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Abstract: Hair roots induced by Agrobacterium rhizogene produce higher levels of secondary metabolites
than non-induced plants, and the enhanced metabolic capacity is driven by the rol gene. We hypothesized that rol
genes can be utilized to improve the biosynthesis of tropane alkaloids (TAs) in Atropa belladonna. In this study, the
rolC gene from Agrobacterium rhizogene pRiA4 plasmid, driven by a CaM V35S promoter, was overexpressed in
A. belladonna. The phenotypes, TAs content and transcriptional expression of key genes in TAs biosynthesis were
analyzed in transgenic A. belladonna plants. Results show that transgenic 4. belladonna exhibited a well-developed
root system, male sterility, higher stamen column length than pistil, early flowering, internode shortening, smaller
but more flowers, increased axillary buds and lateral buds, decreased apical dominance, and long and narrow

leaves as compared to wild-type plants. Transgenic 4. belladonna produced more TAs than wild-type plants, with
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the content of hyoscyamine, anisodamine and scopolamine reaching 2.58, 3.59 and 15.77-fold that of the control

group, respectively. The gene expression of putrescine N-methyltransferase (PMT), tropinone reductase I (7R/) and

hyoscyamine 6-f-hydroxylase (H6H), key enzymes in TAs biosynthesis, were up-regulated compared with the control

group. The above results indicate that the r0o/C gene enhances TAs biosynthesis in 4. belladonna by up-regulating

the expression of key enzymes in the TAs biosynthesis pathway, laying a foundation for genetic manipulation of

A. belladonna to increase TAs content by increasing ro/C gene expression.
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Figure 1 Construction of ro/C gene expression vector

CaMV35S-rolCE EEE ARG Phik i)
WA AP F 1 g L I 7R 5 IR 24 h, T K R B i e
05hf5, HrEME TS HLRAKME3I~4K,
T 75% B9 EHS 4 1 min, JC B K EPERR R RS, 1
JH 50% P ISR BN ¥ W0 B 8~ 10 min, Jo B /K i
B, BRI B TR . 0 B R AR P 2R T K 43 IR
T, B PR AE S AT Cef (200 mg-L™) 1) MS [ 4415 97 3 |,
25 °Ci ERE 7%, JoJH WA 16 h/8 h (Fa/l%) . FF HUh Ff
TR T, BT IR AR iR g A A,
1E % A pBL121-rolC J5i KL 1) AR Ji A< #F B EHA105 15 ¥
HIR %% 8 min, G B UEACIR T AME AR | 2 R, ¥
HA 25 100 pmol L' Bt T &HH .1 mg-L" 6-BA Al
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cDNA #i % 5 fi%, L2 uL /E A qRT-PCR B 45, LA ACTIN
(F%'5: IX154681) F1 PGK (£S5 IX154676) NN 2,
K H Pfaffl Method HEAT A X R IA & 5. qRT-PCR 1)
SR R AL N 10 uL SYBR Premix EX Taq (2% ).
Forward & Reverse Primer 7% 0.8 pL+ 6.4 uL ddH,O F/
2 pL cDNA, MR E 3 ANEE, RNAEF N 95 °C
30s,95°C 5 s, 1d& iR AR K 30 s (TEULIREE 2 OME D),
40 MR ; PCR 45 )5, 95 °C 15 s, 60 °C 60 s, 95 °C
30's, 60 °C 15 s, 73 HTFEfiF Hh 2% .

Table 1 qRT-PCR Primer and sequences

Primer X Annealing
Primer sequence (5'—3")

name temperature/°C
Fq-ACTIN TTGTGTTGGACTCTGGTGATGG

Rq-ACTIN CCGTTCAGCAGTGGTGGTG 60

Fq-PGK TCGCTCTTGGAGAAGGTTGAC 505

Rq-PGK CTTGTCCGCAATCACTACATCAG

Fq-rolC CGACGATGATGCTCTGCTT 58.8

Rq-rolC GGAAGGTTGGTGAGGAGTG

Fq-PMT CCTACTTACCCTACTGGTGTTATC 56.4

Rq-PMT GCGAAAGATGGCAAAATAAAAGC

Fq-TRI CCTGCTGCTTCTTATATTACGG 57

Rq-TRI GCCCAAGGTACAAATCACAA

Fq-H6H TTCCACTTGAGCAGAAAGCAAAGC 56.4

Rq-H6H CCTCATGGTCAACTTCCTCACTTCC
BRI G ik 4547 IBM SPSS Statistics 22 3K

R X6F BT S 56 B HEAT Ge vk a3, e BE DR RE A 5 50t R
FEARBEAT ek 50, 3 /KPR P < 0.05, H i & KA
P <0.01, 3K F Origin 2019b il [ .
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I A I 15 2 pBI121-r0lC HI R I H AR (B 2B).
2 CaMV35S-rolC: E R FimaI %5

BYHL 15 d 2 I RIAH 4 v 1 AT IRl (13 A), &
EHA105-pBI121-rolC T % AL L1 J5 , B AME AR 55 4%

A

A 100 mg L' Kan (5 15 752k b, RSB EE K ) 4H
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NptII 3[R e % 15 5% 3L 41 23 %) Kan B A Pudk, 5
HLAT LA S it 2F (B 3B). MPiEFKE 2 em
S B HBY R I NS IBA (0.2 mg L) [ MS AEAR B
A (B 30), R e B pk, BEmBHEE E
BRIR = R ( 3D), #2H DNA #E4T rolC 3£ [H ) PCR
i, F F-VirD 1 R-VirD 51 kR i T 4 5 15 Yeids
R FHVE I G, e 263 B 3 Mk & 1) CaM V35S-r0lC
R T4 (E14).

Figure 3  Genetic ransformation flow chart of 4. belladonna. A:
Obtaining sterile belladonna seedlings through detoxification; B:
Obtainment of kanamycin-resistant plants through selecting on
medium with 100 mg-L" kanamycin; C: Propagation of transgenic
A. belladonna plants; D: Transplantation of partial transgenic A.

belladonna plants

1000bp
7500p
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Figure 4 Detection of the r0/C gene and the VirD gene by PCR.
M: DNA marker; PC: Positive control; WT: Wild-type (as control);
C-1, C-3, C-5: CaMV35S-r0lC transgenic A. belladonna line

Figure 2 Detection of 70/C gene by PCR. A: PCR amplification of 70/C gene; B: PCR detection of r0/C gene in colonies. M: DNA marker;

PC: Positive control; NC: Negative control; B-1 to B-5: Positive bacterial clones
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e T 1) B R 5 B 3 0 S IR o B, R K B L
T B R A, Tk R RSB (B SD).
4 FEREEVHSEHNE

ST HPLC A FH () R 3 4 3 B0 R A
YRR, A5 R L 6. CaMV35S-rolC B i 1 B 75 ik
RS L A S B B T I, S
HERME N C-5>C-1>C-3>WT, C-5 bk R B 25005
T (6 547.38 pg-g' DW) A& X (2 538.50 ug-g' DW)
192.58 fi5 (K1 6A); thE &k & & N C-1>C-3>C-5>
WT, C-1 ¥k R 1 1L B 5002 208 721.16 pg-g' DW, =&
X (200.81 pg-g' DW) 113.59 % (K 6B); % B 506 25
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Anisodamine
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The tropine alkaloid content / pg-g"' DW
-
(=3
8
1

WT C-1 C-3 C-5 WT C-1C-3 C-5

Figure 6 The contents of hyoscyamine, anisodamine and scopol-
amine in leaves of 4. belladonna. "P < 0.01 vs WT (wild-type, as

control)

N C-1>C-3>C-5>WT, HH1C-1 ¥k R I AR 20
TN 1986.43 ug-g' DW, /& X IE (125.99 pg g’ DW)
115.77 f% (B 6C).
5 TAsERIREPXRBEERMBNREE

1£ CaMV35S-rolC il i A1 BY A2 784 B gn - Fy v 340 R
0 2] TAs £ RIS 18 KB E L [K| PMTTRIFN H6H 2 [H],
AAE AR P AS I B . CaMV35S-rolC B AAR H PMT .

Figure 5 The phenotypes of 4. belladonna (wild-type and transgenic). A—C: Wild-type and transgenic 4. belladonna seedlings in the pots;

D: Comparison of flowers of wild-type and transgenic A. belladonna. E: Comparison of roots of wild-type and transgenic A. belladonna. WT:

Wild-type (as control); C: CaMV35S-r0lC transgenic A. belladonna line

Table 2 Statistical table of phenotypic of wild-type and transgenic 4. belladonna. Note: Followed by different low case letter in each column

are significantly different (P < 0.05); WT: Wild-type (as control)

Name Leaf length/cm Leaf width/cm Aspect ratio Internode length/cm Fresh weight/g
WT 16.5+0.7° 8.4+0.2° 1.96 +0.13¢ 3.1+£04° 1.775 £ 0.114*
C-1 13.0 + 0.5" 42+0.2° 3.08 +0.21° 0.8 +0.3° 0.737 +0.133"
C-3 143 +0.3° 53+0.1° 2.72 +0.03° 1.3 +0.2% 0.855+0.027°
C-5 12.5+0.9° 47 +0.4% 2.67+0.07° 0.7 0.3 0.608 =+ 0.040°




- 538 - 22224 Acta Pharmaceutica Sinica 2022, 57(2): 533 =540

TRIFN H6H 3£ R 355 B 45 10 2 5 T 0, C-1 vk R AR
PMTTRIFN H6H %: (R (1) ik & F 50K, 70 5l
Xif B 1 8.96.3.61 F1130.43 155 (7). HOH & 2 w5 I 5
BRI R RN, AHEL X IR T 245 A o RAE
5 A A AR B rolC FE R, AN TE CaMV35S-r0lC Hil
HFIAR S B s 2 (1 8).
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Figure 7 Gene expression levels of key enzymes in the TAs

synthesis pathway in 4. belladonna roots. P < 0.05, "P < 0.01 vs
WT (wild-type, as control)

25 - B8 Root
e Leaf

Relation expresion level

" WT C1 C3 Cs

0
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Figure 8 ro/C gene expression level in A. belladonna roots and

leaves. P <0.01 vs WT (wild-type, as control)
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AR I 2 756 B, 00 2 M AR (1 32 B R o

KT CaMV35S-rolC Bl fifi 46 2 (1) R B 22 7 5T A
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IS [R) 77 7E 25 5 . Schmilling 25" 58 & B HL 8% rolC
FE IR R R AR SR 77 Bk b1 9 SR HREMEAS
Ho AW ORI E I K T1 AR, TO A HE 3 KA
FRIE I [ A2 13015 TR BR, © 8 31 T1 %
R AR 2 0 FH B A R 51 5 T0 AX CaM V35S-r0lC
Hi P R 3453 . £ B CaMV35S-rolC i 47 15 BV
ANEX MR, EERE X ARG — e
U5/ e DRI A% 3 RS 2 (R e o

rolC %= K 1) 52 N R B 175 5 A b T 30 23 6k 2 10 i
R34, FTUAR R RIE, IRAEY B R EW L . TAs FEAEH
HRAIZAR F A R, FHs R B A, B A &
3G N, £ B T-e 3t TAs A WB ) & i, 32 = B TAs
TR TREMER RIS R B AR G FR R
FRFN LA AR MRAR 2R R VTR 2> 118 %, 4 PCR T PCR-
Southern 43T 4% 32 16 H 7E 5 K BIRAR K B 2F A pk 2
RIZH 384 7 Ri TR B rol C R . i T BRIB T4
FE AR I A0k, TE7K 0 38 T 4K TH e 4 B A 4 A K AR Y
SRR AT T K S, BRI TR PR M. AR 5
H3R 13 K CaMV35S-r0lC BN IR RAER A L5 & RAT
PR AR A 10 K BRI B A AR — 3, 7R S skt b T
R 5T CaMV35S-rolC B I HT S BE ST

IR T L A B A R AR 24 R i,
BIRZE MRS R E SRS ENAW TR . PMT
I H6H 1E A TAs & BOS E R B8 — AN F & G — 9%
B T TS ERIRN o FEALGEIE JE BT (TR) A2 F



BE SRR A ol C 3k RN SR FE i Joe A MU 5 K 0 52 © 539

TAs & B 15 I8 5 220y SCAb, AT 45 1) TAs AR 73 0,
S GOE JE R (TRID) 4715 585 0 R, AL AN S BE
) B BT 17 & B2 . PMTTRIA H6H 35) B 2R
5 S, ANCEE U0 AR R R IA , Wang S5 7E i 7 v [
#2257 PMT A H6H, IE 52 T PMT 1 H6H 2 7] 5
EEFIX R, HIHINRIEE S KE SRS EL
) S EAH R R AR o AW AR AE WA A A 21 TAs
A B8 1R 5 B g JE K] PMT. TRI A1 H6H, CaMV35S-
rolC B S AR P 1) HEH AR G 04 & 5 B AR AU A HL 3R
1 7 20.10~49.89 £i%, 5 JHE PR U 14 AR 1 %5 I A i A
EER TR, b HoHRIEE R E KR C-1 %R
SR RN 15,77 5. HICHATE 1, rolC R
A AR R WA P AR B RIS R AR K . Yun
SR Wang S5V B 308 HOH {E ¢ 33 748 B 25 0 A
WG R, B R 2R BT e B DR R Ak R A R I R,
2 3R S IR B AR, A TR B O R A
rolC IR J5 , 75 M A0 AR U 1) 2R B 25 45 1 P[] 4
R TESHMIARSEHER,

CaM V35S Ja 3l T2 WK 5 rol 3 R E B BR At vh 3%
I, 3 R 5 DR A0 b B S AR O 3R
eSS R A& TAs (A AL, &gz
K L R PMTY  TRIVHOH™ W) J3 273 C 0% 43 55,
HEA WA 30, LS — 5 R X 28 3 7 9K
Bl rolC IE IR 5 & g 2 5L R B I 3R IA, TR AUt
TR B AN HE rol C HEPRITEZIUAR H % it TAs & B2
HEAE R, 5] 0 B8 388 40 5 rolC 3 IR MG #h_b #5467 2 54
3 R B AR S, )R M AT A 5 A o S
B IX— R, TR 15 40 &R B rolC 5 IR H 56 A Ak
FE U M S rol C FE RITEAR W T A2 A (& 38R FH

2 ERTIR, SN BN rolC R AT S 8B 6 I &5 1
SR AR, (AT 3 I 42 5 TAs & B 4% Hh 6 4 il 5L R 1
e R P B R R S R S R R
BB i, AW FUIE G i R A R B ) A
DRI PR 8 AT 3 — 20 o0 55 5 O 0 B 3 0 25 U5 S R, 1
A A AIE 5T rolC F7 DR 28 TR A= AR 7 9 1) 6 AL i) B4
SEHEA

Ve TRmk: SRR S OE AR U A B T ARSI A
F T T AR IR W RO R S R T UMY
AR AL PP S AR DG HR AR B IE Sk AR B B RS R A
53 A58 T S A AR SO I S A sRER IR SR B i
B % ik AR SR R S8 I B AR s

FIEE S Fr A & 3 5 B AR 28 i X
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