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Abstract
Objective
In this study for the first time, different strains of Agrobacterium rhizogenes, co-
cultivation times, and concentrations of acetosyringon in leaf explants of Echium
khuzistanicum were examined to produce hairy roots.
Materials and methods
The leaves of 21-day-old plant, different concentrations of acetosyringone (0,100,200
uM) and 3 strains of Agrobacterium (A4, ATCC15834 and 11325) were used for hairy
root induction. In each explant, surficial wounds were created by a syringe contaminated
with the bacterium and put for 10 minutes in bacterial suspension. After infection, the
explants were transferred in the 2 MS solid medium supplemented with ascorbic acid
(100 mg/L) to a light free growth chamber with 25 ° C temperature for 48 or 72 hours.
PCR technique was used to confirm transformation by gene amplification with the rol/B
primers. HPLC analysis was conducted on a high performance liquid chromatography

system for shikonin measurement.
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Results

The results of this study showed that, the first hairy roots emerged from wounded places
after 14-21 days. The presence of A. rhizogenes T-DNA in the hairy root genome was
confirmed by PCR using specific primers for rolB gene. Strain ATCC15834 had the
highest rate of hairy root induction at 100 and 200 pM concentrations of acetosyringone
indicating that the phenolic compound, acetosyringone, was effective in increasing hairy
root induction. Generally, High concentrations of acetosyringone and more co-cultivation
time together resulted in a significant increase in the hairy root induction in three strains
of Agrobacterium rhizogenesis. Line 1 of hairy root produced 254.4+0.56 png/g FW of

shikonin.

Conclusions
For the first time the results of this research showed that transformation and hairy root
induction in E.khuzistanicum is possible by Agrobacterium rhizogenes and it can be used

in the gene transfer and hairy root culture in order to shikonin production.

Keywords: Echium khuzistanicum, Medicinal plants, Secondary metabolite, shikonin.

Citation: Mohammadi S, Haddad R, Shariati V (2020) Assessment of hairy roots induction in Echium
khuzistanicum by different strains of Agrobacterium rhizogenes. Agricultural Biotechnology Journal
12(1), 63-80.

Agricultural Biotechnology Journal 12(1), 63-80.

DOI: 10.22103/jab.2020.14131.1137

Received: June 9, 2019; Accepted: February 26, 2020.

© Faculty of Agriculture and Technology Institute of Plant Production, Shahid Bahonar University of

Kerman-Iranian Biotechnology Society

5¥

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



yyaa cd‘)&o@ 9 S

29,13 8US > Agrobacterium rhizogenes SwS & (ywg0 WA, W

(Echium khuzistanicum) _stuw;os b398 J5

‘(o)) (o> (:L,sl u_.qul = ol&isls ‘u_.u.Jo égl_;a 9 55)9u5 0l gdﬁJ}.ﬁ‘y; 09)5 ‘d):fa 0593 697.‘*:*5]3
slmirlmohammadi@gmail.com : |l « <AYQ-5VOYDA 16l . )l pl ¢35
LIRES > )

5(5)) u_wo rDLAI LrUAJI = ol ‘erx.lo C.:Luo 9 d})sl».ﬁs oaSuily ‘d)gy.{.’?.u 55; )l.:.‘il.;l) ‘J}f...wc b..\l.‘.u.gj.;i%i‘

r.haddad@Eng.ikiu.ac.ir : fuesl c « VAYYRAVEY 1ol .ol pl ¢35

ANYFTYEY ol ] ol 85900 5 S awdige (Jo ooy ¢(5ysliS (558 0iSTau 09,5 Sl

v.shariati@nigeb.ac.ir : _jse!

VWAANY /o 15y o,B YPAA/Y +/V T 2l 3 s, U

oS

il glacble § iSen ol (syShy il (slaagw U )L ol (sl ol Gimgiy 3 :Ba
b gy Slwjes (L3S olS > mge laada) M lp (195 gl

6L g dcs 5 (UM 200 5100 0) 16 yssginsl ciliseo CBle s g0, VY oL (slanS 1 349
O diuy Ll (dl celo VY g ¥A uiSen oloj 90 0 (11325 ¢ ATCC15834 (A4) 5593), per Sk,
S oo dy ndiged sy s - 0l (6L 4 el Koy b xdaws (glaed ;) igedny po > b5 03l
A oy U > el VY L FA Cote 4 ¢ i S yoSaol ol 2 0 p)S Lo Voo (gl sals 1/2 MS
o)l o3l FOIB 15 iS5 aobais] (sln ST b cymga cslodiin, iyl b (sl PCR (i3 j1 .55

A psl Y olgs b mle (1,5 9ileg S wis (Sline 2 39Sd (5565

1o

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



(\T’iﬂ )LQ.Q ) D)lo.a:) AY b)sb) Ls)’)s'w&s LS)Q"S‘Q‘%" 4\1999

P35S i, S T-DNA 5529 .50 alls 59, Y3 BV 5l g Syo adj sl oo 5l mge sloady (gl sLoaidly
S ATCC15834 ayg s 05 236 r0IB 5 olazsl S3T 5l oolizud 3 PCR S5 b pymago sloady pgis
OlaS 5 ddd oo Ui oS ety |y (e i) W (liae ooyt (195 pogil j¥ 50900 Ve 9 Ve slacdale
cbile 5 iSer loj GRlidl (IS ol dn sl She mge ayy Sl GBI (1980 gl Jo (Ji
P e it A S Lr dig s s b age sy I R1E & joie JS0aS0 L (5 pogie
39 254.420.56 ng/g FW pljee 40 g yiaS Jp8 b (e a3 (isSicd

OlisS S5 ol 3 g sloaiay Wl g (5l oS and 0 0L )l oyl sl B (ol @l 206 5 Aol
Glibss 0 ales e g 039 pioy LSl Agrobacterium rhizogenes lawg E.hhuzistanicum Slusjes
255 3158 odlatul 3y90 (gSed (B5)1 b Clalio M5 Sl (mge laade) cuiS g o JUa!

4l Clglio (0sSed (29)h (LS (Slwjss (LislS S gdS sWaejly

G5 opl Cul anlijlyg odlgls 5l gy alS (Echium khuzistanicum) jSlwjss objelS S

Mozaffarian ) cul odd suiSly olpl Gy ot 3 &5 sl fliwjsd | cod dged 9 ol siladl alS
oxd oS olS cpl ly 2,Bas o (Mohammadi et al. 2019) b Sbas shws sl ol gl (1994
Jro 9isS g cdiliSsy Libjgls oy 5l 465 VO JBls ady, > (Mohammadi & Piri 2014) c.l
GWON €t ) 3l loys 12 o o 25 45 el (S5 o5 1155, g 3 3925 (S 5 (ST iz
Fan et al. 2015; ) g slas)lew (Andujar et al. 2013) o34, o3 (al. 2015; Lee et al. 2011
Deng et al. 2013; Yang et al. 2014; Zhang et ) b . ¢ls! (Kontogiannopoulos et al. 2011
S lyisar |y o Glitde g wieSed (VA32) g y93bl .canl o a1l (Chen et al. 2003) jul 4 (al. 2015
Sl 9 5 epkd ©ygoa s HELIXDERM ()l 6l b oS5 ol 6yl 2557 (B0 o35 0203 3500 Jols
ol el e Jy 3> 332 xisSed i sl e csla sy (Papageorgiou et al. 1999) s, sp2

55

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



yyaa cd‘)&o@ 9 S

2 O0sSed e Ll gl alise Cldllas oS LS pl des ol awlyjlye godlglh lals S
Alkanna 4 Arnebia euchroma Lithospermum erythrorhizon g e cul oxs plxl g
A ey 5ol Gb jl wee sladdy, cusS (palamy w5 (Kim et al. 2012) 5, 66 1, tinctoria
g Ay Cowl 485 (18 a5 3)50 lendignd LS 5 gl sl g8 s auie leis 4 rhizogenes
bl gl e sbradyy cuiS ol VL (Sif il 5 (2l slaggeysr il eliul (el Y D) cas pu
Ol bl plod e Jolo cutS L auglio ) 5 ol oS (b ladidy) 4 Cond (YL 49l cdglie Ay
wuiS e dod Jto liske Jolge (Sevon & Oksman-Caldentey 2002) S’ o Wg 1y (g i Jled
P rSho S SeS & (50l (e (K pwgial Jro (Ji8 OlaS 5 g 68k dgw (2LS dsein; g5 bl
[(Porter & Hector 1991; Sevon & Oksman-Caldentey 2002) xms 0 )3 156 cos ) 5595,
ol 2gdie odlitel (gl Gl GRIB jektea Biggn ©ygon & cul LS S5 (5% pugil
e 41y ()5 5 Sl odle ol 3,8 5, pm 3 ol s Sl S ligsast 5 W )3 e 5 S 5
Salvia  ades j) iz gyl GLS > asy)l 5 wise slaady, (Kimura & Isobe 2018) cuily salgs
Atropa (Samadi et al. 2012) Linum mucronatum ssp (Cichorium intybus miltiorrhiza
Park ) buergeriana 4 striata ¢\wasS > Scrophularia . 4 (Zarei et al. 2013) belladonna
canlie Ay DD B ) omse sl il Lyl s (gjlodiuns Buiod ol el 0k W3 (et al. 2010
2 B p8 ol plyiedr Glijes (L3S olS ) (g pugtl cilitie acdals g (S ea loj s S

85 )8 s 090 0l (nl mge ladidy) cutS

g 9 3190
LB sl cuis s )3 (11325 5 ATCC15834 (A4) 55555 p52 ySlsS1 655k g 4 1551
e L da SglS S5 a1 g sl ()l gy aild Sy ey 0l5 s 2 )3 VA (slod b )gilieSSl o g S
(0! oeSe jlwa)ls) rmmelis) yd 2 p)S o Voo LLB @le cutS lae 131y b3l S5 51 (S oyl
I8 8 ) gy Al Sy e 4y i 53 593 Ve 93,5 (Bl 423 YA (slos b yilisSl S 5 5 S
0313 g i 03 e a4y 3000 X s i b 30 5ls S 4 (558 sl Jshs g8l b Sy (0,5 03]

v

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



(\T’iﬂ )LQ.g ) D)lo.a:) AY b)sb) Ls)’)s'w&s 5)9"9“&‘91" 4\1999

UM 5100 0) oK ywgiw] i liseo slackale gl V2 MS cis lase o 0y Jsbore (5o 590 5l s oAb
VU /0 s yiogils £e e zaatsb 10 lase OD g b d8lsl 55 Cow)y 4 (USA Sigma-Aldrich) (200

(Brijwal & Tamta 2015) 45,5 ouas

“ge liwjd il 3 jloal Bl plodl ailais I Stojes obig S, temige dwlay B g (LS Mg
50 030 1,8 (VIV) Ol j3 005 (348, o0 ¥ mods Cop S g 3 aids 0 ¢ (V/V) 7Y+ Jgilbl o aids ¥ layds . (g9l
Yo MS ccisS by au s ¢ syl (3lio el SaS @ (600l 51 L 28505 gt oyl slade Ol b yb do uasew
YY) oS (slncS yy i itte Syl el A 5y el V5 (95 090 g 3yl diny3 YOEY glod b 5, 31 ol
Balasubramanian et ) . sloo! (,SU 4 anie] GSp b (oo (claed ) cdiges oy o 4> . odlatl Wl ¢l 059,
L YA @de dy g Jiie S yoSaol dwsl j2d 0 p)S oo Voo (gl dals Y2 MS S bao 4 lndiges oy s (@l 2011
i)y py Sl Fee s dols Vo MS kS Lagoeo & ladigaify) 2l b 5] ymg w505 (6,105 1) b1 )3 el VY
lbdiin, s B> 5l ylisebsl gy (Thwe et al. 2016) 5005 Jitie (6,55 i (gl e lis Sisgur 51
A diny 13y 45 Sloj (Kumar et al. 2000)5.5 o3l oS slo < o s e $ilius y9s @le bare )3 (g0
2 dctin S0 Ote |y bty b Gl ol )3 398 196 Clgplio 155 liee b Jitte Mo Laors 40 doas) ogllan o
(Tabata et al. 1974) 1S iy 308 4 blo (55 aady, b ools )15 Mo lae

Bl 51 Sligabl J) g {(PCR) jlyouly (810,005 5 (ST 51 03liiunl by (g0 (sloaudiyy (o )15 sl
(Cai et al. 1997) 15 plos] (VAY) 5hiSan 5 £l ooyt DNA ol sl wld Ay oo sloady, , (6,5h
siSly Sss5 (Sambrook & Russell 2001) ws sbl (Yoo V) Juwly 9 Sopmons gy 4 £55b 51 DNA zl50l
oalitl (505 aub pglaieds FOIB (3 iS5 polais] sl )SHEl b mge sty 59y 2 (PCR) jlyesly (oloposs
50 4id 0 Sde 4 DNA o asy o] g3 il a5 olad o ¥o ol by b g 16 el gyl Jiao JSiuga s olSiuws 5 i
Feoglod 2 yauly Jlasl adds S s )0 AF glod 3 Cgd 4dds S A >y )0 g WAd wgd MKl a0 AF gled
Sl 10IB 5 iS5 polad! cla S5lel g5 i odlatwl 1SS (clp do > VY (slod ;3 aidy b S aids S g 4oy
D9 pj Cyge i (f Uw &S 5

FA

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



yyaa cd‘)&o@ 9 S

Reverse primer TTAGGCTTCTTTCATTCGGTTTACTGCAGC-3"-"

Forward primer ATGGATCCCAAATTGCTATTCCCCACGA-3'-"»
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Table 1. The programmed flow elution of HPLC for the quantification of Shikonin
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Figure 1. a: Development of the hairy root from the wounded site of the leaf b: Branching
growth of the hairy root on the liquid medium c: Shikonin production in hairy root after

transferring to M9 medium
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Table 2. ANOVA analysis of different strains of agrobacterium and co-cultivation times

and concentrations of acetosyringone on hairy root induction
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Figure 2. Effect of acetosyringone concentrations and different strains of agrobacterium

on hairy root induction
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