iRk (Korean J. Medicinal Crop Sci.) 28(5) : 339 — 346 (2020) ISSN(Print)  1225-9306
ISSN(Online) 2288-0186 chec \e\
http://www.medicinalcrop.org oty e CEIED
http://dx.doi.org/10.7783/KIMCS.2020.28.5.339

Mz SUHO| RS ¢l 2N ORI =AE

HTEY - SHEE - B}  OME! - O[S - QTS =TT - OjdE* -
10,7 1

a7

°
N
~
™

Gamma-ray Irradiation on Radio Sensitivity in Cnidium officinale Makino
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ABSTRACT
Received: 2020 June 11 Background: Cnidium officinale Makino have been used in traditional medicine in Northeast
1st Revised: 2020 July 16 Asia. Although gamma-ray mutagenesis has been used to develop breeding resources with novel

2nd Revised: 2020 September 3
3rd Revised: 2020 September 29
Accepted: 2020 September 29

characteristics, research on the radiation sensitivity of C. officinale Makino is limited. Hence, the
optimal gamma-ray dosage for mutation breeding in C. officinale Makino was investigated.
Methods and Results: Seedstocks were exposed to doses of gamma rays (5 Gy - 50 Gy), and sub-
This is an open access article ~ sequently planted in a greenhouse. After 30 days of sowing, the survival rates and growth
distributed under the terms of the ~ decreased rapidly at doses above 20 Gy, while all individuals died at 50 Gy. The median lethal dose
Creative Commons Attribution  (LDs) was 25.65 Gy, and the median reduction doses (RDs) for plant height, number of stems,
Non-Commercial License (http://  and fresh weight were 12.81, 9.32, and 23.26 Gy, respectively. Post-irradiation levels of malondial-
creativecommons.org/licenses/  dehyde (MDA), peroxidase (POD), and chlorophyll in the aerial parts of the plant were quantified
by-nc/3.0) Wh'c,hlperm'ts d‘fnr?gt”?ted using spectrophotometry. Relative to the controls, the levels of MDA and POD increased, while the
Zr?g_g)pr?orgircct:?)nljisneén;sze;i?;/ level of chlorophyll decreased at doses > 10 Gy, indicating cellular damage.

provided the original work is properh; 1S{m;{lclusions: A dose of 20 Gy was found to be optimal for mutation breeding in C. officinale
cited. aKino.
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HRE - sl - 1EE - OIYE - OlNE - 2Tl - HED - 0RS - FAP| - UNE - 2T - ZAS - SR
M oA et al, 2003; Sung et al, 2013). AAMZF M, Aldle] A
&3 WEE T2 AAsht AS2APE olFAY B
g AFE3 (Apiaceae)®] T 22 HE2 =, T AE flsiM AskeHd Ws), DNA &34% 5= AR
=, A ALGEE F83%F ofxjolH, SEvtlAE A o] &893 Ut} (Yamaguchi er al, 2009; Cveji¢ et dl,

T (Cnidium officinale Makino)®} Z=3-3 (Ligusticum
chuanxiong Hort.)?] He]&71E8 U2 Ee e & dx
A& o]4-git} (MFDS, 2008). Hg-2 koA sl (A
%), AANER (Fakin), AR (W), B2t (T
i) & TheFet Al FdAoI} (Hiiig) s L-8HTt
(Kim et al, 2012).

A F9 ferulic acid, zligustilide,
senkyunolide A, chlorogenic acid 5°] 2™ (Baek et al.,
2016), %5 (Peng et al., 2009), N1&3} F1H (Lee et al,
2002), &4t} (Jeong et al, 2009), & (Cheng et al.,
2008), HAARF (Back er al, 2003)52] &7} BHIE o]
ATt

U s E AeH TS 2 AT EXT
o7 RS, FEo]l w1 T2 Al A dHTE o
At E7 A AskaL Atk (Kim ef al, 2012). -] A
v 5402 i 7]eo] 30T oldos Suprbd efal (k)
Aol AaiAl vehtr] wiiel] A FES] 3% Hrolxrt A
Wi7F 7hsst AR QY T G LA AHA FAHA]
7F A=) ot (Kim et al, 2012; RDA, 2014; Nam et
al., 2020).

U AL 20149% 71 99 haollA] 712 & FEel
o FarF AEHo® Frsle] 2018 71 116 ha ol
1,014 E7pA] Aatsrt S7181960 (MAFRA, 2019). 12u
Text Azl okgk B4 0 Qs A 75 WHo] 7had
3L 9L, Bgo] Thsek SAESC] flo] Al eHAAES e
al7] 913 $-FEL TNl AlES Agelth

A FAEYLE T2 HF ARt 7hse g
2 ZZol, S ko] wig- Wlekgh A oltt (Park,
1998; Park et al, 2004; Choi et al., 2005; Song et al.,
2009). EAHO] SFHL IRkl RIekst 2l FA)
Zo| §-83M (Sidrak and Suess, 1973; Shikazono et al,
1998; Misra et al, 2003), DEZ< Wl SFH Hwste]
oo 9 SRR §A9280) Aol JVsal TR
FRe A2xA7 230 A8 wma golg
(Kimura and Ohta, 1971; Sidrak and Suess, 1973; Misra
et al, 2003).

EQHo] §5) ol gHE Holo] fuon: 24 §
W91 M, 3R, olenl, FAA 53 st ol
YO 2 ethyl methanesulfonate (EMS), ethyleneimine (EI)
5o ALET glon, EdolNe A7) A EWe] fE
sig A9 A% 2 A2 swel Pyol Baslth (Misra

Fo AEome

Al

Ol

s
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2011; Kang et al, 2013; Abdullah et al., 2018).

WAPd S Astets el ez IS 7IAEt
(Celik er al., 2011), 2J&=o] BAPdol] &= A=A W 4+
2EA7} E4d4HAF (reactive oxygen species; ROS)CZE X
gejo] st 9 IAMS frdsln, ROSEFE 3]&3t7] 9)a)
ket ksl B2 AYAREITE (Wada et al, 1998; Im et
al., 2018). malondialdehyde (MDA)$} Peroxidase (POD)=
olelst ROSS YL SRt HBAS YA o3
4 2He Je BEY 5 e adelth Kim e dl,
2015; Oladosu et al., 2016; Im et al., 2018), T4 F=4
AEAe] SAREH 2 g T3 QLo FH

L

(Vina unguiculate) & 2FEolAE WAL o] o] =4
o] 7R A7 EAls = sl ARk o R = WARA

=
o w2E 420 sl W VAR s) 4t (El-Beliagi

et al, 2011).

B AT APl ool e Ad F 271 4

SEAF sl sl Fole] Bl o] Wad 4

B S ek, Bde] $5¢ Bale Ao §

FES WL N9 2R BESA ST,
Mz %

1. Al ME Y MSTAL

2 A AME Ase AR 83 sl g A
(Cnidium officinale Makino)®] &% ©|-83l5 ). WA A
g d=dxE AT Feabd A4 (Korea Atomic
Energy Reserach Institute, Advance Radiation Technology
Institute, Jeongeup, Korea)2] 7w (“°Co) A9l A2l Al
AollA 0, 5, 10, 20, 30, 50 Gyo] AMZFe= 30 7|A] A =
st Y8 4E (Hongnong No.1, Hongnongjongmyo,
Pyeongtack, Korea)Z % th3 sHE (50 cm x 30 cm)ol]
15 cm 7HA0® iz 9 7 Mg 20 7HA A 3 3] W
Esto] Flsielnh. AsAks AR + 30 o A 24, 7T,
WA TS S

2. ‘dsist x| =H|

Aot Ws B2 g8 2 Azpas e A2 )

Ask vlzrel 9 A4 F 20 DAl Aske] 0T £
Asle WAl nasta o ARE APa] A4 o
bz wws) siich



3. Malondialdehyde Z&

A Hist FEE S48 $18te] MDA (malondi-
aldehyde) 342 Zhang 5 (2011)2] Oﬂ%% Hyg st 4
stk " AEE STelA 30 & 59 1.5 mb 10%
trichloroacetic acid (TCA)Z w33 5 A&E Z35HA
vortexingdlZ, 4C, 10,000 x gollA] 20 & F<t 44 Hajs}
o Fede FHste LS £ 0.67% 2-thiobabituric
acidZ} £33 & 95TCoA] 30 & =<t 7138kt

71EE AEE AN 5 B Bk Wk & AES
10,000 x goll A 4T, 5 -Er Bt A4 s *J%% =k
o BFEA A4S AAIEIITE MDA FEe vlo|A2 Y
o|E ¥4 %A (Epoch, BioTek Inc., Winooski, VT, USA)
= ARE3l] 450 nm, 532 nm 2 600 nm oA o] EHEE =
sttt

-

st g4 g4 53

gakst g4 2] SHS flE EE AEE 12 ml 9
02 M OJ*%‘E 2kl (pH 7.8+0.1 mM EDTA)IA &2
3} o] 4ColA 10,000 rpmoZ 20 & Fo YA E
< %}5“% kst 34 24 S8 ARSSIdIT) 7HeAE &
w3z Bradford "' (Bradford, 1976y ARE-3sle] 2
A=At Peroxidase (POD) &2 Kim 5 (2012)¢] =
= &3t SAEU

>

5. ¢i=40| =X

JEL2E Ni 5 (2009)°] WHES WP st SA A &
HE NEE %]'ﬁ\ﬁ]*i 4CE A8 oIE (80%)°2 +F
Aslste] A dEA wlo|ARE FYolE 3 FEA
(Bio Tek Instruments Inc., Winooski, VT, USA)Z =7d35}o]
603 nm, 645 nm B 663 nme] M FE=2I FFS AL
=

6. SAHEA

FA #4 A= SAS Enterprise Guide 4.2 (Statistical
analysis system, SAS Inc., Cray, NC, USAYS A}83le] &
Asta, 3 HkEs A9 E b]-E}lH %t} Duncan’s Multiple
Range Test (DMRD)Z F25E 5% (p < 0.05)°14 #2134
il X}O]E A5k

XA} (LDsy) 2 RDsy (median reduction dose) A1 3F

7“’] 73240 A7 3] S 3] AEA] (simple linear
regression analysisys ©]8-3t FAFA 2™, SPSS Ver. 25
£ olgslte] Z}7e] 3] elM ATl tiet felds A
A g A, BF FAFCE Folaitt (p < 0.05).

7} PA} Age] ARAT RY)y= BAFTS 0967, BEE
L 0923, 2L 0.748 18] 3L 73 0.766 ©|T).

2n o o
1. Mg SHTAL

. 2] 30 A F HF (Cnidium officinale Makino)
o 7] S5 Aolot AEES AR A (Table 1
and Fig. 1), & AR Aol A=A, 24, 715 9
AT et H]E’-@]@] 7ashs Aol At

WHEX]AL (LDsg) A2 25.65 Gy o™ (Fig. 2), AHE3}
ol WE (Centella aszatzca) T 7wpd AEste] veRd
WAL A 20-60 Gyob SARIATH (Moghaddam ef dl.,
2011). 53] 20 Gy ol/de] Ad=kellA 9} Hlaste] 55
gk A5 Asl B AR el velsttr Al WAL e
Fgoz FASA S B AT Yehte dadEF
(threshold dose)>.Z FA =™ (Orford, 1995; Ryu et al.,
2016), B (Daucus carota) BIFA ol Zebd-S Aglsle] 20
Gy ol A=l Az &3t 24 #si| Aot fAFsS
t} (AL-Safadi and Simon, 1990).

50 Gy olde] Ade A= AM = AlxdAo] ==
3L B A=, o)A H AEAE 4A ol
o] Wabdo] AMelEH o] EalEHA AAEE 944
of ¢l w7t A &S FEshA ®vk (Nair and
Netrawali, 1979; Wada er al., 1998). o= FZolL} &EA|
of A WARIS AMFste] Ag ARlE =50] Hlaot of
U =t AYIYR (Cymbidium spp.) WA AR S
Z2ste] 300 Gy ool Aol 7|#Es vepd 23
(Ryu ef al., 2013)9} H]aste] WAL thgk 7Hr/do] A
3] wo FFo 7 FokEL

g 279t 5 Gy-10 Gy 7P A Atelol] A&
AAFS] ol zto] (p<0.05)7F YEREA] @4%kom, o=
A T 70% olds 2HAshs T2 Aol BE AF
ToA 7] ASEAE 7178t A WskelA] ek Zlo] 4
TS 7% o= Bl

Table 1. Growth characteristics of irradiated with differnet gamma-

ray doses.
Dose  Survival rate  Plant height Rhizom_e :
Gy) ©%) (cm) No. of stem  Fresh weight
(g/plant)
Control 100 22.8" 13.7 44.6°

5 87.5 10.3° 7.3 33.4%

10 83.3 10.1° 6.3" 33.2%

20 52.9 6.8 2.95 22.8"

30 9.1 4.7¢ 1.0¢ 19.8"

50 0.0 'd . <

"Mean values were separated using the Duncan’s Multiple Range Test
(DMRT) at the 5% probability level (p < 0.05).
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Fig. 1. Whole plant profile of 4-week-old Cnidium officinale after different dose of gamma-ray. (A); Control, (B); 50 Gy, (C); 10 Gy,

(D); 20 Gy, (E); 30 Gy, (F); 50Gy.

y =-2.3099x + 109.27
R?=0.9228

Survival rate (%)

25.65 Gy

10 20

30

40 50
Dose (Gy)

Fig. 2. Survival rate of Cnidium officinale with different dose
of gamma-ray. The median lethal dose (LDsp) was 25.65
Gy. **“IMeans with different letters are  significantly
different at p < 0.05 by Duncan’s Multiple Range Test
(DMRT).

EAHo] SF& 93k A A AFE P 24,
=715, AT Aol el Blaste] 50% 7HaE A
% (RDs) D3| HENe=2 4390 (Fig. 3). RDsy A
274, 735, AASIA 22 12.81, 9.32, 2326 Gy= X
AR R o2 et o8 vl R Mg 2o W
AR Edo] A XIS 20 Gy W7 ddEy o)e
W2k 100 Gy - 600 Gy, 3 150 Gy - 500 Gy, A=A} 500
Gy-2000 Gy 5 T 2HEwta) vlaste] w2 Mego|th
(Ryu et al., 2012; Ryu et al., 2014; Ryu et al., 2016; Im

o
T
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et al., 2018).
2. ‘Holod EM M

e s At g TS BASE F AT Asieh
548 #4438 43+ Fig 4% 2t MDA ¥ POD A&
tzT-eb Blaste] Zhepd Az|grella Frkeke eIl
™, 10 Gy -30 Gy #HHd A7kl {2917 Zpol= giicth.
W G54 gEs A3 A vz} Hlasste] ARIA
oA FHashe AEFeldnh

A A A A
A, AR A 59 iGA, HEA, FAF 5)ek A7 ARE
of mE} tiEA WY, Bl $F& s AR 2E
A3zl &8o] 71531t Ryu et al, 2013; Nwachukwu er
al., 1994; Ryu et al., 2016; Kim et al, 2020). & o2
EH™, MDA 3 POD &2 thx7-oF vlaste] Zvkd 10
Gy o)de] Ag|qtellA] FElelA S7khes AaelRa, 54
Shee HAslg o ol= 10 Gy ©)/de] A=A Alxss
o] 4ol ot AslsrARl Wt S AR
A AR 20 GyE A3 " 577 #
Az, 2A7F kst st JIAE v 2AT 5 U
(Fig. 5). P79 M= 73 dado] AR I
A AR ke 348 SR J27)dl shal A%
flelo] w7|% Ft} (Chae ef al., 2008). A3 AAFH7}
T35 Holmg2 2A7F Hashd SRS AL
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Fig. 3. RDs, Values for growth characteristics of Cnidium
officinale. (A); plant height, (B); number of leaf stalk, (C);
fresh weight for whole plant. The median reduction dose
(RD50) for plant height, the number of stems, fresh
weight was 12.81, 9.32 and 23.26 Gy, respectively.
abcl\eans with different letters are significantly different
at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

U2S B3] FEAE BT = o] YA E5 e
A8 fAARe R B8 3 5 S o7 AlgHT

Z2He T ZR g Eddoelgo] uEl H3sk SR
= HEARE A Ee] 49 M, WAFE Fol= 1,000 7H
oA 10,000 712] JNAE ZARSI ol & 2 EdHo] &

Tl B2 MAG7E Q& (Kim er al., 2006). webA
B oAy A92 Yeid g4 A3 Asi diits S

B FEITE AT 8% Lo R FAL A #
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Fig. 4. Effect of gamma-ray irradiation on the biological
content of leaves from Cnidium officinale. A; MDA
content, B; chlorophyll content, C; POD content. ‘Means
with different letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).

AAEE gE & F US AR AEH.

A G A o3 Aol 7|8 Al ALEE (Ui
el FAEE &ENITrt 294 (Baek et al., 2016) %
of &g AFAllE g Aot B AT A= 59
Edde] AlEs 8ol Fas g gAsF AAd Tas dr
2 waE, AR e F 2-3 AldjelAe] o] el
&t F7F A+ 8ETh
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Fig. 5. The dwarfism mutant of Cnidium officinale observed in late growth by 20 Gy gamma irradiation. (A); 20 Gy (B); Control.
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