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Abstract

Background and Objectives: Valeriana, a genus in the Caprifoliaceae family, includes
several species, notably Valeriana officinalis L. (valerian). Valerian root extract contains
various bioactive compounds, including valerenic acid, valeranone, valepotriates, and gamma-
aminobutyric acid, which have been widely used as sedatives to treat sleep disorders such as
insomnia. This study aimed to evaluate the induction of valerian hairy roots using three different
strains of Agrobacterium rhizogenes (Al13, R1601, and LBA9402) under four different growth
media compositions: (1) MS full strength, (2) MS supplemented with KH2PO4, NHsNOs, and
KNO3, (3) MS supplemented with KH,PO4, NHsNO3;, KNO3;, and CaCl,, and (4) a medium
containing MgSO4, microelements, Na2EDTA, FeSO4, and vitamins.
Methodology: This study was a factorial experiment based on a completely randomized
design with eight replications under laboratory conditions. Seeds of V. officinalis were obtained
from a commercial supplier (Pakan Seed Company, Isfahan, Iran) and germinated under
greenhouse conditions. Before sowing, seeds were washed with tap water and distilled water.
Seeds that settled at the bottom of the washing vessel were selected as they were expected to be
the most viable. They were soaked overnight in water before being washed with a 10%
detergent solution for 10 minutes, followed by surface disinfection with 70% ethanol for 30
seconds and 6% NaOCI for 5 minutes. After rinsing four times with sterile water, the seeds were
germinated on solid Schulz medium, without growth regulators, at 25°C under a 16-hour
light/8-hour dark photoperiod (45 UE m™2 S™1). Hairy root induction was performed using spray
and leaf disc methods, and transformation was confirmed by polymerase chain reaction (PCR)
analysis for the presence of rolB and virD genes. Hairy root induction rate, lateral branches per
centimeter, number of hairy roots per explant, and dry weight of hairy roots were measured after
60 days. Essential oil was extracted by hydro-distillation and analyzed using gas
chromatography (GC) and gas chromatography-mass spectrometry (GC/MS).
Results: The study confirmed that the tested A. rhizogenes strains could induce hairy roots in
valerian. The fastest hairy root emergence was observed in explants inoculated with strain A13,
occurring within 10 days. The highest induction rate (92%), hairy root dry weight (272 mg), and
number of hairy roots per explant (19.2) were obtained in leaf explants inoculated with the A13
strain and cultured in MS medium supplemented with KH2PO4, NH4NO3, KNOs, and CaCl,. No
significant differences were observed in the morphological traits of hairy roots induced by
different A. rhizogenes strains.
Conclusion: The findings indicate that growth media composition, appropriate A. rhizogenes

Copyright: © 2025 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests
@ @ and Rangelands (http://ijmapr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License
BY (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.



http://ijmapr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://ijmapr.areeo.ac.ir/article_133140_b7f47631fa9537109770755d93f90191.pdf

97

Iranian Journal of Medicinal and Aromatic Plants Research, Vol. 41, No. 1, 2025

strain, and optimized growth conditions enhanced hairy root biomass production. The A13
strain was the most effective in promoting mass hairy root production, particularly in MS
medium supplemented with KH.PO., NHiNO;, KNOs; and CaCl,. Given the complex
physiological processes involved, valerian hairy root cultures can preserve valeric acid found in
vegetative tissues. Future research should focus on identifying the optimal growth media
conditions that maximize vegetative growth and secondary metabolite production in valerian.

Keywords: Valeriana officinalis, Agrobacterium rhizogense, culture media, hairy root dry
weight
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Table 2. Means comparison of some treatments effectson in v

itro hairy root production from Valeriana officinalis

Hairy root . Halr_y root . Halr_y root Number of Number of
- induction from induction from :
E M BS CM dry weight lateral hairy
(mg 1) cotyledon hypocotyl explant branches roots
g- explant (%) (%)

1 185+ 5.72 66+ 4.2% 56+ 5.32 3.75£0.202 12.25+ 1.8ad

AL3 2 230+ 5.3° 75+ 4.6° 73+ 6.1° 5.45+ 0.27° 14,15+ 2,10

3 260+ 6.1¢ 91+ 3.9¢ 87+ 4.9¢ 6.50+ 0.42¢ 18.25+2.7¢

4 210+ 4.9¢ 67+ 4.8% 60+ 4.7¢ 4,15+ 0.249 13.15+1.8¢

1 155+ 4.7¢ 57+ 3.5% 46+ 3.7¢ 3.25£0.192 11.10+ 1.5%"

63+ 2.9? 52+ 4.5 4.30x 12.85+1.9¢

d
R1601 215£5.2 0.25¢

S 3 228+5.1° 78+ 4,10 68+ 5.79 5.15+ 0.42° 14.55+29°
4 180+ 5.82 69+ 3.7¢ 55+ 4.22 3.25+ 0.302 13.17+1.9¢

1 114+ 3.9 49+5.1" 41+ 7.1 2.50+ 0.18° 10.15+1.2"

LBA94 2 177 4.72 58+ 3.4¢ 50+ 6.3" 3.75+£0.282 11.50+ 1.4

02 3 205+ 3.7% 63+ 1.9° 54+ 2.42 4.50% 0.35° 13.10+ 1.2¢
4 188+ 6.9% 54+ 2.39 47+ 4.9¢ 3.25+£0.222 12.35+ 1.82%9

C 1 194+ 6.59 70+ 3.7¢ 63+ 4.19 4.15+0.38 13.15%£ 2.1¢
INE 2 241+ 6.4" 81+ 3.9" 69+ 2.89 5.75+ 0.42° 14.45+ 2.3°

3 272+59 92+ 4.1° 80+ 5.3" 7.50+ 0.52° 19.20+ 3.1°

4 225+ 4.4° 72+ 3.6° 66+ 4.79 5.10+ 0.38° 14.75+ 2.3°

1 172+ 4.92 61+ 2.42 54+ 3.32 3.50£ 0.262 12.15+ 1.7«

R1601 2 235+ 4.6° 69+ 3.2¢ 62+ 4.1¢ 4.70£ 0.32° 13.45+ 2.1¢

LD 3 242+ 5.7" 83+ 3.9" 72+ 3.6° 5.35+ 0.35° 15.25+ 2.8°
4 212+ 7.2¢ 72+ 3.5° 64+ 4.5¢ 3.75+£0.282 14.30+£ 2.3°

1 155+ 5.5¢ 53+4.29 45+ 3.9¢ 2.75% 0.15¢ 11.25+1.48

LBA94 2 193+ 6.8% 61+ 3.6° 50+ 4.6 4.10+ 0.25¢ 12.82+ 1.6°

02 3 215+ 6.1¢ 66+ 2.2% 57+ 3.42 5.15+ 0.35° 14.55+ 2.2°

4 210+ 6.4¢ 57+ 3.2%9 49+ 4.4¢ 3.40£ 0.252 13.70+ 2.4¢

1 177+ 4.82 61+ 3.5° 54+5.32 3.15+£0.202 11.05% 1.5%

AL3 2 219+ 5.2¢ 69+ 4.2¢ 60+ 3.8 4.05+ 0.33¢ 12.85+2.1°¢

3 248+ 5.7" 80+ 3.7" 73+3.1° 5.75+ 0.42° 15.75+ 2.6°

4 200+ 3.8 60+ 5.22 54+ 2.92 3.80+ 0.282 11.70+ 1.8

1 147+ 3.5e 56+ 2,19 50+ 3.2" 3.10£ 0.252 10.75+ 1.2%"

S 2 205+ 6.5 59+ 2.79 55+ 4.12 4.10+ 0.35¢ 11.10+ 1.4%
R1601 3 221+5.3° 70£5.3¢ 63+ 3.7¢ 4.55+ 0.35° 13.45+ 2.2¢
62+ 4.1° 56+ 3.42 2.95+ 12.30+ 1.82%9

a
4 172+£6.1 021

LBAG4 1 105+ 5.8 43+ 6.2 39+5.7 2.10+0.19' 11.05+1.1%

02 2 158+ 5.2¢ 55+ 3.999 50+ 3.3 3.35£0.212 11.25+ 1.3

3 198+ 3.29 60+ 1.8? 53+ 2.42 4.15+0.32¢ 12.85+ 1.6°



Hairy root . Halr_y root . Halr_y root Number of Number of
- induction from induction from :
E IM BS CM dry weight lateral hairy
(mg 1) cotyledon hypocotyl explant branches roots
9. explant (%) (%)

4 168+ 7.3¢ 49+ 2.1 44+ 3.2¢ 3.05+ 0.272 11.50+ 1.4™
H 1 180+ 5.82 66+ 2.9% 61+ 3.19 3.45+ 0.332 12.90+£1.9¢
AL3 2 228+ 5.4° 77+ 4.4 70+ 3.59 4.55+ 0.49¢ 13.55+ 2.2¢
3 258+ 5.5¢ 85+ 3.9 78+ 4.1" 6.10+ 0.519 14.30+ 2.4°
4 210+ 3.9¢ 66+ 2.8% 57+ 4.72 3.95+ 0.272 12.95+1.8¢
1 164+ 4.7¢ 58+ 3.1¢ 54+ 3.32 3.40£ 0.412 10.85+ 1.3
R1601 2 219+ 5.2¢ 60+ 3.52 58+ 2.72 4.45+ 0.38°¢ 11.15+ 1.5%
LD 3 228+ 6.8° 76+ 2.7°" 71+ 3.1° 4,90+ 0.43° 13.11+1.9¢
4 190+ 6.19 68+ 3.1°¢ 58+ 2.92 3.15+ 0.292 12.05+ 1.6%
1 147+ 4.1° 50+ 3.8' 41+ 2.5 2.35+£0.19' 10.80+ 1.2%"
LBA94 2 177+ 5.92 56+ 2.999 49+ 1.9 3.75+ 0.402 11.25+ 1.7%
02 3 205+ 7.2¢ 59+ 2.79 50+ 3.1" 4.55+ 0.36° 12.90+ 1.8¢
4 195+ 5.8% 51+ 3.1 44+ 4.2¢ 3.15+0.312 11.65+ 15"

E: explant (C: cotyledon and H: hypocotyl), IM: induction method (S: spray and LD: leaf disc), BS: bacterial strain, CM: culture medium (1: MS full strength, 2: MS-
KHzPO4, NHsNO3, KNOs, 3: MS-KH2PO4, NH4sNO3, KNOs, CaClz, and 4: MgSO4, microelements, Na,EDTA, FeSOq, and vitamins)
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

dom 9 Kipmiss B i S A SN i olad 55
Rao & Ravishahnkar, ) el sz sl 52 5Sks 51
e &8 el ooy ol ciliee Slaios gl (2002
b omse ate) A5 5 baisein, b base o850
Tariverdizadeh et ) azl o osline osllae b S5
5 0l oS e 5 Ll o Ks 55w 5l (@I, 2018
Thwe et al., ) ol L8 5 gads sbaasy, s
(Sl kg o S g8 iz (2016
B 6\-’“’-&15@25 5 e OS5 s, &4
S plie pwiige Gl Gl ;228 (cnS Gl
wla Julse ol O b asl e e slbass
sy ol L e 4l bl Wy olse
sbasl, 5 Gass ol (Vamenani et al., 2020)
5 el el oS 5l ol (V) ol Ses , Khalil
Jo 4 5 sSom wsain) 03 S mse slaasy, Wy
o 53 08 olais 5 s Jame 3 alail ) ot sl sgs
R
Leeetal., 2010, ) SKps lidow 5 Lilesl ol el
iy ol s b Sl aee o5 S sl ol (2012
cW sbaz, 450 sbedabe My 5 Jle s
Granicher et ) cbasly asle b -l )l Sb asl

SASL LS mal b Sl e laany, W
N W W L PSS Peu D & A, 51
o) Namdeo, 2007) cwnlS 456 e sl
Ao My mse At B ) NACIRYRE- TS
I SPVINCIUR S T S 9 R L S P P PG
Cod a8 15 Qi 5l ol 4z 5550 (WS
L OS5 anlp ol s (Ozyigit et al., 2013)
as, 8 4 r;e.ji-g\w;T b 5 AUS Kol b laiS
5 omes sbazy, Ul S e 5o Jelse o g )
Park & Facchini ) szws 456 cbod sl o5 ol e
.(2000
Ul GUls 5 oy BB sba (LS wseis) gy
Joubert ) 5,138 o L5 @l b S5y 5 oo sbbazy,
Wy o Al e el (et al., 2002
T N N R K SO S R IRTAT LS
Vyare 5l 5 olyr lasismis, 5 amas SIS sb
Palazon et al., ) s o olid mdli & i b
5\ > «owe» (Prasad et al., 2020 :1997
olS 5 Jie.é s M Ol sy Mo 4 base ),
il 2l 00 Gt Gl col Se w3l



A%

213 (93l el cilitie Sk ga
sbwl Tol slags 5l ealimal b &S o pe slaass,
Jo 4 bai ) cnl o ls (oIl 5 e dl Xl
Cdplie (90l slade VU (S plie clld 5 m e i)
Shdels s laats) rmen S 0 Wy 45l
ol s Il by (S5 sl a0l slags Juas
Sbodabe s b adlas ol bacy,
A e Sl oL S ke g 5 4gl
e S ol 4 10l Glags ol mse laads,
Son ol 5o asl sbodsle Wy Gl Ju
Mehrota et al., :Giri et al., 2001) x5s o oolina]
Ozyigit et al.,, ¢ Hagel & Facchini, 2013:2008

(2013
oS p55 4 p Sk S T-DNA Jlsl o e
G Sz 255 b oise glaazy; Kl 5 ol
R P P v I P P VP B
Lyl o 5 cuiS b wisen el Ol (L S\
Joubert <Park & Facchini 2000) 15 S iy 0555
Vamenani et al., :Prasad et al., 2020 <et al., 2002
JUsl b e sy, JSas oS bl 51,2020
e 52555 ST 6 Sk aeedly 51 T0IC 5 TOIB OlA (\g5
5 i ol osie pml ol oS 4 53550
Mehrota et al., :Giri et al., 2001) X5 sbaasl
Ozyigit et al., :Hagel & Facchini, 2013 <2008
sl 4 ol oS & sline Glagaly 48l plas (2013
o el b SL 4 Ol 5 (S5 Ol g
) e ity el ady 3 o Sein
Dini ) K> olidss 5 s ol el S
b &S ol glas (Torkamani et al.,, 2014
celdl i asls olS e Az, W 5 L s\,
Al e opx A U L atds 3 oo Shas 6l
b el pss JUs) ol VG G ol alie
elal oS s e elisS 5o oSy Sl ol
Tradescantia ) s S » J(Arachis hypogaea) )

Vosles P sl ol e s aols oS Slides aslilas

Ooi ¢«Panda et al., 2017 :Giri et al., 2001 :al., 1992
535550 25505 ST AL 45 sl ol (et al., 2013
S a6 sl Ko a5l iy sl
sbodalie 5 s baasy, opsl Wy (plham,
il ol 5l K a5 el din oS 45
s Jusl 4 T0IB o5 S5l gan ol b ol
ST el s pms 5035 las ALB o S5 ST (6 8,
basly 5 s ) s 2 plia, K Gl
b SL Wl 51 ae ol ol (Lei et al., 2012) s
cuiS b lie Jole bl o a s slaasy; W
Al e
Ri oy g5l 55550 r;e.jf\eﬁjﬁ slaay s
slazy, Wl QUlg » & ames e gy |
S g 4w 92 25,158 f\J ! S S5y 5 s
23 3smse SLo5 5 VN Lol slaos o3 ol
Sy ey o s s ool azsT-DNA
505 sl anl b cuddae 5 WL 5 4o s LB b
T3 gt 1ol bags 5,3 b s ae sl
i oS sz 55550 05058k ST 55 Ri e UDNA
ohkf 23 omse bazy, Az, Wl e ol
ol webst 5 A b ABLLg3 el b
sbdsle 5o Sidas Ol el JKs by
clasy, JSas 5 sl i) 4 e S ous @Lg
S L rolC 5 rolB  rolA slaps 538 o s
23 oSl pposan 5 See 5 Sl b alis sbaisy
Sty Gl pas Je el (2l bl
oz (Ra0 & Ravishahnkar, 2002) &5 o )
oSl 4 S bl conles 2l Lol Glags
23S e oo s 5 Jole sy (ol eel 1550
S omee sbazy, JSa 4 e Gl
Jelse » 56 Lrol g3 .(Vamenani et al., 2020)
s o J b 22, VRIS I WIIE- A P
wonl b 28 e 5l 4 sl sbed sl e s ok
PR N (7Y { QU CO VP


https://link.springer.com/article/10.1007/s13205-017-0608-x#ref-CR28
https://link.springer.com/article/10.1007/s13205-017-0608-x#ref-CR15
https://link.springer.com/article/10.1007/s13205-017-0608-x#ref-CR42

5 2E slarlil ol pum S50 5 ool
sl oler S, el 5L Ssoosd o=y 5 Mg
US55 sk s s s oS s Sl e
J5 S asle baplil ple 4 Cod 850 slaass,

(Y44Y) Shimomura , Yoshimatsu cu 5 olesl oyl
Sy oad il Sl az) Gl oS S ol
4 S5 ol Jusl 5 6 8L g s ol b gols e
T— 5 e polie 55,5 teal ol 5 a0l ol ol
Solite ol 5 adsl a5 adsle Hs o S5 DNA
25 8 e o 8L sy

T I P DU P E R A DS Rt
Jsb 5 oS s 4 e slaaia; ) o 2L S
sl e oS o a4 pele il il o)
5 oS bme Ol (Ks o 3l sde @ e
ol (S Il 4 5 Jlasl anl b s LS 45w
Gy Caanl G 55wl Ol ciS 5 as)
el

5 otS bme S b AU G ol @l
M s what, S el S 4 oLl
Shosls ol 1) ol e pools olS s laasy,
CutS Lome Sl 5 (S5 S W 8 et K05 o
S ,e s Aty M) ae ol s sl o
22 V*HUW oo sleay, P S @ﬂ-?d
Sy del B 4y 5018 S05 500 58 shez slaan) 3
S L e L B O P
Colbe Wg 5 g AiH e bogdate gas)
a9 2 sty | Sl s wlS o w5l slacd ple

References

- Akasaka, Y., Mii, M. and Daimon, H., 1998.
Morphological alterations and root nodule formation
in Agrobacterium rhizogenes-mediated transgenic
hairy roots of peanut (Arachis hypogaea L.). Annals

s~\S 5 (Crotalaria juncea) L;tig &S (virginiana
4 Cond Al 4w Losus c.a.h (Cichorium intybus)
Geier and ) 433 canlie oL SL Ko glas e
«Gitz et al., 2004 <Lee et al., 1998 :Sangwan, 1996
sl 5 iz cpl W rizes (Kim et al., 2004
o\les (Sharifi et al., 2013 «Baron et al., 2001) i
w B ol Glie OlS s 5 aa, b cdS &S b
S b Sk ot b il ol 2 S5k
(2L e Bl Al gouae Julpe SN G
LS ol s Bl bl slad,Slse
N (S ol S L 5 ol
S5 $5exb r:e.jﬁ\ufi AL Ay s any,
s ole el | cnS b sS4 an g b s
5 Sl Oleosad sl p il geaSls
ol ol ke s 2Ul5 5 DNA e o b
Sl s aa) (s bazy, JSas Ul ol f-’\‘
MLL,AMJL.WM}JJ;,@LML@T
.(Baskaran & Jayabalan, 2009)
5 Bensaddek saasl \ Lal)nd Gaios cu
S L 5 450 g5 aS ol plas (Y- -) oS
iy Sbatey eas Ca GBI s o Sete 2B
Ky ey90 Jsb oaa oS 5 plie ol Gl s B
Ol S 53 Uiee Ak, S ol cp i )0
(a5 AY) ws sanlin glad S waain, 5o S
cil 4 e Sl or J5Seme sains 42 8
Dseb oS ol gl el (o ¥A) sl gl oL Sk
Vot b oS Sseiis » i sbas,
ot oS a2l Glad S wsain 4 s (slaia
S ol 5l S e ady, My Ll el

of Botany, 81: 355-362.

- Akhondzadeh, S. and Daliri, A., 2004. Herbal
medicine in sleep disorders. Journal of Medicinal
Plants, 3(9): 79-86.

- Barik, D.P., Mohapatra, U. and Chand, P.K., 2005.



Transgenic grass pea (Lathyrus sativus L.): factors
influencing Agrobacterium-mediated transformation
and regeneration. Plant Cell Reports, 24: 523-531.

Baron, C., Domke, N., Beinhofer, M. and
Hapfelmeier, S., 2001. Elevated temperature
differentially affects virulence, virB protein

accumulation, and t-pilus formation in different
Agrobacterium tumefaciens and Agrobacterium vitis
strains. Journal of Bacteriology, 183: 6852-6861.

Baskaran, P. and Jayabalan, N., 2009. Psoralen
production in hairy roots and adventitious roots
cultures of Psoralea coryfolia, Biotechnology
Letters, 31: 1073-1077.

Bauer, A., Bronstrup, M., 2014. Industrial natural
product chemistry for drug discovery and
development. Natural Product Reports, 31: 35-60.
Bensaddek, L., Gillet, F., Nava-Saucedo, J.E. and
Fliniaux, M.A., 2001. The effect of nitrate and
ammonium concentrations on growth and alkaloid
accumulation of Atropa belladonna hairy roots.
Journal of Biotechnology, 85: 35-40.

Bent, S., Padula, A., Moore, D., Patterson, M. and
Mehling, W., 2006. Valerian for Sleep: A
Systematic Review and Meta-Analysis. The
American Journal of Medicine, 119(12): 1005-1012.

Bhatt, I.D., Dauthal, P., Rawat, S., Gaira, K.S., Jugran,
A., Rawal, R.S. and Dhar, U. 2012
Characterization of essential oil composition,
phenolic content, and antioxidant properties in wild
and planted individuals of Valeriana jatamansi
Jones. Science Horticulture, 136: 61-68.

Chabaud, M., Carvalho-Niebel. F. and Barker, D.G.,
2003. Efficient transformation of Medicago
truncatula cv. Jemalong using the hyper virulent
Agrobacterium tumefaciens strain AGL1. Plant Cell
Reports, 22(1): 46-51.

Damnjanovi¢, 1., Kiti¢, D., Zlatkovi¢-Guberinié, S.,
Milosavljevi¢, J. and Conic, 1., 2010. 'Contemporary
aspects of using Valeriana Officinalis'. Acta Medica
Medianae, 49: 65-70.

Dini Torkamani, MR., Abaspour, N., Jafari, M. and
samadi, A., 2014. Induction and Optimization of
Hairy Root Growth Condition for Valeriana
officinalis L. Through Inoculation by Agrobacterium
rhizogenes. Journal of Cell & Tissue, 5(1): 23-30

Fernandez, S., Wasowski, C., Paladini, A. and Mariel,
M., 2007. Sedative and Sleep-enhancing Properties
of Linarin, a Flavonoid-isolated from Valeriana
officinalis L. Pharmacology Biochemistry and
Behavior, 77(2): 399-404.

Filizadeh, Y. and Goodarzi, G., 2010. Essential Oils
from Hairy Root Cultures and Field Cultivated
Roots of Valerian (Valeriana sisymbriifolium).
Journal of Medicinal Plants, 35: 120-128.

Vosles P sl ol e s aols oS Slides aslilas

Fitzgerald, J.A., Kénemann, S., Krimpelmann, L.,
Zupanié, A. and Vom Berg, C., 2020. Approaches to
Test the  Neurotoxicity of  Environmental
Contaminants in the Zebrafish Model - From
Behavior to Molecular Mechanisms. Environmental
toxicology and chemistry, 40(4): 989-1006.

- Geier, T. and Sangwan, R.S., 1996. Histology and

chimera segregation reveal cell-specific differences
in the competence for shoot regeneration and
Agrobacterium-mediated transformation in Kohleria
internode explants. Plant Cell Reports, 15: 386-390.

- Giri, A., Ravindra, S.T., Dhingra, V., and Narasu, M.

L., 2001. Influence of different strains of
Agrobacterium rhizogenes on induction of hairy
roots and artemisinin production in Artemisia annua.
Current Science, 81: 378-382.

- Granicher, F., Christen, P. and Kapetandis, I., 1992.

High yield production of valepotriates by hairy root
cultures of Valeriana officinalis L. var. sambucifolia
Miken. Plant Cell Reports, 11(7): 339-342.

- Gitz, D.C,, Gitz, L.L., Mcclure, J.W. and Huerta, A.J.,

2004. Effects of a PAL inhibitor on phenolic
accumolation and UV-B tolerance in Spirodela
intermedia. Journal of Experimental Botany, 55:
919-927.

Hagel, J.M. and Facchini, P.J., 2013
Benzylisoquinoline alkaloid metabolism—a century
of discovery and a brave new world. Plant and Cell
Physiology, 54(5): 647-72.
Hobbs, C., 1989. Valerian: a literature review.
Herbalgram, 21(3):19-34.
Hu, Z.B. and Alferman, AW., 1993. Diterpenoid
production in hairy root culture of Salvia
miltiorrhiza. Phytochemistry, 32: 699-703.
Houghto, P.J., 1999. The scientific basis for the
reputed activity of Valerian.
Journal of Pharmacy and Pharmacology, 5: 505-12.

- Jenifer, U., Francina Cecilia, K., and Ravindhran, R.,

2012. In vitro adventitious root and hairy root
cultures in Boerhaavia diffusa L., International
Journal of oral care Research, 4(1): 65 —7.

- Jugran, A.K., Bahukhandi, A., Dhyani, P., Bhatt, I.D.,

Rawal, R.S., Nandi, S.K. and Palni, L.M.S., 2015.
The effect of inoculation with mycorrhiza: AM on
growth, phenolics, tannins, phenolic composition
and antioxidant activity in Valeriana jatamansi
Jones. Journal of Soil Science and Plant Nutrition,
15(4):1036-1049.

- Kamada, H., Okamura, N., Sataka, M., Harada, H. and

Shimomura, K., 1986. Alkaloid production by hairy
root cultures in Atropa belladonna. Plant Cell
Reports, 5(4): 523-531.

- Kamboj, VP., 2000. Herbal medicine. Current Science,

78: 35-7.



Khalili S., Moieni, A. and Abdoli, M., 2014. Influence
of different strains of Agrobacterium rhizogenes,
culture medium, age and type of explant on hairy
root induction in Echinacea angustifolia. Iranian
Journal of Genetics and Plant Breeding, 3(1): 49-56.

Kim, K.H., Lee, Y.H., Kim, D. and Park, YH., 2004.
Agrobacterium-mediated genetic transformation of
Perilla frutescens. Plant Cell Reports, 23: 386-390.

Kwiatkowski, C., 2010. 'Evaluation of yield quality

and weed infestation of common valerian (Valeriana
officinalis L.) in dependence on weed control
method and forecrop'. Acta Agribotanica. 63:179-
188.
Krolicka, A., Staniszewska, 1., Bielawski, K.,
Malinski, E., Szafranek, J. and Lojkowska, E., 2001.
Establishment of hairy root cultures of Ammi majus.
Plant Science, 160: 259-264.

Lee, SK., Cui, B., Mehta, R. and Kinghorn, AD., 1998.
Cytostatic mechanism and antitumor potential of
novel 1H-cyclopenta[b]benzofuran lignans isolated
from  Aglaia elliptica.  Chemico-Biological
Interactions. 115: 215-228.

Lee, S.Y., Kim, S.G., Song, W.S., Kim, Y.K., Park,

N.l. and Park, S.U., 2010. Influence of different
strains of Agrobacterium rhizogenes on hairy root
induction and production of alizarin and purpurin in
Rubia akane Nakai, Romanian Biotechnology, 15:
5405-54009.
Lei, C., Zhen-Yu W. and Xiu-Hua, Z., 2012.
Optimization of elicitors and precursors to enhance
valerate production in adventitious roots of
Valeriana amurensis. Plant Cell, Tissue and Organ
Culture, 108: 411-420.

Mehrota, T., Kukreja, AK., Khanuja, S. and Mishra,
B.N. 2008. Genetic transformation studies and scale
up of hairy root culture of Glycyyhiza glabra in
bioreactor. Electronic Journal of Biotechnology,
11:2: 1-7.

Murashige, T. and Skoog, F., 1962. A revised medium
for rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum, 15: 473-497.
Namdeo, A.G., 2007. Plant cell elicitation for
production of secondary metabolites.
Pharmacognosy Reviews, 11: 69-79.

Oai, J., Li, Y., Rogers, C. and Cantorna, M., 2016.
Vitamin D regulates the gut microbiome and
protects mice from dextran sodium sulfate-induced
colitis. The Journal of Nutrition, 143(10):1679-86.

Ohara, A., Akasaka, Y., Paimon, H. and Mii, M.,
2000. Plant regeneration from hairy roots induced by
infection with  Agrobacterium rhizogenes in
Crotalaria Juncea L. Plant Cell Reports, 56: 563-
568.

Ozyigit, 1.1, Dogan, I. and Tarhan, E.A., 2013.

Agrobacterium rhizogenes-mediated transformation
and its biotechnological applications in crops. In
Crop Improvement. pp: 1-48.

Palazon, J., Pinol, M.T., Cusido, R.M., Morales, C.
and Bonfill, M., 1997. Application of transformed
root technology to the production of bioactive
metabolites. Recent development in  Plant
Physiology, 1: 125-143.

- Panda, M., Mehta, U., and Hazra, S., 2017. Optimizing

culture conditions for establishment of hairy root
culture  of  Semecarpus  anacardium L.
Biotechnology, 7(1):21

Park, S.U. and Facchini, P.J., 2000. Agrobacterium
rhizogenes-mediated  transformation of opium
poppy, Papaver somniferum L., and California
poppy, Eschscholzia californica Cham., root
cultures. Journal of Experimental Botany, 51: 1005-
1016.

Penzkofer, M., Ziegler, E. and Heuberger, H., 2014.
'‘Contents of essential oil, valerenic acids and
extractives indifferent parts of the rootstock of
medicinal valerian (Valeriana officinalis L)'. Journal
of Applied Research on Medicinal and Aromatic
Plants, 1: 98-106.

Prasad, A., Patel, P., Pandey, S., Niranjan, A. and
Misra, P., 2020. Growth and alkaloid production
along with expression profiles of biosynthetic
pathway genes in two contrasting morphotypes of
prickly and prickleless Solanum viarum Dunal.
Protoplasma, 257(2): 561-572.

Rahnama, H., Hasanloo, T., Shams, M.K. and
Sepehrifar, R., 2008. Silymarin production in hairy
root culture of Silybum marianum Gearth. Iranian
Journal of Biotechnology, 6: 113-118.

Rao, R.S. and Ravishankar, G.A., 2002. Plant tissue
cultures;  chemical factories of secondary
metabolites. Biotechnology Advances, 20: 101-153.

- Rezaie, A., Pashazadeh, M., Ahmadizadeh, Ch., Jafari,

B. and Jalilzadeh, H.M., 2010. Study of Sedative
and Anxiolytic Effect of Herbal Extract of
Nardostachys jatamansi in Comparison with
Dizepam in Rats. Journal of Medicinal Plants,
9(36):169 -74.

- Saravankumar, A., Aslam, A. and Shajahan, A., 2012.

Development and optimization of hairy root culture
systems in Withania somnifera (L.) Dunal for
withaferin-A  production. ~ African Journal of
Biotechnology, 11(89):16412-16420.

- SAS Institute, 2002. JMP statistics and graphics guide.

SAS Institute Inc., Cary, NC.



- Sen, C., Gordillo, G., Roy, S., Kirsner, R,
Lambert, L., Hunt, K, Gottrup, F., Gurtner, G. and
Longaker, M., 2009. Human skin wounds: a major
and snowballing threat to public health and the
economy. Wound Repair Regeneration, 17(6): 763-
71.

- Shirazi, Z., Piri, K., Mirzaie, A. and Hasanloo, T.,
2012. Glycyrrhizin and isoliquiritigenin production
by hairy root culture of Glycyrrhiza glabra. Journal
of Medicinal Plants Research, 6(31): 4640-4646.

- Solemani, T., Keyanfar, M., Piri, H., and Hasanloo, T.,
2012. Morphological Evaluation of hairy roots
induced in Artemisia annua L and investigating
elicitation effects on the hairy roots biomass
production. International Journal of Agriculture:
Research and Review, 2: 1005-1013.

- Tariverdizadeh, N., Mohebodini, M., Chamani E. and
Ebadi, A., 2018. Effects of explant age and strain of
Agrobacterium rhizogenes on hairy root induction in
Fenugreek (Trigonella foenumgraecum L.). Iranian
Journal of Genetics and Plant Breeding, 7(1): 50-58.

- Thwe, A., Valan Arasu, M., Li, X., Park, C.H., Kim,
S.J., Al-Dhabi, N.A. and Park, SU., 2016. Effect of
different Agrobacterium rhizogenes strains on hairy
root induction and phenylpropanoid biosynthesis in
tartary buckwheat (Fagopyrum tataricum gaertn).
Frontiers in Microbiology, 7: 1-10

- Vamenani, R., Pakdin-Parizi, A., Mortazavi, M. and
Gholami, Z., 2020. Establishment of hairy root
cultures by Agrobacterium rhizogenes mediated
transformation of Trachyspermum ammi L. for the
efficient production of thymol. Biotechnology and
Applied Biochemistry, 67(3): 389-395.

- Verpoorte, R., Contin, A. and Memelink, J., 2002.
Biotechnology for the production of plant secondary
metabolites, Phytochemistry Reviews, 1: 13-25.

- Wisniewski, J., Szczepanik, M., Kotodziej, B. and
Krél, B., 2016. Plantation methods effects on
common valerian (Valeriana officinalis) yield and
quality. The Journal of Animal & Plant Sciences,
26(1): 177-184.

- World Health Organization (WHO), 2008. "Traditional
medicine” Fact sheet number: 134 (December)
" http://lwww.who.int/mediacentre/factsheets/fs13
4/enl.

- Yoshimatsu, K. and Shimomura, K., 1992.
Transformation of opium poppy (Papaver
somniferum L.) with Agrobacterium rhizogenes
MAFF 03-01724. Plant Cell Reports, 11: 132-136.

- Zhou, M.L., Zhu, X.M., Shao, J.R., Tang, Y.X. and
Wu, Y.M., 2011. Production and metabolic
engineering of bioactive substances in plant hairy
root culture. Applied Microbiol Biotechnology, 90:
1229-1239.

Vosles P sl ol e s aols oS Slides aslilas



