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Cnidium officinale Makino

Ji Ah Kim'" and Hui Yeong Jeong’

ABSTRACT

Background: The present study investigated the types and concentrations of plant hormones
affecting somatic embryo induction from leaves, stems, and roots of Cnidium officinale Makino.
Methods and Results: Somatic embryos could be induced using two methods: direct and indirect
somatic embryogenesis. Direct somatic embryogenesis was induced when the whole explants were
grown in a medium supplemented with cytokinin (e.g., kinetin), while indirect somatic embryogen-
esis was induced when the medium was supplement with auxin [eg., 2,4-dichlorophenoxyacetic
acid (2,4-D)]. Both direct and indirect somatic embryos were mostly induced from leaves. The
highest direct somatic embryo induction (95.8%) was obtained from leaf explants grwon on
Murashige and Skoog (MS) medium supplemented with 0.5 - 1.0 mg/C kinetin. The highest indirect
somatic embryo induction (75.0%) was obtained from leaf explants grown on MS medium supple-
mented with 0.5 mg/C 2,4-D. The induced somatic embryo could successfully germinate and accli-
matize.

Conclusions: Our results can be useful for establising a mass propagation protocol for C. offici-
nale.
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2011; He et al., 2012; Chang et al., 2020).
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Az FE=HlX= 1/2 MS (Duchefa Biochemie, Haarlem,
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vl 22 = wix]= MS HiA O] 3.0% sucrose, 0.3%
gelrite, pH 5.7 Z7°] wjA|o] Ate]E7]d benzylamino
purine (BA), kinetin, Thidiazuron (TDZ)# =41 2.4-dichlo-
rophenoxyacetic acid (2,4-D), picloramS 2z} 0, 0.5, 1.0,
20,3.0mg L o TEHEE H7t & zq?iﬂ]% HjjFshi Tk

HieF 8 F SHE wpAl 2Fo] freElon fEE i
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FAEAL SPSS 2 (IBM SPSS Statistics, Ver.
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A& 3192™ Duncan’s Mutiple Range Test (DMRT) "'
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QFA (direct somatic embryogenesis) HEIZ ‘/]-E‘r‘;;\"oft] Al
7F aiAlell A = Ay Z2Fjo] veRd &AM ezt -

78 A A Ew] A (indirect somatic embryogenesis) 3
E7F EFo g velit)

Q HHEES HJES AIEZID A oM = wpdA =z
—?r‘: §S 05 mg/l 9 1.0 i L F59 kinetin Aol =

T 958%E FES eSS HAFIIoH, 5o ® 1.0 mg/ L
4 72 BA AHEolM= 792%9] vA 2Fo] FEEU
t} (Table 1). 0.5 mg/ L ¢] TDZ HlHE 20.0% ©l&t]
v vl 24 §EES Kol iR 24 fEE flEiA
= AA3IA et} (Table 1).
o AAYG SoF AAMZH] NEe
o] BA AzlelA A" H+ 10 7H°ﬂ"1 17 7W7HA]
o, kinetin® A 0.5 mg/ L & F=oA 116 7, 2.0
mg/ L 9] FEAME 112 7] o2 =3

TDZA 7} wiA A= 0.5 mg/ £ A2 NA] FHFE 52 71 A
AZef7t FEEdem, 2 o] o] FrollA= AAZuj7t &
TEA] AT} (Table 1). AllEZIHAE] wi=ol] HE3 o+
T GARNE wiF 2 F o] FFE A3 A el
2 ANZZE FEE o, g 2ES AXA] ¢
A o] AlAHE o%g]‘o‘ﬂ,] A A Zul 7t A AAHe /] A
FAEAY (Fig. 1A and B).
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Table 1. Effects of plant growth regulators on somatic embryo
induction from leaf explants of C. officinale.

Plant growth  Embryogenic celland  Mean number of

regulators somatic embryo  somatic embryos/  Type
(mg/ £) induction (%) explant

None - 29,24 10.3%7.0%¢
0.5 66.7 17.0+7.2
1.0 79.2% 10.5+2.9%¢

BA X X

2.0 58.3" 15.0%5.1°
3.0 66.7° 9.3+1.5>d
0.5 95.8 11.6%0.7%¢

.10 95.87 7.0+2.4%%  Direct

Kinetin b b
2.0 62.5 11.2+3.6%¢
3.0 66.7" 6.1+3.6%
0.5 29.29 5.2+ 40
1. - -

TDZ 0
2.0 - -
3.0 - -
0.5 20.8%f 2.8+2.0%

} 1.0 8.3¢f 1.7+1.5¢

Picloram ‘
2.0 8.3¢ 0.7+0.6°
3.0 - - ,
Indirect

0.5 75.0% 16.2=11.5%
1.0 37.5¢ 2.8+0.7%

2,4-D ot ;
2.0 20.8% 2.2+2.0d%
3.0 8.3 0.7+0.6°

‘Means within a column followed by the different letters denote
significantly different based on Duncan’s Multiple Range Test (DMRT,
p < 0.05).

o ==
NIE===3

et 16.2 702] AA 2 HojEdet, Picloram *]2]9]
735, 0.5 mg/ £ 2] picloram 7} XA 20.8%2] wll Ay
FEES 2o, 1.0 mgl 9 20 mgl FEO
picloram 2] HjX]oA] 8.3%, 3.0 mg/ £ 2] picloram *]2]l|
A= R o] FEER] edol AAER] WA fE wiR=
A AT (Table 1). SAlo] H7FE wijAlol] HEs 4
AR = 7 AA =z AP = w4 F o] A=
AL g wdy 22o] fd &AM A Ry
At} (Fig. 1C).

APl EZIE H7E wiAo] 99 HAS HES A |1
mg/ £ 2] kinetin 7} WX 45.8%2] HPAA FZFo] Hi
ATt (Table 2). 1.0 mg/ L - 3.0 mg/ L L FFO2 7}
F BA 371 viRlole FES g9 dHoZHE <F 25.0%°]
A 41.7% o= AAE] o] fEEglen, ARG f
¥ AAE o] = Ht 12.8 7ol 282 E v
(Table 2). Th-e Zﬂ*ﬁlEHH% 215 AAEe DAEE R F

e
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Fig. 1. Somatic embryogenesis of C. officinale. Leaf explants cultured on MS medium supplemented kinetin 2.0 mg/ £ induced

globular (A) and heart-shaped (B) direct somatic embryos after culture for 3-week (Bar = 1 mm). (C) Indirect emb
and globular - torpedo stage embryo induced from leaf explant on MS medium supplemented 2,4-D 0.5 mg/ £

%ogenic callus
after culture for

10 weeks (Bar = 1 mm). (D) Germinated somatic embryos were developed from leaf explants on MS medium supplemented BAP
3.0mg/ £ after culture for 4 weeks. (E) Root formation on MS hormone free medium for 8 week. (F) Plantlets were transferred to

different artificial soils and left to grow for 60 days.

S WF 4 F o]F o=F A 2] GAE A FE
Hoz woly} g Flo] AU

A AHE e Zsk] picloram¥} 2,4-DE A28k 7
-, B 4 55 o] $RE] Ax v 2Zo] FAHAOH,
9 5= o] 5 AMzul7F FA == Zlo] FEEUTH AAE
HERAY R 20% PIRbellom, A AMEmfE &
S AP E7IH AE|9f Hlaate] #2813t (Table 2).

] HHS Ale|E7 H7F iAol HEe Ao AA|En
e 1.0 mg/ £ 9] kinetin A 2lolA] 20.8%2] FE&S KBS
on, A F=H AAz|e Ji= B 8.9 M= JER
o} $2lo] FH7kd wjRlolME 0.5 mg/ L 2] 2,4-D oA
29.2%2] vy A o] FE AL, Het 9.3 7S] ARG A
AlZE)7F G=EATE (Table 3). Be] AHe| 7 AlEFW
A7F i eA vl 4 F SRE AR AAEZET7E fEE7
A2t TDZo] 7% 3.0 mg/ £ 9] %% AFolA 12.5%
o] A EufgAo] FE=E AN, picloram X 2]oAE Sla9]
Hja Al 2 gho] FAE ).

flo] Aspe} 7ro] M7k T2 FF A
2t A TR mebE AMZEAYe] B8 18
717ko] EA8] Zfol7F v A1 RIS BEg 4
M gy aeEla e A} vasied A Ay
o] 50% ol 3t A& RISk
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o] o] AtollA Uz A EnLAY |
2 AZF HHA A ] Y fE X
™, 24-D 52 BA 9= Aot F /HE £F A2l Al A
E=go] =ty ®E Wl 9o} (Cho et al, 2000; Lee
et al., 2009), ¥ A oAe 7 gAe] § dHolA 95%
oVge] =2 AM Y eSS BiloH, Ve BaE ©
2#91 2,4-D9}F BA ©]€9] kinetin Aol & Frass
LERA AT

AeF 722 vy} (Apiaceae)oll &= ©AlOIE 7Y
7} (Thapsia garganicaye 1.0 mg/ £ 2] 2,4-DE @5 A Al
A Ao RRE AMEH B FEEo] /M EskowH
(Anne et al., 1993), 2 (Coriandrum sativum L.)T 1.0
mg/ 4 €] 2,4-D9} 1.0 mg/ £ 2] kineting &% *]2]3+ vijX|
X wiE dHoRNE AMITapRAdo]l 7P HAsrhaL
By v} Atk Mujib et al, 2014) E3F o} (Carum
copticum L.y 0.5 mg/ L 2] 24-D9} 1.0 mg/ £ 2] Kinetin®]
3 A" wiAel wlE H¥olA (Niazian et al., 2017),
oM Y] (Kelussia odorotissima)®] 7345, 1.0 mg/ £ 2] 2.4-
D¢} 0.25 mg/ £ ©] kinetin &3 A2l vz AFGHEHE AL
&3 oA AMEa) 2 F= §&o] 7P ool Bast

%t} (Ebrahimi ef al., 2018).
ol¢} 7ro] wyg]a} (Apiaceae)oll &3k 21EAQ] AAE



Table 2. Effects of plant growth regulators on somatic embryo
induction from petiole explants of C. officinale.

Table 3. Effects of plant growth regulators on somatic embryo
induction from root explants of C. officinale.

Plantgrowth ~ Somatic embryo Mean number of Plant growth  Somatic embryo Mean number of
regulators induction somatic embryos/  Type regulators induction  somatic embryos/  Type
(mg/ £) (%) explant (mg/ L) (%) explant
None - - - None - 8.3b¢ 0.7+0.6¢
0.5 20.8b<de 28.2+13.8° 0.5 8.3bc 1.7+1.5%f
1.0 41.7% 12.8+3.3b" 1.0 8.3 1.7+7.5%f
BA bed N BA _
2.0 25.0%¢ 16.3+9.4 2.0 12.5% 9.8+8.7%
3.0 33.3%¢ 13.2+12.1% 3.0 12.5% 11.3%2.5
0.5 16.7 1.7+1.2%e 0.5 12.5b¢ 8.0+7.6%«
o 1.0 45.8° 8.8+7.5"%  Direct o 1.0 20.8% 8.9+8.1%¢ Direct
Kinetin Kinetin
2.0 12.5e 2.0+1.7% 2.0 8.3% 7.7+6.7300de
3.0 16.7¢ 9.0+8.7bde 3.0 8.35¢ 2.3+ 7l
0.5 12.5¢de 11.5%10.0° 0.5 - -
bcde bcde _ _
D7 1.0 20.8 8.3+7.5 D7 1.0
2.0 12.5cde 4.2+3 69 2.0 - -
3.0 8.3% 2.0+1.7% 3.0 12.5% 3.2+3.0bedef
0.5 16.7% 1.8+0.7% 0.5 - -
) 1.0 8.3% 1.7+1.5% ' 1.0 - -
Picloram Picloram
2.0 8.3% 0.7+0.6° 2.0 - -
3.0 - - 3.0 _
Indirect Indirect
0.5 20.8Pcde 1.2+1.0% 0.5 29.2° 9.3+5.0%¢
_ _ abc + cdef
24D 1.0 24D 1.0 16.7 2.7+0.6
2.0 - - 2.0 - -
3.0 - - 3.0 _ _

"Means within a column followed by the different letters denote
significantly different based on Duncan’s Multiple Range Test (DMRT,
p < 0.05).

HlG=o] 7S 24-D9} TlEo] TEAHOZ Kinetin®] A7Fd
RO 5 E80] B2 Aow RYEY Jom B JF
Aol M= kinetin T 2] Al AHZF] | AHolA AA
o REggo] 7P 22 2o IRIFUTh

2. MIMI=ZHE 2ot 2 DU AlEAl R

=g AAzHe] "ol 93 12 MS 22
Hiz] 270 olZ| Pl =] THAle] AA| I E HESAT
IHAEAE fES A9 A AA S Bl
9, 99 a2 e 49§ AAdzels g 4 F
15 AUAZ 7 A3 ol AEARZ S Ao &
2=t (Fig. 1D).

7 AXEeEge s fd 9
frefl AZIF oA AFDA o de] AMEul= vl 5 F ol F
AA e dols AX FAEAZ ATt ol wjR] A
A3 AAEZH) F= AEA = 90% ol A0 AEAR

5313t (Fig. 1E).
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"Means within a column followed by the different letters denote
significantly different based on Duncan’s Multiple Range Test (DMRT,
p < 0.05).

3. EQrol U 24Ms

H AA R 2 7T EAY] 82 80% ©]
oz 3t 30 Y § 2A=E olFsled ASAIATE 1 A
ol ES i AME-SH AFFENNA AES 2 EA ] AE
&o| Hlo|Eg} Hu|FEEo|ES T3 AFAE th] =74
el delo|Eel wulEeto|E £9 AEolM= 1 ¥ 2
o1 73.3%, 2 ¥ 2kl 333%, 3 M el 10.0%, 4 H
100%= BEES Bt HefolE o= A= 1 ¥ 2
2l 93.3%, 2 W1 el 86.7%, 3 W1 &l 73.3%, 4 W A
100%E Hol 4 ¥ 2R1S Al2gh Ag]olx] HefolE s A
27t A AL FRISIATE (Table 4).

2 AT A= TAE HAo] o g AAMaEn] LAY
fre HS olgale] Fdatar PRl TR Ale] Ths
sl skt AlEE Nl E8E 4= Qe Zlolt)
gk JHge] AME) Y e Are g3 e dEAE
o] &3t A7t o]Fojzl vt IO BR FF AH T AAME
YS9t 7| ExlE R &8 ¢ JS A= AzhE.

z} .
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Table 4. Effects of substrates on the survival of transplanted C.
officinale plantlets after transplanting for 60 days.

Lines’ Substrates Survival (%)
P Perlite : Vermiculite (1 : 1T =v:v) 73.3
Perlite 93.3
L Perlite : Vermiculite (1 : 1 =v:v) 33.3
Perlite 86.7
3 Perlite : Vermiculite (1 : 1 =v:v) 10.0
Perlite 73.3
L4 Perlite : Vermiculite (1: 1 =v:v) 100.0
Perlite 100.0

“Each lines means regenerated plantlet from one explant.

2l =

B oAy FEckgek Andad @AM E: FG0700-

2018-02)%] Aol eJ3f o] Fo|zl A#E ol ZA=HU T}
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