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Abstract

The use of plant extracts for the green synthesis of nanoparticles is an environmentally
friendly approach that employs natural solvents and, due to increased production
efficiency and reduced cost, time, and energy, can serve as a suitable alternative to
conventional physical and chemical methods. This study aimed to synthesize zinc oxide
(ZnO) and copper oxide (CuO) nanoparticles using Moringa plant extract and to
evaluate the effects of different concentrations (0, 100, 150, and 250 ppm) on the
relative expression of the Mo-CBP3 gene in Moringa at 48 and 72 hours after
treatment. Structural characterization of the nanoparticles using scanning electron
microscopy (SEM) and energy-dispersive X-ray (EDX) analysis showed that the
synthesized particles were spherical with sizes of 25-37 nm for ZnO and 32-36 nm for
CuO. Analysis of variance revealed that application of ZnO and CuO nanoparticles
altered Mo-CBP3 gene expression. The highest relative expression (1.51-fold) was
observed 48 hours after treatment with 150 ppm ZnO, showing a 6.67% increase
compared to the control. Increasing the ZnO concentration led to a significant decrease
in gene expression at 72 hours, while 100 ppm CuO induced the highest relative
expression (1.504-fold) at 48 hours, corresponding to a 6.55% increase over the control.
In combined treatments, co-application of 150 ppm ZnO and 100 ppm CuO resulted in
the highest relative Mo-CBP3 expression at 48 hours, showing a 2.73% increase
compared to the control. Overall, these results indicate that ZnO and CuO nanoparticles
act as effective elicitors for enhancing the expression of the antifungal Mo-CBP3 gene,
with the most pronounced effect observed 48 hours after treatment.

Key words: Green synthesis, Medicinal plants, Scanning Electron Microscopy, Nano
elicitor, Real Time PCR
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Introduction PRV
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S 035 Ll e S DS 5 ol oKl Glaias o8k ol by (Gujar et al., 2012; Othman et al., 2019) ol o3 S
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vj}l.wC,.mja_;jJ}.Lwo)\ﬁbj'jjﬁjbJ)&:}‘Qﬁa;né(wjéhéjujb;,::.:SQLAQ,:S)J.;w‘d@\ﬁ@‘aﬁ;%jm
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Table 1. The sequences of primers used in RT-PCR for Moringa

Gene primer primer sequence Annealing
temperature (°C)
F 5-GACACTAATGCGCCCGGTAT-3’ 60
18srRNA R 5°-AGGGGTCGAAGCGGTAGAGG-3’ 61
F 5. CCCAGTGAAGGACACCGC-3° 59
MO-CBP3  p 5°-CCCAGTGAAGGACACCGC-3° 58
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Table 2. The amount and materials required for Real Time PCR

Materials Amount
cDNA 1l
Eva Green Master X5 4 ul
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Fig 1. XRD analysis of synthesized copper oxide nanoparticles using Moringa extract
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Fig 3. SEM image of copper oxide nanoparticles synthesized using Moringa plant extract
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Fig 4. SEM image of copper oxide nanoparticles synthesized using Moringa plant extract
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Table 3. Analysis of variance (mean squares) of the effects of zinc oxide and copper oxide nanoparticles on relative

MO-CBP3 gene expression in Moringa at 48 and 72 hours

F

S.0.V Df sum of squares Squares Mean of
ZnO nano particle 3 4.91 1.63 265.63**
CuO nano particle 3 6.41 2.13 347.28%*
Time 1 1.05 1.15 170.73**
Interaction between ZnOXCuO 9 1.64 0.18 29.69%**
Interaction between ZnOXT 3 0.36 0.12 19.68**
Interaction between CuOXT 3 0.06 0.02 3.38%*
Interaction between ZnOXCuOXT 9 0.27 0.03 4.97**
Error 64 0.39 0.006
Total 95 15.12
Loy ) 5 0/0 Cla.g):)laj;u Sl ls pme M pde o5 5 4 e 5 % NS
ns,* and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Fig 5. Effect of zinc oxide and copper oxide nanoparticles on relative MO-CBP3 gene expression at 48 and 72 hours
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