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Abstract: Objective To establish the genetic transformation system of Anisodus acutangulus based
on hairy root cultures and the method of expressing exogenous genes in A. acutangulus hairy roots.
Methods The bacteria-free seedlings of A. acutangulus were obtained from the sterilized seeds that were
used for genetic transformation. The disarmed Agrobacterium tumefaciens strain C58Cl harboring the
plasmid pRiA4 was engineered by introducing the plant expressing vector pCAMBIA1304%. The young
leaves of A. acutangulus were infected with the engineered C58C1 in the treatment of AS to induce the
hairy roots. The independently transformed hairy roots which well-grown on hormone-free medium were
subcultured for three times to erase bacteria. Then, genomic PCR was applied to detecting whether pRiA4
and pCAMBIA1304" had integrated into host genome of A. acutangulus hairy roots. Results The genetic
transformation system of A. acutangulus was established, the hairy roots were induced from the wounded
sites at the frequency of 100%. Both of the two plasmids were simultaneously detected in 32% (co-
transformation frequency of pRiA4 and pPCAMBIA1304" in hairy roots) hairy root clones. Conclusion
The results demonstrate that exogenous genes can be expressed in hairy roots of A. acutangulus at a
relatively high frequency by the method in the present study. And this is a fundamental work for metabolic
engineering tropane alkaloids in hairy roots of A. acutangulus.
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YL ERPSE SR RREIRY. KPEE
B.AEEREEENRBICEHEERREY,
KEFEREHEBAND, TREREHM. 8 F=4
SR TR, R EEREY, BERRE
kT AW EFEREFANKBRY, BE=40=
HARBEEITESRR. AAAYERNTREEAR
BE SRR EYBN =0 =% E Bk, B#
RULEREBHERER MHERHRBLAHRK
EAZHEERERRE. BT EREFENRE
HUABERREHYERNTBYRBRINERERTEZ
— BHAMRESENAERATERBRRETK
ERBEYRKTE L SMEREEZANREFRARS
BAEFFEELTEREAEN SHBEHRAEAR K
MY ERERA K pPCAMBIA1304T 5 R R A R
pRiA4 EAB =N =HHA P, BYTE=ZA=K
B RENMEEROTE ARB=2=8ERE
BAFBRETAROERH KL EYRHAEH LTER
ETHR.

1 #RERE

1.1 #EERN . Z4=ZHFhHRMKEEGRE
2 B 7% B 4= 18 + 38 fit ; Disarmed 1R 98 4% 1 & B4 B
C58C1, ik pCAMBIA1304" A LR B/ F,MS
(Murashige-Skoog) 3 2. Z Bt T &E (acetosy-
ringone, AS) (Sigma, £ H); £ E X (Kana-

Xba |
,\'1'10 1 Apo 1

I BamH | I

mycin, Kan),LkHBEE (Cefotaxime, Cel) .FIIRE
% (Riferpin, Rif) (LR HE) ;Tag B§ XA E PCR
B (¥4 T BB 4 F 'R DL2000 (JL3E
KRB ;38 Be Bt Goldview, rolB.rolC . I B X
EEFFERES Y (LEFER.

1.2 FE

1.2.1 ZHZXHEHRENE FKERER
WERIRST,40 C WK PEME 24 h, RBFAEFAK S b
B2h; EEABTH 70% BHEEHE 2 min,
0.1% HgCL 4% 10 min, TE/K ¥t 8 K ALH
WK T REKD G, B MSEIE R 5F 5
E (pH 5.8, 8 g/L HUEMESERD  ETREN
(25+1.0) C WIEEREFMPEETAWARE,
PRFHBHR.FENBTBARER (25£1.0)
TR 12 h 38R 55 pmol/m?* « s {ER
BFEHPYgSEER. HRY 4~5 BRNSBER
AT#ERL.

1.2.2 pCAMBIAIBAT M B RS AKRHE
C58C1:pCAMBIA1304" fi B B e g @i a™, 1R
ERARE 1. AHEGF KN pCAMBIAIA B
C58C1 MRZ A MM, 5 LT AR L BRI s ol % i
7 PCR BiF, Bk B ## pCAMBIA1304" W E 4
C58C1 T#RH.

1.2.3 E# C58C1 WTEM: N —70 C BIRRK

Smar | Neol Spel Bstill Pmil |

Nhe l |
|
BT LB

Sqe | L Bg!{" J |

RBy i | e
<“—{CaMV35S | Hygr | NosT |—{CaMV3SS

GUS | NosTZ—1CaMV¥V358 | GUS-GFPI; NosT a—>

CaMV35S 37k CaMV35S J33)F,NosT %R Nos £ 1L F,RB #l LB 4 5|#% R~ T-DNA WANRHNLAR
CaMV35S denotes CaMV35S promoter, NosT denotes Nos terminator, RB and LB denote right border and left border of T-DNA

1 pCAMBIA1304" RR T &M@
Fig.1 Sketch map of pCAMBIA1304" .

B REAFRES C58CL, M B YEB BikE R
# +Kan 50 mg/L +Rif 40 mg/L #, 200 r/min,
28 C FHREWRGHF, ELEEL 2 GE 2 KREK
EHEW Acw=0.3 ZH,MA AS 2L R 100
pmol/L, B RFIFRE Awe=0.5 EH;EZRBT
4 000 r/min B0 10 min, F L FWR; T T RN E
A SEBR M A RN MS A REEE, M
A AS ZRIKE N 100 pmol/L, H[E &4 T IR % 5
%,%ﬁ?ﬁﬂ: 30 min, A HF AL,

1.2.4 RREFENM SR =0ZREELERY
B -BE®A 4~5 ANEEGMEM, B RY 2
em? WA BB R A BTN ERS,. B

¥ 3~5 min JFRTZRER  HEMS K H A EF
7 MS [k g%+ AS 100 pmol/L +, B FRE
K (254+1.0) C MERBEEFES,FARKRFE
FAMER L LR 48 by LSRRG, W S 1k
B MS+Cef 500 mg/L WIBEAREEHFEL.B
FRER (25+1.0) C WiEEEHRAPREESR,

1.2.5 Z=4=ZKBR%RER . XERERA—R
B ARG ORGEKHE AR, RBRKYA 5 cm B
F R3] MS+Cef 500 mg/L BE{ABREERE L
BHFIEMBERBHE, A XEHERM, 5 4 A%
R—0GHR 3 B BRAARSH AR MS Bk
Fid EAkGEIESF ., ELHAEER MS BRELEAKH
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RHEBEHRBEFAT PCR K.

1.2.6 =Z=4=K#K PCR M. EREXHAER
MS B5#E ERAKHRFENEARABYAT PCR
B, # R SDS PR A REE Y4 DNA, R4
¥J5 T PCR 8, rolB FH B Bt (423 bp) #IIE
B Bl % K frolB: 5-GCTCTTGCAGTGCTAG-
ATTT-3, & 1@ 8l %1 % rolB: 5-GAAGGTG-
CAAGCTACCTCTC-3' ;70lC % A B (626 bp)
# IE | Bl ¥ K& frolC. 5'-CTCCTGACATCA-
AACTCGTC-3', R H1 5| ¥ A 1rolC: 5'-TGCTTC-
GAGTTATGGGTACA-3“, M B EEHEH K &
(812 bp) REWBEREAFI BRI, F@3IHH
fhygr: 5-CGATTTGTGTACGCCCGACAGTC-
3, R 8l ¥ K rhygr: 5-CGATGTAGGAGG-
GCGTGGATATG'-3'. PCR R Mtk & % 100
ng DNA #i#&,5 uL 10XPCR R4 M ,3 pL 25
mmol /L f MgCl,,200 gmol/L dNTPs,2. 5 B{LH)
Tag DNA B4% # 10 mmol/L #E5{¥%& 1 pL,. &
BRXENEKPESERN 50 uL. rolB F rolC
HEM PCR RN &MHR:94 C FZEH 5 min, R)T
Frih 34 MEFEFE 94 C M 405,55 C B 40
$,72 °C R 1 min, BJEF 72 C EM 8 min; I E
REHM PCR B &KMH 94 'C B 5 min, R
JEFIE 35 MEMIE 94 C A¥E 455,55 C Bk
455,72 °'C KM 1 min, BJGF 72 'C ZE§ 8 min,
PCR #& i i} 34 3R FI 3 38 =/ = DNA 1E 2k B #E X
W, &4 C58C1 T# % DNA fEXMEx R, PCR
PHEHRA 0.8% FIEREK (Gold View #
) PR KER (120 V,100 mA,25 min) ,DNA
X F R BN DL2000, H 3K % R fE BB
BB ES% (Bio-RAD) FTMEA#H (UV,260 nm)

2 ZR5itie

2.1 ZH=ZXHEBRENWEL . ZH=ZMTFEAD,
SR EBEEARFRTE, KR FE2RHEEHEHT,
SEHBEERRE 10% £hH. RAKEESES,
EBREHNHFRATIR, HRERAD 2010 U
E. BREMFFEREN (25+1.0) C, M
% 12 h, %58 K 55 pmol/m® « s IEREFM P4
- KR#.

2.2 EBMEFENSIH=Z0Z8REHLEROE
SoRFEMN PR BRIEEILRINE DNA EAHEY
BB RN F AR EH T EZ—" . FLER
FA# C58C1 AR RN RAITHE , & “Disarmed "M &

J& 4% 8 Helper JJibL, § A pRiA4 ;g IRY: & =91 )]
C58C1 REMHY K EBAR AL, H Y
KHERS  EFEZRS, ==K T HRHTUET
WEMS HRELHEHER. hTRETHEMK
HERMERMERETRE ALBRARAY R
Y RSk . TE4LJE B9 C58C1 X =4 =0t A AR
BEIEE R, A BRE RO WA O 8RN
KHERR, BSMEERD 100%. SBREHH A,
RRFBSHE (EMMERKHORRTFHREO
BE 23.5. NEI2FTLLE D), & BRI A RiR
PNt B 45 OB ER ALK Y 5 5 5 TE 1 B R AL I
AR B RRRFEMBRR . ZHR 5 Z AT Stachel
FHGE— B »
2.3 ZHAZRBMGAREF EREEFRE LS
EFMmRREY SRERE , RFECEFRBRR %
Bl EH AR MS B kR FgkSEER. L AR,
KB MREMENEBRETRER. AE 3 TTLIE
HEA=RARAAREAEK,. XL, KM, &
EWEERE LEK T A RESFH N, 5 Gird 7
RERRBEEREOEY LS 3.

2 AHRGAOLBEIHHER

Fig.2 Hairy roots induced from wounded sites of leaf

M3 ZH=4RETK
Fig.3 Monoclonal hairy root of A. acutangulus
2.4 =H4ZRME PCR WM EHEAZRN S
W RIBRITHE A T-DNA BAHEYEEARN, BH
0 rol FERERBEE (BAREHRTR) & T-
DNA AZEEHA  MNEEHR EFERHER. U
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RERWD LR rod RENFEEE, RTUHE
BRMKEEEREAENRRIY., ALHEEK
C58C1 t pRiA4 RAEEH A rolB Fi rolC B4 £
BN R, ZERWB ro/B fl rolC EHIH
P, BN pCAMBIA1304Y ik L% H#
B ¥ (hygromycin) HFitEEE, AT UBALEA
T pCAMBIA1304" ) & 1 2 7% BE, ¥ T 8% A
pRiA4 1 pCAMBIA1304" 355 4k i B AR M .

hREEBREAMKER PCR RMIRE,

FLBHTRUMN 25 M EREREHECWRER
H. 2% 25 MRBATEHYRME ro/B F rolC E
BB (B4, X 25 M B 7o/B il rolC £H
FBREAREGERED BRUB SN SEHERER
FEB (B5., &3%EH pCAMBIA13041 5 pRiA4
=4 =0 R EARXD 32%.

T3

— by T2

“4—rol C (626 bp)
rof B (423 bp)

M-SR A4 T BIR A DL2000 -+ % B Xt R A%
| EIC56C1 —fEABRREMSA=HER
TI~T3-FRKRMETIE ro/B/rolC-rolB Fl rolC %H
M-DL2000 Marker +-positive control of C58C1
transformed with pPCAMBIA1304* —-negative control
of normal roots T1—T3-different monoclonal

hairy roots rolB/rolC-rolB and rolC genes

4 ==X rolB 1 rolC XEK PCR & H
Fig. 4 PCR Analysis of ro/B and rolC genes

in A. acutangulus hairy roots

ALBRALEAREELTETF=Z4=ER
WABRBERRERAE, HABRZRREZRKE
pCAMBIA1B4* E == AR P W F L E A H
2%, FRETHATFE=A =RV RN RES)
HWEE, ZAENBI LA =RARGR
HY=RHREEHORE TR, TR EH
BB LYW RAR B ALY RN SRR T MR
SABRER R '

2000 bp |
1000bp &
: Hygr (812 bp)

M-B B AN 4 T R B4R % DL2000  -+-4E 5 FAHE XS B Ay
B4 C58Ct —-fEHBIE RN =2 = HER
TI~T3- FRANKREZE Hyer-MBREH
M-DL2000 Marker -+ -positive control of C58C1
transformed with pPCAMBIA1304* —-negative control
of normal roots T1—T3-different monoclonal
hairy roots Hygr-hygromycin genes .

5 EH=ZAHBBRXEEMN PCR &N
Fig. 5 PCR Analysis of hygromycin gene
in A. acutangulus hairy roots
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