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Optimization of the Effect of Culture Medium and Sucrose Concentration

and pH on the Production of Hairy Roots of Atropa belladonna L. Using the
Response Surface Methodology (RSM) Under In Vitro Condition
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Table 1. Components level of X1, X2 and X3 and their coding for response surface methodology.
PRV

Value Culture medium Sucrose
Factor
-1)as
( _)_ i Y4 MS 15 5.5
Minimum
0 .
0 e 15 MS 30 5.8
Optimum
(+1) iy
Maximum MS 45 6.1
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Table 2. Culture medium type experimental design and response surface methodology results in hairy roots of
Atropa Belladonna L.

o551 Slasline
(Factors) (Observations)
s, X1 Xz Xs 5 5 03 (0)5) Sz 03
(Row) i e 6L pH Fresh weight (gr)  Dry weight (gr)
(Culture medium) (Sucrose)
1 0 0 0 8.59 0.321
2 0 0 0 8.45 0.311
3 0 0 0 8.34 0.308
4 0 -1 -1 3.63 0.142
5 0 -1 1 4.90 0.181
6 0 1 1 6.24 0.275
7 1 0 1 4.23 0.162
8 1 1 0 2.84 0.109
9 -1 0 1 5.15 0.192
10 -1 1 0 5.82 0.239
11 -1 0 -1 5.63 0.227
12 0 1 -1 7.13 0.285
13 1 0 -1 4.55 0.168
14 1 -1 0 3.94 0.149
15 -1 -1 0 3.43 0.136
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Table 3. Analysis of variance the effect of culture medium, sucrose, and pH on the growth of hairy roots Atropa
Belladonna based on the RSM model.

el @il azyo () 509 (p ) S22 03
(Source) Degrees ) Fresh Dry weight (gr)
of weight
(freedom (9r)
Eyoze Flais P o Slas po fgoima F ol P laie
Sl e F-value P-value sum of ) F-value P-value
sum of ) (squares
(Squares
S lase X1 1 2.49761 13.6677  0.014043 0.005304  9.36439  0.028098
35 X 1 19.10830 104.5665 0.000154 0.025800  45.54700 0.001084
pH X3 1 2.78300 15.2294  0.011381 0.007168  12.65386 0.016262
XXz 1 13.80697  75.5560  0.000333 0.013645  24.08913 0.004443
X1X3 1 0.02212 0.1210 0.742078 0.000005 0.00893  0.928387
XoX3 1 4.08047 22.3296  0.005217 0.003732 6.58809  0.050234
XXy 1 3.94579 215926  0.005598 0.007007  12.36946 0.016973
XXz 1 0.00032 0.0017 0.968319 0.000071 0.12562  0.737476
X3X3 1 1.16640 6.3829 0.052759 0.000600 1.05966  0.350490
alosT olosl 5 0.91369 0.002832
(Experimental
error)
JS e e ggerme 14 49.91977 0.072159
(Total sum of
squares)
R-Square-Adjusted R? 0.9817-0.94875 0.96075-0.8901
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Fig. 1. The interaction of culture medium and sucrose on the fresh weight of hairy roots.
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Fig. 2.The interaction of culture medium and pH on the fresh weight of hairy roots.
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Fig. 5. The interaction of culture medium and pH on the dry weight of hairy roots.
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Fig. 6. The interaction of sucrose and pH on the dry weight of hairy roots.
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Fig. 7. A) The hairy roots grown in 1/2MS culture medium with 30 g I"*sucrose and pH 5.8 B) The hairy
roots grown in MS culture medium with 45 g I"*sucrose and pH 5.8
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Research article

Optimization of the Effect of Culture Medium and Sucrose Concentration
and pH on the Production of Hairy Roots of Atropa belladonna L. Using the
Response Surface Methodology (RSM) Under In Vitro Condition

B. Karjo and M. Fattahi*!

Optimization of the culture medium of hairy roots in terms of the composition and type of
ingredients in the medium is essential for proper growth and optimal biomass production. The
greatest advantage of culturing Hairy roots is that they are often capable of producing secondary
metabolites compared to the mother plant. In this research, transgenic hairy root induction was
established through the mediation of the A7 strain of Agrobacterium rhizogenes. Molecular
confirmation of hairy roots was done by PCR using rolB gene-specific primers. With response
surface methodology (RSM) coding, the effect of three types of basal liquid MS media (MS, %2
MS and Y2 MS) with different sucrose concentrations (15, 30, and 45 g I'*) and three pH levels
(5.5, 5.8 and 6.1) on the growth of hairy root was investigated. The fresh and dry weight of
hairy roots was measured after 4 weeks. The obtained results of response surface methods
showed that the highest dry weight of hairy roots in the culture medium with a concentration of
0.56 of MS (= 1/2MS), 30 g I* of sucrose, and pH of 5.8. In optimum conditions, the utility
value was 0.990, and the fresh and dry weight of hairy roots, was 8.58gr and 0.317gr,
respectively. According to GC/MS results, the amount of atropine alkaloid in hairy roots grown
in optimum culture medium was about 6.88%.

Keywords: Atropine, Agrobacterium rhizogenes, hairy root, Response Surface Methodology,
Culture medium.
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