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Figure 1. Induction of hairy roots in A. belladonna cotyledon explants: a) seed sowing in solid MS culture
medium, b) One-week-old seedlings grown in MS, c¢) Inoculation of cotyledons isolated from sterile mother
plants of A. belladonna with A7 strain of Agrobacterium rhizogenes d) Transplantation of rooted explants as

single and separate lines in solid MS, e) Growth development of hairy roots in solid MS, f) Hairy roots grown in
liquid MS 1/2
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Figure 2. Polymerase chain reaction analysis to confirm the presence of rol B gene in A. belladonna transgenic
roots. M): 1kb DNA marker (Fermentase), C*): Agrobacterium strain A7 as a positive control, C1°): non-
transgenic control roots as the first negative control, C2): PCR reaction without DNA template as the second
negative control, lanes 1 to 3): Hairy roots induced in one-week-old cotyledon explants by Agrobacterium
rhizogenes strain A7.
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Figure 2. Chromatograms obtained from GC/MS analysis of hair root samples treated with salicylic acid: a)
Chromatogram of control hair roots b) Chromatogram of hairy roots treated with 250 uM concentration of salicylic acid
for 24 hours.
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Table 1- The results of variance analysis of the effect of salicylic acid concentration and time of treatment of on
atropine production, growth of hairy roots and antioxidant enzymes activities in hairy roots of A. belladonna

Ol s @\-'w a2 MS Slay e u-<1~4
Source sl omasl s Sakg VS AEY Sl Sl
df Atropine) Fresh weight ~ Dry weight  Catalase Sl Slasl
Guaiacol Ascorbate
peroxidase peroxidase
(A) Sdewdloscnl el 3 1741.67* 15.876** 0.0160* 368.65%* 533.70%* 1329
Concentration
B) Hles ol 1 362.47* 0.082m 0.0013m 25.64m™ 32.20ns 4.86"
Time
(AXB) Jlize 5 3 s4r23sm 0487® 0.0084%  3007"  166.60** 2.86"
Interaction (AxB)
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CV% 7.61 13.60 14.21 16.63 13.72 21.45
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#% % NS
¢ e
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ns, * and **: Non-significant and significant at 5 and 1% probability level, respectively
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Figure 4. Means of salicylic acid concentration by time interaction effect on the amount of atropine production in
hairy roots of A.belladonna. Means with the same letter are not significantly different at (P< 0.01) by Duncan
test.
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Figure 5. Means of the main effect of salicylic acid concentrations on the fresh and dry weight of hairy roots of A.
belladonna. Means with the same letter are not significantly different at (P< 0.01) by Duncan test.
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Figure 6. Means of salicylic acid concentration by time of treatment interaction on the Catalase (left Fig) and
Guaiacol peroxidase enzymes activities (right Fig) in hairy roots of A. belladonna. Means with the same letter are
not significantly different, Guaiacol peroxidase (P< 0.01) and Catalase (P< 0.05) by Duncan test.
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Figure 7. Means of the main effect of salicylic acid concentration on ascorbate peroxidase enzyme activity (left
Fig) and means of the main effect of time of treatment on the activity of the ascorbate peroxidase enzyme (right
Fig) in the hairy roots of A. belladonna. Means with the same letter are not significantly different, concentration

(P< 0.01) and time (P< 0.05) by Duncan test.
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Abstract

The rapid and mass production of secondary metabolites through chemical methods is mostly
expensive, difficult, or impossible. Considering the economic importance of these metabolites
and their small production in medicinal plants, some methods such as the cultivation of hairy
roots and the use of biotic and abiotic stimuli have been suggested to increase these metabolites.
The accumulation of the tropane alkaloid atropine in Atropa belladonna L. is of great
importance in the pharmaceutical industry. In this research, transgenic hairy roots of A.
belladonna was produced using an A7 strain of Agrobacterium rhizogenes. The transformation
of hairy roots was confirmed by PCR test. The results of the PCR test showed the correctness of
the amplification of the bp780 fragment for the rolB gene in hairy roots. In addition, the effect
of different concentrations (0, 125, 250, and 500 uM) of salicylic acid in two times of 24 and 48
hours on the amount of atropine content, the plant growth rate and the activity of antioxidant
enzymes of A. belladonna hairy roots was investigated. The data statistically analyzed using
factorial experiment based on a completely random design with three replications. The results of
the analysis of variance showed significant effect of salicylic acid on all the traits (P<0.01). The
effect of time was significant for the amount of atropine and ascorbate peroxidase (APX). The
salicylic acid by time interaction effects were significant for the amount of atropine, catalase
(CAT), and guaiacol peroxidase (GPX) (P<0.01, 0.05). The results showed that by increasing
salicylic acid concentrations the growth of hairy roots significantly decrease compared to the
control and the lowest values of fresh and dry weight of the hairy roots (2.79 and 0.148 g) were
obtained in 500 pM of salicylic acid compared to the control (6.76 and 0.273 g). However,
based on GC/MS analysis, the highest amount of atropine (11 times more than the control) was
obtained in the 250 uM salicylic acid in a period of 24 hours. The highest catalase and guaiacol
peroxidase activities were obtained at concentrations of 250 and 125uM salicylic acid for 24
hours, respectively. The highest level of ascorbate peroxidase enzyme activity was obtained at
the concentration of 250 UM salicylic acid compared to the control. It was concluded that the
salicylic acid stimulant at low concentrations is useful for cell signaling and stimulating the
production of secondary metabolites, but at high concentrations, it disrupts the growth of hairy
roots.
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