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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.
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Table 2. Culture medium type experimental design and response surface methodology results in hairy roots of
Atropa Belladonna L.
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(Factors) (Observations)
i, X1 X Xs 5 5 0 (25 S5 035
(Row) <iS b 580 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.

gl @olil ez () 503 (p) S22 53
(Source) Degrees ) Fresh Dry weight (gr)
of weight
freedom (9n)
Egomme AR P o Sl o Eg0me F e P e
ol o F-value P-value sum of ) F-value P-value
sum of ) (squares
(squares
S o X1 1 2.49761 13.6677  0.014043 0.005304  9.36439  0.028098
5L X2 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
X1 X2 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
XX 1 0.00032 0.0017 0.968319 0.000071 0.12562  0.737476
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oialesT oloa! 5 0.91369 0.002832
(Experimental
error)
JS Slas e £geme 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.
g sbada) 5 039 Olie p PH g it e uiSen -V S

28l


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

@u}ﬁ?)b/

6.2
6.1
1
60
2% 88
.33/;
R -s
\Cku. -48 = 58
& .-
I <o
57
CJ<s
=<4
=<3 56 e
<2 s
<7
) B <5
" -
35 <
- ) 54
5 ; 3 & 1 1 4 a B <3
L 5T NG I 0 5 20 25 30 35 0 5 50-<2
. 1 %‘t p » Sucrose
5410 \ (¢ 5050

Fig. 3. The interaction of sucrose and pH on the fresh weight of hairy roots.
Omge sads; 5 05s Ol pPH 5 55l (iiSen oY S

50

45

\—_,,340
A
a,
.,_3,: o
A2 2
= Z 3
oA 7z
o,
bl

= 25

20 [ EXEX

B <03

— e

15 <02

<016

“ ] <011

0z 03 04 05 06 07 08 08 1o i <006

B <00

Culture medium
vy

0.
10 02
Fig. 4. The interaction of culture medium and sucrose on the dry weight of hairy roots.

Omige Sl ) SAS b9 Glime p 5, 5 i haoe AiSen <Y S

FEA


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

o (Ul el aoxs) Clilé 50 gl iy

62
0.35 =
0.30 6.0
0.25 59
2
D~ 020
48 -0 %o
=z 015 B <031
~ B8 -0
O, 0.10 = <021
& =] <o0.16
0.05 -<011 56
o3
6.2 55 <027
1.1 <o
54 & [1<0.19
B <015
5. { 02 03 04 05 06 07 08 09 10 1 <01t
’ c&\\‘«\ Culture medium <007
Lty “\V’ =25 L

G 2 0.3 04 A\ 7
402> W2

Fig. 5. The interaction of culture medium and pH on the dry weight of hairy roots.

Omige baady) SAS 09 Gl 2 PH 5 CutS L iSen -0 JSS

o3t
B <031
<02
[J<o021
B <016
<
o o o032
[ BEA
Bl <028
<024
3 <02
10 15 20 25 0 3 40 45 5o EEI<016
<012
Sucrose
(6 550

Fig. 6. The interaction of sucrose and pH on the dry weight of hairy roots.
Omge sbeaty, SaS Gjs (e 2 PH g 5,81 iSen  -F JSS

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

Wil 03, mse ady, (o OA PH 5 3,50 2 5 0,5 FO LMS cetS Lasme jo atil 0, mge ady, (I -V IS
BIAPH 5,51 o 5,5 LY MS cisS lasme 4o

28


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

f&éi}?)/f

Sl (e sl ) 50 (S 9 5 0139) 23,1 b ol lp plojod )90 & ClS b gl
a3 ge s 1) (DW) S ()59 9 (FW) 35 (339 Gl 99 Gleson (bl ln | cutS Lo g oo A S5
OF Al jo (SiS g 5 G39) Bl 99 Oleren (2Ll sl (See Sl 0 e 09l o0 0 Jloged o a5 jsblen
sor 1% Casllae 5yl atg Ll 50 ol Cemwdas O/A PH 5 5,50 1) s o8 Yo b Las (VYMS ) ciS Lo
shosliinl b gl cul 5l Jol> gl ululp culpl g @5 VAV 5 AOA o sy S22 5 559 Ll cnl )5 &
S e oS 5 e Olpre 4 OIA PH 5 5,800 2 @5 Y L olea VY MS et lae il whaw Ay

Culture medium Sucrose pH Desirability
10.000
o
85887 [ ~+ ——————————————— 4#—% —————————— 1 Ls
} % % } % at 1 % <
f 8
SIE © 2
[Te}
o
o g
<«
N
1.0000
40000
o
31714 | ﬁ} 7777777777777 f«wf——f — T ks
- = I { I 1 3
% { L2 A
N
o
0. g
o
-
.05000 :
99074 ————— R e I R e T e
5
o o a o o
3 =
: :
[a)]
.25 .56667 1. 15. 30. 45. 55 5.8 6.1

Fig. 8. Culture Medium Optimization for amounts with values (FW and DW) in hairy roots Atropa Belladonna L.
Sield Gmge laada, )3 (K335 5 03s) G4, b polie gl S lazee gileaige — A JSS

oo aly, (Bl p awl

bty 5ot glyzwl DNA 5 liecdy (slojeasy (iaSTy S ond adgs (g sloats) (Jofle wulb jolaie 4
Ol Slrenly (sloyezsy (2aSTy )0 saugilSTsl VAL wil dg2g s oLl 1OIB. (5 polansl (gla, S5l 51 oolinnl b s
PSSt alavly b o5 JWl S50 ol adgs slo 4ty o5 Canl cpl oims plis 4 )3 9 T0IB (5 50> ouins
(AUSE) sl ool 929 41 35593,
GCIMS olKiwd bawgs odud (gl dicty el Jauo 30 (ot 95T Sl gl (3o o

Yo bolyen VIYMS) coiS oo oS )5 oy 58 O] dddg oljme 45 8ls oLis GCIMS olKiws 3l Jol> gulis
50 a8l Ay ge ddu, sladiges GCIMS LT 5 Jol> ol Seileg S 09 oo ,0 #IAA «(OIA PH 4 5,51 oJ 65
RGIO PRI A S IR LWISRTL SO g ZVE

FY-


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

o L S L) il 3 sl gy

M €r Cr Cy 1 2 3

1000 bp
800 bp <«
700bp “

Fig.9. polymerase chain reaction analysis confirm the rol B gene in transgenic hairy roots of Atropa Belladonna.
M: DNA marker 1kb (Fermentase), C*: Agrobacterium rhizogenes A7 strains as a positive control, C;: Non
transgenic control roots as The first negative control, C,: PCR reaction without DNA pattern as the second
negative control, Lines 1 to 3: hairy roots leaf explants One-week induced by Agrobacterium rhizogenes
AT strain.

1kb S, DNA M .S 5uls aisu )l 5 puge slodi, 10 FOI B ()5 jea> ol caz e L loyumi;y (iaSTy 5J6T — 4 IS

JrS olaie 4 Syl e sals sleady, :Cr wuie JuS olaie a0 AT g 3593l o9 559,51 :CT (Fermentase)

Slodigaiy ;) ;0 00l Wl pmge gladin ;¥ B Y g0 are S lgie 4 DNA 5651 50 PCR iST19:Co « Jol cane
555y porySUg, ST AT a9 oy glazin S S

Phenol, 2,4-bis(1,1-dimethylethyl
14000000 ( ylethyl) Octacosane

12000000 l )P/

10000000

auldony
aus[enbs

8000000
6000000
v

4000000

2000000 LJd

) mmismbuisninsmNsilaind
20 25 30 35 40 45 50 55 60 65 70

Fig. 10. Chromatogram hairy roots grown in the best culture medium.
i e (e o a8l W) g sleady ) el Seileg,S -V ¢ SO

YN


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

f&éi}?)/f

odimd (JSis olge g9 g Cale 9 518 (e slaady; 0l p slalaxde LB 5L et lanoe (3o Slge polie o
o8l g osllae 0l jolate 4y CiS lame (gilwdinge Gl il S0 (ol 53U mge ada; D) (liee po CliS e
sloaiy, a5 ol Glis Gieghy cnl @l (Y7 ) Cusl ol jlee ol Gl)ls (g loady, ciS )0 oo plio pozs
0395 Ty oyt piies 1)1 g 00,5 wly me 4 OIAPH 45,5l 0 e S Y Lolen VY MS S lase 1o g
oy Sl ay gigylo (LaLS 51 (gl )0 g loads; axwgi g ol 5l VITMS cliS baze (g el it
2l VYMS ¢ ol MS) Cilises cutS Lo g5 duw i b gl 4 cpol gl gl b alie (XY 4 TY) ol
30 Omge slediy ) Sis g 5 g s (Cichorium intybus L) ol oL, oge sladais, ob; 5 (del> MS 4
L ae¥ae 8 10 9,500 g 9,5l yolic Glie g £95 (o9 Dgliie 43 azg5 b (A) el Cewsts L) /YTMS S Lame
Syl Wgeiss, Sldads 90 slogialy 5 Az o ¢ 4zl K0Sy b cwlol Salis leuiS Lo wilies slocoiS
CoiS Lame 15 45 (g yeb 45 039 Sglite yie i e VY MS 5 MS S Loy Jlio olsie 45 (Y3) w5l ool
e 9> SO B gk Gl @ly 0wl Grge sladds ) 0b) 0aliS dgazme Jale Wil ge (g5 VL ale MS
(Y0) g o0 adyy oy G2alS Eely (Fg)0 eS| 205 B ybo 51 5900 yiden Gralidl Lol ools (2ul331 ) (590 (ST
2l S 9 el hed (9t alex Sl (Sane yolie 35S o 4 Wil o0 VT MS CiiS Laims )3 aly; 0B S92eS
D9l g (2L colsi) £ @ Olpien |y SeaS e g8 4 iliBe ol (mge ladida) ok Gl )3 gl (e
5 (S ey ogde a3 L(VA) 3ld Cas oolitul 3550 (6551 dige £5 rizren 9 olS G0 5 (Sels i slasls o
S oo Jos 9l lacudplio 0l 5 ads 1o JUSew Sbml (g a4 bayge )90 aiilon (rmge slaaty) CiS )5 1555
Lourengo « st ;o (YA) abl oo 4l slacdglio juw 5 oLS €5l clS Cz (0,5 mie g S5 5L (YY)
5L Gl lacdale oS wisgas (5155 5 (on |y mige Slaady) Toog Gy mezd 5o 5,81 36 OA) o) Sen
sloaty, Sis 5 5 0j9 ol carge L 1 2@ ST T0 lachile 5 ool 08 136 Gnge slaais ) 08 Gl 2
g nl 5l Jel ladzeis b o5 3505 1alS 4 900 g0 4 ladds) ad) )L cdale (AIBIL 5 w35 e
YL glacdale jo laaty; (ol (wgllS 5 ($59958,50 et 9 03, 205 (V) Ol e g Hamill L5 gllae o )l5 Slgson
0598 5 priesl] s Seol (maly St Lo 0 PH (e o5 (B9 rizen sl (S3el (15 51 (30 Vet 5L
@ SGras o8 polie wl (See ©)90 (nl ;5 wAL YL caS Lo PH ST 5 08 o0 bl Sons (g0 s s 12
339350 Gmige sladde) gt 5o 50 (oee GRETOIB (5 (T0) 3,5 18 (rmge aa) )LiS ] o i BB e S5
4 lgi g by gl g 45 0ls (Lad Sl haghy gl (V) wb sl s rage aday hol (s JUb e & 50
20,5 zolae Sl olS (mge slaady, CitS e (giluaige § Gile e )0 calie Jhg) (lsie

S o A
g lofg Coonl (og)lo aieds )l lacaS 5 odgs cuz (29l plalS ruge slaaio, cuiS 5l (6 uSe 0 039 4l
oalaw! o= ralf 399 (9o (_ngd.».u) 0093 S u.....:‘).‘ﬂ Sy A .E...?u Q")"“""‘"L"" U.JL' s ralf 50 ! oo;
bl a8k a8l lacudglio Al s 0ddes )3 (bg) 5 g Wi on 0l (gilaige S Lz ;0 S e Jalse
Lo s b dalio jo O/A PH 5 5,510 i) 52 o) To L olyen (VYMS) ciS Lme - I0F ki bl iagh o

.oo)fb_a ‘;)M J)...;Lu oS BTy ‘_glm:x..i‘...l) W3 Lg‘).;umfhmu.,)_‘.e‘; Q\ﬁ.;.cab.l.mw

References Y

1. Banerjee, S., Singh, S. and Rahman, L.U. 2012. Biotransformation studies using hairy root cultures-a review.
Biotechnol. Adv. 30(3): 461-468.

Biomass -\

#YY


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

N

~N o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

o L S L) il 3 sl gy

Caksen, H., Odabas, D., Akbayram, S., Cesur, Y., Arslan, S., Uner, A. and Oner, A.F. 2003. Deadly nightshade
(Atropa belladonna) intoxication: an analysis of 49 children. Hum. Exp. Toxicol. 22(12): 665-668.

. Condori, J., Sivakumar, G., Hubstenberger, J., Dolan, M.C., Sobolev, V.S. and Medina-Bolivar, F. 2010.

Induced biosynthesis of resveratrol and the prenylated stilbenoids arachidin-1 and arachidin-3 in hairy root
cultures of peanut: Effects of culture medium and growth stage. Plant Physiol. Biochem. 48(5): 310-318.

. Dechaux, C. and Boitel-Conti, M. 2005. A strategy for overaccumulation of scopolamine in Datura innoxia

hairy root cultures. Acta Biol. Crac. Ser. Bot. 47(1): 101-107.

. Ebrahimi, R., Jafari, M., Ghadimzadeh, M. and Abdollahi Mandoulakani B. 2015. Optimization of induction

and culture conditions of transgenic hairy roots in the medicinal plant Scrophularia deserti. J. Agr. Biotech.
4: 1-20 (in Persian).

. Ehsanpour, A. and Amini, F. 2003. Plant Cell and Tissue Culture. Jahad Daneshgahy of IUT, Iran, 184p.
. ElI-Esawi, M. A., Elkelish, A., Elansary, H. O., Ali, H. M., Elshikh, M., Witczak, J. and Ahmad, M. 2017.

Genetic transformation and hairy root induction enhance the antioxidant potential of Lactuca serriola
L. Oxid. Med. Cell. Longev. 2: 10-17.

. Fathi, R., Mohebodini, M. and Chamani, E. 2018. Optimization of Hairy Root Induction and Biomass

Production of Chicory (Cichorium intybus L.). J. Hort. Sci. 32(3), 393-405 (in Persian).

. Giri, A. and Narasu, M.L. 2000. Transgenic hairy root: recent trends and application. Biotechnol. Adv. 18: 1-

22.

Haékkinen, S.T. and Oksman-Caldentey, K.M. 2018. Progress and prospects of hairy root research. Hairy
roots: an effective tool of plant biotechnology. Springer Sci. Rev. pp.3-19.

Hamill, J. D., Parr, A. J., Rhodes, M. J., Robins, R. J. and Walton, N. J. 1987. New routes to plant secondary
products. Biotechnol. 5(8): 800-804.

Hasanloo, T., Rezazadeh, S. and Rahnama, H. 2009. Hairy roots as a source for production of valuable
pharmaceutical materials. J. Med. Plants Stud. 8(29):1-190 (in Persian).

Huang, X., Yao, J., Zhao, Y., Xie, D., Jiang, X. and Xu, Z. 2016. Efficient rutin and quercetin biosynthesis
through flavonoids-related gene expression in Fagopyrum tataricum Gaertn. hairy root cultures with UV-B
irradiation. Front. Plant Sci. 7:63.

lonkova, 1. 2007. Biotechnological approaches for the production of lignans. Pharmacogn Rev. 1(1): 57-68.
Kamada, H., Okamura, N., Satake, M., Harada, H. and Shimomura, K. 1986. Alkaloid production by hairy
root cultures in Atropa belladonna. Plant Cell Rep. 5(4): 239-242.

Khan, S., Qureshi, M. I., Alam, T. and Abdin, M. Z. 2007. Protocol for isolation of genomic DNA from dry
and fresh roots of medicinal plants suitable for RAPD and restriction digestion. Afr. J. Biotechnol. 6(3): 175.
Li, J. W, Ding, S. D. and Ding, X. L. 2007. Optimization of the ultrasonically assisted extraction of
polysaccharides from Zizyphus jujuba cv. jinsixiaozao. J. Food Eng. 80(1): 176-183.

Lourengo, P. M., de Castro, S., Martins, T. M., Clemente, A. and Domingos, A. 2002. Growth and proteolytic
activity of hairy roots from Centaurea calcitrapa: effect of nitrogen and sucrose. Enzyme Microb. Technol.
31(3): 242-249.

Mehrotra, S., Kumar Kukreja, A., Singh Khanuja, S. P. and Nath Mishra, B. 2008. Genetic transformation
studies and scale up of hairy root culture of Glycyrrhiza glabra in bioreactor. Electron. J. Biotechnol. 11(2):
69-75.

Mulabagal, V. and Tsay, H. S. 2004. Plant cell cultures-an alternative and efficient source for the production
of biologically important secondary metabolites. Int. J. Appl. Sci. Eng. 2(1): 29-48.

Nigutova, K., Kusari, S., Sezgin, S., Petijova, L., Henzelyov4, J., Balintova, M. and Cellarové, E. 2019.
Chemometric evaluation of hypericin and related phytochemicals in 17 in vitro cultured Hypericum species,
hairy root cultures and hairy root-derived transgenic plants. J. Pharm. Pharmacol. 71(1): 46-57.

Palazon, J., Navarro-Ocafia, A., Hernandez-Vazquez, L. and Mirjalili, M. H. 2008. Application of metabolic
engineering to the production of scopolamine. Mol. 13(8): 1722-1742.

Park, S.U., Li, X., Eom, S.H., Lee, C.Y. and Lee, S.Y. 2010. E-P-Methoxycinnamic acid production in hairy
root cultures of Scrophularia buergeriana miquel. Arch. Biol. Sci. 62:649-652.

Pawar, P. K. and Maheshwari, V. L. 2004. Agrobacterium rhizogenes mediated hairy root induction in two
medicinally important members of family Solanaceae.

Prakash, O., Talat, M., Hasan, S. H. and Pandey, R. K. 2008. Factorial design for the optimization of
enzymatic detection of cadmium in aqueous solution using immobilized urease from vegetable waste.
Bioresour. Technol. 99(16):7565-7572.

Praveen, N. and Murthy, H.N. 2012. Synthesis of withanolide A depends on carbon source and medium pH
in hairy root cultures of Withania somnifera. Ind. Crops Prod. 35: 241 243.

FYY


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

f&éi}?)b/

Puértolas, E., Saldafia, G., Alvarez, |. and Raso, J. 2011. Experimental design approach for the evaluation of
anthocyanin content of rosé wines obtained by pulsed electric fields. Influence of temperature and time of
maceration. Food Chem. 126(3): 1482-1487.

Shinde, A. N., Malpathak, N. and Fulzele, D. P. 2010. Impact of nutrient components on production of the
phytoestrogens daidzein and genistein by hairy roots of Psoralea corylifolia. J. Nat. Med. 64(3): 346-353.
Singh, B. D. 2005. Plant tissue culture. Biotechnology fundamentals and application. New Dehli. Aust. J.
Basic Appl. Sci. 14:332-425.

Sivakumar, G., Yu, K. W., Hahn, E. J. and Paek, K. Y. 2005. Optimization of organic nutrients for ginseng
hairy roots production in large-scale bioreactors. Curr. Sci. 89(4): 641-649.

Tripathi, L. and Tripathi, J.N. 2003. Role of biotechnology in medicinal plants. Trop. J. Pharm. Res. 2: 243-
253.

Udomsuk, L., Jarukamjorn, K., Tanaka, H. and Putalun, W. 2009. Isoflavonoid production in a hairy roots
culture of Pueraria candollei. Z. Naturforsch. C .64(9-10): 687-691.

Wang, Y. and Weathers, P. J. 2007. Sugars proportionately affect artemisinin production. Plant cell reports.
26(7): 1073-1081.

Woo, S. S,, Song, J. S., Lee, J. Y., In, D. S., Chung, H. J., Liu, J. R. and Choi, D. W. 2004. Selection of high
ginsenoside producing ginseng hairy root lines using targeted metabolic analysis. Phytochem. 65(20): 2751-
2761.

Wu, X., 2007. Establishment and chemical analysis of hairy roots of Eucommia ulmoides. Louisiana State
University and Agricultural & Mechanical College. 65pp.

Zafar, S., Dilshad, E., Ismail, H., Rizvi, C. B. and Mirza, B. 2019. Rol genes enhance content of artemisinin
and other secondary metabolites in Shennong hybrid of Artemisia annua. Chin. Herb. Med. 11(2): 209-215.

FYE


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.4.8.2
http://journal-irshs.ir/article-1-473-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1401.23.4.8.2 ]

Iranian Journal of Horticultural Science and Technology 23 (4): 661-674 (2022)
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 ¥4 MS) with different sucrose concentrations (15, 30, and 45 g I'Y) 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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