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Abstract

Cruciferous vegetables are rich in biologically active compounds such as glucosinolates
and have various health benefits. Among these vegetables, Kimchi cabbage (Brassica rapa
L. ssp. Pekinensis) is one of the most popular leafy vegetables due to the presence of the
highest amounts of numerous vital phytonutrients, minerals, vitamins, and antioxidants.
This study aims to investigate the effects of six cultivars (Chundong 102, Asia No Rang
Mini, Hwimori Gold, Asia Seoul, Wol Dong Chun Chae, and Asia Bbu Ri) on hairy root
induction and glucosinolate biosynthesis in the hairy root cultures of Kimchi cabbage.
Seven different glucosinolates, in this case sinigrin, gluconapin, glucoerucin, glucobrassicin,
4-methoxyglucobrassicin, gluconasturtiin, and neoglucobrassicin, were detected in the hairy
root cultures of Kimchi cabbage. Among the different cultivars, Asia No Rang Mini was the
most promising candidate for hairy root stimulation, as it achieved the highest values for
the growth rate, root number, root length, transformation efficiency, and total glucosinolate
content. Overall, the Asia No Rang Mini cultivar of Kimchi cabbage performed best as a
promising cultivar hairy root culture for glucosinolate production.

Key words: Brassica rapa L. ssp. Pekinensis, cruciferous vegetables, glucosinolate,
hairy root, Kimchi cabbage

Introduction

>
0

oS, 7 B2 2 A, &5, 2t 5 Qe HE 4
L=

phenylpropanoid, carotenoid, glucosinolate 5 TF4st 7|5/ &35 hH7-5tal UTh(Park et al.,
2014; Patra et al., 2016). 53] glucosinolatet= F4Fst 2 THFsH QF ol ol F 2.5+ HE-E 5t
A2 Q1 &t o A &3S Sk (Almuhayawi et al., 2020).
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Glucosinolates= 2 A1 =21} 0] Zof tjst Al ZHlo] B2 2 2 Q3 &S SHoh(Halkier and Gershenzon, 2006).
Glucosinolate= tryptophan 225+ o} 2} aromatic2} aliphatic amino acids=5-E] -3-=% side chain, sulfonated oxime,
thioglucose moietyS 73 Q.24 TH50X]= 4] & o|xftjAbsEoltt X Z7HA] 2F 130709 glucosinolate©] Ak
Hof| A A= ATt Glucosinolate A=l = WA Q] thioglucosidases2t myrosinases”t T74| 2H-8-5Hc} 25
o] A2 Y3 o =2H A EF29] ZZ]o| w31 T glucosinolate= myrosinases©l|] 2J5l 7=&357} T} o] -2
isothiocyanates, nitriles, thiocyanatesS X 3Fotal Ql+= ThFeh A E5H4 /443 7HA] Al Q= 249 FAES o] &t
Z| glucosinolate= FUEI, AL e wjfol] B2 52 WL QlTh(Fahey et al,, 1997; Talalay and Fahey,
2001; Fahey et al., 2002).

EJuYE F Agrobacterium rhizogenes”} A&l ] dsto] 1 EFu]AYE 0] 7FA] 3L Q1= Ri (root induction)-Z
2FAH| E (plasmid) Ulofl A2 222 4 (auxin) FA4F T §FH27E S0190= T-DNAZE AlZA] Aol 5017}
ok AP W 34de] shubm e 7h Aokt &b o] 7 Ujol| A =S o] 85to] AlE 8=
S ARSI} SR A= 1980 T E] 25| 213 %] of 2ETh(Sevon and Oksman-Caldentey, 2002; Chandra, 2012;
Bahramnejad et al.,, 2019) T/ BIQF2 2 A 24 Hoh o B2 o] ofe| 242 Aate 4= Jlom whE Al U &

=}
T 1
& o Qthe gAdol Qlok E|a & At Bl ] o) SHiekE ffsl Bz 24 Bl 2 Atke

_]O

T

= Ow ;‘(l
o Qe =4 75 Ul 9] HA 2SS 7UollM e atd o R-EEAZ A N T
St} Sk 2] ofl= RS BAd A AELS 0]-8510] functional genomic®] =2 285111 I THGutierrez-

Valdes et al., 2020; Li and Wang, 2021; Roy, 2021).

HiFE 22 A rhizogenes FE1HS o|-§8F AT R, P vidS 55 715 =4 Aitol &
St A= By S’iE]'(Zang et al., 2008; Bong et al., 2015; Aires and Carvalho, 2017; Kim et al., 2018; Aires et al., 2019;
Neumann et al., 2020; Li et al., 2021) S}A| 9t v 3=0] TheFet B5-2 tiAF O = A. thizogenes 7830l TSt A= X
A vP7E glo] 2 Ao = Ul 5798 67l F52 tI 22 A. thizogenes A AA AT Fie, =8 2/
O] 288, glucosinolate A 4tol] Tt 2Fo| & ZAFSHITE.

Materials and Methods

A==

Bl Z=(Brassica rapa L. ssp. Pekinensis) SAt= OFA]0FEH (Seoul, Korea)ol| A £5102(Chundong 102), ‘=31 L Hl
=(Asia No Rang Mini), ¥] %2 &= (Hwimori Gold), ©FA]OFA]E(Asia Seoul), &-5=2H(Wol Dong Chun Chae) , 3
Hl|Z=(Asia Bbu Ri) Z 67l 552 T-45t0] 4°Ce] WAalel] BaksQitt vl S 52 ok Al 7|2k FEjA Q1 Zo| 7}
W= BL-S ERote] A Bl S FxH= 70% ollekaoll 1487t 15kl ThA] 2% sodium hypochlorite -84
of| WA & 1027t HH 5| 50| TAF A5S vk 1L B4 33] A5t 2F 7712] FAFE 25 mLe] MS
(Murashige and Skoog, 1962) LB X7} = Petri dishes (100 X 15 mm)°l|A] BIFE- SF3 T} A 2742 25°Co]|
HI -5 Shofl A 16417 B = 72 = Tt
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Eokn|ASH|Qk

2T 2 E Ql5) A. rhizogenes R1000S 0|85+ 0™ H{YF2 Bong 5(2015)°] Ea1$F BH] 7} ZHo] Luria-
Bertani BAHIA] (1% [w-v'] tryptone, 0.5% [w-v ] yeast extract, and 1% [w-v'] NaCl, pH 7.0)°11 4] 16A]7F 52 9 ATl
2 28°Co] 1" HiS7]0lA] 180 ipm 2 2 B S ST HiSE Hhel|2|ot= Y& 7]E o]-8-5+9] 3,000 rpmell
A 1027 31 & Holxl Hie|2olE MS %JIHHZIE &2 A600=1.0 0] EA 2A5}c}

DAD ST U Hje

v 5= 2/ -2 Bong 5(2015)0] A1 3 Zho] ol 6 F5-0] Hij S shullS-2 HebA EYUIEQL A
rhizogenes R1000= 8413t MS Azl A oF 1527t 3-5 S oF & HoH 7 E-ZolollA Helg]otE 01 =
AeAA T 52 ] 2= A] 2 MS AR A &3] 5 o] E3F o FEioll M &5 vig= stk ol &

25 oY T BF4E 083510 33] AlH S 5l He|glolE A|A & 2 Ro] XJEJEJXI %L YA cefotaxime
500 mg-L"'0] 22 1/2 MS ILA|H A (half strengh MS salts and vitamins, 3% (w-v") sucrose, and 8 g-L" Phytagar)©l| A]
Hj S SFQATh Bl A 2 5= B goll Aol F-= 5] Ut} /g2 1/2 MS LA[H 2| of| 4] 4520f] SHH ) A chul
o2 oF 297} 453191 0, Wl Afehe AR Alalol 12 Ms AN R 7 WheFe S1ich 24 (100
mg) 2 30mL9] 12 MS AR 7} & AZHEekA (125 mL)o| A A= 25°Ce] WEEiY7 o)A 100 ppm o2

ZF2HulYg & 285190k £ RAFES WE RSt HEFS SA5H, 34 Zot A4S S AER o
%EI'S\)A:]E]'.

=|0

i

run°

Glucosinolate M2 £

Glucosinolate 2 -2 IS0 9167-1 (ISO Norm, 1992)°1] 2]5}°] DEAE-Sephadex A-255 551 H JEf = 2g
S} Sk 5, aryl sulfatase®]] 2]l desulfationsto] EA 5= Htlo] de| &z Q17| ufj ol 2 ATLojA e 9o} -2

" S 0] 8510, thgat 2o & 1S F5H3 Th(Table 1). 2.0 mL tubeO]] 100 mg¥] HaFsH E2HA] 20]] boiling
(2} 70°C) 70% (v-v") MeOH (1.5 mL)E F1 X15-E 3 (vortex) & & F F-24F(water bath) (70°C)el] 2 52 Fo]
Folom 28 Fof 21523 st ¥ tfstal Fp2o) 37 59 ol & YAE2](12,000 rpm, 10 min, 4°C)5t
o FZAS 75T o] A 29 o HHES) oo

of 7} /4ZH-& 25kt Mini-column £71-8- DEAE-Sephadex
A-25 (30 g dry wt)i= 2ol 0] Boljof o] W2 o3 oF 1 5uli(vv!)e] &S 2] BEujal Ao whx gt
% sodium acetate (0.5 M, 102 g-1.5 L)S Yol H PN =2 EASHA7] 1, thA] 2442 A1 253 T Mini-column A
Z-2 | mL pipette tip 22 EFAH O &2 b1 A}7]9] 24315 DEAE-Sephadex A-25 (2F 40 mg dry wt.)S 7|7} 447
Z] LA F2]5HHA] pasteur pipette 22 22 H-2 TH(2F 4 cm) glucosinolate 25235 pasteur pipette 0.2 2
St FE20] B wU7PH, 2542 AlFste] S/ B ol Alxste] E2] Bl thZ,, column o2 £
-5 paraffin film S 2 231 aryl sulfatase solution (115 mg-5 mL", desulfation) 75 uL-S 4802 293} column H
H2-5 paraffin film O = 911 F23F GARRS-S 9I5to] AAA AF2olA] T2 E(2F 16 - 18AIZH7HA] A x|t
25245 0.5 mLA 22 A] desulfo-glucosinolateS- 2.0 mL tube®l] £-2(0.5 mLA] Z 38\ A1Z. EEAIZ] Al5+= 045
um hydrophilic PTFE millipore filter (2}73 13 mm)2 ZE{$F & HPLC (high performance liquid chromatography)-&- vial
ol yo] W MaksgIc
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Table 1. HPLC operating conditions for analysis of glucosinolate.

Item Operating condition
HPLC Agilent Technologies 1200 series HPLC system
Column Inertsil ODS-3 column (150 x 3.0 mm i.d., particle size 3 wm)
Mobile phase A) Water
B) Acetonitrile
Flow rate 0.4 mL-min’
Column temperature 40°C
Injection volume 10 uL
Gradient elution Time (min) Solvent A (%) Solvent B (%)
0-2 100 0
2-7 90 10
7-16 69 31
16-19 69 31
19-21 100 0
21-27 100 0
UV condition Wavelength 227 nm

HPLCO]| 2]3} glucosinolate F-A-2 Park 5(2017)°] E1gF BF¥ 3} Z4Ho] Inertsil ODS-3 column (150 X 3.0 mm i.d.,
particle size 3 um, GL Sciences, Tokyo, Japan)< %2}FSF Agilent 1200 Series HPLC Systems (Palo Alto, CA, USA)Z &
A5 TH(Table 1).

SAXzZ|

A A= 3WHg 0 2 A2 Fro]al mean + SDE WERHOH, 2k 1F7Ee] FA|*]2l+= Duncan's multiple range
testS O|-&5F Th(Lowry et al., 1951).

Results and Discussion

i B2 9

H|Z20] Z29] A. rhizogenes R1000 743730l 25t A1E 9|6}0] A. rhizogenes R1000 ZFHA] EAZ 2&0j 2
FA3S 5] 9in). S 8233 67 BF, £%5102 (Chundong 102), =& L{H}3(Asia No Rang Mini), $] 2 2]
=E(Hwimori Gold), OFA|0F Z(Asia Seoul), E-5F2l(Wol Dong Chun Chae), 2]HH5(Asia Bbu Ri)E 7|01l A]
WolA7] S o) 102 & sl &2 AR R 0] 82 SlSith BAE RES 9I5to] EFu USRI A. izogenes
R10002 ©|-§3}AC}. A. thizogenes R1000:S Hi5tod Bt w5 Sl 52 29 2t 3-8 81 F A. rhizogenes S 7
A517] 5to] FAYA) Cefotaxime 500 mg-L'7F 2] F Ms TR o)A vjFst At 235 2 20| 74¢) Hojzr
B BArEo] SE5)7] AlZalgich, vjek sAfo] vjE o) e mAT SEE MUt EE BaE 4 e
19 EE RAFo] Zo|& =45 THTable 2).

EE W TAT G582 100712) HHoj A mAFTol %EEJ AW »2 PSR ehdlon] ZARE A3} e

1ol

d

=

oI o9iel R PP /Y 2 RERE ehileh 2 0182 Hmel B, #5102 obAlob
S UEEA BeE 2O £ RERE MG WelslE7 T50ie] 7H e RESE e
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Table 2. Effects of different cultivar on hairy root induction of Brassica rapa L. ssp. Pekinensis after 5 weeks
in culture with 1/2 MS solid medium.

Cultivar Infection efficiency (%) Number of hairy roots/explants Length of hairy root (cm)
Chundong 102 91 7.6 +0.65ab 1.54+0.15ab

Asia No Rang Mini 95 84+0.62a 1.64+0.13a
Hwimori Gold 93 7.2+0.51bc 1.58 £0.16ab

Asia Seoul 89 6.4+0.63c 1.47+0.14ab

‘Wol Dong Chun Chae 85 6.3+0.71c 1.51£0.15ab

Asia BbuRi 78 49+0.35d 1.29+0.18b

a-d: Values followed by different letters within a row indicate a significantly different (p < 0.05).

ES UG F8 DT 48 2 ok LB BE 012 71 e w20l fsisl
PR E5 10, ALAFE oS, WELA, oM 02 BE YD RuFE ebich R
PR 4N TR GEE Lehlo] A1 e AR i B AR EE 24T S R0

Zpol & Ut om B =S v e B L}EPL“EP

E5E Y 220 Zols ST 2a =3 UEiFT B 1.64 emE 7Y 2 ol S she AL
2 Uttt 181 SR eI E, F5 102, DEEA, oFAlof AlE, el R ¢0 g 7P 2 o] NS oh=
710 2 Uik Balujst 129 cmE W Zo] ARS 5= 7 0 & LR}

SHA 0= 67112 Bl FF 5 A. thizogenes R1000 ZHHA| = 0|57 A e g, AU F s 24
4, 120 g B o7t 7P =2 A 0 & YERG o m vt 2 HlejulSrt 7P B2 425 LERT

6712] FFoNM FEE /g2 12 MS FAAI7E A 2] v =] ol A 4580 A Al RS oF 297t 2] &6
THA] A. rhizogenes R10002 €435 A|AH & 23S 1/2 MS AAHIR] 7} 30 mLE AFZFE kA (125 mL)oll A 43
Bl 2 25°C2] 21"l 7] olA 253t HH J?— ot £2e BT ds U xsto] HEF5S St &
TEE Fed WIS QA = eSS ST 23, 3 rUEiFT g 036 g0 2 7P =SS UE
Hok 223 F 102, F RS E, G5, Aot g, HeHlR ¢ o8 £ A ESS et BejulErt i
T 19g0 2 7P R AEFS FAE Btk E5HE f 28 BT HIGA BEFS E3E Aol & B3

ChFig. 1).

0.50

0.40

a
b b
C
0.30
d
e

0.20
0.10 [
0.00 . : . . ;

A B C D E F

Different cultivars

Fig. 1. Effects of different cultivar on hairy root growth of Brassica rapa L. ssp. Pekinensis after 2 weeks in
culture with 1/2 MS liquid medium. A, Chundong 102; B, Asia No Rang Mini; C, Hwimori Gold; D, Asia Seoul; E,
Wol Dong Chun Chae; F, Asia Bbu Ri.

Dry weight (g.30 mL?)
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v 5 WS 27 vl & 8519 glucosinolate S-S #4151t HPLC £417]7] 5 o]-85}o]
B S AT W glucosinolateS- 49 SF AT} Fig. 201|A] XE+= HPLC chromatograms2} Z+0] 4-methoxyglucobrassicin,
glucobrassicin, glucoerucin, gluconapin, ghiconasturtiin, neoglucobrassicin, sinigrin, < 7%-2] glucosinolate 7} &A}5H= 7
S % YUt v F BF HE B3 789 glucosinolate TS FAFSH] A 2]5HATHFg. 3). Sinigrin #E2]ul
FollA HEE A FAA & 5FFolM = AEol H ATk e m|YuiFolA Hd 040 umol g’ dry wt. 2= 7}
g e A Hlon, AnEs, d5EA, oFAotAZ, £F5 102 £2.2 2 TS UERITH Gluconapin
2 6% 25 25l o, kUl Fol A He 0.14 umol-g' dry w22 7H w2 SRS Blom, 25
102, & 5FA), oA oA &, BejulE SR FE ¢ 0 2 =2 S UEHITH Glucoerucin® 635 25 EA5t
om PFEAlA Ht 0.15 umolg” dry wt. 22 7P =2 T2 Bl oH, FejulE £5102, =G rUHIE,
OFAJOLA &, Jl R e]&HE, £0 & =2 3kS LEFTE Glucobrassicine 652 B%F E251% o e ZEo
A 3 3.01 pmol g’ dry wt. &2 7P =& o2 Bl oH, ke dn|UH|F, ofAJobA 2, 5102, BEEA, e
Hj 3 420 2 =20 3lakg e T 4-Methoxyglucobrassicine 652 &5 251 00 25102004 H 1036 W
mol-g' dry wt.O 2 7} =2 P Bl o, guUulR, @55, 3 Ba| T =, ofA|olAl g, Baju R o
2 52 IS UERHh Gluconasturting 2 F2]Hi S0l M HEE A] hAI thE 5550l M= =0l =30t
rEn U, e Es F 250l H 044 umol-g' dry wt 02 7P E2 glge HYlom, 25102, Y5
], oFAJobA 2 0 2 =2 JF2RS LFEATH NeoglucobrassicinS 622 25 225131 o -ahn|uuljSo) A
T 1645 umol-g” dry wt 22 7P 52 A3 HYl oW, S| ZE, F5102, oA oMM 2, 52, efulE &
07 =2 2 el

770e] 22-& kst 23} F glucosinolte T2 =i LBl 7Y ko m HA Bla] vl Seo| A 7 WA

et

VWD1 A, Wavelength=227 nm (2015 - 01 #\...GSL-CHINESE CABBAGE HAIRY ROOT 2014-02-05 16-26-331010-1001.0)

mAU 2 -
g 5 neaglucobrassicin
1400
&
&
1200 & |
r
F
&
&5
1000 - £
g
3
¥
800+ =~
¢ ‘
“
600
& | o
400 - S P
& 55 Ed
& 4 £F '
& & & 8 &
200+ & § 5 @ cs|
0 w @
g 2 s 8
2 o e 3 2|
4+ -t a1 WA uf L R ——
T 1 1 I 1
5 10 15 20 25 mi

Fig. 2. Selected high performance liquid chromatography (HPLC) chromatograms of glucosinolate extracted
from hairy root of Brassica rapa L. ssp. Pekinensis (cv. Asia No Rang Mini).

AlEo] EYUYE 5 A. thizogenes©ll ZHA= B o] W 0 2 zHe|7} szt o] A& R/dtolet
SHCHMatveeva, 2018). A S22 3 glo] w2 A% 3
R RARASHEUS A 2612 B8 AP o] HeIBe] ko] T2 AR AFEE 4 2o} L 7H5A
T =2 708 dejRict AAE BT v S3to] Tt o|xtiAbitE S A 1A} s B
A THGantait and Mukherjee, 2021). S0l A &= RS F- =510 7] 53 E2 QI glucosinolate S *YAHsHIAL &

i1

K

Korean Journal of Agricultural Science 49(1) March 2022 56



Effect of cultivars on hairy root induction and glucosinolate biosynthesis in a hairy root culture of Kimchi cabbage (Brassica rapa L. ssp. Pekinensis)

= A&7} AR e, E35] elicitor #] 2]} 32| 2 2]E 5351 glucosinolate 3AHFS S7HAI718 = Al =7t QlRict
(Bong et al., 2015; Kim et al., 2018). B} 5= F-5-0f] w2 A, thizogenes 75301l 3§+ A= o}z Ha1H vi= glA|qh,
50| ] Mo| T2 FF(Park et al,, 2021), @A 0] A3} 2 Q1 ¥} E-F(Kwon et al., 2021), GA40] A3} 2
ARl AlY F5(Cuong et al,, 2019), Ao M} A AQ1 ZF F-F(Cuong et al, 2018)°l1 A H/g2] F=, FEH &2
&2] A, o]AHAMAHE A4l xFo] 7} Rtk Hart QLI

4-Methoxyglucobrassicin Glucobrassicin

12.00 4 4.00 4
3.00 4
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2.00 o
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Fig. 3. Effects of different cultivar on glucosinolate (umol-g* dry wt.) accumulation in hairy root culture of
Brassica rapa L. ssp. Pekinensis after 2 weeks in culture with 1/2 MS liquid medium. A, Chundong 102; B,
Asia No Rang Mini; C, Hwimori Gold; D, Asia Seoul; E, Wol Dong Chun Chae; F, Asia Bbu Ri.
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Conclusion

2 =0l A= vilS FE0l T A. rhizogenes 7487301 T3t A= A5 Al =7} | QLo vl FFof et A
thizogenes T HA| AT 7=, - =H 242 AL, glucosinolate A Ato]] 2Fo] 7} Qlth= A& LA E Qe 2 A
T AN HIP R T HH-%J—]' Z2FEof|A] AT B S 55F glucosinolte AJAF Al = A] EF2] Aelo] Fodh=
AS A 4= & Zlo 2 ToEnh 2 A Al 5 vl S 24T v 2 glucosinolate AAF AL, YIS
AT AR S 53 glucosmolate A tiabgst Aol 712 AR R S8 4 S A0 & ZdiH

Oll
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