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Induction and in vitro culture of Wedelia trilobata hairy roots

Shaoyun Ou'~, Heping Shi', and Eric Pokeung Tsang’

1 Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, College of Life Science, South China Normal University,
Guangzhou 510631, China

2 Qingyuan Polytechnic College, Qingyuan 511510, China

3 Department of Science and Environmental Studies, the Hong Kong Institute of Education, New Territories, Hong Kong

Abstract: To study the possibilities for improvement of the ornamental character and production of secondary metabolites by
using Wedelia trilobata hairy roots, we investigated the induction of W. trilobata L. hairy roots and its consumption changes of
carbon resource, nitrogen resource, phosphate and calcium in the medium during liquid culture. The results showed that hairy roots
could be incited from the cut edges of leaf explants 7 days after inoculation with Agrobacterium rhizogenes ATCC15834 and could
have an autonomous growth on the medium without phytohormones. The PCR amplification showed that ro/ genes of Ri plasmid of
A. rhizogenes was integrated and expressed into the genome of transformed hairy roots. The hairy root line grew very slowly in
0-7 days, very fast from 7 to 21 days. During the liquid culture of hairy roots, sucrose, NO; -N, PO,* and Ca?" in the medium could
be gradually absorbed and utilized with time. The content of NO; -N in the medium was 5.8% of the initial amount at day 7, while

sucrose content was about 50% of the initial amount. At day 35, the NO; -N and sucrose content in the medium was 1.82% and
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3.39% of the initial amount, respectively. In combination with Ca®* consumption, PO,>~ of the medium was rapidly absorbed and

utilized. At day 7, the content of PO,*~ in the spent medium was only 1.76% of the initial amount; but even at day 35, the content of

Ca®" in the spent medium was still 61.3% of the initial amount. The results presented here had provided the possibilities on

improvement the ornamental character and how to prepare optimum medium for large scale cultivation and production of secondary

metabolites from W. trilobata L. hairy roots.
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FIFH EZARAHT B Agrobacterium rhizogenes Ri Ji
K% T-DNA R Befem e R4l b i A L B Rk
IR AR AR A T ) B RAR 5 F= Wk 7 A A ) 0 H:
YR A, NS Panax ginseng L.
¥ kD48 3% Solanum nigrum L. var. pauciflorum . =
S4M-BF & Pueraria phaseoloides L.F Ruta graveolens L.
S5 A iR A Y WIEPEF RiOBRRL T-
DNA ] rol B:PH155 577 4 B BARAR A A bR B A
WAL . ZEROED | AR AR R AESE IR SRR
FEVTS DR [ AN A D T SRR B ARAR
AR R M FEMAR, 2k a i, &
I JE 25 B AR 1 B A R T SR ML 4 Wedelia
trilobata (L.) A.S.Hitche, |4 =247t 45 | J& 2
BEZARE R, SO H 24E WAL, ARV,
T 2 07 W 2 5 A B A B Y A 2 N TR AL
G105 TSR 2 R A R b A 0 R A 3 B A
Bbs ABTE HIAE R ARER AL 1Y Mo AR 8 I, BT
AR, RS, AUE R T N BT . P,
bel Z0AE 77 b AIE YIRS ST A AL . 5 TR 3 A
(1) T G 67 4 St ROk FIAE Ml R EEA T
e SR ALFIAE o TG OC R 56 B L4 1 A 2L SR oY
BA/PEIREY, AR HA IR, &R HE R
TR 7 56 067 H 35 350 1% 2 A S FE B IR AR v A ) Joi 7
A FRE AR PR AR Y F SR8 . itk AR ST i
HR AT TR X i 2 7 LA I st AL e b, 7 AR ]
HFARKMBRM, IO B R W A 55 77 6 1)
HEERE . CHLOTE N P A1 Ca IHAEZE L, AS S
2R 0 18 A 8 0 ok A= 7 B A T i Tk
AT, DA RGE S TR 0 2 U 7 ok b B
AR . TOT 16 5T 1 R 2 67 LA i i 45 B S
FE AR, o

1 #HHE7 %

1.1 HAEREHKRIES

PATHRIL KARARKT H ATCC15834 Hfli[E =T
S FE AR 22 [ Peter Lindemann T #2448, BRBOZAKFT
W, EFMTHRIT 20 pmol/L Z Mk T i 1Y
YEB #ARR; 73, 28 CHR Y (160 t/min) 5537 30 h
J&, BHERGLH,

1.2 SMERBIFI&

HURE 6 W L AG A AR O At R, ERYS TAE R
2 70% WK 0.1% HgCl, IS F TR, ¥
B 1 em® A2 A7 B KA I R AN , 45D T TR
R MS B EESE 24 h 5, T HAE
1.3 ERREIBESFALEF

B LR WU SR AN AR IR A MS B 57
EWMB 5 A RRAEFTHE ATCC15834 HEMB
15 min, MU T 22 A TR RO R R R A 3
W2 dJE, ¥ A MS+500 mg/L Sk it e fi5 &k i IS Ak
TR MS $55R5E |, £ 25°CRER 14 h #igt
TiFERERE . DI SMEAR A 1 BIRAR & T
500 mg/L 3k HOWE 78 B OB R 1) MS B 5% T
HEAT AR BR A 55 7%, ELEIIRAS IO A 1) BARAR
1.4 FEIXREY PCR 17

IR AE TCAME R R 8 3R 3k PGl B AR K
TCH BIRMR 500 mg, #% Ewards 25U 07 LR R
RIRFEH L DNA, 4lifk )5 HIfE PCR ¥ 34 AR
VLR 55 05 L A5 L (LA R AR 1) SE R 418 DNA PE XS
MR ARYE Furner R RMFH], BATIEE LY
rol B, rol C ) PCR 514, #4l Choi £V % K ¥
FIBEH TG P 1 vir C 9 PCR 514, Rol B 514
Pl: 5-GCTCTTGCAGTGCTAGATTT-3', P2:5'-GAA
GGTGCAAGCTA CCTCTC -3'; rol C 5|%): P1:5'-CTC
CTG ACA TCA AAC TCG TC-3', P2:5'- TGC TTC
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GAG TTA TGG GTA CA-3'; vir C5I4¥: P1:5-GGC
TTC GCC AAC CAA TTT GGA GAT-3'; P2:5'-TTT
TGC TCC TTC AAG GGA GGT GCC-3' (5|9
FE2EBE b A i A= Mo i 1)

1E 0.2 mL BUREALELOA A 50 ng #iflt DNA,
Tag DNA R G0 2 847, PCR KN SRR
50 uL. PCRUHISHAUNT : rol B, rol C FEHY 1
FAEAAIR, L PCR ¥ M SN SR . 94 CHAEE
3 min; 94°CZ8M: 1 min, 53.5°CiE kK 1 min #1 72°C %E
R 1 min, #4735 ME ; feJ5 72°C LEH 10 min,
vir C FEH P3G540 8, 94 CHVEYE 5 min; 94°C
A5 45 s,55°CilR K 45 s fl 72°C 4E {1 2 i 2 min,
HEAT 30 MEEF; 05 72°CHEMf 7 min, ¥R R
FH 0.8 % Byt i W 6k Jie L Pk AN EtBr 4 (A 0E 17 0 HT
1.5 EHFTSREPERERE. BE5R. T,
C2a"ZEMTH

K A T]— o B 2R 19 25 K I R 11 i S 0 0 4 6
R, VISR 4~5 om. HARRI BRI B, #:A
BEA KA T MS WARR FR I b g7 1535 iR bh 4
2N 0.1 g FW/AR, 750 42 d iy FR R,
B 7 d FENLETBCERAREE 7Y 3 s WOREARIR,
TR Mgk E . IR AR T B AR AR 52 9 3R 1 1Y
KA IR E A Y i K BRI 1 MS #5557
WOtk . RETKER T, AN E B IR B AR e
B AR JOHLEE Ca¥ RS RASEA . Hi,
BN S I E . A A S ENIE . K
LA 5 S 0 5 i R SRR [ 13109 7716 5 B 3R h Ca®'
WEER) EDTA 284G #i BOSCER 14100 7k . 5L
HEWE 3K, BOFHHE,

2 BERGH

2.1 FEEEHEFERRYFSMESR

AR ) 1 5 087 WA 2y B 7 S A TR AR
AR B9 MS+500 mg/L Sk JiUWE 5 44 (4 15 77 0k b L%
Fr 25 d Ja Jo—HAMR, AT MR ER A i AL 3D
GrAR e R s AU B A AME R B 2 S )
[ AP A 7= 2R /D P B ar (L BUE I AL A TR
P RMARATHE AT R AMEARRE SR 7 d J5, WA
DT A i Ak Bl BT 3 ™ AR BARAR (18T 1A), B
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Wk Ak 7 A R B A 2 B A B R Y
NI Fr AR 77 A 1 B R AR PG R RR R 10 d
EARWAC A K, W HARZ Sa0 8 (& 1B). #
= B B ARAR YT T I 5T MS+500 mg/L Sk g
JEohh AR BRI SR, MR 7 d AR LR, A
5~6 Wi BT S8 A BRTA o JCTA B RAR AT AE JC AN IR
EH MS ERSOR AR R E EEK, HAR
B2k (K 10), ki pyn] A F s A K i Bk
BTN E R MS 8553 pab 77, fhut
friste e s e .
2.2 FEARIRF rol EE B PCR ¥ 18

rol B Fl rol C J2 &KW AKMFE Ri ik
T.-DNA(T-DNA £ /#) RPN EMREER, M vir C
J& Ri Fobi U3 5 T-DNA # Ak id B HHA B I AR i
AP R A P RN 2 — AR, R
XFEARM LA 4] DNA #E47 vir C B2 (1) PCR 473,
DI O BARMR BRI RCR o LA vir C. rol B I rol C
951903 501 A SR 7 IS AR R AR AR (A AR . Bk

Bl 1 RRKFE ATCCI5834 iF S W F M FIME
KEERMERRREESR

Fig. 1 Hairy roots induced from leaf explants of W. trilobata
after infection with 4. rhizogenes ATCC15834 and its in vitro
culture. (A) Hairy roots induced from leaf explants 10 days after
infection. (B) Hairy roots from leaf explants cultured under
light. (C) Hairy roots by liquid culture.

El2 FEBEIFEIRR vir Corol B rol C £E /) PCR
338 P ) B R AR BRIk 43 R

Fig. 2 Gel electrophoresis analysis of PCR fragments of vir C,
rol B and rol C genes amplified from the genomic DNA of W.
trilobata hairy roots. 1: 1 kb DNA marker; 2, 6, 9: fragments
amplified from the cells of A.rhizogenes ATCC15834. 3, 5, 8:
fragments amplified from untransformed roots. 4, 7, 10:
fragments amplified from hairy roots.
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REEKZH DNA K ARARARFT B SRV 36 77 1
VK& R WE 2, IE 2 7] W, FIH rol Bl rol C 1Y
PCR 5|¥yfig N rg LI 25 BARAR A 5 DNA R
WRFFI ATCC15834 iR & v ki 43 5l 41 3] 22
1Y) 540 bp F1 770 bp Z- 47 K FESFPE DNA B, T
R A AR AR B . DNA Py 8 R T AT
Bto 1Lk vir C 51 EE N KRR FF I ATCC15834
ATEVE T 1S 1 2 650 bp B ARHT, T A BE M B 35 17
W2 Al B A AR R IR AR TR 1 ARl R B, X
B, RIRARFFH T rol ZH Y RIT-DNA #4r T 7E S
eI W A BARAR FE R 4] P A R B R
2.3 FEWIHBHE KR E G

¥ 2o B A5 e AL S5 5 S BHE I T D2 I L 45 T T B
ARMFEFD ZHAR MS IR EE B3R 1~2 d Ja, W gE
) B RARAR Bt 7 A HOBT A FL A 0 BR 5 i
HFEE R SR R A, HRBOARWT S [RlBf & 2L,
B B35 AT, B RAR 09 (5 520 T eh 1 (8 Dy vk
e, BEIMSRGE,; W28 d )T, bl Mg
/INER 43 T AR A A I AR BEAE i 3R S AR T
fb; 35 dJa, BARWAGLGHE, BB NE, €
PEASKE, SELEBLRE . & 3 RS A BARMRAE
WAREE SR R A A AR 2 o AL 3 W] 0L, R
F G BRI A K A IEART S “S” B, 0~7d
AL FA KGR 7~21 d i A K W]; 21 dJE
AR 35 dJE, BRRAYEMEKRET
R R, B A ] RS ) R 43 T R AR 2 1T B
AN B AR Ak, & BLAE B ARAR B 75 2 A opon] g
AN ) 15 7R3 P I R AE AR R, IR R IR
BEB 0 T AR B ) T (2R AR R B 2k
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Fig. 3 Growth curve of W. trilobata hairy roots cultured in

liquid MS medium.

24 ERRBEREFLEREFEEERENE
FT

Bl 4 Sk 25 07 L 45 B RAR VR4 15 7 B v 4 5
SRR AEAS b N 4 FTL, 7E BIRAR AR B
Frid R, KRR R g s S A, SR
FEILUR B 2R NI BEFRE 7 d B, RE IR PR
BEIHFEIT 50% ;T Bifi 4 15 % B[] () 2 4 15 % L 19 1
B AR TRRAG; Bi 9 2 35 d i), B3R IR RERE IR
JEAL 24 HGR BA W FE Y 3.39% ., 1 36 WA o) g 56 7 i
BERARARKM T, HR R b e e,
HAW LR 35d K24
25 FRIRBEXEFESEPERE NO; -N HIHE
FT

Bl 5 Sk 207 L 45 B RAR VR 15 2 B b 4 5
Hh NO; -N WIHFE R b, KL 5 AT L, 76 BRI
RIEFRN 0~7 d PN, BEFR kP 48 U Rl T 3 A
KA 7d, HREMMERA R HEGHESA
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Fig. 4 Changes of sucrose content in the medium during liquid
culture of W. trilobata hairy roots.
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Fig. 5 Changes of NOs3; -N content in the medium during

liquid culture of W. trilobata hairy roots.
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SR 5.8%; MEFEE 35 d i, RIS R
SEFRRERAL, 29 0.01 mg/mL, 2hREFEIEIGH
SAF Emlw%,ﬁﬁﬁ%%ﬁmi%i(ﬁi)
WIRF R HEEFE 35d LG, WRAEMMER
SRR TR A, B4k %m%ﬁﬁﬁﬁ%ﬁﬁ
GRANA BRI T 4.28% . Z45REW, 78
m%%ﬁh%ﬁ T 5 157 ML 4 7 PR AR X il 2 1) )
R, s SR S A Z R 29k 35 d.
2.6 ERVBEEFDTEPIEFE Ca™ HIHEE
T

6 R 92057 i 2 T RAR W AR KT FR L FE 5 R
B Ca” AR MR 6 FIOL, REgRIErf Ca® ik
JIE ot 255 5 % s [ ) ZE K T T RIS, 5 0 3R S 2
A THFEAS LA L, TBARARXT Ca® By MRS RN 1] P i
JEARXTEL NS HORSE 4 iR % 35 d i, KigRdti))
FRAFA H R IAVRIE L 61.3% 1 Ca*', XEH], RR
5 e S A B RAR AR K TR T e E, 2
B IR SRR B LR (AR 1815 £
27 ERBFKEFSIEREFELNBEAERE
Tk

&7 R e 087 A B RAR R A B R i R v B R
BB AL . B 7 RO, BRI oAl
WEw PO RE, HOMRE SR TR W3R 7 d e, 8
T TR B R R IGVR LY 1.76% 5 X
FE TR AR KRG 7 20 2 v B RAR X TE AL A R e A4
AR MERE S R FRETRIPY, BER EL 0 AL
WA R, KR SMER—F, T EM
Rl A BRARA K T T & e, i HLEAR
Rl (RSO RN A FH 2 L Ca™ RIS 22
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Fig. 6 Changes of Ca®" content in the medium during liquid

culture of W. trilobata hairy roots.
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Fig. 7 Changes of phosphorus content in the medium during
liquid culture of W. trilobata hairy roots.
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FIH A ARARFFH Ri Bk A8 5 4k = A A K

W BIRIR, EEANS P ginseng. WK/
¥ S. nigrum L. var. pauciflorum Fl = 24 i B &
P. phaseoloides % Z PP 3AF s, (HEA4
Ak, AR WA DGR H] & MR AT B8 X R 56 17 M 44 35t 1%
PALARAT TR E U0l . ARSI, S
HPAAAT B8R Ri OB 9 A AARARAT T ATCC15834 X
I WA AL Ak, AR T RETE O R i g
A FAERKMERM, 1w H &I B R R R
BRAR S By vh o3 2 3R] 30 ) 2 A i 2R
R AEHI P T (55 3R 3R TRy, Frkism Bk
R 422 T K i B R AR 4 25 5 4 B th B Ak
SEPRIRIY . TOTE 1B BT 1Y R 56 B ML 4G BT R B g TSk
R R R . AN, TEARSLE TS E], AR
FFE ATCC15834 YL R 89 B AG It Jr AMEIR ), B
ARMEAT P e SMER B I Bk DD AR B %7 A, SO
YT AL TE B vk s sk @ 4 20 By A SR,
Bercetche 55418, # AR RIEGYS, KHER
HRASCNEH B s HAR A/ A 1) A 3 20 28 B e 25 B b
FEATE B G 20 20 1 =R Y (A il e
LA % Solanum tuberosum L. BARAR AT MM A0
PR SMERYTT A B4 4, B R B M AR R
RAKF ARG G, BRI ZEBAMEAR I @4
g1 pp=Ele ) SR I RA B, FEARTL
Hh, RARAKFF I ATCC15834 ik Ys g S it 451 A 41
TR, BARAR AT At R S A 1 i kDT 11 4k 4
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S MIE I R B gk A A 22 A B RAR
733X Aol 22 S 4 7 A AT BE 5 A8 ) 1) 2 0 % i R S
NIDESE P

WFFEEE IR v F2E SR e R AU (L2 ST
I 5 T 5 057 L4 B TR AR 19 e A B AR B 30 25 S )
P2 B AR AT 25 F U A= A3 5 A 7 1Y i 4
Ao FEWEAE A B AR S IR 5 b B B A Bk TR RN g
U5, LIAERYBIF 5T LT 4R i AE 0 5 35 77 ik ) e M ik
JEEXT B R AR R S LR A A R R A 50, T
TR 7 3 R b R A B i A =0 A R
AL 5 BARRA K I KR DTS, e 1
Polygonium multiflorum Thunb EARMHG ST,
B IR B RERE T AR A B ARAR A AR KR B I
MU, M Z BESEERE 3RS Salvia miltiorrhiza
Bge BARMET LB, BEFRFEAYFENETE 16 d WIHFESS
BeUS WAk, FEIXIR A Hibiseus sabdariffa L. 402
TR IR, SR BER MR R R 2 16 d T E
SR SR U T = 2 B S IR AR VR A 7
0~4 d BYAERASIEIOIN , 5% 75 2 A0 TREA B T FE T
DHRSY  ABAER SR 4~16 d I BARARAER I, Hige
0 RERE DR VA AR ; B59R 2 16 d INLPHUHAESE
HEPO X ARSI I R, fEA SR, B
TR MR ORI ], H53R 7 d I, S
TR EEREHOHFEIT 50% 5 11 Rl A 15 R ] 1 12
IR LR R BE AR REAR s BE R & 35 d ), HE SR
B i ERER AL 2 R IR MR 1Y 3.39% o SR,
TERE IR KGR Beta vulgaris LBARARE KB, FE4%
G 3 d N, BARIIEA TAERAZH N, B et
RO HER L > BB AR, HOREMIR B SR e, B
3% 509, TR NI G AE B FRAEE Trichosanthes
kirilowii Maxim. BARAR BT &I, 205 3~4 d B4
KAFm N, BRRAEY &R R BN, (HHE
FrEE I R R B AP R R, X AR ARSI
ZERA B AEF I, X 22 5 1977 A Ul B 8%
i 04 M T AR T R R A R SRR SRR AR AN TR T
A P25,

AR ZEEBRWEFRE P RHEENARZ —
LA NIk, RTHEFRFEP AR SAMEER) 1

B R S SO X B R AR A AR R R LR AR AR
FEP SR A — SR S R P vk B R S
S B S R, MASRE SRR S ERT 50%
B A ) T oK B % Saussurea medusa Maxim B4R

B 7 5 v i A R A U L3R 04 R WY tnl 5 e B
Atropa belladonna L. FEARMAY A SOLR A W) o AR
R/ R e 1 B 5 T RS 7 i 1) A 2 U
JE IR AT S BARAR P AR i e AP A, e
FEFAP NN NOy e Datura candida x D. aurea &
AR B A= oy 2 1 0 %l 35 4 o KA Bl A= k)
i, (H[E B2 BARR A AR K45 (Scopolamine)
SR EREEE, T, RREANA SRR T
ARARA R R AR — AR W E R R R, SR,

MIHZT, X BRI TRE R b 8 IR e AR A B iy
THFEHR S BIRRA KRR R, EHF
Ktk T kirilowii BARMREY, 53R B B RIS
RBEE R AT BB BHFE, FEXETR 24 d B
DACH TR, ML 17% 19 iE S ZA AR
HFEMA AP R, 7@ L4 = K Rhodiola
Sachalinensis A. Bor. HIflE 7B FR P HIUEE 2], H
B IR HEh NOs /NH, W HLLF h—1asE 0 i
=30 B R R RS 5% 20 d Je, HLRE IR AR Y
BRI GEFEIRRCY X e 54 E
SRR TEARTE T, TEREBBAER
MR SRR 0~7 d N, B IR A0 AN 2 20l d o 7
FEs BRI AR 7 d B, BRI A S R TR
RINASR S 5.8%; MHEIRE 35 d I, Higpdk
RS A & EFEERIK, 29 0.01 mg/mL, 2 5555%
SRIGMAS AT =N 1.82%; (AR5 35d LA, B

A=
FIPHESA T E L ETERESE, a5
FREHEFR ISR S BN HRIGEER 4.28%,

T o 22 57 1477 A2 W RE S T RAR 0 28 20 KAy o 2k
A K MAEBRRARKIKR SELS, HRERN
SRS = BRI, XAl HE5 TR B AL 22
ARMIAET [ T ) HE IR IRORE TR S A R
HR—F, #P) wEBRRAERLE KK
AR AT UK, ERTHAEE LS B RS
] R B M B ARAR ) AR R ACPIR B . B RIS T
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AER A EAERMBRRMS, AXHEEFRS RS
BB AR A DR sl . =2t
PR BT TR 16 d RHEFREE DI PO, BN AR
PO e 8 37 K AE Catharanthus roseus L.BIR
MR AL, BRSO BRI ERE R 97 8 d 5 il
THAESEERPT, I E R HEPIRI, 7EHE Artemisia
annua LR AR SR f b, B IRl mo ks
A S A MBERRER BT AL LA 5 BRI A K
BAEARSG, Hrp I IR Eh O I FEfRc e, A0 fEichh
Jo 15 d BoE AR, X SAS LR A S5 /A e —
B ARSI, B O A B AR AR R A R
H R IR ) TE LI A PR AR, VR B SR TR R
Bige 7 d 5, IR AR CHLBRE AT e R 20
FORIRMIZR 1.76% , FWIHg 518714 BARAR X 0
AR PR

HuE—, Sl A Kk E BT
JRTCEZ —. AHFEN, R Ca® W
Ca”' FE i % he e = /KL Polygonum hydropiper L.
ST AT B T P ) 7 A P A K R AE C. roseus L.
T DRAR v WA A 1 7 2 FURE IR AR et
PR BB RS R R, BRI Ca¥ I E
ARMZ W AT, (H 5 B IR SE A BEIR AR | R3S
RS Z M THAE LA, BARARRT Ca™ Byl
HREAS HLAR R 58 4200 1 3 5 AR 520 1 45 SR 2
TEA S50 F SE 740 BARMRBUA B Rt R b, B3R
W Ca i RGBT RS, HEARAR T
Ca™" (14 W T 0 ] FH 0 32 AR X 0 FLOR 58 4 L %8
B3R 35 d mh, R g B P AR A AT ol 0 Tk HE Y
61.3%11) Ca’',

ARSLERAERFEW], WEFREER RN . SR BE
BB T T AR AL A T AR ) B AR A b 2 S A
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