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Abstract
Objective

Many secondary metabolites produced by plants are used in manufacturing drugs and new
treatments, but are too difficult, expensive or impossible to prepared by chemical synthesis.
Biotechnology progresses have provided a huge source of new chemical compounds of plant
origin to various applications. Purslane (Portulaca oleracea L.) is one of the valuable medicinal
plants that World Health Organization (WHO) called it Global Panacea. Hairy root induction by

Agrobacterium rhizogenes is an effective method for production of secondary metabolites.

Materials and methods

In this study, hairy roots of Purslane were produced using Agrobacterium rhizogenes strains A4
and ATCC15834. The presence of the rolB gene in the hairy roots was confirmed by PCR using
rolB gene specific primers. The effect of the type of strain (A4 and ATCC15834), explant
(cotyledon, hypocotyl and seedling) and also different concentrations of Iron oxide nanoparticles
(0, 20, 40 and 6 mg IY) were examined as abiotic elicitors on the hairy root induction, growth and

increase of secondary metabolites of hairy roots.
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Results

The results showed that the highest hairy root induction (80 percent) was observed in the A4
strain, seedling explants and 40 mg I* the iron oxide nanoparticles. The greatest hairy root length
was obtained by 60 mg I*! the iron oxide nanoparticles (4.17 cm) and also ATCC15834 strain,
seedling explants and 40 mg I the iron oxide nanoparticles were superior for highest phenolic
and flavonoid content (4.92 and 0.48 mg g DW) and also 2,2-diphenyl-1-picrylhydrazyl (52.59%)
and ferric reducing antioxidant power (60.37(Mol g** DW)). Hairy root lines showed significant
differences in growth rate and biomass production and the largest biomass production was
exhibited by G line.

Conclusions

Overall, the strain and explant types and iron oxide nanoparticles had considerable effects on the
hairy roots induction secondary metabolites production. The results indicated significant
increases in hairy root induction and medicinal compounds by A4 and ATCC15834 strains,
seedling explant and 40 mg I the iron oxide nanoparticles.
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transformed explants as control, B: Hairy root induction in Transformed explants.
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Table 1. Analysis of variance of the effects of strain, explant and nanoparticles on hairy roots

characteristics.

Slaye (1:5ke
oy Means of square
C-’])"-‘Ju é—ft" - Ay L;LS.” Lo yd
. ! ady ) dlas . .
Source of variation i Percentage of ady) Job Jsd L3g3gMe
. Roots .
hairy root Root length  Phenol Flavonoid
. . number
induction
gl
) 3 1516.2** 22.56** 8.85** 1.86** 0.01*
nanoparticles
Lgedjy g4
TR 5 5808.05* 4368**  23.9%%  1358%*  0.08**
Strain and explant
@l glXAgain) 5 dige
nanopartic]es x Strain 15 289.53* 3.86* 1.93™ 0.57** 0.005*
and explant
Error 48 140.27 1.94 2.58 0.16 0.002
2o Y 90 Jleis! maw 55 (g dme g (5510 gime juE a5 4 s ok NS
YA
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Figure 2. Mean comparisons of the effects of strain, explant and nanoparticles on hairy roots
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Figure 3. Mean comparisons of the effects of strain, explant and nanoparticles on hairy roots
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Figure 4. Mean comparisons of the effects of different concentration of nanoparticles on

hairy roots length.
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Figure 5. Mean comparisons of the effects of strain and explant on hairy roots length.

Ao

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



RN,

YEo v (D0 g SN o

wamsml,

g )53 dlox 5l ilisee Jalge b cod alS <l 3 A, Thizogenes b 4l Jiasl slags ol 5 Jis!
4 Cos ATCCIE834 (a5 oo b iy (sla gy )3 sl elitioly g0 (gdigaifs) £55 g (w0 izead 9 oLS L
5 (Pirian & Piri 2012) ool sns (b));5 48,5 olS 5 molo b 3 ol A 5 ge (slaaiin, il (¢l aagw plo
Fro ol S Lase (g9, 3 5 a8l pidli ATCCL5834 4 Ad (cladygu L 45 LolS aomlS sadigeiyy, yobs ingh
25 Oy Sty 5 0ol LS 1) e sleady) I i (it ind oS ol ST S35 20 )3 25 e
(Pirian and Piri, 2012) 4,3 o5 (5, sladigeiss) yd Jlie olaicds .l 0 a0l oo sloddn, @] ) dseifn; g5
claadyy Gl ) Glise cladigeis, £95 <lima il wien (Reddy et al. 2012) Coleus forskohlii Brig oLS o
Sl gy i 2 owixed (Shiand Kintzios 2003) sl sai 5,35 Pueraria phaseoloides oLS > g0
@ by ady) Sl Sl5h8 YL o ol (L (mge aday Wl dops 68k Gage 5 cutShaoe ClS 5 i
(Moradi et al. 2019) xib o Ad a9 g 5,5l 20y & s MS b
by pe Cilisee (slatinl b g Canl olS iy (sla gl By 51 o ol )15 5o cpal ST @ g 13 sl plals
Gl il el cutS lasre j3 al 1St Gl3el 3mg Gimgs ol 5o (Shanjani 2003) 5,5 o s olS i) 4
Sans 1Sl oyt 45 dges Lyl55 W)l ol cillae (2015) Shirin et al. iagh wls b aS 13,5 qoge slaads,
o555 (2019) Fathi et al umen .05 saalie oyl 4uST ldgl jles > (Saraca asoca) LwlsT olS ;s o )lusls
Sl 0LS 55 mge (sloaiyy a5y o Wl oy ATCCL5834 saygum 5 cpnl ST &3 9l 2 )3 p5 oo B+ &5 53,5
cpl b L 1) olS osbe assu,l 5 5 Shas o iae Ad cigw (ol @lyd 6 a8l clalao 45 g aiily (¢ pglae 3,Sles
Pk ¥ g2l gk 53 3 Cod ladygu 1S5 pa (0SMes 5 ()l laclis @ g |y 2 Sles > glis
S35l p)S e o Jlod 4y G Colgplio A5 g mse slaady) W GBI 0 oyttn 80 (el 38T Slbgl )
owomen (Castiglione et al. 2011) cusly sYL glackle ) cuow Bl 1) o W Glge g cuib ol aws]
P culplio Mei gzl uge (sladiin, 15y 0 1y el @ldel 5wl clacble 15 (2017) Moharrami et al.
el a8k 395 oi bgilio Liali8l Cage s & S e Jgane 35l i sbradale 1 osliml izasly 5YL cbals )
2 2l i ol Sldgb (Yin et al. 2011) sy o LialS 1) cllplio Ae5 g odd (fmgn slaps ! culld ials
Sl Slgewls (Sharafi et al. 2014) 5> ol cladiges ) 1 Slgomls Mg (odiSpabsis (clagy; plo Jisl aol 3
(Menek et al. 2009) 345 0 oLS )3 4196 slacdgplio Mg 4 o 45 395 0 Wg5 a2 ilie 3 olS s Fuwly
KONGO ) coul o (5,135 M8 sl Seigonnls L (lowgil 5 2355306 J o j) il slaclgplia adgs (1

[(etal. 2001

A

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



BN,

(VEe v 5l F 0,loud VY 2,93) (55,5 LiS (55955 gt oo

s,

6
z
-
(=2}
g
S 4
c
3
c
8 3
L2
3
c
e 2
o
1
0

ghi

b
bedrh

k k
20 40

Nanoparticles (mg I%)

—_
~

60

be b Cotyledon + A4

Cotyledon + ATCC15834
Hypocotyl + A4
Hypocotyl + ATCC15834
Seedling + A4

Seedling + ATCC15834

Om g Wandy ) 55 Jgd lime (S9) 2 139U g dgeisy ) g Il (il A lie T JSS

Figure 6. Mean comparisons of the effects of strain, explant and nanoparticles on phenolic

content in hairy roots.
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Figure 7. Mean comparisons of the effects of strain, explant and nanoparticles on flavonoid

content in hairy roots.
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Table 2. Analysis of variance of the effects of strain, explant and nanoparticles on

antioxidant characteristics of hairy roots.

} Olas o puSolo
s galio &3l dsyo e O
Means of square
Source of variation df i
DPPH FRAP
olygl
] 3 279.47** 1126.04**
nanoparticles
Qgaisy g &
TR 3T 5 534.99%* 998.34**
Strain and explant
@l glXaigeiss) 5 digw
nanoparticles x Strain and 15 226.64** 137.1%*
explant
Error s 48 39.34 44,99
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Table 3. Mean comparisons of the effects of strain, explant and nanoparticles on antioxidant

characteristics of hairy roots.

(= » P)ful“’) <3l Agadjytdygm . FRAP PPH
Nanoparticle (mg I'*) Explant+Strain
Cotyledon + A4 18.88 K 22.36 M
Cotyledon + ATCC15834 22.25 hk 24,74 9
Hypocotyl + A4 13.84 % 31.91 ¢h
0 Hypocotyl + ATCC15834 20.56 ik 26.27 ™
Seedling + A4 23.55 "k 22.07 ni
Seedling + ATCC15834 37.5¢9 35.74 9
Cotyledon + A4 33.49 ¢ 39.92 be
Cotyledon + ATCC15834 30.7 ¢ 28.28 &
Hypocotyl + A4 23.68 "k 19.98 i
20 Hypocotyl + ATCC15834 28.7 & 20.34 i
Seedling + A4 40.71 b 38.89 ¢
Seedling + ATCC15834 39.12 ¢f 35.89 ¢9
Cotyledon + A4 28.53 ¢ 25.68 91
Cotyledon + ATCC15834 42.94 bed 29.86 &
Hypocotyl + A4 25.42 % 14.74
40 Hypocotyl + ATCC15834 23.63 Mk 18.91 i
Seedling + A4 49.85 ¢ 45,7 ac
Seedling + ATCC15834 60.73 2 52592
Cotyledon + A4 26.61 ¥k 26.2 M
Cotyledon + ATCC15834 30.26 ¢ 32.15 ¢
Hypocotyl + A4 42 .24 bed 43.25 ¢
60 Hypocotyl + ATCC15834 35.1 9N 30.87 %
Seedling + A4 54.91 2 45.9 2
Seedling + ATCC15834 52.86 38.35 b

28l 03 (P<0.05) 5SSl (ol aels dix 9051 51 ooliasl b ls xo BMBT (s g yo 4> S yidio g b dlac]
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Cato 2l 5l Lol Yl b aS sy L 1, TOIB 15 1SS 4y bigyye Y8+ DP lgs i 55850l  PCR I Jols guls
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Figure 8. PCR amplified 760 bp fragments using specific primers for rolB gene of A.
rhizogenes on chicory hairy root DNA. 1: 100 bp DNA Ladder, 2: A. rhizogenes plasmid as

positive control 3 and 4: hairy roots, 5: Adventitious root raised form non-transformed

explant as negative control.
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Figure 10. Comparison of phenolic content in hairy root lines
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