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Abstract The repeated monthly or weekly subculture of
plant callus is labor intensive and increases the risk of
somaclonal variation from the parental callus line. The most
effective method for preserving plant callus is cryo-
preservation, which involves storage in liquid nitrogen.
However, this method cannot be applied to the callus of
different plant species in the same manner, so it is difficult to
develop a standardized cryopreservation method. In
addition, the survival rate of the frozen callus after thawing
and the regeneration rate after survival are uncertain.
Therefore, it is necessary to develop a method to extend the
subculture interval of plant callus in an active state. In this
study, active plant calli of various species without freezing
was incubated at 15°C for 4 to 12 weeks without subculture.
After 12 weeks, 8 lines of plant callus grew less than 2-fold
when cultured at 25°C, but at least 2 times as much when
cultured at 15°C. Moreover, total antioxidant activity did not
differ significantly between plant callus recovered at 25°C
after culturing at 15°C or at 25°C. These results show that the
subculture interval can be extended at a temperature of 15°C
without need for modified medium composition or additional
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processes. In addition, positive results in all calli of several
plant species are expected to reduce labor as well as somaclonal
variation by increasing the subculture.
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Recovery, Antioxidant activity
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AEE 0 A7 B AR 4 TRUOR A
ik :l_ﬂj_phenohcs alkaloids, saponins, terpenes, lipids-5 2]
23 Y AAFE & oo, 4% H71E W 3hgEY UR
& g AR E o] 2] 2L QITH(Eibl et al. 2018). 5FA T 5 A
/\]—ﬁ oﬂ 9,]6]— EX—] /K] = .,] /\-]EHPH ;(HHH §]—7:]_§>_O:I 7]3;21:5@.
2 sl A= Ao thFAd > AL Qle. ofof gk o
Qto & AT Al EA o) 7] o] TR QIO o] =5
Al e oA AE A E, 24 9 7|3 afFste] 3 =
= HE Y7100 2 AE FollA = AETe A& 22F thAT
20| A4 715 e BEE Pl B 4 Ak AL
A a1 Q) ch(Efferth 2019; Eibl et al. 2018; Krasteva et al. 2021).
o] 4FA) 2| Bl } S41 3L Ao £ T 2 4%
S 2ROl 242 E5}o] g I (dedifferentiation) F 7 & A
(callus) 2 W B = Al EA)| 32 0] & 8- =3 4= ¢] TH(Chai et al.
2011; Feher 2019; Sugimoto et al. 2011). ©] 2|3t A A= 24
of kel A4 g Foto] et 4B A 2 h A st
A ZIAY &= m] &3t A 2] 2 2HA| & v oFsto] A EA U
& oA A HE & BATSHE 4 0 7 AE-E 7] T gkt &
L Jeong etal. (2020)0]] o]} E= O] AHAE 0] &35}0] L=
9] 88 22} thAFAHE <l resveratrol 1} vinifering AY AFStchH=
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Table 1 List of calli

KCTC No. Name Korean Name Source Culture conditions  Culture Media
PC4282 Paeonia lactiflora Z}oF Immature embryo 25°C. Dark MSI1D
PC4289 llex serrata SAS Zygotic embryo 25°C. Dark MS1D
PC4298 Trichosanthes kirilowii =3 Leaf 25°C. Dark MS1D
PC4306 Hibiscus mutabilis Ha Petiole 25°C. Dark MSI1D
PC4319 Capsicum annuum akxg)7} Hypocotyl 25°C. Dark MSI1D
PC4321 Capsicum annuum a3z g7} Leaf 25°C. Dark MS1D
PC4334 Commelina communis Hog= Hypocotyl 25°C. Dark MS1D
PC4340 Ajuga multiflora ZNYE Leaf 25°C. Dark MSID

Harof ofof AzAZujfE o] &3to] paclitaxel, shikonin, — =F & 2R Hol B2 A& B A S thRe 45
rosmarinic acid, artemisinin, ginsenoside 5= AJAFol+= A L7} ag&el Ho] & = itk B3t FEARZE A EF9 35
A& o7 B Q) th(Georgiew et al. 2009; Motolinia- 3T 3| E A 7o AA T AQ E| = ALt Wol =2 B Wi
Alcéntara et al. 2021). £ 3] paclitaxel 2] 7 -$- FDA 5912 2H& Nk A a1 ] o] of T A}g}o| T

AR o 1 ton O] 40l AAPEIO] AT 9T, Docetaxel, T4 AFE|] A% A 2 50] w7] 9 %7 Achulef m e
rosmarinic acid, berberins, shikonin -5-0] 4] EA| ZujF& o] 8 - A AAE AHEsto] A 1HE & S7HAIZE 4= Q)
Stof Ahsh A o =2 o AAto] B E AL Qlth(Motolina- Tk Wl F 5 4372 A A5 W O 2 1= abscisic acid 9 22
Alcantaraetal. 2021). o] 2|3t A1 & 22 v F2- 7| 2 et WAy A& 2 WA S H7FetA Y ©HA YR sucrose F 25 F57
2 54 Foboll 4 FaT 7|42 £20 T ek mannitol 2} -8 41 214 £70.& Wl w4 o] Wbk

Al A A 22} AR 9] F 3t A 2 4

N2 SEERS
7)3h, wre o] o8 aFe Wtk A 0 2 Abgs
7| $I%H A SR WD, oy Hel TED el sg T

£357] AL 94T A2 GEE FASHA N 1]
By 9 HET Fasjch Ak AubE o2 25°C 4
HloFso 47 4w o] uteh 2~ 47 217 0 2 At opg A

3y gtch(Murthy et al. 2014). 3} A|RF X521 Q1 Ao &2 =
ZwjjoFol| A drAEF 4 3}§ G4 2 32l somaclonal
variationg OF7| A| A e A A 5222 th ARAHE O] A A
FE AL QLo somaclonal variation & £0]= A
= A A9 A A o] §of glof ofF F 8.5} TH(Motolinia-
Alcéntara et al. 2021Murthy et al. 2014). 0] & 8| 23} 7] 9|3t &
IHA Q1 W 2 X & QEY B HLA| 2 9] A vl F 714 9] S
7V ol A g Fo] HolE F4stsh= Aol
At 1t & F7HA 7= B o A2 o g H
717k whet o2t AlfueF 18-S g S7HA 7=
7MY WU AA AL o] 83 2 A2 FEHEES
Hzudo] otk dA 2 7] A BAZFE 24L&
FAHEYHSO| HilEo] glov HEA Y FF Y 54
H}H
O ">
o
AN

(fo ofm

it

zro) ot B4 U R EH 0w 48

i

HEH HE ZRESE o) AghA otk 7t

4ol % EUT Fo 1€ 2, A 2 4 o) g
A, A O] G2, 23 AR O] 72 whetba] A EE
Xﬂ_,] FH7t et £ Qe Aoz HuFET Qth(Kulus
2019; Nausch and Buyel 2021). t}9F3t EA] 9] A EA| E 0]
He 4 de ARe N TR E RO e Be v 83

O

iy

i o] Q] th(Vidyagina and Shestibratov 2018). T35t $ &
Aot o= A2 @ A 2] 22 phosphate S A| 2H2T HY
A, 2.9, A EA S AL L FAADE Fotel 48 2
2| 2 o] Al ek 1HA & 37 ol A 67 7 SR 7=
A7} A3 = A th(Augereau et al. 1986; Boisson et al. 2012;

Guo et al. 2013; Moriguchi et al.1988). 3} x| 9k T L & 0] AL E
237} 54 A A EFE Ao 2 B ATl ol
v} % o] TRobR AR AIERO) 44 T 5 Qe WS ol

HaE Bpglck
2 Aol A=A 24 MSglo] 22 E S F3f LA
HESHEHOR S~ 12 F

B A] Aol Al A A A9
7 HES e

3
15°Co A A BH E5E BT

Aol ALSE BN EFE BRABHATY ABA
QAN E] o A B-OF uEO. zHOK(PC4282), UrAFE(PC4289), B
E} 2] (PC4298), E--£-(PC4306), 1+3Z 2] 7H(PC4319, PC4321), Bt

O (PC4334), 7\ E(PCA340)5 AHESHSIT AlE A
B2 §12 7] 222 0 ) obl 2] 2 Table 10] 4 215}
c}, EoF uko Al EA| 32 3= 1 mg/L 9] 2,4-dichlorophenoxyacetic
acid (2,4 D)%} 4 g/L 9] gelite7} 3 $He] MSH| X] (Murashige and
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Table 2 Weight (in grams) of callus after appropriate time at the specified temperature
25°C 15°C
Callus 4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks
Z}oF PC4282 5.38 £ 0.79 432 + 0.92 3.79 + 0.62 270 + 0.84 436 + 0.75 3.88 + 0.43
UANS PC4289 1590 + 3.88 10.79 + 0.89  7.94 + 1.51 436 + 1.49 1023 + 1.90  8.98 + 1.80
3H=Ehe] PC4298 9.65 + 0.71 8.40 + 0.81 7.67 £ 1.20 2.74 + 045 3.77 £ 0.61 3.99 £ 145
He PC4306 741 £ 1.97 9.59 + 1.19 8.51 + 0.98 1.10 + 0.23 1.59 + 0.86 1.53 £ 0.79
u}z a7} PC4319 2.95 £ 0.76 481 = 1.11 5.73 £ 0.25 0.80 + 0.09 0.96 + 0.18 1.08 £ 0.32
u}az g7} PC4321 8.19 + 1.68 12.18 £ 1.58  10.09 + 222  0.87 + 0.04 1.21 £ 0.25 0.83 + 0.07
HoE PC4334 11.05 £ 2.17 10.79 = 0.64 10.22 + 3.52 1.84 + 0.19 3.28 + 0.71 2.76 + 0.66
ZMUE PC4340 13.88 = 1.37 11.20 £ 1.28 8.50 = 0.89 590 £ 1.24 9.40 + 1.65 8.84 + 1.02
Skoog 1962)0]] 25= ZtA 0. = Afulfste] F4 & Ao IHE= SIS TE 20°C A F2 35 ago B
AF-g-sh T Hou2~ 37H%ﬂ HEA WA 7} 14 == A e Zelsk it

M2 2E A

2]3}o] 1 plateo] oF 1.8 g9

- o = ]

A AHA02 gAY 2)E 2 A T 25°C] 132 71 vl oFa)
of @ 7 2 A Ao A2 Sl AT o] 4
= Y A5 25°Ce}H15°Co]| Kok 45, 85, 12TT*éXoP
=TT ST ; SFRATE =34, 8, 125 5t

o 2 A2 A shol 25CoN 4
& 33000k o 2
ol Agst o 7}
715 59 e AHo0] 18 s

DPPH radical 27 &4

DPPH assay+= Sachett et al. (2021)2] ]2 o]-&5} 5 th. 80%

HEhES o] &5te] FANRH A& B LA FEES
%2 5 100ug® 2=} 100 uM DPPH & & 1 A] 7} Hh-3-
A7l & 517nmspectroph0tometerﬁ Abgelo] S E =4

5} T}, 3FAFSS2 inhibition %2 AlAF & o) 2 H(25°C 43
Aeaf )k 15°C 27 of A 838 125 v OF - 25°Cof| A 45
7r 3| Bkt MESS] A o8 2

(data not shown).

Sl AdE g o= of 2] YA F 15°C 2ol A A=A
F70] B )22 50lak7] 9)5o] 2HokPCas2), s
E}2)(PCA298), UHALE{(PCA289), H-8{(PCA306), 13 2] 7HPCA319,
PC4321), S| AFE(PC4334), 2 7| LHE(PCA340) A 2] A2 7F
15°C, 25°Col| B3t & A& s qlet. 25°Col| 4] A A
O] 7S 4= vl Al 2| = A A F-A of] vl s &4
3 2 7HPC4319) 2.958] of| A Ffj YAFZ(PC4289) 15.94] =
F7reton, As FREE 2 Aol5 HAlrh §&
(PC4306)1} 3 2] 7H(PC4319, PC4321) 0] 2] o] A A= ]
OF 4520)| 7}AF =& biomassE K § 0.1 855, 12529]| A mass
} gasts ARS ot REPC06T ez}
(PC4319, PC4321)A 2 8%20] 7hs =2 biomassS 2 gt}
(Table 2).

15°Co]| A 2] 2~ 0] 472 Z A| 2] © & 25°Ce]| v 3f| A 3
& Qleh 45271 vl o Al A2 T2 2] 7H(PC4319) ] 24 0.80HY
o A 27| HE(PC4340) 2|t} 5.9u = F7}stgl o tf
O] Ao 2= v oF 85 Z ) 10.23uj(H3) = 7MY =&
biomassS X ¢t} F-&(PC4306)} 1} 2] 7HPC4319, PC4321)

785~ 15°C ulj oF =71 0| 4| biomass+= 24} 1] T+e] A2 H 3
Om U 2] A A= 30 o] o A4S Btk 2= &
AZE A A 0) sty e Qo) uha 2] 7H(PC4321)
=25°C 249 A 15°Co) vl 3] Z o} 108} o] A} biomass =7}
7F B E QAL AFOR(PCA282) 7 H/F-5(PC4289) 9] - 0.5
vl =] 9] biomass X}o] & X &t}

A2 AEo A Adfste Fa3t 89 5 sl
o} A2(0 ~ 15°C) 27 o A Al &2 Al 5 A t(wilting), # 3}
(chlorosis), T) A{necrosis) &4ro] U oJdthRuelland and Zachowski
2010). o] 2|3t A Al L2 W3 A H 9] 24 WSt E
Ao 7| A7|7F =EA] A EL £A E th(Theocharis et al.
2012). spARE & ALY Ayfof A 15°C A2 M=
25°Co]| Bl 3ff Af| 32 9] Ad A2 .58 ~ 10} 7F2] 2ol 7k LhA| gk
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Table 3 Weight (in grams) of callus after 4 weeks of recovery culture following indicated storage conditions

Recovery at 25°C after incubation

Callus 25°C 15°C

4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks

ZpoF PC4282 3.9 £ 047 1.09 £ 043 0.9 £ 0.01 3.97 £ 0.81 3.33 £ 0.27 2.43 £ 0.23

HAS PC4289 1.34 = 0.71 0.42 + 0.02 0.48 + 0.06 8.26 + 3.78 4.46 + 231 2.17 £ 0.16

Sh=Er PC4298 7.62 + 0.94 1.85 £ 0.39 1.13 + 0.04 8.7 + 0.81 528 + 1.34 2.15 £ 0.63

78 PC4306 10.19 + 1.64 1£1 1.05 £ 0.18 11.04 + 3.44 1049 = 1 10.25 + 0.66

a7} PC4319 26 £ 0.3 1.67 £ 0.67 1.75 £ 0.46 2.51 £ 0.28 3.99 + 0.81 3.06 + 0.98

bl Pgs PC4321 6.58 + 0.74 1.44 £ 0.34 0.92 + 0.09 3.02 + 0.98 498 £ 2.15 297 £ 1.64

SoAE PC4334 6.77 £ 1.15 2.98 £ 0.75 0.87 £ 0.17 8.26 + 1.43 3.5 £2.23 256 + 14

ZNYE PC4340 15.8 + 2.35 1 +1 0.77 + 0.04 1532 + 1.84 825 + 1 6.75 £ 2.92

BEAYATHISCA R 011*15 Z| i biomass= 2 A ol FA F7HE HAH

A A A S7eke Ae Eelek it o= 15°C & Aol A 15°Col A o7 A& A AE 237 BE
Az o] 42 AAsht 2~ 37H°J7H e e ol 7hede FASATh o2t 7] HEo] Am A
Ao A8 IAAIA oS BelETh old AL AE  7h ANE BARF] nNE GFS Aok w93l
Aol ohc Aol 7t 9le A0 ol pshel o] S BHelshe A DPPH radical 27%5-& o 63 gH4ks Wk ZAsHc,
ol dad Jor o 22 25°ColA] 45 HjkRt AAE ARSI
15°Coll Al 85, 125 Wl §f $- 25°Cofl A 457k S Bl Ao~
AlE A 3= £ v 15} 4 th. DPPH radical 4~ 7 5-& YAFS(PC4289) 2

7|£2 RHZFQ AP A HE 25 9] 25°Ce} A& 27 15°C9
A 4,8, 1277 Bk W] AS ThA] 242t A eko] W
25°Co|| A 45271 3] &5} o] &59f M3HE 125} G th(Table
3). RLOE = 45 5 25°Col A Al et AHAE
AHE-8E ST 25°C2} 15°C 2710 A 427t 2T Be| A s
8FF L% 25°C 3| & Z Ao A 2uf) o]AF2] biomass 57}E
Holnf e) X 3] & o] gl E ¢lrt. }A| Tt 25°Cof A] 85
vj ok A] Z-OK(PC4282), 315 E} 2| (PC4298), 1L 2] 7}(PC4319,
PC4321), Fo A-&(PC4334) 57)) Al 2Fqto| 2 = A tjst A
2l A Hop fA7F S7heke B o] Bk 1% $YAE
(PC4334)4k oF 3ufj o] FA| A& B gl o, Lpw 2] 771 ] 74
2] 2z 2uf m|vhe] A W3S B e} 125 i F 3 25°Co]
A B A 79 s EF2(PC4298), H--&-(PC4306), 2} 2]
7HPC4319) 37 A& A0k % A ) 3 78 2] A 0] ] 3} biomass
7t 7 E = RS Zlskelom 28) o] 49 biomass7} 57}
£ B A A T e A ookt 15°Co) A 8527t HH RS
25°Cof| Al 4271 3] ERt M) A= 87 A & R 2 7] A
o} 3ulf o]k S718El om 125 vl QF & 25°Col A 4527F
e A A e 27 g Bk 2u) o] F FHE Helth &
5] F-8-(PC4306)> 125 B GF & 25°Cof| A 4527t 3] 55 74
A= 2 7] v oFA] BT}k 10u)] o] Ak biomass7} 571815 2.
ZINUE(PC4340)-2 64 o]A), T 2] 7HPC4319)2] 75 3H]

20| A o 25-of] ] 3] 8= ulj oF &S] =5l e Lof A oF 1.5
o S7ksk gl e, Shs ek 2] (PCA298)of A o 2-of H]3f 12
T oF & 3l A Aof A 3ul O] F7HE H I o] & A
Q] SFAL 15°Co) A 855, 1252 0f| A bl QF - 25°Cofl A 45271 3] &
A Ao 2t A A7} Zo] & Hol X O}OPE}(Fig 1)
Aol A Al Ao A0 Bk St At g 1HE &
TN 7= AL Wl Ao A A =5 it) Augereau et al
(1986)°) W= C.roseus, V. Tl houarsill C. Arabica 2% =2
15°Cof| A 47§ L 7F HEo] 7hset A& gl shglow 24
LEARE gk tiete® 7\1%011*1 AEE A A7)
WRjo] W A A0 HEo fejd Aolekal A|¢k 53l
t}. Boisson et al. (2012)-2 Arabidopsis cell suspension culture©]|
4] phosphate free Bl X] o] 4] 5°C wlj % A] 67 L 7F AJ = AL 3] &
o] 7hseE dlekqleh E3F FH S (sycamore) 2}
Arabidopsis 2] cell suspension cultureA] 22°C}. t} 5°C 27 o]
Al oF Sulj 7heE o] Abax(0,)0] 29 Mol FolEE A
sholsolet. o] e gt A A Lo 4 552 ofo] ZolSH
A e 2] Aol Fractn AR RO R Adulof 1AL
59 5 982 AR B Al 4 BT 9] el 2o

A JHEA HjoF &= 9] 25°C Bt} A& 2791 15°C 2 A9

/‘_] 74]1’41 H%”J EZHHOﬂ}\_] 3HH7]'0 = e‘/l\‘c)’u]\% EO#E
08 RO W20 H 4T 5 YL AL B FT
ot
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15 2 4 2
PC4282 PC4289, 3.5 | PC4298 PC4306
15 - 3 - T1 15 - ;
11 25 -
1 - 2 - 1 -
0.5 - 1.5 1
0.5 - 1 - 0.5 -
05 4
0 - 0 0 0 -
4W 8W 12W AW 8W 12W 4W 8W 12W 4W 8W 12W
15 15 15 15
PC4319 PC4321 PC4334 PC4340
1 4 * % *k 1 4 4 *ok * % 1 - ok * %k
05 4 0.5 - 0.5 A 0.5 -
0. 0 0 0 4
AW 8W 12W 4W 8W 12W AW 8W 12W 4W 8W 12W

Fig. 1 DPPH radical scavenging activity of control (4 weeks interval subculture) and test plant callus lines recovered at 25°C after
8 or 12 weeks of 15°C culture. All experiment were performed in triplicate. Data are expressed as mean + SD. Asterisks indicate
a significant difference between control and recovery lines at *p < 0.05, **p < 0.01 by LSD test
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