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Abstract: Objective To establish an efficient in vitro plant regeneration system in the transgenic Catharanthus roseus hairy roots and
to obtain the high production of anticancer terpenoid indole alkaloids (TIAs) in C. roseus regeneration plantlets. Methods The effects
of plant growth regulators on callus induction, adventitious shoot induction, and adventitious root induction were investigated. HPLC
was used to determine the alkaloids in C. roseus and quantitative PCR (QPCR) to analyze the expression of target genes. Results
The results showed that the best medium for callus and shoot induction was MS + 6-BA 2.0 mg/L + NAA 0.3 mg/L and the best
medium for root induction was 1/2 MS + NAA 0.3 mg/L. The improved transplant method could increase the survival rate of C. roseus
plantlets to 90%. TIA profiling by HPLC revealed that the simultaneous introduction and overexpression of orca3 and gl0h in
transgenic plant significantly enhanced vinblastine, vincristine, and ajmalicine accumulation. The concentrations of vinblastine,
vincristine, and ajmalicine were 4.0-, 5.8-, and 1.8-fold respectively more than those in non-transformed plants. QPCR results showed
that the expressions of orca3 and g10h genes were greater than these of non-transformed root. Conclusion The regeneration plantlets
from C. roseus transgenic hairy roots could significantly promote the antitumor alkaloid accumulation.
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TR R RN, B AR, s e i,
ANBEIR AL ) KRR R 5 K P B )

KAt Catharanthus roseus L. & ATH R —
fEA AR M, AR 100 2R EA IR E 2
W AH 1 G 25 W5 Wk A2 ) B terpenoid  indole
alkaloids, TIAs). i1, KAk (vinblastine) F
KAk (vineristine) & 5 LTI 25 F 47
WAk, AT P B2 FH o M P (reserpine) Al
B 15 24 4 BT 3. Cajmalicine) 5. ML, KFF
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sy R S WK E b D e 5 T 3047 T Die
WO, A R D TR T Bl R KR AR LU 7 TIAS
BT R, B TIAs A4 kiR b IR S i
gl0h FAKEFLTIRM, i TIAs 5L IR &
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s DAL, AR iE R 0 SRS ke A e AR
Wi A% S8 KA AP A 77 A AR AR KA A
PRI R rR 2T, R SRTS A e S KA
AEREAR M1 R SEBLA D R M AL A - S A0 R
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KA1 M faf 2= BD-Vereniging 2~ w1 . K
AR AT HE HFE C58C1 4+ pCAMBIA1304" + orca3 +
gl0h B2 K-18 T DR A AT AR
1Fo RH RN H AL KR TR
RAFZ PCR %58 KA AR BE D BARR, HPLC £
&5 B W SL e orca3 TN g10h FeHKARE AR A
ik B LA R D K AR AR IR v T 27 151, Bt
R BIRIR LM R 0G28 Al 0G30 H & H-A7
K- T D DB AR R o gt

Waters Alliance 2695 =0 AH AL 1%, Waters
2996 PDA &AMl 2%, 18 [F Corbett 24 7] Rotor Gene
2000 %65 5 PCR 1%, Hybaid #i% PCR ¥,

K A0l K 35 T AT BT e el e B 2 T
Sigma A, FESEHN 99.9%. HEE. LHENHG
whaf, LR b4l
1.2 FHi%

121 BHHALARNTET WKELEBERRE 0G28
A OG30, F#SI T MYIBAME R 1~2 cm, #EF)
TRELEHALE FHFRE (MS+6-BA 2.0
mg/L+NAA 0.3 mg/L, 3%EHE, 0.7%3505, pH
£ 5.8) H, JEHERE 1600~12 000 1Ix, 16 h/d, ¥
JEHg 25 C4AFFRFE. 20 d RgiitiB S %R, IFid
SR T R KR

122 DEFMMME HEELRGAR A
SE LR FERL (MS+6-BA 2.0 mg/L+NAA 0.3
mg/L. 3%JEEHE . 0.7%5i5. pH % 5.8), St
F£ 1 600~12 000 Ix, 16 h/d, #HJEH 25 CE&UET
Bk, MEKFLAGAL EARE FR B
123 AEMRMES DI 2~3 om WAES, #
Fih 3 A= R BE FEHE (1/2 MS+HNAA 0.3 mg/L 2%EER
0.7%35 )15, pH 5.8) L. JGHERAE 1 600~12 000 Ix,
16 h/d, SR 25 CHRAFTREIFR, WA E ZF A4
G Lo

124 JHEEE B TRGENE N TEAAE R AR
TEFRAG AR L RSN, A 7O w7k
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B IRIEME T, RN 2K T, B
MRS FRAT AR SR . 28K DLR RO B, TERE
B R AR, 22 R DR A B I e I 2 AR K e
MG AAC AT, Gt s .

R R T RS (KRR AS R 2 h e - A2 2o TR
F AL T o Ko P A RELRR K AL R AR ST T I 8 57
P RETE, HEBS MG ETEK; KA
TR ETR 1 e, s BRI AR LG BL 1) B 220

MLOEE 1 RJEI 1 b, BUERER ARG R I [A] 1k
MK 410 d G, BRARKIKELR TR
BT FARIREE 2R, SRR AR K AG B e vt
1.2.5 KFHFEMLHAMAK PCR /I LI SDS
RN K AR IE T A R R SE D 4 DNA.
M4 Furner 25T R 1 rolB. rolC J: K f¥] DNA
FEo, 43l vt I 6 el 36 5 kO 4E FE BOIR R
JEZS I rolB M rolC JE I 514 frolb. rrolb F
frolc. rrolc. HLH H 5L AR 244 7 41 5 01 51
Yy [E N6 T-DNA X ) H B 5E kA7 R il - H T
e Rk DR A A6 B DR P A ) i 58 FH 1 5 4 % 3L
FFHIILE 1.

Fz1 KELBLEE PCRS|Y

Table 1 Primers for PCR analysis on C. roseus regenerated plants

H LA EILZEY1 51FE 5 -3 BKIRE /C IR BUKE /bp
rolB frolb 5-GCTCTTGCAGTGCTAGATTT-3 55 423
rrolb 5-GAAGGTGCAAGCTACCTCTC-3
rolC frolc 5-CTCCTGACATCAAACTCGTC-3 55 622
rrolc 5-TGCTTCGAGTTATGGGTACA-3
orca3 forca3 5-ATGTCCGAAGAA ATCATTTCCG TCTC-3 58 612
rorca3 5-TT AATATCGTCT CTTCTTCCTTCCTCC-3
gl0h fg10h 5-ATGGATTACCTTACCATAATATTAAC-3 55 1 498
rglOh 5-TTAAAGGGTGCTTGGTACAG-3

DA 35 A T RO T A A e AR AR B A X R o
DNA NPT rolB.rolC FPRIATH ()3 ) PCR
PRARI,  DARE A H IR DR A B TR AR R BH
R, AR S R AR R0 AR DNA by B 0] JEE
PCR "8 [ K 25 uL MWK R: 25 L
10X Ex-PCR ZZ#13%, 0.5 uL dNTPs, 0.5 pL _Lii#5]
), 0.5 uL #5149, 1 uL DNA, 0.5 uL Ex-Taqase,
19.5 uL dd H,O. PCR JRN4AFH: 94 CTAEE 3
min, 34 M HEPER (94 CAZPE 50 s, 55 Cik
50's, 72 CHEMH 100 s), 72 CHRLLIEH 8 min. Jx
IS 58 1S5 1o BE I B s fie PR Kk A W o
1.2.6  FRAAEPRM AP il s B HPLC ¥4
LR TE AR AT KA. KB
IR T 0 s U7 o B A e L R K AR R
FAZE /KD, USRI TR IRIK 2, FRHEUEE
T, 60 C, 48 h #kTEfa i, I, ¥
R NI D A T, WEEE, N 95%
LBEIER (1:5), 50 CHAPHHLE 30 min, A%
B, GHZEEGE 12 000 r/min .0 10 min, WLHL

¥, 12 000 r/min 5250 10 min, W FiE, 41

R 2 AR ARk 5 7 0 5 P g ) R 8
(Sigma A, 4L 99.9%) 10.0+ 5.0~ 10.0 mg,
1 mL HEE S0, 0433 10 mg/mL K35
Bk~ 5 mg/mL KAFHAEF 10 mg/mL B i A % L b
W AE RO RS2, —20 CIRAE&H] .

o & Cis AHRE IR AE ( Symmetry
Shield™ Cjg, 250 mmX4.6 mm, 5 pum), W
h OG- KR (25 0 75), Kl K 220 nm,
FEdi 30 °C, ABUAE 1.0 mL/min, #EFEHE 10 uL,
R MBI KA KA T Bl R o el g e - B
AMET 2 000

3 Il A 5 W HOGT JRRL ot s BRI R o v %
10 pL, VENRSGEAH AR, 0575 417 T A,
DL 2RI T B AR (), KFR0R. KARHhm
BoT N i P AR RS (X0, AR FES ] Y=
586 912.3 X,—1287.4, r1=0.999 93; ¥,=308 665.5
X,—1526.5, ,=0.999 94; Y;=136029.4 X;—1 553.2,
r3=0.999 96, TIEHIFGFE M TIAs .
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1.2.7  HERMREERI RIS T U R4
A RA R PR R AR AL R, R A
Trizol A& H RNA Jf S s/l cDNA . SRHATSE I 9¢
JGE R PCR VA T M e BE D R AR R A e B R AR A
g10h F orca3 HENFRIEZ . WIKFIL gl0h
Hl orca3 FEA 751 53 ol e T 45 5 k5149 ferg10h,
rerglOh. ferorca3 I rcrorca3 (3 2). FHZKILKE

H 18S rRNA KL, %058 & PCR V4R #4
JRENANAZTE 94 *C. 15 min, 50 MER (94 CARE
155, 55 ‘CiE-k 305, 72 CHEM 30 s FERGMIHEE,
80 ‘C. 20 s JFHIMZE ). XF PCR F=Hidb AT Vi h
RorhT, AR H LR RIS DL 18S rRNA JE A
FIREWATIE, ISR SO AR AR R IR A 0T

F2 KELEMKALTEE PCRANFTANGIY
Table 2 Primers for RT-QPCR analysis on C. roseus plantlets

H ) FE A 519 1A 5 -3 B /C

HT B bp

18S rRNA f18s 5-GTGACAATGGAACTGGAATGG-3

r18s 5-AGACGGAGGATAGCGTGAGG-3 3
orca3 forca3 5-ATGTCCGAAGAA ATCATTTCCG TCTC-3

rorca3 5-TT AATATCGTCT CTTCTTCCTTCCTCC-3 38
g10h fg10h 5-ATGGATTACCTTACCATAATATTAAC-3 55

rglOh 5-TTAAAGGGTGCTTGGTACAG-3

2 ZER5QH
2.1 AGELRES

T MARTIHACR MR T 2F 1T, I TE AN E 2 1
Iril. 2R 20 d IETR, AR R AR ML

¥ 0G28 1 OG30 HIBIRMLRN T F KB
i Z 5973 MS+6-BA 2.0 mg/L+NAA 0.3 mg/L
W, 7 d A, AMEARIIAEA RS IR e Nk
R (B 1-A). 30 d Ja BRI TR A, £
S B s ARSI gAs B R (&
1-B), KEABRREGHLSEFEHEIE 96.7%.
22 AEFHSE

KRB B AP IR g 5, 159%
2130d 5, BALERTHIRZA T /ME (B
1-C), HiFFEN 78.6%. HLLidi20d )5, et

2y 2 em e A IAE S (B 1-D).
23 AERBES

VINE ST, HEIVAERTE SRR
(1/2 MS+NAA 0.3 mg/L) #, K32 15d, AEf
FEFBIF AR /M AR S 3 (K 1-ED, R Z 1
o, 20030, B ERR IR KEEAE
IR T ATIE 100%.
24 BEABK

BT T AERRR AR TR P I, KK
MR LR TR ET5, PO 28K 1

A-KFAHRED BN B-FHERNKFEBIRAHALANAET C-ARKRFUBIRR AL BRI IREOAE RS D2 iRy
2 em HFEER BRI RBFAE BRI E 2 AR S AR T2 PR B D AR T A R I RS A

A-transgenic hairy roots of C. roseus B-induction of callus from transgenic hairy roots of C. roseus C-green apical points induced from callus

of transgenic hairy roots D-2 cm buds differented from bud points E-plant regeneration and adventious roots induced from transgenic hairy

roots of C. roseus F-transplantation of rengeneration plantlets of transgenic C. roseus

1 KELEERREKBERERZR

Fig. 1 Plant regeneration from transgenic hairy roots of C. roseus and plantlets transplantation
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Er, BTSRRI
IR MR, TR R R IR T IR SR T T A
AT B L R B A T A S QSR T R A, T
MEBACE TR R, Bk, Solk iy
TEATROKHE i P 2B R R B AR % (83.33%) (&
1-F)o iRkt B b KA AL FF AR AR IR AE ], i
R EEAHA. HL—, R CEBERIRR,
MR EEE RIS, BAREEEE
B R L ak 2 sl D a7 4w s, MK
()40 B ol BL T B B LR, T e IE IR
IEELE LA KB, 5 4 3 BRI AR 2 I i)
AREA I NCE TR, MR, =, B
SEAMEREM R, AH H T VA BT B 25 B e
AR ERSEFRHEE, TR R T R A i
B & A KR 40 R A LR, — HAH B R B
A2 TR R bR, SR s =Y
U FECT AR L K R B SR
2.5 KEHELBEENKS PCR N

TR RKARAE ST R (T N FE R KA A
BARM LR E, K, KELF RN %
AR T A L AR H B9 E A . T Ri kLAY
T-DNA [ rolB. rolC JEIR, HFA 1) 5 B AR
A TEMEA BARA B F AL, R AS S BRI T
KB BRI LR rolB Rl rolC SERMHEL
TH L. LA SDS /N B KA AL T AR R AR I
K41 DNA A4k, FIF rolB F rolC JEIA¥) PCR
Fesal¥, e 1 423 bp 1622 bp [EER
DNA JrBto 1 AR ALK AR AR B AR L DNA Ay 45
BRIy, WA AR B (B 2> HH B
orca3 M1 gl10h ZE K 1] PCR 514 H4-K AL BARAR F
AERERR DNA, BBy 36 H 5 T 45 R —201 612
bp #1498 bp ¢ 5 H 1 Bre XRWIFEL KA
B PR T A4 AR S5 DR A4 P 5 B R AR TR J )
rolB+ rolC F:[X. T-DNA X [{] orca3 Fl gl0h F:A
2.6 BHEEKRM R PEIBAENE

MR (AR A TBRAR AR R AR B L Pk
PR R, B & T e PR i,
H CFEHEHUE FH HPLC iR B M, F 5 4%
BFEDRIRE i AR )6k 1 5 =2 5 DRIRE FEORE ol A= i
ELf s E A (B 3, 4). 45K,
FSEPR PR AE MR P KA KA B g R AR
VI T4 43 04 1.09. 4.11. 0.007. 5.21 mg/g,
a3 e i 5L A AR AL R R Ty A Pl == 1) 4.0,

M PCNC 1 2 3 4 5 6 7

M-Marker PC-AHMN. TF2 BB MHG I NC-IE4 S K AR AL
1~7 53 RERAS TR B e S R 1A R AR R

M-Marker PC-positive control, the correspondant engineered
bacteria were used as templates NC-negative control, native C.
roseus which was not genetically transformed 1—7 represent

independent transgenic C. roseus regeneration plantlet lines

2 KERHEEFRFBRIRBEET rolB.rolC (A).orca3
(B). gl0h (C) EFEH) PCR &

Fig.2 PCR detection of rolB, rolC (A), orca3 (B), and g10h

(C) genes in regeneration plantlets from trangenic

hairy roots of C. rosues

2
ML’[;
0 5 10 15 20 25 30 35 40 45
B
1 2
0 5 10 15 20 25 30 35 40 45
t/ min
1. 2 0 ARER AR BT ART
1 and 2 represent the vincristine and vinblastine samples
3 REXERM (A) FKFELFR (B) HPLC BiEE

Fig. 3 HPLC chromatograms of mixed reference

substances (A) and C. rosues sample (B)

5.8+ 1.8+ 5.3 i (ARELIERKAILAIRR T A= h0
HI3 914 0.274. 0.710. 0.004. 0.988 mg/g). Hirf,
R KB R 0G30-3 MKET. KAREmE
B, 209k 2.054.7.797 mg/g, 43 ) HLx IR (0,274
0.710 mg/g) &5 7 540 10 £ .

AW R, LA RPN F orca3 FISC
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Fig. 4 Determination of alkaloids in regeneration plantlets

from transgenic hairy roots of C. rosues

ENGHEDN gl0h WATRE IR B AR R R P AR
Y RS, TTREERN orca3 14 R RN
g10h FEDRHT W2 3 42 F 0 #90 F) X0 8 A P 1 &5
B AR AN T ) ARG T S, A
BT YRR R
27 BAEEKRBNEERIE

K 9652 f PCR BEAKHK A AL AL A AR N R
FEALAEAR H R FR A TR, 25K (S,
FEELDPE 2 OG28 F1 OG30 FHAEMFE T orca3 1 g10h
SRR IA i W T AR L AR AR . 0 I DG i
DAL He B e R AL AR ) 5 ORI 2R

100 7

- O orca3
R
I#

X 60

Z 40

m

= 20 A

iy

O T T
CK 0G28 0G30

KHEAEH R

5 KELHERERMIERERERERREER
Fig. 5 Expression of target genes in transgenic
and non-transgenic C. roseus plantlets
3 g
FEY A R B ARARAT T e A R R A B IR AR )
DS i AR P ) o, 324 ik, HERHORAT
TR 53 T UL R B IR AR 22 /090 2 21 31 R 100 2 A
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PE Ao I DR TR T BOKE DG N B

P T A KRB BIRIR R R R KFTEBIRAR

PRI T O) ARSI F AR R e 1 RS

A Y2 R orca3 FISSEEBFER g 10h HIAY)

B FKEF L BRI R . AR KEILBIRM
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WRE 2 KRS R T Al i, 45 Rk
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