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Abstract

Indian ginseng (Withania somnifera) is a plant adapted to the climatic conditions of the southern regions
of Iran. One of the important methods to increase secondary metabolites in medicinal plants is hairy root
culture. Hairy roots are genetically stable and able to increase metabolites without using hormones. In
order to increase hair root production, three different strains of Agrobacterium rhizogenes (A4, Attc-
15834, R318) were used. The percentage of hair root formation induction was determined as 66% in A4
strain, 72% in Atcc-15834 strain and 83% in R318 strain. The growth pattern of the strains was drawn
and the peak growth of the strains was obtained in the fifth week. The doubling time of root hairs was
determined for the A4 strain on the fifth day, the Atcc-15834 strain on the ninth day, and the R318 strain
on the 20th day. The maximum biomass produced by strain A4 (4.29 g), Atcc-15834 (2.38 g) and R318
(1.35 g) was obtained. The results of analyzing the variance of wet and dry biomass weight of hairy roots
showed that there is a significant difference between the studied strains in terms of hairy root induction at
different times. The best strain for inducing the formation of hairy roots in Indian ginseng was determined
as strain A4.

Key words: Agrobacterium rhizogenes, growth pattern, Withania somnifera, withanolide.
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Table 2. The results of hairy root induction in the studied strains of Withania somnifera.

Average The percentage  Total number The total Number of
number of of hairy root of rooted number of days until root )
roots per formation samples inoculated emergence Bacterial
sample induction samples strains
leaf leaf leaf leaf leaf
7.12 66° 10? 152 14-15 Ad
4.7° 72° gv 11° 15-16 Atcc-15834
3.7° 832 10? 12° 16-18 R318
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Figure 1. Different stages of hairy root induction in Indian ginseng medicinal plant (Withania somnifera) A: Plant source used B: Shoot tip
culture C: explant source D: Cultured bacteria E: Single colony used for inoculation F: Leafs Inoculated with bacteria G: Control sample H:
Appeared hairy roots (A4 strain) I: Grown hairy roots (A4 strain) J: Cultivation of hairy roots (A4 strain) K: Appeared hairy roots (Atcc-
15834 strain) L: cultivation of hairy roots (Atcc- 15834 strain) M: Appeared hairy roots (R318 strain) N: Cultivation of hairy roots (R318

strain).
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Figure 2. Comparison of the growth rate based on the biomass accumulation of hairy roots in strains (A4, Atcc-15834, R318) in the
medicinal plant Withania somnifera. Data are shown as mean + standard error with 3 replicates.
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Figure 3. Comparison of growth rate based on dry biomass accumulation of hairy roots in strains (A4, Atcc-15834, R318) in medicinal plant
Withania somnifera. Data are shown as mean + standard error with 3 replicates.
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Table 3. The results of the analysis of variance of the study of the growth pattern of hairy roots resulting from the induction of strains (A4,
Atcc-15834, R318) in the medicinal plant Withania somnifera.

Fresh biomass weight Dry biomass weight Degrees of  Source of variation
freedom

3.40181™ 0.08189™ 5 Time
19.49236™ 0.3789™ 2 Strain
0.46373™ 0.01561™ 10 StrainxTime
0.64837™ 0.04536™ 34 Error

6.98 14.29 - Coefficient of

variation
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Figure 4. Comparison of the biomass of the strains (A4, Atcc-15834, R318) in the medicinal plant Withania somnifera in the studied times.
Data are shown as mean + standard error with 3 replicates.
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Figure 5. Comparison of the dry biomass of the strains (A4, Atcc-15834, R318) in the medicinal plant Withania somnifera in the studied
times. Data are shown as mean + standard error with 3 replicates.

s


http://dx.doi.org/10.61186/gebsj.12.2.184
https://gebsj.ir/article-1-461-en.html

[ Downloaded from gebs.ir on 2026-02-11 ]

[ DOI: 10.61186/gebsj.12.2.184 |

DK 5 sl laku

K&J\?@})‘A Akf)é&ﬁy 4.:&_) J.:l) ‘sﬂ‘ wb‘jw‘

rolA, rolB, rolC slap5 LR318 (s SU g 5wl 5 2.5 B rolA, rolB, rolC laos LA s ;SU a g sl LEA I

Gl adr Yoo Sl L) ool oid s Sl 53 Csul 5 2 olS e J 2. TOIA, 10IB, 10IC (slais L Atec-15834 (¢ S ay g il 5 b C

Figure 6. A: Transgenic confirmation of A4 bacterial strain with rolA, rolB, rolC genes B: Transgenic confirmation of R318 bacterial strain
with rolA, rolB, rolC genes C: Transgenic confirmation of Atcc-15834 bacterial strain with rolA, rolB, rolC genes. The negative control is

considered to be a non-transplanted plant. (marker size 100-3000 bp).

oy Wl 4 cas Ssline gl fendl WSe il sl
Wl gbaain, a5 5 dsls OLS Ad by o5 SLs ST sy
Colie ol ae Do a4 dgedns p Glp edd
Jlaze 1 Ks bl s (Maroufi and Majdi, 2015) s
(s by WG 5o, Clio oy g o 205 Julse
o e Sy S 5 5 Uhs omge ada)y Wl Ao
CS 500 mse Sbalsy Hagb Sl o3 s ls s ele 55 )
31 ng e ATCC-15834 L ol = dls 053 55 & 50d 55 (oo

39 ()] Loy u.':_):,:..:a ey axlln S48 d)l.a.:s CJL.:SJS J',’.L""

ase Slaaiay 53 03 1S g 4 4l slacd sl W
S5 S badsbe ul a5 3 s 255
{(Barba spin et al, 2020) ls: sl sl dads JSIT b
5 WO dbappkanl ey oy s s 5 U
ool (Wawrosch and Zotchev, 2021) wova bads sy 5
e s G 0Ly o e Geios ol 31 sl s w8
Sl Aoy Jy dal s 4 Ad g b5 sl 5, 5o
s 53 a5 YL ALCC-15834 5 R318 aps 53 55 iy 5o 4l

-4 5ol 2, (Tanacetum balcamita) o ol ol oS (Say i

VP liwno) 9 3l 1Y o lols /0203190 0590 [ S ) (o 9 Sl ) (oo



http://dx.doi.org/10.61186/gebsj.12.2.184
https://gebsj.ir/article-1-461-en.html

[ Downloaded from gebs.ir on 2026-02-11 ]

[ DOI: 10.61186/gebsj.12.2.184 |

....sgéfﬁia.-d.})belnfj.:w_y@.) .L.‘};d_,{“ A-Jt.hﬁ}w‘

db&.&.ﬂs ) A'}} JLH.«

oz 2050 SO 53 s s iy (681 andllas 3 5 sl
g Lol Ol e 1) VL Sl 5 5 a0 8 Sy O3
S el oplekias DLl pl oS S e 4
0L Sl s olS St e b AR 45w £ S S
o5 S e A VL e adss Sl s s el
4 ol ape ol Lok A5 s slaaly, Lh) e s
s ml b ens Gl cl VL aallle )5 glaa s

4;)3.)9<~2> Q)})‘ J,pl;— éueg\suﬁpwljﬁjwbb

4y e Olge 4 A4 q‘}wdﬁ“ﬁb.ﬁ)‘ﬁk;.%bn#]w)

.;ﬁ@;wﬁém@e—)a&ﬁyaﬁ)gjsd\ﬁ

6)‘,{*“:“
E) Q\J@_: ali..i."b Q@)_};‘ Lg)')}l.is é)}u) 0SS )‘
C)‘y UKl oS d‘;&.@_: J.:@.J: o@‘; u.;})‘.: QL%L:S aM}}i

'wd\bjﬂjjg.:m\ﬁ)g;}‘)é b ej)ﬁ gﬂ.l{’bu‘d‘j’

=

25,8

&lw

Abou-Douh, A.M. (2002). New withanolides and other
constituents from the fruit of Withania somnifera, Medicinal
Chemistry, 6: 267-276. d0i:10.1002/1521-4184(200208)335.

Archana, R., Namasivayam, A. (1999). Antistressor effect of
Withania somnifera. Journal of Ethnopharmacology, 64: 91-
93. doi: 10.1016/S0378-8741(98)00107-X.

Arora, S., Dhillon, S., Rani, G., & Nagpal, A. (2004). The in
vitro  antibacterial/synergistic  activities of Withania
somnifera extracts. Fitoterapia, 75: 385-388.
d0i:10.1016/j.fitote.2004.01.002.

Atta-Ur-Rahman, Shabbir.M., Yousaf, M., Qureshi, S., Shahwar,
D., Naz, A., & Choudhary, 1. (1999). Three withanolides
from Withania coagulans, Phytochemistry, 52: 1361-1364.
doi:10.1016/S0031-9422(99)00416-1.

Atta-Ur-Rahman, Shahwar. D., Naz, A., & Choudhary, I. (2003).
Withanolides from Withania coagulans, Phytochemistry, 63:
387-390. doi:10.1016/S0031-9422(02)00727-6.

Aziz-khajeh, A., Dorani, E., & Aharizad, S. (2018). Effects of
Agrobacterium rhizogenes strains and explants on induction
of hair root in Physalis alkekengi. Genetic Engineering and
Biosafety Journal; 7 1) :33-40
dor: 20.1001.1.25885073.1397.7.1.2.1.

Baldi, A., Singh, D., & Dixit, V.K. (2008). Dual elicitation for
improved production of withaferin A by cell suspension
cultures of Withania somnifera. Applied Biochemistry and

Sobos S5 3 Ol i 5 5 Ois omse 4y sseb
)j.b4.:)GMJJBQ}WJSM}NﬁJJAtCC'15834 @’j.w
oy e Goled SLSS 0 ple 4 Cald (ol s
et:f X3 ol ﬁl}u‘ o DL (Mahmoud' et a.I, 2023) &;u.d‘
g oS nl 53 e aduy G (gl e g e OLSS
Ldd s (o> 04) ALCC-15834 5 (doys Vv) Ad sla
Agrobacterium  asw oy Sl Cldy Sege o
s 15834

MSU A4 C58 GM |.Li  rhizogenes

Sl dons i A addlas au;fﬁ slad sais

e L edd b by

Vo w5 b S, slaaisein, 55 15834 sMSU A4 <l

Sl 5ol 5

Slo gladipoi ) 4 Cond W50 1) 8 GUl @ e e
dails (6 e 5 Sas (4505 5y o Sl ge oy 4/Y)
Aty G ol el el _»(Aziz-khajeh et al., 2018)
Simizr oS 53 A% g pe 3ol s 4 G ge iy la

O ) S S Slhvsas oa 5 f ) oa g

Biotechnology, 151: 556-564. doi: 10.1007/s12010-008-
8231-2.

Bandyopadhyay, M., Jha, S., & Tepfer, D. (2007). Changes in
morphological phenotypes and withanolide composition of
Ri-transformed roots of Withania somnifera. Plant Cell.
599-609. doi: 10.1007/s00299-006-0260-0.

Barba-Espin, G., Chen, S.T., Agnolet, S., Hegelund, J.N.,
Stanstrup, J., & Christensen, J.H. (2020). Ethephon-induced
changes in antioxidants and phenolic compounds in
anthocyanin-producing black carrot hairy root cultures. J.
Exp. Bot. 7030-7045. doi: 10.1093/jxb/eraa376.

Bigdeli, M., Sadat-Noori, S.A., 1zady-Darbandi, A., Lotfi, M., &
Bahmankar, M. (2021). Optimizing the induction of hairy
roots in the medicinal plant broccoli. The 12th National
Conference and the 4th International Biotechnology
Conference of the Islamic Republic of Iran. (In Persian with
English abstract).

Estaki, M., & Davazdah-emami, S. (2012). JinSing, the secret of
immortality, health and intelligence. Nosooh. P:224. (In
Persian). doi: 615.32384.

Hasanlou, T., Rezazadeh, S.h., & Rahnema, H. (2008). Hairy
roots are a source for the production of medicinal
compounds. Journal of Medicinal Plants. dor:
20.1001.1.2717204.2009.8.29.1.2.

Jayaprakasam, B., Zhang, Y., Seeram, N., & Nair, M. (2003).
Growth inhibition of tumor cell lines by withanolides from

VPeY lmo) 9 jusly /¥ o losds /203190 0590 / (S § (o] 9 S § (owkieo


http://dx.doi.org/10.1016/j.fitote.2004.01.002
http://dx.doi.org/10.1016/S0031-9422\(02\)00727-6
http://dorl.net/dor/20.1001.1.25885073.1397.7.1.2.1
https://doi.org/10.1007/s00299-006-0260-0
http://dorl.net/dor/20.1001.1.2717204.2009.8.29.1.2
http://dx.doi.org/10.61186/gebsj.12.2.184
https://gebsj.ir/article-1-461-en.html

[ Downloaded from gebs.ir on 2026-02-11 ]

[ DOI: 10.61186/gebsj.12.2.184 |

O 5 85 Slak

S (29513 LS 53 m e Ak A3 () anlllas 5 I

Withania somnifera leaves. Life Science, 74:125-132.
doi: 10.1016/j.1fs.2003.07.007.

Kapoor, L.D. (2001). Handbook of Ayurvedic Medicinal Plants.
CRC Press, London, UK, pp. 337-338.
d0i:10.1201/9780203719473.

Kim, S., Yu, J.S., Lee, J.Y., Choi, S.U., Lee, J., & Kim, K.H.
(2019). Cytotoxic withanolides from the roots of Indian
Ginseng (Withania somnifera). J. Nat. Prod. 82, 765-773.
doi:10.1021/acs.jnatprod.8b00665.

Mahmoudi, M., Sadat-Noori, S.A., Ebrahimi, M., & Bahmankar,
M. (2023). Optimization of induction of hairy roots in
Perilla. Genetic Engineering and Biosafety Journal; 12 (1)
dor: 20.1001.1.25885073.1402.12.1.4.8.

Majumdar, S., Garai, S., & Jha, S. (2011). Genetic transformation
of Bacopa monnieri by wild type strains of Agrobacterium
rhizogenes stimulates production of bacopa saponins in
transformed calli and plants. Plant Cell Reports 30(5):941-
954. doi:10.1007/s00299-011-1035-9.

Maniatis, T., Fritsch, E.F., & Sambrook, J. (1982). Molecular
Cloning, a Laboratory Manual. Cold Spring Harbour
Laboratory, New York, USA. doi: 10.1016/0307-
4412(83)90068-7.

Maroufi, A., & Majdi, M. (2015). Assessment of hairy roots
induction of the medicinal plant Alecost (Tanacetum
balsamita L.) using Agrobacterium rhizogenes. Genetic
Engineering and Biosafety Journal. 4 (2) :103-111. dor:
20.1001.1.25885073.1394.4.2.2.2.

Mirjalili, M.H., Fakhr-Tabatabaei, S.M., Alizadeh, H.,
Ghassempour, A., & Mirzajani, F. (2009). Genetic and
withaferin A analysis of Iranian natural populations
of Withania somnifera and W. coagulans by RAPD and
HPTLC. Natural Product communications, 4: 337-346.
d0i:10.1177/1934578X0900400307.

Mirjalili, M.H., Moyano, E., Bonfill, M., Cusido, R.M., &
Palazon, J. (2009). Steroidal lactones from Withania
somnifera, an ancient plant for novel medicine. Molecules,
14: 2373-2393. doi: 10.3390/molecules14072373.

Mirzajani, F., Ghassempour, A., Jalali-Heravi, M., & Mirjalili,
M.H. (2010). Optimisation of a microwave-assisted method
for extracting withaferin A from Withania somnifera Dunal.
using central composite design, Phytochemical Analysis, 21
(6). 544-549. doi:10.1002/pca.1230.

Mishra, L.C., Singh, B.B., Dagenais, S. (2000). Scientific basis
for therapeutic use of Withania somnifera (Ashwagandha): a

review. Alternative Medicine Review, 5: 334-346. PMID:
10956379.

Moradi, N., Sadat-Noori, S.A., Fadavi, A., Mortazavian, S.M.,
Pakdin-Parizi , A. (2021). Analysis efficiency of lIranian
Ajowan ecotypes on hairy root production mediated by
different Agrobacterium rhizogenesis strains. Iranian Journal
of Genetics and Plant Breeding, 10(1): 117-127. doi:
10.30479/1JGPB.2022.17488.1325.

Murashige, T., Skoog, F. (1962). A revised medium for rapid
growth and bio assays with tobacco tissue cultures. Physiol
Plant. 15 (3), 473-497. doi:10.1111/ j.1399 3054.

Murthy, H.N., Dijkstra, C., Anthony, P., White, D.A., Davey,
M.R., Power, J.B., Hahn, EJ., & Paek, K.Y. (2008).
Establishment of Withania somnifera hairy root cultures for
the production of withanolide A. Journal of Integration and
Plant Biology. 975-81. doi:10.1111/j.1744-7909.

Owais, M., Sharad, K.S., Shehbaz, A., & Saleemuddin, M.
(2005). Antibacterial efficacy of Withania somnifera
(ashwagandha) an indigenous medicinal plant against
experimental murine salmonellosis. Phytomedicine, 12: 229-
235. doi: 10.1016/j.phymed.2003.07.012

Rai, M., Jogee, P.S., Agarkar, G., Dos-Santos, C.A. (2016).
Anticancer activities of Withania somnifera: Current
research, formulations, and future perspectives. Pharm. Biol.
54.189-197. doi: 10.3109/13880209.2015.1027778.

Sangwan, R.S., Chaurasiya, N.D., Lal, P., Misra, L., Uniyal,
G.C., Tuli, R., & Sagwan, N.C. (2007). Whitanolide A
bioregeneration in in vitro shoot cultures of Ashwagandha
(Withania somnifera Dunal), a main medicinal plant in
Ayurveda. Chemical and Pharmaceutical Bulletin 55: 1371—
1375. doi: 10.1248/cph.55.1371.

Tripathi, L., Tripathi, J.N. (2003). Role of biotechnology in
medicinal plants. Tropical J. of Pharmaceutical Res. 2: 243 -
53. doi: 10.4314/tjpr.v2i2.14607.

Wawrosch, C., & Zotchev, S.B. (2021). Production of bioactive
plant secondary metabolites through in vitro technologies-
status and outlook. Appl Microbiol Biotechnol.
105(18):6649-6668. doi: 10.1007/s00253-021-11539-w.

Yousefian, Z., Hosseini, B., Rezadoost, H., Palazon, J., &
Mirjalili, M.H. (2018). Production of the anticancer
compound withaferin a from genetically transformed hairy
root cultures of Withania somnifera. Natural Product
Communications.13(8): 1934578X1801300806.
doi:10.1177/1934578X1801300806.

VoY lmo) 9 3usly /Y o losds /203190 0590 / (S § (o] 9 Sl § (omwdigeo



https://doi.org/10.1016/j.lfs.2003.07.007
https://doi.org/10.1201/9780203719473
http://dorl.net/dor/20.1001.1.25885073.1402.12.1.4.8
http://dx.doi.org/10.1007/s00299-011-1035-9
https://doi.org/10.1016/0307-4412\(83\)90068-7
https://doi.org/10.1016/0307-4412\(83\)90068-7
http://dorl.net/dor/20.1001.1.25885073.1394.4.2.2.2
https://doi.org/10.1177/1934578X0900400307
https://doi.org/10.3390/molecules14072373
http://dx.doi.org/10.1002/pca.1230
https://doi.org/10.1111/j.1744-7909.2008.00680.x
https://doi.org/10.1016/j.phymed.2003.07.012
https://doi.org/10.3109/13880209.2015.1027778
https://doi.org/10.1248/cpb.55.1371
https://doi.org/10.4314/tjpr.v2i2.14607
https://doi.org/10.1177/1934578X1801300806
http://dx.doi.org/10.61186/gebsj.12.2.184
https://gebsj.ir/article-1-461-en.html
http://www.tcpdf.org

