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Abstract Somatic embryogenesis is as an excellent technology
for potential use in plant mass production, germplasm
conservation, or genetic engineering. We examined the
effect of cold storage using 3 embryogenic callus lines with
different levels of embryogenesis competence derived from
immature zygotic embryo cultures of Kalopanax setemlobus.
Somatic embryo induction, germination and plant conversion
were evaluated after 1, 3 and 6 months storage at 4°C in the
dark. Most cold-stored embryogenic calli formed somatic
embryos normally even after 6 months; however, the induction
rate was gradually decreased by increasing the storage
period. The most competent line tended to show a slight
decline in somatic embryo induction rate, as compared with
other lines after cold storage. In general, cold storage
resulted in reduced somatic embryo germination and plant
regeneration, although 93% somatic embryo germination
and 91% plant conversion were achieved regardless of the
storage period. Cold storage led to cell browning and
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degradation. Additionally, the cell structures were confirmed
by the aceto-carmine and evans blue dye evaluation.
Collectively, our results showed that embryogenic callus of
K. septemlobus could be preserved at 4°C without subculture
for 6 months, and suggested the need for storage of relatively
more competent embryogenic calli lines to support somatic
embryo induction.

Keywords Cold storage, Embryogenic callus, Somatic
embryo germination, Kalopanax setemlobus, Plant conversion

Hgo 2ol 54 cell lined] §7 % BEL
999l jof m2ESe] Shgliuk ohet chebat § %)
29 FH 9 BAO =HoA £ Q3chH(Martinez et al.
2003). A4 S 9IS AXAHT 2AAH V&
2 Ahx A (Lambardi et al. 2000; Pennycooke et al. 2000;
Xu et al. 2002), ZH 2~(An et al. 2003), A A Zvj(Ford et al.
2000; Shiota et al. 1999) 5 | E =2 T} A EoA A
TF7F 43 = o] Fth(Sheng-Hui et al. 2008; Teresa et al.
2008).

URFA Ql A2 A2 2= 9] 1~9°Co A2ofA 4=
5l =1], AFUEF(Kim et al. 1986), 7]$](Monette 1986),
ZZ 25 (Moon et al. 1987) 5ol A RHILE Itk A4
7H ol A& Q1 A7) A A B ol x|k of ] 1A A
8 a2 2R o) A a5
H]-&o| u] & v]#}(Park and Chae
1993), @& H¥k Al *1]5594 AL Fol Al AEZO &4
5 A7t A4 4 o= T o] Qlth(Richard et al. 1991).
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AE fARY RE2S AT W iFA= WS o
gk HjoF7l&o] A8 AEuttt Q5= A7t
T2 7] &0 Ag3l= 7|4 E3F th 2 th(Beatrice et al.
1993). Beatrice et al. (1993)2 Z A= 7/ LoA Z2A =
1~ 2\ 7bA] A o mAom A2A4o] I asirt
1! 314 oo, Banerjee et al. (1985)2 2F=of Q7 A
A EOA 15~20°CE 2L 5 Wo] AAAA| 9 E& O
B AZA %] 7hsstthal skqieh A s 5 7 ujek
A AAGLE A2 2= 5~15°CY 27 A
e & i (Augereau et al. 1986; Caruso et al. 1987) 7] 4 Q]
Adujef ez gt L A, A Y] 7133k JA, <
8] 5 ANk 227w 9 Ao 7hed AAle] e A
o2 BT QIthCaruso et al. 1987; Engelmann 1991; Withers
1991; Maurizio et al. 2013). Hiraoka and Kodama (1984)&= 4]
E AlxZs 27140 Aduges A4 Hol7l £F
TEEL, o3t WolE FAas}slr] {3 A4 o
7b Baskch shelek

Mingliang et al. (2011)-2 manilagrass2] vj2F 8 2 21-& A
BEC A%E ol antel AYs f4 9 AHd
o] 7hsde R i151% 0™, Hiraoka and Kodama (1984)
= Bupleurum falcatum®] BRI 2 A& 13 oA} A4
N PERER PR PEEE ST
. el HEFOTOR! HIARAE AT o

;(] ol—.Q_ 67H

Ul/‘ﬂﬂé} 01]*1 HH F2EE 26°C°1W 4°CE Z4sto] 45
2He) A 715 8~20F 7HA] AT 4 Sk
S} %t} El-Ashry et al. (2013)+= Phoenix dactylifera L.o|| A
gAY 22 9] A& ZK5°C) &3S K 11519 11, Kulkarni
and Ganapathi (2009)+= Musa spp.o| A Hlj =AY 2= 2] 8°Coj
A 478 7 Ay glo] dE wiFoR fAEE B
Tkt
S U (Kalopanax septemlobus Koidz.) = F5UF2}of
Sohe d9RY 120 SAE B2 g % 4
2 o] 85X §ubslk 4=Zo]thMoon et al. 2008). & Lo
L ojg] 279 Saponin Y AIE}F B o] B35 AL(Shao
et al. 1990; Porzel et al. 1992), 8} E]Z(Choi et al. 2002a, b),
S e (Park et al. 1998), 39 =A(Kim et al. 2002; Lee
et al. 2001) 59 org]d el a¥r} R Eo] AFA el =
Hol Ao} o] & 7Hsd& 2A st ok |y 24
i FS 718t A A2 f=o o3 EkE4] At
7} 4238 = 1 S L (Moon et al. 2002, 2005, 2008, 2015), ujj <t
A A Aol A2A %o I3 At oA 7] S E A
3t
SR 2 uj kA 9] Eoko]All g HA o] XY A
710 g0l R EE R wjFAE D71 A2A st
Aokt A4 A GAI7]ol B AARRITHH FujE
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A g v)<E2F 2 EE Moon et al. (2005, 2008)2] HH o
2 =kl thFig. 6A). Wi A= 15715 =55
=8 ZFolA Az sl MY £ Al EZF(ZE
10), HEOQl N ELA(ZE 6), 7H AZd AEZZE 15)9]
N AEZFE 2 Aol ARE-SHTE aidh Ay e 20 A
ZF-& MSHJ| A (Murashige and Skoog 1962)0] 1.0 mg/L 2,4-D,
1 g/L L-glutamine, 4% sucroseS 713}l 0.3% gelrite= 7
sfsto] ARE-SFGITE oF 0.5 g&f viAY e AE 138 AF
(90 x 15 mm, SPL, Korea)ol] Z}Z} platings}o] 3571 Hj
% 3 gUBOR Ustol 410400 WA A& A
A8} 4t} Petri-dish= 37} 4 &2 x%ﬂé]—g{i 1, W& zpoh
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MM EH ==
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F71Ho 2 Btk A2 T 10 platesZ 3¥HE o2
A& slgich wjoke L(ljuHAH aﬂJJrE(FL 40D, 40W, OSRAM)
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1l 2] (2% sucrose, 0.3% gelrite H7HE AFE-3}A 1L, Yo
A& Yl 1.0 mg/ll GAs 2] &2 7|2 A& A
o 472 e % Bels) Aok Adol HAE A
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1WA AAE 2F 5 em Atk o] A EH S wER A}
Hepo| E7} EFHE AFE(L:1, viv)ol o] A]8ke] %=3}stlth
AEE Yo AHE-g ZubAE ARK50 x 30 em)ofl 23 &
AES YYA A <82 29 20 pmol m” 5™
(16X 7F B37)), L& 25£2°C 82 FA|3}HGITh 43 Fof A
TeS 2AEHH

AT 2k

AR 71 7ko| W2 A A(ZE 10)E 1.6% paraformaldehyde,
2.5% glutaraldehyde, 0.05M phosphate buffer® A ¥ 114
ool pH 68, 24~ 48417 5ot WA A7 LA,
5= 30%, 50%, 70%, 80%, 90%, 95%, 100%, 100% of &t
=2 AR JAAN =, 7 dAnt &0l 37] F
o eEHA GEE AE|ES o83 AL HAE
ot 1 th2 60 cmHg, 302 59 AFAEZ W5, A
oA 3A7 Eek AR A A 2E T2 Ethyl alcohol
: Infiltration sol. (500 ml Liquid Hardener I + 5 g activator)=
21, 111, 122 WAIFE & 2 chA| b} 4°Co 4 2447t 5
oF X 2]5} k. 3= Technovit 7100 (kulzer)S AR&3}o]
Infiltration sol. 15 ml + Hardner 1 ml& ©]-&3} 7 3IA|ZTh
AARS olo] A 2 E(LEICA RM2165, Wetzlar, Germany).2-
23um ARG VE g Ao AU sefo|=2
2o B 2ol & JMEF T 0.1% Periodic acid A 4
of 30, Schiff’'s FAHof 30, 0.05% TBO FM Mo 25
=+ AN = AAEn sholl A ksl

A7 PER o 50 mge] ATAZE 1002 Seo|= 2
Gro] £ &, 42 grm WA BHRD 1%
SAEATE 3 A% Hojmel s dst)
e 4E WL £z 7 hAshaL, of 13 o AXo]
S ol 12 MS AR A1, of 71l 005t

A=A
e S 53 WhHEsko] Ftghah #E5H 2K meantSD)
£ FA5F9 L BA B4 SPSS & 13(SPSS Inc., Chicago,

USA)S AF8-319 21 Duncan TF57 % (DMRT) 9 t-test
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j=i
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37 M| EZ(ZE 6, ZE 10, ZE 15) vk 2] A 0] #-&A
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Aot ol 2Rl AL A2AR 717ko] dojA A SE
FEgo] fasts AFE HoH, Haeg2 HEF
upef o2 A YRk uAy o] 7HY 9k d ZE 10 A
ERL g R725°0)0) &) 171Y o= oF 18.8%, 371
4 Fol = 29.9%, 674 Follt= 47.7% ZAF L) ol
o A BE o vt 59 ZE 6 A 2EF A% F-AFSH
A Ve 1719 S0 32.0%, 371 Bof|= 37.8%, 67)
Y Fo| 578% 2 ZAE Q) 3hHE wjEd A So] 1R A
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Fig. 1 Somatic embryo induction from 3 low temperature (4°C)-
stored embryogenic callus lines of Kalopanax septemlobus (ZE
10 — most competent EC line, ZE 6 — average competent EC
line, ZE 15 — least competent EC line)
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Kim and Park (2002)2 4315 s AHAE 4°Co 40
A7 A Aap Hropr| 7ol Aol Hs 15 H=
A A% 1 Hrol-8-2 95%0]| A 88% 2 7rAFtrial dho] H
B Y

A 5 7IW W FA Y A2A S AE] ot o)
2 tt=2 A R Ec) Souza et al. (2011)& Citrus sinensis ]

HE R A 4°Cof| A 4527 A2 A4 g & A A vl
o] oo} A& a5} 1, Park et al. (1993)-& Mentha

viridis L.2] ZAHAE 5°CQ} 10°Cof| A 57]L7F A As 4
5T A Az A2 thad A Yo, YE&S
03] =olHrta stk Mingliang et al. (2011)< 4°C
2 A-2A A= manilagrass A AR 0 AEA YL o
2T05°0)% skl BAFH O, ARYAEE 11
ME7IA] et A o2 GA =t B 15}gith El-Ashry
et al. (2013)2 & 719] Phoenix dactylifera L.&% 2] vjj&-AY
27 AeA A 578 2R A 1T o] 7Hsst
], Zych et al. (2005)-> Rhodiola kirirowii®] 743} Ho}
W A 0] A 2A oA 4°Coll A 6, 11, 1557 vijok4
T} ek 7] 7bol| whet fofo] dheho] 100%, 83% X 33% &
27t pame BENYD, Belrt 123 A% Fof
100% =71 827} 7F53A 9 3~ 63 o= 95 ~99%2]
7| =7t 7hee AdE ESl

Park et al. (1993)2 Mentha vzrldlst MY AL 25°Co) A

409 o B ILAFSEGIAL A-2(S, 10°C)of A= 1504 7}
A 50% o] o] e ATt *E—éﬂﬁqf’— shoich & A9
o A 37 A2 v A AE 4°Col|l A 1Azt A%
Soll= AAZu7E FEEA kot on, s (25°C)
A AN AR Aol A Ao ZAste) A HAt
ARSI TH(data v A A]). kA SUbE B A e A9
HEL A2 %ol dastm oo Aufo|A HojE A
A9 ARE WAL 4°C)E o] §-5to] 671E H e Aol
Asd Ao Az,
SE 2ot 3 A=A T
AeAE iy A Az RE AJAYE o HYP~27)A
HF o AMEZE HEZ Tob 9 A EA YIS AF
3t Ay} Fig. 2,3 1183 6 DO} Zoh dof&& x4
0] A& %ol wlsf v A 25F o ZE 102 95.6%,
ZE 62 92.1%, ZE 15 92.6% = A|Z 9| 31}7:]]“0] =2

—_~

E%A ZiiXW 717P°l 7‘011113“1
FE& BPoUY oL M EF AL 91%
&g Bt sl 7} £

Fo= Wi 943%2] AU
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E 102 67H%_ XP(P

Hol vt ZE 63} ZE 15%= 89.1%, 89.9% = ThA Z+A S}
ok GA; A 2lof whg A& A aabe vl A=
% A0 HE Aol 24
H A A 2] o] A2 A S AA| 2zuf o] Hrotet A<,
_wz 4B e BBAY Ao BuHT Yk
Corredoira et al. (2003)-2 European chestnut®] | A|3Zuj&
4°C A2AFoz W& 41%7HA] S7FAIZLAL, Teresa
et al. (2008) Quercus robur®) AN EZH|E 4°C A-2A%
oz mo]-go] 27].5104 ol,} Al 2 ;q] ;(HAH =i AHX]—O 7{_,]
a7t gloickar sFgich Merkle et al. (2003)S Liguidambar
styraciffua®] A ZHE AE2 A-LA2(8°C)7F A&
Aol A7t gllo A AEA o Hedds &
ZAgtchal s4glth. ®3F Common ash (Capuana et al. 2007)2}¢
MRS A A M) o] A1 A Aol A & A4 HEC)o]
A 3}+A 0] 9] © 1w (Corredoira et al. 2003; Andrade and Merkle
2005), Jayasankar et al. (2001)2 E =5 0] SEE 4°Cof A
671 A& Al AEA AYE] 2%, 1271Y AR
Al 95% 2 SFALE| QS-S R sttt o] @3t A A Zul 2
AR o] whE ot W AEA A A= Q. suber

-{N 2

o Z}EFo) A X 1% ¢t Manzanera et al. 1993; Gar01a-
WCont. W GA,
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Fig. 2 Frequency of somatic embryo germination using torpedo
stage SEs regenerated from cold-stored EC lines of Kalopanax
septemlobus
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Fig. 3 Comparison of plant conversion rate using SEs derived
from cold-stored EC lines of Kalopanax septemlobus
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Martin et al. 2001; Mauri and Manzanera 2004). 23} 2 6 &
AeARE Sube WA 2Ho)A ANZN S5 9
A S d2tol] v f= W=7} tha HojA]
I AAZ o] Al Aol 23 Ak Y 4Q
Utk ¢rom thekgt uih Al 249 A2A G e Al
A wEee 47 AR A5eE wel Felr

Aoz AE oF 5 emZolof o HEAE ¢
FEO &7 =3t 23k Fig 49F 6 E9F 2. 45

ot oK

Survival rate (%)

Storage period

Fig. 4 Comparison of soil survival rate using plantlets regenerated
from 3 cold-stored EC lines of Kalopanax septemlobus

o] HEEL 2 Hlg| thah Wotouy, AlEgo] whet
88~90%2] AEEL Bt} o] e A= GAH R A
e AEA o X = FARSHA B ik wekA] S uREe]
A2AE vy A AZEE QAE AEA Y ¢=3h&

<= 90% Hel= YeERHa 2 ol §lo] &3tE ik

5ol 7MY EUE ZE 10 Al23E AR R A4

A2 m Al 29 B 0= Fig. 59F 2ok U
of Ml kA Bej Al SAL wekoln], 1 7
2 A E=1|(Moon et al. 2008; Park
et al. 2011) WA 2 M= BlW A FA7E 279 A
Aoz A2 ghEo] SRkt B2 A (amyloplasts)
= 7HR e (Fig. 5A, A-1), obA|E7}lof ZstA wh-G-s)
o] H2 ME o= Ao 2 e THFig. 5A-2). Luciano et
al. (2012)2 Byrsonima intermedia®] 782 2] ufjoFof A uf
WSS Shohults e AMEZNLA $Eof Faalvl,
OFA| E7FRII} o ikA SR ot Zhe Thekel A 7w = Al
Z7ko] & Aol & ¥ 4= ok Wi A& 7R cell
= oM E7HIe) AF5HA RESeke] A2 HEA S vrEbd
thar shgich o] &F fAkRl A kg9 AitEoldraucaria
angustifolia (Steiner et al. 2005), Coffea arabica (Gatica-Arias
et al. 2008), Carica papaya L. (M. Munhoz et al. 2008)9] 4]

O' |
o
U
o
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Fig. 5 Embryogenic cell types and morphological observation of Kalopanax septemlobus after cold storage (4°C). A, B, C and D
designate the stored callus after 0, 1, 3 and 6 months, respectively. A, Al, A2 and the other series designate cell histology or staining

response with aceto-carmine and Evans-blue
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Fig. 6 Somatic embryogenesis and plantlets regeneration of Kalopanax septemlobus. (A) Embryogenic calli induced from immature
seed, (B) Torpedo stage somatic embryos in normal culture room, (C) Torpedo stage somatic embryos regenerated from cold-stored
embryogenic calli for 6 months at 4°C, (D) Normally converted plantlets from (C), (E) acclimatized plants of the (D) in greenhouse

condition

HaE Qi
ghd A2 A %Ei < AZE 7ol w2 st
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