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2- Laminar air flow

3- Bleach

4- Murashige and Skoog

5- Agrobacterium rhizogenesis
6- Luria—Bertani

7- Optical Density

P sl pbe 5 skie 4 oy g0 Slaaly
T NI JFIVER TR TU
(Yang et al., 2011) cula § oy s oylou
e 332 5 ol 73 (61 m DLS) o 0o LS
LS s Sl oslizal ¢ ALE J gl S 3 i plie
o 45 dls (2S5 O g o 1) 5 e S L
S e S A § s e S0 Ol SR
Sy b SLa0 s 58 Jold oS s 33 8 o
eASLL ULl sl s OLS 55 olis
A5 (sl sloilay (slaply (LadS o iz a
Slacdplie fwpn Gl s 5 035 4 5 Glacd sl
SLACS e i oo JLsbd (2T L agrl e )3 40
Lo e dd g Rl 31l (iliben () pf 5 (i)
SlLacS > P SR u_al.:f Jebo o8 s
3550 1) (oen (65 g (58 s o) SCas Ll
2 0398 L Ol s e B ) dias I8 s
A3 AT e oS omn oo 51 2l (SLaisS ons
ssbte 40l 50l slacS e Sl m YL,
5055 0lej 55 a5l glac S pbe 1 5 &S5 o
5 et iy 63 5 e 4 Oy i ph
35 g ooliil o ge ady ) 53 S e e 5150
.(Rao and Ravishankar, 2002)

Sl asy ol Y od i Eola a5 L
s ey 53 035 5 il Bl g (glos 28
oaliul sy ol 53 ol gl ey D) oS
il AU g (S e il o las
OFSE ol S5 BB b (c) 2 g0 4y 03 5 e
iy p S e Calee e S 5,500 05 SRy,
Wl 8 55 ) g i 513 0lS 5

by w9y 9 3lg0

DS il (654 5SS o8 la3T 3 a5y !

53 s YA Jlw s Olw J o&isls (65, 5LeS8

1- Biomass



¥ WY Lle ) oyles FY s (55,55l ale dlons) ALE Sl 5

Richards et al., ) =5 5 oLt CTAB o1 5
Ao T-DNA aabss | > b e 4 (1997
Jss L drolC o5 sla FHET 5l dlaasy, 1 RI
Dk gy 55T

S'CTCCTGACATCAAACTCGTC3)
(58 ST 5

B TGCTTCGAGTTATGGGTACAS")
a3 8 estimul (PCR) ek (slo iy (2S5 6l
i JuS G o) s (FUrner et al., 1986)
R J56 o 287 5ttt ol a (glaasy
gl ol 533 5s 0 e SLs ST
Sleslazal Uy @1 55585 2SI 5IPCR Jguames oo 5
o 0 0L Sl e s sl s V36T U5
sl ssla QU 7y o g 55555 553
Wby S (60135 g S
s oo (5 wookT

53038 g ¥ n K s ol L )
o GLal Ble e s el /Y A3 L ogs
&S mn ol Sl 5 Ve e ) 5 0/) /0 Y (Uali)
Y e &S J s (AGNO3) 0,5 S 25 51k o3licu
943310 Sl ay osbe (| QS o L A ags
23 ol 0,8 Ol i eyl ys g Adesls HF C Ol
Y S L LY e fols Jglons e Al o T
Ve 500 0 dals) i glacble 5 us glsjas
S g 1 onlizal &5 e ol 1 td 55 Y 508 Ss
A5 £ esliat "4 T8 (CUSO4) 555 S L e
lesT ool 53 68 e Ol gea o3lital 55 50 aLale
V8 5 ¥ s Sah Y sag Sa B e(als) Jio: Jols
Jpdoms a3l ey gt ol (12390 LY 305 Sn
Lo LY 35 G J e ol g ok a8 V50 &S5

4- UV transsluminator
5- Pentahydrate

w3 B eslinul (6 2Ly 1L 0T il 5 45055
(a5 osmmn 5 Laad Jul2) ' lm ol Glat pui
Ll 530555 V1 =)Y SLaasald 51 Oas o I ey
JIS & Lvg olaaY 55 oseds olsus Yl
O gmilow s 33 48851410 Do 4y e Akl 05
54 se ATCCL5834 4y oy Sy S il
T o Lo 5 (6 5SL J sl (il S ey s
1359 Lo JBIS (555 4 Lasisaisey s ks £
Qs ng_:iiT Sl Ll 5ﬂiTJ osls Jlasl ol
Vol Bl 1t g e e e
e Sl Ll 5 YaMS S e 2 L
Ola; 51t sl FA Ll J\_a:;i‘“éd:sr_a o83
il slaanalS o s Sy 1 Ol ) glate 0 il
ol 15308 bie OT vy 65U Lods o3l
213508 5l BB (g5 e ks 0313 43 5 S
SN aw 3,8 S b £, KT w $ 415 0ds
Lo 5l Lo i, 4 Baisai sy 06, KT
O g,)tst_w,_:gﬂrj_?\a ssl>) YoMIS i
A3 F 8 5 S b sk S0 ST A 0 8 e
il sS SGUT ys Culg 5 sl esls Ul GET
Sty s I g 353 W 5 m ey b3 813
S tleST plosll L 5055 Ol 5oy 0d A5 (50
35 eslizal Il 55 S e
.90 S ) (KSR I 5 (g ¥

G2 L OIS ot 1y e Slasin s (Sl 5
oS 6 SL ol T-DNA (5,5 2 50 sla0)
s il s 10IC 5TOlA r0IB (sl LacsT
LSS G b S slaatsy Sl dgbs S
rl_?n;\u«:w);d;fpa»;wtﬁb\;\m}PCR
omse slaads; 5 DNA 2 sl lial | glate s
AU el L dals Ol e n) ol b (slaaiu s 5

1- Excised shoot
2- Filter paper
3- Filter paper



o S 3 et e (S e 3T 0L 5 st ol vy

s )l il LOT 5 055 5 st 5515 s,
(A5l Lo a0 ads ) sb ¢ germe i ot
(St O35 6 =S 031l (gl s s (g S a1l
+F0-0°C (glos 55 Colu FA Sl 40 o g (slaads
Shi et al., ) s 8 oS 5 asli® 05T 040
(2007
Skl b 6T

&l el (gls pblasl glaesls JIUT ) ghte 4
MSTAT-C i;5le 5 (S oIl 3y 50 Sliws
ls AUT Sl ol Egr s 8 aslin
Glaals dom Kl aglio Loy sa3T 5 0 ,beSS
L Lasls e s oslil +/+0 Jlaz>| o o LSD
e O 53T oy 8 5 lbkul glbs 73
s EXcel 2013 ,i5sle 5l eslizal L ¢ SSls
NENY
o go Sl y Syl § DLl

e Slaaty ) Syl g 5 st
055 s SHET 51l addy sl i3 2S5 5
Jsb o slabs sl slas 5 13 3 eslizl FOIC
03 3 S| 5 adasOlis opnl s & 2S5 #Y5hP
J3 69y = olabs 1S o 3 ol g0 slaals
Loty ) S5 b slaaiy) 6l 5,585,
Fisaben S S0 IS i alb o oak
) ey AL (e g (sl 5 (Sle Jole
154 b S ol Il LRI L4 0T 55 552 5
T-DNA & 5 5 (gl35 o a0l oo DS (o585
c—.rolA ;B C L;uo;u_;,:fﬁﬁ};,\wu
Sl g dioled oo Jiie DL e slaasl o554
Sopen iy ol 9358 00 (29013 303l 1B
BRvITS- PRIV AV PRFICIN I HPPRYE g o )
Alderete et al., 2009) s 115 dn Jous
(Tzfira and Citovsky, 2006

03Lial 5 &S s Ol giets | jadue o ylae
it ol o3la ol Sl odd Ol glacbale 5 A2
a5 Lo e 53 08 e Y 5 e/
Lo LT opl JS7 55 S Lames olgd o 5 00
Gb ool glac bale ol b o ) (e T
Lo s 4l S3) p 3 Al 2 e ¥ 5o cCnls
..\iajfdb.&i
< oo Jlos! o

o, Ol 2 cbasl Sl L) S o Jlas (<l
5 CiS Jase 038 513548 31 dm (e S g
Slaatyy 3l LSS Olie 4 ¢S s 05 5 S
wbbs(r;#\’)uﬁséﬁﬁa&A.:Jj:&i}a
@5 VoMS i8S bses o) S ¥ (sl sla o)l
j\ﬂ.&fﬁj\o.\_&:l_léug;]élbcmw..&@)
L5 e 2 e ¥ o 3 s 31 clalS s
55 S Lol e slaaiy) i baw bug
Mol S ot 1338 o g5 Jamn g5 0T Coys o,lss
03,5 215308 31 b 1 adee oplae 53 il 6l e
e 3 3 § Lol S e glacbale (oiS o
38 s 15508 e 5 s 8 s Lowe PH
O35 ool 2 0505 e Glaaciy ) &S, oue JLas!
2 033 e sn ity 3 LSS Ol 4 5 5 5
&S s Jlasl ) cpme ke Sl i B A 03ls 1 3 o))
Jsb g smame oot 25 (o LOOT Dl s
L s 8 coilasl 5 5,8 o5l o e slaatay
o) Jsb g same D 55 S o Jlesl Sl i
S e sl Jlesl 31 w358 (5,5 03Il s
Lo Sed (5 ¢om e iy S5l CiS Lame s
CiS LI O3 Celw VY Soe 4 Vs TPM 55
Sea i gil 5 (el VY 3 da (Al osls 4l 3 clsl
A ) 5 gl Gl se 4l e 5 Il
cw.xﬁ&]gudﬁigTUcuUMosbJ\}déu

1- Yeast extract



vy WY Lle ) oyles FY s (55,55l ale dlons) ALE Sl 5

4567 8 910111213 14151617 1819 20 21 22

Y5 D askas
Fragment 626 bp

33 10IC &3 colais! Sl 53T 3 ookl U PCR uis19 tawgs cy oo (SALs 5 S 5l 5 (g b6 -1 KO
TR dwowdls) o J 5057 2F (O 9 b B4l ) Ao Jyus” ¥ o) DNA Lader 1000 bp :M . _ilkeis
Sl g0 S ) Sl 7YY G ¢ (A Rhizogenes

Figure 1. Results of PCR reactions in transgenic hairy roots of poppy using specific primers of rolC
gene. M: DNA Lader 1000 bp, 1-2: negative control (natural roots and water), 3: positive control (Ri
plasmid of A. Rhizogenes), 4-22: colonies of transgenic hairy root
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Table 1. Results of analysis of variance for effect of Salicylic acid elicitor treatments on hairy root
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Figure 2. Effect of salicylic acid elicitor treatments on growth parameters including fresh weight (a)

dry weight (b) and total length of hairy roots (c) in poppy plant. Columns represent the average of 3
replicates and treatments with at least one common letter, have no significant differences
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Table 2. Analysis of variance for silver nitrate elicitor treatments on hairy root
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Figure 3. Effect of silver nitrate on growth parameters including fresh weight (a) dry weight (b) and
hairy root length (c) in poppy plant. Columns represent the average of 3 replicates and treatments
with at least one common letter, have no significant differences
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Table 3. Analysis of variance for copper sulfate treatments elicitor on hairy root
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Figure 4. The effect of copper sulphate on growth parameters including fresh weight (a) dry weight

(b) and total length of hairy root (c) in poppy plant. Columns represent the average of 3 replicates
and treatments with at least one common letter, have no significant differences
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Table 4. Analysis of variance of yeast extracts elicitor treatments on hairy root
Slio Oy (Sbe

Mean Square of traits So3T 4> 48 WA
R0 i) Job Egacme Ay § 039 Ay oS 039 df Sources of variations
Total length of hairy root Fresh root weight Dry root weight
K% Kk Kk LQ.':
1.0164 0.0005780 0.00002058 3 -
Treatment
Uos
0.0375 0.0000070 0.00000053 8
Error
3) Ol oS o g
0.24 1.25 5.01 (o) Sl o 2
C.V. (%)

**: Significant at 1% 4053 ) Jlazm| el 53 ls e 1FF



*q WY Lle ) oyles FY s (55,55l ale dlons) ALE Sl 5

o O O (®
82,000 0.255 a

0.02
0.018 2 b -
81.500 a ' 0.225 b
§§ E 0.016 0.220
H 2 b c '
2 5 sw000 0.014 C s
’% E‘” c 0.012 0.210
*3"’ § 80.500 5 0.01 0.205 C (o
3 2 0.008 0.200
3; % 299 0.006 0.195
79.500 0.004 013
0.002 0.185
79.000 0 0150
0 05 1 2 0 05 1 2 0 05 1 2
S o 98 P 5 o s gy LS

Concentration (mg/ml)

4y Jsb Egnzmo 9 (D) i 039 () § 039 Jolb Slho by Ol 1 soke oslae (5 e Sl T -0
b Sl8 o D9l (5 gl B > O Blus (81510 Sl 9 51 STV 1Sl oy lod O giw . ilris 58 (C) cmgo
NEPTRUICINT
Figure 5. The effects of yeast extract on growth parameters including weight elicitors (a), dry weight

(b) and the total length of root hairs (c) in plant poppy. Columns represent the average of 3
replicates and treatments with at least one common letter, have no significant differences
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Abstract
Background and Objectives
As a source of alkaloids, Poppy (Papaver somniferum L.), is one of the most important plants in
the field of pharmaceutical industry. Various methods including use of elicitors, adding precursor,
optimizing culture, culture of hairy roots and its metabolites engineering are used to increase the
production of secondary metabolites in plant cell cultures. In recent years, cultivation of hairy
roots, to the production of valuable metabolites in a number of species of medicinal plants, has
taken on commercial scale; but in most cases, this technique produces low amount of alkaloid in
commercial scale. Hence, it is needed to optimize the production rate using biological and non-
biological elicitors.
Materials and Methods

This experiment was conducted in 2015 in biotechnology laboratory of Lorestan University,
Khorramabad, Iran. Sterile explants were prepared from seedling and were then inoculated with
Agrobacterium. Inoculated explants were kept in a dark condition for 2 days and then washed and
transferred to glasses containing ¥2 MS medium complemented with cefotaxime. Finally, the
glasses were kept in tissue culture room until production of hairy roots. The produced hairy roots
were used as explants for elicitors' experiments in flask containers. In this study, in order to
increase biomass of hairy roots, 4 types of elicitor treatments (salicylic acid, silver nitrate, copper
sulphate and yeast extract) were evaluated in separate experiments based on a completely
randomized design with 3 replicates.

Results

Confirmation of transgenic hairy roots was tested by PCR using the rolC gene primers to ensure
the removal of bacteria from the produced roots. Results of PCR products were separated by
electrophoresis and expected fragments were observed in gel. The results showed that the
concentration of 5.0 mg/mL of yeast extract elicitor had the most impact on morphological traits.
Totally, results showed that biotic elicitors had better effects in comparison to abiotic elicitors.
Also, high concentrations of elicitors in all biotic and abiotic cases had a negative impact on
biomass of hairy roots.

Discussion

It was shown that biotic elicitors had better effects than abiotic elicitors. The remarkable result of
this study was that the high concentration of elicitors had negative effects on biomass hairy root
production in poppies plants. It seems that bio-active compounds elicitors induce the plant
responses but high concentration of biotic and abiotic elicitors may cause cell death and
browning of hairy root tissues.
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