Effect of biotic elicitors on tropan alkaloids production in hairy roots culture
of Datura (Datura innoxia)

Abstract

Hairy root culture of medicinal plants is a promising method for producing herbal medicinal compounds.
This study focused on Datura innoxia, a plant known for its use in treating various diseases, with the goal
In addition, the
research aimed to explore the potential for enhancing the production of the i ounds using

of cultivating its hairy roots to produce the alkaloids hyoscyamine and scopolami

into the
effects of these different elicitors on the growth rate and alkal ionpi yielded
significant findings. Treatment with methyl jasmonate did not a
resulted in a 30% increase in alkaloid production compared to th hand, yeast extract

approach to enhance alkaloid production in hairy ese findings suggest that application of
various elicitors in hairy root culture can be an e
medicinal compounds. Thus, using bioticselici ethyl jasmonate and salicylic acid offers a viable
method to boost the yield of importa
effective tool in the‘Jduction of medici

Keywords: Scopﬁ, Datu iry Root,




039319 0L (i g0 SBA 5 CulS 30 Slg § SLUSIIIT g 9 G ) SS s 5t

(Datura innoxia)

LXVUES

Datura) o)sils olS .cusl (2515 JalS (g sladde) culS sl 48)5 )18 drgi )50 (LS (29) Sl 5 g5 pslaie 4 oS 2o g I (S
a0yl Cpmge slaady ) cuiS Gua b pols imgh jelite iy ol 485 )8 dn g5 590 calisie (laslows yloyd ;5 98 b 4siS 5 (iNNoXia
Jito st SS o 3,18 alawsgy 29/ iS5 ol 5 (I3 Sl (g2 5 oY gaSsl 9 (roliosen ol Blagys (sasIST wlgs okt
o 48 305 55 mage sz 5 nssISIT g8 5 18y ime 2 e (SlacS yma | oy r 15 plox] g o ojlae el
Sl Hlowd 4y s hmylﬁl Mei lise gdo)d Ve Hil38] s Lol 00,55 slow] (605 Ll ws, Oljee yd > g slbddy,

S o 30)l8 Lol a6yt dald & Cand el FA Sko 4y oo 05liae S yoro od A
) S om0 3,8 &8 sl Silo @l cnl Egeme )3 A g oy ) ; Ll e Sl

3 odlizsl b olyen g (slaady) CulS gl (e sloadyy cutS 3 caddSIl el 5 ol = SLCUBINEY
D35 48 eolawl 350 29 LS (g ST Sy o calizes (glaS o

b o Yagssol S0 519008



EVRY-N

ol S8 (69 o S5 g glite Sy ¢ IS5 (glal gl (gladlu b Al Solanaceae odlgils ;I &LS (D. innoxia) o yssl>
o Mo WIS lg s 95 00 5l L 0)551 ol caul (sloged 4 bile 555 (] (slaydy 5 JounsS 5 51015 (S8 st ] Bgne
olS pl 0550 LS 5 g o0 Hled 4 s b jd dasie glaodliinl b e )yl oo)b LS 1SSy e 4 g S
9 B8 sl ) ppeliwgen wle bl 51 B 5l eoplplo g ditun ( SaiS Jhore ¢ ((emas olKiwd alie) Kibewl )b 6T oyl
Ol 4 oY gagSl 395 o o0litl 208 g (S (5)lome Dl LI (el (g 1 S8 g B sl egis 5SS
Sy gy ool pl 5l uimed 0,5 o )8 alaiwl Dyg0 oy loyd yd olS pl yo sas asly 1> S 5y ko

.(Nourazar, 2017) >4 oo odlawl i)leS olKiuwy Bl cMacpu 8 o] 25
ol e (S bl 45&1.?&1 s dalge Jae bal b 00y

4;9;[.5 dlb&...]yl.m ._\J93‘5bl..§..\..3) u‘)mfulﬂxw‘)‘t_i’)lb)al kY] 5(‘.:‘).‘..45
o5 Sk b 3 oS 5, o 3 s SbLog 5ol it o s colice

Figueiredo et al., ) sl> aalss yiol38l 1) sndadss 4195l clacudalio Curs gl bylyls j0 olS o9y

U5l ool b g sloady, cuiS (alS uw,s : R ols ke ,» (2008
@3l el o cuwl 2L ks 5 PRy 1559, Agrobacterium rhizogenes b

i) S e calises (gl ylawd 55,8 L Lil38l g (D. innoxia) o,g5ly oS e (sladiiy, cuss
s el
olys & ang jl Sle sl - 153l gmed (ot sblie (39 s S <8l cutS (598 05l
eyl My gl (39 P QLS ) g oad wdlis (oolal kS pMol § iS5 gliwly 3 Fhe (),
.(Bourgaud et al., 2001 5,5 51,3 dngi 390 by iy g oyl (ylb o 1o (clag s dansl ST wle 4l clacuglio

| aBtlojl byl 55 (LS (&5l5iSign plo S50 2,509, comse sloady, culS ol ol o
59 99 Ll s 4 4,9l slacugilio Wlgs )3 pmge (sbaady ) 55,8 ol&5 )] ol anily iolj8l 4
5 0352 4y a5 MolS” ol mmiligr 5 ol 3 3550 (sl Joao BV 1 (rge (sl ol 03
cuis 8 ol b .(Hamill and Lidgett. 2020; Liu et al., 1999 ) auib o 1yl 1) (5,0l olS ;3 39350 41556 slacaglio
Mg oojl (Il Car olagty) dawg Mails (ag)l> GluS 5 My caa > oolaBl dg) plie 4 Gmge slaady,
Gkl 4l slacdplio g o)l (il sl (e Glroged (98T sl (mge laady) cuiS )3 456 lacdplie
e olgs ).JL» Cod 50 CBl cuiS bald 0 ooyh GluS 5 ader il 8l a8 dad e LS a5 Cuwl 4Bl dswgl L cuiS
Shrgcmed Sojls Bl cutS )b jl 4l slacdglie gea g Mg Sl o5 Casl bae gl ()5 00 )lF e
» «(Mulabagal & Tsay, 2004) cusl S oo 30,5 5 bosle Lo 2958 cutS oo (gjlwaigy o Jawe syl )y
Sl g Slgoule ito Ao () slaS oo 3,0 Sty g5 slaasglSI adgi o Sas (3l 5 ey slagtingly



Sl Sy Sl &S 65,8 5,155 (WWR0) o, Sen 5 (5036 pimen (Kang et al., 2004) cusl odd 555 Sl
s o .l odly islsel ) (Duinnoxia) oye5ls oS disu )l puge (sladdsy oV greSwl 5 ol (slgiore « Sl
5ol mge sl ) )3 Celwgen (Slgime (sl FIY Gl3E o Vse o /)l ) tsl Silaals S e o]
Atropa ) Siuld olS (mge sladdy; 5 (me¥argSul § (ebwsen Mg (wyp onl 2 ogde S Sald digel 4 Cuns
3 9 SIS lgi a5 sl lis (Y0950 Yoo g V00 o) Slgamls Juto cilisce slacbale 5 cou (belladonna

.(Kheradmand et al., 2017) cuol a8l i]58] g uSosia job 4 Jald diged dy Comd )V g09,Su0 Yov 510 slaclale

& ‘ucaLSLM L w9yl OluS 5 ogul Wdgi 0 puge (sladiy) cuiS asgi LB sblse g0y9513 ol 59yl ool 4y d5gi Ly

> J ! 425 W g g (AL g0 4

w93y ol L alS pole 0aSiimgls 43 g 00 (6 yglaen O3 R oms ao e jID.INNOXIA Ls5 clays

O 038timgy o] (ool ol S bawsgs ago
o dy DA (6,105 018 Bl an 0 ¥ gled ) edlatul
SYe JSIL didds ) Gdo &y g 0l p 5 (oS 4
o Gl 5l oslizl b Loyl ol (suiins 005 o

> g Sobcelo A g oldyy celo V2 (g9 balyd b by 561 4 ladigeisny (e

on 9o Sl y S

Agrobacterium rhizogenes (¢S 3l L yiwl slaaxalsd Sy sadigeis, ouiSer jolaio 4

o5 A oo b gilsSOl Sl jo w5l el VY €S 5l o o638 s oolaiiwl LB wolo cuiS” lao j> MSU
2 WSlo s 53 p,5 0 s MS cuisS Lz 4y g 05 0300 gy Fot sl 3l edlaiwl L (OD=1)VV+ rpm ;e 4
(S ot g b 0ol (S b jlaie 4V U /A Jolee OD b (6 5Sh ygumiliwgus g 05 Jie (L8 S lasre b
4 g oad gl Sl (gmasliwges b (35 il (o) 49 SrIke V gl g jloslinal by pl (S sbadigei)
VA )9 4y 5 30,5 (Lo 4250 YO (slod b by 3B 4 Ladiges g b plosil (ol soS 5i5 ) 5 it (35 pisd Joe
S laoe 4 dadiges (6L JolS Bl jolaie 4 il loj 5l joy dw U g0 CudS I o il Jiie (Lol S )b)
5 el yragile ¥ JIY sis Jobo b Uil slbadiy) 505 Jitto opnSTighor Siigm 51 2 )3 55 oo 07+ (sl it

9 3



a (2lgn aSo) yeus 3 B aas 0ald JIE SGU p0 ddBy > 590 A b S g9y 9 Jnl pH=A/O L B5 mle i lasre
2 by 3l o ole 93 dgas g (6 S gl 0 sy BLLI 1> o0 b 5 i dlge zesd e o ploul CulS lae (490
A gy oy A5y O3 g oliee clame opl (4900

(PCR) 3 yoals 5 0 o 3 iy 3330 3 w90 S Ay (i3 51 53 Candlo Wil

b ooy oS Tl dauodly T-DNA 4l )5 adly sl 5l (S lsie 4 T0IC 15 iS5 3y )b 5l b g iSL @555 46

a0 W slod jd dsl Cudywly Jols PCR oled balyis () Joio) s pll olaid] o )55 agesl ) edlazul

428> ) ¢ 01,3 Ol ax 0 0F 0 adb Ve ol 5 ol a3 QA 3 agli Ve ol ad > ) ) @ o8 sl
s> pie Bl luabl jslaie 4y g; (3,5 (Blu dx > VY > 4diSs
3l oolatwl LVIrC (5 1S5 (el 5lpeas (slopwmn; (5STy o] duomodly 5

I document ol%iws lawgs il (¢ 5bo 1]

W) =3 virC U)
12)50 slo )5l JIsi 9 Jgr

NOENE o3

A AACTCGTC-3' rol C

Omge sbadyy g coul b cas

(81,5 solw) Jlas! glod

TCCTG

INTAN

ov/y

C TTATGGGTACA-3'

TCAGGCACGCTTG-3' virC

Reverse: 5-GCGGATGCTTCAAATGG-3'

O ge A ) LS 4 S e (3993

s (SBay STy ot gl b ] sy dbgyye Sliglef] plosl 5 Jog Jlos! i (I olagey b 4155 )15 e
W Jlesl 5 @ yas alisee (gbajlasd «uiS g gy 3l dtan ¥ CubdS b plodl

Biondi ) s 1)) sla 5155 5 (L5 claginlesl gl & 4255 b a5 plol Sligaly Jito Sl (g Ban b Jol (taloj]
LIS a5 lsme 9 Ay )] 31 e g 005 jlowd Sligamls e Y g09,Su0 Voo b sl VY e 4 laai (et al. 2000
oo 4y el YA Cso 4y i) 13 05 ) clale b 5 jes oyliac g )¥ae o V clale |y sn] Silidls Syore cuiiS g4,
(Samet et al. 2012) . a8L| o g0 (slaady, culs



il 5 S JISIT 1 it

4 oy o1V Syl sl 2 oo VO )3 (mge slaaty) <L 1 S e 00y slaasdSIT sl pslate 4,

b 03> gl Yl )Siee VO i Jloyi /Y Syl sl b (ol ©pgear aye 93 e A oilud el VF e
QB> )3 599 WVove L digad e A5 LSl p)39)1S" 2 Jue Vol yo 4 Sliigel 2y e 00 0ad i o JB gg0om0 4
CBIS ) g i LSl Jlo s /) Syl el g So Fee ol ay g 00 L 391 8957 ol o (V1 j 15 s Lo

.(Berkov & Pavlov, 2004) 15 pll o (69) 0550 LS 5 jlade jJUT 5 odminlis (caml 56 aiids 0

SIS sg3y g 55 i o3lizul Dragendorff S5y, Gyee I s * Jshaie 4
5 ol dadigad )3 Sy

35Uy pse

9)9@ 9)&5‘ )‘ A ..\Jb|5> L_i;) LSDU)L’ gy ..\.Jy «.,«;}9@50.)].) O“"S|5 Dra

(0 oy yokale d 0D 03l (g ytogiby Sl iodi 551 50 (s3SI LS 5 ke (555 (o 0 ]2
oS gzl Jl talofl ol o (V Jgiz) 25 4, 5T 5 oY sagSsl S 5 90 s (glaclale o il
Jobee g LLIS J5 eV gpgSsl il 53 5 oo V-
4 0525 .Y Jg
Ve (ma/ml) 5 lasbiw! j) lisee S,
Yo (ML) sl 5 oo YpsSesl Vo M/l S s

(ML) Jloyi -/ HCI

25 Ly 3yl Jgbra Gl ol | Spn 51 il Son Y s IS S 5 i liie &
ABED 4D 490 Voo ve 4D AREY D Side 4y g bglsto MolS” 5 skl (el Jgloee puw b 4Ls) Wl & 5,8, Dragendorff Jgloe
0955 bolon oy 3 00 A1 o VL 31 5 jdgsSen B Jlog +/) Sl sl il Sen P 503 sl
ol S5 ¥ 5 ol claiged 5 55 53 9 S8lEud Sladiged 3,5 SIS aglh FV- zge b
JSi5 g ndiges 4 Dragendorff o yeo 19,5 adlol I L daasglST joan lime blod I ladiges  pons duolio jolate 4
@ a2 b b pbol g peglh YV zge Jobo 53 logil olkiws bawgi g 0ad b Ladiged (oYL 51 (S5, (26,0 ©gu)
32 4 ) .l H0y95 5 (6 ieS S5y 5l oYL 5B iad e STy Dragendorff G yxe 13 3gvg0 luS 5 b laasgISIT asG)
S 38155 55,50 gls il ol 336 3l oS Wged 3 3320 sl IS e &5



HPLC 30T 31 oolit b (oo 9395wt g ool gad (sl20S3 I IIT (5 5 0 31031

56T s Jlade s (sl oS (sladiges (sl cilisee slojlog 5 AT Jludo )y > I8l pslato &

Gy ol 4y ;igySe Yo diges yb 3l .0 plsl Technologies 1260 Infinity 1 Agilent Jus ol 1 eslaiwl b 35 HPLC

C18 ygw jl addd o il Lo VO by Coyu o (PH=3) ;Yoo Lo 8+ KH2PO4 g doyd Yo s sidgiun] S yocie 518 L g s
D olwlid egl YV+ zge Job 50 563)S jeue Vex ¥/F cm kel L ZORBAX-Eclipse plus

Lo (3 Silie dunlio 5 A dus IMP (g Lol 581 o5 51 o3lisal L Laosls
5 plosl EXcel )l33le 5 3yl 1 ajlages masy (ppicmen .

3315 0wl g G 1 35 w90 SBAR 5 A g

gl oo 5l mge slaady) MSU 5 Ad Lshwaw L LS Sy sladigainy ils Sl g 4t g3 Lo
gy jl doyd YO dg9ds ¢ atsla (o) 93 opl b iSep Byl adyy W e 0 jalls
5915 g S sl ATCC 15834 dygum (23 Al | ool Clialin o8 cal Jbjo ol o Jols |,
3985 U g (sladiy el 55 uw,ns St A ol bens il sl Sgaips) 5D o 5l g 0351 Ao yd FIVD
5SS b ol gladdy ) g ausly dolsl S o 5l Ly olo 4
A3 o olis Arhizogenes (¢S calisee cladygw b Sy

51 olo 93 S I Ly Sl )5 g (sladdy (z ATCC 15834 49w (s A4 4 gu (il Arhizogenes ¢ ySb b Sy sladigeiny il jl Jools s ) JSud

BS @ln wwos)) ..\.3)



B5 mlo cuiS Lasxo (gy0 4y g5 0l @ad aadyy pl dewy yio Sl VU A 29 4 0sds alls cla didy) ojlul a5 oK
<8l il e BB e 4 BS mlo el ke (y9)0 4y ole S 5l Ly )l (ge slaady oo a8l Jlas]
sl bl 1y Ay 30 5 S gy (ISl 3 o8 (1 )

3 2150l DNA (59, » PCR (iSly 5l olazl L 10IC (55 solaibl 1S5 cipmge (sloady (22 aBu)l 5 20b Car
SrelCaibye mse (slbdds, pos 4 T-DNA asb Jlisl a8 sl lis o5 ool 4 bgspe b sdnlite 5 1 plosl L1l slaads,
(Y JSes) ol Jloys3 0 (0l 5 camle I s 550 aly) (5lS 5 0392

b Omge sladdy) &5 A8 asuie () cnl 4 bgye Sb sdalie pac g VIr (5 PCR STy pbBllBalinl b (yrioren
(¥ JS5) ol aly 3045 (yago sloady, pgi5 19> T-DNA 4o Uighs il 51y (5ol

Mt cas ol et YR e Yl S 1 T S Y A % Ve Y)Y

C FFA askad (F Y S lo plo () —ddl . Jlaas] asu,) 5 guge sloaiy, 3 FOIC gUIC (cla 3 olaid] slaply 5l odlizel L PCR Joame ¥ KW
03 S5 pas (W omge sty | (2 el SDNA SUIIC 55 55 pae (WBB)oslizul 3,0 (681 sty 0 VITC 15 4 bgyjo 5L
05 S5 (VY 1 conlitl 3,908 ySL asgw dw 13 FOIC 5 ibgrse (hb@is IV aedad (F B Y S lo ol () —0 phaiie O (gl alis ,» VIFC
hie OT saBuals ;> FOIC b5 1SS pa€ (W i go slaain) 5| a),5w0l DNA s 10IC

\‘)gsﬂ Slain g 33 99290 SLAIIIT adgi g Wiy 3 Slgoule Juio S 220 il

Yo ol BasIILIST 153 Coge Jlos cpl Jlosl & (ygb 4l 5o a8 oS5 g5 line I3 0

(Y Joia) ai dalis jlews 4y Cod o yd

Crge sbaduy ,d WSS adgi g 0d)y lime 2 sexe o)las g sl Sl «ligouls Jito 508 51 Y BPXCS

I oy (0,5) Sid 359 (#5) 5 039 S e S low
DALY e SALERVE YIYA £ /7§ Slgawls o
WINERIR S ALERVR CERIN sals
Vost -y a st /Y Y/ VAt ./¥oa ol Sl sl A

VAV -SYALN] DAYS RIYR &1 YIy-5+ /o a o5 0jlas celw ¥A




V£ £ [\ b I\YS £V a YI¥YY £:/\ a (S yomo 2318) sl

Wlodd asuie oyl Cuodle b 70 aaw p3 o ze BB (gl slael *

90 Sk 5 30 35> 90 SLUIPIIT U gi g Wiy 33 3050 0, LS g ! Sl (ST Y0 5

8395 o (mge Sy Ay (lise y pese o)las 5 el Siblo S o )15 45 300 11 il ioles] ol gl
(¥ Jga) cadlis s (5 gtme gl (S5 b cilises (glaylad (ymage slaady) i3 ()59 o 4 (ke

“Al

§ all
o |
I
20 e
I
| A
1504 i | l‘I
| ‘ B
|
00 ‘ [
\ ||
|
w - \ \
S \
fl |
|
‘I‘
|
[ a \
- ‘ | 3
o | f
- | -
T U T
0s 1 15 s 3 15 ww




204

=
T==1lu
]

L Rl
| || §} ‘n
o l | ’ | 'p’v I. E
g E gl “. l! I’ \ & E
40— ||'I‘I 4 IIT |‘J 'IJ lv' ‘I\§ >»:
7\ .
il —
i 2 ) 4 H
)] ___ |
-

5 3l () HPLC U1 51 onlizul b cysolousnsd 5 (oY susSol Sl 55 ks il s bigyyo oo ' JS

b oad jlosd (e slvady) (@ ligamls Juto b odd Jlos (rmge (sladiy) (o (VYY) 4d3)

0 maw D gxe il Aalis 4 Cuns Slgewls o Hlows ;5 poliwoun L3N jlude a8 s> lis HPLC gols
(¥ Jods) ol plis ws s

s (lacS e jlog Cov g ald ge slb ady) )3 Groliwssn 5 Y psSsl Sloag ST a0 8 Jgur

Ol 15> (Sl Wgod
-/YYo £ /¥ be Sbgemly it Siolej] aals

JYEY E /¥ a lganls o




NAACE RV Sl Sl o lojl aalis

Y0 % +/oAC sl Sl Yo sbo S5

7}

ol Vb sy ey ozmen (ola Sy syl Slosel cund 4 (681 b ils a3 &S (Sl mge slaady,

13lige ST Gporgn 3 GBI gite Sy g2 ol ol Cle o g 55 egllS g 4 0B 5 oo amiite 5 ile S8
Olladsl )liae 5 Ay 5l disu )5 s sladdn) b duslis )3 b sladdy, & 5,00 40 (Srivastava & Srivastava, 2007)
2 9% (Seidhyge Sluogad 9 43y 096 k5 | mge slaady) &5 g o 5l (Sl oliglel 2 515552 (6 a8

Datire) o e sloscs; oo 5 e R 1 ot 3 Wloeonn 5 s
unetal., 2013) x5, y%)l35 (stramonium
ST V) hSen 5 g yon (Jlio i 43,0
Ogmmlwgw ctS ) (;Yg09,Sun Ve o g B+ YD)

3929 498 scplio Mg 3 blgewls 38 5
Jo3bolugii 9 (;Y 500,800 YA+ g Vo e B+ YO NY/Q) b
W03,S ool sl S ylejy g5 jelaie 4y Lavandula
A5 odabie Clgawls Jito }Yga9,Ss0 8+ (35381 s <
Do S o 3l Ly oo (Georgiev et al., 2007) sl
(Atropa belladonna) ‘;L» olS poge A, wgad 3Jg5 03 ((¥509yS0 Yoo 5 O+ +) Slgoumsls

2ol Hlogd 4 S ol VI Loydi 1) adgs 5 oS

A Ko
D. metel ol
s’/\ [

gt 9 (oY 9358l geod )3 Sl Silels g jadeo 0)las slaS e ilie slacdalé
sebile ;36 cov Sy gain; 3l ons Wl laady) (pingh onl 32 85 )8 oy 3y90
5,5 51,8 aian ¥ e & (Jg09,S00 Qe v YA+ YO ) dol Siliwdlo g (i) o 5 +/VO o /0 /YD
P Sl Jgo5ySe0 000 o > aSg)ghy il Hli¥l sl adgs oS e clale aljdl L
@) s olas 1 g p)S VO Hlad )3 g (S Gig p)S 2 psS e /YA 5 TIVO i ) neVmgSl 5 (sl
Ol 5 38y a3l i p ) DL yedee ojlas clale (LI L g (25 jg p)S p p)S e IV 9 YWY G
B35 IS a2 fize 5 ilS 03 Sl yasko olaas 1) 1 o, VO e o Ll 2l 3l sy 159 e
o5 e cypyidins yake ol iy pyS IVD ol b o3liol 45 oS yome ilises (slaclalé sl 3 .l il

O

(Ajungla et al., 2009) 54 aali jlows ;5 Hlade cpl 51 G plp VIV Lo,yas oS sl 1) polowous 5 (oY 9358wl
e 4 wals jlowd b awslie jo 1) 0y ye3ls  Hyoscyamus reticulatus L. yuge (sbvais ) 0 duol Siliwdlo 5,8

e )3 pabuoged 5 eV gpsSanl 035 (linn (s 21 I 4 31y Oligs 2SI oo ol Ll ol 2l Sl



S e 4y oAl CulS sladily) St Gy g2 0l jlas ) i plp B0 BF 94 oS gy Sl 12 )3 )5 (o 04+
o ilodld 55 ¢ S9yd lS JiSew S lgis d dpl Sl o9 4 S e cpl & asL s ol 4 canl (Sen
©lS )3 1) 03l b bipe slaguyn Mg QUlE Lulyd cpl 13 olS a5 (gpsboas canl 0392 550 olS 53 (21> lagenls I (s

.(Moharrami et al., 2017) cusl L)y 5950 o gl >

S 5 Ao

et 555 0,500 ol (page sy catS 3 laagSIT Al 3 cilisen (oS oo &S oy Lt ialejl (ol 51 ol gl

5o iz b 18l5 e & Cannd SIS A5 line (g0 ¥o i3l el Slganls S gk )
as ST ados (caopd B+ ialjdl cael sl FA Gt 4 sl Sl Symo b la a5 ISUT Ao
@l Scdglio Algi oaiS K40 ol plgis a4 S o (3558 QU (ki S Binpenglaaty,
sl B oy ol 5 a9l slaculplio S gyl cuw S xe ‘A& by [ L5 S8
Sl pno 2 1S 5o 03 1S 31 s o) 2 09dle .(Ramachandran et al., 2000), 1545

2 Sy easISIl Ay s Slisanls Jito S e 3 (Sde g el 78 (gionl (Gl epmye gon S35

tropa belladonna) <S50l oS cou )l e sladis,

ity Slgewls o g duuol Soluwdls a5 (oS 0o il oy o (Datura innoxia L.)
AOSVEY (V) VS g
/L)"'}‘/K/‘) 4:1}.1[," d[bpu/};[w); Zao.u.‘ﬁe//@,;, (90152 waleso uu)./ CJO—«JL’ (“ﬂ‘\;’) .)l.)).e(o c).)i)y

References

Ajungla, L., Patil, P. P., Barmukh, R. B., & Nikam, T. D. (2009). Influence of biotic and abiotic elicitors
on accumulation of hyoscyamine and scopolamine in root cultures of Datura metel L. Indian Journal of
Biotechnology, 8, 317-322.



Alvarado-Orea, I. V., Paniagua-Vega, D., Capataz-Tafur, J., Torres-Lopez, A., Vera-Reyes, |., Garcia-
Lopez, E., & Huerta-Heredia, A. A. (2020). Photoperiod and elicitors increase steviol glycosides,
phenolics, and flavonoid contents in root cultures of Stevia rebaudiana. In Vitro Cellular &
Developmental Biology-Plant, 56, 298-306.

Berkov, S., & Pavlov, A. (2004). A rapid densitometric method for the analysis of hyoscyamine and
scopolamine in solanaceous plants and their transformed root cultures. Phytochemical Analysis: An
International Journal of Plant Chemical and Biochemical Techniques, 15(3), 141-145.

Biondi, S., Fornale, S., Oksman-Caldentey, K. M., Eeva, M., Agostani, S., & Bagni, N. (2000). Jasmonates
induce over-accumulation of methylputrescine and conjugated polyamines in Hyoscyamus muticus L.
root cultures. Plant Cell Reports, 19, 691-697. 4

Bourgaud, F., Gravot, A., Milesi, S., & Gontier, E. (2001). Production of plant secondary metabolites: a
historical perspective. Plant Science, 161(5), 839-851.

Farsi, M., Moshtaghi, N., Shahriari, F., Gordan, S.,s& Raeisi, M. 2005. Investigating on growth stability
and alkaloids content of transformed hairyaroots in Datura stramonium. Agricultural Sciences and

Technology, 19(2), 47-56 (In Persian). \
Figueiredo, A. C., Barroso, J. G., Pedro, L. G., & Scheffsr, J. J. (2008). Factors affecting secondary

metabolite production in plants: volatile components and essential oils. Flavour and Fragrance
journal, 23(4), 213-226.

Georgiev, M. |., Kuzeva, S. L., Pavlov, A. |., Kovacheva, E. G., & llieva, M. P. (2007). Elicitation of
rosmarinic acid by Lavandula vera MM cell suspension culture with abiotic elicitors. World Journal of
Microbiology and Biotechnology, 23, 301-304.

Ghadermazi, S., Tohidfar & Miri, S. M2017). The Production of Hairy Roots from (Datura innoxia
L.) by ,Agrobacterium '\r/:%enes and Effects of Salicylic Acid and Methyl Jasmonate Biological
Elicitorston»Atrepine and Scopolamine Content. Journal of Medicinal Plant, 16(1), 141-156. (In
Persian). l\

Hamill, J. D., & Lidgett, A. J. (2020). Hairy root cultures-opportunities and key protocols for studies in
metabolic engineering. In Hairy Roots. CRC Press. 2-30.

Hao, W., Guo, H., Zhang, J., Hu, G., Yao, Y., & Dong, J. (2014). Hydrogen peroxide is involved in salicylic
acid-elicited rosmarinic acid production in Salvia miltiorrhiza cell cultures. The Scientific World
Journal, 2014(1), 843764.

Janda, T., Szalai, G., Rios-Gonzalez, K., Veisz, O., & Paldi, E. (2003). Comparative study of frost tolerance
and antioxidant activity in cereals. Plant Science, 164(2), 301-306.



Kang, S. M., Jung, H. Y., Kang, Y. M., Yun, D. J., Bahk, J. D., Yang, J. K., & Choi, M. S. (2004). Effects
of methyl jasmonate and salicylic acid on the production of tropane alkaloids and the expression of PMT
and H6H in adventitious root cultures of Scopolia Parviflora. Plant Science, 166(3),745-751.

Kheradmand Prouch, M., Shahriari Ahmadi, F., & Moshtaghi, N. (2017). The effect of methyljasmonate
elicitor on tropan alkaloid production in hairy roots of Atropa belladonna. Journal of Agricultural
Biotechnology, 9(3), 61-74. (In Persian).

Liu, C. Z., Wang, Y. C., Zhao, B., Guo, C., Ouyang, F., Ye, H. C., & Li, G. F. (1999). Development of a
nutrient mist bioreactor for growth of hairy roots. In Vitro Cellular & Developmental Biology-Plant, 35,
271-274.

Moharrami, F., Hosseini, B., Sharafi, A., & Farjaminezhad, M. (2017). Enhanced production of
hyoscyamine and scopolamine from genetically transformed root culture of I—Tyoscyamus reticulatus L.
elicited by iron oxide nanoparticles. In Vitro Cellular & Developmental Biology-Plant, 53, 104-111.

Mulabagal, V., & Tsay, H. S. (2004). Plant cell cultures-an alternative and efficient source for the
production of biologically important secondary metabolites. International Journal of Applied Science
and Engineering, 2(1), 29-48.

Nourazar, M. (2017). Effects of Different Hormonal Comb\@tions and Elicitors on Secondary Metabolites
in Callus of Datura metel (M.Sc. dissertation, Mohaghegh Ardabili University, Ardabili). (In Persian).

Ramachandran, G.N., Ramakrishnan, C., & Sasisekharan, V. (2000). Stereochemistry of polypeptide chain
configurations. Journal of Molecular Biology, 7, 95-99.

Samet, A. E., Piri, K., Kayhanfar, M., & Hasanloo, T. (2012). Influence of jasmonic acids, yeast extract
and salicylic acid on growth and accumulation of hyosciamine and scopolamine in hairy root cultures
of Atropa belladonna L. International Journal of Agriculture: Research and Review, 2(4): 403-4009.

Sangeetha, S., Deepa, M., SLEitha, N., Mythili, S., & Sathiavelu, A. (2014). Antioxidant activity and
phytochemical a@lysis of Datura metel. International Journal of Drug Development and
Research , 6(4), 46-53.

Sharma, M., Dhaliwal, I., Rana, K., Delta, A. K., & Kaushik, P. (2021). Phytochemistry, pharmacology,
and toxicology of Datura species—A review. Antioxidants, 10(8), 1291.

Srivastava, S., & Srivastava, A. K. (2007). Hairy root culture for mass-production of high-value secondary
metabolites. Critical Reviews in Biotechnology, 27(1), 29-43.

Sun, J. W., Zhang, H., Wang, F. Y., Sun, Y. M., & Sun, M. (2013). Effects of methyl jasmonate on
accumulation and release of main tropane alkaloids in liquid cultures of Datura stramonium hairy root.
China Journal of Chinese Materia Medica, 38(11), 1712-1718.

Zhao, J., Davis, L. C., & Verpoorte, R. (2005). Elicitor signal transduction leading to production of plant
secondary metabolites. Biotechnology Advances, 23(4), 283-333.



Extended Abstract

Introduction
Hairy root culture, a promising technique in plant biotechnology, has garnered significant interest in recent
years for producing herbal medicinal compounds. Datura, known for its therapeutic potential in treating
various diseases, particularly cancer and digestive system issues, was the focus of this research. This study
aimed to optimize the cultivation conditions of Datura innoxia hairy roots to enhancg theyproduction of the
alkaloids hyoscyamine and scopolamine.

Material and Methods

To conduct this experiment, Datura innoxia seeds were first surface—sterilhﬁgnd cultivated in MS
medium. Leaf explants from sterile seedlings were then co-cultivated with Agrebacterium rhizogenes
strains A4, 15834, and MSU in LB liquid medium. Induced roots, approximately 2 te 3 eém Iin length, were
excised and transferred to B5 liquid medium, placed on a shaker'at, 90 rpm in the dark. After two months,
the rate and stability of root growth were assessed. The bacterialyspecies were confirmed by amplifying the
rolC gene, located in the T-DNA region of the hairy rootsinducing plasmid, using PCR with specific
primers. The effects of different elicitors—methyl jasmonate, salicylic acid, and yeast extract—on the
growth and alkaloid production were investigated. Prelimir?z$y}identification of tropane alkaloids in the
samples was done using Dragendorff reagent. The alkaloighcontent in each sample was carefully measured
using spectrophotometry. To enhance accuracy in,quantifying alkaloids across different treatments, HPLC
analysis was also performed on the samples with the highest alkaloid content.
Result and Discussion

The study on the effect of methyl jaSmonate on the growth rate and alkaloid production revealed that
methyl jasmonate effectively enhanced alkaleid production, increasing it by 30% compared to the control.
Salicylic acid and yeast extract did natsignificantly affect the growth rate of hairy roots, as there was no
substantial differénce in thetdry weight of hairy roots across treatments. However, alkaloid production
varied significantly betweengdtreatments. ‘Yeast extract did not change alkaloid content after 48 hours
compared to the contrel. In ’wst, salicylic acid treatment resulted in a significant increase in alkaloid
content after 48 hours. These findings indicate that elicitors can influence tropane alkaloid production in
Datura hairy roets, hut their effectiveness depends on optimization alongside other environmental factors.
Additionally, HPLCNysis showed a significant increase in hyoscyamine content with methyl jasmonate
treatment, whereas the'ifcrease in scopolamine was not significant.

Conclusien

The results of“this experiment demonstrated that adding an elicitor as a stimulating factor enhances
tropane alkaloid production in Datura hairy roots. Specifically, methyl jasmonate increased alkaloid
production‘by 30% compared to the control treatment.



