+0.24 22.78+0.93
Encapsulation

3day 20.83+0.84 0.68+0.14 23.25+0.78

1week 21.77+0.55 0.84+0.15 24.424+0.10

Imonth 21.93+0.09 0.65+0.23 23.534+0.90

* Values are means of 5 replicatestSD. The control seeds were incubated at 4°C without treatment with liquid nitrogen.
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Wobg AsHs AR AEd o] o] WolA 47l
Aow gerE mAol ZIeld 247 oFet opA
Ao Aoo FARE Fo Wobgo] We Ao| &

A o]t (Schéfer-Menuhr, 1997). Gt d1}41E21 Vanda

tricolor®] A& RWZEF FA}9] dlolg2 ALl %
Zare] wolgo] uls) Wolxlckn Wis|olzct
(Jitsopakul et al., 2012).

A AL BE AZE ol wskE xRt
(Table 1). Vitrification'§ ¥} Encapsulationy] =% A&
HE 7|7ko] Aojd S Wokgo| Hadhs A B
o, sAHLRE Fo4o] §lThp=0.518, p>0.05).
Batdold el ok, Te|al TS0S AR Aite
2ot AR EAREA S AR A1) $AA =
$olo]gt Afo] 2 Hol ) QIolThTable 3). o]zt 235
2 AR AS 3 Vitrification® 1} Encapsulationt]
o] FA}e] rotof] F FIFS FA| Fa= Yulst, o=

ZAEEE| o]l & # See HAE

3. ZN2SZ Yo TE FRe 4¥
HA AL HE 73] mhE fHo] A
ATHTable 1). T 7[A] 2ALEHAHE
o A]&= encapsulation®] 0] vitrification]
Bt gEeko] =7 Ugron, Vitrification A3t
2] fio] AL AR dA BE A7) AojA4T
k7t A Z3AA T 2 2polE e R OFC,{,EE]- FA L
HEHS Eg) dloly] 9HL 2AoRE 3
A7} BREA] ok, el Wo) E?‘} oz
A FdthFigure 4). 2A2HEH FAREE o
fEE gET fRsk Aolst glol PHHOR A%
shelm, R ARl it 2Rz oR
28 Bk 0 wolol Zpso] Az, uef e

—’,\— S i (Engelmann, 2011), 24|
23t PAl= 52 5 Ao
& oe v 5 olrka waE
al., 1995; Michalak et al., 2013).
HFHALE FAY 2ALHZEO = vitrificationH o]
encapsulation 2T} T &-89°] =4 e} Vitrification
HE 54 AEE E0]3L, Al 9 FERAES AR BE
g 4 Qe Ao A A Qti(Fahy et al., 1984; Langis
et al., 1989; Sakai et al., 1990). 3t T&% Q] £oFx| &
o) ZALUEO loading BT F& JHE 1T
Ao 2 FAEC] Loading -£M-2 vitrification 8-28of H|
3 HE e r o] 33ER JLAEe] 9Jom, o|#3t

Q) tHEngelmann et

ﬂd
_m
2
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loading -§-H-2 Al&9] FARA| A7} Q&= Ao=Z
A 9t Gonzalez-Amao et al., 2008). Z|Zx o7 £
OFA| L 229 AL H o= A3 2A2HY =Z
HoA o] A4 w29 A8, FFAE ABE a4l

YU F PotfA 2 F4 B 27 FH 5 A
2|2 mgtol] oJgt Q1A Ee A AT =4 wsfel
Ae #5 A9 aEn 2 A7 e 2AL 71t Y
B gor 2ALRES] At B ool A7] 242
HE 2R PR FAE 7] BHE A7 87
"k 2 A ok Ak BEo] de A8d
A& Ao wodn

paus r_&
1A
v
il
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