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Abstract

Objective

Conventional gene delivery to plant cells approaches have limitations such as narrow host range
in Agrobacterium-mediated gene delivery method, removal of cell wall using polyethylene glycol
and electroporation methods, and the higher cell damage in the use of gene gun. Recently,
nanotechnology-based gene delivery methods have been developed for plant genetic
transformation, and this nanostrategy shown the efficiency of gene transfer and biocompatibility
and the target DNA protection.

Materials and methods

Superparamagnetic iron oxide nanoparticles (SPIONs) were fabricated via green route using
Catharanthus roseus leave aqueous extract. SPIONs nanoparticles and carboxylated single-
walled carbon nanotubes (SWCNTs-COOH) were functionalized with polyethyleneimine (PEI).
For gene delivery to Catharanthus roseus leave, the pPDNA@SPIONs and pDNA@SWCNTS

nanocarriers were prepared by pDNA loading on the surface of cationic nanoparticles. Two
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methods were used to accelerate and increase the pass of the nanocarrier through the plant cells,

immersion in nanocarrier suspension and infiltration by syringe. Tracking the mGFP5 protein

fluorescent signal and RT-PCR reaction was evaluated to affirm mgfp5 gene delivery and its

expression in plant cells.

Results

The color change of the iron chloride salts solution, the absorption of the synthesized

nanoparticles to a magnet, while the iron chloride salts do not have this property, and the results

of the performed analysis confirmed the green synthesis of SPIONs nanoparticles. The

functionalized nanoaprticles with PEI shown good ability to interact with DNA and effectively

DNA protection against nuclease enzymes degradation. The mGFP5 protein fluorescent signal

confirmed the gene delivery to plant cells ability of pPDNA@SPIONs and pDNA@SWCNTSs

nanocarriers.

Conclusions

So the application of nanobiotechnology and nanocarriers for gene delivery to plant cells can be

promising for plant genetic engineering. By nanocarriers, it is possible efficient gene delivery to

almost all plant species regardless dicotyledonous or monocotyledonous through a method with

features such as simple and low cost, elimination of Agrobacterium and its limitations, and

without the specialized laboratory equipment.
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Figure 2. Characterization of synthesized superparamagnetic iron oxide nanoparticles
(SPIONs). (A) Vibrating sample magnetometer (VSM) analysis, (B) Uv-Vis
spectrophotometer spectrum of Catharanthus Roseus leaves aqueous extract and
synthesized SPIONs, (C) 1) Electron microscope image (TEM), 2) Particle size distribution
histogram, (D) X-ray diffraction pattern (XRD) of nanoparticles

gl a5 WS o auli XRD ol .5y caislas TEM pguas guli b a8 ond dnwloe yiogsl YA/FR 515 Jgo,d bawgs

\A

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



BN,

(VESY Jlaz ¢ 0)lowd 10 0,93) (55,9WiS (5590955 g aloo

s,

2l il b 2ol ol ol 00t e Bl Sy gt 1ysj died YU ools b Sl S cunle gl 005 3w SPIONS
e (S SILL dgn g sk lis (Q@ll-Y S b sty ol (Rahmani et al. 2020) )l callas ond ()5
Geslio (6 i & 2030 QLS Ty Sigly ol Sy o)l () slasSle L oad ondgy SPIONS sl (sl (598 (i
S 0wl Jols gl g 9 Cdgil ()8 jlabsle sl

i3z (2l )3 (g2 390 Doglite 0)393L 9> MAMPS 5 (6,35 s adlllas g Jolo il augs yolato 4 sl 93U dnd
OS5 3Slg b, 5 oy )90 COOH-SWCNTS g s o9y 4 0as s SPIONS &l )dgib s
gl plas Lauog (sl Lams 13 0153 (A8 oesd it 5 LS| JeuS 31,5 cloogS sl slaio & 18 (sladlsl
5503l by (s (Su Ul e S Slodlglsls s (3 g2 eSS (slongS bl Al e a5 plosl
COOH-SWENTS (sl (ito (s b 5 JpuS31,5 59,5 4 bstyo Sy s9 oind (s ol 48 4 oolizl b ol
(& JS3) ssles

Agagil (3,5 labele aibipo p5¥ Jologili a5 @39l 55y 2 DNA (635 slp cute (ordaw )l L )35k
b 598 Sigl digeg bl CublB L5 0bj 6)lul b g dr g 0,90 Sl ol G gt 4 aniite el Gl (L by
LCNTS p2 g o35 dgegl o 3,8 Jlalele cas ¢yl cldlas > (Ma et al. 2016) s plos! KilS'y claa!
Cuto (b o s S35 48 ool oanlio ol 418,85 1,5 03zl 3y50 5. 5 5 S5l (o s (55 st slo S Gan
Fobo slis oy ghie sl dg2g &5 ) g Jobe Cla (13 L Gite (odaw ) L sladiges 4 Cus
59mwabil &) bgrye sl puilSo bawly 4 @l3gil a5 31 Gl s Wl o Sly3eb Cuto Sl b gl g oM g Cand
gl daw (69, p PEI x40 (de Almeida et al. 2021) wsl 35,56 paal,lS o5 Jsl g yin jw Joko ol
e T gl b5 il 08wl (0-Yy ¥ S) b5 il (s uS0jlul 5,k 5 COOH-SWCNTS 5 SPIONS
s VFIA 45 15 Sty PEL L 28Ty 5 ey 5 05 s COOH-SWCNT (I, edg Lo —YA/5 5 SPIONS (¢, s
COOH-SWCNTS 4 SPIONS )35l grbaus 51 1y PEI iy Jlail o cdly igl3il (i a) cdg Lo ¥F/0
45,81 J5 9 DNA S p oS Sl jl g i bolie PDNA L iliste (sby s 3 0 Iy Jole @l,3gib a8 o auls
s 1 5 ol S gl dlge 56 gl DNA (5 culplsy s (St ol oilal 5 (oSl
Cla oYU cud )b cato ,b b osds b Jele dlge gL a8 3> olis 5,51 J5 mbs (Kommareddy and Amiji 2007)
NH* claog S caniio PEI al Ly (Y US5) 393 3oy Ve DNA Gl )5 5 55,05 565 o g5y »» DNA

WS oo el 1y (3L

\Al

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



RN,

V&Y co‘)tso.?cg uug..\a‘.c

wamsml,

&) o
‘ Result quality : Good - * Result quality : Good
Ko ) Zeta Potential (mV): 16.8 Zeta Potential Distribution
Zeta Potential (mV): -30.0 Zeta Potential Distribution : s'D(mv} .
Zeta SD (mV): 4.02 2 2000007 eta 8D (mV): 7. § 1900001 : : :
g * Mobility (umemiVs): 1.319 3 100000f -+ :
Mobility (4mecm/Vs): -2.348 S 100000‘. . Mobility SD (umemiVs): 0.5786 = 500001.. et ‘
Mobility SD (umem/Vs): 0.3153 g o | o § etap i '70 2 of ; j
Wall Zeta Potential (mV): -1
Wall Zeta Potential (mV): -12.8 200 -100 0 100 200 all Zeta Potantial (:V) 200 -100 0 100 200
Effective Voltage (V): 149 Zeta Potential (mV)
Effective Voltage (V): 149 Zeta Potential (mV) ge (V)

Conductivity (mS/cm): 0.0570 |

Conductivity (mS/em): 0.469

*
c Result quality Gc

Zeta Potential (mV): -29.6

b Result quality : Goo

Zeta Potential Distribution Zeta Potential (mV): 44.5 Zeta Potential Distribution

3 £ 15000 A g 2 1000007 s N
Zeta SD (mV): 31.2 5t i Zeta SD (mV): 14.8 ¢ I
" i
Mobility (umem/Vs): -2.317 % 5000 Mobility (umem/Vs):  3.490 ; 500007 . A -
Mobility SD (umem/Vs): 2.443 e ol Mobility SD (umem/Vs): 1.159 k] ol—si A j
200 100 o 100 200 Wall Zeta Potential (mV): 18.1 200 -100 0 100 200

Wall Zeta Potential (mV): -12.2
Effective Voltage (V): 149
Conductivity (mS/cm): 0.0698

Zeta Potential (mV) Zeta Potential (mV)

Effective Voltage (V): 131
Conductivity (mS/em): 0.0750

ol b b auud jlalole SPIONS @1,33U (<) coud 35w SPIONS i1,3450 (A1) 1,350 U5 Jamnily .Y JSW0
O Sl 0add Jalol ol S5 )5 gyl (o) coadd Al 51,5 0l S5 G5 S glyili () ecomet!

sl
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