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Avrticle Info ABSTRACT

Article type: Background and Obijectives: Silypbum marianum as a member of the
Full Length Research Paper ~ Asteraceae family, commonly acknowledged as a weed. Nevertheless,
silymarin as one of the major secondary metabolites in this plant proved to
have possitive effects on liver, heart and cancer diseases. The aim of this

Article history: study was to induce hairy roots using elicitors towards elevate silymarin
Received: 06.09.2021 production in milk tistle plants.

Revised: 07.17.2021

Accepted: 10.12.2021 Materials and Methods: The objective of this study was to induce hairy

roots in milk thistle using salicylic acid and phenylalanine as elicitors to
enhance silymarin production. Current research was conducted as two

Keywords: distinct experiments at University of Zanjan. The first trail was performed
Agrobacterium in a completely randomized design with nine replications to evaluate the
rhizogenesis, production of hairy using three strains of Agrobacterium rhizogenesis
Hairy root, including A7, R1000 and ATCC. Morphological traits, root number and
Phenylalanine, root length were measured. The second experiment was conducted as a
Silymarin completely randomized design with three replicates to evaluate the impact

of salicylic acid (0, 50 and 100 uM) and phenylalanine (0, 100 and 200
pM) on hairy roots induction, and total phenol, flavonoids, antioxidants
and silymarin production.

Results: Larger and higher number of hairy roots were induced by ATCC
strain. The results showed that all physiological and biochemical attributes
were significant (P>0.01). The highest content of total phenols was
recorded in 200 uM phenylalanine while hairy roots induced by ATCC.
The highest silymarin was induced following the treatment of 200 uM
phenylalanine in roots were induced by R1000 and ATCC.

Conclusion: Due to high potential of Agrobacterium rhizogenesis to induce
hairy roots in diverse range of host plants, it considers as a robust approach
for production of secondary metabolites. On the other hand, elicitors
alongside hairy roots improved the biochemical and physiological traits of
marigold. The amount of silymarin in hairy roots transfected with R1000 and
ATCC alongside 200 uM phenylalanine was significantly higher.
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Fig. 2. GUS Histochemical Test. A) The appearance of blue in transgenic tissue, B) Control plant.
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Ola e Sk
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ady,y dsb PRIPI R, DF SOV
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9.61 7.67 - (o) Sl e 2
CV (%)

E

Sols g pde 5 0/00 /) @a.d):é)lz‘jm ;.A.:JJJA{HSJ ¢
™, ** and * Non-significant and significant at the 0.01 and 0.05 probability levels, respectively.
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Table 2. Results of analysis of variance of experimental treatments on physiological characteristics
of Silybum marianum L.
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", ** and * Non-significant and significant at the 0.01 and 0.05 probability levels, respectively.
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Fig. 6. Total phenol concentration of marigold capillary root under the influence of salicylic acid and
phenylalanine treatment. (1: control + bacterium R1000, 2: phenylalanine 100+ bacterium R1000,

3: phenylalanine 200+ bacterium R1000, 4: salicylic acid 50+ bacterium R1000, 5: salicylic acid 100+
bacterium R1000, 6: control + bacterium ATCC , 7: phenylalanine + 100 ATCC bacteria, 8: phenylalanine
200+ ATCC bacteria, 9: salicylic acid + 50 ATCC bacteria, 10: salicylic acid 50+ ATCC bacteria, 11: control +
A7 bacteria, 12: phenylalanine + 100 Bacteria A7, 13: Phenylalanine + 200 Bacteria A7, 14: Salicylic 50+
Bacteria A7, 15: Salicylic + 100 Bacteria A7).
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Fig. 7. Flavonoid concentration of marigold capillary root under the influence of salicylic acid and
phenylalanine treatment. (1: control + bacterium R1000, 2: phenylalanine 100+ bacterium R1000,

3: phenylalanine 200+ bacterium R1000, 4: salicylic acid 50+ bacterium R1000, 5: salicylic acid 100+
bacterium R1000, 6: control + bacterium ATCC , 7: phenylalanine + 100 ATCC bacteria, 8: phenylalanine
200+ ATCC bacteria, 9: salicylic acid + 50 ATCC bacteria, 10: salicylic acid 50+ ATCC bacteria, 11: control +
A7 bacteria, 12: phenylalanine + 100 Bacteria A7, 13: Phenylalanine + 200 Bacteria A7, 14: Salicylic 50+
Bacteria A7, 15: Salicylic + 100 Bacteria A7).

il A e 4 (ITA0) Sl s Jbtas VO [P PP R S CIE S WK ] JRCIN | Y
Sl 5 el sl g (S S (g Ol lls 4 b i VT by Sihd e
Slasd o Ol QLS 53 SlenST 5T sl 5T o3 o e 53 OlS1 ST Ol (Y Jst) 51
S G s 4 sl Jleal 4 Sl Al b 5 bl Sl ol s Gl el 035 ls me
il e 2 Sble s ;S 5s saos 5 W ROS LoV b s 5les R1000 o550 slaaie,
Loyl a5 wols Ol b s Ot (YA) 5ol glanin; 35 Ve S Yoo chl
SLS 5 Ol b ShenS| 5T Sl ot Yoo oV L Ll sles & ATCC s
OWLS Sysba 2l sy hipnl 5 sdalive 1y OlST 5T Olsme 5t SV gm5 oo
I ISl de b VL s s 5 s Voo bkl 5 Lol slaaiy, (A K8 as
(AT S aalllas 2 (M) Ll 58 6 S AL 53 YT 5 Sl el Y g0y S
Sl e Bl oS Sl a5 8 sk @l bl 0L 1 elie s ATCC

¥4



VFe) ¥ D)Lo.n.:} ARV 2,93 ‘uﬁlﬁf .\.3)93 ‘_glhu,uhsf A g

LS 5 Ol b Gl sl Sl anitons
a5 (FY 5 0) )0 sy S5O 5

3l sl dals 4 55 OlenST 5T Ol e

13 §
- \
w2 \
N
N %

Olje Rl 4 ax g L (F0) s S aty; Slis

LU, a8 o0l Gl cpl o3 a5 5 L

g

6

15

VT s ¥ (R10005 5L+l 1)) o VT Lt 5 Skl sl oy B g0 4y (1S 5T Cdlad A IS5

A0 Sl dl 20 R1000 (555G 400 Sl ol :F (R1000 (5 5SL +¥++ N1 5 ¥ (R1000 (g S| +1 4

dosl & ATCC (8L +Y 0+ VT i3 A ATCC (g 8SL +V 00 VT Jid v ATCC (5,56 +ali 2 (R1000 (5 ;S0

GGV e YT s Y AT S +aala ) ATCC (558G +00 Sdndlos dowl 3+ ATCC (5L +00 Sl

(AT G SL AV Sdle il V0 AT 5 8L 0 eIl el NF AT 6 2SL Y &QYTJ:;J&:\\“A7

Fig. 8. Antioxidant activity of capillary root under the influence of salicylic acid and phenylalanine treatment.
(1: control + bacterium R1000, 2: phenylalanine 100+ bacterium R1000, 3: phenylalanine 200+ bacterium R1000,
4: salicylic acid 50+ bacterium R1000, 5: salicylic acid 100+ bacterium R1000, 6: control + bacterium ATCC,
7: phenylalanine + 100 ATCC bacteria, 8: phenylalanine 200+ ATCC bacteria, 9: salicylic acid + 50 ATCC
bacteria, 10: salicylic acid 50+ ATCC bacteria, 11: control + A7 bacteria, 12: phenylalanine + 100 Bacteria A7,
13: Phenylalanine + 200 Bacteria A7, 14: Salicylic 50+ Bacteria A7, 15: Salicylic + 100 Bacteria A7).
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Fig. 9. Capillary root silymarin concentration under the influence of salicylic acid and phenylalanine treatment.
(1: control + bacterium R1000, 2: phenylalanine 100+ bacterium R1000, 3: phenylalanine 200+ bacterium R1000,
4: salicylic acid 50+ bacterium R1000, 5: salicylic acid 100+ bacterium R1000, 6: control + bacterium ATCC,
7: phenylalanine + 100 ATCC bacteria, 8: phenylalanine 200+ ATCC bacteria, 9: salicylic acid + 50 ATCC
bacteria, 10: salicylic acid 50+ ATCC bacteria, 11: control + A7 bacteria, 12: phenylalanine + 100 Bacteria A7,
13: Phenylalanine + 200 Bacteria A7, 14: Salicylic 50+ Bacteria A7, 15: Salicylic + 100 Bacteria A7).
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