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Abstract: We investigated the plant regeneration and production of flavonoids in three high-yield flavonods transgenic Saussurea
involucrata hairy roots C17, C27 and C46 by quantification of two phytohormones GAj; and IAA. The results showed that GA;
concentration at more than 1.0 mg/L could induce adventitious shoots in the hairy root lines. The highest shoot regeneration rate,
about 82%, was obtained when the hairy roots C17 were cultured with 2.0 mg/L GAj;. The results on HPLC and UV
spectrophotometry showed that exogenous application of both GA; and IAA increased the content of flavonoids in the hairy roots.
The contents of flavonoids and apigenin in the hormone-treated hariy roots and regenerates were higher comparing with those in the
untreated hairy roots and the regenerates. However, the content of flavonoids was not related to tissue weight, and was negatively
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related to the regeneration efficiency.
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B} (Compositae) R EHJEZFAEAMEY), EIIE
EH/ GG, BAHCERRIE . THimme . 41
R, BUREDNEE, A MER S A EE Y R,
WAFEE (5,7,4-trihydroxyflavone) E. A5 1 il Jit &
TE BB R T RED ), 534 K AR 2 400 K%
4 000 K1) A14E . BRABFIRIEVSH |, T8 T A
WA FEAE W) , 3T 5 AR ) A BB A ik
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PR BRI R o XS BIRAR R Y B 5 5 2
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1.1 SRR

BT Smchi e e S B ey 7 B RAR (A
Z (C17. C27. C46) WAL EMA), Smchi 3
KA S0 2 MK B E % Saussurea medusa Maxim
cDNA  3C & B v B 19 £ /K B 57 44 i (Chalcone
isomerase, CHI), Jfm# K Smchi 3., 7E%H
1/2 MS T EWARIE IR = fofih, 3968555,
18 d 418 1 R $RIRELHE R 110 r/min, RiFREE N
25 °C,
1.2 ARIRER GAz; % C17. C27. C46 I"EHF
BRI

PEBUE KIERE (18 d) B9 3 ML ZR , 2>
FIVITHC S om ARIEEFIFH 0. 1.0, 1.5, 2.0 mg/L GA;
) 1/2 MS RS FREE I, AR 15 XRR, &
— PN S, IR ER 3K,
1.3 TEIRER TAA. GAz; X C46 ERIRALE
i & P B 5201

¥ TAA . GA; 53 LIAHIF VR EERREE 0. 0.1,
0.2, 0.5, 1 mg/L [ABAINE] 5 B0 C46 £
ARARARIAY 172 MS WAREE IR L B, BRIfHERD 13 4%,
BARK A5 om, BRI ERBICA TR —HE K
18 d Y C46, [AlIfl 3 DES .
14 Smchi HEFEZEERRAEEEREKR
LA ENE

B3 ANEEFENRRZR (CL7. C27. C46) IR
DL KT R 53 S3IAE MS HhEs I 0.5 mg/L GA3 R 1Y
iRtk LRGSR SRR AR A R, 20 d S,
Kl mok, JHic R E i, SREKAEE T 50 C
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TR TN A5 3R X e B TR 5 3 T R R 1A SIS B 7 A 1) 2 71

AR L R
1.5 ERRFEHNE

WK 18 d MRS B, 781K vh sk
T, BRARCT S, PREUEEE (FW), BT 50 CHE
LT R, AR H T
1.6 SERZEHNE

& i Beckman Coulter ) DU640 7] JL-48 486
JEEETFHEAT ki e U e K 510 nm, H
TARAE S S O H R TR =0.080894~
0.0005324 (H:, ¢ FRBBEMMWE, N2
mg/mL, 4 AYEHWIAE ), R =0.9991, LA
FRUEM T (Rutinum, Cy;Hs00,g:3H,0) AU UEFT
B,
1.7 HMEBSERLEERERRMARE (HPLC)
MEEES SN E

PR F Y D AT = RO (B3 (HPLC) 3%
M5, A A B R A 7 VA S IR SCHR[S ] TSR R
Y TR B S T AR H A T R . ¢=28.2424-24.079
L ¢ RORTHREWE, PAE pg/mL; 4 Fon
WETIAR), 7=0.9981, MIE P 337 nm, (XA
Agilent 1100 % (Agilent, USA), JAH @ 3% 4
Zorbax 300SB-C18 (250 mmx4.5 mm, 4 pm). G2
Tl 5 0 W) B 3Ak 1.3,
1.8 C17. C27. C46 t{REZABEER PCR &

EARMF AR DNA BOFREL . e I8 2 B0k
[131MT7 kAT o Rl Y CHI BEH PCR 974419 I
W59k . 5'-CCCACTATCCTTCG-3'; FiiFgI4h
5'-GCATGAGAGCTCTGGGCACACAGATGATTT
=37, WK/ 403 bp, 1] PCR JOJW 45160 : 94 CHi
5 4 min; 94 CZ8ME 1 min, 56 ‘CiEB Kk 1min,
72 CHEMf 1 min, 30 DMEFF; 72 CHEAH 10 min,

2 HR

2.1 GA3 X34 Smchi EAFEBEEZEERREKE
e 0pAl
TERE ) 10 ZABARB R A, C46 BRI ZR

R B2 B 2 1t DA B2 AR R CHI BRI i 3k 1 Al
FEE PR, R 1N GA RIRIREEXT e 5 %
RIRER C46 REHFFIMAEEAERKMEN ., WFK
1 AlDL, GA; X i 35 3% BN 2 2R 5 5 2 B
FAEA, 4 3 DB BREAIEERA 1/2 MS JEA
Bigpdk LR R B EWIL R (35 d), #EA A
SEFFM S MY 3 ABRR AR 1.5 mg/L
GA; 19 1/2 MS B g5k EHEgRmS, LIBIRMR AR C17 1Y
RREZEFEFREE, 35 75% ; 4RSI GA; KR JE
% 2.0 mg/L B, AEZFRAERE R, Hrh C17 AT
B 82% . ANFHERRIR AN GA; 195 R
WORTR], AINAR R /) GAs, RE C17 il C27 A
SEFMEFRE S, MR C46 F5 PR EAK
(F 1,

GA; XHE B B s 5 B R C46 A EZF 1Y
WAL S ERA BELZA, 18 1/2 MS Kife bk B3
FERFF MR (35 d), i 1.0 mg/L GA; #
12 MS HigR 3 BRI D B AR EZF B (B
1A), HERMWREANE ZFWIFFREM (& D ME
BRI 1.5 mg/L GA5 9 1/2 MS 35 3% IR BARAER
FE SRR (B 1B), BB ERIB R A E F B
W (R 1. B2 GAVREEIS 2 2.0 mg/L B, BIR
WA E 2R 055, Bl ™, ke aas ™
&, NG HE (B 10), BRRMAEZF A EHRIF
IFRE (R 1)

1 GA;REMHEZEEENRRCIRELTEFIFEM
FEFEKWENR

Fig. 1 The effects of concentration of GAj3 on the induction of

adventitious shoot and shoot growth of hairy root line C46. (A)
1.0 mg/L GA;. (B) 1.5 mg/L GA;. (C) 2.0 mg/L GA;.
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1 GAREMHMBEEERRAIEFFSENZ T 12 r O Dry weight O Flavonoid 1 42
Table 1 Effects of concentration of GA; on induction 10 F _]:_
efficiency of adventitious shoot ) JJ} 137 &
S 8t 2
GA; concentration Induction efficiency (%) %n 6 L 11 E
5 =]
(mg/L) C17 C27 C46 2 r g
2 4r y &
& i
0 0 0 0 2 | T -
1.0 1743.5 1942.7 1141.2 0 2
N 2 X 1
1.5 75+2.2 72425 50+3.1 0 0 0 03
SEMFN
Fig. 3 Effect of concentration of GA; on dry weight and

2.2 TAA. GA; RREIREXEIRIRFR C46 L EHEE
EYE BRI

P 2y TAA X C46 IR R K ETL S WA B
M, M 2 AT UL, TAA (0.1~1 mg/L) fEfS4m Bk
MR &, Y TAAWKEEN 0.2 mg/L B, B E
PRAR T H A B & s B K, 4 29.7 mg/g T
o TAA WREEARZG N, S8 ER 5 R, i
J5 25 TAA WREESH 1 mg/L B, ZE B &t 5 A 4T An]
R A H R ERARKE F [ —KF. B 3 GA3 X
C46 R AFHEIL S W& MREm ., hE 3 LIE
th, GA3(0.1~1 mg/L) HEfE I & (et C46 BARM
JEHER SR AN, 24 GA3 WJE N 0.5 mg/L i, %k
S EARAR T E 2 & RSB R, b 43 mg/g
THE, RIMEREFREM TN L6 5. 4 GA3 kE
IR 1 mg/L B, SRR S TR TR

5 O Dry weight O Flavonoid 20
A I n
%10 | E
- 160 =
ke :
z S
5 F -
z ﬁ 140 F
0 20
0 0.1 0.2 0.5 1
2 AR IAA REXNEZEERIRE C46 TEMLDE
EENZM
Fig. 2 Effect of concentration of IAA on dry weight and

flavonoid content. Each value is the X + s from three independent
experiments.
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flavonoid content. Each value is the x + s from three

independent experiments.

23 HEBESEERREBEEKFRENSER
BEHME

TER A R B LR, AE AR Y B ok A AR S
TGl Z 20, A ) & AL 4 & AEAR
KAGASAEUM S o BARAR A T A B i S AR
Zead 3 R ARAEE TR (TR SR BT GAS WK
0.5 mg/L), Z5REKMEG54% ARENEREML, B
ARAR A B 0 SR R SRR S = N T 20%~
30%, HPHRER C46 TR R AR TR T 26%, LB
THNET 21% (B 4) 05X BB (Control-1)
FAKT B 1) BARMR P AE AR (Control-2) AL,
35S-Smchi A% i PR P 2B AR PR 4 77 3 R R B 5
A W, HRRR C46 SR RS R
5351k 1.86 mg/g THAM 37.3 mg/g T, 40N
Control-1 4 12 f%#1 2.4 f5, Control-2 1Y 4 f5F1 1.6
% (& 5). HPLC M5 R W R frog EAnEREdh
HEIRMWFR Ca6 HRAE IR AR I ) 2 — 2K
(%l 6).
24 BHEER PCREN

XHEAERR (C17, C27, C46) H Smchi F&H )
PCR F &5 R B (18 7), Pk JLAS AR R AR A I
HE 0 R BH AR X BR— R /NI R, IR U T AR
TR AR 0 HECR A 1, D038 A sz ) 380 4 7 1Y)
25 o R WATE B 8 S RAR AR A s AR
HAEH AN SR I Bk
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A A

=~ 3 r O Hairy root line O Regeneation shot line 50
)
2 25t ]-E 40 ¢
! t T ok .
= -«
£ 1.5 + 20 F Standard apigenin
z I
a3
E 1t 10 |
L¥]
=
E 05 F o
=111
5 Fl= 30 325 35 375 40 425

Control c17 c27 c46 B i

B
= 60 _ . _ . 30 F
=) O Hairy root line O Regeneation shot line 25 E
o
= 50 -
20

g + By
&40 15 F
=11}
E % 10
B 5
8 201 0 b ‘
=
2 10 30 325 35 375 4.5
& Petention time (mm)
2 0

Control — CI7 €27 46 B 6 HB|EZEERIRFR C46 BEMM HPLC Eik

K4 ESmchiE A EEEERBHNBEEEWETREMN Fig. 6 Chromatograms recorded at 337 nm. (A) Standard sample
BEFHSE of apigenin. (B) A regenerant from chi-transformed root line.
ns 22 =}

Fig. 4 Content of apigenin and flavonoid in different S.
involucrata plantlet and hairy root lines (20 d). (A) Apigenin
content. (B) Flavonoid content. induced by 4.
rhizogenes strain R1601; Cn: induced by A. rhizogenes strain
R1601 with the binary vector pCHI (“n” indicates the line
number).

Control:

257 O Apigenin

= %
g OFlavonoid 19 £

2r o
: 1,4
% 1 70 %
g oy E
E ot 150 §,
§ ER | g
g £
& §
2 oL 10 &
< =

Control-1 Control-2 C17 Cc27 C46

5 FREBHFBESEENRRABEHRNAREZNL
HESE

Fig. 5 Content of apigenin and flavonoid in different types of
S. involucrata plantlet (20 d). Control-1: normal plantlet;
Control-2: plantlet induced by wild-type hairy root which
was induced by A. rhizogenes strain R1601; Cn: plantlet
induced by 35S-chi transgenic hairy root lines which is
induced by 4. rhizogenes strain R1601 with the binary vector
pCAMBIA1301-chi (“n” indicates the line number).

bp M C C17 C27 Cd46 A

750

— 403 bp (chi)
250

7 HERMBITESLEEN PCREN

Fig. 7 Analysis of PCR for chi of transformed S. involucrata
regenerated plantlet. C: plantlet induced by wild-type hairy root
which was induced by A. rhizogenes strain R1601; Cn: plantlet
induced by 35S-chi transgenic hairy root lines which is induced
by A. rhizogenes strain R1601 with the binary vector pCHI (“n”
indicates the line number); A: A. rhizogenes strain R1601 containg
pRiA4 and pCAMBIA1301-chi; M: DNA marker (DGL-2000).

3 itk
AR TSR B RS Smchi FER B9 B ARMRAE AR

AT TGS . SRR Smchi Fe k[N 5 EAE R
TR RARRAT R AL T WA L, 565N
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PR R A 3 28RS B I B A L VT R AR A ) 3 AR
F, X RGAARERY BRWHAEER D RS
YR AWK (Tropane alkaloids, TA) A& ERE 4
FEARAT BH S A0 45 5 PO — 3 BT S E BARAR AN
EHERI TR 511135 Amoracia rusticana. T KR
Lotus corniculatus . £1.53.%. Onobrychis viciifolia . &
=YL Astragalus sinicus YA 277 AR R RUAH
AT R ZERR A B AR R T . A T D A
AT IE N A AR AN E & Medicago sativa &
PRARAS 22 25 W2 AE B R R I8 09 45 T8 U AR A4
SRIG A AR e 2
BRI AR 5 RS R AR
AL RS EAVIR 20, s Fils%
4. WIAEEL . MR, AERZ, XEHR TR
K A RARAKFH T-DNA H rol RN, 54 G
R — 0, R — R A B ARAR S LR R AU
YRR S AL ST R O, MY
S A A, I S AR ) T R Y &
R TERFTEAM IR GAS I TAA ¥ S IR i 5
TEBRAR R A ST 5 i 1 45 R B, AR Rk
FEARRI R LI BARIR &R C46 A1 M S T
THRAPIAR, FEANEHER GA AT T C46 BAR
R B 0 & B RS TN R IAA BT T
PSSR Y 5 i, BB AR Y AR K A W i i 25
Sl X —BFFE 4 R G AR W B A B A K
WA B M e g U — 3, SRR AR K
P, 7E 1/2 MS Fitin GA; 1.5 mg/L 85353 F, R
[ B9 55 3% B AIRARAR B X GA3 Wi RN AR, &
AR GAs, MRER C17 Al C27 A5E 2 s
WAL, MR C46 I RRORAHN AL, XA fig 2
BRI By AR I, (H B P 5 B S R 2 (]
T-DNA i AR H BRI EZREHED, SBZME
225 . SMEIER GA MR IR A=A ™= W E iise
M B AT BT AR, FEFRATAAF R R IR GA,s
X T R AR B A R 2R R Y A AR
o X—&5 R 5 Younghee K HIBEHE GA; & T
T HEAE 568 o A 2 e i 7 PO — 3, {H Tlan SRR
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FEWER GA; XS N A 32 AL T 28 i
TR, MR GAMFIEHF RME. UL
MR RN 2Z R R ST RN G HGER SR ETE
AN FIAL )RR DL RS TR R ) L R 8 B P R R TR 1)
FERIPEAG S R 2 A1 3 Fhml RAEEE], Y557
BARRR C46 TRIMIEE R 0.1~0.5 mg/L HEFH:
IAA Fl GA; FIFNEER SRBIMERE M ERR (A
X R AH LR [ A B Ml 4 v S BB A B i, Yk
FER B 1 mg/L IS EA S i e TEA P R, I
SRR T UL E PR R AT e S AR R 2k
B A, A RRIRRIE, MR AT s Bk
RRARTH ™ W i B, 00 v R B R0 R T ] B R AR
AR 4 T 1 B B IR AR A U A 11

L5 H AT DL 3] 3 B B 5 R B IRAR AR
M (C17, C27, C46) I L FREA & & IR = TR A
Smchi 5 HE 3 BAIRAR AT (Control-2) AU
i, CHI HEPE BB QR R T i — A i,
] CHI BN & BRI AEY & e i s, S
FEEARAR H CHI A (1) 2235 5 A1 CHI Bl A9 35 P 5 3%
B (S F A DY, BB CHI LR 5 3 R AR P A
¥k (C17, C27, C46) 9 PCR 5t on (K 7). %
FEHFHEBWRR R A CHI LA EL, £
W] CHI e PR 7 2 B DR 35 3 B IR AR 3R 72 ARLRR 09 773
F ARG bR G EEMER . WE S ik n]
BRI, SEERNTERRR R FAREA Smchi
BN S BRAR AR WA b, B A
(Control-1, normal plantlet) B0 B & &AL, M
X5 R rha] DIHEN , 5538 AR R Y rol BEPRIGT
PR B AR A R SRR e EH, X5
R e R —30 . Hik, DIBRR Az,
W RE A EHE R T A SSE R S AR PR EEE
AR, SRIG A S P R B IR BE N, AT A
TR, iR S5 T AR R B A RGR R .
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