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D: in ¥ MS Medium and temperature 25 and 17 °C, rgzectively.

S 9> Slaks oS S5 .l 590 laals; O3 g
25 b a5 e laaty ) (sl 5585531 J5
abe )l 5 e sladiny 53 05 ol &S Ad esls OLiS 4
A JSK8) 5510 5
Gl oS 3 5 g0 slaay s el 5 Aoy Oljs
Loty cplsemgani¥ 550 40,5 ) - PCRY
53 55 s ml LaDT 03 5 byl 5 ¢ s

Sla0;aS Wb o LS S50 55 g0 Slaaly

PCRU (g0 slaal s (o5 (o2
s SULT-DNA s j310IB 0 45 LT
slaaiy) Bl 5 Coabe Ol 5 o ol il 505 ) 3
Slaaiy)y (Bl 5 () s lien 3 ST DU e
05 o5 sl ST 513k (sl iy 2S5 55 o m
o labas by e Hlsl S bl 5 s 03zl FOIB
I JUasl ediasilis a8 s 5 sSSPyrbp J b
bl o 3 5 (ALS el o554 T-DNA



513013 oS 53 ol 3 o ge sl ) &S s 101Sen 5 Ol Ve

DS il s LY LS JIATCC15834
5 a8 Oln (A 4 50 53 (5 250 1255
1 ATCCL58344, yo gelamly 4 (i gn 4oy M 5
S smr S b o3l ok 1S anlllas oy s
sk, GMI9534 , ATCC15834 cas 5 55
TribulusterrestrisL. oLS ;s o se s, <SS oo
oS ol ;s ATCC15834 5o 45 oLt oslic
(Shrifi etal., 2014 5, s 7 1L &yl
ATCCI5834 el a5 K5 gl allas 5
35 o ey S o g 3 Ad 59435 C318
4 s 4S5 A3 o3kl Portulaca oleracea oL
clils ;o5 clna s s o s ATCC15834
(Pirianet al., 20125, v, 5 Loy o 5YL
O 03 b e Sk S5 o ) 1 5 sty (i b
G4 s 0 I HYOSCYaMUS .o Calises slas S
LBA9402 ; A4 ATCC15834.2659.1724
o230 H. arachnoideus « 8 s & i oslizal
4 3 S e A S o
Ad 4y gl s S sATCC15834
(Akramianet al., 2008 T ¢34

doeety T-DNA e, S'10IC 510IB rOlA
ol JUES! (s 53 oty st olS 4 5l 13 6 STL
Ld o Yol Csu I 5 e laa iy (Laly
<L I T-DNA izt .(Ozyigit et al., 2013
Sl Slotmy AT 3 AL 0 55 4 A Thizogenes
FisxlpaSLs ST .Ozyigit e al., 2013
rolC 5rolB rolA slais s cwl Ri el 1yl
..U)‘.} )‘} szsl: -L:a.w)kg' T'DNA C».a.ms DL
Loty o5 Jowe 53 olS & a0 cnl JESI L
Sl am s bl oo Dby ol 5 (s
2 bl 5B (6 S e 5 005 5 LmolS filize
S Sl S ol bl S o Ll AT 5
e ey GBS W5 6y ey S5 ST 4 e
Ll s Sl arly AL O 4 s w5
(2l roben 53 DLl 5 s el (2 D) ek
ey § 55 4 Gl ) D g (el TS
G 53 Ll Lad e S ST s 2 55 35 5
GMI9534 ;A4 ATCC15834 slaw s 3| pol>
oslital B oS 55 5 m aty ) &K o sk
Obﬁdjﬁuajng\ffauqrcﬂhf%sf

@y olgn r\.l_;lLSA_;}Q.;J'_l)): 4S5 yeb 4 Lsls

ol S T 3 skl b cpign Sl 5 5 5§ Wl cg> PCR (s9l7Mg ubs A UKo
( Joono sldady y) A Jyus ) DNA Ladder 100 bp:M . &G ols yo10IB O3
s 5l g (S ALy 5 9 ¥ ((A. rhizogenes 31 Ri duewdl) cude S s Y
Fig. 8. Polymerase chain reaction (PCR) analysisifdetection of therolB gene in
transgenic hairy roots ofP. somniferum L. Lane M: molecular size
marker (100 bp ladder, Fermentase); lane 1: negatéscontrol

(non-transformed root); lane 2: positive control
(Ri plasmid); lanes 2-4: transgenic hairy roots.



1 A0 Ol F o )L ¥4 il (55551287 ode alows) ol Sl g

45 1s oslizul A ThiZOGENeS slas s 255 0s
Sl 6 mlie Slad o gaiin 455 YO (cLos
o i S 53 w53 3 Cilite (slag g
SIAL ThiZogenes L b yw oL bu i 5 Lyl 2
a3 Y0 (glas 4 U S eslaal Calisee glabes
(Caoet al., 2009 s syl glos o gk
2 Les e Cadsies BLalS gl o8 ol S5 46
2 e (s Bl Sslite Wl 5 o (23S 08 0553 b
s s A rhizogenes ¢ SL 5l arlas O b
sCoffea arabica .L.S v ,l; <y A4RS
A A0) Calies slacsles 51 sl 5 ol b (iludg
S o2 0593 (1 (o g 4 53 YA 5 YF VY (Y-
WA sles )3 (su )l 5 oS o b S s 8 eslial
(Alpizar et al., 2000 weT Cwsas o goudes 4 3
S 5 4o
Jeolse 4 il 5 S s o S
G553 e S U STty g Joud 51 il
Pl CiS b 5 23S 0m 0)53 Sl isei )
sl 4 55 Fae 35 oS 3 5 e 4k K
ity & oy o VL 4 Oy g 33 8
by Sy ST 5168 il 55 s
Y0 sles &2 MSc_is” L. ATCC15834
Pl A gai sy 5 SAS 0p (S053 53 pw smdes 43
ety T o 3 s 90,5 aslisd 410
GLASS e o 1 (6 i Sla, 556 5148 505 0
L ot 3 05 SLaty s ¢ (i b 5 5
oS (5 JISUT (sl oo S plin nilig (55573

'J:jfd‘”)jf

References

MS S bos 55 Cbb o) 1 Jols ol
e ey S 5 &K o g 5 Y2 MS
(kS Lo 5SS 5y 5l (S i oS
Lowe 5 Cbls o pe ala ) S o 53 (613 e ]
23 o g ain ) ES5 i 3 o5 AE V2 MS s
SLS 5 48 das oo OLis bl opl.cusls oS oy
5 s Sl 5 65 o 53 (gl A e
,»>.(Bensaddelet al., 2008 s ,is LoT Jisl 5
3Ya MS&2 MSIMS lalase i andllas ¢SS
e iy S5 5 LS Lo (gl ) st 4 BO
45 esliul Hypericum perforatum L. oL.5 s
i 42 MSlhaows 5 g0 4y & o o 3
(Bivadietal., 2014 5, MS ;| zz.
s 5 gl el K s 93 Sl Sl aallae s
agai s S A b eslinl G B LS S a s
Slas g 53 4 o5 s B ged 1) & Sl (2 g8 ol
el 25 6 FVL 0 o5 o> bl Calies
AL LS aSsain g5 eds Sl eSS
Sl )13 g s 15 GUIS 1 (et Dl
oS Cadinn Gladsa s ooy €S 3 Jlia
o Jslin gLax—t Papaver bracteatum
4S5, sba Lsls A ThIZOGENES (slasy s b 25wl 5
o3 IS Loty p e 6l o (2l g2 pIil 45 5ai 5
g i gai ) 535 S VL g a5 SO o5
(Sharafiet al., 2013 cls ins jeul 4 5
SIT-DNA JUst ol e o i ol s 51 LSS Les
el ALE Gl o S ST S
Goy93 8l i ol s (Baronet al., 2002
Cr o gmeebos 403 WV 5 Y0 (sles 55 1 (2iS on

1. Akramian, M., Tabatabaei, S.M.F., and Mirmaspul. 2008. Virulence of
different strains oAgrobacterium rhizogenes on genetic transformation of four

1- Biotic and abiotic elicitors



10.

11.

12.

...@j)‘.ﬁc\:f).ﬁ()%)\j&f&h@)&ﬁibb&h}d% \Y

Hyoscyamus species.  American-Eurasian Journal of Agricultu€al Environmental
Sciences, 3: 759-763.

Alpizar, E., Dechamp, E., Espeout, S,. Royer, Mecduls, A.C., Nicole, M.,
Bertrand, B., Lashermes, P., and Etienne, H. 2006. Efficipmbduction of
Agrobacterium rhizogenes-transformed roots and composite plants for stuglgene
expression in coffee roots. Plant Cell Reports,9%59-967.

Balandrin, M.F., Klocke, J.A., Wurtele, E.S., andlllger, W.H. 1985. Natural
plant chemicals: Sources of industrial and medicimaterials. Science, 228:
1154-1160.

Baron, C., Domke, N., Beinhofer, M., and Hapfelmgei&. 2001. Elevated
temperature differentially affects virulence, virprotein accumulation, and
t-pilus formation in differentAgrobacterium tumefaciens and Agrobacterium vitis
strains. Journal of Bacteriology, 183: 6852-6861.

Bensaddek, L., Villarreal, M.L., and Fliniaux, M.2008. Induction and growth of
hairy roots for the production of medicinal compdsn Electronic Journal of
Integrative Biosciences, 3: 2-9.

Bivadi, V., Zakaria, R.A., Zare, N., and Yazdani,Z814. Effects of different tissue
culture conditions in hairy roots induction in Hyjgaim perforatum L. International
Research Journal of Applied and Basic Scien8es597-604.

Cao, D., Hou, W., Song, S., Sun, H., Wu, C., Gagaxd Han, T. 2009. Assessment
of conditions affecting Agrobacterium rhizogenes-mediated transformation of
soybean. Plant Cell, Tissue and Organ Culture4962.

Chandra, S. 2012. Natural plant genetic engigeobacterium rhizogenes. Role of
T-DNA in plant secondary metabolism. Biotechnolagyters, 34: 407-415.

Desgagne Penix, I., and Facchini, P.J. 2012. Sgsiesilencing of benzylisoquinoline
alkaloid biosynthetic genes reveals the major raatpapaverine in opium poppy.
The Plant Journal, 72: 331-344.

Edwards, K., Johnstone, C., and Thompson, C. 18%Imple and rapid method for
the preparation of plant genomic DNA for PCR analyslucleic Acids Research,
19: 13-49.

Furner, 1.J., Huffman, G.A., Amasino, R.M., GarfghkD.J., Gordon, M.P., and
Nester, E.W. 1986. AAgrobacterium transformation in the evolution of the genus
Nicotiana. Nature, 319: 422-427.

Gamborg, O.L.C., Miller, R.A., and Ojima, K. 1968Blutrient requirements of
suspension cultures of soybean root cells. Experiah€ell Research, 50: 151-158.



Y

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

A0 Ol F o )L ¥4 il (55551287 ode alows) ol Sl g

Le Flem-Bonhomme, V., Laurain-Mattar, D., and Fumx, M.A. 2004. Hairy root
induction of Papaver somniferum var. album, a difficult-to-transform plant, B
rhizogenes LBA 9402. Planta, 218: 890-893.

Majumdar, S., Garai, S., and Jha, S. 2011. Gensadasformation ofBacopa
monnieri by wild type strains ofgrobacterium rhizogenes stimulates production of
bacopa saponins in transformed calli and planentRTell Reports, 30: 941-954.

Mishra, B.N. and Ranjan, R. 2008. Growth of hawgt cultures in various
bioreactors for the production of secondary meiédslBiotechnology and Applied
Biochemistry, 49: 1-10.

Murashige, T. and Skoog, F. 1962. A revised medfomrapid growth and bio
assays with tobacco tissue cultures. PhysiologiatBitum, 15: 473-497.

Ozyigit, I.1., Dogan, I., and Tarhan, E.A. 203&)robacterium rhizogenes-mediated
transformation and its biotechnological applicasiam crops. In Crop Improvement,
pp: 1-48.

Park, S.U. and Facchini, P.J. 208@robacterium rhizogenes-mediated transformation
of opium poppy, Papaver somniferum L., and California poppyEschscholzia
californica Cham., root cultures. Journal of Experimental Bgt&1: 1005-1016.

Pirian, K., Piri, Kh., and Ghiyasvand, T. 2012. iaoots induction fronPortulaca
oleracea using Agrobacterium rhizogenes to noradrenaline’s production. International
Research Journal of Applied and Basic Science®43:649.

Rostampour, S., Sohi, H.H., Jourabchi, E., and Anda 2009. Influence of
Agrobacterium rhizogenes on induction of hairy roots and benzylisoquinoline
alkaloids production in Persian poppkapaver bracteatum Lindl.): preliminary
report .World Journal of Microbiology and Biotectogy, 25: 1807-1814.

Sevon, N. and Caldentey, K. 20@@robacterium rhizogenes-mediated transformation:
Root cultures as a source of alkaloids. Planta M8d3859-868.

Sharafi, A., Sohi, H., Mousavi, A., Azadi, P., Reiz&., and Otang Ntui, v. 2013. A
reliable and efficient protocol for inducing haimyots inPapaver bracteatum. Plant
Cell, Tissue and Organ Culture, 113: 1-9.

Sharifi, S., Sattari, T.N., Zebarjadi, A., Majd,,/and Ghasempour, H. 2014. The
influence ofAgrobacterium rhizogenes on induction of hairy roots and 3-carboline
alkaloids production ifTribulus terrestris L. Physiology and Molecular Biology of
Plants, 20: 69-80.

Tetenyi, P. 1997. Opium poppydpaver somniferum), botany and horticulture.
Horticultural Reviews, 19: 373-408.



s> ol 55 Sl 3 g slaaty &S e 0K 5 0L \f

25. Yoshimatsu, K. and Shimomura, K. 1992. Transfororatiof opium poppy
(Papaversomniferum L.) with Agrobacterium rhizogenes MAFF 03-01724. Plant
Cell Reports, 11: 132-136.



