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Abstract: The ro/ genes on pRiA4 plasmid of Agrobacterium rhizogenes are potent genes that promote
secondary metabolism. Molecular breeding of Atropa belladonna can be conducted by introducing rol genes to
increase tropane alkaloids (TAs) content in A. belladonna. In this study, the rolB gene was overexpressed in A.
belladonna plants to study the effect of ro/B gene on the biosynthesis of TAs. The phenotype, TAs content and
expression levels of key enzyme genes in the pathway of TAs biosynthesis of transgenic 4. belladonna were
analyzed. The results showed that transgenic 4. belladonna had developed root system, enlarged leaves, increased
leaf fresh weight, deepened leaf color, enlarged flowers, changed flower shape, reduced pistil height and decreased
pollen vitality. The content of TAs in the stems of transgenic A. belladonna was significantly higher than that of the
control, and the contents of scopolamine, anisodamine, hyoscyamine can reach 2.11-2.91, 1.23-2.37 and 4.88-5.20

times of the control, respectively. Compared with the control group, the expressions of key enzymes putrescine
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N-methyltransferase (PMT), type III polyketide synthase (PYKS), tropinone reductase I (7R/), aromatic amino acid
aminotransferase 4 (4rAT4), UDP-glycosyltransferase 1 (UGT1) and hyoscyamine 6-f-hydroxylase (H6H) in the
TAs biosynthesis pathway were up-regulated, and the expression of tropinone reductase II (7RI]) as a metabolic

shunting gene was down-regulated. The results indicated that 70/B gene enhanced TAs synthesis ability in roots and

accumulation in stems of 4. belladonna by enhancing metabolic flow of TAs synthesis pathway and weakening the

metabolic shunt of competing pathway. This study laid a foundation for molecular breeding of 4. belladonna with

high-yield TAs content using 70/B gene.
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Table 1

extract peptone medium) + Rif (40 mg-L"') + Kan
(50 mg-L™") + Str (25 mg-L™") [ A8 373 F AT R £k 1%
F%, PREUCRA TR R T 15 mL AH R fUME YEP WA 8 9%
B, 28 °C 200 rmin” 7% 16 48 h, % 1250 Lt 7] 1 HY
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(1 mg-L") + NAA (1 mg-L") + AS (100 pmol-L") L,
25 °CH:HEF7 4 R J5 K SME AR L 22 B 1 A0 7 AR s
F5 3 MS + ZT (1 mg'L") + IAA (0.5 mgL") + Cef
(400 mg-L™") + Kan (100 mg-L™), 25 °C .16 h/8 h (light/
dark) JEHE SR AF T HEAT BRI, 5 R A e 1 IR IR 4,
FRIEHUIE S o A AMEARPRHC AT P 28 A2 S e
PR 0 B B AR AR B 97 56 MS + IBA (0.2 mg'L") +
Cef (400 mg-L") 4k R M R Kl e M. 18
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B AT

pBII21-rolBEI i I R B IER K o8 M
pBI121-rolB i A K 45 I A R RURRAE 1 47 BRI 5%, 15
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B 79 (A S -6 EE R IBM SPSS Statistics 26 %X
PEXFIE SR R R B B AT 4T
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2N H B 25 VI, 40 °CHEF, 4T B8 Bk oK, 1 50 H
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H# Fattahi %" 3HE47, A5 23h . FIFH HPLC #4744

Quantitative real-time PCR (qQRT-PCR) primers. ACTIN: f-Actin; PGK: Phosphoglycerate kinase; PMT: Putrescine N-methyltrans-

ferase; TRI: Tropinone reductase I; H6H: Hyoscyamine 6-f-hydroxylase; A4rAT4: Aromatic amino acid aminotransferase 4; PYKS: Type III

polyketide synthase; UGTI: UDP-glycosyltransferase 1; TR/I: Tropinone reductase 11

Gene name Forward primer sequence (5'-3") Reverse primer sequence (5'-3") Annealing temperature/°C
ACTIN TTGTGTTGGACTCTGGTGATGG CCGTTCAGCAGTGGTGGTG 60
PGK TCGCTCTTGGAGAAGGTTGAC CTTGTCCGCAATCACTACATCAG 59.5
rolB GTCTGCTATCATCCTCCTA GATATGGTTGAATCGTTGTC 58.8
PMT CCTACTTACCCTACTGGTGTTATC GCGAAAGATGGCAAAATAAAAGC 56.4
TRI CCTGCTGCTTCTTATATTACGG GCCCAAGGTACAAATCACAA 57
H6H TTCCACTTGAGCAGAAAGCAAAGC CCTCATGGTCAACTTCCTCACTTCC 56.4
ArAT4 CCTCTGCTTTCTCTATTTTGCATTG TTTGTTTCATGATCATTCCCTTTCT 57
PYKS TCACCTCGCATTACACCTAC GCATTACCTCCTGGATGAAGAA 60
UGTI CCATCTAATCCATATCCTGCCTTA TCAGCACGAACGACTTGT 57
TRII AGCACTGGATCAACTCACAAGATG TTAGGCTCTCCCATTCGGTGTAG 61.4
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B A ERN . BRI MENEEE, RS
FE AL B, 43 S A 0 2 T 2 R el L R R
&, i N Phenomenex Gemini 5u C18 110A ¥ AH
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K9 K 215 nm; FE IR 40 °C; i # A 1.0 mL-min™;
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24780 bp (B 1A), H BamH 11 Sac 18] pBI121 £ £
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KA PUIE S (B12B), R A Pk 2 8F sl i i #
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- $EE DNA, PCR %5 58 % 1 R BH M B pn AE Ak JE L
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4 REREEVHSENE

FIFH HPLC WA= 2 A 3 1) 5k DR A0 %o JRE 5 25
I 2R A R AT AR, 5 R unE 4. pBI121-r0lB
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Figure 1 PCR amplification and detection of ro/B gene. A: rolB gene in C58C1 was amplified by PCR; B: PCR detection of r0/B gene in

colonies. M: DNA marker; PC: The amplified product of the 70/B gene was used as the PCR template (as positive control); NC: ddH,O was

used as PCR template (as negative control); 1-4: Positive bacterial clones
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Table 2

genic A. belladonna. Data are shown as x + standard error of the

Statistical table of phenotypes of wild-type and trans-

mean (SEM) of three replicates for each sample (n = 3). P < 0.05,

Figure 2 Genetic transformation flow chart of 4. belladonna.
A: Infection and co-cultivation of A. belladonna explants; B:
Obtainment of kanamycin (Kan)-resistant shoots through selecting
on Murashige & Skoog medium (MS) with 100 mg-L" Kan; C:
Rooting of regenerated shoot on MS medium supplemented with
0.2 mg-L" 3-indolebutyric acid (IBA); D: Transplantation of

transgenic 4. belladonna plants
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Name Leaf length/ Leafwidth/ Leaf fresh Flower diameter/
cm cm weight/g cm
WT 145+038  6.1+029 09x0.1 2.0+0.12
B-1  200+087" 11.3+0.74" 4.1+0.19"  2.6+0.09"
B-2  195+0.757 1020217 3.9+0.18" 3.0+ 0.09”
B-3  200+1.78 10.8+0.54" 3.7+0.67 2.7+023"

P& . 1M pBI121-rolB 8l fifi 25 H B B-3 #k 2 1 1l B %5

FEBA RS, SRR L B
L BN HRAR L35 B 25 1R . AR A S AR E
(29.02 pg-g"' DW) 737l 5 i 2.11~2.91 fi5, B-2 #k &
T (84.5 ng g DW) $ iR K 1l B I B B A b
® (23.27 pg-g' DW) #75 1.23~2.371%, B- 1 kA & &
(55.23 pg'g’ DW) # & di K BE 55 Bl 2 & AH LG ox e
(101.75 pg-g"' DW) 73 5l 2 =5 4.88~5.20 %, B-3 #k %
B (528.86 ng-g! DW) i Ei & K.
5 TAsEREREERIEZRN

TAs 75 B it 20 AR o A 1, AH % G B 12 56 (8] 35 4

FPEEAUR Rk . DL R R 2R A kL, A
¢ 6 7€ & PCR % ¥ pBI121-rolB Eil it 1 rolB 3¢ [R &
TAs & I 1EFE R I FKIETE L. pBI121-rolB Wi Hh 3 4
PR 28 A I 3] rol B JE R ey 7K V- 23, T WT 55
Hiti AR AT W B rolB B K K ik, &P B-1.B-2.B-3 =1
Pk R I5°0 rolB B R IS HAL (K1 5).
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Figure 3 The phenotypes of wild-type and pBI121-r0lB A. belladonna. A: Wild-type and B-1 transgenic A. belladonna line in the pots; B:

Wild-type and B-2 transgenic 4. belladonna line in the pots; C: Wild-type and B-3 transgenic A. belladonna line in the pots; D: Comparison

of roots of wild-type and transgenic 4. belladonna; E: Comparison of leaves of wild-type and transgenic A. belladonna; F: Comparison of

flowers of wild-type and transgenic 4. belladonna. WT: Wild-type A. belladonna (as control); B-1-B-3: pBI121-r0l/B transgenic A.

belladonna lines
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Figure 4 Tropane alkaloids (TAs) content in leaves and stems of A. belladonna. A: TAs content in leaves of 4. belladonna; B: TAs content

in stems of 4. belladonna. x + SEM, n=3. P <0.05, "P < 0.01 vs WT. DW: Dry weight
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Expression level of rolB gene
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Figure 5
SEM, n=3."P<0.01 vs WT

rolB gene expression level in 4. belladonna roots. x +

Rl 5 JE PR ik 2R M2 WT B A50AR Y 6 > TAs &
FS3E A7 25 DAL AT 1A 5 G S 35 DAL TR 3R 0K 7K, S5 R I
Bl 6. rolBHE[R 2 ¥ E T 3N 3L R bk & PMT,
PYKSTRI.ArAT4.UGTI 1 H6H 3% 6 4~ TAs & il i& 1%
il ik D] f) 2 0k &, Horh PMT % B-2 ¥k & 41, B-1 #1 B-3
Pk & 43 9 42 3.54 Al 3.70 £5; PYKS Bk B-2 #k & 4b,
B-1 M1 B-3 ¥k & 43 5l 2 51 3.95 A1 3.0 fi5; TRIFE: K i
1.55~2.38 fit; ArAT4 % B-3 ¥k R 4k, B-1 #1 B-2 tk & 7
WL 2.36 F12.13 fi5; UGTI A i 5.82~14.30 fi%;
H6H 5[ i 4.34~11.84% . TRIIFEFE N TAs &
TRAT U IR 23 TR IR, K IR A S A R A AR AR e,
— R R TAs AR R P2 TRITHE R 3R 1K B AE S5 L IR
i 2 R A, AR R 18%~22%.

g
TAs KT /D HOHBHEY), Forp R E5 8 (FLAMH
JREAAR D BT ) A0 2R B 25 B A1 D 0 RE el 24 47 L AT o 2

184

< 164

on levi
e
N B

Relative expressi

BN RN A « RARAAT B T rol FE K BT RE 15 S AE YD
PR RR, T HL A B T B A OO AR
Vi T %2 R EN. AR TSN A 4 1 4 A rol 2 K]
(rolA~rolBrolC Fl rolD) H, ELIE 5K rolB Fl rolC 3£ A /&
e a3E 0 A ARG I 5 R TR G rol B B A FH B!
FE B B L L & T DR T AR Al rolB 43 AR
I U TNSE Jo) =0 S SN = WS A e T
WA MEAE DI KT A BRI R0, R H rol 2 K]
VRN 73 1 & Fh ) #E L ], 42 T+ B TAs & &= AE
AU TAEW T AN TAs Pk ik e e B BB
rolB %= K AE A 22 1) Plast 3 PR 2 i 1 02, AE A8
v BA Z D7, CRER A S EY A KK
B U TR R M S B R A A e 9 B 2 )
7 38 58 % A e ) A 3E AR AR, Arshad SF AN
Schmiilling "4 18 T rolB % & R 7 i fH bk = 5 %
G TR P AR L SR S AR /DN, () I 5] S B DR PR
RWSTIES  NNG £ E S  DNNE Y Ak LN
I B B e IS I BEAREE R Y, AW rol B
KRR AT 4 AL ) R A R B A A
rolB HAT R I H AR R Ik, W AR K VB IR, 162
TR AR R A4 AR 3 DR S A0 T B A AR R 1) el ZE IR
() IR AN 52 T AR ) PR vy 15 TRD G L 20 S L 2 2R AR
SERN . TEEEF— A rolB BN K I, rolB HiHh B
WH, Bk TR, B AR RO, RN B
B rolB AT Z M ds B (RO4E 2 RAIAE) 1970 A
WL B, IS KA R RIEERP . rolB & H
FEAR SN 8 B AT B~ 4 0 i 7% 2 IR TR e

= PMT
E3 PYKS
E3 TRI

&R ArAT4
UGT1
&8 HOH
B 7RIl

Kok

WTB-1B-2B-3 WTB-1B-2B-3 WTB-1B2B-3 WTB-1B-2B3 WTB-1B-2B-3 WTB-1B-2B-3 WTB-1B-2B-3
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