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Effects of Media and Elicitor on Betalain and Phytolaccosides Production
in Hairy Root Cultures of Phytolacca esculenta van Houtte

YANG, Deok Cho* - KIM, Yong Hae - YUN, Kil Young

School of Life Sciences, College of Natural Sciences, Chungbuk National University,
Cheongju, 361-763, Korea. *Corresponding author.

The effects of media and elicitors on betalain, phytolaccoside G and D2 production were examined in the hairy roots of

Phytolacca esculenta van Houtte induced by Agrobacterium tumefaciens A,T. Phytolaccoside G and D2 from Phytolacca
hairy roots PEH2 were identified byTLC, HPLC, IR Mass, TH-NMR, and ®C-NMR. Among the culture media tested, SH
medium was the best for hairy root growth of hairy roots. White medium was the most suitable medium for betalain
production, while MS medium was for phytolaccoside G and D2 production. Although the growth of hairy roots was
suppressed by light (1,000 Lux), the production of betalain, phytolaccoside G and D2 was enhanced by the same light
treatment. Addition of elicitors such as NaF, chitosan, and yeast extract to the culture medium increased the content of
betalain, phytolaccoside G and D2, suggesting the importance of culture condition for the production of those componds.
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A}2] 3 Phytolacca esculenta Van Houtte, Figure 1) 4]
A}-E-(Centrospermae)  #+2]F-3H Phytolaccaceae)ol] 43} ot
94 $22EA I &u, teveed *F
(edema), Z¥(tumor), 7+7](beriberi) 232 FAY
(theumatism)%-2] AIAEXE o ouAZ Al&stn gt
(Woo, 1975 ; Woo et al, 1976). ZFo|A = —;oot, Hz g
I 71B/AGY A8 AHgse wiztey] A EAE WA
A A2 AbgellA HE LA «V\"‘“°l‘ji 7t

T A RES “H° Fasteh 2l g 27) 9
FAell = AEA 2] A A9l betalaing 2|y 9Jv}. Betalain
£ chromo-alkaloid#| ‘_03%11_,,1/\1 Aegy glom, dF
(antifungal) % spermatocidal &7} gle AL A

oloH(Mabry, 1968). #ejge] Fo A Edq
phytolaccosides:= triterpenoid &3] lanostane X =
cycloartaned] & oA 4§ A== phytosterold 4% 2
aglycon (esculentic acid, jaligonic acid, phytolaccagenic acid,
phytolaccagenin)ol] xylose ¥ glucose7} ZAgtEe] 9l F2
2 4N, agheons] AVHE B9 BF 2 o) gt @
A} phytolaccoside A-No| 3 # =} (Woo, 1975, Woo et al,
1976 5 Woo and Kang, 1975; Yi, 1990, 1992 ; Yi and Dai,
1991).

28] 22 phytolaccosides= immune interferon (IFN-y),
interleukin-2 (IL-2), lymphotoxin (LT)-& -§%3}71}, tumor
necrosis factor (TNF)2] 3¢ $-53}0, )34 o=, o,
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o] 2o FAo] gl AoE BUHT 9o (Lee et al,
1985 ; Woo et al, 1976 ; Woo and Kang, 1974 ; Woo, 1978),
2] 2] 011}“}1*}*&%% Aok gl Aote] YRE o]& 7t
A7b o) geh A 7R 2] AT AETLE ¥y 4
=42 &<ls} phytolaccosides®] Hgol #st A7} F2
o] ston, AMEsikE F3 phytolaccosides A Abel
ek A= Woogl Kang (1976) o] zbe]g AlE# 2 “E]
9} %7]&—‘?—151 callis -7 3ke] A 44919 AEE v
v} 9 37, YangS (1993a, b, ¢; 1995, b)2 e} z
Ao AAE g b, betalain A2 E3)
37F glont AejEAEA 9] yAkE $l8t

ol A phytolaccosides®] 4§ Abel] 3} ‘:ﬂ—?

Aol MED e AA °]E} ‘ﬂra}*ﬁ =
2]&84 SA¢l betalain Y phytola00051d s 3
24N EA AN 97 )2ARE 13
AHY S Slg uletew A xe] AR E%—l A Aol A
7V ZA Aests wiAle] 43E ZARIY. ®g oA
o) AFAFE( catharanthine, serpentine, ajmalicine, berberine) 2]
A & elicitor?] T F FEel o5l EAHAE AT
A7} ol B3E T Qx| ut (Claudine et al, 1994: Eliert,
1987: Nef et al, 191; Yun et al, 1993a), betalain 4
phytolaccosides®] A Aol n]zj= oF3ke] WM = ZApEu}
9ot matd B JFogM= ate]E wAFZY] betalain ¥
phytolaccosidesA§ A& &3138}7] $15ke] wjx] G elicitor] °3
&5 ARl oh
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A}2)% (Phytolacca esculenta van Houtte) £2l= AHzhs
T 537 43w s3eeA AFsded, FaE 2%
NaOCIZ 10%-7 AT o, a2 A3y 1%
agar plateell X} F-{elA A EAT f7IAERE ARSI
o AHEEl 3= A rhizogenes A4 732 pRiA4 plasmid
Z A tumefaciens C38 TFFol| T3 A tumefaciens A4T
{Noda et al, 1987: Tanaka et al, 1985) 24 2% 1 litere]
beef extract Dg, peptone Dg, yeast extract lg, sucrose 5Sg,
MgS0, - TH.0, pH 7122 wr= YEBw Ao A 24A] 7t F<t
28T, A wioFsted Al F3FE (600 nm)E 10
o7 A% F A&

77wl Az 2 FUL EYHES oo
15m x Lhem &7 2 wr=% Hul9] A. tumefaciens

& FAPEE Fele) AHE QT AE 8
Aok HE" HH2L carbenicillin(1,000mg - L) o) g% 3
22 FAH7} MS(Murashige and  Skoog, 1962) T #) 7] o)
14 F 7-89 Abolof =¥ BAFES carbenicillin (500mg
Ll el ¥ FE=2E A7 SH(Shenk and
Hilderbrandt, 1972) 4 A wfA] o MSIA| wix|2 2AAM &
& AAAND F AYA Y EEJ—°1 S SHuf Aol A] wfof
sholct Algel AMEEl BAFTE SH wix|o) A 25, e
2 Z1gk wF(100 rpm) 3} A, lﬂtﬂﬁﬂ"* F 78] A3}
of M2 e AT A9 E 15 emE FdsA zet
AHgstgioh Al e mAe] HAXSA el Edwards
5 (191) % Yang 5-(1996)2] whe] F3ted Faf3loint. A
tumefaciens AT¢] T-DNA%A o) 31E rolCHAAL £4 o%
HE #q15}7] ¢85l PCR(Biometra TI 1, Germany)-$
333}31‘:}. rolC A28 #<18l7] $18k primer?] 97| %
2 2t 2mer® 5 -ATGGCTGAAGACGACCTGTGTT-3
¢} 5 -TTAGCCGATTGCAAACTTGCAC-3 & A}£3}9ich
BAL Z\j—z‘—"};“]ﬂliﬂ Eﬂ-oﬂ 2] 8} 4] betalaino] AJA) == ne
243} 87] 9l3te] - HAF (dim green light)d}ell A
A&l oh Qe 2% AR root tips (L5em) 107
£ SH dAuiA]7} S0mL Fo] gl 100mL A&t
A 25T, R 2097 A" wiekste] HAEFO ¥ Al
EFE Adsidn.

N

NG

HiX| 2! elicitore] &2

g% ZAREY AAL, phytolaccoside 2 betalain 2§ A of]
n| X wiAle] B#E orebE uab SH, MS, White (White,
1963) W22 AHESE E licitore] S ZARhEA
agar (30pg/mL), cycloheximide (2x10-M), chitosan (30
g/mL), phenylmercuric acetate (ImM), NaF (ImM), ¥4l
225 (30 pg/mL), yeast ectract (30 sg/mL)E A} &d}¢ich
Yeast extract?] %2 Hahn3} Albersheim (1978)2] H}# o]
o3} ethanol AAY S AHEs}olow, WAl wick °l
elicitor 522 Yun F(1993)2] upld] Fsjgicl RAMZE]
ek el 2 AAE (L0000 Lux)3pellA] SHuj =] 7}
S0mL So0]3)= 10mL AFEeliaoA] 52 2097 9
kst et

SAFZ phytolaccosides?| SX 2! BAM

AelF AT A phytolaccosides F2-2 Woo2l Kang
(95)9) wpgol Food Sadst. TYTE AL 5
2 Az F %"éi 9 E ohe MeOHZ 23] 23 (60
T F wEstd B b AEse AAES
o AEE AREE FH eher B34 UL 339
¥ IM NaHCO32 F-Z38ldeh o7& AM (pH 4) 22

_ﬁ.r
g
ok
32



L % ecther & phytolaccosidesS F+&3}e] o}

Phytolaccosides2 574 8}7] $18}d, phytolaccosides fraction
o 0.3mL MeOHZ o silica gel plate(60F., Merk)el] 50
A, AAsa MeOH : CHCl; @ 7%HAc = 1 @ 5 @ 1
{(v/v/v) Solutionl} MeOH : CHCL : NHOH @ H,O = 3
60 0 3 0 4 {v/v/v) solution®® AH7fsked SbCI-CHCL
(Carr-Price reagent)® ¥Asleich. TLC % HPLCZ 9i¢)
2] fractions-2 IR, Mass, N\/IREg Ab8-3}ed phytolaccosides
2 Folslglth A9 F4 A" EH(IR)S Perkin-Elmer
298 A9 %Eﬁ]-‘i *}%6}01 KBr disco]] A& #
7bete] ZA s}gldh. Masst 7] 238241 AE] ESI MS
(VG Quattro, FISONS Instruments)® Z3As}edch $£4
7] 9 A=k EZH (IH-NMR)S Bruker NMR
(Drx300) 300MHz #z}7] 39 23 JFTAE AlLsiedo
o, {etramethylsilane(TMS)& EZEA 3 2}43le] & 7o
2 Z2Aselvt g byl 3 A" ER (C- NMR) &
o 4R 2 AAEe] A8 71709 FA 717
g Aasiele

Phytolaccoside G % D22 #A-2- Rl-detector”} 2%
HPLC (Pharmacia LKB, Sweden)& 3&l9it}. Pump:
Pharmaciart2] LKB HPLC PUMP 2248& Ap£3}¢] 1,
column- Lichrosorb-NH2 column (5#m, Merk), detector:=
KNAUER differential refractomemterE-, solvent= acetonitrile
D H20 : n-BuOH (80:20:10, v/v/v)E AF2-3tg o, flow
rate:=1.0 mL - min'}, attenuator 1X 2} 7 5}o]] A chromatogram
o] 7} peakE EFE3} v w&}ed phytolaccoside G} D22
&ak-2 peak height® A AF3)9ith

2AbZo| MAET} betalain BHEE

2AEe] MRS SH 715}4}11} 50 mLE &85 100
wALel Met (1.5 em

mlL faske] 2470 A9 ) 10hH AEee] B4
I e Fdelel 092 MY F FAAEAA A

2457] ge] 52

& f7)8kaA) Farrelbsl A EA
ZHE] dAHEG srEF A tumefaciens ATE HZ319dd
go2 we ngTe $799%

<]
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Fgure 1. Photographs of fruit(A), aseptic plants(B), and hairv roots
(C.D) induced from leaf segment of P. esculenta van Houtte. Hairy
roots cultured in solid MS medium(C,D) supplemented with X) mg
- 1.1 carbenicillin.

ll DARK

LIGHT

Faue 2 Charactenistics of three hairy root clones, PEHI, PEHZ
and PEH3. Hairy root clones cultured in 100 ml erlenmeyer flasks
each containing 50 mL of SH medium under dark and continous
light condition(1,000 Lux) for 4 weeks at 25C on rotary
shaker{100 rpm).

(Figure 1), %719 ZAE clone SH 7)Ru)z|e] #E3t
3 AAEo] 4% A EF PEHI, PEH2, PEH3E Al'¢s}
9t} (Figure 2). PEH1S %ALY 27 o] oF lmm A Eo]
W BA]5e] kil PEH2E RARES] A7 o] of 0/mmE
7bsE BAo] =3 AzFo| A4l 0 7} wyoks}

a2
38w, 27]|AFeko] 130w 2 E=9ton, PEH3S RAMZY)
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Faue 3. Polymerase chain reaction analysis of hairy root and hairy
root-derived callus transformed with A. tumefaciens A4T. NR,
normal root. In the PCR, rol C-specific primer was used to
examine whether or not T-DNA had been successfully transferred

to plant cells.

7ol Imm =2 HAFo] yslch oo tjokgt 1
Aol BEAL T-DNAZF £Y% M Zo)A T-DNAS 2&
o} Aol AFE Aol 33 o, fAzlY Mdx
=N WHEAY FAA7E 2243 Hr)E )
] f-o]m] (Weissing et al, 1988), =3t &FMEZ £9Y3
T-DNAS] copysol oA % oI3kg ¥e (Mano et al,
1989) Azetx YA AE coneo] FAALAQ =
AERE sy $)ste] A tumefaciens AsTe] T-DNA
el Qle rol C FA42e] EAlF-& PCRE o] 43} 3}
dstodd wh AAAEA L] R ro C7} FHA
92 ulg, PEH2 2AME 9 PEH2 BAFT $-8) callusel A
= rol C7} el o] AMutsl PEH27} A. tumefaciens A4To]|
olste] FAAZY 2AZYE FAss} (Figure 3).

Phytolaccosides & &

A2l gel 2AZel AAE phytolaccosidesE TLC ¢}
HPLCE2 ¥+93s A3z, 229 phytolaccosides:=
phytolaccoside G¢} D22 %A = ¢t} Phytolaccoside G2
Rapeke 648 o]91.end, IR (KBr vmax, aml) spectrume]] A
3400 (OH), 1720 (ester), 1701 (acid), 1070 (C-0)& EA3}
91t} CD3+D20+CF3COOHo| A 'H-NMR spectrum-$ £3
93wl v}, 5709} tertiary methyl. signal (6 0.84-099), & 364

Table 1. 13C-NMR spectral data of phytolaccoside G and D2
(300MHz, in C5DsN) from hairy root clone, PEH2 of P. esculenta.

Carbon No. Phytolaccoside G Phytolaccoside D2

c1 441 390
c-2 709 %1
c-3 828 828
C-4 22 133
c-5 485 485
C-6 179 179
c-7 1330 29
Cc-8 298 28
c-9 477 485
C-10 39 %9
c-11 29 239
c-12 1235 1234
c-13 1444 1444
c- 14 28 421
c- 15 283 23
c-16 239 239
c-17 477 461
c-18 41 433
c-19 27 427
c-20 439 41
Cc-21 08 08
c-2 M5 34
c-2 652 652
c-2 149 135
C-% 174 172
c-% 172 174
c-z %1 %1
c- 2 1799 1797
c-2 291 24
C-30 1771 1770
Xyl-1 106.8 1035
Xyl-1 753 .8
Xyl-1 785 781
Xyl-1 709 709
yl-1 672
Gle-1 1064
Gle-2 763
Gle-3 781
Gle-4 77
Gle-5 789
Gle-6 626




o] 41 0 -methyl signale] 5 A ¥ ¢l o. BC-NMR
spectrum(Table 1)& Yi (1992)¢] B¥3 2 A4
phytolaccoside GE aglycon® 2 jaligonic acidE 7}A| 1L
xylose2 17] 7}A] 3 ¢l 28-0-[f-D-xylo pyranosyl]
jaligonic acid2 %A =g}

Phytolaccoside D2¢] RA}ek2 8470]w, IR (KBr vmax,
cm!) spectrumol] 4 3400 (OH), 1720 (ester), 1701 (acid),
1070 (C-0)-& EA3}edc}. CDs+D0+ CFiCOOH A 1H-
NMR spectrum-§ 543t % wh, 5749] tertiary methyl
signal (& 0.85-1.00), & 364041 O -methyl signal, & 454, 469
Al 712 anomeric proton signale] EA = ¢ivh BC-NMR
spectrum (Table 1) Kang® Woo (1987)2] Aa}e} o=]35}
= 7438k2 2 phytolaccoside D2 aglycon©. & phytolaccagenic
acidE 7}A| 31 xylose®] glucoses 1718 1A ¢l= 3-O-[8-
D-glucopyranosyl(1-2) -8-D-xylopyranosyl] phytolaccagenic
acd2 A 59k

HHA|E ZAtZo) BHE

A Ao $-3F PEH29] 417, betalain % phytolaccoside
G} D28} MAdol v wiAlH B ZAMEE A3 24
29 AAL SHelA, betalain A2 White wix] 283
phytolaccosides®] A/4-& MSuiA|e| A fEaH et T
A& SHu Ao A el 2 wiokstd & o, 048 g - flask!
2 MS vj=]¢] 036 g DW - flask-1 @ White wj=] 2] 0.067 g
DW - flask18e} of23}g] 3, FA e wiokAo) = SHujAjo]
A 7V dsskeh ey ARet 2EuiAel M e
Hop gabelel o 2] AAbe] A 23kl wdl, SHejA] 2]
At el A mAATEe AAbe] 029 g DW flask 12

05 BB Growth(Dark) E.%ﬁ 130
[ Growth(Light) b

— H H h - frad
2 04 EZ] Betalain(Light) &1 s
e - 0 g
T o
% o3 . e <
§ | B
2 o2t 4 1 <
=t ) 12 5
S i
[<] ]
O 01 416 m

0.0 4 <x2 ¢

éH ' MS WHITE
Media

Figue 4 Effects of media and light(1,000 Lux) on growth and

betalain production from hairy root clone, PEHZ of P. esculenta.

The data represent the mean+SE of triplicates measured after 20

days of culture. The initial inoculum was 10 hairy root tips
(size: 1.5 cm) per treatment.

Advancement on the Meiosis 511

’g 6

%‘ BN Dark
> [ Light
—

g 4

N

a

@

jo!

w

[}

[5]

(]

&

[}

=

.C

o

WHITE

12

k] I Dark
g £ Light
2

[o)]

£

0]

()

8

wn

Q

[§)

Q

8

[+]

=

L

o

MS WHITE

Media

Figure 5. Effects of media and light(1,000 Lux) on growth,
phytolaccoside G and D2 production from hairy root clone, PEH2
of P. esculenta. The data represent the mean+SE of triplicates
measured after 20 days of culture. The initial inoculum was 10 hairy
root tips (size ; 1.5 cm) per treatment.

)

e Boh 40% A= JA=UC} (Figure 4). Betalain®
§4- White) MS) SH wix|¢22 kzsl9] &, Whitew)
Ao A 2] betalain -2 2926 mg - g DW1E A A-go] o
3 SH¥lA|9] 1538 mg-g DWHT 47% A% eqpc}
(Figure 4). ol2}gt AN dA7|7} 5k 3 flaskel] A A
1%l betalaingk-g v wa] E- o, SHW A= 447 mg - flask 15
MSui#] ¢} 412 mg - flask! Y Whitew] 2] 2] 0.88 mg - flask-!
Bk 5ol betalain BAS 97 HAwAL SHAA
Hag0z 4749,

ul A phytolaccoside G} D29} AL 3] MSH] Ao
A R kst s W 7 FEst (Figure 5).
Phytolaccoside D22} &gk o} Abefol|A] 503 mg - ¢ DWW
744 §rake] wotoh Hbd, SH 9 White wix|o| M= tAbel
ol A wickst 7 ek sFAelel A wioksled S W okislg
o, SHeA 9] 74 ¢Aele) 266 mg - g DW-! B} 34}
e 378 mg-g DW-2 otatell B} 429 =& P S na
t}. Phytolaccoside G= MS ux|o| A olAbe) = wjokslel L
W} 1088 mg - ¢ DW-12 7}#} ek 3 3tedct (Figure 5). SH ¥
White wjA]ol| M= obAbeol A wjekst 71 Bk Fabe)o] A
wfeFatol S o oFEatol=dl, SHujx| e A% date)e] 464

>,
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mg - g DW! 2o} FAbe) 771 mg - g DW1E Abe] &2

R

0% ¥ AL Rock WA Ay BAREY AR,
betalain % phytolaccoside G2} D22} Ao} w2 F2) o
F& FgH 2 o, zE)F 2L AR FAlg o] o
A 5|9 2] 9} betalain % phytolaccoside G} D2¢] QA& 33

Aol M FAHE o= g9 Held agx
phytolaccoside Go} D29] A2 wiz| e} ol 2)alx 2
o] Rded o F¥o AU d77 o Basga 4
7. ol2lgt A= Fujitas (181)2] A7 HAF oA A
29| callis® %¥ shikoning AJAFsl7) abed HAL <3
HAu7) (MG5)sh Az S A8 A4ua) (ME
2ol ol gste] Al B&E ¥ ALE B o, A3
A1 23} betalain % phytolaccosides G} D2¢] A X A s}
A g FS o &3t 2AY £ 9l A2 A7dd

Betalain 2! phytolaccosidesAH AJ01| A{ elicitor®| st
H-E] betalain 2 phytolaccoside G$}

Ao AR Al o *"L"‘EH"%W +73] agar A TE

kS

%‘ 6k Ml Dark

o [ Light {_
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0 Control Agar NaF PMA Yeast Chitosan Mus. Cyclo

H Dark
[ Lignt

Phytolaccoside G (mg/ g dry wt)

0
Control Agar NaF PMA Yeast Chitosan Mus. Cyclo

Elicitors

Fgue 6. Effects of elicitors on growth and betalain production from
hairy root clone, PEH2 of P. esculenta. The data represent the
meantSE of triplicates measured after 20 days of culture. The
initial inoculum was 10 hairy root tips (size ; 1.5 cm) per treatment.

0.6 30
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Figure 7. Effects of elicitors on phytclaccoside G and D2 production
from hairy root clone, PEH2 of P. esculenta. The data represent the
mean+SE of triplicates measured after 20 days of culture. The
initial inoculum was 10 hairy root tips (size ; 1.5 cm) per treatment.

cycloheximide ¥ PMA Xe|F-& A3 TE Ha|FoA
Z715¢v} (Figure 6). Betalain®] A4 chitosan] 2] F-o
A} 2362 mg - g DW-g o 22| 1533 mg - g DW1H} 15
Wl, NaF Heg]To|A= 2143 mg-g DWIS 14v], veast
extract A 2| F-o|A 1894 mg - g DW1E 126] Z7}5¢id}
Elicitorel] 2]} phytolaccoside G2} A3 ebale) o) A}
efol| A 28] o Z TR} yeast W chitosan A @] FolA] Lo
AL Jehideh $Ate)oll A1) phytolaccoside G2 A A4
< uws) B o) GAe 654 mg-g DWIHT yeast
extract A FollA 29M mg - g DW-12 45w, chitosan 3
g o M= 2571 mg - g DW! 4] =2 phytolaccoside G2
A o] 2=} (Figure 7). Pytolaccoside D22) A A of A
= fraksk AE vepdded dele] 378 mg - g DWH
X} yeast extract @] o)A 538 mg-g DW-E  1.454),
chitosan # 2] Fo A= 443 mg-g DW-1g 12w =2
phytolaccoside D22] Al o] &A1=l 21}, agar T PMAX
T ME dAHE AeE Jellsd e (Figure 7). o] Abe)
AHE A elicitorx 2] sholl 2] F AL AL
A €| A9} betalain Y phytolaccoside G} D22] AL &
A F4E Jehid T, 531 phytolaccoside D29) A
< Y Hoe FAdeM EAF 222 phytola-
ccoside Ge} D229 A& Fol7] HsiME FF7]5kA
A3} elicitor A&7} 8 F% o). Marques$} Brodelius (1988)
2 A EA Ew oAl elicitor® 7]} L-tyrosine
decarboxylase’} fX9vta 8}9d 3, Koch S(1990)L
chlorogenic acid®} caffeoyl shikimic acid ©jA}ell A 333}
elicitor?] E.3}7} 2pol7} gl slgd=dl, ojgjgt AR n)
Fo Hol zelF BAZAME F 2 elicitore] 3
betalain % phytolaccoside Go} D2¢] AJg+A] 3=l F49 F

o_)L e r



5 9 2ol FrhEle] ko] Folxl ZoF A7bEw, o
o2 ¥} A9l elicitors?] 7Wte] 2 FEh

5 g2

) 2e] A Hol Agrobacterium tumefaciens ATS A &

dto] HAElelA 27] Ao 13E EAge] £ A
Agol -3t BAS A E2F9 PEH2E Aldsigleh A

Ak

B mAzog Mg Ae|3hA EAol phytolaccoside G
D22 IR, Mass, NMRE 22 EA]3}¢it}. AT PEH2¢]
472 SHeA|ell A 714 oFzatelon, ohge} Bo 34
o A weFatol & o 40% el A= %.2m, betalain?]
A A2 Whitew] Al ol A 7H4 FEsAH. WA
phytolaccoside G&} D29] AL MSujz|o|A gt e 2 )
98 W A3 Lokl on SH 9 White vAlo]H
sHtel 2ot FAeol A 22 AL yele] phytol-
accoside G} D29] MA L sBoju]z|e]| &sle] 2AHH S 3
Qlsladct. #}e]F LAY A betalain P phytolaccoside G2}
D29] AAHYE A A1717] S1 weke® A3t elicitor
Aeleelel o), 2ARe) 4R Al Hiedenk, chitosan
yeast extracto] 2]3}ed betalain @ phytolaccoside G2} D2
B0] SA15e) A eliitors} B 2PAYE A
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