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Producing a High Scopolamine Hairy Root Clone in  
Hyoscyamus muticus through Transformation  

by Agrobacterium rhizogenes  

J. Zolala1, M. Farsi1*, H. R. Gordan2 and M. Mahmoodnia1  

ABSTRACT 

Agrobacterium rhizogenes causes hairy root disease in plants. These hairy roots are ge-
netically stable and grow rapidly. Transformed hairy roots of Hyoscyamus muticus in-
duced by the bacterium can produce tropane alkaloids in trace amounts of intact plant 
tissues. In this research, in order to compare growth and biosynthetic stability of hairy 
roots with wild type ones, leaf and nodal segments of the plant were inoculated with the A. 
rhizogenes strains A4 and LBA9402. When hairy roots appeared, both the wild type and 
transformed roots were cultured in a liquid B5 medium. The amounts of tropane alka-
loids in both the wild type and transformed roots were measured using HPLC. The 
growth rates of transformed roots were stable and their dry weights were up to four times 
higher than those of wild type roots. Alkaloid content was the same for both transformed 
roots and wild type ones. However, when hairy roots underwent an autonomous dediffer-
entiation and produced callus, their hyoscyamine content decreased considerably, 
whereas not only did their scopolamine content, not decrease, but in some cases it in-
creased dramatically. A callus producing hairy root clone, produced 2.72 mg/g scopola-
mine which is a significantly high record for hairy roots of H. muticus. 

Keywords: Agrobacterium rhizogenes, Hairy root culture, Hyoscyamus muticus, Tropane al-
kaloid. 
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INTRODUCTION 

Tropane alkaloids, especially hyoscyamine 
and scopolamine, are widely used in medi-
cine for their mydriatic, antispasmodic, anti-
cholinergic, analgesic and sedative proper-
ties (24). The synthetic production of these 
alkaloids is more expensive than their ex-
traction from plant materials and they are, 
therefore, currently industrially extracted 
from various solanaceous plants belonging 
to the genera Atropa, Duboisia, Datura and 
Hyoscyamus. During the past few years, 
considerable efforts have been made to de-
velop an economically feasible method of in 
vitro production of these compounds.   

Different species of Hyoscyamus are rich 
sources of tropane alkaloids. Amongst dif-
ferent species of Hyoscyamus (11 species) 
the alkaloid content in H. muticus is the 
highest and the plant is an important source 
of these alkaloids. Much research has, there-
fore, been conducted on this plant to dis-
cover a suitable alternative method for pro-
ducing tropane alkaloids through in vitro 
procedures, including callus and suspension 
cultures, protoplast cultures, somatic hy-
bridization and root cultures (6, 12, 13, 14, 
15 and 16). Tropane alkaloids are synthe-
sized in roots and then transported to the 
aerial parts of the plant (14).  In 1986, prom-
ising results were obtained from wild type 
root cultures of the species Hyoscyamus (3). 
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Tropane alkaloids that are scarcely synthe-
sized in undifferentiated cells were produced 
at relatively high levels in cultured roots. 
However, the main problem with wild type 
roots is usually their slow growth rate (3). 

Almost at the same time, transformed hairy 
roots were generated in some tropane alka-
loid producing plants through transformation 
by Agrobacterium rhizogenes, and the pos-
sibility of alkaloid production in cultures of 
these transformed roots was studied (5). A. 
rhizogenes is able to transfer a part of its 
DNA (T-DNA), carried on a large plasmid 
(Ri plasmid), to the genome of the host plant 
(8). Integration and expression of T-DNA 
genes in the host plant cells leads to the de-
velopment of hairy roots which can be ex-
cised and grown in vitro as hairy root cul-
tures. These transformed roots have received 
considerable attention from plant biotech-
nologists for the production of secondary 
plant compounds. Hairy roots are highly 
branching and can be grown on a hormone-
free medium (21). These fast growing hairy 
roots are genetically stable and possess the 
whole biosynthetic potential of wild type 
roots. Moreover, transformed roots are able 
to regenerate whole viable plants and main-
tain their genetic stability during further 
subculturing and plant regeneration (2, 11, 
19, and 20). 

For the first time, the hairy root cultures of 
H. muticus were established by Flores et al. 
(1987). They reported that hairy roots pro-
duce tropane alkaloids at levels which are 
often comparable to, or greater than, those of 
the intact plants (17).  So, hairy root cultures 
of H. muticus were discussed as promising 
systems for the in vitro production of tro-
pane alkaloids. Since that time, the produc-
tion of tropane alkaloids and polyamines by 
hairy roots of H. muticus has been exten-
sively studied by Sevon et al. (2001), 
Oksman-Caldentey et al. (1996) and some 
other research groups (3, 4, 6 and 9).   

The susceptibility of plant species to Agro-
bacterium strains varies greatly. Vanhala et 
al. (1995) showed that the most virulent 
Agrobacterium strains on H. muticus are A. 
tumefaciens strain C58 and A. rhizogenes 

strain LBA9402. They reported that the used 
Agrobacterium strain, has a significant in-
fluence on the phenotype as well as on the 
growth rate and hyoscyamine content of the 
root culture clones.  Sevon et al. (1998), 
chose four different hairy root clones of H. 
muticus for long term study. They reported 
that tropane alkaloid production in hairy 
roots was the highest in the late stationary 
phase and that hyoscyamine was the main 
alkaloid. The fastest growing clones pro-
duced the lowest alkaloid level and the 
slowest growing clones produced the high-
est. Furthermore, extremely fast growing 
clones, in some cases, underwent dedifferen-
tiation and produced calli. This event was 
strongly correlated with a decrease in secon-
dary product formation (17). 

As stated above, the characteristics of 
hairy roots induced by A. rhizogenes vary, 
from clone to clone. They are influenced by 
the type of plant, Agrobacterium strain, type 
of explant and the experimental conditions. 
This experiment, therefore, was conducted 
to create new combinations of desirable 
characteristics in term of growth rate and 
hyoscyamine and scopolamine content. 

MATERIALS AND METHODS 

Bacterial Strains 

A. rhizogenes agropine strains A4 and 
LBA9402 (kind gifts from Dr. Oksman-
Caldentey, VTT Biotechnology, Finland) 
were used in this study. For the transforma-
tion experiments, 48 hours old bacterial sus-
pension, OD= 0.6 – 0.8 in 590 nm, grown in 
liquid YMB medium at 28 ± 2 °C on a ro-
tary shaker at 100 rpm, was used (24). 

Plant Materials 

Seeds of H. muticus L. strain Cairo (cour-
tesy of Dr. Oksman-Caldentey) were surface 
sterilized using 5% sodium hypochloride for 
five minutes, rinsed with sterile distilled wa-
ter four times and germinated on a basal MS 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
07

.9
.4

.5
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                             2 / 13

https://dorl.net/dor/20.1001.1.16807073.2007.9.4.5.6
https://jast.modares.ac.ir/article-23-7111-en.html


A High Scopolamine Hairy Root Clone in H. muticus ______________________________  

329 

medium. After two weeks, the small seed-
lings were transferred onto a pasteurized 
light soil in two kg pots and grown in a 
greenhouse for a further four weeks at a 
temperature of 26 ± 2 °C at a photoperiod of 
16 h light/8 h darkness. Leaf and nodal seg-
ments of six week-old plants were used for 
bacterial inoculation. 

Transformation and Establishment of 
Hairy Root Cultures 

Leaf and nodal segments (about 1.5-2 cm 
for leaf and 0.5-1 cm length for nodal seg-
ments) were isolated from six-week old 
plants which were grown in a greenhouse.  
The explants were surface sterilized using 
5% sodium hypochloride for four minutes, 
rinsed with sterile water five times and used 
for bacterial inoculation. Leaf segments with 
the lower epidermis upwards and nodal 
segments were placed on an agar-solidified, 
hormone-free LS medium and inoculated 
with A. rhizogenes strains A4 and LBA9402 
by wounding the leaves on the midrib and 
nodal segments on the side with a sterile 
hallow needle loaded with a 48 hour-old 
bacterial suspension. Cultures were incu-
bated at 26 ± 2 °C in a photoperiod cycle of 
16 h light/8 h darkness. After two days of 
inoculation, the explants were transferred to 
fresh media containing 500 mg/L cefotaxime 
to eliminate bacteria and further subcultur-
ing were performed two times at four-day 
intervals to complete the elimination of bac-
teria. When roots appeared, each single root 
was transferred to 25 ml of B5 liquid me-
dium containing 25 g/L sucrose in 100 ml 
conical flasks and grown at 26 ± 2 °C on a 
gyratory shaker (90 rpm) in darkness.  

For growth analysis, two of the fastest 
growing and two of the slowest growing 
LBA9402 clones were selected and five cul-
tures established from each clone (A4 clones 
were not successful). For each culture, 10 
root tips of 2.5-3.5 cm in length were trans-
ferred to the B5 liquid medium and incu-
bated under the same conditions as men-
tioned above. The same manner was fol-

lowed for the establishment of wild type root 
cultures, but the root tips were cut from two 
week-old sterile seedlings. The cultures 
were subcultured at four-week intervals for 
seven months. Each subculture was estab-
lished in the same manner and the biomass 
produced by each culture was harvested and 
washed twice with sterile distilled water and 
lyophilized. Dry root material was used for 
alkaloid analysis. 

Detection of Bacterial DNA in Hairy 
Roots 

Total DNA samples were isolated from 24 
hour-old cultures of A. rhizogenes strains A4 
and LBA9402 using a DIAtomTM DNA Prep 
Kit. DNA was isolated also from hairy roots 
and from the control roots according to Del-
laporta et al. (1983). The polymerase chain 
reaction was used to confirm the presence of 
the rolB and rolC genes in the hairy roots.  
Oligonucleotide primers for the PCR detec-
tion of homologous sequences to rolB and 
rolC genes were selected according to Krol-
icka et al. (2003) (7). The homology of se-
lected primer sequences to rolB and rolC 
genes were confirmed using program BLAS 
at NCBI. Primer sequences were as below: 
rolB: 5'- GCTCTTGCAGTGCTAGATTT-3'  
and 5'- GAAGGTGCAAGCTACCTCTC-3' 
rolC: 5'- CTCCTGACATCAAACTCGTC-
3' and 5'- TGCTTCGAGTTATGGGTACA-
3' . 

Each PCR reaction contained: standard 
PCR buffer (Cinnagen Inc., Iran), 1.0 U Taq 
DNA polymerase (Cinnagen Inc., Iran), 1.0 
μl MgCl2 (50 mM), 0.5 μl dNTP mix. (10 
mM), 8 pmol of each primer and 30–60 ng 
of the target DNA (final volume 25 μl).  
Amplification conditions were: 40 cycles, 
initial denaturation at 94 °C for 3 minutes, 
denaturation at 94 °C for 1 minute, primer 
annealing at 54 °C for 1 minute, elongation 
at 72 °C for 1 minute, followed by final 
elongation for 6 minute.  The amplified frag-
ments were separated by electrophoresis in a 
1.2% agarose gel in TBE buffer. The gel 
was stained with ethidium bromide and ob-
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served under UV light. 

Alkaloid Extraction and HPLC Analysis 

For alkaloid extraction, 50 mg of pow-
dered plant material were soaked in 8 ml 
CHCl3-MeOH-NH4OH (15:5:1 v/v/v) for 6 
hours with vortex mixing at 60 minute inter-
vals. The supernatant was filtered and the 
residue was extracted twice with the afore 
mentioned solution with sonication for 20 
minutes and mixed with a vortex at five 
minutes intervals. After centrifugation (5000 
rpm, 10 minutes), the supernatants and fil-
trate were collected and evaporated under 
reduced pressure to dryness. The alkaloid 
extracts were dissolved in 1 ml mobile phase 
and 20 μl were injected into HPLC. A TO-
SOH ODS-120T column (4.6 i.d. ×  250 nm) 
was used, kept at 40 °C and eluted isocrati-
cally with MeCN–10 mM SDS (pH 3.3, ad-
justed with 1% H3PO4) 2:3 (9 and 22). The 
flow rate was 1.1 ml/min. throughout. The 
effluent was detected by UV at 215 nm. For 
each alkaloid, two standard solutions were 
prepared and analysed, 12.5 and 75 mg/L for 
scopolamine and 25 and 150 mg/L for 
hyoscyamine. Regression functions were 
calculated according to pick area amounts 

presented for standard solutions by HPLC 
set. The amounts of hyoscyamine and sco-
polamine in the root extracts were calculated 
through inserting the pick area amount of 
each sample in to the regression functions.  

RESULTS 

Establishment of Hairy Root Cultures 

 Hairy roots appeared at the wound sites of 
explants 12-37 days after infection with 
Agrobacterium. These roots were fast grow-
ing, highly branching, plagiotropic, and 
hairy in morphology and showed hormone 
autotrophy (Figure 1). Figure 2 shows the 
average of responsive explants to LBA9402 
and A4 strains. The transformation fre-
quency was three times higher with 
LBA9402 compared to the A4 strain.  When 
the root tips were transferred to liquid B5 
medium without plant growth regulators, 
they failed to grow for 5-7 days and then 
began to grow rapidly and produced many 
branches. Small calli appeared in old parts 
of hairy root clones which can be the result 
of changes in endogenic hormones, caused 
by T-DNA induction or local wounding due 
to shaking. Although hairy root clones were 

Figure 1. Appearance of hairy roots in inoculation sites of the nodal segment (A) and leaf 
segment (B) of H. muticus inoculated with A. rhizogenes strain LBA9402. 
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obviously fast growing, there was a consid-
erable difference between the growth rates 
of different clones and some grew more rap-
idly than others. However, LBA9402 clones 
grew faster than A4 clones, so that a consid-
erable biomass was produced by each 
LBA9402 clone after 28 days (Figure 3), 
whereas A4 clones grew very slowly.  
Hence, the two fastest growing and the two 
slowest growing LBA9402 clones were se-
lected for further studies. 

Comparison of Growth Rate and Stability  

Although, the growth rate of each clone 
varied some what in different subculture 
periods, but the differences were not statisti-
cally significant.  So the growth rate of hairy 
root clones remained stable for seven 
months (Figure 4). As discussed earlier, Se-
von et al. (1998) have also reported consid-
erable growth stability of hairy root clones 
of H. muticus over six years (14). 

Wild type roots also grew in a hormone- 
free medium. However, the growth rate of 
these roots was significantly lower than that 
of hairy roots. Wild type roots did not grow 
stably such that their growth rate decreased 
to half in the second month and stopped by 
the third month (Figure 5). 

Hairy root clones also grew more rapidly 
and produced more lateral branches than 
wild type roots. The slowest growing hairy 
root clone grew two times faster than the 
fastest growing wild type root culture and 

Figure 2. Comparison of explants responsive to 
A. rhizogenes strains: A4 and LBA9402. Means 
of 4 replicates (The Bar is LSD 0.05). 
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Figure 4. Comparison of the growth rates 
of selected hairy root clones in different 
subculture periods. Means of 3 replicates 
(The Bar is LSD 0.05). 

0

5

10

15

20

25

D
ry

 w
ei

gh
t (

m
g)

first  month second
month

third month
clone 1

clone 2

clone 3

clone 4

Figure 3. The fast growing LBA9402 hairy 
root clone, C1, in a liquid B5 medium. 
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this rate was more than four times for the 
fastest growing hairy root clone (Figure 6). 

Detection of Rol Genes in Hairy Roots   

The polymerase chain reaction, with prim-
ers designed to amplify specific fragments 
of the rolB and rolC genes of A. rhizogenes, 
was used to confirm integration of T-DNA 
into the genome of hairy roots. Amplifica-
tion with rolB primers showed a 430 bp 
band (Figure 7) and when rolC primers were 
used, a 612 bp band (Figure 8) was visual-
ized for DNA isolated from both hairy roots 
and A. rhizogenes strains. The PCR products 
were absent in reactions performed with 
DNA isolated from wild type roots. 

Comparison of Alkaloid Content 

Based on standard solutions, the retention 
time for scopolamine (Figure 9) and 
hyoscyamine (Figure 10) were 15 and 19 
minutes, respectively. Comparison of the 

Figure 5. Comparison of the growth rates of 
wild type root cultures in different subculture 
periods. Means of 3 replicates (The Bar is 
LSD 0.05). 
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Figure 6. Comparison of the growth rates of 
hairy root clones with wild type root cultures 
after two months. Means of 4 replicates (The 
Bar is LSD 0.05). 

0

5

10

15

D
ry

 w
ei

gh
t (

m
g)

Hairy roots wild type roots

Figure 7. PCR analysis of rolB genes of A. 
rhizogenes, (o): Size marker (GeneRulerTM 
100bp DNA Ladder Plus), (1): Positive con-
trol, amplified band from the DNA of 
LBA9402 strain, (2): Positive control, am-
plified band from the DNA of A4 strain, (3): 
Water as control; (4): The band is absent in 
reaction with wild type root DNA, (5 and 6): 
Amplified band from the DNA of hairy 
roots induced by LBA9402 strain, (7 and 8): 
Amplified band from the DNA of hairy 
roots induced by A4 strain. 
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alkaloid content as one milligram alkaloid 
per gram dry root material did not show any 
significant difference between hairy roots 
and wild type ones. Previous studies on 
hairy roots of H. muticus had also shown 
that there was no considerable difference 
between the alkaloid contents in hairy roots 
and wild type roots (17).  

The hyoscyamine and scopolamine con-
tents in callus producing hairy roots were 
also compared with both the common hairy 
roots and wild type roots of the plant. This 
comparison represented a considerable 
variation for the hyoscyamine, but not for 
scopolamine, contents in callus producing 
hairy roots with both common hairy roots 
and wild type roots. The maximum 
hyoscyamine content in a hairy root clone 
was 5.4 mg/g for the fastest growing clone, 
C1 (Figure 11) and for wild type roots and 
callus producing hairy roots was 6 mg/g 

(Figure 12) and 1.26 mg/g (Figure 13), re-
spectively. The maximum scopolamine con-
tent in a hairy root clone was 0.68 mg/g for 
the fastest growing clone, C1 (Figure 11) 
and for wild type roots and callus producing 
hairy roots was 0.7 mg/g (Figure 12) and 
2.72 mg/g (Figure 13), respectively. Com-
parison of the hyoscyamine and scopolamine 
contents in three root types is shown in Fig-
ures 14 and 15 respectively. 

DISCUSSION 

It seems that the response of H. muticus to 
different strains of A. rhizogenes differs, 
since LBA9402 was more successful than 
A4 in its transformation. Different strains 
had a different influence on the phenotype 
and growth rate of hairy root clones. Since 
the phenotype and growth rate of hairy root 
clones are very important factors in selecting 
a clone for further study to achieve commer-
cial production of tropane alkaloids in vitro, 
one must try to select the most effective 
strain of A. rhizogenes to induce hairy roots. 
Significant difference in the growth rate of 
LBA9402 and A4 induced hairy root clones 
could be due to the difference in the copy 
number of inserted T-DNAs into the genome 
of different clones or the difference in ex-
pression patterns of T-DNA genes in differ-
ent hairy root clones (2). Since the growth 
rate and tropane alkaloid production of indi-
vidual hairy root clones was stable, this 
variation is highly valued for selecting fast 
growing and highly producing ones. The 
genetic stability of hairy roots of H. muticus 
has two advantages. Firstly, if we can 
achieve commercial production of tropane 
alkaloids in vitro, then we can use our pro-
ducing biomass for a long period without a 
significant decrease in yield. Secondly, it is 
possible to obtain stable hairy roots contain-
ing some new genes to achieve new pur-
poses. New genes could be transferred to 
hairy roots with the purpose of increasing 
their growth rate, producing new metabolites 
or a change in the pattern of alkaloid pro-
duction (4). 

Figure 8. PCR analysis of rolC genes of A. 
rhizogenes, (o): Size marker (GeneRulerTM 
100bp DNA Ladder Plus), (1): Positive con-
trol, amplified band from the DNA of 
LBA9402 strain, (2): Positive control, ampli-
fied band from the DNA  of A4 strain, (3): 
Water as control; (4): The band is absent in 
reaction with wild type root DNA, (5 and 6): 
Amplified band from the DNA of hairy roots 
induced by LBA9402 strain, (7 and 8): Am-
plified band from the DNA of hairy roots 
induced by A4 strain. 
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Two major factors which influence in vitro 
production of secondary metabolites are the 
amount of biomass produced over a certain 

time span (growth rate) and the amount of 
metabolites synthesized per unit of biomass 
(biosynthesis rate). As in previous studies, 

Peak no. Peak name Rt 
 (min.) 

Area 
 (μV*sec) 

%Area Height 
 (μV) 

%Height 

8 Scopolamine 15.552 172122 48.22 8341 27.73 
 

Figure 9. HPLC diagram for standard scopolamine (12.5 mgL-1). 
 

Peak no. Peak name Rt 
 (min.) 

Area 
 (μV*sec) 

%Area Height 
 (μV) 

%Height 

8 Hyoscymine 19.717 208301 60.74 7931 35.08 
 

Figure 10. HPLC diagram for standard hyoscyamine (25 mgL-1). 
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the results of this study showed that the 
growth rate of H. muticus hairy roots is 
higher than that of wild type roots. Compari-
son of the alkaloid contents of hairy roots 
with wild type ones did not reveal any sig-
nificant difference and there was no correla-
tion between growth and biosynthetic rates.  
It is obvious that the best situation is when 
an increase in growth rate is not correlated 
with decreasing of alkaloid content. As this 
fact was observed in case of H. muticus 
hairy roots, it represents them as a valuable 
system for producing tropane alkaloids in 
vitro. 

Sevon et al. (1998) reported that an in-
crease in the growth rate of a hairy root 
clone is correlated with a considerable de-
crease in its tropane alkaloid content (17).  
In contrast, we observed that the fast grow-
ing hairy roots grew four times more than 
wild type root cultures without any decrease 
in their biosynthetic ability. This means that 
from a certain amount of initial biomass of 

hairy roots we can obtain four times more 
tropane alkaloids than the same amount of 
wild type roots. On the other hand, when 
hairy roots formed callus, their hyoscyamine 
content decreased strongly, whereas their 
scopolamine content not only did not de-
crease but also, in some cases, it increased 
surprisingly. These results can complete the 
report of Sevon et al. (1998), who reported, 
"when hairy roots form callus, change in 
root morphology towards an undifferentiated 
state is correlated strongly with a decrease in 
tropane alkaloid production". However, 
these results may not indicate that there is a 
certain correlation between callus produc-
tion and increasing the scopolamine content 
in hairy roots, as the difference between cal-
lus producing hairy roots with common 
hairy roots was not statistically significant.  
It is obvious that there are many different 
factors influencing scopolamine production 
in callus producing hairy root clones. So far, 
these factors have not been investigated and 

Peak no. Peak name Rt 
 (min.) 

Area 
 (μV*sec) 

%Area Height 
 (μV) 

%Height 

30 Scopolamine 15.498 470658 0.92 16816 0.59 
34 Hyoscymine 19.670 2249746 4.41 81586 2.86 

 
Figure 11. HPLC analysis of the hairy root clone containing maximum content of scopolamine 

and hyoscyamine. 
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they need further study to be revealed.  
An important challenge concerning H. mu-

ticus hairy roots is the scopolamine content 

of the roots which is considerably lower than 
the hyoscyamine content, while, scopola-
mine is the more valuable alkaloid and 

Peak no. Peak name Rt 
 (min.) 

Area 
 (μV*sec) 

%Area Height 
 (μV) 

%Height 

28 Scopolamine 15.547 1874083 2.03 64457 1.27 
30 Hyoscyamine 19.742 525136 0.57 18033 0.35 

 

Figure 13. HPLC analysis of the callus producing hairy root clone containing maximum 
content of scopolamine and hyoscyamine. 

Peak no. Peak name Rt 
 (min.) 

Area 
 (μV*sec) 

%Area Height 
 (μV) 

%Height 

24 Scopolamine 15.535 1047664 2.19 37480 1.54 
27 Hyoscyamine 19.744 2751543 5.74 99154 4.06 

 
Figure 12. HPLC analysis of the wild type root culture containing maximum content of 

scopolamine and hyoscyamine. 
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world demand for this alkaloid is about ten 
times more than that for hyoscyamine (17).  
Since, in the biosynthetic pathway of tro-
pane alkaloids, hyoscyamine is converted to 
scopolamine by hoscyamine-6-β- hydro-
xylase, there is greater attention paid to in-
creasing the level of scopolamine in hairy 
roots of tropane alkaloid producing plants as 
well as intact plants through genetic engi-
neering as performed by Zhang et al. (2004). 
Since the maximum scopolamine content 
which has been reported in common hairy 
roots of H. muticus is 1 mg/g (17), thus ob-
taining a callus producing hairy root clone 
which produces 2.72 mg/g scopolamine 
(Figure 13) is promising. 
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 Hyoscyamus muticusتوليد يك كلون ريشه موئين با محتوي اسكوپولامين زياد در گياه 
  Agrobacterium rhizogenesاز طريق تراريختي توسط 

 محمودنيا.  و مگردان. م. ، حفارسي.  م،ذوالعلا. ج

  چكيده

 عامـل بـروز بيمـاري ريـشه مـوئين در گياهـان       Agrobacterium rhizogenesزي گرم منفي باكتري خاك
هـاي   ريـشه . باشـند  هاي موئين از نظر ژنتيكي پايـدار بـوده و داراي رشـد سـريعي مـي            اين ريشه . ميزبان است 

اني بـه   از قابليت توليد آلكالوئيدهاي تروپ ـ(Hyoscyamus muticus)موئين تراريخت گياه بذرالبنج مصري 
در ايـن تحقيـق بـراي مقايـسه قابليتهـاي رشـدي و              . هاي گياهان سالم برخوردارند     مقادير تقريبا برابر با ريشه    

 اي گيـاه بـا بـاكتري        هـاي نرمـال آن، قطعـات برگـي و گـره             هاي مـوئين ايـن گيـاه بـا ريـشه            بيوسنتزي ريشه 

 A. rhizogenes  نژادهايA4  وLBA9402 هاي موئين ظاهر شدند، هر دو  يشهپس از آنكه ر. تلقيح گرديد
مقـدار  .  فاقـد هورمـون رشـد كـشت گرديدنـد          B5هاي نرمال و تراريخت در محيط كشت مـايع            نوع ريشه 

سـرعت رشـد    . گيـري شـد      انـدازه  HPLCهاي برداشت شده، بـا اسـتفاده از           آلكالوئيدهاي تروپاني در نمونه   
هـا در     ند و بيوماس توليد شـده توسـط ايـن ريـشه           هاي واكشت انجام شده، ثابت ما       هاي موئين در دوره     ريشه

هـاي مـوئين تحـت فراينـد          معـذالك وقتـي ريـشه     .  برابـر افـزايش نـشان داد       4هـاي نرمـال تـا         مقايسه با ريشه  
اي   تمايززدايي خودبخودي قرار گرفته و كالوس توليد كردند، محتوي هيوسيامين آنها بنحـو قابـل ملاحظـه                

وپولامين آنها نه تنها كاهش نشان نداد بلكه در بعضي موارد با افـزايش              كاهش يافت، در حاليكه مقدار اسك     
 اسكوپولامين توليد كـرد     mg/g 72/2كننده كالوس،     يك كلون ريشه موئين توليد    . اي همراه بود    فوق العاده 

نظيـر و اميـدبخش بـراي          يـك ركـورد بـي      هاي نرمـال،     براي بهترين كشت ريشه    mg/g 7/0كه در مقايسه با     
  . باشد مي H. muticusاي موئين ه ريشه
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